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BBenenue

Bepudukauus Mmoaesieit — 5To HabOp UAEH U METOOB JIJIsl TOCTPOSHHUS MOJIENEH
paloTalmuX MporpaMM, MaTeMaTU4YeCKOH (OpMYTHUPOBKHA TpeOOBaHUNH K HUM,
OTpaXKarolIMX MPaBWILHOCTh WX pabOThl (Ha3bIBaEMbIX Takke cnemupukanmeii), u
CO3MaHMsI ~ QJITOPUTMOB i1 (popMasbHOM  TPOBEpKH  (OKA3aTelnbCTBA WU
OTIPOBEPIKEHUS) 3TUX TPEOOBAHUM (CBOICTB).

B nanno#i paboTe OCHOBHOE BHHUMAaHHE KOHIIEHTPUPYETCS HA OCOOON TEXHUKE
(popmanbHOIt) Bepudukarmm, KoTopasi 0a3upyercs Ha TaK HA3bIBAEMBIX MEeMNOPANbHbIX
JIo2UKax W TIO3BOJSIET YMEHBIUTh YydYacTHE pa3padoTuMka B BepUDUKAIMOHHOM
nporecce. JTa TeXHHUKa Ha3biBaeTcs Model checking (mpoBepka Ha Moaensx) [1-5].

Model checking — >TO aBTOMaTU3UPOBAHHBIA TOAXOJ, MO3BOJIAIOUIMNA JJIA
3aJlaHHON MOJeJIM TOBeJeHUsl CUCTEMbl C KOHEYHBIM (BO3MOKHO, OYE€Hb OOJIBIIMM)
YKCIIOM COCTOSIHUN M JIOTHYECKOr0 CBOMCTBa (TpeOOBaHMS) TPOBEPUTH, BHITIOIHSAETCS
JIM 3TO CBOMCTBO B pacCMaTPUBAEMBIX COCTOSIHUSIX TAHHOU MOJIENH.

OcHoBHas upness Model checking cocTouT B MOAEJIMPOBAHMM — OIMCAHUH
pa3paboOTYNKOM TOBEIEHYECKOM MOJEIH CHUCTEMBI, MOJIekAIIel BepudUKamm, u
cnenuukanuu — (GopMyIHpoOBKEe TpeOOBaHUN (PKETAeMOIo TOBEJCHUS CHCTEMBI).
OOpaTuM BHUMaHWE, 9TO MOJIEIh TIPOTPaMMBI HE BCET/IA TIOJTHO OTPaKaeT €€ TIOBEICHHUE.
Pa3pabotunk mpu TOCTpOCHMHM MOAENTH, Kak TMpaBwio, abcTparupyercs OT
HECYIIIECTBEHHBIX €€ CBOMCTB. Takas KOHUEMIHUS Aa€T BO3MOKHOCTh YMEHBIIIUTh pa3Mep

caMOM MOJEINIU ¥ YCKOPUTb IIPOLIECC €€ MPOBEPKH.



Ecnmu Mozens ynoOBIETBOpsieT yKa3aHHBIM TpeOOBaHHUSM, TO Mporpamma-
Bepudukarop coobmaer 06 »ToM. Ecnmu ke oOHapykuBaeTcsi oOmuOKa, TO OHa
NPEIOCTABIIAECT KOHMpPNpuMep, KOTOPBIM NOKAa3bIBAET, MPU KAKHUX YCIOBHUSAX MOIJIO
BO3HUKHYTh IaHHOE HECOOTBETCTBHE.

KouTpnpumep npencrasisger coO0i clieHapuid, B KOTOPOM MOJENb BEAET ce0s
HEXXeJaTelabHbBIM 00pa3oM. DTO 03HAYaeT, KaK IMPaBWJIO, YTO MOJENb OIIMOOYHA U
noanexur nepecMotrpy. [IpaBma, B HEKOTOpBIX CiIydasX 3TO MOXET O3HayaTh, 4TO
¢dopmasibHbIe TpeOOBaHUS HEBEPHBI, B TOM CMBICIE, YTO CPEICTBO BepHU(PHUKAINH
IIPOBEPSIET TO, YTO PA3pabOTUHK HE KENAT IPOBEPUTD.

[TpoBepka Moaenu MO3BOJISIET Pa3pabOTIYNKy OOHAPYKUTH OIMMUOKY W UCIIPABUTH
Mozens wid TpeboBaHus. Eciy He HaleHO HU OJHOW OMHOKH, pa3pabOTYHK MOMKET
YCOBEPIIECHCTBOBATh OMMCAHKE MOJENH (CaeNaTh MOAETh 0oJiee PeaTUCTUYHON, IPUHSB
BO BHHUMaHue OonbpIIMii HaOOp CBOWCTB), Kak MpPaBUJIO, YBEIUYUB €€ pa3Mep, U
nepe3ayCcTUTh MPOLEcC BepupUKaIUu.

OcHOBHasi TpPYAHOCTb MOJACTUPOBAHUS — HE TMOTEPATh BAKHBIC JETalU
nporpamMmbl, a TPYAHOCTb 3a/JaHusi TpeOoBaHMl — CHOPMYIUPOBAaTH UX KOPPEKTHO U
UCYEPIBIBAIOLIE.

Anroputmel anist Model checking oObaHO 0a3WpYyIOTCS HA TOJHOM TPOCMOTPE
IPOCTPAHCTBA  COCTOSIHMM ~ MOJEIM: JJI1  KaXIOro COCTOSHUSA  NPOBEPSIETCH,
YIOBJICTBOPSIET JIM  OHO  CHOPMYJIUPOBAHHBIM  TPEOOBAHUSM.  AJNTOPUTMBI

TrapaHTHUPOBAHHO 3aBCPINAOTCA, TAK KaK MOACJIb KOHCYHA.



[Mpuanunuansuas cxema Model checking npuBenena Ha puc. 1.
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Puc. 1. Model checking

B mnpobnematuke Bepudukanum [6] chopmmpoBaioch Ba HAaINpaBIICHUS:
aKCMOMaTH4YecKoe W anroputmudeckoe. [Ipu mepBom M3 HHMX paspabarbiBaeTcss HabOp
aKCHOM, C TIOMOIIBIO KOTOPOTO MOJKET OBITh ONMUCaHa KaK camMa CHUCTeMa, TaK U ee
cBoiictBa [7]. OcHOBY BTOpOTO HampasieHus coctaBisier Model checking.

[ens uccrnenoBaHuii B 3T0il 00jacT — cPOPMYIUPOBATH SICHYIO JIOTUYECKYIO

OCHOBY IJIs1 CO3JaHNA aBTOMATHYCCKUX CUCTEM BepI/I(I)I/IKaHI/II/I IMporpamMmm.



Model checking OGeper Haualo ¢ HE3aBHCUMBIX pabOT JAByX Map aBTOPOB:

J. Quielle u J. Sifakis [8] u E. M. Clarke u E. A. Emerson [9] (B 310l e paboTe ObLI

BBeJieH TepMuH Model checking).

HocrounctBa merona Model checking:

1. OddexruBnocts. [Iporpammel nms Bepudukamu mozeneil cnocoOHbl paboTaTh C
JIOCTATOYHO OOJNBUIMMH TPOCTPAHCTBAMHM COCTOSHMM Onarofapss KOHIIETILUU
YHOPSAJIOYEHHBIX JIBOMYHBIX pa3pellaroiux JepeBbeB [l], KoTopas Takke
YIIOMHUHAETCS B TaHHOM pabdoTe. B nmureparype onrcan mpuMep ¢ YUCIOM COCTOSTHUN
nopsika 10",

2. KoHTpnpumepsl.

Orpanunuennst Model checking:

1. Tlomnepkka TOJNBKO KOHEYHBIX Mojeneu. (s OONbIIMHCTBA KJIACCOB CHUCTEM C
OECKOHEUHBIM YHCIIOM COCTOSHUM HEOOXOAMMO  BBINOJHATH  (OPMAIBHYIO
BepU(PUKAIIMIO CUCTEMBI — MaTEMaTUYECKOE JO0Ka3aTelbCTBO CBOMCTB CaMoOil
IpOTrpamMMmBbl, a HE €€ MOJIEIIH.

2. OrpannuenHocts Bepudukanuu. C ucnonb3oBanueM Model checking npoBepsercs
MoOdeb CUCTEMBI BMECTO pEaIbHOM CUCTEMBbI. TakuM 00pa3oM, Jt000e MpUMEHEHHE
metona Model checking HaCTONBKO ke Ka4eCTBEHHO, KaK M caMa MOJIEITb CUCTEMBI.

3. Jlas MHOTOMPOIIECCOPHBIX CHCTEM pa3Mep MPOCTPAHCTBA COCTOSIHHM B XyJILIEM
Cllydyae MPOMOPLUOHAJIEH TMPOU3BEIECHUIO Pa3MEPOB MPOCTPAHCTB COCTOSHUM HX

WHAVNBUAYATBHBIX KOMIOHEHT. Tak kak Model checking BBITONHIETCS Ha MOJEISX,



ONMM3KUX TO CTPYKTYpe K KOHEYHOMY aBTOMAary, TO JUIi  CJIOXHBIX
MHOTOIIPOLIECCOPHBIX CHCTEM 3Ta KOHIEMIUS MepecTaeT ObITh 3((HEKTUBHON. DTOT
a¢dekT HazbBaeTCs MPOOJIEMON TMOKA3aTENbHOTO (PKCIIOHEHITMAIILHOTO) B3phIBA
COCTOSIHUM (Sfate-space explosion problem).

B pamkax npaHHOW pabOThl paccMaTpUBAETCS MPOrPaMMHUPOBAHHE C SBHBIM
BblienieHueM coctostHuil [11-13], u mostomMy orpanmyenuss 1 m 3 B Hamem citydae
HECYLIECTBEHHBI.

OcnoBHoe oTinune meroaa Model checking ot kinaccudyeckor hopmaabHOUN (MU
X0apOBCKOii) Bepu(UKALUA COCTOUT B TOM, YTO MEPBBIA METOJ MO3BOJSET NPOBEPSTH
JUHAMUYECKHE CBOMCTBA IMpPOrpaMM — T€, KOTOpPBIE MOXHO 3alKcaTh C IMOMOILBIO
TEMITOPAJIbHOI (BPEMEHHOI) JIOTHKH, a BTOPOH METOJ HPOBEPSET, COOTBETCTBYET JIH
COCTOSIHUE NEPEMEHHBIX Ha BBIXOJE M3 IPOrPaMMBbl yCIOBHUSAM, HAKIAIbIBAEMBIM Ha MX
BXOJHOE cocTosiHuE [14].

[lepeunciarmM OCHOBHBIE MTOJIOKEHHSI HACTOSIILIEN PAOOTHI.

1.B aBromatHeix mporpammax [11,12] moBeaenne crnemuduIEpyeTcs
C TIOMOIIBI0 KOHEYHBIX aBTOMATOB. B paboTe B 0CHOBHOM IPUMEHSIOTCS crienupuKaIuy,
COCTOSILIIME U3 OAHOTO aBTomMaTa Muu.

2. Ucnonb3oBanue noaxona Model checking nast Takux mporpamm CBSI3aHO C
npeobpa3zoBanneM aBromara Muiu B CTpyKTypy Kpunke, Tak Kak OHAa, B OTJIMYHE OT

aBTOMATa, MPUCITOCOOICHA TS BEpU(DUKAITHIH.



3. Ucnone30BaHue  CTpYKTypsl  Kpunke  mnpeamonaraeT  MPUMEHEHHE
TEMIOPAIBLHON JIOTUKH IS 3allMCU TPeOOBaHMM, KOTOPHIE JOJKHBI OBITH MPOBEPEHBHI.
B nHactosimeidr paboTre mpu  HamMCaHUM TOporpaMM  BepuHKalMU  TpeOOBaHUS
onuchiBalOTCA Ha s3bike C7L. BBHIy TOro, 4TO Cpeau SI3bIKOB TEMITOPATIBHOM JIOTMKH
MPOCTEUIIIUM 1O CEMAaHTHUKE siBNsieTCs s3Ik PLTL, B rnaBe | W310K€HHE HAYMHAETCA
C HETO.

4. CobctBeHHO Bepu(UKalMsg BBIIOJHSAETCS 1O CTpykType Kpunke u
TpeOOBaHUAM K HE.

5. Cuenapwuii st cTpykTypbl Kpunke mipeoOpa3yercs B CIICHapUd JJi1 aBTOMATa
Munu (rnasa 4).

6. Bce sTambl U3JI0XKEHHON TEXHOJOTHUM BepU(UKALMKM pPaccMaTpPUBAEMOTO
KJlacCa aBTOMATHBIX MPOrpaMM WJUIFOCTPUPYIOTCS Ha IpUMEpPE MpOrpaMMbl IS

«YHUBepcalIbHOTO HH(PPAKPACHOTO MyJIbTa AJisi OBITOBOM TeXHUKW» [15].

I'maBa 1. OcHOBHBIC ITIOHATHUSA

1.1. Cunrakcuc si3eika PLTL

JluneliHyr0  TeMmopaidbHYH JIOTHKY mpemiokuia A, Pnueli  [10] s
cnenuuUKalMl W BepU(PUKALMUKA PEAKTUBHBIX CHCTEM — CHUCTEM, [OCTOSHHO
B3aMMOJICHCTBYIOIIMX C OKPYKEHUEM U PEarupyrolux Ha COObITHSI.

[Iyctb cumBonn AP o0003HauaeT MHOXECTBO, KOTOpoe OyAeM Ha3bIBaTh

MHOX>XCCTBOM aTOMApHBIX Hpe,Z[JIO}KCHI/Iﬁ (HOB)KG 6yneT ITIOKa3aHoO, 4TO AJIsA aBTOMATHOM



TEXHOJIOTUU aTOMAPHBIMH TPEUIOKCHUSIMU SBIISIOTCS COOBITHS, BXOAHBIC W BBIXOHBIC
NIEPEMEHHBIE U T. I1.).

Torma MHOXECTBO Bcex (popmyd, onpenensemMpix B HoTarmu bakyca-Haypa, kak
@::=pedAP | —¢| ovp | X¢| QU¢ , cocraBiser cunTakcuc s3vika PLTL (propositional
linear temporal logic).

OOpatuM BHHMaHHE, YTO MHOXECTBO (DOPMYJ, MOCTPOSHHBIX MO MEPBLIM TPEM
npaBWwiaM, JaeT Bce (POPMYJIbI MPOTO3UIIMOHATIBHONW JIOTUKA — WCTHHHBIA TOJKIIACC
spika PLTL. X (neXt) u U (Until) aBisitOTCS TEMITOPAJIBHBIMU OTIEPAIUSIMHU.

J1yis ynmpoIieHus BBEIEM JBE TEMITOPATLHBIC OTIEPAITHHN:

Fg=1Ug;

B nanbHeiimem Oynem mucath yIpOUIEHHbIE (GOPMYJIbI, HE 00paIiasch Kaxabli
pa3 K ONPEIEIICHUIO A3bIKA.

Takum obpazom, B si3eike PLTL onepanuu F (Future) u G (Globally) BeipaxeHsl
yepe3 0OazoByro omepanuto U. Kak Oyner mokazano B pasn. 3.3, B s3bike C7TL 3TH
omepanuy (TOYHEE, WX «Pa3BETBICHHBIC» BAPUAHTHI) CAMH MOTYT OBITh 0Oa30BBIMH,
npudeM BeIOOp 0A30BBIX OIEparfii JacT OOJBIITYI0 THOKOCTh B pa3padO0TKe alrOpUTMOB
BepUDUKAIINH.

1.2. CemanTuka si3bika PLTL
[Tycts cuMBOI S 0603HAYaET MHOKECTBO, KOTOPOE Oy/IeM Ha3bIBATh MHOKECTBOM

COCTOSTHUM.



PLTL-monenpto HasbiBaeTcs Tpoiika M = (S; R: S 2 S; Label S xAP), rne R
— TOoTanbHas (BCIOMy ompenencHHas) (QyHKmus Ha S, Ha3piBaeMas OTHOIICHHEM
HepeXo0B.

Cwmpbic hopmys JTOTUKHA ONPENIEISIeTCS B TEPMUHAX OTHOIICHHSI CEMaHTUYECKOM
WUCTHHHOCTH (BBITIOJTHEHU) |= MEXIy MOAENbl0 M, OJHUM M3 €€ COCTOSHUU § U
dbopmynoit ¢. Beipaxkenue (M, s, ¢)6|= Oynem 3amuchiBaTh B MH(GUKCHOW HOTAITUU:
M, s |=¢. Korna monens M sicHa W3 KOHTEKCTa, OyAeM HCKIIOYaTh €€ U3 (POpMyIbl U

MUCaTh § |=¢

OtHollIeHHE BBITOJIHECHUS |= OIIpCACIACTCA B Tabi. 1.

Tabmmma 1. CemanTtuka sa3pika PLTL

o)

s =p & (s, p) eLabel
s =g @ s
s = gvy ® | 6FEYveEY
s E=X¢ ® R =4
=gy & 320 (R'(s)e w A(VO<k<j:R (s)E 0))

B 3aknroueHue pasgena OTMETUM, YTO JJII CEMAHTUKU si3bika PLTL cymecTByeT
KOPpPEKTHAs 1 TIoJIHAs (hopMalbHAsl CHCTEMa aKCHOM.
B mactosmeli pabote 3TOT S3BIK B OCHOBHOM HCIIOJB3YETCS ISl YIPOIICHUS

nouumanus sa3eika CTL.

1.3. Cunrakcuc sa3pikos CTL u CTL"

10




Jlns MHOXecTBa aToMapHbIX (opmyn AP waGop CTL-popmyn' ompenensercs
cienyromuM oopazom: @.:=peAP | —=¢| pvd| EX@| E[QUJ] | A[AU4.
BBenewm Takke 1OMOIHUTENbHBIE TEMIOPAIbHBIE ONIEPALIUU:

EF¢=E[1Ug], AFg=A[1Ug];

Takum ob6pazom, ommmuue s3bika CTL ot PLTL coCTOWT B TOM, YTO KaXKIOU
BBEJICHHOM TEMITIOpAJIbHOM orepaiuu cooTBeTcTBYyeT mpeduxkc E umm A, Ha3bIBacMbIii
keanmughuxamopom nymu. TpaaulIMOHHBIE TEXHUKH, UCTIONb3yeMble A 3 (PEeKTUBHOM
IIPOBEPKU MOJEIIEH JTUHENHON TEMIIOPAIBLHOM JIOTUKH, TPUHUMITAAIBHO OTIUYAKOTCS OT
T€X, KOTOPbIE MPUMEHSIOTCS JJIs1 BETBSIIECUCS TEMIIOPaIbHON JIOTMKUA. CHUHTAKCUC S3bIKA
CTL tpebyet, uToObI KBaHTU(UKATOPHI IIUTH HETIOCPEICTBEHHO MEPe]] TEMITOPATbHBIMHU
onepauusmu X, F, G umu U.

Ecnmu omyctuth 3TO OrpaHuMueHUE, TO TOMY4YUTCA OoJjiee BBIpa3UTENIbHAsS
BeTBsimasics TemmopansHas goruka CTL™ (Clarke u Emerson, 1981) [1]. Jloruka CTL
MO3BOJIIET KBAaHTU(UKATOPY TIYTH pacroyiaratbCsl Tepen TpousBoiabHOM PLTL-
dbopmynoit. DopmanbHO 361K CT L umeer CIIEYIOLIYIO HOTALUIO:

@::=peAP | —¢| pvd| Ew — (OpMYJIBI COCTOSTHUS

yo=¢| =yl yvy | Xy | yUy - dopmynsl nytn

COOTHOLICHHS MEXK/Ty BHIPA3UTEIBHBIMU CBOHCTBaMH s13b1koB PLTL, CTL, CTL"

IIPUBEIEHBI B pasa. 1.5.

" CTL — computational tree logic

11



B nacrosmieit pabore moapoOHO HE paccMaTpPUBACTCS MPUMEHEHUE S3bIKA CTL"
s Model checking, Tak kak ¢opmaibHas CeMaHTHKa €ro MHTYHUTHBHO SCHA U3
unrepnperanuu CTL, a 3a1a4a npoBepKU Moaesen aiig 3toi joruku PSPACE-nonHa no
OTHOILICHUIO K pa3zmepy crienudukanuu [1]. B To xe Bpems 1 s3bika CTL CylecTBYIOT

3¢ (eKTUBHBIEC AITOPUTMBI IPOBEPKH MOJIEIIEH.

12



1.4. Cemantuka sa3pika CTL

CTL-Moaenblo JUisl MHOKECTBA COCTOSTHUM S Ha3bIBAETCSl TPOMKA

M=(S; RcS xS; Label cS xAP), tne R — TOTaJlbHOE OTHOIIEHHUE Ha

MHOECTBE .

OTy TPOIKY Ha3bIBAIOT Takxke cmpykmypou Kpunke umu mooenvio Kpunie, Tak

kak Cayn Kpurike npuMeHsi1 CX0KHe CTPYKTYPBI JUIsl [IOCTPOEHUSI CEMAaHTHUK MOJAIIBHBIX

JIOTHK — «OJIMKANIIIUX COCeei» TeMIOPaTbHOM JIOTUKH [16].

Ilymem Oynem Ha3blBaTh OECKOHEUHYIO IOCIIEA0BATEILHOCTh COCTOSIHUM SyS ). ..

TaKMX, 4TO (S;, S;+;) € R AJI BCEX ENbIX IEIbIX HEOTPULIATETBHBIX 1.

MHuoxecTBO Py (s) myTell, KOTOpble HAUMHAIOTCSI B COCTOSIHUM S, ONpPeessieTCs

CIIE YoM 00pazoM: Py(s) = {oeS” | op=s}.

OTHOILIIEHNE BHIMOJIHEHUS |= CTPOUTCS aHAJIOTUYHO TaKOMY K€ B sA3bIke PLTL n

OIIpCACIACTCA COITIaCHO TabII. 2.

Ta6muna 2. Cemantuka s3eika CTL

s =p & (s, p) eLabel

s =g (s [=¢)

s =gy ® | 6FEYveEw

s =EX¢ & | 3oeP,s)lo kg

s =E[qUy] ®  [30eP,()E20/lo, Fya(vo<k<jio F o))
& | Voer,(s)IE20llo,Fyalvo<k<;:ioE9))
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1.5. Beipa3urejbHble BO3MOKHOCTH s13bIK0OB PLTL, CTL, C TL"

JUia cpaBHEHMS BBIPA3UTENBHOCTU MPEACTABUM CHHTaKCcHC sA3bIKOB PLTL n CTL
B TEPMHUHAX SI3bIKA CTL'. Hampumep, 6ynem roBoputh, uto dopmyina i goruku PLTL
samucaHa B TepMuHax ssbika CTL', ecmu y = A¢, rae ¢ € PLTL(AP) (upocreiimimii
MOIXOI).

JUia si3pika CTL nepenuuiemM CHHTaKCHC B CIEIYIOIIEM BH/IE:

@::=peAP | —¢| pvd| Ew — (OpMYJIBI COCTOSTHUS

yo= -y Xg| gUg — GopMyIIBI ITyTH

JanHoe ompezaeneHue cUHTakcuca si3blka CTL SKBHBAJIEHTHO HCXOJHOMY €ro
onpenenenuto (pasa. 1.3).

U3 paccMoTpeHms cuHTaKcmca ciexyer, uro PLTL,CTL — CTL". O6parHoe
HEBEPHO (CUHTAKCUYECKH ).

ByieM Ha3biBaTh (GOpMyIbl ¢ U i s3bika CTL  SKBUBANCHTHBIMH, €CIIH

M, s |=¢5 < Ms |=1,y
JUTS JTFOOOU Mojiert M U €€ COCTOSIHUA S.

[lycte L u L’ — TemmopanbHble JOTUKH. bynem roBoputh, uto L He Oonee
BbIpa3uTeNlbHA, YeM L', ecnu asst mo0oi ¢opMyibl U3 L HalaeTcss SKBUBAJICHTHAs €i
dopmyia u3 L’ 3xeck npemonaraercs, uro L, L’c CTL' .

Teneps Bce TOTOBO [JIsi CPaBHEHHs BBIPA3UTENBHBIX BO3MOYKHOCTEH. Puc. 2
OTPa)KaeT COOTHOLUEHUS MEXKIy TpPEMsl paccMaTpUBAEMBIMHU JIOTUKAMH B TEpPMHHaX

BbIPA3UTCIbHOCTH.
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./ PLTI_ _/;‘\ CTLH\
— ___ ___ B _ _ AG (EF ¢)
4 '.;: \
AF (p A XD)] A Ud AC(EF

Puc. 2. CoorHomenns Mexay PLTL, CTL u CTL"

o *
bonee moapoOGHO o BeIpazutensHOl cuiie s3bik0B PLTL, CTL, CTL w310XeHO

B paborax [1, 17].

1.6. TexHoJsiorus Bepu(puKanum OJHOTO KJIACCA

ABTOMATHBIX IPOrPaMM

TexHONMOruss MPOrpaMMHUPOBAHUSL C SIBHBIM BBbIJICJIEHUEM COCTOSTHUM [18]
pabotaeT ¢ TakuMu OOBEKTamMH, Kak aBTomar Muau [19], aBromatr Mypa [20] u
CMEIIAHHBI aBTOMAT, KOTOPBIE JIETKO HWHTEPIPETUPYIOTCS € MOMOIIBIO MOJENEH
Kpunke.

[lepBpiM miaroMm B mporiecce Bepu(PHUKAIMU aBTOMATHOW MPOTPAMMBI SIBISIETCS
npeobpazoBanue rpada nepexo 0B UCXOAHOTO aBToOMaTa B Mojielib Kpunke, A1t KOTOpOi
yo0HO (popMyIHPOBAThH MPOBEPsiEMbIE CBOMCTBA MporpamM. B nanHoit pabote oTnaercs
NpenrnovTeHne aBToMaty Munu, KOTOpBIM, TpHU JKETAaHWH, BCETrla MOXKET ObITh

npeobpa3oBaH B aBTOMaT Mypa.
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HccnenoBanus B TaHHON 001acTH (MOJIETMPOBAHKE aBTOMAaTa M KOHBEPTALIHS €r0
B CTpyKTYypy Kpunke) npoBonunuch B padorax [21-24]. [Ipu sTom koHBepTauus Oblia
COTIPSDKEHA CO CIICTYIOIIUMHU MTPOOIeMaMH:

1. TpyaHOCTH C BBIIIOJIHEHHEM KOMITIO3UIIMA aBTOMATOB.

2. Heonno3naunocts wunHTepnperanuu (opmynsl s3pika CTL B UCXOAHOM

aBTOMATE.

[Ipu pemeHnu nepBod MpoOIEMbI, KaKk MpPaBWIIO, BO3HMKaida BTopas. s ee
peteHus npuMensiach Moaudukanus sizpika CTL.

MeTtoapl MOJIENMPOBaHUs, pacCMAaTPUBAEMbIE B HACTOSIIIEH paboTe (B YaCTHOCTH,
«peAyUMpPOBAaHHA» CXeMa U3 pa3f. 2.4), MpOBOIAT U3MEHEHHE CEeMaHTUKHU si3blka CTL
JUISL TOTO, YTOOBI BOCIIPENSATCTBOBATh 3KCIIOHEHIUAIBHOMY POCTY YUCIa cocTossHUM. [Ipu
3TOM IyTH, MOCTPOCHHbIE B KayecTBe creHapueB g CTL-hopMyi, OIHO3ZHAYHO
npeoOpa3yiorcs ©3 MoAend B aBromMar Muau. IT0 yAOOHO, OCOOEHHO eciu
MOJIETUPOBAHNE  IPOMU3BOJUTCA COBMECTHO C  MCIOJHEHHMEM aBTOMAaTa, €ro
BU3YyallM3alMei U oTiIaaKoil [25, 26].

Kpome Toro, npu ucnonszoBanun SWITCH-TEXHONOTMH YHCIO YHPABIIIOIINAX
COCTOSIHUM OTHOCHUTEIBHO HEOOJBIIOE. DTO MO3BOJISIET HE MPUMEHSATh B JAHHON paboTe
CHEUAIbHBIE TEXHUKUA JJI1 CXKATHSA aBTOMATOB C OOJIBIIMM YHCIOM COCTOSIHUM
(Ynopsiiou€HHbIE JBOMYHBIE Pa3pEIIAOIINE AUArPAMMBbI), & UCHOIb30BaTh JOCTATOYHO
NPOCTHIE U HArJISIAHBIE AITOPUTMBI, KOTOpbIE pabOTalOT OBICTPO MPHU HEOOJBIIOM YHCIIE

cocrostHuid. OJIMH U3 TaKUX aIrOPUTMOB OYyJET pacCMOTPEH B IJiaBe 3.

16



Bo BBeneHun ObUTM MEpeyUCIIEHbl OCHOBHBIE 3Tallbl TEXHOJIOTHH BepU(UKALUU
paccMaTpuUBaeMOro Kiacca aBTOMATHBIX mporpamm. [loBropum ompeneneHue 3TUX
ATAINoOB, MPOKOMMEHTUPOBAB 0oJiee MOAPOOHO HEKOTOPHIE U3 HUX.

1.B aBtomarHbix mporpammax [11,12] mnoBenmenue crenupuUIMpyeTcs C
MOMOIIIbI0O KOHEYHBIX aBTOMAaTOB. B HacTosmieil paboTe B OCHOBHOM MPUMEHSIOTCS
cnenuduKanmu, COCTOSAIINE U3 OAHOro aBToMata Musu. B oOmiem ciydae MOJelnb MOKET
COCTOSITh U3 HECKOJbKHX B3aMMOJCHMCTBYIOIIMX aBTOMAToOB. [l BepuduKanmu Takux
CHUCTEM NPHUMEHSETCSI KOMIIO3UIUS MCXOJHBIX AaBTOMATOB Wid Mojened Kpunke
(u3103k€eHo B pazz. 2.1).

2. Ucnone3oBanue Model checking nns mporpaMm B JTaHHON paboTe CBS3aHO C
npeoOpazoBanreM aBTomata Muiu B cTpyktypy Kpunke.

3. Ucnonb3oBanue  CTpyktypel — Kpunke — mpeamonaraeT  NpUMEHEHHUE
TEMIOPAJFHONW JIOTHKU AJIsi 3amucu TpeOoBaHui. B HacTosmieir paborte TpeOoBaHUS
onuckiBaroTcs Ha si3bike CTL.

4. CobctBeHHO Bepudukaiuss Moaenan (puc. 1) BBIMONHIETCS MO CTPYKType
Kpunke, moctpoennoit 1o aBromary Muau, u TpeOOBaHHUSM, 3alUCAHHBIM B BHUJIC

dbopMyItbl Ha s13bIKE TeMmopanbHou Joruku (CTL, PLTL).

Bepugukanus oCyImecTBIsieTcsl ¢ HCHONB30BaHUEM JBYX ajiropuTtMoB. [lepBelii W3 HUX
NpeHa3HAYeH YISl OIpEIeICHUs Habopa COCTOSHHIA B CTPYKType Kpunke, B KOTOPBIX BBITIONHSIETCS
3amaHHoe (GopMysoil TpeboBanue (pasza. 3.3), a BTOpOH — MO 33aJaHHOMY HCXOJHOMY COCTOSIHHUIO U
noadopmyie 3agaHHOTO TpPeOOBaHUSA C TOMOIILI0 TIOCTPOSHHOTO Habopa COCTOSHUM (opMupyeT

CIIEHapUi, KOTOPBIN TOATBEPKIACT UIIM OIpoBepraeT 3Ty noadopmyy (paza. 3.4).
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5. Cuenapuit s mogenu  Kpunke npeoOpasyercs B CIEHapHil 1Jii aBToMara
Munu (rnasa 4).

6. Bce »Tambl HM3M0KEHHON TEXHOJOTHMH BepU(UKALKMK pPaccMaTpPUBAEMOTO
KJlacCa aBTOMAaTHBIX MPOrpaMM WUIOCTPUPYETCS Ha MpPUMEpPE MPOrpaMmbl IS
«YHUBepcaIbHOT0 HH(PPAKPACHOTO MyJIbTa AJIsi OBITOBOM TeXHUKW» [15].

Takum oOpa3om, CXeMaTUYHO TMPOIIECC, UCCIASAYEMBIA B JAHHOW paboTe, MOYKHO

MIPEICTaBUTh TaK, KaK N300paxXeHo Ha puc. 3.

( 1. AsTomat Munu w

( 2. Ctpyktypa Kpunke 6. CueHapui w

‘ (nytb B Mogenu Kpunke) ‘

A

4

‘ 3. TpeboBaHus 4. Bepudmkaums 5. [lokasaTenbcTBo ‘

‘ (CTL, PLTL) > > unm ‘
onpoBepxeHue

L - D posep J

Puc. 3. Dtansl BepuduKamy aBTOMaTHBIX TPOTrPaMM

I'maBa 2. [IpeoOpazoBanue apromara Muiu B CTPYKTYpy

Kpunke n paspadoTka TpedOBaHU

2.1. O01mue mMoJ10:KeHu s
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B stoii raBe OyAayT MOCTPOEHBI HECKOJBKO PA3IUYHBIX CXEM JUIsl T€HEepaluu
MHOXKECTBA aTOMApHBIX MPEAJIOKEHUI aBTOMATHON MpPOrpaMMbl, IMPeoOpa3oBaHUs
aBToMaTa Munu B moaens Kpunke v 3anucu TpeOOBaHUN K IPOTpamMMme.
Bbiienum Tpu OCHOBHBIX CXEMBI TAKOTO MTPE0OPA30BaAHMS:
1. VYcraHoBka COCTOSIHMI Ha COOBITUSIX M BBIXOJIHBIX  BO3JEHCTBUAX
(mepeMeHHBIX).

2. Coznmanue moJHOTo rpada mepexooB.

3. Penykmus monHoro rpada MepexonoB C BHECEHHEM TECHBIX OTpPULIAHU
BHYTPb aTOMapHON (OPMYJIbI.

Kaxnomy w#3 3THX TmyTell COOTBETCTBYET CX€Ma, OIHKChIBAEMas B OJHOM
13 pa3Jie]IOB HACTOsIIIEH 1aBkl (pa3m. 2.2-2.4).

B pazn. 2.5 paccmaTtpuBaroTcsi ciocoObl ynporeHus rpada mepexo10B i TOTO,
YTOOBI K HEMY CTaJIM IPUMEHUMBI CLIELIU(PUUECKUE aTTOPUTMBI.

Otmetum 11t 11000# CXEMBbI, UTO €cu KOHeuHas (opmyrna ee crenupukanuu
NpeICTaBUMa B BHJIE€ KOHBIOHKIIMU HECKOJBKUX MOAGOPMYJ, TO 3Ty KOHBIOHKIIHIO
1es1ecoo0pa3Ho pa3dbUBaTh HA OMEPaH/Ibl U PACCMATPHUBATH MX MO OTAEIBHOCTH, TaK KaK
npu S3TOM ynoOHee (M mMpaBWIIbHEE) HCCIEeNOBaTh, aJCKBaTHBI JIM (hOpMasbHbIE
TpeOOBaHUS K MOJICTT COOOPAKEHHSIM pa3padOTIMKa O HUX.

[Ipu 3TOM OTMETHM, YTO aBTOMAaThl, B KOTOPBIX COCTOSIHHS MOTYT COJAEP)KaTh

BHYTpPH ce0sl Ipyrue aBTOMaThl, MO>KHO UCCIIEI0BATh TPEMS CIIOCOOaMH:
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1. Jlyig BHEIUHUX U BHYTPEHHUX aBTOMATOB MOYHO BBINIOJHATH MOJEIHPOBAHUE,
cnenudukamio 1 BepupuKauo He3aBUCUMO (KOHEYHO, 3TOT CIIOCO0 BiIEUET
yTpaTy ONpPEEIIEHHBIX XapaKTEePUCTHUK aBTOMATa IPU MOACITMPOBAHHH).

2. Taxxe MOXKHO «pPACKPBITb» COCTOsIHUE S aBTOMaTra A, BHYTPHU KOTOPOTO
(cocTosiHMS) HAXOUTCS APYTroM aBToMar B, 700aBUB JIJIsl KaXA0ro Nepexoa
U3 COCTOSIHUA S B COCTOSHHME T 1O OJHOMY SKBHBAJIECHTHOMY NEPEXOIY U3
KQKJIOTO COCTOSIHUS aBTOMara B B cocrosHue 7. Bce mepexozasl, KOTOpbIE
BEIYT B COCTOSIHUE S, CJIENyeT IEpEHANpaBUTh B CTAPTOBOE COCTOSIHUE
aBTomaTra B. B pe3synprare, BHyTPEHHUM aBTOMAT B NpPEBpaAlIAeTCs B 4acCTh
aBTOMAaTa A, U 751 HETO MOYKHO BBITOJHATH BEpU(UKALINIO BMECTE C A.

3. CucreMy B3aUMOJICHCTBYIOIIMX ABTOMATOB MOKHO INPUBECTU K OJHOMY C
MOMOIIbI0 KoMNo3uliuu (mpousBeAeHust) [21]. Takke MOXKHO BBINOJHATH
CHayaja MOJEIMPOBAHUE Ka)JOr0 aBTOMATa, a MOCJIE HEro — KOMIIO3ULIHIO

moaenen Kpunke (puc. 4).

;A > 25 ;(A o L B0

.. - \ \

A A

Y

A

e

..M )

Y

NI
)

Puc. 4. Komnozuuus crpykryp Kpunke
Brei6op cmocoba ompenensercs cooOpaxeHUs MU 3(PPEKTUBHOCTH U YI00CTBa.
B mpumepax, uccienyembix nauee, Oy/eM CUUTaTh, YTO JAHHBIA BOIPOC YK€ PEIICH, U

paccMaTpuBaTb CUCTCMbI, OITMCBIBACMbBIC OAHNM daBTOMATOM 0e3 BI0KEHHBIX COCTOSTHHIA.
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Bo Bcex Tpex cxemax, KOTOpble OyAyT MOCTPOEHBI, COCTOSIHUSI HMCXOJHOTO
aBTOMaTa N30MOP(HO MEPEUTyT B COCTOSHUS MOJICIIH.

JIist KaXXaoro mepexojia MEXIy COCTOsSHMsIMU S u 7 HMCXOAHOrO aBTOMAaTa
CO371aJIMM HE MEHEE OJIHOIO COCTOSHMS B Mojelu Kpunke (Ha30BEM €ro cocmosiHuem-
cobvimuem), aTOMapHBIM MPEJIOKEHIEM KOTOPOTo Oy/ieT coObITHE £, MHUITMUPOBABIIICE
nepexoa. lIpy HamuuMyM BBIXOMHBIX BO3JACHMCTBUM HA MEPEXOJEC TAKKE CO3AAAUM I10
OJHOMY COCTOSIHHIO Ha Ka)KJI0€ BO3JCHUCTBUE Z, aTOMAPHBIM MPEIIIOKEHUEM KOTOPOTO
(cocTostams) Oynmer Z (Takue COCTOSIHHMSI OyJneM  Ha3bIBaTh  COCMOSHUAMU-
8bIX0OHBIMU 8030eticmausimu). J00aBUM B MOJIETh MEPEXObl: MEXKIY COCTOSHHEM S U
COCTOSIHUEM-COOBITUEM E; MEXIY COCTOSTHUEM-COOBITUEM FE U TEPBBIM COCTOSIHUEM-
BBIXOJIHBIM BO3/ICHCTBHEM; Jajie€ MOCIEAOBATENbHO (B MOPSAIKE BBITOJIHEHUS) MEXKIY
COCETHUMH COCTOSIHUSIMM JIJISI BBIXOJHBIX BO3JECHUCTBHM, U, HAKOHEL, MEXAY MOCIEAHUM
TaKUM COCTOSIHUEM-BBIXOJHBIM BO3CHCTBUEM U cocTOosiHUEM 1 (nanee OyAeT mpuBeAcH
IpUMEP TaKON KOHBEPTALIUN).

Ecnu BBIXOAHOE BO3JIEUCTBHE Z Pa3sMEIIAIOCh B COCTOSSHUM 1 M BBITOJHSJIOCH
Ipy BXOAE€ B HEro, TO MPH KOHBEPTAUU JOOABISETCS €IIe OJIHO COCTOSIHHE,
COOTBETCTBYIOIIEE BO3JACHUCTBUIO Z, U B 3TO COCTOSIHUE JOJKEH BECTU KaXKIbI MEPEXO,
KOTOpBI MEpBOHAYANBHO BeN B coctosiHue 1. Kpome 3Toro, no0aBisieTcs Nepexon U3
COCTOSIHUS, COOTBETCTBYIOIIEro Z, B coctosiHue 7. CaMmo ke 3TO BO3JACHCTBUE MOCIE

reHepannuu COCTOSIHMH YHHUYTOXKACTCA.
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JInst BceX MOJIy4eHHBIX COCTOSIHUM Mopenu Kpunke €CTECTBEHHBIM 00pa3om
YCTaHABJIMBAIOTCS aTOMapHbie NpeasiokeHus. J[00aBUM TakkKe TPHU «YIPaBISIOIIAX)
aToMapHbIX TpemnoxeHusi: InState, InEvent, InAction — ajis COCTOSSHUWA MOJIENH,
MIOCTPOCHHBIX, COOTBETCTBEHHO, M3 COCMOAHUL, COObIMUL, BbIXOOHBIX B030€UCmBULl
UCXOJHOTO aBTOMAara. OJTO CJeNaHO /IS TOro, 4YTOObI MpH 3amucu  (OpMyIibl
B TEMIIOPATBHOM JIOTHKE MOYKHO OBLIO Pa3Iu4aTh THI HCCIEAYEMOTO COCTOSTHHS.

Takum 00pazomM, MHOKECTBO aTOMapHBIX MPEIJIOKEHUN BO BCEX TPEX CXeMax
COJICPKUT OOBETMHEHHE MHOXKECTB COCTOSIHHM, COOBITHI, BBIXOJHBIX BO3IACHCTBHIA U
TPEX OMUCAHHBIX BBIIIE ATOMAPHBIX MPEAI0KEHUH.

Jlanee OyAayT paccMOTpEeHbl MHAMBUAYaTbHbIE OCOOEHHOCTH KaXKJIOH U3 Tpex

CXEM.

2.2. Cxema «CoCTOSSHUS HA COOBITHSAX U

BBIXO0/IHBIX BO31eHCTBUAX)

Cxema «CocTosiHUS Ha COOBITHSIX M BBIXOAHBIX Bo3nencTBusx» (CCBB), kak u
JIpyrue JiBe, HacjieayeT OOIIyI0 HACOJOTUI0 MOJECIMPOBAHUS, OMNHCAHHYIO BBIIIE.
OT 1pyrux cxem ee OTIMYAeT TO, YTO KPOME YKa3aHHOTO OOIIEro MPUHIMIIA B HEU
Oomplie HU4Yero He coaepxkurcs. Takum oOpaszom, mpumenss cxemy CCBB
JUISl aBTOMAaTHOM MPOTpaMMbl, MOXHO TIOJIHOCTBIO aOCTparupoBaThCsi OT TOHSTHS
BXOJIHBIX TIEPEMEHHBIX, OCTaBIISII TOJBKO COCTOSIHHS (0€3 HMX He OOOWIETCS HU OJHA

0a30Basi MOJEJIb), COOBITUSI U BBIXOJHBIE BO3ACHCTBUSA. ITO CaMblil MPOCTOM MOIXO/I.
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Paccmorpum npumep. IlycTe MCXOIHOE aBTOMATHOE IPUIOKEHHUE SMYIUPYET

(B IOBOJIBHO YTIPOIIEHHOHM (popMe) yHUBEpCAbHBIA HH(PPAKPACHBIN MybT A1 OBITOBOM

TEeXHUKH [15]. DMysaTOp MpeAcTaBlieH ¢ MOMOIIBIO OJHOTO aBTomara ARemote, cxema

cBsizel U rpad mepexo0B KOTOPOro N300pakeHbl Ha pUC. 5.

start()

Hauano pa6otb

handleEvents() keypressed()
handleEvents() time_is_ug()

handleEvents() receive_signal(&signa |

handleEvents() receive_signal(&signa; STOF_SIGNAL

Haxara

3aBepmncs oTcyeT Taiimepa

MonyyeH curHan AaHHbIX
OT BHELHEro YCTPOCTBE

MonyyeH curHan okoHYaHus
OT BHELWHEro YCTPONCTBE

key == KEY_RESET

Haxara knasnwe <Resei>

key == KEY_RECORD

Haxara 3anucy

key == KEY_SET_PAD

Haxara knaBuwa cmeHbl packnaaky

len == MAX_SIGNALS full()

Bydep curHanos

ARemote

z0C

20’

3

€0 20z

€2 204

€3 z0¢%

€4 z0€
207
xQ 208

X2 210

x3 z11

212

z13

214

Bi ITb MHUL n
coo6wyTh 0 Havane paoTbl

YCTaHOBKN

hash_load()
message ()

Mocnatk curHan ycTponcTey

hash_senc(key,

YcTaHOBNTL TailMep ANsi NEPeXo/Aa B PEXUM SHepro-
cbepexenns coobwuTe 'OxuaaHne KomaHap ..."

message ()
CoobwwuTe: ' Bbibepute packnagky” .
YCTaHOBWUTb TaitMep ANst BBOAA HOMepa packnaaky sel_timer()
CmeHuTb packnasl pad = key
CoobwwuTe: "Bpems oxuaaHus Bbibopz
| Homepa packnaakuucrekno” |
HOMepa packnazk1 UcTekno' message ()
CoobwwuTE: "Oxunaaercs knasuwa Ans 3anucy "
YCTaHOBMTb TaliMep ANS KNABULIM Ha3HAYeHNs message ()
sei_timer()
Coobuwutt: ' Bpems oxuaaHus HaxaTus UcTeknc message 0
BanoMHNTL KNaBuilly Ha3HaYeHns COOBIWNTE 0
'OxnpaeTcs curHar' noarotoeuts Gydep Ans curHanos kGY_fOI_blnd
message ()
YCTaHoBUTL TaiiMep ANs CUrHanz n
ecnu Bycdep curHanos sanonHer coobwyTs 06 aTon 561_t|mer()
= message() full()
CoxpaH1Tb CUrHan BO BHYTP 6ydepe buﬂ Ien++] =
_signal
A poBsaTb CurHanos B
¢ Knasuuwei_cooGimTb 06 yCreWHOM Npreme AaHHbIX hash_bind()
message
Coobuwute : "Bpemsi oxuaaHus curHana ucteknc”
message ()
Coobuwmtt: ' Bydep
YcTaHoBUTH TaitMep ANs BblBOAA sel_timer()
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‘ 2. Pexxum aHeprocbepexeHus

0. HavanbHoe coctosiHne

el & x0

e0
z00

el & 7x0 & 7x1 & 7x2

ZOOO

1. Pabounit pexxum

@ z01

e2

3. Bbibop packnagku

el

202

el &x1

4. Pexxium 3anucmn ‘

z04

el & x0 & 7x1

e2
& x2

ed el &x1

6. CoobLueHune Ha akpaHe

z06

el & 7x0 & x1 & x2
z08

z11

2
205 z14

e2

5. OxunaaHue curHana ‘

A

z12

e3 &x3

0

z13

z09

e3 & x3
z10

Puc. 5. Cxema cBsizeit aBromara ARemote (a). ['pad mepexomnos aBTomara 4Remote (0)

B paccmatpuBaemMoM mnpumepe mojaenb Kpunke i aBTOMata, MOCTPOEHHAs

no cxeme CCBB, Oynet nzomopdHa rpady Ha puc. 6.
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| [ \
InAction z00 |«— InEvent e* |
J J

k 4

|
[ InEvent €0
|

InAction z01

© Pabouuv

EXUM

| InEvent e’

InAction z04 ‘( Event &3 i
K—*—) L J
( A \
[ InEvent e | | InEvent e2 | 2 Pexuv
| J 3HeproctepexeHns
4 InState Y=2
6 CoobLieHune
Ha 3aKpaHe L
InState Y=6 (
InAction z07 |«— InEvent e2
L
(l Acti 1" |4— InEvent
nAction z1- nEvent e-
InAction z14 L on z \ v J
J— InAction z12 InEvent e4
InAction z05 e \ )
[ InAction z12 InEvent €2 |
|
InEvent €2
InEvent €3
3 Boibop
packnagku
InState Y=3

InAction z06
4 Pexuv
3anucy

InState Y=4

5 OxwuaaHue
curHana

InState Y=5

InEvent €3

InEvent e*
_J

InEvent e*

InAction z08

InAction z09
InAction z1C

.

h 4

InAction z03

N

Puc. 6. Monens Kpunke, nocrpoennas o cxeme CCBB

B monemn Kpunke, n300pakxeHHON Ha pUC. 6, COCTOSIHUSI-COOBITUSL U COCTOSTHUS-

BBIXOJHBIC BO?)I[CﬁCTBPIH YKa3aHbl SBHO.

HpI/I HHTCPAKTUBHOM MOACIMPOBAHNU

COBMECTHO C UCIIOJIHEHHMEM M BH3yaluzaruei [25, 26] ux nenecoodpa3Ho 0003HAYaTh,

KaK M B ICXOOAHOM aBTOMATEC, IIPOCTO MCTKAaMHM Ha Ayrax.

HUrax, CTL-monenbp TOTOBA.

[IpuBenem Ttemnepp mpumep CTL-bopmyibl,

CIPaBEIJIMBOCTh KOTOPOWM MOXHO ycTaHaBiuBaTh Bepudukanuein: —E[—(Y=6)U(Y=1)].

CMbIcH 3TOM (I)OpMYJ'ILI COCTOHUT B CIICAYIOICM: B COCTOAHHC 1 Henb3s momnacTtb, MUHYS

COCTOSIHME 6 (HENb3s MOIMacTh B pabOuyuil peXUM, MUHYS COOOIICHHE Ha DKpaHe).
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Ota ¢popMyna crpaBeyiBa sl COCTOSTHUMA 4, 5,6 ucxooHoco aemomama M TOIBKO

Tt HUX (11t Moienu Kpunke Takux COCTOSIHHM OOJIBITIE).

2.3. Cxema «IloJHBIM aBTOMAT)»

Bo Bropoii cxeme He OymeM aOCTparupoBaThCsl OT BXOIHBIX IEPEMEHHBIX,
a MpeJICTaBUM aBTOMAT MOJIENbI0 Kpunke «Co BCEH MOTHOTOI» OTHOCUTEIHHO BXOIHBIX
BO3/ICHCTBUI. B MCXOMHOM aBTOMAaTe Mepexoabl MOTYT OBITh 3a/laHbl HE TIOJHOCTHIO —
MOTYT CYIIECTBOBATh HE yKa3aHHBIE METIH. OJTO O3HAYAeT, YTO JJii HEKOTOPOTO
COCTOSTHUS (HEKOTOPBIX COCTOSIHWUHN) MU3BIOHKINSA (POPMYII, COCTAaBICHHBIX U3 BXOTHBIX
NIepEMEHHBIX, KOTOPBIE TTOMEYAIOT MIEPEXO/IbI U3 HETO 110 OJJTHOMY U TOMY ke COOBITHIO F,
HE SIBJISICTCS] TABTOJIOTHEH.

B Ttakom ciydae cHaOOMM OTH  COCTOSHUSL TETJIEBBIMH  I€PEXOJaMHu
10 COOBITHIO £, COOTBETCTBYIOIIMMH JOTOJIHEHUIO K PaCCMAaTPUBAEMOMN TU3BIOHKIIWU.
DT0, KOHEYHO K€, HE M3MEHHUT CEMaHTHKY aBTOMATa, a JIUIIb MOJHOCTHIO OMHIIET €T
noBefieHHe. B KOHEYHOM cdeTe, B aBTOMAaTe W3 Ka)XJOTO COCTOSHHUS IO KaKIOMY
COOBITHIO IOJDKHO UCXOHUTH 2" TIEPEX0/I0B, IJIe /1 — OOIIEe YHCIIO BXOAHBIX MEPEMEHHBIX
aBToMaTa. l[Ipm STOM KakIOMy TMeEpexoay COOTBETCTBYeT Ha0Op 3HAueHWil BceX
NepeMEHHBIX (MJIM MHOKECTBO HCTHHHBIX TepeMeHHBIX). [locie momydeHus MmoJHOTO
aBToMaTa npeoopaszyeMm ero B Mojenb Kpunke mo obmei cxeme (pasn. 2.1) ¢ omgHou
MomupUKAMEH: Ui KaXIOTO COCTOSHHS-COOBITHS J00aBMM BO MHOXECTBO €ro
aTOMapHBIX MPEIOKEHUH HAOOP BXOJIHBIX NEPEMEHHBIX, UICTUHHBIX Ha TOM TMEPEXO/Ie,

Ha KOTOPOM HaAXOAUTCA pacCMaTpHUBACMOC cocTossHue-coObITHE. Takum 06p8.30M, BO
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MHOKECTBO aTOMApHBIX MPEUIOKEHU TIO0 OTHOIICHHIO K OOOOIIEHHONW cXeMe
N00aBUITUCH €ITIe ¥ BXOJIHBIE MTepeMeHHbIC. J|I0OCTOMHCTBO Takoi cXeMbl (HECMOTpS Ha €¢
pPacTOYUTENLHOCTD, OCBOOOXKICHHE OT KOTOPOIl Oy/IeT OmucaHoO HIKE) B TOM, YTO OHA U
TOJIBKO OHa IO3BOJISIET Mojenu Kpunke MOJHOCTBIO OTPaXXaTh IMOBEICHHE HWCXOJHOTO

aBTOMarta.

2.4. «PenyuupoBaHHas» cxeMa

OCHOBHBIM  HEJIOCTATKOM MPEIBIAYIIEH CXeMbl OBLJIO OOJBIIOE  YUCIIO
T€HEPUPYEMBIX COCTOSAHUN AJ1si Mojienn Kpunke, a JTOCTOMHCTBOM — MOJIHOTA.

B nanHoM pasznene cemaHTHKa Mojelel OyneT M3MEeHEeHa TaKuM 00pa3oM, YTOOBI
YUCJIO COCTOSSHUM B HUX MOXHO OBLJIO YMEHBIIWTh, HE TOTEPSB IPU ITOM HX
BBIPA3UTENIBHYIO CHIIy. OTO MOKHO CHIeJIaTh TaK, YTO pa3Mep MOJIENHM HU3MEHSETCS
ACUMIITOTHYECKH JUHelUHO TI0 OTHOUIEHHIO K pa3Mepy Tpada mepexoioB HCXOIHOIO
aBTOMaTa M K YUCIYy NEpPEeMEHHBIX (OunuHeliHo), B OTIIMUKE OT MPEABIAYIICH CXEMBI, T]Ie
pa3Mep MOJENH YBEIIMUUBAJICS I9KCHOHEHYUANbHO OT YUCIIA BXOAHBIX IEPEMEHHBIX.

MHOK€eCTBO aTOMApHBIX MPEIJIOKECHHUIN MO OTHOIICHUIO K MPEABIAYIIEH cXeme
TaKK€ U3MEHHM.

PaccmoTpuM ucxonHbiii aBTOMaT 0€3 NU3BIOHKIMN Ha mepexoaax. Eciu Takue
Mepexobl CYIIECTBYIOT, CO3AaAMM SKBUBAJIEHTHBIC MEPEXOIbI JIJIs1 KaXKI0T0 AU3bIOHKTA,
a caMH Tepexo/bl C JU3BIOHKIMUAMHU yraaauM. B kadecTBe mpumepa MOXKHO pa3OUTh
nepexon “(e4 | el&xl)/zI1I1” rpabha ARemote, uzoOpaxeHHOTo Ha puc. 5,0, Ha JBa

nepexona: “e4 /zI11” n “el&xl /zI11”.
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JloGaBUM B aBTOMAT COCTOSIHUS, COOTBETCTBYIOIIHUE COOBITHSM, BXOJHBIM H
BBIXOJIHBIM MEPEMEHHBIM TaK, Kak 3TO ObUIO CIIeJaHO B MEpBOM cxeme (pas3f. 2.2), HO C
OJTHUM OTJIMYMEM: BO MHOXKECTBA aTOMAPHBIX MPEIJIOKEHUN Ha COCTOSHUSX-COOBITHSIX
N00aBUM BXOIHBIE TIEPEMEHHBIE B TOM BH/I€, B KOTOPOM OHH NMPHCYTCTBYIOT HAa
nepexoaax (BMeCTe C OTpPHUIAHHMSIMH, €CIIM OHHM €CTh). TakuMm o00pa3oMm, B COCTaB
MHO’KECTBA BCEX aTOMAPHBIX (HOPMYJI MOJIETN BXOMAST CICAYIOIINUE dJIEMEHTHI, U TOJIBKO
OHH: COCTOSIHHSI; COOBITHSI, BBIXOJIHBIC BO3JCWUCTBUS, BCE JIMTEPAbl, COCTABICHHBIC
U3 BXOJIHBIX TICPEMEHHBIX (caMH TepeMeHHble W UuX oTpunanus). Kpome Toro,
B aTOMapHBIC TMPEIJIOKECHHS KKIOTO MOIYYEHHOTO COCTOSIHUS-COOBITHSI TO0OABHM BCe
JHUTEPaJIbl, COCTABJIEHHbIE W3 HECYIIECTBEHHbIX BXOJHBIX IepPpeMEeHHbIX
AJIsl JAHHOTO Tmepexoaa (HECYIIeCTBEHHBIMH OyJeM HasblBaTh Te IIEpEeMEHHBIC
MCXO/HOTO aBTOMaTa, KOTOpbIe HE 0003HAUEHBI HA paccMaTpUBAEMOM Mepexoie). Takum
oOpaszoM, OyaeM 100aBIsATH HA OJHO M TO € COCTOSHHE-COOBITHE M HECYILECTBEHHBIC
nepeMeHHple, W wux oTpumanusd. C TOYKM 3pEHUS CHHTAKCHCA M CEMaHTHKHU
TEMIOPAJIFHONW JIOTMKH 3TO JAOMYCTUMO: Mporecc o0pabotku moaenu Kpunke He
MIPEIIOJIaracT COBMECTHOCTh MHOYKECTBA aTOMAPHBIX MPEIOKEHNUN COCTOSIHHSI, TaK KaK
WHTEPIPETUPYET ITH MPEIIOKESHUAS TTPOCTO Kak cTpoku. [Iprunna Takoro obparienus ¢
HECYIIECTBEHHBIMU TEPEMEHHBIMU SICHA: TPEOyeTCsl 00eCneunTh, YTOOBI JTH00as CChIIKA
HA HECYIIECTBEHHYIO B TAHHOM COCTOSIHUHU-COOBITHH TepeMeHHYI0, yromsinyTas B CTL-

dbopmyre, 1aBana UCTUHHBIN pe3yJIbTar.
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He o0s3arenbHO XpaHUTh BCE JUTEPANbl, COCTABICHHBIE M3 HECYIIECTBEHHBIX
NEPEMEHHBIX B COCTOSHUU B SIBHOM BHJE. BaXHO JUIB TO, YTO BO Bpemsi 00pabOTKU
MOJICJIA CYLIECTBEHHBIE U HECYIIECTBEHHBIE BXOJHBIE IIEPEMEHHBIE NHTEPIIPETUPYIOTCA
pa3lenbHO: MEPBBIE — B TOM BHUJE, B KAKOM OHM 3allUCAaHbl HA IEPEXOAaxX HCXOMHOTO
aBTOMATa, a BTOPBIE — «B JIBYX 3K3EMILIAPax» (B MPSIMOM M HHBEPCHOM BHJIE).

Pesynprar kKoHBepTanuu rpada nepexoqoB aBromara ARemote, BHIIOTHEHHOTO

C IPUMEHEHUEM JJAHHOM CXEeMBbI, U300paKeH Ha puc. 7.

[ x0,x1,x2,x3; | | x0;
| InEvent,e0 [ InAction, z00 ¢—— InEvent, e1; \
(X0, Ix1, 1x2, Ix3 ) | x1, X2, x3, Ix1, x2, x3 J

( | [ X0, Ix1, Ix2; )
0. HauanbHoe | InAction, z01 [*—| InEvent, el; |
COCTOSIHUE ‘ ) x3,x3 )

InState, Y=0

vy y 1. PaBouuii X2;
Q pexum N InEvent, e1; \
IX0. 1x1. !
InAction, z02 InState, Y=1 x0,x1,x3, 1x0, !x1, Ix3
FA \
. x1; |
InAction, z04 x0, x1, x2, x3; X0, x1, x2, x3; ‘ :
on. 2 InEvent. 1 InEvent, e2 ‘ InEvent, e1 ‘
0. X1 152, 1x3 Ix0, Ix1, 1x2, Ix3 [ x0, x2, x3; 0, Ix2, Ix3 )
[ 1x0, Ix1, Ix2; ) x0, x1, x2, x3; )
[ InEvent, e1; | InEvent, €2 | 2. Pexxum InAction. 06
| x3, Ix3 J X0, Ix1, Ix2, Ix3 ) aHeprocbepexeHus
1 InState, Y=2
) S
InState, Y=6 amen X0, X1, IX2;
x0, x1, x2, x3; ) InState, Y=4 InEvent, e1;
InAction, z07 |¢— InEvent, e2 | x3, Ix3
1x0, Ix1, Ix2, Ix3
Xt ‘ InActi 08
- InAction, z11 |&— InEvent, e1; nAction, z
InAction, z14 4] X0, X2, X3, 1x0, x2, 1x3 J
x0, x1, X2, x3; 4
InAction, z12 5. Oxupanne —
InEvent, e4 cUrHana
InAction, z05 S — X0, 'x1, Ix2, 'x3 InAction, z09
S InState, Y=5
x0, x1, X2, x3; D
InAction, z13 InEvent, e2
x0, x1, X2, x3; X0, Ix1, Ix2, Ix3
| InEvent, e2 | InAction, z10
1x0, x1, Ix2, Ix3 x3;
\ InEvent, e3; \ f
x0, x1, x2, Ix0, !x1, 'x2 1X3:
3. Boibop ( XS5 |
\ InEvent, e3; \ v

packnagku

[ x0, x1, x2; Ix0, x1, x2 )
InState, Y=3 InAction, z03
. T

Puc. 7. PenyuupoBannas moaens Kpunke nig aBromata ARemote
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Pa3zmep Momenu Ha puc. 7 coBOagaeT ¢ pasMepoM MOJIEIH, CO3AAHHOM IO CXEME
«CocTOsIHMS Ha COOBITHSIX U BBIXOAHBIX BO3AEHCTBUSIX». BooO1ie roBops, nepsas cxema
MOXET PacCMaTpPUBATHCS 10 AHAJIOTUM C TPETHEH WIM BTOPOM, B KOTOPOW IOJHOCTBIO
VCKJIIOYEHBI BXO/HbBIE BO3JEHCTBUSA. AHAIIOTMYHO, TPETHIO CXEMY MOKHO PacCMaTpUBaTh
KaK BHUJOW3MEHEHHE BTOPOW, MPU KOTOPOM OTOXKJIECTBISIIOTCS HAOOpBHI 3HAYECHUM
HECYLIECTBEHHBIX IEPEMEHHBIX.

Tenmeppr  paccmoTpum  moctpoenue u  uHTepnperanmio  CTL-bopmyn
JUISL «PEIYLIMPOBAHHBIX» MOJEIIEN.

CTL-cemanTKa B  JaHHOM  cxeme OyJeT HEMHOro  OTJIMYaThCA
OT OOLENPUHATON: BCE OTPHUIAHUS, CTOSAILIME HEMOCPEACTBEHHO Mepe] aTOMAPHBIMU
npenioxenusiMu B CTL-popmyne (MX TakKe HA3BIBAIOT MECHbIMU OMPUYAHUAMU),
cleAyeT BHECTH BHYTPb AaTOMAapHBIX MNpepjaokeHu. Ilpy 3TOM  TONBKO
pesynpTupytomas ¢opMmylia B paccMaTpUBAEMOW CXEMe MOMJICKHUT BepUPHUKAIUU
METOJaMHU, NpeaHa3HaueHHbIMU 1151 CTL-JIOTUKH.

PaccmorpuMm npumep st aBromata ARemote. Ilyctb TpeOyeTcsi mpOBEPHUTH
CBOICTBO: «CYILECTBYET CIOCO0 MPOBECTH MHUIIMATU3ALNIO YCTPOHUCTBA, HE HAKUMast
KHOIIKY Reset». B tepmunax s3pika CTL ¢ UCXOAHOW CEMAHTHKON JTAaHHOE CBOMCTBO
MOJKEeT OBITh 3amucano cieayrommm oopasom: E[(InEvent 2 —x0) U z00)].

Ota Gopmyna He BBIIONHSAETCS B cocTostHuU Y=0 (puc. 7). Ha sTo, mpaBna, u
HE CTOMJIO paccuuThiBaTh. I[IpeoOpasyem Qopmyny cormacHO TpeTbel CcXeme:

E[(InEvent 2 !x0) U z00]. Bmecto otpunanus B s3bike CTL B hopMyiy ObLIO BHECECHO
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Ipyroe  aTOMapHOE€  MpPEIJIOKEHUE,  SBILIONICECS  OTPULAHUEM  UCXOJHOTO.
[Ipeo6pazoBannHas popmyna yxe BepHa i COCTOAHUS Y=( aBTOMarTa.

[TogBenem wutor. J[nsi yMeHBINIEHUS YHUCIA COCTOSHHM M U3 COOOpPaKCHHIA
NPAKTUYHOCTH OblUIa TpPEJIOKEHAa CXeMa MOJSIMpPOBAaHUS aBTOMAaTa W HM3MEHEHa
ceManTtuka s3pika  CTL. OpHako Takoe UM3MEHEHUE CEMAHTUKH HEyJoOHO
s Bepuukanuu. B pedynpraTe OblT IMpeaioxkeH cnocod mpeodpa3oBaHus UCXOIHON
(bOpMyIIbI, COOTBETCTBYIOIIEH HOBOW CEMaHTHKE, B HOBYIO (GOPMYIy, Uil KOTOPOH
NpUMEHHMa OOILENpUHsTas ceMaHTuKa si3pika CTL.

BrlloTHEHHBIE MPUMEPHI MOKAa3bIBAKOT, YTO TAKOM MOAXOJ HE CYIIECTBEHHO
CHUYKAET BBIPA3UTEIBHOCTh MOJENH O CPAaBHEHUIO ¢ mpenbaymuM (cxema «llomHbiin

aBTomMaT»). OMBIT MOKAa3bIBAET, YTO JUIsI MHOTUX (DOPMYJI TaKas cxemMa MO0 IeT.

2.5. Ipyrue adbcTpakuuu

OCHOBHBIM HEJIOCTATKOM BCEX OIHCAHHBIX BBIIIE CXEM MOJECIUPOBAHHUS
aBTOMATOB SIBJISIETCS TO, YTO MPU COCTABJICHUU TPEOOBAHUN K MOJETU Pa3pabOTUUKY
HE BCerja yA0O0HO pa3iinyarh, TI€ COCTOSHUSA, KOTOPbIE MEPEHECEHbl M3 HCXOJIHOTO
rpada, TA€  COCTOSHUSI-COOBITHS, a TJIe  COCTOSIHUS-BBIXOJIHbIE BO3/ICHCTBUS.
JInst pa3nuyueHusi COCTOSTHUIA UCIIOJIB3YIOTCSI aTOMapHbIe nipejioxkenus InState, InEvent n
InAction, HO UX IPUMEHEHUE MOXKET OBbITh CBSI3aHO C JOMOJIHUTEIbHBIMHU MPOBEPKAMHU.
Jnst aToro, a Takke Il YMEHBIIECHUS YHUCIIa COCTOSHHM MOJENHU B MPHUHIUIE, MOXKHO
[P TIOCTPOEHUHU MOJIETIN a0CTParupoBaThCs OT KaKUX-TMOO APYTUX €€ XapaKTePUCTHK,

MIOMHUMO T€X, KOTOpPbIE OBLIIU PaCCMOTPEHHI B paza. 2.1 —2.4.
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HpI/IBeI[eM HCCKOJIBKO aJIbTCPHATUBHBIX cIroco0oB MOJCIMPOBAHNA aBTOMATOB.

1.

MoXHO aOCTparupoBaThCs HE TOJBKO OT BXOJHBIX TIEPEMEHHBIX, HO H
OT COOBITHUM, a TaKke OT BBIXOJHBIX BO3JECHCTBHH. MOXKHO BOOOIIE
npeoOpa3oBaTh aBTOMAT B MOJenb Kpunke B OIWH OTall: HAMpUMED,
C TIOMOIIIbIO UCKITFOYECHHSI COOBITUI U BBIXOAHBIX TIEPEMEHHBIX Ha TIEPEX0/Iax.

Hanpumep, a5 aBromata A Remote pe3yabTaToM OyeT MOJEINb Ha puc. 8.

‘ 0. HavanbHoe cocTosHne

|
| v |
|

‘ 2. Pexum aHeprocbepexerns O 1. Pabouuii pexum

4. Pexwum 3anucu Q

v=2 N Y=1

Y=4 ‘

@ ‘ |
.

3. Bbibop packnagku 6. CooblLLeHMe Ha dkpaHe 5. OxuaaHue curHana ‘

Y=3 » Y=6

A

vs |

:

C

Puc. 8. Cokpamennas moaens ARemote (0€3 COOBITUI M BRIXOIHBIX TIEPEMEHHBIX )

2.

Jl7is BBIIETICHHS CYIIECTBEHHBIX CBOWCTB aBTOMAaTa MOXHO YAAJSITh YacTH
ero rpada mepexo0B, OCTABISAA TOJBKO MoArpad, ciels MpU ATOM 3a TeM,
qTOOBI HE HapyIIaJach KA4eCTBEHHAS CTPYKTypa MOEIH, 00eCIIeUrBarOIas
BBITIOJTHEHUE €€ TIPOBEPSIEMBIX CBOMCTB.

3aMeTuM, 4TO MOXKHO HE TOJIBKO YAAsATh MoArpadbl, HO W MPOU3BOAUTH
20MEOMOP@HYI0 3aMeHy OTHUX YYacTKOB Tpada apyrumu, 00s1ee MpoCThIMH,

OIISITh K€, C COXPaHEHHEM KaueCTBEHHOM CTPYKTYpbI Tpada.
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BbIOOp anpTEpHATUBHOIO METOAAa MOXKHO OCYIIECTBIISITh, PYKOBOJCTBYSChH
NPEICTAaBICHUSIMU O IMPOU3BOJUTEIBHOCTH U PE3YJIbTaTUBHOCTH. OCHOBHOE BHUMaHUE
HEOO0XOAMMO YAENATh aTOMAPHOCTH Mepexoa0B. Eciu onn ciauirkom Oosplme (10 Yucity
JENCTBUIN), TO pa3padOTYMK MOXKET MPOIYCTUTh OLIMOKY, €CIIN KE CIHMILIKOM MAJIEHbKHE
— TO pa3Mep MOJEIA MOXET HEMOTHBHPOBAHHO YBEIMYUTBHCSA 3a CUET MOSIBICHHUS
HECYILIECTBEHHBIX CBOMCTB.

OTmeTHM, 4TO IPU NOCTPOEHUH B SIBHOM BUJE aBTOMATHON MOJEIN IPOrPaMMBl,
HanmucaHHOM BHe paMok SWITCH-texHOnorur, MOXET BO3HHKHYTh mpobiema
HKCIIOHEHIIMAIBHOTO POCTA.

[TpumepoM 3amauu, WILTIOCTPUPYIOIIEH 3Ty MpobiieMy, SBISIETCS TaK Ha3bIBaeMast
3a1a4a ABRO, IIpUMEHAEMast B CUHXPOHHOM [IpOrpaMMUPOBAHUU
[27-31]: crenepupoBath curain O_(Qutput), KaKk TOJbKO OJHOBPEMEHHO BO3HHMKHYT JIBa
curHana 4 u B. Curnan R (Reset) uHunManu3upyeT cucremy 3aHoBo. Ha puc. 9 npusenen

aBToMaT Munu, popmanuzyromuii pemenue 3agauu ABRO.
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R/
ABR/ ABR/
ABR/0
BR /0 L AR/O
S4

Puc. 9. ABromar Munu nns pemenns 3agaun ABRO.

JIBa yIpaBIsIOIUX CUTHANIA U Reset BEAYT K YEThIPEM COCTOSTHUSM

Eciu pemars aHajlOrMYHyl0 3a7adyy C 7  YOPABISAIOMIMMU — CHUTHAJIaMH
(«A;A;...A,RO»), To mist aBromata Muau motpebyercst 2" COCTOSHHIA. ITO 03HAYAET, YTO
pa3Mep aBTOMAaTHOW MOJENIM PacTeT 3KCHOHEHUUAIbHO MO OTHOLIEHUIO K pa3MEPHOCTU
3a/1a4i.

Wtak, Ha 3TOM 0030p METOAOB MOJETUPOBAHUA U CleUU(PUKAIUU 3aBEpILECH.
OnucaHHble BbIIIE OCOOEHHOCTH, NPEUMYIIECTBA W HEAOCTATKU HTHX METOJIOB

IMMO3BOJIAIOT YTBCPXKAATh, YTO B 9TOM 00JaCTH CIIC CCTh IIYTH JJIA1 COBEPIICHCTBOBAHMA.
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I'naa 3. CTL-Bepuduxanust aBTOMATHBIX MPOTrPaMM

3.1. O0me MoJI0KeHus

upoko u3BectHbIe 3 ekTrBHBIE anropuTmbl Bepudukanuu CTL GazupyroTcs
Ha MPUMEHEHUU TaK Ha3bIBAEMOUN meopuu nenoosudxcnou mouku [1,33] coBMecTHO
C CYILIECTBEHHBIM YMEHBILIEHHEM pa3Mepa Mojeiu. Takoe yMeHbIIeHHe, KaK MpaBuio,
MPOUCXOMUT 32 CYET TPUMEHEHUS TEXHOJIOTUH  YIOPSIOYCHHBIX JBOUYHBIX
paspeniaromux aepeBbeB. C Apyroi CTOPOHBI, MOKA UCHOIB3YETCs] MPOTPaMMHUPOBAHUE C
SIBHBIM BBIJICJICHUEM COCTOSIHHMI, CYIECTBEHHOE YMEHBIIIEHHE MOJENM HE BCerma
1eJIec000pa3HO, TaK KaK ObIBAET CBS3aHO C PAacXoJaMH Ha peaau3aiuio 3PQPEeKTUBHBIX
JITOPUTMOB, B TO BpEM$I KaK MX BBIMTPHIII BO BPEMEHU HE3aMETCH.

Pabora Bernholtz, Vardi, Wolper (1994) mnpuBena K 3HAUYUTEIBHOMY
COBEpPIIIEHCTBOBAHUIO  HCIIOJNB30BaHUSI «aBTOMATHOTO» TMOJAXOJa K  BETBSILEHCS
TEMIOPAJIBHON JIOTUKE. BpeMeHHast CII0KHOCTh MX IMOAXO0J1a JIMHEMHA IO OTHOILICHUIO
K anuHe CTL-bopmynbl U pazmepy crienupukanuu cucteMbl. UHTEpecHbIN aceKT 3TOro
NOJIXOJa 3aKJIIOYaeTcs B TOM, YTO MPOCTPAHCTBEHHAS CIIOKHOCTb HX ajropuTMa
NpUHAMIEKUT Kiaccy anroput™MoB NLOGSPACE 110 0THOWIEHUIO K pazmepy moaenu M.
DTO 03HA4aeT, yTo NMpuMeHeHue metona Model checking moxer moTpeOOBaTh MaMSITh
MOJIMHOMHUAJIBHOTO pa3Mepa o OTHOLIEHUIO K pa3Mepy crieliuPUKaAIUU CUCTEMBI.

HecMoTpst Ha TO, 4TO JaHHBIE MCCIEAOBAHUS MHTEPECHBI M MHOTOO0OEIAIOIIH,
cymectByeT 3¢ deKTuBHbIN U TBepno ycrosBiuiica meron (Clarke, Emerson, 1981),

OCHOBAHHBIN Ha JIpyroi mapagurme (TeopuH HEMOJBUXKHBIX TOYEK), KOTOpas sBIISETCS
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KOHIIETITyaJbHO OoJiee mpocToil. M3 3Toro MeToga paccMaTpuBaeTCsS TOJNBKO «KapKacy,
TaKk Kak Hke Oyaer ommcaH Apyrou, emie Oonee mpoctoi, amroputm CES (Clarke,
Emerson, Sistla, 1986), KoTopblii OCHOBaH Ha mepedOPMYIUPOBKE CHHTAKCHCA
si3pika CTL. B atoM (Oomee mpocToM) METO/E alIrOpuUTM JOIMOJIHEH TakuM o0pa3om,
YTO TIO3BOJIIET CTPOWTH TIOJATBEPXKIAIONINE CIEHAPUH IS TPOBEPSIEMBbIX (HopmyI.

[TpuMeHsTH 3TOT aNropuT™ OyAeM AJIsi H300paKEHHBIX IBHO Mojeneil Kpunke.

3.2. Unes Knapka u Imepcona

HOI[ JIOKQJIbHOM saz[aqef/i BCpI/I(I)I/IKaHI/II/I O0OBIYHO TTOHUMAETCS BOIIPOC: BBIXICHUTDH
JUTst TaHHBIX M, s, ¢, cipaBenuBo 1u M, s |=¢

[Ipu moctpoenun anroputma Knapk u OMepcoH (QopMyIHpYIOT TNIOOATBHYIO
3amaqy BepuuKanuu: A TaHHBIX M U ¢ TOCTPOUTHh MHOXKECTBO BCEX §, I KOTOPBIX
M, s |=¢

Korz[a YHCJIO COCTOSTHUU HEBCJIMKO, KaK B HAIIIEM CJIy4dac, 9TO MHOKCCTBO MOKHO
CTPOMUTL B SIBHOM BH/JIC.

OnuieM uer UX aropuTMa Ha rcepokoge (puc. 10).
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function Sat(¢ : Formula): set of State;

begin
if =1 — return S
$p=0 — return %)
¢ € AP — return {s | Label(s,p)}
¢=—¢  — return S\ Sat(p,)
¢=¢,vé, — return Sat(¢, )U Sat(¢,)
¢=EXgp — return {seS|3(s,s')eR|s e Sat(g)}
$=E[$Ug,] — return Sat , (4,-4,)
$=AlpUg,] — return Sat ,, (¢,.4,)
end if
end

Puc. 10. Aaroput™m «uHIYKIHS TTO TOAGOPMYIam»

Kak cnemyer m3 paccMOTpEeHHsI TEKCTa MPOTrpaMMbl, MHOYKECTBO COCTOSHUH,
BBIMIOJHSIOIUX (GOPMYITYy ¢, CTPOUTCS MHIAYKIMEH 1o moctpoeHuto @. s noadopmyn
Buna E[g,Ud] u A[¢U@] MHOXKECTBO BBINOIHSIOMUX COCTOSHUNA TOJIy4aeTcs
C UCIIOJIb30BAHUEM METOJIOB HEMOJBMKHOM TO4Yku. [lpu »tom wmonens Kpunke
KOJAUPYETCS B YIOPSIOUEHHYIO OMHAPHYIO PAa3pEIIAIONIYI0 JUATPAMMY.

VYnopsgouennble OuHapHble paspemawomue nuarpammbl (OBDD — Ordered
Binary Decision Diagram) — 5T0 MOITHasl TEXHUKA CKaTHsI 00pabaThIBaeMbIX JTAaHHBIX,
KOTOpasi O3BOJIAET BBHIMOJIHATH MAHUIYJIALMU HaJ OOBbEKTaMH MPSIMO B CXKATOM BUJIE,
MUHYS PAaclaKoBKy, MpeoOpa3oBaHre U OOpaTHYIO ynakoBKy. OHa 3aKiI04aeTcs B TOM,
910 00pabaTbiBaeMblil OOBEKT HESIBHO KOJUPYETCS B HEMPEPHIBHBIM OWUTOBBIA MOTOK
u3 2" OUT, KOTOPBI MOTOM MHTEPIPETUPYETCS Kak OyieBa (YHKIHS 7 EPEMEHHBIX.
WmenHo nnst 3TOW (QYHKIMM M CTPOUTCS KOPHEBOM HANPABIICHHBIN AallMKIMYECKH
rpad, TpeACTaBISIONMNA cO00i pasperaroniyro auarpammy. VM3HaganpbHO 3TOT rpad

MOXET MPEACTaBIATh COOO0I MOJHOE ABOMYHOE JIEPEBO BBICOTHI /1, YPOBEHB I KOTOPOTO
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COOTBETCTBYET I-M IIEPEMEHHOM, a KaXIbld IIyTb OT KOpPHS K JIMCTYy B HEM
COOTBETCTBYET OMNpPENEICHHOMY IBOMYHOMY HAaOOpy M 3HAYEHUIO (DYHKUIHMU Ha 3TOM
HaOope (ocHosHoe ceoticmgo). O4YEBUAHO, YTO JUIsI MHOTHUX OWTOBBIX CTPOK,
NPUMEHSIEMBIX Ha MPaKTHUKE, TaKOe MNpPEJCTaBICHHE CUJIbHO M30BITOYHO, TaK KakK B
TIOJTHOM JIEpPEBE TOJILKO YKCJIO BEPIIUH yKe PaBHO 2" — YHCII0, PABHOE JJIMHE OUTOBOTO
obpaza. Ognako, mpeobpa3ys (peaynupysi) 3ToT rpad U HE yTpaduBas MPU 3TOM €TO
OCHOBHOTO CBOMCTBA, MOHO JOOUTbCS oOueHb J(P(HEKTUBHOTO MPEACTABICHUS
(ckaTeix) nmaHHBIX. Hax paspemalomuMu — guarpaMMaMd — MOXKHO — BBITIOJIHATH
JIOTHYECKHUE OTEpaIliH.

Taxum 006pa3omM, MHOTHE 3a/1la4yil MOTYT pematbes npsamMo Ha ROBDD (Reduced
OBDD), 6e3 cocTaBieHus TaOJIULl UCTUHHOCTU M 0€3 mpencTaBieHus rpadoB B SBHOM
Buje. B dacTtHOoCTM, K TakuM 3ajadaM OTHOCHUTCS 3amada Bepudukanuu (Model
checking), nns Kotopoil TexHoJorus ROBDD ycnemHo HOpUMEHSETCsA, TaK Kak

OHa MO3BOJISIET pabOTaTh C BEChbMa OOIIMPHBIMU MTPOCTPAHCTBAMH COCTOSIHHIA.

3.3. Bepudurkauus moaeau B si3bike CTL (anroputm CES)

B pa3n. 1.3 nano onpenenenue cuntakcuca sizbika C7TL 1 BBEJEHBI HECKOJIBKO
JOTIOJIHUTEIBHBIX TEMIIOPAJIbHBIX ornepauuid B HeM. Celyac OJHY W3 ATUX Olepanui
npeoOpazyeM B 0a30BYyI0 — BbIpa3uM TEMIOPAJIbHYI 4YacTh cUHTakcuca sizblka CTL

yepes onepanuu EX, EU, EG:

A(fUg =—(E[(-g U=(fvg] vEG —g)
¢::=pedP| —¢| pvp| EXg| E[JUJ] | EG.
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Anroputm CES [1, 32], koTOpBIif onuckiBaeTcs ganee, Hacaeayet uaero Kiapka u
OMepcoHa: MHOKECTBO BBIMIOJIHSIOUINX COCTOSHUN CTPOUTCS I KaxXI0i 1moadopMyIisl
BXOJHOU (QopMynbl (i1 KaXKIOTO COCTOSIHHUSI CO3/Ia€TCsl CIUCOK BBIMOJTHEHHBIX B HEM
nondopmyn). Beugy umsmeHenuwss Habopa 0a30BBIX mpaBui si3bika CTL, TICEBIOKO,
3anucaHHblil Ha puc. 10, npeBpamiaercs B TeKcT Ha puc. 11.

function Sat(¢ : Formula): set of State;

begin
if p=1 — return S
$=0 — return %)
¢ € AP — return {s | Label(s, )}
¢=—¢  — return S\ Sat(g,)
¢=¢ v$, — return Sat(g, )U Sat(g, )
¢=EX4 — return {seS|3(s,s")eR|s e Sat(4)}
$=E[$Ug,] — return Sat y,,(4,.4,)
¢=EG¢g, — return Sat .. (4,)
end if
end

Puc. 11. Uaayknwmst mo moctpoeHuto hopmyisl B anroputme CES

Onumem kparko aimroput™ CES. bynem cuurtath Uisi  yAoOCTBa,
9TO U3 UcXogHoro rpada Kpunke TOCTPOCH CHUMMETPUYHBIA emy rpad — rpad,
B KOTOPOM BC€ MEPEX0/1bl 3aMEHEHbI Ha TPOTUBOMOJIOKHBIE.

1. MoOXHO cuMTaTh, YTO BBIMOJIHSIOIINE MHOXECTBA I aTOMAPHBIX IPEIIOKECHUN
colepKarcs B HMCXOMHBIX JaHHBIX (MHMOpMamus 00 ATHX MHOXKECTBaX yKa3aHa
B caMoii mozenu Kpunke).

2. Ecnm u3BECTHO BBIMOIHSAIONIEE MHOXKECTBO sl (DOPMYJIBI f, TO MOKHO TOCTPOUTH

ero u s GopmMysibl — f.
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3.

5.

AHaJOTUYHO, €CJTM U3BECTHBI BHITIOIHSIONINE MHOXKECTBA [ f U g, TO TIOCTPOUM HX

umisf vg.

CnenaeM «OJuH IIAr Ha3aa» OT BBIMOJHSIONIETO MHOXECTBA IS f — TMOIY4YHM

BBITIOJTHSIFOIIIEE MHOXKeCTBO 17ist EX f.

Jnst moctpoenusi BbinmosHstoumero mHoxkectBa (opmynel  E[fU g] BHauane

OTMEYAaeM B KA4eCTBE BBITIOJHSIONIMX BCE BEPIIUHBI, B KOTOPHIX COOJIIOMAETCS

dbopmyrna g, a MOTOM MOCTPOUM OT HHMX JEPEBbi «OOpATHBIX MyTEH» BAOJb TeX

BEpPIIMH, B KOTOPbIX BbINOJHeHa ¢Qopmyaa f. Jlng 3TOro npuroaurtcs

CUMMETPUYHBIN rpad.

OcTanoch TOJBKO HAYYHUTHCS CTPOUTH BBINONHSIONIEE MHOXeECTBO it EG f.

DTO MOCTPOEHUE BBIMOJIHIETCS B TPU ATala:

® HCKJIIOYaeM u3 rpada BepUIMHbI, KOTOPbIE HE BBITIOIHSIOT (hopmydy f;

e y HOBOTO rpada HaxoJuM KOMIIOHEHTHI CHJIBHOW CBSI3HOCTH M OTMEUYaeM BCE
BEpIIMHBl B HHUX KaK BBINOJHSAIONME. YUUTHIBAEM IPU 3TOM, UYTO €CIIH
KOMIIOHEHTa COCTOMT JIMIIb W3 OJHOM BEPUIMHBI, TO OHA HE CUMUTACTCS
KOMIIOHEHTOM CUJILHOM CBA3HOCTH (32 UCKIIFOUEHUEM Ciyyas, KOrja Ha JaHHOU
BEpIIMHE €CTh IMETJs1) — OTHOIICHUE CHJIBHOW CBS3HOCTH OYyJeM CYHTATh
B 00111eM citydae uppedIeKCUBHBIM;

® CTpOUM OOpaTHBIE JNEPEBbs, HAYMHASA OT 3TUX KOMIIOHEHT, MOMYTHO MOMeyast

BCE MOCENICHHBIE BEPIIMHBI KaK BBIMOJHAIONINE POpMYITy f.

40



Tpynoemkocts utoroporo ainroputma coctasisier O( |f] (|S| + |R|) ) — pacrter
OMJIMHEWTHO OTHOCUTENBHO JUTHHBI (POPMYIIBI M pa3MEPOB MOJICIIH.

Tenepr  ocTasoch  TOJNBKO  JOMOJHHUTH  OTOT  aNTOPUTM  METOJAMH
npeoocmasiieHuss NoOOmeep’coeHuli ICTAHHOCTH (POPMYJT B MOJACIISIX, HHBIMH CIIOBAMU,

TpeOyeTcs MOCTPOUTH CIIOCO0 TeHEepaIiy CIICHAPHUEB.

3.4. [locTpoenne cueHapueB B Moaen Kpunke

Wtak, Tpedyercs nokazams, YTO B JaHHOM COCTOSSHUM S wmojaenu M

BBITIOJTHSICTCS (WJIM HE BBITIOJIHAETCS) (popmya f.

AJroput™ redepannu cuenapus 1 CTL-popmysl f

1. Ecnu f— aromapHoe mpeajioKeHue, TO MPOCTO MPEIbIBUM OMKMCAHUE COCTOSHUS S
B MoJenu M — MHOXKECTBO €ro aTOMapHbIX NPEMJIOKEHHM. B HeM, B 4aCTHOCTH,
coJlep KUTCs HH(OPMAIIHS O BBIOIHAEMOCTH (POPMYJIBI f B JAHHOM COCTOSIHUU S.

2. Jloka3arenbCTBO — f CBOJAUTCS K OMIPOBEPKEHUIO (OPMYIIBI f, U HA0OOPOT.

3. Hns nokaszarenscTtBa GoOpMyJibl f v g JOKaXeM OJIHY U3 GopMmyl f Wiau g, a s
OTIPOBEPIKEHUS — ompoBepraeM ode popmMyibl f 1 g.

4. Jns noxaszarenbctBa EX f mpenbsaBum BepiinHy B Mojenu Kpunke, B KOTOPYIO
U3 BEPIIMHBI § €CTh MEPEX0/] U KOTOpas BBHIMOMHAET f. Takas BepiinHa 00s13aTeNIbHO
CYILIECTBYET, MHAaYe Ha 3Tane BepupUKaluuu He OOHAPYXUIOCh Obl, 4TO (popmyra
EX f Bepna. Omnposepxkenue EX f (mokazatenbctBo AX—f) MOATBEpP)KIAETCS

BECbMa IMPOCTO, TaK KakK JIOOOH Mepexoji, KOTOPbId BENET U3 BEPIIMHBI S, OyIEeT
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BECTU TOJILKO B BEPILIMHY, BBINOJHSIONMYIO — f. Takum oOpaszom, J1000H mepexon
U3 ATOW BEPIIMHBI MOXKHO MPEABSIBUTH MMOJIH30BATEIO B KAUECTBE OMPOBEPIKEHUS.

HoxazarensctBo Gopmyn E[f U g] u EG f BeinosiHsieTCS peKyppeHTHBIM CIIOCOO0M
C HCIOJb30BaHMEM MeTOAOB 1—4 paccmaTpuBaeMod cxeMbl. BpInosHUM

PEKYypPEHTHOE PA3I0KEHHUE IS 3TUX (POPMYIL:

E[fUgl=g v/ AEXE[fUg]
EGf=fAEXEG/f

Torna nns nokaszarenbctBa E[fU g] nmocratouHo mnocTtpouth nyTh B rpade,
NpUMEHSSE IIar 3a [aroM MNOyHKThl |—4 K peKyppeHTHOMY pPa3sIOKEHUIO
3TON (HOPMYIIBI, 10 T€X TOP, MOKA HE MOMAa/IeM B BEPIIMHY, BHITOIHSIOMIYIO g.

Hnst nokazarensctBa EG f chnemaem To ke camoe, MOKa HE TMOMageM
B BEpILIMHY, B KOTOpo# yxe Obumd. [lyTh B 3TOM ciiydae, HauMHAasi ¢ HEKOTOPOTO

COCTOSIHMSI, CTAHOBHUTCSI IEPUOAUUYECKHUM (puc. 12).
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Puc. 12. beckoHeuHbIl p-ITyTh

Omnposepxkenne Gopmyn E[fUg] u EG/f BbIIONHSAETCS aHAJIOTUYHO
onpoBepxkenntro EX /. Jliwo0oii (OeckoHEUYHBIN) TyTh, KOTOPBIM HAYWHAETCS
B TEKYIIIEH BEpIIMHE, MOXXHO TMPEIBSIBUTH IOJIB30BATEIIO I PACCMOTPEHHUS,
Tak Kak OH (TyTh) HE BBIMOJHSIET BBeACHHYIO (hopmyiy. MHaue roBops, BMECTO
nokazarensctsa CTL -popmyn A—[f U g] u A—G f cieayer 10Ka3biBaTh hOPMYIIbI
E—[fUg] u E-G /. Tlpome Bcero mpeabsBiATh IMYTH, 3aMbIKAIOLIUECSd HAYMHAS
C HEKOTOPOTO COCTOSIHHSI B IMKJ, TaK KaK TaKWe MYTH OJHO3HAYHO 3aJAl0TCS
KOHEUYHBIM YHCIIOM BEPIIIHH.

Ha »TOM H3710K€eHrEe anropuTMa 3aBepIIEHO.
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AHann3 TMOCTPOEHHOTO ajroputMa (GOPMHUPOBAHMS CIEHApPHUEB, a TaKKe
ceMaHTHKH si3b1ka CTL mo3BoJsieT chopMyIUpOBaTh CIAEAYIOIIEe YTBEPKIACHHE.
Yr1Bep:xknenue. FEciu 6 mooenu Kpunke cywecmgyem OecKoHeuHbl Nymb,
svinoanarowull 3aoaunnyo CTL-popmyny unu asigiowuiics KOHMPNpUMEPOM K Hel,
mo cywecmeyem u nyme «8 p-popme»  (AHANOSUYHO,  BLINOJHANOWUL  UIU
onposepearowull ee), npeocmasumvlii. 8 8ude 00beOUHEHUS «NPeOYUKIUYECKOU» U
«yukauyeckouy yacmei (puc. 12).

P Jloka3aTenbCTBO  SIBJISAETCS. KOHCTPYKTHUBHBIM U ILEJIMKOM  ONUPAETCS
Ha IPUMEHEHNE OMHMCAHHOIO aaropuTMa. J[ocTaTOuyHO TOJIBKO 3aMETUTh, UTO aJITOPUTM
BCEr/la 3aBeplIaeTCs, BblAaBasi CIIEHApUi, KOTOPbIH HEO0OX0IuMO 00J1aZaeT CBONCTBOM
nepuoandHoCcTU. 4

Ha »ToM 3aBepmmm paccMOTpeHHE METOJOB BEpU(PUKALUKA aBTOMATHBIX
nporpamMM. B 3Toi#l rmaBe ObUTM OMUCAHBI MCCIIEIOBAHUS, MPOBOAUBIINECS B JAHHOUN
obrmact, B TOM dYHcle ObUIa YHMOMSHYTa KOHIEMIHS YIOPSJOYCHHBIX JIBOUYHBIX
pazpemaronux auarpamMM. Taxke ObLI NMPUBEACH alNTOPUTM BepU(UKAIIMN MOJEIH,
onucaHHoM B noruke CTL, KOTOpBIA OBLI JOMOJHEH «MOAYJIEM» IJsi TeHEepaluu
crieHapueB K popmyram.

OtmetnM, 4TO B paboTe HE paccMaTPUBAIUCH AITOPUTMBI BepUUKAIIH
JUHEeWHBIX Mojenel (PLTL), ocHOBaHHBIE Ha IPUMEHEHUU (¥-aBTOMATOB, HA3bIBAEMBIX
Takke aBTomaramu broxu (Blchi). Tlogpo6uee 06 aBTromartax broxu u Bepuduxanuu

MojIelield, omucanHbIX B joruke PLTL, n3noxeHo B padotax [1, 33—40].
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I'naga 4. [IpeoOpa3oBanue cueHapus ajast moaeau Kpunke

B CleHapui 1y apromata Muau

[lepexomum & mocnenueir ¢ase mporecca BepuduUKauu B aABTOMATHOM
nporpammupoBanuu  (puc. 3). Hwmxe Oynmer ommcaHo, Kak MPEACTaBISATH IyTh
(mocienoBaTeNbHOCTh  BEpLIMH) Moaenu Kpunke B BHAE IMYTH HCXOJHOTO
aproMara Muau. OTMETUM cpa3y, 4YTO Ha MPOTSKEHUM 3TOW TJIaBbl MPEANOJIaraercs,
4TO MOJeNh Kpunke Obljia CreHEPUPOBaHA MO «PEAYIIMPOBAHHOW» CXEMe, H3JI0KCHHOU
B pa3a. 2.4. OcranbHble CXEMBI, ISl KOTOPBIX OBUIO JaHO OINMCAHUE, IMO3BOJISIIOT
NPUMEHATh K ce0€ aHAJIOTHYHBIA WHTYHTHBHO SICHBIA CIOCOO IMepexo/a OT MOJIeTH
K aBTOMary. VCKIIIOUeHHE COCTaBIISIOT JIMIIb CHEIU(UUECKUE DJIEMEHTHI pasm. 2.5,
B KOTOPOM ONUCHIBAJIUCh HETPANAMIIMOHHBIE METOAbl MOJEIUPOBAHMUS, NMPUMEHSIEMbIC
JUTSI CITy9aeB CIUIIKOM OOJBIMX aBTOMAaTOB. [IpW WCMONB30BaHUM JTHX METOJIOB
WHTEPIPETHUPOBATHh PE3YIbTAThl PA3pa0OTUUKy MPUXOIUTCS CAMOMY — €My TMPHUACTCS
MPOBOJAUTH aHAIU3 MyTed mpsiMo Ha mojaenu Kpunke, KOTOPYIO OH caMm (BpY4YHYIO) H
HOCTPOWJI.

[Tocne Toro, kak oTpaboTtama mporpamMmma-Bepudurarop, HEOOXOIUMO
OTIPENIETTUTh BBIMOJIHUMOCTE (opMyN crneruuKaui Ha OMNPENETECHHBIX YYacTKax
aBromata. Cpeaum HTHUX YYaCTKOB MOTYT OBITh COCTOSIHHS, COOBITHS, BBIXOJIHBIE
BO3JCiiCcTBUS. bByleM cuutarh, 4TO HENOCTATOYHO JHUIIb 3HaTh OTBET, BEpHA WIH

HeBepHa (¢dopMmyla Ha HEKOTOPOM ydacTke. [pedyercs, 4dTOOBI CIICHApUH,
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PEAbSIBICHHBIA TTPOTpaMMOM, OBUT TPENCTaBIIeH B UCXOAHOM aBToMmare. CrieHapuit
utst mobor moadopMybl  cienuUKaIUU MPECTaBIsIeT co00H OECKOHEUHBIH MYTh
B Mojenn Kpunke, WIUTIOCTPUPYIONIUN CIPABEIIUBOCTh WU OIMIMOOYHOCTh JAHHOUN
noagopmynsl. MU300paxaTh 3TOT MyTh CIAEAYET KOHEUYHBIM — BCIIOMHHUM YTBEPXKICHUE
u3 paza. 3.4.

Uro kacaeTcs «mepeHoca» myTd u3 Mmojenu Kpunke B aBTOMar, TO JaHHAS
omepanus (CKaxkeM, IJIsi PEAYyIUPOBAHHOW CXEMBI) BBITIOJHACTCS OJIHO3HAYHO.
JlelicTBUTENBHO, COCTOSIHUS MOJIENM, COJAEpKallle aToMapHoe npenioxenue InState,
OJIHO3HAYHO TPeoOpa3yroTcs B COOTBETCTBYIOIINE UM COCTOSHUS aBTomara. [lyTh xe
MEXIy JIOOBIMH JIBYMS COCEIHHUMH COCTOSHHSIMH TIPOXOJHWT POBHO YEpe3 OJHO
COCTOSIHME-COOBITHE, U3 aTOMApHBIX MPEIIOKEHUN KOTOPOTO MOXKHO Y3HATh, KaKOe
coObITHE BENET O MaHHOMY MYTH W3 HMCXOAHOTO COCTOSHHS, a TaKKe 3HAYCHUS
CYIIIECTBEHHBIX M CIHCOK HECYIIECTBEHHBIX BXOIHBIX NMEPEMEHHBIX B MOMEHT, KOTJa
MPOM3OIILIO 3TO COOBITHE. DTa MH(MOPMAIUS OJHO3HAYHO OMpENEIsIeT HampaBleHUE,
BJIOJIb KOTOPOTO CTPOUTCS MyTh B UCXOMHOM aBToMate Muau. Ecom ke myTh (Uiu ero
y4acTOK) Ha4YMHAETCS HE B cocTossHUHM [nState, To oOpaTHas TpPacCHUPOBKA TMYyTH
MO3BOJIAET y3HAThb COCTOsIHUE [nState, TpenlIECTBYIOIIEE TEKYIIEMY, U BCIO
HE0OX0UMYI0 HH(OPMAITUIO OTHOCUTEIHHO TOTO, KaK TIOTACTh B TEKYIIIEE COCTOSHUE.

Paccmorpum mipumep nnsi aBtomata ARemote. Ilycte nnist cocrosinus 3
BhITIONTHsIeTCS Bepudukarusa opmynsl —E[—(Y=6)U(Y=1)], koTopas, Kak OMHCAHO

B pa3/l. 2.2, TpakTyeTcsl CIEAYIOIINM 00pa3oM: B COCTOSIHUE [ HENb3sl MONACTh, MUHYS
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cocrosiHue 6. Ota ¢opMmyna B COCTOAHMM 3 HE BhINONHAETCS. Bepudukartop
CreHepupoBan (KpaTyalllluii W €IMHCTBEHHBI B JIaHHOM CJIy4ae) KOHTPIpPUMED,
KOTOpBIH Ha puc. 13,a BbIIEICH CEpbIM IBETOM. ITO KOHEYHBIM MyTh, J1000€
MIPOJIOJDKEHHE KOTOpOTro yaoBieTBopseT popmyine E[—(Y=6)U(Y=1)].

OTOT k€ IMyTh, HO MPEACTABICHHBIM B MCXOJHOM aBTOMATe, MOYKHO YBUIETh
Ha puc. 13,0.

B ciywae ecium nOpu  MOJIETMPOBAaHUM  BBINOJHSUIACH  KOMIIO3ULIUS
aBTOMaToB/Mozeneil Kpunke, He3aBUCUMAasi HyMEpalUs UX COCTOSHUN TMO3BOJIUT AJIS
KQKJIOTO Mepexoa B IyTH, MPEACTABIEHHOM B OKOHYATEJIbHOM MOJEIH, OJTHO3HAYHO
pPEINTh BOIPOC O TOM, B KAaKOW MMEHHO WHIWBHIYyalbHOW KOMIIOHEHTE CHCTEMBI
B3aMMOJICHCTBYIOIIMX AaBTOMATOB IPOM3OIIEN IMEpexoa. OITO, OIATh K€, JaeT
BO3MO>KHOCTh OTOOPA3UTh IyTh HA MOJIENU B MMyTh HA HUCXOJHOM aBTOMATE.

Ha sTom nporecc Bepudukaum aBTOMAaTHBIX IPOTPaMM 3aBEPILIECH.
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3aK/JII0YeHHue

B nanno#t pabore ObUTH MPEASIOKEHBI METOMABI JUIsl MOJICIMPOBAHUSI aBTOMATa
Munu ctpykrypamu Kpunke. Takxe ObUIM ONKCaHbl CYIIECTBYIOIINWE AalTOPUTMBI
BepU(PUKALUNA BETBAIICHCS TEMIOPATbHONW JIOTUKM MPUMEHUTEIBHO K IMpOorpamMmam
C SIBHBIM BBIIETICHUEM COCTOSIHUN. bbln pa3paboTan anroput™ Uisi TOCTPOCHHS
CLUEHAapUeB M WX HUHTEpPHpETAlMd B HMCXOJHOM aBTOMare. B cBs3uM ¢ co3mgaHueM
3TOTO alropuT™Ma ObUIO JIOKAa3aHO YTBEP)KIACHHUE, IMO3BOJIAIONIEE TPUBECTH BCE
CIIEHApUU K 00IIEeMYy BUTY.

CocraBneHue cueHapueB (B TOM YHCIIE, KOHTPIPUMEPOB) BEPUPHUIUPYIOIIUMHU
UHCTPYMEHTaMH TO3BOJISIET MPOBOJUTH HCCIENOBAaHUSA B O0JIACTU a8MOMAamuieckoll
Ul UHMEPaKMueHOU KOppeKyuu MOJEIN WM aBTOMaTa C LEIbK YIOBIECTBOPHUTH
npenbsABIsieMbIM yciaoBusiM. Hampumep, ecian mporpamma-BepuukaTop IperbsiBuia
yTh, ONPOBEPrarolnii HEKOTOPOE KEJATEIbHOE CBOWCTBO JJII CUCTEMBI, OHA MOYKET
NPEIJIOKUTh Pa3pabOTYMKy HCKA3UTH/IUKBUIAUPOBATH 3TOT MYyTh, CKaXEM, 3a CYET
yaajleHus Kakoro-nuOo mnepexoxa. Ilpu »ToM, pasymeercs, HE TrapaHTHUpPyeTCs,
YTO B MOJIETIM TPU 3TOM HE BO3HHUKHET IPYIHMX MPOTUBOPEUUH €O crnenudukanue,
XOTsl, HE UCKJIFOYAETCS] BO3MOXKHOCTb M 00Jie€ HHTEIJIEKTYaIbHOW KOPPEKLIMH.

Hcxons u3 M3M0KEHHOTO BBILIE, MOXHO KPAaTKo c(hOpMyIMpoBaTh OCHOBHBIE
JOCTOMHCTBA aBTOMATHBIX MIPOrPaMM B YacTH UX Bepudukauuu [41]:

o KJIacC aBTOMATHBIX IIPOrPaMM SIBJISIETCSI HanboJsee yno0HbIM 111 BepU(UKaLUU

MetronoM Model checking, Tak Kak B 3TOM Cily4ae MOJI€JIb MPOrpaMMbl MOXKET
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OBITh AaBTOMATHYECKHU MTOCTPOCHA IO CIIeM(PUKAIINY €€ TTOBEIACHUS, 33]1aBaeMOM
B 00IIEM ciydyae CHCTEMON B3aMMOJICUCTBYIOINX KOHEYHBIX aBTOMATOB,
B TO BpeMsl Kak /i MPOrpamMM APYrUX KIAaCCOB MOJENb HNPUXOJUTCS CTPOUTH
BPYUHYIO;

o CTPYKTypa aBTOMATHBIX MPOrpPamMM, B KOTOPHIX (DYHKIIMU BXOJIHBIX U BBIXOIHBIX
BO3JICMCTBUM IMOYTHU TIOJHOCTBIO OTJEJIEHBI OT JIOTMKW IIPOTpaMM, JiejiaetT
NpakTUYHBIM ~ BepuUKauioo dSTUX (QYHKIUA Ha OCHOBE (opMabHBIX
JIOKAa3aTEeIbCTB C UCIOJIb30BAaHUEM TIPE/I- U MOCTYyCoBui [42, 43].

C MaremaTH4yeCcKuUM aImmapaToM, MCIOJIb3yeMbIM B HacToslel pabdore,

Ha PYCCKOM SI3bIKE MOKHO O3HAKOMHUTBLCS B pabote [44].
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