Q1. Define Algorithm and Characteristics
of a Good Algorithm.

Algorithm :

of well-defined and unambigu.ous

An algorithm is a finite sequence
steps or

instructions to solve a problem and to get
the desired output.

Characteristics of a Good Algorithm :

Ineut
Output

Definiteness

Effectiveness :

®
@
©)
@ Finiteness
®
®

Generality

An algorithm must have zero or more
input(s) which are clearly specified.

An algorithm must have at least one
output which is clearly defined.

Each step of an algorithm must be
clear, precise and unambiguous.

An algorithm must terminate after a
finite number of steps.

Each step must be basic and-
feasible to perform in finite time.
An algorithm should be applicable to
all problems of the same type.

Q2. Explain Flowchart Symbols with Examples.

Ans: Flowchart :

A flowchart is a graphical representation

of an algorithm or process using standard symbols
connected by arrows to show the sequence of steps.

Common Flowchart Symbols :

Symbol Name

Meaning / Example

Terminator
(Start / Stop)

Process

Input / Output

Decision

C_
[/
<>
O Sarnechon

Example Flowchart :

Flow Line

STAIET
/ READ A,B /
_,._.+_.
SUM = A+B |

/ PRINT sum /

Indicates the beginning or
end of a program.
Indicates a processing X=A+B
or calculation step.

Indicates input or output
operation.

0 Yes
No
_—

2@

Indicates a condition
test (True / False).

Shows the direction of
flow of control.

Used to join flow lines
from different parts.

Explanation :

e START - Program begins.

READ A, B — Input two numbers.
SUM = A+B = Add the numbers.
PRINT SUM = Output the result.
STOP — Program ends.




Q3. History and Importance of C Language.

i\E : History of C Language :

e C language was developed in 1972 at AT & T Bel
Laboratories by Dennis Ritchie.

e It was developed to overcome the limitations of
earlier languages like B, BCPL and Assembly language.

* The language “C” is a successor of B language which
was developed by Ken Thompson.

e C was originally used for developing system software
like operating systems (UNIX).

e Today, C is one of the most widely used and influential
programming languages.

Importance of C Language :

C is a simple, structured and mid-level programming langquage.
It is machine independent but provides low-level features.

It is portable, i.e., programs written in C can run on
different platforms with little or no modification.

It is very fast and efficient.

It can be used to develop system software as well as

application software.
It forms the base for other languages like C++, Java,

Q ©® 0 OO

Python, etc.
It has a rich set of operators, data types and control
structures.

Q4. Explain Character Set and C Tokens.

Ans: Character Set in C: C Tokens :
¢ The charocter set in C consists of e A token is the smallest individual
all the symbols that can be used unit in a C program.
in a C program. e The C +tokens are of the -Followins
type.s :

e It includes the following :
(D Keywords : int, float, if, else,

(D Alphabets : A to Z, a to =z while, return, etc.

- . Identifiers : Names given by fe
® =lalte - % e @ user 1r.t.|.<:hs sum, ialuz, main, etc.
(®) Special Symbols : + - * / % (3 Constants : Fixed values such as
S < > 1 & | A~ et 10, 3.14, 'A’, “Hello”, etc.
@ String Literals : Series of characters
@ White Space Characters : enclosed in double quotes, e.g., “Hello".
space, tab (\t), new line (\n) @ Operators : Symbols used to perform
operations, e.qg., + - * [/ = etc.

(B) Other Characters : () {} []

@ Punctuators : Symbols used to separate
X # etc. or group other tokens, eqg., ;, () {} [1].




Q5. Keywords,
Ans: (@ Keywords :

@ Identifiers :

@ Constants :

@) Variables :

Identifiers, Constants and Variables.

Keywords are predefined (reserved) words in C
language which have special meaning and cannot
be used as names for wvariables, functions or
any other user defined items.

Examples : int, float, if, else, while, return, for,
break, continue, char, wvoid, etc.

Identifiers are names given by the user to
variables, functions, arrays, structures etc.

Rules for Identifiers :

— It can contain letters (A-Z, a-z), digits (0-9)

and underscore (_).

The first charocter must be o letter or underscore.
It cannot be a keyword.

It is case sensitive.

No special symbols are allowed except underscore.

|

Examples : sum, total_marks, valuel, _count, temp2

Constants are fixed values which do not change
during the execution of a program.
Types of Constants :

e Integer Constants : 10, -25, O, 100 etc.

e Real (Floa:l:ing) Constants : 3.14, -0.25, 6.02e23 etc.
e Character Constants : ‘A’, 'b’, ‘7’ etc.

e String Constants : "Hello”, "C Language " ete.

Variables are named memory locations used to store

data that can change during the execution of a program.

Example : int age = 20; float price = 99.50;

char grade = 'A’;

Q6. Data Types and Storage Classes in C.

Ans: e Data Types

in C :

C provides different data types to store different kinds of data.
They ore classified as follows :

Type Description Examples Size (bytes)
int Stores in‘l:ase.rs 10, -25, 100 2 or 4
1. Basic char Stores characters 7 ey B < 1
) Stores single precision _
(Primary) float ol rwonbare 3.14, -0.25 4
Ty'pcs double Stores double precision 3.14159, -12.3456 8
real numbers
void Represents no value void (no walue) —_
(used for functions)
5 array Collection of similar elements int a[10];
2.TDerw¢d pointer Stores address of a variable int *=p; .Depc.nd.s or.\
ypes structure Group of different data struct student implementation
union Group of different data union data
Ffunction (one ot o time) int add();
Block of code
3. Erumeration enum User defined dota type enum day 2 or 4
Type with named integer {sun, mon, tue};
constants

o Storage Classes in C :

Storage classes specify the scope, lifetime and visibility of wvariables.

Storage Class Scope Lifetime Default Value Used For
outo Block (local) Within block Goarbage wvalue | Local variables
register Block {(local) Within bleck Garbage wvalue | Local variables (in CPU register)
static Block (local) Entire program Zero Local wariables, functions
extern File (global) Entire program Zero Global wvariables declared
in other files




Q7. Symbolic Constants, const and Volatile Keywords.

Ans: (1) Symbolic Constants :

Symbolic constants are identifiers whose values
do not change during program execution.
They are defined using # define preprocessor
directive.

an‘ko.x .

Example :

# define NAME wvalue

# define PI 3.14159
# define MAX 100

@ const Keyword :

The const keyword is used to declare constants
in C.

A const variable cannot be modified once it

is initialized.

Syntax : const dota_type variable_name = value;

Exo.mEle : 18;

const int age =

@ volatile Keyword :

The volatile keyword tells the compiler that the
value of a varioble may change unexpectedly

(e.g., by hardware or other programs) .

It prevents the compiler from optimizing the

variable .

Syntax : volatile data_type variable_name;
Example : volatile int flag;

Ddvantage :
Improves readability,
easy to modify and
reduces chances of
errors.

Note :

const variables are
checked by compiler
and provide better
type snfe.{:y.

HEE

Used in system
programming, hardware
registers, interrupt

service routines, etc.

Q8.

C Prosram Compilation Process.

Ans: The process of converting a C program (source code) into an
executable program is called compilation process.
It involves the following steps :
1. Source Code 2. Preprocessor 3. Compiler 4. Assembler 5. Linker 6. Loodes
TG T E:mﬁls rmacros, Checks syntax and Converts object Links object code Lon.d.sh:::
. incl s header semantic errors, . . with library files execu
b nto mach
written by > files, removes ™| converts source [ ™ ﬁ ‘( blmt Bgd ™ generates | program into
programmer comments . code into object S executable file main Y
code (.obj file). code). TR and starts
E : execution .
Explanation of Steps :
@ Source Code (.c file) : The program is written in C ond soved with .c extension.
@ Preprocessor : Processes all #define, #include, conditional compilation Note :

ComEi ler

Assembler

Linker

@ 0 ©

Loader

directives and produces expanded source code.

Checks the program for errors and converts it inte

object code (.obj). If errors are found, it reports them.

Converts object code inte machine (assembly) code.

Combines objed‘. code with libra.ry functions and other necessory

modules to create an executable file (.exe).

Loads the executable file into memory and transfers control

to the program. The program storts execution.

I‘ my' e&rror
oCCurs in any
step, the
compilation
process stops
and error

messages are
displayed .




Q1.

Ans

(A)

(B)

(©

L ]

Arithmetic, Relational and
Logical Operators.

Arithmetic Operators :

Used to perform mathematical
operations.

/,
(subtraction)
/ (division)

{(modulus - remainder)

Operators : +, -, ® %
+ (addition), -
*  (multiplication),
%
Operate on numeric operands

(int, float, double).

Example :
int o= 10, b = 3:
a+b =13
a-b =17
o * b = 30
a / b =3
a % b =1

Relational Operators :

Used to compare two operands.
Result is either 1 (true) or O (false).

Operators : ==, I=, >, <,
>= , <=

== (aqua.l), I=  (not e.q'unl.)

> (greater than), < (less than)

>= (gma'l:er or eqml)

<= (less or equal)

Example :
int a =5, b=17;
a==b = 0 (false)
al=b = 1 (true)
a >b = 0 (false)
a<=b = 1 (true)

Logical Operators :

Used to combine or modify conditional
expressions.

&8 (l.osical. AND)

I (logical OR)

! (l.ogic.al NOT)
Result is 1 (true) or O (false).

Exo.mgle !

if (a>0 && b < 10)
printf ("Valid");

Ope;ra’cors -

(B)

Assianmen’c, Increment-Decrement
Operators.

Assignment Operators :

Used ¢to assign value to o variable.
Basic operator : =

Compoumd. a.ssiﬁnme.n{ operod:ors :

+= , -=, #=  [=, %=,
<<= S>h= &=, A= | =
Example :

int a = 10;

a = 5; // a =5

o += 5; /' a =10

a %= 2; // a =20

o -= 3; /oo =17
Increment and Decrement Operators :
Used to increase or decrease value of

o variable b'd 1.

Operators : ++ (increment) ,

(decrement)

Two forms

1. Prefix : ++a, --a (operation
first, then use)
2. Postfix : a++, a—— (use first,
then opero.ﬁun)

Exa.rnELe. : int a =5;

(i) Prefix

++0. — 6 (then a = 6)

-—a = 4 (then a = 4)

(ii) Postfix

ot+ — 5 (then a = 6)

a-- =—» 5 (then o = 4)




Q3. Conditional and Bitwise Operators.
Ans:

(A) Conditional (Ternary) Operator

e Also called ternar-d operad‘.cr.
¢ Used as o shortcut for if - else statement.

L] Sgnto.x :  condition ? expression! : expression2 ;

e If condition is true, expressionl is executed;
otherwise expression2.

2 ExmmEl.e. : int max = (a>b) ? a: b;

. Onl.g one operator ( ?7:) but takes three operands .

(B) Bitwise Operators
¢ Used +to per‘Form ope.ruiinns on individual bits of ope.rcmds.

e Operators : &, |, A, ~, <<, >>

o & (bitwise AND), | (bitwise OR), A (bitwise XOR),
~ (bitwise NOT), << (left shift), >> (right shift)

e Operands must be of integer type.

¢ Example : int o = 5, b=23; // a=0101, b = 0011

a & b = 0001 (1) a | b= 0111 (7
a ~ b = 0110 (6) ~Q, = .. (bitwise complcmr.n{)
a << 1 = 1010 (10) a >> 1 = 0010 (2)

Specio.l. Ope.ro.'l:ors in C.

> O
o >

® ©® © o]

sizeof : Returns the size (in 'os*l'.e.s) of a data type or varioble .
Example : sizeof (int) , sizeof(a)

& (Address-of) : Returns the memory address of o variable.

Example : int a = 10; int *p = &a;

*  (Pointer/Indirection) : Accesses the value stored ot the oddress.

Example : int *p = &a; int b = *p;

3. (Comma. Operator) : Evaluates expressions from left to right
and returns the value of the last expression.
Example : int a = (x =5, x+ 2); // a=17

[_] (Arrm.‘ Su.bscript) : Used to access array elements.

Example : int arr[5]; arr[2] = 10;

®

= (Structure Pointer Access) : Used to access wmembers

of a structure using pointer.

Exa.mgle, P optr- >age ;



Q5.

Ans:

L]

Arithmetic Expressions and Evaluation.

An arithmetic expression is o combination of operands,

operators and parentheses.

Operators used : +, -, * , [/ 6 %

Operands must be numeric (int, float, double etc.).
Evaluation is the process of c.omputins the value of an
expression oaccording to precedence and associativity.

Parentheses ( ) are used to change the default order

of evaluation.
Order of evaluation Follows ope.ra.for Pre.ce.d.e.nce and

o.ssoc.ia&.ivihd :

EXAOPLE ¥ T e 105 b=y & B
Expression : a + b * ¢ - (a. / b) % ¢
Step 1 : b#*c=345z=15
Step 2 a / b=10/ 3 = 3 (integer division)
S’ce.P3 (oo / b) % ¢ =3 %5 =3
Step 4 a + 15 - 3 = 10 + 15 - 3 = 22
Result = 22

Q6.

Ans:

Opero&.or precedence and associativity.

Precedence determines which ope.rod'.or is evaluated Ffirst in an expression.
Hishe.r pre.ce.d;e.nc.e. oPe.ra.’cors are evaluated before lower Pre.ce.d.e.nc.e. opera‘kors.

Associativity determines the direction of evaluation when operators have

the same precedence.

Most operators are left associative (evaluated from left to righ‘t).
Some opera.*tors are riah‘h associative (evaluated from rish‘k to left).
Precedence and associativity ensure unambiguous evaluation of expressions.

Table of precedence (high to low) :

Precedence Operators Associativity

1 (Highest) O Left to Right
2 «, /., % Left to Right
3 +, - Left to Right
4 << , >> Left to Right
B <, <=, >, >= Left to Right
6 ==, I= Left to Right
7 & (bitwise AND) Left to Right
8 A (bitwise XOR) Left to Ri g'ht
9 |  (bitwise OR) Left +o Ri S'H'.
10 =, 4=, -=, ¢=, /=, %= Right to Left

Exo.rnEle :

int a =10, b =5, ¢ = 2; Expression : a + b * ¢c - a / ¢

Evaluation :

b®c¢c=10 = a/c=5 =3 a+ 10 -5 = 15
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Q7.

Moathematical Functions in C

25 /05 [ 2024

C language provides a rich set of mathematical functions in the math.h

header file. These functions can be used to perform mathematical

op-arn.tians i

To use these functions, we include the header file :

#H# include <math.h>

Some cammanlﬂ used mathematical functions are :

Function Description Example Returns
Sq,rt(x} Square voot of x sqrt (16.0) 4.0
pow(x, y) X vaised to the power y pow(2.0, 3.0) 8.0
fabs (x) Absolute wvalue of x fabs(-%.5) ¥.5
sin(x) Sine of x (in radians) sin(3.1416 /2) 1.0
cos (x) Cosine of x (in vadians) cos (0.0) 146
tan(x) Tangent of x (in radians) tan(0.0) 0.0
loﬂ(x) Natural logarithm of x (ln %) leg (2.71828) 1.0
Laeic-f_x) Common logarithm of x (log base 10) | log10 (1000.0) 3.0
ceil (x) Smallest integer 2 x ceil (4.2) 5.0
floor (x) Largest integer < x floor (4.8) 4.0
exp(x) e vaised to the power x exp(1.0) 2.71828
Example Program:
s n oans
int main() sqrt(16.0) = 4.0
{ pow (2.0, 3.0) = 8.0
double a = 16.0, b =12.0; fabs(-7.5) = 3.5
printf ("sqrt(%. 11F) = %.1H\n", a, sqrt(a));
printf ("pow(% . 4lf, % . 11f) = %.1lF\n", b, 3.0, pow(b, 3.0));
printf ("fabs(-3.5) = 4. 1lf\n", fabs(-7.5));
} return 0O,

Q8.

Infix, Prefix ond Postfix Expressions.

An e,xpre.ssi.an may

be written in different notations

of the operator with respect to operands.

1) Infix Notation (Middle Notation)
* Operator is written between the operands.
e It is the most common form.
* Example: (A +B)* C-D/E

2) Prefix Notation (Polish Notation)

* Operator is written before the operands.
* No Farr.ntlusee are re.quire.d.
* Example: - « + AB/DEC

3) Postfix Notation (Reverse Polish Notation)

* Operotor is written after the operands.
s No Pm‘entl\:stt are required.
A B+ DE/ = (C -

* Example :
Note :
and stock based Prnct.ssins.

dependinﬁ on the position

Infix Prefix Postfix
A+ B +AB AB +
A-B -AB AB -
AeB *AB AB e
A/ B / AB A B/
(A+B)®C | #+ABC | AB+C e
(A+B)#(C-D)| * + AB-CD|AB+CD-=
A+BeC-D |-+A®BCD|ABC®+D-

Prefix and Postfix expressions ore widely used in compilers, expression evaluation,
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Q1. Decision ma.king statements.
Decision ma.kins statements oare used to execute different
statements based on a condition. In C, the decision making
statements are :
(i) if statement (ii) if-else statement
(i) if statement (i) if -else statement
Mo
Yes P
if block else block
' block statement(s) statement(s)
L A
statement(s) | v |
¥ Statement(s)
¥ after if -else
Syntax : Syntax :
if (condition) if (condition)
/| statements /1 f part statements
}
} else
Exa.mEla :
L{; (ma.rks 5= 40} .‘r.r" else Pﬂ}"{'- statements
{
printf (“Pass\n"); Example :
} if (marks >= 40)

print-l:( “Pass\n");

else

Prf.nt“.: {“Fail\n");

Q2.

(i) if statement

if, if-else, else-if ladder.

These are selection (decision ma.ks'.nﬂ} statements used to control the flow of
program based on conditions.

i Ceordition)
{

}

/| statements

Exa.mEl'.e. t
if (x > 0)

{
}

FrinH: (" Positive \n");

(iit) else-if ladder

(it) if-else statement
if (condition1)
if (condition)
{ /] statements . Any
/] if part statements else if (condition2) of else if
{ Fnr‘hs can
else /[ statements be used.
/] else part statements Yy
/| statements
Emele -
F (x % 2 ==0) Example :

pri.rd:-l:{" Even'\n");
else
Pri.n'bF (" Dd.d\n");

if (marks >= 90)
else i.f
else i.f
else

rintf (" Grade A\n");
{marks »>= 75)

rintf { "Grade By\n");
(rmarks >= 50)

Frli.ni:l: {"Grade C\n");

Print-‘ { "Grade D\ﬁ"} H




Q5. while, do-while and for loops.

mesweu@dhamuiaabbck#&hhmﬂﬁrtpﬁnﬁdlﬂulmgu
a.sl',vmmnd.iﬁnni.stru.

(1) while looE (i) do-while loop (i) For Loop
PRTTITINY,
N (i=1)
o
Condition No
Yes True ?
Statements Yes
| ¥ Statements
¥
Syntax : U !
SN
while (condition) ety
égntnx -
/s ks for (initialization; condition; update)
J /| stotements
Example : } while (condition); /1 statements
int L= 15 Example : }
while (1L <= 5) ok i ow L Exmﬂelﬁ:
{ do for (int L=1; L<=5; i=0i+1)
printf ("%d ", i); tr . {
L= g prastis 8 ", printf (“%d ", );
L= :
} } while (i <= 5);

Q6. break and continue statements.

These stotements are used to alter the normal flow of loops .
(i) break statement

(ii) continue statement

*Iti.suu:ltohrmlnnhth:looph\nudiddﬁ. 'IthuscdfaskLpth;rmmirﬁngsfnhmﬁ
* Control transfers to the statement of the current iteration and proceed to
i.mrrud.intal.ﬂnﬂ:n.r ﬂ'u!.lou?

the next iteration.
Exu.meltt Print numbers from 1 to 10

Exn.rnEl.e: Print numbers from 1 to 10
but sl‘.op when 5 s encountered .

but skip printing 5.
for (int L =1; L <= 10; i++) for (int { =1; L <= 10; i++)
if (L ==5) if (L == 5)
break ; continue ;
printf ("%d ", i); printf ("%d ", 1);
} }
Output : 1 2 3 4

0%:12346?3‘!10




Q7.

Prgﬂrwn :

Program : Simple calculator.

e , N f e o e |

Write a C program to Pcr-Furm basic arithmetic OF-E.rni'.LDrL‘i usm.a

switch cose statement.

# include <stdio.h>
int main()

int a, b, choice;
char op;
float result;

printf ( "Simple Caleulatorin™);

Flowchart :

printf ( "Enter first number : ");
scanf (" %d", &a);

printf ("Enter operator (+, -, *, /) : ");

Other

scanf (" %", &op);
printf ( "Enter second number : ");
scanf (" %d", &b);

result =
a+h

result =
a-b

switch (op)
{
case
case
case
case

'+': result = a + b; break;
result = a - b; break;

result = o ® b; break;

e

Print

Error!

result =
{(float)a / b

uf {b-*,- o)
result = (flooat)a / b;
elee

PantF["Eh'u-r! Division b:j zera.\n” :};
return 0

}

break ;

operator!

default :
FriJl.lF (" Invalid operator! AT
return O]
1
printf ( "Result = %.2F\n", result);
return O}
Input :
Output :

12 + T

Result = 19.00

w0 f 0

Error! Division by zero.
5 $ 3

Invalid operator!

Q8.

Program : Calendar generation.
WFLJEE [+ % c Prﬂsrum tﬂ ;-l'l.PU.t mﬂth ﬂ.ﬂvd. Hw Md.
( Assume starting day of the month using Zeller’s

Prﬂra.rn =

{

#include <stdia. h>
int main(}

int doy, month, year, L, j, days;
Prinlt;{"Enter- month (1-12) : ");
scanf (" %d"”, &month);
Pr{ntF("Entlr' ear : ");

scanf (" %d", &Hm};

f’ :Ln.l_’_ = Lhrhnﬁ' (O-SHH&&!I, 1= Mmdn|
Caleulate ws. d;zugr's rusnce ®f
dagy = zeller { month, Hw}] S/ assume user-defired Ffunction
doys = ro_of_days{month, year); [/ 28/29/30/31
printf [ “\nSun Mon Tue Wed Thu Fri Satin");

for (i = O; L < day; i++)
P-*i.nt#f" ™}; /! spaces for s{mrh'.nﬂ d.n.ﬂ
for (i = 1; i <= days; i++)

v +-es 6= Saturday)

printf (" %5d4", i);
oF (+ } %R F == 0)
Pr:.rlt":{" n'.];

printf {“\n");
return 0}

print the calendar of that month.
congrumu.)

Example Output :
Tue Wed Thu Fri
1 2 3
g8 | 10
i5 16 17
22 23 24
29 30 31

( Moy 2024)

Sun  Men Sat
i1
18
15

5 6 7
12 13 14
19 20 21
16 27 28

Notes :

¢ Zeller's congruence is used to find the
day of the week for a given date.

. na_n-F_.d.a.Jdﬁ(} returns number of days
in the S'Lv:n month and year (r.uful.dr.rms
leap year for February).

¢ 0= Sunday, 1 = Monday, ..., 6 = Saturday.




Q.1 One-dimensional arrays.

An array that stores elements of the same data type in
a single vow is called one-dimensional arvay.

Declaration : type array_name[ size];

ExamEle : int al[5];

Memory Representation :
Index — o - | 2 3 4
a —3 al[o] al1] al2] al3] al[4]

Accessing elements :

Am:.' elements are accessed using the index.
Geneval form : arvay_name[index]
Example : al[o], al1]l, al[2], al[3], al4]
Program Example : (Read m numbers and display them)

#include <stdic.h>

int main() Notes :
int n, i, al[10]; * Array index always starts from O.
z:;:fff(("“'i:?: r&:si“); + For array of size m, valid indices
printf ("Enter %d numbers:\n", n); are O to n-1.

Por(i = 0; i<m; i+s)
scanf ("%d", &alil);

prihtf(“\n'l'he numbers are: ");
for(i = 0; i<m; i++) * Size of arvay wmust be known at

printf ("%d ", alil); the time of declaration.
return O;

* All elements in an array are of
the same data ‘Eﬂpt.

3

Q.2 Two-dimensional arrays.

An array that stores elements in the form of rows and columns
(matrix form) is called tweo-dimensional array.

Declaration : type array_name[rows][columns];
Exqmglg : int al[3]1[4]; /Il 3 vyows and 4 columns
Memory Representation :
Column index — 0 i 2 3
ey B o alo]l[o] | ale][1] | a[e]l[2] | alel[3]
l 1 al1][0] | al11[1] | a[1][2] | a[1]([3]
2 a[2][0] | al2][1] | a[2][2] | a[2]([3]

Accessing elements :

Each element is accessed using two indices.
Geneval form : a.rmu_na.ma[i][j] (i = vow index, j= column ind.e.x)

ExmmEle.: a[o]l[0], al1][2], al[2][3] are valid elements.



Q.3 Character arrays and strinai.

A string is a sequence of characters terminated by the null
character ‘\0’. In C, strings are stored in character arrays.

Declaration : char str[size]l;
Example : char namel[20];
String Representation :
Trdex —» o 1 2 3 4 5 n-2 n-1
str — | s[0]|s(4]| s[2]| s(3]|s[4]| s(8)| ... [sIn-21| ‘\O°
Notes :

* The last character of every string is the null character ‘\No’.

* The length of the string is the number of characters before No.
* Size of array should be at least (le.hsi:h of string + 1).

. Strihs con be initialized at the time of declaration.

Exo.mgle. :
char cityl] = “PUNE"; // Automatically adds ‘N0 at the end
char msq[10] = "HELLO"; // Stored as HELL O \O

Q.4 String input /output functions.

C provides library functions to rvead and write strings.
1. String Input Functions :

Function Header File Description

Reads: o stri to §ivst whitespace).
scanf (" %s”, str) < stdio.h> eads a string (up to first whitespace)

Example : scanf (" %s", str);

Reads a line of text (including spaces)
up to (size-1) characters.

Example : fgets(str, 50, stdin);

fgets (str, size, stdin) <stdio_h>

2. String Output Functions :

Function Header File Description

N Displ tring .
printf (“%s", str) <stdio.h> 'splays o ® rtnﬁ “ .
Example : printf (" %s", str);

Displays a string followed by a new line.
Example : Pu.ts(sbr);

puts (sty) <stdic.h>

Note : All these functions work with null-terminated s'l'.rinﬂs.




Q.5 Strim handljj& functions.

C provides various library functions to wmanipulate s'l:.rinss.

Function Header File Description Example

strien(sty) <string.h> Returns the 'lc.nsth of strins str strlen("PUNE") — 4
(e:t.d.u.d.ina the null character ‘\0").

strepy (dest, svc) <string.h> Copies string src into dest strepy (a,b);
(including null character).

strcat{dest, src) <string.h> Appends string src ot the end strecat(a,b);
of dest.

st'rc.mp( strl, str2) <string.h> Compares strli and str2. stremp (a,b);
Returns O if equal,
< O if stri < str2,
> O if strl > str2.

strrev(sty) <string.h> Reverses the string str. strrev(a);

strupr (str) <string.h> Converts all lowercase letters strupr(a);
in str to uppercase.

striwr (str) <string.h> Converts all uppercase letters striwr(a);
in str to lowercase.

Note : These functions require #include < string.h> header file.

Q.6 Proamm: Matrix multiplication.

To mulﬁplﬁ two wmalrices, the number of columns in the first matrix
must be equal to the number of rows in the second wmatrix.
If A is anmxn matrix and B is an n x p matrix, then the product

C = AxB is an m x p moatrix where

n=-1
c[ilCjl = > ALillx] x BLk1[;]

c E . k=0
ﬂmﬂ(;sﬁh.h) for(i = O; i < wm; ies)
\

int i, Je kym, m, p;

for(j = 0; j < p; j#++)

int A[10][10], B[10][10], c[10][10];
printf ("Enter order of first matrix (m x n): ");
scanf (" %d %d", &m, &n);
printf (“Enter elemenrts of first matrix:\n");
for(i = O; i € m; i+d)
for(j = 0; j < m; j#4)
sconf (" %d”, &ALiJ[j]1);
printf ("Enter order of second matrix (nx p): ");
scanf("%d %d", &m, &p);
printf ("Enter elements of second matrix:\n");
for(i = 0; i € n; i+s)
for(j = 0; j < p; j*4)
scanf (" %d", &BLII[j1);

clillj] = o;
for(k = 0; k < n; k#+)
clilCj] += ACillx] = BLKIL;D;
3

prinkf ("\nProduct watrix C = Ax B:\n");
for(i= O; i < wm; i++)
{
for(j = 0; j < pi j*¥)
printf (*%d\t*, c[il[j1);
printf ("\n");
}

retumnm O;

}

Sample Input / Output :

Evter order of first wabrix {mxn): 2 3
Enter elements of first mabrix:

1 2 3

4 5 &

Evter order of second makrix (nxp): 3 2
Enter elements of second matrix;

¥ 8

9 410

11 42

Product wmatrix C = A x B:
58 64
139 154

Note :
i.e., n gene.ml

Matrix waultiplication is not comwmutative,
AxB=# BxA.




Need and advantages of user-defined functions.

€ Need of user-defined functions:

C language provides a rich set of library functions, but these functions
cannot always solve every problem. In such cases, we can create our
own functions according to our need. These are called user-defined
functions.

€ Advantages of user-defined functions:

Modularity:
A large program can be divided into small modules (functions).
This makes the program easier to design and understand.

Reusability:
Once a function is written and tested, it can be used multiple times
in the same program or in other programs.

Reduced coding:
Repetitive code can be written in a single function and called
whenever required. This reduces the size of the program.

Easier debugging:

Errors can be located and corrected in a particular function without
affecting other parts of the program.

Maintainability:

Programs become easier to modify and maintain.

Better readability:

Using functions makes the program structure clear and
improves readability.

1

2.

3.

Function declaration, definition and call.
A user-defined function in C consists of three parts:

. Function declaration (or prototype):

It informs the compiler about the function name, return type and parameter
types before using the function.

return_type function_ name(typel paraml, type2 param2,

= B

Example:
int add(int, int);

Function definition:
It contains the actual body of the function.

return_type function name(typel paraml, type2 param2, ...)

// local wvariable declaration
// statements
return value; // if return_type is not wvoid

}

Example:
int add{(int a, int b)

{

int sum;
sum = a + b;
return sum;

}

Function call:
It transfers the control to the called function.

Example:

int result;
result = add(le, 20); // function call




Categories of functions.

C library functions can be classified into the following categories:

No. Category Description Example Functions
1. | Input Functions Read data from the standard input | ooane(), getchar(), gets()
(keyboard).
2. Output Functions Display data on the standard output | printf(), putchar(), puts()
(screen).
3. String Handling Perform operations on strings. strlen(), strcpy(), strcat(),
Functions stremp(), strrev()}, strupr(),
strlwr()
4, Mathematical Perform mathematical calculations. | sgrt(), pow(), sin(), cos{(),
Functions log(}, exp(), fabs()
5. Character Handling Perform operations on characters. isalpha(), isdigit(), isupper()},
Functions izlower(), toupper(), tolower()
6. Memory Management Allocate and deallocate memory malloc(), calloc(), realloc(),
Functions during program execution. free()
7. File Handling Create, read, write and close files. fopen(), fclose(), fscanf(),
Functions fprintf(), fread(), fwrite()
8. Miscellaneous General utility functions. exit(), system(), rand()},
Functions srand(), time()

2,

3.

Functions returning multiple values.

In C, a function can return only one value directly. To return multiple values from a

function, we can use one of the following methods:

Using Global Variables:

The function assigns values to global variables, which can be accessed in the calling function.

int x, ¥;
void getValues (void)
{

// global wvariables

10;
20;

x
¥
1
int main(veid)
{
getvalues():
printf("x = %4,
raturn 0;

y = %d\n", =x,

¥
}

Note:

Global variables can be
used anywhere in the
program, but excessive
use may reduce
modularity.

Using Call by Reference {Using Pointers):

The function accepts addresses of variables and stores the results in those variables.

void getValues{int *a, int *h)
{

*a = 10;

*b = 20;
}

int main({(void)
int x, v

getValues(&kx, &y}

printf("x = %d, ¥y = %d\n",

return 0;

x,

¥)i
}

Note

This is the most commonly
used and efficient method.

Using Structures:
The function returns a structure that contains multiple values.

struct Pair {
int x;
int vy;

L

struct Pair getValues({void)

struct Pair p;
p.x = 10;
P.¥ = 20;
return p:

}

int main{void)
{

struct Pajir result = getValues();
printf({"x = %d, Yy = %d\n", result.x,
return 0;

raesult.y);

Note:

This method is useful
when we want to return
related data items
together.




E Nesting of functions.

In C, a function can call another function. This is called function nesting.
The called function may again call another function. This process can continue.
Key Points:
» The function that calls another function is called the calling function.
The function that is called is called the called function.
= Nesting can be of any level, but it must not create an infinite loop.
= Each function has its own local variables and memory.

Example:
Function C is called inside Function B, and Function B is called inside Function A.

main{) — Function A{) — Function B() — Function C{()

lNustration:
Level Function Called Called By Description

1 Function A() main() main{) calls Function A().
2 Function B() Function A() Function A{) calls Function B.
3 Function C() Function B{) Function B() calls Function C.
4 Return to B Function C() After completion, control returns to Function B.
5 Return to A Function B() After completion, control returns to Function A.
6 Return to main Function A() After completion, control returns to main().

Advantages:

* Improves modularity of the program.
+ Breaks a large problem into smaller sub-problems.
» Improves code organization and readability.

ﬂ Recursion with example.

Recursion is a technigue in which a function calls itself directly or indirectly
to solve a problem by breaking it into smaller instances of the same problem.

Key Points:

+ A recursive function must have a base case (termination condition).
+ |t should move towards the base case in each recursive call.

= |t may cause stack overflow if base case is missing.

Example: Factorial of a number using recursion.

#include <stdioc.h> Explanation:
int factorial(int n) Eorn=>1,
{ factorial(n) = n * factorial(n - 1}
if (n==9 || n == 1) The recursion stops when n becomes 0 or 1.
return 1; // base case
else .
return n * factorial(m - 1); // recursive call Example Execution.
1 Input: 5
int main(void) Recursnug calls:
{ factorial(5)
int num, fact; = 5 * factorial(4)

5 * 4 * factorial(3)

printf{"Enter a non-negative integer: "); = 5 * 4 * 3 * factorial(2)
scanf("%d", &num); = 5 * 4 * 3 * 9 * factorial(1)
— * +* ES *
fact = factorial{num); = i = 2 % &
printf({"Factorial of %d = %d\n", num, fact); = 120
return @; Qutput: Factorial of 5= 120
}
Advantages:

= Easy to write and understand for problems with recursive nature (e.g., factorial, Fibonacci).
= Often leads to simpler and shorter code.

Disadvantages:

+ Uses more memory (function calls are stored on stack).
= May be slower due to repeated function calls.




Structure definition and initialization.

€ Structure:

A structure is a user-defined data type that allows grouping of different data items
({possibly of different types) under a single name.

€ Structure definition:

struct structure_name Example:
{ struct Student
data_type memberl; {
data_type member2; int roll_no;
c e char name[30];
data_ type memberN; float marks;
}; }i

4 Structure initialization:

Structure variables can be initialized in the following ways:

1. Initialization at the time of declaration:

struct Student sl = {101, "Amit", 85.50};

// Order must match

2. Initialization after declaration:

struct Student s2;

s2.roll_no = 102;
strepy(s2.name, "Neha");
s2.marks = 91.25;

3. Partial initialization (remaining members are set to 0 by default):

struct Student s3 = {103, "Rahul"};

/f marks will be 2.0

4. Initialization using designated initializers (C99 and later):

struct Student s4 = {.name = "Pooja", .roll_no = 184,

.marks

= BB.75};

& Accessing structure members:

Structure members are accessed using the dot (.) operator.

printf(“Roll No: %d, Name: %s, Marks: %.2f", sl.roll _no, sl.name, sl.marks);

E Accessing structure members.

Members of a structure can be accessed using the dot (.) operator.
Syntax:

| structure variable.member name

Example: Accessing members:
struct Student struct Student s = {101, "Amit", 85.50};
i
int roll noj; printf("Roll No: %d\n", s.roll _noj; // Access integer member
ehar nam;[g,g]; printf("Name : %s\n", s.name); // Access string member
float marks; printf("Marks : %.2f\n", s.marks); // Access float member
};
m Modifying members:
s.marks = 90.25; // Modify float member
strcpy(s.name, "Rohan"}; // Modify string member
s.roll_no = 1@5; // Modify integer member
m Accessing structure members using pointer to structure:
A structure variable can also be accessed using a pointer.
struct Student s = {l@l, "Amit", B85.580}; | Note: i
st *ptr = ; | :
struct Student ¥ptr = &s; E Use dot (.} operator with structure !
printf("Rell No: %d\n", ptr->roll_nc); // Using -» operator E variables. i
printf("Name %s\n", ptr->name); // Using -» operator | Use arrow (->) operator with !
printf("Marks %.2f\n", ptr-»marks); // Using -> operator E pointers to structure. E
o e B, S i o o, S L]

8 Advantages of using structures:

* Group related data items under a single name.
* Improves code readability and organization.
+ Easy to handle complex data.




