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COURSE CONTENT

THEORY OF COMPUTATION

V Semester: CSE (Artificial Intelligence & Machine Learning)
VI Semester: CSE

Course Code Category Hours / Week | Credits Maximum Marks
L T P C CIA | SEE Total
ACSD31 Core
3 0 0 3 40 60 100
Contact Classes: 48 Tutorial Classes: NIL Practical Classes: NIL Total Classes: 48

Prerequisite: Discrete Mathematical Structures

I. COURSE OVERVIEW:
This course provides a comprehensive foundation in the theoretical aspects of computer science, focusing on
formal languages, automata, and computation models. It introduces the Chomsky hierarchy of grammars and
explores various abstract machines such as Finite Automata, Pushdown Automata, and Turing Machines.
Students will learn to model and analyze computational processes, understand the limitations of algorithmic
computation, and apply theoretical concepts to solve practical problems related to language recognition and
parsing.

II. COURSES OBJECTIVES:
The students will try to learn:
I The fundamental knowledge of automata theory which is used to solve computational problems.
II. The reorganization of context free language for processing infinite information using push down
automata.
II.  The computer-based algorithms with the help of an abstract machines to solve recursively enumerable
problems.

I1I. COURSE OUTCOMES:
At the end of the course students should be able to:

COl  Describe language basics like alphabet, strings, grammars, productions, derivations, and Chomsky
hierarchy, construct DFA, NFA, and conversion of NFA to DFA, Moore and Mealy machines and
interpret differences between them

CO2  Recognize regular expressions, formulate, and build equivalent finite automata for various
languages.

CO3  Identify closure, and decision properties of the languages and prove the membership.

CO4  Demonstrate context-free grammars, check the ambiguity of the grammar, and design equivalent
PDA to accept the context-free languages.
CO5

CO6

Uses mathematical tools and abstract machine models to solve complex problems.

Analyze and distinguish between decidable and undecidable problems.



MODULE -I: FINITE AUTOMATA (10)

Introduction: Alphabet, Languages and Grammars, Productions and Derivation, Chomsky hierarchy of
languages. Introduction to Finite Automata: The central concepts of automata theory, Deterministic Finite
Automata, Non-Deterministic Finite Automata, An application of Finite Automata, Finite Automata with and
without epsilon transitions, Conversion of NFA to DFA, Moore and Mealy machines.

MODULE -II: REGULAR LANGUAGES (10)

Regular Expressions and Finite Automata: Regular sets, Regular expressions, Converting DFAs to Regular
Expressions by Eliminating States, Converting Regular Expressions to Automata, Applications of Regular
Expressions, and Algebraic Laws for Regular Expressions.

Properties of Regular Languages: The Pumping Lemma for Regular Languages, Applications of Pumping
Lemma, Closure Properties and Decision Properties of Regular Languages

MODULE -III: CONTEXT FREE GRAMMARS (09)

Context-free Grammars and Pushdown Automata: Context-free grammars (CFG) and languages (CFL),
Rightmost and Leftmost derivation, Parse trees, Ambiguity in CFG, Minimization of context freegrammars,
Chomsky and Greibach normal forms.

Pushdown automata, Definition, Model, Acceptance of context free language (Acceptance by Final stateand
Acceptance by Empty stack), Deterministic pushdown automata and nondeterministic pushdown automata,
PDA and equivalence with CFG, Pumping lemma for context-free languages, Closure properties of CFLs.

MODULE -1V: LINEAR BOUNDED AUTOMATA AND TURING MACHINES (10)

Context-Sensitive Languages: Context-Sensitive grammars (CSG), Linear bounded automata andequivalence
with CSG. Turing Machines:

Turing machine, Definition, Model, Design of Turing machine, Computable functions, recursivelyenumerable
languages, Church's hypothesis, Counter machine, Types of Turing machines

MODULE -V: UNDECIDABILITY (09)

Unrestricted grammars and equivalence with Turing machines, TMs as enumerators.

Undecidability: Universal Turing machine, Reduction between languages and Rice s theorem, PCP and
Modified PCP

1. John E. Hopcroft, Rajeev Motwani, Jeffrey D. Ullman, “Introduction to Automata, Theory,
Languages and Computation”, Pearson Education, 3™ Edition, 2007.

1. John C Martin, “Introduction to Languages and Automata Theory”, Tata McGraw-Hill, 3™
Edition, 2017.
2. Daniel .A. Cohen, “Introduction to Computer Theory”, John Wiley & Sons, 2™ Edition, 2004.

1. https://www tutorialspoint.com/automata_theory/index.htm
2. https://www.iitg.ernet.in/dgoswami/Flat-Notes.pdf

Course template

Tutorial question bank
Tech-talk topics
Open-ended experiments
Definitions and terminology
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6. Assignments

7. Model question paper — I

8. Model question paper — II

9. Lecture notes

10. PowerPoint presentation

11. E-Learning Readiness Videos (ELRV)



