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How To Use This Book 
This book starts where most C tutorials leave off—just before you get into the really 
cool stuff Fear not. Ifyou are looking to take your programming knowledge to the next 
level, you’ve made the right purchase. This book provides useful tips and hands-on 
examples for developing your own application with the C programming language. You 
geta deeper understanding of several important C concepts, such as memory allocation 
and complex data types, then you learn application development through the design 
of a personal database. 

Specific features that you'll see throughout the book are: 

a Do/Don’t boxes: These give you specific guidance on what to do and what to 
| DON’T! avoid doing when programming in C. 

Notes: These provide essential background information so that you not only 
learn how to do things with C, but have a good understanding of what you're » 
doing and why. 

Review Tips: It would be nice to remember everything you ve previously 

of learned, but that’s just about impossible. If there is important C material that 
you have to know, these tips will remind you. 

Expert Tips: Here’s where the authors share their insight and experience as 

professional programmers—common bugs they’ve faced, time-saving coding 
techniques they’ve used, and pitfalls they’ve fallen into. Learn from their 
experiences. 

Who Should Read This Book 
Anyone who knows some C—through a primer book or an introductory class—but 
wants to learn more will benefit by reading this book. You spend several days covering 
advanced topics, yet a majority of this book is dedicated to helping you apply the C 
language to real applications. It is this hands-on knowledge of the C language that sets 
this book apart from others. In addition to helping you develop an appplication, you 
learn the concepts involved in development. As an added bonus during the develop- 
ment process, you will create a library of functions that you are sure to find useful. 

Conventions 
C listings are broken into three sections: 

4 Hype: The type icon denotes a new program for you to enter into your editor. 

Ai, The output icon highlights the results of compiling and executing the program. 
S, Uae 

Analysis of the programs reveals insights and information about several key lines of the 

‘ listing. 

Throughout this book, the emphasis has been on providing useful information in a way 

_ that is fast, easy, and fun. 
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This book is dedicated to all the people who have counted the stars at 

Beaubien, walked in the snows of Mt. Baldy in July, or gazed at the 

eagles hovering over Ponil. Like learning a programming language, 
going to such places takes hard work and dedication. 

But once they are reached, the value of the hard work is realized. 
To these people, this book is dedicated. 

Copyright © 1994 by Sams Publishing 
FIRST EDITION 
FIRST PRINTING—1994 

All rights reserved. No part of this book shall be reproduced, stored in a retrieval 

system, or transmitted by any means, electronic, mechanical, photocopying, 

recording, or otherwise, without written permission from the publisher. No patent 

liability is assumed with respect to the use of the information contained herein. 

Although every precaution has been taken in the preparation of this book, the 

publisher and author assume no responsibility for errors or omissions. Neither is 
any liability assumed for damages resulting from the use of the information 
contained herein. For information, address Sams Publishing, 201 W. 103rd 

Street, Indianapolis, IN 46290. 

International Standard Book Number: 0-672-3047 1-6 

Library of Congress Catalog Number: 93-87 167 

97 96, 95094 Angie 2 | 

Interpretation of the printing code: the rightmost double-digit number is the year 
of the book’s printing; the rightmost single digit, the number of the book’s 

printing. For example, a printing code of 94-1 shows that the first printing of the 
book occurred in 1994. 

Composed in AGaramond and MCPadigital by Prentice Hall Computer Publishing. 

Printed in the United States of America 

Trademarks 
All terms mentioned in this book that are known to be trademarks or service 
marks have been appropriately capitalized. Sams Publishing cannot attest to the 
accuracy of this information. Use of a term in this book should not be regarded as 
affecting the validity of any trademark or servicemark. 
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Introduction 
Welcome to Teach Yourself Advanced C in 21 Days! This introduction begins the 
journey into many topics on C. In this introduction, you will learn: 

_| Who this book is intended for. 

Why you should use this C book. 

_| How the book has been layed out. 

Why Advanced C and 
Why 21 Days? 

By picking up this book, you have shown that you are interested in the C program- 
ming language. This book has been created to begin teaching where most C books 
stop. Because the basics of the C language are not covered, this book has been deemed 

advanced. 

This book works through 21 days of material. Why 21 days? Twenty-one days is 
enough time to cover a great deal of material without taking so long that you, the 

reader, lose interest. While this book may seem thick, you will find that most chapters 

will take from one to three hours. The time each chapter will require depends on you. 

If you simply read the chapter, you will only need about an hour. If you type in the 
code (although all of it is included on the disk) and if you work the exercises that are 

provided to help your understanding, then the amount of time needed will increase. 

The Assumptions 
About the Reader 

In writing this book, I have made a few assumptions. I have assumed that you are 

already familiar with the basics of the C language. If you are not, then this book is not 

for you—at least not yet. As stated before, this book picks up where most C books stop. 

This book does not teach the basics of C. Nearly any other C book will suffice for 

providing you beginning knowledge. The book, Teach Yourself C in 21 Days, would 

be a good starting point; however, any beginning level C book will suffice. 
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Teach Yourself Advanced C in 21 Days 

The second assumption that I have made is that you don’t want to just know the C 

language, but that you also want to know how to apply it. While you will spend several 

days covering advanced topics, a majority of this book is dedicated to helping you 

apply the C language to real applications. It is this application of the C language that 

helps to differ this book from others. In addition to helping you develop an 

appplication, you will learn the concepts involved in development. As an added 

bonus, during the development process you will create a library of functions that you 

will find useful. 

What This Book Is About 
This book starts by building on many of the topics presented in most beginning book. 
Day 1 jumps right into the material by presenting memory allocation concepts. This 
is followed by several additional days of advanced topics ranging from linked lists to 
using system resources. 

Warning: The first few days will present concepts that are covered in 
some beginning C books. The information will differ from what is 
presented in beginning books in that it will not start at the beginning 
level. Instead, I have assumed that you already have a basic understanding 
of the concepts. In addition, they will not stop where most beginning 
books stop—they will go much farther. You will see how many of the 
beginning concepts that you already know can become complex. 

Farther into the book, you will begin learning development techniques. This will 
include topics such as tips for writing portable code, creating and using libraries, 
writing structured computer applications, debugging, and much more. 

This book has been designed to aid in your full understanding of using the C language 
and in applying it to real world applications. You will develop a multitude of 
functions. You will want to use many of these functions in your C programs. 

By working through the developement ofa real application, you will understand how 
to develop your own. In fact, you will easily be able to take what you learn from this 
book, along with the coding examples, and create your own applications. You could 
be doing this in just a few weeks. 
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What You Will Gain 
from This Book 

When you complete this book, you will havea library of useful functions. In addition, 
you will have an application that you will be able to modify to your own uses. With 
this application, you will also have the knowledge to develop full-fledged applications 
on your own. 

XXVi 
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Hopefully, you are ready. to begin your first week of 
learning advanced C-. In this first week, you cover a lot of 
ground. Each day will presentyou with a different topic. 

Although it is suggested that youccover each topic in order, 

it is not necessary.to do so during this first week. 

On Day_J;’you learn about allocating memory dynami- 
cally.“Allocating memory dynamically is presented first 
because of its importance. Although you may not have 
used dynamic memory up to this point, as you develop 
larger programs, it will be.quite useful. 

On Day 2, you move into complex data types. Complex 
data types are-extensions of the data types presented in 
most C books. In fact, you are probably already familiar 

with some of them. Complex data types include arrays of 

structures, function pointers, and variable length struc- 

tures. 

You move into one of the most confusing areas for C 

programmers on Day 3—linked lists. This is a topic that 

I WEEK| 



many C programmers manage to avoid; however, there are times when linked 

lists can be the perfect solution to a problem. 

On Day 4, you have the most fun in the first week (later days will be even more 

fun). It is on Day 4 that you are shown some of the basic ways of tapping into 

the system resources of your computer. A couple of the things you will be doing 

on Day 4 include displaying colorful text on your screen and placing the cursor 

anywhere you want it. 

Day 5 moves into a topic that is important if you plan to move or port your C 

programs to different computers or different compilers. Portablity is one of the 

key features of the C language, and Day 5 will help you understand how to keep 
your code portable. In addition, you will obtain an overview of how to write 

efficient code. 

On Day 6, you will be introduced to a topic that is often hidden in the back of 
most programming books. The computer works with numbers while people 
work with text. This chapter helps you bridge the gap so that you can understand 
how the computer’s numbers and your text are related. 

The final day of the week is extremely important. This is an introduction to 
libraries. You may not have known it, but every C program you have written has 
used at least one library! Every compiler comes with its own libraries. In addition 
to these provided libraries, you can also create your own. On Day 7, you will 
create and use your own library. 

The second and third weeks will diverge from the first week. You will begin the 
second week by developing a multitude of library functions. As the second week 
progresses, you will learn about developing applications. Not only will you learn 
the coding aspects of application development, you will also learn issues 
surrounding design and planning. By the end of the second week, you will be 
well into developing and coding a full-fledged C application. 

The third week is dedicated mostly to continuing the development of the 
application started in the second week. Reporting, incorporating help, testing, 

and more will all be presented. At the end of the third week, you will have a 
complete understanding of all aspects of application development. 

This is where you're headed. For now you should take things one day at a time. 
A good place to start is Day 1. 





Storage Space: Working with Memory 

How you use memory can make or break a program. As you write bigger and more 

dynamic programs, you need a better understanding of how your C programs use 

memory. Today will you learn: 

(| Why first understanding memory is important. 

|] What kind of storage different C variable types require. 

_| What dynamic memory allocation is. 

(| How to dynamically allocate memory with malloc(). 

What other memory functions will be of use. 

It is important that you understand the complexities involved with memory. Starting 
with Day 2, “Complex Data Types,” you will be writing programs that may require 
dynamically allocating memory. 

Why Start the 21 Days with 
Memory Usage? 

It isassumed that you have a basic understanding of the C language. In most beginning 
C books and beginning C classes, the overall objective is to teach C. The approach 
most often taken is to present the C keywords and explain what they can do. In 
addition, many of the common functions, such as printf(), that come with C 

compilers are presented along with what they can do. In presenting these basic 
concepts, relatively small programs are used, making memory conservation irrelevant. 

As you begin to write bigger programs, you will find memory management to be of 
vital importance. You will find that to avoid running out of memory, your programs 
will be required to manage the memory needed. This book will quickly get into topics 
where it will be best to only use the memory you need. In addition, you may not always 
know how much memory you need until you run the program. This is definitely the 
case when you work with variable length structures on Day 2. You will find that 
understanding memory usage is almost mandatory when working with some complex 
data types and advanced C topics. 

Variable Storage Requirements 
Everything in C uses memory in one way or another. Listing 1.1 is an expanded 
version of a program that can be found in virtually all beginning C books. This 



program displays the amount of storage space (memory) needed for different variable 
types and other C constructs. 

Listing 1.1. C variable sizes. 

/* Filename: LISTQ1@1.c 

* Author Bradley L. Jones 

* Purpose : This program prints the size of various C 
> variable types and constructs. 
*=SSSSSSS=>S=>>>S>S>SS=S=>5==S5255555555=5=2525=5===-=-=-----===* / 

#include <stdio.h> 

void main(void) 

{ 
char 

int 

long 

short 

float 

double 

char 

*cha 

*int 

*lon 

*sho 

*fil'0 

*dou 

far 

Papin 

Sptr; 
g_ptr; 
READET: 

at_ptr; 
ble ptr; 

*far_char_ptr; 

struct test_tag { 

character 

integer 

short 

long 

float 

double 

char pointer 

int pointer 

short pointer 

long pointer 

float pointer 

double pointer 

far char pointer 

test_structure 
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sizeof ( 

sizeof ( 

sizeof ( 

sizeof ( 
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. . . . 



character 1 
integer 2 

short 2 
long 4 

float 4 
double 8 

char pointer 2 

int pointer 2 

2 

2 

2 

2 
4 

4 

short pointer 

long pointer 

float pointer 

double pointer 

far char pointer 

test_structure 

As you can see from the output, different variable types are different sizes. This 
program simply uses the sizeof operator in conjunction with printf() to 

display the sizes of different variable types. Lines 26 through 31 print the 
standard C variable types. To make the program clearer, lines 11 to 17 declare pointer 
variables to be used in the printf () calls in lines 32 to 38. In line 39, a test_struct 

structure is printed. This structure was declared in lines 19 to 22. Depending on your 
compiler’s settings, this may be off by 1 byte in size due to byte alignment. When the 
output was compiled, byte alignment was on. Byte alignment is covered on Day 2. 

Review Tip: Remember, sizeof is a C keyword used to rie the 
size of any item in C. 

Depending on what size machine youare using, your output—the sizes printed—may 
be different. For example, a mainframe C compiler may interpret an integer as being 
4 bytes long instead of two. For virtually all IBM PC-compatible compilers, the sizes 
should match those given in the preceding output, with a possible exception being the 
structure—if byte alignment is off, it may be three instead of four. 

Allocating at Compile Time 
In Listing 1.1, the storage space required for all the variables was determined at the 
time the program was compiled. For a program to compile and later run, enough 
memory will have to be available for the program and all its variable allocations. Ina 



small program such as Listing 1.1, this is not a concern because there should always 
be more than enough available memory for the few variables being allocated. 

Consider the case of having the following declaration in your program: 

char buffer[1000]; 

When the program is compiled, a requirement of 1000 bytes of memory will be added 
to the memory requirements of the rest of the program. If the total of the program’s 
memory requirements is not available, the program will not run. When the program 
runs, 1000 bytes of memory will be set aside to be used as the buffer character array. 
If buf fer is never used to store information that is 1000 bytes long, memory space is 
wasted. 

Consider a second example such as the following array: 

char user_name[???]; 

Ifuser_name is going to store my first name, “Bradley,” it needs to be 8 characters long. 
Of course, I am assuming that only my first name is going to be stored, but what if 

my last name is supposed to be included also? If user_name is 8 characters long, there 
isn’troom for my full name. In addition, ifuser_name is going to be used to store other 
names, it will need to be big enough to hold the largest. 

Review Tip: Don’t forget that “Bradley” takes 8 bytes to store—the 
eighth byte is for the Null terminator. 

A name is a simplistic example because the number of bytes are minimal; however, it 

easily illustrates the point. Most programmers will set a certain size for a name field 

and allow the space to be wasted. What if you have an array of names? Listing 1.2 

demonstrates how memory can be wasted. 

‘Te Listing 1.2. A program showing wasted memory. 

/* Filename: LIST0102.c 
* Author : Bradley L. Jones 

* Purpose : This provides an example of allocating memory 

4 for an array. 

#include <stdio.h> 

ONOaRWND — 

* | | | | | | | | | | | ! | ! | | | I ! ! | | | | | | i | | | | | | | t | | | | | | | | | ! | | | ! | | | | | ! | | ! + 
— 

continues 



Storage Space: Working with Memory 

Listing 1.2. continued 

9: #define MAX 100 

10: 

11: void main(void) 

12s 

cle char student_name[MAX] [35] ; 

SE long x; 

eras printf("\nEnter student names, a blank line will end\n"); 

19: for( x = @; x < MAX; x++ ) 

20: { 

eile aypebane( “Shel Siete Stdasels 25 2eri) = 

22% gets(student_name[x]); 

24: if( student_name[x][®] == '\0') 

25): x = MAX; 

26: } 

28: printf("\n\nYou entered the following: \n"); 

30: for ( xX = 0; student_name[x][@] != '\@' && x < MAX; x++ ) 

Cie { 

Sy25 printf (*\nStudent %5.5d:", x+1); 

Bor printf(" %s", student_name[x]); 

student names, a blank line will end 

student 00001: Connie Crank 

student @@002: Deanna Alexander 

student 0003: Dawn Johnson 

student @0004: Bruce Crouch 

student @0005: Sherman Denman 

student QQ0Q0Q6: 

You entered the following: 

Student @0001: Connie Crank 

Student 00002: Deanna Alexander 
Student @0003: Dawn Johnson 

Student 0004: Bruce Crouch 

Student 00005: Sherman Denman 



This program allows you to enter up to MAX number of students. In this case, MAX 
is defined as 100 in line 9. If you are entering only the number of students in a 

single class, you may only need 20 to 30, but what if you are entering the names 
of all the students in the United States? In this case, you are going to need more than 

100 students. To increase the value of MAX from 100, you have to modify the code and 

recompile. This means the program, at present, is only useful to people wanting to 
enter 100 or fewer names. 

There is another problem that can be illustrated with this listing. Change line 9 to 
define MAX as 100,000. This is not large enough to enter all the students in the United 

States, but itshould handle all the students ina large city. Recompile the program. You 

may find that you can’t recompile! You will probably get an error similar to the 
following: 

Error LIST0102.C ##: Array size too large 

The compiler knows that you are trying to use too much memory. Because of the way 
the computer addresses memory, you are limited to 64K of memory for data. Later 
today, you will see how to get around this limitation. 

Dynamic Memory Allocation 
One way to avoid trying to second guess the number of variables or the amount of mem- 
ory you require is to dynamically allocate memory. Dynamic allocation of 
memory means that memory is requested when it is needed. Instead of deter- 
mining memory requirements at the time the program is compiled, memory is 
requested as the program is running. This means that if your program doesn’t need 
the memory, the memory is left available. In addition, the program will only need to 

request the memory it requires. If you are collecting the names of only 352 students, 

you only reserve memory for the 352 students. 

There are several general functions that are used when allocating memory dynami- 

cally. To be effective in your use of dynamically allocated memory, you should 

understand the purpose of each of these. These include: 

malloc() 

[| free() 

|] realloc() 

calloc() 
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Storage Space: Working with Memory 

The malloc() Function 
Among the more popular functions to allocate memory is malloc(). The malloc() 

function enables you to set aside a specified number of bytes of memory. The function 

prototype for malloc() is 

void *malloc(size_t size); 

This prototype is found in the STDLIB.H header file of most compilers. This memory 

allocation function sets aside size bytes of memory and returns a pointer to the 
starting byte of the newly allocated memory. This pointer can then be used as a 
reference to the allocated memory. If there is not enough memory available, then NULL 
is returned. Listing 1.3 presents an example of malloc()’s use. 

Listing 1.3. Using the malloc() function. 

le /* Filename: LIST0103.c 

2s * Author : Bradley L. Jones 

oi * Purpose : This provides an example of allocating memory 

4: ia for an array dynamically. 
5 be esses ss SSS SSS S552 SSS SSS 2555555552555 5255525552555 5======%* / 

6: 

hs #include <stdio.h> 

8: #include <stdlib.h> 

9: 

10: void main(void) 

ital be 

WE long nbr_students = 0; 
ese long ctr; 

14: 

SE char *student_name; 

UGE char trash[8Q]; /* to clear keyboard buffer */ 
i708 

18: while( nbr_students < 1 || nbr_students > 2000000000 ) 
19): { 

20: printf ("\nHow many students will be entered? ==> "); 

2k scanf("%ld", &nbr_students) ; 
py: gets(trash) ; /* clear out keyboard buffer */ 
2on } 
24: 

251 student_name = (char *) malloc( 35*nbr_students) ; 
26: 

oe if( student_name == NULL ) /* verify malloc() was successful 

28: { 
29: printf( "\nError in line %3.3d: Could not allocate memory.", 
30: SeINE@ ess 
Sill epee) e 
32: } 



34: for( ctr = 0; ctr < nbr_students; ctr++ ) 
SDs { 

36: printf("\nEnter student %5.5d: ", Cth ri) ys 
SHA gets(student_name+(ctr*35) ); 
38: } 

39: 

40: printf("\n\nYou entered the following: \n"); 
41: 

42: fOr {ctr ®; ctr < nbr_students; ctr++ ) 
43: { 

44: printf (“\nstudent.%5.5d:", ctrt1); 

45: printf(" %s", student_name+(ctr*35) ); 

46: } 

47: 

48: /* this program does not release allocated memory! */ 

49 } 

How many students will be entered? ==> 5 

Enter student 0001: Connie Crank 

Enter student @0002: Deanna Alexander 

Enter student 0003: Dawn Johnson 

Enter student 0004: Bruce Crouch 

Enter student 00005: Sherman Denman 

You entered the following: 

Student 00001: 

Student 00002: 

Student 00003: 

Student 00004: 

Student 0005: 

Connie Crank 

Deanna Alexander 

Dawn Johnson 

Bruce Crouch 

Sherman Denman 

This program differs from Listing 1.2 in that it leaves it to the person running 
the program to determine how many names are going to be entered. You don’t 
have to guess how many student names there will be. Lines 20 and 21 prompt 

the user for the number of names that are going to be entered. Line 25 attempts to use 

malloc() to dynamically allocate the memory. Notice that the program allocates the 

specific amount requested. If there is not enough memory available, an error message 

is displayed in line 29; otherwise, the user is allowed to enter the names in lines 34 

to 38. 
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Storage Space: Working with Memory 

Some other items in this program deserve mentioning. Line 16 declares a character 

array, or string, called trash. This string also could have been dynamically allocated 

using the malloc() function. The trash string is used in line 22 to remove any 

remaining keystrokes that may still be in the keyboard buffer. 

Another point worth mentioning is the defined constant in line 30. The __LINE__ 

constant is replaced by the compiler with the current line number. You may be 
wondering why __LINE__ was used in line 30 instead of the number 30. The answer 

is simple: If the program is changed and recompiled, the line number for the parameter 
to the printf() may change. By using __LINE__, the programmer does not need to 

worry about making a change. If 30 had been used, the line number would need to 
be manually changed any time the program changed. 

Review Tip: The __LINE__ preprocessor directive is a defined con- 
stant. When the program is compiled, it is replaced with the current 
line number. Another popular preprocessor directive is__FILE__. 

This constant is replaced by the current source file’s name. 

The free() Function 
Allocating memory allows memory to be set aside for when it is needed; however, to 
complete the cycle, the memory should be deallocated, or freed, when it is no longer 
needed. When a program ends, the operating system is generally able to clean up 
memory; however, many programs will want to deallocate the memory so that other 
parts of the program can use it. Listing 1.4 shows what can happen when memory 
allocations are not cleaned up. 

\P Warning: The following listing may cause un machine to lock up. SS 

Listing 1.4. Allocating memory without freeing it. 

/* Filename: LIST0104.c 
* Author : Bradley L. Jones 
* Purpose : This program shows what happens when dynamically 
i allocated memory is not released. 

arhWND = 

12 



#include <stdio.h> 

#include <stdlib.h> 

int do_a_book_page( long ); 

void main(void) 

{ 
antenvs 

unsigned long nbr_pages = Q; 

unsigned long page = Q; 

printf("\n\nEnter number of pages to do ==> "); 

scanf( "sd", &nbr_pages ); 

for( page = 1; page <= nbr_pages; page++) 

{ 
rv = do_a_book_page( page ); 

if (rv == 99) 

{ 
printf("\nAllocation error, exiting..."); 

Cxalc (aie 

} 
} 

printf( "\n\nDid all the pages!\n" ); 

int do_a_book_page( long page_nbr ) 

{ 
char *book_page; /* pointer to assign allocation to */ 

book_page = (char *) malloc( 1000 ); 

if( book_page == NULL ) 

printf( "\nError in line %3.3d: Could not allocate memory.", 

ee UNEme) 5 

return(99) ; 

} 
else 

{ 7 " 

printf( "\nAllocation for book page %d is ready to use...", 

page_nbr); 

} 

[SESE RLEEARESAATA ERT ELSE LS SS PAL ERESY SESS ERTS ELS L ERS SER ARSE 

continues 

T3 



14 

Listing 1.4. continued 

54: * code to get information and assign it at the location * 

55: * that was previously obtained with malloc(). ze 

56: * Code might then write the page to disk or something. - 

Lay ee KKK KR RK RK KK KKK KKK KKK KK KKK RK KKK KKK KKK KKK KKK KKK K KKK KKK KKK KEKE / 

58: ‘ 

59: /*** WARNING: This function does not release allocated memory! ***/ 

60: 

Gill return(®) ; 

62a 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Did all the pages! 

Second run: 

Enter number of pages to 

page 
page 
page 
page 

Enter number of pages to 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

Allocation for book 

page 
page 
page 
page 
page 
page 
page 
page 

page 
page 
page 
page 
page 

Error in line 044: Could 

Allocation error, exiting... 

59 with the following: 

free( book_page ); 

OND — 

do 

1 

2 

3 
4 

5) 

6 

7 

8 

is ready to 

is ready to 

is ready to 

is ready to 

==> 1000 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

is ready to 

use... 

use... 

use.. 

use.. 

USE’... 

US@w 

use... 

use... 

USCorr 

use... 

use... 

USER, « 

use... 
not allocate memory. 

Notice that after a certain number of allocations, the program stops. In addition, 
you may find your entire machine locks up. Now replace the comment in line 



When you rerun the program, you should no longer run out of memory to allocate 
for the book page. When you enter a number such as 1000, the output displays all the 
way to page 1000. 

Notice that there was nota memory allocation error. The free() function releases the 
memory so that it can be reused. 

Note: It is good programming practice to always deallocate any memory 
that is dynamically allocated. Memory allocation errors can be very hard 
to find in large programs. : 

STE en ees Beri GPINIEEI 
DO check the return value from malloc() to ensure that memory was 

allocated. 

DO avoid using malloc() for allocating small amounts of memory. Each 
memory allocation made with malloc() contains some overhead—typically 
16 bytes or more. . 

DON’T forget to free allocated memory with the free() function. If you 
don’t free the memory, and the pointer to it goes out of scope, the memory 
will be unavailable during the execution of the rest of the program. 

The realloc() Function 
In addition to being able to allocate blocks of memory, you may also want to change 
the size of the memory block. The function realloc() was developed for this specific 
reason. realloc() increases or decreases the size of an allocated block of memory. The 

prototype for realloc() as described in the STDLIB.H header file will be similar to 

the following: 

void *realloc(void *originalblock, size_t size); 

The size parameter for the realloc() function is just like the one in the malloc() 

function—it is the number of bytes that is being requested. The originalblock 

parameter is the pointer to the block of memory that had previously been allocated. 

15 



16 

Storage Space: Working with Memory 

Once the reallocation of memory is completed, the originalblock pointer may or 

may not exist. If the allocation fails, which would occur in the case of a request for a 

larger block of memory that is unavailable, the pointer will be retained. In this failed 

case, the realloc() function will return a NULL pointer. If the allocation is completed 

successfully, the originalblock pointer could be gone. The reason for this is that the 
reallocation may not be in the same location. If necessary, realloc() will move the 

allocated memory to another location. Listing 1.5 presents an example of realloc(). 

Listing 1.5. The use of realloc(). 

1 /* Filename; LEiSi0105.c¢ 

Ze * Author : Bradley L. Jones 

3 * Purpose : This provides an example of using realloc() to 

4 * get additional dynamic memory as needed 

5 
* eee SS Se ee ee eee ee Se ee eee ES ee eS SS SS SS SS SE ES SS SS SS SS == * / 

6: 

ae #include <stdio.h> 

8 #include <stdlib.h> 

10: #define NAME SIZE 35 

12: void main(void) 

is 4 

14: long student_ctr = Q; 

Se TONG Metis 

16: char *student_name = NULL; 

Wes while( (student_name = 

Se realloc( student_name, 
_ (NAME_SIZE * (student_ctr+1)))) != NULL ) 

: 7 
20: printf("\nEnter student %5.5d: ", student_ctr+1); 
Zale gets(student_name+( student_ctr * NAME SIZE)); 
a if( student_name[student_ctr * NAME_SIZE] == NULL ) 

: { 
24: 

2De break; 

26: } 

Pip else 

28: { 

eon Student _ctr++; 
30: } 
Oil? } 

cy27 

oo printf("\n\nYou entered the following:\n"); 

a an ( ctr = 0; ctr < student_ctr; ctr++ ) 

Sif 5 printf ("\nStudent %5.5d:", ctr+1); 



38: pranti(’ ss", student_name+(ctr*NAME_SIZE)); 
39: } 

40: 

41: free(student_name) ; 
42: } 

Enter student 0001: Mario Andretti 

Enter student @0002: A. J. Foyt 

Enter student 00003: Rick Mears 

Enter student 00004: Michael Andretti 

Enter student 00005: Al Unser, ur. 

Enter student Q0Q006: 

You entered the following: 

Student 00001: Mario Andretti 

Student @00@2: A. J. Foyt 

Student 00003: Rick Mears 

Student @0004: Michael Andretti 

Student @@005: Al Unser, Jr. 

This program follows the flow of some of the previous listings, except that it 
Anas reallocates the storage space for the names. Each time there is a new name, a call 

to realloc() (line 18) attempts to increase the size of the student_name. Users 

will be able to enter names until there is not enough memory left to allocate, or until 
they choose not to enter a name. Notice that realloc() is used to allocate the first 

instance of student_name. The first time that line 18 is reached, student_name is NULL. 

Passing a NULL string as the first parameter of realloc() is equivalent to calling 

malloc(). 

The calloc() Function 
The calloc() function is quite similar to malloc(). There are two differences. The 

first difference is in the initialization of the allocated memory. When malloc() 

allocates memory, it does not initialize, or clear, the newly allocated memory; 

whatever was previously stored at the allocated memory location will still be there. 

With a call to calloc(), the allocated memory is cleared by initializing the block with 

Zeros. 
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The second difference is that calloc() allows for an additional parameter. The 

prototype for calloc(), which is in the STDLIB.H header file, should be similar to 

the following: 

void *calloc( size_t number_items, size_t block_size ); 

The block_size parameter is the same as the size value passed to the malloc() 

function. It is the number of bytes that you want allocated in your memory block. The 

number_items parameter is the number of blocks you want allocated. For example, if 
you did the following call, the calloc() would try to allocate 10 blocks of 100 bytes 

of memory, or 1000 bytes in total: 

pointer = calloc( 10, 100 ) 

This would have the same result as amalloc( 1000 ) in regard to the amount of space 
allocated. The following two calls would attempt to allocate the same amount of 
memory. The difference would be that calloc() would also initialize the memory to 

Zeros. 

pointer = malloc( 1000 ); 

pointer = calloc( 1, 1000); 

You might be asking why you need the extra parameter. Up to this point, you have 
been dealing with character data only. With character data, typically, each character 
requires | byte, so it is easy to see from the malloc () call how many characters are going 
to be stored. If you were going to store integers, calling malloc() with 1000 does not 
make it clear that only 500 integers are going to be allocated. In addition, this is 
making an assumption that an integer will be 2 bytes. Listing 1.6 is an example of how 
calloc() is used: 

Listing 1.6. Using calloc(). 

als /* Filename: LISTQ106.c 

Qe * Author : Bradley L. Jones 
3: * Purpose : This provides an example of allocating memory for an 
4: ks array dynamically with the calloc function. 
5 * Descript: Program allows grades to be entered before printing 
G: ee an average. 
7h ‘ *#aeSssSsSsassSaaesSSSSSSSSaaaSeSSsaSeSE==SSS555—-5555=5=-====---- === 

8: 

9: #include <stdio.h> 

10: #include <stdlib.h> 

12: void main( void ) 
oe 

14: int nbr_grades = 0; 



Uutput 

int total = Q; 

UEe Gite 

int *student_grades; 

char trash[80]; /* to clear keyboard buffer */ 

while( nbr_grades < 1 || nbr_grades >= 10000 ) 

{ 
printf("\nHow many grades will be entered? ==> "); 

scanf("%ld", &nbr_grades) ; 

gets(trash) ; /* clear out keyboard buffer */ 

} 

student_grades = (int *) calloc( nbr_grades, sizeof(int)); 

if( student_grades == NULL ) 

{ 
printf( "\nError in line %3.3d: Could not allocate memory.", 

pelt NEm) 

exit(1); 

} 

nor ( ctr Os sctrm < nobregrades: ctrts ¥) 

{ 
printf ("\nEnter grade %4.4d: ", ctr+1); 

scanf("%sd", student_gradestctr) ; 

: 

printf("\n\nYou entered the following: \n"); 

Lop ctr = CO. ctre< nbrigrades: ctrts”®) 

{ 
printf("\nGrade %4.4d:", ctr+1); 

printf(" %d", *(student_gradest+ctr) ) ; 

total += *(student_gradestctr) ; 

} 

printf("\n\nThe average grade is: %d\n\n", (total/nbr_grades) ) ; 

/* Free allocated memory */ 

free(student_grades) ; 

How many grades will be entered? ==> 5 

Enter grade 0001: 100 

Enter grade 0002: 80 
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Enter grade 0003: 85 

Enter grade 0004: 90 

Enter grade 0005: 95 

You entered the following: 

Grade 0001: 100 

Grade 0002: 80 

Grade 0003: 85 

Grade 0004: 90 

Grade 0005: 95 
The average grade is: 90 

This program allows a number of grades to be entered and printed, along with 
an average grade. This program uses calloc() in line 27 in a way that makes the 
program portable from one computer type to another. The objective of line 27 

is to allocate 5 integers. Regardless of what computer this program is compiled on, 
there will be enough room for the 5 integers. This is accomplished by using the sizeof 
operator to determine the size of an integer. Granted, malloc() could be used to do 

the same thing, but the calloc() is clearer. The following is a function call that uses 

malloc() to accomplish the same task: 

ptr = malloc( sazeof(ant)s +95) )5 

Listing 1.6 follows the same flow as the other programs presented so far. Lines 20 
through 25 prompt the user for how many grades will be entered. Line 23 uses the 
scanf() function to accept a number. Line 24 clears any remaining information that 

may be in the keyboard buffer, including the carriage return the user typed when 
entering the grades in line 23. The while statement keeps reprompting the user for the 
number of grades as long as the number that is entered is less than 1 or greater than 
10,000. Line 27 then allocates the space for the grades to be stored. 

As should be done with any call to a dynamic memory allocation function, line 29 
ensures the space was indeed allocated. If not, an error message is displayed and, in line 

33, the program exits. Lines 36 to 40 use a for loop to prompt the user to enter the 
previously specified number of grades. Because the counter is started at 0, when 
prompting the user (in line 38), 1 is added. A user will be more familiar with the first 
grade being 1 instead of 0. Line 39 actually gets the grade using scant (). Notice that 
the grade is placed at a position within the memory previously allocated. The offset 
into this memory is based on the ctr value. 



Once all the grades are entered, the program uses an additional for loop (lines 44 to 
50) to print the grades. As the for loop prints each grade, line 49 adds the grade to 
the total. Notice that in lines 47 and 49 the array is being dereferenced with the asterisk 
(*) to actually obtain the values. (If this dereferencing is confusing, a quick review of 
pointers, which will be covered on Day 2, should help.) Line 56 is one of the most 
important lines in the program. Notice that this is where the student_grade array is 
deallocated. At this point, all the memory that was allocated dynamically is released 
back. 

Expert Tip: It does not matter whether you use malloc() or calloc() 

to allocate memory dynamically. If you are allocating a single area, 
then malloc() is easiest to use. If you are allocating several items of 

the same size, then calloc() is a better choice. 

ERROR ee eke e tay DON’T) 
DO use the sizeof operator when allocating memory to help ae your 
programs portable, that is, malloc( sizeof(int) * value). 

DON’T assume that a dynamic allocation function always works. You 
should always check the return value to ensure the memory was obtained. 

DON’T assume that a call to realloc() will allocate memory in the same 

location. If there is not enough memory at the original location, realloc() 
may move the original block to a different location. 

Allocating More than 641K 
All the functions described so far have a maximum allocation capability. They cannot 

allocate more than 64K of memory. You saw this in Listing 1.4, which lacked a free() 

statement. The program always stopped before it allocated more than 64 times 

(64,000 bytes, 1,000 bytes at a time). The way around this limitation is to use 

functions that allow additional memory to be allocated. This additional memory is 

termed far memory. 
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Unlike the general memory allocation functions, the far memory allocation functions 

are not ANSI standard. This means that each compiler may have different functions 

that perform these allocations. For the Borland compilers, these functions are: 

Borland. [| farmalloc() 

Prototype: 

void far *farmalloc( unsigned long size); 

L] farcalloc() 

Prototype: 

void far *farcalloc( unsigned long nbr_units, unsigned long size); 

L] farrealloc() 

Prototype: 

void far *farrealloc( void far *old_block_ptr, unsigned long size); 

L}| farfree() 

Prototype: 

void far *farfree( void far*block_ptr) ; 

For the Microsoft compiler, the available far functions are: 

Microsoft _fmalloc() 

Prototype: 

void __far *fmalloc( size_t size); 

_fcalloc() 

Prototype: 

void __far *_fcalloc( size_t nbr_units, size_t size); 

[] _frealloc() 

Prototype: 

void 4 _far *_frealloc( void _+far *old_block_ptr, size_t size); 

L| _ffree() 

Prototype: 

void __far * ffree( void = fan*blockeptr).: 
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These functions work nearly identically to the general memory allocation functions; 
however, there are a few exceptions. First, you must include a different header file. If 
you are using a Microsoft compiler, you must include the malloc.h header. If you are 
using a Borland compiler, you include the alloc.h header file. For other compilers, you 

should consult the library reference section of the manuals. In addition, a difference 

in the Borland functions is that instead of taking an unsigned integer parameter 

(size_t), they take an unsigned long parameter. 

Listing 1.7 is a rewrite of Listing 1.4 using the farmalloc() function. Notice that the 
other listings in this chapter could be similarly modified to use the far functions. For 
specific usage of your compiler’s far memory allocation functions, you should consult 
your compiler’s library reference manual. 

Warning: The ability to use the far memory allocations is dependent upon 
which memory model you are using to compile your programs. Tiny 
model programs cannot use the far functions. In compact, large, and huge 
memory models, the far functions are similar to their counterparts, except 
they take unsigned long parameters. In addition, memory allocated with 
far functions require that the pointers used to access them be declared as 
far. 

Listing 1.7. Use of far memory allocation functions. 

lhe /* Filename: LIST@107.c 

oe * Author : Bradley L. Jones 

3: * Purpose : This program shows what happens when memory allocated 

4: ~ dynamically with farmalloc() is not released. 

5) # SoS SSS SSS SSeS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SSS SS SSS SS SSS SSS SSS SS HHH* | 

G6. #include <alloc.h> 

The #include <stdio.h> 

8: #include <stdlib.h> 

9° 
10: int do_a_book_page( long ); 

tite 

12: void main() 

SIE Af 

14: suaie. SpNLE 

Lo unsigned long nbr_pages = 9; 

16: unsigned long page = 0; 

i. 

18: printf("\n\nEnter number of pages to do ==> Ss 

continues 
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Listing 1.7. continued 

19: scanf( "%d", &nbr_pages ); 

20: 

Pe for( page = 1; page <= nbr_pages; paget+) 
22s { 

23: rv = do_a_ book _page( page ); 

24: 

255 if (rv == 99) 

26: { 
Pps printf("\nAllocation error, exiting..."); 

28: exit(1); 
29: } 

30: } 

Sills 

32 printf( "\n\nDid all the pages!\n" ); 

cie h 

34: 

35: int do_a_book_page( long page_nbr ) 

36: 

SAE char far * book_page; /* pointer to assign allocation to */ 

38: 
39: book_page = (char *) farmalloc( 1000 ); 

40: 

41: if( book_page == NULL ) 

42: { 

43: printf( "\nError in line %3.3d: Could not allocate memory.", 

44: eee INES) 

45: return(99) ; 

46: } 

47: else 

48: { 

49: printf( "\nAllocation for book page %ld is ready to use...", 

50: page _nbr); 

Sills } 

525 
SE [RH RR I 

54: * code to get information and assign it at the location * 

55: * that was previously obtained with malloc(). sa 

56: * Code might then write the page to disk or something. ~ 
57: SELE LEAKS LDS AREAL ELA ARAN EAA RRA E RE RAE SAKE RRL LAE RAL EAT 

58: 

59: /*** WARNING: This function does not release allocated memory! ***/ 
60: 

Gils return(Q) ; 

625 
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For Microsoft compilers, replace the following lines: 



6: 

39: 

#include <malloc.h> 

book_page = (char *) _fmalloc( 1000 ); 

Enter number of pages to do ==> 4 

ae 

Allocation 

Allocation 

Allocation 

Allocation 

for book page 

for book page 

for book page 

for book page 

Did all the pages! 

Second run: 

Enter number of pages to 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

Allocation 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

book 

book 

book 

book 

book 

book 

book 

book 

book 

book 

book 

book 

book 

book 

Did all the pages! 

page 
page 
page 
page 
page 
page 
page 
page 

page 
page 
page 
page 
page 
page 

won — 

is ready to 

is ready to 

is ready to 

is ready to 

do ==> 10000 

1 

2 

3 
4 

5 

6 
ve 

8 

9995 is 
9996 is 

9997 is 
9998 is 

9999 is ; 

10000 is ready to use... 

to 

to 

to 

to 

to 

to 

to 

to 

is ready 

is ready 

is ready 

is ready 

is ready 

is ready 

is ready 

is ready 

ready 

ready 

ready 

ready 

ready 

use... 

use.. 

USE... 

use... 

use... 

uSe... 

USE... 

uSe... 

use.. 

uSe... 

use... 

use... 

to 

to 

to 

to 

to 

use... 

use... 

use... 

use... 

use. 

This program has just a few changes from Listing 1.4. In line 6, a new include 
file was added for the far allocation function. In line 37, the addition of the far 
keyword for the book_page variable enables it to be used to address far memory. 
The final change is in line 39, where the appropriate far memory allocation 
function has replaced the malloc() function in Listing 1.4. 

Aswith Listing 1.4, after a certain number ofallocations, the program stops. As before, 

you may find that your entire machine locks up. However, as you will see, this 

program does not run out of memory as quickly as Listing 1.4. With the farmalloc() 

or _fmalloc() statement, you have access to much more of the computer’s available 

RAM. 

In using the far version of themalloc() statement, you had to also make one additional 

change. In line 6, an additional header file needed to be included. Depending on your 
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compiler, this may have been either alloc.h or malloc.h. 

In Listing 1.7, you replaced the comment that was in line 59 with the following: 

free( book_page ); 

Because you are using a far memory allocation function, you want to use the 

appropriate far function. For Microsoft compilers, this is _ffree(); for Borland 

compilers, use the farfree() function instead. 

DO! DON’T 
DON’T forget that the far memory allocation functions are not ANSI 
standard functions. This means they may not be portable from one compiler 
to another. 

DO use the far free function to allocate memory that was allocated with a far 
function. 

Summary 
Today you learned about the dynamic memory allocation functions. These functions 
enable you to allocate specific amounts of memory at runtime rather than at compile 
time. The capability to dynamically allocate memory can help to make more versatile 
programs. Not only were the general, ANSI standard allocation functions presented, 
but so were several additional non-ANSI standard functions. The non-ANSI standard 
functions are used to allocate larger chunks of memory than are allowed by the general 
functions, such as malloc(). 

Q&A 
Q Why is a topic such as memory allocation covered on Day 1? 

A As you begin to write bigger programs and develop more advanced pro- 
grams, you will find that memory management is of vital importance. As 
early as Day 2, you will see several advanced concepts that require memory 
to be allocated dynamically. These include variable length structures and 
linked lists. 

Q What are memory models? 
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A Memory models deal with the amount of space that is available for a pro- 
gram and its data. When compiling a C program, you must specify to the 
compiler which memory model is being used. Typically this value—either 
tiny, small, compact, medium, large, or huge—is set to a default value. 
Appendix A contains a detailed explanation of the differences among the 
memory models. 

Q Should I be worried if I did not understand everything in this chapter? 

A No! Although programs as early as Day 2 will be using the dynamic memory 

functions, these programs will explain what they are doing at the time. As 
you work on these new programs, the function presented becomes clearer. 

Q What are common reasons for using dynamic memory allocation 
functions? 

A There are two major uses for dynamic memory allocation functions. The 
first is to keep a program’s initial memory requirements (or allocation) as 

small as possible. This allows the program to load and execute even if it is 

under another program’s control. Secondly, a major reason for using dy- 

namic memory allocation functions is to assure the memory can be released 
when it is no longer needed. 

Workshop 
The Workshop consists of quiz questions to help you solidify your understanding of 
the material covered and exercises to provide you with experience in using what you've 

learned. 

1. Why is understanding memory important? 

. What is dynamically allocated memory? 

. What is the most memory you can dynamically allocate? 

How do you release memory that has been dynamically allocated? 

_ What is the difference between malloc() and calloc()? 

NON i Sb . What is the difference between malloc() and farmalloc(): 

27 



28 

Storage Space: Working with Memory 

Exercises 

i Write a code fragment that dynamically allocates memory to hold 10 

integers using the malloc() command. 

Rewrite your answer in Exercise 1 using the calloc() function. 

Write a function to allocate enough memory to hold 20,000 long values. 

This function should return a pointer to the array, or NULL if the memory 

could not be allocated. 

. BUG BUSTER: Is there anything wrong with the following code fragment? 

#include <stdlib.h> 

#include <stdio.h> 

#define MAX 100 

void main(void) 

{ 

string = malloc( MAX ); 

printf( "Enter something: " ); 

gets( string ); 

puts( string ); /* do something like printing */ 

free( string ); 

} 

. BUG BUSTER: Is there anything wrong with the following function? 

/* Day 1: Exercise 5 */ 

#include <stdlib.h> 

#include <stdio.h> 

void main(void) 

{ 
long *long_array; 

long total = Q; 

int Crs 

long_array = calloc( sizeof(long), 10 ie 

printf( “Enter 10 numbers: " ); 

for( ctr = 0; ctr < 10; ctr++ ) 

{ 

scanf( "%ld", long arraytctr ); 



total += *(long array+ctr) ; 

printf( "\n\nTotal of numbers is: %ld", total ); 

} 

6. ON YOUR OWN: Write a program that declares a structure containing a 
first name, last name, and middle initial. Do not limit the number of names 

the user is able to enter. Print the names after the user is done entering them. 
Use a dynamic memory function. 

Note: Answers are not provided for the ON YOUR OWN exercises. You 
are on your own! 

Tip: ON YOUR OWN programs typically require rewriting listings 
presented within the day’s materials. 

. ON YOUR OWN: Write a function that allocates a given amount of 
memory and initializes the memory to a specified value. Following is an 
example prototype and an example call: 

Prototype: 

void * initialize _memory( void * pointer, size_t size, char 

initializer); 

Calling the function: 

char *name; 

/* initialize name to Xs */ 

name = (char *) initialize_memory( (char *)name, 35, Ke) 
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Complex Data Types 

The basic building blocks of a program are variables. Variables are created with data 

types. The basic data types are presented in every beginning C book. Today you will 

go beyond these basic data types. Today you learn: 

[_] What are considered the basic data types. 

|| How to use single and multiple dimensioned arrays. 

(| How to use pointers in complex situations, including: 

|] A review of pointers. 

_] Using pointers with other pointers. 

|] Using pointers with functions. 

Using pointers with structures. 

What complex data types can be created with structures and unions. 

What dynamic or variable-length structures are. 

What Are Data Types? 
There are many basic data types in C. These are presented in virtually every C book. 
Several of these data types were used in the listings in Day 1. In addition, virtually every 
C program will use data types to declare variables. The basic data types are presented 
inslable 2-1; 

Table 2.1. The basic data types. 

Data Type Description 

char character 

int integers 

short short integers 

long long integers 

float decimal numbers 

double larger decimal numbers 
SEE EES SRE - eee ME.) Ee ane 
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The basic data types are used in creating variables, which in turn store information for 
your programs to use. The data type you use when declaring the variable determines 
the type of information that can be stored as specified by the description in Table 2.1. 

Note: A variable is a name given to a location in memory. The data type 
used when naming, or creating, the variable determines how much space 
is reserved. 

The Values of the Basic Data Types 
You should be familiar with the basic data types and the modifiers that can be applied 
to them from your previous experience with C. Most important are the signed and 

unsigned modifiers. Table 2.2 shows the minimum and maximum values that each 

of the basic data types can hold and their typical memory size in bytes. 

mnie? SMM asain endminiinsn yalnice ntibasic data types: 

Variable Type Size Minimum Maximum 

signed character 1 byte —128 128 

unsigned character 1 byte 0 255 

signed integer 2 bytes —32,768 S23767; 

unsigned integer 2 bytes 0 65,535 

signed short integer 2 bytes —32,758 32.767 

unsigned short integer 2 bytes 0 69,93) 

signed long integer 4 bytes ~2,147,483,648  2,147,483,647 

unsigned long integer 4 bytes 0 4,294,967,295 

float 4 bytes 3.4E-38 3.4E38 

double 8 bytes 1.7E-308 1.7E308 
a 

33 



Complex Data Types 

Creating Your Own Data Types 

C provides a command that enables you to create your own data types. Actually, you 

don’t create them; you simply rename the existing types using the typedef keyword. 

The following presents the typedef’s use: 

typedef existing_type new_type_name; 

For example: 

typedef float decimal_number; 

When the previous type definition is declared, decimal_number can be used just like 
any of the other variable types. For example, 

GMelr 245 

alae Yy; 

decimal_number z; 

By using the typedef keyword, you can increase the readability of your code. In 
addition, as you work with the more intricate types, using type definitions can make 
the code seem a little less complex. 

Several new types are generally created using type definitions. The following are some 
of the type definitions that have been included with a wide variety of compilers: 

typedef int BOOL; 

typedef unsigned char ENAES 

typedef unsigned short WORD; 

typedef unsigned int UINT; 

typedef signed long LONG; 

typedef unsigned long DWORD; 

typedef char far* LPSTR; 

typedef const char far* LPCSTR; 

typedef int HELEE: 

typedef signed short int SHORT; 

You should notice that the types that have been created here are in all uppercase letters. 
This is so you don’t confuse them with variables. If you have the Microsoft or Borland 
compilers, you'll find the preceding type definitions in the VER.H file and several 
other files. 

4 Expert Tip: You s uld be aware of the preceding type definitions; 
many advanced programs use them. 
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Advanced Data Usage: Grouping Data 
By using the basic data types, you can create complex or advanced data types. You 
create new ways of associating and accessing data when you group basic data types. 
There are three basic groupings of data types that are commonly used in C programs. 
Because these groups are common, their usage is detailed in most basic C books. They 

will be briefly reviewed here. The three types of groupings are: 

a) 

L] Arrays 

|| Structures 

|| Unions 

Arrays 
An arrayallows a group of similar data to be accessed using a single variable. This data 
is all of the same data type. The data type can be one of the basic data types presented 
earlier, or it can be any of the complex data types presented in this chapter. This even 
includes other arrays. Listing 2.1 shows how basic arrays can be accessed. 

Listing 2.1. Accessing arrays and their data. 

WE /* Program: array.c 

23 * Author: Bradley L. Jones 

3 * Purpose: Demonstration of accessing arrays and their 

4: = data. 

513 eR SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SS SSS SSS SSS ES* | 

6: 

mh #include <stdio.h> 

8: 
9: ChHamerexce (iO esta Bap Rory) cAgierD) were lotes) Ein Von ste ius 

10: ter Ole Narre oe Ose k oes 

its 

12: int number_array[7] = { 66, 82, 65, 68, 

ies WS5 Ces GY IPs 

14: 

15: void main( void ) 

aejeen cnt 

Wee aN ghe. hele 

18: 

19: printf( "\n\nPrint Character array...\n\n"); 

20: 

Pas ne for (ctr = 0; ctr-< 15; ctrt+) 

continues 
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Listing 2.1. continued 

printt( "se", -text( ctr)” ); 

} 

printf( "\n\nReprint text with Oi SOES steer Nee 

TOP (cue = OR Car << Ws Cima, 

{ 

} 
Mentmae(( Mex “(Gueyccaene”)) Ve 

printf( "\n\nReprint using string function...\n\n"); 

oestimere( "Sas", Teeyae )) F 

printf( "\n\nPrint number array...\n\n"); 

TeOle (Cera Oe fenele “S75 enele r)) 

af 

} 
printf( "%d ", number_array[ctr] ); 

Print Character array... 

BRADLEY JONES X 

Reprint text with offsets... 

BRADLEY JONES X 

Reprint using string function... 

BRADLEY JONES 

Print number array... 

66 82 65 68 76 69 89 

This program shows how single dimension arrays can be defined, preinitialized, 
and displayed. When an array is created, each element is similar to an individual 
variable. The difference between individual variables and the array elements is 

that the array elements have the same name. In addition, array elements are stored 
one after the other in memory, whereas individual variables could be stored any- 
where. Figure 2.1 shows what memory might look like for the text character array in 
Listing 2.1. 



char text{15] = (1B. "A, A’, ‘D", ‘Lt, "EY, 
Pad ‘J', "0", 'N', me ane, 

100 101 102 103 104 105 wet WT 108 109 110 111 112 113 114 115 116 117 

Ba 30 Ae, a | anee or 
+ 

4 

text+1 ‘¢ 

Figure 2.1. The text character array in memory. 

Listing 2.1 should be review. Lines 9 and 10 declare a character array called text and 
initialize it. Lines 12 and 13 declare and initialize a numeric array, number_array. 
These two arrays are then used in the program. Lines 21 through 24 use a for loop 
to print each value of the text character array using a subscript. As you can see, the 
subscripts in C start with 0 not 1. Other languages, such as BASIC, use 1 as the first 

subscript. 

Review Tip: C uses 0 (not 1!) as the first subscript. 

Lines 28 through 31 offer a different method for printing the same character array. 
Rather than subscripts, a memory offset (pointer) is used. The value of text by itself 
is the address of the first element of the text array. By using the dereference operator 
(*), the value at the address stored in text (or stated in computerese, pointed toby text) 
can be printed. Using Figure 2.1 as a reference, you can see the value of text might 
be 100. The first time line 30 is reached, the value of text + ctr is equal to text, or 
100, because ctr is zero. Looking at the printf (), you see that the character at address 

100 is printed. In the case of text, this character is B. The next time through the for 

loop, the value pointed to at text + ctr—or at 100 + 1—is printed. The value at 101 
is R. This continues through the end of the for loop. If these concepts are new to you, 
or if you are unsure of what dereferencing is, read the pointer review section that 
follows later today. Ifit is still confusing, you may want to consult a beginning C book 
for a review on pointer basics. Teach Yourself C in 21 Dayshas two chapters on point- 
ers and their use. 

Line 34 prints the text character array a third way. This time the character array is 

printed as a string. You should understand the difference between a character array 

and a string—the difference is sometimes subtle. A stringis basically a null-terminated 

character array, which means it ends at the first null character. When line 34 prints, 
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it stops printing at the 15th character—the x is not printed. This is because the end 

of the string is considered to be the null in position 14. 

Review Tip: A null character is a character with a numeric value of 0. 

The numeric array, numeric_array, is printed in lines 38 through 41. As you can see, 

this is just like the character array only numbers, rather than characters, are being 

printed. 

Structures 

Unlike arrays, which allow data of the same type to be grouped together, structures 
allow data of different types to be stored. The following is an example of a structure 
delcaration. 

struct date_tag { 

int month; 
char breaker1; 

int day; 

char breaker2; 

int year; 

}5 

By grouping different data types, you can see that it’s easy to create new types. With 
the preceding structure, you can declare a structure variable that will hold a date. This 

single variable will contain a month, day, year, and two breakers. Each of these parts 
of the declared variable can then be accessed. Listing 2.2 shows the use of a structure. 

Listing 2.2. Use of the date structure. 

iE /* Program: STRUCT.C 

PAs * Author: Bradley L. Jones 

3: * Purpose: Program to use a date structure 
4: *#ESS SSS SS SSsSessasssssssssssssSSsssaasasssaassa=a===* | 
bye 

6: #include <stdio.h> 
Ths 

8: struct date tag { 

9: int month; 

10: char breaker1; 

1g int day; 

WE char breaker2; 

13: int year; 
14: } date1; 

Sis 



void main(void) 

{ 
struct date_tag date2 = { 1, “ps WERE hs 

printf("\n\nEnter information for date 1: "); 

printf("\n\nEnter month: "); 

scanf("%sd", &date1.month) ; 

printf("\nEnter day: "); 

scanf("%d", &date1.day) ; 

printf("\nEnter year: "); 

scanf("%sd", &date1.year) ; 

date1.breaker1 = '-'; 

date1.breaker2 ome 

printf("\n\n\nYour dates are:\n\n"); 

printf("Date 1: %d%c%d%c%d\n\n", date1 

printf("Date 2: %d%c%d%c%sd\n\n", date2. 

date2. 

date2. 

date2. 

date2. 

date 

date 

date 

date 

.month, 

-breaker1, 

.day, 

-breaker2, 

NASM jhe 

month, 

breaker1, 

day, 

breaker2, 

year ); 

printf("\n\n\nSize of date_tag structure: %d", 

sizeof (date1)); 

Enter information for date 1: 

Enter month: 12 

Enter day: 25 

Enter year: 1994 

Your dates are: 

Date 1: 12-25-1994 

Date 2: 1/1/1998 

Size of date_tag structure: 
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This listing should also provide a review. Later today, you will see advanced use 

of structures—structures with variable lengths. You can see in lines 8 through 

14 that the date structure has been defined. In fact, you can see that a variable, 

date1, has been declared. In line 18, another variable, date2, is declared using the 

struct keyword along with the previously defined structure’s tag, date_tag. At the 

time of date2’s declaration, each of its elements is also initialized. 

Lines 20 through 26 enable the user to enter the information for date1. Using 

printf (), the user is prompted for each of the numeric elements of the structure. Lines 

28 and 29 set the breaker values to dashes. These could have been slashes or any other 
values. Lines 32 through 42 print the values from the individual dates. 

Word Alignment 
In Listing 2.2, lines 44 and 45 were added to help demonstrate word alignment. How 
big is the date structure? Typically, the size of the structure is the size of its elements 
added together. In the case of the date structure, this would consist of three integers 
(each two bytes) and two characters (each a single byte). This adds up toa total of eight 
as the preceding output presented. Figure 2.2 demonstrates the memory placement 
of each of the date structure’s elements. 

struct date_tag { 
int month; 

char breaker1; breakert 

month 

int day; 
char breaker2; 
int year; 

Figure 2.2. The date structure in memory with word alignment off. 

You may have gotten the answer of 10 instead of 8 in the output for Listing 2.2. Ifyou 
did, you compiled with the word-alignment option on. Word alignment is an option 
that can be set when compiling. If this alignment is on, each element of a structure 
is stored starting at the beginning of a byte. The exception to this is character elements 
following other characters. In this case, they can start on an odd byte. A word is the 
same as an unsigned short—two bytes. Check your compiler’s compile options to see 
how to compile the listing with word alignment on and off. Run Listing 2.2 again after 
compiling each way. Figure 2.3 shows the memory placement for each of the date 
structure’s elements with word alignment on. 



struct date_tag { 
int month; 

char breakerl; 

int day; 
char breaker2; 

int year: 

Figure 2.3. The date structure in memory with word alignment. 

LO: ees DON’T | 
DO capitalize the new types you create with type definitions so that you 
don’t confuse them with variables. 

DO understand word alignment. At some point, your data won’t seem to be 
what you think it is. This could be because you are dealing with data that 
has been aligned differently from how you are accessing it. 

DO review a beginning C book, such as Teach Yourself'C in 21 Days, if you 
don’t understand structures and arrays. 

Unions 
Unions are a special kind of structure. Instead of storing the individual items one after 
the other, each element is stored in the same location of memory. The following is an 
example of a union declaration for a date string and the previously declared date 

structure. 

union union_date_tag { 

char str_date[8+1]; 

struct date_tag struct_date; 

} birthdate; 

Figure 2.4 shows what this looks like in memory. 

Each of the values in the union can be accessed; however, only one can be accessed at 

atime. This is not a concern in the case of the birthdate union, but consider a union 

that has mixed values, as in the following: 

union mix_tag { 
int number; 

char string[10]; 

char float; 

}values; 
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union union_date_tag { 
char str_date[8+1]; 

struct date_tag struct_date; 

} birthdate; 

birthdate.str date ea 101 102 103 104 105 106 107 108 105 110 

ot ie Pea leh 
birthdate.struct_date 

Figure 2.4. The birthdate union. 

This union contains values that require different amounts of storage space. Only one 
of these values can be used at a time. If you have an integer value stored in number, you 
cannot have a value stored in the string or the float variables. This is because these 

values share a location in memory. Each of the variables is independent. Listing 2.3 
helps to demonstrate the independence of these variables. 

Listing 2.3. Unions in memory. 

ite /* Program: UNION.C 

25 * Author: Bradley L. Jones 

3: * Purpose: Blah 
4: aaa a | 
Oh 

6: #include <stdio.h> 

Mes 

8: struct date_struct_tag { 

9: int month; 

10: char separater1; 

Wig int day; 

23 char separater2; 

13: int year; 

14: IRE 

Wee 

16: union date tag { 

i 3 char full_date[8+1]; 

18: struct date_struct_tag date; 
1950) =} 

20: 

21: void main(void) 

Ea ee 
23: 

24: union date_tag date1; 
Zon union date_tag date2; 
26: 

EM be printf("\n\nEnter string date (1) (Format: MM/DD/YY): a ie 
at gets(date1.full_ date) ; 



printf("\n\nEnter information for structure date 2: "); 
printf("\n\nEnter month: "); 

scanf("%sd", &date2.date.month) ; 

printf("\nEnter day: "); 

scanf("%d", &date2.date.day) ; 

printf("\n\nEnter year: "); 

scanf("%sd", &date2.date.year) ; 

date2.date.separater1 

date2.date.separater2 = '-'; 

printf("\n\n\nYour dates are:\n\n"); 

printf("String - Date 1: %s\n\n", date1.full_ date) ; 

printf("Structure - Date 2: %@d%c%O@d%c%d\n\n", 

date2.date.month, 

date2.date.separater1, 

date2.date.day, 

date2.date.separater2, 

date2.date.year ); 

printf ("String - Date 1" 

"(printed as a Structure): %O@d%c%Od%c%d\n\n", 

date1.date.month, 

date1.date.separater1, 

date1.date.day, 

date1.date.separater2, 

date1.date.year ); 

printf("Structure - Date 2 (printed as String): %s\n\n", 

date2.full_ date) ; 

Enter string date (1) (Format: MM/DD/YY): 12/15/63 

Enter information for structure date 2: 

Enter month: 01 

Enter day: 21 

Enter year: 1998 
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Your dates are: 

String - Date 1: 12/15/63 

Structure - Date 2: 1-21-1998 

String - Date 1 (printed as a Structure): 12849/13617/13110 

Structure - Date 2 (printed as a String): J_ 

The UNION.C program enables you to store a date as either a string date or a 

date composed of a structure. It uses a union to enable you to store them in the 

same area of memory. 

The structure that is to be used in the union is defined in lines 8 through 14. This 
structure contains three integer values and two character values. Lines 16 through 19 
actually define the union. The character string portion of the union will be called 
full_date. The structure will be called date. Notice that this is just a definition of the 
union. The union is not actually declared until lines 24 and 25. Two unions are 
declared, date1 and date2. Lines 27 and 28 fill in the first date union, date1, with a 
string value. Lines 30 through 39 fill in the second union, date2, by prompting for 
three integers and then filling in the separators with dashes. 

Lines 43 through 50 print the values of date1 and date2 so that you can see them. 
More importantly, lines 53 through 61 reprint the values, but this time the opposite 
part of the union is used. date1 was entered as the string part of the date union. Lines 
53 through 58 print this string date using the structure portion of the union. Notice 
that the output doesn’t appear to be correct. This is because a string is stored 
differently than numeric values. 

Poimters in Review 

Pointers were mentioned previously when talking about printing the character arrays. 
Because understanding pointers is required for a solid understanding of C, every 
beginning C book covers them in some detail. A pointer is a special kind of variable. 
A pointer is a numeric variable used to hold a memory address. When you declare a 
pointer, you specify the type of variable that is located at the address stored in the 
pointer variable. The following are the declarations for three different pointers. 
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Review Tip: A pointer is a numeric variable that is used to hold a 
memory address. For example: 

char *char_ptr; 

int *int_ptr 

struct date_tag *date_ptr; 

As you can see, pointers are declared like other variables with the exception of the 
asterisk. char_ptr is defined as a pointer to a character, int_ptr is a pointer to an 

integer, and date_ptr isa pointer toa date_tag structure. You know these are declared 

as pointers by the asterisks preceding them. (An asterisk in a declaration always means 
the variable is a pointer.) 

As already stated, char_ptr is a pointer to a character. The char_ptr variable does not 

hold a character. Instead, it will hold a number, and more exactly char_ptr will hold 

the number of a memory address used to store a character. Figure 2.5 shows a pointer 
and its variable in memory. 

eS Coco 
RAF "ptr 

Figure 2.5. A pointer in memory. 

Finding the Address of a Variable 
If a pointer is used to hold a memory address, then it’s important to be able to find 
addresses. In Figures 2.1 through 2.5, you saw how different variables were stored in 
memory. In most of the examples, the starting memory address was 100. These are 

simple examples. When variables are actually stored in memory, they can be stored in 

a variety of locations. In addition, the locations may vary each time the program is run. 

To truly know where a variable is stored, you need to find its address. C provides, an 

“address of” operator, which is an ampersand (&), to enable you to determine the 

address of any variable. Listing 2.4 demonstrates using both a pointer and the “address 

of” operator. 

SAMS | 
PUBLISHING 
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Listing 2.4. A pointer review. 

/* Program: Pointer.c 

* Author: Bradley L. Jones 

* Purpose: To show the basics of pointers 

onan ee Se ee ESSE SSS SSS ESS SSSSS=====* 

#include <stdio.h> 

void main(void) 

{ 
int a_number; 

int *ptr_to_a_number; 

int **ptr_to ptr _to_a_number; 

a_number = 500; 

ptr_to_a_number = &a_number; 

ptr_to_ptr_to_a_number = &ptr_to_a_number; 

printf("\n\nThe number is: %d", a_number) ; 

printf("\nThe value of the address of the number is %ld", 

&a_number) ; 

printf("\n\nThe value of the pointer to a number is %ld", 

ptr_to_a_number) ; 

printf("\nThe value of the address of the ptr to a nbr is %ld", 

&ptr_to_a_number) ; 

printf("\n\nThe value of the ptr to a ptr to a nbr is %ld", 

ptr_to_ptr_to_a_number) ; 

printf("\n\n\nThe indirect value of the ptr to a nbr is Xd", 

*ptr_to_a_number) ; 
printf("\nThe indirect value of the ptr to a ptr to a nbr is %ld", 

*ptr_to_ptr_to_a_number) ; 

printf("\nThe double indirect value of the ptr to a ptr to a nbr" 

"is %d", 

**ptr_to_ptr_to_a_number) ; 

The number is: 500 

The value of the address of the number is 78053364 

The value of the pointer to a number is 78053364 
The value of the address of the ptr to a nbr is 78053362 



The value of the ptr to a ptr to a nbr is 78053362 

The indirect value of the ptr to a nbr is 500 

The indirect value of the ptr to a ptr to a nbr is 78053364 

The double indirect value of the ptr to a ptr to a nbr is 500 

Listing 2.4 declares three variables. Line 10 declares an integer variable, 

a_number, which is assigned the value of 500 in line 14. Line 11 declares a pointer 

to an integer called ptr_to_a_number. This is assigned a value in line 16. As you 

can see, it is assigned the address of (&) the previously declared number, a_number. 

The third declared variable, ptr_to_ptr_to_a_number, is a pointer to a pointer. This 

pointer is assigned the address of the pointer, ptr_to_a_number (line 18). 

Lines 21 through 36 print the values of the previously declared and initialized 
variables. Line 21 prints the value of the initial integer value, a_number. Line 22 prints 

the address of a_number as a long value. Since line 16 assigned this value to 
ptr_to_a_number, it should equal the value printed in line 24. Line 26 prints the 

address of the pointer, ptr_to_a_number. This helps to demonstrate that a pointer is 

just another variable that is located at an address in memory and contains an individual 
value. Line 31 prints the indirect value of ptr_to_a_number. The indirect value of a 

pointer is the value at the location stored in the pointer variable. In this case, the value 
will be 500. 

fa BX ease ee DON’T. 
DON’T confuse a pointer’s address och. a stored value. 

Pointers to Pointers 
A pointer to another pointer was declared in Listing 2.4. Because a pointer is itself a 

variable, there is no reason why you can’t declare one pointer to hold the address of 

another pointer. As shown in Listing 2.4, you can declare multiple layers of pointers 

by simply stacking the asterisks in the declaration. Figure 2.6 shows a variable, var, 

declared in memory with a value of 500. It also shows a pointer, ptr, to this variable. 

Additionally, the figure shows a pointer, ptr2ptr, that points to ptr1, which actually 

makes it a pointer to a pointer. Listing 2.4 presented an example of this using slightly 

different variable names. 
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aoe 

srr faoool TT] ec - CT 

Figure 2.6. Representation of pointers. 

Pointers to Functions 
You can create pointers to functions because they are stored in memory also. These 
pointers must be declared differently than variable pointers. A declaration for a 
pointer to a function would be declared as: 

return_type (*func_pointer) (parameter list) ; 

where func_pointer is the name of the function pointer. parameter_list is the 

parameters that are to be passed to the function being pointed to. return_type is the 
data type that the function will return. Listing 2.5 presents a simple example of using 
a function pointer. 

Listing 2.5. Using a function pointer. 

We /* Program: list@205.c 

25 * Author: Bradley L. Jones 

3) * Purpose: Demonstrate a function pointer 

4: SSS S SSS SS SS SSS SSS sss SSS SSS SSeS SS SSSSSSSSSSaa===* | 
oO): 

6: #include <stdio.h> 
ws 

8: void main(void) 

9: { 

10: Intea(*fUneuptm) (is 
flat 

125 func_ptr = printf; 

13: 

14: (*func_ptr)("\n\nHello World!\n\n"); 
Kae ib 
a 

Hello World! 

48 



Anahi Line 10 is the declaration for the function pointer, func_ptr. Notice that the 
parentheses are around the asterisk and the pointer’s name, func_ptr. If you 
leave these parentheses off, you get different results: 

Inte funcrptr()= 

This is the same declaration without the parentheses. Instead of being a prototype for 

a pointer to a function, it is a prototype for a function that returns a pointer to an 
integer. 

You can see in line 12, printf was assigned to func_ptr. When this assignment was 

made, the parentheses were left off the printf. This was so the address of the printf 
would be passed to func_ptr and not the return value a call to printf (). Although not 

necessary, this could also have been done by using the “address of” operator as follows: 

func_ptr = &printf; 

Line 14 is the call to the function. Notice that once again the asterisk is used to 
dereference the function. Because the parentheses to the right have a higher prece- 
dence, you need to include an extra set of parentheses around the function name and 
asterisk. Line 14 is equivalent to calling printf (). 

The Practical Use of a Function Pointer 

There are several occasions when you'll want to pass a function pointer to another 
function. The qsort() function is a prime example of such an instance. The ANSI C 

function, qsort(), expects a pointer to a function to be passed to it. The qsort() 

function sorts the entries in a table by calling a user-defined function. Following is the 
prototype for qsort(): 

void qsort( void *base, size_t nelem, size_t width, 
int (*fcmp)(const void *, const void *)); 

Notice that the third parameter in this prototype, fomp, is a pointer to a function. 

Listing 2.6 shows how different functions can be passed in this third parameter. 

‘Te Listing 2.6. Passing pointers to functions. 

1 /* Program: sort.c 
2 * Author: Bradley L. Jones 

Oi * Purpose: Demonstrate a function pointer being 

4: * passed as an argument 
5 Reo ee ee ee SS SS SS SS SS SS SS SS SS SS SS SS SS SS SS * / 

6 
74 #include <stdio.h> 

continues 
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Listing 2.6. continued 
CIty Cicada A ISITE Sie a Si Rel pale Nina eae ee AW ple ae See Coe te 

#include <stdlib.h> 
#include <string.h> 

int sort_a_to_z(const void *first, const void *second) ; 

int sort_z_to_a(const void *first, const void *second) ; 

void main(void) 

{ 

} 

ime Cer = OF 
aime — “ietevefells 

char list[10][256]; 

printf("\n\nPress <Enter> after each word. Enter QUIT to 

end\n") ; 

Gersi@astictmiys 

while( stricmp(list[ctr], "QUIT") != NULL ) 

{ 
(enulenmae 

if(ctr == 10) 

break; 

gets(list[ctr]); 

} 
total = ctr; 

qsort((void *) list, total, sizeof(list[0]), sort_a_to z); 

printf("\nThe items sorted A to Z\n"); 

for(ctm = 0; ctr < totals ctrt+ ) 

DinUhith Gem Senmelaisit| Gunter 

} 

qsort((void *) list, total, sizeof(list[@]), SOMERZ A CON dir 

printf("\n\nThe items sorted Z to A\n"); 
LOR (Cit =| Os Ctrl totals sctra+.} 

{ 

} 
DEAN SSanmeLusieL Ctrl 

int sort_a_to_z( const void *first, const void *second) 
{ 

} 
return( stromp((char*)first, (char *)second) ); bl 



56: int sort_z_to_a( const void *first, const void *second) 
ee. wt 

58: return( stremp((char*)second, (char *)first) ); 
IE at 

ee 

Press <Enter> after each word. Enter QUIT to end 
Mississippi 

Illinois 

Indiana 

Montana 

Colorado 

South Dakota 

Florida 

California 

Alaska 

Georgia 

The items sorted A to Z 

Alaska 

California 

Colorado 

Florida 

Georgia 

Illinois 

Indiana 

Mississippi 

Montana 

South Dakota 

The items sorted Z to A 

South Dakota 

Montana 

Mississippi 

Indiana 

Illinois 

Georgia 

Florida 

Colorado 

California 

Alaska 

This program enables the user to enter up to ten words or phrases. It then sorts 
the words into ascending and descending orders using qsort(). As you saw in 

the preceding prototype, qsort() takes a pointer to a function as the third 

Fastenal oe 

parameter. A function name without the parentheses is the address of the function. 

Two different functions are passed in the SORT.C listing. In line 34, qsort () is called 

ol 
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with sort_a_to_z as the third parameter. In line 42, sort_z_to_a is passed. Notice 

that these functions were prototyped in lines 11 and 12. It was necessary to prototype 

them before using them. 

The rest of this program shouldn’t present anything new. In line 20, the user is given 

a prompt to enter words. In lines 22 through 31, the program gets the information 

from the user. Line 32 assigns the counter, ctr, to total. ctr, and now total, contains 

the number of items that were entered. This is necessary for knowing how many items 

are to be sorted and printed. Lines 36 through 40 and 44 through 48 print the sorted 

values in the list array after each call to qsort(). 

Complex Data Types 
(or Complex Data Combinations) 

Virtually all of the basic data types presented so far today can be combined. When you 
combine the data types, you create what could be termed complex data types. These 
data types aren’t really any more complex than the basic types. It’s just that you have 
to be aware of what combinitations you have made. Some of the more common 

combinations of data types are: 

|_| Pointers to structures. 

|| Arrays of structures. 

| Variable-length structures. 

Pointers to Structures 

There are two commonly used ways to pass information from one function to another. 
The first and most common way is passing by value in which a value is passed to the 
called function. The second way, known as passing by reference, is to pass a pointer that 
references the data being passed. When you pass a pointer to a function, the new 
function has the capability to modify the original data. In addition, less computer 
resources are used in passing a pointer (reference) than in passing a copy (value). In 
the case of structures and other large data constructs, this can become important. The 
amount of space available to pass information is limited. In addition, there area variety 
of instances where you'll want to modify the original data and nota copy of the data. 
Because of this, pointers to data and pointers to structures can be very important. 
Listing 2.7 presents an example of a pointer to a structure. 
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en 

3: 

4: 

Se 

6: 

7s 

8: 

ive} 

Note: An additional use of pointers to structures is in linked lists, which 
are covered in Day 3. 

{= 

* 

Listing 2.7. Using a pointer to a structure. 

Program: list@207.C 

Author: Bradley L. Jones 

Purpose: Program to demonstrate a pointer to a 

structure 

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

st 

}5 

ruct name_tag { 

cham Laseli25+i]is 

char farse[ 1541]; 

char middle; 

char *format_name( struct name_tag *name ); 

void main(void) 

{ 
struct name_tag name; 

char input_string[256] ; 

char *full_name; 

printf("\nEnter name:"); 

printf("\n\nFirst name ==> ")3 

gets(input_string) ; 
strncpy(name.first, input_string, 15); 

name.first[15] = NULL; 

printf ("\nMiddle initial ==> *); 

gets(input_string) ; 

name.middle = input_string[®@]; 

printf("\nLast name ==> ")5 

gets(input_string) ; 
strncpy(name.last, input_string, 25); 

name.last[25] = NULL; 

continues 
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Listing 2.7. continued 

41: 

42: 

43: 

44: 

45: 

46: 

54 

full_name = format_name( &name ); 

printf("\n\nThe name you entered: %s", full_name) ; 

free(full_name) ; 

} 

char *format_name( struct name_tag *name ) 

{ 
char *full_name; 

char tmp_str[3]; 

full_name = malloc( 45 * sizeof(char) ); 

if( full_name != NULL ) 

{ 
strcpy( full_name, name->first ); 

Srelrocnel( WUE sielies = = )e 

tmp_str[@] = name->middle; 

EMpPaeSiti fl — see 

tmp_str[2] = NULL; 

strcat( full_name, tmp str); 

if (name->middle != NULL) 

Chalochet TW inelies ie?) 

strcat( full_name, name->last ); 

} 

return(full_name) ; 

} 

Enter name: 

First name ==> Bradley 

Middle initial ==> Lee 

Last name ==> Jones 

The name you entered: Bradley L. Jones 



This program enables you to enter information into a name structure. The 
structure, name_tag, holds a first, middle, and last name. This structure is 

declared in lines 11 through 15. Once the name is entered in lines 26 to 39, the 

name is then formatted into the full_name variable. The function, format_name(), is 

used to do the formatting. This function was prototyped in line 17. format_name() 

receives a pointer to a structure as its only parameter and returns a character pointer 

for the name string. Once the name is formatted, line 43 prints it. Line 44 concludes 

the program by freeing the space that was allocated for the name by format_name(). 

Lines 47 through 71 contain the format_name() function. This function formats the 

name into the format of first name, space, middle initial, period, space, last name. Line 

52 allocates memory with the malloc() command. (This should be familiar from 

Day 1.) Line 54 verifies that memory was allocated for the full name. If it was, the 
members of the name structure are formatted. Notice that this function uses 

the indirect membership operator (->). This function could have used indirection. 
The following would be an equivalent to line 59: 

tmp_str[@] = (*name) .middle; 

Notice that there are parentheses around the structure pointer. This is because the 
member operator (.) has a higher precedence than the indirection operator (*). 

Arrays of Structures 
Arrays of structures are also commonly used. An array of structures operates just like 

an array of any other data type. Listing 2.8 is an expansion of Listing 2.7. This listing 

allows multiple names to be entered and placed into an array of name structures. 

‘Tye Listing 2.8. Using an array of structures. 

Ws /* Program: 1list0®208.C 

2 * Author: Bradley L. Jones 

3: * Purpose: Program to demonstrate an array of 

4: structures 

Si *# eaeeassssSSSSssesSeSsssSSSssssSssesesssssssessssaaa* / 

6: 

Ts #include <stdio.h> 

Bk #include <stdlib.h> 

9: #include <string.h> 

10: 

11: #define NAMES 2 

ie 

continues 

By) 
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Listing 2.8. continued 

13: struct name_tag { 

14: char last[25+1];5 

os Charme facseEpioial | 

16: char middle; 

Ice: 

tse 

19: char *format_name( struct name_tag *name ); 

20: 

21: void main(void) 

Po of 

Zor struct name_tag names[NAMES] ; 

24: 

25) ie Cel = OF 

26: char input_string[256] ; 

PATO char *full_name; 

28: 

20k printf("\n\nThis program allows you to enter %d names.", NAMES) ; 

30: for( ctr = 0; ctr < NAMES; ctr++) 

Sh 4 { 

Sy2 5 printf("\nEnter name %d.", ctr+1); 

Sor printf("\n\nFirst name ==> "); 

34: gets(input_string) ; 

Son strncpy(names[ctr].first, input_string, 15); 

36: names[ctr].first[15] = NULL; 

SW/e 

38: printf("\nMiddle initial ==> "); 

39: gets(input_string) ; 

40: names[ctr].middle = input_string[0]; 

41: 

42: printf("\nLast name ==> "); 

43: gets(input_string) ; 

44: strncpy(names[ctr].last, input_string, 25); 

45: names[ctr].last[25] = NULL; 

46: } 

47: 

48: printf("\n\nThe names: \n"); 
49: 

50: for( ctr = @; ctr < NAMES; ctr++ ) 
51 

525 full_name = format_name( &names[ctr] ); 
53: printf("\nName %d: %s", ctr+1, full_name); 
54: free(full_name) ; 

Don } 

Ory 

ila: 

cx pel *format_name( struct name_tag *name ) 

60: char *full_name; 
61: char tmp_str[3]; 
62: 



full_name = malloc( 45 * sizeof (char) ye 

if( full_name != NULL ) 

{ 
strcpy( full_name, name->first ); 
streat( full_name, "" ); 

tmp_str[@] = name->middle; 

Emp Serpe i 

tmp_str[2] = NULL; 

strcat( full_name, tmp str); 

if(name->middle != NULL) 

streat( full name; " "); 

strceat( full_name, name->last ); 

} 

return(full_name) ; 

Outpt 
This program allows you to enter 2 names. 

Enter name 1. 

First name ==> Boris 

Middle initial ==> 

Last name ==> Yeltsin 

Enter name 2. 

First name ==> Bill 

Middle initial ==> E 

Last name ==> Clinton 

The names: 

Name 1: Boris Yeltsin 

Name 2: Bill E. Clinton 

As stated before, this listing is quite similar to Listing 2.7. The listing allows 

names to be entered into an array. When all the names are entered, they are 

formatted and printed. 
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The difference in this listing should be easy to follow. In line 11, a defined constant, 

NAMES, is declared. This constant contains the number of names that will be entered. 

By using a defined constant, it becomes easy to change the number of names to be 

entered. Line 23 is also different. Instead of just declaring a name structure, an array 

is being declared. Lines 30 and 50 contain for loops that are used to get the multiple 

occurrences of names. 

Like regular arrays, structure arrays will also use subscripts to access each element. This 

can first be seen in line 35. Notice that the subscript goes on the structure name, names, 

not the member name. Other than adding the subscript, this program will operate 

similar to Listing 2.7. 

Variable-Length Structures 
Variable-length structures are simply structures that can vary in size. In a normal 
structure, such as the following, you can determine the size: 

struct employee kids tag{ 

char first_name[15+1]; 

char last_name [19+1]; 

char child1 name[19+1]; 

char child2_name[19+1]; 

}5 

You should be able to determine that variables declared with the employee_kids_tag 

will be 76 characters long. This is calculated by adding the sizes of the individual 
elements, plus any byte alignment that may occur. The employee_kids_tag structure 
would work well for all the employees who have two children or fewer, but what if 
John Smith has 12 kids? You wouldn’t be able to store all his kids’ names in a single 

structure. There are several solutions to get around this. The first is to modify the 
structure to declare 12 names for the children rather than 2. The following code shows 
this being done with an array instead of individual child name variables: 

struct employee kids tag{ 

char first_name[15+1]; 

char last_name [19+1]; 

char children_names[19+1][12]; 

}; 

This structure enables you to store the first and last name of the employee along with 
up to 12 children’s names. As long as the array size is big enough to hold the most 
children that any employee has, this structure works; however, this is typically not an 
optimal solution. Figure 2.7 shows what the memory usage of this structure would be 
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when a variable is declared. Notice that there is a great deal of memory allocated. If 
most of the employees have only one or two kids, the majority of this allocated space 
will never be used. 

struct employee_kids_ tag { 
char first_name[15+1]; 

char last_name[19+1]; 
; char children_names[19+1][1 2]: 

100 101 102 103 104 105 
T T 

first_eame 100 

fast_eame 

childrea_sames(0) 

childrea_same{1] 

childrea_same(t1] 

Figure 2.7. The employee_kid_tag structure for 12 kids—potentially a lot of wasted 

space. 

Variable-length structures offer a solution to this type of problem by enabling you to 
change the number of elements in the array. Ifemployee Sherman Smith has two kids, 
you declare the array with two elements. If Dawn Johnson has six kids, you declare 
the structure with six elements. Figure 2.8 shows how the memory usage should be. 

As you can see in Figure 2.8, memory isn’t completely conserved because we have the 
spaces at the end of each name; however, we did save space by only storing names when 
we have to. 

Declaring the structure so that there can be different numbers of children would be 

done as follows: 

struct employee_kids_tag{ 

char first_name[15+1]; 

char last_name [19+1]; 

int number_of_children; 

char child_name[]; 

}5 
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struct employee_kids tag { 

char first_name[15+1]; 

char last_name{19+1]; 

int number_of_children; 

char children_names[}; 

35 

100 101 102 103 104 105 
—F T T 

Figure 2.8. Variable-length structures—conserving memory usage. 

Notice that two things have changed. First, we added an integer, number_of_children, 

stating how many children there are. Without this, we would have a much harder time 
knowing how many kids there are, and thus how big the structure is. The second 
change is in the child_name array. There isn’t a number in the array! This signals that 
it is a variable-length array. It will be up to you to determine how big it is. (Hence the 
previously mentioned number_of_children.) 

| 1g. Some compilers won’t allow you to declare an array without a 
In these cases, you should leave the last member, child_name[], out 

le structure, — ~~ 

When Are Variable-Length Structures Used? 
You might be thinking that it would be much easier to use a consistent number of array 
elements. As long as you selected a size that meets a majority of your needs, you could 
be happy. While this may suffice, there are many instances that you may find that you 
need to use the variable-length structures. Although small or simple programs can 
afford the luxury of wasting space, more complex programs cannot. In addition, many 
programs that work with disk files require that you work with variable-length 
structures. 
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There are several examples of programs that use variable-length structures. Calendar 
programs, programs that modify executable (EXE) files, programs that work with bit- 
mapped graphics files, and word processor programs are just a few. 

A Variable-Length Structure Example 
The best way to understand the usage of variable-length files is to use them. The 
following example will use a variable-length structure to create a journal entry. The 
format of the journal entry will be as follows: 

struct journal _entry_tag { 

int text_size; 

char text_entry[]; 

} 

As you can see, this is a relatively simple structure. The first member of the structure 
is an integer that tells the size of the following character array, text_entry. Listing 2.9 

uses this structure. 

Listing 2.9. Program using variable-length structure. 

We /* Program: list®@209.c 

Pei * Author: Bradley L. Jones 

a * Purpose: Demonstrates a variable length file. 

4: *#aoasssssssassssssssssasssssessessesessSeSssS====5* / 
Ol 

6: #include <stdio.h> 

ts #include <stdlib.h> 

8: #include <string.h> 

9: 

10: typedef struct { 

tle suphe Wes Suraeye 

We char text_entry[]; 

13:  } JOURNAL_ENTRY; 

14: 

15: void main( void ) 

ieee ay 
NTE JOURNAL_ENTRY entry[10]; 

alfehe 

19: char buffer[256]; 

20: int hele 

Phe 

22: FILE Sout fale: 

23: 

24: if(( out_file = fopen( "TMP_FILE.TXT", “w+")) == NULL ) 

Zon { 

26: printf("\n\nError opening file."); 

continues 
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Listing 2.9. continued 
a a 

exit(99) ; 

} 

printf("\n\nYou will be prompted to enter 10 strings.\n"); 

TOM Cir = We Chee < Oe Gulia )) 

{ 
printf("\nEnter string %d:\n", ctr+1); 

gets (buffer) ; 

entry[ctr].text_size = strlen(buffer) ; 

fwrite( &entry[ctr].text_size, 1, sizeof( int), out_file); 

fwrite( buffer, 1, entry[ctr].text_size, out_file) ; 

} 

printf("\n\nTo view your file, type the following:"); 

printf("\n\n INAS UP oRelles ale 

fclose(out_file) ; 

You will be prompted to enter 10 strings. 

Mele Srelealine) iS 

aaaa 

Enterestrrnge2: 

BBBBBBBBBBBB 

Enter string 3: 

ccccccccccccccccccccccccccceccccccccccccccc 

Enter string 4: 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 

Enterestrunges: 

EEE 

Enter string 6: 

FFFFFFFFFFFFFFFFFFFFF 

Entei esSitimingm 7a: 

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 

Enter string 8: 
HHHHHHHH 



Enter string 9: 

ITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

Enter string 10: 

SSIS III SJ I J J J 

To view your file, type the following: 

TYPE * TMPS FICE xT 

Typing the TMP_FILE.TXT file displays the following: 

__aaaa__BBBBBBBBBBBB__CCCCCCCCCCCCCCCCCCccCeccccccccecccccccccccc__ 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
__EEE__FFFFFFFFFFFFFFFFFFFFF__GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG__ 
HHHHHHHH  IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _ 
NNN ANNA NNN NNN NNN NNN NNNNNNNNNNND) 

You should note that the underscores in the output from typing TMP_FILE.TXT are 
actually numeric values. These will appear as unusual symbols on your screen. This 
listing isn’t exactly clear on using the variable-length structure. To accurately 
demonstrate variable-length structures will take several pages of code. Later in this 
book, several variable-length structures will be used. The previous output demon- 
strates how a file can be created that applies to a simplistic variable-length structure. 
You could easily reverse this program so that it reads the file that was created. You 
could read each of these into the JOURNAL_ENTRY structures. You would need to 

dynamically allocate space for the character array within the structure. 

This program presents some interesting items. In line 22, a file pointer is declared. 
This pointer is used in line 24 to point to the TMP_FILE.TXT file. This is the file 
for the variable-length journal entries. Lines 37 and 38 write the information out to 
the file. In line 37, the portions of the structure that are constant in size are written. 

In this case, it is a single field. In line 38, the variable length portion is written out. 
An exercise at the end of this chapter asks you to write a program that reads this file 
and prints out the information. 

Summary 
Although a lot of what was presented today should have been familiar, some of the 

material might have been new to you. Today began with a review of the basic data 

types, the definition of the typedef statement and its use, followed by advanced data 

types (or advanced groupings of data types). This included working with arrays, 
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structures, and unions. A review of pointers was also provided—simple pointers, 

pointers to pointers, pointers to functions, and pointers to structures. The day moved 

to arrays of structures before concluding with variable-length structures. 

Q&A 
Q Can you program in C without fully understanding pointers? 

A Yes; however, you'll be extremely limited in what you'll be able to do. 

Pointers are found in virtually every real-world application. 

Q How many dimensions can an array have? 

A The number of levels an array can have is compiler-dependent. It becomes 
more confusing to use multidimensional arrays the more levels you use. 
Most applications rarely need more than three levels. 

Q How many levels of indirection can you have with pointers? 

A As with arrays, you don’t want too many levels of indirection. You rarely go 
more than three levels deep with pointers (pointer to a pointer to a pointer). 
Although going two levels deep is not unusual (pointer to pointer), anything 
more should be avoided if possible. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
1. What are considered the basic data types? 

- What C keyword can be used to help increase the readability of your code? 

. What is the data type of a variable declared as a DWORD? 

. What are three ways of grouping data? 

. What is the value of NULL or the Null character? 

Nn NO HR DH WN . Why is it important to know about word alignment? 
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. What is a pointer? 

8. How do you determine the address of a variable? 

10. 

. What is the difference between the following two prototypes? 

return_type (*name) (parameter_list); 

return_type *(name)(parameter_list); 

What is a benefit of using variable-length structures? 

Exercises 

he: Write the code for the data type necessary to store a social security number 
of the format 999-99-9999. Don’t use a simple string (character array). 

. Write the code for the data type necessary to store a type long variable called 
number in the same area of memory as a string variable called string. The 
length of string should be four characters. 

. Write a program that declares a pointer variable. The pointer variable should 
be assigned its own address. 

. Write a program that declares and initializes a double-dimensioned array. 
The program should also print the array to the screen. 

. How would you create a data element that could hold 10 social security 
numbers (from Exercise 1)? 

. Modify Listing 2.1 to print the numeric array as characters. What is printed? 

. ON YOUR OWN: Write a program that reads the information in the 
TMP_FILE.TXT created by Listing 2.9. 

. ON YOUR OWN: Write a program that sorts the TMP_FILE.TXT text 
entries and writes them back out. 

. ON YOUR OWN: If you are using a Windows compiler, consult your 
documentation for information on the Microsoft Windows file formats. 
Most of the file formats used by Microsoft Windows employ variable-length 
structures similar to those presented today. Another good reference book 

would be Tom Swan’s book, Inside Windows File Formats from SAMS 

Publishing. 
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Lists and Trees 

Linked lists and their associated data types are considered advanced topics in C. Most 

beginning C books touch lightly on the topic of linked lists and leave it to the 

programmer to figure them out when they are needed. There are several classes of 

linked lists. Single-linked lists are the most commonly used. There are also double- 

linked lists, binary trees, and more. Today you will learn: 

|] Whar linked lists are. 

_| How to use single-linked lists. 

|| About double-linked lists. 

|] How to use stacks and queues. 

|_| How to use binary trees. 

Linked Structures 
Linked list is a general classification for several methods of storing information in 
which the data stored is connected, or linked, together. As you should be able to guess, 

this linking takes place with the use of pointers. 

Expert Tip: Linked lists are not used a great deal. There are instances 
where linked lists are a perfect solution. On Day 17 and Day 18, you 
will use both single-linked and double-linked lists, so it is important 
that you understand the concepts involved in using them. 

There are two types of linked lists that are commonly used: single- and double-linked 
lists. The specific type of linked list is determined by how the data groups are 
connected. A single-linked list has a single connection between each group of 
information. A double-linked list has two connections between each data group. 

Note: Single-linked lists are generally referred to as “linked lists” or 
“linear linked lists.” 
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Using a Single-Linked List 
Single-linked lists, and linked lists in general, are used for several reasons. The main 
reason is speed. When working with sorted disk files, it can be time consuming to add 
in a new element. If you add a new element to the beginning of a disk file, each of the 
following elements must be shifted. With a linked list, you work in memory. Because 
memory is much faster than disk access, you can manipulate the data in the list faster. 
In addition, sorted disk files are generally stored in sorted order. With a linked list, 
pointers are used to keep the elements sorted. If a new element is to be added, it can 
be placed anywhere. Only the links need to be adjusted. This again increases the speed. 

Linked lists involve using a structure that contains a pointer member. The pointer 
member, however, is special. In the structure 

struct element { 

int data; 

struct element *next; 

}; 

the pointer contains the address of another structure. In fact, it’s a pointer to a 
structure of its own type. The pointer in the structure, called next in this case, points 

to another element structure. This means that each structure, or link, can point to 

another structure at the same time. Figure 3.1 illustrates a single link using the 

preceding element structure. Figure 3.2 illustrates using a linked list of such structures. 

struct link_element { 

int data [ext painter|——+ 
struct element *next; 

} 

Figure 3.1. An element link. 

Sb Se ele 
Figure 3.2. Links in a linked list. 

Notice that in Figure 3.2, each element points to the next. The last element doesn’t 

point to anything. To help show that the last element doesn’t point to an additional 

link, the pointer is assigned the value of NULL. In C, NULL is equal to zero. 

The last link ina single-linked list always points to NULL; however, how do you locate 

the other links? To prevent the loss of links, you must set up an additional pointer. 

This pointer is commonly referred to asa head pointer. The head pointeralways points 
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to the first element in the link. If you know where the first pointer is, you can access 

its pointer to the second element. The second element’s pointer can then be accessed 

to get to the third. This can continue until you reach a NULL pointer, which would 

signify the end of the list. It’s possible that the head pointer could be NULL, which 

would mean the list is empty. Figure 3.3 illustrates the head pointer along with a 

linked list. 

eet ae ee 

Figure 3.3. The head pointer. 

Note: The head pointer is a pointer to the first element in a linked list. 
The head pointer is sometimes referred to the “first element pointer” or 
“top pointer.” 

Listing 3.1 presents a program that isn’tvery practical. It creates a three element linked 
list. Each of the elements is used by going through the original element. The purpose 
of this program is to illustrate the relationship between elements. In the following 
sections, you'll see more practical ways of creating and using linked lists. 

Listing 3.1. A first look at a linked list. 

ie /* Program: list®301.c 

Ae * Author: Bradley L. Jones 
3: * Purpose: Demonstrate the relations in a linked list 
4: * Note: Program assumes that malloc() is successful. 
Bye we You should not make this assumption! 
6: iliieieininiainninieiniaiatniaiaininainininininiminimimimimmimmmminimimimmimmmmmmimemeecel | 
as 

8: #include <stdio.h> 

9: #include <stdlib.h> 
10: 

11: #define NULL 0 
We 

AOS UBUCt A laSit 

14: { 

Wee char ch; 
16: struct list *next; 



Uatpal 

}; 

typedef struct list LIST; 

typedef LIST *LISTLINK; 

int main( void ) 

{ 
LISTLINK first; /* same as a head pointer */ 

first = (LISTLINK) malloc( sizeof(LIST) ); 

first->ch.= a"; 

first->next = (LISTLINK) malloc( sizeof(LIST) ); 

first->next->ch = 'b'; 

first->next->next = (LISTLINK) malloc( sizeof(LIST) ); 

first->next->next->ch = 'c'; 

first->next->next->next = NULL; 

printf("\n\nPrint the character values..."); 

printf("\n\nValues from the first link:"); 

DrAnth (Vn ChiiSesCs, Til st--Ch. )i 

printf ("\n next is %d", first->next ); 

printf("\n\nValues from the second link:"); 

printf("\n ch is %c", first->next->ch ); 

printf("\n next is %d", first->next->next ); 

printf("\n\nValues from the third link:"); 

printf("\n ch is %c", first->next->next->ch ); 

printf("\n next is %d", first->next->next->next ); 

free( first->next->next ); 

free( first->next ); 

free( first ); 

return(Q) ; 

Print the character values... 

Values from the first link: 

chisa 

next is 1618 

Values from the second link: 

Chiras! pb 

next is 1626 
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Values from the third link: 

ch is c 

next is 0 

As stated before, Listing 3.1 isn’t the most practical listing; however, it 

demonstrates many important points regarding linked lists. First, in reviewing 

the listing you should notice that the linked list’s structure is declared in lines 13 

through 17. In addition, lines 19 and 21 use the typedef command to create two 

constants. The first is LIST, which will be a new data type for declaring a structure of 

type list. The second defined constant, in line 21, is a pointer to a LIST data type 

called LISTLINK. This data type, LISTLINK, will be used to create the links to the 

different LIST elements in the linked list. 

The main part of the program actually starts in line 25 where a pointer to the list 
structure is declared using the LISTLINK constant. This pointer, called first, will be 
used to indicate the beginning of the linked list that is being created. Line 27 allocates 
the first element in the link. Using malloc(), enough space is allocated for one LIST 

element. A pointer is returned by malloc() and is stored in first. Notice that the 

program doesn’t check to ensure that malloc() was successful. This is a poor 

assumption on the program’s part. It’s a good programming practice to always check 
the return value of a memory allocation function. 

Line 29 assigns a value to the character variable, ch, in the structure. If the linked list 
element contained other data, it could also be filled in at this point. Line 30 contains 
the pointer called next, that links this element with the next element in the list. If this 
were the only element in the list, the value of NULL, or zero, could be assigned to the 
next pointer as follows: 

fairst->next = NULL; 

Because an additional link is being added to the list, the next pointer is used. In this 
case, another malloc() statement is called to allocate memory for the following 
element of the list. Upon completion of the allocation, line 32 assigns a value of ‘b’ 
to the data item, ch. Line 33 repeats the process of allocating memory for a third 
element. Because the third elementis the last being assigned, line 36 caps off the linked 
list by assigning the value of NULL to the next pointer. 

Lines 40 through 50 print the values of the elements to the screen so that you can 
observe the output. The values printed for next may vary. Lines 52 through 54 release 
the memory allocated for the elements in reverse order that they were allocated in. 



This program accesses each element by starting with the first element in the list. As 
you can see, this could be impractical if you havea large number of links. This program 
is only effective for providing an example, but it’s impractical for actually using linked 
lists. 

Using a Linked List 
Linked lists are used similar to disk files. Elements or links can be added, deleted, or 

modified. Modifying an element presents no real challenge; however, adding and 
deleting an element may. As stated earlier, elements in a list are connected with 

pointers. When anew element is added, the pointers must be adjusted. Where the new 

element is added affects how pointers are modified. Elements can be added to the 
beginning, middle, or end of a linked list. In addition, if the element is the first to be 

added to the list, the process is a little different. 

Adding the First Link 
You'll know you are adding the first element to a linked list if the head pointer is 
NULL. The head pointer should be changed to point to the new element. In addition, 
because the element being added is the only element, the “next” pointer should be set 
to NULL. Figure 3.4 illustrates the final result. 

Tie 

NULL. NULL 

Before first addition After first addition 

Figure 3.4. Adding the first element to a linked list. 

The following code fragment includes the element structure defined previously along 

with two type definitions: 

struct _element { 
int data; 
struct _element *next; 

}5 

typedef struct _element ELEMENT; 

typedef ELEMENT *LINK; 
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The element structure will be used by means of the two type definitions. When an 

instance of _element needs to be declared, ELEMENT will be used. ELEMENT is a defined 

data type for the _element structure. The second defined data type, LINK, is a pointer 

toan_element structure. These defined constants will be used in later examples. The 

following code fragment illustrates adding an initial element to a linked list: 

LINK first = NULL; 

LINK new = NULL; 

/* enter a new item */ 
new = (LINK) malloc( sizeof(ELEMENT) ); 

scanf("%d", &(next->data) ) ; 

if (first == NULL) 

: new->next = NULL; 

first = new; 

} 

This fragment starts by including two declarations for pointers to an _element 
structure using the LINK typedef. Because these are pointer values, they are initialized 
to NULL. The first LINK pointer, called first, will be used as a head pointer. The 
second LINK, called new, will contain the link that will be added to the list. The link 

is created and then data for the link is retrieved. The addition of the new element to 
the list occurs in the last five lines. If the first pointer—which is the head pointer— 
is equal to NULL, then you know the list is empty. You can set the pointer in the new 
element to NULL because there isn’t another one to point to. You can then set the 
head pointer, first, to the new element. At this point, the element is linked in. 

Notice that malloc () is used to allocate the memory for the new element. As each new 

element is added, only the memory needed for it is allocated. The calloc() function 
could also be used. You should be aware of the difference between these two functions. 
The main difference is that calloc() will clear out the new element; the malloc () 
function won't. 
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Tip: When possible, initialize pointers to NULL when you declare 
them. 

Adding to the Beginning 
Adding an element to the beginning of a linked list is similar to adding an element to 

a new list. When an element is added to the beginning, two steps are involved. First, 

the “next” pointer of the new element must be set to the original first element of the 

list. This can be done by setting the new element’s “next” pointer equal to the head 
pointer. Once this is done, the head pointer must be reset to point to the new element 
that now begins the list. Figure 3.5 illustrates this process. 

ee 

Before Addition 

eg fe ie ero 

After Addition 

|_ new date | 
next polntel 

Figure 3.5. Adding an element to the beginning of a linked list. 

Again using the element structure, the following code fragment illustrates the process 
of adding an element to the beginning of a linked list: 

/* adding an element to the beginning of a list */ 

{ 
new->next = first; 

first = new; 

} 

The next pointer in the new element is set to point to the value of the head pointer, 

first. Once this is set, the head pointer is reset to point to the new element. 
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Warning: It is important to take these two steps in the correct order. If 

you reassign the head pointer first, you will lose the list! 

Adding to the Middle 
Adding an element to the middle of a list is a little more complicated, yet this process 

is still relatively easy. Once the location for the new element is determined, you'll 

adjust the pointers on several elements. Figure 3.6 illustrates the process of adding an 

element to the middle of a linked list. 

| new dats | 

ace [date] Zara 
J =! next pointer 

Before Addition 

| new dats | 

[ate | |__dete __| [asta 
next poinier| next pointer NULL fn IY 

After Addition 

Figure 3.6. Adding an element to the middle of a linked list. 

As you can see from Figure 3.6, when a new element is added to the middle, two 
pointers have to be adjusted. The “next” pointer of the previous element has to be 
adjusted to point to the new element. In addition, the “next” pointer of the new 

element needs to be set to the original value of the “next” pointer in the previous 
element. Once these pointers are readjusted, the new element is a part of the list. The 
following code fragment illustrates this addition: 

/* adding an element to the middle */ 
insert_link( LINK prev_link, LINK new_link ) 

; new_link->next = prev_link->next 

prev_link->next = new_link; 

} 

This fragment presents a function that moves the previous link’s next pointer to the 
new link’s next pointer. It then sets the previous link’s next pointer to point to the 
new element. 



Adding to the End 
The final location to which you can adda link is the end of a list. Adding an element 
to the end is identical to adding a link to the middle. This case is mentioned separately 
because the value of the previous element’s “next” pointer is NULL (or zero). Figure 
3.7 illustrates adding an element to the end of a linked list. 

Before Addition 

ee 

After Addition 

Figure 3.7. Adding an element to the end of a linked list. 

Implementing a Linked List 
Now that you've seen the ways to add links to a list, it’s time to see them in action. 
Listing 3.2 presents a program that uses a linked list to hold a set of characters. The 
characters are stored in memory by using a linked list. 

‘Type Listing 3.2. Adding to a linked list of characters. 

/* Program: 1list@302.c 

* Author: Bradley L. Jones 

a Gregory L. Guntle 

* Purpose: Inserts a char in a list 
Used on a Single link list 

#include <stdio.h> 

#include <stdlib.h> OONOAHRWD — 

* 

12: #ifndef NULL 

13: #define NULL Q 

14: #endif 

15: 

OPES ERUC tala Sit 

ses md 

continues 
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Listing 3.2. continued 

char che 

Sieuieic laisie ete Pee; 

}5 

typedef struct list LIST; ; 

typedef LIST *LISTPTR; /* Pointer to the structure list */ 

Lieu ayelel see) ibis Gel, ISM }) 5 /* Function to add new item 

ae EOueaS tamer 

void show_list(void) ; 

void free_memory_list(void) ; 

void insert_list( char, LISTPTR ); 

LISTPTR first = NULL; /* same as a head pointer */ 

int main( void ) 

LISiPuln TreC_Eetelelir: 

int i=0; 

neceaddir = addetoslist( VAN. (ELSTPAR)NUEL i /+ Add aiistechane+/ 

first = rec_addr; /* Start of our 

NES Caeew, 

jee Aetiatilel aigemesiewl ilieye = // 

printf("Before insertion\n") ; 

while ( it++<5 ) 

Geceaddie—sadd ton lasit( = Al +i meceaddim )ic 

show_list(); /* Dumps the entire list - BEFORE */ 

printf ("\n\nAfter insertion\n") ; 

/* Now insert two chars into current list */ 
i=0; 

rec_addr = first; /* Start at beginning */ 

while( i<2 ) /* Travel chain to 3rd position */ 

{ 
rec_addr = rec_addr->next_rec; 
ete 

} 
INSERtALISt (eZ. seneCeaddi ye 

show_list(); /* Dumps the entire list - AFTER */ 

free_memory_list(); /* Release all memory */ 

return(Q) ; 

} 

/* Function: add_to list 
* Purpose : Inserts new record at end of the list 



66: *» 

67: * Entry : char ch = character to store 
68: = LISTPTR prev_rec = address to previous data record 
69: s 

70: * Returns : Address to this new record 

71200 *sessssssssssssssssssssssssssssssssssesssssssssSes=======% / 
Tire 

73: LISTPTR add_to_list( char ch, LISTPTR prev_rec ) 
742 4c{ 

75: LISTPTR new_rec=NULL; /* Holds address of new rec */ 
76: 

71: new_rec = (LISTPTR)malloc(sizeof(LIST)); /* Get memory location */ 

78: if (!new_rec) /* Unable to get memory */ 

79: { 

80: printf("\nUnable to allocate memory!\n"); 

81: exit(1); 

82: } 3 

83: 

84: new_rec->ch = ch; /* Store character into new location */ 4, 

85: new_rec->next_rec = NULL; /* Last record always pts to NULL */ 

86: 

Sia if (prev_rec) et TenObeate tl cS tGeCond ms) 

88: prev_rec->next_rec = new_rec; /* Adjust pointer of previous rec 

89: to pt to this new one */ 
90: return(new_rec); /* return address of this new record */ 

Siice at 

92: 

9325 /> Function: insert ist 

94: * Purpose : Inserts new record anywhere in list 

95: ~ Entry : char ch = character to store 

96: i LISTPTR prev_rec = address to previous data record 

97: ‘e 

98: * Returns : Address to this new record 

99: kee SS SSS SS SSeS SS Ss SSS SSS SSS SSS SSS SSS SSeS SSSssSSSSsSSses==* / 

100: 
101: void insert_list( char ch, LISTPTR prev_link ) 

102: 

103: : LISTPTR new_rec=NULL; /* Holds address of new rec */ 

104: 

105: new rec = (LISTPTR)malloc(sizeof(LIST)); /* Get memory location */ 

106: af (!new_rec) /* Unable to get memory */ 

107: { 

108: printf ("Unable to allocate memory!\n"); 

109: exit(1); 
110: } 

bith dees 

ee new_rec->ch = ch; 

lato new_rec->next_rec = prev_link->next_rec; 

continues 

79 



80 

Lists and Trees 

Listing 3.2. continued 

114: 

Waleye 

116: 

alee 

118: 

119: 

120: 

Ae 

122: 

123% 

124: 

1253 

126: 

Liza 

Zor 

129: 

130: 

Sales 

162= 

ook 

134: 

SE 

136: 

USWA e 

icekede 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

prev_link->next_rec = new_rec; 

/* Function: show_list 

* Purpose : Displays the information current in the li 

SREY, : N/A 

* Returns : N/A 

st 

koa - — — — — — ee eS Se SESE SSS SSS SSS SSS SS SS==SSSSSS==* / 

void show_list() 

{ 
ELSTPNRECUGE Picihe 

int counter = 1; 

printf("Rec addr Position Data Next Rec addr\n"); 
printf ("======== Ssssess= ° S=S= SSSssssss====\n"); 

CUE PLE siaipSit s 

while (cur_ptr) 

{ 
printf(" %xX Ty CULE te HE /* Address of this record */ 

printf (" %2i %c", counter++, cur_ptr->ch); 

pantie %6X \n",cur_ptr->next_rec); /* Address of 

next rec */ 
CURSDEES= CUR DEn-=-nextebec. 

} 
} 

/* Function: free_memory_list 

* Purpose : Frees up all the memory collected for list 
Ss Entry : N/A 

* Returns : N/A 

void free_memory_list() 

{ 
LISTPTR cur_ptr, next_rec; 

CURSED ERE=2 first: /* Start at beginning */ 
while (cur_ptr) /* Go until hit end of list = NULL */ 
{ 

next_rec = cur_ptr->next_rec; /* Get address of next record */ 
THADE(CUP_ferelr) § /* Free current record */ 
cur_ptr = next_rec; /* Adjust current */ 

} 
} 



Before insertion 

Rec addr Position Data Next Rec addr 

654 1 A 65C 

65C 2 B 664 

664 3 C 66C 

66C 4 D 674 

674 5 E 67C 

67C 6 F Q 

After insertion 

Rec addr Position Data Next Rec addr 

654 1 A 65C 

65C 2 B 664 

664 3 C 684 

684 a Z 66C 

66C 5 D 674 

674 6 E 67C 

67C 7 Ee i) 

first link is added to an empty list. In line 43, a function is called to add a link 
to the current position at the end of the list. Finally, in line 55, a function is called 

to add a link at a position in the middle of the list. 

Anas This listing demonstrates several times when a link can be added. In line 37, the 

This listing uses a structure in lines 15 through 19 that defines the link that will be 
used. The list will contain a character, ch, and a pointer to the next link, next_rec. 

Lines 21 and 22 create type definitions for the link structure called LIsT. In addition, 

in line 22, a constant for a pointer to the structure is declared as LISTPTR. These 

constants make the declarations later in the listing easier to follow. 

In line 29, the head pointer, first, is declared and initialized to NULL. The first 
pointer is declared with the pointer previously defined as LISTPTR. The first pointer 
will be used to always point to the beginning of the linked list. Additional variables 
are declared in main(). 

Line 37 uses a function called add_to_list() to add the first link. This link will 

contain the character ‘A.’ Lines 63 through 90 contain the add_to_list() function. 

This function takes the new character to be added and the previous link’s address, and 

it returns the new link’s address. Line 76 allocates memory for the new link. Line 77 

ensures the allocation was successful. Ifit wasn’t, then an error message is printed and 

the program exits. Line 83 assigns the new character to the newly allocated link. The 
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next pointer assigns NULL to the next pointer. If this isn’t the first link, the previous 

link’s next_rec pointer is assigned to this new link, which effectively places the new 

link at the end of the list. Line 89 returns the address of the new link. This function 

adds links in a manner similar to what was shown in Figure 3.7. 

Back in main(), lines 42 and 43 loop through adding five more links. Line 44 then 

prints the list to the screen using show_list() in lines 117 through 138. The 

show_list() function prints headings and then, starting with the first link, navigates 

through the list. This is done by accessing the next link through the next_rec pointer 

(line 136). 

In lines 48 through 53, the program starts at the beginning of the list and loops 
through two links. Line 55 then uses the insert_list() function to insert a link in 

the middle of the list. The insert_list() function, in lines 92 through 114, declares 

a temporary link called new_rec. Lines 104 through 109 allocate and verify the 
new_rec link. Line 111 assigns the character to the new link. Line 112 assigns the value 
from the previous link’s next_rec pointer to the new link’s next_rec pointer. The 

previous link’s next_rec pointer is then assigned the value of the new link. This places 

the link into the list in a fashion similar to what was presented in Figure 3.6. 

Deleting from a Linked List 
The ability to add information to a linked list is good; however, there are times when 
you ll want to remove information too. Deleting links, or elements, is similar to 

adding them. You can delete links from the beginning, middle, and end of linked lists. 
In addition, you can delete the last link in the list. In each case, the appropriate pointers 
need to be moved. Also, the memory used by the deleted link needs to be freed. 

at . Note: Don’t forget to free memory when deleting links! 

DON’T forget to free any memory allocated f 

DO understand the difference betwee 
importantly, remember that malloc () 
calloc() does. | ee 



Stacks 
A stack is a special linked list. A stack differs from the normal linked list in that it’s 
always accessed from its top. This means new elements are always added at the top, 
and if an element is to be removed, it’s taken from the top. This gives the stack a Last 
In First Out, or LIFO, order. It’s this LIFO nature that makes a stack what it is by 
nature. For comparison, consider dishes; you stack them on a shelf one at a time. To 

remove the first dish that you placed on the shelf—the one on the bottom—you must 
remove each of the dishes that you placed on top of it. The first dish placed on the shelf 
is the last dish you can remove. Figure 3.8 illustrates a stack. 

a data element stack a stack of dishes 

Figure 3.8. Two sketches of stacks; elements in a linked list and dishes on a shelf. 

Using a stack basically requires the use of four functions. These functions check 
whether the stack is empty, return the value of the top item on the stack, push a new 
item onto the stack, and pop an old item off of the stack. Each of these functions is 
necessary for the completion ofa program using a stack. Listing 3.3 illustrates the use 
of these four functions. 

Te Listing 3.3. STACK.C. Using a stack. 

1 /* Program: stack.c 

2 * Author: Bradley L. Jones 

3 * Purpose: Demonstration of a stack. (LIFO) 

4: * Note: Program assumes that malloc() is successful. 

SF * You should not make this assumption! 

6 $a a ee ee ee ee eee eee SSS SSS SSE SS==SSSS==SS====* | 

fi 
8 #include <stdio.h> 

9 #include <stdlib.h> 

continues 
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Listing 3.3. continued 

#define NULL @ 

st 

{ 

}; 

ruct stack 

int val 

struct sta 

ue; 

ck *next; 

typedef struct stack LINK; 

typedef LINK *LINK_PTR; 

[PFS DIRE ATES ohy) 
void push_stack( .LINK_PTR *link1, int val ); 

Void popsitack( EINKUP TR) *tankily inte =val)s 

int is _stack_empty( LINK_PTR link1 ); 

int get_stack_data( LINK_PTR link ); 

int main( void ) 

{ 
LINK_PTR first = NULL; 

Me CHP. 

nbrs[10]; 

THOR Culy SANS Teele S ae Guele aiee )) 

{ 
NOES Lehman Cities 

printf("\nPush # %d, nbrs[ctr] = %d", ctr, nbrs[ctr]); 

push_stack(&first, nbrs[ctr]); 

} 

printf ("\n----------- mn). 

TOR Cur =sO rec time O SG tibet te) 

{ 
pop_stack(&first, &nbrs[ctr]); 

printf("\nPop # %d, nbrs[ctr] = %d", ctr, nbrs[ctr]); 

} 

return(Q) ; 

as ves sa pace ee a * 

Name: push_stack() 
Purpose: Places a value into a new link on the stack. 

Returns the value of the data stored. 
Params: link = the next field from the previous link 



3 val = value being placed on the stack. 
* Return: None 
1 PR Ea, ere theese: Pee Ran Ry 5 i Ol am ERs */ 

void push_stack( LINK_PTR *link1, int val ) 

{ 
LINK PTR tmp_link; 

tmp_link = (LINK_PTR) malloc( sizeof(LINK) ); 

tmp_link->value = val; 

tmp_link->next = *link1; 

*linki = tmp_link; 

} 

[* == eee ee See - ee ee ee ae * 

* Name: pop_stack() 

* Purpose: Removes a link from the stack. 

2 Returns the value of the data stored. 

* Params: link = the current link that is to be removed. 

sy val = value of the removed link 

* Return: None 
iy ee 2 ae ae 8 ee oe ee eee ES cil} 

void pop_stack( LINK _PTR *link1, int *val ) 

{ 
LINK_PTR first = *link1; 

if ( is_stack_empty(first) == @ ) /* if not empty */ 

{ 
*val = first->value; 

*link1 = first->next; 

hee Terst. )s 

} 
else 

printf("\n\nStack is empty"); 

} 
} 

fx leh, epilation Rit BRA Tr Ct AE aE Ee ens at * 

* Name: is_stack_empty() 
* Purpose: Checks to see if a link exists. 

* Params: link1 = pointer to links 

* Return: @ if the stack is not empty 

es 1 if the stack is empty 
i a ces oe es ee cay 

: int is_stack_empty( LINK_PTR link1 ) 

{ 
int rv = 0; 

continues 
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Listing 3.3. continued 

110: 

plates 

Wale 

ali 

114: 

ie 

116: 

ize 

lio 

ilies 

120: 

alte 

22% 

1235 

124: 

25) 

126: 

AT? 

if( link1 == NULL ) 

GVe=als 

return( rv ); 

} 

ie a) Se es ee * 

* Name: get_stack_data() 

* Purpose: Gets the value for a link on the stack 

* Params: link = pointer to a link 

* Return: value of the integer stored in link 
fe es a ee * | 

int get_stack_data( LINK_PTR link ) 

{ 
return( link->value ); 

} 
ee ee ee ee 

# @, nbrs[ctr] = 0 

#1, nbrs[ctr] = 1 

#2, nbrs[ctr] = 2 

# 3, hnbrs[ctr] = 3s 

# 4, nbrs[ctr] = 4 

WH By Morice) = 

# 6, nbrs[ctr] = 6 

i Te INDRSOulel) = 7 

# 8, nbrs[ctr] = 8 

#9, nbrs[ctr] = 9 

Pop # @, nbrs[ctr] = 9 

ROD men Dies [Cute mio 

PO) ci? og Ileal eneel| = 7 

Pop # 3, nbrs[ctr] = 6 

Pop # 4, nbrs[ctr] = 5 

Pop # 5, nbrs[ctr] = 4 

Popa 6, nbrsicir | e= 3 

ele)? Mo Listers) Se 

Pop # 8, nbrs[ctr] = 1 

Pop # 9, nbrs[ctr] = 0 

This listing may seem complex at first glance; however, a large portion of it 
should be easily discernible. Line 11 defines the constant, NULL, to the value of 
zero. Lines 13 through 21 define the structure, stack, that will be used for the 

linked list to create the actual stack. Lines 24 through 27 present prototypes for the 
four functions that are typically needed when using stacks. After the prototypes, the 
program is ready to begin in line 30. 
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This program pushes several numbers onto a stack and then pops them off. The 
numbers are pushed on within a for loop in lines 37 through 42. Line 41 calls 
push_stack() to place the number. Because the numbers are always added to the top, 
the first structure in the linked list is passed to the push_stack() function. The value 
being pushed is stored in nbrs[{ctr}. This happens to be the same value as the counter 
variable, ctr (see line 39). Line 48 takes each value off of the stack. Each value is placed 
in the nbrs array as it is taken off. The value is then printed in line 49. Once all ten 
values are popped off of the stack, the program ends. 

The push_stack() function is relatively simple. Line 66 declares a LINK_PTR pointer 

called tmp_1link that is used to hold the value of the new link being passed to the 

function. Lines 68 through 71 then perform the necessary steps to copy a link to the 
beginning ofa list. Notice that the return value ofmalloc() is never checked to ensure 
that it succeeded. You should always check the return values of memory allocation 
functions. 

The pop_stack() function accepts a pointer to the first link in the list along with a 
pointer to the value being placed on the stack. Line 85, like line 66, creates a new 
LINK_PTR pointer and copies the first pointer in the linked list to it. Line 87 calls the 

is_stack_empty() function. This function simply checks to ensure the first link is 

equal to NULL (line 111). If it is, there is no reason to pop any more links because the 
stack is empty. If the stack isn’t empty, then the value of the first link is assigned to 
the parameter, val. The first pointer that was passed in is passed to the next pointer 
so it can be removed without losing the pointer to the beginning of the string. Finally, 
line 91 releases the memory used by the original beginning link back to the system 
using a call to free(). 

The fourth function commonly used isn’t used by this program. The function is 
get_stack_data(). If the link was more complex than a simple single data type, you 

would want a function that could manipulate and return the data in a link. This 

function could have been used if there was a need to see a data value without actually 

removing it from the stack. 

Queues 
Queues, like stacks, are special forms of linked lists. A queue is similar to a stack in that 

it’s accessed in consistent ways. However, where a stack was LIFO (Last In First Out), 

a queue is First In First Out (FIFO). That is, instead of being accessed only from the 

top like a stack, it’s accessed from both the top and the bottom. A queue has new items 
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added only to the top. When an element is removed, it's always taken from the 

bottom. A queue can be compared to a ticket line. The person who gets in line first 

is served first. In addition, people must always enter at the end of the line. Figure 3.9 

illustrates a queue. 

= $ 

next pointer 

ye 2 next pointer 

| 

a data element queue a queue for tickets 

Figure 3.9. Queues. 

A queue can be used with the same basic functions used to access a stack. You'll want 
the ability to see whether the queue is empty, to add an item to the top (or beginning) 
of the queue, to get an element from the bottom (or end) of the queue, and to see what 

is next in the queue. Each of these functions helps to complete a queue program. 

A queue could be accomplished with a single-linked list; however, working with a 
queue becomes much easier with a double-linked list. 

Double-Linked List 

Single-linked lists enable the user to move between the elements starting at the top and 
working toward the bottom (or end). Sometimes it’s advantageous to be able to work 
back toward the top. A queue would be one example of many such instances. You can 
traverse a list from both ends by adding a second set of links (pointers) between the 

elements. The double set of pointers causes the list to be double-linked. Figure 3.10 
illustrates a double-linked list. 

In Figure 3.10, you should notice that all the components of a single-linked list are 
present. In addition, ahead pointer and a tail pointer are both present. As with a single- 
linked list, the head pointer will always point at the top or first element of the list. The 
tail pointer will always point at the last. If there are no elements in the list, the head 
and the tail pointers will both be NULL. If there is only one element, then the two 
pointers will be equal to the first-—and only—element. 



|__dere | |_ date | 
[rex parnter|—> NULL NULL ¢— [prev pointer | « prev pointer] «—[prev potter 

Figure 3.10. A double-linked list. 

Note: A double-linked list must have a tail pointer in addition to its head 
pointer. With the exception of queues, single-linked lists don’t have to 
have tail pointers; they are only required in double-linked lists. 

A structure for an element in a double-linked list is different from that of a single- 

linked list in that it contains an additional pointer. The format of a structure for a 
double-linked list would be similar to the following: 

struct element { 

<data> 

struct element *next; 

struct element *previous; 

}; 

The <data> can be whatever data you are storing in your linked list. The next pointer 
points to the following element in the list. Ifthe element is the last in the list, then next 

will contain the NULL value. The previous pointer contains the address of the 
previous element in the list. In the case of the first element—where there isn’t a 
previous element, the value of previous will be NULL. 

Binary ‘Trees 
A binary tree is a special double-linked list. It is also a special type of data tree. A data 
tree is a set of data elements that are all linked together into a hierarchical structure. 

Each element in a tree is called a node. Like a linked list that starts at its head pointer, 

a tree starts with what is its root. The root then has swb-nodes that are each connected 

to it. Sub-nodes can have even more sub-nodes below them. The bottom nodes, those 

that do not have any additional sub-nodes, are called /eafnodes. Figure 3.11 illustrates 

a tree structure. 
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node ey oO 

CO O 

O O 
aN SS 

O a age 
leaf node 

Figure 3.11. A tree structure. 

A binary tree differs from a general tree in that each node can have a maximum of two 

sub-nodes. In a binary tree, the sub-nodes are commonly referred to as the left node 

and right node. Figure 3.11 could be considered a binary tree because none of the 

nodes have more than two sub-nodes. 

As with linked lists, nodes in a tree are connected by using pointers to the element 

structures. Fora binary tree, the structure contains two pointers—one for the left node 

and one for the right. Following is a generic structure for a binary tree node: 

struct node { 

<data> 
struct node *left; 

struct node *right; 

}5 

The <data> can be any data that is to be joined together in the binary tree. The node 
pointer, left, points to the sub-node to the left. The node pointer, right, points to 
the sub-node to the right. 

Using a Binary Tree 
A binary tree offers faster access time over a regular linked list. To finda single element 
in a linked list, you must access each element from one end of the list until you find 
the appropriate element. With a binary tree, a logarithmic number of checks can be 
made to determine where a specific link is. 

Consider the order in which a binary tree’s nodes are accessed. There are three general 
orders for accessing the elements ina linked list. You can access them in order, starting 
with the left sub-node working toward the root and then down the right sub-node. 
Pre-order access is to access the root first, and then the left sub-node, followed by the 
right sub-node. The third way to access a binary tree is in post-order. This is accessing 
the left sub-node first, and then the right sub-node, followed by the root. Figure 3.12 
illustrates the order that the nodes would be accessed in each of these methods. 



Expert Tip: Binary trees are used to sort information. You should use 
a binary tree instead of a single-linked list or double-linked list when 
you need to access a single element in the fewest steps. 
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Figure 3.12. Binary tree access orders. 

Listing 3.4 illustrates the three orders of accessing a linked list. This program enables 
you to enter a number of names. Each name is added to the tree based on where it fits. 
The values are added in order. Once all the values are entered, the program enables 
you to print them in each of the three orders described previously. 

/* Program: 

* Author: 
* 

* Purpose: 

Listing 3.4. Using a binary tree. 

list0304.c 
Bradley L. Jones 

Gregory L. Guntle 

Demonstrate binary tree 
#2255252 5252555555555 =55555SSSSSSSSSESESSSSSSESSSSSESS====% | 

#include 

#include 

#include 

#include 

#include 

<stdio.h> 

<stdlib.h> 

<string.h> 

<conio.h> 

<ctype.h> 

#ifndef NULL 

continues 
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Listing 3.4. continued 

#define NULL 0 

#endif 

#define FALSE 

#define TRUE 

typedef struct 

typedef NAME 

typedef NAMEPTR *REFtoNAMEPTR; 

{ 

name_addr NAME; 

*NAMEPTR; 

struct name_addr 

{ 
char last_name[20]; 

char first_name[10]; 

struct name_addr *left_rec; 
struct name_addr *right_rec; 

}5 

NAMEPTR root; 

void 

void 

void 

void 

void 

void 

void 

/* root of tree 

get_names (NAME) ; 

display_menu(void) ; 

display_header(char *); 

search_list(NAME, REFtoNAMEPTR) ; 

dump_postorder(NAMEPTR) ; 

dump_preorder (NAMEPTR) ; 

dump_in_order(NAMEPTR) ; 

NAMEPTR get_space(void) ; 

int main( void ) 

NAME hold_name; 

int menu_sel; 

do 

{ 
Dinunit iG Nn\mee) es 

printf ("\tBinary Tree List\n"); 

Digunitn (ure 

ema aere(( =e Nae 

Main Menu\n"); 
SSSSSSSSs=====\ n \ mic ) H 

printf("\tA Add name to list\n"); 

printt(*\tD “Display List\n"*); 
PRIUNCH (A \tXeeXat init): 
printf ("\n\t 

menu_sel = getche(); 

menu_sel = toupper( menu_sel ); 

switch( menu_sel ) 

{ 
case 

Ae 

Enter selection: "); 

get_names(hold_name) ; 
break; 



64: case 'D': display_menu(); 

65: break; 
66: Case 2X": 

67: break; 
68: default : break; 
69: } 

70: 

ie } while( menu_sel != 'X' ); 

(PE 

73: return Q; 

Caen oy 

fae 

TAS )e / *SsSsSSSSSSSSSSSSSSSsasasSaSSsaeSsSaSSSe=SSS=S=ESSSS=====* 

VATee * Function: get_names ‘J 
78: * Purpose : Accepts name into the list ) 

79: * Returns : N/A 3 

80: RSSSSS SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SSS SSeS SSSSSSsSSSSS==at / 

81: 

82: void get_names(NAME name_rec) 

Osea 

84: int finished = FALSE; 

S55 

86: printf ("\n\n\tAdding New Names\n"); 

87: while (!finished) 

88: { 

89: printf("Last name (enter only to exit): "); 

90: gets(name_rec.last_name) ; 

OIF if (strlen(name_rec.last_name) ) /* Is there a name */ 

92: 

93: printf("First name: "); 

94: gets(name_rec.first_name) ; 

95: search_list(name_rec, &root); /* Add info to tree */ 

96: printf ("\n%s has been added to the list.\n", 

name_rec.last_name) ; 

97: } 

98: else 

99: finished = TRUE; 

100: } 

101: } 

102: 
103; /*===SssssassassssssssssssssssssssSsseasassssssssssssessssaa* 

104: * Function: display_menu * 

105: * Purpose : Menu for dumping the data from the list bi 

106: * Returns : N/A 3 

107: *2asaesSeSSS5SESSSSSSSSS SSS SESS SSeS SSS SSSSSSSSSSeeaaa=*/ 

108: 

109: void display_menu() 

110: { 

aaah int menu_sel; 

lovers 

continues 
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Listing 3.4. continued 

SE do 

114: { 
Wise Meme (WN) }) 

116: printf("\tDisplay Names Menu\n"); 

lives printf ("\t==================\n\n"); 

ile Dhincth (at le tn Onder \iis)i 

nO: arm ( Vee PrcOieceie\n js 

120: printf("\tO PostOrder\n") ; 

ies printf("\tQ Quit back to Main Menu") ; 

W228 printf ("\n\n\t Enter selection: "); 

123% menu_sel = getche() ; 

124: menu_sel = toupper( menu_sel ); 

LZ o\ switch( menu_sel ) 

126: { 
120s CaScmy Wa: display _header("In ORDER") ; 

128: dump_in_order(root) ; 

W293 break; 

130: 

eh e case, Pl: display_header("Pre-ORDER") ; 

132: dump_preorder(root) ; 

133: break; 

134: 

Wekee case 'O': display_header("Post-ORDER") ; 

136: dump_postorder(root) ; 

137: break; 

138: 

139: case ‘Q': 

140: default : break; 

141: } 

142: } while(menu_sel != 'Q'); 
143: } 

144: 

145: /*=s================SSSS=5=S=5==SSSS5SS5=5S5=55SS=55===5===== % 

146: * Function: display_header 

: Displays a header for the report 147: * Purpose 

140 eRe CUI Sas 
149: *==>>S>=>S>=>S>>=>>=>=>=>==S>=>==>======== 

150: 

151: void display_header(char *title) 
152: 4 
Hoon printf("\n\n\tDUMP OF DATA IN LIST - %s\n", title); 
154: printf ("Addr Last Name 

155% pranti (2 Left) Right\n2): 

Los printf ("=s== =====s==== 

UBSTAB Diesen ee 

158: } 

159: 
160: / *==SSSS2s5sSsSeS5==---===-=-= 

l6iz = FUnCtromt get_space 
162: * Purpose 

First Name "); 

: Gets memory for new record 



163% 

164: 

165: 

166: 

iM eye 

168: 

169: 

170: 

zee 

A235 

Wikeie 

174: 

iveay- 

176: 

AVize 

178: 

179: 

180: 

ee 

182: 

183; 

184: 

185: 

186: 

187 

188: 

189: 

190: 

191: 

192: 

193: 

194: 

195% 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

Pa 

eiliets 

NAMEPTR get_space() 

NAMEPTR memspace; 

if (!memspace) 

return(memspace) ; 

+ + F 

int result; 

NAMEPTR newrec; 

if ( *record == NULL ) 

: Address to free memory 

/* Get memory location */ 
memspace = (NAMEPTR)malloc(sizeof (NAME) ); 

printf("Unable to allocate memory!\n"); 

search_tree 

: Displays the information current in the list 

void search_list(NAME new_name, REFtoNAMEPTR record) 

get_space(); 

/* store information */ 
strcpy(newrec->last_name, new_name.last_name) ; 

strcpy(newrec->first_name, new_name.first_name) ; 

newrec->left_rec 

newrec->right_rec = NULL; 

*record = newrec; 

NULL; 

+ + © 

/* Holds result of comparison 

/* Holds addr of prev rec-for 

/* storing later 

/* The place for new name? */ 

/* get space for holding data 

/* If unable to get memory */ 

oy 

oy 

/* Place this new rec addr into 
last rec's appropriate pointer */ 

/* Get address of record past - will 

* be used to link to new record - at 

* this point this variable holds 
either the left or right branch * 

* 

we 
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Listing 3.4. continued 

ilo: 

214: 

PV eye 

216: 

PIES 

218: 

2n9F 

220: 

221: 

222: 

223: 

224: 

225% 

226: 

PPT e 

228: 

229: 

230: 

Zoills 

Coe: 

233: 

234: 

Pxeleye 

236: 

PETES 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

oils 

202: 

253: 

254: 

205s 

256: 

Ova 

208% 

259: 

260: 

261: 

262: 

/* Compare new name against this rec */ 

result = strcemp(new_name.last_name, newrec->last_nam 

if (result < Q) /* Send addr not content */ 
search_list(new_name, &newrec->left_rec) ; 

elise 
search_list(new_name, &newrec->right_rec) ; 

Function: dump_postorder 

Purpose : Displays the contents of the list in POST 

ORDER 
Entry 7 ROOteOtmumee 

Returns : N/A 

void dump_postorder(NAMEPTR data) 

{ 

{ 

if (data) /* If there.is. data to- print */ 

{ 
/* keep going left until hit end */ 

dump_postorder(data->left_rec) ; 

/* Now process right side */ 
dump_postorder(data->right_rec) ; 

printf ("%4X %-20s %-10S %4X %4X\n", data, 

data->last_name, data->first_name, 
data->left_rec, data->right_rec); 

} 

Function: dump_preorder 

Purpose : Displays the contents of the list PREORDER 

Entry : root of tree 

Returns : N/A 
SS SSS>SS SSS SSS SSS 5>5S5S5>>5>>>>S>S>5>S>>S>5> 5 5>5>5> >>> =>>5>S5> 55> 5>>>>>=>=>%* / 

void dump_preorder(NAMEPTR data) 

if (data) /* If there is data to print */ 
{ 

printf ("%4X %-20s %-10s %4X %4X\n", data, 
data->last_name, data->first_name, 
data->left_rec, data->right_rec); 

/* Now process left side */ 
dump_preorder(data->left_rec); 

/* then right */ 

e); 

Ce et 2 



dump_preorder(data->right_rec) ; 

* Function: dump_in_order es 
* Purpose : Displays the contents of the list in order * 
Bee ladaiey : root of tree 2 
* Returns : N/A ia 

: void dump_in_order(NAMEPTR data) 

{ 
if (data) /* If there is data to print */ 

{ 
/* keep going left until hit end */ 

dump_in_order(data->left_rec) ; 

printf ("%4X %-20s %-10S %4X %4X\n", data, 

data->last_name, data->first_name, 

data->left_rec, data->right_rec); 

dump_in_order(data->right_rec) ; 

} 
} 

Binary Tree List 

Main Menu 

A Add name to list 

D Display list 

X eXit 

Enter selection: A 

Adding New Names 

Last name (enter only to exit): Jones 

First name: Bradley 

Jones has been added to the list. 

Last name (enter only to exit): Guntle 

First name: Gregory 

Guntle has been added to the list. 

Last name (enter only to exit): Johnson 

First name: Jerry 

Johnson has been added to the list. 

Last name (enter only to exit): Zacharia 

First name: Zelda 

oF 
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Zacharia has been added to the list. 

Last name (enter only to exit): 

In order: 

DUMP OF DATA IN LIST - In ORDER 

Addr Last Name First Name Left Right 

94E Guntle Gregory 1) 974 

974 Johnson Jerry 1) Q 

928 Jones Bradley 94E 99A 

99A Zacharia Zelda 1) i) 

Pre-order: 

DUMP OF DATA IN LIST - Pre-ORDER 

Addr Last Name First Name Left Right 

928 Jones Bradley 94E 99A 

94E Guntle Gregory 1) 974 

974 Johnson Jerry Q Q 

99A Zacharia Zelda 1) i) 

Post-order: 

DUMP OF DATA IN LIST - Post-ORDER 

Addr Last Name First Name Left Right 

974 Johnson Jerry Q Q 

94E Guntle Gregory Q 974 

99A Zacharia Zelda Q ‘) 

928 Jones Bradley 94E 99A 

This is a long listing that deserves a detailed explanation; however, I am only 
going to provide an overview. You'll find that until you need to actually use a 
linked list, understanding the low-level details isn’t extremely important. 

However, it is important to understand the concepts involved. 

Lines 34 through 41 prototype the functions that are used in this listing. These 
functions include get_names(), which is presented in lines 76 through 101. This 

function simply prompts the user for names and adds them to the binary tree. The next 
function prototyped is display_menu(). In lines 103 through 143, this function uses 
printf () to display a reporting menu on the screen. The getche() function is used to 
get the user’s input. 

The third function prototyped is display_header(). In lines 145 through 158, the 
display_header() function is used by each of the three reporting functions to print 
headers on the report. The three reports are also prototyped. The reports are each in 
their own functions, dump_postorder(), dump_preorder(), and dump_inorder(). 



Each of these functions operates similarly. They read the tree and print each node. The 
difference is in the order that the nodes are navigated. 

Two additional functions, search_list() and get_space(), have been prototyped. 
The search _list() function, which appears in lines 181 through 222, works to 
navigate through the list for inserting new records. The get_space() function, which 
appears in lines 160 through 179, simply allocates space for new links in the tree. 

All of these functions combined with the main() function provide a menuing program 

that enables you to create a binary tree. While somewhat long, this program uses some 

of the same logic provided in the single-linked list and the stack that were presented 
earlier today. 

oY s EO DON’T 
DO use a double-linked list when you must be able to go forward and 
backward in a linked list. 

DO use a binary tree when access time is critical. 

Summary 
Today, procedures were presented for enabling data to be used in sorted orders. These 
procedures included linked lists and trees. These constructs are generally used when 
speed is important. Because these constructs work in memory, access time is extremely 

fast. In addition, pointers are used to always keep the elements in order. Two special 
linked lists, stacks and queues, were presented. Stacks use a LIFO, or Last In First Out, 

order of access. Queues use a FIFO, or First In First Out, order of access. Double- 

linked lists enable both the preceding and following elements to be accessed. This is 

different from a single-linked list that can only be traversed from beginning to end. 

Binary trees are another form of linked data. Binary trees have even quicker retrieval 

time at the cost of storing additional linkage information. 

OKA 
Q What is the difference between a single-linked list, a linear linked list, 

and a single linked list? 

Sa) 
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A There is no difference. These are three terms for the same thing. In addition, 

a double-linked list is the same thing as a double linked list. These are all 

different ways of saying the same thing. 

Q Are any additional pointers, other than the tail pointer and head 

pointer, used with a linked list? 

A A third pointer that is external to the elements in a linked list may be used. 
This is a “current” pointer. This additional pointer may be used if it’s 
important to know where you are currently working in a list. 

Q What is the advantage of a binary tree over a linked list? 

A A binary tree allows for quicker searching of the element saved. The cost of 
the quicker search is the need to store additional pointer information. 

Q Are there other trees than just binary trees? 

A Yes. Binary trees are a special form of tree. They are easier to understand 
than general trees. A general tree involves much more complex manipula- 
tions than were presented with the binary trees. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Oui 
1. What does NULL equal? 

. What does it mean if the head pointer is equal to NULL? 

. How are single-linked lists connected? 

How does a stack differ from a normal linked list? 

. How does a queue differ from a normal linked list? 

. What is a tail pointer? What is a top pointer? 

. Isa tail pointer needed in a single-linked list? 

Comet Gy Oy RS CUS . What is the advantage of a double-linked list over a single-linked list? 

100 



9. What is the benefit of using calloc() over malloc() when allocating 

memory for new list elements? 

10. What is the advantage of using a binary tree over a single-linked list? 

Exercises 

1. Write a structure that is to be used in a single-linked list. The structure 

should hold the name of a Disney character and the year the character was 
first introduced. 

2. Write a structure that is to be used in a double-linked list. The structure is to 

hold the name of a fruit or vegetable. 

3. Write a structure that is to be used with a binary tree. The structure is to 
hold the first name and ages of all the people in your family. 

4. ON YOUR OWN: Write a function that will count the number of elements 

in the tree created in Listing 3.4. Add this to the program’s menu. 

5. BUG BUSTER: What is wrong with the following linked list structure? 

struct customer { 

char lastname[20+1]; 

char firstname[15+1]; 

char middle init; 

struct customer next; 

}5 

6. In what order will the nodes in the following figure be accessed when using 
in order access? (Consider a single sub-node as being a left node even though 

the figure may show it going right.) 

101 
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7. In what order will the nodes be accessed if using pre-order? 

8. In what order will the nodes be accessed if using post-order? 

9. ON YOUR OWN: Rewrite Listing 3.6 to sort the linked list elements in zip 

code order. 





Tapping into System Resources 

Today you will be introduced to many concepts that are not in most beginning C 

books. Several of today’s topics will help bring your C programs to a new level. In 

addition, after today’s lessons, you will have several useful functions. Today you will 

learn: 

[| The downside of tapping into system resources. 

| The various methods for taking advantage of system resources. 

_| How to use the ANSI driver to control the screen. 

(| How to change colors, key values, and the cursor’s position. 

[| What direct video memory updating is. 

[] What BIOS is and how it differs from the ANSI functions. 

What Are System Resources? 
System resources are resources provided by your computer system that add function- 
ality. Such resources help you accomplish many tasks that would otherwise be nearly 
impossible. These tasks could include working with the video display, loading fonts, 
accessing disk drives, determining memory size, accessing the keyboard, reading a 
joystick, and much more. 

System resources can’t be used without any concerns. The cost of using system 
resources can vary. The largest concern with using system resources should be with 
portability. Depending on which system resources you access, you could greatly limit 
the portability of your programs. The resources that will be presented today can be 
found on most IBM-compatible machines running MS/DOS or an operating system 
that supports MS/DOS. A different computer platform, such asa Macintosh, may not 
be able to run the programs presented. 

Working with the Display 
One of the characteristics of C is its flexibility. Typically, there are several ways to 
accomplish similar tasks. Each method has its own pros and cons. This is especially 
true when working with system resources. There are various system resources that can 
be used to work with information on a display. Three areas will be examined along 
with some of their individual pros and cons. These areas are: 
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ba Using ANSI functions 

|| Using direct memory access 

es Using BIOS 

The first two areas will be covered today, and the third will be covered in detail on 
Day 8, “Tapping System Resources via BIOS.” 

Using ANSI Functions 
ANSI stands for American National Standards Institute. ANSI sets standards for more 
than just computer languages. ANSI is often mentioned in describing the standards 
set for the C language. The ANSI standards go beyond just the C programming 
language. The ANSI committee is devoted to developing standards for any area that 
will promote the productivity and international competiveness of American enter- 
prises. 

The ANSI terminal standards can be used on an IBM-compatible computer that has 
loaded the ANSI.SYS system driver. The ANSI.SYS driver comes with Microsoft and 

PC DOS. Once installed, the ANSI system driver enables the computer to use 
functions that allow for cursor movement, display extended graphics, and redefine key 
values. To install the ANSI.SYS driver, consult the manuals that came with your 

computer's operation system. 

The Pros and Cons of Using the ANSI Functions 
There are pros and cons to using the ANSI functions. The most obvious benefit is that 
using the ANSI functions is relatively simple. Once the driver has been installed, the 
functions are easily called. Later today, you'll see how easy this is. Another benefit is 
that the ANSI functions are well documented. Since the ANSI driver generally comes 
with the computer’s operating system, there is usually an abundance of documenta- 
tion. The commands that you learn later today can be used in your C programs. They 
can also be used in other languages, or in native operation system commands such as 

PROMPT. 

Using ANSI functions isn’t without a downside. The biggest problem comes from 

running ona system that doesn’t support the ANSI functions. If the program doesn’t 

support the ANSI functions, or if the ANSLSYS driver has not been loaded, then 

gibberish may be displayed on the screen. It’s this reliance on the ANSI.SYS driver that 

causes most programmers to avoid the ANSI functions. That not all operating systems 

support the ANSI terminal functions should be a factor when considering whether to 

use them. 

»* 

a 

105 



Tapping into System Resources 

In the following sections, several tables list ANSI controls and functions. These 

functions all require the ANSI.SYS driver to be loaded on your computer to operate 

properly. Following is an example of the line in a CONFIG.SYS file that loads the 

ANSI driver. 

DEVICE=C: \DOS\ANSI.SYS 

You should consult your computer’s operating system manuals before modifying the 

CONFIG.SYS. 

The ANSI Functions 

The ANSI functions aren’t really functions. Instead they are really escape sequences 
to control the system’s video screen and keyboard. An escape sequence is a series of 
ASCII characters. A complete table of the individual ASCII characters is presented in 
Appendix B. 

The first ASCII character in the escape sequence is either the escape character (value 
27 or 1Bh) or the left-bracket character. The characters following the escape or left- 

bracket character determine what process occurs. The escape sequence may be upper- 
or lowercase letters depending on what the escape sequence does. This will be 
demonstrated later. 

_ Note: A variety of functions will be created that use the ANSI functions. — 
__ Later today and in later days, you'll learn other ways to accomplish the 

J same task using better methods. _ | ae ae 

Escape Sequences 
Several tables follow that contain the codes that will be used in the ANSI escape 
sequences. Tables 4.1 and 4.2 present the ANSI color codes. 

Table 4.1. ANSI foreground colors. 

Code Color 

Bigg. oma uey at ih CTE TAMA ST 46. juccainal Ie ae laa 
31 Red 

5p Green 
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Code _ Color 

oo Yellow 

34 Blue 

ss Magenta 

36 Cyan 

37 White 
ee ee ee ee ee 

Table 4.2. ANSI background colors. 
ee ee ee ee 

Code Color 

40 Black 

4] Red 

42 Green 

43 Yellow 

44 Blue 

45 Magenta 

46 Cyan 

47 White 

By themselves, the values presented in these tables don’t make a great deal of sense; 
however, later you'll see how to use these codes. Table 4.3 presents the ANSI text 

control characters that can also be used. These can be used in conjunction with the 
ANSI colors. Table 4.4 provides video mode controls that can be used to change the 
width or type of the video mode. 

Table 4.3. The ANSI text controls. 

Code _ Control 

0 All attributes off 

(| Bold on 

continues 
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Table 4.3. continued 

Code Control 

4 Underscore 

5 Blink on 

vi Reverse video on 

8 Concealed on 
er 

Table 4.4. Setting video mode. 

Control Resolution Type 

0 40x148x25 monochrome text 

1 40X148x25 color text 

2 8014825 monochrome text 

3 8014825 color text 

4 320x148x200 4-color graphics 

5) 320x148x200 monochrome graphics 

6 640x148x200 monochrome graphics 

ii. (enables line wrapping) 

1S 320x148x200 color graphics 

14 640x148x200 color 16-color graphics 

15 640148350 monochrome 2-color graphics 

16 640x148x350 color 16-color graphics 

17 640x148x480 monochrome 2-color graphics 

18 640x148x480 color 16-color graphics 

19 320x148x200 color 256-color graphics 
Se aa re Se eR AE a nee eR piel ue eS. 

Table 4.5 presents the ANSI character values that can be used. 
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Table 4.5. ANSI character values. 

Key 

Fl 

¥2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

F10 

FY? 

P12 

HOME (num keypad) 

UP ARROW (num keypad) 

PAGE UP (num keypad) 

LEFT ARROW (num keypad) 

RIGHT ARROW (num keypad) 

END (num keypad) 

DOWN ARROW (num keypad) 

PAGE DOWN (num keypad) 

INSERT (num keypad) 

DELETE (num keypad) 

HOME 

UP ARROW 

Code 

0;59 

0;60 

0;61 

0;62 

0;63 

0;64 

0;65 

0;66 

0;67 

0;68 

0;133 

0;134 

0;71 

0;72 

0;73 

0;75 

0;77 

0;79 

0;80 

0;81 

0;82 

0;83 

(224;71) 

(224;72) 

SHIFT CTRL 
+code +code 

0;84 0;94 

0;85 0:95 

0;86 0;96 

0;87 0;97 

0;88 0;98 

0;89 0:99 

0;90 0;100 

0;91 0;101 

0;92 0;102 

W528 0;103 

0;135 05137 

0;136 0;138 

55 0;119 

56 (0;141) 

DF 0;132 

52 0;115 

54 0;116 

49 0;117 

50 (0;145) 

at 0;118 

48 (0;146) 

46 (0;147) 

(224;71) (2243119) 

(224;72) (224;141) 

(224;151) 

(2243152) 

continues 
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Table 4.5. continued 

SHIFT “GIRL ALT 

Key Code +code +code +code 

PAGE UP (224;73) (224;73)  (224;132) — (224;153) 

LEFT ARROW (224:75) (224;75)  (224;115) (224;155) 

RIGHT ARROW (224;77) (224;77)  (224;116) (224;157) 

END (224;79) (224;79)  (224;117)  (224;159) 

DOWN ARROW (224;80) (224;80)  (224;145)  (224;154) 

PAGE DOWN (224;81) (224;81) (2243118)  (224;161) 

INSERT (224;82)  (224;82)  (224;146)  (224;162) 

DELETE (224;83)  (224;83)  (224;147) (224;163) 

PRINT SCREEN = is 0;114 = 

PAUSE/BREAK = = 0;0 = 

BACKSPACE 8 8 127 (0) 

ENTER 13 = 10 (0 

TAB 9 0315 (0;148) (0;165) 

NULL 0:3 = ak ira 

A 97 65 1 0;30 

B 98 66 2 0;48 

C 99 66 3 0;46 

D 100 68 4 0;32 

E 101 69 5 0:18 

F 102 70 6 0;33 

G 103 71 7 0;34 

H 104 72 8 0:35 

I 105 73 9 0;23 

J 106 74 10 0;36 

K 107 75 11 0;37 
110 



SHIFT CTRL ALT 

Key Code +code +code +code 

L 108 76 12 0;38 

M 109 To, 13 0;50 

N 110 78 14 0;49 

O 111 us 15 0;24 

Pp ila 80 16 0;25 

Q 113 81 17 0;16 

R 114 82 18 0;19 

S 115 83 19 0;31 

at 116 84 20 0;20 

U 117 85 21 0;22 

V 118 86 22 0;47 

W ity) 87 23 0317 

xX 120 88 24 0;45 

x 121 89 25 O21 

uf 122 90 26 0;44 

1 49 33 — 0;120 

2; 50 64 0 0;121 

3 ak 35 — 0;122 

4 52 36 — 03123 

5 53 37 = 0;124 

6 54 94 30 0;125 

7 55 38 — 0;126 

8 56 42 be 0;126 

9 57 4O aut 0;127 

0 48 41 = 0;129 

continues 

it 
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/ 

ENTER (keypad) 

/ (keypad) 

* (keypad) 

- (keypad) 

+ (keypad) 

5 (keypad) 

Code 

45 

61 

91 

93 

92 

27, 

2h) 

44 

46 

47 

96 

13 

47 

42 

45 

43 

(0;76) 

**Table is from Microsoft DOS manual. 

SHIFT CTRL ALT 

+code 

2 

+code 

sy 

10 

(0;142) 

(0;78) 

(0;149) 

(0;150) 

(0;143) 

+code 

0;130 

0;131 

0;26 

0;27 

0;43 

0;39 

0;40 

0;51 

0;52 

0;53 

(0;41) 

(0;166) 

(0;74) 

(0;164) 

(0;55) 



Types of ANSI Sequences 
Using the values in the previous tables, you can accomplish a multitude of tasks. Each 
task, or function, uses a different sequence of characters. For example: 

UB PRecH 

where r = a row on the screen 

where c = acolumn on the screen 

This escape sequence can be used to move the cursor position. The 1B is the value for 
ESCAPE, hence the phrase escape sequence. The left bracket begins the sequence and 
the rest of the sequence determines the specific functionality. To use the escape 
sequence, you simply print it to the screen. This can be done with the printf () 
function. Consider the following C functions in Listing 4.1. 

Listing 4.1. CPUT.C. Place the cursor on the screen. « yr 
void put_cursor( int row, int col ) 

{ 

} 
printf( "“\x1B[%d;%dH", row, col ); 

This function moves the cursor to the position on the screen specified by row and col. 

The value printed in the printf () function is the ANSI escape sequence for moving 

the cursor. If the escape sequence was used without a row and column value, then the 

cursor would move to the top, left position (home) on the screen. 

Moving the Cursor 

Several escape sequences are available to move the cursor. For example, the escape 
sequence 

1B[XA 

moves the cursor up, toward the top of the screen. The cursor moves the number of 

lines specified by x. If the cursor is already at the top, or if the number is larger than 

the number of lines available to move, then the cursor stops at the top line. You can 

easily put this sequence into a more usable C function, as shown in Listing 4.2. 

Te Listing 4.2. CUP.C. Move the cursor up. 

void move_cursor_up( int nbr_rows ) 

printf( "\x1B[%dA", nbr_rows ); 

113 



114 

Tapping into System Resources 

Following is an escape sequence that moves the cursor down: 

1B[xB 

This operates in the same manner as moving the cursor up. Listing 4.3 shows a 

function that makes use of this escape sequence. 

Listing 4.3. CDOWN.C. Move the cursor down. 

void move_cursor_down( int nbr_rows ) 

printf( "\x1B[%dB", nbr_rows ); 

In addition to moving the cursor up and down, you may also want to move the cursor 
forward and backward. The escape sequence to move the cursor forward is: 

1B[xC 

The sequence to move the cursor backward is: 

1B[xD 

Each of these sequences attempts to move the cursor. Like the previous functions, if 
the function attempts to move the cursor beyond the edge of the screen, the cursor 
stops at the edge. Listings 4.4 and 4.5 provide two C functions that are more usable. 

Listing 4.4. CRIGHT.C. Move the cursor right. 

void move_cursor_right( int nbr_col ) 

{ 

} 
PRA (Se GB sdOy nDipecole)!: 

Listing 4.5. CLEFT.C. Move the cursor left. 

void move_cursor_left( int nbr_col ) 

{ 
printf( "\x1B[%dD", nbr_col ); 

With these five functions, you have everything you need to control the movement of 
the cursor. There are two additional cursor functions that may be useful. These are 
functions to save and restore the cursor. 



Use the escape sequence 

1B[s 

to save the current cursor position. Only the last position can be saved. If you call on 
this function more than once, only the last position will be remembered. 

You can restore the saved cursor position by using the following escape sequence: 

1B[u 

This puts the cursor back to the position saved. Listing 4.6 and Listing 4.7 contain 

two C functions that make using these escape sequences easier. 

Listing 4.6. SAVECURS.C. Save the current 

Tre cursor position. 

void save_cursor_position( void ) 

{ 

} 

Listing 4.7. RSTRCURS.C. Restore the saved 

Tre cursor position. 

void restore _cursor_position( void ) 

pranté( *\xi1Bis*); 

{ 
Printie Vy aA1B hue): 

i 

Erasing the Screen 
Several escape sequences are available for erasing either part or all of the screen. The 
types of functions and the escape sequences available to accomplish them follow. 

To erase the entire screen: 

1B[2J 

This escape sequence clears the entire screen. When completed, the cursor is placed 

in the top, left position on the screen. Listing 4.8 shows a function for using this escape 

sequence. 
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void clear_screen( void ) 

void clear_eol( void ) 

Tapping into System Resources 

Listing 4.8. CLRSCRN.C. Clear the screen. 

DEINth (Ce xdIB Zoi) 

} 
es nee 

The clear_screen() function clears the entire screen. Sometimes there is a need to 

clear only portions of the screen. The following escape sequence clears the characters 

on a line starting at the position of the cursor: 

1B[K 

The following function in Listing 4.9 uses this escape sequence to clear to the end of 
the line. You should note that the character at the location of the cursor is also cleared. 

Listing 4.9. CLEAREOL.C. Clear to the end of the line. 

{ 

} 
Pelee NSM SiS NE 

All of these cursor functions are easily used. Listings 4.1 and 4.2 pull these functions 
into files called A(CURSOR.C and A_LCURSOR.H respectively. These files contain all 
the functions shown up to this point. By compiling the A_CURSOR.C file along with 
the A_LCURSOR.H file, you can use them in all of your programs without retyping 
them. Listing 4.3 is a program that illustrates the use of several of these functions. Notice 
that this program doesn’t include the code for each of the functions used. Instead, it 
includes the header file with the prototypes, A(CURSOR.H. When you compile 
Listing 4.3, you'll want to also compile A_(CURSOR.C. This can be done as follows: 

TCC LIST0403.C A_CURSOR.C 

You should replace TCC with the appropriate compile command for your compiler. Ifyou 
are using an integrated development environment, you should have both files open. 

: Note: If you deaden to use the AN SI fincnonie in man oe you 
_ you may want to create a library containing all of them. stru 
i a creation hone use of a library are os on oe 



Listing 4.10. A_CURSOR.C. The ANSI cursor functions. 

/* Program: A_CURSOR.c 
* Author: Bradley L. Jones 

* Purpose: Source file for a multitude of ANSI cursor 

- functions. 
MSSS SS SSS SSSSSSssSsasSSSSsSSSSSSSSsSSssSSaasssssssSS====% / 

#include “a_cursor.h" 
#include <stdio.h> 

Ne Slo Se ee Pe, eee ee - 

i The Functions a 
Ee ee eS eg ee a ee Re | xy), 

{/*** put. the: cursor on the screen ***/ 

void put_cursor( int row, int col ) 

printf( "\x1B[%d;%dH", row, col ); 

} 

jx snOverthescursomeupe =>) 

void move _cursor_up( int nbr_rows ) 

printf( "\x1B[%dA", nbr_rows ); 

} 

/*=* moves the cursor, down. *2%/ 

void move_cursor_down( int nbr_rows ) 

{ 

} 
printf( "\x1B[%dB", nbr_rows ); 

/*** move cursor to the right ***/ 

void move_cursor_right( int nbr_col ) 

printf( "\x1B[%dC", nbr_col ); 

} 

/*** move the cursor to the left ***/ 

void move _cursor_left( int nbr_col ) 

printf( "\x1B[%dD", nbr_col ); 

} 

/*** Save the cursor's position ***/ 
void save_cursor_position( void ) 

printf ("\x1B[s"); 

continues 
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Listing 4.10. continued 
eee ue ee oe 2 eS eee 

49: /*** Restore the cursor's position ***/ 

50: void restore _cursor_position( void ) 

Sips a 

52: maine (Wales ey )) 5 

yeh 

54: 

55: /*** clear the screen ***/ 

56: void clear_screen( void ) 

AG af 

Ser printf ("\x1B[2J") ; 

5 Oi ame 

60: 

61: /*** clear to end of line ***/ 

62: void clear_eol( void ) 

Gee af 

64: rade ( Oo \SaneyI<” - )) = 

Gap i 

Listing 4.11. A_CURSOR.H. The ANSI cursor 

functions header file. 

ies /* Program: A_CURSOR.H 

ay * Author: Bradley L. Jones 

3: * Purpose: Header file for the multitude of ANSI cursor 

4: tH functions. 
5» *k>>e=sss SSS SSS SSS SS SSS SSS SSS SS SS SSS SSS SS SS SS SS SSS === == === * / 

6: 

Ue [*------------------------- ze 

8: * Function prototypes * 
9 EN he ee ee Betas ae oe See eee eS */ 

11: void put_cursor( int row, int col ); 

12: void move_cursor_up( int nbr_rows ); 

13: void move_cursor_down( int nbr_rows ); 
14: void move_cursor_right( int nbr_col ); 

15: void move_cursor_left( int nbr_col ); 
16: void save_cursor_position( void ); 

17: void restore_cursor_position( void ); 

18: void clear_screen( void ); 

19: void clear_eol( void ); 

21: /*---------- end of file ----------= */ 
a no ee ata Wickes i cy te ei 
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2 

3: 

4: 

a 

6: 

i pee 

8 

9 

1 

Listing 4.12. LIST04.03.C. Using the ANSI 
cursor functions. 

/* Program: LIST0403.c 

* Author: Bradley L. Jones 

* Purpose: Demonstrates ANSI cursor escape sequences. 
*$SSS SSS SS SSSSSSSSSsSsSSSSSSSSSSSSSSSsaaaaaaeess=========% | 

#include <stdio.h> 

#include "“a_cursor.h" 

/*** Function prototypes ***/ 
void box( int ul_row, int ul_col, int lr_row, int 1r_col, 

unsigned char ch ); 

void main(void) 

{ 
int row, 

column, 

xX; 

ys 

save_cursor_position(); 

clear_screen(); 

boxi(Gall seelOg SieOdvse ae) 

put_cursor( 2, 21 ); 

print THIS IS AT THE TOP OF THE SCREEN oS a 

DOX(15,5 20.195. COmade)) 3 

DOX(S16-624;8 10,606,0 2.))5 

restore_cursor_position() ; 

} 

VOUCeDOX(ee Ate Len OWseetiit, slUmCOln Antal OWSmeLI ts LneCOls, 

unsigned char ch ) 

{ 
sng 3.4, A 

if (uil_row > Ir_row). |}, (ul_col > lr col) ) 

printf( "Error calling box." ); 

M 
else 

{ 
for( x = ul_row; x <= lr_row; x++ ) 

{ 
put_cursor( x, ul_col); 

continues 

TLS. 
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Listing 4.12. continued 

47: for( ye=_ulecols*y <s91r_colsayze) 

{ 
49: printf( "%c", ch ); 

Note: As stated earlier, to use the ANSI functions, the ANSI.SYS driver 

must be loaded, otherwise, you won't get the expected results. 

As you can see, working with the ANSI functions gives you a great deal of 
control over the output. Listing 4.1 is a listing that you'll want to build on 
as youlearn more ANSI functions later today. This listing, A CURSOR.C, 

contains all of the ANSI cursor functions. Line 7 includes a header file called 
A_CURSOR.H which is presented in Listing 4.2. The AL-CURSOR.H header file 

contains function prototypes for all of the functions in Listing 4.1. You'll want to 
include the A_CURSOR.H header file in any programs that include the ANSI cursor 
functions. Listing 4.3 is an example of one such program. 

Listing 4.3 is a fun program. It uses the ANSI function that you have learned to create 
a new function called box(). Line 10 contains the prototype for the box() function. 
As you can see, it takes several parameters. The parameters tell you where the box is 
to be located. The upper-left row (ul_row), the upper-left column (ul_col), the 



lower-right row (1r_row), and the lower-right column (1r_co1) are all passed along 
with the character that the box is to be made with. 

The box() function is defined in lines 33 to 53. This function used two for loops to 
create the box. Each line of the box is drawn one at a time. The cursor is placed at the 
beginning of each line using the put_cursor() functions. A printf () call then places 
each character on the line. Later today, this function will be enhanced to also include 
color. 

There area few other notables in this program. Line 19 uses the save_cursor_position() 
function to save the cursor position. Line 30 restores the position just before the 
program ends. Line 20 clears the screen using the clear_screen() function. Line 22 

calls the box() function which creates a box centered in the top of the screen. Line 24 

places the cursor in the box using the put_cursor() function so line 25 can type a 
header into the middle of the box. Lines 27 and 28 call the box function two more 

times. The character with a decimal value of 1, a clear smiley face, is printed in the first 

call to box(). The second call to box() prints solid smiley faces in the middle of the 

original box. 

ANSI and Color 
You can use the ANSI driver to manipulate the screens colors also. Changing colors 
is a little more difficult than the functions shown before. Table 4.1 presented the 
foreground colors that can be used. Foreground colors are used on the information 
that is presented on the screen. This includes all the text. Table 4.2 presented the 
background colors that are available through the ANSI driver. This is the color that 
will be put on the screen behind the text. 

Foreground and background colors are often used in conjunction with each other. 
Typically, you'll want to state what color is in the foreground and what color is in the 
background. When you use the ANSI colors, once you set them, they apply from that 

point on. 

The ANSI command to set the color is as follows: 

NSHP VCE 5 cece Santi 

For this escape sequence, you can stack several commands at once. The parameters, 

a, b,....n are each replaced with a command from Tables 4.1, 4.2, and/or 4.3. If 

conflicting commands are given, the final command is used. For instance calling for 

the foreground color black (30) followed by the foreground color red (31) would 

result in red. After all, you can’t use two foreground colors at once. Don’t be confused, 

you can have more than one foreground color on your screen, but you can’t try to write 

a single character in both black and red at the same time. Listings 4.4 and 4.5 
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demonstrate the use of the ANSI color attributes. Listing 4.4 is a header file that is 

included in Listing 4.5. You'll need to remember to use the A_LCURSOR source file 

that was used with Listing 4.3 since a few of the earlier ANSI functions are also used. 

Listing 4.13. ANSICLRS.H. The ANSI colors. 

/* Program: ANSICLRS.h 
* Author: Bradley L. Jones 

* Purpose: Header file for ANSI colors 

#define F_BLACK 30 

#define F_RED 

#define F_GREEN 32 
#define F_YELLOW 33 
#define F_BLUE 34 

#define F_MAGENTA 35 
#define F_CYAN 36 
#define F_WHITE 37 

/* Se wae Mele ee one ate, a) eee cee a eoke * 

x Background colors * 
Relea Soha ec oie hve a Te ene ee | 

#define B_ BLACK 40 

#define B_RED 41 

#define B_GREEN 42 

#define B_YELLOW 43 

#define B_BLUE 44 
#define B_MAGENTA 45 

#define B_CYAN 46 
#define B_WHITE 47 

/* ees ape Nepean roan eae patie ems oe eee * 

= Attributes :N 
PERS Oe alee, oeeS Re ee ee ee <i / 

#define BOLD 

#define UNDE 

#define BLIN 

#define REVE 

#define CONC 

1 
RSCORE 4 

K 5 

RSE 7/ 

EAL 8 

end of file 
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Listing 4.14. LIST0405.C. Using the ANSI colors. 

/* Program: LIST04@5.c 

* Author: Bradley L. Jones 

* Purpose: Demonstrates ANSI colors. 
*>SSSSSSSSSSSSSS5SSSSSSS==SS5-55555 55555 ====-=---- =~ == % / 

#include <stdio.h> 

#include "“a_cursor.h" 

#include "“ansiclrs.h" 

/*** Functaon prototypes ***/ 

void box( int ul_row, int ul_col, 

int lrirow, ant ipicol, 

unsigned char ch, 

Ate Color, sant bcolory); 

void color_string(. char *string, int fcolor, int bcolor ); 

VoLd Seticolor( ant fore; int back ); 

void main(void) 

{ 
int row, 

column, 

X, 

Yy; 

set_color( F_WHITE, B MAGENTA ); 

clear_screen(); 

DOX() 39), 25) 62,8) eevee BLACK. BeBlLACK) «a8 /**shadow.*// 

DOXe2 aa Cn eae Ole on Ore yELLOW-S BeBLUE =) 

ie liso sig il We 

color_string( " THIS IS AT THE TOP OF THE SCREEN a 

FO RED.) BoBEUE 

bOxG@el6, 21, 21, 61," “| FLBLACK, BeBLACK-); /> shadow */ 

DOX(@5ee0an20 GO. an) beRED A BEGREEN, )i; 

set_color( F_WHITE, B_BLACK ); 

DUETCUPSOR (235,10); 

} 

void box( int ul_row, int ul_col, 
int 1lr_row, int 1r_col, 

unsigned char ch, 

int fcolor, int bcolor ) 

continues 



50: alghe &5, Wea 

ee Tf ( (UL Gow >) Lee row) eran Ulan O'bee-met Ine GO5) mp) 

53: i 

54: reainenr( “elie weulilslinte) lexeye.© }) = 

Bhai e } 

56: else 

of: { 

58: set_color( fcolor, bcolor) ; 

60: fOr (sXe = UES rOW se Xe <= Ur ow; xan) 

Giz { 

62: DUEIICURSOR (xq ULRCOl)- 

64: TOR( Y = UL cols” yo<=elricol svat) 

65: { 

66: Nralawn Sse 5 a, ))s 

72: void color_string( char *string, int fcolor, int bcolor ) 
“eae i 

74: SELECOlOT (Si COlLOh mm DCOLOMRm) 

Hols printf( string ); 

“wae 

Wiles 

(83) sVvordesetacolon( ant. fore, int back.) 

TE 4 

80: printf ("\x1B[%d;%dm", fore, back ); 
81: } 



THIS IS AT THE TOP OF THE SCREEN baked 

Anas The set color function could be added to the A CURSOR.C program. In 
| addition, the header file, A CURSOR.H, could be set up to include the 

prototypes for the extra functions, box (), set_color(),andcolo RES eMUNG (yi. 

You should combine all the ANSI functions together so that they are easily accessible. 
You may want to consider a better name for the files since there would be more than 
just cursor functions when the new function is added. 

Listing 4.5 is similar to Listing 4.3. The main difference is color has been added to the 
output. Line 8 includes the ANSICLRS.H header file that is presented in Listing 4.4. 
This header file contains defined constants for each of the colors and other text 
attributes. By using defined constants such as these, your programs are much easier 
to read. It’s not always intuitive to know that 31 means foreground red. 

Several of the functions in Listing 4.5 are slightly modified from Listing 4.3. The 
box() function has two additional parameters, fcolor and bcolor. These are used to 

set the color of the box. Lines 31 and 32 demonstrate the use of the box function with 

the additional parameters. Lines 31 and 32 also illustrate a programming trick. Line 
31 creates a black box. Line 32 then overwrites the black box with a colored box. The 

original black box becomes a shadow for the second box. This is how most shadows 

are created. 

There is a second trick that has been used. Line 27 sets the color to white on magenta 
using the new function set_color(). Line 29 then calls the clear_screen(). You 

should notice that the screen is cleared to the last background color set, in this case 

magenta. The last color set also carries on after the program ends. For this reason, line 

41 sets the color to something usable—white on black. 
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Most of the code presented should be easy to follow. The difficult areas were covered 

when Listing 4.3 was analyzed. The only actual new code is the set_color() function 

in lines 78 through 81. As you can see, the foreground and background colors are 

passed to a printf() statement. As before, an escape sequence is used. 

In addition to color and cursor placement, you can change the mode of the monitor 

also. Table 4.4 displayed the monitor modes that can be used. Be careful using these 
modes; there is no guarantee that every monitor will support all modes. 

Other ANSI Functions 
The ANSI functions also give you the ability to redefine the keys on the keyboard. 
Table 4.5 can be used to accomplish this. There are several reasons to redefine 
characters. One is to re-map your keyboard to a different keyboard layout. Another 
reason might be to re-map keys a game uses. You might map the ‘A’ key to be the same 
as a right arrow, the ‘D’ to bea left arrow, the ‘S’ to be a down arrow, and the ‘W’ to 

be an up arrow. This would allow a game player an option of which keys to use, the 
letters—which would be easier for a left-handed person—or the actual arrows. 

Listing 4.15. Hlustrates re-mapping of keys using the 

ANSI escape sequences. 

/* Program: LIST0406.c 

* Author: Bradley L. Jones 

* Purpose: Demonstrates ANSI keyboard values. 

-eNoter Running this program will set the F1 key to 

x display "Bradley". It will set the F2 key to 

is display "Jones". Running the program with an 

: extra command line parameter will reset the 

* Fi and F2 keys. 

9: FESS SS SSS SSS SSS as SSeS SS SSS SSS SSS eSaeSsssssaseeSsa=aa===% | 
10: 

11: #include <stdio.h> 

2: 

13% #define Fl “0:59” 
14: #define F2 "0;60" 
iS) 

16: int main(int argc) 

hd Sage 

18: sure Elrtele Ze) 

LSE { 

20: printf ("\x1B[%s;66;114;97;100;108;101;121p",F1); 
Pats printf ("\x1B[%s;74;111;110;101;115p",F2); 
228 } 

230 else 

24: { 

Zon printf ("\x1B[%s;%sp",F1, F1); 



26: printf ("\x1B[%s;%sp",F2, F2); 
PA kee } 

eo 

29: return; 

SOc mt 

After this program runs, there is no output. 

This program appears to do nothing when executed because there isn’t any 
Anas output. However, after the program runs, the F1 and F2 keys will function 

differently. Run the program and then press the Fl and F2 keys. Your 
program has now changed their functionality to print “Bradley” and “Jones” instead 
of performing their normal functions. If you re-execute the program and pass a 
parameter as follows: 

LIST@406 X 

then the program will reset the F1 and F2 keys to their original functions. 

As shown in the listing, this isn’t a complex program. Lines 13 and 14 define the F1 

and F2 keys to make them easier to work with. Line 16 begins the main() function. 

Since we are going to use acommand line parameter to toggle the key values, we need 
to receive the arge variable. The arge variable contains the number of items on the 

command line including the program currently running. Ifa program runs without 
any command line parameters, then the argc variable will contain 1. Line 18 checks 
the value. If it is 1—less than 2—then the values of F1 and F2 are re-mapped (lines 
20 and 21). The re-mapped values are stacked following the original value to be 
reassigned. In this case, there are several values being assigned to the F1 and F2 keys. 
The reassignment values stop when the letter ‘p’ is reached. Lines 25 and 26 are 
executed when there is an additional value on the command line. In these cases, the 
values of F1 and F2 are mapped to themselves. This, in effect, resets them to their 

original values. 

In today’s exercises, you'll be asked to write a program similar to this one. Instead of 
having the function keys print text such as your name, you'll assign DOS commands 

to them. 

The Extended ASCII Characters 

The ANSI functions are often combined with the extended ASCII character set. The 

extended character set is considered to be the characters from 128 to 255. These 

characters include special type characters, line characters, and block characters. Many 
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of these characters are used to create boxes and grids that can be used on the screen. 

Appendix A contains an ASCII chart that shows all of the different characters 

available. Later in the book, you'll develop an application that uses many of the 

extended characters to create a user-friendly screen. 

Using Direct Memory Access 
Memory is set aside for use by the video display. This memory can be accessed directly 

to manipulate the graphics or characters that are on the screen. Because this is memory 

that is directly mapped to the video display, a change can be seen instantly. By 
updating the video display’s memory directly, you can gain the fastest screen updates. 

This speed comes at the cost of portability. The memory reserved for the video display 
isn’t always in the same location. In an IBM-compatible computer system, a part of 
the memory between 640K and 1M is reserved for the video display. Portability is lost 
because the area reserved isn’t always guaranteed to be the same from computer system 
to system. To use this direct video memory, the system must be 100-percent IBM- 
compatible with an IBM PC’s hardware. It’s safe to assume that the same brand of 
computer with the same type of hardware will have video memory stored in the same 
location. It’s not safe to assume that all other computers will use the same location. 
In addition, memory for using a CGA monitor isn’t always allocated in the same area 
that memory for a VGA monitor would be. 

Note: Borland includes a variable called directvideo. If this variable 
contains a value of 1, then a program’s video display activities go directly 
to the video memory. If the directvideo variable contains the value of 0, 
then BIOS is used. BIOS is converted in the next section. The default for — 
directvideo is 1. ™ 

Because BIOS functions are more portable, they will be covered in this book. Direct 
video programming is beyond the scope of this book. If you are interested in direct 
video programming, consult a graphics book that has been written for your specific 
compiler. 

What Is BIOS? 
BIOS stands for Basic Input/Output System. Every MS/PC DOS computer operates 
with some form of BIOS. The BIOS is a set of service routines that are activated by 
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software interrupts. A sofiware interrupt is an interruption that causes the operating 
system (DOS) to respond. By going through these service routines, and therefore 
BIOS, you avoid interacting directly with the computer’s hardware. This eliminates 
concerns, such as the possibility of different locations for video memory, because the 
BIOS determines where and what you need based on the interrupt you cause. 

There are BIOS services for a multitude of different input and output activities. This 
includes being able to manipulate the screen, keyboard, printers, disks, mouse, and 

more. In addition, there are services available to manipulate the system date and time. 
On Day 8, tables will be presented that detail many of the available interrupts. For 
now, it is more important to know that these functions exist. 

It’s better to use BIOS instead of direct memory video access or the ANSI functions. 

Direct memory access has a downside that has already been described—you don’t 
know for sure where the video memory will be located. The downside of the ANSI 
functions is the external device driver; ANSI.SYS must be loaded for the functions to 

work. If you run Listing 4.3 without the device driver, you get the following result: 

[s [2u 
{1 TORU ar re ie Ee a ee EEE Pe [25 ABHAAAAAAAAAAKRKKE 

KKKEKKKKKKEKREKREKEREREREKERKERERE [3 . LOHREREREAAAERAEREREREREEREEREREREEERERRERERERE 
pI 

--[2;21H--THIS IS AT THE TOP OF THE SGREEN Ge idon 20 llores 

Pty IEW. Ugo L16220H sie ee Lee SU SIE 17; 20H- = 
Bet wy SAE ng Es es ae P18; 20H2 sees = Mee Mega 2 eee 
ee DOME seas tee he tee ee kt ens (162 24Hietet taaes 
wages Toate Nt 7224 oes ae-S eer oan. saa. eeey fe 24h SE oa. = 
= Se eee ene Wet oon SS oR aaa ea OOO cs Sie SO 

This isn’t the desired result. By going through the BIOS, you don’t need external 
device drivers, nor do you have to determine where video memory is located. The 

BIOS takes care of that for you. 

While all of this makes the BIOS calls sound like the perfect answer, there is a 

downside to using BIOS also. The speed of going through BIOS isn’t going to be as 

good as accessing video memory directly. You should note that these speeds are both 

extremely fast. In addition, using the BIOS isn’t going to be as easy as using the ANSI 

functions. Neither of these negatives outweighs the additional portability that you 

gain by using the BIOS functions. 

Rains 
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Summary 
Today, you were provided with a great deal of information that can be fun. You were 

shown how to use the ANSI.SYS driver to manipulate the screen. This included 

learning how to place the cursor, clear the screen, change the colors, and re-map 

keyboard values. In addition, you were given an overview of writing directly to video 

memory. The day ended with a high-level discussion on BIOS, which will resume on 

Day 8. On Day 8, you'll be presented with many examples, along with a list of the 

many BIOS interrupt functions that are available. 

O&A 
Q Are the functions learned today portable to other computer systems? 

A The functions covered in today’s materials are portable to some computers. 
The ANSI functions are portable to any computer system that supports the 
ANSI terminal standards. The BIOS functions are portable to computers 
that are 100-percent compatible with IBM BIOS. In addition, older versions 
of BIOS may not support all of the functions. You can consult your DOS 
manuals and system documentation to determine what interrupts your 
computer supports. 

Q ANSI functions are simple to use. Why are they not recommended? 

A If you ran today’s ANSI functions without the ANSI.SYS driver loaded, then 
you already know the answer to this question. By using the ANSI functions, 
you are reliant upon an external factor—the ANSI driver. 

Q What is meant by BIOS functions being portable? 

A The portability of BIOS functions isn’t necessarily the same as the portabil- 
ity that will be discussed later in this book. The calls to BIOS functions 
aren't necessarily portable C code—each compiler may call interrupts 
slightly differently. What is meant by portability is that an executable 
program (.EXE or .COM) will have a better chance of running on many 
different computer configurations than if you use ANSI functions or direct 
memory writes. BIOS function calls are only portable to IBM-compatible 
machines; however, they can have a multitude of different video monitors, 
modems, printers, and so on. 
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Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

niniz 
1. What does ANSI stand for? 

2. Why is it important to know what ANSI is? 

3. What is a reason for using ANSI functions? 

4. What is a reason not to use ANSI functions? 

5. What is the value of red? 

6. What is the difference between a foreground color and a background color? 

7. When does an ANSI color quit being applied? 

8. What is the benefit of using direct video memory updates? 

9. What is the downside of using direct video memory updates? 

10. What does BIOS stand for? 

Exercises 
1. What does the following do? 

"\x1B[5A" 

2. What are the values of the following color sets? 

Black on White 

White on Black 

Yellow on Blue 

Yellow on Red 

3. What is the escape sequence for the following colors? 

Yellow on Blue 

Bright Yellow on Red 
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4. BUG BUSTER: What, if anything, is wrong with the following? 

/* ANSI escape sequence to set the color */ 

printf ("\x1B[31;37m") ; 

. BUG BUSTER: What, if anything, is wrong with the following? 

void clear_entire_line( int row, int fcolor, int bcolor) 

{ 
DUEECURS Ol mGOWs mlb) i 

set_color( fcolor, bcolor ); 

clear_eol(); 

} 

. Write a function called put_color_string() that takes screen coordinates, a 

foreground color, a background color, and a string as parameters. The 

function should print the string at the provided coordinates in the given 
colors. 

. Write a program that re-maps the Shifted function keys. The values you 
assign should be the most common DOS commands that you use. This 
makes using these DOS commands just a little easier. (See Listing 4.6 if you 
need help.) 

Following are some examples of values you might use: 

Shift F1HELP 

Shift F2DIR 

Shift F3CES 

Shift FECHKDSK 

Shift FSCD C:\ID\T7G 

* Or whatever game you most often run. 

. ON YOUR OWN: Write a function that creates a box using the extended 

characters in the ASCII Table. 

. ON YOUR OWN: Write a function that centers a string on a line. 

10. ON YOUR OWN: Write a function that enables the user to enter values 
that are then assigned to function keys. (Similar to Exercise 7, only interac- 
tive with the user.) 





Efficiency and Porting 

When writing programs, it’s easy to use everything the compiler provides. With a 

language such as C, it’s easy to write code that can be used on different computers 

including PC compatibles, Macintoshes, mini-computers, and mainframes. Because 

of C’s flexibility, you need to know in advance the direction in which you are headed. 

Today you learn: 

[|] What is meant by efficiency and porting. 

|] The difference between efficiency and maintainability. 

| What types of applications are most likely to be nonportable. / 

“| How to ensure portability with the ANSI standard. 

What Are Efficiency and 
Portability? 

If you were to take a course in computer programming, two topics would inevitably 
be mentioned: efficiency and portability. These topics can be especially important 
when programming in C. 

Efficiency 
When efficiency is mentioned, it is typically in reference to writing the least amount 
of code to gain the most functionality. An efficient program is one that only uses 
system resources when needed. In addition, it is coded to use as little redundant or 
unnecessary code as possible. 

Compilers, Computers, and Efficiency 
In days past, if you wanted the most efficient code, you wrote it in assembler. By 
writing at such a low level, you could weed out any non-essential commands. Today’s 
compilers and computers are much better equipped than those of yesteryear. If you 
talk to programmers of the early 1980s, you'll hear tales of writing small programs that 
use minimal resources. Today’s computers allow a larger amount of leeway. 

Efficiency Versus Maintainability 
Although writing efficient code is important, the greatest cost of creating programs 
is the amount of time spent programming code. It is best to design the code to 

134 



minimize the amount of time that must be spent on it. Because writing efficient code 
can often be time-intensive, the quicker it is written, the less efficient the code may 
be. 

Programming time can be broken down to two phases. The first is the initial time 
spent developing and coding a program. The amount time for this phase depends on 

the approach taken. (In Day 12, you'll be shown different ways to approach the initial 
development of a program.) The second phase is maintaining the program. This 

maintenance can involve either fixing problems or adding enhancements. Such 
maintenance can quickly add up to much more time than what was initially spent 

developing the program. 

Coding a program for efficiency can also lead to code that is harder to maintain. When 
efficiency is the most important factor, coding tricks may be employed. These tricks 
may make sense to the person who programmed them; however, they seldom are clear 
to the person who maintains the code. For this reason, the efficiency gained by the 
coding tricks may be lost in the time and effort spent maintaining them. 

Expert Tip: Coding for maintainability is usually more pean 
than coding for the ultimate efficiency. 

White Space 
Many super-techie programmers try to write compact code. These programmers, 

along with many others, believe that compact code is more efficient. The next two 

listings each contain the same code; however, one contains more spacing. 

Te Listing 5.1. Code with spacing. 

ale /* Program: list0501.c 
2s * Author: Bradley L. Jones 

3: * Purpose: This program and list0502.c demonstrate the 

4: a differences made by white space in a listing. 

5 *eeaessssasssSssSSSsSSSSSSS SS SSSsSssa Sessa saSssssssessaa* / 

6: 

La int main(void) 

8: { 

9: cWghe Ciel Cieleec 

10: 

ios printf( "\n\nA program with useless output" ); 

ie 

continues 
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Listing 5.1. continued 
SS AE AeA era ae ein TEI SIS ac = ect ieee 

adie ae pe 

Fen( Ger 2 OF Cur <= Ass Cis ) 

arealanee 2 Mars We 

TOM Cures S Oh Cupe <= Culry Cere=e -) 

{ 
palm Te CON se ule je 

: 
} 

return; 

} 

A program with useless output 

A 
BB 
ccc 
DDDD 
EEEEE 
FFFFFF 
GGGGGGG 
HHHHHHHH 
PRODTirit 
JJdJJJJJJJ 
KKKKKKKKKKK 
LLLLLLBEL LOL 
MMMMMMMMMMMMM 
NNNNNNNNNNNNNN 
000000000000000 
PPPPPPPPPPPPPPPP 
aaaaaaaaaaaaaaaaa 
RRRRRRRRRRRRRRRRRR 
SSSSSSSSSSSSSSSSSSS 
TICATIT TINE TTP TIT 
UUUUUUUUUUUUUUUUUUUUU 
VVVVVVVVVVVVVVVVVVVVVV 
WWW 
XXXXXXXXXXXKXXXXXXXXXXKX 
YYYYYYYYYYYYYYYYYYYYYYYYY 
2Z22222Z22Z2222222Z222Z2Z2Z22Z 

Listing 5.2. Compact code. 

/* Program: list@502.c 
* Author: Bradley L. Jones 



* Purpose: This program and list®501.c demonstrate the 
* differences made by white space in a listing. 
1S eet tee 0 sane Sa ees oes we ee es gs a Qe ee ees ees en ee Se = SS pe a R&S Sa a ee ee 

int main(void) { 

INE Cte ctr2: 

printf("\n\nA program with useless output"); 
prance] \n \s 

for (ctr=0;ctr<26;ctr++) { 

PRinth (\n-)'s 

for(ctr2=0;ctr2<=ctr;ctr2++) {printf ("%c",('A'+ctr));}} 
return; } 

A 

A program with useless output 

A 
BB 
ccc 
DDDD 
EEEEE 
FFFFFF 
GGGGGGG 
HHHHHHHH 
IIIIIIIII 
JuJUJududu 
KKKKKKKKKKK 
LLLLLLLLLLLL 
MMMMMMMMMMMMM 
NNNNNNNNNNNNNN 
000000000000000 
PPPPPPPPPPPPPPPP 
aaaaaaaaaaaaaaaaa 
RRRRRRRRRARARARARR 
SSSSSSSSSSSSSSSSSSS 
TITTTTTTTTTTTTTTTTTT 
UUUUJUJUUUJUUUUUUUUUU 
VVVVVVVVVVVVVVVVVVVVVV 
WWW NYY A 
XXXXXXXXXXXXKXXXKXKXXAXK 
YYYYYYYYYYYYYYYYYYYYYYYYY 
2ZZZZZZZZZZZZ2ZZ2ZZZZZZZZZZZ 

These programs simply print each of the characters of the alphabet. Each 

consecutive letter is printed one more time than the previous. The letter A is 

printed once, the letter B twice, up to the letter Z, which is printed 26 times. The 

output demonstrates that by changing the white space, you don’t change the way the 

program operates. 
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If you look at the size of the two object files and the two executable files created, you'll 

find that they are the same. Table 5.1 contains all the associated files and their sizes. 

The source files are different sizes because of the white space, which is removed by the 

compiler. However, white space doesn’t make the code less efficient. In fact, while 

white space makes the source file a little bigger, it doesn’t detract from a program's 

efficiency. 

Table 5.1. The file sizes of the two listings. 

Filename Size 

PIS MOS01G 52 

LIST0502.C 431 

LIST0501.EXE 6536 

LIS 10502 EXE 6536 

LIST0501.OBJ 383 

LIS F0502,OB] 383 

If you look at Listings 5.1 and 5.2 again, you'll see that Listing 5.1 is much easier to 
read and understand. The code in Listing 5.1 is also easier—and quicker—for others 
to maintain. 

_ Al Review Tip: Use white space to make your programs more readable. 

DO ei 
DO use white space to make your programs more ee os 

DO consider maintainability pre efficiency when coding your programs. 

Portability 
One of the major reasons people choose C as their programming language is its 
portability. C is one of the most portable languages. A program written in a portable 



language can be moved from one compiler to another, or from one computer system 
to another. When moved, the program can be recompiled without any coding 
modifications. These two areas—hardware portability and compiler portability—are 
what characterize a portable language. C programs can be written to be portable across 
both. A C program is truly portable if it can be recompiled on any type of machine 
with any C compiler. 

The ANSI Standard 

Portability doesn’t happen by accident. It occurs by adhering to a set of standards 
adhered to by the programmer and your compiler. If you use a compiler that doesn’t 
adhere to the portability standards, you'll be unable to write usable portable code. For 
this reason, it is wise to choose a compiler that follows the standards for C 
programming set by the American National Standards Institute (ANSI). The ANSI 

committee also sets standards for many areas including other programming languages. 
The ANSI standards are predominantly accepted and used by programmers and 
compilers. 

Standards aren’t always good. Too many standards can limit your ability to create 
effective programs. Because C is a powerful language, it could be detrimental to 
implement too many standards. The ANSI standards leave a lot of undefined areas to 
prevent this power limitation. The downside to undefined areas is each compiler can 
create its own implementations. There are several such areas that will be detailed later 

today. 

The ANSI Keywords 
The C language contains relatively few keywords. A keyword is a word that is reserved 
for a program command. The ANSI C keywords are listed in Table 5.2. 

Table 5.2. The ANSI C keywords. 

asm auto break case char 

const continue default do double 

else enum extern float for 

goto fi int long register 

return short signed sizeof static 

struct switch typedef union unsigned 

void volatile while 
a 
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Most compilers provide other keywords. Examples of compiler-specific keywords are 

near and huge. Although several compilers might use the same compiler-specific 

keywords, there is no guarantee that they will be portable to every ANSI standard 

compiler. 

Case Sensitivity 

Case sensitivity is an important issue in programming languages. Unlike some 

languages that ignore case, C is case-sensitive. This means that a variable named x is 

different than a variable named x. Listing 5.3 illustrates this. 

Listing 5.3. Case sensitivity. 

We /* Program: 1list0505.c 

25 * Author: Bradley L. Jones 

SIE * Purpose: This program demonstrates case sensitivity 

4: ESSE SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS ==* / 

5: 

6: int main(void) 

The { 

8: int vari = 1, 

Sk var2 = 2; 

10: char VAR1 = 'A', 

ae VAR2 = 'B'; 

We float Vari .= 93.53, 

che Var2 = 4.4; 

14: int XyZ = 100, 

eye XYZ = 500; 

16: 

We printf( "\n\nPrint the values of the variables...\n" ); 

ols 

Os printf( "\nThe integer values: var1 = %d, var2 = %d", 

20: vari, var2 ); 

21: printf( "\nThe character values: VAR1 = %c, VAR2 = %c", 

228 VAR1, VAR2 ); 
23: printf( "\nThe float values: Var1 = %f, Var2 = sf", 
24: Var1, Var2 ); 

25s printf( "\nThe other integers: XyZ = %di; XYZ = Sd"; 
26; XV Ziyer YZ) 
Pa 
oa printf( "\n\nDone printing the values!" ); 

30: return; 

emi a 
een roan eescumeeis uaegii wei ee eee 
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Print the values of the variables... 

The integer values: var1 = 1, var2 = 2 

The character values: VAR1 = A, VAR2 = B 

The float values: Var1 = 3.300000, Var2 = 4.400000 

The other integers: XyZ = 100, XYZ = 500 

Done printing the values! 

and var2 are defined as integer values. In lines 10 and 11, the same variable names 

are used with different cases. This time VAR1 and VAR2 are in all uppercase. In lines 
12 and 13, a third set of declarations is made with the same names, buta different case. 

This time var1 and Var2 are declared as float values. In each of these three sets of 

declarations, values are placed in the variables so that they can later be printed. The 
printing for these three sets of declarations occurs in lines 19 to 24. As you can see, 
the values placed in the variables are retained, and each is printed. 

And This program uses several variables with the same names. In lines 8 and 9, var1 

Lines 14 and 15 declare two variables of the same type—integers—and the same 

names. The only difference between these two variables is that one is uppercase and 
the other is not. Each of these variables has its own value, which is printed in lines 25 

and 26. 

Although it’s possible to use only case to differentiate variables, this isn’t a practice to 
enter into lightly. Not all computer systems that have C compilers available are case 
sensitive. Because of this, code may not be portable if only case is used to differentiate 
variables. For portable code, you should always ensure that variables are differentiated 
by something other than only the case of the variable name. 

Case sensitivity can cause problems in more than just the compiler. It can also cause 
problems with the linker. The compiler may be able to differentiate between variables 
with only case differences, but the linker may not. Case sensitivity can affect the 
workings of both the compiler and the linker. 

Most compilers and linkers enable you to set a flag to cause case to be ignored. You 

should check your compiler to determine the flag that needs to be set. When you 

recompile a listing with variables differentiated by case only, you should get an error 

similar to the following: 

1ist@5xx.c: 

Error list@5xx.c 15: Multiple declaration for ‘vari' in function main 

*** 1 errors in Compile *** 

Of course, var1 would be whatever variable you are using. 
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Portable Characters 

Characters within the computer are represented as numbers. On an IBM PC or 

compatible, the letter Ais represented by the number 6, and the letter ais represented 

by the number 97. These numbers come from an ASCII table. 

If you're writing portable programs, you cannot assume that the ASCII table is the 

character translation table being used. A different table may be used on a different 

computer system. On a mainframe, character 65 may not be A. 

Warning: You must be careful when using character numerics. Character 
numerics may not be portable. 

There are two general rules about how a character set is to be defined. The first 

restriction is that the size of a character’s value can’t be larger than the size of the char 

type. In an 8-bit system, 255 is the maximum value that can be stored in a single char 
variable. Because of this, you wouldn’t have a character with a value greater than 255. 
If you were working on a machine with a 16-bit character, 65,535 is the maximum 
value for a character. 

The second rule restricting the character set is that each character must be represented 
by a positive number. The portable characters within the ASCII character set are those 
from 1 to 127. The values from 128 to 255 are not guaranteed to be portable. These 
extended characters can’t be guaranteed because a signed character has only 127 
positive values. 

Guaranteeing ANSI Compatibility 
The predefined constant __STDC__ is used to help guarantee ANSI compatability. 
When the listing is compiled with ANSI compatibility set on, this constant is 
defined—generally as 1. It is undefined when ANSI compatibility isn’t on. 

Virtually every compiler gives you the option to compile with ANSI enforced. This 
is usually done by either setting a switch within the IDE (Integrated Programming 
Environment) or by passing an additional parameter on the command line when 
compiling. By setting the ANSI on, you help ensure that the program will be portable 
to other compilers and platforms. 

To compile a program using Borland’s Turbo C, you would enter the following on 
the command line: 



TCC -A program.c 

If you are compiling with a Microsoft compiler, you would enter: 

CL /Ze program.c 

The compiler then provides additional error checking to ensure that ANSI rules are 
met. In some cases, there are errors and warnings that are no longer checked. An 
example is prototype checking. Most compilers display warnings if a function isn’t 
prototyped before it is used; however, the ANSI standards don’t require this. Because 
ANSI doesn’t require the prototypes, you may not receive the required prototype 
warnings. 

There are several reasons why you wouldn’t want to compile your program with ANSI 
compatibility on. The most common reason involves taking advantage of your 

compiler’s added features. Many features, such as special screen handling functions, 

aren't ANSI standard, or they are compiler-specific. If you decide to use these 
compiler-specific features, you won’t want the ANSI flag set. In addition, if you use 

these compiler-specific features, you may eliminate the portability of your program. 

Later today, you'll see a way around this limitation. 

BOX S pmaies ae! DON’T! 
DO use more than just case to differentiate variable names. 

DON’T assume numeric values for characters. 

Using Portable Numeric Variables 
The numeric values that can be stored ina specific variable type may not be consistent 
across compilers. There are only a few rules that are defined within the ANSI standard 

in regards to the numeric values that can be stored in each variable type. On Day 2, 

Table 2.1 presented the values that are typically stored in IBM-compatible PCs. These 

values, however, aren’t guaranteed. 

The following rules can be observed about variable types: 

[] A character (char) is the smallest data type. A character variable (type char) 

will be 1 byte. 

1 A short variable (type short) will be smaller than or equal to an integer 

variable (type int). 

Borland 

we 

Microsoft 

S 
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An integer variable (type int) will be smaller than or equal to the size of a 

long variable (type long). 

An unsigned integer variable (type unsigned) is equal to the size of a signed 

integer variable (type int). 

A float variable (type float) will be less than or equal to the size of a double 
variable (type double). 

Listing 5.4 is commonly used to print the size of the variables on the machine that the 
program is compiled on. 

9: 

Listing 5.4. The size of the data types. 

/* Program: list0506.c 

x Author: Bradley L. Jones 

* Purpose: This program prints the sizes of the variable 

* types of the machine the program is compiled on. 

int main(void) 

{ 
printf( "\nVariable Type Sizes" ); 

printf ( "\n===========s=s==s==s======" ); 
printf( "\nchar Sd", sizeof(char) ); 

printf( "\nshort %d", sizeof(short) ); 

esther ((  \nkligne Sd", sizeof(int) ); 

Dhinthi( ant loat Sd", sizeof(float) ); 

printf( "\ndouble Sd", sizeof(double) ); 

printf( "\n\nunsigned char %d", sizeof(unsigned char) ); 

printf( "\nunsigned short ‘%d", sizeof(unsigned short) ); 
printf( "\nunsigned int sd", sizeof(unsigned int) ); 

return; 

} 

char { 

short 2) 

int 2) 

float 4 

double 8 

unsigned char 1 

unsigned short 2 

unsigned int 2 



As you can see, the sizeof () operator is used to print the size in bytes of each 

variable type. The output shown is based on being compiled on a 16-bit IBM- 
compatible PC with a 16-bit compiler. If compiled on a different machine or 

with a different compiler, the sizes may be different. For example, a 32-bit compiler 
on a 32-bit machine may yield 4 bytes for the size of an integer rather than 2. 

Maximum and Minimum Values 

If different machines have variable types that are different sizes, how can you know 

what values can be stored? It depends on the number of bytes that make up the data 
type, and whether the variable is signed or unsigned. Table 5.3 shows the different 
values that can be stored based on the number of bytes. The maximum and minimum 
values that can be stored for integral types, such as integers, are based on the bits. For 
floating values such as floats and doubles, larger values can be stored at the cost of 

precision. Table 5.3 shows both integral variable and floating decimal values. 

Table 5.3. Possible values based on byte size. 

Number Unsigned Signed Signed 
of Bytes Maximum Minimum Maximum 

Integral Types 

1 259 -128 127, 

yi) 655599 -32,768 32,767 

4 4,294,967,295 -2,147,483,648 2,147,438,647 

8 1.844674 x E19 

Floating Decimal Sizes 

4* 3.4 E-38 3.4 E38 

Si 1.7 E-308 1.7 E308 

ls 3.4 E-4932 1.1 E4932 

*Precision taken to 7 digits 

**Precision taken to 15 digits 

**Precision taken to 19 digits 
nnn nenenenrerrenonemnneonrnn 

BP 
iS 
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Knowing the maximum value based on the number of bytes and variable type is good; 

however, as seen earlier, you don’t always know the number of bytes in a portable 

program. In addition, you can’t be completely sure of the level of precision used in 

floating-point numbers. Because of this, you have to be careful about what number 

you assign to variables. For example, assigning the value of 3,000 to an integer variable 

is a safe assignment, but what about assigning 100,000? If it’s an unsigned integer on 

a 16-bit machine, you'll get unusual results because the maximum value is 65,535. If 

a 4-byte integer is being used, then assigning 100,000 would be okay. 

Warning: You aren't guaranteed that the values in Table 5.3 are the same 
for every compiler. Each compiler may choose a slightly different number. 
This is especially true with the floating-point numbers which may have 
different levels of precision. Tables 5.4 and 5.5 provide a compatible way 
of using these numbers. 

ANST has standardized a set of defined constants that are to be included in the header 

files LIMITS.H and FLOAT.H. These constants define the number of bits within a 
variable type. In addition, they define the minimum and maximum values. Table 5.4 
lists the values defined in LIMITS.H. These values apply to the integral data types. 
The values in FLOAT.H contain the values for the floating-point types. 

Table 5.4. The ANSI-defined constants within LIMITS.H. 

Constant Value 

CHAR_BIT Character variable’s number of bits. 

CHAR_MIN Character variable’s minimum value (signed). 

CHAR_MAX Character variable’s maximum value (signed). 

SCHAR_MIN Signed character variable’s minimum value. 

SCHAR_MAX Signed character variable’s maximum value. 

UCHAR_MAX Unsigned character’s maximum value. 

SHRT_MIN Short variable’s minimum value. 

SHRT_MAX Short variable’s maximum value. 

USHRT_MAX Unsigned short variable’s maximum value. 
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Constant 

INT_MIN 

INT_MAX 

UINT_MAX 

LONG_MIN 

LONG_MAX 

ULONG_MAX 

Constant 

FLT_DIG 

DBL_DIG 

LDBL_DIG 

FLT_MAX 

FLT_MAX_10_EXP 

FLT_MAX_EXP 

FLT_MIN 

FLT_MIN_10_EXP 

FLT_MIN_EXP 

DBL_MAX 

DBL_MAX_10_EXP 

DBL_MAX_EXP 

Value 

Integer variable’s minimum value. 

Integer variable’s maximum value. 

Unsigned integer variable’s maximum value. 

Long variable’s minimum value. 

Long variable’s maximum value. 

Unsigned long variable’s maximum value. 

Table 5.5. The ANSI-defined constants within FLOAT.H. 

Value 

Precision digits in a variable of type float. 

Precision digits in a variable of type double. 

Precision digits in a variable of type long double. 

Float variable’s maximum value. 

Float variable’s exponent maximum value 

(base 10). 

Float variable’s exponent maximum value 
(base 2). 

Float variable’s minimum value. 

Float variable’s exponent minimum value 
(base 10). 

Float variable’s exponent minimum value 
(base 2). 

Double variable’s maximum value. 

Double variable’s exponent maximum value 

(base 10). 

Double variable’s exponent maximum value 

(base 2). 

continues 
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Table 5.5. continued 

Constant Value 

DBL_MIN Double variable’s minimum value. 

DBL_MIN_10_EXP Double variable’s exponent minimum value 

(base 10). 

DBL_MIN_EXP Double variable’s exponent minimum value 

(base 2). 

LDBL_MAX Long double variable’s maximum value. 

LDBL_MAX_10_DBL Long double variable’s exponent maximum 

value (base 10). 

LDBL_MAX_EXP Long double variable’s exponent maximum 
value (base 2). 

LDBL_MIN Long double variable’s minimum value. 

LDBL_MIN_10_EXP Long double variable’s exponent minimum 

value (base 10). 

LDBL_MIN_EXP Long double variable’s exponent minimum 

value (base 2). 

The values in Tables 5.4 and 5.5 can be used when storing numbers. Ensuring that 
a number is above or equal to the minimum constant and less than or equal to the 
maximum constant will ensure that the listing will be portable. Listing 5.5 prints the 
values stored in the ANSI-defined constants and Listing 5.6 demonstrates the use of 
some of these constants. The output may be slightly different depending on the 
compiler used. 

Listing 5.5. The values stored in the 

ANSI-defined constants. 

/* Program: list®507.c 

* Author: Bradley L. Jones 
* Purpose: Display of defined constants. 
*#SSSSSssSsssSS=SeSSSSSaSeeeSe-SSe === e525 ~~ / 

#include <stdio.h> 

#include <float.h> 

#include <limits.h> 
OONODOOaARWN — 



int main( void ) 

4d: 
12: printf( "\n CHAR BIT %d", CHAR BIT ); 
13: printf( "\n CHAR MIN “sd ", CHAR MIN ); 
14: printf( "\n CHAR MAX “sd ", CHAR MAX ); 
15: printf( "\n SCHAR_MIN %d ", SCHAR MIN ); 
16: printf( "\n SCHAR_MAX Sd", SCHAR_MAX ); 
17: printf( "\n UCHAR_MAX Sd", UCHAR MAX ); 
18: printf( "\n SHRT_MIN %d ", SHRT_MIN ); 
19: printf( "\n SHRT_MAX %d ", SHRT_MAX ); 
20: printf( "\n USHRT_MAX %d ", USHRT_MAX ); 
21: printf( "\n INT MIN sd", INT MIN ); 
22: printf( "\n INT MAX %d ", INT MAX ); 
23: printf( "\n UINT MAX %ld ", UINT MAX ); 
24: printf( "\n LONG MIN %ld ", LONG MIN ); 
25: printf( "\n LONG MAX %ld ", LONG MAX ); 
26: printf( "\n ULONG MAX %e ", ULONG MAX ); 
27E Drenthe FETSADIG Edo whe Wale lp IDENET Ne 

28: printf( "\n DBL_DIG %d ", DBL_DIG ); 
29: printf( "\n LDBL_DIG %d ", LDBL_DIG ); 
30: printf( "\n FLT MAX %e ", FLT_MAX ); 
31: printf( "\n FLT_MIN %e ", FLT_MIN ); 
Bee printf( "\n DBL_MAX %e ", DBL _MAX ); 

33: printf( "\n DBL_MIN %e ", DBL_MIN ); 
34: 

355 return(®@); 

etc e! 

CHAR_BIT 8 
{ # = CHAR MIN -128 

CHAR_MAX 127 
SCHAR_MIN -128 
SCHAR_MAX 127 
UCHAR_MAX 255 
SHRT_MIN -32768 
SHRT_MAX 32767 
USHRT_MAX = 
INT_MIN -32768 
INT_MAX 32767 
UINT_MAX 65535 
LONG_MIN -2147483648 
LONG_MAX 2147483647 
ULONG_MAX 3.937208e -302 
FLT_DIG 6 
DBL_DIG 15 
LDBL_DIG 19 
FLT MAX 3.402823e+38 
FLT MIN 1.175494e -38 
DBL_ MAX 1.797693e+308 
DBL_MIN: 2. 225074e -308 
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This listing is straightforward. The program consists of printf () function calls. 

Each function call prints a different defined constant. You'll notice the conver- 

sion character used (that is, *d) depends on the type of value being printed. This 

listing provides a synopsis of what values your compiler used. You could also have 

looked in the FLOAT.H and LIMITS.H header files to see if these values had been 

defined. This program should make determining the constant values easier. 

/* 

* 

HE 7 

OnNoahWND — 

o 

Listing 5.6. Using the ANSI-defined constants. 

Program: 1ist@508.c 

Author: Anon E. Mouse 

Purpose: To use maximum and minimum constants. 

Note: Not all valid characters are displayable to the 

screen! 

10: #include <float.h> 

11: #include <limits.h> 

12: #include <stdio.h> 

14: int main( void ) 

Yee df 

unsigned char ch; 

Lite +25 

printf( "Enter a numeric value."); 

printf( "\nThis value will be translated to a character."); 
printf( "\n\n==> " ); 

scanf("%d", &1i); 

while( i < @!! i > UCHAR MAX ) 
{ 

printf ("\n\nNot a valid value for a character."); 
printf("\nEnter a value from @ to %d ==> ", UCHAR MAX) ; 

scant ("%d", &i); 

} 
ch = (char) i; 

printf("\n\n%d is character %c", ch, ch Ne 

return; 

ree 



Enter a numeric value. 

This value will be translated to a character. 

==> 5000 

Not a valid value for a character. 

Enter a value from @ to 255 ==> 69 

69 is character E 

This listing shows the UCHAR_MAX constant in action. The first new item you 
should notice is the includes in lines 10 and 11. As stated earlier, these two 

include files contain the defined constants. If you are questioning the need for 
FLOAT.H to be included in line 10, then you’re doing well. Because none of the 

decimal point constants are being used, the FLOAT.H header file is not needed. Line 
11, however, is needed. This is the header file that contains the definition of UCHAR_MAX 

that is used later in the listing. 

Lines 16 and 17 declare the variables that will be used by the listing. An unsigned 
character, ch, is used along with an integer variable, i. When the variables are declared, 
several print statements are issued to prompt the user for a number. Notice that this 
number is entered into an integer. Because an integer is usually capable of holding a 
larger number, it is used for the input. Ifa character variable were used, a number that 
was too large would wrap to a number that fits a character variable. This can easily be 
seen by changing the i in line 23 to ch. 

Line 25 uses the defined constant to see if the entered number is greater than the 
maximum for an unsigned character. We are comparing to the maximum for an 
unsigned character rather than an integer because the program’s purpose is to print 
a character, not an integer. If the entered value isn’t valid for a character (and that is 

an unsigned character), then the user is told the proper values that can be entered (line 
28) and is asked to enter a valid value. 

Line 32 casts the integer to a character value. In a more complex program, you may 

find it’s easier to switch to the character variable than to continue with the integer. 

This can help to prevent reallocating a value that isn’t valid for a character into the 

integer variable. For this program, the line that prints the resulting character, line 34, 

could just as easily have used i rather than ch. 

Classifying Numbers 

There are several instances when you'll want to know information about a variable. 

For instance, you may want to know if the information is numeric, a control character, 

sas 
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an uppercase character, or any of nearly a dozen different classifications. There are two 

different ways to check some of these classifications. Consider Listing 5.7, which 

demonstrates one way of determining if a value stored in a character is a letter of the 

alphabet. 

Listing 5.7. Is the character an alphabetic letter? 

We /* Program: list0509.c 

en * Author: Bradley L. Jones 

3 * Purpose: This program may not be portable due to the 

4: = way it uses character values. 

5: * SESS SSS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS HH* / 

6: 

ie int main(void) 

8: { 

9: unsigned char x = Q; 

10: char trash[256]; /* used to remove extra keys */ 
UAE while( x != ‘Q' && x != ‘q' ) 

2 i { 

lots printf( "\n\nEnter a character (Q to quit) ==> " ); 

14: 

168 xX = getchar(); 

IGE 

ilivas Li < =e AL ka xX) <— = 2) 
18: { 
19: printf( "\n\n%sc is a letter of the alphabet!", x ); 

a printf("\n%c is an uppercase letter!", x ); 

Zale } 

22: else 

23: { 

24: IL(CX 2S OL eaa ke sees 27) 
20K { 

26: printf( "\n\n%c is a letter of the alphabet!", x ); 
oat printf("\n%c is an lowercase letter!", x ); 

} 
29: else 

30: { 

ay printf( "\n\n%c is not a letter of the alphabet!", x is 

33: 

oe ‘ gets(trash); /* eliminates enter key */ 

36: printf("\n\nThank you for playing!"); 
37: return; 

SOnney 
an ea ae ee RE os py eas, 
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Enter a character (Q to quit) ==> A 

A is a letter of the alphabet! 

A is an uppercase letter! 

Enter a character (Q to quit) ==> g 

g is a letter of the alphabet! 

g is an lowercase letter! 

Enter a character (Q to quit) ==> 1 

1 is not a letter of the alphabet! 

Enter a character (Q to quit) ==> * 

* is not a letter of the alphabet! 

Enter a character (Q to quit) ==> q 

q is a letter of the alphabet! 

q is an lowercase letter! 

Thank you for playing! 

uppercase letter Z. In addition, it checks to see if it is between the lowercase a 
and the lowercase z. Ifx is between one of these two ranges, then you would think 

you could assume that the letter is alphabetic. This is a bad assumption! There is not 
a standard for the order in which characters are stored. If you are using the ASCII 
character set, you can get away with using the character ranges; however, your 
program isn’t guaranteed portability. To guarantee portability, you should use a 
character classification function. 

Anelss This program checks to see if a letter is between the uppercase letter A and the 

There are several character classification functions. Each is listed in Table 5.6 with 

what it checks for. These functions will return azero if the given character doesn’t meet 

its check; otherwise it will return a value other than zero. 

Table 5.6. The character classification functions. 

Function Purpose 

isalnum() Checks to see if the character is alphanumeric. 

isalpha() Checks to see if the character is alphabetic. 

iscentrl() Checks to see if the character is a control character. 

continues 
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Table 5.6. continued 
Rg a ee rr 

Function Purpose 

isdigit() Checks to see if the character is a decimal digit. 

isgraph() Checks to see if the character is printable (space is an 

exception). 

islower() Checks to see if the character is lowercase. 

isprint() Checks to see if the character is printable. 

ispunct() Checks to see if the character is a punctuation character. 

isspace() Checks to see if the character is a whitespace character. 

isupper() Checks to see if the character is uppercase. 

isxdigit() Checks to see if the character is a hexadecimal digit. 

With the exception of an equality check, you should never compare the values of two 
different characters. For example, you could check to see if the value of a character 
variable is equal to 'A', but you wouldn’t want to check to see if the value of a character 
is greater than 'A'. 

if( x > A™) /* NOT PORTABLE!! */ 

if( X == 'A' ) /* PORTABLE */ 

Listing 5.8 is a rewrite of Listing 5.7. Instead of using range checks, the appropriate 
character classification values are used. Listing 5.8 isa much more portable program. 

‘Te Listing 5.8. Using character classification functions. 

ie /* Program: list@510.c 
2: * Author: Bradley L. Jones 

3: * Purpose: This program is an alternative approach to 

4: bs the same task accomplished in Listing 5.9. 

Gye id This program has a higher degree of portability! 
6 : *=>SSSSSSSSSSSSSe55SSSSSSSSSSSSSSEE55S25SS555555=5===-------* / 

Ha 

8: #include <ctype.h> 

9: 

10: int main(void) 

Wil oat 



unsigned char x = Q; 
char trash[256]; 
while( x != 'Q' && x != 'q' ) 

{ 
printf( "\n\nEnter a character (Q to quit) ==> " ); 

Xi =) getchar () +7 

if( isalpha(x) ) 

{ 
printf( "\n\n%c is a letter of the alphabet!", x ); 
if( isupper(x) ) 

{ 
printf("\n%c is an uppercase letter!", x ); 

} 
else 

{ 
printf("\n%c is an lowercase letter!", x ); 

} 
} 
else 

{ 
printf( "\n\n%sc is not a letter of the alphabet!", x ); 

} 
gets(trash) ; /* get extra keys */ 

} 
printf("\n\nThank you for playing!"); 
return; 

} 

Enter a character (Q to quit) ==> z 

z is a letter of the alphabet! 

z is an lowercase letter! 

Enter a character (Q to quit) ==> T 

T is a letter of the alphabet! 

T is an uppercase letter! 

Enter a character (Q to quit) ==> # 

# is not a letter of the alphabet! 

Enter a character (Q to quit) ==> 7 

7 is not a letter of the alphabet! 

Enter a character (Q to quit) ==> Q 

/* use to flush extra keys */ 

rr 
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Q is a letter of the alphabet! 

Q is an uppercase letter! 

Thank you for playing! 

The outcome should look virtually identical to Listing 5.9 assuming that you 
ran the program with the same values. This time, instead of using range checks, 
the character classification functions were used. Notice that line 8 includes the 

CTYPE.H header file. When this is included, the classification functions are ready to 
go. Line 20 uses the isalpha() function to ensure that the character entered is a letter 

of the alphabet. If it is, a message is printed in line 22 stating as much. Line 23 then 

checks to see if the character is uppercase with the isupper() function. If x is an 

uppercase character, then a message is printed in line 25, otherwise the message in line 
29 is printed. If the letter was not an alphabet letter, then a message is printed in line 
35. Because the while loop starts in line 14, the program continues until Q or q is 
pressed. You might think line 14 detracts from the portability of this program, but that 

is incorrect. Remember that equality checks for characters are portable, and non- 
equality checks aren’t portable. “Not equal to” and “equal to” are both equality checks. 

[> DON?T 

DON'T: use numeric mee when determining maximums for variables. Use 
the defined constants if you are writing a portable program. 

DON’T; assume that the letter A comes before the ioe Bif rons are writing, 

a pot e eee : : 

Converting a Character’s Case 
A common practice in programming is to convert the case ofa character. Many people 
write a function similar to the following: 

char conv_to_upper( char x ) 

{ 
if( x >= 'a' && x <= 'z' ) 

Return( x) 



As you saw earlier, the if statement may not be portable. The following is an update 
function with the if statement updated to the portable functions presented in the 
previous section: 

char conv_to_upper( char x ) 

{ 
if( isalpha( x ) && islower( x ) ) 

X -= 32; 

} 
return( x ) 

} 

This second example is better than the previous listing in terms of portability; 
however, it still isn’t completely portable. This function makes the assumption that 
the uppercase letters are a numeric value that is 32 less than the lowercase letters. This 
is true if the ASCII character set is used. In the ASCII character set, 'A' + 32 equals 
'a'; however, this is not necessarily true on every system. Particularly, it is untrue on 
non-ASCII character systems. 

There are two ANSI standard functions that take care of switching the case of a 
character. The toupper() function converts a lowercase character to uppercase; the 
lowercase() function converts an uppercase character to lowercase. The previous 
function rewritten would look as follows: 

toupper() ; 

As youcan see, this isa function that already exists. In addition, this function is defined 
by ANSI standards, so it should be portable. 

Portable Structures and Unions 
When using structures and unions, care must also be exercised if portability is a 
concern. Byte alignment and the order in which members are stored are two areas of 
incompatibility that can occur when working with these constructs. 

Byte alignment, which was discussed on Day 2, is an important factor in the 

portability of a structure. A program can’t assume that the byte alignment will be the 

same or that it will be on or off. The members could be aligned on every 2 bytes, 

4 bytes, or 8 bytes. You cannot assume to know. 

When reading or writing structures, you must be cautious. It’s best to never use a literal 

constant for the size of a structure or union. If you are reading or writing structures 

toa file, the file probably won’t be portable. This means you only need to concentrate 
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on making the program portable. The program would then need to read and write the 

data files specific to the machine compiled on. The following is an example of a read 

statement that would be portable: 

fread( &the_struct, sizeof( the_struct ), 1, filepointer ); 

As you can see, the sizeof command is used instead of a literal. Regardless of whether 

byte alignment is on or off, the correct number of bytes will be read. 

When you create a structure, you may assume that the members will be stored in the 
order in which they are listed. In fact, many of the figures of structures that were 
presented on Day 2 made this assumption. This assumption is not guaranteed. There 

isn’t a standard that states that a certain order must be followed. Because of this, you 
can’t make assumptions about the order of information within a structure. Listing 5.9 
shows an incomplete program that makes such an assumption. 

Listing 5.9. A program that may not be portable. 

ake /* PROGRAM wel eStOSidac 

Pe * Author: Bradley L. Jones 

eye SS NOTE: THIS IS AN INCOMPLETE PROGRAM 

4: * Purpose: Demonstrates potentially non-portable code! 

5F FESS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSSSSSSHH* | 
6: 

ee struct date 

8: { 

9: int year; /* year in YYYY format */ 

10: char month; /* month in MM format */ 

Wis char day; /* day in DD format V4 
As i 

13: 

14: int main(void) 

WSS ~ < 

16: struct date today, birthday; 

Wes 

ashe set_up_values(&today, &birthday) ; 

19: 

20: if ( *(long *)&today == * (long *)&birthday ) 

ile { 

22k do_birthday_function(); 
237 } 

24: } 

This program doesn’t actually run. This program would accept two dates, one 
for today’s date and one for a birthdate. It then compares the values of the two 
dates in line 20 to see if they are equal. If they are, the program completes the 

do_birthday_function(). 



As you probably guessed, line 20 may not be portable because it takes the value stored 
in the today structure and compares it to the value stored in the birthday structure 
This is a tricky way to compare the two structures. Because the structure members are 
stored in the order in which they should be compared, it’s easier to compare the 
complete values of the entire structure instead of manipulating each member. This 
makes the assumption that a date would be stored in year, month, day order as 
declared in the date structure. Two dates—such as 1991, 12, 25 and 1993, 08, 01— 

could be compared as 19911225 and 19930801. 

Because the compiler isn’t required to store the date structure in year, month, day 

order, this program wouldn’t be guaranteed as portable. A second portability issue also 
exists. This program assumes that the total size of the structure (2 characters and an 

integer) is equal to the size of a long. This is not guaranteed. 

Preprocessor Directives 
There are several preprocessor directives that have been defined in the ANSI 
standards. You use two of these all the time. They are #include and #define. There 
are several other preprocessor directives that are in the ANSI standards. The additional 
preprocessor directives that are available under the ANSI guidelines are listed in 

Table 5.7. 

Table 5.7. ANSI standard preprocessor directives. 

#define #if 

#elif #else 

#endif #error 

#ifdef #ifndef 

#include #pragma 

Later today, you will see an example of using some of the preprocessor directives to 

create programs with compiler-specific code and still retain portability. 

Using Predefined Constants 

Every compiler comes with predefined constants. A majority of these are typically 

compiler specific. This means that there is a good chance that they won't be portable 

from one compiler to the next. There are, however, several predefined constants that 

are defined in the ANSI standards. Some of these constants are: 
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SEDATE This is replaced by the date at the time the program is 

compiled. The date is in the form of a literal string (text 
enclosed in double quotes). The format is “Mmm DD, 

YYYY”. For example, January 1, 1998 would be “Jan 1, 

1998”. 
__FILE__ This is replaced with the name of the source file at the time 

of compilation. This will be in the form of a literal string. 
__LINE _ This will be replaced with the number of the line on which 

__LINE__ appears in the source code. This will be a nu- 

meric decimal value. 

eS lDGaes This literal will be defined as 1 if the source file is compiled 

with the ANSI standard. If the source file wasn’t compiled 
with the ANSI flag set, this value will be undefined. 

__TIME__ This is replaced by the time that the program is compiled. 

This time is in the form of a literal string (text enclosed in 

double quotes). The format is “HH:MM:SS”. An example 

would be “12:15:03”. 

Note: The followae listing needs to be compiled with the ANSI compat- 
ibility flag on. This is usually set by passing an additional parameter when 
compiling. For example, with Borland’s Turbo C, mice would enter the oe 
following: 2 

TCC -A LISTO512.C 
The -A tells the compiler to compile as an ANSL soap on 

' youdon’t compile with the ANSI compatibili 
similar to the following: : ee 

list@512.c: | : 
Error list@512.c 24: Undefined symbol '__ $1 

main a 

*** 1 errors in compile ape 

The best way to understand the predefined constants is to see them in action. Several 
of the predefined ANSI constants are presented in Listing 5.10. 
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/* Program: list0510.c 

* Author: Bradley L. Jones 

* Purpose: This program demonstrates the values printed 

= by some of the pre-defined identifiers. 

* Note: In order for this to compile, the ANSI standard 

= compiler switch must be set. 
*=>>>>>>=>>>>>>S>=>=>=>>=>==>>=>=5>255 552555555555 5555==5==5===-=------* / 

#include <string.h> 

int main(void) 

printf ("\n\nCurrently 

printf("\n\nThe value 

Pernt tae DATE). 

printf("\n\nThe value 

DIEinien (Gee ae Meo) ct 

printf ("\n\nThe value 

at line %d", __LINE__ ); 

Oi DES SISa ee 

Of =. TIME. iss); 

OfaalINEed tistitd*yn~ oLINEAY )yi 

printf("\n\nThe value of __STDC__ is 1 if ANSI compatibility 

US POM: 

(__STDC_ == 1) ? printf("\nANSI on") 

DEIMMtn annie sValluchOt ss) EEwee She 2), 

DeLnti(erices.); 

return; 

Currently 

The value 

The value 

The value 

The value 

ANSI on 

The value 

at 

of 

of 

of 

of 

of 

line 13 

— OE 

__TIME__ 

Reel THE sas 

SHG 

Be FILES? 

Aly 

1S) 

Se 

is 

is: 

Nov 27 1993 

10:14:03 

21 

1 if ANSI compatibility is on 

list@512.c 

printf ("\nANSI off"); 
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Listing 5.10 demonstrates the ANSI predefined constants by simply printing their 

values using printf () function calls. Line 13 prints the value of __LINE__. As youcan 

see in the output, this is the value of 13. Line 16 prints the value of __DATE__. To show 

that this is a simple string, the __DATE__ constant is passed as the only parameter to 

printf (). Lines 15 and 16 could be printed as: 

printhCa\n\nihe: Valuenot. | SDATE es So-6S.a, me eDAu eee): 

Line 19 prints the __TIME__ constant. Like the date, this is printed as a separate string, 

but could have been combined with the previous printf() statement. Line 24 

determines the value of __STDC__. This is not a good line because if __STDC__ is 

defined, ANSI is on. Ifit isn’t defined, the compiler will give an error and the program 
won't compile. 

Line 27 wraps up the listing by printing the filename it had when it was compiled. If 
you rename the executable, the value of __FILE__ will still be the original filename. 

Using Non-ANSI Features in Portable Programs 

A program can use non-ANSI-defined constants and other commands and still be 
portable. This is accomplished by ensuring the constants are used only if compiled 
with a compiler that supports the features used. Most compilers provide defined 
constants that can be used to identify themselves. By setting up areas of the code that 
are supportive for each of the compilers, you can create a portable program. Listing 
5.11 demonstrates how this can be done. 

Listing 5.11. A portable program with compiler specifics. 

ape /* Program: list@511.c 

PAE * Author: Bradley L. Jones 

3: * Purpose: This program demonstrates using defined 

4: S constants for creating a portable program. 

5: * Note: This program gets different results with 

(ye - different compilers. 

3 *ERSS SSS SSS SSS SSS SSeS Sess esses Sess SSSSSsSsessssssssSa===* | 
8: 

9: #ifdef WINDOWS 
10: 

11:  #define STRING "DOING A WINDOWS PROGRAM! " 
Wee 

13: #else 

14: 

15: #define STRING "NOT DOING A WINDOWS PROGRAM" 
WOE 

17: +#endif 
18: 

19: int main(void) 



ZO per 

21¢ BE nein ne) 

Ce printf( STRING ); 

23: 

24: #ifdef _MSC_VER 
25) 

26: printf ( "\n\nUsing a Microsoft compiler!" ); 
PH fs printf( "\n Your Compiler version is %s", _MSC_VER ); 
28: Sav 

29: #endif 

30: 

31: #ifdef __TURBOC _ 
32: 

33: printf( "\n\nUsing the Turbo C compiler!" ); 
34: printf( "\n Your compiler version is %x", TURBOC Dye 
35: a axe 
36: #endif 
37: 

38: #ifdef _ BORLANDC _ 
39: 

40: printf( "\n\nUsing a Borland compiler!" ); 
41: 

42: #endif 

43: 

44: return(®); 

AS ot 

NOT DOING A WINDOWS PROGRAM prey 
Borland 

Using the Turbo C compiler! 

Your compiler version is 300 

NOT DOING A WINDOWS PROGRAM 4 
Borland 

Using a Borland compiler! 

NOT DOING A WINDOWS PROGRAM 

Using a Microsoft compiler! 

Your compiler version is >> 

This listing takes advantage of defined constants to determine information 
about the compiler being used. In line 9, the ifdef preprocessor directive is used. 
This directive checks to see if the following constant has been defined. If the 

constant has been defined, the statements following the ifdef are executed until an 
endif preprocessor directive is reached. In the case of line 9, a determination of 

whether _WINDows has been defined is made. An appropriate message is applied to the 

constant STRING. Line 22 then prints this string, which states whether this listing has 

been compiled as a Windows program or not. 
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Line 24 checks to see if_MSC_VER has been defined. _MSC_VER isa constant that contains 

the version number of a Microsoft compiler. If a compiler other than a Microsoft 

compiler is used, this constant won’t be defined. Ifa Microsoft compiler is used, this 

will be defined with the version number of the compiler. Line 27 will print this 

compiler version number after line 26 prints a message stating that a Microsoft 

compiler was used. 

Lines 31 through 36 and lines 38 through 42 operate in similar manners. They check 

to see if Borland’s Turbo C or Borland’s professional compiler were used. The 
appropriate message is printed based on these constants. 

As you can see, this program determines what compiler is being used by checking the 
defined constants. The object of the program is the same regardless of which compiler 
is used—print a message stating which compiler is being used. If you are aware of the 
systems that you will be porting, you can put compiler-specific commands into 
the code. If you do use compiler-specific commands, you should ensure that the 
appropriate code is provided for each compiler. 

ANSI Standard Header Files 

Several header files that can be included are set by the ANSI standards. It’s good to 
know which header files are ANSI standard since these can be used in creating portable 
programs. Appendix E contains the ANSI header files along with a list of their 
functions. 

Summary 
Today, you were exposed to a great deal of material. This information centered around 
efficiency and portability. Efficiency needs to be weighed against maintainability. It’s 
better to write code that can be easily maintained even if it operates a few nano-seconds 
slower. C is one of the most portable languages—if not the most portable language. 
Portability doesn’t happen by accident. ANSI standards have been created to ensure 
that C programs can be ported from one compiler to another and from one computer 
system to another. There are several areas to consider when writing portable code. 
These areas include variable case, which character set to use, using portable numerics, 
ensuring variable sizes, comparing characters, using structures and unions, and using 
preprocessor directives and preprocessor constants. The day ended with a discussion 
of how to incorporate compiler specifics into a portable program. 
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PUBLISHING 

OKA 
Q How do you write portable graphics programs? 

A ANSI does not define any real standards for programming graphics. With 

graphics programming being more machine dependent than other program- 

ming areas, it can be somewhat difficult to write portable graphics programs. 

Q Should you always worry about portability? 

A No, it’s not always necessary to consider portability. Some programs that 
you write will only be used by you on the system you are using. In addition, 

some programs won't be ported to a different computer system. Because of 

this, some nonportable functions, such as system(), can be used that 

wouldn't be used in portable programs. 

Q Do comments make a program less efficient? 

A Comments are stripped out by the compiler. Because of this, they don’t hurt 
a program. If anything, comments add to the maintainability of a program. 
You should always use comments where they can make the code clearer. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you've 

learned. 

Quiz 
1. Which is more important—efficiency or maintainability? 

2. What is the numeric value of the letter a? 

3. What is guaranteed to be the largest unsigned character value on your 

system? 

4. What does ANSI stand for? 

5. Are the following variable names valid in the same C program? 

int firstname, 

FIRSTNAME , 

FirstName, 

Firstname; 
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. What does isalpha() do? 

. What does isdigit() do? 

6 

7, 

8. Why would you want to use functions such as isalpha() and isdigit()? 

9. Can structures be written to disk without worrying about portability? 

0 

program? For example: 

Drinth (@enhe) CURREN tia Umea Sty acoSibeemmel| UMER ws) ); 

Exercises 
1. BUG BUSTER: What, if anything, is wrong with the following function? 

void Print_error( char *msg ) 

{ 
Sivatalcmrntectly 

CTR 

our (Wale Ws 

TOR Chee Ss, schele ss Gig. teheleiae 9) 

{ 

Q, 

Q; 

je eallaene (ets! Ne 

} 

Healer: Waal teh, Sc = Sele SAE NS Gili, PS os 8 euINS 

msg ); 

ROR ule SS hele StS hues) 

{ 

fa maligheny (Pee 2 y= 

} 

2. Rewrite a listing in this chapter and remove all the unneeded spaces. Does 
the listing still work? Is it smaller than the original listing? 

3. Write a function that verifies that a character is a vowel. 

4. Write a function that returns 0 if it receives a character that isn’t a letter of 
the alphabet, 1 if it is an uppercase letter, and 2 if it is a lowercase letter. 
Keep the function as portable as possible. 

. Can __TIME__ be used in a printf() statement to print the current time in a 



5. ON YOUR OWN: Understand your compiler. Determine what flags must 
be set to ignore variable case, allow for byte alignment, and guarantee ANSI 
compatibility. 

6. Is the following code portable? 

VOrd list auhave( charm *tilesname: ) 

{ 
system("TYPE " file_name ); 

} 

7. Is the following code portable? 

mt coLupper( unt xz) 

{ 
Tiled &heX <= 927) 

{ 

toupper( x ); 

} 

Rec Uism (eexen)|s 

} 
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Number Systems 

Understanding numbers and number systems may seem like a strange topic; however, 

these are very important for fully understanding the power of C. Today you will learn: 

(|_| Why number systems are so important. 

_| Which number systems are important. 

| How to convert from one number system to another. 

| How to work with the number systems. 

The importance 
of Number Systems 

Numbers are the key to computer programming. This can become obvious within the 
C programming language. The reason they are important is because every element of 
a computer program breaks down into a numericvalue. Even what appears to be letters 
and symbols are only numbers to the computer. To go one step further, every numeric 
value within the computer—and hence every letter or symbol—can be represented 
with the numbers zero and one. For example, to the computer, the letter A is: 

01000001 

Roles Tip: Why does the computer represent everything» he ones 
and zeros? Simply stated, ones and zeros are equated with on and o 
A computer can store information in memory as magnetic charges 
that are either positive or negative. If a charge is positive, it is on. This - 
can be equated to one. If a charge is negarve, it is off. This pices 
charge can be equated to zero. : 

Deriving the Numbers 
the Computer Used 

You may be asking, “How does the computer know what numbers to use?” 
Depending on the computer, the numbers used to represent various characters may 
be different. In the case of IBM-compatible computers, a set of number representa- 
tions have been standardized. This set of numbers is represented within an ASCII 



Character Table. ASCII stands for American Standard Code for Information Inter- 
change. The ASCII Character Table contains every standard character and its numeric 
equivalent. Appendix B contains a complete ASCII Character Table. 

Listing 6.1 presents a program that displays the values available in the ASCII 
Character Table. Nothing in this program should be new to you. 

Listing 6.1. ASCII values. 

12 /* Program: list0601.c 

2: * Author: Bradley L. Jones 

3: * Purpose: Print all the ASCII character values. 
4 : eS 55555 SS SS SS SSS SSS SSS = >==* / 

5) 

6: #include <stdio.h> 

i 

8: void main(void) 

<)- { 

10: unsigned char ch; 

bile char trash[256]; 

ties 

ts printf("\n\nThe ASCII VALUES:" ); 

14: 
noe fon(ech =e chi < 25525 chit) 

16: { 

Avs Prints (a\nss.cd: %C1,) chi, ch )i5 

18: 

19: if( ((ch % 20) == 0) && (ch != 0) ) 

20: 
Zils printf("\nPress <Enter> to continue") ; 

22% gets(trash) ; 

23% } 

24: } 
255 printf("\n%3.3d: %c", ch, ch ); 

The ASCII VALUES: 
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oe 

q . 
enter to continue 

nter to continue_ 

nter to continue_ 

@S9: 5 
@6@: < 
Press e 

@61: 
@62: 
63: 
@64: 
@65 =: 
66 = 
867: 
68 = 
69 = 
87a: 
O71 = 
@'22= 
B73: 
a4: 
@2S: 
1876: 
@7?: 
828 = 
879 = 
B88: 
[Press enter to continue_ 

nter to continue 

MOZSZMP RUKH ITODMSODDeyv I 
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ss enter to continue 

Pe SINC XKSCCHAWO 

333 Y-] .-] COBIAN AW 

a 

a 

b 
c 

d ra g 
D se os oe ee ee ee oe oe enter to continue_ 

c 
d 
enter to continue 

e 
£ 

= 
J 
k 
1 
n 
n 
o 
PR 
q 
¥ 
s 
t 
u 
v 
w 
x 
enter to continue_ 

w 

x 
enter to continue 

PE DATOS OM Blo De BP MVENDD 2 ee ANS 
% a a e 2 3 ¢ o " tt ° 9 ° 3 E £ ° 
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i 
i 
e nter to continue 

DUN Sy BOWE Nd? Si Oke: ESO 0: OFA A MT DOD! 

Press enter to continue Sethe 

SD see 
46Q: 4 
Press enter to continue 

164: 
A162: 
163: 
M164: 
165: 
166: 
167: 
168: 
169 = 
178: 
74 = 
172: 
173: 
‘174: 
175: 
126 = 
127: 
178: 
199 = 
186: 
Press enter to continue 

ARRAY AAG 1 OF 10 le MRD COs 

enter to continue 

Rew 

Fert a oe eg 
Press enter to continue 
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88: 
Press enter to continue 

SORE 
iim 

TRIER eee Ter aT eT ere eye raTe tl 

= 

eqidedaa NNNNNNYN 

i) 

Pe ek ee pt 
Re Sear Sl Fl 

Ss enter to continue 

219: §f 
228: 
Press enter to continue 

221: 
222: 
223: 
i224: 
225: 
226: 
227: 
228: 
229: 
238: 
j231: 
232: 
233: 
234: 
235: 

26: 
\238: 
239: 
248: = 
[Press enter to continue 

234: 
235: 
236: 
237: 
i238: 
239: 
248: = 
Press enter to continue 

241 = & 
os 
£ 

J 
t 
8 
° 
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Number Systems 

As stated earlier, nothing in this program should be new to you. Line 10 declares 

an unsigned character variable, ch, which will be used to print the values in the 

table. A character is the smallest variable type (excluding a bit—covered later). 

A character can store 256 different values—hence the number of values in the ASCII 

table. As you can see in line 15, these 256 values are printed starting with 0 and ending 

with 255. Line 17 does the actual printing. The numeric value is printed first followed 

by the character value. Both the numeric and character values are of the same variable, 

ch. This line shows that the two are, in essence, equivalent. 

Line 19 contains an if statement that allows the program to automatically break after 
printing every 20 values. If your screen can display more lines, you can adjust this 
number. Line 22 uses the gets () function to simply get any information the user may 

enter on the screen. The variable trash was declared to be 256 bytes long because this 
is the maximum number of characters the keyboard buffer will allow before requiring 
the enter key to be pressed. Line 25 prints the final value of the table. 

Note: If you are tempted to change line 15 in Listing 6.1 to the following 
so that you can remove line 25, beware! This won't work: 

for’ ch =O; ch <= 255; chf+—) 

The maximum value a character can hold is 255. When the variable 
increments to 256, it actually rolls around so 256 equals 0. Because 0 is 
less than 255, the loop starts all over! 

A few of the values may not print to the screen. This is because values such as a beep 
(ASCII value 7) cannot be seen. If your computer has a speaker, then when character 
7 is printed in the output, you will hear a beep. In addition, you may notice that 
number 10 of the output precedes a blank line. This value is translated to a line feed. 
When the line feed is printed by the program, it causes a line to be skipped. 

Which Number Systems 
Are Important? 

There are a multitude of number systems available. The number system you should 
be most familiar with is the decimal, or base 10, system. The decimal system is the 
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number system that you learn in school. In addition to the decimal system, three other 
numbers systems are typically referred to when programming. These are binary, octal, 
and hexadecimal. 

Listing 6.2 is a program that enables you to enter a character and then translates the 
character into its equivalent numeric values. The decimal, hexadecimal, octal, and 
binary values will all be displayed. 

Te Listing 6.2. A character translation program. 

OONOOaARWHD — 

/ * Program: 

* Author: 

* Purpose: 

list0602.c 

Bradley L. Jones 

Print numeric values of an entered character. 

#include <stdio.h> 

#include <stdlib.h> 

char *char_to _binary( int ); 

void main(void) 

a nike Chis 

char + rv; 

printf("\n\nEnter a character ==>" ); 
ch = getchar(); 

printf("\n\nYour character: SC Cilms 

printf("\n\n Decimal value: ndeb 6 Tolgh VE 

printf("\n Octal value: 50 eh)s 

printf("\n Hexadecimal value: %x", ch ); 

rv = char_to_binary(ch) ; 

printf("\n Binary value: eng aL ENA E 

printf("\n\nYour character: aero Le Mi 

} 

char *char_to_binary( int ch ) 

{ 
int ctr; 

char *binary_string; 

int bitstatus; 

binary_string = (char*) malloc( 9 * sizeof(char) ); 

for( ctr = 0;-ctr < 8} ctrt+t) 

continues 
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Number Systems 

Listing 6.2. continued 

39: 

40: 

{ 
switch( ctr ) 

{ 
case 0: bitstatus = ch & 128; 

break; 

case 1: bitstatus = ch & 64; 

break; 

case 2: bitstatus = ch & 32; 

break; 

case 3: bitstatus = ch & 16; 

break; 

case 4: bitstatus = ch & 8; 

break; 

case 5: bitstatus = ch & 4; 

break; 

case 6: bitstatus = ch & 2; 

break; 

case 7: bitstatus = ch & 1; 

break; 

i 

Omer, Seles Cele) =! (owkeSwekeys)) "ap = Hy = 

// printf( "\nbitstatus = %d, ch = %d, binary_string[%d] = %c", 

// bitstatus, ch, ctr, binary_string[ctr]); 

} 

binary_string[8] = 0; /* Null Terminate */ 

return( binary_string ); 

Enter a character ==>A 

Your character: A 

Decimal value: 65 

Octal value: 101 

Hexadecimal value: 41 

Binary value: 01200001 

Your character: A 

This program uses the conversion parameter within the printf() function’s 
string to display the decimal, octal, and hexadecimal values. Lines 16 and 17 
prompt the user for a character and store it in the integer variable, ch. This could 

also have been an unsigned character variable; however, when translating characters 
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to numbers as this program is doing, it is often easier to use an integer. Line 19 uses 
the %c conversion character in the printf () to directly print the character. Line 20 uses 
the %d conversion character, which translates the character to a numeric value. Lines 
21 and 22 use the %o and %x conversion values to print the octal and hexadecimal 
values. Line 26 prints the binary value of the character. The main() function ends by 
once again printing the original character. 

Line 24 calls a function to convert the character to its binary value. Some compilers 
will allow a %b conversion character to work. This program has its own conversion 
function, char_to_binary(), in lines 30 through 69. This function converts each digit 

of the binary number individually. Lines 62 and 63 have been commented out. These 
lines were added so that the programmer could see each digit being converted. Later 

today, you will see this conversion function again. At that time, each line will be 

explained. 

[OTe aie ri DON’T 
DON’T be confused by all the number systems. The rest of today will 
describe and explain each number system in detail. 

DO read the rest of today’s material if you do not understand these 
number systems. 

The Decimal Number System 
As stated, the decimal system is the base 10 system that you started learning to count 
with in kindergarten. Once you realize how the decimal system actually works, the 
other number systems will be easy to understand. 

There are two keys to understanding a number system. The first is to know what 

number system you are using. Second, you should know the number system’s base. 

In the case of the decimal number system, the base is 10. In fact, the name of the 

number system will generally stand for the base number. Decimal stands for 10. 

The base also states how many different numbers (or characters) are used when 

representing numbers. In addition, using the base, you can translate numbers from 

other number systems to the more familiar decimal system. 

To aid in the understanding of the different number systems, consider the objects in 

Figure 6.1. How many objects are in the two pictures? 

6 
X. 
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Figure 6.1. Count the objects on each side. 

You should have answered 15 circles and 20 squares. These are decimal numbers. 

How did you determine that the answer to the first was a 1 followed by a 5 (fifteen)? 

You probably just counted and the answer was obvious. However, the logic you may 
have used to determine this is slightly more complex. 

Remembering back, you should know that the right most digit, 5 in the first case, is 
the “ones” values. The 1 is the “tens” value. Bigger numbers may have “hundreds,” 
“thousands,” or more. 

As already stated, the decimal number system is base 10. Also stated was that a base 
10 system has only 10 digits to use, 0 through 9. The way a number is written is 
determined by its base. For each digit from right to left, the number is the base, 10 

in the case of decimal, to an exponential power. This starts at the right side with the 
base to the power of 0, and increases by an additional power for each digit to the left. 
Table 6.1 illustrates this for the decimal number system. 

Table 6.1. Decimal digits. 

Base Digit 

Digit Decimal Value Equivalent Name 

First 109 = 1 Ones 

Second Wy = 10 Tens 



Base Digit 

Digit Decimal Value Equivalent Name 

Third 102 = 100 Hundreds 

Fourth AES 1,000 Thousands 

Fifth 104 = 10,000 Ten-Thousands 

Sixth 05 = 100,000 Hundred-Thousands 

Seventh Pie 1,000,000 Millions 

Data in Decimal 
As stated earlier, all computer information is represented as numbers. It is possible to 

view this number in its decimal formats. Listing 6.3 takes a file as a parameter and 

displays each line in its decimal format instead of characters. 

Note: This listing and several of the following use a test file. If you have 
the disk provided with this book, the test file is called TEST. This file can 
be created with your text editor. The test file contains the following: 

1234567890 

ABCDEFG 

HIJKLMN 

OPQRSTU 

VWXYZ 

abcdefg 

hijkilmn 

opqrstu 

vwxyZ 

1@#$%"&*()_+{}[] 5: "<>?/.,'~ 
> < = 

j Once upon a time there were three little pigs... — 
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Listing 6.3. Program to type a file in decimal. 

ite /* Program: decdump.c 

On * Author: Bradley L. Jones 

3: * Purpose: This program types out a file. It displays 

4: is the decimal equivalent of each character. 

Ba + SSeS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SHH H* | 

6: 

ils #include <stdio.h> 

8: #include <string.h> 

or #include <stdlib.h> 

10: 

11: main(int argv, char *argc[]) 

123 4 

13: aye “Ela 

14: unsigned int line = 1; 

IE 

16: PILE Roe 

WTAE 

18: if( argv != 2 ) 

UGS { 

20: printf("\n\nOops! Proper usage is:"); 
alts printf ("\n\n%s in_file ", argc[@]); 

eek printf("\n\nOriginal file will be printed in decimal"); 

23: return(1); 

24: } 

20n 

26: PPP Yet ee) tla. ay 

OES ae (CC Wo S OA ERG Me iy SS MOE 3) 

28: { 

29: printf( "\n\nOops! Error in opening file: %s\n\n", argc[1]); 

30: exit (99) ; 
ills } 

32: 

33: pratima (Winks efele 5 Alaiye} 5 
34: 

35: while( (ch = fgetc( fp )) != EOF ) 
36: { 

Sits aeradimene( xc “5, Wn HE 
38: 

39: if(ch == '\n') 
40: { 

41: ine te 

42: ekewwaeet( Nats wetels 7  absliqyey jy S 
43: } 

44: } 

45: 

46: fclose( fp ); 
47: 

48: return(Q); 
49: } 
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D:\TYAC>DECDUMP TEST 

@@001: 49 50 51 52 53 54 55 56 57 48 10 

@0002: 65 66 67 68 69 70 71 10 

Q0003: 72 73 74 75 76 77 78 10 

Q0004: 79 80 81 82 83 84 85 10 

Q0005: 86 87 88 89 90 10 

@0006: 97 98 99 100 101 102 103 10 

Q0007: 104 105 106 107 108 109 110 10 

@Q0008: 111 112 113 114 115 116 117 10 

Q@0009: 118 119 120 121 122 10 

@0010: 12 10 
@0@011: 33 64 35 36 37 94 38 42 40 41 95 43 123 125 91 93 59 58 39 

34 60 62 63 47 46 44 96 126 10 

@0012: 62 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 60 10 
Q0013: 10 

Q0014: 79 11@ 99 101 32 117 112 111 110 32 97 32 116 105 109 101 32 

116 104 101 114 101 32 119 101 114 101 32 116 104 114 101 

101 32 108 105 116 108 101 32 112 105 103 115 46 46 46 10 

@0015: 10 

00016: 

This program uses a command line argument. Line 18 checks to see if a single 
parameter was entered along with the program name at the time the user started 
the program. If not, error messages are printed and the program exits. Line 27 

attempts to open the filename entered when the program was started. If the file cannot 
be opened for reading, an error message is printed and the program exits. The heart 
of this program is in lines 33 through 44. Line 33 does an initial print of the first line 
number. Line 35 then reads a character from the file. Line 37 prints the character as 
a decimal value using the %d within the printf () function. Line 39 then checks to see 

if the character is a carriage return. If the character is a carriage return, a new line 
number is printed. Once the end of the file is reached, the printing of the characters 
stops, and the file is closed before exiting the program. 

This program prints line numbers followed by the data from the file. The output is 
from using the TEST file described earlier. You should notice that a few extra 
characters seem to get printed in the output. Most obvious should be the extra number 
10 at the end of each line. This is the line feed or carriage return that you would not 

normally see in a text file. In addition, you should notice that in output line 00012 

the spaces are printed as 32s. These values can be seen in the ASCII Character Table. 

The Binary Number System 
As you can see by the output in Listing 6.3, looking at the decimal representations of 

characters is not very readable. In addition, these values are really not very helpful. One 
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of the most descriptive number systems to use with computers is binary. Listing 6.4 

is a rewrite of Listing 6.3, except that information is printed in binary. 

Listing 6.4. Program to type a file in binary. 

lie /* Program: bindump.c 

Qe * Author: Bradley L. Jones 

Se * Purpose: This program types a file to the screen. 

4: fa It displays the binary equivalent of each 

Sr id character 

6: * RSS SSS SSS SSS SSS SS SSS SS SS SS SS SSS SS SSS SSS SSS SSS SSS SSS SEH* / 

Tes 

8: #include <stdio.h> 

ee #include <string.h> 

10: #include <stdlib.h> 

Wie 

W2e Gele VelietracO_lotneiry( alle ))e 

V5 

14: main(int argv, char *argc[]) 

15s { 

16: amie (hn), 

WE letter = Q; 

18: 

19: unsigned int line = 1; 

20: 

Ave BLEES Gps 

(P3 

PAS} = if( argv != 2 ) 

24: { 

PASE printf("\n\nOops! Proper usage is:"); 
26: printf("\n\n%s in file ", argc[Q]); 

ZirS printf("\n\nOriginal file will be printed in Binary."); 
28: exit (1); 

29: } 

30: 

Sie /*** Open the file ***/ 

32: if (( fp = Topen( arge[1]} *e" ))°=='/NULE ) 
33: { 

34: printf( "\n\nOops! Error opening file: %s\n\n", argc[1]); 
35: exit(99); 

36: } 

Sie 

38: oar Ninkss yale 8 IbinAe) ye 

39: 

40: while( (ch = fgetc( fp )) != EOF ) 
41: { 

42: 

we printf("%s ", char_to_binary(ch) ); 

45: if(ch == '\n') 
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{ 
line++; 

letter = Q; 

PRINta(a\nsoood te elaine.) 

} 
else 

if( ++letter >= 7 ) 

{ 
printf("\n ae 

letter = Q; 

} 

} 

fclose( fp )% 

return(Q) ; 

char *char_to_binary( int ch ) 

{ 
Enitem Citta: 

char *binary_string; 

int bitstatus; 

/* for formatting output */ 

binary_string = (char*) malloc( 9 * sizeof(char) ); 

ole Kote — Me Menge Ks ish Tonelee sre] 

{ 
switch( ctr ) 

{ 
case 0: bitstatus = ch & 128; 

break; 

case 1: bitstatus = ch & 64; 

break; 

case 2: bitstatus = ch & 32; 

break; 

case 3: bitstatus = ch & 16; 

break; 

case 4: bitstatus = ch & 8; 

break; 

case 5: bitstatus = ch & 4; 

break; 

case 6: bitstatus = ch & 2; 

break; 

case 7: bitstatus = ch & 1; 

break; 

} 

continues 
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ie binary_string[ctr] = (bitstatus) ? dell 

98: } 

100: binary_string[8] = 9; 

uO wa 

/* Null Terminate */ 

102: return( binary_string ); 

00001: 

00002: 

00003: 

00004: 

Q0005: 

00006: 

Q0007: 

00008: 

00009: 

00010: 

00011: 

00012: 

00013: 

00014: 

Q0015: 

00016: 

D:\TYAC>bindump 

00110001 

@0110111 

21000001 

01000111 

01001000 

01001110 

@1001111 

01010101 

01010110 

01100001 

Q1100111 

@1101000 

01101110 

01101111 

01110101 

01110110 

00000001 

00100001 

00100110 

01111011 

00100111 

00101110 

00111110 

00100000 

00100000 

00001010 

Q1001111 

01110000 

01110100 

01101000 

01100101 

Q1110010 

01110100 

Q1100111 

00001010 

test 

00110010 
00111000 
01000010 

00001010 
01001001 

00001010 

01010000 
00001010 
@1010111 
01100010 

00001010 

01101001 

00001010 
01110000 

00001010 

01110111 

20000010 

21000000 
00101010 
01111101 

00100010 

00101100 

20100000 

00100000 

00100000 

Q1101110 

Q1101111 

21101001 

01100101 

1110010 

01100101 

01101100 
Q1110011 

00110011 

00111001 

01000011 

01001010 

01010001 

01011000 

Q1100011 

01101010 

Q1110001 

01111000 

00001010 
Q0100011 

00101000 

Q1011011 
00111100 

1100000 

00100000 

00100000 

00100000 

01100011 

@1101110 

Q1101101 

01110010 

Q1100101 

Q1100101 

@1100101 

00101110 

00110100 

20110000 

01000100 

01001011 

01010010 

01011001 

01100100 

Q1101011 

@1110010 

01111001 

00100100 

00101001 
Q1011101 

00111110 
01111110 

20100000 

Q0100000 

00100000 

Q1100101 
00100000 

Q1100101 
01100101 
00100000 

Q0100000 
00100000 
Q0101110 

Q0110101 

00001010 

@1000101 

01001100 

01010011 

01011010 

01100101 

01101100 

Q1110011 

01111010 

00100101 

Q1011111 

@0111011 

@0111111 

Q0001010 

00100000 

0100000 

00111100 

00120000 
@1100001 
00100000 
20100000 
Q1110100 
01101100 
@1110000 
00101110 

@0110110 

@1000110 

@1001101 

01010100 

00001010 

01100110 

01101101 

01110100 

Q0001010 

@1011110 

Q0101011 

00111010 

Q0101111 

00100000 

00100000 

00001010 

01110101 

00100000 
01110100 
@1110111 
01101000 
01101001 
@1101001 
00001010 



This output was also obtained by running the program with the TEST file that 
was described earlier in the chapter. Note that there is a lot more data printed 
out in the output. Because the information is in binary, it is the most accurate 

representation of what is truly stored. 

Looking at the listing, you can see that it is very similar to the Listing 6.3. The main( ) 
function allows a command line argument to be received (line 14). Lines 23 through 
29 verify that one and only one command line parameter was entered. If there were 
more, or less, then an error message is printed and the program exits. Line 32 attempts 

to open the file. If the open fails, line 34 prints an error message and exits. 

The heart of the program is lines 38 through 63. Line 38 prints the first line number 

before jumping into a while loop. Line 40 begins the loop. Each character is gotten 

from the file using the fgetc() function. The while loop continues until the end of 

the file is reached (EOF). Line 43 prints the binary character using printf (). Notice 

that the string that is printed is the return value from the char_to_binary() function. 

This is the same function used in Listing 6.2 earlier. Line 45 checks to see if the 

character read—and just printed—was the newline character. If it is, line 47 

increments the line number, line 48 resets the letter count, and line 49 prints the new 

line number on a new line. If the character read is not a newline character, then the 

else condition in lines 51 to 56 is executed. The else condition checks to see how 

many characters have been printed on the line. Because the binary representation of 
the file can get long, only 7 characters from the file being used are printed on each line. 
Line 52 checks to see if seven characters have already been printed. If seven characters 
have been printed, a new line is started that is indented over a few spaces (line 54). The 
letter count is reset to 0, and the next interaction of the while loop occurs. 

The char_to_binary() function may not be as easy to follow as the rest of the 
program. Lines 69 to 71 declare three variables that will be used along with the ch 
integer that was passed in. ch contains the character that is to be converted. Each 

character will be translated into a single binary number. Since characters can be any 

number from 0 to 255, an 8-digit binary number will be needed. 

Why eight digits? Consider Figure 6.1 again. This time look at it in the context of 

binary numbers. How many items are there in the pictures? Instead of the decimal 15 

and 20 that you answered before, count the items using the binary system. The 

answers are 00001111 and 00010100. Justas you had “ones,” “tens,” “hundreds,” and 

so on. in the decimal system, you have equivalent categories in the binary system. 

From the word binary you can deduce that there are two different digits that can be 

used. These are 0 and 1. One object would be 1, two (decimal) objects would be 10. 
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You should not read this as ten because it is two. The categories for the binary system 

can be determined using the base just as you did for the decimal system earlier. Table 

6.2 illustrates the digit groupings for the binary system. 

Table 6.2. Binary digits. 

Digit Base Value §_ Decimal Equivalent Digit Name 

First AVE 1 Ones 

Secondee ge k= 2 Twos 

Third We 4 Fours 

EOUEtI tes miieS. = 8 Eights 

Fifth ‘42 16 Sixteens 

Sixth oe 32 Thirty-twos 

Seventh 76= 64 Sixty-fours 

Eighth ae 128 One-twenty-eights 

Only the first eight digits are represented here. This is typically all you will need when 
converting characters. Eight bits make up a byte. A byte is the amount of space 

typically used to store a character. Consider the following binary numbers: 

@0000001 equals 1 in decimal 

00000010 equals 2 in decimal 

@0000100 equals 4 in decimal 

00000101 equals 4 + 1 or 5 in decimal 

UIAaisiime quash 26 S48 646832 stan Get Om te 4a te CemOneP oon eG imate 

To translate the binary numbers to decimal, you simply add the decimal values from 
Table 6.2 for the corresponding digits that are not zero. 

Now look back at the char_to_binary() function in Listing 6.4. You can see that lines 

79 through 94 have the decimal equivalent values that are listed in Table 6.2. Instead 
of converting from binary to decimal as the previous examples displayed, the program 
converts the decimal value to binary. Following the flow of this function, you can see 
how to convert from decimal to binary. We know that there are only eight digits in 
the binary number because a character can only be from 0 to 256. The program starts 
at the left of the eight-digit binary number and determines the value of each digit. Line 
75 isa for statement that uses the ctr variable to keep track of which of the eight digits 
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is being determined. Line 77 switches to a case statement that works with the 
individual digit. The first time through, the digit being worked on (ctr) will be 0. This 
case, in lines 79 and 81, does a binary math statement. The binary AND operator (&) 
is used to determine if the character contains a bit value for 128. This is done by using 
the binary AND operator with the number you are testing for, in this case 128. If the 
character does contain the bit for 128, then bitstatus will be set to a non-zero 

number. After doing this, the switch statement is left, and the conditional operator 

is used in line 97. If the value in bitstatus does equals zero, then the number did not 

contain a bit value for 128. If bitstatus does not equal zero, you know that the 

character’s decimal value did contain a bit for 128. Because the value of a character 

cannot be greater than 255, you know that 128 will be divisible at most one time into 
ch. Using the for loop, you can then cycle through each bit value for the character’s 

numeric value. This continues through to the eight digits. 

Line 100 null-terminates the binary number which is now stored as a string. Line 102 
returns this string. Notice that this string is actually a pointer to a character array. Line 

73 used the malloc() function to allocate the nine characters needed to hold the 

binary number. This function allocates a string for holding the binary number. If this 
function were called often, the calling functions should free the binary strings. By not 
freeing the string, memory is being lost. 

Review Tip: You can test if a bit is on or off by using the binary 
AND operator (&). For example, if you AND a character with the the 

value of 128, then all of the bits will be set to zeros (off) except for the 

bit in the 128 position. This bit will oe We as it is. If it is on, it will 
remain on. 

Note: Listing 6.2 uses the char_to_binary Beean also. It, however, 

included two extra lines: | | 

printf( "\nbitstatus = sd, ch = %d, binary. _stringi’d] = Q 

bitstatus, | oh ctr, peers string[ctr]);_ 

"These two lines could be added to Listing 
: t each step of the binary con, 

| eG lines 96 and 98. 
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The Hexadecimal Number System 

As you could see by the previous program, displaying a file in its binary values may 

be more helpful than looking at its decimal values. However, it is also easy to see that 

looking at the binary values provides much more information than is really needed. 

What is needed is a number system that can represent each of the 256 different values 

ofa character and still be easily converted to binary. Actually, using a base 256 number 

system would provide too many different characters to be useful. The number system 
that seems to provide the best representation is the hexadecimal, or base 16, system. 
It takes only two digits to represent all 256 character values. 

Table 6.3. Hexadecimal digits. 

Digit Base Value Decimal Equivalent Digit Name 

First 169 = 1 Ones 

Second '°1 = 16 Sixteens 

Third O53 256 Two-hundred fifty-sixes 

Looking at Table 6.3, you can see that by the time you get to the third digit of a 
hexadecimal number, you are already at a number equivalent to 256 in the decimal 
system. By including 0, you can represent all 256 characters with just two digits! If 
hexadecimal is new to you, you might be wondering how you can represent 16 
characters. Remember the base determines the number of characters that are used in 
displaying the number. Table 6.4 illustrates the hexadecimal characters and the 
decimal equivalents. 

Table 6.4. The hexadecimal digits. 

Hexadecimal Decimal Binary 
Digit Equivalent Equivalent 

0 0 0000 

1 1 0001 

2 2 0010 

3 3 0011 
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Hexadecimal Decimal Binary 
Digit Equivalent Equivalent 

4 4 0100 

5 5 0101 

6 6 0110 

7 3 OLY 

8 8 1000 

9 9 1001 

A 10 1010 

B 11 1011 

. 12 1100 

D 13 1101 

E 14 1110 

F 15 le bl 

The alpha characters in a hexadecimal number can be either upper- or lowercase. 

There is a second reason why hexadecimal numbers are preferred by programmers. It 
is easy to convert a binary number to and from hexadecimal. Simply convert each of 
the two digits of the hexadecimal number individually and concatenate the result. Or, 
if converting from binary to hexadecimal, convert the left four digits to a single 
hexadecimal number and then convert the right four. Consider the following 

examples. 

Note: Hexadecimal numbers are generally followed with lowercase h to 
_ signify that they are hexadecimal. For example, 10h would be hexadeci- 

} mal 10, not decimal 10. Its decimal equivalent would be 16. 
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Converting from hexadecimal to binary: 

~| Hexadecimal value: Flh (or 241 decimal). 

"| Converting the first digit, F, to binary yields 1111. 

"] Converting the second digit, 1, to binary yields 0001. 

(| The total binary equivalent of F1 is 1111 0001 or 11110001. 

Converting from binary to hexadecimal: 

Binary value: 10101001 (or 169 decimal). 

_] Converting the first four digits, 1010, yields A in hexadecimal. 

Converting the second four digits, 1001, yields 9 in hexadecimal. 

_] The total hexadecimal equivalent of 10101001 is A9h. 

Listing 6.5, HEXDUMP.C, is a rewrite of the programs you have seen before. This 
program simply prints the hexadecimal values of a file. 

Listing 6.5. Program to type a file in hexadecimal. 

/* Program: hexdump.c 

* Author: Bradley L. Jones 

* Purpose: This program types a file to the screen. 

S It displays the hexadecimal equivalent of 

iY each character 
* ==> S>S>S>S>>>>>>S>>S>>=>S>=5>5>5>5>=5>5>=>5>5=>5555>5>5>>=>5>>5>5>>>>>>=>=>=>=>=-%* / 

#include <stdio.h> 

#include <string.h> 

#include <stdlib.h> 

main(int argv, char *argc[]) 

{ 
THe OlNe 

unsigned int line = 1; 

dL “play 

if( argv != 2 ) 

t 
printf("\n\nOops! Proper usage is:"); 

printf("\n\n%s in_file ", argc[0]); 
printf("\n\nOriginal file will be printed in HEX."); 
exit(1); 

} 



[*** Open the file sae | 

if (({ fp = fopen( argc[1], "r" )) == NULL ) 
{ 

} 

printf ( "\n\nOops! 

argce[1]); 
exit (99); 

printf ("\n%5.5d: 

while( (ch = fgetc( fp )) 

{ 
PRiNntt (7axX7? Sochi):2 

if(ch == '\n') 

} 

line++; 

printf ("\n%5.5d: 

fclose( fp ); 

return(®@); 

Error in opening file: %s\n\n", 

eine): 

D:\TYAC>HEXDUMP TEST 

00001: 

00002: 

00003: 

00004: 

@0005: 

00006: 

00007: 

00008: 

00009: 

00010: 

00011: 

00012: 

00013: 

00014: 

Q0015: 

Q0016: 

31 
41 
48 
4F 

32 

42 

49 

50 

Wf 

62 

69 

33 34 

43 44 

4A 4B 

51 52 

58) 59 

63 64 

6A 6B 

alii 

A) 142) 

23 24 

3F 25 

20 

74 

75 

68 

26 

20 

70 

72 

!= EOF ) 

peerainemr= 

38 39 30 A 

A 

A 

A 

A 

A 

A 

2A 28 29 5F 2B 7B 7D 5B 5D 3B 3A 27 22 

20 20 20 20 20 20 20 20 20 3C A 

6F 6E 20 61 20 74 69 6D 65 20 74 68 65 

65 65 20 6C 69 74 6C 65 20 70 69 67 73 
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This program is similar to the binary and decimal dump programs that you have 

already seen. The big difference is in line 39. In order to print a hexadecimal 

value in C, you simply need to use the %x specifier. This will automatically print 

the hexadecimal value. 

The Octal Number System 
The octal number system is rarely used in C or by C programmers. It is often 

mentioned because it is easy to convert to using the printf () conversion character, 

%o. The octal number system is the base 8 number system. As you should conclude 

from this, there are 8 digits, 0 through 7. 

Listing 6.6. Program to type a file in octal. 

Ae /* Program: octdump.c 

ee * Author: Bradley L. Jones 

oF * Purpose: This program types a file to the screen. 

4: a It displays the octal equivalent of each 

53 * character 

6: FESS SSS SSS SSS SSS SS SS SSS SSS SSS SSS SSS SSS SESS SSSSSSSSS===* / 

TE 

8: #include <stdio.h> 

oi #include <string.h> 

10: #include <stdlib.h> 

ills 

12: main(int argv, char *argc[]) 

i set 

14: slime ln 

WSs unsigned int line = 1; 

16: 

Ai/as PALS “gy e)t 

18: 

i) if( argv != 2 ) 

20: { 

21: printf("\n\nOops! Proper usage is:"); 

ya printf("\n\n%s in file ", argc[Q]); 
xeyr printf("\n\nOriginal file will be printed in Octaly): 
24: exit(1); 

25) } 

26: 

PES /*** Open the file ***/ 
a if ((-Tp-= fopen( ‘arge[1], “r*-)) =="NULL ) 

30: printf( "\n\nOops! Error in opening file: %s\n\n" 
Sills argc[1])); 
32: exit(99); 
33: } 



ns ha) printf(*\n%5.5d: ™“, line ); 
36: 

Sie while( (ch = fgetc( fp )) != EOF ) 
38: { 

39: printf ("%@30 ", ch ); 
40: 

41: if(ch == '\n') 

42: { 

43: line++; 

44: Printhe \ns>.odeeee es lane»): 
45: } 

46: } 

47: 

48: felose(etpe )s 

49: 

50: return(Q); 

51 } 

00003: 

00004: 

00005: 

00006: 

Q0007: 

00008: 

00009: 

00010: 

00011: 

00012: 

00013: 

00014: 

Q0015: 
00016: 

pads the corresponding variable three characters. The o displays the octal value. 

00001: 

Q0002: 

061 

101 

110 

117 

126 

141 

150 

157 

166 

001 

041 

135 

047 

076 

040 

012 

Ul 

145 

162 

056 

Q12 

D: \TYAC>OCTDUMP 

062 

102 

111 

120 

127 

142 

151 

160 

167 

@02 

100 

073 

042 

040 

074 

156 

040 

145 

Q56 

TEST 

063 

103 

a2 

121 

130 

143 

152 

161 

170 

012 

043 

072 

074 

040 

Q12 

143 

164 

145 

012 

064 
104 
113 
122 
131 
144 
153 
162 
171 

044 

076 
040 

145 

150 

040 

Q57 

165 

151 

@70 071 060 012 
Q12 

@12 

012 

Q12 

Q12 

Q12 

@52 

054 

040 

157 

040 

154 

050 

140 

040 

156 

167 

145 

Q51 

176 

040 

040 

145 

040 

137 053 173 175 133 

Q12 

042 040 040 040 040 

141 040 164 151 155 

162 145 040 164 150 

160 151 147 163 056 

Listing 6.6 is a rewrite of Listing 6.5. Notice that the only difference between 
these two programs, other than the comments, is the printf () conversion 

specifier in line 39. Instead of using %x for hexadecimal, %030 is used. The 03 zero 

6 

bh" 
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DO ea DON?T 
DO understand the number systems. 

DON’T confuse different number systems. Generally the following rules are 

used in using numeric constants: 

-] Octal numbers start with 0, that is, 08 would be octal 8. 

Hexadecimal numbers generally start with x, that means 

x8 is hexadecimal 8. 

Warning, x08 would be octal! 

Decimal numbers do not start with 0 or x. 

A Final Program 
Oftentimes, you will find that you want to see a program in more than one format. 
The programs presented thus far have presented the data using only a single number 
system. Following is a program that you will find to be more useful. It does have one 
flaw. It does not print the last few characters of the file. 

Listing 6.7. Program to type a file in hexadecimal 

with the character representations. 

ake /* Program: hex.c 

Pas * Author: Bradley L. Jones 

3: * Purpose: This program types a file to the screen. 

4: z The information is presented in its regular 

5: bs form and its hexadecimal equivalent. 

Gr * Notes: This program has an imperfection. The last 

ie 23 or fewer characters in the file will not 

8: * be printed. 

9: *SS SS SSS SS SSS SSS SSS SSS SSS SSS SSS S SSS SSSsSssSSSsasSeaaa=s* | 
10: 

11: #include <stdio.h> 

12: #include <string.h> 

13: #include <stdlib.h> 

14: 

15: main(int argv, char *argc[]) 
Ws: ~ at 

lifes cane Gal 

Wes @rejes 
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19: char buffer[24]; 

21: BES Dis 

23: Lf (eangvvl=425) 
24: { 

25% printf("\n\nOops! Proper usage is:"); 
26: Pranki( \VnaNnss an tale" arge[ 0]: 
ers printf ("\n\nOriginal file will be printed in HEX."); 
285 return(1); 

29: } 

31: foe ODER the “tiles 0) 

32: if (( fp = fopen( argc[1], "r" )) == NULL ) 

33: { 

34: printf( "\n\nOops! Error in opening file: %s\n\n", 

35: argc[1]); 

36: exit (99); 

Silin } 

39: fread(buffer, 24, sizeof(char), fp ); 

41: while( !feof(fp)) 

42: { 

43: Oe Ctra Ose Cina c4 eC Lint tes) 

{ 
45: if( (ctr % 4) ==0 ) 

46: “oy fee CT 8 ee 

47: printf ("%@2X", buffer[ctr] ); 

48: } 

50: [elf abe fl Co heii) 

sya" forces =105) Ctr < 24>) ctri+)) 

{ 
54: if( buffer[ctr] == '\n' ) 

55S buf ferlcer| t= nee: 

BW AE Dieinitte( sew, sDUttel [Gti im)! 

58: } 

60: Die tmiteta lems \ittien) ys 

62: fread(buffer, 24, sizeof(char), fp ); 

6a } 

65: fclose( fp ); 

67: return(Q); 

68: } : 
Le, ee ee 
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31323334 35363738 39300A41 42434445 46470A48 494A4B4C 1234567890 .ABCDEFG.HIJKL 

AD4EQA4F 50515253 54550A56 5758595A @A616263 64656667 MN.OPQRSTU. VWXYZ. abcdefg 

OA68696A GBECED6GE OAGF7071 72737475 @A767778 797A0AQ1 .hijkimn.opqrstu.vwxyZ._ 

020A2140 2324255E 262A2829 5F2B7B7D 5B5D3B3A 27223C3E _.!@#$%*&*()_+{}[]5:' "<> 

3F2F2E2C GO7EQAZE 20202020 20202020 20202020 2020203C 7/.,'~.> < 

OAQA4F6E 63652075 7O06F6E20 61207469 6D652074 68657265 ..Once upon a time there 

20776572 65207468 72656520 6C69746C 65207069 67732E2E were three little pigs 

As you can see, this program prints the hexadecimal values of the file entered 

along with the actual character representation. This makes it easy to see what 
values are actually stored in a file. You also should notice that the new lines and 

other special characters are printed as single characters with no special processing. This 
means that the output is an actual representation of what is in the file. The 
hexadecimal numbers in the output are grouped in sets of four. Every two characters 
is an individual hexadecimal number. The break between every four is simply for 
readability. 

Summary 
This chapter covered many of the number systems that are commonly referred to in 
programming. While you use the decimal number system every day, it is not the most 
practical number system to use when dealing with computer data. The binary number 
system, which consists of two digits, is the most accurate representative for showing 
the computer’s view of data. The hexadecimal system can easily be converted to and 
from binary. This easy conversion, along with its capability to represent many 
numbers with just a few digits, makes it the better number system for working with 
computer data. The octal system is also mentioned since C provides ways of easily 
converting to it. 

O&A 
Q Why would you want to convert characters to decimal values? 

A Once you are comfortable with the other number systems, you typically will 
not use the decimal system. If you are not comfortable with the other 
number systems, it is easier to add and subtract using decimal. For example, 
to change an uppercase letter to lowercase, you add 32 (decimal) to it. This 
makes more sense to most people. If you are looking at a file to determine 
what is there, the hexadecimal representation is the easiest to read. 
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Q Is the octal number system important? 

A Typically, the octal number system is not used. Most programmers opt to 
use the hexadecimal system. The binary system is used mainly when doing 
bit manipulations or when working with binary data files (hence the name 
binary). Octal is seldom used. 

Q What is the difference between the lowercase x specifier and the upper- 

A 

case X conversion specifier in the printf() function? 

The x, or X, specifier prints out the hexadecimal value. If the lowercase x is 

used, the alpha digits of any hexadecimal numbers will be in lowercase. If the 
uppercase X is used, then the alpha digits of any hexadecimal numbers will 
be in uppercase. The difference is simply in the presentation of the hexadeci- 
mal numbers. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience using what you’ve 
learned. 

Quiz 

yo ON DAW RWwWN = 

—" i=) 

. Why are numbers important in computing? 

. What determines what numeric value a letter gets translated to? 

. What is meant by decimal value? 

. Why are binary numbers important? 

. Why would you want to use hexadecimal numbers? 

Why might you want to look at the numeric values of your data? 

What digits are used in the binary number system? 

What digits are used in the decimal number system? 

. What digits are used in the octal number system? 

. What digits are used in the hexadecimal number system? 
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Exercises 

1. What are the numeric equivalents of the letter B? Compute for binary, octal, 

decimal, and hexadecimal. (Don’t use the programs from the chapter to 

answer this!) 

2. What are the numeric equivalents of the following character: © 

3. What are the decimal values of the following ASCII characters? 

amex 

b. space 

Cope 

al 

Cav. 

4, What characters do the following numbers represent? 

a 65 

b. 63 

BS) 

dal25 

5 el 

5. Rewrite Listing 6.2 to accept a decimal number instead of a character. Have 

the program print each of the other numeric representations. 

6. Write a function that takes advantage of the information provided in the 
ASCII Character Table. This function should convert a lowercase letter to 
an uppercase letter, or an uppercase letter to lowercase. Do not use library 
functions provided by the compiler! Name the function switch_case(). 

7. BUG BUSTER: 

char x; 

TOMS | GEXe Ode Kc e echo 

{ 

ueseimnen(( ge See 

} 

8. ON YOUR OWN: Write a program that reads a file and counts the number 
of occurrences of each character. Remember to differentiate between charac- 
ters that may appear the same such as the difference between a null (decimal 

ae value 0 ) and a space (decimal value 32). 
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As you create more and more useful functions, it may seem to become harder and 

harder to get them all linked together. C offers a way of grouping all of your useful 

functions into libraries. Today you learn: 

How to work with multiple source files. 

How #include files operate. 

|] What libraries are. 

|] Why libraries are important. 

|| How to create a library. 

_] How to use the library you create. 

(| A note about libraries you are already using. 

Review of Program Creation 
At this point in your C learning experience, you may or may not have written 
programs using more than one C source file. A C source file is a file that contains 
programming instructions (code). As your programs get larger, you reach a point 
where it is best to use more than one source file. 

_ Expert Tip: It is up to each person to determine when code should be 
broken into multiple source files. When the code gets beyond 250 
lines, as a rule, you may want to begin breaking it into separate files. It_ 

_ is best to have only related functions in a file. For an application, you 
_ may choose to put the screen functions in one file, the database _ a 

_ functions in a second file, and the rest of the functions in a third file. 

Using one or more source files that you create, you can begin the process of creating 
an executable file. Typically, these end with the extension of .C. Header files, which 
are included in the source files, typically have an extension of .H. Using the compiler, 
header files are converted to object files (OBJ). The objects are then linked with 
library files (.LIB) to create executable files (either .EXE or .COM). Figure 7.1 shows 
this process. 
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Executable 

Program 

Figure 7.1. The creation of an executable file. 

How To Work with 
Multiple Source Files 

As you begin writing larger programs, or as you begin to write functions that may be 
reusable, you should start using multiple source files. There are several reasons for 
using separate source files. The first is size. Programs can get very large. Having 
multiple source files over 20K is not uncommon in “real-world” applications. In order 
to make maintaining files easier, most programmers break them into separate files that 
contain similar functions. For example, a programmer may set up three different 
source files fora large application. The programmer may putall of the screen functions 
in one file, all of the edit functions in another, and all the remaining code in a final 

source file. Figure 7.2 shows the creation of this executable file. 
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Source 

Code 

Z edits.c o 

SCreen.c en. 

prog.c 

Compiler stdio.h 

string.h 

| malloc.h 

Object 
files 

edits.abj 
\_ screen.obj 

| prog.obj 

Libraries 

—|_ Linker 

edits.lib ~ | 
graphics.lib 

Executable 

Program ____ prog. exe 

Figure 7.2. The creation of an executable file with multiple source files. 

Beenie 

How To Include Header Files with 

#Hinclude 
Header files are used in conjunction with the source files (.C). You have seen header 
files included in virtually every program in this book so far. These header files are 
generally included as follows: 

#include <stdio.h> 

In this example, stdio.h is the name of the header file. The #include is a preprocessor 
directive. This directive causes the following filename to be included in the current 
source file—hence the name. After the inclusion, the code in the header file becomes 
a part of the original source file. The following listings help to illustrate this point. 
These should all be in the same directory when you compile. 

Listing 7.1. Using include files. 

ie /* Program: 1list0701.h 

2h * Author: Bradley L. Jones 

SE * Purpose: This is an include file with half a program. 
4 ‘ kos SSSSSSsSSS SSS SSSSSSSSSSSSSS55SS555555555==>==-==----=- == * / 

Si 

6: #include <stdio.h> 
ihe 

8: int main( void ) 

9: { 

10: 



ee 

oF pRIAntTC* \nHELLO="): 

1: /* Program: list®702.h 

2 * Author: Bradley L. Jones 
Be * Purpose: This is another include file with the second 
4: a half of a program. 

Si FSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SESS SSS SSSESH==* | 
6: 

bee 

8: printf ("WORLD!\n"); 

SF 

10: return; 

iis e, 

Listing 7.3. The source file. 

ie /* Program: 1ist0703.c 

ae * Author: Bradley L. Jones 

She * Purpose: This is a program to demonstrate include 

4: 6 pales: 

5: *SSSS SSeS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSSSSSSsSSSaa* / 

6: 

fe #include "list®@7Q1.h" 

8: #include "list®702.h" 

9: 

10: 

Note: To compile the previous listing, you need to only compile Listing 

HELLO WORLD! 

This is obvious from the fact that the program runs! Listing 7.3 only contains 

the code for including the other two files. Listing 7.1 contains only the first half 

ihe 205 
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of the code needed to produce the output. Line 11 of Listing 7.1 prints out the HELLO 

portion of the output. Listing 7.2 contains the code to print WORLD! Notice that Listing 

7.3 does not appear to contain any relevant code at all. Lines 1 to 5 are simply 

comments and lines 7 and 8 are the includes. 

The way the files in lines 7 and 8 of Listing 7.3 are included is slightly different than 
the way that you have been including files up until now. In addition, these lines are 
different than the include in line 6 of Listing 7.1. Instead of using <> around the file 
to be included, double quotes are used. Whether you use <>s or quotes makes a 
difference in what is included. Actually, the characters surrounding the included 

filename signal to the compiler where to look for the include file. Double quotes tell 
the compiler to look in the current directory for the include file first. The <> characters 
tell the compiler to start by looking in the include directory that was set up with the 
compiler. 

Listing 7.4 is an equivalent listing to the previous three listings. This listing replaces 
the include statements in Listing 7.3 with the corresponding code listings. The pre- 

compiler would combine these listings into a listing similar to the following. 

Listing 7.4. Partially precompiled version of Listing 7.3. 

/* Program: list0703.c 

* Author: Bradley L. Jones 

* Purpose: This is a program to demonstrate include 
- files. 
*>SSSS SSS SSSSSS SSS SSS SSS SSS SSS SS SS SS SS SS SS SSS = = = = = = = - - = = * / 

/* Program: list0701.h 
* Author: Bradley L. Jones 

* Purpose: This is an include file with half a program. 

10: #ERS SSS SSS SSS SSS Sass esses SSS SSS SSS SSSaSssssassssaSeasSS==H% | 
rials 

12: #include <stdio.h> 
isk: 

14: int main( void ) 

iM oa 

16: 

Aiea rans Valieelitey ! yy 
18: 

WOE 

20: 

21: /* Program: list®702.h 

Zon * Author: Bradley L. Jones 
23: * Purpose: This is another include file with the second 
24: ig half of a program. 
25: #SmmsssssssssssiasssssSasseeeasseeee==S eee aa ===-~ ~~ =~ / 

26: 



28: printf( "WORLD! \n"); 
2s 

30: return; 

Sie} 

HELLO WORLD! 

Lines 7 to 17 are an inserted copy of Listing 7.1. These lines of code replace the 
#include directive in Listing 7.3. Lines 21 to 31 are Listing 7.2. Again these lines 
have replaced the #include directive used in line 8 of Listing 7.3. This listing 

does not accurately reflect how the preprocessor would change the includes in line 12 
also. This header file, stdio.h, would also be expanded out with the code in that file. 
This file is too long to add to this listing. In addition, each compiler comes with its 
own version of this file. 

Note: The preceding listings were presented as a demonstration of how 
the #include directive works. The #include directories should not be 
used in the manner presented. 

What Libraries Are 
What is a library? A library is a set of functions that have been grouped together. A 
library allows all of the functions to be grouped into a single file. Any subset of the 
functions can be used by linking them with your programs. 

Libraries enable you to share common functions. In fact, many—if not most—of the 
functions that you use in your programs are in libraries that were provided with your 
compiler. This includes functions such as printf(), scanf(), stremp(), malloc(), 

and more. Most compilers come with a library reference manual that describes the 
usage of each function within the library. Notice that you don’t need the source code 

for these functions. In fact, you don’t really have to know how the internals of these 

functions work. What you do need to know is how to call them and what values they 

return. For instance, when using a function such as puts(), you need to know that a 

constant character pointer (a string) is passed to it. You also need to know that the 

function returns an integer. It is also beneficial to know what values the integer can 
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be and what each value represents. Whether puts () is written with a for loop or using 

system calls is irrelevant to its use. You can use the function without knowing its 

internals. 

Review Tip: It is not required that you use a return value from a 

function. Some functions, such as scanf(), are used without regard to 

their return value. 

You are not limited to the libraries the compiler comes with. You can create your own 

libraries of useful functions. Several of the later chapters in this book will have you 
create libraries of functions that will be useful in many of your applications. In 
addition, once you have created a library, you can give it to others to link with their 
programs. It is not uncommon to create several of your own libraries. In addition, 

most major programming shops have several of their own libraries. 

In addition to creating your own libraries or getting them from your friends, you can 

also purchase libraries. The phrase “don’t reinvent the wheel” is true for C program- 
mers. If you are looking to get a quick jump on developing large scale applications, 
then the decision to purchase libraries should be considered. There are libraries 
available to do a number of tasks ranging from accessing or creating standard database 
formats to doing high-resolution graphics. 

Note: Although “reinventing the wheel” is not necessarily good, it is 
important for learning. Many of the topics covered in this book could be 

will better understand how many of the functions work. 

Working with Libraries 
Virtually every C compiler comes with the capability to create libraries. This is 
invariably done with a library program. You will need to consult your computer’s 
manuals to determine its library program. 

“Microsoft If you are using Microsoft, the program used to manipulate libraries is LIB. 



If you are using a Borland compiler, your library program is TLIB. 

This book will use LIB from this point on. If you are using the Borland compiler, you 
will simply need to type TLIB in place of LIB. If you are using a compiler other than 
Microsoft’s or Borland’s, then you will need to consult your manuals for compatibil- 
ity. Other compilers should have library functions that operate in a similar manner. 

There are several tasks that may be done to manipulate libraries. Some of the functions 
you can perform on libraries include: 

_| Create a new library. 

| List functions in a library. 
— 

|| Add a function to a library. 

Update or replace a function in a library. 

_| Remove a function from a library. 

The next few sections will cover each of these. In doing so, the following listings will 

be used. Enter these four listings and save them under their corresponding names. 

Note: There is no output for each of the following listings. As you will 
see, these listings contain only individual functions. They are not com- 
plete “stand-alone” listings. They will be used in the following library 
manipulations. 

Listing 7.5. A state edit. 

le i erOodkanesita tec 

en * Author: Bradley L. Jones 

3: * Purpose: Validate a state abbreviation 

4: * Note: Valid states are: 

ae te IN, INR IW4, TONS On AG 5 Er irlby MeN, 

6: * lie, OWN De tio UNG INS Tien WLAN LAN 

ae id MD, ME, MI, MN, MO, MS, MT, NB, NC, 

8: * ND, NE, NH, NV, NY, OH, OK, OR, PA, 

9: * RAI, SC, SD, TN, UT,.V1, WS, WV,.WY, 

10: * Return: One of the following is returned: 

dale i @ - Valid state 

12e * 1 - Invalid state 

Weis *eeasassesssssasSaaseSSssSsSsSsssssssssesssssssssssas* / 

14: 

continues 

Borland 
ww 7 
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Listing 7.5. continued 

15: #include <string.h> 

16: #include <stdio.h> 

Whe 
18: int is_valid_state( char *state ) 

19; 

20: char all_states[101] = {"ALAKAZCACOCTDEFLGA" 

ilk "HITAIDILINKSKYLAMA" 

22 "MDMEMIMNMOMSMTNBNC" 

23: "NDNENHNVNYOHOKORPA" 

24: "RISCSDTNUTVTWSWVWY" }; 

20% ghe Crete: 

26: 
Citas TON (er SOR Cie SS Ue wel Z) 

28: 

29: if (strncmp(all_statest+ctr, state, 2)==0) 

30: { 

Bil 2 return(Q) ; /* found state */ 

32: } 

33: } 

34: return(1); 

Somer 

This function is an edit function. The comments in the first few lines of this 
function provide most of the details of what the function will do. As you see, the 

information in these comments completely documents the function’s purpose 
and use. This function edits a string that is passed in to verify that it is a valid two-digit 
state abbreviation. A for loop starting in line 27 is used to move an offset through the 
all_states array. In line 29, each set of two characters of the all_states array is 
compared to the two characters passed to the function. If a match is found, the state 
is considered valid and the value of 0 is returned in line 31. If the state is not found, 

then the value of 1 is returned in line 34. 

Like the state function there are several other edits that only allow for specific values. 
Listing 7.6 presents a function to verify the sex code. 

Listing 7.6. A sex code edit. 

ue /* Program: Sex.c 

ee * Author: Bradley L. Jones 

3: * Purpose: Validate a sex code 

4: * Note: Valid sex code. Valid values are: 

Si ES Mor m - Male 

6: ‘9 F or f - Female 

Ts tS U or u - Other 
8: * Return: One of the following is returned: 
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9: = @ - Valid code 

10: * 1 - Invalid code 

alge *$SSSSSSSSSSSSSsSssSSSSeSSSSSSSSSSSaSSSsssasS=S=======% | 
12: 

13: int is_valid_sex( char sex_code ) 
aes et 

Ly int rv = Q; 

16: 

Cae switch( sex_code ) 

18: { 

19: Case edt as 

20: Case. si: 

2 case 'M': 

225 case 'm': 

235 caseny!: 

24: case ‘u': rv = Q; 

205i: break; 

26: default: rv = 1; 

27 } 

28: return(rv); 

29: } 

This edit function verifies that the character received is a valid abbreviation for 

a sex code. The assumed valid values are M for male, F for female, and U for 

unknown. (This is the 90s!) This time a switch statement in line 17 is used to 

determine if the values are valid. If not, 1 is again returned. If the sex_code value is 
valid, then 0 is returned. You should notice that lines 20, 22, and 24 include the 

lowercase letters. This helps to make the edit more complete. Following in listing 7.7 
is a more complex edit for a date. 

Listing 7.7. A date edit. 

te /* Program: date.c 

Ze <TAUEHOI: Bradley L. Jones 

3: * Purpose: Pseudo-validate a date 

4: * Note: This is not a very complete date edit. 

5s * Return: One of the following is returned: 

6: * +@ - Valid date 

The to -1 - Invalid day 

8: -2 - Invalid month 

9: x -3  - Invalid year 

10: * eaeassssSsSasaasSSssssassssssssssssassessssssssssaas* / 

ae 

12: int is_valid_date( int month, int day, int year ) 

kei: cl 

14: int rv = 0; 

continues 
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Listing 7.7. continued 

16: iar CEN, << a] hy CEM e shh ) 

ie? { 
18: rv = -1;5 

iO}: } 

20: else 

ale { 

Zon if(@ monthe<s 1). MOnthines is) 

26: else 

Pa: { 

28: if( year < 1 || year > 2200 ) 

34: return( rv ); 

This is a third edit. As you can see, this is not as detailed as it could be. This edit 
validates a date. It receives three integers—amonth, day, and year in line 12. This 

edit does not fully edit the date. In line 16, it verifies that the day is 31 or less. 
In line 22, the edit checks to see if the month is from 1 to 12. In line 28, it checks to 

see that the year is a positive number less than 2200. Why 2200? Why not! It is just 
an arbitrary number that is higher than any date that would be used in any of my 
systems. You can use whatever cap you feel is adequate. 

If the date values pass all of these checks, then 0 is returned to the calling function. 
If all the values don’t pass, a negative number is returned signifying what was in error. 
Notice that three different negative numbers are being returned. A program calling 
the is_valid_date() function will be able to determine what was wrong. Listing 7.8 

presents a function that uses the is_valid_date() function. 

‘Te Listing 7.8. A birthdate edit. 

/* Program: bdate.c 
* Author: Bradley L. Jones 

Purpose: Pseudo-validate a birthdate 

Note: This is not a very complete date edit. 

Return: One of the following is returned: 

NOOR WN — Cy he he oe @ - Valid date 
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- Invalid day 

- Invalid month 

- Invalid year 

- Invalid birthday (valid date > 1995 ) 

—_ Ss 

+ SF 
PON 

14: int is_valid_birthdate( int month, int day, int year ) 
LS aed 

165 int rv = Q; 

itt rv = is _ valid date( month, day, year ); 

20: if( rv >= 0 ) 

ae { 

en if( year >= 1995 ) 

ie isaeial bl mmi( Lae 3) 

This edit is a little more specific to applications. Like the date edit, it is not as 
complete as it could be. The reason for this simplicity is that this function is for 
use in describing library functions, not to emphasize editing values—although 

properly written edits are important. 

The birthdate edit is a more specific version of the date edit. In fact, a part of the 
birthdate edit is to call the date edit (line 18). If the date edit in line 18 passes, then 
the birthdate edit verifies in line 22 that the date was before January 1, 1995. This is 

done by simply checking the year. If the year is equal to or greater than 1995, then the 
date is equal to or greater than January 1, 1995. A more appropriate check would be 
to verify that the date is before today’s date. After all, you aren’t born yet if your 
birthdate is tomorrow. Line 24 adds an additional error code to be returned if the date 
is valid but it is after January 1, 1995. If the date is invalid, the value returned from 
the date edit is returned. Notice that this edit requires the date edit to be complete. 

How To Create a Library 
Now that you have a set of edit functions, you will want to use them. The following 

program, presented in Listing 7.9 and Listing 7.10, uses the four edits that have been 

created. To create a program from multiple source files, you simply include them all 

when you compile. If you were using Borland’s Turbo compiler, you could type: 
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TCC list0709.c state.c sex.c date.c bdate.c 

The final outcome of this compilation would bean executable file called listO709.EXE. 

Listing 7.9. Using the edit functions. 

/* Program: list0709.c 

* Author: Bradley L. Jones 

* Purpose: This is a program to demonstrate the use of 

s the edit functions. 
é 22 = = = = = = = = = Se ee SS SSS SS SSS SSS SSS SSS SSS SESS SSS====* / 

#include <stdio.h> 

#include "“edits.h" 

void main(void) 

214 

ee ee ee ee ee 

. 
anne T/E 

printf("\n\nUsing the edits:"); 

printf (“\n\nUsing the state edit: ~); 
Ve ee SmnViel le CiSitelteel(e x xu)is 

printf("\n State = xx, return value: %d", rv); 

rv = is valid _state("IN"); 
feast itera ae t State = IN, return value: %d", rv); 

printf("\n\nUsing the sex code edit:"); 

iV sUSeValidusex( xm): 

printf("\n Sex code = x, return value: %d", rv); 

GVe= Si Valiidksex(iir "it 

Diwnictice \o Sex code = F, return value: %d", rv); 

printf("\n\nUsing the date code edit:"); 

Wael SaValidedate( Sia) s mtGue))s 

OpacC Mil Month: 8\n Day: iahed)a 

printf("\n Year: 1812." return) values sd. irv)s 

EVe-elSeValeloadate (Soil ieemLole ts 

printf("\n Month: 31\n Day: eye 

printf("\n Year: 1812, return value: %d", rv); 

printf("\n\nUsing the birthdate code edit:"); 

rv = is_valid_birthdate( 8, 11, 1999); 

Point Can Month: 8\n Day: ast ye 
PRL Can Year: 1812, return value: %“d", rv); 
CVESeUSmVal Gmc acel(G smalilinee Silo) ks 

printf("\n Month: 31\n Day: ilies) ie 
printf("\n Year: 1812, return value: %d", rv); 



ODNoOnRwWND =f 

/*-edits.h 

* Prototypes for EDITS library 

#if defined( __EDITS_H ) 
/* this file has already been included */ 

#else 

#define _ EDITS H 

int is_valid_state( char *state ); 

int is_valid_sex( char sex_code ); 

int is_valid_date( int month, int day, int year ); 

int is_valid_birthdate( int month, int day, int year ); 

#endif 

Using the edits: 

Using the state edit: 

State = xx, return value: 0 

State = IN, return value: 1 

Using the sex code edit: 

Sex code = x, return value: Q@ 

Sex code = F, return value: 1 

Using the date code edit: 

Month: 8 

Day: 11 

Year: 1812, return value: 0 

Month: 31 

Day: 11 

Year: 1812, return value: -2 

Using the birthdate code edit: 

Month: 8 

Day: 11 

Year: 1812, return value: -4 

Month: 31 

Day: 11 

Year: 1812, return value: 0 

If additional listings are created that call these edit functions, you could include 

each of the appropriate edits during their compilations. This would be okay, but 

linking ina single library rather than a bunch of source files makes using the edits 

much easier. 

I 
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Listing 7.9 should not offer any surprises. Line 8 includes a header file called edits.h. 

Notice that this is the same name as the library. This header file is presented in Listing 

7.10. edits.h contains prototypes for each of the functions that are being included. It 

is good practice to create a file containing prototypes. Also notice the additional 

preprocessor directives in lines 5 to 8 and line 15 in Listing 7.10, edits.c. The #if 

defined() directive checks to see if the following value, __EDITS_H, has already been 

defined. Ifit has, then a comment is placed in the code stating that the file has already 

been included (line 6). Ifthe value it has not been defined, then line 8 defines the value. 

If__ EDITS Hhas been defined, then the code from lines 8 to 14 is skipped. This logic 

helps to prevent a header file from being included more than once. 

Expert Tip: Many programmers use the directives that are presented 
in Listing 7.10 in their own header files. This prevents the header files 
from being included more than once. Many programmers will create 
the defined name by adding two underscores to the name of the 
header file. Since periods cannot be part of a defined constant, the 
period is typically replaced with an additional underscore. This is how 
the define for Listing 7.10, __EDITS_H, was derived. 

In the rest of the listing, each edit is called twice. In one case, an edit is called with valid 
data. In the second case, the edit is called with bad data. 

Creating the library requires that each of the functions to be included be compiled into 
object files. Once you have the objects, you can create the library by using your 
compiler’s library program. As stated earlier, Borland’s library program is TLIB and 
Microsoft's is LIB. To create the library, you simply add each function to it. 

DON’T 
DO understand the concepts behind libraries. 

DON’T put different types of functions in the same library. A library should 
contain functions that have similarities. Examples of different libraries may _ 
be a graphics library, an edits library, a file management funrsons library, 
and a statistical library. 

DO take advantage of the #ifdet preprocessor ne in yout header files 
to prevent re-including the file. 



Adding New Functions to a Library 
Adding functions to a library is done with the addition operator (+). This is true for 
both Borland and Microsoft compilers. To add a function, use the following format 
for the library command: 

LIB libname +function_filename 

libname is the name that you want the library to have. This name should be descriptive 
of the functions that are stored in the library. This brings up a good point. All of the 
functions stored in an individual library should be related in some fashion. For 

instance, all of the functions being used in the examples are edit functions. It would 

be appropriate to group these functions into a single library. A good name for the 

library might be EDITS. 

Expert Tip: Only related functions should be stored in a library 
together. 

function_filename is the name of the object file that is going to be added into the 
library. It is optional whether you include the .OBJ extension on the function 

filename. If you don’t, the library program will assume that the extension is OBJ. It 
is also assumed that the 1ibname will have a .LIB extension. To create a library called 
EDITS that contains the is_valid_state function, you would enter the following: 

LIB EDITS +state.obj 

Compiler Warning: LIB is used in all the examples from this point on. 
Most compilers use a different program when working with libraries. As 

stated earlier, Borland uses TLIB. If using the Microsoft compiler, you will 
use LIB; however, you will need to add a semicolon to the end of each LIB 

_ statement. 

To add additional functions, also use the addition operator. There is not a real 

difference between adding a function versus creating a library. If the library name 

already exists, you are adding functions. If it does not, you are creating a library. Ifyou 

wanted to add the other three functions to the EDITS library, you would enter the 

following: 
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LIB EDITS t+sex.obj +date.obj +bdate.obj 

This adds the is _valid_sex(), is_valid_date(), and is_valid_birthdate() func- 

tions to the library. You should note that although the .OBJ extensions were included, 

they were not necessary. 

Separate Source Files 

You should notice that the functions are put into separate source files. By doing so, 

maintenance of future changes is made easier. Each function is isolated so that future 

enhancements only affect a single source file. Files are added at the object file level. 

Asingle object file is created from a source file. You should make it a practice of putting 

library functions into their own source files. 

Expert Tip: You should make it a practice to put library functions : 

into their own source files. ee 

Using a Library 

Once you have created a library, you can use it rather than each of the individual files 
that had been created. In fact, once the object files are stored in the library, you only 
need the original source file to make changes. You could give a library file to other 
users; they will be able to include any of its functions within their own programs. To 
use the library with Listing 7.9, you would enter the following at the command line: 

CL list®709.c edits.lib 

You should replace CL with the compile command that your compiler uses. Notice 
that the library file comes last. It should always be listed after all of the source files. This 
is equivalent to having included each of the files as shown previously. 

Listing Information in a Library 
Once you have created a library, you will probably want to know what functions are 
in it. Most library programs enable you to produce a listing that provides this 
information. To do this, you add the name of the list file to the command line as 
follows: 

LIB libname ,listfile 

In this case, list file is the name of the file that the information on the library will 
be stored. Acomma should be included on the command line before the list filename. 



You could have included any operations in the command line after the library name 
and before the list filename. This includes the addition of functions as you have 
already seen, or any of the actions that follow. 

Each compiler may produce a slightly different list file. If you use the Borland 
compiler, you would type the following to get a listing of the EDITS library stored 
in a file called INFO.LST: 

TLIB EDITS ,INFO 

If you are using the Borland compiler, you will notice that the .LST extension is the 

default extension that is added to the list file if an extension is not provided. Other 
compilers, such as the Microsoft compilers, may not add an extension to the list file 
automatically. As stated earlier, the .LIB extension is automatically added to a library 
file and therefore is not needed in the library name. If you typed the INFO.LST file, 
you would see the following: 

Publics by module 

BDATE size = 46 

_is_valid_birthdate 

DATE size = 66 

_is_valid_date 

SEX Size = 79 
_is_valid_sex 

STATE size = 203 
PrseValidustate 

This provides you with information on both functions that are stored and the name 

of the file that the function is a part of. If you are using the Microsoft compiler, you 

would enter the following: 

PIBREDITS =, EISTRICE, Est; 

Printing the list file should provide output similar to the following: 

_is_valid_birthdate..bdate _is_valid_date....date Aree 

USM Vicl GINS CX craters sex _is_ valid _state-..state : 

state Offset: 00000010H Code and data size: cbH 

_is_valid_ state 

sex Offset: 000002d@H Code and data size: 4fH 

_is_valid_sex 

Borland 
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date Offset: @0000430H Code and data size: 42H 

_is_valid_date 

bdate Offset: @@@00560H Code and data size: 2eH 

_is_ valid_birthdate 

While this is formatted a little different from the Borland output, the contents provide 

virtually the same information. 

Removing Functions from a Library 
In addition to adding functions to libraries, you can also remove functions that are 
no longer needed or that you don’t want to distribute with a library. To remove a 
function, the subtraction operator (-) is used. The format is the same as adding 

functions. 

LIB libname -function_filename 

As you can see, it is easy to remove a function. The following would remove the 
birthdate edit from the edit library: 

LIB EDITS -bdate.obj ,list 

Notice that a list file called list is also being printed. Following is what would now 
be contained in the Borland and Microsoft list files after the subtraction: 

_is_valid_date....date is Valid sexXiaa ss sex 
_is_valid_state...state 

sex Offset: 00000010H Code and data size: 4fH 

_is_valid_sex 

date Offset: 00000160H Code and data size: 42H 

_is_ valid date 

state Offset: @@000280H Code and data size: afH 
_is_valid_ state 

Publics by module 

DATE size = 66 

_is_valid_ date 

SEX size = 79 

_is_valid_sex 

STATE size = 175 

_is_valid_ state 



Updating Preexisting Functions in a Library 
Updating a library is equivalent to deleting a function and then adding it again. The 
following could be used to update the is_valid_state() function: 

LIB EDITS -state 

LIB EDITS +state 

Where LIB is your appropriate library program. You could also do this by combining 
the operations as such: 

LIB EDITS -+state 

This will remove the old state edit from the EDITS library and then add the new state 

function. This only works if the source filename is the same for both the old and the 
new function. 

Extracting or Moving a Module from a Library 
Not only can you put modules or object files into a library, but you can also copy them 
out ofa library. To do this, you use the asterisk operator (*). The following pulls a copy 
of the STATE.OB) file from the EDITS library where LIB is your appropriate library 
program: 

EIB EDITS *state 

Once you have keyed this, you will have made a copy of the state edit (within the 
STATE.OB]J file) that was in the EDITS library. This file will still be in the library 
also. The following will pull a copy of the STATE.OB]J file from the library and also 
remove it from the library: 

ELBSEDitom-*state 

This will remove the state edit and create the object file. 

What Libraries Are Available Already 
As stated earlier, each compiler comes with its own set of libraries that have been 

created. In addition, most compilers come with Library Reference Manuals that detail 

each of the functions within the libraries. Generally, these standard libraries are 

automatically linked into your programs when you compile. If you use some of the 

more specific features of your compiler—such as graphics—then you may need to link 

in additional libraries. 
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A Final Example 
Using the Edits Library 

Listing 7.11 isa listing that requires the EDITS.LIB file that you created earlier today. 

Notice that this is a completely different program from the one presented earlier. By 

including the library when compiling and linking, you can easily reuse the edit 

functions. 

Listing 7.11. Using the EDITS.LIB—again! 

i ie Fo (Pisceiretuie — iatseyreiial ae 

eR * Author: Bradley L. Jones 

6} * Purpose: This is a program to accept a valid birthday. 

4: * Note: Requires EDITS.LIB to be linked 

5: * SESS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SS SSS =* / 

(JE 

i= #include <stdio.h> 

8: #include "edits.h" 

oS 

1@: void main(void) 

ne ce 

Pz cline (We 

Ss int month=0, 

14: day= 0, 

AE year=0; 

WBE 

178 printf("\n\nEnter your birthday (format: MM DD YY ):"); 

ioe scanf( "%d %d %d", &month, &day, &year ); 

19: 

20: rv = is_valid_birthdate(month, day, year); 

ills 

Pose while( rv < @ ) 

23: { 

24: printf("\n\nYou entered an invalid birthdate (%d-%d-%d)", 

PEAS) = month, day, year); 

26: 

PAL switch( rv ) 

28: { 

201 case -1: printf("\nError %d: BAD DAY", rv); 
30: break; 

coals case -2: printf("\nError %d: BAD MONTH", rv); 

32: break; 
33: case -3: printf("\nError %d: BAD YEAR", rv); 
34: break; 

35: case -4: printf("\nError %d: BAD BIRTHDATE", rv); 
36: break; 
By/e default: printf("\nError %d: UNKNOWN ERROR", rv); 
38: break; 
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} 

printf("\n\nRe-enter your birthday (format: MM DD YY):"); 
scanf( "sd %d %d", &month, &day, &year ); 

rv = is_valid_ birthdate(month, day, year); 

} 

printf("\n\nYour birthdate is %d-%d-%d", month, day, year); 
} 
EE eee eee eee 

is valid birthdate() function or more appropriately, the is_valid_date() func- 

tion that the birthday calls is not entirely accurate. It will consider dates such as 

February 30th valid. One of today’s exercises asks you to rewrite this function so that 

it is more accurate. 

Enter your birthday (format: MM DD YY ):8 32 1965 

You entered an invalid birthdate(8-32-1965) 

Error -1: BAD DAY 

Re-enter your birthday (format: MM DD YY):13 11 1965 

You entered an invalid birthdate(13-11-1965) 

Error -2: BAD MONTH 

Re-enter your birthday (format: MM DD YY):8 11 -89 

You entered an invalid birthdate(8-11—89) 

Error -3: BAD YEAR 

Re-enter your birthday (format: MM DD YY):8 11 1999 

You entered an invalid birthdate(8-11-1999) 

Error -4: BAD BIRTHDATE 

Re-enter your birthday (format: MM DD YY):8 11 1965 

Your birthdate is 8-11-1965 

This program enables you to enter the birthdate ofa person. The user is required 
to enter the information until it is correct. If invalid information is entered, then 

the user is required to re-enter the entire date. As you will quickly see, the 
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Summary 
Today, you were presented with a quick review of using multiple source files. This was 

followed with an explanation of using include files with the #include directive. The 

difference between double quotes and the more familiar <> signs was explained. The 

day then progressed into a description of libraries—what they are and why they are 

important. The usage of libraries along with how to add functions to them, remove 

functions from them, or update functions within them was explained. In addition, 

information on listing out information about a library was covered. 

OKA 
Q Do all the functions in a library link into a program, thus increasing the 

programs size with unused functions? 

A No! Only the functions that are called are linked. 

Q Why can’t I put all the functions in a library in the same source file? 

A By isolating the functions into separate source files, you make the code easier 
to maintain. Since you add, update, and remove functions at the source code 
level, you isolate functions and changes by having separate source files. If 
you make a change to a function, you don’t want to risk changing other 
functions. 

Q What happens if you add a function to a library that is already there? 

A You should be careful not to re-add a function. Some libraries will accept a 
function more than one time. This corrupts your library since you will not 
be sure which function is being used. 

Q Can more than one library be used at a time? 

A Yes! You will invariably use the default libraries that come with your com- 
piler. When you create or add your own, you are most often using these 
libraries in addition to the default libraries. Some compilers have limitations 
to the number of libraries you can link in; however, these limits are seldom 
reached. For example, the Microsoft limit is 32 libraries. 
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Q What other functions can be performed on libraries? 

A Only the basics of library manipulation were presented today. Most library 
programs will do additional functions; however, the way these more ad- 
vanced functions are performed is not as standard. You should consult your 
compiler’s manuals for more information. Such functions may include 
combining libraries or expanding some of the compiler’s default libraries. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 

SO COmme | Mer ON ONE IS OOF KD) 

— =) 

Exercises 

1. 

. Can source files be included in libraries? 

. What is a library? 

. Where do libraries come from? 

. How do you add a function to a library? 

. How do you remove a function from a library? 

. How do you update a function in a library? 

. How do you list the information in a library? 

. How do you copy an object file from a library? 

. How do you extract or move an object out of a library into an object file? 

. What is the difference between including a file with quotes and with <>s? 

How would you create a library called STATES.LIB containing the modules 

RI.OBJ, IL.OBJ, IN.OBJ? 

. How would you get a listing from the STATES library? 

3. How would you create the STATES library from Exercise 1 and get a listing 

at the same time? 
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4, 

>: 

6. 

How would you add KY.OBJ and FL.OBJ to the STATES library? 

How would you remove the KY module from the STATES library? 

How would you replace the FL module with a new one in the STATES 

library? 

. How would you get a copy of the IL object from the STATES library? 

. Create a function to verify that a string contains all uppercase alpha charac- 
ters (A to Z). If the string does contain all uppercase characters, return 1; 
otherwise, return 0. 

. Add the previous function to your edits library. 

. ON YOUR OWN: Rewrite the date edit to be more accurate. It should take 

into consideration the number of days that a particular month has. You may 
also want to include leap years! 

. ON YOUR OWN: Update your edits library with your new birthdate 
function. 

. BUG BUSTER: What is wrong with the following? 

CL source1.c library.lib source2.obj 

. ON YOUR OWN: Create a listing file for some of the libraries that come 
with your compiler. These libraries are typically stored in a subdirectory 
called LIBRARY or LIB. You should notice many familiar functions. 



At this point, you should have completed the first week. 

If you skimmed or skipped chapters ‘in the first week, it 

will be okay to continue into,Week Two. There is one 

exception: If you are not familiar with libraries, you 
should read Day, 7: 

On Day 8;you will begin using BIOS functions. BIOS 

functions are detailed along with what they can do. The 
functions presented on Day 8 will be the first that you will 
be able.to add to your own library: 

On Day 9, you replace several of the functions that you 
may have created on Day 4. These new functions will not 
only be more flexible, but they will also eliminate the need 

for external drivers stich as ANSI.SYS. These text graphics 
functions willbe used in later chapters for creating a full- 
fledged application. 

On Days 10 and 11, you will create a multitude of 

functions. Many of these functions will be used in the 
application that will be developed starting on Day 12. 

<a 
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Functions included in these chapters will do such tasks as scrolling, clearing the 

screen, hiding the cursor, and more. 

On Day 12, youwill begin the process of developing applications. Before coding 

your application, you should begin with some preparation. Several methods of 
preparation exist. In addition to the preliminary steps, there are methods for the 
entire process of developing an application. Day 12 provides an overview of 
several different methodologies that can be employed in developing an applica- 

tion. 

Day 13 begins the process of coding an application. This will most likely be the 
day that is the most fun of the second week. The concepts behind developing 
an entry and edit screen are covered. In addition, you will be presented with all 
the code necessary for creating an entry and edit screen. Many of the functions 
created in Days 8 through 11 will be used. 

The week ends with menus and action bars being added to your application. Day 
14 provides an overview of using menus and action bars. In addition, you are 
guided in adding menus to the front of your application. Action bars are also 
added to your entry and edit screen. 

The third week is dedicated mostly to continuing the development of the 
application started in the second week. Reporting, incorporating help, testing, 

and more will all be presented. At the end of the third week, you will have a 
complete understanding of all aspects of application development. 

This is where you're headed. For now, you should continue to take things one 
day at a time starting with Day 8. 

q Warning: Although indie days in Week One was oes you cannot 
skip days in Week Two or Lee: poe oS 
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Tapping into System Resources via BIOS 

On Day 4, you learned how to take advantage of the ANSI functions. As you saw, the 

ANSI functions require the use of an external program to operate correctly. Today 

you'll learn a better way of manipulating the resources of your system by doing the 

following: 

[| Review what was covered on Day 4. 

| Review what BIOS is. 

_] Learn what an interrupt is. 

|] Get an overview of the multitude of BIOS functions available. 

See how to use some of the interrupt services to work with your system. 

System Resources in Review 
System resources are resources provided by your computer system that enable you to 

gain functionality by calling on them. By using system resources, you can create 
programs that have much more use. In addition, some tasks would be nearly 
impossible without them. Tasks that can be accomplished include working with the 
video display, loading fonts, accessing disk drives, determining memory size, accessing 

the keyboard, reading a joystick, and much more. 

As stated on Day 4, system resources can’t be used without any concerns. The cost of 
using system resources can vary. On Day 4, you learned that the largest concern with 
using system resources should be portability. Depending on which systems resources 
you access, you could greatly limit the portability of your programs. The resources that 
will be presented today can be found on most IBM-compatible machines running 
MS/DOS or an operating system that supports MS/DOS. A different computer 
platform, such as a Macintosh, won’t be able to run the programs presented today. 

Working with the Display 
On Day 4, you were told that one of the characteristics of C is that it is flexible. 

Typically, there are several ways to accomplish similar tasks. Each method that can be 
implemented has its own pros and cons. Also on Day 4, you were presented with three 
different methods of accessing or manipulating system resources. In particular, you 
were shown how to manipulate the computer’s video monitor. The three areas that 
were presented were: 
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_| The ANSI functions 

| Direct memory access 

L}] BIOS 

A Review of Using ANSI Functions 
ANSI stands for American National Standards Institute. There are several different 
areas of standards created by ANSI. The ANSI terminal standards can be used on an 
IBM-compatible computer that has loaded the ANSI.SYS system driver. The 
ANSLSYS driver comes with Microsoft and PC DOS. Once installed, the ANSI 

system driver enables the computer to use functions that allow for cursor movement, 
display extended graphics, and redefining key values. Using the ANSI.SYS driver was 

presented in detail on Day 4. 

As you learned on Day 4, there are both pros and cons to using the ANSI functions. 
The most obvious benefit is that using the ANSI functions is extremely simple. Once 
the ANSI.SYS driver has been installed, the functions are easily called. Another benefit 
of the ANSI functions is that they are well documented. Because the ANSI driver 
generally comes with the computer’s operating system, there is usually an abundance 
of documentation. 

As you may have seen, using ANSI functions isn’t without its downside. The most 
negative impact is when you use an ANSI function on a system that doesn’t support 
the ANSI terminal functions. If the program doesn’t support the ANSI functions, or 
if the ANSI.SYS driver hasn’t been loaded, then gibberish may be displayed on the 
screen. Because of this reliance on the ANSI.SYS driver, most programmers choose 
to avoid the ANSI functions. The fact that not all operating systems support the ANSI 
terminal emulation functions could also impact a decision to use ANSI functions. 

A Review of Using Direct 
Memory Access 

Direct memory access was also discussed on Day 4. Memory is set aside for use by the 

video display. This memory can be accessed directly to manipulate the graphics or 

characters that are on the screen. Because this is memory that is directly mapped to 

the video display, a change to the memory can be seen instantly on the screen. By 

updating the video display’s memory directly, you can gain the fastest screen updates. 
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This fast speed comes at the cost of portability. The memory set aside for the video 

display isn’t always in the same locations. While it’s safe to assume that the memory 

will be set aside, it’s not safe to assume where. Portability is lost because the area set 

aside is not always guaranteed to be the same from computer system to computer 

system. To use this direct video memory, the system must be 100-percent IBM- 

compatible with an IBM PC’s hardware. It’s safe to assume that the same brand of 

computer with the same type of hardware will have video memory stored in the same 

location. It isn’t safe to assume that all other computers will use the same location— 

not even all IBM-compatible systems. In addition, memory for using a CGA monitor 
isn’t always allocated in the same area that memory for a VGA monitor would be. 

What Is BIOS? 
The use of BIOS was also mentioned on Day 4 as the third alternative for 
manipulating system resources. BIOS stands for Basic Input/Output System. Every 
IBM-compatible MS/PC DOS computer operates with BIOS. B/OSis a set of service 
routines that are activated by software interrupts. A software interrupt is an interrup- 
tion caused by the currently running program that causes the operating system (DOS) 
to respond. By going through these service routines, and therefore BIOS, you avoid 
interacting directly with the computer’s hardware. This eliminates concerns, such as 
the possibility of different locations for video memory, because the BIOS determines 
where and what you need based on the interrupt you cause. 

There are BIOS services for a multitude of different input and output activities. This 
includes being able to manipulate the screen, the keyboard, printers, disks, mouse, and 
more. In addition, there are services available to manipulate the system date and time. 
Tables will be presented that will detail many of the available interrupts. For now, it’s 
more important to know how to use them and why. 

It’s better to use BIOS instead of direct memory video access or the ANSI functions. 
Direct memory access has a downside that has already been described—you don’t 
know for sure where the video memory will be located. The downside of the ANSI 
functions is that the external device driver, ANSI.SYS, must be loaded for the 
functions to work. 

By going through the BIOS, you don’t need external device drivers, nor do you have 
to determine where video memory is located. The BIOS takes care of that for you. 

While all of this makes the BIOS calls sound like the perfect answer, there is a 
downside to using BIOS also. The speed of going through BIOS isn’t going to be as 
fast as accessing video memory directly. In addition, using the BIOS isn’t going to be 
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as easy as using the ANSI functions. Neither of these negatives outweighs the 
additional portability that you gain by using the BIOS functions. The speed difference 
between BIOS and direct memory is negligible for most applications. In addition, 
once you create a BIOS function, you can store it in your own library and never have 
to worry about the underlying code. Another problem with BIOS is the portability 
of accessing the interrupts. Different compilers use different commands. The differ- 
ence in these commands is minimal between most compilers. 

ERED ses: Vivien te DON’T 
DO understand the differences among ANSI, direct memory, and BIOS 
functions. 

DON’T use BIOS functions if you plan to port your code to computers that 
are not IBM-compatible. 

Using BIOS 
To work with BIOS, you simply set up any needed information and then call the 
appropriate interrupts number. When you call an interrupt, you pass information 

within registers. Don’t worry about registers at this time. In addition to passing 
interrupt numbers, you may also need to pass function numbers. Function numbers 
are more specific instructions to BIOS. Table 8.1, presented later today, lists some of 

the major interrupts and their functions. For instance, interrupt 16 (Ox10h in hex) is 
an interrupt for video display functions. There are several different video display 
functions that can be used. Table 8.2, which is also presented later today, lists several 

of the specific functions. For instance, interrupt 0x10h (video display processes) used 
with function 0x02h will set the cursor position. In some cases, there are even lower 

breakdowns of functions into subfunctions. For example, the video interrupt 0x10h 

has a function to work with the color pallet (0x10h), which has several subfunctions. 

Subfunction 0x01h will set the screen’s border color. 

Using the interrupt calls requires setting up information first. Following are two 

structures that can be used to pass information to BIOS. These two structures are 

followed by a union that combines the structures into one. This set of structures and 

the related union are given as they appear in both the Borland and Microsoft 

compilers: 
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= struct WORDREGS { 

Borland unsigned int aX ju DXa) CX, 0X— Sia Cha, flags; 

}; 

struct BYTEREGS { 

unsigned char evo elik; leks “loli, Yok Gina lil, ln: 

}5 

union REGS { 

struct WORDREGS x; 

struct BYTEREGS h; 

}; 

sie ss | /* word registers */ 
Microsoft g 

eo, ( struct _WORDREGS { 
unsigned int ax; 

unsigned int bx; 

unsigned int cx; 

unsigned int dx; 

unsigned int si; 

unsigned int di; 

unsigned int cflag; 

}5 

/* byte registers */ 

SERUCE BYTEREGS 4 

unsigned char al, ah; 

unsigned char bl, bh; 

unsigned char cl, ch; 

unsigned char dl, dh; 

}5 

/* general purpose registers union - 

* overlays the corresponding word and byte registers. 

| 

union _REGS { 

struct _WORDREGS x; 

struct _BYTEREGS h; 

}5 

As you can see, regardless of the compiler, these are set up in the same manner. Naming 
may be a little different so you will want to check your compiler for specific names to 
use. Within the examples presented in this book, the following code fragment will be 
included. Even if you have the Borland or Microsoft compilers, you can include the 
following, or if you wish, you can use the structures declared in your compiler. 
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Note: The structures shown previously are defined in the DOS.H header 
file in the include directory of the corresponding compiler. If your 
compiler is ANSI-compatible, it should have similar declarations in its 
DOS.H header file. 

ere 

BIOSREGS.H 

#define __BIOSREGS H 1 

Unite axes 

ink bx; 

ig Xe 

anita xe 

nits S155 

ante di; 

int cflag 

char al, 

char bl, 

charm ick, 

char dl, 

REG Exe 

REG h; 

ae /* Header: 

2s 

3 x 

4: #ifdef __BIOSREGS H 
oe 

6: 

The struct XREG 

8: { 

9: unsigned 

10: unsigned 

Wis unsigned 

Wee unsigned 

13: unsigned 

14: unsigned 

155 unsigned 

162% Bh 

ile 

18: struct HREG 

1 Ome, 

20: unsigned 

Gilg unsigned 

22: unsigned 

23: unsigned 

C4 et 

Zor 

26: union REGS 

27 ee 

28: struct X 

29: struct H 

CLR Ne 

Sie 

32: #endif 

Listing 8.1. BIOSREGS.H. 

* Purpose: Include generic structures for BIOS registers 

This is just a header file so there isn’t any output. As you can see, the XREG and 

HREG structures are virtually identical to what was presented from the Borland 

and Microsoft compilers earlier. This header file should be compatible with 

either of those compilers, along with any other DOS-based compiler. The REGS union 
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declared in lines 26 to 32 will be used when calling B10s. You should be aware that 

XREG and HREG are used for different reasons. The use of these will be covered later. For 

now, remember that REGS is a union, which means that you can use XREG or HREG, but 

not both at the same time. 

At this point, you may feel somewhat lost and confused. To help clear up what has 
been presented so far, here area few examples. Listing 8.2 presents an example of using 
an interrupt to get the current date via an interrupt call to BIOS. 

Listing 8.2. LISTO802. Using BIOS interrupt call. 

ihe /* Program: LIST@802.c 

Qe * Author: Bradley L. Jones 

3 * Purpose: Demonstrates a BIOS function to get current 

4: is date. 

5: (lea ee ee ee eee ae eee ee eee se 
6: 

we #include "biosregs.h" 

8: #include <dos.h> 

9: #include <stdio.h> 

10: 

li oo EUnCtvTOneDROtoOtypeSmans) 

12: void current_date( int *month, int *day, int *year ); 

14: void main(void) 

We of 

16: int month, day, year; 

lee printf("\nDetermining the current date..."); 3 

19: current_date( &month, &day, &year ); 

Pale printf("\n\nThe current date is: %d/%d/%d.", month, day, year); 
ee 

24: void current_date( int *month, int *day, int *year) 
Ay 

26: union REGS inregs, outregs; 

Zia inregs.h.ah = Qx2a; 
201 

29: int86(0x21, &inregs, &outregs) ; 
30: 

oF *month = outregs.h.dh; 

32: *day = outregs.h.dl; 

33: *year = outregs.x.cx; 

eee 



Note: Line 29 uses a non-ANSI-compatible function. This means that 
some compilers may use a different name for the ints6() function. 
Microsoft documents the use of _int86(); however, int86() works. 
Borland uses int86(). Consult your function reference for specific 

information on your compiler. For the remainder of this book, the 
function name of int86() will be used; however, you should be able to 

replace it with your compiler’s comparable command. In the case of the 
Microsoft compiler, simply add the underscore. 

Determining the current date... 

AJ ULVUP 

ma lid The current date is: 12/22/1993. 

When you run this program, you should end up with the current date on your 
screen instead of 12/22/1993. The date is received via an interrupt call. In this 
program, two values are declared to be of type REGS. Remember that REGS is the 

union that holds the register values (see Listing 8.1). The inregs union is used to hold 

the values going into the interrupt call. The outregs variable is used to hold the values 
being returned. 

To get the date, the function number 0x2Ah (33 decimal) is used with a call to BIOS. 

The function number goes into the ah register. The ah register is a part of the h 
structure of the inregs REGS union. The function 0x2Ah isa function within interrupt 

Ox21h. Line 27 sets this function number into the ah register. Line 29 calls the BIOS 

interrupt using int86(). If you are using a Microsoft compiler, remember that you 
may need to use _int86() instead. 

f 

The int86() function passes the interrupt, the registers that are going into and coming 
out from BIOS. Once called, the values in the outregs variable can be used. Lines 31, 

32, and 33 get the values for the day, month, and year from these outregs registers. 

As you progress through the rest of this book, several functions will be developed using 

BIOS interrupt calls. On Day 7, you learned to work with libraries. Many of the BIOS 

functions that you create will be useful in many of your programs. You should create 

a library of all of your BIOS functions. 

BIOS and the Cursor 
On Day 4, you learned to use the ANSI.SYS driver to place the cursor at different 

locations on the screen. Following are two functions that are similar to two ANSI 
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functions used on Day 4. These two functions are cursor () in Listing 8.3, which 

places the cursor, and get_cursor() in Listing 8.4, which gets the cursor’s current 

location. In addition, Listing 8.5 demonstrates the use of these two functions. 

Listing 8.3. PCURSOR.C. Placing the cursor at screen 

coordinates. 

WR /* Program: PCURSOR.C 

P25 * Author: Bradley L. Jones 

3: * Purpose: Demonstrates a BIOS function to position the 

4: cursor on the screen. 

HE * Note: This function places the cursor at a given 

GE a location on the screen. The upper left position 

Tes z, of the screen is considered (0,@) not (1,1) 

fee * SESS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS SS SSS SS SSS SSS SSS SSS H=* / 

9: 

10: #include "biosregs.h" 

11: #include <dos.h> 

122 

13: void cursor(int row, int column); 

14: 

15: void cursor( int row, int column) 

Ga ~ ¢ 

ULE union REGS inregs; 

18: 

19); inregs.h.ah = 0x02; 

20: inregs.h.bh = Q; 

Pas inregs.h.dh = row; 

228 inregs.h.dl = column; 

23: 

24: int86(0x10, &inregs, &inregs) ; 

an | 

Listing 8.4. GCURSOR.C. Getting the coordinates of the 
cursor. 

iE /* Program: GCURSOR.C 

on * Author: Bradley L. Jones 

SE * Purpose: Demonstrates a BIOS function to get the position 
4: i of the cursor on the screen. 
Sis * Note: This function considers the upper left position 
4 5 of the screen to be (0,@) not (1,1) 

: SSSSSS SS SSS SS>>S SS SSS >>> >>S>S>SS SSS 5555S =>=>>S>S5S5=>=>>=>>>===---* 

8: 

9: #include "biosregs.h" 
10: #include <dos.h> 
wills 

238 



123 

AS? 

14: 

15: 

16: 

We 

18: 

19: 

20: 

21: 

228 

23: 

24: 

200 

void get_cursor(int *row, int *column); 

void get_cursor( int *row, int *column) 

{ 
union REGS inregs; 

inregs.h.ah = 0x03; 

inregs.h.bh = Q; 

int86(@x10, &inregs, &inregs); 

*row = (int) inregs.h.dh; 

*column = (int) inregs.h.dl; 

} 

ale 

2: 

“ei 

4: 

BS 

6p 

Whe 

tei 

9: 

Listing 8.5. LISTO805.C. Using the BIOS cursor 
functions. 

/* Program: LISTQ805.c 

* Author: Bradley L. Jones 

* Purpose: Demonstrates the use of the cursor() and 

i get_cursor() functions. 

/* Fe cia ake kes ak ies cata mesa wut be eubabaee ka acne, mackie * 

a Function Prototypes * 
ee, ne tee ea Pat a ct ete mt fe ae ee eB ee Se ee */ 

void get_cursor(int *row, int *column) ; 

void cursor(int row, int column) ; 

void main(void) ; 

void main(void) 

{ 
int row, column; 

get_cursor( &row, &column) ; 

cursor( 10, 4 ); 
printf("x(10,40)", 10, 40); 

cursor( Q, 

printf( "x( 

PRO tg, AP ME 
DRiNeh( mGls.19.)s 

continues 
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Listing 8.5. continued 

Sys 

C28 cursor( 24, 70 ); 

SOE printf ( "x(24,70)"); 

34: 

Ses cursor(row, column) ; 

36: printf ("x(%d,%d)", row, column) ; 

Si 3 

Cely 

To compile Listing 8.5, you need to include the PCURSOR.C and GCURSOR.C 
in your compile line. If you are compiling from the command line, this would 
require entering the following (TCC should be replaced with your compiler’s 

command): 

TCC LIST@805.C PCURSOR.C GCURSOR.C 

An alternative to this is to create a library and link it with LIST0805 as shown on 
Day 7. 

The output you receive from running this program may vary justa little. This program 
doesn’t clear the screen before it starts, therefore, any information that was on the 
screen before the program is executed will remain. In the output shown here, you can 
see some of the remains of the command to run the program (second line of output). 

Notice that the x marks where the cursor was placed. Listing 8.5 is extremely simple. 
Line 21 starts the program by getting the position of the cursor so that we can put it 
back when the program ends. Lines 23 to 36 call the cursor () function and then print 
the value of the location. The last call to cursor() positions the cursor back where it 

was when the program started. 
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The PCURSOR.C listing (Listing 8.3) contains the cursor() function. This function 

uses an interrupt to BIOS to place the cursor. Line 10 includes the registers that were 

presented earlier today. Line 11 includes the DOS.H header file that contains the 
function prototype for the interrupt function in line 24. Line 13 contains the 
prototype for the cursor function. If you are creating a library of these functions, you 
should create a header file that contains all of the function prototypes for all of the 
functions in your library. Line 19 sets the ah register to the function number 2. The 

bh register is set to 0. If you were working with multiple video pages, then this would 
be set to the number of the video page. Lines 21 and 22 contain dh and dl, which are 

set to the values passed to the cursor() function in the row and column variables. This 

is the actual row and column where the cursor will be placed. Line 24 wraps this 

function up by calling the int86() function. Interrupt 16 (0x10h) is called with the 

values that were set. This causes the cursor to be placed. 

The get_cursor() function in Listing 8.4 is similar to the cursor () function. The big 

difference is that function 3 is placed in the ah register instead of function 2. The bh 

register is still set to the video page number. Because we’re not doing video paging, 

this function sets the bh register to 0. The int86() function is then called in line 21 

to finally set the cursor position. Once the BIOS function is called, the dh and d1 
registers contain the values for the row and column value of the cursor. These values 

are placed in the variables that are pointed to by row and column. 

In addition to getting and putting the cursor, you can also change the cursor’s shape. 
Listing 8.6 presents a function that allows you to manipulate the cursor. In addition, 
Listings 8.7 and 8.8 show this new function in action. Listings 8.7 and 8.8 should be 
compiled independently. Each should link in the cursor code. 

Listing 8.6. set_cursor_size(), manipulating the cursor’s 

shape. 

13 /* Program: SCURSOR.C 

Pa * Authors: Bradley L. Jones 

3: x Gregory L. Guntle 

4: * Purpose: BIOS function to set the cursor size. 

5 s $a ee eS SS SSS SSS SSS SS SSE S SS SSSSS=S====* / 

6: 

Ti #include <dos.h> 

8: 
9: #define SET _CURSOR_SIZE 0x01 

10: #define BIOS_VIDEO 0x10 

‘ake 

12: void set_cursor_size(int start, int end) 

Wee xf 

continues 
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Listing 8.6. continued 
ene nn Ee 

14: union REGS inregs; 

hoe 

16: inregs.h.ah = SET_CURSOR_SIZE; 

lifes inregs.h.ch = start; 

18: inregs.h.cl = end; 

LO int86(BIOS VIDEO, &inregs, &inregs) ; 

200 ent 

function. 

Listing 8.7. BIGCURS.C. Using the set_cursor_size() 

ise /* Program: BIGCURS.c 

2: * Authors: Bradley L. Jones 

eye id Gregory L. Guntle 

4: * Purpose: Changes the cursor to a big cursor. 

ye SSS SSeS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SS SSS SS SSS SSS SH=* / 

6: 

tee ie a DIO. LOND Cun ca/, 

8: void set_cursor_size( int, int ); 

9: 

1@: int main(void) 

ike i 

Wes SC tECuURSORmS1 Ze (Guinn Om )is 

13: return Q; 

4 ah. 

Listing 8.8. SMLCURS.C. Using the set_cursor_size() 
| function. 

18 /* Program: SMLCURS.c 

en * Authors: Bradley L. Jones 

3: eS Gregory L. Guntle 

4: * Purpose: Changes the cursor to a small cursor. 
SF *RSSS SSS SSS SSS SSeS SS Sas SSeS sso SSSaSSsssssSessasa======%* | 
6: 

(fe << Sp rObotypen* =a) 

8: void set_cursor_size( int, int ); 
SE 

10: aint main(void) 

Wis. oat 

2 Set cursorisize( 7), 8); 

Se return Q; 
14: } 
een nner opee eel 



QY Note: There is no output for these two programs. See the analysis. 

Listings 8.7 and 8.8 both use the set_cursor_size() function presented in 
Listing 8.6 to change the size of the cursor. Listing.8.7,;BIGCURS.G, is a 

program that calls the set_cursor_size() function to change the cursor to a 

large block. After running BIGCURS.C, your cursor will be replaced with a large 
cursor. The SMLCURS.C program is similar, except that it sets the cursor to a small 

underscore. 

Both of these programs operate by passing two values to the set_cursor_size() 
function. The set_cursor_size() function in Listing 8.6 is similar to the other BIOS 

functions. In line 16, the ah register is set with the function number that will be set. 

This listing differs in that a defined constant helps to make the setting of the function 

easier to understand. An additional defined constant, BI0S_VIDEO, also helps to make 

the program easier to read. Defined constants such as these can be placed in a header 
file and included in several of your functions. 

The set_cursor_size() accepts two parameters, start and end. These values are used 
to change the size of the cursor. As you can see in BIGCURS.C, setting the start to 
1 and the end to 8, you get a large cursor. Setting the start to 7 and the end to 8 
provides a more traditionally sized cursor as shown in the SMLCURS.C listing. 

Tip: Put all of your related BIOS functions into a library. (This will 
be an exercise.) 

Expert Tip: As you should begin to see, BIOS functions are very 

powerful. You will be creating several BIOS functions over the next 

few days. You will see these functions in use during the development 

of an application in the second half of this book. Most of these 

functions will be useful long after you are done with this book. 
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Using BIOS for Other Functions 
So far you have seen only a single date function and a few cursor functions. These 

functions barely scratch the surface of what functions are available by using interrupt 
routines. The multitude of different interrupts available is dependent upon your 

system and the systems that you're running the programs on. Table 8.1 lists the 

common interrupts and the areas they cover. Many of the interrupt functions that 

should be available using these interrupts are listed in Table 8.2. 

Table 8.1. The ROM BIOS interrupts. 

Interrupt Function Types 

16 (Ox10h) Video display functions 

17 (Ox1 1h) Computer equipment function 

18 (Ox12h) Conventional memory function 

19 (0x13h) Disk functions 

20 (0x14h) Serial communication port functions 

21 (Ox15h) I/O subsystem functions 

22 (0x16h) Keyboard functions 

23 (0x17h) Parallel port functions 

24 (Ox18h) ROM BASIC function 

25 (0x19h) System reboot function 

26 (Ox1Ah) Clock driver functions 

51 (0x33h) Mouse functions 
ete Se a Ei eR ase. | eee 

Table 8.2. The ROM BIOS interrupts. 

Function (SubFunction) Number (Hex) 

Interrupt 16 (0x10h) 

Set video mode 0 (0x00h) 

Set type of cursor 1 (0x0 1h) 



Function (SubFunction) 

Set position of cursor 

Get position of cursor 

Get position of light pen 

Set display page 

Scroll window up 

Scroll window down 

Get char/attribute where cursor is located 

Put char/attribute where cursor is located 

Put character where cursor is located 

Set background, border, and palette 

Write a pixel 

Read a pixel 

Using teletype mode, write a character 

Determine video mode 

Set pallet 

Set border 

Set both, pallet and border 

Toggle bit for blink/intensity 

Determine video mode 

Set palette 

Set color of border 

Set both, palette and border 

Toggle bit for blink/intensity 

Get palette 

Get color of border 

Number (Hex) 

2 (0x02h) 

3 (0x03h) 

4 (0x04h) 

5 (0x05h) 

6 (0x0Gh) 

7 (0x07h) 

8 (0x08h) 

9 (Ox09h) 

10 (Ox0Ah) 

11 (OxOBh) 

12 (Ox0Ch) 

13 (0x0Dh) 

14 (0x0Eh) 

15 (OxOFh) 

15 

1D 

16 (0x10h) 

16 

16 

16 

16 

16 

0 (0x00h) 

1 (Ox01h) 

2 (0x02h) 

3 (0x03h) 

0 (0x00h) 

1 (Ox01h) 

2 (0x02h) 

3 (0x03h) 

7 (0x07h) 

8 (0x08h) 

continues 
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Table 8.2. continued 

Function (SubFunction) Number (Hex) 

246 

Get both, palette and border 16 9 (Ox09h) 

Set color register 16 16 (Ox10h) 

Set a block of color registers 16 18 (Ox12h) 

Set state of color page 16 19 (0x13h) 

Get color register 16 21 (0x15h) 

Get block of color registers 16 23 (0x17h) 

Get state of color page 16 26 (0x1 Ah) 

Set gray-scale values 16 27 (0x1Bh) 

Load a user font 17 (Ox11h) 0 (0x00h) 

Load ROM 8x14 font beg 1 (Ox01h) 

Load ROM 8x8 font 17 2 (0x02h) 

Set block specifier 17 3 (0x03h) 

Load ROM 8x16 font 17 4 (0x04h) 

Load user font, reprogram controller 17 16 (Ox10h) 

Load ROM 8x14 font, reprogram controller 17 17 (Ox1 1h) 

Load ROM 8x8 font, reprogram controller 17 18 (Ox12h) 

Load ROM 8x16 font, reprogram controller 17 20 (0x14h) 

Set Interrupt 31 (1Fh) pointer 17 32 (0x20h) 

Set Interrupt 67 (43h) for a user’s font 17 33 (Ox21h) 

Set Interrupt 67 (43h) for ROM 8x14 font 17 34 (Ox22h) 

Set Interrupt 67 (43h) for ROM 8x8 font LZ 35 (0x23h) 

Set Interrupt 67 (43h) for ROM 8x16 font lg 36 (0x24h) 

Get information on font 17 18 (0x30h) 

Get information on configuration 18 (Ox12h) 16 (0x10h) 

Select alternate print screen 18 32 (0x20h) 



Function (SubFunction) 

Set scan lines 

Enable or disable loading palette 

Enable or disable the video 

Enable or disable gray-scale summing 

Enable or disable cursor emulation 

Switch active display 

Enable or disable screen refresh 

Write string in teletype mode 

Determine or set display combination code 

Get information on state/functionality 

Save or restore the video state 

Number (Hex) 

18 

18 

19 (0x13h) 

26 (0x1Ah) 

27 (0x1Bh) 

28 (0x1Ch) 

Interrupt 17 (0x11h) 

Get equipment configuration 

Interrupt 18 (0x12h) 

Get size of conventional memory 

Interrupt 19 (0x13h) 

(Disk drive functions) 

Reset the disk system 

Get status of disk system 

Read a sector 

Write a sector 

Verify a sector 

Format a track 

Format a bad track 

Format a drive 

0 (0x00h) 

1 (0x01h) 

2 (0x02h) 

3 (0x03h) 

4 (0x04h) 

5 (0x05h) 

6 (Ox0G6h) 

7 (0x07h) 

48 (0x30h) 

49 (0x31h) 

50 (0x32h) 

51 (0x33h) 

52 (0x34h) 

53 (0x35h) 

54 (0x36h) 

continues 
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Table 8.2. continued 

Function (SubFunction) 

Get the drive parameters 

Initialize the fixed disk 

Read a long sector 

Write a long sector 

Do a seek 

Reset the fixed disk 

Read sector buffer 

Write sector buffer 

Get the drive status 

Recalibrate the drive 

Controller RAM diagnostic 

Controller drive diagnostic 

Controller internal diagnostic 

Get the type of disk 

Get status of disk change 

Set the disk type 

Set the media type for format 

Park drive heads 

Format drive (ESDI) 

Number (Hex) 

8 (Ox08h) 

9 (0x09h) 

10 (0x0Ah) 

11 (OxOBh) 

12 (0x0Ch) 

13 (0x0Dh) 

14 (Ox0Eh) 

15 (Ox0Fh) 

16 (0x10h) 

17 (Ox1 1h) 

18 (0x12h) 

19 (Ox13h) 

20 (0x14h) 

21 (0x15h) 

22 (0x16h) 

23 (0x17h) 

24 (0x18h) 

25 (0x19h) 

26 (Ox1Ah) 

Interrupt 20 (0x14h) 

Initialize the serial port 

Write a character to the serial port 

Read a character from the serial port 

Determine serial port status 

0 (0x00h) 

1 (0x0 1h) 

2 (0x02h) 

3 (0x03h) 



Function (SubFunction) Number (Hex) 

Extended initialize serial port 4 (Ox04h) 

Extended serial port control 5 (0x05h) 

Interrupt 21 (0x15h) 

Turn cassette motor on 0 (Ox00h) 

Turn cassette motor off 1 (Ox01h) 

Read from cassette 2 (0x02h) 

Write to cassette 3 (0x03h) 

Intercept keyboard 79 (0x4Fh) 

Event to wait 131 (0x83h) 

Read from joystick 132 (0x84h) 

SysReq key press 133 (0x85h) 

Pause (delay) 134 (0x86h) 

Move an extended memory block 135 (0x87h) 

Determine extended memory size 136 (0x88h) 

Start protected mode 137 (0x89h) 

Have device wait 144 (0x90h) 

Get the system environment 192 (0xCOh) 

Determine the address of the extended 

BIOS data area 193 (OxC1h) 

Pointing device functions 194 (OxC2h) 

Interrupt 22 (0x16h) 

(Keyboard functions) 

Read a character from the keyboard 0 (0x00h) 

Get the status of the keyboard 1 (Ox01h) 

Get keyboard flags 2 (0x02h) 

continues 
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Table 8.2. continued 

Function (SubFunction) Number (Hex) 

Set rate for repeat 3 (0x03h) 

Set the keyboard to click 4 (0x04h) 

Push a character and scan code 5 (0x05h) 

Read a character (enhanced keyboard) 16 (0x10h) 

Get status of keyboard (enhanced keyboard) —_17 (0x1 1h) 

Get keyboard flags (enhanced keyboard) 18 (Ox12h) 

Interrupt 23 (0x17h) 

(Parallel port functions) 

Write a character to the parallel port 0 (0x00h) 

Initialize parallel port 1 (Ox01h) 

Get status of parallel (print) port 2 (0x02h) 

Interrupt 24 (0x18h) 

(ROM BASIC) 

Interrupt 25 (0x19h) 

Re-boot the computer system. 

Interrupt 26 (Ox1Ah) 

(CMOS clock driver) 

Determine tick count 1 (Ox00h) 

Set tick count 2 (Ox02h) 

Determine the time 3 (0x03h) 

Set the time 4 (0x04h) 

Determine the date 5 (0x05h) 

Set the date 6 (0x06h) 

Set the alarm 7 (Ox07h) 
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Function (SubFunction) Number (Hex) 

Reset the alarm 

Set the sound source 

8 (Ox08h) 

128 (0x80h) 

Interrupt 51 (0x33h) 

(Mouse functions) 

Reset and get mouse status 

Display the mouse pointer 

Hide the mouse pointer 

Determine mouse position and button status 

Set the mouse pointer position 

Determine the button press information 

Determine the button release information 

Set the horizontal limits for the pointer 

Set the vertical limits for the pointer 

Set the shape of the pointer (graphics) 

Set the pointer type (text) 

Read the mouse motion 

Set a user-defined mouse event handler 

Light pen emulation on 

Light pen emulation off 

Set exclusion area for mouse pointer 

Set threshold for double speed 

Switch user-defined event handlers for mouse 

Determine save state buffer size for mouse 

Save the mouse’s driver state 

Restore the mouse’s driver state 

0 (Ox00h) 

1 (0x0 1h) 

2 (0x02h) 

3 (0x03h) 

4 (0x04h) 

5 (0x05h) 

6 (0x0Gh) 

7 (0x07h) 

8 (0x08h) 

9 (0x09h) 

10 (0x0Ah) 

11 (OxOBh) 

12 (Ox0Ch) 

13 (0x0Dh) 

14 (Ox0Eh) 

16 (0x10h) 

19 (0x13h) 

20 (0x14h) 

21 (0x15h) 

22 (0x16h) 

23 (0x17h) 

continues 
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Table 8.2. continued 

Function (SubFunction) Number (Hex) 

Set an alternate mouse event handler 24 (0x18h) 

Determine address of alternate event handler 25 (0x19h) 

Set the mouse’s sensitivity 26 (0x1Ah) 

Get the mouse’s sensitivity 27 (0x1Bh) 

Set the mouse’s interrupt rate 28 (Ox1Ch) 

Select a pointer page 29 (0x1 Dh) 

Determine the pointer page 30 (Ox1Eh) 

Disable the mouse driver 31 (Ox1Fh) 

Enable the mouse driver 32 (0x20h) 

Reset the mouse driver 33 (Ox21h) 

Set the mouse driver message language 34 (0x22h) 

Get the language number 35 (0x23h) 

Get information on mouse 36 (0x24h) 

Itis beyond the scope of this book to provide detailed examples of using each and every 
interrupt, their functions, and all of their subfunctions. A few of these interrupts will 

be used in functions presented in the next section. In addition, many of the interrupts 
will be used as this book progresses. 

Note: If you want more information on . BIOS i interrupts, h 
__ other books available that go into much more detail. A fe 

, is Purdum’ s C Programmer's Toolkit and DOS. , : 

pee Guide to NetBios, IPX, gna. SPX by SAMS. Pu 

on eels Bbgage also talk about Le lee 



Examples of Using BIOS 
This section contains a couple of additional BIOS functions that you may find useful. 
The first function, keyhit(), determines if a character has been entered into the 

keyboard. If a character has not been entered, the program continues on. The 
keyhit() function will be presented in Listing 8.9. The second function clears the 

keyboard and waits fora keyhit. This function, kbwait (), will be useful when you need 

to wait for a keystroke and you need to remove any characters that a user may have 
typed ahead. The kbwait() function is presented in Listing 8.10. As stated earlier, 

several additional functions will be presented throughout the rest of this book. 

Listing 8.9. keyhit(). A function to determine if a 

‘Type keyboard character has been pressed. 

Me /* Program: KEYHIT.C 

2 * Authors: Bradley L. Jones 

on Gregory L. Guntle 

4: * Purpose: BIOS function to determine if a key has been 

Si Ms Hite 

6: * Return: @ - key not hit 

ts - # - key that was hit. 

8: If # > @x100, then key is a scan code. 

9: * SSS SSS SSS SSS SS SSS SS SS SS SS SSS SSS SS SS SSS SSS SSS SSS SSS SE EE* / 

10: 

11:  #include <dos.h> 

12 

13: int keyhit( void ) 

V4 et 

Log int flag; 

16: union REGS inregs; 

17/8 

18: inregs.h.ah = 0x@6; 

19: inregs.h.dl = OxFF; 

20: flag = int86(Qx21, &inregs, &inregs) ; 

ile 
22: if(( flag & 0x4® ) == 0 ) 

23: 

24: if( inregs.h.al == 0 ) 

25D: { 

26: /* extended character, get second half */ 

27: inregs.h.ah = 0x06; 

28: inregs.h.dl = OxFF; 

29: int86(0x21, &inregs, &inregs); 

30: return( inregs.h.al + 0x100 ); 

oe } 

325 else 

33's { 

continues 
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Listing 8.9. continued 

return inregS.igal; /* the key Mat *7 

} 
} 
else 

{ . 

return @; /* key not hit */ 

} 

Listing 8.10. kbwait(). A function to clear the keyboard 

buffer. 

se 

on 

eye 

4: 

Oe 

GF 

Tee 

8: 

ice) 

/* Program: KBWAIT.C 

* Authors: Bradley L. Jones 

- Gregory L. Guntle 

* Purpose: BIOS function to clear the keyboard buffer 

* and wait for a key to be pressed. 
es i 

#include <dos.h> 

#include <stdio.h> 

void kbwait( void ) 

{ 
union REGS inregs; 

inregs.h.ah = QxQC; 

inregs.h.al = 0x08; 

int86(0x21, &inregs, &inregs); 

} 

-“- + OONOODOaARWOND = SYS OSS Sh cemees So as 

Listing 8.11. LISTO811. C. A program demonstrating the 
previous two functions. 

/* Program: list@811.c 

* Author: Bradley L. Jones 

* Purpose: Demonstrates the use of the kbwait() and 

keyhit() functions. 
FC st ca sc mans re a a ed Se es ss ee en ee ee = 5 5 5 5 = FF SS SS SSS SSS SSS S55 5555555 S> SSS SSS SSS SESS >>> >> =>=-=—* / 

#include <stdio.h> 



13: int keyhit(void) ; 

14: void kbwait(void) ; 

15? 

16: int main(void) 

Wee Ag 

18: Lik Gtr = 65= 

19: char buffer[256]; 

20: 

215 printf("\n\nClearing the keyboard buffer."); 
22% printf("\nPress any key to continue..."); 
23: 

24: kbwait(); 

25: 

26: printf ("\nMoving on..."); 
2ie 

28: while(!keyhit()) 

29: { 

30: DeneET ( 6C* 4 “Ctr ™) = 

31: 

32: if( ctr >= 9@ ) 

33: ctr = 65; 

34: else 

35: Crit, 

36: } 

Sis 

38: printf ("DONE"); 

39: 

40: return 0; 

Adee 

This program displays a message and then asks you to press any key to 
continue. Once you continue, the program begins printing the letters of 
the alphabet. These letters are printed until a key is pressed. Using a while 

loop in line 28, allows the program to do what is contained in lines 29 to 36 until a 
key is hit (keyhit () returns a key value). After each placement ofa letter, the keyhit () 

function is used to determine if a character has been pressed. If not, the program 
continues to the next letter. If a character has been pressed, then the program prints 
“Done” and ends. Because keyhit () returns the value of the key pressed, this program 
could be changed to check for a specific key before ending. 

Creating Your Own Interrupts 
Not all of the interrupts have functions behind them. Because of this, you can create 

your own interrupt events. This could be an event such as causing the speaker to beep, 
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ora memory resident program. Unfortunately, writing your own interrupt functions 

is beyond the scope of this book. 

Compiler-Specific BIOS Functions 
Many compilers come with several of their own functions that are already set up to 

perform specific BIOS interrupt tasks. Microsoft comes with several. These include: 

Micah _bios_equiplist | Uses interrupt 0x1 1h (17) to perform an equipment 

os) checklist. 
_bios_memsize Uses interrupt 0x12h (18) to provide information 

about available memory. 
_bios_disk Uses interrupt 0x13h (19) to issue service requests for 

hard and floppy disks. 

_bios_serialcom Uses interrupt 0x14h (20) to perform serial communi- 

cations services. 

_bios_keybrd Uses interrupt 0x16h (22) to provide access to key- 

board services. 

_bios_printer Uses interrupt 0x17h (23) to perform printer output 

services. 

_bios_timeofday Uses interrupt 0x1Ah (26) to access the system clock. 

_ Note: When using the Microsoft or the Borland predefined BIOS 
functions, you need to include the BIOS.H header file. 

The Borland compilers also have several preincluded BIOS interrupt functions. These 
include the following: 

biosequip Uses interrupt 0x1 1h (17) to check equipment list. 
_bios_equiplist Uses interrupt 0x1 1h (17) to check equipment list. 
biosmemory Uses interrupt 0x12h (18) to determine the size of 

memory. 
_bios_memsize Uses interrupt 0x12h (18) to determine the size of 

memory. 
biosdisk Uses interrupt 0x13h (19) to perform disk drive 

services. 
_bios_ disk Uses interrupt 0x13h (19) to perform disk drive 

services. 



bioscom Uses interrupt 0x14h (20) to perform serial communi- 
cations services. 

_bios_serialcom — Uses interrupt 0x14h (20) to perform serial communi- 
cation services. 

bioskey Uses interrupt 0x16h (23) to work with the keyboard 
interface. 

_bios_keybrd Uses interrupt 0x16h (23) to work with the keyboard 
interface. 

biosprint Uses interrupt 0x17h (24) to perform printer services. 

_bios_printer Uses interrupt 0x17h (24) to perform printer services. 

biostime Uses interrupt 0x1Ah (26) to read or set the system 

clock. 

_bios_timeofday Uses interrupt 0x1Ah (26) to read or set the system 

clock. 

You may choose to use these functions, or you may decide to call the interrupts on your 
own using a more generic int86() type of function. 

A Note on Compiler Functions 
Versus BIOS Functions 

Now that you've gotten a glimpse of the many functions that can be created using 
BIOS and have reviewed some compiler-specific functions, it is important to consider 
why you would ever need to create a new function using BIOS—or any of the other 
methods presented. There are at least two major reasons for creating your own 
functions. The first is for the sake of learning. By creating you own functions, you 
better understand the underlying code. Once you create a function, you can put it into 
a library and use it everywhere. A second reason is flexibility. The compiler functions 
are what they are. You cannot change them or modify them to your specific needs. By 
writing your own functions, you can create them just the way you want them. 

As this book continues, you will see several BIOS functions in action. In addition, you 

will also see several more complex functions that have BIOS functions in their 

underlying code. 

e int86() and some use _int86(). 
bi ary reference manual to 
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Sumunary 
Today, you were provided with the most powerful way of manipulating your 

computer system’s resources. This was through the use of interrupt calls to BIOS. The 

acronym, BIOS, stands for Basic Input/Output System. You also were provided with 

information on why BIOS functions are better to use than ANSI escape sequences and 

direct memory access. In addition, you were presented with tables containing 

information on many of the system resources that BIOS can manipulate. This 

includes placing the cursor, clearing the screen, changing colors, remapping keyboard 

values, working with modems, reading joystick commands, and much, much more. 

A few examples of using BIOS functions were presented to give an overall idea of what 
using them requires. BIOS functions will be revisited off and on throughout the rest 

of this book. 

Q Is the BIOSREGS.H header file presented in Listing 8.1 necessary? 

A You were shown the values presented by Microsoft and Borland compilers. If 
you include DOS.H, you may not need to include the BIOSREGS.H 
header file. Other. compilers may or may not need the register structure. 
Most of the programs from this point on won't include the BIOSREGS.H 
header file. If your compiler doesn’t have the register union and structures, 
you should include BIOSREGS.H. 

Q Are the functions learned today portable to other computer systems? 

A The functions covered in today’s material are portable to some computers. 
The BIOS functions are portable to computers that are 100-percent compat- 
ible with IBM BIOS. In addition, older versions of BIOS may not support 
all of the functions. You should consult your DOS manuals and system 
documentation to determine what interrupts your computer supports. 

Q What is meant by BIOS functions being portable? 

A The portability of BIOS functions is not necessarily the same as the portabil- 
ity that will be discussed later in this book. The calls to BIOS functions are 
not necessarily portable C code—each compiler may call interrupts slightly 
differently. What is meant by portability is that an executable program 
(EXE or .COM) will have a better chance of running on many different 
computer configurations than if you use ANSI functions or direct memory 
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writes. BIOS function calls are only portable to IBM-compatible machines; 
however, they can have a multitude of different video monitors, modems, 
printers, and so on. 

Q Why might someone want to use direct video access instead of BIOS 
functions? 

A If manipulating the video monitor at the highest speeds possible is impera- 

tive to an application, then direct video memory access may be the best 

solution. For graphics-intensive games, it’s often necessary to directly 
manipulate the video memory to get the best results and the smoothest 
graphical movements. 

Q Are all the interrupts presented today always available? 

A No! Older versions of the DOS operating system may not support all of the 
interrupts presented. If you are using an extremely old version of DOS, such 
as 2.01, or even 3.0, then you may find that several of the functions are not 

supported. Your DOS manuals may contain a list of supported interrupts. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you've 
learned. 

Quiz 
1, 

De 

DD 

eo SS 

What does BIOS stand for? 

What are two reasons to use BIOS functions instead of ANSI functions? 

What is a reason to use the BIOS function instead of direct memory access 

when updating the video display? 

What is an interrupt number? 

What is an interrupt function? 

What is an interrupt subfunction? 

What does interrupt 0x33h function do? 

What does function 2 of interrupt 51 (0x33h) do? 
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9. What does interrupt 25 (0x19h) do? 

10. Do all computers support all BIOS functions? 

Exercises 

1. Create a library containing all of the BIOS functions presented today. Call 

this library TYAC.LIB. This library can be used in future chapters. This 

library should contain the following functions: 

current_date() 

cursor () 

get_cursor() 

set_cursor_size() 

keyhit() 

kbwait () 

Note: You should also create a header file with the same name as your 
library. This header file should contain the function prototypes for the 
functions i in your library. 

2. Create a function that enables you to scroll the screen up one line at a time. 
This function can be created via a BIOS interrupt. You should set the 
following registers: 

ah = 0x07 

Ale I 

chi=70 

eli= (0 

diver25 

dil = col 

bh = 0 

The BIOS interrupt is 0x10. 

3. Rewrite the function from Exercise 2. This time write the function generi- 
cally so that it can be used to scroll the screen—or a portion of the screen— 
up or down: 
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ah should be set to interrupt 0x07 to scroll up or 0x06 to scroll down. 

al should be set to the number of lines to scroll. 

ch should be set to the number of the starting row on the screen area to be 

scrolled (0 is the first line on the screen). 

cl should be set to the number of the starting column on the screen area to 

be scrolled (0 is the first column on the screen). 

dh should be set to the width of the scrolling area. (This should be added to 

the row to only scroll the intended area.) 

d1 should be set to the height of the scrolling area. (This should be added to 
the column to only scroll the intended area.) 

bh should be used for an attribute. In this case, always set bh to 0. 

4, Write a program that uses the function from Exercise 3. 

5. Add the previous function to your TYAC.LIB library. You should also add 
the prototype to the TYAC.H header file along with defined constants for 
SCROLL_UP and SCROLL_DOWN. 

6. BUG BUSTER: What, if anything, is wrong with the following? 

void current_date( int *month, int *day, int *year) 

{ 
union REGS inregs, outregs; 

inregs.h.ah = 0x2a; 

int86(@x21); 

il} *month 

*day 

*year 

outregs.h.dh; 

outregs.h.dl; 

outregs.x.Cx; 
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Text Graphics (Using BIOS) 

On Day 8, you were introduced to BIOS functions, which will be useful in the 

programs you will develop. Day 8, however, barely scratched the surface of the 

functions you'll need when you create a full-scale application later in this book. Many 

of the functions you'll need relate to how you set up your screen and text graphics. 

Today you will learn: 

(| What is meant by text graphics versus non-text graphics. 

|] How to combine Day 8’s functions in a more organized manner. 

_] How to enhance your cursor functions from Day 8. 

"| How to create several useful screen and text functions to add to your library. 

"] How to add several new functions to your TYAC library. 

Different Levels of Graphics 
The level of graphics that can be used on a computer vary. Generally, graphics are 
broken down according to their levels of complexity. The complexity of each level is 
directly proportional to the portability of the system created using them. The different 
levels include: 

|| Monochrome text 

|| Colored text 

Pixel graphics 

Character graphics 

Monochrome text is the least graphical and the most portable. This uses the charac- 
ters that are in the ASCII chart with values from 0 to 127 ora similar set of characters. 

Because color is not considered and no characters other than those in the table are 

used, this monochrome text is sometimes not considered graphical. 

Colored text is a little more graphical and less portable because not all systems sup- 
port color. Colored text still uses the same character set as the monochrome text; 
however, the text can be displayed in a variety of colors. Virtually all personal 
computer systems today support colored text. Even some monochrome (single- 
colored) monitors support colored text by using gray-scale. Monochrome monitors 
that support gray-scale display colors in different shades or intensities ofa single color. 
Most monochrome notebook computers support gray-scales of 16, 64, or 256 colors. 
You should understand, however, that there are some monochrome monitors that 
only support a single color. 
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Pixel graphics use the individual pixels—or dots—within a computer monitor. 
Because they work at a pixel level, any character can be displayed. The resolution, or 
clarity, of a displayed character depends on the computer, number of pixels in the 
computer s screen, and the number of colors that the screen can support. This includes 
CGA, EGA, VGA, Super VGA and more. Because the level of graphics that can be 
done depends on the computer system, this is much less portable than the other 
graphics methods. What is gained is the displayed graphics are not limited to the 
ASCII character set. Instead, any picture or graphic can be displayed. 

Note: Most computer systems today support pixel graphics at VGA level 
resolutions (640x480 pixels). 

Note: If you run a program with a higher graphics resolution and a 
monitor that supports only a lower graphics resolution, you can get 
unpredictable results. For example, if a program that supports VGA-level 
pixel graphics is run on a monitor that only supports colored text, the 
outcome may be a blank screen. Worse, the output may be garbled colors 
on the screen. 

Character Graphics 
Character graphics are similar to the color text. However, instead of being limited to 

the ASCII characters 0 to 127, character graphics also include the characters from 128 
to 255. These additional characters are referred to as the extended character set. This 

extended character set provides many additional characters that can help give an 

application a more graphical look and feel without losing the portability of going to 

full pixel graphics. Appendix B shows the entire ASCII character set. Those characters 

with the values from 128 to 255 are considered the extended ASCII character set. 

By using many of the characters provided in the extended set, you can create lines, 

boxes, grids, and more. In addition, character graphics include color. The number of 

colors used is generally left at the same level as the lowest pixel graphics —CGA. Fig- 

ure 9.1 shows some of the character graphics in use. 
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Figure 9.1. Character graphics in use. 

Note: Most DOS-based applications use character graphics. Packages that 
use character graphics are WordPerfect 5.2 for DOS, Paradox for DOS, 

DBASE IV, and Lotus 123 for DOS. Most of these packages also allow 
for some pixel graphics. 

Organizing Your Functions 
Starting on Day 12, this book will begin guiding you through the development of a 
complete application. In developing this application, you'll use several of the 
functions that you have developed on earlier days. In addition, you'll also use many 
new functions. Most of the functions will be developed over the next few days. Today, 
you ll develop several functions, including a line function and a box function, that use 

the character graphics. 

Before learning new functions, you should ensure that your current functions are 
organized. In one of the exercises on Day 8, you created a library containing your 
functions and a header file. The header file should contain function prototypes for 
your functions along with any additional information that may be needed by your 
library’s functions. Listing 9.1 is an updated version of the TYAC.H header file that 
you created on Day 8. 

Listing 9.1. The enhanced TYAC.H header file. 

ie /* Program: TYAC.H 

Po x (Teach Yourself Advanced C) 



* Authors: Bradley L. Jones 
* 

* Purpose: Header file for TYAC library functions 
#SSSS SS SSS SS SSS SSS SSS SSS SaaS Sea SSasseaSSSaSeeeeeaaaa===* | 

#ifndef 

#define 

Gregory L. Guntle 

—TYAG_H™ 

be VAG SHS 

/* DOS and BIOS Interrupts */ 
#define 

#define 

/* BIOS 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

BIOS_VIDEO @x10 

DOS_FUNCTION Qx21 

function calls */ 

SET_VIDEO Qx0O 

SET_CURSOR_SIZE 0x1 
SET_CURSOR_POS 0x02 

GET_CURSOR_INFO x03 

WRITE_CHAR @x09 

SET_COLOR @x0B 

GET_VIDEO QxOF 

WRITE_STRING @x13 

/* Types of Boxes */ 
#define 

#define 

#define 

= Box 

#define 

#define 

DOUBLE_BOX 
SINGLE_BOX 
BLANK_BOX se -Nh 

Tite lags, 
BORDER_ONLY 

FILL_BOX -— © 

VP =COLOnS ey 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

BLACK 

BLUE 

GREEN 

CYAN 

RED 

MAGENTA 

BROWN 

WHITE 

GRAY 

LIGHTBLUE 

LIGHTGREEN 10 

LIGHTCYAN 1b) 

LIGHTRED 12 

LIGHTMAGENTA 13 

YELLOW 14 

BRIGHTWHITE 15 

OANDAARWN- 8 

continues 
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Text Graphics (Using BIOS) 

Listing 9.1. continued 

52: /* used to set scrolling direction */ 

53: #define SCROLL_UP Qx07 

54: #define SCROLL_DOWN 0x6 

Do: 

See Ricca ioe mere hoe Scibiem Bape i 
Sia Function Prototypes 

58: Wie Oe i) 

59: 

60: /* Gets the current date */ 
612 void current adatel(anis a anicmet el mit as) is 

62: 

63: /* Positions the cursor to row/col */ 

642 Vords curson(Gintye nt) 

65: /* Returns info about cursor */ 
66% void get cursor (int, *, Int -*; Binte*s4anteonenty an, 

67: /* Sets the size of the cursor */ 
68: void set_cursor_size(int, int) ; 

69: 

70: /* clear the keyboard buffer */ 
71: void kbelear( void ); 

(25 /* determine keyboard hit */ 
(oe inte kona (void™)- 

74: 

75: /* scroll the screen */ 

76: void scroll( int row, sims (oxouk 

TTee int width, int height, 

Vor int nbr, int direction) ; 

79: 

80: #endif 

As you can see, this header file contains a function prototype in lines 58 to 74 
for each of the functions that should be in your library. By including this header 
file in any of the programs you are using, you'll be sure to have all the prototypes 

that you need for the library functions. You'll also be able to keep any other 
information in this header file that is needed by your functions. 

This version of the TYAC.H header file includes several other items. Lines 11 and 12 
include defined constants for BIOS interrupt numbers. Lines 14 to 22 include defined 
constants for BIOS function numbers. These defined constants will be used in many 
of the functions created today. By using the defined constants instead of the actual 
numbers, your individual functions will be more readable. 

Lines 28 to 30 declare a few additional defined constants, which will be used in 
creating a border on a box function later today. Lines 32 to 48 define the basic colors. 
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This is similar to the defined constants that were created for the ANSI functions on 
Day 4. A final set of defined constants are declared in lines 51 and 52. These were used 
in the control break function presented in the Day 8 exercises. 

The TYAC.H header file will by dynamic. As you create each of your new functions, 
you should add the prototype into TYAC.H. By doing this and by adding each 
function to your TYAC.LIB library, you'll ensure that you'll have a complete library 
to use. 

Tip: You should give your library the same name as the header file— 
TYAC. This will help you keep the two related together. (TYAC 
stands for Teach Yourself Advanced C.) 

Note: The TYAC.LIB library and TYAC.H header file will be used from 
this point on. Each function you create on the following days should be 
added to your library. In addition, you should add the new function 
prototypes to TYAC.H. 

Enhancing Your Cursor Functions 
The cursor functions on Day 8 contained only the basic row and column parameters. 
The BIOS calls that work with the cursor will provide much more information than 
just the row and column of the cursor. While you may not always need the additional 

information, it’s better to go ahead and make your functions a little more functional. 

The get_cursor() andcursor() functions presented originally in Listings 8.3 and 8.4 

should be enhanced. Listings 9.2 and 9.3 contain new cursor functions. 

Listing 9.2. PCURSOR.C. A function to put the 

‘Te cursor on screen. 

iE /* Program: PCURSOR.C 
rae * Authors: Bradley L. Jones 

3: * Gregory L. Guntle 

continues 

| SAMS |. 
: PUBLISHING © § 
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Listing 9.2. continued 

2 

Pe 

3: 

4: 

5s 

Gr 

a 

‘sh 

9: 

* 

* 

* 

x 

* 

Purpose: 

Note: 

Demonstrates a BIOS function to position the 

cursor on the screen. 

This function places the cursor at a given 

location on the screen. The upper left position 

of the screen is considered (@,@) not (1,1) 

#include <dos.h> 

#include "tyac.h" 

void cursor(int row, int column) 

{ 

Listing 9.3. GCURSOR.C. A function to get cursor 

union REGS inregs; 

inregs.h.ah 

inregs.h.bh 

inregs.h.dh 

inregs.h.dl 

int86(BIOS VIDEO, &inregs, &inregs) ; 

from screen. 

= 

SET_CURSOR_POS; 

Q; 
row; 

= column; 

Program: GCURSOR.C 

Authors: Bradley L. Jones 

Gregory L. Guntle 

Demonstrates a BIOS function to get the position 

of the cursor on the screen. 

Purpose: 

Note: This function considers the upper left position 

of the screen to be (0,0) not (1,1) 

#include <dos.h> 

#include "tyac.h" 

void get_cursor(int *row, int *column, int *page, int *Sitalet, 

{ 
int *end) 

union REGS inregs, outregs; 

inregs.h.ah = GET_CURSOR_INFO; 

inregs.h.bh = Q; 

int86(BIOS VIDEO, &inregs, &outregs) ; 
*row 

*column 
( 
( 
int) outregs.h.dh; 

int) outregs.h.dl; 



apd *page (int) outregs.h.bh; 

2aK *start = (int) outregs.h.ch; 

24: *end = (int) outregs.h.cl; 

Psy 

joy) = The PCURSOR.C listing operates exactly as it did before. Only minor cosmetic 

YSIS changes have been made. Notice that in line 12, the TYAC.H header file is now 

being included. This enables you to use any of the defined constants in this 
function. In addition, it ensures that the function’s prototype is included. In lines 18 

and 22, two defined constants are used from the TYAC.H header file: GET_CURSOR_INFO 

and BIOS VIDEO. This makes the cursor() function’s code a little easier to read. 

The GCURSOR function in Listing 9.3 is different from the function presented on 
Day 8. Like the cursor() function in Listing 9.2, the TYAC.H header file has been 

included, and the defined constants have been used. In line 13, you'll notice a much 
larger change. The get_cursor() function now has three additional parameters, page, 

start, and end. These three parameters give the function the capability to pass 
additional information back to the calling program. Now when you use get_cursor(), 
you won't only get the row and column location of the cursor, but you'll also get the 
video page that the cursor is on and the start and end scan lines that make up the 
cursor’s shape. (See the set_cursor_size() in Day 8 for information on the cursor.) 

This additional information makes the function much more useful. 

Warning: When you change a function, you need to recompile it and 
update your library. If you change the parameters passed to a function, 
you need to change the prototype within the header file also. In addition, 

_ if you change a header file, you may need to recompile all the programs 
that use the header file to ensure that you don’t cause problems in your 
other functions. 

Note: AS explanation of a video page will be covered later today. 

You might be wondering why Day 8 did not present the get_cursor() functions with 

the additional parameters. You'll generally write a function to serve a specific need. 
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As time goes on, you'll find that you need to update or enhance the function. The 

cursor functions are a prime example of such changes. You should update your library 

and header file with these newer versions. 

ee | DON’T 
DO continue to add your functions to (or update) your TYAC.LIB library. 

DON’T forget to update your library and header file when you change a 

function. 

DO use defined constants to make your programs and functions easier to 
read—and debug. 

Creating New Functions 
In the following sections, several new functions will be presented that will help you 
create applications. You'll learn a few functions that help in your use of text graphics 
and a function that enables you to pause until a key is entered. 

Text Graphics Functions 
Several text graphics functions will be presented. Many of these functions can be used 
with the functions you have created on previous days. These include the following: 

| Setting the video mode. 

| Getting the video mode. 

_| Setting the border color. 

Writing a character. 

_] Writing a character multiple times. 

_] Drawing a line. 

Drawing a box. 

Drawing a box with borders. 

You'll want to add several of these functions to your TYAC library. 
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Working with the Video Mode 
When you begin to work with character graphics and character graphic functions, you 
must have alittle background information. Most computer monitors display 25 rows, 
each with 80 characters; however, you should never assume this. Two functions will 
be extremely useful when using character graphics. These are a function to set the 
video mode and to get the video mode (Listings 9.4 and 9.5). 

Te Listing 9.4. GVIDEO.C gets the video mode. 

die /* Program: GVIDEO.C 

2 * Authors: Bradley L. Jones 

3: js Gregory L. Guntle 

4: * Purpose: Demonstrates a BIOS function which gets the 

oO: * current video mode. 
6 A *® SSS SSS SSS SS SSS SSeS SSS SSS SSS SSS SS 5555555555555 ====== 

las z 

8: * Display modes (partial list): 

9: Ey 

10: * @ 40 by 25 black and white text 

Aas x 1 40 by 25 16-color text 

125 * 2 8®@ by 25 black and white text 

13% * 3 80 by 25 16-color 

14: os 

UE bs 4 320 by 200 4-color 

Gir i 5 320 by 200 4-color 

WA 2 ge 6 64@ by 200 2 color 

18: a 

19: se 7 8@ column mono text 

20: A 
Aili ‘s 64 80 by 43 (EGA) 

22k ia 80 by 50 (VGA) 
PREYS e ea a aSSSSSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SESS SS SSS SSSSSssa=* / 

24: 

25: #include <dos.h> 

26: #include "tyac.h" 

2ilas 

28: void get_video(int *columns, int *display_mode, int *display_ page) 

Payee ef 

30: union REGS inregs, outregs; 

31: 
32: inregs.h.ah = GET_VIDEO; 

33: int86(BIOS VIDEO, &inregs, &outregs) ; 

34: *columns = (int) outregs.h.ah; 

Bon *display_mode = (int) outregs.h.al; 

36: *display_page = (int) outregs.h.bh; 

37 } 
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| This program gets information on the video mode. This will fill in the values of 

three different variables that have pointers passed on to the get_video() 

function. The first parameter, column, will be filled in with the number of 

columns available. The second parameter, display_mode, will be filled in with a 

numeric value. The value will signal which mode the video is set to. The comments 
in lines 8 to 22 detail the different values that the video mode could be. The third 

parameter, display_page, will be filled with the display page number. There can be 

more than one video page; however, only one can be active at a time. Video pages are 
areas reserved to set up screen information; however, they are not visible until they are 
made active. Most programs ignore video paging and simply use the current page. As 
shown earlier, one of the additional parameters for the cursor functions was for the 
video page number. 

Lines 30 to 36 contain the bulk of this program. As you can see, the get_video() 

function looks like many of the other BIOS functions. There has been one subtle 
change. Instead of using an interrupt and a function number, defined constants are 
used. The GET_VIDEO and BIOS_VIDEO constants should make this function easier to 

understand. 

The ability to get the video mode is important; however, sometimes you'll want to set 
it. The set_video() function does just that. 

le /* Program: SVIDEO.C 

ae * Authors: Bradley L. Jones 

3 a Gregory L. Guntle 

4: * Purpose: Demonstrates a BIOS function to set the video 
5: * mode. 
6: *SSSSSSSSSSSSSSSSeS SSS SS SSeS e 522555555 55=5=5====----- 

Tae * 

82 * Display modes (partial list): 
9: ‘a 

10: * @ 4@ by 25 black and white text 

Ws es 1 40 by 25 16-color text 

125 * 2 8@ by 25 black and white text 

eh cs 3 80 by 25 16-color 
14: i” 

Se i 4 320 by 200 4-color 

16: Ad 5 320 by 200 4-color 

We = 6 640 by 200 2 color 
18: - 

19: te 7 8@ column mono text 
20: * 

eit te 64 80 by 43 (EGA) 



ao. * 82 by 50 (VGA) 
eke SESSSSSSSSSSSSSSSSsSSS=SS55SSSSSSSSSSSSS555SSS5==555=======% 

| 

25: #include <dos.h> 

26: #include "tyac.h" 

PM f 

28: void set_video(int display mode) 

20 ae 

30: union REGS inregs; 

31: 

32: inregs.h.ah = SET_VIDEO; 

So inregs.h.al = display_mode; 

34: int86(BIOS VIDEO, &inregs, &inregs); 

35; Shh 

The set_video() function accepts a numeric parameter for the mode. These are 

the same numbers that are returned by the get_video() function. You should 

notice that this function attempts to set the mode even if an invalid mode is 
passed. By not editing the display mode that is to be set, this function will be capable 
of setting additional modes that may be supported in the future. You may want to 
consider adding logic to prevent any invalid display modes from being set. In an 
exercise at the end of the day, you'll be asked to use these functions to write a program. 

Setting the Border Color 
Once you are able to work with the video mode, you are ready to forge into text 
graphics and color functions. Most of the functions work on the screen; however, 

there is also a border to the screen that can be colored. Listing 9.6 contains a function 
to set the border color. 

lis /* Program: SBRDCLR.C 

ae * Authors: Bradley L. Jones 

3: is Gregory L. Guntle 

4: * Purpose: Sets the border color. 

13) # eas asSSSesessassasssSssssssSsesssseassssssssssssssssaas* / 

6: 

ae #include <dos.h> 

8: #include "tyac.h" 

9: 
10: void set_border_color(int color) 

aye at 
22 union REGS inregs; 

13: 

continues 
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Listing 9.6. continued 

14: 

ee 

16: 

7-3 

its 

inregs.h.ah = SET_COLOR; /* Set Color Palette */ 

inregs.h.bh = 0; /* BL contains background and border 

collonmes 

inregs.h.bl = color; /* New color */ 

int86(BIOS VIDEO, &inregs, &inregs) ; 

This listing contains the set_border_color() function, which sets the color of 

the border to the value passed in color. This color should be one of the values 
contained in TYAC.H that is included in line 8. As you can determine from this 

listing, the border color is set using the BIOS_VIDEO interrupt (0X10) and the 

SET_COLOR function (0X0B). In addition, the bh register needs to be set to 0. The actual 

color number is set in line 16 to the b1 register. 

Warning: The set_border_color() function in Listing 9.5 does not 
contain any error trapping. You may wish to add edit checks limiting the 
acceptable values to this function. You should consider adding error 
trapping to all the functions that are presented. : 

Writing a Character in Color 
While setting the border’s color is fun, it’s often not done. What is often done is 

writing a character to the screen. Although the ANSI putchar() function does a 

splendid job of putting a character on the screen, it doesn’t do it in color. Listing 9.7 
presents a new function for writing a character in color. 

Listing 9.7. WRITECH.C. A function to write a 
character in color. 

/* 

* 

* 

Program: WRITECH.C 

Authors: Bradley L. Jones 

Gregory L. Guntle 
Purpose: Writes a character at a the current cursor 

location. 
= 5 5 5 SS 5 5 SF SS SS SS SS SS SS SS SSS SS SSS SSS SSS SSS SS 25> >===—* if 

#include <dos.h> 

#include "“tyac.h" 

1 

2: 

ele 

4: 

Ole i 

6: 

as 

on 

9: 



PUBLISHING 

10: 

11: void write_char(char ch, int fcolor, int bcolor) 
he | 

13: union REGS inregs; 
14: 

1s inregs.h.ah = WRITE_CHAR; 

LGz inregs.h.al = ch; /* Character to write */ 
iW inregs.h.bh = Q; /* Display page goes here */ 
Lede inregs.h.bl = (bcolor << 4 ) ! fcolor; 

19: inregs.x.cx = 1; 

20: int86(BIOS VIDEO, &inregs, &inregs); 

PL teal a 

This function writes a character at the cursor’s current location. For this reason, 

Anas the function is good to use in conjunction with the cursor() function learned 

earlier. As you can see by line 11, the function takes three parameters. The first, 
ch, is the character to be printed. The second two are the foreground color, fcolor, 

and the background color, bcolor. These are used in line 18 to set the color of the 
character to be printed. 

This setting of the color might seem confusing, but it works. Because the numbers for 
the colors are small, they don’t require an entire byte for each of the background and 
foreground colors. Instead, the background color is placed in the high order bits ofan 
individual character (the top half). The foreground colors are stored in the lower bits 
(or the bottom half). To accomplish this, the background color, bcolor, is shifted four 

positions and then “OR’ed into the same register as the foreground color. This isn’t 
an uncommon practice for setting a foreground/background color combination into 
a single field. 

A few other registers are also set in this function. The first is the ah register, which is 

set to function WRITE_CHAR (0x09 defined in your TYAC.H header file). The x.cx 
register is set to 1, the bh register to 0, and the al register to ch, which is the character 

that is going to be printed. (The cx register will be covered in the next section.) The 

bh register is set to the video page number. We are assuming zero here; however, if you 

decide to work with video paging, this function can be modified to assign the video 

page to the bh register. In line 20, writing the character is accomplished by passing 

these register values with an interrupt 0x10—the defined value of 810S_VIDEO in your 

DYAG.H file, 
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Note: The TYAC.H header file presented in Listing 9.1 contained the 

colors that are available. The foreground colors can be any one of the 16 

colors presented. The background colors are only the first eight. 

Repeating a Character 
Often you'll want to print a character several times. For example, to draw a line of 

asterisks, you could call the write_char() several times in a row. Or alternatively, you 

could create a function to do this for you. Listing 9.8 shows a function that you may 
think accomplishes the task of printing a character a given number of times. 

Listing 9.8. Using a for loop to repeat a character. 

ang /* Program: LIST0907.C 

Pe * Authors: Bradley L. Jones 

3: m Gregory L. Guntle 

4: * Purpose: Writes a character several times. 

oF k SESS SSS SSS SSeS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSSSSa==* / 

GE 

dae #include "tyac.h" 

8: 

9: void repeat_char(char ch, int howmany, int fcolor, int bcolor) 

il, Oise) 

Te shine Gaelee 

le 

ish for( ctr = 0; ctr < howmany; ctr++ ) 

14: { 

52 Wiritenchar (ech i COUOhyDGOLOrm)\: 

Lee } 

Ase OF 

As youcan see, this is a straightforward function. Itsimply calls thewrite_char() 
function the number of times requested. This function doesn’t work the way you 
might expect. It writes the character the number of times stated in howmany; 

however, it will write them on top of each other! The write_char() function has no 
control of the cursor. You have to move the cursor yourself. Each time you write a 
character, you need to move the cursor over one column. In addition, you have to 
determine where the cursor originally was to know the values to increment. 



: nites 

While you could get a function like this to work, there is an easier—and better— 
alternative. Listing 9.9 presents a function that looks virtually identical to the 
write_char() function presented in Listing 9.8; however, there are a few subtle 
differences. 

Listing 9.9. REPEATCH.C. A better repeating 
character function. 

ibe /* Program: REPEATCH.C 

Pe * Authors: Bradley L. Jones 

3 * Gregory L. Guntle 
4: * Purpose: Repeats a character starting at a the current 
aE ¢ cursor location. 

6: ASS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSSSSSSSSSsssaSH=sH==* | 
The 

8: #include <dos.h> 

9: #include “tyac.h" 

10: 

11: void repeat_char(char ch, int howmany, int fcolor, int bcolor) 
2 

13: union REGS inregs; 

14: 

UE inregs.h.ah = WRITE_CHAR; 

16: inregs.h.al = ch; /* Character to write */ 

175 inregs.h.bh = Q; /* Display page goes here */ 
18: inregs.h.bl = (bcolor << 4 ) | fcolor; 

19}: inregs.x.cx = howmany; /* Nbr of times to display */ 

20: int86(BIOS VIDEO, &inregs, &inregs) ; 

2 eee 

The first difference you'll notice is that the function is called repeat_char() 

instead of write_char(). In line 11, you can see that an additional parameter is 
passed to the function. This parameter, howmany, specifies the number of times 

the character is to be repeated. In line 19, the value in howmany is assigned to the x. cx 

register. For the write_char() function, the number 1 was assigned to the cx register. 

This is because when you write a character, you are only repeating the character one 

time. 

With these minor differences, the repeat_char() function is complete. You may be 

wondering why the write_char() function isn’t eliminated and the repeat_char() 

function always used. If you call repeat_char() and pass the value of 1 in the howmany 

field, then you are essentially accomplishing the write_char() function. The basic 

reasons for having separate functions are readability and usability. When you write a 

character in color, generally you don’t think of repeating it. 
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Drawing a Line 
You already know how to draw a line with character graphics even though you may 

not be aware of it. A line is simply a set of repeated line characters. There are several 

line characters in the extended ASCII character set. These include characters 179 and 

186 for drawing vertical lines and characters, and 196 and 204 for drawing horizontal 

lines. Listing 9.10 demonstrates the use of the repeat_char() function to print not 

only a line of asterisks, but also text lines using some of the extended ASCII characters. 

Note: When you compile this program, you should link in your TYAC 
library. You should add each new function you learn to your TYAC 
library. Many of the remaining programs (listings that create executable 
files) assume that you are linking the TYAC library. In addition, they 
assume that you have updated it with any new functions. 

Listing 9.10. Using the repeat_char() function and 

drawing lines. 

/* Program: LIST0909.C 

* Authors: Bradley L. Jones 

o Gregory L. Guntle 

* Purpose: Use the repeat_char() function. 

#include <stdio.h> 

#include "“tyac.h" ONoOahWND = 

+ i] i ll ll Il i] ll iH] ll i] Il I Il i] i] i] i] I I Il ! i] I i] Il Il i i] | | | ! ! ! ! | | | | ! | ! ! ! | | | | * 
— 

ice) 

10: void pause(char *message) ; 

12: int main(void) 

Use. af 

14: Ite irCoLon spCcolLonr: 

16: for( bcolor = 0; bcolor < 8;  bcolor++ ) 
WE { 

18: for( fcolor = @; fcolor < 16; fcolort++ ) 
W)E { 
20: CURSOR (i COlont Zim Om) is 
Be: repeat_char( 205, 70, fcolor, bcolor ); 

: } 
23: pause("Press enter to continue..."); 
24: } 

eon return Q; 



28: void pause(char *message) 
PAS | ef 

30: printf ("\n%s", message) ; 

31: while ((getchar()) != '\n') { } 
32: fflush(stdin) ; 

YY Note: The output will be in color; however, it isn’t shown here. 

This program is fun because you are working with color. As you can see, Listing 
9.10 does a little more than print a bunch of double lines. As usual, line 8 

includes the TYAC.H header file. The TYAC.H header file should contain all 
the function prototypes for the new functions that you are creating. In addition, the 
TYAC.LIB file should contain all the functions. If you get a link error for cursor(), 

it could be that you didn’t add this function to your library on Day 8. 

This program does a lot for the small amount of code presented. It presents the 
available color combinations by using two for loops to cycle through the foreground 
and background colors. In addition, double lines are drawn across the screen. Line 21 

draws the double lines by repeating character 205, which is a double line. If you 
wanted single lines instead, you could have used character 196. For fun, try using 
character 179. This presents vertical, multicolored lines. 

The pause() function is used in line 23 to provide a momentary break between each 

background color. Each time you press the enter key, the screen is redrawn with the 

next background color. The code for the pause function is in lines 28 to 33. It will be 

covered at the end of today. 
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Writing a String in Color 

Writing a string in color can be accomplished in several different ways. The simplest 

way is to break it down into individual characters and print each one. There is an 

alternate way that won’t be shown in this book. It involves using an extended set of 

registers that aren’t always available. Using the write_char() function makes writing 

a string in color much easier. Listing 9.11 presents the write_string() function. 

Listing 9.11. WRITESTR.C writing a string in color. 

ile /* Program: WRITESTR.C 

Py * Authors: Bradley L. Jones 

Se 2 Gregory L. Guntle 

4: * Purpose: Write string to the screen 

Bs x Uses write_char 
6: * SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SS SSS SSS SSS SSSSSEH* | 

as 

8: #include <string.h> (for srr lent) a7 

9: #include “tyac.h" 

10: 

11: void write _string(char *string, int fcolor, int bcolor, int row, 

int col) 

WR at 

Thee int len = strlen(string) ; 

14: shine abe 

15:3 

16: TOR (=O ae Len eet) 

= { 

18: cursor(row, col+i); /* Position cursor */ 
19: write_char( (char)*(string+i), fcolor, bcolor); 

20: } 

21en hy 

This isn’t a perfect listing, but it is effective. As you can see, a for loop in lines 
16 to 20 enables you to loop through each character of the string. For each 
iteration of the string, the cursor is placed and a character is written. This is done 

in line 19 with the write_char() function. The character passed is: 

(char) *(stringti) 

Don't let this confuse you. This is just the character at the i offset in string. 

The write_string() function is a powerful function. It can write a string at any 
position on thescreen. In addition, write_string() can write it in color. You may find 
this to be one of your most useful functions. Where write_string() has its flaw is in 
escape characters. In printf(), certain sequences of characters perform special 
functions. An exercise at the end of today asks you to update write_string() so some 



of the escape sequences are implemented. You should do this exercise. If you don’t, 
you should at least update your write string() function with the answer provided 
for the exercise. 

Drawing a Box 
Setting the cursor, writing characters, and manipulating color give you a lot of power 
in manipulating the screen. These three capabilities are what have enabled you to draw 
lines and write colored text. These functions also work together to help you create a 
box and, on later days, an entire entry screen for an application. 

A box is a simple construct that can have several uses when working with output to 

the screen. A box can be used to create menus, screens, messages, and more. Boxes 

begin to get more complex when you choose to add borders to them. In addition, there 
can be an additional level of complexity added when you choose to have filled or 
unfilled boxes. Figure 9.2 presents different styles of boxes. 

Figure 9.2. A few examples of boxes. 

Listing 9.12 presents a function that enables you to create all of the boxes in Figure 

9.2 using text graphics. Several of the added defined constants in the TYAC.H header 

file presented in Listing 9.1 were made specifically for the box() function. You should 

verify that these defined constants are in your TYAC.H header file. You should also 

add the function prototype for the box function. The defined constants that were 

added specifically for the box function are: 

2b ey DES Ole BOXe Sia) 

26: #define DOUBLE BOX 1 
27: #define SINGLE _BOX 2 
28: #define BLANK_BOX 3 

ASN 
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Se fe (stop tail seule eis 
31: #define BORDER_ONLY Q 

32: #define FILL_BOX 1 

You'll see these constants used within the box() function’s listing. In addition, you 

may choose to use them when you use the box() function in your programs. Listing 

9.13 is a small listing that uses the box() function along with several of the defined 

constants. 

Listing 9.12. BOX.C. The box() function. 

{* Srenkee Seats SuaNe a bepe eee a) eS mel el ee) sl mee ee ane Le een ee 

* Program: BOX.C 

* Authors: Bradley L. Jones 

id Gregory L. Guntle 

* Purpose: Draws a box on the screen using other BIOS 

s functions. 
* 

* Enter with: start_row (Q@-24) 

oF - end_row (@-24) 

10: ii start_col (0-79) 

Vale ie end_col (@-79) 

W2e FSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SS SSS SSSSSSHH* / 

gle 

14: #include "tyac.h" 

Wei 

16: void box(int start_row, int end_row, 

UTE int start_col, int end_col, 

is\e int box_type, int fill flag, 

19: Int Weolons int bcolor ) 

ADR 4 

PANE int row; 

223 

Zor /* BOX CHARACTERS */ 
24: static unsigned char DBL_BOX[6] = "(Fj ||w" ; /* Double-sided box 

characters */ 
Zon Static unsigned char SGL_BOX[6] = "-—|L, " ; /* Single-sided box 

characters */ 
26: static unsigned char BLK_BOX[6] = " Susu 28 SOaCeSetor 

erasing a box */ 
Pee static unsigned char *USE_BOX; j= setethas vara 

able to the 

appropriate box 

characters to 
use */ 

28: 

29: /* Determine BOX Type to Draw */ 

30: switch (box_type) 
31: { 
32: case DOUBLE BOX: USE_BOX = DBL_BOX; 
33: break; 



case SINGLE BOX: USE_BOX = SGL_BOX; 

break; 

case BLANK BOX: USE_BOX = BLK_BOX; 

break; 

default: USE_BOX = DBL_BOX; 

break; 

} 

/* Draw the top two corner characters */ 

cursor(start_row, start_col); 

write_char(USE_BOX[®@], fcolor,bcolor) ; 

cursor(start_row, end col); 

write_char(USE_BOX[2], fcolor,bcolor) ; 

/* Draw the top line */ 
cursor(start_row, start_col+1); 

repeat_char(USE_BOX[1],end_col-start_col-1,fcolor,bcolor) ; 

/* Draw the bottom line */ 
cursor(end_row,start_col+1) ; 

repeat_char(USE_BOX[1],end_col-start_col-1,fcolor,bcolor) ; 

/* Draw the sides */ 
for (row=start_row+1; row < end_row; row++ ) 

{ 
cursor(row,start_col) ; 

write _char(USE_BOX[3],fcolor,bcolor) ; 

cursor(row,end_ col); 

write _char(USE_BOX[3],fcolor,bcolor) ; 

} 

/* Draw the bottom corner pieces */ 
cursor(end_row, start_col); 

write_char(USE_BOX[4],fcolor,bcolor) ; 

cursor(end_row,end_col) ; 

write_char(USE_BOX[5],fcolor,bcolor) ; 

Hed qetilal [oyeye =) 

if(fill_flag != BORDER_ONLY) 
{ 

for( row= start_rowt+1; row < end_row; row++ ) 

{ 
cursor( row, start_col+1 ); 

repeat_char( ' ', ((end_col-start_col)-1), fcolor, 

bcolor) ; 

} 
} 

} /* end of BOX */ 
rrr errr 

re 285 



Listing 9.13. DRAWBOX.C. Using the box() function 

to draw boxes. 

DRAWBOX .C /eeRLogram 

* Authors: Bradley L. Jones 

z Gregory L. Guntle 

* Purpose: Draws boxes on the screen using BIOS o 

*o oS ee ee Se Se SS SE SSS SS SS SSS SS SH SSS SS SSS SS SS SS SS SS SS SSS 

#include "tyac.h" 

int main() 

{ 
Int Stanterowe= 9; 

int Startscol = 20; 

int end_row = 13; 

int end_col = 60; 

box(start_row, end_row, start_col, end_col, 

SINGLE BOX, FILL_BOX, RED, CYAN ); 

box( 18, 23, 1, 10, DOUBLE BOX, BORDER ONLY, YELLOW, BLUE ); 

return Q; 

This output is from Listing 9.12. As you can see, two different boxes are created 
on the screen. In addition, these boxes are in color. The first box is a filled cyan 
box with a red border. The red border is a single solid line. The second box is not 

filled and has a yellow border on a blue background. In looking at Listing 9.13, this 
follows the two calls to box() in lines 16 and 19. 

As you can see, the box() function takes eight parameters. While this may seem like 
alot, by having eight parameters, the box() function becomes very useful. Listing 9.13 
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contains the box function itself. Line 16 starts the function. Here you can see the eight 
parameters that are received. The first two parameters are the starting row and the 
ending row for the box. The third and fourth parameters are the starting and ending 
columns. By setting these four parameters, you define the size of the box. The four 
variables, start_row, end_row, start_col, and end_col will be used throughout the 
box() function. 

The next parameter, box_type, determines the type of border on the box. One of three 
possible borders are available in the box, DOUBLE_BOX, SINGLE_BOX, or BLANK BOX. 

These are defined constants that are in the TYAC.H header file. Their corresponding 
values, two, one, or zero, could also be used. This parameter is used in line 30 to 
determine which borders are going to be used in the box. 

The fifth parameter, fil1_f1ag, also uses defined constants from the TYAC.H header 

file. fill_flag can be set to BORDER_ONLY or FILL_BOX. This variable determines 

whether the inside of the box will be filled. Ifthe fi11_f1ag contains BORDER_ONLY, the 

box won’t be filled. 

The last two parameters, fcolor and bcolor, are the colors. These are used to set the 
foreground and background colors of the individual box characters. 

This listing needs more explanation than those previously presented. Line 16 contains 
the function parameters, which have already been discussed. Lines 24 to 26 contain 
character arrays that contain the characters used to create the border on the box. Line 
27 contains a character pointer, USE_BOX, that is set to point at one of these three sets 
of border types. Lines 30 to 40 use the box_type parameter to set the appropriate array 
to the USE_BOX pointer. Notice that ifn inappropriate value is received in box_type, 
then the default sets DBL_BOX, the double-lined border. 

The box is drawn in lines 42 to 69. Line 43 places the cursor at the location of the top- 
left corner of the box. The write _char() function is then used to write the top-left 

corner character from the array that USE_BOX points to. The top-right character is 

drawn in lines 45 and 46, the bottom two corners are drawn in lines 65 to 69. The 

corners are connected with the edge lines in lines 52 to 63. The repeat_char() 

function is used to draw the horizontal lines. A for loop in lines 57 to 63 is used to 

draw the vertical lines. In each case, the appropriate character is used from the array 

being pointed at by USE_BOX. 

Lines 73 to 80 fill the box by printing spaces inside the box border. The spaces 

effectively place the background color in the box. Only the inside of the box is filled 

because the border has already been drawn. 

Sams 
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This function makes the assumption that the row and column values passed in are 

correct. If you pass a start_row that is greater than an end_row, or a start_col that 

is greater than an end_col, then you won't get a box, but the function will still work. 

Another flaw that can cause problems is a result of the row and column values. There 

is no check to ensure that the values are appropriate for the screen. If you pass 1000 

for a row value, you'll get unpredictable results. Both of these problems could be 

avoided with coding additions; however, the coding additions can cause limitations 

in the function. As long as you are aware of the possible problems, they can be avoided 

easily. 

Note: Writing foolproof code can be costly in the amount of time 
required to handle every situation. It’s best to handle the problems that 
are most likely to occur or that will cause serious problems. The amount 
of time needed to add the code must be weighed against the value added 
by the code. 

A Pausing Function 
One last function is going to be presented as an added bonus. This function isn’t really 
a text graphics function; however, it’s one that you may find useful. This is the pause () 
function. It was used in Listing 9.13. It enables you to stop what is being displayed 
and wait for the user to press the enter key. This is a good addition to your TYAC 
library. 

Listing 9.14. PAUSE.C. A pausing function. 

ie /* Program: PAUSE.C 

ee * Authors: Bradley L. Jones 

3: 5 Gregory L. Guntle 
4: * Purpose: Causes the program to PAUSE until the ENTER 
5) i) key is pressed. 
Gis * Note: This program requires the calling routine 
i ie to pass a message to display. 

*SSSSSSsssasssSssSseses aaa =SaSe eee = 

9: #include <stdio.h> 
10: 

11: void pause(char *message) 
Ze xf 

13% printf("\n%s", message) ; 
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14: while ((getchar()) != '\n') 

Si fflush(stdin) ; 

ise, 

This short function receives a message that is displayed using the printf () 
function. It then uses getchar() to get characters until it reads a new line (enter). 

Once it reads an enter key, it flushes the keyboard and returns. 

Updating Your TYAC Library and 
Header File 

At this point you should ensure that your TYAC.H header file and your TYAC.LIB 
are both up-to-date. Exercise 1 asks you to update your library with all of today’s 
functions. In addition, you should verify that your TYAC.H header file is similar to 
Listing 9.15. 

ls /* Program: TYAC.H 

2 oe (Teach Yourself Advanced C) 

3: * Authors: Bradley L. Jones 

4: me Gregory L. Guntle 

Bye * Purpose: Header file for TYAC library functions 
6: See ee a eS SS SS SS SS SS SS SS SS SS SS SS 

re: 

8: #ifndef _TYAC_H_ 

<r #define _TYAC_H_ 

10: 

11: /* DOS and BIOS Interrupts */ 

12: #define BIOS VIDEO @x10 

13: #define DOS FUNCTION x21 

14: 

1525) /*=BLOSsfunctroni calls) */ 

16: #define SET_VIDEO 0x00 

17: #define SET _CURSOR_SIZE 0x01 

18: #define SET_CURSOR_POS 0x02 

19: #define GET _CURSOR_INFO 0x03 

20: #define WRITE_CHAR @x09 

21: #define SET_COLOR Qx@B 

22: #define GET_VIDEO QxOF 

23: #define WRITE_STRING 0x13 

24: 

Listing 9.15. LISTO914.H. A new version of TYAC.H. 

25: /* Types of Boxes -2*/ 

continues 
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Listing 9.15. continued 
INANE Ee ene ermaness BY 1 5 Tet 

#define DOUBLE BOX 

#define SINGLE _BOX 

#define BLANK_BOX 

/* Box fill flags */ 
#define BORDER ONLY 

#define FILL_BOX 

fe? COlerS +7) 

#define BLACK 

#define BLUE 

#define GREEN 

#define CYAN 

#define RED 

#define MAGENTA 

#define BROWN 

#define WHITE 

#define GRAY 

#define LIGHTBLUE 

#define LIGHTGREEN 

#define LIGHTCYAN 

#define LIGHTRED 

#define LIGHTMAGENTA 

#define YELLOW 

#define BRIGHTWHITE 

/* used to set scrolling 
#define SCROLL_UP Qx07 

#define SCROLL _DOWN 0x6 

/* Gets the current 

void current_date(int *, 

/* Positions the cur 
void cursor(int, int); 

/* Returns info abou 

void get_cursor(int *, iin 

/* Sets the size of 
void set_cursor_size(int, 

/* clear the keyboard buffer */ 
void kbclear( void ); 

/* determine keyboard hit */ 
int kbhit( void ); 

1 

2 

ie) 

as 

OANOOaAARWN $8 

10 

11 

12 

13 

14 

15 

direction */ 

date */ 

Tite See ne =r 

sor to row/col */ 

t cursor */ 

CoP Genie) ean tee mn tee) 

the cursor */ 
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(58 /* sroll the screen */ 

76: void scroll( int row, int col, 

rae int width, int height, 

Wiel: int nbr, int direction); 

798 

80: /* pause until ENTER pressed */ 

81: void pause(char *); 

82: 

83: /* Video mode functions */ 

84: void set_video(int); 

So ee volds get video(ant * ink *, aint *)s 

87: /* Text Graphics functions */ 

88: void write_char(char, int, int); 

89: void repeat_char(char, int, int, int); 

SOFEeVOld Wha telsEering( Chane; tints ante eints ink): 

chs MKoutol lle a (uiqhe, Si ohe~ aipkes elghay abdheee Nene alghe auqen ie 

92: void set_border_color(int); 

94: #endif 

(DO. Sa aes DON’T 
DO enter all of today’s functions and add them to your library. 

DON’T over code your functions. If you spend an excessive amount of time 
coding edits to prevent problems, you may never be able to use the function. 

DO code enough edits into your functions to avoid as many problems as is_ 
reasonable. 

Summary 
Today, you covered a multitude of additional functions that work with text graphics. 

Before jumping into these functions, you were given an overview of the different types 

of screen graphics. You also moved right into creating new functions. The day focused 

on functions that put text graphics on the screen; this included colored characters, 

repeating a character, drawing text lines, and creating boxes. With the functions 

presented in today’s material, you have the beginning building blocks for creating an 

application’s screens. 
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Text Graphics (Using BIOS) 

Q What is the benefit of using text graphics instead of pixel graphics? 

A Text graphics are much more portable and can be displayed on monitors of 

varying resolutions, including some monochrome monitors. In addition, text 

graphics are much easier to work with because you are working with a 
limited number of characters. 

Q Can you write text graphics programs that will be portable to C++ or 
Windows? 

A This is really two different questions. Windows programs use pixel graphics. 
Windows can run text graphics programs in DOS windows. In regard to 
portability to C++, all C constructs are portable to C++. This means that 
you can write text graphics characters in C++ also. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
1. What is meant by monochrome? 

. What are text graphics? 

. How many characters are in the ASCII character set? 

What are considered to be the extended ASCII characters? 

. When you change a library function, what must you do? 

When you change a header file, what should you do? 

What is a reason for using defined constant? 

hey Ur os OH . What are the colors that can be used? 
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Exercises 

1. Add all of the functions that you have created today to your TYAC.LIB 
library. These functions should be: 

cursor () (updated) 

get_cursor() (updated) 

get_video() 

set_video() 

set_border_color() 

write_char() 

repeat_char() 

write_string() 

box() 

pause() 

2. Write a program that uses the get_video() functions. Once the program 
gets the mode, it should display the values that are set. 

3. Modify the program from Exercise 2 to also set the video mode to 40 

columns. 

4. Change the character in Listing 9.9 to character 177. What does this 
character do? 

5. ON YOUR OWN: Use the functions presented today to write a program 
that displays information on the screen in color. Use your imagination to 
determine what you should display. 
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The getline() Function 

Up to this point you have learned about a multitude of functions, most of which have 

been relatively small in size. Today you'll concentrate on a single function to add to 

your library: the getline() function. In the process, you'll gain the use of a few more 

functions. Today you will: 

| See what is needed to get formatted data from the display screen. 

[] Become familiar with the getline() function. 

|} Learn what the getline() function can do. 

| Learn how to use the getline() function. 

Why Is an Entire Day Dedicated 
to a Single Function? 

You have seen a number of functions up to this point. Many of them expand functions 
that you had in your basic compiler. For example, write_char() expanded functions 
such as putch() by giving you the ability to write a character in color. In addition, you 
gained the ability to place the cursor anywhere on the screen. With the functions that 
you have learned up to this point, you can design a text graphics screen to look any 
way you want. 

What hasn’t been covered is retrieving data off the text graphic screen. There are 

functions such as gets() and scanf() that can get data; however, they aren’t suited 

for data entry within text graphic applications. The getline() function is being 
presented as a replacement for these functions. 

This still doesn’t explain why an entire day is needed to cover getline(). As you will 
see, getting data from the screen can become complex depending on the amount of 
functionality you build into your applications. The getline() function has been 
developed with as much functionality as possible. With the getline() function you 
will be able to do the following: 

Get a string or a number. If a number is being entered, characters won’t be 
accepted. 

Use the right and left arrow keys to move within the entered field. 

_| Use the backspace key to erase the preceding character. 

Set up keys to be used to exit the entry. You'll also be able to know which 
key was used to exit. 
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|_| Insert characters in the middle of the string. 

_ Set up colors for the information being entered. 

|| And more. 

To accomplish all of the capabilities listed requires a powerful and large function. In 
fact, the amount of code in the getline() function may be more than in some of the 
programs you've written up to this point. 

An Overview of the getline() 
Function 

The getline() function is best understood in steps. F igure 10.1 presents a breakdown 

of the getline() function. 

OPTIONS 

Set-up Options Defaults 

(0-3 ——— 
Custom 

Alphanumeric Input Options 

(6-7) getlinep Numerle 

Initialization Option 

(8) 

Set-up Exit Keys Option 

(3) 

Figure 10.1. The breakdown of the getline() function. 

As you can see, getline() breaks down into several groups of options. In using 
getline(), you'll need to use at least one of the set up options in order to set up the 
colors that will be used. In addition, you'll need to use the option to set up the exit 

keys. Once you have executed get 1ine() with these options, you'll be ready to use the 

input options which allows either numerics or alphanumerics to be entered. 

A New TYAC.H Header File 

Before getting into the code and the individual parts of the get1ine() function, anew 

TYAC.H header file needs to be introduced. The getline() function needs several 
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The getline() Function 

new constants. It also needs a prototype for it and several of the sub-functions that it 

uses. Listing 10.1 presents a new TYAC.H header file which includes everything 

needed for getline(). 

Listing 10.1. A new TYAC.H header file. 

/* Program: TYAC.H 

o (Teach Yourself Advanced C) 

* Authors: Bradle y L. Jones 
* 

12 Win OOSOr 

Gregory L. Guntle 

Header file for TYAC library functions 

#ifndef 

#define 

_TYAC_H_ 
ST VACAHI 

/* DOS and BIOS Interrupts */ 

#define 

#define 

#define 

/* BIOS 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

#define 

/* BIOS 
#define 

#define 

#define 

BIOS VIDEO 0x10 

BIOS _KEY x16 

DOS_FUNCTION x21 

function calls */ 

SET_VIDEO 0x00 
SET_CURSOR_SIZE 0x01 
SET CURSOR POS 0x02 
GET_CURSOR_INFO 0x03 

WRITE_CHAR @x09 

SET_COLOR Qx0B 

GET_VIDEO QxOF 

WRITE_STRING 0x13 

used to set scrolling 

SCROLL_UP Qx07 

SCROLL_DOWN Qx06 

jADOSmRUNCtLONSmGalaicusy) 

GET_DATE Qx2A 

/* Types of Boxes */ 
#define 

#define 

#define 

/* Box 

#define 

#define 

/* Colors */ 

#define 

DOUBLE_BOX 1 
SINGLE_BOX 2 
BLANK_BOX 3 

fill flags ie / 
BORDER_ONLY ) 
FILL_BOX 1 

BLACK 0 

direction */ 



#define BLUE 1 

#define GREEN 2 

#define CYAN 3 

#define RED 4 

#define MAGENTA 5 

#define BROWN 6 

#define WHITE if 

#define GRAY 8 

#define LIGHTBLUE 9 

#define LIGHTGREEN 10 

#define LIGHTCYAN 11 

#define LIGHTRED 12 

#define LIGHTMAGENTA 13 

#define YELLOW 14 

#define BRIGHTWHITE cS 

#define BLANK ne 

#define SPACE aa 

#define NEWLINE Nae 

#define TAB AM as! 

#ifndef NULL 

#define NULL ‘\Q' 

#endif 

#define EOS (1) 

#define YES 1 

#define NO i) 

#define TRUE 1 

#define FALSE Q 

#define CR 13 

#define LF 10 

#define EOL 13 

#define CLR_INS 1 

#define NO_CLR 

#define CTR_STR 1 

#define NO CTR_STR (1) 

jf Sats Ska ates ant alana: mishogalet aaa eiwiel te ee Gates 

* New Type Definitions 
Ue oe earn eS cd Voniee ag iva altar atta! Gch eke wilaimnahe erarie 

typedef int BOOLEAN; 

typedef unsigned short PTR; 

/* Clear Inside Box Flag */ 
/* Don't Clear Inside the Box */ 

/* Centering a string on the 

screen */ 

/* Don't center the string */ 

fs Q - 65535 */ 

continues 
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Listing 10.1]. continued 

92: 

93: 

94: 

95: 

96: 

97: 

98: 

99: 

100: 

101: 

102: 

103: 

104: 

105: 

106: 

107: 

108: 

109: 

110: 

Wile 

Wee 

a akehe 

114: 

Ase 

Wulye 

inal ivars 

ihaltste 

ANSE 

120: 

ale: 

Wee 

SHE 

124: 

2 ols 

126: 

Lens 

128: 

129: 

130: 

131; 

132; 

133: 

134: 

icky 

136: 

137: 

138: 

typedef 

typedef 

typedef 

typedef 

typedef 

typedef 

typedef 

char CHAR; 

unsigned char EXTCHAR; 

short NUM32K; 

unsigned short NUM64K; 

long NUM2GIGA; 

unsigned long NUM4GIGA; 

unsigned char ARRAY; 

/* Numeric keypad scan codes 

#define HOME 71 FS 
#define UP_ARROW 72 fe 

#define PAGE_UP 73 ie 
#define LT_ARROW Tf: He 

#define RT_ARROW 77 fs 

#define END 79 13 
#define DN ARROW 80 fs 

#define PAGE_DN 81 ifs 
#define INS 82 ie 

#define DEL 83 i 

#define SHIFT_TAB 15 Ife 
#define ENTER_KEY 28 

/* Function key scan codes */ 

#define F1 59 x 
#define F2 60 [* 
#define F3 61 ix 

#define F4 62 if 
#define F5 63 la 
#define F6 64 Mis 

#define F7 65 ifs 

#define F8 66 2 

#define F9 67 ffs 

#define F10 68 is 

/* Other non scan keys as ASCII 

#define 

#define 

#define 

#define 

#define 

BK_SP_KEY 8 
ESC_KEY 27 
CR_KEY 13 
TAB_KEY 9 
SPACE_BAR 32 

=128))- 

) 

-32768 
1) 

/*-2,147, 483,648 
) 

127 */ 
255 */ 

32767 */ 
65535 */ 
2,147,483,647 */ 
4,294,967,295 */ 

/* Used for creating an array */ 

‘if 

home key xy 

up arrow | 
page up x4 
left arrow */ 

right arrow */ 
end key 

down arrow */ 

page down +y 

insert 

delete 

shift tab bal / 

*/, 

BliKEY a */ 

Bea KEV ey 

ESSKEY" */ 
FAAKEY Ss o%/ 

Eo KEVeuee i 

EG KEY ga%/ 

Ba KEY gamed) 

FSP KEY aes) 

FOSKEY, ye / 
ETLORKEY ses) 



139: 

142: 

141% 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

ne die 

lipase 

153: 

154: 

a Hoyole 

156: 

qo 

158: 

159: 

160: 

161: 

162: 

163: 

164: 

165: 

166: 

167: 

168: 

169: 

170: 

WTAE 

ee 

von 

174: 

i WASE 

176i 

Ae 7 

ilzaeke 

nh TAS)S 

180: 

181: 

182: 

183: 

184: 

185: 

186: 

187; 

188: 

#define SET_DEFAULTS 0 
#define SET NORMAL 1 
#define SET_UNDERLINE 2 
#define SET_INS 
#define GET_ALPHA 

#define CLEAR_FIELD 

3 
6 

#define GET_NUM 7 

8 
9 #define SET_EXIT_KEYS 

void 

void 

void 

void 

void 

void 

void 

void 

void 

char 

/* Gets the current date */ 
CUrmeEN sedate (int. je int int. )e 

/* Positions the cursor to row/col */ 

cursog(ant, ints 

/* Returns info about cursor */ 
CCRACUESOLIGN Gata. tise nL ces mel) bo eel iG) © 

/* Sets the size of the cursor */ 
set_cursor_size(int, int); 

/* clear the keyboard buffer */ 

kbclear( void ); 

/* determine keyboard hit */ 

kbhit( void ); 

/* scroll the screen */ 
scroll( int row, THe COL, 

int width, int hieght, 

ie nl el ee int direction) ; 

/* pause until ENTER pressed */ 
pause(char *); 

/* Video mode functions */ 
set_video(int) ; 

Getevideo (nites qa nto melita). 

/* Text Graphics functions */ 
write_char(char, int, int); 

repeat_char(char, int, int, int); 

write_string(char *, int, int, int, int); 

box(int, int, int, int,. int, int; int, int); 

set_border_color(int) ; 

getline(int, char, int, int, int, int, char * eg 

continues 

ads 

301 



302 

Listing 10.1. continued 
nee en, penne eee EEE SS 

189: /* misc functions */ 

190: void boop( void ); 

191: void waitsec( double ); 

192: long get_timer_ticks( void ); 

194: #endif 

You should review this header file to ensure that you are familiar with everything 
it contains. Lines 8, 9, and 194 used defined constants to prevent you from 
including the header file more than once. This is a common practice used by 

many programmers. If the constant __TYAC_H_isn’t defined, then the header file hasn’t 

been included before. You know this because line 9 defines this constant. If_TYAC_H_ 

has been defined, the file skips to line 194. 

Lines 11 through 83 define several different groups of constants. Lines 11 through 31 
contain the defined constants for the BIOS functions that you worked with on 
previous days. Lines 27 and 28 contain the constants used with the scroll function 
from Day 8. Lines 35 to 41 contain constants used with the box() function that you 
created on Day 9. The colors are defined in lines 44 to 59. Various additional values 
are defined in lines 61 to 83. These are values that can be used by other functions that 

you create. This includes values for TRUE, FALSE, YES, NO, EOS (end of string), 
and more. 

Lines 90 to 98 contain type definitions. Several new types have been declared that will 
be useful in your programs. Lines 106 to 137 declare type definitions for the keyboard 
keys. These values will be used when setting the exit keys for getline() which is 

covered later. Lines 142 to 149 contain the last of the defined constants. These 
constants can be used instead of numbers when calling getline(). The rest of the 

TYAC.H header file contains prototypes for the functions that should be in your 
TYAC.LIB library after you complete today’s material. 

Understanding the Use of getline() 
Before presenting the code for the getline() function, the use of getline() needs to 
be explained. By covering the usage first, you'll find it much easier to understand the 
actual code. 
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The prototype for getline() is: 

char getline( int option, char cParm1, int iParm1, int iParm2, 
int iParm3, int iParm4, char *char_ptr); 

As you can see, the getline() function has several parameters. The most important 
parameter is the first, option. The option parameter determines exactly what get line ( ) 
is going to do. getline() gains its functionality through the option parameter. Based 
on the option, the other parameters may or may not contain values. Because of the 
multiple uses of the rest of the parameters, they have been given generic names. 

Note: When a getline() parameter isn’t used, it’s filled with 0. 

The Option Parameter 
There are eight different options that can be used when calling the getline() 

function. These options are based on a numeric value passed in option. 

Options 0, 1, 2, and 3 

Ifa value of 0, 1, 2, or 3 is passed to getline(), then different color values will be set. 

The colors that can be set in getline() are as follows: 

norm_color_fg The normal foreground color 

norm_color_bg The normal background color 

The normal colors are used for the color of the text that is being entered. If 

you enter “BRADLEY”, it will appear in the normal colors. 

high _color_fg The highlighted character’s foreground color 

high_color_bg The highlighted character's background color 

The highlighted character is the character that is currently being entered 
when the insert key is on. If the insert key is off, there won’t be a highlighted 

character. 

undr_color_fg The underline character’s foreground color 

undr_color_bg The underline character’s background color 

The getline() function has been written to display the extent of an enter- 

able field. For example, if a string was to be entered that was 20 characters 

long, getline() would display 20 underline characters on the screen. The 

underline colors define the color of these underlines. 
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ins_color_fg The “INS” message’s foreground color 

ins_color_bg The “INS” message’s background color 

The getline() displays the characters “INS” in the lower-right corner of the 

screen. This insert message is toggled on and off with the insert key. The 

colors for this message are determined by the insert colors. 

Each of the first four options set up different values. If you use option 1, you will set 

all of the colors to default values along with several other default values. Option 1 

enables the normal and highlight colors to be set. Option 2 enables the underline 

colors to be set. Option 3 enables the insert message color, along with its position, to 

be set. 

Options 4 and 5 
The values 4 and 5 are not used as options. These two values are left open for future 
expansion of the getline() function. 

Options 6 and 7 

Options 6 and 7 are the options that allow getline() to get data. Option 6 accepts 
the input of alphanumeric values. Option 7 accepts the input of numeric values. Along 
with these options, you'll also need to specify screen coordinates for the input and the 
length of the value to be entered. These options will be detailed later. 

Option 8 

Using getline() with option 8 provides you with an alternative way to clear a string 
to nulls. By calling get1ine() with option 8 before calling it with option 6 or 7, you 
can ensure that no bad data is remaining in a variable that should be empty. 

Option 9 

This is the final option used with the getline() function. Option 9 enables you to 
set up the exit keys for get1ine(). An exit key isa key that enables you to leave the entry 
field. For example, the exit key for gets () is the enter key. The exit key returns control 
back to the program. Option 9 enables you to set up the keys that you want to exit 
the entry of a single field. Example of keys that are generally used for exiting are tab, 
enter, shift+tab, Fl, and F3. 

Other getline() Parameters 
The values passed in the other parameters are dependent upon which option is called. 
The specific details of each parameter will be covered when getline() is analyzed in 



the next section. Generally, the first parameter, cParmt, is rarely used. The next four 
parameters, iParm1, iParm2, iParm3, and iParm4 are used to pass in numeric values. For 
the options that set colors, the iParm# parmeters contain color values. For options 6, 
7, and 8, these variables contain the starting location and the length for the 
information to be entered. For option 9, the parameters contain the number of exit 
keys that are defined. 

The last parameter in the prototype is str_ptr. This is used in options 6, 7, 8, and 9. 
In options 6 and 7, str_ptr contains the address of a character pointer. This address 
is where the information retrieved will be placed. For option 8, it should also be the 

location where data will be placed. Option 8 uses this pointer as the starting location 
to be cleared to nulls. 

Option 9 uses the str_ptr differently. Option 9 will use the str_ptr as the pointer 
to the first exit_key in an array. These exit keys should be listed one after the other 
in a character array. The values used for the exit keys are those defined in the TYAC.H 
header file. 

The Return Value of getline() 
The return value of getline() is a character value. This value is the ASCII value of 

the last key pressed before exiting getline(). This value is one of the keys defined as 

a valid exit key with option 9. 

The Code Behind getline() 
Having an understanding of the options for getline() and the parameters prepares 
you for the function itself. Following is the complete get1ine() listing. It contains 
four different functions: getline(),get_it(),check_list(),andsetup_exit_keys(). 

The getline() function uses get_it() with options 6 and 7 (getting data). The 

setup_exit_keys() function is used with option 9. 

Note: The getline() function uses several of the functions presented 

earlier in this book. By keeping the getline() function in your 

(AC.LIB library, you'll have access to these other functions. Addition- 

you'll need a few more functions that you previously didn’t have. 

line() function uses a function called boop() to make the 

te beep. The boop() function in turn requires two other functions. — 
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Listing 10.2. GETLINE.C. The getline() function. 

/* 

* Authors: 
* 

* 

* 

Sy 2 f> SB SS SE Sh fh fo fe a Fo eo ee ee Te Ce ce ir ae, Sh, Se Nt et St i a i eo 

Name 

10 The getline() Function 

: getline.c 

Bradley L. Jones 

Gregory L. Guntle 

Purpose: Receive string inputs from the user through 

the keyboard. This routine replaces SCANF for 

reading keyboard responses from the user. 

Function 

Enter with: 

Q - 

: getline(opt,ch1,int1,int2,int3,int4,str_ptr) 

opt = One of the following: 

Set default parameters 

norm_color_fg = WHITE 

norm_color_bg = BLACK 

high_color_fg = BRIGHTWHITE 
high_color_bg = BLACK 

undr_color_fg = GREEN 

undr_color_bg = BLACK 

ins_color_fg = YELLOW 

ins_color_bg = BLACK 
ins_row = 24 

ins_col = 70 

stop_key = CR_KEY 

Set highlight/normal colors for string 

int1 - foreground normal color 

int2 - background normal color 

int3 - foreground highlighted color 

int4 - background highlighted color 

- Setup underline colors 

int1 - foreground 

int2 - background 

int3 - foreground 

int4 - background 

Setup INS message 

int1 - foreground 

int2 - background 

int3 - 

int4 - 

color for underline character 

color for underline character 

color highlighting underline 

color highlighting underline 

colors & row/col positioning 

color for INS message 

color for INS message 

Row where to display INS message 

Col where to display INS message 

Get alphanumeric input 



* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Returns (applies to options 6,7 only ) 

Char type of ascii value of the last 

key pressed that is within VALID _EXIT_KEYS. 

eens = ee ee ee eee ee ee ee, Leet fe eh ee KW SE 2 Me teue miletece xy) 

int1 - Upper left 

int2 - Upper left 

int4 - Max length 

str_ptr - Address 

- Get numeric input 

int1 - Upper left 

int2 - Upper left 

int4 - Max length 

str_ptr - Address 

- Clear char field v 

inti - Length of s 

str_ptr - Address 

- Clear and load val 

corner - row # 

corner - col # 

of input 

for placing the chars 

corner - row # 

corner - col # 

of input 

to store chars 

alue to NULLS 

tring for clearing 

of string to clear 

id exit keys 

The array is static and will remain 

until changed. 

There is no defaul t value. 

int1 - # of keys in array 

str_ptr - Address 

#include <string.h> 

#include <conio.h> 

#include "tyac.h" 

#define MAX_KEYS 17 

of array (array name) 

[x ER ee re le fete aa he te fer ea aol era Mme es ete * 

* Global static variables * 
Pe ania devine ie ee oe 2 wl oe eae eae tee Lat) 

static int norm_color_fg; /* foreground - normal color */ 

static int norm_color_bg; /* background - normal color */ 
static int high _color_fg; /* foreground - highlight */ 

static int high _color_bg; /* background - highlight */ 
static int undr_color_fg; /* foreground - underlines */ 
static int undr_color_bg; /* background - underlines */ 

Stat CulnituelnsmcOlonmng; /* foreground - INS message */ 

static int ins_color_bg; /* background - INS message */ 

Statlcuinuesstacolsendsacol; /* constants S| 
static int length; /* string length */ 

static int row, col; 

Static int “st_row; /* constants bai) 

continues 
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Listing 10.2. continued 

99: 

100: 

101: 

102: 

103: 

104: 

105: 

106: 

107: 

108: 

109: 

110: 

AS 

Ze 

Walste 

114: 

Wile 

Wie 

ible 

iilts}e 

TE 

120: 

ele 

ee) 

Zon 

124: 

125% 

126: 

er: 

128: 

129: 

130: 

thle 

See 

133; 

134: 

8 is 

136i 

Sinan 

138: 

139: 

140: 

4 

142: 

143: 

144: 

145: 

146: 

147: 

static int ins_row; /* Row for INS message */ 

Stat Cae tame nSmc Oly. /* Col for INS message by 

static char stop_key; /* key to stop accepting input */ 

/* valid exit keys loaded here */ 
static char VALID _EXIT_KEYS[MAX_KEYS]; 

/* nw eo atin a Se aa ae a ee ee * 

3 Subroutines x 
® oct ee ele sts oD Seow tS Ee eS Se ee * / 

chamigetlineGntye char minty want. anteeint,) Char”); 

char get it(ant, char >); 

int check_list( char ); 

void setup_exit_keys( char *, int); 

ffs Se eee a ee ee Le ey ee ee ee ee a ee * 

e3 Start of Function eS 
Le ene eee ee ee ee ae ee ee oe ee =] 

char getline(int option, char cParm1, int iParm1, int iParm2, 

int iParm3, int iParm4, char *char_ptr) 

{ 
int Cities /* misc counter */ 

char last_key; /* Holds last key pressed & returns it */ 

VALID_EXIT_KEYS[16] = '\Q'; /* keep last key a null */ 

switch ( option ) 

{ 
case @: /* set default parameters */ 

norm_color_fg=WHITE; 

norm_color_bg=BLACK; 

high_color_fg=BRIGHTWHITE; 

high_color_bg=BLACK; 
stop_key=CR_KEY; 

undr_color_fg=GREEN; 
undr_color_bg=BLACK; 

ins_color_fg= YELLOW; 

ins_color_bg= BLACK; 

ins_row = 24; 
ins_col = 70; 
break; 

case 1: /* set colors */ 
norm_color_fg=iParm1; 

norm_color_bg=iParm2; 

high_color_fg=iParm3; 

high_color_bg=iParm4; 



148: 

149: 

150: 

1512 

Vo2k 

Hose 

154: 

155% 

156. 

AO 

158: 

159% 

160: 

Lone 

162: 

163: 

164: 

165: 

166: 

illeWA- 

168: 

169: 

170: 

il FAike 

ivi: 

173: 

174: 

Ast 

176: 

UATE? 

iets 

179: 

180: 

181: 

182: 

183: 

184: 

185: 

186: 

187: 

188: 

189: 

190: 

191: 

192: 

193: 

194: 

195: 

196: 
197: * this actually gets the data once 

case 

case 

case 

case 

case 

case 

case 

break; 

/* insert normal and high colors */ 
undr_color_fg=iParm1; 

undr_color_bg=iParm2; 
break; 

ins_color_fg = iParm1; 

ins_color_bg = iParm2; 

ins_row = iParm3; 

ins_col = iParm4; 
break; 

break; 

break; 

row = st_row = iParm1; 

col = st_col = iParm2; 

end_col = st_col + iParm4; 

length = iParm4; 

last_key = get_it(option,char_ptr); 

break; 

row = st_row = iParm1; 

col = st_col = iParm2; 

end_col=st_col + iParm4; 

length=iParm4; 

last_key = get_it(option,char_ptr) ; 

break; 

FOMN(CLC—-O-e Ctre— LParmissctr+t) 

chars ptri ctrl *=) \0"; 

break; 

case 9: setup _exit_keys(char_ptr,iParm1) ; 

break; 

} /* end of switch */ 

return(last_key) ; 

} /* end of subroutine */ 

FP IAEL Ce OP ee se Soe eae * 

* subroutine: get_it() * 

continues 
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Listing 10.2. continued 
Faw he ices he Re 8 a 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

Pale 

PDs 

Zo 

214: 

Px) Bye 

Zil@s 

Pl ie= 

218: 

219: 

220: 

Ze: 

222: 

Zeon 

224: 

225: 

226: 

Zee 

228: 

229: 

230: 

oiled 

232: 

233): 

234: 

235); 

236: 

2a 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

* everything has been setup 

char get_it(int option, char *str_ptr) 

{ 
int 

int 

int 

int 

int 

alle 

int 

nse 

ch; 

Siti 

NS! 

pos; 

ctr=0; 

On=FALSE ; 

/* tracks current character position */ 

/* tracks INS key being pressed */ 

prn_switch=FALSE;/* determines if char should be accepted */ 

loop_exit=FALSE; 

test; 

cursor(st_row,st_col) ; 

repeat_char('_', length, undr_color_fg, undr_color_bg) ; 

write _string(str_ptr, norm_color_fg, norm_color_bg, 

Ste row st col). 

while (loop exit == FALSE) 
{ 

if ( ( ch=getch() ) == 0 ) /* if scan code read next byte */ 

ch = getch(); 
switch ( ch ) 

{ 
case HOME: 

case END: 

case DEL: 

/* goto to begining of string */ 

coly="sStucol: 

cursor(row, col); 

if (ins_on == TRUE) 

write_string(str_ptr, norm_color_ fg, 

norm_color_bg, st_row, 

Sitcol) = 

break; 

/* end key - pos cursor at end */ 

Goll = Sulplei(Gisr jee) =F Sie keewle 

cursor(row, col); 

if (ins_on == TRUE) 

write_string(str_ptr, norm_color_fg, 

norm_color_bg, st_row, 

St col); 
break; 

/* 1 past end) of sstring), 2) <7 

if (;colel= strilen(str_ptr)++ st_col) 

{ 
/* save current position */ 



247: 

248: 

249: 

250: 

3) 

252: 

200% 

254: 

255: 

256: 

257 

258: 

259: 

260: 

261: 

262¢ 

263: 

264: 

265: 

266: 

267: 

268: 

269: 

270: 

2h Aw 

212s 

PA (Ye 

274: 

2715: 

276: 

PUR GS 

278: 

279: 

280: 

281: 

282: 

2ea5 

284: 

285: 

286: 

287: 

288: 

289: 

290: 

291: 

292: 

293: 

294: 

case INS: 

} 

SEPECTRE=) Gols 

(Je itanXteposalsS a! = null move. it. */ 

while (str ptr[col-st\col+1] != '\o") 

{ 
/* the value is moved over */ 

Stroptricol-stscolly— str ptr 

[col-st_col+1]; 

Codd /=SneXt. position)» */ 

} 
/* terminate end of string */ 

str_ptr[col-st_col] = '\0'; 

(se renraince Seran oie 

write_string(str_ptr, norm_color fg, 

norm_color_bg, st_row, 

Sigcol) it 
/* Go to end of line */ 

cursor(row, st_colt+strlen(str_ptr)); 

/* Rewrite underline char */ 

WiEiteRcnar (Gat, eUnCieCOLOre nds 

undr_color_bg); 

/* restore cursor pos */ 
COMEFStract: 

/* Restore cursor position */ 

cursor(row,col) ; 

if (ins_on == TRUE) 

write _string(str_ptr,norm_color fg, 

norm_color_bg, st_row, 

St_col); 

break; 

if (ins_on == FALSE ) 

{ 
write_string("INS", ins_color_fg, 

ins_color_bg, ins_row, 

ins_col); 

ins_on=TRUE; 

} 
else 

{ 
write_string(" USC OO lmei Gl. 

ins_color_bg, ins_row, 

Ins col); 

write_string(str_ptr, norm_color_fg, 

norm_color_bg, st_row, 

StmCOlN) is 

ins_on=FALSE; 

} 
break; 

continues 
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Listing 10.2. continued 
eee WAS Gn RS ean Se Be Sek OR eee 

295: 

296: 

297: 

298: 

299: 

300: 

301: 

302: 

303: 

304: 

BOor 

306: 

307: 

308: 

309: 

310: 

Sil ds 

312: 

Slee 

314: 

Blsye 

Shi (BE 

ulivae 

Salty 

SiO} 

320: 

B25 5 

S2PE 

320; 

324: 

325: 

326: 

Sy27/ 3 

328: 

329: 

330: 

Soils 

S32: 

330: 

334: 

Soon 

336: 

337: 

338: 

339: 

340: 

341: 

342: 

case LT_ARROW: if (col > st_col ) 

{ 
cursor(row, --col); 

if (ins_on == TRUE) 

write _string(str_ptr, norm_color_fg, 

norm_color_bg, st_row, 

St col)E 

} 
break; 

case RT_ARROW: if ( col < end_col && 
(\(colL-=stacol)e<istrlen(str perm» 

{ 
cursor(row, ++col); 

if (ins_on == TRUE) 

write _string(str_ptr, norm_color fg, 

norm_color_bg, st_row, 

Stecol) = 

} 
break; 

default: loop_exit = check_list(ch) ; 

if (ins_on == TRUE) 

write_string(str_ptr, norm_color fg, 

norm_color_bg, st_row, 

Sitscol)); 

/* key a valid exit key ?*/ 

if ( loop_exit == FALSE ) 

boop(); 
break; 

} /*NendFot swatch es 47 
} Ie? @iael he aise 47) 
else 

{ 
switch ( ch ) /* test for other special keys */ 

{ 
case BK_SP_KEY: 

Dp (C Ol eSitECOlm) 

{ 
/* move cursor left 1 */ 

cursor(row, --col); 

/* save cur curs pos, len determ ltr */ 
Seu S COs 

/* if next pos != null move it ovr */ 

while (str_ptr[col-st_col+1] != '\Q') 

{ 
/* move next char over */ 



343: 

344: 

345: 

346: 

347: 

348: 

349: 

350: 

Elayaps 

352: 

353: 

354: 

355: 

356: 

357: 

358: 

359: 

360: 

361: 

362: 

363: 

364: 

365: 

366: 

367: 

368: 

369: 

370: 

37 Wiz 

Sher 

373: 

374: 

SH AoE 

376: 

Sih: 

CIAahe 

EW AS) 

380: 

Soils 

382: 

383: 

384: 

385: 

SUD pir col-stacol) = striptr 

[col-st_col+1); 

1 Mextspositaone </ 

coltt; 

/* End string with a null */ 
SthapenpeoL-stacol] = l\0n: 

write_string(str_ptr, norm_color fg, 

norm_color_bg, st_row, 

St col); 

/* Move cursor to end of line */ 

cursor(row, st_col+strlen(str_ptr)); 

/* Rewrite underline char */ 
write_char('_', undr_color_fg, 

undr_color_bg); 

/* restore current cusor pos */ 

col = str ctr: 

/* Restore cursor position */ 
cursor(row,col) ; 

} 
break; 

default: if (col < end col ) 

{ 
/* get numeric input */ 

if ( option == 7 && (ch >= 48 && 

ch <= 57)) 

{ 

} 
prn_switch=TRUE; 

/* greater than space */ 
if ( option == 6 && ch > 31 ) 

/* get alphanumeric input */ 

prn_switch=TRUE; 

} 
if ( prn_switch==TRUE ) 

{ 
ro aeibeh Gene vival, = Sinner <7) 

if (ins_on==TRUE && strlen(str_ptr) 

<length) 

{ 
/*wassign) sthacti to) the cur 

location */ 

str_ctr=strlen(str_ptr) ; 

while (str_ctr !=col-st_col) 

str_ptr[str_ctr] str_ptr 

[Stipectin= ts 

continues 
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Listing 10.2. continued 

386: /* point to previous position */ 

387: hele Ciel oo = 

388: } 
389: /* add character into string */ 

390: str_ptr[col-st_col]=ch; 

391: write _string(str_ptr, norm_color_fg, 

392: norm_color_bg, st_row, 

393: Stocol)- 
394: write _char((char)ch, high_color_fg, 

395: high_color_bg); 

396: cursor(row, ++col); 

397: prn_switch=FALSE; 

398: } /* end of ins_on and strlen test */ 
399: else 

400: { 

401: /SINS*0f G put aecham 7 

402: if (ins_on==FALSE ) 

403: { 

404: /* add character into string */ 
405: str_ptr[col-st_col]=ch; 

406: write_string(str_ptr, norm_color_ fg, 

407: norm_color_bg, st_row, 

408: Stacol). 

409: cursor(row, ++col); 

410: prn_switch=FALSE; 
411: } 

412: else 
413: { 
414: /* ins_on is TRUE and trying */ 
415: /* to put a char past end | 
416: boop(); 

417: } 
418: } 
419: } /* end of prn == TRUE test */ 
420: else 
421: { 

422: /* exit key? */ 
423: if((loop_exit = check_list(ch)) == FALSE) 
424: { 
425: /* not a valid exit key */ 
426: boop(); 

427: 

428: else 
429: { 

430: write_string(str_ptr, norm_color fg, 
431: norm_color_bg, st_row, 
432: st_col); 
433: } 
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434: 

435: 

436: 

437: 

438: 

439: 

440: 

441: 

442: 

443: 

444: 

445: 

446: 

447: 

448: 

449: 

450: 

451: 

452: 

453: 

454: 

455: 

456: 

457: 

458: 

459: 

460: 

461: 

462: 

463: 

464: 

465: 

466: 

467: 

468: 

469: 

470: 

471: 

472: 

473: 

474: 

475: 

476: 

477: 

478: 

479: 

480: 

481: 

t+ + + 4 SH SF 

} 
} /* end of if from (col < end _col ) 

else / iron mcol<vendecok. y+) 

{ 
eT OXa tae viqe ay, 

if ( (loop_exit = check_list(ch)) == FALSE ) 

norm_color_bg, st_row, 

{ 
/* not a valid exit key */ 

boop() ; 

} 
elise 

{ 
WRLEtLERSt Ing (Streptr,. NOhmacolomeng, 

Sit col), 

} 
} 
break; 

} /* end of switch */ 

} /* end of else */ 

} /* end of while loop */ 

return(ch) ; 

/* end of subroutine getline */ 

function: check_list() 

This subroutine checks the key pressed against 

a list of keys that can end the procedure. 

It receives the key pressed and returns TRUE 

if key is in the list, else FALSE if not in 

eS ita 

int check _list(char key_pressed) 

{ 
/* return a true or false to return_code */ 

int return_code=FALSE; 

sinh lb@xeyey engie =) Oe 

while ( loop_ctr <= MAX_KEYS && !return_code) 

* 

Oe rE ee OR SE OF 

if ( key_pressed == VALID_EXIT_KEYS[loop_ctr++]) 

return_code=TRUE; 

return(return_code) ; 
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Listing 10.2. continued 
i tae hoe eee ck Dre, Cee eee 

482: } 

483: 

ZAC Wi cere cio Sas Jo IA rae) 2) FI I 

485: function: setup_exit_keys(keys_array,num) 

486: 

487: 

488: 

489: 

490: 

491: 

492: 

* 

Sets up valid exit keys in the VALID_EXIT_KEYS 

array. 

Enter with: - keys_array 

char array of ASCII key values 

- num 

493: nbr of elements to processed 

494: Returns: Nothing 

ZAC apo? Neiete oP hor Meee eo 1S x / 

496: 

497: void setup exit_keys(char *keys_array, int num) 

498: { 

499: ihe Ciel: /* misc counter */ 

500: 

501: LOR (Ctr=O; Cine  NUmMse GC tpt) 

502: { 

503: /* load valid keys */ 

504: VAETDEEXIN KEYS [Ctrl =) *((keySmarray = )Cun)), 

505: } 

506: 

507: while (ctr < MAX_KEYS) 

508: 

509: /* clear unused portion */ 
510: VALID_EXIT_KEYS[ctr++] = '\0'; 

Bilis } 

Bee | 

et * © + eH HF He HF OH OF PEE Oe a) SE ae sey EO: 

As you can see, this is an extremely long function. Having read the material 
presented earlier today, you should be able to follow some of this listing. To help 
in your understanding of getline (), the function contains many comments. In 

fact, the first 75 lines of the function are dedicated to a detailed description of the 

parameters.If you haven’t already, then you should read these comments. They 
include a description of what each of the parameters that is passed to getline () should 
be. 

Lines 87 to 104 contain variables that will be used by getline(). These variables are 
all defined as static. This is so their values will be retained for subsequent calls to 
getline(). The comments within the code state what each variable is used for. 
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Note: If you want the default values automatically set in getline(), you 
should assign the default values to the variables as they are declared. For 
example, line 87 would become: 

static int norm_color fg = WHITE; 

Lines 110 to 113 are the last of the set-up before starting the getline() function. 
These lines declare the prototypes to the subroutines used by getline(). As you can 

see, the getline() function has three subroutines or functions that it uses. 

Lines 119 to 190 contain getline(). This portion of the getline() process is 

straightforward. Line 125 ensures that the array that contains the exit keys (or will 
contain them if they aren’t yet set up) ends with a null value. Line 127 then calls a 
switch statement. The program switches based on the option that was passed. 

If the option was zero, the defaults will be set. The defaults include all of the colors, 

an exit key (line 134), and a position for the “INS” message (lines 139 and 140). The 
colors that have been set here—and that are stated in the comments in lines 14 to 24— 
are the defaults that I have choosen. The values you choose for your default values 
should be those that you will use most often. You can always change these values using 
getline()’s other options. 

Options 1, 2, and 3 are set in lines 143 to 159. These options set different sets of the 
variables. By looking at each of these options, you'll see which parameters are 
translated to which variables. 

Options 4 and 5 in lines 161 and 163 don’t exist. These are left for future growth. If 

you later decide to expand on getline(), these two values are available for options. 

Options 6 and 7 in lines 165 to 170 and 172 to 177 are identical. These functions each 

set a row and column value to the iParm1 and iParm2 parameters. Also set are st_row 
and st_col which are static constants used to retain the initial row and column 

positions. Lines 167 and 174 calcuate the ending column, end_col, of the information 

being input. Each of these two cases ends with a call to get_it () which does the work 

of retrieving the input information for getline(). 

Option 8 is covered in lines 179 to 181. This case is easy to follow. A for loop is used 

to set each position of the passed string, char_ptr, to null values. 

Option 9 in lines 183 and 184 is the final option. This option simply calls the 

setup_exit_keys() subroutine which is covered later today. 
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The get_it() Subroutine 
The get_it() function is used to get both numeric and alphanumeric values. This 

function continues from line 201 through line 459. Although this function is very 

long, it’s easy to follow because it’s broken into segments by case statements. 

Before starting into its main loop, the get_it() function sets up a few keys. In 

addition, line 213 sets the cursor to the starting position that was set in the getline() 

function. Line 214 then sets the underscore on the screen using the repeat_char() 

function. Line 215 writes the value in the string that may have been initially passed 

to getline() and forwarded to get_it(). Line 218 then begins a large while loop. 

The while loop in line 218 begins the process of getting each character one at a time. 

Line 220 checks to see if the first character retrieved with getch() is a 0. If it is, the 

key entered is a scan code. A scan code is part of an extended key such as the home key, 

the end key, or the delete key. If a scan code is read, a second key is read to get the 
second half of the scan code. The second character contains a key value that is used 
in a switch statement in lines 225 to 326. The functions for each of the different keys 
is detailed later today. 

If the initial character read in line 222 was not equal to 0, then the else statement in 
line 328 is executed. In this case, the character is a normal ASCII character. Included 
with the ASCII characters are characters such as the backspace key. Any ASCII 
characters that need special processing are checked first. For getline(), only the 

backspace character, BK_SP_KEY, needs to be handled specially. (All the other special 
exit keys are scan codes handled by the if in line 220.) 

Line 363 is the default case for ASCII characters. It’s here that getline() will 

determine whether the appropriate key has been entered. 

Getting the Characters (Lines 363 to 451) 
In lines 366 to 375, the character entered is compared with ASCII values to determine 
if it is valid based on the getline() option. For option 7, the character must be an 
ASCII value from 48 to 57 (line 366). For option 6, the character entered must be 
greater than 31. If the character read fits either of these options, then the prn_switch 
1s set to TRUE. 

If the character passed (the prn_switch was set to TRUE), then lines 364 to 435 are 
executed. Line 379 then checks to see if the insert key is on. If it is, and if the length 
of the string is less than the total length of the field being entered, then the character 
is added to the string. Because the character could be in the middle of the string, the 



rest of the string is adjusted to the right (lines 383 to 388). Line 391 then redisplays 
the updated string to ensure that it’s displayed on the screen properly. Because the 
insert key is on, the added character should be highlighted. This is done in line 394 
before the cursor is adjusted. If the insert key was off, or if the character is being set 
ina field that is already full, then the e1se in lines 399 to 417 is executed. If the insert 
key is off, then the character is added to the string at the current position (line 405), 

the string is rewritten to ensure that it is displayed properly (line 406), and the cursor 

is repositioned (line 409). If the insert key is on and the string is full, then the computer 

beeps with the boop() function, which is covered later today. 

If the character entered didn’t meet the valid characters for options 6 or 7, then the 
else statement in line 420 is executed. In this else, the character entered is checked 

to see if it is actually an exit key. This is accomplished by using the check_list () 
function. The check_list() function in lines 461 to 482 simply loops through the 
exit key array to see ifa match is found. Ifa match is found, a code of TRUE is returned 
in line 481. If the key isn’t a valid exit key, the value of FALSE is returned. This value 
of FALSE causes the get_it() function in line 426 to execute boop(), which beeps the 

computer. This is done because the character entered wasn’t valid for the option, nor 
was it an exit key. If the key was a valid exit key, then line 430 reprints the string to 
the screen, and the loop_exit causes the looping to end along with getline(). 

The Backspace Character (Lines 332 to 361) 
The backspace character is a special case that is handled in lines 332 to 361. If the 
current position isn’t the first position, then the code for the backspace character is 
entered in lines 335 to 359. The code in these lines starts by moving the cursor to the 
left one column (line 336). It then shifts each character one space to the left to 

effectively delete the character that was backspaced over. Line 349 then rewrites the 

string to the screen to ensure that it is displayed correctly. Because this moving of the 

characters to the left will mess up the underlines that mark the end of the field, lines 

353 to 356 redraw them. 

The Delete Key (Lines 243 to 274) 
The delete key (DEL) works nearly identically to the backspace character. The main 

difference is the cursor isn’t moved to the left like the backspace. Instead, the function 

shifts the characters starting to the right of the cursor. Each is shifted one space to the 

left. The string is then rewritten, and the underscores for the field redrawn. 
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The Home Key (Lines 225 to 232) 

The home key (HOME) is much easier to follow than the delete or backspace key. The 

home key simply adjusts the cursor position to the starting column. If the insert 

character is on, the string is redrawn to ensure it is displayed correctly. 

The End Key (Lines 234 to 241) 
The end key (END) works just like the home key. Instead of moving the cursor to the 

beginning of the string, it is moved to the end of the entered characters. 

The Insert Key (Lines 276 to 293) 
The insert key (INS) is different from the others. If the insert key wasn’t already on, 

ins_on is equal to FALSE, then the “INS” string is written in the lower-right corner of 

the string and ins_on is set to TRUE. If the insert key was on, then a blank string is 
written over the “INS” that is in the lower-right corner and the flag is set to FALSE. 

This flag was used when entering a key earlier. 

The Left Arrow (Lines 295 to 303) 
If the cursor isn’t already at the beginning of the field being entered, the left arrow key 
(LT_ARROW) executes lines 297 to 302. The left arrow key adjusts the cursor by 
subtracting one from the column, and then redisplaying it. This, in effect, moves the 
cursor one space to the left. If the insert key was on, then the string is redisplayed to 
ensure that it is correct on the screen. 

The Right Arrow (Lines 305 to 314) 
The right arrow (RT_ARROW) does just the opposite of the left arrow. In line 305, 
it first checks to see if the cursor is already at the end of the string. If it isn’t, then one 
is added to the column, and the cursor is redisplayed. This has the effect of moving 
the cursor one space to the right. 

The Default Scan Key 
If the scan key entered wasn’t one of the designated keys, then the default case is 
executed in lines 316 to 324. The default case checks to see if the entered key is an exit 
key (line 316). If it is, then the loop_exit flag is set. After this test, the string is 
redisplayed in line 318 to ensure that it is properly presented on the screen. If an exit 
key wasn’t entered in this default case, then boop() beeps the computer in line 323 to 
signal that a bad key was entered. 



The setup_exit_keys() Subroutine 
The setup_exit_keys() function is all that is left to the getline() function. This 
function initializes the VALID_EXIT_KEYS array to the keys provided by the calling 
program. Each key in the array passed by the calling program is placed in the array. 
Any array positions that aren’t used are then filled with null values (lines 507 to 511). 

The boop() Function 
The boop() function is used by getline() to cause the computer's speaker to beep. 

This function, which is presented in Listing 10.3, is also useful at other times, and 
therefore, makes a good addition to your TYAC.LIB library. 

Listing 10.3 BOOP.C. The boop() function. 

alte * Program: boop.c 

25 * Authors: Bradley L. Jones 

oye * Gregory L. Guntle 

4: 4 

5: * Purpose: Toggles the speaker to produce a sound. This 

Giz x sound is used for notifying the user of an 

Th: * invalid key pressed. 

8: * 

9: * Note: This is not an ANSI compatible function. When 

10: i compiled, you may receive warnings. The value 

ihe - of result is not used; however, it is needed 

u2e > in order to compiler on some computers. 

13): KE iS Nel INP) oo) a Ey EERE NRE iy een Ni) Ae Oye CRT CCIE Hl) 

14: 

15: #include <conio.h> 

16: #include "tyac.h" 

ita 

18: #define CLOCKFREQ 1193180L /* Timer frequency */ 

19: #define SPKRMODE @xB6 /* Set timer for speaker */ 

20: #define T_MODEPORT 0x43 /* Timer-mode port */ 

21: #define FREQPORT 0x42 /* Frequency control port */ 

22: #define FREQQO @x12c /* A frequency */ 

23: #define DIVO CLOCKFREQ / FREQQ /* Set frequency to use */ 

24: #define CLICK 18 /* Tone duration */ 

Zon 

26: #define SPKRPORT @x61 /* Speaker port */ 

27: #define SPKRON 0x03 /* On bits for speaker */ 

28: 

29: 

30: void boop() 

continues 

Ades 
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Listing 10.3. continued 

SHG at 

o2: unsigned char porta; 

33: unsigned int div®@ = DIV0*2; 

34: float delay = CLICK; 

35: int result; 

36: 

Si: result = outp(T_MODEPORT, SPKRMODE); /* setup timer ay 

38: port® = inp(SPKRPORT) ; /* get old port setting */ 

39: 

40: result = outp(FREQPORT, (div@ & OxFF)); /* send low byte */ 
41: result = outp(FREQPORT, (div® >> 8)); /* send high byte */ 

42: result = outp(SPKRPORT, (port® | SPKRON)); /* turn on speaker */ 

43: 

44: waitsec (delay) ; /* wait */ 

45: 

46: result = outp(SPKRPORT, port®) ; /* restore original setting */ 

47: } 

This function uses the outp() and inp() functions to send information to the 

speaker port. These aren’t ANSI-compatible functions. Because of this, the listing 
may not be compatible with all compilers. 

Lines 18 to 27 define several constants that are then used in the actual code. The 
boop() function creates a beep by writing information directly to the speaker port. 
Before doing so, line 38 saves the original port setting. Line 46 then restores 
the settings. 

Lines 41 and 42 send the values to the port. Line 42 then turns on the speaker. The 
speaker will then remain on until turned off. The speaker is turned off when 
the original setting is restored. To allow the beep to last long enough to be heard, 
the program is paused using the waitsec() function in line 44. The waitsec() 
function is a new function that is covered next. 

The waitsec() Function 
The waitsec() function causes the computer to pause for a specified period of time, 
which is defined in seconds. Most people choose to use a looping function to pause 
the computer. This may be coded as follows: 

for( ctr-= @; ctr < 10000; ctr++ ) { /* pausing */ }: 

This will cause the computer to pause for different lengths of time depending on how 
fast the computer can process the for loop. This can cause a problem because you can 
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never be sure how long the loop will last. The waitsec() function gets around this 
problem. Listing 10.4 presents the waitsec() function. 

a he /* Program: waitsec.c 

2: * Authors: Bradley L. Jones 

3: * Gregory L. Guntle 

4: = 

5: * Purpose: Causes the program to wait a number of seconds. 
6: i 

The * Enter with: seconds - Number of seconds to pause program. 

8: 3 

9: * Returns N/A 

10: Pe eer ee ee pe ee eee ee eee eset yee e Sse =) 
Aus 

12: void waitsec( double secs ) 

Sin, 8 ot 

14: unsigned long count®, count; 

Of 

16: count® = get_timer_ticks(); 

IW Ae count = count® + secs * 18.2; 

18: while ( get_timer_ticks() < count ); 

19 

20>} 

The waitsec() function uses the computer’s timer to determine exactly how 
much time has passed. The function starts by getting the number of timer ticks 

using the get_timer_ticks() function. Listing 10.5 will present the 

get_timer_ticks() function. Once the timer tick count is obtained, it is used as a base 

to determine at what number the time will be up. In a second, 18.2 ticks will occur. 

By taking 18.2 times the number of seconds requested to wait, you determine the total 
number of ticks that must occur. This calculated number is added to the original 
number that was received by the call to get_timer_ticks() (line 17). The program 

is then put into a while loop that continuously calls the get_timer_ticks() function 

until the returned value isa number greater than the number that was calculated. Once 

the appropriate number of ticks has passed, the function returns. 

The get_timer_ticks() Function 
The get_timer_ticks() function is a new BIOS function. As stated in the analysis of 

thewaitsec() function, the get_timer_ticks() function simply returns the computer's 

current tick counter value. Listing 10.5 presents this function. 
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Listing 10.5. GETTICKS.C. The get_timer_ticks() 

function. 

ae /* Program : getticks.c 

at * Authors : Bradley L. Jones 

Chr bl Gregory L. Guntle 

4: * 

aye * Purpose : Returns the number of clock ticks. 

6: ba 

fe * Function : get_time_ticks() 

8: * 

9: * Enter with: N/A 

10: ie 

Vue * Returns : Number of clock ticks that has elapsed. 

122 tS This is a long value. 
Ge Bee Pon noite eI Sa ee Ee eae NCE Ni) EF 

14: 

15:  #include <dos.h> 

SE 

17: #define INT_TIME Ox1A 

18: 

19: long get_timer_ticks() 

20. 

2 ile union REGS inregs; 

PPK. long tc; 

23: 

24: inregs.h.ah = Q; 

25 int86(INT_TIME, &inregs, &inregs) ; 

26: tc = ((long) inregs.x.cx) << 16; /* get high bytes */ 
27: tc += inregs.x.dx; /* add low bytes */ 
28: return(tc) ; 
23 

There isn’t a lot to analyze about this listing. Interrupt 0x1Ah is used to get the 
current clock tick count. The values returned in the x.cx and x. dx registers are 

used to determine the exact number of ticks. Line 28 then returns this value. 

: Note: The new v functions that you have cr 
: aout TYAC. LIB lib: 

This ibra oo 



Using getline() 
Now, you are ready to use getline() ina program. Listing 10.6 presents a very simple 
program that uses the getline() function. This program in Listing 10.6 will allow a 
string to be entered. 

ODNOONRWD = Ih ee ee se es ee oe ee ee oe ee 

Listing 10.6. GL_TEST.C using the getline() function. 

/* Program: gl _test.c 
* Author: Bradley L. Jones 

= Gregory L. Guntle 

* Purpose: Demonstrate the getline function. 
*==>=>>>>>>>>>>>>>>>>>>=>=>=>>=>=>>=>=5=>=>5>>>=>>=>=-==>=>=>=>=5>===5==5>==>===%* / 

#include <stdio.h> 

#include "tyac.h" 

int main() 

{ 
char ch; 

char strng[4Q]; 

SU ARE, ese 

char exit_keys[] = {ESC_KEY, F1, F10, CR_KEY}; 

/* Initialize getline w/defaults */ 
getline(0,0,0,0,0,0,0); 
/* Clear the array to hold input */ 

ch = getline(8,0,40,0,0,0,strng) ; 

/* Load valid exit keys */ 

getline(9,0,4,0,0,0,exit_keys) ; 

ch 

ch 

write _string("Enter string:", LIGHTBLUE, BLACK, 10, 5 ); 

ch = getline(6,0,10,20,0,20,strng); /* Get line */ 

printf("\n\nThe string that was entered = %s\n",strng) ; 
printf("The key used to exit getline is: "); 

switch( ch ) 

{ 
case ESC KEY: printf("Esc key\n"); 

break; 
case F1: printé (Fi key \iny)); 

break; 

case F10: printf ("F10 key\n"); 

break; 
case CR_KEY: printf("CR key\n") ; 

break; 

default: printf ("Unknown\n") ; 
break; 

continues 
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Listing 10.6. continued 

41: } 

42: 

AS: return Q; 

44: } 

C:\>gl_test 

Enter string: 

This is a short program that does a lot of work by using the getline () function. 

It’s a good program for showing just how the get1line() function and its options 
should be used. Lines 7 and 8 include the appropriate header files. The TYAC.H 

header file should be the same as the one presented in Listing 10.1. 

The main part of the program starts in line 10 where several variables are declared. In 
line 15, the character array, exit_keys is declared and initialized to four keys. The 
constants defined in the TYAC.H header file are used as the values for the exit keys. 
In your programs, you should create a similar character array that contains the keys 
that will stop entry of information. From line 15, you can see that the escape key, the 
F1 function key, the F10 function key, and the carriage-return (or enter) key will all 
stop entry of information. 

Line 18 presents the first call to getline(). The first parameter is the option 

parameter. In the case of line 18, option 0 is being called. Option 0 sets the default 

colors and values for getline(). Line 20 calls getline() a second time. In Line 20, 

option 8 is used. Option 8 clears the field passed in the last parameter to null values. 
In this case, the strng character array is being set to nulls to ensure that there is no bad 
data in it. It’s a good practice to always initialize your data fields so that you are sure 
what is in them. 

Line 22 calls the getline() function a third time. With this call, option 9 is used. This 

sets up the option keys that were defined in the last parameter, exit_keys. Once this 



call is made, you have set up getline() for the rest of the program. In this case, that 
is only one more call to getline() ; however, generally, you will be calling get1ine() 
with options 6 or 7 several times after these initial setup calls. 

Line 24 prints a prompt on the screen so that the user will know what to enter. This 
promptcan be seen in the output. Line 25 then calls getline() with option 6. Option 
6 enables the user to enter a string. In this case, the string will be displayed at row 10 
and column 20. The string can be up to 20 characters long. It will be stored in strng. 

All this was stated in the call to getline() on line 25. 

With the call in line 25, getline() does its job of enabling the user to input data. If 

the insert key is pressed, then the “INS” message will be toggled on and off. In 
addition, if insert is on, then the inserted character will be highlighted. Once the user 
presses one of the exit keys, getline() returns control to the key pressed. The rest of 
this program prints what was entered. In addition, lines 29 to 41 display which exit 
key was used to exit. 

You should take time to play with this program and the other getline() options. 

Practice setting up different colors and different exit keys. The getline() function 

will be a critical function in creating the applications later in this book. 

MDOP ee oe DON’T 
DO understand the getline() function. It will be used intensively on 

Day 13. 

DO initialize data fields if you are unsure what is in them. This way you can 
be certain. 

DON’T forget to set up your exit keys when using the getline() function. 
You need to define what values can be used to exit the function. 

Summary 
Today’s materials present a function that will replace gets() and scanf() in getting 

data from the screen. This function, called getline(), will provide you with much 

more functionality than the functions generally provided. The getline () function 

will allow text or numeric information to be entered. In addition it will allow for color 

and cursor placement. In addition to the getline() function, several other functions 
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are presented. These functions are boop(),waitsec(), and get_timer_ticks(). These 

functions are used by get1ine() and can also be used by your other functions. 

O&A 
Q Why can’t gets() be used instead of getline() for reading character 

A 

strings? 

gets() does not enable you to have control over the color or position of the 

text being entered. You could use a function such as cursor() to place the 

prompt in the correct location before reading; however, you ll still have 

problems. The additional problem is that gets() won't limit the length of 

the string that you are reading. If you have a last name field that is only 15 
characters, getline() will enable you to read only 15 characters. This is not 

true with gets(). 

Q Why can’t scanf() be used instead of getline() for reading character 

A 

strings? 

scanf() is another good function to use; however, like gets(), it isn’t as full- 

featured as getline(). (See the answer to the previous question.) 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
1. 

BR G& bh 

What is the purpose of getline()? 

. What does boop() do? 

. What is a reason for using boop()? 

. What is the advantage of waitsec() over the pause() function that you 
learned on Day 9? 

. How do you set the getline() input text color to yellow on red? 



6. What are the default colors for getline()? 

7. What is the difference between getline()’s option 6 and option 7? 

Exercises 

1. Add the functions that you created today to your TYAC.LIB if you have not 

done so already. The functions from today are: 

getline() 

boop() 

waitsec() 

get_timer_ticks() 

Note: get_it() and setup_exit_keys() are a part of getline() so they 

don’t need to be added on their own. 

2. BUG BUSTER: What, if anything, is wrong with the following: 

#include <stdio.h> 

#include "tyac.h" 

int main() 

{ 
Ghareci, 

char strng[40]; 

ch = getline(0,0,0,0,0,0,0); 

ch = getline(8,0,40,0,0,0,strng) ; 

write_string("Last name:", LIGHTBLUE, BLACK, Waa teh )e 

ch = getline(6,0,10,20,0,20,strng) ; 

return Q; 

/* Get line */ 
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3. Use the functions that you have learned to create a box on the screen. In the 
box, display a message and ask the user to enter Y or N. Use the getline () 

function to get the Y or N. 

4. Modify Exercise 3 to beep if a wrong character is entered. 

5. ON YOUR OWN: Use the getline() function to create a data entry screen. 

Use the functions that you have used in the previous chapters also. 

Note: Day 13 does just this! It uses getline() and most of the other 
functions presented so far to create an entry and edit screen. 
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Building a Routine Library 

On Day 10, you were presented with a bunch of new functions. You'll use many of 

these throughout the rest of the book. In addition to the functions presented on Day 

10, you'll also need to have several other functions available. Today you will: 

(| Learn about several functions that are important when creating applications. 

"] Create several functions, among them: 

|| Hide the cursor 

|] Clear the screen (in color) 

Display a grid (great for shadows) 

|| Learn how to overwrite and restore a screen. 

Some Important Issues 
When you are creating applications, there are several functions that are often not 
thought of. Many of these functions can be easy to create. Today, you'll be presented 
with a few of these functions so that you can add them to your TYAC.LIB library. The 
first two files presented are cursor_on() and cursor_off(). 

The cursor_off() Function 
The cursor_off() function enables you to hide the cursor. There are several times in 

running an application when the user is not entering data. During these times, the 
cursor can become a nuisance. The cursor_off() function does just what its name 
implies. It turns the cursor off. 

Listing 11.1. CURSOFF.C. The cursor_off() function. 

We [OS Soe Sie wir ee = oi Ae Se en See EE cine Sein eee ee eee 
23 * Program: CURSOFF.C 

3: * Authors: Bradley L. Jones 

4: s Gregory L. Guntle 

Si sa 

6: * Purpose: Turns the cursor off. 

Tas 

8: * Enter with: N/A 
9: id 

10: * Returns: 

ale = 

ee Wn 9: etiam a Sr a By 
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14: #include <dos.h> 

15: #include "“tyac.h" 

16: 

ie 

18: void cursor_off() 

1902 2 

20: union REGS inreg, outreg; /* Assembly Registers */ 
Zils inreg.h.ah = 1; (Pe LiteOn) GUNGELON al) = 

22: inreg.x.cx = QxOFQQ; /* Wrap cursor around to 

23: jew) ale oR Fy 
24: int86(BIOS VIDEO, &inreg, &outreg); /* BIOS Call */ 
Peeves © at 

As you can see, Listing 11.1 presents the cursor_off() function, which is very 
Anal short. This is a BIOS function similar to those that you have seen before. In this 

function, the ah register is set to function 1 (line 21). The BIOS video interrupt 
is then called. The BIOS interrupt is interrupt 0x10h, which is defined in the 
TYAC.H header file. 

The cursor_on() Function 
Once you turn the cursor off, it remains off until you turn it on again. You'll need the 
cursor back on when youare ready to have the user input data. You'll also want to make 
sure that if the cursor is turned off, you turn in back on before you exit your program. 
Listing 11.2 presents cursor_on(), which is a counter function to the cursor_off() 

function. 

‘ ey remain off. 
yg Waring eee turn he cursor off and then exit the program, the cursor 

Listing 11.2. CURSON.C. The cursor_on() function. 

le [fie es SoMa S Oe niet o GO Mec eicieici irene ge irg RAC Rei AINSI ARSE 

en * Program: CURSON.C 

3: * Authors: Bradley L. Jones 

4: * Gregory L. Guntle 

Dis ‘a 
6: * Purpose: Turns the cursor on. 

ian i 

8: * Enter with: 

continues 
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Listing 11.2. continued 

9: eg 

10: * Returns: 

ili i! 

12. Hew eG Bm smi hm Sym wa nme ae c3/ 

13: 

14: #include <dos.h> 

15: #include "tyac.h" 

16: 

RZCE 

18: void cursor_on() 

19a 

20: union REGS inreg, outreg; 

Zits inreg.h.ah = 1; ‘= ea hiteLOhehUnG tt OQmalsay 

225 inreg.x.cx = 0x0607; /* Cursor size for CGA/VGA */ 

23% int86(BIOS VIDEO, &inreg, &outreg); /* BIOS call */ 

24: } 

This function is almost identical to the cursor_off() function. The difference 

is that the value in the x.cx register is set to 0x0607. This turns on a cursor that 

is appropriate for most monitors. 

Now that you have functions that can turn a cursor off and on, you are probably 
interested in seeing them in action. Listing 11.3 presents asmall program that uses the 
TYAC.LIB library. You should go ahead and compile the cursor functions and add 
them to your library. You should also include prototypes in the TYAC.H header file. 

| 

Listing 11.3. LIST1103.C. Using the cursor functions. 

1 . /*SSSSSSSSSSSSSSSSaeSaSSSSSssaeS=S=SSS55>5=SSS5S>=2=— === 

2: * Filename: LIST1103.c 

3: ia 

4: * Author: Bradley L. Jones 

Be ia Gregory L. Guntle 
6: * 

ws * Purpose: Demonstrate the cursor on and off functions. 
8: a a a ES 

9: 

10: #include <stdio.h> 

11:  #include <conio.h> /* not an ANSI header, for getch() */ 
12: #include "tyac.h" 
13: 

14: void main(void) 



Sis aed 

16: cursor_off(); 

AW ae 

He box(12, 14, 20, 60, SINGLE BOX, FILL_BOX, YELLOW, BLUE ); 

20: write_string( "Press any key to continue...", 
ea TELCOW, BLUE, els, 23° 4 
22 

23: getch(); 

24: cursor_on(); 

25Or at 

Press any key to continue... 

This program displays a box on the screen with a message in it. Line 18 uses the 
box() function followed in line 20 by the write_string() function. Before 

setting up this box, line 16 calls the cursor_off() function. This function could 

have been called at any time before line 23. In line 23, the program pauses with a call 

to getch(), which waits for any character to be entered. When a key is pressed, the 
cursor_on() function returns the cursor. 

If the cursor had not been turned off, it would be seen flashing on the screen when this 
box is displayed. You can see this by commenting out line 16. Another good 
experiment to try is to uncomment line 16 and then comment out line 24. This will 
cause the cursor to not be turned back on when the program exits. By observing each 
of these scenarios, you should begin to understand the importance of making sure you 
know the condition of the cursor—either on or off. 

Clearing the Screen 
Clearing the screen can be very important. Most programs that work with the screen 

will start by clearing the screen. You can never be sure about what is on the screen when 
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you first start a program. Listing 11.4 presents a function that will effectively clear the 

screen. In addition to removing everything on the screen, this function enables you 

to state what colors the screen should be cleared to. 

[ j Listing 11.4. CLEARSCN.C. The clear_screen() 

function. 

ie /* Program: CLRSCRN.C 

2h * Author: Bradley L. Jones 

3: * Gregory L. Guntle 

4: * Purpose: Function to clear the entire screen 

55 se Borland offers a clrscr() function. 
6: Caen a ee MER EE ORCC RE eer CN cx aes Sas See Sees Se cy oe Se eas 

ae * Parameters: 

8: * COMOlny 

9: * bcolor colors for clearing screen 

10: * eae SSSSSSSS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS SS SSS SSSSeSsaa* | 

12: #include <dos.h> 

13: #include "tyac.h" 

14: 

15: void clear_screen(int fcolor, int bcolor) 

MSR? al 

Wee union REGS irreg; 

18: 

ele ireg.h.ah = SCROLL_UP; 

20: ireg.h.al = Q; /* Clear entire screen area */ 

Pras ireg.h.ch = Q; 

225 UEC MC La= Ole 

23: ireg.h.dh = 24; 

24: ireg.h.dl = 79; 

255 ireg.h.bh = (bcolor <<4) | fcolor; 
26: 

Pile int86( BIOS VIDEO, &ireg, &ireg ); 
2 Ona 

This function provides a means to clear the screen. This is done by scrolling the 
information off of the screen; this is a common practice. As you can see, this 
function enables you to set the foreground and background colors. 

| aie ieiaps. 

Borland If you are using the Borland compiler, you have the option of using a different 
aA function. Borland provides a function called clrscr(), which clears the screen 

% 

% 

joa al 

i 
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without the option of setting the colors. You should remember that this is a Borland- 
specific function and, as a result, may not be portable. 

Listing 11.5 demonstrates clearing the screen. This listing enables you to clear the 
screen several times before exiting. 

Listing 11.5. TESTCLR.C. Test the clear_screen() 

Tre function. 

its /* Program: testclr.c 

Pa * Author: Bradley L. Jones 

3: m Gregory L. Guntle 

4: * Purpose: Demonstrate the clear_screen function. 

53 ASS SSS SSS SSS SSS SSS SSS SSS SSS SSS Ss SSS SSS SSS SSS SSS SSS SSS HaHt / 

6: 

ie #include <stdio.h> 

8: #include <conio.h> /* not an ANSI header, for getch() */ 

9: #include "tyac.h" 

10: 

11: void main(void) 

tsar 

13: eNghe Teng ee 

14: char buffer[40]; 

15: 

1Ge cursor_off(); 

ures 

18: Tome Ctira=sOlnCtie<aIGsmncerits ) 

19: { 

20: clear_screen( GREEN, ctr ); 

Fai 
22: box(11, 14, 20, 60, SINGLE BOX, FILL_BOX, YELLOW, BLUE) ; 

23% 

24: sprintf( buffer, "Trying background number %d of 16", 

25: ctr+1) ; 
26: write _string( buffer, YELLOW, BLUE, 12, 23 ); 

PES write _string( "Press any key to continue...", 

28: YECLEOW V BLUET 1ay—23>)' 

29: 

30: getch(); 

hile } 

32; 
33: clear_screen( GREEN, BLACK ); 

34: cursor_on(); 

Bley 
eee ee ee eee 
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d number 11 of 16 
ntinue... 

This program enables you to see the different colors that the background can be 
cleared to. As you can see, the cursor_on() and cursor_off() functions are used 

to turn the cursor off at the beginning of the listing and then back on at the end 

of the listing. 

The for loop, which makes up the bulk of this program (lines 18 to 31), displays the 
counter number, ctr, in a message box. Line 24 formats this counter number into a 
descriptive message using sprintf(). The sprintf() function is a standard ANSI 

function that enables you to format information into a string. Before formatting 
buffer, line 22 displays a box similar to the box in Listing 11.3. Once the box is 
displayed with its message, the program pauses and waits for the user to enter a key. 
When a character is pressed, the for loop cycles through to the next counter value. 
This continues for 16 iterations. Line 33 clears the screen one last time before restoring 
the cursor and exiting. 

The grid() Function 
There are times when you'll want to clear the screen to a textured background. There 
are also times when you'll want to create a shadow that is somewhat different than just 
a box. Listing 11.6 presents a function called grid() that enables you to display a box 
created with one of the ASCII grid characters. 

Note: The ASCII grid values are: 

— 176 

@ 177 

g 178 
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Listing 11.6. GRID.C. The grid() function. 

Program: GRID.C 

Authors: Bradley L. Jones 

Gregory L. Guntle 

~~ 

Purpose: When passed the parameter list it displays 

a grid background using BIOS. 

Enter with: start_row, end_row (0-24) 

start_col, end_col (0-79) 

fcolor, bcolor 

gtype 

#include <dos.h> 

#include "tyac.h" 

void grid( int start_row, int end_row, 

int Stari col, .int. end scols, 

ait er COLon. int bcolor, int gtype) 

int row, col; 

[* grid*types */ 

static unsigned char GRID_1[1] = "|"; /* ASCII value 176 */ 

static unsigned char GRID 2[1] "B"; /* ASCII value 177 */ 

static unsigned char GRID 3[1] ee eASCITeVallcn lou 

static unsigned char *GRID; 

switch (gtype) 

{ 
case 1: GRID = GRID_1; 

break; 

case 2: GRID = GRID 2; 

break; 

case 3: GRID = GRID_3; 

break; 

for (row=start_row; row < end_row+1; row+t+) 

{ 
for ( col=start_col; col < end_col+1; col+t) 

{ 
cursor(row,col) ; 

write_char( (char)*GRID, fcolor, bcolor We 
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The grid function can be added to your TYAC.LIB library along with all the 

ys other functions. In addition, you should add an appropriate prototype to your 

TYAC.H header file. 

Line 17 begins the grid() function. As you can see, there are several parameters being 

passed. The starting row and column, along with the ending row and column, are 

passed in the same manner as they were in the box() function. The foreground and 
background colors are also passed so that the color of the grid is able to be customized. 
The final parameter, gtype, is used to determine which ASCII grid character is used. 

Line 21 declares two temporary variables, row and col, that will be used later in the 

function to display the grid characters. Lines 24 to 27 set up the three different grid 
characters. Line 28 contains a pointer that will be used in lines 29 to 39 to point to 
the appropriate character based on the value passed in gtype. If gtype contains a 1, 

then the GRID_1 character will be used. If gtype containsa2 or3, thenGRID_2orGRID 3 

will be used. The pointer from line 28 will be set to point at the appropriate character. 

Lines 41 to 49 contain two nested for loops that draw the grid character on the screen. 
Using the for loops, the row and column values are incremented and a character is 
written using write_char(). When the for loops are completed, the grid is drawn. 

Listing 11.3 uses each of the three grid types. The grid() function is called three times 

displaying boxes with each of the different grids. 

Listing 11.7. TESTGRID.C. Testing the grid() function. 

lis /* Program: testgrid.c 

2: * Author: Bradley L. Jones 

3: < Gregory L. Guntle 

4: * Purpose: Demonstrate the grid function. 
ie WEES SSS SSS SSS SSS Sass asSSee Sse sssSSsSssesssssasassess===% | 
(ar 

Ue #include "tyac.h" 
8: 

9: int main( void ) 
IOs af 

ine grid(4,10,3,20,RED,GREEN,1); 

2: grid(10,20,20,40,WHITE, BLUE,2); 

133 grid(15,20,15,25,BRIGHTWHITE,CYAN,3) ; 
14: 

ets return Q; 

Gils} 
ee 
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This listing is as straightforward as they can come. The grid() function is called 

three times. You should notice that different parameters are passed that modify 

the grids displayed. In addition to different grid styles, the location, size, and 

colors also vary in each of the three calls. 

Saving and Restoring the Screen 
It’s quite useful when you can place items on the screen and then remove them without 
overwriting the underlying information. For example, if you use the box() function 

to place a box with a message on the screen, you overwrite what was underneath. You 
must redraw the screen to restore the lost information. By saving off a copy of the 
screen, or a copy of the portion of the screen that will be overwritten, you can then 
simply restore it when you are done. 

To help you understand this, an example will be presented in Listing 11.10, but you 
first need to see the save_screen_area() function in Listing 11.8 and the 

restore_screen_area() function in Listing 11.9. 

Listing 11.8. SAVESCRN.C. Saving a portion of 

the screen. 

: /* Program: SAVESCRN.C 
* 

* Authors: Bradley L. Jones 

2) Gregory L. Guntle 
* 

1 

2: 

Bie 

4: 

Be 

continues 

341 



342 

Building a Routine Library 

Listing 11.8. continued 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

+ 

Purpose: Saves the information that is on the screen 

which is defined within a row/col area. 

Function: save_screen_area(int start_row, int end_row, 

int start_col, int end_col) 

Enter with: start_row (0-24) 

end_row (@-24) 

start_col (0-79) 

end_col (@-79) 

Returns: Address to the memory location where screen info 

has been saved 

#include <dos.h> 

#include "tyac.h" 

#include <stdlib.h> 

#include <stdio.h> 

#define READ CHAR ATTR x08 

char *save_screen_area(int start_row, int end_row, 

t 
int start_col, int end_col) 

char *screen_buffer; 

union REGS inregs, outregs; 

int total_space; /* Holds space requirements */ 

int row = start_row; /* Used to loop through row/cols */ 

Me COIL 

ale Culp /* offset Ctr for info in butter */ 
int trow, tcol, page, cur_st, cur_end; /* Hold curs info */ 

/ Pagewis craticalis/ 

get_cursor( &trow, &tcol, &page, &cur_st, &cur_end); 

/* Determine amount of space for holding the area. */ 
total _space = 

(((end_row-start_row+1)*(end_col-start_colt+1)) * 2); 

total_spacet=5; /* Hold row/col/page info at beginning */ 

screen_buffer = (char *)malloc(total_space) ; 
if (!screen_buffer) 

{ 
printf ("Unable to allocate memory!\n"); 
exit(1); 

} 



56: /* Save screen area position */ 
OTe: *(screen_buffer+®) = (char) start_row; 
58: *(screen_buffer+1) = (char) end row; 
59: *(screen_buffer+2) = (char) start Gol; 
60: *(screen_buffer+3) = (char) end col; 
61: *(screen_buffer+4) = (char) page; 
62: 

63: /* Save the current info row by row */ 
64: CL =555 

65: 

66: while (row <= end_row) 

67: { 

68: col = start_col; (/eeReSetscolaposm. 7, 
69: while (col <= end_col) 
70: { 

THUS | S=Posicion, cursor */ 

ede cursor( row, col ); 

73: inregs.h.ah = READ CHAR_ATTR; 

74: inregs.h.bh = page; 

75; int86(BIOS VIDEO, &inregs, &outregs) ; 

76: 

hie /* Save character */ 

78: *(screen_buffer+ctr++) = (char )outregs.h.al; 

79: /* Save attribute */ 
80: *(screen_buffert+ctr++) = (char )outregs.h.ah; 

81: 

82: COUT ey next Coles) 
83: } 

84: rowt++; /* Next row */ 

85: } 

86: 

Sie /* Address where screen area saved */ 
88: return(screen_buffer) ; 

S92 ee} 

The first thing you should notice about this function is the comments, which 

describe what is going to happen in the save_screen_area(). The parameters 
that are received in line 28 are discussed in lines 12 to 15 of the comments. These 

parameters are the starting row, start_row, the ending row, end_row, the starting 

column, start_col, and the ending column, end_col. These define a rectangular area 

on the screen that will be saved. This can be the entire screen or any portion of it. 

Just as important as the parameters is the return value, which returns a character 

pointer. This pointer will be the address of the buffer used to save the screen 

information. This returned pointer will be needed to restore the screen information. 

343 



Building a Routine Library 

Warning: If you choose not to restore a saved portion of the screen, you ‘ll 

need to use the free() function on the returned character pointer. This 

will free the memory that the save_screen_area() function allocated. 

Before the function starts working to save the screen area, information on the cursor 

is retrieved with the get_cursor() function to determine the video page. When saving 

the screen area, you'll need to know the current page. 

The save_screen_area() function saves the area of screen into a buffer. The first five 

bytes of this buffer are set aside to hold information on the area that is being saved. 
Figure 11.1 is a representation of this buffer. 

End a End Column ee Information 

InBR ES 
wh Row Start Column Video Page 

Screen Buffer 

Figure 11.1. Representation of the saved screen buffer. 

Line 44 determines the amount of space that will be needed to save the screen area. 
This is done by determining the difference between the starting and ending rows and 
columns and then multiplying them together. This is then multiplied by two because 
two bytes will be needed for each position on the screen. One for the actual character 
displayed, the other for the attributes or color of the character. Line 47 then adds five 
to this calculated number for the overhead bytes presented in Figure 11.1. 

Lines 49 to 54 work to allocate the amount of space that was calculated. If the space 
is not allocated, an error message is printed and the program ends. This isn’t the 
cleanest exit for a memory allocation error; however, it is acceptable. 

Lines 57 to 61 fill in the first five bytes of the screen buffer with the rows, columns, 
and page of the screen area being saved. While this is done by dereferencing offsets, 
it could also have been done by using the following: 

screen_buffer[®] = (char) start_row; 

aes Because the screen _buffer is a po ae is more con: 

use dereferencing. Eo 
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In line 64, the ctr variable, the offset into the screen_buffer, is set to five. It is from 
this point that you are ready to begin saving screen information. Line 66 begins awhile 
loop that cycles through each column. Line 69 begins a second while loop that cycles 
through each row. The result is that each row is read within each column until the 
entire block is read. 

For each position read in the while loops, several things occur. In line 72, the cursor () 

function is used to set the cursor to the current row and column position within the 
block. Line 73 sets the ah register to the appropriate BIOS function number for 
reading a character and its attribute. The bh register also needs to be set to the page 
number that was determined by using the get_cursor() function earlier. Once the 

registers are set, line 75 calls the BIOS_VIDEO function. This function returns the 

character in the al register and the attributes in the ah register. These values are placed 

in the screen_buf fer. At the time the values are placed in the buffer, the offset pointer, 

ctr, is incremented to the next position. 

This process cycles through the entire area to be saved. Once the entire screen area 

is saved, 

The calling program will use this pointer to restore the screen with the 

restore_screen_area() function. This function is presented in Listing 11.9. 

line 88 returns the pointer to the screen_buffer to the calling program. 

Listing 11.9. RESSCRN.C. Restoring the saved portion 

of the screen. 

ie fed 

xe 9 

3: "3 

4: Bs 

Bye es 

6: 3 

Tie te 

8: be 

9: i 

10: a 

mle = 

Wee ‘a 

Wis x 

14: is 

ioe 

Program: RESSCRN.C 

Authors: Bradley L. Jones 

Gregory L. Guntle 

Purpose: Restores information from the screen_buffer area 

that was saved using the save_screen_area 

function. 

Function: restore_screen_area() 

Enter with: Address of area containing data from last 

save_screen_area call. 

16: #include <dos.h> 

17: #include <stdlib.h> 

18: #include "tyac.h" 

20: void restore _screen_area(char *screen_buffer) 

continues 
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Listing 11.9. continued 

PAO 
Zee union REGS inregs, outregs; 

Zoe int start_row, start_col, end_row, end_col, video_page; 

24: int Ctr=5; 

2515 int row; 

26: int Oil 

Clas 
28: start_row = (int)*(screen_buffer+®) ; 

29: end_row = (int)*(screen_buffer+1) ; 

30: start_col = (int)*(screen_buffer+2) ; 

Sills end_col = (int)*(screen_buffer+s) ; 

32: video page = (int)*(screen_buffer+4) ; 

33: row = start_row; 

34: 

Son while (row <= end_row) 

36: { 
Sie col = start_col; /* Start col at beginning */ 

38: while (col <= end_col) 

39): { 

40: /* Position cursor */ 
41: cursor( row, col ); 

42: 

43: inregs.h.ah = WRITE_CHAR; 

44: inregs.h.bh = video page; 

45: 

46: /* Get character */ 
47: inregs.h.al = *(screen_buffer+ctr++) ; 

48: /* Get attribute */ 
49: LNReGS alin bees (SChECCNaDUinie ht Citi tt) is 
50: inregs.x.cx = 1; 

ull 

S26 int86(BIOS VIDEO, &inregs, &outregs) ; 

Soi 

54: COME: LG XctaG Olam) 

Son } 

56: rowt++; (Next row, */ 

Sian } 

58: 

B12) 3 free(screen_buffer) ; /* Ereesmenory “/ 
Ge 7} 

After seeing the save_screen_area() function, you should be able to follow this 
listing. This listing works almost backwards from the way the save_screen_area() 
function worked. In lines 28 to 33, the values that had been saved off for the 

rows, columns, and page are taken out of the screen buffer and placed in variables. 



Note: Because the values for the buffer location were included in the 

saved buffer, there was no need to tell the restore_screen_area() 

anything more than where the screen_buffer array was. 

Lines 35 to 57 include the two while statements that are used to loop through the 

screen buffer. Like the save_screen_area() function, the cursor is placed in the 

appropriate location, the BIOS registers are set up, a BIOS function is called, values 
are incremented, and the offset into the buffer is incremented. While the process is 

nearly identical, characters are being written instead of read. In line 43, you see that 
the WRITE_CHAR value is placed in the ah register. In lines 47 and 49, the character and 

attributes are taken from the screen_buffer array and placed in the al and bl registers 
before calling the BI0S_VIDEO interrupt. 

The last code line of this function is very important. Line 59 frees the screen_buffer. 
Once freed, this buffer can no longer be used. If you don’t free the buffer, the memory 
will still be allocated. 

Saving and Restoring in Practice 
You can now save and restore areas of the screen. Listing 11.10 isa program that shows 
save_screen_area() and restore_screen_area() in action. 

Listing 11.10. LIST1110.C. Demonstration of saving 

and restoring the screen. 

Ne /* Program: LIST111@.C 

2 * Author: Bradley L. Jones 

3: ¢ Gregory L. Guntle 

4: * Purpose: Use the screen saving/restoring functions. 

5; *eeeaaasss SaaS Seas e SSS SSSa SaaS SSSS ss Ss SSS SsSSssSessssas* / 

6: 

The #include <stdio.h> 
8: #include <conio.h> /* for getch() prototype */ 

9: #include "tyac.h" 

10: 

11: int main(void) 

Wen et 

13: int crow, ccol, cpage, c_st, c_end; /* for cursor “| 

14: char *screen_buffer; 

15: 

continues 
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Listing 11.10. continued 

16: screen buffer = save_screen_area(0,24,0,79); 

ives get_cursor ( &crow, &ccol, &cpage, &c_st, &c_end); 

18: 
19: clear_screen( LIGHTBLUE, RED ); 

20: 

2h: write string("The screen is cleared....", 

22: 1 LIGHTBLUE, RED, 10, 28); 
Zon write string("Press any key to continue", 

24: = LIGHTBLUE, RED, 12, 28); 
201 

26: getch(); 

ella 
28: restore_screen_area(screen_buffer) ; 

29. CURSOR (= crow, ccol)), 

30: 

Sill: return Q; 

This listing should be enlightening if you have ever run a program that causes 
the screen to look like it was before you started. This program saves the screen 
when it starts and then restores it when it is complete. The save_screen_area() 

function and the get_cursor() function are called when the program starts. The 

save_screen_area() is used to save the entire screen by passing the standard height 
and widths. The get_cursor() function saves the cursor information. 

Once the information is saved, no matter what the program does, you can return the 
screen to its original look at the end of the listing. In this program, the screen is cleared 
and a message is displayed. Even though all the information on the screen has been 
wiped out, you have retained a copy in screen_buffer. Line 28 restores the screen with 
restore_screen_area(). The cursor is then placed back to its location before the 
program ends. =~ 
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Cw = =—— DON’T | 
DON'T forget to turn the cursor back on before exiting your program if you 
turned it off. 

DO hide the cursor if there aren’t any entry fields on your screen (such as 
when you ask the user to press any key to continue). 

DO call restore_screen_area() or free() if you call save_screen_area() 

so that you release the memory allocated to save the screen. 

Summary 
This chapter contained several functions that you will find useful. The first functions 
presented are used to hide and show the cursor. These functions are valuable when you 

are displaying screens that don’t have any enterable fields. While some compilers have 
functions to clear the screen, not all do. A function was presented that enables you to 
clear the screen. This clear_screen() function includes the capability to state what 
colors you want the screen cleared to. A grid function was also presented, which 
enables you to place grid boxes in your applications. The final functions presented are 
used to save and restore areas of the screen. These functions help you create 
overlapping items on your screens without loosing the underlying information. 

Q What are some uses for the grid() function? 

A There are two main uses that you will see in the remainder of this book. One 
use is to give an application a textured background screen. The second is to 

give texture to shadows on boxes. 

Q What will happen if I use the save_screen_area() function, but never 

call the restore_screen_area() function? 

A The save_screen_area() function allocates memory dynamically. This 

memory must be freed at some point. The restore_screen_area() function 

does the freeing when it redraws the screen area. You may need the memory 

elsewhere; however, it will remain unavailable until it is freed. If you decide 

you don’t want to restore the screen area, you can use the free() function to 

free the screen buffer area that was allocated. 
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Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 

material covered and exercises to provide you with experience in using what you ve 

learned. 

Quiz 
i Why would you want to hide the cursor? 

. What happens if you call the cursor_off() function and then exit your 
program? Will the cursor automatically come back on? 

3. Why do you need a clear_screen() function? 

aN 

Si cor ES RON 

. What is the difference between Borland’s clrscr() function and your 

clear_screen() function? 

. How many different ASCII grid patterns are there? 

. What are the numerical values of the ASCII grid characters? 

. What is the benefit of saving the screen? 

What happens if you don’t restore a saved screen? 

. Why are the row and column positions stored in the screen_buffer along 
with the screen data in the save_screen_area() function? 

. Why are two bytes allocated for each position on the screen instead of just 
one? 

Exercises 

iM Add the new functions that you created today to your TYAC.LIB library. In 
addition, add the prototypes for these functions to the TYAC.H header. The 
new functions from today are as follows: 

cursor_off() 

cursor_on() 

clear_screen() 

grid() 

save_screen_area() 

restore _screen_area() 



2. In the analysis of Listing 11.3, you were asked to comment out various lines 
of the listing. Try commenting out the lines presented in each of the follow- 
ing scenarios to see what happens. 

a. Comment out the cursor_on() line. 

b. Comment out the cursor_off() line. 

c. Comment out both the cursor_on() and cursor_off()lines. 

3. Use the save and restore screen area functions in a program. 

4. What happens if you keep calling the save screen function and then never 
restore the screen? Write a program that calls the save_screen_area() 

function over and over without restoring or freeing the allocated area. 

5. ON YOUR OWN: Write a function that takes a character string as a 

parameter. Display this message in a box in the center of the screen. The box 

should have a grid shadow. In addition, the user should be asked to press a 
key. Once the key is pressed, the box should be removed and the screen 

should appear as it was before the message and box were displayed. 
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Systems Analysis and Design 

Many programmers try to sit down and write a program without any preplanning. 

Programmers who write successful programs tend to follow a more structured 

approach. Today you will learn: 

Several approaches to creating a complete program. 

Why you should follow a structured approach when creating a program. 

What is meant by structured systems analysis and design. 

(|_| About prototyping. 

How to apply some of the systems analysis and design concepts to an actual 

application. 

Creating a Computer System 
Many programmers believe that the way you create a computer program is at the 

keyboard. You get the idea, you think about it for a few minutes (or longer), and then 

you start keying in the code. For many programmers, this works for awhile; however, 
it poses several problems. 

The most common problem with this method of programming is maintainability. 
Typically, programs that have been written without first thinking through what is 

being developed are disorganized. They may appear structured and clean to the user, 
but the underlying code is generally tangled and patched. 

Most—if not all—successful corporations or programming development shops won’t 
allow programs to be written without forethought. Successful companies generally 
follow a methodology when developing programs. A methodology isa highly glorified 
term that has a simple meaning. A methodologyis a set of procedures that are followed 
to accomplish a task. Methodologies for creating computer programs generally follow 
a set of systems analysis and design procedures. These procedures cover what should 
be done from the time an idea for a program or system is thought of until the time it 
is complete and turned over for use. 
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There are several methodologies that are used within the development of computer 
programs. Three will be briefly covered today. The first is structured systems analysis 
and design. This is a methodology that is equipped to handle the biggest or even the 
smallest of computer programs or systems. The second methodology covered is a form 
of rapid or accelerated systems development. This is a scaled-down version of 
structured systems analysis and design that is intended to enable you to develop a 
system quicker, yet still follow the structured approach. The third methodology 
covered is prototyping. This is the methodology that a large number of PC program- 
mers choose to follow. 

Understanding these three methodologies will help you in your approach of the 
development of a computer system of any size. After these three methodologies are 
covered, you will be introduced to a fourth approach. This fourth method uses parts 

of the other three. It is aimed more directly at smaller PC-developed systems. This 
fourth methodology is what has been applied to the application that will be developed 
throughout the rest of this book. As you develop your own systems, you'll need to 
decide which methodology best suits your needs. 

The Traditional Approach: 
Structured Systems 
Analysis and Design 

The traditional approach is the most commonly used in businesses. It is broken down 
into five stages. Each of these stages has specific procedures that need to be completed. 
In addition, each stage follows the preceding stage. If a step is missed in a preceding 

stage, then you should go back and redo everything from that point. The five stages 

are: 

Stage 1: Preliminary Analysis 
Stage 2: Systems Analysis (Logical Design) 
Stage 3: Systems Design (Physical Design) 
Stage 4: Construction 
Stage 5: Wrap Up (Testing and Implementation) 

Each of these stages is also broken down into specific steps that should be followed. 

It’s the structure of the stages and steps, along with the specific order, that gives this 

approach its name. 
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Systems Analysis and Design 

In addition to the specific steps, structured systems analysis and design has several 

documents that get produced. The documentation that is produced through this 

methodology won’t be covered in this book. There are complete books and several 

college courses available on this methodology. 

Stage 1: Preliminary Analysis 
The first stage of structured systems analysis and design is the preliminary analysis. In 

this stage, the problem is defined and the overall direction is set. This stage generally 

starts with someone presenting an idea. To help formulate the idea, a preliminary 

study is done. This study is used to determine if the system (or program) is feasible. 

The following steps are performed in the preliminary study: 

Step 1: Overview the problem/objective 
Step 2: Set the objectives/capabilities 
Step 3: Determine the scope of the project 
Step 4: Determine the business rules/assumptions/constraints 
Step 5: Do preliminary estimates 
Step 6: Scheduling 

Step 1: Overview the Problem/Objective 
A statement of what is intended to be accomplished or what problem needs to be 
solved should be made. This should be composed in a few sentences to a couple of 
paragraphs. This should be a very high-level description of what the system will do. 

Step 2: Set the Objectives/Capabilities 
The overall goals and capabilities of the system should be listed. These should be 
presented in a bulleted list that describe not what the system is, but what the system 
should be. By listing the capabilities and objectives, you begin to define what the 
system will need to do. If you are developing a system similar to something that already 
exists, then you should state what your system will do differently. Examples of 
objectives include: 

|_| System should help save time. 

System should provide information so that decisions can be made faster. 

System should help provide more accurate information. 

System should be easy to use so that learning time is short. 
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Note: The objectives should state what your system or program will offer 
that other programs don’t already offer. 

Step 3: Determine the Scope of the Project 
The scope of the project refers to the size of the project. It’s the scope of a project that 
prevents it from getting too large. If a project doesn’t have a scope, then there is 

nothing to prevent it from growing forever. For example, consider a program that lists 
a text file. The only objective of the program is to be able to list the program to the 
screen or to the printer. Without a scope, there are several solutions to solve just such 
a problem. The simplest solution would involve simply printing a listing as it appears 
to either the printer or the screen; however, there are a variety of solutions that would 
be much more interesting. You could create a system that displays the file on the screen 
and enables you to view it before selecting a menuing option to print it. The printing 
could enable you to select only a portion of the text or all of it. In addition, the system 
could enable you to edit the program before printing. The possibilities can grow until 
they get out of hand. In addition, what could have been a simple command at the 
operating system level may become a system that requires several programmers many 
months to create. 

With scope, you determine the limits of the program. You can set what information 
is needed, what equipment may—or may not—be used, what the budget is, and the 
amount of time that is available. Anything that can cause limitations on the final 

system should be included. 

Step 4: Determine the Business 
Rules/Assumptions/Constraints 
In addition to scope factors, there are also business rules and other rules that can 

constrain a system. Such rules may include company policies and practices, equip- 

ment limitations, or cost factors. For example, you can’t effectively develop a UNIX 

system if you don’t have UNIX. In addition, you can’t develop a virtual reality 

operating system if you don’t have the hardware to work with virtual reality. 

397 



Systems Analysis and Design 

Step 5: Do Preliminary Estimates 

Once you have an idea of the objectives and limitations, you can make a first attempt 

at determining the costs and benefits of the system or program. Costs come in several 

forms suchas the software and licensing that may be required, and the time to develop 

and program. 

These costs should be compared to the benefits that will be achieved to determine if 

it’s worth proceeding with the system. Many of the possible benefits can be seen in 

the objectives listed earlier. An example of cost versus benefits can be seen in the 

development of a calculator program for Microsoft Windows. Because Windows 
comes with a calculator built in, people aren’t going to spend money to buy a new one 
unless it offers something extra. If the cost of developing the new calculator is more 
than what you think you can make selling it, then it may bea bad project—unless there 
are other benefits that the user will receive. 

Step 6: Scheduling 
Like the functionality of a system or program, the amount of time can also get out of 
hand. To let others know when they can expect the new program or system, a schedule 
needs to be set. This schedule should include time frames for the rest of the Structured 
Systems Analysis and Design steps. 

Generally, Project Management Tools are used to schedule large systems. Such tools 
include Project Workbench, Super Project, Project Scheduler, and more. These 
programs enable you to make estimates on when tasks should be accomplished. They 
then chart your progress to show when you are on time and when youare behind. They 
can also chart the relationships between tasks—which tasks must be accomplished 
before others. Such tools help make managing your time and the project much easier. 

Stage 2: Systems Analysis 
(Logical Design) 

The steps in the preliminary study should be done at avery high level and ina relatively 
quick time frame. Their purpose is simply to set the stage for the detailed research that 
will be performed on the system. In addition, they should provide enough informa- 
tion so that a decision on continuing the system can be made. 

In the second stage, systems analysis, the level of detail becomes much more detailed. 
This involves the following four steps: 
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Step 1: Refine the problem/create team 

Step 2: Determine the facts 

Step 3: Provide alternatives 

Step 4: Determine the next step 

Step 1: Refine the Problem/Create Team 
Refining the problem means you need to ensure that what was stated in the 
Preliminary Design was accurate. The information gathered should be reviewed to 
ensure that it sets the proper direction. 

If the direction is accurate, then a team must be pulled together to analyze and 

construct the system. The team may be you alone or with more people. If there are 
several people working on the project, then the roles that these people are going to 
serve should be defined. 

Step 2: Determine the Facts 
Once you determine who is on the project, it’s time to begin the detailed analysis by 
gathering the facts. The facts are any information that is related to what needs to be 
accomplished by the system. In addition, this includes the details of what must be 
accomplished. Specifics are determined. These specifics fall into three areas: what 
comes into the system, what leaves the system, and what does the system do in between 
receiving information and providing it. In addition to these three areas, the volume 
of information that will be used by the system needs to be determined. You may find 
that what you are attempting to do is impossible. 

For example, if you are creating a database to track your contacts, then you could have 
several inputs and outputs. The inputs may include photographs, demographic 
information, a history of contacts, and more. The outputs may include a number of 

different types of inquiries into the information. You should estimate how much room 
it will take to store the information for each contact. In addition, you should estimate 

the number of contacts that will be tracked. If each contract is expected to take 1MB 

of storage space (with a photo and history information this is possible), and if you are 

expecting 1,000 contacts, then you have a system that requires a gigabyte of data 

storage. Your business rules may state that this is not possible. 

Consider Logical, Not Physical 

In doing the systems analysis, you should consider the logical nature of the system, not 

the physical. Physical considerations are those that assume specific computer pro- 

grams, specific computer hardware, specific storage mediums, specific display 
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mediums, or any other physical items that will be used. You should only consider the 

logical information by concentrating on what needs to be done and why. For example, 

if a system such as the one mentioned previously is to capture contact information, 

then you consider the logical aspects. What information needs to be captured, not 

how it needs to be captured. What information needs to be accessed, not whether it’s 

displayed on a report or on the screen. The physical characteristics will be designed 

in the next stage of structured systems analysis and design. 

Consider Available Tools 
There are several tools that have been developed to help pull together the facts and to 
help document them. The tools include flow charts and CASE tools. Flow charting, 

data flow diagrams, structure charts, action diagrams, input/output models, context 
diagrams, and entity-relationship models are all different methods for documenting 
different parts of a system. Books have been written on most of these forms of 
documentation. 

Pull the Facts Together 

A systems analysis document should be created when all the facts have been gathered. 
This document should contain detailed information on the logical flow and design of 
the system. It should contain all of the charting that may have been done with analysis 
tools along with descriptions of the data that comes into and leaves the system. It also 
should contain the process that acts on the data. 

Step 3: Provide Alternatives 
Once the detailed analysis has been performed, you should consider your alternatives. 
Most people assume they need to develop a new system on their own; however, this 
is a poor assumption. There may be a number of systems already out there doing the 
same thing you are attempting to do. It may also be that what you are attempting to 
do is not feasible. In this case, your only option may be to kill the project. Alternatives 
should be determined. Generally, the alternatives fall into the following four areas: 

1. Use an off-the-shelf package. 

2. Modify an off-the-shelf package. 

3. Create your own new system. 

4. Cancel the system and do nothing. 



Expert Tip: Determining if an off-the-shelf package is the right 
solution is not always easy. You may need to talk to software dealers, 
visit local software stores, and consult trade publications. You should 
look for packages that come close to meeting the needs that you have 
detailed. 

Step 4: Determine the Next Step 
Before you can continue to the next stage, you must make a decision. You must pick 

one of the alternatives that you stated in the previous step. In corporations, the user(s) 
of the system would pick the alternative. If the alternative is to modify a package or 
to create your own system, then you would continue on to the next stage of structured 
systems analysis and design. 

Stage 3: Systems Design 
(Physical Design) 

At this point, you know what needs to be done and you now have to design the physical 
aspects of the system. This includes the way information will be stored, accessed, and 

processed. 

CY Note: A prototype is a mock-up of what a screen or report will look like. 

This is all done with tools similar to those used in the systems analysis stage. Most of 
the outputs from systems analysis should be used as the starting point of the design. 
This stage involves creating file layouts, screen prototypes, and more. The physical 

nature of the system also is detailed. In addition, decisions on the hardware to be used 

in the system will need to be made. These include decisions such as whether reports 

appear on paper, the screen, or both. The specific information that will appear in the 

reports should be detailed; and screen prototypes should also be developed. 

Stage 4: Construction 
This is most people’s favorite stage. Most people think of construction as the coding 

stage. While it is the coding, construction also includes tasks that help in coding. 
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These tasks include creating structure charts, writing pseudo-code, and flowcharting. 

These again are tasks that help organize and identify problems before the coding starts. 

Books have been written on methods and rules for accomplishing these tasks. 

When this stage is done, the programs should be coded and ready for use; however, 

the project is not done. Before the project is done, the fifth stage (Wrap Up) should 

be completed. 

Stage 5: Wrap Up 
(Testing and Implementation) 

This is the most overlooked stage of structured systems analysis and design. This stage 
contains the following steps that can make or break a software program or system: 

Step 1: Testing 

Step 2: Documenting 

Step 3: Implementing 

Step 1: Testing 
Testing is often neglected by most software developers. Once the program is 
completed and appears to work, it is passed on. Programs stand a better chance of 
success if they are tested. The two levels of testing that are generally performed are unit 
testing and integration testing. 

Unit testing means testing individual programs. A word processing package may be 
composed of several programs—a spell checker, a thesaurus, an entry program, a 
printing program, and more. The users of the word processing package may not be 
aware that several programs are running. To them, it is a single, complete system. In 
unit testing, each of these pieces is tested on its own to ensure that it is complete. 

Integration testing tests the system as a whole. Integration testing ensures that all the 
individual pieces work together. In addition, integration testing ensures that the 
programs work with the operating system and other programs that may be running. 

By doing both integration and unit testing, you help ensure that a program is error 
free. In addition, by setting up these tests, you can ensure that the system works 
properly. If there is a problem, once it is fixed, not every test needs to be rechecked. 
You need to rerun only the unit test for the changed code. You should also rerun the 
integration tests to ensure that no interactions have been affected. 
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Step 2: Documenting 
Any user manuals or other documentation should be created at this point. Because 
structured systems analysis and design was used, there should be a large amount of 
documentation already created. In this stage of the project, the documentation should 
be reformatted, and user manuals and other documents can be created. 

Step 3: Implementing 
When testing is done, a system is ready to be implemented. Implementation may 
involve preparing the software to be sold, setting up a system, uploading the software 

to a bulletin board as shareware, or installing it on your own computer. The 

documentation should also be provided. 

All the steps of structured systems analysis and design should enable you to implement 
a system that works almost exactly as needed. There should be no surprises. By 
following all of the steps, you should have completed the best system based on the 
objectives and restrictions. 

Note: This has been a very high-level discussion of structured analysis and 
design. The main purpose of this discussion is to make you aware of the 
complexity that can be involved in developing large computer systems or 
programs. If you were attempting to create a software package similar to 
one of the larger packages on the market (for example, Paradox, 

WordPerfect, Excel, etc.), you would want to use a methodology such as 
structured systems analysis and design to control the size. For smaller 
systems, other methodologies may be better. 

iia DON’T! 
DO understand the overall idea of structured systems analysis and design. 

DON’T confuse logical design with physical design. 

DO consider other books if you are interested in more information on 

_ structured systems analysis and design. 
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Rapid or Accelerated Systems 

Analysis and Design 
Rapid or accelerated systems analysis and design was developed to help create a system 

quicker. This methodology follows what was presented in structured systems analysis 

and design; however, there are a few subtle twists. 

The first is that prototyping is done as early as possible. As soon as you have an idea 

of what is going to be created, you create prototypes. These prototypes are dynamic 

throughout the analysis and design. As new information is learned, new iterations, or 

new versions, of the prototypes are created. In addition, alternatives are eliminated. 
You make the assumption that you are creating a new system. As soonas there isa high 

comfort level with the prototypes, construction begins. 

Expert Tip: There is no set number of versions that the prototypes — 
will go through. You should continue updating the prototypes until 
there is a high comfort level. 

This methodology has a greater chance for failure than the structured approach. 

Because prototypes are created early on, there is a tendency to lock into designs early 
on. In addition, while most of the steps in the structured method are followed, there 

isa tendency to leave out as many as possible. Because of this and the accelerated nature 
of this methodology, objectives or business rules may be overlooked. 

Prototyping 
Most at-home PC developers use prototyping if they use any methodology at all. 
Prototyping ignores most, if not all, of the analysis and design. Screen prototypes and 
report prototypes are developed. Once developed, construction begins. While this 
methodology isn’t much better than no methodology at all, it does provide some 
chance for thinking a system through before coding begins. 

Several tools are available for prototyping. One of the more popular screen prototyping 
tools is Demo II. Some editors will also enable you to prototype screens. For 
prototyping reports, text editors generally will work fine. 
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DZ =— DON’T 
DO at least prototype your system before you begin it. 

Program Specification 
In developing smaller PC systems, I use a methodology that is different from all of 
those presented so far. It is also similar to that used by several of the companies that 
I have worked in. This methodology involves developing a single document—a 
program specification—that serves as an overview for the system, or part of a system, 
to be developed. In developing this specification, concepts presented in the structured 
systems analysis and design are used. In addition, a large portion of the specification 
revolves around the prototypes. 

A program specification should have the following parts: 

_| An overview/purpose 

_| Capabilities/objectives 

Business rules/assumptions/limitations 

LJ Processing components 

_| Prototypes 

Input/output requirements 

Most of the remaining days that you spend reading this book revolve around 
developing a single application. A specification for this application has been created. 
This specification follows today’s material. You should use it as a template for creating 
your own specifications. This specification doesn’t contain information on the entire 
system that will be developed. The reporting sections of the application will be 
contained in their own specification later in the book. 

Although most of the specification follows what is presented in structured analysis and 
design, a few comments bear mentioning. You should complete the first three sections 

before creating a prototype. These sections help layout an overview of the program(s). 

When the first three sections are completed, the prototype can be developed. The 

prototype can then be used to fill in the processing components. The processing 

components detail the actions that are available on each screen. Each key is detailed. 
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In addition, data matrixes may be used. These can detail descriptions of the fields on 

entry screens. They can include information on the data types, the field sizes, and the 

edits that should be performed. If there are special edits, they may need to be detailed 

in the processing components section of the specification, rather than the data matrix. 

The input/output requirements detail the database access that the program is going 

to require. This helps you to later determine the appropriate structure for your 

program’s files. 

Tracking Questions 
One addition that you may choose to add to your specification is a question and 
answer section. If you are working with others in the system that you are creating, it’s 

often important to track questions. It’s not uncommon for users to change their mind 

on what they want. As you ask questions, or as users change their minds, you may wish 

to track this. A good place to place these questions and answers is after the business 
rules and before the processing components. 

DO DON’T 
DO review the specification following today’s lessons. It details the program 
that will be developed throughout this book. 

DO track questions and answers if you are working with users who change 
their minds a lot. 

Summary 
Today’s material covered a very important advanced programming topic. Method- 
ologies for developing computer systems were presented. By using a methodology, 
you have a better chance of developing a system that will be truly useful. Four different 
approaches were covered. The first, structured systems analysis and design, is the most 
detailed. Rapid or accelerated systems analysis and design is a similar approach that 
works at a faster pace by using prototypes. Prototyping, the third methodology 
presented, enables you to create mock-ups of your program’s screens and reports 
before coding begins. Program specification was the fourth approach presented. A 
program specification has been created that details the entry portion of the application 
that will be developed in the rest of this book. You should review this specification. 
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Q What percentage of structured systems analysis and design is spent 

coding programs? 

A If done correctly, only a small portion of time will be spent actually coding a 
system. Generally, 20 to 30 percent of the time spent on the project should 
be in coding. This may seem strange, however, because of the pre-thinking 
provided by the methodology, the time spent coding will be extremely 
focused on the correct tasks. 

Q Why is following a methodology important? 

A In following a methodology—even a scaled down version of a methodol- 
ogy—you are pre-planning. It’s easier to make corrections before you start 
coding than after. Once you start coding a system, a change can be harder to 
make. Generally, a change requires much more work if it is made after 
coding has started. Changes caught before programming beings are easier to 
implement. If a large number of changes occur after contraction begins, the 
code can be come convoluted. 

Q What is the difference between logical design and physical design? 

A Logical design should come first. Logical design evaluates what a system 
should do. Physical design evaluates how a system should do the what. 
Physical design deals with the hardware and software that may be needed, 
where as the logical design will only deal with information. 

Q What is object-oriented design? 

A Where as structured systems analysis and design starts with an overview and 
focuses later on the detail; object-oriented design starts with the data and 

builds out toward the entire systems. This is an extremely high-level defini- 

tion. For more information, consider reading a book on systems analysis and 

design or a book specifically on object-oriented design. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 

‘ ; A ; ‘ ; 
material covered and exercises to provide you with experience in using what you've 

learned. 
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1. What is a methodology? 

2 

5) 

4 

5 

. What is meant by scope? 

. What is a prototype? 

. Should a methodology be followed? 

. What is a reason for not following a methodology? 

Exercises 

1. Review the program specification in the following section. Look at each 
section to see what information is presented. 

2. After looking at the following specification, create your own. Create a 
specification for a similar type of application that allows for the entry of 
information. You can use this specification to create your own application 
during the following days. 
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Specification for Record of Records! Version 1.00 

Purpose 
This application allows information about a person’s musical collection to be stored. 

It can store information about individual tapes, records, CDs, and so forth. In 

addition, it allows information to be stored on the musical groups contained within 

the music collection. 

Dice Capabilities 
. Be capable of storing information on which storage medium a particular 
musical item is contained, including cassettes, albums, CDs, and DATs. In 
addition, the system should allow for other types of mediums to be used. 

2. Be capable of storing information concerning the cost and value of each 
musical item. In addition, the system should provide a means for storing 

other identifiable information. See data matrix later in specification. 

3. Be capable of reporting the information that has been provided. These 
reports are defined in their own specification. 

4, Be capable of tracking information about the musical groups contained 
within the musical items. This information should include the members of 
the group, along with the albums they have produced. See data matrix later 
in specification for specific information about musical groups that can be 
tracked. 

5. Individual songs on an album should be tracked along with their duration. 
The number of songs for a single album should be unlimited. (Actual 
maximum of 250 songs.) This information is detailed in the data matrix 

later in this specification. 

6. There should be the capability to add new musical items, change informa- 
tion on existing musical items, or delete musical items. 

7. There must be the capability to add, change, or delete storage medium types. 

8. There must be the capability to add, change, or delete musical group 
information. 

9. The capability to see the information on a musical group should be available 
when entering musical items. 
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Rules/Assumptions 
i Data will be stored on Groups, Musical Items, and storage mediums sepa- 

rately. 

If a musical item is added that does not have a corresponding musical group, 

a warning should be given. 

If a musical group is deleted that has any corresponding musical items, a 

warning should be presented. 

The capability to automatically go from one album to another should exist. 

Musical items should be sorted by title when going from one musical item to 
the next. 

(Technical) Will need to be able to rebuild the databases in case of corruption. 

The word album may be used to signify any musical item. 

Processing Components 
SCREEN: MUSICAL ITEMS 

Prototype: 

Musical Items 00/00/00 

File Edit Search Help 

Medium: 

Date Purchased: 99/99/99 Costs. $-=—.-- Value: $---. 

Track Song Title Time 
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(UYeyeh Ve Cosetacaroceapret eS Che eS eee 
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Total Album Time: 

<PgDn=More Titles> <F1@=Action Bar> 
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Keys/Functions 
Initial Entry 

Upon initial entry to the screen, all fields will be blank. The cursor will be on the Title 

field. 

<Enter> 

<Tab> 

Move the cursor from one field to the next. If the cursor is on the last field, it should 

move to the first field. 

<Shift><Tab> 

Move the cursor from one field to the previous field. If the cursor is on the first field, 
it should be moved to the last field. 

<PgUp> 

Place the cursor on the first field on the screen. 

<PgDn> 

Place the cursor on the last field on the screen. 

<Fl> 

Display box containing information on using the current screen. 

<Esc> 

<F3> 

Enable the users to leave the screen. Before leaving, the users will be prompted to see 
if they are sure. 

<F4> 

Before adding the record, all edits within the data matrix must be passed. The edits 
should be evaluated starting with the first field on the screen and working to the last 
field. [fan edit does not pass, then an error message should be displayed and the cursor 
should be returned to the field in error. 

Ifall the edits pass, prompt the user to add the record to the file. If the user agrees, add 
the record, and display a message. After the user responds to the message, the screen 
should be re-initialized. 
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<F5> 

If the user is adding a new record, display an error stating the record must be added. 

Before updating the record, all edits within the data matrix must be passed. The edits 
should be evaluated starting with the first field on the screen and working to the last 
field. Ifan edit does not pass, then an error message should be displayed and the cursor 
should be returned to the field in error. 

Ifall the edits pass, prompt the user to update the record in the file. If the user agrees, 
update the record, and display a message. After the user responds to the message, the 
screen should be re-initialized. 

<F6> 

If the user is adding a new record, display an error stating the record cannot be deleted 
because it has not been added. 

Prompt the user to make sure he wants to delete the record. If the user agrees, delete 

the record, and display a message. After the user responds to the message, the screen 
should be re-initialized. 

<F7> 

Display a message briefly that states that the previous record will be displayed. The 
previous record in the database should then be displayed. If there is not a previous 
record, display an error message. 

<F8> 

Display a message briefly that states that the next record will be displayed. The next 
record in the database should then be displayed. If there is not a next record, display 

an error message. 

<F10> 

If the cursor is on the entry screen, place it on the first item on the action bar. 

<ALT><S> 

Prompt the user with the search dialog box described later in the specificaiton. 
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Specification for Record of Records! Version 1 -.00 

Action Bar Items 
<FILE> 

<Exit> 

Same function as <F3>. 

<EDIT> 

<Add> 

Same function as <P4> except that user should not be prompted to add. 
<Change> 
Same function as <F5> except that user should not be prompted to update. 
<Delete> 
Same functions as <F6>. User should be prompted to delete. 

<SEARCH> 

<Find> 

A dialog box should be displayed prompting the user for a Title. The first 
record found with a matching title should be displayed. 
<Next Record> 

Same function as <F7>. 
<Previous Record> 
Same function as <F8>. 

<HELP> 

<Help> 
Same function as <F1>. 
<About> 

Display a dialog box with information on the program. 

Special Musical Item Functions 
<Alt><G> 

Pop up a box that dispays the description field from the group file. Ifa matching group 
does not exist, display an error. 
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Total Time 

This field should keep a running total of the times entered in each Song Title. Itshould 

originally default to 00:00:00. 

SCREEN: GROUPS 

Prototype: 

Groups 00/00/@00 
File Edit Search Help 

Group: ------------------------- 

Date formed: 99/99/99 

Type of Music: XXXXXXXXXXXXXXXX 

Members: 

<F1=Help> <F3=Exit> <F1@=Action Bar> 

Keys/Functions 
This screen should operate in the same manner as the Musical Items screen with the 

following exceptions: 

<Alt><S> 

Instead of searching for a Title, prompt and search for a group. 
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Specification for Record of Records! Version 1.00 

SCREEN: MEDIUM TYPES 

Prototype: 
Medium 00/00/00 

File Edit Search Help 

Medium Code: 

MediumeDeESER APA ON iat oi ele ee 

<F1=Help> <F3=Exit> <F10=Action Bar> 

Database Access Requirements 
Musical Items—sorted A to Z by title 

Need to be able to add new title. 

_| Need to be able to randomly read existing title information. 

Need to be able to sequentially read existing title information. 

_| Need to be able to delete an existing title. 

| Need to be able to update information on a specific title. 

Groups—sorted A to Z by group name 
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_| Need to be able to add new groups. 

_| Need to be able to randomly read existing groups. 



\| Need to be able to sequentially read groups. 

| Need to be able to delete a given group. 

|| Need to be able to update information on a given group. 

Medium Types 

_| Need to be able to add new medium type. 

| Need to be able to randomly read existing medium type. 

_| Need to be able to delete a given medium type. 

_| Need to be able to update information on a given medium type. 

Table Specifications 1.1. ALBUMS Matrix. 

Field 

Title 

Group 

Cost 

Value 

Date purchased 

Medium type 

Number of songs 

Total time 

Type 

Alphanumeric 

Alphanumeric 

Alpha 

Alphanumeric 

Alphanumeric 

Alphanumeric 

Alpha 

Numeric 

Size 

30 

25 

Dine 

WA 

5 

No edits 

Edits 

Cannot be blank. 

Cannot be blank; Give 

warning if not in Group file. 

Must be positive number or 

blank (999.99). 

Must be a positive number 
or blank (999.99). 

Must be a valid date or 

blank. If filled, must be 

before today. 

Must be a code in the 

Medium file or blank. 

Cannot be greater than 250. 

Protected. 

continues 
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Specification for Record of Records! Version 1.00 

Table Specifications 1.1. continued 

The following fields occur multple times depending on the value of 

“Number of songs.” 

Song title Alphanumeric 40 Cannot be blank if length 
filled in. 

Song length Numeric os Cannot be negative. 

(minutes) 

Song length Numeric 2 Must be from 0 to 59 
(seconds) if not blank. 

Table Specifications 1.2. Medium Types Matrix. 

Field Type Size _—_ Edits 

Medium code Alphanumeric 2 Cannot be blank; Must be 

unique. 

Medium description Alphanumeric 35 Cannot be blank. 

Table Specifications 1.3. Groups Matrix. 

Field Type Size _—_ Edits 

Group Name Alphanumeric 25 Cannot be blank. 

Date formed Date 8 Must be valid date or blank; If 

filled, must be before today’s 
date. 

Description of Alphanumeric —??? No edits. 
group 

Type of Music Alphanumeric 20 Must be one of a set list to be 
determined later. 

Members[6] Alphanumeric 30 No edits. 
eee 
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Technical/ihmplementation Notes 
1. Complete prototypes have been developed in a Demo II file called 

ALBUMS.DBD. 
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The User Interface: Screen Design 

Now that you have a specification, your direction is set. You are ready to begin 

constructing your application. When developing a large-scale application, you should 

develop in steps. The specification should be your first step. Today, you'll begin the 

second step. Today you will: 

Learn about creating entry and edit screens. 

Learn some of the standards for screen design. 

Create entry and edit screens for the application presented on Day 12’s 
specification. 

|| Create a screen for the musical items (albums). 

Create a screen for the medium codes. 

|] Create a screen for the groups. 

User Interfaces 
The most fun that you'll have when developing an application is creating the user 
interfaces. The user interface is the part of an application that the user sees. These 
interfaces are generally screens that allow the entry and editing of information; 
however, they may also include menus, pop-up dialog boxes, message boxes, and 
more. Figures 13.1 through 13.4 show several different user interfaces. 

Figure 13.1. A menu interface from a DOS application. 
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Title: 
up= 

Medium: Peo 

Date Purchased: _/_/__ 

Track Song Title 

Figure 13.2. An entry and edit screen. 

Group: 

Date Formed: _/_/__ 

Type of Music: 

Members = 

Description: 

| <FisHelp? | <F3=Exit> _<F5-Sav 

Figure 13.3. An informational interface. 

All of these interfaces use the text graphics that were discussed on Day 8. There are 
also Graphical User Interfaces (GUIs), which take advantage of pixel graphics. 
Programs such as Microsoft’s Windows (see Figure 13.4), IBM’s OS/2, and Geoworks 

all use graphical user interfaces. 

Today, you will learn about entry and edit screens such as the one in Figure 13.2. 
Before presenting the code, you'll be introduced to the standards on creating entry 
and edit screens. On Day 14, you'll learn how to create menuing interfaces such as the 

one in Figure 13.1. On Day 14, you'll also cover action bar items. The days following 

will help to build the internal functions and reports. 

SAMS ie 
PUBLISHING ‘| 
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MS Developer Release 
Network CD 3 Notes 

| Clipboard MS-DOS 
Viewer Prompt 

We Terminal 

Cardfile Calendar 

& 

} Aithu's Just Grandma New Kid on 
Teacher andMeDemo the Block 
| Trouble Demo Demo 

Figure 13.4. A graphical user interface (Microsoft Windows 3.1). 

Tip: You should concentrate on building your application one day at 
a time. Today, you should concentrate on creating the entry and edit 
portion of your application. 

Creating a User Interface 
Many new programmers have a tendency to create screens based solely on what they 
believe looks neat. To them, the screen actually may look neat; however, they may not 
have considered the audience that will be using the screen. If you are developing a 
system that will be given to others, you should consider some standards in screen 
design. While there are few published standards, there are informal standards that 
have been accepted by most developers. 
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Note: Standards are usually operating-system specific. For example, DOS 
applications follow one set of standards, but OS/2 applications have a 
different set of standards. Several of the standards may cross operating 
systems. 

The Benefit of Following Standards 
There are several possible benefits that can be gained by following a few standards 
when developing your applications. These benefits include: 

_| Lower learning curve for people using the application. 

_| Higher comfort level for users in regard to the application. 

__ Consistency among your applications. 

_| Reduced cost in developing. 

LJ Increased productivity for you. 

The most commonly touted benefit is a consistency in look and feel. Because your 
application will be designed similar to other programs, users won't feel lost when they 

use it (look at it). Because parts of your application will look familiar, users will be able 
to concentrate on learning what the heart of the application does, and not the little 
things that make the application work. This will help your users increase their 
productivity with the application. 

Additionally, because many functions are predetermined, you won't spend time re- 
thinking how to accomplish a lot of tasks. This cuts the time you spend on developing 13 
applications, which in turn can increase your productivity and reduce your cost of 

development. » 

The benefits of standards can also be seen with an experiment. If you have several 

applications, try running them. In each application, press the F1 function key. In most 

of your applications, this should provide you with help information. 
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The User Interface: Screen Design 

Creating a Common User Interface 

You should work to create your entry and edit screens similar to others that are 

available. To do this, you should understand the parts of a screen. Figures 13.5 and 

13.6 present the different parts of an entry and edit screen. You'll see each of these parts 

as you develop an application over the next few days. 

Action Bar . 
v s 

A Musical Items 
File Edit Options Help 

Title: — 
Group: Geese oe | ; 

Medium: — rn Z OES ~ 

Date Purchased? 77 “Cost: S__._” Values $+_.— 

Track Song Title Time 

corned: sree 

Tope of Musics 

Members: 

Deseription: 

Figure 13.6. Additional parts of an entry and edit screen. 

These figures present an entry and edit screen. There are also standards for working 
with menus and function keys. 

The Entry and Edit Standards 
In the entry and edit portions of an application, there are several areas that you should 
concentrate on providing standards. These areas include the interface itself and its 
navigation, the function or special keys, and the feedback to the user. 
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The feedback to the user is the most straightforward area. An application should _ 
provide predictable, consistent feedback. If the user does something that is wrong, 
either a warning message should be displayed or the computer should beep. A beep 
should not be used to signal that something was done right. Additionally, ifa user does 
something drastically wrong, a message should be displayed explaining what the error 
is. Errors can be displayed in message boxes that are red with yellow text to stand out. 
In addition, the color red is associated with stopping. 

The navigation in an entry and edit window should also follow some standards. When 
entering fields on a screen, the user should start at the top left and work toward the 
bottom right. When possible, the fields should be presented in the same order as they 
would be read on a book page. In addition to this navigation, the keys used should 
follow the functionality presented in Table 13.1. 

Table 13.1. Standards for navigating an entry and edit window. 

Key Function 

Enter Accept information on-screen and process. Move to next 
entry field. 

Page Up Scroll the screen to the previous page, or to the previous set 
of information. Go to the first field on the screen. 

Page Down Scroll the screen to the next page, or to the next set of 
information. Go to the last field on a screen. 

up arrow Move the cursor to the previous field. If you reach the top 
of the screen, go to the bottom. Move the cursor to the 
field directly above the cursor’s current location. If you 
reach the top of the screen, go to the bottom. 

down arrow Move the cursor to the next field. If you reach the bottom 
of the screen, go back to the top. Move the cursor to the 
field directly below the cursor’s current position. If you 
reach the bottom of the screen, go back to the top. 

right arrow Move the cursor to the next position on the current field. 

left arrow Move the cursor to the previous position on the current 

field. 

Tab Move the cursor to the next field on the screen. If on the 

last field, go to the first field. 

continues 
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| | 3 | The User Interface: Screen Design 

Table 13.1. continued 

Key Function 

Shift+Tab Move the cursor to the previous field on the screen. If on 

the first field, go to the last field. 

Home Put the cursor on the first position of a field. Put the cursor 

on the first field on the screen. 

End Put the cursor on the last filled position of a field. Put the 
cursor on the last field on the screen. 

Ctrl+Home Move the cursor to the first field on the screen. 

Ctrl+End Move the cursor to the last field on the screen. 

Ctrl+Page Down Move the cursor to the last page. 

Ctrl+Page Up Move the cursor to the first page. 

Alt Access the action bar if it exists. 

Backspace Move the cursor one position to the left if in a field. 
Remove the character. Move the cursor to the previous 
field. 

Delete Delete the character at the current cursor position. 

Insert Toggle whether characters are inserted or overwritten in an 

Ctrl+left arrow 

Cul+right arrow 

entry field. 

Show the page or screen to the left. 

Show the page or screen to the right. 

- Note: These are informal standards, In some cases, more than one usage 
is given. This is due to the npoeiee of these uses. nor es use eS 

“as oe : 

The Function Key Standards 
The standards for the function keys are probably more important than those for 
navigation in Table 13.1. Many people get used to the functionality generally 
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provided by the function keys and other special keys. Table 13.2 presents the 
functionality usually associated with these keys. Additionally, the table shows which 
keys should not be used for other functions. 

Table 13.2. The function keys and other special keys. 

Key Reusable Function 

Fl No Help (context sensitive) 

F2 = Extended Help 

FS No Exit 

F4 

F5 

F6 

F7 Previous 

F8 Next 

FY Help on key assignments 

F10 ae Access action bar 

ie Provide alphabetical listing of help topics 

F12 

Escape No Cancel current task 

No means you should not reuse the key. 

** Means you can reuse it, but it is not advised. 

E 12 keys because not all computers 
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Warning: Do not change the function of the keys in Table 13.2 that are 

marked. Keys such as F1 and F3 have been used in too many applications 

to be given different functions unless you have no choice. Most people will 

assume F1 will provide help and F3 will provide a way of exiting. 

Note: While standards for menuing exist, they won’t be covered here. 

Day 14 covers menuing in detail. 

Creating an Entry and Edit Screen 
The three entry and edit screens that make up the Record of Records! application 
specified on Day 12 will be created today. These entry and edit screens include the 
Medium Codes screen, the Group Information screen, and the Musical Items screen. 
Each screen will be modeled after the screens in the prototypes of Day 12’s 
specification. Day 14 will present a menuing program that will tie all three of these 
entry and edit screens together into a single application. 

Because menuing won't be covered until Day 14, you'll need a temporary way of 
accessing the entry and edit screens. In addition to providing a cryptic menu, Listing 

13.1—the RECOFREC.C listing—provides several functions. Most importantly, 
Listing 13.1 contains a main() function. The rest of the listings will be linked with 

RECOFREC.C to create a single executable program. Because of this, they won’t 

contain main() functions. RECOFREC.C also contains several functions that will be 

used in the other listings presented today. 

Listing 13.2 contains the header file called RECOFREC.H. This header file contains 
the prototypes for the functions in Listing 13.1, RECOFREC.C. Listing 13.3 
contains RECORDS.H. This file contains the structures that will be used in the 
Record of Records! application. 

Note: Today’s listings are very long; however, they should be easy to 
follow. The analyses following each listing describes them. Now may be a 
good time to consider using the diskette that accompanies this book. 
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Listing 13.1. RECOFREC.C. A temporary Record of 
Records! menu. 

1 . / *=SsS=S=SSSS==S=S=Ss5SS=S5SSS=S>SSS=S=5==555=55===-===-=-------- 

ae * Filename: RECofREC.c 

3% 3 RECORD OF RECORDS - Version 1.0 
4: 2 

as * Author: Bradley L. Jones 

6: Gregory L. Guntle 

Tie = 

8: * Purpose: Allow entry and edit of medium codes. 

9: * 

10: * Note: Assumes 8@ columns by 25 columns for screen. 
11 = ASSESS SSS SSSSSSSSSSSS SSS SSS SSeS SSS SSeS SaaS SSSSa=======% |/ 

a2 

13:  #include <stdio.h> 

14: #include <conio.h> /* not an ANSI header, used for getch() 

si | 

15: #include <string.h> (> torpestelen(). */ 
16: #include <ctype.h> 

17: #include "“tyac.h" 

18: #include "records.h" 

19: 

20: /*-------------------- 3 

212 i prototypes x 

22: *-------------------- oti] 

23: #include "recofrec.h" 

24: 

25: int do _main_menu(void) ; 

26: void initialize color _table( void ); 

42: initialize color_table() ; 

44: while( rv != 4 ) /* loop in temp menu */ 

45: { 

46: rv = do _main_menu(); 

continues 
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DAY ® 
13 The User Interface: Screen Design 

Listing 13.1. continued 
a ee 

47: switch( rv ) 

48: { 
49: Case. 1 / = Menuinoptlonedaecy 

Og HH do_albums_screen() ; 

Sie break; 

Sys 

Sok case '2': /* Menu option 2 */ 

yl fy do_medium_screen() ; 

55: break; 

56: 

yee case: 23h2" o//*) Menumopetonl sie 

Sia) do_groups_screen(); 
59: break; 

60: 

61: CaSCmnCi aay. CXl ta 
62: case 'Q': rv = 4; 

63: break; 

64: 

65: default: /* continue looping */ 

66: boop(); 

67: break; 

68: } 

69: } 
70: 

(Als /* clean up screen for exit _*/ 

U23 clear_screen( BRIGHTWHITE, BLACK ); 

TKsie cursor(Q,Q); 

74: repeat_char(' ‘', 80, YELLOW, BLUE ); 

ons write_string( "Thank you for using RECORD OF RECORDS!", 

76: YELLOW, BLUE, Q, 21 ); 
Valags return Q; 

TASB ON 

79; 

80: /*----------2--------e eee ee - ence eee eee te eee * 

81: * do_main_menu = 
82: Biiaia lala = eee a= lee Sine eee alates oes = = i Cem SiS ni oe eee areal * / 

83: int do_main_menu(void) 

84: f{ 

85: suas TNA 

86: 

87: draw_borders(" RECORD of RECORDS! " ); 
88: 

89: grid( 11,16, 19, 59, ct.shdwofcol, ct.bq btol, 3 }: 
90: box(10, 15, 20, 60, SINGLE_BOX, FILL_BOX, ct.help fcol, 

ct.help_bcol); 
Syl e 

92: write_string( "1 - Enter Musical Items", YELLOW, GREEN, 11, 23 Ve 
93: write_string( "2 - Enter Medium Codes", YELLOW, GREEN, Wes ey Ne 
94: write_string( "3 - Enter Group Information", YELLOW, GREENS 35) 23 

)5 
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write_string( "Q - Quit", YELLOW, GREEN, 14, 23 ); 
I 

cursor (24,79); 

rv = getch(); 

PecuRnn Ewe) 

} 

/* Sees Re A gi Ie eo, ae a ae ee a a oe er eee ees * 

x draw_borders() * 
ele No eS cat = es he ea aa eet ee fue toh 2 By RS on Se | te eS ee yf 

: void draw_borders(char *title) 

{ 
int col=0Q; /* used to center title */ 

clearescreen(ects 0G ncols Ct. bgebcols): 

col = (( 80 - strlen{title)) / 2 ); 

WEtLCRSERING (@ritlomsCtytt LancOlgact.ttlsbCcOl sa Osncole)|= 

cursor(1,Q@); 

Repeat char... 60), sCu.abam 1 COlmmctmabagmbcols)|: 

cursor(24,Q); 

Repeditacidi Gas OU ;mCreaAbalanCOl, Ct abarebCo.le): 

} 

Hes ital: ae attach cay oh ate ace ee ee i ee micas iw leila) Ba eer el bes Bel Gest eal Sehiawt a am le es) Se eS ely ee * 

0 display_msg_box() : 
SR, eR yr ny eo RR RM i aera CRA SN ier AT ue lS TO mr oP Rone ey */ 

: void display_msg_ box(char *msg, int fcol, int bcol ) 

{ 
char *scrn_buffer = NULL; 

scrn_buffer = save_screen_area( 11, 15, 19, 60 ); 

Onde Deon >OnmCE. SHAW aRCOles Ct. bgubColyy3as)\; 

box(11, 14, 20, 60, SINGLE BOX, FILL_BOX, fcol, bcol); 

write _string( msg, fcol, bcol, 12, 23 ); 

write_string( "Press any key to continue...", 

COL DCOl aa Sm Zou) 

cursor(24, 79); 

getch(); 

restore_screen_area( scrn_buffer ); 

} 

fies ee Ns ae ar an eno Efe Sai ol eaten let milena siereys = eS ele Sia)s See ake. S.=, * 

continues 
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b 

reseed 

Listing 13.1. continued 
ENE 1 TT REST eee ae EN i 

144: * yes _no_box() 

(NWR a clo iOoiia cio iar ces kt a a * | 

146: char yes_no_box(char *msg, int fcol, int bcol ) 

147: { 

148: char ch; 

149: charm *scrn_butiter = NUEE, 
150: scrn_buffer = save_screen_area( 11, 15, 19, 60 ); 

OM: 

iS" Onidi(e12.) 1530 19 e5Oee ct. shdwatcol.. ct. bgubcol sac). 

lock box(11, 14, 20, 60, SINGLE BOX, FILL_BOX, fcol, bcol); 

154: 

155" write string( msg) ncol, bcols 125623"); 

oor write string( YEnters(Y)Por (N)g5 feel, beoly 1355235); 

157: 
158: ch = getch(); 

159: ch = toupper(ch) ; 

160: 

16M: cursor(24, 79); 

162: while( ch != 'Y' && ch != 'N' ) 

163: { 

164: ch = toupper( getch() ); 

165: } 
166: 

Giza restore _screen_area( scrn_buffer ); 

168: return(ch) ; 

169: } 

170: 

T7150 [*-- 2-222 ee eee eee ee ee eee eee eee ee ee ee eee eee oe 

1722) SS sEUNCtION Zenon til lene Lag)r ze 

173: * Purpose: Right justifies a character array and then* 

AAG pads the left side with zeros. (Assumes . 

i7Agg that the field is NOT null terminated. ) s 

176: * Returns: # of zeros used to pad field = 

ere 33 -1 if field too large (longer than 20 ) 3 

iitAatee £8 @ if field is blank (not padded) = 

IA He WO Ooo Ss Seo Se ee SSS oe */ 
180: 

(Si intezenontaliekveld (chars *{Leldesintesize =) 
seta af 

183: Hie  Guirs 

184: pads = Q; 
ies 

186: char tmp[20]; 

187: 

188: Lh (Ssizew=s20m) 

189: { 

190: pads = -1; /* field too long */ 
oll } 

192: else 

193: if( strlen(field) == @ ) 
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194: 

195% 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

2 ite 

Zien 

PAN EN 

214: 

2152 

216: 

Pha Wee 

218: 

219: 

220: 

22ie 

eee 

Zea 

224: 

225K 

226: 

22s 

228: 

229: 

230: 

Zoi: 

eo: 

233): 

234: 

Pxekeye 

236: 

PRB 

238: 

239: 

240: 

241: 

242: 

243: 

{ 

} 
pads Q; 

else 

{ 

} 

/* leave blank fields blank. */ 

pads = size - (strlen(field)); /* How many @s? */ 

LOR(ectr @; ctr < pads; ctr++ ) /* pad tmp field */ 

tmp[ctr] = '0'; 

/* copy original info to end of tmp field */ 
strncpy( tmp+pads, field, strlen(field)); 

/* replace original field with padded tmp */ 
strncpy(field, tmp, size); 

return(pads) ; 

* initialize color_table() id 
* 

* Set up global color table for rest of application ~ 

void initialize _color_table( void ) 

{ 
ct. 

-bg_bcol = ct 

Cu. 

ct 

Cite 
-f1d_bcol ct 

Ge. 

CL. 

Cte 

ct. 

ct 

ct 

Cie 

ct. 

bg_fcol = 

fld_prmpt_fcol 

.f1ld_prmpt_bcol 

Hldetcol 

fld_high_ 
fld_high_bcol 

ttl fcol 

ttl_bcol 

.abar_fcol 

Gitre abar_bcol 

HeERieicoL 

ct. err_bcol 

db_fcol 
db_bcol = 

fe 

YELLOW; 

BLUE; 

CYAN; 
BLUE; 

BRIGHTWHITE; 
BLUE; 

YELLOW; 

BLUE; 

col 

BRIGHTWHITE; 

BLACK; 

BLACK; 

WHITE; 

YELLOW; 

RED; 

WHITE; 

BROWN; 
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Listing 13.1. continued 
a ee es 

244: 

245: ct.help_ fcol = YELLOW; 

246: ct.help_bcol = GREEN; 

247: 

248: ct.shdw_fcol = BLACK; 

249: } 

250: 

051: /*===ssssssssssssssssssssssssasssssssssssssssssessesssssa* 

252 meee end of listing x3 

2539; *=sssssessssssasassssssssssssssssSeeesssasssssesssSsssaaa* / 

Note: Lines 50, 54, and 58 have been commented out. These lines should 

be uncommented when the listings presented later in this chapter have 
been included. You'll be told when each line should be uncommented. 

Listing 13.2. RECOFREC.H. The Record of Records! 

program header. 

We / *SSSSSSSSSSSS SSS SSS SS SSssSSsSSsSSsSSSSsSSSSSSsSSSsSSSSSSSa= 

23 * Filename: RECofREC.H 

on * 

4: * Author: Bradley L. Jones & Gregory L. Guntle 

sys rd 

Ge * Purpose: Header file for RECORD of RECORDS! application 

ts * This contains the function prototypes needed 

8: * by more than one source file. 

9: ASS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSSSSSSSSSSSsSSSSsaH* / 
10: 

11: #ifndef _ RECOFREC_H 

12: #define _ RECOFREC_H 

ion 

14: /*---------------------------- is 

USE * Prototypes from recofrec.c * 

1Gk Kee ee ee eee eee eee eee e-- uy] 

Wie 

18: void draw_borders(char *); 
19); 

20: int do_medium_screen(void) ; 

21: int do_albums_screen(void); 

22: int do_groups_screen(void) ; 

23: void display_msg_box( char *, int, int ); 

24; charsyes_no_box( char *, int, int ); 



25; int zero_fill field( char *, int ); 
26: 

27: #endif 

28:0 /*==sssssssssSsSsssssssssssssssssssss55S555S52=2=========% 
29: = end of header * 
30: *SSSS SSS SSS SSS sSSSSSSSSSSSSSSSSSSSSSSaSSSEEe==SSSS======% | 

Listing 13.3. RECORDS.H. The Record of Records! 

program header containing the structures for the 

record layouts. 

1: / *SSSSSSSSSSsSSSSS SSS SSS SSS SSS SSS SSS SSS SS SSS SSSSSSaSa=S=SSS= 

oe * Filename: RECORDS.H 

3: be 

4: * Author: Bradley L. Jones & Gregory L. Guntle 

Si 4 

left * Purpose: Header file for RECORD of RECORDS! application 

7: #aasssssssssssssssssssssssssssssssssssssssssssssssssssss==*/ 
8: 

O* #ifndef _ RECORDS _H 

10: #define __RECORDS_H 

7 ies 

12: /*---------------------------- * 

13: * File structures definitions* 

14: Kee ee eee eee ee eee ee eee | 

lee 

16: typedef struct 

d7 aed 

18: char year[2]; 

19: char month[2]; 

20: char day[2]; 

is 

22: } DATE; 

23. 

24: typedef struct 

epi wd 
26: char title[ 30+1 ]; 

la char group[ 25+1]; 

28: char medium_code[2+1]; 

29: DATE date_purch; 

30: char cost[ 5+1 ]; 

Sie char value[ 5+1 ]; 

32: int nbr_songs; 

33: 

34: } ALBUM REC; 

35; 

36: typedef struct 

Saeed 

continues 
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Listing 13.3. continued 
ee a a a eee 

38: char title[40+1]; 

39: char minutes[2+1]; 

40: char seconds[2+1]; 

41: 

42: } SONG REC; 

43: 

44: typedef struct 

45: 

46: char code[2+1]; 

47: char desc[35+1]; 

48: 

49: } MEDIUM REC; 

50: 

51: typedef struct 

Bee af 

SSk char group[25+1]; 

54: DATE date_formed; 

flsy8 char music_type[20+1]; 

56: char member[6][30+1]; 

Silas char info[3][60+1]; 

58: 

59: } GROUP_REC; 

60: 

61: /*-------------------- - 
62: * color table ay 

63: #22 -- +--+ ------------ r/) 

64: 

65: struct color_table 

66: { 

(7/5 int bg _fcol; /* background */ 

68: Init GED CO. 

69: 

70: one alkol foils sptereyll /* field prompt */ 

alles int fld_prmpt_bcol; 

28 

vee sue ipllel_grtevouls /* input field */ 
74: aah, idle) [eyexoyibe 

(Zor 

76: Ute LdehLohencoles /* highlight character */ 
TUE UG Oana nmnGole 

orn 

TASB wiimhe helell, ai@@ibs /* screen title */ 
80: ae eel, joxexoils 
81: 

82: int abate ncol. /* action bar & bottom */ 
83: int abar_bcol; 
84: 

Son ame GNP areeihe (ee isles 
86: anitemehinepcol. 
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88: ints db feel: /* dialog box & msg box */ 
89; int db_bcol; 

91: int help fcol; /* help box colors */ 
92: int help bcol; 

94: int shdw_fcol; /* shadow color */ 

101: extern struct color_table ct; 

103: #endif 
1 04 : / *=SsSSSSSSSS==SSS=SSS255SSSSSSSSaSS===SSSSS5===55=======% 

105° sae end of header 
1 06 : FSSSSS SS SSS SSS SSS SSS SSS SSS SS SSS SSSSSsssSsssSSsaa======H% | 

ee ee eee re ee Eee eek er nk) PESTS PE ee a es Pe. 

RECORD of RECORDS? Ont 

13 
Listing 13.1 presents a shadowed box on a colorful screen with a simple menu. . 
This can be seen in the output previously presented. In addition to this menu, . 
there are several functions that will be used by the rest of the application. On 

Day 14, this menu will be replaced with a full functioning menu. 

In lines 13 to 23, several header files are included. All of these header files, except for 
CONIO.H, are ANSI-compatible. While CONIO.H is not defined by the ANSI 
standards, it should not limit the portability of the program. Lines 17, 18, and 23 

include header files that you have created. The TYAC.H header file is used with your 

TYAC.LIB library, which needs to be linked with these listings. Line 18 contains the 

header file that is in Listing 13.3. The RECOFREC.H header file is in Listing 13.2. 
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The RECOFREC.H header file is a small listing. It contains function prototypes for 

the functions that are used in more than one of the source files in the Record of Records! 

application. You will see this file included in each of the screen files presented later 

today. 

Expert Tip: Many programmers consolidate prototypes for all the 

functions in an application into a single header file. This consolidated 

header file is then included in all of the source files for the given 
application. 

The RECORDS.H header file, which is included in line 18 of RECOFREC.C, is in 

Listing 13.3. This header file contains all of the record structures that are used in the 

Record of Records!application. The typedef command has been used to create constant 

data types with each of these structures. Later, in the screen source files, these constants 
will be used to declare records. 

Lines 16 to 22 of RECOFREC.H begin the structure declarations with a date 
structure called DATE. This structure will become part of the other structures in the rest 
of the listing. Lines 24 to 34 contain the ALBUM_REC structure. This is the structure that 

will be used with the Musical Items screen. If you review the specification from Day 
12, you'll see that the information presented in the data matrix matches the members 
in the structure. The SONG_REC structure follows the ALBUM_REC structure. This 

structure will be used to hold each song title on the Musical Items screen. This will 
be used in conjunction with the ALBUM_REC structure. 

Lines 44 to 49 contain the MEDIUM_REC structure. This is a much simpler structure to 
follow because it contains only two items. This structure is used in the first screen 
presented. Lines 51 to 59 contain the GROUP_REC structure, which is used to hold and 

save the group information. 

The final structure in this header is the color_table structure. Because only a single 
color table will be created, there is no reason to create a type defined constant. Instead, 
a color table structure is declared in line 32 of the RECOFREC.C source file. Looking 
down the color table, you can see that there are variables defined for each of the 
different type of colors that could be used in your application (lines 67 to 94). As you 
review the source code presented over the next few days, you'll see that these structure 
members are used instead of the color constants presented in the TYAC.H header file. 

A color_table structure is actually declared and initialized in RECOFREC.C 
(Listing 13.1). This structure is declared in line 32 as ct. This structure is then filled 



with values when the initialize color_table() function (lines 213 to 249) is called 
in line 42 of main(). This function is simple to follow. Each member of the color table 
that will be used in the application is initialized to an appropriate value. Because this 
function is called at the beginning of the application and because the color table, ct, 
is declared global, the color table can be used by the entire application. 

The main() function in RECOFREC.C is easy to follow. A while loop in lines 44 to 
69 puts the program into a loop that displays a menu and then waits for the user to 
enter a menu option of 1, 2, 3, or Q. The program continues to loop until the letter 
Q is entered. Once the user enters Q, the program performs some cleanup, displays 
a message, and then exits. While the program is looping, only three other values are 
valid, 1, 2, and 3. If the user enters any value other than these, the boop() function 

will cause the program to beep (line 66). If 1, 2, or 3 is called, then the function for 

the appropriate entry and edit screen is called. Each of these functions is presented in 
listings later today. Until you create these listings, you should leave these functions 

commented out. 

As was stated, the main menu is displayed with a function call in line 46, do_main_menu(). 
This function is declared in lines 80 to 101. As you will see, this function doesn’t 

present any features that you haven’ talready seen on earlier days. Thewrite_string(), 
grid(), and box() functions should all be familiar now. The draw_borders() 

function, which is called in line 87, is defined in lines 103 to 120. This function is 
broken out from the do_main_menu() because the screen entry and edit applications 

will also use it. Again, the functions shouldn’t present anything new. 

You should note that in the do_main_menu() and the draw_borders() functions, color 

constants aren’t used. Instead, the ct structure members are used. While this may 

seem a little cryptic at first, you'll find that using a structure like this will make your 
program more functional in the long run. 

This leaves three final functions in RECOFREC.C. These are display_msg_box(), 

yes_no_box(), and zero fill field(). They are application-specific functions that 

are used in multiple source files. Because they are used in multiple places, they have 

been declared in the RECOFREC.C listing along with the main() function. Each of 

these has its own purpose. The display_msg_box() function displays a one line 

message on the screen in a shadowed box. It also displays a “Press any key to 

continue...” message before waiting for a key to be pressed by the user. You'll see this 

function used throughout the application. The yes_no_box() function in lines 143 to 

165 is nearly identical to the display_msg_box(). It also displays a message; however, 

instead of waiting for any key to be pressed, it waits for a Y or an N to be pressed. This 

value, Y or N, is then passed back to the calling program. The final function, 

zero_f il # ield(), may seem alittle confusing. This function pads a field with zeros. 
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It pads the zeros on the left. For example, if a date of 1/1/94 were to be entered, you 

would use this function to add zeros to the day and month, thus making the date 

01/01/94. This function contains a limitation in that it cannot pad a field that is larger 

than 20 characters in size. This limitation can be changed by modifying line 189. If 
the size is increased, the temporary character array, tmp, would also need to be 
increased in size (line 186). The comments in the listing should help you understand 

the rest of this function. 

Overview of Creating Entry and Edit Screens 
Now that you havea temporary menu anda table full of colors, you are ready to create 
your first full-fledged entry and edit screen. The next three listings contain each of the 
three entry and edit screens for the Record of Records! application. Each of these three 
listings is presented in the same format. In fact, the Medium Codes screen’s code was 
used as a template to create the other two listings. You'll find that this listing makes 
a good template for creating your own entry and edit screens. 

Figure 13.7 presents a pseudo-flow chart of the flow used by an entry and edit screen. 
This is a simplistic representation of what will occur in the entry and edit screen; 
however, it should help you understand the overall flow. 

Start 

il Setup getline) 

Clear structure fields | 

| initialize the screen position 

Draw the screen 
(Draw screen characteristics} 

(Draw field prompts} get the field at the provided position “J 
[Draw fields/Data) 

=. oe 
[ evaluate the return key from the field | 

Execute key function 

i 

Exit 

Figure 13.7. The flow of an entry and edit screen. 

The analysis of the medium screen will follow the same order as in this figure. 



The Medium Code 
Entry and Edit Screen 

The medium screen is used to capture the medium code and a description of what the 
code represents. For example, the code “CD” could be used to represent a compact 
disc. On a later day, you'll use the medium codes entered in this screen to validate the 
medium codes entered on the Musical Items screen. 

The Code Behind the Medium Screen 

Most of the code for the medium screen is presented all at once in Listing 13.4. This 

will help you more easily understand the code. The analysis for this listing will be 
covered in the next few sections. This listing should be compiled along with Listing 

13.1, RECOFREC.C. In addition, it will need to be linked with your TYAC.LIB 

library. 

Note: Don’t forget to uncomment line 54 of RECOFREC.C (Listing 

13.1). 

Listing 13.4. MEDIUMS.C. The medium screen. 

1 : / XSSSSSSS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSSSSSE 

Pe * Filename: medium.c 

3: 

4: * Author: Bradley L. Jones 

Si * Gregory L. Guntle 

6s a 
Wace * Purpose: Allow entry and edit of medium codes. 

iSye i 

9: * Note: This listing is linked with RECofREC.c 

10: ed (There isn't a main() in this listing!) 
1 1 : é a a ee ESS SSE SSS ESE SSS SS S=SSSSE=======* / 

22 

13: #include <stdio.h> 

14: #include <string.h> 

15: #include <conio.h> [2 OR CEWOMO) 7) 

16: #include "tyac.h" 

17: #include "records.h" 

ateye 

WO See | 8 aa a re ere eee s 

20: oa prototypes > 

21 Bee ewe ee eee eee eee a7) 

continues 
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vd 

Listing 13.4. continued 

22: #include "recofrec.h" 

235 

24: void draw_medium_screen( void ); 

25: void draw_medium_prompts( void ); 

26: void display_medium_ fields( void ); 

28: int clear_medium_fields(void) ; 

29: int get_medium_data( int row ); 

30: int get _medium_input_data( void ); 

31: void display_medium_help(void) ; 

32: int add_medium_data( void ); 

Son 

Cae i Ia eo Y 
SOE * Defined constants * 

36: #222 -------------- sy 

SHEE 

38: #define MEDIUM DBF "MEDIUMS .DBF" 

39: 

40: /*------------------------ x 

41: * structure declarations * 

42: #2 ---------------------- | 

43: 

44: MEDIUM_REC medium; 
45: MEDIUM_REC *p_medium = &medium; 
46: 

47; /*ssesesssesessssssssssssssssssssassssessssssssesssessss=* 
48: zi do_medium_screen() > 
49: FESS ESS SS SSS SSS SSS SSS SSS SSS SSeS SSS SSS SSSSS SSS SSSSSSSSSaat / 
50: 

51: int do_medium_screen(void) 

ye af 

Bxe}F clear_medium_fields() ; 

54: draw_medium_screen(); 

ys 5 get_medium_input_data() ; 

o6: return 0; 

eye 

58: 

59: /*------------------------ ig 

60: * draw_medium_screen() * 

6g Bee ee eee eee eee = 
62: 

63: void draw_medium_screen( void ) 
64: { 

oe draw_borders(" MEDIUM ");  /* draw screen bekgrnd */ 

6z5 write_string( "<Fi=Help> <F3=Exit> <F4=Save>", 
a ct.abar_fcol, ct.abar_bcol, 24, 3); 

70: draw_medium_prompts(); 

Tle display _medium_fields(); 
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void draw_medium_prompts( void ) 

{ 
write _string("Medium Code:", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 4, 3 ); 

write_string("Medium Description:", 

ct-f1ld prmpt_fcol, ct.fld_prmpt_bcol, 6, 3 ); 

void display_medium_fields( void ) 

{ 
WELTCRS URING (Ge ae Ciatt Gui cOolmct sap CMDCOMsE 4.01 Z.)\3 

WEite=StRing(2* @ muah demise - WRRA WG auan kc) > SS ue 

Cloptdaicol ncte tdabcol. (6.024) 

/* display data, if exists */ 

write _string(medium.code, ct.fld_fcol, ct.fld_bcol, 4, 17 ); 

write_string(medium.desc, ct.fld fcol, ct. fld_bcol, 6, 24 ); 

} 

Tie re en ee a PN eee ar vi aN rae anin, UTS «FR PONE viin\ (aan aas (ae tas sys) Co) ae me, Kon Ce veo * 

2 get_medium_input_data() * 
TI ee a a ian i ee i Oe, OM vo Weve be tm) alo ma ee */ 

: int get_medium_input_data( void ) 

{ 
int position, 

ieVis 
loop = TRUE; 

/* Set up exit keys. */ 
static char fexit_keys[ 13 ] = { F1, F3, F4, ESC_KEY, 

PAGE_DN, PAGE_UP, CR_KEY, 
TAB_KEY, ENTER_KEY, SHIFT_TAB, 

DN_ARROW, UP_ARROW, NULL }; 

static char *exit_keys = fexit_keys; 

getline( SET_EXIT_KEYS, 0, 12, 0, 0, 0, exit_keys ); 

/*** setup colors and default keys ***/ 

getline( SET_DEFAULTS, 0, 0, 0, 0, 0, @ ); 

continues 
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Listing 13.4. continued 

122: getline( SET_NORMAL, @, ct.fld_fcol, ct.fld_bcol, 
23 ct. fld high: feol, ctafldthightbcols o)); 

124: getline( SET_UNDERLINE, 0, ct.fld_fcol, ct.fld_bcol, 

2OK Cie dehighm cole ct. fLOmnlgnmoCOl ms Om)i, 
126% getline( SET_INS, @, ct.abar_fcol, ct.abar_bcol, 24, 76, @ ); 

WIE 

128: 

129: 

130: 

Sales 

ies 2a position = Q; 

133: 

134: while( loop == TRUE ) (7 >= get) datastOrs cop? GLelas meee) 

135: { 

136: switch( (rv = get_medium_data( position )) ) 

TheW/E { 

138: case CR_KEY 

139): case TAB_KEY 

140: Ca Se RENTERSKEY es: 

141: case DN_ARROW : /* go down a field */ 
142: ( position == 1 ) ? ( position = @ ) 

position++; 

143: break; 

144: 

145: case’ SHI Fie TAB = 

146: case UP_ARROW : /* go up a field */ 
147: ( position == @ ) ? ( position = 1 ) 

position--; 

148: break; 

149: 

150: case ESC _KEY : 

Wale case F3 : /* exit back to main menu */ 
Loe if( (yes.no_box( "Do you want to exit?", 

153: ct.db_fcol, ct.db_bcol )) =='Y') 

154: { 

155: loop = FALSE; 
156: } 
Wave 

158: break; 
159: 

160: case F4 : /* add data */ 
Uh s 

162: if( strlen( medium.code ) == ) 
163: { 
164: display_msg_box("Must enter a medium 

code", 

ae ct.err_fcol, ct.err_bcol); 
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16Z: 

168: 

169: 

170: 

sla 

iia 

vais 

174: 

75: 

76: 

A = 

178: 

179: 

180: 

181: 

182: 

183: 

184: 

jtotaye 

186: 

187: 

188: 

189: 

190: 

191: 

192: 

193: 

194: 

195: 

196: 

SZ: 

198: 

204: 

205: 

206: 

21: 

212s 

PIRI 

215: 

case PAGE_DN : 

case PAGE_UP : 

} 
else 

if( strlen( medium.desc ) == @ ) 

display_msg_box("Must enter a" 

"description", 

CLechhaicol  cl.enr bcol)r 

} 
else /* all okay, so add data */ 

{ 
add_medium_data(); 

clear_medium_fields(); 
draw_medium_screen(); 
position = Q; 

} 

break; 

/* go to last data entry field */ 

position = 1; 

break; 

/* go to first data entry field */ 

position = Q; 

break; 

case F1: je NELDE/ 

display_medium_help(); 

draw_medium_screen(); 

break; 

default: [Serna */ 

display_msg box( " Error ", 

ctenk fcol ect.errebcol)is 

break; 

} /* end of switch */ 

} /* end of while */ 

return( rv ); 

u 

fe Se en ee ee nee eens ee ae eapie ere a ale eve tate awe ede a Sele ere auenens * 

int get_medium_data( int row ) 

{ 
sie TAYE 

continues 
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Listing 13.4. continued I i eee 

216: 

2ilivas switch( row ) 

Pdilts\s { 
295 case @ : 

220: rv = getline( GET_ALPHA, @, 4, 17, 0, 2, medium.code) ; 

ON: break; 

222 case 1 

223i: rv = getline( GET_ALPHA, @, 6, 24, 0, 35, medium.desc) ; 

224: break; 

225% } 

226: RECUR Va) 

BTA I 

228: 

PIPXS NERS FBC Ara ON EE IACI eA Gb HIPS RES EIS OS i Se 
OS clear_medium_fields() * 

PRM WAG G SIGS Se GOSS SR SO cie Se Se mC nicma  R RS a ee = =i 

232: 

233: int clear_medium_fields(void) 

234: { 

235: getline( CLEAR_FIELD, 0, 3 

236: getline( CLEAR FIELD, @, 36 

23 

238: return(O) ; 

ZOO rm: 

240: 

I - 

242: * display_medium_help() * 

243: *----------- eee eee eee eee eee eee eee eee eee -- +--+ ------ | 

244: 

245: void display_medium_help(void) 

246: { 

247: Ord (Mitel 6.195259", CenshdWwercolya ct. bgmpCGOles3)). 

248: box(10, 15, 20, 60, SINGLE_BOX, FILL BOX, 

, ®, medium.code ) 

; ®, medium.desc ) Mee we =) 

249: ct.help=fcol, ct.help_bcol) ; 

250: 

Zoi write_string( "This is a screen for entering medium", 

252n cthelpstcol, Gtahelpmbcols. 1 lam22.)s 

253) write_string( "codes and their descriptions. To exit", 

254: cthelpaicols ct. helpabcoly 2he2om) = 

ZOO 

256: write_string( "this screen, press <F3> or <ESC>.", 

Pro Ae Ctrhelpeicol; = ct.helpebcolyeicss 225): 

258: write_string( "Press any key to continue...", 

259: ct help {cols ct. help: bool. 14 5 22) )e 
260: 

261: cursor(24, 79); 

262: getch(); 

263: } 
264: 
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265: 

266: 

267: 

268: 

269: 

270: 

We 

PA ae 

2's 

274: 

Pa fay 

276: 

277 

PAT GaN 

279: 

280: 

2812 

282: 

283: 

284: 

285: 

286: 

23a 

288: 

289: 

290: 

Zoi 

292 

293: 

294: 

add_medium_data() ; 

Returns: 1 - if all okay 

@ - if not all okay 

int add_medium_data( void ) 

{ 
int rv = Q; 

cE St ps 

if( (fp = fopen( MEDIUM DBF, "a" )) == NULL ) 

{ 
display_msg_ box("Error opening file...", 

Cte mC, actaeise COL) 5 

} 
else 

{ 
if( (fwrite( p_medium, sizeof( medium ), 1, fp 

{ 
display_msg box("Error writing data...", 

Ciena iCOl as Ci elGe COM), 

} 
else 

{ 
display_msg_ box("Record added", ct.db_fcol, 

PV =915 

} 

TELOSAE TDi is 

} 
return( rv ); 

Medium Code: __ 

Medium Description: 

~ €FL=Helpy <F3 Ex 

\ Dk =r. O'S) 

ct. dbabcol); 
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This isa long listing; however, the results are worth all the code. Throughout this 

listing, you can see many of the functions that you created in the previous 

chapters. One thing you won’t find is a main() function. This is because the 

medium screen will be called by the menu presented in Listing 13.1, RECOFREC.C. 

The do_medium_screen() Function 

Thedo_medium_screen() function is called from line 54 of the RECOFREC.C source 

file. This function calls three other functions and then returns back to the menu. 

These three functions follow the flow presented in Figure 13.5. First a function is 

called to clear the fields, then the screen is drawn, and finally the data is retrieved. 

Before MEDIUM.C begins the do_medium_screen() function, several things occur. 

In lines 13 to 17, various header files are included. In lines 22 through 32, function 

prototypes are declared. The RECOFREC.H header file is then included. 
RECOFREC.H is included in the prototype section because it contains mostly 
prototypes. Line 38 contains a defined constant, MEDIUM_DBF. This contains the name 
of the disk file that will be used to store the medium file. By using a defined constant, 
it will be easy for you to change the name of the database file. Lines 44 and 45 declare 
a MEDIUM_REC structure called medium and a pointer to the structure called p_medium. 

This structure is declared globally so that it is easy to use. 

Clearing the Structure Fields 

Line 53 in do_medium_screen() calls the function clear_medium_fields(), which 

clears the fields in the structure declared in line 44. The clear_medium_fields() 

function in lines 229 to 239 uses getline() to clear each structure member to Nulls. 

In the case of the medium structure, this is the code and the desc fields. By clearing the 
fields in this manner, you can be assured that they do not contain any erroneous data. 

Setting Up the Screen 
The next step presented in Figure 13.5 was drawing or setting up the screen. The 
do_medium_screen() calls the draw_medium_screen() function in line 54. The 
draw_medium_screen() function is declared in lines 59 to 72. Line 65 of this function 
calls the draw_borders() function that was defined in RECOFREC.C (Listing 13.1). 
The keys that are valid for special functions are then written on the bottom line of the 
screen (line 67). The next line, line 70, then calls the draw_medium_prompts(), which 
is presented in lines 74 to 84. This function draws each of the field prompts on the 
screen. 

Line 71 of draw_medium_screen() calls the display_medium fields() function. This 
function is important. It draws underlines on the screen in the locations where 



getline() will retrieve data. If you leave this function out, getline() will draw the 
underlines one field at a time. It looks better to draw all the underlines on the screen 
up front. The second half of display_medium fields() writes the actual field values 
on top of the underscores. Although they will be blank the first time into the screen, 
later functionality may require that the data be displayed too. Once the underlines and 
data have been drawn, the screen is complete and data entry is ready to begin. 

Capturing the Data 
Capturing the data takes up most of the listing. This capturing of the data starts when 
the do_medium_screen() function calls the get_medium_input_data() inline 55. The 

get_medium_input_data() function is presented in lines 102 to 207. This function 

starts by setting up the getline() function. Line 112 sets up the exit keys. As you can 

see, several exit keys are being set up. If you review the specification on Day 12, you 

will find that not all of the exit keys have been declared. The rest of the keys will be 
declared as they are needed on later days. Line 117 sets up a static character array 
pointing to the exit keys. Line 118 then sets up the exit keys. Lines 121 to 126 use the 
getline() function to set up the default colors. You should notice that the color table 

values are being used. These color table values were set up in the RECOFREC.C 
listing. 

Tip: If the getline() commands seem unfamiliar, you should review 

Day 10. 

Once set up, the screen position is initialized to 0 in line 132. The first field on the 
screen is given position 0. Each field on the screen should then be given a sequential 
number following this one. The order in which the fields will be retrieved is based on 
their respective position numbers. For the Medium Codes screen, the Medium Codes 
field is considered position 0 and the description field is considered position 1. 

Line 134 begins the loop for getting the data. This loop continues until a key action 

causes the looping flag, Loop, to be chained to FALSE. For each iteration of the loop, 

a single data item is retrieved. This is done in line 136 using the get_medium_data() 

function. The current position is passed to the get_medium_data() function so that 

it knows which field on the screen to retrieve. 

Oncea field is retrieved, the key returned is evaluated within a switch statement. This 

return value will be one of the exit keys set up in line 112. Looking at lines 138 to 201, 

you can see what each exit key does. If the CR_KEY (carriage-return key), TAB_KEY (tab 

key), ENTER_KEY (enter key), or DN_ARROW (down arrow key) is pressed, then the 

asthe 
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position is incremented so that the next field is retrieved. If the field is the last field 

on the screen (in this case, field number 1), then the position is reset to the first field, 

0. The SHIFT_TAB (shift+tab) and the UP_ARROW (up arrow key) do just the opposite. 

They decrement the position. If the position is the first position on the screen, then 

the position is reset to the last position on the screen, 1. 

The ESc_KEY and the F3 keys function in the same manner. This functionality is 

presented in lines 151 to 158. Both keys offer the user a way of leaving the entry and 
edit screen. This follows the standards mentioned previously. The yes_no_box() 

function provided in the RECOFREC.C listing is used to ask the user if he is sure he 
wishes to exit. If he is not, then the program returns control to the entry screen and 

the user is left on the field he was previously on. If the user is sure, then loop is set to 

FALSE so that it will end. 

The F4 key, lines 160 to 183, is used to add data. Before adding the data, edits may 
be performed. In this case, the user cannot add the data until he has entered a medium 
code (lines 162 to 167). If a medium code has not been entered, then a message is 

displayed explaining the situation to the user. If the code is okay, then the 
add_medium_data() function is called. This function, presented in lines 265 to 297 

opens a file, writes the structure, displays a message, and returns. Line 178 then clears 
the structure fields and redraws the medium screen. This effectively clears the data 
entry screen for the next record. The position is then reset to 0 and the program 
resumes accepting data. On Day 15, the add_medium_data() function will be replaced 
as better file handling capabilities are added to the application. 

The PAGE_DN and PAGE_UP keys operate in similar ways. PAGE_DN puts the cursor on the 
last field on the entry screen by changing the value of the position. This is done in line 
186 by setting the position to 1. PAGE_UP sets the position to the first field on the screen. 
This will invariably be the value of 0. 

Note: There are times when you don’t want to set the page 
page up values to the first or last field. This will be seen in the 
screen presented later today. Ears cae 

The last key worked with is the F1 key. This key has been defined as the help key. Line 
194 calls a function called draw_medium_screen(), which is presented in lines 241 to 
263. This function creates a box that contains a little bit of help information. On Day 
16, you'll see how to create context-sensitive help in your application. 



The default case in lines 198 to 201 isa safety feature. The getline() function should 
only return those values set up in the exit keys; however, it’s always a good 
programming tactic to include a default case in all of your switch calls. This can help 
catch potential problems. 

Getting Individual Data Fields 

The get_medium_input_data() function called the get_medium_data() function in 

line 136. In doing so, the position of the field that should be retrieved is passed. The 
get_medium_data() function is defined in lines 209 to 227. This function is basically 

a single switch statement that has a case for each field on the screen. Each case has a 
call to getline() that gets the individual field. The return value from getline() is 

captured in rv and then returned back to the get_medium_input_data() function. 

This returned value will only be one of the valid exit keys that were set up for 
getline(). 

Note: Edits on fields can be incorporated in this area of the program. If 
you want an edit on a field as it is being entered, it could be placed right 
after the call to getline(). In the analysis for the group screen, you will 
see an example of this. 

Tip: Review the Medium Codes screen before trying to understand 
the Group Screen’s code. Each of these screens is progressively harder 
than the previous. 

Everything Else 

This is everything in the medium screen! As you should have noticed, this doesn’t 

contain all the features that were mentioned in the specification. In addition, it doesn’t 

have very good file control. Each record is written to a file; however, they can never 

be accessed. Over the next few days, these holes in the medium screen’s functionality 

will be filled so that your application is complete. 
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The Group Information Screen 

The Group screen is presented in Listing 13.5. As you will see, this listing is a little 

more complex than the Medium Codes screen. Some of the differences are caused by 

the additional number of fields in the group structure; however, there are a few other 

differences. Following is Listing 13.5, which contains the code for the Group 

Information screen. 

Note: This listing should be compiled and linked along with Listing 13.1 
(RECOFREC.(), Listing 13.4 (MEDIUM.C), and your TYAC.LIB library. 
You should uncomment line 58 in Listing 13.1 before compiling and linking. 

Listing 13.5. The Group Information screen. 

1 A / *SSSSSSSS SSS SSS SSS SSS SSS SSS SSeS SSS SS SSS SSS SSS SS SSS SSSSSSS== 

2: * Filename: groups.c 

Si ks 

4: * Author: Bradley L. Jones 

BH * 

6: * 

Te * Purpose: Allow entry and edit of group information. 

Si x 

oF * Note: This listing is linked with RECofREC.c 

10: re (There isn't a main() in this listing!) 
11 ‘ RSE SSSSSSSssSSSSSSS SSS SSS SSS S SSS SSS SSS SSSSSSSSeSSSSSSsa===* / 

12° 

13: #include <stdio.h> 

14: #include <string.h> 

15: #include <conio.h> / or gerchi()i +7 
16: #include "tyac.h" 

17; +#include “records.h" 

TKShE 

19: /*-------------------- sy 

20: A prototypes 5S 

Pile *#-------------------- sa | 

22: #include "recofrec.h" 

20 

24: void draw_groups_ screen( void ); 

25: void draw_groups_prompts( void ); 

26: void display_groups_fields( void ); 

28: int clear_groups_fields(void) ; 

29: int get_groups_data( int row ); 

30: int get_groups_input_data( void ); 

31: void display_groups_help(void); 
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int add_groups_data( void ); 

/* See a ee aie oe Cee * 

* Defined constants* 
Rt ee Se te eh ee | 

#define GROUPS DBF "GROUPS . DBF" 

/* SRS eos at se er ee ote woe Se a tt * 

* structure declarations * 
eS ae eet Be ee See tae */ 

GROUP_REC groups; 

GROUP_REC *p groups = &groups; 

/ *>>>>>>>>>>>>>>>=>>=>>>=>>=>==>=>=>555555>5>=->=>->=>=>=>5>=>====>=>=>====* 

bs do_groups_screen() % 
*2>>>>S>>S>S>S>>>>5>>>>>5>>>>5>S>>5>SSSS5 5555555555555 >55=>2>===-===%* / 

int do_groups_screen(void) 

{ 
clear_groups_fields(); 

draw_groups_screen(); 

get_groups_input_data(); 

return Q; 

} 

Hes SR roe ee ee ee 22 eee ee * 

* draw_groups_screen() * 
4 Bee eee ee le es See. * / 

void draw_groups_screen( void ) 

{ 
draw_borders(" Groups "); /* draw screen bckgrnd */ 

write_string( "<F1=Help> <F3=Exit> <F4=Save>", 

ct.abar_fcol, ct.abar_bcol, 24, 3); 

draw_groups_prompts() ; 

display_groups_fields() ; 

} 

fz eng ee On ee he ee ee ae ees * 

* _draw_groups_prompts()* 
Ne 2 ween a, es Sa Fore a naelnetelte tate ie! 3) 

void draw_groups_prompts( void ) 

{ 
write_string("Group:", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 4, 3 iG 

continues 

SAMS 
PUBLISHING 
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Listing 13.5. continued 
eS 

write _string("Date Formed: uo ia 
ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 

write_string("Type of Music:", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 

write _string("Members:", 
ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 

write _string("Description:", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 

void display_groups_fields( void ) 

{ 
char tmp[3] = { 0, 0, 0 }; /* initialize to null values */ 

char under_30[31] = {" 

write _string(under_30+5, /* 25 underlines */ 
Ciena dmnhCcolya Ctra hid eb COM m4 miami: 

write string ( ia Cul deiCOlsmce in OnOCOlem or 

Wieast CS tielnG (ews Cte Ue ti COUnmC Gala moGOl sor 

WELtCRStHING (See Ct. hlLOntCOl ct. 1 Ldn bCOt 6. 

write _string(under_30+10, /* 20 underlines */ 

Gia llel iGouls CGwowkel leyeowk.. 5 see 

write string(under 30, ct.fld fcol, 

write_string(under_30, ct.fld_fcol, 

write_string(under_30, ct.fld_fcol, 

write_string(under_30, ct.fld_fcol, 

WeLtensthing (under 30, ct. tld feol; 

write_string(under_30, ct.fld_fcol, 

/* write the groups.info underlines 

write_string(under_30, ct.fld_fcol, 

write_string(under_30, ct.fld_fcol, 

write_string(under_30, ct.fld_fcol, 

write_string(under_30, ct.fld_fcol, 

write_string(under_30, ct.fld_fcol, 

write string(under 30, ct.fild fcol, 

/* display data, if exists */ 

write_string(groups.group, 

Cts 
-fld=bcoL: 

Cte 
Gite 
coher 
ct: 

ct 

in 

Gi 

fld_bcol, 

tedabcok, 

fld_bcol, 

fld_bcol, 

Tidsbcow, 

two parts 

.fld_bcol, 
ct. 
ct. 
ct. 
ct. 
ct. 

fld_bcol, 
fld_bcol, 
fld_bcol, 

fld_bcol, 

TLdebcol, 

Cire OmiCOl ws Gelb COLemct maliZm) i 

write_string(groups.music_type, 

Ctr deg Col ctl dsbcolmenmOm) = 
write_string(groups.member[Q], 

CUS TLORCOM Cte Uebco lomo) mom): 

write_string(groups.member[1], 

ct. fiditcol,” ct. fld peol, 12,42") * 

20, 
20, 



write_string(groups.member[2], 

ct. f.ld-fcol,-ct.f1d.beol,..13,.—9~.) + 

write_string(groups.member[3], 

SEOs COlLmctanLdsbCOlemiosm4o.))s 

write_string(groups.member[4], 

Cteitdarcoly ct.nld beol) 14, 99): 

write_string(groups.member[5], 

Ciat OeiCol mct.dldsbCol. 145425): 

write_string(groups.info[0], 

Cui ldmicol ye ct. tld beol, 18,810). 

write_string(groups.info[1], 

Clrenadircolgects Gldibcolematoe sO) )is 

write_string(groups.info[2], 

Cia Cm colgmct lds Colm 2O), 10"): 

strncpy( tmp, groups.date_formed.month, 2 ); 

WHALeSString (tnpyaceetldahcol “ctitidnbcolmiGaet, ): 

strncpy( tmp+4, groups.date _formed.day, 2 ); 

WEALOESTEING (pected eicol, ictherldebcol,, 6 20) ) 

strncpy( tmp, groups.date_formed.year, 2 ); 

WEceust hing (tmpeactatLdnfCcoL chat Ldebcolmeoweeccn)s 

} 

Hi Se races Meade ential oe ee es PA ew ena SS ee Se ae ah mi oS Se * 

si get_groups _input_data() * 
SEN Fo Ae Wigs Ni, Be Oa ee ee a ee ee a ee ee ay 

int get_groups input_data( void ) 

{ 
int position, 

rv, 

okay, /* used with edits */ 
loop = TRUE; 

/* Set up exit keys. */ 
static char fexit_keys[ 13 ] = { F1, F3, F4, ESC_KEY, PAGE_DN, 

PAGE_UP, CR_KEY, TAB_KEY, 
ENTER_KEY, SHIFT_TAB, DN_ARROW, 

UP_ARROW, NULL }; 

static char *exit_keys = fexit_keys; 

getline( SET_EXIT_KEYS, @, 12, @, ®, 0, exit_keys ); 

/*** setup colors and default keys ***/ 

getline( SET DEFAULTS, 0, 0, 0, 0, 0, @ ); 

getline( SET_NORMAL, 0, ct.fld_fcol, ct.fld_bcol, 

ct.fld_high fcol, ct.fld_high_bcol, 0 3 

getline( SET_UNDERLINE, @, ct.fld_fcol, Cite dmbCols 

ct.fld_high_fcol, ct.fld_high_bcol, 0 Me 

getline( SET_INS, 0, ct.abar_fcol, ct.abar bcol, 24, 76, @ ); 

continues 
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Listing 13.5. continued 
Bee es ee a BO ee ee 

180: position = 0; 

UH A 

182: while( loop == TRUE ) /** get data for top fields **/ 

183: { 
184: switch( (rv = get_groups_data( position )) ) 

185: { 

186: case CR_KEY 

187: case TAB_KEY : 

188: case ENTER KEY : 

189: case DN ARROW : /* go down a field */ 
190: ( position == 13 ) ? ( position = @ ) : position++; 

OA: break; 
192: 

193}: case SHIFT_TAB : 

194: case UP_ARROW : /* go up a field */ 

195: ( position == @ ) ? ( position = 13 ) : position--; 

196: break; 

iO ias 

198: CaSCeESCGaKEYa: 
199: case F3 : /* exit back to main menu */ 

200: if( (yes_no_box( "Do you want to exit?", 

201: et. dbafcols-ct.dbebcols)) == 7Y* >) 

202: { 

203: loop = FALSE; 

204: } 
205: break; 

206: 

207: case F4 : /* add data */ 
208: 

209: okay = TRUE; 

210: 

2A if( strlen( groups.group ) == @ ) 
PP: { 

Ailoi display_msg_box("Must enter a group name", 

214: cl enn col, ct. err: beol)s 

215: position = Q; 

216: okay = FALSE; 
Pale? } 

2 ilte\s else 

219: { 

220: /* rest of edits. (i.e. edit date) */ 
Zen: } 
een 

223: if( okay == TRUE ) 

224: { 

225: add_groups_data(); 
226: 

22ers clear_groups_fields(); 
228: draw_groups_screen(); 
229: position = Q; 
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230: } 

231 

232: break; 
233: 

234: case PAGE _DN : /* go to last data entry field */ 
235: position = 11; 

236: break; 
237: 

238: case PAGE_UP : /* go to first data entry field */ 
239: position = Q; 

240: break; 

241 

242: case F1: /*~hneLpar] 

243: display_groups_help(); 

244: draw_groups_screen(); 

245: break; 

246: 

247: default: [SRT Ol: ay 
248: display msg box( " Error ", 

249: CEoeniei COs. Ct,crne DCOLs )- 

250: break; 

PASH NE 

252: } /* end of switch */ 
253: } /* end of while */ 

254: 

POD. return( rv); 

DOR 

Poel = 

258: /*------------------------------- +222 eee ee ee eee eee eee * 

250 ee get_groups_data() * 

260: *-------------------- +--+ +--+ 5-52 eee eee eee eee eee eee eee if 

261: 

262: int get_groups data( int row ) 

PAN af 

264: Nae SLES 

Zoo's char tmp[3] = { ®, @, ® }; /* initialize to null values */ 

266: 

267: switch( row ) 

268: { 

269: case Q : 

270: rv = getline( GET_ALPHA, 0, 4, 17, ®, 25, groups.group); 

Papa break; 

272: case 1 

273: strncpy( tmp, groups.date_formed.month, 2 ); 

274: rv = getline( GET_NUM, Os Gaal; Ms Bo weild Ie 

2158 zero_fill_field(tmp, 2); 

276: write_string(tmp, ct.fld_fcol, GU cilel leo Gp W7/)s 

PTC strncpy( groups.date_formed.month, tmp, 2); 

278: break; 

continues 
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Listing 13.5. continued 
ice ee ah ag gi Fe eee 

PAT) e case 2 : 

280: strncpy( tmp, groups.date_formed.day, 2 ); 

Zoe rv = getline( GET_NUM, ee Sy PAS I 25 agile) 8) 

282: zero fill _field(tmp, 2); 

283: write _string(tmp, ct.fld_fcol, ct.fld_bcol, 6, 20); 

284: strncpy( groups.date_formed.day, tmp, 2 ); 

285: break; 

286: case 3: 

287: strncpy( tmp, groups.date_formed.year, 2 ); 

288: rv = getline( GET_NUM, QO EtGtL eo. Oe, tmp) s 

289: zero_fill field(tmp, 2); 

290: write _string(tmp, ct.fld_fcol, ct.fld_bcol, 6, 23); 

291: strncpy( groups.date_formed.year, tmp, 2 ); 

292: break; 

293: case 4: 

294: rv = getline( GET_ALPHA, @, 8, 19, 0, 20, 

groups.music type) ; 

295: break; 

296: Casewom: 

297: rv = getline( GET_ALPHA, 0, 12, 9, 0, 30, 

groups.member[Q]); 

298: break; 

299: case 6 : 

300: rv = getline( GET_ALPHA, @, 12, 42, 0, 30, 

groups.member[1]); 

301: break; 

302: case, 7-: 

303: rve= getline (SGEREALPHA, Of sisi Seen sis 

groups.member[2]); 

304: break; 

305: case 8 : 

306: RV =" getline (SGETSAMPHA, sOsmd3), 42-805 oO. 

groups.member[3]); 

SOva: break; 

308: case 9 : 

309: rv = getline( GET_ALPHA, @, 14, 9, @, 30, 

groups.member[4]); 
310: break; 

Olds case 10 : 

312: rv = getline( GET_ALPHA, 0, 14, 42, @, 30, 

groups.member[5]); 
313: break; 

314: case 11 

Sli rv = getline( GET_ALPHA, @, 18, 10, 0, 60, 
groups.info[Q]); 

316: break; 

Silvis case 12 : 

318: rv = getline( GET_ALPHA, @, 19, 10, 0, 60, 
groups. info[1]); 
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319: 

320: 

Sede 

322: 

Bear 

324: 

325: 

326: 

327: 

328: 

329: 

330: 

Bone 

332: 

330: 

334: 

335: 

336; 

337: 

Soo. 

339: 

340: 

341: 

342: 

343: 

344: 

345: 

346: 

347: 

348: 

349: 

350: 

G5ills 

352: 

353: 

354: 

BOOT 

356: 

SDiae 

358: 

efoye)e 

360: 

361: 

362: 

363: 

364: 

365: 

366: 

367; 

break; 

case 13: 

rv = getline( GET_ALPHA, @, 20, 10, 0, 60, 
groups.info[2]); 

break; 

} 
Retunn(s cv )e 

} 

/* Fe ea Pe ely erp pans ceo fee Ss ia i ise as es ae es vee pounce ue mdicrusie eieona ox aS * 

* clear_groups_fields() ig 
OR fn CR eee ees Se Se ey ES IS a i ee nea BONS Seeder ee See ee area ee * / 

int clear_groups_fields(void) 

{ 
getline( CLEAR_FIELD, 0, 26, 0, @, 0, groups.group ); 

getline( CLEAR_FIELD, ®, 2, 0, 0, ®, groups.date_formed.year ); 

getline( CLEAR FIELD, @, 2, @, 0, ®, groups.date_formed.month ); 

getline( CLEAR_FIELD, ®, 2, 0, 0, ®, groups.date_formed.day ); 

getline( CLEAR_FIELD, 0, 21, 0, ®, ®, groups.music type ); 

getline( CLEAR_FIELD, @, 31, @, ®, ®, groups.member[Q] ); 

getline( CLEAR_FIELD, @, 31, 0, 0, ®, groups.member[1] ); 

getline( CLEAR_FIELD, @, 31, @, 0, ®, groups.member[2] ); 

getline( CLEAR_FIELD, 0, 31, 0, ®, ®, groups.member[3] ); 

getline( CLEAR_FIELD, @, 31, @, @, ®, groups.member[4] ); 

getline( CLEAR FIELD, 0, 31, 0, 0, 0, groups.member[5] ); 

getline( CLEAR_FIELD, 0, 61, @, 0, @, groups.info[Q] ); 

getiine( CLEAR FIELD, @,,61, 0, 0,-@, groups-info[1]| ); 

getline( CLEAR FIELD, 0, 61, 0, 0, ®, groups.info[2] ); 

return(Q); 

} 

{[* welch estes alee te «daycare aco Rp gs esa Se eh me samy mac nt spas ns eas Pulsatile me aie Seema Sis os poses uaa eens * 

* display_groups_help() - 
Sa ein Ri es ig See Rg a ee PY Se a ee ei Eee, Sa a ee ae ee sa | 

void display_groups_help(void) 

{ 
Grid(e iis 16,019) 59, ct.shdwafcol, ct=bgubcol, 35); 

box(10, 15, 20, 60, SINGLE_BOX, FILL _BOx, 

ct.help fcol, ct.help bcol) ; 

write_string( "This is a screen for entering group", 

ctphelpufcolss ct.nelpebcoltmiii;a22,,)i5 

write_string( "information and their descriptions.", 

ct.help_fcol, ct.help_bcol, 12, 22 ); 

write_string( "To exit screen, press <F3> or <ESC>iar 

et help: fcol, ct.help beol, 13, 22 ); 

continues 

AAs 
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Listing 13.5. continued 

368: 

369: 

370: 

SS I/alie 

Omer 

S/he 

374: 

Oils 

SVASE 

SY = 

3/78: 

SACI 

380: 

Shei! 

382: 

Siskel 

384: 

385: 

386: 

387: 

388: 

389: 

write_string( "Press any key to continue...", 

ct hel prtcolssict-helpabcolsei4se2c. 

cursor(24, 79); 

getch(); 

} 

/* a ee a ee a ae a ee eS a ees eS eS * 

* add groups data(); ts 

Returns: 1 - if all okay ‘a 

s @ - if not all okay = 
Ree a Bs Sei we Bee oe Oe ee eee ae hor em often ts ee, ee ee ee * 

int add_groups data( void ) 

{ 
int rv = Q; 

PWS apoE 

if( (fp = fopen( GROUPS DBF, "a" )) == NULL ) 

{ 
display_msg_box("Error opening file...", 

ct-err:fcol, ct.erm bcol)s 

} 
else 

{ 
if( (fwrite( p_groups, sizeof( groups ), 1, fp )) == 

{ 
display_msg_box("Error writing data...", 

Ct Chien cOlss Gt.ehmabColm )is 

} 
else 

{ 
display_msg_box("Record added", ct.db_fcol, ct.db_bcol); 
rv = 1; 

} 

fclose( fp ); 

REL UID GGVen) is 



Group: 

Date Formed: __, 

Type of Music: 

Members: 

Description: 

At first glance, this listing may not seen too different from the MEDIUM.C 
listing (Listing 13.4). The MEDIUM.C listing was actually used as a template 
to create this listing. All of the medium-specific information was then changed 

to the corresponding group information. Because a detailed analysis was made on the 
medium screen, only the major differences need to be covered. 

The first change can be seen in line 38. The name of the file being used is more 
appropriately named GRouPS.DBF. Lines 44 and 45 declare a group structure and a 
pointer using the type-defined constants from the RECORDS.H structure. This 
structure and the corresponding pointer are used throughout the rest of the listing to 
hold the data being entered by the user. 

Several changes have been made in setting up the screen. In line 65, the draw_borders() 

function is called using the header for groups. In the draw_groups_prompts() function 

in lines 74 to 90, different prompts are displayed. These prompts are more appropriate 
for the group’s information. In line 82, a prompt for a date is displayed. Because only 
the numeric part of the date will be retrieved, the separators are displayed along with 
the prompts. 

The function to display the fields, display_groups_fields(), has some subtle 

changes also. To conserve on a little bit of storage area, a character array of 30 

underlines has been created. This array is used to write several of the field underlines. 
Line 101 might bea little confusing at first. This is writing the field underlines for the 
group name. At first glance, the under_3@ character array may seem too long. To get 

around this, only the last 25 characters are printed. This is accomplished by printing 

the character array starting at the sixth position—by adding five to its starting address. 

Line 106 prints 20 underlines in the same manner. 

An additional difference in display_groups_fields() is the use of the tmp character 

array. This is a temporary character array used to display the individual date 

members—month, day, year. Because the date fields are stored without null terminators, 

BAM 4 
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they can’t be displayed like the other null terminated character arrays. To get around 

this, the date fields are copied into the temporary, tmp, field and then the tmp field is 

displayed (lines 147 to 152). When the data is retrieved using getline() in the 

get_groups_data() function, this same approach is used. An example of this can be 

seen in lines 284 to 287. 

Getting the Group Data: 
The get_groups_input_data() Function 
Getting data is nearly identical to what was presented in the MEDIUM.C listing. 
Lines 190 and 195 are changed to reflect that the group’s screen has 14 fields. In 
addition to the other cursor movement functions, the page down function is also 
modified to set the screen’s last position to 13. 

The case for the F4 key in lines 207 to 233 is modified only slightly. This is the function 
to add the groups record. Before adding the record, the entered data should be verified 
to ensure that it is accurate. In this listing, the only edit performed is a check on the 
group name, group.group. [his name can’t be blank. Additional edits, such as an edit 

on the date, could be added in the else statement. A flag called okay is used to see if 

all the edits passed. If they did, the record is added and data entry continues. If the edits 
didn’t pass, a descriptive message is displayed and control is returned to the screen. 

The get_groups_data() has the actual getline() cases for retrieving each field. You 

should notice that both numbers and characters are retrieved using either GET_NUM or 

GET_ALPHA with getline(). Several of the getline() cases could be expanded to 

include edits. For example, ifthe user enters a month of 13 in case 1 (lines 272 to 278), 

then there is an error. You could capture this error at this time, rather than waiting 
for the user to add the record. One of today’s exercises will ask you to add this edit to 
the group’s listing. 

Note: You can add edits to the getline() ‘tna however, you 
shouldn’t make them mandatory. If the escape key or the F3 key (for 
exiting) are pressed, then the user should still be able to | 
It would be up to you to determine if the other oe woul 
to continue. 

One last function needs to be reviewed. This is the zero_fill_field() function, 
which is used in several of the case statements for getting data. After the call to 
getline(), the field is padded on the left with zeros with this function. The next line 
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uses write_string() to rewrite the field on the screen with the zeros. The 
zero_fill_field() was a part of the RECOFREC.C listing (Listing 13.1). 

Co =— DON’T | 
DO use edits in your programs to ensure the data entered is valid. 

DON’T forget to initialize the data elements in your structures. This way 
you can be assured that they don’t contain garbage. 

DO use Listing 13.4, MEDIUMS.C, as a template for creating your own 
data entry screens. “Real” programmers only write one program of any given 
type. They then copy it for a starting point of the next program. 

The Musical Items 
Entry and Fdit Screen 

Having created the Medium Codes and the Group Information screens, you now only 
need the Musical Items screen. Listing 13.6 presents the first cut of this screen. The 

functionality is not complete; however, the frame work is. Several of the advanced 
features of this listing will be covered on Days 15 through 19. Today, we concentrate 

solely on the basic data entry functions. 

Note: This listing should be compiled and linked along with Listings 
13.1, 13.2, 13.3, and your TYAC.LIB library. You should uncomment 
line 58 in Listing 13.1 before compiling and linking. 

Listing 13.6. ALBUMS.C. The Musical Items entry and 

edit screen. 

* Filename: albums.c 

* Author: Bradley L. Jones 

* Gregory L. Guntle 
* 

continues 
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Listing 13.6. continued 

ae * Purpose: Allow entry and edit of information on musical 

On ® items. 

9: Bs 
10: * Note: This listing is linked with RECofREC.c 

Wale so (There isn't a main() in this listing!) 

Ze eee SS SSS SESS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SS SSSSS=T=* | 

USE 

14: #include <stdio.h> 

15: #include <string.h> 

16: #include <conio.h> / <etOM eG este ine) mca 

17: #include "“tyac.h" 

18: #include "records.h" 

19: 

20: /*-------------------- a 

PAA & ia prototypes * 

Zen Bese esses e seo | 
23: #include "recofrec.h" 

24: 

25: void draw_albums_screen( void ); 

26: void draw_albums_prompts( void ); 

27: void display_albums_fields( void ); 

29: int clear_albums_ fields(void) ; 

30: int get_albums_data( int row ); 

31: int get_albums_input_data( void ); 

32: void display_albums_help(void) ; 

33: int add_albums_data( void ); 

34: 

35: /*------------------ = 

36: * Defined constants* 

Sia *------------------ x] 

38: 

39: #define ALBUMS DBF "ALBUMS . DBF " 

40: 

41: /*------------------------ * 

42: * structure declarations * 

43: ¥o e222 22-2 ------ +--+ ----- “3 

44: 

45: ALBUM_REC albums; 

46: ALBUM_REC *p_albums = &albums; 
47: SONG_REC songs[7]; 

48: 
49: / *SeSSSsSSSSSSSSSSSSSseSSSS=SS5SS5SS=e5—555==55======----* 

50: * _do_albums_screen() = 
51 : *SSSSSSSSS Sass SaSSSSaSSSSesea5SeeSSe5ee55555-=-===-----=* / 

be 

53: int do_albums_screen(void) 
54: { 

Sls clear_albums_fields(); 
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draw_albums_screen(); 

get_albums_input_data(); 
return Q; 

void draw_albums_ screen( void ) 

{ 
draw_borders(" Musical Items "); 

write_string( "<F1=Help> <F3=Exit> <F4=Save>", 

/* draw screen bckgrnd */ 

ct.abar_fcol, ct.abar_bcol, 24, 3); 

draw_albums_prompts(); 

display_albums_fields(); 

void draw_albums_ prompts( void ) 

{ 
Whe lensier 

char tmp[10]; 

write string("Title:", 

Ctra Me ORmpiencOl act. 

write_string("Group:", 

Cia GepEMmptancol a cit. 

write_string("Medium:", 

Ct aeLdep amp tmiic Orme te 

write_string("Date Purchased: / 

Ct ai ldspnmpiGs eg! ct 

write _string("Cost: $ 
ct.fld_prmpt_ fool, (Hee 

write_string("Value: $ 
Clenldsprmpts fool, Mihic 

write_string("Track Song Title", 

ctifldepnmptetcol; ct: 

write_string("Time", 

Cie fhldbprmptancols: ctr 

FOR Chelle = OR Coie? S 7/8 Cala 9) 

{ 
sprintf(tmp, "%@2d:",ctr+1) ; 

write_string( tmp, 
ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 

fld_prmpt_bcol, 

fld_prmpt_bcol, 

fld_prmpt_bcol, 
fens 

.f1ld_prmpt_bcol, 

fld_prmpt_bcol, 

fld_prmpt_bcol, 

fld_prmpt_bcol, 

fld_prmpt_bcol, 

Uekredrs 8 j)F 

continues 
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Listing 13.6. continued 

106: write_string(":" 

107: ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 13+ctr, 61 ); 

108: } 

109: 

110: write_string("Total Album Time: Be a 

nlabe ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 21, 39 ); 

Wl2e 

IE /* Track information */ 

114: 

(Se Ap 

taliGr 

L475) % a ccietathe ita tere me ¢ ee iePeartet " 
118: *  draw_albums_fields() * 

AIR “Woo aoc can Steer ecs Dera af 

120: 
121: void display_albums_fields( void ) 

122e 

123): ame Guelrg 

124: char tmp[4] = { 0, @, 0, O }; /* set to null values */ 
258 char under_40[41] = 

126: series OG Shes ROR EEE he esti er npr 1 tine Si 5 wl atalea th a 
WAVE 

128: write _string(under_40+10, /* 30 underscores */ 
129: Ctmipldeqcol. ect. nt OQebCOl a4 maliom) i. 

130: write_string(under_40+15, /* 25 underlines */ 
iales CunpldetcOl, Ct. nLdnbCOls Ohm 2m) 

126 Pee Solely (hg easel Seeent heamrtel lexi, Tq Ae) je 

OE Wittens UPING (aes (Cut! GagCOlL, aCitend abCOl sO m2OM)). 

134: WiUGens tininG (Cae reC tein LOniCOln CtattOmbCOL, a O.mecm)), 

ISe WritenString( eu. GtatloOet COL mGtialGubCOlesOgscom) = 
136: 

NSE Wig COn SG hing) (aaa Ct at) Gat COM EG tanelC eOCOurrO smal) 
138% Wiplicems tint nG (Gas epee Cte fld GOUT MCites fld ISDCOIM 9450) is 
139% 

140: Meine Seeley k( sy ecto eH, eo ile) level, &)5 th) is 

141: Weitesstimning( se. Cleat) eiCOl iG teh CabCOl tm OhmOoni= 
142: 

143: hole hele Se Cele S 7/3) Ghelptnas) 
144: { 

145: write_string(under_40, 

146: Ctr LdmiCOLwc temlOnDCOLrm13+GtremGm) = 

147: Cece Sealey 

148: Cit LdMhCOlyC Ga pLOMbCOL, slShGtre Som): 
149: PEEL Siena 

150: Cit. “Fld mi COL aC tet LUmbCOM ms St Gun Oem): 
Voi: } 

Wee 

LOS: write string (?s: wy (ct.tldtfcol mot. tid bool, cl, Sv)is 
154: write_string("__", ct.fld_fcol, ctsfld_bcol, 21, 60); 
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1555 

156: 

1575 

158: 

159: 

160: 

161: 

162: 

16S: 

164: 

165: 

166: 

167: 

168: 

169: 

170: 

HWA 

2s 

A7os 

174: 

17d: 

176: 

Wer aes 

178s 

179: 

180: 

181: 

182: 

oor 

184: 

islets 

186: 

187: 

188: 

189: 

190: 

site 

192: 

193: 

194: 

195: 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

wraterstring(™ _—", ct.fld fool, ct. fid.beolss 21,463): 

/*** display data, if exists ***/ 

write_string(albums.title, ct.fld_fcol, ct.fld_bcol, 

write_string(albums.group, ct.fld_fcol, ct.fld_bcol, 

write_string(albums.medium_ code, 

CemulGn,Cols ct. tldubcol., 7, 13) )i5 

strncpy( tmp, albums.date_purch.month, 2 ); 

write string(tmp, ct.fldsfcol; ct.fld_bcol, 9, 

strncpy( tmp+4, albums.date purch.day, 2 ); 

write string(imp,, ct-fildafcol, ict.fld_bcol,;, 9, 

strncpy( tmp, albums.date_purch.year, 2 ); 

write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 

strncpy(tmp, albums.cost, 3); 

writerstring(tmp, ct. fldifcol ct. fldibcol, 9: 

strncpy(tmp, albums.cost+3, 2 ); 

tmp[3] = NULL; 

write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 

strncpy(tmp, albums.value, 3); 

write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 

strncpy(tmp, albums.value+3, 2 ); 

tmp[3] = NULL; 

write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9 

/* song title information */ 
fOR( Ctr —lOmeC tite <7 SaCcintta) 

z 
write _string(songs[ctr].title, 

Cleat ldatcolyeCtatdabcolis 132:Ct, a6.) 

write_string(songs[ctr].minutes, 

et. fld.feol, ct-fid_beol, :13*ctrs 69. )i; 

write_string(songs[ctr].seconds, 
etatidifcol; ct fidsebcolssistctr, 62); 

/* calc total here. */ 

} 
/* finish total count and print here */ 

int get_albums_input_data( void ) 

{ 
int position, 

rv, 
okay, /* used with edits 

b 

41 

45 

61 

65 

| 

af 

continues 
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Ty 

Listing 13.6. continued 
a a onli age oe eas i ee te ee Se a ee 

205: loop = TRUE; 

206: 
207: /* Set up exit keys. */ 

208: static char fexit_keys[ 13 ] = { F1, F3, F4, ESC_KEY, PAGE_DN, 
PAGE_UP, CR_KEY, TAB_KEY, 

209: ENTER_KEY, SHIFT_TAB, 
DN_ARROW, UP_ARROW, NULL }; 

210 

allie static char *exit_keys = fexit_keys; 
alien getline( SET_EXIT_KEYS, @, 12, 0, ®, ®, exit_keys ); 

213 

214: /*** setup colors and default keys ***/ 
PRS? getline( SET_DEFAULTS, 0, 0, 0, 0, 0, @ ); 
Pa\(5)= getline( SET_NORMAL, @, ct.fld_fcol, ct.fld_bcol, 

ilies Ctufldshighaicolsymetsildihagh bcols-O.): 

218: getline( SET_UNDERLINE, @, ct.fld_fcol, ct.fld_bcol, 

Zion Ctiahldshigheicolsctenldahrohebcots 0s): 

220: getline( SET_INS, @, ct.abar_fcol, ct.abar_bcol, 24, 76, 0 ); 

2245 
22en position = 0; 

223% 

224: while( loop == TRUE ) /** *getadatasforstopikfizelds  §**/ 
225K { 

226: switch( (rv = get_albums_data( position )) ) 

227: { 
228: case CR_KEY 

229: case TAB KEY 

230: case ENTER_KEY : 

231: case DN_ARROW : /* go down a field */ 

202: ( position == 30 ) ? ( position = @ ) : position++; 

233): break; 

234: 

235: case SHIFT _TAB : 

236: case UP_ARROW : /* go up a field */ 
PXCVES ( position == 0 ) ? ( position = 30 ) : position--; 
238: break; 
239: 

240: case ESC_KEY : 

241: case F3 : /* exit back to main menu */ 
242: if( (yes_no_box( "Do you want to exit?", 

243: ct.db_fcol, ct.db_bcol )) == 'Y' ) 
244: { 

245: loop = FALSE; 
246: } 

247: break; 
248: 

249: case F4 : /* add data */ 
250: 

Zou: okay = TRUE; 

20a 
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253% 

254: 

255) 

256: 

25 Tas 

258: 

259: 

260: 

261: 

262: 

263: 

264: 

265: 

266: 

267: 

268: 

269: 

270: 

er aie 

aie 

213: 

274: 

21D 

276: 

PNM = 

270% 

279% 

280: 

281: 

282: 

283: 

284: 

235: 

286: 

207% 

288: 

289: 

290: 

291: 

292: 

293: 

294: 

295: 

296: 

297: 

298: 

299: 

300: 

if( strlen( albums.title ) 

{ 
display_msg_box("Must enter a Title", 

CuSeroencolyectrernebcel)e 

position = Q; 
okay = FALSE; 

} 
else 

{ 
/* edit date */ 

} 

if( okay == TRUE ) 
{ 

add_albums data(); 

clear_albums_fields(); 

draw_albums_screen(); 

position = 
} 

break; 

case PAGE_DN : 

position = 30; 

break; 

case PAGE_UP : 
position = Q; 

break; 

case F1: 

break; 

default: 

break; 

0; 

/* help */ 

display _albums_help(); 

draw_albums_screen() ; 

/<Verror / 

display_msg_box( " Error 

ctrerrmetcoly, crnernmabcols)i; 

} /* end of switch */ 
} /* end of while 

he cura (env) ss 

2) 

’ 

/* go to last data entry field */ 

/*#g0) tos fanst datarentry field */ 

continues 
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432 

: int get_albums _data( int row ) 

os 
ale [AWE 

char tmp[4] = { @, @, 0, ® }; /* set to null values */ 

switch( row ) 

1 
case On: 

rv = getline( GET_ALPHA, 0, 4, 12, ®, 30, albums.title) ; 

break; 

case 1 
rv = getline( GET ALPHA, 0, 5, 12, @, 25, albums.group) ; 

break; 

casewcay 

rv = getline( GET_ALPHA, @, 7, 13, @, 2, 

albums.medium_ code) ; 

break; 

case 3 : 

strncpy( tmp, albums.date_purch.month, 2 ); 

rv = getline( GET_NUM, 5 iq, PADS We e245 melden 3Ns 

zero fill field(tmp, 2); 

Wit teCRString (tmp, Ctmt ld nGOl Ct «i: dspCOL On =2O)is 

strncpy( albums.date_purch.month, tmp, 2); 

break; 

case 4: 

strncpy( tmp, albums.date_purch.day, 2 ); 

rv = getline( GET_NUM, 0; 9; 235) Ojeees tmp )s 

Zero fill Siveval(Ghmpyere is 

WRIte SStrIng (kip yectaldenCOlymct, | Ld bCOln Omn2a) 

strncpy( albums.date_purch.day, tmp, 2 ); 

break; 

CaSeeor.. 

strncpy( tmp, albums.date_purch.year, 2 ); 

rv = getline( GET_NUM, Wap Se elt I as salves NS 

ZeROmi i betel (impels 

write_string(tmp, ct.fld_fcol, ct. fid_bcol, 9, 26)% 

strncpy( albums.date_purch.year, tmp, 2 ); 

break; 

Casco, 

strncpy( tmp, albums.cost, 3 ); 

rv = getline( GET_NUM, On 95 410 o, tmp air 
ZChOnpadde fLeld(tmpses)is 

write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 41); 
strncpy( albums.cost, tmp, 3 ); 

break; 



349: 

350: 

Sot 

352: 

353: 

354: 

Siete) 

356: 

S}ev fe 

358: 

359: 

360: 

361: 

362: 

363: 

364: 

365: 

366: 

367: 

368: 

369: 

370: 

italic 

She: 

Bs s 

374: 

SiiASie 

3/65 

iin 

378: 

379: 

380: 

Soll: 

382: 

383: 

384: 

3852 

386: 

387: 

388: 

389: 

390: 

391: 

392: 

393: 

394: 

395: 

396: 

397: 

398: 

Cases 7a: 

strncpy( tmp, albums.cost+3, 2 ); 

rv = getline( GET_NUM, OF 4 OGe Creme. END.) s 
zero fill _field(tmp, 2); 
write_string(tmp, ct.fld_fcol, enroll lexevelh Gl, “1S 
strncpy( albums.cost+3, tmp, 2 ); 

break; 

case’ 8": 

strncpy( tmp, albums.value, 3 ); 

rv = getline( GET_NUM, Me By (ly WW, Se Tele je 

Zeron tile fieldttmps 3))% 

write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 61); 

strncpy( albums.value, tmp, 3 ); 

break; 

case 9 : 

strncpy( tmp, albums.value+3, 2 ); 

rv = getline( GET_NUM, Oy 5 Bg Wl, Be Wier je 

zero_fill field(tmp, 2); 

Whateustring (Mp. ecL. lds fcol, ict.fldebeoll,, 9) 65): 

strncpy( albums.valuet+3, tmp, 2 ); 

break; 

case 10 : 

rv = getline( GET ALPHA, @, 13, 16, 0, 40, 

songs[®].title) ; 

break; 

case 11 

rVe= getline ((GETLNUM, 0, 13; 59.80 ,e2; 

songs[@].minutes) ; 

zero_fill_ field(songs[Q0].minutes, 2); 

write _string(songs[0].minutes, 

iciele) WeCwl, Cie siplkel joyce, asl, ely 

break; 

case 12 : 

rv = getline( GET_NUM, @, 13, 62, 0, 2, 

songs[@].seconds) ; 

zero_fill_field(songs[0].seconds, 2); 

write_string(songs[®].seconds, 
Cli GmnCOl, Cun dno COlmmnicamOe)iy 

break; 

case 13 : 
rv = getline( GET_ALPHA, 0, 14, 16, 0, 40, 

SONGS iileLieLey) 

break; 

case 14: 
rv = getline( GET_NUM, 0, 14, 59, 0, 2, 

songs[1].minutes) ; 

zero_fill_field(songs[1].minutes, 2); 

write _string(songs[1].minutes, 
ct. fild feol, ct. fld.bcol; 14, 59); 

break; 
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Listing 13.6. continued 
eg ee 

399: 

400: 

401: 

402: 

403: 

404: 

405: 

406: 

407: 

408: 

409: 

410: 

411: 

412: 

413: 

414: 

415: 

416: 

417: 

418: 

419: 

420: 

421: 

422: 

423: 

424: 

425: 

426: 

427: 

428: 

429: 

430: 

431: 

432: 

433: 

434: 

435: 

436: 

437: 

438: 

439: 

440: 

441: 

442: 

443: 

444: 

445: 

446: 

447: 

448: 

case 15: 

rv = getline( GET_NUM, @, 14, 625 (O82, 

songs[1]. 

zero_fill field(songs[1].seconds, 2); 

write_string(songs[1].seconds, 

CE ilditcoly ct. itdebcolema4: 

break; 

case 16 : 

rv = getline( GET_ALPHA, 0, 15, 16, 0, 40, 

songs[2] 

break; 

Case livaas 

rv = getline( GET_NUM, @, 15, 59, @, 2, 

songs[2] 

zero fill field(songs[2].minutes, 2); 

write_string(songs[2].minutes, 

ctiildaicolipicte nd bcol to: 

break; 

case 18 : 

rv = getline( GET_NUM, 0, 15, 62, Q, 2, 

songs[2] 

zero fill field(songs[2].seconds, 2); 

write_string(songs[2].seconds, 

Ct loa.col, ect. Gudeocolkens, 

break; 

case 19 : 

rv = getline( GET_ALPHA, @, 16, 16, 0, 40, 

songs[3] 
break; 

case 20 : 

RV = getiline( GET_NUM, @, 16, 595) 0, 2: 

songs[3] 

zero_fill_ field(songs[3].minutes, 2); 

write_string(songs[3].minutes, 

CUntlahicol, ct. fildsbcoik 16; 
break; 

case 21 

A ee oH CETUS (5 IGG 2, Os 2. 

songs[3] 
zero_fill_field(songs[3].seconds, 2); 

write_string(songs[3].seconds, 

Ct fldiicols: ctatld bcolseaie:. 
break; 

case 22: 

rv = getline( GET_ALPHA, @, 17, 16, @, 40, 

songs[4] 
break; 

case 23 : 

rv = getline( GET_NUM, 0, 175.59, @, 2, 

songs[4] 

seconds) ; 

62); 

=f we eel We = 

.-minutes) ; 

59) ; 

-seconds) ; 

62); 

BELLE Lee 

.-minutes) ; 

59s 

.seconds) ; 

62); 

.title); 

-minutes) ; 
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449: zero_fill field(songs[4].minutes, 2); 
450: write_string(songs[4].minutes, 

451: Cte Os; COUymG tent de bDCOle a 7.959) 
452: break; 

453: case 24 : 

454: EVE=agetlane( GET ONUM, = @gmit91O2.60,n2s 

455: songs[4].seconds) ; 

456: zero_fill_field(songs[4].seconds, 2); 

457: write_string(songs[4].seconds, 

458: Cleat de Cols Cini LdsbColeel fms o2)\; 

459: break; 

460: case 25 : 

461: rv = getline( GET_ALPHA, 0, 18, 16, 0, 40, 

462: songs[5].title); 
463: break; 

464: case 26: 

465: rv = getline( GET_NUM, 0, 18, 59, 0, 2, 

466: songs[5].minutes) ; 

467: zero_fill field(songs[5].minutes, 2); 

468: write _string(songs[5].minutes, 

469: Ct TLdeTCol a cte hidebcolwe 13kmg59)): 

470: break; 

471: case 27 : 

472: rv = getline( GET_NUM, 0, 18, 62, 0, 2, 

473: songs[5].seconds) ; 

474: zero_fill_ field(songs[5].seconds, 2); 

475: write_string(songs[5].seconds, 

476: ChittdehColsactat  dsbcolLmmdchmo2):, 

477: break; 

478: case 285; 

479: rv = getline( GET_ALPHA, 0, 19, 16, 0, 40, 

480: songs[6].title) ; 

481: break; 

482: case 29 : 

483: rv = getline( GET_NUM, 0, 19, 59, Q, 2, 

484: songs[6].minutes) ; 

485: zero_fill_field(songs[6].minutes, 2); 

486: write _string(songs[6].minutes, 

487: Clon ldmi Colac an dmbCOL lO; mooi; 

488: break; 

489: case 30 : 

490: rv = getline( GET_NUM, 0, 19, 62, 0, 2, 

491: songs[6] .seconds) ; 

492: zero_fill_field(songs[6].seconds, Py) 

493: write_string(songs[6].seconds, 

494: ct. tidatcolsict.fld_bcoly 195762); 

495: break; 

496: 
497: ecaainat Tay {Ve 

continues 
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Listing 13.6. continued 

AQBi | 

499: 

BOD [Ria am a am a a am a a ee se 

501: * clear_albums_fields() s 
5Q2 Seat aes.:S1SBeRG- =~ - 26h sos 2 8 oie eae soe eee oe eae of | 
503: 

504: int clear_albums_fields(void) 

Be af 

506: ilime Glee 

507: 

508: getline( CLEAR_FIELD, 0, 31, 0, @, @, albums.title ); 

509: getline( CLEAR_FIELD, @, 26, ®, ®, ®, albums.group ); 

510: getline( CLEAR FIELD, @, 3, 0, 0, ®, albums.medium_code ); 

tans getline( CLEAR_FIELD, ®, 2, 0, ®, ®, albums.date_purch.month ); 

BiWVe getline( CLEAR_FIELD, 0, 2, 0, ®, @, albums.date_purch.day ); 

Silas getline( CLEAR FIELD, @, 2, @, @, ®, albums.date_purch.year ); 

514: getline( CLEAR_FIELD, @, 6, 0, 0, ®, albums.cost ); 

eniltsye getline( CLEAR FIELD, 0, 6, 0, 0, ®, albums.value ); 

SiG albums.nbr_songs = Q; 
Salina WOM Keue =e Osis SS rege release. )) 

syle} { 

519: getline( CLEAR_FIELD, 0, 41, ®, 0, 0, songs[ctr].title ); 

520: getline( CLEAR FIELD, 0, 3, 0, ®, ®@, songs[ctr].minutes ); 

Sie getline( CLEAR FIELD, @, 3, 0, 0, 0, songs[ctr].seconds ); 

B22: } 

523: return(Q@); 

524: } 

S250 

526: [*--------------- +--+ 22 eee eee ee ee eee eee e- * 

27.5 aes display_albums_help() * 

S2B i Peele aia = irre en a mm I al pit 
529: 

530: void display albums _help(void) 

5 Siies 

SoZ: Orid @lig (6, al sm5os CteshdWwancolectsbq DColes ss) 

BSS box(10, 15, 20, 60, SINGLE_BOX, FILL_BOX, 

534: ct. help fcol, ct.help_bcol); 
535 

536: write_string( "This is a screen for entering musical", 

537: Ctxhelp fcolyectsnelpabcole tigs2oy):s 

538: write_string( “items such as albums.", 

539: ctahelp fcolssctshelptbcols i2se22 ): 

540: f 

541: write_string( "To exit screen, press <F3> or <ESC>.", 

542: CUsnelpencol, CtwnelpebColemlanmeem)ic 
543: write_string( "Press any key to continue...", 

ore, ct.help_fcol, ct.help_bcol, 14, 22); 
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546: 

547: 

548: 

549: 

550: 

554 

552) 

Dow 

554: 

557: 

558: 

560: 

[See 2 a 2 ee ee a Se ee 

cursor(24, 79); 

getch(); 

} 

he SAS Sg DES Es LEA es Sta en ego ere pee ee Sarena ne Aan oe ee ee a * 

* add_albums data(); * 

Rene cunnSn ee i-miiealleokay = 

su @ - if not all okay 8 

* Note: Titles are not written to file. These x 

bs will be covered on a later day. - 
Pee SN cae Ree i eR na en ey en ram Ste Lath & Nine, Rented anch Male, eps te cand ett x co 

int add_albums_data( void ) 

{ 
int rv = 0; 

Bleep: 

if( (fp = fopen( ALBUMS DBF, "a" )) == NULL ) 

{ 
display_msg_box("Error opening file...", 

Ctr ere tcolarct.ernrnibcol 5 

} 
else 

{ 
if( (fwrite( p_albums, sizeof( albums ), 1, fp )) == 0 ) 

display _msg box("Error writing data...", 

Ci enmenCOl sam Gtm@e ino COlan 

; 
else 

{ 
display_msg box("Record added", ct.db_fcol, ct.db_bcol); 

RV =e 

F 

felose (aap; 

} 
return( rv ); 

} 

/*sesasssasassssasesssssssssssssssaasasssasssssssssasassse* 

* end of listing is 
$e ae ee ee ee eS Se eee SS Se SS Se SSeS SES=SSESSS=====% | 
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This listing is almost identical in functionality to the Group Information listing. 
There is only one subtle difference in the display of the title fields. When the file access 
controls are covered on Day 19, this listing will be equipped with the capability to add 
a variable number of record titles. In this version of the listing, only seven titles can 
be entered. When adding the data with the F4 key, only the album information is 
added; the individual titles are not. Again, this will be rectified on Day 19 when file 

access is covered. 

You should note each of the areas that are affected by the titles. The first area is the 
additional structure in line 47. Because only seven titles are worked with at this time, 
an array is created that will hold only seven. In lines 101 to 108, the prompts for the 

titles are displayed on the screen. Rather than display each individually, a loop is used. 

Similar loops are used in lines 143 to 151 to display the field underlines and in lines 

184 to 193 to display the field values. 

In lines 342 to 354, cases are presented to retrieve the cost of the album. Because the 

cost can be a decimal number, the input is retrieved in two pieces. First, the numbers 
to the left of the decimal are retrieved. This is followed by retrieving the numbers to 
the right. While this works, it isn’t an optimal solution. You should consider 
modifying your getline() function to accept decimal numbers using one of the 
unused option numbers. 

Synopsis: Where Do You Go 
from Here? 

Today, you have covered a great deal of code. While your application is beginning to 
do quite a bit, itisn’t complete. In fact, you have just begun. On Day 14, youwill cover 
menuing, which will help complete your application’s user interface. Day 15 will give 
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your application the capability to work with the data files. On this day your 
application will be almost fully functional; there will still be more to do. Days 16 and 
17 will help bring the application to near completion. Day 16 will aid you in adding 
help to your program. This will include an easy way of providing context sensitive 
help. Day 17 will add the little features that were mentioned in the specification. In 
addition, Day 17 will help you create a screen that will enable the user of a program 
to change the application’s colors. When you complete Day 17, you will have 
completed your application with the exception of testing and reporting. 

Summary 
Today is what can be considered an exciting day. Using all of the functions that you 
have created on the previous days, along with the specification from Day 12, you 

began your application. Before starting, some of the standards for creating an entry 

and edit screen were covered. With these in mind, the code was then presented. First, 

a simplistic menu was presented, which will be replaced on Day 14. After this, you 

were presented with three listings that perform each of the entry and edit windows in 
the specification from Day 12. Detailed analysis helped you understand exactly what 
is going on. 

O&A 
Q Are there different kinds of edits? 

A Yes, three different types of edits are generally performed: pre-edits, post- 
edits, and process edits. 

Q What are the differences among pre-edits, post-edits, and process edits? 

A The pre-edits occur when a field is first entered. A post-edit occurs when 

leaving a field. A process edit occurs when the user is ready to process the 

information on the entire screen. Common pre-edits involve initializations 

and calculations. Post-edits are a more popular edit. They generally validate 

information entered into a field. Process edits ensure all the necessary fields 

are entered in addition to performing edits involving more than one field. 
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Q Should I use my creativity to reuse the available function keys? 

A You should not try to make up your own uses for the keys on the keyboard. 

At the beginning of today’s material, some of the standard uses for keys— 

and the benefits of using them—were presented. If you were to use the Fl 

key to delete a record, many people would inadvertently delete records when 
they tried to get help. (F1 is generally used for help.) 

Q Are there published standards for creating applications? 

A IBM has created standards for creating applications. These standards are 
referred to in its Systems Application Architecture (SAA) documents. IBM’s 

standards for screen interfaces are referred to as Common User Access 

(CUA) standards. Microsoft has also developed standards for developing 

Windows applications. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you've 
learned. 

Quiz 
1. What are some of the benefits that can be gained by following standards— 

even if the standards are informal? 

. What should the F1 function key do? 

. What should the F3 function key do? 

. What should the F5 function key do? 

WMA BX GO N . Ifyou were given a message box that was red with yellow letters, should you 
be concerned? 

6. True or false: A beep can serve several purposes in an application. You can 
have it beep when the application starts, when a record is added, when an 
error occurs, and when the user exits. 

7. What is an easy approach to creating your own entry and edit screens? 
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caged 

Exercises 

1. Add an edit to the Group Information screen. This should be a post-edit for 
the month field. Ifa value is entered, it should be from 1 to 12. Any other 

value should receive an error message. (Keep in mind, if a key such as the 

Escape key or F3 is entered, it should still be processed.) 

. ON YOUR OWN: Add additional edits to the preceding listings. Use your 
own judgment on what edits should be added. Edits can include edits on 
cost, dates, times, and more. 

. ON YOUR OWN: Create an application of your own. Create a contact 
system that contains an entry screen for entering the names, addresses, and 
phone numbers of each person. 

Note: Because Exercise 3 will take you some time, only three exercises are 
presented. On following days, you will only be presented with a few 
exercises. Some of these exercises will ask you to expand on the applica- 
tion you developed today. This application is from Exercise 3. 
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Enhancing the User Interface: Menuing 

‘On Day 13, you created a temporary menu that was somewhat cryptic in regard to 

functionality. While the menu worked, it was prone to having the user enter 

information that was not valid. Today, you'll learn how to create and usea much better 

menu. Today you will: 

(J Learn about adding menus to your application. 

|| Learn some suggestions for creating menus. 

(| Add menus to your application’s front end. 

(| Add a menu to the entry and edit portion of your application. 

What Is Considered a Menu? 
A menu is a list of choices available for selection. These choices can usually be made 
in one of several ways. Figure 14.1 presents a menu along with tags showing various 
ways to select an item. 

Menu Selection Item 

Figure 14.1. A menu. 

The menu in Figure 14.1 is a menu that you will actually create today. This menu is 
like many menus in that it offers several ways of selecting an item. The most obvious 
way of selection is to use the cursor keys to scroll the highlight bar up and down. 
Additionally, the Home and End keys place the cursor on the first or last menu item. 
Each row of the menu, or each selection item, has several other ways that it can be 
selected. The numeric value to the left ofeach option can be used. For example, if you 
press 4, the Exit program option will be highlighted. In addition to the obvious 
numeric value, a mnemonic character can be used. For example, you can type E ore 
to also select Exit program. The mnemonic key used is generally the first letter, or the 
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most descriptive letter of the selection item. The actual selection of an item is made 
by pressing Enter. Additionally, other keys may apply when you are ona menu. In the 
menu presented in Figure 14.1, if the Escape key is pressed, it may act in the same 
manner as if menu selection 4 were selected. 

Expert Tip: In most cases, the mnemonic key is the first letter of the 
menu item. Although it starts with E, when Exit is a menu item, it is a 
common practice to use X as the mnemonic. 

Displaying a Menu 
To display a menu is nota quick process; however, taken in stride, it isn’t too difficult. 
Listing 14.1 presents a function called display_menu(). In this listing, you'll notice 

a lot of similarities to the getline() function that was presented on Day 10. This 

listing will be explained throughout the sections immediately following it. 

Listing 14.1. MENU.C. The display_menu() routine. 

[* ------------------------------------------- +--+ ++ ------ 

MENU.C 

Bradley L. Jones 

Gregory L. Guntle 

Manages a menu on the screen 

* 

* 

* 

* 

row, col - for positioning menu 

box_type - SINGLE _BOX, DOUBLE_BOX or NOBOX 

array of ptrs to the menu items to display 

array is setup this way: 
char *array_name[10] = { "menu item", 

"keys" }; etc. 

nbr_items - number of menu items (incl keys) 

exit_keys - special keys for exit menu 

(FS) etc) 
address to return menu item selected in 

arrow flag - should R/L arrows be used 

do_ shadow - should shadow be displayed? 

Returns: The exit key and modifies one parm to hold the 

selected item. 

ies 

is * Program: 

3: * Authors: 

4: 3 

Ole * > Purpose. 

6: * 

Zz - Enter with: ~ 

8: - 

9: bs 

10: = 

ihe i 

2 sa 

13: x 

14: * 

15. a 

16: * 

We ty 

Gi = 

19: . 

20: te 

Pile ~ 

yp < 

eo * Note(s): The cursor is turned off. Calling function 

continues 
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Listing 14.1. continued 

must turn it back on if it is needed. 

#include 

#include 

#include 

#include PeOlkoyricoul ale 

IPs a a a 

sg (POM, Gouls 

ime Ilole 

char **menu_ptr; 

ChamesEXaie KEYS: 

int nbr_exit_keys; 

He2 SS SS SS SS SS SS SS a SS SS SS 

int display_menu(int, int, 

wines like Ah sie “ge AliMieg ebaie Is 

void rewrite_menu_items(int, int); 

int check_menu_keys(char) ; 

menus. 
cs I A 3 

DISPLAY_MENU: 

This function does the real chore in handling 

int display_menu(int int box_type, 
char **menu, int nbr_items, char *exit_keys, 

int anna Lg; int do_shadow ) 

int i=; 
int menu_pos; 

int old_menu_pos; 
int loop_exit 

/* Maintaining menu selections */ 



int 

int 

int 

int 

cha 

men 

ch; /* Character pressed */ 
max_len = Q; /* max string length in array */ 
temp_len = Q; 

key_found; /* Indicate if key is exit keys */ 
r *ptr_to_ key; 

/* Set Global ptr to menu items */ 
u_ptr = menu; 

row = srow; 
col 

EXI 

nbr 

nbr 

= scol; 

T_KEYS = exit_keys; 

= nbr_items; 

/* number of exit keys */ 
_exit_keys = strlen(EXIT_KEYS); 

Pao Semis SSeS ole oe eS ay 

Calculate string lengths dl] 
Se EE ee EY Pee ir */ 

while( i < (nbr/2) ) 

if 

temp_len = strlen( *(menu+(i*2)) ); 

if(temp_len > max_len ) 

{ 
max_len = temp_len; 

} 
aha 

= nbr_items/2; /* Exclude keys of selection */ 

SPSS Ay ere es OP CR eCNE acai Wer ea ee ee =) 

If Box is needed Draw now i) 
wleiet aisha! Stet Sate: oleae ate een, cme */ 

(box_type != Q@) 

if ( do_shadow == SHADOW ) 

{ 
grid(row, rowtnbr+1, col-3, col+max_len, 

ct.shdw_fcol, ct.bg_bcol, 2); 

} 

box( row-1, rowtnbr, col-2, col+max_len+1, 

box_type, FILL_BOX, ct.abar_fcol, ct.abar_bcol); 

/* Holds comp val for matching keys */ 

continues 
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Listing 14.1. continued 

eos 

124: 

125% 

1258 

NW2Tee 

128: 

129: 

130: 

ake 

o2e 

133: 

134: 

GRE 

SOE 

Aire 

138: 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

ateyl S 

152e 

USE 

154: 

eee 

156: 

oie 

158: 

159: 

160: 

16a: 

162: 

ier} 

164: 

oor 

166: 

iGifee 

168: 

169: 

170: 

ilivadee 

/* Display menu */ 
fon (1=O0s81<nbiry ee) 

{ 
write _string( *(menu+(i*2)), 

ct.menu_fcol, ct.menu_bcol, row+i, col); 

} 

/ Se Haghlaghtaiups temenuentemmsy 
write string( *(menu), ct.menu_high_fcol, 

ct.menu_high_bcol, row, col); 

Ber ctor eet wen rtm cares cece eee et Sam ne ce es tne el ce ee ele x7 

CUES Olen Oita (@) 5 /* TUrn@Oth “CURSO s7/ 

old_menu_pos = 1; /* Track selection prior */ 

menu_pos = 1; ( MViGACKACURHEMitms Cilaaay, 

while (loop_exit == FALSE) 

{ 
if ( ( ch=getch() ) == @ ) 
{ 

/* Scan code so read next byte */ 
ch = getch(); 

switch ( ch ) 

{ 
case HOME: /* goto to TOP of menu */ 

menu_pos = 1; 

rewrite_menu_items(menu_pos, 

old_menu_pos) ; 

old_menu_pos = menu_pos; 

break; 

case END: /* goto LAST menu item */ 
menu_pos = nbr; 

rewrite _menu_items(menu_pos, 

old_menu_pos) ; 

old_menu_pos = menu_pos; 
break; 

case RT_ARROW: /* Is LR Arrow movement allowed ?*/ 
if ( arr_flg == NO_LR_ARROW) 

{ 
/* No - treat like DN ARROW */ 
menu_pos++; 



722 

W733: 

174: 

iWAae% 

176: 

Vein 

iir#axe 

179: 

180: 

qt ty fe 

182: 

183; 

184: 

185; 

186: 

187: 

188: 

189: 

190: 

oe 

192: 

193: 

194: 

195: 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

alae 

2X VPNs 

allio 

214: 

2155 

PAs 

PTE 

PO ltsys 

219: 

220: 

Boils 

case LT_ARROW: 

case DN_ARROW: 

case UP_ARROW: 

if (menu_pos > nbr) 

menu_pos = 1; 

rewrite_menu_items(menu_pos, 

old_menu_pos) ; 

old_menu_pos = menu_pos; 

} 
else 

/* LR movement allowed */ 

loop_exit = TRUE; 

} 
break; 

/* Is LR Arrow movement allowed ?*/ 

if ( arr_flg == NO_LR_ARROW) 

{ 
menu_pos--; 
if (menu_pos < 1) {/* At end) 2? */ 

menu_pos = nbr; 

rewrite _menu_items(menu_pos, 

old_menu_pos); 

Old_menu_pos = menu_pos; 

} 
else 

{ 
/* LR movement allowed */ 
loop_exit = TRUE; 

} 
break; 

/* Move DOWN one menu selection */ 
menu_post++; 
if (menu_pos > nbr) 

menu_pos =-1; 

rewrite_menu_items(menu_pos, 

old _menu_pos) ; 

old_menu_pos = menu_pos; 

break; 

/* Move UP one menu selection */ 

menu_pos--; 
if (menu_pos < 1) jee 7Ne Ciael fe &y/ 

menu_pos = nbr; 

rewrite_menu_items(menu_pos, 
old_menu_pos) ; 

old_menu_pos = menu_pos; 

break; 

default: loop_exit = check_menu_keys(ch) ; 

if ( loop_exit == FALSE ) 

continues 
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Enhancing the User Interface: Menuing 

Listing 14.1. continued 
SATA NCIS DT = rp we SPR ae Se eS 

eoe. { 
223: /* key a valid exit key ?*/ 

224: boop(); 
225: } 
226: break; 

pif: } /* end of switch */ 
228: } fet TYqlek Ghe Else // 

229: else 

230: 
EK) = switch ( ch ) /* test for other special keys */ 

232: { 

233: case CR_KEY: loop_exit = TRUE; 
234: break; 

235: 

236: case. ESCRKEY= 42 #iSmESGAKENealiy CXa- ta KeVir ay 

2305 

238: i = Q; 

239: while(i < nbr_exit_keys && !loop_exit) 

240: { 

241: if ( ch == EXIT_KEYS[i++]) 
242: { 

243: loop_exit=TRUE; 

244: } 
245: } 
246: 

247: if( !loop exat.) 

248: { 

249: boop(); 
250: } 

oils 

202) break; 
253: 

254: default: /* Search thru valid keys on Menu items */ 

200! i=0; 

256: key_found = FALSE; 

25a: while (i<nbr && !key_ found) 
258: { 

259: ptr_to_key = strchr(. *(menu+(i*2)+1), ch ); 
260: if (!ptr_to_key) 
26ih: { 

262: /* Not found - look at next one */ 
263: itt. 

264: } 

265: else 
266: 

267: /* found key - exit */ 
268: key_found=TRUE; 
269: } 

270: } 
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314: 

cone 

319: 

320: 

if (!key_found) 

{ 
boop(); 

} 
else 

{ 
/* Found letter - position menu sel */ 

menu_pos = it; 

rewrite_menu_items(menu_pos, 

Old_menu_pos) ; 

old_menu_pos = menu_pos; 

} 
break; 

} /* end of switch */ 
} /* end of else */ 

} /* end of while loop */ 

*sel = menu_pos; 
return(ch); 

} /* end of subroutine display_menu */ 

[fee EE ee nS Re ee fe a a. EE ne, fee ee ee ee ee ee, * 

* function: rewrite_menu_items() * 
* * 

* This subroutine redisplays the menu items. = 

* The previous selection in NORMAL colors % 
* and the new selections in HIGHLIGHTED colors. * 
Lat hes ater Re SA aes, Seep sent Ose, Bape at nen pe, eon: Yale Seer I ay 

: void rewrite_menu_items( int new_pos, int old_pos ) 

{ 
/* rewrite last selection - normal colors */ 

write_string( *(menu_ptr+((old_pos-1)*2)), 

ct.menu_fcol, ct.menu_bcol, 

rowtold pos-1, col); 

/* Now rewrite new one w/selections color */ 

write_string( *(menu_ptr+((new_pos-1)*2)), 

ct.menu_high_fcol, ct.menu_high_bcol, 

rowtnew_pos-1, col); 

} 

/* ee eee I ES REAPS ERE, ISR OE Eee eee ee Ma: * 

* function: check_menu_keys() 
* 

continues 

IS 
PUBLISHING 
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Enhancing the User Interface: Menuing 

Listing 14.1. continued 
a nites Be a” oa cena =| ea 2 ee ee 

321: * This subroutine checks the key pressed against * 

322: * a list of keys that can end the procedure. * 

323: * It receives the key pressed and returns TRUE e 

324: * if key is in the list, else FALSE if not in x 

C25n el ISTE, 

BYYAR SES Sh 6 5 ae Oo Oi IS SY I i Zi 

327: 
328: int check_menu_keys(char key_pressed) 

329: { 
330: /* return a true or false to return_code */ 

331: int return_code=FALSE ; 

332: int loop_ctr = 0; 

333: 

334: while ( loop ctr < nbr_exit_keys && !return_code) 

335: { 
336: if ( key_pressed == EXIT_KEYS[loop_ctr++]) 

337: { 
338: return_code=TRUE; 

339: } 
340: } 

341: 

342: return(return_ code) ; 

343: } 

The display_menu() function includes several headers. You should notice that 

two local header files are included in the listing rather than just the TYAC.H 
header that you have seen in most of the functions presented so far. The new 

header is COLORTBL.H. This is a header file that contains a color table structure that 
is almost identical to the structure in RECORD.H from Day 13. Listing 14.2 presents 
the COLORTBL.H header file. 

Listing 14.2. COLORTBL.H. The color table. 

* Filename: COLORTBL.H 
* 

* Author: Bradley L. Jones & Gregory L. Guntle 
* 

* Purpose: Header file for color table definition 

las 

Ze 

3: 

4: 

oe 

6: 

ila 

8: 

9: #ifndef — COLORTBL 

10: #define — COLORTBL 
ihe 

UE eI I NTS OH a z 
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Ades 

ils * color table a 
Ae Rice aie as fale iia 5 eee * / 
153 

16: struct color_table 
ce yg) 

iS anit DG eteol = /* background */ 
19: int bg_bcol; 

20: 

ae int fld_prmpt_fcol; (eile lo spiROmpite =, 

Pape int fld_prmpt_bcol; 

23: 

24: ites tedatcols (sinus Le lds sy 
25: Int} wld obeol: 

26: 

Qin ante sfldshagh=teols /* highlight character */ 

28: int fld_high_bcol; 
29: 

30: sMoke amen Keyoike / *SScheenet stl es %/ 
31: one Geek loyexeelis 

32: 

33: int abar_fcol; / SaAGevon bares. Dotcom / 

34: int abar_bcol; 

35 

36: int menu_fcol; (EM Mentietexteaty 

SHAS int menu_bcol; 

38: 

39: int menu_high_fcol; /* Highlighted menu line */ 

40: int menu_high_bcol; 

41: 

42: Tht ehhemco ll: (Pare ROE Ay) 

43: UN iG flee COM, 

44: 

45: anit mdbenCoOl: /* dialog box & msg box */ 

46: int db_bcol; 

47: 

48: Int panel pencol: /> help box colors */ 

49: int help _bcol; 

50: 

Sas int shdw_fcol; /* shadow color */ 
Syn ARG 

53: 

[syshee EA Ce rskS caer cane Speier AeA Rech IRIS Ca CR Rai * 

55: * extern declarations for global variables * 

56: rad a joo a foe im oni oo homie a= aad) Sanne hs hae =i 

Siar 

58: extern struct color_table ct; 

Soe 
60: #endif ‘ 

Ce ae een ee eee eS 
62: * end of header “i 
63: *$ennnseeene nasa Sasa aaSSS SSeS SSeS SSeS Sess ssssssseeaaaas* / 

ee thee a AT ec aa neh Ie oA rrr 
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As you can see, this listing is just the color table. The inclusion of four more color 

variables has been made to the color table. These are in lines 36 to 40. The values stored 

in these variables will be used in drawing the menu (menu_fcol and menu_bcol) and 

highlighting the currently selected menu item (menu_high_fcol andmenu_high_bcol). 

You may wonder why the RECORD.H header file was not included instead of the 

new COLORTBLH header file. While the RECORD.H header file already had a 

color table structure, italso contains structures that are specific to the Record of Records! 

application. The display_menu() function will be added to the library. In any 

applications that use the display_menu() function, the color table will need to be 

included. The other structures that are included in the RECORD.H header file will 

not be needed by other applications; however, the color table will. By moving the color 
table into its own file, it can be included wherever needed. 

Tip: Remove the color table structure from your RECORD.H file 
and include the COLORTBL.H header instead. You can include the 

color table header file in the RECORD.H header file. 

The Parameters for the 

display_menu() Function 
The display_menu() function can be reviewed starting at the top. Like most of the 

functions presented in this book, the display_menu() function’s listing starts with 

several lines of comments. You should pay special attention to lines 7 to 18, which 
display information on each of the parameters that will be received by the function. 

The first two values that will be received by the display_menu() function compose the 
position for the menu. As you will see later, these are the coordinates where the text 
in the first menu selection item will be positioned. The surrounding box will be offset 
from this position. The box types have already been defined in your TYAC.H header 
file with the exception of NOBOX. You should add a type definition for NOBOX. Set it to 
a value other than those already used by the other box type definitions. 

The fourth parameter is a pointer to a pointer called menu. You can cross-reference this 
variable to the beginning of the function in line 65. The menu pointer is used to point 
to an array of strings. These strings should contain the selection items that will be 
presented in the menu. Every other item in the array should contain a string with the 
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escape keys. Following is an example of an array that has been created to be passed in 
the menu parameter: 

char *menu[10] = { 

"1. Musical Items cage anni AIT hans 

"2. Group Information", "2Gg", 

"3. Medium types Oy etsee i oar 

"4. Reporting be is 

"5. Exit System Se OEC wee ps 

As you can see, the first item is a menu selection item option. The second is the 
selection keys, or mnemonics, that will place the highlight on the given option. In this 
example, the menu will have five different options, each with its own set of mnemonics. 

The fifth option contains a number stating how many items are in the menu array. 
In the previous example, there were 10 items in the array—five menu items and five 
sets of selection mnemonics. This number is needed by the menu program to know 
how large the menu array is. If the menu program didn’t receive this number, it 

wouldn’t know where the end of the menu array is. 

SEC) Ss ee DON’T 
DON’T forget the mnemonic strings. 

DO remember to pass the total of both the menu selection items and the 
mnemonic strings in parameter five. 

The next item is a character array similar to one seen in the getline() function. This 

is the exit_keys array that contains the keys that will cause the menu program to end. 

An example of an exit key array would be: 

char MENU_EXIT_KEYS[MAX_KEYS] = {F3, F10, ESC_KEY}; 

For the menu that uses this array, the F3 key, F10 key, and Escape keys will all cause 

the menu to return to the calling program. In addition, the Enter key will also work. 

In fact, the Enter key is defaulted to always work. 

The next parameter is a pointer to an integer. This integer, called sei in line 67, will 

be used to store the number of the final menu selection. Each selection item is given 

a number starting with one for the top item. When a selection is made or when an exit 

key is pressed, the value of se1 will be filled with the currently highlighted item. 

The last two parameters are flags. First is the arrow flag, arr_f1g, which informs the 

display_menu() program whether the left and right arrows are to be used as exit keys. 
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When working with action bars on Day 15, you'll find that it is advantageous to treat 

the arrow keys as special exit keys. Ifa single menu is being used, then this flag should 

be turned off so that the arrow keys won’t exit the menu. Defined constants should 

be added to your TYAC.H header file to be used for this parameter: 

#define NO_LR_ARROW ®@ /* Are Left/Right allowed to exit menu */ 

#define LR_ARROW 1 

The last parameter, do_shadow, takes a similar value. It, however, is used to determine 

whether a shadow should be placed on the box containing the menu. Again, defined 

constants can be added to your TYAC.H header that can be used for this parameter: 

/* Menu shadow options */ 
#define SHADOW 1 

#define NO SHADOW 1) 

Warning: The listings presented later assume that you have added the 
previous type definitions to your TYAC.H header file. 

In addition to these parameters, there are several other values that are declared globally 
for the display_menu() function to use. Line 36 has a definition for the external color 

table. You will need to set up a color table in any program that is going to use the 
display menu function. Lines 42 to 46 declare global variables that will be used to hold 
copies of some of the parameters to avoid losing their values while processing the 
menu. In addition, these global variables will give all the functions in the listing access 
to necessary information. 

q Warning: You must set up a global color table structure called ct in any 
_ programs that call display_menu(). a oe 

Several local variables are also declared within the display_menu() function in lines 
69 to 77. The comments included in the code detail what these do. If no comment 
is included, then they will be covered as they are used in the function. 

The display_menu() Function 
The actual display_menu() function begins in line 65 of Listing 14.1. The function’s 
processes begin in lines 84 to 90 with some of the parameter variables being copied 
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to local variables. Lines 96 through 104 determine the length of the longest menu 
selection item. This number, which will be stored in max_len, will be used to 
determine how wide to draw the menu box. In line 98, the length ofa menu selection 
item is determined. The menu selection items are retrieved using the parameter menu. 
Don't forget that menu is a pointer to an array of strings. his means that dereferencing 
the value of menu produces a string. If you add 0 to menu and then dereference it, you 
get the first string in the array. If you add 1 to menu and dereference, you get the second 
string. Because menu contains both selection items for the menu and mnemonic 

strings, you will only want to check the length of every other item. The multiplication 
of i by 2 does just this. 

Line 106 resets the value stored in nbr to the number of selection items on the menu 

instead of the number of items in the menu array that was passed in. The nbr variable 
will be used throughout the rest of the listing. 

Lines 108 though 138 draw the menu on the screen. Line 112 checks to see if a box 

is to be drawn. If so, then line 114 determines if a shadow should also be drawn. Ifa 

shadow is to be drawn, then the grid() function is used. Line 120 then draws the box 

with the appropriate boarder. The menu box is drawn in the same color as the action 

bar. You should note that the row and column values passed to display_menu() are 

used to position the text. Because of this, the box is drawn outside of this position. In 
line 120, you should be able to see that the box is drawn with one row above and below 
the selection items. In addition, the box is drawn two columns to the left of the 

position provided. This gives sufficient border room within the menu. Lines 128 to 
133 display each of the menu selection items that were provided in the menu array. 
Again, notice that every other element of the menu array is printed by adding an offset 
times two to menu. The final step to drawing the initial menu is to highlight the first 
item on the menu. This is done in line 136 by rewriting the first item in the menu 

highlight colors. 

Note: You'll need to compensate for the box position when passing row 

and column values to the display_menu() function if you are displaying a 

re be to display a box, then the text will be in the row and 

Now that the menu is drawn, you are almost ready to give control to the user just as 

you did with getline() on Day 10. Because a cursor is not needed for menuing, line 

141 turns the cursor off, Line 142 saves the current menu position and the prior menu 

14. 

»* 
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position. Because the menu has not been used yet, both values are set to the first menu 

item, 1. With this completed, a while loop is started that will process until the user 

exits the menu. 

Line 147 gets a key hit from the user with the getch() function. If the value retrieved 

is equal to 0, then a scan code was entered. Lines 148 to 228 process the scan codes. 

If a non-scan code key was entered, then the else in lines 229 to 287 is called. 

Processing the Menu Scan Codes 
Ifa scan code was entered, then getch() must be called a second time to see what the 

scan code is. This is done in line 150. A switch statement is then used to determine 

the appropriate processing for the scan code (lines 151 to 227). Several scan keys have 
special processing. If one of the special scan keys is not pressed, then a default case, in 
lines 220 to 226, is called that checks to see if the scan key is a valid exit key. This is 
done using the check_menu_keys() function in lines 318 to 343. This function is 

virtually identical to the exit key function that was in getline(). 

The Menu and the Home Key 

The Home key positions the highlight on the first menu item. This is done by setting 
menu_pos to 1, then calling the rewrite_menu_items() function, and finally setting the 

old menu position, 0ld_menu_pos, to the current menu position, which is 1. 

The rewrite_menu_items() is used by many of the scan codes. This function is 

presented in lines 297 to 316. The rewrite_menu_items() function takes the new 

position, new_pos, and the old position, 0ld_pos. The purpose of this function is to 
remove the highlight from the old position and highlight the new position. This is 
done by calling write_string() for each. Line 308 calls write_string() to remove 

the highlight from the old option. The old option is rewritten on the menu in the 
normal menu colors, menu_fcol and menu_bcol. Don’t be confused by the string that 
is passed to write_string() as the first parameter. This is the same information that 
you have seen previously in drawing the menu: 

*(menu_ptr+((old_pos-1) * 2)) 

This is simply an offset into the menu items array that was mentioned earlier. menu_ptr 
is a global variable set to point to the array of strings. Starting from the middle, this 
code is easy to follow. The old menu position is converted to a 0 offset by subtracting 
1. This is then multiplied by 2 because only every other item in the menu array isa 
menu selection item—don’t forget you need to skip the mnemonics. This determines 
the offset that needs to be added to menu_ptr and then dereferenced to get the 
appropriate menu selection item string. 



The second write_string() inline 313 works in the same manner. Instead of writing 
the selection item in the normal menu colors, the highlight colors are used. 

The Menu and the End Key 
The End key works just the opposite of the Home key. The new menu position is set 
to the last menu item, which is now stored in nbr because it was divided by 2 in line 
106. This new position is then passed along with the old menu position to the 
rewrite_menu_items() function to update the menu. The old position is set to the 
new position, and the menu processing continues. 

The Menu and the Arrow Keys 

The right and left arrow keys may either exit the menu program or work in the same 
manner as the up and down arrow keys. This is based on the arr_f1g argument that 

was passed to the display_menu() function. In line 168, the arr_f1g is checked to 

determine if the arrows are supposed to exit the program. If the arrows are disabled 
in regard to exiting, then the if is executed. If the right arrow is used, the menu 
position will be incremented by one. The new position will be checked to ensure that 

it has not scrolled off the bottom of the menu. If the new position is off the menu, then 

the position will be reset to the first menu item (lines 171 and 173). For the left arrow 

key, the menu position is decremented and set to the last position if needed (lines 188 

to 190). The process is completed by calling the rewrite_menu_items() function and 

updating the old menu position. 

If the right and left arrow keys are set to exit, then the else statements are executed 

in lines 178 to 182 for the right arrow, or lines 195 to 199 for the left arrow. In these 

cases, the flag to exit the loop, loop_exit, is set to TRUE so that the while statement 
processing the menu will end. 

The up and down arrows work in a manner identical to what was described for the 

right and left arrow keys. The only difference is that the up and down arrows do not 

have the exit options. They simply increment or decrement the current menu 

position, check to see that the new position is still on the menu, call 

rewrite _menu_items(), save the old menu position, and exit back to the menu. 

Processing the Non-Scan Code Menu Keys 

Anon-scan key can be one of only a few keys. Either the key will be the Enter key, the 

Escape key, or an alphanumeric character. If the Enter key was pressed, then line 233 

will set the looping flag, 1oop_exit, to TRUE so that the while loop will end. 
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Ifthe key pressed was the Escape key, then a check is done to see if itis an exit key (lines 

238 to 244). If the Escape key is an exit key, then the loop_exit flag is set to TRUE. If 

the Escape key is not an exit key, then the loop_exit key will still be FALSE. This will 

cause line 248 to execute the boop() function. 

In the case of any other non-scan code value, the default case in line 254 is executed. 
Lines 256 to 270 are similar to the search done for an exit key. The difference is that 
instead of searching the exit key array, the mnemonic strings in the menu selection 
items array are searched. Each string of mnemonic characters is checked using the 
ANSI strehr() function. This function checks to see if the character the user entered, 

ch, is in the mnemonics string for each menu selection item. If it isn’t, strehr() 

returns a NULL value. Line 260 checks to see if the character was found. If it wasn’t, the 
next mnemonic string is checked. If it was, then the while loop is ended by setting a 
flag, key_found, to TRUE. 

Once all the mnemonic strings are checked, or when the entered character is found, 

the program continues on. If the character wasn’t found, then line 274 beeps the 
computer using the boop() function. If the character was found, then the menu 
position is setand the menu items are rewritten using rewrite_menu_items(). Control 

is then returned to the menu. 

Final Notes on display_menu() 

Once the user ends the menu, lines 291 and 292 are performed. Line 291 sets the value 

in the display_menu() selection parameter to the current menu position. Line 292 

then returns the last key that was pressed to the calling program. 

Using the display_menu() Function 
With all of the previous description, you should be raring to use the display_menu() 
function. Before adding it to the Record of Records! program, you should look at it 
being used in a simpler program. Following in Listing 14.3 is a program showing 
exactly how to use the display_menu() function. 

Listing 14.3. TESTMENU.C. A test program for 
display_menu(). 

Wa /* Program: testmenu.c 

2 * Author: Bradley L. Jones 

3 * Gregory L. Guntle 
4: * Purpose: Demonstrate the menu function. 
5: *#sSSSSsSsSssasssSassSSaSasasseSSeS5e--S5-255==5===-==---~ ~~~ / 

6: 
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SAMS 
PUBLISHING 

#include <stdio.h> 

#include "tyac.h" 

#include "colortbl.h" 

char *main_menu[10] = { 

"1. Musical Items SeanNM re 

"2. Group Information", "2Gg", 

"3. Medium types pero eas 

"4. Reporting yo aR 

"5. Exit System ng) DECI ys 

char MENU_EXIT_KEYS[MAX_KEYS] = {F3, F1@, ESC_KEY}; 

struct color table ct; 

void initialize _color_table(void) ; 

int main() 

{ 
LITE IVs 

int menu_sel=0; 

initialize _color_table(); 
clear_screen( ct.bg fcol, ct.bg bcol ); 

rv = display_menu(10, 30, DOUBLE BOX, main_menu, 10, 

MENU _EXIT_KEYS, &menu_sel, NO LR ARROW, 

SHADOW) ; 

cursor( 20, 0 ); 
printf("\nSelection = %d \n", menu_sel) ; 

printf("Char to exit = %x (hex)\n", rv); 

cursor_on(); 

return(®Q) ; 

[* ey Seen ee Re CRORE ERIC IST CROCK ETE CMEC COLOR METI Pa arr amr mea I eR COREY * 

* initialize color_table() 
* 

* Set up global color table for rest of application 

void initialize _color_table( void ) 

{ 
ct.bg fcol = YELLOW; 
ct.bg bcol = BLUE; 

ct.fld_prmpt_fcol = CYAN; 
Ct. fld_prmpt_bcol’™= BLUE; 

continues 
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Listing 14.3. continued 
a ee ee eee 

Anal 

Cis 

Cle 

Cite 

Ci. 

ct. 

(Her 

ct. 
ct. 

ct. 

ct. 

ct. 

ct. 

ct. 

ct. 

ct. 

ct. 

ct. 

Gite 

ct. 

While the display_menu() function was complex and long, using it isn’t too 
difficult. As you can see, half of the TESTMENU.C listing is used to set up the 
color table with the colors to be used. This is done in a function called— 

ipl! TM@eul, = 
fldebcol 

fld_high_f 
fld_high b 

titel ee Ol 

title DCole 

abar_fcol 

abar_bcol 

menu_fcol = 

menu_bcol 

menu_high_fcol 

menu_high_bcol 

Chiancol 

err_bcol = 

db_fcol = 
db_bcol = 

help_fcol 
help_bcol 

shdw_fcol 

BRIGHTWHITE; 

BLUE; 

col = YELLOW; 

col = BLUE; 

BRIGHTWHITE; 

BLACK; 

BLACK; 
= WHITE; 

BLACK; 
= WHITE; 

BLUE; 
CYAN; 

YELLOW; 
RED; 

= YELLOW; 

= GREEN; 

BLACK; 

~ Geoup Tatsraatisn 
» fediun types 
~ Reporting 
~ Exit 2 

Xu 
ins. 



initialize_color_table() in lines 43 to 85. This function is almost identical to the 
function presented on Day 13 in the RECOFREC.C listing. 

Expert Tip: You should notice that the menu foreground color, 
menu_fcol, and the menu background color, menu_bcol, are set to the 
same colors as the action bar. This is a common practice. 

In lines 8 and 9, you see the TYAC.H header file being included for your library 
functions, and you see the COLORTBL.H header file being included for the color 
table structure. Lines 11 to 16 contain the menu structure with the mnemonic keys. 
This structure will be passed to the display menu function. Line 18 sets up the exit keys 
for the menu. The last couple of lines before the program start declare a color table, 
ct, and provide a prototype for the function that will be used to initialize the color 
table. 

The main() function begins in line 24. This function sets up the color table, calls the 

menu, prints a couple of lines, restores the cursor, and ends. This is a small amount 

of code when you consider all the program does. The reason for the small amount of 
code is because of the power of the display_menu() function that you have created. 

You should review the call to the display_menu() function in line 32. As you can see, 

this menu will be placed with the text starting in row 10 and column 20 (the first two 
parameters). The menu will be in a box with a double-lined border (third parameter). 

The main_menu pointer, declared in lines 11 to 16, will be passed in the fourth 

parameter. Because this array has 10 elements, the number 10 is the fifth parameter. 
This is followed by the name of the exit key array, which was declared in line 19. The 
selection that is chosen will be filled into the next parameter, which is the local integer, 

menu_sel. Notice that the address of the menu_sel variable is passed because 

display_menu() is expecting an address. The last two parameters are NO_LR_ARROW and 

SHADOW. These tell display_menu() that the left and right arrows shouldn’t exit the 

menu. Additionally, the menu should havea shadow. When you run the program, you 

should use the left and right arrow keys to see what they do. 
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Lines 37 and 38 print information that can be determined aftera call to display_menu(). 

Line 38 prints the returned value from the function. This is printed in hexadecimal; 

however, you may choose to print it in decimal by changing the x toad in the printf (). 

You will find that this value should match one of the exit keys that you set up or the 

value of Enter. Line 37 prints the value that display_menu() placed into the seventh 

parameter, menu_sel. This will be the number of the option that was highlighted when 

the user exited the menu. 

Adding a Menu to Record of Records! 
Now that you have seen a menu in use, you should be ready to use them in your 
applications. The Record of Records! application would be a good place to begin. 
Following is Listing 14.4. This is a replacement for the RECOFREC.C listing 
presented in Day 13. Instead of the cryptic menu provided on Day 13, this listing uses 
the display_menu() function. 

Note: You should replace your RECOFREC.C listing with 
Listing 14.4. 

Listing 14.4. LIST1404.C. A new Record of Records! 

We 

2: * Filename: RECofREC.c 

3 & RECORD OF RECORDS - Version 1.0 
4: id 

St * Author: Bradley L. Jones 

6: Gregory L. Guntle 

ves Ey 

Si * Purpose: Allow entry and edit of medium codes. 
9: = 

10: * Note: Assumes 8@ columns by 25 columns for screen. 
1 1 *#emSS SSS SSsssSSaesSSSSSSassSsSae See == = = = = = = 

WF 

13:  #include <stdio.h> 
nae #include <conio.h> /* not an ANSI header, used for getch() */ 
15: #include <string.h> /* Tor strlen() */ 
16: #include <ctype.h> 

17: #include "tyac.h" 

18: #include "records.h" 
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#include "“recofrec.h" 

void initialize _color_table( void ); 

i 

i 

i 

c 

Cc 

i 

while( cont == TRUE ) 

{ 

uct color_table ct; (color tablen*/ 

a 

main() x 
=S=SS=SSSSSS SSS SS SSS S525 55552555555 >=S 2552255 255 == === * if 

n() 

nt rv = 0; 

nt cont = TRUE; 

nt menu_sel = Q; 

har *main_menu[10] = { 

"1. Enter Musical Items oe A Mm 

"2. Enter Medium Codes 5 PAG oe 

"4. Reporting fe fe oer 

"5, EXit System fs eo COU Xcaaaer ts 

5] 

5 

"3. Enter Group Information ", "3Gg", 

5 

5] 

har MENU_EXIT_KEYS[MAX_KEYS] = {F3, F10, ESC_KEY}; 

nitialize color _table(); 

/* loop in temp menu */ 

draw_borders(" RECORD of RECORDS! " ); 

write_string( "Help", ct.abar_fcol, ct.abar_bcol, 1, 3); 

rv = display_menu(1®, 27, DOUBLE BOX, main_menu, 10, 
MENU_EXIT_KEYS, &menu_sel, NO_LR_ARROW, 

SHADOW) ; 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 
case CR: 

switch( menu_sel ) 

{ 

continues 
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Listing 14.4. continued 

TALE 

VE 

132 

74: 

os 

TAS 

files 

// 

// 
// 

case F3: 

case ESC KEY: 

case F1Q: 

default: 

case 1: /* Menu option 1 */ 

cursor_on(); 

do_albums_screen() ; 

break; 

case 2: /* Menu option 2 */ 

cursor_on(); 

do_medium_screen() ; 

break; 

case’ so.) Menu OpETOneS 7 
cursor_on(); 

do_ groups _screen(); 

break; 

case 4: §/* Reporting */ 

boop(); 
boop(); 
break; 

case 5s) /* exaites/ 

cont = FALSE; 

break; 

default: /* continue looping */ 

boop(); 
break; 

} 
break; 

( SexXctungs </ 

/* could display ‘Are you sure message' */ 
cont = FALSE; 

break; 

/-wactwone balsa ty 
rv = do_main_actionbar(); 

if( rv == F3 ) 

cont = FALSE; 

break; 

boop(); 
break; 

/* clean up screen for exit */ 



120: 

121; 

1225 

123: 

124: 

125% 

126: 

AQT: 

128: 

129: 

130: 

glehi | 

132: 

133: 

134: 

istoys 

136: 

Lowe 

138: 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

1OOR 

aie 

152% 

15o 

154: 

155% 

156% 

eyes 

ifeyese 

159: 

160: 

161: 

162: 

163: 

164: 

1655 

166: 

NG 

168: 

169: 

vo 

{ 

clear_screen( BRIGHTWHITE, BLACK ); 

cursor_on(); 

cursor(0,Q); 

repeat_char(' ', 80, YELLOW, BLUE ); 

write_string( "Thank you for using RECORD OF RECORDS!", 

YEEEOW Si BLUE SO), #2 ee) 
return Q; 

Ss otal al ele eat ee I ra. a eM os op ae PE chor thal Awa p ona Ghehereye acy atch eh hel apa So beeen Sua * 

draw_borders() x 
Fal eo an oe, pee eee cei, =. ee Se on Be San as A eS hole aba cw Seaee Bache a ek ks <7] 

id draw_borders(char *title) 

int col=0; /* used to center title */ 

clearescrecn() Ge. bgnncol, ct. bg bcol™) * 

col = (( 80 - strlen(title)) / 2 ); 

WitteCusStrang (strc ley ect, teleiCOlm ClnttleDCOM. sO. Colm): 

cursor(1,Q); 

repeat_char(’ ', 8@, ct.abar_fcol, ct.abar_bcol ); 

cursor (24,0); 

repeat_char(' ', 8, ct.abar_fcol, ct.abar_bcol ); 

void display_msg box(char *msg, int fcol, int bcol ) 

{ 
char *saved_ screen = NULL; 
saved screen = save_screen_area( 11, 15, 19, 60 ); 

grid( 12, 15, 19, 59, ct.shdw_fcol, ct.bg_bcol, 3 ); 

box(11, 14, 20, 60, SINGLE_BOX, FILL_BOX, fcol, bcol); 

write _string( msg, fcol, bcol, 12, 23 ); 

write_string( "Press any key to continue...", 

COL DCO malo oun) is 

cursor _off(); 

getch(); 

cursor_on(); 

restore_screen_area(saved_screen) ; 

continues 
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: char yes_no_box(char *msg, int fcol, int bCoL)) 

{ 
char ch; 

char *saved_screen = NULL; 

saved screen = save_screen_area( 11, 15, 19, 60 )s 

grid( 12, 15, 19, 59, ct.shdw_fcol, ct.bg_bcol, 3 ); 

box(11, 14, 20, 60, SINGLE_BOX, FILL_BOX, fcol, bcol); 

write _string( msg, fcol, bcol, 12, 23-); 

write_string( "Enter (Y) or (N)", fcol, bcol, 13, 23 ); 

CUES OO fate) 

ch = getch(); 

ch = toupper(ch) ; 

while( ch != 'Y’ && ch != "N® ) 

{ 

} 
ch = toupper( getch() ); 

CURSOREONIO) is 

restore _screen_area(saved_ screen) ; 

return(ch) ; 

Function: zero_fill field(); * 

Purpose: Right justifies a character array and then* 

pads the left side with zeros. (Assumes - 

that the field is NOT null terminated. ) = 

Returns: # of zeros used to pad field = 

-1 if field too large (longer than 20 ) * 

® if field is blank (not padded) x 

: int zero_fill_field( char *field, int size ) 

7 { 
inteecti, 

pads = Q; 

char tmp[20]; 

1f( size > 20 ) 

{ 
pads = -1; / Si Leldetoonlonge sy) 



} 
else 

if( strlen(field) == @ ) 

sf 
pads = Q; /* leave blank fields blank. */ 

} 
else 

{ 
pads = size - (strlen(field)); /* How many @s? */ 

for( ctr = 0; ctr <= pads; ctr+tejeya paditmp field */ 

tmp[ctr] = 'Q'; 

/* copy original info to end of tmp field */ 
strncpy( tmp+pads, field, strlen(field)); 

/* replace original field with padded tmp */ 
strncpy(field, tmp, size); 

} 

return(pads) ; 

} 

| net bent eh = eee oe ates et al ik ek RAS Rae ke AS mae mes abe ek seas 

* initialize color table() 
* 

* Set up global color table for rest of application 

: void initialize _color_table( void ) 

ct.bg fcol YELLOW; 

ct.bg bcol = BLUE; 

ct.fld_prmpt_fcol = CYAN; 
ct.fld_prmpt_bcol = BLUE; 

ct.fld_fcol = BRIGHTWHITE; 
ct.fld_bcol = BLUE; 

ct.fld_high_fcol = YELLOW; 

ct.fld_high_bcol = BLUE; 

ct.ttl_fcol = BRIGHTWHITE; 
ct.ttl_bcol = BLACK; 

ct.abar_fcol = BLACK; 

ct.abar_bcol = WHITE; 

ct.menu_fcol = BLACK; 

ct.menu_bcol = WHITE; 

continues 

Fantted 
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Listing 14.4. continued 

269: 

270: 

Zine 

PX PLe 

PIBIE 

274: 

PITY e 

276: 

PTL 

278: 

279: 

280: 

281: 

282: 

283: 

284: 

285: 

286: 

201: 

288: 

ct.menu_high_fcol = BLUE; 

ct.menu_high_bcol = CYAN; 

ct.err_fcol = YELLOW; 

ct.err_bcol = RED; 

ct.db fcol = WHITE; 

ct.db bcol = BROWN; 

ct.help fcol = YELLOW; 

ct.help_bcol = GREEN; 

ct.shdw_fcol = BLACK; 

} 

/ *----- - = = = = = — = = = = = = = SS = SS SS SS SS SSS SS SS SSS S555 555 =5=5===* 

4 end of listing * 
* 2 = = = = = = = = = = SS = = SS SS SS SS = SSS SSS SS SSS SSS SS SSS SSS =>===* / 

Much of this listing is the same as the original RECOFREC.C listing. The 
changes start in themain() function. Line 41 sets up amenu_se1 variable to accept 

the return value from the menu that will be displayed. Lines 43 to 48 set up the 
menu items that will be displayed along with their mnemonic values. Line 50 sets up 
the exit keys. For this main menu, the F3, F10, and Escape keys will all cause the menu 
to exit. By default, the Enter key will also cause the menu to exit. 

Line 52 calls the initialize_color_table() function that is presented in lines 241 
to 285. As you can see, lines 262 to 266 include the color variables for the menu. 



Lines 54 to 114 contain awhile loop that will keep the menu displayed until the user 
signals to exit. The screen is drawn in line 57 with a call to draw_borders(). The 
draw_borders() function has not changed. 

Line 61 begins the actual menu process with a call to display_menu(). The menu is 
set up to be in a box with a shadow. In addition, the box will have a double-lined 
border. The left and right arrow keys have been turned off because you don’t want this 
menu to end if they are pressed. The menu will be displayed until a user presses one 
of the exit keys or makes a selection. 

Lines 65 to 117 react to the result of the call to display_menu(). A switch statement 

routes control based on what key was returned from the menu. If F3 or the Escape key 
was pressed, then the cont flag will be set to FALSE so that the loop will end. If the F10 

key is pressed, then the action bar function will be called. Because this function will 
be presented on Day 15, it should be commented out for now. 

‘v Warning: The action bar function, do_main_actionbar(), is included in 

the listing because the F10 key is an exit key for the menu. This function 
will be filled in on Day 15. 

If Enter was pressed to exit the menu, then the user made a selection. A switch 
statement, in lines 69 to 98, routes the appropriate action based on the value of 
menu_sel. Remember that menu_sel contains the number of the selection made. For 

selections 1 through 3, the processing is almost identical to what it was before adding 
the new menu. Each of the corresponding screen functions is called. The only change 
is that the cursor_on() function is called first. Because the menu turned the cursor off, 

you need to turn it back on. 

The other cases are different. Case 4 calls the boop() function twice. This is done 

because reporting won’t be covered until Day 20. If the menu selection was 5, then 

the user selected to exit. The cont flag is set to FALSE so that the program will exit. A 

default case is also included even though there should never be a value in menu_se1 

other than 1 through 5. It’s good programming practice to include a default case in 

every switch. 

The last few lines of main() are almost identical to what was presented before. The big 

change is the addition of the cursor_on() function in line 121. Without this, the 

cursor would remain off even after you exit the program. The rest of the listing is the 

same as it was before. 
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Using a Menu with Entry and Edit 
On Day 13, you allowed the user to enter data into entry and edit screens. To retrieve 

the data from the user, you used the getline() function. There are times when only 

a certain number of choices are valid and these choices will never change. For example, 

on the Groups screen, you may decide that there are only a certain number of Types 

of Music that the user will be able to enter into the system. In this situation, you can 

choose to let the user select a value from a menu instead of typing the value. 

You already have all the information you need to accept the type of music from a menu 
instead of having the user enter the information. In the GROUPS.C listing (originally 

presented on Day 13 in Listing 13.5), you included a case for each field on the screen. 
Each case did a call to getline() along with any edits that may have been required. 

The case for the Type of Music field was as follows: 

293: case 4 : 

294: rv = getline( GET _ALPHA, @, 8, 19, 0, 20, 

groups.music_ type) ; 

295: break; 

Instead of calling getline (), this case will now set up to use a menu. To make it easier 

to add the menu to the GROUPS.C listing, it will be created in a separate function 
that the case will call. Replace the getline() function with the following: 

case 4 : 

rv = do_type_of_music_menu( groups.music_type); 

write_string( groups.music_type, 

CEahlozATCol Gt. GebColeamosssS) 5 
break; 

You will need to add a new prototype at the top of the GROUPS.C file for this 
function. The prototype will be as follows: 

int do_type_of_music_menu( char * ); 

Once you have made these changes, you are ready to create the menu in the 
do_type_of_music_menu() function. The code for this function is presented in Listing 
14.5. You will want to add this to the end of your GROUPS.C listing. 

Listing 14.5. The Type of Music entry and edit menu. 

* Filename: LIST1405.c 
* 

Author: Bradley L. Jones 
Gregory L. Guntle 

aahwWN — 

* 

* 

* 
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Pur pose: Information to be added to GROUPS.C. This allows 

for a menu to be created for the TYPE OF MUSIC 

field. 

do_type_of_music_menu(); 
Returns: key used to exit menu 

int do_type_of_music_menu( char *field ) 

{ 
char *saved_screen 

int 

int 

cha 

cha 

= NULL; 

menu_sel = 0; 
rv; 

r *menu_data[22] = { 

“Alternative ", "1Aa", 

sCLCASSTCanOCK@. sacl =, 

SOLASSLCa Li(.X) cee OXX erry 

“Country ee ACOn. 

"Disco nee OU ar 

"Instrumental", "6Ii", 

"New age A Ags 

"Speed metal ", "8Ss", 

"Rock hey Pe ay 

"Pop rock nie, CA Oe 

"sofT rock ity, tepals: aly 3 

r exit_keys[MAX_KEYS] = { F3, F10, ESC_KEY, SHIFT_TAB }; 

saved screen = save_screen_area( 6, 20, 27, 60 ); 

rv = display_menu( 8, 30, SINGLE_BOX, menu_data, 22, 

cursor_on(); 

swi 

{ 
tch( 

case 

case 

case 

case 

case 

rv ) 

Rois 

F10: 

ESC_KEY: 

SHIFT_TAB: 

LT_ARROW: 

exit_keys, &menu_sel, LR_ARROW, 

SHADOW) ; 

break; 

rv = SHIFT_TAB; 

break; 

continues 

473 



Listing 14.5. continued 

Bis case RT_ARROW: rv = TAB; 

58: break; 

59: 
60: default: /* item selected */ 

61: strepy( field, *(menu_datat+((menu_sel-1)*2))); 

62: break; 

63: } 

64: 

Gon restore_screen_area( saved_screen ); 

66: 

Gre aN eC (TAY) 

S Group: s ice = " 

Date Formed: _/_/_ 
| Type of Musi 

Once you add this to the GROUP.C listing, you will be prompted with the 
menu presented in the output whenever you enter the Type of Music field. In 
looking at the listing, you should see that the menu is done in the same manner 

as the menus presented earlier today. Line 21 declares the integer variable to hold the 
menu selection. Lines 24 to 35 contain the menu_data array. This is the values that will 
be displayed in the menu along with their mnemonics. Line 37 declares the exit keys 
that the menu will use. 

‘Tip: You should notice that in lines 25 to 35 one letter in each of the : 
_ menu items is capitalized. This is the mnemonic letter that will move 
~ the highlight. You shonld also notice that even one Loe © are 
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not presented on the menu, numeric mnemonics are still used. This is 
to give the menu added flexibility. 

Before displaying the menu, the saved_screen pointer declared in line 20 is used to 
save off the area of the screen where the menu will be positioned. Line 40 then saves 

the screen using the save_screen_area() function from Day 11. The screen is 

restored before the function returns control to the entry and edit screen. 

The menu is displaced in line 43. As you can see, a single-bordered box is used along 
with a shadow. In addition, the left and right arrows are enabled. Once the menu has 
been displayed and returns controls, line 45 turns the cursor back on. (Remember the 
menu turns it off.) 

Lines 47 to 63 react to the returned value from the call to display_menu() in line 42. 

If the F3 key, F10 key, Escape key, or Shift+Tab is pressed, then the key value is 
returned to the calling screen to process. If the left or right arrow key is pressed, then 

they are translated to SHIFT_TAB and TAB values and returned to the screen to process. 
This causes the left and right arrows to place the cursor on the next or previous field. 

If the return value is anything else, then the data should be accepted. The correspond- 

ing menu item is copied into the screen field (line 61). Don’t let the math in this line 

confuse you. You are copying an element from the menu_data array. The value of 

menu_selis from | to 11, depending on which menu item was selected. The offset into 

the menu_data array will be 2 times the result of the menu_item selected minus 1 (so 
the offsets begin with 0). The reason you multiply by 2 is because only every other item 
in the menu_data array is a menu item. You want to skip the mnemonic key strings. 

SEDO oe ee ae) DON’T 
DON’T forget to turn the cursor back on after using the menu. 

DO remember to set up the exit keys before calling display_menu(). 

DO compare display_menu() to the getline() function so that you can 

understand the similarities. 

SAMS 
PUBLISHING 
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Summary 
Today, you covered the topic of menus. You were presented with a function called 

display_menu(), which enables you to display menus in your applications. Once you 

create the display_menu() function, you have the ability to add menus to your 

applications with very little work. You are able to display menus at virtually any 

location on the screen. In addition, you are able to state which keys you want to work 
within the menu. These keys include mnemonics that will take the highlight within 

the menu to a specific menu item. Your menus can be displayed in a box, with 
shadows, with single- or double-sided borders, and more. Today’s information will 

be followed with action bars tomorrow. 

O&A 
Q Can menus call other menus? 

A Yes, you can have menus call other menus. In fact, action bars on Day 15 
will do just that. 

Q Is there a maximum number of menu items that can be listed in a menu? 

A Yes. Common sense should tell you not to list more items in your menu 
than what will fit on the screen. 

Q What changes should be made to the TYAC.H header file after creating 
today’s programs? 

A The following information should be added to the TYAC.H header file to 
accommodate the display_menu() function: 

/* Menu shadow options */ 

#define SHADOW 1 

#define NO SHADOW Q 

/* TN fu tee MC pC CR MEO Te seg oe re ee ee *. 

z Menu Items La 

RF evensra tein al areieyasevetayaie areca in ack ae GEe one ee ee sh | 

#define NOBOX V1) 

#define MAX_MENU_NBR 10 

#define MAX_MENU_LEN 30 

#define MAX_KEYS 17 
#define NO_LR_ARROW ® /* Are Left/Right allowed to exit 
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menu */ 

#define LR_ARROW 1 

int display_menu(int, shqkey sliheg) Ciel steae allie, elie. 

seit ers hehehe sughe a 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

e 

Quiz 

1. What are mnemonic characters used for? 

. Why is it best to keep the color table structure in its own listing? 2 

3. What does the Home key do within a menu? 

4, What does the Page Down key do within a menu? 

5 . What is the most selection items that you can have on a menu? 

Exercises 
1. ON YOUR OWN: Add the display_menu() function to your TYAC.LIB 

library. 

2. ON YOUR OWN: Be sure to create the COLORTBL.H listing presented 
today. Modify your RECORDS.H header to include this listing instead of 
containing the color table structure. 

3. Write a program that displays a menu with the following options: 

1. RED 

2 LLOW. 

3 DLUE 

4, GREEN 

Include mnemonics. 
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. ON YOUR OWN: Experiment with the NO_LR_ARROW, LR_ARROW, SHADOW, 

and NO_SHADOW menu parameters. 

. ON YOUR OWN: Create menus in your own applications. 

. What would be appropriate mnemonic keys for the menu selection item, 

Sal xieee 



Atthis point, you should have created the foundation of 
the Record of Records! application’The entry and edit 
portion of your application has been created along with 
the menus. This is just the beginning of your application. 

In this third week; you will continue to build om your 

application, 

Day.15 continues where Day 14 left off.-Menus aré 
applied to creating ‘action bars in yourapplication. Not 
only are the concepts behind action bars disetissed, but so 
are the steps for creating them. 

Day 16 helps you touinderstand the different types of help 
that can be added to your application. In addition to 
describing the different types of help, you are guided in 
adding conteéxt-sensitive help, extended help, and an 
about box to your application. 

On Days 17 and 18, you will add file access routines to a 
portion of your application. These routines will include 
the capability to add records to the file, update records, 

| WEEK | 



and delete records. In addition, you will incorporate the capability for your entry 

and edit screens to display each record in the database one after another. The 
access to these routines will be via the function keys and the action bar that was 

created on Day 15. 

On the nineteenth day, you will be presented with reporting. In addition to 
adding a reporting menu to your application, you will also add a couple of 
reports. You will be presented with ideas on helping your users to get the reports 
they need. 

Although Day 19 completes the coding, it will not complete the application. On 
Day 20, you will be presented with the finishing touches of application 
development. This is testing, debugging, maintaining, and upgrading. In 

addition to this, you will be presented with tips on rectifying the problems you 
may find (debugging). 

The book is concluded with Day 21. Although the main part of the book ends 
after Day 21, you will not feel lost. On the final day, you will be presented with 
the most common directions that C programmers follow. You are also presented 
with additional information on libraries and types of libraries that are available. 

This is where you're headed. For now, you should continue on with Day 15. 
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The User Interface: Action Bars 

On Day 14, you added menus to your application. This helped you produce a front 

end to your application. In addition, it helped to provide boxes that listed selections 

instead of requiring data entry. Today, you'll expand on your menus by moving into 

action bars. Today you will: 

= 

Learn what action bars are. 

See how action bars work in conjunction with accelerator keys. 

See how to add an action bar to your main menu. 

See how to add an action bar to your entry and edit screens. 

What Are Action Bars? 
Action bars are menus containing options for various actions that your program can 

perform. An action bar is generally placed at the top of the screen on the line just below 
the title. Figure 15.1 presents an action bar menu. 

on Bar 

Action Bar Highlight 

Figure 15.1. An action bar. 

As you can see, the File action bar item has a single option called Exit. When this 
option is selected, the exiting routine will be called. 

Many action bar items also have accelerator keys. An accelerator key is a keyboard key 
that automatically causes an action to occur. Ifan action bar option has an accelerator 
key, it’s usually listed in the action bar menu. In Figure 15.1, you can see that the Exit 
action has an accelerator key of F3. 



Standards in Action Bars 
Most people choose to follow the same format and naming conventions in their action 
bars. This provides a consistency for the user between applications. The naming of 
action bar selections can even cross application types. For instance, a word processor 
may have an action bar with a selection called File that allows files to be opened, closed, 
printed, and more. A database program could also have a File action bar item with 

these same options even though the file types are completely different. The actions 
that these applications are performing are the same. 

There are several action bar items that are prevalent in applications. File, Edit, View, 

Options, and Help are a few action bar items; however, they aren’t the only ones that 
can be used. For example, a word processor may also include action bar items such as 
Insert, Format, Tools, and Table. However, keep in mind that File, Edit, View, 

Options, and Help are common in many different types of applications. Each of these 
action bar menu items has certain types of actions that should be categorized in their 
action bar menus. You should create a new action bar item only when an item won’t 

fit into one of these. 

The File Action Bar Item 
The File option should be used for actions that apply to an entire file. If your 
application is going to enable the user to choose which file they are working with, then 
possible options would be those listed in Table 15.1. 

Table 15.1. Possible selection items for the File action bar 

item’s menu. 

Item Purpose 

New Open a new file 

Open... Open an existing file 

Close Close the current file, but do not exit 

Save Save the current file 

Save as... Save the current file as a new name 

Print Print the current files information 

Exit Exit the current file 
Sn rnc 
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If any of these actions apply to your application, you should use the item name 

presented in the table. This will help your application be consistent with other 

applications. 

Note: In the Record of Records! application, a default file is being used. 

The only File option that will be used is Exit. 

Tip: On an entry and edit screen with an action bar, you should 
always provide a File action bar option with at least the option to Exit. 

The Edit Action Bar Item 

The Edit option contains actions that modify the current information that is being 
presented. The options that are presented here may vary depending on the type of 
application. In working with a document in a word processor, the Edit options may 
involve moving textual information around. This would be selection items such as 
Copy, Cut, and Paste. In a database application, the Edit options may involve 
manipulations to the current record. This could include Clear, Add, and Delete. 
Table 15.2 presents many common selection items for an Edit action bar menu. 

Table 15.2. Possible selection items for the Edit action bar 

item’s menu. 

Item Purpose 

Undo Counteract the last action 

Cut Remove a portion of the current screen 

Copy Copy a portion of the current screen 

Paste Insert the last Cut or Copied portion of the screen 

Clear Remove a portion or all of the screen 

Add (Database) Add the current information to the database 
as a new record 



Item Purpose 

Update (Database) Update the corresponding database record with the 
current screen information 

Delete (Database) Delete the database record that corresponds to the 
current screen record 

(Non-database) Remove a portion of the screen 

As you can see from Table 15.2, different selection items may be presented based on 
the type of application; however, the overriding functionality is the same. For 
example, deleting is always removing something. You should remember that the 
wording of the options in your action bar menu should correspond to those presented 
in the table if they are the same actions. 

The View Action Bar Item 

The View action bar item contains selections that enable you to look in different ways 
at information from the current file. Again, different applications are going to provide 
different view options. A word processor may have selection items such as Normal and 
Page layout. A database application may have items such as Next and Previous. 

In addition to options that display data, there may also be options that customize the 

interface of your application. The View action bar menu may include options as 
setting the tab stops in a word processing application, customizing the colors used in 
the screen interface, and setting up accelerator keys. Table 15.3 contains the View 
options that you will use in the Record of Records! application. 

Table 15.3. Selection items for the View action bar item’s menu 

for Record of Records! 

Item Purpose 

Find... Find a specific record and display 

Next Find the next record and display 

Previous Find the previous record and display 
ee —— — 

As you can see, each of the items in Table 15.3 presents a different record for viewing. 

You may be wondering why these options aren’t in the File action bar menu because 
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they manipulate information in the file. The reason is because they are working 

at a record level not a file level. 

The Options Action Bar Item 
The Options action bar item is used to present selection items that customize the user 

interface. These are options that change what is or isn’t displayed to the user. An 

example of an Option selection item would be an option to turn the command line 
at the bottom of the screen on and off. This option doesn’t change what the 
application does, it only changes what the user sees. Actions that customize the use of 

the application fall under the View option. 

An example of an Option action versus a View option is in order: 

If there is an option to customize the accelerator keys that are displayed at the bottom 
of the screen, then it falls in the View options because it is a customization of 

functionality. 

If there is an option to display or not display the accelerator keys, then it falls under 
Options because this is a customization to what the user sees, not how to do it. 

\ Warning: Most programs confuse the use of View and Option. — 

The Help Action Bar Item 
The Help option contains actions that are informational. Although you may think 
that Help is as simple as just presenting some information, there is actually more to 
it. The Help option will generally contain several options. Table 15.4 presents the 
selection items commonly included on the Help action bar menu. 

Table 15.4. Possible selection items for the Help action bar 
item’s menu. 

Item Purpose 

Help for help... Presents information on using help 

Extended help... Presents general information about the 
current screen 

486 



Item Purpose 

Keys help... Presents information on accelerator keys 

Help index... Presents an index for the help information 

Tutorial... Presents a connection to a tutorial program 

About... Presents general information about the application 

Note: Detailed information on each ae these secon is presented on 
Day 16 when the use of Help is covered in detail. - : 

Other Action Bar Items 
While the action bar items presented are the most common, they aren’t the only 
options. All applications that have action bars should have a Help option. A File 
option should also be included in most cases because it can provide a means of exiting 
the application. Other options may include those that were mentioned earlier or 
application-specific options. 

‘items pre ously tseed had: Expert Tip: Always 
use the ac at 

[provide consistency \ with
 of making up your own nz 

oo ee o 

DON’T) 

d here when creating your action 

é Ams i 
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Simple Action Bar in Action 
In the Record of Records! application that you’ve been developing, there are several 

action bars. On the main menu is a simple action bar that contains only a single 

selection item, Help. In most cases, there will be more than a single item; however, 

by having only a single item, it makes for a good introductory demonstration. 

The Record of Records! application has followed the standard of setting the F10 key to 
access the action bar. When you set up the new main menu on Day 14, the F10 key 
was included as an exit key. If fact, in line 104 of Listing 14.4, a function call was 
included in the case for F10. At that time, you were told to comment the line out. The 
action bar functionality is like any other selected functionality in that once a key is 
pressed, the action bar processes can be performed separately. The do_main_actionbar () 
function can be created in a separate source file that is linked with the rest of the Record 
of Records! files, or it can be added to the end of the RECOFREC.C listing. 

Listing 15.1 presents the main menu’s action bar function in a separate listing. In 
addition to incorporating this listing, you need to also make a few other subtle 
changes. First, you need to uncomment the action bar lines in the RECORREC.C 
listing (approximately lines 104 to 107). Youshould also includeado_main_actionbar() 

prototype in the RECOFREC.H header file. 

Listing 15.1. MMNUABAR.C. The main menu’s action 
bar functions. 

| : / *=ssSsss===S=====S==>=S==SSSS=SSSS>S===SSSSSESSS===SS555SS====== 

2e * Filename: mmnuabar.c 

oe - RECORD OF RECORDS - Version 1.0 
4: us 

Se * Author: Bradley L. Jones 

(8 * 

ae * Purpose: Action bar for main menu. This is a single 
8: a menu. Functions for selections will need to 
9: * be added later. 

10: te 

abe * Return: Return value is either key used to exit menu 
12s with the exception of F10 which is returned 
13: ue as Enter to re-display main menu. 
1 4 : *#eSSsssssissssassasaSeSessassss=aeeSeeess=seee=a-==-==- === i 

15: 

16: #include <stdio.h> 

17: #include “tyac.h" 

18: #include "records.h" 



#include "“recofrec.h" 

static void do_something(char *msg); 

int do_main_actionbar( void ) 

{ 
int rv = Q; 

int menu_sel = Q; 

char *help_ menu[4] 
u Help u ; 

= ADOUG =, 

ae 
Pathe 

™) Nail pas 

char MENU_EXIT_KEYS[MAX_KEYS] = {F3, F10, ESC_KEY}; 

apices: sSnul eau g¥ell(< 7 wakseiloy 

cl.menlenaghencol, cLamentinhighebcod 15. 2); 

rv = display_menu( 3, 4, SINGLE BOX, help _ menu, 4, 

switch( rv ) 

< 
case ENTER_KEY: 

case CR: 

MENU_EXIT_KEYS, &menu_sel, NO LR ARROW, 

SHADOW) ; 

/* accept selection */ 

switch( menu_sel ) 

{ 
CaSOmienn) sa Menumoptions lac) 

do_something ( 
"Main Menu Help..."); 

break; 

case 2: /* Menu option 2 */ 
do_something( 

TAG) LOO [XOX oo 7) E 

break; 

default: /* continue looping */ 

boop(); 
break; 

continues 
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69: rv = ENTER_KEY; 

70: break; 

TE 7) 

UE case F3: /* exiting */ 

73: case ESC_KEY: 

74: break; 

or 

76 case F10: /*actuone Dawes, 
Th rv = ENTER_KEY; 

78: break; 

79: 

8: default: boop(); 

81: break; 

82: } 

(seis cursor_on(); 

84: return(rv) ; 

Gea 

86: s 

B87: [Ree ee er rr rr rr etree c seer eneee 

88: * Generic function - temporary ip 
89: Bw ee ee ee eee eee ee ee eee eee ---- 2] 

90: static void do_something(char *msg) 

91: f{ 

92: display_msg_box( msg, ct.help_fcol, ct.help_bcol ); 

Ta, RECORD oF RECORDS 

iy 2. En etian Codes : 
3. Ent roup infornat ion 
2. Reporting j 

This code should look similar to the code in the menus that you created on 
Day 14. In essence, an action bar with only one item is simply a menu that is 
displayed near the top of the screen. 

Because the action bar is being created before all the actions are developed, a generic : 
function will be used to fill the holes. For example, Help is not covered until Day16. > 



Instead of calling a function to do help, a generic function called do_something() has 
been created. The do_something() function is prototyped in line 31 asa static void 
function. Because the static modifier is used, only this listing will be able to use the 
do_something() function that is included in lines 87 to 93. Other listings can have 
their own versions of the do_something() function. In this listing, the do_something() 
function simply displays a message that it receives as a parameter. 

Tip: While not done in this book, if a function isn’t going to be used 
by any source files other than the current one, you should add the 
static modifier. This prevents any other source files from accessing 
the function. 

The main function begins in line 29. A variable is declared for the return value and 
also for the action bar menu selection. In lines 34 to 44, you should notice that a menu 
is being created in almost the same manner as those shown on Day 14. The one 
exception is in line 40. The action bar word, " Help " is highlighted by using the 
write_string() function and the highlight colors. 

Line 46 reacts to the returned value from the menu. The returned value should be one 
of the exit keys or Enter. Because this is a single menu action bar, the left and right 

arrows are turned off. The switch statement in line 46 causes the appropriate action 
to occur. If the Enter key was pressed, then the user made a selection. A second switch 
statement routes the processing based on which action bar item the user selected 
(lines 48 to 70). In lines 53 and 59, the do_something() function is called. When you 

learn about adding help to your application on Day 16, you'll want to replace these 
function calls with calls to appropriate routines. 

If F3 or Esc was pressed, you want to pass the key’s value back to the main menu. 

When the main menu’s F10 case receives the values back, you'll want to check for the 

F3 key. It is assumed that if the F3 key is pressed on the main menu’s action bar, the 

user is ready to exit the program. Following is the F10 case in the main menu 

(RECOFREC.C): 

case F10: /* action bar */ 

rv = do_main_actionbar() ; 

if( rv == F3 ) 

cont = FALSE; 

break; 

SAMS 
PUBLISHING 
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The User Interface: Action Bars 

The F10 case, in lines 76 of Listing 15.1, is also unique. If the user presses F10 on the 

action bar, then line 77 changes it to the Enter key. Because of this translation, there 

will be no need to worry about the main menu reacting to the F10 key, which it 

originally used to display the action bar. The final result of this is that the F10 key will 

toggle between the main menu and the action bar. 

The last two lines of the function are straightforward. The cursor is turned back on 

with the cursor_on() function because the previous menu turned it off. Because 

control is going to another menu, it isn’t necessary to turn the cursor back on; 

however, not all action bars return to menus. Line 84 returns the value in rv, which 

is either the exit key from the action bar or the Enter key. 

Note: The functions called by the action bar will be the same functions ~ 
that could be accessed via accelerator keys. For example, selecting Exit off 
of the main menu’s File action bar is the same as pressing F3. To ensure 

that the functionality is the same, you should place it in a function of its 
own. This function should then be called from both the F3 case in the 
main menu and the F3 case in the File action bar. This becomes 1 more 
important i in the entry and edit screen action bars. 

A Multi-Menu Action Bar 
The action bar presented in Listing 15.1 is an exception in that only one action bar 
option existed. Most action bars will have at least two options. If you have two items, 
the functionality becomes a little more complicated; however, the functionality is still 
not too complex. 

Two major differences exist in a multi-option action bar from that of the single-option 
action bar already presented. The first difference is in the use of the left and right 
arrows. In a multi-option action bar, the left and right arrows should move the cursor 
from one action bar menu to the next. Consider an action bar with a File option 
followed by an Edit option. If the File option menu is currently displayed and the user 
presses the right arrow key, then the File option menu should be closed and the Edit 
options menu opened. Each press of the right arrow key should move one action bar 
menu to the right. If you are on the last menu, then you should circle back around to 
the first menu. The left key should do the same, except it should move one menu to 
the left for each press. 
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The second change from the single menu should already be obvious from the 
discussion on the right and left arrow keys. With a multi-option action bar, you need 
to keep track of which Action bar option is current. Listing 15.3 presents the code for 
the action bar in the Medium Codes screen of the Record of Records! application. 
Because most of the functions that the action bar calls have not yet been developed, 
a generic do_something() function has been used. The days following will begin to fill 

in these functions with Help routines, File routines, and more. 

Before entering Listing 15.3, you need to make a few minor changes to some of your 

other listings. You should include the prototype for the Medium Code screen’s action 
bar function in the RECOFREC.H header file. Listing 15.2 containsa RECOFREC.H 

header file with prototypes for all three entry and edit screens action bars. 

‘Tepe. Listing 15.2. RECOFREC.H with the action bar 

function prototypes. 

1 5 | i eee 

(bs * Filename: RECofREC.H 

3: ti 

4: * Author: Bradley L. Jones & Gregory L. Guntle 

iE ss 

GE * Purpose: Header file for RECORD of RECORDS! application 

ife i This contains the function prototypes needed 

oe i by more than one source file. 
9 5 ee / 

10: 

11:  #ifndef __RECOFREC_H 
12: #define __RECOFREC_H 

13: 
14: /*---------------------------- * 

iE * Prototypes from recofrec.c * 
16: bo ay] 

WAS 
18: void draw_borders(char *); 

19: 
20: int do_medium_screen(void) ; 

21: int do_albums_screen(void) ; 

22: int do _groups_screen(void) ; 

23: void display_msg_box( char *, int, int ); 

24: char yes_no_box( char *, int, int ); 

25: int zero_fill_field( char *, int ); 

27: aint do_main_actionbar (void) ; 

continues 
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Listing 15.2. continued 

c(h W/E Gaicitias Sie Snir a = 

eh G * Prototypes for medium screen * 

32: KWaa aia mbap =a! ha keie hs ciate a) = eee hea | 

33; 
34: int do_medium_actionbar (void) ; 

35: void display_medium_help(void) ; 

36: 

Silas 

CYS Me or 3.2.2. o Oa Risa SEE ie aia OC ce 
39: * Prototypes for groups screen * 

40: cir oN SES Dict SNE AES Oper Che) Cy a1 i 

41: 

42: int do groups_actionbar(void) ; 

43: void display _groups_help(void) ; 

44: 
45: [*----------- eee rere errr e ee * 

46: * Prototypes for albums screen * 

ii Socgaonedacdasssascseeoesouasute */ 
48: 

49: int do _albums_actionbar(void) ; 

5@: void display_albums_help(void) ; 

Bile 

Ber 

53: #endif 

oT 
55e us end of header ss 
56 5 *& ass S SSS 5555555555555 S555 SSS 5555555555555 =-=>=%* / 

As you can see, the action bar function for the Medium Code screen will be called 
do_medium_actionbar(). A call to this function needs to be added to the Medium 

Code screen’s listing, MEDIUM.C-. You also need to add F10 as an exit key in the 
get_medium_input_data() function. Following is the new set-up lines for getline () 

followed by the new F10 case that should be added to MEDIUM.C: 

/* Set up exit keys. */ 
Static chan fexatakeysi 40) e— Fie poeerayerdOr 

ESC_KEY, PAGE_DN, PAGE_UP, CR KEY, 
TAB_KEY, ENTER_KEY, SHIFT TAB, 
DN_ARROW, UP_ARROW, NULL }; 

static char *exit_keys = fexit_keys; 

getline( SET_EXIT_KEYS, @, 13, @, @, @, exit_keys ); 

The new F10 case: 

case F1Q: /* action bar */ 

rv = do_medium_actionbar(); 

494, 



{ 
if( (yes_no_box( "Do you want to exit?", 

ct.db_ fcol, ct.db_bcol.)) == 'yY' ) 

{ 
loop = FALSE; 

} 
} 

position = Q; 

break; 

One other modification also needs to be made. In the function that draws the screen, 
draw_medium_screen(), the addition of drawing the action bar options needs to be 
made. This is a simple call to write_string as follows: 

write_string( " File Edit Search Help", 

ctrabar fcol, ct.abar bcol, 1, 2); 

Once these modifications have been made, you’re ready to create the Medium Code 
screen’s action bar. Listing 15.3 contains all you need. It is followed by the Screen 
prints of each of the four menus. 

Listing 15.3. MEDMABAR.C. The action bar for the 

‘Type Medium Code screen. 

OOAONODOAaAARWND = 

/ *8 esos SS Se ee eee ee ee eee eee eee eee = = == == 

* Filename: medmabar.c 

. RECORD OF RECORDS - Version 1.0 
* 

* Author: Bradley L. Jones 
* 

* Purpose: Action bar for medium screen. This will 

* contain multiple menus. The functions called 

ts by the menu selections may not be available 

e until later days. 
* 

*oReturn: Return value is either key used to exit a menu 

“a with the exception of F1® which is returned 

1 as Enter to re-display main menu. In each menu 

x the left and right keys will exit and move 

x control to the right or left menu. 
$22 - - — — = = = ee Se See Se SSS SS SSS SS ESSE SES ==SSSSS======* / 

#include <stdio.h> 

continues 
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Listing 15.3. continued 
ese ne Ce a a 

22% 

23: 

24: 
25: 

#include "tyac.h" 

#include "records.h" 

es Ren ee Pyro ete tne are Game: a hw Miksa ae * 

* prototypes i 
I eee OEE pac fer Se em me arias apes ei 

#include "recofrec.h" 

int do_medium_menu1( void ); 

int do_medium_menu2( void ); 

int do_medium_menu3( void ); 

int do_medium_menu4( void ); 

static void do_something( char * ); 

int do _medium_actionbar( void ) 

{ 
int 

int 

int 

char 

menu = 

cont = 

rv = 

1: 

Q: 

5 

TRUE; 
3 

‘abana text'—(esPilemee Edit oeahChmemHel pm ais 

while( cont == TRUE ) 

{ 
write_string(abar_text, ct.abar_fcol, ct.abar_bcol, 1 

switch( menu ) 

{ 

case 1: 

case 2: 

/ Staeeamenues i 

WOT CERStRING (ae RaSLew on 

ct.menu_high_bcol, 

rv = do_medium_menu1(); 

break; 

/* edit menu */ 
Wiha Ons tie ng|(uaedastae 

ct.menu_high_bcol, 

rv = do_medium_menu2(); 
break; 

3 

ct.menu_high_fcol, 

1, 2); 

ct.menu_high_fcol, 

1, 9); 

2); 



{ 

write_string(abar_text, ct.abar_fcol, ct.abar_bcol, 1, 25 

} 

switch( rv ) 

{ 

} 

case 3: 

case 4: 

default: 

case LT_ARROW: 

case RT_ARROW: 

default: 

cursor_on(); 

return(rv) ; 

int 

int 

rv 
menu_sel 

/* search menu */ 

write_string( " Search ", ct.menu_high fcol, 

rv 

CERMeHUNntghebCoLy mille 1 6))s 

do_medium_menu3() ; 
break; 

/* Help menu */ 
write string( " Help ", 

ct.menu_high_bcol, 

rv do_medium_menu4() ; 
break; 

/* error */ 

co nt 

break; 

Q; 
Q; 

FALSE; 

menu- -; 

af menus 1) 

menu = 4; 

break; 

menu++; 

if( menu > 4 ) 

menu = 1; 

break; 

cont = FALSE; 

break; 

: int do_medium_menu1( void ) 

ct.menu_high_fcol, 

laecoye 

continues 
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_¥| 

Listing 15.3. continued 
A ee Pee 2 ey 2 ee ee eee oe eee eee 

Ale char *saved_screen = NULL; 

W22e 

123% char *file_menu[2] = { " Exit <F3> ", "1Ee" }; 

124: char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

257 

126: saved_screen = save_screen_area( @, 10, 0, 40 ); 

Eater 

128: rv = display_menu( 3, 4, SINGLE_BOX, file _menu, 2, 

129) exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

130: 

oils switch( rv ) 

ne2 { 
133: case ENTER_KEY: /* accept selection */ 

134: case CR: 

1353 iV= FS; 

136: break; 

iva 

138: case F3: jf? Coyebeallnte) =) 

139: CaSeREoGmKEY. 

140: case LT_ARROW: /* arrow keys */ 
141: case RT_ARROW: 

142: break; 

143: 

144: case F1Q: /* exit action bar */ 
145: rv = ENTER_KEY; 

146: break; 

147: 

148: default: boop(); 

149: break; 

150: } 

Hoi restore _screen_area( saved_screen ); 
1625 

153: return(rv); 

TSA} 

eye 

156: /*-------------------- * 

Si ee eR CLOMMOMUN 2a ((ECact)) ins 

158: *-------------------- */ 

159): 

160: int do_medium_menu2( void ) 
6a 

UGZe allie [py = 0; 
163: int  menu_sel = Q; 

164: char *saved_screen = NULL; 
165: 

166: char *edit_menu[8] = { 
Gz: " New ee Nn 
168: " Add <k4> >, t2Aa" 
169: » Change <FS=. “,, "“3Ce%; 
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170: 

a br ds tee 

12s 

Wor 

174: 

ies 

176: 

Line 

178: 

1792 

180: 

181: 

182: 

183: 

184: 

185: 

186: 

usivcs 

188: 

189: 

190: 

191: 

192: 

193: 

194: 

195: 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

PAV 

olen 

Paikeye 

214: 

ZA: 

216: 

PO on 

218: 

" Delete <F6> " - "ADd " } : 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

saved screen = save_screen_area( 1, 10, 8, 40 ); 

rv = display_menu( 

switch( rv ) 

{ 
case ENTER_KEY: 

case CR: 

case F3: 

case ESC_KEY: 
case LT_ARROW: 
case RT_ARROW: 

3, 11, SINGLE BOX, edit_menu, 8, 

exit_keys, &menu_sel, LR ARROW, SHADOW); 

/* accept selection */ 

switch( menu_sel ) 

{ 
case 1: /* Clear the screen */ 

do_something( "CLEARING..."); 

break; 

case 2: /* Add a_record */ 
do_something( "“Adding..."); 

break; 

case 3: /* Update the current record */ 

do_something( "“Updating..."); 

break; 

case 4: /* Deleting the current record */ 

do_something( "Deleting..."); 

break; 

default: /* continue looping */ 

boop() ; 
break; 

} 

rv = ENTER_KEY; 

break; 

/* exiting */ 

/* arrow keys */ 

break; 

continues 
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Listing 15.3. continued 

219: case F10: /* action bar */ 
220: rv = ENTER_KEY; 

201: break; 

222: 

DEVE default: boop(); 

224: break; 

225) } 
226: restore_screen_area( saved_screen ); 

CIEMTES 

228: return(rv) ; 

22071m) 
230: 

POM PRPOS Sa 7 ceo SE See ine is 
232 ee LO OSMeNUMS toe algGi)) sa 

233: *---------------------- ey) 
234: 

235: int do_medium_menu3( void ) 

Exes if 
237: int rv = Q; 

238: int menu_sel = 0; 

239: char *saved_screen = NULL; 

240: 

241: char *search_menu[6] = { 

242: T Jesuayelscc in See Tee 

243: " Next RFT > oeee eNNt, 
244: Se RheVtOUSme<hO sam SPD amit 

245: 

246: char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

247: 

248: saved_screen = save screen_area( 1, 10, @, 60 ); 

249: 

250: rv = display_menu( 3, 18, SINGLE_BOX, search_menu, 6, 

Zoe exit_keys, &menu_sel, LR_ARROW, SHADOW); 
2oen 

253: switch( rv ) 

254: { 

255: case ENTER_KEY: /* accept selection */ 
256: case CR: 

ELT OG switch( menu_sel ) 
258: { 
259: case 1: /* Do find dialog */ 
260: do_something( "Find..."); 
261: 

262: break; 
263: 

264: case 2: /* Next Record */ 
265: do_something( "Next..."); 
266: 
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267: 

268: 

269: 

270: 

eri: 

272: 

erat 

274: 

PM bye 

276: 

eit: 

Pd fe SN 

279: 

304: 

305: 

Site 

Sil 

314: 

S15: 

break; 

case 3: /* Previous Record */ 

do_something( "Previous..."); 

break; 

default: /* shouldn't happen */ 

boop(); 
break; 

} 

rv = ENTER_KEY; 

break; 

case F8: ike Greheliey 2// 
case ESC KEY: 

case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

break; 

case F1Q: /* action bar */ 

rv = ENTER_KEY; 

break; 

default: boop(); 

break; 

} 
restore_screen_area( saved_screen ); 

return(rv); 

} 

Vf a ee ee ye ee oa ae OR * 

* do menu 4 (Help) * 
Oe he ys no RTE REP ERROR * 

int do_medium_menu4( void ) 

{ 
int rv = 0; 

int menu_sel = Q; 
char *saved_screen = NULL; 

char *help_menu[4] = { 
" Help <F2> " ; u" | Hh " ; 

" About a "OEe" ia 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 



502 

The User Interface: Action Bars 

Listing 15.3. continued 

316: 

Silli/az 

318: 

319: 

320: 

Soie 

322: 

S2an 

324: 

S25: 

326: 

Bs 

328: 

329: 

330: 

SO 

SEE 

BOGE 

334: 

Shots) 5 

BOGE 

SIS/ 3 

308: 

339: 

340: 

341: 

342: 

343: 

344: 

345: 

346: 

347: 

348: 

349: 

350: 

351: 

352: 

353: 

354: 

355: 

356: 

S57; 

358: 

359: 

360: 

361: 

362: 

363: 

364: 

saved screen = save_screen_area( 1, 10, 0, 60 ); 

rv = display_menu( 3, 27, SINGLE_BOX, help _menu, 4, 

exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

switch( rv ) 

{ 
case ENTER KEY: /* saecept selection */ 

case CR: 

switch( menu_sel ) 

{ 
case 1: /* Extended Help */ 

display _medium_help(); 

break; 

case 2: /* Abolitepoxay 

do_something( "About box..."); 

break; 

default: /* continue looping */ 

boop(); 
break; 

} 

break; 

case F3: i eatiealig(e) §2// 
case ESC_KEY: 
case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

break; 

case F1Q: /* action bar */ 

PV = ENTER KEY: 
break; 

default: boop(); 

break; 

} 
restore _screen_area( saved_screen ); 

return(rv); 

Generic function - temporary bg 



366: static void do_something(char *msg) 
S67 see 

368: display_msg_box( msg, ct.help fcol, ct.help_bcol ); 
369: } ; 

ae 

é4-& 
<P stintny 

Search 

aad 
Change 
Delete 

<Pi-Heip>  <F3=Exit> <F4=Save> 

taunt & 
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Medium Code: __ 

Medium Description: 

While this is along listing, don’t be intimidated by it. Most of it is identical 

to Listing 15.1. You'll see this as the listing is explained. 

Listing 15.3 starts out like most other listings. Lines 20 to 23 include the appropriate 

headers. Line 29 includes the RECOFREC.H header file, which contains the 

prototypes for the do_medium_actionbar() function (see Listing 15.2). Lines 31 to 34 
contain four additional prototypes. These prototypes are for each of the action bar 
options for the Medium Code screen. While I choose to use numbers, it may be better 
to use descriptive names. For example, do_medium_menut () will present the File action 

bar menu. This could be named do_medium_abar_file(). You can choose whatever 

name you feel most comfortable with. 

Line 36 contains a prototype for the do_something() function. Again, the static 

modifier was used so that this source file’s function would be separate from all the 
other source file’s do_something() functions. When you complete the functionality 
of the action bar on later days, you will want to remove the do_something() function. 

Line 42 begins the do_medium_actionbar() function. Four variables are set up to be 

used with the action bar. The first is menu. This variable keeps track of which menu 

is currently being used. Figure 15.2 presents how the numbers relate to the Medium 
Code screen’s action bar. 

As you can see, File is 1, Edit is 2, Search is 3, and Help is 4. Because the File menu 

is highlighted when you first use the action bar, the default value for menu is 1. 

The remaining variables are easier to understand. A flag, cont, is needed to know when 
to exit the action bar. The variable rv is declared to hold a return value. The last 
variable is a string called abar_text. Because the text for the action bar will be written 
several times, it has been consolidated into a single string. 
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Figure 15.2. The value of menu for the Medium Code Screen’s action bar. 

Lines 50 to 105 contain awhile statement that keeps processing the action bar as long 
as the flag, cont, is TRUE. The first step is to redraw the action bar across the top of the 
screen. The first time into the action bar this is redundant; however, each iteration of 
the while following needs the action bar redrawn to overwrite the previous high- 
lighted option. A switch beginning in line 54 routes the processing to the current 

menu. This will be a value from 1 to 4. As you can see by the cases, the processing for 
each menu is nearly identical. The first step is to highlight the corresponding action 
bar item by rewriting it in the highlight colors. For menu 1, File is rewritten, for 
menu 2, Edit, for menu 3, Search, and for menu 4, Help. 

Once the action bar item is highlighted, then the corresponding action bar selection 
items menu is displayed. Each action bar items menu is in a separate function because 
of its customized options. Each of these functions is formatted in the same manner 
as the menu in Listing 15.1. The only major difference is that the left and right arrows 
are enabled. If either of these arrow keys is pressed, they are returned to the calling case 
in lines 57 to 83. 

Each menu handles the selection from the user. When completed, control returns to 

the do_medium_actionbar() case. A switch statement, in lines 90 to 104, evaluates the 

exit key that was used by each menu. If the left arrow is used, then the current menu 

is decremented (line 92). If the previous menu was 1, then the last menu will be made 

current. The right arrow key works the same way except that, instead of decrementing 

the current menu, it is incremented. If the last menu had been current, then the first 

menu is made current. With the current menu reset, the next iteration of the while 

loop is called. 

Ifany other key had been used to exit the menu, then processing is done. The continue 

flag, cont, is set to FALSE so that the while loop will end. Before returning to the calling 
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program, the action bar is redrawn without any highlights and the cursor is turned on. 

Once completed, the last key used is returned to the calling function in MEDIUMS.C. 

Expert Tip: In Record of Records!, after an action bar selection item is 

executed, control is returned to the main screen. You could return 

control to the action bar by removing the default case in 

lines 85 to 87—or at least line 86. 

The rest of this listing contains the four action bar menus, each in its own function. 

Each of these menus is similar to Listing 15.1 presented earlier with the exceptions 

already noted. 

Summary 
Today’s material expanded upon yesterday’s. Once you understand menus, you re 
ready to add action bars to your applications. An action bar is the menu across the top 
ofa screen that contains several menus with actions that can be performed. Today, you 
were presented with several standard action bar options and the standard selection 
items that fall within them. Common action bar options include File, Edit, View, 
Options, and Help. When naming your action bar items, you should try to use 
standard names rather than make up your own. After covering the action bar naming 
standards, examples of action bars were created. First, a single menu action bar was 
developed. This was followed by an action bar for the Medium Code screen. 

OKA 
Q Is it okay to make up your own names for action bar items? 

A While many people believe that making up their own names for action bar 
items is better than using the standard names, this isn’t really true. You may 
believe that you are creating names that are more descriptive, and you may 
be correct. However, by using names consistent with most other applica- 
tions, your users will be more comfortable with the application. In addition, 
they may actually have a better indication of the action than your seemingly 
more descriptive name. 
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Q Are all the standard action bar names presented in today’s tables? 

A Absolutely not. There are a multitude of standard names. I would suggest 
looking at several other applications to get an understanding of many of the 
standard action bar item names. In addition, you can contact companies 
such as Microsoft Corporation and IBM in regard to standards that they 
suggest. 

Q Does the order of action bar items matter? 

A It’s best to follow an order when presenting action bar items. The order that 

the items were presented in this chapter is the standard order. This is File, 

Edit, View, Options, and then Help. If you need to add additional items, 

they should be placed between Options and Help. The Help option should 
always be on the far right. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
. What is an action bar? —" 

. What are the most common action bar items? 

. What types of selections should be allowed in a File action bar menu? 

What types of selections should be allowed in an Edit action bar menu? 

What types of selections should be allowed in a View action bar menu? 

. What types of selections should be allowed in an Options action bar menu? 

. What types of selections should be allowed in a Help action bar menu? 

. Isa Help option necessary? 

. What do the left and right arrows do on an action bar? Seo CQ ak OS 

. Why are action bars called action bars rather than menu bars? 
—_ i=) 
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Exercises 

1. ON YOUR OWN: Review several commercial applications to see what 

names they use in their action bars. If possible, look at different operating 

environments or systems also. Many of the action bar names cross over from 
DOS, OS/2, and Windows applications. 

2. Create an action bar function for the Group Information screen. 

3. ON YOUR OWN: Create an action bar function for the Musical Items 

screens. 
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At one time or another, everybody needs help. When building an application, there 

are several features that you can add to aid your users in their times of need. This aid 

is what today’s information focuses on. Today you will learn: 

Fai 
J About adding help to your application. 

_) What the different types of help are. 

Which types of help are more important than others. 

|] How to add the different types of help to your applications. 

Who Needs Help? 
Everyone needs help at one time or another. In applications, users don’t always 
understand what is being displayed or what they are expected to do. By adding help 
to your applications, you provide a means for the users to get aid. 

There are specific types of information that should be provided in help. This help 

should focus on the application being used. In addition, help is not meant to teach 
a user how to use the application. Help is intended to provide assistance to the user. 

What Are the 
Different Types of Help? 

The types of assistance to be provided can vary. Each type of assistance, or form of 
help, has a specific intent. Following is a list of the different help types commonly 
found in applications: 

Loe 
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Startup help 

General help 

| Help for help 

_| Extended help 

|| Help for keys 

Help index 

About... help 

Context-sensitive help 

Tutorials 



Startup Help 
Startup help is provided when an application is first started. It can be provided in one 
of two ways, either automatically or when the user requests it. 

Startup help is most common in applications that require command line parameters. 
Consider the DOS TYPE command. If you enter TYPE at the command without the 
name of a file to be listed, you get the following response: 

C>TYPE 

Required parameter missing 

This information is provided because you didn’t start the program correctly. The 
information is intended to assist you in beginning the program correctly. 

The TYPE command’s help was provided automatically. Some programs provide 
startup help that has to be requested. This request is made when you start the program. 
To receive the aid, an additional parameter is passed. This parameter is generally a 
special character such as a dash (-) ora slash (/), followed by the letter H or the word 

help. An example of a program that uses this form of help is the shareware utility, 
PKZIP by PKWARE Inc. When running PKZIP, you can include a -h on the 

command line for help information. The following illustrates what is presented when 
you type PKZIP -h and press enter: 

PKZEPS (CR) FAST! Create/Update Utility Version 2.04g @2-01-93 

Copr. 1989-1993 PKWARE Inc. All Rights Reserved. Shareware Version 

PKZIP Reg. U.S. Pat. and Tm. Off. Patent No. 5,051,745 

PKZIP /h[1] for basic help PKZIP /h[2)3/4] for other help screens. 

Usage: PKZIP [options] zipfile [@list] [files...] 

Simple Usage: PKZIP zipfile file(s)... 
1 1 ! 

1 

Program) == -=e4= «29 ~<a 
i} 
' 

Newezi pile sto) create ca er 

Pile(s)syourwrsh= £0) COMPILESS == 2— a- -i-- 

The above usage is only a very basic example of PKZIP's capability. 

Press 2 for more options (including spanning & formatting), press 3 for 

advanced options, 4 for trouble shooting options, any other key to quit 

help. 
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As you can see, the information provided by PKZIP is helpful in showing you how 

to use the program. This information aids you in the operation of PKZIP. Ifyou don't 

know this information, you will be unable to operate the program. 

If your program requires command line parameters, you should provide startup help 
if the user doesn’t include the appropriate command line parameters. Ata minimum, 
you should tell the user what is needed to run the program. Listing 16.1 provides a 
program called PRINTIT.C. This program types a listing with line numbers. This 

Note: Startup information is provided to help the user start an 
application. 

listing provides startup help if command line parameters aren’t entered. 

OONDARWOND — 

Listing 16.1. PRINTIT.C. Listing using startup help. 

/* Program: PRINTIT.C 
* Author: Bradley L. Jones 

* Purpose: This program prints out a listing with 

* line numbers! 

#include <stdio.h> 

#include <stdlib.h> 

void do_heading(char *filename) ; 

int line, page; 

main( int argv, char *argc[] ) 

{ 
char buffer[256]; 

[Pine es 

if (eabGVece om) 

{ 
fprintf(stderr, "\nProper Usage is: " ); 
fprintf(stderr, "\n\nPRINTIT filename.ext\n" ); 
exit(1); 

} 

if (( fp = fopen( argc[1], “r™ )) == NULL ) 

{ 
fprintf( stderr, "Error opening filess slits argc! 1) )¢ 
Rake (G5 



31: 

OZ page = Q; 

33: line = 1; 

34: do_heading( argc[1]); 
35: 

a while( fgets( buffer, 256, fp ) != NULL ) 

38: if( line % 55 == @ ) 

39: do_heading( argc[1] ); 
40: 

Ay? fprintf( stdprn, “%4d:\t%s", linet++, buffer ); 
42: } 

43: 

44: fprantek(e stdpreny At )s 

45: fclose(fp); 

46: return Q; 

47: } 

48: 

49: void do_heading( char *filename ) 

SO it 

Sits paget+; 
52 

535 if ( page => 1) 

54: Hoesin( Gisele a\are we 

Sih 

56: ; fprintf( stdprn, “Page: %d, %s\n\n", page, filename ); 

57: 

C:\PROG\DAY16> Printit 

Proper Usage is: 

PRINTIT filename.ext 

Anas The output displayed is the result of running PRINTIT without any command 
line parameters. As you can see from the output, the user is informed of how to 
run the program. This is just enough information to help the user try again. 

This startup help was easy to add in the listing. By adding the arge and argv 

parameters to your main() function, you can capture command line parameters. The 

argv parameter contains the number of separate commands that were on the 

command line. For PRINTIT, two arguments are needed, the PRINTIT program 

and the file to be printed. Line 19 uses an if to determine if less than two parameters 

were entered. If true, then the user is provided with the startup help (lines 20 to 24). 

If two or more parameters were entered, then the program runs. If additional 

commands or filenames are passed, they are ignored. 

SAMS 
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DON’T 

DO use startup help when your application doesn’t have any screens (for 

example, in command line utilities). 

General Help 
General help is provided in the application. Each of the types of general help are 
usually available in two different ways. The first is via the Help pull-down menu on 
the action bar. The second is by using an accelerator key. Table 16.1 presents each of 
the types of general help along with its corresponding accelerator key. 

Table 16.1. General help. 

Action Bar Text Accelerator Key 

Help for help Shift+F10 

Extended help F2 

Keys help ist) 

Help index Fill 

Note: Graphical applications will also contain a Help button that can be 
clicked on with a mouse to access help. 

Although there are accelerator keys for each of the types of general help, it isn’t 
mandatory that the accelerator keys be used. They are just suggestions. Each of these 
keys can be used for other purposes in your application, even if you include the general 
help options. 



Expert Tip: The F2 accelerator key for Extended help is used quite 
often. The other accelerator keys in Table 16.1 aren’t used as often. 
I suggest that you set up F2 for extended help and leave the other 
accelerator keys off if they are needed for other functions. It is sug- 
gested that you don’t use F2 for other tasks. The other accelerator 
keys in Table 16.1 can be used for other tasks. 

What Is Help for Help? 
Help for help may seem somewhat rhetorical, but it may well be needed. In some 
systems, the help that is provided can be more complicated than the system itself. This 
aid informs the user on how to use the help provided with the application. 

ay Note: Many applications do not provide help for help. 

What Is Extended Help? 
Extended help is provided in virtually all applications that provide help. It provides 
information for the portion of the application currently being used. 

Extended help should provide an overview of using the current screen. This informa- 
tion can include the purpose of the current screen, specific values for fields presented, 

and how to accomplish special tasks on the screen. This help should be available via 

the action bar. In addition, you should allow this information to be available through 

a function key. If the F1 key isn’t being used for context-sensitive help (covered later 

today), then it should be used for extended help. If the F1 key is unavailable, the F2 

function key should be used for extended help. 

Expert Tip: You should make it easy for users to access help in your 

applications. 
£ 
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Expert Tip: Whenever possible, you should include both context- 

sensitive help and extended help in your applications. 

In an application such as Record of Records/, there would be different extended help for 

each of the entry screens. In addition, the menus would have separate extended help. 

Because each of the screens is functionally different, it should make sense that each 

extended help would be separate. 

The help boxes that were provided in the Record of Records! application would be 

considered scaled-down versions of extended help. Because the Record of Records! 
application doesn’t have context-sensitive help—yet—the F 1 function key is used for 
extended help. At this time, you should modify the Record of Records! application to 
provide better extended help. A replacement for the display_medium_help() function 

for the medium code screen is in Listing 16.2. You'll notice that this version of the 
function provides much more descriptive help. 

Listing 16.2. LIST1602.C. A new display_medium_help() 

function. 

{ 

2 

3 
4: 

BS void display_medium_help(void) 

6 
7 

8 

sit Wark 
: aie, “Cheles 

: char *scrnbuffer; 

9: 

10: char helptext[19][45] = { 

ls : Medium Codes", 
WE Met ee ee eee ee eee eee ris 

TSE ee 

14 "The medium code screen allows you to track", 

SE "the different types of storage mediums that", 

We "your music collection may be stored on. A", 

flivae "two character code will be used in the", 

18: "Musical Items Screen to verify that the", 
19: "medium type is valid. The code entered will", 
20: "need to match a code entered on this screen.", 
Palit "Additionally, the codes will be used in", 
a “reporting on your musical items.", 

a b] 

ee "An example of a musical code might be:", 

5] 
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26: ; CD - Compact Disk", 
Zila + CS - Cassette", 

28: = VD - Video", 

29: ON GACIGRE NS ie Sate org eR a RS rr Pe eee aT Tee 
30: 

x scrnbuffer = save_screen_area(2, 23, 28, 78 Me 
32: 

33: 

34: Orad(sa; <0, 28, (7, Ct, shdw fcol, et. bg bool, “3 )* 
<13)5 box(2, 22, 29, 78, SINGLE_BOX, FILL_BOX, 

36: ct.help fcol, ct.help_bcol); 
Wy 

oor for( ctr = 0; ctr < 19; ctr++ ) 

39: { 

40: write_string( helptext[ctr], 

41: CL Nel pancol. sc talelDEDCOlmctCtr, oe") 5 

42: } 

43: 

44: cursor(24, 79); 

45: getch(); 

46: restore_screen_area(scrnbuffer) ; 

A= 

Medium Code: __ 

Medium Description: 

You'll notice that the help information has been coded into an array. This is not 

nals necessarily the best way of adding help because this uses a lot of data space. You 

may find that it is better to create a separate disk file that you can read into your 

application. This is similar to what will be done later when you add context-sensitive 

help to your application. 
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Note: By using a separate file, you'll be able to change the help informa- 

tion without recompiling your application. 

What Is Keys Help? 
Keys help is relevant to an application that uses a lot of accelerator keys. Keys help 

should provide information on what accelerator keys or function keys do. This 

information is generally presented in a format similar to the following: 

FI Help 
F3 Exit program 

F5 Add a record to the database 

F10 Access action bar 

<Esc> Cancel current function 

<Enter> Next field 

What Is Index Help? 
In some applications, the extended help can become very detailed and very long. The 
help may be broken down into sections similar to the sections in this book. To help 
users get the specific help that they need, an index may be provided. This index for 
the extended help provides a means for users to quickly find exactly what they need. 

The Index help should provide a list of the topics available. The user should be able 
to select an item from the list. Upon selection, the corresponding extended help 
should be presented. 

Note: Index help, which may also be referred to as the Help index, is nee 
provided in applications with a large amount of help. ie 

~~ 

Using an About Box 
An about box is the most commonly used help screen. It can also be the least helpful. 
An about box serves a slightly different purpose from the other types of help. Instead 
of providing help directly aimed at using the application, an about box provides high- 
level information. The information included will be the application’s name, its 



version number, the company that produced/owns the software, and any copyright 
information. As you can see, this is identifying information rather than help 
information. 

Other information that may be included in an about box would be the registration 

number, if one exists, a company logo, the software’s logo, or some system informa- 
tion. System information that may be included would be the available memory and 
the total memory. 

As you should see, all the information is helpful to you in addition to the user. Ifa user 
calls for support, the information in the about box helps you identify which program 
and which version of the program the user is running. In addition, it helps the user 

to know who to contact because the company name should be in the about box. 

Following is Listing 16.3. This listing contains the code for the Record of Records!about 
box. This code can be linked to the function calls in the Record of Records!about boxes. 

Listing 16.3. ABOUT.C. The Record of Records! about 

‘Tye box code. 

1 / XSSSSSS SS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SSS SSS 

Pde * Filename: ABOUT.C 

Sh: 43 About box for RECORD OF RECORDS 

4: ba 

ors * Author: Bradley L. Jones 

6: i 

ie * Purpose: Dispays about box for Record of Records! 

8: # 
9: MN (ones This listing can either be linked with other 

10: * listing in the Rec of Rec app, or it can be 

1,1 4 added to the bottom of the RECOFREC.C listing 

Ue * 

13: * Prototype should be added to recofrec.h 

5 hale *¢ 223225222525 55555252==555=5555SESESSSEESESSESSSSSESSES===*/ 

ie)? 

16: #include <stdio.h> 

17: #include <conio.h> /* not an ANSI header, used for getch() */ 

18: #include <string.h> fife for strlen() */ 

19: #include <ctype.h> 

20: #:include "“tyac.h" 

21: #include "records.h" 

22: #include "recofrec.h" 

25: void display_about_box(void) ; 

continues 
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Listing 16.3. continued 
OR he RE Rc ee eS ne 

vo 

4 
id display_about_box( void ) 

char *scrn_buffer = NULL; 

scrn_buffer = save_screen_area( 6, 17, 19, 64) ; 

Omid (O74 (al Oe OSe mCi SNGWanCOlemct. DOSDCOL asm), 

box( 6, 16, 20, 64, DOUBLE _BOX, FILL_BOX, 

ct.help fcol, ct.help_beol) ; 

/* draw graphic boxes on box */ 

box( 7, 12, 24, 34, SINGLE _BOX, BORDER_ONLY, 

ct.help fcol, ct.help_bcol); 

ord Bq We, B25 C25, SUNS loys, Tih [step 

ct.help fceol, ct.help_bcol); 

box( 9, 12, 46, 59, SINGLE BOX, BORDER ONLY, 

ct.help_fcol, ct.help bcol); 

box( 10, 13, 47, 60, SINGLE_BOX, FILL _BOX, 

CE hel petcol act .nelpsbcol): 

[ata aii sees “3// 
Wirite@ns tring (loon RECORDRORSREGORDS mes cscuue 

HenlNeMyey Teil, Weslo, 75 se HE 

write _string( "albums", 

ct.help_fcol, ct.help_bcol, 9, 24 ); 
write_string( "cassettes", 

Ci nel pai Cole ctmnes peoCOLen! 1 49=)) 
write_string( "Version 1.00", 

ct.help_fcol, ct.help_bcol, 8, 43 ); 

write_string( "(c)1994, RTSoftware - All Rights Reserved", 

ct. help fcol, ct.help_beol, 15, 22) ); 

cursor(24, 79); 

getch(); 

restore_screen_area(scrn_buffer) ; 



This function will need to be linked with the other programs for the Record of 
Records! application. You can choose to add it to the RECOFREC.C listing, or 
you can keep it in its own separate listing. You'll need to add the prototype to 

the RECOFREC.H header file because you will be calling this function from each of 

the different areas. In fact, you'll want to call this from each of the three entry and edit 

screens along with the main menu. Each of these should have the display _about_box() 

function called from the About... option on the Help pull-down menu. 

This function shouldn’t offer any surprises. The function saves the screen area that will 
hold the about box (line 31). A grid and a box are then displayed to hold the about 
information. Lines 38 to 47 draw the graphic boxes that are to appear in the about box. 
Lines 51 to 60 display the textual information. In your applications, you can draw and 
write any textual information you want. In the case of Record of Records!, the 
application name, some graphics that give an idea of what the application does, a 
version number, and, finally, a copyright with a company name and date are 
presented. Line 65 restores the screen when the user presses a key. The function then 
ends and control returns to the calling program. 

Context-Sensitive Help 
Context-sensitive help is generally the most valuable to a user. It is help that provides 
information on the task that is currently being executed. For example, if a user is on 

the Medium Code field in the medium screen, then the context-sensitive help would 

provide information on what a medium code is or on what values are valid for medium 

codes. 

In Listing 16.4, a function that provides context-sensitive help has been created. This 

function should be added to the medium code screen that was originally presented on 

Day 13. .A few changes need to be made to integrate this function into the medium 

code listing. These changes are detailed after Listing 16.4. 

sAms | 
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OnNoOoahRWND — 

o 

Listing 16.4. LIST1604.C. The context-sensitive help. 

#include <stdlib.h> 

/ HK KKK KK KK KIKI KKK IK KIKI KIKI KIKI KKK KEKE EEK KEKE KEKE KEKE KKK KKEE 

Be NOTE: Prototypes for following two functions are * 

* in the recofrec.h header file. These same * 

t functions are usable in other screens. * 
KKK KK KKK KK KKK KKK KKK KKK KERR AKER KEK KK KKK REE KK ERK EK KEKE / 

Ce a a a, Oe i es re er ee nen ee ese es oe SNR * 

* Function: display_context_help() 

* Purpose: Display help that is relative to a specific * 

t field on a specific screen. si 

* Notes: The first parameter needs to be the * 

a name of the help file. * 

* Each screen should have its own help file * 

* since offsets in the file are based on "2 

i? field position. * 

iY Each position should have 3 lines in its hel 

x help file. Max line length 64 characters. = 
Roe Gee Be ees 2 She ah sic eee eS 45 Sat ek 6 oreo ee eS ee ee ee *] 

void display_context_help( char *file, int position ) 

{ 
Pidele ‘riley 
int Cun; 

char *rv = NULL; 

char *buffer1 = NULL; 

char *buffer2 NULL; 

char *buffer3 NULL; 

/* allocate buffers */ 

buffer1 = (char *) malloc(65 * sizeof(char)); 

buffer2 = (char *) malloc(65 * sizeof(char)); 

buffer3 = (char *) malloc(65 * sizeof(char)); 

/* make sure all the allocations worked */ 
if( buffer1 == NULL || buffer2 == NULL !! buffer3 == NULL) 

{ 
display_msg_box("Error allocating memory...", 

ct.erri.fcol, ct.err_bcol ); 
if( buffer1 != NULL ) 

free(buffert) ; 

if( buffer2 != NULL ) 

free(buffer2) ; 

if( buffer3 != NULL ) 

free(buffers) ; 

return; 



fp = fopen( file, "r"); 

if( fp == NULL ) /* make sure the file was opened */ 

{ 
display_msg_ box("Error opening help file...", 

Cthenp ancolyectzerr=bcol, jr 

} 
else 

{ 
/* spin through to appropriate record */ 

fon Cty = 0; (ctr = (position) * 3))) ssctr+s ) 

{ 
PV Ssigets (*butferis, 65, fp»); 

if( rv == NULL) 
break; 

} 

/* ready to read three lines */ 
if( rv != NULL {|{ position == @ ) 

{ 
rv = fgets( bufferi, 65, fp ); 

if( rv != NULL ) 

{ 
nve=—Togets( burfer2a, (657 fp )it 

Lt (rv t=NUL ES) 

rv = fgets( buffer3, 65, fp ); 

} 

display _cntxt_help_msg( buffer1, buffer2, buffers ); 

else /* hit end of file too soon */ 

q 
display_msg_box( "Error in message file...", 

ct-errfcol, ct.errobcol ); 

} 

fclose( fp ); 

} 

free( buffer1 ); 

free( buffer2 ); 

free( buffer3 ); 

continues 
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Listing 16.4. continued 
Rec oe a ee ee ee 

98: void display_cntxt_help_msg( char *string1, 

99: char *string2, 

100: char *string3 ) 

101: { 
102: char *scrn buffer = )NULE; 

103: scrn_buffer = save_screen_area( 10, 16, 10, 70 Nes 

104: 

105: grid( 11, 16, 10, 69, ct.shdw_fcol, ct.bg_bcol, 3 ); 

106: box(10, 15, 11, 70, SINGLE_BOX, FILL_BOXx, 
107: ct.help fcol, ct.help_bcol) ; 

108: 
109: write_string( string1, ct.help_fcol, ct.help_bcol, 11, 14 ); 

110: write_string( string2, ct.help_fcol, ct.help_bcol, 12, 14 ); 

cliltas write_string( string3, ct.help_fcol, ct.help_bcol, 13, 14 ); 

aie 
Wiles write _string( "Press any key to continue...", 

114: ciehelpetcol ict. helpubcol 14.6 145) 

ts 
WIG cursor(24, 79); 

ieee getch(); 

118 
aor restore screen _area(scrn butier) ; 

Medium Code: 

Medium Descxiption: 

This function can be added to the end of the medium code screen’s listing. A few 
changes need to be made to the medium code screen listing. The F1 case within 
the get_medium_input_data() function (lines 193 to 196 in Listing 13.4) should 

be modified. The call in the F1 case was used to access extended help. This should now 



sp ee 

el 
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be moved to an F2 function. The resulting code for the F1 and F2 function keys should 
be similar to the following listing. This code should replace lines 193 to 196 in List- 
ing 13.4. 

Listing 16.5. LIST1605.C. Replacement F1 case and 
new F2 case. 

case F1: /* context sensitive help */ 

display _context_help( HELP_DBF, position ); 

break; 

case F2: /* extended help */ 

display medium help(); 

break; 

In addition to replacing your F1 case with the preceding code, you should also modify 
the getline() calls that set up the exit keys. You need to add the F2 key to the list. 

This requires that you increase the number of exit keys by one from 12 to 13 keys. The 
following lines should replace lines 111 to 118 in Day 13’s Listing 13.4. 

/* Set up exit keys. */ 

static char fexit_keys[ 14 ] = { F1, F2, F3, F4, ESC_KEY, 
PAGE_DN, PAGE_UP, CR KEY, 
TAB_KEY, ENTER_KEY, SHIFT_TAB, 

DN_ARROW, UP_ARROW, NULL }; 

static char *exit_keys = fexit_keys; 

getline( SET_EXIT_KEYS, ®, 13, 0, 0, 0, exit_keys ); 

The output of Listing 16.4 presented the context-sensitive help that is received when 
F1 is pressed and the cursor is on the Medium Code field. To get the medium code 
to work, you need to incorporate all of the changes mentioned so far. In addition, you 

need to create a help file called MEDIUM.HLP. This file needs to contain the 

context-sensitive help. The following unnumbered listing contains the text in the 

MEDIUM.HLP help file. 

Listing 16.6. MEDIUM.HLP. The context-sensitive help 

‘Tre for the medium code screen. 

Medium Code: 

Enter a 2 digit code symbolizing a medium type. 

Medium Description: 

Enter a description for the Medium Code. 

ee Et UtIEId EES 
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The MEDIUM.HLP listing contains the contextual help. You should note that the 

file contains six lines. The last line is blank. 

Looking back at Listing 16.4, you can see how the context-sensitive help works. When 

F1 is pressed, the context-sensitive help function, display_context_help(), is called. 

The display_context_help() function was presented in Listing 16.4 (line 2). The 

display_context_help() function starts by declaring three character buffers and 

allocating them with the malloc function (lines 26 to 33). Line 36 then verifies that 

all three character buffers were allocated. If one of them was not allocated, then an 

error message is displayed. Lines 40 to 45 then perform cleanup to ensure that any 

memory that was allocated is freed before returning to the calling program. Notice 
that the program reports the problem and keeps going. As long as users are doing 
functions that don’t require allocating more memory, they will be able to continue 

with the program. 

If the allocation was okay, then the function continues in line 51. Here, the function 
attempts to open the filename that was passed. In this case, the file is MEDIUM.HLP. 
Because a file name wasn’t hard coded, this function will be usable in the other entry 

and edit screens. 

If the open isn’t successful, then once again an error message is displayed in line 55. 
If the file is opened, then the appropriate information needs to be found. The help files 
should be set up so that there are three lines for each position on the screen. The first 
three lines of the help file should contain the information that will be displayed for 
the field in position one. The second set of three lines should contain the information 
for the second position on the screen, and so on. Ifa field doesn’t have three lines of 
help, then blank lines should be included in the file. 

The for statement, in lines 61 to 66, spins through the file to the appropriate set of 
help lines by doing reads in the file. The fgets() function is used because the lines of 
text are variable length. If the lines were all a set length, then fseek() could be used 

along with fread(). Using the fseek() and fread() functions would be more 

efficient; however, they require that the help file contain lines that are all the same 
length. Each line of the file is read from the beginning. What is in the lines is ignored 
until the offset is reached based on the field position. 

Line 69 begins the read for the three lines of information that will be displayed on the 
screen. If the end of the file has been reached, then you don’t want to continue reading 
the help file. The signal for the end of the file is when fgets () returns the value of NULL. 
Line 69 checks to see if the end of the file has been reached. If the position is 0, then 
the file hasn’t been read. Lines 71 to 76 then do three additional reads to obtain the 



appropriate help information. With each read, a check is done to ensure that 
everything went okay. Once completed, line 79 calls a function to actually display the 
three lines on the screen. This function, display_cntxt_help_msg(), is similar to the 
display_msg_box() function. Instead of a single line, three lines of information are 
displayed (see lines 95 to 120). 

After displaying the context help, the program waits for the user to press a key. The 
help file is then closed (line 87) and the allocated memory is released back to the system 
(lines 90 to 93). Control is then returned to the calling function. 

This function could be sped up a little bit. Instead of opening and closing the file each 
time the help is needed, you could open it at the beginning of the program and close 
it when the program ends. 

Note: The exercises at the end of today will ask you to create context- 
sensitive help for the other screens in the Record of Records! application. 

Tutorials 
Tutorials are different from Help. Whereas help provides aid in using an application, 
tutorials provide training. A tutorial walks the user through the steps of using the 
applications. These instructions can be presented in several forms. These forms can 
be either online, in paper documentation, or both. 

Online tutorials can either be interactive or non-interactive. An interactive tutorial 
enables the user to interact with what is being presented. For example, a data-entry 
screen within the tutorial may require the user to actually enter data. 

A non-interactive tutorial presents the information, but doesn’t enable the user to 

actually perform any of the application’s functions. Most non-interactive tutorials are 

presented in slide show format. One slide containing information is presented with 

textual information for the user to read. Included are pictures of screens, messages, 

dialog boxes, and more. 

iteractive tutori- 
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Tutorials that aren’t online are easier to produce. These paper tutorials are generally 

interactive. They walk the user through using each portion of the application. 

Included in the tutorial are the same constructs that are included in the non- 

interactive tutorials. In addition, steps are presented that tell the user how to get into 

the application and actually perform the different processes. 

Note: Tutorials and Help are not the same. A tutorial is not a replace- 

ment for help. Help should not be written to be a tutorial. 

Documentation and Manuals 

An entire book could be written on preparing documentation for computer applica- 
tions. Documentation comes in several forms and serves several purposes. The main 
goal of documentation should be to help the users in their utilization of the 
application. 

Documentation can come in the form of several different types of manuals. There are 
installation or set-up manuals, user guides, reference guides, and tutorials. In 
addition, several application specific manuals may be provided. 

Each of the different manuals has a different purpose. The installation or set-up 
manuals help the user install and set up the software. Once the software is running, 
these manuals are generally put aside. The user guide is provided as an overview to the 
application. It should contain sections on each portion of the application. A reference 
guide may contain information similar to the user guide, but it will differ in the way 
it's organized. In addition, the level of detail in a reference will generally be greater 
than that of a user guide. A reference manual should be designed so that information 
is easy to access. A user manual will be set up in the order that a user is most likely to 
use the application. 

Tutorials, which were described earlier, provide the user with step-by-step instruc- 
tions in actually using the application. These instructions have the users actually enter 
information into the application so that they get hands-on experience. 

Note: Tutorials that are provided in manuals are eal hands-on | 
nature, which means that they have the user actually enter informatio 
into the application. Online tutorials may or may 1 not 



DO include help in your applications. 

DON’T confuse tutorials with help. 

DO include documentation with your applications if you plan to sell them. 

Summary 
Today’s chapter provides help. Actually, it provides information on adding help to 
your application. There are several different forms of help that can be added to your 
applications. Context-sensitive help is the most helpful. It provides information on 
the action that is being performed at the time help is requested. Extended help is more 
common. Extended help provides information relative to the current screen being 
used. Several other types of help are also available. These include help for help, index 
help, keys help, and about boxes. In addition to help, some applications provide 
tutorials. To supplement help, documentation may be provided in the form of startup 
or installation manuals, user guides, or reference manuals. 

OKA 
Q Do you have to add help to your applications? 

A No, you don’t have to add help to your applications; however, most times 
you should. Virtually all applications that are available for sale have some 
form of help. Ata minimum, they contain an about box. Most include 
context-sensitive help or extended help. 

Q Is the F1 key always used for context-sensitive help? 

A No, some applications don’t provide context-sensitive help, but do provide 

extended help. In these applications, the F1 key is used for the extended 

help. The reason behind this is because most people expect the F1 key to 

provide some form of help. 
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Q Should a tutorial be a part of the application? 

A No, a tutorial should be a separate application. You can provide access to the 

tutorial through the Help pull-down menu; however, you shouldn't include 

the tutorial as a part of the application. The application should be written to 

serve a function. A tutorial is written to teach the user that function. Your 

prime objective should be to write the application, not the tutorial. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you ve 

learned. 

Quiz 
1. Is help necessary in a computer application? 

. What are the different types of help? 

. Are tutorials considered help? 

. When should startup help be used? 

A AR B& ND . If you are only providing extended help in your application, what accelerator 
key should be assigned to it? 

6. If you are providing extended help and context-sensitive help, what accelera- 
tor keys should be used? 

Exercises 

Today’s exercises are all on your own. You should model your answers after the 
material presented today. 

1. ON YOUR OWN: You were shown code for adding extended help to the 
medium code screen. Add extended help to the Group Information screen 
and the Musical Items screen. 

2. ON YOUR OWN: Create context-sensitive help for the Group Information 
screen and the Musical Items screen. 

3. ON YOUR OWN: Add help to the application that you are creating on 
your own. (See “ON YOUR OWN?” exercises from previous days.) 
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File Routines: The First Step 

On Days 14 and 15, you added menus and action bars to your application. This 

helped the user to navigate effectively through your application. To make your 

application truly useful, you need to be able to work with data. Until today, your 

application has only been able to write data to a file. Today, you will expand on this. 

Today you will: 

(1 Look at the different ways that you will want to access a file. 

[| Learn different file formats. 

_] Learn about indexing a file. 

|] Look at the functions that will enable you to work with the 

Medium Code file. 

Storing Data in a Disk File 
As you begin accepting data in your application, you'll want to be able to save it so that 
you can access it later. To do this, you use disk files. By storing information on a disk 
drive, you'll be able to access it at a later time. 

Note: Many beginning C books cover disk files. In addition to covering 
such concepts as naming them, they also cover the basics of opening, __ 
reading, writing, and seeking within them. Much of this will be covered 
in today’s material; however, many of the basics will be skimmed over. If — 
you find the amount of information isn’t adequate, then you should 
reference a beginning C book such as Teach Yourself C in 21 Days. 

A Review of the Terminology Used 
with Files 

Before examining the concepts involved in using data in a disk file, a few terms should 
be reviewed to ensure that you understand them. Many of these terms have been used 
throughout this book. The terms that you should be familiar with are I/O, fields, 
records, data files, and databases. Figure 17.1 helps to show the relationship of these 
terms. 
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I/O is an abbreviation for Input/Output. Many programmers use the term //O to 
stand for any action that results in information flowing into, or out of, a computer 
program. Input is information flowing in; output is information flowing out. 
Information will flow into the Record of Records! application in two different ways. 
One is by being entered into the entry and edit screens. The other is by retrieving a 

record from the data file. Information is output in two ways also. It is output to the 

disk file when it is saved. It is also output to the reports that will be presented on Day 
Lo. 

A field is an individual piece of data. Because data is simply information, a field is 
simply a piece of information. In the Record of Records! application, there are a 

multitude of fields. Examples of some of the fields are medium code, group name, 

song title, and type of music. 

A record is a group of related fields. In the Record of Records! application, there are 
several different records used. The smallest record used is the medium code record, 

which contains two fields, a medium code, and a medium description. 

A data file is a group of related records that are stored on a secondary medium such 
as a disk drive. When you save records, they create files. In the Record of Records! 
application, you have three different data files. They are the Mediums, Groups, and 
Albums. 

A database is a group of related data files. Often, the files in a database can be related 
to each other. For example, in the Record of Records! application, the Mediums file can 
be related to the Albums file via the medium code field. This Groups file can be related 

to the Albums file via the group name field. In both the examples, an identical field 

appears in both files. It is these fields that cause the files to be related. 

rs naems eyestrain enone ‘Database ~ lS aa ae a 
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File Routines: The First Step 

File Formats 

As stated before, files are stored on disks. In working with these disk files, there are two 

things that you must be aware of. The first is the mode of the file. The second is the 

format. 

File Modes 

There are two different modes for disk files. These are binary mode and text mode. 

When you initially open a file for use, you specify which of these two modes you will 

be using. Because the two modes operate differently, you should understand them. 

If you are using text mode, then several translations will occur automatically as you 
work with the data. Because of this, the text mode is sometimes referred to as translated 
mode. Following are the translations: 

(| Carriage-return-line-feeds (CR-LF) are translated into a single line feed (LF) 

on input. 

A line-feed character (LF) is translated to a carriage-return-line-feed (CR-LF) 

on output. 

A Control+Z is translated as the end of the file. On input, the Control+Z 
character is removed (if possible). 

A file opened in binary mode doesn’t do the translations of a text mode file. In fact, 
a binary file doesn’t do any translations. This means that data is stored exactly as it is. 

When you open a file, you specify which mode you want to use, binary or text. In 
addition, you must specify the type of access that you will need with the file. There 
are several different accesses that can be specified. The modes that can be used are read 
(r), write (w), and append (a). Ifa file is opened to be read, then it cannot be written 
to or appended to. A file can be opened to both read and write by including a plus sign 
after the read (r) or write (w). If you open as w+ (write plus), then it will allow reading 
of and writing to a file. If the file already exists, it will be truncated to a zero length. 

Note: Using the standard C file functions is covered in most beginning C 
books. File functions will be used and explained in some detail later. If 
you find that you need to know more, then you should consult either 
your compiler manuals or a beginning C book. 
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File Formats 

In addition to different modes, files can also have different formats. The format of a 
file is how it is stored on the disk drive. Many C programmers learn to work with flat 
files; however, this is only one of many different formats of files. Today, you will be 
presented with three different formats; flat files, comma delimited files, and custom 
file formats. 

Flat Files 

With a flat file, information is written straight to the disk one record at a time. The 
text isn’t provided with any special format. If you use an operating system command 
to list the file (such as the DOS TYPE command), you will see the raw data in the file. 

In the Record of Records! application, each of the three entry and edit screens wrote the 

structures to the disk drive. These structures were creating a flat file on your disk. Each 
time you pressed the function key to add a record, a new record was added to the end 
of the flat file associated with that screen. You can list this information out. In doing 
so, you ll find that it is almost always readable. You'll also notice that each record takes 
the same amount of space. Following is an example of what a flat file might look like: 

DDD12/25/98DIME DINNER DRINKS 000.10 

SAK02/14/92SMILING APPLE KINGS 002.95 

BEJ10/23/93BIG EAGLE JIGS 010.99 

JMS03/13/93JAR MACARONI SALAD @04.95 

Note: Numbers in a flat file may be stored as characters or as numbers. If 
they are stored as numbers, then they will appear differently than what 
was previously shown. For example, if you write a numeric value that was 

_ stored in an integer to a disk file, it would take the same space as an 
integer. If you wrote the number 65, it would be stored as “A” —the 
character representation (ASCII) of the number. 

Comma Delimited Files 
Comma delimited files are most often seen with older spreadsheet applications. Many 

commercial database applications will read in and write out comma delimited files. 

Acomma delimited file writes a record to the file field-by-field. Each field is separated 

by acomma—hence the name. In addition, text fields are enclosed in quotes. Numeric 

fields are typically written as characters. This means that if you type a comma 
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delimited file, you'll know exactly what is in the file. Following is an example of what 

a portion of a listed comma delimited file may look like: 

"DEANNA" ,35, "01/01/92", "Body Building", 
"CONNIE", 21,"12/25/93","Square Dancing", 

DOSY ey MOM eyionl? 5 MMosiewelate|” 

Custom File Formats 

There are a multitude of custom file formats. Many of these formats have standards 

surrounding them. Among these standards are C-tree, Btrieve, dBase, and Vsam. 
These are just a few of the many different file formats. 

There are several reasons to have a custom file format. The main reason is to protect 
your data from other programs. An additional reason for the creation of custom files 
is based on usage. Depending on how your application works, you may need to create 
special features in your data. 

One common feature that is incorporated into many—but not all—file systems is 
indexing. Files can either contain built-in indexes or separate files can be created that 
index other files. The files that you add to the Record of Records! application will be a 
combination of flat files and index files. 

Working with an Indexed File 
Using an index allows quick access to a large data file. An index file is a separate file 
from the data file. Because an index contains a smaller amount of information, more 
of it can be read and manipulated quicker than the data file itself. 

An index file generally contains the key field and a pointer. The key field is the field 
that will be used to sort the file. The pointer will contain the offset into the data file 
for the corresponding data record. Figure 17.2 illustrates a basic index and data file. 

Index File Data File 
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Figure 17.2. An index file and a data file. 
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Not all index files are the same. Index files can be created in two ways. They can be 
sorted or they can be linked. A sorted index file requires that every time you write a 
record to the index file, it is written in the correct order on the disk. This means that 
several records may need to be moved around each time a new index record is added. 
The index shown in Figure 17.2 was sorted. 

Tip: If the index file will be small enough that you can read it into 
memory in its entirety, then using a sorted index can be time saving. 

A linked index requires more work; however, it doesn’t require that you do as much 
rewriting and moving of data records on the disk drive. A linked index works like a 
linked list. Using pointers, you keep track of the next index record. This is in addition 

to the key field and the pointer to the data record. If you will only be accessing your 
records in a single order, such as alphabetically, then you only need one additional 
pointer. If you will be navigating forward and backward through your data, then you'll 

need two pointers. Figure 17.3 illustrates a linked index that has the capability to 
navigate forward and backward. 

Index File Data File 

KEY | NEXT_|PREVIOUS |DATA REC 

Figure 17.3. A linked index. 

You should have noticed by now that the data file is stored independent of the indexed 

file. As new data file records are created, you simply add them to the end of the data 

file. The index file is then manipulated depending on whether you are using a sorted 

or linked index. In a linked index, you can also simply add the new index record to 

the end and then adjust the pointers accordingly. In the Record of Records! application, 

you will usea linked index containing the key field, a pointer to the corresponding data 

record, a pointer to the next record, and a pointer to the previous record. 
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Using a File 
With the Record of Records! application, you'll need to be able to perform several file 

I/O functions. These I/O functions will use a data file and a linked index. The 

functions that you need are the following: 

Opening the file. 

Closing the file. 

|] Adding a record. 

Updating or changing a record. 

L] Deleting a record. 

|] Finding the next record. 

Finding the previous record. 

Finding a specific record. 

Using the indexed file and the data file, you'll be able to do all of these tasks. Before 
detailing each of these, you first need to be aware of the structures that will be needed. 

The medium file will have both an index file and a data file. When working with the 
Record of Records! application, you'll read and write directly from structures. The 
index file will be kept in one structure and the data will be kept in another structure. 
The data file’s structure will be the same structure that you have been using all along: 

typedef struct 

char code[2+1]; 

char desc[35+1]; 

} MEDIUM_REC; 

The index file will be a new structure that needs to be added to the RECORDS.H 
header file that contains all the structures. The index structure for the medium code 
screen should be: 

typedef struct 

char code[2+1]; 

unsigned short prev; 

unsigned short next; 

unsigned short data; 

} MEDIUM_INDEX; 



As you can see, this structure contains a field, code, for the key field. In addition, it 
contains three variables that will be used to hold record numbers. The record numbers 
will be for the previous index record, the next index record, and the address of the data 
in the data file. You will see each of these record numbers used as the file is 
manipulated. 

There will be one additional piece of information needed. This is a header record for 

the index file. This header record was shown in Figure 17.3. This record will contain 

the address of the first sorted records in the index file so that you will know where to 
begin reading the index records. The header will also contain the number of records 

in the file. For the Record of Records! application, the header information will be read 

and written without the use of a structure. You will see this later. 

Preparation for the New I/O Functions 
Before jumping into the I/O functions, you should make some modifications to your 

TYAC.H header file. This header file should be modified to include several defined 
constants that will be used with the I/O functions. In the next sections, you will create 
several functions that will be added to your TYAC.LIB library. These functions will 
be generic I/O functions that will be used by the specific screens to work with the 
indexed data files. 

Several defined constants will be used in the file I/O routines. These defined constants 
will be used to describe errors that may occur as you are doing file routines. You should 
add the following to your TYAC.H header file. 

Hie a a Pee ein St Na vee rine) Gta ne nieit am Ler ties aN ms * 

be PILES /OFErrors/ Flags ® 
oe Se A eee A i pk ae Oey ee ee i ee * | 

#define NO ERROR 00 
#define OPEN _ERROR 01 

#define CREATE_ERROR @2 

#define USER_CREATE_ERR 203 

#define SEEK_ERROR 04 

#define WRITE_ERROR 05 

#define READ ERROR 06 
#define CLOSE_ERROR 7 

#define NOT_FOUND 08 

#define PREVIOUS_REC 01 

#define NEXT_REC 00 

iiss pn i cease reametsaeaia te et sar eMail mie! a) ie ete * 
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#define PACK_ZERO 01 /* For packing numerals */ 
#define NO_PACK 00 /* w/ zeros at the front */ 

As you can see, most of these constants define errors. The PREVIOUS_REC and NEXT_REC 

will be used for moving through the database. The PACK_ZERO and NO_PACK constants 

are conversion flags that will be detailed later. 

Before jumping into the specific changes for the Record of Record! application screens, 
the following are prototypes for functions that will be created and described. 

int 

int 

int 

int 

int 

open files(char *, char *); 

close _files(void) ; 

update_header (void) ; 

ome (Ree(atihe, [RWS 5 siisy Wines Gmele o* ))e 

whe roe (sinhies Tulle 7, alle peahe, Clheie © j= 

You should add these prototypes to the TYAC.H header file. The following sections 
will present each of these functions. 

Opening the FILES: open_files() 
Before being able to work with files, you need to first open them. The open_files() 
function presented in Listing 17.1 opens both an index and a data file. 

ifs 

748 

On 

4: 

eye 

6: 

7fe 

8: 

9: 

Listing 17.1. OPENFILE.C. Opens an index and 
a data file. 

* Program: OPENFILE.C 

* Authors: Bradley L. Jones 

iy Gregory L. Guntle 
* 

* Purpose: Opens a file - Sets two global variables 
s nbr of rec in file and the starting record 
tw in alpha. 
* 

* Enter with: 

vi idx = Name of index file 

bs db = Name of data file 
* 

* Returns: 

®@ = No Error 

>® = Error - see DEFINES in TYAC.H for FILE 1/0 

#include <stdio.h> 



#include "“tyac.h" 

/* Global Variables */ 

extern 

extern 

extern 

extern 

RULES 10xXe ot ps 

ELLE dbo tps 

int nbr_records; 

int start_rec; 

[RERRRRREREAKKKKKEKER 

* OPEN FILES * 
AARARAE EES SRE AK 

int open_files(char *idx, char *db) 

{ 
int rv = NO_ERROR; 

int cr_flg = FALSE; /* Assume file exist */ 

/* Open index file first */ 

if( (idx_fp = fopen(idx, "r+b" )) == NULL ) 

{ 
fe Doesn't exist - create it */ 

if( (idx_fp = fopen(idx, "wtb")) == NULL ) 
rv = CREATE_ERROR; 

else 

cr_flg = TRUE; /*Indicates no hdr exist yet */ 

/* Open Database File - as long as no previous errors */ 

} 

if 2( 
{ 

Hf 

rv == NO_ERROR ) 

Open existing file */ 
if( (db fp = fopen(db, “r+b” )) == NULL ) 

} 
i 

/* Create new DB file */ 

if( (db fp = fopen(db, “w+b")) == NULL ) 

rv = CREATE_ERROR; 

/* Only continue if no errors above */ 

Eta rv==NO_ERROR) 

/* Get number of records */ 

if 
{ 

( !or_flg ) /* File exist - get hdr record */ 

v = get_rec(®, idx_fp, sizeof(int), 0, 

(char*)  &nbr_records) ; 

/* Get starting record # */ 

if (rv == 0) 

continues 
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Listing 17.1. continued 

70: 

fal rv = get_rec(®, idx_fp, sizeof(int), sizeof(int), 

UE (chain) &stanteneeys 

73: } 

74: } 

715: else 

76: { 

alia nbr_records = 

Ke Seelric_ irae = ly 

Qe } 

80: } 

Q; /* New file - no records yet */ 

82: return(rv); 

The open_files() function makes several assumptions. First, it assumes 

that you will have several external variables defined (lines 23 to 27). These 

external variables must be declared or else open_files() function will fail. 

Each of these variables is important. The idx_fp isa file pointer that will be used with 

for the index file. The db_fp is a file pointer that will be used for the data file. 
nbr_records will be filled with the number of records in the file pointed to be the 

db_fp. The start_rec variable will be used to contain the record number for the first 

sorted record, or the starting record. The starting record’s number and the number 

of records will initially be obtained from the header record when the file is opened. 

Note: Later, you will see that these variables can be set up at the begin- 
ning of your applications. All the I/O functions will use these variables. 

You call this function with the names of the index file and the data file that you want 
opened. The function then attempts to open the index file first in line 39. The file is 
opened using the fopen() function. By passing it the value of "r+b", you are 

attempting to open an existing file for reading and writing in binary mode. If the file 
does not exist, an error will be returned. Line 42 handles this by then attempting to 
create the file. If the file can’t be created, then rv is set to show an error return value 
of CREATE_ERROR. Earlier, you defined CREATE_ERROR in your TYAC.H header file. If 
the file didn’t exist and was successfully created, then a flag, cr_flg, is set to TRUE. This 
will be used later to indicate that the header information needs to be set up. 
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Line 49 checks to see if there was an error with the index file. If there wasn’t, then the 
same processes are repeated for opening the data file in lines 52 to 57. 

If there hasn’t been an error up to this point, then the header information can be set 
up. Line 61 begins the process of setting up the header file information. Line 64 checks 
the cr_flg, to see if a new file was created. If a new file wasn’t created, then line 66 
calls the get_rec() function to read an integer from the index file. This integer is 

placed in the global variable nbr_records. If the read was successful, then asecond read 
of the index is done to retrieve the address of the starting record, start_rec. 

Note: The get_rec() function is a new acon that will be covered i in 

the next section. 

If the index file was created, then lines 77 and 78 set the two global variables, 

nbr_records and start_rec. The number of records is set to zero because there are no 

records. The start_rec is set to 1 because there are no records in the file. With this, 

the header information is set up and the files are ready to use. 

Getting a Data Record: get_rec() 
The get_rec() function enables you to get a record. Listing 17.2 presents this 

function. 

Listing 17.2. GETREC.C. Getting a record—the get_rec() 

Te function. 

ibe Yi ie ctaotrl atat epee ok vet atm Sale elie eye ale ole Pic) hohe ae) ola = io) mimi fe\ielle =e ooh oma =) = 

25 * Program: GETREC.C 

3: * Authors: Bradley L. Jones 

4: * Gregory L. Guntle 

aye bd 

6: * Purpose: Reads a record from a file. 

ae i 

8: * Enter with: rec = record # to retrieve 

9: = FILE * = FILE ptr to file 

10: sa rec_size= size of record 

as fd offset = any offset to adjust to (hdr?) 

12: x buff = place to put information being read 

Usi ~ 

14: * Returns: @ = No Error 

loss ie >@ = Error - see DEFINES in TYAC.H for FILE I/0 

continues 
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Listing 17.2. continued 

18: #include <stdio.h> 

19: #include "tyac.h" 

20: 

21: int get_rec(int, rec, FILE,Afp,. int rec_size, int offset, char 

© Uta) 

22 4 

23: int rv = NO_ERROR; 

24: 

20) if ( rec == @) /* Getting Index Header ? */ 

26: rect+; /* Adjust to fit into formula */ 

Cle 

28: /* Seek to position */ 
29: if ( fseek(fp, (rec-1)*rec_size+offset, 

30: SEEK_SET) == @ ) 

Sila 

eek /* Read information */ 
33) ifs nread (DULT,s GECESLZe. sty atp) eum eelinn) 

34: rv = READ ERROR; 

Yo) } 

36: else 

SE rv = SEEK_ERROR; 

38: 

39: return(rv); 

40: } 

The get_rec() function requires several parameters. The first, rec, is the 
number of the record to retrieve. Each record is numbered sequentially 
from the beginning to the end of the file. The first record is one, the second 

is two, and so on. The second parameter, fp, is the file pointer. This will be the opened 
file that the record is retrieved from. The third parameter, rec_size, is the size of the 

information or record to be read. The offset, or forth parameter, is the size of the 
header record in the file if there is one. This offset is needed to adjust for the room 
taken by the header record. The last parameter, buff, is the area to store the 
information being read. 

The get_rec() function calculates where the record is in the file. This is done by using 
the record number that tells how many records into the file the record is. The record 
number is multiplied by the size of each record. Actually, one less than the record 
number is used so that the value gives the distance into the file that the record is. A 
final adjustment, by adding the size of the header information, provides the exact 
location. 
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This calculation can be seen in line 29 of the get_rec() function. Reviewing the 
function, you can see how this works. Line 25 checks to see if the record number being 
retrieved is zero. Ifa header record or other miscellaneous data is being retrieved, then 
the record number won’t be applicable, so zero will be passed. Because the formula 
for calculating the position subtracts one, the record number has one added. This 
allows the final result to be zero. 

Line 29 uses the formula for calculating where the record will be located. Using the 
fseek() command, the position in the file is set to the location that was calculated. 

If the placement of the position is successful, then line 33 reads the information into 

the buffer, buff. In the cases of either the seeking or the reading failing, defined error 

constants are placed in the return value variable, rv. With that, the function ends. 

Writing a Data Record: put_rec() 
While you can retrieve records with a get_rec() function, you can put records back 

with a put_rec() function. The put_rec() function enables you to write a record at 

a specific location in the file. This function will look almost identical to the get_rec() 

function with the exception of the error constants that are used and the use of fwrite( ) 

instead of fread(). Listing 17.3 presents the put_rec() function. 

Listing 17.3. PUTREC.C. Writing a record—the put_rec() 

‘Te function. 

ite JR ene im SE ae Fin a wir a lai ES aie a ae alas elaine nie = = ain me 

(28 * Program: PUTREC.C 

3: * Authors: Bradley L. Jones 

4: ze Gregory L. Guntle 

BF 23 

6: * Purpose: Writes a record to a file. 

ve e ‘ 

8: * Enter with: rec = record # to write 

9: * Pilea = rhe pitie ton fale 

10: * rec_size= size of record 

ile i offset = any offset to adjust to (hdr?) 

22 ~ buff = place which holds the data to write 

iE rs 
14: * Returns: @Q = No Error 

1533 cs >@ = Error - see DEFINES in TYAC.H for FILE 1/0 

1 6 : + one anne ee ee ee ee ee eee eee SSS HESS SSSSSSSSSSSSSSSSSSS======* / 

Wes 

18: #include <stdio.h> 

19: #include "tyac.h" 

continues 
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Listing 17.3. continued 
ini ee en RE een ee eR ee 

21: int put rec(int rec, FILE *fp, ant rec_size, int offset, char 

*buff) 

22st 

23: int rv = NO_ERROR; 

24: 
25% ifs ( rec ==) 0)). \/* Wea tings indexsheaderme ss 

26: GeCiay /* Adjust to fit into formula */ 

ile 

28: /* Seek to position */ 
29: ite(@fseek(fp, (rec=1)*recusizetofiset, 

30: SEEK_SET) == @ ) 

31: { 

325 /* Write the information */ 
So: ifte(@tweite(buif, Becusize, i, 1p) -— 1) 

34: fflush(fp); 

35% else 

36: rv = WRITE_ERROR; 

37: } 

38: else 
39: rv = SEEK_ERROR; 

40: 

41: return(rv); 

42: } 

As stated already, this listing is virtually identical to the get_rec() function 
described earlier. Line 29 seeks the position that the record is to be written 
to. If successful, line 33 writes the information that is in the buffer, buff, 

to the location. If information was already at that particular location, then it will be 
overwritten. If not, then new information will be added to the file. 

Updating the Header Record: 
update_header() 

When adding new records to the database, you'll need to update the header 
information as well. As stated earlier, the index files will have header information. This 

header information will be the number of records in the file and the record number 
of the first sorted record. Listing 17.4 includes a function that updates this header 
information. 

Listing 17.4. UPDHDR.C. The update_header() function. 

ei * Program: UPDHDR.C 



Authors: Bradley L. Jones 

Gregory L. Guntle 

Purpose: Updates the header info of the Index. 

* Enter with: All variables are global 
9: = 

10: * Returns: 0 = No Error 

ee 4 >® = Error - see DEFINES in TYAC.H for FILE I/0 
ep *#SSSSSSsSSSSSS=SSSSSSS5S==SSS5SE5===55555=55-=======——~— ~~~ ~~~ =k 

1p 

14: #include <stdio.h> 

15: #include "tyac.h" 

17: /* Global Variables */ 
io: extern FILEStdx fp: 

ope cennir te Eas dbk tp. 

20: extern int nbr_records; 

21: extern int start_rec; 

eae 

2a 

24: int update _header() 

Peele af 

26: int rv = NO_ERROR; 

oT 

28: /* Update number of records */ 

29 BVe=—spUtereC(O 7 Tdxet peo 2ZeOh (anita) se 0. 

30: &nbr_records) ; 

Ole if (rv == 0) 

o2e { 

33: rv = put_rec(®, idx_fp, sizeof(int), sizeof(int), 

34: &start_rec) ; 

35r } 

36: 

Ole return(rv) ; 

SOY 

You should notice that this function doesn’t take any parameters. This is 
because the function expects global variables to be available. The global 
variables are the same as those presented in the open_files() listing 

(Listing 17.1). They are the index file pointer (idx_fp), the data file pointer (db_fp), 

the number of records (nbr_records), and the starting record number (start_rec). 

External declarations in lines 18 to 21 help to inform that this function requires these 

global variables. 

Line 29 uses the put_rec() function to write the number of records. From the earlier 

discussion, you should be able to understand the parameters being passed. The first 

parameter for record number is set to zero, thus stating that there isn’t a record 
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number. The second parameter, idx_fp, shows that the index file is being updated. 

The third parameter shows that the size of the data being written is an integer. The 

fourth parameter gives the offset to be added. This is zero because the number of 

records is first in the file. The last parameter is the address of the nbr_records. This 

is typecast to a character pointer to avoid a warning when you compile. 

If the number of records is written successfully, then the starting record is updated in 
line 32. This uses a second call to put_rec() with only a slight difference. Instead of 

the fourth parameter being zero, it is sizeof (int). This allows the start_rec value 

to be written at an offset of one integer into the file. 

Closing the Files: close_files() 
Just as you opened a file before using it, when you are done with a file, you need to 
close it. In Listing 17.5, the close_files() function performs the closing functions 

for the global file pointers that were opened. 

Listing 17.5. CLOSFILE.C. Closing a file—the 
close _files() function. 

slit [Rw www ww ee ee eee ee e+ +--+ ---- ee 
28 * Program: CLOSFILE.C 

3: * Authors: Bradley L. Jones 

4: ‘ Gregory L. Guntle 

Be * 

6: * Purpose: Closes both the index and DBF file. 

ae a Also, updates the hdr information. 
8: cd 

9: * Enter with: 

10: 2, 

files Pa ReLUpNS a Os— NOSERror 
WE ” >@ = Error - see DEFINES in TYAC.H for FILE I/0 
13 FSR SSS SS SS SSS SSS SSS SSS sssasSsssSsssSsSSSsssssasasssssees=s===* / 
14: 

15: #include <stdio.h> 

16: #include "tyac.h" 

18: /* Global Variables */ 
hs = acsely (UE, ate vitae 

20s eXternhhieeasdbetp: 

21: extern int nbr_records; 
22; extern int-start_rec; 



25: int close files() 

265 

Zils int rv = NO _ ERROR; /* Assume no errors will happen */ 

29: /* Close data file first */ 
30: if ( fclose(db fp) == 0 ) 

32: /* Update hdr record in INDEX file */ 

Scie rv = update_header(); 

So if (rv == Q) 

36: { 

38: fflush(idx_fp) ; 

39: } 

41: if ( fclose(idx_fp) != @ ) 

42: rv = CLOSE_ERROR; 

45: rv = WRITE_ERROR; 

47: return(rv); 

This function again includes the external declarations in lines 19 to 22. In 

line 30, the function uses the fclose() function to close the data file. If 

successful, the index will be closed. Before closing the index file, the header 

information should be updated. This is done in line 33 using the update_header ( ) 

function that was described earlier. If the update of the header was successful, then line 
38 calls fflush() to ensure that the information is actually written to the file and not 

held in a buffer. Line 41 then closes the index file. Any errors are returned in line 50 
to the calling function. 

= Note: Sorel C ae were used without explanation. pots were 
 fopen(), fclose(), fread(), fwrite(), and fflush(). These are standard 

} functions. If you need more information on these functions, they are in 

~ most beginning C books. In addition, they should be covered in your 

poinpies & ee reference materials. 
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Working with the Medium Screen 
With the functions presented, you are ready to begin modifying the Record of Records! 

application so that it will be able to work with files. You will start with the medium 

screen. Before beginning, however, you should add the previous five functions to your 

TYAC.LIB library. You should have already added the prototypes to the header earlier 

today. 

Before adding the processes of manipulating medium records, you will need to make 
a few modifications to the RECOFREC.C source file. The global variables needed by 
many of the functions have to be declared. You should add the following global 
declarations to the beginning of the RECOFREC.C source file. 

ETVER=TCxXe hips /* Index File Ptr */ 

PRIME Selo) TOE (= Datar files sy) 

int nbr_records; /* Total # of recs */ 
Lite sia te Canine Cre /* Starting rec for alpha */ 

LUG OLS PME Cr 

The first four of these variables will be used in the ways described before. The disp_rec 
variable will be used to hold the record number of any record that is currently being 
displayed. 

The RECOFREC.H header file should receive a few modifications also. To this 
header file, you should add the prototypes of a few new functions that will be created 
later today. By adding them now, you will be ready to dive into the medium code’s 
file I/O functions. The following function prototypes should be in the RECOFREC.H 
header file medium code prototypes. 

jp en a ee rae awer Sion s a) abate st aderta ata. =, cavaticnc * 

* Prototypes for medium screen * 
Cian ae ea a ee RP atoge . eee ON BB de bie 

int do_medium_actionbar (void) ; 

void display_medium_help(void) ; 

void display_context_help( char *, int ); 

void display_cntxt_help_msg( char *, char *, char * ); 

void clear_medium_fields(void) ; 

int verify _mdata(void) ; 

int add _mdata(void) ; 

int add_medium_rec(void); 
int del_med_rec(void) ; 

int proc_med_rec(int); 
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In addition to the RECORDS.H header file, the RECOFREC.C file, and the 

RECOFREC.H header file, the MEDIUM.C file will also need several changes. 

Note: Earlier today you were asked to modify the RECORDS.H header 
file. Make sure that you added the medium code’s index file structure: 

typedef struct 

{ 

char code[2+1]; 

unsigned short prev; 

unsigned short next; oo 

unsigned short data; a = 

} MEDIUM_INDEX; 

Following is an updated MEDIUM.C file. 

* Filename: medium.c 
* 

* Author: Bradley L. Jones 

Gregory L. Guntle * 

* Purpose: Allow entry and edit of medium codes. 

* Note: This listing is linked with RECofREC.c 

(There isn't a main() in this listing!) * 

#include <stdlib.h> 

#include <stdio.h> 

#include <string.h> 

#include <conio.h> {= tone Gece) 7 

#include "tyac.h" 

#include "records.h" 

/* Se eo ges, Riper ee Se a eat are * 

* prototypes * 
3). ee ee a eet a ote a Sale wail | 

#include "recofrec.h" 

void draw_medium_screen( void ); 

void draw_medium_prompts( void ); 

continues 
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Listing 17.6. continued 

void display_medium_fields( void ); 

int clear_medium_fields(void) ; 

int get_medium_data( int row ); 

int get _medium_input_data( void ); 

void display_medium_help(void) ; 

int add_mdata(void) ; 

/* Global variables */ 

extern FILE *idx_fp; (2) Wain es ptt omdatalmnal ene 

extern FILE *db_fp; Pe Weweel wPsliley +) 

extern nbr_records; /* Total # of rec for mediums */ 

extern int start_rec; 

extern int disp rec; 

fo a pt ABN i ol oo pny Fe Gy En id * 

* Defined constants * 
RS a ee Ee ae a 

#define MEDIUM IDX "MEDIUMS. IDX" 

#define MEDIUM DBF “MEDIUMS. DBF" 

#define HELP_DBF "MEDIUM.HLP" 

Hes SR cee eh es ere ee ene Fer ee ee ~~ 

* structure declarations * 
TOS Rar Se ee en NS On i ol En es */ 

MEDIUM_REC medium; 

MEDIUM_REC *p_medium = &medium; 

MEDIUM_REC med_prev; 

/ *SSsSsSSsSSSSaeSSSS==SSSSSSSSesSSaSSS====S555==========% 

* _do_medium_screen() - 
*#SES SESS SS SSSSSSaSsssssssasesssssssSssssssssssss=sa=s==s* / 

int do_medium_screen(void) 

{ 
ame Tpwe 

/* Open both Index and DBF file */ 
a ( (rv = open_files(MEDIUM_IDX, MEDIUM DBF)) == @ ) 

/* Setup for adding new records at beginning */ 
memset (&med_prev, '\®', sizeof(med_prev)); 
disp_rec = Q; /* Initialize displaying rec # */ 
clear_medium_fields(); 

draw_medium_screen(); 



22 

23% 

124: 

125: 

get_medium_input_data(); 

rv = Close files(); /* Close IDX and DBF file */ 
} 
else 

{ 
display_msg_ box("Error opening MEDIUM files...", 

CLLeRpeiColsecteerrpabcols): 

} 
return(rv); 

void draw_medium_screen( void ) 

{ 

draw_borders(" MEDIUM "); /* draw screen bckgrnd */ 

write_string( " File Edit Search Help", 

CtLoaban (Cols ct. abarebDCcol al a2) e 

write_string( 

"<F1=Help> <F3=Exit> <F4=Save> <F7=Next> <F8=Prev>" 

"<F1@=Actions>", 

Ct zabanercolmctnabarmmbeol.w24, 3): 

draw_medium_prompts(); 

display _medium_fields(); 

: void draw_medium_prompts( void ) 

{ 
write_string("Medium Code:", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 4, 3 ); 

write _string("Medium Description:", 
ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 6, 3 ); 

void display_medium_fields( void ) 

{ 

continues 
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Listing 17.6. continued 
aah Sree 8 eal em enya oa ee ie ee ee eee ee 

Zo write _string(*, “, ct. fld fcoi, ct, tf Ldibcoleeay aia) 

iva WRITE StRING (Se 6) Us ae ee ee ee ee eee "y 

128: ctifld fcol; ct. fld bceol, 6,24); 

129: 

130: /* display data, if exists */ 
nites 

Ieee write_string(medium.code, ct.fld_fcol, ctu fld bcolse4, lve). 

oor write_string(medium.desc, ct.fld_fcol, ct.fld_bcol, 6, 24 ys 

S47 ee). 

i Iretoye 

URLS geri ST IISc Oi ICIS PSI OS NS aS cs 
137: * get _medium_input_data() = 

6 = a re 
139: int get_medium_input_data( void ) 

140: { 

141: int position, 

142: BV, 

143: loop = TRUE; 

144: 

145: /* Set up exit keys. */ 
146: Static chaterexitekeys| 19 le— 1 eri whe whol 0 bo eros 
147: ee Jae PaO: 

148: ESC_KEY, PAGE_DN, PAGE_UP, CR_KEY, 
149: TAB_KEY, ENTER_KEY, SHIFT_TAB, 

150: DN_ARROW, UP_ARROW, NULL }; 
Houle 

162i static char *exit_keys = fexit_keys; 

LSS: getline( SET_EXIT_KEYS, @, 18,*0; 90, OV exitekeys: ); 

154: 

oot /*** setup colors and default keys ***/ 

156: getline( SET_DEFAULTS, @, 0, 0, 0, 0, @ ); 
Wee getline( SET_NORMAL, @, ct.fld_fcol, ct.fld_bcol, 

15SShs ct-fld high. ficol; ctifid high beol;e)).; 

159: getline( SET_UNDERLINE, @, ct.fld_fcol, ct.fld_bcol, 

160: ct.fld_high_fcol, ct.fld_high_bcol, Q ); 
161: getline( SET_INS, 0, ct.abar_fcol, ct.abar_bcol, 24, 76, @ ); 
162: 

163: 

164: position = Q; 

165: 

166: while( loop == TRUE ) /** get data for top fields) =**/ 
Gita: { 

168: switch( (rv = get_medium_data( position )) ) 
169: { 

170: case CR_KEY 

vale case TAB _KEY 

slivers case ENTER KEY : 
il7e case DN_ARROW : /* go down a field */ 
174: ( position == 1 ) ? ( position =@) : positiont++; 
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193: 

194: 

195: 

196: 

TOT: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

ets 

ers 

213: 

214: 

2D): 

ZAG: 

itis 

218: 

219: 

220: 

221: 

222% 

223; 

224: 

break; 

case SHIFT_TAB : 

case UP_ARROW : /* go up a field */ 

( position == @ ) ? ( position = 1 ) : position—; 

break; 

case ESC_KEY : 

case F3 

case F4: 

case F5: 

/* exit back to main menu */ 

if( (yes_no_box( "Do you want to exit?", 

ct.db_fcol, ct.db_bcol ))) == *Y' 

{ 
loop = FALSE; 

} 
break; 

/*\ add data) */ 
rv = add_mdata(); 

if ( rv == NO_ERROR ) 

{ 
/* Reset display counter */ 
display_msg_box("Added record!", 

ct.db_fcol, ct.db_bcol); 

disp _rec = 0; 

clear_medium_fields(); 

draw_medium_screen(); 

position = Q; 

} 
else /* Only do next-part if File 1/0 */ 
if ( rv > NO_ERROR ) 

{ 
display_msg_box("Fatal Error writing data...", 

cthernnatcol, ctrenrabcol ); 

exakt (yr 

} 
break; 

/* Change Record */ 

rv = add _mdata(); /* updates record */ 

if ( rv == NO_ERROR ) 

/* Reset display counter */ 

display_msg_box("Record Updated!", 
ct.db fcol, ct.db_bcol); 

} 
else 

Lf enV Se NOSERROR®) 

continues 
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Listing 17.6. continued 

Ppp 

226: 

Aeia 

228: 

229: 

230: 

Zone 

232: 

23a 

234: 

Peles 

236: 

PxSYES 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

Psyils 

252. 

253: 

254: 

255: 

256: 

Pef & 

258: 

259: 

260: 

261: 

262: 

263: 

264: 

265: 

266: 

267: 

268: 

269: 

case F6: 

case F7: 

case F8: 

{ 
display_msg_box("Fatal Error writing 

data-Gow. 

ectrere Tcol. ct-ert DCcoL))); 

exit(1); 

} 
break; 

/* Delete data */ 

/* Make sure rec is on screen */ 
if( (yes_no_box( "Delete record ?", 

ct.db) fcoll, ictadb) bcol™))) —=— y¥.)) 

{ 
rv = del_med_rec(); 

if (rv == NO_ERROR) 

{ 
disp_rec = Q; 

Clear_medium_fields(); 

draw_medium_screen(); 

} 
else 

{ 
display_msg_ box("Fatal Error deleting 

dataii.=, 
Clserrercok,. ct.erm bcol) |). 

exEt (ae 

} 
} 
break; 

/* Next record */ 

rv = proc_med_rec(NEXT_REC); 
if ( rv == NO_ERROR ) 
{ 

} 
else 

{ 
display_msg_box("Fatal Error processing 

Catas...w 

ct.err_fcol, ct.err_bcol ); 
exit(1); 

a 
break; 

draw_medium_screen(); 

/* Prev record */ 

rv = proc_med_rec(PREVIOUS_ REC); 



270: 

27am 

2feu 

2ios 

274: 

PIT fia) 

276: 

Zin 

278: 

279: 

280: 

281: 

282: 

283: 

284: 

285: 

286: 

225i 

288: 

289: 

290: 

291: 

292: 

293: 

294: 

295: 

296: 

297: 

298: 

299: 

300: 

301: 

302: 

303: 

304: 

305: 

306: 

307: 

308: 

309: 

310: 

Sas 

Sie 

313); 

314: 

Si Ds 

316: 

Silive 

318: 

case F10: 

Te 
{ 

rv == NO_ERROR ) 

draw_medium_screen(); 

} 
else 

{ 
display_msg box("Fatal Error 

processing data...", 

ct.enm fcolavct.ennabcol ):; 

exit(1); 
} 
break; 

case PAGE_DN : 

case PAGE_UP : 

case F1: 

case F2: 

default: 

/* action bar */ 

rv = do_medium_actionbar() ; 

if( rv == F3 ) 
{ 

if( (yes_no_box( "Do you want to exit?", 

ct-db_fcol, .ct,db bcol )) == ‘y" ) 

{ 
loop = FALSE; 

} 
} 

position = Q; 

break; 

/* go to last data entry field */ 
position = 1; 

break; 

/* go to first data entry field */ 
position = Q; 

break; 

/* context sensitive help */ 

display_context_help( HELP_DBF, position ); 

break; 

/* extended help */ 
display_medium_help() ; 

break; 

/ enone) 

display_msg_box( " Error ", 
Cire mine Colom tae hn DCOLs)is 

break; 

/* end of switch */ 

continues 
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File Routines: The First Step 

Listing 17.6. continued 

319: 

320: 

321: 

O22n 

BZoR 

324: 

S20is 

326: 

B27: 

328: 

329: 

330: 

Soule 

BolT 

Shekele 

334: 

335; 

SOG; 

SS a 

338: 

SOIE 

340: 

341: 

342: 

343: 

344: 

345: 

346: 

347: 

348: 

349: 

350: 

Soll: 

352: 

BOS! 

354: 

355: 

356: 

Share 

358: 

359: 

360: 

361: 

362: 

363: 

364: 

365: 

366: 

367: 

} /* end of while */ 

renee TAY \yk 

} 

[ss pe ee eS ge A ee te ta EA OME Cy ion oy Sin ate oh a ee * 

* get_medium_data() a 
Fer wD aS eye eS ay ree ey eve ee ese a ae er ec ee ge ee, es a cee xy 

int get_medium_data( int row ) 

{ 
sume Te 

switch( row ) 

{ 
case @: 

rv = getline( GET_ALPHA, 0, 4, 17, ®, 2, medium.code) ; 

break; 

case 1 

rv = getline( GET_ALPHA, @, 6, 24, @, 35, medium.desc) ; 

break; 

} 
ReGUIpM (GainVvaw) is 

} 

if eye eeel ele) elteh ayer wise Pete cet rm Vo as Cena aay ea oles ee, Ro a Ce PE eee = * 

ss clear_medium_fields() = 
een RE ee re PE ae a SS A ne are. eos es se) ae if 

int clear_medium_fields(void) 

{ 
getline( CLEAR_FIELD, @, 3, 0, @, 0, medium.code ); 

getline( CLEAR_FIELD, @, 36, 0, @, 0, medium.desc ); 

return(Q); 

} 

/* SS wie a) Sle, Oca em aria ween ie aeke, Me, mim miapena aera el aNealenELe: mem Sees ere me ene * 

@ add_mdata() e 
* 

* 

s Returns @ - No Errors 3 

* =0)- File: 1/0 Error 3 
i <@ - Missing info before can store * 
Hoc isi = stoteNouate aus) anetaveta) Sheree, cata cP erereta 6.6 iene ici e: See Gore le tei aie sy chee eee cf 

int add_mdata() 

{ 
int rv = NO_ERROR; 



368: 

369: 

370: 

Sil = 

ies 

Weir 

374: 

375: 

376: 

Oli: 

378: 

379: 

380: 

381: 

382: 

383: 

384: 

385: 

386: 

387: 

388: 

389: 

390: 

391: 

392: 

393: 

394: 

395: 

396: 

397; 

398: 

399: 

400: 

401: 

402: 

403: 

404: 

405: 

406: 

407: 

408: 

409: 

410: 

411: 

412: 

413: 

414: 

415: 

416: 

417: 

/* Verify data fields */ 

nVe= Verity mdata(): 

if ( rv == NO ERROR ) 

/* Check to see if matches old rec */ 

/* If match - then update db record only */ 
if ( stricmp(med_prev.code, medium.code) == 0) 

rv = put_rec(disp_rec, db fp, 

sizeof(medium), ®, (char *)&medium) ; 

else 

/* Keys no longer match - need to 
add this key as a new one */ 

rv = add_medium_rec(); 

} 

return(rv) ; 

} 

ee ES ee Se Oe, Se eae ee A ns Zoe eS Ee ee 

Verify data fields 
Pe Pa PO var ie pistes 9 2h = R= nay a eae ne ee eed 

int verify_mdata() 

{ 
int rv = NO_ERROR; 

if( strlen( medium.code ) == @ ) 

{ 
display_msg_ box("Must enter a medium code", 

ctrerrafcol; ctierr bcol) ; 

rv = -1; 

} 
else 

if( strlen( medium.desc ) == 0 ) 

{ 
display_msg_box("Must enter a description", 

Ctrerne col. chert DCcoL); 

rv ==15 

} 

return(rv) ; 

} 

Ved ae ad al ce ee ed tet cat att Ney eae Ce, el eee) ttl tani Dall ol nS cla SOS 

void display_medium_help(void) 

{ 
ae REPS 

char *scrnbuffer; 

continues 
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File Routines: The First Step 

Listing 17.6. continued 
SSNS Tae ta en a ea ee i nL Sg et 

418: 

419: char helptext[19][45] = { 

420: Medium Codes", 

421: Wag w= Sade ee toe meee Peri) se tener eae re ", 
422: eh 
423: "The medium code screen allows you to track", 

424: "the different types of storage mediums that", 

425: "your music collection may be stored on. A", 

426: "two character code will be used in the", 

427: "Musical Items Screen to verify that the", 

428: "medium type is valid. The code entered will", 

429: "need to match a code entered on this screen.", 

430: "Additionally, the codes will be used in", 

431: “reporting on your musical items.", 

432: Ae 
433: "An example of a musical code might be:", 

434: ae 
435: z CD - Compact Disk", 

436: : CS - Cassette", 
437: i VD - Video", 

438: BR Relea $ eI Se Tor trae bet SPT 2 CTSe neg 
439: 

440: scrnbuffer = save_screen_area(2, 23, 28, 78 ); 

441: CURSORMO tat) 

442: 

443: ORid(esya 2a coh e 7 Cua SNOWarCOl —Cte DOGsDCOLam=som)): 

444: box(2, 22, 29, 78, SINGLE_BOX, FILL_BOX, 

445: ct.help_fcol, ct.help_bcol); 

446: 

447: TOR( Gur S Os Car << Wee Citetse }} 

448: { 

449: write _string( helptext[ctr], 

450: ct.help_fcol, ct.help_bcol, 3+ctr, 32 ); 
451: } 

452: 

453: getch(); 

454: cursor_on(); 

455: restore_screen_area(scrnbuffer) ; 

456: } 
457: 

CGY a eso iS IO ICI OC Oo ec oS SOO aS Sor x 
459: * Function: display_context_help() 3 
460: * Purpose: Display help that is relative to a specific * 
AG ileus field on a specific screen. ~ 
462: * Notes: The first parameter needs to be one of the * 
463: * following: * 
464: * medium - medium screen we 
465s album - musical items screen a 
466: * group - groups screen m 

560 



467: 

468: 

469: 

470: 

4715 

472: 

473: 

474: 

475: 

476: 

477: 

478: 

479: 

480: 

481: 

482: 

483: 

484: 

485: 

486: 

487: 

488: 

489: 

490: 

491: 

492: 

493: 

494: 

495: 

496: 

497: 

498: 

499: 

500: 

501: 

502: 

53: 

504: 

5@5: 

506: 

507: 

508: 

509: 

510: 

Py lal e 

Slee 

Ey kehe 

514: 

Bill): 

516: 

It is assumed that each screen has its own * 

file ca 

void display_context_help( char *file, int position ) 

{ 
a "otk 

int ctr: 

char *rv = NULL; 

char *buffer1 = NULL; 

char *buffer2 = NULL; 

char *buffer3 = NULL; 

/* allocate buffers */ 
buffer1 = (char *) malloc(65 * sizeof(char)); 

buffer2 = (char *) malloc(65 * sizeof(char)); 

buffer3 = (char *) malloc(65 * sizeof(char)); 

/* make sure all the allocations worked */ 

if( buffer1 == NULL || buffer2 == NULL || buffer3 == NULL) 

{ 
display_msg_box("Error allocating memory...", 

CLeCrhancOl ct .erinmDCOLm))s 

if( buffer1 != NULL ) 

free(buffer1) ; 

if( buffer2 != NULL ) 

free(buffer2) ; 

if( buffer3 != NULL ) 

free(buffers) ; 

return; 

fpe=— open Tiley; wei )is 

if( fp == NULL ) /* make sure the file was opened */ 

{ 
display_msg_box("Error opening help file...", 

Cteerratcol, ict.errabcols )s 

} 
else 

{ . 

/* spin through to appropriate record */ 
for(.ctr = @; (ctr < (position * 3)) ; ctrt+ ) 

{ 
rv = fgets( buffer1, 65, fp ); 

if( rv == NULL) 

break; 

; 

continues 
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File Routines: The First Step 

Listing 17.6. continued 
SoS ecole dt RN Oe ee see 

517: 

Biss: /* ready to read three lines */ 
519: if( rv != NULL |) position == @ ) 

520: { 
Bye rv = fgets( buffer1, 65, fp ); 

B22 if( rv != NULL ) 

523: { 
524: rv = fgets( buffer2, 65, fp ); 

525i; ifi( ny l= NUE) 
526: rv = fgets( buffer3, 65, fp ); 

Bia } 

5280 

529: display _cntxt_help_msg( buffer1, buffer2, buffers ); 

530: } 

Bowes else /* hit end of file too soon */ 
5o2: { 
533: display_msg_box( "Error in message file...", 

534: Ctreriancol, ci.erhDCcole jr 

5G55 } 

536: 

SSIs fclose( fp ); 

538: } 
5o9: 

540: free( buffer1 ); 

541: free( buffer2 ); 

542: free( buffers ); 

543: } 
544: 

BABS of Mea sos cipeGin SF os eee oe - (Shwe See 5S a Ree ee ee ee ‘s 
546: * display_context_help() i 

B47: *------- 22 eee eee ee ee ee ee ee ee ee ee eee e+e ------- =f. 

548: void display_cntxt_help_msg( char *string1, 

549: chake*string2. 

550: Chara seningsis) 

Sola a 

Dd2:: char *scrn_buffer = NULL; 

553: scrn_buffer = save_screen_area( 10, 16, 10, 70 ); 
554: cursor_off(); 

555: 

556: grid( 11, 16, 10, 69, ct.shdw_fcol, ct.bg bool, 34)% 

Sia: box(1®, 15, 11, 70, SINGLE_BOX, FILL_BOX, 

558: ct.help_fcol, ct.help_bcol) ; 
559: 

560: write_string( string1, ct.help_fcol, ct.help bcol, 11, 14 3 
561: write_string( string2, ct.help_fcol, ct.help_bcol, 12, 14 ); 
562: write_string( string3, ct.help_fcol, ct.help bcol, 13, 14 5 
563: 
564: write_string( "Press any key to continue...", 
565: ct.help_fcol, ct.help_bcol, 14, 14 ); 

562 



566: 

567: getch()); 

568: cursor_on(); 

569: restore _screen_area(scrn_buffer) ; 
570: } 
ite lke 

Nites 

573: 

674; /*=sssssssssssesss55ss2ss5ssss2sssssese=52525225==2=22===% 
5/5 end of listing ig 
576: FESS SSS SSS SSS SSsaSSSaSSsSSSSSSaesaSsassasSeS==ES=====* | 

Note: The Record of Records! application should have several source files, 
not including the TYAC.LIB library. The files that you should be compil- 
ing include the following: 

RECOFREC.C ABOUT.C 

ALBMABAR.C GRPSABAR.C MEDMABAR.C MMNUABAR.C 
MEDIUM.C ALBUMS.C GROUPS.C 

To these files, you should link the TYAC.LIB library, which should 

contain all the functions learned in this book, including those from earlier 

today. 

q Warning: If you compile the medium screen with these changes, you will 
get unresolved externals for del_med_rec(), proc_med_rec(), and 

add_medium_rec(). These new functions will be covered later today. 

While the MEDIUM.C listing is getting long, you should already have 

much of it from previous days. This should be a nearly complete 
MEDIUM.C source file. You'll still need a few additional files to complete 

the file I/O functions and eliminate the unresolved externals that you received from 

the new MEDIUM..C listing. 

SAMS 
PUBLISHING 
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File Routines: The First Step 

The changes in this listing start in line 35. The prototype for add_mdata() has been 

placed here. Following this, several external declarations are present in lines 38 to 42. 

These are the same external declarations that you have seen before. In lines 49 to 51, 

you should also notice a change. There is now more than one MEDIUM file. The 

defined constant MEDIUM DBF contains the name of the data file. The MEDIUM_IDX 

contains the name of the index file. The help file has remained the same. 

Expert Tip: It’s best to give an index and a data file the same name 
with the exception of the three character extension. For example, both 
of the Medium Code’s files are called MEDIUMS. 

Line 59 has also been added. A second Medium Code structure has been declared. 

This will be used to hold information about a Medium Code record before changes 

are made. You will see it used later. 

The changes up to this point have been outside of the actual medium code functions. 
Line 72 starts the internal changes. When you first enter the medium code, you will 
open the files. Line 70 does this using the open_files() function described earlier. 

The index and data files for the Medium Codes screen are opened. If the open was not 
successful, then an error message is displayed in line 82. If the open was successful, 
then the med_prev Medium Code structure is cleared out with memset(). The 

currently displayed record, disp_rec is set to zero because no records are being 
displayed. The functions that were present in this function before are then called. 
When the user is done entering data, then line 78 calls the close_files() function 

from earlier. 

In displaying the screen, only a minor change is made. In line 101, the keys’ values that 
are displayed on the bottom of the screen are updated. The F4, F7, and F8 keys are 
added to the display. You can choose to display whichever keys you believe are the 
most important. In the get_medium_input_data() function, a similar change is made 
in lines 146 to 153. The setup for the getline() function needs to be changed to 
include the newly-added key functions. The F4, F5, F6, F7, and F8 keys need to be 
added, bringing the total number of exit keys to 18. 

In the following switch statement, cases will need to be added or modified for each 
of these new function keys. The F4 key in lines 191 to 210 is used to add new data 
to the data file. This function calls the add_mdata() function. If the add_mdata() 
function doesn’t return an error, then line 196 displays a message box stating that the 
add was successful. The screen is then cleared for a new record to be added. Line 198 



then resets the current display record field, disp_rec. The fields and screen are then 
cleared, followed by the position being reset to zero. Ifthe add_mdata() returned a fatal 
error—a number greater than NO_ERROR(0)—then a message is displayed and the 
program instantly exits. 

Tip: You should avoid exiting in the middle of a program, such as 
shown in line 208. The only time that you should do this is when a 
fatal error occurs. You should allow the program to continue running 
whenever possible. 

The add_mdata() function is in lines 356 to 384. This function does two things. First, 
itcallsa function, verify_mdata(), that checks to see that all of the data entered is valid 

(line 369). It then checks to see if the user is adding a new record, or trying to add a 
record that was changed. This is done starting in line 374. Using stricmp(), the code 

from the current entry and edit screen, medium. code, is compared to the medium code 

in med_prev.code. If the two values match, then line 375 calls put_rec() to update the 

current record, disp_rec. In the case ofa new record, the med_prev.code will be empty 

so they won’t match. The codes also won’t match if the user changed the one on the 
screen. In these cases, line 380 calls the add_medium_rec() function to add a new 

record. The add_medium_rec() function will be presented later today. As you should 
be able to see, the add_mdata() function effectively covers both adding and updating 

records. 

Warning: The add_mdata() function makes the assumption that the code 
field is required. This assumes that the verify_mdata() will give an error if 

the medium. code field is blank. If this key field is allowed to be blank, then 
this logic will need to be modified; however, you shouldn’t allow the key _ 

field to be blank. oo ee 

Before returning to the new cases in the get_medium_data() function, you should first 

look at the verify_mdata() function in lines 386 to 408. This function contains all 

the edits that need to occur before the record can be added to the data file. By 

consolidating them in a function such as this, it makes them easy to call from several 

functions. You'll see that the add functions aren’t the only function that verifies the 

data. 
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File Routines: The First Step 

The F5 case in lines 212 to 231 is used to update a record that is currently displayed 

on the screen. This function is nearly identical to the add function. The difference is 

that the change function doesn’t refresh the screen. The record that was updated 

remains displayed. 

The FG case in lines 233 to 252 is used to delete or remove a record from the data and 

index files. Because deleting a record involves permanently removing it from the file, 
this case starts by prompting the user to ensure that the user really wants to delete. This 
is done in line 235 using the yes_no_box() function. If the user does want to delete, 

then the del_med_rec() function is called to actually do the delete. This function 

is covered later today. If the del_med_rec() function is successful, then the screen is 

refreshed for a new record (lines 241 to 243); otherwise, a fatal error message 

is displayed and the program exits. 

The F7 function in lines 254 to 266 and the F8 function in lines 268 to 280 are similar. 

These functions display the next or previous record. They start by calling the 
proc_med_rec() function, which retrieves a record. One of the two defined 

constants—NEXT_REC or PREVIOUS_REC—are passed to signal if the next or previous 

record is retrieved. The proc_med_rec() function will be covered later today. If the 

proc_med_rec() function is successful, then the medium screen is redrawn to display 

the new information. If the function wasn’t successful, then a fatal error is displayed 
and the program exits. 

With this, you have seen all the changes made to MEDIUM.C. Three new functions 

were called that need to be created, add_medium_rec(), del_med_rec(), and 

proc_med_rec(). [hese are each covered next. 

Adding a Record: 
The add_medium_rec() function 

The add_medium_rec() function is used to add a new record to the medium code data 
file. This function is presented in Listing 17.7. 

* Filename: ADDMREC.C 
* 

* Author: Bradley L. Jones 

= Gregory L. Guntle 
* 

* Purpose: Adds a record to a MEDIUM DB 
* 

ig 

PX 

Se 

4: 

5S 

(SF 

ifs 

on 
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#include 

#include 

#include 

#include 

/* Global variables */ 
MEDIUM_REC medium; 

MEDIUM_REC med_prev; 

RACE Atdx tpi 

FILE *db fp; 

int nbr_records; 

Int start rec; 

extern 

extern 

extern 

extern 

extern 

extern 

int add_medium_rec() 

{ 
int result; 

MEDIUM_INDEX temp, newrec; 

int rv 

int found; 

int srceht rec: 

nbr_records++; 

if (nbr_records == 1) 

{ 
temp.prev = 

temp.next 

temp.data 

“necords oh 

* 

* add_medium_rec(); 

~~ Returns: 
* 

* 

/* Record structure with 

/* Main File ptr to data file */ 

/* Data file */ 

/* Total, ofl recss= / 

/* Starting rec for alpha */ 

/* Is this first record */ 

/* First rec in data file */ 

strcpy(temp.code, medium.code) ; 

/* Write Index record */ 
rv = put_rec(nbr_records, idx_fp, sizeof(temp), 

/* Store data */ 

sizeof (int) *2, 

if (rv == NO ERROR) 

(char *) &temp) ; 

/* No Error from prior */ 

rv = put_rec(nbr_records, db fp, sizeof (medium) , 

} 
(char *) &medium) ; 

/* Update Alpha starting pointer */ 

ale (GW 

{ 
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Listing 17.7. continued 
Se ee ee ee ee ee Se 

start_rec = nbr_records; /* Update global starting point */ 

rv = update_header() ; 

} 

} 

fflush(idx_fp); 

fflush(db_fp); 

/* Need to search for appropriate place to hold rec */ 

else 

{ 
found = FALSE; 

srch_rec = start_rec; 

while (!found) 

{ 
rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

/* Proceed only if no errors */ 
if (rv == NO ERROR) 

{ 
/* Compare two keys - ignoring CASE of keys */ 

result = stricmp(medium.code, temp.code) ; 

if (result < 0) /* New key is < this rec key 

{ 
/* Found place to put it - store info */ 
found = TRUE; 

/* See if this new rec is < start rec */ 
/* If so - need to adjust starting ptr */ 
if (srch_rec == start_rec) 

start_rec = nbr_records; 

/* First build new Index rec & store new rec 

newrec.prev = temp.prev; /* Previous record 

newrec.next = srch_rec; /* Point to record 

newrec.data = nbr_records; /* Pt to data */ 
strcepy(newrec.code, medium.code) ; 

sel 

wh / 

= | 
just read */ 

rv = put_rec(nbr_records, idx_fp, sizeof(newrec) , 

sizeof(int)*2, (char *)&newrec) ; 

if (rv == NO_ERROR) 

{ 
/* Update previous rec */ 
temp.prev = nbr_records; 

rv = put_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

/* Now write data - only if no errors */ 
if (rv == NO_ERROR) 

{ 
/* Now write data */ 

rv = put_rec(nbr_records, db_fp, sizeof (medium) , 



108: 

109: 

110: 

1 batt Nis 

112: 

3 FS 

114: 

ey 

116: 

gh Wae 

Ws 

uo 

120: 

Las 

nee 

123% 

124: 

12D 

126: 

127: 

128: 

129: 

130: 

131% 

132: 

isos: 

134: 

135): 

136: 

ie 

138: 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

1513 

1525 

153: 

154: 

155: 

156: 

1S fas 

} 
} 
else 

} 
@, (char *)&medium) ; 

/* Now check on updating Next pointer */ 

/* Is there a ptr pointing to this new rec ?*/ 
if (rv == NO_ERROR) 

{ 
if (newrec.prev !=0 ) 

{ 
rv = get_rec(newrec.prev, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp); 

if ( rv == NO ERROR) 

{ 
temp.next = nbr_records; 

rv = put_rec(newrec.prev, idx_fp, sizeof(temp) , 

sizeof(int)*2, (char *)&temp); 

/* new rec >= alpha, adjust ptr */ 

if (temp.next == @) /* End of chain - add to end */ 

{ 
found = TRUE; 

/* Build Index record */ 

/* Point backwards to prev rec */ 
newrec.prev = srch_rec; 
newrec.next = Q; /* There is no next rec */ 

newrec.data = nbr_records; 

strcpy(newrec.code, medium.code) ; 

rv = put_rec(nbr_records, idx_fp, sizeof(newrec), 

sizeof(int)*2, (char *)&newrec) ; 

if (rv == NO_ERROR) 

{ 
/* Update previous rec */ 
temp.next = nbr_records; 
rv = put_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

if (rv == NO ERROR) 

/* Now write data */ 

rv = put_rec(nbr_records, db_fp, sizeof (medium) , 

@, (char *)&medium) ; 

continues 
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File Routines: The First Step 

Listing 17.7. continued 

158: else /* Not at end - get next rec ptr */ 

159: srch_rec = temp.next; 

160: } 

a6: } 

162: else 
163: found = TRUE; /* Exit because of error */ 

164: } /* End of While */ 

65s 
166: /* Update starting alpha ptr in hdr */ 

167: if (rv == NO_ERROR) 

168: { 

169: rv = update_header() ; 

170: } 

ALS 
ile /* Makes sure file gets updated */ 
UWASE fflush(idx_fp) ; 

174: fflush(db_ fp); 

AS 

17.6 en eEndmelSoms)) 
iiearias 

178: return(rv) ; 

ASS 4}; 

This function has the overall objective of adding a record. While the 
process of physically adding the record is simple, you must also update the 
index file. It is the updating of the index file that gives this function its size. 

This function starts out in the same way as most of the other I/O functions. External 
declarations are provided for the file pointers, the Medium Code structures, and the 
header information (lines 16 to 22). In the add_medium_rec() function, several 

additional variables are declared. These include two new MEDIUM_INDEX structures, 

temp and newrec. In addition to these, a found flag is declared. 

Line 38 starts the code off by adding one to the total number of records in the file. 
Because we are adding a record, this will be accurate. Line 39 then checks to see if this 
is the first record being added to the file. The first record is a special case. If this is the 
first record, then the values in the temp index structure are all set. The record number 

of the prev and next records are zero because neither exists. The data record is one 

because this will be the first record in the data file. Line 44 copies the medium code 
into the key field of the temp index’s data field. With this, the temp index structure 
is set up and ready to be written. 

Line 46 uses the put_rec() function to write the index record from the temp structure 
that you just set up. The first parameter, nbr_records will be one because this is the 
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first record. The idx_fp is the pointer to the index file. The third parameter is the size 
of the data you want to write. In this case, it’s the size of the index structure, temp. 
The fourth parameter is the offset for the header record. You should remember that 
the header record is two integers. The last parameter is the temp structure that you just 
set up. 

If the writing of the index structure was successful, then the data record is written in 

line 51. Its parameters are similar. The fourth parameter is zero because the data file 

doesn’t have a header. 

In line 55, you are still working with the addition of the first record in the file. If the 
addition of the first record was successful, then the start_rec is set to nbr_records. 

This could have been set to one because you know that there is only one record in the 
file. Line 59 ensures that the header record is updated. The addition of the first record 

is completed with the flushing of the index and data files with the fflush() function. 

This ensures that the records are written to the disk and not buffered. 

If the record isn’t the first record to be added to the files, then the processing is 

different. The else statement starting in line 66 works with this. If the record isn’t the 
first in the file, then you need to find the area in the indexes where the record is to be 

placed. Consider adding the code GG to Figure 17.3. While the GG would be added 
to the end, the NEXT, PREVIOUS, and DATA REC values all need to be 

determined. Figure 17.4 shows the result of adding GG to the files in Figure 17.3. 

Index File Data File 

Header Record 

NounPowrnr — 

[ Kev NEXT | PREVIOUS [DATA REC| [ KEY [OTHER DATA 

Figure 17.4. Adding the GG code. 

As you can see from the figure, the new records are added to the end of both the index 

and the data file. Before they can be added, the next and prev record numbers need 

to be determined. In addition, the next and prev index records need to be updated 

with the new record. 
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The process that will be used to do this is relatively easy to follow. Starting with the 

first record signified by start_rec (line 69), each index record will be read into a 

temporary index structure, temp, (line 72) using a while loop, which starts in line 70. 

If the read is successful, then the code from the read index record is compared to the 

code from the record that is being added. The if statement in line 79 checks to see 

if the code from the screen is less than the code that was was just read into temp. If not, 

then another index record may need to be read unless the end of the index file has been 

reached. 

The else statement to the if in line 79 checks the end of file condition. If the end has 

been reached, then the index structure for the new record to be added can be set up 

in lines 137 to 139. The prev record is set to the current srch_rec because it is the last 

record in the index file. The next record is set to zero because there isn’t a next record. 

The data record is the last record in the data file. You should note that the last record 

in the data file is the same as the number of records, nbr_records. After copying the 
code to the new index structure, the record is written to the file in line 141. If the write 

is successful, then the previous record needs its next record number updated so that 
it points to the new last number. This is done in lines 146 to 148. If this update is 
successful, then the index file is up-to-date. All that’s left is to write the new data 

record. This is done in line 152. 

If the code was less than the search record read in line and if it was not the last sorted 

record in the index file, then the while loop starts again. The while loop continues 
until the new code is either the last code in the sort order, or until it is greater than 

a code that is already in the file. 

If the new code is found to be greater than a code already in the file, then the if in line 
79 takes effect. This starts by marking the found flag as TRUE in line 82 because a 
position has been found. In line 85, a test is done to see if the new code is the first record 
in sorted order. If so, then the start_rec field is set to the record number of the new 

code. In any other cases, the starting record number remains what it was. 

Lines 89 to 91 set up the new record’s index structure, newrec. This is similar to what 
was explained earlier in adding the index record as the last sorted record. The 
difference is that the previous record is set to the previous record from the last record 
read. The next record is then set to the last record read. The data record is set to the 
last record in the data file, which, as stated earlier, is the same as the number of records. 
If this sounds confusing, then take it one step at a time and use Figure 17.4 as a 
reference. 



Tip: If you are confused, read the previous paragraph slowly and step 
through the process while looking at Figure 17.4. 

Once these values are set, then the new index record is written to the end of the index 
file (line 93). If there were no problems, then the last search record that was read has 

its prev record number changed to point to the new record (line 98). This record is 

then updated with a call to put_rec(). Line 105 then updates the data record if the 

previous updates were successful. 

This writes or updates all of the records except one. The new record isn’t yet a part 
of the next record pointers. The record that comes before the new record needs to be 
updated so that its next pointer points to the new number. Lines 114 to 124 do just 
this. The new records previous record number is used to find the record that needs to 
be updated. Once found, the record’s next record number is set to the last record 
number and is then updated in line 121. 

If the updating is successful, then line 168 updates the header. Lines 172 and 173 force 

the writes to occur. The function then ends with the return of any error values in line 

ree 

Deleting a Record: 
The del_med_rec() function 

The del_med_rec() function is used to remove a record from the medium data file. 

Listing 17.8 presents the DELMREC.C source file, which contains this function. 

Te Listing 17.8. DELMREC.C. Deleting a medium code. 

1 FE / FSSSSSSSSSS SS SSS SSS SSS SSS SSS SS SSS SSS SS SS SSS SSSR SSSR SEER RSS 

Zt * Filename: DELMREC.C 

3: * 
4: <SAUthOr: Bradley L. Jones 

5: e Gregory L. Guntle 

6: ‘es 
Tas * Purpose: Deletes a record from the DB 

Sh ce It adjusts the pointers and takes the last DB 

2)e im record and overwrites the record being deleted 

10: * 
‘Adve kowowe nena eee eee See eee ee Sa SSSa nea SSS SSESSessSaeSs=a==* / 

123 

continues 
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Listing 17.8. continued 
ee el ee 

13% 

14: 

SR 

16: 

iif 

Ors 

19: 

20: 

PAVE 

Zen 

7s} 

#include <stdio.h> 

#include "records.h" 

#include "tyac.h" 

/* Global variables */ 
MEDIUM _REC medium; /* Record structure with data */ 

MEDIUM_REC med_prev; 

extern 

extern 

extern 

extern 

extern 

extern 

extern 

PUL “ayeb< Apfee /* Main File ptr to data file */ 

FILES =dbnt py /-eDatasntes sy 
int nbr_records; {* MOtalezOimees acy) 

Hine Sele Iss /* Starting rec for alpha */ 

int disp_rec; 

int del_med_rec() 

{ 
int Ve NO_ERROR; 
MEDIUM_INDEX temp, delrec; 

MEDIUM_REC hold data; 

int chg; 

LiitesirChmRe Cs 

/* Are we trying to delete a blank record */ 

if (disp rec != 0) /* No - then proceed */ 

{ 
/* Get the index info for this rec */ 
rv = get_rec(disp_rec, idx _fp, sizeof(delrec) , 

sizeof(int)*2, (char *)&delrec) ; 

if (rv == NO ERROR) 

/* Are there any pointers in this rec 

If both pointers are @ - then this must 

be the only record in the DB soi 

if (delrec.prev == 0 && delrec.next == Q) 

{ 
nb horecords =": 

disp_rec = Q; 

st 

} 
else 

bs 

apeaheCu= sil. 

chg = FALSE; 

srch_rec = 1; (se Staptsaterarsiess 

/* 

sa 

{ 

} 

Are we deleting the starting alpha record ? */ 
(disp_rec == start_rec) 

start_rec = delrec.next; /* Reset pointer */ 



/* Go until all the ptrs have been adjusted */ 
while ( (srch_rec <= nbr_records) && (rv == NO ERROR) ) 

{ 
/* Get record: */ 

rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp); 

if (rv == NO ERROR) 

{ 
/* Does this rec prev pointer need to 

be adjusted */ 

if (temp.prev == disp rec) 

{ 
chg = TRUE; 

temp.prev = delrec.prev; 

} 

/* Since moving last record up - need 
to adjust pointers to last one as well */ 

if (temp.prev == nbr_records) 

{ 
chg = TRUE; 

temp.prev = disp_rec; 

} 

if (temp.next == disp _rec) 

{ 
chg = TRUE; 

temp.next = delrec.next; 

} 

/* Since moving last record up - need 
to adjust pointers to last one as well */ 

if (temp.next == nbr_records) 

{ 
chg = TRUE; 

temp.next = disp_rec; 

} 

/* Data Ptr - match last nbr */ 
if (temp.data == nbr_records) 

{ 
chg = TRUE; 

temp.data = delrec.data; 

} 

/* Only update rec if change has been made */ 

atevehg)) 

/* Is this the rec to overlay ? */ 

continues 
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Listing 17.8. continued 
ene 

BE 

1/alese 

114: 

WBE 

Us 

alive 

iilte}e 

Tike 

120: 

eas 

225 

eee 

124: 

25): 

126: 

WETICE 

128: 

129: 

130: 

aliSilite 

Oe): 

ifcexeye 

134: 

oD 

136: 

eoiZas 

ucts 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

Situs 

152: 

exese 

154: 

| Bys}e 

156: 

INSIree 

iNekeye 

159: 

160: 

if (srch_rec == nbr_records) 

{ 
/* Write new index into deleted spot */ 
rv = put_rec(disp_rec, idx_fp, sizeof(temp), 

sizeof (int)*2, (char *)&temp) ; 

} 
else 

{ . . 

/* Rewrite index back to file in same position */ 

rv = put_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

} 
chg = FALSE; 

} 

if (rv == NO ERROR) 

it 
/* Go to next record */ 
spch rectr: 

} 
} 

} 

/* DATA =) 

/* Delete the data rec - take last rec in data 

file and overwrite the rec to be deleted 

then search for index pointer that points to 

the last rec and update its data pointer. i) | 

if (rv == 0) 

/* Only need to adjust if not last rec */ 

if (nbr_records != disp rec) 

/* Get last rec 7 
rv = get_rec(nbr_records, db_fp, sizeof(medium) , 

@, (char *)&hold_ data); 

if (rv == 0) F 

/* Overwrite data to delete w/Last one */ 

rv = put_rec(delrec.data, db_fp, sizeof(medium) , 

®, (char *)&hold_ data); 

} 
} 

} 

nbr_records—; /* Adjust global number of recs */ 
} 
if (rv == NO ERROR) 

{ 



161: rv = update _header(); 
162: } 

163: 

164: /* Makes sure file gets updated */ 
165: fflush(idx_fp); 
166: fflush(db_ fp); 
167: } 

168: } 

169: else 

170: boop(); /* Let them know - can't delete blank rec */ 
Wee 

as: return(rv); 

Wei a 

The deleting of records operates differently from the adding of a record. 
When deleting a record, you need to adjust the index record numbers just 
as you did when you added a record; however, additional complexity 

exists. You could simply adjust the index pointers. This would prevent you from being 
able to access the deleted record; however, this would put holes throughout your files. 
To prevent these holes, when a record is deleted, the last record in the file is moved 

forward and placed in the hole that is created. This is exactly what the del_med_rec() 

function does. 

Note: If you wanted to be able to undelete a record, then you shouldn't 
move the last record to the deleted record. By adding a flag to your 
record, you could signal whether a record had been deleted or not. 
Additional functions could then read the flag to determine if the record 
shouldbe used. a 

Thedel_med_rec() starts with the same external declarations as the add_medium_rec() 

function. In addition, several local variables are declared in lines 29 to 33. The first, 

rv, is the return value in line 29. Two additional MEDIUM_INDEX structures are declared, 

temp and delrec. The temp structure will be used to hold a temporary index structure. 

The delrec index structure will be used to hold the index record for the record that 

is being deleted. The chg field is used as a flag to signal if a change has been made to 

a given index record. If a change is made to an index record then it will need to be 

updated in the file. The srch_rec variable is used to keep track of the index record that 

is currently being checked. As you will see later, each record in the index is checked 

to ensure that it doesn’t need to be adjusted. 

Ded 
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Line 36 starts the processing by ensuring that the user wasn’t adding a new record. If 

a record hasn’t been added, then it can’t be deleted. Line 170 beeps the computer with 

the boop() function if the user isn’t editing a record. If the user is editing a record, then 

line 39 retrieves the index record for the currently displayed information. This index 

record is stored in delrec. 

Line 46 checks to see if the record being deleted is the only record in the database. You 

know a record is the only record if both the prev and next record numbers are zero. 

If this is the only record, then lines 48 to 50 set the values of nbr_records, disp_rec, 

and start_rec accordingly. Otherwise, the rest of the function is executed. 

If there is more than one record in the file, then processing, starting in line 54, is 

executed. First, the chg flag is defaulted to FALSE. The srch_rec is initialized to one. 

Line 58 checks to see if the first record in the file is being deleted. This is done by seeing 
if the current record, disp_rec, is equal to the starting record number, start_rec. If 

the first record is the one being deleted, then the start_rec value is adjusted to the 
delete record’s next record. Once this is completed, you are ready to loop through the 
index file and make all the updates. 

The while statement in lines 64 to 133 loops through each record in the index file. 
It continues to loop until all of the records have been processed or until there is an 
error. Line 67 retrieves the current record, srch_rec, into the temporary index 

structure, temp. If there isn’t an error, then line 73 checks to see if the current record 

needs the prev record number updated. If the prev record number is equal to the 
record that is being deleted, disp_rec, then it needs to be changed. It is changed to 

the prev record from the deleted record in line 76. Additionally, the chg flag is set to 

TRUE so that the record will be updated. Because the last record in the file will be moved 
to fill in the deleted record’s position, line 81 is needed. In line 81, the prev value is 
checked to see if it is equal to the last record. If the prev record is equal to the last 
record, then it is set to the position of the record being deleted. This is because the last 
record will be moved to the deleted position. 

Lines 87 to 99 are similar to what was just described. Instead of working with the 
previous record, these lines work with the next record number pointer. 

Line 102 checks the index file’s data record number. If this number is pointing to the 
last data record in the file, then it will also need adjusted. The last data record will also 
be moved to fill in the deleted record’s position. While these lines of code don’t change 
the data record’s position, they do go ahead and update the data record flag in the 
index records. Later in this function, the data record will actually be moved. 

Line 109 checks the chg flag to see if there was a change to a record. If there was a 
change, then lines 110 to 123 are executed. If the record that is currently being 



processed is the last record in the file (srch_rec is equal to nbr_records), then you will 
want to write the record in the deleted records position instead of at the end of the file. 
This is exactly what line 114 does. You should note that disp_rec is the position that 
is written to instead of the srch_rec position. If this isn’t the last record in the index 
file, then line 121 writes the record back to its current location. If this is all successfully 
accomplished, then line 130 increments the srch_rec counter and the next iteration 
of the while loop occurs. 

Once you have looped through all of the index records, the delete will be completely 
processed. All that will be left to do is delete the actual data record. This is a much 
simpler process, which is accomplished in lines 140 to 155. Line 143 checks to see if 

the last record is the one being deleted. If the last record is the record being deleted, 

then no changes need to be made. If the record being deleted isn’t the last record, then 

the last record is read in line 146. This record is then written in line 151 to the location 

where the deleted record is. This effectively deletes the record. 

In line 157, the number of records is adjusted. This is followed by some housekeeping. 

In line 161, the header record is updated with the update_header() function. Lines 

165 and 166 prevent any buffering of data by forcing the writes with the fflush() 

function. With this, the job of deleting a record is complete. 

Processing a Record (Next/Previous) 
The last function needed before you will be able to compile the medium code without 
external errors is the proc_med_rec() function. This function is presented in Listing 

17.9, which contains the PROCMREC.C source file. 

Listing 17.9. PROCMREC.C. Processing the next and 

previous records. 

1 a / #SHSSSSS SSS SSSSS SSS SS SSS SSS SSS SS SSS SSS SSS SSS SSS SSR SSS SS SSE 

2g * Filename: PROCMREC.C 

3: 2 
4: * Author: Bradley L. Jones 

Bye ‘a Gregory L. Guntle 

6: 

as * Purpose: Process the requests for getting next/prev 

8: * records from the MEDIUM DB 

9: ie 
10: kena nea nn ee eee eee eee SSS a SSeS SSS SSS SSS eSSSesSaaa==* / 

Ads 

12: #include <stdio.h> 

13: #include <string.h> 

continues 
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Listing 17.9. continued 

14: #include "records.h" 

15:  #include "tyac.h" 

16% 

life 

18: /* Global variables required */ 

19: extern FILE *idx_fp; 

20: extern FILE *db fp; 

21: extern nbr_records; /* Total # of rec for mediums */ 

22:3 extern ant start. ree; 

23: extern int disp_rec; 

25: extern MEDIUM _REC medium; 

26: extern MEDIUM REC med_prev; 

237 ncapRocameds Gee (ane); 

29: int get_med_info(void) ; 

35: int proc_med_rec(int direct) 

36: { 
SMe MEDIUM_INDEX temp; 
38: int rv = NO_ERROR; 

40: /* Only do - if there are records in the file */ 
41: if (nbr_records != Q) 

42: { 

43: /* Do we just need to display the very first rec */ 
44: if (disp_rec == 0) 

45: { 

46: disp_rec = start_rec; 

47: EVE=SOetmedn into). 

48: } 

49: else 

Silly /* Get Index ptrs for record on screen */ 

Bye rv = get_rec(disp_rec, idx_fp, sizeof(temp), 
Soi sizeof(int)*2, (char *)&temp); 
54: if (rv == NO ERROR) 
Son { 

56: if( direct == NEXT_REC ) 
Bilas { 

58: if (temp.next == Q) /* There is no other rec */ 
59: boop(); /* No more records */ 
60: else 

Gi: { 

62: disp_rec = temp.next; 
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rv = get_med_info(); 

} 
} 
else /* Need to go backwards */ 

{ 
if (temp.prev == Q) 

boop() ; 
else 

{ 
disp_rec = temp.prev; 

rv = get_med_info(); 

} 
} 

} 
} 

} 
else 

boop() ; 

return(rv); 

get_med_info() 

Handles getting the Index rec, getting the 

data pointer from the index and then getting 

It then updates 

the Global MEDIUM record, as well as updating 

a copy of the medium record for later use. 

the appropriate data rec. 

int get_med_info() 

{ 
MEDIUM_INDEX temp; 

ate tvs 

/* Get Index record for this Request */ 

rv = get_rec(disp_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

if (rv == NO_ERROR) 
{ 

/* Now get the actual data record to display */ 
rv = get_rec(temp.data, db_fp, sizeof(medium), 

@, (char *)&medium) ; 

if (rv == NO_ERROR) 
{ 

memcpy(&med_prev, &medium, sizeof (medium) ) ; 

/* There is no other rec */ 

/* No more records */ 

* 

Ce oe er oe 

continues 
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Listing 17.9. continued 

Wigs } 

114: } 

Tle return(rv); 

11637 
eS 

This listing should be easier to follow than the add_medium_rec() and 

del_med_rec() listings. This listing enables you to get a next or previous 

record from the medium data file. Like all the other functions, this 

function also starts with the list of external declarations before starting into the 

function in line 35. 

Tip: The external declarations could be put into a header file that is 
included in each of the source files. This cut the amount of code that 

would need to be written. 

This function is called with a value of either NEXT_REC or PREVIOUS_REC, which is stored 

in the direct parameter. This determines which direction the reading should occur. 

In line 41, a test is performed to see if there are any records in the file. If there aren’t 
any records, then line 80 beeps the computer. If there are, then the processing moves 

to line 44. Line 44 determines if a record is currently being displayed. If the disp_rec 
is equal to zero, then there isn’t a record being displayed. In this case, the first record 

is set to be the displayed record and the get_med_info() function is called. 

The get_med_info() function is presented in lines 97 to 116. This function gets the 

record that is in the disp_rec variable. Line 103 gets the index record. If successful, 

then line 108 gets the data record based on the index’s data value. Again, if this read 

is successful, then this new record is copied into the med_prev structure to be used 
elsewhere. With this completed, the new record is stored in the medium code 
structure, medium. All that is left to do is redisplay the record, which must be done by 

the calling program. 

Ifdisp_rec didn’t equal zero when this function was called, then you must determine 
the new record before calling get_med_info(). Line 52 starts this process by getting 
the index record for the currently displayed data record. If the direction is NEXT_REC, 
then lines 58 to 65 process, otherwise, lines 66 to 74 process. In both cases, the 
processing is similar. In the case of NEXT_REC being the direction, if the index record’s 
next value is zero, the end of the file has been reached. In this case, the boop() function 
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is called to signal the end of the file. If the next value isn’t zero, then it is set to the 
disp_rec variable and get_med_info() is called to display the record. 

Cheek Point 
This completes the functions that are necessary to compile the Medium Screen 
without any external errors; however, you still have several holes in your entry and edit 
screen. You haven’t added any of the file functions to the action bar. In addition, the 
action bar contains two additional file functions that haven’t been covered, Clear and 
Find.... Tomorrow, you'll continue with the Medium Code entry and edit screen. 
You'll update the action bar with the functions you created today. In addition, you'll 
add the remaining functions. You'll also work with the albums screen, which has some 
slightly different processing. You should update the group screen’s code as a part of 
today’s exercises. 

DO complete Exercise 3, 

Summary 
Today wasa big day. You began to pull in the most important part of the application— 
file access. Today, you learned a little background on file I/O and the terms used with 
it. In addition, you learned about different file modes and different file formats. Using 
some of what you should have already learned from your C experiences, you were lead 

in the development of an indexed file. You worked with the Medium Code entry and 

edit screen to create functions that enabled you to add, update, and delete records from 

your medium codes file. In addition, you created functions that enabled you to 

retrieve the next or previous record in alphabetical order from the database. Today’s 

material stops short of completing everything you need to know about indexed files 

and file I/O in the Record of Records! application. Tomorrow will pick up where 

today left off and complete the topic. 
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OKA 
Q Why is there a need for text files to translate the CR-LF characters when 

reading and writing the file? 

A The C programming language uses a single character to represent CR-LF. 

This is the \n character that you use all the time. DOS expects two charac- 
ters for this process, a carriage return and then a line feed. Because DOS and 
C are expecting different things, there has to be a translation. 

Q Are the file I/O functions presented today the best ones to use in an 
application? 

A Not necessarily. Many applications need to be compatible with other custom 
formats. In these cases, you will need to use routines that write your data in 

the custom format. Additionally, if your application doesn’t need to worry 
about quick access to records in order, then the indexing may not be neces- 
sary. ; 

Q Is the use of global variables good as shown in today’s listings? 

A You should avoid using global variables whenever possible. At times, it 
becomes much easier to use global variables than always passing a variable 
around. Typically, file pointers are declared globally. Because these variable 
are small, they don’t take up much space. You should avoid declaring 
variables globally whenever possible. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
1. What is the difference between input and output? 

2. What is a field? 

3. What is a record? 

4, What is a file? 
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. What is a database? 

. What is an index file? 

. What is the difference between a file opened in text mode and a file opened 
in binary mode? 

8. A preexisting file is opened with the a mode of “w+b”. What does this mean? 

9. What would Figure 13.3 look like if the “AA” code was added? 

10. What would Figure 13.3 look like if the “TP” code was deleted? 

Exercises 
1. Make sure that you updated your TYAC.LIB library file with today’s library 

functions: 

put_rec() 

get_rec() 

open_files() 

close files() 

2. Create the index structure for the group file and add it to the RECORDS.H 

header file. 

3. ON YOUR OWN: Add the file functions such as the ones presented today 
to the Groups entry and edit screen. 

iS 
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File Routines: Using Dynamic Data 

On Day 17, you added file routines to the medium code and the group information 

screens in your Record of Record! applications. While you added these functions to the 

screen, you still need to complete the action bar routines. Additionally, while these 

routines worked for those screens, they do not work for the Musical Items screen. The 

number of Titles with each musical item is a variable. Today, you'll use what you 

learned on Day 17 asa starting point; however, you will do much more. Today you 

will: 

Add the file routines to the action bar. 

Create a function to find a specific record. 

Understand why the routines from Day 17 won’t work for the Musical 

Items screen. 

Look at what the differences are for the file routines needed for the Musical 

Items screen. 

Create file routines for the Musical Items screen. 

File Functions and the Action Bar 
On Day 17, you added all the functions to the Medium Code screen; however, you 
didn’t add them to the action bar. Each of the file functions needs to be added to the 

action bar. Listing 18.1 contains the new MEDMABAR.C code. 

fe 

2 

She 

4: 

La) 

6: 

te 

8: 

K<e) 

Listing 18.1. MEDMABAR.C. The medium 

action bar function. 

Filename: medmabar.c 

RECORD OF RECORDS - Version 1.0 

Author: Bradley L. Jones 

* 

* 

* 

* 

* 

* Purpose: Action bar for medium screen. This will 

as contain multiple menus. The functions called 

= by the menu selections may not be available 
2 until later days. 
* 

* 

* 

* 

* 

* 

Return: Return value is either key used to exit a menu 

with the exception of F1® which is returned 

as Enter to redisplay main menu. In each menu 

the left and right keys will exit and move 
control to the right or left menu. 

SES SS SS RS SS SRS SRS SSS SS SSS SSSR SSS SSS SSS SSSSSSSSSSSSESS=S==* | 



#include 

#include 

#include 

#include 

#include 

<stdio.h> 

<stdlib.h> pee TORR Xa ti) ee) 
<string.h> 

“tyac.n- 

“records.h" 

/* Global variables/functions for MEDIUM */ 
extern ME 

extern ME 

extern FI 

extern FI 

extern in 

extern in 

extern in 

#include 

int do_me 
int do_me 
int do_me 
int do_me 

DIUM_REC medium; 

DIUM_REC prev; 

EES *10XeT ps 

EE>*db- fp; 

t nbr_records; 

t start rec; 

t disp _rec; 

"recofrec.h" 

dium_menu1( void ); 

dium_menu2( void ); 

dium_menu3( void ); 

dium_menu4( void ); 

/* Record structure with data */ 

/* Main File ptr to data file */ 

{= Data*ftile */ 

/* Ttl # of index rec for mediums */ 

void draw_medium_screen( void ); 

void draw_medium_prompts( void ); 

void display_medium_fields( void ); 

int search_med_rec(char *); 

int do_medium_actionbar( void ) 

{ 
int me 

int co 

sighs [ey 

char *a 

while ( 

{ 

NUS le 

nt = TRUE; 
= Q; 

bar_text ={" File 

cont == TRUE ) 

Edit Search Help "}; 

write_string(abar_text, ct.abar_fcol, ct.abar_bcol, 1, 2); 

continues 

mae 

589 



590 

File Routines: Using Dynamic Data 

Listing 18.1. continued 

69: 

70: 

TAs 

Was 

sin 

74: 

Thaye 

76: 

switch( menu ) 

{ 

} 

switch( rv ) 

{ 

case 1: 

case 2: 

case 3: 

case 4: 

default: 

/* file menu */ 
write _string( " File ", ct.menu_high_fcol, 

Ct-menu_ high beol, 1, 2); 

rv = do _medium_menut1() ; 

break; 

/* edit menu */ 
writegstming( * Edit 4, sct.menushiohaieol, 

Ct menu highs beol yes) is 

rv = do_medium_menu2() ; 

break; 

/* search menu */ 

write_string( " Search ", ct.menu_high fcol, 

Ctumenu_ high bcolly iene) 

rv = do_medium_menu3() ; 

break; 

/* Help menu */ 
write_string( " Help ", ct.menu_high fcol, 

ct.menu_high bcol, 1, 25); 

rv = do_medium_menu4() ; 

break; 

FS nine =} 

cont = FALSE; 

break; 

case LT_ARROW: menu--; 

if( menu < 

menu = 4; 

break; 

—k ~— 

case RT_ARROW: menu++; 

default: 

if( menu > 4 ) 

menu = 1; 

break; 

cont = FALSE; 
break; 



fas 

119: } 

120: } 

Lee write_string(abar_text, ct.abar_fcol, Ge cloeve Sexe a5 pe 
122s cursor_on(); 

123% return(rv) ; 

132: int do_medium_menu1( void ) 

134: int rv =.Q5 

135: int menu_sel = Q; 
136: char *saved_screen = NULL; 

138: chare-tile menuf2]) =f." ExXitth’<F3> eye iiEeue }* 

139: char exit_keys[MAX_KEYS] = {F3, F1®, ESC_KEY}; 

141: saved_screen = save_screen_area( 0, 10, @, 40 ); 

143: rv = display_menu( 3, 4, SINGLE BOX, file_menu, 2, 

144: exit_keys, &menu_sel, LR ARROW, SHADOW) ; 

146: switch( rv ) 

148: case ENTER_KEY: /* accept selection */ 
149: case CR: 

150: rv = F3; 

151: break; 

15S" case F3: {> Vexiciunge 

154: case ESC_KEY: 
155: case LT_ARROW: /* arrow keys */ 

156: case RT_ARROW: 
ere break; 

159: case F10: /* exit action bar */ 

160: rv = ENTER_KEY; 

Gin break; 

163: default: boop(); 

164: break; 

165: } 
166: restore_screen_area( saved_screen ); 

168: return(rv); 

continues 
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Listing 18.1. continued RT ee IA EEN Dis cei Se ex 

169: } 

170: 

Ws Pioonsosopss8soSoctior 3 
72s @ Coie 2 (lzebhe)) © 

Wy B5p) Free a winie eee a ae a 
174: 

175: int do_medium_menu2( void ) 

WAS <I 

Were int rv = 0; 

I 7ASIE int menu_sel = 0; 

9 char *saved_screen = NULL; 

180: 
181: char *edit_menu[8] = { 

182: " New Pee UNNI 
Sse " Add <G4> eee cAOias 
184: uw Changemesro>s 5) .oCCur, 

185: we Delletews<FO>. as) a4 Ddaerp: 

186: 

Sas char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

188: 

189: saved _screen = save_screen_area( 1, 10, 8, 40 ); 

190: 

191: rv = display_menu( 3, 11, SINGLE BOX, edit_menu, 8, 

192: exit_keys, &menu_sel, LR ARROW, SHADOW) ; 

Wee 
194: SWalteehi(auieVan) 

195: { 

196: case ENTER_KEY: /* accept selection */ 
197: case CR: 

198: switch( menu_sel ) 

199: { 

200: case 1: /* Clear the screen */ 
201: restore_screen_area( saved_screen ); 

202: disp_rec = Q; 

203: clear_medium_ fields(); 

204: draw_medium_screen(); 

205: break; 

206: 

207: case 2: /* Add a record */ 
208: restore_screen_area( saved_screen ); 

209: rv = add _mdata(); 

210: if ( rv == NO ERROR ) 
PA { 

een /* Reset display counter */ 
213: display_msg_box("Added record!", 
214: ct.db_fcol, ct.db_bcol); 
Poe disp rec = Q; 

216: clear_medium_fields(); 

2alivas draw_medium_screen(); 
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218: 

219: 

220: 

2215 

2222 

PLEX GN 

224: 

225% 

226: 

PaPM is 

228: 

229: 

230: 

231: 

232% 

233 

234: 

235) 

236: 

23: 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

25s 

(psy ae 

AS Sie 

254: 

Zoo 

256: 

PATE F 

258: 

259: 

260: 

261: 

262: 

263: 

264: 

case 3: 

case 4: 

} 
elses *Only-dowit) Filest/0) */ 

if ( rv > NO ERROR) 

{ 
display_msg_box("Fatal Error writing 

Gakaceeus 

Cie WencoOl nc t. Climb Colu): 
exit(1); 

} 
break; 

/* Update the current record */ 

restore_screen_area( saved_screen ); 

rv = add _mdata(); /* updates record */ 

if ( rv == NO_ERROR ) 
{ 

/* Reset display counter */ 

display_msg_box("Record Updated!", 

CL ACdbatcol yet. dbebcol)r 

} 
else 

i ienve NOVERROR®) 

{ 
display_msg_box("Fatal Error writing 

datasets 

Ctr omipan COL ns Came him DCOla i 

exe (a): 

} 
break; 

/* Deleting the current record */ 

restore screen_area( saved_screen ); 

if( (yes_no_box( "Delete record 2", 

Cech Feil, Sev Clylxcol )))) =e “VC )} 

{ 
rv = del_med_rec(); 

if (rv == NO_ERROR) 

‘ 
disp rec = 0); 

clear_medium fields() ; 

draw_medium_screen(); 

} 
else 

{ 
display_msg_box("Fatal Error deleting 

datale cues 

ot.err fcol, et.err_bcol ); 

continues 
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Listing 18.1. continued 

Zoo: 

266: 

267: 

268: 

269: 

270: 

lean 

272% 

PAT KE 

274: 

275: 

276: 

PUTS 

278: 

279: 

280: 

Pishil 

282: 

283: 

284: 

285: 

286: 

PXBe e 

288: 

289: 

290: 

29s 

292: 

293: 

294: 

3 ill) 

{ 

exit(1); 

} 
} 
break; 

default: /* continue looping */ 

boop(); 
break; 

F 

rv = ENTER _KEY; 

break; 

case F8: /* exiting */ 

case ESC_KEY: 

case LT_ARROW: /* arrow keys */ 

case RT_ARROW: 

restore_screen_area( saved_screen ); 

break; 

case F1Q: /*actionybar */ 

restore_screen_area( saved_screen ); 

rv = ENTER KEY; 

break; 

default: boop(); 

break; 

} 

return(rv); 

ye, ee hn ee ae eee ee * 

do menu 3 (Search) * 
Se Pe MR Ce HR ee ny * 

t do_medium_menu3( void ) 

int rv = Q; 

int menu_sel = Q; 

char *saved_screen = NULL; 

char *search_menu[6] = { 

Sahin a. ra Larleres 
" Next <F/ >) eee N Mie oy 
" Previous, <F8>.", "SPp" }; 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

Saved_screen = save_screen_area( 1, 10, Q, 60 ye 



satan 

315: 

316: rv = display_menu( 3, 18, SINGLE BOX, search_menu, 6, 

ie exit_keys, &menu_sel, LR ARROW, SHADOW) ; 

319: switch( rv ) 

320: { 
3a case ENTER_KEY: /* accept selection */ 
322: case CR: 

323: switch( menu_sel ) 
324: { 

325: CASC =e) Se DOE tind dialog. *)/ 

326: restore_screen_area( saved_screen ); 

327: 

328: rv = search_med_rec(medium.code) ; 

329: 

330: if( rv == NO_ERROR ) 
331: { 

332: /* record found */ 
333 : draw_medium_screen(); 

334: display_msg_box("Record Found!", 

335: Ct. abmicol.  ct.dbabcol)s 

336: } 

337: else 

338: if (inves "0 -) 

339: { 

340: display_msg box("Record Not Found!", 

341: CiMerhmiCOl Ctr ehino Col), 

342: } 

343: else 

344: { 

345: display_msg_box("Fatal Error processing 

datay.-", 

346: Ci Chigencolwmcu,chin@bcOls)). 

347: Cbraker(il))s 

348: } 
349: break; 

350: 

Sole case 2: /* Next Record */ 
352: restore _screen_area( saved_screen ); 

353: rv = proc_med_rec(NEXT_REC) ; 
354: if ( rv == NO_ERROR ) 

GOOF { 

356: draw_medium_screen() ; 

357: } 
358: else 

359: { 4 
360: display_msg_box("Fatal Error processing 

Caitclewenmaey 

SG: etverr fcol, ct.err_bcol ); 

362: exit(1); 

continues 
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Listing 18.1. continued 

363: 

364: 

365: 

366: 

367: 

368: 

369: 

370: 

Sia 

Oihes 

SIACIE 

374: 

Sion 

376: 

Sills 

378: 

379: 

380: 

381: 

382: 

eats) 

384: 

385: 

386: 

387: 

388: 

389: 

390: 

S9ii 

392: 

393: 

394: 

395: 

396: 

397: 

398: 

399: 

400: 

401: 

402: 

403: 

404: 

405: 

406: 

407: 

408: 

409: 

410: 

} 
break; 

case 3: /* Prev record */ 
restore _screen_area( saved_screen ); 

rv = proc_med_rec(PREVIOUS_REC) ; 

if ( rv == NO _ERROR ) 

{ 
draw_medium_screen() ; 

} 
else 

{ 
display _msg box("Fatal Error processing 

GEhecineg a7 

CLiergrencOlL. Ct. ela DCO). 

exit(1); 

} 
break; 

default: /* shouldn't happen */ 

boop(); 
break; 

} 

rv = ENTER_KEY; 

break; 

case F3: /* exiting */ 
case ESC_KEY: 

case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

restore_screen_area( saved_screen ); 
break; 

case F1Q: /* action bar */ 
rv = ENTER_KEY; 
restore_screen_area( saved_screen ); 
break; 

default: boop(); 
break; 

y 

return(rv); 



int do_medium_menu4( void ) 

{ 
int rv = Q; 

int menu_sel = Q; 

char *saved_screen = NULL; 

char *help menu[4] = { 

Help e=F2>)*, “ARK; 
"About iy Ee CusLrs 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

saved_screen = save_screen_area( 1, 10, 0, 60 ); 

rv = display_menu( 3, 27, SINGLE BOX, help menu, 4, 

exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

switch( rv ) 

{ 
case ENTER KEY: /* accept selection */ 

case CR: 

switch( menu_sel ) 

{ 
case 1: /* Extended Help */ 

display_medium_help(); 

break; 

case 2: /* About box */ 
display_about_box(); 

break; 

default: /* continue looping */ 

boop(); 
break; 

} 

break; 

case F3: /* exiting */ 
case ESC_KEY: 
case LT_ARROW: /* arrow keys */ 

case RT_ARROW: 
break; 

case F10: /* action bar */ 

rv = ENTER_KEY; 

break; 

continues 
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Listing 18.1. continued 
Bs te ee eres 

461: 

462: default: boop(); 

463: break; 

464: } 

465: restore_screen_area( saved_screen ); 

466: 

467: return(rv) ; 

468: } 

469: 
470; /*=SSSSSSSSS SSS SSS as SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSSSSH= 

LAS Function: search_med_rec() 

472: 

473: 

474: 

475: 

* 

* 

* Author: Bradley L. Jones 
* 

* 

476: * Purpose: Searches for the key to locate 
* 

* 

* 

* 

Gregory L. Guntle 

477: 

478: Returns: @ - No errors - key found 

479: <@ - Key not found 

480: >Q0 -sFilelt/ 0  Ergor 

481: *SssSssSSaeSSSSSSsSSSSSSaSSSaSSaSSSSSSS SSS SSS SSS SSSSSSSa==* / 

482: 

483: int search_med_rec(char *key) 

484: { 

485: int rv = NO _ ERROR; 

486: int done = FALSE; 

487: int sreh rec; 

488: int result; 

489: 

490: MEDIUM_INDEX temp; 

491: 

492: ie? Sheelise he wwolo) he eka =y/ 

493: /* Stop when either 

494: 1 - The key passed matches. or 

495: 2 - The key passed is < rec read 
496: The latter indicates the key is not in the file */ 
497: 

498: sren rec) = start rec: 

499: while (!done) 

500: { 

501: /* Get record. */ 

502: rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

503: sizeof(int)*2, (char *)&temp) ; 

504: if (rv == 0) 

505: { 

506: result = stricmp(key, temp.code) ; 
507: if (result == 0) /* Found match */ 
508: { 

509: /* Now get data */ 
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510: done = TRUE; 
oni PES rv = get_rec(temp.data, db_fp, sizeof (medium), 
aha pate ®, (char *)&medium) ; 
Si } 

514: else 

D155 if (result < 0) 

Sips { 
Six /* Key < next rec in DB - key doesn't exist */ 
518: done = TRUE; 

31/9: rv = -1; 

520: } 

52iie else 

522: { 

523; srch_rec = temp.next; 

524: if (srch_rec == Q) /* At end of list ? */ 
D225: { 

526: done = TRUE; 

S2re rv = -1; 

528: } 

529: } 

530: } 

§31: } 

/* Key not found */ 

/* Key not found */ 

533: return(rv); 

A lot of this code hasn’t changed from Day 15 when you initially created 
the MEDMABAR.C source. The new code begins with the addition of the 

STRING.H header file in line 21. Line 38 contains a prototype for a new 
function, search_med_rec(). Additional new code begins in line 26 with the 

declaration of several external variables. These external variables were all covered on 

Day 17. The rest of the changes are in the do_medium_menu2() and do_medium_menu3() 

functions. 

The do_medium_menu2() function begins on line 175. This action bar menu contained 

the EDIT options for creating a new record, adding a new record, changing an existing 
record, and deleting a record. Creating a new record means to clear the screen so that 
a new record can be entered. This is a function that wasn’t presented on Day 17; 

however, the logic behind this was. Adding a new record, changing an existing record, 

and deleting a record were all covered on Day 17. Today, you will see them added to 

the action bar. 

Clearing for a new record is done within case 1 in lines 200 to 205. This case starts 

by restoring the saved screen area. The current record, disp_rec, is then set to zero 
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because you won’t be editing a preexisting record. Line 203 then calls the 

clear_medium fields() function to clear any data that may be in the medium code 

structure. Once the screen is redrawn in line 204, you are ready for a new record. 

The second EDIT action bar menu option is to add a record. This is accomplished 

in case 2 (lines 207 to 226). Again, this starts with the restoring of the screen. Line 209 

calls the add_mdata() function that was presented on Day 17. This function adds a 

record to the files. If this addition of the records was successful, then line 213 displays 

a message so that users will know they were successful. Lines 215 to 217 then repeat 

the process of clearing the screen for a new record. If the writing of the record failed, 
then a fatal error is displayed in line 221 and the program exits. 

The third case handles updating or changing a record. This case is presented in lines 
228 to 250. This function follows a flow similar to adding a record. As shown on Day 
17, the add_mdata() function handles both the updating and the adding of records. 

If the add_mdata() function successfully updates the current record, then an appro- 
priate message is displayed in line 236. If the addition wasn’t successful, then a fatal 
error message is displayed in line 242 and the program exits. 

Deleting a record can be accomplished with the fourth case in lines 249 to 268. The 
process of deleting should always start with asking the users if they are sure they want 
to remove a record. This is done in line 251. If the user says yes, then the 
del_med_rec() function is called (Line 254). Ifthe delete is successful, lines 256 to 258 

refresh the screen so a new record can be added. If there is a problem in deleting, then 
an error message is displayed and the program exits. With this, the functions in the 
EDIT action bar menu are complete. 

The SEARCH menu also contains three functions that work with file I/O. These are 

handled in the do_medium_menu3(). These are the Find..., the next search, and the 

previous search. 

The Find... case is new. This is presented in lines 325 to 349. This function starts 
with the restoration of the screen in the same manner as all the other functions. Line 
328 then does the actual finding with the search_med_rec() function. This function 
attempts to find the corresponding record for the value in the code field on the screen. 
Ifa matching record is found, then the medium screen is redrawn (line 333) and a 
message is displayed. Line 338 checks to see if the record wasn’t found. If rv is less than 
zero, then the provided code wasn’t found. If rv is greater than zero, then a fatal error 
is displayed in line 345. 

The search_med_rec() function is presented in lines 470 to 535. The search starts at 
the first alphabetic record in the index and works its way until it finds a record that 
either matches or is greater than its own value. Line 498 starts the process by 



initializing the counter, srch_rec, to the first index record, start_rec. A while loop 
then begins the processing of each index record in sorted (next) order. Line 502 
retrieves the index for the current search number. If there isn’t a problem, then line 

506 compares the current index’s code to the code that is being searched for. If the 
values are equal, then line 510 sets the done flag to TRUE and the data record is retrieved. 
Otherwise, if the result is less than zero (line 515), then there isn’t a need to continue 

because the current search code is greater than the code being looked for. Negative one 

is returned so that the calling program will know that the code was not found—not 

that there was an error. 

If the search code was less than the code being looked for, then lines 523 to 528 are 

executed. The srch_rec is set to the next index record number, temp.next. If this 

number is zero, then the end of the index file has been reached without finding the 

record. This process continues until the done flag is set to TRUE. As you just saw, this 
happens when either the record is found, the end of the file is reached, or a code greater 

than the current code is found. 

In the do_medium_menu3() function, you can see the next and previous records are 

found in lines 351 to 379. Finding the next or finding the previous record are 

completed in the same way with one difference. The proc_med_rec() function is used 

to get the record. If successful, the screen is redrawn; otherwise, a fatal error message 

is displayed. The difference in the two cases is that the next record case passes NEXT_REC 
to proc_med_rec() in line 353 and the previous record case passes PREVIOUS_REC to 

proc_med_rec() in line 368. 

With this, you have completed the action bar routines. The do_something() case that 

had been added as a filler can be removed because all of the action bar items are 

complete. In fact, at this point, the entire Medium Codes screen is complete! 

Note: At this point the Medium Codes entry and edit screen is complete! 

PC) ee DON’T) 
DO always ask the users to ensure they want to delete a record. 

DO display messages to let the user know when he or she has done some- 

thing such as adding, fclening, or cnet a See ) 

601 



File Routines: Using Dynamic Data 

The Musical Items Screen 
At this point, you have completed the Medium Code screen. The Group Information 

screen has been left for you to do as exercises. This leaves the Musical Items screen. 

The Musical Items screen is a little more complex than the Medium Code and the 

Group Information screens. The complexity stems from the addition of the structure 

for holding songs. In the following sections, you'll see the code for working with the 

Musical Items screen. The code presented will show you how to process the medium 

screen information using the index structure, the data structure for the main medium 

information, and an array of song structures. 

Preliminary Changes 
for the Albums Screen 

Before adding the processes of manipulating the song records, you need to make a few 
additional modifications to several of your existing files. Changes need to be made to 
RECOFREC.C, RECOFREC.H, and RECORDS.H. 

The RECOFREC.C source file needs several additional global variables. These 

variables are needed by many of the musical item functions. You should add the 
following global declarations to the beginning of the RECOFREC.C source file: 

EUEESaSOnGmnps /* For tracking songs */ 

int total_songs; /* Nbr of songs in the song file */ 

The additional FILE pointer, song_fp, will be used to point to the data file that will 
hold the song records. The total_songs value will keep track of the total number of 

songs in the song file. The importance of total_songs will be seen later in the Musical 
Items screen’s code. 

As with the Medium Code screen, the RECOFREC.H header file should receive a few 
modifications also. To this header file you should add the prototypes for the new 
functions you will be adding. The following are the function prototypes that should 
be included in RECOFREC.H for the Musical Items screen: 

fra i faifore aeAte cs Je nev etn bx take e .o fap ack cat Penk sre mnie dani * 

* Prototypes for albums screen * 
Sie sfaim @etele o Steth ee fatele aleis, Sia eieemehe rcas */ 

int do_albums_actionbar(void); 

void display_albums_help(void) ; 

int clear_albums_fields(void) ; 
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void draw_albums_screen(void) ; 

int verify_adata(void) ; 

int add_adata(void) ; 

int add_album_rec(void) ; 

int del_alb rec(void); 

int proc_alb rec(int); 

int open_songs(void) ; 

Each of these new prototypes will be covered as the listings for the Musical Items 

screen are presented. In addition to adding the preceding prototypes to the 

RECOFREC.H header file, you should also ensure that you have all the necessary 
structures in the RECORDS.H header file. There should be three separate structures 

for the albums screen. These are: 

typedef struct 

{ 
char title[ 30+1 ]; 

char group[ 25+1]; 

char medium _code[2+1]; 

DATE date_purch; 

cham costi, 541, 1/3 

char value[ 5+1 ]; 

int nbr_songs; 

int del flag; 

} ALBUM_REC; 

typedef struct 

{ 
int del flag; 

char title[40+1]; 

char minutes[2+1]; 

char seconds[2+1]; 

int next; /* next song record */ 

} SONG_REC; 

typedef struct 

{ 
ChantrtLeiese ri wis 

int nbr_songs; 

AiG e late ag): 

unsigned short prev; 

unsigned short next; 

unsigned short data; 

unsigned short song; 

} ALBUM_INDEX; 
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The ALBUM_REC structure and the SONG_REC structure should be familiar for the most 

part. The ALBUM_REC structure has one additional field called de1_f1ag that will be used 

to signal if the record has been marked as deleted. This will be covered later. 

The ALBUM_INDEX structure is new. This structure is similar to the index file presented 
for the Medium Code screen; however, there are three differences. First, you'll notice 

that this structure also has a deleted flag, de1_f1ag. The structure also has a nbr_songs 

field and a song field. The nbr_songs field will be used to hold the total number of 

songs saved with this album. The song field will be used to hold the record number 

in the song data file where the first song is stored. This is simply an index for the song 
file. Figure 18.1 presents a representation of these structures. Figure 18.2 shows 
portions of these structures with data. 

Index File KEY | NEXT [PREvious [DATA REC| SONG REC | DELETE FLAG 

Monee KEY] OTHER DATA DELETE FLAG 

Song File [ DELETE FLAG | SONG DATA | NEXT SONG REC | 

Figure 18.1. A representation of the musical item structures. 

Albums File 

jalpMay | | 3 | 
javpm-c| | | 7 | 
cee] | [2 | 
lacemo| | [3 | awn = 

Index File 

Songs File 

awn = 

* Song pointer 

Figure 18.2. The musical item structures with data. 

The Musical Items Screen 
In addition to the RECORDS.H header file, the RECOFREC.C file, and the 
RECOFREC.H header file, the ALBUMS.C file also will need several changes. 



Because you haven’t had many listings involving the Musical Items screen, the entire 
ALBUMS.C listing is presented in Listing 18.2. 

‘ 
i |) 

25 

Shi 

4: 

ley 

6: 

rae 

Ss 

ie) 

Warning: Only the differences from the medium code listing presented 
on Day 17 will be analyzed in the following listings. 

Listing 18.2. ALBUMS.C. The Musical Items screen’s 

main file. 

/ PSsSSSSSSSSSSeSSSSSSaS=SSSaSaSaaaeeaaSSaS==S==SSSe5S======= 

* Filename: albums.c 
* 

* Author: Bradley L. Jones 

x Gregory L. Guntle 
* 

* Purpose: Allow entry and edit of information on musical 

‘e items. 

* Note: This listing is linked with RECofREC.c 

* (There isn't a main() in this listing!) 
* SSS SS SSS SESS SSS SSS SSS SS SSS SS SSS SSS SSS SSS SSS SSSSSSSSS=S=E===* | 

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <conio.h> (Ze TOREGeteM(). 2) 
#include "tyac.h" 

#include "“records.h" 

I fog te Cs pies eae law ee miei * 

a prototypes id 
Cee eo, te ee ee */ 

#include "recofrec.h" 

void draw_albums_screen( void ); 

void draw_albums_prompts( void ); 
void display_albums_fields( void ); 

int clear_albums_fields(void) ; 
int get_albums_data( int row ); 

int get_albums_input_data( void ); 

void display_albums_help(void) ; 

ye EAC Te teeter a Coane ae. ee * 

* Global Variables * 

continues 
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Listing 18.2. continued 

Sige 

38: 

39: 

40: 

41: 

42: 

SP EY CCE CR cay] 

extern FILE *idx_fp; (Made len Dicie COmCM dice Nem, 

extern FILE *db_ fp; (jz Datars fa ler 

extern FILE *song fp; /* Pointer for songs */ 

extern nbr_records; (= TOtaleteotereCurOheclLoums. <7 

extern int start_rec; 

extern int disp_rec; 

extern int total_songs; 

#define ALBUMS_DBF "ALBUMS . DBF" 

#define ALBUMS_IDX "ALBUMS. IDX" 

#define SONGS_DBF "SONGS . DBF " 

#define HELP_DBF "ALBUMS .HLP" 

[* ee Se, oe, ol ee ee ee oS ee * 

ALBUM_REC albums; 

ALBUM_REC *p_ albums = &albums; 
ALBUM_REC alb_ prev; 

SONG_REC songs[7]; 

int song_pg; /* Tracks page of songs being displayed */ 

int max_song_pg; /* Max number of pages allocated to =] 

/* hold the songs | 
char *song) ptr; /* Ptr to dynamic mem where songs are 3) 
char *temp_ptr; /* Used for reallocating memory */ 

#define ONE SONG sizeof (songs[Q] ) 

#define SEVEN SONGS sizeof (songs) 

{ 

/ *&>=SSSSSSSSSSSaSSSSSSSSSSSSSSSSSS-5555=5===>5===--—--~ =~ 

do_albums_screen() ‘ 
*===>=>=>=>=S>>=>=>=>>=>=>===S=>=>=>==-=>=>=>=5==>==>=------=— 

Ss  — — * ——— i 

int do_albums_screen(void) 

aiake [We 

/* Open both Index and DBF file */ 
if ( (rv = open_files(ALBUMS_IDX, ALBUMS DBF)) == @ ) 

if ( (rv = open_songs()) == NO_ERROR) 



/* Try and get enough mem for 

holding 7 songs (1 screen) */ 

song_ptr = (char *)malloc(SEVEN_SONGS) ; 

/* Check for mem error */ 
if (song ptr != NULL) /* No error - continue */ 

/* Setup for adding new records at beginning */ 

memset(&alb prev, '\@', sizeof(alb_prev)); 

max_song_ pg = 1; /* Only one pg of mem */ 

song _pg = 1; /* Displaying 1 pg of songs */ 

disp_rec = Q; /* Initialize displaying rec # */ 

clear_albums_fields(); 

draw_albums_screen() ; 

get_albums_input_data(); 

fclose(song fp); /* Close song DBF */ 

rv = close files(); /* Close IDX and DBF file */ 

free(song ptr); /* Release memory */ 

} 
else 

{ 
display_msg_box( 

"Fatal Error - Unable to allocate memory!", 

CierrancolacusehhapCcol.)is 

fclose(song fp); /* Close song DBF */ 

rv = close files(); /* Close IDX and DBF file */ 

exit(1); 

} 
} 

} 
else 

{ 
display_msg_box("Error opening ALBUMS files...", 

ct.err_fcol, ctrerr_bcol ); 

return(rv); 

} 

je* SS Se POO ONS Ren or Boe are eR a * 

a draw_albums_screen() * 
Rae Se eRe er oar eer en ate ed “| 

: void draw_albums_screen( void ) 

Pint 
char rec_disp[6]; 

continues 
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Listing 18.2. continued 

Se 

138): 

eke) 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

Oils 

S25 

Weeye 

OAs 

155: 

1o6s 

eee g 

i eyehe 

159: 

160: 

ode 

162: 

163: 

164: 

1165): 

166: 

167: 

168: 

169: 

170: 

WAVE 

725 

A ieShe 

174: 

ASE 

WAGE 

FE 

178: 

1 7AS)E 

180: 

i Salis 

182: 

183: 

184: 

185: 

186: 

draw_borders(" Musical Items "); /* draw screen background */ 

write _string("<F1=Help> <F3=Exit> <PgUp/PgDn=More Songs>", 

ct.abar_fcol, ct.abar_bcol, 24, 3); 

write _string( " File Eqat Search Help", 

CrrabapenCOlLymecte dbalpeDCO lamin ms) i. 

draw_albums_prompts() ; 

display_albums_fields() ; 

void draw_albums_prompts( void ) 

{ 
iis nels 

char tmp[10]; 

write strang( “Titles”; 

ct. tld prmpt teol, ictatidsaprmptsbcol, 4,37): 

write _string("Group:", 

CL f Ldap rnp fCcol secu. nid pampt bcol 55, s.))- 
write_string("Medium:", 

Cua depympt [Col sCiek Ldap gnptabeol. 5 7630): 

write _string("Date Purchased: It pal es 
ct.fld_prmpt_ oe Ct. nldapEmpeebGolen Sees). 

write string("Cost: §$ 

ct. fld_prmpt_ fool, Cie kdsprmpcl Col, soe oo mE 
write_string("Value: $ 

ct.fld_prmpt_ fcol, ct.fld_prmpt_bcol, 9, 52 ); 
write _string("Track Song Title", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 11, 7 ); 
write_string("Time", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 11, 59 ); 

ORC Cue = OS Oey S 77s Caer }} 

{ 
sprintf(tmp, "%02d:",((song_pg-1)*7+ctr+1) ); 

write_string( tmp, 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 13+ctr, 8 ); 
WELtenSstring(S a. 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 13+ctr, 61 ); 

} 

write_string("Total Album Time: oP g 

Cit Ldap hMpt er COL wm CtahlG _prmpt_ DCOU 21 ycO mis 

/* Track information */ 



Love 

188: 

189: 

190: 

191% 

192: 

193: 

194: 

195: 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

OLA 

Pa Xe 

Pale 

214: 

215: 

216: 

PAT ES 

Zier 

219: 

220: 

Zale 

Zee: 

223% 

224: 

225: 

226: 

PHATE 3 

228: 

229: 

230: 

Zoe 

232: 

2aon 

234: 

Paste) e 

236: 

void display_albums_fields( void ) 

{ 
Anke Gtr: 

char tmp[7] = { @, @, 0, 0, 0, 0 

char under_4@[41] = 
{= 

write _string(under_40+10, {* 3 

Ciera ECOlen cra nld 

write_string(under_40+15, ie 

Che ildancolwctanLd 
WieLtees timings ssa, Ctar Ldn Coll 

WRELCUS Pring ( aaa. Ck. fldet cole 

WirikenstictiG (ae meet ail Om Cole 

Wihlverscring (ese ten NC a COl, 

Witte esitrang|(ce unm Ctet A Canhcol, 

WRELCES timing (ama eeCt mt Ld heole 

WREECNS Cir) (( mma Cite ClamnCOlle 

Witt Cars tip G (amen mC tentL-Cmme Ol 

ORCL pe — Os Cte <a CiE Ir) 

{ 
write _string(under_40, 

Cte ud mnco lnm ct. 
ae 5 

Cites CnC Onna itys 

WigtiCmS ties | ((uaeeneaes 

Cue ple) COM, (ies 

write_string( 

} 

write_string( Me reside nie@uls 

Wiitems tint (|( seu hmC Unie LCmnGOlL, 

Wiptte ms tring (cee teil dian Cole, 

(<2 edisplaVvedatdageeimexdisits moc” 

write _string(albums.title, ct.fl 

write _string(albums.group, ct.fl 

write_string(albums.medium_code, 
@ie a PLC|_ AFOO, Geol 

7 Ont) setetounulis */ 

@ underscores */ 

oyerowl, ZH ey je 

25 underlines */ 

HCO Oy lem) 

(es Fkel yore “7/5. WS) ye 

Ghesialleljyceowls 5 iy) he 

ie xirdlelleoil. 2), 28) ys 

(Ee el Jeol, Sy Zaye 

Cla mLadebeolne Sae4 im): 

Ctanldsbcols 9 45): 

Ct: tld bcol, #9) *61,»)% 
Ge sidlel Jyeoils (2), GS \3 

VCO sketch, Ws })s 

lel leeoil, lero, SS) })5 

Ridsbcole i3+Ctir, soc); 

Cimnldebcolee 2inmon). 
ie 1lltel Ix Bil Ci) 5 

; ct.fld_bcol, 21, 63) 

/ 

di fcols*ct:fid bcol, 4, 12)" 

devcoll,)ctrrid/bcoly=5, t2); 

@_ ICO; ey 1S) Ie 



File Routines: Using Dynamic Data 

Listing 18.2. continued 

237: strncpy( tmp, albums.date_purch.month, 2 ); 

238: write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 20 ); 

239: strncpy( tmp+4, albums.date_purch.day, 2 ); 

240: write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 23 ye 

241: strncpy( tmp, albums.date_purch.year, 2 ); 

242: write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 26 ); 

243: 

244: strncpy(tmp, albums.cost, 3); 

245: write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 41 ); 

246: strncpy(tmp, albums.cost+3, 2 ); 

247: tmp[2] = NULL; 

248: write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 45 ); 

249: 

250: strncpy(tmp, albums.value, 3); 

oie write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 61 ); 

252: strncpy(tmp, albums.value+3, 2 ); 

253: tmp[2] = NULL; 

254: write _string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 65 ); 

Zoon 

256: /* Get songs from appropriate memory location and */ 

PAST EG [fe move into the structured array */ 
258: memcpy (&songs, 

259: song _ptr+((song_pg-1)*SEVEN_ SONGS), SEVEN SONGS) ; 

260: 

261: /* song title information */ 

262: VOr( Culp = WF Cule Ss 7/5 Gatae 

263: { 

264: write _string(songs[ctr].title, 

265: Ct Cm CO tC tana CO1 mn S20 tinemad Oum)r 

266: write_string(songs[ctr].minutes, 

267: Cho Gl dmhcolyct. tL dencolaaalstCtnemoom) 

268: write _string(songs[ctr].seconds, 

269: Citi dmehcol se cits f VdebCOlMaiStCtr oom) es 

270: /* calc total here. */ 
Zale } 

ees /* finish total count and print here */ 
PAI a 

274: 

2752 | Me waaie og Se SS 9" se ae See wince Ss 9 eae a en oak ae * 
PHA te get_albums_input_data() S 
QT T DB wim = nin wirinie aisle RISE ape SSRs we a See ee Sk eee ee = eee Kae ee ay 
278: int get_albums_input_data( void ) 
CAA Of 

280: int position, 

281: rv, 

282: Okay, /* used with edits */ 

283: loop = TRUE; 
284: 

285: /* Set up exit keys. */ 
286: static char fexit_keys[ 19 ] = { F1, F2, F3, F4, Fg IAA. 
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PEW ee 

288: 

289: 

290: 

291: 

292: 

293: 

294: 

295: 

296: 

297: 

298: 

299: 

300: 

301: 

302: 

303: 

304: 

305: 

306: 

307: 

308: 

309: 

310: 

Salah 

312: 

Sil 

314: 

SiS 

316: 

Siiee 

318: 

319: 

320: 

edi 

S22n 

S2o: 

324: 

S2Z5i 

326): 

B72 

328: 

329: 

330: 

3311: 

332: 

333: 

334: 

F7, F8, F10, 
ESC_KEY, PAGE_DN, PAGE_UP, CR_KEY, 
TAB_KEY, ENTER_KEY, SHIFT TAB, 
DN_ARROW, UP_ARROW, NULL }; 

static char *exit_keys = fexit_keys; 

getline( SET_EXIT_KEYS, 0, 18, ®, @, @, exit_keys ); 

/*** setup colors and default keys ***/ 
getline( SET_DEFAULTS, 0, 0, 0, 0, 0, @ ); 

getline( SET_NORMAL, @, ct.fld_fcol, ct.fld_bcol, 

Cia dehignancolssctat ld ehaighebcoln Om): 

getline( SET_UNDERLINE, 0, ct.fld_fcol, ct.fld_bcol, 

Ct. i den2gneicol a ctahadenaghmocole Om). 
getline(ScelatNo- One ct. abarefcol ict, abarabcol,. 24.5768) 0"): 

position = Q; 

while( loop == TRUE ) fs eae oleweel aie eleysy Tralenols, i224) 

switch( (rv = get_albums_data( position )) ) 

{ 
case CR_KEY 

case TAB KEY 

case ENTER_KEY : 

case DN ARROW : /* go down a field */ 
( position == 30 ) ? 

(position = 0 ) : position++; 

break; 

case SHIFT_TAB : 

case UP_ARROW : /* go up a field */ 
( position == 0 ) ? 

( position = 30 ) : position--; 

break; 

case ESC_KEY : 

case F3 : /* exit back to main menu */ 
if( (yes_no_box( "Do you want to exit?", 

td. 1Gol. Ctedb<bcol., ))s== 7 Ys") 

{ 
loop = FALSE; 

} 
break; 

case F4: /* add data */ 
/* Save songs back into memory location */ 

memcpy (song_ptr+((song_pg-1)*SEVEN_SONGS) , 

continues 
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Listing 18.2. continued 

BobE 

336: 

337: 

Boe 

339: 

340: 

341: 

342: 

343: 

344: 

345: 

346: 

347: 

348: 

349: 

350: 

Shy! 

Shey 

S50: 

354: 

355; case F5: 

356: 

SOG: 

358: 

359: 

360: 

SOME 

362: 

363: 

364: 

365: 

366: 

367: 

368: 

369: 

370: 

Ole 

Shen 

SW ACHE 

374: 

S75: 

376: 

377: 

378: case F6: 

379: 

380: 

381: 

382: 

383: 

384: 

File Routines: Using Dynamic Data 

&songs, SEVEN SONGS) ; 

rv = add_adata(); 

if ( rv == NO_ERROR ) 

{ 
disp. rec = @; 

reset_memory() ; 

clear_albums_fields(); 

draw_albums_screen(); 

position = Q; 

else /* Only do next part if File 1/0 

if ( rv > NO_ERROR ) 

{ 
display _msg_box( 

"Fatal Error writing data...", 

CUCrimeiCOl.scusei sOCOln). 

exit(1); 

} 
break; 

/* Change Record */ 

| 

/* Save songs back into memory location */ 

memcpy (song_ptr+((song_pg-1)*SEVEN_SONGS) , 

&songs, SEVEN SONGS) ; 

rv = add_adata(); 

if ( rv == NO ERROR ) 

{ 
disp_rec = Q; 

reset_memory(); 

clear_albums_fields(); 

draw_albums_screen(); 

position = Q; 

else /* Only do next part if File 1/0 

if ( rv > NO ERROR ) 

{ 
display_msg_box( 

"Fatal Error changing data..." 

ct.err_fcol, ct.err_bcol ); 
exit(1); 

} 
break; 

/* Delete data */ 

/* Make sure rec is on screen */ 
if( (yes_no_box( "Delete record {ae 

{ 
tv, = delvalbirec(): 

if (rv == NO_ERROR) 

ct.db_fcol, ct.db_bcol )) == 'y' ) 

a 



385: 

386: 

387: 

388: 

389: 

390: 

391: 

392: 

393: 

394: 

395: 

396: 

397: 

398: 

399: 

400: 

401: 

402: 

403: 

404: 

405: 

406: 

407: 

408: 

409: 

410: 

411: 

412: 

413: 

414: 

415: 

416: 

417: 

418: 

419: 

420: 

421: 

422: 

423: 

424: 

425: 

426: 

427: 

428: 

429: 

430: 

431: 

432: 

433: 

434: 

disp_rec = Q; 

clear_albums_fields(); 

draw_albums_screen(); 

position = Q; 

} 
else 

{ 
display_msg_box( 

"Fatal Error deleting data...", 

Clacrh col, Ct.enr beol, ): 
exit(1); 

} 
} 
break; 

case F7: /* Next record */ 

rv = proc_alb_rec(NEXT_REC); 

if ( rv == NO_ERROR ) 

draw_albums_screen(); 

position = Q; 

} 
else 

{ 
display_msg_box( 

"Fatal Error processing data.. 

CEChianc Ol wmct emia OcOlm) ; 
exit(1); 

} 
break; 

case F8: /* Prev record */ 

case F10: 

rv = proc_alb _rec(PREVIOUS REC) ; 

if ( rv == NO_ERROR ) 

draw_albums_screen() ; 
position = Q; 

} 
else 

{ 
display_msg_box( 

"Fatal Error processing data... 

ct.err fcol, ct.err_bcol ); 

exit(1); 

} 
break; 

/* action bar */ 
rv = do_albums_actionbar(); 

continues 

SAMS 
PUBLISHING 
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Listing 18.2. continued 

435: 

436: 

437: 

438: 

439: 

440: 

441: 

442: 

443: 

444: 

445: 

446: 

447: 

448: 

449: 

450: 

451: 

452: 

453: 

454: 

455: 

456: 

457: 

458: 

459: 

460: 

461: 

462: 

463: 

464: 

465: 

466: 

467: 

468: 

469: 

470: 

471: 

472: 

473: 

474: 

475: 

476: 

477: 

478: 

479: 

480: 

481: 

482: 

483: 

484: 

ifi(9PVv) ==.ESs)) 

{ 
if( (yes_no_box( "Do you want to exit?", 

ct.dbifcolgect.db peo s)j<==) ie) 

{ 
loop = FALSE; 

} 

position = Q; 

break; 

case PAGE_DN : /* Used for display 7 songs @ time */ 

/* First resave - structure to memory */ 

memcpy(song_ptr+((song_pg-1)*SEVEN_SONGS) , 

&songs, SEVEN_SONGS) ; 

song _pg+t+; /* Get next page */ 

/* Only allow 13 pages (91 songs) */ 
/* because displaying only 2 digit track # */ 

if (song_pg > 13) 

{ 
boop(); 
Song_pg--; 

} 
else 

/* Do we need to allocate more memory */ 

if (song_pg > max_song_ pg ) 

temp_ptr song ptr; /* Save original */ 

song ptr = (char *)realloc(song ptr, 

song_pg*SEVEN_SONGS) ; 

/* check to see if memory was obtained. */ 
if (song ptr == NULL) 

display_msg_box("Memory not available!", 

ct.db_fcol, ct.db_bcol); 

song ptr = temp_ptr; /* restore orig. */ 

song_pg--; 

else 

{ 
memset (song_ptr+((song_pg-1)*SEVEN_SONGS) , 

"\®', SEVEN_SONGS) ; 

: max_song_pg++; /* Up the pages */ 

} 



485: 

486: 

487: 

488: 

489: 

490: 

491: 

492: 

493: 

494: 

495: 

496: 

497: 

498: 

499: 

500: 

501: 

5Q@2: 

503: 

504: 

55: 

506: 

507: 

508: 

5@9: 

510: 

Side 

O12: 

Sis 

514: 

Soe 

52a: 

522* 

523% 

524: 

528: 

529: 

530: 

532: 

53a3% 

534: 

case PAGE_UP : 

case Fi: 

case F2: 

default: 

} 

position = 10; /* Start at top of song */ 
draw_albums_screen(); /* Redraw screen */ 
break; 

/* Go up a page of songs */ 
/* First resave - structure to memory */ 

memcpy (song_ptr+((song_pg-1)*SEVEN_SONGS) , 

&songs, SEVEN SONGS); 

song_pg--; 
if (song_pg < 1) 

{ 
boop(); 
Song_pgtt; 

else 

{ 
position = 10; /* Start at top of song */ 
draw_albums_screen(); /* Redraw screen */ 

} 
break; 

/* context sensitive help */ 
display_context_help( HELP_DBF, position ); 
break; 

/* extended help */ 

display_medium_help() ; 
break; 

/*serrone.// 

display_msg_box( " Error ", 

Ctrenh col, Ct.erieDcol. ); 

break; 

/* end of switch */ 

/* end of while */ 

return( rv ); 

int get_albums_data( int row ) 

{ 
int rv; 
char tmp[4] = { @, @, @, @ }; /* set to null values =f 

continues 
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File Routines: Using Dynamic Data 

Listing 18.2. continued 
eCREE see Ya NP PN cee ee ST ee 

535: switch( row ) 

536: { 

OOiln case @ : 

exekeye rv = getline( GET_ALPHA, 2, 4, 12, 0, 30, 

539: albums.title) ; 

540: break; 

541: case 1 

542: rv = getline( GET_ALPHA, @, 5, 12, @, 25, 

543: albums.group) ; 

544; break; 

545: case 2 : 
546: rv = getline( GET ALPHA, 0, 7, 13, @, 2, 

547: albums.medium code) ; 

548: break; 

549: case 3 : 

550: strncpy( tmp, albums.date_purch.month, 2 ); 

551: rv = getline( GET_NUM, Oren os 2e, OF 2, tmMpe = 

552: zero_fill field(tmp, 2); 

Sos Writes trang (rEMpy eC tnt! CenCOlem Gti dmbCOl Og 2O)l 

554: strncpy( albums.date_purch.month, tmp, 2); 

SOor break; 

556: case 4: 

Solas strncpy( tmp, albums.date _purch.day, 2 ); 

558: rv = getline( GET_NUM, OF 9 23—n0, 22, etnp)s 

559: zero fill field(tmp; 2): 

560: Wri teesthang (tmp, sCtatidaicolsect.tld beol, 9,23): 

S6ile strncpy( albums.date_purch.day, tmp, 2 ); 

562: break; 

563: case 5 : 

564: strncpy( tmp, albums.date_purch.year, 2 ); 

S65) bVe= getline GET sNUM; Oreo COs Ct meat GEMD aa) 
566: zero_fill field(tmp, 2); 

567: write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 26); 

568: strncpy( albums.date-_purch.year, tmp, 2 ); 
OOo) break; 

570: casenGa: 

iS i/ail ee strncpy( tmp, albums.cost, 3 ); 

572: rv = getline( GET_NUM, Oy POs 4 Ose Ose etme) 
Sion zero_fill field(tmp, 3); 
574: write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 41); 
7Aaye strncpy( albums.cost, tmp, 3 ); 

576: break; 

O77: case 7 : 

578i strncpy( tmp, albums.cost+3, 2 ); 
579: rv = getline( GET_NUM, 0; 97 467-0, 2; tap43 
580: Zenont Lie Tre Lai(tmpee is 
S8iE write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 45); 
582: strncpy( albums.cost+3, tmp, 2 ); - 
583: break; 
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584: 

585: 

586: 

587: 

588: 

589: 

590: 

591: 

592: 

593: 

594: 

BIDE 

596: 

597: 

598: 

599: 

600: 

601: 

602: 

603: 

604: 

65: 

606: 

607: 

608: 

609: 

610: 

611 

612: 

613: 

614: 

615s 

616: 

617: 

618: 

619: 

620: 

C21: 

622: 

623: 

624: 

625: 

626: 

627: 

628: 

629: 

630: 

631: 

632: 

633: 

case 8 : 

strncpy( tmp, albums.value, 3 ); 
rv = getline( GET_NUM, De Ry Sly, Oey hy ae Se 
zero_fill_field(tmp, 3); 

write_string(tmp, ct.fld_fcol, Ctenldsbcoly 9), 6i))s 
strncpy( albums.value, tmp, 3 ); 

break; 

case 9 : 

strncpy( tmp, albums.value+3, 2 ); 

rv = getline( GET_NUM, OFmeOGmODR One 625 8 tmp.) 
zero_fill_field(tmp, 2); 

write_string(tmp, ct.fld_fcol, ct.fld_bcol, 9, 65); 

strncpy( albums.value+3, tmp, 2 ); 

break; 

case 10 : 

iVe— getline ( GETSAUPHA, sO, 13.) 165), 0, 40) 

songs[@].title); 
break; 

case 11 

ry = getline( GET_NUM, @, 13; 59, @, 2, 

songs[@].minutes) ; 

zero_fill_ field(songs[Q@].minutes, 2); 

write_string(songs[0].minutes, 

Cite tt dem COL me ctei ds bCOl 3), 59) 

break; 

case 12 : 

rv = getline( GET_NUM, @, 13, 62, 0, 2, 

songs[@].seconds) ; 

zero fill field(songs[®@].seconds, 2); 

write _string(songs[0].seconds, 

Chon daicolyectarldnbcol. 135162); 

break; 

case 13 : 
rv = getline( GET_ALPHA, @, 14, 16, 0, 40, 

songs[1].title); 

break; 

case 14 : 

rv = getline( GET_NUM, 0, 14, 59, 0, 2, 

songs[1].minutes) ; 

zero_fill_field(songs[1].minutes, 2); 

write _string(songs[1].minutes, 
Ctefid tCOl, Ctattdipoul, 14, 59); 

break; 

case 15 : 
rv = getline( GET_NUM, @, 14, 62, @, 2, 

songs[1].seconds) ; 

zero_fill_field(songs[1].seconds, 2); 

write_string(songs[1].seconds, 
6tafld_fcol, ct.fld _beol; 14, 62); 

break; 

continues 
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Listing 18.2. continued 
ee nen ee Lee ee ee a Ss 

634: case 16 : 

635: rv = getline( GET_ALPHA, 0, 15, 16, 0, 40, 

636: songs[2].title) ; 

637: break; 

638: CaScinivan 

639: rv = getline( GET_NUM, @, 15, 59, 0, 2, 

640: songs[2].minutes) ; 

641: zero_fill_field(songs[2].minutes, 2); 

642: write _string(songs[2].minutes, 

643: Ctafldarcoljectanldubcois 15.) 59); 

644: break; 

645: case 18 : 

646: rv = getline( GET_NUM, 0, 15, 62, 0, 2, 

647: songs[2].seconds) ; 

648: zero_fill_ field(songs[2].seconds, 2); 

649: write_string(songs[2].seconds, 

650: Ci. (decom Ct. debCole don 62) = 

651: break; 

652: case 19 : 

6507 rv = getline( GET_ALPHA, 0, 16, 16, @, 40, 

654: songs[3].title) ; 

655: break; 

656: case 20 : 

657 rv = getline( GET_NUM, 0, 16, 59, 0, 2, 

658: songs[3].minutes) ; 

659: zero_fill_field(songs[3].minutes, 2); 

660: write_string(songs[3].minutes, 

661: Cte rldeicolyectmtdsbeols 16, 59); 
662: break; 

663: case 21 

664: rv = getline( GET_NUM, 0; 16, 62, OF 2, 

665: songs[3].seconds) ; 

666: zero_fill_ field(songs[3].seconds, 2); 

667: write_string(songs[3].seconds, 

668: Ctahldmicol ct.hldsbcolemdo. 62): 
669: break; 

670: case. 22 

(ile rv = getline( GET_ALPHA, @, 17, 16, 0, 40, 
(W/2F songs[4].title) ; 
673: break; 

674: case 23 : 

675: rv = getline (GETINUM, 0, tif5 595 Ogi. 
676: songs[4].minutes) ; 
677: zero_fill_field(songs[4].minutes, 2); 

678: write_string(songs[4].minutes, 
679: ct, Fld, fcol,.ct.fid beol, 17, 59); 
680: break; 

681: case 24 : 

682: rv-= getline( GET_NUM, @, 125.62, 0, 2, 
683: songs[4].seconds) ; 
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684: 

685: 

686: 

687: 

688: 

689: 

690: 

691: 

692: 

693: 

694: 

695: 

696: 

697: 

698: 

699: 

700: 

701: 

702: 

703: 

704: 

705: 

706: 

707: 

708: 

709: 

Tee 

Tanta 

Til: 

TAS 

714: 

T/ikeye 

allo 

TALTER 

7éilts¥ 

TANF 

720: 

PANE 

PPX 

2s 

724: 

W208 

726: } 

eis 

UBS Ae 

20s 

30s me 

oats 

zero_fill_field(songs[4].seconds, 2); 

write_string(songs[4].seconds, 

Ctrl dencolsect ah lade DCOl a 11. 
break; 

case 25 : 

rv = getline( GET_ALPHA, @, 18, 16, 0, 40, 

songs[5] 
break; 

case 26 : 

rv = getline( GET_NUM, 0, 18, 59, 0, 2, 

songs[5] 

zero_fill_field(songs[5].minutes, 2); 

write_string(songs[5].minutes, 

ClLanLa feol, ct. fld ibcol, 18, 
break; 

case 27 : 

rv = getline( GET_NUM, 0, 18, 62, 0, 2, 

songs[5] 

zero_fill_field(songs[5].seconds, 2); 

write_string(songs[5].seconds, 

Clan! daicol ctf LOmDCOl,1c, 

break; 

case 28 : 

rv = getline( GET_ALPHA, @, 19, 16, @, 40, 

songs[6] 

break; 

case 29 : 

rv = getline( GET_NUM, 0, 19, 59, 0, 2, 

songs[6] 

zero_fill_field(songs[6].minutes, 2); 

write_string(songs[6].minutes, 

Ctr Oe Colmctnh dapCOLem La, 

break; 

case 30: 
rv = getline( GET_NUM, 0, 19, 62, 0, 2, 

songs[6] 

zero_fill_field(songs[6].seconds, 2); 

write_string(songs[6].seconds, 
chiandenrcol  ctrrldsbcol,e 19), 

break; 

return( rv ); 

732: int clear_albums_fields(void) 

TRESS 4 

62); 

fu bye ey) 

.-minutes) ; 

59) ; 

.seconds) ; 

62) ; 

. title); 

.-minutes) ; 

59) ; 

.seconds) ; 

62); 

continues 
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Listing 18.2. continued 
cr ce a a 

734: 

(Kee 

736: 

TKEW/ = 

eke} 

TSe)e 

740: 

741: 

742: 

743: 

744: 

745: 

746: 

747: 

748: 

749: 

750: 

Silke 

oes 

(D3 

754: 

TASES 

1O6: 

TAILS 

758: 

759: 

760: 

oil 

762: 

763: 

764: 

765: 

766: 

TASTES 

768: 

769: 

770: 

CtAS 

ner 

theyre 

774: 

Lo 

TATA SY 

TTL 3 

778: 

779: 

780: 

781: 

782: 

783: 

Lite Citelns 

getline(CLEAR_FIELD, 

getline(CLEAR_FIELD, 

getline(CLEAR_ FIELD, 

getline(CLEAR_FIELD, 

getline(CLEAR_FIELD, 

getline(CLEAR_FIELD, 

getline(CLEAR_FIELD, 

getline(CLEAR_FIELD, sseeooos 98 re ee ee ea seooeo oo 9 9 

FO Culp SOE GEM <s 7e Celis) 

{ 
getline(CLEAR_FIELD, @, 41, 

getline(CLEAR_ FIELD, 0, 3, 

getline(CLEAR_FIELD, 0, 3, 

songs[ctr].del_ flag = FALSE; 

songs[ctr].next = Q; 

} 
/* Save to memory location */ 

seoeooo 9s 9 ace Re eee 

File Routines: Using Dynamic Data 

ee Gee a se ar ne eseeoooeoo 9S 

albums.title) ; 

albums.group) ; 

albums.medium_code) ; 

albums.date_purch.month) ; 

albums.date_purch.day) ; 

albums.date_purch.year) ; 

albums.cost) ; 

albums.value) ; 

@, songs[ctr].title); 

@, songs[ctr].minutes) ; 

®, songs[ctr].seconds) ; 

memcpy (song_ptr+((song_pg-1)*SEVEN_ SONGS) , 

&songs, SEVEN SONGS) ; 
return(Q); 

} 

/* eo im ey ea Shue hess we oe eM eS erie a tae oo Se eh Seawava ime eWe we eclin Ja excetum ace ey arin eer ne * 

a add_adata() = 
* * 

is Returns @ - No Errors te 

be =O) File 1/OMERrROr = 

i <@ - Missing info before can store = 
Rie a pins efeas ite, oii rege a lietmyere: myete| 25 io Sten wae re, ents eres anne ee eae so / 

int add_adata() 

{ 
int rv = NO ERROR; 

/* Verify data fields */ 
rv = verify_adata(); 

if ( rv == NO_ERROR ) 
{ 

/* Check to see if matches old rec */ 
/* If match - then update db record only */ 
if ( stricmp(alb_prev.title, albums.title) == 0) 

{ 
/* Rewrite ALBUMS DATA */ 
rVe=sputlrec(dispirecys dbitp, 

sizeof(albums), @, (char *)&albums) ; 

/* Now Update SONGS */ 



784: 

7h ska)y= 

786: 

(37: 

788: 

789: 

790: 

791: 

792: 

793: 

794: 

795: 

796: 

797: 

798: 

799: 

800: 

801: 

802: 

803: 

804: 

805: 

806: 

807: 

808: 

809: 

810: 

tay he 

812: 

Bliss 

814: 

815: 

816: 

Sil7: 

818: 

819: 

820: 

821: 

S225 

823: 

824: 

825: 

826: 

S2ie 

828: 

829: 

830: 

831: 

832: 

833: 

PUBLISHING 

if (rv == NO ERROR) 

rv = update_songs(); 

display_msg_box("Record updated!", 

ct.db_fcol, ct.db_bcol); 

} 
else 

{ 
/* Keys no longer match - need to 

add this key as a new one */ 

rv = add_album_rec(); 

display_msg_box("Record added!", 

Ci.db) Teo, ct.db: bcol): 

} 
} 

return(rv) ; 

int verify_adata() 

{ 
int rv = NO_ERROR; 

if( strlen( albums.title ) == @ ) 

{ 
display_msg_box("Must enter a Title", 

CLachhancOl ce, elimOCOL)ls 

rv = -1; 

} 
else 

{ 
/* edit date and any other fields */ 

} 

return(rv) ; 

int open_songs() 

{ 

int rv = NO_ERROR; 

if( (song fp = fopen(SONGS DBF, "r+b" )) == NULL ) 

continues 
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Listing 18.2. continued 
eam =m ale SIR Rea eae kk Oa Dace ew ee 

834: { 
835: /* Doesn't exist - create it */ 

836: if( (song_fp = fopen(SONGS_DBF, "wtb")) == NULL ) 

Sar: { 

838: rv = CREATE_ERROR; 

839: } 
840: else 

841: { 

842: total_songs = 0; /* First time file opened */ 

843: } 

844: } 

845: else /* Get total songs from song file */ 
846: { 

847: rv = get_rec(®, song fp, sizeof(int), @, 

848: (char *)&total_songs) ; 

849: } 

850: 

851: return(rv); 

852: } 

853: 

854: /*------------ 2-2 eee eee ee ee ere ee eee eee * 
Gleisj3 displiay_albums_help() a 

856: *------------ 22-222 eee eee eee ee eee eee er eee eee oi] 
857: 

858: void display _albums_help(void) 

BOO 

860: Wane  @helrs 

861: char *scrnbuffer; 

862: 

863: char helptext[19][45] = { 

864: i Musical Items", 

865: ae ee ee ee ee eee ee ee eee eee ee ---- . 

866: ale 
867: mae 

868: "This is a screen for entering musical", 

869: "items such as albums. 2 

870: "To exit screen, press <F3> or <ESC>. " 
Sialic me 

872: gs 

873: "Up to 91 songs can be entered for each", 
874: “album. Songs are entered 7 per page. Use", 
875: "The Page Up and Page Down keys to add or", 
876: "view additional songs.", 
877: ae 

878: oe 

879: a 
880: *** Press any key to continue ***", 
881: es 

882: BOD Oooo Coro US Crmem me mcto Sees oo saS AEG aga 

’ 
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884: scrnbuffer = save_screen_area(2, 23, 28, 78 Nee 
885: cursor _off(); 

886: 

887: grad( 3, 23, 28; 77,.¢t..shdw fcol, CeDGEDCOL mom). 
888: box(2, 22, 29, 78, SINGLE BOX, FILL_BOX, 
889: ct.nelp fcol, ct.help. beol); 

891: TOR(TCUF =O Ctr <AGeeotre+ ) 

892: { 

893: write _string( helptext[ctr], 

894: CL.nelpencol wet nelpebcol,, gteth, acl) )s 
895: } 

897: getch(); 

898: cursor_on(); 

899: restore_screen_area(scrnbuffer) ; 

Note: The Record of Records! application should have several source files 
not including the TYAC.LIB library. The files that you should be eel 
ing include: 

RECOFREC.C ABOUT.C - . 
ALBMABAR.C GRPSABAR.C | MEDMABAR.C__ 
MMNUABAR.C - 
MEDIUM.CALBUMS.C_ GROUPS.C | 
ADDMREC.C DELMREC.C  PROCMREC.C 
ADDGREC.C DELGREC.C  PROCGREC.C 
To these files, you should link the TYAC.LIB library, which should 

contain all the functions learned in this book including those from earlier 

today. Following, you will be presented with four more files so will need 

compiled and linked with these. These are: oe 

AD DAREC.C DELAREC.C _ _ PROCAREC.C ‘SONGS. $C : 
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Warning: If you compile the Record of Records! application with the 

preceding ALBUMS.C listing, you may get unresolved externals for 

del_alb_rec(), proc_alb_rec(), add_album_rec(), reset_memory(), 

update_songs(), add_new_songs(), and calc_nbr_songs(). These new 

functions will all be covered later today. 

While the ALBUMS.C listing is much longer than the other screen 

listings, this is mainly a result of the number of fields on the screen. Listing 

18.2 presents a nearly complete source file. You'll still need to create the 

musical item I/O functions to eliminate the unresolved externals. In addition, you'll 
need to update the action bar to also contain the I/O functions. Because the 
functionality of adding songs is unique, you'll also need to create several additional 

functions specifically for them. 

The beginning of this listing is nearly identical to the medium code and the group 
information listings. The first real difference comes in line 53. A second data file is 
defined for holding the songs. Lines 60 to 63 also offer some differences. Line 60 
declares an album structure, ALBUM_REC. Line 61 declares a pointer to this structure. 
Line 62 declares a second album structure, alb_prev. This is similar to what you have 
seen before. 

Starting in line 63 are several new statements that will be used for holding songs. Line 
63 declares an array of SONG_REC structures that will be used to hold seven songs. This 
is the number of songs that are presented on the screen. Two variables, song_pg and 

max_song_pg, are declared in lines 65 and 66 to keep track of song pages. Because 

seven songs can be displayed on the screen at a time, they are grouped together as a 
page. If the screen is displaying song tracks one to seven, then the first page is displayed. 
Song tracks eight to 14 make up the second page, 15 to 21 make up the third page, 
and so on. The song_pg variable keeps track of which page is currently displayed. The 
max_song_pg variable keeps track of what the highest page for the current musical item 
record is. 

Because you don’t know how many songs there will be, you'll need to dynamically 
allocate storage space for them. Lines 68 and 69 declare two pointers, song_ptr and 
temp_ptr, that will be used for setting up the storage areas. To help in allocating the 
appropriate amount of memory, lines 71 and 72 contain two defined constants, 
ONE_SONG and SEVEN_SONGS. These will be used in allocating the appropriate amounts 
of memory later in the listing. 



The processing of the Musical Items screen begins in the same manner as the other 
entry and edit program. Line 83 calls the open_files() function to open the main data 
and index files. This is followed in line 85 by a call to open_songs(). Because 
open_files() only opens one data file and one index file, the song file must be opened 
separately. 

The open_songs() function is presented in lines 825 to 852. This function uses the 

open() function to open the file for reading. If the file doesn’t exist, then it is created 

in line 836. If the file is created, then the total number of songs, total_songs, is set 

to zero in line 842. If the file already existed, then line 847 gets the number of songs 

from the beginning of the file. 

Once all the files are opened, memory is allocated to hold the first song page (line 89). 
If the allocation was successful, then processing continues. In line 94, memset () is used 

to clear the alb_prev structure to NULL values. Lines 95 and 96 set the max_song_pg and 

song_pg variables to one because a new record only has one page. Because a record is 
not yet displayed, disp_rec is set to zero in line 98. At this point, processing begins 
to follow the same flow as the other screens. 

When the files are closed, the song data file must be closed separately because the 
close_files() function only closes the main data file and index file. Line 105 uses 
fclose() to close the song file. In addition to closing the song file, you need to free 

the dynamic memory that was allocated to hold the song. This is accomplished in line 

107. 

Expert Tip: When using dynamic memory allocation functions such 

as malloc(), always verify that memory was allocated. 

Most of the other functions in the listing operate like their counterparts in the medium 

code screen. The clear_albums_fields() function in lines 728 to 757 uses getline () 

to clear the fields. The clear_albums_fields() function also clears out the dynamic 

memory by copying the cleared song structure to the dynamic memory area (lines 754 

to 755). The draw_albums_screen() function in lines 129 to 147 also operates in a 

familiar manner. 

The get_albums_input_data() Function 

The get_albums_input_data() function is presented in lines 275 to 524. The overall 

structure of this function is the same as the Medium Code screen. A few of the cases 
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have differences that should be reviewed one at a time. The switch statement in line 

307 calls the get_albums_data() function. The get_albums_data() is presented in 

lines 526 to 726. It doesn’t offer anything that hasn’t already been presented. 

The first real difference can be seen in the F4 case, which is used for adding a record. 

In line 334, the songs that are currently displayed on the screen are copied to the 

memory area that has been dynamically allocated. This is followed by line 336, which 

calls the add_adata() function to do the actual adding. If the add is successful, then 

lines 339 to 353 are executed. Line 339 resets the display record to zero, and line 340 

calls reset_memory() to free the dynamic memory that had been allocated. The 
reset_memory() function is presented in the SONGS.C listing later today. The fields 

are then cleared and the screen is redrawn. 

The F5 case in lines 355 to 376 is used for updating information. This code follows 
the same flow as the add case. The only difference is that the fatal error message in line 
372 is more specific to changing data instead of writing data. 

The next few cases aren’t really different from the Medium Code screens. The delete 
case is activated by F6. This function calls del_alb_rec() inline383. Thedel_alb_rec() 

function will be covered later today. The F7 and F8 cases call proc_alb_rec(), which 

will also be covered later. Both of these functions will have similarities to their medium 

code screen counterparts. 

The Page Up and Page Down Functions 
The page up and page down functions are different for the Musical Items screen than 
they are for the Medium Code or Group Information screens. The page down 
function displays the next seven songs. The page up function displays the previous 
seven. If there isn’t a previous page, or if the maximum number of pages has been 
reached, then the system will beep. 

Note: Line 455 sets the maximum number of pages that can be displayed : 
to, 13. 2S oS a 

A structure was declared earlier called songs. This structure holds seven songs because 
that is the number of songs displayed on the screen. The user of the application can 
enter more than seven songs by pressing page down. Each time page down is pressed, 
an additional area of dynamic memory is allocated. Each of these areas can be referred 
to as a page. Each page is declared a size that can hold seven songs. Figure 18.3 
illustrates the structure and the dynamic area for pages. 



Page 4 

Page 5 

song pg=1 

max_song_pg = 6 Page 6 

Dynamically Allocated Memory 

Figure 18.3. The song structure and the dynamic song pages. 

As you page down, additional pages may be added to the end of the dynamic memory 
area. The information for the current page is copied to the songs structure. As you page 
up and page down, information is swapped to and from the songs structure. The song 
information that is currently displayed on the screen is kept in the structure. 

Note: You could work directly from the dynamic memory and not with 
the songs structure; however, the code becomes more complicated. 

Page down is presented in lines 448 to 488. The first step is to copy the current song 
structure information to the dynamic memory. This is done in line 450 with the memcpy ( ) 

function. Line 452 then increments the current page, song_pg, to the next page. 

Review Tip: The memcpy() function is an ANSI C function that 

copies from one memory location to another. 

In line 455, a check is done to see if more than 13 pages have been allocated. The limit 
of 13 pages is subjective. You can raise or lower this limit. If they were already on the 
13th page, then the computer beeps in line 457 and the song_pg is reset to 13. 

If song_pg is less than 13, then the next page can be displayed. This is handled in lines 461 

to 483. In line 463, a check is done to see if the current song page is within the pages that 

have already been allocated. This is done by checking the max_song_pg value. If the new 

song_pg is greater, then a new page must be allocated. This is done in line 466 using the 

realloc() function to increase the overall size of the allocated memory. If the realloc() 

fails, then line 472 displays an error message, the pointer to the song pages is reset to its 

original value (line 474), and the song page, song_pg, is set back to the original page. 
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If the allocation was successful, then line 479 is called. This line uses the memset () 

function to clear out the newly-allocated page of memory. Once done, the maximum 

page counter, max_song_pg, is incremented to include the new page. 

Review Tip: The memset() is an ANSI function that fills a specified 

memory location with a character value. 

The page down logic ends with resetting the screen with the field position being set 
to 10, the first song field. The Musical Items screen is then redrawn. With this, the 

page down functionality is complete. 

The page up functionality is much simpler. With page up, you don’t have to worry 

about allocating additional pages. Line 492 starts by copying the current song 
information back to the dynamic memory area. The song page, song_pg, is then 
decremented (line 494). If the line number is less than one, then you are at the 

beginning of the dynamic memory area. The computer beeps (line 497) and the song 
page is set back to the original page (line 498). Ifa previous page is available, then the 
screen position is set to 10 and the screen is redrawn. 

Supportive Functions: 
The SONGS.C Listing 

Due to some of the extra complexity in the Musical Items screen, several additional 
functions are needed. These are functions that were not present with the medium code 
listings. Listing 18.3 contains the SONGS.C file. This file contains four functions 
that are called by other portions of the musical items code. These are add_new_songs(), 
update_songs(), calc_nbr_songs(), and reset_memory(). 

Listing 18.3. SONGS.C. Functions needed for the Musical 
Items screen. 

1 F / *#SSSSSSSsSsssSSSSsSSSee esas S SSeS SSS eS e555 2===-=-==---— 

2: * Filename: SONGS.C 
3: 2 

4: * Author: Bradley L. Jones 

ayy ” Gregory L. Guntle 
6: * 

03 * Purpose: Routines for add/changing and calculating 
(Shs * songs for working with I/0. 
9: * 
10: Se ee A ee ee ee 
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#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

#include "“records.h" 

#include "“tyac.h" 

SAMS 
PUBLISHING 

/* Boe hepa > a Bye Lee * 

* Global Variables * 
CE en ee , ~ pe */ 

externerlLEe*adxetps /* Main File ptr to data file */ 

extern FLEE *dbetp; /_Datawiavers7) 

extern FILE *song_fp; [= ePOANHtS  LOMSOnGS | = 

extern nbr_records; /* Total # of rec for albums */ 
extern int start_rec; 

extern int disp rec; 

extern int total_songs; /* Total songs in the song file */ 

extern ALBUM REC albums; 

extern ALBUM_REC alb prev; 
extern SONG _REC songs[7]; 

extern int song_pg; /* Tracks pg of songs being displayed */ 

extern int max_song_pg; /* Max number of pages allocated */ 

fies to hold the songs | 
extern char *song_ ptr; /* Ptr to dynamic mem where songs are */ 

#define ONE SONG sizeof (songs[Q]) 

#define SEVEN SONGS sizeof (songs) 

/* ee ne ee eo A a ee * 

ia prototypes <3 
Ce a one a ey 35 ee ee ee ee * / 

#include "recofrec.h" 

* add_new_songs() ; 

Returns: @ - No Error 

ud >@ Error - see defines at top of file 

int add_new_songs() 

nf 
int rv = NO_ERROR; 

int recnbr; 

HS [Xe Shek 

int hold_start; 

/* Starting point to add record */ 

hold_start = total_songs+1; 

continues 
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File Routines: Using Dynamic Data 

Listing 18.3. continued a a a 
62: recnbr = hold_start; 

63: 

64: /* Loop through the all the pages */ 

65: /* Start at first page of songs - 1 page = 7 songs*/ 

66: pgs = 0; 

Gite while ( pgs < max_song pg && rv == NO_ERROR ) 

68: 

69: sngs = 0; /* Reset songs to start at top */ 
70: /* Load structure with appropriate memory location */ 

TAME memcpy(&songs, song _ptr + (pgs*SEVEN_SONGS) , 

A= SEVEN_SONGS) ; 

TRE 

74: /* Now loop through individual songs */ 

To: while ( sngs < 7 && rv == NO ERROR ) 

76: { 

Ths /* Set the next pointer to point to the next 

oe possible record */ 
79: /* Are we writing last record ? */ 

80: if (sngs == 6 && pgs == max_song_pg-1) 

Sir songs[Sngs].next = 0; 

82: else 

Bor songs[sngs].next = recnbr+1; 

84: rv = put_rec(recnbr, song _fp, ONE_SONG, sizeof(int), 

Sop (char *)&songs[sngs]); 

86: sngs+t; /* Next song in structure */ 

87: recnbr++; /* Next record location */ 

88: } 

89: pgst+t+; /* Next page in memory */ 

90: } 

Site 

92: if (rv == NO_ERROR) 

93: { 

94: total_songs += (recnbr-hold_ start); /* Update # of songs */ 

95: /* Save the total to the file */ 

96: rv = put_rec(®, song fp, Sizeof(int), 0, 

97: (char *)&total_songs) ; 

98: } 

99: 

100: return(rv); 

101: } 

102: 

103: 

NOs] Ato ae = ae i a5) 5a wna Sa 1S ie erm ee n= al ene ae ce - 
105: * update _songs(); s 
106: * Returns: @ - No Error y 
Was >@ Error - see defines at top of file se 
VOB Sheri mie 6 imi ne pin se es 2 en Se oi ee ele eee core ae ai: 
109: int update_songs() 
110: { 

Talal int rv=NO_ERROR; 
112: int recnbr; 
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163: 

SONG_REC one_song; 
int pgs, sngs; 

ALBUM_INDEX alb_ idx; 
int Mext.rec? 

int new_nbr_songs; 

int adding _new 

/* For holding one song */ 

/* Holds ptr to next song rec */ 

/* Flag for adding new recs */ 

/* Calc nbr songs 
any blank pages - 

new_nbr_songs 

- mostly needed to eliminate 

resets max_song_pg to be accurate */ 
calc_nbr_songs(); 

/* Get starting record number */ 

rv = get_rec(disp_rec, idx_fp, sizeof(alb idx), 

sizeof(int)*2, (char *)&alb idx); 

if (rv == NO_ERROR) 

alb_idx.song; /* Get first record from index */ 

/* Loop through all the pages */ 

/* Start at first page of songs - 

while ( pgs < max_song_pg && rv == NO_ERROR ) 

/* Reset songs to start at top */ 
/* Load structure with appropriate memory location */ 

memcpy(&songs, song _ptr + (pgs*SEVEN_SONGS) , 

SEVEN_SONGS) ; 

/* Now loop through individual songs - skip last one */ 

while ( sngs < 7 && rv == NO ERROR) 

if (!adding_new) 

rv = get_rec(recnbr, song fp, ONE_SONG, 

sizeof(int), (char *)&one_song) ; 

one_song.next; 

end of chain & there is still more 

another page 

== 0 && pgs+1<max_song_pg) 

/* Are we at 

Li a(nexterec 

if (adding_new) 

/* Increase global counter */ total_songstt; 
/* Next rec to put */ next_rec = total_songs; 

/* Ck to see if at end of records to store */ 

if (pgst1 == max_song_pg && sngs 



File Routines: Using Dynamic Data 

Listing 18.3. continued 
Pe ee igh ce a ee ee 

164: { 
165% next_rec = Q; /* Mark as end of song */ 

166: } 
167: } 

168: 

169: if (rv == NO_ERROR) 

170: { 
We songs[sngs].next = next_rec; 

U7/2E rv = put_rec(recnbr, song_fp, ONE_SONG, sizeof(int), 

ilrAets (char *)&songs[sngs]); 

174: sngst+; /* Next song in structure */ 

USE recnbie—snextanec, /* Follow chain */ 

ABE } 

ie } 

178: pgst+t+; /* Next page in memory */ 
i 7AS)s } 

180: 

181: /* Have we added new records ? */ 

182: (Bl tesomce let usmadiUst.tocalsrecordses/ 
183: if (adding _new) 

184: { 

185: total_songs--; /* Adjust for true number */ 

186: } 

WEA E 

188: /* Are we adding more records than previously there ? */ 

189: /* If so update index record as well */ 

190: if (new_nbr_songs > alb_idx.nbr_songs) 
191: 

192: alb_idx.nbr_songs = new_nbr_songs; 

193: /* Resave index */ 

194: rv = put_rec(disp_rec, idx_fp, sizeof(alb_idx), 

195: sizeof(int)*2, (char *)&alb_ idx); 

196: } 

197: 

198: /* Resave total number of songs in file */ 

199: if (rv == NO ERROR) 
200: { 

201: rv = put_rec(®, song fp, sizeof(int), Q, 

202: (char *)&total_songs) ; 

203: } 
204: 

205: fflush(song_fp) ; 
206: } 

207: 

208: return(rv); 

209: } 

210: 

21125 /*- SEG e eR EE Gh coe By hee cee et eee eek eee Cee eee eee * 

212: * calc _nbr songs(); te 
Pukey * 
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214: 

Fan flee 

216: 

217: 

ray Wee 

219: 

220: 

2213 

222: 

223% 

224: 

eee 

220 

apa 

Papatel= 

229: 

230: 

Zoi 

Zoe 

2335 

234: 

2a0% 

236: 

eon 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

oie 

252: 

PAsShe 

254: 

255: 

256: 

2Dilax 

258% 

259: 

260: 

ALS 3 

262: 

263: 

264: 

{ 

+ + + * F + & 

This calculates the number of songs. It will * 
return a multiple of 7. It is mostly used to ea 
determine the true number of pages - so a lot of * 
blank song records don't get written to disk. a 

* 

Returns: number of songs (multiple of 7) x 
hg Sa IE 1 at AS Sede SPC es ee nett eee = eee eee * | 

int calc_nbr_songs() 

int fnd; 

int pgs, sngs; 

int nbrsongs = 0; 

pgs = 0; 
while (pgs < max_song_ pg) 

{ 
sngs=0; 

fnd = FALSE; 

/* Load structure with proper mem location */ 

memcpy(&songs, song _ptr + (pgs*SEVEN SONGS), SEVEN SONGS) ; 

while (sngs<7 && !fnd) 

/* Is there anything in title - if find one 

skip rest - use entire block of 7 =] 

if ( strlen(songs[sngs].title) > @ ) 

fnd = TRUE; 

else 

sngst++; 

} 

if (fnd) 

{ 
nbrsongst+=7 ; 

} 
pgs+t; /* Next page in memory */ 

} 

/* Adjust true number of pages */ 

/* Make sure at least writing first seven songs */ 

if (nbrsongs == 0) 

{ 
nbrsongs = 7; 

} 
max_song_pg = nbrsongs/7; 

/* Readjust memory locations as well */ 

song_ptr = (char *)realloc(song_ptr, max_song_pg*SEVEN_SONGS) ; 

if (song_ptr == NULL) 

display_msg_box("Memory error !", 

ct.errfcol, ct.err_bcol); 

continues 
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File Routines: Using Dynamic Data 

Listing 18.3. continued 

265: exit(1); 

266: } 

267: 

268: return(nbrsongs) ; 

269: } 

270: 

TaN jf Ret a aii ease palin in rn Rim a) a. eer) em ellie aden te al 

PA OS reset_memory() ; 

or 
274: Resets memory - clears it out, adjusts it back to 

210% a single page, etc. 
DOT A coe are i ee Oi OR OS / 

277: void reset_memory() 

278: { 
279: /* Null out current memory block */ 
280: memset(song ptr, '\®@', max_song_pg*SEVEN_SONGS) ; 

Zine 

282: /* Adjust global numbers */ 

283: max_song_pg = 1; 

284: SOM Lae) = 1 s 

285: 
286: /* reduce memory to hold one page - 7 songs */ 
287: song ptr = (char *)realloc(song_ptr, SEVEN_SONGS) ; 

288: if (song_ptr == NULL) 

289: { 

290: display_msg_box("Memory error - resizing !", 

291: Cr Chie icons ctr elie bcal)s 

eye: exit(1); 

293: } 

294: 

t¢ + & 

+ * & e He 

295: } 

The add_new_songs() function is presented in lines 48 to 101. This 

function is used to add songs when a musical item record is being added. 
This function adds songs to the song data file. Songs are added in groups 

of seven. Remember, each group of seven is considered a page. For each page, the songs 
are added one at a time. The while statement starting in line 67 controls the looping 
of the pages. 

A second while statement in line 75 controls the adding of each of the seven records 
on each page. As each song is added, it is provided with a pointer to the next song. If 
the song being added is the last song, then the pointer to the next record is set to zero 
to signal the end of the song linked list (line 81). Ifitisn’t the last song, then the pointer 
to the next record is set to the next record number (line 83). Once the next pointer 
is set, line 84 adds the record using the put_rec() function. After adding the record, 

634 



the song counter, sngs, and the record counter, recnbr, are both incremented for the 
next song. 

Once all the songs on each page are added, the processing continues to line 92. It is 
here that a check is done to ensure that there hasn’t been an error. If there hasn’t been 
an error, then the total number of songs is updated. Line 96 updates the first position 
of the song file with the new total number of songs. 

Updating song records is more complicated than adding songs. When you add songs, 

you are always working from the end of the file. Updating requires reading each record 
already in the database. Once you reach the last song record, you may need to add new 
songs to the end. The update_songs() function in lines 104 to 209 does just this. 

The update function starts off with a call to the calc_nbr_songs() function. This 

function is presented in lines 211 to 269. The calc_nbr_songs() loops through each 

page to see if a song has been entered. This function uses a flag, fnd, to signal if there 
is a record on a page. If a record is found on a page, then the page must be added, so 
the number of songs, nbrsongs, is incremented by seven. 

After checking each page for songs, line 254 checks to see if there were any songs. If 
there weren’t any songs, then line 256 sets the number of songs to seven so that at least 
one page of songs is added. Line 258 determines how many pages of songs there are. 
This is done by dividing the number of songs by seven. The global variable, 
max_song_pg, is then reset to this number. The allocated memory is then adjusted 

accordingly in line 260. The final result for the number of songs is returned to the 
calling function in line 268. 

The final function in this listing is the reset_memory() function in lines 271 to 295. 

This function frees the memory above the first page. When you are ready to start a new 
record, you need to reset the amount of memory that is being used. This function starts 

by clearing out the first page of memory. Lines 283 and 284 reset the maximum song 

page to 1 and the current song page to 1. The final step to resetting the memory is to 

reset the allocated amount down to a single page. This is done with the realloc() 

function in line 287. As should always be done, a check is performed to ensure that 

the allocation was competed without an error. 

Adding a Record: 
The add_album()_rec Function 

The add_album_rec() function is used to add a new record to the Musical Items 

screen’s data files. This function is presented in Listing 18.4. 

18 

4, 
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* Filename: ADDAREC.C 
* 

* Author: Bradley L. Jones 

Gi Gregory L. Guntle 
* 

* Purpose: Adds a record to the ALBUMS DBF 

#include <stdio.h> 

#include <string.h> 

#include "records.h" 

#include "tyac.h" 

fe Bhs a ee) See Se ee ea eee * 

* Global Variables * 
ea rc ee ra SES a (eee By/ 

extern FILE *idx_fp; 

extern) FILE *dbi fp; 

pie 

Heo 

Main File ptr to data file */ 

Data file */ 
extern lle Sonat ps /* Points to Songs */ 

extern nbr_records; /* Total # of rec for albums */ 
extern int start_rec; 

extern int disp rec; 

extern int total_songs; /* Total songs in the song file */ 

extern ALBUM_REC albums; 

extern ALBUM_REC alb prev; 

extern SONG_REC songs[7]; 

We etiam paar Ss ape etek cto * 

i prototypes y 
ee fa aaa te ar eben cs, CMe Mahe Le */ 

#include "“recofrec.h" 

int add_album_rec(void) ; 

las eS ee eS oe 8 a le ee Seal Riche ial veiw cen ive, aoe Bere came, See ew eee * 

* add_album_rec(); 

Returns: @ - No Error 

Ea ; >@ Error - see defines at top of file 

int add_album_rec() 

if 
int result; 

ALBUM_INDEX temp, newrec; 

int rv = NO ERROR; 



int found; 

int srch_rec; 

nbr_records++; 

if (nbr_records == 1) /-.LSe this first pecord: +/ 

{ 
temp.prev = Q; 

temp.next = Q; 

temp.data = 1; /ferLrsiurecranedata wale 2) 

temp.song = total_songst+1; 

temp.del_ flag = FALSE; 

temp.nbr_songs = calc_nbr_songs(); 

strepy(temp.title, albums.title); 

/* Write Index record */ 

rv = put_rec(nbr_records, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *) &temp); 

if (rv == NO ERROR) /2°No Error from prior */ 

{ 
/* Store Album data */ 
rv = put_rec(nbr_records, db fp, sizeof(albums) , 

@, (char *) &albums) ; 

/* Store songs */ 

if (rv == NO_ERROR) 
rv = add _new_songs(); 

} 

/* Update Alpha starting pointer */ 

if (rv == NO ERROR) 

{ 
start_rec = nbr_records; /* Update global starting point */ 

rv = update_header() ; 

fflush(song_fp); 

} 

/* Need to search for appropriate place to hold rec */ 

else 

{ 
found = FALSE; 

srch_rec = start_rec; 

while (!found) 

: rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

/* Proceed only if no errors */ 

if (rv == NO_ERROR) 

/* Compare two keys - ignoring CASE of keys */ 

continues 

; iS 
PUBLISHING 
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File Routines: Using Dynamic Data 

Listing 18.4. continued 
Rea gee ae ae Ses ee A ee 

100: result = stricmp(albums.title, temp.title) ; 

101: if (result < 0) /* New key is < this rec key */ 

102: { 

103: /* Found place to put it - store info */ 

104: found = TRUE; 
105: /* See if this new rec is < start rec) */ 

106: /* If so - need to adjust starting ptr */ 

107: if (srch_rec == start_rec) 

108: start_rec = nbr_records; 

109: 

110: /* First build new Index rec & store new rec */ 

Als newrec.prev = temp.prev; /* Previous rec is | 

lee newrec.next = srch_rec; /* Point to rec just read */ 

til is newrec.data = nbr_records; /* Pt to data */ 
114: newrec.song = total_songs+1; 

WE newrec.del flag = FALSE; 

116: newrec.nbr_songs = calc_nbr_songs(); 

al litfags strcpy(newrec.title, albums.title) ; 

lier 

WUE rv = put_rec(nbr_records, idx_fp, sizeof(newrec), 

120: sizeof(int)*2, (char *)&newrec) ; 

We if (rv == NO_ERROR) 

22): { 

123: /* Update previous rec */ 

124: temp.prev = nbr_records; 

251 rv = put_rec(srch_rec, idx_fp, sizeof(temp), 

WAS sizeof(int)*2, (char *)&temp) ; 

WTS 

128: /* Now write data - only if no errors */ 

129: if (rv == NO_ ERROR) 
130: { 

lens /* Now write Album data */ 

oes rv = put_rec(nbr_records, db _ fp, sizeof(albums) , 

133: @, (char *)&albums) ; 

134: 

ike /* Now write Songs */ 
136: if (rv == NO ERROR) 

13iee rv = add_new_songs(); 
138: } 

139: 

140: /* Now check on updating Next pointer */ 
141: /* Is there a ptr pointing to this new rec ?*/ 
142: if (rv == NO ERROR) 
143: { 

144: if (newrec.prev !=0 ) 
145: { 

146: rv = get_rec(newrec.prev, idx_fp, sizeof(temp), 
147: sizeof(int)*2, (char *)&temp); 
148: if ( rv == NO_ERROR) 

638 



149: 

150: 

aon 

1525 

Tos 

154: 

155: 

156: 

L575 

158: 

159: 

160: 

161: 

162: 

163: 

164: 

165: 

166: 

167: 

168: 

169: 

170: 

iy Ga far 

Wh: 

Neo 

174: 

iI 7ASyE 

176: 

IWATA 

i Thsie 

179: 

180: 

ites 

182: 

183: 

184: 

ilt}se 

186: 

Bis 

188: 

189: 

190: 

ako i 

12): 

193% 

194: 

195: 

196: 

19 7a8 

198: 

else 

/* new rec >= alpha, adjust ptr */ 

if (temp.next == @) /* End of chain 

found 

/* Build Index record */ 

/* Point backwards to prev rec */ 
newrec. 

newrec. 

newrec. 

newrec. 

newrec. 

newrec. 

rv = put_rec(nbr_records, idx_fp, sizeof(newrec), 

(char *)&newrec) ; 

{ 
/* Update previous rec */ 

nbr_records; 

rv = put_rec(srch_rec, idx_fp, sizeof(temp), 

(char *)&temp) ; 

temp.next 

{ 
/* Now write data */ 
rv = put_rec(nbr_records, db_fp, sizeof(albums), 

(char *)&albums) ; 

if (rv == NO ERROR) 

} 
} 

} 

nbr_records; 

put_rec(newrec.prev, idx_fp, sizeof(temp) , 

sizeof(int)*2, (char *)&temp) ; 

- add to end */ 

/* There is no next rec */ 

nbr_records; 

total_songs+1; 

del_flag = FALSE; 

calc_nbr_songs(); 

strcpy(newrec.title, albums.title) ; 

sizeof (int)*2, 

if (rv == NO ERROR) 

sizeof (int) *2, 

if (rv == NO ERROR) 

/* Store songs */ 

add_new_songs() ; 

/* Not at end - get next rec ptr */ 

srch_rec 



File Routines: Using Dynamic Data 

Listing 18.4. continued 

199: } 
200: else 

201: found = TRUE; /* Exit because of error */ 

202: } /* End of While */ 

203: 
204: /* Update starting alpha ptr in hdr */ 

205: if (rv == NO_ERROR) 

206: { 
207: rv = update_header(); 

208: } 
209: 

210: /* Makes sure file gets updated */ 

Zl: fflush(idx_fp) ; 

Oier fflush(db_fp) ; 

Pui ey fflush(song_fp) ; 

214: 

Pils ff iene) Glee / 
216: 

217: return(rv); 

Palys ft 

This function is very similar to the add_medium_rec() function presented 
on Day 17. The main difference is that after adding to the album data file 
and the album index file, you must also add the individual songs to the song 

file. You were already presented with a function that does the adding, add_new_songs(). 

There is a second difference that needs to be covered. This is the use of a delete flag. 
Rather than actually deleting records from the files, a delete flag is used. A delete flag 
is used to state whether a record is active or not. Instead of physically removing a record 
from the database, it is simply removed from the indexes. By removing the record from 
the indexes, you cause it to be inaccessible. 

There are reasons for using a delete flag. It is used in the musical instrument files to 
make the logic easier, You don’t have to move around the records in the same way that 
you did for the medium screen. Additionally, if you use a delete flag, it gives you the 

ability to undelete an item. The functionality to undelete isn’t presented in this book. 
Undeleting is just a matter of switching the delete flag from TRUE back to FALSE. You'll 
see in the delete code that deleting is just a matter of setting all the delete flags to TRUE. 
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Deleting a Record: 
The del_alb_rec() Function 

The del_alb_rec() function is used to delete musical items. Listing 18.5 presents the 
DELAREC.C source file, which contains this function. Deleting records in the 
musical items file is done differently than the medium code and group files. 

OANOoOa hRWND = 

o 

Listing 18.5. DELAREC.C. Deleting a musical item. 

Filename: DELAREC.C 

Author: Bradley L. Jones 

Gregory L. Guntle 

* 

a 

* 

* 

* 

* Purpose: Deletes a record from the DB 

“3 For albums - this simply marks the record 

ns as being deleted. It also marks the data record 

is as being deleted. Then it spins through all the 

* songs marking them as deleted. It leaves 

Ls all pointers alone. This allows the reader the 

2 ability to write an undelete function. 
* 

#include <stdio.h> 

#include "records.h" 

#include "tyac.h" 

Hing ees SS SUE ed oe * 

* Global Variables * 
WE ede reas sik es Ble ee ee sll 

extern FILE *idx_fp; /* Main File ptr to data file */ 

extern FILE *db fp; /* Data file */ 
extern FILE *song_ fp; /* Pointer for songs */ 
extern nbr_records; /* Total # of rec for mediums */ 

extern int start_rec; 

extern int disp_rec; 

extern int total_songs; 

Wis ae ev oie oer MS aia ie ee ee * 

* Defined constants* 
WES RENTS tn aay taser PER ine era wns */ 

#define ALBUMS_DBF "ALBUMS . DBF" 

#define ALBUMS _IDX "ALBUMS. IDX" 

continues 
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File Routines: Using Dynamic Data 

Listing 18.5. continued 

40: #define SONGS DBF "SONGS. DBF" 

41: #define HELP_DBF “ALBUMS .HLP" 

42: 

2 I fi ec aT i 

44: * structure declarations * 

45: ko 2-2 ee ee ee ee eee yf 

46: extern ALBUM_REC albums; 
47: extern ALBUM REC alb prev; 

48: extern SONG REC songs[7]; 

49: 

50: extern int song _pg; /* Tracks pg of songs being displayed */ 

51: extern int max_song_ pg; /* Max number of pages allocated to | 

Bye /* hold the songs =| 

53: extern char *song ptr; /* Ptr to dynamic mem where songs are */ 

54: 

55: #define ONE_SONG sizeof (songs[Q] ) 

56: #define SEVEN SONGS sizeof (songs) 

Sifae 

58: 

59) seein Gedelueal bmpec() 

60: { 
(1 int rv = NO_ERROR; 

62: ALBUM_INDEX temp, delrec; 

63: ALBUM_REC hold data; 

64: SONG_REC hold_song; 

657 int chg; 

66: int srcherec; 
Gia long fpos; 

68: int true_rec; /* Includes deleted records as well */ 
69: int rec; 

70: 

ale /* Are we trying to delete a blank record */ 

wee if (disp_rec != 0) /* No - then proceed */ 
73: { 

74: /* Get the index info for this rec */ 

ors rv = get_rec(disp_rec, idx_fp, sizeof(delrec), 

TAGE sizeof(int)*2, (char *)&delrec) ; 

Vila if (rv == NO ERROR) 
78 { 

79: /* Are there any pointers in this rec 
80: If both pointers are @ - then this must 
81: be the only record in the DB <7 
82: if (delrec.prev == @ && delrec.next == Q) 
83: { 

84: nbr_records = Q; 

85: disp_rec = Q; 

86: Sittahterec = — 1): 

Sia total_songs = Q; 
88: } 

89: else 
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chg = FALSE; 
srch_rec = 1; , eotantedte tirst. oy 
fseek(idx_fp, @, SEEK_END); /* Go to end of Index file */ 
fpos = ftell(idx fp); /* Get nbr of bytes in file*/ 
fpos -= sizeof (int) *2; /* Adjust for header info */ 
true_rec = fpos/(sizeof(temp)); /* Gets number of recs */ 

/* Are we deleting the starting alpha record ? */ 

if (disp_rec == start_rec) 

start_rec = delrec.next; / SReSeL pointen +7 

/* Go until all the ptrs have been adjusted */ : 
while ( (srch_rec <= true_rec) && (rv == NO_ ERROR) ) 

{ 
rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp); 

if (rv == NO ERROR) 

{ 
/* Only do it - rec read has not been deleted */ 
if (!temp.del flag) 

/* There is no need to update pointers for 
the record being deleted - so only do the 

logic below if they don't match | 

af (srch_rec f= disp» rec) 

{ 

/* Get record’ *7/ 

rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

if (rv == NO_ERROR) 

{ 
/* Does this rec prev pointer need to 

be adjusted */ 
if (temp.prev == disp_rec) 

chg = TRUE; 

temp.prev = delrec.prev; 

} 

if (temp.next == disp_rec) 

chg = TRUE; 

temp.next = delrec.next; 

} 

/* Since not moving last record up - 

the code to do this is not necessary 

for the previous and next pointers yf 

continues 
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File Routines: Using Dynamic Data 

Listing 18.5. continued 
Diu te ge ee eS ee 

140: 

141: /* Not moving data - so don't adjust 

142: pointer to data - will leave so 

143: reader can write an undelete routine */ 

144: 

145: /* Only update rec if change has been made */ 

146: if (chg) 
147: 

148: /* Rewrite index back to file in same pos */ 
149: rv = put_rec(srch_rec, idx_fp, sizeof(temp), 

150: sizeof(int)*2, (char *)&temp) ; 

Loa: chg = FALSE; 

oe } 

eee 

154: if (rv == NO ERROR) 

TEE { 

DG /* Go to next record */ 

WOrs SHChmneGrat. 

158) } 

ISOe } /-iheNOBERRORMsa 

160: } jel te SRCH a —sDISPEREGs=#. 
iL Oiles else 

WZ: srch_rect+; 

llese } /* checking for DEL record */ 
164: else 

Gor srch_rect+; 

166: } /* NO ERROR */ 
167: } /* WHILE */ 
168: 

169: /* Clean out NEXT/PREV Ptrs in the deleted rec 

170: Index - but leave rec there and leave data ptrs 

dizailns alone - they can be used for purging the old recs */ 
W728 if (rv == NO ERROR) 
NV TASIE { 

174: delrec.prev = Q; 

eo delrec.next = Q; 

176: delrec.nbr_songs = Q; 

ATE delrec.del flag = TRUE; 

Ashe /* Overwrite data to delete w/Last one */ 
179: rv = put_rec(disp_rec, idx_fp, sizeof(delrec), 
180: sizeof(int)*2, (char *)&delrec); 
181: } 

182: 

teks}: /* DATA - ALBUMS */ 
184: /* Mark the del_flag component of the record */ 
185: /* leave data alone. * | 
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186: 

Te hAe 

188: 

189: 

190: 

191: 

192: 

193: 

194: 

195: 

196: 

197: 

198: 

199: 

200: 

201: 

202: 

221: 

222: 

2238 

224: 

225 

226: 

Caius 

228: 

229: 

230: 

PzS})| 5 

Bynes 
een eS 

} 

else 
boop(); /* Let them know - can't delete blank rec %/, 

rv = get_rec(delrec.data, db fp, sizeof(hold data), 

@, (char *)&hold_ data) ; 

if (rv == NO ERROR) 

{ 
/* Mark flag and rewrite data */ 
hold_data.del_ flag = TRUE; 

rv = put_rec(delrec.data, db fp, sizeof(hold data), 

@, (char *)&hold_ data) ; 

} 

/* DATA - SONGS */ 

/* Spin through all songs - mark them as deleted */ 

rec = delrec.song; /* Starting point */ 
while (rec !=@ && rv == NO ERROR) 

{ 
rv = get_rec(rec, song _fp, sizeof(hold_song), 

sizeof(int), (char *)&hold_song) ; 

if (rv == NO ERROR) 

hold_song.del flag = TRUE; 

rv = put_rec(rec, song fp, sizeof(hold_ song), 

sizeof(int), (char *)&hold_song) ; 

if (rv == NO ERROR) 

rec = hold_song.next; 

} 
} 

} /aecndeonece seams), 

if (rv == NO_ ERROR) 

{ 
rv = update _header(); /* Update header info */ 

if (rv == NO_ERROR) 

rv = put_rec(®, song_fp, sizeof(int), Q, 

(char *)&total_songs) ; 

} 

fflush(idx_fp) ; /* Make sure all items written to disk*/ 

fflush(db_fp) ; 
fflush(song_ fp); /* Update song DB as well */ 

/* If NO_ERROR from 1st time */ 
/* If disp_rec l= 0 */ 

return(rv) ; 

Souter 
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File Routines: Using Dynamic Data 

As stated earlier, the deleting of records in the del_alb_rec() operates 

differently than the del_med_rec() function. Rather than physically 

removing the records from the databases, the del_flag field in each 

structure is set to TRUE. This will give you the ability to undelete. As you can see by 

the listing, there are several comments that point out the differences between this 

listing and the del_med_rec() listing that was detailed on Day 17. 

Processing a Record (Next/Previous) 
The last function needed before you'll be able to compile the musical items code 
without external errors is the proc_alb_rec() function. This function is presented in 

Listing 18.6, which contains the PROCAREC.C source file. 

Listing 18.6. PROCAREC.C. Processing the next 

and previous records. 

1 5 / #SBSSSSsassasSSsaasSSsaSSSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSS=S== 

ae * Filename: PROCAREC.C 

Ore zs 

4: * Author: Bradley L. Jones 

5: Gregory L. Guntle 

6: 63 

Whe * Purpose: Process the requests for getting next/prev 

8: > records from the ALBUMS DBF 

9: S 
1 (H) 2 FES SSSSS SSS SSS SSS SSS SSS SSS SSS SSSS SSS SS SS SSSSSSSSSSSsSa====H* | 

ike 

12: #include <stdio.h> 

13: #include <stdlib.h> 

14: #include <string.h> 

15: #include “records.h" 

16: #include "tyac.h" 

Wes 

18: #include "recofrec.h" 

19: 

20: /*----------+-------- * 
PAs * Global Variables * 

een 22 ee eee eee eee oy) 
23: 

PYNS Pee TEMLIE. shob< aa oye /* Main File ptr to data file */ 
Ay Cyeuoiln WPulle ‘tole aAoye jx Datarhatems), 
26: extern FILE *song fp; /* Pointer for songs */ 
27: extern nbr_records; /* Total # of rec for albums */ 
28: extern int start_rec; 

29: extern int disp_rec; 

30: extern int total_songs; 
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extern 

extern 

extern 

extern 

extern 

extern 

#defin 

#defin 

int pr 

int ge 

ALBUM_REC albums; 

ALBUM_REC alb_ prev; 

SONG_REC songs[7] 

int song_pg; 

int max_song_pg; 

char *song_ ptr; 

e ONE_SONG 
e SEVEN_SONGS 

oc_alb rec(int); 

t_alb_info(void) ; 

/* Tracks page of songs displayed */ 

/* Max number of pages allocated */ 

/* to allocated to hold the songs */ 

/* Ptr to dynamic mem where songs are */ 

sizeof (songs[0]) 

sizeof (songs) 

int proc_alb rec(int direct) 

{ 
ALBUM INDEX temp; 
int 

ja0 
aap {l 

{ 

rv = NO_ERROR; 

nly do - if there are records in the file */ 

nbr_records != 0) 

/* Do we just need to display the very first rec */ 

if 
{ 

} 
el 

{ 

(disp_rec == Q) 

disp_rec = start_ rec; 
rv = get_alb_ info(); 

se 

/* Get Index ptrs for record on screen */ 
rv = get_rec(disp_rec, idx_fp, sizeof(temp), 

sizeof (int) *2, (char *)&temp) ; 

if (rv == NO_ERROR) 

if( direct == NEXT_REC ) 

if (temp.next == 0) /* There is no other rec */ 

boop(); 
} 
else 

{ 

/* No more records */ 

disp_rec = temp.next; 

continues 
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Listing 18.6. continued 

tote tee eet, Sk 

rv = get_alb_info(); 

} 

else /* Need to go backwards */ 

if (temp.prev == 0) /* There is no ot 

boop() ; /* No more records */ 

else 

{ 
disp rec = temp.prev; 

rv = get_alb_info(); 

} 
} 

} 
} 

z 
else 

{ 

} 
boop() ; 

return(rv) ; 

get_alb_info() 

Handles getting the Index rec, getting the 

data pointer from the index and then getting 

the appropriate data rec. It also gets the 

songs from the SONGS.DBF file. 

: int get_alb_info() 

nat 
ALBUM_INDEX temp; 

a Miteemvi 

int recnbr, 

int pgs, sngs; 

/* Get Index record for this Request */ 

rv = get_rec(disp_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp); 
if (rv == NO_ERROR) 

{ 

/* Now get the actual data record to display */ 

her rec */ 

Fee Ae FF OH VF 



132: 

133% 

134: 

135); 

136: 

S72 

138: 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

seth 

152: 

153) 

154: 

“|stats 

156: 

157s 

158: 

159: 

160: 

161 

162: 

163: 

164: 

165: 

166: 

Gz: 

168: 

169: 

170: 

valley 

ies 

173: 

174: 

ZARYS 

176: 

ifedas 

178: 

179: 

180: 

181: 

rv = get_rec(temp.data, db fp, sizeof(albums) , 

@, (char *)&albums) ; 

if (rv == NO ERROR) 

{ 
/* Setup previous record */ 
memcpy(&alb_prev, &albums, sizeof(albums) ) ; 

/* Clear out any items from memory location */ 

reset_memory(); 

/* Adjust new max song pages to meet the needs */ 

(/*otethes tiries*/ 
max_song_pg = temp.nbr_songs/7; 

/* Does it need more than 1 page ? */ 

if (max_song pg > 1) 

{ 
song_ptr = (char *)realloc(song ptr, 

max_song_pg*SEVEN_ SONGS) ; 

if (song ptr == NULL) /* Not able to get mem */ 

display_msg_box("Memory not available!", 

CtraerhercOl ss CtRnehrapcole)i: 

exit(1); 

} 
} 

/* Get all the songs */ 
recnbr = temp.song; /* Starting point */ 

/* Loop through all the pages */ 
/* Start at first page of songs - 1 page = 7 songs*/ 

pgs = 0; 
while ( pgs < max_song_pg && rv == NO_ERROR ) 

sngs = Q; 

/* Now loop through individual songs */ 
while ( sngs < 7 && rv == NO_ERROR ) 

{ 
/* Get the record and place into memory */ 
rv = get_rec(recnbr, song_fp, ONE_SONG, 

sizeof (int) ,(char *)&songs[sngs]); 

if ( rv == NO_ERROR ) 

{ 
recnbr = songs[sngs].next; 

sngst++; 

} 
} 

/* Move the information into memory */ 

continues 
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File Routines: Using Dynamic Data 

Listing 18.6. continued 
Oe a a i a a a ee 

182: if (rv == NO_ERROR) 

itskebe { 

184: memcpy (song_ptr+(pgs*SEVEN_SONGS) , 

ilteleys &songs, SEVEN_SONGS) ; 

186: } 

Size pgst+; /* Get Next page worth of songs */ 

188: } 

189: } 

190: } 
191; return(rv) ; 

ieee f 

The proc_alb_rec() function is called with a value of either NEXT_REC or 

PREVIOUS_REC, which is stored in the direct parameter. As with the medium 
code function, this determines in which direction the reading should 

occur. Most of this function follows what was presented in proc_med_rec() on Day 

Ne 

The one difference that deserves mentioning is in lines 164 to 188 in the 
get_alb_info() function. These lines operate similarly to the code seen earlier today. 
Line 165 uses a while loop to read a page of songs. In each page, seven songs are read 
using the while loop that begins in line 169. After each page of records is read into the 
songs structure, it is copied into the dynamic memory area. This is done in line 184. 
The rest of the code presented in this listing doesn’t present anything you haven't 
already seen earlier today. 

The Musieal Items 

Secreen’s Action Bar 
To help complete the Musical Item code, Listing 18.7 is included. This contains the 
action bar routines for the Musical Items screen, With the addition of this listing, your 
Musical Items screen should be complete. 

Listing 18.7. ALBMABAR.C. The Musical Items screen 
action bar. 

Filename: albmabar.c 

1 

Pa = 

3: os RECORD OF RECORDS - Version 1.0 
4: id 
5 * Author: Bradley L. Jones 
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Return: Return value 

the left and 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

4 

#include <string.h> 

#include <stdio.h> 

#include <stdlib.h> 

#include "“tyac.h" 

#include "“records.h" 

{* scotia rae ase eae er bac e, w akspestes Men en eo ere * 

* prototypes * 
Ce er OE eS ee re ee * 

#include "recofrec.h" 

int do_albums_menu1( void 

int do_albums_menu2( void 

int do_albums_menu3( void 
int do_albums_menu4( void 

static void do_something( 

ife3 Be aN ta aa a ae agree real tae ea, NOS Ge a * 

* Global Variables * 
Le ee a ee eo ee are */ 

extern FILE *idx_fp; 

extern FILE *db_ fp; 

extern FILE *song_ fp; 

extern nbr_records; 

extern int start_rec; 

extern int disp_rec; 

extern int total_songs; 

Hf Sane se) eee iabet aaa (aca oe he * 

* Defined constants* 
et ne es Het cle Nahm ea * / 

Purpose: Action bar for musical items screen. This will 

contain multiple menus. The functions called 

by the menu selections may not be available 
until later days. 

is either key used to exit a menu 

with the exception of F1@ which is returned 

as Enter to redisplay main menu. In each menu 

right keys will exit and move 

control to the right or left menu. 

/* Main File ptr to data file */ 

(z= Data’ sta Lees 

/* Pointer for songs */ 

/* Total # of rec for mediums */ 

#define ALBUMS_DBF "ALBUMS . DBF" 

continues 
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Listing 18.7. continued 

#define ALBUMS_IDX "ALBUMS. IDX" 

#define SONGS DBF "SONGS. DBF" 

#define HELP_DBF "ALBUMS .HLP" 

Ye Se | esr ate athe Win de ee) ca ae ee ee erent * 

* structure declarations * 
C a See Si ek AD We AE SE oe Se =) 

extern ALBUM REC albums; 

extern ALBUM_REC alb_prev; 

extern SONG_REC songs[7]; 

extern int song _pg; /* Tracks page of songs being displayed */ 

extern int max_song_pg; /* Max number of pages allocated to 

hold the songs */ 

extern char *song_ptr; /* Ptr to dynamic mem where songs are 

kept */ 

#define ONE SONG sizeof (songs[Q] ) 

#define SEVEN SONGS sizeof (songs) 

[* a oe a Rene ne ee ee ie, On et yt SR ne Jey ene * 

* albums screen action bar ~* 
Fe! RSS oh ea ee ay 2 el ee ea ema er aoe 52 | 

int do_albums_actionbar( void ) 

{ 
int menu = 1; 

We COne = WES 

int rv = Q; b 
char. *abar_text ={" File Edit «Search sHelp,.*}> 

while( cont == TRUE ) 

{ 
write_string(abar_text, ct.abar_fcol, ct.abar_bcol, 1, 2) is 

switch( menu ) 

{ 

case 1: /* file menu */ 

write_string( " File ", ct.menu_high fcol, 

ct.menu_high_bcol, 1, 2); 

rv = do_albums_menu1(); 
break; 

case 2: /* edit menu */ 
write_string( " Edit ", ct.menu_high fcol, 



' 

103: ct-menu high beol, fi569)); 
104: 

105: rv = do_albums_menu2() ; 

106: break; 
107: 

108: case 3: /* search menu */ 

109: write_string( " Search ", ct.menu_high fcol, 

140% Ctr menushughsbcol, 15516): 
wit 1s 

12: rv = do_albums_menu3(); 

ah Feo break; 

114: 

A1S3 case 4: /* Help menu */ 

lis) write_string( " Help ", ct.menu_high fcol, 

wie ct: menuthigh}bcol, 1, 25); 

iis} 

119: rv = do_albums_menu4() ; 

120: break; 

Weds 

ne2k default: /* error */ 

ii2os cont = FALSE; 

124: break; 

125: } 

126: 

ULNA: switch( rv ) 

128: { 

1295 case LT_ARROW: menu--; 

130: if( menu < 

131: menu = 4; 

132: break; 
133: 

134: case RT_ARROW: menu++; \ 
ToD: if( menu > 4 ) 

136: menu = 1; 

chews. break; 
Teehae 

139: default: cont = FALSE; 

140: break; 

141: } 

142: } 

143: write _string(abar_text, ct.abar_fcol, ct.abar_bcol, lee Ae 

144: cursor_on(); 

145: return(rv); 

146: } 

147: 

148: 

PAG Bani erin sac anise ee i 
150: * domenu1 (File) * 

oA eae a ee cine */ 
Woe 

—_ ~— 

continues 

653 



File Routines: Using Dynamic Data 

Listing 18.7. continued 

153: int do_albums_menu1( void ) 

154: { 
15S: int rv = Q; 

156: int menu_sel = Q; 

ees char *saved_screen = NULL; 

158: 

159: char *file_menu[2] = { " Exit <F3> ", "iEe* }; 

160: char exit_keys[MAX_KEYS] = {F3, F1®, ESC_KEY}; 

Gide 
162: saved screen = save_screen_area( 0, 10, 0, 40 ); 

163: 

164: rv = display_menu( 3, 4, SINGLE_BOX, file_menu, 2, 

165: exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

166: 

167: restore _screen_area( saved_screen ); 

168: 

169: switch( rv ) 

170: { 

WALE case ENTER_KEY: /* accept selection */ 

T= case CR: 

173: CVE-SEGSs 

174: break; 

Asie 

176: case F3: /*zexi tangn/) 
Wales case ESC_KEY: 

7a3}8 case LT_ARROW: /* arrow keys */ 

179: case RT_ARROW: 

180: break; 
181: 

182: case F10: /* exit action bar */ 
183: rv = ENTER KEY; 

184: break; 
185: 

186: default: boop(); 

ere break; 
188: } 

189: return(rv); 

190: } 
191: 

192: /*-------------------- * 

193 ae eC OmMenUs cme (ECasc) mas 

194: *-------------------- */ 
195: 

196: int do_albums_menu2( void ) 

1975 of 

198: int rv = 0; 
199: int menu_sel = Q; 

200: char *saved_screen = NULL; 
201: 

202: char *edit_menu[8] = { 
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203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

i (is Ne 

212; 

rep eo 

214: 

215: 

216: 

AAT: 

2A MC 

219: 

220: 

22: 

222: 

223: 

224: 

Zeon 

226: 

Lane 

228: 

229: 

230: 

Paeh | 

232: 

233; 

234: 

250% 

236: 

237: 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

251s 

202: 

" New 

"Add 

Change 

Delete 

<F4> 

<F5> 

<F6> 

25, NTE 

pee2Aat4 

aR OOC 

ands}: 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

Saved_screen = save_screen_area( 1, 10, 8, 40 ); 

rv = display_menu( 3, 11, SINGLE_BOX, edit_menu, 8, 

exit_keys, &menu_sel, LR_ARROW, SHADOW); 

restore_screen_area( saved_screen ); 

switch( rv ) 

{ 
case ENTER_ 
case CR: 

KEY: /* accept selection */ 

switch( menu_sel ) 

{ 
case 1: 

case 2: 

case 3: 

/* Clear the screen */ 

disp _rec = 0; 

reset_memory(); 

clear_albums fields(); 

draw_albums_screen(); 

break; 

/* Add a record */ 

/* Save songs back into memory location */ 
memcpy(song_ptr+((song_pg-1)*SEVEN_SONGS) , 

&songs, SEVEN SONGS) ; 
rv = add_adata(); 

if ( rv == NO_ERROR ) 

{ 
disp_rec = 0; 

reset_memory() ; 

clear_albums_fields() ; 

draw_albums_screen(); 

} 
else /* Only do next part if File 1/0 

if rv = NO_ERROR ) 

{ 
display_msg_box("Fatal Error adding.. 

Ctnete tcOly ct.err pcol) 5 

exit (1); 

: 
break; 

/* Update the current record */ 

bi 

" 

a] 

/* Save songs back into memory location */ 

continues 
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File Routines: Using Dynamic Data 

Listing 18.7. continued 

253: memcpy (song_ptr+((song_pg-1)*SEVEN_SONGS) , 

254: &songs, SEVEN SONGS) ; 

200} rv = add _adata(); 

256: if ( rv == NO_ERROR ) 

257: { 
258: disp_rec = 0; 

259: reset_memory(); 

260: clear_albums_fields(); 

261: draw_albums_screen(); 

262: } 
263: else _/* Only do next part if, File, 1/0 */ 

264: if ( rv > NO ERROR ) 

265) { 

266: display_msg_box("Fatal Error updating...", 

267: Cae hraico lsc eerie pCOLss) is 

268: exit(1); 

269: } 

270: break; 

Zale 

272: case 4: /* Deleting the current record */ 

PUM if( (yes_no_box( "Delete record ?", 

274: ct.db_fcol, ct.db=bcol )) == aye) 

BUS { 

276: rv = del_alb rec(); 

Pitts if (rv == NO ERROR) 
278: { 

279: disp_rec = Q; 

280: clear_albums_fields(); 

281: draw_albums_screen(); 
282: } 
283: else 
284: { 
285: display_msg_box("Fatal Error 

delletingeecs. 
286: CENeCEna Col Gt.eninancole 
287: exit(1); 
288: } 
289: } 
290: break; 

291: 

292: default: /* continue looping */ 
293: boop() ; 
294: break; 
295: } 

296: 

297: RVE=SENTERSKEY. 
298: break; 
299: 

300: case F3: /* exiting */ 
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: int do_albums_menu3( void ) 

case ESC_KEY: 
case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

break; 

case F1Q: /* action bar */ 
Vea sENTERSKEY:, 

break; 

default: boop(); 

break; 

} 
return(rv) ; 

} 

/* Sr, A ee ey ee * 

* do menu 3 (Search) * 
ee ea ee ee ey eee ee ee 23 / 

int rv = Q; 

int menu_sel = Q; 

char *saved_screen = NULL; 

char *search_menu[6] = { 

de TO Py es tee Veal armed 
"Next Saree PANT 
EERGeVLOUS =<F6>e"", =SPp-  }s 

char exit_keys[MAX_KEYS] = {F3, F1@, ESC_KEY}; 

saved_screen = save_screen_area( 1, 10, @, 60 ); 

rv = display_menu( 3, 18, SINGLE BOX, search_menu, 6, 

exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

restore _screen_area( saved_screen ); 

switch( rv ) 

{ 
case ENTER KEY: /* accept selection */ 
case CR: 

switch( menu_sel ) 

{ 
Casewiae Dor tind) dialog */ 

rv = search_alb rec(albums.title) ; 

if( rv == NO_ERROR ) 
{ 

continues 
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File Routines: Using Dynamic Data 

Listing 18.7. continued 

hey) 3 

352: 

353: 

354: 

SOO 

356: 

Shay/ 5 

358); 

359: 

360: 

SOne 

362: 

363: 

364: 

365: 

366: 

SOva 

368: 

369: 

370: 

SY il = 

SiR 

373: 

374: 

Sia} 

376: 

Silite: 

378: 

379: 

380: 

Soule 

382: 

383: 

384: 

385: 

386: 

OSL: 

388: 

389: 

390: 

391: 

392: 

393: 

394: 

395: 

396: 

397: 

398: 

/* record found */ 
draw_albums_screen(); 

display_msg_box("Record Found!", 

ctadbincol, ct.dbubcolL)s 

} 
else 

Th(Ghve—Om) 

{ 
display_msg_box("Record Not Found!", 

ct. ernafcol,, ct.err deol); 

i 
else 

{ 
display_msg_box( 

"Fatal Error processing data...", 

Ct verrancol, aCtwehine Col). 

exrti(l))): 

} 
break; 

case 2: /* Next Record */ 

rv = proc_alb _rec(NEXT_REC); 

if ( rv == NO_ERROR ) 

draw_albums_screen(); 

else 

{ 
display_msg_box("Fatal Error processing 

dataset, 

Cierra COLimG EaeimebCols )i= 

exit(1); 

} 
break; 

case 3: /* Previous Record */ 

rv = proc_alb_rec(PREVIOUS REC) ; 
if ( rv == NO ERROR ) 
{ 

} 
else 

{ 
display_msg_box("Fatal Error processing 

Gatavecc 5 

CURVCHPeT COL Cterpebcol= ). 
exit(1); 

draw_albums_screen(); 

break; 

default: /* shouldn't happen */ 

boop() ; 



399: 

400: 

401: 

402: 

403: 

404: 

405: 

406: 

407: 

408: 

409: 

410: 

411: 

412: 

413: 

414: 

415: 

416: 

417: 

418: 

419: 

420: 

421: 

422: 

423: 

424: 

425: 

426: 

427: 

428: 

429: 

430: 

431: 

432: 

433: 

434: 

435: 

436: 

437: 

438: 

439: 

440: 

441: 

442: 

443: 

444: 

445: 

446: 

447: 

448: 

in 

{ 

break; 

} 
rv = ENTER_KEY; 

break; 

case F3: /2sexiting */ 

case ESC _KEY: 

case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

break; 

case F1Q: /~Vaction bar */ 

rv = ENTER_KEY; 

break; 

default: boop(); 

break; 

return(rv) ; 

do menu 4 (Help) * 

t do_albums_menu4( void ) 

int rv = Q; 

int menu_sel = 0; 

char *saved_screen = NULL; 

char *help_menu[4] = { 

fae l peace o> od HN 

" About Ty oPhtele AOe 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

saved_screen = save_screen_area( 1, 10, 0, 60 ); 

rv = display_menu( 3, 27, SINGLE_BOX, help_menu, 4, 

exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

restore_screen_area( saved_screen ); 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 

case CR: 
switch( menu_sel ) 

{ 

continues 
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File Routines: Using Dynamic Data 

Listing 18.7. continued 

449: case 1: /* Extended Help */ 

450: display_albums_help(); 

451: 

452: break; 

453: 

454: caser2:) 2 Aboutabox +] 
455: display _about_box(); 

456: 

457: break; 

458: 

459: default: /* continue looping */ 
460: boop(); 

461: break; 

462: } 
463: 

464: break; 

465: 

466: case F3: / Sexi nG a7) 

467: case ESC_KEY: 

468: case LT_ARROW: /* arrow keys */ 

469: case RT_ARROW: 

470: break; 

471: 

472: case F10: (MACTVONM Dama 
473: rv = ENTER_KEY; 
474: break; 
475: 

476: default: boop(); 

477: break; 
478: } 

479: return(rv) ; 

480: } 

481: 

482: / *S>SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSESESSES555555E===== 

483: Function: search_alb_ rec() 
484: 
485: 

486: 

487: 

* 

* 

* Author: Bradley L. Jones 
* 

* 

488: * Purpose: Searches for the key to locate 
* 

* 

* 

* 

Gregory L. Guntle 

489: 

490: Returns: @ - No errors - key found 
491: <@ - Key not found 

492: >O0- File 1/0 Error 
493: *#osSSSssSssSsssSSSsSSSSaSSSSeeSSSSSee5SE=====5ee=-========% / 

494: 

495: int search_alb_rec(char *key) 
496: { 

497: int rv = NO_ERROR; 

498: int done = FALSE; 
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499: 

500: 

501: 

5Q@2: 

503: 

504: 

505: 

53i: 

y= 

533; 

534: 

535% 

536: 

533 

538: 

539: 

540: 

541: 

542: 

543: 

544: 

545: 

546: 

5a si} 
re 

int shch recs 

int result; 

ALBUM_INDEX temp; 

/* Start at top of chain */ 

/* Stop when either 

1 - The key passed matches or 

2 - The key passed is < rec read 

The latter indicates the key is not in the file 

srch_rec = start_rec; 
while (!done) 

/* Get record */ 

rv = get_rec(srch_rec, idx fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp); 

if (rv == 0) 

{ 
result = stricmp(key, temp.title); 

if (result == Q) /* Found match */ 

{ 
/* Now get data */ 
done = TRUE; 

rv = get_rec(temp.data, db_fp, sizeof(albums) , 

@, (char *)&albums) ; 

} 
else 

if (result < Q) 

aa! 

/* Key < next rec in DBF - key doesn't exist */ 

done = TRUE; 

(pee ee he /* Key not found */ 

} 
else 

{ 
srch_rec = temp.next; 

if (srch_rec == 0) (= 7AE end of List 7. */ 

done = TRUE; 
BVeSeauls /* Key not found */ 

} 
a 

} 
} 

return(rv); 

fans 
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File Routines: Using Dynamic Data 

Sumunary 
Today, you were presented with a multitude of code. The day started by completing 

the code necessary for the Medium Code screen. You were presented with the 

completed action bar routines. Once everything for the Medium Code screen was 

presented, the chapter moved into the Musical Items screen. The Musical Items screen 

offers a higher degree of complexity due to the variable number of songs that can be 

entered. Whereas most of the Musical Items screen was presented with little analysis, 

all of the major differences were detailed. This includes the page up and page down 
functions that are used to display multiple sets of song records. 

Q Is it better to use an undelete flag or to physically remove records? 

A The answer to this question is dependent upon the application. If storage 
needs to be kept at a minimum, then you should physically remove data 
from the file. If there is a chance that the user will want to restore a deleted 

record, then you should use a delete flag. 

Q What can be done if the musical items’ song file gets too big? 

A You can physically remove the records that are marked for deletion. With 
the functions you have created, it should be easy to write a program that 
reads each record and writes them to new files. Because only nondeleted 
records will be read, the new file won't include these. Once you have created 

all of the records in the album files, you can delete them. The temporary files 
that you created can then be renamed to the album file names. 

Q Can records marked as deleted be reused when adding new records? 

A Ifyou don’t plan to undelete, then records marked as deleted could be filled 
with new records. You could change the logic of the add function to read 
each record in the file in physical order. If the record read is marked as 
deleted, then the record being added could use the space. If the record isn’t 

marked as deleted, then it would be skipped. 
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Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
1. What two file functions on the action bar are not accessible with a function 

key? 

What do each of the functions from Question 1 do? 

. What should you always do before deleting a record? 

. What is a delete flag used for? 

. What do page up and page down do in the Medium Code screen? 

. What do page up and page down do in the Musical Items screen? 

. What is the most songs that can be stored in the Musical Items screen? 

Exercises 

1. Complete the Record of Records! entry and edit screens. You should now have 
everything you need to complete all three screens. Tomorrow, you'll add the 
reporting features. 

2. Write a program that prints the information in the Musical Items screen’s 
index file, ALBUMS.IDX. A file such as this can be used for debugging 

purposes. 

3. ON YOUR OWN: Write a program that uses a file with a variable number 

of records such as the songs in the album screen. An example of such a file 

could include a contact database. You could store the addresses in a separate 

file and include a billing address, a shipping address, and a home address. 
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An application that tracks data is great. Being able to view information on the screen 

makes the application useful; however, most applications require the capability to 

access the information in a printed format. Today you will: 

(| Add additional menus to the Record of Records! program to support 

reporting. 

| Discuss the concept behind reporting. 

_| Do prototypes for a few reports. 

(| Add reports that access a single file. 

| Work with reports that access multiple files. 

Work with a report that only prints selected records. 

Understand the importance of providing flexibility for reporting. 

Is Reporting Important? 
On the entry and edit windows, you can only see records one at a time. Many times 
this is inadequate. Additionally, there are times when you will want to share the 
information that is stored in your database with others. Reporting enables you to view 
or print your data in forms different from the form that you see it in on the entry and 
edit screen. 

Before you start creating reports, you should do a bit of preplanning just as you did 
with the entry and edit screens. With the entry and edit screens, you created a 
specification. With reporting, you could also create a specification. On simpler 
reports, a specification may not be needed. What is almost always needed before 
coding a report is a prototype. 

Prototyping Reports 
While specifications aren’t always required, a prototype is almost always required. If 
you are developing an application for others, you will be able to present them with a 
prototype. If they suggest changes, you can change the prototype. You wouldn’t have 
to change the code because you would not have started it yet. Changing the prototype 
is much easier than changing the code. 

The Record of Records! application will have several reports. There will be three 
different reports listing data from each file. These will be followed by a single report 
that will be accessible in multiple ways. 



Simple List Reports 
Three of the four reports will simply list specific information out of each database. 
These lists are good for verifying that each database contains the information that you 
expect. In addition, lists can serve many other uses. For example, by printing a list of 
medium codes and their descriptions, you can use it when entering Musical Items. 
You could print a list from the Group file to show others what groups you listen to. 
A list of your musical items would be good to place in a safe place for insurance 
purposes. Lists are a common type of report. 

Note: A list is a report that simply lists fields from a file. Lists generally 
follow the format of one record per line. You will see this in the proto- 
types presented later. 

Before being able to create these reports, you should look at the prototypes. Following 
will be the prototypes for the Medium Code List and the Group Information Code 
List. Creating a prototype for the Musical Items List will be left for you to do in an 
exercise at the end of today. 

The List of Medium Codes Prototype 
The first prototype presented is the List of Medium Codes prototype. 

List of Medium Codes 

99/99/99 

Code Description 

XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XX XXXXXXXXXXXXXXXXXKKXXXX XXX KKK XXX KKK 

AL Album 

CD Compact Disc 

*** End of Report *** 

There are several features about this prototype you should be aware of. First is the date 

that is present under the heading. It is always good to include the current date ona 

report. This enables the person using the report to know when the information was 

printed. If an old date is on the report, then there is a good chance the information 

is out-of-date. 
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This prototype shows a great deal more. The title and column headings are presented 

exactly as they will appear, which includes their line spacing. The data is then 

presented. First, several xs are presented followed by two examples of “real” data. The 

purpose of the xs is to show exactly where the data will be. This includes the size of 

the data. 

One final comment should be made about the prototype. The date is displayed with 
9s instead of Xs. This is because the date is composed of numbers. The code and 
description is composed of xs because they are alphanumeric fields. In creating your 
prototypes, you should use 9s for numeric fields and Xs for alphanumerics. 

Tip: Not all reports will print every field. In addition, some longer 
fields may be truncated (that is, chopped off). The number of Xs 
should signify how may digits or characters should be printed. 

The Group Information List’s Prototype 
The Group file contains more information than will fiton a single line. Because of this, 
you must be a little more creative in creating the prototype. 

List of Group Information 

99/99/99 

XXXXXXXXXXXXXXXXXXXXXXXXX 

Members: 

XXXXXXXXXXXXXXXXXXXXXXKXX 

Members: 
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99/99/99 XXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXKXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

99/99/99 XXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXKXKK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXKXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 



COWBOY JUNKIES 

Members: 

Violent Femmes 

Members: 

XXXXXXXXKXXXXKXXXKXXKKXXKKXXXKXK 

XXXXXXXXKXXXXKXXXX XXX KX XXKKXXKKXK 

XXXXXXXXKXXXXXXXKXXXKXKXXXKXXX XXX 

01/01/87 Alternative 

Alan Anton 

Margo Timmins 

Michael Timmins 

Peter Timmins 

01/01/83 Alternative 

Gordon Gano 

Brian Ritchie 

Victor DeLorenzo 

P2amEnCROTeRepOnum ss 

This prototype follows the same constructs as the previous prototpye. Xs and 9s mark 
the location of the fields. Because all the fields don’t fit on a single line, part of the data 
falls on the following lines. You should notice that the additional lines are indented 
several spaces so that it is easy to follow where new records start. 

Complex Reports 

Expert Tip: By including a couple of “real” records on the prototype, 
it is often easier to get a better idea of how the report will really look. 

Note: The Musical Items List will be prototyped in an exercise at the end 

of the day. There will also be an exercise asking you to create this report. 

In addition to the three list reports that will be added to the application, a fourth report 

will also be added. This report will be much more complex. The complexity of the 

report will make it much more useful. 
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XXXXXXXXXXXXXXXXXXXXXKXKXXXXKKK 

Group: 

Group Desc: 

XXKKKXKKKK KK KKK KK KKK KKK KKK 

Today: 99/99/99 

XXXXXXXXXXXXXXKXXKXKKXKKXKKKXK KX KK KKK KKK KK KKK KKK KK KKK KKK KKK 

XXXXXXXXXXXXXKXXXXKXXKKXX KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK 

XXXXXXXXXXXXXXXXXKXXXXKXXXKKKXKXKK KKK KKK KKK KKK KK KKK KKK KK KKK IKK 

Type of Music: XXXXXXXXXXXXXXXXXXXX 

Medium: XXXXXXXXXXXXXXXXXXKXXXX KKK KKK XX XXX XK 

Date Purchased: 99/99/99 

Cost: 

Value: 

$999.99 

$999.99 

Song Title 

XXXXXXXXXXXXXXXKX XXX XXX KX XXX KK XXX KKK XX KKK 

XXXXXXXXXXXXXXX KX XXX XK KX XXX KK XXX XK XXX KKK 

XK KKK KKK KKK KKK KK KKK KKK KKK XXX KKK KKK KKK 

XXXXXXXXXXXXXXXXXXXXXX XX XXX XXX XX XXX XXX XK 

XXXKX KKK KKK KKK KKK KKK XXX XXX XXX XXX XK KKK KKK 

XXXXKXKXXKKX XK KKK KKK XXX XXX XXX XXX XX XK KK KK KKK 

XXXXXXXKXX XXX XXX XXX XXX XXX XXX XXX KKK XXX XXX 

XXXXXXXXXXX XX XXX XXX XXX XXX XXX XXX KKK XX XXX 

XXXXXXXX XXX XXX XXX XXX XXX XX XXX XXX KKK XXX XXX 

XXXXXXXXXXXXXXXXXXXXKXXXX XXX XX XXX XX XXXXXX 
0,0, 0,0, 0.0.0.0, 0.0.0.0.0.0,0.0,00000000.00000000000.00.0.0N 

XXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXX XXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Walking on the Moon 

Group: 

Group Desc: 

Philippe Kahn 

several famous people 

Type of Music: Jazz 

Today: 99/99/99 

Jazz Music by the Owner of Borland International. Features 



Medium: Compact Disc 

Date Purchased: 12/13/92 

Cost: $ 14.95 

Value: $342.00 

SONGS: 

Track Song Title Time 

Q1 OOPs! 05:06 
Q2 Interlude 00:00 
03 Walkin' on the Moon 07:28 
04 Interlude 00:00 
@5 Epistrophy 04:35 
06 Interlude 00:00 

07 S, E and L 04:10 

08 All's Well That Ends 08:12 

09 Interlude 00:20 

10 This Masquerade 05:48 

11 Interlude 00:00 

12 Ralph's Piano Waltz 05:45 

13 Interlude 00:00 

14 Calor 08:07 

15 Interlude 00:00 

16 Better Days 03:49 

NA Interlude 00:00 

18 Mopti 05:46 

19 Interlude 00:00 

20 Silence 05:52 

As you can see, this report is formatted differently from that of the previous lists. In 
addition, this report contains information from not only the Musical Items file, but 
also the Group file and the Medium Code file. The formatting of this report has been 
changed so that only one musical item will be printed per page. The complexity of this 
report will require a slightly different approach to produce than the lists. 

If you printed this layout for every record that could possibly be in your database, you 
could use a great deal of paper. Because of this, you will want to add selection criteria. 
Later today, you will add an option that will allow this report to be printed for either 
all of the records in the file or for only a single musical item. 

There are some other issues involved with this report that were not present in the 

previously prototyped lists. What do you do if you print a musical item that does not 

have a corresponding medium code or group? In these cases, you may be missing some 

information that is expected based on the prototype. This is a situation that should 

be addressed at the time you do the prototypes. In the case of the Musical Items report, 
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Reporting 

you will print UNKNOWN in the medium code description, and you will leave the group 

information blank. In addition, ifyou don’t print the group information, you should 

suppress the blank lines from the report. Sound complicated? Later today, you will see 

the code necessary to complete this report. 

Expert Tip: Because of the complexity of the Musical Items Informa- 

tion report, you may want to create a specification. The specification 

would contain information such as the selection criteria and what to 

do if some of the data is missing. 

Creating the Reports 
Before creating the reports, you will first need to set up the main application to receive 
them. Based on what was presented earlier, you should have an idea of what will need 

to be added to the Record of Records! application. There already was a reporting menu 
option included in the Main menu. Because you know what reports need to be added, 

you should be able to include a reporting menu. A menu should be created to contain 
the following options: 

1. Detailed Information 

2. List of Musical Items 

3. List of Groups 

4. List of Medium Codes 

These options are listed in the order that they are most likely to be used. The users of 
the application are expected to use the Detailed Information Report (on Musical 
Items) the most. They are expected to use the List of Medium Codes the least. Listing 
19.1 is the code necessary to create this menu. 

As stated earlier, the Detailed Report will have an option. The users will be able to 
print all of the musical items, or they will be able to select a specific musical item to 
print. To provide your users with this option, a third menu will be included accessible 
from the Detailed Information option. This menu will contain two reporting options, 
All Items and One Item. Additionally, it will contain a Return option, which will 
remove the menu. The code for this menu is also included in Listing 19.1. 
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OONOAHRWNDH — 

Author 

Purpos 

#include 

#include 

#include 

#include 

#include 

#include 

e: 

R 

B 

G 

T 

Filename: REC_RPTG.c 

ECORD OF RECORDS - 

radley L. Jones 

regory L. Guntle 

he Reporting menus. 

Version 1.0 

Assumes 8@ columns by 25 columns for screen. 

<string.h> 

<stdio.h> 

<ctype.h> 

"tyac.h" 

"records.h" 

"recofrec.h" 

int do_detail_album_menu(void) ; 

/ *o>>S>S>S>SS>S>SS>5>>5>5>5S5>S55>SSS5>5S5S5 5555555555555 552525=25-5>======%* 

z main() 
*#eosSs SSS ee ee SS eS SS SS SS SS SS SS SS SS SS SS SS SE SE SE SS SS SSS SEE === / 

int do_reporting(void) 

{ 
aiqhye [pay 

alice) nt 

= Q; 

= TRUE; 
int menu_sel = Q; 

char *saved_screen = NULL; 

char *rpt_menu[10] = { 

Detailed Information", 

List of Musical Item", 

Te 

We 
Uke he 

"4. 

Ole 

List of Groups 
List of Medium Codes", 

Return to Main Menu 

an 1 Oe aa 
"2mm" , 

"36g", 
"4Mm" , 

"SRrEeQq" }; 

char MENU_EXIT_KEYS[MAX_KEYS] = {F3, F10, ESC_KEY}; 

while( cont == TRUE ) 

{ 

/* loop in temp menu */ 

continues 
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Listing 19.1. continued 

48: 

49: 

5@: 

[ah 

Hi 

// 

saved screen = save_screen_area(10, 21, 28, Some 

rv = display_menu(12, 30, DOUBLE_BOX, rpt_menu, 10, 

MENU_EXIT_KEYS, &menu_sel, NO_LR_ARROW, 

SHADOW) ; 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 

case CR: 

switch( menu_sel ) 

{ 
case 1: 

case 2: 

case 3: 

case 4: 

case 5: 

default: 

} 
break; 

/* Menu option 1 */ 
cursor_on(); 

do_detail_album_menu() ; 

break; 

/* Menu option 2 */ 

CURSORSOR G5 

list_musical_items(); 

display_msg_box("Report 2...", 

ct.help_fcol, ct.help _bcol ); 

break; 

/* Menu option 3 */ 
cursor_on(); 

list_groups(); 

display_msg_ box("Report 3...", 

ct. helpeicoly ct.nelpabcol))s 

break; 

/* Reporting */ 
cursor_on(); 

list_medium_codes() ; 

display_msg_ box("Report 4...", 

ct Jhelp_fcol; ctshellp bcol, ); 
break; 

L COxd eo) 
cont = FALSE; 

break; 

/* continue looping */ 

boop(); 
break; 

case ESC_KEY: rv = ENTER_KEY; /* don't exit totally */ 



: int do_detail_album_menu(void) 

{ 

cont = FALSE; [SS Oxat * 4) 
break; 

case F3: j sexs tang: */ 

cont = FALSE; 

break; 

case F110: /FaccionyDaras ys, 

rv = do_main_actionbar(); 

if(een "==skSe) 

cont = FALSE; 

break; 

default: boop() ; 
break; 

} 
} 
restore_screen_area(saved_screen) ; 

return(rv) ; 

a ee ye pees spe ee pe eS Or aly ee ee a ee: | ee ee * 

* Detailed Musical Item Report = 
Ee a ce oe en, ee Pe ae eee ee ee eG ee ee ee i 

int rv = 0; 

int cont = TRUE; 

int menu_sel = Q; 

char *saved_ screen = NULL; 

char *album_menu[6] = { 

w1 ALL items \,) 2iAars 

2eeOVem Lemna OOM, 

"3. Return a, 2SRReEeCOGsets 

char MENU_EXIT_KEYS[MAX_KEYS] = {F3, F10, ESC_KEY}; 

while( cont == TRUE ) /* loop in temp menu */ 

{ 
saved screen = save_screen_area(13, 19, 35, 55 ye 

rv = display_menu(14, 40, DOUBLE BOX, album_menu, 6, 

MENU_EXIT_KEYS, &menu_sel, NO_LR_ARROW, 

SHADOW) ; 

continues 
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Listing 19.1. continued 
Fe ee 

147: 

148: 

149: 

150: 

loge 

oz 

153i 

154: 

1552 

156; 

Vee 

158: 

159); 

160: 

161: 

162: 

163): 

164: 

165: 

166: 

Gites 

168: 

169: 

170: 

ate iain 

WE 

ore 

174: 

aor 

176: 

iNivatas 

Al Taye 

179: 

180: 

181; 

182: 

stekeie 

184: 

“tse 

186: 

ilteitee 

188: 

189: 

190: 

191: 

192: 

193: 

194: 

i195: 

switch( rv ) 

case ENTER_KEY: /* accept selection */ 

switch( menu_sel ) 

/* Menu option 1 */ 

cursor_on(); 

music_rpt(Q); 

display_msg_ box("Do All of em....", 

ct.help_ fcol, ct.help_bcol ); 

/* Menu option 2 */ 
cursor_on(); 

music_rpt(1); 

display_msg_box("Do only one...", 

ctshelpsfcol, ctehelpsbcol jc 

/* Exit menu */ 

/* continue looping */ 

case ESC_KEY: rv /* so don't exit clear out 

fe? ehaly sali qt] <2) 

/ aC Lon balers 
rv = do_main_actionbar(); 

if( rv == F3 ) 



196: 

197; 

198: 

199: 

200: 

(ocr a 

} 
} 

restore_screen_area(saved screen); 

return(rv) ; 

1 
List of Groups 
List of Meding 

&. Return to Ha 

int do_reporting(void) ; 
— 

POOR OENS 

In order for the Record of Records!application to access these new menus, you will 
also need to make some changes to RECOFREC.C and RECOFREC.H. The 
following prototypes should be added to RECOFREC.H. 
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void list_medium_codes(void) ; 

void list_groups(void) ; 

void list_musical_items(void) ; 

void music _rpt(int) ; 

void setup_today(void) ; (zine Listmedaczs) 

The changes to RECOFREC.C involve changing case 4 in the main() function to the 

following: 

case 4;../* Reporting */ 
do_reporting(); 

break; 

Once you have changed these files, you can recompile. Listing 19.1 has been set up 
so that comments are printed when the reporting options are selected. You can see this 
in lines 68, 75, 82, 157, and 164. The actual reports will each be created in its own 

source file. The call to the functions are included in both Listing 19.1 and the 
RECOFREC.H file if you made all the changes mentioned. As you create the reports, 
you will be able to remove the comments from the call and delete the message. 

The rest of this listing should not need explanation. The Reporting menu operates like 
the other menus you have seen. You should notice that this menu was called by the 
Main menu. In addition, option one in lines 60 to 63 calls a third menu. From the 
output, you can see that the menus do not completely cover each other. This helps the 
users see where they are in the menus. 

Expert Tip: When presenting more than one menu on the screen at 
the same time, you should avoid completely covering a a es menu. 

_ This helps the users see where they are. 

Creating the List of Medium Codes 
The list of medium codes will be created in a function called 1ist_medium_codes(), 
which will be created in a file called LISTMED.C. This is presented in Listing 19.2. 

Listing 19.2. LISTMED.C. The list of medium codes. 

Filename: listmed.c * 

* 

* Author: Bradley L. Jones 

a Gregory L. Guntle 

as 

2 

SHE 

4: 

ye 



aoe 

6: cs 

Thee * Purpose: Lists the information in the medium DB. 
8: * 

9 #SSS SS SSS SSS SSS saa sssSssSSSSSSsssSsssssssssseesSsSSaa====4 | 

11:  #include <stdio.h> 

12: #include <string.h> 

13: #include "“tyac.h" 

14: #include "“records.h" 

Si 

ee * 
Wee * Global Variables * 

185 98? «+ recent + Sede ase se * | 
192s externa) tEetLdxeatp: /* Main File ptr to data file */ 
20: extern FILE *db fp; /* Data file */ 
21: extern nbr_records; /* Total # of rec for mediums */ 
2a. SCXterNeintestareenes; 

23: extern int disp rec; 

24: 

25 

26: /*------------------ is 

Pa fi * Defined constants* 

28: *.----------------- =) 

29: 

30: #define MEDIUM _IDX "MEDIUMS. IDX" 

31:  #define MEDIUM DBF "MEDIUMS . DBF" 

Ben 

33: /*------------------------ % 

34: * structure declarations * 

SRE K-22 2-22 eee - eee ---- a, 

36: 

37: extern MEDIUM _REC medium; 

38: 

393 [*=-----8- 5550s -555--- i 

40: * Prototypes * 

Ai: #2 - 22-2 eee eee -- coy] 

42: 

43: #include "recofrec.h" 

44: 

45: void setup_today(void) ; 

46: void print_med_hdr(void) ; 

47: int process_med_list(void) ; 

48: 

49: char today[8]; 

SC a See a ei) Ne Th, er eeen DIRE PE eer rs ; 

iy /*==S==S=SeSSS SSS Ss sea ee SSS == ; 

52); * list_medium_codes() 

53: #oenassaaesesaasssssaaasssasaasssssssssssssssssessssaaas* / 

54: 

55: int list_medium_codes(void) 

continues 
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Listing 19.2. continued 
Saneaerr =< a ee eee meer fee 2 Ee ee: Se 

{ 
int rv=NO_ERROR; 

/* Open both Index and DBF file */ 
if ( (rv = open_files(MEDIUM_IDX, MEDIUM_DBF)) == @ ) 

: /* Are there any records to process ? */ 

if (nbr_records == Q) 

{ 
display_msg_box("No medium records to process", 

Cthern tcolct.enm bcol)r 

} 
else 

{ 
setup_today(); 

print_med_hdr‘() ; 

rv = process _med_list(); 

} /* End ELSE - records to process */ 

rv = close _files(); 

} /* End No Errors on Opening Files */ 
return(rv); 

void setup _today() 

{ 
int year, month, day; 
char hold_date[6]; 

current_date(&month, &day, &year); 

convert_str(hold_ date, month, PACK ZERO); 

strncpy(today, hold date+3, 2); 

today[2] = '/'; 

convert_str(hold_date, day, PACK_ZERO); 

strncpy(today+3, hold datet+3, 2); 

today[5] = '/'; 
if (year >1900) 

year -=1900; 

convert_str(hold_date, year, PACK_ZERO); 

strncpy(today+6, hold _date+3, 2); 

today[8] = '\Q'; 



Ce Ec, A 

{ 

{ 

} 

print_med_hdr() 

fprintf(stdprn,"\n\r\t\tList of Medium Codes\n\r"); 

fprintf(stdprn,"\t\t %s\n\r\n\r", today) ; 

fprintf(stdprn,"\tCode\tDescription\n\r"); 

fprintf (stdprn,"\t----\t---------- Wain She 

int rv = NO_ERROR; 

int done = FALSE; 

int, srchurecs—sstant recs 

MEDIUM_INDEX temp; 

while (rv == NO_ERROR && !done) 

{ 
/* Get INDEX */ 
rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof (int)*2, (char *)&temp) ; 

if (rv == NO_ERROR) 

/* Get the data record */ 
rv = get_rec(temp.data, db fp, sizeof(medium) , 

@, (char *)&medium) ; 

if (rv == NO_ERROR) 

{ 
/* Print the data */ 
fprintf(stdprn, "\t%-2s\t%-35s\n\r", 

medium.code, medium.desc) ; 

srch_rec = temp.next; 

/* Check for end of list */ 

if (srch_rec == 0) 

{ 
done = TRUE; 

TOmUN tt (St PIM wae\itae)) 5 

} 
} /* End of NO_ERROR - from DBF */ 

} /* End of NO_ERROR - from INDEX */ 

/* End WHILE */ 

return(rv) ; 

: void print_med_hdr() 

: int process_med_list() 
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Note: The current_date() function was taken from Listing 8.2 in Day 8. 

This function should be added to your TYAC.H library if it isn’t already 

there. 

List of Medium Codes 

@2/20/94 

Code Description 

cd Compact Disc 

cs Cassette Tape 

Note: Your output will look like the prototype. The specific data printed 
will be dependent upon the data in your files. 

This listing starts in the same manner as most of the listings in the Record of 
Records! application. In lines 1 to 9, comments are included giving information 
on the listing. In lines 11 to 14, the necessary header files are included. The 

TYAC.H header is included so that your library routines are available. The 
RECORDS.H header is included for the record layouts that will be needed to hold 
the medium information. Lines 19 to 23 include the external declarations that you 
should be very familiar with by now. These are the declarations that are needed to 
access the databases. 

Lines 30 and 31 create the same defined constants that you saw in the Medium Code 
listing for the entry and edit screen. These constants, MEDIUM_IDX and MEDIUM_DBF, 

contain the name of the medium code index file and data file. Line 37 contains an 
external declaration for a medium code structure. Lines 43 to 47 contain prototypes 
for the functions included later in the listing. 

_ Expert Tip: The defined constants for the Medium Code files are 
included in more than one file. Because of this, it would be better to 
place the constants in a header file. This header file could then be — 
included where needed. In addition, if the file names defined in the _ 

constants change, then only one area ae the code one to be ee 
instead of several. . ite : 



The first line of unfamiliar code should be line 49. A character array called today is 
declared in line 49. This global array will be used to hold the current date. 

Line 55 begins the list_medium_code() function, which is the purpose of this listing. 
Before printing the report, you need to open the file. Line 60 calls the open_file() 
function to open the medium code files. If there wasn’t an error, then line 63 checks 
the global variable, nbr_records, that was filled when the file was opened. If there 
aren tany records in the file, then a message is displayed in line 65; otherwise the report 
is processed. Line 70 calls a function to set up the current date, line 71 prints the first 
header on the report, and then line 72 processes the detailed information. Once the 
processing is done, or if there weren’t any records, the files are then closed (line 75). 

Line 77 ends the function by returning the value in rv. 

Setting up the current date occurs in lines 80 to 101 in the setup_today() function. 

The current_date() function, which was presented on Day 8, is used to get the 

current month, day, and year. 

One other function is used that has not been covered. This is the convert_str() 

function. This function is used to modify a number into a string. The code for this 
function is presented in Listing 19.3. 

Lines 103 to 113 contain the function, print_med_hdr(). It isa common practice to 

create a function that prints only the header to a report. This function can then be 
called whenever needed by the function that prints the detailed information. Lines 
108 to 112 contain several fprintf() statements that display information to stdprn. 

Review Tip: The fprintf() function is just like printf () except that 

it has an additional parameter. The first parameter of fprintf() is a 
pointer to where you want the printed information to go. This can be 

a file such as the medium file or one of the standard I/O streams. The 
“most common standard I/ 1s are stdout, stdprn, and stderr. 

The ut stream is for standard output. This is almost always the 
tdprn s int. This is almost always 

rrors. This is also almost 

The processing of the detail information in the report starts on line 118 with the 

process_med_list() function. A while loop in lines 125 to 149 will execute as long 

as all the records are not processed and as long as no errors occur. 
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Line 128 will read an index record from the index file. This will initially be the starting 

record. If the read is successful, then the corresponding data record will be read in line 

133. If this read is successful, then line 138 prints the detail line containing the 

medium code and description. Line 140 sets the srch_rec to the next sorted record 

in the index file by using the next pointer. If the next index record to be read is zero, 
then the end of the file has been reached. In this case, line 144 sets the done flag to TRUE 
so that the printing loop will end. Additionally, line 145 does a form feed on the 

report. 

Note: This report does not take page size into consideration. It assumes 
that the number of records that will be printed will not go over one page. 
In the next listing, this assumption is not made. 

The convert_str() function was used in Listing 19.2. This function is presented in 

Listing 19.3. You should add this function to your TYAC.LIB library. 

Listing 19.3. The convert_str() function. 

‘le [Bw ew ww ee ee ee ee ee ee eee eee 

De * Program: CONVSTR.C 

Sp * Authors: Bradley L. Jones 

4: 2 Gregory L. Guntle 

Ok os 

Gr * Purpose: Converts an integer variable to a string 
Te i 

8: * Enter with: rec_disp - char * to place new string 

9: 7 rec_nbr - integer to convert 

10: ‘e flag - Whether to front-end it with 0's 
ike ee 

We * Returns: N/A 
ie *oSSSSSSSasaS Sasa SSS SSS SSS SSS SSSSSeSeSe5555==========% / 

14: 

15: #include <stdlib.h> /* Required by itoa */ 
16: #include <string.h> 
17: #include <mem.h> 

altshe 

19: #define PACK_ZERO 1 

20: #define NOPACK 1) 

218 

22: void convert_str(char *disp_buff, int nbr, int pack flag) 
Pk 7 
24: char hold_convert[18]; /* Required by itoa */ 
25 

26: /* Null out area to store new string */ 



memset(disp_ buff, '\®', sizeof(disp_buff)) ; 

/* Convert integer to string */ 
itoa(nbr, hold convert, 10); 

/* Should the nbr be front-packed with O's */ 
if ( pack_flag == PACK_ZERO ) /* Front pack # with Q's ? */ 
{ 

memset(disp_buff, '@', 5-strlen(hold_ convert) ); 

disp_buff[5-strlen(hold_convert)] = '\Q'; 

} 

/* Place convert number in passed parm */ 

strcat(disp_ buff, hold convert); 

This function simply converts an integer to a string. Using a defined constant, 
the string may or may not be packed with zeros. These defined constants, 
PACK_ZERO and NOPACK, should already be in your TYAC.H header file. 

Creating the List of Group Codes 
The List of Groups is similar to the List of Medium Codes. The list_groups() 

function is presented in the RPT_GRPS.C file. This is presented in Listing 19.4. 

OMNOoA OND =] 

#1 
#1 
#1 
#i 

Listing 19.4. RPT_GRPS.C. The List of Groups. 

Filename: listgrps.c 

Author: Bradley L. Jones 

Gregory L. Guntle 

Purpose: Lists the information in the groups DB. 

nclude <stdio.h> 

nclude <string.h> 

nclude "tyac.h" 

nclude "records.h" 

continues 

SAMS PUBLISHING 
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Listing 19.4. continued 
PE ARIEETE i il INI ia seat Sir ee a Es Re eee At ee er 

19: 

20: 

ele 

extern FILE *idx_fp; 

extern FILE *db fp; 

extern nbr_records; 

extern int start_rec; 

extern int disp_rec; 

int linexctr; 

int page_ctr; 

/* raat Tecan hae Fea ad Nr Nee ae * 

* Defined constants* 
Ct SENS Sa ee a Te eK a 

/* Main File ptr to data file */ 

(* Dataeti2es 7 
/* Total # of rec for mediums */ 

/  EiNnese tine 
[/=*Pagerern 7 

#define GROUPS_IDX "GROUPS. IDX" 

#define GROUPS_DBF "GROUPS . DBF" 

fe Pe SERA: Berea san Sa eS 

* structure declarations 
Wears rch ates o yee eda ae Se be ener oie eres 

extern GROUP_REC groups; 

Ife SS ee es eg eae ee Ree * 

* Prototypes i? 
CP ee ep ey ee, ee eee wy 

#include "recofrec.h" 

int list_groups(void) ; 

void print_grp_hdr(void) ; 

int process groups(void) ; 

void print_group(void) ; 

void setup date(void) ; 

extern char today[8]; 

int list_groups(void) 

int rv=NO_ERROR; 

/* Open both Index and DBF file */ 

if ( (rv = open_files(GROUPS_IDX, GROUPS DBF)) == @ ) 

/* Are there any records to process ? */ 
if (nbr_records == Q) 

{ 
display_msg_box("No groups records to process", 

CLEVE RET COM NG te err_bcol); 



} 
else 

{ 
setup _today(); 

print_grpehdr(); 

rv = process_groups(); 

} /* End ELSE - records to process */ 

rv = close _files(); 

/* End No Errors on Opening Files */ 
return(rv) ; 

} 

/ eee 

x print_grp_hdr() * 
*¥>>>S>S>SSSS=SSSS=>>=S=S=>SSS5S===5552 5555555555555 =-=-=-=--------* / 

void print_grp_hdr() 

{ 
fprintf(stdprn,"\n\r\t\tList of Groups\n\r"); 

fprintf(stdprn,"\t\t  %s\n\r\n\r", today); 

fprintf(stdprn," Date\n\r"); 

fprintf(stdprn, "Group ie: 

fprintf(stdprn, "Formed Type of Music\n\r"); 

fprintf(stdprn,"------------------------ ee 

fprintf(stdprn,"-------- ------------ Wale?) 

} 

if ts ee ee ee a a ss Ot Be eee 

i process groups() * 
*ee eS SS Se Se Se a Se Se ee SSS ESS ==* / 

: int process_groups() 

au A 
int rv = NO_ERROR; 

static int done = FALSE; 

Static int Sreh_rec; 

static GROUP_INDEX temp; 

line ctr = 0; 

page_ctr = 1; 

srch_rec = start_rec; 

while (rv == NO ERROR && !done) 

{ 
(=) Geta INDEXSs// 
rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp) ; 

if (rv == NO_ERROR) 

{ 

continues 
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Listing 19.4. continued 
Se RE NE SEPSIS So ae ee 

118: 

lee 

120: 

We 

W22u 

23% 

124: 

2 Sie 

126: 

tas 

1s 

129: 

130: 

eh 

TSE 

SISSE 

134: 

135) 

OO: 

TSI E 

loo: 

inh )e 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

esl 

eyes 

LOO 

154: 

n5S5i 

156: 

"eye 

i oyee 

159: 

160: 

161: 

62: 

163: 

164: 

165: 

/* Get the data record */ 
rv = get_rec(temp.data, db_fp, sizeof(groups), 

@, (char *)&groups) ; 

if (rv == NO _ERROR) 

{ 
print_group() ; 

srch_rec = temp.next; 

/* Check for end of list */ 
if (srch_rec == Q) 

{ 
done = TRUE; 

AOE (Geelorin,  \ie er 

} 
else 

done = FALSE; 

} /* End of NO_ERROR - from DBF */ 

} /* End of NO_ERROR - from INDEX */ 

} /* End WHILE */ 
return(rv); 

Presse SSS 5225555555555 S22 5555555255552 25552522 =====* 

print_group() * 
Serta eS eee eee eee = = * / 

void print_group() 

{ 
syne ake 

char hold date[8]; 

iif (EEnemG tlt Onteao5)) 

{ 
oretmer (Selo. Nie! ys /* New page */ 

print_grp_hdr(); /* Reprint header */ 

fprintf(stdprn,"%-25s",groups.group) ; 

fprintf(stdprn, " %-85S = 20S\Mi\iew 

hold_ date, groups.music_type) ; 
LINeSCtrs= (6: 

page_ctrt+; 

} 
else 

line_ctr+=9; 

/* Build the date first */ 
strncpy(hold_date, groups.date_formed.month, 2); 

hold_date[2] = '/'; 

strncpy(hold_date+3, groups.date_formed.day, 2); 
hold date[5] = '/'; 

strncpy(hold_date+6, groups.date_formed.year, 2); 



166: hold_date[8] ='\Q'; 
ieee 

168: fprintf(stdprn, "%-25s",groups.group) ; 
169: fprintf(stdprn," %-8S %S-20S\ihAN\ 

170: hold_ date, groups.music type); 

ural 

ier fprintf(stdprn,"\n\r\t\t Members: %-3@s\n\r", 

Io groups.member[Q]); 

174: 

igo hor, (2=15, <=5°> 43-4) 

Aste { 

rr ae HPLLOtHCSEAPEN, Ve NC %-30s\n\r", 

178: groups.member[i]); 

179: } 

180: 

181: TpeLneh(stdpren, “\n\r"): 

Ae ch 

OTE List of Groups 

Output 02/20/94 

Date 

Group Formed Type of Music 

Violent Femmes 01/01/87 Alternative 

Members: Gordon Gano 

Brian Ritchie 

Victor DeLorenzo 

Yanni 09/11/93 Instrumental 

Members: Yanni 

two 

three 

four 

five 

six 

ae specifi da printed a 
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Lneerserisoremirsirsseienssenesd 

This listing should look similar to the Listing 19.2. Because these two listings are 

so similar, only the differences need an explanation. You should have expected 

some of the differences. For example, lines 31 and 32 contain defined constants 

for the group file names instead of the medium files. 

The main function, list_groups(), in lines 52 to 79 is almost identical to the 

list_medium_codes() function presented earlier. The only difference is that functions 

related to groups, instead of medium codes, are called. 

The List of Groups header information is different from that used by the List of 
Medium Codes report. Lines 81 to 95 contain the print_grp_header() function. 

This function simply prints several lines of information exactly as it was presented in 
the prototype. 

Processing the group records is also very similar to processing the medium code 
records. There are two main differences. The first is that the detail information is 
printed in a separate function called print_group(). The information printed for each 

group is much more complex than what was printed for the medium code. To help 
keep the code easy to follow, the printing of the detail information was placed in its 
own function. 

The second difference is that the report will perform page breaks. In lines 107 and 108, 
two additional variables have are used, line_ctr and page ctr. In line 147, an if 

statement checks to see if there is room on the page to print another record. If there 
is not, then line 149 does a form feed using fprintf(). Line 150 then calls 

print_grp_hdr() to print the header information on the new page. The line_ctr is 

then reset to six in line 154, and the page counter is incremented by one in line 155. 

If there was enough room to print the header, then line 158 increments the line 
counter by nine. This is the number of lines that are printed for an individual group. 
With the header check completed, the detail information is formatted and printed. 
The report cycles through each record until all the records have been printed. 

Note: The line cote was set to six instead of zero because of ae header 
information that was printed. 



Creating the Detailed Information 
Report 

The Detailed Information Report will differ from the list reports in several ways. The 
main difference will be that the Detailed Information Report will use all three 
databases instead of just one. Listing 19.5 presents the Detailed Information Report. 

Listing 19.5. RPT_DETL.C. The detailed Musical Item 

* Filename: listdalb.c 
* 

*AUENOI: Bradley L. Jones 

= Gregory L. Guntle 
* 

* Purpose: Lists detailed information from the Albums area. 
os 

* Returns: 90 = No Errors 

= <@ = No records in DB 

* >@ = File I/O Error 
* 

4525555 S555 S55 55 5555S 2S 2 SS 255555 5555255555255 5522555 ====* / 

#include <stdio.h> 

#include <string.h> 

#include "tyac.h" 

#include "records.h" 

I ig ee eR fe See * 

* Global Variables * 
Ys pt a RR a a EN ne */ 

extern) FALE: *+1dx fp; j/7aNainh halen pinto gdata si) Less) 

extern FILE *db fp; jzeDatagtile: 47) 
extern FILE *song fp; /* Pointer for songs */ 

extern nbr_records; /* Total # of rec for albums */ 

extern int start_rec; 

extern int disp_rec; 

extern ALBUM_REC albums; 

extern SONG_REC songs[7]; 

extern MEDIUM _REC medium; 
extern GROUP_REC groups; 

FILE *alb_idx_fp; /* Needed when opening multiple DB */ 

PILES sal badbanps 

continues 
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Listing 19.5. continued peeren” i tse nk. wee eS. BOE 

FILE *alb_ songs fp; 

FILE *med_idx_fp; 

PLS yyerel (ole) aja 

PINS “Aero mob 1 

PILLS. +2 \foy_tole) ilove 

me Bulls) Mate iAGes- 
int alb_start_rec; 

Int) grp_nbr recs; 

int grp_start_rec; 

int med_nbr_recs; 

int med_start_rec; 

int med_fnd; 

Waele anaXel 

Hee eta Bn ah eS he egy Sy eh * 

* Defined constants* 
FOB, van el fre ENS Te te Pate ee 23y/] 

#define ALBUMS DBF “ALBUMS . DBF" 

#define ALBUMS_IDX "ALBUMS. IDX" 

#define SONGS_DBF "SONGS . DBF " 

#define GROUPS_IDX "GROUPS. IDX" 

#define GROUPS _DBF "GROUPS . DBF" 

#define MEDIUM IDX "MEDIUMS. IDX" 

#define MEDIUM DBF "MEDIUMS . DBF" 

#define ALBUMS 00 

#define GROUPS 01 

#define MEDIUM 02 

#define TO GLOBAL 00 

#define FROM GLOBAL 01 

a esos Renata SR eh oan ee eg ree * 

* structure declarations * 
Rose erate che ete ere, octet See Si 

GROUP_INDEX grp_idx; 
GROUP_REC grp_dbf; 

MEDIUM_INDEX med_idx; 
MEDIUM_REC med_dbf; 

ALBUM_INDEX alb idx; 
ALBUM_REC alb_dbf; 
SONG_REC alb_songs[7]; 



#include "recofrec.h" 

int open_all files(void); 

void print_song_hdr(void) ; 

int process _details(char *); 

void print_album_details(void) ; 

void switch_globals(int, int); 

void setup_date(void) ; 

: extern char today[8]; 

: int get_info(void) ; 

Vf *=>>>>>>S>S>SS55>>>>S>=>>=>>=>=>>=>==>==5>=5=>=5>=55=======5==5=========%* 

* — list_albums() : 
*>>S>S>S>SSSS>>=>=>>S>>>5S>>=>>>>=>===SS=55>=>=5==55=5=5=========5=======% i] 

: int music _rpt(char *title) 

{ 
int rv=NO_ERROR; 

setup_today(); 

rv = open_all files(); 

if (rv == NO_ERROR) 
{ 

rv = process _details(title) ; 

/* Closing ALBUMS */ 
switch_globals(ALBUMS, TO GLOBAL) ; 

rv = close _ files(); 

/* Closing GROUPS */ 
switch _globals(GROUPS, TO GLOBAL) ; 

rv = close files(); 

/* Closing MEDIUM */ 
switch_globals(MEDIUM, TO_GLOBAL) ; 
rv = close_files() ; 

} 
else 

soy (Py Ss %) 

{ 
display_msg_box("No albums records to process", 

CECI sok, Ce ncirin lcell)) 

continues 

cata 
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Listing 19.5. continued 

137: 

iekehe 

139% 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

Sil 

ioe 

ooE 

154: 

OO} 

156: 

i Divas 

158: 

SE 

160: 

161: 

162: 

163; 

164: 

165: 

166: 

167: 

168: 

169: 

170: 

UAE 

WB 

I 7ASE 

174: 

ware 

Ace 

Weis 

Aste 

iZAg)e 

180: 

Vehhs 

isy2e 

183: 

184: 

Go} 

} 
return(rv) ; 

int open_all_files() 

{ 
int rv = NO_ERROR; 

/* Open ALBUMS Index and DBF file */ 
if ( (rv = open_files(ALBUMS IDX, ALBUMS _DBF)) == 0 ) 
{ 

} 

/* Are there any records to process ? */ 
if (nbr_records == @) 

{ 

} 
e 

{ 

rv 

lse 

= -1; 

switch _globals(ALBUMS, FROM GLOBAL) ; 
ot ( (alb_songs_fp = fopen(SONGS DBF, "r+b" )) == NULL ) 

rv = READ_ERROR; 

if (rv == NO_ERROR) 

} 

/* 

asf 

} 

Now Open GROUPS Index and DBF file */ 

( (rv = open_files(GROUPS IDX, GROUPS DBF)) == @ ) 

switch_globals(GROUPS, FROM GLOBAL); 

if (rv == NO_ERROR) 

} 

/* 

af 

{ 

} 

Open MEDIUM Index and DBF file */ 

( (rv = open_files(MEDIUM_IDX, MEDIUM_DBF)) == 0 ) 

switch_globals(MEDIUM, FROM GLOBAL); 



186: 

187: 

188: 

189: 

190: 

AGF 

1923 

193: 

194: 

195% 

196: 

197% 

RECURRED 

} 

/ *#=sSSS===S==S===SSSS5>=S=S=SS55====—5—55-5=5==55=====------- tk 

= print_song_hdr() a 
*$RSSS SSS SSS SS SSS SS SSeS SSSSSSSa SSS SSS SsSsSSSSSS=s======H==* | 

void print_song_hdr() 

{ 
fprintf(stdprn, "SONGS:\n\r\n\r"); 

fprintf(stdprn, "Track Song Title"); 
fprintf(stdprn, " Time\n\r") ; 

fprintf(stdprn, "---- Bais 

ROM PME CSPI Mg ee ne wlan ee LANE 

fprintf(stdprn," = ----\n\r"); 
} 

/ *¥=>=>S>S>>=>>=>=>==>=>=>=>>=>=>>=>=>>=>=>=>=>=>=>=>=S=>=>=>=>=5=>=>=5>=5=>===============%* 

* _ process_details() * 

*==>>>=>=>>=>=>=>==>=>>>>=>>>=>=>
>>>=>>>5S>5=55=55S5=5>5==>=S>====

==>=======* 
/ 

: int process details(char *title) 

{ 
static int rv = NO_ERROR; 

static int done = FALSE; 

Static ant srch rec; 

if(strlen(title) == 0) ies \eyoy eal Tehe ‘vel nevi) 7y/ 

{ 
/* Albums Idx will drive report */ 
srch_rec = alb_start_rec; 

while (rv == NO ERROR && !done) 

/* GET ALBUM INFORMATION */ 
rv = get_rec(srch_rec, alb_idx_fp, sizeof(alb_idx), 

sizeof(int)*2, (char *)&alb_idx) ; 

if (rv == NO_ERROR) 

{ 
/* Get the Albums data record */ 

rv = get_rec(alb_idx.data, alb_db_fp, sizeof(alb_dbf), 

@, (char *)&alb_dbf) ; 

if (rv == NO_ERROR) 

{ 
rv = get_info(); 
if (rv == NO_ERROR) 

{ 
srch_rec = alb_idx.next; 

print_album_details(); 

continues 
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Listing 19.5. continued 

236: 

PxSW/E 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

ole 

Poe 

253: 

254: 

Ploy 

256: 

PAST ee 

258: 

259: 

260: 

261: 

262: 

263: 

264: 

265: 

266: 

267: 

268: 

269: 

270: 

ZW 

ahens 

213: 

274: 

205: 

276: 

2773 

278: 

279: 

280: 

281: 

282: 

283: 

284: 

a 2 

/* Check for end of list */ 

if (srch_rec == 0) 

done = TRUE; 

} /* End of NO_ERROR - from DBF */ 

} /* End of NO ERROR - from INDEX */ 

; jo End: WHECE* / 

ie /* Do search for specific record */ 

{ 
switch _globals(ALBUMS, TO_GLOBAL) ; 

rv = search_alb rec(title) ; 

ite (Rv, <=0m)iee/* Nokergrorm or Didsnot janderec ~// 

{ 
if (rv == NO_ERROR) fee oltiitel akis, </ 

{ 
/* Transfer into working area */ 

memcpy(&alb dbf, &albums, sizeof(albums) ); 

rv = get_info(); 

if (rv == NO_ERROR) 
{ 

print_album details(); 

} 
} 
else /* Must not have found rec */ 

{ 
rv = QO; /* Reset - not really an error */ 
fprintf(stdprn,"Title: %s not found!\f", 

title); 

} 
: 

} 
return(rv); 

ee eee 

get_info() * 
* 

Loads all the relevant information from the other 3 
hLLeSK * 

Inte Ge teLnrom) 

{ 



285: int rv = NO ERROR; 
286: 

287: /* Get Songs */ 

288: rv = get_rec(alb_idx.song, alb_songs fp, 
289: sizeof(alb_songs), Q, 

290: (char *)&alb songs) ; 
291: 

292: if (rv == NO _ERROR) 
293: { 

294: /* Search for GROUP information */ 
295: switch_globals(GROUPS, TO GLOBAL) ; 
296: 

297: rv = search_grp_rec(alb_dbf.group) ; 

298: 

299: if (rv <=@ ) /* No error or Did not find rec */ 

300: { 

301: if (rv == NO_ERROR) 
302: 

303: /* Transfer into working area */ 

304: memcpy(&grp_dbf, &groups, sizeof(groups) ); 

305: grp_fnd = TRUE; 

306: } 

307: else /* Must not have found rec */ 

308: { 

309: grp_fnd = FALSE; ie Sete tf lages|/ 

310: rv = NO_ERROR; /* Reset - not really an error */ 

311: } 

Si2: } 

313 

314: /* Search for MEDIUM information */ 

re} 5) = switch _globals(MEDIUM, TO GLOBAL) ; 

316: rv = search_med_rec(alb dbf.medium code) ; 

317: 

318: if (hVe<—Om) /*. No errom or Did notafind rec */ 

319: { 

320: if (rv == NO_ERROR) 

Sede { 

322: /* Transfer into working area */ 

323: memcpy(&med_ dbf, &medium, sizeof(medium) ); 

324: med_fnd = TRUE; 

325% 

326: else /* Must not have found rec */ 
S2iGe { 

328: med_fnd = FALSE; (NSC tat vagy 4/ 
329: rv = NO_ERROR; /* Reset - not really an error */ 

330: } 

331: } 

332: 

333: return(rv) ; 

334: } 

continues 
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Listing 19.5. continued 

BODE 

336: 

Cyl 

: void print_album_details() 

{ 
hiGe 

char hold _items[8]; 

/* Display ALBUM TITLE */ 
fprintf(stdprn,"%-30s",alb dbf.title) ; 

TOE th (StI sen tte ENE tsGS ime NaN ion eee OG AV ire 

/* Display GROUP-related Information */ 

fprintf(stdprn, "Group: %-25s\n\r\n\r", 

alb_dbf.group) ; 

fprintf(stdprn,"Group Desc: "); 

aay (faye satarel)) 

{ 
fprintf(stdprn, "%-60s\n\r",grp_dbf.info[Q]); 

Viol (ah 2 als slksshe siete) 

fprintf(stdprn, " %-60s\n\r", 

grp_dbf.info[i]); 

} 
TpPranth(Stdprny. \n\re ie 

i 
else 

{ 
fprintf(stdprn, "Unknown\n\r\n\r\n\r\n\r"); 

} 

/* Display Types of Music */ 
fprintf(stdprn, "Type of Music: "); 
rar X(ilefs)_ vital) 

{ 
fprintf(stdprn,"%-20s\n\r\n\r",grp_dbf.music_type) ; 

} 
else 

fprintf(stdprn, "Unknown\n\r\n\r"); 



384: 

385: 

386: 

387; 

388: 

389: 

390: 

391: 

392: 

393: 

394: 

395: 

396: 

397: 

398: 

399: 

400: 

401: 

402: 

403: 

404: 

405: 

406: 

407: 

408: 

409: 

410: 

411: 

412: 

413: 

414: 

415: 

416: 

417: 

418: 

419: 

420: 

421: 

422: 

423: 

424: 

425: 

426: 

427: 

428: 

429: 

430: 

431: 

432: 

433: 

/* MEDIUM Information */ 

fprintf(stdprn, "Medium: "); 

if (med_fnd) 

{ 
fprintf(stdprn, "%-35s\n\r\n\r",med_dbf.desc) ; 

} 
else 

{ 
fprintf(stdprn, "Unknown\n\r\n\r"); 

/* ALBUM Information */ 

/* Setup date purchased */ 
strncpy(hold_items, alb_dbf.date purch.month, 2); 

hold_items[2] = '/'; 

strncpy(hold_items+3, alb_dbf.date purch.day, 2); 

hold _items[5] = '/'; 

strncpy(hold_items+6, alb_dbf.date_purch.year, 2); 

hold_items[8] ='\Q0'; 

fprintf(stdprn, "Date Purchased: %-8s\n\r\n\r", hold items) ; 

/* Setup formatting for COST */ 

strncpy(hold_items, alb_dbf.cost, 3); 

hold _items[3]='.'; 

strncpy(hold_items+4, alb dbf.cost+3, 2); 

hold_items[6] = '\0'; 

fprintf(stdprn, "Cost: $%6s\n\r", hold items) ; 

/* Setup formatting for VALUE */ 
strncpy(hold_ items, alb dbf.value, 3); 

hold items[3]='.'; 

strncpy(hold_items+4, alb_dbf.value+3, 2); 

hold_items[6] = '\0'; 

fprintf(stdprn,"Value: $%6s\n\r\n\r", hold_items) ; 

/* SONGS Information */ 

print_song_hdr(); 

TOR (lHOnme ls jet) 

{ 
continues 
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Listing 19.5. continued 
eS oe a ea sone ne ee ee 

434: 

435: 

436: 

437: 

438: 

439: 

440: 

441: 

442: 

443: 

444: 

445: 

446: 

447: 

448: 

449: 

450: 

451: 

452: 

453: 

454: 

455: 

456: 

457: 

458: 

459: 

460: 

461: 

462: 

463: 

464: 

465: 

466: 

467: 

468: 

469: 

470: 

471: 

472: 

473: 

474: 

475: 

476: 

477: 

478: 

479: 

480: 

481: 

482: 

fprintf(stdprn," %2d %-40s %2s5:%2s\n\r", 

i+1, alb_songs[i].title, 

alb_songs[i].minutes, 

alb_songs[i].seconds) ; 

} 

OU eta CSC ieieee VIN eee) is 

PRL NG CSieCpieniyie\iin))s 

void switch _globals(int whichone, int whichway) 

{ 

switch (whichone) 

{ 
case ALBUMS: 

case GROUPS: 

if (whichway == TO GLOBAL) 

1 
idx_fp = alb_idx_fp; 

db_fp = alb_db fp; 

nbr_records alb_nbr_recs; 

start_rec = alb start_rec; 

} 
else /* Take FROM GLOBAL */ 

{ 
alb_idx_fp = idx_fp; 

alb_db_ fp = db fp; 

alb_nbr_recs = nbr_records; 

alb_start_rec = start_rec; 

i 
break; 

if (whichway == TO GLOBAL) 

{ 
idx_fp = grp_idx_fp; 

db_fp = grp_db fp; 

nbr_records = grp_nbr_recs; 

start rec = Qrpstartorec; 

} 
else /* Take FROM GLOBAL */ 

{ 
grp_idx_fp = idx_fp; 

grp_db_ fp = db fp; 

grp_nbr_recs = nbr_records; 



case MEDIUM: 

grp_start_rec = start_rec; 
} 
break; 

if (whichway == TO GLOBAL) 

{ 
idx_fp = med_idx_fp; 

db_fp = med_db fp; 

nbr_records = med_nbr_recs; 

start_rec = med_start_rec; 

} 
else /* Take FROM GLOBAL */ 

{ 
med_idx_fp = idx_fp; 

meq pat p = dbifp; 
med_nbr_recs = nbr_records; 

med_start_rec = start_rec; 

} 
break; 

Walking on the Moon 

Group: 

Group Desc: Jazz Music by the Owner of Borland International. 

Philippe Kahn 

Features several famous people 

Type of Music: Jazz 

Medium: Compact Disc 

Date Purchased: 12/13/92 

Cost: $ 14.95 

Value: $342.00 

SONGS 

Track Song Title 

01 OOPs! 

Q2 Interlude 

03 Walkin' on the Moon 

04 Interlude 

05 Epistrophy 

06 Interlude 

07 Se Eeandel 

Today: 02/20/94 

701 



702 

08 All's Well That Ends 08:12 

09 Interlude 00:00 

10 This Masquerade 05:48 

11 Interlude 00:00 

(2 Ralph's Piano Waltz Q5:45 

ice Interlude 00:00 

14 Calor 08:07 

iS) Interlude 00:20 

16 Better Days 03:49 

7 Interlude 02:00 

18 Mopti @5:46 

19 Interlude 00:00 

20 Silence Q5:52 

Note: Your output will look like the prototype. The specific data printed 
will be dependent upon the data in your files. 

As you can see, a detailed report has the potential of requiring as much code as 
an entry and edit screen. The outcome of this listing is a detailed report that 
contains information out of all three data files in the Record of Records! system. 

With the coding that you have already done in this book, you should be able to follow 
a majority of this listing on your own. There are just a few areas that may need 
explanation. 

Because the I/O functions used a single set of global variables, there is some complexity 
in the listing. In fact, a function was necessary to swap the global I/O variables between 
files. This function, called switch_globals(), is presented in lines 445 to 503. 

Variables are set up to hold each database’s global information (see lines 36 to 51). 

When each of the files is opened, it will call the switch_globals() function to copy 

the generic global values to the file specific areas. As each file is needed, the file-specific 
variables will be copied back to the global areas. 

To call this report, you pass music_rpt() a string. If the string is of zero length, then 

all of the records in the albums database are printed. If you pass a string value, then 
only that particular title is printed. To give the user the ability to enter a specific string, 
you need to modify the REC_RPTG.C listing. 

Two changes need to be made. The first change is to the case statement for printing 
an individual title with the detail report. This was lines 161 to 166 of Listing 19.1. 
You should replace this case with the following: 

case 2: /* Menu option 2 */ 

cursor_on(); 



| 

PUBLISHING 

rv = get_alb_selection(alb ttl); 

if( rv == NO _ERROR ) 

{ 
if( strien(alb. ttl) != 0 ) 

{ 
music_rpt(alb ttl); 

} 
else 

{ 
display_msg_box("No title entered.", 

CEethaiColpctrenpabcole) 

} 
} 
break; 

As you can see, you will call a function called get_alb_selection() to determine 

which title should be printed. The parameter being passed is a character array of 31 
characters that needs to be declared at the beginning of the do_detail_album_menu() 

function. If the return value from the get_alb_selection() function is not an error, 

then a string may have been entered. The next line uses str1en() to ensure that a string 
has been entered. If you pass a zero length string to music_rpt(), you would get a 
listing of all the musical items. Because that is a separate menu option, you want to 
print an error here. 

The second change to the REC_RPTG.C listing is the addition of the new 

get_alb_selection() function. Listing 19.6 presents an updated REC_RPTG.C 

listing with the new changes and function added. You should also notice that the 
prototype for this function was added to the beginning of the listing. 

Listing 19.6. REC_RPTG.C with the get_alb_selection() 

‘Type function. 

1 . / SSSSSSSSS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSSSSH 

Pak * Filename: REC_RPTG.c 

ou td RECORD OF RECORDS - Version 1.0 

4: 

5h * Author: Bradley L. Jones 

6: = Gregory L. Guntle 

lace « 

8: * Purpose: The Reporting menus. 

9: is 

10: *SNote: Assumes 8@ columns by 25 columns for screen. 

uline * ooo ee ee ee ee ee eee SSS SESE SESSEESSSSESEESSES===% / 

ee 

13: #include <stdio.h> 

14: #include <string.h> 

15: #include <ctype.h> 

continues 

703 



704: 

Listing 19.6. continued 

16: 

ives 

Ise 

Lon 

#include "tyac.h" 

#include "records.h" 

[* ee ge he rd 1 oy ep ee * 

e prototypes 2 
Fle PS en eR eet *) 

#include "“recofrec.h" 

int do _detail_album_menu(void) ; 

int get_alb_selection(char *); 

/ *------- -- - - = = = = = = = = = = = = = = = = = = SS SS SS SS SSS SSS SESS SSES===* 

is main() z 
*---——- - - - - - = = = = = = = = = = = S = = = = = = SS = SS SSS SSS SSS SSS SSS S===* / 

int do_reporting(void) 

{ 
sine WAY = 0; 

int cont = TRUE; 

int menu_sel = Q; 

char *saved_screen = NULL; 

char *rpt_menu[10] = { 

"1. Detailed Information", "1Dd", 

"2, List of Musical Item", "2Mm", 
i336 List of Groups De GO t as 

"4. List of Medium Codes", "4Mm", 

"5. Return to Main Menu ", "5SRrEeQq" }; 

char MENU_EXIT_KEYS[MAX_KEYS] = {F3, F10, ESC_KEY}; 

while( cont == TRUE ) /* loop in temp menu */ 

{ 
saved_screen = save_screen_area(10, 21, 28, 58 ); 

rv = display_menu(12, 30, DOUBLE_BOX, rpt_menu, 10, 

MENU_EXIT_KEYS, &menu_sel, NO_LR_ARROW, 
SHADOW) ; 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 
case CR: 

switch( menu_sel ) 

if 
case 1: /* Menu option 1 */ 

cursor_on(); 

do_detail_album_menu(); 



PUBLISHING 

65: break; 
66: 

67: case 2: /* Menu option 2 */ 
68: cursor_on(); 
69: list_musical_items(); 
70: break; 
Cie 

fe: case 3: /* Menu option 3 */ 
73: cursor_on(); 
74: list_groups(); 
Tale break; 

76% 

TK case 4: /* Reporting */ 

78 cursor_on(); 
798 list_medium_codes(); 

80: break; 

81: 

82: GaSe) Scam He Xacbee/) 
83: cont = FALSE; 

84: break; 
85 

86: default: /* continue looping */ 

S75 boop(); 

88: break; 

89: } 

90: break; 

Sil: 

925 case’ ESC_KEY: nv = ENTER*KEY; /* so don’t exit clear out */ 

93: cont = FALSE; eee X Te 

94: break; 

95: 

96: case F3: [<5exueings +7) 

975 cont = FALSE; 

98: break; 

99: 
100: case F10: jPaction: bar / 

101: rv = do_main_actionbar() ; 

102: 
103: if( rv == F3 ) 

104: cont = FALSE; 

105: 
106: break; 

107: 
108: default: boop(); 

109: break; 

TO% } 

a he } 

es restore_screen_area(saved_screen) ; 

113 
114: return(rv); 

continues 
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Listing 19.6. continued Sie wena ae tn Pre nn eng ween aD Ss ee ee 

Se 

116: 

eee 

lise 

119: 

120: 

ales 

V2: 

ashe 

124: 

Zor 

126: 

WeTLE 

20. 

129: 

130: 

icehle 

eZ 

TekS}E 

134: 

oo e 

136: 

UKe/= 

138: 

139: 

140: 

nA liG 

142: 

143: 

144: 

145: 

146: 

A ae 

148: 

149: 

150: 

ie 

ey2e 

iieys} 2 

154: 

eee 

iexeye 

a Siae 

158: 

159: 

160: 

nie 

(aye 

163: 

} 

{fs SS ee ap Ca es Se SS Aa re MEE cs See SRS ae ens aR ae eee * 

* Detailed Musical Item Report :y 
FN ee Fe a ee ER Bp SR ae, mee ACAI Te es NE tg el *i 

int do_detail_album_menu(void) 

{ 
ame [Pw = Q; 

int cont = TRUE; 

int menu_sel = Q; 

char *saved_screen = NULL; 

char alb_ tt1[31]; 

char *album_menu[6] = { 
Pt CALLE Dtems ype, tAaa 

char 

"2. OME Meet "- 

"3. Return ae 

MENU_EXIT_KEYS[MAX_ 

" 200 " : 

"SRrEeQq" }; 

KEYS] = {F3, F1@0, ESC KEY}; 

while( cont == TRUE ) 

if 
/* loop in temp menu */ 

saved_screen = save_screen_area(13, 19, 35, 55 ); 

rv = display_menu(14, 40, DOUBLE BOX, album_menu, 6, 

MENU_EXIT_KEYS, &menu_sel, NO _LR_ARROW, 
SHADOW) ; 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 
case CR: 

switch( menu_sel ) 

{ 
case 1: /* Menu option 1 */ 

cursor_on(); 

music_rpt(""); /* empty string for all*/ 
break; 

case 2: /* Menu option 2 */ 
cursor_on(); 

hv = getralbiselection(albs ttl); 
if( rv == NO_ERROR ) 

if( strlen(alb_ttl) != @ ) 

{ 
music _rpt(alb_ttl); 



164: } 

165: else 
166: { 
167: display_msg_box("No title entered.", 
168: CLRehiencolye Ch. errs pCol ms): 
169: } 
170: } 
a af Aa ie break; 

ron case 3: /* Exit menu */ 

174: cont = FALSE; 

175% break; 

Wee default: /* continue looping */ 
178: boop(); 

IASI break; 

180: } 

ish break; 

183: case ESC_KEY: rv = ENTER_KEY; /* so don't exit clear out */ 

184: cont = FALSE; [2 CREO yf 
185: break; 

187 case F3: f*texa tings + / 

188: cont = FALSE; 

189: break; 

191: case F1Q: (PACt LOND a ines) 

192: rv = do_main_actionbar(); 

194: a ee 
195: cont = FALSE; 

197: break; 

199: default: boop(); 

200: break; 

201: } 

202: } 
203: restore_screen_area(saved_screen) ; 

205: return(rv) ; 

YIN Noe Sc ie set RNS ag aS MN irae Eo ld 

209: * Get title for reporting. 

OM)O tains soc On ee O25 6 GOS aS r Cais Ao TIO IS hee = 

Pare : 

212: int get_alb_selection(char * tae )) 

213: { 

continues 
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Listing 19.6. continued 

214: 

215: 

216: 

alitae 

218: 

219: 

220: 

ole 

2225 

223: 

224: 

225K 

226: 

PRTG 

228: 

229: 

230: 

int rv = NO_ERROR; 

char *saved_screen = NULL; 

static char fexit_keys[ 5 ] = { F3, ESC_KEY, CR_KEY, 

ENTEREKEY-— NULLS 

static char *exit_keys = fexit_keys; 

getline( SET_EXIT_KEYS, @, 4, 0, @, @, exit_keys ); 

/*** setup colors and default keys ***/ 
getline( SET_DEFAULTS, 0, 0, 0, 0, 0, @ ); 

getline( SET_NORMAL, @, ct.fld_fcol, ct.fld_bcol, 

Ctafldshaghatcol, ctarldsghighibcoly. @))); 

getline SSEieUNDEREINE Onectaildenfcol ctrl! dsbcol, 

ct fidshaghercol ct. fldanaghepcol.. Om). 

getline( SET_INS, ®, ct.abar_fcol, ct.abar_bcol, 24, 76, @ ); 

saved_screen = save _screen_area(8, 22, 10, 70 ); 

box(8, 22, 10, 70, BLANK_BOX, FILL_BOX, 

Ci DGEECOl CL. DGEDCOs)), 

GeEline(RCLEARBEAELDS SOseG1, Oye On One tattle): 

write _string("Enter Album Title:", 

ct.fld_prmpt_fcol, ct.fld_prmpt_bcol, 10, 10 ); 

rv = getline( GET_ALPHA, ®, 10, 30, @, 30, title); 

if( rv == ESC_KEY || rv == F3 ) 

t 
getline( CLEAR_FIELD, 0, 31,°0, @, 0, title ); 
EVe=" ils 

i 
else 

x 
rv = Q; 

} 

restore_screen_area(saved_screen) ; 
return( rv ); 
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Enter Album Title: 

The get_alb_ selection() function uses the same code that you used to create 

an entry and edit screen. Lines 217 to 228 set up the getline() function. The 

only exit keys that are used are the Escape key, the Enter or Carriage Return key, 
and the F3 key. In line 231, the familiar save_screen_area() function is used to save 

off the menus that are displayed on the screen. Line 233 then erases the menus from 
the screen using the box() function to clear with the background colors. 

Line 236 begins the process of getting the title. The field that the title will be placed 

in is cleared. Line 238 displays the prompt to the user. Line 241 calls getline() to 

retrieve that actual data. If the user exits the field with the escape key or the F3 key, 
then line 245 clears the field and sets the return value to an error. In any other 
circumstance, the return value is set to zero. Once complete, the screen is restored to 

the menus and control is returned to the calling function. 

Building Flexibility into the 
Reporting 

You have created several reports. In the Detailed Information Report, you used a 
single report to print either all or a single musical item. Being able to limit the scope 

of what prints in a report is often a requirement. Many times the scope is limited by 

using a box similar to the one presented to obtain the musical item title. While this 

box contained only a single field, it could have contained several. 

In addition to limiting the scope of what prints, you may also choose to change 

whether the report prints to paper or the screen. Based on this choice, you will need 

to do additional formatting. You will also need to add control for the screen because 

only 25 lines can be displayed. 
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Most printers will enable you to format reports with different fonts. These fonts may 

beas simple as condensed and regular-sized text. In addition, bolding and underlining 

are also often used in reports. Many of these features require specific information to 

be sent to the computer. There are a multitude of features that could be added to 

reports; however, many of them require printer-specific controls. 

Summary 
Today, you were presented with information on adding printed reports to your 
applications. Several list reports were presented along with a detailed report. The list 
reports simply list information froma single file, whereas the detailed report was much 
more complex. Before beginning the coding on a report, you should create a 
prototype. A prototype gives you the ability to see what the report will look like before 
you take the time to code it. It is easier to change a prototype than it is to modify the 
code. 

Q&A 
Q How important is reporting in an application? 

A Most people prefer to obtain data from a report rather than try to view it 
from the entry and edit. Most entry and edit screens will only allow one 
record to be viewed at a time. A report allows multiple records to be seen at 
the same time. 

Q How many reports should be provided? 

A You should provide your users with whatever reports are needed. Often, by 
adding a few selection criteria—such as all or one—you can provide fewer 
reports and still meet the needs of the users. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 
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Quiz 
1. What is a benefit of prototyping a report? 

2. What is a list? 

3. What are some of the benefits to listing information from a file? 

4, Why are 9s used on a prototype? 

5. Why are Xs used on a prototype? 

6. Why is it good to include the current date on a report? 

7. Why is it good to include “real” data on a report prototype? 

8. How many lines can generally print on a page? 

9. Using the name data presented below, what would be printed using the 
following prototype? 

The prototype: 

Last name First name Middle Initial 

XXXXXXX, XXXXX X. 

The name data: 

Last name First name Middle name 
Foster MaryBeth Elizabeth 
Bell Mike James 
Livenstone Angela 

Exercises 
1. Modify the List of Groups Report. Don’t print lines that contain blank 

members. 

2. Create a prototype for a Musical Item List. This list should contain the title 

and the group name. 

3. Write the code to create the Musical Item List that was prototyped in 

Exercise 2. 

4. ON YOUR OWN: Create additional reports and include them in the Record 

of Records! application. 

5. ON YOUR OWN: Create your own reports for your own application. 
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inishing Touches 

Although your application is finished being coded, you shouldn't consider your job 

complete. There is still the need to test. In the process of testing (and in constructing) 

an application, you may encounter problems that need to be resolved. In addition, 

once others use your software, you'll begin to get feedback of suggested changes or 

additions. Today you will learn: 

|_| Why testing is important. 

"| The different types and stages of testing. 

_] The different categories of problems that may be found in an application. 

_| Approaches to correcting common problems. 

|] When an application is truly complete. 

What happens after a program is released to others. 

Why Test? 
No program is perfectly written. In addition, when programming larger programs, 

some requirements may have been forgotten or worse, changed. Testing should be 
done to ensure the accuracy of the application and that all the requirements were 
included. There are two things to consider about testing. The first is what level of 
complexity you should incorporate into your testing. Second, you'll need to consider 
what types of tests will be performed. 

The Complexity in Your Testing 
The objective of testing is to ensure that there are no problems or errors in your 
program. In addition, testing should confirm that your program does what was 
intended. The level of detail involved in testing may determine the likelihood of 
problems slipping through without being caught. 

Expert Tip: Have someone test the application who is not familiar 
_ with it. Because you have worked so closely to the application, you ye 
_ have a tendency to overlook things. A person unfamiliar with it will 

lend a new perspective to it. 
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Many programmers consider testing to be the 15 minutes that they spend running the 
program right after they code it. Testing can be as informal as this; however, generally, 
it’s better to put in a little more time and effort. Following are some of the different 
levels of detail that testing can entail. Generally, the greater the detail, the better the 
chance to find problems. The list starts with the least detailed and increases in detail. 

Free-form testing involves just using the application with no direction or 
guidance. Free-form testing requires no preparation. The objective is to try 
to cause problems just by using the software. 

_| The next level is testing with an objective list. To give the testing some 
direction, you should write down what should be accomplished by the test. 
For example, in the Medium Code screen, the action bar should be tested, 
along with each item on it, the help functions, the accelerator keys, the entry 
of each field, the file functions, and so on. The testing is still performed in a 
free-form manner; however, each objective should be covered in the free- 

form testing. 

| Detailed checklist testing involves more work before testing begins. This is 
an even higher degree of testing. You write out each specific area that should 
be tested. For example, you can say to test the Exit on the File action bar, 
the Add on the Edit action bar, the Update on the Edit action bar, and so 
on. This ensures that every individual portion of the application is tested. 

| For an even higher degree of confidence in testing, you can script the steps 
that the tester should follow. This is an expansion on creating the detailed 
checklist in that the steps the user must take to test each item are included. 
These steps can begin with starting the application and map each step and 
each key that the user should enter. In this script testing, you are ensured 
that everything is tested. (At least everything that is scripted.) 
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Different Types of Tests 

In addition to the different levels of complexity that can be applied to testing, there 

are also different categories of testing. There are four general categories of testing: 

(| Unit testing 

|_| Integration testing 

(| Alpha testing 

|_| Beta testing 

Warning: Many programmers don’t consider testing worth the time; 
however, it only takes one serious problem to cause a user to not trust your 
program. Once the trust in your program is lost, a user will be less inclined 
to want to use it. 

Unit Testing 
Unit testing is the first category of testing. A unit is considered an individual part of 
an application. For example, in the Record of Records! application, the main menu 
is a separate piece of code that is compiled into an object file (OBJ). You can test the 

main menu to see that it works as expected. If it does work, you don’t need to 
recompile its source file, RECOFREC.C. If you make a change to the Medium Code 
screen, you ll need to recompile the MEDIUM.C source file; however, you don’t need 
to recompile RECOFREC.C. You can still use the RECOFREC.OB] file. Because of 
this, the main menu, RECOFREC.C, can be considered a separate unit from the 

Medium Code screen, MEDIUM.C. 

Expert Tip: While a unit test could coe ald source fo it’s bee 
to keep it at an object file level. 

Some people choose to set up unit tests at a screen level. For an application such as 
the Record of Records! application, you could have individual tests for the main 
menu, the Medium Code screen, the Groups screen, and so on. Setting the unit tests 
at the screen level is not as good as the object level for one simple reason. If a single 
source file in the screen changes, then you need to re-unit test the entire screen. 
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A unit test can be at any of the levels mentioned in the previous section. It is 
recommended that you don’t do free-form unit tests. Ata minimum, you should have 
a set of objectives to test for. A unit test should be performed when all the code for the 
given unit is complete. There is no need to wait until the entire application is done 
because other parts of the application shouldn’t cause changes to the unit. 

Ifa problem is found when a unit test, or any other test, is performed, then you should 
fix it. If you make a change to the code, the unit test should be rerun from the 
beginning to ensure that nothing else changed. While this may seem tedious, it can 
save you a lot of embarrassment later if you find a problem. 

Integration Testing 
Integration testing picks up where unit testing leaves off. Unit testing tested each of 

the individual components of your application. Integration testing should test the 
integration of the units with each other. Integration testing should be devoted to 

testing that all the pieces work together. A large part of integration testing will revolve 

around navigating through different parts of the application. 

The Record of Records! application can be used for an example of one portion of an 
integration test. A portion of an integration test for Record of Records! may start with 
the adding of several records, followed by searching for the records, followed by 
printing a report of the records. This will test to ensure that the report includes any 
new records that were added. Another test may involve deleting records and then 
trying to print the report to ensure that they were removed from the report also. 

The level of complexity in integration testing is the same as the unit testing. 
Integration tests can be as loose knit as free-form testing; however, it is again 
recommended that, ata minimum, you develop a list of testing objectives. Fora higher 

chance of removing all the errors, you can move toward integration tests that are fully 

scripted. 

: Now An integration rest should include tests such as the following: 

_) Does the date check to see that the month i is from 1 to 12? 

1 Is the dollar value greater than 0? 

Does the Help panel display the correct data? 

test c iteria—they a affect only a single unit. 
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Alpha Testing 
Alpha testing is generally done by you or those you are working with. Alpha testing 

begins where unit and integration testing ends. With alpha testing, you should use the 

application as it is intended to be used. For an application such as Record of Records!, 

you should enter valid medium codes, musical groups, and musical items. You should 

also work with the reports, try all the help panels, and navigate through the action bar 

options. You should store your own real-live data in the application and use it as it was 

intended. 

You may be wondering what the difference is between alpha testing and the preceding 
unit and integration testing. The difference is how you test. In unit and integration 
testing, the objective is to try to break the application so that you identify problems 
before you ship it out. The objective of alpha testing is the opposite. It is to use the 
application to ensure that it works as intended. 

Beta Testing 
When you first release your software, you may choose to do a beta test. Whereas you 
perform an alpha test, beta testing should be done by others. You should find a small 
number of people who will use the application. Each of these people should be given 
a copy to use fora predetermined period of time. As these people use the program, they 
should provide feedback on any problems or suggestions that they may have. 

If the beta testers find any substantial changes, then you may need to restart the beta 

test. This would be done by updating the software and then distributing new copies 
of the software to each of the beta testers. You should actually release the software to 
the public only when the beta testers and you are comfortable with the software. 

Expert Tip: You should limit the number of beta testers that use your 
software. You should choose testers that have a high probability of 
using large portions of your application. The object of beta testing is 

_ to have people use actual data in your application. This provides 
confirmation that your program doesn’t have any dormant problems. 
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Expert Tip: Beta testers are generally given their copies of the pre- 
release software. In addition, beta testers are also generally given 
production copies once the software is ready for public release. 

Resolving Problems 
How many programs have you written that have compiled and run perfectly the first 
time? If your answer is one or more, then you may be an exceptional programmer. 
Even when typing in code from a book such as this one, it’s not uncommon to 
introduce mistakes. Before being able to fix problems, you need to be aware of the type 
of problems that you can encounter. 

Types of Problems 
A mistake or error in a computer program is called a bug. There are two major 
classifications for computer bugs: 

— 

Syntax errors 

|_| Logic errors 

The Easy Bugs: Syntax Errors 
Syntax errors are easy to spot because the compiler tells you about them. Syntax errors 
are errors in the syntax or code that cause the compiler to have problems. 

Some syntax problems cause errors, others cause only warnings. If only warnings are 
caused, the program will still compile and create an executable program. If even one 

error is caused, then the compiler won’t create an executable program. If you compile 

the following listing, you should get syntax errors similar to those presented in the 

output. 

‘Type Listing 20.1. SYNTAX.C. A program with syntax errors. 

/* Function: syntax.c 
* 

1 

De 
3: eS AUENOI: Bradley L. Jones 

4 * 

continues 
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Listing 20.1. continued 

* Purpose: A program with syntax errors 

#include <stdio.h> 

int main( void ) 

{ 
char x; 

TiC x=) 

{ 2 7 " printf("Hey! The variable x is equal to 1!!!"); 

} 
else 

printf("Uh oh! The variable x is equals sd!!!", x ) 

I 

phan (nie is 

scanf("%d", y); 

AOS eae 

printf("Wow! The variable y is equal to 1!!!"); 

} 
else 

{ 
printf ("Bogus! The variable y is equals %d!!!", y ); 

} 
} 

eRe ROH PIHE EL SUR kak 

Error syntax.c 22: Statement missing ; in function main 

Error syntax.c 26: Undefined symbol ‘y' in function main 

Error syntax.c 32: Misplaced else in function main 

Error syntax.c 36: Compound statement missing } in function main 

Warning syntax.c 36: Function should return a value in function main 
**+ 4 ennors ani Compile *** 

As you can see, the errors presented tell you roughly what the problems are. Your 
compiler may present the wording slightly differently than what is presented 
here; however, it should pick up the same syntax errors. 



Review Tip: Fix errors before warnings. A lot of times an error can 
cause several warnings. Because of this, you could fix multiple prob- 
lems by starting with the errors. 

The Difficult Bugs: Logie Errors 
Logic errors are much more difficult to spot and fix. A program can compile without 
any syntax errors, but still contain several logic errors. A Jogic error is an error in how 

something is being done. Following are several examples of logic errors: 

OT (EX F110 Fee 

{ 

} 

At first glance, you may think that this is a syntax error; however, it is really a logic 

error. If you didn’t spot the problem, the for statement has a semicolon at the end of 
it. This means the output of this code fragment would be only the number 10 printed 
once. If that was what the coder intended, then there is not an error here. If the 

programmer expected 1 through 9 to print, then there is a logic error. 

Prion (sd 2, xi 

Following is another common logic error: 

FOR (X= Fs Xs OS Xt.) 

{ 
do a bunch of stuff... 

Xpwee 

maybe do some more stuff... 

} 

Resetting a variable that is used in a loop can cause the loop to go on forever. This 

wouldn’t cause an syntax error; however, there is a problem. 

These are simple logic errors that can occur. More complex logic errors can occur as 

you incorporate code that should do specific functions. 

Note: A logic error is any piece of code that doesn’t perform as the 

gram specification stated it should, or as the programmer intended. 
es al 
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The Oops! Factor: Recursive Errors 

Although there are only two types of errors, what seems like a third type is often 

mentioned. This is the recursive error. A recursive error is an error that occurs when 

another error is fixed. (Oops!) You should work to avoid causing recursive errors by 

thinking through your changes for syntax and logic errors. 

Debugging 
Removing bugs in code is called debugging. There are several ways of debugging a 
program. Generally, the method used will be based on the type of problem. With 
syntax errors, the compiler informs you of where the problem is. In addition to telling 
you the problem, it tells you approximately what line the problem is on. By now, you 
should be familiar with removing these kinds of problems. 

For logic errors, debugging becomes much harder. Because the compiler doesn’t tell 

you where the error is, you must find it yourself. There are several methods that you 
can use to search out logic problems. The most common are the following: 

|] Performing a walk-through 

Using print statements 

_] Using compiler functions and preprocessor directives 

assert () 

L! perror() 

Using a debugger 

To help you understand these methods, each will be covered. 

Performing a Walk-Through 
For programs that you are going to release either commercially or as shareware, you 
should always do a complete walk-through. For any other program you create, you 
should still do a walk-through. Hmmm, sounds like you should always do a walk- 
through! Better yet, you should have someone else do a walk-through of your code 
with you. A walk-through is the task of reading each line of code in a program. 
Generally, the code is read in the order that it would be executed; however, some 
people choose to read it starting at line one and working through to the end. 
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Expert Tip: When walking through the code, it is best to walk- 
through each line in the order that they would be executed. 

A walk-through offers many benefits. The main benefit is that you'll have a better 
chance of understanding all of the code in your program. Secondly, you will be able 
to identify unused code. You can do this by marking each line that is read. Any lines 
that are not marked when the walk-through is complete shouldn’t be needed. A third 
benefit is finding code that isn’t efficient. If you find that the same lines of code are 
in several different locations, you'll be able to pull them out into a single function. 

A walk-through can also be used to find logic errors. By keeping track of the variables 
in the code, and by determining what each line does, you can get an idea of what the 

program is going to do. If you have a logic error you are trying to fix, then you should 
be able to find it because you are, in essence, running the program. 

Note: A walk-through can be automated by using a debugger. Debuggers 
are covered later. 

Using Print Statements 
Some programmers choose to use print statements to debug a program. Using print 
statements is probably the easiest method for debugging; however, it isn’t always 
effective. Using print statements is straightforward. If you are testing to see that a 
specific function is used, then a printf () call at the beginning can be used to signal 

that you were there. A printf () statement can also be used to display the content of 

any variables. 

If you decide to use print statements, then you may also want to use preprocessor 

directives. By including preprocessor directives, you won't need to go through and 

remove all the print statements when you are ready to create a final version. Consider 

Listing 20.2. 

Listing 20.2. LIST2002.C. A simple listing. 

ee /* Function: LIST2002.c 

Pay ‘ 

3: * Author: Bradley L. Jones 

continues 
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Listing 20.2. continued 

* 

* Purpose: A program to print the average and total 

“3 of 10 numbers. 

#include <stdio.h> 

void main( void ) 

{ 
int nbrs[10] = { ile 2. 3, 4, 3); 6, ilar 8, 9, 

int avg; 

aime “ills 

aiitcerCite tps 

TOM Gira aCthe<— 1 One Citlet tam) 

{ 
jell +S MoS Gere 

} 

avg = tt1/10; 

printf("\nThe total of the numbers is: Sd", 

printf("\nThe average of the numbers is: %d", 

The total of the numbers is: 960 

The average of the numbers is: 96 

sor directives for removing the print statements. 

1 Ot 

nepali kes) = 

avg ); 

‘Warning: Your output for this listings and the next oO be sigh 
different. 

This listing has a problem. It prints the total and average of 10 numbers. The 
actual total and average should be 55 and 5.5, not what was shown in the output. 
This program has a problem that you may be able to easily spot; however, in a 

more complex program, a similar problem may go undetected. Using print state- 
ments, you can easily figure out the problem with this listing. Listing 20.3 contains 
this same listing with print statements included. This listing also includes preproces- 



Listing 20.3. LIST2003.C. The simple listing updated. 

/* Function: LIST2003.c 
* 

* Author: Bradley L. Jones 
* 

* Purpose: A program to print the average and total 

3 of 1@ numbers with print statements. 
* 

#include <stdio.h> 

void main( void ) 

{ 
POC ODCS Olean ee Ea OOo | fvetGeno,. Ont: 

int avg; 

Mie Meet 

sae en el Pe 

#ifndef NDEBUG 

printf ("Starting program....\n"); 

#endif 

On GC tin aeC ti s—. Oe eC cinta |) 

{ 
tities (Cen s 

#ifndef NDEBUG 

Drintt( Inloop, ttl = sd vctresenbns| sd) =esda\ne; 

eis, Cieleg Cale, Isles tele lp ie 

#endif 

} 

#ifndef NDEBUG 

printf ("Done with loop\n") ; 

#endif 

avg = tt1/10; 

printf("\nThe total of the numbers is: SoC tmerciteliam) is 

printf("\nThe average of the numbers is: exe ENG} )) 

} 
a 

Aus 

129 
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Starting program.... 

In Loop,..tth.=.988,, ctr.=-nbrs[ i), sails 

Injeloopy, ttl — 991. sctite—snDicSi2 lmamec 

In loop, ttl = 995, ctr = nbrs[3] = 3. 

In loop, ttl = 1000, ctr = nbrs[4] = 4. 

In loop, ttl = 1006, ctr = nbrs[5] = 5. 

iia Mee, weil = JON Cele = Worstall = ©: 

In loop, ttl = 1021; ctr = nbrs[7] = 7. 

In loop, ttl = 10307 ctr = nbrs[ 8] j=s82 

In loop, ttl = 1040, ctr = nbrs[9] = 9. 

In loop, ttl = 1040, ctr = nbrs[10] = 10. 

Done with loop 

The total of the numbers is: 1040 

The average of the numbers is: 104 

From the output, you should be able to see two different things. The first is that 
the value of tt1 starts out too high. Looking at the code, you will find that it was 
never initialized. Secondly, you should notice that the subscripts start at 1 and 

go to 10. They should have started at 0 and gone to 9. Knowing this, you can fix the 
code and recompile a perfect program. 

You should notice that preprocessor directives were used in this listing. If you 
recompile this listing with NDEBUG defined, the print statements won't be included. 

NDEBUG can be defined in several ways. The best way to define it is by including a flag 
when you compile. On the command line, this is done with the /0 flag if you are using 

a Microsoft or Borland compiler. If you compile this with NDEBUG defined, the results 
are as follows: 

The total of the numbers is: 960 

The average of the numbers is: 96 

Using Compiler Functions and Macros 
The ANSI standard defines functions or macros that can help you in finding some 
problems. These are assert () and perror(). Each has a different use that should be 
examined separately. 

Using assert() 
The assert() macro is used to print a message when a predefined condition occurs. 
If the predefined condition occurs, then the program automatically exits with the 
following message: 

Assertion failed: test_condition, file filename, line line_number 



The test_condition is the condition that has been set up. The filename is the name 
of the source file that the error occurred in. The line_number is the number of the line 
in the source file where the error occurred. 

The assert () macro is used in program development to determine where logic errors 

are occurring. The format for using the assert() macro is as follows: 

assert( condition ); 

When you use the assert () macro, you'll want to make sure that the condition is one 

that you expect to always remain true. Consider the program in Listing 20.4. 

ilies /*SFUNGLLLON= aASSeRt Cc 

ake i 

3: * Author: Bradley L. Jones 

4: Fg 

Ley * Purpose: Demonstrate assert() 

6: *.------------- +--+ 22 ee ee ee ee eee ee eee eee * 

The 

(EHR #include <stdio.h> 

9: #include <assert.h> 

10: 

Mz void printlarstring( char’ * )’; 

Wa 

13: int main( void ) 

TAG 

15is 

16 Chanazstrim= atest. = 

WA Chane ctco came: 

18: char *str2 = NULL; 

19: 

20: Dieunitsh (Ma\NeSta lan iian)s 
215 print_a_string( stri ); 

22 

23 Driith (ee WMlesitge2a Ni a). 

24: printuabstring (stra! )% 

Pia)" 

26: Diernith (ue nileS tcl lian) 

Pipe print_a_string( str3 ); 

28: 

29: printf( "\nTest completed\n" ); 

30: 

Sie return Q; 

32 eay. 

33% 

34: 

continues 
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Listing 20.4. continued 

35: void print_a_string( char *string ) 

SOs 

C/E assert( string != NULL ); 

38: 

39: printf("The value of the string is: %s\n", string) ; 

40: } 
ene 

1TESe We 

The value of the string is: test 

Test 2: 
Assertion failed: string != NULL, file assert.c, line 37 

Abnormal program termination 

This program displays the assert() error the first time the print_a_string() 

function receives a string that is NULL. Notice that the condition in the 

assert() inline 37 has the condition of string != NULL. Aslongas this condition 

is true, the assertion is ignored. When it evaluates untrue, then the assertion takes over, 

prints the assert message, and terminates the program. As you can see, the second 

string that was passed to print_a_string() was NULL. The third string was never 

passed because the assert() function terminated the program. 

You don’t need to remove the assert () calls from your program when you are done 
with them. The assert() macro has been set up in a manner that enables you to turn 
it off by defining a constant called NDEBUG (no debug). Ifyou compile Listing 20.4 with 
NDEBUG defined, the assert () macro is ignored. You can define NDEBUG in several ways. 

You can use the #def ine preprocessor directive at the beginning of your listing in the 
following format: 

#define NDEBUG 

This requires a coding change and, therefore, isn’t the optimal solution. Another 
solution is to define NDEBUG when you compile the listing. This can be done using the 
/D in the following manner if you are using the Borland Turbo C compiler: 

TCC /DNDEBUG ASSERT.C 

If you are using a Borland compiler or Microsoft compiler, then the /D parameter is 
used in the same manner. If you are using a different compiler, then you should check 
its manuals for the proper method of defining a constant when compiling. Following 
is the output for the ASSERT.C listing with the NDEBUG constant being defined: 
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Test 

The value of the string is: test 

nestr2s 

The value of the string is: (null) 

est s* 

The value of the string is: 

Test completed 

Using perror() 

The perror() function can also be used to help understand problems in your 

programs. The perror() function is used to display a descriptive message for the last 
system error that occurred. perror() prints a message to the stderr stream. The 

stderr stream is usually the screen. The prototype for perror() is as follows: 

void perror( const char *s ); 

As you can see, the perror() function takes a string as a parameter. When perror() 

is called, this string is used to precede the last system error that occurred. 

You may be wondering what kinds of system errors would allow a program to continue 
executing. The ERRNO.H header file contains the numeric values and symbolic 
constants for many of the errors that can be set into a behind-the-scenes variable called 

errno. Most of these errors occur because of file I/O. For example, when you open a 
file, you may not be successful. In the event that the file does not exist, errno is set to 

ENOENT, which is the value 2. Consider the following listing. If the fopen() fails, then 

the errno variable is set. 

Te Listing 20.5. PERROR.C. Using the perror() function. 

ils /* Function: perror.c 

7G a 

3: * Author: Bradley L. Jones 

4: 3 

SE * Purpose: Demonstrate perror() 

6: (ie fo IS SO I SOIC 2a CuO Che Or EN Eo 2 SA ACTEM 2) 

The 

8: #include <stdio.h> 

9: #include <errno.h> /* needed for error numbers */ 

10: 

aha 
12: int main( void ) 

{ 
14: RLceSs Epis 

continues 
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Listing 20.5. continued 

IGE eile “yee 

162 

Une 

18: if( (fpl = fopen( “perror.c sy, “f2))) == NULLS) 

19: 

20: perror("Big Problem Opening ist File"); 

2ile } 

yee else 

23: { 

24: fclose(fp1); 

25: } 

26: 

Cie if( (fp2 = fopen( "abcdefg.hij", "r")) == NULL ) 

28: { 

29: perror("Big Problem Opening 2nd File"); 

30: } 

31: else 

32: { 

oor fclose(fp2) ; 

34: } 

35: 

36: return Q; 

Sig i 

Big Problem Opening 2nd File: No such file or directory 

The output displayed shows the program being used with a file that exists and 
a file that does not exist. As you can see, the perror() function concatenates the 

system error message to the end of the message passed in the perror() function 
call. Using the perror() function, you can display descriptive information to the user. 
You should note, however, that the perror() command doesn’t take any corrective 

action in regard to the error. This is left to you. 

De DON'T) 
"DO uce the NDEBUG constant to remove asse rt( ) comands: 

actually removing them from your listings. 

DO use perror() to help display descriptive ae mae 7m errors. 
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DON’T forget to provide corrective actions if your program has an error. 

DON’T forget to include the ERRNO.H header file when using the 
perror() function. 

Using a Debugger 
A debugger is an automated testing tool that is provided with most of the major 
compilers. Many companies give their compilers names. For example, Borland’s 

debugger is called Turbo Debugger. Microsoft’s debugger is called CodeView. 

While every debugger is different, most offer similar capabilities. Following is a list of 

several tasks that a debugger will enable you to do. By looking at the items in this list, 
you should be able to see why a debugger could help you find coding problems. 

Most debuggers can enable you to: 

_| View your code as the program runs. 

__ View the values stored in variables at any time during the execution of a 

program. 

_| Runa program one line at a time. 

__| See the assembler-level code that your program is converted to when 
compiled. 

Change the value of variables while the program is running. 

| View or change what is stored in memory. 

And much more. 

In addition to the debugger that comes with your compiler, you can also purchase 

other debugging tools. In addition to stand-alone debuggers, there are also special- 

purpose debugging tools. Some tools work to ensure that your system is working with 

the operating system, others work to ensure that you are using memory properly, some 

show you what is happening at a machine level. Many of the supportive tools serve a 

purpose. Depending on the complexity of your programs, these additional tools may 

be worth the investment. 
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Note: I use a program called Bounds Checker. This program is used to 

ensure that you are using memory appropriately. Pointers cause a C 

programmer more problems than anything else. Bounds Checker tracks 

your use of pointers and memory. Bounds checker will inform you when 

you use an uninitialized pointer. In addition, it will tell you when you 

neglect to free memory. Because memory errors can be extremely hard to 

track down, a tool such as Bounds Checker can help to prevent many 

serious problems. 

When Is an Application Complete? 
When you release a program to the public, you will invariably get feedback from some 

of the users. Some users will make suggestions for improvements for your application. 

Others will point out even the smallest of problems with your applications. You 
should welcome these suggestions and comments. 

At some point, you may choose to incorporate some of the suggestions and fix the 

noted errors. In addition to these changes, you may also decide to make your own 
additions to the application. Updating software with changes and enhancements such 
as these is a common occurrence. 

Three terms are used in making changes to your software. These are updates, patches, 
and upgrades. A patch and an update are almost the same thing. When your program 
has a serious problem that needs to be fixed as soon as possible, the change can be 
distributed as a patch. A patch contains only what is needed to make the fix. An update 
is similar to a patch in that it is a fix. An update is generally not as critical as a patch. 
If the use of the software is not inhibited, then an update can be put out. 

An upgrade is different. An upgrade may include patches and updates; however, an 
upgrade will generally include updates to the software’s functionality also. Upgrades 
should include any patches and updates that were already sent out at the initial release 
or last upgrade to the software. When an upgrade is created, it is often released in the 
same manner as the initial software. This includes adding a charge. Ifa charge is added, 
then the upgrade should add enough functionality to warrant the price of the upgrade. 

Generally, with the release of patches, updates, and upgrades, comes the changing of 
the version number. Patches don’t always warrant version number changes; however, 
updates and upgrades almost always do. By changing the version number, it helps you 
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to know what changes have been made. There is a pattern to how most version 
numbers are changed. 

Consider the Record of Records! application developed in this book. This application 
was given the version number 1.00. This is the first release of the software, hence the 
version number is set to 1.00. Each timean update or upgrade is sent out, anew version 
number should be assigned. The change to the version number is generally reflective 
of the level of the change. For example, if an update is being incorporated to fix a bug, 
then the version may be changed to 1.01 to signify that the software has been changed. 
When a change to the program’s functionality is done in an upgrade, then you may 
consider renumbering the version to 1.1, 1.5, or 2.0, depending on the size of the 

upgrade. If you are going to change the number to 2.0, then there should be highly 

notable changes in the software. 

Note: Some companies number their beta release of the software with a 
number less than one. 

This section started with the question: When is an application complete? You should 
have the answer to this question by now. If you offer your software for sale, odds are 
that your application will never be complete. There will always be upgrades that you 

can make. 

Pree eae DON’T 
DON’T send out an upgrade version of your software sooner than six 
months after the last release. It’s best not to update more than once a year. 

DO send out a patch if an error can cause problems for the user. 

Summary 
Today, you covered a lot of ground. First, you were presented with information on 

the importance of testing and the different types of testing. Every application should 

receive some testing. This testing can be unit testing, which tests only a portion of an 

application, integration testing, which tests the interaction of an application’s parts, 
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alpha testing, which tests to ensure that the program performs as it was intended, and 

beta testing, which provides feedback from actual users. 

In addition to testing, debugging was also covered. Debugging is the process of 

removing bugs, or errors, from a program. These can be syntax errors, which are found 

by the compiler, or logic errors, which require more effort to remove. 

Once a program has been coded and tested, it is ready to be released; however, it may 

not be complete. Once a program is given to users, they will generally provide 

feedback. From this feedback, patches, updates, or upgrades may need to be made. A 

patch is a single fix for a critical problem. Updates are fixes for problems or 
enhancements that are not critical to the application. An upgrade is a larger release of 
the program that may contain fixes and major updates and enhancements to the 

program. 

Q What is the objective of a walk-through? 

A The objective of a walk-through is the same as testing—to find any problems 
and to ensure the software works as specified. Many people do two separate 
walk-throughs. The first is a code walk-through to ensure the code is 
accurate, efficient, and, if required, portable. The second is a logic walk- 
through that checks to ensure the code is doing what is expected based on 
the initial specification for the program. 

Q Is a debugger worth the time it takes to learn? 

A Yes. You don’t need to know everything about a debugger to get value from 
it. Most people start by learning how to execute their programs a line at a 
time. This, along with viewing variable contents, is generally an easy process. 
You should learn how to use a debugger one process at a time. 

Q Should additional debugging tools be purchased? 

A Generally, most people don’t have the need for tools beyond the debugger 
that comes with their compiler. If you are developing a large-scale applica- 
tion, then tools such as memory viewers can be worth the investment. You 
must weigh the cost of the tool with the expected results. For most people 
doing development at home, the additional cost isn’t justified. 
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Q Do version numbers always follow a sequential numbering? 

A No. Some companies choose to skip version numbers for multiple reasons. 
Generally, this is done when the program has versions on multiple plat- 
forms. For example, consider having a program for DOS with a version 
number of 3.0. If you create a first release of a Windows product, although it 
should be version 1.0, you may choose to give it version 3.0. If the Windows 
and the DOS versions provide the same functionality, then you may want 
the versions to be the same to avoid confusing the user. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you’ve 
learned. 

Quiz 
. What is free-form testing? — 

. What are the four categories of testing mentioned in this chapter? 

. In what order should the four categories of testing from Question 2 be done? 

When is testing complete? 

. What is a bug? 

. What is a syntax error? 

. What are the types of errors? 

. What is debugging? 

SECme eo. Vip ab. G2 bo . What is the difference between a patch and an upgrade? 

. When is a software application complete? _ j=) 

Exercises 

1. ON YOUR OWN: Consult your compiler to determine what its debugger 

will do. Try using the debugger to walk through one of the Record of Records! 

listings. 
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2. ON YOUR OWN: Determine the type of testing that should be done with 
the Record of Records! application. 

3. ON YOUR OWN: Test your own applications. 

4. ON YOUR OWN: Review the software packages that you have or those in a 
store or magazine. Do the version numbers seem consistent? 
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You have been presented with a multitude of advanced topics ranging from linked lists 

to dynamic memory allocation, with step-by-step detail on developing your own 

complete applications from scratch. Today you will learn: 

| What next steps are available for your use of the C programming language. 

(_] What other areas are available for C programming. 

|] What C++ is (an overview). 

L| Why you shouldn’t reinvent the wheel. 

|] What canned tools are available that can aid in your C development. 

What's Next? 
You may now be wondering what you can do with your knowledge of the C language 
and application development. You may also be wondering what else there is to learn 
about programming in C. With hundreds of books available on the C language, you 
may be thinking that there is still a lot to learn. 

You should now have a solid foundation for using the C language. Where you go from 
here is your choice. Most people choose to go in one of three directions: 

_| Specialized programming 

Other languages 

Other platforms 

Specialized Programming 
The C language includes constructs that enable you to take advantage of specific 
machines and specific operating systems. As you incorporate more of its power, you 
begin to develop applications that may be more machine specific. Many people who 
do advanced professional programming begin to focus on a specific area. These 
specific areas can range from graphics programming to writing compilers. Depending 
on the area of expertise, different constructs are needed. For example, in graphics 
programming, you may begin working with video memory, advanced math, and 
more. If you decide to concentrate on programming networks, then graphics are not 
as important. 



You'll find that there are several C books available that cover specialized topics. The 
most common areas are graphics programming, compilers, and network program- 
ming. 

Graphics Programming 
Graphics programming is an area that many “at home” programmers are interested 
in. Graphics programs involve working with the video at a pixel-by-pixel level and 
many functions different than those used by the text graphics presented in this book 
are needed. In addition, it is often necessary to understand working with dynamic 
memory and mathematical formulas. It is possible to find books on topics such as 
graphics, advanced graphics, developing graphical displays, developing games, and 

more. 

Note: The following are just a few books that are available: 

Graphics Programming in C by Roger T. Stevens, M&T Books. 

High-Performance Graphics in C (Animation and Simulation) by Lee 
Adams, Wincrest. 

Compilers 
Some programmers like to understand everything. To understand the full function of 
the C language, you could attempt to write your own compiler. There are a few books 
available on writing your own compiler; however, they are very technical in nature. 
This is an area that you would definitely need to be interested in before attempting 

to pursue it. 

Network Programming 
C can be used to create network programs. These can be programs such as the Record 

of Records! program presented throughout this book. You can also write network 

software using C. In addition, you could even write your own operating system. 

UNIX is an operating system that was developed with the C language. Again, like 

writing your own compiler, this is a very technical area to pursue. Books for this area 

of C development are a little harder to find, but they do exist. 
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Note: The following are just a few books that are available: 

C/C++ For Expert Systems by David Hu, MIS: Press. 

C Programmer’s Guide to NetBIOS by W. David Schwaderer, Howard W. 

Sams & Company. 

Advanced Application Development 
In this book, you created an application with the help of several functions, which you 
created also. There are several books available that will help you expand your library 
of functions. In addition, there are several books that offer different approaches to 
developing applications. Some books are generic; others are extremely specific. Many 
of these books don’t provide you with anything more than what was presented here. 
Other books, such as Jack Purdum’s C Programmer's Toolkit, provide you with a 
multitude of additional useful functions. 

Note: The following are just a few books that are available: 

User Interfaces in Cby Mark Goodwin, MIS Press. 

C Programmer's Toolkit by Jack Purdum, QUE Corporation. 

|| Advanced C Programming for Displays by Marc J. Rochkind, Prentice 
Hall. 

Other Languages 
In addition to moving into specialized areas, you may also choose to expand into other 
languages. C programmers will most often move into one of two other languages. 
These are assembler and C++. 

Assembler 

Assembler is a language that is much more technical than C. In addition, it is more 
cryptic. The reason for this is the assembler is one step closer than C to talking to the 
computer in its own language (ones and zeros). Listing 21.1 isan example of assembler 
code. 



Ms Listing 21.1. Some assembler code. 

;Assembler code to get a key. 

5 

waitkey: move ah,@th 

int 16h 

TZ waitkey 

mov ah, 

int 16h 

or al,al 

jz waitkey1 

xor ah, ah 

jmp waitkey2 

waitkey1 xchg ah,al 

inc ah 

waitkey2 ret 

As you can see, this is much harder to follow than a C listing; however, there are 

benefits to assembler. The main benefit is control. Most C commands break down 

into several assembler commands. Because of this, the precision of control is greater 
in assembler. Additionally, because assembler is closer to the ones and zeros that the 
machine understands, it can be written more efficiently. 

The downside of assembler comes from one of the conditions that is also considered 

a benefit. The downside is that because you are writing so much closer to the machine 

level, assembler code is not as portable as C code. 

If you're going to move into technical programming, then you may need to use 
assembler. Operating systems or network programming would be considered techni- 
cal programming. Additionally, if speed is important, you'll be able to write slightly 
faster code using assembler instead of C. 

to write those functions that are speed 

rest of the code. 
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C++ 
Many C programmers are moving into C++. C is a subset of C++. This means that 

a C program could be compiled under C++; however, this would not make the C 

program a C++ program. C++ is more than just an enhancement to the C language. 

It is also a different way of developing. 

An object-oriented language differs from a hierarchical or procedure language. C++ 

is an object-oriented language. The C language can be considered a procedural 

language. A C program is developed by creating functions one after another. Usually 

the main() function is created and then each of the subsequent functions are created. 

When the program runs, each function can be called in order. When a function 
completes, it returns to the previous function. In this manner, you can follow a C 
program one line ata time. An object-oriented program is developed differently than 

this. 

An object-oriented programming language such as C++ differs from a procedural 
language such as C because of three concepts that are incorporated. These concepts 
are encapsulation, polymorphism, and inheritance. 

Note: An object-oriented language is identified by its me to 
encapsulate, polymorph, and inherit. 

Encapsulation 

Encapsulation is the concept of making packages that contain everything you need. 
These packages are called objects. An object contains everything you need to complete 
a specific function. For example, an object could be created for a square. The square 
object would do everything that is needed in regard to a square. By encapsulating the 
square, you create an object that does all the work. All you or any other programmer 
need to know about the square is how to interact with it. 

By encapsulating, you provide a shield to the inner workings of the object. This 
enables data abstraction. You don’t need to worry about how a square works, all you 
need to concentrate on is how to use it. That is, you only need to worry about what 
the square can do, not how it does it. 

Note: Encapsulation able you to ignore howa an abject works and 
_ concentrate on what it does. ae oe 



Polymorphism 
Polymorphism means having the capability to assume many forms. Polymorphism can 
be applied to several different areas of object-oriented programming. It is mainly used 
in calling a function. A function can be called in many different ways and still provide 
the same results. 

In the example of the square, you may want to call the square object using four points, 
three points, a single point anda line length, or any ofa multitude of other ways. Using 
any of these sets of parameters, you would expect to get the same results. In a 
procedural language such as C, you are required to write a different function for each 
different set of parameters. In addition, each function needs a unique name. In C++, 
using polymorphism, you may still need to write more than one function; however, 

you give each of them the same name. Based on the information passed, the correct 
function is automatically called. Unlike C, in C++ the person using the square 
function doesn’t need to worry about which square function to call—they will all have 
the same name. 

Inheritance 

Inheritance is the third identifier of an object-oriented language. Having a square is 

a beginning, but what if you want a cube? A cube is a special kind of square. It has all 
the characteristics of a square with a third dimension added. By using a square to create 

the cube, you can use all of the characteristics of the square. The cube inherits all the 

characteristics of the square. 

Synopsis of C++ 
As you can see, an object-oriented language has features that are foreign to a 
procedural language such as C. Because of this, C++ programs cannot be ported to C. 
The inverse of this, porting C to C++, can occur; however this would not take 

advantage of C++. In reality, this would be using the C++ compiler to compile your 

C program. This wouldn’t make your C program a C++ program. 

By using encapsulation, polymorphism, and inheritance in your program, you can 

create many benefits to yourself and your users. Because functions are encapsulated, 
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they are easy to upgrade and replace. As long as the interfaces remain constant, you 

can change the inner workings. With polymorphism, you can add different ways of 

calling functions without the need to change any pre-existing code. Because of 

inheritance, once you create an object, you can use it to build on bigger and better 

objects. While the learning curve of C++ isa little higher than C, once it’s learned, 

there are benefits to be gained. 

ay _ Note: Most books that teach C++ assume that you already know C. 

Other Platforms 
In addition to specializing your C development or moving to other languages to 

supplement your C programming, you can also move to other platforms. This book 
has concentrated on developing DOS-based applications. With your understanding 
of application development, you can either continue to develop DOS applications, or 
you may choose to move to a different platform. A different platform means using a 
different operating environment or operating system. 

The C language can be used on almost every platform. You would need to obtain a 
C compiler for the given platform. Several of the most commonly used platforms are 
DOS, UNIX, Windows, OS/2, and System 7 (Macintosh). While the bulk of the C 

language is the same, some system-level commands are going to differ. In addition, 

in multitasking operating systems/environments such as Windows and OS/2, you 
must write your programs to interact with the operating system. 

Utilities 
What you’ve learned in this book should be quite useful. You created a useful library 
along with several neat applications. In fact, you could market your applications. If 
you know other programmers, you could give them your TYAC library and header 
files. Include some documentation on how to use each function, and they will be able 
to link the TYAC library with their own code. You don’t even have to give them the 
source code if they are using the same compiler as you. 

You may now be wondering about other libraries. If you can give your library away, 
does this mean that you could get other people’s libraries? The answer is yes! In fact, 



many advanced programmers wouldn’t write functions like the ones presented in this 
book. They would buy a prepackaged library instead. 

Note: While you can buy libraries to do everything that was presented in 
this book, there are a couple of reasons why you wouldn’t want to. The 
main reason is for the sake of learning. By creating these functions as you 
have done in this book, you learn the background of application develop- 
ment. Additionally, by creating them yourself, you don’t have to pay for 
them! The final reason for creating functions yourself is control. You 
control exactly what the functions do. 

There are a multitude of packages that can be purchased. These packages may be 
libraries or utilities. When you purchase a library, it may or may not have the source 
code with it. Most libraries that you can purchase don’t automatically come with the 
source code. Many offer the source code at an additional cost. Ifyou don’t plan on ever 
modifying the functions that are provided in the library, then you shouldn’t need the 
source code. By having the source code, you can modify the functions if they don’t 
meet your exact needs. Some purchased libraries may charge a royalty. This means that 
if you use the library’s functions in your program, you must pay a fee each time you 
distribute your program. Most purchased libraries don’t charge a royalty; however, 
you should always check. 

Following are some of the different libraries and utilities that are available. They are 
listed here to provide you with an idea of some of the packages that are available. You 
can find information on packages such as these in several places. You can check your 
local computer stores, you can talk to local user groups with special interest groups 
specializing in C/C++, or you can check computer magazines. 

Note: The following information is provided to give you an idea of the 

different types of libraries and utilities available. Their inclusion here is 

| not to be considered an endorsement. You should always research the 

available utilities before purchasing. _ : 
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Graphics Libraries 
Following are several graphics libraries: 

Accusoft Image 

Format Library 

FONT-TOOLS 

GraphiC 

Graphics- MENU 

GX Effects 

PCX ToolKit 

Virt-Win 

By Accusoft Corporation. This set of routines enables 

you to add the capability to work with TIFF, PCX, 

DCX, TGA, GIF, BMP, and many other graphics 
formats. Included are functions that enable you to use 
several effects including zooming and rotating. 
By Autumn Hill Software. These tools enable you to 
create, edit, and use fonts within your applications. In 
addition to providing the functions, a large sample of 
fonts is also included. 
By Scientific Endeavors Corporation. This set of 
functions can be used to help create scientific and 
engineering graphics in your applications. This 
includes the capability to create linear, log, contour, 
polar, 3D bars, and more. 
By Island Systems. This is a set of GUI functions. 
GUI stands for Graphical User Interface. These 
routines help you to create several different constructs 
that are all valuable to an application. These include 
icons, menus, checklists, entry and edit screens, pop- 

up messages, and more. The routines also support 
mouse control. 
By Genus Microprogramming. This is a library of 
special effects. These can be added to your program to 
display graphics using wipe, split, crush, slide, sand, 
drip, diagonal, spiral, random, or exploding screens. 
By Genus Micro programming. This is a toolkit that 
enables you to incorporate graphics into your pro- 
grams. With over 100 routines, you can display, save, 
scale, and manipulate PCX files into almost any C 
program you create. 
By TeraTech. This is a set of routines that will help 
you save and restore the screen. In addition, you'll be 

able to create screens that are larger then the displayed 
windows. Using routines provided, you'll be able to 
pan and zoom different areas. 



Communications Libraries 
Following are several communications libraries: 

C Asynch Manager By Blaise Computing, Inc. This is a set of 
library routines that enables you to create 
asynchronous communications into your 

applications. This includes several protocols 
including XMODEM, YMODEM, and 
ZMODEM. The support is for Hayes- 
compatible modems. 

Essential Communications By South Mountain Software, Inc. This is a set 

of asynchronous communications library 

routines that supports interrupt-driven com- 
munications for both receiving and transmit- 

ting. Speeds of up to 115,200 baud can be 
supported along with up to 34 ports. Support 
for XMODEM, YMODEM, Kermit, and 

ZMODEM are all provided along with several 
other protocols. 

Greenleaf CommLib By Greenleaf Software, Inc. This is an asyn- 

chronous communications library for both 
DOS and Windows programs. This library 

supports several protocols including 

XMODEM, YMODEM, ZMODEM, and 
ASCH. 

MagnaeComm C By SoftDesign International, Inc. This is a 

library that provides full modem support. 
These fully interrupt-driven routines are for 
several protocols including ASCII, 
XMODEM, YMODEM, and ZMODEM. 

File Management Libraries 
Following are several file management libraries: 

AccSys for Paradox By Copia International. These routines 

provide an interface between C and Paradox. 
This includes multi-user capabilities along with 
routines for working with table files and 
primary and secondary indexes. 
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Essential B-Tree 
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By Copia International. These routines enable 
you to work with dBASE DBF, MDx, and 

NDxX files. In addition, DBT memo files are 
also supported. Different levels of support are 
provided for dBASE II, dBASE III, dBASE III 
Plus, and dBASE IV. 

By Novell, Inc. This is a comprehensive set of 
routines that will help you incorporate Btrieve 
file access into your applications. These 
routines will help in writing applications that 
will use NetWare Btrieve™. 
By Sequiter Software, Inc. This is a set of 
utilities for accessing dBASE and Clipper files. 
This includes functions that support multi- 
user access to the databases. Included are 
functions for creating pull-down menus, pop- 
up windows, and data entry and edit screens. 

By South Mountain Software, Inc. This set of 

functions are for creating single- and multiple- 
key files. In addition, there is support for fixed- 
and variable-length records. 

Memory Management Libraries 
“C” EMM Library 

E-MEM 

General Libraries 

By SilverWare, Inc. This is a set of functions 
that allow for low-level connections between 
your application and Expanded Memory 
Manager. Also included are several high-level 
functions. These high-level functions help you 
to access and map expanded memory. 
By TeraTech. This set of routines will help you 
to work with both extended and expanded 
memory. 

Following are several general libraries: 

C Utility Library By South Mountain Software, Inc. This is a set 
of routines for a multitude of functions. This 



Greenleaf Functions™ 

GX Printer 

Hold Everything 

/*resident_C*/ 

Vermont Views Plus 

Summary 

includes creating pull-down menus, pop-up 
windows, list boxes, and more. Included with 

the routines are a menuing system, a screen 

painter, and a code generator. Using these 

functions and utilities, you will be able to 

create entry and edit screens with mouse 

support. 

By Greenleaf Software, Inc. This is a large 

library of varying routines. These include 
sound functions, graphics functions, directory 
operation functions, file search functions, and 

more. 

By Genus Microprogramming. This set of 
functions provides comprehensive graphics 
printer support. 

By South Mountain Software, Inc. This is a set 

of routines that enables you to create programs 

that call other programs. When the called 

program is complete, you can return to where 

the original program left off. 
By South Mountain Software, Inc. This is a C 
library that provides functions to help create 
TSR programs. (TSR stands for Terminate and 

Stay Resident.) 
By Vermont Creative Software. This is a set of 
routines that helps create text-based applica- 
tions such as those presented in this book. This 

includes the capability to add menus, entry 
and edit screens, scrolling, help, and more. 

Mouse support is also included. 

Today, you were presented with material to help set your direction. Now that you have 

experience in developing full-fledged applications, you are ready to journey into other 

areas of development. The area you choose can be one of many. You may choose to 

continue developing entry and edit applications, or you may choose to change your 

focus. Other areas to concentrate on include graphics programming, using other 

languages such as C++ or assembler, and using other platforms such as Windows, 
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Where To Go from Here? 

UNIX, or OS/2. In today’s material, you were presented with some information on 

each of these different areas that you can choose to focus on. 

It isn’t necessary to create every routine that you are interested in using. The 

TYAC.LIB library that you created could be given away. If you create your own 

libraries, you could sell them, with or without their source code, to others. Several 

companies offer libraries of routines for sale. Generally, the routines offered center 

around specific topics. Such topics could include communications routines, graphics 
routines, file management routines, memory management routines, and more. 

Several products are listed in today’s materials to help you get a feel for what is 

available. 

O&A 
Is C going away only to be replaced by C++? going away onty P 

A Probably not. While more and more people are moving to C++, not many of 
them understand the constructs involved in C++. Most programmers using 
C++ are using it as aC compiler. There are, however, advantages to using 
C++ over C. 

Q Is it better to create your own libraries or buy them? 

A Many of the libraries that can be purchased are royalty free. This means you 
can include the functions in your application and not worry about owing 
any money to anyone. Whether a library is worth the cost can be determined 
in many ways. The easiest way is to figure out how long it would take you to 
create the functions yourself. Multiply the time by the value you place on 
your time. ‘The resulting figure compared to the cost of the library should 
tell you if it is worth the cost. 

Workshop 
The Workshop provides quiz questions to help you solidify your understanding of the 
material covered and exercises to provide you with experience in using what you've 
learned. 
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1. Has this book provided you with a complete knowledge of everything you 
can do with C? 

. What are three areas where you could increase your C knowledge? 

. What other languages do most C programmers consider learning? 

. What is a benefit of using assembler? 

What are three characteristics of an object-oriented language? 

Can a C compiler compile a C++ program? 

Can a C++ compiler compile a C program? 

oN DW RW ND What are some of the platforms that C can be used on? 

Exercises 
1. ON YOUR OWN: Look through a few computer magazines. If you have C 

programming magazines, they would be even better. Look for adds showing 
what utilities and libraries are available for C. 

2. ON YOUR OWN: Take what you have learned in Teach Yourself Advanced 
C in 21 Days and apply it to your own applications. 

3. ON YOUR OWN: Continue to work with C. Work to improve the func- 
tions that were presented in this book. In addition, create your own func- 
tions and add them to your library. 

fol 
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Memory Models 

Every C programmer eventually is confronted with memory models. Beginning € 

programmers tend to avoid the subject. The compiler’s default memory model is the 

one that is used. As programs grow in size, or as writing optimal programs becomes 

an issue, memory models may become a concern. If your compiler is defaulted to the 

large memory model, you may never question or worry about memory models. In fact, 

many programmers who develop at an advanced level don’t know the difference 

between the memory models. 

What Are the Memory Models? 
There are six different memory models; not all of them are supported by every 
computer. The six models are: 

|] The tiny model 

|] The small model 

|| The compact model 

|| The medium model 

_| The large model 

_| The huge model 

Virtually every computer supports four of these models. These are the small, compact, 
medium, and large models. The tiny and huge memory models are supported by a 
large number of compilers, but fewer than the other four. 

The Difference Among Memory Models 
The preceding memory models apply to the Intel 8086 and other x86 microproces- 
sors. The Intel microprocessor uses a segmented memory architecture. The x86 micro- 
processors can only address 64K segments of memory at a time. In total, an 8086 
can address only a single megabyte of memory. Higher level x86 processors have the 
capability to address more than a single megabyte; however, to be completely com- 
patible with the 8086 microprocessor, only a megabyte of memory can be accessed at 
a time. 

The microprocessor can keep track of more than one segment at a time. Generally, 
four different segments are tracked. These segments are the code segment, which 
tracks where the computer—or machine—instructions are, the data segment, which 
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is where the data—or information—is stored, the stack, and an extra segment, which 
may be used for additional data. 

There are several segment registers in the microprocessor. Four of these registers are 
used to track the segments. The CS register tracks the code segment, the DS register 
tracks the data segment, the SS register tracks the stack, and ES register tracks the extra 
segment. Each of these registers contains a 16-bit value. Each of these registers 
contains a value that is the address of the beginning of a 64K segment. A pointer can 
then be used to state the offset into this segment. 

Note: If you wanted to know where a specific data item is, it would be 
determined by knowing the offset to the segment along with the offset 
into the segment. The actual address is determined by taking the segment 
address, shifting it four bits to the left, and then adding the pointer value 
containing the offset into the segment. 

Note: In a 32-bit compiler, on a 32-bit machine, 32-bit register values 
may be used. é 

The segments that are used may or may not overlap. If all four segments completely 
overlapped with each other, you would only be using 64K at one time. If all four 
segments didn’t overlap at all, then 64K multiplied by four, or 256K, of memory could 
be used at a time. In the second scenario, each 64K segment must be used for its 
individual purpose of code, data, stack, and extra. 

The Memory Models 
Now that the background materials have been presented, you're ready to see the 

differences among the six memory models. These differences revolve around how the 

segments are set up. 

The Tiny Memory Model 

With the tiny memory model, the CS, DS, SS, and ES segments all overlap. Looked 

at a different way, the CS, DS, SS, and ES registers all point to the same offset. 
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Additionally, the value in the registers can’t be changed. This means only a single 64K 

segment is used. Figure A.1 illustrates the tiny memory model. 

DS register 
CS register oe Code 
SS register Bata 

Uninitialized data 
Heap 

Free space 

Stack 

Available 

memory 

{Tiny model) 

Figure A.1. The tiny memory model. 

The Small Memory Model 
The small memory model enables different values to be placed in the CS and DS 
registers. This means that the code segment is different than the data segment. In 
addition, the SS register for the stack contains the same address as the DS register. 
These values in the registers don’t change so only two individual 64K segments are 
used. Because the addresses of the registers don’t change, you only need to worry about 
the offsets into segments and not their locations. Figure A.2 illustrates the small 
memory model. 

SS register 
DS register Sa 

|___ Available 
memary 

(Small model) 

Figure A.2. The small memory model. 
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The Medium Memory Model 
Like the small memory model, the medium model allows for two different 64K 
segments. The use of these segments is the same except the small memory model 
doesn’t allow the address of any of the registers to be changed; the medium model 
does. In the medium model, the value in the CS register that points to the code 
segment can be changed, but the value in the DS and SS registers can’t. In addition, 
the DS and SS registers point to the same segment. 

By being able to change the CS segment, more than 64K can be used for code. The 
data and the stack are still limited to a total of 64K because their register values can’t 
be changed, but the code is not—up to a megabyte of code can be used. Figure A.3 
illustrates the medium memory model. 

Segment 1 
Segment2 

Segment n Code segment 

SS register Data 

pSiredistet ae Uninitialized data 

Free spaco 

Stack 

Additional Memory 

(available ta CS in 64K segments) |__ Available 
memory 

{Medium model) 

Figure A.3. The medium memory model. 

The Compact Memory Model 
The compact memory model is basically the opposite of the medium model. It enables 

the value in the DS register to be modified. This allows for a large amount of data 

within a program. The CS register’s value can’t be modified, thus limiting the code 

size. 

Whereas the medium model allows for a large amount of code with a limited amount 

of data, the medium model allows for a maximum of 64K in code and a large amount 

of data. Figure A.4 illustrates the compact model. 
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CS register 

Code segment 

DS register —— Segment 1 

Segment 2 Data 

Segmentn Uninitialized data 

SS register Stack up to 64K 
Free space 

Heap 
| Available 

Additional Memory memory 

{available to DS in 64K segments) 

(Compact model 

Figure A.4. The compact memory model. 

The Large Memory Model 
Many programmers work with the large memory model. With it, the values in both 

the DS and CS registers can be modified. This gives you the flexibility of working with 
up to a megabyte with either the code or the data. Figure A.5 illustrates the large 
memory model. 

CS register ——| Seqment1 

Seqment2 

|Segmentn | Code segment 

DS register —— 
Segment 1 
Segment2 Data 

Segment n Uninitialized data 

SS register Stack 

Free space 

Heap 

up to 64K 

Available 
Additional Memory — memory 

available to CS or DS in 
{ 64K segments 

(Large model) 

Figure A.5. The large memory model. 

The Huge Memory Model 
The final memory model is the huge model. It may not be supported by every 
compiler. The huge memory model differs from the large in that the 64K segment size 
limit on static data isn’t applied. This data can occupy the rest of the free memory. 
Figure A.6 illustrates the huge memory model. 
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CS register —— Segment 1 
Segment2 

[Segmentn | Code segment 

DS register —— Segment 1 

Segment2 Data 

Segment n 
Uninitialized data 

SS register Stack 

Free spaco 

Heap 

up to 64K 

| __—- Available 
Additional Memory memory Note: available to CS or DS in 

Limits of 64K on data size does if 64K segments ) 
not apply to Huge model. 

(Huge model) 

Figure A.6. The huge memory model. 

Summarizing the Memory Models 
Each of the memory models has its place. Depending on the structure of the program 

you are developing, one memory model may be better than another. The tiny memory 
model is best when you want to write an extremely small program or when memory 

is at a premium. The small model is good for most small applications. Most of the 

applications in this book will compile easily under the small memory model. The 
medium model is best for larger programs that don’t have a lot of data that is used in 

memory. 

Note: We are talking about data in memory, not data stored elsewhere. 
You can store a great deal of data on a hard drive. If you are only using a 
few small records at a time, you don’t need to worry about a large data 
segment. It’s only when you are loading the data into memory that it’s 
applied to the 64K segments in the data segment. 

The compact memory model is most appropriately used with small programs that use 

a great deal of data in memory. The large program is used for large programs that use 

a lot of data in memory. The huge memory model is for extremely large programs. 

ccited 
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model is no longer big enough to hold the variables or code, the 
compiler will provide errors. At the time I get these errors, I switch to 

the large model. If I know the program I am writing will be large, I 
use the large model. 

64K Limits 
Although some of the models allow data and code to be larger than 64K, there is a 
restriction that the code must be broken into segments that are smaller than 64K. If 
your code is more than 64K, you'll need to break it down into multiple source files. 
Each source file will need to be compiled separately. Once compiled, they can be 
linked together. 
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0000 0000 

0000 0001 

0000 0010 

0000 0011 

0000 0100 

0000 0101 

0000 0110 

0000 0111 

0000 1000 

0000 1001 

0000 1010 

0000 1011 

0000 1100 

0000 1101 

0000 1110 

0000 1111 

0001 0000 

0001 0001 

0001 0010 

0001 0011 

0001 0100 

0001 0101 

0001 0110 

0001 0111 

0001 1000 

0001 1001 

0001 1010 

0001 1011 

0001 1100 

0001 1101 

0001 1110 
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Dec Hex Binary ASCII 

Xo 2. X, Character 

031 1F 0001 1111 US 

032 20 0010 0000 SP 

033 21 0010 0001 ! 

034 22 0010 0010 

035 23 0010 0011 # 

036 24 0010 0100 $ 

037 25 0010 0101 % 

038 26 0010 0110 & 

039 oF 0010 0111 

040 28 0010 1000 ( 

041 29 0010 1001 ) 

042 2A 0010 1010 * 

043 2B 0010 1011 + 

044 2C 0010 1100 

045 2D ~=©0010 1101 - 

046 2E 0010 1110 : 

047 2F 0010 1111 / 

048 30 0011 0000 0 

049 31 0011 0001 1 

050 32 0011 0010 2 

051 33 0011 0011 3 

052 34 0011 0100 4 

053 35 0011 0101 5 

054 36 0011 0110 6 

055 37 0011 0111 7 

056 38 0011 1000 8 

057 39 0011 1001 9 

058 3A 0011 1010 

059 3B 0011 1011 ; 

060 3C 0011 1100 < 

061 3D ~=—- 0011 1101 = 

062 3E 0011 1110 > 
063 3F 0011 1111 ? 

064 40 0100 0000 @ 

continues 
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ASCII Chart 

Dec 

Xo 
065 

066 

067 

068 

069 

070 

071 

072 

073 

074 

075 

076 

077 

078 

079 

080 

081 

082 

083 

084 

085 

086 

087 

088 

089 

090 

091 

092 

093 

094 

095 

096 

097 

098 

099 

Binary 

X, 

0100 0001 

0100 0010 

0100 0011 

0100 0100 

0100 0101 

0100 0110 

0100 0111 

0100 1000 

0100 1001 

0100 1010 

0100 1011 

0100 1100 

0100 1101 

0100 1110 

0100 1111 

0101 0000 

0101 0001 

0101 0010 

0101 OO11 

0101 0100 

0101 0101 

0101 0110 

0101 0111 

0101 1000 

0101 1001 

0101 1010 

0101 1011 

0101 1100 

0101 1101 

0101 1110 

0101 1111 

0110 0000 

0110 0001 

0110 0010 

0110 0011 

ASCII 

Character 

si Nee ea CoH ar OPO AZZ PRP Ae HK TOMO Ae S 

/ 

pP 



Dec Hex Binary ASCII 

Ae ue X, Character 

100 64 0110 0100 d 

101 65 0110 0101 e 

102 66 0110 0110 iu 

103 67 0110 0111 g 
104 68 0110 1000 h 

105 69 0110 1001 i 

106 6A 0110 1010 j 

107 6B 0110 1011 k 

108 6C 0110 1100 1 

109 6D 0110 1101 m 

110 6E 0110 1110 n 

it hi 6F 0110 1111 fe) 

112 70 0111 0000 p 
113 yal 0111 0001 q 

114 72 0111 0010 r 

115 i) 0111 0011 s 

116 74 0111 0100 t 

sig ys rie 0111 0101 u 

118 76 0111 0110 Vv 

Ao Th 01110111 w 

120 78 0111 1000 x 

121 79 0111 1001 y 
122 7A 0111 1010 Z 

123 7B 0111 1011 { 

124 7C 0111 1100 H 

125 7) 0111 1101 } 

126 7E 0111 1110 oe 

127 7F 0111 1111 DEL 

128 80 1000 0000 ¢ 

129 81 1000 0001 u 

130 82 1000 0010 é 

131 83 1000 0011 a 

132 84 1000 0100 a 

133 85 1000 0101 a 

continues 
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ASCII 

Character 
Dec Hex Binary 

Xo i X, 
134 86 1000 0110 

135 87 1000 0111 

136 88 1000 1000 

137 89 1000 1001 

138 8A 1000 1010 

139 8B 1000 1011 

140 8C 1000 1100 

141 8D 1000 1101 

142 8E 1000 1110 

143 8F 1000 1111 

144 90 1001 0000 

145 91 1001 0001 

146 92 1001 0010 

147 oO 1001 0011 

148 94 1001 0100 

149 95 1001 0101 

150 96 1001 0110 

151 oF 1001 0111 

152 98 1001 1000 

153 99 1001 1001 

154 9A 1001 1010 

155 9B 1001 1011 

156 9C 1001 1100 

157, 9D 1001 1101 

158 9E 1001 1110 

19 OF 1001 1111 

160 AO 1010 0000 

161 Al 1010 0001 

162 A2 1010 0010 

163 A3 1010 0011 

164 A4 1010 0100 

165 A5 1010 0101 

166 AG 1010 0110 

167 A7 1010 0111 

168 A8 1010 1000 
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Dec 

Xi 
169 

170 

171 

172 

173 

174 

175 

176 

Lv) 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

12 

194 

195 

196 

197 

198 

199 

200 

201 

202 

Hex 

BRR AGE SY 

Binary 

X, 

1010 1001 

1010 1010 

1010 1011 

1010 1100 

1010 1101 

1010 1110 

1010 1111 

1011 0000 

1011 0001 

1011 0010 

1011 0011 

1011 0100 

1011 0101 

1011 0110 

1011 0111 

1011 1000 

1011 1001 

1011 1010 

1011 1011 

1011 1100 

1011 1101 

1011 1110 

1011 1111 

1100 0000 

1100 0001 

1100 0010 

1100 0011 

1100 0100 

1100 0101 

1100 0110 

1100 0111 

1100 1000 

1100 1001 

1100 1010 

=—t-+—_ Bee 

er 

Le 

| == SI ale ee 

eS Sir oF 

—) 

= = | 

continues 
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Dec Hex Binary ASCII 

X,, Xi X, Character 

203 CB 1100 1011 7 

204 CC 1100 1100 i 

205 CD 1100 1101 = 

206 CE 1100 1110 ati 

207 CF 1100 1111 = 

208 DO 1101 0000 - 

209 D1 1101 0001 = 

210 D2 1101 0010 - 

251 D3 1101 0011 u 

212 D4 1101 0100 t 

213 D5 1101 0101 = 

214 D6 1101 0110 - 

215 D7 1101 0111 ~ 

216 D8 1101 1000 - 

217 D9 1101 1001 J 

218 DA 1101 1010 - 

219 DB 1101 1011 E 

220 DC 1101 1100 = 

221 DD 11011101 I 

222 DE 1101 1110 | 

223 DF 1101 1111 a 

224 EO 1110 0000 a 

225 El 1110 0001 B 

226 E2 1110 0010 ‘i 

227 E3 1110 0011 Tt 

228 E4 1110 0100 : 

229 ES 1110 0101 O 

230 E6 1110 0110 Mt 

231 E7 1110 0111 T 

232 E8 1110 1000 ® 

233 E9 1110 1001 ) 

234 EA 1110 1010 Qa 

235 EB 1110 1011 3 

236 EC 1110 1100 oo 



Dec Hex Binary ASCII 

2 Ae X, Character 

237 ED ‘11101101 o 
238 EE 1110 1110 S 
239 EF 1110 1111 fa 
240 FO 1110 0000 = 
241 Fl 1111 0001 + 
242 F2 1111 0010 > 

243 F3 1111 0011 < 

244 F4 1111 0100 c 
245 F5 1111 0101 J 
246 F6 1111 0110 + 

247 F7 1111 0111 x 

248 F8 1111 1000 
249 F9 1111 1001 “ 
250 FA 1111 1010 ; 
251 FB 1111 1011 V 

252 FC 1111 1100 n 
253 FD =1111 1101 2 
254 FE 1111 1110 + 
255 FF 1111 1111 
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C Keywords 

There are several keywords that are reserved as a part of the C programming language. 

These words shouldn’t be used for anything other than their intended uses: 

auto 

break 

case 

char 

const 

continue 

default 

172 

C variable default storage class. 

auto int x; 

An unconditional exit command. Used to immediately exit a 
for, while, switch, or do...while statement. 

while( TRUE ) 

{ 
commands 

if( done == TRUE ) 

{ 
break; 

} 

} 
Used in conjunction with the switch statement. 

switch( x ) 

{ 

case ‘a': commands 

break; 

case 'b': commands 

break; 

} 

The smallest C data type. 

int char ch = 'A'; 

A C data modifier. 

const float pi = 3.14159; 
A reset command used to jump to the next instance in a for, 
while, or do...while statement. 

for( ctr = 13 ctr <100; ctr++ ) 

{ 

at (GuGit ines. 2m) 

continue; 

commands ; 

} 
A case within a switch that is used when none of the other cases 
are met. 

switch( x ) 

{ 
case ‘a': commands 



do 

double 

else 

enum 

extern 

float 

for 

break; 

case 'b': commands 

break; 

default: commands 

break; 

} 
Used in conjunction with the while statement. This allows 
looping to occur until the while statement evaluates to FALSE. 
The loop is executed at least one time. 

do { 

commands ; 

}while ( condition ); 

A data type used to hold double-precision floating point values. 
double num = 912340000000.123; 

Used to signal commands that should be executed when an if 
statement evaluates to FALSE. 

if( condition ) 

{ 

commands 

} 

else 

{ 

commands 

} 

A data type that can be used to create variables that accept a 
limited number of predetermined values. 
enum card_suit = { CLUB, DIAMOND, HEART, SPADE }; 
A data modifier that signals that the variable will be declared in 

another part of the program. 
extern global_variable; 

A data type used to hold floating-point values. 
float num = 123.456; 

An iterative looping command that allows a portion of code to 

be executed a specific number of times. A for statement 

contains initialization, incrementation, and conditional sections. 

TOM Gite = US Cie ae fehelee 2) 

{ 
commands 

773 



C Keywords 

goto 

aif 

int 

long 

register 

return 

short 

774 

Transfers program control to a label elsewhere in the program. 

goto label; 

commands 

label: 

commands 

Allows for branching within program flow. If the expression 
following the if evaluates to TRUE, then the following 

command(s) are executed. Also used in conjunction with the 

else command. 

if( ctr == 1 ) 

{ 

commands 

} 

else 

{ 

commands 

} 

A C data type used to hold a small integer value. Specific values 
that can be held are dependent upon CPU’s integer size. 
Generally stores numbers in 2 bytes. 
int nbr = 150; 

A C data type used to hold larger integer values. Generally 
stores numbers in 4 bytes. 
long nbr = 100000; 

A C data modifier used to signal that a C variable should be 
stored in one of the CPU’s registers, if available. 
register int number; 

A C command that causes a function to end and return to the 
calling function. The return statement may return a single 
value to the calling function. 
function() 

{ 
commands ; 

return; 

} 
A C data type used to hold a small integer value. Generally 
stores numbers in 2 bytes. 
short num = 123; 



signed A C data modifier that allows both positive and negative 
numbers to be stored in a variable. 
Signed int num = -100; 

sizeof A C operator (rather than a command) that returns the size of 
its argument in bytes. 
sizeof( x ); 

static A C data modifier that allows a variable to retain its contents. 

Static int ctre= 0; 

struct A C construct that allows the grouping of several C data types. 
struct name { 

char first[15]; 

char last[2Q]; 

}; 
switch A C command that allows program flow to be channeled to 

various conditions. case statements are used to present the 
conditions. 

switch( x ) 

case ‘a': commands 

break; 

case ‘b': commands 

break; 

default: commands 

break; 

} 
typedef AC modifier that allows new names to be created for data 

types. 
typedef pos _nbr unsigned int; 

pos_nbr x; 

X = 100; 

union A construct that allows multiple C data types to be stored in the 

same memory location. 
union x 

{ 
long nmbr; 

char str[4]; 

hs 

unsigned AC modifier that allows a variable to hold only positive 

numbers. 
unsigned int nbr = 100; 

175 
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void 

volatile 

while 

Used to create a generic pointer that can be cast to any type. 
Can also be used with function declarations to signify that there 
is not a returned value. 

void function(); 

or 

VOUCRChiaiee > Ditties 

Opposite of const. A data modifier that allows a variable’s 

contents to be altered. 

volatile int x = 100; 

A looping command that executes until its condition evaluates 

to TRUE or until a break command causes an exit. 

while( condition ) 

{ 

commands 





Operator Precedence 

The C operators are executed in a predetermined order. Parentheses are used to change 
the order in which operators are executed. The innermost parentheses are given the 
highest precedence and are, therefore, implemented first. 

Several operators can share a level of precedence. In such cases, the operators are 
generally executed from left to right; however, you should never assume this. If the 
order of execution for operators at the same level of precedence is important, use 
parentheses to guarantee the execution order. 

Table D.1. Level of precedence for operators. 

Highest Precedence 

() (function) [] (array) -> : ApS 

++(postfix) -- (postfix) 

++ (prefix) -- (prefix) ! ~ * (indirection) &(address of) 

+(unary) - (unary) sizeof 

(typecast) 

* (multiplication) / % 

ot - 

<< >> 

a <= => > 

—— Vs 

&(bitwise) 

&& 

at 
tt 

ts 

= += = *= = %= &= A= ; = eo >>= 

Lowest Precedence ce EE i See ee 
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A few examples: 

i 5*3+4%* 5 

=i 5 20 

= 30 

2.5 * (8+ 4) *5 
3459 127-5 
= 300 

So xet= 6 tA * 3 (assume x = 2) 

Xen Nesom 4 <3) 

x = 2 * (5 + 12) 
Kee i, 

x = 34 

tee 





So
e 
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ANSI Header Files 

The American National Standards Institute (ANSI) has set standards on many of the 

header files that are used in C. The following are header files that fall under the ANSI 

standard: 

ASSERT.H 

Contains the assert debugging macro. 

CTYPE.H 

Character classification and conversion macros that deal with single characters. 

Examples include: 

isalnum() 

isalpha() 

iscntr1() 

isdigit() 

isgraph() 

islower() 

isprint() 

ispunct() 

isspace() 

isupper() 

isxdigit() 

tolower () 

toupper() 

ERRNO.H 

Defines constants for the error codes. 

FLOAT.H 

Defines limits and other constants for floating-point data types. Complements the 
limits.h header file. 

LIMITS.H 

Defines limits and other constants for integer variable types. Complements the float.h 
header file. 

LOCALE.H 

Defines country- and language-specific information. This includes information on 
currency format, numeric format, and date format. 



math.h 

Defines prototypes and constants used with math functions. 

setjmp.h 

Contains prototypes and other information used in the jump functions—set jmp() 
and longjmp(). 

signal.h 

Defines prototypes and constants that are used with the signaling functions— 
signal() and raise(). 

stdarg.h 

Defines macros and constants for functions that use a variable number of arguments. 

stddef.h 

Defines several common constants, identifiers, variables, and more. 

stdio.h 

Defines constants used with standard input and output. This includes the common 
stream: stdin, stdout, stderr, and stdprn. 

stdlib.h 

Defines prototypes and commonly used declarations for standard functions. This 
header contains those items that didn’t really fit in any of the other ANSI header files. 

string.h 

Defines constants and prototypes for functions that work with character arrays 
(strings). This includes functions that work with memory. 

time.h 

Defines constants, structures, and prototypes for time-related functions. 

Additionally... 
In addition to these standard header files, your compiler has several of its own. Consult 

your compiler’s reference manuals to see what header files and functions it has in 

addition to the standard ANSI header files. If you decide to use any of your compiler’s 

non-ANSI header files, you may be limiting the portability of your programs. If you 
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ANSI Header Files 

only use the ANSI header files, then you'll know that your programs will be portable 
to any other ANSI compatible compiler. 

784. 





Day 1 Answers 
Following are answers to the quiz and exercises for Chapter 1. 

Quiz Answers 
ie As you begin to write bigger programs and develop more advanced pro- 

grams, you will find that memory management is of vital importance. As 
early as Day 2 you will see several advanced concepts that require memory to 
be allocated dynamically. These include variable length structures and linked 
lists. 

. Dynamically allocating memory means that you allocate memory at runtime. 
In other words, the computer does not reserve room for the variable until a 

dynamic memory allocation function is executed. 

3. You can allocate all the free memory within a computer. 

. You free it. To free dynamically allocated memory, you use one of the 
free functions. If the memory was allocated with malloc(), calloc(), or 

realloc(), the ANSI function free() is used. For memory allocated with a 

far function, a far free function should be used. 

. The calloc() function has an additional parameter. The calloc() function 

enables you to declare a number of instances of a specific size of memory. 
This could be done with the malloc() function by breaking out the param- 

eter as follows: 

calloc( 10, 15 ); /* allocates 1@ sets of 15 */ 

malloc( 10*15); /* allocates=10-*. 15) */ 

. The malloc() function is limited to 64K or less of total memory that can be 
allocated (based on what is not already being used for other data). The far 

function can allocate beyond this 64K limit. 

Exercises Answers 

r, The following is one of many possible answers: 

int *numbers; 

numbers = (int *) malloc( 10 * sizeof(int) ); 



2. The following is one of many possible answers: 

int *numbers; 

numbers = (int *) calloc( 10, sizeof(int) ); 

. This could be considered a trick question. This exercise can be answered 

using either the far version of the malloc() or calloc() functions. 

Borland compiler answers: Borland! 

return_value = (long *) farmalloc( 20000 * sizeof(long) ); 

return_value = (long *) farcalloc( 20000, sizeof(long) ); 

Microsoft compiler answers: Micosot 

return_value = (long *) _fmalloc( 20000 * sizeof(long) ); ae 

return_value = (long *) _fcalloc( 20000, sizeof(long) ); 

. This program has two notable problems. The first is that the malloc () 
function needs to be typecast to the type of value it is returning. Because it is 
returning to the variable string, you can assume malloc() is returning a 

character pointer. The second problem is that the variable, string, is not 

declared. The following is a corrected listing. 

#include <stdlib.h> 

#include <stdio.h> 

#define MAX 100 

void main(void) 

{ 
char *string; 

string = (char *) malloc( MAX ); 

printf( "Enter something: " ); 

gets( string ); 

puts( string ); /* do something like printing */ 

free( string ); 

} 

. This program has the same problem as some of the listings that you saw 

today. This program does not free the memory that it allocates. The follow- 

ing is a corrected listing with the free() function added. 

/<-DaVanlewEXCGCTSe roms) 

#include <stdlib.h> 

#include <stdio.h> 
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void main(void) 

{ 
long *long_array; 

long total = 0; 

int (adler 

long_array = calloc( sizeof(long), 10 ); 

printf( "Enter 10 numbers: " ); 

TOG Cth =eOh eC tines Osim cit lestum) 

{ 
Scant (a esldias se Longmalzkaly Cite) ks 

total += *(long_arraytctr) ; 

printf( "\n\nTotal of numbers is: %ld", total ); 

free(long array) ; 

Day 2 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
Ly The basic data types are char, int, short, long, float, and double. 

2. The typedef command. 

3. 

4 

DWORD is a type definition of type unsigned long. 

. You can group data in three different ways: 

With Arrays 

|| With Structures 

With Unions 

The value of NULL is zero. Displayed as a character, this is ‘\0’. 

Word alignment determines how information is stored. If word alignment is 
on, then there may be gaps between data items. When word alignment is on, 
all variables are aligned on a word boundary. If word alignment is off, 



variables will be packed as close as possible. To know how data is stored, you 
must know the status of word alignment. 

7. A pointer is a special kind of variable. A pointer is a numeric variable that is 

used to hold a memory address. 

8. The “address of” operator—the ampersand (&)— is used to determine the 

address of a variable. 

9. The first is a prototype for a function pointer, the second is a prototype for a 
function that returns a pointer. 

10. One of the main benefits of using a variable length structure is storage space. 
Only the amount of space needed is used. Using standard structures you 
may have a large amount of wasted (blank) space, or, your structure may be 
too small to store everything. 

Exercises Answers 

1. The following is one example of how this exercise can be solved using a 

structure: 

struct ssn_tag { 

Ine PRS, 

char breaker1; 

int middle; 

char breaker 2; 

Gale Sike 

}5 

The following is an alternate solution: 

struct ssn_tag { 

char first[3]; 

char breaker1; 

char middle[2]; 

char breaker 2; 

char last[4]; 

}5 

2. The following is one example of how this exercise can be solved. To store 

two different variables at the same memory address, a union is used as 

follows: 
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union tag { 

long number; 

char string[4]; 

}s 

. The following is one possible answer: 

une /* Program: EXER@203.c 

Pos * Author: Bradley L. Jones 

634 * Purpose: A program that does not do much. A pointer is 

4: wy assinged its own address as a value. 

bi eS S SS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSSSHH=* / 

6: 

de #include <stdio.h> 

8: 

9: void main(void) ; /* prototype for main() */ 

10: 

11: void main(void) 

Wee =e 

13% long *ptr; 

14: 

iss ptr = &ptr; /* this line may generate a warning */ 

Ge 

iliac printf("\nThe value of ptr is: S1ds.) Ditties 

18: printf("\nThe address of ptr is: %Sld", &ptr); 

Woe We 

The value of ptr is: -720908 

The address of ptr is: -720908 

. The following is one of many possible answers. This listing includes two 
different double dimensioned arrays. While not covered in detail in today’s 
material, a double dimensioned array is simply an array of arrays. Notice that 
the third printing switches the subscripts and causes erroneous information 
to be printed. 

/* Program: EXERQ204.c 

* Author: Bradley L. Jones 

* Purpose: Creates a double dimensioned character array 

and initializes it. Also creates a double 

dimensioned integer array and initializes it. a ~ Q HN — 



* Once declared, both arrays are printed out. 

*FSSSS SSS SSS Sass SS SSSSSSSsSsS SSS SSS ssassas==========% | 

#include <stdio.h> 

void main( void ); /* prototype for main() */ 

: char checkerboard[8][8] = {"X','0','X',’0','"X',"0','X",'0', 

pO Aor Oban a Xda Ome cee Xan se OW OX: hy 

Pm Oey Kn Oar eer Oly gra Kalter On, 

sO erie Oe sumac Nir Olen XG, 

Pe aie Ob tex a ore Kae Ole Kean Ola, 

DOM MX as Oise nes Oey Nm i Omen Xr, 

OE IS op OP og OK TO Ae eke le 

OKO arenas a Olan Karst Onan Xuay 

int number_array[3][4] = { 11, 12, 13, 14, 

fen oe. 28 eA. 

319932) 33,034"): 

void main( void ) 

{ 
sie o< wee /* counters */ 

printf( "\n\nPrint Character array...\n"); 

for (x = Os x “<8 xts) 

{ 
Or Un teh (ee ieee) is 

pora(syeq- Ocyes Ba, Y tt) 

{ 
printf( "%c ", checkerboard[x][y] ); 

} 

} 

printf( "\n\nPrint numbers with subscripts...\n"); 

for (x = 0; X < 3; Xx++) 

{ 
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45: 

46: 

47: 

48: 

49: 

50: 

Sis 

Byae 

Bayete 

54: 

DOk 

56: 

yrs 

58: 

bok 

60: 

Gills 

62: 

63: 

printf( "\n\nPrint numbers with switched subscripts. 

ee Aa" hye 

oe (NP 2 We WP ce Va Wee) 

{ 
printf( "sd ", number_array[x][y] ); 

FORe(Xe=" O59 x <4 Sexe) 

{ 

} 

} 
yf EES 

pyelimer( Sal ))s 

TORO = Os Vacs aver.) 

{ 

printf( "sd ", number_array[x][y] ); 

end of Listing) ***/ 

Oo >, Oy P< CO 99S OO 7S 

11 

21 

31 

Print Character array... 

OXxO0xX0xXO0 

Xe Oe Xe ORXa OX 

ORXSORXTOEXaO 

XO XgO ms OlnX 

Ox0X0xXO0O 

WO) 2 OI6 OO 

ORXSORXS0RX50 

ATO UXNODK OLX 

Print numbers with subscripts... 

12 13 14 

22 23 24 

32 33 34 

Print numbers with switched subscripts... 

12°13 

22 23 

32 33 

2570 29264 28265 

e \ina 



. You would create an array of the social security number unions: 

struct ssn_tag SSN[10]; 

. The numeric array can be printed as characters by using "%c" and printing 
each element in a printf () statement. The numbers print “BRADLEY”. 

This exercise is “On Your Own.” 

This exercise is “On Your Own.” 

This exercise is “On Your Own.” 

Day 3 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1: 0 

2. The list is empty. 

as 

4 . A stack is a single-linked list that is always accessed from the top. New 

A pointer to the same data type as the linked structure is used. 

elements are added to the top, and removed elements are always taken from 
the top. A stack has a LIFO (Last In First Out) access order. 

A queue is a single-linked list that has new elements added to the top. 

Elements that are removed from the queue are always taken from the bottom 
(or tail). A queue has a FIFO (First In First Out) access order. 

. A tail pointer is a separate pointer that always points to the last element in a 
linked list. A top pointer is a separate pointer that always points to the first 
element in a linked list. If the linked list is empty, then the top and tail 
pointers will both contain NULL. 

A tail pointer is generally not needed for a single-linked list. In some cases, 

they are needed. For example, a queue needs a tail in order to know where to 

remove elements from. 

A double-linked list has a pointer to the previous element. This is in addi- 

tion to the pointer to the next element that both a doubly and single-linked 

list have. Because there is a pointer to the previous element, a double-linked 

list can be traversed either forward or backward. 
793 



794 

KO 

calloc() also initializes the new element to zero. malloc() does not initial- 

ize. 

A binary tree has a much quicker access time when looking for specific 

elements. 

Exercises Answers 

1. Following is one of many possible solutions: 

struct character { 

char character_name[25+1]; 

int introduction_year; 

struct character *next_character; 

}5 

Following is one of many possible solutions: 

struct food_item { 

char food _name[25+1]; 

struct food_item *next_food; 

struct food_item *previous_food; 

}; 

Following is one of many possible solutions: 

struct member { 

char name[25+1]; 

int age; 

struct member *left_node; 

struct member *right_node; 

}; 

This is on your own. 

The structure should contain a pointer to the next customer, not another 
structure. The corrected structure is: 

struct customer { 

char lastname[20+1]; 

char firstname[15+1]; 

char middle init; 

struct customer *next; 

}5 



~ DEB EVASE I.MiG NJ LF K.H.C 

—Ueeebo ee MCN dG KH RCA 

6 

7, ABDECFGILMJNHK 

8 

9 . This exercise is on your own. 

Day 4 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1. American National Standards Institute 

2. Because ANSI sets the standards for many areas. This includes the use of 
programming languages such as C and C++ along with the use of terminals 
and more. 

3. The ANSI functions are easy to use. 

4. The ANSI functions require that the ANSI.SYS driver be loaded on the 
computer before they will work properly. If this driver is not loaded, then 
erroneous output will most likely be received. 

5. This is a trick question! Red has two values. The foreground color is 31, and 
the background color is 41. 

6. The foreground color is the color applied to the text or graphic being 
displayed. The background color is the color behind the text or graphic 
being displayed. 

7. When the next ANSI color is applied. 

8. It is the fastest method of updating the screen. 

9. It is a less compatible means of updating the screen. This is because video 

memory may be located in different areas of RAM on different machines. 

10. Basic Input/Output System 
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Exercises Answers 

i" The escape sequence is an ANSI escape sequence. If the ANSISYS driver is 

loaded, then this will move the cursor up five lines (or as many as possible if 

there are not five preceding the cursor’s original position). 

. Black (30) on White (47) 

White (37) on Black (40) 

Yellow (33) on Blue (44) 

Yellow (33) on Red (41) 

. Yellow on Blue should have been easy. The Bright Yellow may have con- 
fused you. Bright Yellow is the same as bold yellow. You gain a bold color by 
adding a 1 to the escape sequence. 

Yellow on Blue "\x1B[33;44m" 

Bright Yellow on Red "\x1B[1;33; 41m" 

. The escape sequence uses two foreground colors. The first foreground color 
will be ignored. Typically you will use a foreground and a background color. 

. This function uses functions provided in today’s lessons. This function 
works just fine if all of the functions used are included. Be careful with 

screen coordinates. Some programs (and functions) use 0,0 as the starting 

point, others use 1,1. 

. The following is one possible answer. A main() has been added to demon- 
strate the use of the function. Line numbers have been included. Note that 

this program must be linked with a_cursor.obj presented in today’s chapter. 

1 /* Program: EXER@4Q6.c 

2 * Author: Bradley L. Jones 

3 * Purpose: demonstrate the put_color_string() function 

4 a This program puts the word "Hello" on the 

5) * screen in a bunch of colors. 
6 * =SSS>>S>S>>S>S>S>SS>S>SS>>>>>>>>>SSS>= >>> 5>5>>>=>>S>S5>>>5>>=>=>=>>=>=>=-=-* / 

7 

8 #include <stdio.h> 

9 #include "a_cursor.h" 

10: #include "ansiclrs.h" 

abe 



void put_color_string( int row, int col, 

int fcolor, int bcolor, 

chake=texts) 

void set_color( int fore, int back ); 

void main(void) ; 

void main(void) 

{ 
int row, col, 

Xa Ys 

set_color( F_WHITE, B MAGENTA ); 

clear_screen(); 

TLOM( UY = 405) vy <="47 ey tt ) 

COLM= (eV a—8 oOW ina 7 

PuUtSCOLOMEStning (Grow; cols xX.) Vijeu tel Lon). 

{ 

for( x 

{ 
row = 

} 

} 

set_color(F_WHITE, B_BLACK ); /* your screen color */ 

=e 

x 

OSE XEK="3 115 Xt) 

- 29; 

Function: 

Parameters: 

put_color_string() 

row, col - Screen coordinates. 

fcolor, bcolor - String colors 

text - The string 
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Sile 

By: 

53: 

54: 

boi 

@I9)5 

Bilas 

58: 

Sis) - 

60: 

61: 

62: 

63: 

64: 

65: 

66: 

Notes: This function does not verify valid values 

for the parameters received. 

void put_color_string( int row, ine tefal 

vo 

{ 

} 

int: pCOLOge 2nteDCOLOR- Chale te xis) 

put_cursor( row, col ); 

set_color( fcolor, bcolor ); 

mgr (( weerGe \) 

idvset color(@int fore, int backs) 

printf ("\x1B[%d;%dm", fore, back ); 

7. The following is one possible answer. Line numbers have also be included. 

CON CO) Olle rea CO ND 

© 

ee OAN DOA FWONMD = 8 

Hse 

* 

* 

* 

* 

* 

* 

* 

Program: EXER@407.C 

Author: Bradley L. Jones 

Purpose: Re-maps the SHIFTed Function keys to new 

values. After this program is ran without 

any command line parameters, the following 

are set: 

<shift> F1 = HELP 

<shift> F2 = DIR 

<shift> F3 = CLS 

<shift> F4 = CHKDSK 

<shift> F5 = CD C:\ID\T7G 

Note: Running the program with an extra command 

line parameter will reset the keys. 

Note: The '13' is <enter> - These commands start 

automatically. 
SS SS FF SF SS SS SS SS SSS SS SSS SSS SSS SS SSS SS SS 5>>=>=>-—* / 



41: 

535 

#include <stdio.h> 

#define SHIFT F1 "0;84" 
#define SHIFT F2 "0;85" 
#define SHIFT F3 "0;86" 
#define SHIFT_F4 "Q;87" 
#define SHIFT F5 "Q;88" 

int main(int argc) 

{ 

aT aniGace le) 

{ 

printt (“\x1B[%s;72;69;76;80;13p", SHIFT F1 ); 

printf ("\x1B[%s;68;73;82;13p", SHIFT_F2 ); 

pranta ( \X1Bl%S3675 76:83} 13p..eohl nits »)s 

Prantih(] \X1Bl S367; 725 75500;005 (os |SGps SHEET uE4 4): 

DFaAnti(enxi Bl cSeMusO9s (5 lope, onl ia bom): 

printf("\n\nThe Function keys have been set for "); 

printf ("shift commands.\n\n"); 

else 

{ 
DET METe VXI LoS oS Pot leet Lidientads) is 

printf ("\x1B[%s;%sp",SHIFT_F2, SHIFT_F2) ; 

printf ("\x1B[%s;%sp",SHIFT_F3, SHIFT_F3) ; 

printf ("\x1B[%s;%sp",SHIFT_F4, SHIFT_F4); 

printf ("\x1B[%s;%sp",SHIFT_F5, SHIFT_F5) ; 

printf("\n\nThe Function keys have been reset.\n\n"); 

return; 

} 

Exercises 8 through 10 are on your own. 
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Day 5 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
Ie 

10. 

800 

It depends on the overall requirements of the program you are creating. 

Most times, maintainability will be more important. Efficiency is only 

important with a program that is time-critical. The most costly part of a 

program is the time the programmer spends maintaining it. 

If you are using the ASCII character table, it is 97; however, it could be any 

other value. A character’s numeric value is based on the character set used. 

The largest unsigned character value will be defined within the numeric 

constant UCHAR_MAX. 

American National Standards Institute. 

Most C compilers are case sensitive. For most compilers, each of the vari- 
ables would be treated as different. These variable names would not be 
portable since some compilers don’t differentiate case. 

The isalpha() function is an ANSI function that determines if a character is 

a letter of the alphabet. It’s better to use this function than a function that 
checks to see if the character is between a and z. 

The isdigit() function checks to see if a character is a number (0, 1, 2, 3, 

4,5, 6, 7, 8, and 9). This is an ANSI function. It’s better to use isdigit() 

than to check to see if a character is greater than or equal to 0 and less than 
or equal to 9. 

As stated in the answers to quiz questions 6 and 7, the functions are ANSI 
compatible. Using these functions will produce portable code. Because there 
isn’t a proprietary character set for the C language, there is no guarantee 
what numeric values will represent characters. By using the is... () func- 

tions, you gain portability. 

No. Generally, when working with data files and structures, you must ensure 
that all things are consistent. Issues such as byte alignment must be known. 
Because one compiler may have byte alignment on and another may not, 
portability may be lost. 

No. The predefined constants are replaced at compile time, not run time. 
__TIME__ will be replaced with the time the program was compiled. 



Exercises Answers 

1. This program uses ctr and cTR. These are two separate variables if your 

compiler is case-sensitive. If you are considering portability, you should 

rename one of these two variables to allow something other than case to 

differentiate them. 

2. Any listing in this chapter can be used for this exercise. The listing size will 

shrink; however, the object file and the executable file should remain the 

same. 

This exercise shows that nothing is added to the program if you add addi- 
tional spacing. The additional spacing does, however, make the program 
much more readable. 

3. Following is a function that verifies that a character is a vowel. 

/* Function to verify vowel. All checks are equality, so code will 

be portable. */ 

int verify_vowel( int ch ) 

{ 
int rv = @; 

switch ( ch ) 

{ 
case ‘a' 

case ‘e' 

case ‘i’ 

case '0' 

case ‘u' 

case 'A' 

casew-e? 

case ‘I' 

case '‘O' 

case 'U' nv =; 

break; 

default: rv = 0 

break; 

} 

return( rv ); 

} 
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4, One of many possible answers: 

int character_case( int ch ) 

{ 
int rv = Q; 

if ( isalpha( ch ) ) 

{ 
if( isupper( ch ) ) 

rve="1% 

else 

BVo=— 2 

} 
else 

rv = 0; 

return( rv ); 

} 

5. This exercise was on your own. This information can be found within your 
compiler’s manuals. 

6. No. This program uses system(). This function calls an operating specific 
command—in this case TYPE. This means that your program isn’t portable 
to other operating systems. 

7. No. This is quite similar to a program shown in today’s materials. The 
following text would be much more portable: 

int to_upper( int x ) 

{ 
if( isalpha( x ) && islower( x ) ) 

{ 

toupper( x ); 

} 
return( x ); 

} 



Day 6 Answers 
Following are answers to the quiz and exercises. 

none Answers 

. While there could be many reasons for wanting to look at the numeric 

. Because a computer works with numbers. All characters and symbols are 
converted to numeric values. 

. For IBM Compatible PCs, the ASCII Standard specifies the conversion 
values. 

. A decimal value is a base 10 number. Decimal numbers are the numbers that 

we use to count with every day. Because decimal stands for 10, only 10 
numbers are used. These numbers are 0 through 9. 

. The computer stores information in bits. A bit can have one of two states, 

on or off. Binary numbers are base 2. This means that they can use two 
digits, 0 and 1, to represent all numbers. These two digits can be used to 
represent the on and off state of the computer’s information. 

. A computer stores information in bytes. A byte is 8 bits. To look at the 
binary representation of a byte of data means looking at eight digits for a 
maximum value of 256 (decimal). By using hexadecimal, these 256 possible 
numbers can be represented in two digits. In addition, the two hexadecimal 
digits can easily be converted to binary since the first digit represents the left 
four binary digits and the second hexadecimal digit represents the right four 
binary digits. 

values of data, there is one reason that is most often given. Many characters 

appear as spaces when viewed as common text. In many cases, the “spaces” 
may be something quite different. For example, in many of the listings 

today, you saw the carriage return, line feed. In addition, you saw that spaces 

were given a decimal 32 value. Other characters such a null (character 0 ) 

may also appear as a space when viewed as text; however, 0 and 32 are 

different. 

. Binary: 0 and 1 

. Decimal: 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 

. Octal: 0, 1, 2, 3, 4, 5, 6, and 7 

10. Masadecina 2001423. 4, 5 0) 78. 9, A, B,-G, D, E, and F 
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Exercises Answers 
1. Binary: 0100010 

Octal: 102 

Decimal: 66 

Hexadecimal: 42 

2. Binary: 10 

Octal: 2 

Decimal: 2 

Hexadecimal: 2 

oh ev Aede: 

bs52 

c. 120 

d. 49 

) 

4,aA 

b. ? (question mark) 

c. & clover 

diet 

Gund 

5. /* Program: DayQ6EQ5.c 

* Author: Bradley L. Jones 

* Purpose: Print numeric values of an entered character. 

*#aSS SSS SSS SaSSSSSSSSSSSSSSSSSSESSSSSSSS5SESSSSS555=======%* / 

#include <stdio.h> 

#include <stdlib.h> 

char *char_to_binary( int ); 

void main(void) 

{ 



slike Cpl 

char *rv; 

printf("\n\nEnter a number ==>" ); 

scanf("%d", &ch); 

printf("\n\n Your number: Ssel 5 Gln) ye 

printf("\n\n Character: SC use Chin )is 

printf("\n Octal value: Onsmcnic 

printf("\n Hexidecimal value: %x", ch ); 

oe 

rv = char_to_binary(ch) ; 

printf("\n Binary value: %s", rv); 

printf("\n\nYour number again: Edel, Gly )S 

char *char_to_binary( int ch ) 

{ 

ante clin 

char *binary_string; 

int bitstatus; 

binary_string = (char*) malloc( 9 * sizeof(char) ); 

TOU Cislie SE ele aR helps) 

{ 
switch( ctr ) 

{ 
case 0: bitstatus = ch & 128; 

break; 

case 1: bitstatus = ch & 64; 

break; 

case 2: bitstatus = ch & 32; 

break; 

case 3: bitstatus = ch & 16; 

break; 

case 4: bitstatus = ch & 8; 

break; 
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case 5: bitstatus = ch & 4; 

break; 

case 6: bitstatus = ch & 2; 

break; 

case 7: bitstatus = ch & 1; 

break; 

} 

binary_string[ctr] = (bitstatus) ? ‘1’ : ‘0’; 

binary_string[8] = @; /* Null Terminate */ 

return( binary_string ); 

} 

6. The following is a complete program. 

/* Program: Day@6E06.c 

* Author: Bradley L. Jones 

* Purpose: convert the case of a letter. 

#include <stdio.h> 

unsigned char switch_case( unsigned char ); 

void main(void) 

{ 
I unsigned char letter1 | Cee 

Lettence=s wi, 

converted1, 

converted2; 

printf("\n\nThe first letter is %c", letter); 

converted1 = switch_case(letter1); 

printf("\n\n%c is now %c", letter1, converted1) ; 

printf("\n\nThe second letter is %c", letter2); 

converted2 = switch_case(letter2) ; 



printf("\n\n%c is now %c", letter2, converted2) ; 

unsigned char switch_case( unsigned char ch ) 

{ 
/* if lowercase, make uppercase */ 

if( ch >= 97 && ch <= 122 ) /* is letter from a to z */ 

{ 
ch -= 32; /* change number by subtracting 32 */ 

} 

else 

{ 

if( ch >= 65 && ch <= 90 ) 

{ 

ch += 32; /* change number by adding 32 */ 

} 

} 

return(ch) ; 

} 

7. BUG BUSTER: The letter ‘a’ has a decimal value of 97 while the letter ‘Z’ 

has a value of 90. Since the conditional portion of the for statement is to 
print x while it is less than “Z’, nothing will ever print. The uppercase ‘Z’ is 
less than the lowercase ‘a’. Either print only upper- or lowercase letters, or 
print from ‘A’ to ‘2’. If you select to print from ‘A’ to ‘2’, then you will get a 
few extra characters printed. 

Day 7 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1. A library is a set of functions that have been grouped together. A library 

allows all of the functions to be grouped into a single file. 
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10. 

Many libraries will come with a compiler. Additional libraries can be created 

by you or others. In addition to your own libraries, you can purchase special 

purpose libraries. 

The addition operator (+) is used in a manner similar to the following: 

ELBerOpyneuve 

The subtraction operator (-) is used in a manner similar to the following: 

LIB -objfile 

. You combine the subtraction and addition operators are used in a manner 

similar to the following: 

LIB -+objfile 

or you can do a subtraction followed by an addition: 

LIB -objfile 

LIB +objfile 

. You add a comma followed by the listfile name to the end of the Library 
command similar to the following: 

Berens eel Crer Site 

You use the asterisk in the library command similar to the following: 

LIB *objname 

You combine the subtraction operator and the asterisk as follows: 

LIB -*objname 

or you can do the two operations separately: 

LIB *objname 

LIB -objname 

How the file is included determines where the compiler looks for the include 
files. If double quotes are used, the compilers searches the current directory 
first. If <> brackets are used, then the Library directory is searched first. 

Source (.C) files should not be included in libraries. Only object (.OBJ) files 
should be included. 



Exercises Answers 

Se Ske tS 

Note: Answers may vary for different compilers. For the Microsoft 
compilers, the answers should end with a semicolon. For Borland’s 
compilers, you will use TLIB instead of LIB. 

. To create the stated library, you would enter the following: 

LIB STATES +RI +IL +IN 

(LIB would be replaced by your library program) 

. LIB STATES ,LISTING.LST 

(LIB would be replaced by your library program) 

LIB STATES +RI +IL +IN ,LISTING.LST 

LIB STATES +KY.OBJ +FL.OBJ 

LIB STATES -KY.OBJ 

LIB STATES -+FL 

LIB STATES *IL 

Two listings are included here. First is UPPER.C which contains the edit. 

Second is a program that uses the upper edit. 

we /* Program: upper.c 

(ioe * Author: Bradley L. Jones 

35 * Purpose: This is an edit to verify that a string 

4: i contains all uppercase alpha characters 

on i (A to Z). 

6: * Returns: 1 = all uppercase characters 

Ife ‘a @ = not all uppercase 

8: *#aeaesssassssassssesssasaassssssssassssssssssssssssssssaas* / 

9: 

10: #include <stdio.h> 

ae 

12: int is_upper_case( char *string) 

USI 9 ef 

14: intecths. 

15% ant avs 
809 



WE 

Utsie 

RE 

20: 

Zils 

22: 

Zor 

24: 

25% 

26: 

PAI: 

28: 

29: 

CON oO Ol > Ge) Nm — 

o 

a ee er ey Su Se es oO a oO oO fh ON =| Oo 

ISN NS: a) 

20): 

TOR) CUP 0; string[ctr] != 0; ctr++ ) 

{ 
if(estringletr] <A’ |i string ctr is> eZ) 

{ 
return(Q); 

} 

} 

return(1); 

} 

/* Program: eday0708.c 

AEN Olas Bradley L. Jones 

* Purpose: This is the main() for testing the upper edit. 

* Returns: nothing 

#include <stdio.h> 

int is_upper_case( char *string ); 

void main(void) 

char text1[10] = "BADtext", 

text2[10] = "GOODTEXT'; 

printf("\n\nReturn value 

is_upper_case(text1); 

is_upper_case(text2) ; 

CeO ec CXGke lism cSimemiinVal em Le Xtal) ie 

printf("\n\nReturn value = %d for text 2, %s", rv2, text2); 

{ 
ume TAWA 

rv2; 

rv1 = 

rv2 = 

} 

9. LIB EDITS +UPPER.OBJU 

10. This is on your own! 



11. This is on your own; however, your answer will be similar to Exercise 9’s 
answer! 

12. Although not covered in the chapter, compilers typically work from left to 
right. This means that all source files should be listed before the libraries are 
listed. By having source2. obj after the library, you could encounter prob- 
lems. 

Day 3 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
i: 

2 

Basic Input/Output System 

Two possible reasons follow. First, the BIOS functions do not require the 
use of an external driver such as ANSI.SYS. Secondly, the BIOS functions 
provide more functionality than the ANSI functions. 

. An assumption as to the location of the video information in memory has to 
be made when you access video memory directly. By using the BIOS 
functions, you go through BIOS to access the video. Because different 
systems may store the video memory at different locations, the BIOS 
functions are more portable. 

. An interrupt number is a number passed to BIOS via DOS that activates a 
certain function or type of function. Table 8.1 lists several of the types of 
functions implemented by different interrupts. 

. An interrupt function is a specific operation within an interrupt. An inter- 
rupt function is designated by a number just as interrupts are. In addition, 
interrupt functions are used in association with interrupts. Table 8.2 lists 
many of the interrupt functions available. 

Some interrupt functions are broken down even further. These smaller 

breakdowns are subfunctions. Several subfunctions are listed in Table 8.2. 

For example, interrupt 16 (0x10h) function 15 (OxOFh) has several 

subfunctions that work with the video colors. 

. Interrupt 0x33h functions manipulate the mouse. 

. It hides the mouse pointer. 
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9. It reboots the computer. 

10. No. BIOS functions are only supported on IBM-compatible machines. In 

addition, older versions of DOS may not support all of the BIOS functions. 

Exercises Answers 

1. There is no answer to this exercise. You should end up with a library file that 

you can use in later chapters of this book. The header file that you create 

should look like the following: 

We /* Program: TYAC.H 

PA * Authors: Bradley L. Jones 

3: * Gregory L. Guntle 

4: * Purpose: Header file for TYAC library functions 

5: eeaSssaSsSs SSeS SS SSS SSSSSSSSSSSSSSSSSSsSSSSsSsSSSSSS====* | 

OE 

7: #ifndef _TYAC_H_ 

8:  #define _TYAC_H_ 

9: 

10: /* DOS and BIOS Interrupts */ 

11: #define BIOS VIDEO 0x10 

We 

ican) *eBlOSShunctronpcallcmay) 

14: #define SET_VIDEO @x00 

SE 

16: /*--------------------+--- * 

ava Function Prototypes 

18:00 ¥25---2e eee been +] 

1@8 

20: /* Gets the current date */ 

Zire void currentidate(int saint i*yiint *)s 

Bei 

23: /* Positions the cursor to row/col */ 

243 | VOUS CurSOR (ants anit). 

AXE /* Returns info about cursor */ 

26; vordsget_cursor(int *;7int, *, “inte*, ant. *, ant *)\i5 

Pp = /* Sets the size of the cursor */ 

28: void set_cursor_size(int, int); 

29: 



30: 

31: void kbwait( void ); 

32: 

/* clea 

/* dete 

33: int keyhit( 

34: 

35: #e 

. The program requested is simply a specific version of the function presented 

ndif 

r the keyboard buffer */ 

rmine keyboard hit */ 

void ); 

in the answer for Exercise 3. 

. The following function enables you to scroll the screen up or down. When 
the screen scrolls up, the text appears to move down. When the screen scrolls 

down, the text appears to move up. 

i /* Program: SCROLL.C 

28 * Author: Bradley L. Jones 

3: zs Gregory L. Guntle 

4: * Purpose: Function to scroll the screen. 

5: BSN eeu ee ket eee Serie) SA are aaa ecient anh o e ce  CIC ROM ai SOE e acd 

6: * Parameters: 

ThE * row, column starting position on screen 

8: bd (0,0) 

9: “ height, width portion of screen to scroll 

10: ea nbr number of rows to scroll 

bales direction @x®7 is up 

We iy @x08 is down 

isi A SSS SSS SSS SSS SS SSS SSS SS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSH* 

14: 

15: #include "tyac.h" 

16: #include <dos.h> 

ibe 

18: void scroll( int row, tec Ole 

19: int width, int height, 

20: int nbr, int direction) 

21 aes 

2a union REGS irreg; 

23: 

24: ireg.h.ah = direction; 

Zon ireg.h.al = nbr; 

26: ireg.h.ch = row; 

ein ireg.h.cl = col; 
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28: 

29: 

30: 

31: 

32: 

33: } 

ireg.h.dh = row + height; 

ireg.h.dl = col + width; 

Q; ireg.h.bh 

int86( 0x1@, &ireg, &ireg ); 

. The following is a program does not have much functionality. It simply 
shows the scrolling of the screen in action. 

AN Oath WOND — 

o 

ea a Ge -f wOnD - 8S 

NEM OMT NTN Sm hm 9 OOAN OA fF WONMD + 8 

see ee ads ak coy Cosy Ni Top) 14a] 

/* 

* 

* 

Program: EXERQ804.C 

Author: Bradley L. Jones 

Gregory L. Guntle 

Purpose: Demonstrates the use of the set_control_break() 

function. 

#include "tyac.h" 

#include <stdio.h> 

#define SCROLL_UP Qx07 

void delay(void); 

void scroll( int row, int col, int width, int height, int nbr, 

int direction) ; 

int main(void) 

{ 
sHafe, <5 

printf( "\n\nStarting program..."); 

TOR (SX ss Ore xX e<a Oseexst a) 

{ 

printf( "\rScrolling —>%d", x); 

delay(); 

scroll( @,; 0, 80, 25, 2, SCROLL_UP ); 

} 

return Q; 



30: 

31: void delay(void) 

S22 

33: long x; 

34: for( x = 0; x < 1000000; x++ ); 

Uo pe} 

- See Day 7 if you need help adding the scro11() function to your library. 
You should also include defined constants in your TYAC.H header file to 
define SCROLL_UP and SCROLL_DOWN. Don’t forget to include the prototype in 
TYAC.H also. 

. The int86() function is not used properly. You must pass the interrupt 
registers in and provide for the interrupt registers coming out. The following 
is how the int86() function should be called: 

int86(0x21, &inregs, &outregs) ; 

Day 9 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
. Monochrome means single colored. 

. Text graphics are graphics created using the characters in a character set such 

as the ASCII character set. 

3. The ASCII characters have numeric values from 0 to 255. 

. The extended ASCII characters are those from 128 to 255. 

. When you change a library function, you must remember to update the 
library. In addition, you should update any information in header files. 

. If you change a header file, you may need to recompile all the functions and 

programs that use that header file because the change may affect them too. 

. There are several reasons to use defined constants. The reason presented 

today was readability. 

. Foreground colors are black, blue, green, cyan, red, magenta, brown, white, 

gray (light black), light blue, light green, light cyan, light red, light magenta, 

yellow (light brown), and bright white. 
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Background colors are black, blue, green, cyan, red, magenta, brown, and 

white. 

Exercises Answers 

1. There is no answer to this exercise. You should end up with a library file that 

you can use in later chapters of this book. 

2. See the answer for Exercise 3. 

3. The following is one possible answer. The mode is captured, information is 
displayed, and the program pauses. Once the user presses enter, the mode is 
changed to 40 columns and the new mode information is displayed. Again 
the program pauses until the user presses enter. When the user presses enter 
again, the program resets the mode to its original value. 

{fs 

* 

* 

* 

* 

Oanr oa kh © ND — 

—_— — © are (=) 

Wee Sf 

Program: EXERQ@903.c 

Author: Bradley L. Jones 

Gregory L. Guntle 

Purpose: Demonstrates the use of the set_video() and 

get_video() functions. 

#include <stdio.h> 

#include "tyac.h" 

int main(void) 

int cols, vpage, mode, orig mode; 

char ch; 

printf("\n\nGetting video information..."); 

get_video( &cols, &mode, &vpage ); 

printf("\n\n columns = %d", cols ); 

printf("\n mode %d", mode Ne 

printf("\n page Sd", vpage ); 

orig_mode = mode; 

printf("\n\nPress enter to continue..."); 



at ch = getchar(); 

28° 

29: set_video( 1 ); 

30: 

31: get_video( &cols, &mode, &vpage ); 

32: 

33% printf("\n\n columns = %d", cols ); 

34: printf("\n mode = %d", mode Ne 

Sle) printf("\n page = %d", vpage ); 

36: 

a0 printf("\n\nPress enter to continue..."); 

38: ch = getchar(); 

39: 

40: set_video( orig mode ); 

41: 

42: return Q; 

433) SF 

This character is a medium grade grid character. It provides a grid on the 
screen in the different colors. 

Day 10 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1, 

Dre 

5. 

The purpose of getline() is to replace scanf() on allowing data to be input. 

boop() causes the speaker to beep for a second. 

boop() will enable you to signal when the user makes an error. By having the 
computer beep, it provides a signal to the user that there is a problem. 

pause() requires the user to press a key, waitsec() does not. In addition, 

waitsec() enables you to specify how long you want to pause. 

The input text color is set by using option 1. To set yellow on red, you use 

getline() as in the following: 

getline(1, YELLOW, RED, LIGHTYELLOW, RED, 0) 

This also sets the highlight color to bright yellow on red. 

F 

4. 
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6. The default colors for getline() are as follows: 

normal color is WHITE on BLACK 

highlight color is BRIGHT WHITE on BLACK 

underline color is GREEN on BLACK 

“INS” message is YELLOW on BLACK 

Exercises Answers 
1. There is not an answer to this exercise. 

2. The exit keys have not been set up for getline(). You should always ensure 

that you set up the exit keys so that getline() knows which keys will exit. 
Following is a corrected listing: 

#include <stdio.h> 

#include "tyac.h" 

int main() 

{ 
char ch; 

char strng[4Q]; 

char exit_keys[] = {ESC_KEY, TAB, CR_KEY}; 

ch = getline(0,0,0,0,0,0,0); 

ch = getline(8,0,40,0,0,0,strng) ; 

ch = getline(9,0,4,0,0,0,exit_keys); 

write_string("Last name:", LIGHTBLUE, BLACK, 10, 8 ); 

ch = getline(6,0,10,20,0,20,strng); /* Get line */ 

return 0; 

} 

3. A single answer is provided in Exercise 4. 

4. The following is one of many possible answers for Exercises 3 and 4: 

/* Program: EXER1003.c 

* Author: Bradley L. Jones 

8 Gregory L. Guntle 



* Purpose: Exercise to create a function to get yes/no. 

#include <stdio.h> 

#include “tyac.h" 

int main() 

{ 
char ch; 

char answer[2]; 

antes 

int done = FALSE; 

char exit_keys[] = {ESC_KEY, F1, CR KEY}; 

/* set up getline() for program's use */ 

ch = getline(0,0,0,0,0,0,0); 

ch = getline(1,®,YELLOW,RED,BRIGHTWHITE, RED,Q); 

ch = getline(2,0,YELLOW,RED,BRIGHTWHITE, RED,Q); 

ch = getline(9,0,4,0,0,0,exit_keys) ; 

/* clear field */ 

ch = getline(8,0,2,0,0,0,answer) ; 

/* draw message and box */ 

while( done == FALSE ) 

{ 
box( 10, 14, 25, 58, SINGLE BOX, CLR_INS, YELLOW, RED ); 

write_string("Enter (Y)es or (N)o:", YELLOW, RED, 12, 30 ); 

ch = getline(6,0,12,52,0,1,answer) ; 

if( answer[@] == 'Y' |! answer[0] == 'N' |, 

answer[@] == 'y' |! answer[Q@] == 'n' {| 

ch == ESC_KEY |! ch == F1) 

{ 

done = TRUE; 

} 
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{ 

boop(); 

} 

} 

write_string( "You entered " , BRIGHTWHITE, BLACK, 20, 1 ); 

write string( answer, BRIGHTWHITE, BLACK, 20, 13 ); 

return Q; 

} 

5. This exercise is on your own; however, Day 13 presents a solution. 

Day 11 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
I; There are times when you don’t want the cursor displayed on the screen. If a 

menu is currently being used, or if you are waiting for the user to press any 
key before continuing, then the cursor is not needed. If you are doing data 
entry, then the cursor is needed. 

. If you call cursor_off() and then exit your program, your cursor may 
remain off. You should always turn the cursor back on if you turned it off. 

3. Not all compilers provide a clear screen function. 

Many compilers do not have a function to clear the screen. Borland provides 
the clrscr() function; however, this function does not give you control over 

the color that the screen is cleared to. 

There are three different grid patters in the ASCII table. There are several 
other graphics characters that could be used, but they aren’t grids. Included 
in the additional characters is a solid block. 

The ASCII values of the grid characters are 176, 177, and 178. You can see 
them in Appendix B. 



10. 

The benefit of saving the screen is that you can easily restore it. If you don’t 
save the screen, then you have to attempt to redraw it. 

. Nothing will happen if you don’t restore a saved screen; however, you 
should make sure that you do free the space allocated to hold the screen 
information. 

The row and column information is saved so that the restore function 

doesn’t need to know where the saved screen area goes. 

Two bytes are allocated for each screen position. One is for the actual 

character that is displayed. The other is for the attributes such as the color. 

Exercises Answers 

1. There is no answer to this exercise. The following are additions to the 

DEY 

2b. 

TYAC.H header file: 

#defi 

#defi 

void 

void 

void 

void 

char 

void 

The cursor remains off even when you exit the program. 

The cursor remains on when the box is displayed. It should look out of 

place. 

ne READ CHAR_ATTR 0x08 

ne SCREEN ROW 80*2 

/* Hide/show cursor */ 

cursor_off (void) ; 

cursor_on(void) ; 

/*clear screen */ 

clear_screen(int, int); 

/*eoni day) 

C(etoKawnhe, athe; slaie, alone, alan salloher,) ahe))e 

*save_screen_area(int, int, int, int); 

restore _screen_area( char * ); 

_ The result of commenting both lines out is equivalent to never turning it off. 

The cursor remains on when the box is displayed. 

Following is just one of many possible answers: 

ils 

an 

/* Program: EXER1103.c 

* Author: Bradley L. Jones 

iS 
PUBLISHING 
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3: 7 Gregory L. Guntle 

4: * Purpose: Use the screen saving/restoring functions. 

5: * eoeao essa SSS SSS SSS SSeS SSS SSS SSS SSS SSS SSS SSS SSS SESE H* / 

6: 

ae #include <stdio.h> 

8: #include "“tyac.h" 

9: 

10: int main() 

bs are 

We char C; 

113i char *screen_buffer; 

14: 

WSe grid(4,10,3,20,RED,GREEN,1); 

IG" write_string("This is a test", LIGHTBLUE, GREEN, 10,20); 

We write_string("<= Saving this square area.", 

Oh WHITE, BLACK, 7, 40); 

19: screen_buffer = save _screen_area(4,10,3,20) ; 

20: write string("Area has been saved", WHITE, BLACK, 15, 1); 

Pyle write _string("Press any key to continue", 

225 WHITE, BLACK,16,1); 

25K c = getch(); 

24: CUES Cine 

25% grid(10,20,20,40,WHITE, BLUE,2); 

26: grid(15,20,15,25,BRIGHTWHITE,CYAN,3) ; 

Pits printf("\nPress any key to restore screen\n"); 

28h c = getch(); 

29); restore _screen_area(screen_buffer) ; 

30: return Q; 

eye 

4. If you keep calling save_screen_area() without freeing the screen, then you 
will eventually run out of allocatable memory. At this point the program will 
either end, or your computer will lock up. 

q Warning: The following program may lock up your computer. This is to 
illustrate a point. If it does, just turn your computer off and then back on. 
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(eae 

3: 

4: 

55 

6: 

lige 

8: 

—_— — © — © <=. 

Re a oa ee Cee Cee Ooo; SO) Oe Gh hw 

OwWoWwWoWWWOWWWONMD DMD NM DY HY YH HH PND PLP on oO a7 foOnm |= © oO aN ODO BDO ND = Oo 

/* Program: EXER1104.c 

* Author: Bradley L. Jones 

* Gregory L. Guntle 

* Purpose: Use the screen save function without restoring. 

* NOTE: THIS IS A BAAAAD Program. It may lock up your 

* computer! It illustrates what can happen if 

* you don't free or restore your saved screens. 

*¥s==>>>=>>=>=>>=>>>>>=>>=>=>=>=>=>=>=5==>=>5====->==55=5=555=55=5==========-=--%* / 

#include <stdio.h> 

#include "“tyac.h" 

void save _screen( void ); 

int main() 

{ 

char msg[5]; 

LONGuCtrl= si 

clear_screen( YELLOW, BLUE ); 

while ( ctr < 1000000 ) 

{ 
sprintf( msg, "Saving counter: %ld", ctr ); 

Orid@ idan is ycohmo 4 BLACKS REDS 2)is 

box( 11, 13, 28, 54, DOUBLE_BOX, FILL_BOX, YELLOW, RED ); 

write_string(msg, YELLOW, RED, 12, 30); 

ctrtt; 

} 

return Q; 

} 

F 
»* 
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39: void save _screen(void) 

40: { 

41: char *screen_buffer; 

42: 

43: screen_buffer = save_screen_area( 0, 24, Or 795 )e 

44: /* nothing done with buffer.... */ 

45: return; 

46: } 

5. This exercise is on your own; however, similar functions will be presented on 

later days. 

Day 12 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1. A methodology is a set of procedures that are followed to accomplish a task. 

2. Scope is the business rules and objectives that constrain a system. The scope 
of a project is what limits its size. 

3. A prototype is a mock-up of what a screen or report will look like. 

4. Yes! Even if you make up your own, the idea is to thoroughly think through 
a system before you start coding it. 

5. You should always follow a methodology. The only time to not follow one is 
when a program is so small and so straightforward that it doesn’t require 
one. Even then, you generally will think through all the steps. 

Exercises Answers 

There are no exercise answers for today. 

Day 13 Answers 
Following are answers to the quiz and exercises. 



Quiz Answers 
1. Today’s chapter lists several different advantages. These include: 

ON AR OW WN 

£ 

= 

= 

Lower learning curve for people using the application. 

Higher comfort level for users in regard to the application. 

Consistency among your applications. 

Reduced cost in developing. 

Increased productivity for you. 

. The F1 function key should provide help information. 

. The F3 function key should exit the program. 

. The F5 function key is available for your use. 

. A well-designed application will only use this combination of colors (yellow 

on red) when an error has occurred. 

. False, a beep should be used consistently throughout your application. 
Generally, a beep is used when the user’s attention is needed such as when 

there is an error. 

. An easy approach to creating your own entry and edit screen is to start with 
an existing screen and then modify it to your purposes. 

Exercises Answers 

- The following is one possible solution. This solution requires that you also 
include the STDLIB.H header file. This code replaced the case 1 that was in 
the group file. 

case 1 : 

strncpy( tmp, groups.date_formed.month, 2 ); 

while( valid == FALSE ) 

{ 
rv = getline( GET_NUM, @, 6, 17, 0, 2, tmp We 

if( rv == Esc KEY |) rv == Fo.) rv == Fi) 

{ 
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Valid:= TRUE; © /* exit’ Loop: 7/ 

} 

else 

{ 

tmp_nbr = atoi(tmp) ; 

if (.tmpenbGr<70 4 tmpenbr =. 420) 

{ 
/* bad month */ 

display_msg_box("Month must be from 1 to 12", 

Ci eRnancole sctnerimabCcols)). 

} 
else 

{ 
valid = TRUE; 

} 

} 
zero_ fill field(tmp, 2); 

write_string(tmp, ct.fld_fcol, ct.fld_bcol, 6, 17); 

strncpy( groups.date_formed.month, tmp, 2); 

break; 

2. This exercise is on your own. 

3. This exercise is on your own. You should do this exercise because it will be 
referenced in future days’ exercises. 

Day 14 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1. Mnemonic characters are used in menus to allow for quick selection of a 

specific menu item. 

2. The color table will be used in a lot of different programs and functions. 
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3. The Home key moves the highlight to the first menu option. 

in a menu. 

. Unless set up as an exit key, the Page Up and Page Down keys have no effect 

. Ifno box and no shadow is placed on a menu, a menu can be as many lines 
long as there are rows on the screen. 

. Possible mnemonic values would be 5 and E. You may want to consider X 
instead of E. Many programs use X for exit. 

Exercises Answers 

Only Exercise 3 has an answer. One possible answer is as follows: 

OONODOA AWD — 

/ * Program: EXER1403.c 

* Author: Bradley L. Jones 

a Gregory L. Guntle 
*#e>SS SSS SSS ee eS Se SS SS SS SS SS SS SS SS SE ESE SE SS SS SE SS SSeS SESE = = =* / 

#include <stdio.h> 

#include "“tyac.h" 

#include PCOLOrthD Len 

char *main_menu[10] = { 

char MENU_ 

bis 

ah WNP 

RED 

YELLOW 

BLUE 

GREEN 

Exant 

ar “ARG, 

bs U2 Vier 

ue Eye oy? 

b 

5 

i “ 4Gg " 

"BEe" } ‘ 

EXIT_KEYS[MAX_KEYS] = {F3, ESC_KEY}; 

struct color_table ct; 

void initialize _color_table(void) ; 

int main() 

{ 
nee LOVE 

int menu_sel=0; 

initialize color_table(); 

clear_screen( ct.bg_fcol, ct.bg_bcol NE 

rv = display_menu(10, 30, DOUBLE_BOX, main_menu, 10, 

MENU_EXIT_KEYS, &menu_sel, NO_LR_ARROW, 
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SHADOW) ; 

cursor on\()); 

return(Q) ; 

win wivaleZzemcolvoneray ve) 
* 

* Set up global color table for rest of application 

void initialize color_table( void ) 

{ 
ct.bg_fcol = YELLOW; 

ct .bgubcols— sBEUES 

ct.fld_prmpt_fcol = CYAN; 

ct.fld_prmpt_bcol = BLUE; 

Cie. kel EOL 

Cini dabcol 

BRIGHTWHITE; 
BLUE; 

ct.fld_high_fcol = YELLOW; 

ct.fld_high_bcol = BLUE; 

ct.ttl_fcol = BRIGHTWHITE; 
ct.ttl_bcol = BLACK; 

ct.abar_fcol = BLACK; 

ct.abar_bcol = WHITE; 

ct.menu_fcol 

ct.menu_bcol 
BLACK; 
WHITE; 

ct.menu_high_fcol = BLUE; 

ct.menu_high_bcol = CYAN; 

Cererrancol 

ct.err_bcol 
YELLOW; 
RED; 

ct.db_fcol = WHITE; 

ct.db_bcol = BROWN; 

ct-help fcol 

ct.help_bcol 
YELLOW; 
GREEN; 

ct.shdw_fcol = BLACK; 

i i i, a 



Day 15 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1. Action bars are menus containing options for various actions that your 

program can perform. 

2. File, Edit, View, Options, and Help. 

3. The File option should be used for actions that apply to an entire file. 

4. The Edit option contains actions that modify the current information that is 
being presented. 

5. The View action bar item contains selections that enable you to look in 
different ways at information from the current file. 

6. The Options action bar item is used to present selection items that custom- 
ize the user interface. 

7. The Help option contains actions that are informational. 

8. Yes, every action bar should contain Help. 

9. The left and right arrows should move from one menu to the next, going 
either left or right depending on which arrow key is used. If the edge of the 
action bar is reached, then the arrow should scroll to the other end. 

10. The options on an action bar are presented in menus; however, each option 

provides for a different action that can occur. The name comes from the fact 
that the options are for different actions. 

Exercises Answers 
1. Exercises 1 and 3 are for you to do on your own. 

2. Following is a listing for the Group Information screens action bar. This 

listing, GRPSABAR.C, provides the same functionality as Listing 15.3. 

You'll also need to make the appropriate changes to GROUPS.C to call the 

action bar. These changes, listed in today’s material, included adding the 

action bar when you draw the screen, setting up F10 as an exit key in 

getline(), and creating an F10 case for when F10 is pressed. 
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Following is GRPSABAR.C: 

As 

oe 

3: 

4: 

SE 

6: 

Ve 

8: 

9: 

Filename: grpsabar.c 
RECORD OF RECORDS - Version 1.0 

Author: Bradley L. Jones 

* 

* 

* 

* 

* 

* Purpose: Action bar for groups screen. This will 

* contain multiple menus. The functions called 

sd by the menu selections may not be available 

* until later days. 
* 

* 

* 

* 

* 

* 

Return: Return value is either key used to exit a menu 

with the exception of F1® which is returned 

as Enter to re-display main menu. In each menu 

the left and right keys will exit and move 

control to the right or left menu. 

#include <stdio.h> 

#include "tyac.h" 

#include "records.h" 

{fee OR RC en, CM CSc. Choe io * 

hd prototypes * 
Ne ede ae eta eee a Oe Seer ee */ 

#include "recofrec.h" 

int do_groups_menu1( void ); 

int do_groups_menu2( void ); 

int do_groups_menu3( void ); 

int do_groups_menu4( void ); 

static void do_something( char * ); 

/* She adler is ten ke re nee ee a et RG varia trie * 

* groups screen action bar * 
K SRN Sete, Shes Se iy etied = POORER Acree le, 2 eo s/f 

int do_groups_actionbar( void ) 

{ 
int menu = 1; 

int ‘cont = TRUE; 

area IV =O} 3 
char *abar_text ={" File Edit Search Help "}; 



Sis while( cont == TRUE ) 
525 { 

Sa: write_string(abar_text, ct.abar_fcol, Ctravareycolnmadlme) ir 
54: 

DOr switch( menu ) 

56: { 

Sis 

58: case 1: /* file menu */ 
59% write_string( " File ", ct.menu_high_fcol, 
60: Cremenushaghebcoly dnc) > 
61 

62% rv = do_groups_menu1(); 

63: break; 

64: 

65: case 2: /* edit menu */ 

66: Writerstring( “Edit ]) ct.menu hight fcol,; 

67: ct.menu_high _bcol, 1, 9); 
68: 

69: rv = do _groups_menu2(); 

70: break; 

TLE 

Toe case 3: /* search menu */ 
73: write_string( " Search ", ct.menu_high fcol, 

74: ct.menu“high beol, 1, 16); 

hove 

76: rv = do_groups_menu3() ; 

ite break; 

Tfsye 

79° case 4: /* Help menu */ 

80: write string( " Help ", ct.menu_high_fcol, 

Sie ct.menu_high_bcol, 1, 25); 

82: 

83: rv = do_groups_menu4(); 

84: break; 

(ots), 

86: defaule:s/* error .*/, 

87: cont = FALSE; 

88: break; 

89: } 

90: 

one switch( rv ) 

92: { 
93: case LT_ARROW: menu—; 
94: if( menu < 1 ) 

95: menu = 4; 

96: break; 

97% 
98: case RT_ARROW: menut+; 

99: if( menu > 4 ) 

100: menu = 1; 
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101: 

102: 

103: 

104: 

105: 

106: 

107: 

108: 

109: 

110: 

dial 

di: 

dio 

114: 

‘lee 

116: 

alalyee 

idicas 

Waleye 

120: 

alee 

22: 

23 

124: 

W2Se 

126: 

Wire 

128: 

e9 

130: 

Uehe 

eee 

OO 

134: 

qc }eye 

136: 

Silas 

oor 

139: 

140: 

141: 

142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

TENE 

{ 

break; 

default: cont = FALSE; 

break; 

} 
} 
write _string(abar_text, ct.abar_fcol, Ctnabamebcolen cmc); 

cursor_on(); 

return(rv) ; 

Rye Oe Ra it eee et eee * 

GOMMEeMUIiaen (tele) mae 
SEER oO IG OSV * | 

int do_groups_menu1( void ) 

int rv = Q; 

int menu_sel = 0; 

char *saved_screen = NULL; 

cham falermenu| 2ie—ate= EXita<ES>e asm EC aps 

char exit_keys[MAX_KEYS] = {F3, F1@, ESC KEY}; 

saved screen = save _screen_area( @, 10, 0, 40 ); 

rv = display_menu( 3, 4, SINGLE_BOX, file menu, 2, 

exit_keys, &menu_sel, LR_ARROW, SHADOW) ; 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 
case CR: 

iVe—sro: 

break; 

case F3: / *Fexatange=y/, 

case ESC. KEY: 

case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

break; 

case F1Q: /* exit action bar */ 

RV = ENTER_KEY; 
break; 

default: boop(); 

break; 

} 



152% 

153; 

154: 

1555 

156: 

om: 

158: 

159: 

160: 

161: 

162: 

163: 

164: 

165: 

166: 

W676 

168: 

169: 

170: 

a7 te 

a72: 

TW Ae A 

174: 

175: 

176: 

War ae 

178: 

179: 

180: 

1815 

182: 

183: 

184: 

itstsy 

186: 

iltelree 

188: 

189: 

190: 

191: 

92a 

193: 

194: 

195: 

196: 

197: 

198: 

199; 

200: 

201: 

202: 

restore _screen_area( saved screen ); 
b 

return(rv) ; 

int do_groups_menu2( void ) 

{ 
int rv = Q; 

int menu_sel = Q; 

char *saved_screen = NULL; 

char *edit_menu[8] = { 

" New iosy ee Nee 

"Add <FA>ue weAale 

» Change wsro>as mn OCe = 

" Delete =<F6> *,5, “4Ddae}: 

char exit_keys[MAX_KEYS] = {F3, F1@, ESC KEY}; 

saved screen = save _screen_area( 1, 10, 8, 40 ); 

rv = display_menu( 3, 11, SINGLE BOX, edit_menu, 8, 

exit_keys, &menu_sel, LR ARROW, SHADOW) ; 

switch( rv ) 

{ 
case ENTER_KEY: /* accept selection */ 

case CR: 

switch( menu_sel ) 

{ 
case 1: /* Clear the screen */ 

do_something( "CLEARING..."); 

break; 

case 2: /* Add’ a record ~*/ 
do something( "Adding..."); 

break; 

case 3: /* Update the current record */ 
do_something( "Updating..."); 

break; 

case 4: /* Deleting the current record */ 

do_something( "Deleting..."); 
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203: 

204: 

205: 

206: 

207: 

208: 

209: 

210: 

PF 

PPE 

Pz ess 

214: 

Paiieys 

216: 

Pie 

218: 

219: 

220: 

Qn 

een 

223: 

224: 

225° 

226: 

Pyle 

228: 

229: 

230: 

Pehl = 

202% 

233) 

234: 

235E 

236: 

Zoe 

238: 

239: 

240: 

241: 

242: 

243: 

244: 

245: 

246: 

247: 

248: 

249: 

250: 

251: 

20a 

2oon 

in 

{ 

break; 

default: /* continue looping */ 

boop(); 
break; 

} 

rv = ENTER_KEY; 

break; 

case F3: (se exitinge 7 

case ESC_KEY: 
case LT_ARROW: /* arrow keys */ 

case RT_ARROW: 

break; 

case F1Q0: /* action bar */ 
rv = ENTER_KEY; 

break; 

default: boop(); 

break; 

} 
restore _screen_area( saved_screen ); 

return(rv) ; 

Sen een CRE OES ee ee ee eee eee * 

do menu 3 (Search) * 
Pe SO Sy CRCRE SO CRN NT CCPL ECR ME TT aah 

t do_groups_menu3( void ) 

int rv = Q; 

int menu_sel = 0; 

char *saved_screen = NULL; 

char *search_menu[6] = { 

Alo os ae taal ite 
"Next ere 5 MAND 
PePReCVlOUSMEcr Oommen ODDlam 

char exit_keys[MAX_KEYS] = {F3, F1@, ESC_KEY}; 

saved_screen = save_screen_area( 1, 10, 0, 60 ); 

rv = display_menu( 3, 18, SINGLE_BOX, search_menu, 6, 
exit_keys, &menu_sel, LR_ARROW, SHADOW); 



254: switch( rv ) 

255: { 
256: case ENTER_KEY: /* accept selection */ 
Cove case CR: 

258: switch( menu_sel ) 

259: { 
260: Case iz) )/*sDo) fandsdialog */ 
261 do_something( “Find...”); 
262: 

263: break; 

264: 

265: case’ 2: 7/* Next Record) */ 
266: do_something( "Next..."); 
267: 

268: break; 

269: 

270: case 3: /* Previous Record */ 
Pai fe do_something( "Previous..."); 

ele 

273: break; 

274: 

275: default: /* shouldn't happen */ 
276: boop(); 

ATT Ka break; 

Clos if 

279: 

280: rv = ENTERUKEY; 

281: break; 

282: 

283: case F8: (= exiting) */ 
284: case ESC KEY: 

285: case LT_ARROW: /* arrow keys */ 

286: case RT_ARROW: 

287: break; 

288: 

289: case F10: j-wactvonebakas || 
290: rv = ENTER_KEY; 

291: break; 

292: 

293: default: boop(); 

294: break; 

295: } 
296: restore_screen_area( saved_screen ); 

CAVES 

298: return(rv) ; 

299: } 

300: 

SOj ner ee a J 
302: * do menu 4 (Help) * 

SOS = Dee be roe ey 
304: 
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305: int do _groups_menu4( void ) 

306: { 

307: 

308: 

309: 

310: 

Silat 

Oiler 

ehikehe 

314: 

Shey 

Silo 

S17: 

318: 

Sie 

320: 

Sas 

322: 

320% 

324: 

325: 

326: 

Sailer 

328; 

329: 

330: 

Boils 

332? 

Sool 

334: 

BODE 

336: 

SLEW H 

338: 

339: 

340: 

341: 

342: 

343: 

344: 

345: 

346: 

347: 

348: 

349: 

350: 

351: 

Boer 

353: 

354: 

Boon 

int rv = Q; 

int menu_sel = 0; 

char *saved_screen = NULL; 

char *help_menu[4] = { 
" Help <F2> ie "4Hh", 

" About a "DEe" 

}; 

char exit_keys[MAX_KEYS] = {F3, F10, ESC_KEY}; 

saved screen = save_screen_area( 1, 10, 0, 6@ ); 

rv = display_menu( 3, 27, SINGLE_BOX, help _menu, 4, 

exit_keys, 

switch( rv ) 

&menu_sel, LR_ARROW, SHADOW) ; 

switch( menu_sel ) 

/* Extended Help */ 
display _groups_help(); 

break; 

/* About box */ 
do_something( “About box..."); 

break; 

/* continue looping */ 

boop(); 
break; 

{ 
case ENTER_KEY: /* accept selection */ 
case CR: 

{ 
Gasenil: 

case 2: 

default: 

} 

break; 

case FS: /* exiting 

case ESC_KEY: 
a 

case LT_ARROW: /* arrow keys */ 
case RT_ARROW: 

break; 

case F1Q: /* action bar */ 

RVe= ENTERSKEYs 

break; 

default: boop(); 



356: 

BOs 

358: 

359: 

360: 

361: 

362: 

363: 

364: 

365: 

366: 

367: 

368: 

369: 

370: 

} 
break; 

restore_screen_area( saved_screen ); 

return(rv); 

static void do_something(char *msg) 

{ 
display_msg_box( msg, ct.help_fcol, ct.help bcol ); 

} 

Day 16 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1. If an application requires no explanation, then help isn’t necessary. It’s 

doubtful that an application is simple enough that help is not needed. 

2. There are several types of help: 

3. No, tutorials aren’t considered help. They provide the user help in using an 

4. Startup help should be used by applications that require command line 

parameters or applications that don’t have any screens to present to the user. 

Startup help 

General help 

Help for help 

Extended help 

Help for keys 

Help index 

About... help 

Context-sensitive help 

application. 
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Ds 

6. 

If only extended help is being provided, then F1 should be used. 

Context-sensitive help should always be assigned to F1. This means that 

extended help should be assigned to F2. 

Exercises Answers 

All of today’s exercises are on your own. You should refer to today’s listings. 

Day 17 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
ib Many programmers use the term I/O to stand for any action that results in 

information flowing into or out of a computer program. Input is informa- 
tion flowing in; output is information flowing out. 

. A field is an individual piece of data. 

3. A record is a group of related fields. 

4, A data file is a group of related records that are stored on a secondary 
medium such as a disk drive. 

. A database is a group of related data files. 

. An index file is a separate file from the data file. Because an index contains a 
smaller amount of information, more of it can be read and manipulated 

quicker than the data file itself. Using an index allows quick access to a large 
data file. 

. If you are using text mode, then several translations will occur automatically 
as you work with the data. A file opened in binary mode doesn’t do the 
translations of a text mode file. 

. Ifa preexisting file is opened with “w+b”, then it is being opened for reading 
and writing in binary mode. Because the “w+” was used, a preexisting file 
will be cleared. If “r+” had been used instead, then preexisting data would 
have been retained. 



Index Fil 9). Wels Data File 

w~onhun = 

| KEY | NEXT |PREVIOUS [pata REC] | KEY JoTHER DATA 

10. Data File 

aon ewn a 

| KEY | Next |pREvious [DATA REC [ KEY [OTHER DATA ‘| 

Exercises Answers 

1. There isn’t an answer to this exercise. 

2. The Group files index should look like the following: 

typedef struct 

{ 
char group[25+1]; 

unsigned short prev; 

unsigned short next; 

unsigned short data; 

} GROUP_INDEX; 

3. The disk will contain the completed code for the groups entry and edit 

screen. 
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Day 18 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
clear and find. 

The clear function clears the screen so that a new record can be entered. 

The find... function finds a corresponding record for the data in the key 
field on the screen. 

. You should always ask the users if they are sure they want to delete the 
record. 

. The delete flag is used to mark a record as deleted. This is used in place of 
physically deleting a record. It gives you the ability to include an undelete 
function. 

. On the medium code screen, the page up and page down functions place the 
cursor on the first or last field on the screen. 

. On the musical items screen, the page up and page down keys display the 
next or previous set of songs for the given musical item. 

. The code is shown with the capability to hold 13 pages of seven songs for a 
total of 91 songs. You could modify this to display as many songs as memory 
would permit. 

Exercises Answers 

1 

2, 

There is not an answer to this exercise. 

The following is one possible answer. This program needs to be linked with 
the TYAC.LIB library. 

Filename: DUMPIDX.c * 

* 

* Author: Bradley L. Jones 

“0 Gregory L. Guntle 
* 

* Purpose: Dump the index information for the album files 
SESS SSS SSS HS SSS SSSR SSS SS SSSSSSS SSS SSSSSSSSsSSSS=SSSSESo=* / 

#include <stdio.h> 



#include <conio.h> /* not an ANSI header, used for getch() 

#include <string.h> /> TOreStRLeNn Ge) 
#include <ctype.h> 

#include "tyac.h" 

#include "records.h" 

/* Ee et Se =) See 2 eee * 

* prototypes * 
eo ete Siete ois nee ee */ 

#include “recofrec.h" 

/* CO ee, ee ee ee * 

* Global Variables * 
Ce ee en yd ee ed *] 

PILE, *2z0x tps i sindex Faler Pin s/ 

Biles dbagps /* Data file */ 

FLLE *song stp: /* For tracking songs */ 

int nbr_records; (ee TOta ler Onerecsr./ 
Int start rec’ ("starting ree for alpha™*/ 

int disp rec; 

int total_songs; /* Nbr of songs in the song file */ 

ALBUM_REC albums; 
ALBUM_REC *p albums = &albums; 

ALBUM_INDEX alb_idx; 

Wi to ol PS a Sa PA rie Ei et I, EIS aE SPER st * 

* define global variables * 
Fe cee ne BEEN ctr car «cation Yalan ux' (eds toh Go 20k Yo */ 

#define ONE SONG sizeof (songs[Q]) 

#define SEVEN SONGS sizeof (songs) 

#define ALBUMS_DBF "ALBUMS .DBF" 

#define ALBUMS_IDX "ALBUMS . IDX" 

int main(void) 

{ 
aire eA = Q; 

int srch_rec = 0; " 

/* Open both Index and DBF file */ 

if ( (rv = open_files(ALBUMS_IDX, ALBUMS_DBF)) == 0 ) 

printf("Nbr records = %2d  Start_rec = %2d\n\n", 

nbr_records, start_rec) ; 
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pyrene (Ay ie Chr his p n d s\nis 

eumaCe se ee oe a te oo a ela) 

srceh_ rec = startonec; 

while (srch_rec !=0) 

{ 
rv = get_rec(srch_rec, idx_fp, sizeof(alb_idx), 

sizeof(int)*2, (char *)&alb_ idx); 

printf(" %2d %2d %2d %2d %2d %2d %2d %2d %s 

rv, srch_rec, alb_idx.del_flag, alb_idx.nbr_ 

alb_idx.prev, alb_idx.next, alb_idx.data, 

alb_idx.song, alb_idx.title) ; 

srch_rec = alb_idx.next; 

} 
rv = close _files(); /* Close IDX and DBF file */ 

} 

return Q; 

rv = return value 

sr = search record 

df = delete flag 

ns = number of songs 

Pp = previous song record 

n = next song record 

d = data file record 

s = first song record 

3. This exercise is on your own. 

Nine 

songs, 

df ns p n d cS 

Omri 1) 1 2 15 10,000 Maniacs: Unplugged 

@ 14 2 4 1 1 Common Thread 

i) Tt 1 5 4 43 Violent Femmes 

@®@ 144 #4 0 #5 50 White Wedding 



Day 19 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
1 By prototyping a report, you obtain an idea of what the report will look like. 

It is easier to change a prototype than it is to change code. 

. A list is a report that lists data from a file. 

. Lists are good for verifying that each database contains the information that 
you expect. 

. 9s are used on prototypes as placeholders for numbers. Where a 9 appears on 
a prototype, a number field will be. 

. Xs are used on prototypes as placeholders for alphanumeric characters. 
Where an X appears, an alphanumeric field will be. 

. So that you know when the report was printed. Data could have changed. 

. “Real” data on a prototype presents a view of what the report is really going 
to look like. Spacing appears different when Xs and 9s are used. 

. Many printers can write up to 60 lines on a page. Many people stop at 55 

just to be safe. 

. The following would be printed for the names: 

Foster , MaryB E. 

Bell » Mike J. F 

LiVenst, Angela 

You would want to include instructions with the prototype (in a specification) 4, 

that spaces should be suppressed. Additionally, the period following the middle 

initial should only be printed if a middle name exists. 
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Exercises Answers 

Ihe List of Albums 

99/99/99 

Title Group 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXAXKXXXXXXKK 

XXXXXXXXXXXXXXXXXKXXXXXXXKXXXXKK XXXXXXXXXXXXXXXXXXXXXXXKXK 

XXXXXXXXXXXXXXXXKXXXXXXXKXXXXXXK XXXXXXXXXXXXXXXXXXXXXXXKX 

Songs From the Big Chair Tears for Fears 

Back in Black AC/DC 

2. The following is the List of Musical Items Report based on the specification 
in Exercise 1. 

1:00 /*sssssssssssssssssssssssssssssssssssssssssssssssssssssss= 

2 * Filename: listalb.c 

3: i“ 

4: * Author: Bradley L. Jones 

Se Gregory L. Guntle 

6: * 

ee * Purpose: Lists the information in the albums DBF. 

8: be 

9: *WSSSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SSSSSSSSSSSSSSsSS====* / 

10: 

11: #include <stdio.h> 

12: #include <string.h> 

13: #include "tyac.h" 

14: #include "records.h" 

15: 

16: [*----- 2-2 -----e ee eee * 

Ws * Global Variables * 

18: Bee ee ee eee ee eee dy 

19: extern FILE *idx_fp; /* Main File ptr to data file */ 

Ais Capel FULES Sole V7ae /* Data files */ 

21: extern nbr_records; /* Total # of rec for mediums */ 

227) extern ink startsrec, 

23: extern int disp_rec; 

24: 

CopmEStAttCeinteLinerctre (ta neectine 



26: 

21s 

28: 

29: 

30: 

Sis 

yee 

33: 

34: 

35: 

36: 

37: 

38: 

39: 

40: 

41: 

42: 

43: 

44: 

45: 

46: 

47: 

48: 

49: 

50: 

Sle 

52: 

Soi 

54: 

55% 

S18) 3 

Sige 

58: 

oS) 

60: 

61% 

62: 

63: 

64: 

Static int page ctr; 

#define ALBUMS IDX "ALBUMS. IDX" 

#define ALBUMS DBF "ALBUMS . DBF" 

/* oe ee ee ee * 

* Prototypes * 

Re ey 2h. Sesh eset Bee cas */ 

#include "“recofrec.h" 

void print_alb_hdr(void); 

int process _albums(void) ; 

void print_album(void) ; 

void setup_date(void) ; 

extern char today[8]; 

int list_musical_items(void) 

{ 
int rv=NO_ERROR; 

/* Open both Index and DBF file */ 

if ( (rv = open_files(ALBUMS_IDX, ALBUMS_DBF) ) 

{ 
/* Are there any records to process ? */ 

if (nbr_records == 0) 

{ 

j/-ePagesctr.*/ 
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display_msg_box("No album records to process", 

CLAChraicol mcr nehrelcol)s 

} 
else 

{ 
setup_today() ; 

print_alb_hdr(); 

rv = process _albums() ; 

} /* End ELSE - records to process */ 

rve=Felosenfaliesi()s 

} /* End No Errors on Opening Files */ 

return(rv); 

} 

/ *oo se ee ee ee Se Se SS SS Se ee ee Se ee Se Se SS SS SS SS SS SS ES = ES SS ES ES ES SS = = = = * 

ig print_alb_hdr() 4 

*&o>S>5>5>55> 5555555555555 >>>5>5>>>>>>>>>>5>=>>5>>=>5==5>==>=>=>==>=-==* / 

void print_alb_ hdr() 

{ 

fprintf(stdprn,"\n\r\t\tList of Albums\n\r") ; 

fprintf(stdprn,"\t\t  %s\n\r\n\r", today); 

fprintf(stdprn, "Title Group\n"); 

fprintf(stdprn,"----------------------------- als 

fprintf(stdprn," ------------------------ MES pis 

i 

/ *& SaaS SSSSSSSSaSSSSSSSSSSSSSSSS==5=55555=55==5===--—==---% 

x process_albums() a 
== = — SS = ee ee == 55555 = SS FS SS SS SS SS SS SS SS SS SS SSS SS SS SS SS SSS ee = * / 

int process _albums() 

int rv = NO_ERROR; 

static int done = FALSE; 

static int srch_rec; 

static ALBUM_INDEX temp; 



LIneactir = 10: 

page ctr = 1; 

srch_rec = start_rec; 

while (rv == NO ERROR && !done) 

{ 

/* Get INDEX */ 

rv = get_rec(srch_rec, idx_fp, sizeof(temp), 

sizeof(int)*2, (char *)&temp); 

if (rv == NO_ERROR) 

{ 

/* Get the data record */ 

rv = get_rec(temp.data, db fp, sizeof(albums), 

@, (char *)&albums) ; 

if (rv == NO ERROR) 

print_album(); 

srch_rec = temp.next; 

/* Check for end of list */ 

if (srch_rec == @) 

{ 

done = TRUE; 

mo eaher (Suchen, Nie es 

} 

else 

done = FALSE; 

} /* End of NO_ERROR - from DBF */ 

} /* End of NO_ERROR - from INDEX */ 

} /* End WHILE */ 

return(rv) ; 

: void print_album() 

set 
ale £85 

char hold date[8]; 
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142: 

143: 

144: 

145: 

146: 

147: 

148: 

149: 

150: 

doi. 

eres 

HOS 

154: 

155: 

156: 

“Tee 

if (Linexctrr) =s59) 

{ 
TA emer heteleyminys ar) - /* New page */ 

print_alb_hdr(); /* Reprint header */ 

line_ctr = 6; /* for heading space */ 

page ctr++; 

} 

else 

{ 
Tineactpas; 

} 

fprintf (stdprn, "%-30s %-25s\n\r", 

albums.title, albums.group ); 

} 

3. Exercise 3 is on your own. 

4. Exercise 4 is on your own. 

Day 20 Answers 
Following are answers to the quiz and exercises. 

Sue Answers 
. Free-form testing does not have any written objectives or requirements. The 
objective is to “bang on the software and try to break it.” 

2. The four categories of testing are: 

2. 

b. 

@: 

d. 

unit testing 

integration testing 

alpha testing 

beta testing 

3. In the same order mentioned in Answer 2. 

4, When you are confident that the program is as accurate as it can be. 



10. 

. A mistake or error in a computer program. 

. Syntax errors are errors in the syntax or code that cause the compiler to have 
problems. 

. Syntax errors, logic errors, and recursive errors. Recursive errors are actually 
syntax and logic errors. 

. Removing bugs (errors or problems) from code. 

. A patch is a fix that is sent out because of an error ina program. A patch 

usually will not be charged for, nor should it cause the version number to 
change. An upgrade is a release of the software that incorporates patches, 
updates, and enhancements to the software. It is released with a new version 
number. In addition, an upgrade may have a fee associated with it. 

A software package that is released to the public may never be complete. 
People will always have suggestions for updates and upgrades to the software. 

Exercises Answers 

All of today’s exercises are on your own. 

Day 21 Answers 
Following are answers to the quiz and exercises. 

Quiz Answers 
ie 

Ds 

No! There is always more to learn in any language. 

There are several areas in which you can increase your C knowledge. These 

include graphics programming and advanced applications development. You 

can also increase your skills in more technical areas such as compiler devel- 

opment and network programming. 

3. C++ and assembler. 

4. There are several benefits to using assembler. Among them are speed, 

additional control, and the capability to write more compact programs. 

. An object-oriented language is identified by its capability to encapsulate, 

polymorph, and inherit. 

849 



6. No. C is a subset of C++. Not all C++ constructs are usable in C. 

7. Yes. C++ is a superset of C. Everything that can be used in C can be used in 
C++; however, not everything that can be used in C should be used in C++. 

8. The most commonly used platforms are DOS, UNIX, Windows, OS/2, and 

System 7 (Macintosh). There are C compilers for all of these. 

Exercises Answers 

All of today’s exercises are on your own. 
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& (address of) operator 

Symbols 

& (address of) operator, 45 
“” (double quotes) around include 

files, 206 

* (asterisk) 
dereference operator, 37 
in declarations, 45 
indirection operator, 55 

+ (addition) operator, 217 
- (subtraction) operator, 220 
-> (indirect membership) operator, 55 
. (member) operator, 55 
<> characters around include files, 206 
64K limit, memory models, 760 

A 

A_CURSOR.C source file, 117-118 
A_CURSOR.H header file, 118 
about boxes, 518-521 
ABOUT.C source file, 519-520 
accelerated systems analysis and 
design, 364 

accelerator keys, 482 
for general help, 514-515 
help for, 518 

accessing 
memory directly, 231-232 
orders 

FIFO (First In First Out), 87-88 
in-order, 90-99 
LIFO (Last In First Out), 83-87 
post-order, 90-99 
pre-order, 90-99 

video memory 
ANSI functions, 105-128 
directly, 128 
through BIOS, 128-129 

AccSys (Copia International) 
for dBASE, 748 
for Paradox, 747 

Accusoft Image Format Library 
(Accusoft Corporation), 746 

action bars, 482 
adding functions, Medium Code entry 
and edit screen, 588-601 

multi-menu, 492-506 
Musical Items entry and edit screen, 
374, 650-661 

single (main) menu, 488-492 
standards for menu items, 483-487 

add_album_rec() function, 635-640 
add_mdata() function, 564-565 
add_medium_rec() function, 566-573 
add_new_songs() function, 634-635 
add_to_list() function, 81-82 
ADDAREC.C source file, 636-640 

addition (+) operator, 217 
ADDMREC.C source file, 566-570 
address of (&) operator, 45 
addresses of variables, finding, 45-47 
ALBMABAR.C source file, 650-661 
ALBUM_INDEX structure, 604 

ALBUM_REC structure, 400 
ALBUMS matrix, 377-378 
ALBUMS.C source file, 425-437, 
605-623 

aligning words in structures, 40-41 
allocating memory 

at compile time, 6-9 
dynamically, 9-26 

alpha testing, 718 
alt key, standards for navigating entry 
and edit windows, 388 

ampersand (&) (address of) 
operator, 45 

ANSI (American National Standards 
Institute), 105 
escape sequences, 231 

codes, 106-112 
components, 106 
for erasing screens, 115-121 
for moving cursor, 113-121 
for redefining keys, 126-127 
for screen colors, 121-126 
pros and cons, 105-106 

standards, 139 
case sensitivity, 140-141 
character sets, 142 
classifying variables, 151-156 
converting case, 156-157. 
enforcing compatibility, 142-143 
header files (listing), 782-783 
keywords, 139-140 
numeric variables, 143-151 
predefined constants, 159-162 
preprocessor directives, 159 
structures and unions, 157-159 



ANSI.SYS driver, 105-106 
ANSICLRS.H header file, 122 

Array size too large error message, 9 
ARRAY.C source file, 35-36 
arrays, 35-38 

of structures, 55-58 
arrow keys 

left, getline() function, 320 
Medium Code entry and edit screen, 
411-412 

menu scan codes, 459 
right, getline() function, 320 

standards for navigating entry and edit 
screens, 387 

ascending sorts, 49-52 
ASCII (American Standard Code for 

Information Interchange) 
Character Table, displaying values, 
170-176 

chart, 762-769 
extended character sets, 127-128 

assembler language, 740-741 
assert() macro, 726-729 
ASSERT.C source file, 727-728 
ASSERT.H header file, 782 
asterisk (*) 

dereference operator, 37 
in declarations, 45 
indirection operator, 55 

auto keyword, 772 
Autumn Hill Software’s FONT- 
TOOLS, 746 

B 

background 
colors 

ANSI codes, 107 
escape sequences for, 121-126 

grids, 338-341 
backspace key 

getline() function, 319 
standards for navigating entry and edit 
windows, 388 

bases, number systems, 179 
BDATE.C source file, 212-213 
beeping, 321-322 
beta testing, 718-719 
BIGCURS.C source file, 242 
binary mode, 534 

binary number system, 183-189 
ASCII chart, 762-769 

converting to and from hexadecimal, 
191-192 

translating characters into, 176-179 
binary trees, 89-99 
BINDUMP.C source file, 184-186 

BIOS (Basic Input/Output System), 
128-129, 232-237 

compiler-specific functions, 256-257 

versus creating functions, 257 
keyboard functions, 253-255 
moving cursor, 237-241 
sizing cursor, 241-243 

software interrupts 
creating, 255-256 
listing of, 244-252 

BIOSREGS.H header file, 235 
birthdates, verifying entries, 222-223 
Blaise Computing, Inc.’s C Asynch 

Manager, 747 
BOOL data type, 34 
boop() function, 321-322 
BOOP.C source file, 321-322 
borders of screen, colors, 275-276 
Borland 

clrscr() function, 336-337 
compiler-specific functions 

BIOS, 256-257 
far memory, 22 

directvideo variable, 128 
TLIB library program, 209 

Bounds Checker program, 732 
box() function, 120-121, 125, 283-288 
BOX.C source file, 284-285 
boxes, drawing, 283-288 
break keyword, 772 
Btrieve (Novell, Inc.), 748 

bugs 
debugging, 722-732 
logic errors, 721 
recursive errors, 722 

syntax errors, 719-721 
business rules and constraints, plan- 
ning computer programs/systems, 357 

BYTE data type, 34 
BYTEREGS structure, 233-235 
bytes, 188 

Null terminator, 7 



C Asynech Manager 

C 

C Asynch Manager (Blaise Computing, 
Inc.), 747 

“C” EMM Library (SilverWare, 

Inc.), 748 
.C file extension, 202 
C Utility Library (South Mountain 

Software, Inc.), 748-749 
C++ language, 742-744 
calc_nbr_songs() function, 635 
calculating songs, 628-635 
calloc() function, 17-21 
capturing data, 411-413, 424-425 

Musical Items entry and edit screen, 
625-626 

carriage-return key, Medium Code entry 
and edit screen, 411 

case 
converting, portability, 156-157 
sensitivity, portability, 140-141 

case keyword, 772 
CDOWN.C source file, 114 
char data type, 32 

maximum/minimum values, 33 
char keyword, 772 
CHAR _BIT constant, 146 

CHAR_MAX constant, 146 

CHAR_MIN constant, 146 

char_to_binary() function, 187-189 
character arrays versus strings, 37-38 
character graphics, 265-266 

drawing 
boxes, 283-288 
lines, 280-28 1 

repeating characters, 278-279 
screen colors 

borders, 275-276 
text, 276-278 

video mode, getting/setting, 273-275 
character sets 

extended, 265-266 
ASCH, 127-128, 762-769 

portability, 142 
character variables, 143 
characters 

displaying in number-system formats 
binary, 183-189 
decimal, 181-183 
hexadecimal, 190-194 
octal, 194-196 

entering for getline() function, 318-319 

null, 38 
translating into multiple number 

systems, 176-179 
values, ANSI codes, 109-112 

clear_albums_fields() function, 625 
clear_eol() function, 116 
clear_medium_fields() function, 410 

clear_screen() function, 116, 125, 
335-338 

CLEAREOL.C source file, 116 
clearing 

screens, 335-338 
escape sequences for, 115-121 

structure fields, 410 
CLEARSCN.C source file, 336 
CLEFT.C source file, 114 
clock (system), returning tick counter 
value, 323-324 

close_files() function, 548-549 
CLOSFILE.C source file, 548-549 
closing files, 548-549 
clrscr() function, 336-337 
CLRSCRN.C source file, 116 

CodeBase (Sequiter Software, Inc.), 748 
codes 

ANSI escape sequences, 106-112 
assembler, 740-741 
commercial, 744-749 
debugging, 722-732 
errors, 719-721 

logic errors, 721 

scan, 318 

menus, 458-459 
writing with white space, 135-138 

color_table structure, 400-401, 452-454 
colored text, 264 
colors 

screen borders, 275-276 
screen text, 276-278 
screens 

ANSI codes, 106-107 
escape sequences for, 121-126 

strings, 282-283 
text, 303-304 

COLORTBL.H header file, 452-453 
-COM file extension, 202 
comma delimited files, 535-536 
command line parameters, startup help 
for, 511-514 

communications libraries, 747 



compact memory model, 757-758 
comparing memory models, 759-760 
compatibility with ANSI, enforcing for 
portability, 142-143 

compilers 
Borland 

BIOS functions, 256-257 
far memory functions, 22 

Microsoft 
BIOS functions, 256 
far memory functions, 22 

non-standard header files, 783-784 
writing, 739 

computer systems 
design methodologies 

program specifications, 365-366 
prototyping, 364-365 
rapid or accelerated systems analysis 
and design, 364 

Structured Systems Analysis and 
Design, 355-363 

versus computer programs, 354 
const keyword, 772 
constants 

CHAR_BIT, 146 
CHAR_MAX, 146 
CHAR_MIN, 146 
DBL_DIG, 147 
DBL_MAX, 147 
DBL_MAX_10_EXP, 147 
DBL_MAX_EXP, 147 
DBL_MIN, 148 
DBL_MIN_10_EXP, 148 
DBL_MIN_EXP, 148 
ELEMENT, 74 
FLT_DIG, 147 
FLT_MAX, 147 
FLT_MAX_10_EXP, 147 
FLT_MAX_EXP, 147 
FLT_MIN, 147 
FLT_MIN_10_EXP, 147 
FLT_MIN_EXP, 147 
INT_MAX, 147 
INT_MIN, 147 
LDBL_DIG, 147 
LDBL_MAX, 148 
LDBL_MAX_10_DBL, 148 
LDBL_MAX_EXP, 148 
LDBL_MIN, 148 
LDBL_MIN_10_EXP, 148 

LDBL_MIN_EXP, 148 

TINE? 
LISiey2 

LISTLINK, 72 

LONG_MAX, 147 

LONG_MIN, 147 

_MSC_VER, 164 
portable non-ANSI, 162-164 
predefined, portability, 159-162 
SCHAR_MAX, 146 

SCHAR_MIN, 146 

SHRT_MAX, 146 
SHRT_MIN, 146 
ST DG ini 
UCHAR_MAX, 146 
UINT_MAX, 147 

ULONG_MAX, 147 

USHRT_MAX, 146 
see also keywords 

constraints in business, planning 
computer programs/systems, 357 

construction of computer programs/ 
systems, 361-362 

context-sensitive help, 521-529 
continue keyword, 772 
controls 

text, ANSI codes, 107-108 
video mode, ANSI codes, 108 

conv_to_upper() function, 156-157 
convert_str() function, 684-685 
converting binary numbers to and from 
hexadecimal, 191-192 

CONVSTR.C source file, 684-685 
Copia International’s AccSys 

for dBASE, 748 
for Paradox, 747 

CPUT.C source file, 113 
CRIGHT.C source file, 114 
ctype.h header file, 782 
CUP.C source file, 113 

current date, 236-237 
CURSOFE.C source file, 332-333 
CURSON.C source file, 333-334 
cursor 

displaying, 333-335 
hiding, 332-333 
moving, 269-272 

BIOS functions, 237-241 
escape sequences for, 113-121 

sizing, BIOS functions, 241-243 



cursor() function 

cursor() function, 238-241, 269-271 
cursor_off() function, 332-335 
cursor_on() function, 333-335 
custom file formats, 536 

D 

data 
capturing, 411-413, 424-425 

Musical Items entry and edit screen, 
625-626 

displaying, Xs versus 9s, 668 
data files, 533 

see also files 
data trees, binary, 89-99 

data types 
arrays of structures, 55-58 
basic, 32-33 
creating, 34 

ELEMENT, 74 
grouping, 35 

arrays, 35-38 
structures, 38-41 
unions, 41-44 

Lisie72 
LISTLINK, 72 
pointers to structures, 52-55 
variable-length structures, 58-63 

databases, 533 
components, 532-533 

DATE structure, 400 
DATE.C source file, 211-212 

__DATE__ predefined constant, 160 
dates 

birthdates, verifying entries, 222-223 
current, 236-237 

DBL_DIG constant, 147 
DBL_MAX constant, 147 
DBL_MAX_10_EXP constant, 147 
DBL_MAX. EXP constant, 147 
DBL_MIN constant, 148 
DBL_MIN_10_EXP constant, 148 
DBL_MIN_ EXP constant, 148 

deallocating (freeing) memory bytes, 
12-15 

debugging, 722 
debugger programs, 731-732 
print statements, 723-726 
walk-throughs, 722-723 

DECDUMP.C source file, 182-183 
decimal number system, 179-181 

ASCII chart, 762-769 
displaying characters in number-system 
formats, 181-183 

translating characters into, 176-179 
declaring 

pointers, 44-45 
structures, 38 

variable-length, 59 
type definitions, 34 
unions, 41 

default keyword, 772-773 
defaults in getline() function, 317 
del_alb_rec() function, 641-646 

del_med_rec() function, 573-579 
DELAREC.C source file, 641-645 

delete key 
getline() function, 319 
standards for navigating entry and edit 
windows, 388 

deleting 
functions from libraries, 220 
links from linked lists, 82 
records 

from Medium Code entry and edit 
screen, 578-579 

from Musical Items entry and edit 

screen, 641-646 

DELMREC.C source file, 573-577 
dereference (*) operator, 37 
descending sorts, 49-52 
design methodologies, see 
methodologies 

detailed checklist testing, 715 
Detailed Information reports, creating, 
691-709 

device drivers, ANSI.SYS, 105-106 
digits 

binary, 188 
decimal, 180-181 
hexadecimal, 190 

direct memory access, 128, 231-232 
directives (preprocessor), 
portability, 159 

directvideo variable, 128 
display, see video display 
display_about_box() function, 519-521 
display_cntxt_help_msg() function, 527 
display_context_help() function, 
521-527 

display_groups_fields() function, 
423-424 



display_header() function, 98 
display_medium_fields() function, 
410-411 

display_medium_help() function, 

516-517 
display_menu() function, 98, 456-458 

headers, 452-454 
listing of, 445-452 

parameters, 454-456 
scan codes, 458-459 
using, 460-464 

display_msg_box() function, 401-402 

do keyword, 773 
do_main_menu() function, 401 

do_medium_actionbar() function, 494, 
504-506 

do_medium_menu2() function, 599 
do_medium_menu3() function, 
600-601 

do_medium_screen() function, 410 
do_type_of_music_menu() function, 
472-475 

documentation, 528-529 
of designing computer 

programs/systems, 363 
tutorials, 527-528 

double data type, 32 
maximum/minimum values, 33 

double keyword, 773 
double quotes (“”) around include 
files, 206 

double variables, 144 
double-linked lists, 88-89 

binary trees, 89-99 
down arrow key 

Medium Code entry and edit 
screen, 411 

menu scan codes, 459 
standards for navigating entry and edit 
windows, 387 

draw_borders() function, 401 
draw_groups_prompts() function, 423 
draw_medium_prompts() function, 410 
draw_medium_screen() function, 

410-411, 495 
DRAWBOX.C source file, 286 

drawin 
boxes, 283-288 
lines, 280-281 

PUBLISHING i entry and edit screens 

prompts 
field, 410 
group, 424 

dump_inorder() function, 98-99 
dump_postorder() function, 98-99 
dump_preorder() function, 98-99 
DWORD data type, 34 

dynamic memory allocation, 9 
allocating memory bytes, 10-12, 17-21 
deallocating (freeing) memory bytes, 
12-15 

far (over 64K), 21-26 
initializing and allocating memory 
bytes, 17-21 

reallocating (resizing) memory blocks, 
15-17 

E 

E-MEM (TeraTech), 748 
edit functions 

birthdate, 212-213 
date, 211-212 

sex code, 210-211 
state, 209-210 

Edit menu, standards, 484-485 
editing, see entry and edit screens 
EDITS.H header file, 215 
efficiency, programming for, 134-138 
ELEMENT data type, 74 
else keyword, 773 
encapsulation, 742-751 
end key 

menu scan codes, 459 
standards for navigating entry and edit 
windows, 388 

enter key 
Medium Code entry and edit 
screen, 411 

menus, 459 
Musical Items entry and edit 
screen, 372 

standards for navigating entry and edit 
windows, 387 

entry and edit screens 
components, 386 
flow of, 402 
Group Information, 414-425 

access requirements, 377 
keys, 375 ee 



entry and edit screens 

prototype screen, 375 
Medium Code, 403-413 

access requirements, 377 
adding functions to action bars, 
588-601 

adding records, 566-573 
deleting records, 578-579 
extended help, 516-518 
keys, 376 
multi-menu action bars, 492-506 
processing next/previous records, 
579-583 

prototype screen, 376 
updating files for, 550-566 

menus 
temporary system, 390-402 
Type of Music, 472-475 

Musical Items, 425-438, 604-625 
access requirements, 376-377 
action bar, 374, 650-661 
adding records, 635-640 
adding/changing and calculating 
songs, 628-635 

capturing data, 625-626 

deleting records, 641-646 
keys/function keys, 372-373 
page up and page down functions, 
626-628 

processing next/previous records, 
646-650 

prototype screen, 371 
updating files, 602-604 

entry and edit standards, 386-388 
enum keyword, 773 
erasing screens, escape sequences for, 
115-121 

errno.h header file, 782 
error messages 

Array size too large, 9 
Multiple declaration for ‘varl’ in 
function main, 141 

Undefined symbol ‘__xxxx__’ in 
function main, 160 

errors 
debugging, 722-732 
logic, 721 
recursive, 722 
syntax, 719-721 
system, displaying messages about, 
729-731 

escape key 
Medium Code entry and edit 
screen, 412 

“menus, 460 
standards for navigating entry and edit 
windows, 389 

escape sequences, 231 
codes, 106-112 
components, 106 
for erasing screens, 115-121 
for moving cursor, 113-121 
for redefining, 126-127 
for screen colors, 121-126 
pros and cons, 105-106 

Essential B-Tree (South Mountain 
Software, Inc.), 748 

Essential Communications (South 
Mountain Software, Inc.), 747 

estimates, preliminary, 358 
-EXE file extension, 202 
exit keys, getline() function, 304 
extended character sets, 265-266 

ASGIL, 127-128 
extended help, 515-518 

extern keyword, 773 
extracting functions from libraries, 221 

F 

far keyword, 25 
far memory, 21-26 
farcalloc() function, 22-26 
farfree() function, 22-26 

- farmalloc() function, 22-26 
farrealloc() function, 22-26 
_fcalloc() function, 22-26 
_ffree() function, 22-26 
field prompts, drawing, 410 _ 
fields, 533 

getline() data-retrieval, underlining, 
410-411 

padding with zeros, 401-402 
structure, clearing, 410 

FIFO (First In First Out) order of 
access, 87-88 

file management libraries, 747-748 
File menu, standards, 483-484 
__FILE__ predefined constant, 160 
files 

closing, 548-549 
comma delimited, 535-536 



custom format, 536 
data, 533 
extensions 

1Ge202 

.COM, 202 

EXE, 202 

ws 202 

ST BI202 217 

folio 

OBJ, 202, 217 
flat, 535 
header, see header files 
I/O (Input/Output) functions, 
preparing for, 538-540 

index, 536-537 
modes, 534 

opening, 540-543 
records 

reading, 543-545 
writing, 545-546 

source, see source files 
TEST, 181 

finding 
elements, with binary trees, 90-99 
variable addresses, 45-47 

First In First Out (FIFO) order of 
access, 87-88 

flat files, 535 
float data type, 32 

maximum/minimum values, 33 
float keyword, 773 
float variables, 144 
float.h header file, 782 
FLT_DIG constant, 147 
FLT_MAX constant, 147 
FLT_MAX_10_EXP constant, 147 
FLT_MAX EXP constant, 147 

FLT_MIN constant, 147 
FLT_MIN_10_EXP constant, 147 

FLT_MIN_ EXP constant, 147 
_fmalloc() function, 22-26 
FONT-TOOLS (Autumn Hill 
Software), 746 

for keyword, 773 
foreground colors 

ANSI codes, 106-107 
escape sequences for, 121-126 

format_name() function, 55 
formats 

comma delimited files, 535-536 

custom files, 536 

flat files, 535 
fprintf() function, 683 
_frealloc() function, 22-26 

free() function, 12-15 
free-form testing, 715 
function keys 

F10 

main-menu case, 491-492 
multi-menu case, 494-495 

help for, 518 

Medium Code entry and edit screen, 
412-413 

Musical Items entry and edit screen, 
372-373 

standards, 388-390 
function numbers, 233 
functions 

add_album_rec(), 635-640 

add_mdata(), 564-565 
add_medium_rec(), 566-573 
add_new_songs(), 634-635 
add_to_list(), 81-82 
adding to action bars, Medium Code 
entry and edit screen, 588-601 

ANSI, see escape sequences 
boop(), 321-322 
box(), 120-121, 125, 283-288 
calc_nbr_songs(), 635 
calloc(), 17-21 
char_to_binary(), 187-189 
clear_albums_fields(), 625 
clear_eol(), 116 
clear_medium_fields(), 410 
clear_screen(), 116, 125, 335-338 

close_files(), 548-549 
clrscr(), 336-337 
compiler-specific, 256-257 

versus creating functions, 257 
conv_to_upper(), 156-157 

convert_str(), 684-685 
cursor(), 238-240-241, 269-271 

cursor_off(), 332-335 
cursor_on(), 333-335 
del_alb_rec(), 641-646 
del_med_rec(), 578-579 
display_about_box(), 519-521 
display_cntxt_help_msg(), 527 
display_context_help(), 521-527 
display_groups_fields(), 423-424 
display_header(), 98 
display_medium_fields(), 410-411 



functions 

display_medium_help(), 516-517 
display_menu(), 98, 445-471 
display_msg_box(), 401-402 
do_main_menu(), 401 
do_medium_actionbar(), 494, 504-506 
do_medium_menu2(), 599 
do_medium_menu3(), 600-601 
do_medium_screen(), 410 
do_type_of_music_menu(), 472-475 
draw_borders(), 401 
draw_groups_prompts(), 424 
draw_medium_prompts(), 410 
draw_medium_screen(), 410-411, 495 
dump_inorder(), 98-99 
dump_postorder(), 98-99 
dump_preorder(), 98-99 
edit 

birthdate, 212-213 

date, 211-212 

sex code, 210-211 
state, 209-210 

farcalloc(), 22-26 
farfree(), 22-26 
farmalloc(), 22-26 
farrealloc(), 22-26 

_fcalloc(), 22-26 
_ffree(), 22-26 
_fmalloc(), 22-26 
format_name(), 55 
fprintf(), 683 
_frealloc(), 22-26 
free(), 12-15 
get_alb_info(), 650 
get_alb_selection(), 702-709 
get_albums_input_data(), 625-626 
get_cursor(), 238-241, 270-271 
get_groups_data(), 424 
get_groups_input_data(), 424-425 
get_it(), 318 
get_med_info(), 582-583 
get_medium_data(), 411-413 
get_medium_input_data(), 411-413 
get_names(), 98 
get_rec(), 543-545 
get_space(), 99 
get_stack_data(), 87 
get_timer_ticks(), 323-324 
get_video(), 273-274 
getline(), see getline() function 
grid(), 338-341 
initialize_color_table(), 401, 463 

insert_list(), 82 

int86(), 237 
is_stack_empty(), 87 

is_valid_birthdate(), 212-213 
is_valid_date(), 211-213 
is_valid_sex(), 210-211 
is_valid_state(), 209-210 

isalnum(), 153 
isalpha(), 153 
iscntrl(), 153 
isdigit(), 154 
isgraph(), 154 
islower(), 154 
isprint(), 154 
ispunct(), 154 
isspace(), 154 
isupper(), 154 
isxdigit(), 154 
kbwait(), 254-255 
keyboard, 253-255 
keyhit(), 253-255 
libraries, see libraries 
list_groups(), 685-690 
list_medium_codes(), 678-685 
lowercase(), 157 
main() 

in recofrec.c source file, 401 
TESTMENU.C source file, 463 

malloc(), 10-12, 74 
memcpy(), 627 
memset(), 628 
move_cursor_down(), 114 
move_cursor_left(), 114 
move_cursor_right(), 114 
move_cursor_up(), 113 
music_rpt(), 702 
open_files(), 540-543 
open_songs(), 625 
pause(), 288-289 
perror(), 729-731 
pointers to, 48-52 
pop_stack(), 87 
print_group(), 690 
print_grp_header(), 690 
print_med_hdr(), 683 
printf(), 178-179 
proc_med_rec(), 579-583 
process_med_list(), 683-684 
prototypes, consolidating in header 

files, 400 
push_stack(), 87 



put_cursor(), 113 
put_rec(), 545-546 
qsort(), 49-52 
realloc(), 15-17, 21 
repeat_char(), 279-281 
reset_memory(), 635 
restore_cursor_position(), 115 
restore_screen_area(), 345-347 
rewrite_menu_items(), 458-459 
save_cursor_position(), 115 

save_screen_area(), 341-347 
search_list(), 99 
search_med_rec(), 600-601 
set_border_color(), 275-276 
set_cursor_size(), 241-243 
set_video(), 274-275 
setup_exit_keys(), 321 

setup_today(), 683 
show_list(), 82 
sprintf(), 338 
switch_globals(), 702 
toupper(), 157 
update_header(), 546-548 
update_songs(), 635 
updating, 271-272 
verify_mdata(), 565 
waitsec(), 322-323 
write_char(), 276-278 

write_string(), 282-283, 458-459 
yes_no_box(), 401-402 
zero_fill_field(), 401-402, 424-425 

G 

GCURSOR.C source file, 238-239, 
270-271 

Genus Microprogramming 
GX Effects, 746 
GX Printer, 749 
PCX ToolKit, 746 

get_alb_info() function, 650 
get_alb_selection() function, 702-709 
get_albums_input_data() function, 

625-626 
get_cursor() function, 238-241, 
270-271 LTS 

oups_data ction, 

ap ee He ee function, 
424-425 

get_it() function, 318 

get_med_info() function, 582-583 

get_medium_data() function, 411-413 

get_medium_input_data() function, 
411-413 

get_names() function, 98 
get_rec() function, 543-545 
get_space() function, 99 
get_stack_data() function, 87 
get_timer_ticks() function, 323-324 
get_video() function, 273-274 
getline() function, 296-297 

boop() function, 321-322 
code listing, 305-321 
entering strings, 325-327 
get_timer_ticks() function, 323-324 
parameters, 304-305 

option, 303-304 

prototype, 303 
return value, 305 
TYAC.H header file for, 297-302 
waitsec() function, 322-323 

GETLINE.C source file, 306-316 
GETREC.C source file, 543-544 
GETTICKS.C source file, 324 
GL_TEST.C source file, 325-326 
goto keyword, 774 
GraphiC (Scientific Endeavors 
Corporation), 746 | 

Graphical User Interfaces (GUIs), 
383-384 

graphics 
character, 265-266 

drawing boxes, 283-288 
drawing lines, 280-281 
repeating characters, 278-279 
screen border colors, 275-276 
screen text colors, 276-278 
video mode, getting/setting, 273-275 

colored text, 264 
monochrome text, 264 

pixel, 265 
graphics libraries, 746 
graphics programming, 739 
Graphics-MENU (Island Systems), 746 
gray-scale, 264 
Greenleaf CommLib (Greenleaf 
Software, Inc.), 747 

Greenleaf Functions™ (Greenleaf 
Software, Inc.), 749 

grid() function, 338-341 
GRID.C source file, 339 

GRID.C souree file 



Group Information 

Group Information 
entry and edit screen, 414-425 

access requirements, 3/7 

keys, 375 
prototype screen, 375 

list 
creating, 685-690 
prototype, 668-669 

matrix, 378 

GROUP_REC structure, 400 

grouping data types, 35 
arrays, 35-38 

structures, 38-41 
unions, 41-44 

GROUPS.C source file, 414-422 
GUIs (Graphical User Interfaces), 
383-384 

GVIDEO.C source file, 273 
GX Effects (Genus Microprogram- 
ming), 746 

GX Printer (Genus Microprogram- 
ming), 749 

H 

-H file extension, 202 
head pointers, 69-70 
header files 

A_CURSOR.H, 118 

ANSI standard (listing), 782-783 
ANSICLRS.H, 122 
BIOSREGS.H, 235 
COLORTBL.H, 452-453 
EDIFS 17215 
including in source files, 204-207 
LIST0701.H, 204-205 

LIST0702.H, 205 

LIST0914.H, 289-291 

non-standard compiler, 783-784 
RECOFREC.H, 396-397, 493-494, 
550, 602-603, 677-678 

RECORDS.H, 397-399, 551, 603-604 
TYAC.H, 266-268, 539-540 

for getline() function, 297-302 
updating, 289-291 

headers, updating information in 
records, 546-548 

help, 510 
about boxes, 518-521 
context-sensitive, 521-529 
documentation/manuals, 528-529 

general, 514-518 

startup, 511-514 

tutorials, 527-528 
help files, MEDIUM.HLP, 525 
Help menu, standards, 486-487 
HEX.C source file, 196-198 
hexadecimal number system, 190-194 

ASCII chart, 762-769 
translating characters into, 176-179 

HEXDUMEP.C source file, 192-193 

HFILE data type, 34 
hiding cursor, 332-333 
Hold Everything (South Mountain 
Software, Inc.), 749 

home, moving cursor to, 113 
home key 

getline() function, 320 
menu scan codes, 458-459 
standards for navigating entry and edit 
windows, 388 

HREG structure, 235-236 

huge memory model, 758-759 

Ij 
1/O (Input/Output), 533 

file functions, preparing for, 538-540 
if keyword, 774 
in-order access, 90-99 
#include preprocessor directive, 
204-207 

index files, 536-537 

see also files 
index help, 518 
indirect membership (->) operator, 55 
indirection (*) operator, 55 
inheritance, 743 
initialize_color_table() function, 
401, 463 

initializing allocated memory bytes, 
17-21 

insert key, getline() function, 320 
insert_list() function, 82 
installation manuals, 528 
int data type, 32 

maximum/minimum values, 33 
int keyword, 774 
INT_MAX constant, 147 
INT_MIN constant, 147 
int86() function, 237 



integer variables, 144 
integers 

allocating memory for, 18-20 
converting to strings, 684-685 

integration testing, 362, 717 
interactive tutorials, 527 
interrupts, software, 129, 232 

creating, 255-256 
listing of, 244-252 

is_stack_empty() function, 87 
is_valid_birthdate() function, 212-213 
is_valid_date() function, 211-213 
is_valid_sex() function, 210-211 
is_valid_state() function, 209-210 

isalnum() function, 153 
isalpha() function, 153 
iscntrl() function, 153 
isdigit() function, 154 
isgraph() function, 154 
Island Systems’ Graphics-MENU, 746 
islower() function, 154 
isprint() function, 154 
ispunct() function, 154 
isspace() function, 154 
isupper() function, 154 
isxdigit() function, 154 

K 

kbwait() function, 254-255 
KBWAIT.C source file, 254 

keyboard functions, 253-255 
keyboard shortcuts 

character values, ANSI codes, 109-112 
escape sequences for redefining, 126-127 

keyhit() function, 253-255 
KEYHIT.C source file, 253-254 

keys 
accelerator, 482 

for general help, 514-515 
backspace, getline() function, 319 
character values, ANSI codes, 109-112 

delete, getline() function, 319 
exit, getline() function, 304 
function 

F10 main-menu case, 491-492 
F10 multi-menu case, 494-495 
standards, 388-390 

Group Information entry and edit 
screen, 375 

home, getline() function, 320 

left arrow key 

insert, getline() function, 320 
left arrow, getline() function, 320 

Medium Code entry and edit screen, 376 
mnemonic, 444-445 

Musical Items entry and edit screen, 
372-373 

navigating menus, 444-445 
non-scan, menus, 459-460 
page down, Musical Items entry and 
edit screen, 626-628 

page up, Musical Items entry and edit 
screen, 626-628 

redefining, escape sequences for, 
126-127 

right arrow, getline() function, 320 
scan 

getline() function, 320 
menus, 458-459 

setting for Medium Code entry and 
edit screen, 411-413 

standards for navigating entry and edit 
windows, 387-388 

keys help, 518 
keywords 

ANSI C, 139-140 
far, 25 
reserved in C (listing), 772-776 
see also constants, modifiers, operators 

typedef, 34 

L 

languages 
assembler, 740-741 
C++, 742-744 
object-oriented programming, 742-744 
procedural, 742 

large memory model, 758 
Last In First Out (LIFO) order of 
access, 83-87 

LDBL_DIG constant, 147 
LDBL_MAX constant, 148 
LDBL_MAX_10_DBL constant, 148 
LDBL_MAX EXP constant, 148 

LDBL_MIN constant, 148 
LDBL_MIN_10_EXP constant, 148 

LDBL_MIN_EXP constant, 148 

leaf nodes, trees, 89 
left arrow key 

getline() function, 320 
menu scan codes, 459 



ie 

left arrow key 

standards for navigating entry and edit 
windows, 387 

.LIB file extension, 202, 217 
LIB library program, 208 

libraries, 207-209 

commercial, 744-745 

communications, 747 
creating, 213-218 

file management, 747-748 
functions 

adding, 217-218 
deleting, 220 
extracting/moving, 221 

listing, 218-220 
organizing, 266-269 
updating, 221 

general, 748-749 
graphics, 746 

sources, 208, 221 

TYAC.LIB file, updating, 289-291 
LIFO (Last In First Out) order of 
access, 83-87 

limits.h header file, 782 
__LINE__ predefined constant, 12, 160 
linear (single) linked lists, 69-73 
lines, drawing, 280-281 

linked index files, 537 
linked lists, 68 

adding elements 

first link, 73-75 
to beginning, 75-76 
to end, 77 
to middle, 76 

binary trees, 89-99 
deleting elements, 82 

double, 88-89 
queues, 87-89 
single (linear), 69-73 
stacks, 83-87 
using, 77-82 

LIST data type, 72 

list_groups() function, 685-690 

list_medium_codes() function, 678-685 
LIST0101.C source file, 5-6 
LIST0102.C source file, 7-8 
LIST0103.C source file, 10-11 
LIST0104.C source file, 12-14 

LIST0105.C source file, 16-17 
LIST0106.C source file, 18-20 
LIST0107.C source file, 23-25 
LIST0205.C source file, 48 

LIST0207.C source file, 53-54 

LIST0208.C source file, 55-57 
LIST0209.C source file, 61-63 
LIST0301.C source file, 70-72 
LIST0302.C source file, 77-81 

LIST0304.C source file, 91-98 
LIST0403.C source file, 119-120 
LIST0405.C source file, 123-124 

LIST0406.C source file, 126-127 
LIST0501.C source file, 135-136 

LIST0502.C source file, 136-137 
LIST0503.C source file, 140-141 
LIST0504.C source file, 144 

LIST0505.C source file, 148-149 
LIST0506.C source file, 150-151 
LIST0507.C source file, 152-153 
LIST0508.C source file, 154-156 

LIST0509.C source file, 158 
LIST0510.C source file, 161 
LIST0511.C source file, 162-163 
LIST0601.C source file, 171 
LIST0602.C source file, 177-178 
LIST0701.H header file, 204-205 
LIST0702.H header file, 205 
LIST0703.C source file, 205-207 
LIST0709.C source file, 214 
LIST0711.C source file, 222-223 
LIST0802.C source file, 236-237 
LIST0805.C source file, 239-240 

LIST0811.C source file, 254-255 
LIST0907.C source file, 278 
LIST0909.C source file, 280-281 
LIST0914.H header file, 289-291 

LIST1103.C source file, 334-335 
LIST1110.C source file, 347-348 
LIST1404.C source file, 464-470 
LIST1405.C source file, 472-474 

LIST1602.C source file, 516-517 
LIST1604.C source file, 522-524 
LIST1605.C source file, 525 
LIST2002.C source file, 723-724 
LIST2003.C source file, 725-726 
listings 

1.1. C variable sizes, 5 
1.2. A program showing wasted 
memory, 7-8 

1.3. Using the malloc() function, 10-11 
1.4. Allocating memory without freeing 
it, 12-14 

1.5. The use of realloc(), 16-17 
1.6. Using calloc(), 18-19 



1.7. Use of far memory allocation 
functions, 23-24 

2.1. Accessing arrays and their data, 
35-36 

2.2. Use of the date structure, 38-39 
2.3. Unions in memory, 42-43 

2.4. A pointer review, 46 

2.5. Using a function pointer, 48 
2.6. Passing pointers to functions, 
49-51 

2.7. Using a pointer to a structure, 
53-54 

2.8. Using an array of structures, 55-57 
2.9. Program using variable-length 
structure, 61-62 

3.1. A first look at a linked list, 70-71 
3.2. Adding to a linked list of charac- 

ters, 77-80 

3.3. STACK.C. Using a stack, 83-86 
3.4. Using a binary tree, 91-97 
4.1. CPUT.C. Place the cursor on the 
screen, 113 

4.2. CUP.C. Move the cursor up, 113 
4.3. CDOWN.C. Move the cursor 
down, 114 

4.4. CRIGHT.C. Move the cursor 
right, 114 

4.5. CLEFT.C. Move the cursor 
left, 114 

4.6. SAVECURS.C. Save the current 
cursor position, 115 

4.7. RSTRCURS.C. Restore the saved 

cursor position, 115 
4.8. CLRSCRN.C. Clear the 
screen, 116 

4.9. CLEAREOL.C. Clear to the end 
of the line, 116 

4.10. A CURSOR.C. The ANSI 
cursor functions, 117-118 

4.11. A-CURSOR.H. The ANSI 
cursor functions header file, 118 

4.12. LIST0403.C. Using the ANSI 
cursor functions, 119-120 

4.13. ANSICLRS.H. The ANSI 
colors, 122 

4.14, LIST0405.C. Using the ANSI 
colors, 123-124 

4.15. Illustrates re-mapping of keys 
using the ANSI escape sequences, 
126-127 

5.1. Code with spacing, 135-136 
5.2. Compact code, 136-137 
5.3. Case sensitivity, 140 

5.4. The size of the data types, 144 
5.5. The values stored in the ANSI- 
defined constants, 148-149 

5.6. Using the ANSI-defined constants, 
150 

5.7. Is the character an alphabetic 
letter?, 152 

5.8. Using character classification 
functions, 154-155 

5.9. A program that may not be 
portable, 158 

5.10. The predefined ANSI constants 
in action, 161 

5.11. A portable program with com- 
piler specifics, 162-163 

6.1. ASCII values, 171 

6.2. A character translation program, 
177-178 

6.3. Program to type a file in decimal, 
182 

6.4. Program to type a file in binary, 
184-186 

6.5. Program to type a file in hexadeci- 
mal, 192-193 

6.6. Program to type a file in octal, 
194-195 

6.7. Program to type a file in hexadeci- 
mal with the character representa- 

tions, 196-197 
7.1. Using include files, 204-205 

7.2. A second header file, 205 
7.3. The source file, 205 
7.4. Partially precompiled version of 
Listing 7.3, 206-207 

7.5. A state edit, 209-210 
7.6. A sex code edit, 210-211 
7.7. A date edit, 211-212 
7.8. A birthdate edit, 212-213 
7.9. Using the edit functions, 214 
7.10. A header file for the edit 
functions, 215 

7.11. Using the EDITS.LIB—again!, 
222-225 

8.1. BIOSREGS.H, 235 
8.2. LIST0802. Using BIOS interrupt 
call, 236 

8.3. PCURSOR.C. Placing the cursor 
at screen coordinates, 238 



listings 

8.4. GCURSOR.C. Getting the 
coordinates of the cursor, 238-239 

8.5. LIST0805.C. Using the BIOS 

cursor functions, 239-240 
8.6. set_cursor_size(), manipulating the 
cursor’s shape, 241-242 

8.7. BIGCURS.C. Using the 
set_cursor_size() function, 242 

8.8. SMLCURS.C. Using the 
set_cursor_size() function, 242 

8.9. keyhit(). A function to determine if 
a keyboard character has been pressed, 
253-254 

8.10. kbwait(). A function to clear the 
keyboard buffer, 254 

8.11. LIST0811.C. A program 
demonstrating the previous two 
functions, 254-255 

9.1. The enhanced TYAC.H header 
file, 266-268 

9.2. PCURSOR.C. A function to put 
the cursor on screen, 269-270 

9.3. GCURSOR.C. A function to get 
cursor from screen, 270-271 

9.4. GVIDEO.C gets the video 
mode, 273 

9.5. SVIDEO.C sets the video mode, 
274-275 

9.6. SBRDCLR.C sets the border color, 
275-276 

9.7. WRITECH.C. A function to write 
a character in color, 276-277 

9.8. Using a for loop to repeat a 
character, 278 

9.9. REPEATCH.C. A better repeating 
character function, 279 

9.10. Using the repeat_char() function 
and drawing lines, 280-281 

9.11. WRITESTR.C writing a string in 
color, 282 

9.12. BOX.C. The box() function, 
284-285 

9.13. DRAWBOX.C. Using the box() 
function to draw boxes, 286 

9.14. PAUSE.C. A pausing function, 
288-289 

9.15. LIST0914.H. A new version of 
TYAC.H, 289-291 

10.1. A new TYAC.H header file, 
298-302 

10.2. GETLINE.C. The getline() 

function, 306-316 
10.3 BOOP.C. The boop() function, 
321-322 

10.4. WAITSEC.C. The waitsec() 

function, 323 
10.5. GETTICKS.C. The 
get_timer_ticks() function, 324 

10.6. GL_TEST.C using the getline() 

function, 325-326 
11.1. CURSOFE.C. The cursor_off() 

function, 332-333 
11.2. CURSON.C. The cursor_on() 
function, 333-334 

11.3. LIST1103.C. Using the cursor 
functions, 334-335 
1145CLEARSGN(C. The 
clear_screen() function, 336 

1152 TESTGER:GsTesv'the 
clear_screen() function, 337 

11.6. GRID.C. The grid() function, 
539 

11.7. TESTGRID.C. Testing the grid() 
function, 340 

11.8. SAVESCRN.C. Saving a portion 
of the screen, 341-343 

11.9. RESSCRN.C. Restoring the 
saved portion of the screen, 345-346 

11.10. LIST1110.C. Demonstration 
of saving and restoring the screen, 
347-348 

13.1. RECOFREC.C. A temporary 
Record of Records! menu, 391-396 

13.2. RECOFREC.H. The Record of 
Records! program header, 396-397 

13.3. RECORDS.H. Record of Records! 
program header containing the 
structures for the record layouts, 397- 
399 

13.4. MEDIUMS.C. The medium 
screen, 403-409 

13.5. The Group Information screen, 
414-422 

13.6. ALBUMS.C. The Musical Items 
entry and edit screen, 425-437 

14.1. MENU.C. The display_menu() 
routine, 445-452 

14.2. COLORTBL.H. The color table, 
452-453 

14.3. TESTMENU.C. A test program 
for display_menu(), 460-462 



14.4. LIST1404.C. A new Record of 
Records! listing, 464-470 ; 

14.5. The Type of Music entry and edit 
menu, 472-474 

15.1. MMNUABAR.C. The main 
menu’s action bar functions, 488-490 

15.2. RECOFREC.H with the action 
bar function prototypes, 493-494 

15.3. MEDMABAR.C. The action 

bar for the Medium Code screen, 
495-503 

16.1. PRINTIT.C. Listing using 
startup help, 512-513 

16.2. LIST1602.C. A new 

display_medium_help() function, 
516-517 

16.3. ABOUT.C. The Record of 

Records! about box code, 519-520 
16.4. LIST1604.C. The context- 
sensitive help, 522-524 

16.5. LIST1605.C. Replacement F1 
case and new F2 case, 525 

16.6. MEDIUM.HLP. The context- 
sensitive help for the medium code 

screen, 525 
17.1. OPENFILE.C. Opens an index 
and a data file, 540-542 

17.2. GETREC.C. Getting a record— 
the get_rec() function, 543-544 

17.3. PUTREC.C. Writing a record— 
the put_rec() function, 545-546 

17.4. UPDHDR.C. The 
update_header() function, 546-547 

17.5. CLOSFILE.C. Closing a file— 
the close_files function, 548-549 

17.6. MEDIUM.C. The medium 

screen’s main file, 551-563 
17.7. ADDMREC.C. Adding a 
medium code, 566-570 

17.8. DELMREC.C. Deleting a 

medium code, 573-577 
17.9. PROCMREC.C. Processing the 
next and previous records, 579-582 

18.1. MEDMABAR.C. The medium 

action bar function, 588-599 

18.2. ALBUMS.C. The Musical Items 

screen’s main file, 605-623 

18.3. SONGS.C. Functions needed for 

the Musical Items screen, 628-634 

18.4. ADDAREC.C. Adding a medium 

code, 636-640 

LPCSTR data type 

18.5. DELAREC.C, Deleting a musical 
item, 641-645 

18.6. PROCAREC.C. Processing the 
next and previous records, 646-650 

18.7. ALBMABAR.C. The Musical 

Items screen action bar, 650-661 
19.1. REC_RPTG.C. The reporting 

menu code, 673-677 
19.2. LISTMED.C. The list of 
medium codes, 678-681 

19.3. The convert_str() function, 
684-685 

19.4. RPT_GRPS.C. The List of 

Groups, 685-689 
19.5. RPT_DETL.C. The detailed 
Musical Item Report, 691-702 

19.6. REC_RPTG.C with the 

get_alb_selection() function, 703-708 

20.1. SYNTAX.C. A program with 
syntax errors, 719-720 

20.2. LIST2002.C. A simple listing, 
723-724 

20.3. LIST2003.C. The simple listing 
updated, 725 

20.4. ASSERT.C. Using the assert() 
macro, 727-728 

20.5. PERROR.C. Using the perror() 
function, 729-730 

21.1. Some assembler code, 741 

LISTLINK data type, 72 
LISTMED.C source file, 678-682 
lists, 667 

Group Information 
creating, 685-690 
report prototype, 668-669 

Medium Code 
creating, 678-685 
report prototype, 667-668 

LOCALE.H header file, 782 
logic errors, 721 
logical design of computer programs/ 
systems, 358-361 

long data type, 32, 34 
long int data type, maximum/minimum 

values, 33 
long keyword, 774 
long variables, 144 
LONG _MAX constant, 147 
LONG MIN constant, 147 

lowercase() function, 157 
LPCSTR data type, 34 

a ; 



LPSTR data type 

LPSTR data type, 34 
.LST file extension, 219 

M 

macros, assert(), 726-729 
MagnalComm C (SoftDesign Interna- 
tional, Inc.), 747 

main screen, returning control to, 506 

main() function 
in recofrec.c source file, 401 
TESTMENU.C source file, 463 

main-menu action bars, 488-492 
maintainability, programming for, 
134-138 

malloc() function, 10-12, 74 
manuals, 528-529 
math.h header file, 783 
matrices, Record of Records! applica- 
tion, 377-378 

Medium Code 
entry and edit screen, 403-413 

access requirements, 377 
adding functions to action bars, 
588-601 

adding records, 566-573 
deleting records, 578-579 
extended help, 516-518 
keys, 376 
multi-menu action bars, 492-506 
processing next/previous records, 
579-583 

prototype screen, 376 
updating files for, 550-566 

list 
creating, 678-685 
prototype, 667-668 

matrix, 378 

medium memory model, 757 
MEDIUM.C source file, 551-563 
MEDIUM.HLLP help file, 525 
MEDIUM_REC structure, 400 
MEDIUMS.C source file, 403-409 
MEDMABAR.C source file, 495-503, 
588-599 

member (.) operator, 55 
memcpy() function, 627 
memory 

accessing directly, 231-232 
allocating 

at compile time, 6-9 

dynamically, 9-12 
far (over 64K), 21-26 
initializing and, 17-21 

deallocating (freeing), 12-15 
reallocating (resizing) blocks, 15-17 
segmented architecture, 754 
variable requirements, 4-6 
video, accessing 

ANSI functions, 105-128 
direct, 128 
through BIOS, 128-129 

memory models 
64K limit, 760 
compact, 757-758 
comparing, 759-760 
components, 754-755 
huge, 758-759 
large, 758 
medium, 757 
small, 756 
tiny, 755-756 

memset() function, 628 
MENU.C source file, 445-452 
menus, 444-445 

action bars, 482 
multi-menu, 492-506 
single (main) menu, 488-492 
standards for menu items, 483-487 

adding to Record of Records! applica- 
tion, 464-471 

color table for, 452-454 
displaying, 445-458, 460-464 
entry and edit screens, temporary 
system, 390-402 

non-scan keys, 459-460 
Reporting, creating, 672-678 
scan codes, 458-459 
Type of Music (Record of Records! 
application), 472-475 

message boxes, displaying, 401 
messages 

displaying for system errors, 729-731 
printing when predefined conditions 
occur, 726-729 

see also error messages 
methodologies, 354-355 

for reports, 666 
program specifications, 365-366 
prototyping, 364-365 
rapid or accelerated systems analysis 
and design, 364 



Structured Systems Analysis and 
Design, 355-356 
Construction, 361-362 

Preliminary Analysis, 356-358 
Systems Analysis (logical design), 
358-361 

Systems Design (physical design), 361 
Wrap up, 362-363 

Microsoft 
compiler-specific functions 

BIOS, 256 
far memory, 22 

LIB library program, 208 
minus sign (-) subtraction operator, 220 
MMNUABAR.C source file, 488-490 
mnemonic keys, 444-445 
models 

64K limit, 760 

compact, 757-758 
comparing, 759-760 
components, 754-755 
huge, 758-759 
large, 758 
medium, 757 
small, 756 
tiny, 755-756 

modes 
binary, 534 
text, 534 
video 

controls, ANSI codes, 108 
getting/setting, 273-275 

modifiers, static, 491, 775 
monitors, see video display 
monochrome text, 264 
move_cursor_down() function, 114 
move_cursor_left() function, 114 
move_cursor_right() function, 114 
move_cursor_up() function, 113 
movin 

cursor, 269-272 
BIOS functions, 237-241 
escape sequences for, 113-115, 117-121 

functions from libraries, 221 
_MSC_VER constant, 164 
multi-menu action bars, 492-506 
Multiple declaration for ‘varl’ in 
function main error message, 141 

multiple source files, 203-204 
music_rpt() function, 702 

numeric variables 

Musical Information report, prototype, 
669-672 

Musical Items entry and edit screen, 
425-438, 604-625 
access requirements, 376-377 
action bar, 374, 650-661 
adding/changing and calculating songs, 
628-635 

capturing data, 625-626 
keys/function keys, 372-373 
page up and page down functions, 

prototype screen, 371 
records 

adding, 635-640 
deleting, 641-646 
processing next/previous, 646-650 

updating files, 602-604 

N 

network programming, 739-740 
nodes, trees, 89 
non-DOS platforms, programming 
for, 744 

non-interactive tutorials, 527 
non-scan keys, menus, 459-460 
Novell, Inc.’s Btrieve, 748 

null characters, 38 
NULL pointers in linked lists, 69-70 
NULL string, 17 

Null terminator, 7 
number systems 

ASCII Character Table, displaying, 
170-176 

binary, 183-189 
decimal, 179-183 
hexadecimal, 190-194 
octal, 194-196 
translating characters into multiple, 
176-179 

numbers 
function, 233 
integers 

allocating memory for, 18-20 
converting to strings, 684-685 

zeros, padding fields with, 401-402 
numeric variables 

determining type sizes, 143-145 
setting maximum/minimum values, 

145-151 



-OB] file extension 

O 

.OBJ file extension, 202, 217 
object-oriented programming lan- 
guages, 742-744 

objective list testing, 715 
objectives of programs 

overview statements, 356 

setting, 356-357 
octal number system, 194-196 

translating characters into, 176-179 

OCTDUMP.C source file, 194-195 
online tutorials, 527 
open_files() function, 540-543 
open_songs() function, 625 
OPENFILE.C source file, 540-542 

opening files, 540-543 
operators 

& (address of), 45 
* (dereference), 37 
* (indirection), 55 
+ (addition), 217 
- (subtraction), 220 
-> (indirect membership), 55 
. (member), 55 

order of precedence, 778-779 
sizeof, 6, 21, 775 

option parameter, getline() function, 
303-304 

Options menu, standards, 486 
order of precedence, operators, 778-779 

P 

page breaks, 690 
page down key 

Medium Code entry and edit 
screen, 412 

Musical Items entry and edit screen, 
372, 626-628 

standards for navigating entry and edit 
windows, 387 

page up key 
Medium Code entry and edit 
screen, 412 

Musical Items entry and edit screen, 
372, 626-628 

pages, video, 274 
parameters 

command line, startup help for, 
511-514 

display_menu() function, 454-456 

getline() function, 304-305 
option, 303-304 

passing by reference, 52 
passing by value, 52 
patches, 732-733 
pause() function, 288-289 
PAUSE.C source file, 288-289 
pausing 

computers, 322-323 
for user input, 288-289 

PCURSOR.C source file, 238, 269-270 
PCX ToolKit (Genus Micro program- 
ming), 746 

period (.) member operator, 55 
perror() function, 729-731 
PERROR.C source file, 729-736 
physical design of computer 
programs/systems, 361 

pixel graphics, 265 
planning methodologies, see 
methodologies 

platforms (non-DOS), programming 
for, 744 

plus sign (+) addition operator, 217 
POINTER.C source file, 46-47 
pointers 

declaring, 44-45 
finding variable addresses, 45-47 
head, 69-70 
linked lists, 69 

tail, 88-89 
to functions, 48-52 
to other pointers, 47-48 
to structures, 52-55 

polymorphism, 743 
pop_stack() function, 87 

portability, 138-139 
ANSI standards, 139 
case 

converting, 156-157 
sensitivity, 140-141 

character sets, 142 
classifying variables, 151-156 
enforcing ANSI compatibility, 142-143 
keywords, 139-140 
non-ANSI features, 162-164 
numeric variables, 143-145 

setting maximum/minimum values, 
145-151 

predefined constants, 159-162 



preprocessor directives, 159 
structures and unions, 157-159 

post-order access, 90-99 
pre-order access, 90-99 
precedence, operators, 778-779 
predefined constants, 159-162 
Preliminary Analysis, 356-358 

reviewing, 359 
preliminary estimates, 358 
preprocessor directives, 159 

#include, 204-207 
print statements, debugging with, 
723-726 

print_group() function, 690 
print_grp_header() function, 690 
print_med_hdr() function, 683 
printf() function, 178-179 
printing messages when predefined 
conditions occur, 726-729 

PRINTIT.C source file, 512-513 
proc_med_rec() function, 579-583 
PROCAREC.C source file, 646-650 
procedural languages, 742 
process_med_list() function, 683-684 
PROCMREC.C source file, 579-582 
programmin: 

for efficiency, 134-138 
for maintainability, 134-138 
for non-DOS platforms, 744 
for portability, 138-164 
in assembler language, 740-741 
in C++ language, 742-744 
specialized, 738-740 

programs 
Bounds Checker, 732 
commercial, 744-749 
debuggers, 731-732 
design methodologies 

program specifications, 365-366 
prototyping, 364-365 
rapid or accelerated systems analysis 
and design, 364 

Structured Systems Analysis and 
Design, 355-363 

LIB library, 208 
patches/updates/upgrades, 732-733 
Record of Records!, see Record of 
Records! application 

TLIB library, 209 
versus computer systems, 354 
see also source files 

Record of Records! application 

prompts, drawing 
field, 410 
group, 424 

prototypes 
creating 

program specifications, 365-366 
rapid or accelerated systems analysis 
and design, 364 

Structured Systems Analysis and 
Design, 361 

functions, consolidating in header 
files, 400 

reports, 666 
Group Information list, 668-669 
Medium Code list, 667-668 
Musical Information, 669-672 

prototyping, 355 
as methodology, 364-365 

push_stack() function, 87 
put_cursor() function, 113 
put_rec() function, 545-546 
PUTREC.C source file, 545-546 

Q 
qsort() function, 49-52 
queues, 87-89 

R 

rapid systems analysis and design, 364 
reading records from files, 543-545 
realloc() function, 15-17, 21 
REC_RPTG.C source file, 673-677, 
703-708 

RECOFREC.C source file, 391-396, 

550, 602, 678 
RECOFREC.H header file, 396-397, 
493-494, 550, 602-603, 677-678 

Record of Records! application 
about boxes, 519-520 
database access requirements, 376-379 
file structures, 538-539 
Group Information entry and edit 
screen, 414-425 

keys, 375 
prototype screen, 375 

Medium Code entry and edit screen, 
403-413 
adding functions to action bars, 
588-601 



Record of Records! application 

adding records, 566-573 
deleting records, 578-579 
extended help, 516-518 
keys, 376 
processing next/previous records, 
B/I2D83 

prototype screen, 376 
updating files for, 550-566 

menus 
adding, 464-471 
multi-menu action bars, 492-506 
Reporting, creating, 672-678 
single (main) menu action bar, 
488-492 

temporary system, 390-402 
Type of Music, 472-475 

Musical Items entry and edit screen, 
425-438, 604-625 
action bar, 374, 650-661 
adding records, 635-640 
adding/changing and calculating 

songs, 628-635 
capturing data, 625-626 
deleting records, 641-646 
keys/function keys, 372-373 
page up and page down functions, 
626-628 

processing next/previous records, 

646-650 
prototype screen, 371 
updating files, 602-604 

objectives, 370 
purpose, 370 
rules, 371 

' records, 533 
adding 

to Medium Code entry and edit 
screen, 566-573 

to Musical Items entry and edit screen, 
635-640 

deleting 
from Medium Code entry and edit 

screen, 578-579 
from Musical Items entry and edit 

screen, 641-646 
processing next/previous, 579-583, 
646-650 

reading from files, 543-545 
updating header information, 546-548 
writing to files, 545-546 

RECORDS.H header file, 397-399, 551, 
603-604 

recursive errors, 722 

reference guides, 528 
register keyword, 774 

registers, 755 
REGS union, 234-236 
repeat_char() function, 279-281 

REPEATCH.C source file, 279 
repeating characters, 278-279 
Reporting menu, creating, 672-678 

reports 
customizing, 709-710 
design methodologies, 666 
Detailed Information, creating, 
691-709 

Group Information list 
creating, 685-690 
prototype, 668-669 

Medium Code list 
creating, 678-685 
prototype, 667-668 

Musical Information, prototype, 
669-672 

prototypes, 666 
reset_memory() function, 635 
/*resident_C*/ (South Mountain 
Software, Inc.), 749 

resizing memory blocks, 15-17 
resources, 104-129, 230 
RESSCRN.C source file, 345-346 
restore_cursor_position() function, 115 

restore_screen_area() function, 345-347 
- restoring 

saved cursor positions, 115 
screens, 341-349 

retrieving data, 411-413, 424-425 
Musical Items entry and edit screen, 
625-626 

return keyword, 774 

reviewing Preliminary Analysis, 359 
rewrite_menu_items() function, 
458-459 

right arrow key 
getline() function, 320 
menu scan codes, 459 
standards for navigating entry and edit 
windows, 387 

ROM BIOS, software interrupts 
(listing), 244-252 

roots, trees, 89 



RPT_DETL.C source file, 691-702 

RPT_GRPS.C source file, 685-689 

RSTRCURS.C source file, 115 

5 

save_cursor_position() function, 115 

save_screen_area() function, 341-347 
SAVECURS.C source file, 115 

SAVESCRN.C source file, 341-343 
saving 

current cursor positions, 115 

screens and restoring, 341-349 
SBRDCLR.C source file, 275-276 
scan codes, 318 

menus, 458-459 

scan key, getline() function, 320 

SCHAR_MAX constant, 146 

SCHAR_MIN constant, 146 

scheduling work on computer 
programs/systems, 358 

Scientific Endeavors Corporation’s 
GraphiC, 746 

scope of computer 
programs/systems, 357 

screens 
clearing, 335-338 
colors 

borders, 275-276 
escape sequences for, 121-126 
text, 276-278 

entry and edit, see entry and edit 
screens 

erasing, escape sequences for, 115-121 
main, returning control to, 506 

saving and restoring, 341-349 
setting up, 410-411 

script testing, 715 
SCURSOR.C source file, 241-242 

search _list() function, 99 
search _med_rec() function, 600-601 
segmented memory architecture, 754 
Sequiter Software, Inc.’s CodeBase, 748 
set-up manuals, 528 
set_border_color() function, 275-276 

set_cursor_size() function, 241-243 
set_video() function, 274-275 
setjmp-h header file, 783 
setup_exit_keys() function, 321 
setup_today() function, 683 
SEX.C source file, 210-211 

SONGS.C source file 

shadows, creating, 125 
shift+tab keys 

Medium Code entry and edit 
screen, 412 

Musical Items entry and edit 
eiteael, oy 

short data type, 32-34 
short int data type, maximum/minimum 
values, 33 

short keyword, 774 
short variables, 143 

show_list() function, 82 
SHRT_MAX constant, 146 
SHRT_MIN constant, 146 

signal.h header file, 783 
signed char data type, maximum/ 

minimum values, 33 
signed int data type, maximum/ 
minimum values, 33 

signed integer variables, 144 
signed keyword, 775 
signed long int data type, maximum/ 
minimum values, 33 

signed short int data type, maximum/ 
minimum values, 33 

SilverWare, Inc.’s “C” EMM 
Library, 748 

single-linked lists, 69-73 

sizeof operator, 6, 21, 775 

sizes 

cursor, BIOS functions, 241-243 
numeric variable types, determining, 

143-145 
scope of computer programs/systems, 

357 
source files, 203-204 

variables, 4-6 
small memory model, 756 
SMLCURS.C source file, 242 
SoftDesign International, Inc.’s 

MagnalComm C, 747 
software interrupts, 129, 232 

creating, 255-256 
listing of, 244-252 

SONG _REC structure, 400 

songs * 
adding, 635-640 
adding/changing and calculating, 
628-635 

deleting, 641-646 
SONGS.C source file, 628-634 

SAMS | 
PUBLISHING Ne 



SORT.C source file 

SORT.C source file, 49-51 
sorted index files, 537 
sorting 

elements, with binary trees, 90-99 
in ascending/descending orders, 49-52 

sounds, beeping, 321-322 

source files, 202-203 
A_CURSOR.C, 117-118 
ABOUT.C, 519-520 
ADDAREC.C, 636-640 
ADDMREC.C, 566-570 
ALBMABAR.C, 650-661 
ALBUMS.C, 425-437, 605-623 
ARRAY.C, 35-36 
ASSERT.C, 727-728 
BDATE.C, 212-213 
BIGCURS.C, 242 
BINDUMP.C, 184-186 
BOOP.C, 321-322 
BOX.C, 284-285 
CDOWN.C, 114 
CLEAREOL.C, 116 
CLEARSCN.C, 336 
GLEFInGri4 
CLOSFILE.C, 548-549 
CLRSCRN.C, 116 
CONVSTR.C, 684-685 
CPUT Ee 113 
CRIGHT.C, 114 
CUPIGMINS 
CURSOFFE.C, 332-333 
CURSON.C, 333-334 
DATEG 2 ie212 

DECDUMP.C, 182-183 
DELAREC.C, 641-645 
DELMREC.C, 573-577 
DRAWBOX.C, 286 
GCURSOR.C, 238-239, 270-271 
GETLINE.C, 306-316 
GETREC.C, 543-544 
GETTICKS.C, 324 
GL_TEST.C, 325-326 
GRID.C, 339 
GROUPS.C, 414-422 
GVIDEO.C, 273 
header files, including, 204-207 
HEX.C, 196-198 
HEXDUMP.C, 192-193 
KBWAIT.C, 254 
KEYPUT.G92532254 
LISTO1012G} 526 

LIST0102.C, 7-8 
LIST0103.C, 10-11 
LIST0104.C, 12-14 
LIST0105.C, 16-17 
LIST0106.C, 18-20 
LIST0107.C)23-25 
LIST0205.C, 48 
LIST0207.C, 53-54 
LIST0208.C, 55-57 
LIST0209.C, 61-63 
LIST0301.C, 70-72 
LIST0302.C, 77-81 
LIST0304.C, 91-98 
LIST0403.C, 119-120 
LIST0405.C, 123-124 
LIST0406.C, 126-127 
LIST0501.C, 135-136 
LIST0502.C, 136-137 
LIST0503.C, 140-141 
LIST0504.C, 144 
LIST0505.C, 148-149 
LIST0506.C, 150-151 
LIST0507.C, 152-153 
LIST0508.C, 154-156 
LIST0509.C, 158 
LIST0510.C, 161 
LIST0511.C, 162-163 
LIST0601.C, 171 
LIST0602.C, 177-178 
LIST0703.C, 205-207 
LIST0709.C, 214 
LIST0711.C, 222-223 
LIST0802.C, 236-237 
LIST0805.C, 239-240 
LIST0811.C, 254-255 
LIST0907.C, 278 
LIST0909.C, 280-281 
LIST1103.C, 334-335 
LIST1110.C, 347-348 
LIST1404.C, 464-470 
LIST1405.C, 472-474 
LIST1602:C;'5 16-517 
LIST1604.C, 522-524 
LIST1605.C, 525 
LIST2002.C, 723-724 
LIST2003.C, 725-726 
LISTMED.C, 678-682 
MEDIUM.C, 551-563 
MEDIUMS.C, 403-409 
MEDMABAR.C, 495-503, 588-599 
MENU.C, 445-452 



MMNUABAR.C, 488-490 

multiple, 203-204 
OCTDUMBP.C, 194-195 

OPENFILE.C, 540-542 

PAUSE.C, 288-289 

PCURSOR.C, 238, 269-270 

PERROR.C, 729-736 

POINTER.C, 46-47 

PRINTIT.C, 512-513 
PROCAREC.C, 646-650 

PROCMREC.C, 579-582 
PUTREC.C, 545-546 
REG RPT G.-C, 673-677; 703-708 

RECOFREC.C, 391-396, 550, 
602, 678 

REPEATCH.G,.279 

RESSCRN.C, 345-346 
RPT_DETL.G, 691-702 

RPT_GRPS.C, 685-689 
RSTRCURS.C, 115 
SAVECURS.C, 115 

SAVESCRN.C, 341-343 
SBRDCLR.C, 275-276 
SCURSOR.C, 241-242 
SEX:G, 210-211 

SMLCURS.C, 242 
SONGS.C, 628-634 
SORT.G, 49-51 
STACK.C, 83-86 

STATE.C, 209-210 

STRUCT.C, 38-39 
SVIDEOiG)274-275 

SYNTAX.C, 719-720 
TESTGLRG337 
TESTGRID.C, 340 

TESTMENU.C, 460-462 
UNION.C, 42-44 
UPDHDR.C, 546-547 
WAITSEC-G3323 
WRITECH.C, 276-277 

WRITESTR.C, 282 
South Mountain Software, Inc. 

C Utility Library, 748-749 
Essential B-Tree, 748 
Essential Communications, 747 
Hold Everything, 749 
/*resident_C*/, 749 

specialized programming, 738-740 
specifications, programs, 365-366 
sprintf() function, 338 
STACK.C source file, 83-86 

structures 

stacks, 83-87 
standards, 385 

action-bar menu items, 483-487 
ANSI, 139 

case sensitivity, 140-141 
character sets, 142 

classifying variables, 151-156 

converting case, 156-157 

enforcing compatibility, 142-143 
keywords, 139-140 
numeric variables, 143-151 
predefined constants, 159-162 
preprocessor directives, 159 
structures and unions, 157-159 

benefits of following, 385 
entry and edit, 386-388 
function keys, 388-390 

startup help, 511-514 
STATE.C source file, 209-210 

static modifier, 491, 775 
STDARG.H header file, 783 
__STDC__ predefined constant, 
142, 160 

STDDEF.H header file, 783 
STDIO.H header file, 783 
STDLIB.H header file, 783 

STRING.H header file, 783 
strings 

converting integers to, 684-685 
entering, 325-327 
in color, 282-283 
NULL. 
trash, 12 

versus character arrays, 37-38 
struct keyword, 775 
STRUCT.C source file, 38-39 
Structured Systems Analysis and 
Design, 355-356 
Construction, 361-362 
Preliminary Analysis, 356-358 
Systems Analysis (logical design), 
358-361 

Systems Design (physical design), 361 
Wrap up, 362-363 

structures, 38-41 
ALBUM_INDEX, 604 
ALBUM_REC, 400 
arrays of, 55-58 
BYTEREGS, 233-235 
color_table, 400-401, 452-454 

DATE, 400 

SAMS 
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fields, clearing, 410 
GROUP_REC, 400 
HREG, 235-236 
MEDIUM_REC, 400 
pointers to, 52-55 
portability, 157-159 
SONG_REC, 400 
unions, 41-44 

variable-length, 58-63 
WORDREGS, 233-235 
XREG, 235-236 

subtraction (-) operator, 220 
SVIDEO.C source file, 274-275 
switch keyword, 775 
switch_globals() function, 702 
syntax errors, 719-721 
SYNTAX.C source file, 719-720 

system 
clock, tick counter value, returning, 
323-324 

errors, displaying messages about, 
729-731 

resources, 104, 230 
video display, 104-129 

Systems Analysis (logical design), 
358-361 

Systems Design (physical design), 361 

T 

tab key 
Medium Code entry and edit 
screen, 411 

Musical Items entry and edit 
screen, 372 

standards for navigating entry and edit 
windows, 387 

tail pointers, 88-89 
teams for projects, creating, 359 
TeraTech 

E-MEM, 748 
Virt-Win, 746 

TEST file, 181 

TESTCLR.C source file, 337 
TESTGRID.C source file, 340 
testing 

alpha, 718 
beta, 718-719 
complexity, 714-715 

computer programs/systems, 362 
detailed checklist, 715 
free-form, 715 
integration, 717 

objective list, 715 
script, 715 
unit, 716-717 

TESTMENU.C source file, 460-462 

text 

colored, 264 

colors, 303-304 
controls, ANSI codes, 107-108 
monochrome, 264 

repeating characters, 278-279 
screen colors, 276-278 
strings 

converting integers to, 684-685 
entering, 325-327 
in color, 282-283 
NULL, 17 
trash, 12 
versus character arrays, 37-38 

undeleting, 577 
text mode, 534 

TIME.H header file, 783 
__TIME__ predefined constant, 160 
timer (system), returning tick counter 
value, 323-324 

tiny memory model, 755-756 
TLIB library program, 209 
toupper() function, 157 
tracking user questions during program/ 
system design, 366 

trash string, 12 
tutorials, 527-528 
TYAC.H header file, 266-268, 539-540 

for getline() function, 297-302 
updating, 289-291 

TYAC.LIB library file, updating, 
289-291 

Type of Music menu (Record of 
Records! application), creating, 
472-475 

typedef keyword, 34, 775 

U 

UCHAR_MAX constant, 146 
UINT data type, 34 



UINT_MAX constant, 147 
ULONG_MAX constant, 147 

Undefined symbol‘ _xxxx_’ in 
function main error message, 160 

undeleting, 577 
underlining getline() data-retrieval 
fields, 410-411 

union keyword, 775 
UNION.C source file, 42-44 
unions, 41-44 

portability, 157-159 
REGS, 234-236 

unit testing, 362, 716-717 
unsigned char data type, maximum/ 
minimum values, 33 

unsigned int data type, maximum/ 
minimum values, 33 

unsigned integer variables, 144 
unsigned keyword, 775 
unsigned long int data type, maximum/ 
minimum values, 33 

unsigned short int data type, maximum/ 
minimum values, 33 

up arrow key 
Medium Code entry and edit 
screen, 412 

menu scan codes, 459 
standards for navigating entry and edit 
windows, 387 

update_header() function, 546-548 
update_songs() function, 635 
updates, 732-733 
updating 

functions, 271-272 
header information in records, 546-548 
library functions, 221 
songs, 628-635 
TYAC.H header file, 289-291 
TYAC.LIB library file, 289-291 

UPDHDR.C source file, 546-547 

upgrades, 732-733 
user guides, 528 
user interfaces, 382-384 

action bars, 482-506 
menus, 444-475 
standards for creating, 384-390 

users 
input, pausing for, 288-289 
questions, tracking during program/ 
system design, 366 

USHRT_MAX constant, 146 

WAITSEC.C souree file 

V 

values 

ASCII Character Table, displaying, 
170-176 

basic data types, 
maximum/minimum, 33 

numeric variable types, setting 
maximum/minimum, 145-151 

variable types, determining classifica- 
tions, 151-156 

variable-length structures, 58-63 
variables, 33 

Borland, directvideo, 128 

classifying, 151-156 

finding addresses, 45-47 

numeric 

determining type sizes, 143-145 
setting maximum/minimum values, 
145-151 

types and sizes, 4-6 
verify_mdata() function, 565 
verifying birthdate entries, 222-223 
Vermont Views Plus (Vermont Creative 

Software), 749 
video display 

ANSI escape sequences, see ANSI, 
escape sequences 

BIOS, accessing memory with, 

128-129, 232-237 
direct memory access, 128, 231-232 
erasing screens, 115-121 

moving cursor, 113-121, 269-272 

BIOS functions, 237-241 
pausing, 288-289 

redefining keys, 126-127 
screen colors, 121-126 
sizing cursor, BIOS functions, 241-243 

video mode 
controls, ANSI codes, 108 
getting/setting, 273-275 

video pages, 274 
View menu, standards, 485-486 
Virt-Win (TeraTech), 746 
void keyword, 776 
volatile keyword, 776 

WwW 

waitsec() function, 322-323 
WAITSEC.C source file, 323 
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walk-through debugging 

walk-through debugging, 722-723 
while keyword, 776 
white space, writing code with, 135-138 
word alignment in structures, 40-41 
WORD data type, 34 
WORDREGS structure, 233-235 
Wrap up of designing computer 
programs/systems, 362-363 

write_char() function, 276-278 

write_string() function, 282-283, 
458-459 

WRITECH.C source file, 276-277 
WRITESTR.C source file, 282 
writing 

code with white space, 135-138 
compilers, 739 
records to files, 545-546 

X-Z 

XREG structure, 235-236 

yes_no_box() function, 401-402 

zero_fill_field() function, 401-402, 
424-425 
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Add to Your Sams Library Today with the Best Books for 
Programming, Operating Systems, and New Technologies 

The easiest way to order is to pick up the phone and call 

1-800-428-5331 
between 9:00 a.m. and 5:00 p.m. EST. 

For faster service please have your credit card available. 

0-672-30441-4 Borland C++ 4 Developer’s Guide (Book/Disk) $39.95 

0-672-30279-9 C++ Programming PowerPack (Book/Disk) $24.95 ers I ( Pit 
0-672-30177-6 Windows Programmer’s Guide to Borland C++ 

Tools (Book/Disk) $39.95 

) 

0-672-30030-3 Windows Programmer’s Guide to Serial 

Communications (Book/Disk) $39.95 

0-672-30097-4 Windows Programmer’s Guide to Resources 

(Book/Disk) $34.95 

0-672-30226-8 Windows Programmer’s Guide to OLE/DDE 

(Book/Disk $34.95 

0-672-30364-7 |__| Win32 API Desktop Reference (Book/CD) $49.95 
0-672-30236-5 Windows Programmer’s Guide to DLLs and 

Memory Management (Book/Disk) $34.95 

0-672-30295-0 Moving Into Windows NT Programming 
(Book/Disk) $39.95 

0-672-30338-8 Inside Windows File Formats (Book/Disk) $29.95 Pas: 

0-672-30299-3 Uncharted Windows Programming (Book/Disk) $34.95 

0-672-30239-X Window Developer’s Guide to Application Design 
(Book/Disk) $34.95 

03% Disk Shipping and Handling: See information below. Lisa 

TOTAL ea O15 %” Disk 

Shipping and Handling: $4.00 for the first book, and $1.75 for each additional book. Floppy disk: add $1.75 for shipping and 

handling. If you need to have it NOW, we can ship product to you in 24 hours for an additional charge of approximately 

$18.00, and you will receive your item overnight or in two days. Overseas shipping and handling adds $2.00 per book and 

$8.00 for up to three disks. Prices subject to change. Call for availability and pricing information on latest editions. 

201 W. 103rd Street, Indianapolis, Indiana 46290 

1-800-428-5331 — Orders 1-800-835-3202 — FAX 1-800-858-7674 — Customer Service 

Book ISBN 0-672-3047 1-6 
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GO AHEAD. PLUG YOURSELF INTO 
PRENTICE HALL COMPUTER PUBLISHING. 
Introducing the PHCP Forum on CompuServe’ 
Yes, it’s true. Now, you can have CompuServe access to the same professional, friendly folks who have made 
computers easier for years. On the PHCP Forum, you'll find additional information on the topics covered by 
every PHCP imprint—including Que, Sams Publishing, New Riders Publishing, Alpha Books, Brady Books, 
Hayden Books, and Adobe Press. In addition, you'll be able to receive technical support and disk updates for 
the software produced by Que Software and Paramount Interactive, a division of the Paramount Technology 
Group. It’s a great way to supplement the best information in the business. 

WHAT CAN YOU DO ON THE PHCP FORUM? 

Play an important role in the publishing process—and make our books better while you make your work easier: 

Leave messages and ask questions about PHCP books and software—you’re guaranteed a response 

within 24 hours 

Download helpful tips and software to help you get the most out of your computer 

Contact authors of your favorite PHCP books through electronic mail 

Present your own book ideas 

Keep up to date on all the latest books available from each of PHCP’s exciting imprints 

JOIN NOW AND GET A FREE COMPUSERVE STARTER KIT! 

To receive your free CompuServe Introductory Membership, call toll-free, 1-800-848-8199 and ask for 
representative #597. The Starter Kit Includes: 

HM Personal ID number and password 

HM $15 credit on the system 

MH Subscription to CompuServe Magazine 

HERE’S HOW TO PLUG INTO PHCP: 

Once on the CompuServe System, type any of these phrases to access the PHCP Forum: 

GO PHCP GO BRADY 
GO QUEBOOKS GO HAYDEN 
GO SAMS GO QUESOFT 
GO NEWRIDERS GO PARAMOUNTINTER 

GO ALPHA 

Once you’re on the CompuServe Information Service, be sure to take advantage of all of CompuServe’s 

resources. CompuServe is home to more than 1,700 products and services—plus it has over 1.5 million 

members worldwide. You'll find valuable online reference materials, travel and investor services, electronic mail, 

weather updates, leisure-time games and hassle-free shopping (no jam-packed parking lots or crowded stores). 

: ing di topics such as pet care, Seek out the hundreds of other forums that populate CompuServe Covering diverse 

rock music, cooking, and political issues, you're sure to find others with the sames concerns as you—and 

expand your knowledge at the same time. 



What’s on the Disk 
The disk contains the source code, applications, and support files for Teach 
Yourself Advanced C in 21 Days. The programs include the following: 

Record of Records!, a multifile database system that enables you to 
track your music collection, including tapes, records, CDs, and 
DATs. It also enables you to store information about the musical 
groups in your collection. 

HEX, a program that displays a file in hexidecimal weg tex 
by-side. 

DECDUMP, HEXDUMP, OCTDUMP, 
programs that type a file in decimal, hexi 
respectively. 

PRINTIT, a program th 



By opening this package, you are agreeing to be bound by the following agreement: 

This software product is copyrighted, and all rights are reserved by the publisher and author. You are licensed 

to use this software on a single computer. You may copy and/or modify the software as needed to facilitate your 

use of it on a single computer. Making copies of the software for any.other purpose is a violation of United States 

copyright laws. 

This software is sold as is without warranty of any kind, either expressed or implied, including but not limited 

to the implied warranties of merchantability and fitness fora particular purpose. Neither the publisher nor its 

dealers or distributors assumes any liability for any alleged or actual damages arising from the use of this program. 

(Some states do not allow for the exclusion ef implied warranties, so the exclusion may not apply to you.) 



Teach Yourself 

Master 

development 
techniques, such 
as debugging, 
writing portable 
code, and writing 
structured computer 
applications 

Learn how to apply 
the C language to» 
real-world 
applications 

Create a library of 
useful functions 

The perfect tutorial 
for self-starters 

Review helpful tips 
and hints from the 
experts 

Advanced C in 21 Days 
| he only way to master a programming language is by 

actually creating your own applications, and with this book, you 
can Teach Yourself Advanced C in 21 Days. 

Development techniques, such as writing practical applications, 
creating and using libraries, and debugging are presented in an 
easy-to-follow format to help you better learn the C language. 
Syntax boxes further explain the C functions and concepts, and 
expert tips show you how to improve your programming 

procedures. Do/Don’t boxes help you avoid common 
programming pitfalls. The Q&A sections answer the most 
common questions programmers have when learning C. In 
addition, productive workshop sessions help you apply what 
you've learned. 

Bradley L. Jones is a professional C Programmer, co-author of 
the best-selling Teach Yourself C in 21 Days, and has helped in 
the development of systems for several national 
corporations. He is an active member of the Indianapolis 
Computer Society, where he heads the teaching 
of C and C++ as the leader of the C/C++ 
SIG. He is also a regular writer in the Indy A ¥. 
PC News magazine. < ¢. 

Gregory L. Guntle has been working 
with microcomputers for 15 years. He 
has been performing technical reviews for 
Sams Publishing for 9 years. Formerly, 
Gregory was manager of PC programming at 
Resort Condominiums International. 
He now supervises the installation 

and use of PCs at the company. Category: Programming 
User Level: Intermediate- 

Advanced 
Covers: All ANSI C Compilers 

$34.95 US / $45.95 CAN 
ISBN 0-672-30471-6 
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