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BcrynneHune

L TL — 3TO HECNIOXXHO YCTPOEHHbIA A3bIK hopMaibHOW cneundukauumn
mMogeneli Kpunke

3anuce M = ¢ ana mogenn Kpunke M u Itl-chopmynbl ¢ 4nTaeTcs Tak:
Kaxxpoe Bbiuncnernne mogenn M ynosneTBopsieT CBOWCTBY hopMySibl ¢

EcTecTBeHHO BO3HUMKAET »enaHue YMETb NPOBEPATH, CYLLLECTBYET J1
BblHNCNEHNE MOAENN, YAOBNETBOPAOLLEE CBOMCTBy ©

STO MOXXHO MonpoboBaTh SABHO OTPa3uTb B hOPMYy/e 1 YCIOBHO U3006pa3unTb
Tak (u 370 yxe He LTL):

> Kaxgoe Bbluncnerue .... M = Vo
» CyuecTByeT Bbluncnenve .... M = Jp
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BcrynneHune

M = Ve M E Jp

enaHue NoCcTaBUTb KBAHTOP OTHOCUTESNIbHO BbIYNCIEHU MOXET
BO3HUKHYTb N «BHYTPU» (hopMysbl — Hanpumep:

Onsa noboro Havana BbIYNCIEHNS CYLLLECTBYET CroCOD ero nNpoao/KUThL 0
NpaBUILHOTO

[anee paccmaTpuBaeTcs norvika gepesbes Boluncaennii (CTL),
> noxoxas Ha LTL, Ho
> copeprkallasi Takle KBAHTOPbI U

> «aBolcTBeHHasA» K LTL B ToM cMmbicne, 4To

» dopmynamu LTL 3agat0Tcs cBOICTBa BbIYMCAEHUA Modeneii Kpunke,
» a dopmynamu CTL — cBoilicTBa COCTOSIHUIA
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Jloruka AEpPEBLEB BbIYMC/IEHNA: CUHTAKCNC
Dopmynbl NOFMKN AEPEBLEB BbIYVNCIEHUA AENATCSA Ha ABE KaTEropuu:

> CDOpMyﬂbI COCTOSHUA: NX NCTUHHOCTHOE 3HaYeHne 3a4aeTcA
COCTOsiHNEM Mozenn KpI/II'IKe

» Dopmynbl NyTU: UX NCTUHHOCTHOE 3Ha4YeHre 3aA4aETC 6EeCKOHEYHbIM
nyTém B mogenn Kpunke

«YKOPOUEHHbIWY» CUHTAKCUC 3TUX DOPMYST COCTOSHUS 1 NYTW Haj
MHOXECTBOM aTOMAapHbIX BblCKa3bliBaHuin AP:

® = t | pl (P&D) | (D) | (Ap) | (Ep),

p = (X)) | (PUD),
rae @ — dopmyna coctosiHus (eé e bygem HasbiBaTb ctl-chopmynoit, ¢ —
chopmyna nytu n p € AP
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Jloruka AEpPEBLEB BblYMCJ/IEHNIA: CUHTAKCUC

Mo cpasHeHuto ¢ LTL B sA3blke NosiBUANCHL ABe HOBbLIX ByKBbI (KBAHTOPLI
nyTn):

» Ay: noboit beckoHeuYHbIl NyTb, UCXOASLWMNIA N3 TEKYLLIEro COCTOSIHUS,
obnafaeT CBOWCTBOM

» E: cyulecTByeT DECKOHEYHbIN MyTh, UCXOASALWNA N3 TEKYLLErO
COCTOSIHUSA 1 obnajatoLnii CBOMCTBOM @

OcTanbHble onepauny UMEKT TOT XKe COAepXKaTeNbHbIA cMbica, 4To n B LTL

B «paclwmpeHHbIliy» CMHTAKCUC BKIOYUM Te Xe onepauuun, 4to n ansa LTL
(V, =, F, G) c TeM »xe coepKaTebHbIM CMbIC/IOM 1 CNOoCcOOOM BBEAEHUS,
Kpome crnocoba BeeaeHnst G (M3-3a orpaHnyeHnii CUHTaKcKca):

> AGO = -EF-9¢

» EGO = -AF-9
[NproputeTsl onepaunii A n E ognHakoBbl 1 Takune e, Kak 1 = 1 X, a B

OCTaNlbHOM MPUOPUTETHLI onepauuii Te xe, 4to n B LTL
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Jlornka pepeBbeB BblHUMCJ/IEHNIA: NPUMEPDI

Mpumepsi ctl-chopMyn 1 BbipaXkaeMbiX MU CBOWCTB BblHUCANTENbHbIX
CUCTEM:

P> Llenb moxeT bbITb AOCTUIHYTA
EFgoal

» Kak 6bl H1 paboTan KOMMAbIOTEP, €CTb BO3MOXHOCTb B AaJIbHENLLEM €ro
BbIKJTOHYUTD
AGEFoff

> Tex, KTO MHOrO IpeLuT, HEOTBPATUMO HAaCTUIHET Kapa
AG(too many sins — AFpunishment)

» Ecnu s 3axo4uy BCE OpOCUTL, TO CMOTY CAeNaTb 3TO Ha clieaytolnii eHb
AG(want — EXquit)

» EcCnu s NpOBUHIOCH, TO MeHs1 00S3aTeNIbHO HAKaXKyT Ha ClieaytoLnii
JeHb
AG(guilty — AXpunished)
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Jloruka AEpPEBLEB BblYMCJ/IEHNI: CEMAHTUKA

OTHolueHne BbinonHuMocTn ctl-cbopmynbl @ B cocTosHUM S Mogenu Kpunke
M= (S, Sy, —,L) (M,s = ®) n dopmynbl nyTn ¢ Ha BeCKOHEYHOM MyTH T
mogenn M (M, T |= @) onpepensatoTcs Tak:

» CooTHolleHne M, s = ¢ BepHO BCceraa
M,s = p, rae p e AP < p e L(s)

MskE® &P & MskES uM,skEds
M,s = -® < M,sEd

M, s = Ap < ans noboro beckoHewHoro nyTu T B M, ucxoasiliero n3
S, BepHO M, T = ¢

vvyyvyy

v

M,s = Ep < B M cyuwecTByeT 6eCKOHEYHbIA NyTb T, NCXOAAWNI U3 S
n Takoli 4to M, T = ¢

> M, =X s M7l Eo

> M, = ®1Uds & cyulecTByeT MOMEHT BpeMeHn Kk, Takoi 4To

> M, [k] E P2 n

> s 1toboro MOMeHTa BpeMeHn i, Takoro 4To i/ < k, BepHo M, T[i] = &4
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Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA

Vreepxaevune. M,s = AGAF® < pns nob6oro 6€CKOHEYHOro nyTn T B
M, HadmHatlowerocs B s, cyL,ecTByeT 6ECKOHEHHO MHOFO NMonapHo
Pa3/INYHbIX MOMEHTOB BpeMeHu /, Takux 4to M, [i] = ¢

HokazaTenbctBo. AHanorunyHo yteepxaeHuto npo GFo ona LTL
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Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA

PassépTkoii mogenu Kpunke M = (S, S, —, L) OTHOCMTENBbHO COCTOSAHNS
Ha3blBaeTCst 6ECKOHEYHOE OPUEHTUPOBAHHOE AEPEBO, KOTOPOE MOXKHO
NpeAcTaBUTb KakK CTPOSILLEECS MOSIPYCHO TaK:

» KopeHb (0-1i sipyc) nomeyeH COCTOSIHUEM S

> 115 KaXXAOM BEpLUMHBLI, MOMEYEHHON HEKOTOPbLIM COCTOSIHUEM S', B
cnenyrolmnii apyc AobaBAseTCcs No OL4HOMY PEBEHKY OIS KaXKAOro
nepexofa s’ — s”, n sToT pebéHok nomedeH cocTosiHnem s’

B pacwmpenHom curtakcuce ctl-chopmyn comepxutcst 8 codetanuini QO
KBaHTOpa nyTn Q u TemnopansHoro onepatopa O: AX, EX, AF, EF, AG
EG, AU n EU

MOXXHO MPOUNNIOCTPUPOBATL 3TN COYETAHUS Ha PA3BEPTKE CAeAYHOLLIUM
obpaszom
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Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA
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Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA




Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA
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Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA




Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA

Byanem rosopuTb, 4To ctl-cbopmynbl @ v P pasHocuibHLl (@ ~ 1)), ecan ans
noboli mogenn Kpunke M n ntoboro cocTtosiHust s crpaseanniea
PaBHOCUNBHOCTb

MsEp<s MskEY

CornacHo ykopo4eHHOMY 1 pacCLUMPeHHOMY CUHTaKCUcaM, 8 KoMOWHaL i
KBaHTOpa nyTu n TemnopansHoro onepatopa (AX, EX, AF, EF, AG, EG,
AU un EU) sbipaxatoTcsi vepes 4, 0603HaYEHHbIE B YKOPOHEHHOM
CUHTaKcuce:

> AFp ~ A(tUp)
> EFp ~ E(tUp)
» AGp ~ —EF—-yp

» EGy ~ -AF-p
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Jlornka pepeBbeB BblHUMNC/IEHUA: OCHOBHbIE CBOMCTBA

HecnoxHo ybeanTbCsl B Takoli paBHOCWUJIbHOCTHU:
V1eepxaeHue. AXp ~ —EX—-p

3Ha4nUT, JOCTAaTOYHO UMETL TOoNbKO Tpu kombuHaumn: EX, AU n EU

Takoli Habop KOMBUHaLWiA: 4OCTaTOYHO ManeHbKuid (B ngeare —
MUHUMAbHbI), Yepe3 KOTOPbI BbIpaXkatoTCsl OCTaNbHble KOMOUHaUUW, —
NPUHATO Ha3blBaTb TeMnopasbHbiM 6a3ucom CTL

Vreepxpaenune. A(pUvy) ~ —E(-yU(—p & —9)) & ~EG—
JokazaTtenbctBo. MoxxeTe nonpoboBaTbh CAMOCTOSATENBHO
3T0 3Ha4nT, 4To Bbasucom CTL siBnseTca n Takon Habop: EX, EG n EU

B Teopetnyeckom ananmse CTL (gokasaTenbCcTBax), Kak npaswio, byaeT
NCNONIb30BaATbCA OANH N3 ABYX YNOMAHYTbIX 6asuncos
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3apada model checking otHocutenbHo CTL

Ans mogenn Kpunke M n ctl-dbopmynbl ¢ 3anuceto Sat(M, @) byaem
0603Ha4YaTb MHOXECTBO BCEX COCTOSIHWIA S 3TOW MOAENW, ANst KOTOPbIX
BepHO M, s = ¢

Ctl-cbopmyna ¢ Beinonnserca Ha mogenn M = (S, Sp, —, L) (M = @), ecnn
cnpaseannBo BktodeHne Sy C Sat(M, @)

HebosbLuoe nosicHeHue:

» Ctl-cbopmyna aennT BCe COCTOSIHUA MOAENN Ha Xopolune (B KOTOPbIX
copmyna BbinonHsieTcs) U nnoxue (B KOTOpPbIX hopmyna He
BbIMOJIHAETCS

» CooTHoleHne M = @ 03HayaeT, 4TO COCTOSIHUE, B KOTOPOM CUCTEMA
HaYMHAET BbIMOJHATLCS, 0b6s13aTeNbHO XOpollee

3apada model checking ans CTL (MC-CTL) dopmynupyeTtcst Tak:
Ansa 3apadHon mogenun Kpunke M wn 3apgaHHoin ctl-chopmynbl @
NpoBEpUTb CNPaBeJ/INBOCTb COOTHOLLEHUNS!
ME
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