12 TR S 4 Vol.45 No.12
2017 4E 12 H ACTA ELECTRONICA SINICA Dec. 2017

HA BRI 2S5 ) SRl Re
53 e NPRLA NIV ity Rl

R A0
(1. PP R 5 5 BB A B, BRPITE 4 710119 2. 3 FLT~# BeRr S 5Tt , W Y fr. 476000)

B E: AXHELEXT AR AT ] B8Pk M i 7 32 $8 GPoFLTL ( Generalized Possibilistic Fuzzy
Linear Tempora Logic) FY 14 LK BE T AR FIAE T35 5 RO TR SRS, IER] T GPoFLTL 7EAUM] I 25 J5 T X GPoLTL
( Generalized Possibilistic Linear Tempora Logic) #4717 475K , J-1# 1 324115 B T GPoFLTL kb GPoLTL H. 7 W5k () A fig
775 FRAE™ SCAT RE PRI B R i B A FF iz S e T AR, TL T B 45 TU SR I 285 J5i ) A5 2 A ) i) 2L 5
S SIS T RSO A S O 174 o0 B (A TR A I ()L, 245 1 T T B BAILAY GPoFLTLL (18 |3 RS 20 e i 4 0k B vk )

SIRIE.
KW . BN, FTRBMEMERT; ZRMEmDy R WA A s BRI A
HESES:  TP301.2 XHERARIARR: A XEHS: 03722112 (2017)12-2971-07
EBF=Z4# URL: http://www. ejournal. org. cn DOI: 10.3969/j.issn. 0372-2112.2017.12.020

Model Checking of Fuzzy Linear Temporal Logic
Based on Generalized Possibility Measures

LIANG Chang-jian"* LI Yong-ming'
(1. School of Mathematics and Information Science ,Shaanxi Normal University ,Xi’ an ,Shaanxi 710119 , China ;

2. School of Mathematics and Statistics ,Shangqiu Normal University , Shangqiu , Henan 476000 , China )

Abstract. In this paper, firstly, the syntax and semantics of GPoFLTL ( Generalized Possibilistic Fuzzy Linear Tempo-
ra Logic) are given,especially,both the path and language semantics of GPoFLTL are discussed. It is shown that GPoFLTL
is the extension to GPoLTL ( Generalized Possibilistic Linear Tempora Logic) with respect to fuzzy time,and that GPoFLTL
has the stronger expression power than GPoLTL illustrated by some examples. Secondly , GPoFLTL model checking based on
the generalized possibility measures is discussed using fuzzy matrix operator, which includes some fuzzy time temporal,

” o«

“Soon” , “Nearly always” ,etc. Finally, the necessity threshold model checking problem of fuzzy linear time properties with

fuzzy time temporal is studied; furthermore,the algorithm of the necessity threshold model checking of GPoFLTL based on
automata method is given,and the time complexity of this method is proved.
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P (M) Hrp s e S, A 1, (s) = VP (s,1) AP
(t,0)lteSt.

SCHR[ 13 ], GPoLTL L J& Xof A1 7% 3% 4 17 A i il 7%
A1 T BORIAL , X 5L A R I (] P BT A 4508 I 25 A T ik
FR. N, 7E GPoLTL o, [05'Q FRIRTE ¢ BY I Q J&
— ELRAE TR Q TE ¢ I R] P Y AN 1 I 2 AN K
A (BSUORAFEER0), | OTQ || (o) =0, F ik, GPo-
LTL ARER AR ILF B2 " XA EA fiF 0 fER Lt
ZIAN R A R I 2. Oy 1 A 3G 2 B AR I (]
JE AN E G, 9758 GPoLTL FEARY N 2577 Thi Y 2235
REJT, N4y b B BB 25 0 7 SOn] RE PR Y
AR TR B U RE.

EX 4 BEABRIN SR 0] ge k2t w7 2
%5 ( Generalized Possibilistic Fuzzy Linear Temporal Logic,
GPoFLTL) iy Aa42 T Jy 23 H g 3L



o124

Qe HATROBIIS 250 ) SCAT REME LR IR 732 i A R A 2973
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PR O, Fmnt o MR AT m (i) B2 B AR ST, Hop
" A DR, R 2 W B I 2 B SR
ZV80 1 AT ARSI IR BE € UK m: Z—[0,1 ], H i
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wM=(S,P,I,AP,L)JE—" GPKS,m =s,5, - &M
s, MR —RB818,n ML L WEEST AL 2,7, =55,
wo,ali] =s,. X F GPoFLTL A3 o, B W A2 18 i R
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(o) =0.72, 1) “Kik—"ME5 , AAKESHIEZ”
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B(s;) = m(i-t);
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EE1 Po(s, kSnB) = ((VP)D,°r,) (s,)
Forh Dy = diag(B(s,) = (i =1)), .kt i,

FE2 Po(s, FW,B) =((V P)D,er,) (s,)
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FEI Po(s, FLB) = (W (D) or) (5,)
D, = diag(B(s,) - (i), K%t F .

EHE4 Po(s, FNOB) = VPo(s, F

07 (O'T)) sPo(s, FNOIB) =V Po(s, F
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MBS ITE A el (7)==

EIES5 % ¢ J& GPoFLTL AL, RC[0,1 ], MAELE
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X GPoFLTL AT ¢, cl(@) = {1yl 52 ¢ T2
Kf.cl(p) BRBRE q:cl (@) —[0,1] & Lh 47 q W
(1) #F Tec(e), M q(T) =15(2) #5 ¢, N,
(o) M q(e, Np,) =q(e) Ng(e,);(3) #i- @ €
(@) W q(=~ @) =7 q(g,) =1-q(p,);(4) #O',
ecl(e) M q(O'p,) =q(¢,) - n(i), WFKHKEL g 7¢
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4 GNBA A, ,=(0Q,%,5,0,,F) ,Hrh Q=1{qlq 2
—HMERE,Y=[0,1]1",0, = lqlq(p) R}, F =
{F, e U, ec(e)t J HgeF, & q(e Le,)
=q(@,) (#F (@) TAEH ¢ U, B, 4 F, 1, =0
BIfS F = Q). AR % 6 W 5 . SHEBEARE ¢,¢
€eQ,Ae q e€8(q,A) HHMY: (1) Vae APN
(o), H A(a) =q(a);(2)# Ogp, ecl(e) ,Mg(Ogp,)
=¢'(¢);3)H o Ue,ecl(e), M q(e, Le,) =
q(@,) V (q(e) Ng' (@, Llg,) ).

HAGIEW: ||l (o) eR=A, H2% 0.

MEEjeNyecd(e) , % q(y) =y (o,),r
=g,y B S A G R B RAE ¢, & —B0R
B ARG B GRS R B 5 SCRIE r )2 A, b — 2 AR
REHE o WIGBR A, i Jm 18 a3 1% 52 4 1R 0 8 LT
BE r A, P R MWIRIRES & B % o I
FR AR, BIASSIE.

HKIEM : A HZ o= |le |l (o) eR

Wr=qoq,q, 5 A, P — 2 AN ERIR S B & 1) L
W% o BRI 12.

HTE X o 1912 20 K B I 94 F B X E
B j=0,pece) , fq () =yl (o). Hh g
Qo MR ¢y () = |l || (o) eR.

EE6 ¥ ¢ & GPoFLTL A3, M, &4 GPKS,R
CLO,1 ], WAF7E— 4~k 8 22 A Biichi H i #L (NBA)
A, i THEXEREN me Py (s), A le |l (7) eRe
A, 252 L(r).

IERR  Hi GPoFLTL i [ 4% fift 8 F1 i 5 it 8 11 o6
Z,EM S & GNBA 5 NBA (44 tEnl 15

B @ & GPoFLTL 2330, M, J&—> GPKS, i i 6
ALCRREAE N e | () = o, 8 At E

Ne(s, Fo)=v

BF A el (m) 2reVre Py (s),
T el (m)zveVYrel,, (s), [ 7ell (m) <1
—valf(drelP,, (), |~ el (7)>1-v)

M ERE6, % —4> GPoFLTL MRE A ¢ —1FH
PR GPKS M, , AT #43& NBA A, Kb 4 R=(1 -,
L] A XAE R 7 e P, (s)) ,L(7m) e L(A,,,) &
=@l () >1 —v B, EHFTE 7eP,, (s), H1G
L(m) eL(A,, ), Bl Trs(sy) NL(A, ) #0, WE5ig
DTl (my o RS ENA A e (m)
=0.

B, X — > GPoFLTL RS A o, — AR 1Y
GPKS M, Je [l v e [0, 1], oy L1609 3 Hr AT 45 ) 2 T
H LI HE Ne(s, Fo)=v 5!

B #1,(s) =V Polm) <l -v, i

1,Ne(s, Fo)=v;

]2 A meP,, (), #15 Po(m) >1 -,
MFg3E NBA A, o, P4 R=(1 -0, 1], #2015
BB RG M, QA Hh M, = (S,P,,s,,AP,L)
Py BYRE LU 2 Py= 1 (s;,8;) 1P(s;,s;) >0, HAan M,
.

(a) & My®A., x PP i W Ne(s, Fo)=v A
AT

(b) # My®A_, , F P, M Ne(s, Fo)=v;

Hamel LA A it r, (s) IR B THE
IS125, lCHR[ L] A, FEP R 2 R E R A M, ®
Ao BPL T O(size(My®A_ ) +N - lol) 2,
Ho Ny My @A, PPRSEL, HOZ L TR 2t
N OCIS| +size(My®A_ ) +N + lgl).

EIET7 W@ f&—4 GPoFLTL 23X, M, J&—14
GPKS,ve [0,1], HERZEH Ne(s, o) =v HEFH
HIPBER OCIS] - 1l « 1S« (1l +1)).

IERR  HHEFE S 41 GNBA [RRZS Q. C iglg:cl(p)
—[0,1]}, HAr 2 Ay 3 A o MIHFAXA T EHE
DIV (o) | Q.S {qlg:cl(@) =V (@)},
FFLIARIQ, 1 <1V (@) 1 < (IS1'¥1) "¢ = 151", ¥ GN-
BA 2 RE B E A Lo T8 A E R 6 i
NBA, HHPIRZELI Q12 R lel - 1S1" BT i5 N =
IS1 -+ 1@l « 1S IM;®A_, | =N+ Supp(P) | fifLI
FIESETA Ne(s, Fo)=v IBTRIE 2R OCISIT +
size(M0®Aﬂ¢yR) +N - lgl)=0(N- (lel+1)) =
O(ISI « 1l - 181" « (gl +1))

4 ING

ASCEH A T GPoFLTL By 4 LL I 3 F 42 Fn
FETE S PR E SO R D7 =X, BRI T 3 R A R A
GPKS 1) 642 AR I 1) 328 8 ST S 55 11, i 3 52 )
ULAH T GPoFLTL FEAK B 25 J7 i %) GPoLTL 47 T 4~
K, H GPoFLTL Lt GPoLTL 4 W5 () Fikfe J1; HIK,
FLT ) SCAT BB B | 8 2ok AR 1 1 5 e TR
A7 LR R SR TL2E GPoFLTL /4 2 Ay A5 78 A6 I ]
s BRI T AR IR 285 118 20 e ) o [ (A
TRURG N 5] 4850, $15 GPoFLTLL ¥ [5 {5 A5 78 A6 ) ] R 2% £ hy
BEF NBA (19 LTL A5 RUR I 5] 850, 25t 1 A . 1 3503k HL
HAEZLER OIS - 1ol - I1S1'" « (lpl +1)).
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