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General overview of lecture: The course introduces some fundamental concepts in automata 

theory and formal languages including grammar, finite automaton, regular expression, formal 

language, pushdown automaton, and Turing machine. Not only do they form basic models of 

computation, they are also the foundation of many branches of computer science, e.g. compilers, 

software engineering, concurrent systems, etc. The properties of these models will be studied and 

various rigorous techniques for analyzing and comparing them will be discussed, by using both 

formalism and examples. 

 

Prerequisite: The students are expected to have a strong background in the fundamentals of 

discrete mathematics (symbolic logic, set, induction, number theory, summation, series, 

combinatorics, graph, recursion, basic proof techniques, etc.), algorithms and data structures. 

Some knowledge of programming languages, programming, and computer architecture will be 

helpful. 
 

Learning outcomes: At the completion of this course, students are expected to: 

i. to better understand the mathematical foundations of computer science, 

ii. to gain experience with mathematical proofs generally, 

iii. to understand the relationships between proofs and algorithms, and proofs of correctness 

of algorithms, 

iv. to understand the notion of nondeterminism, and how it relates to determinism and 

computers, 

v. to understand the topics of regular languages, deterministic finite automata, 

nondeterministic finite automata, regular expressions, context-free grammars, pushdown 

automata, Turing Machines, undecidability, computational complexity, and other 

grammars, 

vi. to gain an appreciation for applications of formal languages and automata. 

 

Assignments: We expect to have 3 homework assignments throughout the course in addition to a 

Mid-Term Test and a Final Exam. Term papers are given at the beginning of the class and 

submission will be on the due date. Home works in the form of individual assignments, and group 

assignments are organized and structured as preparation for the midterm and final exam, and are 

meant to be a studying material for both exams. There will also be 3 individual programming 

 



projects in this class. The goal of these projects is to have the students experiment with very 

practical aspects of grammars and program analysis.  

 

Grading: We will assign 10% of this class grade to home works, 10% for the programming 

projects, 10% for the mid-term test and 70% for the final exam. The Final exam is comprehensive. 

 

 

Main Lecture:  

Introduction to Automata Theory 
Automaton simply means discrete automaton and is defined by the following characteristics: 

(i) Input. At each of the discrete instants of time, a finite number of fixed values from an input 

alphabets are achieved. 

ii) Output. There are the outputs of also that can take a finite number of fixed values from an intput 

(iii) States. At any instant of time the automaton can be in one finite state. 

(iv) State relation. The next state of an automaton at any instant of time is determined by the 

present state and the present input. 

(v) Output relation. The output is related to either state only or to both the input and the state. It 

should be noted that at any instant of time the automaton is in some state. However the automaton 

moves to a next state which is given by the state relation whenever an output state is being read.  

 

A FINITE AUTOMATON 

A finite automaton can be represented by a 5-tuple (Q, E. 0. qo. F). where 

(i) Q is a finite nonempty set of states. 

(ii) ∑ is a finite nonempty set of inputs called the input alphabet. 

(iii) δ is a function which maps Q x ∑ into Q and is usually called the direct transition function. 

This is the function which describes the change of states during the transition. This mapping is 

usually represented by a transition table or a transition diagram. 

(iv) qo ϵ Q is the initial state. 

(v) F ⊆ Q is the set of final states. It is assumed here that there may be more than one final state. 

The transition function generally maps a state and a string of input symbols including the empty 

string into a state.  

 

TRANSITION DIAGRAMS 

A transition diagram is a finite directed labelled graph in which each vertex (or node) represents a 

state and the directed edges indicate the transition of a state and the edges are labelled with either 

input or output. In a typical transition diagram, the initial state is represented by a circle with an 

arrow pointing towards it, the final state by two concentric circles, and the other states are 

represented by just a circle. The edges are labelled by input/output (e.g. by 1/0 or 1/1). For 

example, if the system is in the state qo and the input 1 is applied, the system moves to state q1 

as there is a directed edge from qo to q2 with label 1/0.  

 

Summary/Conclusions 

In computer science Automata Theory deals with the transformation and the transmission of 

energy, materials and information for performing some functions without direct human 

involvement. Examples are automatic machine tools, automatic packing machines, and automatic 

photo printing machines.  



 

Interactions and Questions 

Q1. Consider the finite state machine whose transition function given by Q = {q0, q1. q2, q3}, ∑ 

= {O, I}, F = {qo}. Give the entire sequence of states for the input string 1101.  

 

Q2. Define and describe the analytical representation of  a finite automaton  

 

Further Readings 

Textbook: The recommended textbook for this class are as stated: 

Title: Introduction to Automata Theory, Languages, and Computation 

Authors: John E. Hopcroft, Rajeev Motwani, Jeffrey D. Ullman 

Publisher: Addison-Wesley, 3rd Edition 

Year: 2006 

 

Title: Languages and Machines 

Author(s): Thomas A. Sudkamp 

Publisher: Pearson Education, Inc., Third Edition 

ISBN: 0-321-32221-5. 

Year: 2006 

 

Title: Introduction to Formal Languages and Automata 

Author: P. Linz. 

Publisher: Jones and Barlett;, 6th edition,  

Year: 2017 

 


