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Functions

ed earlier that one of the strengths of C language is C functions. They
use. We have used functions in every program that we have discusse

have been primarily limited to the three functions, namely, main, pr
chapter, we shall consider in detail the following:

ion is designed?

ion is integrated into a program?

more functions are put together? and

communicate with one another?

can be classified into two categories, namely, library functions and u
ns. main is an example of user-defined functionis, printf and scanf belon
of library functions. We have also used other library functions such as s
at, ete. The main distinetion between these twe eategories is that library fune
not required to be written by us whereas a user-defined funetion has to be develo
the user at the time of writing a program. However, a user-defined function ean later becg
4 part of the C program library. In fact, this is one of the strengths of C language. }

[9:2] NEED FOR USER-DEFINED FUNCTIONS

As pointed out earlier, main is a specially recognized function in C. Every program

have a main funetion to indicate where the program has to begin its execution. Whi
possible to code any program utilizing only main function, it leads to a number of pro
The program may become too large and complex and as a result the task of debu
testing, and maintaining becomes difficult. If a program ig divided into functional pig
then each part may be independently coded and later combined into a single unit. TIZ
independently coded programs are called subprograms that are much easier to unde SHiS
debug, and test. In C, such subprograms are referred to as 'functions’. .

..J. g

f the program. All that the program knows about a
9mes put,
thetigng,

, Consider a set of statements as shown below:

_.
ii
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There are times when certain type of aperations or caleulations are repeated at many
points throughout & pregram. For instance, we might use the factorial of a number at several
peints in the program. In such situations, we may repeat the program statements wherever
they are needed. Another approach is to design a function that can be called and used when.
ever required. This saves both time and space,

This “division” approach clearly results in a number of advantages,

L It facilitates top-down medular programming as shown in Fig. 9.1. In
- ming style, the high level logic of the overall problem
* each lower-level function are addressed later.
2. The length of a source program can be reduced by using functions at appropriate
places. This factor is particularly eritical with microcomputers where memory space is
limited.
. It is easy to locate and isolate a faulty function for further investigations,
4. A function may be used by many other programs. This means that a C programmer

can build on what others have already done, instead of starting all over again from
seratch,

this program-
iz solved first while the details of

AMULTI-FUNCTION PROGRAM

Nction is a self-contained block of code that performs a particular task. Once a function
85 been designed and packed, it can be treated as & ‘black box’ that takes some data from
. Toain program and returns a value. The inner details of operation are invisible to the rest
function is: What goes in and what
Every C program can be designed using a collection of these black boxes known as

veid printline(vaid)
{

int i;
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Modular programming is a strategy applied to the design and development of soft--
ware systems. It is defined as organizing a large program into small; independent
program segments called modules that are separately named and individually
callable program units. These modules are carefully integrated to become a soft-
ware system that satisfies the system requirements. It is basically a "divide-and-
conguer” approach to problem solving.

251 e b= e b v nme iy it iRt

Modules are idenified apd designed such that they can be organized into a
top-down hierarchical struciire (similar to an organization chart}. In C, each mod-
ule refers to a function that w.. responsible for a single task. &

Some characteristics of modular programming are:

. Each medule should do only one thing.

Communication between modules is allowed only by a calling module.
A module can be called by one and only ane higher module.

. No communication can take place directly between modules that do not have £
calling-called relationship. :

All modules are designed as single-entry, single-exit systems using control struc- |+
lures, .

B

[8:4] ELEMENTS OF USER-DEFINED FUNCTIONS

3

We have discussed and used a variety of data types and variables in our programs so!
However, declaration and use of these variables were primarily done inside the main
tion. As we mentioned in Chapter 4, functions are classified as one of the derived data t;
in C. We can therefore define functions and use them like any other variables in C pro

It is therefore not a surprise to note that there exist some similarities between functionss
variables in C,

* Both function names and varizble names are constdered identifiers and therefore they must d
to the rules for identifiers. ¥
* Like variables, fanctions have types {such as int) associated with them. >
* Like variables, function names and their types must be declared and defined before they are :
a program. ;

In order to make use of a user-defined function, we need to establish three elements thi
related to functions.

1. Function definition.
2. Function call.
3. Function declaration.

The function definition is an independent program module that is specially wri
implement the requirements of the function. In order to use this function we need to L

' User:Defined: Funcsions . -

287

it at a required place in the program. This is known as the function call. The pregram {or a
function) that calls the funetion is referred to as the calling program or ecalling function. The
calling program should declare any function (like declaration of a variable) that is to be used
later in the program. This is known as the function declaration or function prototype.

[9.5] DEFINITION OF FUNCTIONS

A function definition,
. elements;

l. function name;

2. function type;
3 list of parameters;
i+ A local variable declarations;
- 5. function statements; and
“1. 6. aretumn statement,

also known as function implementation shall include the following

e

M the six clements are grouped into two parts, namely,

* function header (First three elements); and
, * function body (Second three elements).

.w..wmaﬁ& format of a function definition to implement these two parts is given below:

—_—

H function_type function name(parameter Iist)

w : _..... * - h

. lacal variable deciaration;
1 executable statementl:

; executable statement?;

LI

i : réeturn statement;

e I e L N R T R T 8 G D L) A T

L0 B

M._.Hﬂﬂ line funection_type function_name(parameter list) is known as the function

er mma the statements within the opening and closing braces constitute the function
# which is a compuund statement.

._1...... ion Header

..mE_n_mma: header consists of three
function name and the
+of the function header.

parts: the function type {(also known as refurn type),
formal parameter list. Note that a semicolon is not used at the

me and Type

; M.,_.n_.ame; type specifies the type of value (like foat or double) that the function is ex-

return to the program calling the function. If the return type is not exphcitly
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The second form of return with an expression returns the value of the expression. For
example, the function

int mul (int x, int y) -
{

int p;

P = x'y;

return{p);’

Iy

i
¥

=4

} .
reiurns the value of p which is the product of the values of x and ¥. The last two statemen
can be combined into one _mJ.sQﬂmi_. as follows:

S S return (x*y); .
A function may have more —._wm_.._ one return statements. This situation arises when the va
returned is based on certaid conditions. For examples. -fixx* e a0
R
“return(0); -
else
return(l):

When a value is returned, it is automatically cast to the function’s type. In functions t
do computations using doubles, yet return ints, the returned value will be truncated to.
integer. For instance, the function

int product (void)
{

} 3
will return the value 7; only the integer part of the result, .

return (2.5 * 3.0);

{9.7] FUNCTION cALLS®

g . 5 p : o
A function can be called by simply using the function name followed by a list of actual A
rameters {or arguments), if any, enclosed in parentheses. Example; =

main{ )}
; {
: int y;

. ¥ = azgﬁhﬂ-mww -
Cprintf(*szd\n", y);
} .
When the compiler encounters a function call, the control is transferred to the funcii

mul(). This function is then executed line by line as described and a value is returned
a return statement is encountered. This value is assigned to y. This iz illustrated bié

/* Function call */

- UseriDisfsed F, 4271
main ()
[

L
int y;

i ml(10,5); /% call*/ -—
)

.J_.
N :
int mul{int x,int ype—m— |

int p;

/*1ocal variable*/
p=at ¥y f* %=10, y=5%

return {p);

W

sint mul(int x, int y)

hich are assigned to x and y respectively. The function computes the product x and v,
ssigns the result to the local variable p. and then returns the value 25 to the main where it
assigned to y again.
“There are many different ways to call a function. Listed below are some of the ways the
netion mul can be invoked.

mul {10, 5)

mul (m, 5)

mul {10, n}

mul {m, n}

mul (m + 5, 10}

mul (10, mulim,n})

mul {expressionl, expression2)
Note that the sixth call uses its own call as its one of the parameters. When we use expres-

15, they should be evaluated to single values that can be passed as actual parameters.
i function which returns a value can be used in expressions like any other variable. Fach
8 the following statements is valid:

printf("5d\n", mul(p,q)):
y = mul(p,q) / (p+q);
if (eul(m,n)>total) printf("large");

ever, a function cannot be used on the right side of an assignment statement. For in-
mul{a,b) = Hmm

ion that does not return any value may not be used in expressions; but can be
g.°d in to perform certain tasks specified in the fanction. The function printlinef ) dis-
#d in Section 9.3 belongs to this category. Such funetions may be called in by simply
ting their names as independent statements.
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assumptions are wrong, the linker will fail and we will have to change the program.

“he moral is. that we must always include prototype declarations,
preferably in global declaration section. ; : : .
3 - o [ B :

& clnn_.qaa Finegions

S. functon2()

o

g

P

S .......!u..wna.ﬂm“ru s

TR LA e

Parameters-(also w.....mﬁ?.ﬂ .w.m.mpimsﬁ u_.n.:,_m&._m__..._.n_..am n._mon.m.m :
-1. in declaration (prototy, :
2. in function call, and

3. in function definition. -

5},

&

The parameters used in prototypes and function definitions are-called formal
parameters and those used in function calls are called actval parameters. Actual
parameters used in a calling statement imay be simple constants, variables of ex-

. pressions. o

v

The formal and actual parameters must match exactly in type, order and number,
Their names, however, do not need:to match,

date communication-between: functions
As pointed out earlier, a function
. expression. It can only be used as an

that does not return any value cannot be used

t in an
independent statement,

Write o program with mult
data between them,

| W _..._.onﬂ_i __.:“E p._._,.ma user-defined functions is given in Fig. 9.4. main is the cailing function
j that calls printline and value functions. Since both the called functions eontain no argu-

iple functions that do not communicate any

Emﬁmwrmumﬁummum«mﬂﬂmﬂwnmn_mupmavm_m_: intli _
.v. . - The printline function, when encountered
Prints a line with a length of 35 charaeters as preseribed in the function. The value function

CATEGORY-OF FUNCTIONS

A function, nmﬁmb.ﬁ_m:.m on whether arguments are present or not and whether a v

returned or not, may belong to one of the following categories:

‘Category 1:  'Furictions with no arguments aiid no return values.
_uw.nmwaﬂ_q 2:  Functions with arguments and no return values.
Category 3" Funetions with arguments and one return value.
Category 4:°  Funitions with no arguments but return a value.
Catégory 5: * Functions that return multiple values.

In the sections to follow, we shall discuss .Emmm categories with examples. Note tha
now on, we shall use'the term arguments {rather than parameters) more frequently

[G810] NO ARGUMENTS AND NG RETURN: VALUES

‘When a function has no arguments, it does not receive any data from the calling fu
Similarly, when it does not return a value, the calling function does not receive ai
from the called function, In effect, there is no data transfer between the calling fun

the called function. This is depicted in Fig. 9.3. The dotted lines indicate that there is
transfer of control but not data.

caleulates the value of principal amount after i i
t ! a certain period of vea d pri _
The following equation is evaluated re peatedly: y e

value = principal(1+interest-rate)

Program

/* Function dectaration */
vold printline (veid);
void value (void);

main(}

{
printline(});
value();

printline();
}

s .

Functionl: printline( )

/

veid printline(void) contains no arguments */

* it

int i
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The actual and formal arguments should match in number, type, and order. The <£Eﬂa

actual arguments are assigned to the formal arguments on a one to one basis, starting with

the first argument as shown in Fig. 9.6.

Function
call —=

-~ Called
function

arguments are more than the formal arguments (m > n), the extra actual arguments
discarded. On the other hand, if the actual arguments are less than the formal argum
the unmatched formal arguments are initialized to some garbage values. Any misma
data type may also result in passing of garbage values. Remember, no error message w
generated, :

While the formal arguments must be valid variable names, the actual arguments m
variable names, expressions, or constants. The variahles used in actusl arguments mu
assigned values before the function call is made. B

Remomber that, when a function call is made, only a copy of the values of actual of
ments 1s passed into the ealled function. What oecurs inside the function will have no
on the variables used in the actual argument list. :

Example 9.2 Madify the program of Example 9.1 to include the arguments in the i
tich calls. : 5 i

The modified program with function arguments is presented in Fig. 9.7. Most of the pro
is identical to the program in Fig. 9.4. The input prompt and scanf assignment stal
have been moved from value function to main. The variables principal, inrate,
riod are declared in main because they are used in main to receive data. The funecti
value{principal, inrate, period);

Ppasses information it contains to the function value.

LS At S, LSRR A B S e T S

T, L L o it v AL

e

...._E..?_.u.umw_.:na miﬁ._.onu . — 279

..ﬂ._um function header of value has three formal arguments p,r, and n which correspond to
the actual arguments in the function call, namely, principal, inrate, and period. On ex-
ecution of the function call, the values of the actual arguments are assigned to the corre-
sponding formal arguments. In fact, the following assignments are accomplished across the

fonctien houndaries:

p = principal;
r = inrate;
n = period; -

Program

/* prototypes */ .
void printline {char c);
void value {float, fleat, int);

main{ )

{ :
float principal, inrate;
int period;

i wam e

-

printf{"Enter principal amount, interest®);
printf(" rate, and period Yn®):

scanf("%f %f %d",kprincipal, &inrate, &period):
printline('Z"');

value{principal ,inrate,pericd);

printline('C");

i

¥
void printline{char ch)
{
int 1 ¢
for{i=1; i <= 523 j++#)
printf("%c".ch);
printf("\n*),
1
vaid value(float p, float r, int n)
{
int year ;
float sum ;
sum = p ;
year = 1;
while(year <= n)
{
sum = sum * (I+r);
year = year +1;

-
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- L B "= 3 ..-.qusw
...... :lslllﬁ-‘
void printline{char ch, int len} ¢r ¥ i | uslviid ;
{ s v
= : int i i g £ Zuwe LHIES T H W L i
1 . : for (i=1;i<=len;i++) printf("sc”,ch); walie, Sen 1l output
9 printf{"\n"); Another imporiant chanpe is the inel ‘second argmanent fo prindiies 0
! receive the value of length of thie line from Uie calling Tunction. Thas, the

1.3__2:8_.. p, fleat r, i primiidmel =", S2};
int year;
ﬂnﬂ sum; | #
csUm = p; oyear = 1

H‘_ﬁ_:n?mmﬂ <=n) -

wiicn printline and o=sign ihe

will Eranster the control Lo the
ormal arguments ch, and len;
.n cho= i* ;

len = 52;

Caree,

Csum = sum * (14r):
year = year +1;

We mentioned earlier that n € [imetion retarss a value of the tvpe ind s e defw

A S Ao A ey

| ) b ot 4 LI ¥ Frhen no other type is specilicd explicitiy, For exanple, the fonctiog valae of Byomnt 0
- ret .,.iu.._m_._..: /¥ returns int part of sum */ g & fdoes all caleulations nsing floats hut e v lademint
5 : } g : ; “ - rotpen{sond;
, GUERRE H g : reburnz only the integer part of sem. This i i 1o the b wpir 3 e T
i : & function header. In this cuse, we can nce Ll { i
- Enter principal amount, interest rate, and period B decimal part is insignificunt conpnred 1o (h
" 3000 0.12. 3 . B vhen we may fin :..q EAACLE v bn roeeree the £ gy

FRERRAAREE AR SRR AR K AN I E AR ATERRRA RN D AR RF RS

fnetion that enjewlutes the m

function value in wither floss «»

B Inall such vascs, we inust explieily spec
Fand the pratotype declaration.

fwe have 2 mismatch betwesn 1he type of data that e salind funetion o

A bpe of data that the calling function expec

therefore, be very carelul to mighe sure that Lot Evpnes

-5000.000000 ©.1200000 5  8B11.000000

Tphe pedtisn o v 1 Bodzn Uhe Sonotd

LR H

The calculated value is passed on to main through statement:
return{sum); -
Since, by default, the return type of value function is int, the ‘integer’ value of sum’
point is returned to main and assigned to the variable amount by the functional ea
amount = value {principal, inrate, period):

The following events oceur, in order, when the above function call is executed:

1. The function call transfers the control along with copies of the values of the actual argumes
function value where the-formal argumenis Ps r, and n are assigned the actual values of p

inrate and period respectively. : E 3

2. The called function value is executed line by line in a normal fashion until the retocif

statement is encounlered. At this point, the integer value of sum is passed back to the funce

in the main and the following indirect assignment oceurs:

value{principal, inrate, pericd) = sum;

G0 shows & gewer Dretion wh @ el
doubie puwer(int, iath:

F-28ears in main, helore power abloct

Program

maved
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(The operator * is known ag indirection operator because it gives an indirect reference
a variable through ity address.)

In the hody of the function, we have two statements:

*osum = ash;

®diff = da=h;
The first one adds the values a and b and the result
peinted to by sum, E«:mﬁuﬁw. this memory loeation is the

Similarly, the value of a=b is stored in the _ﬁm....._.pﬁ Ppointed to by diff, which i
the location d. After the E.pn:o;._mﬂu is implemented, the valueé of s is ¢
is a-b. Qutput willbe: =~ | MW w0 i i
G g =3},
'd=10 . i _
The variables *sum and *diff are known 4 pointers and sum and .E.n-.hm.h&.h&a W
ables. Since they ape declared as int, they can point td locations of int type data, :
The use of pointer variables as actual parameters for communicating data between

.mobﬂmnm:m..._ ;ﬂmmm.vmva:pmag or “call by address or reference”, Pointers and their appl
tions are discussed in detaj] in Chapter 11, :

il

_|_ The types of the actual and formay] arguments must be same.

2. The actual arguments fin the function call) must be the addresses of variahles
that are local to the calling function,

w.._.:m*o:ﬁm_m-mcam:a__: .q_.».qc:n:.o: header must be prefixed by the indirec.
tion operatior *, :

4. In the prototype, the arguments must be prefixed by the symbol =,

3. To access the valye of an actyal argument in the called function, we must use
the corresponding formal argument prefixed with the indirection oparator *,

"

(895 NESTING OF FUNCTIONS

C permits nesting of functions freely. main can call functionl, which calls funectio

which ealls funetions, . and so on. There is in principle no limit as to how deéply

functions can be nested,
Consider the following program:

R

BT i e S e A ﬂ:ﬂﬁs“"?‘-’""m‘“"‘l'"

: main{ }
”,“ i { _
: int a, b, c;
E scanf({"%d %d %d", ta, &b, &c):
: printf("sf \n®, ratio(a,b,c)):
float ratio(int x, int y, int z}
{
if{difference(y, z)}
returni{x/(y-z));
else
return{0.0);
.T ¥
int diffevence(int p, int q)
{
if(p 1= q)
return nwup
else
return{0);

e s
float ratio (int x, ::.__,. int 2);
int difference (int x, int y);

TR AT
w

| H,_.E m_.E_.qm program caleulates the ratio
&
b-¢c
and prints the result. We have the following three functions:
main( )
ratio( )
difference( ) et
function ratio to calculate the value
i he values of a, b and ¢ and calls the i .
maﬂs“wuﬂ_ﬂ“n_wm”_.a nﬂbnan be evaluated if (b—c) = 0. Therefore, ratio calls ma_wz._mm Mcﬁmw.ﬂm
&n._mwmuna to test whether the difference (b—¢) is zero nnndaﬂh_n.ﬁmﬂa_ﬂ.wﬂ m”'m n_.wﬂniwwwm L
; rwise returns zero to the ?H_nu_._o: ratio. In turn, ] ¢
”“__‘c_wam..._..ﬂw..ﬁ M. Mﬁﬂmmhmm 1 and returns the result in float. In case, ratio receives zero from
difference, it sends back 0.0 to main indicating that (b—¢) = 0. i
Nesting of function calls is also possible. For example, a staternen
P= 5_.__.__“:_..:?3.&:. " L e
i hi i i ls. The inner function call is evaluate
i esents two sequential function cal inne ; .
E.M M”w,“;ww%”wwwm value is again used as an actual argument in the wpmn%m m.zm_wnm“% call. I
Mul returns the product of its arguments, then the value of p _.....NME b2 o “ Uomuﬂ..&_.m o
Note that the nesting does not mean defining one function within another.

llagal,
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- Programming in ANSI C

_ . amx.n:_" .
. return{max) ;

¥ the function call largest(value,4) is made, the values of all elemients of array valu
becene the corresponding elements of array a in the called function. The largest functio
finds the largest value in the array and returns the result to the main. ;

1 the name of the array represents the address of its first element. By passing th
@rry famc, weare, in fact, passing the address of the array to the called function. The ar a;
in ihe called function now refers to the same array stored in the memory. Therefore, an
changes in the array in the talled function will be reflected in the original array. g

Passing addresses of parameters to the functions is referred to as puss by address (or pa
by pointers). Note that im..ﬁanuu pass a whole array by value as we did in the Lcasej
ordinary variables. . ' . o .

95| Write a n—om.ﬁ_.:. io calculate the standard deviation of an amay of v
. ues, The array elements are read from the terminal; Use funclions to ¢
cuiate siandard deviatlon and mean. i

Standard mm&mmma of a set of n values is given by

o M_H ¢
m;v.n = (x-x
.EE...E m is the Emmn of the values.

wﬁlll

o
Lt
i
:

Program

_#include <math.h>

#define SIZE 5

float std_dev(float a[], int n);
float mean (float a[], int n);

: main{ )
{ .
= float value[SIZE];
int i

printf{*Enter %d float values\n®, SIZE);
for (i=0 ;i < SIZE s it}
scanf("%f", &value{i]);
‘printf{"Std.deviation is %f\n", std_dev{value,SIZE))

}
float std_dev(fleat a[], int n)

E@..?.Gm_,ﬁ.«.w.mr@mm«

| e

int i

float X, 5um = 0.0;

X = mean {a,n);

for{i=0; i < n; 44}

Sum += (x-a[i]}*(x-a[i]):
h._ _.mr:,g?ﬂiﬁaﬁ:ﬁﬂif
float mean(fioat af],int n)

i

int § ; .
float sum = 0.0; . : y
for(i=0 i i< i++)

SUm = sum ¥ aff];
_,.mﬂc_.,_:.u:é__njam:?._“

Outpyt

Enter 5 flgat values
35.0 67.0 79.5 14,20 55.75

Std.deviatian s 23.231582
T ———

ToaTi T T o ———

PRIy Pocing of gt i 7

lation of the array elements. § i
: . - Std_dev, i
verage value of the array elements, g

d therefore they are declared as

turn, calls

Three Rules to Pass an Array to.a Function

V. The function must be calied b i T T —
55

2. In the functing definition, the W.Nsm__”www““w oot A il

af Ew. aray does not need to be specified

3. The function prototype my

Bler must be an array type; the siza

s —————
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mean

average(matrix, M; N);

WP A MR

[9118] PASSING STRINGS TO FUNCTIONS

N

: E f2 4.1
it i e G B N

The strings are treated as character arrays in C and therfore
functions are very similar to those for passing arvays to functions: . .. -«
“Basie rules are: : -

1. The string m.a.w.n.. ?mmﬂ_ _:Eﬂraman_mﬁ”_ma a wn?uw_h.ﬁwpw:ﬁj_, of the function when it is defj

Example: .
void

ﬂ.m.m.r_._ﬂ.m_?rpu .#.mﬂlﬂ.u.am._ 1 i

the prototype can be written as
: void display(char str[ 1);:

3. A call to the function must have a string array name without subscripts as its actual arg

Example: :
display {names); .

where names is a properly declared string array in the calling function.
We must note here that, like arrays, stri

functions. :

rules for passing stri

ngs in C cannot be passed by value E :

User-Defined Functions

In pass by pointers ialso known as pass by address), the memaory addresses of the
variables rather than the copies of values are sent to the called function. In this
case, the called function directly works on the data in the calling function and the
changed values are available in the calling function for its use.

. Pass by pointers method is often used when manipulating arrays and sirings.
S0 W This method is also used when we require multiple values 1o be returned by the
. called function.

e

.F.'L_v_u_.

: [9.19] THE SCOPE, VISIBILITY AND LIFETIME OF VARIABLES

Variables in C differ in behaviour from those in most other lunguages. For example, in a
BASIC program, a variable retains its value throughout the program. It is not always the
case in C. It all depends on the ‘storage’ class a variable may assume.

In C not only do all variables have a data type, th ey also have a storage class. The follow-
ing variable storage classes are most relevant to functions:

l. Automatic variables.:
2. Extemal variables.
3, Static vanables,

4. Register variables.

f £ We shall briefly discuss the scope, visibility and fongevity of cach of the above class of
g ‘ariables. The scope of variable determines over what region of the program a variable is
actually available for use (‘active’). Longevity refers to the period during which a variable
fretains a given value during execution of a program {‘alive’). So longevity has a direct effect
k00 the utility of a given variable. The visibility refers to the accessibility of a variable frem
¥ the memory.

E The variables may also be broadly categorized, depending on the place of their declara-
lion, as internal (loeal) or external {global). Internal variables are those which are declared
g ¥ithin a particular function, while external variables are declared outside of any function.
It is very important to understand the concept of storage classes and their utility in order

B

¥

The rechnigue used to pass data from one function to another is known as param-
eter passing. Parameter passing can be done in two ways:

* Pass by value (also known as call by value). e ]
+ Pass by Pointers {also knowr as call by pointers),

In pass by value, values of actual parameters are copied to the variables in the”
parameter list of the called function. The called function works on the copy and not:
on the original values of the actual parameters, This ensures that the original data
in the calling function cannot be changed accidentally.

_5 develop efficient multifunction pPrograms.

Utomatic Variables

fiatomatic variables arc declared inside a function in which they are to be utilized. They are
ated when the function is called and destroyed automaticall v when the function is exited,
ce the name automatic, Automatic variables are therefore private (or local) to the func-
1 in which they are declared. Because of this property, automatic variables are also re-
*tred to as focal or internal variables.
i A variable declared inside a function without storage class specification is, by default, an
Mﬁaﬁnza variable. For instance, the storage class of the variable number in the example
0w is automatie.
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The variables number and length are available for use in all the three functions. Incage | _
a local variable and a global variable have the same name, the local variable will have u., e b
edeinca over the global one in the function where it is declared. Consider the following e mam
ple:

int count;

i s i

* wlf, __.m

..Mnl:l:Hlu 10; | _w
“ L m——— > e | M
function( ) ; . i R
{ ezt i

int count = 0; i : - %

chunt = countels i
i 1

printf("x = %d\n", funl());
printf("x = %d\n", funz{));
printf("x = %d\wn", fun3{));

|

funl (void)

{

!
int funZ{void)
{

=y 4 10

;:.,._?.?mm_n._
A=l
return [x);

1

funi(void)
: q, ..n ST ey [ s R Thy - o os
: <X EAH 104 . fF glabal x ) .

i
i 299

B S i A

smp.%m.mnﬂqn_au..g_.&.mﬂ_ ces the mﬁ:mEm.noﬂﬁr it will. rm.ﬂ.mmaﬂms.usm only its Eﬁw
able, not the mHiut pne, The value of count in main will not be affected..

wa .___“_:. wm Wiite @ muttitunction program 1o illushiate the properties of m_og
: " abies.

A program to illustrate the properties of global variables is presented in Fig. 9. 14 Not

Once a <u:w§w has been m@n_m.ﬁm@ as global, any function can use it and change its value.
Then, subsequent functions can reference only that new value.

variable x.is used.in all functions but none except fun2, has a definition for x. Becausé
been declared ‘above’ all the functions, it is available to each function without wwﬁ_ﬁm te
x as a functipn argument. Further, since the value of x is &Hm&w w...m__pr_m. we need n

s

return(x) statements in funl and fun3. However, since fun2 has a definition of Xy
turns its local value of x and therefore uses a return statement, In fun2, the’ w".u_uw n,._
visible. The local x hides its visibility here.

Program

int funl{void):
int funZ(void);
int funi{void);

Since all functions in a program source file can access global variables, they can be
used for passing values between the functions. However, using global variables as
parameters for passing values poses cerlain problems.

s The .___m_:mm of global variables which are sent to the called function may be
changed inddvertently by the called function.

* Functions are supposed to be independent and isolated modules. This character
is lost, if they use global variables.
* It is not immediately apparent to-the reader which values are being sent to the
called function.

. A ._“..._._n:n.z :.Bn uses m_nvm_ variables suffers ._,33 qﬁcmmw.r%

int x ; /* global */
mainf )
{
=10 ; /* global x */
pri :._:..x = %d\n", x};
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S i Lser-Defined Funevions S — S I.. 303

Function declarations outside &. any ?E&cn behave the same way as variable d

A static vanabie is initiahized only once, when the program is compiled. It is never initial
tions.

ized uw.ﬂ_ D the first cail to stat, x is incremented to 1. Because x is static, this value
o, the next call udds another 1t x giving it a value of 2. The vajue of x
o thivd cafl is made

vl X a8 an auto variabie, the outpat would have been:

Static Variables
As the name suggests, the value of static variables EEEE until the end of the Equmiﬁ_
variable can be declared static using the keyword static like _

static int x;
static float y;

=
L |
R
This is becsuse each time stat is called, the auto variable x is initialized o Zero.
¥ : When the function terninates, its value of 1 is lost,

of declaration. . ] An external statie variable is declared outside of all functions and is available to all

Internal static qﬂmuzﬂm are those which are declared ingide a funetion. The scope of B the functicas i tliat program. The difference between a statie vxternal variable and a stm-

- nal static variables extendtip to the end of the function in which they are defined. Th :

ple externul variable is that the statie external varishble is available only within the file
internal static variables dre similar to auto variables, except that they remain in exis where it is defined while ihe sim ple external variable can be accessed by other files.
(alive) throughout the remainder of the program. Therefore, internal static variables It is alzu possibie w control the scope of a function. For SEEEF we would like a
used to retain values between function calls. m.awmﬁmav_m 5 can be used to count the ny f. particuiar fuiction accessible only to the fanctions in the file in which it iz defined, and not
oman.:mgnmo_bm?ﬁqcon A _ :

o any Tunciien 1o other files. This can be accomplished by defining ‘that’ function with the
slorape ciuss statie,

Ex SEFM. 4 _.c___i_,_m a _n_dm_dﬂ 3 ilustrate _sm b_ac.m:_mm oﬁ a ﬂ.&._n _._,o_ﬁc_m
The program in Fig. 9.15 explains the ,_me.ﬁq_._ﬂ of a mﬁ_.._n variable,

“Register Variables

E We can 11} the eompiler that a varinble should be kept in one of the machine’s registers,

Program instead o L i the memory twhere normal variables are stored). Since a register ac-
void stat(void); aster than a memory aceess, keeping the frequently accessed vs J.:._E..m fegr,
main { ) lin vhe register will lead to faster execation of programs. This is done
{

int i; register int count;

for(i=1; i<=3; i+) ANSI standard does not restrict its application to any partienlar data type,

stat{ }; = B v« ailiw enly int or char variables to be placed in the register.
} o variables can be placed in the register, it is important to carelidly selfect
void stat(void) 5 w Lhis purpose. However, € will antomatically convert registor variables into
{ .E: _aw_, Y Larkah wee Lhe limit is reached.

static int x = 0; Table % i wununarices the information on the visibility and liletime of variables in lune

1 Yons and 3

% X o= x+l;

_“. printf{"x = %d\n", x); Table 9.1 Scope and Lifetime of Variables

'

.”_ Output = Where declared Visibility Lifetiome

4l el x = {Active} [Alive)

i X = Before all fungtaons Entire File plus Entirs

.”.H ) X = i Tele (inay be other files where Prograsn

R R r.u—..wa_.m_.__ dee- {Globaly
Bared with extern
IS (T Lt File plus Cillahat

other fikes wiw
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already been declared

responsibility of the Iin
multifile global variah]
The extern declarati
a variable as glohal
a conflict as to whip

filel.c

on is done in place
In two different fi
h variable to use

5 where seconda

filez.c

ndary references are made. [f we decla
es used by a single program, then the linker will ha;
and, ﬁrﬂ&au.mv issues a warning. :

- " User-Difined Funddions' 307

When a function is defined in one file and accessed in another, the later file must include
a function declaration. The declaration identifies the function as an external function whose
definition appears elsewhere. We usually place such declarations at the beginning of the file,
before all functions. Although all Funetions are assumed to be external, it would be a good
practice to explicitly declare such funetions with the storage class extern,

4 intm g 410021 variabre #/ -
g Ifunction2( ). iw wei i

R

Itis a syntax error if the types in the declaration and function definition do
" not match. _ .

It is a syntax error if the number of actual parameters in the function call

do not match the number in the declaration statement.

It is a logic error if the parameters in the function call are placed in the

wrong order. .

It is illegal to use the name of a formal argument as the name of a iocal

variable, _ ;

Using void as return type when the function is expected to return a value .

is an error, :

Trying to return a value when the function type is marked void is an

error.

Variables in the parameter list must be individually declared for their

types. We cannot use multiple declarations (like we do with lozal or global

variables).

A return statement is required if the return type is anything other than

void.

If & function does not return any value, the return type must be declared

void.

If a funetion has no parameters, the parameter Jist must be declared void.

Placing a semicolon at the end of header line is illegal.

Forgetting the semicolon at the end of a prototype declaration is an error.

Defining a function within the body of another function is not allowed.

It is an error if the type of data returned does not match the return type of

the function,

It will most likely result in logic error if there is a mismatch in data types

between the actual and formal arguments.

Functions return integer value by default.

A function without a return statement cannot return a value, when the

parameters are passed by value,

A function that returns a value can be used in expressions like any other C

variable.

When the value returned is assigned to a variable, the value wiil be con-

verted to the type of the variable receiving it.

Function cannot be the target of an assignment,

il
extern int m;

Mty §

" e o

dnt ._.

ow

LT T

)
functioni() -

o, :
- function3z{ ) - - -
TR int Rountit

e i

B 2> BB B B

int m; - /* gighal variable */ mu.......n..q._._ .?p m;
main{ )

{ {

int i;

function2( ).

i e

int i;

}

" functionl( )
{

}
_“Enﬂ._.a:w_“ )

c4 0 tint count;
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ua_“
Program
#include <stdio.h> -
float start_point, © /* GLOBAL VARIABLES */
end_point, :

total_area; b
int numtraps;

votd - input{veid): :
float find_area(float a,float b,int n}; /* prototype */
=g L ; T

print (*AREA UNDER A CURVE");
input{ J; ~ m\ R
total_area =/find_area(start_point, end_point, numtraps);
printf("TOTAL ARER = %f", tofal_area); .

veid input (vaid)

printf("\n Enter lower 1imit:");
scanf ("%f", &start_point);
printf{"Enter upper limit:");
scanf("%f", &end point);
printf(*Enter number of trapezoids:*); E
scanf("%d", &numtraps):

)

float find area(float a, float b, int n)

{

float base, lower, hl, h2: /* LOCAL VARIABLES */
float function x(float-x}s /* prototype */
float trap_area(float hl,float h2,float base}; /*prototype*/

base = {b-1}/n;
Tower = a;

for(lower =a; lower <= b-base; lower = lower + base)

( :

hl = function x(lower);

hl = ?:n:a:&:q:m,. + base);

total .area += trap_area(hl, h2, base);

) g
. return{total_area); . .

float trap_area(float height.l,float height_2,float base)
float area;. - f* LOCAL VARIABLE ._ﬂ.‘__.
area = 0.5 " (height 1 + height 2) * base;
return{area):

e

RS TIIIT e S A

o

-Defiped: Funetions

Pk ol

float function x(float x)
[
h.._.l“_:nx:x+H.{

return{x*x + 1);
} :
Output
AREA UNDER A CURVE
Enter lTower limit: 0
Enter upper limit: 3
Enter number of trapezoids: 30
TOTAL AREA = 12.005000

AREA UMDER A CURVE

Enter lower limit: 0

Enter upper limit: 3

Enter number of trapezoids: 100
TOTAL AREA = 12.000438

@H&ui Questions

i
._u._._

5.1 State whether the following statements are trwe or false.

(z)
(k)
{c)
(d)
(e)

4]
(g)
(h)
(i)

(i
(k)

i
(m})
{n)
(o)
i)
iq)

C functions can retum only one value under their function name.
A function in C should have at least one argument,

A function can be defined and placed before the main function.
& function can be defined within the main function.

An user-defined function must be called at Jeast once; otherwise a waming message will be

issued.

Any name can be used as a function name.

Only a void type function can have veid as its argument,

When variable values are passed to functions, a copy of them are created in the memory.

Program execution always begins in the main function irespective of its location in the pro-

gram.
Global vanables are visible in all blocks and functions in the program.

A function can call iself

A function without a return statement is illegal.

Global variables cannot be declared as auto variables.

A function prolotype must always be placed outside the calling funciion.

The return type of a function is int by default.

The variable names used in prototype should match those used in the function definition,
In parameter passing by pointers, the formal parameters must be prefixed with the symbol *
their declarations.

mn
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; return (x J v);
What will be the value of the following function calls”
{2} divide { 10, 2}
(b} divide (9, 2)
() divide { 4.5, 1.5)
(d) divide (2.0, 3.0) b
9.13 What will be the effect on the above function calls if we chanige the header linc as follows:
(@' int divide (int x, int y) BN e
i(bj doubie divide {float x, fMloat ¥)
9.14 Determine the output of the following program?
int prod( int m, int n):

main { ) ;

_" B w\ A
int x = 10;
int y = 20;.
int p, q;
p = prod (x,y);
q = prod (p, prod (x,z)); :
printf ("%d %d\n", p.q);

H 3

M._; prod{ int a, int b)

return {a * b);
I
9.15 What will be the output of the following program?
void test {int *a);
main { )
{
int x = 50;
test ( &x);
printf("%d\n", x);
}
void test (int *a);
{

}
9.16 The function test is coded as follows:
int test (int number)

{

*a = *a + 50;

intm n = 0r

while (number)

{
m = number % 10;
if fm%2)

neg+l;

- n ca..b&;&mc:n_ﬂm “w._m

number = aumber /10;
}
return {n);
}
What will be the valucs of x and y when the following statements are executed?
int x = test (135);
int y = test (246); -
9.17 Enumerate the rules that apply to a function call,
9.18 Summarize the rules for passing parameters to functions by pointers,
9.19 What are the rules that govern the passing of arrays to function?
8.20 State the problems we are likely to encounter when we pass global variables as param-
eters to functions. o &

m«om..m.s..:_hm Exercises @

%.1 Write a function exchange to interchange the values of two variables, say x and y. Ulustrate the use
of this function, in a calling function. Assume that x and ¥ are defined as global varfables.

9.2 Write a function space(x) that can be used to provide a space of X positions between two outpul
numbers. Demonstrate its application. .

9.3 Use recursive function calls to evaluate

k| 5 7
X X X
fix)=x- |m_ + ,...IM- - ﬂ T,

9.4 An n_order polynomial can be evaluated as follows:
P = (. {((apera ta)era k. ta )
Write a function to evaluate the polynomial, using an array variable. Test it using a main program.
9.5 The Fibonacci numbers are defined recursively as follows:
Fy=1
._nu =]
FomwF  *Fpa.n>=2
Write a function that will generate and print the first n Fibovacci numbers. Test the function for n
=5, 10, and 15.
9.6 Write a function that will round a floating-point number to an indicated decimal place. For ex-
 ample the number 17.457 would vield the value 17.46 when it is rounded off 1o two decimal places.
9.7 Writc a function prime that returns 1 if its argument is a prime number and returns zero otherwize.
9.8 Write a function that will scan a character string passed as an argument and convert al) lowercase
characters into their uppercase equivalents.
9.9 Develop a top_down medular program to implement a caleulator. The program sheuld request the
user to input two numbers and display one of the following as per the desire of the user:
{a) Sum of the numbers
{b) Difference of the numbers
{c) Product of the numbers
{d} Division of the numbers
Provide separate functions for performing various tasks such as reading, calculating and display-
ing. Caiculating module should call second level modules to perform the individual mathematical
operations. The main fanction should have only function calls.
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(9.10 Develop a modular interactive program using functions that reads the values of three sides of
triangle and displays either its area or its perimeter as per the request of the user. Given the thre
sides a, b and c. .
Perimeter =a+b+¢ "
Area = J(s-a) (s-b) (5~c)
where s = { ath+c )2 -

9.11 Write a function that can be called to find the largest element of an m by 0’ matrix. ;

912 Write a function that cam be called to compute the product of two marices of sizem'by nand n by

m. The.main function provides the values for m and n and te matrices. A

9.13 Design'and code an iméractiv modular prograi that will use fiinétions to a matrix of m by n'sizé

compute column averages and row averages, and then print the entire matrix ‘with avérages show

in respective rows and columyfs, g .

9.14 Develop a top-down modulas program that will perform the. following tasks:- - .- : {%

- - k!

()" Read two'integer arrays with unsorted elements.
(b) Sort them in ascending order c gy e o
() ‘Merge the sorted. atrays O e
~- (d) Printthe sortedlist - - = - g o oo v SN B ué
Use functions for camrying out each of the above tasks. The main function should have only fuug!
tion calls. g W #. R R '
9.15 Develop your own functions for performing following operations on strings:
(a) Copying one'string to another .
(b) Comparing two strings
{c) Adding a string 1o the end of another string,
Write a driver program to test your functions. . L R
9.16 Write a program that invokes a function called find( ) to perform the following tasks;
(a) Receives a character array and a single character. e 7
(b) Returns 1 if the specified character is found in the array, 0 otherwise. ,
9.17 Design a function lacate () that takes two character arrays sl and s2 and one integer
value m as parameters and inserts the siring 52 into sl immediately after the ind t
m. ; +
Write a program to test the function using a real-life situation. (Hint: s2 may be.
. missing word in 51 that represents a line of text). e
9.18 Write a function that takes an integer _parameter m representing the month numbé?
of the year and returns the corresponding name of the month. For instance, if m = 3
the month is March. . 3

Test your program. ' ' %
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9.19 In preparing the calendar.for a year we need to know whether that particular year.
leap year or not. Design a function leap( ) that receives the year as a parameter and;
returns an appropriate message. o . ;

What modifications are required if we want to use the function in preparing the act
calendar? ’ . i

9.20 Write a function that receives a floating point value x and returns it as a val

rounded to two nearest decimal places. For example, the value 123.4567 will

ﬁunde)ﬁ to. 123.46 (Hint: Seek help of one of the math functions available in ma
1brary).




