> Data Structures

|
|

' Definition

~

A data structure is a way of organizing and s’coring data so that

it can be used e.'FFicienJcly. It helps in op’cimizing the per*Forma.nce

| of programs b:?‘ allowing efficient access, modification, and

processing of data.

- All Data Structures Overview

Data Structure

Diagram / Representation

Descri ption

Stores elements of the

1. Array 10 | 20 | 30 | 40 | 50 _—
same fype in con’c:suous
0 1 2 3 4 memory locations.
| L : Stores elements in nodes.
L2 Linked it 10 > 20 —>| 30 —>| 40 —> NULL Each node points to the
next node.
| 3. Stack i | TOP Follows LIFO (Last In,
i (LIFO) 30 First Out) principle.
! 20 Insertion & deletion at
10 the top.
!
Follows FIFO (First In,
i 4. %;E;; 10, =2 20 == 30 == 40 First Out) principle.
Froni Riss Insertion at rear, deletion
IL ou_ 5 | at front. -
5. Tree Hierarchical structure
with a root node and
zero or more subtrees.
6. Graph Collection of nodes

7. Hash Table
(Hash Map)

8. Heap

Pro Tip:

@ & @ @

(vertices) connected

by edges.

Stores key-value pairs
a hash function
for fast access.

usins

A special tree-based
structure (Min- Heap or
Max-Heap).

Understanding the right data structure is the key to writing
efficient and optimized code. ¥



,%‘_ \A)haJc IS an_ Algorijchm? <
Definition

An alsori’chm is o finite set of well-defined instructions or

| steps to solve a problem or o.ccOmplish a task. It must produce

output for given input and terminate after a finite number

of steps.
Characteristics of an Algorithm

il Inpu{ . Takes zero or more inputs.

Z, Ou‘l:pu'l: . Produces ot least one ou'l:pu‘l:.

3. Definiteness . Each step is clear and unambiguous.

4. Finiteness :  Terminates after a finite number of steps.

5. Effectiveness . Each step is basic and executable in finite time.
Basic Symbols in Alqorlthms / Pseudocode

Szmbol Na.me- %

Indicates start or

end of the algorithm.

; Represents input
E Inpu‘l: / Ou’cput or oufpu‘l'.

Terminator

Represen{‘s an

Process . i
instruction or s{:e.p.

Repre.sen’cs a
Decision decision Poinf with

Yes/No (True/False) paths.

Shows the direction

—- R
Flow Line of flow.
O i e (On-Puge) Connects flow lines
on the same page.
Connects flow lines
O Connector (Of{:-page) to another page.

T_Xpes of Alqorifhms

1. Sequence 2. Selection (Decision) 3. Tteration (Loop) 4. Recursion
Steps are executed Choice is made based S{eps are repeated A function calls itself
one after another. on a condition. until a condition is met. | to solve smaller instances

of the same Problem.

Ne @ Yes No Fu:;:;orl)

Yes ( Base Case )

Pro TiE; A good aigori’chm is correct, efficient, simple to understand,
and solves the Problem with opfimal time and space cornp‘exi{y. jﬁ'



Definition

an index.

Representation

Array: A

Characteristics

1. Fixed Size

2 p HomogeneOus

3 Con{‘iguous Memor}' : Elements are stored in

A:

= Arrays <

Index 0 1

An array is a collection of elements of the same type stored at

contiguous memory locations. Each element can be accessed using

2 3 4 5
10 20 30 40 50 60
I:. :]I:. ::I: >
Base Address Element Size

: Size is fixed once declared.

. All elements are of the same type.

adjac.en{‘ memory locations.

Basic Operations

1. Traversal

Visit each element

of the array.

2. Insertion

Add an element at

a spe.c.ified position.

101201304050 10(20130| 40|50
G 4 2 3 4 G 4 2 3 &
> Insert 25
at index 2

v
10120(25|30|40(50
O 1203 & 5

Applications

3. Deletion

Remove an element

from a posi‘l:ion.

4. Random Access :

accessed directly using its index.

5. Efficient Access :

for any element.

Any element can be

Access time is O(1)

4, Searching
Find the index of

a given element.

10120304050

10{20(30| 40|50

g 1 2 3 4

'

Delete element
at index 2 (30)

10 | 20 | 40 | 50

0 1 2 3

a S{‘oring lists of data such as marks, scores, names, etc.

g 1 2 3 4

!

Element 40
found at index 3

. Implemenfing other data structures like stacks, queues, heaps, etc.

o Used in searching, sorting, matrix operations, lookup tables, etc.

Pr TuE :

Arrays provide fast access to elements by index, but inserting or

dele‘cing in the middle can be costly as elements need to be shifted.



Definition
A

= Stacks £

stack is a linear data structure that

(Last In, First Out) Principle.. Elements

removed from the same end, called the

Representation

TP —[ 4
40
30
20
BoTTOM —| 10

Characteristics

- Top points to the

’copmos’c element.

+ New elements are

added or removed

« from the top.

1. Follows LIFO (Last In, First Qut) principle.

program execution,

Basic Operations

Insertion and deletion occur only at the top.

Dynamic size : Can grow or shrink during

follows the LIFO
are added and

top.
Push Operation Pop Operation
Add element 60 Remove element 50
o ~5

50 f. .
40 TOP —»| 40
30 30
20 20
10 10

4. Efficient operations : Push and pop are 0(1).
5. Used in function calls, expression evaluation,

back‘i:ro.cking, etc.

1. Push : 2. Pop 3, Peek / Top ! 4 isEmp’cy 5. isFull
Add an element Remove the top I Get the value of Check whether Check whether
to the top. i element. top element. stack is empty. stack is full.
R | 50 ] |
g N _~TOP | 30
20 20 | 20
20 | TOP—»
10 10 10
10 |
| Return : 20 Return : True Return : True
Applications

* Function call management (Call Stack).

L Expression EVQIUG‘HUH Gﬂd conversion

-—
—

(infix

* Parentheses matching and syntax parsing.

Pro TiE :

push and underflow before pop to avoid errorsl!

Posifix/prefix).

. Buck{ra.cking (e.g., maze, N-Queens Probiem].
¢ Undo operations in editors.

e Browser hisi:ory navigation.

AIWGYS ma.i(e sure 'iIO che.ck 'FOI" OVGI"'FiOW bei:ore

w



= Queues =

Definition

A queue is a linear data structure that follows the FIFO
(First In, First Out) principle. Elements are added at the rear

and removed from the front.

Representation

Front —» 20

10

30

40

50

(Deletion)

Front indicates the first element (o be removed).

<«— Rear

(Insertion)

Rear indicates the last element (where new element is added).

Characteristics

1. Follows FIFO (First In, First Out) principle.

2. Insertion occurs only at the rear.

3. Deletion occurs on|y at the front.

Basic Operations

Dymmic size :

execution.

Efficient operations :

are O(1).

Can grow or shrink during

Enqueue and Dequeue

4 Enqueue 2. Dequeue 3. Front/Peek 4. isEmp‘ly ‘ 5. isFull
Add an element Remove the element Get the value of Check whether | Check whether
ot the rear. from the front. front element. the queue the queue is full

is emp’ty. ‘ (for fixed-size).
Front Rear | Front Rear | Front Rear |
! 4 | ! ! ! |
1020 (30|40 |10 |20] 30 10 | 20 | 30 | 10|20 30|40
=T '
10 | | 10 |
) il R?{urn : 10 B _Re’turn g Tru_:e i, R?turn : Trun_:
Applications

e CPU s:hedulina and task munnsemanﬁ.

. Hand|ing requests in web servers.

» Printer queue (prin’c spooling).

o Breadth=First Search (BFS) in graphs.

*  Simulation of waiting lines (e.s., ticket booking, call centers).




= SJcrings =

Definition

A string is a sequence of characters. In DSA, a string

O'F characters {ErmiﬂOtEd b)’ a I"'IU.“. charac‘ter l\0..

IS an array

Representation
String: "HELLO"
Index 0 1 2 3 4 5
S H E L. L 0 \O
> o]
Characters Null  Character

Characteristics

1. Sequence of Characters : An ordered
collection of characters.

2. Null Terminated : In C/C++, a string

ends with a null character "\O'.
3. Immutable in Ma.n)r La.ngua.ges ) Strings

are immutable in Java, Py‘l:hon, etc.

Basic Ope.rcd:ions

0 to n characters.

5. Case Sensitive :

in strings.

4  Variable Leng’th : Leng’ch can vary from
‘A" and 'a' are different

6. Stored in Contiguous Memory : Characters

are stored in adjacent memory locations.

1 . Tra.ve rs G.I.

Z. Lengih
Find the number

of the string. of characters.

String: "HELLO" String: "HELLO"

Visit each character

HIE|L|L|ofNof{ [ H]EIL]L]O\

0 % ZF 3 %5 Q- & 2 3 %8
> Length = 5

Common Methods (C++ Style)

3. Concatenation

Join two strings.

S1: "HELLO"
S52: "WORLD"

Result: "HELLOWORLD"

4, Compa.rison

Compare two

strings.
S1: "HELLO"
S52: "HELLO"

Result: Equal

5. Su.bsfrins

Extract a part of
the string.

Siring: "HELLO"
Substring (1 to 3):
"ELL"

Method Description Method Description

s.length() Returns the length of the string s.compare(str) Compares two strings
s.empty() Checks if the string is empty s.find(ch/str) Returns index of first occurrence
' s.clearQ) ‘Removes all characters | sinsert(pos, str) “Inserts str at position pos
s,append(str) Appends str at the end s,emse(pos, len) Erases len characters from pos

s.substr(pos, len)

Returns substring from pos of length len

s.replace(pos, len, str)

Replaces len characters with str

AEElica’cio ns

Pro Tip :

Text processing, searchins, and Pa.ﬂern ma‘tchins.

Data validation (emails, phone numbers, passwords, etc.).

Campression, encryp{‘ion, and encndingl

Used in editors, compilers, databases, and many real-world applications.

Example:

S{ring s = "DATA";
Lensﬂl = 4

Understand the difference between character and string.

A character is a sing[e entity, while a s‘trina is a collection of characters. ‘ﬁf



= Recursion <

Definition
Recursion is a programming J(:e.n:|r1|-\icv.1e where a function calls

itself to solve a problem by brea.king it down into smaller
Subproblams of the same ’cYPe,

HOW RGCU.I"Sion Works Kex POintS
i, ; Break into
Smﬂllﬂr Subprﬂblem

| Combine the results

to gd: final answer

¢ Base Case : The condition under

Solve the subproblem

which recursion si:ops.

using the same function

e Recursive Case : The condition

where the function calls itself

with a smaller input.

— | . Every recursion must have o

base case, otherwise it leads

to infinite calls (Stack Overflow).

Example 1: Factorial of n (n!)

Dry Run (n = 4) Recursion Call Stack

Factorial of n:
if n==0 or n==1: fact(4) = 4 « fact(3) Top —
4 « (3 + fact(2))

fact(2) (=12
4 2 (3 (2 % factl1))
4« (3(2+1) fact(3) |=2+3

alat Vs fact®) |- 6+4

fact(1) =1

return 1 & Base Case

i

else:

return n * factorial(n-1)

« Recursive Case

2 Calls are added on top and

removed whgn rgturned_

Example 2: Fibonacci Series

Fibonacei (nth term): D"f Run (n = 3)
if n == 0 fib(5)
return 0 « Base Case F‘E(li';/ \'F'b(.'i) Outpu.{‘:
if n==1: /I X, :f Ny Fibonacci series: 0,1, 1,2, 3,5, ...
return 1 ¢ Base Case £b(3)  Fb(2)  fb2) b £b(5) = 5
else: < N 1 \ /\
return fib(n-1) + fib(n-2) fib(2)  fib(1)
fib(1) fib(0) fib(1)  fib(0)
« Recursive Case
Characteristics / Points to Remember
1. Recursion is a {opmdown appruuch. 4 Useful for Pral:lems with averlappins suhprablems.
2. T+ uses more memory (call stack). 5. Make sure to write correct base case.
3. Can be solved using iteration (bottom-up) too. 6. Excessive recursion may cause stack overflow.
AEElica{ians
+ Tree / Graph traversals Pro TiP:
* Divide and conquer algorithms Always identify the base case first,
* Backtracking (N-Queens, Sudoku Solver) then think how to reduce the problem

* Dynamic Programming (with memoization)

Problems that can be broken into smaller sul:prol:lems

size and call the same function.

L]



Definition

= Jrees <

A tree is a non-linear data structure consis{ing of nodes

connected by edges. It has a hierarchical structure with

a single root node and zero or more subtrees.

Rep resentation

Characteristics

1. A tree has exactly one root node.

2. Each node (except the root) has exactly one parent.

. Edge :

nodes.

« Parent : A node that has one

node and

+ Root : Topmos’t node in the tree.

Connection between two

or more children.
« Child : A node that is connected
to a parent node.
« Leaf Node : A node with no
children.

+ Subtree : A tree formed by a
all its descendants.

4. There are no cycles in a tree.

3. A node can have zero or more children.

Basic Operations

5. A tree with n nodes has exactly n - 1 edges.

1. Traversal

Visit each node in

a speciﬁc order,

Types :

* Preorder
e Thorder

¢ Postorder

e Level Order

2. Insertion

Add a new nﬂde
to the tree.

Insert F

3. Deletion

RET'I"IDVE. a ﬂﬂdﬂ

from the tree.

Delete E

4, Sea.rching
Find a node with

a given value.

Q 4
o6
® &

Search C

5. Finding
Parent / Child

Iden‘ti'Fy Po.ren{
or children of
a node.

Parent of B is A
Children of B : D, E

AEE“ca’cions

» Representing hierarchical data (e.g., file systems, organization charts).

® Expression trees in cornp“ers,

* Database indexing (e.g., B-trees).

o Decision making (e.g., game trees, Al).




Definition

= Graphs =

‘ A Sraph is a non-linear data structure consis)tinﬂ of vertices
|

(nodes) and edges. It can be directed or undirected.

| Gmphs can be used to represent networks and rela‘EionshipsL

Refres entation

Undirected Graph

Characteristics

Directed Graph

1. A g.r'aph consists of a set of vertices (V) and
a set of edges (E).

2. Edges can be directed (one direction) or

undirected (no direction).

Ll', A Si"ﬂ.PI’l

Vertex (Node) : An individual
point in the graph.
Edge : A connection between

two vertices.

Directed Graph : Edges have

a direction.

Undirected Graph ; Edges have
no direction.

Waigh{ed Grnph - Edges have
associated weigh‘fs or costs.
Connected Gmph . There is a
path between every pair of

vertices.

can be connected or disconnected.

5 A simpla srnph has no sel'F—loops and no

Farallel edges.

6. Used to model real-world networks and

3 A gra.ph can be weighted or unweighﬁed.

' Basic Opera.’cions

relationships.

1. Add Vertex

Add a new vertex
":D the Sl'“aph.

2. Add Edge

Add an edge
between two

vertices.

+

its incident edges.

! @®

R e

3. Remove Vertex ‘ 4. Remove Edae 5. Check Ad‘jacencf

Delete a vertex and ‘ Delete an edge Determine if two
between two vertices are
| vertices. adjacent.

0 . o 0 A and D are

adjacen{.

Agglica’cions

| @ Social networks (friends, followers, connections).

* Road maps and navigation systems.

o Web link ana.lysis and rcmking (6.3., Pa.geRank).

o Network design and communication systems.

* Recommendation systems.

. Depe.ru:ham:)r resolution in build systems.




> DSA SERIES SUMMARY =

We've covered all the important Data Structures & key concepts
that form the foundation of DSA.
Keep Prac’cicing. Keep Building. Keep Growing! ﬁ

' ' p 2 ™ R

1. ALGORITHM 2. ARRAY 3. STACK 4. QUEUE 5. TREE
= 110|20| 304050 40 [-TOP (1)
— 8 t 2 5 & 30 |10|20[30|q0| @) (3)

* Step-by-step 20 T T
Prm".edure to v CallEEtEn o e 10 FRONT REAR o 9 e o
solve a problem. type of elements.

+ Properties: + Stored in contiguous » LIFO (Last In + FIFO (First In + Hierarchical
Input, Output, memory. First Out) First Out) structure.
Definiteness, » Fast access using » Operations: . Oper‘a‘tions! + Root, Node, Leaf,
Finiteness, index. Push, Pop, Peek Enqueue, Dequeue Edge, Subtree.
Effectiveness.

\'d ~
6. GRAPH 7. STRING 8. LINKED LIST 9. RECURSION

o nle|c]i]o]wl | [0 IE]—»so M
(B) 4 ) 9 & 2 3 & &
o « Collection of nodes

s Bollecking 5 verliies = Sequence of characters .data + address). 'FunT(:i]
(nodes) and edges. terminated by "\0' * Nodes are not stored v Eurction c.lalling, itself
+ Can be directed / * Operations: Traversal, in contiguous memory. to solve smaller
undirected, weighted / Length, Concatenation, * Types: Singly, Doubly, subproblems.
L unweigh{ed. Comparison, Suhstring, 0 Circular. | * Needs Base Case.
— KEY TAKEAWAYS =
(4 Understand the basics clearly. M Solve easy —> medium - hard.
B Practice problems daily. [¥] Revise & implement multiple times.
[ Visualize before you code. [¥] Learn from mistakes.
¥ Break the problem into smaller parts. ™ Consistency beats talent.
| Analyze time & space complexity. [¥] Build projects and apply your knowledge.
~——— WHERE TO USE DSA? ——— , —— MOTIVATION
. ¥ Problem Solving b= Optimizins Code v ! _  DSA is not about learning.
¥t Coding Interviews %t System Design :@-— it's about practicing.
% Competitive Programming ¥ Real-world Projec‘l:s » The more you Prac{ice,

% Building Efficient Applications the better you become! &

for more DSA notes & future interviews! %




