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DATA STRUCTURES

B. Tech. II Year I Semester L|IT|P|C
Course Quicomes:

At the end of the course student would be able to
1, Understand the concepts of Stacks and Queues with their applications,

2. Analyze various operations on Binary trees.
3. Examine of various concepts of binary trees with real time applications.

4. Analyze the shortest path algorithm on graph data structures.
5. Qutline the concepts of hashing, collision and its resolution methods using hash functions.

UNIT --I:

Data Structures:Introduction, Types of data structures, Static and Dynamic representation of data
structure and comparison. Stacks: Stacks definition, operations on stacks, Representation and evaluation
of expressions using Infix, Prefix and Postfix, Algorithms for conversions and evaluations of expressions
from infix to prefix and postfix using stack.

Queues: types of Queues- Circular Queue, Deque and operations.

UNIT --1II:

Trees: Basic terminologies, Types of Binary Tree: Complete and Full Binary Tree, Extended Binary
Trees, Representation of Trees using Arrays and Linked lists (advantages and disadvantages), Tree
Traversal, Representation of Algebraic expressions, Threaded Binary Trees,

UNIT -- III:

Advanced concepts on trees: Representation and Creation of Binary Search Trees (BST), Operations on
BST, Representation and advantages of AVL Trees, algorithms& operations on AVL Trees,Multi-way
trees, Definition and advantages of B-trees, B+ Trees, Red-Black Trees.

UNIT -- 1V:

Graphs-Basic terminology, Representation of graphs: sequential representation, Adjacency, Path Matrix)
Linked representation. Graph Traversals-Breadth First Search, Depth First Search algorithms. Spanning
Tree, Minimum Spanning Trees- Prim's Algorithim, Kruskals Algorithm, Dijkstra Algorithm.

UNIT --V:
Hashing: General Idea, Hash Functions, collisions, Collision avoidance techniques, SeparateChaining
,Open Addressing-Linear probing, Quadratic Probing, Double Hashing, Rehashing, Extensible Hashing,
Implementation of Dictionaries.
Text Books:
1. Data Structures Using C, Second Edition ReemaThereja OXFORD higherEducation
2. Data Structures, A Pseudo code Approach with C, Richard F.Gillberg&Behrouz A. Forouzan,
Cengage Learning, India Edition, Second Edition,2005.
Reference Books: )
1. Data Structures, Seymour Lipschutz, Schaum‘s Outlines, Tata McGraw-Hill, Special Second
Edition.
2. Data Structures Using C and C+H, Aaron M. Tenenbaum, YedidyahLangsam and Moshe J.
Augenstein PHI Learning Private Limited, Delhilndia.
3. Fundamentals of Data Structurest, Horowitz and Sahani, Galgotia Publications Pvt Ltd Delhi
India.
4. Data Structure Using C, A K, Sharma, Pearson EducationIndia.
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Text Books & other References

Text Books
1 | Data Structures Using C, Second Edition, ReemaThereja, OXFORD higher Education
2 | Data Structures, A Pseudo code Approach with C, Richard F.Gillberg&Behrouz

Suggested / Reference Books

1. | Data Structures, Seymour Lipschutz, Schaum‘s Outlines

9. | Data Structures Using C and C++}, Aaron M. Tenenbaum

3. | Fundamentals of Data Structuresl, Horowitz and Sahani

4. | Data Structure Using C, A.K. Sharma, Pearson Education India

Other Resources

1 https:/ /www.javatpoint.com/data-structure-tutorial
2 | https:/ /www.w3schools.blog/data-structure-tutorial
3 | https://www.geeksforgeeks.org/data-structures/

4 | https://www. programiz.com/dsa
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Department of Computer Science and Engineering
Sec: CSE-A

Year/Sems: II -1
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pay | 900-| 1000~ |11.00- [1200| 1545 | j45_ | 245-
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FRI P&S | PYTHON(T)| DLD m MFCS | EDC(T} MC-I
SAT EDC MFCS(T) MC-I DS P&S DLD(T)
Subject Name of the Faculty
P&S Probability & Statistics Ms. Fouzia
MFCS Mathematlca% Foundations of Ms.Ch.Deepika
Computer Science
DS Data Structures Ms. B.Sailaja
PYTHON Python Programming Dr. B. Vijaya Kumar
DLD Digital Logic Design Ms. Radha Devi
EDC Electronic Devices and Circuits | Ms.Renuka
Ms. B.Sailaja/ Dr. B. Vijaya
DS LAB DS&PYTHON LAB Kumar,/Ch.Deepika
EDC/DLD LAB { EDC/DLD LAB Ms. Radha Devi/ Ms.Renuka
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Program Outcomes (PO’s):

1.

Engineering lknowledge: Apply the knowledge of mathematics, science, engineering

fundamentals, and an engineering specialization for the solution of complex engineering problems,

2.

5.

10.

11.

12

Problem analysis: Identify, formulate, research literature, and  analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with
appropriate consideration for public health and safety, and cultural, societal, and
environmental considerations.

Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data,
and synthesis of the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern  engineering and IT tools, including prediction and modelling to  complex
engineering activities, with an understanding of the limitations.

The engineer and  society: Apply reasoning  informed by the contextual
knowledge to assess socictal, health, safety, legal, and cultural issues and the consequent
responsibilities relevant to the professional engineering practice.

Environment and sustainability: Understand  the impact of the professional
engineering  solutions in  societal and environmental contexts, and demonstrate the
knowledge of, and need for sustainable development.

Ethics: Apply ethical principles and commit to professional  ethics - and
responsibilities and norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with the
engineering community and with the society at large, such as, being able to
comprehend and  write effective reports and design documentation, make effective
presentations, and give and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to engage

in independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes (PSO’s):

PSO 1: The ability to design and develop Algorithms to provide optimized solutions for societal
needs

PSO 2: Apply standard approaches and practices in Software Project Development through trending
technologies




VIDYA JYOTHI INSTITUTE OF TECHNOLOGY

Department of Computer Science and Engineering

Programme Educational Objectives (PEOs)

PEO1: Enhance the employablity of the graduates in Software industries/Public sector/Research
organizations

PEQ2: Acquire anlytical and computational abilities to pursue higher studies for professional
growth

PEO3: Work in multidisciplinary project teams with effective communication skills and
leadership qualities

PEO4: Develop professional ethics among the students and promote entrepreneurial abilities
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Vidya Jyothi Institute of Technology

(Accredited by NAAC & NBA , Approved By A.LC.T.E., New Delhi, permanently affliated INTUH)
(An AUTONOMOUS Institution)
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING
Year & Sem: Il year I Sem

Course name: Data Structures
Course Code: A23504
Regulation: R18

COURSE OUTCOMES:

After completing this course the student must demonstrate the knowledge and
ability to

1. | Understand the concepts of Stacks and Queues with their applications

2. | Analyze various operations on Binary trees

Examine of various concepts of binary trees with real time applications

4. | Analyze the shortest path algorithm on graph data structures.

5. | Outline the concepts of hashing, collision and its resolution methods using hash functions

CO —PO MAPPING:

PO PO PO

PO1|PO2|PO3|PO4|PO5|(PO6|POT7 | PO8|POY9 10 11 12

w1 | 31313 |3 |3 |211]2]2]2]2]?:2

oz | 313 |3 | 3|3 [2]z2z]2]2][3]2]?3

woa | 313 ]3| 3|33 |3[2]3]2]3]S3

woa | 3| 3 333|223z ]2]3]?:3

wos | 313 |3 |3 |3 [2]2]v |1 ]1v]1]2

AVG 3 3 3 3 3 22 2.6 1.8 2 2 2.2 2.6
CO - PSO MAPPING:
PSO1 PSO2
Ccol 3 3
CcOo2 3 3
C03 3 3
co4 3 3
CO5 2 2
Avg 2.8 2.8
LY
Cours injtor

B2sad of the Department

Computelr Science and Engineering
VT, Hyderabad-50 75.
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Course Schedule



Course Schedule
Distribution of Hours in Unit — Wise

Unit Topic Bookl Book2 Total No. of
Hours
Data Structu.res _Introductlon, T1/43-49, 219- T2/10-24,
I Stacks,Applications of 268 12
Stacks,Queues, Types of Queues 79-170
Trees-Basic Concepts,
II Representation of trees, Tree T1/279-314 T2/263-288 9
traversals
Advanced concepts on Trees-
I | BST,AVL trees,Multi way T1/219-329 3599‘375 > 423- 10
Search Trees,Red black tree
Graphs-Introduction,
v Representation, Traversal, T1/383-414 T2/481-524 8
Spaaning Trees,MST
Hashing techniques, Collision
v resolution Techniques, T1/466-485 T2/611-630 7
Dictionaries
Total contact classes for syllabus coverage 46

Assignment Tests : 02(Before Midl & Mid2 Examination)
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SUBJECT: Data Structures

Vidya Jyothi Institute of Technology

(Accredited by NAAC & NBA , Approved By A.LC.T.E., New Delhi, permanently affiliated to JNTUH)

(An AUTONOMOUS Institution)
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

ACADEMIC YEAR: 2019-20

NAME: B.Sailaja YEAR/SEM/SECTION: II B.TECH/I SEM
LESSON PLAN
S.No Topic Name Teaching Learning Process
Unit-I

Data Structures: Introduction, Types of data
structures

From Known to Unknown, Chalk &
Board

2. Static and Dynamic representation of data Pendulum Method. Chalk & Board
structure, comparison i
3. Stacks: Stacks definition, operations on stacks From Known to Unknown, Chalk &
Board
4, Representation of Infix, Prefix and Postfix Chalk & Board
5. Algorithm to convert infix to postfix Chalk & Board
6. Evaluation of postfix expression Chalk & Board
7. Algorithm to convert infix to prefix Chalk & Board
8. Evaluation of prefix expression Chalk & Board
9. Queues: def, operations From Known to Unknown, Chalk &
Board
10. Types-Deque- operations | Chalk & Board
11. Circular queue operations Chalk & Board
Unit-I1
12, Trees: Basic terminologies PPT
13. Types of Binary Tree: Complete and Full Binary | PPT
Tree, Extended Binary Trees
14. Trees using Arrays and Linked lists (advantages | Pendulum Method ,Chalk & Board




s

and disadvantages)
15. Representation of Algebraic expressions Pendulum Method ,Chalk & Board
16. Representation of Tree Traversal Chalk & Board
17. Threaded Binary Trees Chalk & Board
Unit-I1
18. Advanced concepts on trees: Representation Role Play, Chalk & Board
and Creation of Binary Search Trees (BST)
19. Operations on BST ‘ Chalk & Board
20. Representation and advantages of AVL Chalk & Board, Seminars
Trees
21. algorithmsé& operations on AVL Trees Chalk & Board, Seminars
22, Multi-way trees Chalk & Board
23. Definition and advantages of B-trees Chalk & Board
24, B+ Trees Chalk & Board
25. Red-Black Trees Chalk & Board
Unit-IV
26. Graphs-Basic terminology From Known to Unknown ,Chalk &
Board
27. Representation of graphs: sequential Pendulum Method ,Chalk & Board
representation, Adjacency, Path Matrix)
Linked representation.
28. Graph Traversals-Breadth First Search Pendulum Method ,Chalk & Board
29, Depth First Search algorithms Pendulum Method ,Chalk & Board
30. Spanning Tree Chalk & Board
31. Minimum Spanning Trees- Prim's Chalk & Board
Algorithm
32. Kruskals Algorithm Chalk & Board
33. Dijkstra Algorithm Inquiry-based instruction, Chalk &
Board
Unit-V
34. Hashing: General Idea N
From Inquiry-based instruction, Chalk




T —

& Board
35. Hash Functions Chalk & Board
36. Collisions Chaik & Board
37. Collision avoidance techniques, Separate Chalk & Board
Chaining
38. Open Addressing-Linear probing, Quadratic Chalk & Board
Probing, Double Hashing
39. Rehashing Chalk & Board
40. Extensible Hashing PPT
41, Implementation of Dictionaries. Chalk & Board
b X
‘ "
Cours rdinator HOD-CSE, ., ent
Hiead of the Depary "o
Computer Sclence and Engineer

T, querabad-SGQ?Sa




Assignment Questions




‘ Vidya Jyothi Institute of Technology

‘Accredited by NAAC & NBA , Approved By A.L.C.T.E., New Delhi, permanently affiliated to JNTULI)

(An AUTONOMOUS Institution)
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

ASSIGNMENT 1
Branch: CSE . Year&Sem: 11-1
SUB: Data structures Academic Year: 2019-20
Faculty Name: B.Sailaja Marks: 25M
S.No | Question Marks | CO | BL PO’s
. What is a Data Structure? Explain the representation of
6 ! Data Structure. > ! L2 1-12
1 3 3 &MY #®
2 _Convert the following expression A+(B*C)-(D*E+F)/G) 5 i L4 1-12
into post fix form
3 Explain tree traversals with example? 5 2 L2 1-12
- : 5 T :
4 V{hat is a Binary Tree? Explain the representation of 5 2 | 1112 1-12
Binary tree
5 Deﬂr}e b{nary search tree. Explain the insertion and 5 3 | L1L2 1-12
deletion in BST




Vidya Jyothi Institute of Technology

(Accredited by NAAC & NBA , Approved By A.LC.T.E., New Delhi, permanently affiliated to JNTUH)
{(An AUTONOMOUS Institution)

"DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

ASSIGNMENT 2
Branch: CSE Year&Sem: 111
SUB: Data Structures Academic Year: 2019-20
Faculty Name: B.Sailaja Marks: 25M
S.No | Question Marks | CO | BL PO’s
1 Explain the various rotations of AVL Trees maintaining 5 3 12 1-12
6 balance factor while deletion takes place.
9 Deifme Graph z_md expla}m how graphs can be represented in 5 4 |12 | 112
adjacency matrix and adjacency LIST,
Ilfustrate DFS and BFS traversals of following graph
3. 5 4 L4 1-12
Define hashing and discuss the different hashing functions
4, | with an example. 5 5 | L1,L2 | 1-12
5. | Analyze input (371, 323, 173, 199, 344, 679, 989) and hash
a function h(x)=x mod 10, Show the result using quadratic
probing, and double hashing h2(x)=7 - (x mod 7) 3 51 LS | 112




Mid Question Papers I & 11




i (Aceredited by NAAC & NBA, Approved By A.LC.T.E., New Delhi, Permanently Affiliated to JNTU, Hyderabad)
/ {Aziz Nagar, C.B.Post, Hyderabad -500075)

=g Vidya Jyothi Institute of Technology (Autonomous)

Il B.TechI Semester I Mid Examination
Branch: CSE - Duration: 90Min
Sub: Data Structures Marks: 20
Date: 14.08.2019 Session: AN
Course Outcomes:

1. Understand the concepts of Stacks and Queues with their applications.
2. Analyze various operations on Binary trees.
3. Examine of various concepts of binary trees with real time applications.

4. Analyze the shortest path algorithm on graph data structures.
5. Outline the concepts of hashing, collision and its resolution methods using hash
‘functions.
Bloom’s Level:

Remember 1 Apply IIl |Evaluate| V
Understand 11 Analyze | IV | Create VI
Q.N ANSWER ALL THE QUESTIONS Marks | CO | PO | BL
PART-A (3Q*2M =6 Marks)
1 | Define data structures. 2 1 | 1-12 | L1
2 | Define the node, siblings, left-skewed tree. 2 - L1
3 Construct the binary search Tree for the below given data 35, 20, 5 3 1-12 L6
15, 31, 89,-1, 35, 45.
ANSWER ALL THE QUESTIONS
PART-B (5+5+4= 14 Marks)
4 i.a) | List out the algorithm steps for a stack insertion operation. 3 1 | 1-12 | 14
b) Write the differences between linear and non linear data 5 1 1-12 L1
structures,
OR
ii.a) Convert infix expression into its equivalent prefix expression: 3 1 1-12 15
. A*(B+D)/E- F*G-+H/K).
b) | Write short notes on different types of queues. 2 1 (1112 [ L1
5ia) What are the advantages and disadvantages of Static and Dynamic 2 1-12 L1
) representation of a binary tree 2
Given In order traversal of a binary tree is D,B,H,E,LLA,F,J,.C,G 1-12
b) | and post order traversal is D,H,LE,B,J,F,G,C,A. Construct binary 3 2 16
tree and find the pre order traversal.
OR
ii. a) | Explain tree traversals with example. 2 3 | 112 | 13
Define and explain the following: 1-12
b) | A) One way threaded Binary Tree. B) Full Binary Tree 3 3 L3
63) Explain the insertion and searching operation on binary search 4 4 1-12 L5
) trees with an example
OR
i) Construct a binary search tree by inserting following elements 20, 4 4 1-12 L5

70, -1, 66, 11, 55, 90, 45,100,110,91 and delete 66,100

***VJIT(A)***




Vidya Jyothi Institute of Technology (Autonomous)

{Accredited by NAAC & NBA, Approved By ALC.T.E., New Delhi, Permanently Affiliated to INTU, Hyderabad)
{Aziz Nagar, C.B.Post, Hyderabad -500075)

II Year B.Tech I Semester I Mid Examination

Branch: CSE Duration: 90Min
Sub: Data Sturctures Marks: 20
Date: 30.10.2019 Session: AN

Course Qutcomes:

1. Understand the concepts of Stacks and Queues with their applications
2. Analyze various operations on Binary trees.

3. Examine of various concepts of binary trees with real time applications
4, Analyze the shortest path algorithm on graph data structures

5. Outline the concepts of hashing, collision and its resolution methods using hash functions.
Bloom's Level:

Remember I Analyze v
Understand 11 Evaluate \'
Apply , I Create VI
b PART-A (3Q%x2M =6 Marks) Outcomes [ [0
ANSWER ALL THE QUESTIONS CcO PO
1.i) [Compare B-tree and B+ tree 3 1-12 2 2
’ [OR]
it) {Define balance factor and what the balance factor value of avl tree is| 3 1-12 1 2
2.i)|Define weighted graph give one example. 4 1-12 1 2
[OR]
if) [Define Minimum Spanning tree with an example, 4 1-12 1 2
3.1) |Define Hashing and hash table 5 1-12 1 2
[OR]
ii) [Define dictionaries. 5 1 1-12 I 2
PART-B (4+5+5= 14 Marks) Outcomes BL| Marks
ANSWER ALL THE QUESTIONS CO PO
4i Construct AVL Tree with the following elements 3 1-12 3 4
C,O,M,P,U,T.ILN,G and remove the elements P, Uand T
C [OR]
,  |ii.a)|What are the advantages of B-trees? 3 1-12 1 2
b) |Differentiate between Binary Search Tree and an AVL Tree 3 1-12 4 2
p.i.a) Define Graph and explain how graphs can be represented in 4 1-12 2 3
b) |Define in degree, out degree for a graph. 4 1-12 1 2
[OK]
ii.a)
Traverse the graph using BFS and DFS 4 1-12 3 3
b) |List the applications of Graphs 4 1-12 1 2
6.i.a] Discuss any 2 different hashing functions with an example 5 1-12 2 3
b) |List the uses of hash table ' 5 1-12 1 2
[OR]
. | ii. |Write a C program to implement Quadratic probing | 5] 112 | 3] 5
***VJIT(A)*** '




Unit Wise Questions
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UNIT ~1

Short Answers Type Questions
Define data structure? Discuss types of Data structures?

List linear and nonlinear data structures

List the operations performed in the Linear Data Structure.
List the applications of stack?

Distinguish between static and dynamic representation?
Define stack?

Define circular quene?

Define prefix and infix?

Define postfix expression?

10 List types of Queue?

11. Define dequeue?

12, Define input restricted queue?

13. State the difference between queue and circular queue?

14. State operations on stack?

15. State overflow and underflow conditions of stack?

16. Describe output restricted queue?

17. List the ?

18. State the rules to be followed during infix to postfix conversions
19. Convert the infix expression (a+b)-(c*d) into post fix form
20. Define overflow and underflow conditions of Queue

Broad Answers Type Questions

kN

SYENANR N

a) Define Data structure? State and explain the representation of data strcuture?
b) Explain the differences between static and dynamic representation?

Explain the operations of stack with example?

Convert the expression ((A +B) * C - (D - E) * (F + G)) into post fix form

Evaluate the following postfix expression: 623 +-382/+* 2|3+

Explain the operations of Dequeue with example.

UNIT -11
Short Answers e Questions

Define tree.Give example

Write the properties of tree?

Define the terms node, degree, siblings, depth?
Distinguish between tree and binary tree?
Define path?

Define Binary tree?

List the applications of Trees

State the properties of a Binary Tree

. Define full binary tree?

0 List types of trees?




11. List the different traversing techniques of a binary tree?

12. Define an Expressmn tree?

13. Draw an expression tree for the following expression A*(B+D)/E- F*(G+H/K) ?
14. Define complete binary tree

15. Distinguish between complete binary tree and full binary tree?

16. Define threaded binary tree?

17. State applications of trees?

18. Write the advantages and disadvantages of array representation?

19. Define a right-skewed binary tree and Left-skewed binary tree.?

20. What is a tournament tree?

Broad Answers Tyvpe Questions

1 Explain Binary tree ADT and its representation
2 Write inorder, preorder, post order traversal of the following tree

O

3 Define an expression tree for the following expression ((A + B)* C- (D -E) * (F+ G)) and
write the different tree traversals for above expression

4 Define threaded binary tree? Explain the impact of such a representation on the tree traversal
procedure?

5 Explain tree traversals with example.

UNIT -111
Short Answers Type Questions

Define balanced search tree?

State the operations on binary search tree?

List the drawbacks of a binary search tree?

Distinguish binary tree and binary search tree?

Define balance factor and what the balance factor value of AVL tree is?
List the different AVL tree rotations to insert a node?
Discuss the drawbacks of AVL trees?

List the properties of B-Trees?

Explain the L-R rotation of an AVL tree with example?
10 Define B-tree with example?

11, List the properties of B-Trees?

12. What are the advantages of B-trees

13. List the properties of red black Trees?

14. Distinguish between B tree and B+ tree?

Woo Rk W




15. Define M-way tree?

16. List the different operations on B-Trees?

17. Explain the R-0 rotations in AVL tree?

18. Construct BST for 35,20,46,82,49,20,65? .

19. Explain L-1 rotations in AVL Tree? -
20. Define red black tree with example ?

Broad Answers Type Questions

1.Explain deletion operation of binary search tree with example?

2. Explain various rotations of AVL, Trees maintaining balance factor while insertion
takes place.

3 Construct the binary search Tree for the below given data. P,F, B, H, G, §,R, Y, T, W, Z. and
delete B, H.

4 Insert the following elements into an empty AVL Tree20, 15, 5, 10, 12,17,25,19.?

5 Define B-tree, B+ tree? What are the advantages and dlsadvantages of B-tree? Explain with an
example.?
UNIT -1V

Short Answers Type Ouestions

Define graph?

Explain the Adjacency matrix representation of graph?
Explain linked representation of the graph?
Distingnish between BFS and DFS?

Define weighted graph?

List the tree traversal?

Discuss about connected and dlsconnected graph?
Describe cycle and path?

Define spanning tree?

10, Write the basic properties of a spanning tree?

11. List the applications of Graphs?

12. Differentiate between graph and tree?

13. Explain in degree and out degree of a directed graph ?
14. Define minimum spanning?

15. Define directed graph?

16. Describe source and sink?

17. Define sub graph.?

18. What is an isolated vertex?

19. Write the algorithms to find spanning tree in the graph?
20. List various algorithms to find minimum spanning tree?

LN BERND -

Broad Answers Type Questions

1. Explain different ways representation of graphs?




Explain DFS graphs traversal algorithms with suitable example?
Hlustrate DFS and BFS traversals of following graph

W

4, Define Minimum Spanning tree? Explain Kruskal’s Algorithm with exampl
5. Explain DIJKSTRA Algorithm with example

UNIT-V
@ Short Answers Type Questions

Define Hashing?
Compare the time complexities of binary search, linear search, hashing?
Define Hash Function and hash table?
List different types of popular hash functions?
Explain mid square method with example?
Write the properties of a good hash function ?
Define Separate Chaining?
Describe folding method?
. Describe open addressing?
10. List the uses of hash table?
11. Define Collision?
12. Define probe?
13. State different types of collision resolving techniques?
14. Describe extendible hashing?
15. List advantages of hashing?
6 16. List the different types of open addressing methods ?
17. Describe rehashing.
18. Write disadvantages of rehashing every time?
19, State advantages of extendible hashing?
20, Define dictionary?

Broad Answers Type Questions

1090 N OV B

1. Define hashing and discuss the different hashing functions with an example
2. Define collision and discuss any two collision resolution techniques?
3. Use quadratic probing to fill the Hash table of size 11. Data elements are
23,0,52,61,78,33,100,8,90,10,14.7
4. Explain Extendable hasing with an example?
5. Analyze input (371, 323, 173, 199, 344, 679, 989) and hash function h(x)=x mod 10, Show the result
using quadratic probing, and double hashing h2(x)=7 - (x mod 7)
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(- &% ELECTION COMMISSION OF INDIA 1

L

FORM-6 Acknowledgement No,

{See Rules 13{1) and 26) of Registration of Electars Rule-1960 . ' (TO be filled b\/ foICE)

T

‘| Application for Inclusion of Name in Electoral Roll for First time Voter OR on Shifting

fmm One Constituency to Another Constituency.

‘-L‘ ) -'!‘

To, The Electoral Registration Officer, Assembly / Parliamentary Consitituency
I request that my name be included in the electaral roll for the above Constituency. (Tickappropriate box) SPACE FOR PASTING ONE
- As a first time voter or due to shifting from another constituency RECENT PASSPORT SIZE
1 Particulars in suppart of my claim for inclusion in the electoral roll are given below:- ;g%ﬁ)(;si?g\l;lv I‘:g CM X
|_Mandatory Particulars FRONTAL VIEW OF FULL
(a) Name | . FACE WATHIN THIS BOX
* T (b) Surnama{if any) I

- "(c) Name and surname of Relative of

Applicant [see item {d)]

..(d) Type of Relation Father Mother IZ] Husband Wife Other
" (Tick appropriate box) \ I:I I:I D l:l

(e} Age [as on 1% January of current calenda}var .................... Ye7rs [I |:] Months D |:|

{f) Date of Birth (in DD/MM/YYYY format)(if kﬁa‘qﬂ Iﬂ I:l/l:l l:]/l:l D . D b

{g) Gender of Applicant (Tick appropridte box) \ Ma]el:l / Female l:' Third Gender :l

(h)Current address where applicant is ordinarily resxd‘th / | House No. I

Street/Area/Locality \ / )

| TownyVillage D \ /

| Post Office 7\ Pncede T ][] [] [:I [ ]

District / \ State/UT

(i) Permanent address of applicant | House No. /

“Street/Area/Locality / \. -

Town/Village / \

PostOfice / \ Pincode I T I

District / State/UT

(I}EPIC No. (if issued) / . \

- | Optional Particulars /

(k) Disability (if any) Visual impairment Speech & hearing dlsab:l\& l:l Locomotor dlsabllltylj Other

(Tick'appropn'ate box) r

1 (1} Email id (optional)

{ (m) Mobile No. {optional) ] D [__—l\[:] LI DEE

| DECLARATION - [ hereby declare that to the best of knowledge and belief ~ \
District,

(i)t have not applied for the inclusion.of my name in the electoraf rolf for cmy other const:tuency
*(m)My name has not already been included in the electoral roil for this or any other assembly/ parliamentary constituency

‘| *My. name may have been included in the electoral roff for Constituency in

. * strike off the option not appropriate

(i) 1 am a citizen of India and place of my Birth is Village/TOW ... eeeeeeeereresvesesseeseessns i

{ii} | am ordinarily resident at the address given at (h) above since ...(date, month, vear).

one

‘State in which | was ordinarily resident earlier at the address mentioned below and if 50, I request that the same may be deleted from that
electoral rofl.

N R
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3-:*-

Postage Stamp to
The application in FOrM & of Shrl/ShrMati/KUMEH.......\. feruerevs v ssssssnsssveeseemsesssossssesseaseasssorsessessessssesssssssseeseessssssesns e by the
Current address where applicant is ordinarily resident * )& . cHf.nue No. R;;:::ﬁm
. — Authority at the
. Street/Area/Locality d / \ 3 time of dispatch
Town/Village / \
rooi /N e OOggon

‘ ‘Has been (a) accepted and the name of Shri/Sh!iU'/nati/Kumari

! u -
1) -rejectea for the reason......

) %< Acknowledgement/Receipt ; g

g

- Address of earlier place of ordinary residence (if applying due to shifting from another constituency) -

House No. Street/Area/Locality

Town/Village

District State/UT [

Post Office . Pin Code [:I I:' D D |___l l:j—
. -

l.am aware that making a statement or declaration which is false and which I know or believe to be false or de not believe to be true, is
pumshabfe under Section 31 of the Representation of the People Act, 1950 (43 of 1950).

PlACE. certr st eeeeriseerseereresnenens

Date.. e veeerrrerrerrreressinerriranieesnens ! " Signature of Applicant. .. ieereeee s

Remarks of Field Level Verifying Officer:

Details of action taken A
{To be filled by Electaral Registration Officer of the constituency)

Place:

‘ _Date:' ) Signatufe of ERO Seal of the ERO

Intlmatlon of decision taken (to be filléd by Electonal Registration Qfficer of the constituency and to be posted to the
- applicant on the address as given by the appl:cant)

The application of SRri / SRIMALI/ KUMEET ..veeeincessieoresssessceseseesssesssssssesssssssssosmsoressiosessoeseeseemes e ees o for inclusion of name in the
electoral rolf in Form & has been accepted/ rejected. Detailed reasons for acceptance {under or in pursuance of rule .
18/20/26{4)] or rejection [under or in pursuance.of rule 17/20/26{4)] Are given below: : : P B

"Has beeri registered at Serial No........oooooonsooee. in Part No

..........................

Date:

Ackﬁowledgement Number

Received the application in form 6 of Shri / Smt. / Ms.
[ Applicant can refer the Acknowledgement No. to check the status of a pplication].

District \ / ' \ State/UT . H
0 h

3

Name/Signature of ERO/AFRO/BLO

)
ﬁ,5ﬂ’
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2/812021 Data Streicture - Breadth First Traversal - Tutorialspoint
, Step Traversal Description :
- - ™ - e e e st o A PUR - e enomemte oo g e ek
?"‘1 ; E §
,
|
|
_— Initialize the queue. .
‘ !
1
g\i) Qrieue £ ;
2 . |
. i
i :
{ We start from visiting 8 (starting node), and ;
| mark it as visited. ;
i |
&\z’} Gueus . !
i , ;
3 . :
s j .
! We then see an unvisited adjacent node from
L . 5. In this example, we-have-three nodes-but
alphabetically we choose A, mark it as visited
and enqueue it.
£ i
H
" . ] - ‘
. H 2 -
4 1o ' .
@ * sted ad
Next, the unvisited adjacent node from 8 is B.
st We mark it as visited and enqueue it.
H F
"
§
: PO } 4 - - 1
i 5 : i
i : F ;
i
i - {
3 14 H
Next, the unvisited adjacent node from S is C.
§ We mark it as visited and enqueue it. § |
¥ . i 2 * " % j
j " » ;
H]
-6 ) Now, S is left with no ?{n'visited adjacent nodes.
9 oL S0, we dequeue and find A.
o 1 . -

httnesffanane hitarialannint rnmidata striictiices alnnrithmefbreadth firet traveraal htm 23




2{8f2021 Data Structure - Breadth First Traversal - Tutarialspoint
Pl
s}
o -
{ﬁﬂ ) B ¥ :}‘}
‘ ’ }
ST
vey, By
b ve s B
L, Cueue
7
t‘f *
S
o e, From A we have D as unvisited adjacent node.
1 : . . . .
Ai {\Br’ L) We mark it as visited and enqueue it,
\ | / —
b I T T m——
w Quous

Q2

At this stage, we are left with no unmarked (unvisited) nodes. But as per the algorithm we keep on dequeuing in
order to get all unvisited nodes. When the queue gets emptied, the program is over.

The implementation of this algorithm in C programming language can be seen here

-

hitne/Amanar titarialennint enmidata strichiiree alandthmethraadth firet travereal htm
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//Program to implement Linear Program in Hashing
#linclude <stdio.h>

#include <conio.h>

int tsize;

int hasht{int key)

{

inti;

i = key%itsize ;
return i;

}

int rehashl{int key)
{

inti;

i = (key+1)%tsize ;
returni;

}
void main()

{
int key,arr[20],hash[20],i,n,s,0p,.k ;

—printf{*Enter-thesize-of the-hash table: "), ___ __ N

scanf {"%d",&tsize);

printf {"\nEnter the number of elements: *);
scanf {"%d",&n);

for (i=0;i<tsize;i++)
hash[i]=-1;

printf {"Enter Elements: *);
for {i=0;i<n;i++}
{
scanf{"%d",&arr[i]);
}
Tor{k=0;k<n;k++}
{
key=arrlk] ;
i = hasht{key);
while {hash[i]!=-1)
{
i = rehashil(i);
}
hash[i]=key ;
}
printf{"\nThe elements in the array are: *};*
for (i=0;i<tsize;i++)
{
printf("\n Element at position %d: %d",i,hash[i]);
}
}




//Program to implement Quadratic Probing in hashing

#include <stdio.h>
#finclude <conio.h>
int tsize;

int hasht{int key)

inti;

i = key%tsize ;

returni;

}

int rehashq(int key, int i)

inti;
i = (key+(j*}))%tsize ;
returni;
}
void main()
{
int key,arr[ZO],hash[ZO],i,n,s,op,j,k ;

printf ("Enter the size of the hash table: ");
scanf ("%d“,&!ﬂztﬂ,:_ e
printf ("\nEnter the number of elements: ");
scanf ("%d",&n);

for (i=0;i<tsize;i++)
hashlil=-1;

printf {"Enter Elements: "
for {i=0;i<n;i++)

scanf("%d", &arr[i]);
}

for(k=0;k<n;k++)
{

I

key=arr{k] ;

i = hasht{key);

while {hashl[i]!=-1)

{

i = rehashq(i,j);
JH;
}
hash[i]=key ;
}
printf{"\nThe elements in the array are: ")
for (i=0;i<tsize;i++)
{
printf("\n Element at position %d: %d",i,hash{i]);
}
}
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Extendible Hashing is a dynamic hashing method wherein directories, and
buckets are used to hash data. It is an aggressively flexible method in which the
hash function also experiences dynamic changes.

A hash table in which the hash function is the last few bits of the key and the
table refers to buckets. Table entries with the same final bits may use the same
bucket. If a bucket overflows, it splits, and if only one entry referred to it, the table
doubles in size. If a bucket is emptied by deletion, entries using it are changed to
refer to an adjoining bucket, and the table may be halved.
iviain features of Extendible Hashing: The main features in this hashing
technique are:

« Directories: The directories store addresses of the buckets in pointers. An id
is assigned to each directory which may change each time when Directory
Expansion takes place.

« Buckets: The buckets are used to hash the actual data.

Example based on Extendible Hashing: Now, let us consider a

prominent example of hashing the following

elements: 16,4,6,22,24,10,31,7,9,20,26.

Bucket Size: 3 (Assume)

Hash Function: Suppose the global depth is X. Then the Hash

Function returns X LSBs.

- Solution: First, calculate the binary forms of each of the given
numbers. ]

16- 10000 A
4- 00100
6- 00110
22- 10110
24- 11000
10- 01010
31- 11111
7- 00111
9- 01001
20- 10100
26- 01101

« Initially, the global-depth and local-depth is always 1. Thus, the
hashing frame locks like this:




Inserting 16:

The binary format of 16 is 10000 and global-depth is 1. The hash
function returns 1 LSB of 10000 which is 0. Hence, 16 is mapped to
the directory with id=0.

1

16

Hash(1)= 10800

Inserting 4 and 6:
Both 4(100) and 6(110)have 0 in their LSB. Hence, they are hashed O
as follows:

Hash{4)=100
Hash{s)=11g

Inserting 22: The binary form of 22 is 10110. lts LSB is 0. The
bucket pointed by directory 0 is already full. Hence, Over Flow
occurs.

QuerFlow Condition O

Here, Local BepthsGlobal Bepth
i

16, 4,6 22

Hash(22)=10110

As directed by Step 7-Case 1, Since Local Depth = Global Depth,
the bucket splits and directory expansion takes place. Also,
rehashing of numbers present in the overflowing bucket takes place
after the split. And, since the global depth is incremented by 1,
now,the global depth is 2. Hence, 16,4,6,22 are now rehashed w.r.t
2 L.SBs.[ 16(10000),4(100),6(110),22(10110) ]
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After Bucket Split and Directory Expansion

« *Notice that the bucket which was underflow has remained
untouched. But, since the number of directories has doubled, we
now have 2 directories 01 and 11 pointing to the same bucket. This
is because the local-depth of the bucket has remained 1. And, any
bucket having a local depth less than the global depth is pointed-to
by more than one directories.

« Inserting 24 and 10: 24(11000) and 10 (1010) can be hashed
based on directories with id 00 and 10. Here, we encounter no
overflow condition.

2

O 16,4 24

Hash{Z4)= 000
Hash{1g)=Hi10

- Inserting 31,7,9: All of these elements[ 31(11111), 7(111), 9(1001)
] have either 01 or 11 in their LSBs. Hence, they are mapped on the
bucket pointed out by 01 and 11. We do not encounter any overfiow
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condition here.

Hash(31)= 111
Hash(?)=111 O
Hash(9)=1001 s

. Inserting 20: Insertion of data element 20 (10100) will again cause
the overflow problem.

Overflow, focal Depth= Glohal Depth

16.4.24,20

Hash(20)=r2180

« 20 is inserted in bucket pointed out by 00. As directed by Step 7-
Case 1, since the local depth of the bucket = global-depth,
directory expansion (doubling) takes place along with bucket
splitting. Elements present in overflowing bucket are rehashed with




the new global depth. Now, the new Hash table looks like this:

3

16, 24

SPLIT Buckels

4,20

0o . Inserting 26: Global depth is 3. Hence, 3 LSBs of 26(11010) are
\ considered. Therefore 26 best fits in the bucket pointed out by
directory 010.
Hash({2¢]=1010
OverFlow, Local Dapih <Global Depth

5,722,109, 26 | OverFlow

379

» The bucket overflows, and, as directed by Step 7-Case 2, since
the local depth of bucket < Global depth (2<3), directories are not
doubled but, only the bucket is split and elements are rehashed.
Finally, the output of hashing the given list of numbers is obtained.




Al
w

Affecied
Buckeis

. Hashing of 11 Numbers is Thus Completed.
Key Observations:

1. A Bucket will have more than one pointers pointing to it if its local
depth is less than the global depth.

2. When overflow condition occurs in a bucket, all the entries in the
bucket are rehashed with a new local depth.

3. If Local Depth of the overflowing bucket

is equal to the global depth, only then the directories are doubled and

the global depth is incremented by 1.

4. The size of a bucket cannot be changed after the data insertion
process begins.
Advantages:
1. Data retrieval is less expensive (in terms of computing). O
2. No problem of Data-loss since the storage capacity increases
dynamically.

+3. With dynamic changes in hashing function, associated old values

are rehashed w.r.t the new hash function.

Limitations Of Extendible Hashing:

1. The directory size may increase significantly if several records are
hashed on the same directory while keeping the record distribution
non-uniform.

. Size of every bucket is fixed.

. Memory is wasted in pointers when the global depth and local depth
difference becomes drastic.

4. This method is complicated to code.

WM
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Unit-1

Syilabus

* Unit-I: Data Structures, Stacks , Quetes
* Unit-IL:Trees

* Unit-lIl:Advanced Concepts inTree

¢ Unit-1V:Graphs

* Unit-V:Hashing

Text Books:

* 1. Data Structures Using C, Second Edition ReemaThereja
OXFORD higher Education

® 2, Data Structures, A Pseudo code Approach with C, Richard
E Gillberg & Behrouz A, Forouzan, Cengage Learning, India
Edition, Second Edition, 2005.

Course Quitcomes:

® At the end of the course student would be able to

® 1. Underatand the concepts of Stacks and Queues with their
applications,

® 2, Analyze Various operations on Binary trees,

* 3. Examine of various concepts of binary trees with real time
applications,

* 4. Analyze the shortest path algorithm on graph data
structures.

® 5. Outline the concepts of hashing, callision and its resolution
methods using hash functions

Unit-1 Data Structure

® Data structure is a representation of data and the operations
allowed on that data

* A data structure is a way to store and organize data in order
to facilitate the access and modifications

* A data structure is a special way of organizing and
storing data in a computer so that it can be used cificiendy.

Advantages of DS

* Data Organization: Organizing the data so that it can
aceessed efficiently when we need that particular data,

* lvis securc way of storage of data,

* It allows information stored on disk very efficiently




Data Structure Types

There are two types of data structures:

® 1, 1linear Data Structure
2. Nun-linear Data Structure

« Linear data structures: Elements of Linear data structure are
accessed in a sequential manner, however the elements can be stored
in these data structure in any order.

* Eg:LinkedList, Stack, Queve and Array

* Non-linear data structures: Elements ol non-linear data
structures are stores and accessed in non.linear order.

* Eg:iTrec and Graph

Classification of DS
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Representation of Data Structure

* We can represent DS inTwo ways:

* 1, Static Representation

* 2. Dynamic Representation

Static Representation;

In Static data structure the size of the structure is fixed. The
content of the data structure can be modificd but without
changing the memory space allocated to it

Example of Static Data Structures: Array

Ian In Iu |ar Iu Iu ln lll‘ Ill |
2]

N M M

* A

Aeray Logih a8
Pramdurn
Last lvtbaa 3 3

Representation of Data Structure

* Dynamic Representation:

¢ In Dynamic data structure the size of the structure in not
fixed and can be modified during the eperations performed
on it,

¢ Dynamic data structures are designed to facilitate change of — -

data structures in the run time,
® Example of Dynamic Data Structures: Linked List

P ETHE T T
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STATIC AND DYNAMIC DATA

STRUCTURES

Statle

» i static data streckure Is designed 1o
store & known number of data kems.

o The values of the data tan be changed
Jut the memaory size is fixed

» Asstatic dabs structures store a fixed
nussber af data items they are easler to
7, 84 there is no need tocheck
on e si2e of the data structers or the
number of Rems stored.

For examplea high scores board ona
videa game may record the last 10high
sceres. if a new one [s entared the last
oneislost!

Dynamic

* Dynamic gata viruetuses are dmmci 138w
thed.m slruztuse to grow or shrii at

+ It lsgoas.‘heta W new Slariens of ramavd
«: squmnumrmmwmmw
MENOFY 5pare.

- it doth strctures make the
kk!slvs‘ ol mamary bt remmdt"lcu’\
FOELLRY, i pout Frve o theck u.cwenl
me dath steirsture and lh‘.‘ Jaedtiza ol the data
Tt £ach tive you ik the data.

Fot exaingle 2 shopping 4 miy hove diffzrent
aroind§ of itenis on it a0l week. A prograem
10 make xshanhst will noed 1o be
LYRaniIe and tl the oot Sf eatrat
harget

Linked List

* A linked list is a [Incar data structure, in which the elements are
not stored at contiguous memory locations,

hirad
IA [ }—)IB ! HC' l——-)[n l I—)!«ulL

e R
Why Linked List?
Arrays can be yaed to store Yinear dita of similar types, but arrays Bave the following
limitations.
1)The size of the arrays ds fixed: So we must know the upper limit on the number of
elementa in advaney, Aba, generally, the allocated memory is equal 1o the upper limit
irrespective al the uage,

2) Insrrting a new element in an array of elements s expemsive because the room has to
lie ereated for the pew efements and 1o create room existing elements have 10 be shified.

9/8/2021
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Linked List Y Linked List Representation

¢ Advantages over arrays
1) Dynamic size
2) Ease of insertion/deletion

* Drawbacks ol Linked list:
1) Random access is not allowed. We have 1o acoess elements
sequentially starting from the first node. So we cannot do binary
search with linked lists eMiciently with its default implementation.
2) Extra memory space for a pointer is required with each clement
of'the list.
3) Not cache friendly. Since array elements are contiguaus locations,
there s locality of reference which is not there in case of linked [fsts.

* Alinked list Is sepresented by a pointer to the first node of the linked list,
* The first node is called the head,
* |fthe linked list is empty, then the value of the head is NULL.

Each nodein a Jist consists ol at least two parts:

ydan

2) Paimer (O Reference) to the next node

/7 Alinked bist node
struct Node

{

ing data;

siruct Node* next;

b

Types of Linked List

Basic Operations on Linked List

* Traversal:To traverse all the nodes one after another,

hd Single linked List ® Insertion:To add a node at the given position.
* Double Linked List * Deletion: To delete a node,
* Searching:To scarch an clement(s) by value,
¢ Circular Linked List
s

Single Linked List

* A Singly-linked list is a colleetion of nodes linked together In
a sequential way where each node of the singly linked list
contains a data ficld and an address field that contalns the
reference of the next node

* The structure of the node in the Singly Linked List is

address of
next node

Single Linked List

A single linked list consists ol nudes where each node
contains a data field and a referencedlink) 1o the next node in
the list.

node

e

1
1
int data; e ‘J |
struct node *next: :
]

~r
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Single Linked List

* The nodes are connected to exch other in this form where
the value of the next variable of the last node is NULE

Loe. next = NULE, which indicates the end of the linked Lst.

el

Operations on SLL

* [nsertion
* lneew thon at the beginning
* Inscrtion at the cad. (Append)
¢ Insertion alter a given node
¢ Deletion
* Deleteat the beginning
* Deleteat the end.
¢ Deletea given node

|1|| |4||_‘lsll ® Scarch
I I ® Searchthe node
Dain Hext ® Traverse
* To traverse all the nodes one after anather,
L~
Insertion

¢ Insertion at the beginning:

o [f'the list is cmpty, the new node becomes the head of the
list. Otherwise, connect the new node to the current head of
the list and make the new node, the head of the list.

newNode
Inzartion at the beglnning

Insertion

® Insertion gt end:

® Traverse the list until find the last node, Then insert the new
node to the end of the list,

* In case of a list being empty, return the updated head of the

linked list becausc in this case, the inserted node is the first as

well as the fast node of the lnked list,

head

|
R

newhode
Inagetion st the snd

Insertion

* Insertion after a given node

* We are given the reference to a node, and the new node is
inserted after the given node.

hoad

Pmrodl

thaertion afier a glven node

il

Deletion

¢ Delete a beginning node:

¢ First nude is pointed by the head, move the head to the next
node, then free the first node

¢ Ifthere {s anly ane nade then free the node and head becomes
NULL

¥ i
Iy %
b g
L el
. e

. Deleta first element In linked list

N
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Deletion < Deletion

* Delete the end node:

® Delete a particular node
* Mave the pointer to the last node and free the node.

* Keep the NULL in the before that node 1} Find previous node of the node to be deleted,
X 2) Change the next of previous node,

* To delete a node from linked list, do following steps, hd
3) Free memory for the node to be deleted,

S

W

. Delete last element in linked list

Search Double Linked List

* To search any value in the linked list, traverse the linked list * A Doubly Linked List contains an extra memory to store the
and compares the value present in the nade. address of the previous node, together with the address of the
stext node and data which are there in the singly linked list. So, .

Traverse here we are staring the address of the next as well as the

. revious nodes,
*To traverse all the nodes one after another, P

*Start with the head of the list. Access the content of the head node

EFin Es ot nudl.

*Then go to the next node(il exists) and access the node

information addreas of adtress of
*Continue until no more nodes {that is, you have reached the null previous notle . next pady
node) Hode in DL

Double Linked List

¢ The nodes are connected to each other in this form where

Double Linked List

the first node has prev = NULL and the last node has next * Insertion
= NULL. A nude can be added in four ways
Yasa o — 1) At the frant of the DLL -
e T TR = Tk [F g e T 2) After a given node.
- - ) ) 3) At the end of the DLL
4) Before a given node.

*Advantages aver Singly Linked List-

*It can be traversed both forward and backward direction,
*Disadvantages over Singly Linked List-

*It will require mare space as cach node has an extra memory to store the
address of the previous node,

*The number ol modification increase while doing vasiots aperations like
Insertion, deletion, ete.
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Insertion in DLL

® At the front of the DLL:
« The new node is always added before the head of the given
Linked List. And newly added node becomes the new head of

DLL.

Nn!nou hﬂimu
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Insertion in DLL

e Atthe end of the DLL:
* A Linked List is typically represented by the head of it, we
have to traverse the list till end and then change the next of

fast pode to new node.

Insertion in DLL

* Add a node after a given node:
 We are given polater toa node as prevnode, and the new nude
s inserted after the given node,

Insertionin DLL -

o Add a node before a given node:
* Weate given pointer 10 a node as previode, and the new node is
inserted after the before given node,

Double linked list

& Deletion
® Delete the front node
® Delete the end node
* Delete the givennode

Deletion in DLL
» Delete a First node:
o I['the node to be deleted is the huead node then make the next

node as head

e



n,

% :r,;

2z
e
=

9/8/2021

Deletionin DLL

® Deleting the Jast node:

Deletionin DLL

* Deleting a given node:

P
pavar

£

*

e 1o} ]

Search

¢ To search any value in the linked list, traverse the linked list
and compares the value present in the node,

Traverse

*To traverse all the nodes one after another,

+Start with the head of the list. Access the vontent of the head node
ilit is ot noll,

*Then go to the next node(il exists) and access the node
information .
*Cantinue until no more nodes (that s, you have reached the null
norde)

Circular Linked List

¢ Circular linked list is a linked list where all nodes are
conaccted to form a circle, There fs no NULL at the end.

* A circular linked list can be a singly circular linked list or
doubly eircular linked list,

H

Circular Single linked List

Bt

ST e [Toml e Tt

Circular Douhle linked List
=

| 17 |

Advantages of Circular Linked Lists:

1) Any node can be a starting point, We can traverse the whole
list by starting from any point, We just need to stop when the
first visited node is visited again,

2) Useful far implementation of queue, No need to maintain
twa poiniters for front and rear if we use circular linked list.
We can maintain a pointer to the last inserted node and front
can always be obtained as next of last.

3) Circular lists are useful in applications to repeatediy go
around the list,

Stacks

® Stackis a lincar data structure which follows a particular
arder in which the eperations are performed. The order may
be LIFO({Last In First Out) or FILO(First [n Last Qut).

13 T
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Operations on Stack

* Elements can be inserted or delcted only from one end of the
stack i.e. from the top.

* The clement at the top is called the top clement.

*® The operations of inserting and deleting elements are
called push() and pop() respectively.

push PR

¥ et top

Operations on Stack

+ PUSH: )
 Push operation refers 1o inserting an element in the stack.
* The new clement is inserted at the top ol the stack,

* POP;
» Pop operation Removes an element from the stack

* The tap of the element is removed

* PEEK:
= Get the top data element of the stack, without removing it.

Implementation of Stack

# Stack can be implemented in two ways:
» 1. Using Array
® 2, Using Linked List
Array Implementation:
PUSH Operation:
# The sizc of the stack is specified at the beginning
® Initially stack is empty and top=-1
® When a new element bs pushed it checks the condition whether
the stack is full, if it is true it gives *Overflow™

® Oiherwise the element is inserted from top end
* "[op variable Is increased by 1

Array Implementation-PUSH

Step 1 - Cheekl whether stack is FULL, (top == SI1ZE-1)

Step 2 -Ifitis FULL, then display “Stack is FULL!! Insertion
is hot possiblel” and terminate the finction,

Step 3 - Ifit is NOT FULL, then increment top vatue by one
(top++) and set stack[1op] te value (stack|top] = value),

Pud\@wﬂ‘l, n:sh% Pum@-——;
7107 YN
? 3

Top.opf 4 4
Tep fop—si S 5 5
Fig. Insertion of Elements in a Stack

Array Implementation-POP
® Pop():

# To delete an element lrom any , it checks whether the stack is
empty, if it is true it gives*Underflow”

® Otherwise top of the element is removed from the stack

* Top is decreased by 1

® If there are no more clements top will becomes -1

]
ETY .
u X
& [
] 5]
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Sucxintiatly  pepIR B-‘ﬂ’!!!
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Pap

® Step 1 « Check whether stack is EMPTY. (top == -1)

o Step 2- Ifivis EMPTY, then display "Stack is EMPTYI!
Deletion is not possiblell!” and terminate the function,

* Step 3 - it is NOT EMPTY¥len delete stack{top] and
decrement top value by one (top--).

Display

® Step 1 - Check whether stack is EMPTY, (top == -1)

® Step 2- Ifitis EMPTY, then display "Stack is EMPTYII™ and
terminate the function.,

* Step 3 - I'it is NOT EMPTY, then define a varfable '’ and
initialize with top. Display stack[i] value and decrement i value
by one (i--).

* Step 3 - Repeat above step until { value becomes '0'.
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Array Implementation-PEEK
® Peek:
* the stack is empy it displays“ Stack is empty”
* Otherwise it displays the top of the element in the stack

Linked List Representation

* The main advantage of using linked list over an arrays is that
it Is possible to Implements a stack that can shrink or grow as
much as needed,

* In using array will put a restriction to the maximum capacity
of the array which can lead to stack overflaw,

*® Here cach new nede will be dynamlca]ly allocate,

*® so wverflow is pot possible,

* The stack implemented using linked list can work for an
unlimited number of valyes,

Linked List Rep‘resentation

® A stack can be easily implemented
through the linked bist, 100 v En
* Instack Implementation, a stack
contains a top pointer, which is “head” [50) [/ ]
of the stack where pushingand
popping items happens at the head of
the list,
* First node have null in link field and
second node link have first node

address in Tink ficld and so on and last
nade address in “top” painter,

=88

PUSH

* Step 1 ~ Create 2 newNode with given value,
* Step 2. Check whether stack i Empty (top == NULL)

¢ Step3-1Ifitis Empty, then set newNode —
next = NULL,

® Step4-1fitisNot Empty, then set newNode —
next = top,

* Step 5= Fina!ly, stttop = newNode,

POP

* Step 1 - Check whether stack is Empty (top == NULL),

® Step2-Ifitis Empty, then display *Stack is Emptytt
Deletion is not possible!l" and terminate the function

* Step 3-ifit s Not Empty, then define a Node pointer
'temp'and set it to ‘tap.

* Steps 4 - Then set 'top = top — pext’,

* Step 5 - Finally, delete "temp', (free(temp),.

Display

® Step 1 - Check whether stack is Empty (top == NULL).

* Step 2-1itis Empty, then display *Stack is
Emptyl!!' and terminate the function,

* Step 3-Ifit is Not Empty, then define 3 Node
pointer "temp” and initialize with top,

* Step 4 - Display 'temp — data --->' and move it to the
next node. Repeat the same until temp reaches to the first
node in the stack, (temp - next f= NULL).

* Step S - Finally] Display ‘temp — data ---> NULL'",




Applications of Stack

* Stacks can be used for expression evaluation..

® Stacks can be used to check parenthesis matching in an
expression,

* Stacks can be used for Conversion from one form of
expression to another,

* Stacks can be used for Memory Management,
* Stack data structures arc used in bacl:tracklng problems,

9/8/2021

Representation of an expression

* An expression can be represented in three ways
* Infix expression
® Prefix expression »

* Postfix expression

* Infix Notation
¢ Operators are written in-between their operands
# This is the usual way we write expressions
* Eg:A*(B+C)/D

¢ Post fixNotation
* Operatarsare written after thelr operands

* The postilx notation is called as suffix notation and is also referred 1o
reverse polish notation,

"EgABC+eD/

* Prefix Notation
* Operstors are written before their operands
* The prefix natation s called as polish notation
*Eg/*A+BCD

1
Iinfix ' Prefix ¥ Pestfix i
: ]
N : i
o e e -
ath ; +ha I abi I
- e e e
fatB]*fc+d) *tdetba abted+t
gt:;tz;t B .aca—;dt;; bb‘tl‘ap't'-‘ }
- Mt o s s g g Mo ettt

Algorithm to convert Infix to Postfix

1. Readall the symbols anc by one from left 1o right in the given
Infix Expression,

2. Wihe reading symbal is uperand, then directly print it to the
result (Gutput).

3. thereading symbol is left parenthesis'(", then Push it o to the
Stack,

+. the reading symbol is right parenthesis 'Y, then Papall the
contents of stack until respective left parenthesis is poped and
print each poped symbol to the result,

§.  Ilthe reading symbat is operator (+,-, %, / e1c.,), then Push it
on ta the Stack, However, first pop the operators which are
already on the stack that have higher or equal precedence than
current operator and print them to the result,

6. Repeat the process unti] the last symbol

Infix Exp: (A+(E*C-(DIE"F]"G)"H)

Symbod | Scanned | STACK | Postfia Expression | Descripton

i [ Start

2. A )

3. + v A

3 i + A

5 B - A8

[N * H* AR

7. 3 -+ ABC

EN < o AR “Sis athigher
precedenca than

[ [ 1 ABCY

A, o - ABC O

ii 7 o (s ABC*D

132 3 - ABCOE

i3 A +i-/2 [ ABC OE

14 F +1-l/A | ARC*OEF

15, ¥ [+~ ABCEDEFAS PoplromitopanSiack,
a3 why “n* Come first

18, . (=" ABCHDEFAS

17 [y {+-* | ABC'DEF /G

B [ ABCIDEFASGY. Pop ffam topon Stack,

that's wihy *A° Come first

19 = (= ABC*DEF~/G s

30, 3 [T ABC DEFA/G=-H |

1, ] Emoty | ABCTDEFA/G - iH END
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Suppose we want to convert 233(2- 11543 into Posthix fornn,

Expression | Sk { Output
2 Engly E
. . T2
3 " 23
I ] 23°
{ i 23
2 i 3*2
. - 2372
1 I 2321
} 1 23'21.
* - 214
5 » 23'2145
. + 258
3 + 23"21-53
_ Empty 21=21-/S3%4
S0, the Pt Expression ic 2210557

Infix to Prefix

Step 1. Reversa the input string
Step 2. Examing the next element inthe input
Step 3. IfRIs operand add i tothe cutput string
Stepd. W itis closing parenthasis pushitgn stack
Step 5. Ifitis an cpernios then
o If stack is emply, push opacation cn stack
b. Ifthe top of stackis *)° push opezator on slack
¢. Ifthas same or higher priosity thes the top of stack, push
. Else pop the operator & add itto outpud string, repead &
Step s'di" iisd'%‘_ ‘pop operator end add them to skring § untl a )" is encountered, POP
scar
Step?, Wthese is more input golo step 2
Step 8. Ifthere s no tora inpts, enslack the remaining operators & add them
Step 3. Reverse ta cutput string

More Problems

* The following inlix expressians convert to Postfix and Prefix
expressions

" LA+B)*(CH+D)

» 2.(A-B/C)* (A/K-L)

® 3 (1+4/2%1+2)%3/2

» .9%12+4)/5%

o S (a*h/e)(d et

a+ (b "e)f {d~ )= vafbe-de
| NOTE: scan.Ihe intix string In faverse order. i
T PREFIX TOSSTACK i
[Empty - |1’
>3 Emply - .
-la o n . ¥
RESEEEEE or "
*fde "¢ % =
da .
‘1-da . f
“det 5)
| c-de M) -
- e-de AL
| bec-de a i
“be-de ¥
Fbo-de Y+ %
“Tarbe-da . [)e i
-i+al’be-de . -} Empb M i
o me sy w e e
E e I i
P Do, i
o
Postfix Evaluation

* A postlix expression can be evaluated using the Stack data
structure, Follow the below steps

1. Readall the symbols one by one from left to right in the given
Postfix Expression

2, INthe reading symbol.is operand, then push it on to the Stack,

1. Ifthe reading symhol s operator (+ ., -, *, / cic., ), then
perform TWO pop operations and store the two papped
oparands iri twa dillerent varlables (operandl atd operand2).
Then perlorm reading symbol operation using operand] and
operand? and push result back o to the Stack,

4. Finally! perform a pop operation and display the popped value
as final result. )

Postfix Evaluation
e 456+
Mep | Input Uperatin Stack | Cakulation
Symbol
1, [ Fush 0
IS 5 Puth 45
3 £ Push. 55
* s Vop(7 elementt ] e
E Evaluale
s, Push sesult{30) 4,30
“6 | e | 7 Popitelements] Empey | 413034
& tyaluata
7. Push et (34 E7)
[3 No-nary ylsmentsioop| Empty | 34{Resubt)
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Applications of Stack

¢ Stacks can be used for expression evaluation,

* Stacks can be used to check parenthesis matching in an
expression,

* Stacks can be used for Conversion from one form of
expression to another.

® Stacks can be used for Memory Management,

* Stack data structures are used In backtracking problems,

Representation of an expression

* An expression can be represented in three ways
* Inlix expression
® Prefix expression *

* Posifix expression




Prefix Evaluation

® Step 11 Put a pointer P at the end of the end
* Step 2; If character at P is an eperand push it to Stack
= Step 3: If the character at P 15 an operator pop two elements

from the Stack, Operate on these clements according 1o the
operator, and push the result back to the Stack

® Step 4: Decrement P by 1 and go to Step 2 as long as there
are charocters left to be scanned in the expression,

» Step 5:The Result Is stored at the top of the Stack, retura it
Step 6: End

9/8/2021

Prefix Evaluation

Example: -*-431§

Queue

» Queue Is a linear data structure in which the insertion and
defetion operations are performed at two different ends,

* Ina queue data structure, adding and removing elements are
performed at two different positions.

* The fnscrtion is performed at one end and deletion is
performed at another end.

* In 3 quene data structure, the insertion operation Is performed
at 2 position which is known as "rear’ and the deletion
aperation is performed at a position which is known as"front’,

* In queue data structure, the inserton and deletion operations
are performed based on FIFO (First In First Out) principle.

Symbol apndl opoi? value opndstack
3 ¥
3 3.2
3 323
q Sk A
2] £ 3 El 52
—_— (NN
¥ 7 T fX )
%14
- 11 3 ¢
L9}
-~
resalt
v
Queue
Insertien and Deletion
happen oa different ends
Rext
Erqpa Frt Deese
Fiest i first out

Operations on a Queue

# The following operations are performed on a queue data
structure, ..

* enQueue(value) - To insert an element into the
queue

¢ deQueue() -To delete an element from the queue
* display() - (To display the elements ol the quene)

Implementation of Queue

* Queue data teucture ean be implemented in two ways, They
are as follows...
* LUsing Array
® 2,Using Linked List

* Whena queue is implemented using an array, that queve can
organize an enly limited number of elements.

* When a queue is implemented using a linked list, that queve
¢an arganize an unlimited number of elements,
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Queue Operations using Array

¢ Queue data structure using array can be implemented as follows...
Step 1 - Inclide all the lieader files which are used in the
program and define a constant "S1ZE’ with specific value,

* Step 2 - Peclare all the user defined functions which arc used
in queue implementation.

¢ Step 3 = Create a one dimensional array with above defined SEZE
{int queue[SIZE]}

* Step 4 - Define two Integer variables "[ront” and 'rear” and
initialize both with *~1*. {int [ront = -1, rear = =1)

¢ Step 5 - Then implement main method by displaying menu of
operations list and make suitable function calls to perform
aperation selected by the user on queue.

Insertion

* In a queve data structure, enQueue() is a function used to
insert a new clement into the queue.

* Ina queuve, the new element is always inserted
at rear pasition.

® Step 1 - Check whether queue is FUILL, (rear == SIZE-1)

* Step 2~ Ifit is FULL, then difplay " Queue is FULLYE
Insertion is not possible!!}” and terminate the function.

* Step 3~ Ifitis NOT FLILE, then increment rear value by ene
(rear-+)and sct queue[rear] = value.

Deletion

* Ina queue data structure, deQueue) is a function used 1o delete an
element rom the queve,

 Ina queus, the clement is always deleted from frant position

# Step | - Check whether queue is EMPTY. {[ront == rear)

¢ Step 2 - If it is EMPTY, then display "Queue is EMPTY!!
Deletion is not possiblelll” and terminate the function.

« Step 3 -1fitis NOT EMPTY, then increment the front value by
one (front ++}. Then display queue[[ront] as deleted element.
Then check whether both front and rear are equal
(front == rear), if it TRUE, then set both front and rear to '-1'
(front =rear=«l1).

Display

» Use the Tollowing steps to display the elements of a queue..,

* Step 1 - Check whether queue is EMPTY, (front ==
rear)

*» Step 2~ Ifit is EMPTY, then display "Queue s
EMPTY!!" and terminate the function.

® Step 3 Ifit is NOT EMPTY, then define an integer
variable 'i' and set i = front+1',

® Step 4 - Display ‘quexe[i]’ value and inerement ‘§' value by
one (i++), Repeat the same until 'i* value reaches
torear (i <= rear)

Queue using Linked list

» The major problem with the queue implemented using an
array is, It will work for an only fixed number of data values.

« That means, the amount of data must be specified at the
beglnning itself.,

* Queue using an array is not suitable when we don't know the
size of data which we are going to use.

® A queue data structure can be lmplcmentm:f using 3 linked
list data structure.

* The queve which isimplemented using a linked list can work
for an unlimited number of values,

Queue Operations using Linked list

* In linked list implementation of a queue, the last inserted
node is always pointed hy "rear” and the fiest node Is always
pointed by 'front?

" *
front 1001 1004 roar

1008 1012
& ost— Posl— Boal— B

£
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Operations

¢ 'To implement queue using linked list, we need to sct the
following things before implementing actual operations.

® Step 1 - Include all the header files which are used in the
program. And declare all the user defined functions,

¢ Step 2 - Define a 'Node' structure with two
metnbers data and next.

& Step 3 - Define two Node pointers 'front'and "rear” and
set both to NLILL,

# Step 4 - Implement the main method by displaying Menu of
list of operations and make suitable function calls in
the main method to perform user selected operation,

enQueue({value) - Inserting an element
into the Queue

* usc the fallowing steps to insert a new node into the queue..,
e Step | - Create 2 newNode with given value and set
newNode — next’ to NULL.
* Step 2 - Check whether queue is Empty (rear == NULL)
* Stepr 3~ 11t Is Empty then,
set front = newNode and rear = newNode.

o Step 4 - If it is Not Empty then, set rear —
next = newNode and rear = newNode.

deQueue() - Deleting an Element from

Queue

* use the following steps to delete a node fram the queue. ..

» Step 1 - Check whether queue is Empty (front ==
NULL).

® Step 2- Ifit is Empty, then display " Queue is Emptyll!
Deletion is not possiblel!!™ and terminate from the
function

¢ Step 3 - Ifit is Not Empty then, define a Node pointer
‘temp’and set it to 'front’,

* Step 4 - Then set ‘front = front — next’ and delete
'temp’ (free(temp)).

display() - Displaying the elements of
Queue

® Usc the following steps 1o display the clements (nodes) of a
queue. "

e Step | = Check whether quene is Empty (front == NULL),

* Step 2-1Mitis Empty then, display 'Queue is EmptyTl' and
terminate the lunction,

 Step 3 -Ifitis Not Empty then, define 2 Node
polater ‘temp’ and initialize with front.

# Step 4 - Display "temp — data --->' and move it ta the next
node. Repeat the same until ‘temp’ reaches to ‘reat’ (temp —
next |= NEHLL),

* Step 5 - Finally! Display ‘temp — data ...> NULL'.

Applications of Queue

e 1, It isused to schedule the jobs to be processed by the
Crl.

* 2, When multiple users send print jobs to a printer, each
printing job is kept in the printing quete, Then the printer
prints those jobs according to first in first out (FIFO) basis.

* 3, Breadth first search uses a queue data structure to find an
element from a graph,

Types of Queue
& There are four types of Quene:

* Simple Queuc ) [y
[ O B
Front P

# Circular Quetse
® Priority Quene Fig: Gimple Quear
* Dequeue {Double Ended Queue)

Frook Roar
Fig. Cioutar Cosue
gt . Indaicn
Deient Front Ress w
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Circular Queue .
Q Circular Queue

*® In a normal Queue Data Structure, we can insert clements
until queue becomes full.

» But once the quete becomes full, we can not insert the next
clement untit all the clements are deleted from the queue,

* The queuwe after inserting all the clements into it is as follows

Qureve s Full
j2s{so) st]en|as] 4s|ea] wo]75] 95|

front recr

* Afier deleting three clements from the queue..,

Queue Is Full [Even three slements are dalefed)

| | | [léc]as|4sias]so{zsfos]

{front ror

*In the above sttuatkon, even thotgh we have empty positions in the
gqueue we can not make use of them to insert the new clement.
*'This is the majar problem in a normal queue data structure,

*To avercome this prohlem we use a circular queue data structure,

Circular Queue

*® A circular queue is a linear data structure in which the
operations are performed based on FIFQ (First In First Qur)
principle and the last position Is connected back to the first
posttion to make a circle.

¢ Graphical representation of a circular queue is as follows..

Front @ Float

ST

Fig. Croulas Qusus

Implementation of Circular Queue

¢ To implement a cireular quene data structure using an arra
q 3 Y

* Step i - Include all the header les which are used in the
program and define a constant 'SIZE' with specific value,

* Step 2 - Declare all user defined Functions used in
circular queue implementation,

¢ Step 3 - Create a one dimensional array with above defined
SIZE (int cQueue[SIZE])

* Step 4 - Define two integer variables '[ront’ and 'rear' and
Initialize both with '-1°, (int [ront = -1, rear = -1}

* Step 5 - Implement main method by displaying menu of
operations list and make sujtable function calls to perform
operation selected by the user on circular queue,

%

enQueue({value) - Inserting value into
the Circular Queue

» Ina circular queue, enQuene(} is 2 function which is used to insert
anelement into the circular queue.

* Inacircular queue, the new element is always insertcd
at rear position,

® Step 1 - Check whether queuneis FULL. ({rear == SIZE-] &&
frant == 0) | | (front == rear+1))

# Step 2 - Ificds FULL, then display "Quene is FULLY
Insertion is not possible!!” and terminate the function,

* Step 3 -IMit s NOT FULL, then check rear == SIZE- 1 &&
front!= 0 il'it is TRUE, then set rear = ~1.

= Step 4 - Increment rear value by one (rear++),
set queue[rear] = valueand check 'front == -1’ if itis TRUE,
then set [rout = 0.

deQueue() - Deleting a value from the
Circular Queue

* Ina circular quene, deQueue() is a function used 1o delete an
element from the circular queue.

*® Ina circular queue, the element is always deleted
from front pasition,

¢ Step | - Check whether quene s EMPTY, (front == -1 &&

rear == -1}

® Step 2-1itis EMFTY, then display "Queue is EMPTYI!
Deletion is not possiblelll™ and terminate the function,

* Step 3 - IM11is NOT EMPTY, then display queue[front] as
deleted element and increment the front value by one (front
++4), Then check whether front == SIZE, il't is TRUE, then
set [ront = (. Then check whether both frost - | and veat are
equal (front -1 == rear), if it TRUE, then set
both front and reae 1o '-1' (front = rear = -1},

-
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display() - Displays the elements of a

Circular Queue

* Step 1 - Check whether queuc is EMPTY. (front ==-1)

® Step 2 - [Fitis EMPTY, then display “Queue is EMPTY!I" and

terminate the function.

Step 3 - [Fitis NOT EMPTY, then define an integer variable i’ and set

‘i =front"

Step 4 - Check whether 'front <= rear’, if it is TREAE, then display

‘queue]i] value and increment 'i' value by one (i-+). Repeat the same

until 'f <= rear' becomes FALSE.

Step 5 - If 'front <= rear’ 1s FALSE, then display ‘qucucli]' valbe

and increment §' value by one (i++). Repeat the same unul'i <= SIZE

=1'becomes FALSE,

® StepB=Setital.

* Step 7 - Again display "cQueue(i]' value and increment i value by one
(i++). Repeat Lhcl:ame until '§ l-_! reat’ becomes FALSE. ’

Double Ended Queue-Deque

# Double Ended Queue is also a Queve data structure in which
the insertion and deletion operations are performed at both
the ends {front and rear).

« That means, we can insert at both front and rear positions
and can delete from both front and rear positions.

Frant roar

i_n
e TTI1 11119

delmg‘ doleto

Operations on Deque

Mainly the following four basic operations are performed on
queuss

* insertiront(): Adds an item at the front of Deque.

* inser¢Last(}: Adds an [tem at the rear of Deque.

# deletcFront(): Deletes an item from front of Deque,

* deleteLast(): Deletes an item from rear of Deque.

Deque

# Double Ended Queue can be represented in TWO ways,
those are as follows.,.

® Input Restricted Double Ended Queue
* Qutput Restricted Bouble Ended Queue

Input Restricted Double Ended Queue

* Ininput vestricted double-ended queve, the insertion operation
Is performed at only one end and deletion operation is
petformed at both the ends.

b

T }
by,
m§|||||||gm

Output Restricted Double Ended Queue

* In output restricted double ended quene, the deletion
operation is performed at only one end and insertion
aperation Is perlirmed a both the ends,

fmnt L

e TITTITT3m

-l



AVL Trees Example AVL Tree

* binarytree
« forevery nodex
balance factor of x = height of left subtree of x
— height of right subtree of x
« balancefactor of every nodex -1,0,0r1l

* log, (n+1) <= height <= 1.44 log, (n+2)

put(9)

Insert/Put

+ Followinginsert/put, retrace path towards root
and adjust balance factors as needed.

* Stop when you reach a hode whose balance
factor becomes 0, 2, or -2, or when you reach
the root.

» The new tree is not an AVLtree only if you
reach a node whose balance factor is either 2
or—2.

* |n this case, we say the tree has become







A-Node

* let A be the nearest ancestor of the newly
inserted node whose balance factor
becomes +2 or -2 following the insert.

* Balance factor of nodes between new node
and A is 0 before insertion.

Imbalance Types

* RR... newly inserted node is in the right
subtree of the right subtree of A.

o LL... left subtree of left subtree of A.
¢ RL... left subtree of right subtree of A.
* LR... right subtree of left subtree of A.

LL Rotation

B: A

Before insertion. After insertion. After rotation.

* Subtree height is unchanged.

* No further adjustments to be
done.

LR Rotation (case 1)

Before insertion. After insertion, After rotation.
» Subtree height is unchanged.

¢ No further adjustments to be
done.

LR Rotation (case 2)

» Subtree height is unchanged.
+ No further adjustments to be done.

LR Rotation (case 3)

v Subtree height is unchahged.

* No further adjustments to be
done.







Single & Double Rotations

* Single
» |LandRR
* Double
® [Rand RL
® LRis RR followed by LL
" RLis LL followed by RR

LRISRR+1L

Affter insertion. After RR rotation.

After LL rotation,

Remove An Element

;i P 8

Remove An Element

*.  qbe parent of deleted node

» Retrace path from q towards root.

New Balance Factor Of g

» Deletion from left subtree of q  bf-,
¢ Deletion from right subtree of q  bf++.

+ New balance factor=1or-1
subtree rooted at q.

* New balance factor =0
q has decreased by 1,

= New balance factor = 2 or -2
g.

no change in height of
height of subtree rooted at

tree is unbalanced at

Imbalance Classification

* Let A be the nearest ancestor of the deleted
node whose balance factor has become 2 or-2
following a deletion,

* Deletion from left subtree of A type L.
* Deletion from right subtree of A typeR.
* TypeR new bf{a)=2,
* 50, old bf(A) = 1.
* S0, A has a left child B.
= bf{B)=0 RO.
*bf(B)=1 R1
® hiiB)=-1 R-1.







RO Rotation

B Bg

Be AR

Before deletion. After deletion. After rotation,

» Subtree height is unchanged.
» Nofurther adjustments to be done.
« Similar to LL rotation.

R1 Rotation

B Ag

After deletion. After rotation.

Before deletion.

+ Subtree height is reduced by 1.
» Must continue on path to root.
* Similar to LL and RO rotations.

R-1 Rotation

» New balance factor of A and B depends on b,
+ Subtree height is reduced by 1.

+ Must continue on path to root.

+ Similar to LR,

Number Of Rebalancing Rotations

* At most 1 for an insert.
* Olog n} for a delete.







Red Black Trees

Colored Nodes Definition

= Binary search tree.

« Each node is colored red or black,

« Root and all external nodes are black.

+ No root-to-external-node path has two
consecutive red nodes.

» All root-to-external-node paths have the
same number of black nodes

Red Black Trees

Colored Edges Definition

» Binary search tree,

= Child pointers are colored red or black.
+ Pointer to an external node is black.

= No root to external node path has two
consecutive red pointers.

« Every root to external node path has the
same number of black pointers.

Example Red-Black Tree

Properties

« The height of a red black tree that has n
(internal) nodés is between log,(n+1) and
2log,(n+1).

Properties

- Start with a red black tree whose height is h;
collapse zali red nodes into their parent black
nodes to get a tree whose node-degrees are
between 2 and 4, height is >= h/2, and all
external nodes are at the same level.

Properties







Properties

* Let h*>=h/2 be the height of the collapsed
tree.

« In worst-case, all internal nodes of
collapsed tree have degree 2.

» Number of internal nodes in collapsed tree
>=20],

+ So,n>=24-1

* 8o,h<=2log,(n+1)

Properties

« Atmost 1 rotation and O(log n) color flips per
insert/delete.
= Priority search trees.
= Two keys perelement.
®» Search tree on ote key, priority queue on other.
= Color flip doesn't disturb priority queue property.
= Rotation disturbs priority queue property.
= Olog n) fix time per rotation => O{log?n) overall
time,

Properties

« O(1) amortized complexity to restructure
following an insert/delete.

* C++ STL implementation
- java.util. TreeMap => red black tree

Insert

» New pair is placed in a new node, which is
inserted into the red-black tree.
« New node color options.
» Black node => one root-to-external-node path has
an extra black node (black pointer).
* Hard to remedy.
= Red node => one root-to-external-node path may
have two consecutive red nodes (pointers).
+ May be remedied by color flips and/or a rotation.

Classification Of 2 Red Nodes/Pointers

gp -
pp "
d
p \ P
+ XYz a b

» X => relationship between gp and pp.
« pp left child of gp=> X =L.
= Y => relationship between pp and p.
« pright child of pp=> Y =R.
» z=b (black) if d = null or a black node.
s z=r (red) if d is a red node.

XYr
« Color flip.
gp Ep
PP
4 — PP \
P \ [+ Iy \ ¢
a b a

= Move p, pp, and gp up two levels.
« Continue rebalancing if necessary.







LLb
= Rotate.

p a b c d

LRb

a b c d

-
0
e I =W

b ¢ . Donel

» Same as LR rotation of AVL tree.
« RRb and RLb are symmetric.

Delete

« Delete as for unbalanced binary search tree.
« If red node deleted, no rebalancing needed.

« If black node deleted, a subtree becomes
one black pointer (node) deficient.

Delete A Black Leaf

/

Delete A Black Leaf
by
-
y
@

« y is root of deficient subtree.

» py is parent of y.

Delete A Black Degree 1 Node

=

= Delete 45.
= y is root of deficient subtree.







Delete A Black Degree 2 Node

Rebalancing Strategy

= If'y is a red node, make it black,

"
by,
/
) Y
» Not possible, degree 2 nodes are never deleted.
Rebalancing Strategy Rebalancing Strategy
* yis a black root (thete is no py).
+ Now, no subtree is deficient. Done! = Entire tree is deficient. Donel
/.\ Yy
Py,
/ /
@
i ate
. Rebalancing Str 2y RbO (case 1)
* y is black but not the root (there is a py).
O{ by = — Py
e v
'q y ) y
; : b a b 2 b

*« Xen
=y is right child of py => X =R.
u Pointer to v is black=>c=h.

=y has 1 red child=>n=1.

« Color change.
» Now, py is root of deficient subtree.

« Continue!







RbO (case 2)

pY

py —_—

Rb1 (case 1)

Rbl (case 2)

Rr(n)
« n=# of red children of v’s right child w.

pY







Rr(1) (case 1)

PY

Rr(1) (case 2)







Splay Trees

« Binary search trees,

» Search, insert, delete, and split have amortized
complexity O(log n) & actual complexity O(n).

* Actual and amortized complexity of join is O(1).

* Priority quene and double-ended priority queue
versions outperform heaps, deaps, etc. overa
sequence of operations.

« Two varieties.
= Bottom up.
= Top down.

Bottom-Up Splay Trees
* Search, insert, delete, and join are done as in an
unbalanced binary search tree.

* Search, insert, and delete are followed by a
splay operation that begins at a splay node.

* When the splay operation completes, the splay
node has become the tree root.

Join requires nto splay (or, a null splay is done).

For the split operation, the splay is done in the
middle (rather than end) of the operation.

Splay Node — search(k)

» ifthere is a pair whose key is k, the node
containing this pair is the splay node.

* Otherwise, the parent of the external node where
the search terminates is the splay node.

Splay Node — insert(newPair)
@;

If there is already a pair whose key is
newPair.key, the node containing this pair is the
splay node,

Otherwise, the newly inserted node is the splay
node.

Splay Nodeé delete(k)

« If there is a pair whose key is k, the parent of the
node that is physically deleted from the tree is the
splay node.

= Otherwise, the parent of the external node where
the search terminates is the splay node.

Splay Node — split(k)
= Use the unbalanced binary search tree insert
algorithm to insert a new pair whose key is k.
* The splay node is as for the splay tree insert
algorithm.
» Following the splay, the left subtree of the root is
S, and the right subtree is B,

s B
= m is set to null if' it is the newly inserted pair,







Splay

* Let q be the splay node.

* q is moved up the tree using a series of splay
steps.

* In a splay step, the node q moves up the tree by
0, 1, or 2 levels.

» Every splay step, except possibly the last one,
moves g two levels up,

Splay Step
« If g = null or q is the root, do nothing (splay
is over).

« If q is at level 2, do a one-level move and
terminate the splay operation.

» q right child of p is symmetric.

Splay Step

= Ifqisat alevel > 2, do a two-level move
and continue the splay operation.

= q right child of right child of gp is symmetric,

2-Level Move (case 2)

» q left child of right child of gp is symimetric.

Per Operation Actual Complexity

» Start with an empty splay tree and insert
pairs with keys 1, 2, 3, ..., in this order,

Per Operation Actual Complexity

« Start with an empty splay tree and insert
pairs with keys 1, 2, 3, ..., in this order.







Per Operation Actual Complexity

* Worst-case height = n.

+ Actual complexity of search, insert, delete,
and split is O(n).

Top-Down Splay Trees

On the way down the tree, split the tree into
the binary search trees $ (small elements)
and B (big elements).
» Similar to split operation in an unbalanced binary
search tree,
= However, a rotation is done whenever an LL or RR
move is made.
= Move down 2 levels at a time, except {possibly) in the
end when a one level move is made.
When the splay node is reached, 8, B, and the
subtree rooted at the splay node are combined into
a single binary search tree.

Split A Binary Search Tree
A s N =

Split A Binary Search Tree

Split A Binary Search Tree







Split A Binary Search Tree

Split A Binary Search Tree

Two-Level Moves

+ Let m be the splay node.
» RL move from A to C.

* RR move from C to E.

* L move from E to m.













Bottom Up vs Top Down

+ Top down splay trees are faster than bottom
up splay trees.
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11 B Tech I SEM REGULAR EXAMINATION - NOVEMBER 2018
‘ DATA STRUCTURES
; ' TCOMMON TO CSE &IT)
Time: 3hrs Max.Marks:75

Note: This question paper contains two CARTS A and B.

] CART A is compulsory whick carries 25 marks. Answer all questions.
i PART B consists of Squestions. Answer all the questions.
{

PART- A
ANSWER ALL THE QUESTIONS 25M
{ 1) Define linear data structure and list out types? 2M.
2) Write the importance of dyriamic memory allocation. M
3) What do you mean by complete binary tree and represent with diagram? M
i 4) What are different linear representations of binary trees? IM:
i 5)Define the structure of an AVL free 2M:
i 6) What are the different ways of traversing-a BST? 3IM
E 7) Define a pseudo graph? M
- 1 8) What are the appropriate data stiuctures for Prim's and Kruskal MST? M
¢ 9) Define the collision? 2M
~ 10) What are different collision techmiques fn-hashing? 3M
FE PART-B
R ANSWER ALL THE QUESTIONS SQXI OM-SOM
1 1) .i) Discuss the implementation-of singly linked list with suitable example-and, iliustrate varions
; operations. [1 O_M]
OR
¢ iiya) Define Stack? Explain the Stack operations-in détail. [SM]
b} Define string. Explain String mampulatmn fumetions with examples? [5M]
“12).i) a) List the disadvantages of Binary Search Trees? Explam the insertion operation in
Binary Search Tree. {7M]
b) Define Graph and write the applications of Graph. [3M]:
OR
ii} a) Discuss various. operations of the.threaded binary tree. T6MT:
b) Ifthe tree-is not a complete binary tree then what changes can be made for- easy to
access of children of a.node in the array? Justify it. [aM7y
13) i) a) Explain about the LLR, LRR imbalances in a Red-Block Tree? 16Mj:
b) What are the différences between B-Tree and M-wdy searchTree? [4M]-
OR
ii) Define AVL Tree and How do we define the height of'it? Explain about the. balance factor
associated with a node of an AVL tree. T1oM]
+ 14).1) a) Find the one:possible ofder of the visiting niodes of the following graph.using BFS
algonthm has been used queue data structure. FIM]

b) Write a short note on DFS, 3M]
OR
. ii)) a) Disciss in about Red:Black Trees. [6M]
) b) Define the Spanning Tree. Discuss the properties of Spanning Tree. [4M]
15).1) a) Write the differences between separate chaining vs.closed hashing give an example. [SM]
: b) What is mean by hashing? Explain hash table.and fimetion. [SM]
OR
ii) Write a C program to implement Quadratic Probing, T10M]
xRV JIT(A) %%
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i _or_y wﬁw}i catries 25 marE; ﬂn:weragl' questions.
Q’ﬁlR:T 133 r:omrsts qf 'S Uhits; Answer any one  full question from: each-unit,

PART-A

:»ANSWER'ALL THE QUESTI@D%S

pa:e AVL Tree and. a binary sea.rch free.
propertles of red black tree..

3

10) Deﬁne:dlctlonanes and itsuses.

fL_THE QUESTIONS

]
p . [OR] .
: 11) () Define an expression tree forthe’ following, expressxon ((A o+ B) * C =(D - E
nt | (b)'Write the different treé.traversalsfor: above expression,
A3 1) (a) Define B-tree; B+ tree? What are the advantages and. dlsadvantages of B-tree?

~ an example.
by State the properties of Red-Black frees w1th example, S
iy (a) Explain the searching and defetion operatlon on AVL Tréss. g
(b) Explam vanous rotations of AVL Trees«mamtammg balance factor: whxle msertxon ak

Define Graph and explam how graphs can bé represented in.adj acency matnx a_
ad_] acency LIST.
" [OR]

i) (a) Dxﬁ'erentlate BFS and DFS i
(b) Write the: advantages of usmg BFS over«BFS or using DFS over.BF S? What are the: -
applications and downsides of each? §

~:,f"15 1) (a): E" ain, colhsxon and any two colhsmn resolutmn techmques.
(B) Ex

. : {OR] -
: ompare thetime comple}{ltles of binary search; liriearsearch; hashing, -
').Defme hashing and discuss'the different hashing functions with an example

***VJ’[’I‘ (A) wkd
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD" T
B .Tech II Year I Semester Exammatmns, May/June-2015 K-‘fs;“
DATA STRUCTURES B
(Common to CSE, IT) ’
Time: 3 Hours . Max. Marks: 75
Note: This question paper contains two parts A and B,
Part A is compulsory which carries 25 marks.. Answer all questions in Part A.
Part B consists of 5 Units. Answer any one full question. from each umt st Bl -
Each:question carries 10 marks and may have a, b, ¢ as sub: quesnons T
6 B . & 5,
PART-A: LF T s (25 Marks)
La}  Define Time Complexity. e ,«ﬁ"iﬁ ’ [2M] -
b)  Write brief note on Sparse Matrix. BMY
¢)  Write the Stack-ADT. e 2M}.
d)  Write the steps for converhng eXprPTssmn from infiyf [3M]
¢) Define Graph. B ‘ ' 2M]
)  Explain about Threaded Bmar:( 'I'r@es G 3M}]
g) Define Sorting ard list the SoﬁmgM tds: o [2M] B
h)  Write about Hash g unctions I[3M]
) Writethe proper;:és of Bm [2M]
) | - i
(50 Marks)
s Fagt
@) 2.a)  Explain Omega dnd ThEla notatlons with examples
b)  Explain abouf Circtilgrlipked lists.” + b 5451
3.a)> ExplainBig O Notation'with an example. " B8 e
b)  List and Explain abont Double Linked List operations. [5+51
e 4.2), Writea program to implement Circular Linked List. ik . i
' b) Defing queue. Discuss about the various representatmns of a queue. [5+5]
OR
5.a).  Write a-C Program to describe implementation of recursion.
by Whatis ADT? Write the ABT for Queue Operations. B [545) . =
6.2)  Write a C Program to implement BES.
. b){} Wﬂte&C program to implement Binary Tree. " [543} '. -
t 7a) Explain Adjacency matrix Graph Representation method.
) ?,;‘ b)  Explain about MaxHeap operations with an example. [5+5]
P E] ‘;':;v ?:‘;ﬁ' }ﬁﬁ F " - A ix - -
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Priority Queue

Introduction:
The priority queue in the data structure is an extension of the “normal”

queue. It is an abstract data type that contains a group of items. It is like the
“normal” queue except that the dequeuing elements follow a priority order.

It is an abstract data type that provides a way to maintain the dataset. The
“normal” queue follows a pattern of first-in-first-out. It dequeues elements in
the same order followed at the time of insertion operation. However, the
element order in a priority queue depends on the element’s priority in that
queue. The priority queue moves the highest priority elements at the
beginning of the priority queue and the lowest priority elements at the back of
the priority queue.

It supports only those elements that are comparable. Hence, a priority queue
in thedata structure arranges the elements in either ascending or
descending order.

We can think of a priority queue as several patients waiting in line at a
hospital. Here, the situation of the patient defines the priority order. The
patient with the most severe injury would be the first in the queue.

Characteristics:

A queue is termed as a priority queue if it has the following characteristics:
Each item has some priority associated with it.

An item with the highest priority is moved at the front and deleted first.

If two elements share the same priority value, then the priority queue follows
the first-in-first-out principle for de queue operation.

Types of Priority Queue:

A priority queue is of two types:
Ascending Order Priority Queue
Descending Order Priority Queue







Ascending Order Priority Queue

An ascending order priority queue gives the highest priority to the lower
number in that queue. For example, you have six numbers in the priority
queue that are 4, 8, 12, 45, 35, 20. Firstly, you will arrange these numbers in
ascending order. The new list is as follows: 4, 8, 12, 20. 35, 45. In this list, 4
is the smallest number. Hence, the ascending order priority queue treats
number 4 as the highest priority.

4 8 12 20 35 45

In the above table, 4 has the highest priority, and 45 has the lowest priority.
Descending Order Priority Queue

A descending order priority queue gives the highest priority to the highest
number in that queue. For example, you have six numbers in the priority
queue that are 4, 8, 12, 45, 35, 20. Firstly, you will arrange these numbers in
ascending order. The new list is as follows: 45, 35, 20, 12, 8, 4. In this list, 45
is the highest number. Hence, the descending order priority queue treats
number 45 as the highest priority.

45 35 20 12 8 4

In the above table, 4 has the lowest priority, and 45 has the highest priority.







Searching Techniques & Time Complexities

Searching is the process of finding a given value position in a list of values.

It decides whether a search key is present in the data or not.

It is the algorithmic process of finding a particular item in a collection of items.
It can be done on internal data structure or on external data structure.

Searching Techniques
To search an element in a given array, it can be done in following ways:

1. Sequential Search
2. Binary Search

1. Sequential Search

Sequential search is also called as Linear Search.

Sequential search starts at the beginning of the list and checks every element
of the list.

It is a basic and simple search algorithm.

Sequential search compares the element with all the other elements given in
the list. If the element is matched, it returns the value index, else it returns -1.

et Nt Nl

Fig: Sequential Search -

The above figure shows how sequential search works. It searches an element or
value from an array till the desired element or value is not found. If we search
the element 25, it will go step by step in a sequence order. It searches in a
sequence order. Sequential search is applied on the unsorted or unordered list
when there are fewer elements in a list.

Complexities in linear search are given below:







Space Complexity:

Since linear search uses no extra space, its space complexity is O(n), where n is the

number of elements in an array.

Time Complexity:

Best-case complexity = O(1) occurs when the searched item is present at the first

element in thé search array.
Worst-case complexity = O(n) occurs when the required element Is at the tail of the

array or not present at all.
Average- case complexity = average case occurs when the item to be searched is in

somewhere middle of the Array.

2. Binary Search

Binary Search is used for searching an element in a sorted array.

It is a fast search algorithm with run-time complexity of O(log n).

Binary search works on the principle of divide and conquer.

This searching technique looks for a particular element by comparing the
middle most element of the coliection.

It is useful when there are large number of elements in an array.

The above array is sorted in ascending order, As we know binary search is

applied on sorted lists only for fast searching.
For example, if searching an element 25 in the 7-element array, following

figure shows how binary search works:






O

Search
Elament : 25

Starts with : ‘
middie element| 5 | 10 :‘157‘":25 30 | 35

25>20 erﬁw B

f:8 710015 220/ 25; S 35

25<30 5 10 15 2025 130 35

Element 5 4p 15 20 i8530 35

Found

Fig. Working Structure of Binary Search
Binary searching starts with middle element. If fhe element is equal to the
element that we are searching then return true. If the element is less than then
move to the right of the list or if the element is greater than then move to the
left of the list. Repeat this, till you find an element.

Binary search needs sorted order of items of the array. It works faster than a linear

search algorithm. The binary search uses the divide and conquers principle.
Run-time complexity = O(log n)

Complexities in binary search are given below:

The worst-case complexity in binary search is O(n log n).
The average case complexity in binary search is O(n log n)
Best case complexity = O (1)
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Vidya Jyothi Institute of Technology

(Accredited by NAAC & NBA , Approved By A.L.C.T.E,, New Delhi, permanently affiliated to JNTUH)

(An AUTONOMOUS Institution)
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

Innovative /Student Centric Teaching Method Form

Innovative Technique implemented: Role Play

Subject: Data Structures

Topic: Binary Search Tree

Name of the Faculty: B.Sailaja

Class/ Section: II B.Tech I-Sem CSE-A

Implementation:
Objective: “Students gain a better understanding of the subject”

Out Class activity: Made one team to play the roles and informed the students how to present their
roles

In class activity:-

Each student of the team represents a
number , with a growing tree formed by adding one student at a time

Outcome: It provides real-world scenarios to help students learn
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Vidya Jyothi Institute of Technology

(Accredited by NAAC & NBA , Approved By A.L.C.T.E,, New Delhi, permanently affiliated to JNTUH)

(An AUTONOMOUS Institution)
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

Innovative /Student Centric Teaching Method Form
Innovative Technique implemented: Interactive Learning (Seminars)

Subject: Data Structures
Topic: AVL Tree
Name of the Faculty: B.Sailaja

Class/ Section: II B.Tech I-Sem CSE-A

Implementation:
Objective: “Students gain a better understanding of the subject”
Out Class activity: Made groups and Topic Sent via Channel/Source : “WhatsApp”
Given detailed instructions to students how to give the seminar.

In-class Activity: Seminars are presented by groups on a specific topic allocated to them by
presenting ppt

Outcome: Ensure positive learning outcomes related to communication, depth of knowledge of

subjects, and the ability to synthesize, evaluate and reflect on information.
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