Chapter 6

Functions

Objectives:

» Subprograms in C

 Writing and calling a function
» Local and global variables

« Standard Math Functions
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6. Subprograms and C Functions

e A large program is easier to code, manage and maintain if it is
written in a modular fashion.

— Modular program design means that specific tasks are isolated
and coded into separate modules or subprograms.

— In C, a module or subprogram is called a function.

e Modular program design using functions offers many advantages
since functions:

— allow the abstraction of code during program design and
development,

— allow the re-use of code elsewhere in the program or in another
program,

— avoid the repetition of code in the same program or in another
program.
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6.1 The Subprogram

e The subprogram is composed of a name, parameters and an instruction bloc; and it
may return a value

— The parameters are variables used to receive values from the caller
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Calling a subprogram
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Subprogram operation

e A piece of working memory is reserved for and during the execution
of a subprogram

e The parameters and variables are created in the reserved working
memory when the subprogram is executed

e Note that the same name for variables can be used in different
subprograms

— Although the names are the same, the variables are different —
why?

— The variables (and parameters) are local to the subprogram.

— They are in reality associated to different addresses in memory.

e \When the execution of the subprogram is completed, the variables
(and parameters) no longer exist and the working memory can be re-
used (e.g. for the execution of another subprogram)
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Calling a subprogram

e A call to a subprogram can be made within an instruction using the
subprogram name and a set of arguments

— When a subprogram is called, the execution of the calling
subprogram is suspended

— The arguments are expressions that are evaluated to give values

— The argument values are stored in the parameters of the
subprogram to be executed

The order of the arguments correspond to the order of the
parameters
— The subprogram can return values to the calling subprogram (or
calling main program)
This means that a subprogram call can be used in any
expression just like a variable

E.Q. Assign 3+poly(4.2, 3.2, -2.5, 1, 8.8) to z
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The main program
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e The main program operates in the same fashion as a subprogram
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Global Variables
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Global Variables

e Defining a global variable places variables in global memory

— Such variables are not associated to any single subprogram and
exist during the execution of the program

— Global variables are visible to all subprograms
e Use of global variables

— Extensive use of global variables can lead to programs difficult to
understand, debug and maintain.

— For example, it is easier to understand a subprogram when it
recerves values of the caller’s local variables in parameters
Instead of using global variables. It also makes it easier to re-use
the subprogram.

e In this course do not use global variables unless directed to do so.
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6.2 The C Function

e In C, the subprogram is called a function.

e In C, a function is invoked via a function call. A function call begins
with the name of the desired function followed by an argument list
In parentheses. The argument list provides the data to be passed to
the function.

E.g. printf (“Hello World.\n”);
— In this example, the function print £ is invoked through its

name and the argument list contains only one argument to be
passed which is the character string:

“Hello World.\n”
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Invoking (Calling) Functions

e The function, once invoked, executes the desired task with the given
arguments and returns control to the caller when done.

E.g.. #include <stdio.h>

vold main ()

{
int num;
num = 1;
printf (“Value of num: %d\n”, num);

num = 10;
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— In this example, main s the caller of the function
printf.

— Execution in main begins with the assignment of 1 to
variable num

— The function print £ Is then invoked with the
arguments to be passed listed between parentheses.

— Execution is now within the function print £ which
prints out the arguments to the screen.

— Once printf has completed its task, program control
IS returned to main.

— Execution continues with the last command In main,
which is the assignment of 10 to the variable num
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e Execution flow with many function calls:

e Functions can also return a value back to the caller.
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6.3 Standard Functions in C

e There exists in C a standard library of functions which are available
for general use.

— Avoid re-inventing the wheel! Familiarize yourselves with the C
standard functions and use them. The standard functions are
defined by ANSI (American National Standards Institute) and are
available with any C compiler that adheres to the ANSI C
standard.

— We find in the standard library: mathematical functions,
Input/output functions, file manipulation functions and functions
to manipulate character strings, among others.

— The course textbook (Appendix A) lists and describes some of the
C standard functions

»printfand scanf are ANSI C standard functions.
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Standard Math Functions

e The course textbook contains a list and description of standard C math functions
(see appendix A).
— The most popular math functions are available.
e The preprocessor directive #include <math.h> provides the C compiler with

definitions used by the standard math functions in the program. This directive is
normally placed after the directive #include <stdio.h> beforemain ().

e All standard math functions except three (frexp, 1dexp and modf) require
arguments of type double and all standard math functions return a number of
type double.

e The value returned by a math function can be

— assigned to a variable for future use:
X = sin(angle);

— used in an arithmetic expression, or as an argument sent in to another function:
c = sqgrt(PI + pow(z, 3.0) );

e An argument to a math function can be a symbolic constant, a variable or a
mathematical expression.
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e The rules of promotion are applied to the arguments of math functions if they are not of type
double. These same rules are applied to the value returned by the function if it is not
stored into a variable of type double.

e Some of the most commonly encountered math functions:
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-1<x<1 and -nt/2<return<m/2, In radians.
-1<x<1 and O0<return<m, in radians.
-rt/2<return<m/2, in radians.

Hyperbolic functions.
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(
- E.g. ceil (9.0) vyields9.0 ~
ceil (9.2) yields10.0
ceil (9.5) vyields10.0
ceil (9.8) yields10.0 _
ceil (=9.8) yields-9.0 > Returns an Integer as a double.
ceil (-9.5) yields-9.0
ceil (-9.2) yields-9.0
ceil (-9.0) yields-9.0
e The function floor (x) rounds x to the largest integer that is less than or equal to x.
- E.Q. floor(9.0) vyields9.0
floor (9.2) vyields9.0
floor (9.5) vyields9.0
floor (9.8) vyields9.0 .
floor (-9.8) yields-10.0 > Returns an integer as a double.
floor (-9.5) Yyields-10.0
floor (-9.2) Yyields-10.0
floor (-9.0) Yyields-9.0
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Generation of Random Numbers

e Random numbers are often used to simulate a random process, such as a coin toss
or a dice roll.

e The standard functions rand () and srand () can be used to generate a pseudo-
random sequence of numbers. These sequences are called pseudo-random since the
numbers eventually start repeating themselves.

e The function rand () Is of type int, thus it returns an integer, and it does not
require an argument.

— The integer returned by rand () Is contained between 0 and RAND MAX
where RAND MAX Is a symbolic constant.

— The value associated with RAND MAX, defined in stdlib.h (#include
<stdlib.h>), Is usually 32767.

e From one execution to another, rand () generates the same sequence of pseudo-
random numbers. This sequence can be changed via the function srand () which
changes the root or the seed of the random number generator.

— The function srand () does not return a value.
— The function srand () requires one argument which is a positive integer of
type unsigned int (default value of the seed is 1).
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Sequences of Random Integers

e \\e often wish to generate a sequence of random integers that are
within a prescribed range. The modulus operator % is quite useful for

this task.
E.g.. int integer;
integer = rand() % 8; » 0 <Integer <7
integer = 1 + rand() % 6; » 1 <iInteger <6
integer = rand() % 51 - 25;— -25<Integer <25
e The following general formula can be used to generate random
Integers within the range  a < integer < b:
int a, b, 1nteger;
integer = a + rand() % (b - a + 1);
— The expression (b - a + 1) specifies the width of the range
and a specifies its beginning.

Fall 2011 GNG1106-Mod6-19




Sequences of Random Real Numbers

e \\We often wish to generate a sequence of random real numbers that are
within a prescribed range.

— The following bit of code will produce a random real number within the
range: x<real no<y.

float x, y, real no;

/* Random real number in the range 0.0 to 1.0. */
real no = (float) rand() / RAND MAX;

/* Scale to reduce the range to 0.0 to y - x. */
real no = real no * (y—-x);

/* Add x to displace the range to x to y. */

real no = real no + Xx;

e Note that we may also work with numbers of type double.
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6.4 Definition of Functions

e It is possible to program your own functions in C; this is called function
definition. The syntax of a function definition in C is:
type function name (parameter list)/

{

C declarations Careful: there i1s no ; here.
C commands

}

— The function header describes the communication channel that will be
established with the caller.

— The name of the function is created from the same symbols as a
variable name.

— The type of the function identifies the type of the value returned by the
function.

> If type is void then the function returns nothing to the caller.

> If type Is omitted then the compiler assumes that the function
returns an int.
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Function Parameters and Variables

| The parameter list contains the declaration of the variables to receive
arguments passed to the function.
» Individual declarations are separated by , (commas).

» If the function does not receive arguments then the parameter list
IS of type void.

» If the type of a parameter is omitted then the compiler assumes
thatitisan int.
e All variable declarations and instructions in the function are placed
between {}, I.e.an instruction bloc.

» All variables declared in a function are local; this means that they
are not available and are not known outside of the function where
they are defined.
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Returning from a Function

e There are 3 ways of returning program control from a function back

to the caller:
1. Reaching the end of the function as delimited by the }

2. By executing the command: return;
3. By executing the command: return expression;
— Mechanisms 1 or 2 are used in a function that does not return a
value to the caller; i.e: functions of type void.

— Mechanism 3 must be used in a function that returns a value to
the caller; expression must evaluate to a value having the

same type as the function declaration.
e A function cannot be defined within another function.
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Example

e \Write a function that accepts three float
numbers and returns the average

e Write the main() function that prompts the
user for 3 numbers, call the function, receive
the result, and prints the result on the output
screen.
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e Example: a simple function that prints out Hello \World! to the screen.
vold hello(void)

{
printf (“Hello World!\n”);

}
e Example: a simple function that prints out the largest of 2 integers to the screen.

volid prtmax (int a, int b)

{

if (a > b)
printf (“%d is the largest integer.\n”, a);
else
printf (“$d is the largest integer.\n”, b);
}

e Example: a simple function that returns the largest of 2 integers to the caller.
int max(int a, 1int b)
{

if (a > b)
return a;
else
return b;

}
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e Example: a simple function that returns the largest of 2 integers to
the caller.

— Performs the same task as the previous example but in better

style.
int max(int a, 1int b)
{
int largest;
1f (a > b)
largest = a;
else
largest = b;
return largest;
}
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Function Prototypes

The syntax of a function prototype is:
type function name (type, type, .. , type);
o ™~ .
The prototype: Careful: there is a ; here.
— declaresthat main () will call the function: function name,
— defines the type of the value returned by the function,

— Identifies the number of parameters and the order of the types passed to the
function.

The prototype of a function must have:
— the same name as in the function definition,
— the same function type as in the definition,
— the same number of parameters as in the definition, and
— the same order of parameter types.
— The parameter names are optional.

The function prototypes are usually listed after the preprocessor directives but
before void main () inthe program file.

Fall 2011

filo, | GNG1106-Mod6-27

IVERSITY OF OTTAWA {57 i
ineering W's



e The prototypes for our simple example functions are:
vold hello(void);
vold prtmax (int, int);

int max(int, 1int);

e Heading files such as stdio.h,math.hand stdlib.h contain
among other things, function prototypes for the standard C functions.

e Function prototypes are not required in a C program but you are
strongly encouraged to include them for all functions called in the

main program since they:
— help others understand your program file,
— can help avoid errors when calling the function.
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On the Passage of Arguments to a Function

e In many high level programming languages, there exists 2 ways of

passing data to the function being called:
— Pass by value.
— Pass by reference.

e In apass by value, the argument is a value Is passed to the function
(placed in a parameter); thus any source of the value remains
unchanged in the caller even if the corresponding parameter is
modified in the called function. Arguments can be expressions that
are evaluated to values.

e In a pass by reference, the argument is an address to a value in
memory passed to the function (placed in a parameter); thus the
contents of the address (e.g. variable in the calling function) will be
changed in the caller if the contents are modified in the called
function.
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On the Passage of Arguments to a C Function

e In C most arguments use pass by value;

— 1t Is possible however to make a pass by reference using
addressing operators (as we have seen with scanf) and

— as we shall see later, arrays and strings are passed by
reference.

e The rules of promotion are applied to mixed type
arguments and to the type returned by the function.
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Local Variables: Variables Declared in a C Function (including main())

e All variables declared in in a function within the opening { and closing } of the
function’s instruction block are local to the function:
— Known to the function and not known in other functions in the program.
— The function parameters are also local variables.

Global Variables

e All variables declared outside of function instruction blocks (usually before
main () and usually after the function prototypes) are:
— Known to all of the functions defined in the same C file.
e Global variables should be avoided since:

— A global variable does not appear in the parameter list of the function
definition; hence, the function definition is not as clear as it can be; i.e: the
I/O’s are not properly described.
— A global variable modified “by accident” in a function will appear modified
everywhere else, rendering program debugging more difficult.
e A global variable should be used only in exceptional circumstances; i.e: only when
the readability of the code would be greatly improved or when the algorithm
prescribes it.
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Example

#include <stdio.h> _
int x = 10; < Global variable

vold main ()

{

int x; < Local variable
x = 1;
printf (“x = Sf£”, x);

}

Void fn ()

{

printf (“x st”, x);
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