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1. FiR

1.1 FEHFBEEEEETIVRERMOME

ARWESED B, 75 AR e R T TOVIRE R Z
2% Z &Iz X BERER - FEBMGEEGE 2 IRE T 2 &
THd. FETERBEHRE T VRERMNL, BoaEH 512
& o TEASINLFEHAREHEREARE (IHpCTL)
ER—ZIZ U TR E N2 E FVREHMITH 5 [26]. €
FIOVRERAM 1L, IREEBERRIZE > TETIMELEI NS NiAT
VAT LEMGEES DI RS T TWS A a—
RLEEMiTH S (7], 8], [9], [13]. FIEEFAEEHRRET
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IVRBERMDR=2A L 7> TWSimETdH % IHpCTL I,
W HEGR (4], 7 AR (6] B L OREEIHE R [30] %
Pz S 2 T E 2 HRFAEREECTH 5. [HpCTL % ff
A5 Z2ickb, MERETIVIRE (1], 2], [3], [4], [32], F
JE#FARE TOVIRE [6], [10], [18], [19], [29] B L OREEE T
IVIRAE [15], [16], [20], [25], [30] DFfAZKEET 5 &
PHREIZ 72 5. THpCTL I3 AEHE ) 72 e R IRe [HIGw BE C b 5 i
REFEAGRIE (pCTL) [1], [4] DILEETH b, pCTL %42
HER 7R I [HTERER C & 2 FHRRGWEE (CTL) [8] DILIRTH
5. BliEZH SIZL > TIREI N IHpCTL »* 5 pCTL
NOEBT VT AL %fEHT S5 LI1& D, IHpCTL %
N2 U P EFAREHEE T VIRET VI X L%
pCTL % R—ZZ L2 N LR E T VRET7 VT Y X
L [1), [4) BT B T A HBEIC R .

1.2 REY SRR - MBREIBIEOBE
AL T, FIEFANE, BEVES & OHERM 2 R
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5 Z & AlEE7e THpCTL % R — A2 U 72 5 & iF 25 B e e
RE FIOVMRBE AT & U 7280 72 22 BR R HE G - FIGRIREE R
EERBET . BEETIE, IHpCTL & % DA R I
32 pCTL » CTL NOZE|T7T VTV X L2 HWS. Zh
2 &0, BHERZE TOVIRERR T H % NuSMV 5], SPIN[13]
B LU PRISM[32] ZMlABDLETHWS Z LA FEEIZZA
5. KWRTIE, TOXIBEHmTILITY XL E LT [26]
TREINZDBOZEHTS.

AWFE TR S R R S & CHRAERIX, 20T 0 EM
PWEEZEDWT 5 7-DD/RE RS L OHIKEFA > b
VR LTS LI NERIR T — X - R TH 5.
S BRHMERR - HERIC BN S TS MR ] ORERILE
RIS THOFELZNEEZEATNS. BIZIX, fERHE
EWVSHERIZDOWTI, TERTRDHEETRV] W57
J&U7RRE (TS 123 BIRM8) BFEELES. 20
XD RFIEIREE B S 2121, FEHEET VR
BEATAERTH B [6], [10], [18], [29]. £ 7z, EBH
PRAEGR - HIERZ D 12IE B & S R FEHFAMZ T TR
<, BEES K OMHREDZ R U RITIE72 om0, 4
ZAE, W5 7e & OB OBSRETE 2B YN S 7201213, BEfE
ETNVREREMAERTH B [15], [16], [20], [25], [30]. &
KD IEHD ATREVE X BH DIL TR & 2 HYNTH S 72012
X, HERETIVIRERM A TH 5 (1], 2], (3], [4], [32].
o T, R TIE, 2o FHHTAT T IVRERA, BE
ETFIVRERM B & OHERE FVRERM 2 KE L2 FE
AR T T VRERM BB E 725,

2. FEATEBHEREET T IIVIRERMOER

2.1 AMRTHEMAT 2HEBAREELRTER

AR TIL, B [26] TRES N FEIFAREEHRGE
AGwEL (Inconsistency-tolerant Hierarchical Probabilistic
Computation Tree Logic) IHpCTL %23 5. DR, IH-
pCTL DHEE & BAKME IZ DWW TEHHT 5. IHpCTL D
EFDFEMIZ DWW TR [26) 2 Sl E vz, THpCTL
DA TIELA N ORHEA S B LA T2 HHT 5. —
(implication), A (conjunction), V (disjunction), — (classi-
cal negation), ~ (paraconsistent negation), X (next time),
G (globally in the future), F (eventually in the future), U
(until), R (release), A (all computation paths), E (some
computation path), P<, (less than or equal probability),
P>, (greater than or equal probability), P, (less than
probability), Ps, (greater than probability), [b] (hierar-
chical or sequence modal operator). gz [b] (ZBWT b id
5] (sequence) %KL TWa. IHpCTL IX, & A Me E i
RE T (S, S0, R, s, L*) EOFRAEERR (M, s) E* o
L ERIND.

THpCTL 12 U TU R OFERBH SN T WS, ZhHd
FEFIZ XD, IHpCTL 2/ T2 ETIVRET VI X0 %
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pCTL ® CTL IZH T2 ETFTAMET NIV A LIZEHT
5T LITHNTBIELMUENRIEING. £72, TD LI AL
Bz 9 2 BT VT XL BE5ZeNTES. %
DES>REBT VLI ALE2HNS Z 22L& D, IHpCTL
ER—ZIZ U FEHABEERE T IVIRE RN % R
IR TVRERAMNIGE LT 5 Z L HREIC R . ZhiZ
&0, EHER R T IVRESRTH S NuSMV, SPIN & L Of
PRISM % flAaE b MEEICH T 2 EYMEI RTINS
Z T B,

EE (BoHAHATHEN [26]) THpCTL 1 pCTL (ZH A
AARETH 5. T7b5, IHpCTL 25 pCTL AD kT~
Ab—=vavBB (b AL—=yary 7V XL) f
PEEUVTUATHKLT S, FEOHREN o 2L T, o
A IHpCTL THETH 5 Z L DMBE MR f(a) B
pCTL CTHETH»SZZ L TH 5.

EE (HEXRETREME [26]) BLHOMHERAY ¥ — 2 ff
2 pCTL HRE AR 5 1F, [ UHER A ¥ v — 2 KD [H-
pCTL BIREARETH L. Thbb, HOMEEA Y v —%&
2 pCTL 2B 1) 2 €T VREME, 75 it fES &
OHEME R REATREZR S 1, A UHERA OV v — 2§D
IHpCTL I8 % €T VREME, R AIREMES L O
TEEVERE S RETRETH 5.

2.2 INFTCRESNTEALAARICEEYT 2MEBHER
MU, IHpCTL MMEREI NALARTD 5§ TIIREINT
W B PR S B MBI D W BLIC I 5. FE
BHERGHREARGE (PpCTL) »%GX [22], (23] TIREI N
7. PpCTL & pCTL IZ P EHARERAF ~ Z2MA 5 T
LIZ& o TREHFRINDS. [ [22], [23] T, PpCTL 25
pCTL ANDZEHT )L T ) X L% W72 DA A EHE AL HA
Nz, ZOWDIAAEHEH NS Z L I2 &> T, PpCTL
D pCTL IZX 9 2 HHNPRE W REME R B AGE S vz, 2
DI PE ATREMEE R TH UYL A ¥ v — 2
% Z Iz & pCTL AREATREZR S 1, R UHER A Y v —
EFHWAZ LIZX% PpCTL b ETRETH B &\ D
ZeaRUEEHTH 2. BEMEEIEARE (HpCTL)
A [27] TRE I N7z, HpCTL 1k pCTL 12 B g 55
T[] ZMAB LIk o TREKES NS, FFHX [27] T,
HpCTL 725 pCTL NDZEHT )V T Y X L& W72 HD5A
AEHMBIEHINZ, ZOMDIAATHZHWS Z &1z
& o T, HpCTL @ pCTL {Z %3 % FHxdH e Al GEME e 2 AY
FERH X N7z SR 71 D W TR [15], [20], [28], [30]
RETHEMIEINT &/, BTG AW E R EA
amPE (LIHpCTL) %X [17] TRE T 7z, LIHpCTL
i, PpCTL & HpCTL Wi H DHLIETH b, ~ & [b] 1T R
T BT, [31] THERSNEMEE L ;) 2MABZZ L
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2k 5T pCTL OHEIEE LTEHI NS, LHELARAS,
LIHpCTL {2 X U Tk, A2 mW#E X 12 X 0, HDIAAE
B AR P E FTREMERE B S AE I X TR VWA . AR T
ffifl 3§ % IHpCTL &, LIHpCTL DM E 1 ;] % Fi7z
WS ARDOEMTH 5. IHpCTL Ti, LIHpCTL T
FW S TN 7 MR SR ATRERIG =1 2 > Y SV KR
ARERARR =X # WA Z XV HER LI ITLD,
pCTL ~NDHDAAEI A IS 5 2 & AHREIC 25 7z

3. ERIKMEER - MBORKRIR

3.1 BEEORE

PUF, THpCTL % 32 U 7z EEPRHERR - MIFkDORILIZ DOV
T LTV, £7, 3 [30] 232 LT, IHpCTL ®
BEREWE T 0] 2 HWZRBUCOWTHHT S, A B
V—DRHFIZBWTI, is-a BIRVBHHI NG, Zhidd
SWae ZOMADWMAMSHOEBKRERTHOTH 5.
€1,C2,...,cp ZERERTEHB LTS, 20L&, HEES
DY EHE 2 AL T cr ;05 - ;¢ LB
N5, ZIZT,[c1;c2; 5 cp] DFDELDIET (¢4, ¢))
1<i<j<n)iE ¢ &c; ODEDis-a FFEERLTNS.
21X, [disease ; cancer] 1%, cancer B disease DHB5 1
RBRTCHBHIELERLTVS. 2N, TTRTOEBIIHET
H5BH] EVWHIIEERLTWVWAS.

FT, M 1LITREINTVEHLEOEEA Y boY—%
FZ2 5. ZOMIZBEWT, schizophrenia (FEERFIE) &
anorexia nervosa (FEBJIE) (& mental diseases (FEHHIIHE
) O—HETHBLEZL. HZEX, ZOMOA Y b Y—
KEO—MIFBEEHE T2 AWTUTO LS IZdlid T ns.
1) [disease ; cancer].

) [disease ; diseaseO f Mental Health).
) [disease ; cancer ; lungCancer].

) [disease ; cancer ; brainCancer].

) [

disease ; diseaseO f Mental Health ; schizophrenia).

Disease

Cancer Disease of mental health

e

Lung cancer Schizophrenia

Brain cancer Anorexia nernvosa

1 HEORE

Soearee U, paEET5. Zoe &, Wl dp
& c MR p 2R WS Z e 2R, HlxIE,
R [e1 ;5 ealp &, BES co S ¢ DSBS TH D 2o
BpifHonwd Zea2RT. BEOEMRMEE X
GFEHHALTCEREINS. FIZIE, pr BL py BHEED
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L&, INS 2MAGDLEEHREE R, RS T2

W [(piAp2), [e](p1Vp2), [cl(pr—p2) B & T [ (=p1) D

koI h g, FlziX, LMFOREIL, MEld@cdsd

EEHITHEKATH DY, MBI REEEHHEVNSZ L

ERLTWS.
[disease ; cancer ; lungCancer|(deathV—death).

U, &/ ME S & O5 /mERoMox sz &L 72

YA NERT.

(1) “A concept ¢; is a subconcept ¢; (1 <i<j<n)” &
BEEHEE T [c1 ;5005 -+ 5 cn) TREEIND.

(2) “A concept c has a property p” 1&FWE [c]p THRIL
TIN5,

(3) “A concept ¢ has properties p; and po” I3 B X
[c](p1Ap2) TRIELZIND.

(4) “A concept ¢ has a property p; or py” (FiwHl X
[c](p1Vpe) TRIELZIND.

(5) “A concept ¢ does not have a property p; or does have
a property po” 1R [¢](p1—p2) TEIHINS.

(6) “A concept ¢ does not have a property p” I&FmHl X
[c](—p) TEETNS.

3.2 BEORE
Rz, BEAEE 2R OS2 KRBT 2% X 5. 2

NI THpCTL DOIRRIEE 72 M HT 5. HZ X, LRI

lung cancer (JiijE) DORERIZ BT 2 IR E % e

TEHWTRELZHDTH 5.

[disease ; cancer ; lungCancer]EF
(mhasBenignTumor A—hasMalignantTumor).
ZOMmERIE T—RIZEOMAD AT —ITlx, B,
it F A DFF > RIVED IS & MO S ROl 5 Z et

TERWGAENH D) LVWS L EEKRLTWS.

PAUFI, ReEfrEE & ipfEREE oMot ze £ LY

A NZRY.

(1) “A concept ¢ has a property p eventually in all paths”
WEHE []AFp TRELE NS,

(2) “A concept ¢ has a property p eventually in some

path” 135w [(]JEFp TREIN 5.

“A concept ¢ always has a property p in all paths” &

G []AGp TRELE NS,

(4) “A concept ¢ always has a property p in some path”
FEREEA [(JEGp TREINS.

(5) “A concept ¢ has a property p eventually in the near
future (i.e., next time) in all paths” IZEREER []AXp
TRIEINS.

(6) “A concept ¢ has a property p eventually in the near
future (i.e., next time) in some path ” (FiRH# =X [(]EXp
TRIEINS.

(7) “A concept ¢ has a property p; until it has a property

(3

~—
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pa in all paths” IEFREER []A(p1 Ups) TREAINS.
(8) “A concept ¢ has a property p; until it has a property
po in some path” FEHH R [c]E(p1 Upe) THRELSINS.
3.3 MXROKRIER
I, R E 2R OS2 RHT I 2525, Z
NITIE THpCTL OMEREE 72 AT 5. #l2IE, LTI
lung cancer DEERIZ BT 2 HERMMEE 2 ERHE T2 H
WTHBLZHDTHS.
[disease ; cancer ; lungCancer]AG
(stagedNhasM alignantTumor—P>( gsEFdeath).
OB RIE TREDPHEDORA T —Y 4 TH 0 D EME
BaER-o TWVWAR LI, AEFIDENEESS =t v
ML THRIZEL TRV DH L] L\WVWH T Z2EKRLTWD
PURI, MRS & MERGml O o sER LAY
A &R,
(1) “A concept ¢ has a property p with a probability less
FEREA [|P<,p TERHIND.
(2) “A concept ¢ has a property p with a probability
FE B [(]Ps>yp TH

than or equal to z”

greater than or equal to z”
WIhs.
(3) “A concept ¢ has a property p with a probability less
[FEHE R [c|P,p TRILEINS.
(4) “A concept ¢ has a property p with a probability
AR [¢]Ps,p TRII NS,

than x”

greater than z”

3.4 FREFBHEORIE

Iz, FIEFAEEEZFOMEOTRNVEEZSL. DL 57%
24 T OB IHpCTL OF [F A G EM AT ~ 2 MH T
5Ll bERIEINS. THpCTL I, (aA~a)—B DD
RNEZEHRU 72 TH 5. Tk IHpCTL A58 &34 i
B (FE 2R Samtl) 33] D—HTH L Z L 2RIKT 5.
BEHER 12 € TOVME I B & T 2 IR RTER B P & P
AELT IR, PIAE, FIEFARE TR VI B W

T, ERDOIEIR s EIRR AT LT, (s(x)A-s(z))—d(z)
D DMIANZ Y (TR >TLE W, MEPELS. 20D
BN T o OFIRD s THEDP AP DV E R L
%(Tﬁb%sﬁﬁﬁsﬁiﬁwt%)xir%dﬁééj
VWS ZEERLTWS. fE-> T, Makami I3l Y) 22 iR
e RER NI LTS,

B2, schizophrenia(maria) \~schizophrenia(maria)
TRIND LS 7RW (FJE LR BHEEEZ v G
5. ZomBAE, [V 7P ERFAIETDH D oA
RIVETIEHRN] &I T 2RULTWD. HAKILE

DEZWIZEL <, BEHIZEL > TR R E)T”“Ti?’ﬁ
5. TDRH, ZOLS% [H25EHIHREKEL D
bfﬁ%@E%iﬁé%ﬂr@imw ML 7RER) Y
BIOES. 58, PEFAMBALIOGWE Z M T 5
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&, (schizophrenia(maria) A ~schizophrenia(maria))
— cancer(maria) D &S HEFE U K RVigHAAH & 722
5. ZomBAE <) 7O &S REL 5 13E T
HB] VWS EEEERLTWS

4. BRIRHESR - A DRG]

£ 9, IHpCTL % AW EEE T IVIZDOWTHIAT 5.
X2, 38 LUOK41EZTNZTNREROEEE TV, [ififEE
FLBLOMEEFEET NV THS. 22T, MiEETILE
MG RKINEE T VX REROEERETNVOWMAETVTH 5.
bbb, K2 HO [Lung cancer] $ & UF [Schizophrenial
DFMBTNEFNX 3 X4 0TI hT WS, i
BPIOHMAEMEDET NVIZHT ZHEIZOVWTIE, Th
ZTh (35 BLU [36] DNEESHIZLT-.

[Disease]

[Cancer]

[Lung cancer]

[Brain cancer]
T — [

[Disease of mental health]

goodHealth |

hashialignantTumor
s

hasBenignTumor

healthy, ~healthy
~painful

goodHealth
healthy Screoning

hasiial \g T 12%

~n unv
pai

3 eI

[Schizophrenia]

[Hebephrenic type]

healtny 7 H healthy healthy
~health ~health ~health; ~health ~health;

[Catatonic type]

goodHsaltn omen acute rest recovery geodHealth
| | positive 60%
healthy healthy healthy healthy healthy
~healthy ~healthy ~healthy ~healthy
[Paranaid type]
T 30%
omen | | acute rest recovery
positive 0%
healthy | | heatty heatthy
~health ~health ~health ~health

4 REKMEET IV
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Wiz, IHpCTL % AW 721X 3 D fifijE € 7 )V DMGEEF] % R
3. IHpCTL Z2fAWVWS Z &2k, LFOAF—h AV b
EMGEET 2 2N TES.

(1) “Is there a state in which a person experiences both
pain and the absence of pain during Stage 4 lung can-
cer?”

(2) “Is there a state in which a person is both healthy
and unhealthy in the previous stage of lung cancer?”

F1IDOAT = AV MNIAETHY, FE2DAT—HF AV b

WETHE. ZhH AT — M A Y MIIHpCTL fwile U

TENENUTDO LS IiidTE 5.

(1) [Disease ; Cancer ; LungCancer|EF (pain ful A~pain ful).

(2) EF(healthyN~healthy).

F2, UTFDAT = AV IBRIETEHIENTE S,
“If a person with lung cancer Stage 4 has a malig-
nant tumor (i.e., lung cancer), is not healthy, and
has pain, then there is a probability of approxi-
mately 88 percent exists that this person will die
in the near future.”

ZDAT—HFAVMIETHY, IHpCTL fmE & L THL
ToksizigbTce 5.

[Disease ; Cancer ; LungCancer|AG

(stagedAhasM alignantTumor Apain ful A~healthy

— EF(P<¢.89 deathAP>¢ g7 death).

ERDOATF— 1AV M, IHpCTL %25 pCTL ~DZ #
TNTY XL [26) AL THREIET 22N TES. T4
HH, THpCTL Fw NIt 9 % pCTL s I £ # 7 v
IV ALEMALCTEBI N, ZX 7z pCTL iR,
BHER AR TOVRERAM IZ L > THEES 2 Z A TE
5. BT, 2D &S ol %, m%I1ZxR LU 7% IHpCTL
MEAEHICE > THHT S, 7, LTFTDO &S24
IHpCTL MR AMEL L T, 2T 2 LMk RE2 R

[d; c; J(AG(sAtAPA ~h—EF (P<q.89 d AP>0.87 d)))
ZZTC,d, e, I, t,p, p BEThITZENFN, Disease,
Cancer, lungCancer, hasMalignantTumor, painful,
healthy 8 & O death DG THS. ZD L E, Wind
5 pCTL Bl RIILL T D &L S 12742 5.

AG(q1 AN g2 AN g3 A qa = EF(P<g.89 gsAP>0.87 g5)
ZZT, q1,q2,q3,q4 B X g5 1, TNENTRAR B aEEE
ThHhbd. ZOEBFERIZEWT, TTOMEHR ITHpCTL RBl
RFD ~ L [d;c; | EENTNINSH L WA T
REIND (MEEHRPIZHEOAENS) Z2ITh5.

5. f5im

AIFZETIE, FE AR R T T IOVRAERA 2 VWi
B PRHE R - MIGRMGERGE 2 IRE U 2. P IEFAREER €
TIOVIRERANE, PIEFFAME, B L OHERIEZ KX 5
LD IR E T VIRERM 2R L2 DTH L. K
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W72 Tk, 33 [26) TREINTW S [FETFAEERSE
TV R 2 R TVRERMNIC AT 2 7L
IV XA REELUE. kv, FEHEN, BEED
FOMERMZZE U KRR - HBOET IV T 5
MERZ BHERN R E TIUVRERM CHAI NS ETILPR
BRIZEBT LI ENTER. ZOEBET7T VI A L%2H
WA Z 2Tk, BRI - AR R 2 TV A AR
T& % SPIN, NuSMV $ & U PRISM % filA& b8 THEE
B EAARRIC AR o 2. AW T, ERKHEGR - FIERE
TV OB ARG & U TRl E 7V E RIE T 7V
EEHEUERET VST 2GEEH %R U7z,

G T - 72 EEERBE FIVISRT 2 EEEE 7 VIR
##% NuSMV, SPIN 8 £ ¢ PRISM 2 A& HOETHEITT
52 M TED. NuSMV Ik CTL & FIVREHFE#i & LTL
EFIVRERAM %, SPIN 13 LTL ® FIVBREREM#Mi %2, Z L
T PRISM & pCTL € 7 V&R M2 - LTWn5.
Z Z T LTL € 7IVIRE M & (SRR R EE LTL % X —
AU FIVIRESMTH 5. AL TR > -EEET
WIZEET 5 25 T VRERZHASOEZEBROMK
FEIZDWTIEGEN X [34] THE SN T WD, b, FHERN L
ETFTNVREBTIEETNVEROEEEL D 5720, fH % DK
BETNVEZD LD REFMELZHCCHEBNIZERKT 5
ZENTES. HIZIE, HAEKRFELMEEEFEL TV
BEIZE, FnsflxDETFLVOEAMEKRET VEET
IIRERIZE O HEIMIZAER TR Z LN TE S, HDH VI,
2ODEZZEEL TWAEBIZHTE2ETILVDOEREFE
ZB55H100F, APMERETVREEARET LEETIL
MEBRIZL Y BBMICERT 2 22D TE 5. AHEGHRIE,
2 DODRBIZB VT HIERPEAPL TR Z2GERED
REUZEMTH L. BEGHIE, 1 DOERIZEBIT 25 50E
ROBIEH LR > THOEBOEREZS SR TEHERE
DFERBIZENTHAS. IhoOEEMEL EDT, AHF
D5 OB, EBERERRHESR - KT TV & AR
LTS 270D HELY —VE2BEKT LI TH 5.

BRI, AHFICEET 2 2E Y A b &2RY. FERF
ARERRES X OF G HRE TIVIRERMIZET 2 1HHRIZD
WISk [6], [10], [14], [15], [18], [19], [21], [23], [24], [29],
B R R S & O E € TV RE RN T 2 iz D
VTSR [15], [16], [20], [25], [27], [28], [30], % L THER
RS & OHERE TVMRAFAMIZBE T 2 EHIC DWW T
WETHR [1], 121, [3], [4], [11], [12], [17], [23], [27], [32] 235
2725, 7z, FIEHAE T IVIRERA, BEE T TV IRER
i, MERE T VRERMB LIS OMAELEIZET
B RY — RS L LT [17] 23RS 020,

HEE AW — R R HARE SRR AR 55 AT i 52 Bl Ak
&8 L ISPS B (JP18K11171, JP16KK0007) D%
W% =7,
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