Lecture 4

Functions
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Today’s Topics

eFunction

eScope

eParameter Passing
Modular Programming
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Functions

« Function is a "black box", a mini program with
— aset of inputs
— an output
— a body of statements

e It performs one well-defined task
— (e.g. printf only do the printing process)
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Figure 4-3: Function concepts
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Example: Calculate the average of four numbers (a,b,c and d)

Four pieces of data go in

a b c d

<=

One piece of data come out
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Three steps in using functions

1. Declare the function:

Known as function declaration or function prototyping.
Write a function prototype that specifies:

- the name of the function

- the type of its return value

- its list of arguments and their types

2. Define the function:

Known as function definition or function implementation.

Write the block of statements (body) of the function to define processes
should be done by the function.

3. Call the function:

Known as function call or function invocation.
Call the name of the function in order to execute it.
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Figure 4-4: Declaring, calling and defining functions
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« A called function receives control from a calling function.
* When the called function completes its task, it returns to
the calling function.

*The function main() is called by the operating system (OS).
When it is complete, control returns to the OS

Chapter 4:Functions| scP1103 Teknik Pengaturcaraan C | Jumail, FSKSM, UTM, 2005 | Last Updated: September 2005 Slide 7

Declaring a function

return_type function_nanme ( formal _paraneter list );

= The syntax of a function declaration (formally called
prototype) contains:
— The type of the return value of the function
e if the function does not return anything, the type is void
« if return_type is not written the Compiler will assume it as int

— The name of the function
* same rules as for variable naming

— Alist of formal parameter made up of its names and its types.
They are enclosed in parentheses

— The prototype must be terminated by a semicolon

= Function prototypes are usually written between the
preprocessor directives and mai n() .
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Examples of function prototypes

e float avrg(int numl, int nun2, int nunB);
— Function avr g takes three integers as parameters and returns a floating-
point value.

e void mx( double numl, int nunR);

—  This function receives a double and an integer value as parameters. But,
it does not return any value.

e void greeting( void );
—  This function does not receive any parameter and also does not return
any value.

e calculate();
— The return type and the formal parameters are not written.
— This function does not receive any parameter. It returns an integer
value.
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Defining a function

e The syntax of a function definition is:

function header

N
r h

return_type function_nanme (formal paraneter |ist)

statenents;
return an_expression;

The header is similar to
} \ prototype but no semicolon

If the return_type is not voi d, the function must
have ar et ur n statement.

function body

But, if the return_type is voi d, the return
statement is optional or just put r et ur n; (without
an_expression)
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Calling a function

e The name of a function is called in order to
execute the function.

e A called function receives control from a calling
function.

< When the called function completes its task, it
returns to the calling function.

e The called function may or may not returns a value
to the calling function
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Functions that return a value can be used in an expression or as a
statement.

Example:
if given function defintion as below:

float avrg(int a, int b, int c)
{
return (atb+c)/3.0;

}

All function calls below are valid
result = avr g( 1, 2, 3) + avr g( 4,5, 6) } // function calls are
// used in an expr essi on
avrg(l, 2,3); //function call is used as a statement

printf(“The average is % 2f”, avrg(1,2,3) );
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void function cannot be used in an expression because it does not
return any value. It can only be used as a statement.

Example:
if given function defintion as below:

voi d greeting(void)
{
printf("Hello");
return;

Function call below would be an error

result = greeting(); //Error! greeting() is a void function
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e Formal parameters are variables that are declared in the
header of the function definition

e Actual parameters are the expressions in the calling
statement

= When making a function call, the formal and actual
parameters must match exactly in type, order and number.

* The parentheses is compulsory, even when no parameters
present. This is the way, how the compiler knows an
identifier either it is a function or a variable.

— Example:

greet i Nng; // Error. greeting is a function. So, it must have the ()
// eventhough no parameter present
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Figure 4-5: voi d function with parameters
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Figure 4-6: Function that returns a value
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Function that calls itself is known as recursive function

Example:

int factorial (int n)

if (n>1) return n * factorial(n-1);
return 1;

}

This function calculates the factorial of n,
nN=nx(M-1)x{M-2)x.. 2x1

At the first statement of the function definition, the function
calls itself.
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return statement

e A function returns a computed value back to
the calling function via a r et ur n statement.

e A function with a non-voi d return type must
always have a r et ur n statement.

e Code after ar et ur n statement is never
executed.
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The following function always returns 10.

int square (int n)

{

. This line causes the control
—
r et urn 10’ back to the calling function and

ignores the rest of lines.

n=n-=wn;
>These two lines
return n; are ignored and

} never executed
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Local & global variables

e Local variable is a variable declared inside a
function.

— This variable can only be used in the function.

= Global variable is a variable declared outside
of any functions.

— This variable can be used anywhere in the
program.
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Example: Local vs. Global

#i ncl ude<st di 0. h>

voi d print_nunber(void)-

H . p is declared outside of all
rnt p; < functions. So, it is a global
variable.

void main (void)
{
int g =5«

q is declared inside the
function main. So, it is a local
variable to the function.

p can be used anywhere
voi d print_nunber (voi
{

rintf(“%”, p);
P ( P Error! g can only be used in

q = q4i—5—'/ the function main, because it
is a local variable.
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Example: Local vs. Global

#i ncl ude<st di 0. h>

int p=10; «— Global and local variables use

the same name, p. They are
valid statements.
void main (void
int p=5;
Which p will be used? The
printf(“p=%", p); € global or local?> When this
} happen, the local variable is
more dominant. So, the value

of local variable p=5, will be
| used.

| Qut put: p=5
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Example: Local vs. Global

#i ncl ude<st di 0. h>

doubl e conput e_average (int nunil, int nun);

void main (VOi d) Same variable names?!?
--it”s OK; they’re local to
{ their functions. Compiler treat
doubl e aver age; them as different variables.
int agel = 18, age2 = 23;
average = conpute_averagefagel, age2);
return O;
}

doubl e average (int nunil/ int nung)

{
doubl e aver age;
average = (numl + nunR) / 2.0;
return average;

}
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Scope

= Scope determines the area of the program in which

an identifier is visible (ie. the identifier can only be used
in that area)

e Remember, identifier can be a variable, constant,
function, etc.

e Examples:

— Scope of a local variable : only in the function body where
it was declared.

— Scope of a global variable : everywhere in the program.
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« Scope that enclosed in { } is called a block.

e |nner block can use identifiers that were declared

outside of it.
— eg. Any function

e But outer block cannot use identifiers that were
declared in inner block.

= Any block cannot use any identifier that was
declared in other block.

— eg. You cannot use any local variable from a function in
another function.

Scope

can use any global variables.
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Figure 4-23: Scope for global and block areas
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Example: Scope of inner and outer block and function

#i ncl ude <stdio. h> 'L}’O‘ d fun(void)

voi d fun(void); ga2bbLl i'—’: nazhrs

—P int a=1 , b=2;

void mai n(voi d) —- | ,print (“a=%l", a);
{ /1 outer block LTS E;Z —print (“b=%l",b);

» int b=3, c=4;

>

i

print (“c=%l",c)

) :

P fun(); |
pprintf(“a=%", a); | output: a=1 |
{ /1 inner bl ock Error! Variable ¢ was declared in
int d=5; the function main. It cannot be
used outside of the function.

printf(“c%l", c); | output: c=4

printf(“d=%", d); =5
d=0Db + 10; [ 4=3+10=-13
}
. Error! Variable d was declared in
« =0/ .
printf(“d=o4",d); «— 1 the inner block. It cannot be used
} in the outer block.
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Parameter Passing

e To call a function, we write its name and give it some
information which are called parameters.

= Giving information to a function call is called
parameter passing.

e You have learnt these:
— formal parameters —parameters that are used in function
definition
— actual parameters —parameters that are used in function call

Last Updated: September 2005 Slide 28
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Parameter Passing

< In order to pass parameters, the actual and formal
parameters must match exactly in type, order and
number.

— Eg. If you have defined a function with its formal parameter as an
“output parameter”, you must use the ampersand (&) for its
actual parameter when you call the function. Otherwise you will
get a syntax error “Type mismatch”

e Two types of passing:
— Pass by value
— Pass by reference
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Pass by Value

< When a data is passed by value, a copy of the data
is created and placed in a local variable in the
called function.

» Pass by value does not cause side effect.

— After the function call completed, the original data remain
unchanged.
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Figure 4-14: Pass by value
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Pass by Value

* You have been introduced with the term “input
parameter” in Tutorial 4. This type of parameter is
passed using “Pass by Value™.

= When passing an expression, the expression is
evaluated first, then the result is passed to the
called function.
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Passing expression by value

" Prototype Declarations * IL

vobd Tun (int num 1},

int main (void)

H . - .
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int a=3§; a+3
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result is copied and
recurm € placed into parameter x

|

t/* main *

!
—pp(void fun {int x}
"+ Statements *

—_—p X=X +3 |yx-g+3-11

rerurm,

} 4 fun*S
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Pass by Reference

= Passing by reference is a passing technique that passes the
address of a variable instead of its value.

— That’s why it is also called Pass by Address

= Pass by reference causes side effect to the actual parameters.

— When the called function changes a value, it actually changes the
original variable in the calling function.

= Only variables can be passed using this technique.

= You have been introduced with the term “output parameter”
in Tutorial 4. This type of parameter is passed using “Pass by
Reference”.

Chapter 4:Functions| scP1103 Teknik Pengaturcaraan C | Jumail, FSKSM, UTM, 2005 | Last Updated: September 2005 Slide 34




Pass by Reference

e The formal parameter must be a pointer.

Example:
void fun(int *x) // x is a pointer variable

{
/1 function body

}

e The actual parameter must be an address of a
variable.

Example:
int n;
fun(&n); // & neans “address of variable n”
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Figure 4-15: Pass by

reference
® Prototyvpe Declarations ®

void fum {inl ¥x}

int main {void)
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P
—p] inta=s Address a
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Statef ns © Passing by reference
_’ T (&a) / causes side effect | e ‘-\-._\_\_\'
=P print{{"%din", dl; &Etﬁffmﬂ'_l'l_ﬂf__;
H\-\-"'I_|—
return 1 Prints M“\,

s, CORRD

void fun I:Irl; N IZI B
! ]

* Statemcnts */

a=5+3=8
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Pointer

« How the passing by reference works? To understand
this, let’s look first at the concept of pointer.

 What we have used so far is normal variables or also
called data variables. A data variable contains a
value (eg. integer number, a real number or a
character) .

e Pointer is a variable that contains the address of
another variable. It also known as address variable.
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Pointer

= Since pointer also a variable, it is declared like the data
variable. The difference is, need to put the asterisk (*) .

Example:
int n=5; // nis a normal variable (or data variable)
int *p = &n; // p is pointer that holds the address of variable n
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Pointer

= There are two special operators for pointers: address operator
and indirection operator.

= Address operator, &
— Get the address of a variable
— Example: &n
meaning: “give me the address of variable n”

= Indirection operator, *

— Get the value of variable where its address is stored in the
pointer.

— Example: *ptr

meaning: “give me the value of variable where its address is stored
in the variable ptr”

— Pointer declaration also uses the asterisk (*) . Don’t get
confused. Pointer declaration and indirection operator are
different.
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Address and Indirection operators

voi d mai n(voi d)
{ int a = 5;
int *ptr = &a;

printf("% ",ptr);
prin 34 * 52,

printf( "% ", &ptr);

Memor

: " " . Prints 5.
0, *
printf("o ", *ptr); This is how it works. ptr contains 2000. T
Go to the address 2000 and get its content
=> 5. Means that, the value of *ptr is 5. Address of each variable is
[ specified by the Compiler.
This means, a = a + 5, because ptr holds The addresses that are
*ptr = *ptr + 5; i shown above are not
» | the address of a. The new value of a is 10
actual addresses. We use
printf("o ", *ptr): Prints 10 them only for examples.
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Now, let”s look

how passing by s ; e & B
TOREHVES LACC AR InE
reference works. | yuid fum {int *x}

int main {void) x

* Local nitin content
- .
—| inta=s Address a variable (address)
aparator The value of a was
g '\-\? i changed in fun.
StatefOns Passing by reference
—Pp  fun {&a) / causes side effect | =" > What is copied
—Pp primt " %din™, ak; \_QEI&fE!'EI'I is the add_ress
S = of a, not its
\“-u.—.__ content.
return 1 Prints ““‘-\'

Tips:

vold fun K X receives the :
— \Im LR s of B TG = X s equal to &
% *X isequal toa
'. What really happen at this line is:
——— a=a+3 (*x is equal to a)
a=5+3=8

*x uses to refer the content of a from x. This is
called indirect referencing (or derefencing)
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Modular Programming
Why do we use function?

» Big programs get complicated. Small programs are
simpler.
» Key idea : Decomposition

— Break big complicated sets of instructions into smaller,
simpler modules
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Other reason: without functions

#i ncl ude<st di 0. h>

voi d mai n(voi d)
{ [/*Farenheit-to-Celsius */

doubl e degF, degC,
printf("Enter degrees F: ");
scanf ("% ", &degF);

/* F-to-C conversion: */
ratio = 5.0/ 9.0; /* We will unify this */
degC = (degF-32)*ratio; /* set of statements to */

/* make a new function. */
printf("% degrees F are % degrees Gn", degF, degC);

What if we need this conversion step in many different places
in our program?
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with functions

#i ncl ude<st di 0. h>

Declare the function

doubl e F_to_C (doubl e degreesF); €—— -Function prototype)

voi d mai n(voi d)
{ [/*Farenheit-to-Celsius */

doubl e degF, degC, rati o;

printf("Enter degrees F: ");

scanf ("% ", &degF); Call the function

degC = F_to_C (degF); <@ whenyouneedit.

printf("% degrees F are % degrees Gn", degF, degC);
}

doubl e F_to_C (doubl e degreesF)
{

const double ratio = 5.0/9.0;
return (degrees-32)*ratio;
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Modular Programming

Main
Module

Module 1
#

Module 2

Modula 3

Madule 15 I Madule 16

—
M Module 2a M Module 3b
s |

Figure 4-1: Structure Chart
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Figure 4-2: Structure chart in C
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Summary

e Function is a sub-program that performs one-
defined task.

e Three steps to do in using function:
— declare the function prototype
— define the function
— call the function

e Function prototype must be terminated with
semicolon, but not for function definition.
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Summary

e Formal parameters are parameters that are
declared in the header of function definition.

« Actual parameters are parameters that are passed
in function call.

e The type, order and number of parameters of
formal and actual parameters must match exactly.
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Summary

Function that returns a value can be used directly in
an expression.

void function can only be used as a statement.

When calling a function, the parentheses is
compulsory, even when no parameter present.

Recursive function is a function that calls itself
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Summary

r et ur n statement does two things:
— returns a value to the calling function
— returns the control of execution to the calling function

Local variable is declared inside a function. It can only be used
in that function.

Global variable is declared outside of any functions. It can be
used everywhere in the program.

Scope determines the area in which an identifier can be used.
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Summary

Parameter can be passed to a function in two ways:
— pass by value
— pass by reference

When passing by value, a copy of the data is created and
placed in a local variable in the called function.

When passing by reference, the address of the variable from
the calling function is sent to the called function.

Variable that is sent using passing by reference may have side
effect, but not for passing by value.

Modular programming can be done by breaking one big
program into multiple smaller functions.
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