Reverse

DFA for LIR

/

M,
OV O

1. Reverse all transitions

2. Make initial state accepting state

anhd vice versa



Ly ={a"b}

L" = {ba"}
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NFA to FA Conversion

We are given an NFA M

We want to convert it
to an equivalent FA M’

With  L(M)=L(M")
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What we need to construct
Finite Automaton (FA)

M = (Q,Z,g,qO,F)
() :set of states
2. . input alphabet

O : transition function
40 : initial state

[ :set of accepting states
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If the NFA has states

q40-91-925---

the FA has states in the power set

D90 1191 119192 519394597 J----
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Procedure NFA to FA

1. Initial state of NFA: q0

Initial state of FA: {QO}
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Example

NFA M ¢
i
FA M’
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Procedure NFA to FA
2. For every FA's state {qi,qj,-.-,qm‘f

Compute in the NFA
0 *(g;,a).

0 (qj» b= 995 m}

J

Add transition to FA
5({qi9qj9°“9qm}9 a):{qlr,qr],,q’rn}
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Example

NFA M Q .

d
B
0 *(q0,a) =191,92 }
FA M’

@ a2}

6(\90 -a)=141-9> |
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Procedure NFA to FA

Repeat Step 2 for all letters in alphabet,
unti
no more transitions can be added.
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Procedure NFA to FA
3. For any FA state {%aq]‘,---ﬂm}‘

If q;is accepting state in NFA

Then, 9isdj>9m}
is accepting state in FA
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Regular Expressions

Another type of language-defining notation
Algebraic description
Declarative way to express desired strings

RE: Input language for many string
processing systems

01"+ 10"

Lang={x:x1s Oy or x 1s 1z, y=1* and z=0%*}



Operators of REs

Given two languages,

L={001, 10, 111} and M= {g, 001}
union: L UM
concatenation: LM or LM

Closure (star or Kleene closure) of L: L*
L={0, 11} then L?, L'=L, L2



Building REs
* Algebra

— Some basic expr; usually consts &/ vars
— More exprs by applying operators to basic expr

— Grouping, like paranthesis ()

* REs : same
— Basis: 3 parts

» Constants; empty string and empty set
* aany symbol, then a is re, {a}

» Var L representing any lang

— Induction: 4 parts ( If E, F: REs)
 E + F is RE, denoting the union of L(E) and L(F)
» EF 1s RE, denoting the concatenation of L(E) and L(F)
« E"is RE, denoting the closure of L(E)
* (E) 1s RE, denoting the same language as E



Examples

e Strings of alternating Os and 1s
~0,1,01,(01)*
~ 10, (10)*
— 1(01)*
— 0(10)*
RE1: (01)* + (10)* + 1(01)* + 0(10)*
RE2: (e + 1) (01)* (¢ + 0)

* Precedence (of RE operators)
— Star, *
— Concatenation or dot, .
— Union, U

« 01*+1 =(0(1%))+1

« String 1 or all strings consisting of a 0 followed by any number of 1’s (including
none)



Standard Representations
of Reqular Languages

Regular Languages

o

Regular
[ NFAS} Expressions

|
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When we say:  We are given

We mean:

a Reqgular Language L

Language L is in a standard
representation
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Elementary Questions
about

Regular Languages



Question:

Membership Question

Given reqular language L
and string w
how can we check if w € L?
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Membership Question

Question: Given regular language L
and string w
how can we check if w € L?

Answer:  Take the DFA that accepts L
and check if w is accepted
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DFA

we L

wée L
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Question:

Given regular language [
how can we check

if Lisempty: (L=)?
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Question:

Answer:

Given regular language [
how can we check

if Lisempty: (L=)?

Take the DFA that accepts L

Check if there is any path from
the initial state to a final state
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DFA

DFA

L+

L

]
Q
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Question:

Given regular language [

how can we check
if L is finite?
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Question:  Given regular language [

how can we check
if L is finite?

Answer: Take the DFA that accepts L

Check if there is a walk with cycle
from the initial state to a final state
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L is infinite

L is finite
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Question: Given reqular languages L; and L,
how can we check if Lj =1, ?

37



Question: Given reqular languages L; and L,
how can we check if Ly =1L, ?

Answer:  Find if (L, mL—2)u(flmL2)2@
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(LNL) V(L NLy)=D

|

LNnL,= ad  LiNL, =0

Ll ng L2 ng

|

LI :L2
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(LNL) V(L NLy)#D

|

lelzig or Eﬁin@

©n) @

LI CZLz L2 CZLl

|

LI ¢L2
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Regular Langs
* Languages accepted by DFA’s

* Languages accepted by NFA’s

* Languages accepted by A-NFA

* Languages defined by REs

e Note:

— Not every language 1s a regular language.



