Hh Bk B F 7S A e UR AR A

83 EFEZE

HT REMSFRIBTRFFIEIR, BRI 7 e & BA Xk
MRS, BT EMARFHERIIES, WEFEH.

EE Ui R0 PR PBU i Nl P U 7 GBS = .51
A — G B AR MR P W S R RN R —
FE.

TEATEE A —P B B R L, AT I
W H B SURRE I IS TR S 5 P SR, TR AN TR
LRpEStLi N

§3.1 4N FiZE (LTL)

ZEMEBT P2 8 (Linear Temporal Logic) J¢/0 ) R4
BATHHPREU R ENZ BRI R, LtEnF 25 LI
SAEAR SR, HRE U R e RRSHZE .

BlF . EJRERER

§3.1.1 dpEELkMER FiZ% (PLTL)

AT B SLAE a2 L a2, Ry
AL P2, 0/F PLTL .

mE—TRTwEES AP . PLTL AXMESHUT
LA,

pu= LIT|p|l-¢|one|oVe[d—¢|¢p—¢|0¢|Co|0d|oUG|dRS
Hrrp 5 AP PAEE AL

BlF -
O(=(p A q))
g
p— <q
O(p — ©q)

AP Ly PLTL ARTE—AFEERR 247 W77 Lig
.

W & PLTL AR, % ¢ =G ---€ 247)Y , &ATH ¢
KER G FIHHPIREFS GeCryr -+ . W PLTL AW
B



CEp #zHp=T,8pcAP Hpe

(E HCFEe

(FeVYy HlFeB(EY

(FenNYy HFeHOEY

(Fe—¢ HlFeN(EY

(Feey HiFe—vHFY—9

(EOyp HOEe

(EOY FHVi>0," =Y

(ECyp #I>0,CFo

(EeUy  HI200EFYHYVSj<i,dEFy
(EeRY  HVi>0,4 (V0<j<i,¢ o) M EY

BI¥F . DAEJRIBUCHHAL.
B A HIFREA IR X — 2 REAS HE I 5 X W] LA A

O(a = s1 — <Ca = s2) B O(ps — <pr) .
FEHIIEAE LSBT LIS K
D(a:sl/\b#tl/\b#tzﬁ(a:SQRb7Et2)) o

W Kripke S8 M — (S,R.LL) . B 7 =
momima - - A—DTRRREFF. 8 X L(r) = L(m)L(m2) - -,

M,mlEe HHMY Lim)Ee.

B N PLTL AR, M HH55 Kripke Z54,
MEe
24 HALY
XA M §ETT T, B MrEe.

BIF . EH (Op) = ~(0O-p)

BIF - EH] pRg= (qU(qAp)) VvV Oq

& 3.1 &% O(p — Op) — (p — Op) =, FHHLAH
24 (p— Op) — O(p — Op) A=,
EEEFNXMBEXRS NNF JER

R 2R EREST A, v, - BEBEERA - JH3E
AT T Y2 PR NNF . &4 PLTL A5 T
—A PLTL #J NNF {E=.

—~ PLTL #y NNF {5=CA] B LT XX RS,

(Op) = —(C-p)
(pRq) = —(=pU—q)
(Op) = —(0O-p)




RFU BigHEXR
KFRMU, BATAUTHFK.

(@ (pVO(pRq)))
(qv (pAO(PUQ)))

pRq
pUq

REEFHIR/NTELE
BT A LB TZ5, BAOTAE U TR,

Up
Op

it {0, U} M PLTL MR T8 — 2%, H
et/ N,

§3.1.2 PLTL AzCAVHEIE

L {0,U0,0,0}  PLTL AXXMESH 74, PLTL
W RS S LA R =885y — 34k PLTL AUHH
Bt PN, H—a haSB RN RS £
pawslinpazi:ssbWIlR
F—Eps: AE

O-p < ~Cp

O(p — q) — (Op — Og)
Up—p

Op — Op

Op — OOp

O(p — Op) — (p — Op)
O-p < =Op

O(p — q) — (Op — Oq)
(pUq) < (g Vv (p A O(PUq))
(pUq) — ©q

FTERS SEEZEEERS

gl miRp BREFRX, W p 2N,
MP #:  wWREp—-qgHFp, Witq.

E=E4: BFFHEIEFN
WwRbEp, WEOp ().

BI¥F . EH] (pADOOp) — Op

BI¥F . HEH] (Op — Oq) — O(p — q)
iR

PLTL 2238 i R AR AT H Ry, HoH e R ARtk
PSPACE 524,

HAVFRFHEF O M O # PLTL A 4308 PLTL(F) |
PLTL(F) (432 & 24t h NP 584,



BIF . (ESAEM G K- R

gr — O(red — O(ye — Ogr))
O(gr — O(red — O(ye — Ogr)))

(97 — Ored) V (red — Oye) V (ye — Ogr)
O((gr — Ored) V (red — Oye) V (ye — Ogr))
O((grUred) V (redUye) V (yeUgr))
O-((gr Ared) V (red A ye) V (ye A gr))

& 3.2 A PLTL B35 F BRI 12 5ITRK
Faaf T, EMREALAFE NS, WERETAH
Re, RERFREG—ANRE, £2ETURELELEZMRE
B

§3.1.3 PLTL AR5 Biichi Hzi#l

e [[el] € (247) KR o WFERFRRES. WER
PLTL AR ¢ , fF7E—> Buchi H3hHlL A = (247, S, A1, F)
15 L(A) = [[¢] .

B
Op

pUq
pU(qUr)

BT84 PLTL A% T—4 NNF {iXH o f1 ¢ 7]
M RM U FmR, RNMHEFIEAST O M O NNF I
. HF Bichi H LAY & Biichi H WL 4045
2, UTR—MHEESFMT ([¢] #9397 Bichi H3)
Ml B, = 247 S, A1, F) B 751,

L BEMERS 2= ({e}, {1,{}), L al@) ={e}.
BEHIMANIRTSEE S .

2. WEHE v = (byc,d) € S :

FHo=0, MEREy=(d,{},{}). Hves, W
Baly) =aly)U{z}, Hygs, ialy) ={z}, Hky
IAIREE S .

#b="0boU{p}, FAIZUTILAEL:

# o =poUpr, MIERZ (bo U{po},cU{p},dU{p}) M (boU{pi},cU{p}.d).

# o =poRp1 , MIERZE (Do U{p1},cU{p},dU{p}) Al (boU{po, p1},cU{p},d) .
He=wo Ve, BERE (boU{po},cU{p},d) Fll (boU{pi},cU{p},d).
#o=wvoNe1, BIERE (boU{po, w1}, cU{p},d).

# o =0¢o , HIERE (bo,cU{p},dU{po}) .

Ho=pBH p=-p, Hpc AP, MIEIRE (bo,cU{p},d) .

F B ERPREBARFRE o . BEXEN TS
RSy, HygS, idaly) =alx), Iy MARE
£S5, HyeSHaly) #0, MEH aly) = aly) Ua();
#FyeSHaly =0, WxtPraEZESRAEEER v Bk
sy es, Blay)=aly)Ualx); RIFFTEH a(z) F



I 2 By 7 AR & p RSB RIFEBE alz) = 0
Fm x BB ERDIRS T

RN FHERRE y = (b,c,d) € S, & c P
WG AT RN, TN S HHERy; & cndb#0,
TN b B AIETRSY cnb . REIE S EEREHW

3. MEE v = (be,d) € S, Hyecalx) Hy =
(O'.c,d) eSS, WEER (y,0,2), FHHMATBES
A, Hftoe24P R Vpe AP.({p,~p} Lo U)A(p €
d—-peo).

4. SHEE v = (b,c,d) € S, FHecalz), N¥ x m
AVITRIRS G 1.

5. MEAAK v, H e = eUpr , & f, =
{(bie,d) € S|y € c— g1 €ct, FHRHIMAREZIRE
BESF.

BlF -
Up
pUq
pU(qUr)
SR 3.3 X
O(p — (aUb))

AR89 B AL,

§3.1.4 —MrE&MERFEE

— W RERT B, B — 0B R R SR,
ANEFTHIEN, I BT B — I R 712 i 4
FRY. HHRBRE KR, B REFLZHMER, AT
FTEE & P R P R E .

MhE—AN—WiE8| L8, LP Ei—Br R B EAR
B E i DL TS .

= pl@[oANG|oVI|o— | ¢[0¢[C¢|0G[oUG|ORS
Herp K L7 BHEE AR,

—Br et P B A X AE TCPRARS 75 LfgRe. i S
REEE, 7=nmm-- A—DTRREFH], S Hok
Sdim Rz RS AR e T—0iBE L . —
Oy etk e B R 2 ST -



™ p #FHpeLp WAXH m=p

™ b= g

rEevy HatkEeHrEyY

rEeAYy  HatEeHrEy

ey FHatkellahEy

oy FHrtkeo-oyvHrEy—o

™ k= Op Hrt E e

7Tk|:|:|1/} Vi >kt =

™ = Op #HIi>knkEop

7* = Uy EHI>krEy AHVE<j<inlEe
7* = Ry BV >k, B VE<j<inlEpllnt =

HEIRAL I

HMH = R O — ). HE—N B=(F,P)
M B R 1. RE—BrFE2EAXEL, BITE
DA R,

o fHETHLI:

Fo o =1 o= Oy
Ogp o= pUy o = Uy
o R HN:
C=¢
e A = Op
¢= YRy

o UMM & Ce PHICIHFAMNG., we QFFp H—
THIAAK (RN 2) HW = ({o(2)[I(w)(0) =
true}, In(C)) NRIEEE. e Tp HI. N

o= (PVQ)

¢= (o Nwg)
(Che=v)= QU VI(CAeCv))
o = QU

—Mr S B 2 Y R

YA E—Brethnt 2 B BS T T MR EA K
L. EE—2, BATATLAN O FHAES L. Xk, #&
fImEgs M, = p MEX. & p & LV WiFH n A
BREFETAX, N

M, 7% = p(Oxy, ..., Oy # O NE p PRHENE B
H M, 7% = p(miri (21), oy Thti, ()
M, 7% o (oo O f (b, ortn)s) 3 M7 = o (Ot ., Oit), )




§3.2 itHEHLEE CTL

A ZH (Computation Tree Logic) f&—F#4r At
JF 2.

RG] RERY AT A AR U — M B S5, Bl —IRES
HREH ZNRSERAE. — RS — B B A, 75
248 T LA AT A B > BAR LRSI RTR R R, K
{175 B —Fhfa gt A2, Bl CTL . CTL sy
Bt oL R RS B ET R X R B H TS B, B —4
il 7 A% B0 8 551 T A6 2R — D HR AR S Y BT JE 2%
RHHT

BlF . EJRERER

§3.2.1 {BAFIENX

THE R T DU S R R R 28R DL R E i
REWZHZ L. RINFEMAZHZ LR AR EHE.

G —NEFmESES AP . CTL ARXWESHLUTE
R,

= TlLlpl=gloneloVel
EX¢|EF¢|EG¢|E(U )| E(¢ Re) |
AX ¢|AF ¢ | AG | A(¢U ¢) | A(¢ R ¢)

Hortp o AP FUER M. R R R, 2T
— Mo BA HBTE LA 20 SCh, [HEATAT LR GE
R e SCH mE .

CTL ARFE—MERG M B Kripke 2544 LR, & M =
(S,A,I,L) R Frgise AP Ly Kripke 458), CTL 2
R HYTE XU T

M,skE=p ZFHp=T,8pec AP H pe L(s)
M,skE-p  #F Mshop

M,sEoVy H MskEeB M,s
M,skEpnNy 3 M,skE=e H M,sE=1

M,st=Ap  HXMNTEAE M FLL s B SR -

M,sEEp  HEFEMFBL s FEGHER7: MrEp

MrEXp HMmEyp
M,W':G'l/) %VZZOaMaﬂ-’L':w
Ml Fp  #3i>0MmEg

MrlEoUd #F3i>0MmkE=¢ HY0<)<i, M=
M,mlE= Ry HVi>0,FHVY0<j<i,M,m~ell M7 =9




BlF . DEFREH B
B A HIFREA IR F X — 7 REAS HE I 5 X W] LA A

AG(a = s; — AFa = s3) ,
FeHIEE ST T LA AL

AG(a:sl/\b#tl/\b;ﬁtg—>A(a232Rb7ét2))o

BlF . e AFAGp B4,

W o A CTL AR, M A Kripke 25#),
MEe
4 HALY
XHE sel, MskEep,

REFEFHXBEXRS NNF j5R

RS - UL BUE A AT B9 22 NPk NNF Ji
K. &4 CTL AXFEM T—4 CTL #y NNF {50, —4
CTL #y NNF JE=CAT S AT 3B R iE.

AXp = —-EX-p
AGp = -EF-p
AFp = -EG-p
A(pRq) = —E(-pU—q)
A(pUq) = -E(-pR—q)
RFU SRR
XKFRMU, ATEUTFHER.
E(pRq) = (q¢A(pVEXE(pRq)))
E(pUq) = (q¢Vv(pANEXE([pUq)))
A(pRq) = (¢N(pVAXA(pRq)))
ApUq) = (q¢V(pNAXA(PUQ)))
BEEFHHR/ITELE

BT LA EXMERE T 250, #ATA LT,

EGp
E(pRq)

W {EX, EG, EU} # i CTL MER TR —15%%
£, HREW/Zes,

E(LRp)
E(qU(p A q)) V EGq

SIRE 3.4 ik A(pUr) vV A(qUr) 4= A((pV q)Ur) # % 4
B it X BN X ) LA 6 AF AR,

3@ 3.5 HAARR AR T L4 A5 E F ALK Z R iR
LHR At =0V =0U(a =s2VDb=12)) = At =
0U(a=s2Vb=12))VAx=0U(a=52Vb=12)),



§3.2.2 CTL A AR

Yl {EX,EU,EG,EF,AX, AU, AG, AF,} Y CTL 4
AWMESH 748, CTL Wi AKES U T =50 —
5N CTL A MBS P B A, 55— R inEiE
AR RS = Rt FHEE L,

B8R A

EFp < E(TUp)

AGp < —~EF-p

AFp — A(TUp)

EGp < —~AF—-p

EX(pVq) <« EXpV EXq

AXp— -EX-p

E(pUq) < (¢V (p AN EXE(pUq))

A(pUq) < (qV (p NAX A(pUq))

EXTANAXT

AG(r — (mg NEXT)) — (r — 2A(pUq))

AG(r = (mg NEX7r)) — (r — ~AFq)

AG(r — (=g A (p — AX7))) — (r — ~E(pUq))
(
(

AG(r — (g N AXr)) — (r - ~EFq)
AG(p — q) — (EXp — EXq)

EE: HEZEHERS
NP Wk p REFA, N p BAH,
MP .  wRbEp—qgHbFp, MEgq.
SE=ERSy: B AFHEIEALIN
WmEEp, WEAGp (HE7).
ofiEE
CTL AW il BRI HERy, HHAEERER
EXPTIME 524,
§3.2.3 CTL AXHARBH=RZIE

BT CTL AX7ERE LR, e —1 AP Li
Kripke £5# M = (S, R, I, L) . AEH—4 CTL A p.
SHT4 {se S| M,s=pticH [[p] .

S SCREL e - 25 — 25 WF:

ex(A)={se S| €85, (s,s) e Ans € A}

ATE L FER:
[[p]] = {s|peL(s)}
[=pl] = S\[[]
lpvd] = [p]ludl
[lpngll = [p]NIlg]]
[EXp]] = ex([[p]])

YT EG 1 EU , 84 CTL X, ®1F EGp =



pAEXEGp fl E(pUq) = qV (p AN EXE(pUq)) . FEI

[[EGp]] = [[p] Nex([[EGP]])
[E@U] = lg]u(([p)]Nex([[E(@Uq)]])

LS [[EGp]] M [E(pU )] 735312 m1.(Z) = [[pl]N
ex(Z) fl m2(Z) = [lg]] U ([[p]) N ex(2)) BB AL

MRPE CTL 15 A 1 Al v B/ MIRKAS A, B ([[EGp]]
J& 1 KBRAATA, [E(eUq)]] & m BE/IAFh, Bl

[EGP] vZ([[pl] N ex(2))
[E@UI = nZ(ld]u ((pl] Nex(2)))

EBA -

K, HEBRSHTETUAARSSZE. I ESH
5, WANTEEH p.o BN S WTH, BRERTMZEERE
FHE I 2° LRTREL.

AFp = pZlpvAXZ)
AGp = vZ(pNAXZ)
EFp = pwZlpVvVEXZ)
EGp = vZ(pNEXZ)
ApUq) = pZqV (pNAXZ))
AlpRq) = vZ(qN(pV AXZ))
E(@Uq) = pZqV(pANEXZ))
E(pRq) = vZ(gA(pV EXZ))

BIF . EH AFp=puZ(pVv AXZ)

B N CTL A, M 4 Kripke 4544, BA1H

M,skE=e Y2HMY se[y].
MEe H2HY IC([¢].

BlF . L E BRI

SJRE 3.6 A s E RN [A(@Ug)]] . [[EG(q0V
q)]] F R EAER R L RIZ N X,

§3.2.4 CTL A7 Kripke Z£E#h IR 53748 Biichi
Bahil
BT CTL AXTERE LR, 457 Kripke 454 M =
(S,A I, Ly MI—AMRE s, ATATLARYE s HFERE
W DL HIBT s B2 — AR,



CTL Azt7E Kripke Z#dhiTE
AT X = PR R ]

R V ) A
A A

DAFRATEERIATRHLER A, F n AAHEFH
—A AR AR AR A, A n DR R PTA TR
ARHEEE A, #AT%E CTL 2XHy NNF i,

T T
pe L(s) ———— pe AP\ L(s)
skyp sty —p
AS'_MP skaq VS"MP skarq
sFMpAg skFvMpVa
- ol
aLTMP I TMP g se) = {8 | (s,8) € A}
sty AXp
- ol
y LM P I TMP g se) = {8 | (s,8) € A}
Sl—]w EXp
y stymgqg skupANAXA(pUq) Y stymq stupANEXE(pUq)
stu A(pUq) sty E(pUq)
A stymqg skypVAXA(pRg) A stymq stupVEXE(pRg)
s n A(pRq) sbu E(pRq)

XEF A L83, MR LA L TR —
M, AEFAY Y HOCY TEBFR T 5 RS A
Zak,  #ERESL) 4 BACY % SR ERR 1B A iR
H EU 8 AU KA~

3Z§& Buchi HzhHl

& X
sfo(A(bRe)) = {bV AX A(bRc), AX A(bRc)}
sfo(A(bUc)) = {bNAXADUc), AXADUc)}
sfo(E(bRe)) = {bV EXE(bRe), EXE(bRc)}
sfo(E(bUc)) ={bANEXE@®bUc), EXE(bUc)}

X sf(e) ANKHWEEWT.

a€sf(p) MHY
a e @ FIE o 7 o B H a € sfo(d) .

25 Kripke 254 M = (S,A,I,L) IR ¢ . Mk
AZEE Biichi {3l B(M, @) = (2,8, A", I', F) {1




b)) = {a}
s = {stumv|seSvesflo)}

A(tya) = {{t1,.,tn}} I A- LI

A(t,a) = {{t1}, ., {tn}} X V- FEN

Allt,a) = {{I}Ht=T

Alt,a) = {{t}}Et BMHGERHEt#T

r = {stypl|sel}

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

M B(M, ) FTLAERIE M = ¢ WIEBISHE. B(M, ¢)
RAEM ALY M =~

X TAER S E Kripke 254 (S, A, I, L) Al NNF 5=
B CTL AR ¢, HATREB I —DHI AT Bichi
;L (2,8, A, I F) H S| <|9]-|sf(9)] .

§3.3 itEHLEHE CTL*

o1 CTL Fr il 7 B AR LAl IR S R HIT R S R Y
AP B, E—ERE LRH T CTL yREREST.
AT LR IR, XA Z28IE CTL . g —1
JFFmESES AP, CTL* AXMEE B TIEES .

¢:=p|=P|NG[OV S| X G| F$|G|oU ¢| o RO| Ad| E

Hrpp B AP PAER ML BATALOKE CTL* HEy

#Hpe AP, 0 p FREZ AR
oMy BREAK, W e, oV, oA ZREAKX
B o R AK, N Ep F1 Ap ZREAK

]
#F o BREA, n o BEBEAR
H oMy BERARK, W -p,eVi,oAN, Xe, Fo,Go, U, pRY RN

CTL* RAAIE—MRARGE M B Kripke 454 LARRE.
B M =(S,R,I,L) REJFTndidE AP L#) Kripke £514,
CTL* AT



M,sEp FHpe AP Hpe L(s)

M,s = —p H M, sl

M,sEoVy #H MskE e M,skE1

M,slEpNy H M,sk=o H M,s =1

M,sk=Ap  EHXTHAE M FLL s NESEHNERr: Mo
M,sk=Ep  FHHE M FLL s ESHERE . MrEoe

M,rmEp FEpeAP H M,mo =p
M,m = Ap #F M, 7o = Ap
M,m=Ep  #& M,mo=Ep

M, 7 =~ #H M,
MrlEpVy HMaEed M,mlEy
M,?T'ZQO/\’Q[J %“M,W':QOE_M,']T):'QZJ

M7= Xp M7l o

M, 7 &= Gy Vi >0,M, 7t =

M,mE Fo H I >0,M, 7

M,aclEeUy #HJi>0,Mrl=y HV0<j<i,M,7n/ ¢
M,m @Ry  #EVi>k #FHY0<j<i,M,nd b W M, 7t =1

_&_ 0 7@ CTL* ;{jt?(&/l_\\it, M ﬂi] Kripke %*@o
MEg
2 HAY
MHE sel, MskEep,

Bl - E(GFp) ANET EGEFp .

SIE 3.7 Wik A((pUr) v (q¢Ur)) 5 A(pUr) v A(qUr) #
A((pV q)Ur) ¥ % 2 Bk R A((pUr) V (qUr)) 254084 4%
fE,

PLTL Ml CTL J& CTL* fj-F4&. % PLTL, CTL fl CTL*
#RAE Kripke 258 LR, —4 PLTL A= o M TF—1
CTL* A Ap . XH#E PLTL A XA AE BERE A
=

TEXFERRT, |AOITLAE: PLTL . CTL 1 CTL*

PLTL fl CTL HE A& H CTL* KT PLTL f1 CTL (%
4.

CTL A& AGEFp RREH PLTL %%,
PLTL A3 F(p A Xp) AREA CTL R,
CTL* AR E(GFp) ARgM CTL FR, AREM PLTL R,




83.4 - WE

BT CTL Mitie#A1HE CTL A=Al AABES
AT AX EX, BB SFER. £ CTL AXiX
iR, mEAEEAUNIAE AX,EX, pv ZJ5. FHX
AR FAR, BT LIMSE]— D RIXE S H R ZH, R
A - FEEE

mE—NETmEES AP, —IMERES V. —Ff
Y p- B ARG W AR ERAS .

pu=p|X[=ploNd|oVe[()o|[]o|nX.d|vX.0

Hebp Sk AP HEEME, X WTE, uX.o M vX.6
B ¢ HAZER X BHAEMED - F5WERATERZ
T.

A SEHEER - BE

XTRTARR S - FEMT 7S, SEmshiEsfid, Al
F AR 2 — PR T A Sh TR R I 58 R i 2 4

HE—NTETMEES AP, —AEEEEV, Mi—1
IfEEG A, - HEAXWESHUTIEEASH.

pu=p|X[-9|oNP|OV|(a)o|lald|nX.d|vX.d

Hep h AP PIEEGE, X WEE, o NIE,
JH pX.0 M vX.0 Wy ¢ FARZER X LATEMREA -
FEMIEREEZ T,

p- FAARAE LTS LR, M = (2,5, A,1,L) A
FFBisE AP LR LTS, e:V — 25 HBRA S T4
MR,  p- B ARXME AT

[[p)e = {slpeL(s)}

([X]]e = e(X)

[[=¢lle = S\[glle

[[¢r A alle = [[p]le N [[g2]]e

[[$1V ¢2lle = [[g1]le U [[g2]le

[{a)glle = {s]3s"s5s N s €[[d]le}
[[lal®]le = {s|Vs's5s' = 5" € [g]le}
[nX.lle = n{S" C5|[[dlle[X/S"] € 5}
([vX.glle = U{S' CS[SC[¢lle[X/S'}

P A A 2 sz A Ty A RO A, A2 X
A% e g, & M N LTS, ¢ AMARK. oM F
Wi AT S R [[o]] .

MEe

4 HALY



BI¥F . HI;IELEN

SR 3.8 LA FHERMAH], HH pX. (¢ Vv (2)X) HiT
BEARLLGHRZINNX,

BREEFHXEXRSE NNF 5K

WHERAT - B A AT B9 2 AR NNF {1
K. 84 p- WHAKXFEN T —4 p- #HAH NNF
—A p- S NNF AR A LT XHE S5 R M.

[a]
puX.¢

p F v BEHERR
KT p v, BIFHUTERX.
pX.¢ e

vX.¢ [

~(a)=¢
X ~p[X/X]

p- BEARTE Kripke GE#h0HE

5 CTL AR, 42— Kripke Z5#) M f1—4
IRZS s, BATTLURYE s SiHFELREHE AL s &
HE—4 ( NNF ER) # p- HEAR.

T T
p € L(s) ——— pe AP\ L(s)
S"Mp SI—M -p
/\SFMp skmq VSFMP skuq
stmMpAg stkmpVyg
- sk
LTMp Sn M P {51, y8n} ={5"| (5,a,5") € A}
st (a)p
- o
LTMp Sn M P {51,y 80} ={5"| (5,a,8") € A}
sk [alp
sk @“XX'“’ sk w}x'“’
sty pX.p sy vX.p

XtF—A 1 E# ST, IRIES LA LT R
W, RS Y A FEM AR T 5 WREDIA
Rk, MY HACSTEZ S SCR TR B A X
A p X KA AXIMEH AT v X9 BREAKXW T2
.



CTL A E p- BEAXIFEMR

T CTL ARXAREBEShEN R, 7TLHMEE CTL
PR RS, RAR—E, iifEa. XHE, LA
PITF LK CTL ARXFEHEF] p- FHAR.

T(p) = p

T(~) = T(p)

TpAy) = T()AT®)

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

T(E(eUy) = pY(T®)V(T(p)A(a)Y))
T(EGyp) = vY.(T(p) A {(a)Y)

§3.5 £ - ®E (VTL)

p- PPN AR M B . TESESE M B, (]
() BEEZ AR R T —RERT, KRICEO . S
—METmEES AP, —PERES V. vTL AW
BE MU TIHIRS .

¢u=p|X|=¢|oNG[dV | 00| uX.0|vX.¢

Hetp o AP FIEEME, X AEHE, JHH pXo
M vX.o W o PAZEN X BHAEBREA - F50ER
EEZT.

VITL A FITE AP LRy KS LR, it R & KS L
PHERIRES R ST E2TWES. & M AP 1
KS, e:V —2f JBE3H R FEHMRE. +TL AW
ST

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

([X]]e = e(X)

[[=¢lle = R\[[¢]le

[[¢1 A alle = [[p]le N [[g2]]e

[[$1V 2lle = [[g1]le U [[p2]le

[[Od]]e = {r|m €[[0]le}

[nX.dlle = n{R'CR|[[g]le[X/R] C R}
[l

<
>

&

=
|

= U{R'C R|R C[[g]le[X/R]}

WM HBKS, o HHARX., o7 M FHIEXAE
Fllell. MmkEeSHY 7] . id M @B
GH [[M]] .

My
SERE
[[M]] € (1] .

i vTL AR EREELREE PR, N vTL A3
AUTIENL. B M= (r,L) J—LWEEH, Hf r=
momy - ARESIFS, L {mo,m1, ...} — 247 FRIRESEH]
TR RA LG, eV — 2NV HBES N TENK



5. vTL 2XiE ST

[plle = {ieN[peL(m)}
[Xe = e(X

¢1 A p2lle = [[p1]le N [[¢2]]e

)
—¢]Je = N\[[¢lle
]
g1V galle = [[gi]leU[[g2]le

Odlle = {ieN|i+1e(d]le}
pX.glle = n{S"C N|[[p]le[X/5] € 5}
vX.glle = U{S'C N[5 Cllg]le[X/S"]}

M=o B HALY 0 € [[y]] .
LTL AR E] vTL AXAV ik

LTL AKX A ME vTL 89—, WLAUT
MUK LTL AXFHE] vTL 23K

T(p) = p

T(~) = —T(p)

T(pAY) = T(p)ANT(¥)

T(Op) = OT(y)

T(pUy) = pY(TW)V (T(p)AOY))

§3.6 XtEEFFiZ% (ATL)

B P B I — PR RB G ik B R AR S 1R 52 AT
FHER, HE—PTETOEES AP . —PIEERK
£5 Y. ATL AXNWEEH LT EREAH.

=T LIp[=¢|oVe|((A)0¢|{{A)Ds | ((A)eU¢

Herp AP FIEE MBI, ACT R X T4,

ATL AXAE ATS Bk, & M = (3,5, ALY K
AP FHJATS . 45 a €Y. —4 a UK f, & ST — 29
B— R, WEMIIE AeS* MifTFses,

f(A-s) € A(s,a)

BEACY, Fa={falac A}, TR s WHIE
B Fa B2 out(s, Fa) W B 551

[sili>0 € out(s, Fa) MBMMLY s = so HXFFH i,

Sit1 € Naeafa(5051---5i) .

ATL AR MIE X F:

M,sEp Fp=T, Blpe AP H pe L(s)
M,s - H M, s
M,sE oV EHM,sEeB M,sE

M,s = ((A)Op  HFFE Fa BXMIE ©eout(s,Fa), M,mE¢
M, s [= ({(4))B¢ FHAFIE Fa HXPrE © € out(s, Fa), rF >0,

M,s = ((A)pUtp  FHFETE Fa HX A 7 € out(s, Fa) ,
FEi>0, mEy HMFEO<j<i,




Br T DL ERAR AN, B NHER T, W

O = TUyp
[Allog = =({4))0~p
[Ally = ~{A)°~e

BIF - KA
(())B(og A ~gr — ((ctr))Dog)

(()0(og — ((ctr, train))Sig)

§3.7 HEA

ABERNARTER. RENFEREYTS%
[Pel01] . —F et B 1> W[ 2% [Pel0l, MPS3] . 2%
e - LIRS AT 27 [Kai95, BEMO6] , A it B H 04>
w22 [CGPY99, Pel0l] , #ZS pu- HAITR ] S% [CGP99,
BCY6] . Skt P Z T AT S % [AKHIT] |

SE 3

[CGP99] E. Clark, O. Grumberg and D. Peled. Model Checking.
MIT press, 1999.

[Pel01] Doron A. Peled. Software Reliability Methods. Springer-
Verlag. 2001.

[Kai95] Roope Kaivola. Axiomatising Linear Time p-Calculus.
CONCUR’95. LNCS 962:423-437.

[BEM96] Julian Bradfield, Javier Esparza and Angelika Mader.
An Effective Tableau System for the Linear Time pu-
Calculus. ICALP’96. LNCS 1099:98-109.

[MP83] Zohar Manna and Amir Pnueli. How to cool a temporal
proof system for your pet language. The 10th ACM Sym-
posium on Principles of Programming Languages 141-154.
1983.

[AKH97] Rajeev Alur, Thomas A. Henzinger and Orna Kupfer-
man. Alternating-Time Temporal Logic. COMPOS 1997:
23-60.

[BC96] Girish Bhat and Rance Cleaveland. Efficent Local
Model-Checking for Fragments of the Modal mu-Calculus.
TACAS 1996: 107-126.



