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=, WEFE2E. BFERiEmEadiZs, —r2ENESEE. mel2B—pr2EE
NIRRT ERREF RN —FFE.  TEmBREEM 2R R B, BATTIHEE
ASFT IR OB S B T S8 5 IRF A SRR, B AN R B e 2 4
§3.1 ZMEtFEZE (LTL)

£ LR 2% (Linear Temporal Logic) /0 H & RGUEITHHPRS LA R ENZ HH L&,
LR PR AT UL AE LR, IR U A e RS EEZ L.
§3.1.1 dpEELkMER FiZ% (PLTL)

NV HEEL A A EE ] L2t P25, Bl ar ikt P2 8, JCfF PLTL. %
E—PNRFmEESG AP . PLTL ARXMESH U FiBHRA .

o= L[T|pl-¢|oned|oVeld—0|¢—=d|06]|Co|0d|oUG|oRG

Hrf p o AP FEE M. AP iy PLTL ARTE—DFERK 247 lF5F 8 ek,
B o & PLTL AR, B ¢ = (G --- € 247, AT ¢F SRR G TFEHPREFI GCrsr - .
W PLTL 22 X3 ST

(Ep Hp=T,HpcAP Hpe (o
CE-y #CFE e

(EeVYy HlFeH (EY

(EenYy HFeHEY

(Fe—=¢ HFeN(EY

(Feey HiFe—vH(EYv—y

(EOyp #H Ee

(EOY HVi>0,0 Y

CECy #3>0( kg

(FeUy  #HF>0EFpHY<i<i, (¢
(E@RY  #HVi>0,5 NV0<j<i,(d o) M EY

HEbrs Kripke 5t M = (S,R,I,L) . & 7 = mommz--- A—PTERIREFH. & X
L(m) = L(m)L(m2) - -~ .

MmlEe HSHMY Lin)EFe.
B A PLTL AR, M Hip5 Kripke £514,
Mg
M HAXY
XPH M Wit n, HMnrEe,
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EEEFNXEXRS NNF ER

S B EERER A, Vv, -~ BB EEREST - R IE G AR PR NNF i, &4
PLTL AR F—4 PLTL # NNF JEx. —> PLTL gy NNF =X 5 F LT X R4
T,

(@p) = ~(Cp)
(pRq) = —(-pU—q)
(Op) = —(0O-p)

RFU BigH#EXR
KT RMU, BATAUTHFX.

pRq = (¢ (pVO(pRy)))
pUq = (¢V(pAO(pUq)))
BEEFHHR/ITELE
BT D EXHEAETFZ AN, BRITEUTER.
Op = (J_Rp)
Op = (TUp)

H {0, U} #f PLTL SZSHFH— e g, HEM/NERE,
§3.1.2 PLTL AzCAVHEIE

M {0,U,0,0}  PLTL AXMEBSHTFHE. PLTL WHEEAZELEU T =84 —&5a
N PLTL AR F 2B AR, 57— BB B e RS0, 5 =R N AL
.

F—E: AR

O-p < —~Cp

O(p — ¢q) — (Op — Oq)
Up—p

Op — Op

Op — Odp

O(p — Op) — (p — Op)
O-p < =Op

O(p — q) — (Op — Oq)
(pUq) < (¢V (p A O(pUq))
(pUq) — <©q

FEHS: GTESEEIERS
il mE p BEFR, W p BAH,
MP #:  WmREFp—-qgHbFp, MEq.
= B FEHEIEMN
WwRbEp, WEOp ().
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R E M

PLTL AR T R MR T HI 0, HHIE B Zebd PSPACE 524, RAVERIFET O
il Oy PLTL AR T4EIEH PLTL(F) . PUTL(F) g5 M 20N NP 564,

§3.1.3 PLTL AX 5 Biuchi Hzh#l

it [[o]] € 247)° K o MFFENES. MMER PLTL AR ¢, F#7E—1 Biichi H 3h#l
A= (24P S A I F) ffif§ L(A) = [[¢]] . HTE4 PLTL AR%HF—4 NNF izt H 0 # ©
A RAU FoR, BATHBZEASE O M O f NNF #R. d1 T Biichi [ L@ 4 Biichi H
ILAEEBEE], LUF R HIEES S0 T ([0)) 578 Bichi AL B, = (247, 5,A, 1 F)
7%,

L ERMERE v = (o} {3.{}) , i a@) = {c} . WHMAREHES.

2. MHEE 2= (b,c,d) €S -

wH0=0, WERS y =, {}{}). Hyes, M aly) =aly)U{z}, Hygs, id
a(y) = {z}, IRy MAKRELE S .

#b=0boU{p}, EAIZLITILRMEDLL:

o =poUpr, MIEIRZS (bo U{po},cU{p},dU{p}) Fl (bo U{pi},cU{p},d) .

# ¢ =oRer, BERE (bo U{p1}, cU{p},dU{p}) fl (bo U {po, o1}, cU{p},d) .
He=wo Ve, BERZE (boU{po},cU{p},d) Fl (boU{p1},cU{p},d).
#Heo=9po N1, BIERE (boU{po, ¢1},cU{p},d).

#F o =0¢, MRS (bo,cU{p},dU{po}) .

He=pBH p=-p, Hpec AP, WERE (bo,cU{p}, d) .

FB i RSB RFRE o . HARMENFHENRES Yy, Hves, idaly) =a(a),
HHEy MANRBE S HyeSHaly) #0, MEK aly) =aly)Va(z); ZHye S Haly) =0,
XA RS EEAR y BPIRES v € S5, B a(y) = a(y) Ualz); RIEHITE a(z) FHHBL
v W7 FBTA G RS A RIFBI a(v) = 0 FR = B RBHHERPIR S AR,

AN FERRE v = (b,c,d) € S, & c PABHESZATEN, WA S bk
ys Zenb£0, T b FIERAILIS cnb . REIS 4 HE A FHERIRE.

3. XMER 2= (b,e,d)e S, Hycalx) Hy=.d,d)eS, WEEH (v,0,2) , HFHH
MAZEBEE A, Hfoe2?” R Vpe AP.({p,p} ZoUd)A(ped —peo).

4. MEF 2= (be,d) €S, FHeecalz), MKz MAVHRSEST.

5. MENMAK ¢, Fo=0Upr, Wi f, ={(b,c,d) € S|p€c—p1€ch, FFRKHIMA
B2RESHEES .

§3.1.4 —MrE&MERFEE

— W RtERt P, B BB R RS R, AR AN, ARSI —
MR F BRI RS, (HHRBRE KR, BEREEZHHE, 7TUAEES N
BFRIEH. AE—1T—WEfH 8, L8 Li—ME&HErFEEARNESH L Figkey
.

= pl¢|oNG[dVI|d—=0[d—¢|0¢|Co|D¢|oUG|oR
Hetp L8 WERAKX, —M&ERFEZEAXRELRREFF L@, & S RE
85, m=mmm - H—DERREFH], S ARSHGEH RERZ LS ARYeE T —
WriZi £ —Br AR F 2 A B iE T



§3 BFEH

™ Ep
= e
™ E eV
™ E oAy
™ Ee -
™o ey
™ Op
™ = Oy
™ = Op
™ = Uy
™ = pRy

Hp L WIARH m=p
g

Hr e Y
HrEeHrEY
el ot =y
EriEeo—ovHrEY—o
%“Wk-'rl):@

EVi> ke

A=k Ee

FHIi>krEy HVE<j<inm oy
FVi>k, BEVE<j<ind o lla=y

IR

BATH ¢ = ¢ RAR O(p —¢) . e B=(F.P) Ml BHMEE 1. RI\E—OEFER
ARWTES, BATA LT R,

o JHEJTHLN:
Fe
Oy

o R FM:

=1 =0y
o= Uy v = Uy
(=

w A = Op

¢= YRy

o U MNM: & Ce P N JCEHAMNT. we QFFp N—ItiHAAX (CHARN 2) A
W = ({o(z) [ I(w)(0) = true}, I,(T)) A REEE. ecTp AW, N

—Rr R iR FFZ AT R

o= (V)
¢= (o Nwy)
(Che=v)= QU@ V((AeC v))

o= Uy

YU E—Preethnt F 2 ST TR AEA X L, B2, ATTLAK O 7TH
TET L. 3%, BAITFEBY M, 7" =p @2, ¥ p & L0 WHE n ARREFEFAX, N

M. 7" | p(O" a1, ..., O ay) # O AE p PRI EALE H B

H M, 7% = p(mppi, (1), ooy Thtin, (T0))

M, 7% = p(oay O f (b, o tm)y ) 2 M, % = p(o, F(O't, ..., Oityy), )
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§3.2 itHEHLEE CTL

542 (Computation Tree Logic) &—Fr Bif P2 8.  REH I REH 24T AT LA AL
e MG, Bl—IRESTRAEZSNRSERES. IRl BB AR, a2
BT DR T A B B AR AR S BRI R 2 &R . BATH B — PR et 5248, B CTL .
CTL i ik /3 BB LA R AR S R IR O R 3T X i BE, Bl — i o At L 9 331 T
WA — A RARS IR R R HT.

§3.2.1 {BAFIENX

TR EE A SR E, HAEEU LB REEEZ L. ®I1%5EHE
ZEZ LW EMER. S -TMETOEES AP . CTL AXWEEGHUTIEEASH.

pu= T[L[p|-¢|dN¢|dVe|
EX¢|EF¢|EGo|E(@U )| E(PRQ) |
AX 9| AF ¢|AG ¢ | AU ¢) | A(¢ R ¢)
Hep B AP PERME. ARIFENL, BHEEERF - M < &aHBE LT AR E X
d, EERATTURIEREREIE XA mEA,  CTL ARE—ARPREE M L Kripke 4544 L%
B, % M= (SA,IL) EFEFaEi%E AP L Kripke 258, CTL ARME X

M,skE=p #FHp=T,H pec AP Hpe L(s)

M,s = —p # M,s o

M,s|E oV HH MskEpB MskE

M,sEpnNY FH M,skEp H M,s =

M,s = Agp FRTHAE M UL s HEAHBRT: MrEop
M,s = Ep FHFTE M Ll s ARAWER 7 Ml
MarEXp EHMmEeyp

M, 7 |E Gy EYIi>0MmEY

M, = Fo #H I >0,Mm =@

MaleoUy #EHI>0MmEy AV0<j<i, M o
M7= eRYp  #HVi>0,FV0<j<i,M,m =l M=

B o A CTL A, M i Kripke Z5#4.
Mi=¢
Y HALY
MEE sel, MskEo,
BREFEFHXBEXRSE NNF EX

BERAT - H U BAE AT 1 A X8 NNF s, &4 CTL AKX F—4 CTL
B NNF fiX, —4 CTL #y NNF JuzXA B LA R X B R,

AXp = —-FEX-p
AGp = —EF-p
AFp = —EG-p
A(pRq) = —E(-pU—q)
A(pUq) = —E(-pR—q)




§3 BFEH

R U BigHEXR
KFRMU, BATAUTHFK.

BREETFHRDTEEE

BT LA EXMERE T 250, #ATA LT

EGp
E(pRq)

E(LRp)
E(qU(pAq))V EGq

Wit {EX, EG, EU} M CTL BESH TR — 1 5e 2, HEMRNEeE.

§3.2.2 CTL A AR

Ll {EX,EU,EG,EF,AX, AU, AG, AF,}  CTL ARMMER T4, CTL WHHERSH
T =35 —#ah CTL XM i FERAT,; 7—Ma ham@l 2 AR RL; $=

I3 st P AE R AL
E—EH: AR

EFp «— E(TUp)
AGp < —~EF-p
AFp < A(TUp)
EGp & —AF—p
EX(pVq) <« EXpV EXq
AXp — ~EX-p
E(Uq) < (¢V (p N EXE(pUq))
ApUq) < (qV (p NAXA(pUq))

EXTANAXT

AG(r — (mg NEXr))
AG(r — (mg NEXr))
(=g A (p— AX71))) = (r — —~E(pUq))
r— (mg NAXr)) — (r - —EFq)

(
AG(r —
AG(
(

r— =A(pUq))
r — 2AFq)

= (
= (

AG(p — q) — (EXp — EXq)

FEHS: GTESEEIERS
Ll
MP 0]
= B FEHEIEMN
wREp, WEAGp (H#)7).

R

mEp REFR, W p AR,
mREp—qgHbEp, MEgq.

CTL A Al R R AT Ay, HHRE R 240 EXPTIME 564,
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§3.2.3 CTL ARXNAzI=ZE

T CTL ARTERE LR, 45 —4 AP _Lf Kripke 2544 M = (S, R, 1, L) . %EH—
MCTL AKX p. SHWTE {se€S|MskEp}icH [ .
TEXEE ex: 25 - 25 W

ex(A)={se€ 5|3 €8, (s,s) e ANs € A}

HA1E L TER:
[[p]] = {s|lpeL(s)}
[=pl] = S\[]
[lpvall = [p]Ulld]
[lpAg] = [plIN gl
[EXp]] = ex([[p]])

X+ EG Ml EU . B4 CTL & X, &1E EGp = pANEXEGp fl E(pUq) = qV (p A
EXE(pUq)). B

[[EGD]] [[pl] N ex([[EGPI])
([E(Uq)]] [[g]] L ([[p]] Nex([[E@UI)

o A E2E S [[EGp]] M ([E@UQ)] k& m1(Z2) = [[pl] Nex(Z) M m=2(Z) = [[a]] U ([[p]] N
ex(Z)) MIAZR.  RYE CTL HFEXH = Ml HR/MIRKRAS A, H ([EGp)] & 1 BHRKA
e, ([E@UQ & 2 BB/IAZ, Bl

([EGp]] = vZ([lpll Nex(2))
[E@UI = n2((ld] v (Pl Nex(2)))

R, HERSH TR GZIE. F7EHS, BITEENR po BX S T4,
BESHTAE BB A R 2° LR REL.

AFp = pZlpVvAXZ)
AGp vZ(pNAXZ)
EFp = pZlpVvVEXZ)
EGp = vZ(pNEXZ)
AlpUq) = pZ(qVv(pANAXZ))
A(pRq) = vZ(qgA(pV AXZ))
E(@Uq) = pZ(qV(pNEXZ))
E(pRq) = vZ(qA(pVEXZ))

B¢ A CTL A, M 4 Kripke 4544, B1H

M,skEe MHNY sell].
MEye H4HMY 1C(y].
§3.2.4 CTL AR T Kripke £#hi9#IE 53248 Biichi HEh#l

BT CTL AXFERAS LR, 452 Kripke £51 M = (S, A, 1, L) fI—4R3S s, HATATLA
RYE s BHIFERSHIE IR HABT s e —T2AK.
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CTL Azt7 Kripke Z#dhdTE
BB X =P FE E 0]

T A - A, A - A,
— V A

) )

A A A

DPANFRATEERIATRHER A, A n PEHRPH— DRI ATRHER A, A n AR
RAMTERTIRN AR LR A, BITEE CTL AX#y NNF {5,

T T
p € L(s) —— p€e AP\ L(s)
sty p st —p
/\SFMp skumq VSFMp sty q
sk pAg skFmpVg
L -
pLTM P I ITMP g se) = {8 | (s,8) € A}
SFM AXp
L -
VAL I ITMP g se) = {8 | (s,8) € A}
SFM EXp
Y styvqg stupnNAXA(pUq) y stvq stupANEXE(pUq)
stum A(pUq) stum E(pUq)
A styvqg styupVAXA(pRg) A stvqg stupVEXE(pRq)
s Fu A(pRq) s Fu E(pRq)

XEF A1 L9 32, MRS S LT R — 2 MU, HEB A 4 HAUCY REW AR T 5
WRZED IAK L, BRI B ZE LT RN AN BAE EU 5 AU KB~
.

3Z§& Bichi HzhHl

& X
sfo(A(bRc)) = {bV AX A(bRc), AX A(bRc)}
sfo(A(bUc)) ={bNAXADUc), AXA(DUc)}
sfo(E(bRc)) = {bV EXE(bRc), EXE(bRe)}
sfo(E(bUc)) ={bANEXE(bUc), EXE(bUc)}

EX sf(p) AARWESWT.

a€sfp) 2 HALY
afE o FHIME o 78 o FHIAH a € sfo(d) .
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s Kripke 250 M = (S, A, 1, L) RIAR o  H33c4 Biichi FEWLB(M, @) = (S, 8", A/, I', F)
F

b)) = {a}

s’ = {stmv|seSyesfe)}
A(tya) = {{t1,.,tn}} ST A- LI
A't,a) = {{t1}, ., {tn}} IR v- LI
Allt,a) = {{BH#&Et=T

Allt,a) = {{t}} &t BHERE AT
I = {skpyyplsel}

F = {stwm E(pRq)|s € S,E(pRq) € sf(p)} U{stm A(pRq)|s € S, A(pRq) € sf(p)}

W B(M, ) FILAERE M = BRIEMSE, B(M, o) AZEHEY M = -p .
XtFAE R E Kripke 454 (S, A, I, L) fl NNF #iXfy CTL AR o, #A1GEMEHE — 4
3% Biichi [ 3L (3,5, A I, F) B |5 < |S]-|sf(p)] .

§3.3 itEHLEHE CTL*

BT CTL FfidR B g B A R RS W BT E X R AT T R, E—ERE LIRH T
CTL WJFRIKFE S, AT LB HAFIFEE A, XAZHICAE CTLY . A2 — IR FadiEs AP,
CTL* AXMES B TEES .

pu=pllONGIOVO|XP[FG|GoloU S|P RO| AP | E
Hefp o AP FAEEAEL. HATATLOK CTL* AR RE AN RAR.

#peE AP, N p ZREAX

oo M BREARK, W e, 0oV, oAy ZREFAK
# o mBERA, M Be #l Ap BREAK

# o REAK, Mo RERAR

H oMy BERAK, W -p,eVi,oAp, Xp, Fo,Go, U, pRY ZEEERAR

CTL* ARXFE—MPIREGE M B Kripke 2544 Bk, & M = (S, R, I, L) EJi Tl AP
Y Kripke 54, CTL* AR HE LI T
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M,skEp #Fpe AP Hpe L(s)

M,s = —p M s

MsEeVYy H MsEeB MsEY

M,sEpnYy FH MsEp HMsEY

M,s = Ap EHXMTIAHE M L s FELHER : MrEe
M,s=Ep  HEEM B s JERANER ~: MrEe
M,mkE=p #peAP H M,m [ p

M, 7= Ap # M, = Ap

M,n = Eyp # M,mo | Ep

M, 7 - Mmoo

M,mEeVvYy HMrEeBE MrEY

MarEoeNYy HMnaEoeH M,mEY

MakEXe #HMrkEp

M, 7 |E Gy EHVi>0,M7 =

M,rEFe  #3i>0,Mn o

M,rlEeUy #H I>0,MaiEy HV0<j<i,M, 7 =¢
M7l @Ry  #HVi>k #FHY0<j<i, Ml o N M,x' =4

¥ ¢ R CTL* REAR, M A Kripke £5#,
MEe
% ALY
XErH sel, MskEgp,
PLTL fl CTL J& CTL* {74, & PLTL . CTL Al CTL* #§7E Kripke Z5#y L f#ft, —4
PLTL AR ¢ BT —4 CTL* A% Ap . 3B PLTL ARBATLB R ZRE AR,  fEXkE

HIBT, #A1TLIHE PLTL . CTL 1 CTL* BPRASA R,
PLTL f1 CTL HEAFJEH CTL* &F PLTL #1 CTL {3145,

CTL AR AGEFp REE PLTL %%,
PLTL A3 F(p A Xp) AREAT CTL 3%7%.
CTL* A E(GFp) AR CTL &7, AREM PLTL &R,

83.4 - WE
H2¢T CTL WisHeEA1%E CTL AR T AEESHE T AX EX, MBA AR S FR.
fE CTL AWK FFRAH, BRI HIE AX EX, pv ZJ5. FEXANAREH, #A
AR — AN RBRE S R EBE. Bl - A, HE—MNETHEES AP, — MRS
BV . PR p- AN ARXMES T B U T IERS .
pu=p|X|-ploNndloVe|()o|llo|uX.0|vX.d

Hetp o AP RAER @B, X MR, uX.o M vX.oH ¢ PAZER X LRIEBEA
~FFEHERTEEZT.
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A SEHEER - BE
XY - FEAR TS, SENSITER TR, FATRTLAS B —FlRE A Hi kR Sh AR i i P e
AW FiEE. HE-TRTOEES AP, —PMEEESV, M—1IfEEE A, w3
A Ea LT EES .
pu=p|X|-¢|oNd[dVo|(a)g]|[ad|pX.¢|vX.¢
Hetp o AP FEE S, X OAAEE, o NME, FHFH pX.o M v X6 B ¢ FASZIER
X BB -~ o ERAEEZT.

p- EEARTE LTS Bk, % M = (3,8, A, 1, L) HFEFmBisk AP LR LTS, e:V — 25
HAEER] S FEMKE. o HEAKXIESCNT:

[[plle = {slpeL(s)}

[XT]e = e(X)

[=¢lle = S\[¢g]le

[p1 A dalle = [[drllen[[p2]le

[[¢1V ¢2lle = [[d1]le U [[g2]le

[{a)glle = {s]3s"s5s A s" € [[d]le}
[lalglle = {s|Vs'.s5s" = s € [[¢]le}
[(nX.glle = n{S" CS[[lglle[X/S"] € 5}
[vX.glle = U{S"C 5[5 Cglle[X/S}

PR AR AR Z R R AKX AR, MAXMESCRRZ e WM, 3 M R LTS,
o AWAK. ¢ 78 M FHIEXAER ([¢]] .

Mo
4 ALY
ICl¢]] .

EEEFNXEXRS NNF ER

BERST - AMBEMBRE R AN NNF B 840 - HEAKXSFh T—10 v
TS NNF fE. —4> p- S NNF JECR B LR B R,

e = a0
uX.¢ = —vX.¢[X/-X]
p 0 v BB FR
KT p v, BIAEUTER.
uX.¢ = ¢’;{X'¢
vX.9p = Z{X'(b

- EEARTE Kripke S5#hoIE

5 CTL 3R, % —4 Kripke Z58 M M—ARZS s, BATATLURYE s SFER
SHTEOLRFINT s R4 E—1 ( NNF 5 87 o JEAK
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T T

p € L(s) pe€ AP\ L(s)
skup sty —p
/\sl—Mp sk q \/S'—Mp skaq
sk pAg skFmMpVyg
s1 bk - Sn F
Lap M P {815, 80} ={s"| (s,a,8") € A}
st (a)p
- s
nTMPp T TMP kg sal = {8 | (s,a,8) € A}
st lalp
sk @%X'V’ sk cp;{X'“"
sty pXop sty vX.p

XEF A1 L9 32, MRS S LT R — 2 MU, HEB A 4 HAUCY REW AR T 5
IR IAK L, BSR4 HACETEZ D P TR B AKX A 1X.o A2
RFAFA v X FARKXH T2,

CTL ARE p- WBEAXIVHHR

BT CTL AXAZEWEIfEsHid, ATLMEE CTL ritid 24, HAHR—13h1E, id

T a . XK, ATRARIA TR ALK CTL AFHE] - FHAK.

T(p) = p

T(~) = T(v)

Tleny) = Te)NT()

T(EXe) = (a)T(p)

T(E(eUy) = pY(T@)V (T(p)A(@)Y))
T(EGy) = VvY.(T(p) Na)Y)

§3.5 ZfE u- ®WE (VTL)

p- PSR ARG L ., TEZRPEEEM L, [ ) B SE MR RE T — IR,
WIRILHE O . AP TMEBEG AP, —PMAERES V. vIL 2XWEGH LU TEES
.

¢pu=p|X|=¢|oNG[dV |00 | uX.0|vX.¢

Hepp g AP RAER G, X MR, FHH uX.o M vX.o 8 ¢ FAZER X WRTER
A -~ e AEEZT.

VvIL A 1E AP LRy KS LR, & R & KS EUMERRES WE S IrF 21T ES.
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B M A AP LRI KS, e:V — 28 HBEE R FENKE. vTL AXA9E XN T:

[[p]]e = {mlpe L(m)}

[(XT)e = e(X)

[=¢lle = R\[[¢lle

[[¢1 A @lle = [[o1]le N [[g2]le

[[¢1V ¢2lle = [[d1]le U [[g2]le

[[O¢lle = {m|m €llg]le}

[nX.glle = n{R'C R|[[g]le[X/R] C R}
[vX.g]le = U{R CR|R C [[¢]le[X/R]}

BMAKS, o HHRR. o 1E M FEEXTEN (¢l . M7= GHY 7 € [[o] .
i M HIETTRE R ((M]) .
Mgy
SEENE
[[M]] € [lel]

¥ vTL AR EBELEEHmR, W vTL AREUTIEXL. % M = (1, L) h—24&4k
Zity, Ho m=mom - HREFF, L {mo,m, .} — 247 RPREEBGEFEMGBS, &
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