Second Year Degree Course in Computer Engineering (Sem - lil)

DATA STRUCTURES
AND ALGORITHMS

With Large No. of Solved Examples, University Question Papers & MCQ's

(AS PER REVISED PATTERN 2015}
Effective From Academic Year June 2016

« Strictly as per the university syllabus

« Brief explanation provided e

» Understandable statistcs concepts and methods «
« Covers a wide variety of problems e«

« For free E-Book scan, the QR code Printed inside -

S !
W
*

Dr. Kamini Shirsath - Nalavade  Dr. Sharmishtha Desai  Dr. Dipti Patil

. - _ -
':: - - r "| =
\H\I\I Il =) Gigatech Publishing House
Price ; ¥ 280/ PLIT 204 Q'l']ﬂfl'l']g Minds




Data Structures and
Algorithms

Second Year Engineering

Semester — 111

Computer Engineering

According to New Revised Credit System Syllabus of Savitribai
Phule Pune University, Pune.
EFFECTIVE FROM ACADEMIC YEAR JUNE 2016

Dr. Kamini Shirsath-Nalavade Dr. Sharmistha Desai

Ph.D. (Comp. Engg., VJTI), M.Tech. (Comp. Ph.D. (Comp. Engg.SPPU), M.E. (SPPU),
Engg., VJTI), B.E. (CSE, SGGSI&T) B.E. (Shivaji University)
Professor, Assistant Professor,
HOD Computer Engineering Computer Engineering Department
Sandip Institute of Engineering & Management, MIT College of Engineering, Pune.
Mabhiravani, Nashik.

Dr. Dipti D. Patil

Ph.D., M.E., B.E. (Comp. Engg.)
Associate Professor,
MKSSS's Cummins College of Engineering for women, Pune.

Download your free e-Book here

‘f. Gigatech Publishing House
L )) Igniting Minds




Data Structures and Algorithms

Second Year Engineering (Semester — 1)

Computer Engineering

Dr. Kamini Shirsath-Nalavade, Dr. Sharmistha Desai, Dr. Dipti D. Patil

First Edition : 2018

Published By : Gigatech Publishing House
631/32, Budhwar Peth, Office No. 105, First Floor,
Shan Bramha Complex, Pune — 411 002.
Phone No. 7757042853

Copyright ©Gigatech Publishing House
All rights reserved. No part of this publication can be stored in any retrieval system or
reproduced in and form or by any means without prior permission of the Publisher.

LIMITS OF LIABILITY AND DISCLAIMER OF WARRANTY :

The Authors and Publisher of this book have tried their best to ensure that the program,
procedure and function described in the book are correct. However the author and publisher
make no warranty with regard to the program and documentation contained in the book.

ISBN : 978-81-936504-9-3
Price : < 280/-

Available at All Leading Book Stalls

Distributor
PRADEEP BOOK DISTRIBUTORS
102/3/4 157 Floor, Shan Bramha Complex, Pune.
Telephone No. 020 — 24458333, 942 208 7031 / 844 699 5959
Email : pbd0909@gmail.com

Note : For any queries, doubts, suggestions and complaints regarding the subject, please feel free

to contact on the below e-mail or phone number. We will be more than thankful for your feedback.
Ph: 7757042853 E-mail : info.gigatech1@gmail.com




What is an e-Book?

eBook is digital version of a book that can be read on Mobile, Tablet, Laptop or Computer. eBooks

are accessible anywhere, anytime & anyplace on your Digital Devices. You can download ebooks

offline to read it without Internet connection. All the Gigatech Publishing House books are available
in ebook format also with only kopykitab.com. As a hard book user you can use sample ebooks

Read e-books online or offline on any device:

Download ebooks Instant Access zoom in / zoom out,
& Read Offline change page size etc to
read it as per your
requirements.

L] &

£l

1. 2. 3.
You can take notes You can Take Notes Night Mode Reading
or Highlights in on the ebook.
the ebook.

4. Q 5. @ 6.

How to download Steps:

Open any QR Code reader on your phone from the Google Play Store/Apple Store.

Hold your device over a QR Code so that it’s clearly visible on your smartphone’s screen.
Two things can happen when you correctly hold your smartphone over a QR Code.

i) The phone automatically scans the code.

ii)  On some readers, you have to press a button to snap a picture, not unlike the button on
your smartphone camera. If necessary, press the button.

Your smartphone reads the code and navigates to the intended destination, which doesn't
happen instantly. It may take a few seconds on most devices.

Download your free e-Book here




Preface

This Book Data Structures and Algorithms is intended to be a textbook for
students of Second Year Engineering In most sciences, one generation years
down what another has built and what one has established another undoes. In
Data Structures and Algorithms, each generation adds a new story to the old
structure. Keeping this in mind, this book is written to have a better introduction
of the Data Structures and Algorithms. This book is presented with simple but
exact explanation of subject matter, application of each topic to real life,
engineering problems, large number of illustrative examples followed by well
graded exercise. We have tried to be rigorous and precise in presenting the
concepts in very simple manner. We hope that the students will not only learn
some powerful concepts, but also will develop their ability to understand the
concept and apply it properly to solve engineering problems. We feel that faculty
member will also enjoy reading this book which is enriched with application of

each topic.
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Introduction to
Algorithms and Data
Structures

Syllabus :

Algorithms : Problem Solving, Introduction to Algorithms, Characteristics of Algorithms,
Algorithm Design Tools: Pseudo Code and Flowchart, Analysis of Algorithms, Complexity
of Algorithms-Space Complexity, Time Complexity, Asymptotic notation-Big O, Theta and
Omega , standard measures of efficiency.

Data Structures : Data Structure, Abstract Data Types(ADT), Concept of Linear and Non-
Linear, static and dynamic, persistent and ephemeral data structures and relationship among
data, data structure and algorithm, from Problem to Program.

Algorithmic Strategies : Introduction to algorithm design strategies - Divide and Conquer,
and Greedy Strategy.

Recurrence Relation : Recurrence Relation, Linear Recurrence Relations, With constant
coefficients, Homogeneous Solutions, Solving recurrence relations.

1.1 Algorithms :

Dec 2009, Dec 2010

Problem solving is the main goal of engineering. Computer science aims to design
solutions to various problems and write programs for them. Before programming, steps for
solution of problem are designed. It is very important step in programming.

1.1.1 Definition :

An algorithm is a set of steps required to solve any problem. Algorithm can be defined
as a step-by-step set of instructions for solving a problem in a limited number of steps.
Generally algorithms are written for each module and then combined to form complete
solution. An algorithm is used for data processing, calculation and other related computer and
mathematical operations. The steps must be performed in a sequence. Each step of algorithm is
labelled.
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Data Structures & Algorithms 1.2 Introduction to Algorithms and Data Structures

1.1.2 Characteristics of Algorithms :

There are five important characteristics of an algorithm that should be considered while
designing any algorithm for any problem.

1.  Inputs: An algorithm must have zero or more inputs but must be finite number.
2. Output: An algorithm must have at-least one desirable outcome, i.e., output.
3. Finiteness: An algorithm should terminate in finite number of steps and each step must

terminate after finite amount of time.

4. Effectiveness: An algorithm should be effective. Effective means that each step should
be very basic so that it can be easily converted into a program and should be executing in
finite time.

5. Definiteness (No Ambiguity): Each step of algorithm should be clear and precisely
defined and there should not be any ambiguity.

Example: Write an algorithm to add two numbers

Step 1 : Read two positive integers and store them in A and B.
Step 2 : Add A with B and store result in A.

Step 3 : Print A.

Step 4 : Stop

1.2 Algorithm Design Tools :

Dec 2009, Dec 2010

An algorithm can be represented in many ways. A language like English can be used to
describe algorithm is called as pseudocode. A flowchart is another way of describing algorithm
with the help graphical symbols.

1.2.1 Pseudo Code :

Pseudocode is a method of describing computer algorithms using a combination of
natural language like structured English and programming language. It is essentially an
intermediate step towards the development of the actual program. It allows the programmer to
formulate their logic on the organization and sequence of algorithm before generating code of
the program.

The pseudocode describes the entire logic of the algorithm so that translating line by line
into source code becomes easy. Although pseudocode is frequently used there are no set of
rules for its exact implementation. The usual Fortran symbols are used for arithmetic
operations (+, -, *, /, **). Symbolic names are used to indicate the quantities being processed.
Fortran keywords can be used, such as PRINT, WRITE, READ, etc. Indentation should be
used to indicate branches and loops of instruction.

Example :

Pseudo code Algorithm for Student Registrations System

Gigatech Publishing House
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Data Structures & Algorithms

1.3 Introduction to Algorithms and Data Structures

Input : Integer values for age, Character value for Name and Gender.

Output: Boolean value

Repeat

Read Student Name, Age, Gender
Read Course and Branch.

Read Year

Check Availability of seat

If seat is available, calculate Fees
Print Receipt

N R I SR S

Else print seat is available.
10. End

If seat is not available, print seat unavailable message

1.2.2 Flowchart :

Flowchart is a graphical or pictorial representation of algorithm using different symbols.
Flowcharts are written with program flow from the top of a page to the bottom. Each
command is placed in a box of the appropriate shape, and arrows are used to direct program
flow. It is used to showcase basic operations of algorithms.

The following shapes are often used in flowcharts:

Flowchart Symbol

Explanation

!

Start/Stop/End

An ellipse uses the name of the module at
the start. The end is indicated by the word
end or stop.

Processing block such as calculations,
opening and closing files.

Input to or output from the computer

Decision symbol. one entrance and two and
only two exits

L

Flow lines are indicated by straight lines
with optional arrows to show direction of
data flow.

Gigatech Publishing House
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Data Structures & Algorithms 1.4

Introduction to Algorithms and Data Structures

Loop within counter. The counter starts
with A and incremented by s until the
counter is greater than B.

O

On-page connector. Connects sections on
same page

Flowchart makes it easier to understand the logic of the program. Flowcharts help to find
out errors and bugs in the logic of program and set of data can be easily tested. This will help

programmers to write correct programs.

Example :

Algorithm Flowchart
Flowchart for Calculating Average of Array
Elements V
1. Start / Read Array /
2. Read Elements of Array A Elements &
3. Integer sum = 0, i =0 /
4. for each value of i from 0 to n
5. sum = sum+ Array element A[i]
6.  Print sum m
7.  Stop v

| sum = sum +ATi] |

Flowchart for Calculating Factorial of
number

1 Start

2 integer fact=1;

3. for each value of i from I to n
4.  fact=fact *i

5 Print fact

6 Stop

Gigatech Publishing House
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