Sel 22s22 [de videle (4331601) - Q2101 2024 2ilcyeld by Milav Dabgar

yed 1(a) [3 dyel]
YIRIAI4HI 22 S21 22SAR HUMd|?
Gd2:

A2 A YI2i4Hi B4 AGH221H1 2i5H 20U ©. 22 mutable & ug dHi $5d immutable (@423 % sy ©.

Yy dgiell:
qgiel geid
U l@H2A sig sfdse deys Hyr -2l
visH sigf g-S[sad1 w2l a1 -2l
Mutable (A2 GHRl/g2 s3l @ISy ©
Iterable vilad-22mi qu ydid] 21siy &

yoeyd AHivel-d:

# d2 o1l

my set = {1, 2, 3, 4}
# ildv= GHal

my set.add(5)

# dildi= g s

my set.remove(2)

Hu2] 2ls: "o i B4 VisH Y] "

yed 1(b) [4 2eI]

v i-Hi Tuple ] carvll AHAII? uRIli4Hi Tuple data structure -l operations 24%dl.
Gde:

Tuple i AHlg2rii sfid 2ive © ¥ immutable © (611 uss] aied 2isig Heil).

Tuple jvI:

o sfid: 2ilaH-21 [A[gd sH

e Immutable: cidical ugs] ciedl 2isid 2l
o shasza ygR: 214 deyas 2Hid] 25 &

o geS528: P55 Ul visd 53 s ©

Tuple Jiluel-:

No. 1/ 24



Sel 22s22 [de videle (4331601) - Q2101 2024 2ilcyeld by Milav Dabgar

iyl Gelsel qeid

Gidldq t = (1, 2, 3) Tuple GiHidi

¢S5 £[0] Yy AAGH-2 Aisdd s
2a1gl@o1 t[1:3] Ac¥2e Hadl

d-2 len(t) R [EREEIEIE

isiel tl + t2 Tuples sl

# Gelsael vl

tup = (10, 20, 30, 40)

print(tup[l]) # v1G2y2: 20
print(tup[1:3]) # AIB2y2: (20, 30)

4u2 gls: "Tuples i Immutable sfHd 2iuel ©"

yed 1(c) [7 3]
UIAi4Hi segs221 USRI A4¥di? Static methodi GuidI 514 6l 2ivA1dI1 JRIISIR HI2 UIAT4 HIAM @il
GuiR:

S-225224I1 USIRI:

S22522 USIR qei Guid|

Default Constructor sigf Uandl22 el __init_ (self)
Parameterized Constructor YiHlee d © __init (self, params)
Non-parameterized Constructor s5d self unile? yoejd viRleisel

Static Method yi21¥:

class Calculator:
def init (self):

pass

@staticmethod
def multiply(numl, num2):

return numl * num2

# Gualo|
result = Calculator.multiply(5, 3)
print(£"dRlslR: {result}") # aﬂGaga: 15

YU YEIL:
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e Static methods: 31652 g2~ ¥32 42l
e @staticmethod decorator: Static method €2I

o sid self yaiHl2? 42l: sdia g2-12il 2ad>l

H4u3l 2ls: "Static methods dicsall A2 28 &"

yed 1(c) 12l [7 d1el]

[N
|

Data Encapsulation 1 caivail 2A41u1? vii2li-i [€lda usi-l methods l 1€l 241ul. Multilevel inheritance

HIZ2 YIA2Aid Mi2AIH .
Gde:

Data Encapsulation:

el AA-Swgdeld A S21 ¥4 methods A sdli-] iz aligdil 44 S2dis gesiHl afld] usia Hailed s2al-l [Aatia-l ©.

Methods I UsIRi:

Method usI? Sy 2d?

Public oiel yeial 2Isi
Protected SAIY U4 UGSAIY
Private $sd sdld-l vig2
Static sdId dad

Class SAIY A4 Acisd 112

Multilevel Inheritance Hi211¥:

class Animal:
def _ init_ (self, name):

self.name = name

def speak(self):
print(f"{self.name} AHII¥ $2 @")

class Mammal (Animal):
def  init_(self, name, warm blooded):
super().__init__(name)

self.warm blooded = warm blooded

class Dog(Mammal):
def _ init_(self, name, breed):
super().__init (name, True)
self.breed = breed

def bark(self):
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print(f"{self.name} o 5\9")

# Guiol

dog = Dog("¢isl", "olesd [Rgly:")
dog.speak() # Animal sl
dog.bark() # Dog sdiel

NN

442 2ls: "viswydeld idRs [Gaidl guid o

yed 2(a) [3 d1e]
Simple Queue i Circular Queue 42l dgidd i1ul.
GdR:

Queue AvuiHeil:

daiel Simple Queue

RWSAR
A2l Guiol
Rear Pointer

Front Pointer

2uila alisgil
G12115%4S (U1d] $21A))
Wl Ad HPINn gd ©

Wil Ad BRI gd ©

Circular Queue
adaisiz 2lisqel]
SIigiH (3221 Yd:Guio)
s3l2ll A1 90 ©

s212l] A1 90 ©

*21 GuAidl A GaM

Yy dsladi:
e Simple Queue: Front i rear $5d 2is [€21Hi %1 ©

e Circular Queue: Rear s2l2l front 2214 ¥isIy €

e sRigHdI: Circular queue 443l de2s 2101 ©

AEAY

443l gls: "Circular Queues ddu ypi s2 &"

yed 2(b) [4 del]
viai-4Hi vidlHil§asu Gersael A1 4Hdl.
GuR:

uidlHif$254 2i2d "H4s 2d3ul" - AHI4 method 14 A2 A2 SHIAHI AHAE2] 2)d dd 9.

vidlHil§asu41 usi2i:
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USIR qeid vudlsel

Method Overriding J1YES sdly U2 method s3lall luiifRid s2 & Inheritance

Duck Typing A1 SAIMHI 4414 method Interface 2MidlI

Operator Overloading Y14 AHTU2R HE dd- Magic methods
Gelser:

class Animal:
def make sound(self):

pass

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

" P \\" n
return "dI dI!

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

return "®RIG!"
# UidMifss ddd
animals = [Dog(), Cat()]

for animal in animals:

print(animal.make sound())

443 gls: "UidIHi[$54 A4S culsdcd Ueld s2 8"

yed 2(c) [7 2]

vl L. a). Infix b).Postfix 225 Gulial s2l4 yd Infix expression 4 Postfix expression Hi §2dl. A+
(B*C/D)

Gde:

IO
Expression UsIR qeid Gelsel
Infix HIUR22 U5 U A+ B
Postfix BHIU22 AHIU-SA Y] AB +

3uid2el vAeliRyu:
1. Infix expression  siciell ¥HEl 254 s2I
2. % operand ©, A1G2y2Hi GHR

3. <l operator 8, 22s 2iu di2l precedence AU Id]
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4. g¢g precedence — 22sHi push s2i

5. AHlgl/2M14 precedence — pop sl v1Gay2Hi GHRI

ya1di MHII 3uider: A+(B*C/D)

g4Y2: A+(B*C/D)

wig | [Rroid | s | AHIBaye
d &

| |
1 | & | 11 | &
2 | + | +1 | &
3 |« | t+,(1 | A
4 | B | +,(1 | aB
5 | * | [+,(,*1 | AB
6 | ¢ | [+,(,*1 | ABC
7 |/ | 1+,(,/1 | ABC*
8 | D | [+,(,/]1 | ABC*D
9 | ) | [+] | ABC*D/
10 | ¥id | 11 | ABC*D/+

vildH %d16i: ABC*D/+

HH2 gls: "22s viuReald @elais 2d dauléd s2 8"

Y- 2(a) AHAJI [3 QJEI]
Queue Al JIRSIAEI HHWdI.
GuR:

Queue dIRSIYEINAI:

JRSIAEN qeid

Au2l deaw uiidl 211 Y-:Gu il 2l

[qad se Yu([Ed &Ml

2sH VisAA a2l ssd front/rear sy
YU AHRAIAL:

o 2vild Queue: 1IN %YIRA] AH4uI2A 614 ©
¢ Insertion/Deletion: $sd Uissy ©siAi2]]

o 2y vl 21i4dl HI2 SITeiH 2]

#4432 2ls: "Queues 2lildai] [sas 2112 sdi @214 &"
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U 2(b) ¥Adi [4 d1e1]
vli44i Abstract class ] carvl 24141? IA2ii44i abstract method o declaration d414di?

GdR:

Abstract Class:
s sdld ¥ instantiation s3] 2isig el 244 Ui As 24l dg abstract methods sl & % AcisdIRils gl2l AHHd

s A,

Abstract Method Declaration:

g2s &q [R-2sy
ABC Module Abstract base class Yeld s2 € from abc import ABC
@abstractmethod Abstract methods 412 decorator @abstractmethod
udlszel UGSAI¥HI s2AFAId override AHIYLYS

GeleRel:

from abc import ABC, abstractmethod

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

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

self.width = width

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

def perimeter(self):
return 2 * (self.length + self.width)

#u?l gls: "Abstract classes §sd 6@fui2 "

yed 2(c) 12l [7 d1er]

Infix to postfix Hi24I HIIRUH dvil. 1] uiel§s visudield YRIisd SA.562+* 124/ -
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GdR:
Infix to Postfix HeliR4u:

1. uvidl 225 A4 HHIG2y2 (321 Wied s2

siciall sHeEl infix expression 254 s?l

%1 operand & — H1G2y2Hi GH2

(' € — 22sMi push s?l

31')' & — (" yell pop s

1 operator € — dgj/2iHI4 precedence operators pop s

ddHi- operator 22sHi push s

© N o vk~ W N

GiIslHI operators pop S2i

Postfix y®Rlisd:562+* 124 /-

AsHYelH: 5 6 2 + * 12 4 / -

wig | ais4 | s | AHluRel

| | |
1 | 5 | [5] | operand push SR
2 | 6 | [5,6] | Operand push S2i
3 | 2 | [5,6,2] | Operand push SR
4 | + | [5,8] | Pop 2,6 - 6+2=8
5 | = | [40] | Pop 8,5 - 5%8=40
6 | 12 | [40,12] | Operand push S2i
7 | | [40,12,4] | Operand push s?l
8 | | 140,31 | Pop 4,12 - 12/4=3
9 | - | [37] | Pop 3,40 - 40-3=37

vild4 ulReny: 37

44zl gls: "Postfix Widifdo1 You1 iss? 2ld Pop s2 "

yed 3(a) [3 d1e]
(32146 [As [G224i Hisd traverse s2dl HI2 HEIIRUH @i,
GdR:
Traversal AIiR4H:
def traverse linked list(head):
current = head
while current is not None:

print(current.data)

current = current.next
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(S

Head disal 213 s2i

UsIAl S current = NULL

ddHi- His WidY S2
AIPIAI IS UR FIRA]

vid el YARiddA s

42l Zls: "Traverse 2gd el ueid ©"

U 3(b) [4 d1e1]

(@221 Guaidl s34 Queuedl Dequeue Jilu2ld HI24l AHeliRaH @uil.

GdR:

Dequeue AHE@IIR4H:

def dequeue(queue):

if len(queue) ==
print("Queue uidl ")

return None

else:

element = queue.pop(0)

return element

AIRYH yaIdi:

wIg
1

2

Time Complexity: O(n) (@22 shifting - si2uli

443 gls: "Dequeue HRI0| £2d192]] [Scil2 52 &"

21d

uidl sl
Underflow é-sd s?i
@42 g2 2
i[@¥-2 uad s2l

225U WUS2 S

(Y

4

Traversal UIRei S
1g 2muidl] 2lRd
HIURI S

Pointer 2112101 d¢lIR

2iyel traversal

(a1

%1 queue widl &

viR2 WY e2lid]

vPIN AaH-2 [Scile s
£2 sedl A&y ud s?

Queue pointers »s¥22 S
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Sel 22s22 [de videle (4331601) - Q2101 2024 2ilcyeld by Milav Dabgar

Double linked list 1 carvail A1ul. [@s (G221 Yy ilueld] digeil s?i. Single Linked list Hi 213211d4i is
EIVid SRdI HI21 AIIRuH duil.

Gde:

Double Linked List:

¥is Uiy S21 2252 WU €25 HISHI S21 i 6l pointers Sl © - As AU HIS dRs 44 6ilsl uIsdl IS drs.

[dis (Gea1 v viluRel-:

vl
Insertion
Deletion
Traversal
Search

Update

CTE

44l His G2l

His €2 sl

Gidl Hisi-l yaisid d
Aiss s eligl

4iS $21 Gied

213v11dHi Insert vHeIiRaH:

class Node:

def _ init_ (self, data):

self.data

self.next

data

None

def insert at beginning(head, data):

new_node = Node (
new_node.next =
head = new_node

return head

AURIRYH wIdi:

data)
head

1. 2ANd $21 12 4di IS Gi41d]

441 4is-i next ddHi4 head U2 J2 s?i

2.
3. Head 4 Adl IS d2s us2 s2i
4,

4d] head uzd s2i

Hu3 2ls: "21341dHi Insert

W2 3(a) yHadl

Giedr [dee aid1d &"

[3 d10]

Single Linked List -l iR@seid 2auadi.
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Gde:

Single Linked List dif@sel-:

dlasald

Dynamic Memory
Stack Implementation
Queue Implementation
Music Playlist

Browser History

Polynomial Representation

GuaidI 5
dfR2icid A1ga3 s
LIFO xiu22l-
FIFO 21iu2el-
[@sdl@iud wWois
Ues 4(doiel

IR SEEELIES

YU SIRIEIAI

AEAY

e Dynamic Size: 2421gH4 £2MI4 gei/ei2 &
o 43 siRigMdI: %32 uHILl allocate 52 &

e Insertion/Deletion: siguel 2214 siigi

J443] 2ls: "Linked Lists »A4s »A@s2i-44 [ds s2 9"

U 3(b) ¥Hadi [4 d1e1]
(G221 Guaidl s34 22541 PUSH 3Hiu2ld HIZ2 AH@IIR4UH duil.
GdR:

PUSH aAIiReax:

def push(stack, element):
stack.append(element)
print (£"22sHi {element} push s3")

ARIRYH YdIdi:

SI”AE

1y32] siRiam
R\ push/pop
Dynamic sizing
40 A[ddlel4
s1aS traversal

Coefficient 2i%

waig EX] qeid

1 aydl S 225 CRIAI 2l d USIAI

2 DRI EXEREY (@221 ¥id append s?l

3 21U AHUS2 s3I 21U 9cdl AGH-2 drs Ulg-2 52 ©
4 HIY2l4 554 52 As0dI-] Ha g2lid]

[Ga1dd1R A@IIRYH:
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22s Ui push s:al vildx-2 24lsIR]

. sl &Mdl ysiyi (fixed size Hi2)

. append() d1u2ld [Gae- ¥id vil@x-2 GHal
[d22 A1 1432 allocation &-5d S2 &

. AsodiH] [R2[d ud s2i

Time Complexity: O(1) - Constant time {1y22i-

42 gls: "PUSH 22s [eiuiR u2 45 8"

e 3(c) 2AAdl [7 d)ei]

Linked list I g1u€1 24%1di. Single linked list di2il last dis s1¢] d1vidl 412 AHAelIRau dvil.

Gde:

Linked List sla€Iii:

SIJAEI qeid

Dynamic Size 221G A1 HEAIY ©
42l siigu %32 yMILl allocate s2 ©
2 Insertion ol i siigiy 2d GH2
¢ Deletion sidei 2ld €2 s2

A3 Shift eil vil@An-2 viddl 42l

ocdi is [Sdlz skaldi ANiRuH:

def delete_last node(head):

# uidl [Gee
if head is None:

return None

# s ¥ s
if head.next is None:

return None

# Vs IS
current = head
while current.next.next is not None:

current = current.next

current.next = None

return head
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A@IRUY ydIdi:
1. vid] [dee S dsd s?i
2. ¥S IS 5y &-5d S
3. Bcdia] ofl is ¥yl traverse s2l
4. cdiell ofls His1l next NULL U2 a2 s2i
5

. ¥US2s head u:d s2i

A443] gls: "Linked Lists difSs SIAEIRA] d2s €3] ¥1d "

ved 4(a) [3 el
GIGId AT2HI241 APIRaH duil.
GuR:
Bubble Sort sAcIiReiu:
def bubble sort(arr):
n = len(arr)
for i in range(n):

for j in range(0, n-i-1):

if arr[j] > arr[j+1]:

arr[j], arr[j+1] = arr[]j+1], arr[]]
return arr
AH@IIRaH uaIdi:
waig EX] éq
1 Gligl gu i=0 2l n-1 ylRi] 2ival
2 idRs qu j=0 2l n-i-2 451 AlAH-21 ui1d]
3 arr[j] 44 arr[j+1] aiuiidl SH USIY]
4 $H Uizl ¢l dl AHedicied] s?l Y1d R2ld
5 T2 21 Yl yRidd 2 2iyer afilZol

Time Complexity: O(n?)

442 2ls: "cicicy bl 24Ul R 419 8"

yed 4(b) [4 3]

Circular linked list 4 d1 SIA€IA] 212 244I.
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Gde:

Circular Linked List:
Vis [ds (A2 21 el IS YaH IS d2s Ulg2 2 9, dd0ISIR 2254 6iH1d ©,

daell:
(4 AY
daiel qeid SI”AE
aduisi? 252 Scdi IS — UYH IS Add traversal
sig NULL Pointers il sigf ¥id HIS2 2l eIl isidd
(4 \ \ \ AY \
sidaiM Traversal sigyel Hisal 213 s3l 21s1J © d9’ils HAsAH
SIAEI:

o 443l siRig: sig NULL pointers il

* dduisi? Traversal: 2dd gu s3] 2ISIA &

e Queue Implementation: siRigiH enqueue/dequeue
e Round Robin Scheduling: CPU time sharing

* Music Player: ddd playlist looping

Circular Linked List 22S2:

[A] - [B] » [C] - [D]
1 .

H42l 2ls: "Circular Lists ddd SAsel- ¢4Id 8"

yed 4(c) [7 21el]
A2y Gelsen A1 HY AT2 44w,
GdR:

Merge Sort:
¥is divide-and-conquer AR ¥ array 4 1214 4 ©, dHA KA AHE| ATE S2 8, A U ¢oll 52 .

AURIRYH dGHSSINI:

dcissi (a1 qeid

Divide Array dé¥l Gl GHI2M1Hi 9

Conquer Subarrays ie s ai19li4 recursively 7é s2i
Combine uReIMi ¥ s2i Ai2s ¢i1o1l ¥ s2i
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GelsRel: [38, 27, 43, 3, 9, 82, 10]

Merge Sort Mlsal:

dgd 0: [38, 27, 43, 3, 9, 82, 10]
d
ddd 1: [38, 27, 43, 3] | [9, 82, 10]

1 l
dad 2: [38, 27] [43, 3] | [9, 82] [10]
15 5 15 l
dad 3: [38][27] [43]1[3] | [91[82] [10]
1 1 1 l
e [27, 38] [3, 431 | [9, 82] [10]
& &

(3, 27, 38, 431 | [9, 10, 82]
{
(3, 9, 10, 27, 38, 43, 82]

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

42l 2ls: "Merge Sort cydRed 2ld o2+ HY 52 8"

yed 4(a) Jid [3 del]
Selection sort H1241 AcIiRUH dvuil.

Gd:

Selection Sort ieIiRuH:

def selection_sort(arr):
n = len(arr)
for i in range(n):
min idx = i
for j in range(i+l, n):
if arr[j] < arr[min_idx]:
min_idx = j
arr[i], arr[min_idx] = arr[min_idx], arr[i]

return arr

APIRYH wIdi:
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waig EDT

1 MAHy Al@d-=2 eliel

2 yely 2214 sHedicied] s2i
3 21216 vif321d ur w1
4 GHISH1 HI2 YARIddH S
5 Yyl 21211 U2 I s2l

Time Complexity: O(n?)

42l gls: "Selection Sort aisndiyds el i [Rids2 s2 8"

yed 4(b) Jiadi [4 3]
Double linked list 4 d-d1 SIA€IA] 12 FHW4I.
GdR:

Double Linked List:
Vs [ds (G2 v €25 HisHi S21 ¥4 6 pointers ¢iy © - next

(Y]

4

Aladl i dise s
A2s 22l sl
IG5l BHIPIN Y8Rl
1221 I 2Auii

AHRINRuY (s[4l s2i

¥i4 previous.

21SAUR:
g2s &g
sal Hi[3d] 222 s2i
Next Pointer APIAI IS d2S Uig-2 S2 &
Previous Pointer Y19d] IS d2s Uig-2 S2 ©
SIAEIAIL:

o GlIASIARSAIA Traversal: A12101 244 U190 Gid [€21Mi u1d] 21s19 ©

e Y21 Deletion: uIndi His ¥Rl 9212 [Sdl2 s3] 2SIy ©

e siIgH Insertion: siguwl 2214 v01d12] insert s3] 2SIy ©

* GiddR Navigation: cid [2eiMi aidl e1siy &

Double Linked List 22SU2:

NULL « [prev|data|next] 2 [prev|data|next] =

vifdsel:

e Browser navigation (back/forward ci2-)

[prev|data|next] - NULL
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e Music player (previous/next 2ild)

e Undo/Redo operations

443 2ls: "Double Links cigs] (€211 weld 52 8"

yed 4(c) 12l [7 d1el]

Insertion T2 A4Mdi. Insertion di24i Gualidl s34 i1 46ii4l 2 i 25, 15,30,9,99,20,26

Gde:

Insertion Sort:

Vis U vis vilAH-2 glrl A12s array Gi41d © €25 vil@n-24 d-l Al YilselHi insert s2lA.

AURIIRUH sAe:

o igs eI dcHi4 (G2 sioil oIy

o UARIZS QL dcHId BifAH-2-] el oy

* Insert 222%): ddHI- i[GH-ed 2012 &P 2192 2214 Ysi

[25, 15, 30, 9, 99, 20, 26] i 2:

EY ddHid Array [Raifd

vidfeis - [25, 15, 30, 9, 99, 20, 26]
1 15 [15, 25, 30, 9, 99, 20, 26]
2 30 [15, 25, 30, 9, 99, 20, 26]
3 9 [9, 15, 25, 30, 99, 20, 26]
4 99 [9, 15, 25, 30, 99, 20, 26]
5 20 [9, 15, 20, 25, 30, 99, 26]
6 26 [9, 15, 20, 25, 26, 30, 99]

ildu 2igs Array: [9, 15, 20, 25, 26, 30, 99]
Time Complexity: O(n2) worst case, O(n) best case

Hu2l 2ls: "Insertion deidi sHHi Insert 52 &"

yed 5(a) [3 dLel]
1143 214l difaseaid Aaumdi.
GuR:

Binary Tree il@sel-:

AuHeilAi

15<25
30> 25
9 <ayl
99 > 30
15 44 25 g2 insert

25 44 30 92 insert

No. 17 [ 24

(sa1

213

15 4 25 yddi insert s2i
30 A ¥URA AU
2134IdHi insert s2

99 4 ¥URA AW

[eis2 sl insert s2i

vilau (ralfd



dldseld

Expression Trees
Binary Search Trees
Heap Trees

File Systems
Decision Trees

Huffman Coding

Guaidl 53

dlifeilds expressions
Searching/Sorting
Priority queues
Directory structure
Al/ML algorithms

Data compression

Yy SIAEINAI:
o cRARAMSH sUR: sed] tree AidIHIg32I
o siAgH iUl Search, insert, delete

* Recursive Processing: AHd sdHi 1120

443l gls: "Binary Trees 44s AAGS2liHi 21uil 52 &"

yed 5(b) [4 2]
(@221 Guaidl s2ld Binary search H124i sieliRey @vil.
Gde:

Binary Search A®IIRau:

def binary search(arr, target):
left, right = 0, len(arr) - 1

while left <= right:
mid = (left + right) // 2

if arr[mid] == target:
return mid

elif arr[mid] < target:
left = mid + 1

else:

right = mid - 1

return -1 # dl@v-= HU?g 42l

APIRUH wIdi:
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SIAE

¥ evaluation
O(log n) operations
s1ig4 min/max
sIARA[Ssd HidlHIg321
Classification

Optimal encoding
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waig (S

1 left=0, right=n-1 a2 s
2 Mid scsyde s

3 Target 4 mid 12l 1_ui(d]
4 611G-5)23 1US2 SR

5 HO) el y-RiddA s2l

yderrd: Array 2iies ¢iq g
Time Complexity: O(log n)

442l 2ls: "Binary Search assueil 2ligd) 412 6i1gis2 52 &"

yed 5(c) [7 3]

(Y]

4

HIG-5125 YR S?I
yeal Ay~ eligl
(€211 4sS] s2i

2liel ¥l yiss| s

ellg Al 2Av

Tree 4l vl 2A1Ul. Tree Al A1€] ci41di. UIAAid4] GUAIdIl S GlIg42] A ZlHi IS A sl HIZ AHPIRYUH

dvuil.
GdR:

Tree QAlvil:

s ¢lRIRISsA S21 22su2 FHi edges glRI SisiRidl nodes ¢id ©, s root node 18 44 sigf cycles A ia.

Tree A1 UsIR:
Tree UsIR geid
Binary Tree His €ls agi ag 2 cliasi
Binary Search Tree s[Md binary tree
Complete Binary Tree ocdl [[@d1d oigl dad eRdl
Full Binary Tree cigll nodes 4 0 42d| 2 GlIAS]
AVL Tree 29-ig[dd BST
Red-Black Tree 29-2ig[dd BST

BST Insertion veIiRyu:

class TreeNode:
def _ init_(self, data):
self.data = data
self.left = None
self.right = None
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[Giely aperay

SI6j ¥4 BHE GllNs
Si6] < Root < ¥HE]
sikigid heap

sig vis ¢S el
Height balanced

221 dRIEH]
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def insert bst(root, data):
if root is None:

return TreeNode(data)

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

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

return root

AHRIIRay widi:

1. i tree Widl 8, root node Gi-19]

2. %l data < root.data, Sicil subtree Hi insert s2i

3. <l data > root.data, ¥HeII subtree Hi insert s?
4. =i data = root.data, ignore s2i (duplicates -eil)
5.

AUS2S root Ud S2i

AN

Hu2l 2ls: "Trees 22[Rd AHidI1g5214 A2 ddl &"

Y- 5(a) AHAJI [3 :ulﬂ]
21 g4-21iSR 21ddddi ANRaH duil.
GdR:

In-order Traversal AIiR4u:

def inorder traversal(root):

if root is not None:

inorder traversal(root.left) # SKd
print(root.data) # Root
inorder_ traversal(root.right) # %HQL

A@IR4H yardi:

waig ED]

1 SIGil subtree 4 traverse s
2 Root node -l ydisid @l

3 MLl subtree A traverse s2i

Traversal s4: 56| — Root — ¥HE]

SLILHI:
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Sal vidd s2A

Recursive call
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e BST3Jeigd: In-order 2iies sequence A &
e Time Complexity: O(n)
e Space Complexity: O(h) % h i height ©
Geleel Tree ulReny:
Tree: 50
/ \
30 70

/ \ / \
20 40 60 80

In-order: 20, 30, 40, 50, 60, 70, 80

443l gls: "In-order: sigj, Root, ¥HL}"

U 5(b) ¥Hdi [4 de1]

Search l vl H1Ui? [@241 Guidl s34 Linear search Hi24l A@IIRUH @uil.

GdR:

Search QlIwil:

S2l 225U2H1 UissH AlGH-=2 21igdlH] A1 AGH-=2 AHRdcaHi & § 48] d usidgi-] ulsl.

Linear Search vicliReu:

def linear search(arr, target):
for i in range(len(arr)):

if arr[i] == target:

return i # H®] dl index Ud SR

return -1 # 4 4® di -1 Yd S2

AUPIRYH qaiel:

daiel qeid

ugld sMs sl
Time Complexity O(n)

Space Complexity Oo(1)

S21 g ASdI siguel sH

APIRYH wIdi:

1. vy AlGH-22l 213 s

2. £2s ilGH-2A target a2 AuAId]

No. 21/ 24

yeu

i[AH-2 €2 ilaH-=2
2uila My
Constant space
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N \

3. o ¥ HO), index ud S2i
4. i ¥id Ueid, -1 ud s2i

AN

443l gls: "Linear Search 2uily 2ld [dee2mi g &"

yed 5(c) 12l [7 d1el]

vl VIVi: a) vI2 b). dls dis. €12 sinid HifEdl Guzail binary search tree Gi-l1di. 60, 40, 37,31,59,21,65,30

Gu2:
QAL
216€ Qv aaell
Path uis isell ofl Ais yelli nodes -l sieil edges glRI ¥IsiAd
Leaf Node sigf ollasi 4 ¢ld ddl IS sigf SI6] S YHRj s 2]

BST cGidld2 H12: 60, 40, 37, 31, 59, 21, 65, 30

YoIdi YHICI GiIg2;

g 1: 60 Insert S2 (Root)
60

Udlg 2: 40 Insert S (40 < 60, SIG 1Al)
60

40

ydlg 3: 37 Insert S (37 < 60, SIGi; 37 < 40, SIGi)
60

37

ydlg 4: 31 Insert Sl (31 < 60, SIGi; 31 < 40, Sidi; 31 < 37, SIdi)
60

31
uIg 5: 59 Insert sl (59 < 60, SIGi; 59 > 40, ¥HQI)

60
/
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40
/ N\
37 59
/
31

udlg 6: 21 Insert s (21 < 60, SIGi; 21 < 40, Sici; 21 < 37, SIGi;

60
/
40
/7 \
37 59
31
/
21

wig 7: 65 Insert s2A (65 > 60, FHCI )
60
/ \
40 65
/ \
37 59

21

ydig 8: 30 Insert S (30 < 60, SIG; 30 < 40, Sici; 30 < 37, SIGi;

60
/ \
40 65
/\
37 59
/
31
/\
21 30

vildy BST 22s¥2:
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21 < 31, SiGi)

30 < 31, Si6i; 30 > 21, «Mvl)
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dad Nodes UsiR

0 60 Root

1 40, 65 Internal

2 37,59 Internal, Internal
3 31 Internal

4 21 Internal

5 30 Leaf

Leaf Nodes: 30, 59, 65

#u2l gls: "BST [cilcSa1 Binary Search Tree [HHiq 2442 8"
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