world. Some general ideas on programming are discussed, and a

number of elementary programs are thoroughly explained. The
basic ideas presented here become the foundation for more complete
explanations that occur in later chapters. An emphasis is placed on the
basic input/output functions of C. Getting information into and out of a
machine is the first task to be mastered in any programming language.

C uses the functions printf() and scanf() extensively for output
and input, respectively. The use of both of these functions is explained.
Other topics discussed in this chapter include the use of variables to store
values and the use of expressions and assignments to change the value of
a variable. The chapter also includes a discussion of the while statement.
An example is presented to show how a while statement provides for
repetitive action.

Throughout this chapter and throughout the text many examples are
given. Included are many complete programs, which often are dissected.
This allows the reader to see in detail how each construct works. Topics
that are introduced in this chapter are seen again in later chapters, with
more detailed explanation where appropriate. This spiral approach to
learning emphasizes ideas and techniques essential for the C programmer.

Each chapter ends with a section called “Moving to C++.” C++ is largely
a superset of C. By learning C++ you are also learning the kernel language
of C. A follow-on book, C for C++ Programmers, second edition, by Ira
Pohl, teaches the rest of C++ that is not found here. Also, most chapters
have exercises that are based on Java programs. Java is partly based on C.
However, unlike C++, some C concepts do not work in Java or have a dif-
ferent meaning. Increasingly, people coming to programming in C have
started from a Java background, such as that found in the companion vol-
ume, Java by Dissection, by Ira Pohl and Charlie McDowell. The modern
programmer needs to be comfortable in all three C-based languages.

T his chapter introduces the reader to the ANSI C programming
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Getting Ready to Program

Programs are written to instruct machines to carry out specific tasks or to solve
specific problems. A step-by-step procedure that accomplishes a desired task is
called an algorithm. Thus programming is the activity of communicating algo-
rithms to computers. We are all used to giving instructions to someone in English
and having that person carry out the instructions. The programming process is
analogous, except that machines have no tolerance for ambiguity and must have
all steps specilied in a precise language and in tedious detail.

The Programming Process

| Specifty the task.

2 Discover an algorithm for its solution.
3 Code the algorithm in C.

4 Test the code.

A computer is a digital electronic machine composed of three main compo-
nents: processor, memory, and input/output devices. The processor is also called
the central processing unit, or CPU. The processor carries out instructions that are
stored in the memory. Along with the instructions, data is also stored in memory.
The processor typically is instructed to manipulate the data in some desired fash-
ion. Input/output devices take information from agents external to the machine
and provide information to those agents. Input devices are typically terminal key-
boards, disk drives, and tape drives. Output devices are typically terminal screens,
printers, disk drives, and tape drives. The physical makeup of a machine can be
quite complicated, but the user need not be concerned with the details. The oper-
ating system on a machine looks after the coordination of machine resources.

The operating system consists of a collection of special programs and has two
main purposes. First, the operating system oversees and coordinates the
resources of the machine as a whole. For example, when a file is created on a disk,
the operating system takes care of the details of locating it in an appropriate place
and keeping track of its name, size, and date of creation. Second, the operating
system provides tools to users, many of which are useful to the C programmer.
Two of these tools are of paramount importance: the text editor and the C com-
piler.

We assume the reader is capable of using a text editor to create and modify
files containing C code. C code is also called source code, and a file containing
source code is called a source file. After a file containing source code (a program)
has been created, the C compiler is invoked. This process is system-dependent.
(See Section 1.11, “Writing and Running a C Program,” on page 27.) For example,
on some systems we can invoke the compiler with the command

cc pgm.c
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where pgm.cis the name of a file that contains a program. If there are no errors in
pgm.c, this command produces an executable file—one that can be run, or exe-
cuted. Although we think of this as compiling the program, what actually happens
is more complicated.

In Chapter 14, “Software Tools,” we discuss the compilation process in more
detail. Here, we just want to mention the basics. When we compile a simple pro-
gram, three separate actions occur: first the preprocessor is invoked, then the
compiler, and finally the loader. The preprocessor modifies a copy of the source
code by including other files and by making other changes. (In Section 1.5, “The
Use of #define and #include,” on page 13, we discuss the preprocessor further.)
The compiler then translates this into object code, which the loader then uses to
produce the final executable file. A file that contains object code is called an
object file. Object files, unlike source files, usually are not read by humans. When
we speak of compiling a program, we really mean invoking the preprocessor, the
compiler, and the loader. For a simple program this is all done with a single com-
mand.

After the programmer writes a program, it has to be compiled and tested. If
modifications are needed, the source code has to be edited again. Thus part of the
programming process consists of the cycle

When the programmer is satisfied with the program performance, the cycle ends.

A first task for anyone learning to program is to print on the screen. Let us begin
by writing the Kernighan and Ritchie program that prints the phrase “Hello,
world!” on the screen. The complete program is

/* The traditional first program in honor of
Dennis Ritchie who invented C at Bell Labs in 1972 */

#include <stdio.h>
int main(void)

printf("Hello, world!\n");
return @;
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Using the text editor, the programmer types this into a file ending in .c. The choice
of a file name should be mnemonic. Let us suppose hello.c is the name of the file
in which the program has been written. When this program is compiled and exe-
cuted, it prints on the screen

Hello, world!

HELLO, WORLD! WOULD YOU BE INTERESTED
IN SOME NICE ALUMINUM SIDING?

The Most Popular Phrase in Computer
Programming—the Rest of the Story.
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,

% Dissection of the hello Program
v‘;ﬁ«
- 4 4% @ /% The traditional first program in honor of
t Dennis Ritchie who invented C at Bell Labs
in 1972 */

These three lines are a comment. Text that is bracketed by the starting sym-
bol pair /* and the ending symbol pair */ is ignored by the compiler. It
serves as documentation for the human reader of the program.

m #include <stdio.h>

Lines that begin with a # are called preprocessing directives. They communi-
cate with the preprocessor. This #include directive causes the preprocessor
to include a copy of the standard header file stdio.h at this point in the code.
This header file is provided by the C system. The angle brackets around
<stdio.h> indicate that this file is to be found in the “usual place,” which is
i—_ system-dependent. We have included this file because it contains information
about the printf() function.

B int main(void)

Every program has a function named main, where execution begins. The
parentheses following main indicate to the compiler that it is a function. The
_ keyword int declares the return type to be integer valued. The keyword void
r indicates the function takes no arguments.

m {

1 A left brace begins the body of each function. A corresponding right brace
must end the function. Our style is to place these braces on separate lines at
the left margin. Braces are also used to group statements together.

m printf()

The C system contains a standard library of functions that can be used in
programs. This is a function from the library that prints on the screen. We
included the header file stdio.h because it provides certain information to the
compiler about the function printf() —namely, its function prototype.
(Function prototypes are discussed in Section 4.4, “Function Prototypes,” on
page 131.)
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m printf("Hello, world!\n");

This is the function printf() being called, or invoked, with a single argu-
ment—namely, the string

"Hello, world!\n"

A string constant in C is a series of characters surrounded by double quotes.
This string is an argument to the function printf(), which controls what is
to be printed. The two characters \n at the end of the string (read “backslash
n") represent a single character called newline. It is a nonprinting character
and its effect is to advance the cursor on the screen to the beginning of the
next line. Notice that this line ends with a semicolon. All declarations and
statements in C end with a semicolon.

B return 0;

The integer value zero is returned by main() to the operating system. Zero
means the program completed successfully. Nonzero values are used to tell
the operating system that main() has been unsuccessful.

=}

This right brace matches the left brace above and ends the function main().

The function printf() acts to continuously print across the screen. It moves
to a new line when a newline character is read. The screen is a two-dimensional
display that prints from left to right and top to bottom. To be readable, output
must appear properly spaced on the screen.

Let us rewrile our program to make use of two printf() statements.
Although the program looks different, its output is the same.

#include <stdio.h>

int main(void)

{
printf("Hello, ");
printf("world!\n");
return 9;

}

Notice that the string used as an argument to the first printf() statement ends
with a blank character. If the blank were not there, the words Hello world!
would have no space between them in the output.

As a final variation to this program, let us add the phrase “Hello, universe!”
and print the statements on two lines.
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#include <stdio.h>

int main(void)

{
printf("Hello, world!\n");
printf("Hello, universe!\n");
return 0;

}

When we execute this program, the following appears on the screen:

Hello, world!
Hello, universe!

Notice that the two printf(} statements in the body of main() could be replaced
by the single statement

printf("Hello, world!\nHello, universe!\n");

The availability of useful functions like printf() in the standard library is a
powerful feature of C. Although technically the standard library is not part of the
C language, it is part of the € system. Because the functions in the standard
library are available wherever a C system is found, programmers routinely use
them.

Variables, Expressions, and Assignments

Our first program illustrated the use of printf () for output. In our next program
we want to illustrate the use of variables to manipulate integer values. Variables
arc used to store values. Because different kinds of variables are used to store dif-
ferent kinds of data, the type of each variable must be specified. To illustrate our
ideas, we write a program based on the wreck of the ship Hesperus. This calamity
at sea, which was made famous in a poem by Henry Wadsworth Longfellow,
occurred off the reef of Norman's Woe near Gloucester, Massachuselts, in 1839.
The waters off the reef are about 7 fathoms deep. In the program we convert this
depth to other units of measure. Here is the algorithm that our program uses.

Algorithm for the Hesperus

| Assign the number of fathoms to a variable.
2 Convert fathoms to feet and store in a variable.
3 Convert feet to inches and store in a variable.

4 Print the different units of measure neatly on the screen.
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[n writing the C code, we have to choose an appropriate set of variables. In this
case integer variables are a natural choice. We have to make sure that our conver-
sion expressions use the right constants and output must be convenient to read.

#include <stdio.h>

int main(void)

{
int inches, feet, fathoms;
fathoms = 7;
feet = 6 * fathoms;
inches = 12 * feet;
printf("Wreck of the Hesperus:\n");
printf("Its depth at sea in different units:\n");
printf("  %d fathoms\n", fathoms);
printf(" %d feet\n", feet);
printf("  %d inches\n", inches);
return @;

}

When we compile this program and run it, here is what appears on the screen:

Wreck of the Hesperus:

Its depth at sea in different units:
7 fathoms
42 feet
504 inches

Dissection of the depth Program

m #include <stdio.h>

In any program that uses printf(), we include the standard header file
stdio.h. We will see later why the compiler wants this file.

B int main(void)
{

int inches, feet, fathoms;:

The first line within the body of the function main() is a declaration. The
variables inches, feet, and fathoms are declared to be of type int, one of
the fundamental types in C. A variable of type int can take on integer values.
All variables in a program must be declared before they can be used. Declara-
tions, as well as stalements, end with a semicolon.
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m fathoms = 7;

This is an assignment statement. The equal sign = is the basic assignment
operator in C. The value of the expression on the right side of the = symbol is
assigned to the variable on the left side. Here, the constant expression on the
right side is 7. That value is assigned to the variable fathoms.

m feet = 6 * fathoms;
inches = 12 * feet;

These are assignment statements. Because 1 fathom is equal to 6 feet, to con-
vert a given number of fathoms to an equivalent number of feet, we must
multiply by 6. The asterisk symbol * is the multiplication operator. The value
of the expression 6 * fathoms is assigned to the variable feet. Because the
current value of the variable fathoms is 7, the expression 6 * fathoms has
the value 42, and this value is assigned to feet. To convert feet to inches, we
must multiply by 12. The value of the expression 12 * feet is assigned to
the variable inches.

m printf(" %d fathoms\n", fathoms);
This printf() statement has two arguments:

" %d fathoms\n" and fathoms

Note that they are separated by a comma. The first argument in a printf()
function is always a string, called the control string. In this example the
control string contains the conversion specification %d. A conversion
specification is also called a format. The format %d causes the value of the
expression in the second argument, in this case the variable fathoms, to be
printed in the format of a decimal integer. Ordinary characters in a control
string—that is, characters not comprising a format—are simply printed on
the screen. Notice that the control string in this example begins with three
blank spaces, causing the line being printed to be indented. The remaining
printf() statements in the program are similar to this one.

In C, all variables must be declared before they are used in expressions and state-
ments. The general form of a simple program is
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preprocessing directives
int main(void)
declarations

statements

}

At the top of the file we might have preprocessing directives such as #i nclude
lines. In the body of main(), the declarations must come before the statements.
The declarations tell the compiler what kind of data can be stored in each of the
variables. This enables the compiler to set aside the appropriate amount of mem-
ory to hold the data. We have already seen the use of integer data. Shortly, we dis-
cuss character data and floating data. The statements in the program carry oul
the desired computations and display information on the screen.

A variable name, also called an identifier, consists of a sequence of letters, dig-
its, and underscores, but it may not begin with a digit. Identifiers should be cho-
sen to reflect their use in the program. In this way they serve as documentation,
making the program more readable. After variables have been declared, they can
be assigned values and used in expressions.

Certain keywords, also called reserved words, cannot be used by the program-
mer as names of variables. Examples of keywords are char, int, and float. In
Chapter 2, “Lexical Elements, Operators, and the C System,” we present a table of
all the keywords. Other names are known to the C system and normally would not
be redefined by the programmer. The name printf is an example. Because it is
the name of a function in the standard library, it usually isn’t used as the name of
a variable.

Expressions typically are found on the right side of assignment operators and
as arguments to functions. The simplest expressions are just constants, such as 6
and 12, which were both used in the previous program. The name of a variable
alone can be considered an expression, and meaningful combinations of opera-
tors with variables and constants are also expressions.

Among the many operators in C are the binary arithmetic operators,

+ - ¥ / % #
used for addition, subtraction, multiplication, division, and modulus, respectively.
These are called binary operators because they act on two operands, as in the
expression

a+b

Here, the operator + is acting on the two operands a and b. An expression such as
this has a value that depends on the values of a and b. For example, if a has value
1 and b has value 2, the expression a + b has value 3.
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In C, an integer expression divided by another integer expression yields an
integer value. Any fractional part is discarded. Thus 1/2 has value 0, 7/2 has
value 3, 18/4 has value 4, and 29/5 has value 5. Division by zero is not allowed. If
a and b are int variables and one (or both) of them is negative, the value of a/b is
system-dependent (see exercise 5 on page 35).

Most beginning programmers are not familiar with the modulus operator %.
As we shall see, it has many uses in programming. The expression a%b yields the
remainder after a is divided by b. For example, because 5 divided by 3 is 1 with a
remainder of 2, the expression 5%3 has value 2. In a similar fashion, 7%4 has value
3, 12%6 has value 0, 19%5 has value 4, and 33%7 has value 5. In the expression a%b
the value of b cannot be zero, because this would lead to division by zero. The
modulus operator can act only on integer expressions, whereas all the other arith-
metic operators can act on both integer and floating expressions. As with the divi-
sion operator, if either operand of the modulus operator is negative, the value of
the operation is system-dependent (see exercise 5 on page 35).

The keyword char stands for “character.” Variables and constants of type
char are used to manipulate characters. Constants of type char are written within
single quotes, asin 'A' and '1' and "+'. Here is a simple example.

#include <stdio.h>

int main(void)

{
char c;
C:'A';
printf("%c\n", c); /* the letter A 1is printed */
return 0;
}

The output of this program is the letter A followed by a newline character. First
the variable c is declared to be of type char. Then c is assigned the value 'A’.
Finally, the printf() statement causes printing to occur. Notice that the control
string in the argument list for printf() contains the format %c. This causes the
variable c in the second argument to be printed in the format of a character.

In ANSI C, there are three floating types: float, double, and long double.
They are used to manipulate real numbers, also called floating numbers or float-
ing-point numbers. Floating constants such as 1.069, 0.003, and 7.0 are all of
type double, not float. We express this idea by saying that double is the work-
ing floating type in C. A constant of type float is created by adding an F suffix, as
in 1.069F. Similarly, a constant of type Tong double is created by adding an L
suffix, as in -7.0L. Note carefully that the floating constant 7.0 and int constant
7 are different. Although their conceptual values are the same, their types are dif-
ferent, causing them to be stored differently in a machine. The technical details
concerning float and double are discussed in Chapter 6, “The Fundamental Data
Types.”
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Let us next give a simple illustration of the use of floating-point constants and
variables in a program.

#include <stdio.h>

int main(void)

{
float x, vy;
X = 1.0;
y = 2.0;
printf("The sum of x and y is %f.\n", x + y);
return 0;
i

The output of this program is

The sum of x and y is 3.000000.

First the variables x and y are declared to be of type float. Then x and y are
assigned the floating values 1.@ and 2.0, respectively. It is no problem that these
constants are of type double and the variables are of type float. Floating types
can be freely mixed in expressions and assignments. The control string in the first
argument to printf() contains the format %f. This causes the value of the
expression x + y in the second argument to be printed in the format of a floating
number with six digits to the right of the decimal point.

The division of floating values works as expected. For example, the floating
expression 7.0/2.0 has 3.5 for its value. In contrast, the int expression 7/2 has
the value 3 because, with integer division, any remainder is discarded. In a float-
ing expression, division by zero is either disallowed or results in a value that is
not a number (see exercise 11 on page 37).

The modulus operator % works with integer expressions only. If x and y are
variables of type float or double, an expression such as x % y is not allowed.

Typically, an assignment statement is composed of a variable on the left side
followed by an equal sign = followed by an expression on the right side. The
expression can be simple or complicated and can contain function calls. Con-
stants and ordinary expressions are not allowed on the left side of an =. We can
write

a=>b+c;

but not

n+

a+b=c; /*assignment to this expression not allowed*/
2 =c; /*assignment to constant is not allowed*/
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; ':/m__!nitialization

When variables are declared, they may also be initialized. For example, consider
the declarations

char C
int q

1; ,
The variable c is declared to be of type char, and its value is initialized to "A".

The variable i is declared to be of type int, and its value is initialized to 1. As
another example of initialization, the depth program can be rewritten as follows:

#include <stdio.h>

int main(void)
{
int inches, feet, fathoms = 7;

feet = 6 * fathoms;

Whether a variable is initialized depends on its intended use in a program. Typi-
cally, constants or constant expressions are used to initialize a variable. We could
have written

int  inches, feet, fathoms = 3 + 4;

but not

int  inches, feet = 6 * fathoms, fathoms = 7;

The variable fathoms cannot be used before it has been declared; the C language
does not have lopk-ahead capability. In exercise 6 on page 35, we point out a situ-
ation where it makes sense to use a constant expression as an initializer.

7Bl The Use of #define and #include

When the C compiler is invoked, the preprocessor does its work first. Just before
compilation takes place, the preprocessor modifies the source code being passed
to the compiler. For example, files may be included, and specified character
strings in the source code may be changed into other specified strings. The lines
in a program that give commands to the preprocessor are called preprocessing
directives, and they begin with a pound sign, #. A common programming style is
to write the # at the left margin.
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We have already used the preprocessing directive

#include <stdio.h>

This scheme supports the use of standard libraries that are portable across sys-
tems. Such code is reusable and easily maintained.
With a preprocessing directive of the form

#include <filename>

the preprocessor looks for the file only in standard places. In UNIX systems, the
standard header files such as stdio.h, math.h, string.h, and stdlib.h are typically
found in /usr/include. In general, where the standard header files are stored is
system-dependent.

Another form of the #include facility is given by

#include "filename"

This causes the preprocessor to replace the line with a copy of the contents of the
named file. A search for the file is made first in the current directory and then in
other system-dependent places. There is no restriction on what an include file can
contain. In particular, it can contain other preprocessing directives that are, in
turn, expanded by the preprocessor.

Some examples of #define directives:

#define  LIMIT 100
#define  PI 3.14159

If these preprocessing directives occur at the top of a file that is being compiled,
the preprocessor first changes all occurrences of the identifier LIMIT to 100 and
all occurrences of the identifier PI to 3.14159. Whatever is in a string constant
remains unchanged. Thus the preprocessor changes

printf("PI = %f\n", PI); to printf("PI = %f", 3.14159);

Because the identifier PT is replaced everywhere by 3.14159, it is called a sym-
bolic constant.

The use of symbolic constants in a program makes it more readable. More
importantly, if a constant has been defined symbolically by the #def1ine facility
and then used throughout a program, it can easily be changed later, if necessary.
For example, if we write

#define LIMIT 100
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then use LIMIT throughout thousands of lines of code to symbolically represent
the constant 100, it is easy to change the code later. If we want to redefine the
symbolic constant LIMIT from 100 to 18009, all we have to do is to change the
preprocessing directive to

#define LIMIT 10000

This automatically updates all the code; to update the executable file produced by
the program, we have to recompile it.

A #define line can occur anywhere in a program. It affects only those lines in
the file that come after it. Normally, all #define directives are placed at the begin-
ning of the file, just after any #include directives. By convention, identifiers that
are to be changed by the preprocessor are written in capital letters.

We illustrate the use of a symbolic constant in the next section in the program
that computes area.

7B The Use of printf() and scanf()

The function printf() is used for printing formatted output. Similarly, the func-
tion scanf () is used for reading formatted input. These functions are in the stan-
dard library and are available for use wherever a C system resides. Both printf()
and scanf () are passed a list of arguments that can be thought of as

control_string and other_arguments

where control_string is a string that may contain conversion specifications, or for-
mats. A conversion specification begins with a % character and ends with a con-
version character. For example, in the format %d, the letter d is the conversion
character.

The Use of printf()

As we have already seen, the format %d is used to print the value of an expression
as a decimal integer. In a similar fashion, %c is used to print the value of an
expression as a character, %f is used to print the value of a floating expression,
and %s is used to print a string. The formats in a control string are used to deter-
mine how the other arguments are to be printed. Formats that are appropriate for
the arguments should be used. Consider

printf("CGet set: %s %d %f %c%c\n",
"one'", 2, 3.33, 'G"', '0");
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The arguments to printf() are separated by commas. In this example there are
Six arguments:

"Get set: %s %d %f %ckc\n" "one" 2 3.33 'G' o'

The first argument is the control string. The formats in the control string are
matched with the other arguments. In this example the %s corresponds to "one",
the %d corresponds to 2, the %f corresponds to 3. 33, the first %c corresponds to
'G', and the second %c corresponds to '0'. Each format in a control string speci-
fies how the value of its corresponding argument is to be printed. When executed,
the above printf () statement causes

Get set: one 2 3.330000 GO

to be printed. Sometimes it is convenient to write a long printf () statement on
more than one line. Here is an example that illustrates how we can do this:

printf("%s%s\n",
"This statement will print ",
"just one very long Tline of text on the screen.");

The following table describes how the conversion characters in formats affect
their corresponding arguments.

printf() conversion characters

Conversion How the corresponding argument is
character printed

as a character

as a decimal integer

as a fMoating-point number in scientific notation
as a floating-point number

in the e-format or f-format, whichever is shorter
as a string

na H o an

When an argument is printed, the place where it is printed is called its field
and the number of characters in its field is called its field width. The field width
can be specified in a format as an integer occurring between the % and the conver-
sion character. Thus the statement
printf("%c%3c%7c\n", 'A', 'B', 'C');

prints
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A B C

First the A is printed. Then the B is printed in a field of three characters; because
the B requires only one space, the other two spaces are blanks. Then the Cis
printed in a field of seven characters; because the C requires only one space, the
other six spaces are blanks.

For floating values, we can control the precision, as well as the field width. The
precision is the number of decimal digits printed to the right of the decimal point.
In a format of the form %m.nf, the field width is specified by m, and the precision
is specified by n. With a format of the form %mf, only the field width is specified.
With a format of the form %.nf, only the precision is specified. The following
statements illustrate these ideas:

printf("Some numbers: %.1f %.2f %.3f\n", 1.0, 2.0, 3.0);
printf("More numbers:%7.1f%7.2f%7.3f\n", 4.0, 5.0, 6.0);

Here is the output:

Some numbers: 1.0 2.00 3.000
More numbers: 4.0 5.00 6.000

To understand the output, you have to count the spaces carefully. The
printf() function allows the programmer to print neatly on the screen. Nonethe-
less, getting printout to look right can be very tedious.

The Use of scanf()

The function scanf () is analogous to the function printf () but is used for input
rather than output. Its first argument is a control string with formats that corre-
spond to the various ways the characters in the input stream are to be interpreted.
After the control string, the other arguments are addresses. The address of a vari-
able is the place in memory where that variable is stored. (Addresses and pointers
are explained in detail in Chapter 8, “Functions, Pointers, and Storage Classes.”)
The symbol & represents the address operator. In the example

scanf("%d", &x);

the format %d causes input characters typed at the keyboard to be interpreted as
a decimal integer, and causes the value of the decimal integer to be stored at the
address of x.

When the keyboard is used to input values into a program, a sequence of char-
acters is typed, and a sequence of characters is received by the program. This
sequence is called the input stream. If “123" is typed, the person typing it may
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think of it as a decimal integer, but the program receives it as a sequence of char-
acters. The scanf () function can be used to convert strings of decimal digits,
such as 123, into integer values and store them in the appropriate place.

The following table describes the effects of the conversion characters in for-
mats used with the function scanf ().

scanf() conversion
Conversion
character How characters in the input stream are converted
‘o character
d decimal integer
f floating-point number (float)
1f floating-point number (double)
Lf floating-point number (Tong double)
s string

Caution: With printf(), the %f format is used to print either a float or a dou-
ble. With scanf(), the %¥f format is used to read in a float, and %1f is used to
read in a double, (We will you again about this later in Section 1.10, “Common
Programming Errors,” on page 26.)

Let us write a program in which the user is prompted to input her initials fol-
lowed by her age. We use the scanf () function to read the input characters typed
on the keyboard, to convert them to appropriate values, and to store the values at
specified addresses.

#include <stdio.h>
int main(void)

char first, middle, last;
int age;

printf("Input your three initials and your age: ");
scanf ("%c¥%ck%ckd", &first, &middle, &last, &age);
printf("\nGreetings %c.%c.%c. %s %d.\n",

first, middle, last,

"Next year your age will be", age + 1);
return @;

}

Notice carefully that the arguments passed to scanf() are

"%CHcH%cwd™ &first &middle &last &age
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The first argument is the control string. Each format in the control string corre-
sponds to one of the remaining arguments. More explicitly, the first format is
a %c, and it corresponds to &fi rst, which is the first argument following the con-
trol string; the second format is a %c, and it corresponds to &middle, which is the
second argument following the control string; and so forth. After the control
string, all the arguments passed to scanf() must be addresses. The address oper-
ator & applied to a variable yields its address.

Suppose we execute the preceding program and input CBD and 19 when
prompted. Here is what appears on the screen:

Input your three initials and your age: CBD 19 Greetings
C.B.D. Next year your age will be 20.

When reading in numbers, scanf() skips white space (blanks, newlines, and
tabs), but when reading in a character, white space is not skipped. Thus the pro-
gram does not run correctly with the input CB D. Instead, the third character is
read in as a blank, a perfectly good character, and then scanf () attempts to inter-
pret the character D as a decimal integer, causing the program to misbehave.

The preceding program is not robust. After all, if the user is asked to type in
initials, the program should accept white space between them. This can casily be
done in C with the help of string variables, a topic that we cover in Chapter 10,
“Strings and Pointers.”

In our next program we use a #define preprocessing directive to define a
symbolic constant. Then we use scanf() to read in a value from the keyboard and
printf() to print on the screen. In this program we are particularly concerned
with the %1f and %f formats.

#include <stdio.h>
#define PI 3.141592653589793

int main(void)
{

double radius;

printf{("\n%s\n\n%s",
"This program computes the area of a circle.",
"Input the radius: ");
scanf("%1f", &radius);
printf("\n%s\n%s%.2f%s%.2f%s%.2f\n%s%.5fF\n\n",
"Area = PI * radius * radius",
" "CPT, UM oradius, ™ * Y, radius,
= ", PI * radius * radius);

return @;
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Suppose we execute this program and input 2.333 when prompted. Then the fol-
lowing appears on the screen:

This program computes the area of a circle.
Input the radius: 2.333

Area PI * radius * radius

3.14 * 2.33 * 2.33

17.09934

[N TR

A manual calculation shows that 3.14 x 2.33 x 2.33 equals 17.046746, which
does not agree with the result printed by our program. The reason for this is that
PI and radius are printed with only two digits to the right of the decimal point,
whereas their values in memory have more precision.

Note carefully that we used a %1f format in the control string that reads in a
double in the call to scanf(). If we change the type of the variable radius from
double to float, we must change the %1f to %f; no change would be necessary in
the control string used in the call to printf(). The 1f in the format %1f stands
for “long float.” In traditional C, the type Tong float was synonymous with dou-
ble. In ANSI C, the type Tong float does not exist although some implementa-
tions still accept it.

Another difference between printf() and scanf() concerns the int value
returned by each of these functions. When printf() is called, the number of
characters printed is returned, whereas when scanf() is called, the number of
successful conversions is returned. In Section 1.8, “Problem Solving: Computing
Sums,” on page 23, we illustrate a typical use of the value returned by scanf().
Although programmers rarely use the value returned by printf(), it certainly is
easy to do so (see exercise 18 on page 39).

For complete details concerning printf(), scanf(), and related functions,
see Chapter 13, “Input/Output and Files.”

/Al The while Statement

Statements in a program are normally executed one after another. This is called
sequential flow of control. C provides the while statement to perform a repetitive
action instead of a sequential flow of control.

Counting, adding, searching, sorting, and other tasks often involve doing
something over and over. In this section we illustrate how a while statement can
be used to perform a repetitive action. In so doing, we also reiterate many of the
other ideas already presented in this chapter.

The following program uses a while statement to add the consecutive inte-
gers from 1 to 10. In the dissection that follows, we explain how the whiTe state-
ment works.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































