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Chapter 1: Introduction to DSA

@ curious _ programmer

What is Data Structure ?

A data structure is a way to store and organize data in a
Compu+e,r so that i can be used eFFicienilg. Different data
structures are desiﬁned for different kinds of data operations

to make data processing more ettective.

@ 2|s|8|lo]4a(>5 l > —>|l>l——- >

Arraﬂ Stack. ot Queue
Stack.

What is Algorithm 7

An cxl.gorljrhm is a finite sequence of well-defined 5+ePS to solve
a specific probiem. It is like a recipe that defines the exact steps

in a parﬁcular order.

(Start) & A step-by-step procedure
to solve a problem.

h 4

Stepd | —>

¥
~ Step 2

Yes

_Step 3

Properties of Algorithms

¥ 1.Finiteness : Must terminate after a finite number of S+€PS.
v 2 Definiteness: S’reps must be Precise\g defined and unambi.guous.

v 3. Input Output: Take zero or more inputs, produce at least one output.




Whﬁ DSA is important?
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v Efficient Problem Solving:

DSA provides tools to solve Prc:blems eFFicienHH b}j choosing
the right data structure and algorithm.

v Optimal Resource Usage: Helps use memory and time
effectively bﬁ ensuring minimal resource consumption .

v Coding Interviews & Compe’ci’cions: Crucial for codina interviews

and programming contests as knowledge of DSA is essential for
Jrackling c‘ncdlenging problems.

Types of Data Structures

¥ Linear : Linear data structures organize data in a sequential
manner where each element is adjacent to the previous one.

1]s5[3][7]s]el—= |l
7 Array Queue

¥ Non-Linear: Non-linear data structures organize data

hierarchically, connecting elements in a more complex, branching
manner .

o —

Binar:j Tree

v Abstract Data Types (ADT)
ADTs are defined by their operations, not by their implementation.

Examples include :




Time & Space Complexity
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v Why complexity analysis?

 Evaluate Efficiencgz Comple.xﬁg arml}jsis helps in measuring
an alaori+hm'5 e‘?ﬁcienctj b\lj eva\uahng its running time (Time
Complexi+5} and memory usage (Space Compie:‘cﬂ'ﬁ).

v Compare A|90ri’thms: He\PS in comparing ditterent algori{'hms
to choose the most optimal one for a given problem .

v Scuiabili’cgz Ensures that our algorijrhm can bandle large inputs
eﬁzicienﬂﬂ without degrading performance.

Best, Average & Worst Case

Algorﬁhms are evaluated based on their performance in different
scenarios:

Sl 3 B 5 e > - O(n)
— Target =1 Minimum time

v Best Case —_

122345677—}\Q(n)__ _
Target = 1 Minimum time

v Average Case ———————_

Bl 7 Sl s E—> — oMm) ,
Target = 6 Expected time

v Worst Case — \

[a]e][7[s8]e]ao[13[13}> ~ O |
Target = 13 Maximum time




Big-0O, Big-Q, Big-©
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v Why complexity analysis?

T Big_o _v’ UPPer Bound f(n) < O(g(ﬂ)
‘II BlS“Q v Lower Bound ZF("") = Q(g(ﬂ)
T ‘B‘lg_@ v Tight Bound F(n) = O(gn)

These notations provide a measure of the time complexity
of an algori{'hm in relation to the input size.

Space Complexity

v What is Space Complexity?

Space C.C)mp'lexuirfj measures the amount of memory an
GlSD’I’lJrhm uses dunng its execution.

InPu‘l: Size /\ ‘

‘] E % ——3 Minimum time

,-ﬁ,_ o e e e

e
-t

Aux. S]::ace

OthPu']: Space

These no‘rahons Prowcle a
measure ot the time complexit

of an algerithm in relation to the
input size .

Space Complexity
v What is Space Complexity?

Space Complexﬁﬁ'. measures the amount of memory an
a13c>ri’rhm uses during its execution.

Input Size: Memory needed to store the inputs.

P Y P

@ Aux. Space: (Aux.) Space: Extra memory needed apart
& Output Space: Memory used o store the output data.




Complexifg of Common Loops & Recursion
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v Complexihj of Loops:

v Lineaf_ .,LD_OE_? =

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

{ —> O(n)

v Nested Loopi

for (int i = 0O; i <n; i++)
tor Lint=).= 0O, j=n; j+t) —> O(n?)
foass

}

v Logari’thmic LooP:

\‘For (inti=1;i<n; i+=2") J—bO(logﬂ)

fo—

Cc:rnplfzat)ci’c't\.’w E-F Recfgrsion

Algjori{:hms are evaluated based on their Per‘Formance, in different

scenarios:

v Linear Recursion

void recurse(int n)
it (n=0) retumn;

recurse(n -1):

}

|}

w"ﬁ -Bli:'\.arg (Exponen'l:ial) Recursion

void recurse(int n)
if (n <0) return;
recurse(n-1);

}

(=]




Chapter 2: Arrays
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2.1 Intrroduction to Arrays

v An array is a collection of elements of the same data type,
stored in contiguous memory locations. It is a data

structure that stores elements in a Sequenﬁal manner.

e (R R R | T
S

O 1 2 i
Index

\,r-h\o

v Characteristics of Arrays

(v Fixed Size -_] The size of an array is defined at the
time of declaration and does not change.

& Homogeneous Eler:\;nts All elements in an array are
ot the same data type .

(v Contiguous (S“;acluen’cic_ds_ﬁemorg L;)cationa Elements are

stored in adjacent memory locations, allowing constant time
access.

'Prope.r{ies of Arrays

« Constant Time Access — O(1): Direct access to any
element using its index.

v Easy Traversal: Simple to loop through all the elements

using a for loop.

v Effective Data Storage: Useful for storing multiple values
of the same type.




4231 Arrous
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2.2 1D Arrays

v A1D array (or one-dimensional arrag) is a linear data
structure that stores a collection of elements of the same

data type in a single, contiguous block of memory

v Each element in a 1D array is accessed using an index,
which represents the element's position.

Lo _arr ] /}/arr[Z] = 24

1 2 8 24 5 17 30 (ACCESSE-CI Elemerlt}
Ol if? |30 45

Index >

v Declaration & Initialization

int arr[5]; Declares an integer array of size 5

without inii’ia\izina elements.

|Example: I int arr[5] ={3,7, 1, 9, 5}; declares an integer

array of size 5 and initializes it with the values
A 1,895

Memory Representation

v The integer array is stored in a contiguous block of memory.
Each element takes 4 bees ot memory (assuming 4 bﬂi‘es for int).

Address
\ Contiguous Memorld Locations

MMEm - om B

201 204 208 208 212 212
e 4 Bytes

e Me:morH




2.2 2D Acrays
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2.2 2D Arrays

v A 2D array (or two-dimensional array) is a collection of

elements arranged in rows and columns, forming a matrix-
like structure.

v It allows Sforing data in a tabular format, with elements

accessible using a pair of indices (row index and column index) .

T
Flw Zuﬁatrix[,?][] =10
(@] 1 2

= " (Accessed element )
Row fOCEEEE2] = | 4
Index| O =) 6 e 8 |— @Row Index
@) 9 |10 | 11 | 12 |—> @Column Index

L I

Row Index

v Declaration & Initialization

int matrix[3][4]; Declares a 3x4 integer array
without initializing elements.
‘ Example: i int matrix[3]1[4] ={1, 2, 3,4},
{53 6’ 7’ 8}’ {9, 10, 11? 12};
Declares a 3x4 integer array initialized with the given values.

Memory Representation

v The 2D array is stored in row-major order, where rows are stored
in contiguous memory locations.

- Memory Address —> R_C)LU—MG}]OI" Order ===y

1 ok > 5 S i) 1=t 4 o e
ETAEE S o= 20
Memory Address




2.4 Array Operations
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24.1 Insertion

Insertion in 1D Arrays

v Array insertion involves adding a new element to a specific
Y 9 B

position within an array.

v This shifts the subsequent elements one position to the rig‘nt

to make space for the new element.

§__te_ﬂp_‘l__: Find the position to insert at l Ircert 25t index.2 '

S’ceE 3: Insert the new element at the found position

3L 3 \
arr:| 5 |10 | 30 | 40 | 50 |—| 50 |
O T Fioas o = 4
Position 2

S‘tep 2: Shift elements to the righ’c
\;:_H___F]”._._.__‘;_IF._———-I'-'———-_‘;———-— .l— —..;y

arr:[05 [10 @0 [ 25| =0 [Seilsl— [ ]
O 1 > 3 4 5

(25 EBEal 10 Bl 20 | 40 [S5o IS8
5l M e il e R P

Properti es of Insertion

v Time Complexity —> O (n): In the worst case, all elements may
need to be shifted, making it linear time.

v Insertion at the end: O(1) if there's space, as no shifting
needed.

v Full Array: Insertion is not possible when the array is full and

has no space for more elements.




2.4 Array Operations
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2.4.2 Deletion

Deletion in 1D Arrays

v Arranj deletion involves removing an existing element from
a speciﬂc: position within an array.

v To fill the gap, the E.ubsequen’c elements are shifted one
position to the left.

%E?_li Find the Posi‘cion to insert at l Delete element at \

i \ndex 2
\;:r_‘_:if,_.__?!,___-;'; -:I é‘j
arr: [ = 1S S0 30 1840 I"—'}l:ISO
[P e e o
Position 2

Step 2: Shift elements to the left

ey R v v
arr: l 5 15 |30 | 20 |40+ 40 l > E:______*jl
P o e e e W O B

_‘é{_:ep 3: Fill the last position with a default value (optional)

25 [ s. T35 =67 40 FAS =56 | i#vo
l Y I [ Tt |.__:-“;. T e I. 5_\ as default value

Properties of Deletion

v Time Complexity => O(n): In the worst case, all elements after
the deleted position must be shifted.

v Deletion from the end: O(1) if no default value is needed, as no
shifting is required.

v Multiple Deletions: Multiple deletions may cause fragmentation,
\eauing empty slots in the array.




2.5 Problems on Arrays
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2472 Dele’cion_

Deletion in 1D Afy‘_qgf__%_

v Arra&j deletion involves removing an exisﬂng element

from a Specjﬁc position within an array,.

v To fill the gap, the subsequent elements are shifted one position
to the left.

m Find the position to delete at Deoletordernenivat
G- el > v / |nde-_x 2

arr:

= 15 =364 30 |"406)
T I P i [ | [
Position 2

StEE 2: Shift elements to the left

B | 2 L Saleeanl S0 k] 40| —>
U5 ) il L o e i (S st e o Wz = a7 o

Step 3: Merge Two Sorted Arrays

5 | 15 [=2o Aol 4] 4o [[aoslEer] « |
o T O e = = R 5
A

25 "' " H\as 130 140 19 L2112 | /0

as detault value

Tips for Solving Array Problems
v Plan your approach before c:od'ung to understand the Prc:b\em dear‘llj.

v Consider edge cases, like an empty array or arrays with very large
or very small values.

v Multiple Deletions: Multiple deletions may cause ’Fragmenta’cion '
leaving emp‘ka siots in the array.




Chapter 3: Linked List
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v 3.1 Introduction

A Linked List is a data structure used for storing a
sequence of elements. Unlike arrays, linked lists consist of
nodes where each node contains a value (or a pointer (or
reference) to the next node in the sequence.

Head
k*1 > 2 |=>| 3 -—:'r—a-l4 |

ek (YOS o] _a
© Value (data) @ Pointer (Next node) <~

i

!
s

v Dgnamic Size: Linked lists can ecnsilﬂ grow and shrink in
size, making them suitable for applications where the number

of elements is unknown or var}jing.

v Efficient Insertions/Deletions: Elements can be eas’nlg
inserted or removed without the need to shift other elements,
unlike arrays.

Head
k* 1 %—r\Z = S>> ===

%
Lol 2L DU SN L2
O Value (data) & Pointer (Next node) €~

v Dsnamic Size: Linked lists can ea5il5 grow and shrink in
size, making them suitable for applications where the number
of elements is unknown or varying.

v Efficient Insertions/Deletions: Elements can be easily inserted
or removed without the need to shift other elements,
unlike arrays.




Singly Linked List
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v What is a Singlﬁ Linked List?
A Singlgj Linked List is a data structure used for sforing a

sequence of elements where each element (node) points to the
next one through a pointer. Tt consists of a series of conneded
nodes, where each node contains a piece of data and a pointer
(reference) to the next node in the sequence.

Head

1 S -9—3'[3 = | =P | ===y
| ; 5] L

[ Value (data) B Pointer (Next node) €=~

v Each node consists of two parts:
e Data/Value: Holds the actual value (e.g, 10)

o Pointer: Stores the memory address of the next node.

v Unidirectional: Tt on'|5 allows traversal in one direction
(from head to the last node).

v Memorg Efficient: Nodes are d}ﬂnamicauﬂ created and

memory is allocated as needed.

v Head Pointer: The list starts with a special pointer called
"Head" that points to the first node in the list.

How to create a new node ? Node is created
d\jnamir_all}j
)
!
10 | Data N |—>| Pointer (Next) |—>| 1 ||| 1
¥

Data/NValue (10)




Doubly Linked List
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¥ What is a Doublﬂ Linked List?
A Doublg Linked List is a data structure used for SJtOTina a

sequence of elements where each element (node) is connected to
both its previous and next nodes *rhrough two Poir\’cers.

Head Tail
>‘> Prev| 1 —|Data| 2 -—?‘Da’m 32 —=|Next | 4 4&-2-.,“
NULL T S 5 T SO WE ey -7

v Each node consists ot three Par'rsi

e Prev Pointer: Stores the memory address of the previous node.

e Data/Value: Holds the actual value (e.g,20)

v Next Pointer: Stores the memory address of the next node.

¥ Bidirectional : Supports traversal in both forward and backward
directions.

+ More M.emorﬂ: Qequires extra memory for storing the previous
pointer, unlike sing'.fj linked lists.

v Head & Tail Pointers: The list has two special pointers:
o Head peints to the first node.
e Tail Poirﬁs to the last node.

How to create a new node? Node is created
d‘ljnamir.‘.o.\lfj

: y

Prev| 2 9 \—: Data | 20 |—=| Next Pointer 2 |14 [—5
e 4 +

Prev Pointer (10) Data/Nalue (20) Next Pointer

(Points to 27) (Points to 2)




Circular Linked List
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¢ What is a Circular Linked List?

A Circular Linked List is a data structure used for s*:oring a

sequence of elements where each element (node) is connected to

both its previous and next nodes ‘thrﬂugh two pointers.
Head

Back to the
\ig ~—> First Node ~~_
/-—| Prev| 1 ‘—‘:!-lgﬂtﬂ 2 | Data| 3 |—)>--\ )
(3 ] ,J'
B e i e o ~” S NULL =~

v Forms a Circle: The last node points back to the first node.
¥ No NULL Value: Unlike linear linked lists, there is no NULL pointer

in a circular linked list because it forms a continuous loop.

« Can be Sinﬂlg or Doubl.tj Linked:

° 5]1‘15'13 Circular: Each node points to the next node, and the last
node points back to the first node.

v Doublg Circular: Each node points to both the next and previous
nodes, and the last nede points back to the first node.

v Head Pointer: Points to the first node in the list.

¢ How to create a new node ?

Node is created
_____ dﬁnamim\lﬂ

- S 4
/" \\
‘Prev 2ol 1. 1> Data,. | 20 32 | Next | 4 4 H—=
: 4 ¥ 4 1T
Prev Pointer (10) =& Data/Value (20) Next Pointer (3)
;_/f—-:r,,, ————————————— :_—‘-—‘-\'ﬂ‘
L z e
>|Prev| 1 | =>| 2 |>{Data | 20 SheiNext | 4 | 4 |>
—— /}\H‘ "J__PY

—— —
— — —_—
e —— e e s S S — ——

Singlg Circular: List




Thnsertion in Linked List
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v How to insert an element into a Linked List ?

Inser‘cincj an element into a Linked List involves cr"e,a’tina a new
node and adjus’cing pointers to link it corred:lg. There are three

COMMmon OPE.F ations:

1. _Inser"c at the Beginnine : Add a new node as the first node
of the linked list.

2. Insert at the End.: Add a new node at the last node of the linked list.

3. Tnsert at a Given Position: Add a new node at a Speci?ic position
in the linked list.

1. Insert at the Beginning:

> Head[10{—>{ 1 [ 2 3 = Next| 4 NULL
HE—ﬂd l"'-,___ __'_..;’

-
— —
T . e s s o s S — o —

—> Head | 1 24 2 |Ea] Next |INULL = NULL

-
—— -
T p— — e

3. Insert at a Given Position:

Node is created

T d\tjrmmmaﬂa
>|Head[10 | > ]|>[1] 2 | 3 | 3|Net|nuLL b= nulL
II“'H—--——-_._._.__L_‘“""-- P

— —_‘-‘-—————rr——————___‘.—..—--——"--.‘-‘-

o Trmmiemnny
{ i —————_
a1} w2
Head | 1 —> | 2 10 3 =3 | — i NnulL
\--.____ __.—ﬂﬁ ,
__________________________ L‘Tcu\

=>|Head| 1 | =2 | |25 |—>| 2 |— |NULL —=

S]ngl\:} Circular : List




Deletion in Linked List —~
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+ How to delete an element from a Linked List ?

Inser{ing an element into a Linked List involves adjushng pom{ere.

to b}jpass the node to be deleted. There are three common
operaﬁonsr

1. Delete from the Begihhing: Remove the first node of the linked list.
2. Delete from the End: Remove the last node of the linked |ist.

3. Delete at a Given Position: Remove a node from a speciac position
in the linked list.

1. Delete from the Beginning:

~>|Head | 10}>| 20| 3 |>[Next| 3 |-= nuLL
- '__-f

Head =
Tem——> ['Deieted Node }-""

2. Delete From the End:

> Head |10 —| 20 3 —=>|Next| 3 = NULL
Head XF e

—
— . -
T e e e e . e

2. Delete at a Given Position:

_—>|Head|10}|>|20 | et| 3 | nuLL
Tail “-..._____} Deleted Node ===="" !
¥ How to delete a node?
/ R S ~
r—lkieadd 10 PLl. 1 2 L& [Nexk 3 || NULL == NuLL
\ 7 — =T

\Head 10 |>|201>|20 | 3 >|Ne<t | 4 |—= NULL

\‘\_‘__-_H -“.-‘.‘_7’
i e — -\.ﬂ"’_— ""f__‘\"-r' e "'*-F"_""--\\-_- — ——

/,rf -:H. - "‘-\N
1111l 3l Head |10 || 30 |=—>| 3 |NULL > NULL
“ £

= e

-
-
— —
——— e
— e e . e e e o T e . e S

Sing‘.gj Circular: List




Reverse Linked List
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v How to reverse a Linked List ?

Reversina a linked list means char'uﬁina the direction of the Pom‘cers
so that the last node becomes the first node, reversir\ﬂ the list order-

v Steps to Reverse a Linked List:
1. Initialize three pointers:

G: Tnitially set to NULL.
o (Currenb): Tnitially set to Head.
o ‘. Points to the node after Current.

2. Reverse pointers one bLJ one:

l Prev | 10 l“’a" 20| 30 _3"\ Next l_'::" NULL —» Heration continues...
" : _

I e s B

3. Move Prev, Current, and Next pointers one step forward.
4. Repea‘l: until Current becomes NULL:

v Example:
@[ NULL | =] 20 | =] 20> |= ~ulL
@ Prev : NULL O Current : ¥O Next Pointer
O Next : NULL + © Next »O© NULL

v Reverse List:

_>|Head| 30p3] 20 | 2|20 =} vt oo — =
Higad "= Deleted Node |
ey e e D
>[Head[20|>[20]=[20 =] 2 |=[=>[non = o
\'\-...___‘-_ 1‘.\ ‘\_h _______,.-ﬂ
Bpge Tt T e
i3 Head| 30 | |20 |>] 30| —=>| 10 |>| Nl }= o
. A

-—
— o —
T — —— —— —f—

Sinala Circular: List




_C_hap’cer 4 : Se.arc.hing
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v 4.1 Linear Search

Linear Search is a simple ﬁearching a\gor'ithm that checks each

element of a list Sequen‘tiauﬂ until the desired element is found.
Tt works with both unsorted and sorted arrays.

v Steps in Linear Search:
1. Start from the first element.
o( Prev ): Ihi{iauﬂ set to NULL.

o (Cument): Initially set to Head.

o Nex‘c ): Points to the node atter Current.

2. Reverse pointers one blj one.:
3. Move Prev, Current, and Next pointers one step forward,

4 . Repeat until Current becomes NULL :

¥ Example:

S
Head @ NULL--—= L"“"?' Reverse. l, » O Next Paointer. -~

4.1 .2 tedsliGelBel > UL -~
/

i—ﬂ ae{
O W.I VET) E.lemer\.t i S EOUI ld CLk i[ KiE'.)C 2, ! E‘tut ™ 2.

e I ——

v Example: £ = M
P [Fead| 10 |»{20] 20 [0 =] 3 |>nuwe

7 Start with the first element and compare each element with the
target (?)-

¥ When element 7 is found at index 2, return 2. r}'aegult: =) j

4 Targe{ = The value were Searching for “7”

—>[Head[20 | —=]201>]20]-- 10 |— | nun b= noe

e . e e e e e e e e s e e e e e e e e e




Linear Search
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v 4.1 Linear Search

Linear Search is a simp'le sea.rc.hing olgori’(hm that checks each
element of a list sequentially until the desired element is found.
Tt works with both unsorted and sorted arrays.

v Steps in Linear Search:

1. Start from the first element of the array (index O).

2. Compare each element with the target value.
3 1f the targe’c value matches an element, return the index of the element

4. If the target value is not found by the end of the list, return =1
(mciic:c:x’cm:a not found).

v Example:

orgnalis a2 [7Ta o s 8[6}lsnun
Qk:D\O 3 3

2 e 4 6 7
————— e —— e

Start — __.3....‘ C.c}méo.re ‘

@ Start from the first element of the array (index O),

W

@ Compare 4 with 7 — Not Found, move to next element ...

@ If the target value matches an element,

@ If the target value is not found by t'r*.e_\ Mot Feumel- 1‘)
end of the list, return — 1))

v Step 1:
@et‘@\ 4|l2]171a]l2als5]l8)6lsnuL
Q 1 2 = 4 = & 7
Step 1: Compare 4 with 7 — Not Found, move to next element. ..
B'Step 2 Compare 2 with 7. =222 C00 ~—=| Match Found !
Start at index 2.
Step 3: 7 equals 7, target found at index 2

* Target = The value were searching for “7”




Binary Search
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v 4.1 Linear Search

Bi.har'tj Search is an efficient searc'ning algorithm that checks each element
of a list sequentia.\lgj uritil the desired element is found. Tt works with

both unsorted and sorted arrays.

v Steps in Binary Search:

1. Initialize three pointers:

Dt Points to the first index of the array.
o : Points to the last index of the array.
o : ( Low + Hia'n) i P-Di.ni:s to the middle index.

2. Repeat until the target value is found, or the Low pointer exceeds the
High pointer:
2. Calculate Mid :
mid = [ Low +High) / z]‘\

4. Compare the middle element (r:l.rralj [Mid1) with the ’co.rget value :

V¥ Step 1:
QoA 2]711oT5 8] 6] >N
7

o L BRI s ot S~ S
@ Step 1: Compare 4 with 7 —> Not Found, move to next element ...

MiaD[a1 21719586 }->[Taget Found! |

O 1 2 = i = & T

@ Step 2 : Compare 2 with 7 — Search again 2.

Baaral > T il Lelaele Resultzzﬂ

O 1 2 3 4 5 =1 7

— Continue this process until the target value is found, or the search
interval is emptnj (Low = Highd.

ke lmportanti The array must be sorted for binary search to work.




Example : Binary Search
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v Example : Binary Search

B‘.narlj Search is an efficient searc.h'ma a\gorit‘nm used to find a target

value within a sorted array. It works blj repeate:d‘t&.j dividi.ﬂg the search
interval in half. {"ocusina on the middle element .

v Steps in Binary Search -

1. Initialize three pointers:
o ( Low ) : Points to the first index of the array,
o t Points to the last index of the array,

o (Mid ) = (Low + High) / 2, points to the middle index.

- EePeat until the target value is found, or the Low pointer exceeds the
High pointer :

e

@\cu\ate@‘ Mid = [Low+High) /2 = [0+7] = 3 |

v Step 1: Compare 9 with array[3]

Low | 1 . (0N b = I e o

o 1 2 =

2 |l=NuLL
“ S [ 7

Mid = 3, cn.rrcn.H[Mi.d] R Ny e S

Search right 'm:l,{? =i

s ——

@ Step 2: Compare 9 with array(S]

g o
low 112 [5][7]2 5[5 s[a]e >

(o] 1 2 3 4 5 & & & - -
Mid =5, arrag[Mid] =11 j-———mm—m———— o
@ Step 3: Compare 2 with arrayl[4] Search \left half ™,
e o N e e e - A
ow | 1 | = 5l 712 ahas] s [Elels«
O 1 2 2 S 5 & & 7 =y

Mid = 4, array[Mid] = = M T =| Target Found!

9 equals 9 at index 4

—> Continue this process until the target value _
is found, or the search interval ( Low > High).

Result : 4 |




Example: Binary Search on Answer

(@ curious__programmer

v Find the smallest divisor for which the sum of all quotients is < 7.

Arra\j of r\um.[_[—15, 29 ,56_, 55, 60]—I

v Steps in Binary Search -

1. Define the search space: Low =1, High is the maximum element of the
array.

2 Colculate the Mid value: Mid = (Low + High) / 2. Find the sum of
the qu.Dﬂen’cS b&j d’widmg each number bﬁ Mid and round'mg up.

3. Check the condition: If the sum of quotients is £ 7, narrow the search
to the left half (High = Mid).

[® Yes: narrow search to left half : (High = Mid)

@ No: search the right half : (Low = Mid +1)
4. Repeat until Low exceeds High.
The smallest divisor is the final value of Low.
v Example :
‘Numbers: (15, 21, 36,45,60]

[Low=1 ]| |High =60 | |High=60 |
@ Calculate Mid: Mid = (Low+High) /2=[30 | «—~_
/

-

(_Sum of Quotients = 1 + 1+_'_;_-!_+ Sia= Eq - ey

Sum =7 (No)
(@] Ste.p = Compare 2 with array(4)

[Number [ 1 [ 3] 5| 7|2 | |15 15|15|8] & ]

(@) 1 2 ey % = & & & 7 7

Midi= 4, array[Mid] = 9 |~-—————~= > Search

khe rightteft” [ Low = 20 +
— Sum of Quotients =1 +1 +2+24+2 =8<-—-—- [ 1.
= [ _]

* Quotient: How many times a number can be divided by the divisor
when round‘.r‘.g up to the nearest whole number

@m%inw l@ Mid_D Fb-i-nter l@ High Pointer —[




Applications of Binary Search
@ Curious__programmer

v Find the smollest divisor for which the sum of all quotients is € 7.

Array of [ [15, 21, 36, 45,607 | 7.,

v Quickly locate items in a sorted list by repeatingly dividing the \ist in half
2., Searching in infinite space:

o EFﬁc.'l.enﬂH find solutions in problems with an infinite or continuous
space; like ﬂnd’mg a threshold or optimal value.

3. Finding the peak element in an array where elements are first
increasing and then deu-easi.ng.

4. Check the condition: Tf the sum of quotients is < 7, narrow the o
to the left half (.Hig'r'n = Mid).

FB Yes: ﬁat't‘om;J.';search to left half (High = Mid)

@ No: search the right half: (Low = Mid +1)

@ Repeat until Low exceeds High. The smallest divisor is the final value.

of Low.

[Numbers: [15, 21, 36, ecﬂ

[Cow =1\ [High=60 ] [High=60)

@ Calculate Mid: Mid = (Low+High) /2 =[30] «———~_

1

-

| Sum of Quotients = 1+1+2+2+2=8 \c;;— ______

[C) Sum >7 (. N?\

© Search the right half: Low =Mid +1 > Low=20+1 >Low= 31

[Number| 15|21 | 36 | 45 | So | 45| 6o |- -- )

- Sumof Quotients =1 +1+2+2+2+2 = a-; ___________

rE;um =77 (No) j

% Quotient: How many times a number can be divided by the divisor
when rmndi.nea up to the neared whole number.

Low Pointer Mid Pointer | @ High Pointer
|.¢ | l 9 |




Chapter 5: Sorting Algorithms

@ curious__programmer

Introduction to Sorting Algorithms

SDrJting Cl.llgt_)rﬂ‘hrﬂE- are methods used to rearrange elements
® in a list or an array into a specific order (typically ascending

or descendihg). %eﬂ are tundamental in computer science for
organizing data e.FFiclenHH.

(1) Bubble Sort (2) Selection Sort

(3) Insertion Sort (4) Merge Sort

(5) Quick Sort ) (6) _Heap Sort

(6) Heap Sort (7) Counting Sort

(8) Radix Sort (8) Stability & in-place Sorting
Bubble Sort

Bubble Sort is a simple sorting algorithm that repeatedly steps
through the list, compares adjacent elements, and swaps them

if *Hweﬂ are in the wrong order. This process is repeated until the
list is sorted.

Example : [4—]?_4 |-6 3 > lSDr{EA\/

_A __A _
LS |2]4]3][3]6] 1 |—>(Sortedv”
o A | T e
T -
2 [(2]a]3][3] 1] 6 —>(Sortednv
1 Sy S —}
Stack

—> (1 helaul < BB 1 Elals]
UnkedJ Linked List Queue

List




Bubble Sort

What is Bubble Sort?

Bubble Sort is a simple. sarhn_r:j algorii’hm that repeafed\& steps
+'nrough the list, compares adjacent elements, and swaps them

if H\ea are in the wrong order. This process is repeated until the
entire list is sorted.

Bubble Sort Algorithm:

For each pass, the largest e C L |
unsorted element “bubbles up” - ¥ -‘
to the end. \ For j =0 to n_‘"'i]

(ilsersted prvoy e T el %
xes }|_ End _l

—s [a4 [ 2 [&]e] 3] 1]— Swp ifarij] >
n el — arrlj+1).

- 2. <} =4 2.1 6 1 |—> '__)mm{_s it (Jrg"ljl ~
\ \ arrj+1).

s> | 21413114 ! 6| —> Lar9e5+ element
| | A moves to end N~

Pass 2: (i=1)

—> l 21314 ]1114]6 I**—} f.'nl.uap if arrl)] >

T 7 4 o
Pass 3:(i=2)
— l 2 | 2 31 a4l & |—> E)Luup (ks arr{;ﬂ >
l :1rrlj—+ TS

Final sorted list : Ij_ S0 91 3| 414 6‘\;/

For each pass, the largest unsorted element “bubbles up” to the end.




Bubble Sort Example

Start: Start
Unsorted Arraij =4-2.6. 3. 1]

rFor j=0 to n—1 ] n=5

Pass 1: (i=0)
J=O _“2 P 4 6 3 T (- ?inc.e 4> 2,
A s Sucipechic
=1 14]l4a4]lé6|2]6|]1|—> NoSuwp
ul \u_;-i
=2 2 il & ] 1 Y —> Since 6 > 3,
T [ | Swap 6 <«—3.
== 2 1= LSl sl & | —> Largest element
T e moves to end. N
Pass 3: (i=2)
B S| 4 2|4 6_|—-—",> .fT:rm(_J.E:n ifarrljl >
> 1 21413131 116 -|——T}J Swap 6 > 3,
NN Nl A Swr,lp 6—3.

Pass 4: (i=3)

- l i L3 3 l 4 1 T |.,_,=:> ﬁwmp ifarr(jl >
R e Swap 6 «—1.

Pass 5: (i=4)
2|13[3]|4]|4]|6 |—> Swapifar(j]l >
B e

Pass 5: (i=4)
——»| 1|2 | = =

(&) |——b Sorted Arrag «

/[

Pass 5: (i=4)
1 121 21tala el v

For each pass, the '.arges’r unsorted element “bubbles up” to the end.




Selection Sort

What is Selection Sort?

Q' Selection Sort is a straighiforward sor’cmg algorithm that

repea+ed\5 selects the minimum element from the unsorted

portion of the list and swaps it with the first unsorted element.
This process is repeated until the entire list is sorted.

I For i= O to n——2|

ot gewn = e v

|&8]5]2]9]5]|— | Set min_index=i |
O e

Find Minimum

Selection Sort Algorithm:

For each pass,

|
—I:-' E.:‘:cl

Pass 2:(i=1)

| Yyes

—|2 14| 3]|3 |5 | — Set min_index=j.

Poss 3:(i=2)

—|(2|3][3]4]6 |— swapifarlji>1.
i — L

Pass 4: (i=3)

- Lz 3 214]| 6 I—-—%} Swmp ifarrlj] >.
o

Pass S: (i=4)

=1 o Fa T

Eha e s N

o f:iwmp e B e 2 b

Pass 5:(i=4) |1 213|446 |v

For each pass, the larges{ unsorted element "bubbles up" to the end .

Sorted Atray= | 1 | 2 13 |44 |6 v~




é_ele.ction Sort Example

Start:
Unsorted Arratj = LS. 5 2. 9 51

Ia|s]2]9]s5|—|8]|5]|5|5|—=n=5
———— T DR

Find Minimum D> l_2_

Pass 1:(i=0)
- [ S = [ silisl S 1)—»> Svop
i-gor‘cg;i]—bﬂ =y I

Pass 2 :(i=1)
:’ l 2 _5| S l 8 = ‘ =) ‘“‘“'—?} Swap
B> > >
Pass 3:(i=2)
2 sl —> S.or
Sorted [
Pass 4: (i=3)
=" :' ‘ 2 l slsisfs]|o ‘—'3‘* Swap if arrlj] >.
[Sorted |—
Pass 4: (i=3)
|Sorted > I,
Pass 5: (i=4)
‘ 212 > 18 5 —» Sorted Array ~

SGrfedArru5=| 1121314 6'«

For each pass, select the minimum from the unsorted portion and
place it at the sorted portion.




Insertion Sort

\dbg’c_ is_Inse.r:'cion Sort?

Q Tnsertion Sort is a simple sorting algorithm that builds the final
' sorted list one element at a time. Tt takes each element from the.

unsorted part and inserts it into the correct position in the sorted
part of the list. This process is repeated until the entire list is sorted .

3 o 5lz‘“==‘E>| Fori=1 to r'\—:LHI

Jn o <
| Find Minimt.:r:ﬂ 1 Set keB e EANE \

Tnsertion Sort Algorithm:

—

] -‘_‘-!—\_,_-‘_""‘-q_\___‘_\_‘-\-\_
s ff””' Whtle = O and MNO
Pass2:(i=1) et { )
Sorted | L?_ S lisgails’] R End

Pass 3: (i=2)

o) -[;2 s5|s|s5[2]8|— Swp
‘Sori:eci_l»—-»
Pass 4: (i=3)

! |_.2 = S8 © |—'-—:> Swap
Sorted e A

Pass 5: (i=<4)
I 2 =] S SO |—» Sorted Arra*j J

lzlalslsl8slo|—-—[Z][5]9]

For each pass, seled the minimum from the unsorted portion
and place it at the sorted portion.

SortedArra3=l2 2151 51 8 9| v




Thnsertion Sort Examp\e

Start:
Encopted Amau=[7,4,5,8,9]1 ' Fori=1 to n—-1 l

[2]7|alsl8]o :}}'mget kegi?_rr[ij_l

_ 3
— [ 4
_1&3—?4V ~———>al7]|5]8]|9|

&
Insert m correct posd'icm\/
Pass 1:(i=1)
(4174

[Sorted }= g

Pass 2: (i=2)

—_— l‘q‘7|7 7 | = 9|—3>51nm5‘:7j
| Sorted | — Shift 7 to the right v~

Fass 2:(i=2)

= |Zl5l7 T = —» No Swap

[Sorted |

Pass 4:(i=4)

41517 ]| 71812 |— No Swa
| | P

Sorted

Pass 4: (i=4)
|4]ls|Z]Z]l2 ]2 ]— No suwap

‘Sor‘tedzﬂxrrag=|_4-. SHlbE S 7 EE 9‘\/

In each pass, the key is compared and shifted left until itis placed

at the correct sorted position.

Sorted Amay= |4 |S[S|[7][8]9o|v




Merge Sort

What is Merge Sort™

Q Merge Sort is an efficient sorting algorithm based on the Divide
¥ and Conquer strategy. Tt works by rerursive'la d’widing the list
into two halves until each half contains a single element. Then, it merges

the halves back ’togeﬂ\er in a sorted manner.
Merge Sort Algorithm:

=

lB SRS 83.'——-&-1 For_i_=_-_j:to n—z_l

ey T
Divide | —b ‘ Divide array irE:;' ‘l‘uuo Ecms\
<
P_as.s. 2:Cr=2) ___-—-E>l Merge Sort left half \ L
‘ <} l i\ ‘ —_—— l Me;cae Sort rigi'\{ half ‘

| Sorted ‘—B’

Pass 3:(i=3)
|4|5 AN Ay = 9|—E>N05mc1p

Pass 4: (i=4)
lals[s]7]l8]2]|— Noswap

_Key Properties:

v Stability: Merae Sort maintains the relative order of equal elements.

"4 Camphxﬂy : {2Z(nlogn) : Best and Average Case.
O(n logn) : Worst Case.
¥ Divide: Recurswehj divides the array into two halves,

v Conque.r: Combines the sorted halves inte a single sorted list.

Sorted ArraB:‘ 4 a4 Esals] 7 | S 1S | V/




Merge Sort Example

Start:
Unsorted Array= [8,3,5,9,4,7,6,2]

l Divide array into two halves l
ﬁ | =

IE‘: S5 1S 1= 7| l_ME_ree_?- SDﬁfo{'h halves __\
|
Divide | - ———p | Divide

< 2 £ — N
=08 = =7 =
v 4 Iy 3 v 3 v ¢
BElE IR (217 ]—[E]2]
[Bivide] [ DBivide ) |Merge | | Merge |

gla[3[1 |=[5[o[ol=[2]alele]7)

Erted| — 5 |[Merige) — 7 ienae |

Pass 3: Merg_e_,

Bl3]|— |5]l2]a]l—[2]a]ls]l7]8]
[Sorted | ~—___= | Merge |

1

| Merge |

e - o

Sorted Aray = [ 2 [ 3[4 5|67 ]18]9] v

¥ Divide the array into two halves, sort each half, and then merge
them to get the sorted array.

. SJtabili'h_.j‘- Merge Sort maintains the relative order of equal elements.

2 CDW\P\E)(!J('.H % ) \09 N): Pest and Average Case.
O(ﬂllofjﬂ) * Worst Case.
3 Divide: EecursivelB divides the array into tweo halves.

4 Cnnquer‘. Combines the sorted halves inte a sihgie sorted list.

Sorted Array= |23 |4 |56 |7 ]8]19 | v




Quick Sort

What is Quick Sort?

.'\u Quick Sort is an efficient ﬁc:nihng rx\gnn‘thm based on the Divide
and Cnnqup.r ﬁ{'ra%egtj It works bU ﬁelec’ung a "pivot” element
and partitioning the list into elements less than or equal to the pivot

and elements gr(?ﬂl(er than the pivot. The process is recursvely applied to
the sublists

Quick Sort Algori{hm :

7 e = EIERE
4 b 4
| Less than or equal to pivot | —— Greater than pivot
Bzl [s[e]3] == EEl=]
= 4 % F

=1 -1 512 ol — W

Pass 3: Mex ge

—

(___‘_#S‘tarb
- .
1 If \eft < right? \
i - e vt
[ _Choose a pivot and partition the array. i

w 4

| Quick Sort left partition | | Quick Sort right partition

Key Properties:
W S{abili’cﬁt Qluick Sort is not stable
Ve CDrﬂP'IE.Hi‘tBT O(n "f:}r!\\' * Best and Aw-.raap Case

O (n) = Worst Case

¥ Divide: Recurswellj selects a pivot and partitions the array,

4 Conquer'- Recursively applics Quick Sort to partitions, combining the sorted




Quick Sort Example

Start:

Unsorted Array = [7,2,1,6,8,5,3,4] I._Par{i{ion

5 e Choose pivet = 5 .
A - ER S R & | Greater than pivot |
g ‘l(' N e 'L__'_ .
l Less than or equal to pivot . |\ = ‘_Great_ﬂhqn_ppivot o l
J J
T B | e 5 W o =X

[Sorted | > | Partition | | Merge | | Merge |

Pass 1: Partition

IS Sl =r] — Bl 76171
s | Sorted | _
= T
Pass 2: Partition L/ \i
izl 11— S 3]4 | — [E] & & B
| Sorted | - 7 | Partition| 5 | Merge | | Sorted |

Sorted Array = |1 | 2|3 [a |5l 7]la]l 9] v

¥ Select a pivot, partition the array, and recursively apply Quick Sort
to the partitions.

1. S“:ﬂb“ita: Qluick Sort is not stable.

2 CDT‘ﬂP‘E:J(I‘tB Q(ﬂ IICJB'I"\) : Phest ard Averace. Case.
O(n?): Worst Case.

2. Divide: 'Faecursivalﬂ selects a pivet and partitions the array

4. Conquer: Recursively applies Quick Sort to partitions, cc:mbinna the sorted

Sor‘tedAwal;.}:ll‘ZlEpldr S 7 Bl 2 v




Heap Sort

_‘V\Jhat is Heap Sort?

&1? Heap Sort is a comparison-based sorting algorithm that uses a
bino.rlj heap data structure to arrange elements in order. Tt first
builds a Max-Heap from the list, then repeatedly removes the maximum
element from the heap and places it at the end of the list, T'Eduur\cj
the heap size by one. This process is repeated until the list is sorted.

H@ap Sort A\Cﬁti.mm: L'Buﬂ.d Max-Heap l

e R )
7 RS b e -
SR = =
,[ \ f . ,f ¥
[ = L B2 SRR —— [ S5E] SSE

S~ 5 |[Max-Heap | — | Sorted List |

Pass 1: Partition

@ —— e RN e 7 [
T | Sorted List W
1 Build Max-Heap l
v )
[ Swap max (root) with last oor the array 1

‘ Reduce heap size bU 1 ‘—"—‘5"\ Heal:;iﬁj_ihe: root ? \
3 ) e
— | End l
Key Properties:
L S‘kabih‘taz He,ap Sort 15 not stable.

4 Comp'lexitg: D(n \cxj n): Best and Average Case.
O(n? ) Worst Case.
3. Buide: Max- Heap: Builds a Max- Hec:tp from the unsorted list.

4 Sort: Repeated‘llj removes the maximum element from the 'nﬁaF and
append.s it to the sorted portion.

— - el ITa el == il — =gl — Tl el




Heap Sort Example

Stark:

Unsorted Array = [3,9,2,1,4,5,7,8,8]

@ HE‘OP Sort is a comparison-based sorting algorithm that uses a birmrlj
heap data structure to arrange elements in order. 1t first builds a Max-
Heap from the list, then repeatedly removes the maximum element from the

heap and places. it at the end of the list, reducy g the heap size by one.

Heap Sort Emmp‘.e: Ir Build Max-Heap |

2/-"'"""“*-... 1{’@ “:,. Eemovf;_ Max- )
ElEE—-5] Bi—-[1)

‘Max_—_HeapH 2 ——3}‘8\9‘4|5‘6‘7|8l

Pass 2: Heapify

.;--"'H-._ _f@ Swap 9 with)
\l.[._f_{\ e N ! — CEEmamecy
T iax-Heap]
Pass 3: Heapify 3
,ﬁ@"nﬂﬁ%
f@x ﬁ_@.__&w\—f\a‘z; =1ER
EiE— = =) ——-0 | Sorted List [ 819
\“'————Wl MaxéH-e:gp \

Pass 5: Heapify

\E\E\i@ -:\_T_\ e = A EE

“‘h—%l I Sorted List &

e

Sorted Array=| 1 |2 |3 |a|s]lel7lslasls]s\v

« Build a Max-Heap, remove the maximum repeatedly, and place it
at the end of the list.




Counting Sort

‘What is Counting Sort?

@ Counting Sort is a non-comparison-based sorting algorithm that works
by counting the occurrences of each unigue element in an input list.

It creates a count array to store the frequency of each element. Using this

count array. it then calculates the positions of each element in the sorted

output array. Cmm’tir‘»g Sort is efficient for sorting integers within a known, limited

range.

Unsortecl Arrg:ﬁ_: e ,..r—*@‘-\\ﬂb
T ———
i —— W =5 e

©elrj=2jija(2]3jajolo]ojaja]-]

| Count Occurrences |
= - > [[EotintiAnray ]

Pass 1.: Heapi{:ﬁ : = T R
: - : lace Elements at Calculat \
tl-r"'-’f " ', Positior 1‘:’, ”I

Eisl— 3 =) ——-(=lEEE s 1TSS

Pass 5: Heapify

=T
& 0 e - e
== —13]) ). »>L ] | Sorted List [B]S)
> [Max-Heap |

Pass 6: Heapity
EH BEEE A BREE B ER

Key Properties:
« Stability: Counting Sort is stable.

Y COTHP‘E’J(IL‘I'.B: C2(n + k) : Best, Worst and Average. Case,
O(r‘. '[.DE.j r\_) T P ru:l\.jht, for the enput array,

=2 Count Occurrences: Counts the number of occurrences of each element .

4 Sort: Uses the count array to place the elements at their calculated positions
in the sorted ocutput arrau.




Radix Sort

What is Radix Sort?

). Radix Sort is a non- COMPArisor -based =or hnc.q_l f'ﬂ.:f:ﬁ ithm that sorts

€ numbers by processing individual digits. Tt works by sorting the numbers
digit by digit, starting from the least significant digit to the most significant
digit (LSD %o MSD). At each digit, Counting Sort is utilized as a stable sorting
subroutine to sort the numbers. Radix Sort is effective for sorting integers

and can also be r.xrl{J.Pturl for ﬁxe:,:l—le.ivj’t}n sty ngs

Least Signi?imnt Digit (units p'lm:e)' s Soniing
VA

ol S
A

[

S o s|le|[7]le]
Unsorted Array | \ 12 S AEREY

i)
0 |3
[

Next Signiﬂr_ﬂ.nt Digit (tens place): /C}}L-h::-.vh- Bxating

|4

O - 2 = o 10| & =
9|3s|e6|6|als[3]0

MNost Sﬁﬁi*icar:\ s SN Sorted it

Digit | E_J = :I_Tl()

Most S'tgniﬂcan{ Digit (hundreds P'lec,e):

[_c:)

'1"'9 35

|0
1010
J

i
LWl

O

"

=

|‘?ﬁ s |liole|lsls|lo]l =
21121 4 15 1 3]0 ]1|&8|]s&

'rr'u

l""'lQ'E-‘t Significant
hu els

e 7 =S el T |

Radix Sort Algorithm:

‘ Find the rmaximum number of digia
<

| For = 1 toY) A4 |
~- s,
| Sort numbers bl:j the i-th d.i.gi"t (nsing Heoo Cc:uni_inﬁ Sork) J

-
e




Radix Sort Example

Start:
Unsorted Array = [329,457,657, 839, 436,720,355]]

Radix Sort is a non-comparison-based sorting algorithm that sorts

numbers by processing individual digits. Tt works by sorting the numbers
digit by digit, storting from the least significant digit (LSD to MSD) At each
digit, Counting Sort is utilized as a stable sorting subroutine to sort the rumbers
Radix Sort is effective for s« rting integers and can also be adopted for fixed lengin

E:Jtrirlgs.

\:_eas’c_Sicjpiﬁmn’c D'lgjit (units Place) : [.D'g'{'_—Le_ve\- é;_;-.-_-'c - 1

1]0\1 Z'| SiEENTsNEl] 7S =
|Unsorted Amay o [7 [2 |08 2 (2 (55| 7 |2]c]2]5
: 0O 2 3 a4 B & "7 Waamn

{I
‘\Ib‘ Digit-L evel Sorting '

Next Significant Digit (tens place) \m

EEE 2 |2 lals | s.lele] 7|2 aolal
Most Significant | © [ 2 [ 2|8 |3 |5 |4 |2]s|5]l7]|8|9 |
Conmmat =T 1 6 6 e T m—

il

‘L (0 it
\ ' Dlgnt---L:—_*.vel Sc)rtir'\{j

Most Significart Digit thundreds place) \:3

lelalzI=zlalslelalslsl7z]7 a8
= Zle|3]|s|al3]se

@] O 2 (<] =) 7 8

| Sorted by Units Place ||

Most 5i5r\if-'nmr1'c
D'-.._:jrt

Radix Sort Algorithm:
(@@ﬂalalzlai5\5\4\5\6\7\2\8\9W

| Bind the mosimum number (rms-_-'—')__l
4

Mier e tate) (=) |
- L ~
| Sort numbers by the irth digit (using Counting Sert) = =7
End

« Start from the least significant digit and sort the numbers by
each digit until the list is sorted.




S‘cabi\i’cg & In-Place Sorting

E:D'*:lell‘_tu C‘J curious. programmer

81D Stability:

Stability refers to the property of a sorting algorithm that preserves
the relative order of e.q_yal elerments in the sorted output as ‘Hhetj appeared
in the original array At examptar the Stability, Counting Sort is utilized.
as a stable sorting subroutine.

Radix Sort is effective for sorting integers and can also be adopted for
fised length striﬂﬂﬁ_

[Unsorted Array | |[2Aal2A]22B|657 | 839]|436[720]| 355

‘L Digit Level Sortir.\g l

Sort by Next Significant Diai’t (tens place)

loTaT2T=Talslelsslsl7zials]
Next Significant l ' 7 A1) B ) e Nl (M= [ 1 =] l 4136|555
L. Digit & % e I T L T
7 | Sorted by Units Place \

Sort 'ng Hundreds Place:

[1]20]|3s]|55|4a3]as|les|720[839] «

léor‘ted .-_ﬂ.'-.'r'raﬂ _l

‘j} Eq_r’cecl b\j Units Plc-:;_ce_\
Ec_t_dix Sort Alaori’chmi

CStar B[220 3]s]alzlelels[720(839) v

e R
1 In-Place Sorting ﬂ

o Stort from the least significant digit and sort the numbers by
each digit until the list is sorted.

Key Properties:
v 4 Stab\'htg Maintains the relative order of e::tua\ elements.

 Complexity: Qln+ k) : Best and Average Case. O(n+ k) Woret Cose,
where M is the number of elements. and K is the d’-_ﬁits_

« Stable (:c)untiﬂa Sort: Uses Countin@ Sort as a stable subrautine for E'Drhnﬂ
ci.ieli‘ts._




Chap{ter 6: Stack

@ curious__programmer

v What is Stack?

A stack is a linear data structure that follows the Last In,
First Out (LIFO) principle. This means that the last element
added to the stack will be the first o be removed .

v Stack Concept (LIFO)

v LIFO Principle: The last item pushed l Push(ﬁf*Oﬂ

onto the stack is the first item to be Top
popped off. 5
¥ Push: Adding an element to the top 40
of the stack is called "Push™ 20
Y PDP: Qemoving an element from the 20
top of the stack is called "Pop”. 10
20
v Stack Concept (LIFO) /7 l
Stack

Tcxp

10|20 [30 |30 [40]10]
Order of =40 |30 |30 |20 |20 1|10
Removal = > > =

> >

LTIFO Order: Last In (40). First Out

HiSforB _ Order of Removal
{ (10)X(20X(230)X(40)>(@0r(E0)>(19) l




Stack Implementation

@ curious__programmer

¥ How to Implement a Stack?

Stacks can be implemented in two main ways: Using an Arraa
4 Using a Linked List.

LY 4 Using Arral:j FaT =

—3> TbP (index) ° 2
Stack
v Fixed Size: Uses a fixed size array @ =

erflow

to store the stack elements. N 30 gl
v Simple & Fast: Easy to implement, 40 N
requires less memory and provides tast
: 50 Size=5
access times.
10
v Risk of Overflow: Stack Overflow
can occur if the stack becomes full 20 |

and no more elements can be pushed.

Arra.g (Stack)
v Using Linked List — = 5

¥ Dynamic Size: Dﬂnamimllg allocates memory as needed ,
grows and shrinks as elements are added or removed.

v Memory Efficient: No overflow issue as the size of the
stack can grow as needed.

v Sligh‘HB Slower: Linked list imp\.en'\en*faﬂon may be 5‘-19\’1‘“3

slower due to memory allocation overhead.

(Using Array)=p> (Linked List (Stack)

| 30|40 > 30| 40]10] 20 |~
Pointer
o | e )

LTIFO Order: Last In (40), First Out




Infix, Prefix, Postfix

@ curious__programmer

v What are Infix, Prefix, and Postfix Notations?
Infix, Prefix (Polish), and Postfix (Reverse Polish) notations are

ways o write expressions inw::‘lving operators and operands. TheH
determine the position of the operator in relation to operands.

( Infix Nofafi@-—b Opercﬂ‘or is between the Dperaﬂds.

A+B ——A+B >[A+ B |

@reﬂx Notation ) —> Operator is before the @

. F
R operands @ e

@Ds{:ﬁ'x Noi:at@ —> Operator is after the operands.

N >(AB+
@—O
A

Comparison of Notations
W Comp
[ Notation | Notation Type Example

Tnfix Opera’ror in Between A+ B

Prefix Operator Before + A B

Postfix Operator After ADB+

“- s —=
= =

o’ca’cion Notation Type Example %
TInfix Operator in Between A+D

Prefix Qpera"cor Before + A B
Postfix Operator After ADB+




Expression Evaluation

@ curious__programmer

v What is Expression Evaluation?

Expression evaluation refers to the process of compuﬂng the
value of an expression.

v Stacks are used to evaluate expressions written in various

notations, such as Infix, Postfix, and Prefix.

@ How to Evaluate an Expression Using Stack?

v Convert the expression to Postfix notation (if it is in Infix).

7 Scan the Postfix expression from left to righ{'.
v Push operqnds (numbers) onto the stack..

Stack. k‘__TDP
v When an operator is encountered, pop the top = =
two operands from the stack, apply the operator, =
and push the result back to the stack.
313
~——-§>3+2x2—322x+ = g
Infix: 2 4+ 2 X 2 ———— > e R
Step Symbol Stack >
4 B Push 3 3 >
ol puh 2 2 3 2 T
> F-’us.h_ 2 2 S=a 3 || Stack
=8 _A‘;p'lijx:zx2=4 i l
5 |Apply+:3+4=7 ekl ——

(stack.:

— AEPEE, __B"[Final Resul’c=7j

e Postfix — i @




Next Greater Element

@ curious__programmer

v What is Next Greater Element (NGE)?

For each element in an array, the Next Greater Element (NGE)
is the first rarec:&er element that is to the riah’c.

v If there is no g)redter element, the NGE is —-1.

@ How to Evaluate an Expression Using Stack ?

v JInitialize an empfa stack. to keep track of elements to find their NGE.
¥ Scan the array from right to left.

v Pop elements from the stack untill you find an element greater

than the current element.

v The NGE is the top element ot the stack, or —1 if the stack is emp’tﬂ.

(Example:) —> 3+ 5,2 10,2,6,25,1 )

Infix:34+2-2 —» Postfix:a22 x+ Stack Top

= 4 2
Step Symbol Stack 25
D1 Puh 3 3 - R
1 N
2 2| Push2 i 43 Er bt
QAC
)| 3| Push 2 DreSsos ann U
@ 4| Applyx:2=2=4 5 [T55 Stack
@ S Pop 10, Push 10 onto stack  — S
e 10 Stack
@ 6 | Pop 10, Push 10 onto stack. ———> ¥
. Output: -1
14l —[stack:) |22 x2+ |—> || 1
5 E— |
(Stack: 4
Du’cpu{”: -1 \-\; e
' Stack.

Final Result= 7 \ . > ®




Applications of Stack

(@ curious__programmer

« Where is Stack Used?

Stacks have a wide range of practical applications in computer
science where order matters.

@ Common Applications of Stacks:

v Function Call Management. S{ack-\lv-rop
1|45 2[10[8][6[25]1] & [[1
i n e S | n I 1
Erlbndlos Ao 16 95 295 —1. =9 4

Output: {5, 10, 10, 25, 25,-1, -1, -1} _— Output:-1

v Common Applications of Stacks:

v Intialize an emptystack to keep track of elements to find their NGE..
¥ Scan the array from right to left.

¥ Pop elements from the stack until you find an element greater
than the current element.

¥ The NGE is the top element of the stack, or -1 if the stack is empty.

Step 1:| 3|5]| 210|363 |1 |—>[ 1
i e i D 2R 1
@ Push 3. E W — ® Push 25 onto stack | — | | Stack
s | 75
@ Stjr*ﬁ:dx Parsing-_ @ Keep 6 (6<25) Ay
25
(&) Undo Mechanism @ (@ Keep 8 (8<25) |55 ||Stack
(® Backtracking- ?“!— = S) Pop 10, Push 10 ortto stack.
=
@ Next Greater Element —> @ String Reversal : ‘C_, i C:
RREnE

Final Result = 7 ‘

> (2D




Chapter 9: Queue

@ curious__programmer

v What is a Queue?

A Queue is a linear data structure that follows the
EIEQ (First Th, Birst Out)) Princip‘.e.

This means the element inserted first will bé be removed first.

@ Example:
/' People standing in a queue — the person who comes first

gets served first.

Queue Concept (FIFO)

v FIFO stands for First In, First Out @;FO
v Insertion happens from the Rear

v Deletion happens from the Front Inset  Delete

y

Rear (Enqueue)
Basic Operations:

¥ Enqueue : Insert an element at the rear

¥ Dequeue : Remove an element from the front
¥ Front / Peek : View the front element

v IsEmpty: Check if queue is empty

v IsFull: Check if queue is full




Simple Queue

(@ curious__programmer

v What is a Simple Queue?

A Simple Queue is the basic implementation of a queue
where:

« Elements are inserted from the rear

« Elements are removed from the front

Characteristics:

+ Follows FIFO
« Fixed size (in array imple-merw{a’cicn)

v Was’mae of memory can occur

Limitation:

Once elements are removed from the front, the empt
space cannot be reused, which leads to false overflow.

—— :
.. < - R

1 2 = 4 4 S
D:ron’c (Dec[ueue)] Iﬁ

False OueF low :




Circular Queue

@ curious__programmer

v What is a Circular Queue?

A Circular Queue is an improved version of a simple queue
where the last position is connected back to the first position.

Why Circular Queue?

w Overcomes the memory uns{age Problem ot Simple queue
v Reuses emp’c‘tj spaces eﬁ‘ic;ienﬂtj

Characteristics:

v Front and Rear move circu'tarlﬂ
« Last index is connected to first index

v Better memory utilization

Condition to move circularly:

@ (index + 1) % size ))

Condition to move circularly:

([ C(index+1) % size ))




Chapter 9: Queue

(@ curious —Pprogrammer

v Priority Queue
v What is a Priority Queue?

A Prioritﬂ Queue is a special J‘ijE of queue where each element
has a priority, Elements with higher priority are dequeued before
elements with lower priority. Tf two elements have the same priority,

’che_lj are dequeued in FIFO (First In, First Out) order.

@;ri’cg Qu@

=3 Higher Priority —15- Lower Priori’clj

L]

S Do HW! [PIEG(20) [ e
Front 7 A 1 Rear
0 1T 1
Served first ———M8M8 ™ 3 2 —— 1 Served last

v Properties of Priority Queue

v Each element has a prioribj_
+ Element with higher Pric-ritB is dequEued first.

v If prioritg is same —> FIFO order is followed.

B —
—— (-

Used n-
« CPU Scheduling

v Properties of Priority Queue

« Each element has a priority.
v Element with higher priority is dequeued first.
v TIf prioritnj is same —> FIFO order is followed.




Deque (Double Ended Queue)

@ curious__programmer

¥ What is Deque?

A Deque IS a queue in which insertion and deletion can be

done from both ends.
Types ot Deque :

w Inpuﬂc Restricted Deque

v Insertion allowed at one end only —> | EmET

« Deletion allowed at both ends o —
Delete Delete

Output Restricted Deque

« Insertion allowed at both ends — | ] [ | il
v Deletion allowed at one end onlEj s T S

Insert o
Applications:

v Undo/Redo operations
N2 5\1dih8 window Proble.ms

Types ot Deque

_@-'II'IIP!;A-{_RES{T] cted Deq@ _@Lﬂcpu’c Res’cr'; ;:ted Deq@ |

¥ Insertion allowed at ¥ Insertion allowed at both ends
one end only w7 Deletion allowed at one end

Front —»> Rear —» ' Front »~ Rear :

l_Insert 1 Delete l——zsa- |l {?—\lnsert ><K |- |

Front = Reav %




Chapter 9: Queue

(@ curious__programmer

v Queue Usi nq Stack

v How to implement a Queue Using Stacks?

A queue can be implemented using two stacks by applying logic
to achieve FIFO (First In, First Out) order.

7 Stack 1 : used for enqueue

Stack 2 : used for dequeue .
"::.____..-""

_Approach: s
v Stack 1— used LA
for enqueue Stack 1 Stack 2

v Stack 2—> used

for dequeuve Enqueue (10)

Push 10

v Enqueue Operation:

1. [V Stack 2 is empty:

e Transfer all elements from Stack 1

wovStack 2
2. Pop the element from the top of Stack 2. L Slnls)
Frorefer—-olt —a
o - F—
Dequeue(): elements from | 53 o

Stack 1 to [“_‘?r"“
b1

<5 4 et Stk o n.u%..-—
m Empﬁg? %ji_kg"'

- Pop 10 I

Stack 1 @

v Properties of Queue Using Stack:

v Two stacks are used to implement a queue.
v Stack follous LIFO, but 'logic is O.pp'lied to achieve FIFO.
v Stack 1 for enqueueing : new elements are Pushed onto Stack 1.




Stack Using Queue

v How to implement a Stack Using Queues?

A stack can be implemented using two queues bffl app\gjing logic
to achieve LIFO (Last In, First Out) order.

v Approaches: e ertls
Pt e

v Using two queues g J
v Using one queue (by rotation) S

e

)f\_EErEa_C b‘iﬁ = Queue 2

¢ Q1: used as queuves =
Q2 ueed o= austory 10/ .

Queue 1 Emphj

v Push Opercd_:ion :

1. Push new element to Q2 .
2. Transfer all elements from Q1 to Q2.
2. Swap the names of Q1 and Q2.

v Swap queue names. : s

v Properties of Stack Using Queue :

v Two queues are used to imp'uemen’t a stack.
v Queue follows FIFO, but \Ogic is applied to acchieve LIFO.

W ﬁpprﬂach 1: Q1 acts as the primory queue, Q2 acts as auxilar}j queue.




Chapter 10: Trees

—————

@ curious__programmer

v What is a Tree? -

A tree is a non-linear data structure that
represents data in a hierarchical structure.
Tt consists of nodes connected by edges,
with a special node called the root.

@ KEE:] Points:
v Or‘gan]zes data hierarchimllﬂ

¥ No CHdES
¥ One root node

@ Tree Termiljglqﬂﬂ

v Node: Each element in a tree

¥ Root: Topmost node of the tree 0 i Prcil
v Parent: Node that has children 1 4

v Child: Node derived from a parent 2 > @
v Leaf Node: Node with no children o

v Subtree: Tree formed by a node and
its descendants

Subtree:
Tree formed by a node
and its descendants




Binary Tre.%_

@ curious__programmer

v _\Nha{: is a Binar& Tree?

A Binary Tree is a tree in which each node has at most
two children:

° Left Child
o Right Child

v Proper{ies :

v Maximum 2 children
per node

+ Children are ordered
(left & right)

v Can be empt5

f? Tree Terminologg_

v Maximum 2 children per node.
+ Children are ordered (left & ria’n’c)
v Can be emp-kEj

S CERTT

o T S—
v ©@ x v

Valid Invalid Valid

i ——




Binarg Search Tree (BST)

@ curious__programmer

v What is a Binary Search Tree ?

A Binary Search Tree is a bi.nar5 tree that follows a specific
order:

o |eft subtree — values less than root
o Righ{' subtree — values grecd:er than root

@3 BS1 Proper{t.ji

« Left subtree
— values less

than root

R ey I B S DO D AR v .

li\Vaiues less than root Values greater than root

? Aduan’caaes:

« Faster searching

« Efficient insertion & deletion

— — e

———

|

%
L F T F B T WO

ﬁ8,1o,12, 15, AT 20, DS . Al




Tree Traversals

@ curious__programmer

v Tree traversal means visiting all nodes of a tree
exo.cﬂ-:j once in a Spec'-.{“ic order:

@? Inorder Traversal (L—= Root —R)

v Steps .
1. Visit Left subtree
2. Visit Root

2. Visit Riﬂht subtree

L S S ->
{ 4 Values less than root

l--‘-h‘_—i——_ ——-"‘,'

v Steps -
1. Visit Root
2 Visit Left subtree

— 'F
— —— — — —_— -

- =
k Vglues grea’_c_f_-.r than root 1? o e e

@ Level Order Traversal

+ Iraversal is done level bﬂ level from left to righ’c_
v Uses Queue data structure.

“

e RN

12,3, 4,5,%, 20,25, 4 4




Height & Diameter,

Lowest Common Ancestor

(@ curious__programmer

v HEicjh’c & Diameter

¥ What is Tree Height ?
e The 'neight of a tree is the length of the longest path from the

root node to a leaf node.

@ Heig ht: 2 :
: (lengﬁ'\ of '-onges;}; PQ{-h) L

v What is Tree Diameter ?

e The diameter of a tree is the number of nodes on the longest
Pcd"n between any two leat nodes.

. —— — ——— T —— — — vl

Lowest Common f_\__r_wcestor

¥ What is Lowest Common Ancestor ?

e The Lowest Common Ancestor (LCA) of two nodes is the deepest
node that is a common ancestor of both nodes.

P s — —— —— — ——— —— — —

i
| @ Exc\mple: If
'i e The LCA of nodes 5 and 11. :
o | So, 7 is the LCA. l
LCA(7) E e 5 is an ancestor of 5,and 11. |
@) —76>5-°9—9 | 557 the lCA :
I .




_Chap‘ter 44 - Heaps

@ curious__programmer
v What is a Heap?
v A heap is a c:omp‘.e’te binara tree that follows a Speci{:ic_
heap properl:g.

o Heaps are mainltj used to ':luid'dfj access the minimum or
maximum element.

© Heaps can be of two fapesi
¥ Min Heap

— The minimum element is alwaﬂs at the rooct.

— Parent node value < children values.

e Root = smallest element

v Used in:
© Priority Queue (min priority) |
© Dijkstrds Algorithm

v Max Heap ——————=——— o __

— The maximum element is always at the root.
— Parent node value = children values.

—

o Root = 'lar'glesjc element
e Used in:
° Heap Sort

© Priority Queue (max priority) o 6 6 @

1529 «<—> 15>10

Min Heap | Root 2> |1=3 | —>|1=6




Heap Ope_rgf:_igns

@ curious__programmer

{:} Efficient processing of minimum or maximum element

:»:{}- Commonhj Pechrmed in O('Iog n) time

v Heap Operations

@Inser{ion: — e e — e B 1 Comp\exit}:l:
O(loa Nn)

v Insert element at the end

v Restore heap proper‘ttj using heapiFlj—up

@ De‘.e{:ion (Qemove. Root) S Time Comp\exi{:}:] -

v Replace root with last element O(leg n)

v Reduce heap size

v Restore heap PTOP‘EH(& using
heapﬁ:\j—domn

@) Peek (Get Min/Max): -~~~ Time Comploxity:
= o)

v Access root element




@ curious__programmer

{} Keep Heap valid
:-<<> Efficient rearranging in O(log n) time

L WaakiisiHeapityd oo o o Ry

@ HE'-GPH:Ej is the process of rearranging elements
to maintain the heap Proper{B_

© Tt fixes the order of elements so that the heap is valid.

fifipes of Heapify ———~—<—==c—mesecaauo e

[4 Heapify-Up | - | e
v Used after insertion Time Comp\exita:
O(\og n)

- Moves up if smaller

than parent

@ Heopifiy Down ——————————--————————— s

Time Compl@{ita -

O(\cna n)

Movéé_uls -.{_: Smdller Moves down if larger
than parent than child




Priority Queue q_s,ilg__l-leap

@ curious__programmer

v What is a Priority Queue? - ——————____ R

A PriorH:B Queue is an abstract data ’cgpe where

each element has a Prioritg.

o Elements with the hicjhest/ lowest priority are served first.
_Priority Queue using Heap -------oooomo

v He.ap is an efficient way to irnP\E:menJc a Prioritij Queue..

’?___Mln He.ap_.:'] ————————

v Heap is an efficient way to implement a Priori‘tlj Queue.

(7 i Feap) Eeee

o Lowest Priori’ctj first v Insert: O('log n)
o Use Min Heap v Delete: O(log n)
o Peek: O(1)

Q Min Hea@ e e GMax Hea@ _______

ﬂori‘hg_l Element | Priority :[ Element |
1 |G > | @D
2 |Coreo|=P| 2 | o)
3 | GO 1 | QO

_ HE‘EPS priority first 2 . Moves down if larger than
| iierved _ e Lo child |
Applications: -

v Scheduling Tasks
v ngstra's Algori’chm
v | oad Belandna




Heap Soj

@ curious__programmer

Heap Sort is a comparison-based sorting algorithm that

uses a heap :

S‘l:eES‘. S Sip 4 e
@ Build a Max Heap

=lEifd EEEEIRERPAER

«L’O 7 2 Swap root with last element

Time Cornp‘.ex '-.’ctd 2

B (9) O (log n)
& o
B @@ &

@ Reduce heap size: Heap Operations:
v Tnsert: O(log n)
v Delete: O(log n)
o Peek: @IgH)

o | 3 [17 [10]22]19]les| >
e R O e S Tty

> [(elz]17 [1o]22]12] & [5]84 |
G ' J

——ae ———

5) Repeat until sorted.

Unsorted Arra5|9l3l17\1(?122\19[6 5 [Ba]3=].]

5= [azio22 12 6-5]5[&84 ||

S
5[5 ellls[10]17[1o]22[228a] |,




Chapter 12: Hash Table

@ curious__programmer

¥ What is a Hash Table? - -~ ---—-----— - -

f A Hash Table is a data structure that stores data in
ket]—vcn'lue pairs using a hash function.

v Tt allows fast insertion, deletion, and search

¥ Average time complexity is O (1)

f@. ias_h Functi__cm_

o A collision occurs when two diterent keys map to the same index.

& Why collisions happen?

v Limited table size ¥ Poor hash functon Hash Function:
v Fast to compute 4 Minimizes collisions v Index =(ba+t 1)
v Index = (batbh

@ Build a Max Heap ' : =

181 -5 Mlex - i~ | Hash Table |

532 =Bob el Index | el snmis e
—— 1 207 : Cathy
@'Examplal——————-——-——— >

hash(key) = key %Ztable_size | = R

doa —6 et ——————
P‘I"DPET‘E!ES: e i 5 e e
v Fast: Average O(1) time complexity Time Complexities:
v Dynanic: Size of table grows as needed v Insert o(1)
v Delete: O(1)

PT'D'PEI“UE.S: N e v Search: o)

v Fast: Average O@) time complexity
~ D\_:ihamir;: Size of table grows as needed
v Unordered: No Spe.c.iﬂc order of elements




Collision Handling & Chaining
@ curious__programmer

v What is Collision Handling?
%) Collision Handling is the process of resolving hash table
collisions (When two keﬂs hash to the same index).
v It allows fast insertion, deletion, and search

« Average time complexi.’ctj = & 01)

@R Chaining: e
&2 Chainin9 is a collision resolution ’cechnique where each index

in the hash table points to a 4> linked list of nodes (buckets).

L

| Hash Table | After Chaining
=0 152 : Bob . Index Value
1 : O 152: Amy
> % > 2 EizeBeh \
A 2 | 229: Sam \
. > |
Sl N“-‘A/\ﬁ | :
| 102 Bob|Collision! >{152: Amy | /
e Tl e S )
@ Atter Chaining: Time Complexities:

v Insert: o(1)
v Delete: o)
¢ Efficiently uses table size  Seareh o)

« No overflow: can store more elemerts
than table size

v Simple to implement

Bonefits ofiChaining: | ——== == —==——==—=-
« Simple to implement

v Efficiently uses table size

« No overflow: can store more elements than table size




Open Addressing

@ curious__programmer

v What is Open Addressing? ----- Pam———

4’53 In Open Addressing, all elements are stored inside the hash
table itself:

« 1t allows fast insertion, deletion, and search

A Average time comp'.exi’qj is O(1)

Types of Open Addressing:

(& Linear Probing | - —- : o
« index = (hash(key) + i) % table. size Hash Function:

Y Uses quadratic fornula

o Checks next slot sequentia‘.'l}j_
to reduce c'lusterinﬂ

Bl 2= e 78]
4 [ = ™| O() Fast Lookups |

% FAY
o ok

& E‘JSE] to imp'lemeht CRERE
€9 Leads to clue.terihc__:_]'

@ Quad_r_'_c;.‘tic &c_::_bi_na_] ——————— — PPN =% S
« index =(hash(key) + i*) %\ table..size HeapFunction:

© Uses quadratic formula to reduce C".usterina v/ Reduces clustering

» Can still cause

S-EC.DT‘ndﬂTH clustering

'Gj’ Double Ho.shing
« index = (hashil(key) + i + hash2(key)) %% table.size
7 Best collision distribution

Properties: ——————— _____ -—= 1 Time Complexities:

« Fast: Average O(1) time complexity + Insert: O(1)

4 Dﬁnamiat Size of table grows as needed | ¥ Delete: O(1)
 Search: O(1)

[5]le (el 7o 2284 [-]—>




App\ications of Hashing

@ curious__programmer

v What is Open Addressing?

ﬁ Collision Handling is the process of resolving hash table
collisions (When two keys hash to the same index).

7 Average time complexity is o)

@Chaining ST i, o e L

& Chaining is a collision resolution technique where each index
in the hash table points to a % linked list.

Tﬂpes of Open Addressing:

[_-Linear_ Probing_] = VA T e
7 index = (hash(key) +1) % table. size
© Checks next slot SEquEﬁ‘tiO.“Ej

[Eli[2[3[%[slel71slso[7]5]

€ Easy to implement

@ Leads to clustering \O(l) ek LDQkLuPS\

([C? Quadratie Probing | - : E¥
v index = (hash(key) + i*)°4 = table. size \ Double Hashing:

o Uses quadrat'-.c formula to reduce c;'lus‘terirg Vv hash((key) = key % 8
| v hashz (key) =7 -ﬁey 97
& Pros:

€ Reduces clustering

@ Can still cause secondary clustering :
' F’: \_@ﬁps:ﬂ{iny.ly/“ J




Chapter 13: Graphs

@ curious__programmer

v What is a Graph?
A Graph is a non-linear data structure that consists of:
« Vertices (Nodes)

v Edges (Connections)

v Graphs are used to represent
real —world rela’cionships like:

+ Social networks
¥ Maps & routes
V’ C.ompu’ter networks

Graph Representation

v Adjacency Matrix

An Adjacencg Matrix is a 2D array where:

AlB|lC|DLD
v Rows and columns represent vertices.. Aleo|l1LI0]11 1O
¥ Value 1 means edge exists (%E BN 1l0|0ojO|1
¥ Value O means no edge Jigll 1 |lolol1]o
@ Properties: DjOoJ1f1|1]O

e Uses more memor
8 Fast edge loc:akup
e Best for dense Braphs

@rg_ph Traversal

v Adjacenc_g List
An Adjacencg List stores: = =) IF_'I

v Each v:r';ex L:J:l'hez list of its ﬁ ®—>
connecte vertic

= Proper'!:ies -
s Memory efficient ( : H-
e Slower Ec}zdge lookup
® Best for sparse graphs ®— ®




Breadth First Search (BFS) :

@ curious__programmer

v What is BFS?
Breadth First Search (BFS) is a graph traversal algorithm that:

v Visits nodes level b}j level

« Uses Queue

« Best for ﬂnding shortest Pcd:'h
in unme.ighted graphs

Steps ot BFS
s@" Level 1
v Start from the source node
Level 2
v Visit all adjacent nodes ©\ i

(one level at a time) e
v Move to the next level | e |_e-.vel 3

Steps of BFS

v Stepl: Som the source node . ['__T_‘I'_‘r:‘\_

v Visit all adjacent nodes (one level at a time) || S
« Move to the next level [ A

- B

Queue 3| [ &

s D

SO OO CEO G

BFS Order: S A—-B—-C—-D—E—F J Queue




 Depth First Search (DFS)

(@ curious__programmer

v What is DFS?
v Goes deep before wide

v Uses Stack / Recursion
« Good for cac'.e detection

Steps of UES

v Step 1 Start from a node

Visit an adJacent

'({—'

VISR 27 rode fully
St 3 } Backtrack if
4 no nodes left @

Steps of DFS

v > Start from a node

Visit an adjac.en’c node Fullfj

it

v D Backtrack if no nodes left Stacks| |

OO CHONGHOE

i_:‘:_-—}DFS Order: S—2A—->C—-D—o>E—=B




rConned:ed Componen’csﬁ_

@ curious_Programmer

v Wha‘l: are Connected Components?

A Connected Componen’c is a group ot vertices where:

S —— —_ - iz

v/ Everﬂ vertex is re.achab\e from any other vertex \1.
"\ in the same group =
Used to:

¢ Count isolated groups

v Check graph conﬁec’civi’tﬂ

o i M

SiCannecked Components —-——---——-—--—- —> TDPW
v@® A,B,C,D,E - B i
v@ 1.2,3 é‘

v @ 4 Stack> D
————— e TR U ey i = E I
(o—@ ) (@ o =
) el e S : Stack

3 Connected Components ----=>




Cycle Detection

@ curious__programmer

v What are Connected Components™?

A ngc.le exists if:

Wl’ Yr::u can start from a node anci
\

l come back to it 'ng foll owing the ol
L& edaes of the Sraph

Used to:

v Count isolated groups

v Check graph connec’ciui*clj Cljde DE‘tE*.cted /J

| Example:

3 Connected Cc)mPQneﬂ-{-_S ______________ o Stack —\,
w@ ACEBEc D B i
v@ 1= 2.5 __E.__

BRI . 0 o e e D
& ‘*“_—>©_ < j@_f ' —




Cycle Detection

(@ curious__ programmer

v What is C_L_jcle Detection?

A cﬁde exists if:

ff/rYou can start from a node
M and come back to it e
V' A graph is cyclic if: \

Tt has at least one C}jC‘.(—_’ _ C\}cler ASBSCSD>A

Used in:
 Deadlock detection

v Dependencg resolution

Topo\ogi_ca\ Sor’cin_a_
v What is Topolc:gic.al Sorting?

v Linear ordering of vertices
v Used only in Directed Acyclic Graph (DAG)
Conditions: E

Pt .
4 Y
I A
/ \
——4‘ |r '
!
3 4
y
/ b &
’ LN -
~ -

Top

Mmoo O > 10 >

@@@@@ A->C-->D->FE Shack:




| Topo|09ical Sor’cipg_w

@ curious__programmer

v What is Topological Sorting?

Lir\ear'l}j orders vertices in a

Directed Act.}clnc Graph (DAG)

Ensures order based on
dependencnes

v Used in schedulir\g tasks,

ordermﬂ courses, etc.

T“"' ™y L T'T";_;),iq&,‘. al al s i J

ESX 7 Hopre. =cbod sarachie—

Tasks with ()

dependen cies

Steps of Topological Sort.

@ Find nodes with no dependencies .- Queﬁ;_
' D e
@ Remove node and add to order E | !
| —>| |
@ Update other nodes dependencies | E Empty
L, List.
Example:
r @ —@©—@

Topolocjlcal Order: —->A->P—->C>D—E.

Order tasks such that dependencies are saitisfied.




Shortest Path (Rasics)

(@ curious__programmer

v What is Shortest Path?

S'r‘\or"cest paJc‘n s ’che minimum cost or distance
1_ between two vertices.
v Common Algorithms:

7 @ BFS (unweighted graph)
s Uniform Cost: Treat all edges
equally, find the quickest path. Shortest Path: S—>A—>C | |

7 @ Dijkstra (weighted graph —basics)

e Non—uniform Cost: Accounts for edge weights,
finds the least costly path.

Steps of _l?:npo\ocji_r:al TR

@ Find nodes with rno dependencies

Queue Emp{:ﬂ ||
@ Remove node and add to order | D * jaat :

@ Update other nodes dependencies =

Examp'le :

: 9@ ~ { / Find shortest path from S to D: ?
39__3.&) { S'hor{est _F*aﬂ_-,{ S ,a\_ﬁ-,..w\:,_a_,g2

Uanorm Cost Adc:l all wemgh’cs Equallg 1 -+ 5 =5 }

—— — - ______"’

Shortest Path: S—A—-=D—->D—6




