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Unit 1: Basics of Data Structure

Introduction

Data Structure Tch UH1 diehT § fSIEd data @t computer & memory & g9
d<g organize aur store fohar STrar 8 fab & efficiently access aur modify faar
ST Tch | SRAH HTNT H ohg dl, 3R data &l systematic a<idh ¥ arrange = faar
STTQ, o 3§ &+ aur manage 3T 9gd Hfehdl 81 ST § — Sl Data
Structures T concept SEAHTA gidT 8|

Is Unit ki Structure:

1) Classification of Data Structure — Linear, Non-Linear, Primitive,
Non-Primitive

2) Pointers — Introduction, Declaration, Pointer Arithmetic, Array of
Pointers, 2-D Array Implementation

3) Structure — Definition, Declaration, Initializing

4) Operations on Data Structures — Traversing, Searching, Insertion,

Deletion, Sorting, Merging, Updating
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1. Classification of Data Structure

Data Structures @t 3 properties aur nature o 3T4R TR &4 &Y I g
ways H classify ferar STTdT § — 9gaT Primitive vs Non-Primitive & 3TeR

TR, aur gIRT Linear vs Non-Linear & 3T9R UR|

« Classification @t T & I8 decide =T T 81 STTdT § fob fahedt specific
problem & faT &H €t data structure Te¥ Iuged el

* g type I data structure T 39T Yo el storage diehl aur STeliT
operations gid g1

Classification of Data Structure

Data Structure

Primitive Non-Primitive

int, float, char, pointer

Linear

Array, Stack, Queue, Tree, Graph
Linked List

%1 1.1 — Data Structure Ugeat Primitive aur Non-Primitive # divide gldT g,
foe Non-Primitive @ 3T Linear aur Non-Linear # divide fehar STiar 21

1.1 Primitive Data Structure
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Primitive Data Structures d basic data types gid & Sit directly
programming language gRT support fhT SI1d 8 aur g= 31t 3R dler
(break) =g} ST ¥ehdT| I8 data structures &1 99 gFAaTE (fundamental)

level g1

g single value store &d 8, Si¥ Uah integer number a1 Qe character|
» Examples: int, float, char, double, pointer|

« Ig directly CPU gRT operate fhq ST Tehd €, 39l 89eh! processing & fast
gl g1

1.2 Non-Primitive Data Structure

Non-Primitive Data Structures d data structures gid & STt primitive

data types ! combine &eh I91T STId &, difch complex aur I8! A1 H data
%l organize a1 ST Tk |

* IE Toh 9 FATGT values ol o 1Y, Toh meaningful d<ids I store &R Tehd & |
» Examples: Array, Linked List, Stack, Queue, Tree, Graph|

o S 31 Linear aur Non-Linear ¥ divide frar St g1

1.3 Linear Data Structure

Linear Data Structure dg gid! g fS5igd @it elements T sequential
(sruarg) order # arranged gld 8, I & element &1 {8t T &1 previous
aur @& &l next element gdT 81

 Elements @l linearly traverse (Y& o 1 Gah) fohar ST T@ahdar &, single level #

« Memory & I8 Tah sequence i g store §id & (dTe contiguous & S array,
g1 non-contiguous 99 linked list) |
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Unit 1: Basics of Data Structure

e Examples: Array, Stack, Queue, Linked List|

1.4 Non-Linear Data Structure

Non-Linear Data Structure 3g gid! & fSieH elements T& sequential
order # 7&l, 9feh hierarchical (dgrgshfada) a1 network St structure &

arranged gid 8l

T element & Ta I FATGT previous AT next elements g dahd & (Sid tree #

parent-children relationship)l

 Elements @&t traverse @3 & multiple I g Gohd 8|

e Examples: Tree, Graphi

Arrangement

Traversal

Memory Utilization

Examples

Complexity

Linear Data

Structure

Sequential (Y & aTg
qeh)

Single pass # possible

3R oA efficient (S
array H)

Array, Stack, Queue,
Linked List

Implement &zl
SEIELICIIE]

Non-Linear Data

Structure

Hierarchical ar

interconnected

Multiple levels/paths #
HATUSAT &

Sa1er efficient gl 9ahdT &

Tree, Graph

Implement &A1 $I1GT
Sifee
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1.5 Features

« & classification @T 319+t specific storage aur access pattern gidl g, STt 3TeT-

37eTTT problems & g Iuged gidl 81

* Primitive data structures memory # directly store gid! §, Sidfch non-
primitive 38 combine @eh I18 STIT 8

o Linear structures @I aur implement &A1 3 8ld 8, 39fdiT beginners

Ugdl 36 diEd g
« Non-linear structures real-world & complex relationships (S family

tree, social network) @t represent - # SgaR 8id g

Advantages of Proper Challenges

Classification o Tld data structure T &

 Problem @& according Igl data program @t performance
structure I 3TEH gl STTdT 8 RIS gl Yhd ! 2|

» Memory 3UaiT aur « Non-linear structures @t
processing speed @' optimize TuSAT aur implement AT
e § Age Aad! 21 beginners o g gfehel 81

« Code @t organize aur SETIET

maintain T T & ST &1

Example: fdt queue # @t @RTl &t represent &< & fdT Linear structure

(Queue) Iuge 8, STdfeh fehdil company & organizational hierarchy (CEO
— Managers — Employees) @&l represent &+ o fig Non-Linear

structure (Tree) 3uge gl
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2. Pointers

2.1 Introduction to Pointers

Pointer Ges QdT special variable gidT 8 St fhdit g&R variable i memory
address &t store &hxdl g, -1 foh 39 variable & actual value i1 ST 99T &

e dl, pointer e "address book entry " i a8 &, STl SdidT & fh actual data
memory H gl &1 g1l &

« g variable @ computer memory # e unique address AT g, aur
pointer 34T address ol 31U+ 3icX store HRdT g

« Pointers @ Agg & memory @l directly access aur manipulate fohar ST depdr
8, Sl programs ! $1aT efficient 1T 8|

* Pointers @1 39alT dynamic memory allocation, arrays, functions, aur data

structures (S linked list) S99 # sIgd gIAT 8

Pointer — Basic Concept

Variable: num Pointer: ptr

Value = 10 Value = 1000

Address: 1000 (U’Fﬁ num T address)

EN
ptr, num ®1 TR point HIAT §

f@5 2.1 — Pointer variable 3194 3iax value =7gi, dfch fehdl &R variable @1

memory address store dl g
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2.2 Declaring and Initializing Pointers

Pointer &t declare id THT 39 data type & 31T asterisk (*) symbol
SINTIIT ST 8, ST Id1dT ¢ foh I8 variable ek pointer g1

int num = 10; // normal integer variable

int *ptr; // pointer declaration

ptr = # // pointer initialization (& = address-of
operator)

printf("%d", *ptr); // *ptr = value at that address = 10

Declaration — f&it variable @t pointer & %4 # define &A1 (SI¥ int

*ptr; )l

« Initialization — pointer @t foheit variable & address @ assign &1 (S ptr
= #)]

» & (Address-of Operator) — fohdft variable @ memory address R &
ferq s&dHATet Bl |

« * (Dereference Operator) — pointer & through 33 address R HIS[&
actual value o access & & flq AT EidT B

2.3 Accessing Variables using Pointers

Pointer & through f&dt variable &t value &t access %<1 Dereferencing

heeldl g — I pointer # store address UR SiTe dal Hiv[g actual data ot

UG T G|
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int num = 25;

int *ptr = #

printf("Value: %d\n", *ptr); // Output: 25 (dereferencing)

*ptr = 50; // pointer & through value
change Gl

printf("New Value: %d\n", num); // Output: 50 (num Ya W gqd
m4t)

« Pointer & through value sIga= & actual original variable &t value +ft siget
ST 8, Rdifah &IF1 Uk 8t memory location @t refer axd g1

« g concept function calls # Call by Reference & a7 agd Agayqul g1

2.4 Pointer Arithmetic

Pointer Arithmetic &7 dded g pointer variables @R mathematical
operations (¥ addition, subtraction) perform @&, difds memory # T
location ¥ &Y location TR move faam 51 e |

Increment (ptr++) Pointer @t 3FTelt memory location
(data type o size fora=T 3mt) wR
move T8

Decrement (ptr--) Pointer & fd&el memory location
TR move T g
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Unit 1: Basics of Data Structure

Addition (ptr +n) Pointer @t n locations 31T move
AT 8

Subtraction (ptr - n) Pointer @t n locations @& move
HRAT S

Pointer Difference (ptr2 - ptr1) &l pointers & &g elements & Tt
ELIGIE]

Yaad rakhein: SI§ &I integer pointer ( int *ptr ) increment fohar ST
g, dlag actual memory address & 1 7ig}, dfesh int & size (IMIR TR 4
bytes) fSIa=TT 31t gd1 § — I8 data type & according automatically adjust

BT gl

2.5 Array of Pointers

Array of Pointers Qe TdT array gidl 8 fSIgeh & element &g Tek pointer
gia1 8, a1 & element fhdl &R variable a1 data T address store &RdT gl

int a = 10, b = 20, c = 30;

int *arr[3]; // array of 3 integer pointers
arr[0] = &a;
arr[1l] = &b;
arr[2] = &c;

printf("%d", *arr[1]); // Output: 20
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* g concept WHAR TR strings & arrays s # sigd Ul g (S character
pointers &l array)|

« Array of pointers hl #iGg ¥ 3{eli-37e7 size AT location & memory ol Tk 1
manage T 3 gl SITaT 5

2.6 Row-Major aur Column-Major Implementation of 2-
D Array

2-D array @ computer @ memory # actually & linear (1-D) sequence

<h! %8 &I store fohaT STTAT €, ilfch memory Eg linear gidl g1 9% [T gl adth
g&iHTe 8id 8 — Row-Major Order aur Column-Major Order |

Row-Major vs Column-Major Storage

2-DArray (2x3) Same Array
AO][0] | AIOI] | A[CI[2] A[O]J[0] | A[OI] | A[OI[2]
AL | AT | AIE2] ANIO] | AT | ALTIE2]
Row -Major (T&!ﬁﬂ;ﬂ row, TR 3rTelt row) Column-Major (UE@H]RT column, fiF% 3RTEAT colum n)
AIO][O] A[OI[1TAIOI[2] A[TIOT A1 11 A[1][2] A[O][O] A[1][OT AIOII 1T AT A[OI[2] A[1][2]

_c(;[:-ﬁ RRiCak: memory linear (1—D)§[ %ﬁ?ﬂ %, T elements &1 store B BT order SWT%

a3 2.2 — Row-Major order # Teh row o 9+t elements Teh 919 store gid 3,
STdfeh Column-Major order ® Geh column & ¥4t elements Teh 91 store gid

=

m Row-Major Order Column-Major Order
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Storage Order Ugal Ugetl row o gl Ugal Uget column & Tt
elements, R g&irow elements, R &R
column
Used in Languages C, C++, Java Sigt Fortran, MATLAB Sigit
languages & languages #
Address Formula Address = Base + (i x Address = Base + (j x
NumCols +j) x size NumRows + i) x size

2.7 Features of Pointers

« Pointers memory @l direct access &=+ &l gfdarqd g, fSI9d programs Fa1aT
efficient ad g1

« Dynamic memory allocation (S runtime & memory o) f&% pointers &t
Agg A gt possible giAT 8|

« Functions # large data structures (Si¥ arrays) @t foHT copy fhT pass & &
feT pointers g&dHT 814 51

o Linked List, Tree, Graph ¥t data structures &9 & faq pointers sifRarf
(mandatory) gd 81
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Advantages Disadvantages
« Memory & efficient 3Tt o Tld S&AH ¥ program crash
AT possible F91d 81 8l a1 g (S invalid memory
« Functions # data = Call by access)|
Reference ¥ pass <A1 &M « Pointers ! @9 aur debug
T 2| &1 beginners & fAT gfeha &t
« Dynamic data structures HHAT S|
(linked list, tree) &9 o feig « Memory leaks aur dangling
ST & pointers SIHt THETY 31T Hehell &
« Arrays aur strings o 3R W&l & manage 7 fohar S|
efficiently manipulate @<= # « Code oI Ug-T aur TSI
TES hed g pointers @i auig ¥ efl-ahedt
Sifee gl AT 8|

Example: 51§ &1g function foelt 918 array @t receive &dl g, dt QX array

copy = ol IoTT 39kl At pointer (address) pass fhar siar g, i[aa
memory aur processing time g-i g4 &1
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3. Structure

Structure C programming ol Us user-defined data type g8, St 37eliT-3aT
data types (S/¥ int, float, char) & variables @&t e T1Y, U & A & under
group - chl faem a1 & | ST {TST H g dl, 3R fhedt real-world entity
(S student) St &3 properties (AM, roll number, marks) @t Geh 91 store
AT g1, dY structure sEHTS fehaT STTAT &1

« Structure & 3R HIS[E & variable %l member gl ST 8, aur Ig STeTT-3eT
data types & g dhd g |

« Array % same data type & elements store @R HahdT g, @fdh structure
STTTT-3TeTT data types ol Teb 1T group R Hhdl & — Jal SHh! oY Jal GIaad
2l

Structure — Memory Layout

struct Student

char name[20]

int roll_no

float marks

fa3 3.1 — U Structure & 3 3TTT-37e7T data types (char, int, float) &
members Y& T group 8 Tah & unit i a3g store gid &1

3.1 Definition
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struct Student {
char name[20];
int roll_no;

float marks;

}s

Jgl struct Student UWeh AT data type define Fear g, fogd T members € —

name , roll_no , aur marks I

3.2 Declaration

struct Student s1; // structure variable declare X[
struct Student s2, s3; // Udh YUY multiple variables declare
HHAT

Declaration @<+ & a1 &I 39 structure type @l actual memory allocate gl &,
fSI¥ variables & through access fehar ST HhdT 81

3.3 Initializing Structure
struct Student s1 = {"Aman", 101, 89.5};

// T member & through individually assign Rl
strcpy(sl.name, "Aman");

sl.roll no = 101;

sl.marks = 89.5;

// members P! access DI ai'ﬁml dot (.) operator 3¥aqﬁﬁ'ékﬂ %

printf("%s", sl.name);

« Structure & members &l access - & i dot (.) operator SEIHA BT 5|
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* 3R structure @7 pointer g, @ members @&t access &3 & fdg arrow (->)

operator sH gidT g

3.4 Features
* 3[TT-31TT data types & variables &l ek single unit # group &1 8|

« Real-world entities (S student, employee, book) @t logically represent

CAGIRSISIG LG %l

« Structures & array 4t 91 ST Tehd §, A multiple records &t manage
HAT ST 81 AT 8 |

+ Nested structures possible g, Il Teh structure & 3a &R structure it gt
gahdl g

Advantages Disadvantages

« Related data @t logically T e 3R structure 31§, At A

|1 group ek code i pass/copy & H F1&T

organize ¥&dar gl

» Complex real-world data ol

represent T T HId] %I

« Functions ® g structure ol

Tch G1Y pass el possible
FAET S|

 Code @& readability aur

maintainability ¢ STl 8|

memory aur time & TehdT 8|

Structures # built-in
methods/functions =&l gid
(R classes T gId 8) 1

Memory alignment < asig 9
structures ®Hl-HHt sRT A
SI1GT memory o Hehd g
(padding)!

Example: &4t college & database program # & student &l STH&RY
(name, roll number, marks) @l store @&+ & fdlT Teh Student structure
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I I ST &, [99& O related information Tes 9197 manage gl 9|
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4. Operations on Data Structures

Data Structures W ss common operations perform <! Sirdt g, difes data
! effectively manage fohar ST @ — S data ol g&T, =T data STigT, gRIT
data gemI, iR |

Common Operations on Data Structures

“

2 4.1 — Data Structures @R perform <! ST dTel! 7 &4 operationsl|

Traversing Data structure @& g element @t G-
Teh hech Visit ST, dTfch 38 process
(Si¥ print) fohar 5T @k

Searching Data structure # fait specific

element & g&T (S Linear Search,
Binary Search)
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Insertion Data structure ® Tch 7T element

ST, dTe YA |, s H, a1 3id |

Deletion Data structure ¥ fehdft Hisar
element & geHT

Sorting Elements @t fohelt particular order
(ascending/descending) # arrange
heHT

Merging Gl 3Te7T-37e7 data structures (S &l

sorted arrays) @f combine &R U
T ST

Updating Data structure & fohalt Hi5iar element
$lvalue &t ggaT

4.1 Traversing

Traversing &1 7dad g data structure & & element &I systematically,

Qeh-Teh ohich Visit @<, difch 8X element UR i operation (S display @)
perform foRaT ST &b |

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

printf("%d ", arr[i]); // & element P! traverse BD
print X[
}

4.2 Searching
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Searching &1 Adad § data structure # fohdl specific element &1 g&-, I8
check &R gU foh @ HiSIE & AT8l, aur 3R g ot IHeh! location T8

e Linear Search — & element &l Ueh-Uah &hich check &heAT, Sd deh desired
element a9 A S|

« Binary Search — sorted data structure #, 82 IR 379 data @t ignore &d
gY, STeal search &l

4.3 Insertion

Insertion &1 Addd ¢ data structure # @hls 99T element add &A1 — T8
I3Td H, st #, A1 3id H fohat ST WehdT 8, data structure & type WR AR edr

gl

4.4 Deletion

Deletion &1 Adad & data structure I fohdft His[aT element &t permanently
§CHI, aur STchl elements &t (F%Rd U84 WR) el position # re-arrange &<l

4.5 Sorting

Sorting &1 Adad g elements ! fhalt specific shH (order) # arrange @<,
3MHAR W ascending (B¢ 9 92) a1 descending (33 T BIc) order 1 Bubble

Sort, Selection Sort, Insertion Sort 38 common examples 8l

4.6 Merging
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Merging T Addd g &l 3eT-3aT data structures (SHAR WX &t sorted
lists/arrays) @ combine & Tah 8, T8t data structure I, o aH g &
elements 2R & (31eRR sorted order 1Y 3&d gU) |

4.7 Updating

Updating &1 Aded g data structure ® ugdl d Hi5[g fohdt element & value
&t 718 value I F&arT, foHT 3Th! position a1 dThl elements @t goTfad ol

4.8 Features of these Operations

* g operation bl 3Tt 37T time complexity gidl 8, STt data structure o type
IR AR T 8|

« Sorted data structures # searching (§9 Binary Search) unsorted & ga=1 d
Il I Bicit 8l

« Insertion aur Deletion &1 efficiency data structure & type & according
3TTT-31eTTT gidl & (S Linked List # I8 Array ¥ 3T gid1 8) |

« g gl operations fAcrax fahedt +ft program # data @l effectively manage
AT possible IATA &1
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Advantages

« Data @t efficiently manage

aur manipulate &A1 possible
CEIGI

3TeTTT-3TelT operations &
through data <t accuracy aur
relevance 9H1Q &t ST ehl g1

Searching aur sorting
operations, data ot STegl

access e H Heg hid ¢

Unit 1: Basics of Data Structure

Disadvantages

« $S operations (I Array &

insertion/deletion) time-
consuming &l ¥ed &, Hifch
elements @&t shift &A1 gSaT 81

Tad data structure T W

operations < performance

SIth! TR &I ehll 8
Sorting aur merging St
operations 92 data IR SaT1&T

memory aur processing time

A gl gl

Example: ft phone &t contact list & 94T contact St (Insertion), fohet
19 &l g&T (Searching), QI contact &t geHT (Deletion), aur @i+t contacts
%l alphabetically arrange &1 (Sorting) — I8 9« data structure

operations & real-life examples &I
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