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ved 1(a) [3 2fel]

Array i list i dgldd selidl.

FUIGH:
Array List
fAl8d s€ oi1dd] guid slfdeild se - gdl/a2] 215
AMI USRI S2| PETRVETERTREL
J4u3l siRigH - Add singei darils el ggiR 442l
23sul access dlvidz] Hi2 [Gice-g4 methods operations Hi2

443l 2ls: "Arrays [Qf2d (i, Lists @arils AdiAi"

yed 1(b) [4 3ge1]
Class ¥i object I concept python program -l uegail 2a4eadl.

¥dIGL:

Class i s blueprint © < objects I structure 44 behavior ciiuiRid s2 ©. Object i class Al instance ©.

class Student:
def _ init_(self, name, age):
self.name = name

self.age = age

def display(self):
print (f"Name: {self.name}, Age: {self.age}")

# Objects GidIdd]

sl = Student("2M", 20)
s2 = Student("dldl", 19)
sl.display()

e Class: Template Gi41d &

AAY

¢ Object: dixd[ds instance 6i-Id &

e Constructor: Object initialize 52 ©

43l gls: "Class Blueprint 6i41d Object Instances”

sed 1(c) [7 3fel]
Constructor -l carvl i, [Afda usi? 4i constructor python program i2i 44dl.

¥YAdIGL:
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Constructor i special method £ < object creation time U2 automatically call &1 ©. Python Hi __init_ ()
method constructor €.

class Demo:
# Default Constructor
def _ init (self):

self.value = 0

# Parameterized Constructor
def _ init_ (self, x, y=10):
self.x = x

self.y =y
# Guldl

dl = Demo(5) # x=5, y=10 (default)
d2 = Demo(3, 7) # x=3, y=7

Constructor 1 YSIRi:

SIR
Default

Parameterized

Copy

[
qeid
sig parameters Aél
Parameters 12

Object -l copy Gi-1d

Guidl
Object initialization
s initialization

Object duplication

4u3l 2ls: "Default Parameters Copy Objects"

yed 1(c) OR [7 djel]

Polymorphism -l w1 241ul. Inheritance 4s Polymorphism i python program duii.

FdIG:

Polymorphism 4 2iMI4 interface diuzld 4@l A4@21 objects U2 24@21 24@21 operations s2d -] aHd €.
class Animal:

def sound(self):

pass

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

return "Woof!"
class Cat(Animal):
def sound(self):

return "Meow!"

# Polymorphic ddd
animals = [Dog(), Cat()]
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for animal in animals:

print(animal.sound())

e Method Overriding: Child class Hi 2HI4 method name
e Dynamic Binding: Runtime 42 method selection

¢ Code Reusability: 24 interface, ¥1d21 implementation

42l 2ls: "gwil Objects, ¥is Interface”

yed 2(a) [3 dyel]

Python ¥idoid data structure List, Tuple 14 Dictionary 2141di.

SdIGi:
Data Structure sjeigHi Gelezel
List Mutable, ordered, duplicates allowed (1, 2,
Tuple Immutable, ordered, duplicates allowed (1, 2,
Dictionary Mutable, key-value pairs, unique keys {'a':

43 gls: "Lists cidi, Tuples 2¢, Dictionaries -s2ll"

uad 2(b) [4 d1e1]
Stack «l vif@seld sendl.
%dIGI:
Stack Applications:
¢ Function Calls: Call stack management
e Expression Evaluation: Infix to postfix conversion

e Undo Operations: Text editors, browsers

¢ Parentheses Matching: Syntax checking

Fe——t
| 3 | <- Top
et
| 2 |
et
| 1]
et

442l 2ls: "Functions Evaluate s2 Undo Parentheses"

yed 2(c) [7 2]
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Stack Al carvl i, PUSH 44 POP operation Gels2el 12l 24%1di. Stack 1 PUSH 14 POP operation I
algorithm dvil.

¥dIGL:
Stack i LIFO (Last In First Out) [Rigid 214212 linear data structure .

PUSH Algorithm:

1. Check S § stack eiRdl © & Adl
2. % Géﬂ]\ﬁa, print "Stack Overflow"
3. ¥Y2l, top increment S?
4. Top position U2 element add S2l
POP Algorithm:
1. Check S S stack uidl & § 4¢l
2. % uidl ¢ld, print "Stack Underflow"
3. AH=YAl, top ¢l element remove SR
4. Top decrement SR
Gelseer:
stack = []
stack.append(10) # PUSH
stack.append(20) # PUSH

item = stack.pop() # POP returns 20

4l gls: "ocdl vieR, Uddl olelR - 2luilAl FG"

yed 2(a) OR [3 3jei]

1] carvl 41ui: 1. Time Complexity Il. Space Complexity lll. Best case

¥dIGi:

RIGE
Time Complexity

Space Complexity

Qv
Algorithm execution time 4 [dedyel

Memory usage  [dedvel

Best Case =J-4dH time/space ¥3[Raid

43 gls: "Time Space Best Performance”

U 2(b) OR [4 J)e1]
1 vl infix expression 4 postfix ¥i §2di. A-(B/ C+(D % E *F)/ G)* H

¥YdIGi:
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Step-by-step conversion:

Infix: A— (B / C+ (D% E *F) / G) *H
1. ABC/DES%F*xG/ +-H*

Stack operations:
- operators: ~r (I /l +, (I %I *, )I /I )I ki
- Final: ABC/DE % F *G/ + -H *

PostfixulRelM: ABC /DESF *G/ + - H *

443l gls: "Operands uédl, Operators ygl"

yed 2(c) OR [7 31ei]

Circular queue <l carva1 24ul. Circular queue 1 INSERT 14 DELETE operations iigld 2112 a4di.
FUdIG:

Circular Queue ¥ queue - YaiRg 243 © Ui ©cdl R2(d yem Raild 21 isiddl siy .

o S Y
11213 |
B S S

S S

front rear

INSERT Algorithm:

1. Check S2 $ queue Gdl & § Adl
2. rear = (rear + 1) % size

3. queue[rear] = element

4. % Y=H element ¢, dl front = 0 e S2A

DELETE Algorithm:
1. Check S § queue Widl & 5 4¢]
2. element = queue[front]
3. front = (front + 1) % size
4. Element return S2I

sIAEl: Memory efficiency

e GualdI: CPU scheduling, buffering

Hu2l 2ls: "1 W di uIel sA"

Med 3(a) [3 dLel]
List 4i Guaia1 s3] Stack 4 Implementation 2i41di.
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FUdIGL:

Stack operations Python List ds:
stack = [] # uidl stack
stack.append(10) # PUSH

stack.append(20) # PUSH
top = stack.pop() # POP

e PUSH: append() method
e POP: pop() method

e TOP: stack[-1] for peek

43l gls: "Append 45d, Pop uid"

U 3(b) [4 d)e1]

Linked list - [AfGa if@sel [Gei uai s2i.
SAIGH:

Linked List Applications:

e Dynamic Memory: Runtime U2 size ¢iedid
e Insertion/Deletion: siguvl 2214 siiaiH
¢ Implementation: Stacks, queues, graphs

e Undo Functionality: Browser history, text editors

vfGEsed SI”AEI Guaidl

Music Playlist ¥R\0 add/remove Media players

Memory Management Dynamic allocation Operating systems
Polynomial Representation siRigid storage Mathematical operations

43 gls: "oifdella Implementation Undo Memory"

wed 3(c) [7 2]
Doubly linked list 44%di. Doubly linked list Hi 21311d -l node 4 delete s2di1 H124i algorithm @uil.

¥dIGL:

Doubly Linked List 4i €25 node Hi data, next pointer 4 previous pointer ¢id €.
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NULL points to next
2133i1d2il Delete s2dll Algorithm:

1. o list Widl @iy, di return
2. % U S node ¢id:

- head = NULL
3. AHUAI:

- temp = head

- head = head.next

- head.prev = NULL

- temp 4 delete S?i

def delete beginning(self):
if self.head is None:
return
if self.head.next is None:
self.head = None
else:
self.head = self.head.next

self.head.prev = None

q442l 2ls: "ol (€211 Aldail"

yed 3(a) OR [3 djei]
1 Al infix expression 4 postfix Hi §2di: A+B/C*D-E/F-G
*¥dIG:
Step-by-step conversion:
Infix: A+B/C*D-E/F-G
Postfix: ABC /D *+ EF / -G -

Operator precedence: *, / > +, -
siciell e associativity

qu2 gls: "oLen eidl uédl, 41N GigGHIS] ugs]”

ued 3(b) OR [4 d)e1]

Circular Linked List di1 JigIA€l 12 A4Mdl.

¥AdIGi:
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Circular Linked List Hi ©5¢cdl node i next pointer Y2 node 4 point s2 €.

R RN R
| 1 |--—=>] 2 [-——>] 3 |
ot +o——t RS
) |
e cccoooomooee e +
\ \
SEETEHER R

o idid U FvIH: Vi2l traversal
o %[2d Implementation: d¢iR digei-] %32]
e Memory Overhead: 42 pointer management

e Debugging lieéc-ﬂ: Circular references

Hul gls: "adai yasael @id] 2is”

yed 3(c) OR [7 ]

Doubly Linked List i Insert operation « perform s2di H124i Python Program cuii. 2d2s iigld 2412
AUAdI.

¥dIGi:

class Node:

def  init_(self, data):
self.data data

self.next

None

self.prev = None

class DoublyLinkedList:
def _ init (self):
self.head = None

def insert beginning(self, data):
new_node = Node(data)
if self.head is None:
self.head = new_node
else:
new_node.next = self.head
self.head.prev = new_node

self.head = new_node

yddl: NULL <- [10] <-> [20] -> NULL
ygl:  NULL <- [5] <-> [10] <-> [20] -> NULL

new head
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Insert Operations:
e 2I33lId: Head pointer update s2l
* ¥id: ©cdl node Y¢il traverse s?

e HEl: prev/next pointers update sl

Ju2 2ls: "21341d Vid Hel Insertions”

yed 4(a) [3 dyel]
Merge sort i algorithm duii.
¥YJIGL:
Merge Sort Algorithm:
. % array size <= 1 &), di return
. Array 4 G &M 98y

1
2
3. Gid afloli4 recursively sort Sl
4. Sorted G{I9lid merge s?l

N
|

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

\

442l Zls: "adul Ydi Hagl"

U 4(b) [4 d1e1]

Singly Linked List 314 Doubly Linked List i dgidd %selidl.

¥dIGL:

Singly Linked List
s pointer (next)
YPIN traversal Hidl
il memory quzie|

0 implementation

Singly: [data|next] -> [data|next] -> NULL

Doubly Linked List
Gi pointers (next, prev)
Gid [E21Mi traversal
dgiRk memory quzie|

%[2d implementation

Doubly: NULL <- [prev|data|next] <-> [prev|data|next] -> NULL

Jqu2 2ls: "[Fo1d 211210, SGid Gid (211"

ved 4(c) [7 2]
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Selection sort i algorithm @vil. ¥i1N@I 21 4 selection sort -l Hee2il Asdl sHui dlisdl cididi. S21: 13, 2, 6,
54,18, 42, 11
SdIGi:

Selection Sort Algorithm:

1. i = 0 2l n-2 ydl:
2. array[i...n-1] Hi minimum 2liel]
o

Minimum A array[i] Alel swap s?l

[13, 2, 6, 54, 18, 42, 11] HI12 Trace:

Pass Array State Min l-mj Swap

0 [13,2,6,54,18,42, 11] 2 132

1 [2,13,6,54,18,42,11] 6 136

2 [2,6,13,54,18,42, 11] 11 1311

3 [2,6,11,54,18,42,13] 13 5413

4 [2,6,11,13, 18, 42, 54] 18 sig swap él
5 [2,6,11,13,18, 42, 54] 42 sig swap ¢l

ildy ulReny: [2, 6, 11, 13, 18, 42, 54]

HH2 2ls: "AdH uRiE s, 221 Gledl”

yad 4(a) OR [3 d]el]

Insertion sort i algorithm @vii.
FUdIG:

Insertion Sort Algorithm:

1. i =1 2l n-1 ¥dl:
. key = array[i]
. j = 1i-1

. 4l Yl § >= 0 ¥4 array[j] > key:

=W N R

5. array[j+1] = array[]]
6. j = j-1
7. array[j+1] = key

Time Complexity: O(n?)
Best Case: O(n) sorted array yi2

q4u2l 2ls: "Yioy 2214 £1ud s2"
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U 4(b) OR [4 de1]
Circular linked list i ¥id i dl node insert s2d1 HI24i algorithm @vil.

¥AdIGi:

Algorithm:

1. Data 9 new_node Gid1d]
2. % list widl e¢lu:
- head = new_node

- new_node.next = new_node

3. Al
- temp = head
- %uiggﬂ temp.next != head:

- temp = temp.next
- temp.next = new_node

- new_node.next = head

def insert end(self, data):

new_node = Node(data)

if self.head is None:
self.head = new_node
new_node.next = new_node

else:
temp = self.head
while temp.next != self.head:

temp = temp.next

temp.next = new node

new_node.next = self.head

4yl gls: "Head u2 uiml ag:n”

yed 4(c) OR [7 djei]

Bubble sort i algorithm dvuil. iidi S21 4 bubble sort ] Hge2il Asdi suHi dlisdl cididl. S2i: 37, 22, 64, 84,
58, 52, 11

%dIGI:
Bubble Sort Algorithm:
1. i = 0 2l n-2 ydl:
2. j =0 @l n-2-i l:

3. % array[j] > array[j+1]:
4. array[j] IR array[j+1] q swap s2l

[37, 22, 64, 84, 58, 52, 11] HI2 Trace:
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Pass Auiimeil ¥4 Swaps uReny

1 3722, 6484, 8458, 8452, 8411 [22,37,64,58,52, 11, 84]
2 3764, 6458, 6452, 6411 [22,37,58,52, 11, 64, 84]
3 3758, 5852, 5811 [22, 37,52, 11, 58, 64, 84]
4 3752, 5211 [22,37,11,52, 58, 64, 84]
5 3711 [22,11,37,52, 58, 64, 84]
6 2211 [11, 22,37,52, 58, 64, 84]

ildy ulReny: [11, 22, 37, 52, 58, 64, 84]

H4u3 2ls: "ial Hial e Gur"

yed 5(a) [3 2Lel]
Binary search tree i d-il application 2udl.

¥dIGi:

Binary Search Tree (BST) i binary tree © i left subtree Hi -] values 214 right subtree Hi 412l values ¢ia

N\

.
dJRILHI:
e Left child < Parent < Right child

e Inorder traversal sorted sequence A1V &

e Search time: O(log n) average case

Applications:
dlGEsel4 SI”AEI GuidI
Database Indexing syl search DBMS systems
Expression Trees Evaluation Compilers
Huffman Coding Compression Data compression

43 gls: "Binary Search Trees S21 21isd"

yed 5(b) [4 d[el]
Linear Search 12 Python Program duil daii Gels2el 12l 24%1di.

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

return -1

# GergRel

numbers = [10, 25, 30, 45, 60]

result = linear_ search(numbers, 30)

print(f"Element found at index: {result}") # Output: 2

s1H2i12:
e slis duld: Element €2 element
¢ Time Complexity: O(n)

e Space Complexity: O(1)

e sI4 52 ©: Unsorted arrays U2

Step Element HwR|?
1 10 Al
2 25 Al
3 30 el

Hu2l 2ls: "dl[qu2 digd €2 dig"

yed 5(c) [7 2]

sl JAivaii HI2 Binary Search Tree Gididi d2ll dd1 Preorder, Inorder ¥i4 Postorder traversals @vuii: 45,
35, 12, 58, 5, 55, 58, 80, 35, 42

¥dIGi:

BST ciigsiM (duplicates sHad1eidiyi AH1dd):

45
/ 0\
35 58
/ N\ /\
12 42 55 80
/
5

Insertion sH: 45(root), 35(left), 12(35 1 left), 58(right), 5(12 1 left), 55(58 -l left), 80(58 -l right), 42(12 -
right)

Traversals:
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Traversal sH (=1

Preorder 45, 35,12, 5,42, 58, 55, 80 Root-Left-Right
Inorder 5,12, 35,42, 45, 55, 58, 80 Left-Root-Right
Postorder 5,42,12, 35, 55, 80, 58, 45 Left-Right-Root

443l 2ls: "Pre-Root uédi, In-Sorted, Post-Root &¢cd"

yed 5(a) OR [3 3jei]

1] carvwl 41ul: 1. Binary tree Il. level number lll. Leaf-node

*SdIGI:
R1GE SITITHT Geleseel
Binary tree €2 node Hi HedH 2 children diq) tree €25 node Hi < 2 children
Level number Root &/l ¥id? (root = level 0) Root=0, children=1, g2i2
Leaf-node sig children 4 iy ddl node Terminal nodes
A <- Level 0 (Root)
/ \
B C <- Level 1
/
D <- Level 2 (Leaf)

443l gls: "Binary Levels dls s2 Leaves d2s"

U 5(b) OR [4 d)ei]

Linear Search i Binary search d2i dgldd seldi.

dIGI:
Linear Search Binary Search
Unsorted arrays U2 si4 s2 Sorted array 33!
sfis dula cididl viIslH ¥di
Time: O(n) Time: O(log n)
¢ implementation %[2d implementation
sigf preprocessing Sl Sorting %32l
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Linear: [1]1[2][3]1[4]1[5] -> €5 duid
Binary: [1]1[2][3]1[4][5] -> HM& duidi, &IRIdl VIS|

443l gls: "Linear @ig4, Binary [defie-"

yad 5(c) OR [7 dJei]

Binary search tree di node d insertion i deletion izl algorithm @uil.

¥dIGi:

Insertion Algorithm:

%l root NULL é, di 4d]l node 4 root Gididi

%l data < root.data, dl left subtree Hi insert S2i
o data > root.data, di right subtree Hi insert SR
&

data == root.data, di insertion d@'(duplicate)

Deletion Algorithm:

g
2%
3.

%l node leaf ©: Eﬂg delete S2l

%l node Mi ¥is child ©: child dld GiEd]
% node Hi Gi children ©:

- Inorder successor 2li€l

- Data 4 successor -l data dl& GI€di

- Successor 4 delete S?I

def insert(root, data):

if root is None:

return Node(data)
if data < root.data:

root.left = insert(root.left, data)
elif data > root.data:

root.right = insert(root.right, data)

return root

def delete(root, data):

if root is None:
return root
if data < root.data:
root.left = delete(root.left, data)
elif data > root.data:
root.right = delete(root.right, data)
else:
# Delete s2di4l node Hull
if root.left is None:
return root.right
elif root.right is None:
return root.left
# 6 children 84l node
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temp = find min(root.right)

root.data = temp.data

root.right = delete(root.right, temp.data)
return root

\

Sl

e Leaf deletion: il¢ removal
e s child: Child 212l replace

e dl children: Successor 18 replace

q4u3l 2ls: "Insert d2uidl, Delete ciedi"
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