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ved 1(a) [3 2fel]

Time Complexity HI2 best case, worst case i< average case <AIwIIRid s?i.

¥dIGL:

26id: Time Complexity Cases

Sadi UsIR vl
Best Case VieliRaH execution HI2 ey 24
Worst Case A@IIRUH execution HI2 HeTH HHY

Average Case  IMI=I input scenarios HI2 Aulgid 44

Gelseel
Linear search Hi vi{@v-2 uddl uil32i4 uz 4o
Linear search Hi AGH-=2 &cdl uifs3214 U2 4o

Linear search Hi (@42 HeaHi HA

e Best Case: ¥ii€2] input conditions A2 icliReH optimal el 41

e Worst Case: uldgo input 2112] AcNReH HedH 44 d

e Average Case: Gi¢ll 2is3 inputs Hi execution time -l 211[Gids 1vail

43l gls: "BWA - Best, Worst, Average"

yed 1(b) [4 2eI]
OOP i Class i1 Object ¢f §? A1>y Gelce! A1l
FdIGH:

26id: Class vs Object

v Class

I Objects Gi4lddi Hi2 blueprint/template
q4u3l sigf WH2l allocate eil aidl

Gelerel Car (template)

# Class definition
class Student:
def init (self, name, age):
self.name = name

self.age = age

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

# Object creation

studentl = Student("John", 20)
studentl.display()
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e Class: Attributes 244 methods wiifid s2d template

e Object: diad(ds values 12 instance

43 gls: "Class = Cookie Cutter, Object = diad[ds Cookie"

sed 1(c) [7 2jel]
Simple nested loop ¥4 numpy modaule i GuaidI s34 6l matrix multiplication 412 Wi214 @vil.
YUdIGi:

# Method 1: Simple Nested Loop -l Gulidl

def matrix multiply nested(A, B):

len(A), len(A[O0])
len(B), len(B[O0])

rows_A, cols_A

rows B, cols B

# Result matrix initialize S?I

result = [[0 for _ in range(cols B)] for _ in range(rows_A)]

# Matrix multiplication
for i in range(rows_A):
for j in range(cols_B):
for k in range(cols_A):
result[i][j] += A[i][k] * B[k][]]

return result

# Method 2: NumPy - Guaio|

import numpy as np

def matrix multiply numpy(A, B):

A np np.array(A)

B _np np.array(B)

return np.dot(A_np, B_np)

# GelsRel
A= 1[[1, 2], [3, 4]]
B =[[5, 61, [7, 811

print("Nested Loop Result:", matrix multiply nested(A, B))
print ("NumPy Result:", matrix multiply numpy(A, B))

e Nested Loop: Row, column 14 multiplication 412 >l loops

e NumPy: siigii multiplication 12 built-in dot() function

3442 2ls: "Row x Column = Result"

yed 1(c) OR [7 djel]

Array I basic operations HI12 ¥is Wi214 @uil.
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¥dIGi:

import array

# Array Gi-1dl

arr = array.array('i', [1, 2, 3, 4, 5])

def array operations():

print ("4 array:", arr)

# Element insert S2I
arr.insert(2, 10)
print("insert(2, 10) ygl:", arr)

# Element append s?l
arr.append(6)
print("append(6) usl:", arr)

# Element remove S2I
arr.remove(10)

print("remove(10) ygl: ", arr)

# Element pop S2l
popped = arr.pop()

print (f£"Pop Sé@ element: {popped}, Array: {arr}")

# Element 2lidl
index = arr.index(3)

print(£"3 ﬂ index: {index}")
# Occurrences OlQl|
count = arr.count(2)

print(£"2 4 count: {count}")

array_operations()

26id: Array Operations

Operation Method

Insert insert(index, value)
Append append(value)
Remove remove(value)

Pop pop()

443l 2ls: "IARP - Insert, Append, Remove, Pop"

yed 2(a) [3 aper]

No. 3 /28
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Big 'O’ Notation a4dl.

¥dIGi:

26id: Big O Complexity

Notation
o(1)
O(n)
0O(n?)

O(log n)

e Big O: ¥iIiRgyu-l time complexity 1 upper bound

414
Constant
Linear
Quadratic

Logarithmic

o &d: [Ady AN Rem] sidemdi-l dai sdl

® &JI4: Worst-case scenario analysis u?

4u?l gls: "Big O = glgI Big Order"

uad 2(b) [4 d1e1]

Class method ¥i4 static method 4?2l dsidd @vil 44wdl.

¥dIGL:

26id: Method Types Comparison

vy

Decorator

uég Parameter
Access

Guidl

class MyClass:

class_var =

@classmethod

Class Method

@classmethod

cls (class reference)

Class variables - access s3l 2I$

Alternative constructors

¢ class variable &"

def class_method(cls):

return f"Class method accessing:

@staticmethod

def static_method():

return "Static method - sig class access -2l

# Guld|

(Y

Qi

{cls.class_var}

No. 4 /28
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print(MyClass.class method())
print(MyClass.static_method())

3443 2ls: "Class method Hi CLS &, Static method STandalone "

Med 2(c) [7 3]
Public i private type derivation i Guaidl sl single level inheritance HI2 class Gi-ldi.
¥YJIGL:

# Base class

class Vehicle:

def _ init_ (self, brand, model):

self.brand = brand # Public attribute
self._model = model # Protected attribute
self. year = 2023 # Private attribute

def start engine(self):
return f"{self.brand} engine 2I3 a@"

def _display model(self): # Protected method
return f"Model: {self. model}"

def _ private method(self): # Private method

return f"Year: {self._year}"

# Derived class (Single level inheritance)
class Car(Vehicle):
def init (self, brand, model, doors):
super().__init_(brand, model)

self.doors = doors

def car_info(self):
# Public ¥id protected members 4 access s3l 2$
return f"Car: {self.brand}, {self. display model()}, Doors: {self.doors}"

def demonstrate access(self):
print ("Public access:", self.brand)
print("Protected access:", self. model)

# print("Private access:", self. vyear) # ¥l error SR

# Guadl

my_car = Car("Toyota", "Camry", 4)
print(my_car.car_info())
print(my_car.start_engine())

my_car.demonstrate_access()

e Public: ¢i¢i accessible (brand)

e Protected: Class 244 subclasses Hi accessible (_model)
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e Private: 4ol 1414 class Hi accessible (__year)

443 Zls: "Public = cigl, Protected = g¢ai, Private = csdoid”

yed 2(a) OR [3 3jel]

Constructor + Gels2el A1 4HMdl.
SdIGI:

26id: Constructor Types

USIR Method éq
Default __init__ (self) Default values 19 initialize
Parameterized __init_ (self, params) Custom values 12 initialize

class Student:
def _ init (self, name="3s&lld", age=18): # Constructor
self.name = name
self.age = age
print (f"Student {name} G&K&TW

def display(self):
print(f"dM: {self.name}, GH2: {self.age}")

# Object creation automatically constructor 4 call s2 ©
sl Student ("Alice", 20)
s2 Student() # Default values GUJd| S2

e Constructor: Object ciIddMi A1d IR call adl special method
e &d: Object attributes A initialize s2dl

e Automatic: Object creation €[4 automatically call 211

4u2l gls: "Constructor = Object o ¥+ UHIRIu"

yed 2(b) OR [4 3jeI]

Polymorphism g2lidal 412 2is i @vil.

¥dIGi:

# Base class
class Animal:
def make_ sound(self):

pass

# Derived classes
class Dog(Animal):

def make sound(self):
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return "cficdit"

class Cat(Animal):
def make_ sound(self):
return "[MHaG!"

class Cow(Animal):
def make_ sound(self):

return "éat"

# Polymorphism demonstration
def animal sound(animal):

return animal.make_sound()

# Objects GidIdd|
animals = [Dog(), Cat(), Cow()]

# ¥Hl4 method call, AHdA2l behavior

for animal in animals:

print(f"{animal. class__ . name__ }: {animal_ sound(animal)}")

26id: Polymorphism i giiel

SI”AEI qeid

darilsdi M4 interface, Ad21 implementations
sageil d] types GH2dl Addl

Code Reuse [G{del objects Hi2 ¥4I interface

43l gls: "Poly = g1, Morph = 243yi”

yed 2(c) OR [7 3yei]

Multiple 314 hierarchical inheritance i Guidl s3] uii2lid Yi2AI4 @vil.

¥dIGi:

# Multiple Inheritance
class Teacher:
def  init (self, subject):

self.subject = subject

def teach(self):
return f"{self.subject} emﬂqwﬂ"

class Researcher:

def  init_ (self, field):
self.field = field
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def research(self):
return f£"{self.field} Hi 2elig4 s2g"

# Multiple inheritance
class Professor(Teacher, Researcher):
def init (self, name, subject, field):
self.name = name
Teacher. init (self, subject)

Researcher._init_(self, field)

def profile(self):
return f£"UiS¥R {self.name}: {self.teach()} A4 {self.research()}"

# Hierarchical Inheritance
class Vehicle:
def _ init_ (self, brand):
self.brand = brand

def start(self):
return f£"{self.brand} 213 "

class Car(Vehicle):
def drive(self):
return f"{self.brand} SIR UG ©"

class Bike(Vehicle):
def ride(self):
return f£"{self.brand} ¢lgs UG &"

# Guiol
prof = Professor("[@", "viei4", "AI")
print (prof.profile())

car = Car("Honda")
bike = Bike("Yamaha")
print(car.drive())

print (bike.ride())

digld:
Multiple Inheritance: Hierarchical Inheritance:
Teacher Researcher Vehicle
\ / / \
\ / Car Bike
Professor

#u2l gls: "Multiple = gl HidI-[Adl, Hierarchical = g&i Mo
Med 3(a) [3 21el]
Stack u? Push 14 Pop operations dudi.
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¥dIGi:

26id: Stack Operations

Operation geid

Push 214 U element GHg
Pop 21di2ll element €2 =g
Peek/Top 21 element %iq
isEmpty Stack uiicl & § 4él duiiq
stack = []

# Push operation

stack.append(10) # 10 Push s?l
stack.append(20) # 20 Push s?l
print("Push ussl:", stack) # [10, 20]

# Pop operation
item = stack.pop() # 20 Pop s?i
print (f£"Pop Sé: {item}, Stack: {stack}") # [10]

e LIFO: Last In, First Out [Jgid

e 2iy: Operations HI2 HIx accessible element

Hu2l 2ls: "Stack = 2101 A1 e21d] - ©edl 210 AR, usdl 2101l clsR"

U 3(b) [4 d)ei]
Queue Al Enqueue 14 Dequeue operations 244%idi.

¥AdIGi:

26id: Queue Operations

Operation geid 221

Enqueue Element GH2q =
Dequeue Element g2 s=q AR
Front HPRIN element %19 BRI
Rear Ul element %iq V=

No. 9 /28
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from collections import deque

queue = deque()

# Enqueue operation

queue.append(10) # 10 Enqueue s?l

queue.append(20) # 20 Enqueue s?l
print("Enqueue ygl: ", list(queue)) # [10, 20]

# Dequeue operation

item = queue.popleft() # 10 Dequeue s2l

print (f"Dequeue Sé: {item}, Queue: {list(queue)}") # [20]

e FIFO: First In, First Out [¥igid

o G BSI: AI12100 removal HI2, Ui insertion HI2

443 2ls: "Queue = £5IHi dlg- - Uddl lsd g, uddl Qilsd clelR"

yed 3(c) [7 3]

Stack il [dfda applications 24%dl.

¥dIGi:

26id: Stack Applications

Application qeid

Expression Evaluation Infix 4 postfix Hi 3uid?

Function Calls Function call sequence manage s29
Undo Operations disdr- [sa141 Gazigd]

Browser History Pages gl2| UI®N navigate s
Parentheses Matching Balanced brackets sidi

# Belskl: Parentheses matching

def is balanced(expression):

[1]

CCe D et e Y

stack

pairs

for char in expression:
if char in pairs: # Opening bracket
stack.append(char)
elif char in pairs.values(): # Closing bracket
if not stack:
return False
if pairs[stack.pop()] != char:

return False
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return len(stack) ==

# 2
print(is_balanced (" ({[]})")) # True
print(is_balanced("({[}])")) # False

¢ Memory Management: Programming Hi function call stack
e Backtracking: Maze solving, game algorithms

e Compiler Design: Syntax analysis 214 parsing

43 gls: "Stack Applications = UFPB (Undo, Function, Parentheses, Browser)"

yed 3(a) OR [3 3yel]
Single Queue l HaigrRAI] A1€] Gi-Idi.

¥AdIGi:

26id: Single Queue Limitations

Hauigl geid A1l

Memory Wastage KRN %221 AU Gi & is1RigiH memory Guio|
Fixed Size Dynamically resize s3| 2isig -eil %231 HaUiel

False Overflow BRI %221 Wid] sldl 9di queue ciRdl didi V5101 capacity limit

No Reuse Dequeue s2dl positions s2leil diuzl 2isidl el Linear space utilization

Single Queue Problem:
Front Rear
l 1

[X1[XI0310410510 10 1[ 1
T T
cnsdl ¥l (s2lell gl aisidl Hail)

e Linear Implementation: Dequeue s2dil %2 utilize s3] 2isid] 42l

e Static Array: Fixed size allocation

443 Zls: "Single Queue = ¥is clIYAI 22di (U191 3] 2IsidI 2il)"

U 3(b) OR [4 de1]

Circular 314 simple queues -l dsidd @vil 24dl.
SUdIGL:

26id: Queue Types Comparison
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ulai Simple Queue Circular Queue

Memory Usage Linear, wasteful Circular, efficient

Space Reuse Dequeue s2dl ¥ s2leil diyid] Heil oi¢ll positions szleil diuR &
Overflow False overflow 2Is HI2l true overflow
Implementation Front 44 rear pointers Modulo 18l front 244 rear
Simple Queue: Circular Queue:

[XTOXI0310410 10 1 [51061[31[4]

Front- Rear- TRear Front-

(oi2115dl 21 (%241 g3lell AR

# Circular Queue Implementation
class CircularQueue:
def _ init_ (self, size):

self.size = size

self.queue = [None] * size
self.front = -1
self.rear = -1

def enqueue(self, item):

if (self.rear + 1) % self.size == self.front:
print("Queue @&Rig 21Y")
return
if self.front == -1:
self.front = 0
self.rear = (self.rear + 1) % self.size
self.queue[self.rear] = item

def dequeue(self):
if self.front == -1:
print ("Queue Widl 9")
return None
item = self.queue[self.front]

if self.front == self.rear:

self.front self.rear = -1

else:

self.front (self.front + 1) % self.size

return item

4u2l gls: "Circular = Ring Road (2idd), Simple = Yd idi 22"

yed 3(c) OR [7 3yui]

-3 infix expression 4 postfix Hi 3uid2 s2i: (a * b) * (c A (d + e) - f)

¥dIGL:
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26id: Operator Precedence

Operator Precedence
A 3
*/ 2
+, - 1

[}

Step-by-step conversion:

Expression: (a * b) * (¢ ©~ (d + e) — £f)

Step 1: (a * b) - ab*

Step 2: (d + e) - de+

Step 3: ¢ © (de+) - c de+ ©

Step 4: (c det+ ") — £ - c de+ "~ £ -

Step 5: (ab*) * (c de+ * £ -) - ab* c det ©~ f - *

Vi[dH ¥dIGi: ab*cde+" f-*

Algorithm:
1. Operand: Output Hi GH2]
'(": Stack Hi push s?l

)" (" A1d i Y&l pop s

A wonN

Operator: Higher/equal precedence pop s2l, ussl push s2i

5. ¥id: GiislHI 6i&ll operators pop S

def infix to postfix(expression):
precedence = {'+': 1, '=': 1, '*': 2, '/': 2, '""': 3}
stack = []
output = []

for char in expression:

if char.isalnum():
output.append(char)

elif char == '(':
stack.append(char)

elif char == ")':
while stack and stack[-1] != '(':

output.append(stack.pop())

stack.pop() # '(' & SRl

elif char in precedence:
while (stack and stack[-1] != '(' and

stack[-1] in precedence and

Associativity
Right to Left
Left to Right

Left to Right

precedence[stack[-1]] >= precedence[char]):

output.append(stack.pop())
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stack.append(char)

while stack:

output.append(stack.pop())

return ''.Jjoin(output)

# 2
result = infix to_postfix("(a*b)*(c”(d+e)-£f)")

print("Postfix:", result) # ab*cde+"f-*

43 gls: "Precedence 412 PEMDAS, Operators Hi2 Stack”

yed 4(a) [3 ye]
Linked List 41 ¥sI21 444,

¥dIGi:

26id: Linked List Types

USIR qeid

Singly Linked Next node I ¥is pointer
Doubly Linked Next 4 previous i pointers
Circular Linked ©¢cdl node uédld point s2
Doubly Circular Doubly + Circular features
Singly: [A]-[B]~[C]~-NULL

Doubly: NULL«-[A]2[B]2[C]-NULL

Circular: [A]-[B]-[C]

|

Doubly Circular: [A]2[B]2[C]
|

e Memory: €25 node Hi data 24 pointer(s) ¢l ©

e Dynamic: Runtime g2\ size ciedief 215 ©

43 gls: "SDCD - Singly, Doubly, Circular, Doubly-Circular"

uad 4(b) [4 d1e1]

Circular linked list 44 singly linked list I dsidd @vil 24edl.

¥dIGi:

No. 14 / 28
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26id: Singly vs Circular Linked List

vy Singly Linked List

&cdl Node NULL 4 point s2
Traversal NULL U2 id AId
Memory &cdi node NULL store s2
Detection NULL H12 check s?i

# Singly Linked List Node
class SinglyNode:
def _ init_ (self, data):
self.data data

self.next None
# Circular Linked List Node
class CircularNode:
def _ init_(self, data):
self.data = data

self.next = None

def traverse singly(head):
current = head
while current: # NULL U2 25
print(current.data)

current = current.next

def traverse circular(head):
if not head:
return
current = head
while True:
print(current.data)

current = current.next

if current == head: # 2I33Id4l Ul
break
disla:
[
Singly: [1]1-[2]~[3]-NULL

Circular: [1]1-[2]1-[3]
L

#u2l gls: "Singly = yd ¥id, Circular = Race Track"

yed 4(c) [7 2]

No. 15/ 28
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Singly linked list Hi 121l s142012] s2d1 HI2 Vis IAHA] AHUH S2U:
a. Singly linked list -l 213311d4i node €1vid s2l.
b. Singly linked list I ¥id node €lvid s-2I.

¥dIGL:

class Node:
def  init_ (self, data):
self.data = data

self.next = None

class SinglyLinkedList:
def _ init_(self):

self.head = None

def insert at beginning(self, data):
"""ﬂ3aﬂdHi node insert s2i"""
new_node = Node(data)
new_node.next = self.head
self.head = new_node
print(f"{data} 2I3IdHi insert %é")

def insert_at_end(self, data):
"""%d node insert s2i"""

new node = Node(data)

if not self.head: # uidl list
self.head = new_node
print (f"{data} ¥id insert S% (uéei node) ")

return

# ©cdl node ﬁd]traverse S2
current = self.head
while current.next:

current = current.next

current.next = new_node
print (f"{data} ¥id insert s3")

def display(self):
"""Linked list e2ligi"""
if not self.head:
print("List uidl ")

return

current = self.head

elements = []

while current:
elements.append(str(current.data))

current = current.next
print(" - ".join(elements) + " - NULL")
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# Gualdld Gelsel
sll = SinglyLinkedList()

# R3¥IdMi insert S
sll.insert at beginning(10)
sll.insert_at beginning(20)
sll.display() # 20 -» 10 - NULL

# ¥id insert s?l

sll.insert at end(30)
sll.insert at end(40)

sll.display() # 20 -» 10 - 30 - 40 - NULL

26id: Insertion Operations

Operation Time Complexity wIdi
213¥i1d o(1) 1. Node ci-1d] 2. Head 4 point s2i 3. Head update s2i
id o(n) 1. Node GiH1d] 2. ¥id ¢l traverse s?i 3. ©¢di node link s2i

Hu3 2ls: "21341d = 2352l (O(1)), ¥id = Ui (O(n))"

Med 4(a) OR [3 del]
Doubly linked list d4udi.

¥AdIGi:

26id: Doubly Linked List Features

(Geiyd geld

Gi Pointers €25 node Hi prev 44 next

Bidirectional A1 A4 U190 G4 dRS traverse s3] 2ISI
Memory prev pointer H12 dgiiRiH] 22|

ddilsdi o1 i insertion/deletion 2dg

class DoublyNode:
def init (self, data):
self.data = data
self.next = None

self.prev = None

# MlOvl] visualization
# NULL « [prev|data|next] 2 [prev|data|next] - NULL
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Doubly Linked List HIOYj:
NULL«[A]2[B]2[C]-NULL

prev next

e sIAEL Bidirectional traversal, ai¢q deletion

e dsald: prev pointer HI2 dgliR14] Hu2]

443 Zls: "Doubly = 6i Giig-I 224"

U2 4(b) OR [4 de1]

Linked List ] applications 4 deid s2i.
VUdIGi:

26id: Linked List Applications

Application Use Case SIJAE

Dynamic Arrays IR size GlEdI] 28 s1igi4 memory usage
Stack/Queue LIFO/FIFO operations Dynamic size

Graphs Adjacency list representation Space efficient

Music Playlist ylesd /241161 2ild 2¢g navigation
Browser History Back/Forward navigation Dynamic history
Undo Operations Text editors siigid undo/redo

# Gels20l: Doubly Linked List dlu2ld Browser History
class Page:
def _ init (self, url):
self.url = url
self.prev = None

self.next = None

class BrowserHistory:
def init (self):

self.current = None

def visit(self, url):

page = Page(url)

if self.current:
self.current.next = page
page.prev = self.current

self.current = page

def back(self):

if self.current and self.current.prev:
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self.current = self.current.prev
return self.current.url
return "slg ui®g page -eil"

def forward(self):
if self.current and self.current.next:
self.current = self.current.next
return self.current.url
return "sig uRIg page -eil"

443l gls: "Linked Lists = Dynamic, dazils, aisiid"

yad 4(c) OR [7 djel]
Merge Sort algorithm i yi2AIH dvil 2a4di.

¥dIGL:

def merge sort(arr):

Merge Sort implementation
if len(arr) <= 1:

return arr

# Array 4 O clPMi gdl
mid = len(arr) // 2

left half = arr[:mid]
right half = arr[mid:]

# Gid Il recursively sort SRl
left sorted = merge sort(left_half)
right sorted = merge sort(right half)

# Sorted G214 merge SR

return merge(left sorted, right sorted)

def merge(left, right):
"""l sorted arrays 4 merge sy
result = []

i=3=0

# Elements compare Sl merge S2I
while i < len(left) and j < len(right):
if left[i] <= right[]]:
result.append(left[i])
i+=1
else:
result.append(right[j])
j o+=1

# GlISlHl elements GHRI
result.extend(left[i:])
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result.extend(right[j:])

return result

# GelsRel
def demonstrate merge sort():
[64, 34, 25, 12, 22, 11, 90]

print("{®O array:", arr)

arr =

sorted_arr = merge sort(arr)

print("Sorted array:", sorted arr)

demonstrate_merge_sort()

26id: Merge Sort Analysis

vy

Time Complexity
Space Complexity
Stability

usie

Algorithm vaidi:
1. [Ael%sd: Array 4 61 AIPHi 9
2. d: 6id ail2li recursively sort s?l

3. «isiel: Sorted ¢i121i4 merge s

\

443 gls: "Merge Sort = 4di, 2lisdi, isi"

yed 5(a) [3 dyei]
Binary tree -l applications 4 deid szl.

¥UIGI:

26id: Binary Tree Applications

Stable

Divide and Conquer
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Application qeid Gelezel

Expression Trees a1ifeilds expression representation (a+b)*c

Decision Trees AI/ML Hi decision making Classification algorithms
File Systems Directory structure organization Folder hierarchy
Database Indexing siigiy searching Hi2 B-trees Database indices
Huffman Coding Data compression technique File compression

Heap Operations Priority queues implementation Task scheduling

e deiddi Data: Tree-like structures 4 geadl 2ld represent s2
e silgiM Search: Binary search trees O(log n) operations 14

e Memory Management: Compiler design Hi syntax trees Hi2 duzI3

443l 2ls: "Binary Trees = EDFDHH (Expression, Decision, File, Database, Huffman, Heap)"

U 5(b) [4 d1e1]
Geleel A1l binary tree -l Indegree 14 Outdegree dudl.

¥AdIGi:

26id: Degree Definitions

2I1GE JIu] Binary Tree Value
Indegree Node Hi lddI edges -l 2iv 0 (root) &4l 1 (c418)
Outdegree Node Hieil ¥di edges 1 vl 0, 1, ¥Adi 2

Degree Node 2112 ¥isiddl sd edges Indegree + Outdegree

Binary Tree GE&ls20I:
A (indegree=0, outdegree=2)
/\
B C (indegree=1, outdegree=1)
/ /

D E (indegree=1, outdegree=0)

e Root Node: é42il indegree = 0
e Leaf Nodes: éell outdegree =0

¢ Internal Nodes: outdegree = 1 4241 2

26id: Gelgel Analysis
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Node Indegree Outdegree
A 0 2
B 1 1
C 1 1
D 1 0
E 1 0

H4H32l 2ls: "In = e AHiddl, Out = HelR ¥dl"

Med 5(c) [7 21el]
Binary search tree Gididdi HI2 i1 @vil.

¥dIGL:

class TreeNode:
def init (self, data):
self.data = data
self.left = None
self.right = None

class BinarySearchTree:
def _ init_ (self):

self.root = None

def insert(self, data):
"""BST Hi node insert S2A"""
if self.root is None:
self.root = TreeNode(data)
else:

self._insert recursive(self.root, data)

def _insert_recursive(self, node, data):
if data < node.data:
if node.left is None:
node.left = TreeNode(data)
else:
self. insert recursive(node.left, data)
elif data > node.data:
if node.right is None:
node.right = TreeNode (data)
else:

self. insert recursive(node.right, data)
def search(self, data):
"""BST Hi node eN&l"""

return self. search recursive(self.root, data)
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def _search recursive(self, node, data):
if node is None or node.data == data:

return node

if data < node.data:
return self._ search_recursive(node.left, data)
else:

return self. search recursive(node.right, data)

def inorder traversal(self):
"""Inorder traversal (&@, 32, %H@)"”"
result = []
self._ inorder_recursive(self.root, result)

return result

def inorder recursive(self, node, result):
if node:
self._ inorder_recursive(node.left, result)
result.append(node.data)

self. inorder recursive(node.right, result)

def display tree(self):
nn "e‘llg tree displayll nn
if self.root:

self. display_ recursive(self.root, 0)

def display recursive(self, node, level):
if node:
self. display recursive(node.right, level + 1)
print(" " * level + str(node.data))

self. display recursive(node.left, level + 1)
# GelsRel
bst = BinarySearchTree()
values = [50, 30, 70, 20, 40, 60, 80]
print ("4 insert s3| 2@l ©l¥:", values)
for value in values:

bst.insert(value)

print("\nTree structure:")

bst.display tree()
print("\nInorder traversal:", bst.inorder traversal())
# Search Gels20l]

print (£"\n40 eligl: {'M®]' if bst.search(40) else 'HG Aél'}")
print(£"90 eligl: {'M®}' if bst.search(90) else 'HG A4él'}")

26id: BST Operations
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Time Complexity

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

O(n)

Hu3] 2ls: "BST (44 = Si6i < 32 < gHLI"

yed 5(a) OR [3 2fel]

Binary tree Hi level, degree i leaf node caviifRid szl.

¥AdIGi:

26id: Binary Tree 2IG€l

216€ I

Level Root &l ¥id? (root = level 0)

Degree Node I children -l v

Leaf Node sig children da12-1 node (degree = 0)

Levels a2 Binary Tree:

Level 0: A
/ \

Level 1: B
/ /
Level 2: D E

26id: Gelgel Analysis

Node

A

\

F
Level Degree
0 2
1 1
1 2
2 0
2 0
2 0
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aigl nodes Hl ydisid

Gelsrel
Root=0, Children=1, ai2
0, 1, ¥Haid] 2

Terminal nodes
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Internal
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e Height: Tree Hi HedH level

e Depth: 2is node H12 level s2d %

qu3 gls: "Level = HI0AI 612, Degree = ailnsidl a11d?], Leaf = sig 6lins -eil"

U 5(b) OR [4 d)e1]

Gels2el A1 complete binary tree audi.
SdIGI:

26id: Binary Tree UsIRI

USIR geid ajereni

Complete ®cdl [Ad1d cigl levels aiRdl, siciall ¢iR1 siigM array representation
Full £2s node uldi 0 42141 2 children ¥is child g1 nodes -2l
Perfect el levels 2iyel eiRal 27h - 1 nodes

Complete Binary Tree:
A
/ \
B ©
/N7
D EF

Complete el :
A
/ \
B ©
AVAR
EFG

class CompleteBinaryTree:
def _ init (self):

self.tree = []

def insert(self, data):

Complete binary tree Add insert S?i
self.tree.append(data)

def get parent index(self, i):
return (i - 1) // 2

def get_left child index(self, i):

return 2 * i + 1

def get_right child index(self, i):

return 2 * i + 2
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def display level order(self):
""'Tree 4 level gll g2ligi"""
if not self.tree:

return

level = 0

while (2 ** level) <= len(self.tree):
start = 2 ** level - 1
end = min(2 ** (level + 1) - 1, len(self.tree))
print(f"Level {level}: {self.tree[start:end]}")
level += 1

# GelreRel
cbt = CompleteBinaryTree()
for i in [1, 2, 3, 4, 5, 6]:

cbt.insert (i)

cbt.display level order()

dRIUHI:
e Array Representation: Parent i u, children 2i+1 214 2i+2 u2

* Heap Property: Heap data structure i 241€/12 6i

443 gls: "Complete = ©cdi [Ad1 Gedl HIO eiRdl, Sicill sHERI eRIY"

M2 5(c) OR [7 yel]
A1 d6i2i-1 54 HI2 binary search tree (BST) Gi1di: 50, 70, 60, 20, 90, 10, 40, 100

¥YAdIGL:

Step-by-step BST Construction:

Insert 50: (Root)
50

Insert 70: (70 > 50, 4G ¥12l)
50
\
70

Insert 60: (60 > 50, ¥HE ¥¥l; 60 < 70, SIGI IAl)
50
\
70

60

Insert 20: (20 < 50, SIG Al)
50
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\
20 70

/

60

Insert 90: (90 > 50, %¥HGi; 90 > 70, IHWI)
50
\
20 70
/ \
60 90

Insert 10: (10 < 50, SId; 10 < 20, SIdi)

50
\
20 70
/ / N\
10 60 90

Insert 40: (40 < 50, SIGi; 40 > 20, ¥HQI)

50

/ 0\
20 70
/\ / \

10 40 60 90

Insert 100: (100 > 50, ¥H@; 100 > 70, ¥HLi; 100 > 90, IHQI)
50
/ \
20 70
/ \ / \
10 40 60 90

100
¥ildy BST Hiowj;

50
/ 0\
20 70
/ N\ /\
10 40 60 90
\
100

# Construction HI2 implementation code
class BST:
def _ init_ (self):
self.root = None

def insert(self, data):
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if self.root is None:

self.root = TreeNode(data)

print (f"{data} 4 root dil$ insert Sé")
else:

self. insert(self.root, data)

def insert(self, node, data):
if data < node.data:
if node.left is None:
node.left = TreeNode(data)
print (f"{data} A {node.data} 4l SI6i insert Sﬁ")
else:
self. insert(node.left, data)
else:
if node.right is None:
node.right = TreeNode(data)
print (f"{data} 4 {node.data} -l ¥l insert Sé")
else:

self. insert(node.right, data)

# BST Gi-Id]
bst = BST()
sequence = [50, 70, 60, 20, 90, 10, 40, 100]

for num in sequence:

bst.insert (num)

26id: Traversal ulReni

Traversal uReny

Inorder 10, 20, 40, 50, 60, 70, 90, 100
Preorder 50, 20, 10, 40, 70, 60, 90, 100
Postorder 10, 40, 20, 60, 100, 90, 70, 50

UsIAI—d] JRIUHT:

e BST Property: sicf subtree < Root < ¥H@] subtree

e Inorder: Sorted sequence iU ©

¥4zl gls: "BST Construction = ¢@i s, [€211 uie s2i, Insert s2i"
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