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[ F—h T b EBAEE] BEEN(2)

1 DFA & NFA

INEFTHE > TE /2, EHFEL5(pA40)IZH L DK ARA—N b viE, ERTIE
REMBRA—M M e LiTND. REWARA—N Y VIi&, deterministic
finite automaton MEAXF% & > T, DFA L BI 5.

BREFZZOBEISHTS 20, IEREEERA bMWD EDEHY,
ZbH 5 1E, non-deterministic finite automaton UJHE)'C?§ &> 7T, NFA L KX
5. BHELHFHFEL LU T, DFATE NFATYH, #HillCTX 2 SiEDI 7 AFEDL R
W, WS ZEDRHD.

2 JREFEEM

ASNZTHU CTYESEZIENOTEZRD (0F, 1€y N TERD)MEE, HE
BIRED 5 W IFREMRE (decision problem) & W5 . HIZ X, [ w4 DA
TNZHU T, AW —=bB I =22 T H5T7)INVT77 Xy~ EOXFFwE DFA
M DAINZHU T, we L(M)MW?] 2, HEMEDHITHS. (LAREIS,
[ ABEHIZ KRR T D ON?] DL D BRERE L ZMNTIRELS, 2THhb OHID
&1z, HEBRMZIEREI NT VS EEDOAZ JHERE LT, )

&2 HIERIEDY, REMEE (decidable) & 1%, YES/NOZ ER 2D 70T T LAWEE
THEEEWDS., tCBhR IO TSI VT SR ML, e aRerkl, M
Wb TV ERETKS R, 2T, &) — M, YES/NOZE BR DG
BFRHRENHILE, L SVZ DL HTED. HEMEIZ YES/NO DIFEE 5
Z5iEFHRE %2, TOMEDREFHRI L VD.

P AT REZR FRE CREFTRERIREE £ IEND ) IFEBIV @IS 23 ve B A%, #ig,
PEFMBETHRVE D ZHEME CREFEMEL L IENd) L 0D DIFES WD &
DA . HERENPREAFETHRVE WD T iX, YES/NORZRX D T 0TS
AMFEIZFIEL BNE WD ZEIZRD., TARIEDNDONEDEAD N, HE
&, IREWRETAWHIERMEIE, REFHEEDREMICEEL ARV, &WHZ
EHFATE I ICE>THELND. HL TD ZL AU 20E L AR WD, HiR]
MR FEIA G IEDN N DFIS NTEY , < HIS T WD e RRERTEIXIZE A
EXTNS FETIHEHI N T WS,

&, REARETA WL D RHEMEITIRILS D . FIZIX, Tur I sz ALk
UTC, TO7/0 7T LWNIEEZE0E EZ DL WD MEIE, REMRETR NI &2
HonTWa, (BEANZFIHE L TIE, 7075 0% EZT7LU TIEE 5 & FIXYES
’C‘ﬁiﬁmi‘}k W, EESRVE FIXVDFE THRTIEEZ DD NE 2, &

IrhREZBL, NOEBEADDIFML WL HDNEESS. )

H&ﬁ?ﬁ%‘lﬁ DNTIE, 22Tk, T EZH AL R\, PEMRENE, &
O, Ho& —~RICEERENE (FO0 T I ATHETELZZLLIFES VWS 2L
M), LWVD DIE, BRFDHE (552 &) THRbIg GhE.
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7272, IEMEREICET S Y D& D RRENRE RN E WD FEIE, A—F Yh
YOHERIIBWTEELRFED 1 DRDT, #HETIE, TITIY XT3, 4k,
BRI EDOKE (5 2%) TlX, 41HTHEROLNTVWDEEEIZAD.

3 [EFSHEICETSYIERE

XFHIDEEG AVERESDHEITIE, EHRERE MR T UEI VDT, (XE
DT+ A7 B +H2RIUHZDE L T)A% LR T D DICHEIZRNEZSD . —7,
MIRESDGAI, T MWL, AZRTDDIFREEZS ICEXS. Ly
U, ADEMEEDGEIZIE, DFA® NFAZ fio CadidTE 5. HE8% kTS
575, X617, 2O DEGICETZEEELZ, HRA—N YN V% filio THE
MWIFERBESZ D £5 BRI X EINHDOWREMEN LS. Tlk, EFRSECH
THEDED BIERS, AEA—F Yk V2 ioT, FEABERDESS .

2E, BARTIX, DFA & NFA X HEWIZ AR E DIZLEHTE 5 DT, DFA®
FHk FIZHRELUTEZD.

ROE D BHEONOEETHMALZHEMED, PErEE.

1. ZIEME

ZOMEIE, ARA—F MY MEXTFHwREGREN2E 12, we L(M)
WEHETS. ZHEEITRENETHS. 2FY, UFOL> 870735
LINFEBLA]HE

T35 LADAN: DFA M
MDT7NT7 XY~ EOXFH w
7o LA0OH): YES  (we L(M)Dk )
NO  (we L(M)D&¥)

FiE DAY F i FIBRENS, AN wilft> T M OREERXZ il
TWE, AN 28 SITZEREIZ VDS e F v 7 i .
2. ZMHHERE

COMBTE, HEA—N YR Y MAGADLNEE 12, L(M)B2EA
PEHETS. DY, UFOES BT07 T AWSEBAHE:

7ur5 ADAN: DFA M
T A0S YES  (L(M)=0D& )
NO (L(M) =0 THRNE X)

FHE DAy F: M OREEBXZ (> T, FABRENS WY D % RE
DEGZE KL, WD D5 REDOEEDBMNIZIRENDH S e F v
75 niEE 0.

3. 2EMHERE



ZORETIE, EOTILT 7 Ry N EEOERA—R TR Y M & M, B
Bzbhke ¥, L(M)CLM)»&HETS. 20, UFDk> 57
0272 AW EBAHE

TOTILADAS: 200HEDTIVT 7 XY k% E D DFA M, M,
s A0 YES  (L(M;) C L(My) D& ¥)
NO  (L(M;) C L(My) TRWNE ¥)

FHi¥: ACB<= ANB=0, W5 HE%#>.

Step 1. L(M,) OffitEH% Bikd S DFAM, % Fild 5 .
Step 2. L(Mj) N L(M,) % #Zi#%d % DFAM % ¥k 4 5.
Step 3. ZEMHEMEDOREFHE % H>T, L(M) = 0% HETS.
L(M)=07%5 YES. L(M)#07%Z5 NO.
4. FMME¥ERRE

OMBETE, HRA—b YR Y M & My ERB L X, L(M,) =
LOM) & HET2. %Y, UTFOE> R70S 5 ADEE AR

TOTI LADAS: 200EDTIVT 7 XY N %EE D DFA M1,,M,
TasS5 ADMI YES  (L(M,) = L(M,) DX ¥)

FHE DATY F: BHIDWTD, A=B+=ACBABCA, £
MEEZ X, aathefElRETE 5.

PAE, ABRA—N b BT RETREMEZ 4 O/MNAL 2.

EDFHE NS D0D DI, WE MRS MM E R ED T E O#te 7
5D, HEESYCEESZRHT 5 HRL — h?h/&%ﬁ?é%%;(ijU
ALYDHB L ThHD. FEE, EBSEDY I ANHEGEHAECHEEASHFAIZH
U CHL TW5 Z & OFFBHIZ ffi> 7= DFA D {EY i ,%%WTT%U,7D75
LTHEBTES.

4 DFA OJRRER/ME

:miﬁ®ﬁ@ﬁ~b7bV@%%%ﬁ%ﬁ%é%“f%f%ﬁﬁhtﬁ%b
NN, YIHREN S BETE 2 V& 5 ZREEZ HIFRL TH 3587 % S3EIE
Ho BV, it,Hb““ﬁ”€b1m52o®hﬁélﬁcit@fbicf

©RIT S EREIE DS B, HEMEDMRE THE fFo 72RO H D N6 »
2 BO N, TNE TUERIREEZ 1 DI L D2 L REFIEL NS IETTH
5. DFADEZ O 7z 12, JURBREZ HU TREEZ /NI 2 & A
k5. &S B RERIMEE &R B Z I, EREETAT IS



T, REHEDEND DFA DREER I, 75 7 FAMOE L T RIIEED (D
FY, ALY T 7DIIZERD).
BRETIRRERMEDFHIIY) & TORNVD, DFAIZDWT OBz %
% 7= DI HEREIC LD FEREY S 0T, Kozen OBRHE [1]13,14 405, DFA DI
BE/MEIZDWTRNT 5.
g% m/MEd B FIEIZ AR OEY -

Step 1. FIHPREENS BET X 0 WVREEE HIFRT 5.
Step 2. “SFliR7 REE 1 DICE L DD,

Step LIZDWTIZHHARDTEKTS. LARTIL, Step 2 I2DWTDFEME 5-
A5, “SEMZRIREE AR DN, TNHE 1DIZEL DD LIFED T RDMN,
WIDOWTDOEIHbAL L ZE#EE 5GR5S.

EE1M=(Q,%,0,q,F)&DFAL L, pgeQtTd. TDLX p qh %
(p~q) THDLE, UTOWENKITEIILE NS

Yw € $*. 0(p,w) € F <= 0(q,w) € F

BAHENOS ND & 512, ~Id Q LOFMEKRTHS. DFA M/~ (21 i
A—=F IR VEEIRN)ZUTDOEIIZEDD ZENTED L BE, ¢ DFEMY Z
A{peQlprqt % [q LY.

M/~ =(Q,%,8,q,,F), 7=ZL,

Q' = {ld 1q€ @}
o'([pl,x) = [o(p,x)]

% = [qo]

F = {ld]qeF}

22T, Y OEED well-defined TH D Z &1L, ROMENS KT 5H.
WE2 prqBblE, FEDzeDIZONT, §(p,z)~ (g ).

EEBR. prgq, z€XETDBH. ZDLE, RO wE T IZDONT,

5(8(p,z),w) € F (p,zw) € F (O DEHLY )
(¢,zw) € F (REp~qgkV)

(8(q,x),w) e F (b DEHELY)

Sy SO O

—
—
—

KIT, ME M/~ O%itE% FEHT 5 - D OMEE 2057
BE3 qc FThOEE, ZTOLXIIWY, [ e F.

SRR, (=) IE FPOEHREY BH. (=) {q,...,qu} € F'LTD. DL ¥, LE

D1<i<nlilDWTC, ¢ € FERY. FFOEHREY, HD jIZDOWT, ¢, € FnD

{q1, ... quy =[g]. TDEX, ¢ xq; THBZEMD, Yw € . 0(q;, w) € F

ogjw)eF. 2T, w=eck &3, ¢=06(q,c) € F <= q; =0(qgj,e) € F

"o Nnd. a
L OB &, HEREEORIETHY, TTICEEFEAORTADT, MRICEY
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WE A EEOweT IZO0T, FEDpe QITHLT, §([p),w) = [0(p,w)].
FERR. w DEXIZET S RNETRT.
o HARATY F. §([pl,e) = [p] = [0(p, )] & V) L.

o IFMATY 7. w=auw & BL.

~

o([p),eu’) = 3 (plx),w) (0 OEHEEY)
= ([ (p, ) w) (¥ DEHELY)
= [b(p,x),w')] (RREDREELY)
= [6(p,zw)] (0 DEHELY)
£ T, HAL. O
EE 5 M%DFAL§2LE, L(M)=L(M/=).
ZFER.
we L(M) < 0q,w)eF  (L(M)DEHELY)
= [S(g,w)] € F (WE3LY)
= J(ql,w)]eF (HE4LY)
= V(g w) eF (gDEHLY)
— weMM/) (L(M/~) DEH#HE)

5 DFA ORERIMEFHEE

INE TRTE MO LkE Eo T, RER/NMUIE, TOERXTIE, £D
EONT P M/~%&FHETE2DPAWETITR . 22T, M/~ OEEFHiE
2D,

EE6 M= (Q,%,0,q,F)2 DFALTS. ZDL X, HRERD 2HDIRAEDE
LEEHELTE DE, UTFORME B2 TRADESL EHT5

(W peF»h2qd¢ FBELIE, {pq}eD

(2) EED 2z € S HEBDEZDRED, ¢ € QIZOWVWT, {d(p,x),d(¢q,2))} € D
251 {p,q} € D.

HE T {p,q} e D<= psq.

SRR, 9, prg LS Vwe D d(p,w) € F < d(qw) € F THD I L IZ1EH
THE, ptql BB I DRBELTNFEME, d(p,w) € FPD(quw) ¢ F, UL
<&, b(p,w) ¢ FD6(quw)eF, £8% we S WFEETSE I L BDOBDNS.
(=) D ORI T 2 RNETRT.

L &M ckY, {pqy e DEBoGE. ZDEE, pec FhDqéd F
WAL TS, W&, p=0(pe) q=0(qe) THEND, §(pe) € FMD
5(q, ) ¢ FAKITR. £oT, pey.



2. &M (2)12&Y, {pq} € DERoEEA. DL X, HDHELRDIREE
P, €Q{p,d} e DBEV e YWHFHELT, p=456(p,2), q=10,x).
RAEDGES Y, p# . £2T, HB w e S WFELT, 6, w') e F
o6 w) ¢ F, 5ULLIE, 6@, w) ¢ F»Dé(d,w) € FAKLT

—fE 55 e R, S w) € FDé(d w) ¢ FEdb. £o
T, w=aw &A%, §p,w) = 0(6(p,z),w') = 6(p,w) € F, D,
6(q,w) = 6(0(q,z),w') = 8(¢’,w') ¢ FHRLTD. £oT, {p,q} eD.
(=) £7,

ME (A): RO we T IZDOWT, LEOMHRERLREp, ¢IZDNT,

S(pw) € F2d(qw) ¢ F 713 6(p,w) & F2 d(qw) € FE5IZ,

{p,a} e D
M T2 e %, wilEHT2IRMNETRT.
o HAZATY 7. w = e DFE, —MME K> LB, dpw) € FMHD
5(q,w) ¢ FOBAREEZS. p®t%,p:&n@,q—ﬂq)f%éﬁ6,
peEFMDq¢ FEBd. £oT, &M 1) &Y, {pqeD

o IRINATY 7. —tEE &5 2L A<, d(p,w) € FAD (g w) ¢ F DB
BEHBERD. ZDLE, w=o1auw (v € 2w € )BT LMNHED.
O(p, ww) = 8(8(p, x),w), (g, zw) = d(6(g,x),w) THZHD, §(6(p, ), w) €
EMD6(6(q,2),w) ¢ F&B%. 22T, 0 I3BEERDT, §0(p,z),w) e F
WD 5(8(q, x),w) ¢ FTHBIEMD, 6(p,x)#£6(qz). £2T, IEHED

ek y, {06(p,z),0(q,z) € D. LW>T, &M (2)&Y, {p,q} €D.
(ME (A) DFEHD#DY )

WE, pERqERETS. ZDEE, D we S MIFEL T, dp,w) € Fido
o(qw) ¢ F, UL L, d(p,w) ¢ F»2 d(q,w) € F. £oT, ME (A) &V,
{p,q} e DEBD. O

HETEY, DFA M = (Q,%,6,q0, F) N 5A6 N2 &, UFDOFEREIITLS
T, £5{{p, ¢} |p# g} »EETES:
Step 1. D= {{p,q} [p € Fiq € Q\F} £ &<
Step 2. LlTO) Dadd % §+%—é—é .

Dua= |J {{p.a}Ip#¢{(p.2),6(q,2)} € D}

TEX,p,qEQ
Step 3. Doga CDBHHT. T THRIFNE, D= DUDyy& HHL T, Step
RS .
G5 {{pqt |p#tqt 2 flioT, prqiFHIETEDDT, HE i, M/~DEFHIZ
U7ZZnoT, M/~%ERdiuii .

Sk

[1] D.C. Kozen. Automata and Complezity. Springer-Verlag, 1997.



