
 

Programming 

in C 
 

Rex Jaeschke 

  



Programming in C 

ii  © 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke. 

© 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke. All rights reserved. 

Edition: 4.0 

All rights reserved.  No part of this publication may be reproduced, stored in a retrieval system, or transmitted in 

any form or by any means whatsoever, except in the case of brief quotations embodied in critical reviews and 

articles. 

The information in this book is subject to change without notice, and should not be construed as a commitment 

by the author or the publisher. Although every precaution has been taken in the preparation of this book, the 

author and the publisher assume no responsibility for errors or omissions. 

UNIX is a registered trademark of The Open Group. 

The training materials associated with this book are available for license.  Interested parties should contact the 

author at the address below. 

Please address comments, corrections, and questions to the author: 

Rex Jaeschke 

2051 Swans Neck Way 

Reston, VA 20191-4023 

+1 (703) 860-0091 

+1 (703) 860-3008 (fax) 

www.RexJaeschke.com 

rex@RexJaeschke.com 

Much of the information in this book has been published previously, as follows: 

1. A series of monthly columns called "Let's C Now" in DEC Professional, Professional Press, running from 

1984–1995. 

2. A two-volume set of reprints called "Let's C Now", Professional Press, 1986 and 1987, ISBN 0-9614729-2-8 

and 0-9614729-3-6. 

3. The book "Mastering Standard C", Rex Jaeschke, Professional Press 1989, ISBN 0-9614729-8-7. 

4. The book "Mastering Standard C", Rex Jaeschke, 2e, CBM Books 1996, ISBN 1-878956-55-8. 

The glossary of terms from "Mastering Standard C", 1e, was spun-off and expanded into its own book, "The 

Dictionary of Standard C", Prentice Hall 2001, ISBN 0-13-090620-4. This dictionary can be viewed on-line, free of 

charge, at www.prenhall.com/jaeschke. An earlier version of this dictionary, now out of print, was published by 

Professional Press Books 1991, ISBN 0-07-707657-5. 

  

http://www.rexjaeschke.com/
mailto:rex@RexJaeschke.com
http://www.prenhall.com/jaeschke


Table of Contents 

© 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke.  iii 

Preface ....................................................................................................................................................... ix 

Reader Assumptions ............................................................................................................................................. x 
Limitations ............................................................................................................................................................ xi 
Presentation Style ................................................................................................................................................ xi 
Exercises and Solutions ........................................................................................................................................ xi 
Program Behavior ............................................................................................................................................... xii 
The Status of Standard C ..................................................................................................................................... xii 
Acknowledgments .............................................................................................................................................. xiii 

1. The Basics .............................................................................................................................................. 1 

1.1 Basic Program Structure .............................................................................................................................. 1 
1.2 Identifiers ..................................................................................................................................................... 4 
1.3 Introduction to Formatted I/O .................................................................................................................... 5 
1.4 The Data Types .......................................................................................................................................... 10 

1.4.1 Arithmetic Types ................................................................................................................................ 10 
1.4.2 The Boolean Type .............................................................................................................................. 13 
1.4.3 Enumerated Types ............................................................................................................................. 13 
1.4.4 User-Defined Types ........................................................................................................................... 15 

1.5 Literals........................................................................................................................................................ 15 
1.5.1 Integer Literals ................................................................................................................................... 15 
1.5.2 Character Literals ............................................................................................................................... 16 
1.5.3 Floating-Point Literals ........................................................................................................................ 17 
1.5.4 Boolean Literals ................................................................................................................................. 17 
1.5.5 String Literals ..................................................................................................................................... 18 

1.6 Type Qualifiers ........................................................................................................................................... 18 
1.6.1 The const Qualifier .......................................................................................................................... 18 
1.6.2 The volatile Qualifier .................................................................................................................... 19 

1.7 Type Synonyms .......................................................................................................................................... 19 
1.8 Automatic Variables................................................................................................................................... 20 
1.9 Operator Precedence................................................................................................................................. 23 
1.10 Type Conversion ........................................................................................................................................ 25 

2. Looping, Testing, and Branching ........................................................................................................... 27 

2.1 The while Statement ............................................................................................................................... 27 
2.2 The for Statement .................................................................................................................................... 35 
2.3 The do/while Statement.......................................................................................................................... 38 
2.4 The if/else Statement ............................................................................................................................ 38 
2.5 The break Statement ............................................................................................................................... 41 
2.6 The continue Statement ......................................................................................................................... 41 
2.7 The switch Statement ............................................................................................................................. 42 
2.8 The goto Statement .................................................................................................................................. 44 
2.9 The Null Statement .................................................................................................................................... 45 

3. Arrays and Strings ................................................................................................................................ 49 

3.1 Introduction ............................................................................................................................................... 49 
3.2 Initialization ............................................................................................................................................... 51 
3.3 Strings ........................................................................................................................................................ 52 
3.4 Array Manipulation .................................................................................................................................... 55 
3.5 String Manipulation ................................................................................................................................... 57 
3.6 The sizeof Operator ............................................................................................................................... 61 
3.7 Character Testing and Conversion ............................................................................................................. 64 



Programming in C 

iv  © 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke. 

4. Functions ............................................................................................................................................. 67 

4.1 Introduction ............................................................................................................................................... 67 
4.2 Argument Passing ...................................................................................................................................... 70 

4.2.1 Passing by Value ................................................................................................................................ 70 
4.2.2 Passing by Address ............................................................................................................................ 71 
4.2.3 Passing No Arguments ....................................................................................................................... 73 
4.2.4 Variable-Length Argument Lists ........................................................................................................ 74 
4.2.5 Argument Checking and Conversion ................................................................................................. 74 
4.2.6 Naming Parameters ........................................................................................................................... 76 
4.2.7 sizeof and Array Parameters .......................................................................................................... 77 

4.3 Function Return ......................................................................................................................................... 78 
4.3.1 Returning by Value ............................................................................................................................ 79 
4.3.2 Returning by Address ........................................................................................................................ 79 
4.3.3 No Return Value ................................................................................................................................ 79 

4.4 Recursion ................................................................................................................................................... 79 
4.5 Logical and Bit Operations ......................................................................................................................... 82 

5. Storage Classes .................................................................................................................................... 87 

5.1 Introduction ............................................................................................................................................... 87 
5.2 Storage Duration ........................................................................................................................................ 87 
5.3 Scope.......................................................................................................................................................... 89 
5.4 Linkage ....................................................................................................................................................... 90 
5.5 The auto Storage Class ............................................................................................................................. 90 
5.6 The register Storage Class .................................................................................................................... 92 
5.7 The static Storage Class ......................................................................................................................... 93 

5.7.1 Statics Having No Linkage .................................................................................................................. 93 
5.7.2 Statics Having Internal Linkage .......................................................................................................... 94 
5.7.3 Statics Having External Linkage ......................................................................................................... 97 

5.8 Global Variables and the extern Storage Class ....................................................................................... 97 
5.9 Public and Private Functions ...................................................................................................................... 99 
5.10 Storage Class Summary............................................................................................................................ 100 

6. The Preprocessor ............................................................................................................................... 103 

6.1 Introduction ............................................................................................................................................. 103 
6.2 Macros ..................................................................................................................................................... 103 

6.2.1 Object-Like Macros .......................................................................................................................... 104 
6.2.2 Function-Like Macros ...................................................................................................................... 112 
6.2.3 Defining Macros at Compile Time ................................................................................................... 119 

6.3 Headers .................................................................................................................................................... 119 
6.4 Conditional Compilation .......................................................................................................................... 121 
6.5 Miscellaneous Directives ......................................................................................................................... 125 

6.5.1 The #pragma Directive ................................................................................................................... 125 
6.5.2 The #error Directive ...................................................................................................................... 125 
6.5.3 The #line Directive ........................................................................................................................ 126 
6.5.4 The # Directive ................................................................................................................................. 126 
6.5.5 The #undef Directive ...................................................................................................................... 126 

6.6 Predefined Macros .................................................................................................................................. 127 

7. Pointers and Addresses ...................................................................................................................... 129 

7.1 Introduction ............................................................................................................................................. 129 
7.2 A Conceptual Model of Memory ............................................................................................................. 129 



Table of Contents 

© 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke.  v 

7.3 Pointers as an Abstraction Tool ............................................................................................................... 133 
7.3.1 Context-Dependent Programs ......................................................................................................... 134 
7.3.2 Sorting and Searching ...................................................................................................................... 136 
7.3.3 Lists .................................................................................................................................................. 138 

7.4 Using Addresses ....................................................................................................................................... 138 
7.5 Using Pointers .......................................................................................................................................... 140 

7.5.1 Pointers and const ......................................................................................................................... 148 
7.6 Pointer Arithmetic ................................................................................................................................... 150 
7.7 Functions That Return Pointers ............................................................................................................... 157 
7.8 Subscripting and Pointer Operations ....................................................................................................... 160 
7.9 Arrays of Pointers .................................................................................................................................... 163 
7.10 Accessing Command-Line Arguments ..................................................................................................... 167 
7.11 Dynamic Memory Allocation ................................................................................................................... 169 
7.12 Generic Pointers ...................................................................................................................................... 172 
7.13 Pointers to Functions ............................................................................................................................... 174 
7.14 Common Pointer Problems ..................................................................................................................... 179 

8. Input and Output ............................................................................................................................... 181 

8.1 Introduction ............................................................................................................................................. 181 
8.2 Basic File Operations................................................................................................................................ 181 
8.3 Standard Streams .................................................................................................................................... 187 
8.4 Unformatted I/O ...................................................................................................................................... 188 
8.5 Random File Access ................................................................................................................................. 191 
8.6 printf and scanf Return Values .......................................................................................................... 193 
8.7 String Encoding and Decoding ................................................................................................................. 194 
8.8 The Shortcomings of scanf .................................................................................................................... 195 
8.9 Error Handling .......................................................................................................................................... 198 

9. Structures, Bit-Fields, and Unions ....................................................................................................... 201 

9.1 Introduction ............................................................................................................................................. 201 
9.2 Nested Structures .................................................................................................................................... 204 
9.3 Structure Initialization ............................................................................................................................. 206 
9.4 Manipulating Structures as a Whole ....................................................................................................... 207 
9.5 Layouts without Tags ............................................................................................................................... 208 
9.6 Arrays of Structures ................................................................................................................................. 209 
9.7 Pointers to Structures .............................................................................................................................. 211 
9.8 Linked Lists ............................................................................................................................................... 217 

9.8.1 Singly Linked Lists ............................................................................................................................ 217 
9.8.2 Doubly Linked Lists .......................................................................................................................... 219 
9.8.3 Circular Lists ..................................................................................................................................... 220 
9.8.4 n-link Lists ........................................................................................................................................ 221 
9.8.5 Dynamically Managed Lists ............................................................................................................. 222 
9.8.6 Mutually Referential Lists ................................................................................................................ 224 

9.9 Structure Member Alignment.................................................................................................................. 225 
9.10 Bit-Fields .................................................................................................................................................. 228 
9.11 Unions ...................................................................................................................................................... 232 

10. Miscellaneous Issues .......................................................................................................................... 237 

10.1 The Comma Operator .............................................................................................................................. 237 
10.2 Pointers to Arrays .................................................................................................................................... 239 

10.2.1 Introduction ..................................................................................................................................... 239 



Programming in C 

vi  © 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke. 

10.2.2 Dynamic Allocation of Multidimensional Arrays ............................................................................. 241 
10.2.3 An Abstraction Tool ......................................................................................................................... 242 

10.3 Mastering Declarations ............................................................................................................................ 243 
10.3.1 Introduction ..................................................................................................................................... 244 
10.3.2 Basic Types....................................................................................................................................... 244 
10.3.3 Deriving From a Basic Type.............................................................................................................. 244 
10.3.4 Deriving from Derived Types ........................................................................................................... 245 
10.3.5 Precedence of Punctuators ............................................................................................................. 246 
10.3.6 Forcing Punctuator Precedence ...................................................................................................... 247 
10.3.7 Writing Declarations ........................................................................................................................ 247 
10.3.8 Reading Declarations ....................................................................................................................... 249 
10.3.9 Using Type Information ................................................................................................................... 250 

10.4 Sequence Points....................................................................................................................................... 252 
10.4.1 Introduction ..................................................................................................................................... 252 
10.4.2 Full Expressions ............................................................................................................................... 255 
10.4.3 Sequence Point Operators ............................................................................................................... 256 
10.4.4 Conclusion ....................................................................................................................................... 258 

10.5 Lvalues ..................................................................................................................................................... 258 
10.5.1 Introduction ..................................................................................................................................... 258 
10.5.2 Two Kinds of Lvalues ....................................................................................................................... 260 
10.5.3 Operators That Generate Lvalues.................................................................................................... 260 
10.5.4 Operators That Need Modifiable Lvalues ........................................................................................ 260 

10.6 Internationalization ................................................................................................................................. 261 
10.6.1 Locales ............................................................................................................................................. 261 
10.6.2 Multibyte and Wide Characters ...................................................................................................... 263 

10.7 Variable-Length Argument Lists .............................................................................................................. 264 
10.7.1 Introduction ..................................................................................................................................... 264 
10.7.2 Implementing a Maximum Function ............................................................................................... 266 
10.7.3 The va_* Routines .......................................................................................................................... 269 

10.8 Signal Handling ........................................................................................................................................ 270 
10.8.1 Introduction ..................................................................................................................................... 271 
10.8.2 An Example ...................................................................................................................................... 273 
10.8.3 Atomic and Non-Atomic Objects ..................................................................................................... 276 
10.8.4 Portability and Extensions ............................................................................................................... 277 
10.8.5 Reentrancy ....................................................................................................................................... 277 
10.8.6 SIG_DFL Handling .......................................................................................................................... 278 
10.8.7 SIG_IGN Handling .......................................................................................................................... 278 
10.8.8 Handler Requirements and Limitations ........................................................................................... 278 
10.8.9 Critical Sections ............................................................................................................................... 279 

10.9 Program Termination ............................................................................................................................... 279 
10.9.1 Introduction ..................................................................................................................................... 279 
10.9.2 abort versus exit ......................................................................................................................... 280 
10.9.3 Registering an Exit Handler ............................................................................................................. 281 
10.9.4 Framework for an Application ......................................................................................................... 284 
10.9.5 Intercepting Aborts .......................................................................................................................... 287 
10.9.6 Miscellaneous Issues ....................................................................................................................... 288 

10.10 Non-Local Jumps ...................................................................................................................................... 289 
10.10.1 Introduction ..................................................................................................................................... 289 
10.10.2 Some Examples ................................................................................................................................ 290 
10.10.3 Program Context.............................................................................................................................. 297 



Table of Contents 

© 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke.  vii 

10.10.4 Miscellaneous Issues ....................................................................................................................... 298 
10.11 Sorting and Searching .............................................................................................................................. 298 

10.11.1 Sorting.............................................................................................................................................. 299 
10.11.2 Searching ......................................................................................................................................... 311 

Annex A. Operator Precedence ................................................................................................................. 315 

Annex B. Language Syntax Summary ......................................................................................................... 319 

B.1 Keywords ................................................................................................................................................. 319 
B.2 Statements ............................................................................................................................................... 320 

10.11.3 Jump Statements ............................................................................................................................. 320 
10.11.4 Selection Statements ....................................................................................................................... 320 
10.11.5 Iteration Statements........................................................................................................................ 321 

B.3 Preprocessor Directives and Operators ................................................................................................... 321 

Annex C. Standard Run-Time Library ......................................................................................................... 323 

C.1 The Standard Headers ............................................................................................................................. 323 
C.2 The assert.h Header ............................................................................................................................ 323 
C.3 The complex.h Header .......................................................................................................................... 324 
C.4 The ctype.h Header .............................................................................................................................. 325 
C.5 The errno.h Header .............................................................................................................................. 325 
C.6 The fenv.h Header ................................................................................................................................ 326 
C.7 The float.h Header .............................................................................................................................. 326 
C.8 The inttypes.h Header ........................................................................................................................ 327 
C.9 The iso646.h Header ............................................................................................................................ 329 
C.10 The limits.h Header ............................................................................................................................ 329 
C.11 The locale.h Header ............................................................................................................................ 329 
C.12 The math.h Header ................................................................................................................................ 330 
C.13 The setjmp.h Header ............................................................................................................................ 333 
C.14 The signal.h Header ............................................................................................................................ 333 
C.15 The stdarg.h Header ............................................................................................................................ 333 
C.16 The stdbool.h Header .......................................................................................................................... 334 
C.17 The stddef.h Header ............................................................................................................................ 334 
C.18 The stdint.h Header ............................................................................................................................ 334 
C.19 The stdio.h Header .............................................................................................................................. 336 
C.20 The stdlib.h Header ............................................................................................................................ 338 
C.21 The string.h Header ............................................................................................................................ 339 
C.22 The tgmath.h Header ............................................................................................................................ 340 
C.23 The time.h Header ................................................................................................................................ 340 
C.24 The wchar.h Header .............................................................................................................................. 341 
C.25 The wctype.h Header ............................................................................................................................ 343 

Annex D. I/O Conversion Specifiers ........................................................................................................... 345 

D.1 Formatted Output: The printf Family .................................................................................................. 345 
D.1.1 Flags ................................................................................................................................................. 345 
D.1.2 Width ............................................................................................................................................... 347 
D.1.3 Precision .......................................................................................................................................... 347 
D.1.4 Modifiers ......................................................................................................................................... 348 
D.1.5 Specifiers ......................................................................................................................................... 349 

D.2 Formatted Input: The scanf Family ....................................................................................................... 352 
D.2.1 Assignment Suppression.................................................................................................................. 352 



Programming in C 

viii  © 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke. 

D.2.2 Width ............................................................................................................................................... 352 
D.2.3 Modifiers ......................................................................................................................................... 353 
D.2.4 Specifiers ......................................................................................................................................... 354 

Index ....................................................................................................................................................... 359 

 



Preface 

© 1984–1996, 2001–2004, 2007, 2009 Rex Jaeschke.  ix 

Preface 

Welcome to the world of C.  Throughout this book, we look at the statements and constructs of the 

C programming language.  Each statement and construct is introduced by example with corresponding 

explanations, and, except where errors are intentional, the examples are complete programs or subroutines that 

are error-free.  I encourage you to run and modify these examples, because the only realistic way to master a 

language is to write programs in it, run them, and debug them. 

This book was written with teaching in mind. It is intended for use both in a classroom environment as well as for 

self-paced learning. 

Dennis Ritchie developed C around 1972 at AT&T's Bell Laboratories.  C evolved from the languages CPL, BCPL, 

and B, in that order. The UNIX operating system, another Bell Labs development (designed by Ken Thompson and 

Ritchie), then was rewritten in C. (Previously, UNIX was written in assembler and B.) UNIX and C have been closely 

associated ever since, and every UNIX and UNIX -like operating system includes a C compiler.  Today, C has a life 

quite separate from UNIX, with implementations of C available for every mainstream hardware and operating 

system platform. 

C is a general-purpose, high-level language. From a grammatical viewpoint, C is a relatively simple language having 

some 37 keywords.  Because of the power of the basic statements and constructs, and the fact that the 

programmer can effectively extend the language by using callable functions while still maintaining portability, 

there is little need for language extensions especially considering the fact that C supports calls to procedures 

written in other languages. However, extensions do exist in some compilers and vary from one vendor to another.  

You should be aware of any nonstandard conventions in production compilers you use or evaluate. Most people 

learn a language by using one particular dialect of it.  As a result, they are often unaware when they are using an 

extension. 

Depending on their language backgrounds, programmers new to C may initially find programs hard to read 

because, traditionally, most C code is written in lowercase.  Lower- and uppercase letters are treated by the 

compiler as distinct.  In fact, C language keywords must be written in lowercase.  Keywords are also reserved 

words. 

C supports a structured, modular approach to programming using callable subroutines, called functions. Source 

files can be compiled separately, with external references being resolved at linktime. 

C lends itself to writing terse code.  However, there is a fine (and subjective) line between writing code that is 

terse and code that is cryptic.  It is easy to write code that is unreadable and, therefore, unmaintainable.  

However, with care and a small dose of discipline, you can produce nicely formatted code that is easy to read and 

maintain.  However, good code doesn't happen automatically—you have to work at it.  Throughout the book, I 

make numerous comments and suggestions regarding style.  Perhaps the best advice I can give in that regard is 

"Remember that the poor fool who has to read your code in the future just might be you!" Above all, be overt and 

be consistent. 
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Numerous "Tips" and "Style Tips" have been added throughout to highlight important suggestions. Considerable 

attention has been paid to using and teaching a consistent, popular, and overt programming style.  Both kinds of 

tips are highlighted so they stand out. For example: 

Tip: Avoid initializing enumeration constants explicitly or making duplicates unless you have good 

reason to do so. Assigning a range of values that is non-continuous or that contains duplicates 

significantly reduces the set of operations that can meaningfully be performed. 

Style Tip: se liberal amounts of white space to improve program readability.  The compiler 

discards all white space, so its presence has no effect on program execution.  Apart from 

separating tokens, white space exists solely for the benefit of the reader.  If you can't read the 

code, you surely won't be able to understand it. C is not all things to all people; nor does it claim 

to be.  For many applications, assembly language, Pascal, COBOL, FORTRAN, and BASIC, for example, 

will do just fine.  In any event, compared to other high-level languages (including Java and C#), C is 

a relatively expensive language to learn and master. 

Reader Assumptions 

This is not a first course in programming. (Nor do I recommend C as a first programming language.) 

I assume that you know how to use your particular text editor, C compiler, and debugger.  Comments on the use 

of these utility programs will be limited to points of particular interest to the C programmer. 

To fully understand and exploit the material, you should be conversant with the following topics: 

 The basic purpose of a compiler and linker. 

 Number system theory. 

 Bit operations such as AND, inclusive OR, exclusive-OR, complement, and left- and right-shift. 

 Data representation. 

 Communication between procedures by passing arguments and/or by returning a value, as well as via 

global variables. 

 Use of single- and multi-dimensional arrays. 

 Creation and use of sequential files and how to do formatted and unformatted I/O. 

 Basic data structures such as linked lists. 

If your programming background is in some procedural language such as PL/I, Pascal, FORTRAN, or BASIC, you'll 

need to read the whole book closely and do all the exercises. As for those of you having only a COBOL background, 

you'll have some catching-up to do with respect to thinking in binary versus decimal when it comes to data 

representation, as well as the use of functions and their associated argument passing and value returning 

machinery. 
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Limitations 

This book covers almost all of the C language. It also introduces the core class library. However, a very small 

percentage of library facilities are mentioned or covered in any detail.  The Standard C library contains so many 

functions that whole books have been written about that subject alone. 

This book is directed at teaching the C language proper, by writing simple stand-alone applications, since without 

a thorough knowledge of the language, you will not be able to understand and implement other, more advanced, 

solutions. 

GUI, calling non-C routines, threading, inter-process communications, operating system-specific, and a number of 

other advanced features are outside the scope of this text. 

Presentation Style 

The approach used in this book is different from that used in many other books and training courses. Having 

developed and delivered programming language training for some 14 years, I have found that the best approach 

for my students is an incremental one. I avoid introducing things that are unnecessary at any given time, thus 

making examples small, simple, and focused. Many books use GUI and numerous non-trivial library facilities in the 

first few examples, and certainly in the first chapter. I do not care for this approach, either as a reader or as an 

educator. Instead, I prefer the student to have an excellent chance of understanding and absorbing small amounts 

of new material, and reinforcing it with lab sessions, as they progress. The intent here is to eliminate any chance 

of their being overwhelmed, provided, of course, they meet the prerequisites. 

Different styles work for different teachers and different students. I do not suggest that my approach is better 

than any other is; I simply know that my approach works well, and has formed the basis of my successful seminar 

business. 

Exercises and Solutions 

The programs shown in the text are available electronically in a directory tree named Source, where each 

chapter has its own subdirectory, within which each program has its own subdirectory. For example, the source 

code for the program called ba04 in the "Basics" chapter can be found in the following directory hierarchy: 

Source, Basics, ba04. By convention, the names of C source files end in .c. 

Each chapter contains exercises, some of which have the character * following their number. For each exercise so 

marked, a solution is provided electronically in a directory tree named Labs, where each chapter has its own 

subdirectory, within which each program has its own subdirectory.1   For example, lab solution lbba01 in the 

"Basics" chapter has the following fully qualified directory hierarchy: Labs, Basics, lbba01. 

Exercises that are not so marked have no general solution and may require experimentation or research in an 

implementation's documentation. 

                                                           

1
 The solutions are only available to licensees of these materials when they are used in formal training scenarios. 
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You are strongly encouraged to solve all exercises in one section before continuing to the next. Also, invent your 

own exercises as you go and be inquisitive; don't be afraid to experiment. Try to understand why the compiler 

gives you each error or why a program fails at run time. 

Program Behavior 

According to the C Standard, for correct, well-formed programs, almost all behaviors are well defined and 

predictable. However, in certain cases, an implementation can chose the behavior it deems best, and this 

behavior need not be the same as that exhibited by other implementations. Such behavior is called 

implementation-defined, and must be documented by each implementation. For example: 

Implementation-Defined Behavior: The range of values that can be stored in an object of a given 

arithmetic type. 

In other cases, an implementation can chose whatever behavior it wants at that time without needing to 

reproduce or document that choice. Such behavior is called unspecified. For example: 

Unspecified Behavior: Whether two string literals containing the same characters are stored in 

distinct arrays. 

A third category is undefined behavior, which can result from situations for which the standard imposes no 

requirements or is otherwise silent. For example: 

Undefined Behavior: Subscripting an array with an out-of-bounds index. 

Clearly, we must be aware of implementation-defined and unspecified behaviors when writing code that is to be 

ported across different platforms. And we should always avoid relying on undefined behavior. 

Far too many people believe that just because their C code has worked for a long time, it must be correct.  When 

next your compiler is upgraded, the behavior it exhibits with "undefined behavior" constructs may well be 

different (as it is permitted to be), resulting in old code breaking.  In some cases, simply using a different 

combination of compiler options with the same compiler can change the way the compiler works internally.  You 

should never try to figure out how your compiler works in "undefined" cases.  Any test case you write will be so 

trivial as to be meaningless.  And having 10, 100, or even 1,000 test cases exhibit the same "undefined" behavior 

is still no guarantee that the next test won't behave differently. 

The Status of Standard C 

The history of the standardization of C is as follows: 

 C89 – The first ANSI C standard, ANSI X3.159-1989, was produced in 1989 by the U.S. committee X3J11. 

 C90 – The first ISO C standard, ISO/IEC 9899:1990, was produced in 1990 by committee ISO/IEC 

JTC 1/SC 22/WG 14 in conjunction with committee X3J11. C90 was technically equivalent to C89. 
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 C95 – An amendment to C90 was produced in 1995 by committee WG 14 in conjunction with the U.S. 

committee X3J11. The additions included digraphs, the header iso646.h, and many multibyte and wide-

character functions via the headers wchar.h and wctype.h. 

 C99 – The second edition of the ISO C standard, ISO/IEC 9899:1999, was produced in 1999 by committee 

WG14 in conjunction with the U.S. committee INCITS/J11 (formerly X3J11). The additionsd included a few 

language features, a number of headers, and many library functions. Throughout its development, C99 

was commonly referred to as C9x. 

The C standards committee is currently working on various maintenance issues and informative Technical Reports. 

Electronic copies of C99 can be purchased for US$18.  (For more information, see www.ansi.org or www.iso.ch.) 
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1. The Basics 

In this chapter, we will learn about a number of fundamental constructs and language elements. 

1.1 Basic Program Structure 

A correct source program is made up of an acceptable combination of tokens, where a token is the smallest 

possible unit of source.  C has five different kinds of tokens:  keywords, identifiers, literals, operators, and 

punctuators. 

For the most part, C is a free-format language, with space between tokens being optional.  However, in some 

cases, some kind of separator is needed between tokens so they can be recognized the way they were intended. 

White space performs this function.  White space consists of one or more consecutive characters from the 

following set:  space, horizontal tab, vertical tab, form-feed, and new-line (entered by pressing the RETURN or 

ENTER key). In a source file, an arbitrary amount of white space is permitted before the first token, between any 

two adjacent tokens, and after the last token. 

Let's look at the basic structure of a C program, which writes a welcome message to the console (see directory 

ba01): 

/*– 

This program is a simple example of C. 

–*/ 

 

/*1*/ #include <stdio.h> 

 

int main()              /* start of the program */ 

{                       /* beginning of function body */ 

 

/*2*/   printf("Welcome to C\n"); 

 

/*3*/   return 0;       /* terminate with success */ 

}                       /* end of a function body */ 

A delimited comment is one surrounded by /* and */, and can be used on part of a source line, as a whole source 

line, or it can span any number of source lines. C99 added C++'s line-oriented comments,  which begin with // 

and continue until the end of the same source line.1 A comment of either kind is treated as a single space. A 

delimited comment can occur anywhere white space can be used. A line-oriented comment can only appear at 

                                                           

1
 At the time of writing, support for C99 was not yet widespread. As such, line-oriented comments are not used in this book. 
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the end of a source line. Although comments of the same kind do not nest, each kind of comment can be used to 

disable a source line containing the other.1 

A C program consists of one or more functions that can be defined in any order in one or more source files (or 

translation units, as Standard C calls them).  A program must contain at least one function, called main, and this 

function's name must be spelled using lowercase letters.2 This specially named function indicates where the 

program is to begin execution.3 The int keyword preceeding main indicates that main will return a result of type 

int, as discussed below. 

The parentheses following the function name main surround the function's parameter list.4 The parentheses are 

required, even if no arguments are expected. 

The body of a function is enclosed within a matching pair of braces.  All executable code must reside within the 

body of some function or other.  Statements are executed in sequential order unless branching or looping 

statements dictate otherwise.  A program terminates when it returns from main, either by dropping into the 

closing brace of that function—which acts as an implicit return statement—or via an explicit return statement. 

We'll learn about the return statement in §1. However, why return a value from main? Many programs either 

are invoked at the operating system's command-line level or are spawned by another program.  In either case, 

when a program terminates, it has the ability to return one piece of information to the program that invoked it.  

Perhaps it returns a status code or a count of the number of transactions processed. We refer to this returned 

value as the program's exit status code.  The value used and its meaning are the business of the programmer.  

Unless otherwise stated, all main functions in this book contain the statement return 0;. The value zero has no 

special significance, although on some systems it is interpreted as some form of success code. 

Case 15 provides access to the I/O library, and case 2 outputs the welcome text to the console. These cases are 

discussed in detail in §1.3. 

Style Tip: Use liberal amounts of white space to improve program readability.  The compiler 

discards all white space, so its presence has no effect on program execution.  Apart from 

separating tokens, white space exists solely for the benefit of the reader.  If you can't read the 

code, you surely won't be able to understand it. 

We can write any given correct program in an infinite number of ways simply by using different amounts and 

kinds of white space (including comments).  Obviously, there are very good, overt styles and very bad, cryptic 

styles.  Then there is the large and subjective gray area in between. 

                                                           

1
 Refer to §6.4 to see a novel way to "comment out" a source line containing a comment. 

2
 While mixed- or uppercase spellings of main might be recognized by some systems, this is undefined behavior. 

3
 Some environments require a different entry-point name. For example, certain Microsoft Windows programs begin 

execution at winmain instead. 
4
 A function uses parameters to declare what it is expecting to be passed, via an argument list, at run time. 

5
 Throughout this book, many code examples contain source lines with leading delimited comments of the form /*n*/, when 

n is a number. Such lines are referred to as "cases", with /*1*/ being case 1, /*2*/ being case 2, and so on. 
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Style Tip: Be overt; pick a style that isn't too far outside the mainstream, and stick with it.  Above 

all, be consistent.  And remember, the style you develop when learning a language is the one with 

which you will likely stay, so give some thought to programming style from the outset. 

The style used in this book is very common.  If you choose to adopt a different style, note that no matter how 

great you think your particular style is, every minute you spend arguing about whose style is superior and why—

or worse yet, changing other people's code to your style—is generally time wasted.  If no corporate-wide or group 

style guide exists, and the people on a multi-person project cannot agree on a common style, the project manager 

should dictate one. 

Exercise 1-1*: Compile and link the empty program listed above, and look at the size of the 

resulting executable file on disk; it may be surprisingly large.  Look at the listing produced by the 

linker and see what goes into a seemingly "empty" program. (See lab directory lbba03.) 

Exercise 1-2*: Try compiling, linking, and executing a main program whose name is something like 

Main or MAIN.  If either of these works, use xyz instead and try again. (See lab directory lbba04.) 

Exercise 1-3*: Using /* and */, comment out a block of code that already contains this kind of 

comment, and see how your compiler reacts.  (Some compilers actually do support nested 

comments as an extension.) (See lab directory lbba05.) 

Exercise 1-4*: What happens if you leave off the closing */ from a comment? (See lab directory 

lbba06.) 

Let's move on to the more common case of a program having multiple functions (see directory ba02): 

/* C program with two functions */ 

 

void compute() 

{ 

        /* ... */ 

/*1*/   return;         /* redundant statement */ 

} 

 

int main() 

{ 

/*2*/   compute();      /* call function 'compute' */ 

 

        return 0; 

} 

C supports modularization via functions.  A source file can contain one or more functions, defined in any order. 

(That said, in this example, it is no accident that function compute is defined before function main. In §1, we'll 

learn how to define functions in any order as well as how to put them in separate source files.)  Unlike some 

languages, in C, function definitions cannot be nested.  That is, each function's definition must be outside the 
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3. Arrays and Strings 

In this chapter, we will learn how to define and use arrays.  While only a few types are used in the examples, the 

principles can be applied to arrays of objects of any data type, including user-defined types. We'll also look at 

string manipulation, and some character testing functions from the standard library. 

3.1 Introduction 

There are four main differences between using arrays in C and in most other languages. 

5. In array definitions and subscripts, square brackets are used instead of parentheses.  This is a minor issue, 

and a compiler will produce an error if we inadvertently use parentheses instead. 

6. Each dimension in a multidimensional array is written with its own set of brackets. This allows an array to 

be subscripted with less than the maximum number of dimensions, something not possible in most other 

languages. 

7. Array elements begin at subscript 0, not 1. This may or may not be a major problem, depending on one's 

language background.  It can result in "off by one" errors.  For example, if we access an array of 

10 elements by subscripting from 1 to 10, we miss element 0 and we access the nonexistent element 10. 

Undefined Behavior: Attempting to access an out-of-bounds array element. 

And to make it really interesting, for the most part, C compilers cannot easily enforce array bounds 

checking, so they don't. 

8. Subscripting involves the use of []. In this context, [] represents an operator, so it is subject to the rules 

of precedence and associativity. 

Tip:  Programmers new to C often forget that for an array with a dimension of size n, the range of 

valid subscripts for that dimension is 0 through n-1. 

Tip:  The following expressions exhibit undefined behavior because the order of evaluation across 

the assignment operator is undefined: a[i] = b[i++] and a[i++] = b[i].  Similarly, 

x[i][i++] and x[++i][i] exhibit undefined behavior because the order of evaluation across 

the subscript operator is undefined. 

Some array definitions and subscript expressions follow (see directory ar01): 
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int main() 

{ 

        float f[10];            /* [0] … [9]       */ 

        long l[3][5];           /* [0][0] … [2][4] */ 

        int i, j, k; 

 

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

        { 

                f[k] = 0.0F; 

        } 

 

        for (i = 0; i <= 2; ++i) 

        { 

                for (j = 0; j <= 4; ++j) 

                { 

                        l[i][j] = 10; 

                } 

        } 

 

        return 0; 

} 

The number of elements in each dimension of an array declaration must be a compile-time integer constant 

expression with a value greater than zero. In particular, note that, unlike most other languages, the dimension 

expression can contain any arithmetic operators that make sense with integer constants.  For example, f could 

have been declared using float f[5 + 5].1 

Although variable-size arrays are not permitted by the language,2 they can be implemented at run time by using 

various library functions.3 

In C, arrays are stored in row-major order. That is, elements are stored in memory such that the right-most 

subscript varies the quickest, like BASIC, COBOL, and {Pascal}, but unlike FORTRAN. 

C places no limit on the number of dimensions; we are limited only by the amount of memory available. 

If an array name is defined with the const qualifier, all of its elements are const-qualified. 

Note that in the example above, the braces in the single and nested fors are all optional, since the body of each 

is only a single statement. 

Exercise 3-1*: Define an int array with only one element.  Initialize it to the value 100, and 

display its value using printf. (See labs directory lbar03.) 

                                                           

1
 The importance of this capability will be seen in §6.2. 

2
 Strictly speaking, this isn't true. C99 added variable-length local arrays. However, these are not discussed in this book. 

3
 This capability is discussed in detail in §7.11. 
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Exercise 3-2*: Define an int array of 10 elements.  Display the value of elements 15, 100, and -5, 

all of which are nonexistent.  Do you get any compilation or run-time errors? If so, can you explain 

them? (See labs directory lbar04.) 

3.2 Initialization 

An array is an aggregate; that is, an object containing subobjects, each of which has its own value. While we can 

set the value of each element individually via assignment, that approach is tedious. Instead, we can use an 

initializer, which consists of a brace-delimited list of expressions; for example (see directory ar05): 

int counts[5] = {10, 35, 56, 76, 12}; 

double value[3] = {1.2, 2.3, 3.4}; 

 

enum Color {red, brown, green, blue}; 

enum Color hue[5] = {green, blue, red, brown, red}; 

When we are initializing a multidimensional array, each dimension has its own initializer list. For example: 

int iarray1[2][3] = { 

        {1, 2, 3}, 

        {5, 4, 3} 

}; 

The array definition is read as "iarray1 is an array containing two elements, each of which is an array containing 

three elements". Therefore, the large initializer list contains two subinitializer lists, each of which corresponds to a 

row.  A 3-D array is initialized in a similar manner: 

int iarray2[2][3][2] = { 

        {{1, 2}, {4, 5}, {2, 3}}, 

        {{6, 1}, {9, 3}, {0, 2}} 

}; 

The array definition is read as "iarray2 is an array containing two elements, each of which is an array containing 

three elements, each of which contains two elements". 

Some languages, notably FORTRAN, provide a repetition count when identical consecutive initializing expressions 

are required.  C does not provide such a capability.  If we wish to initialize each element of a 100-element array 

with the value 1, for example, we must specify an initializer list with 100 expressions containing that value. 

C99 enhanced initialization with the addition of designated initializers (which are not discussed further in this 

book). 

An array initializer list need not contain values for every element. For example: 
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7. Pointers and Addresses 

So far, we have learned how to do things in C that we already know how to do in some other language. In this 

chapter, we will be exposed to those capabilities of C that make it different from most high-level languages. 

7.1 Introduction 

Without a doubt, a difficult part of C to master is pointers. For most high-level language programmers, the idea of 

using addressing directly and defining variables—called pointers—that contain addresses is quite foreign. And 

even after these programmers come to grips with the idea, they often have considerable difficulty in dealing with 

the syntax. 

To many programmers, pointers seem unnecessary.  After all, they have implemented thousands of lines of 

production code over many years and they have never had the need to even know about, let alone use, pointers.  

Why then must they master them to use C?  That is a reasonable question and one that we will address. 

7.2 A Conceptual Model of Memory 

 Before we can talk much about addressing and pointers, we need a conceptual model of how memory is 

organized when a program is loaded for execution.  Consider a program that contains the following fragment: 

void f() 

{ 

        static int i = 10; 

 

        statement(s) 

} 

When this program is loaded into memory for execution, Figure 7–1 below indicates how things might be 

organized, with regard to the variable i and the function f. (The exact way in which a system represents this may 

vary.  However, the concepts suggested by this model still apply.) 
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Figure 7–1: Code and Data Mapping 

 

10
1000 int i

f()

{

}

4000

4001

4099

4098

 

Memory is organized into an array of cells, with each cell having a unique location, which we shall call an address.  

On machines whose memory is byte-addressable, each byte has its own address.  On machines that are word-

addressable, each word has its own address. In the latter case, bytes do not physically exist; characters must be 

packed into words, and the address of a packed character is the address of its parent word and the character 

offset within that word. 

Many machines use addresses that really are unsigned integers. Others use addresses that are signed integers.  

Still others use a segmented address that is made up of two parts: a base address and an offset. For the purposes 

of our discussion, we will make no assumptions about how physical memory really is addressed on any particular 

machine; that is unimportant in our model. 
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Function f contains a static int object, i.  Being static, this variable typically is allocated memory by the 

compiler and/or linker. In any event, memory is allocated for it before main begins execution. i occupies one or 

more consecutive locations in memory, starting at address 1000. We say then that the address of i is 1000.  (The 

addresses used in this discussion have been picked arbitrarily. For actual memory placement details, use your 

debugger or consult the listing file produced by your linker.) 

Once the compiler and linker have done their job, all variable and function names have disappeared, and all 

references to them have been reduced to references to their corresponding addresses.  And yes, even functions 

have addresses.  In Figure 7–1, the machine instructions for the executable code in function f were allocated 

memory locations 4000–4099. 

The reason for all this is that a CPU is a very simple-minded machine.  It doesn't know anything about abstractions 

such as variables and functions.  What it does know is how to go to a specific address in memory to get or put a 

single- or multibyte object. It also knows how to branch or jump to an address and begin executing instructions at 

that location.  Therefore, the principal job of a compiler and linker, in combination, is to reduce source code to an 

ordered set of machine instructions, many of which deal with addresses. 

Ultimately, the CPU deals with addresses.  However, that doesn't necessarily mean we as programmers need to 

deal with them.  In fact, most languages provide no way to deal with addresses directly. However, C does, and 

while we can try to avoid using them directly, addresses are produced and used all over the place in things as 

fundamental as uses of scanf and printf. There is no escaping addresses in C; for better or worse, addresses 

simply are an integral part of C programming. 

As discussed above, objects and functions are referenced via their addresses.  And if we change our code in 

certain ways, when next we compile and link, these objects and functions may be located at different addresses.  

Therefore, we are rarely, if ever, interested in the particular address at which something is located.  In fact, the 

addresses used during any particular execution of a program are relative to that execution only.  Consider the 

case of an automatic variable.  It is allocated memory at run time, typically on some stack.  If we call its parent 

function from several different places, it is almost certain that for each of its lifetimes, the variable will live at 

different locations.  (This would certainly be true for automatic variables defined in functions that are called 

recursively.) 

If addresses can easily change during execution or over the life of an application, why are we interested in them? 

If we know where something lives, we can remember that information and, later on, access it indirectly through 

that saved address.  Accessing objects and functions in this manner provides a very powerful abstraction tool, and 

one that we will explore in the next section. 

In Figure 7–2, our memory model has been extended to where we can save an object's address.  The address of i 

is 1000.  If we can find out i's address, we can use it to access i indirectly.  We might also want to save that 

address in memory for future reference.  We do this by creating a variable capable of storing the address of i. Let 

us call it pi, for "pointer to int". Let us assume that the pointer variable is located at address 1100. 
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