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FEARE I (model checking) 12 & —Fh 8 ZE 1) AAL IR 7575, EEAFETHEMIZH (computation
tree logic, CTL) BAAUEGIN, ZEVERT 25248 (linear temporal logic, LTL) B AYAT IS, o TR A4S I 72
JE BTSRRI, TR BT ENLEE R IBAE PR PSR T N o S e, e T4
NUE H 8.
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3L A A AT T T BUE TR IRME AT CTL BRI () & 04, Li S8R0 218 vl B
I 5 AR A I B R 45 Bk oke, B T R T T A P U PR R AR A I B R 15~ AT M AR A A W
ARFERHTAE &S BRI RGAMEAERT I R 50 BRI 18~22) ) 75 7] G A RS M oA, 8 AT
REME Kripke 2544 15161 I SUAT BB Kripke £544 7] SRAHIR R4t MR, JL A5 M RFIE IR 400
R — R REME AR B iE T, TRV BEME Kripke 5N AT REM: Kripke 544, F—/VIRES
[R5 2 I mT RE PRI, AN i@ B4R I HEA E TRk 4%

TESEPR RS, 4% 2B B pr i L A R 8 M R AR, B IR IRES 40 2 HAWIRES H 2
TRt . BN B A ARG LB RR, HTHERGWE M0 RN B E, AeeH
X AT REME Kripke 54 58 B A BATTHIAT A, A T IEUUX — 8@, ARSI AT Re iR 2. |
AT REME R SR R () S5 M R AR R IR AR 3 36 0C R R SR AR s PRIk, SO RTREME 2. il Bt gie,
FE] SCnTRetE s b, — BARRA € B sh R ik v RevE oA, T — IR SS ) T Retk
Kripke —#F, /210 nf PR #5. 76 Xl Reth sk s #e b, H AR & iR o A0 AR S B FF ke
R, fTREME D iR R AT &G B, ik, T gtk ok R e G S E AR A A &G
BRI RGBS FOX R RGN CTL BEAUR I ) &L

ASCRESCHR [17) WFFC AR 4R aE. B35 JERf 2 PE R G IGUE 78, 5 S04 iR IR R Gp A 1
IR Re G SR I R S, SRR A T SCRT REPE RS RE N T S R AR IAE X, mJE AT X
THELRRE B AR A 1) F. 5 4%, FRAT TR AR ST RA I 78 45 5 1 FH 219500 12 W 2R GE 1 SR

HIATTAE SAH K 142 Markov #SRIEFE FIIMER TS Z 4] (probabilistic CTL, PCTL) [ 45
RO, ANFSA: (1) WNSBEEELSEMWAR. PCTL FAMERHET Py (J C [0, 1)) BUR CTL 1
BRI (V) MBSAE AR (3), A H T GPoCTL H W REMEH ¥ GPo AR CTL HIB%E4s
PRE TR A B ARAFAE BRI (2) 5 R AUANE]. Markov SRS RE 36 F8 b RLEE S e =540 LB B DR
MM AT REAE SR S R e 7 b BB S ik HY 2138 H FRIRAS B AT BEVE; 7E Markov $RSEIIFEH, A
RS KB E R N %2 1, M) SO R RS R A 1X — 2 5 Markov $R3RI
FE L IFRZEBR A 3 A, T AT et SRR AR S BR BT DU BRI . (3) AR A I 53 5
T ANE], PCTL BEAUAG IR IR AR Z A TT R R SLH, 1 GPoCTL AR ARG I 35325 72 1) FH ASR 4 P
()& s 5.

2 FEENR

NTRGRTTE, AT N R BREL, T Fontahndk, ¢ Ronshg &, xF F C[0,1], £E6 F Kk
INEFRFEBKR TR HIE VF M AF For. | X| #rnEs X bIuRRANEL

EX1 ([18~24]) W X & NIETES, Q 22U X HH— ST ENTTRMRINES. R QN o-
A&, e nr O KEMEIE HE . o- AR Q BRI EE R — AL POS : Q — [0, 1], 1
SRR SR A

(1) POS(D) = 0;

(2) POS(X) = 1;

(3) # E; € Q,iel, W POS(U,c; Ei) = Ve POS (E;).

W SR R R BB SRR (1) A1 (3), WIAR POS AT SCRTRETEIIEE. VER BN MR POS =25 2% Ei
ISR REMEINEE, S FATRE A C X, A POS(A) =V, ., POS ({a}).
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EX2 ([17]) —N X TReME Kripke 4544 (generalized possibilistic Kripke structure, GPKS) /&
—ANHICH M = (S, P,I,AP, L), Hr

(1) S Bl e REES;

2) P:S xS —[0,1] ARG, STAERIRE s, fAERE ¢, (513 P(s,t) > 0
3) I:S —[0,1] /& nl BeMEWIUG A0 HAFAEIRES s, 143 1(s) > 0;

4) AP e —#HFE TS,
5) L: S x AP — [0,1] RAREHREL L(s,a) FmET @l o R s AL,

T GPKS M, LBk te5E CNEIPREF ] m = sosisy -+ € <, WA AR 4, P (si,541)
> 0. 4 Paths (s) fl Pathsg, (s) 2R R M HIIRE s HRFTE LT BENE 75 BT NES.
Paths (M) Fx M FIFTE T 55 AR I8, Pathsa, (M) R M HFTHEI 7 = sos1 - s, F 558
BHIES.

(
(
(
(

3 T XFREMIRRIIIE

ARSCHEH AT Markov WRFRIEFE M) ] Re kv SRR AR A AER e M R, Bk e L
.

EX3 7N REME R ITFE (generalized possibilistic decision process, GPDP) #&—/N75 0
M = (S, Act, P,I,AP, L), Hrh

(1) S B NATHEHETIREE S,

(2) Act ZENMERIES;

(3) P: S x Act x S — [0,1] ZREEFER AN, S FAERIRE s € S MEE o € Act, FIEIRE
te S, ffif§ P(s,a,t) > 0;

(4) I: S — [0,1] ZAJREMERILE A0, LIRS s 115 1(s) > 0;

(5) AP R—HJE T BEs:

(6) L:Sx AP — [0,1] ZFRZHEL, L(s,a) LR T o RS s EROLHIEAR.

A |S|, |Act| A |AP| # A TTH, FR M ONE I, K P(s,a,t) FIRE s EEE o FIEH
TEIRIR ¢ FIATREME. WRGFAE—ARE t € S, 15 P(s,a,t) > 0, WK o EIRE s FREAfb K
(1, Act(s) RawIRA s i al b RENEES. 45 P(s,a,t) > 0, MR ¢ & s Ja4k. Ja 3CH Post(s,a) =
{te S|P (s,a,t) >0} FRE s KTH o 54k, H Pref(t) = {(s, @) € S x Act|P(s, a, t) > 0} &
RE ¢t BFTARTIK. P (s,0,T) R s HEAE o BEH TR T HeRESH e, B P(s,0,T) =
Vier P (s,a.t).

X+ GPDP M = (S,Act, P,I,AP,L), FI/7% © = soagsiarse--- € (S x Act)” R~ M HH]
ToT5 #4%, Paths(s) Al Pathsa,(s) 7003 M FAIRES s HEFTA RITE T B AA 75 IR S
Paths(M) o~ M HHIFTE LT BENEES. Pathsg, (M) Fox M R THEA 5 BAENES. A THEFR
(1) GPDP #/2H 75 M HX FALE s € S, Act(s) # 0.

& 2.1 7Y GPKS =2H7 GPDP H—FEkIE Y, BUMEREMA Y GPKS #80] LA BCRE E
RBE—ATTHIMERNA S GPDP. XHMER s,t € S, a € Act(s), a € AP, WIR P (s, a,t) = {0,1} H
L(s, a) = {0, 1} I}, W4 55 GPDP R4 PR R4 1,

¥ 2.2 £ GPDP M = (S,Act, P,I,AP, L) "1, X F1ER o € Act, "REMEDAREL P : S x
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a xS — [0,1] ATCLABOHIAERERIR. DT (R, QBN Py, B Py = (P (s,o0t)), e
WHCNBME o WRH] M ISR, BRI Prax = ViegPa B8 P 1 S x Act x
S — [0,1] XPLHEATTREPERERIERE, B (Puax (5:0))5 15 = (Vaeacs) P (5@ 1)sses. FIBHIKE
FE Puin = Az Pa, B8 P2 S x Act x S — [0, 1] X LN AT REPERAEFERE, B (Pain (5,1)), 4e5 =
(Nacactis) P (8:0,1))s tes. BIRIFE Poax FIEFE Poin AT HIFIE GPKS Mooy = (S, Pax, I, AP, L)
F1 GPKS Myin = (S, Puin, I, AP, L).

SRS Prax, SCERERMEAGICHN PE . 24 S NEIRE, M P =Puoa V P20V P2 V-
V PIEL, Hodt PEEL = PE o Py, o FRBUMIAE R OKEUNE A IS R BIAERE Pra, JLHR
MM P, ESON P = PO P Ho PO FRORTEEAERE. X GPKS Mpax =
(S, Puax, I, AP, L), FIFH Pf A Pr . AT GPKS MY, = (S, P, I, AP, L) Ml MF, =
(S, Pihaxs AP, L). X GPKS Myin = (S, Puin, [, AP, L), BATAILLE X P, Al Py, JFHIERTA

GPKS M5, = (S, P, I,AP, L) #1 My, = (S, P}, I,AP,L).

Bl 2.1 B 1R 4 MIRER GPDPM = (S, P, Act, I, AP, L), o [f B &R,
[ P AP R 75 R IR 44, [ B N RS 3R 5 i R RS BRI BAE, Wbn SR n e, 6
TR R WILE IR, U M PRS28] S = {So, S1, 89, S5}, SMEES Act = {a, 5}, LA

S() — 51 — SQ — Sg E‘Jﬂlﬁr?ﬁ%”?ﬁtﬂ —Fﬂﬁ*ﬁﬂlfﬁﬁi

1 0 007 O 0 0.80.90.5
0 050 0 1 0 0 0 O
I= . P, = . Py= ,
0 0 008 0 0 0 0 O
0 00104 07 0 0 O
0 0.80.90.5 0 0.80.70.5
05 0 0 1 05 0 0 1
Pmax = ) min —
0 0 08 0 0 0 08 0
07 0 1 04 07 0 1 04

Bl 2 JELL Prax AEHFER 4 RS GPKS, B 3 2L Py, NERBHFER 4 AIRESR GPKS.

RNT S GPDP b BRG] @, R SC5I NRFE (schedulers) S g HAR Y b i JEAf 5 14 1n) 7.

EX4 B M= (S Act, P,I,AP,L) /& GPDP, M [P E N Adv : ST — Act IEREL, XFFTA
5081 -8 € ST, 13 Adv (sps1---5,) € Act (s,,).

XA @ >0, 37 oy = Adv (5981 ---8i_1), WIFKEEIE m = soarsiaesoasszaygsy--- A M ] Adv
4%, F Pathsaav (s) FREPHE Adv 1B R, M s ARG #4245, Pathsaa (M) F1 Pathsi, (M)
S MERERIE Adv FERF, N M RS B K IR IR R G A 7R RS

5 GPKS #tt, GPDP BAZNER AR & AT v] Be k2 Af. RItk, a8 B2 ol DAS 3t — 4> GPKS
Maay = (S, Pagv, I, AP, Lagy), X 0 = 8051 8n, B Pagy (0,05011) = P (85, Adv (0) ,5n41), Laay (0)
= L(s,). X} GPDP M ] Adv #1% Laay (o) = L (s,), TE GPKS Mg, H 25 EE1E maaw = Tofti1fg - - -
B2 X, Hod #, = sos1---5p. RZ, R GPKS Maaw HH—48848, SHMERER 1 (s0) > 0 KPR so
A 7o=s0. Xf n >0, GPDP M HUIRE s, H 71 = tp_15n, 13 P (5,1, Adv(7,_1),5,) > 0, NITTH
s0Adv(7o)s1Adv(71)s2Adv(72)s3Adv(7s)sys - 72 M B Adv B§4%. L, GPDP M H #1255 GPKS
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1 4 K758 GPDP 2 Prmax REBEEN GPKS
Figure 1 Four states GPDP Figure 2 GPKS with respect to Pmax

B 3 Punin AFERIEERN GPKS

Figure 3 GPKS with respect to Pnin

Maqy TR ——XF B, AL GPKS Mag, MRS B GPDP M [ Adv 42,
T GPDP 7EME Adv FRIFESERN AT gEMEIIFE [ 3.
ENX5 4AE—A GPDP M = (S,Act,P,I,AP,L), % & = sS000s10182 - Sp_10m_15, €
Pathsin, (M), W4 55812 « KRS E SUN
Cyl(7) = {m € Pathspaqy (M )| € Pref ()}, (1)

Horp Pref (1) = {#’ € Pathsi, (M) |z & = I 55 AI%E).
EX6 W M =(S,Act,P,I,AP,L) &H 55 1] GPDP, & X GPo : Pathspq, (M) — [0,1] WI'F:
GPo(r) = I(sp) /\ /\ Prav(si, i, sit1), (2)
i>0

HH 7= spapsia1sy -+ € Pathsagy (M ). #—35, X E C Pathsaqy, (M), % X GPo(E) = \/{GPo(r)|r
€ E}, M3 21 e84
GPo : 2Pathsaav (M) _ [0 1],

FRA Q = 2Pathsaas (M) | [y ST BRI .
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XFH I GPDP M = (S, Act, P,I,AP, L), s € S,a; € Act,i > 0, &5 raqy : S — [0,1] N

raav(s) =\/ {/\ Ppav(si, o, si41) [s1 = 5,8, € 5,0 € AC‘B} ; (3)
i>0
M 7agy(s) RARMIRE s AR Adv BIERCKTTRENE. NI H ragy ITFE .
EIB1 B M = (S,Act, P,1,AP, L) 2 H 551 GPDP, *{T& s S, f
raav(s) = \/ (Plo,(s.0) \ P, (1)) (4)
tes
MEER (1) XHMEEM s € S,
radv(s) = \/ {/\ Padv(Si, @iy Sig1) |So = 8,8 € S, o € Act} .
i>0
BT S, Act AT, A BEAS LR ITR, AVELES
/\ Paav(si, iy 8i41) |8 € S, o € Act
i>0
LB FH, R, F1E Adv 3812 maqw = sagsia - - - i, fH15
raav(s) = GPo(maay) = Paav (5,00, 51) J\ Paav (s1,0i,82) J\ -+ .
GPDP M HHIES GPKS Maqg, HFHIERARSE —— XN, SHERIPIRE s € S, Act(s) /& H 4

££. F,
Paa (:00,51) /\ Pagy (51:06552) /\ -+ = Paay (5,51) /\ Paay (s1,52) J\ -~
BT S, Act 2B I, WAFLE t € S,i < j, fH13 s; = 55 = t, NG E]
Paay (5,51) J\ Paav (s1,52) J\ -+
= Paav (5,50 A+ A\ Paas (51,00 \ (Paas (tsie) \ -+ /\ Paaw (65540) ) A\ -
< Paav (5:51) \ -+ /\ Paav (51,0 A\ (Paav (65i00) -+ A\ Paae (t5541) )

< Pl (s,t) /\PAdv (t,1).

Ak,
raav (5) <\ { Pl (s ) A PLo () It €S |

(2) MHERH t € S, B Py, B CRUETE ss1 s =t € S Al sipy -5, 78

P/i_dv(svt):PAdv 5 S1 /\"'/\PAdv Sl’_l,t)7
Py (t8) = Paae(t,51) \ -+ /\ Paav (s5,1)
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W Tady = Soqos1a1 -+ Si—10_1tay(siq1 - -+ sjat)”, W
Py, (5:1) /\P:dv (t,t) = Paav(s, s1) /\PAdv(51a52) /\ e
HH A5 2]
Py (s,0) \ Py, (68) <raac (), \/ {P;dv (s.8) \ Piy, (L) |t € S} < Fady (5) .

Zie (1) M (2) 13 raav (s) = V{Piay (s O A PR, (1) L€ S}
PR R TSR 0

Tady = Py, 0 Dadys (5)
/ﬁ\:qj Daay = (P;\de (tvt))tes‘
raav(s) MITHER R 32 BT TSR AT BEVE R R2 T ELINTR], AR SRR [25) TRk SRR P AL A
L, AR IR LA RER O (nlogn), 3Eif n = |3].
EIE2 W M = (S, Act, P,I,AP, L) /247 551] GPDP, Ml # = soapsiay - - - a,_15, € Pathsi® (M)
FEERIRIT SCRT RE PRI EE Ay
n—1
GPo (Cyl(soaps101 -+ an—154)) = I(s0) [\ /\ Paav (55 i, 8i41) \raav (sn) (6)
i=0
HA GPo (Cyl(sg)) = I (s0) A 7rady (50)-
MWERR EEH
Cyl(soapsiar -« Qp_18,) = U {7aav € Pathsaay (M) |Soaps1aq + - n—18n € Pref(maay) }-

PR,

GPo (Cyl (spapsiar -+ - App—154))

= \/ {GPo (madv) |Soos1a1 -+ - ap—18y € Pref (maav) }

= \/ {I(SO) /\ /\ Paav (8i, i, Siv1) [Soosian - - ap_15, € Pref (magy) ,

i>0

Snt1;Snt2, - € S, € Act}
/\ Paav (85,05,8541) |8 € S,a;5 € Act}

= {I(so) /\j/_\:PAdv (Siaai73i+1)} AV { /\
— {[(50)/\n/\l Pagy (Si,OéZ‘,SH»l)} /\ radv (sn) .

4 T XATREM T ERIELE

AATHIANSCHR [17) FHIE R GPoCTL Kb 55 GPDP M. AFPZ, GPDP K& X
GPoCTL & X AU FE AT Re 14 /0 A, B EHFEIHE. GPoCTL HARSA XML AN MK, T
45 GPoCTL HIEEALE GPDP FRIE X fERE.
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FEXT7 (GPoCTL i [17]) T IT e AP B GPoCTL RAA i HE L h:
® = truela |P; /\<I>2 |[=® |GPo (¢),

Hrp a € AP, ¢ & GPoCTL #8152 A=
GPoCTL #4220 H @ W F:

¢ = O |®, U<I>2|<1>1U<”<1>2 0,

H @01, 0, BIREAI, ¢ ZEELAA

EX8 (GPoCTL 1B X) % M = (S,Act, P,I,AP,L) /& GPDP, a € AP, s € S, ®;, &3 /& GPoCTL
RS A, ¢ /&2 GPoCTL HIBRIE A, XPREAN €, HAE M _ERJIE SO S BB 74E, B |9
S —[0,1]. HENE X AHER s € S,

[true] (s) = 1, ™

lall (s) = L (s,0), ®)

@10 Ao (5) = 12 (5) A\ 122 (5 ©)
=1l () =1~ 1] (5), (10)

|GPo (¢)] () = GPo(s]= ). (11)

A T = SpoS101S2 - € Pathsagy(M),i = 0,7 [i] = s;. S A2 N T 0, I © 1 M FIES R
lo|| - Pathsaav (M) — [0,1]. VAGHE LT

|0®] (m) = Paay (x [0] a0, w [1)) A\ [|2] (x
| @2 (7) = 12 (= \/\/(H<I>1|| /\/\PAdv gy, [K])

7>0 k<j

/\||<1>1|| k) A\ Pagy (wlj = 1) oy, /\||<1>2|| i) -
&, (1) = 10 (= \/ \ (||<1>1|| /\/\PAdv o1, k)

0<j<n k<j
Al (2 5]) A Paae (71 = 11,0517 [) A1) (7 )

oo i—1

02| (x) = A\ A Paav (x[i], ag, 7[5+ 1) A\ 1]l ( [i])

1=07=0

oo 1—1

1021 (r) = \/ A\ Paav (w [i] g, m [j + 1) A\ 18] (1) -

=0 35=0

GPo (s|=¢) ZRMIRE s KR, EIARE Adv FRIFTHBEARN ¢ BIERKTTRENTE. & X

R
GPo(sl=p)= \/  (GPo(m) A llell (v) (12)

wePathsaqgy ( )
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5 | XAJgEM T ERAREE

GPDP | [#) GPoCTL AU Il (v B4 I8 Ay KT — A5 B GPDPM, M HFPRA s Al GPoCTL
AR @, i |0 (s) BIME. FEFTERE Adv F, ATLE (@] B8 IaHH5EH |0 (s) BIME, X5 || For
AR @ 1T A RS, HE I LT

W & € AP {true}, N |®| = 1.

|@1 A\ D2| = [@1] + [@2f + 1.

|~®| = |®| + 1.

|GPo(O®)| = [0GPo(®)| = |®| + 1.

(GPo(|@1 U®2)| = |GPo(|@1 US"®2)| = |1] + 2] + 1.

TR @ = a € AP, d=0y \®y Fl d=—by, [|®] (s) FT4HIHIFN (8)~(10) THEEH. TS T3k
® = GPo(p), ]| (s) = GPo(s]|= ©) = V repatnsay, () (GPO (1) Allepl (), BiE_EAZH 5 A
Adv FH ||®|(s) BIME, 2RIGHEHEHIRES s 2 AR & MK ATREME RIS/ fEtE. 7EA7T GPoCTL
BRI SErp ) FRATTEA T — b B P RO 0 2 A s SR BDIR S s T2 A @ i KAl fg
PRI N AT REME RO SE. (@) (8) A1 (@], (5) PRIRAVRE s HEAR @ MR AT fEHEA
B/NTTREME. FHEH DA HBREAR ¢ = O, ¢ = &, UPs, ¢ = &S "0y M o = & 735K R
1|y (8) AT (@[] 5, (5) HITEBL.

(1) XF o = OP, TR [|OP| a0y (5) FIEME [ OP| 5, (5) THEILFR S HIG0H

IGPO(OP) s (5)
= GPoyax (s|= O0)

_ \ PO () A\ OB (7)
T=s0apSs1 182 -EPathsyax (s)
= \/ \/ P(s,a,sl)/\ \/ P(Sl,OL,SQ)/\"'/\
T=80aps1 182+ EPathsyax (s) agEAct(s) a1 €Act(sy)
V' Plsas) Allel(s)
ap€Act(s)
= \/ Pmax (5331)/\Pmax (31752)/\"'/\Pmax (8,81)/\”@” (51)

Tmax =800 81182 - EPathsmax(s)

=V Puax (s AIRTGD AV (P (51552 A P (52,55) A ++)

s1E€S SQ,Sg,...ES
=V Puax (5,50 A\ 1] (51) /\ max (51) -
s1ES

YPREB AR @, Do IR [S| x |S| BIBMIN LI, 2 s =t I, D(s,t) = ||®] (s), &M
D (s,t) = 0, GPomax (O®) MAEFEHHE AN

GPOmax(S |: O(I))SES = Prmax © Do 0 Tmax, (13)

HA BRI RS Prax RRETARE Adv NH) GPDP X R R KERFERE, raq, 27 AR RE
Prax NEFEHER GPKS HUIRES s R AIEK AT RENE.

IGPo(O®)]| yin (3)
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= GPOmin (S |: O(I))
_ V GPo(r) A O] ()

T=800081 182+ EPathsmin (s)

- \/ /\ P(S’a751>/\ /\ P(Sl,a782)/\---/\

T=8000S1 182 - EPathsmin (s) agEAct(s) a1 €Act(s1)

A Plsas) A2 (s)

apEAct(s)

= \V Pusin (8,51) /\ Psin (s1,52) \ -+ /\ Panin (5, 51) \ [ 21l (1)

T=80q0s1 1 S2---EPathsyin (s)

\/ Poin (8,51) /\H<I>|| s1 /\ \/ (Pmin (31732)/\Pmin(52>33)/\"')

S1ES 89,83,.
= \/ Pmin 8,81 /\H(D” 31 /\rmin 51 .
s1E€S

GPOwin (O®) HIFEFEIHE N
GPOmin(S |: O¢)SES - Pmin o D‘I’ O T'min» (14)

FH AN IE P FRRTEFTHHE Adv T GPDP XM B /NEREHE, raq, 278 DUSDR A RE
Poin NEFEFERER] GPKS "R s R MR BEME.

2) HT o = &Sy, fAMH HGP<>(<I>1U<"<I>2) () M HGP0(<I>1U<”<I>2)’ (it
R
HGP0(<1>1U<n<I>2) (s)

= GPopax (s |= <I)1U<n(1>2>
_ V Vo Peons) AV Plenans) Ao A0l () \/

T=80a0s11 82 - EPathsmax(s) ag€Act(s) a1 €Act(s1)

v@WWMA< \ JWHMmmwaﬂA

0o<j<n k<j \ap-1€Act(sk—1)

\V P(sj-1,a5-1,55) [\ |92 (Sj)}

aj_1€Act(s;j—1)

= \/ Pmax(s 31 /\Pmax 81732 /\ /\”@2” \/

T=80Q0Ss11 82 - EPathsmax(s)

v{M|AA(m%h%NmmﬂA%MH@AMs%

0<j<n k<j

= [|®2]l (5) /\ rmax () \/
\V {|‘I’1| ) /\ /\ Ponax (s5-1,5%) \ @11l (5) \ Pnax (55-1,55) \ 122 (Sj)/\rmax(sj)}

0<jgn k<j
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= {\/ (D<I>1 OPmax)i OD<I>2 O?"max} (S)

=0
N‘E%E‘J n 2 |S|7 ﬁ \/?:0 (D<I>1 Opmax)i = (D‘I’l OPHI&X)*v )I_‘“JEJ‘//{%EIJ GPOIH&X(Qlugn(I)Q) EKJ%EIZ$
IR

<n *
GPOmaX <S |: (plU @2) == (D<I>1 o Pmax) o D<I>2 O 'max- (15)
seS

(s)

min

— GPomin (s = ¢1U<"q>2>
— \V N Psians) N N Pluans) N\ \l®2l (s1)\/

T=80apSs1 182 - EPathsax (s) agEAct(s) a1 €Act(sy)

V {||‘1’1| AN ( A P (sk-1,k-1,55) \ 91 (Sk)> A

0<j<n k<j \ak—1€Act(sk—_1)

A P(sj-1,a5-1,5) [\ [92] (Sj)}

ajfleACt(ijl)

- \/ Pmin (5;51)/\Pmin (51752)/\/\”(1)2” (5)\/

T=80q0Ss1182 - EPathsyin(s)

\/ {|‘I’1|| AN (Pmin (sk—1,5%) \ 121 (Sk)) /\ Pain (55-1,55) /\ |22 (Sj)}

0<j<n k<j

= [|®all (5) /\ eain (5) \/
\ {l‘l’lll () /\ /\ Pain (sk—1,5%) /\ @11l (%) /\ Prsin (551, 55) /\ 122 () /\ Prmin (Sj)}

<n
HGPO(@HU CI)Q)

0<j<n k<j
n .
= {\/ (bel o Pmin)l o D<I>2 o Tmin} (5) .
1=0

YHERER n > |S], A Viey (Da, o Pain) = (Do, 0 Puin)", W 135] GPopmin (01" ®2) FIFE I
AN

<n *
GPomin (s |= ‘I>1U fI)z) = (D, © Pnin)” 0 D, 0 min- (16)
sEeS

(3) AHEEAR s, H1 &1 U Py = limy, 00 &1JS" @y 1§ GPo(s|= @1 | Ps) = lim,, 00 | GPo(®,JS"
Do) | (s), AT EN B ARAE |GPOmax (P11 P2)|| (s) FIERAME [|GPomin (@1 U ®2)|| (s) FIFEFETH AN

(HGPomaX@l U <I>2)H (5))565 — (Da, © Pana)” © Dapy © P (17)

(HGPOmin((I>1 quH (S))ses = (D&, © Puin)” © Da, © T'min. (18)

(4) 5T = 00, KA CGPopmay (s|= 0 @) AlF/IME GPowin (s|= 0 @) tHHELREIT:

GPopax (s|=0 @)
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_ Y, GPo () /\ 09| ()

T=80Q0S1 1 2+ EPathsmax ()

— \/ K{ \/ P (sj, 0,841 }/\ 2| (s5)
)

m=sgaps1a152--EPathsmax(s) =0 | aj€Act(s;
oo
= \/ /\Pmax (8j7sj+1) /\ H(PH (SJ)7
T=s000S1152-EPathsmax(s) =0 j=0

GPOmin (S ‘: O (I))

= V GPo (r) \\ [I0®]| ()

T=80apSs1 182 -EPathsyin (s)

o)
= V ANy A PGiagsin) /\chn 55)
T=sgaps10182--EPathsmin(s) 7=0 | aj€Act(s;)

o0

= V A Panin (s 5550) N\ 18]l (s) -

T=s00S1 182 EPathsmin (s) 7=0 j=0

ST 2~ AR, 2320 GPo (09) AREAEBIREFE A 2ORTEE, BIAERE P BRI
Poin \TEVMIEMAS GPKS, SCRAS) % (i 1) Rit5.

i 1 AR R
Require: B4 /(2) = [|2]| A [GPo(OZ)]l, it [IGPo(OZ) | = Pady 0 D7 0 raay;
Ensure: f 5 KANB A
Procedure Fixpoint (f, z)
¥ e f ()
While z # 2’ do
x4z
e f (@)
End while

Return z

End procedure

31381 ([17]) XH I M GPKS Magy = (S, Paav, I, AP, L) FUEE GPoCTL A &, & LKL
f(Z) = ||| A IGPo(O2)]], ' [|GPo(OZ)|| = PaavoDzoraay, BREL f HERAAZN K HA [|GPo (®)]].

W M = (S,P,I,AP, L) 72 5] GPDP, *H{EREH] s € S, Adv 52 ||®||,,... () F[|@]] 5, () XTI
FrBAWEE. 25 || () B Pady = Pax, Tadv = Tmaxs AVE (|@]] . (s) B Pagy = Puin, TAdy =
Tmin- TAdv = PZdeDAdv»DAdv = (PAdv(s $))ses; PAdv = Prgy V Piay V- PAi'w Piay = Play VPAdv’
PRa, 7& |S| x |S| KIHALHERE, De = diag(]|®]|(s))ses, MR (7)~(18), 4 1 BAAH) GPoCTL FiAd ke
WS (% 2).

7E GPoCTL A MH LS, A & = a € AP, =0, \ &y Hil &=—,, 115 ||®|| (s) HINFA]I A
5 GPDP M WIKNFIANX @ MKEAXK. MitHEARX & = GPo(p) I FZERILT Pagy %
M AEREP L Py TR TN s (s (] FRATTR STk [25) MBEERITE P, FLi a5 2R B2
N O (nlogn), H n = [S|. WFARBNE f(Zs) = | @ AGPo(OZ) THEBIE], IELFRIIRE s HK
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L 2 GPoCTL BRI SVE

Require: GPDP M #l GPoCTL AR ®;

Ensure: X M FUEEIVRE s, || @]/ aav (s) IE

Procedure procedure GPoCTLCheck(®)
Case @

true  return(l)ses
a € AP return (|lal| (s)),cg
-®  return (1 — [|®]|(s)),cg
By Ay return(D1] (5) Al ®ll () e s
GPo (O®) return Pagy © Do 0 Tady
GPo <<I>1U<"<I>2> return \/]_, (Do, o PAdV)i 0 Dg, 0 Tady
GPo (@1 J®2) return (Dq>1 o PAdv)* 0 Dg, ©TAdy
GPo ($®) return (Pagv)” © Dg, 0 TAdy
GPo (O®) return Fixpoint ((1)5637 fq>)

End case

End procedure

KEN n BITEH SR 7 HeAX @ Wi/ B B THIRESEE s G55, W TESKERT
|S|+1 gt 77, FMEKRT 7 e 2 © BE. mtS2IAs) fs AT 5]+ 1 oaisl. XY
THEAB AU RBIE R & B 5, — NS RITEDY O(1512), AmfS T SAS) ri 5% 7 2 4%
FEH O(1S1P). i bpriR, TATEIL E B 3 25 HY GPoCTL RS I S92 A I 18] A% E.

EIE3 (GPoCTL BAUG M S VLI MR 4 E) 4E—NE 51 GPDP M = (S, Act, P, 1,AP, L)
F—A GPoCTL AR @, M | & I AIE 4R O(size(M) - poly(S) - |@]), e size(M) BB K
/N, poly(n) & n MZIREE, |0 2AKMKE.

6 SCHINA

FATR AT SCHR [26~30] 7 NIETT LR KRG KU GPoCTL BLAKME A RIS, &7
VAFAE— Tl (40 B B, I8 AR %) I 2R B A 2 8 3R SNk il e ve o7 %6, REERfE A C
(25 Fer e VRIT J7 % T GPDP M = (S, Act, P, I, AP, L) %R NG I7 it Rk AT i

NSO, R R AR N B BRI R <227 L «— i A i 3 FoRES, 2B So, Si, So
For, B S = {So, S1, So}. N T XPIRESHATIAL, B AP = {P,G, E}, i P, G M1 E 43 BIFIRFRR
RN B BEIR LA “227 L« A “if . BERHR AIIIX 3 Fivid BEARIG, AN ) (0 5 A 3R ).
BRI, AT AT — MDA, R S @ BRRBU I FREE. 10 L(Se, E) = 0.9 FRIERE So bfiE
FEARBLA b BIFERER 0.9, # Act = {o, 8,7}, RREARM o, 8,7 3 FIAFIRIETT J7 S50 N i
FTHRYT. FH P(So,, S1) = 0.3 RREARKH o IR NIGITE, WAFERRGIIRE S, FIRE
S, WMIATREMER 0.3. N T HEER W, BRI EUXRNE o 8,y 13 MATREMRE, B4R GPDP
M Wik 4 Fios.

BAMFHAIUE AT 1, o, B,y SRV HIE Py, Ps, Py. P,G, E {EIRF S, S, So XM EAEH
FE Pp, Pg, Pe 775N
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4 FRARITIZRE MPDP &8 M
Figure 4 Treatment process of the patients modeled by MPDP M

1 0.8 0.8 0.1 0.5 0.6 0.1 0.3 0.20.3
I'={o0o|, Po=]1030908]|, Ps=[050504]|, P,=1020709],
0 0.30.70.3 0108 1 0.2 0.8 0.8
0.85 0 0 03 0 0 00 O
Pp = 0 040, Pc=] 0090, Pe=]006 0
0 00 0 0 1 0 0 09

AR _E T IFERE, THEHAERE Prhax, Puin, Phax: Piin /9

max’ * min

0.8 0.8 0.3 0.3020.1 0.8 0.8 0.8 030201

Prax=1050909 |, Puin=1]020504 ], Prax=1]050909], Pan=1] 020504

0308 1 0.1 0.3 0.7 0508 1 0.2 0.3 0.7

MRAE S 2, tPE R 1 HOIRES So, S1, So R A @ ATREME. X5 1 s St

(1) [GPo(OFE)|max(So) = 0.6, [|GPo(OE) [min(So) = 0.2 WHIFEIRF S, BEAKHAT 3 FiATT T R
TBIT — UG R NMERERGLA <5 (R BeTE A 0.6, B/l REMEA 0.2.

(2) |IGPo(P U E)|lmax(So) = 0.6, ||GPo(P | E)|lmin(So) = 0.6 ULEHFEIRZS Sy il N PIEFR G A
“rEr, AR 3 FRIT T REAE ZUORIT IR, WA RBCIRGL N <5 iR AT ReME N 0.6, f/NAT
RetER 0.6.

(3) |GPo(OE) ||lmax(S0) = 0.8, [|GPo(OE)|min(So) = 0.6 BEHIMIRZS Sy FFUh, BEAKH 3 Fhir
F RGN ZUGRIT G, WA ERCIRIL R 2N U BB TTREME N 0.8, /NATREPE N 0.6.

(4) |GPo(OE)||max(So) = 0, ||GPo(OFE) ||min(So) = 0 WEEHMIRES So FF4H, BEARA 3 MigyT TR
FHURIEYTT, R N BORIL SRR U BB RTTREME N 0, S/l RETER 0.
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z1 skE O HIAEE
Table 1 The possibility of s = ®

Number Formula® [| @]l max(s) [|@ || min (s)
1 GPo(OE) {0.6,0.9,0.9} {0.2,0.5,0.7}
2 GPo(PE) {0.6,0.6,0.9} {0.6,0.5,0.7}
3 GPo(0E) {0.8,0.9,0.9} {0.6,0.5,0.7}
4 GPo(0OE) {0,0.6,0.9} {0,0.4,0.7}
7 &HiR

N DRARRA E VE 2R GE 0 IR R PR RAIE DB, ASSCRIETT 1 2 T PR SO RE A GPoCTL AR AL A Il 7] 2.

B TR AR EYE R ST N GPDP HJ5E X, IFE GPDP 1€ T GPoCTL 15 X. MR 2
17 GPoCTL MR AG IS %. 2 — DIl LBl T GPoCTL HUBAUG I SRR RIH]. A Rt
7T Y GPoCTL AR GEE, RAK 4L 7T GPoCTL IFRIARE ), FIKIHEFTE GPDP R
LTL ARG i) L.

Bt RAEEIRLSAXEFRTT AR TRIIFRENEREN
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Model checking generalized possibilistic computation tree logic
based on decision processes

Zhanyou MAY? & Yongming LI'*

1 College of Computer Science, Shaanzi Normal University, Xi’an 710119, China;
2 College of Computer Science and Engineering, Beifang University of Nationalities, Yinchuan 750021, China
*E-mail: liyongm@snnu.edu.cn

Abstract We study model-checking generalized possibilistic computation tree logic (GPoCTL) and its applica-
tion in system verification, in particular, nondeterministic systems. Firstly, we introduce generalized possibilistic
decision-making processes (GPDP) as system models and GPoCTL formulae under GPDP to describe the prop-
erties of the system. Then, we provide a model-checking algorithm for GPoCTL. The main advantage of the
algorithm is that it can use scheduling in the decision making processes to convert the model-checking problem
into operations of the fuzzy matrix or fixed point of fuzzy matrix functions, which need polynomial time. Finally,
an example is given to illustrate the application of the model-checking generalized possibilistic computation tree
logic in verification of a nondeterministic system.

Keywords nondeterministic system, generalized possibilistic decision process, scheduler, generalized possibilis-
tic computation tree logic, model checking
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