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Finite Automata

Definition (Finite Automaton)

A finite automaton is a 5-tuple (Q, X, 4, o, F), where
@ Q is a finite set of states,

@ X is a finite alphabet,

Q 0: QXX — Q isthe transition function,
Q g, € Q is the start or initial state, and

@ F c Q is the set of accept or final states

=] F
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@ @ = {Start, d,, d», op, fail}
% @ ¥ = op U digit
digit op o op={+,—,x}

F ={d,}

L=Combine two integers
w =25 + 362

w = X35 - 67

w = 265 — 456 x 18

The language L is called a regular language because is is recognized by
a finite automaton.
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Check what happens to 101 independent of where we start.
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Finite Automata

Problem

Construct a finite automaton that accepts only words in ¥ = {0,1} ending in 101

L B
T \w
0

check its ending.

Note that this means we don't need to “remember” the whole string to
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Let A and B be regular languages. We define the regular operations
union, concatenation, and star as follows:

e Union: AU B = {x|x € Aorx € B}

e Concatenation: Ao B = {xy|x € Aand y € B}
o Star: A" = {xyxo---xx|k = 0and Vix; € A}

=] F
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Definition

Let A and B be regular languages. We define the regular operations
union, concatenation, and star as follows:

e Union: AU B = {x|x € Aorx € B}
e Concatenation: Ao B = {xy|x € Aand y € B}
o Star: A" = {xyxo---xx|k = 0and Vix; € A}

A={0,1}

B = {a, b}

AU B ={0,1,a,b}

Ao B ={0a,0b,1a,1b}

A® = {e,0,1,00,01,,10,11,000,...}
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their union is constructed as follows:

My = (Q1,%1,01,91, F1) and My = (Q2,X2,02, g2, F2)
@ Q=0 x@
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0 Q=G X
oY=V,
° Y(ri,n) € QVa€X:i((r,nr) a)=(01(r,a),d(rn,a))
° g0 = (q1, %)

C. F. Rocca Jr. (WCSU) Finite Automata

DA
11/24



New From Old

Given to finite automata

My = (Q1,%1,01,91, F1) and My = (Q2,X2,02, g2, F2)

their union is constructed as follows:
0 Q=G X
oY =Y,U%,
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New From Old

Given to finite automata

My = (Q1,%1,01,91, F1) and My = (Q2,X2,02, g2, F2)

their union is constructed as follows:

e Q=X
eYX=3,UX,
o V(rn,n)€QVaeX:i((rn,nrn)a)=(0:(n,a),d(r,a))
° qo0 = (q1, %)

o F={(r,n)|n € FLorrn € F}
(Note r, € F; and r, € F, would be intersection)
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Q' = 2(Q) (Power set of Q)
Y = {a, b}

E({1}) = {1,3}
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F'={{1},{1,2},{1,3}.{1,2,3}}
§' =7
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o Q' = 2(Q) (Power set of Q)
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o @={1,2,3} e E({1}) ={1,3}
e Y. ={ab,c} e Start = {1,3}
o Start = {1} o F'={{1},{1,2},{1,3},{1,2,3}}
o F={1} 0§ =7
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Assume that the regular language A is represented by the finite automaton
N and the regular language B is represented by the finite automaton M,
then their union can be represented as below.
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Assume that the regular language A is represented by the finite automaton
N and the regular language B is represented by the finite automaton M,
then their concatenation can be represented as below.

start N

d1(q; a) gEQAGEFR
] d1(q,a) geEFR Na#e
9(q,a) = 01(q,a) U{q} gqeFfna=c¢
d2(q, a) g€ Q
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9(q,a) = o1(g,a) U{qp} qgeFna=e
52(q’a) qeE Q2
=] = - = = DA
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New From Old (again)

Assume that the regular language A is represented by the finite automaton
N and the regular language B is represented by the finite automaton M,
then their concatenation can be represented as below.

start N

d1(q; a) gEQAGEFR
] d1(q,a) geEFR Na#e
9(q,a) = 01(q,a)U{q} gqeFfna=c¢
(52((],8) CIE Q2
=] = - = = DA
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New From Old (again)

Assume that the regular language A is represented by the finite automaton
N then the unary star, *, operator applied to A can be represented as
below.

61(q, a) geErnad F
51(q, a) geEF Aa+e
start >((«) 0(g,a)u{q} gqeFAa=¢
{a1} g=qgoANa=¢
] g=qoNa¥+e

C. F. Rocca Jr. (WCSU) Finite Automata



New From Old (again)

Assume that the regular language A is represented by the finite automaton
N then the unary star, *, operator applied to A can be represented as
below.

61(q, a) geE@ AagF
51(q, a) geEF Aa+e
start (%) 5(g.a) =1 oilg.a)uiq} qeFna=c
{a1} g=qgoANa=¢
] g=qoNa¥+e
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New From Old (again)

Assume that the regular language A is represented by the finite automaton
N then the unary star, *, operator applied to A can be represented as
below.

61(q, a) geE@ Aa¢F
51(q, a) geEF ANa+e
start (%) 5(g.a)={ dilg.a)U{m} qeFna=c
{a1} g=qgoANa=¢
] g=qoNa¥+e
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New From Old (again)

Assume that the regular language A is represented by the finite automaton
N then the unary star, *, operator applied to A can be represented as
below.

61(q, a) gEQ Aa¢ F
51(q, a) geEF Aa+e
start (%) 5(g,a) =] dilq.a)U{a} qeFna=c
{a1} g=qgoANa=¢
] g=qoNa¥+e

C. F. Rocca Jr. (WCSU) Finite Automata



New From Old (again)

Assume that the regular language A is represented by the finite automaton
N then the unary star, *, operator applied to A can be represented as
below.

61(q, a) geE@ Aa¢F
51(q, a) geFiANa+e
start >((«) 51(q, a)u{q} geF Aa=¢
{au} g=qoha=c¢
@ g=qoNa%e

C. F. Rocca Jr. (WCSU) Finite Automata



New From Old (again)

Assume that the regular language A is represented by the finite automaton
N then the unary star, *, operator applied to A can be represented as
below.

61(q, a) geE@ Aa¢F
51(q, a) geEF Aa+e
start >((«) 5i(g,a)u{q} geFiAa=c¢
{a1} g=qgoANa=¢
%] g=qoNa+*e
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@ Regular Expressions

@ Generalized Nondeterministic Finite Automata
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@ Regular Expressions

@ Generalized Nondeterministic Finite Automata
@ Pumping Lemma
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@ Regular Expressions

@ Generalized Nondeterministic Finite Automata
@ Pumping Lemma

@ Nonregular Languages
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