2. HRA—FT(2):
(T¥Ah2.3.5~2.3.7,2.5)
o] (D18

— DFA A=(Qp, 2, Jp.0p.Fp) [CEHTRIEINDEE
L(Ap)={ W | ﬁD(qD’W) €Fp}

— NFAA=(Qy, 2, O\ln.F) [SE-TRIEBEINSEE
L(AY)={ w| Jd\(ay.w) NFy = @}
Oy QX 2—20




2. Finite Automa!a I!l

(Text 2.3.5~2.3.7,2.5)

Review
— The language accepted by a DFA Ay=(Qp, 2, J5,0p,Fp)
L(AR)={ W| 3'p(dpW) EFp}

PR STR T et s wiqely determine.

— The language accepted by an NFA A=(Qy, 2, J \.0n,Fr)
L(AY)={ w| Jd\(ay.w) NFy = @}
O\ QX 2—20

o st

2152



2. B RA—F< R (2)

2.35. REEEFREEDHRA—FTFY
LSk

I NFATRETSHEHEDIVTAE DFATRET
%6:'50)77%3: M9 5,

©
<

BEIT: ' EFEDERE ODIEIFTHFIZH
S X (Class)E 1= 13 & (Family) &FE .51,

3/52



2. Finite Automata (2)

2.3.5. Equivalence of DFA and NFA

Theorem: The class of languages accepted by NFAs is
equal to the class of languages accepted by DFAs.

L

—
— @

Note: ‘Set of sets’ is called Class or Family.

4/52



{

2. B RA—F< R (2)

2.35. REMEFREEDERY —FFD

|l-

:FEA: NFATSBTESLEEEDITANE,. DFATRETE
BEEDITADN—HT B EETRT,

e DENIXEZKYBHLNEZD T NEDZETEILLLY,
e FENEELENMNLED ELHBEETEIELLY,

DOEE LN LEN TH21=ET D, CDEE . LERET
A NFAA=(Q\, 2, S, O, Fr) DNEET B,

ACRILEZEZZEITHDFAA ZHEMT 5,

5/52



2. Finite Automata (2)

2.3.5. Equivalence of DFA and NFA

Proof: We show the class N of languages accepted by NFAs
coincides with the class D of languages accepted by DFAs.
« By definitions, we immediately have D S N. Hence we show NED.

« [t is sufficient to show, for any language LEN, we have LED.
Let L be any language in N. Then there exists an NFA
A =(Qy, 2, O, O Fr) Which accepts L.

We construct a DFA A’ that accepts the same language
L(AD).

6/52



2.

AREA—FTE(2)

iEBA: NFATRIETEZHEEND VS5 ANE, DFATR®
EEDIVSADN—HTHEEFZTRT,

LeEN #5235 NFAA=(Qy, 2, S\ Oy Fy) DEET S,

AL

LERBEZIETSHDFAA FHERT 5,

T

HTES

REBADE

BT ATT:

-DFAmk EMNNDEHIDEITFRESTILNS,
e NFA [TIRREDEEMNAAIZIHELTEILT 5,
—>NFADIKREENDEESEDFANI DD EES EHAET !

7t M & Rl (Subset construction)

7152




2. Finite Automata (2)

Proof: We show the class N of languages accepted by NFAs
coincides with the class D of languages accepted by DFAs.

For any language L in N, there exists an NFA A =(Qy, 2, O n, Un,»
F,) with L(A,)=L. We construct a DFA A’ that accepts L(A,).

Intuitive idea of proof:

* DFA stays in exactly one state.

* NFA stays one of possible set of states.

—\We regard the set of states of NFA as one state of DFA!!

called ‘Subset construction’
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2. ARA—F<F2(2)

fl: |6 |0 1
qo {q01q1} {qqug}
q, | {9} @
9, |{a} {a,}
d; | @ {9,}
dy | {d.} {a,}

y‘
{90}

N

0 1 1
{%0,9.} —>O{q Audy — {qo,ngg} —
\/

It

100.0s} 7 100:83.0:3 =5 19001.9:3 5~ 10102, 0a}

{@,qz,qg,m}

%l



2. Finite Automata (2)

EX:

S |0 1
do |{dods} | {003}
q, | {9} @
9, |{a} {a,}
d; | @ {9,}
dy | {d.} {a,}

0 1 1
y {90,941} — {90,902} — {00,003} —

{q& 1J |o

0t ~__ 0

100.0s} 7 100:83.0:3 =5 19001.9:3 5~ 10102, 0a}

{@,qz,qg,m}

%l



2. B RA—F< R (2)

REEA: NFATRETEHSENVTANE. DFATRETESE
FEDVSADN—HTHILETRT .
LeN #2335 NFAA=(Qy 2, S\ Oy Fy) DEET 5,
ALBILEEEEZIETHDFAA ZRDEIIERT S,

AL|:{2QN 2, §D ’{qN}’ FD}

- REESIIA DIREEGQDNESKK
— EPIKREE {9} (L ‘qy FEITBEEES THY. q TIEXAEL
— O, EF Z2EERTAVNENHD,

11/52



2. Finite Automata (2)

Proof: We show the class N of languages accepted by NFAs
coincides with the class D of languages accepted by DFAs. Let
L be any language in N. Then there exists an NFA
A =(Qn, 2, S \, O, Fr) Which accepts L. We construct a DFA
A’ which accepts L(A,) as follows:

ALIZ{ZQN 2, 5D ’{qN}’ FD}

— State set consists of a power set of Q,
— Initial state {q,} means ‘the set consists of ¢’ and not just ‘gy.
— We have to define 6 , and F below.

12/52



2. BRA—F< R (2)

sIEBA:
LeEN #5235 NFAA=(Qy, 2, S\ Oy Fy) DEET S,
ALRILEEZZETSHDFAA FROESIZHERT 5.

A '={2%,%,6, {0}, F,}
_ O EF ERETINENHD,

F, ={S|Se2%,SNF, = ¢}

13/52



2. Finite Automata (2)

Proof:

There exists an NFA A =(Qu, 2, O \, qn, Fy) Which accepts L.
We construct a DFA A’ which accepts L(A,) as follows:

AL':{ZQN 2, 50 1{QN}’ FD}

— We have to define 6 ;and F, .

F. ={S|S e2%,SNF, =4}

14/52



2. BRA—F< R (2)

sIERR:
LEN 2T 5 NFAA=(Qy 2, Sy, Gy, Fy) BEET 5,
ALRBILERZZZEITHDFAA ZRDFOITHERKRT D,
— 0L EF ERETIRENHD.
> (2) 2 DEZX(NFA
(1) BEEET : | AL NDFEIBEEA T,
NFAA DE | | ¢ o o — |2 [:&@Y)
IS HINEED N
] Qo) .} | P
(2158 L) F&) o) <J (1) DEIREIH L
_ T.QOANEEZ
19:91, |- EBISERTES
) Ld b s kcokeo ks
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Proof:

— We have to define 0 ; and Fp.

(1) All sets of
possible states
of the NFA
A, (21 sets)

2. Finite Automata (2)

There exists an NFA A =(Qu, 2, 0 \, qn, Fy) Which accepts
L. We construct a DFA A’ which accepts L(A,) as follows:

(2) All elements in 2
(possible inputs to the
NFA A;; | 2 | inputs)

0 1 —
® ® ®
NG} [{00,0:) | P

[\

N\ <
{9001, [1---F |1}

Ot

Set of all possible
states transition from
each state set in (1)
obtained by giving
the input in (2).
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¢ AT
0,1 (1) |[® 0 ®
. BJ (2) ({90} {00.91} {90.93}
3 |{a.} {0,} )
01 (4) {quEE D {0,} {0,}
{51 5) |{adree |||PRDEFZ|ITwLEEL:
5 |0 1 6) |Hotges  ||Ho) KEORA
G {90t {9} | [(7) |{oAEY) | |Kd000t | {00}
4 1% | @ (8) |[{d0.0:} {00010} | {00,020}
d, | {0} {0,}
% | @ 7L (32) |[190.91,92.95.943| | S0 Ger—-Ho-Sr st
ds | {0} {a,}
0 1 1
0" Wodi} = {8p.01,02} = 100.020s} — {00,02,05,04}
/ ot/ ~_ 1\j
{9} lJ |O . . 0 OJ |1
N N !

100.0s} 7 {00:03,02} =5~ 190.00,94} 5~ {d0,01,02:04}

17/52




0 Input
01| @ [[@ ® ®
- (2) |9l 100,00} 100,Gs}
1 (3) |{a.} {0,} O
0.1 (4) {9} {0.} {0.}
: 1) [kdzurrent o Set of all possible
5 |0 1 6) | >° Illstates in the next step
% [0} {09} | (@) |HoodiF ||t} | {09005}
G |15} | @ (8) {9092} {00002} | {092,053
g, {9} | {9}
%P | (32) ||£00.0s 02,00} | Gt G Gt LGl
s [{da} |10}
0 1 1
yv 100,01} —>O{q A0 = {00,020} — {@’Qm%’%}
0 k
{00} lJ |O OJ |1
S 1) 1 )

100.0s} 7 {00:03,02} =5~ 190.00,94} 5~ {d0,01,02:04}
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2. ARA—F< 2 (2)

i NFATRIETESHEENDITANE, DFATRETESE
BNV SADN—HI HIETTT,
LeN 2% 35 NFAA=(Qy, 2, S\ Oy Fy) DEET S,
ALBILEEEZZIETHDFAA ZRDEIIZHERT S,

ALIZ{ZQN 2, 5D ’{qN}’ FD}

_ REEAIA ORELEADESK
— FHEARRE {q} (L ‘g FEFDBEESES THY. g, TIEAEL

_ O EF, OEESELTTROEY,

SEBTRECE: S (Quw) N Fy#z O THABE+HEHEIE

Sodantw) € Fp
=WIZE T BIRET. SFEOREHEIRT 5, (L)

19/52



2. Finite Automata (2)

Proof: We show the class N of languages accepted by NFAs
coincides with the class D of languages accepted by DFAs. Let
L be any language in N. Then there exists an NFA
A =(Qu, 2,0 \, On» Fy) Which accepts L. We construct a DFA
A, which accepts L(A,) as follows:

ALIZ{ZQN 2, 5D ’{qN}’ FD}

— State set consists of a power set of Q,
— Initial state {c,} means ‘the set consists of ¢’ and not just ‘qy.”
— We have already defined 0 ; and Fp,.

What we have to prove:
O n(On:W) N Fy& @ ifand only if 6 ;({qu}w) € Fp

= We show the equivalence of their computations by the
Induction for the length of |w| (Omitted here).
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2. ARA—F< 2 (2)

25. € -BEZ SO HRA—FTEF (€ -NFA)

— TARAIELTIZEXF e 17T . DFEYANFFEFTIC
IKEZFEILTHEEHT,

f5il: TOTHUNVERSL £ EEHTIZH
= 4T A PN RERBET S
1. W&+ 1T — 1 hElH 7L et

2. RlF1~9H1D
3. FHNLUEIZ0~9H0{E LL _E#5< /
0,1,2,....9

C +—€ ’Q 1,2,...,9 ;@

21/52



2. Finite Automata (2)

2.5. Finite automata with € -transition ( € -NFA)

— We allow ‘an empty word €’ as an input. In other words,
state can be changed without reading an input.

Ex: ‘An integer not equal 0’

1. First letter is either +, —, or nothing.
2. Next letter i1s one of 1~9.

3. Later, 0 or more 0~9.

It is troublesome
without using &

22/52



25, -8
11

)

2. BRA—F< R (2)

a1

SFEA—F< k(€ -NFA)

1. F£9an oLl E#HRE.
2. RIZ[bH0ELLE]E =X [cHYOE LL E]#RE.
3. ExZBIZdAY0{E LL E#5iE< £ EEHTICH

RERBET S
DIENSE -

23/52



2. Finite Automata (2)

2.5. Finite automata with € -transition ( € -NFA)

EX:
1. First, O or more as,
2. Next, [0 or more bs] or [0 or more cs], Tr—
3. Last, O or more ds. without using &

24/52



2. B RA—F< R (2)

25 € -BMEZETHRBRA—FTr(€-
NFA)

- €-NFAA=(Q, 2, S FDEE:
. Q:REEES
o J:TILITFARWE
e J:Qx 2U{e}t— 20
o : #EAIKEE
e F: ZIEIREE
— E-NFAAIZE->TZEXINDEE...
. SDEZEN

25/52



2. Finite Automata (2)

2.5. Finite automata with € -transition ( € -NFA)

Formal definition of € -NFA A=(Q, 2,6 ,q,F):
o (Q:state set

2. alphabet

0:Qx 2U{e}—20

g: initial state

F: accepting state

— The language accepted by an € -NFA A...
« Definition of & ??
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2. B RA—F< R (2)

2.5. € -NFAEDFAD ZFM 14

iEBA: € -NFATRHETEHEENDIVSANE, DFATRIET
EBEEDIZADN—HTHEETT,
- DENIZESLYBHLAMED T, NSDETREIELLY,
e FEMNEELENMNLED EHBIELETREIXKLY,
HAHEELMNLEN THO-ET D, CDEE, LEZET
% €-NFAA=(Q\, 2, S\, O, F) DNEET D,

ALRBILEREZXET S DFAA T S,

Subset HRKIZHUT, & -BBELSNET ... |

27/52



2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

Proof: We show the class N of languages accepted
by an € -NFA coincide with the class D of
languages accepted by a DFA.

By definitions, we immediately have D ©N. Hence we
show NED.

 For any language LEN, we show LED.
Let L be a language with LEN. Then there Is an
€ -NFA A =(Q\, 2, S\, qy, Fp) that accepts L.

We construct a DFA A’ which accept the same
language as A, .

[ How do we deal € -transition In the subset construction... }
28/52




2. B RA—F< k> (2)

2.5. € -NFAEDFA®D Z {14
Subset HRKIZHUT, & -BBELSNET ... |

ERMICIEN e TRETSDRELI1ZE—HRINILOK...?
—>ZNIFEBBATALY:
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2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

[ How do we deal € -transition In the subset construction... ]

Intuitively, what if we contract the set of states sweepable by
€ -transition into one equivalent state??

— |t I1s not so trivial.
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2. BRA—F< 2 (2)
2.5. € -NFAEDFAD Z {14
Subset HRKIZHUT, & -BBELSNET ... |

Jkﬁﬁqd)e Fﬂ@tli IKREgH\L € -BRIZITTER
TEHIKREE BOEELED)

ECLOSE(q) :={q | q'ldq h\5 € -BF 11T TEH TESH}

1. qld ECLOSE(q) DE*
2. EE®D q €ECLOSE(q)I=®LT.ghng’lze
B TERTEDHIEL., q"HECLOSE(qQDER®
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2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

[ How do we deal € -transition In the subset construction... }

The € -closure of a state g Is the set of states which

are reachable from g by only using & -transition. (It
Includes q itself.)

ECLOSE(q) :={ q'| g’ is reachable from q by & -transitions}
1. qgisin ECLOSE(q).
2. Foreach g€ECLOSE(q), ifg”in 0 (q’,€),q" is

also in ECLOSE(Qq).

32/52



2. BRA—F~Y |~/(2)

2.5. € -NFAEDFAD Z 1!

 Subset HRITHUVT. £ -BBEESNET B

|

Jkﬁﬁqd)e Fﬂ@tli IKEEQH S € -3

51214 T

%

TEANREDEEOEHFLED)

ECLOSE(q) :={q | q'ldq h\5 € -BF 11T TEH TESH}

151 -

ECLOSE(0,)={00,01,9,:05}
ECLOSE(q,)={q,,0:}

ECLOSE(0,)={d,,05}
ECLOSE(q5)={q5}
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2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

[ How do we deal € -transition In the subset construction... }

The € -closure of a state g Is the set of states which
are reachable from g by only using & -transition. (It
Includes q itself.)

ECLOSE(q) :={ q'| g’ is reachable from q by & -transitions}

ECLOSE(0,)={00,01,9,:05}
ECLOSE(q,)={q,,0:}

ECLOSE(0,)={d,,05}
ECLOSE(q5)={q5}

34/52



2. BRA—F< 2 (2)

2.5. € -NFAEDFAD Mtk
Subset HRKIZHUT, & -BBELSNET ... |

£l € -NFA AIZEULVT, ECLOSE(q)IZIREE p A
ADTWSEE TANH LR TRMYZDIREEIDE
&SI, [geShDpES]IEHYRLLY,

@ wer®

= & -NFAAIZEWT, TADH S s THY S 54K
RE IDEARSIE. qeS 45 ECLOSE(Q)E S,

=Subset #RELIZBLVNT 22 NI RTIHENB DT TIE
A AW
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2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

[ How do we deal € -transition In the subset construction... }

Observation: Inan € -NFA A, if pis in ECLOSE(q),
the set S, which consists of all possible states of A on
some time, it is impossible that [geSandp ¢ S ].

O iy ®

=Inan € -NFA A, each set S of all possible states of
A satisfies that g€ S implies ECLOSE(q) € S,

=We do not need all possible subsets in 29 in the

subset construction.
36/52



2. ARA—F< 2 (2)

2.5.4. EFRERMDILELE € -NFADEEE
- &-NFAA=(Q, 2, JqF)DES: s
5:Qx JU{e}— 20 REEQIZ A Jaxahd

_ = = 5z 5hizEEIs
~  E-NFAAICEOTREENDEE... | 5 auirs~

FQx(SU{ e —0DES: TOREDES

1. &(q, &) := ECLOSE(q)

2. &gxa) (;=-L xe 5+ ac J):
— 3AX) 5 {PuPa- P} EF B
- f&E&Jo(p.a) E{rur. 1}ET %o

5(q, Xa) = Lmj ECLOSE(r;)

=1

- A& TEESNSE
L(A) ={w| S(qwW)NFZd} 37/52




2. Finite Automata (2)

2.5.4. Extension of transition function and language
accepted by an € -NFA

—  Definition of € -NFA A=(Q, %, 8 ,q,F): r;ﬂﬁ;ﬁf;;iés
§:Qx JU{e}—-20

° from the state g
— Language accepted by an € -NFA A/ with input xa
Definition of 8:Q x ( ZU{ £3)*—2¢:

1. g‘t(q, £) := ECLOSE(q)
2. 0(g,xa) (}‘\or eachx€ 2", a€ 2):

- Let 9(q.X) = {pyPa--- P -
— Let | Jo(p;,a) be{rur.ru}-

i=1

S(q, Xa) = LmJ ECLOSE(r;)

=1

— Language accepted by A: L(A) :=={w| & (g,w) N FZ= @ }es



2. BRA—F< 2 (2)

2.5. £ -NFAEDFAD itk
iEEH: € -NFATRETETHEEDNDYVTANE, DFATRIET
%%)E'£0)77ZD75\—¥&?’%>;&’ETT
e DENIFERIYEALINED T, NEDZETREBIXLLY,
e FEMEELENMNLED LGB EEREIELLY,
HAHEELHALEN ’C%ott’d’é ZDLEE LEZZHET
% € -NFAA =(Q, 2, Sy, O, Fn) DETET B,

A & L‘;EEE’&%IET%) DFA A T %,

| Subset HREISBEWLT, € BBELSMET ... |
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2. FInite Automata (2)
2. 5. Equivalence of € -NFA and DFA

Proof: We show the class N of languages accepted by an € -
NFA coincide with the class D of languages accepted by a

DFA.
» By definitions, we immediately have D & N. Hence we show NED.

» For any language LEN, we show LED.
Let L be a language with LEN. Then there is an € -NFA

A =(Q\. 2, I\ Oy, Fy) that accepts L.
We construct a DFA A,’ which accept the same language
as A,.

[ How do we deal € -transition in the subset construction... }
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2. B RA—F< R (2)

2.5. € -NFALDFAD E 1l

SIER: HAEE LM LEN THo=ET D, CDEE | LES
35 e-NFAA=(Q\ 2, Oy F) BEET D,
A LRILEEZZET S DFAA  =(Qp, 2, FpUp. Fp)&
BRI 5o

1. Qp: 2 EEMEAN BN, LT EB-TSEHTHH

S = UECLOSE(q)
2. Qp = ECLOSE(qN) -
3. {SEQD|snF = O}
4.

Fp =
Ip -
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2. Finite Automata (2)

2. 5. Equivalence of € -NFA and DFA

Proof: Let L be a language with LEN. Then there isan € -
NFA A =(Qu\, 2, 9\, qn, Fy) that accepts L.

We construct a DFA A, which accept the same language
as A, .
1. Qp: 29 istoo redundant. The following Ss are

sufficient: ¢ _ | JECLOSE(q)
qeS
2. qp := ECLOSE(qy) -
N {SEQDISOF = @}
4.

Fp =
Ip -
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2. B RA—F< R (2)

2.5. € -NFAEDFAD 14
iLER: HhADEE LM LEN Tho1=,T 5, CDEE LE
ZIY S € -NFAA=(Q, 2,y Oy, Fr) DNEET 5,
AERICLEEZZIET S DFAA ' =(Qp 2, J5.05.Fp)
T Do
4, On:QuMDEHRSEIZDEFR aIZHLT. UT®D
FIETHEKT 5,
L S={p,p,.-... P} ET 5,
2. | Jo(p,.a) DFERZE {r, r,...r.} &£9%,

=1

3. 5,(S,a) = LmJ ECLOSE(r,)

j=1 43/52




2. Finite Automata (2)

2. 5. Equivalence of € -NFA and DFA

Proof: Let L be a language with LEN. Then there isan € -
NFA A =(Q\. 2,0 \, qy, Fy) that accepts L.

We construct a DFA A, which accept the same
language as A, .

4, O, :ForeachSinQpandain 2,

1L S={pypo---0}
2. Let{ryr,....r,} beJo(p:.a)

3. 0p(S,a)= LmJ ECLOSE(r,)

j=1 44/52



2. BRA—F< k2 (2)

2.5. € -NFAEDFAD M4

{51 ECLOSE(0g)={00,01, 0}
ECLOSE(qg;)={0,,95}

ECLOSE(g,)={d,,0s}
ECLOSE(qg,)={q5}

FEED e -NFALZAT7E DFA A=(Q,{a,b,c,d}, J,q,F) X
* g = ECLOSE(q)={d(,d1,0,,03}
» J(q,b): | J&'(a,b) ={a} EDT. J(q,b) = ECLOSE(q,)={q,,05}
° ﬁﬁ': g9
0 (g,a) = ECLOSE(qp) = {d0,01,02,03}

0 (9,c) = ECLOSE(q,) = {d,,03}
0 (q,d) = ECLOSE(q3) = {5}
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2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

ECLOSE(q,)={0,,d;,0,,0:}
ECLOSE(q;)={0,,95}

ECLOSE(g,)={d,,0s}
ECLOSE(qg,)={q5}

We construct a DFA A=(Q,{a,b,c,d}, J,9,F) which is equivalent to
the € -NFA above.
* 4 = ECLOSE(qp)={d,91,92,05}
. 5(q,b): & (q,b) = ECLOSE(q,)={d;,q5} since UJ'(@.b)={a}
« Similarly,

0 (g,a) = ECLOSE(qp) = {00,01,02.05}

0 (g,c) = ECLOSE(q,) = {d,,03}
0 (q,d) = ECLOSE(q,) = {q,} 46/52



2. R —F< k2 (2)

2.5. € -NFAEDFAD it

{51 ECLOSE(0g)={00,01, 0}
ECLOSE(qg;)={0,,95}

ECLOSE(g,)={d,,0s}
ECLOSE(qg,)={q5}

FEED e -NFALZAT7E DFA A=(Q,{a,b,c,d}, J,q,F) X
[BEHkIZ
0({0;,05},a) = ECLOSE(®) ={?}
0'({01,05},0) = ECLOSE(q;) = {94,03}
0'({0;,03},c) = ECLOSE(®P) ={P}
0({0;.05},d) = ECLOSE(q3) = {05} ..

47152



2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

ECLOSE(q,)={0,,d;,0,,0:}
ECLOSE(q;)={0,,95}

ECLOSE(g,)={d,,0s}
ECLOSE(qg,)={q5}

We construct a DFA A=(Q,{a,b,c,d}, J,9,F) which is equivalent to
the € -NFA above.
Similarly,

8({0,,05}.) = ECLOSE(®) = {®}

0 ({d,,9:},b) = ECLOSE(q,) = {0493}

0 ({d;,95},c) = ECLOSE(®) = {®}

J({0,,05},d) = ECLOSE(qs) = {03} ..
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2. R —F< k2 (2)

2.5. € -NFAEDFAD it

{51 ECLOSE(0g)={00,01, 0}
ECLOSE(qg;)={0,,95}

ECLOSE(g,)={d,,0s}
ECLOSE(qg,)={q5}

FEED e -NFALZAT7E DFA A=(Q,{a,b,c,d}, J,q,F) X

F = {{00,01,92,05},
{d:,05},
{9,,03}.{03}}
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2. Finite Automata (2)
2. 5. Equivalence of € -NFA and DFA

ECLOSE(q,)={0,,d;,0,,0:}
ECLOSE(q;)={0,,95}

ECLOSE(g,)={d,,0s}
ECLOSE(qg,)={q5}

We construct a DFA A=(Q,{a,b,c,d}, ¢ ,g,F) which is equivalent to
the € -NFA above.

e A% F = {{9,9:,0,,03},
{ql’qS}’
{92,953, {0s}}
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2. BRA—F< k2 (2)

[REIRGFEEDHETAUR
e DFA, NFA, € -NFA
— DFA: JRE
—  NFA: JERER
—  €-NFA: ABODECTHIRENERLSS
o [RIWBTEHEEILLVOEETIEREEF
— NFA, € -NFAZDFAI[Zsubset construction TZ g 5.
REDIGEIFIREEHITIEHE KB Z S (n— 20)
EERRIZE55501HH D)
— EREEHEBMICIBEZLGWMEENZLY
- %;)ZA(:J:otl;tNFA, E-NFADFEFEEEHTHHLD

I
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2. Finite Automata (2)

[Rough survey and comments]
. DFA, NFA, € -NFA
—  DFA: Deterministic
—  NFA: Nondeterministic
— & -NFA: Transitions can be made if no input

e They are equivalent from the viewpoint of the language
recognition

—  When we apply the subset construction to a NFA or an € -NFA to
obtain a DFA, the number of states may be expanded exponentially
(n— 2. (In fact, there is an example.)

—  From the practical viewpoints, such case is rare.
—  Some system deal with the automata as NFA or € -NFA.
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