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INTRODUCTION

is a powerful procedural-based programming language developed in 1972
by Dennis Ritchie within the halls of Bell Telephone Laboratories. The C
programming language was originally developed for use with the UNIX

platform and has since spread to many other systems and applications. C has in-
fluenced a number of other programming languages, including C++ and Java.

Beginning programmers, especially those enrolled in computer science and engi-
neering majors, need to build a solid foundation of operating systems, hardware,
and application development concepts. Numerous learning institutions accom-
plish this by teaching their students how to program in C so that they may progress
to advanced concepts and other languages built upon C.

Many students of C will rightly admit that it’s not an easy language to learn, but
fortunately Thomson Course Technology PTR’s Absolute Beginner series’ profes-
sional insight, clear explanations, examples, and pictures, make learning C easy
and fun. Each chapter contains programming challenges, a chapter review, and a
complete program that uses chapter-based concepts to construct an easily built
application.

To work through this book in its entirety, you should have access to a computer
with a C compiler such as gcc and at least one text editor like the ones found on
UNIX (e.g., vi, vim, Pico, nano, or Emacs) or Microsoft Windows (e.g., Notepad).

WHAT YOU’LL FIND IN THIS BOOK
To learn how to program a computer, you must acquire a progression of skills. If
you have never programmed at all, you will probably find it easiest to go through
the chapters in order. Programming is not a skill you can learn by reading. You
have to write programs to learn. This book has been designed to make the process
reasonably painless and hopefully fun.

Each chapter begins with a brief introduction to chapter-based concepts. Once
inside the chapter, you’ll look at a series of programming concepts and small pro-
grams that illustrate each of the major points of the chapter. Finally, you’ll put
these concepts together to build a complete program at the end of the chapter. All
of the programs are short enough that you can type them in yourself (which is a
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great way to look closely at code), but they are also available via the publisher’s website
(www.courseptr.com/downloads). Located at the end of every chapter is a summary that out-
lines key concepts learned. Use the summaries to refresh your memory on important con-
cepts. In addition to summaries, each chapter contains programming challenges that will
help you learn and cement chapter-based concepts.

Throughout the book, I’ll throw in a few other tidbits, notably the following:

These are good ideas that experienced programmers like to pass on.

These are areas where it’s easy to make a mistake.

Sidebar

As you examine concepts in this book, I’ll show you how the concepts are used beyond beginning
programming or in the real world.

WHO THIS BOOK IS FOR
This book was designed with the absolute beginner in mind. This book is not for experienced
C programmers wanting to learn object-oriented programming (OOP) with C++ or advanced
C data structures, such as linked lists.

This book is for you if:

• You’re a college or high school student studying beginning programming with C.

• You’re an experienced programmer in other high-level languages, such as Visual Basic,
VBA, HTML, or JavaScript, and you are looking to add C to your repertoire.

• You’re a programming hobbyist/enthusiast looking to learn C on your own.

• You’re interested in learning C++, C#, or Java and you were told to learn C first.

• You’ve always wanted to learn how to program and have chosen C as your first language.

T IP

CAUTION
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If you fall into any of the preceding categories, I’m sure you will enjoy this book’s
non-intimidating approach to programming in C. Specifically, I will teach you the basics of
C programming using non-graphical text editors and the ANSI C compiler gcc. You will learn
fundamental programming concepts such as variables, conditions, loops, arrays, structures,
and file I/O that can be useful in learning any programming language. Of course, you will
also learn some C-specific topics such as pointers and dynamic memory allocation, which
make the C language unique and oh so powerful.

Introduction xv
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1C H A P T E R

GETTING STARTED WITH C
PROGRAMMING

elcome to C Programming for the Absolute Beginner, Second Edition! Whether
you’re a computer technology student, self-taught programmer, or sea-
soned software engineer, you should consider C an essential building block

to your programming foundation. After learning C you will have a broader under-
standing of operating system concepts, memory management, and other high-
level programming languages.

Throughout this book I will guide you through a series of examples designed to
teach you the basics of C programming. I assume you have no prior experience
with C programming or beginning computer science concepts. There are no pre-
requisites for this book (including advanced math concepts), although I will
assume you already have a basic understanding of at least one Microsoft or UNIX-
based operating system and text editor.

If you already have some prior programming experience with other languages,
such as Java, Visual Basic, PowerBuilder, or COBOL, you will still benefit from this
book. I hope after reading C Programming for the Absolute Beginner, Second Edition you
will continue to find this text a useful C programming reference.

W



I will cover the following topics in this chapter:

• Installing and configuring the Cygwin environment

• main() function

• Keywords

• Comments

• Program statements

• Directives

• gcc compiler

• How to debug C programs

INSTALLING AND CONFIGURING THE CYGWIN ENVIRONMENT
The minimum requirements for learning how to program in C are access to a computer, a
text editor, C libraries, and a C compiler. Throughout this book I will use a simple text editor
to write C programs. Unlike many high-level programming languages (think Visual Basic or
C#), the C language doesn’t require a high-end graphical user interface, which in my opinion
gets in the way of beginners who want to learn programming. For example, the beginning
programmer is so busy messing with a graphical user interface’s command buttons and tool-
boxes that the concept of a variable or loop becomes secondary, whereas those concepts
should be the PRIMARY concern for the beginning programmer.

There are a number of free C compilers and text editors that you can use and, of course, there
are many more that cost money. If you already have access to these tools, you can skip this
installation section. But if not, my friends at Cygwin have cleverly developed a simple,
yet robust Linux-like environment for Win-tel (Microsoft Windows–Intel) platforms that
includes many free software packages, such as a C compiler called gcc, text editors, and other
common utilities. You can download Cygwin’s free software components from their website
at http://www.Cygwin.com.

The Cygwin setup process is very easy, but if you have questions or issues you can visit the
online user guide via http://cygwin.com/cygwin-ug-net/cygwin-ug-net.html. Once installed,
you will have access to many UNIX-based utilities that can be accessed via a UNIX shell or the
Windows command prompt.

A minimum of 400MB of free hard drive space is required for installation (more or less
depending on the components selected). To install Cygwin and its associated components,
download the setup file from the aforementioned website or run the setup file directly from
Cygwin’s website (http://www.cygwin.com/setup.exe). Follow the setup screens until you get
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to the Cygwin Setup – Select Packages window, from which you can select the components
you want to install. As of this writing, the default components selected plus the “gcc-core:
C Compiler” installation component will be enough to follow this book in its entirety. Note
that the gcc-core: C Compiler component is not selected by default. To select this component,
click the plus sign (+) next to the Devel category and scroll down until you find the gcc-core:
C Compiler component. Click the word “skip” to select the component for installation.

If you want to select a component not already selected by default, click the word
“skip” in the Select Packages installation window to select a Cygwin component
to install.

After successfully installing the Cygwin environment, you will have access to a simulated
UNIX operating system through a UNIX shell. To start the UNIX shell, simply find the Cygwin
shortcut located on the desktop or through the program group found in the Start menu.

After starting the program, the Cygwin UNIX shell should resemble Figure 1.1

FIGURE 1.1

Launching the
Cygwin UNIX

shell.

Note the syntax used for the UNIX command prompt in Figure 1.1—yours will differ slightly.

Administrator@MVINE ~

$

The first line shows that you are logged into the UNIX shell as Administrator (default login
name) at your computer (MVINE is the name of my PC). The next line starts with a dollar sign
($). This is the UNIX command prompt from where you will execute UNIX commands.

Depending on your specific installation (Cygwin version) and configuration (components
selected) of Cygwin, you may need to have Cygwin’s bin directory, referenced next, added to
your system’s PATH environment variable.

T IP
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c:\cygwin\bin

The PATH environment variable is used by Cygwin to find executable files to run. If you are
using a Microsoft-based operating system, you can edit the PATH variable in a couple of ways.
One trick is to launch a Microsoft-based command shell (DOS window) by typing the keyword
cmd from the Run dialog box accessed via the Start menu. From the c:\ prompt (in the com-
mand shell), type:

PATH %PATH%;c:\cygwin\bin

This command appends c:\cygwin\bin to the end of the current PATH variable without over-
writing it. To verify the command was successful, simply type the keyword PATH from the same
Microsoft-based command shell window. Note that a semicolon separates each distinct direc-
tory structure in the PATH’s value. If necessary, consult your system’s documentation for more
information on environment variables and specifically updating the PATH system variable.

main() FUNCTION
In this section, I’ll start with the beginning of every C program, the main() function. Let’s first,
however, talk philosophically about what a function is. From a programming perspective,
functions allow you to group a logical series of activities, or program statements, under one name.
For example, suppose I want to create a function called bakeCake. My algorithm for baking a
cake might look like this:

Mix wet ingredients in mixing bowl
Combine dry ingredients
Spoon batter into greased baking pan
Bake cake at 350 degrees for 30 minutes

Anyone reading my code will see my function called bakeCake and know right away that I’m
trying to bake cakes.

Functions are typically not static, meaning they are living and breathing entities, again
philosophically, that take in and pass back information. Thus, my bakeCake function would
take in a list of ingredients to bake (called parameters) and return back a finished cake (called
a value).

4 C Programming for the Absolute Beginner, Second Edition



Algorithms

An algorithm is a finite step-by-step process for solving a problem. It can be as simple as a
recipe to bake a cake, or as complicated as the process to implement an autopilot system for
a 747 jumbo jet.

Algorithms generally start off with a problem statement. It is this problem statement that
programmers use to formulate the process for solving the problem. Keep in mind that the
process of building algorithms and algorithm analysis occurs before any program code has
been written.

The main() function is like any other programming function in that it groups like activities
and can take in parameters (information) and pass back values (again, information). What
makes the main() function unique from other functions, however, is that the values it returns
are returned to the operating system. Other functions that you will use and create in this
book return values back to the calling C statement inside the main() function.

In this book, I will use main() functions that are void of parameters (functions that do not
take parameters) and do not return values.

main()

{

 

}

As the preceding example shows, the main() function begins with the keyword main and is
followed by two empty parentheses (). The parentheses are used to encompass parameters to
be passed to the main() function.

C is a case-sensitive programming language. For example, the function names
main(), Main(), and MAIN() are not the same. It takes extra computing resources
to NOT be case-sensitive as input devices such as keyboards distinguish
between cases.

Following the parentheses are two braces. The first brace denotes the beginning of a logical
programming block and the last brace denotes the end of a logical programming block. Each
function implementation requires that you use a beginning brace, {, and a closing brace, }.

The following program code demonstrates a complete, simple C program. From this code,
you will learn how single program statements come together to form a complete C program.

CAUTION

Chapter 1 • Getting Started with C Programming 5



/* C Programming for the Absolute Beginner */

 

//by Michael Vine

 

#include <stdio.h>

 

main()

{

   printf("\nC you later\n");

}

When the preceding program is compiled and run, it outputs the text “C you later” to the
computer screen, as shown in Figure 1.2.

FIGURE 1.2

C program with
standard output.

Review the sample program code in Figure 1.3; you can see the many components that com-
prise a small C program.

FIGURE 1.3

Building blocks of
a simple C
program.

preprocessor
directive

main functionbegin logical
program block

end logical
program block

printf function escape sequence

program statement

multi-line comment block
single line comment block

program statement terminator
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The remainder of this chapter will cover these components and how each is used to build a
simple C program.

COMMENTS
Comments are an integral part of program code in any programming language. Comments
help to identify program purpose and explain complex routines. They can be valuable to you
as the programmer and to other programmers looking at your code.

In the following line of code, the text C Programming for the Absolute Beginner is ignored by
the compiler because it is surrounded with the character sets /* and */.

/* C Programming for the Absolute Beginner */

The character set /* signifies the beginning of a comment block; the character set */ identifies
the end of a comment block. These character sets are not required to be on the same line and
can be used to create both single-line and multi-line comments. To demonstrate, the following
block of code shows the usefulness of multi-line commenting.

/*     C Programming for the Absolute Beginner

       Chapter 1 – Getting Started with C Programming

       By Michael Vine

*/

Your C program may not compile correctly if you leave one of the comment character sets
out or if you reverse the characters. For example, the following code segment leaves out a
comment character set and will not compile.

/* C Programming for the Absolute Beginner

The next line of code also will not compile because comment character sets have been incor-
rectly ordered.

*/ C Programming for the Absolute Beginner */

You can also create quick one-line comments with the character set //. The next line of code
demonstrates this.

//by Michael Vine

If your C compiler supports C++, which gcc does, you can use the single line //
character set for one-line commenting. Though unlikely, be aware that not all C
compilers support the single line character set.

CAUTION
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Any characters read after the character set // are ignored by the compiler for that line only.
To create a multi-line comment block with character set //, you will need the comment
characters in front of each line. For example, the following code creates a multi-line
comment block.

//C Programming for the Absolute Beginner

//Chapter 1 - Getting Started with C Programming

//By Michael Vine

KEYWORDS
There are 32 words defined as keywords in the standard ANSI C programming language. These
keywords have predefined uses and cannot be used for any other purpose in a C program.
These keywords are used by the compiler, in this case gcc, as an aid to building the program.
Note that these keywords must always be written in lowercase (see Table 1.1).

T A B L E  1 . 1  C  L A N G U A G E  K E Y W O R D S

Keyword Description
auto Defines a local variable as having a local lifetime
break Passes control out of the programming construct
case Branch control
char Basic data type
const Unmodifiable value
continue Passes control to loop’s beginning
default Branch control
do Do While loop
double Floating-point data type
else Conditional statement
enum Defines a group of constants of type int
extern Indicates an identifier as defined elsewhere
float Floating-point data type
for For loop
goto Transfers program control unconditionally
if Conditional statement
int Basic data type
long Type modifier
register Stores the declared variable in a CPU register

8 C Programming for the Absolute Beginner, Second Edition



Be aware that in addition to the list of keywords above, your C language compiler may define
a few more. If it does, they will be listed in the documentation that came with your compiler.

As you progress through this book, I will show you how to use many of the aforementioned
C language keywords.

PROGRAM STATEMENTS
Many lines in C programs are considered program statements, which serve to control program
execution and functionality. Many of these program statements must end with a statement
terminator. Statement terminators are simply semicolons (;). The next line of code, which
includes the printf() function, demonstrates a program statement with a statement
terminator.

printf("\nC you later\n");

Some common program statements that do not require the use of statement terminators are
the following:

• Comments

• Preprocessor directives (for example, #include or #define)

• Begin and end program block identifiers

• Function definition beginnings (for example, main())

return Exits the function
short Type modifier
signed Type modifier
sizeof Returns expression or type size
static Preserves variable value after its scope ends
struct Groups variables into a single record
switch Branch control
typedef Creates a new type
union Groups variables that occupy the same storage space
unsigned Type modifier
void Empty data type
volatile Allows a variable to be changed by a background routine
while Repeats program execution while the condition is true

Chapter 1 • Getting Started with C Programming 9



The preceding program statements don’t require the semicolon (;) terminator because they
are not executable C statements or function calls. Only C statements that perform work dur-
ing program execution require the semicolons.

A function commonly used for displaying output to the computer screen is the printf()
function. As shown next, the printf() function is used to write the text “C you later” to the
standard output (demonstrated in Figure 1.2).

printf("\nC you later\n");

Like most functions, the printf() function takes a value as a parameter. (I’ll talk more about
functions in Chapter 5, “Structured Programming.”) Any text you want to display in the stan-
dard output must be enclosed by quotation marks.

For the most part, characters or text that you want to appear on-screen are put inside quota-
tion marks, with the exception of escape characters or escape sequences. The backslash
character (\) is the escape character. When the printf() statement shown above is executed,
the program looks forward to the next character that follows the backslash. In this case, the
next character is the character n. Together, the backslash (\) and n characters make up an
escape sequence.

Escape Sequences

This particular escape sequence (\n) tells the program to add a new line. Take a look at the
following program statement. How many new lines are added to standard output with this
one printf() function?

printf("\nC you later\n");

This printf() function adds two new lines for formatting purposes. Before any text is shown,
the program outputs a new line. After the text is written to standard output, in this case the
computer screen, another new line is written.

Table 1.2 describes some common escape sequences.

10 C Programming for the Absolute Beginner, Second Edition
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Escape Sequence \n
As depicted in Figures 1.4 and 1.5, escape sequence \n can be used in a multitude of ways to
format output.

FIGURE 1.4

Using escape
sequence \n with

one printf()
function to

generate multiple
lines.

FIGURE 1.5

Using escape
sequence \n

with multiple
printf()

functions to
generate a single

line.

T A B L E  1 . 2  C O M M O N  E S C A P E  S E Q U E N C E S

Escape Sequence Purpose
\n Creates a new line
\t Moves the cursor to the next tab
\r Moves the cursor to the beginning of the current line
\\ Inserts a backslash
\" Inserts a double quote
\' Inserts a single quote

Chapter 1 • Getting Started with C Programming 11



The following code segment generates three separate lines with only one printf() function.

printf("line 1\nline2\nline3\n");

The next code segment demonstrates how escape sequence \n can be used with multiple
printf() statements to create a single line of output.

printf("C ");

printf("for the ");

printf("Absolute Beginner\n");

Escape Sequence \t
Escape sequence \t moves the cursor to the next tab space. This escape sequence is useful for
formatting output in many ways. For example, a common formatting desire is to create
columns in your output, as the following program statements demonstrate.

printf("\nSun\tMon\tTue\tWed\tThu\tFri\tSat\n");

printf("\t\t\t\t1\t2\t3\n");

printf("4\t5\t6\t7\t8\t9\t10\n");

printf("11\t12\t13\t14\t15\t16\t17\n");

printf("18\t19\t20\t21\t22\t23\t24\n");

printf("25\t26\t27\t28\t29\t30\t31\n");

As shown in Figure 1.6, the preceding program statements create formatted columns that
display a sample calendar month.

FIGURE 1.6

Demonstrating
the use of
tab spaces

and columns
with escape

sequence \t.

Escape Sequence \r
You may find the escape sequence \r useful for some formatting tasks when the cursor’s
position is of importance, especially with printed output because a printer can overwrite text
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already printing. The following program code demonstrates how it works; the output is
shown in Figure 1.7.

printf("This escape sequence moves the cursor ");

printf("to the beginning of this line\r");

FIGURE 1.7

Demonstrating
escape

sequence \r.

Escape Sequence \\
Escape sequence \\ inserts a backslash into your text. This may seem unnecessary at first, but
remember that whenever the program reads a backslash in a printf() function, it expects to
see a valid escape character right after it. In other words, the backslash character (\) is a special
character in the printf() function; if you need to display a backslash in your text, you must
use this escape sequence.

The following program statement demonstrates escape sequence \\. The output is shown in
Figure 1.8.

printf("c:\\cygwin\\bin must be in your system path");

FIGURE 1.8

Demonstrating
escape

sequence \\.
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Escape Sequence \
Another reserved character in the printf() function is the double quote (") character. To insert
a quote into your outputted text, use the escape sequence \" as demonstrated in the following
program statement. The output is shown in Figure 1.9.

printf("\"This is quoted text\"");

FIGURE 1.9

Creating quotes
with escape

sequence \".

Escape Sequence \
Similar to the double quote escape sequence (\") is the single quote (also called an apostrophe)
escape sequence (\'). To insert a single quote into your outputted text, use the escape sequence
\' as demonstrated in the following program statement and in Figure 1.10.

printf("\nA single quote looks like \'\n");

FIGURE 1.10

Inserting single
quotes

with escape
sequence \'.
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DIRECTIVES
Here’s another look at the sample program shown earlier in the chapter.

/* C Programming for the Absolute Beginner */

 

//by Michael Vine

 

#include <stdio.h>

 

main()

{

 

   printf("\nC you later\n");

 

}

Notice the program statement that begins with the pound sign (#):

#include <stdio.h>

When the C preprocessor encounters the pound sign, it performs certain actions depending
on the directive that occurs prior to compiling. In the preceding example, I told the prepro-
cessor to include the stdio.h library with my program.

The name stdio.h is short for standard input output header file. It contains links to various
standard C library functions, such as printf(). Excluding this preprocessor directive will not
have an adverse affect when compiling or running your program. However, including the
header file allows the compiler to better help you determine error locations. You should
always add a directive to include any library header files that you use in your C programs.

In the chapters to come, you will learn other common library functions, how to use other
preprocessor directives such as macros, and how to build your own library files.

GCC COMPILER
The gcc compiler is an ANSI standard C compiler. A C program goes through a lot of steps
prior to becoming a running or executing program. The gcc compiler performs a number of
tasks for you. Most notable are the following:

• Preprocesses the program code and looks for various directives.

• Generates error codes and messages, if applicable.
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• Compiles program code into an object code and stores it temporarily on disk.

• Links any necessary library to the object code and creates an executable file and stores
it on disk.

ANSI

ANSI is an abbreviation for the American National Standard for Information Systems. ANSI’s
common goal is to provide computing standards for people who use information systems.

Use the .c extension when creating and saving C programs. This extension is the standard
naming convention for programs created in C. To create a new C program, invoke a text editor
such as nano or VIM as shown next.

nano hello.c

vim hello.c  

nano is another common UNIX-based text editor that comes with the Cygwin
software package. From an end-user perspective, it is much more intuitive and
easier to use than VIM, but it does not have the amount of functionality as VIM.
Though not selected in a default installation of Cygwin, nano and other text
editors can be selected during installation via the Select Packages window.

Both of the preceding command statements open a text editor and create a new file called
hello.c.

Once you’ve created a C program using an editor, such as nano or VIM, you are ready to
compile your program using gcc.

From the Cygwin UNIX shell, type the following:

gcc hello.c

If your program compiles successfully, gcc will create a new executable file called a.exe.

If you are unsuccessful in running your compiled program, verify that the %drive
%:\cygwin\bin (where %drive% is the drive letter of where Cygwin is installed)
directory structure has been added to your system path variable.

T IP

CAUTION
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a.exe is the default name for all C programs compiled with this version of gcc. If you’re
programming under a different version of gcc on a UNIX operating system, the file name may
be a.out.

Every time you compile a C program with gcc, it overwrites the previous data contained in
the a.exe file. You can correct this by supplying gcc with an option to specify a unique name
for your executable file. The syntax for specifying a unique executable name is as follows.

gcc programName –o executableName

The programName keyword is the name of your C program, the -o (letter o) option tells gcc that
you will specify a unique compile name, and the executableName keyword is the desired output
name. Here’s another example that uses actual file names.

gcc hello.c -o hello.exe

You can find a wealth of information on the gcc program by accessing gcc’s man pages (the
online manual pages for UNIX commands) from the UNIX prompt as shown here.

man gcc

To execute your program from the Cygwin UNIX prompt, type in the following:

./hello

Unlike Windows, the UNIX shell does not by default look in the current directory when trying
to execute a program. By preceding the name of your compiled program with the ./ character
sequence, you’re telling the UNIX shell to look for the compiled C program, in this case
hello, in the current directory.

If you’re using a Microsoft Windows system, you can also execute your program from a
Microsoft-based command shell often referred to as a DOS prompt (provided you’re in the
working directory) by simply typing in the name of the program.

Note that in both cases it is not necessary to follow the compiled program name with the file
extension .exe.

HOW TO DEBUG C PROGRAMS
If your program compiles, exits, or executes abnormally, there is almost certainly an error (a
bug) in your program. A fair amount of your programming time will be spent finding and
removing these bugs. This section provides some tips to help you get started. Remember,
though, that debugging is as much art as it is computer science and, of course, the more you
practice programming the easier debugging will become!
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Often a program will compile and execute just fine, but with results you did not expect. For
example, the following program and its output shown in Figure 1.11 compiles and executes
without error, but the output is unreadable, or in other words, not what I expected.

#include <stdio.h>

 

main()

{

    printf("Chapter 1 - Getting Started with C Programming");

    printf("This is an example of a format bug.");

    printf("The format issue can be corrected by using");

    printf(" the \n and \\ escape sequences");

 

} 

FIGURE 1.11

A sample format
bug.

Can you see where the format issue or issues are? What’s missing and where should the
correction or corrections be placed? The next block of code and its output in Figure 1.12
corrects the format issues with appropriately placed escape sequences.

#include <stdio.h>

 

main()

{

   printf("Chapter 1 - Getting Started with C Programming\n");

    printf("This is an example of a format bug.\n");

    printf("The format issue can be corrected by using");

    printf(" the \\n and \\\\ escape sequences");

 

}
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FIGURE 1.12

Correcting format
bugs with

appropriately
placed \n and \\

escape sequences.

Format issues are common in beginning programming and are typically quickly resolved by
practicing the printf() function and the various escape sequences.

Another common bug type is a logic error, including a loop that doesn’t exit when expected,
an incorrect mathematical equation, or perhaps a flawed test for equality (condition). The
first step in debugging a logic error is to find the first line where the program bug exists. One
way of doing this is through print statements, using the printf() function, scattered through
your code. For example, you might do something like this in your source code:

anyFunction(int x, int y)

{

    printf("Entering anyFunction()\n"); fflush(stdout);

    ---- lots of your code here ------

   printf("Exiting anyFunction()\n");  fflush(stdout);

}

The fflush() function ensures that the print statement is sent to your screen immediately,
and you should use it if you’re using printf()’s for debugging purposes. The stdout parameter
passed to the fflush() function is the standard output, generally the computer screen.

After you have narrowed down the line or function where your logic error occurs, the next
step is to find out the value of your variables at that time. You can also use the printf()
function to print variable values, which will aid you greatly in determining the source of
abnormal program behavior. Displaying variable values using the printf() function will be
discussed in Chapter 2 in detail.

Remember, after you fix any bug, you must recompile your program, run it, and debug it
again if necessary.
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Beginning programmers will, more often than not, encounter compile errors rather than
logic errors, which are generally the result of syntax issues such as missing identifiers and
terminators or invalid directives, escape sequences, and comment blocks.

Debugging compile errors can be a daunting task, especially when you see 50 or more errors
on the computer screen. One important thing to remember is that a single error at the top
of your program can cause cascading errors during compile time. So it goes without saying
that the best place to start debugging compile errors is with the first error on the list! In the
next few sections, you’ll explore some of the more common compile errors beginning C Pro-
grammers experience.

Common Error #1: Missing Program Block Identifiers
If you forget to insert a beginning or a corresponding ending program block identifier
({ or }), you will see error messages similar to those in Figure 1.13. In the example below,
I have intentionally neglected to use the beginning program block identifier ({) after the
main() function name.

#include <stdio.h>

 

main()

 

  printf("Welcome to C Programming\n");

 

} 

FIGURE 1.13

Missing program
block identifiers.

Yikes! Figure 1.13 shows lot of errors for simply forgetting to use the beginning program block
identifier ({). When debugging compile errors, remember to simply start with the first error,
shown next, which tells me that I have an error right before the printf() function. You will
find that after solving the first error, many of the remaining errors no longer exist.
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hello.c:8: error: parse error before "printf"

Another clue that will help you is to look at the line number of the program statement ref-
erenced in the compile error. In this case it’s line number eight, hello.c:8:, which is the line
number of the printf() function in question. It’s important to recognize that the issue is
not with the print statement, but as the compile error suggests, an issue exists before it.

Common Error #2: Missing Statement Terminators
Figure 1.13 depicts a common error message generated by a few common scenarios. This type
of parse error can be generated for a couple of reasons. In addition to missing program block
identifiers, parse errors can occur because of missing statement terminators (semicolons).

Figure 1.14 depicts a bug in the following program. Can you see where the bug exists?

#include <stdio.h>

 

main()

{

  printf("Welcome to C Programming\n")

}

FIGURE 1.14

Program
statements with

missing
terminators.

Parse errors occur because the C compiler is unable to determine the end of a program state-
ment such as print statement. In the example shown in Figure 1.14, the C compiler (gcc) tells
us that on line 10 a parse error exists before the closing brace.

Common Error #3: Invalid Preprocessor Directives
If you type an invalid preprocessor directive, such as misspelling a library name, you will
receive an error message similar to Figure 1.15.
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FIGURE 1.15

Misspelling library
names.

The following program block with a misspelled library name in the preprocessor directive
caused the error generated in Figure 1.15. Can you see the error?

#include <sdio.h>

 

main()

 

{

  printf("Welcome to C Programming\n");

}

This error was caused because the library file sdio.h does not exist. The library name for
standard input output should be spelled stdio.h.

Common Error #4: Invalid Escape Sequences
When using escape sequences it is common to use invalid characters or invalid char-
acter sequences. For example, Figure 1.16 depicts an error generated by an invalid escape
sequence.

FIGURE 1.16

Invalid escape
sequences.
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As shown in Figure 1.16, the gcc compiler is more specific about this error. Specifically, it
notes that the error is on line 7 and that it is an unknown escape sequence.

Can you identify the invalid escape sequence in the following program?

#include <stdio.h>

 

main()

 

{

  printf("Welcome to C Programming\m");

}

Replacing the invalid escape sequence \m with a valid sequence such as \n will correct the
problem.

Common Error #5: Invalid Comment Blocks
As mentioned earlier in the comment section of this chapter, invalid comment blocks can
generate compile errors, as shown in Figure 1.17.

FIGURE 1.17

Errors generated
by invalid

comment blocks.

#include <stdio.h>

 

main()

 

{

  */ This demonstrates a common error with comment blocks /*

  printf("Welcome to C Programming\n");

}
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A simple correction to the comment block, shown next, will solve the issue and allow the
program to compile successfully.

/* This corrects the previous comment block error */  

SUMMARY
• Functions allow you to group a logical series of activities, or program statements, under

one name.

• Functions can take in and pass back information.

• An algorithm is a finite step-by-step process for solving a problem.

• Each function implementation requires that you use a beginning brace ({) and a closing
brace (}).

• Comments help to identify program purpose and explain complex routines.

• The character set /* signifies the beginning of a comment block and the character set
*/ identifies the end of a comment block.

• There are 32 words defined as keywords in the standard ANSI C programming language;
these keywords have predefined uses and cannot be used for any other purpose in a C
program.

• Most program statements control program execution and functionality and may require
a program statement terminator (;).

• Program statements that do not require a terminator include preprocessor directives,
comment blocks, and function headers.

• The printf() function is used to display output to the computer screen.

• When combined with the backslash (\), special characters such as n make up an escape
sequence.

• The library name stdio.h is short for standard input output and contains links to various
standard C library functions, such as printf().

• C compilers such as gcc preprocess program code, generate error codes and messages if
applicable, compile program code into object code, and link any necessary libraries.

• Compile errors are generally the result of syntax issues, including missing identifiers
and terminators, or invalid directives, escape sequences, and comment blocks.

• A single error at the top of your program can cause cascading errors during compile
time.

• The best place to start debugging compile errors is with the first error.
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Challenges
1. Study the VIM Quick Guide as described in Appendix B.
2. Study the nano Quick Guide as described in Appendix C.
3. Create a program that prints your name.
4. Create a program that uses escape sequence \" to print your

favorite quote.
5. Create a program that uses escape sequence \\ to print the fol-

lowing directory structure: c:\cygwin\home\administrator.
6. Write a program that prints a diamond as demonstrated next.

           *

        *     *

      *          *

    *             *

      *         *

         *     *

            *

7. Create a calendar program using the current month (similar to
the one shown in Figure 1.6).
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2C H A P T E R

PRIMARY DATA TYPES

his chapter investigates essential computer memory concepts, as well as
how to get information from users and store it as data using C language
data types. In addition to beginning data types, you will also learn how to

display variable contents using the printf() function and to manipulate data
stored in variables using basic arithmetic. Specifically, this chapter covers the
following topics:

• Memory concepts

• Data types

• Initializing variables and the assignment operator

• Printing variable contents

• Constants

• Programming conventions and styles

• scanf()

• Arithmetic in C

• Operator precedence

T



MEMORY CONCEPTS
A computer’s memory is somewhat like a human’s, in that a computer has both short-term
and long-term memory. A computer’s long-term memory is called nonvolatile memory and is
generally associated with mass storage devices, such as hard drives, large disk arrays, optical
storage (CD/DVD), and of course portable storage devices such as USB flash or key drives. In
Chapters 10 and 11, you will learn how to use nonvolatile memory for storing data.

This chapter concentrates on a computer’s short-term, or volatile, memory. Volatile memory
loses its data when power is removed from the computer. It’s commonly referred to as RAM
(random access memory).

RAM is comprised of fixed-size cells with each cell number referenced through an address.
Programmers commonly reference memory cells through the use of variables. There are many
types of variables, depending on the programming language, but all variables share similar
characteristics, as described in Table 2.1.

T A B L E  2 .1  C O M M O N  V A R I A B L E  C H A R A C T E R I S T I C S

Variable Attribute Description
Name The name of the variable used to reference data in program code
Type The data type of the variable (number, character, and so on)
Value The data value assigned to the memory location
Address The address assigned to a variable, which points to a memory cell location

Using the attributes defined in Table 2.1, Figure 2.1 depicts the graphical relationship for
some common data types. Note that the letters and numbers in the “Memory Address” column
in Figure 2.1, such as FFF4, represent memory locations in the hexadecimal numbering sys-
tem. The hexadecimal numbering system is sometimes used in advanced C programming to
reference concise memory addresses, such as during system-level programming.

FIGURE 2.1

Depicting
common variable

attributes and
sample values.
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DATA TYPES
You will discover many data types in your programming career, such as numbers, dates,
strings, Boolean, arrays, objects, and data structures. Although this book covers some of the
aforementioned data types in later chapters, this chapter will concentrate on the following
primary data types:

• Integers

• Floating-point numbers

• Characters

Integers
Integers are whole numbers that represent positive and negative numbers, such as 3, 2, 1,
0, 1, 2, and 3, but not decimal or fractional numbers.

Integer data types hold a maximum of four bytes of information and are declared with the
int (short for integer) keyword, as shown in the following line of code.

int x;

In C, you can declare more than one variable on the same line using a single int declaration
statement with each variable name separated by commas, as demonstrated next.

int x, y, z;

The preceding variable declaration declares three integer variables named x, y, and z. Remem-
ber from Chapter 1 that executable program statements such as a print statement or in this
case a variable declaration require a statement terminator (;).

Floating-Point Numbers
Floating-point numbers are all numbers, including signed and unsigned decimal and fractional
numbers. Signed numbers include positive and negative numbers whereas unsigned numbers
can only include positive values. Examples of floating-point numbers are shown in the
following list.

• 09.4543

• 3428.27

• 112.34329

• -342.66

• -55433.33281
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Use the keyword float to declare floating-point numbers, as shown next.

float operand1;

float operand2;

float result;

The preceding code declares three floating-point variable data types called operand1,
operand2, and result.

Characters
Character data types are representations of integer values known as character codes. For exam-
ple, the character code 90 represents the letter Z. Note that the letter Z is not the same as the
character code 122, which represents the letter z (lowercase letter z).

Characters represent more than just the letters of the alphabet; they also represent numbers
0 through 9, special characters such as the asterisk (*), and keyboard keys such as the Del
(delete) key and Esc (escape) key. In all, there are a total of 128 common character codes
(0 through 127), which make up the most commonly used characters of a keyboard.

Character codes are most notably organized through the ASCII (American Standard Code for
Information Interchange) character set. For a listing of common ASCII character codes, see
Appendix D, “Common ASCII Character Codes.”

ASCII

ASCII or American Standard Code for Information Interchange is noted for its character set,
which uses small integer values to represent character or keyboard values.

In C, character variables are created using the char (short for character) keyword as demon-
strated next.

char firstInitial;

char middleInitial;

char lastInitial;

Character data assigned to character variables must be enclosed in single quotes ('), also
known as tick marks or apostrophes. As you’ll see in the next section, the equal sign (=) is used
for assigning data to the character variable.
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You cannot assign multiple characters to a single character variable type. When
more than one character is needed for storing a single variable, you must use
a character array (discussed in Chapter 6, “Arrays”) or strings (discussed in
Chapter 8, “Strings”).

INITIALIZING VARIABLES AND THE ASSIGNMENT OPERATOR
When variables are first declared, the program assigns the variable name (address pointer) to
an available memory location. It is never safe to assume that the newly assigned variable
location is empty. It’s possible that the memory location contains previously used data (or
garbage). To prevent unwanted data from appearing in your newly created variables, initialize
the new variables, as shown below.

/* Declare variables */

int x;

char firstInitial;

 

/* Initialize variables */

x = 0;

firstInitial = '\0';

The preceding code declares two variables: one integer and one character data type. After
creating the two variables, I initialize them to a particular value. For the integer variable, I
assign the value zero (0), and for the character data type, I assign the character set \0, which
is known as the NULL character.

Notice that in the character variable data assignment I enclosed the NULL character in single
quotes. Single quotes are required when assigning data to the character data type.

The NULL data type is commonly used to initialize memory locations in programming lan-
guages, such as C, and relational databases, such as Oracle and SQL Server.

Although NULL data types are a common computer science concept, they can be confusing.
Essentially, NULL characters are unknown data types stored in a memory location. However,
it is not proper to think of NULL data as empty or void; instead, think of NULL data as simply
undefined.

When assigning data to variables such as variable initialization, the equal sign is not used in
a comparative sense. In other words, you would not say that x equals 0. Rather, programmers
say variable x is taking on the value of 0.

Remember, when assigning data to variables, such as initializing, you refer to the equal sign
as an assignment operator, not a comparison operator.

CAUTION
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You can also initialize your variables while declaring them, as shown next.

int x = 0;

char firstInitial = '\0’;

The preceding code accomplishes the same tasks in two lines as what the following code
accomplishes in four.

int x;

char firstInitial; 

x = 0;

firstInitial = '\0';

PRINTING VARIABLE CONTENTS
To print the contents of variables, use the printf() function with a few new formatting
options, as demonstrated in the following code block.

#include <stdio.h>

 

main()

 

{

 

   //variable declarations

   int x;

   float y;

   char c;

 

   //variable initializations

   x = -4443;

   y = 554.21;

   c = 'M';

 

   //printing variable contents to standard output

   printf("\nThe value of integer variable x is %d", x);

   printf("\nThe value of float variable y is %f", y);

   printf("\nThe value of character variable c is %c\n", c);

 

}
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First, I declare three variables (one integer, one float, and one character), and then I initialize
each of them. After initializing the variables, I use the printf() function and conversion
specifiers (discussed next) to output each variable’s contents to the computer screen.

The preceding code is a complete C program that demonstrates many of the topics discussed
thus far (its output is shown in Figure 2.2.).

FIGURE 2.2

Printing variable
contents.

CONVERSION SPECIFIERS
Because information is stored as unreadable data in the computer’s memory, programmers
in C must specifically tell input or output functions, such as printf(), how to display the data
as information. You can accomplish this seemingly difficult task using character sets known
as conversion specifiers.

Conversion specifiers are comprised of two characters: The first character is the percent
sign (%), and the second is a special character that tells the program how to convert the data.
Table 2.2 describes the most common conversion specifiers for the data types discussed in
this chapter.

T A B L E  2 . 2  C O M M O N  C O N V E R S I O N  S P E C I F I E R S  U S E D W I T H

P R I N T F ( )

Conversion Specifier Description
%d Displays integer value
%f Displays floating-point numbers
%c Displays character
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Displaying Integer Data Types with printf()
Integer data types can easily be displayed using the %d conversion specifier with a printf()
statement as shown next.

printf("%d", 55);

The output of the preceding statement prints the following text:

55

The %d conversion specifier can also be used to output the contents of a variable declared as
integer data type, as demonstrated next.

int  operand1; 

operand1 = 29;

printf("The value of operand1 is %d", operand1);

In the preceding statements, I declare a new integer variable called operand1. Next, I assign
the number 29 to the newly created variable and display its contents using the printf() func-
tion with the %d conversion specifier.

Each variable displayed using a printf() function must be outside the parentheses and sep-
arated with a comma (,).

Displaying Floating-Point Data Types with printf()
To display floating-point numbers, use the %f conversion specifier demonstrated next.

printf("%f", 55.55);

Here’s another example of the %f conversion specifier, which prints the contents of a floating-
point variable:

float result;

result = 3.123456;

printf("The value of result is %f", result);

Although the %f conversion specifier displays floating-point numbers, it may not be enough
to display the floating-point number with correct or wanted precision. The following
printf() function demonstrates the precision problem.

printf("%f", 55.55);

This printf() example outputs a floating-point number with a six-digit precision to the right
of the decimal point, as shown next.

55.550000
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To create precision with floating-point numbers, adjust the conversion specifier using num-
bering schemes between the % sign and the f character conversion specifier.

printf("%.1f", 3.123456);

printf("\n%.2f", 3.123456);

printf("\n%.3f", 3.123456);

printf("\n%.4f", 3.123456);

printf("\n%.5f", 3.123456);

printf("\n%.6f", 3.123456);

The preceding code block produces the following output:

3.1

3.12

3.123

3.1234

3.12345

3.123456

Notice that I’ve included the escape sequence \n in each of the preceding print statements
(except the first line of code). Without the new line (\n) escape sequence, each statement’s
output would generate on the same line, making it difficult to read.

Displaying Character Data Types with printf()
Characters are also easy to display using the %c conversion specifier.

printf("%c", 'M');

The output of this statement is simply the single letter M. Like the other conversion specifiers,
you can output the contents of a character variable data type using the %c conversion specifier
and a printf() function as demonstrated next.

char firstInitial;

firstInitial = 'S';

printf("The value of firstInitial is %c", firstInitial);

You can use multiple conversion specifiers in a single printf() function:

char firstInitial, middleInitial, lastInitial;

firstInitial = 'M';

middleInitial = 'A';

lastInitial = 'V';

printf("My Initials are %c.%c.%c.", firstInitial, middleInitial, lastInitial);
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The output of the preceding program statements is as follows.

My Initials are M.A.V.

Notice in the statement below that each variable displayed with the printf() function is
outside the double quotes and separated with a single comma.

printf("My Initials are %c.%c.%c.", firstInitial, middleInitial, lastInitial);

Text inside of printf()’s double quotes is reserved for displayable text, conversion specifiers,
and escape sequences.

CONSTANTS
Often referred to as read-only variables, constant data types cannot lose their data values
during program execution. They are most commonly used when you need to reuse a common
data value without changing it.

Constant data values can be of many data types but must be assigned when the constant is
first created, as demonstrated next.

const int x = 20;

const float PI = 3.14;

Notice that the keyword const precedes the data-type name, signaling that this is a read-only
variable or constant. You can print the values of constants in the same way that normal vari-
ables are printed using conversion specifiers with the printf() function as shown in the
following program code:

#include <stdio.h>

 

main() 

 

{

 

   const int x = 20;

   const float PI = 3.14;

 

   printf("\nConstant values are %d and %.2f\n", x, PI);

 

}

Figure 2.3 demonstrates the output of the preceding code block.
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FIGURE 2.3

Printing constant
data-type values.

PROGRAMMING CONVENTIONS AND STYLES
If someone hasn’t already mentioned this to you, let me be the first to say that programming
is as much of an art as it is a science! Your programs are a reflection of you and should reveal
a smooth and consistent style that guides the reader’s eyes through algorithms and program
flow. Just as a bridge provides function, it can also provide beauty, eye candy for both the
structural engineer as well as the traveler.

You should stick with a style and convention that allow you or someone else to easily read
your code. Once you pick or become comfortable with a programming style, the name of the
game is consistency. In other words, stick with it, don’t intermix naming conventions for
variables nor intermingle indenting styles within the same program.

When learning how to program you should specifically consider at least two areas to develop
a consistent programming convention and style.

• White space

• Variable naming conventions

White Space
White space is not often discussed in programming circles as it provides no computing ben-
efits. In fact, the compiler ignores white space, so you’re free to treat it as you may. So what
is white space? Philosophically speaking, white space is your programming canvas. Misused
it can strain the reader’s eyes; painted properly it can be a benefit. A few examples of how
white space can be controlled are with braces and indentation.
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Indentation is a must as it guides your eyes in and out of program control. For example,
looking at the following sample main() function, your eyes quickly tell you the code inside
the function logically belongs to it.



main()

{

  //you code in here

}

A common discussion around indentation is the age old argument of tabs versus spaces. This
argument can be settled pretty easily in favor of spaces. The rationale behind this favor is
based on the fact that tabs can be set to take up various columns. Another programmer open-
ing your code might not have the same number of columns set for her tabs and consequently
the formatting will be off.

Another common question with beginning programmers is how far to indent. Personally, I
prefer an indentation of two to four spaces. An indentation of longer than four spaces will
eventually lead to lines that are too long. The goal here is to maintain a consistent indentation
style that keeps the lines of code on the computer screen.

One more thing to consider regarding white space is your brace styles, which are closely tied
to your indentation style. Just as with indentation, there are a number of brace styles, though
you will likely favor either this one

main()

{

  //you code in here

}

or this one

main(){

  //your code in here

}

As with any style the choice is yours, though I recommend balancing a style both comfortable
to you as well as consistent with what others are using on your team.

Variable Naming Conventions
The following list contains a minimal number of guidelines you should follow when declaring
and naming your variables.
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• Identify data types with a prefix.

• Use upper- and lowercase letters appropriately.

• Give variables meaningful names.



There is no one correct way of implementing a nomenclature for your variable names,
although some are better than others. After identifying your naming standards, the most
important process is to stay consistent with those practices throughout each of your
programs.

In the next few sections, I’ll show you a couple of different ways that have worked for me and
for many other programmers who have used the guidelines in the preceding list.

reserved characters in your variable names. As a general rule, abide by the fol-
lowing suggestions:

TRAP
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• Always begin your variable names with a lowercase letter.

• Do not use spaces in your variable names.

• Only use letters, numbers, and underscores (_) in your variable names.

• Keep variable names fewer than 31 characters to maintain ANSI C
standards.

Identifying Data Types with a Prefix
When working with variables, I tend to choose one of three types of prefixes, as demonstrated
next.

int intOperand1;

float fltResult;

char chrMiddleInitial;

For each variable data type, I choose a three-character prefix, int (short for integer), flt (short
for float), and chr (short for character), for my variable name prefixes. When I see these vari-
ables in my program code, I know instantly what data types they are.

Another way of prefixing your integer data types is to use a single-character prefix, as shown
in the second variable declarations.

int iOperand1;

float fResult;

char cMiddleInitial;

Even though these variables don’t scream out their data types, you can see their prefix easily
when trying to determine variable content type. Also, these single-character prefixes work
very well when used in conjunction with appropriate upper- and lowercase letters, as dis-
cussed in the next section.

In addition to adhering to a variable naming convention, be cautious not to use



Using Uppercase and Lowercase Letters Appropriately
Capitalizing the first character of each word in a variable name (as shown in the following

float fNetSalary;

char cMenuSelection;

int iBikeInventoryTotal;

Using uppercase characters in each word makes it very easy to read the variable name and
identify its purpose. Now, take a look at the same variables with the same name, only this
time without using uppercase characters.

float fnetsalary;

char cmenuselection;

int ibikeinventorytotal;

Which variable names are easier to read?

In addition to using uppercase letters for readability, some programmers like to use the
underscore character to break up words, as shown in the following code.

float f_Net_Salary;

char c_Menu_Selection;

int i_Bike_Inventory_Total;

Using the underscore character certainly creates a readable variable, but it is a bit too cum-
bersome for me.

Constant data types provide another challenge for creating a standard naming convention.
Personally, I like the following naming conventions.

const int  constWeeks = 52;

const int  WEEKS = 52;

In the first constant declaration I use the const prefix for identifying constWeeks as a constant.
Notice, though, that I still capitalize the first letter in the constant name for readability
purposes.

In the second declaration, I simply capitalize every letter in the constant name. This naming
style really stands out.
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code) is the most common and preferred variable naming convention.



Give Variables Meaningful Names
Giving your variables meaningful names is probably the most important part of variable
naming conventions. Doing so creates self-documenting code. Consider the following section
of code, which uses comments to describe the variable’s purpose.

int x; //x is the Age

int y; //y is the Distance

int z; //z is the Result

The preceding variable declarations do not use meaningful names and thus require some
form of documentation to make your code’s purpose understandable. Instead, look at the
following self-documenting variable names.

int iAge; 

int iDistance;

int iResult;

So far, you have learned how to send output to the computer’s screen using the printf()
function. In this section, you will learn how to receive input from users through the
scanf() function.

The scanf() function is another built in function provided by the standard input output
library <stdio.h>; it reads standard input from the keyboard and stores it in previously
declared variables. It takes two arguments as demonstrated next.

scanf("conversion specifier", variable);

The conversion specifier argument tells scanf() how to convert the incoming data. You can
use the same conversion specifiers as discussed in Table 2.2, and shown again as relative to
scanf() in Table 2.3.

T A B L E  2 . 3  C O M M O N  C O N V E R S I O N  S P E C I F I E R S  U S E D

W I T H S C A N F ( )

Conversion Specifier Description
%d Receives integer value
%f Receives floating-point numbers
%c Receives character
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The following code represents a complete C program, the Adder program, which uses the
scanf() function to read in two integers and add them together. Its output is shown in
Figure 2.4.

#include <stdio.h>

 

main()

 

{

 

   int iOperand1 = 0;

   int iOperand2 = 0; 

 

   printf("\n\tAdder Program, by Michael Vine\n");

   printf("\nEnter first operand: ");

   scanf("%d", &iOperand1);

   printf("Enter second operand: ");

   scanf("%d", &iOperand2);

   printf("The result is %d\n", iOperand1 + iOperand2);

 

}

FIGURE 2.4

Using scanf() to
receive input from

a user.

The first notable line of code prompts the user to enter a number.

printf("\nEnter first operand: ");

You may notice that the printf function above does not contain a variable at the end, nor
does it include the escape sequence \n at the end of the statement. By leaving the new line
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escape sequence off the end of a print statement, program control pauses while waiting for
user input.

The next line of code uses the scanf() function to receive input from the user.

scanf("%d", &iOperand1);

The first scanf() argument takes the integer conversion specifier ("%d"), which tells the
program to convert the incoming value to an integer. The second operator is an address
operator (&), followed by the name of the variable.

Essentially, the address operator contains a pointer to the location in memory where your
variable is located. You will learn more about the address operator (&) in Chapter 7, when I
discuss pointers. For now, just know that you must precede variable names with it when using
the scanf() function.

Forgetting to place the address operator (&) in front of your variable in a
scanf() function will not always generate compile errors, but it will cause prob-
lems with memory access during program execution.

After receiving both numbers (operands) from the user, I then use a print statement to display
the following result.

printf("The result is %d\n", iOperand1 + iOperand2);

In this print statement, I include a single conversion specifier (%d), which tells the program
to display a single integer value. In the next argument of the printf() function, I add both
numbers input by the user using the addition sign (+).

ARITHMETIC IN C
As demonstrated in the Adder program from the previous section, C enables programmers to
perform all types of arithmetic. Table 2.4 demonstrates the most common arithmetic opera-
tors used in beginning C programming.

In the Adder program from the previous section, I used a shortcut when dealing with common
arithmetic: I performed my calculation in the printf() function. Although this is not
required, you can use additional variables and program statements to derive the same out-
come. For example, the following code is another variation of the Adder program that uses
additional program statements to achieve the same result.

 

 

CAUTION
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#include <stdio.h>

 

main()

 

{

 

   int iOperand1 = 0;

   int iOperand2 = 0; 

   int iResult = 0;

 

   printf("\n\tAdder Program, by Michael Vine\n");

   printf("\nEnter first operand: ");

   scanf("%d", &iOperand1);

   printf("Enter second operand: ");

   scanf("%d", &iOperand2);

 

   iResult = iOperand1 + iOperand2;

 

   printf("The result is %d\n", iResult);

 

}

In this deviation of the Adder program, I used two additional statements to derive the same
outcome. Instead of performing the arithmetic in the printf() function, I’ve declared an
additional variable called iResult and assigned to it the result of iOperand1 + iOperand2 using
a separate statement, as demonstrated next.

iResult = iOperand1 + iOperand2;

T A B L E  2 . 4  C O M M O N  A R I T H M E T I C  O P E R A T O R S

Operator Description Example
* Multiplication fResult = fOperand1 * fOperand2;
/ Division fResult = fOperand1 / fOperand2;
% Modulus (remainder) fRemainder = fOperand1 % fOperand2;
+ Addition fResult = fOperand1 + fOperand2;

Subtraction fResult = fOperand1 – fOperand2;
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Remember that the equal sign (=) is an assignment operator, where the right side is being
assigned to the left side of the operator (=). For example, you would not say the following:

iResult equals iOperand1 plus iOperand2.

That is incorrectly stated. Instead you would say:

iResult gets the value of iOperand1 plus iOperand2.

OPERATOR PRECEDENCE
Operator precedence is very important when dealing with arithmetic in any programming
language. Operator precedence in C is shown in Table 2.5.

T A B L E  2 .5  O P E R A T O R  P R E C E D E N C E

Order or Precedence Description
() Parentheses are evaluated first, from innermost to outermost
*, /, % Evaluated second, from left to right
+, Evaluated last, from left to right

Take the following formula, for example, which uses parentheses to dictate the proper order
of operations.

f = (a – b)(x – y);

Given a = 5, b = 1, x = 10, and y = 5, you could implement the formula in C using the following
syntax.

intF = (5 – 1) * (10 – 5);

Using the correct order of operations, the value of intF would be 20. Take another look at the
same implementation in C —this time without using parentheses to dictate the correct order
of operations.

intF = 5  1 * 10  5;

Neglecting to implement the correct order of operations, intF would result in 10.
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CHAPTER PROGRAM—PROFIT WIZ
As shown in Figure 2.5, the Profit Wiz program uses many chapter-based concepts, such as
variables, input and output with printf() and scanf() functions, and beginning arithmetic.

FIGURE 2.5

Demonstrating
chapter-based

concepts with the
Profit Wiz
program.

All of the C code needed to create the Profit Wiz program is demonstrated next.

#include <stdio.h>

 

main()

 

{

 

   float fRevenue, fCost;

 

   fRevenue = 0;

   fCost = 0;

 

   /* profit = revenue - cost */

 

   printf("\nEnter total revenue: ");

   scanf("%f", &fRevenue);

   printf("\nEnter total cost: ");

   scanf("%f", &fCost);

   printf("\nYour profit is $%.2f\n", fRevenue - fCost);

 

}
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SUMMARY
• A computer’s long-term memory is called nonvolatile memory and is generally associated

with mass storage devices, such as hard drives, large disk arrays, diskettes, and CD-ROMs.

• A computer’s short-term memory is called volatile memory, it loses its data when power
is removed from the computer.

• Integers are whole numbers that represent positive and negative numbers.

• Floating-point numbers represent all numbers, including signed and unsigned decimal
and fractional numbers.

• Signed numbers include positive and negative numbers, whereas unsigned numbers can
only include positive values.

• Character data types are representations of integer values known as character codes.

• Conversion specifiers are used to display unreadable data in a computer’s memory as
information.

• Constant data types retain their data values during program execution.

• White space is ignored by compilers and is commonly managed for readability using
programming styles such as indentation and brace placement.

• Three useful rules for naming conventions include:

• The scanf() function reads standard input from the keyboard and stores it in previously
declared variables.

• The equal sign (=) is an assignment operator, where the right side of the assignment
operator is assigned to the left side of the operator.

• In operator precedence parentheses are evaluated first, from innermost to outermost.
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1. Identify data types with a prefix.
2. Use upper- and lowercase letters appropriately.
3. Give variables meaningful names.



Challenges
1. Given a = 5, b = 1, x = 10, and y = 5, create a program that

outputs the result of the formula f = (a  b)(x  y) using a
single printf() function.

2. Create a program that uses the same formula above to output
the result; this time, however, prompt the user for the values
a, b, x, and y. Use appropriate variable names and naming
conventions.

3. Create a program that prompts a user for her name. Store the
user’s name using the scanf() function and return a greeting
back to the user using her name.

4. Create a new program that prompts a user for numbers and
determines total revenue using the following formula: Total
Revenue = Price * Quantity.

5. Build a new program that prompts a user for data and
determines a commission using the following formula:
Commission = Rate * (Sales Price – Cost).
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3C H A P T E R

CONDITIONS

n this chapter I will guide you through the next series of essential pro-
gramming concepts known as conditions. Conditions (often called program
control, decisions, or expressions) allow you to make decisions about pro-

gram direction. Learning how to use and build conditions in your program code
will give you a more fluid and interactive program.

Along the way, I will introduce essential beginning computer science theories that
will help you learn the fundamental concepts of algorithm analysis and Boolean
algebra. Reviewing these topics will provide you with the necessary background
for understanding conditional program control.

Specifically, this chapter covers the following topics:

• Algorithms for conditions

• Simple if structure

• Nested if structure

• Boolean algebra

• Compound if structures and input validation

• The switch structure

• Random numbers

I



ALGORITHMS FOR CONDITIONS
Algorithms are the foundation for computer science. In fact, many computer science profes-
sors say that computer science is really the analysis of algorithms.

An algorithm is a finite step-by-step process for solving a problem that begins with a problem
statement. It is this problem statement that programmers use to formulate an algorithm for
solving the problem. Keep in mind, the process of building algorithms and algorithm analysis
occurs before any program code has been written.

To get a visual picture of algorithms, programmers and analysts commonly use one of two
tools to demonstrate program flow (the algorithm). In the next few sections, I will show you
how to build and use two algorithm tools: pseudo code and flowcharts.

Expressions and Conditional Operators
Conditional operators are a key factor when building and evaluating expressions in pseudo
code, flowcharts, or any programming language.

Not all programming languages, however, use the same conditional operators, so it is impor-
tant to note what operators C uses.

Table 3.1 lists the conditional operators used in C.

T A B L E  3 .1  C O N D I T I O N A L  O P E R A T O R S

Operator Description
== Equal (two equal signs)
!= Not equal
> Greater than
< Less than
>= Greater than or equal to
<= Less than or equal to

When conditional operators are used to build expressions (conditions), the result is either
true or false. Table 3.2 demonstrates the true/false results when using conditional operators.

Pseudo Code
Pseudo code is frequently used by programmers to aid in developing algorithms. It is primarily
a marriage between human-like language and actual programming language. Because of its
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likeness to programming syntax, it has always been more popular among programmers than
analysts.

Because there are many different programming languages with varying syntax, pseudo code
can easily vary from one programmer to another. For example, even though two programmers
are solving the same problem, a C programmer’s pseudo code may look a bit different than
a Visual Basic programmer’s pseudo code.

Nevertheless, if used appropriately and without heavy dependence on language specifics,
pseudo code can be a wonderful and powerful tool for programmers to quickly write down
and analyze an algorithm. Take the following problem statement, for example.

Turn the air conditioning on when the temperature is greater than or equal to 80 degrees or else turn
it off.

Given this problem statement, my algorithm implemented in pseudo code will look like the
following:

if temperature >= 80

   Turn AC on

else

   Turn AC off

end if

The preceding pseudo code uses a combination of language and programming syntax to
depict the flow of the algorithm; however, if inserted into a C program, it would not compile.
But that’s not the point of pseudo code. Programmers use pseudo code as a shorthand notation
for demonstrating what an algorithm looks like, but not necessarily what the program code
will look like. Once the pseudo code has been written down you can easily transform pseudo
code to any programming language.

T A B L E  3 . 2  E X P R E S S I O N S  D E M O N S T R A T E D

Expression Result
5 == 5 True

5 != 5 False

5 > 5 False

5 < 5 False

5 >= 5 True

5 <= 5 True

Chapter 3 • Conditions 51



How the pseudo code is written is ultimately up to you, but you should always try to keep it
as language independent as possible.

Here’s another problem statement that requires the use of decision-making.

Allow a customer to deposit or withdraw money from a bank account, and if a user elects to withdraw
funds, ensure that sufficient monies exist.

Pseudo code for this problem statement might look like the following.

if action == deposit

   Deposit funds into account

else

   if balance < withdraw amount

      Insufficient funds for transaction

   else

      Withdraw monies

   end if

end if

The first point of interest in the preceding pseudo code is that I have a nested condition inside
a parent condition. This nested condition is said to belong to its parent condition, such that
the nested condition will never be evaluated unless one of the parent conditional require-
ments is met. In this case, the action must not equal the deposit for the nested condition to
be evaluated.

Also notice that for each algorithm implemented with pseudo code, I use a standard form of
indentation to improve the readability.

Take a look at the same pseudo code; this time without the use of indentation.

if action == deposit

Deposit funds into account

else

if balance < withdraw amount

Insufficient funds for transaction

else

Withdraw monies

end if

end if
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You probably already see the benefit of using indentation for readability as the preceding
pseudo code is difficult to read and follow. Without indentation in your pseudo code or actual
program code, it is extremely difficult to pinpoint nested conditions.

In the next section, you will learn how to implement the same algorithms, shown previously,
with flowcharts.

Flowcharts
Popular among computing analysts, flowcharts use graphical symbols to depict an algorithm
or program flow. In this section, I’ll use four common flowchart symbols to depict program
flow, as shown in Figure 3.1.

FIGURE 3.1

Common
flowchart
symbols.

To demonstrate flowchart techniques, take another look at the AC algorithm used in the
previous section.

if temperature >= 80

   Turn AC on

else

   Turn AC off

end if

This AC algorithm can also be easily represented using flowchart techniques, as shown in
Figure 3.2.
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FIGURE 3.2

Flowchart for the
AC algorithm.

The flowchart in Figure 3.2 uses a decision symbol to illustrate an expression. If the expression
evaluates to true, program flow moves to the right, processes a statement, and then termi-
nates. If the expression evaluates to false, program flow moves to the left, processes a
different statement, and then terminates.

As a general rule of thumb, your flowchart’s decision symbols should always move to the right
when an expression evaluates to true. However, there are times when you will not care if an
expression evaluates to false. For example, take a look at the following algorithm imple-
mented in pseudo code.

if target hit == true

   Incrementing player’s score

end if

In the preceding pseudo code, I’m only concerned about incrementing the player’s score when
a target has been hit. I could demonstrate the same algorithm using a flowchart, as shown
in Figure 3.3.

You can still use flowcharts to depict more complicated decisions, such as nested conditions,
but you must pay closer attention to program flow. To demonstrate, take another look at the
pseudo code used earlier to depict a sample banking process.
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FIGURE 3.3

Flowchart for the
target hit

algorithm.

if action == deposit

   Deposit funds into account

else

   if balance < withdraw amount 

      insufficient funds for transaction

   else

      Withdraw monies

   end if

end if

The flowchart version of this algorithm is shown in Figure 3.4.

You can see in Figure 3.4 that I’ve used two diamond symbols to depict two separate decisions.
But how do you know which diamond represents a nested condition? Good question. When
looking at flowcharts, it can be difficult to see nested conditions at first, but remember that
anything (process or condition) after the first diamond symbol (condition) actually belongs
to that condition and therefore is nested inside it.

In the next few sections, I’ll go from theory to application and discuss how to use C’s if
structure to implement simple, nested, and compound conditions.
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FIGURE 3.4

Flowchart for the
banking process.

SIMPLE IF STRUCTURES
As you will see shortly, the if structure in C is similar to the pseudo code discussed earlier,
with a few minor exceptions. To demonstrate, take another look at the AC algorithm in pseudo
code form.

if temperature >= 80

   Turn AC on

else

   Turn AC off

end if

The preceding pseudo code is implemented in C, as demonstrated next.

if (iTemperature >= 80)

   //Turn AC on

else

   //Turn AC off
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The first statement is the condition, which checks for a true or false result in the expression
(iTemperature >= 80). The expression must be enclosed in parentheses. If the expression’s
result is true, the Turn AC on code is executed; if the expression’s result is false, the else part
of the condition is executed. Also note that there is no end if statement in C.

If you process more than one statement inside your conditions, you must enclose the multiple
statements in braces, as shown next.

if (iTemperature >= 80) {

   //Turn AC on

   printf("\nThe AC is on\n");

}

else {

   //Turn AC off

   printf("\nThe AC is off\n");

}

The placement of each brace is only important in that they begin and end the statement
blocks. For example, I can change the placement of braces in the preceding code without
affecting the outcome, as demonstrated next.

if (ITemperature >= 80)

{

   //Turn AC on

   printf("\nThe AC is on\n");

}

else

{

   //Turn AC off

   printf("\nThe AC is off\n");

}

Essentially, consistency is the most important factor here. Simply choose a style of brace
placement that works for you and stick with it.

implement a small program.
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FIGURE 3.5

Demonstrating
basic if

structures.

All the code needed to implement Figure 3.5 is shown next.

#include <stdio.h>

 

main()

{

 

   int iResponse = 0;

 

   printf("\n\tAC Control Unit\n");

   printf("\n1\tTurn the AC on\n");

   printf("2\tTurn the AC off\n");

   printf("\nEnter your selection: ");

   scanf("%d", &iResponse);

 

   if (iResponse == 1)

      printf("\nAC is now on\n");

 

   if (iResponse == 2)

      printf("\nAC is now off\n");

 

}

Reviewing the code, I use the printf() functions to first display a menu system. Next, I use
the scanf() function to receive the user’s selection and finally I compare the user’s input
(using if structures) against two separate valid numbers. Depending on the conditions’
results, I output a message to the user.
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Notice in my if structure that I’m comparing an integer variable to a number. This is
acceptable—you can use variables in your if structures as long as you are comparing apples
to apples and oranges to oranges. In other words, you can use a combination of variables and
other data in your expressions as long as you’re comparing numbers to numbers and char-
acters to characters.

To demonstrate, here’s the same program code again, this time using characters as menu
choices.

#include <stdio.h> 

 

main()

{

 

   char cResponse = '\0';

 

   printf("\n\tAC Control Unit\n");

   printf("\na\tTurn the AC on\n");

   printf("b\tTurn the AC off\n");

   printf("\nEnter your selection: ");

   scanf("%c", &cResponse);

 

   if (cResponse == 'a')

      printf("\nAC is now on\n");

 

   if (cResponse == 'b')

      printf("\nAC is now off\n");

 

}

I changed my variable from an integer data type to a character data type and modified my
scanf() function and if structures to accommodate the use of a character-based menu.

NESTED IF STRUCTURES
Take another look at the banking process implemented in pseudo code to demonstrate nested
if structures in C.

if action == deposit

   Deposit funds into account

else
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   if balance < withdraw amount

      Insufficient funds for transaction

   else

      Withdraw monies

   end if

end if

Because there are multiple statements inside the parent condition’s else clause, I will need
to use braces when implementing the algorithm in C (shown next).

if (action == deposit) {

   //deposit funds into account

   printf("\nFunds deposited\n");

}

else {

   if (balance < withdraw)

      //insufficient funds

   else

      //withdraw monies

}

To implement the simple banking system, I made the minor assumption that the customer’s
account already contains a balance. To assume this, I hard coded the initial balance into the
variable declaration as the following code demonstrates. Sample output from the banking
system can be seen in Figure 3.6.

FIGURE 3.6

Demonstrating
nested if

structures with
banking system

rules.
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#include <stdio.h>

 

main()

{

 

   int iSelection = 0;

   float fTransAmount = 0.0;

   float fBalance = 100.25;

 

   printf("\n\tATM\n");

   printf("\n1\tDeposit Funds\n");

   printf("2\tWithdraw Funds\n");

   printf("\nEnter your selection: ");

   scanf("%d", &iSelection);

 

   if (iSelection == 1) {

      printf("\nEnter fund amount to deposit: ");

      scanf("%f", &fTransAmount); 

      printf("\nYour new balance is: $%.2f\n", fBalance + fTransAmount);

   }  //end if

 

   if (iSelection == 2) {

      printf("\nEnter fund amount to withdraw: ");

      scanf("%f", &fTransAmount);

 

      if (fTransAmount > fBalance)

         printf("\nInsufficient funds\n");

      else

         printf("\nYour new balance is $%.2f\n", fBalance - fTransAmount);

 

   } //end if

 

} //end main function

Notice my use of comments when working with the if structures to denote the end of logical
blocks. Essentially, I do this to minimize confusion about the purpose of many ending braces,
which can litter even a simple program.
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INTRODUCTION TO BOOLEAN ALGEBRA
Before I discuss the next type of conditions, compound if structures, I want to give you some
background on compound conditions using Boolean algebra.

Boolean Algebra

Boolean algebra is named after George Boole, a mathematician in the nineteenth century. Boole
developed his own branch of logic containing the values true and false and the operators
and, or, and not to manipulate the values.

Even though Boole’s work was before the advent of computers, his research has become the
foundation of today’s modern digital circuitry in computer architecture.

As the subsequent sections will discuss, Boolean algebra commonly uses three operators
(and, or, and not) to manipulate two values (true and false).

and Operator
The and operator is used to build compound conditions. Each side of the condition must be
true for the entire condition to be true. Take the following expression, for example.

3 == 3 and 4 == 4

This compound condition contains two separate expressions or conditions, one on each side
of the and operator. The first condition evaluates to true and so does the second condition,
which generates a true result for the entire expression.

Here’s another compound condition that evaluates to false.

3==4 and 4==4

This compound condition evaluates to false because one side of the and operator does not
evaluate to true. Study Table 3.3 to get a better picture of possible outcomes with the and
operator.

Truth tables allow you to see all possible scenarios in an expression containing compound
conditions. The truth table in Table 3.3 shows two possible input values (x and y) for the and
operator. As you can see, there is only one possible combination for the and operator to gen-
erate a true result: when both sides of the condition are true.
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or Operator
The or operator is similar to the and operator in that it contains at least two separate expres-
sions and is used to build a compound condition. The or operator, however, differs in that it
only requires one side of the compound condition to be true for the entire expression to be
true. Take the following compound condition, for example.

4 == 3 or 4 == 4

In the compound condition above, one side evaluates to false and the other to true, providing
a true result for the entire expression. To demonstrate all possible scenarios for the or oper-
ator, study the truth table in Table 3.4.

T A B L E  3 . 4  T R U T H  T A B L E F O R T H E O R  O P E R A T O R

x y Result
true true true

true false true

false true true

false false false

Notice that Table 3.4 depicts only one scenario when the or operator generates a false out-
come: when both sides of the operator result in false values.

not Operator
The last Boolean operator I discuss in this chapter is the not operator. The not operator is easily
understood at first, but can certainly be a bit confusing when programmed in compound
conditions.

T A B L E  3 . 3  T R U T H  T A B L E F O R T H E A N D  O P E R A T O R

x y Result
true true true

true false false

false true false

false false false
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Essentially, the not operator generates the opposite value of whatever the current result is.
For example, the following expression uses the not operator in a compound condition.

not( 4 == 4 )

The inside expression, 4 == 4, evaluates to true, but the not operator forces the entire expres-
sion to result in false. In other words, the opposite of true is false.

Take a look at Table 3.5 to evaluate the not operator further.

T A B L E  3 . 5  T R U T H  T A B L E F O R T H E N O T  O P E R A T O R

x Result
true false

false true

Notice that the not operator contains only one input variable (x) to build a compound
condition.

C evaluates all non-zero values as true and all zero values as false.

Order of Operations
Now that you’ve seen how the Boolean operators and, or, and not work, you can further your

discuss order of operations for a moment.

Order of operations becomes extremely important when dealing with compound conditions
in Boolean algebra or with implementation in any programming language.

To dictate order of operations, use parentheses to build clarification into your compound
conditions. For example, given x = 1, y = 2, and z = 3, study the following compound
condition.

z < y or z <= z and x < z

Without using parentheses to dictate order of operations, you must assume that the order of
operations for the compound condition flows from left to right. To see how this works, I’ve
broken down the problem in the following example:

T IP
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1. First, the expression z < y or z <= z is executed, which results in false or true, and
results in the overall result of true.

2. Next, the expression true and x < z is executed, which results in true and true, and
results in the overall value of true.

But when I change the order of operations using parentheses, I get a different overall result
as shown next.

z < y or (z < x and x < z)

1. First, (z < x and x < z) is evaluated, which results in false and true, and results in the
overall value of false.

2. Next, the expression z < y or false is evaluated, which results in false or false, and
results in the overall value of false.

You should now see the consequence of using or not using parentheses to guide the order of
operations.

Building Compound Conditions with Boolean Operators
Using Boolean operators and order of operations, you can easily build and solve Boolean
algebra problems. Practicing this type of problem solving will certainly strengthen your
analytic abilities, which will ultimately make you a stronger programmer when incorporat-
ing compound conditions into your programs.

Try to solve the following Boolean algebra problems, given

x == 5, y == 3, and z == 4

1. x > 3 and z == 4
2. y >= 3 or z > 4
3. NOT(x == 4 or y < z)
4. (z == 5 or x > 3) and (y == z or x < 10)

Table 3.6 lists the answers for the preceding Boolean algebra problems.

T A B L E  3 . 6  A N S W E R S T O  B O O L E A N  A L G E B R A  P R O B L E M S

Question Answer
1 true

2 true

3 false

4 true
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COMPOUND IF STRUCTURES AND INPUT VALIDATION
You can use your newly learned knowledge of compound conditions to build compound if
conditions in C, or any other programming language for that matter.

Like Boolean algebra, compound if conditions in C commonly use the operators and and or,
as demonstrated in Table 3.7.

T A B L E  3 . 7  C O M M O N  C H A R A C T E R  S E T S  U S E D T O  I M P L E M E N T

C O M P O U N D  C O N D I T I O N S

Character Set Boolean Operator
&& and

|| or

As you will see in the next few sections, these character sets can be used in various expressions
to build compound conditions in C.

&& Operator
The && operator implements the Boolean operator and; it uses two ampersands to evaluate a
Boolean expression from left to right. Both sides of the operator must evaluate to true before
the entire expression becomes true.

The following two code blocks demonstrate C’s && operator in use. The first block of code uses
the and operator (&&) in a compound if condition, which results in a true expression.

if ( 3 > 1 && 5 < 10 )

   printf("The entire expression is true\n");

The next compound if condition results in false.

if ( 3 > 5 && 5 < 5 )

   printf("The entire expression is false\n");

|| Operator
The || character set (or Boolean operator) uses two pipe characters to form a compound con-
dition, which is also evaluated from left to right. If either side of the condition is true, the
whole expression results in true.
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The following code block demonstrates a compound if condition using the || operator, which
results in a true expression.

if ( 3 > 5 || 5 <= 5 )

   printf("The entire expression is true\n");

The next compound condition evaluates to false because neither side of the || operator eval-
uates to true.

if ( 3 > 5 || 6 < 5 )

   printf("The entire expression is false\n");

Consider using braces around a single statement in an if condition. For example,
the following program code

if ( 3 > 5 || 6 < 5 )

   printf("The entire expression is false\n");

Is the same as

if ( 3 > 5 || 6 < 5 ) {

   printf("The entire expression is false\n");

}

The if condition that uses braces around the single line statement helps to en-
sure that all subsequent modifications to the if statement remain logic-error
free. Lots of logic errors creep into code when programmers begin adding state-
ments to single line if bodies and forget to add the braces, which THEN are
required.

Checking for Upper- and Lowercase
You may remember from Chapter 2, “Primary Data Types,” that characters are represented
by ASCII character sets, such that letter a is represented by ASCII character set 97 and letter
A is represented by ASCII character set 65.

So what does this mean to you or me? Take the following C program, for example.

 #include <stdio.h>

 

main()

{

 

   char cResponse = '\0';

 

T IP
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   printf("Enter the letter A: ");

   scanf("%c", &cResponse);

 

   if ( cResponse == 'A' )

      printf("\nCorrect response\n");

   else

      printf("\nIncorrect response\n");

 

}

In the preceding program, what response would you get after entering the letter a? You may
guess that you would receive Incorrect response. This is because the ASCII value for uppercase
letter A is not the same as the ASCII value for lowercase letter a. (To see a listing of common
ASCII characters, visit Appendix D, “Common ASCII Character Codes.”)

To build user-friendly programs, you should use compound conditions to check for both
upper- and lowercase letters, as shown in the following modified if condition.

if ( cResponse == 'A'  || cResponse == 'a' )

To build a complete and working compound condition, you must have two separate and valid
conditions on each side of the operator. A common mistake among beginning programmers
is to build an invalid expression on one or more of the operator’s sides. The following com-
pound conditions are not valid.

if ( cResponse == 'A'  ||  'a' )

if ( cResponse == 'A'  ||  == 'a' )

if ( cResponse  || cResponse )

None of the expressions is complete on both sides, and, therefore, the expressions are incor-
rectly built. Take another look at the correct version of this compound condition, shown next.

if ( cResponse == 'A'  || cResponse == 'a' )

Checking for a Range of Values
Checking for a range of values is a common programming practice for input validation. You
can use compound conditions and relational operators to check for value ranges, as shown
in the following program:
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#include <stdio.h>

 

main()

{

 

   int iResponse = 0;

 

   printf("Enter a number from 1 to 10: ");

   scanf("%d", &iResponse);

 

   if ( iResponse < 1 || iResponse > 10 )

      printf("\nNumber not in range\n");

   else

      printf("\nThank you\n");

 

}

The main construct of this program is the compound if condition. This compound expression
uses the || (or) operator to evaluate two separate conditions. If either of the conditions results
in true, I know that the user has entered a number that is not between one and 10.

isdigit() Function
The isdigit() function is part of the character-handling library <ctype.h> and is a wonderful
tool for aiding you in validating user input. Specifically, the isdigit() function can be
used to verify that the user has entered either digits or non-digit characters. Moreover, the
isdigit() function returns true if its passed-in value evaluates to a digit, and false (0) if not.

As shown next, the isdigit() function takes one parameter.

isdigit(x)

If the parameter x is a digit, the isdigit() function will return a true value; otherwise, a 0 or
false will be sent back to the calling expression.

Remember to include the <ctype.h> library in your program when using the isdigit() func-
tion, as demonstrated next.

#include <stdio.h>

#include <ctype.h>

 

main()
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{

 

   char cResponse = '\0';

 

   printf("\nPlease enter a letter: ");

   scanf("%c", &cResponse);

 

   if ( isdigit(cResponse) == 0 )

     printf("\nThank you\n");

   else

     printf("\nYou did not enter a letter\n");

 

}

This program uses the isdigit() function to verify that the user has entered a letter or non-
digit. If the user enters, for example, the letter a, the isdigit() returns a zero (false). But if
the user enters the number 7, then isdigit() returns a true value.

Essentially, the preceding program uses the isdigit() function a bit backward to verify non-
digit data. Take a look at the next program, which uses isdigit() in a more conventional
manner.

#include <stdio.h>

#include <ctype.h>

 

main()

{

 

   char cResponse = '\0';

 

 

   printf("\nPlease enter a digit: ");

   scanf("%c", &cResponse);

 

   if isdigit(cResponse)

     printf("\nThank you\n");

   else

     printf("\nYou did not enter a digit\n");

 

}
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Notice that I did not evaluate the isdigit() function to anything in the preceding if condi-
tion. This means that I do not need to surround my expression in parentheses.

You can do this in any if condition, as long as the expression or function returns a true or
false (Boolean) value. In this case, isdigit() does return true or false, which is sufficient for
the C if condition. For example, if the user enters a 7, which I pass to isdigit()—isdigit()

returns a true value that satisfies the condition.

Take another look at the condition part of the preceding program to ensure that you grasp
this concept.

if isdigit(cResponse)

  printf("\nThank you\n");

else

  printf("\nYou did not enter a digit\n");

THE SWITCH STRUCTURE
The switch structure is another common language block used to evaluate conditions. It is
most commonly implemented when programmers have a specific set of choices they are
evaluating from a user’s response, much like a menu. The following sample code demon-
strates how the switch structure is built.

switch (x) {

 

   case 1:

      //x Is 1

   case 2:

      //x Is 2

   case 3:

      //x Is 3

   case 4:

      //x Is 4

 

}  //end switch

Note that the preceding switch structure requires the use of braces.

In this example, the variable x is evaluated in each case structure following the switch
statement. But, how many case statements must you use? Simply answered, the number of
case statements you decide to use depends on how many possibilities your switch variable
contains.
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For example, the following program uses the switch structure to evaluate a user’s response
from a menu.

#include <stdio.h>

 

main()

{

 

   int iResponse = 0;

 

 

   printf("\n1\tSports\n");

   printf("2\tGeography\n");

   printf("3\tMusic\n");

   printf("4\tWorld Events\n");

   printf("\nPlease select a category (1-4): ");

   scanf("%d", &iResponse);

 

   switch (iResponse) {

 

      case 1:

         printf("\nYou selected sports questions\n");

      case 2:

         printf("You selected geography questions\n");

      case 3:

         printf("You selected music questions\n");

      case 4:

         printf("You selected world event questions\n");

 

   }  //end switch

 

}  //end main function

Notice the output of the program when I select category 1, as shown in Figure 3.7.

What’s wrong with this program’s output? When I selected category 1, I should have only
been given one response—not four. This bug occurred because after the appropriate case
statement is matched to the switch variable, the switch structure continues processing each
case statement thereafter.
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FIGURE 3.7

Demonstrating
the switch
structure.

This problem is easily solved with the break keyword, as demonstrated next.

switch (iResponse) {

 

   case 1:

      printf("\nYou selected sports questions\n");

      break;

   case 2:

      printf("You selected geography questions\n");

      break;

   case 3:

      printf("You selected music questions\n");

      break;

   case 4:

      printf("You selected world event questions\n");

      break;

 

}  //end switch

When C encounters a break statement inside a case block, it stops evaluating any further
case statements.

The switch structure also comes with a default block, which can be used to catch any input
that does not match the case statements. The following code block demonstrates the default
switch section.

switch (iResponse) {

 

   case 1:
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      printf("\nYou selected sports questions\n");

      break;

   case 2:

      printf("You selected geography questions\n");

      break;

   case 3:

      printf("You selected music questions\n"); 

      break;

   case 4:

      printf("You selected world event questions\n");

      break;

   default:

      printf("Invalid category\n");

 

}  //end switch

In addition to evaluating numbers, the switch structure is also popular when choosing
between other characters, such as letters. Moreover, you can evaluate like data with multiple
case structures on a single line, as shown next.

switch (cResponse) {

 

   case 'a':  case 'A':

      printf("\nYou selected the character a or A\n");

      break;

   case 'b':  case 'B':

      printf("You selected the character b or B\n");

      break;

   case 'c':  case 'C'

      printf("You selected the character c or C\n");

      break;

 

}  //end switch

RANDOM NUMBERS
The concept and application of random numbers can be observed in all types of systems, from
encryption programs to games. Fortunately for you and me, the C standard library offers built-
in functions for easily generating random numbers. Most notable is the rand() function,
which generates a whole number from 0 to a library-defined number, generally at least 32,767.
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To generate a specific random set of numbers, say between 1 and 6 (the sides of a die, for
example), you will need to define a formula using the rand() function, as demonstrated next.

iRandom = (rand() % 6) + 1

Starting from the right side of the expression, I use the modulus operator (%) in conjunction
with the integer 6 to generate seemingly random numbers between 0 and 5.

Remember that the rand() function generates random numbers starting with 0. To offset this
fact, I simply add 1 to the outcome, which increments my random number range from 0 to
5 to 1 to 6. After a random number is generated, I assign it to the iRandom variable.

Here’s another example of the rand() function implemented in a complete C program that
prompts a user to guess a number from 1 to 10.

#include <stdio.h>

 

main()

{

 

   int iRandomNum = 0;

   int iResponse = 0;

 

   iRandomNum = (rand() % 10) + 1;

 

   printf("\nGuess a number between 1 and 10: ");

   scanf("%d", &iResponse);

 

   if (iResponse == iRandomNum)

      printf("\nYou guessed right\n");

   else {

      printf("\nSorry, you guessed wrong\n");

      printf("The correct guess was %d\n", iRandomNum);

   }

 

}

The only problem with this program, and the rand() function for that matter, is that the rand()
function generates the same sequence of random numbers repeatedly. Unfortunately, after
a user runs the program a few times, he begins to figure out that the same number is gener-
ated without randomization.
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To correct this, use the srand() function, which produces a true randomization of numbers.
More specifically, the srand() function tells the rand() function to produce a true random
number every time it is executed.

The srand() function takes an integer number as its starting point for randomizing. To give
your program a true sense of randomizing, pass the current time to the srand() function as
shown next.

srand(time());

The time() function returns the current time in seconds, which is a perfect random integer
number for the srand() function.

The srand() function only needs to be executed once in your program for it to perform ran-
domization. In the preceding program, I would place the srand() function after my variable
declarations but before the rand() function, as demonstrated next.

#include <stdio.h>

 

main()

{

 

   int iRandomNum = 0;

   int iResponse = 0;

   srand(time());

 

   iRandomNum = (rand() % 10) + 1;

CHAPTER PROGRAM—FORTUNE COOKIE
The Fortune Cookie program (shown in Figure 3.8) uses chapter-based concepts to build a
small yet entertaining program that simulates an actual fortune found inside a fortune
cookie. To build this program, I used the switch structure and random number generation.

After reading this chapter and with some practice, you should be able to easily follow the
Fortune Cookie program code and logic as shown in its entirety next.
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FIGURE 3.8

The Fortune
Cookie program.

#include <stdio.h>

 

main()

{

 

   int iRandomNum = 0;

   srand(time());

 

   iRandomNum = (rand() % 4) + 1;

 

   printf("\nFortune Cookie - Chapter 3\n");

 

   switch (iRandomNum) {

 

      case 1:

         printf("\nYou will meet a new friend today.\n");

         break;

      case 2:

         printf("\nYou will enjoy a long and happy life.\n");

         break;

      case 3:

         printf("\nOpportunity knocks softly. Can you hear it?\n");

         break;

      case 4:

        printf("\nYou'll be financially rewarded for your good deeds.\n");

         break;
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   } //end switch

 

   printf("\nLucky lotto numbers: ");

   printf("%d ", (rand() % 49) + 1);

   printf("%d ", (rand() % 49) + 1);

   printf("%d ", (rand() % 49) + 1);

   printf("%d ", (rand() % 49) + 1);

   printf("%d ", (rand() % 49) + 1);

   printf("%d\n", (rand() % 49) + 1);

 

} //end main function

SUMMARY
• When conditional operators are used to build expressions, the result is either true or

false.

• Pseudo code is primarily a mix between human-like language and actual programming
language and is frequently used by programmers to aid in developing algorithms.

• Flowcharts use graphical symbols to depict an algorithm or program flow.

• Conditions are implemented using the if structure, which contains an expression
enclosed within parentheses.

• Boolean algebra commonly uses three operators (and, or, and not) to manipulate two
values (true and false).

• Parentheses are used to dictate order of operations and build clarification into com-
pound conditions.

• The isdigit() function can be used to verify that the user has entered either digits or
non-digit characters.

• The switch structure is used to evaluate conditions and is most commonly implemented
when a specific set of choices requires evaluation.

• The rand() function generates a whole number from 0 to a library-defined number, gen-
erally at least 32,767.

• The srand() function tells the rand() function to produce a true random number every
time it is executed.

• The time() function returns the current time in seconds, which is a perfect random
integer number for the srand() function.
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Challenges
1. Build a number guessing game that uses input validation

(isdigit() function) to verify that the user has entered a digit
and not a non-digit (letter). Store a random number between
1 and 10 into a variable each time the program is run. Prompt
the user to guess a number between 1 and 10 and alert the user
if he was correct or not.

2. Build a Fortune Cookie program that uses either the Chinese
Zodiac or astrological signs to generate a fortune, a prediction,
or a horoscope based on the user’s input. More specifically, the
user may need to input her year of birth, month of birth, and
day of birth depending on zodiac or astrological techniques
used. With this information, generate a custom message or
fortune. You can use the Internet to find more information on
the Chinese Zodiac or astrology.

3. Create a dice game that uses two six-sided dice. Each time the
program runs, use random numbers to assign values to each die
variable. Output a “player wins” message to the user if the sum
of the two dice is 7 or 11. Otherwise output the sum of the two
dice and thank the user for playing.
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4C H A P T E R

LOOPING STRUCTURES

n this chapter, I will discuss key programming constructs and techniques
for building iteration into your C programs. So what is iteration? Well,
iteration is a fancy term for loops or looping, or in other words, it’s how you

build repetition into your programs.

After reading this chapter, you will know how looping structures use conditions
to evaluate the number of times a loop should occur. Moreover, you will learn the
basic theory and design principals behind looping algorithms using pseudo code
and flowcharting techniques. You will also learn new techniques for assigning
data and manipulating loops.

This chapter specifically covers the following topics:

• Pseudo code for looping structures

• Flowcharts for looping structures

• Operators continued

• The while loop

• The do while loop

• The for loop

• break and continue statements

• System calls

I



PSEUDO CODE FOR LOOPING STRUCTURES
Before I discuss the application of iteration, I’ll show you some simple theory behind loops
using basic algorithm techniques with pseudo code.

Looking back to Chapter 3, “Conditions,” you learned that programmers express program-
ming algorithms and key constructs using a combination of human-like language and
programming syntax called pseudo code. As demonstrated in this section, pseudo code can
also be used to express algorithms for looping structures.

A number of situations require the use of looping techniques, also known as iteration. For
example:

• Displaying an ATM (Automated Teller Machine) menu

• Playing a game until the game is over

• Processing employee payroll data until the last employee is read

• Calculating an amortization schedule for a loan

• Keeping the air conditioning on until desired temperature is met

• Maintaining autopilot status until a flight-crew turns it off

To demonstrate looping structures using pseudo code, I’ll use processing employee payroll
data as an example.

while end-of-file == false

   process employee payroll

loop

In this pseudo code, I first use a condition to evaluate whether the end of file has been read.
If that condition is false (not end of file), I will process employee data. In other words, I will
process the payroll until the end of file is true.

The condition in this loop may not be apparent at first, but it’s similar to the conditions you
learned in Chapter 3. Essentially, the condition in my sample above contains the following
expression, which can only result in one of two values, true or false.

end-of-file == false

At this point, you should notice a recurring theme between conditions and loops. The theme
is simple: it’s all about conditions! Both looping structures and conditions, such as the if
condition and switch structure, use conditional expressions to evaluate whether something
happens.
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Now take a look at the following pseudo code example that loops through a theoretical payroll
file to determine each employee’s pay type (salary or hourly).

while end-of-file == false

   if pay-type == salary then

      pay = salary

   else

         pay = hours * rate

   end If

loop

Sometimes you want the loop’s condition at the end, rather than at the beginning. To demon-
strate, I can change the location of the loop’s condition in the following pseudo code to ensure
that a menu is displayed at least once to the end user.

do

   display menu

while user-selection != quit

By moving the condition to the bottom of the loop, I’ve guaranteed that the user will have a
chance to view the menu at least once.

Loops can contain all kinds of programming statements and structures, including nested
conditions and loops. Nested loops provide an interesting study of algorithm analysis because
they can be intensive in their process time.

The following block of pseudo code demonstrates the nested loop concept.

do

   display menu

   If user-selection == payroll then

      while end-of-file == false

         if pay-type == salary then

            pay = salary

         else

            pay = hours * rate

         end If

      loop

   end if

while user-selection != quit
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In the preceding pseudo code, I first display a menu. If the user selects to process payroll, I
enter a second or inner loop, which processes payroll until the end-of-file has been reached.
Once the end-of-file has been reached, the outer loop’s condition is evaluated to determine
if the user wants to quit. If the user quits, program control is terminated; otherwise, the menu
is displayed again.

FLOWCHARTS FOR LOOPING STRUCTURES
Other than those that you learned in Chapter 3, no special symbols are required in flowchart-
ing to represent loops. In fact, you can use the same flowcharting symbols from Chapter 3 to
build looping structures in flowcharts.

To demonstrate loops in flowcharts, I’ll use the pseudo code from the previous section,
“Pseudo Code for Looping Structures.” Specifically, I’ll build a simple looping structure using
a flowchart with the following pseudo code. The resulting flowchart is shown in Figure 4.1.

while end-of-file == false

   process employee payroll

loop

FIGURE 4.1

Flowchart
demonstrating a
simple looping

structure.

In Figure 4.1, I use the diamond symbol to represent a loop. You might be wondering how to
tell the difference between the diamond symbols that are used with conditions and loops in
a flowchart. Figure 4.1 holds the answer. You can differentiate between conditions and loops

84 C Programming for the Absolute Beginner, Second Edition



in flowcharts by looking at the program flow. If you see connector lines that loop back to the
beginning of a condition (diamond symbol), you know that the condition represents a loop.
In this example, the program flow moves in a circular pattern. If the condition is true,
employee payroll is processed and program control moves back to the beginning of the orig-
inal condition. Only if the condition is false does the program flow terminate.

Take a look at the next set of pseudo code, which is implemented as a flowchart in Figure 4.2.

while end-of-file == false

   if pay-type == salary then

      pay = salary

   else

         pay = hours * rate

   end If

loop

FIGURE 4.2

Flowchart
demonstrating a

looping structure
with inner
condition.

In Figure 4.2, you see that the first diamond symbol is really a loop’s condition because pro-
gram flow loops back to its beginning. Inside of the loop, however, is another diamond, which
is not a loop. (The inner diamond does not contain program control that loops back to its
origin.) Rather, the inner diamond’s program flow moves back to the loop’s condition regard-
less of its outcome.
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Let’s take another look at a previous pseudo code example (the flowchart is shown in
Figure 4.3), which moves the condition to the end of the loop.

do

   display menu

while user-selection != quit

FIGURE 4.3

Moving a loop’s
condition to the
end of the loop.

Remember: The program flow holds the key. Because the loop’s condition in Figure 4.3 is at
the end of the loop, the first process in the flowchart is displaying the menu. After displaying
the menu, the loop’s condition is encountered and evaluated. If the loop’s condition is true,
the program flow loops back to the first process; if false, the program flow terminates.

The final component to building looping algorithms with flowcharts is demonstrating nested
loops. Take another look at the nested loop pseudo code from the previous section.

do

   display menu

   If user-selection == payroll then

      while end-of-file != true

         if pay-type == salary then

            pay = salary

         else
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            pay = hours * rate

         end If

      loop

   end if

while user-selection != quit

Figure 4.4 implements the preceding looping algorithm with flowcharting symbols and
techniques.

FIGURE 4.4

Using a flowchart
to demonstrate

nested loops.

Although Figure 4.4 is much more difficult to follow than the previous flowchart examples,
you should still be able to identify the outer and inner (nested) loops by finding the diamonds
that have program flow looping back their condition. Out of the four diamonds in Figure 4.4,
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can you find the two that are loops? Again, to determine which diamond symbol represents
a loop, simply identify each diamond that has program control returning to the top part of
the diamond.

Here are the two loops in Figure 4.4 represented in pseudo code:

• while user-selection != quit

OPERATORS CONTINUED
You’ve already learned how to assign data to variables using the assignment operator (equal
sign). In this section, I’ll discuss operators for incrementing and decrementing number-based
variables, and I’ll introduce new operators for assigning data to variables.

++ Operator
The ++ operator is useful for incrementing number-based variables by 1. To use the ++ operator,
simply put it next to a variable, as shown next.

iNumberOfPlayers++; 

To demonstrate further, study the following block of code, which uses the ++ operator to
produce the output shown in Figure 4.5.

#include <stdio.h>

 

main()

{

   int x = 0;

   printf("\nThe value of x is %d\n", x);

   x++;

   printf("\nThe value of x is %d\n", x);

}

FIGURE 4.5

Incrementing
number-based

variables by 1 with
the ++ operator.
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The increment operator (++) can be used in two ways: As demonstrated earlier, you can place
the increment operator to the right of a variable, as shown next.

x++;

This expression tells C to use the current value of variable x and increment it by 1. The vari-
able’s original value was 0 (that’s what I initialized it to) and 1 was added to 0, which resulted
in 1.

The other way to use the increment operator is to place it in front or to the left of your variable,
as demonstrated next.

++x;

Changing the increment operator’s placement (postfix versus prefix) with respect to the vari-
able produces different results when evaluated. When the increment operator is placed to
the left of the variable, it will increment the variable’s contents by 1 first, before it’s used in
another expression. To get a clearer picture of operator placement, study the following code,
which generates the output shown in Figure 4.6.

#include <stdio.h>

 

main()

{

 

   int x = 0;

   int y = 0;

 

   printf("\nThe value of y is %d\n", y++);

   printf("\nThe value of x is %d\n", ++x);

 

}

In the first printf() function above, C processed the printf()’s output first and then incre-
mented the variable y. In the second statement, C increments the x variable first and then
processes the printf() function, thus revealing the variable’s new value. This still may be a
bit confusing, so study the next program, which demonstrates increment operator placement
further.

#include <stdio.h>

 

main()
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{

 

   int x = 0;

   int y = 1;

 

   x = y++ * 2;   //increments x after the assignment

   printf("\nThe value of x is: %d\n", x); 

 

   x = 0;

   y = 1;

 

   x = ++y * 2;   //increments x before the assignment

   printf("The value of x is: %d\n", x);

 

}  //end main function

The program above will produce the following output.

The value of x is: 2

The value of x is: 4

Even though most, if not all, C compilers will run the preceding code the way you would
expect, due to ANSI C compliance the following statement can produce three different results
with three different compilers:

anyFunction(++x, x, x++);

The argument ++x (using an increment prefix) is NOT guaranteed to be done first before the
other arguments (x and x++) are processed. In other words, there is no guarantee that each C
compiler will process sequential expressions (an expression separated by commas) the same
way.

Let’s take a look at another example of postfix and prefix using the increment operator not
in a sequential expression (C compiler neutral); the output is revealed in Figure 4.7.

#include <stdio.h>

 

main()

{

 

   int x = 0;
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   int y = 0;

 

   x = y++ * 4;

 

   printf("\nThe value of x is %d\n", x); 

 

   y = 0; //reset variable value for demonstration purposes

 

   x = ++y * 4;

 

   printf("\nThe value of x is now %d\n", x);

 

}

FIGURE 4.6

Demonstrating
prefix and postfix

increment
operator

placement in a
sequential
expression.

FIGURE 4.7

Demonstrating
prefix and postfix

increment
operator

placement
outside of a
sequential

expression (C
compiler neutral).

-- Operator
The -- operator is similar to the increment operator (++), but instead of incrementing number-
based variables, it decrements them by 1. Also, like the increment operator, the decrement
operator can be placed on both sides (prefix and postfix) of the variable, as demonstrated next.

--x;

x--;
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The next block of code uses the decrement operator in two ways to demonstrate how number-
based variables can be decremented by 1.

#include <stdio.h>

 

main()

{

 

   int x = 1; 

   int y = 1;

 

   x = y-- * 4;

 

   printf("\nThe value of x is %d\n", x);

 

   y = 1; //reset variable value for demonstration purposes

 

   x = --y * 4;

 

   printf("\nThe value of x is now %d\n", x);

 

}

The placement of the decrement operator in each print statement is shown in the output, as
illustrated in Figure 4.8.

FIGURE 4.8

Demonstrating
decrement

operators in both
prefix and postfix

format.

+= Operator
In this section you will learn about another operator that increments a variable to a new value
plus itself. First, evaluate the following expression that assigns one variable’s value to another.

x = y;
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The preceding assignment uses a single equal sign to allocate the data in the y variable to the
x variable. In this case, x does not equal y; rather, x gets y, or x takes on the value of y.

The += operator is also considered an assignment operator. C provides this friendly assign-
ment operator to increment variables in a new way so that a variable is able to take on a new
value plus its current value. To demonstrate its usefulness, study the next line of code, which
might be used to maintain a running total wwithout the implementation of our newly found
operator +=.

iRunningTotal = iRunningTotal + iNewTotal;

Plug in some numbers to ensure you understand what is happening. For example, say the
iRunningTotal variable contains the number 100 and the variable iNewTotal contains the
number 50. Using the statement above, what would iRunningTotal be after the statement
executed?

If you said 150, you are correct.

Our new increment operator (+=) provides a shortcut to solve the same problem. Take another
look at the same expression, this time using the += operator.

iRunningTotal += iNewTotal;

Using this operator allows you to leave out unnecessary code when assigning the contents of
a variable to another. It’s important to consider order of operations when working with
assignment operators. Normal operations such as addition and multiplication have prece-
dence over the increment operator as demonstrated in the next program.

#include <stdio.h>

 

main()

{

 

   int x = 1;

   int y = 2;

 

   x = y * x + 1;   //arithmetic operations performed before assignment

   printf("\nThe value of x is: %d\n", x);

 

   x = 1;
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   y = 2;

 

  x += y * x + 1;   //arithmetic operations performed before assignment

   printf("The value of x is: %d\n", x);

 

}  //end main function

Demonstrating order of operations, the program above outputs the following text.

The value of x is: 3

The value of x is: 4

It may seem a bit awkward at first, but I’m sure you’ll eventually find this assignment operator
useful and timesaving.

–= Operator
The -= operator works similarly to the += operator, but instead of adding a variable’s contents
to another variable, it subtracts the contents of the variable on the right-most side of
the expression. To demonstrate, study the following statement, which does not use the
-= operator.

iRunningTotal = iRunningTotal - iNewTotal;

You can surmise from this statement that the variable iRunningTotal is having the variable
iNewTotal’s contents subtracted from it. You can shorten this statement considerably by using
the -= operator as demonstrated next.

iRunningTotal -= iNewTotal;

Demonstrating the -= assignment further is the following program.

#include <stdio.h>

 

main()

{

 

   int x = 1;

   int y = 2;

 

   x = y * x + 1;   //arithmetic operations performed before assignment

   printf("\nThe value of x is: %d\n", x);
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   x = 1;

   y = 2;

 

  x -= y * x + 1;   //arithmetic operations performed before assignment

   printf("The value of x is: %d\n", x);

 

}  //end main function

Using the -= assignment operator in the previous program produces the following output.

The value of x is: 3

The value of x is: -2

THE WHILE LOOP
Like all of the loops discussed in this chapter, the while loop structure is used to create iter-
ation (loops) in your programs, as demonstrated in the following program:

#include <stdio.h>

 

main()

{

 

   int x = 0;

 

   while ( x < 10 ) {

 

     printf("The value of x is %d\n", x);

      x++;

 

  }  //end while loop

 

}  //end main function

The while statement is summarized like this:

while ( x < 10 ) {

The while loop uses a condition (in this case x < 10) that evaluates to either true or false. As
long as the condition is true, the contents of the loop are executed. Speaking of the loop’s
contents, the braces must be used to denote the beginning and end of a loop with multiple
statements.
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The braces for any loop are required only when more than one statement is in-
cluded in the loop’s body. If your while loop contains only one statement, no
braces are required. To demonstrate, take a look at the following while loop,
which does not require the use of braces.

while ( x < 10 )

   printf("The value of x is %d\n", x++);

In the preceding program, I incremented the variable x by 1 with the increment operator (++).
Using this knowledge, how many times do you think the printf() function will execute? To
find out, look at Figure 4.9, which depicts the program’s output.

FIGURE 4.9

Demonstrating
the while loop
and increment
operator (++).

The increment operator (++) is very important for this loop. Without it, an endless loop will
occur. In other words, the expression x < 10 will never evaluate to false, thus creating an
infinite loop.

Infinite Loops

Infinite loops are loops that never end. They are created when a loop’s expression is never set
to exit the loop.

Every programmer experiences an infinite loop at least once in his or her career.
To exit an infinite loop, press Ctrl+C, which produces a break in the program. If
this does not work, you may need to end the task.

To end a task on a Windows-based system, press Ctrl+Alt+Del, which should
produce a task window or at least allow you to select the Task Manager. From
the Task Manager, select the program that contains the infinite loop and choose
End Task.

T IP

T IP
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Loops cause the program to do something repeatedly. Think of an ATM’s menu. It always
reappears when you complete a transaction. How do you think this happens? You can probably
guess by now that the programmers who built the ATM software used a form of iteration.

The following program code demonstrates the while loop’s usefulness in building menus.

#include <stdio.h>

 

main()

{

 

   int iSelection = 0;

 

   while ( iSelection != 4 ) {

 

      printf("1\tDeposit funds\n");

      printf("3\tPrint Balance\n");

      printf("4\tQuit\n");

      printf("Enter your selection (1-4): ");

 

  }  //end while loop

 

   printf("\nThank you\n");

 

}  //end main function

The while loop in the preceding program uses a condition to loop as long as the user does not
select the number 4. As long as the user selects a valid option other than 4, the menu is
displayed repeatedly. If, however, the user selects the number 4, the loop exits and the next
statement following the loop’s closing brace is executed.

Sample output from the preceding program code is shown in Figure 4.10.
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      printf("2\tWithdraw funds\n");

      scanf("%d", &iSelection);
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FIGURE 4.10

Building a menu
with the while

loop.

THE DO WHILE LOOP
Similar to the while loop, the do while loop is used to build iteration in your programs. The
do while loop, however, has a striking difference from the while loop. The do while loop’s
condition is at the bottom of the loop rather than at the top. To demonstrate, take another
look at the first while loop from the previous section, shown next.

while ( x < 10 ) {

 

   printf("The value of x is %d\n", x);

   x++;

 

}  //end while loop

The condition is at the beginning of the while loop. The condition of the do while loop, how-
ever, is at the end of the loop, as demonstrated next.

do {

 

   printf("The value of x is %d\n", x);

   x++;

 

}  while ( x < 10 ); //end do while loop

In the do while loop’s last statement, the ending brace comes before the
while statement, and the while statement must end with a semicolon.

If you leave out the semicolon or ending brace or simply rearrange the order of
syntax, you are guaranteed a compile error.

CAUTION
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