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1.	The	Concept	of	C	Programming

C	is	a	general-purpose,	procedural,	and	structured	programming	language	developed	by	Dennis	Ritchie	at	Bell	Laboratories	between	1969	and
1973.	 It	 was	 originally	 designed	 to	 rewrite	 and	 support	 the	 UNIX	 operating	 system,	 replacing	 earlier	 system	 code	 that	 had	 been	 written	 in
assembly	language.	Because	C	was	built	to	work	closely	with	computer	hardware,	it	gives	programmers	a	rare	combination:	the	fine	control	of	a
low-level	language	and	the	readability	of	a	high-level	language.

Before	C	existed,	most	system-level	software	was	written	directly	in	assembly	language,	which	is	extremely	fast	but	very	difficult	to	read,	write,	and
maintain	 because	 it	 deals	 directly	 with	 a	 processor's	 registers	 and	 memory	 addresses.	 C	 was	 created	 to	 solve	 this	 problem	 —	 it	 allowed
programmers	 to	write	 instructions	using	words	and	structured	statements	 (like	 if ,	 for ,	and	 while )	while	 the	compiler	 translated	 these	 into
efficient	machine	code	behind	the	scenes.	This	made	software	development	faster,	more	reliable,	and	easier	to	transfer	between	different	types	of
computers.

Key	Characteristics	of	C

Procedural	language:	A	C	program	is	organized	as	a	series	of	steps	or	procedures	(called	functions)	that	are	executed	in	a	defined	order.
This	differs	from	purely	object-oriented	languages	where	code	is	organized	primarily	around	objects.

Structured	language:	Code	is	broken	into	logical	blocks	—	functions,	loops,	and	conditional	statements	—	making	large	programs	easier
to	design,	read,	debug,	and	maintain.	A	structured	program	avoids	the	chaotic	"jump	anywhere"	style	of	older	languages	that	relied
heavily	on	the	 goto 	statement.

Middle-level	language:	C	sits	between	low-level	languages	(assembly,	machine	code)	and	high-level	languages	(Python,	Java).	It	allows
direct	memory	manipulation	through	pointers,	yet	still	supports	readable	syntax,	functions,	and	libraries.

Portable	(machine-independent):	Source	code	written	in	C	can	be	compiled	and	run	on	many	different	types	of	computers	and
operating	systems	with	little	or	no	change,	as	long	as	a	suitable	compiler	exists	for	that	machine.

Fast	and	efficient:	Because	C	is	compiled	directly	into	machine	code	(rather	than	interpreted	line-by-line),	C	programs	execute	quickly
and	make	efficient	use	of	memory	and	processor	resources.

Rich	set	of	operators	and	built-in	functions:	C	provides	a	wide	variety	of	operators	(arithmetic,	logical,	bitwise)	and	a	standard	library
of	ready-made	functions	for	input/output,	string	handling,	and	mathematics.

Foundation	for	modern	languages:	Many	widely	used	languages	today	—	including	C++,	Java,	C#,	and	even	parts	of	Python	and
JavaScript's	underlying	engines	—	borrow	heavily	from	C's	syntax	and	core	concepts.	Learning	C	therefore	makes	it	much	easier	to	learn
these	other	languages	later.

Why	Learn	C	as	a	Beginner?

It	teaches	you	exactly	how	a	computer	stores,	retrieves,	and	manipulates	data	in	memory.

It	builds	strong	problem-solving	and	logical	thinking	skills	because	you	must	instruct	the	computer	precisely.

It	is	used	to	build	operating	systems	(like	parts	of	Windows,	Linux,	and	UNIX),	embedded	systems	(microcontrollers,	IoT	devices),
game	engines,	and	device	drivers.

It	provides	a	solid	conceptual	foundation	for	almost	every	other	programming	language	you	will	encounter.

How	a	C	Program	Runs	(Overview	of	the	Process)

Unlike	some	languages	that	are	interpreted	line-by-line	while	the	program	runs,	C	is	a	compiled	language.	This	means	the	source	code	you	write
(in	a	 .c 	file)	must	first	be	translated	into	machine	code	by	a	special	program	called	a	compiler	before	the	computer	can	execute	it.	The	general
process	is:

1.	 Writing	the	source	code	—	the	programmer	types	instructions	in	C	syntax,	saved	with	a	 .c 	extension	(e.g.,	 program.c ).

2.	 Preprocessing	—	lines	beginning	with	 # 	(called	preprocessor	directives)	are	processed	first,	such	as	inserting	the	contents	of	library
files.

3.	 Compilation	—	the	compiler	translates	the	C	code	into	an	intermediate	form	called	object	code.

4.	 Linking	—	the	linker	combines	the	object	code	with	any	required	library	code	to	produce	a	complete	executable	file.

5.	 Execution	—	the	operating	system	runs	the	final	executable	file,	and	the	program's	instructions	are	carried	out	by	the	processor.



2.	Basic	Syntax	and	Structure	of	a	C	Program

Every	C	program,	no	matter	how	large	or	complex,	follows	a	predictable	overall	structure.	Learning	this	structure	well	is	one	of	the	most	important
early	steps	in	mastering	C,	because	the	compiler	is	extremely	strict	about	syntax	—	even	a	single	missing	symbol	will	prevent	the	whole	program
from	compiling.

The	General	Structure

1.	 Preprocessor	directives	—	lines	starting	with	 # ,	instructing	the	compiler	to	perform	certain	preparations	before	actual	compilation,
most	commonly	including	library	files.

2.	 Global	declarations	(optional)	—	variables	or	function	prototypes	that	need	to	be	visible	to	the	whole	program.

3.	 The	 main() 	function	—	every	executable	C	program	must	contain	exactly	one	 main() 	function;	this	is	where	program	execution	always
begins.

4.	 Variable	declarations	—	statements	that	reserve	memory	locations	for	storing	data.

5.	 Statements	and	expressions	—	the	actual	instructions	that	perform	calculations,	display	output,	or	make	decisions.

6.	 Return	statement	—	ends	the	 main() 	function	and	optionally	returns	a	status	code	to	the	operating	system	(0	conventionally	means	the
program	finished	successfully).

Example	Program:

#include	<stdio.h>			//	Preprocessor	directive:	includes	input/output	library

int	main()	{										//	Main	function:	program	execution	starts	here

				printf("Hello,	World!\n");		//	Statement:	prints	text	to	the	screen

				return	0;										//	Ends	the	program,	returns	success	(0)	to	OS

}

Explanation	of	Each	Part

#include	<stdio.h> 	tells	the	compiler	to	bring	in	the	Standard	Input/Output	library,	which	supplies	ready-made	functions	such	as
printf() 	(for	displaying	output)	and	 scanf() 	(for	receiving	input	from	the	keyboard).	Without	this	line,	the	compiler	would	not

recognise	 printf 	and	would	produce	an	error.

int	main() 	declares	the	special	function	that	every	executable	C	program	must	have.	The	keyword	 int 	before	it	means	this	function	will
return	a	whole	number	value	to	the	operating	system	once	it	finishes.

Curly	braces	 {	} 	mark	the	beginning	and	end	of	a	block	of	code	—	in	this	case,	the	body	of	the	 main() 	function.	Every	opening	brace
must	have	a	matching	closing	brace.

printf() 	is	a	built-in	library	function	used	to	display	text	or	values	on	the	screen.	The	text	to	be	displayed	is	placed	inside	double	quotes.

\n 	is	called	an	escape	sequence;	it	represents	a	"new	line"	character,	moving	the	cursor	to	the	next	line	after	printing.

Every	executable	statement	in	C	must	end	with	a	semicolon	 ; .	Forgetting	this	is	one	of	the	most	common	beginner	mistakes	and	results
in	a	syntax	error.

return	0; 	ends	the	 main() 	function.	Returning	 0 	is	a	convention	meaning	the	program	executed	successfully;	a	non-zero	value	usually
signals	that	some	error	occurred.

Comments	in	C

Comments	are	notes	written	into	the	source	code	purely	for	human	readers;	the	compiler	ignores	them	completely.	Good	use	of	comments	makes
programs	easier	to	understand,	maintain,	and	debug,	especially	when	multiple	people	work	on	the	same	code	or	when	you	return	to	your	own	code
after	a	long	time.

//	This	is	a	single-line	comment

/*	This	is	a

			multi-line	comment	that	can

			span	several	lines	*/

Whitespace	and	Indentation

C	 generally	 ignores	 extra	 spaces,	 tabs,	 and	 blank	 lines	 between	 statements	 —	 they	 do	 not	 affect	 how	 the	 program	 runs.	 However,	 proper
indentation	(consistently	spacing	nested	code	inward)	is	considered	essential	good	practice	because	it	makes	the	structure	of	loops,	conditionals,
and	functions	visually	clear	to	human	readers,	greatly	reducing	the	chance	of	logical	mistakes.



3.	Variables,	Data	Types,	and	Constants

Variables

A	variable	is	a	named	location	in	the	computer's	memory	that	is	used	to	store	data	which	can	change	(vary)	while	the	program	is	running.	Think	of
a	variable	as	a	labelled	box:	the	label	is	the	variable's	name,	and	the	contents	of	the	box	are	the	value	currently	stored	inside	it.	Before	a	variable
can	be	used	in	C,	it	must	first	be	declared,	which	tells	the	compiler	the	variable's	name	and	what	type	of	data	it	will	hold,	allowing	the	compiler	to
reserve	the	correct	amount	of	memory	for	it.

Syntax:

data_type	variable_name	=	value;

Example:

int	age	=	15;								//	stores	a	whole	number

float	height	=	5.6;		//	stores	a	decimal	number

char	grade	=	'A';				//	stores	a	single	character

Rules	for	Naming	Variables

A	variable	name	must	begin	with	a	letter	or	an	underscore	( _ ),	never	with	a	digit.

It	can	contain	letters,	digits,	and	underscores	only	—	no	spaces	or	special	symbols.

C	is	case-sensitive,	so	 score ,	 Score ,	and	 SCORE 	are	treated	as	three	completely	different	variables.

Reserved	keywords	of	the	language	(such	as	 int ,	 float ,	 return )	cannot	be	used	as	variable	names.

Good	variable	names	should	be	descriptive	(e.g.,	 studentAge 	rather	than	simply	 x )	to	make	code	easier	to	understand.

Data	Types

A	data	type	tells	the	compiler	what	kind	of	value	a	variable	will	store	and,	importantly,	how	much	memory	space	to	reserve	for	it.	Choosing	the
correct	data	type	is	important	both	for	accuracy	(e.g.,	using	a	whole-number	type	for	something	that	should	never	have	decimals)	and	for	efficient
use	of	memory.

Data
Type Description Typical

Size Example

int Stores	whole	numbers	(no	decimal	part) 4	bytes int	score	=	90;

float Stores	decimal	numbers	with	single	precision	(less	accurate,	uses	less	memory) 4	bytes float	pi	=	3.14;

double
Stores	decimal	numbers	with	double	precision	(more	accurate,	used	for	scientific
calculations)

8	bytes
double	distance	=

12345.6789;

char Stores	a	single	character,	enclosed	in	single	quotes 1	byte char	letter	=	'B';

void Represents	the	absence	of	a	value;	used	mainly	with	functions	that	return	nothing — void	display();

C	also	allows	modifiers	to	be	added	to	basic	data	types	to	adjust	their	size	or	range,	such	as	 short ,	 long ,	 signed ,	and	 unsigned .	For	example,
unsigned	int 	can	only	store	non-negative	whole	numbers	but	can	represent	a	larger	maximum	positive	value	than	a	normal	 int ,	while	 long	int

can	store	much	larger	whole	numbers	than	a	standard	 int .

Constants

A	constant	 is	a	named	value	 that,	unlike	a	variable,	cannot	be	changed	anywhere	else	 in	 the	program	once	 it	has	been	defined.	Constants	are
extremely	useful	for	representing	fixed	values	that	should	never	accidentally	be	altered	—	such	as	mathematical	constants,	tax	rates,	or	maximum
allowed	 limits	—	and	they	also	make	code	more	readable,	since	a	name	 like	 MAX_STUDENTS 	 is	clearer	 than	a	"magic	number"	 like	 50 	scattered
throughout	the	code.

Two	Ways	to	Define	Constants	in	C

#define	PI	3.14159								//	Using	a	preprocessor	directive	(no	data	type,	no	semicolon)

const	int	MAX_STUDENTS	=	50;		//	Using	the	const	keyword	(has	a	data	type,	ends	with	semicolon)

The	 #define 	method	is	handled	by	the	preprocessor	before	compilation	and	simply	performs	a	direct	text	substitution	wherever	the	name	appears.
The	 const 	 keyword,	 on	 the	 other	 hand,	 creates	 an	 actual	 typed	 variable	 that	 the	 compiler	 protects	 from	 being	 modified,	 and	 is	 generally
considered	the	more	modern	and	safer	approach.

Full	Example	Program:



#include	<stdio.h>

#define	PI	3.14159

int	main()	{

				int	studentAge	=	14;

				float	weight	=	45.5;

				char	initial	=	'M';

				const	int	classSize	=	30;

				printf("Age:	%d\n",	studentAge);

				printf("Weight:	%.2f\n",	weight);

				printf("Initial:	%c\n",	initial);

				printf("Class	Size:	%d\n",	classSize);

				printf("Value	of	PI:	%.5f\n",	PI);

				return	0;

}

Notice	the	special	symbols	used	inside	 printf() ,	called	format	specifiers:	 %d 	displays	an	integer,	 %f 	displays	a	floating-point	number	( %.2f

limits	it	to	2	decimal	places),	and	 %c 	displays	a	single	character.	These	specifiers	tell	 printf() 	how	to	interpret	and	format	the	values	passed	to
it.



4.	Operators	and	Expressions

An	operator	is	a	special	symbol	that	instructs	the	compiler	to	perform	a	specific	mathematical,	relational,	or	logical	operation.	An	expression	is
any	valid	combination	of	variables,	constants,	and	operators	that	the	compiler	can	evaluate	to	produce	a	single	value.	For	example,	 a	+	b 	is	an
expression	that	evaluates	to	the	sum	of	 a 	and	 b .

1.	Arithmetic	Operators

These	perform	standard	mathematical	calculations.

Operator Meaning Example

+ Addition a	+	b

- Subtraction a	-	b

* Multiplication a	*	b

/ Division a	/	b

% Modulus	—	gives	the	remainder	of	a	division a	%	b

Note	carefully:	when	both	operands	of	 / 	are	integers,	C	performs	integer	division,	discarding	any	decimal	remainder	(e.g.,	 7	/	2 	gives	 3 ,	not
3.5 ).	To	obtain	a	decimal	result,	at	least	one	operand	must	be	a	 float 	or	 double .

2.	Relational	(Comparison)	Operators

These	compare	two	values	and	produce	a	result	of	either	true	( 1 )	or	false	( 0 ).

Operator Meaning

== Equal	to

!= Not	equal	to

> Greater	than

< Less	than

>= Greater	than	or	equal	to

<= Less	than	or	equal	to

Common	Beginner	Mistake
Do	not	confuse	the	assignment	operator	 = 	with	the	equality	operator	 == .	Writing	 if	(a	=	5) 	assigns	5	to	 a 	(and	is	almost	always	a	bug),
while	 if	(a	==	5) 	correctly	checks	whether	 a 	equals	5.

3.	Logical	Operators

These	combine	multiple	true/false	conditions	into	a	single	true/false	result,	and	are	essential	for	building	complex	decision-making	logic.

Operator Meaning Example

&& Logical	AND	—	true	only	if	both	conditions	are	true (a	>	5)	&&	(b	<	10)

|| Logical	OR	—	true	if	at	least	one	condition	is	true (a	>	5)	||	(b	<	10)

! Logical	NOT	—	reverses	a	condition's	result !(a	>	5)

4.	Assignment	Operators

These	are	used	to	store	values	into	variables,	and	C	provides	convenient	shorthand	versions	that	combine	an	arithmetic	operation	with	assignment.

Operator Meaning Equivalent	To

= Simple	assignment x	=	5;

+= Add	and	assign x	=	x	+	3;

-= Subtract	and	assign x	=	x	-	2;

*= Multiply	and	assign x	=	x	*	2;

/= Divide	and	assign x	=	x	/	2;



5.	Increment	and	Decrement	Operators

These	special	unary	operators	increase	or	decrease	a	variable's	value	by	exactly	1,	and	are	extremely	common	inside	loops.

Operator Meaning

++ Increment	by	1	(e.g.,	 i++ )

-- Decrement	by	1	(e.g.,	 i-- )

Full	Example	Program:

#include	<stdio.h>

int	main()	{

				int	a	=	10,	b	=	3;

				printf("Sum:	%d\n",	a	+	b);								//	Arithmetic

				printf("Remainder:	%d\n",	a	%	b);

				printf("Is	Equal:	%d\n",	a	==	b);		//	Relational	(0	=	false)

				printf("AND	Result:	%d\n",	(a	>	5)	&&	(b	<	5));	//	Logical

				a	+=	5;		//	Assignment	operator

				printf("New	value	of	a:	%d\n",	a);

				return	0;

}

Operator	Precedence

When	 an	 expression	 contains	 more	 than	 one	 operator,	 C	 follows	 a	 strict	 order	 of	 precedence	 (similar	 to	 the	 "BODMAS/PEMDAS"	 rules	 in
mathematics)	to	decide	which	operation	is	carried	out	first.	For	example,	in	 a	+	b	*	c ,	multiplication	is	performed	before	addition	because	 * 	has
higher	 precedence	 than	 + .	 When	 in	 doubt,	 parentheses	 (	 ) 	 can	 and	 should	 be	 used	 to	 make	 the	 intended	 order	 of	 operations	 explicit	 and
unambiguous.



5.	Control	Flow	in	C	Programming

Control	 flow	 refers	 to	 the	 order	 in	which	 the	 individual	 statements,	 instructions,	 or	 function	 calls	 of	 a	 program	are	 executed.	By	default,	 a	C
program	executes	statements	sequentially	from	top	to	bottom,	but	control	flow	statements	allow	the	programmer	to	alter	this	sequence	—	making
decisions,	repeating	actions,	or	skipping	sections	of	code	based	on	conditions.

A.	Conditional	(Decision-Making)	Statements

The	if	statement

Executes	a	block	of	code	only	if	a	specified	condition	evaluates	to	true.

if	(age	>=	18)	{

				printf("You	are	an	adult.\n");

}

The	if-else	statement

Provides	an	alternative	block	of	code	to	execute	when	the	condition	is	false.

if	(score	>=	50)	{

				printf("Pass\n");

}	else	{

				printf("Fail\n");

}

The	else-if	ladder

Used	when	there	are	several	conditions	 to	check	 in	sequence;	 the	 first	condition	that	evaluates	 to	 true	has	 its	block	executed,	and	the	rest	are
skipped.

if	(marks	>=	80)	{

				printf("Grade	A\n");

}	else	if	(marks	>=	60)	{

				printf("Grade	B\n");

}	else	{

				printf("Grade	C\n");

}

The	switch	statement

A	cleaner	alternative	to	a	long	else-if	ladder	when	a	single	variable	needs	to	be	compared	against	many	possible	fixed	values.	The	 break 	keyword
is	essential	—	without	it,	execution	will	"fall	through"	and	continue	executing	the	following	cases	as	well.

int	day	=	3;

switch	(day)	{

				case	1:	printf("Monday\n");	break;

				case	2:	printf("Tuesday\n");	break;

				case	3:	printf("Wednesday\n");	break;

				default:	printf("Invalid	day\n");

}

B.	Loops	(Repetition	Structures)

Loops	allow	a	block	of	 code	 to	be	executed	 repeatedly,	either	a	 fixed	number	of	 times	or	until	 a	certain	condition	 is	no	 longer	 true.	Loops	are
essential	for	avoiding	repetitive	code	and	for	processing	collections	of	data	such	as	arrays.

The	for	loop

Best	used	when	the	exact	number	of	repetitions	is	known	in	advance.	It	combines	initialization,	condition-checking,	and	increment/decrement	into	a
single,	compact	line.

for	(int	i	=	1;	i	<=	5;	i++)	{

				printf("%d\n",	i);

}

Here,	 int	i	=	1 	initializes	the	counter	once	at	the	start,	 i	<=	5 	is	checked	before	every	iteration,	and	 i++ 	runs	after	every	iteration.

The	while	loop



Repeats	a	block	of	code	as	long	as	a	specified	condition	remains	true.	The	condition	is	checked	before	each	iteration,	so	the	loop	body	may	not	run
at	all	if	the	condition	is	false	from	the	very	beginning.

int	i	=	1;

while	(i	<=	5)	{

				printf("%d\n",	i);

				i++;

}

The	do-while	loop

Similar	 to	 the	 while	 loop,	 but	 the	 condition	 is	 checked	 after	 the	 loop	 body	 executes.	 This	 guarantees	 that	 the	 loop	 body	 runs	 at	 least	 once,
regardless	of	whether	the	condition	is	true	or	false.

int	i	=	1;

do	{

				printf("%d\n",	i);

				i++;

}	while	(i	<=	5);

C.	Jump	Statements

C	also	provides	statements	that	transfer	control	out	of	the	normal	flow:

break; 	—	immediately	exits	the	nearest	enclosing	loop	or	switch	statement.

continue; 	—	skips	the	rest	of	the	current	loop	iteration	and	moves	directly	to	the	next	one.



6.	Arrays	and	Strings

Arrays

An	array	 is	a	collection	of	multiple	variables	of	the	same	data	type,	stored	together	 in	contiguous	(side-by-side)	memory	locations	and	accessed
using	a	single	variable	name	combined	with	a	numeric	index.	Array	indexing	in	C	always	begins	at	0,	meaning	the	first	element	is	at	position	 0 ,
the	second	at	position	 1 ,	and	so	on.	Arrays	are	extremely	useful	whenever	a	program	needs	to	store	and	process	many	related	values,	such	as	a
list	of	student	scores,	without	creating	a	separate	variable	for	every	single	value.

Declaration	and	Initialization:

int	numbers[5]	=	{10,	20,	30,	40,	50};

printf("%d\n",	numbers[0]);		//	Output:	10

printf("%d\n",	numbers[2]);		//	Output:	30

In	the	declaration	above,	 numbers 	is	an	array	that	can	hold	exactly	5	integers,	and	the	values	inside	the	curly	braces	are	assigned	to	positions	0
through	4	respectively.	Attempting	to	access	an	index	outside	the	declared	size	(such	as	 numbers[10] 	in	this	example)	is	a	serious	error	in	C,	since
the	language	does	not	automatically	check	array	bounds	and	doing	so	can	lead	to	unpredictable	behaviour	or	program	crashes.

Looping	Through	an	Array:

#include	<stdio.h>

int	main()	{

				int	scores[5]	=	{67,	89,	45,	90,	78};

				int	i;

				for	(i	=	0;	i	<	5;	i++)	{

								printf("Score	%d:	%d\n",	i+1,	scores[i]);

				}

				return	0;

}

This	example	demonstrates	the	typical	pattern	for	processing	an	array:	a	 for 	loop	runs	from	index	 0 	to	one	less	than	the	array's	size,	using	the
loop	counter	as	the	index	to	access	each	element	in	turn.

Two-Dimensional	Arrays	(Brief	Note)

C	also	supports	arrays	with	more	than	one	dimension,	which	are	useful	for	representing	grid-like	data	such	as	tables	or	matrices:

int	matrix[2][3]	=	{{1,	2,	3},	{4,	5,	6}};

printf("%d\n",	matrix[1][2]);		//	Output:	6	(row	1,	column	2)

Strings

C	has	no	dedicated	"string"	data	type	of	 its	own.	 Instead,	a	string	 in	C	 is	simply	an	array	of	characters	 ( char )	 that	 is	 terminated	by	a	special
hidden	character	called	the	null	character,	written	as	 '\0' .	This	null	character	marks	the	end	of	the	meaningful	text,	allowing	functions	to	know
where	the	string	stops	even	though	the	underlying	array	may	have	extra	unused	space.

#include	<stdio.h>

int	main()	{

				char	name[20]	=	"John";

				printf("Name:	%s\n",	name);

				return	0;

}

Here,	 %s 	is	the	format	specifier	used	specifically	for	printing	strings.	Even	though	 name 	is	declared	to	hold	up	to	20	characters,	only	"John"	plus
the	automatically-added	null	character	are	actually	used;	the	rest	of	the	array	remains	reserved	but	unused.

Common	String-Handling	Functions

The	 standard	 library	 <string.h> 	 provides	 several	 ready-made	 functions	 that	 make	 working	 with	 strings	 much	 easier	 than	 manipulating	 each
character	manually.

Function Purpose

strlen(str) Returns	the	length	of	a	string	(number	of	characters,	excluding	the	null	character)

strcpy(dest,	src) Copies	one	string	into	another

strcat(dest,	src) Appends	(concatenates)	one	string	onto	the	end	of	another

strcmp(str1,	str2) Compares	two	strings;	returns	0	if	they	are	identical



Example:

#include	<stdio.h>

#include	<string.h>

int	main()	{

				char	str1[20]	=	"Hello";

				char	str2[20]	=	"World";

				printf("Length:	%lu\n",	strlen(str1));						//	Length	of	string

				strcat(str1,	str2);																										//	Concatenate

				printf("Concatenated:	%s\n",	str1);

				printf("Compare:	%d\n",	strcmp(str1,	str2));	//	Compare	strings

				return	0;

}



7.	File	Handling

By	 default,	 any	 data	 stored	 inside	 a	 program's	 variables	 exists	 only	 in	 temporary	 memory	 (RAM)	 and	 is	 lost	 the	 moment	 the	 program	 finishes
running.	File	handling	solves	this	problem	by	allowing	a	C	program	to	create,	write	to,	read	from,	and	permanently	store	data	in	files	saved	on	a
computer's	disk	storage,	so	that	the	information	remains	available	even	after	the	program	has	closed	and	the	computer	has	been	switched	off.

Steps	Involved	in	File	Handling

1.	 Declare	a	file	pointer	using	the	special	type	 FILE	* ,	which	will	be	used	to	keep	track	of	the	file	being	worked	with.

2.	 Open	the	file	using	the	 fopen() 	function,	specifying	both	the	filename	and	a	mode	that	describes	what	operation	will	be	performed	on
it.

3.	 Perform	the	required	read	or	write	operations	using	appropriate	functions	such	as	 fprintf() ,	 fscanf() ,	or	 fgets() .

4.	 Close	the	file	using	 fclose() 	once	all	operations	are	finished,	to	free	system	resources	and	ensure	all	data	is	properly	saved	to	disk.

Common	File	Modes

Mode Meaning

"r" Read	only	—	the	file	must	already	exist

"w" Write	only	—	creates	a	new	file,	or	completely	overwrites	an	existing	one

"a" Append	—	adds	new	data	to	the	end	of	an	existing	file	without	deleting	its	current	contents

"r+" Read	and	write	on	an	existing	file

Example	—	Writing	to	a	File:

#include	<stdio.h>

int	main()	{

				FILE	*file;

				file	=	fopen("student.txt",	"w");		//	Open	file	for	writing

				if	(file	==	NULL)	{

								printf("Error	opening	file!\n");

								return	1;

				}

				fprintf(file,	"Name:	John	Doe\n");

				fprintf(file,	"Score:	85\n");

				fclose(file);		//	Always	close	the	file

				printf("Data	written	successfully.\n");

				return	0;

}

Note	 the	 important	safety	check	 if	(file	==	NULL) .	The	 fopen() 	 function	 returns	 NULL 	 if,	 for	any	 reason,	 the	 file	could	not	be	opened	 (for
example,	due	to	insufficient	disk	space	or	permission	restrictions).	Always	checking	for	this	before	using	the	file	pointer	prevents	the	program	from
crashing	unexpectedly.

Example	—	Reading	from	a	File:

#include	<stdio.h>

int	main()	{

				FILE	*file;

				char	line[100];

				file	=	fopen("student.txt",	"r");		//	Open	file	for	reading

				if	(file	==	NULL)	{

								printf("Error	opening	file!\n");

								return	1;

				}

				while	(fgets(line,	sizeof(line),	file)	!=	NULL)	{

								printf("%s",	line);

				}

				fclose(file);

				return	0;

}



Here,	 fgets() 	reads	one	line	of	text	at	a	time	from	the	file	into	the	array	 line ,	and	the	 while 	loop	continues	reading	and	printing	lines	until	the
end	of	the	file	is	reached,	at	which	point	 fgets() 	returns	 NULL .

Practical	Importance	of	File	Handling
File	handling	is	what	allows	real-world	programs	to	save	user	data	permanently	—	for	example,	saving	a	student's	results,	storing
configuration	settings,	logging	errors,	or	maintaining	records	in	simple	database-like	applications	built	entirely	in	C.



8.	Debugging	and	Error	Handling

Debugging	is	the	systematic	process	of	finding,	understanding,	and	correcting	errors	(commonly	called	"bugs")	in	a	computer	program.	Because
even	experienced	programmers	make	mistakes	regularly,	learning	good	debugging	habits	early	is	just	as	important	as	learning	the	syntax	of	the
language	itself.

Types	of	Errors	in	C

1.	Syntax	Errors

These	occur	when	code	violates	the	strict	grammatical	rules	of	the	C	language,	such	as	a	missing	semicolon,	an	unmatched	bracket,	or	a	misspelled
keyword.	Syntax	errors	are	detected	by	the	compiler	and	prevent	the	program	from	compiling	at	all,	so	they	must	be	fixed	before	the	program	can
even	be	tested.

int	x	=	5			//	Missing	semicolon	-	syntax	error

2.	Logical	Errors

These	are	more	subtle:	the	program	compiles	and	runs	without	crashing,	but	it	produces	incorrect	or	unexpected	results	because	the	underlying
logic	of	the	code	is	flawed.	Logical	errors	are	often	the	hardest	to	find	precisely	because	the	compiler	cannot	detect	them	—	the	code	is	"valid"	C,
just	not	doing	what	the	programmer	actually	intended.

int	average	=	(a	+	b)	/	2;		//	Correct

int	average	=	a	+	b	/	2;				//	Logical	error:	division	happens	before	addition	due	to	precedence

3.	Runtime	Errors

These	occur	while	the	program	is	actually	executing,	often	causing	it	to	crash	or	behave	unpredictably.	Common	causes	include	dividing	by	zero,
trying	to	access	memory	that	does	not	belong	to	the	program,	or	attempting	to	open	a	file	that	does	not	exist.

int	result	=	10	/	0;		//	Runtime	error:	division	by	zero

Debugging	Techniques	and	Best	Practices

Read	compiler	error	messages	carefully.	The	compiler	usually	reports	the	exact	line	number	and	a	description	of	the	problem,	which	is
the	fastest	way	to	locate	a	syntax	error.

Use	 printf() 	statements	strategically	to	display	the	current	values	of	variables	at	different	points	in	the	program,	helping	to	trace
exactly	where	the	program's	behaviour	starts	to	diverge	from	what	was	expected.

Break	the	program	into	smaller	parts	and	test	each	part	(such	as	a	single	function)	independently,	rather	than	trying	to	debug	an
entire	large	program	all	at	once.

Use	a	dedicated	debugger	tool,	such	as	GDB,	which	allows	a	programmer	to	pause	("set	breakpoints"),	execute	code	one	line	at	a	time,
and	inspect	the	live	values	of	variables	as	the	program	runs.

Check	for	common	beginner	mistakes:	missing	semicolons,	mismatched	curly	braces	or	parentheses,	using	 = 	instead	of	 == ,
uninitialized	variables,	and	incorrect	format	specifiers	in	 printf() / scanf() .

Test	with	a	range	of	inputs,	including	unusual	or	"edge	case"	values	(such	as	zero,	negative	numbers,	or	very	large	numbers),	since
these	often	reveal	logical	errors	that	normal	inputs	would	not	expose.

Defensive	Programming:	Preventing	Errors	Before	They	Happen

Good	programmers	do	not	just	fix	errors	after	they	occur	—	they	write	code	that	anticipates	and	safely	handles	potential	problems	in	advance.	This
practice	is	known	as	defensive	programming.

Example	—	Handling	a	Potential	Division-by-Zero	Error	Gracefully:

#include	<stdio.h>

int	main()	{

				int	a,	b;

				printf("Enter	two	numbers:	");

				scanf("%d	%d",	&a,	&b);

				if	(b	==	0)	{

								printf("Error:	Division	by	zero	is	not	allowed.\n");

				}	else	{

								printf("Result:	%d\n",	a	/	b);

				}

				return	0;

}



This	 program	 checks	 for	 the	 possible	 error	 condition	 (a	 zero	 divisor)	before	 the	 division	 actually	 takes	 place,	 preventing	 a	 runtime	 crash	 and
instead	giving	the	user	a	clear,	friendly	explanation	of	what	went	wrong.



9.	Chapter	Summary

C	programming	is	a	powerful,	procedural,	middle-level	language	created	by	Dennis	Ritchie,	forming	the	historical	and	conceptual
foundation	of	many	modern	programming	languages,	and	remains	widely	used	today	in	operating	systems,	embedded	systems,	and
other	performance-critical	software.

Every	C	program	follows	a	predictable	basic	structure:	preprocessor	directives	at	the	top,	the	mandatory	 main() 	function	where
execution	begins,	variable	declarations,	executable	statements,	and	a	final	return	statement.

Variables	are	named	memory	locations	used	to	store	data	that	can	change,	data	types	(such	as	 int ,	 float ,	 double ,	and	 char )
define	what	kind	of	data	a	variable	holds	and	how	much	memory	it	needs,	and	constants	represent	fixed	values	that	are	protected
from	being	altered	anywhere	in	the	program.

Operators	—	arithmetic,	relational,	logical,	and	assignment	—	are	the	building	blocks	used	to	form	expressions,	which	the	compiler
evaluates	to	produce	calculated	results	or	true/false	decisions.

Control	flow	structures	such	as	 if ,	 if-else ,	 switch ,	 for ,	 while ,	and	 do-while 	allow	a	program	to	make	decisions	and	repeat
actions,	rather	than	simply	executing	every	instruction	once	from	top	to	bottom.

Arrays	allow	many	values	of	the	same	data	type	to	be	stored	and	accessed	efficiently	under	a	single	variable	name	using	numeric
indexes,	while	strings	are	simply	character	arrays	terminated	by	a	special	null	character,	supported	by	a	rich	set	of	library	functions
for	manipulation.

File	handling	functions	such	as	 fopen() ,	 fprintf() ,	 fgets() ,	and	 fclose() 	allow	a	C	program	to	permanently	save	and	later
retrieve	data	from	disk	storage,	rather	than	losing	all	information	the	moment	the	program	ends.

Debugging	is	the	disciplined	process	of	locating	and	correcting	syntax	errors	(caught	by	the	compiler),	logical	errors	(incorrect
results	despite	successful	compilation),	and	runtime	errors	(crashes	or	failures	during	execution),	using	techniques	such	as	careful
reading	of	error	messages,	tracing	with	 printf() ,	and	defensive	programming	practices	that	anticipate	problems	before	they	occur.

Together,	 these	nine	topics	 form	the	essential	 foundation	of	C	programming.	Mastering	them	thoroughly	prepares	a	 learner	 to	confidently
progress	 to	 more	 advanced	 concepts	 such	 as	 pointers,	 structures,	 dynamic	 memory	 allocation,	 recursive	 functions,	 and	 eventually	 object-
oriented	programming	in	languages	like	C++	and	Java.

End	of	Notes	—	Computer	Programming	with	C	(Form	Two	Computer	Science)


