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Recap of DFA :
=

No - of a's is a multiple of 3 :
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Next goal :- -

Regular expressions

¥ convert
DFA

why is this useful ?



Regular expressions suppose we have a procedure

1
,

convert
that takes an expression R

and outputs a DFA DCR)
DFA

Algorithm to check if a string w contains a pattern given by
expression Ri

- l . Consider expression E.
*

R 2.
*

- z. Build DFA D for 2.* R 2.*

- 3 .
Run the string w on DFA D

.

-4 . If D accepts w then w contains pattern R . Else no .



Regular expressions How to convert reg . lxpr. to DFA ?

I
,

convert

- We have already seen several examples .
DFA

Here are some difficult cases .

A
* b + b*a → already done

a E. I



⑤ a E.
H

b
a Remember the last

→

⑥ 9aa two letters that are

↳b seen .

"

at

gab£
Every transition p -⑧ leading to an accepting state

is from a state '

p
'

that is reached on seeing as
'a ' .

I, . x

→ e. ± .

e. sat .



To make ' the conversion smoother
,
we will go via

another intermediate formalism called

Non - deterministic finite Automata (NFA)

Regular expressions
/ convert
X

NFA

f, convert

DFA



Non - deterministic Finite Automata (NFA) : relaxations from DFA :
- - -
- -

DFA : single initial state Nfa: multiple initial States .

a

⑨a- ④ ⑨I
→

almost one stale . a

multiple States on
'
a'

from '9 ' possible .



Example 1 : NFA for a &* b
-

a, b

→oiosoo
90 91 92

ab : go a 9 , b 91 aba-b-9##
q. - a - g , - b - 9 , -a -9 ,

a b b 9oa9ib-9i-b
-
b -a. ×

(
- b - 92 Not accepted

since there isb -
ga - b x

no nun leading
There exists a run going to an to an accept

accept state . state.



Example 2 : a*b + b'* a
-

-
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accepting . rejected



Epple 3 : I = { 0,13 I
*

12,2,

AT ' '
→Of ° ④

z*n
,
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, %

010 01

Go - 90-90-90 90 - 90-90\9i-9€ 191



Example 4 : Give NFA IDFA for the following languages
-

oyer 90,13

4. I . Even no , of o 's or odd no . of 1's

4. 2.0*1*00*4.3
.

{ w I w ende with 00 }



4. I . Even no , of o 's or odd no . of 1's

→⑤q'
c-
O

←
I



Ott z* O O
*

→88¥
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^

{ w l w ende with 00 }

oooo



Non - deterministic finite Automata NIA : syntax :

- - - -

( Q,
I

,
Qo

,
I

,
F )

Q : Finite set of States

E. : alphabet

Qo : initial States

Q : Transition relation (next slide )

F : Final status.



Transition relation a :

- - -

d E Q x Ex Q

is a subset of QX Ex Q

Aaib
Eg :

→ ⑨a-⑨ 4 : (90,9190)
( 90 , b. 90 )

( 90, 9,9 , )



Non - deterministic finite Automata NIA : semantics
- - - -

- Run of an MFA on a word W , wz - - - Wn is

a labeling of stake :

90 -Wi - 9 , -wz - 92 - -
- - Wn - qn

Such that (9i , wi , 9in) E d .

- Run is accepting it 9N is accepting .



Language of NFA : is the set of
all words w

s-t . there exists at least one accepting run .

eg.
→

"

④

-

word bbb has no accepting him . All runs ends at 90 .

- word bba has one accepting run .

- word baa has one accepting run .



Next :
- Regular expressions

/ convert
X

NFA

J, convert

DFA

converting reg . expressions to NFA -



Regular expressions to NIA. algorithm :

- -
-

Basic regular expressions : a C- E
,
E
, §

an. E E

→0-900 → ⑥ → O

-



R, t Rai
-

suppose we have constructed NFAS for R , and Rz .

What is the NFA for Rit Rz ?

a:* :÷: ¥"
"""""

- -
-

"
→81,00 ,

Nz (NFA for Rs )

\
→ o→ ⑥ l

l U
l

I - .

As one NFA N (for Rat Rz)



R , . R2 t E Rl 'Re

142

a

-so §#

t ⑨
-,

o -

Nz

- i. From every final state
'
9 ,
'

Bf Ni
,
add a transition

91 I p for all transitions

Po -9, p
- 2 . Make all final States of N ,

where po is an initial
state of Nz .

as non - final if C- is not in Nz .

- 3 . Make all initial States of Nz as non- initial

- if G is not present in N ,



Ri. f Re : b

.1⇒⇒o÷



Summat

→ NFA

→ Part of translation of Reg Expo . to NFAE.

Reg Eep
t
NFA

t
DFA



Ri : a Re : b
#
t ab

b

→ 0-9
b

to
a

→ o.to?-8ob
↳0700


