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% = Introduction to Data Structure = ¢

'1. What is Data Structure?

|

<]

=}

A data structure is a way of
organizing, storing and managing
data in a computer so that it can
be accessed and modified efficiently.

It defines the relationship between
data and the operations that can be
performed on that data.

A good data structure helps to
improve the performance and
manage large amounts of data easily.

|

2. Need of Data Structure

o Efficient data storage and retrieval.

o Reduce time complexity of operations.

e Handle large and complex data.

@ Helps in solving real-world problems
(e.g., databases, operating systems,
computer networks, etc.).

e Improve program performance.

® Code becomes more organized and
maintainable.

|

® Used in many areas like A MV

Web development, etc.

5. Types of Data Structure
[ Data Structures }

|| 6. Primitive vs Non-Primitive

(.r:P;i:nitive_ Dataznm_hw; [En-l‘rirnitive Data Structure?' ‘

[

¥
Primitive Data Structure

(Built-in types) } [

3

Non-Primitive Data Structure
(Derived types)

I

. + ¥
_ ;1:: " [ Linear Data Struntun} Non-linear Data Structure] = © Fixed size.
These are (Elements are arranged (Elements are not in :
» char basic data types in a sequence) sequence) L D]realy supported by
double provided by the A « hardware.
boolean | Programming " Lirr:::d List i © Example: int, float, char
la i * . ' ’
nguage v Sk = Graph
* Queue

o Basic data types provided
by the language.

© Store single value.

3. Applications of Data Structure ]
Database Management Systems | '

(Indexing, searching, fast retrieval)
Operating Systems

(Process scheduling, memary
management) ‘
Computer Networks |
(Routing, data transfer)
Searching and Sorting
(Searching data in large collections) }
Compiler Design

(Syntax tree, symbol table}

Artificial Intelligence & Machine Learning | |
(Handling large datasets)

Web Development
(Stacks, queues, trees, graphs)

4. Characteristics of a

Good Data Structure

Efficiency — operations should be fast
(time and space efficient).

Simplicity - easy to understand and
implement.

Flexibility - should allow easy
modification.

Reusability - can be used in different
applications.

Memory utilization -~ should use
memory efficiently.

Maintainability - code should be easy |

to maintain.

e Derived data types built

e Can store multiple values.
e Variable size.
¢ Implemented using |

® Example: Array, Linked List,

using primitive types. |

algorithms.

Stack, Queue, Tree, Graph 0

Linear (Array Example)

| P. Linear vs Non-Linear l

Linear Data Structure | Non-Linear Data Structure |
® Elements are arranged
in a sequential order.
| @ Each element has a
unique predecessor
and successor (except
first and last).
o Traversed in a single run.
© Examples: Array,
Linked List, Stack, Queue.

. [EPEPEHE
1 2 3

® Elements are not arranged
in a sequence.

® A single element can be
connected to multiple
elements.

® Used to represent
hierarchical or network
relationships.

© Examples: Tree, Graph.

oL

Non-Linear (Tree Example)

8. Common Operations on Data Structure % | 9. Real-World Examples

| @ Traversing — Accessing each element once.

Q
@
O
o
)

Insertion — Adding a new element.

Deletion - Removing an existing element.
Searching - Finding a specific element.

Sorting - Arranging elements in a particular order.
Merging — Combining two or more data structures.

Array

Storing marks
of students.

Stack

mnmnn . —

Undo operation
in text editor.

Queue

a000

People standing
in a queue.

1 10. Summary

® Data structure is a way of organizing and
storing data efﬂcientl';.
® There are two types: Primitive and Non-primitive. ‘

Tree

|

Folder structure
in computer. |

® Non-primitive is further divided into Linear and
Non-linear. . i

® Common operations include traversing, insertion,
deletion, searching and sorting.

® Data structures are widely use
applications to solve complex problems efficiently.

in real-world |
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=== |- Types of Data Structure Jv o
5 : 12 ﬁ-o]rr?-‘;:mitive (Derived‘_

(Primitive ) and ( Non-Primitive |

1. Primitive Data Structure (Built-in) " 2. Non-Primitive Data Structure (Derived) )

-
|
T e e TR e
Definition Characteristics |l l Definition Characteristics
Primitive data structures are the © Inbuilt in the language. 1| Non-primitive data structures are e ':t%i‘,',alt;,,ﬂ@iaslidv:ﬂ;%_p"m't'Ve Hpes.
basic data types provided by the . g‘“; single value at a time. | | derived data types built using o Variable size {dynamic in many cases).
| programming language. IXE S8 | | primitive data types. They can store e Used to represent complext data.
. e Directly supported by hardware. 4 e Can be linear or non-linear
| They are used to store simple, F [ multiple values and represent complex : 5 5 e
single val ® ‘Fasterito acoess and pperats. I data relationshi e Provide efficient data organization.
gle values. e Used to store simple data. ; ata relationships. e Used in real-world applications.
—_— e ‘ | T — .
| Types of Primitive Data Structure | | Types of Non-Primitive Data Structure |
' ipti Memory Si | . —— 2 _
Data Type I Description Example | enei:ryé) = | Linear Data Structure Non-Linear Data Structure
ot | Sursimegeboenme) | 105100 | 2o bbyes || Fig R (EmegfieeNy st
float " otores Pcimalnumbeiey” | (984, -0.5 4 “Ghdites, | | & I
double | Stores large decimal numbers | 3.14159 | 8 bytes | I T T 1 !
char Stores a single character AR 1 byte y A‘ T 2 = ( :
! e { Vi rra Linked List Stack Queue Tree | [ Graph
boolean | Stores true or false value | true, false ] 1 byte (_7 Y s \E 4] L £ | [ ) P }
{ A - |
Example (C Language) Memory Representation El e et Q @\
int a = 10; // integer value ’ b . S i nmﬂu @-’ m ‘mmm' Q o
float b = 3.14; // floating value B I : ‘ g | g I g ] 1| Elements stored i Eloments linked n s
double c - 9.876; // double value | \‘_'_‘Y'_‘_"J continuous memory AL I Follows |
char ch = 'A"; // character value | Each data type occupies locations. using pointers. Ll}f::?J"?J\:;er FIFO order. | o o Represents
bool flag = true; // boolean value { fixed memory location ! ’ | Hierarchical network
¥ according to its size. . : structure. relationships.
- - g e - .-y . M Tar e Ly o - >
3. Comparison: Primitive vs Non-Primitive | 4. Classification Tree | 5. Key Takeaways
[ Feature | Primitive Data Structure : Non-Primitive Data Structure ) [ Data Structure J || @ Primitive data structures store simple, ‘==
Definition Basic data types provided Derived data types built using single values.
by language | primitive types | I 1 © Non-primitive data tructures store multiple
Data Stored Single value Multiple values Primitive Non-Primitive values and complex relationships.
| Size Fiod size Variable size (Built-in) (Derived) (o] Pl’lmltl\fe type: are inbuil and flxeld in size.
| Implementation | Inbuilt in language | Created by programmer | e int — S ° ?cne-spr\mmwe types re created using primitive
| Memory Directly supported by hardware Uses memory a. per implementation s float [ Linear W [ Non-Linear gy Yp! - o -
|+ ~ - ! h o Array © Non-primitive are further classified into Linear
Complexity Simple Complex ; a{:l eilinkeint:| | o gree " and Non-linear.
i | . . © double Kk
Examples int, float, char, double, boolean Array, Linked List, Stack, Queue, boolean o Stack it @ Both types are important for efficient data
Tree, Graph o Queue organization and problem solving.
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=== |- Linear Data Structure:

1. What is Linear Data Structure?

© A linear data structure is a collection
of data elements arranged in a
sequential order, where each element
has a unique predecessor and successor
(except the first and last element).

© Elements are stored in a single level
(i.e., one after another).

o Traversal is done in a linear manner
(from start to end).

© Examples: Array, Linked List, Stack,
Queue.

I

2. Characteristics

o Elements are stored in a sequential order.
© Each element (except first and last) has
a unique predecessor and successor.
Can be implemented using arrays or
pointers.

Easy to traverse and implement.

Require linear time to access elements
(in most cases).

Memory can be contiguous (Array)

or non-contiguous (Linked List).
Examples: Array, Linked List, Stack,
Queue.

* 5. Types of Linear Data Structure
[ Linear Data Structure |

. |

|

® @@ 0 ©

3. Advantages

@ Simple to understand and implement.

Easy to traverse.
Efficient for small to medium sized data.
Widely used in real-world applications.

Some structures (Stack/Queue) are useful
in specific problem-solving scenarios
(e.g., recursion, scheduling).

.

Examples:
. Arra
2. Linked List
3. Stack
4. Queue

‘ 4. Disadvantages

&

® Linear search is time-consuming
(O(n)).

® Insertion and deletion can be costly
(in some cases).

o Array has fixed size (in static
implementation).

® May not be efficient for large and

complex data compared to non-linear
data structures like trees or graphs.

6. Comparison of Linear Data Structures

v 1 T

. Array (LinkedList | [ ‘Stack | [ CQueue | |
| mmmm | 10 |—~| 20 H 30 | 30 Front Rear
:

7. Array (Linear Data Structure) 8. Linked List (Linear Data Structure)

9. Stack (Linear Data Structure)

I

| © Anarray is a collection of similar data © A linked list is a collection of nodes where

items stored in contiguous memory locations. each node contains data and a reference

© Each element is accessed using an index (pointer) to the next node.
(starting from O ® Elements are stored in non-contiguous

e Array has a fixed size. memory locations.

© Supports fast access but insertion and e Dynamic in size (can grow or shrink at runtime).
deletion can be costly. © Types: Singly Linked List, Doubly Linked List,

Representation: Circular Linked List.

Index: 0 1 2 3 4
Array: [ 10 | 20 | 30 [ 40 | 50 |

Operations:
Traversing: Access each element one by one.
Insertion: Add element at a specific position.
Deletion: Remove element from a specific position.
Searching: Find a specific element.

@

Representation (Singly Linked List): |
Head

I o Wy O

Data Next

Data Next Data Next

( Operati

b V|S|t each node sequentially.
e Insertion: At beginning, end or specific position.
e Deletion: Remove a node from given position.

| e Searching: Find a node with specific value.

If

[ Structure ‘ Storage | Access IS:fetrtii:: l Structure Key Feature
e Con’ciguous Index-based Costl Seq?entﬁ' Fixed size,
y memory (o]4))] (O(n) elements | fast access
: : Non-contiguous  Sequential Eas | Nodes with in e
Linked List memory (oin) | o) .  pointers - Dynamic size.
Contiguous/ Top element Eas | Used in function
Stack Non-contiguous | (0(1)) (0@ g) . LIFQ | calls, recursion
Contiguous/ Front.’Rear Eas Used in
J l e Non-contiguous | (O(1)) g) FIFO

scheduling, BFS

ﬁl (10 Quetié TLinear_ D;taﬁruct;re)

o A stack is a linear data structure that | @ A queue is a linear data structure that

follows LIFO (Last In First Out) order. follows FIFO (First In First Out) order.
o Insertion is called Push operation. o Insertion is done at Rear.
© Deletion is called Pop operation. ® Deletion is done from Front.
@ We can insert and delete elements only © We can insert at rear and delete from front.

from the top. e Types: Simple Queue, Circular Queue,
- T Priority Queue, Double Ended Queue (Deque).

Representation: | 40 Last 1
= e ast In (Representation (Simple Queue): |
Top — 30 - First Qut S Front Rear
(LIFO)
20 R N ER NN

e 10 [ Operations:
[ Operations: | ® Enqueue(): Insert an element at rear.
® Push(): Insert an element. @ Dequeue(): Delete an element from front.
® Pop(): Delete an element. o Front(): View front element.
® Peek()!Top(]: View top element. ® Rear(): View rear element.
o isEmpty(): Check if stack is empty. ® isEmpty(): Check if queue is empty. !
® isFull(): Check if stack is full (in array). ® isFull(): Check if queue is full (in array implementation).



Non-linear data

o LY ° 4
structures do no =
store elements in @ - -
sequential ord:;’. ;;I:\n Lo e S
ments can
?rlfa hierarchical or network
_|__manner. - = - _ ——
} 1. What is Non-Linear Data Structure? | 2. Characteristics 3. Types of Non-Linear Data Structure 4, Applications
Pr——————— | | Eleme.nts are not Slto“fd sequ.entlally. LNm.Linw Data Structure J | @& File system directory structure
of data elements that are not arranged ¥ Data is organized in hierarchical or 0 (Tree).
in a sequential order. network form. P P 1 | @ Expression tree in compilers (Tree).
o Elements can be connected in a hierarchical | ¥¥ Each element can have multiple I ~ Tree | Graph | @ Database indexing (B-Tree).
or network manner. connections. (Hierarchical Structure) | (Network Structure) .
: s — @ Social networks (Graph).
@ There is no single way to traverse all ¥ Used to represent real-world problems A i
elements. (e.g., file systems, social networks). @ Web pages linking (Graph).
© Used to represent complex relationships ¢ Supports dynamic growth. o o @ Road networks (Graph).
between data. ¥ More complex implementation than @ Al and decision making (Trees
o Examples: Tree, Graph. linear data structures. g and Graphs).
o o @ Network routing (Graph).
| 5. Tree (Non-Linear Dat ] QS || 6. Graph (Non- Structure)
5.1 What is a Tree? 5.2 Terminologies in Tree 5.4 Tree Traversals 6.1 What is a Graph? || 6.2 Terminologies in Graph
‘ @ A tree is a hierarchical data structure © Root: Topmost node (A). © Preorder (Root = Left = Right) | oA graph is a non-linear data structure [ @ Vertex (Node): A, B.C, D, E
consisting of nodes connected by edges. ® Parent: A node having child nodes.  © Inorder (Left — Root — Right) consisting of a set of vertices (nodes) ® Edge: Connection between
® It has a single root node and zero or ® Child: Node under 2 parent. @ Postorder (Left — Right — Root) and a set of edges that connect pairs It)wn vet.'t;:es ée-g-'fA‘dB)
more child nodes. ® Sibling: Nodes with same parent of vertices. N c:r?nr::tedug :"V:rt:xg“
s There is exactly one path between 4 {D“‘:',":xz‘ o, P o @ Used to represent network relationships (eg. deg(A) =2)
any two nodes. " hldrzrr:“(D E v a) o between objects. ® Adjacent Vertices: Vertices
o I:Q:m‘al Node: ‘No-de-wit;' e © Graphs can be used to model real-world f:nne;tigdhg aat:ee;j 'eacent)
. one child (&, 5 ). ) o o ?m {emst S;!Ch astsnmil ne:wmks' L] Patgh Sequence of vethices
5 )° Level: Distance from root. TANIAONLALOn NEEWORKS, £t ?unnegtedéw eg?es
eg.,A—B—

® Height: Maximum level in tree. ° e

@ Degree: Number of children of a node. D- AJ - I—DJ_I_:] i 6.3 Types of Gl‘aphs . ?:‘:i%r;g\;atl:z agsé\gr:‘e)d to an edge
5.3 Types of Trees ) ’?]_Tl?l—' . Undirected Graph | | Directed Graph (Digraph) Weighted Graph 64 .Reprfsentation .af Graph
General Tree BinaryTree | Complee Binary Tre | By Search Tee (5T, o) (0] ] 5 T MJ“:“%';’"J‘*C :

o o o @ = . ® &) A EIERER|
‘ 55 Operatlons on Tree Edges have no direction Edges have direction Edges have weights B 1|06 |0
o o @ @ & Creation of drse ! (from one vertex to anather). (values). c |1 0 0
‘ 1 5 A 2D array of size nx n
PO O O o Sode o= s ok on | @R
\

© Deletion (in BST) [ Adjacency List |
Each node can have Each riode has A%. levels are completely Left subtree < root < © Searching [A]»B—cC
any number of children.  at most 2 children. n‘::eﬂsﬁiig: Pﬁgséglfs right subtree. ® Finding height, leaf nodes, internal nodes E - A
| et ® Finding minimum and maximum element i -
filled from left to right. h‘: érégT;n AL sl g There is 2 path between  Not all vertices are Cantains a eycie Dm:n:o:,ﬁ:_‘am i~ A

every pair of vertices. connected. start and end af same vertex| Each vertex stores a list
5 ! idi f o e i) of its adjacent vertices.



1. What are Data Structure o?emtiomr.fI |

Operations are the basic actions that can be
performed on the data stored in a data structure.
They help us to access, modify, add, remove,
search, arrange and manage the data efficiently.
Different data structures support different
operations depending on their structure.

These operations are fundamental for solving
real-world problems and implementing algorithms.

(<]

00000 ©

2. Types of Operations ‘
Traversing - Visiting each element once.

Insertion - Adding a new element.

Deletion - Removing an existing element.
Searching - Finding a specific element.

Sorting - Arranging elements in a particular order.
Merging - Combining two data structures.

f

6. Insertion

| @ Adding a new element

5. Traversing

® Visiting each element of a data structure
one by one to process it.

© It allows us to perform some operation
(e.g., display, sum) on each element.

|

Example: Array Traversal

structure at a specified position.
o Different data structures have different
ways and time complexities for insertion.

Example: Insert 50 at index 2 in Array

7. Deletion

to the data
data structure.

® Elements after deletion may need to be
shifted (in arrays, lists, etc.).

Example: Delete element at index 2

- . o e
e | = D t St cture Operat Key Operations:
s to 6, > Uata Jstructure vperations | -
m:‘::a;;’- the data | * s . }3“:1‘92%3“
m - [ ol
= = stored in 2 data @ : o Searching
(o st‘::ctuﬂ— Common operations that can be performed on data structures | : ff:.fg"-.'.?g

3. Importance

¢ Helps to manipulate and manage data { Operation
efficiently. | Tfaveréing

% Used in almost all data structures. | Insertion

¥ Essential for algorithm design. ‘ Deletion

g ‘I)rpil;c;\;e; r;:;rformance and usability ‘ Sear?hmg

¢ Used in real-world applications like N Sor‘cu}g
databases, file systems, networks, etc. | Merging

4. Time Complexity (General)

| Typical Time Complexity
0(n)
0(1) or O(n)
0(1) or O(n)
0O(n) or O(log n)
0(n log n) (most common)
O(n + m)

' 8. Searching

{1 (}
© Removing an existing element from the | @ Finding the position of a specific

e Can be done using different methods

9. Sorting

@ Arranging the elements in a
specific order (ascending or
descending).

e Common sorting techniques:
@ Bubble Sort
® Selection Sort
e Insertion Sort (etc.)

|

element in the data structure.
like Linear Search or Binary Search.

Example: Search 30 in Array

10. Merging

| @ Combining two or more data |
structures into one.

e Used in operations like merge
sort and in linked lists.

Example: Merge two Arrays

b - Array A Array B
3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 mh:soﬂlnglnﬁswdlngm [1u|zu|3u] [40|50,60l
[10]20[30'40{50| [10[20T50[30|40| {m]zom;o]so] I10I20130|40{501 5020 |40] 1030
| Before‘ Sorting
o Insert 50 L ¥ Delete element Element found Merged Array
Visit each element once 4
at index 2 at index 2 at index 2 [0 20 [0 [0 ]s0] [10]20]30[40]50]e0]
After Sorting
} 11. Operations on Different Data Structures [ 12. Key Takeaways |
( i “Na anh T Data structure operations help
Array | Linked List Stack Queue ‘ Tree [ Graph gD oo il
© Traversing: Access each © Traversing: Move from head © Traversing: From top to © Traversing: From front to © Traversing: Preorder, o Traversing: BFS, DFS. managing data.
element using index. to end. bottom. rear. Inorder, Postorder. o Insertion: Add vertex/edge. @ Different data structures
e é';ss?{ig:n(:s:if‘: ?;qfﬁre::i?c o Insertion: At beginning, end ® g.sler@io"; PPush() ~addattop. © Lr;s:er::on: Enqueue() - add : glei:?;nn:ﬂp:fu:en:iZde © Deletion: Remove vertex/edge. support different operations.
- ] : = - ion: S8 i i i
Pt e or SP?CIfIC node. ° T'e etlian op() - remove o Deletion; Dequeve() - remove o Searchin: Seareh for s b o Searching: BFS/DFS. Traversing, insertion, deletion,
(shift required). © Deletion: Remove a node L Sreﬂ:cl?is‘- itar N reedy From Fromit earching: Search for a key. searching, sorting and merging
@ Searching: Linear/Binary. (by adjusting links). pelb-opheatt o (Last In " @ Searching: Linear (if needed). are the main operations.
© Sorting: Various sorting @ Searching: Linear search. First Out). @ Follows FIFO (First In First @ These operations are used in
algorithms. A Out). various real-world applications.
0 1 2 3 P Front Rear @ Choosing the right data structure
nmmm n m m NULL Push— and operation is important for

-

efficient problem solving.



i .: Arra'x : Definition and Concepts, E.'mgjgg; S
H e some emory Representations s o e s oy

in contiguous

" o Index-based access
\ocations.

o Fixed size (in

@

1. What is an Array? 2. Key Concepts of Array 3. Representation of Array | 4. Terminologies Used
| @ An array is a linear data structure 0 Homogeneous Elements: ' | | Term I Description ]
that stores a collection of elements All elements are of the same data type. Array Elements e TR !
of the same data type in o Indexing: Each element has a unique il | zf Lo | Array | Co . ction of similar .a a items. !
contiguous (consecutive) index (starting from 0). (E!:mnt's Element A single value stored in an array.
1 stol n I 1
memory locations. O Contiguous Memory: Elements are | 10 (20 | 30 | 40 | 50 |_’ contiguols Index Position of an dement (starts from 0}
° gzclr:] cf;:nz:::rti?nac;::;rsneg )using st.ored er consecuti\;‘e m.emory lOCB.tIOHS.. l l 1 l 1 memory locati St et G aer i et |
o Arrays provide agsimple aﬂd o !Et;ifidaﬁézga;r?cg,bz ihsalzneg:df :: rt::%: 1000 1004 1008 1012 1016 | Base Address | Address of the first element (index 0).
efficient way to store and Direct Access: Any element can be y Contiguous | Elements are stored in consecutive
access multiple values of the o accessed directly using its index. Memery: Ada | Memory | memory locations. |
same type. o Linear Structure: Elements are stored Each element occupies a fixed amount of memory ! Homogeneous | All elements are of the same data type. |
in a linear sequence. and is stored in consecutive memory locations. ’ i :
[ 5. Array Declaration (C Language) 6. Memory Representation (1D Array) ' 7. General Formula

"r 8. Memory Representation (2D Array)
| “ar a 2D array: int a[2][3]; (Row-major order in C) i

|| Foran integer array: int a[5]; (Assume base address = 2000 [ e N
[ Address of a1] = BA + (i x s)‘J Assume base address = 3000 and each integer accupies 4 bytes.

and each integer occupies 4 bytes)

[ data_type array_name[size];

’ F Rl Wi T ] Where
Index (i) 0 1 2 3 4 ' i a[0][0 afo][1 a[0][2
Example: e - g l y 1 T BA = Base Address (address of a[0]) — [oj(o] o1 | [0]2] |
inbosid] Pk N~ Element ali]) | 10 | 20 30 40 | 50 i = Index of the element Row0 | 3000 3004 | 3008
ML-alals / An integer array of size emiuq- S| [ | | s = Size of each element (in bytes) ’— X . =
float marks[10]; // A float array of size 10 [M— gﬁr—m_:fz.oﬂ_ @_éﬂﬂ_{jmf 1 glﬁ, Example: ‘ Row 1 L. 3012 3015_” 3020
char name[20]; // A character array | Address of a[i] = Base Address + (i x size of data type) j I BA = 1500 foe Fikgemidiiy g bt
L = I e o MO ytes e : o s
TN T e RS e e Then, Address of a[3] \Addr&dfa[ﬂ[j] =BA + (i x number of columns + j) x size )
In this example: size of int = 4 bytes = 1000 + (3 x 4)
So, Address of a[i] = 2000 + (i x &) - 1000 + 12 | Here: BA = 3000, number of columns = 3, size = 4 bytes
= 1012
l 9. Types of Array (Based on Dimension) | 10. Characteristics of Array | 11. Advantages and Disadvantages
- } . - ——— —— —
| 1D Array 2D Array 3D Array | @ Stores elements of the same data type. [ Advantages l Disadvantages
(One Dimensional) (Two Dimensional) (Three Dimensional) Elements are stored in contiguous memory locations.  * i i 1 ; Sl
J | i @ Access time is fast (O(1)) & Simple and easy to implement. | € Fixed size (in C).
nﬂﬂnn W s 1]2]3f) € Supports random access L;sing index & Fast access using index (0(1)). 3 Inserﬁ?n (ar;t)i deletion-can be
a(5](6]! i T : ; : i i costly (Ofn)).
21 | 22 | 23 =l @ Fixed size in C (cannot be ch:anged at runtlnTE). & Efficient mem?ry utilization. © Stores only similar data types.
o Single row @ Memory is allocated at the time of declaration. @ Useful for storing large amounts © Requ :
: ; - g : : : i ) of similar data. equires contiguous memory.
o One index (i) © Rows and columns ©® Matrix of matrices & Can be one-dimensional, two-dimensional or multi- : :
5 S A " ; i @ Not suitable for dynamic data
o Example: int a[5]; o Two indices (i, j) o Three indices (i, j, k) dimensional. & Supports multi-dimensional data where size frequently changes
o Example: int a[2][3]; o Example: int a[2][2][3]; g Widely used in real-world applications. representation. (Use linked list instead).



A operations

1. What are Array Operations?

o Array operations are basic actions performed
on the elements stored in an array.

The main operations are Traversing, Insertion
and Deletion.

These operations help us to access, modify
and manage the data in an array.

Arrays have fixed size, so insertion and
deletion require shifting of elements.

These operations are widely used in real-world
applications like searching, sorting, and data
processing.

=]

o

| 3. Insertion in an Array

[ Insertion means adding a new element at a specified position

in an array. Since arrays have fixed size, elements after
insertion position are shifted to the right.

Steps:
@  Check if the array is full.

- Array Operations -

fa Traversing an Array

|' Traversing means visiting each element of an array

one by one to process it (e.g., display, sum, etc.).

; " Operations on ArTaY:
oy Zﬁa”?f?:ﬁi;ed t. Tranriig
. . . Inse!
the semerts <t0% @ [Traversmg H Insertion ]o[ Deletion } % Deletion

Example: Display all elements
| Array: int a[5] = {19, 20, 30, 40, 50};

Index: 0 1 2 3 4
Steps: | L
il: 10 20 30 40 50
@ Start from index 0. o a[g. - I | { |
@  Access each element using index. C Program:
@ Perform the required operation on each element. | #include <stdio.h> .Olltpllt:
@ Continue until the last element (index n-1). int main() { }

[ Syntax (C Language) |
for(int i = 9; i < n; i++) {
} // process a[i]

|
the [CProgram:]nsertaﬂelementJ \
| #include <stdie.h>
int main() {
int a[18] = {18, 20, 30, 48, 5€};
int n = 5, pos = 2, item = 25;

@ Decide the position to insert.

© shift all elements to the right from that position. {/ shift elements to right

@ Insert the new element at the desired position. for(int i = n-1; i >= pos; i--) {

a[i+1] =a[i];
Example: Insert 25 at index 2 =
Original Arra) Step 1: Shift elements to right | 5] = item; Complexity
2 i = (from index 2 to 4) :[50:\]+ 13 s of Insertion:

Index: 0 1 2 3 4 ,-\ q N\ 5 0(n)
a[il: mmnm Index: 0 1 2 L & printf("Array after insertion: ");

afil:
Step 2: Insert 25 at index 2

hwe. BT B8 5 & After insertion, array size
ati: [ 0] 0|25 ] ] ]

i T .

' 5. Comparison of Operations

[ Operation Purpose Process
Traversing = Visit each element | Access each element once

Insertion
. Deletion

Add a new element = Shift elements to right

| Remove an element | Shift elements to left

o] ]3| @]

increases by 1 (if space is available).

for(int i = 8; i < n; i++) {
printf(“%d *, a[il);
return 0;
1

Array after insertion: 10 20 25 30 40 50

6. Key Takeaways

Traversing is used to access and process each element.

Insertion adds a new element and requires right shifting.
Deletion removes an element and requires left shifting.

Arrays have fixed size, so insertion and deletion can be costly.
All these operations have linear time complexity O(n).

These operations are fundamental for many algorithms.

Time Complexity = Effect on Size 1l &
0(n) ‘ No change . g
o(n) Increases by 1 (@]
0(n) Decreases by 1 g

int a[s] = {1e, 20, 38, 4@, 50}; l 10 20 30 40 50 |

for(int i = 8; i < 5; i##) {
printf("%d *, a[il);

return @;

| 4. Deletion in an Array

r Deletion means removing an existing element from a specified
position in an array. After deletion, elements after that position
are shifted to the left.

Steps:

Check if the array is empty.
Decide the position to delete.
% Shift all elements to the left from that position.

Reduce the size of the array by 1.
Example: Delete element at index 2
Original Array Step 1: Shift elements to left
b (from index 3 to 4)

1 2 3 4
afi): mmnm Index: 0 nﬂs 4
an: [ [m[w]s] |

]

Step 2: Delete element at index 2

Index: 0 1 2 3

ati: [0 [ 40 [ o]

After deletion, array size
decreases by 1.

&)

Lt

Applications of Traversing
[o Display all elements.
Calculate sum/average.
Find maximum or minimum element.
Search a specific element.
Count occurrences of an element.

Time Complexity
Traversing: O(n) l

Where n is the number of elements
in the array.

' C Program: Delete an element |
#include <stdio.h>
int main() {

int a[18] = {10, 20, 30, 40, 50};
int n =5, pos = 2;

// shift elements to left

for(int i = pos; 1 < n-1; i++) {
ali] = ali+1);

n-1;

printf("Array after deletion: ");
for(int i = 8; i < n; 1++) {
printf(™%d ", a[il);

return ©;

] Output:
Array after deletion: 10 20 40 50

. Applications in Real World

Storing and managing lists of data.

Used in searching and sorting algorithms.
Used in image processing (pixel arrays).
Used in scientific computations (matrix data).
Used in database records and file handling.
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rsaaciatoer | = Stacks : Definition and Concepts, 2 [%efr= spsire
LIFO & . o In First Out L]
follows st Out) @ Memory Representations | ~ |:aiari | ==
e | R =~

1. What is a Stack? ‘

|
o A stack is a linear data structure
that follows LIFO (Last In First Out)

2. Key Concepts

0 LIFO Principle:
Last element inserted is the first

. 3. LIFO (Last In First Out)

4. Stack Representation (Conceptual View)

Characteristics:

element removed. Last In =i
order. o Top: ) (Inserted last) 50 Top — 50 @ Linear data structure
o Insertion and deletion are performed A/POINEE that poNIEstosthe fopmast The-choniant 20 o Follows LIFO order
only at one end called the Top. O Push: _ ‘ 40 inserted last @ Insertion and deletion from top only
o The element inserted last is the first gz;fat'" to insert an element at the top. 30 (50) will be 30 ® Uses a single pointer (Top)
element to be removed. o Operation to remove the topmost element. removed first 20 e Can be implemented using arrays
o Stacks are simple to implement and @ Peek/Top: 20 or linked lists
widely used in real-world applications. Operation to view the topmost element 10 o Fixed size (array implementation)
; ; without removing it. First Out 10 or dynamic size (linked list)
o Examples: Function calls, Expression o Stack Overflow: SL AN g Stack Yy
evaluation, Undo opemtions. etc. pgcursfv?ﬂerg w: try to push an element (Removed first) Stack
into a full stack. ac

o Stack Underflow:
Occurs when we try to pop an element
from an empty stack.

1 5. Memory Representation using Array

6. Memory Representation usin;Linked List ‘.

& 7. Comparison of Representations

- o = z Linked List Implementation of Stack PRI P, SR e teemes -
Array Implementation of Stack | [ Important Points: - { syl g et ation | finked Tk Inplermentcation|
okl o - " Stack is implemented using a 1D array. Top — mn Each node-contaife | Memory allocation | Contiguous memory | Non-contiguous mermory
TOP =3 > :;SP :ariablet Stores the index of 1. Data (value) | Size Fixed size Dynamic size
I e R e 40 | @ 2. Pointer to next node | Soiptern SREAR ™ <ok Slightl |
Index — 0 1 2 3 4 e Initially, Top = -1 (stack is empty). | Mpleme imple ightly complex
| 10 | 20 ‘ 30 ‘ 40 | 50 | b fM’uen gn eierzent is pushed, Top M: _s_ . 4 Memory utilization ~ May waste memory  Efficient memory usage
5. IrncTggente . 30 | @ I f s, i | Occurs when array  Oceurs when memory
© When an element is popped, Top @ Dynamic size (no fixed limit) | Querflow is full is exhausted
Stack (Array) is decremented. @ Memory used only when required 1
© Fixed size implementation. 20 (e ] o Easy insertion and deletion Underflow Occurs when stack | Occurs when stack
10 | NULL I @ at the top is empty is empty

8. Stack Operations (Memory Illustration) 10. Applications of Stack

9. Operations Illustration (Step-by-Step) | M. Advantages and Disadvantages

e = || ® Function call management (Recursion) Advantages
Push(30) | | P°P0 Peek()/Top() | Initally (Empty Stack) 2, Push(10) 3. Push(20) 4. Push(30) o Expression evaluation and conversion & Simple and easy to implement
Insert 30 into stack Remove top element View top element 1 b2 1 (Infix, Prefix, Postfix) @ Efficient for LIFD operations
(Top = 2) (30 is removed) (returns 20) | | N o Undo and Redo operations in text editors @ Useful in many real-world applications
Top—| 30 o Parenthesis matching @F Can be implemented using arrays or linked lists
o Top—[ 20 20 20 o Backtracking algorithms (e.g., maze, N-Queens) -
20 " 10 10 10 ® Depth-First Search (DFS) in graphs | Disadvantages
10 10 10 = = = o © Memory management (stack memory) € Insertion and deletion only at one end
Top = -1 Top=0 Top =1 Top =2 o Browser history navigation € Fixed size in array implementation
Top = 2 (after push) Top = 1 (after pop) Top=1 Stack Empty o Compiler design (syntax checking) @ Stack overflow and underflow issues



e, | o Stack Operations = [fwre,

A 4 —— L — Top

insert and delete = — 5 o Insert and delete at

clements from the Traversing <  Insertion | ( Deletion | o Oy the top cemert
stack. ) ) i ) _ can be access

1. What are Stack Operations? | 2. Stack Representation (Array) 3. Stack Using Linked List (Concept) = 4. Operations at a Glance
2 i ; Iy | |
@ Stack operations are basic actions - | ( Time
performed on the elements of a stack. int stack[MAX]; Top — [L601|" @ Operation | Purpose | Condition | compypyipy
@ Main operations: Traversing, Insertion int top = -1; | Dnttck f i
(Push) and Deletion (Pop). Index — [B0 ]+ Top=4 40 o Each node contains: | Visitand fhias 2
@ These operations help us to access, 1. Data (value) Traversing | display all | (oot Ofn)
add and remove elements in a stack. 4 = & Top alsiys P j‘ 2. Pointer to next node elements
o All operations are performed at the 3 = 30 poirts to the insertion | Add anew | top == -
Top of the stack. g 1= [ 2 last inserted i (Push)  element attop ~MAX-1 (full
o Stack follows LIFO (Last In First Out) 0 =5 10 element. | ! | |
principle. v Deletion  Remove the | top == -1 o
Stack -Iﬂn NULL (Pop) top element  (empty)
(Array Representation) Pop P pty
| 5. Traversing a Stack | 6. Insertion Operation (Push) | 7. Deletion Operation (Pop)
@ Traversing means visiting and #include sstdio.h> o Insertion in a stack is called Push(). | #include cstdio.h> o Deletion in a stack is called Pop(). | #include <stdic.h>
displaying each element of the stack int main() { © A new element is always inserted ’:::f:‘;;ﬁx(s o It removes the top element. int main() {
from top to bettom. i:: i:\:ct[i], e 0 Attt . int stack[MAX], top = -1, item; o Before deletion, check if the stack i:‘t i?;kz[s‘}r’ig?n'; 20,790,748, 54}
° r\i’e st.:rt. f;cmotop and move $¢ (vip-— N ° ae:ore mserrﬂ'nom check if the stack if (top == MAX = 1) { is empty (underflow). i (G e 1) {
pardsicen printf("Stack is empty"}; is full (overflow). printf("stack Overflow"}; o After deletion, decrement top. intf(*Stack UnderFlow");
o It does not change the stack. } else { o After insertion, increment top. } else { ) :‘1"::! Stack Underflow");
@ Time Complexity: O(n) intf("Stack elemants (86p to bottor):\n") . item = 25; i e i
: o AT Akt s T ST i
Algorithm : printf("sd ", stack(ii); @ Check if stack is full (top == MAX-1). oy S g ;hed: if Statks:s Mt:tv [tnpdﬂ 'i‘ printf("Deleted elenent: Rd\n", ites);
@ Check if stack is empty. 3 @ 1 not full, increment top (top++). } 8 o mptytl. o{:\e e)top oment: 1
s return 8; e Insert the new element at stack[top). YRR g e:remmf op AR e &
@ Stat from top and move } } Return/print the deleted element.
SR [ Output:_ Before Push (top = 2) After Push (top = 3) Before Pop (top = 4) After Pop (top = 3)
© Print each element. [ stack o TR ot o) 4 ) 4 r e e ”
g ack elements (top to bottom): . Push(40 3 m =3
@ Stop when index becomes -1. 50 40 30 26 19 : e pu2 2 4 : ;g Pop() : £ +— top
| 1 20 1 20 1 20 . 1 20
[ 0 10 0 10 0 10 o 10
8. Menu Driven Program (All Operations) | 9. Time Complexity | 10. Applications of Stack || M. Key Takeaways
: : | ration Time Complexi | @ Function call management (recursion). |1 ¢r stack follows LIFO (Last In First Out).
You can implement Ws.‘.n‘.'. pop, traverse ?.“d peek using a menu: f ?Pe = T o pedty @& Expression evaluation and conversion (infix, prefix, postfix). 2 All operations are performed at the top.
1. Push FAVEREing I n) @ Undo/Redo operations in text editors. ¢ Traversing visits all elements from top to bottom.
2. Pop Insertion (Push) o €& Backtracking algorithms (maze, N-Queens). ¢ Insertion (Push) adds a new element at the top.
. rowser history navigation. eletion (Pop) removes the top element.
3. Traverse & B hi igati € Deletion (Pop) h e
4' Peek Deletion (Pop) | of1) @ Syntax checking in compilers (parenthesis matching). ¥ Use array or linked list for implementation.
s e_e Peek/Top o) @& Reversing data (strings, arrays). ¥¥ Check for overflow and underflow conditions.
S. Exit | | @ Used in many real-world applications. € Push and Pop take O(1) time, Traversing takes O(n).



A Queue is a linear “Key Points:

- Queue Definition and Concepts,

data Stl":‘ic;ge tha o ';Tlf;;.s dﬁ; Ostruc‘turl-
\lows s on at Rear

oo in First 0u) @ _Memory Representations e,

prm(:'l’PLe e Twopointers: P :

1. What is a Queue? | 2. Real-Life Example 3. Key Concepts | 4. Basic Operations
@ A queue is a linear data structure ‘ P : | FIFO (First In First Out): | . l ™ T
that follows FIFO (First In First Out) People standing in a queue at a ticket counter. 0 The first inserted element is the first Operation Description Position cnm;,[::ﬂ,
principle. one to be removed. | |
@ Insertion of elements is done at cgﬁn o Front: A pointer that points to the Enqueue }::;r:h:nqifl?m At Rear 0(1)
the rear end (enqueue). first element of the queue (deletion).
@ Deletion of elements is done at Rear: A pointer that points to the Dequeue | hemavean element oo o)
the front end (dequeue). | Ig\ o last element of the queue (insertion). i from the queue
@ The element that is inserted first i Enqueue: Operation to add an element Get the first element
is removed first. o at the rear. Front withaut removing it At Front o)
o It works like a real-life queue = Dequeue: Operation to remove an element Get the last element
(8.9., peuple standing inqa line). f ? e from the front. ) ‘ Rear without removing it At Rear o
o Queues are widely used in operating Rear Front o ““j"‘“‘:““ Occurs when the Queue is empty | Jsgmpty | Check if queve s empty - o)
systems, scheduling, simulations, etc. (New people join (First person and we try tORCFEE S CElrcnt- e —
at the rear) leaves first) Overflow: Occurs when the queue is full IsFull Check if queue is ful o
o (in case of fixed-size array). = | (in array implementation) )
' 5. Memory 'Representation (Array lrnplementatlon) 6. Array Representation with Examples

Queue can be implemented using an array of fixed size.

l[mportantPomts |

We ke s indices: oAb andTuoa i o Initial Queve (Empty) After Enqueue (10, 20, 30) After Dequeue (remove 10)
contiguous memory locations. front = -1 rear = -1 front =0 rear = 2 front =1 rear =2

Tridiocs 1 2 3 4 5 o Front points to the first element.
Rear points to the last element. 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

| s ‘ ot ‘ 2l [ &Y | | I o Initially, front = -1 and
ity [T LT Sl [ T=] 1]
e Queue is full when ? f 1 f
Rear Tear = size -1. Queue is empty
(points to first element) (points to last element) e Queue is empty when _Frnnt _Rear _Frcmt _Rear

front = -1 or front > rear. (index 0)  (index 2) (index 1)  (index 2)

7 Memory Representatlon (Linked List Implementatuon)

? In linked list implementation, each node contains data and a pointer |
to the next node. We maintain two pointers: front and rear.

front — 10| I—b 20| I—b 30 |—> 40 |—>NULL }3
4

8. Node Structure (C Language)

struct Node {
int data;
struct Node *next;

. Important Points

Queue follows FIFO (First In First Out).
Insertion is done at the rear.

Deletion is done from the front.

Two pointers are used: front and rear.

Can be implemented using array or
linked list.

10. Applications of Queue {
% CPU scheduling (Process Management). |
¥ Print spooling (Printer queue).

¥ 1/0 buffering (Keyboard, Disk, Network).
€% Breadth First Search (BFS) in graphs.
Y7 Handling requests in web servers.

Each node contains:
@ Data (value)
@ Pointer to next node

rear

" Queue Pointers:

struct Node *front = NULL;

struct Node *rear = NULL;

9

o
@
@
)
@
&
@
@

In array implementation, it has a fixed size.
In linked list implementation, size is dynamic.
Used in many real-world applications

like scheduling, buffering, etc.

¢ Simulation of real-world scenarios
(e.g., ticket counters, call centers).

¥ Used in operating systems, networks,
and asynchronous data transfer.



queue

" Traversing 2
means Visit!

v

- Queue Operations :

. Traversing

1. What is Traversing in Queue? - 2. Queue Representation (Array)
@ Traversing means visiting each element [ 1 (1)
of the queue and displaying or
processing it one by one. L L . L. SIS,
@ |t starts from the front element and 10 | 20 | 30 | 40 | 50 Queue
moves towards the rear element. ’
© While traversing, elements are 1 1 (5]
not removed from the queue. (i:;::to) (in?ige:rf-’t) 0
@ The order of elements remains the |
same (FIFO). ; o }
@ Traversing is useful to view, print or Elements in queue (front to rear):
perform some operation (e.g., sum, 10 - 20 - 30 - 40 - 50
search, count) on all elements of the queue. |
( - 5| i : - . - -
4. Queue Representation (Linked List) 4 5. Algorithm for Traversing (Linked List)

f

Check if the queue is empty (front == NULL).
Start from the front node.

—» NULL Access and display the data of current node.

Move to the next node (temp = temp->next).

Continue until temp becomes NULL.

Front=s 10 — 20 30 —» 50
k H ke +

Rear

Each node contains: Elements in queue

@ Data (value) (front to rear):

@ Pointer to next node

LS

10 - 20 - 30 » 40 - 50

©
(5]
o Do not modify the front or rear pointer.

Pseudo Code:

if front is NULL
print "Queue is empty”
else
temp = front
while temp != NULL
print temp->data
temp = temp->next

Points:

IEgch:vlllw.vs FIFO (First In First Qut)
o Traverse from Front to Rear
o Elements are only accessed,

not removed
o Time Complexity: 0(n)

}_'3. Algonthm for Traversing (Array Implementation)

Check if the queue is empty

(front == -1 or front > rear). Traversing
Start from front index. only displays
Access and display each element. elerr“t:tﬂts- ; ;
Move to the next index (front + 1, front + 2 ...). o them.

Continue until the rear index is reached.
Do not modify front or rear during traversal.

Pseudo Code:

if queue is empty
print "Queue is empty"
else
for i = front to rear
print queue[il

= = K 1 . a—
.
6. C Program: Traversing a Queue (Array)
#include <stdio.h>
#tdefine MAX 10
int queue[MAX], front = -1,
void traverse() {
if (front == -1 || front > rear) {
printf("Queuve is empty\n");
return;

rear = -1;

printf("Queue elements (fronmt to rear): “);
for (int i = front; i <= rear; i#+) {
printf("%d ", queue[i]);

printf("\n");

int main() { | output:
jueue has 18, 20,

front = 8; rear = 4; Queue elements

queue(B] = 10; queue[1] = 20; queue[?] = 38; (front to rear):

queue[3] = 48; queue[4] = 50; 10 20 30 40 50

traverse();

}

// Example: 39, 4@, 50

| 7. Applications of Traversing Queue
Display all elements in a queue.
Find the sum or average of elements.
Search for a specific element.
Count the number of elements.
Used in scheduling and simulation programs.
Helpful in debugging and printing queue status.

DROL0RLD

8. Important Points / Key Takeaways
Traversing starts from front and ends at rear.

Elements are only accessed, not removed.

Works for both array and linked list implementation.

Order of elements remains the same (FIFO).

Time Complexity: O(n) (where n is the number of elements).
Useful for displaying, searching, summing, or processing elements.

N b
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while maintaining
. FIFQ order.

< Queue

Operations : -
(@ | Insertion and Deletion

|1_ Queue Operations Overview " TZ Queue Representation (Array)

@ A queue supports two main operations:

@ Insertion (Enqueue) : Index— o0 1 2 8 & 8
Add a new element at the rear
(end) of the queue. ’ 10 l 20 | 30 I 40 | |
Deletion (Dequeue) :
e Remove an element from the front 1
(start) of the queue. Front Rear
@ Both operations follow FIFO (index 0) (index 3)

(First In First Qut).
@ Insertion increases the rear index.
@ Deletion increases the front index.
@ We need to check for Overflow
and Underflow conditions.

Elements in queue (front to rear):
10 - 20 —» 30 - 40

4. C Program for Insertion (Array m;tementsﬁon)

|’ #include <stdie.h>

f S
#define MAX 5 I (Zt':g:.tt B v
int queue[MAX], front = -1, rear = -1; T€ar = renr 4

void enqueue(int item) {

if (rear == MAX - 1) {
printf("Queue Overflow!\n"); +
return;

l: 5. Deletion Operation (f)oqueuej)_i

If Steps:

Underflow Condition (Array):
Check if the queue is empty if frontge= -1
(Underflow). Queue is empty (Underflow).
Store the element at front A 4 R
(to return). Algorithm (Dequeue)

@ if (front == -1) -+ Underflow
item = queue[front]

e if (front == rear)
front = rear =
else
front = front + 1
o return item

If front == rear (only one
element), set front = rear = -1
(queue becomes empty).
Otherwise, increment front
(front = front + 1).

Return the deleted element.

=1

_ 8. Applications of Insertion and Deletion in Queue

o
o
5
&

Process scheduling (CPU queue).

Printer queue (print spooling).

1/0 buffering (keyboard, disk, network).

Handling requests in web servers.

Simulation of real-world scenarios (call centers, ticket counters).

Used in operating systems, networks, and asynchronous data transfer.

queuefrear] = item;
printf("Inserted %d\n", item);

Output:
Insert(50)
Inserted 50

J

6. Example: Be?ete (Deq;we)

= e —__ oo
; Points:

° yF011Ws. FIFO (First In First ;Jut)
o Insertion at Rear (Engueue. x
@ Deletion from Front (Deque

inters: Front & Rear
: E\sae:dlt:;ooﬂoerﬂow and Underflow |

3. Insertion Operation (Enqueue)
Y

Overflow Condition (Array):
if rear == MAX - 1
Queue is full (Overflow).

Algorithm (Enqueue)

Check if the queue is full
(Overflow).

If not full, increment rear
(rear = rear + 1).

Insert the new element

o orear=rear+‘1
at the rear position.

o queue[rear] = item
Example: Insert 50
¥
Before Insertion After Insertion
front =0 rear =3 front =0 rear = 4
0 1 2 3 4 1 2 3 4

‘lo if (rear == MAX - 1) - Overflow

5 Insert(50) O
|1o|zo|3o|4o| ‘ |—P|1o|

Front Rear

2o|3o'4o’59:|
t

Rear

' int dequeue() {

Beicke o if (front == -1) {
front = 0 rear = 4 printf("Queue Underflow!\n");
L S N T return -1;
Jm!zo|so\mlsn | i
int item = queue[front];
1 1 if (front == rear) { // only one element
Front Rear i frc{nt = rear = -1;
else
‘Delete() front = front + 1;
A ¢ L Deleted i}:rintf(“DeLeted %d\n", item); f
front = 1 rear = 4 element: return item; Delete(
1 2 3 4 5 10 } Deleted 10
HEIEICIE . '
= Important Points / Key Takeaways
t T r Insertion (Enqueue) adds a new element at the rear.
Front Rear Deletion (Dequeue) removes an element from the front.

Follows FIFO (First In First Out) principle.

Order of elements remains the same.
Time Complexity: O(1) for both insertion and deletion.

Qeaeaaa e

(7. C Program for Deletion (Array Implementation)

Check for Overflow (queue full) and Underflow (queue empty).
In array implementation, we use two pointers: front and rear.



" Different types °f quem

used to
:{:ments based on specﬁ\c

require me“ts'
follow thf: % Out) o mcnple

_ (First In @

1. Linear Queue (Simple Queue) |2

The most basic form of queue.
Insertion is done at Rear and deletion
is done at Front.

Follows FIFO (First In First Qut).

ee o@e

Circular Queue

@ The last position is connected to the first

position, forming a circle.
@ Solves the problem of unused space in linear queue.
@ Insertion is at Rear and deletion is at Front.

> Types of Queues :

b

| @ Insertion and deletion can be done at both

applu:atncms

3. Deque (Double Ended Queue)

front and rear.
@ It can work as both queue and stack.

Once the queue is full, no more elements . . Array Representation Operations:
can be inserted even if there is empty space Array Representation (Circular) o1 2 3 & o Insertion at front (enqueueFront)
at the front (in array implementation). 1 3 | 10 | 20 | 30 [ 40 | 50 J @ Insertion at rear (enqueueRear)
: : @ Deletion from front (dequeueFront)
Array Representation Operations: ‘ 50 | 60 [ 70 | 80 | 90 | o Deletion from rear (dequeueRear)
0 1 2 3 & @ Enqueue (insert at rear) \_/ 3 Front y Rear
@ Dequeue (delete at front) Frotlt Izear (index 0) (index 4)
’ 10 I 20 I 30 ‘ 40 l | (index 0) (index 4) T of Deque: Applications:
i Operations: Applications; ‘ Input Restricted Deque @ Palindrome checking
Front Rear @ CPU scheduling 2 : ! @ Round-robin o (i:sertiun at only ane end) @ Undo/Redo operations
(index 0) (index 3) @ Printer queue @ Enqueue (insert at rear, circularly) scheduling Outout Restricted Deque o Sliding window problems
o |/0 buffering @ Dequeue (delete at front, circularly) @ Buffer management o b Sy @ Process scheduling
@ Real-time systems (deletion at only one end)
4. Priority Queue | Siuelnpyt and: Outpat, Restricted Dequs 6. Queue using Linked List
© Each element has a priority value. Input Restricted Deque @ Each node contains data and a pointer to the next node.
@ Elements with higher (or lower) priority are removed Do e i el Dt Insertion @ |Insertion is at Rear and deletion is at Front.
before others. o SRR, (rear) Y {from front) atrear) o |t can grow or shrink dynamically (no fixed size).
@ If two elements have the same priority, FIFO is maintained. o - Daletion s sllowed 4t bt ends
@ Can be implemented using array, linked list or heap. ok and rear). e n 2(:. 30 n Linked List Representation
Representation (with priority) Operatiofi® ”Dr:;:trl::r) Front < 23 |H % e H—»NULL
1 3 Z 5 @ Insert element with priority = 1
A B € D © Delete element with highest Output Restricted Deque
(or lowest) priority [ Déletion & allowed at only one end Deletion Insertion Rear
T - . (front) (at front) (at ;ear) > e
petypes: s Applications: o Insertion is allowed at both ends ¥ P - -
o Max Priority Queue @ CPU scheduling (priority based) (front and rear). nmmn @ Enqueue (insert at rear) © Dynamic memory allocation
(higher priority first) e Task scheduling & o Dequeue (delete at front) @ Task scheduling
o Min Priority Queue @ Network packet handling Insertion @ Graph algorithms (BFS)
(lower priority first) @ Hospital emergency systems (at front)
7. Comparison of Queue Types 8. Key Takeaways
l ~ Queue Type I Insertion | Deletion ' Ends Used | Main Feature | Use Cases [ @ Al types of queues follow FIFO (except priority queue
| Linear Queue Rear Front Two ends (fixed order)  Simple FIFO CPU, Printer queue \C:hichruses prliuri;y).! i "
Clrcutar Queue Rear (circular) Front (circular) Two ends (circular) Reusels empty sp‘ace . Round-robin, Buffers Cz:zshﬁzﬂ;s;a?;ﬂ; u:'leasy"\:;a;oiyslpace.
Bath ends Both ends . Both ends __Insertion & deletion at bothends Undo/Redo, Sildmg wmdnw Deque allows insertion and deletion from both ends.
| Irput Restricted Deque Rear only Both ends Both ends __ Insertion at one end | Schedul:ng Buffers Input restricted deque allows insertion at one end only.
Output Restricted Deque Both ends Front only Both ends ' Deletion at one end | Specialized scheduling 1l gqtpgit restricted deque lallvwst df,IEtZ,n at one {!'r:ld only.
Priority Queue According to priority  Highest/lowest priority | Two ends Elements removed based on priority | CPU scheduling, Networks flarity queue Temaoves lements Dasec .on priority..
Quese (Linked List) | Rear Front | Two ends (dynamic) _Dynamic size  Dynamic memary, BFS_ Queues can be implemented using arrays or linked lists.

Each type of queue is useful in different real-world applications. |



1010101010
0101010101
1010101010
0101010101

.......

1t maing)
‘ )

Cout .

. Teturp p




: a linear
wmasnte | 2 Linked List: -

o Dynamic data structure

node s') are Non-contiguous femory
e ooNe) Def'n'rﬁon and Concepts ™ |: =i narcc
tions Types: Singl¥,
e I ky : uﬁ?ﬂsm many real-wor
applications

1. What is a Lmked List? 2. Node Structure 3. Memory Representation 4. How Nodes are Linked?
" i . f Y} {
@ A linked list is a linear data structure Each element in a linked list is called a node. | @ Nodes are stored in non-contiguous @ The pointer in each node stores the
in which elements are stored in nodes. memory locations. address of the next node.
@ Each node contains two parts: Data Next @ Each node contains data and a pointer @ The last node’s next pointer points to
v Data (value) to the next node. NULL (in singly linked list).
v Pointer (address of next node) ’ t Address Node @ Nodes can be located anywhere in
@ Nodes are stored in non-contiguous Data Part Pointer Part memory.
. i 1000
memory locations (unlike arrays). (stores value)  (stores address n
: : of next node) Hﬁd
@ Nodes are connected using pointers. Memory | 2000 ]
@ The first node is called the head. C Structure of a Node: M > = = |-
@ The last node points to NULL (in singly list). struct Node { I 3000 ' | | H | H ] H | ’»

int data;

3 4000
struct Node *next; 4000 g8
}i

. 5. Types of Linked Lists

@ Each node contains data and a pointer © Each node contains three parts: © Last node points back to the first node | © Each node has previous and next pointers.
to the next node. Previous pointer | Data | Next pointer. (instead of NULL). @ Last node's next points to first node and
o Traversal is allowed only in forward direction. @ Traversal is possible in both forward @ Can be singly or doubly circular finked list. first node's previous points to last node.
o Last node points to NULL. a!'rd hack\q{ard dlr.ectlons.. @ Useful in applications like round-robin © Traversal is possible in both directions
© First node’s previous points to NULL. scheduling in a circular manner.
Head @ Last node's next points to NULL. : -
(0] —f 2] Ffs]] eI s I e b
10 20 30 NULL NULLWHULL ’\—/ . .
6. Key Concepts 7. Advantages and Disadvantages 8. Applications
o Head: Pointer to the first node of the list. Advantages Disadvantages 1% Implementing stacks, queues.
A ; Dynamic memory allocation.
o Node: Basic unit containing data and pointer(s). @ Dynamic size (can grow/shrink). ~ 3¢ ?onsumes extra memory g P({iyno:'ni sl eprgsentation
—_— 5 . or pointers. )
Q) ot Poter: Pt o the st e @ g ofcammy 3¢ Tk s ot psie £ St vt ey e
= = ; A : ‘ ndo/Redo operations (text editors).
@ Previous Pointer (in DLL): Points to the previous node. @ Does not require contiguous (must traverse from head). o/Redo :
: M ‘
@ NULL: Indicates the end of the list (in SLL and DLL). memory: ® mr: acror?gez e g Brffsfrlalfil;ir(: ?ﬁﬂiﬁﬁ'ﬁfﬁﬁm
- ] : ' @ Ueahil for imﬁlementing stacks. 9 Slower access time (O(n) for ¥% Used in many real-world systems
o Dynamic Size: Memory is allocated at runtime as required. queues, graphs, etc. searching). like: operating systems and complers.



Key Points:

' re resentation
Memory rep! il

Linked List :

(= = % . n-
how the des are stored in non-
e st are A * o N |2 ot T e o ot
o s Memory Representations BT e
e gg:?%nd linked using emo ep : Nodes are linked using addresses.
local : “ D o Last node points to NULL.

; pointers.

1. Concept of Memory Representation 2. Structure of Node in Memory 3. Memory Representation (Singly Linked List)

@ In a linked list, each node is stored in a Mataory vt Linked Li 2
different memory location (non-contiguous). Data Next List Representation
@ Each node contains two parts: (int, char, etc.) | (address of next node) Addressl Node Content |
@ Data (value) | Data N
; -— —_ ext m
@ Pointer (address of next node) T Hada T | S il
@ Nodes are linked using the address of the Stores actual value Stores address of = 1000 3000 5000 2000
next node. (e.q. 10, 20, 30) tl(w ne;tog%tge | 2000 40 NULL 10 2 30 40
" N - €.9. |
@ Memory is allocated dynamically at runtime. e s | 3000 20 5000 2000 5000 2000 NULL
@ Unlike arrays, linked list nodes do not need RS nooe S acpesaedas [ 4000 by -
to be stored in consecutive memory locations. struct Node { i = =
int data: | 5000 0 2000 Nodelsaresu.md at random (non-contiguous) memory locations
struct Node *next; d i = | adlked usgaddresses.
}; ‘
4. Memory Representation (Doubly Linked List) | 5. Memory Representation (Circular Linked List)
Memory Layout Doubly Linked List Representation Memory Layout Circular Linked List Representation
Address | Prev  Data Next * . U] ~ .::!:.
- 1000 3000 5000 2000 Address | Data | Next ‘ *
1000 | NULL 10 3000 [ -\ 1000 3000 5000
NULL| 10 (300011000 20 [5000[__"|3000| 30 2000 "|5000| 40 |NULL Yoca x 3000 |
2000 | 5000 40 | NULL e x = 10 | 3000 20 | 5000 30 1000
3000 | 1000 20 5000 o = M ‘
- - z - 5000 30 1000
5000 | 3000 30 = 2000 Each node contains a previous pointer and a next pointer. The last node points back to the first node,

It allows traversal in both forward and backward directions. forming a circular structure.

6. Memory Representation (Circular Doubly Linked List) 8. Key Takeaways

: I @ Nodes are stored in non-contiguous

='»'. Comparison of Memory Representation

Memory Layout _ Circular Doubly Linked List Representation Type Node Fields ~ Memory Usage |  Connection memory locations.
T T Head Singly Data, Next L N <tk s Each node contains data and pointer(s).
. Address Prev | Data | Next CmmW 6 6 Linked List & Nodes are linked using addresses.
| 10001 [euty i 3000 Doubly. Prev, Data, Next More Prev & next node Kkt g o Rl (n-singly
| soon o | 5acs ron 20 I o el Py Linked List and doubly list).
- Circular linked list's last node points
3000 | 1000 20 | 5000 Circular ¥
u ur:" ed List Data, Next Less Last = First to the first node.
5000 | 3000 30 1000 Lo & Memory is allocated dynamically.
: g : - - . Circular Doubly Last —+ First : ok |
The last node's pext points to the first node and the first node’s e Prev, Data, Next More (Prev & Next) g‘ Linked list is more flexible than array

prev points to the last node. in memory usage.
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9 Llnked List

| 1. Singly Linked List (SLL) 2. Doubly Linked List (DLL) 3. Circular Linked List (CLL)
@ Each node contains two parts: Data and | @ Each node contains three parts: Previous @ The last node points back to the first node
Next pointer. pointer, Data and Next pointer. (instead of NULL).

@ Traversal is possible only in forward direction. @ Traversal is possible in both forward and @ It can be singly circular or doubly circular.
@ The last node points to NULL. backward directions. @ Traversal can start from any node and continues
@ It is the simplest form of linked list. @ The first node’s previous pointer points to NULL. in a circular manner. .

SRy A @ The last node's next pointer points to NULL. @ Useful in round-robin scheduling.

Node Structure Singly Circular Linked List | Doubly Circular Linked List
Next Node Structure Node Structure
Data ’ Prev ‘ Data Next J L
il = Data Next ] I Prev | Data | Next ‘
Memory Representation

Memory Representation

Memory Representation Memory Representation
Head [ Head
D Bl B S T [IEEHE]
1000 2000 3000 4000 1000 2000 3000 4000 u
Applications: Applications: Applications:
o Implementation of stacks and queues. e Undo/Redo operations. e CPU scheduling (Round Robin).
: : e Browser history (back and forward). e Circular buffers.
& NC RNty aRE AN e Music playlist (next and previous) e Multiplayer games (cyclic iteration)
o Simple data storage and traversal. e Used in advanced data structures. e Applications where continuous looping is required.
4, Circular Doubly Linked List (CDLL) 5. Header Linked List 6. Multilinked List (Multiple Linked List)
| @ Each node contains three parts: Previous pointer, @ Inthis type, an extra node called header node || @ Each node can have more than two links (pointers).
Data and Next pointer. is added at the beginning. @ Instead of just next or previous, a node may have multiple
@ The last node's next pointer points to the first node @ The header node may or may not contain data. pointers (e.g., to next, previous, up, down, etc.).
and the first node's previous pointer points to the last node. o It simplifies insertion and deletion operations @ It is used to represent complex data structures.
@ Traverses in both forward and backward directions in a circular manner. by providing a fixed starting point.
@ It is a combination of doubly and circular linked list. ks Seosa Node Structure (Example)
Node Structure r Prev Data Next l Data Next ‘ Prev Data Next Up Down
Memory Representation Memory Representation Memory Representation (Example) ~ Applications:
W} Applications: M mJ o Used in grap_hs.
: s 5 10 20 10 @ Sparse matrix
e Operating systems (process scheduling). Headﬂ _.l 10 H 20 H 30 %NULL representation.
o Advanced data structures. e Advanced file systems.
( nl ® Implementing deques. Applications: @ Multi-level data structures.
o Used in applications requiring bidirectional ; ; ; f i o Used where a node needs
coils s o b b o [0 el 30 Jeo a0 ] " t5beComectes i
o Common in implementation of other data structures. directions.




#include <stdlib.h>

temp = temp->next

3uiH

. LY [ ° ® £ z
Traversing a e % Linked List s= [Key pom
mesnea el |~ inke rations : - [k P e
r::? iﬂ: list, one by one, T H 5 ::itemmhmﬁ node using the
+o access and process rave'.s.m ® et pointer. S
5 data Ce - ) o Stop when the next poiTte
_its data. — . becomes NULL.
1. Concept of Traversing 2 Example Linked List 3. Traversal Process (Step by Step)
| @ Traversing (or traversal) means Step 1: | Start with a pointer (t & head.
visiting each node of the linked list i b
from the first node (head) to the last node. tomp
@ During traversal, we access or process | ’_, |
the data stored in each node. L0 el ) =L I-DNULL n 2 30 O NULL
o T_ravergl is used for operations like 1000 2000 3000 4000 1000 2000 3000 4000
gé.ﬂ?ﬁg%g:ﬁ:{g?m& Sfeling A sk Ok = = — — Step 2:  Visit the node (process data, e.g. print 10).
@ Traversal stops when the next pointer | 4. Traversing Algorithm (Flowchart) { t‘TF
becomes NULL. —
Start
Gl A |1o||—-|20‘|—-|30|H40 |—muu.
' 5 1000 2000 3000 4000
@ start from the head node. . Set temp = head
o Visit the current node (process data). SRR Movk p to the next il (Bl = temp-onext).
temp
© Move to the next node. L
| .
o Repeat steps 2 and 3 until the current | L H 2 H = H Ll |_'NULL
node becomes NULL. y 1000 2000 3000 4000
(p:fmt no::ha ) Step 4:  Repeat steps 2 and 3 until temp becomes NULL.
5. C Program to Traverse a Singly Li ist ' B
[ witide. asiode l Move to next node i 10 H 40 |—oNuu.
|
4000

struct Node {
int data;
struct Node *next;

(-

6. Dry Run / lllustration

= TH
2000

7. Applications and Key Takeaways

1000 3000

s Visited Node Action S T
void traverse(struct Node *head) { [ step [ tewp | I — l Applications:
struct Node *temp = head; 1 1000 10 ' V!s!t 10, mave to 2000 v Display all elements of the list.
if (temp == NULL) { 2 2000 20 Visit 20, move to 3000 | {¢ Search for a given element.
printf("Linked list is empty!\n"); 3 3000 30 Visit 30, move to 4000 | ¥¥ Count the total number of nodes.
return; 4 4000 40 | Visit 40, move to NULL ¥¢ Find the sum or average of elements.

[ Used in many algorithms and real-world systems.
printf("Elements in the linked list: ™); 5 NULL | = Stop traversal ::? 1 e ¥
while (temp != NULL) { S (7 ey Takeaways:

printf("%d -> ", temp->data); Output: L > = i e Traversal starts from the head node.
temp = temp->next; . temp o ” T ol F') We use a temporary pointer to move through nodes.
Elements in Each node is visited exactly once.
printf("NULL\n"): the linked list: 10 20 H 30 | 40 | I"NULL‘ @7 Traversal stops when the next pointer is NULL.
} 10 -> 20 -> 30 1000 2000 3000 4000 Time complexity: O(n) where n is the number of nodes.
-> 40 -> NULL Traversal is a basic operation used in searching,

10 » 20 » 30 - 40 - NULL

counting, and displaying.
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l' 1. Concept of Insertion

[

Lmked List

Insertion

Node Creation (Common Step)

€

@ Insertion is the operation of adding a new node o Allocate memory for a new node. @ A new node is inserted before the current head.
in a linked list. @ Assign data to the node. @ The new node becomes the head of the list.
© A new node is created with data and next pointer. o Initialize next pointer to NULL. @ Time complexity: O(1)
@ The pointers are adjusted to include the new node Before Insertion After Insertion
in the list. C Code: —
@ Insertion can be done at different positions: struct Node { h“d "“d
@ At the beginning int data;
@ Attheend struct Node *next; | 10 H H 30 I I-'NULL l 5 101 H“m
@ After a given node b 000 2000 3000 won 1000 3000 3000
@ At a specific position struct Node *newNode; Algorithm: T
@ If the list is empty, the new node becomes the ::mii;:z;ucf m;}mnoc(ﬂzmﬂmm Node)); Create a new node and assign data. newNode->next = head;
head node. " iy i Set newNode->next = head. head = newNode;
newNode-»>next = NULL; Update head = newNode. Ao
4. Insertion at the End 5. Insertion After a Given Node
@ A new node is inserted after the last node. | @ A new node is inserted after a specified node (whose address is known).
@ Traverse to the Ias}: n)ode and link the new node. @ Time complexity: O(1) (if the node is given)
@ Time complexity: O(n . <
- Before Inserti After Inserti
Before Insertion | | After Insertion e — -
head
4 0 0 s 25 ‘ 30 | fenuL
T e e (o T B o o |
‘ 1000 2000 t 3000
1000 2000 3000 1000 2000 3000 4000 Given node New node
Algorithm: C Code: (temp) inserted after 20
. struct Node *temp = head;
Create a new node and assign data. if (head == NULL) { Algorithm: C Code:
If list is empty, head = newNode. head = newNode; . :
Otherwise, traverse to the last node. } else { @ Create a new node and assign data. newNode->next = temp->next;
Set last->next = newNode. NLle Lep-anet 1 JRNL) @ Set newNode->next = temp->next. temp->next = newNode;
newNode->next = NULL. temposnoxt = newNode: | @ Set temp->next = newNode.
newNode->next = MNULL;
Insertion at a Given Position 7. Key Takeaways

Traverse to the (pos - 1)th node and insert the new node.
Time complexity: O(n)

| E:anple (Insert at position 3)

6
°
°
°

After Insertion

A new node is inserted at a specified position (e.g. position 3).

Algorithm:

@ Create anew node and assign data

@ Memary is

o Head may

n_udels created

o Anew auoc?te dad it
rs) are agju

o Links (w'";emnge (i inserted

at bggmnlng'l

o Time complexi
C;(n) at end or at agiven

3. Insertion at the Beginning

dy-namlcally

1 at'begmﬂlng-
ty: (1) position.

C Code:
struct Node *temp = head;
for (inti=1;i<pos-1; i+s+) {

© Traverse to (pos- 1)th node.
© Set newNode->next = temp->next.
o Set temp->next = newhode.

wu m

Tlnsa'iisatpﬁmim:! 2000 5000 3000 4000

temp = temp->next;
}
newNode->next = temp->next;
temp->next = newNode;

Insertion adds a new node to the list.
Can be done at beginning, end,

after a given node, or at a given position.
Head changes only when inserting

at the beginning (or when list is empty).
Uses dynamic memory allocation.
Properly adjust the next pointers.

Time complexity: O(1) at beginning,
0(n) at end or at a given position,
Useful in implementing stacks, queues,
and dynamic data structures.

e
~
g
&
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Deletion L BRI
adjusting the links pO\ 3) end and a given PO ou) or O(n)

_to maintain the list.

@ Time complexity
depending on

Deletion at the Beginning

on the position.

. 1. Concept of Deletion . 2. General Steps for Deletion 3.

@ Deletion is the operation of removing an existing : o @ Remove the first node (head node).
node from the linked list. o Check if the list is empty. 9 Movehedtothenextrode.
@ We first locate the node to be deleted, @ Free the memory of the deleted node.
then adjust the links of adjacent nodes. o Locate the node to be deleted. @ Time :;mplemty. 0(1) R
5 . i ) ) ore Deletion r Deletion
® ;r:e?}emory of:the celeted nods is f¥esd ising o Adjust the links of the previous node (and/or next node). (head) =1
@ Deletion can be done at: "“T
< Free the memory of the deleted node.
Bt e Wi Ut 560 (4] y ER-EE - B
At the end (last node) o Handle special cases (deleting first or last node). 1000 3000 4000 2000 3000 4000
o After a given node Algonthm: C Code:
cp P — struct Node *temp = head;
o At a specific position :;:;ai hea:l..iLL, underflow. If (hea dfz: NOLLY § )
ist i on i i = ' printf("List is empty\n");
@ |If the list is empty, deletion is not possible. R a5 3 ﬁlsed { i
u ead = head->next;
N free(temp); } free(temp);
4, Deletion at the End 5. Deletion After a Given Node
@ Traverse the list to find the last nede and its previous node. @ Delete the node immediately after a given node (specified node).
@ Set the next of the previous node to NULL. @ The given node must not be the last node.
ree the memor the last node. - ime complexity: if the given node exists
8 ime E):)mrg[%xl?)x Bf(n last nod Ti l 0(1) (f h 9 d )
Before Deletion | After Deletion Before Deletion & After Deletion
[ head '[ head head | _head
3 I y - 3
| 10 H 20 ]—-[ 30 H 40 !—-NIJLL l 1 H 20 H 30 ]—-nuu. 20 | H H ]—muu_ 10 20 | 40 NULL
1000 2000 3000 4000 1000 2000 3000 1000 1000 2000 4000
ithm: C Code: Gwan node Node after 20
Algorithm: if (head == NULL) { (temp) deleted
If head == NULL, underflow.  polotfCLise is met\ncd;. = C Code:
> t == NULL T p—
If only one node, set head = NULL and free it. 3 fsriee(hetade)i: Bes ‘“'9““',"“' — % o A ‘g}‘;ﬁﬂﬁﬁﬂ: ;.;eﬂuilz ‘M.lm ) {
e Otherwise, traverse to the last node keeping track head = NULL; o If givenNode == NUI.‘LW givenNode->next == NULL, printf("Deletion not pessible\n");
of the previous node. ¥ Ei;‘"’t?.u{ct Nede ~temp = head; deletion is not possible. } else {
@ Set prev->next = NULL. while (temp->next-snext I= NULL) temp = givenNode->next; struct Node *temp = givenNode->next;
i et o gl sac-= g e gy ¥ gt
Be st To0e: temp->next = NULL; free(temp); i
| 6. Deletion at a Specific Position e 7. Key Takeaways
@ Delete the node at a given position (e.g. position 3). if (pos == 1) { i . g Deletion removes a node and
@ Traverse the list to the (pos - 1)th node and adjust the links. Algorithm: Faia S b Tene = haad; adjusts the links.
@ Handle special cases like deletion at position 1. [free(tenp); a Must handle special cases
@ Time complexity: O(n) o If pos == 1, delete the first node. } else (beginning, end, empty list).
1 f,'fu(slt t“UdF et i I T q Memory of the deleted node
Exmr_!ple Delete node at position 3 After Deletion @ Otherwise, traverse to (pos - 1)th node. f MELe 1 1< puael M eeny o ies is released using free().
d Before Deletion Lk If the node to be deleted exists, i ﬂ;rﬂ;':et;{' o) Sompeanext e NuLL) | q Time complexity: O(1) at
k4 TN =t = i
“ ﬂ “ n e AL If position is invalid, show an error. :é;gcr"égte= ﬂgl-meﬂ? = a P[r)gce; dgletlioln avoids memo
2000 3000 zm 4000 free(del); p ry

leaks and maintains list integrity.
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; 8. Ancestor and Descendant
@ Ancestor: A node that lies on the path
from the root to the current node.

@ Descendant: A node that lies in the
subtree of a given node.

Example:
@ Ancestorsof [: A D, H
@ Descendants of D : G, H, |

9. Subtree

o A subtree is a tree formed
by a node and all of its o

descendants.
©
0,

" @ Path: A sequence of nodes
connected by edges.
@ Path Length: The number of
edges in the path (number of
nodes - 1).

Example: -
@ PathfromAtol:A=D—=H=|

Subtree rooted at node D. © Path length = 3 (4 nodes - 1)

10. Path and Path Length

1
|

. 1. Definition of Tree | 2. Tree Representation 3. Basic Terminologies
' @ Atreeis a finite set of nodes either empty Root node Node A ode:is & hasic dlement of @ tres:that contains
or consists of a root node and a set of o © gac el ke ity chldven:
disjoint subtrees. o Root Node . The topmost node of the tree. It has no parent.
@ |t is a hierarchical non-linear data structure. © Pparent Node A node that has one or more child nodes.
@ There is exactly one node called the root node. o o o o Child Node A node that is a descendant of a parent node.
@ Each node can have zero or more child nodes. e Sibling Nodes Nodes that have the same parent.
@ A tree does not contain cycles. o o o o o Leaf Node (Exteral Node) A node that has no children (degree 0).
@ It is widely used to represent hlerarc_:hlcal o Iternalifiode D riodeithiatinas-at lozst:ore chiid.
data such as file systems, organizational (Non-leaf Node)
structures, expression trees, etc. :;' tche adb?;e t?ec(!!-;'ldA is th: :J(’t node, o Edge A link or connection between two nodes.
, C and D are children of A. - :
’ ’ Degree of The number of child ode has.
E, F are children of B and G, H are children of D. o My 3 - dbusstbbity -
@ Degree of a Tree The maximum degree among all nodes in the tree.
1'4. More Terminologies with Example ., 5. Level of a Node ﬁ.HeidntofaNode 7. Depth of a Node
Example: @ The level of a node is the length @ The height of a node is the length @ The depth of a node is the
mpl
> Level 0 o Rostiioda” A of the path from the root node of the longest path from that length of the path from the
o Childrenof A: B, C,D to that node. node to a leaf node. root node to that node.
i @ Parentof E: B @ The root node is at level 0. o Height of a leaf node is 0. @ Depth of root node is 0.
* Leve @ Siblings : E and F @ Each child node is at level Example abovd g
@ Leafnodes : E, F, G, | (parent's level + 1). . (for m) Example (for above tree):
@ Internal nodes : A, B, D, H : o Height of [ =0 @ Depthof A=0
o ° o o »Level2 o Degreeof node B : 2 Example: o Height of E,F, 6 = 0 o Depthof B, C,D=1
@ Degree of node D : 2 @ levelof A =0 e He!ght of H=1 o Depthof E, F, G H=2
5 g:gr e 01‘: ’t“’de -cz: 0 © Level of B,C, D=1 @ Height of D = 2 o Depthof I=3
-~ level3 Le\?gle:fono;:? 2 @ level of E,F, G H=2 ] HE!gEt o; B ? 1 ; ==
; = o -
@ Height of tree : 3 © Levelof =3 o ik i

Summary (Important Points)
A tree is a hierarchical, non-linear data structure.
It has exactly one root node.
Each node can have zero or more children.
Nodes are connected by edges.
There are no cycles in a tree.
Leaf node has no children.
Internal node has at least one child.
Degree of a tree is the maximum degree of any node.
Level, height and depth help in analyzing tree structure.
Trees are useful in file systems, databases, compilers, etc.



Memory Representations of Trees =,

F\Nhat isMemoryRepresenl:al:mnc:i’aTree"1

Linked (Pointer) Representation

(2.

3. Example: Linked Representation

@ Memory representation refers to how the nodes @ Each node is stored as a separate record in memory. Memory Representatlon
and their relationships (links) are stored in the @ Each node contains data and pointers to its child Md Left " ]
computer's memory. nodes. o o Data—[ | Rig
@ A tree can be represented in different ways @ Widely used for general trees, binary trees, i | 00 | A | 200 300 |
depending on the type of tree and the operations BST, AVL, etc. 200 B | 400 500
we need to perform. @ It provides dynamic memory allocation (nodes 200 ¢ | &o0 700
@ The main memory representations are: can be created and deleted at runtime). ] |
o : ] r = 400 D | NULL | NULL
1) Linked (Pointer) Representation Node Structure (Bmary Tree_) — = T
2) Sequential (Array) Representation " struct Node { 1 {
Choice of tation affect int data; o o o o 600 F | NULL | NULL
@ Choice of representation affects memory usage, truct Node *left; 1 1
access time and efficiency of operations. Stiict Nods “ri [ TN e JNGR TN )

J

@ Nodes are stored in a contiguous memory location (array). | Index | Value | o [ Index | Value |
@ Suitable for complete and almost complete binary trees o [ o i 0 |
(e.g. binary heap). [ 7| N 2 |
@ If anode is stored at index i (starting from 0): o o [ W] o o Ly 3 j
i ' 3 4
3 4 |
o Leftchildindex = 2i+1 L4 5| o o =
@ Right child index = 2i+2 o o o o B | a6 | & &~ 5 |
: = TN 7 | In non-complete trees, some array locations 6
@ Parent index (i-1)/2 (fori>0) 3 T I\t |
e T
' 7. Linked Representation for General Tree '8. Child-Sibling Representation (General Tree) 9. Summary of Memory Representations
| @ Inageneral tree, a node can have any number of children. || @ Each node has two pointers: ) [ Representation | Structure Used | Suitable For | Advantages | Disadvantages |
@ Each node contains data and a list (or pointer) to its children. @ firstChild — points to the first Ch_lkli. Urked | Nadowithdata | Gereral by | Dyramic merory | xtramemary
H H . H ; \epresel on eTt and ri rees, ' , | allocation, easy or painters,
o Implemented using a linked list of children. Oa {tnzggséﬂg%;_gg;nﬁe?;?g :ebx;as:s Itr:_%e (Binary Tree) | pointers 4 etc. insertion/deletion nmir;éxtigunus
| Node Structure (General Tree) ‘ o nextSibling | Array | Complete and | Simple, fast  Wastes memory
[ Represerrtztlun | almost complete | access, no for non-complete
struct GNode { struct Node { ‘ ?inary treajs pointers required | trees, fixed size
int data; " int data; g il | (eg.heaps) | |
struct GNode *firstChild; o o o struct Node *firstChild; Linked o | Nrudﬁlriwlh list ?e_nera\t tree]s Can :eave e"‘"ﬂ-m pnn?plex 5
struct GNode *nextSibling; struct Node *nextSibling; (Gener Tree) | (Oorcchlwlg-agbling) i B e - e
}; }; ( Child-Sibling firstChild and [ General trees | Converts n-ary [ More complex,
o o Representation \ nextSlbIlng (using binary ; tree to binary tree | extra pointers
| pointers representation

Array (Sequential) liepmentation (Fo; Binary Tree)

}; struct Node *right;

' 5. Example: Array Representation

\ [ 6. Array Representation (Non-Complete Tree)

1

ol @ Trees can be represented using linked or array representaﬁon.
i 10' Key Takeaways @ Linked representation uses pointers and supports dynamic memory allocation.

@ For general trees, linked list of children or child- -sibling rep_resentatlon is used.
1 @ Choice of representation depends on the type of tree and real-world requirements
@ Array representation is efficient for complete binary trees.

(efficiency, memory usage, operations).




tree can

on the numbe!
structure @l
of nodes.

General Tree

@ A tree in which a node can
have any number of children.

@ [t is the most neneral form
of a tree.

o Example / Use:
@ File system
o o o directory structure.
@ Organization
hierarchy.

O® ©®

~ 5. Red-Black Tree
| o A self-balancing binary search tree
with an extra property (node color
- red or b!ack?.
@ Ensures the tree remains balanced
during insertions and deletions.

Example / Use:

o Used in STL
containers (map, set).

e Widely used in
databases and
operating systems

9. Trie (Prefix Tree) R
@ A tree-like structure used to store

strings (characters) rather than values.
@ Each node represents a character.

Example / Use:

@ Used in auto-
completion (like

g be ClassiﬁEd

A tree s base
into d\ﬁerent‘%gechi'.dren.

nd properties

| 6. B-Tree

search suggestions). ° °
@ Spell checkers,
dictionaries.
e |P routing. o ° ° o

> l 0| l s y ints: ]
K rees - K:y Afl' ‘::rpes of trees are non-linear
p i . _drata Star:eﬁlu;:;-tu re.present
i ata tl uc tuf'es o Treesar
- D s higrarchical data. e
‘\ (_);—) ° Ewifé?;ff;'e: ,&Y,E:; ﬁ;ﬁe:w‘icaﬁm&.
T 3. Binary Search Tree (BST) 4. AVL Tree (Self-Balancing BST)

@ Each node can have at most
two children (left and right).
@ Children are ordered (left and right).

Example / Use:
@ Expression trees.
® Huffman coding.

@ Binary search tree
(BST).

@ A self-balancing tree in which a node
can have more than two children.
© All leaf nodes are at the same level.

10. Expression Tree

@ A binary tree used to represent
arithmetic expressions.

@ |Internal nodes are operators.

@ Leaf nodes are operands.

Example / Use:

@ Used in databases
and file systems.

o Efficient for large
data stored on
disks.

Example / Use:

to evaluate
expressions.

expression tree.

@ Used in compilers

e Conwerts infix to

@ A binary tree in which for each node:
Left subtree contains smaller values.
@ Right subtree contains greater values.

@ @ operations.
@ Used in databases,
@ @ @ @ dictionaries, sets.

Example / Use:

@ Searching, insertion
and deletion

| 7. B+ Tree

| @ A variant of B-tree.
@ All actual data is stored in leaf nodes.
@ Leaf nodes are linked for sequential access.

&
L] _Usded in database
naexing.
(5] (5] (== 30] ;:gfers_range'
(e )eo{z)eof30] e ptems.

M. Threaded Binary Tree

@ A binary tree in which NULL pointers
are replaced with special links (threads)
to inorder predeecssor or successor.

1
e without stack or
Ty recursion.
‘

_/ e Saves time and
space.

Example / Use:

@ Used for efficient
inorder traversal

| e

I" \
v LI, N

v
NULL

L]

@ A self-balancing binary search tree.
@ Maintains balance after insertions
@ @ operations where
o |mproves efficiency
@ A complete binary tree that satisfies
® Min Heap: parent = children.
queues.
0 @ e Efficiently finds
Wtcheg maximum element.
completely filled except possibly the last
0 or 2 children.

@ The height difference between left
and deletions.
Example / Use:
balanced height
0 @ @ (O(log n)).
a heap property:
@ Example / Use:
Used in heap sort
minimum or
l"iz. Complete and Full Binary Tree
level, which is filled from left to right.
Complete Binary Tree Full Binary Tree

and right subtrees is at most 1.
@ e Used in search
is required.
8. Heap (Binary Heap)
+ » Max Heap: parent = children.
@ Used in priority
= Q algorithm.
[ e Complete Binary Tree: All levels are
o Full Binary Tree: Every node has either



‘ A binary tree 1?1 ?: ‘:.re:cﬁa::de
s lrc\rWn <t two children,

the \eft child

b o et at most two children.

h node haS
: ECi':flldrer\ are ordered (left and right).

el be e ee types are variants

5 P:‘Em'::u}:ntaryl frees (BST AVL, Heap, etc)

-~ Binary Trees =

«___ (in Data Structures)

for beginners.

| 1. Definition of E Binary Tree | 2. Structure of a Binary Tree Node 3. Representation of a Binary Tree
{ | {
| @ Abinary tree is a hierarchical data structure | | Each node in a binary tree typically contains: | @ Abinary tree is mainly represented using linked (pointer) representation.
in which each node can have at most two @ Data (value) @ Each node stores data and two pointers (left and right).
. . . 1 . g
children, called the left child and the right child. ] Po!nter to i?ft Chlil.:i Node © We can also represent a binary tree using an array (mainly for complete
@ The children are ordered, i.e., the left child @ Pointer to right child binary trees).
distinct from the right child. It Data Linked Representation Array Representation
| @ Abinary tree can be empty (no nodes). l J C Structure: | ' (Complete Binary Tree)
= struct Node { | Left Index”\faluﬂ
Properties: int data; Pointer 1 | 1
@ Maximum 2 children per node. struct Node *left; 2 2
@ Left and right children are different. ‘ i struct Node *right; o o o o 3
@ It is a non-linear data structure. | b 4 |
@ Can be used to represent hierarchical data. Left 5 |
@ Widely used in searching, sorting, expression | Subtree o o ° o o o o o L :
trees, etc. Q¥ Z
. H - = @ - = -
4. Properties of Binary Trees II5. Example of a Binary Tree 76. TypesafBinaryTrees(Ovemew)
Each node has at most two children. | R | l Full Binary Tnee - Every node has either 0 or 2 children.
Left and right children are ordered. o IS i Compltete Bu_v;’;:ryl;l'rele - LAil llevels are completely filled
g . @ Ais the root. | except possibly the last level.
The number of nodes at level i can be at most 2*i. . | o Perfect Binary Tree — All internal nodes have 2 children
k \ E e Band C are children of A. dall L t th favel
o Maximum number of nodes in a binary tree of & Dand:E are children of B . i
height h is 2+h*1 — 1. ! + : * Degenerate (Skewed) Binary Tree - Each node has only
| " . ¥ @ Fistheright childof C. || ane child (left or right).
o r;?';'l“:"_:imfir of nodes in a binary tree of . e Nodes: {A, B, C,D, E, F} o Balanced Binary Tree - Height is kept limited (e.g., AVL tree).
9 : » { e Root: A o Binary Search Tree (BST) - Left subtree has smaller values,
A binary tree with n nodes has exactly n - 1 edges. e leaves:D,E F | right subtree has greater values. |
Empty tree is also a valid binary tree. @ Internal nodes: A, B, C o Threaded Binary Tree — NULL pointers are replaced with
] | threads to inorder predecessor/successor.
— = =
I_7. Traversals of a Binary Tree 1|8.A|:|:|Ii<:atimst:beil'laryTr'ees 9. Advantages and Disadvantages 10. Key Takeaways
| @ Binary tree traversal means visiting all the || @ Expression tree in compilers. | Advantages Disadvantages | @ Abinary tree isatrea where cach
| . o | 5 5 « i i
nodes of the tree in a sFemflc order. o Represgntmg hlerantchlcal data. @ CEfficient searching (BST). o More memory due to | 3 mis"iﬁjgr"ggﬁjd“(‘[gé";f;i?ém,_
@ Main traversal methods: @ Searching and sorting (BST_). @ Flsible i dynasnic structire pointers. @ Can be represented using lnked lst
Inorder (Left - Root - Right) @ Implementing heaps (priority queues). e e g > ] Complexd[mplementaticn. or array.
il _Ri @ Huffman coding (data compression). SeUin, many e Aol compared to arrays. Many important data structures
Erepcn ot s || @ Decision trees Ei]n Al and ME ‘ e @ Notascachectrigndy | g (BST, Heap, AVL) are based on
Postorder (Left - Right — Root) o File system directories. @ Can be optimized (balanced as arrays. . binary trees. .
Lievel Order (Level by level using queue) trees). Q Traversal can be complex q Used in searching, sorting, expression

evaluation, and real-world systems.
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m’;ﬁs filled from

Definition

A complete binary tree is a binary tree
in which all levels are completely filled
except possibly the last level.

The nodes in the last level are filled
from left to right without any gaps.

It is a special type of binary tree.

It may have 0, 1 or 2 children for a node,
but the overall structure must satisfy
the completeness property.

Array Representation
A complete binary tree is efficiently
represented using an array.
If a node is at index i (0-based indexing):

@ Left child index
@ Right child index
@ Parent index

=2i+1
=2i+2

No extra memory is needed for storing links
(pointers) because of the complete structure.

Number of Nodes
For a complete binary tree of height h
(0-based level), the number of nodes is:

2h<n< 2l -1
Minimum number of nodes at height h:
Npin = 2R
Maximum number of nodes at height h:
Riay = 2h+1 =

=(i-1/2 (fori>0)

2. Properties

> Complete
L

All levels except the last level are
completely filled.

The last level is filled from left to right.

There are no gaps in the last level
(i.e., no node to the right of an empty node).

It contains minimum possible height
for a given number of nodes.

It is always as left as possible.

A complete binary tree can have between
2"=' and 2" - 1 nodes, where h is the height.

| 6. Example

9. Height of a Complete Binary Tree  10.
@ The height of a complete binary tree with | @

n hodes is: @

h = |log, n| @

]

(0-based indexing)

@ Since the tree is complete, its height is
minimum compared to other binary trees
with the same number of nodes.

Binary Trees <

ple: A_rray Repres_entaiion
| Index Value |

Lo | &
oJoloJoleans
T

&

(not
e R S S
1 z
| B
3 4
4 5
6

Applications
Binary Heap (Min-Heap and Max-Heap).
Priority Queue.
Heap Sort algorithm.
Used in many real-world systems

where efficient insertion and deletion
are required.

Memory-efficient representation
using arrays.

ey ‘
o Al levels completely filled

Points:

t .
: E:gﬁe\fgl, filled from left to right.

o Used in heaps, priority queues.

All levels except last are full
and last level is filled from left
to right.

Last level is not filled from
left to right (gap at node 5).

There is a gap at the last level,
so it is not a complete binary tree.

1

QQ Qae @

ssibly the last level.

@ Canbe represen'ced using array
efficiently. i ; F 7
3. Examples 4. Level wise Representation
Complete Binary Tree | Not a Complete Birary Tree | |
(Valid) (Invalid)

In a complete binary tre_e. nodes areﬁd
level by level from left to right.

7. Incomplete Cases (Not Complete)

Case 1: Gap in last level
allowed)

Case 2: Last level not filled
from left to right

Nodes are not filled from left
to right, so it is not complete.

Key Takeaways

All levels are completely filled except
possibly the last level.

Last level is filled from left to right.
Efficient array representation.

Minimum height for a given number
of nodes.
Widely used in heaps and priority queues.

No gaps allowed in the last level.



and
subtree are aré

1. Definition
oA Binary Search Tree (BST) is a binary tree
in which for every node:

@ All nodes in the left subtree contain
values smaller than the node's value.

@ All nodes in the right subtree contain
values greater than the node's value.

The left and right subtrees are also

binary search trees.

Duplicate values are usually not allowed

(though some implementations allow them
in a specific way).

©

[+]

Operations on BST

Searching - Find a value in the tree.
Insertion — Add a new value while
maintaining BST property.

Deletion — Remove a node while
maintaining BST property.

Traversal - Inorder, Preorder, Postorder.
Finding minimum/maximum value.

5.
§ Finding successor and predecessor.
" 8. Deletion in a BST
" Cases:
Node is a leaf (no children)
— simply delete it.
Node has one child
— replace the node with its child.
Node has two children

— replace with inorder successor
(smallest in right subtree) or

Other operations — count nodes, find height, etc.

< Binary
19«

2. Properties of BST
' o Left subtree < root < right subtree.

Both left and right subtrees are also BSTs.

Mo duplicate values (in standard BST).

Inorder traversal gives sorted values
(ascending order).

Searching, insertion and deletion can be
done efficiently.

Average time complexity is O(log n)
for balanced BST and worst case O(n)
for skewed BST.

6. Searching in a BST
Algorithm: |
@ Start from the root node.
o If the key is equal to the

current node — found.
o If the key is smaller —
search in left subtree.
o [f the key is greater —
search in right subtree.
@ Repeat until the key is
found or reach NULL
(not found).

9. Inorder Traversal of a BST
@ [norder traversal (Left — Root — Right) |

of a BST always gives nodes in sorted
(ascending) order.
@ This property is unique to BST.

Example (Inorder of above tree):

10, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 90

inorder predecessor (largest in left subtree). |

Search Trees =
(BST)

3. Example of a BST

"]
]
]
-]

5D

10. Applications of BST

Searching and sorting.
Implementing dictionaries and sets.

Symbol table management in compilers.

Database indexing (e.g., B-Trees are
based on the idea of BST).
Expression evaluation.

Finding ranges (e.g., all values in a given range).
@ Used in file systems, memory management,

and many real-world applications.

T

| 2
Example: Search 65 ! ,I Algorithm:

Points:

Ilieylt isa spe.cial type of binary tree.

ft subtree < Node <
: |!-‘leodes are usually unique-

@ Allows efficient searching,

and deleticn._m databases, dictionaries,

o Widely used
sets, etc.

Binary Search Tree (BST)

(50)
@ @
C YOIONC)

@ Left subtree < Node <
Right subtree

@ [norder gives sorted order

o Efficient search/insert/delete

@ Used in searching and sorting

Insertion in a BST

If the tree is empty, insert
the node as root.

Compare the value with
current node.

If smaller — insert in left
subtree.

If greater — insert in right
subtree.

Repeat until the correct
position is found.

1. Time Complexity

ode < Right subtree

insertion

4. BST vs General Iiinary_Tree

General Binary Tree

(50)
(o) (@)
SIOOTC

@ No ordering property

@ (Can have any values

@ Inorder may not be sorted

@ Used for general hierarchical
data representation

Example: Insert 65

(=)

® @
@00 @

®®

. Operation | (AB“”’QE % | (mc?';) .
Search 0(log n) | 0(n)
 Insertion O(log n) o(n)
 Deletion | O(log n) 0(n)
Inorder Traversal 0(n) 0(n)
FidMinmum | Oflogn) | O
© Find Maximam | Ologn) om



1. What is Tree Traversal?

@ Tree traversal means visiting all

the nodes of a tree in a systematic
order.

It is used to process, display or
perform some operation on each
node of the tree.

There are three main depth-first
traversal methods:

1. Preorder (Root - Left - Right)
2. Inorder  (Left - Root - Right)
3. Postorder (Left - Right - Root)

5. Traversal Process

Step 2: Traverse
left subtree (B)

o A
g &
©OE 6 @EFE

Output: A Output: A, B

Step 1: Visit A

7. Pseudocode

Tree Traversal: Preorder &

2. What is Preorder Traversal? 3. Example Binary Tree
Preorder Traversal:

' @ In Preorder traversal, we visit the
A B DECFG

nodes in the following order:
Root — Left Subtree — Right Subtree

First the root node is visited.

Then the left subtree is traversed
in preorder.

Finally the right subtree is traversed
in preorder.

It is also called "NLR" traversal
(Node - Left - Right).

o

o

4. Step-by-Step Traversal

Preorder Sequence: A, B,D,E C,F G

6. Algorithm (Recursive)

Step 5: Traverse
right subtree (C)

Output: A, B,D ~ Output: A, B,D,E  Output: A B,D,E C Output: A B,D,E CF Output: ABDEGFEG

Step 3: Visit D Step 4: Visit E Step 6: Visit F Step 7: Visit G

Preorder(Node root)

8. C Program (Recursive) 9. Output for Example 10, Key Points

" void preorder(struct Node *root) {

Preorder(TreeNode root)

If root is NULL, return.

Visit the root node
(process the data).
Recursively traverse
the left subtree.

Recursively traverse
the right subtree.

Preorder = Root — Left — Right (NLR).

1. if root == NULL
return
2. visit(root)
3. Preorder(root->left)
4. Preorder(root->right) |

if (root == NULL)
return;

printf("%d ", root->data)}; // Visit root
preorder(root->left);
preorder(root->right);

@ Root is visited before its subtrees.

@ It is a depth-first traversal method.

@ Can be implemented using recursion or stack
(iteratives). |

@ Useful in creating a co)py of the tree (preorder |
is used in serialization).

Preorder Traversal: @ Time Complexity: O(n)

AB,DECEFG e Space Complexity: O(h) (due to recursion stack)

/1 Left subtree
// Right subtree

5 |




1. What is Tree Traversal?

@ Tree traversal means visiting all
the nodes of a tree in a systematic
order.

@ It is used to process, display or
perform some operation on each
node of the tree.

@ There are three main depth-first
traversal methods:

1. Preorder (Root - Left - Right)
2. Inorder  (Left - Root - Right)
3. Postorder (Left - Right - Root)

& Tree Traversal: Inorder &

2. What is Inorder Traversal?

" @ InInorder traversal, we visit the
nodes in the following order:

Left Subtree — Root — Right Subtree
o First the left subtree is traversed

in inorder.

@ Then the root node is visited.
@ Finally the right subtree is traversed

in inorder.

@ It s also called “LNR” traversal

(Left - Node - Right).

l 5. Traversal Process (Step-by-Step)

Step 1: Step 2:

Traverse left subtree of A Visit B (after left subtree)

F)

A&

Step 3: Step 4:
Traverse right subtree  Visit A (after left subtree)

of B (V|srt E)

&

3. Example Binary Tree

o - Inorder Traversal
(L N, R):

D,BEAFCG

ONOROXC,

4. Step-by-Step Traversal

Inorder Sequence: D,B,E A F,CG

| 6. Algorithm (Recursive)

Step 5: Step &: Step 7: :
Traverse left subtree  \isit C (after left subtree)  Traverse right subtree o If root is NULL, return.
of C (VrsrtF) of C (VSItG)

A

Visit F VisltC

@ Recursively traverse

W& the left subtree.
@ V|S|t the root node
” (process the data).
' ¥ o Recursively traverse

""" & the right subtree.

10 Key Pomts

Inorder = Left — Root — Right (LNR).

Produces sorted order in a Binary
Search Tree (BST).

@ Useful for expression trees (used to get

infix expression).
Can be implemented using recursion or stack
(iterative).

@ Time Complexity: O(n)

Visit B Visit E Visit A
Output: D, B Output: D, B, E Output: D, B, £, A Output: D, B, E,A,F  Output: D, B, E A F, C mpumD,B.E.AF,cC.G
7. Pseudocode 8. C Program (Recursive) 9. Output for Example
Inorder(root) ' void inorder(struct Node *root) { o :
if (root == NULL)
1. if root == NULL return; o o
return Inorder(root->left); // Left subtree

2. Inorder(root->left) printf("%d ", root-»data); // Visit root 0 G ° o @

3. visit(root) inorder(root->right); // Right subtree

4. Inorder(root->right) | } Inorder Traversal:
D,BEAFCG

Space Complexity: O(h) (due to recursion stack).
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& Tree Traversal: Postorder &

What is Tree Traversal?

Tree traversal means visiting all
the nodes of a tree in a systematic
order.

It is used to process, display or
perform some operation on each
node of the tree.

There are three main depth-first
traversal methods:

1. Preorder (Root - Left - Right)

2. Inorder  (Left - Root - Right)
3. Postorder (Left - Right - Root) |

2. What is Postorder Traversal?

| o

In Postorder traversal, we visit the

nodes in the following order: P . T
Left Subtree — Right Subtree — Root (L R, N):

First the left subtree is traversed D,EBFGCA

[ -]

® 060606

3. Example Binary Tree 4. Step-by-Step Traversal

in postorder.

Then the right subtree is traversed
in postorder.

Finally the root node is visited.

It is also called "LRN” traversal
(Left - Right - Node).

Postorder Sequence: D,E, B,F,G C A

Ti . leﬁ}subtm -
raverse e\
of A (Vist D) isit E (after left subtree)

LR EDREREL LR LA

VisrtD Visit E
Output: D, E
7. Pseudocode
Postorder(root)
1. if root == NULL
return
2. Postorder(root->left)
3. Postorder(root->right)
4. visit(root) }

;7 5. Traversal Process (Step-by-Step)

8. C Program (Recursive)

| void postorder(struct Node *root) {
if (root == NULL)
return;
postorder(root->left);

6. Algorithm (Recursive)
Step 6 Step 7: |

Step 3: Step 4 Step 5: 5
Vit (aferkftand  Traverse BFEsubtree  yice G (i ey VEIEC(afterkftand  VistA(aerkftad (@ If root isNULL, return.
right subtree of B) of C (Vi5|t F) right subtree of C) right subtree)

Recursively traverse
the left subtree.

Recursively traverse

the right subtree.
Visit the root node
Visit B Visit F Visit G Visit C (process the data).
Output: D, E, B Output: D, E, B, F Output: D,E,B,F,G  Output: D,E,B,F, G, C Outpm:D.E.B,F,GC.AI

9. Output for Example 10 Key Points

o @ Postorder = Left — Right — Root (LRN).
@ The root is visited after its subtrees.
o o @ It is a depth-first traversal method.
@ Useful for deleting a tree (because children

// Left subtree are processed before the root).

postorder(root->right);  // Right subtree 2 o ° e * %i‘grgﬁl:,efleme”t"'d using,recursion,orstack
printf("%d ", root->data); // Visit root [ @ Used in expression trees (to get postfix
Postorder Traversal: expressiong.
D,E B, FG,C A @ Time Complexity: O(n)

@ Space Complexity: O(h) (due to recursion stack). |



- Insertion in a Binary Search Tree (BST) &

4 Flowchart

1. Definition 3. Algorithm (Recursive)

| @ Insertion in a Binary Search Tree
means adding a new node with a
given value while maintaining the
ST property.
@ In a BST, for every node:

@ All values in the left subtree are
smaller than the node's value.

@ All values in the right subtree are
greater than the node’s value.

@ After insertion, the tree remains
a valid BST.

5. Example: Insertmg a Node (Value 65)
Step 2: At node 70

Step 1: Start at root (50)

Compare 65 with 50.
Since 65 > 50, go to right
subtree.

‘ 6. C Program?Rewrsive Insertion)

struct Node {

_ 2. Key Points

Start from the root node.

Compare the value to be inserted
with the current node.

If the value is smaller, move to
the left subtree.

If the value is greater, move to
the right subtree.

Repeat the process until a NULL
position is found.

Insert the new node at that position.

Compare 65 with 60.

subtree.

Step 3: At node 60 | Step 4: Right child of 60 is NULL

B B & B
®® @O0 @0 ® ®® @ ®

Compare 65 with 70.
Since 65 < 70, go to left

Since 65 > 60, go to right
subtree.

Iterative Insertion (Idea)
If tree is empty, create new node. '

If the tree is empty (root == NULL),
create a new node and return.

Create new node
and return

If the key is smaller than root->data,
insert in the left subtree. No

Yes Key <
root->data?
Insert in
left subtree

Insert in
right subtree

If the key is greater than root->data,
insert in the right subtree.

Return the root node. Returnt Foot

Insert 65 into the following BST:

Final BST after Insertion

(=) ©
. VU
@00@ @0@@

P

[ 65 i
rour;i:tl 21;1 IF‘L position. A3 65 is inserted as the nght child
nse ere. | of 60.

8. Time and Space Complexity /7 9. Key Takeaways

ﬂ:ugﬁode P, Operation [ Cu'nplexlty @ Maintain BST property after insertion.
% d 9 Start from root. | Insertion ( Average Case) | Ollog ) @ Compare the key and move left or right.
S A Il e k. T M) —— =" @ Insert at the first NULL position.

struct Node *newNode = (struct Node*)malloc(sizeof(struct Node)});

newNode->data = key;

newNode->left = newNode->right = NULL;

return newNode;

if (key < root->data)
root->left = insert(root->left, key);
else if (key > root->data)

root->right = insert(root->right, key);

return root;

// insert in left subtree

// insert in right subtree
// return the (unchanged) root node

Keep comparing the key with
current node.

Move to left or right subtree
accordingly.

7
o
2]
(3]
4
©

insert the new node there.

When NULL position is reached,

* Insertion (Worst Case) O(n)

Auxiliary Space
(Recursive)

@ Time complexity is O(log n) on average.

(0] ()] @ Time complexity becomes O(n) in worst
case (skewed tree).

& Simple and efficient operation.
@ Used in many applications like
databases, dictionaries, sets, etc.

where n is the number of nodes and
his the height of the tree.
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2. Cases of Deletion

Deletion in a Binary Search Tree (BST) =
3. Algorithm (Recursive)

o Deletion in a Binary %eardghTree Leaf Node (No Children) - @ I root is NULL, return NULL.
means removing a node with a -
iven value whﬁe maintaining e Simply delete the node.

e BST property.
After deletion, the tree must
still be a valid BST.

Three cases are possible
depending on the number

of children of the node to be
deleted:

1. Node is a leaf (no children)
2. Node has one child
3. Node has two children

@ Set the parent’s link to NULL.

Node with One Child
@ Replace the node with its child.

@ Link the parent directly to
the child (bypass the node).

Node with Two Children

@ Replace the node with its
inorder successor (smallest node
in right subtree) or
inorder predecessor (largest node

If key < root->data — go to left subtree.
If key > root->data — go to right subtree.

If key == root->data (node found):

@ Case 1: No child — return NULL.
@ (Case 2: One child = return the child.
@ Case 3: Two children —
« Find inorder successor (min in right).
+ Copy its value to current node.
* Delete the inorder successor

4. Flowchart

Delete from
left subtree

Perform deletion
based on cases
(0, 1 or 2 children)

i ight i
ofE sbires) rom right subtree

@ Then delete the inorder successor
(predecessor) from the subtree.

Case 2: Deletion of a Node with One Child
Delete 30

Return the (possibly updated) root node.

5. Examples of Deletion
i Case 1: Deletion of a Leaf Node

" Case 3: Deletion of a Node with Two Children
Delete 20 {

Delete 50 (using inorder successor)
After Deletion

O,
®® @

After Deletion After Deletion

@ 50 has two children.
o Inorder successor = smallest node in right subtree = 60.
@ Replace 50 with 60 and delete 60 from right subtree.

20 is a leaf node, so it is simply removed.

6. C Program (Recursive Deletion)

struct Node {

30 has one child (40), so 30 is replaced by its child.

7. Time Comblex_ity " 8. Key Points

// Case 2: One child

| Deletion is done while maintaining
int data; if (root-»left == NULL) { - 1 Q
struct Node *left, *right; struct Node* temp = raot->right; | Mhm Comple:u'ty BST property. :
¥ free(root); . Three cases: leaf node, one child,
struct Nede* deleteNode(struct Node* root, int key) { return temp; Deletion (Averﬂge Case) O(lOg T'I) i

if (root == NULL) return NULL; two children.

} else if (root-sright == NULL) {

- struct Node® temp = root->Ieft; Deleti For two children, use inorder successor
Bl ey :’%ﬁ?temde(root-:left. key); fngé(rﬂ:t); i | Deletion (Werst Case) Otn) or predecessor.
else if (key » root->data) return temp; ' r or.
root->right = deleteNode(root->right, key); MO g Auxmaﬂ': Space 0(h) Time Coumﬂt)’ is Olog n) on aVBra?E
else { // node found 7/ Case 3: Two children .

(Recursive and O(n) in worst case (skewed tree

Can be implemented recursively or
iteratively.

Commonly used in databases, sets,
and dynamic data structures.

struct Node* succ = root->right;

[/ Case 1: No child while (succ->left t+= NULL) //

if (root->left == MWULL && root->right == NULL) { suce = suce->left;
free(roat); root->data = succ->data; /4 copy value
} return NULL; root->right = deleteNode(root->right, succ-»data);

find inorder successor o

where n is the number of nodes
and h is the height of the tree.

©

return root;



&P Searching in a Binary Search Tree (BST) &

1 Definition

@ Searching in a Binary Search Tree I

means finding whether a given |
value (key) is present in the tree or
not.

@ It is the process of comparing the
key with the data of nodes starting
from the root and moving to the
left or right subtree based on the
BST property.

@ If the key is found, we return the
node (or success message),
otherwise we return NULL (or
failure message).

5. Step-by-Step Searching Process
Example: Search key = 40 in the following BST
Steps:

o o 0 Q o‘ At node 40, compare 40 with 40,

~ 8. C Program (Recursive Searching)

struct Node {
int data;

struct Node *left, *right;

} .
struct Node* search(struct Node *root,

if (root == NULL)
return NULL;

if (key == root->data)
return root;
else if (key < root->data)

return search(root->left, key);

else

return search(root->right, key);

// Search in left subtree

2. Concept / ldea

o A BST stores smaller values in the
left subtree and larger values in the
right subtree.

@ To search a key, we start from the
root and compare the key with the
current node’s data.

© If the key is equal to the current
node's data, the search is successful.

@ [f the key is smaller, we search in
the left subtree.

o |If the key is larger, we search in
the right subtree.

@ We repeat this process until we find
the key or reach a NULL node.

Start at root (50). Compare 40 with 50.
40 < 50 — go to left subtree.

At node 30, compare 40 with 30.
40 > 30 —+ go to right subtree.

Key found!

// Search in right subtree

3

o
©
©
O

6. Example (Key Fotmi)’ 4

Algorithm (Recursive)
If root is NULL, return NULL.

If key == roct->data, return root
(or print found).

If key < root->data, search in the
left subtree.

If key > root->data, search in the
right subtree.

Output: Key 40 is found.

9. -Time and Space Complexity

| Cae  Time Complexity Explanation
Average Case Oflog n) Balanced BST (height = log n)
T 1 Worst Case O(n) Skewed tree (like linked list)
O Space Complexity. oth) lh= height of the tree
// Found (Recursive)

where n is the number of nodes in the tree and

h is the height of the tree.

: (O(log n) average, O(n) worst)

Search key = 25

At node 20,
25 < 20? No

~3 Output: Key 25 is not found (NULL).

10. Key Points

| @ Searching is used to check whether a key
is present in the tree.
Start from the root node.
Compare the key with current node’s data.
If key is smaller — go to left subtree.
If key is larger — go to right subtree.

Repeat until key is found or NULL is reached.

Time complexity is O(log n) on average.
Time complexity is O(n) in worst case
(skewed tree).

@ Space complexity is O(h) due to recursion.

25 > 20 — go to right
But right child is NULL.
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1. Definition of Searching

e Searching is the process of finding
whether a given value (key) is present
in a collection of data (such as an array,
list or tree) or not.

e It compares the key with the elements
of the data structure one by one (or
in a specific order) until the element
is found or all elements are checked.

e If the element is found, we return its
position (index) or a success message.

@ If the element is not found, we return
a failure message (such as -1 or NULL).

[

O

2. Concept of Searching

5. Types of Searching (Overview)

e There are different searching techniques,

depending on how the data is arranged.

Searching Techniques ]
|

v

Linear

Indexed

Searching is one of the most fundamental
operations in computer science.

It is used to locate a specific element from
a collection of data.

The key idea is to compare the search key
with the elements stored in the data structure.
The method used for comparison depends on
the searching technique (Linear, Binary, etc.).
The searching process continues until:

1. The required element is found, or
2. All elements are checked and the element
is not found.

6. Real-Life Analogy

Search g;?& Sequential Search -
(Sequentially (Works on (Uses index to Il compare the name.
check each (sorted data) speed up Femene| o If it is smaller, you
element) searching) (IS
it S gt )

8. ?pplicu;ions of Searching

a Used in databases to quickly find a record.
Used in dictionaries to find a word.

Q Used in search engines to find information.
Et Used in file systems to locate a file.

'@ Used in online shopping to find a product.

9. Advantages and Disadvantages

Advantages

() Helps to quickly find required data.

() Different techniques available
for different situations.
Improves efficiency in data
processing.

(2 Essential in many real-world applications.

[X]
(%]

Searching

[ Definition & ConcepL ;

' 3. Search Key (Key Element)

! @ The value that we want to find
in the data structure is called
the search key (or key element).

e It can be a number, character,
string or any other data type.

e Example: If we want to search
for 40 in an array, then @0 is
the search key.

¥
We check if 40 is present
in the given data.

Searching in an unsorted list (Linear Search)

© Suppose you have a pile of books on a table.
To find a particular book, you check each book
one by one from top to bottom.

@ This is similar to Linear Search.

Searching in a sorted list (Binary Search)

® Suppose books are arranged in alphabetical
order. You directly open the middle shelf and

go to the left half,

if larger, you go to the right half.
@ This is similar to Binary Search.

Disadvantages
Some techniques (like binary search)
require data to be sorted.
Linear search is slow for large data
( O(n) time).
Performance depends on the technique
used.

@i

4. Examples
Example 1: Searching a number in an array

Ar‘ru%: Search key

=40

|1o|20|320|;0|50160|’

Result: 40 is found at index 3.

Example 2: Searching a string in a list

List:
[ Apple lMungo | Banana | Orunge.} Grapes ]

Search key
= Banana

Result: Banana is found at position 2.

7. Key Points

Searching is used to find a specific element
in a collection of data.

The element to be found is called the search key.
() Different searching techniques are used based
on the arrangement of data.

Linear Search works on both sorted and
unsorted data.

Binary Search works only on sorted data.

Indexed Sequential Search combines both
indexing and sequential search to improve
efficiency.

(D Searching returns the position of the element

if found, otherwise a failure message.

10. Summary

Searching is the process of finding a given key
element in a collection of data. It warks by
comparing the key with the elements of the
data structure until the element is found or all
elements are checked. Different techniques like
Linear Search, Binary Search and Indexed
Sequential Search are used depending on how
the data is arranged.

search

..

=



1. Searching Techniques: Overview

® Searching techniques are algorithms
used to find whether a given key
is present in a collection of data or not.
® They compare the key with the elements
of the data structure one by one or in
a specific manner.
® If the element is found, its position
(index) or a success message is returned.
@ If the element is not found, a failure
message (e.g., -1 or NULL) is returned.
® Different searching techniques are used
depending on how the data is arranged

_Searching Techniques ()’

2. Linear Search
T Definition

® Linear Search (Sequential Search) is ‘

the simplest searching technique.
It checks each element of the list one
by one from the beginning until the
element is found or all elements are checked.
@ Working Steps
@ start from the first element.
@ Compare the key with the current element.
a If match is found, return the position.
@ If no match is found after checking
all elements, return failure (-1).

3. Binary Search -
“* Definition nﬂﬂi
@ Binary Search is an efficient searching technique
used only on sorted data. It repeatedly divides
the search interval into half and compares the
key with the middle element.
S Working Steps
n Set two pointers: low (start) and high (end).
@) Find the middle element mid = (low + high) / 2.
@) Compare the key with A[mid].
@ If key == A[mid], return mid.
g If key < A[mid], search in left half.
If key > A[mid], search in right half.
Repeat until low > high.

4. Indexed Sequential Search

2 Methods used to find a specific element
in a collection of data.

“® Definition

© Indexed Sequential Search is a searching technique
that combines the advantages of indexing and
sequential search. It uses an index (file) to quickly
locate a bleck of data, and then performs sequential
search within that block.

S Working Steps
@ Maintain an index file containing key values and
pointers to data blocks.
€D Search the index file to find the appropriate block.
Go to the corresponding block in the main file.
Perform linear (sequential) search within that block.
If the element is found, return ifs position.

mid = (low + high) / 2

: = If not found, return failure.
(sorted or unsorted) and the size of data. Example = - d
«ampl Search key = 40 Example _5_2{1th key = 50 Example Search key = 50
Array: [ 10 | 20 | 30 | 40 | 50 i 60 [ Sorted Array:| 10 | 20 | 30 | 40 | 50 50] 70 [ Index file: Main file (data blocks):
¥ [ ¥ + ¥ ¥ I Bl ) ]
. X % % on-0 mid=3 bk =6 Key (fsteleners) | Block No. | | Block BL: | 10 | 20 | 30
v 10 B4 | NG
Result: 40 is found at index 3. 5E>:o :s%urch irl|: Eggmmlf I B | 2B |l . 3 el ) M
Check mid = 5 — A[5] = 60 - . ¢
: ) | | 7 B3 Block B3: | 70 | 80 | 90
| Pseudocode / Algorithm | Time Complexity el ey [ o I
for i = 0 ton-1 ' Best Case: O(1) Pseudocade / Algorthn e g e Ao | et
if Afi] == key Average Case: O(n) low = 0, high = n-1 I e e @D Search the index file for the lorgest key | | Bact ose: o(1)
i return i // element found while (low <= high) Best Case: 0(1) it less than or equal to the search key. i
|

refurn -1

5. Comparison of Searching Techniques

Feature Linear Search Binary Search |
Data Requirement . mgg::; z,r;m “.r’,?rrk;; :‘11:?? |
tod | Samidnaen | S o
Time Complexity o) O(log n)

(Average)

Best Use Case Small or unsorted data Large sorted data

Advantage Simple, easy to implement Very fast

Disadvantage Slow for large data Requires sorted data

{/.element not found

Indexed Sequential Search

Works on
sorted data with index

Search in rearck, then
sequential search in block
Oflog n + m)
Large data stored in files
with index
More efficient for large
file-based data
More complex, needs
extra index structure

Worst Case: O(n)

Average Caose: Oflog n + m)
Warst Case: Oflog n + m)
(m = rumber of records in a block)

) Go to the correspading block.
Perform linear search within that black.
@) 1 found, return the position, else return -1.

i Almid] == key return mid
else if key < Almid] high = mid - 1
else low = mid « 1

return -1

6. Real-Life Applications

Search in a contact list (Linear Search).

Average Case: O(log n)
Worst Case: O(log n)

7. Advantages & Disadvantages
Advantages Disadvantages
() Helps to quickly find a specific element. | 3 Linear search is slow for large data.
(@ Different technigues for different needs. Binary search requires sorted data.
€ Binary search is very efficient for ) Indexed sequential search is more
large sorted data. complex and needs extra sterage

© Indexed sequential search is useful Fon e,
: €3 Performance depends on the
fortlarge il systems. arrangement and size of data.

Search a word in a dictionary (Linear Search).
Searching records in a database (Binary Search).
Searching in a sorted list of roll numbers
(Binary Search).

Searching in large files with index (Indexed
Sequential Search), e.g., student records.

Search engines use indexing fechniques
(similar to indexed sequential search).

8. Key Takeaways

7 Searching is used to find a specific element (key) in a collection of data.

¢ Choose the right technique bosed on data size, arrangement (sorted/unsorted), and application.
7 Linear Search —+ simple but slow (O(n). Binary Search —+ fast (0(log n)) but requires sorted data.
% Indexed Sequential Search — combination of indexing and sequential search, useful for large data,

T DOO.o

Finding a product in an online shopping website.



1. Definition

@ Linear Search (Sequential Search)
is a simple searching technique
that checks each element of a
list/array one by one from the
beginning until the required
element (key) is found or all
elements are checked.

e It compares the search key with
each element sequentially.

e If the key is found, it refurns the
position (index) of the element.

o If the key is not found after
checking all elements, it returns
a failure message (e.g., -1 or
NULL).

5. Example - Key Found
Search key = 40

9 g e ol
/2 _Linear Search

3. Algorithm (Step-by-Step)

Input: Array A[O...n-1], key
OQutput: Position of key or -1

2. Working Principle

@ Start from the first element.

Compare the key with the current
element.

o If the key matches, return the
index/position.

o If the key does not match, move
to the next element.

9 Repeat the process until the key
is found or the list ends.

o If the key is not found, return -1
(or a failure message).

6. Example - Key Not Found
Search key = 25

0 1 2 3 4 5
Array:[lquolsolwlﬁtJ'eOJ

0 1 2 3 4 5
Array: | 10 | 20 | 30 | 40 | 50 | 60 |

@ compare 10 with 40 — not equal.
o Compare 20 with 40 — not equal.
o Compare 30 with 40 — not equal.

o Compare 40 with 40 — equal.

Result: Key 40 is found at index 3.

@ Compare 10 with 25 — not equal.
@ Compare 20 with 25 — not equal.
@ Compare 30 with 25 — not equal.
@ Compare 40 with 25 = not equal.
@ Compare 50 with 25 — not equal.
o

Compare 60 with 25 — not equal.
Result: Key 25 is not found (retum .

Step 1: Start

Step 2: For i = 0 to n-1

Step 3: Compare A[i] with key
Step 4: If A[i] == key, return i
Step 5: If not found, return -1
Step 6: Stop

Linear Search is the simplest |
searching technique that checks
each element one by one
until the key is found.

4. Flowchart

Return -1
(Not Found)

o e
[ Returni |
| (Found) )

7. Pseudocode and € Program
Pseudocode

procedure linearSearch(A, n, key)
foriz=Oton-1

C Program
#include <stdio.h>
int linearSearch{int arr[], int n, int key) {
for{int i = 0; 1 < n; 1++)
if{arr(i] == key)

if AEi] il key then return i; // element found
return i // element found return -1; // element not found
end if int main() ﬁ
d f int arr[) = {10, 20, 30, 40, 50, 60};
enda for int n = sizeof(arr)/sizeof(arr(0]);
refurn -1 // element not found int KBy = 40

int pos = linearSearchiarr, n, key);

if(pos i= -1)

1 printf("Key %d found at index %d\n", key, pos);
else

end procedure

S
printf("Key %d not found\n", key);
return 0;

}

8. Time and Space Complexity

Case | Time Complexity | Explanation | Where n is the | ‘ Key Points Advantages
Best Case o(1) Key is found at the first element. number of elements | twﬂys‘fﬁfh checks each element | (@) Very simple algorithm.
[ [ o7 in the array. - : Easy to implement.
@ It works on both sorted and
Average Case . O(n) Key rnay be at any position. - (&) e Works o bath sorted
Worst Case o(n) Key is at the last element / Simple to understand and implement. and unsorted data.

or not present.

Space Complexity: O(1) (uses only a few variables)

9. Key Points, Advantages and Disadvantages

Returns the index of the element
if found, otherwise -1.
@ Time complexity is O(n).

l[lll

@ Does not require any

Suitable for small datasets.

special data structure.

Disadvantages
Q Time complexity is O(n),
which is slow for large data.
) Not suitable for large datasets.
It compares each element
sequentially, so it takes
more time.
) Less efficient than Binary Search
(for sorted data).
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Definition

@ Binary Search is an efficient
searching technique used to find a
given key in a sorfed list (array).

@ It repeatedly divides the search
interval info half and compares the
key with the middle element.

@ If the key matches the middle
element, the search is successful.

@ If the key is smaller, we search in
the left half.

e If the key is larger, we search in
the right half.

@ If the key is not found, it returns

a failure message (e.g., -1 or

NULL).

5. Example - ﬁﬁund

Step 1: oy = 0, high= 6 Step 2: Step 1: Step 2: \
mid=(0+6)/2=3 (Not needed as key found in step 1) low = 0, high = 6 low = 0: high = 2
mid = 3 mid = 1
g Al @ 3 W UE ok T T o 2
‘10|20|30|40‘50|60170| , 10 zu|3u§0'au‘vu ‘1_°_
Result: Key 40 is found e ' 1
mid at index 3. mid mid
A[mid] = 40 25 < 40 25 > 20
which is equal to key. Search in left half. Search in right half.
Key found af index 3. Set high = 2. Set low = 2,
7. Pseudocode 8. C Program 9 Time and Space Complexlfy
function binarySearch(A, n, key) [ A e e tint arr(),, int n, int key) ¢ W
Tow =0 Qtr:[mlmﬁ 8, hh hh)- ; Case T'm: con'plm:ny Explanation D
A ile (low <= lg
high =n - 1 int mid = (low + high) / 2 Kev'i .
; : ol ey is found at the middle
while low <= high Ay iy ey ?u key: Found Best Cose o element in first comparison.
mid = (low + high) / 2 else 1f Chey <arrioian) | LT e <
if A[mid] == key Rl 4 ” oll earch space is reduce
7 T | I I L e e
else 17 Key < Al ) e F ! Key is at the last position
high = mid - 1 Nt M edt) = (10, 20, 38, 44, se, e, 76}; WepstiCise Olog )| or not present.
else {u{ :e; s).::r—'u’(arr) 7 siz (—o1(arr[E])
Tow = mid + 1 " e
. . i Space Complexity: O(1)

Q . 9
Binary 533"9"‘ p @m«t Flowchart

2. Working Principle

3. Algorithm (Step-by-Step)
Input: Sorted array A[O...n-1], key
Output : Position of key or -1
Set low = 0 and high = n - 1.
6 Calculate mid = (low + high) / 2.
o If A[mid] == key, return mid.
If key < A[mid], sef high = mid - 1
(search in left half).

If key > A[mid], set low = mid + 1
(search in right half).

@ Repeat steps 2 to 5 until low > high.
If key is not found, return -1,

The array must be sorted.

Find the middle element of the
current search range.

Compare the key with the
middle element.

If key == middle element,
return the position.

If key < middle element, search
in the left half.

If key > middle element, search
in the right half.

6. Example - Key Not Found

1t (K xd t f d\ k . 3
e . i i (No extra space is used, only a few variables).
pf)ntf’( Key %d found at index %d\n", key, pos};

return

Start

low = 0, high =n - 1

[ Return mid
(Found)

low = mid + 1

'7high = mid £
L(ianrch left half) | (Search right half)
= . i

Search key = 40
Step 3: Step 4:
low = 2, high = 2
mid = 2 Now low = 2, high = 1
(low > high)
[ 0] 20 . g
md Result:
25 < 30 Key 25 is not found
Search in left half. (return -1).
Set high = 1.

10. Advantages and Disadvantages

Advantages ‘ Disadvantages
() Very fast compared to €3 Works only on sorted data.
_ Linear Search. Not suitable for unsorted
Time complexity is O(log n). datasets.
Requires fewer comparisons. E3 More complex than
Efficient for large dutasets. Linear Search.

B3 Not efficient for small datasets

Widely used in real-world
(Linear Search may be better).

applications.

11. Key Points

[ *.,7 Binary Search works only on sorfed arrays.

oIt divides the search space info half in each step,
‘;.f It compares the key with the middle element.
¢ If key is smaller — search left half, if larger — search right half.

5% Time complexity is O(log n) and space complexity is O(1).



=

1. Definition

@ Indexed Sequential Search is a
searching fechnique that
combines the advantages of
indexing and sequential search.

@ An index file is created, which
stores key values and pointers
to the main data blocks (file).

@ First, the index is searched (using @
binary or sequential search) to

2.

locate the appropriate block. Q
@ Then, a sequential search is
performed within that block to ]

find the exact record.
@ It is useful for large files that
are stored in sorted order.

Concept

The main file (data file) is divided
into blocks (also called segments).
An index file is created that contains
the first key (or some representative
key) of each block and a pointer to
that block.

To search a key, first search the
index to find the correct block.
Then perform a sequential search
within that block to find the key.
Thus, it reduces the number of
comparisons compared to a simple
sequential search.

" Indexed Sequential Search )

3. Structure of Indexed Sequential Search

Index File Main File (Data File)
Pointer | ' e
Index Key | (glon'ri) j Bock B1 | 10 zolso!
10 Bl r,-BIockBZ 40 50 | 60
= = boks | 70 80 90| ©
70 B3 | 37‘ =
100 B4 = BlockB4 | 100 1105120| 0

Index file stores the first key of each block
and a pointer to that block in the main file.

5. Example 6. Flowchart
Index File Main File (Data File) Search key = 70
[ Poi [ | Search index: Largest index Read search key K
Index Ki Pointe Block B1 | 10 | 20 30 9 4
| Index Key | Pointer | o} ock B1 | 10 | 20 ' okeys?Dis?Oaalockaa. -
10 81 — | F o, e Search index file fo
i Block B2 | 40 | 50 ‘ 60 | e o to Blac find appropriate block
40 B2 : = (70 80 90). s
[ -+ BlackB3 | 70 | 80 | 90 Perform sequential search Perform sequential search
70 B3 | ! o in B3: compare 70 — found. in that block
[, I
| %00 B4 || Block Bq_ 1001110 120 Result: Key 70 is found
in Block B3 (position 1 in black). Return position Return -1
T ~ (Found) (Mot Found)
8. C Program (Ilimplified Illustration)
Alnclide catiio. hx 9. Advantages and Disadvantages
int Qrfgﬁﬁgsﬂgtfaﬁg'gﬁéé é}glz(é‘(i; ;(1419), 58,60); Advantages | Disadvantages
St R, bl ee o X, e Lo e < More efficient than simple € Requires extra storage space
Prin Lneer hkeys L) sequential search. for the index file.
/7 search in index file Reduces the number of comparisons | @) Index file must be maintained
for(i = 6; 1<nndexi Do) f = by using an index. whenever data is updated.
éiemmbf:af;yr HE = heh) tbiogk = 3 Suitable for large files. €) More complex than linear or
X srEE(H i " Access time is less, as only one binary search.
- ey not found\n"); : v +
il ]l‘)a--;.{;:lxpﬁ::‘?ft(:lé.- 4 i Tt Jioretionad 3 o block needs to be searched. Qr Thelirldex\file is not or'gémize!é
or(j 5.1 < blockSizel Ja+ Works well when data is stored properly, performance may degrade.
it ckData(bloc == ke "
(%L?nl;e(&r{é?lﬂd k.‘]ﬂ[an]fJ in glzr{ktﬁﬁd at position %d\n", . in sorted order. g Not as fast as B\nary Search
key.Re, blackel, 371} Widely used in database and for in-memory data.
i file systems. ) Works best only on sorted files.

}
printf{"Key not found\n");
return @;

4, Working Steps

Search the index file to find the
o largest index key less than or
equal to the search key.

Follow the pointer to the
corresponding block in the main file.

Perform a sequential search
within that block to find the key.

If the key is found, return its
position (or record).

If the key is not found in that
block, return a failure message
(e.g., -1 or NULL).

Pseudocode

T4
1. Read search key K
2. Search index file to find the largest
2 index key = K
3. Get the pointer fo the corresponding block
4. Perform sequential search within that block
5. If key is found
return position
6. Else
return -1
7. Stop

10. Key Points and Applications
Key Points

It is a combination of indexing and sequential search.
The index contains key values and pointers to blocks.
First search the index, then perform sequential search
in the black.

¢ It reduces search time for large datasets.

Data must be stored in sorted order.

If the key is not found, it returns -1 or NULL.

Applications
r Used in file systems for efficient record retrieval.
 Used in database management systems.
Used in libraries and large record management.
*r Suitable for large sorted data files.

bt g
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. Definition of Sorting

Sorting is the process of arranging
the elements of a collection (such as
an array or list) in a specific order,
either ascending (smallest to largest)
or descending (largest to smallest).

It reorders the data based on a

given key (value) using a comparison

between elements.

The main aim of sorting is to make

data organized, which helps in
faster searching, easier access
and better data management.

5. Types of Sorting Order

Ascending Order " Descending Order
© Elements are arranged from
smallest to largest. largest to smallest.
e Example: 10, 20, 30, 40, 50
® Also called increasing order.

® Elements are arranged from

e Example: 50, 40, 30, 20, 10
® Also called decreasing order.

zool Dima

8. Sorting Techniques (Overview)

@ There are different sorting algorithms, each using
a different method to arrange the data.

| Sorting Techniques |
|

¥ v
Bubble Sort Selection Sort
Repeatedly Finds the smallest
compares element and
adjacent places it in the
elements. correct position.

Builds the sorted

correct position.

Sorting 5

[ Definition and Concept

2. Concept of Sorting 3. Example of Sorting
Sorting works by comparing two Ascending Order (Smallest fo Largest)
elements and arranging them in Unsorted Data:
the correct order. 40 | 10 [ 50 |20 ] 30

e It repeatedly compares and ) 1

s (if necessary) the elements SNV URARR .

the entire collection is in order. (10 [ 20 [ 30 [ 40 | 50
Different sorting algorithms use .
different technigqueg to compare Descending Order (Largest to Smallest)
elements and arrange them. Unsorted Data:

Sorting can be done in two ways: L I m;]ﬂz@ |

Ascending Order and Descending Order.  sorted Data (Descending):

(50 [40[30[20 [ 10|

Sorting is the process of arranging
data in a particular order gasceqdmg
or descending) to make it easier
to search, access and manage.

4. Why is Sorting Needed?
Makes data organized and structured.
o Helps in faster searching (e.g., Binary Search).

Makes data analysis easier.

Useful in database systems for record
management.

o Helps in removing duplicates.
Used in real-world applications such as

student records, product lists, atc.g

6. Basic Operations in Sorting 7. Real-Life Analogy
PR Comparison - Compare two elements @ Sorting is similar to arranging books
to decide their correct order. on a shelf.
Swap - If elements are in wrong order, @ If books are arranged in alphabetical
we swap them. order (A, B, C, ..), it becomes easier
B Repeat - Continue the comparison to find a particular book.
and swapping until the whole list @ Similarly, if numbers or names are
is sorted. sorted, we can quickly locate a
Termination - Stop when no more specific item.
swaps are needed (array is in order).

9. Advantages and Disadvantages of Sorting

Advantages Disadvantages
Helps in faster searching. E) Some sorting algorithms are slow
Organizes data in a meaningful way. fer borgeidate g, Ribid cort)

Useful in many real-world applications €) Some algorithms need extra memory

(databases, records, etc.). space.
a Makes dupiicate removal easier. B Performance depends on the type
€ Improves efficiency in data processing. of algorithm and input data.
Helps in using other algorithms like € Not always suitable for very
Binary Search, Merge, etc. large or real-time data without

optimization.

B3 Requires extra time and computation.

10. Key Takeaways

' Serting arranges data in a specific
order (ascending or descending).

7.7 Tt works by comparing and swapping
elements.

2

7 Major sorting techniques: Bubble Sort,
~ Selection Sort, Insertion Sort.

<" Sorting makes data organized, easy
to access and efficient to manage.

¢y It is widely used in real-world applications.

=

o=
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What are Searching Techniques?

@ Searching techniques are algorithms
used to find whether a given element
(key) is present in a collection of data
or not.

@ They compare the search key with the
elements of the data structure and
refurn the position (index) if found.

@ If the element is not found, a failure
message (e.g., -1 or NULL) is returned.

@ Different searching techniques are used

2. Types of Searching Techniques

Q,  Searching Techniques "

3. Comparison of Searching Techniques

< . Feature
[ Searching Techniques ] | s
[ Data Arrangement
+ + ‘ Method
1. Linear Search 2. Binary Search 3. Indexed : |
(Sequential Search) Sequential Search Time Complexity
(Average Case)
Work: -
Works on Works on sur‘re; I::lt:ls’rc'i]"LWi’rh Best Use Cuse
unsorted data sorted data irides%

) Requires more
comparisons.

unsorted data
Suitable for
small datasets.

Very fast for large datasets.
Requires fewer comparisons.
Efficient for sorted data,

- - Checks each element ivi h i | Advantage
depending on how the data is P iy Ds :z‘: ?:;s:;;c Com\?t_nzs f_dvunhéges | g
arranged (sorted or unsorfed) and i P ’ il : I’”g i h I
the size of the data. sequential search. | Disadvantage
4. Linear Search ( (Sequenﬂal Search) 5. Binary Search
Definition  Pseudocode Definition” » ) || Pseudocode
- . . ) @ Binary Search is an efficient searching low =@, high=n - 1
® Linear Search is the simplest searching | for i = @ to n-1 technique used enly on sorted data. while low <= high
technique. It checks each element of if A[i] == key o Tt repeatedly divides the search interval wid-= (low s hgh)iiig
the list one by one from the beginning return i // found into half and compares the key with the if A[mid] == key
until the key is found or all elements return -1 // not found middle element. PG
are checked. @ If the key mafches the middle element, else if key < A[mid]
search is successful. If the key is smaller, high = mid - 1
Algorithm / Working Steps C Program search in left half, otherwise in right half. ilse
€D Start from the first element. #include <stdio.h> Algorithm / Working Steps low = mid + 1
@ Compare the key with the current | it irearsearchlant arell, Jrin ek @) Set two poinfers: low = 0, high = n - 1. EE
element, if(arr(i] == ke‘y} © Find the middle element mid = (low + high) / 2. CP
© 1f match is found, return the index. } & 4 8 f?:‘:;'::fm':zr :‘r:ri[:::]' <
@ L nomatchis found aftericecking o © 1 key < Almid]; sarch Il half (bighi=mid= 1), | - at Tk b Bogh b e b gD
all elements, refurn -1. @ 1fkey > Almid), search in right holf (low=mid +1). | While(lon <= high) ( .
Touk Complexity © Repr el low> o ez e LR
f return mid;
Example Best Case: O(1) Example Search key = 50 else i Chey < ;rr[m.\d])
‘ ; = igh = mi
Search key = 30 Average Case: O(n) Sorted Array: | 10 | 20 | 30 [I] 5060 [70] CE
Array: Worst Case: O(n) 1 +—7 W= mid & 1;
10 | 20 | 30 | 40 ‘ 50 ‘ low = 0 mid = 3 high = 6 return -1;
| A Disad (40)
1 2 3 4 Time Complexi
50 » 40 — search right half ime Complexity
IS’:“?L':“:: easy fo B Slow for large mid = 5 (60) Best Case: O(1)
- - ’ P datasets. 50 < 60 — search left half Average Case: O(log n)
Result: 30 is found af index 2. Works on mid = 4 (50) - Found

Worst Case: O(leg n)
Di
€3 Works only on sorted data.
£ Not suitable for unsorted data.

4
|
\
\
|

Methods used to find a specific element
in a collection of data.

Linear Search Binary Search I"d“ds Seq.nrml al

Unsorted Sorted Sorted with index

Search using index

Sequentily eheck and then sequentially

Divide and search

each element in half in a block
O(log n + m)
O(n) O(log n) (m = size of block)
Small datasets Very large datasets
or unsorted data barge sorfed atdsets stored in files
Simple and easy Mare efficient
to implement Very fost for large files
Mare complex,
Slow for large data = Requires sorted data needs exfra index
structure
| B Indexed Sequenﬂal Search

Definition
@ Indexed Sequential Search is a searching technique
that combines the advantages of indexing and
sequential search.
® An index file is created that contains key values and
pointers to data blocks in the main file.
® First, the index is searched to find the appropriate block
where the key may be present, and then a sequential
search is performed within that block
Working Steps
Search the index file to find the largest index key
less than or equal to the search key.
Go to the corresponding block in the main file.
Perform a sequential search within that block.
If the key is found, return its position.
© If the key is nat found, return -1.

Example Search key = 70
Index file: Main file (Dﬂfﬂ blocks):
[ Key (Frst iomant) F.‘f“_*ﬁe. Block B1: [ 10 | 20 | 30
10 Bl i e
i 40 B2 Block B2: 40 50 |
L 710 B3 || Block B3: | |70 80 | 90 |

Search index: largest key s 70 —+ 70 (B3)
Search sequentially in Block B3,
Result: 70 is found.

Disadvantages
(D More efficient than simple sequential search. | () Reguires extra starage for index file.
() Suitable for very lorge files, 1E3 Wore complex: than linear or binary search.

(©) Reduces number of comparisos. £ Performance depends on index structure
€D Viarks well with dota stored in sorted arder. and block size.



1. Definition . 2. Working Principle

@ Linear Search (Sequential Search) is the

simplest searching technique used to

find a given element (key) in a list or

array.

It checks each element one by one

from the beginning until the required

element is found or all elements are

checked.

@ It compares the search key with each

element sequentially. ‘
|

If the key is found, it returns the
position (index) of the element.

If the key is not found aftfer checking
all elements, it returns a failure
message (e.g., -1 or NULL).
5. Example - Key Found
Search key = 40

0 3 5
Array:| 10 | 20 | 30 | 40 | 50 | 60 |
o Compare 10 with 40 — not equal.
o Compare 20 with 40 — not equal.
o Compare 30 with 40 — not equal.
@ compare 40 with 40 — equal.

Result: Key 40 is found at index 3.

8. Time and Space Complexity

" Linear Search

Start from the first element  Input: Array A[O...n-1], key

3. Algorithm (Step-by-Step) 4. Flowchart

(index 0).

Compare the key with the

current element. Step 1:
If the key matches, return Step 2:
the index/position. Step 3:
If the key does not match, .
move to the next element. Step 4:

Step 5:

Repeat the process until the

Output: Position of key or -1 o

=0
Start il \, N
Fori=0 ton-1 —t<_ Eil < n —\m
Compare A[i] with key § Yes (Not Found)

If A[i] == key, return i

If not found, move to next
element

| Compare A[i] with key
Lo #

key is found or the list ends.

If the key is not found,
return -1 (or a failure message).

Step 6: Return -1
Step 7: Stop

¥ £x Yes R i
i 9T eturn i
gtk | (Found)
L B _i: -|' .1- 1_

6. Example - Key Not Found
' Search key = 25

7. Pseudocode and C Program
Pesudocode

0 1 2 3 5
Arruy:llo|2o|so|4o|5oléo|

Compare 50 with 25 — not equal.
Compare 60 with 25 — not equal.

fori=0ton-1
@ Compare 10 with 25 — not equal. if A(i] == key then
@& compare 20 with 25 — not equal. return i
@ compare 30 with 25 — not equal. end if
9 Compare 40 with 25 — not equal. | end for
o return -1
[ 6 ]

end procedure

Result: Key 25 is not found (return -1).

9. Key Poi;fs, Advan?ages and DiMQQeS

procedure linearSearch(A, n, key)

// element found

// element not found

C Program

#include <stdio.h>
int linearSearch({int arr[}, int n, int key)} {
for (int i = 8; 1 < ni d=+) {
if (arr(i] == key)
return i; // element found
return -1; // element not found
int mainc¢) {
int arr[] = {10, 20, 30, 48, 50, 60);
nt n = sieeof(arr)/sieeof(arr(0));
int key = 49;
int pos = linearSearch(arr, n, key):
if (pos i= -1)
llvr:inr.E[“Key Xd found at index Nd\n", key, pos);
else
printf("Rey Nd not found\n", key);
return

} =]

e TaneiEspienty Explanation Where n is the Key Polnts
Best Case o(1) Key is found at the first element. ~ number of elements Linear Search checks each element
in the array. one by one.
Average Case O(n) Key may be at any position. Tt works on both sorted and
- unsorted data.
Worst Case o(n) Key 'i af the 1“51 element Simple to understand and implement.
| AT RRESERT Returns the index of the element

Space Complexity: O(1) (uses only a few variables)

if found, otherwise -1.
Time complexity is O(n).

Advantages
@ Very simple algorithm.
@ Eosy to implement,
) Works on both sorted
and unsorted data.
Suitable for small datasets.

Does not require any
special data structure.

Disadvantages
Time complexity is O(n),

e which is sfcw for large data.
) Not suitable for large datasets.
It compares each element

sequentially, so it takes
more time.

€ Lessefficient than Binary Search
(for sorted data).
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1. Definition

Binary Search is an efficient
searching technique used to find
a given element (key) in a sorted
list or array.

It repeatedly divides the search
space into half and compares the
key with the middle element,

If the key matches the middle
element, the search is successful.

If the key is smaller, search
continues in the left half.

If the key is larger, search
continues in the right half.

If the key is not found, it returns

a failure message (e.g., -1 or
NULL).
5. Example 1 (Key Found)
Sorted Array:

Idee: O 1 2 3 4 CONENE
A[i]:[ 5 |12 |18 | 25|32 | 40 | 56
Search key = 25
@ ow=0 high=6 - mid=3 — A[3)= 25

B 25 == 25 — Key found at index 3.

Result: Key 25 is found at index 3.

9. C Program

minclude <stdia.hs

int binarySearch(int arr[], int n, int key) {
int low = ®, high = n - 1, mid;
while (low <= high) {
mid = (low + high) / 2;
if (arr[mid] == key)
return mid; /7 wey found

else if (arr(mid] > key)

2. Working Principle

f

high = mid - 1; // search left hal
else
low = mid + 1; // search right half
return -1; // key not found
¥
int maing) {
int arr[] = {8, 12, i8, 25, 32, 48, 56};
in E flarr) / siesaf(arr[81;
int key
int pos = binarySearch{arr, n, key);

f pos =
printf( key %d found at index Nd\n“, key,

else
printf(“key %d not found\n",

key);
return 8;

_ Binal'y sedl"Ch " @i iBinary Search works only on sorted daf;l.]

Ensure the data is sorted in
ascending order.

Set two é)ofn'rer's: low (start) and
high (end).

Calculate the middle index:

mid = (low + high) / 2

Compare the middle element with
the key.

If key equals middle element,
return the index.

If key is smaller, search in left
half (high = mid - 1). If key is
larger, search in right half

(low = mid + 1). Repeat until
low > high.

©0 00 0006

6. Example 2 (Key Not Found)
Sorted Array:
e 0 G B 3/ &% B %
AL): | 5|12 )18 |25 3z|4o|56
Search key = 20
low = 0, high =6 — mid = 3 —» A[3] = 25
20 < 25 — high = 2
low=0, high=2 = mid=1 — A[l] =12
20 > 12 = low = 2
low = 2, high = 2 — mid = 2 — A[2] = 18
20 > 18 — low = 3 (now low > high)

Result: Key 20 is not found (returns -1).

o0ceee

10. Time and Space Complexity

Explenation

Key is found at the middle element
in the first comparison.

Each step reduces the search '

Case | Time Complexity |

Best Case o)

Average Case

3. Algorithm (Step-by-Step)

Start
Set low = 0, high=n-1
Repeat steps 4 to 7 while low < high
Calculate mid = (low + high) / 2
If A[mid] == key
return mid (key found)
Else if Almid] > key |
high = mid - 1 (search left half)
Else
low = mid + 1 (search right half)
If low > high, key is not found
return -1
Stop

|| high=mid-1
| (search left half)
7. Dry Run Table (Search key = 32)

Step | low ihigh | mid ‘ Almid] |;ompar|son| Ac'rio;

> Found
=23 | (index 4)

L 1e | o | 6|3 | o5 V00 ER -4
. | .
8 4 | 6| 5 ‘ 40 | 32<40 | high=4
34|44 R
|

4. Flowchart

mid = (low + high) / 2

&

}

Return mid
(Found)

No | »
| low=mid+1
(search right half)

8. Pseudocode

procedure binarySearch(A, n, key)
low — 0
high — n -1
while low < high do
mid — (low + high) / 2
if Almid] = key then
return mid
else if A[mid] > key then
high < mid - 1
else
low « mid + 1
return -1

11. Advantages and Disadvantages

Advantages
Faster than linear search
(time complexity O(log n)).
Requires fewer comparisons.
Efficient for large datasets.

Widely used in real-world applications.

Disadvantages
€3 Works only on sorted data.
Serting is required if data is
unsorted (extra time).
) Not suitable for small datasets
(where linear search may be simpler).
8 Not efficient for linked lists
(due to random access limitation).

| Ollog  space fo half. _
Worst Case ol Key is at the extreme end or 12. Key Take
log n) 1o e, 12, Key aways
U by a f iabl 1r Binary Search works enly on sorted data.
’ ses only a few variables i ;
e Space Complexity o) (low, high, mid). i'v It repeatedly divides the search space into half.

1r Time complexity is O(log n}), which is much faster than Linear Search.
¥¢ It is most suitable for large, sorted datasets.
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. Definition
Indexed Sequential Search is a searching
technique that uses an index to speed up
the search process and then performs
sequential search within the appropriate
block.
The data file is divided into multiple
blocks and an index file is created that
contains key values and pointers to the
respective glocks.
First, the index is searched to find the
block where the key may be present,
and then a sequential search is
performed within that block.
It is a combination of index search
and sequential search.

O

® =

2,

1]
(2
(3
®)
5]
(6

5. Example

Suppose we have the following sorted data file
and index file:

_Indexed Sequential Search & #

Key Features

Uses an index file to reduce the
search space.

Suitable for large files stored
sequentially on secondary storage
(e.g., disk).

The index contains key values
and pointers to data blocks.
After locating the correct block
using the index, a sequential
search is performed within that
block.

Requires sorted data.

More efficient than linear search
for large datasets.

3. Working Principle

Divide the sorted data file into
fixed-size blocks.

Create an index file that stores
the first (or highest) key value
of each block along with a pointer
to that block.

Search the index file to find the
block where the given key may
be present.

Perform a sequential search
within that block to find the
element.

If the element is found, return
its position. Otherwise, return
-1 (not found).

6. Searching for a Key (Example: Key = 40) 7. Flowchart

Step 1: Search the index file

@ Find the largest key in the index

that is < 40.

@ From the index, 30 < 40, so we go

to Block B2.

TR Data File (Sorted)
Block B1 _—y

Key | Pointer _’——{ 10 [12 [ 1520 [i25”|

10 Bl Block B2

30 B2 |— 30 [82 ] 35|40 [ 4 |
Block B3

o0 B _\—-{50|55|60|65|ea|

70 B4 BlockB4
1 70 | 75 |80 | 85 | 90

9. Comparison with Other Searching Techniques

Indexed Sequential Search
Sorted with index
Search index, then

sequential search in block
O(log m + b)
(m = number of blocks,
b = size of block)

Very large datasets
(stored on disk)

Step 2: Sequential search in Block B2
@ Search 40 in Block B2: 30, 32, 35,
40, 45.
@ 40 is found at index 3 (in Block B2).
Result: Key 40 is found in Block B2

at position 3 (overall position depends
on block structure).

Is appropriate
block found?

in that block

[ Return position
| (Found)

Indexed Sequential Search combines
the advantages of indexing and
sequential search.

4. Structure
Data File (Sorted)
Index File Block B1
(Stored Sequentially) | 10 ‘ 12 | 15 | 20 | 25 |
Key | Pointer lBInck‘ B2 | | i
10 8l 2|32 |40 |
30 B2 —l_.Block B3
50 B3 _’LSO 5 [ﬂfw
70 B4 Block B4

Search key in index file |

Perform sequential searc!

/’\ NoA————
Is key found? . Return -1
e |(Not Foud)

[ex"}

10. Advantages and Disadvantages

Advantages

to implement

Faster than linear search for €3 Requires extra storage
large datasets. for index file.

Sutable for data stored on Data must be sorted.
secondary storage (disk). 3 More complex

Combines advantages of than linear search.
indexing and sequential search. E) Less efficient than binary

search for small datasets.

Feature ‘ Linear Search Binary Search
Data Arrangement | Unsorted / Sorted | Sorted
Method Sei:ﬁ;‘figulgym ::?Ck Dividtie’]nn; search
(T,LTE,%EEE’SV on) O(log n)
Best Use Case Small datasets Large sorted datasets -
Advantage Simple and easy Very fast

Disadvantage Slow for large data

Requires sorted data

Efficient for large files
More complex, needs extra
index file

Q Reduces the number of comparisons.
Efficient for frequently accessed
data.

Index file needs fo be

maintained when data is

updated.

8.

I =

70‘75isoiss:9o

Pseudocode

procedure indexedSequentialSearch(key)
// Step 1: Search-in index file
find the block Bi such that
Index[i].key < key < Index[i+1].key

if

no such block found
return -1 // key not found

/1 Step 2: Sequential search in block Bi
for each element x in block Bi

return -1

11.

12

if x == key

return position of x  // found

/! key not found

Key Takeaways

Indexed Sequential Search uses an
index file to locate the correct block.

7 After finding the block, it performs
~ sequential search within that block.

» It is a combination of indexing

and sequential search.
It works only on sorted data.

4. Tt is widely used in database systems

and file handling for efficient searching
in large datasets.
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Sorting arranges the data
in a specific order
(ascending or descending).

1. What is Sorting?

@ Sorting is the process of arranging
elements of a collection in a
particular order (ascending or

descending).

o It helFs in searching, data analysis
ficient data processing.

@ Sorting improves the efficiency
of other algorithms like searching.

@ Examples: Sorting numbers,

and e

names, marks, etc.

5. Bubble Sort

@ Repeatedly compares adjacent
elements and swaps them if they
are in wrong order.

@ Largest element "bubbles” to
the end in each pass.

@ Simple but not efficient for

large data.

Example (Ascending Order)
Initia: | 5] 1428
Pass1: [1]a]2]5]8
Pass2: (1] 2]a[5]8

Pass3: (11| 2[4]5]8
Time Complexity: O(n?)
Space Complexity: O(1)

2. Types of Sorting Techniques

v v o If elements are in wrong order,
1. Comparison 2. Non-Comparison _ 3. Internal vs swap or rearrange them.
Based Sorting | Based Sorting External Sorting @ Repeat the process until the
entire list is sorted.

Elements are compared
with each other to
determine the order.

Bubble Sort
Selection Sort
Insertion Sort
Merge Sort
Quick Sort
Heap Sort

6. Selection Sort
@ Finds the smallest element
from the unsorted part and
swaps it with the first element.
@ Repeats the process for the
remaining elements,
@ Simple to implement, but
not efficient for large data.
Example (Ascending Order)
Initial: | 64|25 12|22 11|
Pass1: [11] 2512 [22[ 64
Pass 2: | 11 [12 | 25 | 22 [ 64
Pass 3: | 11 |12 [22 [ 25 64 |

Pass 4: |11 |12 | 22| 25 64

Time Complexity: O(n?)
Space Complexity: O(1)

L BN

, 11. Comparison of Sorting Techniques

_ Algorithm | Basic Idea

~ Bubble Sort | Compare adjacent elements
Selection Sort | Select minimum element
Tnsertion Sort | Insert elements at carrect position |
Merge Sort | Divide, sort and merge
Quick Sort | Partition using pivat
Heap Sort | Use binary heap
Counting Sort | Count and place elements
Radix Sort | Sort digit by digit
Bucket Sort | Distribute inta buckets

[ Sorting Techniques J
v

distribution instead of

Uses counting or

@ Internal Sorting:
Used when entire

_ Sorting Techniques & (-

3. General Steps in Sorting

Compare elements according
to arule (e.g., < or»).

Final output is a sorted list
in ascending or descending

4.

Used in database systems, file organization,

Helpful in data analysis and statistics.

@ Ascending Order (Small - Large)
@ Descending Order (Large —+ Small)

Applications of Sorting

Makes searching faster (e.g., Binary Search).

e |

S

Used in graphics, machine learning, and ui

direct comparison. gnfrﬁjri;s(gi.ﬁrln\:)i? iR information retrieval.
: Eﬁj?;‘g%,ﬁ"” o3 Emef‘“ﬂ;?;s Example 34|125] 7 |23 Essential for efficient data management @
@ Bucket Sort too large to fit in Unsorted Array: : I in real-world applications.
main memery ' »
(stored in files on disk). Sorted (Ascending): |l 12 23 | 34 | 56
7. Insertion Sort 8. Merge Sort 9. Quick Sort 10. Heap Sort

@ Builds a sorted list by inserting
each element into its correct
position.

@ Works like sorting playing cards
in hand.

@ Efficient for small datasets
and nearly sorted data.

Example (Ascending Order)

Initial: {12[11[13] 5 | 6
Pass1: [11]12[13] 5 |6
Pass2: [ 1112 [13] 5[ 6
Pass3: [ 5 |11 [12]13] 6
Pass4: | 5 | 6 |11 [12 13

Time Complexity: O(n?)
Space Complexity: O(1)

[ Best Case | Average Cose | Worst Case | Space Complexity | Stable |  Tn-Place
Q(n) o(n?) 0(n?) of1) Yes Yes

0 0n?) o) o) L") Yes
o(n) o(n?) o(n?) of1) Yes Yes
O(n log n) Q(n log n) Ofn log n) 0o(n) | Yes No

' Ofn log n) Ofn log n) Q(n?) Oflog n) | N Yes

' Ofnlogn)  O(n log n) O(n log n) o(1) N Yes
Ofn + k) QOfn + k) Ofn + k) Ofn+k) | Yes No
O(nk) | Of(nk) O(nk) O(n + k) | Yes No
O(n + k) Qln + k) a(n?) Ofn + k) No No

@ Divide and conquer algorithm.

@ Divide the array into two halves,
sort them recursively and merge
the sorted halves.

Stable and efficient for large
datasets.

Working Steps

[38]27[43]3 5 [e2]10]
I

(s8] 27 ]

3|9 |82]10

EET EhRN
Merge
[3] 5 [10]27]38]43]82]|

Time Complexity: O(n log n)
Space Complexity: O(n)

]
Advantages
Helps in fast searching.
Organizes data in a meaningful way.
Tmproves efficiency of mary algarithms.
Useful in databases, file systems
and real-werld applications.

Different technigues available
for different types of data.

12. Advantages and Disadvantage:

@ Divide and conquer algorithm.

@ Selects a pivot element, partitions
the array into smaller parts.

@ Recursively sorts the subarrays.

@ Very efficient on average, but
worst case can be O(nz?.

@ In-place sorting (requires less
exfra memory)
Example (Pivot = last element)

Tritial: | 10 803090 40 50 |

Pivot = 50

Left (< 50) Right (> 50)
[10]30]40 | 8090 |
Quick Sort Quick Sort

y Sorted: }

103020 | 50 [ 8030
Time Complexity: Best/Average: O(n log n)
. Worst Case: 0(n?)
Space Complexity: O(log n)
13.
Dis
Some sorting algorithms
are fime-consuming
(e.g., O(n1).
May require extra memary
(e.q.. Merge Sort, Counting Sort).
) Not all algorithms are stable.
Performance varies based
on input size and data type.
Complex to implement for
large datasets.

@ Uses a binary heap (usually
max-heap) fo sort elements.

@ Builds o heap from the array.

@ Repeatedly extracts the maximum
element and places it at the end.

@ Efficient and in-place sorting.

Max Heap (Tree Representation)

@
®® 6

Sorted Amay i e
10i20!25|30!35_40 50 |
Time Complexity: O(n leg n)
Space Complexity: O(1)

Key Takeaways
Sorting arranges data in a specific
order {ascending or descending).
There are comparison-based and
non-comparison-based techniques.
Choice n? algorithm depends on data
size, memory, and application.
Merge Sort and Quick Sort are efficient
for large datasets.
Counting Sort, Radix Sort and Bucket Sort
are useful for special cases (integers).
Each algorithm has its own advantages
and limitations.



1. Definition

2. Working Principle

Bubble Sort

3. Example (Ascending Order)

L —
@ Bubble Sort repeatedly compares
adjacent elements and swaps them

if they are in the wrong order.

4. Pseudocode

=

@ Bubble Sort is a simple Compare the first two adjacent [ e = [ = procedure bubbleSort(A, n)
clompnr}":'sonfbased sorting elempen‘rs. 4 Initial Array : | 5 | ' | HhEtiyee foriz=0ton-2
algorithm. y . . ) e . forj=0ton-i-2
o Tf repeatedly compares ) Fouiierisherio e Pass1: (154286 10swp if A[j] > ALj + 1] then
adjacent elements and than the second, swap them. e | :.o.ngeira swap(ALj], ALj + 1)
swaps them if they are in 9 Move to the next pair of adjacent 1 | 4 | §,\| 2 | 8| (5>4)Swap ei:a"flnm end if
the wrong order. elements and repeat the step. 142 | 5|8 (5>2)Swap position, end for
@ After each pass, the largest o Continue this process till the end P i end for
eledmefntrl;‘bubbles" to the of the array. The largest element 1425 8 (58 NoSwap end procedure
endiot;the.arrdy. will be at the last position. —~
@ It continues this process I 1 5. Flowchart
for (n — 1) passes or until B Repeat the above process for Pass2: 1 | 1\| 2|5 |8 (4>2)Swap ' (st )
the array is sorted, the remaining (n — 1) elements. 12 J 4 l 5| 8 | (4<5)NoSwap
@ Itisastable and in-place o Stop when no swaps are required S ——» foriz0tn-2. @ +——
sorting algorithm, but not (ie., the array is already sorted). ~ Pass3: 1|2 | 4| 5] 8 ‘ No Swap ¥
efficient for large datasets. - — (Array is sorted) forj=Oton-i-2
4 2 /’*\. i
6. Example (Descending Order) a3 7. C Prog 8. Ti d Space Complexi T AL AT o P
A ng A ram 8. Time and Spac plexity Alj) and Afj+1]
Initial Array © | 3 6 ‘ 2 \L 8 1 ‘ #include <stdia.h> Case [Time Complex | 7E Il B
i 5 void bubbleSort(int arr[], int n) { Array is already [
. £ for (int 1 =8; i < n-1; i++) { Best Case Oln) sorted (no swaps).
PagsiLs [ 5 | i 2] Gl zml o (At 5 =8, Jeen=d-15 Joyi| | Comparisons and | 7
68 32 1| (38)Swp is af lost & (a:"_'[?w;;""[] + 1D { Average Case o(n?) M ereditred 10. Advantages and Disadvantages
6|83 2|1 @r2Noswp [fnrp:::mding, int temereanil il sttt o) | Atrayissertedin Jjcduantages Dt
el arr[§] = arr(§ + 115 reverse order. M Easy to implement. Titne complexity is O(n?)
we ploce E . asy p (%]
6| 8|3 2 1 (2>1)NoSwap snallestohend) are(j + 1] = temp; . g (slow for large datasets).
: ;e Space Complexity : O(1) Simple and intuitive. Not suitable for large
Y : ) } (In-place sorting, no extra memory required) Stable sarting dlgorithm. datasets.
Pass2: 8 (6|3 2|1 (6¢8)5 > " . Performs many unnecessary
‘ | | (6 < 8) Swap P = In-place sorting (O(1) e comparisons and swaps.
: 9. Characteristics space) 2
8 | 63|21 (6>3)NoSwap int arr[] = {5, 1, 4, 2, 8}; s pace) n Less efficient compared to
| 35 2) No S int n = sizeof(arr) / sizeof(arr[@]); | @ Simple and easy to understand. Works well for small other sorting algorithms
8 | 6 | 3/ 2 1 (3>2)NoSwap bubbleSort{arr, n); @ Stable sorting algorithm (maintains relative order datasets. (Quick Sart, Merge Sert).
printf( "S?rted array (Ascending): "); of e.quul elements).
s+ [ 5w o s o Inpbte ot s ot g, 1. Key Takeaways
I return 6; @ Does not require extra data structures. ¥ Bubble Sort compares adjacent elements and swaps them
" [ } @ Inefficient for large datasets. if they are in the wrong order _ r
Sorted Array (Descending): [ 8 ‘ 6 l 3 21 @ Mainly used for small datasets or educational Affer:each pass, the lorgest lement oves to it carreat pasiion.

purposes.

Time complexity is O(n?).
i Itisastable and in-place sorting algorithm.
¢ Useful for small datasets and easy to understand.
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position.

1. Definition 2. Working Principle
@ Selection Sort is a simple o Start from the first element
comparison-based sorting and assume it is the minimum,

algorithm. T
@ Tt repeatedly finds the smallest a &oﬁfﬁi;#g&hpﬁ.: fements
element from the unsorted .

faf th dol i¥ If a smaller element is found,
fl?rthszeg?nan:;?./ R a update the index of minimum

@ The array is divided into two 4 e ;
parts: a sorted part and an After comparing all elements,
unsorted part. swap the minimum element

with the first element.

Move to the next position and
repeat the process for the

@ Tt performs (n — 1) passes to
sort an array of n elements.

@ Itisanin-place sorting remaining elements.
algorithm but not stable by o Continue until the entire
default. array is sorted.

5. Example in Detail 6. Pseudocode

Initial Array : 64 25 12 22 | 11 procedure selectionSort(A, n)

fori=0ton-2

Pass 1 (i = 0): Find minimum in 64, 25, 12, 22, 11 min ="
i N ¥ forj=i+1lton-1
i 25 | 12| 22 [ e V% Seluimin A j_A{mfn] then
df
Pass 2 (i = 1): Find minimum in 25, 12, 22, 64 i e s
I e e R swap(A[i], A[min])
|12 | 25 | 22 | 64 swap with 25) end if
end for
Pass 3 (i = 2): Find minimum in 25, 22, 64 end procedure

_(Min = 22,

i
|12 |22 |25 64| -0 nie

Pass 4 (i = 3): Find minimum in 25, 64

1 |12 |22 [ 25 | 64 | - (Already sorted)

3. Example (Ascending Order)
Initial Array © | 64 25 12 22 | 11

e, Smallest
| it 11
Pass1: 11 ‘ 25 | 12 |22 |68 | e
- - = - 2 : with 64
- : . . e Smallest
Pass2: 11 ‘ 12 | 25 | 22 | o4 | . clement1z
& i i is swapped
with 25 .
<“‘\
' " Smallest S
Pass3: | 11 | 12 | 22 | 25 | 64 | . clement22
L 1 1 is swapped
with 25
. Already sorted
Pass4: | 1t | 12 | 22 | BN |
7. C Program 8. Time and Space Complexity
#include <stdio.h> Case ] Time Complexity
void selectmnSurt(lnt arr[], int n) { A
(int i =9; i<n-1; i++) { Best Case o(n?)
int min = i;
for (int j=1+1; j <n; jee) { 2z
if (arr[i] < arr[min]) { Qs | o)
min = J;
} Worst Case o(n*)
]"F (mi i) {
i min != i =
int temp = arr[i]; Space Complexity : O(1)
arr[i] = arr[min]; (In-place sorting, no extra memory required)
arr[min] = temp;
}
d } 9. Characteristics
int main() { ‘ impl o impl i+
int arr[] = {64, 25, 12, 22, 11}; e Slmpeand@ orrn-p e
int n = sizeof(arr) / sizeof(arr[e]); @ In-place sortingalgorithm.
SEIEC;éOHEOWSBPPx "){; ’ 5 @ Not stable (by default).
rintf("Sorted array (Ascending): “);
?o,. Ciokid =y <yn; 134 & @ Performs exactly (n — 1) passes. |
printf("%d ", arr[i]); @ Number of comparisons:
return @; ﬂ(l’l -1/2
} @ Suitable for small datasets.
@ Not efficient for large datasets.

S 3 = — &
Selection Sort repeatedly f ° ) a
Selection Sort

and places it at the correct s o

In each pass, the smallest element
from the unsorted part is selected
and swapped with the first element
of that part.

4. Flowchart

forizOton-2

—» forj=zi+lfon-1

min=i

¥

3

T Ves |
Ts A[j] < Almin] ? =% min= j

~ e

L—— Swap A[i] and A[min]

10. Advantages and

SR<]<]<]

g, ==

[

Disadvantages
Advantages

Simple and easy to understand.
In-place sorting (O(1) space).
Censistent performance
(O(n?) in alrcases).

Useful for small datasets.

Disadvantages
Time complexity is O(n®)
(slow for large datasets).
Not stable (by default).
Performs more comparisons
than some other algorithms
(like Merge Sort).
Not suitable for large datasets.

. Key Takeaways

- Selection Sort selects the smallest element

and ploces it at the correct position.

It divides the array into sorted and unsorted parts,
It is an in-place sorting algorithm.

Time complexity is O(n%),

It is easy to implement and understand.

Useful for small detasets and educational purposes.



Insertion Sort builds a sorted
array one element at a time
by inserting each element into
its correct position.

£

\

&

= In each step, the current element

is compared with the elements in
the sorted part and shifted fo its

_Insertion Sort @

correct position.

1. Definition 2. Working Principle 3. Example (Ascending Order) 4. Flowchart
@ Insertion Sort is a simple Start with the second element Tnitial Arrdy s
: ) . : y: |12 1| 13| 5 [ 6 Start
comparison-based sorting (from index 1) and consider the
uEgorl_fhm. first element as a sorted part. Pass 1 K w " g 11 <12 :
@ Tt builds the final sorted array a Pick the current element (key) G=1) 101l |13 |5 [ e Shift 12 right —» foriz=1ton-1
one element at a time by from the unsorted part. Key = 11 and insert 11 ¥
inserting each element into its : Ky~ Al
correct position. B Compare the key with elements 13> 12 ey = Alf]
O in the sorfed part (from right Pass 2 1 [F= e s S e j=i-1
@ The array is divided into two to left), (=2 - ?0 Sh!fT:;\)Q .3
parts: p Key = 13 % require .
@ Sorted part (left side) o f,:"ﬁ fel':en'l](en’ri that areSig;'e.afer' 2 ‘ e “a\.\ Yes
@ Unsorted par‘? (I"lghf Side) ﬂhgzd e Key To one posiTion 11 12 13 75 6 . 5 < 13 - shift </ :[:1]]23‘ kan? ;._
@ At each sfep, an element from : L% ; Pass 3 n 12 13 13 6 5 < 12 — shift g ff,'/
the unsorted part is taken and B I“S.e,:f e (i=3) n |12 12| 13| 6| (Betroshit No l
inserted into its correct position ROSHORR Key = 5 : 250 e s AF} =17 = ke
in the sorted part Repeat th forall 1 |s 12| LS e T Y
e iitin | OIS 4 e eree ; ml
@ It isan in-place sorting algorithm elements until the entire array ~  AVEE - j=i-
and stable by default. is sorted. Pass 4 i[5 | =2 [ 9 | : : g # :::2
i=4 BBl :
IEI‘e'y:)f; | 5| 6 | 11 |12 W3 | (@<HEshift
Insert 6
5. Example in Detail 6. Pseudocode 7. CP 8. Time and lexi 10. Advantages and
rogram !
a | [ RE | I I f . #include <stdio.h> Case | Time Complexity Dlsadvanfages
Initial Array : 12 11 13 5\ || 6t procedure insertionSort(A, n) ) Advantages
| 4 BN\ fori=1ton-1 void inse!-tim?ﬁ:rt(m_t arr[]: int n) { Best C O(n Simple to understand
Pass 1: Insert 11 into sorted part key = A[i] for (int i =1; i <nj ine) ( st LUSe " (Already sorted array) undpimplemeni.
g " y " iar-1 utiiey arrFl]; o) In-place sorting (O(1) space).
1211135 | ¢ |— 11|12|13|5 ‘ 6 ot : gty g e Average Case (n Stable algorithm,
| | ! ! while j = 0 and A[j] > key do while (% »= 0 8k a.—.—[;[;]{ key) { B O_(nz) Efficient for small
ALj + 1] = A[j arc[d #73) = arr[3); Worst € d nearly sorted datasets.
Pass 2: Insert 13 info sorted part ; Li ;_ 1 (1] | OrsTEeSE | (Reverse sorted arrcy) Werds wel in enlin algorithme
I i T d whil A s Space Complexity : O(1) (data arrives sequentially).
2 ! L B 2 [1_3 | s ir;: :_v;]e_ fea } PR e (In-place sorting, no extra memory required) Disadvantages
. J = key } @ Time complexity is O(n?)
Pass 3: Insert 5 into sorted part end for oo 9 Characteristics (slow for large datasets).
T end procedure int wain() B Not suitable for large datasets.
112 | 1305 6 —» 11 |5 12|13 6 i:t :rztsllz; {ﬂ]é;p)n,’ﬂlil)d?;rfgép- ® Simple and easy fo implement. @ Requires many comparisons
= e il n);‘ e gr;—ﬁ;tluce s:r?mglnlgotr:hm. and shifts.
: i ~ ; intf(" i "y @ Stable sorting algorithm
Pass‘ll. ].Inse,r'f 6 info sorted part g Mote:The firet alomant s \Erointgr‘tsﬁrt!ec;;a'ira:“n; )iu) (maintains rg|:g‘vegrdarof equalelements). 11, Key Takeaways
11| 5|12 (13| 6 —» 5|6 |11 |1213 always in the sorted part, so printf("kd ", arr[i]); @ izﬁc*;’f”'gor Sfmﬂ" dﬂ“llf:r- " % Builds asorfed arruy by inserting each element. |
. . . : d return @; @ Adaptive (pertorms well when array % Compares and shifts elements from right to left.
; we start from index 1. } is particlly sorfed). - Stable and in-place dlgorithn
Final Sorted Array : = 5 | 6 | 11 | 12 |13 @ Not efficient for large datasets. Time: complexity: O{n) (except best case Ofn)).

% Useful for small and partially sorted datasets.



