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INSTITUTE VISION & MISSION

VISION:

To become a globally recognized “Centre of Academic Excellence” providing Quality Education
to all students.

MISSION:

To provide Quality Education in the fields of Engineering, Management, Information, Technology
and other Engineering areas.

DEPARTMENT VISION & MISSION

VISION:

To prepare technically skilled and competent intellectual IT professional graduates to meet the
challenges in the IT industry.

MISSION:

M1: To produce the technologically competent graduates to be front-runner in their profession.
M2: To provide state-of-the-art facilities and laboratories so as to enhance excellence in teaching
and learning process.

Ma3: To provide need based quality training programs in the field of Information Technology.

M4 Enhance the students IT knowledge in the latest technologies by organizing technical programs

and encouraging students to make them present papers and participate in technical events.
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PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

Demonstrate technical competence with analytical and critical thinking to understand
PEOL and meet the diversified requirements of industry, academia and research.
Exhibit technical leadership, team skills and entrepreneurship skills to provide business
PEO2 :
solutions to real world problems.
Work in multi-disciplinary industries with social and environmental responsibility,
PEGS work ethics and adaptability to address complex engineering and social problems.
Pursue lifelong learning, use cutting edge technologies and involve in applied research
PEO4 . . i
to design optimal solutions.
PROGRAM OUTCOMES(POs):
Engineering knowledge: Apply the knowledge of mathematics, science, engineering
PO1 fundamentals, and an engineering specialization to the solution of complex engineering
problems.
Problem analysis: Identify, formulate, review research literature, and analyze
PO2 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
PO3 and design system components or processes that meet the specified needs with
appropriate consideration for the public health and safety, and the cultural, societal, and
environmental considerations.

Conduct investigations of complex problems: Use research-based knowledge and
PO4 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,
PO5 and modern engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge
PO6 toassess societal, 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
PO7 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

PO8 and norms of the engineering practice.
PO9 Individual and team work: Function effectively as an individual, and as a member
or leader in diverse teams, and in multidisciplinary settings.
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Prepared by

Mrs. S. Saroja Devi
J.J. College of Engineering and Technology



PO10

Communication: Communicate effectively on complex engineering activities with
the engineering community and with 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.

PO11

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.

PO12

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 (PSOs):

PSO1

Have proficiency in programming skills to design, develop and apply appropriate
techniques, to solve complex engineering problems.

PSO2

Have knowledge to build, automate and manage business solutions using cutting
edge technologies.

PSO3

Have excitement towards research in applied computer technologies.
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CD3291 DATA STRUCTURES AND ALGORITHMS
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COURSE OBJECTIVES:
e To understand the concepts of ADTs
e To design linear data structures — lists, stacks, and queues
e To understand sorting, searching, and hashing algorithms
e To apply Tree and Graph structures

UNIT I ABSTRACT DATA TYPES 9

Abstract Data Types (ADTs) — ADTs and classes — introduction to OOP — classes in Python
inheritance — namespaces — shallow and deep copying Introduction to analysis of algorithms
asymptotic notations — divide & conguer — recursion — analyzing recursive algorithms.

UNIT 11 LINEAR STRUCTURES 9

List ADT — array-based implementations — linked list implementations — singly linked lists —
circularly linked lists — doubly linked lists — Stack ADT — Queue ADT — double ended queues —
applications.

UNIT I SORTING AND SEARCHING 9

Bubble sort — selection sort — insertion sort — merge sort — quick sort — analysis of sorting algorithms —
linear search — binary search — hashing — hash functions — collision handling — load factors, rehashing,
and efficiency.

UNIT IV TREE STRUCTURES 9
Tree ADT — Binary Tree ADT — tree traversals — binary search trees — AVL trees — heaps — multiway
search trees.

UNIT V GRAPH STRUCTURES 9

Graph ADT - representations of graph — graph traversals — DAG — topological ordering — greedy
algorithms — dynamic programming — shortest paths — minimum spanning trees — introduction to
complexity classes and intractability.

TOTAL: 45 PERIODS
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COURSE OUTCOMES

The students will be able to:

CO1 | Tounderstand the concepts of ADTs
CO2 | To design linear data structures-lists,stack and queue
COS3 | To understand sorting, searching and hashing algorithms
CO4 | To apply Tree and Graph structures
CO’s —PO’s & PSO’s MAPPING
Correlation of COs with POs / PSOs
COs |pO1 | PO2 PO3 | PO4 |[PO5 | PO6 [|PO7 | PO8| PO9 | PO10| PO11| PO12| PSO1 | PSO2|PSO3
Co1 1 2 2 3 1 - - - 2 - 2 1 1 1 1
CO2 2 3 2 2 2 - - - 2 - 2 2 3 2 2
COos3 2 2 3 2 3 - - - 3 - 2 2 3 2 2
Cco4 | 3 3 3 3 1| - - - |3 - 2 2 3 2 3
AVG [2.00 (2.50 2.50 250 | 1.75 - - - 2.50 - 200| 1.75| 250 | 1.75| 2.00
3—High; 2—Medium; 1—Low,”-*-no correlation
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TEXT BOOK:
1. Michael T. Goodrich, Roberto Tamassia, and Michael H. Goldwasser, “Data Structures &
Algorithms in Python”, An Indian Adaptation, John Wiley & Sons Inc., 2021.

REFERENCE BOOKS:

1. Lee, Kent D., Hubbard, Steve, “Data Structures and Algorithms with Python” Springer Edition 2015.

2. Rance D. Necaise, “Data Structures and Algorithms Using Python”, John Wiley & Sons, 2011.

3. Aho, Hopcroft, and Ullman, “Data Structures and Algorithms”, Pearson Education, 1983.

4. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and Clifford Stein, “Introduction
to Algorithms", Second Edition, McGraw Hill, 2002.

5. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Fourth Edition, Pearson
Education, 2014.
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UNIT-I

ABSTRACT DATA TYPES

PART-A
Q.No Questions €O BT Level Complexity
' Mapping P
1 Define Data Structure. COo1 Remember Low
2 What is an Abstract Data Type? Co1 Understand Low
List the areas in which data structures are
I n Wil uetu col Remember Low
applied extensively.
A What are the main features of Object-Oriented co1 Understand Low
Programming (OOP)?
5 Compare and Contrast between classes and _
objects in Python. CO1 Evaluate High
6 | What is the purpose of inheritance in OOP? co1 Understand Low
7 Identify how you will measure input size of an
algorithm. co1 Analyze Medium
8 State the properties of the Big-oh notation. co1l Remember Low
Differentiate between deep copy and shallow
9 copy in Python. Co1 Understand Low
10 Define divide-and-conquer strategy. Co1 Remember Low
11 | Find the significance of namespaces in Python. co1 Create High
12 | Define Accessors method in python. co1l Remember Low
13 | Examine recursion with an example. co1 Analyze Medium
Compare  worst-case  and  average-case _
14 | complexity of an algorithm. CO1 Evaluate High
PART-B
. CO .
Q.No Questions Mapping BTLevel Complexity
1 Explain thg cqncept of ADT vx_nth an example. coL Understand Medium
How does it differ from built-in data types?
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Discuss how classes and inheritance work in
Python with examples.

CO1

Understand

Medium

Illustrate recursion with an example and
analyze its time complexity.

CO1

Analyze

Medium

(i) What is the purpose of asymptotic notation?
Explain the asymptotic notations.

(i1) Consider the following recursive algorithm
for computing the sum of the first n cubes.
S(n)=

Algorithm S(n)

/lInput: A positive integer n

/[Output: The sum of the first n cubes

If n=1 return 1

else return S(n-1)+n*n*n

Identify the basic operation in the algorithm.
Set up the recurrence relation for the number
of times the algorithm’s basic operation is
executed and solve it using the back
substitution

CO1

Create

High

Compare Divide and Conquer algorithm with
an example

CO1

Evaluate

High

Determine  object-oriented  programming
(OOP) principles and their benefits.

CO1

Create

High

Design the working of namespaces in Python
with an example.

CO1

Create

High

Compare recursion and iteration. Which one is
more efficient? Justify your answer.

CO1

Evaluate

High

Analyze the concept of algorithm complexity
with suitable examples.

CO1

Analyze

Medium

10

Analyze the complexity of recursive
algorithms and explain their significance.

CO1

Analyze

Medium
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UNIT -1

LINEAR STRUCTURES

PART-A
Q.No Questions €O BT Level Complexi
' Mapping plexity
1 | Define List ADT with an example. CO2 Remember Low
5 What |s_ th_e dlfference_between array-based and co? Understand Low
linked list implementations?
3 | Define a singly linked list. CO2 Remember Low
4 What is a circularly linked list? How does it
differ from a singly linked list? coz Understand Low
5 Define doubly linked list and mention one
application. CO2 Remember Low
5 What are the various operations performed on the
Stack? CO2 Understand Low
7 | Differentiate between Stack and Queue. co? Understand Low
8 | Define Queue ADT with an example. co? Remember Low
Name any two applications where dequeue can
9 | pe used. CO2 Remember Low
10 | List two real-time applications of stacks. CO2 Remember Low
11 What are the advantages of using a linked list
over an array? CO2 Understand Low
12 | Define front and rear in the context of queues. CO2 Remember Low
13 Evaluate the infix expression with the help of _
stack:5*(6+2)-12/4 CO2 Evaluate High
1 What is the main drawback of an array-based
implementation of stacks? coz Understand Low
15 Define overflow and underflow in stacks and
queues. CO2 Remember Low
PART-B
N ti co BTLevel C lexi
Q.No Questions Mapping eve omplexity
. (i) What are the various operations on python CO2 Create High
array?
Page 11
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(if) Write a procedure to insert element in the

array?

(iii) Write a procedure to delete a last node from a
linked list

(i) Distinguish between singly linked lists and
doubly linked lists with example

(i) What values are returned during the following
series of stack operations, if executed upon an
initially empty stack? push(5), push(3), pop(),
pop(2), push(2), push(8), pop(), pop(), push(9),

push(7), push(6), pop(), pop(), push(4),pop(), pop().

CO2

Analyze

Medium

(i) With an example describe two types of
looping constructs used in python.

(i) Describe the three steps involved in divide
and conquer paradigm. How it is applied in
merge sort algorithm?

CO2

Understand

Medium

Discuss Stack ADT and its applications with real-
world examples.

CO2

Understand

Medium

Write a Python program to implement a stack
using a linked list and an array. Compare their
efficiencies.

CO2

Create

High

Explain the working of Queue ADT with
enqueue and dequeue operations.

CO2

Understand

Medium

Explain Deque with types and illustrate how
insertion and deletion work in a double-ended
queue.

CO2

Understand

Medium

Implement a circular queue in Python and discuss
its advantages over a linear queue.

CO2

Create

High

Compare array-based stack implementation with
a linked list-based stack. Which one is more
efficient and why?

CO2

Evaluate

High

10

Explain the operations of a doubly linked list
with Python implementation.

CO2

Understand

Medium

11

Given a linked list and two integers M and N.
Traverse the linked list such that you retain M
nodes then delete next N nodes, continue the
same until end of the linked list. Input: M =2, N
=2 Linked List: 1->2->3->4->5->6->7->8
Output: Linked List; 1->2->5->6 The main part
of the problem is ....

CO2

Understand

Medium

12

Implement a priority queue using a linked list and
analyze its complexity.

CO2

Create

High
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13 Implement a queue using a linked list and discuss co? Create High
its advantages over an array-based queue.
Convert the following infix expression to the
14 postfix expression. Show Stack Traces co? ioh
(i) ((A-+ B) - C * (DIE))+F Create Hig
(ii) (A+B)*D+E/(F+G*D)+C
UNIT — 111
SORTING AND SEARCHING
PART-A
Q.No Questions €O BT Level Complexit
' Mapping piextty
1 D|fferent|ate. between internal sorting and CO3 Understand Low
external sorting
9 Define Bubble Sort and its best-case CO3 Remember Low
complexity.
What is the main disadvantage of Selection )
3 | sort? CO3 Understand Medium
4 | How does insertion sort work? CcO3 Understand Medium
What is the best- and worst-case complexity of
5 | Quick Sort? COo3 Understand Low
Compare Merge Sort and Quick Sort in terms _
6 of time complexity. CO3 Evaluate High
What is Binary Search? When can it be
7 | applied? CO3 Understand Low
Differentiate  bet Li Search d
8 | erentiate between Linear Search an CO3 Understand Medium
Binary Search
g | Define Hashing. CO3 Remember Low
10 | What are hash functions? CO3 Understand Medium
11 | What is a collision in hashing? CO3 Understand Low
12 | Name two collision handling techniques. CcO3 Remember Low
13 | Define load factor in hashing. CO3 Remember Low
14 | What is rehashing and why is it needed? cO3 Understand Medium
15 | State the complexity of Binary Search CO3 Remember Low
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PART-B

Q.No

Questions

CO
Mapping

BT Level

Complexity

Explain in detail about the Bubble Sort,
Selection Sort, and Insertion Sort with an
examples.

CO3

Understand

Medium

Analyze the Merge Sort and Quick Sort with
their working principles and its time complexity
analysis.

CO3

Analyze

Medium

Write the quick sort algorithm and show how
following data set can be sorted by quick
sort. 78, 23,31,88,43,55,67,55

CO3

Create

High

What is collision? How it is overcome using
separate chaining? Using hash function key
mod 7 hash the keys 50,700,76,85, 92,73,101.
Use separate chaining when collision occurs.

CO3

Evaluate

High

Explain Linear Search and Binary Search with
their algorithms and analyze their time
complexities.

CO3

Understand

Medium

Give the input

{4371, 1323, 6173, 4199, 4344, 9679, 1989}
and hash function h(x)=x mod 10 . Show the
Results for the following

i) Open hash table
if) Closed hash table using linear probing
iii) Closed hash table using quadratic probing

iv)Closed hash table with second function
h2(x)=7-(x mod 7)

CO3

Create

High

Consider a hash table with 9 slots. The hash
function is h(K)=k mod 9. The following keys
are inserted in the order
5,28,19,15,20,33,12,17,10. Draw the contents
of the hash table when the collisions are
resolved by i) Chaining ii) Linear probing iii)
Double hashing The second hash function
h2(x)=7-(x mod 7).

CO3

Create

High

Discuss the need for rehashing and its
advantages with an example.

CO3

Understand

Medium

Compare the Open addressing and Separate
chaining using collision resolution techniques.

CO3

Evaluate

Medium

10

Describe Linear search and binary search with
an example

CO3

Understand

Medium
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1) State the algorithm for sorting an array in
11 | ascending order using heap sort. o3 _
ii) Sort the following numbers using heap Apply Medium
sort: 48, 0, -1, 82, 108, 72, 54.
UNIT - IV
TREE STRUCTURES
PART-A
Q.No Questions O BT Level Complexity
' Mapping P
1 Define a tree in data structures. CO4 Remember Low
2 State the properties of a binary tree. CO4 Remember Low
3 Define Binary Tree. CO4 Remember Low
What is the difference between a full binary _
4 | tree and a complete binary tree? co4 Understand Medium
5 Define AVL tree and state its properties. CO4 Remember Low
6 What is a Binary Search Tree (BST)? Cco4 Understand Low
If the depth of the binary tree is k, the _
7| maximum number of nodes in the binary tree Co4 Analyze Medium
is 2k”-1. Justify
g Compare the preorder, inorder, and coa Evaluate High
postorder traversals.
Construct a max heap with the following data
9 20,1,2,40,30 CO4 Create High
10 | What are the applications of heaps? co4 Understand Low
11 | Define a multi-way search tree. CO4 Remember Low
12 | What s the degree of a node in a tree? CO4 Understand Low
Illustrate the steps in the construction of a heap
13 | of records with the following key values:12, CO4 Apply Medium
33,67,8,7,80,5, 23.
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Find the topological ordering of the following

raph.
14 areap

CO4 Create High
15 | What are the categories of AVL rotations? CO4 Understand Low
PART-B
Q.No Questions €O BT Level Complexity

' Mapping P

1 Explain the different tree traversal techniques _
With suitable algorithms and examples. Co4 Understand Medium
Draw the binary tree representation of the _

2| following arithmetic expression: co4 Create High
(((5+2)*(2-1))((2+9)+((7-2)-1))*8
Write the following routines to implement the
basic binary search tree operations

3 (i) Perform Insertion and deletion
(ii) Perform Search operation in Binary CO4 Create High
Search Tree
(iii) Find_min and Find_max
Create a Binary search tree using the following _

4 | data elements 40,35,58,15,73,31,5,8551,68,79. | CO4 Create High
Construct an expression tree for the expression

5 (a+b*c)+((d*e+1)*g. Give the outputs when _
you apply an algoritthm for preorder, inorder | CO4 Create High
and postorder traversal of a binary tree.

5 Insert the following elements in sequence into _
an empty AVL Tree 43,7,15,24,12,85,74,53 co4 Create High
i)What are AVL trees? ii) Insert the following

7 | elements step by step in sequence into an empty co4 Create High
AVL tree 63, 9, 19, 27, 18, 108, 99, 81.

8 !Expla_ln the max h_eap and min hgap W't_h CO4 Understand Medium
insertion and deletion operations in detail.

Construct B Tree of order m=5 for the
following keys 1, 12, 8, 2,25, 5, 14, 28, 17, 7,

9 52, 16, 48, 68, 3, 26, 29, 53, 55, 45 CO4 Create High
ii) Delete the keys 8 and 55. State the rules for
deletion.

10 Compare the AVL trees, heaps, and B-Trees in _
terms of structure and usage. CO4 Evaluate High
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11

Discuss the real-world applications  of tree
structures in database indexing and file systems

CO4

Understand

Medium

12

1) Explain the general types of rotations (single
and double) used in an AVL tree to restore
balance during insertion.

i) Demonstrate the rotations that occur when
the following sequence of elements is inserted
into an empty AVL tree:

56,8,3,24,7

CO4

Create

High

13

i) Explain how NULL pointers are removed in a
binary tree during traversal or manipulation.

i1) Write pseudo code for the following binary tree

traversal methods:
* In-order traversal
e Pre-order traversal
* Post-order traversal

1ii) Given the binary tree below, perform all three
traversals and remove the NULL pointers

CO4

Create

High

14

Create a binary search tree and find the position
of element 29 using binary search method in an
array ‘A’ given below : A={11,5, 21, 3, 29, 17,
2,43}

CO4

Create

High
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UNIT -V

GRAPH STRUCTURES

PART-A
CcO
Q.No Questions Mapping BT Level Complexity

1 Define a graph in data structures. CO4 Remember Low
2 What are the different representations of a

graph? CO4 Understand Low
3 What is an adjacency matrix? Give an example. CO4 Understand Low
4 Differentiate between directed and undirected cou Understand Low

graphs.
S What is a connected graph? Give an example. CO4 Understand Low
6 What are graph traversal techniques? CO4 Understand Low
! What is a DAG (Directed Acyclic Graph)? CO4 Understand Low
8 Define topological ordering. CO4 Remember Low
9 What are greedy algorithms? Give an example. CO4 Understand Low
10 | What is the shortest path problem? CO4 Understand Low
11 Define minimum spanning tree (MST). CO4 Remember Low

Illustrate the steps in the construction of

adjacency matrix for the fql.lgwing graph

”":':[?: ” l Anal Medi
12 ot ) CO4 nalyze edium
o -\---\--‘/.l I—- |) 1/
\ /
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What is dynamic programming? How is it used

13 in graphs’) CO4 Understand Low

14 | What is computational intractability? CO4 Understand Low

15 | What are complexity classes P and NP? CO4 Understand Low

PART-B
Q.No Questions O BT Level Complexit

' Mapping plextty

1 Explain the_graph ADT and different graph Co4 Understand Medium
representations with examples.

C.:ompare the a.djacency matrix and adjacency coa Evaluate High

2 list representations of graphs.

Describe in detail about the BFS and DFS

3 traversal techniques with algorithms and CO4 Understand Medium
examples.

What is a Directed Acyclic Graph (DAG)? _

4 | Explain the topological sorting with an co4 Understand Medium
algorithm.

. Explain the working of Dijkstra’s algorithm _
for shortest path determination. CO4 Understand Medium
Explain Topological Sort of a Graph G with an

6 example. CO4 Understand Medium
(i) Prove that the number of odd edge vertices
in a connected graph should be given.

(iUse Dijkstra’s Algorithm to find the
shortest path.

7 CO4 Create High
(ili)Compare and Contrast between Floyd’s
and Dijkstra’s algorithms
Explain the role of greedy algorithms in _

8 solving graph-related problems. Co4 Understand Medium

9 Discuss 'the' appllcatlon§ of dynamic coa Understand Medium
programming in graph algorithms.
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10

(i) Define minimum spanning tree. Explain
kruskals algorithm to find the minimum
spanning tree of a graph.

(i1) Apply the algorithm to find the minimum
spanning tree of the given graph

CO4

Create

High

11

Define Topological sort and write the
procedure to do the same.

CO4

Understand

Medium

12

(i) Draw a simple undirected graph G that has
12 vertices, 18 edges and 3 connected
components.

(it) Draw an adjacency matrix representation
of the undirected graph. Draw an adjacency
list representation of the graph.

CO4

Create

High

13

Explain the  concept of computational
intractability and NP-hard problems.

CO4

Understand

Medium

14

Construct the minimum spanning tree(MST)
for the given graph using Prim’s Algorithm.
Find the cost of Minimum Spanning Tree.

22

A — €
1
/ 1 X

S 9 18 D

11
8
\ /
B —— (¢

14

CO4

Create

High
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Consider the graph given below. Write down
the adjacency matrix and adjacency lists
specifying this graph. (Assume that the
matrix rows and columns and vertices in the
adjacency lists follow in the alphabetical
order of the vertex labels). Write an
algorithm for traversing a graph using depth
first and breadth first order. Apply graph
traversal algorithm to traverse the given

graph from vertex 'a', resolving ties by the

15 vertex alphabetical order. What is the cod Create High
complexity of the algorithm when the graph
is represented using.
(i) adjacency matrix
(if) adjacency list?
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THANK YOU

ALL THE BEST
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