CMSC330

Finite Automata 2

Last Lecture

= Finite automata » Reducing RE to

— Alphabet, states... NFA
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This Lecture

Heducing NFA to DFA®
—e-Closure

— Subset algorithm
Minimizing DFA*

— Hopcroft reduction
Complementing DFA

Implementing DFA*

How NFA Works

* When NFA processes a siring

—NFA may be in several possible states
+ Multiple transitions with same label
« g-ransitions
= Example
— After processing “a"

« NFA may be in siates a @@
=1
52

=3

Reducing NFA to DFA

« NFA may be reduced to DFA

— By explicitly tracking the set of NFA states

= |ntuition

—Build DFA where
« Each DFA siate represants a set of NFA states

. Example

NFA DFA

Reducing NFA to DFA (cont.)

» Reduction applied using the subset
algorithm
—DFA state is a subset of set of all NFA states
= Algorithm
— Input
« NFA (I, Q, gg, Fp, &)
— Qutput
« DFA (E, R, ry, Fy, 8)
—Using

« £-Closure{p)

= move(p, al




g-transitions and e-closure

- Wesayp £+ g
— If it is possible to go from state p to state q by taking
only =-fransitions
- If3Ap, Py Py — Py 9 € Q such that
« {pz.pyi = O {pzpde O ... {p.2.ql e B
« E-Closure(p)
— Set of states reachable from p using =-fransitions alona
- Sat of stales q such that p =~ g
-~ s-Closurelp) =g | p & q]
— Nole
= i-Closuredp) always includes o

- z-ciosure| ) may be appled 1o set of siates (ake unon)

e-closure: Example 1

* Following NFA contains
—-51—- 52
- 52— 53
—51 =53
= g-closures
—E-closure(S1) = { 51, 52, 53)
—e-closure(S2) = |52, 53)
—e-closure(S3) = (53]
—&-closure({ 51,52} )= { 51,52 83)u {52 83}

e-closure: Example 2

» Following NFA contains
—51 £ 83
-83 5L 82
~-81 582

= g-closures
— E-closure{S1) = [ 51, 52, 53
—e-closure(52) = {52
—e-Closure(S3) = |52 53}
—E-Closure( { 52,53} ) = {52 ) w {32 53}

g-closure: Practice

= Find =-closures for following NFA
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* Find g-closures for the NFA you construct
for

— The regular expression (0] 1*)111{0*| 1)

Calculating move(p,a)

« move(p,a) ﬂz}l{rgE

—5et of states reachable from p using exactly
one fransition on a

+ Set of slales qsuchthat {p, a, gl e &
» move(p,a) ={q | {p, a, @} € &}

— MNote move(p,a) may be empty
+ |f nD transition from p with label a

move(p,a) : Example 1

* Following NFA
-Z={a,b}

* Move
—move(S1, a) = { 52. 53]
—move(S1,b) = @
—move(S2 a)= @
—move(S2, b) = {53]
—move(s3, a) = @
—move(S3,b)= @




move(p,a) : Example 2

« Following NFA
-2={a,b}

= Move
—move(S1, a) = { 52}
—move({S1, b) = { 52}
—move(S2, a)= | 53)
—-move{S2.b)= ©
—move(S3, a)= ©
—move(S3. b)= @

- Input NFA (%, Q. qg, F., &),

= Algorithm

NFA — DFA Reduction Algorithm

Output DFA (I, R, ry, F, 8)

— Lat r,= e-closure(q ), add itto R /f DFA start state

— While 3 an unmarked stale r = B // process DFA state r
« Mark r # each slate visited once

« Foreachacs E ! for aach letter a
— Lot 5 ={s| g« r& moveigal == & stales eachad wia a
= Lot @ = pchosunsS) i ctales neached wia ©

-Hfex R & i ctada @ is new
LatA=awR & add @ %0 R (unmarkad)
— Lot & = & r, a, o} & add ranstion r—o

—LetFy={r|3s e rwiths e F} i final if include state in F_

NFA — DFA Example 1

—Start = e-closure(51) = { {51,531}

- R={{51,53}} e

- r e R={51,53}

- Move([51,53},a}) = {52}
v & = g-Closure{[52}) = [52}
« R =R 52} ={ {51,531, {52} }

= 0= 8w {{51,53}, a, {311
DFA
a
jeje

- Move({51,53},b}) =6

NFA — DFA Example 1 (cont.)

- R={151,53}, (52} }
- re R ={52}
- Move([52},a} =0
- Move({52},b} = {53}
v & = g-Closure(5231) = {531
» R =Rw {53} = { 51,53, {523, {53} }
« & =00 {521, b, 531} DEA

NFA — DFA Example 1 (cont.)

- R ={{51,53}, {523, {531} —
- re R={53}
- Move(I53}al =0
- Move(I53}bl =08 E
- F,=1151,53}, 530

« Since sl e F.
—Donel

NFA — DFA Example 2
« NFA = DFA
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R = 1 [1al, [(B.0). [1€.81] 3




