Sel 22s22 [de videle (4331601) - @i3ie 2025 2ilcjels by Milav Dabgar

ved 1(a) [3 2fel]

dldlu12 Vi did dldlai2 $21 2252 i dsldd dvil.

FdIGI:
dldlu2 $21 2252 did dldlaA2 S21 225U
vifav-2a shis 2d 2l s2AY © vilAd-2a ¢ruR1fSsd 2d 221k s21d &
[@ord dad 2risgeil Yl@ dad alisgell
A0 219dd sl2d 219id
Geleel: Array, Stack, Queue Geleel: Tree, Graph

Huzl gls: "dll12 viellH] 84 g, Aid-dll2AR d2ds ¥4 Aldole 52"

yed 1(b) [4 31el]
Object Oriented programming i [dfd& concepts 2udi.

¥dIGi:

OOP siiey siws:

si<ie qeid

Encapsulation S2l ¥4 Haisd Asle clie]
Inheritance U2 sdidell wiuelos Hagdl
Polymorphism AS AIH, A4S 2d3U]
Abstraction ghici=2el- [doidi guiad]

e Encapsulation: 21 ¢1g/(S21 A4 6i-s[do
e Inheritance: U2-2-AI€cs icig gIRI SIS Y4:GUid|
e Polymorphism: Heis 41d221g[S21 44 AHIdaifS2

e Abstraction: giaH-2214 91 g225

Hu2l 2ls: "e2s ilely1R YiaiHR Abstracts s2 &"

wed 1(c) [7 fel]
Polymorphism -l c1ui 3414l Inheritance ds Polymorphism i python program dvil.
¥YdIGI:

Polymorphism 2i2d "i-s 203U1" - 2i% HS 414 AE| 421 SAIRIMI AE1 ddH g2lid,
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sis:

class Animal:
def sound(self):

pass

class Dog(Animal):
def sound(self):

return "Bark"

class Cat(Animal):
def sound(self):

return "Meow"

# Polymorphism Al (s
animals = [Dog(), Cat()]
for animal in animals:

print(animal.sound())

e Polymorphism: a4 g-225, 24621 gMan-22li4
e Runtime binding: iT6¥s2 218U U HIelifRd Hals sTd

o sis ddlilsdi: 4dl sdidi A1d v0di2] [ddiR

443l Zls: "Polymorphism uss2 YidIHo1 yeld 52"

yed 1(c) OR [7 djel]

Abstraction <l caivl 2A1ul. Abstract class i concept 24%¥dl H124i python program @uil.
$dIGi:

Abstraction giai-22i4 [G1dl guId & 244 §5d %32 sluf 6idId ©.

sis:
from abc import ABC, abstractmethod

class Shape(ABC):
@abstractmethod
def area(self):

pass
class Rectangle(Shape):
def _ init_(self, length, width):
self.length = length

self.width = width

def area(self):
return self.length * self.width

# Guldl

No. 2 /19



Sel 22s22 [de videle (4331601) - @i3ie 2025 2ilcjels by Milav Dabgar

rect = Rectangle(5, 3)
print(f"Area: {rect.area()}")

e Abstract class: ¢l 2ld instantiate s3] 2isid] el
e Abstract method: d1gcs sdliiMi giiau-2 s2q A1deus

o 225 SIE[H2ld: uoisAIY HI2 2nd2 Vel S2

3442 2ls: "Abstraction did(ds ghigy-2214 210"

yed 2(a) [3 dyel]

1] carval 11ul: 1. Best case 1l. Worst case lll. Average case

SdIGi:
s vl
Best case HEIIRYH HI2 dgH AHY ¥33]
Worst case AUEIIRYH HI2 HedH MY ¥33]
Average case 2-5H g-Y2 HI2 AHU[&id -

\

43 gls: "Best-Worst-Average = u2sivi- AA-I@lR[y"

uad 2(b) [4 d1e1]

Infix, postfix 4 prefix disayiald 24di.

SdIGi:
JisAvel diTuR2? vilseld Gelerel
Infix SVERSIRCESY! A+B
Prefix VU5 Uedi +AB
Postfix VERSIRVEEY AB+

Infix: uis(ds 2nfeilds 2isd

Prefix: Polish notation

Postfix: Reverse Polish notation

Stack GuaidI: Postfix sid €2 52 &

H443] 2ls: "In-Pre-Post = a{1y224] [rald"

yed 2(c) [7 31e1]

Circular queue <l carva1 24ul. Circular queue 1 INSERT i DELETE operations iisld 2412 a4di.
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¥dIGi:

Circular Queue: dl-1312 S21 2s2 SHi ©ed] Rald way Rald el sisiy 9.

sisld:
[

(01 [11 [2] [3]
1 1

front rear

INSERT H1uR2ld:

. % oY A8, rear 94l
. % rear size S2di OIE], rear =
rear Uif3214 @Y= insert S2

=w N
.

DELETE dilu22l:

1. Usidl 5 queue uidl & § A&l
2. o uidl 42, front Hial ilA¥-=
3. front 94’

4. % front size S2di CIE], front

alin usla: siigH HH2l Guiol

e Front-rear pointers: queue 611Gl 2s 52

q442l 2ls: "Circular 243 6119 &"

yed 2(a) OR [3 d)ei]

. USIAl 5 queue HRAY A & 5 4¢]

0 s2i

slel

= 0 s2

sig [Rilg221 4¢]: vilan2a ¥oumi 28

Gerc2el 12 [dfdy Data Structure seldi.

¥dIGi:

UsIR
dldlaR
dllaiR
dlliR
did-dldl1R

did-cldlai2

S21 sAR
Array
Stack
Queue
Tree

Graph

Gelsel
[1,2,3,4]
Function calls
Printer queue
File system

Social network

43 gls: "Arrays-Stacks-Queues = dl-l42, Trees-Graphs = Hid-dlH124R"
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yed 2(b) OR [4 3jeI]

Circular queue ¥i simple queue s2di 5dl 2d 24621 H d Seldl.

FdIG:
Simple Queue Circular Queue
dl-l2 alisaei] ali; alisgeil
w42l aiolls siigiH 142 Guidl
[$s2s front 44 rear Wraparound pointers
False overflow True overflow detection

o 343 siaudi: Circular [Sdlz s2d] %214 s3] Ay
e Pointer Hd¥H2: Wraparound H12 His3jdl 2islI(@id

o YSIHA: 61dd2 U GUPdI

q4u2l 2ls: "Circular 442l 2141 ¥d 8"

yed 2(c) OR [7 31ui]

Stack Al carvl i, PUSH 14 POP operation Gels2el 12l 24%1di. Stack I PUSH 14 POP operation I
algorithm @vil.

FUIG:

Stack: LIFO (Last In First Out) SaI 22s%=2.
PUSH Algorithm:

Ysidl § stack 1 g & 5 48l
s RiY Hell, top ddR

. top Uil3e2id 2il@H=2 insert s
. top pointer ¥Us2 s2l

=ow N
. e

POP Algorithm:

. US|l 5 stack uwidl © 5 A4l
. o widl 42l, top ¥il@H-e 22 S?i
. top pointer gl21S

. 2R s2q @92 return s

=W N

GelsRel:

Stack: [10, 20, 30] « top
PUSH 40: [10, 20, 30, 40] « top
POP: returns 40, stack: [10, 20, 30] « top
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e LIFO Rigid: cq Grg vildd-2 e siediMi A4A1d
e Top pointer: ddHid stack uif3ei 2s s2

e Overflow/Underflow: 21iu2i4 uddi usiaeil

HH32l 2ls: "Stack ©cAI-HER-UAH-HSIR 2212 52"

yed 3(a) [3 1]
A1 ANl infix expression 4 postfix Hi §2di: (((A-B)*C)+((D-E)/F))
¥YdIGI:

YIdIGI& 3UidR:
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wig Scanned Stack Postfix

1 ( (

2 ( ((

3 ( («

4 A ((( A

5 - (- A

6 B (- AB

7 ) (( AB-

3 * ((* AB-

9 C ((* AB-C

10 ) ( AB-C*

11 + (+ AB-C*

12 ( (+( AB-C*

13 ( (+(( AB-C*

14 D (+(( AB-C*D

15 - (+((- AB-C*D

16 E (+((- AB-C*DE
17 ) (+ AB-C*DE-
18 / (+(/ AB-C*DE-
19 F (+(/ AB-C*DE-F
20 ) (+ AB-C*DE-F/
21 ) AB-C*DE-F/+

ildH waiei: AB-C*DE-F/+

4yl ls: "Postfix aHTu2al ATu-s1 yss] ys"
U 3(b) [4 d)e1]

Doubly linked list [d2i 2sig cuii.

¥dIGi:

Doubly Linked List: [g[ceila [dsa 212 dl-l12 S21 2gs2.
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g SR
NULL « [prev|data|next] e [prev|data|next] o [prev|data|next] - NULL

SIAEIAIL:
o [glEeila traversal: 2119101 214 UIN navigation
e siigid deletion: uidl node -1 reference 1 %32 4d]

e Gidd? insertion: »1Udl node uddi d20dia] insert s3] 2Isi
A AY
JIRSIAEIAI:

e dqanRidl 4u2l: ggiRi-1 pointer storage

 <l2d operations: g pointer manipulations

443 gls: "Doubly (gleeila siueiAl 419"

Med 3(c) [7 21el]
Singly linked list Hi Y24 Vi ild4 node si¢dl H124i Python Program @vil.

¥dIGi:

sis:

class Node:
def  init_(self, data):
self.data = data
self.next = None

class LinkedList:
def _ init_ (self):

self.head = None

def delete first(self):
if self.head is None:
return "List is empty"
self.head = self.head.next

return "First node deleted"

def delete_last(self):
if self.head is None:
return "List is empty"
if self.head.next is None:
self.head = None

return "Last node deleted"

current = self.head
while current.next.next:
current = current.next

current.next = None
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return "Last node deleted"

display(self):

elements = []

current = self.head

while current:
elements.append(current.data)
current = current.next

return elements

# Guldl

11 = LinkedList()
# nodes GY2l ¥4 deletion 22 SR

o yaH [Scl2: head pointer »1use s2
o 9¢q [Scila: ofl call node ¢l traverse s?

e Edge cases: uidl list 244 [@21d node

443 2ls: "Delete pointer »1us2 gll A"

yed 3(a) OR [3 3jel]

Queue Hl [dfdg Jif@seaid sendi.

¥dIGi:

Queue il@seal-:

dildseld

CPU Scheduling
Print Queue
BFS Algorithm

Buffer

e FIFO u§f?|: Y2 A1 YH Jdl

GuaidI

Process management
Document printing
Graph traversal

Data streaming

e Real-time systems: 21iS2ui requests handle s2

e Resource sharing: dixcil sinqeil

443 gls: "Queues sHGig operations 2lifdal handle s3"

ued 3(b) OR [4 de1]

Singly linked list u2 A1uel s3] 2114 dai [dfda vHiuel- AuAdl.

¥dIGi:

Singly Linked List viTu2l-:
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Insertion
Deletion
Traversal
Search

Count
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CTE

213 Id/vid/MexMi node GHRg
sigfuel vif32i4ell node sieq
aigl nodes 4 sfis 2ld visit s2dl
list 1i Aiss Sal elieq

sd nodes 1 Pidd] s2dl

o siHIfs A1935: runtime 28314 gdi/ei2

o 4y3 siRlgMdl: ¥32 Y allocate 2

e Sequential access: sig random access 2l

443l 2ls: "Insert-Delete-Traverse-Search-Count"

Y2 3(c) OR [7

Doubly linked list Hi id

¥dIGi:

ajer]

-dl node insert s2dl H124I algorithm dvil.

id insertion HI2 Algorithm:

1. dl S2I A1d 49 node GiHidi

2. 4l node j next =
3. o list uwidl ©:

49l node { prev
4. ¢ di:

NULL S2I

head = -I{L node S?i

= NULL S

- ©cdl node aiiﬂ traverse S2l

- ©cdl node j next

- 44l node -i prev

\
5. success return Sz|

= -I{{L node s2l
= ©¢d node s?l
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def insert at end(self, data):
new _node = Node(data)
if self.head is None:
self.head = new_node

return

current = self.head
while current.next:

current = current.next

current.next = new_node

new_node.prev = current

o [glZeila [@lEa1: next 14 prev cid pointers 1us2 s?|
e id insertion: ©¢cg node eligdi traverse s

o [gleila sdseld: list integrity s1nd]

q4u3l 2ls: "(gleeila [Asa 119 sileiaila] Insert s21"

Med 4(a) [3 31el]
Linear search Hi2-i Python Program @vil.

¥dIGi:

sis:

def linear search(arr, target):
for i in range(len(arr)):
if arr[i] == target:
return i

return -1

# Gelsel Guaidl
data = [10, 20, 30, 40, 50]
result = linear search(data, 30)

print(f"Element found at index: {result}")

e Sequential search: £2s element ¥is Uss] vis AsiA
e Time complexity: O(n)

e 1§ implementation: AxAMI A1

AN

443 Zls: "Linear €2s element gi21 ¥A 8"

uad 4(b) [4 d1e1]
Circular linked list [dei és-ig @uil.

¥dIGi:
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Circular Linked List: ©cg node Y24 node drs UIE point s2 & A4 21i0) 6id1d ©.

2isld:
[

[data|next] - [data|next] - [data|next]
T 13

aaieli:
e sig NULL pointers 2il: cq node YeiM 2418l IS
* Add traversal: »id traversal 2is
o 43 siRigMdI: ¢1dd? cache performance

* lf@sei: Round-robin scheduling, multiplayer games
SIAEINAI:

e siIgH insertion: siguel vil3eld

e sig 6ldISdl pointers A2il: ¢i¢ll nodes sl

4yl gls: "Circular oigj loop Hi IS 8"

Med 4(c) [7 3fel]
Quick sort algorithm Gels2el 12l 44¥dl.

¥dIGi:

Quick Sort: Pivot element diuzl4 divide 244 conquer sorting algorithm.

Algorithm:
1. Pivot element UJE S2i
2. Pivot ¥HIHMUIY array partition sl
3. ol subarray 4 recursively sort S2l
4. «Hell subarray 4 recursively sort s?l

Gele2el: [64, 34, 25, 12, 22, 11, 90] ¥i2 s2i

ud1g 1: Pivot = 64
[34, 25, 12, 22, 11] 64 [90]

\

ualci 2: ¢i1g partition [34, 25, 12, 22, 11] ENEREY
Pivot = 34

[25, 12, 22, 11] 34 []

vildy sorted: [11, 12, 22, 25, 34, 64, 90]
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e Divide 44 conquer: 4224 Il GI2MHi S
e In-place sorting: =J-dH dgli2i-] Hu3l
® Average complexity: O(n log n)

q4u2l 2ls: "Quick Partitions sl ¥d &"

yed 4(a) OR [3 dje1]
Binary search algorithm Gelg2el 2112l AH¥dl.

¥dIGi:

Binary Search: Divide 44 conquer d1u2ld sorted arrays 412 search algorithm.

Algorithm:

1. left = 0, right = array length - 1 2
2. i Yl left <= right:

)

- mid = (left + right) / 2 calculate S?i
- target = array[mid], mid return =

- target < array[mid], right = mid - 1

_ target > array[mid], left = mid +
3. 4 HO dl -1 return s2l

Gelszel: [11, 12, 22, 25, 34, 64, 90] Hi 22 21idi

1

wIg Left Right Mid Value
1 0 6 3 25
2 0 2 1 12
3 2 2 2 22

43l gls: "Binary 2ssuall 2ligidi 6i ¢i19] 52 9"

U2+ 4(b) OR [4 d)e1]

Linked list -l [afdg vifd@seald sendi.
*dIG:

Linked List vi@sal-:
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dldseld

Dynamic Arrays

Stack/Queue Implementation
Graph Representation
Memory Management

Music Playlist

o siAAIfis Hu2): %32 Yol allocate s?i

Guaid|

Resizable S2i storage
LIFO/FIFO structures
Adjacency lists

Free memory blocks

Next/previous song navigation

e siRigH insertion/deletion: sig shifting %32 il

* ddails structure: ciedld] ¥3RIdI4 vigs:

Hu3l 2ls: "Linked Lists sia-1s ARES2I-4H] 28 ©"

yed 4(c) OR [7 djel]

Gelgel A1l Insertion sort H124i python program @uil.

¥dIGi:

sis:

def insertion sort(arr):
for i in range(l, len(arr)):
key = arr[i]

j=i-1

while j >= 0 and arr[j] > key:

arr[j + 1] = arr[j]

j-=1
arr[j + 1] = key
return arr
# Gererel
data = [64, 34, 25, 12, 22, 11, 90]

sorted _data = insertion_sort(data)
print(f"Sorted array: {sorted data}")

WIdIcig Gelsel:
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Initial: [64, 34, 25,

Pass
Pass
Pass
Pass
Pass

Pass

[34, 64, 25,
[25, 34, 64,
[12, 25, 34,
[12, 22, 25,
[11, 12, 22,
(11, 12, 22,

12,
12,
12,
64,
34,
25,
25,

22,
22,
22,
22,
64,
34,
34,

11,
11,
11,
11,
11,
64,
64,

90]
90]
90]
90]
90]
90]
90]

e s1S sorting analogy: playing cards 2lisddi ¥q

e Stable sort: 2iHI4 elements i relative order 1014

e Online algorithm: S21 HdI < list sort s3] 215

q443] 2ls: "Insertion ioy ¥ Insert 52 &"

yed 5(a) [3 2jel]

2] carvwl 11l 1. Complete Binary tree Il. In-degree Ill. Out-degree.

¥dIGi:

RIGE

Complete Binary Tree

In-degree

Out-degree

43 gls: "Complete-In-Out = Tree terminology"

yed 5(b) [4 3]

QW

ocdl level [@alx oal levels siciall ciR1ddl

Node Hi A1ddI edges -l 2iv

Node #ieil ¥di edges -l v

Bubble sort algorithm Gels2el 12l 44dl.

¥dIGi:

Bubble Sort: isluy elements l ¢@d1 s21 244 Wial sHHi ¢l dl swap s?l.

Algorithm:

1. €35 pass HI2 (0 @l n-1):
2.

€2S element HI2 (0 2l n-pass-1):

3. % arr[j] > arr[j+1]:
4. arr[j] ST arr[j+1] swap s?l

GelsRel: [64, 34, 25, 12]
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Pass Comparisons Result

1 64>34(swap), 64>25(swap), 64>12(swap) [34,25,12,64]
2 34>25(swap), 34>12(swap) [25,12,34,64]
3 25>12(swap) [12,25,34,64]

Bubble up: 2i2il Hig element ¥id bubble 21

Multiple passes: €25 pass ¥is element 212i] ®221Hi 35

e 2I§ implementation: 24¥AHi 11

34432 2ls: "Bubble 2l Hiaid yin did 9"

yed 5(c) [7 3]

ud] 24vAIAI HI2 Binary Search Tree Gididi d2il ddi Preorder, Inorder ¥i4 Postorder traversals @uii: 15,
35,12, 48, 5, 25, 58, 8

¥dIGi:

BST Construction:

Traversal Sequences:

Traversal Sequence

Preorder 15,12,5, 8, 35, 25, 48, 58
Inorder 5,8,12,15, 25, 35, 48, 58
Postorder 8,5,12, 25,58, 48, 35, 15

Traversal [HaHi:

® Preorder: Root — Left — Right
e Inorder: Left — Root — Right (sorted order 1I4)

e Postorder: Left — Right — Root

442l 2ls: "Pre-In-Post = Root -l [2ai(d"
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yed 5(a) OR [3 2fel]

Binary tree -l c1ul 41ul. Binary tree di node searching [d2i audi.
¥dIG:

Binary Tree: Hierarchical S2i structure ®4i £2s node + 4edH 6i children ¢,
Search Algorithm:

. Root 2l 21R¥ild sl

. target = current node, found return SR

target < current node, SIGI 1]

target > current node, SHEI B
. HOl § NULL ¢l ueld di yel repeat s?l

g & W N
. .
g/ g/

¢ Hierarchical structure: Parent-child ci¢l
e Binary property: node €ls HedH 6l children

e Search siigiMdi: Balanced trees 412 O(log n)

4u2l gls: "Binary i uigMi branch s2 9"

U2 5(b) OR [4 d)e1]
2l $21 4 bubble sort -l Heeail Asdl sHHi dlisd] Gididl. S21: 44, 72, 94, 28, 18, 442, 41

¥dIGi:

Bubble Sort Trace:

Pass Array State Swaps

Initial [44,72,94, 28,18, 442, 41] -

Pass 1 [44,72, 28,18, 94, 41, 442] 94>28, 94>18, 442>41
Pass 2 [44, 28,18, 72,41, 94, 442] 72>28,72>18, 94>41
Pass 3 [28, 18, 44,41,72,94, 442] 44>28, 44>18, 72>41
Pass 4 [18, 28,41, 44,72, 94, 442] 28>18, 44>41

Pass 5 [18, 28,41, 44,72, 94, 442] sigd swaps el

ildH sorted array: [18, 28, 41, 44, 72, 94, 442]

43l gls: "Bubble sort €25 pass ilell Hi2id ¥id bubbles 53"

yed 5(c) OR [7 d|ei]

Trees -l [dfda if@seld sendi. General tree 4 Binary Search Tree i 3uid? s2di Hi2-l technique Gels2el
12 44w,
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¥dIGi:

Tree il@sel-:

dlasald Guaidl

File System Directory hierarchy
Expression Trees aiifeifds expressions
Decision Trees Al 244 machine learning
Heap Priority queues

General Tree 2il BST 3uid2:
Technique: First Child - Next Sibling Representation
4o General Tree:
A
/ 1\
B CD

/1
EF G

Binary Tree Hi 3uidz:

WIidi:

1. First child: Binary tree Hi left child ci
2. Next sibling: Binary tree Hi right child ci4

3. Recursive application: 6igl nodes U @12) s

* cdfad 3uid?: Tree structure ¥1nd
* Binary representation: node €ls ssd Gi pointers diu2

e Space siRIgiHdI: 4TS binary tree operations @12] us
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"u2l gls: "First-child sici, Next-sibling x4l
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