NEHRU COLLEGE OF ENGINEERING AND RESEARCH CENTRE
(Accredited by NAAC, Approved by AICTE New Delhi, Affiliated to APJKTU)
Pampady, Thiruvilwamala(PO), Thrissur(DT), Kerala 680 588
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COURSE MATERIALS
CS201 DISCRETE COMPUTATIONAL STRUCTURES

VISION OF THE INSTITUTION

To mould our youngsters into Millennium Leaders not only in Technological and Scientific Fields but also to
nurture and strengthen the innate goodness and human nature in them, to equip them to face the future
challenges in technological break troughs and information explosions and deliver the bounties of frontier
know ledge for the benefit of humankind in general and the down-trodden and underprivileged in particular as
envisaged by our great Prime Minister Pandit Jawaharlal Nehru

MISSION OF THE INSTITUTION

To build a strong Centre of Excellence in Learning and Research in Engineering and Frontier Technology, to
facilitate students to learn and imbibe discipline, culture and spirituality, besides encouraging them to
assimilate the latest technological knowhow and to render a helping hand to the under privileged, thereby
acquiring happiness and imparting the same to others without any reservation whatsoever and to facilitate the
College to emerge into a magnificent and mighty launching pad to turn out technological giants, dedicated
research scientists and intellectual leaders of the society who could prepare the country for a quantum jump
in all fields of Science and Technology



ABOUT DEPARTMENT
¢ Established in: 2002

4 Course offered: B.Tech COMPUTER SCIENCE AND ENGINEERING
:M.TECH COMPUTER SCIENCE AND ENGINEERING
‘M.TECH CYBER SECURITY

¢ Approved by AICTE New Delhi and Accredited by NAAC

@ Affiliated to the University of -~ AP J Abdul Kalam Technological University.

DEPARTMENT VISION

Producing Highly Competent, Innovative and Ethical Computer Science and Engineering
Professionals to facilitate continuous technological advancement

DEPARTMENT MISSION

M1: To Impart Quality Education by creative Teaching Learning Process
M2: To Promote cutting-edge Research and Development Process to solve real world

problems with emerging technologies.

M3: To Inculcate Entrepreneurship Skills among Students
M4: To cultivate Moral and Ethical Values in theirProfession

PROGRAMME EDUCATIONAL OBJECTIVES

PEO1: Graduates will be able to Work and Contribute in the domains of Computer Science and
Engineering through lifelong learning.

PEOZ2: Graduates will be able to Analyse, design and development of novel Software Packages,
Web Services, System Tools and Components as per needs and specifications.

PEO3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing
environment by learning and applying new technologies.

PEOA4: Graduates will be able to adopt ethical attitudes, exhibit effective communication skills,

Teamwork and leadership qualities.


Free Hand


COURSE OUTCOMES

Identify and apply operations on discrete structures such as sets, relations and
functions in different areas of computing

Solve problem using counting techniques and combinotrics and apply
recurrence relation to solve the problems in different domain

Solve problems using algebraic structures.

Solve problems using Boolean algebra and Lattices

Verify the validity of an argument using propositional and predicate logic.

Construct proofs using direct proof, proof by contraposition, proof by contradiction
and proof by cases, and by mathematical induction

PROGRAM OUTCOMES (PO’S)

After the successful completion of the Couse, B.Tech. Computer Science and Engineering, Graduates can able
to

PO1: Engineering Knowledge: Apply the knowledge of Mathematics, Science, to solve complex engineering
problems related to Design, Development, Testing and Maintenance of Software and System Tools

PO2: Problem Analysis: Identify, Analyse and Formulate complex problems to achieve significant
conclusions by applying Mathematics, Natural Sciences and Computer Science and Engineering Principles and
Technologies.

PO3: Design/Development of solutions: Design and construct software system, programme, component or
process to meet the desired needs within the realistic constraints.

PO4: Conduct investigations of complex problems: Use research based knowledge and research methods to
perform Literature Survey, design experiments for complex problems in designing, developing and maintaining
computing systems, collect data from experimental outcome, analyse and interpret the interesting patterns and to
provide effective conclusions.

PO5: Modern tool usage: Create, select and apply appropriate state-of-the-art Tools and Techniques in
designing, developing, testing and validating Computing Systems, Tools and Components.

POG6: The engineer and society: Assess the societal, health, security, legal and cultural issues that might arise
during Professional Practice in Computer Science and Engineering.

PO7: Environment and sustainability: Demonstrate the knowledge of sustainable development of
Software, Components, Tools, Computing Systems and Solutions with an understanding of the impact of
these engineering solutions on society and environment.

PO8: Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice of Computer Science andEngineering.

PO9: Individual and Team Work: Function effectively as an individual, and as a member or leader in
multi-disciplinary teams, and strive to achieve common goals.

PO10:Communication: Communicate effectively with engineering community and society and be able to
comprehend and write effective reports and documents, make effective presentations and give and receive clear
instructions.

PO11:Project Management and Finance: Apply knowledge of the Engineering and Management principles
to one’s own work, as a member and leader in a team, to manage projects in Multidisciplinary Teams.

PO12:Life-long leaming: Recognize the need for lifelong learning to cope up with the rapidly emerging Cutting
Edge Technologies in Computer Science and Engineering and its allied Engineering application domains.



CO’S |PO1|PO2|PO3|PO4|PO5 | PO6|PO7|PO8|PO9|PO10|POI1L|POI2
3 3 3 2
3 3 3 2
3 3 3 2
3 3 3 2
3 S 3
3 3 3
3 3 3 2 2

HIGH 3
MO DERATE 2
LOW 1

NIL

PROGRAM SPECIFIC OUTCOMES (PSO’S)

1). PSOL1: Analysis Skills: Ability to Formulate and Simulate Innovative Ideas to provide software solutions for Real-
time Problems.

2). PSO2: Design Skills : Ability to Analyse and design various methodologies for facilitating development of high
quality System Software Tools and Efficient W eb Design Models with a focus on performance optimization.

3). PSO3: Product Development : Ability to Apply Knowledge for developing Codes and integrating
hardware/software products in the domainsof Big Data Analytics, Web Applicationsand Mobile Apps

CO’S | PSO1|PSO2 | PSO3
3 3
2 2
2 2
2
2 3
2 2
C202 2.16 2.4 0.00




MATHEMATICS -3 rd Semester BTech

For Computer Science and Engineering and Information Technology

DISCRETE MATHEMATICS

CS COURSE NAME: CATEGORY L |T [P |CREDIT
201 DISCRETE BASIC SCIENCE COURSE (3 |1 |0 |4
COMPUTATIONAL
STRUCTURES
Preamble:

This course introduces the concept of mathematical structures that are fundamentally discrete. The
course enable the students to understand and apply the fundamentals of enumeration and counting
techniques and different way of arrangements. The course introduce the concept of relations and
functions. Propositional logic and predicate calculus are introduced so that the students can test the
validity of statements. Methodsof applying recurrence relations to solve problems in different domains

are introduced. An introduction to algebraic structures such as monoid and group.

Prerequisite: Asoundbackground in higher secondary school Mathematics

Course Outcomes: After the completion of the course the student will be able to

CO1

Learn the ideas of Sets,relations, functions equivalence relation and posets and it’s
applications

CO 2 |Learnthe ideas of Permutations and combinations, Principle of inclusion exclusion,
Pigeon Hole Principle, Recurrence Relations and some algebraic systems

CO 3 [ Understand Fundamentals of Algebraic structures its properties such as groups rings and fields

CO 4 | Understand the properties of Lattices and Boolean algebra

CO5 |Learnthe fundamentals of propositional logic and predicate calculus and apply to test

the validity of statements

CO6

Learn the fundamentals of predicate logic and theory of inference and certain proof

technigues to check the validity of statements




Mapping of course outcomes with program outcomes

PO’s Broad area

PO1 Engineering Knowledge

PO 2 Problem Analysis

PO 3 Design/Development of solutions
PO4 Conduct investigations of complex problems
PO5 Modern tool usage

PO 6 The Engineer and Society

PO7 Environment and Sustainability
PO 8 Ethics

PO9 Individual and team work

PO 10 Communication

PO 11 Project Management and Finance
PO 12 Lifelong learning

CO’S |PO1|PO2|PO3|PO4|PO5|PO6|PO7|PO8|PO9|PO10 | POI11|POI12
CO1 3 3 3 3 2
CO2 3 3 3 3 2

CO3 3 3 3 3 2

CO4 3 3 3 3 2

CO5 3 3 3 3

CO6 3 3 3 3

C202 3 3 3 3 2 2

Assessment Pattern

Bloom’s Category Continuous Assessment Tests(%) | End Semester

1 2 Examination(%b)
Remember 10 10 10
Understand 30 30 30
Apply 30 30 30
Analyse 20 20 20
Evaluate 10 10 10
Create




Course code Course Name L-T-P Credits Year of
Introduction

CS201 DISCRETE COMPUTATIONAL 3-1-0-4 2016
STRUCTURES

Pre-requisite: NIL

Course Objectives
1. To introduce mathematical notations and concepts in discrete mathematics that is
essential for computing.
2. To train on mathematical reasoning and proof strategies.
3. To cultivate analytical thinking and creative problem solving skills.

Syllabus

Review of Set theory, Countable and uncountable Sets, Review of Permutations and
combinations, Pigeon Hole Principle, Recurrence Relations and Solutions, Algebraic systems
(semigroups, monoids, groups, rings, fields), Posets and Lattices, Prepositional and Predicate
Calculus, Proof Techniques.

Expected Outcome:
Students will be able to
1. identify and apply operations on discrete structures such as sets, relations and functions
in different areas of computing.
2. verify the validity of an argument using propositional and predicate logic.
3. construct proofs using direct proof, proof by contraposition, proof by contradiction and
proof by cases, and by mathematical induction.
4. solve problems using algebraic structures.
5. solve problems using counting techniques and combinatorics.
6. apply recurrence relations to solve problems in different domains.

Text Books
1. Trembly J.P and Manohar R, “Discrete Mathematical Structures with Applications to
Computer Science”, Tata McGraw—Hill Pub.Co.Ltd, New Delhi, 2003.
2. Ralph. P. Grimaldi, “Discrete and Combinatorial Mathematics: An Applied
Introduction”, 4/e, Pearson Education Asia, Delhi, 2002.
References:
1. LiuC. L., “Elements of Discrete Mathematics”, 2/e, McGraw—Hill Int. editions, 1988.
2. Bernard Kolman, Robert C. Busby, Sharan Cutler Ross, “Discrete Mathematical
Structures”, Pearson Education Pvt Ltd., New Delhi, 2003
3. Kenneth H.Rosen, “Discrete Mathematics and its Applications”, 5/e, Tata McGraw — Hill
Pub. Co. Ltd., New Delhi, 2003.
4. Richard Johnsonbaugh, “Discrete Mathematics”, 5/e, Pearson Education Asia, New
Delhi, 2002.
5. Joe L Mott, Abraham Kandel, Theodore P Baker, “Discrete Mathematics for Computer
Scientists and Mathematicians”, 2/e, Prentice-Hall India, 2009.




Course Plan

Hou | End Sem
Module Contents rs Exam
(54) Marks
Review of elementary set theory :
Algebra of sets — Ordered pairs and Cartesian products — | 3
Countable and Uncountable sets
Relations :-
Relations on sets —Types of relations and their properties —| 6
Relational matrix and the graph of a relation — Partitions —
I . . g . 15 %
Equivalence relations - Partial ordering- Posets — Hasse
diagrams - Meet and Join — Infimum and Supremum
Functions :-
Injective, Surjective and Bijective functions - Inverse of a| 1
function- Composition
Review of Permutations and combinations, Principle of | 3
inclusion exclusion, Pigeon Hole Principle,
Recurrence Relations:
Introduction- Linear recurrence relations with constant| 4
coefficients— Homogeneous solutions — Particular solutions —
I . 15 %
Total solutions
Algebraic systems:-
Semigroups and monoids - Homomorphism, Subsemigroups | 2
and submonoids
FIRST INTERNAL EXAM
Algebraic systems (contd...):-
Groups, definition and elementary properties, subgroups, | 6
Homomorphism and Isomorphism, Generators - Cyclic Groups,
i Cosets and Lagrange’s Theorem 15 %
Algebraic systems with two binary operations- rings, fields-sub | 2
rings, ring homomorphism
Lattices and Boolean algebra :-
Lattices —Sublattices — Complete lattices — Bounded Lattices - | 7
Complemented Lattices — Distributive Lattices — Lattice
v . 15 %
Homomaorphisms.
Boolean algebra — sub algebra, direct product and
homomorphisms 3
SECOND INTERNAL EXAM
Propositional Logic:-
v Propositions — Logical connectives — Truth tables 2 20 %
Tautologies and contradictions — Contra positive — Logical | 3




equivalences and implications

Rules of inference: Validity of arguments. 3

Vi

Predicate Logic:-
Predicates — Variables — Free and bound variables — Universal | 3
and Existential Quantifiers — Universe of discourse.

Logical equivalences and implications for quantified statements
— Theory of inference : Validity of arguments.

3 20 %
Proof techniques:
Mathematical induction and its variants — Proof by Contradiction
— Proof by Counter Example — Proof by Contra positive.

3

END SEMESTER EXAM

Question Paper Pattern:

There will be five parts in the question paper — A, B, C, D, E
Part A
a. Total marks : 12
b. Four questions each having 3 marks, uniformly covering module I and II; All
four questions have to be answered.

a. Total marks : 18

b. Three questions each having 9 marks, uniformly covering module I and II; Two
questions have to be answered. Each question can have a maximum of three
subparts

a. Total marks : 12
b. Four questions each having 3 marks, uniformly covering module 111 and 1V; All
four questions have to be answered.

a. Total marks: 18

b. Three questions each having 9 marks, uniformly covering module I11 and 1V; Two
questions have to be answered. Each question can have a maximum of three
subparts

a. Total Marks: 40

b. Six questions each carrying 10 marks, uniformly covering modules V and VI; four
questions have to be answered.

C. A question can have a maximum of three sub-parts.

There should be at least 60% analytical/numerical questions.




Question Bank

MODULE 1
: : PAG
So Questions (6{0) KL NO:
1 | Consider f,g,h are functions on integers such that co1
f(n)=n?, g(n)=n+1, h(n) =n—1.Determine (i) K3 46
fogoh (ii) gofoh (iii) ho fog
2 Draw the Hasse diagram for the divisibility relation on the
59
set A={2,3,6,12,24,36}. CO1 K6
3 Determine whether the functions fiz—z defined by
f(x) = 2x + 1is one to one and determine its range CO1 K2 50
4 Let f(x) = x+2, g(X) = x-2 and h(x) =3x for x is in R, where
R is the set of real numbers. Find gof, fog, (foh)og , hog . CO1 K3 52
5 Define equivalence relation .Let R be a relation in the set
of integers Z defined by R = {(x,y):x € Z,y € co1 K4 34
Z,(x — y)is divisible by 6}. Prove that R is an equivalence
relation
6 Let A={1234,........ 11,12} and let R be the equivalence
relation on AXA defined by (a,b) R (c,d) iff
a+d=b+c.Prove that R is an equivalence relation and find the CO1 K4 36
equivalence class of (2,5)
7 | Show that (AU B)") = AT n B!
CO1 K6 35
8 | Define equivalence relation .Let R be a relation in the set of
integers Z defined by R = {(x,y):x € Z,y € Z,(x — CcO1 K6 36
y)is divisible by 7}. Prove that R is an equivalence relation
9 | LetRand S be two relations onaset A.If Rand S are CcO1 K3
symmetric prove that R N S is also symmetric 32
10 | Define a complimented lattice.Show that D42 with °/° as Cco1 K2
order is a complimented lattice 69

10



MODULE 11
S. : PAG
NoO Questions (6{0) KL NO:
1 Solve the recurrence relation a, + 5a,_; + 6a,_, = 3r% — co2
2r+1 K3 95
2 Provide one example of linear homogeneous recurrence
84
relation.Mention the degree also co2 K6
3 Solve the recurrence relation a, =4a,_1 —4a,_,+
2 K2 97
(n+ 1)2" co
4 | What is a Monoid? SemiGroup? Explain with examples CO2 K3 105
5 Solve the recurrence relation
ar — 7ar_q + 1Oar_2_ = 0 forr > 2 given a;=0,a,=1 CO? K4 89
using generating function
6 State Pigeonhole principle. A school has 550 students. Show
that at least two of them were born on the same day of the CO?2 K4 82
year.
1 — n
7 Solve the recurrence relatlgn anp =2ap_1+2 co? K6
withagy = 2 96
8 Find the no. of ways in which 5 people A,B,C,D,E canbe
seated at a round table such that
(a)A and B must always sit together co2 K6 &
(b)C and D must not sit together
9 Solve the recurrence relation
Apiz— 6api1+9a,=3 (2M)+7 (3M) Co2 K3 98
10 [ If {R*,X)}and {R,+} are two semigroups in the usual
- - D+ -
notation,prove that the mapping g(a):R* — R defined by co2 K2 107

g(@)=log.a is a semigroup isomorphism

1



MODULE 111
> Questions co kL | FAS
1 | Let (A*) bea group.Show that (ab)~! =b~1a? CO03
K3 112

2 Prove that the set Q of rational numbers other than 1 forms

an abelian group with repect to the operation * defined by COos3 K6 107

a *b=atb-ab
3 | Show that subgroup of a cyclic group is cyclic. CO3 K2 129
4 Let (A,*) be a Group.Show that (A,*) is an abelian group if

andonly if a2 *xb? = (a * b)? CcO3 K3 110
5 | Check whether the algebraic structure (z5 +5,x5) defined

over the set of positive integers is a ring or not. CO3 K4 157
6 | Define Cosets and Lagranges theorem CO3 K4 134
7 | Show that the set {1,2,3,4,5} is not a group under addition

modulo 6 CO3 K6 115
8 | Show that the set Q+ of rational numbers forms an abelian

group under he operation * defined by a*b:%ab, abeQ + C03 K6 107
9 | Define ring ,field CO3 K3 156
10 | Prove that every finite integral domain is a field CO3 K2 160

12



MODULE 1V
> Questions co kL | FAS
1 | DefineGLB and LUB for a Partially ordered set.Give an CO4 K3 161
example.Define a Lattice, and complimented lattice
2 | Consider the poset {ab,c,d} as shown in figure and let
B={c} Determine the upper and lowerbounds of B
d
\ . CO4 K6 162
a b
3 | Let P(S) be the powerset of S={1,2,3} Construct the
hassediagram of the partial order induced on P(S) by the CO4 K2 165
Lattice(P(s), A V)
4 Determine all the sublatticec of D3 CO4 K3 168
5 Define a Distributive Lattice.Explain with an example CO4 K4 170
6 | What is a Modular lattice CO4 K4 1792
7 | What is a complimented Lattice.Determine the compliments
Of aand c in fig
lg @d
c® o CO4 K6 168
a® o
8 | Find out all Boolean sub-algebra of D3y CO4 K6 173
9 | Determine Whether the lattices shown are isomorphic
2\ 2l
b./ . <| Co4 K3 172
\./ .,
10 | Define a bounded Lattice with appropriate example CO4 K2 167

13
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MODULE V
S. : PAG
No Questions CO KL NO:
1 Prove that (PAQ) — (P<>Q) is a tautology. CO5
K3 184
2 Use the truth table to determine whether p —(qalq) and Ip CO5 K6
are logically equivalent 185
3 Construct a truth table for [ (p— g)A(q = 1] = (p—>71) CO5 K2 184
and determine whether it is a tautology or not
4 Negate and simplify 3x[(p(x) vV q(x)) = r(x)]
CO5 K3 190
5 Construct an argument to show that the following premises
imply the conclusion “it ramed”
“if it does not rain or if there is no traffic
dislocation,then the sports day will be held and the
’ 192
cultural programme will go on.” CO5 K4 ?
“if the sports day is held,the trophy will be awarded”
“the trophy was not awarded”
6 | Provethat (p— q) < (=g > —p) CO5 K4 187
7 Verify that pV'—(p/Aq) is a tautology CO5 K6 185
8 (I;’rove that the argument p — g, p/Ar imply the conclusion CcO5 K6 194
9 Prove Validity of the statement
“If the market is free then there is no inflation .If there is no
inflation then there are price controls.Since there are price CO5 K3 192
controls,therefore the market is free”
10 | Construct the truth table for the following statements
(2q = —p) > @ ~>q) COs K2 182
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MODULE VI
S(‘) Questions CO KL P@g
1 | Show that (9) (P(x) > Q09 ) ~ (x) (R -> R(¥) => (¥) CO6
(P(X) >R (X)) K3 217
2 Symbolize the statements: 215
i) All the world loves a lover i) All men are giants CO6 K6
3 Show that (3x) M(x) follows logically from the premises 217
(%) (H(¥) -> M(x)) and CO6 K2
(3x) H(X)
4 Negate and simplify 3x[(p(x) vV q(x)) = r(x)]
CO6 K3 210
5 el?/;(?]ve by contradiction that if n 2is an even integer then n is CO6 K4 293
6 Erove that 23 n— 1 is divisible by 11 for all positive integers CO6 K4 293
7 | Prove by contradiction method “v/2 is irrational” CO6 K6 221
8 zrove that the argument p — g, p/Ar imply the conclusion CO6 K6 720
9 Prove by mathematical induction n(n+1)(2n+1) is divisible
by 6 CO6 K3 293
10 | Determine the negation of the following statement
dyvxvzpx,y,z) CO6 K2 210
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