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Block Introduction

At the time of transition, the automata can either move to the next state or stay
in the same state. Finite automata have two states, Accept state or Reject state.
When the input string is processed successfully, and the automata reached its
final state, then it will accept.

Finite automata can be represented by input tape and finite control. Input tape
is a linear tape having some number of cells. Each input symbol is placed in
each cell. The finite control decides the next state on receiving particular input
from input tape. The tape reader reads the cells one by one from left to right,
and at a time only one input symbol is read.

So we will begin the first unit on Alphabet, Strings and Languages. In this unit
firstly we discussed about Set, Relations, Alphabet, Strings, Languages, Finite
Representation of Languages, and Chomsky Hierarchy.

Second unit begins with finite automata. In this unit you will know all about
basic functionality of finite state system, Basic Definitions of Non-
Deterministic finite automata (NDFA), Deterministic finite automata (DFA).
In this unit you will also learn about the designing of DFA and NDFA
machines. We will also describe the Equivalence of DFA and NDFA. You
will learn about Finite automata with epsilon transitions and Removal of
epsilon transitions.

In the third unit, we will provide another important topic i.e. Introduction to
Machines. In the unit we will describe about the Concept of basic Machine,
Properties and limitations of FSM (finite state machine), Moore and mealy
Machines. In the Moore and mealy machines, you will learn about the
designing of these machines and the conversion from Moore to mealy machine
and mealy to Moore machine. We will also describe about the Equivalence of
Moore and Mealy machines. The last topic of this unit will be the
Minimization of DFA.

As you study the material, you will find that figures, tables are properly used
and these will help to understand the concept. There are many sections in the
units to easily understand the topic. Every unit has summary and review
questions in the end of the unit which will help you to review yourself.

In your study, you will find that every unit has different equal length and your
study time will vary for each unit. You will enjoy studying the material and
once again wish you all the best for your success.
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1.0 Introduction

This is the first unit of this block. This unit is divided into many sections.
Section 1.1 you will learn about Set. Section 1.2 explain Relations. Section
1.3, 1.4 and 1.5 describe Alphabet, Strings and languages respectively. You
will also learn about Finite Representation of languages in the section 1.6.
This section has some sub sections like Regular Expressions, Language
represented by a regular expression and regular languages. In the section 1.7
you will know about Chomsky Hierarchy. Last two section describes summary
and Review questions.

Objectives
After studying this unit, you should be able to:
e Define basics of Finite automata.

e Learn Alphabet, Strings and Languages.
e Describe finite representation of languages and Chomsky Hierarchy

1.1 Set

A set is a collection of elements. To indicate that x is an element of the set S,
we write X€S. The statement that x is not in S is written as x &S. A set is
specified by enclosing some description of its elements in curly braces; for
example, the set of all natural numbers 0,1, 2... denoted by

N=1{0, 1,2 3.....}

We use ellipses (i.e....) When the meaning is clear thus J, = {1, 2, 3..., n}
represents the set of all from 1 to n.

When the need arises, we use more explicit notation, in which we write
S={ili=0,iiseven}

For the last example. We read this as “S is the set of all i, such that i is greater
than zero, and 1 is even.”

Considering a “universal set” U, the complement S’ of S is defined as
S'=&xlxeUAx €8}

The set with no elements, called the empty set is denoted by @. It is obvious
that

Sugd=S-g=S8

SNg=0
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A set S1 is said to be a subset of S if every element of S1 is also an element of
S. We write this as

S1 €8

If SI € S, but S contains an element not in S1, we say that S1 is a proper
subset of S; we write this as

SI cS
The following identities are known as the de Morgan’s laws,
1. S1 U S2=S1NS2,

2. S1 n S2=S1uU S2,

1.S1 U S2=S1NS2
X€S1 U S2
&x€Uand x ¢ ST U S2
©x€ Uand ~(x € S1 or x € S2) (def. Union)
©x€ U and (—(x € S1) and ~(x € S2)) (negation of disjunction)
©x€ Uand (x ¢ S1 and x ¢ S2)
o (xeUandx ¢ Sl)and (x € Uand x € S2)

& (x €51 and x €52) (def.complement)

©x€S1 N S2 (def. Intersection)
If S1 and S2 have no common element, that is,
SINS2=0,

Then the sets are said to be disjoint.
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A set is said to be finite if it contains a finite number of elements; otherwise it
is infinite. The size of a finite set is the number of elements in it; this is
denoted by |S| (is or called #S). the power set of S and is A set may have many
subsets. The set of all subsets of a set denoted by 2° or P(S). Observe that 2° is
a set of sets.
Example
IfS is the set {1,2,3}, then its power set is

2°=1{0, {1}, {2}, {3}, {1,2}, {1,3}, {23}, {1,2.3}}

Here |S| = 3 and |2°| = 8. This is an instance of a general result, if S is finite,
then

2% = 2%
Proof: (By induction on the number of elements in S).
Basis: [S|=1=2°={@,S} = [25|=2'=2

Induction Hypothesis: Assume the property holds for all sets S with k
elements.

Induction Step: Show that the property holds for (all sets with) k + 1
elements. Denote

Sk+1 = {Y1, Y2..., YKe1}
= SkU {yk+1}
Where Sk = {y1,¥2,¥3,---,Yk}
25 295Uty
U ¥yt U y2Yier) U U {Yio Vi fU
Uxyesk {X,Y,Yk+1} U ...
USk+1
25 has 2* elements by the induction hypothesis.
The number of sets in 2Sk+1 which contain Yy is also 2k,

Consequently [2Sk+1| = 2 * 2k = 2k+1.
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A set, which has as its elements ordered sequences of elements from other
sets, 1s called the Cartesian product of the other sets. For the Cartesian product
of two sets, which itself is a set of ordered pairs, we write
S=S1x82={(xy)|x€SI,yeS2}
Example:
Let S; = {1,2} and S, = {1,2,3}. Then
S1 xSy ={(L1),(1,2), (1,3), (2,1), (2,2), (2,3)}

Note that the order in which the elements of a pair are written matters; the pair
(3,2) is not in S;XS,.

Example:
If A is the set of throws of a coin, i.e., A = {head, tail}, then

A x A = {(head, head), (head, tail), (tail, head), (tail, tail)}
the set of all possible throws of two coins.

The notation is extended in an obvious fashion to the Cartesian product of
more than two sets; generally

S; XSy Xeee xS = {(X],Xz,'" ,Xn) | X;E Sl}

1.2 Relations

A relation in mathematics defines the relationship between two different sets
of information. If two sets are considered, the relation between them will be
establish, if there is a connection between the elements of two or more non-

empty sets.

In the morning assembly at schools, students are supposed to stand in a queue
in ascending order of the heights of all the students. This defines an ordered

relation between the students and their heights.

Therefore, we can say,

‘A set of ordered pairs is defined as a relation.’



Figure 1.1: Relation

This mapping depicts a relation from set A into set B. A relation from A to B
is a subset of A x B. The ordered pairs are (1, ¢), (2, n), (5, a), (7, n). For

defining a relation, we use the notation where,

Set {1, 2, 5, 7} represents the domain.

Set {a, ¢, n} represents the range.

Sets and relation are interconnected with each other. The relation defines the
relation between two given sets.

If there are two sets available, then to check if there is any connection between
the two sets, we use relations.

For example, an empty relation denotes none of the elements in the two sets is
same.

In Mathematics, the relation is the relationship between two or more set of
values.

Suppose, x and y are two sets of ordered pairs. And set x has relation with set
y, then the values of set x are called domain whereas the values of set y are
called range.

Example:

For ordered pairs= {(1,2), (-3,4), (5,6), (-7,8), (9,2)}

The domain is = {-7, -3,1,5,9}

And range is = {2,4,6,8}
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Types of Relations
There are 8 main types of relations which include:

Empty Relation
Universal Relation
Identity Relation
Inverse Relation
Reflexive Relation
Symmetric Relation
Transitive Relation
Equivalence Relation

Empty Relation
An empty relation (or void relation) is one in which there is no relation
between any elements of a set. For example, if set A = {1, 2, 3} then, one of
the void relations can be R = {x, y} where, |x — y| = 8. For empty relation,
R=¢@cAxA
Universal Relation
A universal (or full relation) is a type of relation in which every element of a
set is related to each other. Consider set A = {a, b, ¢c}. Now one of the
universal relations will be R = {x, y} where, |x —y| > 0. For universal relation,
R=AXA
Identity Relation
In an identity relation, every element of a set is relating to itself only. For
example, in a set A = {a, b, c}, the identity relation will be I = {a, a}, {b, b},
{c, c}. For identity relation,
I={(a,a),a€ A}
Inverse Relation
Inverse relation is seen when a set has elements which are inverse pairs of
another set. For example, if set A = {(a, b), (c, d)}, then inverse relation will
be R-1 = {(b, a), (d, ¢)}. So, for an inverse relation,

R-1= {(b, a): (a, b) € R}

Reflexive Relation
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