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A new minimal determinization method of nondeterministic fuzzy finite automata

LI Ping, YANG Jufang, YANG Yanping "
(College of Mathematics and Statistics, Shaanxi Normal University, Xi’an 710119, Shaanxi, China)

Abstract: The minimal determinization of nondeterministic fuzzy finite automata ( NFFA) is an important problem in automata
theory. A new minimal determinization method for nondeterministic fuzzy finite automata with membership values in lattice-ordered
monoids called interior construction is presented. For this reason, the definition of the interior of a fuzzy state and its related proper-
ties are given firstly. It is further proved that for any nondeterministic fuzzy finite automata, a minimal deterministic fuzzy finite au-
tomata is obtained by using the internal properties of fuzzy states, which is equivalent to it, finally, the correctness of this method is
verified by an example.

Key words: lattice-ordered monoids; nondeterministic fuzzy finite automata; deterministic fuzzy finite automata; minimal deter-
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[N BB AT i AR T R A — A, AR B R L A 4 1) R | DR IS A7 8503 841K ; 1T DFFA i
PR ES 2 . L, A3 %o NFFA %165 DFFA, ¥ —1> NFFA %51t} DFFA % W05 A (7]
) B MG 15 Brzozowski BIRfE L FIIE TIE H AR EML™ , KPR TESATR
JIE TR B 22 AK R AE SEAS TR 4K T 26 I, ZER Y5 M /1N DFFA 13 B ) 45 8 (—) I3 TR M,

TR B TE 5 A R M0 M 5 T/ INE DFFA (HIZ 05 R 7R 52 A& R AsAs T 45 i,
A TAER BB MAA ., ZENZENIRR TR L2 REA RIAE B ARTIE T, A SC H SRR Y
REE T BORLIRZS 1 OB I HE S, AR R A iz BT RE . ASCHIM /NI 2 AL TR 2% 7 i i — etk
AT B )7 AR —A% P 42, FE It R RS A I At 5, BE S AREAS
18 2 AUV A B H ShHLS 25 R EAf 2 RO R A shBILAE 0 I FLARZS Bt D, 30 S AR SCIIGE 14 55 K T
M, AR SCARDR T SR T ULACSCER 2.3 #84

1 & HiR

T 6 MBS T LR AE DR

EX 1 B CR A RNIT 0 FERATC 1A, 42 VRN SRR 2 1 L LS TR T i
BE, & PA—AZnER - (MARHEE) 52, - o) B—1MRAICHN e LWL VR, £ & —
G LR IR Y a,b,c,xe L RLLT 3 4544,

(1) a-0=0-a=0;

(2) asb=a-x<b-xHux-a<x-b;

(3)a-(bVe)=(a+-b)V(a-c),H(bVc) -a=(b-a)V(c-a),

X T =T LR 2 ARG 2 ERseBs S - AR ER sV i, — S F LR
RN (7, - V). T 2 WA 7, R 7, R TV 7, ) A R, R (2, -
V) R JREA RRA

@“ 1[17]

(1) (2, N, V) RE—ADTEREAE I HE - = AW 20— 7 L8, T IR flis By s
JCE L, (2, N, V) RREARN, R, &t ([0,1], A, V) ZREARR,

(2) W 2=[0,1], VM BRZHE, - & KRB E, WXTR T L LR R A
PRI

WA R DESES A WD R D A2, 2 FORFTA N A B 2 BB 7804
R, fEHfge 2", fRIST g XN fCg HHMY f(a) <g(a),VacA; fET g EXLN: f=¢ HHI
M flay=g(a),YacA, ZI&—PREMNMEEi€l, fe s’ ,*ﬁ*ﬁ%%ﬁ‘]ﬁ?%ﬁig]ﬁ fﬂ&%?&igﬁ Vi
HEXYaeA,

(U (@=V fl@=spfia), (Nf)(a)=Af(@)=inff(a).

WA BRE2NMESES A S BI—MEMICRE | DB a:AXB— 72, BV AXB 1) 1 MM 74,
WICR LS 55T JF SO EME SIS 5T JF 38 A B B IrAERBISCRZEICH 277, Rkl
M, BEE A BB MERICRE DU o :AXA— 2, A EIITARRICRZRICh 2 XHEEEE A,
B.C IEMIKER ae £, Be 27 a MIBWMES aBe L Mt—MHMIKR, EXL N YacA, ceC,

(asB) (a.0)= V ala,h) - Bb.c).
Xt fe st ae LY ge L foae LPMlacge LYENNYbEB, acA,
(o) (b)= V f(a) + ala.b), (aeg)(a)= V ala.b) - g(h);
Xff,ge 2", fege L iE LN
(fo8)= V fla) - g(a).
M IR GHEA BRI BORI OC 2 7T DUTAE RE 3R BB AR G ] LURT ] 5 380K BRI DG R I 525 7T L3RR
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MERY S5 BRI AR G IR OC R 1Y 52 & s I - FEFE G o

2550 SR BRI AR G RSO OC R B LU I,

W1 Wae ™ Be s ye s fe st ge Lt he L ARLALUTEL

(1) (aoB)ey=a°(Bey), (fog)h=f(g°h);

(2) (fea)B=fo(aB), (foa)e-g=fo(ag),(aB)h=a(Bh);

(3) WR « S M| aoy CBoy;

(4) R aCy BCy M «UBCy, Feulih, WL o, Cy, Hrh iEI,Ul'JiLEJIa[Qy;

(5) (aUB)ey=(a-y)U(Bey).

T HEA B A SIHLIA DGR WERARRE G £ S — ST LR

EX 217 R R A BR A bl — A ot =(0,3,8,1,F) i,

(1) 0 BAEZ A RS LE;

(2) Y RAR= A R NP4

(3) 1:Q—Z EBMIWIIRARAS BRI a4 T 1] 12

(4) F:0—Z BB IR 8B &

(5) 8:0x3xQ— L SEAMIFERL Rk, EMB FMER o€, 8, :0xQ— L PRI LRI

L3RR Y EIITAE RIEA R RIES, 10 BRFAE 0 MKE & RaF55, Hflel =
M7 (3= {fIf:3" > FoR 37 8 & LA BIE S 245,

S IIP FKIC NS " : Ox3* xQ— L, EXWMTF:Vq,peQ,

(1) 8" (q,e,p)=1g=p, BN ,8" (q,6,p)=0,018] =E, E€ £ 7 F— AT

(2) Ve, uel, 8§ (g, Hu,p)— [5 (q,0,r) «8(r,u,p)]HI 6, =8, 5,

NP EERIES (| 7 e 7 (27 )m)dj Yoesr,
A7 (0)— V [1<q) -87(q.0,9") - F(q') ],

WMy 2/\354?%;59?”*%1‘)17@3&5&1& ﬁn% | AN = A5 FR 0 T, 2 e AE 0=

FEX 3wy A IR A SR —A ot &2 =(0,3,8,q,,.F) , HHg, €0 IE*AT‘]JﬂL‘/U(
Ox3—Q Z— N R F: 0— 2 BBWZ IRES

5 ML B RS AE R 1 ShpIL A i R BRI A BR E sh LR
S P IKIC RS :0x3 -0, BT Vge,

(1) 87 (q,8)=q;

(2) Ve, uel 8 (q,0u)=8(8"(q,0),u),

TPRNERIES | 7| e 7 (3 )EX VOIS,

| 71 (6)=F(8" (q,,0)),
W 7=(0,3,8,q,,F) & % Lf)—/ DFFA ,F% Q“=1{8"(q,,0) 103" | J& I RRELE, 0-0' B 7 1Y
ARARARSEE, QR =0, MFK 2 NiEN, YVq,9' €0, q=q¢" 5 HAY F(6°(q,0))=F(5°(q',0)),
VoeXS" Fr=7& Q LIMEMILR, WRXANFMXREMHFEXR, WFK DFFA ¥ 2241, B g=q'#EH

q=q' , 7 REHHH,

21" —> DFFA &7 B /NS ALY & J&nT ik HAfRTAY

2 AMPIRAS Y Py R R

LB 2 & — A Jmil A RS 7 2 28
w.=(0,3,8,1,F) & % I —A NFFA, 4 S,= {11 U U {15, ©5, -8, lo,,0,,,0,e3}, S,=

nez*

[FIU U 15, o088, oF10,, 00,0, € X IF 2 JRHATH, S, 815, H L, TP IR, 4 105, =
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I, YoeX, HMm,s,=1{I58,10€3 |, S, =18, -FlOeX" |, S, FS, /33 MR H shPLIY AT SRS 4
R AT RRAELE
EX 4 &=(0,3,8,1,F)iE ¥ F—/1 NFFA, YA€ 2% AWMNTE LN
int(A)= U | CICof<Aof, CES,, fES, |,
HAR int(A)= U {CICo8, -F<A8, oF, CeS,, VO3 |,

w3 w.=(0,3,8,1,F)E ¥ LH—A NFFA, YA,Be ¥° LI FE5EHAT .

(1) VfeS, 45 Bof<Aof Il BCint(A) , ¥5HHs,ACint(A);

(2) # ACB, M int(A) Cint(B) ;

(3) VfeS,, Aof=int(A) of;

(4) VfeS,, Aof=Bof < int(A)=int(B),

IER i 4,50 BARMGL, tiar 1 X (3) L (4) HEIER (2) Moz, (1), 15 vVees,
Ao, oF<int(A) o8, «F; A —J5if JEHL C' € | CICe8; cF<A°5, oF, C€S,, Vo3| i1 X(5),n
B(U{CICob, cF<Ao8, oF, CES,, YOI | )b, c-F<Ao8, oF BIVOEI" |int(A) o8, -F<A5, oF, [
W (3) Mo, VFeS,, % Aof=Bof, HE X 4,54 int(A)=int(B), Xz, ¥ int(A)=int(B), 1 Vfe
Sy, int(A) of=int(B) of LI (3) , AI1F Aof=Bof, NI (4) ML,

W4 VYAe 72, int(int(A))=int(A),

IERR —Jym, el 3 20(1) , 7113 ACint(A) , i 3 X (2), Al1% int(A) Cint(int(A) ) ;55 —J7
I, fEHL C" € { CICe8, -F<int(A) <5, °F, C€S,,VOeI | ARV O€EI" ,C' =5, -F<int(A) 8, oF, fHfiy
M3 (3), 115 C'8, oF<A<8, oF Rl C' € {C1Co8, -F<A5, °F, CeS,, Yo" | i C’CU{CIC-
8, oF<Ao8, oF, CeS,,YoeX |, thifirdl 1:0(4),011F int(int(A))= U |{CICe§, -F<int(A) °§, -F, C
€S,, YOI | CU{CIC, -F<A-S, oF, CeS,, VO3 | =int(A),Hl int(int(A)) Cint(A), Ik,
int(int(A) )=1int(A)

LS VAe ¥ 0€X  int(int(A)<5, )=int(A<8, ), Filh, Ve , uel, int(int(Ae8, )5, )=
int(Ae8,,)

iERA VoeX M3 (1) ,ACint(A), Sl 1 X (3),A°8, Cint(A) -5, , Hammi 3 X (2), 15
int(A8, ) Cint(int( A) 5, ), KilHK,V0e3I" fEH C' € {CIC-5, -F<(int(A) 5, )8, -F,C€ES,,
Voes | a3 (3) a1, V0 €3, C'eb, -F<int(A) o8, o8, cF=A08, o6, oF B} C' o8, -F<(A-
8, ) ob, oF, M C' € {CICob,) cF< (Ao, )b, F,CeS, YO €3 | MNili C"CTU|CIC8, -F<
(A8, )8, oF, C€S, Y0 €3 | AU {CIC5, -F<(int(A) 8, )8, F, CeS,,¥0' €3} CU|CI
Co8y oF<(Ao8, )8y oF, C€S,, V0 €3} BIVOeI int(int(A)-8,) Cint(A-8, ), & L,
int(int(A) 8, )=int (A=8, ), ¥ EX LALLM A FENA-8,,5, BEINES,, i VoeI uel,
int(int( A8, )o8,)=int( (A8, )6,)=int(A(8, 8,))=int(A°5, ),

WiIE1 VAe 2% 0,0 €3, uel #int(A8, )=int(A-5, ) M int(Ae8, )=int(A5,,) .

R V6,00€X , uel % int(Ae5, )=int(A<5, ), M 5,0 int(A5, )=int( (A5, )5,)=
int(int(A°8, )8, )=int(int (A8, )8, )=int( (A8, )8, )=int(A-8, ), V0,0 €3 ,uecl, HIt
int(Ae8,, )=int(A8,,) .

3 NFFA W /Naa e 77 %

WERHE 8.1 = (Q,2,8,1,F) J& £ b/~ NFFA, W L4 DFFA =(Y,3,79,y,,P) , K1 v=
lint(15, ) 10€ 3" | C £ 2R MHEBRRELE ;. V<S>V EXLHVYyeY, o€, n(y,o)=int(yes,); y,=
int(l) €Y; P:Y>Z LNV yeY, P(y)=yoF,
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EE1 K. =(0,3,8,1,F)& Y E—"NFFA, W &=(Y,3,n,y,,P) & % E—"% 0T 0 B9/
i) DFFA

WERA  XF DFFA &, JCilE 56 B bR n 997 5kn " :YxS"  >Y W E V0SS, 0" (y,e)=y Hn (v,0)=
int(yed, )., Xt 0 AU n SATIHAER . XM n=01F,n" (v,e)=y BIRWT, VO3 (BiXI1601 =n-1 K5k
WAL, W0 =n B, AW 0=0uc3 10,1l =n-1,YuecI HR&E, Y03 9" (y,0)=n"(y,0,u)=
n(n " (y,0,),u)=n(int(yed, ) ,u)=int(int(y<5, ) °5,)=int(yed, 5,)=int(ye5,,)=int(yed, ).

TE 7| =177 YoeX™, | Z| (8)=P(n"(y,,0))=P(int(y,8, ))=P(int(int(1) 8, ))=
P(int(1°8, ))=int(1e8, ) oF =18, oF= ||.47| (0) W | /7| ()< | Z || (0), RZ,¥0e3" fEHC €
{CICo8, oF< (I8, )8, F, CES,, YO €3 | ,GifF C' 8, o-F< (I8, )5, oF ,\Ilil C'oF< (I8, ) F(H
0'=g) , 1 K(5),1(U[CICS, -F< (I8, )8, F,CeS, YO €3 |)oF=U{CoFICo5, -F<
(I8, )by oF, C€S,, YO €3 | <Io8, oF Bl int(18, ) oF<Io8, -F, NIt | & | (0)< |./"|| (0), %
E,1zi=17.

BEIE 7 2R HARR, YVAey, 30e3 i1 A=int(1-8, ), B o~ MM Fay A 5 7] 1,
1" (int(7),0)=int(int(1) 8, )=int (I8, )= A, K ¥ ZE Wik, YA,BeY, 36,,0,e 3" fli{5 A=
int(1-8, ), B=int(I-5, ), YO €3" # P(n  (int(I=5,),0))=P(n" (int(I15,),60)), 1 NEIH &L,
P(int(int(I°5, )8, ))=P(int(int(Ie8, )8, )) ,HEIM,int(int(Ie8, )8, ) oF=int(int(1°5, )8, )F, Hifi
RS AT int( (128, ) 8, ) e F=int( (I8, ) 8, ) F, Hfnil 4(3), 113V feS, int( (I8, )5, )ef=
(128, ) °8, of KR, M f=F, 545 int( (128, ) °8y,) oF= (18, ) °8, oF, [AFEHY, int( (18, ) 8, ) oF=
(128,) 8, oF AL, YOEX" (128, ) 28, cF=(18,) 8, oF, Ml (18, )f=(I°8,)f, HEX 4,
int(1-8, )=int(1°8, ), Hifi 2 PRI &7 2t/ MY

BlF2 & ~2=([0,1],N,V), H1=(0,%,8,I,F)J}& ¥ —4 NFFA, "% 0=1{q,,q,}, 3=1x,
yi, 6(qy,x,9,)=0.5,8(q,,y,9,)=0.5, 8(q,,x,9,)=0.5, 6(q,,y,9,)=1, 6(q,,x,9,)=1, 8(q,,y,q9,)=
0.5, I={qyt, F=1q,/1,q,/0.5} , A HPRZSFEREEIILIE 1,

TrEREIL 0 I BRAS FIBOR 5 7% pR AR R R LR IE S (b 3 ) S8 SRR A T I B 54 )

I=(1 0, 5;[05 o.sj’ 5‘.:(0.5 1 j F=(1 05",
0 1 1o 05

ALHEH S, ={(1 0),(0.5 0.5),(05 1)},S,={(1 05)",(0.5 0.5)"}, HH, HEHIRE
FINEBEYE X, int(I)= U { CICof<Iof, C€S,, f€S,=U{(1 0),(0.5 0.5),(0.5 1)}=(1 1),

Tk, N FA 1 R S 15

n(int(I) ,x)=int(I8 )=int((0.5 0.5))=(0.5 1),
n(int(I),y)=int(I-8,)=1int((0.5 1))=(0.5 1),
B EEU int(2,) = int (1) , AEIR 2.1, HFE % 8 int(1,) BN — 257 .
n(int(1,) ,x)=int(I 8, )=1int((0.5 0.5))=int(1,),
n(int(1,),y)=int(I -6,)=int((0.5 0.5))=int(l,),
L yo=int(I), y,=int(1,) ,JUFH P(y,)=vy,oF=1, P(y,)=y,°F=0.5,
N 3 A5 2 /)N DFFA & AR ZSEERS IR LA 2,

/1, /0.5 %Yy
/0.5, y/0.5 VY

x/0.5, y/1

¥/ " /05

Kl 1 NFFA . BPRESHBE K2 #) DFFA & RPRZSFE R
Fig.1 State transition diagram of NFFA ./~ Fig.2 State transition diagram of the minimal NFFA &
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