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The program evaluates the statement :
Sum = sum + n*n;

times. That is, the loop is executed 10 times. This number can be increased or decreased

y by medifying the relational expression appropriately in the statement if (n == 10). On

uch occasions where the exact number of repetitions are knows, there are more convenient

eds of looping in C. Thege looping capabilities enable us to develop concise Programs

i i fitaining repetitive processes without, the use of goto statements,

o-_ .". m, .. ms . ..; .? »SE:&..wWm.pnﬁmommgﬂmnwmuﬁhﬂmmm_ﬁn:&nmﬂﬁamosmg&gam QSE....EJ.E%E

Umhﬂ.m“—.og g u.h u m ﬂ e loap are satisfied. A program oop therefore consists of two segments, one known ag the
= .”...r... ”..H i .. - _v.., g _...._... _. ; ...._.b_w__._. .._ _

and Looping =

,,...,.m-.u._:. ”_.W..

rtatn conditions and then directs the repeated execution of the statements contained in the
dy of the loop. "

dy of the loop and the other known as the control statement. The control stabement tests

fied either as the entry-controfled Loap or as the exit-controlled loop. The flow charts in
- 6.1 illustrate these structures. In the entry-controlled loop, the control conditions are
ted before the start of the loop execution, If the conditions are not satisfied, then the body
the loop will not be executed. In the case of an exit-controlled loop, the test i performed at -

T

e, suppose we want to caleulate the sum of ma_..pmwmm ommz..iﬁmmmwm wa
write a program using the if statement as follows: _ .k

C e loop: . w:. _ e
' sum = § n*n;
L ey ¥
] goto print;—-
o else g - _ e
p { n=1a, . _ :
Sl i e
et m_c.na. Touss end of Toop =
} | -
print: : - ]
piop i ~
This pregram does the following things: . i c,,,, {a) Entry controlled loop () Exit controtled loop
1. Initializes the variable n. ] g e M mr
2. Computes the square of n and adds it to sum. o i R 5
it i 1 to 10 or not. If it is equal to 10, then! : ; .
3. Tests »M.m cm.EwM ”ﬂ.- “__._..Mmﬂ”w whether it is equa ?ﬁ E___s_a test conditions should be carefully stated in order to perform the desived number of
e e itins L Blecutions, It is assumed that the test cundition will eventually transfer the control out
i one and the control goes back to co s It iz a ed tha ¥
= :.,..!Eﬂn_mww E.mn R AT e loop. In case, due to some reason it does not do so, the control sets up an infirite loop
the o - [ " the body is executed over and over again.
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is executed. Each time a letter is keyed. in, the test is carried out and the loop statem
executed until the letter Y is pressed. When Y is pressed, the condition becomes fals
cause character equals Y, and the loop terminates, thus transferring the control

statement oooxexx;. This is a typical example of sentinel-controlled loops. The cha
constant 'y’ is called sentinel value and the variable character is the condition vari
which often referred to as the sentinel varicble.. . - - .. i _

mwngvf P A UB@Q.B to mﬁoEQ.m. the mﬂc&.wo_.._
" when rils o non-negative mﬂ*mwmn is'given InFig: 6.2 - -

The variable y is initialized to 1 and then multiplied by x, n times using the whil
The, loop control <EEEM__?E:._ ig.initialized outside the loop and jneremented insid
loop. When the value of count becomes greater than n, the control exists the loop

LS L
T

Program
main()
_'. .
“int count, n;
float x, ¥:
orintf(*Enter the values of x 'and n : "};
scanf("%f %d", &x, &n);

3 y = 1.0 .
.__ count = 1; /* Initialisation */
/* LOOP BEGINs */
; while ( count <= n) /* Testing *f
{
¥ = yixs . ) ;
_count++; /% Incrementing */

J* END OF LOOP */
printf{"\nx = %¥f; n = %d; x to power-n = &fAn",x,n,¥);3

}

.m Output &

) Enter the values of x and n : 2.5 4

o x = 2.5000005 n = 4; X to power n = 39.062500

Z Enter the values of x and n : 0.5 4 =

S x = 0.5000005: 0 = 4; x to-power n = 0,062500 . -

2% e e T B R R R R S R e DR
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E THE DO STATEMENT

" The while loop construct that we have discussed in the previous section, makos a test of

condition before the loop is executed. Therefore, the body of the loop may not be executed at
all if the condition: is not satisfied at the very first attempt. On some occasians it mighr he

" ecessary to execute the body of the loop before the test is performed. Such situations can be

pandled with the help of the do statement. This takes the form:

] ]
3 do _

{

body of the loop 7
i
3 while (test-condition); %

On reaching the do statement, the program proceeds to evaluate the body of the loop first.

At the end of the loop, the test-condition in the while statement is evaluated. [f the condition

is true, the program continues to evaluate the body of the logp once again. This provess

_ continnes as long as the condition is true. When the condition becomes false, the loop will be
' terminated and the control goes to the statement that appears immediately after the while
" statement.

Since the test-condition is evaluated at the bottom of the loop, the do..while consiruct
provides an exit-controlled loop and therefore the body of the loop is alweys execufed it lzest
Once.

A simple example of a do...while loop is:

printf {"lnput a sumberin'};
loop: number = getnum [ };

This segment of a program reads a number from the keyhoard uniil 3 zero or a neguiive
number is keyed in, and assigned to the seatinel variable number.
The test conditions may have compound relations as well. For instance, the statewment
while (number > 0 & number < 100);
in the above example would cause the loop to be exccuted as long as the rumber key
between 0 and 100.
Consider another example:

J* Initizlizing %/
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doyble g;

oo printf{lemeeas B e T 1 ) H
printf{" Z to power n n 2 to power -n\n");
ul:anﬁlllnn11|l|::14||||||+L:iu||||||||gE;4
p=1
for (n = 0; n <21 ; ++n) /* LOOP BEGINS */

( ; _
if (n == 0)
PR e H
;. .8lse . :
R T 2. 2
h _m omnnncn_mvu il Wit g
n1_= £{"%101d %10d wmc Hmﬂmf==. p. 0, Qhs
1 /* LOOP ENDS *f
w1£ﬁ*ﬁ|||1||r|:|r||||||||||||||||||||11x:u
x> .
Output

-2 to._power n. - n

1
2

4

8

16

32

B4

128

256

512

1024
7048
4096
8192
16384
32768
65536
131072
262144

524288

1048576

0

o = o 7 & W o

2l S n_..i_w.,rln_.u..
o D

N LR Y A

2 to power -n

e e e e e e e e e e e e e e

1.000000000000
0.500000000000
.0.250000000000
0.125000600000
0.062500000000
¢.031250000000
0.015625000000
#.007812500000
0. 003806250000
0.001953125000

0.000976562500

: 0.000488281250

T 0.000244140625
0.000122070313
0.000061035156
0.000020517578
0.000015258789
0.000007629395
0,000003814697
0.000001907349
g naamgammumun
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Note that the initislization section has two parts p = 1 and n = 1 separated by a comma.
" Like the initialization section. the increment section may alse have more than one part.
i For example, the loop

for (n=l, m=50; n<=m; n=n+l, m=m-1)
{
p = m/n;
printf{“%d %d %d\n", n, m, p};
5 }
- i perfectly valid. The multiple arguments in the increment section are separated by commas.
The third feature is that the test-condition may have any compound relation and the
‘testing need not be limited only to the loop control variable. Consider the example below:

sum = 0;
for i = 1;

{

P < 20 && sum < 100; ++i)

sum = sumti;
priatf("sd %d\n", 1,

Sum) ;
}

The loop uses a compound test condition with the counter variable i and sentinel variable
sum. The loop is executed as long as both the conditions i < 20 and sum < 100 are true. The
sum is evaluated inside the loop.

Itis also permissible to use expressions in the assigmnent statements of initialization and
increment sections. For example, a slatement of the type

for (x = (m+n)/2; x > 0; x = x/2)

is perfectly valid.
Another unique aspect of for loop is that one or more sections can be omitted, if necessary.
Consider the following statements:
53
for { :
{

a i= 100 : )

e

printf ("%
m = mth;
| }

Bath the initialization and increment sections are omitted in the for statement. The initiali-
“alion has been done before the for statement and the control variable is incremented inside
the loop. In such cases, the sections are left ‘blank’. However, the semicolons mmwﬂw:sm the
Sections must remain. If the Lest-condition is not present, the for statement sets up an ‘infi-
%ite’ Ioop. Such loops can be broken using break or goto statements in the loop.

We can set up time delay loops using the null statement as lollows:

1000: § > 8; § = j-1)

for |
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- ——————  Dedision Making and L soping — 167
Y Qutput b nated as soon as the desired name is found. C permits a jump fram one statement to another
: 5

Enter number of students and subjects within a loop as well as a jump out of a loop.

36 ‘
Enter roll_number : 8701 : ; ineOntofall

- mpin ut of a 1L.00o
Enter marks of & subjects fop ROLL NO 8701 i ABDRANE >

81 75 83 45 61 59

TOTAL MARKS = 4D4 { First Division )
“Enter roll number : 8702 . ) y
Enter marks of 6 subjects for ROLL ND 8702
51°4% 55 47 ‘65 41 ..".__._

An early exiti from a loop can be accomplished by using the break statement or the goto
siatement. We have aiready seen the use of the break in the switeh statement and the goto
in the if...else construct. These statements can also be used within while, do; or for loops.
They are illustrated in Fig. 6.6 and Fig. 6.7.

When a break statement is encountered inside a loop, the loop is immediately exited and

# TOTAL MARKS = 308 { Second Division } the program conitinues with the statement immediately following the loop. When the loops
P2 Efter roll_number|: 8704 TmaRs G are nested, the break would only exit from the loop containing it. That is, the break will
) Efter ‘marks of 6 subjects for ROLL HO 8704 exit only a single loop.

m %@ 19 31.47:39:25 - P ilemne gl i Since a goto statement can transfer the control to any place in a program, it is useful to
i AOTAL MARKS = 201 (:*** F.A;L.L.%%% ) rovide branching within a loop. Another important use of goto is to exit from deeply nested
jo A 7 _ R oops when an error occurs. A simple break statement would not work here,

while (-eeeees) do
{ . (
o T Frimmsmms
= = i if (condi tion) _ i (condition)
; = v iTicondition condition
Given a problem, the programmer's first concem is to decide the type of loop - s e
S : break; break;
structure to be used. To choose one of the three loop supported by C, we may use . Exit
the following strategy: = mmel e
* Analyse the problem and see whether it required a pre-test or post-test loop. 1 loop Ywhile (e
* IFit requires a post-test loop, then we can use only one loop, do while. . s il ‘
* If it requires a pre-test loop, then we have two choices: for and while.
* Decide whether the loop termination requires counter-based control or senti- (a) {b)
nel-based control. - ¢ :
* Use for loop if the counter-based control is necessary. Qs ) TorGas)
* Use while loop if the sentinel-based control is required. {
* Note that both the counter-controlled and sentinel-controlled loops can be im- " for ()
plemented by all the three control structures. - i
—  breaky if (condition)
......... ot e
| JUMPS IN LOOPS fpm )
i inner
Loops perform a set of operations umumuﬁmq until the control variable fails to satisfy Yoop

test-condition. The number of tinies a loop is repeated is decided in advance and the:
condition is written to achieve this. Sometimes, when executing a loop it becomes desi
to skip a part of the loop or to leave the loop as soon as a certain condition occurs
example, consider the case of searching for a particular name in a list containing, say:
names. A program loop written for reading and testing the names 100 times must be te

ﬂ_w.. 6.6 Exiting a __E.PEE_ _?_.m...__w m_...un.m..&m“_;.w_ :
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" goto o:gmﬂ .__:. EXIT _.uxo__.__ THE LOOP */ -

e ) term *= x ; !
E.:._.m.??.r:—..;r_. VALUE OF N IS HOT SUFFICIENT\n"}; A e e i
_ : printf("T0 _p.uIHMﬁm cmm;m: ACCURACYAR"); : . o s

; goto end; ' ) :

u output: . . ¢ ructred programming _n.__., ENELTE i q

m : E.;:._”_ﬂn_;.:mxz _nzav__ _bn_v__.;__“_ grains it gre NI [0 Wl tEai, - ; W

“ printf("Sum = %f; No.of terms = %d\n", sum, n); urstruCtured a

ma_m“ i : mn ﬁ : J__. z o ZESH.E..;.“ pregremming discourages the impiementation of unconditional brane h.
} & At H e " R oy _ﬁ_c_.:v Slaterients such as goto, break ond continue. in s fruarest lorg
: ; -l srcrired programming is SYNONyMous with “por g Trees
S : &R R gom o progranining
Output .‘\ " gl
Input value of x : .21 - ) . Do ns wc ler $040 stale !
EXIT FROM LOgP - .- o ; il e = I

Sum = 1.265800; Mo.of terms
Input “value’ 3. x "....um

EXIT mmd: LooP i
Sum = 3.999774; No.of terms

Input value of x : .99 - _
FINAL YALUE OF W IS NOT m_.__uﬂﬂmz._.
T0 ACHIEVE DESIRED ACCURACY

n
el

Skipping a Part of a Loop

.U._.Eur. operations, it may be necossary 1o skip
R_qmmu_ﬁ conditions. For examnle, in processing of

exciude the pracessing of data of a pplivants belongiog fo 2 eorlnin n,.__:,m.z:;. On reading the
tategory ,.é._%,, m:,ux applicant, o test iz made to see whethoe 1 ;.%_r.m,.r.mr..ﬂ._ _f ? S
.B.mm.eu. RoL LA 35 el Lo be considercd, the pori of the sreoram inep .:.:.“ :
application ditails is skipped and the exceylinng vtrbin s A o e kb
- Like the break s O supperta aneiiier sy
”mmm?:__..,,.:... Howsver, unlike [he break wi :
towe, as the jume impli

i
E=1

a prirt of the px_:.: of the f g hrsclep
n_.-m_u_:....:_..-_.rr fesp M 3

i i

1Kl P (TR ST

1t cail

L srensbinice

catlEes Lhe T:ﬁ 1o} :E.ﬁ.__:..__.; the ean-

cans the nop to be conti g et _,_..; ex Heritj

HH it e SR, it haat.

mﬂwﬂ.ﬂw alty slatemoents in betweer, The E:;:::., =tafemeni ?.__F Lh -

OLLOWING STATEMENTS AN CON WITITTHE NEX]
format of the continue statement is simply .

as soon as-the accuracy condition is satisfied. If the number of loop repetitions is not
enough to produce the desired accuracy, the program prints an appropriate message?;

Note that the break statement is not very convenient to use here. Both the norma
and the break exit will transfer the control to the same statement that appears next.
loop. But, in the present problesn, the normal exit prints the message

“FINAL VALUE OF N I3 NOT SUFFICIENT
TO ACHIEVE DESIRED ACCURACY"

alfes
wr catminiles, CSKIF
S.,N.,._._..ﬂ._z,_,“...._:

continue;

-H_T.m HEC o 5 H t
ol ] * — LE] .—_-.q_v.ﬂﬂﬁw o i i B 3 i i
_ i nrre statenent ._..r_..m... 1z il waslralet] 10 Figr, @ Hi In whiile nd o
H L TR FbRes —_._av eonlrol Lix FH] QJ... :__, fe bh Lt ,3_1,:_.:_._; i 5._. HRRE I
anﬁrw A”Au_ t 2 ol Ll FTSFER
: m.m wam_.m.m:._...,_ process, H: ___u.__... Casg _:\. m.—.w. Tu:__w 1;. TR Rt =ient 1 of _._ i = 5
ik 1 ..._A.L. (LI :-CE - q-?.._.._..._..w.w.—n—
mmﬁHm the st - _".::hm__.:..,..: 15 ..uu_...x_:“:nw..q

{testcondition) ‘

—
=

Structured programming is an approach to the design and development of pro-
grams. It is a discipline of _..._p_n:..m a program's logic mmE. to understand by using
only the basic three control structures:

+ Sequence (straight line) structure

+ Selection (branching) structure

,_ r

e COntinue; gt oy adin ;

i A A

i
E
H
o
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B 812, Boto jumps Gibe ovoide

Jumping out of -..J_m Program
We have just seen that e ean jump eut ofa ldop using sitHer thi
m_‘m.gﬂnsﬂ. In a m_E._F.wxém%. we can jump out'of a program by using the library func
exit( ”_.. In case, due to some reason, we wish to break out-of a program and return to’
operating system, we can use the exit( ) function, as shown below: : N

e aa .

if {test-condition) exit{0)

) q..rm exit( ) function takes an integer value P.w its' a
indicate normal termination and a nonzers valie to indicate termination due to some e

or abnormal condition, : . . : .
wmamr&v. condition. The use of exit{ ) function requires the inclusion of the vmmnmn.

[6:6] CONCISE TEST EXPRESSIONS -

We often use test expressions in the if, for,
compared with zero for making branching
trueffalse value, we need not make meH.E._"
sion x is true whenever x is not zero,

write concise test expressions without
if (expression ==0)
is equivalent to
ifilexpression)
Similarly,
_ H__q {expression! = 0}
E,mnﬁd.m..._mang o . . . - h

while and do statements that are evaluated and
decisions. Since every integer exprescion has
comparisons with zerg, For instance, the exp
and false when x is zero, Applying! operator, we ca
using any relational operators. .

' ‘Decision Making 2id Loaping - {175

R

BB BB B B B BB

B

B

BB B3R

‘Do not forget to place the semicolon at the end of do ....while statement.

Placing a semicolon after the control expression in a while or for state
ment is not a syntax error but it is most likely a logic error. .
Using commas rather than semicolon in the header of a for statement is
an error. _
Do not. forget to place the increment statement in the body of a while or
do...while loop.- . g : .

1t is a common error to use wrong relational operator in test expressions,

Ensure that the loop is evaluated exactly the required number of times.
Avoid a common error using = in place of = = operator. -

Do not change the control variable in both the for statement and the bady
of the leop. It is a logic error. S

Do not compare floating-point values for equality. :
Avoid using while and for statements for implementing exit-controlled
(post-test) lovps. Use do...while statement. Similarly, do not use
do...while for pre-test loops. g

When performing an operation on a variable repeatedly in the body of a
loop, make sure that the variable is initialized properly before entering the
loop. Y H : :
Although it is legally allowed to place the initialization, testing and incre-
ment sections outside the header of a for statement, aveid them as far as
possible.

Although it is permissible to use arithmetic expressions in initialization
and increment section, be aware of round off and truncation errors during
their evaluation.

Although statements preceding a for and statements in the body can be
placed in the for header, avoid doing so as it makes the program more
difficult to read. .

The use of break and continue statements in any of the loops is consid-
ered unsiructured programming. Try to eliminate the use of these jump
statements, as far as possible.

Avoid the use of goto anywhere in the program.

Indent the statements in the body of loops properly to enhance readability
and understandahility.

Use of blank spaces before and after the loops and terminating remarks
are highly recommended. .

Use the function exit() only when breaking out of a program is necessary.

if (expression) sty ® : : o _ -

For example,

if (n%5==0 && n%5==0) is same as if ({m%5)&&(n%5))
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o

Q:m_v.—_.w ; . it

int i, j, n, X3
for {(n=0; n < N; ++n)

{
printf("Enter employees in Group -
scanf("%d", &x); .
vaiue[n] = x;

: printf{"%d\n”, value[n]):

printf(*\n"};

printf{"|\n"};"

for (n =0 3 n<h; ++n)

ulii_.mgcu-ﬁa ﬁ.___:i:m
else .. = 8 :
n.Zzw:_.T_.: _

Z C L printR(™)y
o if (i== )
i Cprintf (" {%d}\n", value[n]):
else
Aprintf{"\n");

}
, printf("[\n");
H

WHE. maudowmmm mzmgcu-uupm
wwﬂmﬂ m_.___u_o.b._ﬂmmw in Group - 2 mm_.
.M.M.n“m., maﬂ._._.n_.,__mmm in Group - .w : 35
anwﬂ employees in Group - & : 20
mm.._ﬁm._.,. maEakwmm in Group -5 : 11
2 T..

._*+*at$$»w:&*

_mﬂﬁ..._n_.._. _.;.».».J»##u:—#;.s..”._mu 5
_ et o Aok

“1**»1#¥*1x4uﬁ$***»$***4

Dfor (3 271 50§ <= valuen]; ++j)

Decision Making and Looping ™

__ax*w?.up:. .a.awf;ﬁ.xaﬂwrsaﬁmwu

Graup-2
_J.._. TEELE IS E R b

% ;" _ :

: ",ntl);: _w#ammt:»iﬂs.I::;gd»...u*x.;»..._k_..-.l.rw
O ’ P T T et T e e e e L L E L L
Group-3 {**ne* {35)
m».».»w..u..a&#bs.mxw&tr!?#&i&.}r!.«ﬂ&.&*x*atﬁ
_}siw¥w>1w¢okwaa+mwr*

_1*p.a;;aau*w»,a»»}m1mumw :

Group-4

jhkwhkdrharhaddhkred Aok
_
. _nienaa$$&tﬂ
“w*wr#ltik2$nuhu

Group-5  j

—ﬂ?b..n..r!.lﬂss._—.

Fig. 8,13 Program to draw o histogram

3. Minimum Cost

E Problesm: The cost of operation of a unit consists of two components (1 and C2 which can be
- expressed as functions of a parameter p as follows:

Cle 30 -8p

€210+ p°
The parameter p ranges from 0 to 10. Determine the value of p with an aceuracy of + 0.1
where the cogt of operation would be miniream.

Problem Analysis:

Total cost= €} 4 C, =40 - §p+p°
The eost is 40 when p = 0, and 33 when p = 1 and 60 when p = 10. The cost, therefore,
decreases first and then increases. The program in Fig. 6.14 cvaluates the cost at SuCCessive
intervals of p lin steps of 0.1) and stops when the cost beging to increase. The program
employs break and continue statements to exit the luop.

Er
i

main{}

{

float p, cost, pl, costl;
for (p = 0; p <= 10 p=p+ C.1)
f

1

~ g kit b

cost =40 -8 *p+p*p;
i {p == 0)
{

ave,

costl = cost;
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@@Eﬁ. Questions

6.1 State whether the following statements are frue or false. L
{a) The do...while statement first executes the loop _8&\ and then evaluate the ncmwm
control expression,
(b) In a pretest loop, if the body is executed n times, the test expression is _wxmoﬁmm
n + 1 times. i
{¢) The number of times a control variable is updated always equals the number: %
loop iterations.
(d) Both the pretest loops include initialization within the statement.
{e) In a for loop expression, the starting .._.m_cm of the control variable must be Ha
than its ending value. :
(O The initialization, test condition and increment parts may be missing in a ?
statement.

(g) while loops can be used to replace for loops without any change in the body of m_
loop.

6.2

6.9

ko)

T e n«m...rﬂu..tu r —U_

(h) An exit-controlled Heo_u is muwnﬁmm a minimum of one time.

(i} The use of continue siatement is considered as unstructured programming.

() The three loop expressions used in a for loop header must be separated by com-
mas.

Fill in the blanks in SE following m,mﬁmag_ﬁ : :
(a} In an exit-controlled loop, if the body is executed n times, the test condition is

1
d.._mmw

evaluated times.
(b} The statement is used to mwnv a part of the statements in a loop.
(c) A for loop with the no test condition is known as —— loop.

(d) The sentinel-controlled loop is also known as
{e) In a counter-controlled loop, variable known as
operations.

Can we change the value of the control variable in for statements? If yes, muﬁ_Ea its
consequences.

What is a null statement? Explain a typical use of it. )
Use of goto should be avoided. Explain a typical example s&mwm we man_ e_..:w applica-
tion of goto becomes necessary.
How would you decide the use of one of the three loops in O for a given problem?
How can we use for loops when the number of iterations are not known?
Explain the operation of each of the following for loops.
fa) for {(n=1; n I=10; n +=2)
sum = sum + n;
(b} for {n = 5; n <= m; n -=1)
sum = sum + n; y

Hcoﬁ.
is uded to count the loop

{c) for (n = 1; n <= 5;)

. sum = sum + n;

(d) for { n=15 ; n=n+1)
sum = sum + n;

(e} for (n = 1; n < 6; n ++)
ne=mn -1

What would be the output of each of the following code segments?
{a) count = §;
while (count -- > D)
printf(count);
(b} count = 5;
while { -- count > Q)
printf(count);
(c} count = 5;
do printf(count);
while {count > 0); ol I TR R T
(dy for (m=10; m> 7, m -=2) . S . *
printf(m):

6.10 Compare, in terms of their functions, the ..o:.oﬁzm .ﬁmm..m of statements:

{a) while and do...while
{b) while and for
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if {m>10)
continue ;

m=m+ 10 ; .
}owhile (m <350 ) ;
printf{"%d", m);

6.18 What is the output of the following code?
intn=0,m=1;
e do . 1" Dy 1 ta LT - _..._.

H w7

printfim) ;

m+ 3 : ..w..

l i

~ while {m <= n) ; " _

6.19 What is the output of the following code?
intn=0,m; . . Be o @
for {m=1; m<=n+ 1 ; m+ )

printf{m};

6.20 When do we use the following statement?
Lt

@wou.ﬁ:‘.im:m Exercises

6.1 Given a number, write a program using while loop to reverse the digits of the num:
ber. For example, the number e i it :
12345
should be written as”
54321 gt 3
(Hint: Use modulus operator to extract the last digit and the integer division by 10 to get the
.. 1 digit number from the u digit number.) 5 A .
6.2 The factorial of an integer m is the product of consecutive integers from 1 to m. That ﬂ.. @
.Eﬁo&u_ﬂua_n:uxmilmux..::w_.. . ) ) . .
Write a program that computes and prints a table of factorials for any given m.
6.3 Write a program to compute the sum of the digits of 2 given integer number,
6.4 The numbers in the sequence .

1123581321 ...

are called Fibonacci numbers. Write a program using a do....while loop to calculat
and print the first m Fibonacei numbers. :
- (Hint: After the first two numbers in the series, each number is the sum of the't
preceding numbers.}
6.5 Rewrite the program of the Example 6.1 using the for statement,
6.6 Write a program-to evaluate-the following investment equation -

g

2 Umn_“.oﬂzu,n.:m ..._”rown... “;_m.w
V= P(1+n)"

and print the tables which would give the value of V for various combination of the
following values of P, r, and n.

P : 1006, 2000, 3000,........, 10,000
r:0.10,0.11,0.12, ..., 0.20
Dl 23 D

_“E__u#m.mmE&EE&E_mEnEuwmbmdp_mﬁwmc&gow money at the end of n years.
This equation can be recursively written as :

V =P(l+r)
P=V

_H:»nwm,:.Eﬁ_ﬂmowEosmwm«Em»:nowwﬁwﬁwmmnwmnaamw?m c&uaum_mﬁazﬂmﬁ
the next year and so on.) :

6.7 Write programs to print the following outputs using for loops.

ﬁmu..u ..ngk.*ai*
22 : * R R
m,m.m * k W
4444 ¥¥
55555 %

6.8 Write a program to read the age of 100 persons and count the number of persons in the
age group 50 to 60. Use for and continue statements. .

6.9 Rewrite the program of case study 6.4 (plotting of two curves) using else...if con-
structs instead of continue statements,

6.10 Write a program to print a table of values of the function

y =exp (-x}
for x varying from 0.0 to 10.0 in steps of 0.10. The table should appear as follows:

Table for ¥ = EXP{-X)

‘8.0

m.EEnﬁmﬁoﬁmigﬁﬂﬁqmmmm ﬁam_.»?mwnwmmmamammm,mggmmumvmﬁzmgunﬁ
equivalent. :
(Hint: The bits of the binary representation of an integer can be generated hy repeat-
edly dividing the number and the successive quotients by 2 and saving the remainder,
which is either 0 or 1, after each division.)

Lo 2ot

P
=
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[7@] INTRODUCTION ¢ -

So far we have ﬁm&.mﬂq.ﬁ:ﬁ?ﬁmmﬂgmﬁ data types, namely char, int, float, double ari
variations of int and double: Although these types are very useful, they are constrained
the fact that a variable of these types can store only one value at any given time. Therefo
they can be used only to handle limited amounts of data. In many applications, however,
need to handle a large -volume of data in terms.of reading, processing and printing. To prot
ess such large amounts of data, we need a powerful data type that would facilitate efficie

storing, accessing and manipulation of data items. C supports a derived data type known a|
array that can be used for such applications.

An array is a fixed-size sequenced collection of elements of the same data type, It is simpl
a grouping of like-type data. In its simplest form, an array can be used to represent a i
numbers, or a list of names. Some examples where the concept of an array can be used:

+ List of temperatures recorded every hour in a day, or a month, or a year.
+ List of employees in an organization.
* List of products and their cost sold by a stare.
* Testscores of a class of students. .~ =
+ List of customers and their telephone numbers.
* Table of daily rainfall data. .
andsoon. - . . . _

Since an array provides a convenient strueture for representing data, it is classified as
of the date structures in C. Other data structures include structures, lists, queues and tre
A comwplete discussion of all data structures is beyond the scope of this text, However, W
shall consider structures in Chapter 10 and lists in Chapter 13.

As we mentioned earlier, an array is a sequenced collection of related data items th
share a common name; For instance, we can use an array name selary to represent a set’
salaries of a group of employees in an organization. We can refer to the individual salaries
writing a number called index or subseript in brackets after the array name. For example

salary [14]

represents the salary of 10 empioyee. While the complete set of values is referred to as
array, individual values are called elements.

e

- T e —] 191

The ability to use a single name to represent a collection of items and to refer to an item by
specifving the item number enables us to develop concise and éfficient programs. For exam-
ple. we can use a loop construct, discussed carlier, with the subscript as the contro] variable
to read the entire array, perform caleulations, and print out the results.

We can use arrays to represent not only simple lists of values but also tables of data in two
three or more dimensions. In this chapter, we introduce the concept of an array and &mnamm
how to use it to create and apply the following types of arrays.

* One-dimensional arrays
* Two-dimensional arrays
¢ Multidimensional arrays

C supports a rich set of derived and user-defined data types in addition to 3
variety of fundamental types as shown below:

- Arrys - Imtegral Types - Structures
- Functions - Float Types - Uniens
- Painters - Character Types - Enumerations

Arrays and structures are referred to as structured data types becayse they can be
used to represent data values that have a structure of some sort. Structured data
ypes piovide an organizational scheme that shows the relationships among the
individual elements and facilitate efficient data manipulations. In programming
parlance, such data types are known as data structures,

In addition to arrays and structures, C supports creation and manipulation of the
following data structures:

* Linked Lists

+ Stacks

* Queues

s Trees
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. When the compiler sees a character string, it terminates it with an additional null nrm

j : : 1.1 2.2 3.3 8.8 5.5 6.6 1.7 8.8 9.9 10.10
ter. Thus, the element name[10] holds the null character O When declaring charg
arrays, we must allow one extra element space for. the null termingtor.. ] x[ 1] = 1.10
i ) . x[ 2] = 2.20
White q program using a m_.:m__m-m{gﬁ:__uﬁm.ﬂ varable to evaluate the x[ 3] < 3,30
lowing expressions: W o R x[ 4] = 4.40
o x[ 5] = 5.5¢0
Total= Y x? x[ 8] = 6.60
. M _ [ 71 = 7.70
i i : - o ! = §.80
The values 6f xT.42.....are read frémn the terminai, il p
G S : : ] af 9] = 9.9
. Program m Fig. 7.1 uses a uﬁm-n_Emﬂ.m_Eh& array x to read the values and compute HEg x[10] = 10.10
~sum of their squares.' ¢ Gl e BT TR S R g )
S B ] : mfp.. 1. 4, N i
qa#mu = L el e

e  Fig. 74" Prograri ts llistrae oné-diméssional array
int i ; : e R Tha ; i T e T
float _U,TB. value, total ;

: E vmwﬂmm.mﬂmwm whose size can be specified at run time. See Appendix "C99 Features", |

- .. -READING VALUES INTO' ARRAY .,

S P P

H__..__.J.n...ﬁﬁ.__mz._..—m_.ﬂ. 10 xm.n._u _zczm.mmmﬂrﬂ_._“. ; E —z_.ﬁmh_l_ﬂb..—._-oz OF OZM:—U—!MZW—OZbF ARRAYS

After an array is declared, jts elements must be initialized, Otherwise, they will contain

Cfor{-it= 07y 4 <105 4+ )

4 . “garbage”. An array can be initialized at either of the following stages:
scanf("4f", value) ; e At compile time
x[i] = value ; s At run time
|- , s
e v o .. COMPUTATION F TOTAL e & wza™s o 0 Compile Time Initialization
pcnm",_ 0.0 . - We can initialize the elements of arvays in the sume way as the ordinary variahles when they

R : initialization of arrays is:
for( i =03 7203 iss) : are declared. The general form of initializatio ¥

total = total + x[1} * x[4]"; type array-name/size] = { list of values };

/*. . . . PRINTING OF x[1] VALUES AND TOTAL . . . b The values in the list are separated by commas. For example, the statement

! int numberf3] = { 0,0,0 };
£ Vill declare the variable number as an array of size 3 and will assign zero to each element.
¢ - [ the number of values in the list is less than the number of elements, then only that many

._&m_..._mnwm_.c:;m initialized. The remaining elements will be set to zero automatically. For
[ instance, . :

.uxdaﬂﬂﬁ=;a=_w
+c14_”a"4.“::._++u
printf("x[%2d] = w3.2f\n", L, x[i])

rint{ ...,_Sﬂo.r..: = %.2f\n", total) ;: ;
L . u fleat total[5] = {0.0,15.75,-10};

e will injtialize the first three elements to 0.0, 15.75, and -10.0 and the remaining lwo ele-
E' Ments ty zpro,

}
Output }
ENTER 10 REAL HUMBERS
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else
high = low + 9 ; o
printf(" %2d %3d to %3d %d\n",
" 44#1, Tow, high, group[i] )
) o
o P03 65 512779 11 5661 82 09 25.36 0749 uw wwm i
& ¢y . B1-49 37 40 49 .16 75,87 91.33 .20 38 ww Mm”%
MW_ - m“%c%_. B . _FREQUENCY
Py E ; N
o N ST .
% q 5 .N.L [ T~ "nb.
i g dis R L
L4 | i
n o o i L .
i s B 3R ET ke 419 e
Al 80 to 89 i s
m_‘ 90 to 99 -3
8 100 to 100

.n”w..bﬂﬁﬂWruum

+ Bubble sort

* Selection sort

s {nsertion sor

Other sorting techniques include Shell sort, Merge sort and Quick sun,

Searching is the process of finding the location of the specified element in a list,
The specified element is often called the search key. If the pracess of searching
finds a match of the search key with a list element value, the search said to be

successful; otherwise, it is unsuccessiul. The two most commaenly used search tech-
i, nigues are:

data)’

» Sequential search

= Binary search

A detailed discussion on these techniques is beyond the scope of this text,

Consult
any good book on data structures and algorithms.

TWO-DIMENSIONAL ARRAYS

e e R

initialization statement. &
Nate that we have used an initia : |
) int groun ﬁﬁO=szﬂu w HQ.GuﬂuD.ﬁwﬂwﬂ.c-D.Oqu_
whi be replaced by % o oS emep o
e = int ‘group . [COUNTER] = {O};.
This will initialize all the w_mEmEh to um.a.o._

S0 far we have discussed the array variables that can store a list of values. There could be
situations where a table of value

s will have to be stored. Consider the following data table,
which shows the value of sales of three items by four

sales girls:
feml T Item2 o Tem3
Salesgirl #1 30 215 365
Salesgirt #2 210 190 325
Salesgir] #3 405 235 240
Salesgirl #4 260 300 380
S ——,

The table contains a total of 12 values, three in each line. We can think of this table as a
Matrix consisting of four rows and three columns. Each row represents the values of sales by

i ! 5.
Searching and sorting are the two most frequent operations performed on array

techniques that facilitate rapid access o data stored in lists.

ili [ h opera-
especially important in list searching because they _.,mn_._._mv_m Sﬂﬁ_smwmqwano%nma
:o_ﬂ..m Many sorting techniques are available. The three simpie an
among them are:

Computer Scientists have devised saveral data structures and searching and sorting

. srrangi qents-in the list according to their values, in-
ing i rocess of arranging elements:in 2 ! i
WMMM”_”_N.:_..awﬁw%mmnm:&:m order. A sorted fist is called an ordered list. Sorted lists

# particular salesgirl and each column represents the values of sales of a particular item.

" In mathematics, we represent a particular value in a matrix by using two subscripts such
8 vy, Here v denotes the entire matrix and vy refers to the value in the i row ang j*
%lumn, For example, in the above table vy, refers to the value 325,

C allows us to define such tables of items by using two-dimensional arrays. The table
Yiscussed above can be defined in C as
v[4])3]

Two-dimensional arrays are declared as follows:

type array_name [row_size][column_size];
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for( .3 =0 ; 4 < MAXGIRLS ; 3t
printf("Salesgirl[2d] - Gd\n", i+l, 9ir]_total[i] ¥;
printf{"\n ITEM TOTALS\n\n"); _

: . " the product table. Since the indices i and j
we have introduced the following transformation. - .

oW = j+]
for{ j =0 5 J < MAXITEMS ; it ) i - &
priotf("Itenf%d] = %d\n’, f+i , item totalj] ); SR

printf(“\nGrand Total = 3d\n", grand_total);

} Program : . i
Gutput i : ~#define -« ROWS. - ~i50 . . . : y
[nput data #define " COLUMNS -5 - i .
Enter values, ong at a time, main{} WA
310 257 365 ' o gt B et |
210 190 325 int row, _Bzar._. product [ROKS] [COLUMNS] ;
i 2" _“”M_:_“:m _“E:u_._h.i.:._uz_;mﬁ in")
: : E "
260 300 wmﬁ h . , prinEF(s o] |
BIRLS *TOTALS - - * | for( J.=1: 5 <= COLUMNS ; jou )
- Ll n L e 3
mmummm_ rl H._E oS mmm I SR G . : : 1.__n__._1ﬁ._hu_”...n_“—.__._.‘__.._.“_hn_._ 54 u = . :
pllesglrllal) & 1. o gl i i Sl _U:._,_:.? T i L
‘Salesgir1[3] = 880 .. wa_l . S An");
Salesgiri[4] = 040 _ - .ﬁ UGV < ROWS. o g )L
ITEM TOTALS .

Ttem[1] = 1185 vaemd
Item[2] = 1000
item[3] = 1310 .

Grand Total = 3495~ . . < it .

TOW = | + ] -

Printf(“s2d |, row) ;

for( j =1 ; j <= COLUMNS ; j++ )
{

column = j .

product[i1[§] = row * column 3 .
printf("s4d", product[i][j] ) :

}
printf("\n*y .

¥

_ . _. : j
i xagn_m..,.& Write a program to no_.ibcdrm and print Gutput .
S bers | to 5 as shown below: -- S MULTIPLICATION TABLE ) S :
- e . L H N w h m : ¥ } i
L el e, 4
1 1 Z 3 4
2 2 4-1-.4 8
3 3 & ) .
4 4 8. s i
8- 5w 000 .. [...

The ﬁ._.omnmﬂ shown in Fig. 7.5 uses a two-d
value is caleulated using the control variah

les of the nested for loops as follows:
product[i] [j] = row * column :
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i : Calecutta 4
il Delhi 2
i " } Madras 4
4 /*. . . . .TABULATION COMPLETED AND PRINTING BEGINS... . .*/
i peintf("\m\n*); . - :
& printf(" POPULARITY TABLE\Mn');
B printf("——— = ;:..T
E printf("City Ambassador Fiat Dolphin Maruti \n");
rintf (" - "]
W : P ) : :
m . : * witch(f A _ The subscripts in the definition of a two-dimensional array represent rows and col-
3 : sWite m‘ ) B umns. This format maps the way that data elements are laid out in the memory. The
& . . W i i B f (Bt elements of all arrays are stored contiguously. in increasing memory locations, es-
m b case 1w _..3..“.:“. .ﬁ. 2l i " - sentially in a single list. if we consider the memory as a row of bytes, with the
H i 1mmr .v. . lowest address on the left and the highest address on the right, a simple array wili
5.“ ! ‘- case 2 nj.,:m._: _nm._m.__.ﬁ.y.n.m bl be stored in memory with the first element at the left end and the last element at the
. o Ekey = R o e right end. Similarly, & two-dimensional array is stored "row-wise, starting from the -
: Ccake 3 : printf("DeThi o i first row and ending with the last row, treating each row like a simple array. This is
© 77 bréak § o ’ ' illustrated below.
ik : 1] [ "
case 4 : printf('Madras ") ; Column
break ; . o
) . —
for{ j =133 <=4; j+ )} ) 0| 10
printf("57d°, frequency[il[] ) ; : row .“..aa.... 50|60 F 3x 3 aray
”_ printf{"\n"} ; 2{ 70. 0.1
printf(" s e An"); ;
PR . vns s oo w,o PRINTHIE MBS, = s 0 aan & w o) row 0 row 1 S
M.:. u souies_ 10 3._”..8.”_. 60 }[-76"T 80 T 90 ]
MEp : " 0 1 Wz @er [ ;
For each person, enter the city code Em; (@) ﬁw_m_ _P__E Em_.: :mmu_ _h_w_c. Eh_ _mw_m.
followed by the car code, .
Enter the letter X to indicate end. | Memory Layout
M1 CZ2BL1D3IMZEA : For a multi~dimensional array, the order of storage is that the first element stored
C1 D3 M4B2D1CS3 has O in ail its subscripts, the second has all of its subscripts 0 except the far right
D4 DI MIMIBIESI3 which has a value of T and so on,
c2 :
N M m w M w ﬂ M M _" cz . The elements of a 2 x 3 x 3 array will be stored as under
D3 M4 CID2ZM3IBE X ” 12 3 4 5 6 7
2 [odo'fod: Too2 Jo1a Tor o2 [oa | -
. e 2T 'POPULARITY TABLE . . S e
_ 1 112 13 14 15 16 17 18
City = Ambassador  Fiat ‘Dolphin Maruti — _ : . :
S N 3 7 -[100 [101 ro2 Trno T i1z [120 121 12z |
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.+ #5 Beaware of the difference between the 'kth eleiment” and the "clem: it

.. : B_ n#@iﬂm.iﬁm __._h.__.u,m...m.,:.umh_.._.m___.: En_m_mmmwum_n listis a _uoEEm time erra

v We need to specify three things, namely, name, type and size, when %
. declare an array, ; i 5 e 2
42 Always remember that subscripts begin at O (not 1) and end at size -] %
- #1 Defining the size of an array as a symbolic constant makes'a program mon
... -scalable, g _ : : = :

"The kth element has a subscript k-1, whereas the element k has
- - seript of citself, . B o B
Do, not, forget to initializ  thie elements; otherwise they will contain,
el by e Lk et i it g e

#1° Use of invalid subscript is one of the common errers. . An incorrect o

invalid index may cause unexpected resuits. < . U7

#2.:When using expressions for subscripfs, make sure that their results

. go-autside the permissible range of 0 o size ~1. Referring to an eleme
_Quside the array bounds is anerror. .. .

#  When using control structures for lopping through an array, use p

relational expressions to eliminate "off-by-one" errors. For example, for.
array of size 5, the following for statements are wrong:

"

for(i=1;i <=5 i++)
for{i=0;i < =5; i+ +)
. forfi=0;i= =5 i+ 4)
...mmoh.ﬁﬂ.u..m.nnu_ i+ +) .
#  Referring a two-dimensiona! array element like x[i, j instead of x[i] j] i
compile time error, ) ; Cs )
4> When initializing character arrays, provide enough space for the tert
nating null character, . _ I )
# Make sure that the subscript variables have been properly initialized
fore they are used. . . - p
# Leaving out the subseript reference operator [ ] in an assignment ope?
tion is compile time error. i . H g e ¥
#3  During initialization of multi-dimensional arrays, it i an errer to omi
array size for any dimension other than the first. .

1. Median of a List of Numbers

When all the iters in a list are arranged in an order, the middle value which divides
items into tweo parts with equal number of items on either side is called the median.

le even number of items have two middle
values. The median for even number of items is therefore designated as the average of the
two middle values, ;

The major steps for finding the median are as follows:

H.wmwngm:mﬂmipomd array while keeping a count of the items.

2. Sort the items in increasing order. s

3. Compute median.

The program and sample output are shown in Fig. 7
follows: .

1. Compare the first two elements in the list, say a(1], and a[2]. If a[2] is smaller than

a[l], then interchange their values. .. - . B A 4 Ly -

2. Compare a[2] and a[3]; interchange them if a[3] is smaller than a[2].

3. Continue this process till thie last two.elements are compared and interchanged. -

4. Repeat the above steps n=1 times. - =~ - - g TP

In repeated trips through the-array, the smallest elements ‘bubble up’ to the top. Because
of this bubbling up effect, this-algorithm is called bubble sorting. The bubbling effect is
illustrated below for four items..4 . Sl i .

.7. The sorting algorithm used is as

E b.:.mﬁ..
step 1

Initial
values

" After”
slap 2

F }?.ﬂﬂ_
slep 3

Trip-1

ermmas
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The algorithm for calculating the standard deviation is as H.o:os_m
1. Read n items.
2. Calculate sum and mean of the items,
3. Caleulate variance.
4. Caleulate standard deviation.

Oo:__u_m,nm progeam with sample output is shown in m,ﬁ 7.8.

3. Evaluating a Test

A test consisting of 25 multiple-choice items is administered to a bateh of 3 mEmmzﬁm Correct
answers and student responses are tabulated as shown below:

llems

1 2 3 4 56 78 9 01 2 34546 789012 34
= - 3 .ﬂﬁ:g_ 7 el 3 o D T T = = T -
Program W it answers
#include <math.h> . iy i
#define MAXSIZE E_.._ .
_S.:.__H u i b niigs v Studant 1
{ H\. . s Student 2
int iin; ] il
float value [MAXSIZE], deviation, : _ Ecanios
mga.mﬁ_ﬂ?amw:.{&.::nm w__.n.“_a,:m:c:.

Sum = sumsqr = n="10;

printf{"Input values: input -1 to’ m:n Wn"); The algorithm for evaluating the answers of students is as fallows:

for ? 1 i< _.__rxm:m TL T : 1. Read correct answers into an array.
{ . b 2. Read the responses of a student and count the correct ones.
scanf("%f", &val :mT..H_ : 3. Repeat step-2 for each student.
if (valuefi] == -1) 4. Print the results. .
break; . A program to implement this algorithm is given in Fig. 7.9. The program uses the follow-

5 sum +H ,..m_:mTHp ing arrays:
2 n += 1 .
; ) key[i] - Ta store correct answers of items

mean = sum/{flodt)n;

response(i] - To store responses of students
for (i = 1 ; i<=.n; i++)

o

char key[ITEMS+1],response[1TEMS+1];
int count, i, student,n,
correct [ITEMS+#1];
/*Reading of Correct answers */
printf("Input key to the items\n");
. far{i=0; i < ITEMS; it+)
e scanf(*%c", key[i]};
) : scanf ("%c",&key[i]); ‘

ul:ﬁ.u.gmw:_“a.ﬂ:._,amw:u"
printf("Standard deviation :

ﬁ correct[i] - To identify items that are answered correctly.
deviation = value[i] - mean; - e :
& sumsgr += deviation * deviation; Program .
E } . : : e o fdefine STUDENTS 3
variance = sumsqr/{float}n ; mn_.mjam ITEMS 25 )
: stddeviation = sqrt(variance) ;. . _ main{ )
u printf("\nHumber of items : %d\n",n); {
4

Mﬁwm=. stddeviation);

} :

Output
Input values: input -1-to end _
65 9 27 78 12 20 33 49 -1

Number of items : 8

Mean : 36.625000 *_m&_ﬁ: = Ne
Standard deviation : 23.510303 /*Evaluation begins */
; ; for(student = 1; student <= STUD" i student++)
{

/*Reading student responses and counting correct ones*f
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M;_I _

_Em v&wﬁwmvnﬁaﬁngn;_:m% wﬂaa:aﬁ Emuzmﬁnﬁmn mum sold by two value arrays, |
.namely, Mvalue and Svalue, Then, :

Myvalue[ijj] = MijxC;  ~ . . . ¢
Svalue[i][j] = Sij x Cj _ _

A program to generate the required outputs mo_, a.:w n.mSmE ﬁammﬁ_nm is shown in Fig, 7.10. .H.r?
following additional variables are used; H

Mweck[i] = <mHm of all the u...um:nﬁ Emncmmﬁcaa_n week i

M zé___nEE -

Sproduct[j] = {.m_:w of jth type product sold during the month.

4
=3 Svaluefi]fj]

Mitotal = Total value of all the products manufactured during the month

= M_ Mweek[i] = M Mproduct[j]

i=1 : ;
wSS_i Total value of al] the products: ua_n_ n:ﬁ:m n_:w Eom&

M Sweek[i] = M mﬁ&:ac_

=1

Program
main{ }
{ & :
int M[51[6),S[5][6].,C[6],
Mvalue[5][6],Svatue[5][6],
: - Mweek[5], Sweek[5], L
. - - Mproduct[6], Sproduct[s], .
Mtotal, Stotal, i,J,number; T
/*  Input data xyf
printf {" Enter products manufactured week wise \n");
printf {* ML1,M12,—, M21,M22,— etcin");

Lo forisly ixe=ds ?&

kT, s r__r"r;..
Wiy b:,_:_,. w.,ﬂw

for(i=1; i<=4; j++) -
for(i=1;5<=5; j++)

- scanf("5d", aMfi] [i]);
_n:.:._:a {" Enter products ma_u week wise\n");
printf (" s11,%12, —, 521, mmm — mﬁ_n,,._._d
for{i=l; i<=q; TR s . )
o Tor{isl; je=8: jes)..

. scanf("%d”, E_:,_:
.E..:;l _Enter Smn of; ‘each productin);

— 1o

For(js1;. § <=5; jv). - ¥ . :

:seanf("sd", BC051)E ;...

[ P I

L_::__._:_._m matrices of E.ou:nm;_._ and mm_hm Ef

mn.i.._n 15 u.n..m. _H.I.u

3gm_:mz:b =M
m..a;:m—d __.: .;;.m

_‘.:oﬂl &.._:m of .___mmE._... .32_:23.: m_ﬁ_n. ,q..imm */
_qn:._: .._. Hnua. _.I.u g

__._Sm.mn_..._u =0 ;
Sweek[i] =.0:; . .
HS.E =1; ,_...numh j++)
z______mm: 1 #= Mvaluefi] lil;
% m:mmrﬁu += ,__m_:mm_.”_ (id;
— -

m_:.._o:n_:._q E_:m Sn product_wise
for(j=1; j<= =5 i)
[
gnﬂcacnﬁe 0
Spraduct[j] =0 ;
for{i=1; i<=4; d++)
{

preduction and sales i

Mproduct [j] += _.__.._m__._mT:H_
H muwun:n:b += m_.a._cm:;“_
— i
J*Grand Q..__..m_ of _2.2__._25: and.sales values */
Mtotal = Stotal = 0; :
for(i=1; Si€=4; i+4)

{
Mtotal += Mweek[i];
Stotal += Sweek[i];

e

(=T




2T €T ST I1 #1
P ST 01 91 21
i 2T ST br .E1 €I
: €1 vT 21 ST 11
218 ———— ‘e CTEWN “~—-==“2TW ‘1T
d5[M xmm_._.. fRJINIIEJTURW m.-.u_.__h.o.,_n_. AUy
gndyng
Cfe viEw 3o pul 5/ |
H==cheagmo;n m;u wod) 31%¥3 lauiad
/e doof BLtum Jo pul o/ |
Je M231Ms 4o pul of |

_— LR
$(aujuyutebe 303(3s ‘921043 GuodM ,)j3utdd
: 1pneiap
; [ LINY 430/
i yeauq

f{lrio1s 'y = mw_mm tesog =H*H=_La
f{ie103Y. ©,u\pP% = woLidnpouad 12301 wy, ) 4auad
TUASTTVS % zo_huzcaam 40 w101 aNwy9 w}3pulad
ThBSED
e SV LOL czquu*x
- yeauaqg
. . ﬁ
$([C]3anpoads” Hauuuavnhnx ==fﬁh*p,ﬂhx=ku=an
ﬁn_..ﬂfﬁﬁwuuu=ﬂoLm

5 ik }

. ,m:.am.. ﬁ++ﬁ fGam [ {[=fjuop -~
mn.__._.__f Pl |5 III.|| . e - . _._u...«:_..._.ﬂ_.
HuU\SITVS NOLLONGQWd - S u)43utad

: ﬂ::____.c_fmmn_im ..u.._.u.ﬂ _.Ln.
a2 =aHhu=m=m¢ Am_cF ISIH huacomm =vmp=,ga L

e < ip‘ased
x¢m“m?4¢=¢ ume hu=acza*a
S Hyeadg

H([1]490ms < [1]X298 *U\PL%I\PL%,) J7U LD
i O San(pshusen ) Jurad
S 1

(#+1 fp=> 1 f[=1}404

Hawy == S=s== wldduLad
HLUSIWS NOTLINOOYN S NEVTRY
f(LUNUASTTIVS 9 NOLLONADMA  AT¥33M T¥LO0L ,)43utad
. 17 ISED
fx SISATYNY - ATNIIM &f
iyezag

“ v

Jiud e

U\ ) 43utad
H{[C][L]enieags *,pi%,)J2utad
i A+l tg=> [ f1=laoy
S (PE)ABAR W) utad
}
(+#1 Ip=> | '[=1)d04
SlaUNUNSTTYS 4O XINLWW 3NTWA u\,)s3uLad
{
mn.__—,.____.z_._..—uz_:_ﬁ
IPILL)en oAy pes, ) 4ouLad
o[+l ig=> [ f1=l)uaoy
U (pg)dasy ) sauad
]
(el tp==l f=1}doy
*(,U\U\NDILONGO¥d 0 XTHL¥W 3N¥A .)surad
] ased
Jo SIDTHIVH INTVA &
\‘ YIJLMS . +m BuiuuLbag ./ )
o (JIqunulyogims
{
: -8
mﬁ}kﬁu;m 0009 o)43uLdd
i i
(G == JaqunuliL
i flau\L)d3utad
arpe z f{4aqunug ', py, ) jueas
Hat mu_cxu u:g» HILNT Uy, ) Jutad
xg nao_ mF_;x jo m:wcc_amm Y
: 1)1 tys
i 0 o= Jd3agqunu
o e HuU\ax3te autad
H{,uys3qes g :opuuzunLn +o an|eA nm“nv puzag-y 4)13utad
. ;o ki u\sales ,)s3utad
{8 uopyanpoad Jo maru; h_;uzos mm_z "10Npodd £ i, ) dautad
t{yu\sa|es g uoronpoad K| }8am jo Bnjea [B30L°Z ,)Iutsd
f{euysaes g uorionpodd go sadrdjew angeptT L Ylautad
PluununAay Nynidy ssadad pue ,)Jjuad
{,udaquny w3yt gjeLadoadde 4a3u3 tdoy cisanbas ) gjuiad
Plaunues nok sbulyi jo um_F Yy st mc_zaF_om o) $3uLad
Nk&,?i*«ﬁﬂ;i*ika««;iﬁymﬂﬁ.ﬁﬁrr«.ﬂmh!rq&:mk.u_i.f._:ﬁ&.r*g_;
padinbad uoljewuojul 4o Buljutdd pue uoL}da|ag

B Y P R T T T R T P e e S P P ﬁﬂ.&**iﬂu__\

{

EEPE R

'-'.fl-




T

T

Enter products sold wesk _wWise
511,512,—==-~, 521,522,~——— et¢
10 13 9 12 11

12 .10 12 13 10

11 14 w0 14 12

12 .10 13 11 10

Enter cosi of each product
10-20-30-15 25 ~

_"o:E.::m is ﬂ_._m ,:wn i :._.__.Em you can

EE:..E ‘for. Enter’ nunﬁn_._ﬁm .m,nma number

and_ préss RETURN key

“_ value amﬁ.._n_mm of v:a__n.zo: 3 u,:mm

2, ._.EM\_. value of mmi._.. production & sales -
,3.Product_wise naiz:. value of production & sales

oL Grand .ES_ _.,mzm 3. E.on:_nfg .u sales

- SaExits -
ENTER YOUR CHOICE: I
TYALUE  MATRIX oF umncznﬂﬂcz. S
Week(1} 110 © 300 © 360 210 325
Week(2) . 130 260 420 225 300
Week(3) 120 320 - 300 225 350
Week(4) 1400 220 450 185 300
VALUE MATRIX OF SALES i
Week(1) 100 260 270 © 180 275
Week(2) 1200 200 -360 210 250
Week(3} - 110 280 300~ 210 300
Week(4) 120 .Noc 390 185 250
ENTER YOUR CHOICE:? : - .
TOTAL WEEKLY PRODUCTION & SALES
PRODUCTION  SALES |

Week(1) 1305 1085
Week{2) 1335 1140
Week(3) 1315 1200
Heek(4) 1305 me

ENTER YOUR CHOICE:3
PRODUCT_WISE TOTAL PRODUCT 10N _m m..:.mm
PRODUCTION SALES

Product (1) 500 450
Product {2} 1100 %40
Product(3) - . 1530 £ 1320
Product{4) 855 - 765
Product (5) 1275 1075

ENTER YOUR CHOICE:4
GRAND TOTAL OF PRODUCTION & SALES

b oun

Y Total production = 5260

Total sales = 4550
i ENTER YOUR CHOICE:S
GO0OD BYE
Exit from the program

@W&miﬂ:mmﬁo:a e | &

7.1 State whether the following statements are frue or false,
(a) The type of all elements in an array must be the same.
(b} When an array is declared, C automatically initializes its elements to zero.
{c) An expressicn that evaluates to an integral value may be used as a subscript.
- {d) Accessing an array outside its range is a compile time error.
(e} A char type variable cannot be used as a subscript in an array.
{f) An unsigned long int type can be used as a subscript in an array.
(g) In C, by default, the first subseript is zero.
{h}) When initializing a multidimensional array, not specifying all its dimensions is
An error.
(i) When we use expressions as a subseript, its result should be always greater than
Zero.
{j) In C, we can use a maximum of 4 dimensions for an array.
(k} In declaring an array, the array size can be a constant or variable or an expres-
sion.
{I) The deelaration int x[2] = {1,2,3); is illegal.
7.2 Fill in the blanks in the following statements.
{a) The variable used as a subscript in an array is popularly koown as

variable.
(b} An array can be initialized either at compile time or at
(¢) An array created using malloe function at run time is referred ao as array.

(d) An array that uses more than two subseript is referred to as array.

(e} is the process of arranging the elements of an array in order.

Identify errors, if any, in each of the following array declaration statements, agsuming
that ROW and COLUMN are declared as symbolic constants:

{a) int score (100};

{b) float values [10,15]:

(c) float average[ROW], [COLUMN] ;
{d) char name[l5];

{e) int sum[ ];

(f} double salary [i + ROW]

{g) tong int number [ROK]

(h) int array x[COLUMN];
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7.5 The daily maximum temperatures recorded in 10 cities during the month of January

..”,JIIIII_I|,_ 227

rte a program to read the data and determine the following:-

{for all 31 days) have been tabulated as follows: (a) Tota! marks obtained by each student
: . El Au._.J.. % ot - 4 W n?u _‘m.—ww Tmm?..um.w _H_mﬂmnm E . : ; :
: ] : e i ach subject and th,
Day- . =k s 2 ettt it i Lo i - _nwa_ The student who obtained the highest aﬁmeMu Muﬂ“. of the student who secured it,
e e b e e . m_ﬂm..ﬂ are H_S__.D Dﬂmr&mamﬂ.m_.bﬁr 2
fs al arrays A and B whi
order. - which are s ; .
w ;mﬂm_._.wwmﬂw @ program to merge them into a single sorted mﬁmw moaﬁ_,._“ mm in ascending
G rrays A and B, in ascending arder, : at contains every
i - E 0 matrices that have th : :
i i ; ave the same number of rows .
z _ 3 produce a third matrix. Consider the following two H“Mon”.w;um can be multiplied to
% ) w\ ﬁm.: H_u....-ﬂ": ;
u_. : o . = 0" HE . : : 2y, mnm.:..ﬁm:
Write a program to read the www__m..mﬁ.wwmmu_ﬁ..,w.aﬁ._w .mﬁ._-&m..,wwﬁ.oum._ array temp; s
ture, and to find the city and day correspondingto. . . . . . %3
{a) the highest temperature and. . : i ) LR e .
(b) the lowest temperature. - . ‘ T
7.3 An election is contested by 5 candidates. The candidates are numbered H to 5 and e a,
voting is done by marking the candidate number on the ballot paper. Write a prog by B b,
to read the batlots and count the votes cast for each candidate using an array va g i "
count. In case, a number read is outside the range 1 to 5, the ballot should be c6 i2 bapby,
~ ered as a ‘spoilt ballot’ and the program should also count the number of spoilt bal —_r
7.4 The following set of numbers is popularly known as Pascal’s triangle.
H > » .
1 1 The prod Lbyreeen .. by,
1 52 1 _ € preduct of A and B is a third matri :
! 2 ; . by the following equation. ix C of size nxn where _cn element of C i given
1 4 6 4 1 :
1 5 0 1w 5 1 Cy= Y nby

If we denote rows by i and columns by j, then any element (except the Eﬁm
ments) in the triangle is given by

o . Pi=Pinj TPy :
Write a program to calculate the elements of the Pascal triangle for 10 rows 2}

the results. . . N _
7.5 The annual examination results of 100 m*:mmbﬁ.m are nmv:_mﬂm as follows: &

7.8

N

Subject I - Subject 2 Subfect 3

Rolf No.

kat

Write i
.w_wan_._nw M%MMMHM ._&mﬁ will read the values of elements of
rite a program that fills 4 five-by- i
* Upper left triangle with +1g e el
. H..._uEm._. right triangle with —1s
E.Em_mrw to left diagonal with zeros
Splay the contents of the matrix usin i
.memﬁoﬁ sort 1s based on the following wm”“w i Fistements
mm.mﬂunm the .Hmu.mnmﬁ array element and ms.mu.%
mrmc:mawnmn_ list whose size is 1 less than the
r.m..._u again on the unsorted list we will have
Size n-2 . When we repeat this until the
result will be a sorted list,

Wt g
'7ite a program to implement this algorithm.

A and B and produce the

Fm. it with Em last array element leaves
size of the original list. If we repeat this
n ordered list. of size 2 and an unord

. ered
size of the unsorted Jist becomes one

, the
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.:...:_._m chapter we shall discuss these operations in detail and examine library functiéns This will result in a compile time error. Also note that we eannot separate the initializa-
that implement them. . tion from declaration. That is,
e i char stri[5];
3 WNITIALIZING STRING YARIABLES =]

stri = "GOOD";

anl support strings as a data type. However, it allows us to represent strings as: | is not allowed. Similarly, :
charactsr arrays. In C, therefore, a string variable is any valid C variable name and is al- : char s1[4] = "abc";
WAV . . d us an array of characters. The general form of declaration of a string variabl

is: : i LA T : . B

char s2[4];
s2 = sl;- /* Error */ .
is not allowed. An array name cannot be used as the left operand of an assignment operator,

The sze mm?ﬂa_smm the s_h.n,am_. of characters in. a.a. wﬁ.EmE_wBF mnuﬁ wﬂmﬁu_mm are:
i char 25-3.5 i i %GR SR i
char :msm_”mau_. SR .

When the compiler assigns a character string to a character array, it automatically sup
plies a'nyull character (\0 ‘) at the end of the string. Therefore, the size mWaEm be E:E to thy
maximuin number of characters in the string plus. one. .

Like numerie arrays, character arrays may be initialized when they are mo&wnog C vmn
mits a character array S be initialized in m_ﬂrmno:wmmc:cﬂnmwiamE.Em..;

char city [9] = " NEW YDRK "; i
char city _”mwuﬁ-z...gm.'._._..t. ._ _._,.v..n-.v.._n_ LK, .J_D.ww.
The reason that city had to be 9 elements long is that the string NEW YORK coitain

characters and one element space is provided for the null terminator. Nete that when w
initialize a character array by listing its elements, we must supply explicitly the null &me.

You must be wondering, .\53_._&0 we need a arminating null character?” As we
know, a string is not a data type in C, but it is considered a data structure stored in
an array. The string is a vartable-length structure and is stored in a fixed-length
array. The array size is not always the size of the string and maost often it is much
largér than the string stored in it. Therefore, the last element of the array need not
represent the end of the string. We need some way to determine the end of the
string data and the null character serves as the “end-of-string” marker.

nator.

C also permits us to initialize a character array without specifying the number of el
ments. In such cases, the size of the array will be determined automatieally, based on m_,
number of elements initialized. For example, the statement

char string [ ] = {'6','0','0','D","'\0"};
defines the array string as a five element array.

We ean also declare the size much larger than the string size in the E_:m_:“mw That is,
statement,

READING STRINGS FROM TERMINAL

tUsing scanf Function
e familiar input function seanf can be used with %s format specification tb read in a
ng of characters. Example:
char address[10]
scanf{"%s", address);
char str[10] = “GOOD";

is permitted. In this case, the computer creates a character array of size 10, places the v
“GOOD” in it, terminates with the null character, and initializes all other elements to NU
The storage will look like:

e problem with the seanf function is that it terminates its input on the first white space it
ds. A white space includes blanks, tabs, carriage returns, form feeds, and new lines.
erefore, if the following line of text is typed in at the terminal,

NEW YORK

n only the string “NEW” will be read into the array address, since the blank space after
word ‘NEW' will terminate the reading of string.

_“E,Fm scanf function automatically terminates the string that is read with a null character
d therefore the character array should be large mbcnmv to hold the input string plus the
| character. Note that unlike previous scanf calls, in the case of character arrays, the
Persand (&) is not required before the variable pame.

However, the following declaration is illegal.
char str2[3] = "GDOD";
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Using getchar and gets Functions

We have discussed in Chapter 4 as to how to read a single character from the terminal, using
the function getchar, We can use this function repeatedly to read successive single char

tess [eom the input and place them into a character array. Thus, an entire line of text can |
read and stored in an array. The reading is terminated when the newline character {"\n")
entered and the null character is then inserted at the end of the string. The getchar fune;
tion call takes the form: . . . :

Note that the getchar functipn has no parameters.

2] Wiite a program to read a line: of.text containing a serles of words fro]
= - the terminal, : T om, B : - :
The program shown in Fig. 8.2 can read a line of text (up to & maximum of 80 characters)
the string line using getchar function. Every time a character is read, it js assigned £
location in the string line and then tested for newline character. When the newline chaf
ter is read (signalling the end of line), the reading loop is terminated and the newline ch
acter is replaced by the null character to indicate the end of character string. -3
When the loop is exited, the value of the index ¢ is one number higher than the |
character position in the string (since it has been incremented after ass igning the new chj
acter to the string). Therefore the index value e-1 gives the position where the null charac
is to be stored. i

Prograii
#include <stdfo.h>
main{ } _
{
char 1ine(81], character;
int c;
¢ = 0;
printf("Enter text. Press <Return> at end\n");
do ’ : U
{
character = getchar({);
Tine[c] = character;
CH+y

ATt P SR AT

} o,
while{character 1= "\n');
t=c-1; _
Tire[c] = '\0%;
printf("\n%s\in", line);

- ; ; +=—  Character Arrays and Swrings - .mumm

Output
Enter text, Press <Return> at end i
Frogramming in C it interesting.

Enter text. Press <Return> at end
National Centre for Expert Systems, Hyderabad.
Mational Centre for Expert Systems,. Hyderabad,

Fig. 8.2 Program to read e line of text from terminal

Another and more convenient methoed of reading a string of text containing whitespaces is
to use the library function gets available in the <stdio.k> header file. This is a simple fune-
tion with one string parameter and called as under:

pets (str);

str Is a string variable declared properly. It reads characters into sty from the keyboard
until & new-line character is encountered and then appends a null character to the string.
Unlike scanf, it does not skip whitespaces. For example the code segment .

char line [80];

gets {tine);

printf ("%s", line)};
reads a line of text from the keyboard and displays it on the sereen. The last two stateinents
may be combined as follows:

printf("%s", gets{line));
(Be careful not to input more character that can be stored in the string variable used. Since
does not chech array-bounds, it may cause problems.)
C does not provide operators that work on strings directly. For instance we cannot assign

. e string to another directly. For example, the assignment statements.

string = "ABC";
stringl = string2;

_ ate not valid. If we really want to copy the characters in string2 into stringl, we may do so
n & character-by-character basis.

nmmn:uu_m 8.3 ) Wiite a program to copy one string into another and count the number
= of characters copied.

-~ The program is shown in Fig. 8.3. We use a for loop to copy the characters contained inside

String2 into the stringl. The loop is terminated when the zull character is reached. Note
that we are again assigning a null character to the stri ngl.

Programming in € is interesting. *
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3 Frans 1f B8

The printf on UNIX supports another nice feature that allows for variable field width o

precision. For instance : . :
i printf("%*.*s\n", w, d, string);:
prints the first d characters of the string in the field width of w.
This feature comes in handy
~ this. ; -

__.lmxnacﬂm. 8.5

Write a program using for loop fo print the ﬂo___o_.e_.:.m output:

for printing a sequence of characters. Example 8.5 illustraté

; & 4

CpP ) s 3

o OPr
CPro

CProgramming 2'g
CProgramming .

o SR e

T R T M T ST i R~ S

The outputs of the program in Fig. 8.5, for variable specifications %1
are shown in Fig. 8.6, which further illustrates the variable field width and
specifications.

ey

F: ST e

2.*s, %.*s, and’

the prec

’ Pragram
_ main(} :
{
int ¢, d;
: char string[] = "CProgramming”;
o printf("\nin");
printf{"—— e _\p7)
# for{ ¢ = 0§ ¢ <= 11 ; ¢+ )
{
d=c+ 1
- printf("|%-12.#s|\n", d, string):
& ] :
i Printf("|——— e |\n");
for( c =11 ; c>=0; c-= ) ;
{

CPr
CPro
CProg
CProgr
CProgra
CProgram

] i
d=c¢a .

H
, PrIFCIS-12.55 0, 4, sering),

ﬁ__.,.m:nﬁﬁ._llfflJTl.Fillf:=u ;-

C Pl
cp

CPr

CPro

CProg
CProgr
CProgra
CProgram
CProgramm
CProgrammi
CProgrammin
CProgramming
CProgramming

CProgrammin
CProgrammi
CProgramm
CProgram
CProgra
CProgr

CPrag

CPro
CPr

CProgram|
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EN_:

number is a string variable which is assigned the string constant “1988”. The function ato;
converts the string “1988” (contained in number) to its numeric equivalent 1988 and ag:”

signs it Lo the integer variable year. String conversion functions are stored in the header fils
<std.lib b= . : T ;

- s i
Character Arrays and.Strings - : - lm 243 4

are not valid. The characters from stringl and string2 should be copied into the string3 4
one after the other. The size of the array string3 should be large enough (o hold the total
tharacters.

The process of combining two strings together is called concatenation. Example 8.7 illus-
frates the concatenation of three strings.

.-. w ”MW_ Eﬂ_ﬁ oEoma_.:izn_._ioc_a.n_mi_wﬁ Q_U_,.ocm+wm+o*o~ona> SN_
decimal and cheracter form. 4Lt [Example 8.7 | The names of employees of an organization are stored in fhree arrays,
: namely first_name, second_name, and last_name. Write g program to

cencotenate the three parts info one sting to be called name. E

The s s is shown in Fig. 8.7. In bmoﬂ charaeter set, the decimal numbers 65 to g
repTesent upper case. alphabets and 97 to, 122 represent lower case alphabets. The valug

from 91 to 96 are excluded using an if statement in the for loop. .

Y b

The program is given in Fig. 8.8. Three for loops are used to copy the three strings. In the
first loop, the characters contained in the first_name are copied into the variable name

Program

B -until the nuil character is reached. The null character is not copied; instead it is replaced by
matn( ._\ e § 2 space by the assipnment statement
IF 8 b e i : sl 2" '
_MHH%M.;.:#.”..V . | Similarly, the second_name is copied into name, starting from the column Just after the
for( ¢ = 65 ; % gk B Ses 4 ) - space created by the above statement. This is achieved by the assignment statement
__. . e BT name[i+j+1] = second_name[j];
(< >0 .?.. “€:<397+) ; [ first_name contains 4 characters, then the value of i at this paint will be 4 and therefore
continue
pri i:.;.f.a i W L 2 the first character from second_name will be placed in the fifth cell of name. Note that we
e | * El -
) 5 _ : : have stored a space in the fourth cell. _
printf{"|\n"}; In the same way, the statement . i
! ! name [i+j+k+2] = last_name[k]; +
Output _ is used to copy the characters from last_name into the proper locations of name. H
: | €5 -A|66-8]67-C|68- F f At the end, we place a null character to terminate the concatenated string name. In this |
_ ww = mu _ WM 2 _._H_ m“mw - u_ _ Mm - L example, it is important to note the use of the expressions i+j+1 and i+j+k+2. w
= Fé = N|.- -0 - R X - " i ) _ i
b | 83- 5| 84-7T|. 85 -u| 86 - X 4
: | 89- Y| 90 -.2] 97-a] 98 - d ?amﬁ“:: i
[101 - e} 102 - f] 103 < g| 104 - i & E;
{107 - k| 108 - 1/ 109 - m| 110 - p- o !
[113- q] 114 - ¢| 115 - §| 116 - : it . 3y kg |

char first_name[10] = {"VISMANATH'} ;
char second name[10] = {"PRATAP"] ;
char last name[10] = {"SINGH"} ;
char name[30] ;
/¥ Copy first_name into name */
for{ i = 0 ; first name[i] != *\0' ; i++ )
name[i] = first npame[i] ;
[* End first_name with a space */

119 - W] 120 - x| 121 - y| 122

R e R R

PUTTING STRINGS TOGETHER

e name[i} = * * ; 5
Just as we cannot assign one string to another directly, we cannot join two strings togeth /* Copy second_name into name */ o
by the simple arithmetic addition. That is, the statements such as =~ for(§ =0 ; second name[3] != "\0* ; j++ )

name[i+j+1] = second_name[j] ;

stringd = stringl + string?; /* End second_name with a space */

string2 = stringl + “"helle”:
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== Characeer Arrays and Strings c———er e

g Varabie sitys to the Alring varaile

renoiigh b reccive the contents of eitw 2,
Pan3 = .

the array citvl =

. T & B : S y wpction
We must make sure that the size of stringl (to which string2 is appended) is large engi strlen{)} I'u
to accomimodate the final string. - : ,

streat function may afso append a string constant to a string variable. The followi
valid; - . .

o

This function counts and rotarag ihe number of charaeters in o string. It takes the form
. 2 = strlen{siring);
strcat(partl, "goop") ;
C permits nesting of streat m_.:._nao:m. For example, the statement
f mnmc.nm:u?nuiﬁl_._u_.m»l:mm“.., stringd);
is allowed and concatéhate

..3_ n is an integer v: v which receives the value of Lhe length of the string, The
o i B i : H 1 5 . A o
f argument. may be a steing constant. The counting ends at the first nul! charucter.

....... . y si o.uw onel 83 rme .___F—-m....m\. m:_j@ varnabies. Write a Uﬁﬁuﬁ Fam T read two
s all the threé strings togethér, The resultant string ;

sting constants into §1 and 52 and compare whether they cre m_ﬂm_r_ﬁ_ .0_
BRRELy s 0, s 4, If hey are not, join them together. Then copy the conrents of sl g
sl T : W . sy AL dir 53 AF he end, the program should print the contants of al
stremp() Functio -

“Thites gnd their lengths.

.The program is shawn in Fig. x...w.., During the first run, the input strings are “New” and

Fork™ These strings nre conspared by the statement

. % = stromp{sl, s2);

v are joined together and copied inte 83 using the statenent

strepy(sd, si):

rings with their lengths, )

sivings sl and s2 are equal, and ??.._.,::.,... H.E_u.u,. 2
strings centain the same string constant L

stringl and string2 may he string variables or string constants. Examples are:
: stremp(namel, name?);

stremp(namel, "John®);
stromp("Rom”, "Ram”);

Our major concern is to determine whether the strings are equal; if not, which
cally above. The value of the mismatch is rarely imp
stremp(“their”, “there");

will return a value of -0 which is the numeric difference between ASCIT “” and ASCIE

‘That is, %" minus “r” i ASCIY code is -9. If the value is negative, stringl is alphabetich]
above string2. _ .

“Since they are not pepual,

The prag:
During
joined fogee

———

strepy() Function

The strepy function works almost like a string-assignment operator. It takes the form

-

n");
i M dnining <1 and s2 %/

1l - e AP B b o A AL i S

AR

or a string constant. For example, the statement

strepy(city, "DELHI");
will assign the string "DELHI" to the string variable city. Similarly, the statement

strepy (cityl, city2);

o

{"\ninStrings are equal \n");

23
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When allocating space for a string during declaration, remember to count the
terminating null character,

* When creating an array to hold a copy of a string variable of unknown size, we
‘can compute the size required using the expression

strien (stringname} +1.

& When copying or concatenating one string to another, we must ensure that the
target {destinatidii) string has enough space to hold the incoming characters,

A program to sort the list of strings in alphabetical oxder is given
method of bubble sorting deseribed in Case Study

To access the name of the ith city in the list, we write

city[i-1]

and therefore city[0] denotes “Chandigarh’, eity[1] denotes “Madras” and o on. This shows
that once an array is declared as two-dimensional, it can be used like a one-dimensional
- array in further manipulations. That is, the table can be treated as a column of strings,

ple:8.9: Write a program that would sort a fist of names in alphabetical order,

1lin the previous chapter.

Remember that no error message will be available even if this condition is not
satisfied. The copying may overwrite the memory and the program may fail in
an unpredictable way. P TSR T

* When we use strepy to copy a specific number of characters from a source
string, we must ensure to append the null character to the target string, in case
the number of characters is less than or equal to the source string.

TABLE OF STRINGS

We often use lists of character strings, such as a list of the names of students in a class
of the names of employees in an organization, list of places, etc. A list of names can be trea
as a table of strings and a two-dimensional character array can be used to store the en
list. For example, a character array student[301[15] may be used to store a list of 30 na
each of length not more than 15 characters, Shown below is a table of five cities:

This table can be conveniently stored in a character array city by using the following d
ration: . : ) .
char city[ ] [ ]
.ﬁ .
"Chandigarh®,
"Madras"”,
"Ahmedabad™,
"Hyderabad®,
"Bombay"

};

Program
#define ITEMS 5
#define MAXCHAR 20
main{ )

{

]

Qutput

char string[ITEMS] [MAXCHAR], dummy[MAXCHAR] !
int 1 =0, j =03 i : R
/* Reading the list */
printf ("Enter names of %d items \n ",ITEMS);
while (i < ITEMS)
scanf {"%s", string[i++]):
/* Sorting begins */
for (i=l; 1 <'ITEMS; i++) /* Outer loop begins */
{
for
{

{J=1; j§ <= ITEMS-1 ; j++} /*Inner loop begins*/
if {stremp {stripg[j-1]1, string[j]) > O}
{ /* Exchange of contents */
strepy (dummy, string[j-1]);
strcpy (string[i-11, string[i]);
strepy (string(j}, dummy );
!
} /* Inner Toop ends */
} /% Outer loop ends */f
/*® Sorting completeg */
printf ("\nAlphabetical list \n\n"):
for (i=0; i < ITEMS ; i++)
printf {"%s", string[i]);

Enter names of 5 items

London Manchester Delhi

Paris Moscow

Alphabetical 11ist

in m.mn. 8.10. It employs the
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printT{"KEY IN THE TEXT.\n");

printf("GIVE ONE SPACE AFTER EACH WORD.\n"};
printf(“WHEN COMPLETED, PRESS 'RETURN'.\n\n"};
while( end == 0) .

{ %
{* Reading a line of text */
= 0 : ) - :
while((ctr=getchar{)) != '\n")
line[c#++] = ctr; . T
_.".._._._m_”nm £ ...;_.b._ i = HEE W Mg o
/* counting the words in a line *4 - -
“if(1ine[0] == '\0')
5. break E _.
else wE AR
{ ; ’
Cwords+ey o i :
for{i=0; Tine[i] != '\0';i+s) oo .
if(1ine[i] == * * || line[i] = "\t")
. Words++; O
/* counting lines and characters */
lines = lines +1;
characters = characters + strlen(line);
| :

printf ("\n"}; .
printf{"Humber of lines = %d\n", lines);
printf("Number of words = %d\n", words);
printf("Number of characters = %d\n", characters);
3 .
Output .
KEY IN THE TEXT. .
GIVE ONE SPACE AFTER EACH WORD.
WHEN COMPLETED, PRESS 'RETURN'.

Admiration is a very short-lived passion.
Admiration involves a glorious obligquity of vision.
Always we Tike those who admire us but we do mot

like those whom we admire. )
Fools admire, but men of sense approve,

Number of 1ines = §
Number of words = 36
MNumber of characters = 206 4

PR RS

. v T, T T
VR VR ST U e

ounting of characters, words andfines in

printf("Input names and telephone numbers f_____..

The program also ¢ounts the nuwmber of lines read and the total number of characiers in
the text. Remember, the last line containing the null string is not counted. .

After the first while loop is exited, the program prints the results of counting

2. Processing of a Customer List

Telephone numbers of important customers are recorded as follows:

Full name Telephone number
Joseph Louis Lagrange 869245 .
Jean Robert Argand 900823

Carl Freidrich Gauss 806788 .

Itis desired to prepare a revised alphabetical list with surname (last name) first, followed by
acomma and the initials of the first and middle names. For example,
Argand, J.R . : : :
We create a table of strings, each row representing the details of ane person, such as ;
first_name, middle_name, last_name, and telephone_number. The columns uwmmnsn.owm.s.w@m .

:as required and the list is sorted on the last_name. Figure 8.12 shows a program to achieve

this.

Program
i #define CUSTOMERS 10

main{ )
{ . )
char  first_name[20] [10], second_name[20]{10], _
surname[20][10], name[20}[207,
telephone{20] {101, dummy[20];

printf("2"); . :
for(i=0; i < CUSTOMERS ; i++)- _
{
scanf("%s %5 %s %s*, first_name[i], 4
second name[i], surname(i], telephone[i]}; .

/* converting full name to surname with initials =l
strepy(name[i], surname[i] ); ’

strcat (name[i], ",");
dummy[0] = first_namefi][0];
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258} i .
i) The function is used to determine the length of a string.

() The _string manipulation function determines if a character is containe
in g string. : ’ E

“b) The funclion _____ is used to sort the strings in alphabetical order.

(i The function call siveat (s2, s1); appends 10

() The printf may be replaced by _____ function for printing strings. .
8.3 Describe the limitations of using getchar and seanf functions for reading strings.
B4 Chavacter strings in C are automatically terminated by the null character. Explai
., bhew this feature helps in string manipulations, ’
8.5 Strings can be assigned values as follows:
{a) During type declaration |
'b) Using strepy function it . .
(c) Reading using scanf function scanf{“%s”, string);
(d) Reading using gets function . gets(string); :
Compare thém critically and describe situations where one is superior to the otherd
8.6 Assuming the variable string ‘contains the value “The sky is the limit.”, determi
what cutput of the following program segments will be.
{(a) printf(“%s", string); . . Lt
(k) printf{*%25.10s", string);
" (e} printfi*%s”, string{0]);
(d) for (i=0; stringli] = “7; i+4)
printfl“%e”, string[il);
{e] for (=0, stringli] 1= \0"; i+42)
printfi*%d\n”, stringlil);
(f) for (i=0; i <= strlen(string]; ;)

char mﬁ..ﬁw: =i |
strepy(string, “.....")

stringli++] = i;
printfli“%s\n”, string[i]);
|-
(g) printf(*%e\n”, string[16] + 5);
th) printf(*%c\n”, string[10] + 5') .
8.7 Which of the following statements will correctly store the concatenation of strings;
and s2 in string 37 :
{a) &3 = streat {51, s2);-
(b) streat (=1, s2, s3);
(c) streat (s3, 82, s1);
(d) strepy (=3, streat (21, s2));
(e) stremp (s3, streat (s1, 52));
(f) strepy (streat (s1, s2), s3): B
8.8 What will be the output of the following statement?

printf ("%g", stremp (“push®, “pull"});
8.9 Assume that 51, 2 and s3 are declared as follows:
char s1[10] = "he", s2[20] = "she", s3[30], s4[30]; .
What will be the output of the following statements executed in wmpﬁmnn.mﬁ._.

- Character Arrays and Strings | 259

printf("%s", strepy(s3, sI)); )
printf(*%s", strcat{strcat{strcpy(sd, sl), *or"), s2));
printf("%d %d", strlen(s2)+strien{s3), strlen{s4});
' 8.10 Find errors, if any, in the following code segments;
(a) char str(10]
strnepy(str, “GOD”, 3);
printf(“Jes", str);
{(b) char str[10];
strepy(str, “Balagurusamy”);
{e) if strstr(“Balagurusamy”, “guru™) == 0);
printfi“Substring is found™;
{d} char s1[5], s2[10],
gets(sl, s2); :
811 What will be the output of the following segment?
char s1[ ] = “Kolkotta”; .
char s2[] = “Pune” ;
strepy (s1, 52} ;
printf{*%s”, =1)

§ 8.12 What will be the output of the following segment?

char s1[ | = “NEW DELHI"
char s2[ ] = “BANGALORE" ;
strnepy (s1, 52, 3) ;
printfl“%s”, 51} ;
13 What will be the output of the following code?
char s1[ ] = “Jabalpur”;
¢har 52 ] = “Jaipur” ;
printf{strnemp(sl, s2, 2) )

£:3.14 What will be the output of the following code?

char s1[ ] = "ANIL KUMAR GUPTA"
char ¢2( ] = "KUMAR";
printf (strstr (s1, s2) );
15 Compare the working of the following funetions:
{a} strcpy and strncpy;
(b} strcat and strncat; and
{e) stremp and strnemp.

Programming Exercises

@

Write a program, which reads your name from the keyboard angd outputs a list of
ASCIT codes, which represent your name, ’
Write a program to do the following:

(@) To output the question “Who is the inventor of C ?”

(b) To aceept an answer,

(c) To print out “Good” and then stop, if the answer is correct.
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