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O0001mIeHHAs MOAEJIb CHCTEMbI ABTOMATOB

Crarbs MmoCBsIIICHA ﬂpoﬁ.ﬂeme MOACJMPOBAHUA, KOMIIO3UIUU M JACTEPMHUHHU3IMA COCTABHBIX CHUCTEM.
KoMmnoneHTBI cHcTeMBbI MOACHUPYHOTCHA KOHEYHBIMH aBTOMaTaMM € HECKOJbKMMM BXOJaMH M BbIXOJaMHu, a
BBaHMOI{eﬁCTBHe MEKAY HUMH — 00MeHOM COOﬁHIeHI/IHMI/I Mo CHMILUIEKCHBIM KaHaldaMm cBsa3u. Cucrema
ONMUCBIBAECTCH OPUCHTHPOBAHHBIM Fpa(l)OM CBHSeﬁ, BEPIIHHA KOTOPOT0 COOTBETCTBYET aBTOMATy KOMIIOHEHTA, A
ayra — KaHally CBfi3U, COCAUHAKIIEMY BBIX0J OAHOI0 aBToMaTra CO BXO/JAOM /Ipyroro apromMara. ABTOMATEI
CHCTCMBbI pa60Ta10T CHUHXPOHHO: Ha KaXJIOM TaKTC KaXJbIi aBTOMAT BBINOJHSIET OJUH nepexon. OHpe}Ie.]IﬁeTCH
acCoumaTuBHasg KOMIO3MIHMA AaBTOMATOB CHCTEMbI II0 rpaq)y CBsiZeH M yYcioBusi A€TEPMHUHHUPOBAHHOCTH
CUCTEMBI.

KiaroueBble cioBa: OPpHUCHTHUPOBAHHBLIC rpaq)m, BSaHMOILeﬁCTByIOHIHC aBTOMAaThl, KOMIIO3HMIIMA aBTOMATOB,
JACTEPMUHU3M, CCTHU.

BBenenne

BonbmMHCTBO  CIOXKHBIX, OCOOCHHO pacmpenenéHHBIX, CHUCTEM MpeACTaBiIieT cobol Habop
B3aMMOJCHCTBYIOIINX KOMIIOHEHTOB. B 1aHHOW cTaThe KOMIIOHEHTBI MOJEIHUPYIOTCS KOHEYHBIMH
aBTOMaTaMy, a B3aUMOJEHCTBHE — OOMEHOM COOOIIEHUSAMH MEXKAY aBTOMaraMHu. ABTOMAaT MOXXET MMETb
HECKOJIbKO BXOZOB Uil MpuEMa COOOIIEHHH M MOXKET NPUHHMATh Cpa3y HECKOJBKO COOOILIEHMH; TarKe
aBTOMAT MOXKET UMETh HECKOJIBKO BBIXOJIOB JUISl MOCHIJIKM COOOIIEHUH M MOXKET IOCHUIATh CPa3y HECKOJIBKO
coobmienuit. CTpyKkTypa CBsi3eil MeXIly KOMIIOHEHTAaMH MOJIEIIUPYETCs OPUEHTHPOBAaHHBIM rpadom (Oymem
Ha3bIBaThb €ro epagom cesseil), BEPUIMHAM KOTOPOTO COOTBETCTBYIOT aBTOMAThl, a JYTd Ha3bIBAIOTCS
coeduHeHusAMYU 1 COOTBETCTBYIOT CUMIUIEKCHBIM KaHajaM mepenaun coodmennidl. CoequHeHue, Beayee 3
aBToMara A B aBTomar B, momeuaercs BeIxomoM j aBTomMaTta A u BXogoM i aBromaTa B. TIpu 3TOM KasKmplit
BXOJ (BBIXOM) KKJIOTO aBTOMAaTa COCOUHEH HE 0oJiee YeM C OJHUM BBIXOJOM (BXOJOM) APYroro (Uid TOTO
e caMoro) aBromata. Bxozpl (BBIXOIbI) aBTOMATOB, KOTOpPHIE HE COCOMHSAIOTCS C BBIXOJaMH (BXOIaMH)
ABTOMATOB, SIBIIIOTCS 6HEUHUMU, YEPE3 HUX OCYLIECTBIISIETCS CBSI3b CUCTEMBI C €€ OKp)yoiceHuem. ABTOMATHI
cHCTEeMBbl pabOTalOT CHHXPOHHO: Ha KaX/IOM TaKTe Ka)Iblii aBTOMAT BBINOJHSET OJMH Tepexoll. Takxke Ha
KaXIOM TaKT€ OKpPY)KEHHE CHUCTEMBI IOCBUIACT COOOIICHHS Ha HEKOTOpPHIE BHEIIHHE BXOABI CHCTEMBI U
MPUHUMAET COOOIIEHHS C HEKOTOPHIX BHELITHHUX BBIXOJOB CHCTEMBI.

Cuwnraercst, 4to rpad cBs3el CTaTUYECKUH, TO €CTh HE MEHSIOLIHIICS B Mpoliecce paboThl cUCTeMbI. B
3TOM ciydae cucTema (Takke Kak €€ KOMIIOHEHTBI) MOXKET MOJENUPOBATHCS KOHEUHBIM aBTOMATOM,
MOJy4arOUIMMCSl W3 aBTOMATOB-KOMIIOHEHTOB C IIOMOIIBI0 TOAXOAAIIETO OIEepaTopa KOMITO3UIIVH,
YUUTBIBAIOIIIETO Tpad CBs3EH.

Takass MoJellb CHUCTEMBI SBJISICTCS 0000IIEHHEM MoJenu, npeayiokenHor B [1]. Tam ayra rpada
cBsi3eil mpencrasisuia coOoif, MO CyTH, odepens cooOmeHnid AnuHbl 1. OHa Monenupyercss aBTOMaToOM C
OJTHUM BXOJIOM ¥ OJHUM BBIXOAOM. CHHXPOHHO B3aUMOJEHCTBYIOT aBTOMAT B BEPIIMHE C aBTOMAaTOM AYTH,
MHIUICHTHON 3TO# BepumHe. Ecim B rpade cBsseit u3 [1] kaxayro ayry pa3OuTh Ha JiBa COCIUHCHHS,
BCTaBUB B «CEPEAHMHY» IyTM HOBYIO BEPIIMHY, B KOTOPYIO IIOMECTHTh aBTOMAaT AYI'M, TO Kak pa3 H
MTOJTyYUTCS] CUCTEMA aBTOMATOB, SIBJISIOIIAACS YACTHBIM CIIy4aeM CHCTEMBI, IPeUIaracMoi B JaHHOU CTaThe.
«YacTHOCTB» 3TOTO CiTy4as 3aKJIH0YaeTcsi B TOM, YTO aBTOMAT JIyTM MOKET TEHeph MOJIEIUPOBATh HE TOJIBKO
ouepenb COOOMIEHUH JUTMHBI 1, HO U oYepeb 1000 Ipyroii (B TOM 4Kcie, HEOrpaHUYSHHOW) UTHHBI, CTEK U
T.1. bomee Toro, B JaHHOM CTaTbe MBI, IO CYTH, HE JE€JIaeM pa3iIn4dus MEXAy aBTOMATOM BEPIUMHBI U
aBTOMATOM JYTH: aBTOMAT JYTH TOKE MOYKET UMETh HECKOJIbKO BXO/IOB U BBIXOZIOB.

OcHOBHasE 0COOECHHOCTH MpelyiaraéMOd MOJETH aBTOMara 3akiiovacTcs B TOM, YTO IEpPeXo]
aBTOMAaTa, NpenbsBisAs TPeOOBaHMSA K COCTOSHHUIO BCEX BXOJOB U BBIXOAOB aBTOMAara (YKa3bIBalOTCS
cOOOIIEHUs] HAa HHUX), OTHEJBHO YKa3blBa€T Ty YacTb BXOJOB M BBIXOAOB, IO KOTOPBIM COOOIIEHUS
MIPUHUMAIOTCSA WIN MOCBIIAIOTCS, COOTBETCTBEHHO. CHHXPOHHOCTh B3aUMOJEHCTBHUS aBTOMAaTOB O3HAYaerT,
9TO [UIA KaXIOI'0 COSAMHEHHs TPeOOBAHUS aBTOMATOB, CBSI3aHHBIX 3THM COEAMHEHHMEM, NOJDKHBI OBITh
COIJIacOBaHbl. JTO MAaéT BO3MOXKHOCTh ONMCBHIBATH OOJiee IIMPOKUM CIIEKTp IOBEACHUI aBTOMATa.
Hanpumep, npuoputeTHBIH MpréM COOOLICHUI: €ClTM Ha BXOJIaX aBTOMAaTa MMEETCSI HECKOJIKO COOOIICHHIH,
aBTOMAT MOJKET MPHUHATH COOOMICHUS] C HAaWBBICIIMM HPUOPHUTETOM, HE MPUHUMAS OCTalbHBIE COOOLICHUSI.
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Takke 3TO MO3BOJSET aBTOMATY BBIOTHATH MPUEM COOOIECHUM JETEPMUHUPOBAHO, T.€. HE3aBHUCHMO OT
TOTO, yAaETcs WK He yAa€Tcs OJJHOBPEMEHHO IOCIIAaTh HEKOTOPOE COOOIICHNE HA HEKOTOPBIN BBIXOA. Ecmu
yaa€Tcs mocaaTh cooOIeHne, aBTOMAT BEITIONHSET OJUH TIEPEX0/, a eclu He yaaéres, To apyroi. OOBIHO
3TO TPUBOJUT K HEACTCPMHHU3MY: Ha OJUH CTUMYJ BBIIAIOTCS pa3Hble peakimy. OqHAKO B HAIICH MOJEH
peaknus — 3TO TpeOOBaHUS K BHIXOJaM, a HE YKa3aHHE TOH YacCTH BBIXOJOB, MO0 KOTOPBIM COOOIIEHUS
peasbHO TepeaaroTCs.

B cratee ompenmenseTcs accoIlMaTUBHAS KOMITIO3UITUS IIEPEXOJI0B, ABTOMATOB W CHCTEMBEI 10
COeIMHEHUIO Tpada cBA3el. ACCOIMATUBHOCT BaXKHA JIJISL TOTO, YTOOBI paboTa CHCTEMBI 3aBHCEIa TOJBKO
OT MHOXECTBa €€ aBTOMATOB M COCAWHCHWM W HE 3aBHCENa OT KaKOTO-JIHOO YIOPSIOYMBAHUS ITHX
MHOXECTB. JOTOJHUTEIHHO OMPEISIIeTCs KOMIIO3UITUS aBTOMATOB, HE CBS3aHHBIX COCIWHEHUSMH, UTO
MO3BOJISIET JOKOMIIOHOBAaTh CHCTEMY POBHO IO OJHOTO aBTOMAaTa, KOTOPBIA MOXKET HCIOJB30BAThCS KaK
KOMITOHCHT 00JIe€ CIIOKHBIX CHCTEM aBTOMATOB.

Hccnenyercs mpobinema neTepMUHU3MA: NAETCS ONPeACiCHHE JeTEPMHHHPOBAHHOIO aBTOMAaTa M
BBISICHSIFOTCSL  YCJIOBHS, TIPU KOTOPBIX KOMITO3UIIMS JIETEPMUHUPOBAHHBIX aBTOMAaTOB OyIeT TOXe
JIETePMUHUPOBAHHOM.

1. Moaean

ITycth 3amaHO HEKOTOpOE KOHEUHOE MHodcecmgo coodbwenuti M, xotopoe Mbl OyneM Ha3bIBaTh
angasumom (coodmenuii). Ilycroe MHOXecTBO £J OyJeM Ha3bIBaTh nycmulM COOOUjeHUueM, CIYUTaTh, YTO

D&M, u 06038a9aTh M & 2 M AT}

Aemomam B andasure M — sto nabop A=(M,1,J,S,T,So), T1e
| — KOHEUHOE MHOKECTBO 6X0006 aBTOMATAa,
J — KOHEYHOE MHOXKECTBO 8bIX00068 aBTOMATa,
S — KOHEYHOE MHOKECTBO COCMOAHUI ABTOMATa,
T < Sx XxP xY xQ xS — MHOKECTBO nepexodo6 aBToMara, rie
X={x|x:1 Mg} — MHOKECTBO Crmumyn08,
Y ={y|y:J>Mg} — MHOX)ECTBO pearyuil,
P = 2' - ceMeiicTBO ITOIMHOXECTB BXOIOB (110 HUM IPUHUMAIOTCS COODIICHNS),
Q= 27 — ceMelicTBO MOIMHOKECTB BHIXOI0B (110 HUM TTOCBUTAIOTCS COOOIICHMS ),
So € S — nauanvroe cocmosanue,
MpUYEM BBITTOTHEHBI CICAYIOIINE YCIIOBHS:
1. BXozpI ¥ BBIXOBI HE mepecekaroTes: | NI = &
2. IPUHUMAIOTCS U TIOCBUTAIOTCS TOJIBKO HEMYCThIC COOOIICHUS:
(s, X, p, Y, o, ) eT (Viep x() =D & Vjeqy(j)=),
9TO SKBHBANEHTHO (S, X, P, Y, 0, t) €T (pX (M) & qcy*(M)).

OueBH/THO, YTO U3 KOHEYHOCTH MHOXKeCTB M, |, J u S cnenyer koneunocts mHOXecTB X, Y, P, Q, T.

s mepexoma a= (S, X,p,Y,q,t) cocrosune S OymeM Ha3BIBaTh HpecocmosHuem TIEPEXoaa, a
cocrosiaue t — nocmcocmosinuem, n OyneM 0003HAYATh S,=S, Xa=X, Pa=P, Ya=Y, Ja=0, t,=t. Jlnsa aBTomMara
A=(M,1,J,S,T,sp) 6ynem o6o3uauath Ia=I, Jx=J, Sp=S, Ta=T, Sga=So-

PabGoty aBTOMaTra MOXHO OmHUCaTh CICAYIONMM 00pa3oM. B Tekyliem COCTOSHHH S TPOBEpSETCS
COCTOSIHME BXOJIOB, T.C. KaKhe COOOIIECHHUS MOYKHO IPHHATH CO BXOAOB. JTO OmmpeaeisieT cTumy X. [aee
paccMaTpUBAIOTCS TIEPEXObl 10 ATOMY CTUMYIY, T.€. MHOXKECTBO TsxCT mepexonioB u3 S mo X. Kaxnmerid
MEPEXo/i U3 MHOXKECTBA gy OMpENACNSeT Ty WM WHYIO peakiuio Y. Ecnm Juis MaHHBIX S M X MMEIOTCS
MEPEXO/Ibl C Pa3HBIMH PEAKIUSIMH Y, TO HEACTCPMUHUPOBAHHBIM 00pa30M BHIOMpAETCS Peakius Y KaK OJHa
W3 peakiuii Ha mepexojiax u3 MHOXecTBa Ty. [lociie BEIOOpa peakIiy Y MPOBEpsETCs COCTOSHUE BBIXOJIOB, &
HMEHHO, KaKHhe HEIyCThle COOOINEHHUS, ONpeaeasieMble peakuuded Y, MOryT ObITh IepelaHbl II0
COOTBETCTBYIOIIMM BBIXOJaM, a Kakue HeT. DJTo ompenenser mapamerp (. Tem cambIM, ompenensercs
MHOXKECTBO TsxyqCTsx NEPEXONOB € TaHHBIMH S, X, Y, (. EciiM 3T0O MHOKECTBO COAEPKHT Ooiee OIHOro
mepexoyia, TO HEJICTCPMUHHPOBAHHBIM 00pa3oM BBIOMpaeTCS OAMH W3 HHUX. Eciou BBIOpaH Tepexon
(s, %, p,y,Q, 1), To mapameTp P OMNpeENAeT, KaKMe HEMyCThle COOOIIEHHS OyAyT MPHHATEI CO BXOJIOB
aBToMara. MTak, NPUHUMAIOTCS COOOIICHMS, OIpEAC/IIeMble CTUMYJIOM X, TI0 BXOJaM, OINpPEACIsIeMbIM
napaMeTpoM P, TIOCBUIAIOTCS COOOIICHWsI, OMpEee/IeMble peakiued Y, MO BBIXOAAM, ONPEICIIICMbIM
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mapaMeTpoM (, TOCJEe 4Yero aBTOMAaT IMEpPEeXOAUT B cocTostHMe . DTo ommcaHume paboOThI aBTOMara
HeopmanbHO. DopManbHOE OMHMCAaHHE €CTh, HO CYIIECTBY, (hOpMajabHOE ONpEelCHUE KOMIO3UIIMU
aBTOMATOB, KOTOpOe OyAET JaHO B CIEIYIOIIEM pa3/ere.

[Tycts V — KOHEYHOE MHOXKECTBO aBTOMartoB B andaBure M. Be3 orpaHndeHus OOLIHOCTH MOXHO
CUHTATh, YTO BXOIBI, BEIXOIBI K COCTOSHHS aBTOMaToB pasubie: VA BeV (A=B = Iag=F & Iy =0 &
JaJg=& & SpSg=L). DTO Bcerga MOXHO CHAENAaTh CUCTEMATHYECKHM IEPEMMEHOBAHHUEM COCTOSHHMIA,
BXOJIOB U BBIXOZIOB aBTOMATOB, B PE3yJIbTATE YEro MOJTy4aTcsi aBTOMAThI H30MOP(HBIC HCXOJHBIM.

Cucmema aemomamog — 310 Habop R = (M,V,E), rme E : Epom — Em — Omexius, ompenpesronias
coedunenus, tae Epom € Jr, Em Clr, Jr = AJA|AEV} — MHOXKECTBO BCEX BBIXOJOB BCEX aBTOMATOB,
Ir = Ala|A €V} — MHOKeCTBO Beex BxomoB Beex aBroMaToB. s R = (M,V,E) obo3naunm: VR=V, Eg=E.

Ompenenum yakuuto @:(IrJr) -V, KoTOpas KaXIoMy BXOJY HJIM BBIXOLY CHCTeMBI R cTaBUT B
COOTBETCTBHE aBTOMAT, KOTOPOMY 3TOT BXOJ WJIM BBIXOJ NMpHHAUICKHUT: VAEV Vzelpada ¢p(z)=A. Bynem
TOBOPHUTH, 4TO coeanHenue (J,i) Benér u3 aBromata ¢(j) B aBromMat ¢fi). Bxox i€lg wm Boixon j€lg, ans
KOTOPOTO HE ONIpeieiaeHo coeanHeHue, T.e. i B, win jeEpynm, OyaeM HasbIBaTh 6HewHum 6xo00Mm WIN
BHEUHUM 8bIXOOOM CUCTEMBI, COOTBETCTBEHHO.

Cucreme R =(M,V,E) cooTBeTCTBYyeT OpHMEHTHPOBAHHBIN 2pagh ceésazell, BEPIIMHAMH KOTOPOTO
SBJISIIOTCSL aBTOMAThl W3 V, a NMOMEYEHHBIE IYyI'M — 3TO COeAMHeHus, npuuém nyra A—B cymectByer u
nomeueHa coeuHenueM (j,i) Toraa u Toapko toraa, koraa (j,i) €E, ¢(j)=A u ¢(i)=B. Takoii rpad odo3HaunM
gepe3 OQ(R). Ecmu CHATH OpHEHTAIMIO COSAWHEHHH, TO IIOJyYMBIIHHACS HEOPHUEHTHPOBAHHBIM Tpad
o6o3naunm uepe3 Ng(R). Bynem rosoputs, uto aBroMatsl A u B ceszanst B cucreme, eciu B rpade Ng(R)
cyuiecTByeT (HEOpUEHTHPOBaHHBIH) myTh u3 A B B (Bo3MoikHO, myctol, ecniu A=B). B mpotuBHOM cityuae
pasHele aBToMaThl A u B ne cea3amnbi. O4eBHAHO, YTO OTHOLICHHE CBA3aHHOCTH ABTOMATOB SIBIISIETCS
OTHOILICHWEM O>KBHBAJIEHTHOCTH M pa30MBaeT MHOXECTBO aBTOMAaroB V Ha KIJIACChl 3KBHBAJICHTHOCTH,
KOTOpBIE Oy/IeM Ha3bIBaTh KJIACCAMH CBSI3aHHOCTH.

Bynem cuutath, 4to coctosiHue aBroMara B cucteMe R=(M,V,E) sBnsieTcss MHOXKECTBOM, U COCTOSIHUS
pasHbIX aBTOMATOB He mepecekatorcsi: VABeV 15,eSy VopeSg (A=B = sasg=4). Ecim yxe 3amana
CHCTEMa, B KOTOPOI 3TO YCIIOBHE HE BBIIIOJIHEHO, TO B Ka)KAOM aBTOMATe Ka)XJ0€ COCTOSHUE S 3aMCHUM Ha
CHHIJIETOH {S}, YTO 1aCT aBTOMAThl H30MOP(HBIC UCXOTHBIM, a TpeOyeMbIe YCIOBUS OYIyT BBIIOIHEHBI.

Paboty cucTeMbl aBTOMaTOB MOYKHO ONHMCATh CIleaylomuMm oOpasoM. [Ipexkae Bcero, okpyKeHHe
MOJICIMPYETCSl aBTOMATOM, YHCJIO BBIXOAOB (BXOZ0OB) KOTOPOTO PaBHO YUCIBY BHEIIHHX BXOJOB (BBIXOJIOB)
CHCTEMBI, U JOOABIISIOTCS BHELIHNUE COCTUHCHMS, CBA3BIBAIOIINE BBIXO/IBI (BXO/bI) OKPYKECHHUS C BHEITHIMH
BXOJaMH (BbIXO1aMH) cucTeMbl. [lomydaeTcs 3aMKHyTas cucTeMa 0e3 BHEUIHMX BXOJIOB M BBIXOJOB. Bce
aBTOMATBHI, BKJIFOUYAsi OKpY>XEHHE, CpadaThIBalOT OJHOBPEMEHHO, M KaXK/Iblil aBTOMAT BBITIOJIHSET POBHO OJIUH
nepexo/l (IBHBIA WM HESIBHBIH, €CIIN UCTIONB3YIOTCS MpaBuiia ymosauanus). Eciu apromatsl A u B cBsizaHsl
coequnenueM (],i), rae jela u i€lg, To a1 BhIMONHSIEMBIX MepexonoB acTa U beTg coobiienue Yu(j) u
YCJIOBHE €ro Iepefayu j €0, Ha BBIXOJE | aBTOMara A JJOJDKHBI OBITH COTNIACOBAaHBI ¢ cOOOmEHUEM Xp(i) u
ycIIOBHEM ero mpuéma iep, Ha Bxone | aBTomara B. DTo o3HayaeT, BO-TIEPBBIX, YTO cOOOMICHUE Y,(]) Ha
BBIXOJIC | COBIAJAET C cooOIIeHNUEM Xy(i) Ha Bxoxe i. U, Bo-BTOpBIX, coobuienue nubo nepenaéres u3 A 1o
BBIXOJY ], T.€. ] €0,, U IpuHUMaeTcst B B mo Bxoay i, T.e. i €Pp, 1100 He nepenaérest U3 A 1O BBIXOAY |, T.C.
] £0a, ¥ He mpuHEMaeTcs B B o Bxoay I, T.e. 1 £Pp.

2. Komnosunus

CymectByeT Ooublioe pa3HOOpa3ue Kak aBTOMATONONOOHBIX MOJENEH, TaKk W ONepaTopoB HUX
(mapaieIbHOM) KOMIIO3MIIMK, HAaYMHAs C KJIaCCHYECKOW KOMIIO3MIMH B anredpax mpomeccoe CSP —
Communicating Sequential Processes [4] u CCS - Calculus of Communicating Systems [5]. Oum
onpeaesoT aBe pasHoBuaHocTH kKomnosummu LTS (Labelled Transition System), B kKoTopbIX mepexombl
IMOMEUECHBI CUMBOJIAaMH Oeticmeuii U3 3aaanHoro andasuta. s cuctem BBoga-BbiBoga (0TS — Input-Output
Transition System), B KOTOpBIX [AeHCTBHsA pa3duBaroTCs Ha cTuMyasl (iNput) u peaxrmum (output)
npeIarajiuch pa3andHbie Moaudukamm komnosuiuu [7-9], B wacTHocTH, Ut oOHapyxenus deadlock’a ¢
nenbio HaOmroneHus: omxasos (refusal) [6-8]. dns cucrem ¢ mpuopureramu u mMojeneit cobvimuil (cucremMm
Oosiee 00MIero BH/a) HAMK OBUIH TAK)Ke MPEIOKEHBI COOTBETCTBYIOIINE onepaTopsl kommosunuu [10,11].
BBoayuMasi B JaHHOM pazjiesie KOMIIO3HIMS YUYUTHIBACT HAJIMUUE Y aBTOMATa HECKOJIBKHX BXOZOB M BBIXOIOB
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U MOJCIHPYET B3aMMOICHCTBUE aBTOMATOB 4epe3 COCAMHEHUS, KaXI0€ M3 KOTOPBIX CBS3BIBACT BBIXOJ
OJIHOTO aBTOMAaTa CO BXOJIOM JIPyroro aBroMaTa. MHBIMH CIIOBaMH, 3TO KOMIIO3HLMsS aBTOMATOB 1O rpady
CBsI3€H CUCTEMBI aBTOMATOB.

BBeném cnocod cokpaiéHHol 3anucu Ui mpeoOpa3oBaHus (GYHKIMU MIPU YMEHBIICHUH €€ JOMeHa:
nns dynxuun f 1 Maoxectsa N 0603maunm fIN 21\ {(z,f(z)) | zeN~Dom(f)}. dns mo6oro muoxkecTBa N°

umeeM f/(NCNY) = (fIN)/N', u mns mro6oit dynkumu g takoit, uto Dom(f)~»Dom(g)=< u NHDom(g)=4,
nmeeMm (feg)/N = (fIN)g. Bymem cuutath, 4to oneparus “/” UMeeT TOT ke MPUOPUTET, YTO PA3HOCTh “\” U
o0beIMHEHUE “U” MHOKECTB. B BBIpaKECHHUSIX HAJ MHOXKECTBAMM, IJI€ MCIIOJIb3YIOTCS TOJBLKO Oreparuu “/”,
“V’ u “U”, GyoeM HCIIOIB30BaTh 0ECCKOOOYHYIO 3allUCh M IIPEAIojiaraTh, YTO OIMEPAI[MM BBIIOIHSIIOTCS

cieBa HanpaBo. JIornyecKyto SKBUBAJIEHTHOCTh 0003HAYNM CHMBOJIOM «~»: a~h = (a&b) —a&—b).

Kommosurus ompenensercs mo coeauuennio (j,i)eE. O6Go3naumM uepe3 A aBTOMaTr, KOTOPOMY
MPHUHAIIEKUT BEIX0 |, T.e. A=¢(j), a uepe3 B aBroMaT, KOTOPOMY IPHHAIIEKAT BXO i, T.e. B=¢(i).

Kommno3unusi mepexonoB mo coemumHenmo. /(s coexuuenus (j,i) onpenenum yciosue f(a,),i,b)
KOMITO3HIMH JIBYX Nepexo/0B a u b u pesynbraT kommosummu afj,i]b:

f(a,j,i,b) 2aeT, & beTs & (A=B = a=h) & Va(j)=x(i) & (jeGa ~ icpy),
f(a.j.i.b): afj,ilb = (saLsp, XaXo/{i}, PapoMi}, Yayu/{i}, daln\{i}, talts).

3ameTtuM, uro eciu A=B, To
f(a,j,i,a) 2aeTa & Ya(j)=xa(i) & (jeqa ~ iep,),

f(a.j.i,a): ali.ila = (sa, Xa/{i}, paMi}, yal{i}, GaMi} ta).

Komno3unust mepexofoB €CTeCTBEHHBIM 00pa3oM PaCIpOCTPAHSCTCS Ha KOMITO3UIIMIO MHOXECTB
MEePEX0JI0B, OMpEACTIEMYI0 KaK MHOYKECTBO IOMAPHBIX KOMIO3UIMH mepexonoB. s coemaunenus (j,i)

OTIpeIeITNM KOMIIO3HIMIO MHOXecTB TiepexonoB G u H: G[j,i]H £ {a[j,i]bl|acG & beH & f(a,j,i,b)}.

KoMmo3unust aBTOMAaTOB 110 COeINHEHHIO.

B KOMIIO3UIIMU AaBTOMATOB OCTABUM TOJIbBKO HAYaJIbHOC COCTOAHUC KOMIIO3UIIMK U IpC- U
IMOCTCOCTOSAHHUA TIIEPEXOAO0B KOMIIO3UIIUH. DTO MHOXECTBO BKIIFOYACT IMOAMHOXKECTBO JOCTHIXHUMBIX
COCTOSIHHM. I[J'ISI MHOXKCCTBA IEPCXOa0B T 0003HAYNM MHOKECTBO npe- u IIOCTCOCTOSIHUI 3TUX Mepexoa0B:

States(T) = {s.JaeT}At.J]aeT}. dnsa coenunennus (j,i) onpeaenum KOMIO3HIIHIO aBTOMaToB A 1 B:

A[],l]B 2 (M, IAUIB\{l}a JAUJB\{j}, {SOAUSOB}L&tateS(TA[j,i]TB), TA[i,i]TB, SOAUSOB).

3aMeTHuM, 4TO, €CITU B ONPEACICHUH aBTOMaTa KCIIOJIBL3YIOTCS TIPaBUIa YMOITYaHHS, TO KOMITO3UIIUS
ABTOMATOB CYIIIECTBEHHO UCTOIh3yeT KOMIIO3HIIUIO HE TOIBKO SIBHBIX, HO M HESIBHBIX MIEPEXO0JI0B.

Teopema 1: KoMmo3uinst aBTOMaTOB yJIOBJICTBOPSIET YCIOBUSM, HATaraéMbIM Ha aBTOMAT.

JTokazaTemsCTBO CM. B [2], Teopema 1.

Kommno3uuust cucrembl o coequnennto. /[y cuctemsl R u coenunenus (j,i) onpenenum

R = (M, VA B} AAL;iIBY, EMG.D)}).

Teopema 2: KoMIo3unus cUCTEMbI yIOBIETBOPSET yCIOBHAM, HaJlaraéMbIM Ha CHCTEMY.

Jloka3atenscTBO CM. B [2], Teopema 2.

OmnpenenénHasi TaKUM 00pa3oM KOMITO3UIMS 00JIalaeT CBOMICTBOM acCOLMATHBHOCTH, KOTOpasi BayKHA
IJISL TOTO, 9TOOBI paboTa CHCTEMBI 3aBHCENA TOJIBKO OT MHOXKECTB COSAMHEHHH, aBTOMAaTOB M UX NIEPEX0/IOB,
U HE 3aBHCENa OT KaKOTO-THOO0 yIOPSA0UNBAHHS STHX MHOXKECTB. [10C1e008amenbHOCmbIo 8cex cOeOUHeHUll
s cucteMsl R = (M,V,E) Ha3oBéM mociemoBaTensHOCTh Z coeavHeHuid u3 E, B koTOopo#t kaxmoe
COeIMHEHHE BCTPEYaeTCs POBHO OJWH pas, T.e. Z:[1..|Z|] »E sBasiercs ouekuueii. OnpenesnmM KOMITO3HIIUO
cucteMbl R Mo mocneoBaTenbHOCTH Beex coenunennii Z kak R[Z] = R[Z(1D)1[Z(2)]...[Z(1Z])], ecnu Z me
nycro, u R[Z] £R, eciu Z nycro.

Teopema 3: xomno3uius cucteMbl R 10 BceM €€ cOeTMHEHUSIM HE 3aBUCHUT OT MOPSIKA KOMITO3HLINH:
IS JTFOOBIX IBYX MOCTIEI0BATEIBHOCTEH Beex coeaunennit Z u Z° umeet mecto R[Z] = R[Z7].

JTokazaTemsCTBO CM. B [2], Teopema 3.

B cucreme R[Z] ver coenunenuit, T.e. Eg[zj=4£J, aBTOMAaThI TaKO! CHCTEMBI HE CBSI3aHBI APYT C APYTOM
¥ COOTBETCTBYIOT KJIaCCaM CBSI3HOCTH CHCTEMBI R, a Bce BXO/BI M BBIXOJbI aBTOMATOB SIBJISIFOTCS] BHEITHUMH.
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Ecnu B R[Z] Gonpiie omHOro aBromara, €€ Helb3sl HCIIOJIb30BaTh KaK KOMIIOHEHT 00Jiee CIIOKHOW CHCTEMBI.
Jnst Toro 4roObl OOOWTH 3TO HEYJOOCTBO, ONPENCIMM KOMIIO3UIMIO HECBS3aHHBIX aBTOMAaroB. EE
CeMaHTHKa JOCTaTOYHO IIpO3payHa: eCIM JBa aBTOMAaTa HE CBs3aHBI, TO CHCTEMBI U3 ITHX aBTOMATOB
9KBHBAJCHTHA OJHOMY aBTOMAaTy, B KOTOPOM OOBEIMHEHBI BXOJbl M BBIXOJbI O0OMX aBTOMATOB, a JIOOBIC
JIBa TIEPEXO/Abl W3 pa3HbIX aBTOMATOB OOBEAMHEHBI B oauH mepexon. OmnpenenuM KOMIO3MLUIO 0e3
coequHEHMS GopMaIbHO.

Komnosurms nepexonon: a[]b £ (SaCSp, XalXo, PaCPb, YaWb, Uallp, taCtp).

B sTOM ompeneneHny HESBHO MPEIIONAracTcsl, YTo Kak JOMEHBI CTUMYJIOB, TaK U IOMEHBI pEaKluil B
KOMITOHYEMBIX Tepexoiax He mepecekarorcs: Dom(X,)HDom(xp,)=Dom(y.)»Dom(yy)=&. B mnporuBHOM
cllydae CTUMYJ W/WIM pEakuuss B KOMIIO3UIIMOHHOM TIIE€PEXOJIe MOINIM Obl CTaTh MHOTO3HAYHBIMH
¢GyHKIMAMH. MBI HE 3amucali 9TO TPeOOBaHUE KaK YCIOBHE KOMIIO3UIMH JBYX IEPEXOIOB, MOCKOIBKY
Takas KOMIO3UIMS OYAET HCIOJIb30BaThCS TOJNBKO JJIsl ONpEACICHHS KOMIIO3HLUH HECBSI3aHHBIX H,
CIIeIOBAaTEIbHO, Pa3HBIX aBTOMATOB, a B 3TOM CJIydae 3TO TpeOOBaHUE aBTOMATHYECKH BBIITOIHEHO.

Komnosurms maokecTB nepexonos: G[JH £ {a[]blaeG & b eH}.

Komnosumus aBToMaToB: AI:IB 2 (M, 1aUlg, JaUJg, {SOAUSOB} LﬁtatES(TA[]TB), TA[]TB, SOAUSOB).
KOMHOSI/IHI/I;[ ABTOMATOB YJOBJICTBOPSCT YCJIOBUAM, HaJIaraCMbIM Ha aBTOMAT (aHaJ'IOF TCOPCMBI 1)
Komnosumms cucremsr: R[A,B] £ (M, V\{A,B} {A[]B}, E).

KoMmo3unyst cucTeMbl yIOBICTBOPSET YCIOBHSIM, HalaraeMbIM Ha CUCTEMY (aHAJOT TEOpeMbl 2).
Kaxxnast koMno3umusi cucteMbl yMeHbIIaeT Ha 1 yucino aBromMaroB B Hel. [loaToMy uepe3 KOHEYHOE YHCIIO0
kommo3uimid cuctema R[Z] mpeBpatutcs B cucteMy 0€3 COSITUHEHHM, COCTOSIIYIO M3 OJHOTO aBTOMATa,
KOTOPBIH 0003HaYUM depe3 R

HetpynHo mokaszatb, YTO KOMIO3UIMIO HECBSI3aHHBIX aBTOMATOB MOKHO Y€peJOBaTh C KOMIIO3UIHEH
M0 COeNWHEHUSAM. MOXXHO TOJIBKO OTMETHUTh, YTO KOMIIO3UIMS HECBA3aHHBIX aBTOMAaTOB YMEHbIIAET Ha |
urciao KoMmoHeHTOB cBssHocTH B rpade NQ(R): aBromar A[]B okasbiBaeTcst CBA3aHHBIM C KaKIbIM
aBTomMaroM (oTiuaHOM OT A 1 B), ¢ KoTOpBIM OBLI CBsA3aH aBTOMAT A niu B.

3. lerepMuHU3M

Astomar A=(M,1,J,S,T,So) onpedenen no 6cem cmumynam, €Ciiv BHIIOTHEHO YCIOBHE:
1. B KaXIOM COCTOSIHHH €CTh IIEPEXOJ IO KAKIOMY CTUMYIY: V5€S VXeX FaeT $5=S & X =X.

Astomar A=(M,1,J,S,T,Sp) enoane onpedenen, ecinu oH ONpeeIICH 10 BCEM CTUMYJIaM U
2. mepexofsl ecTh 10 BeeM (: VA eT v cy. (M) Fa’ €T S2=S; & Xa=Xa & Pa=Pa & Yo=Ya & =0

BMmecTo 3THX YCIIOBHIT MOXHO HCIIONB30BATh NPAGUIA YMONYAHUs, €CIH B ONPEICICHUN aBTOMAaTa
YKa3bIBaTh MOJMHOKECTBO T SIBHBIX IMEPEXOMOB, M JOMOJHSTH €ro 10 MHOKECTBA T BCEX MEPEXOIO0B
COTJIACHO MPAaBUJIAM YMOTYAHHUS:
1)Eciz B T HeT SIBHOTO Hepexojia M3 HEKOTOPOIO COCTOSHMS IO HEKOTOPOMY CTHMYIY, TO 3TO O3HAYaeT,
YTO TAKOM MEPEX0]] ONPEAC/IEH HESIBHO O0e3 mpuéMa U BbIIaYM COOOIEHUI 1 0€3 M3MEHEHUS COCTOSHMS.
2)Ecm B T ects mepexox (S,X, P,Y,0,1), HO mis mexotoporo ¢ cy’(M) Her mepexona Buia
(5, %, p,Y,Q,t), To 3T0 0O3HAYAET, YTO TAKOH MEPEXO ONPEICIIEH HEABHO O€3 M3MeHeHus cocTostHus (1 =t).
dopmaibHo 510 03HadaeT: T 2T U{(S, X, &, Ix{A}, & s) | s€S & xeX & vp,y,a.t (s.x.py,a.t) €T }

CAEXPY. )Tt (sxpY.a)eT & ey (M) & vt (sx.py.a t)eT }.

AsTtomaT A OyzieM Ha3bIBaTh OemepMUHUPOBAHHBIM, €CITU BBITIONHEHBI YCIOBHSL:

1. CocTostHME S ¥ CTUMYJI X OJTHO3HAYHO ONPEICIISIFOT TPUEM COOOIIICHUH P U peaKIuio Y:
va,b €Ta (Sa=Sp & Xa=Xp = Pa=Pb & Ya=Yb)-

2. OIMHAaKOBO MMOMEYEHHBIE MTEPEXOBI H3 OJTHOTO COCTOSHHS COBIA/IAIOT, T.€. BEIYT B OJHO OCTCOCTOSIHUE:
va,b €Ta (Sa=Sp & Xa=Xp & Pa=Pb & Ya=Yb & Q=0 = t,=1y).

[IpobieMa B TOM, YTO KOMIIO3WIUS JETEPMUHUPOBAHHBIX aBTOMAaTOB MOXET OKa3aThCs
HEICTEPMUHUPOBAHHOK. JTO MOXKET MPOU30HTH U3-3a LIUKJIA COCIUHEHHUH, €CIIM B aBTOMATax 3TOrO IMKJa
€CTh JIBE «IapajuleIbHBIC», HO pa3HbIe, IEMNOYKH KOMIIOHYEMBIX TEPEXO0B, BEAYIIUX W3 OJUHAKOBBIX
COCTOSTHUH W OTIMYAIONINXCS B IMapameTpax X u ( TOJNBKO MO BXOAAaM W BBIXOJAM COeIMHEHUH nukia. [lms
OMHOU METOYKH TI0 MHUKIY COSAWHEHUH IepemaroTcsl OJHHM COOOIICHHS, a A1 Ipyroil — apyrue. boiee
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CTporo, mycTh B rpade CBA3eld €CTh IMHMKI KaK YepeAyrOINascs MOCICI0BATEIbHOCTE ABTOMATOB U
menopTopsiomuxcst  coemuaenuit - W = Aq,(j1,12),A2,(2,i3) oo Any (nsine1),Ar: - VKK =100 (eoiker) Z(ic b +1)-
O603HauUM i1=ips+1. ITyCcTh TaKkXKe B KaXKIOM M3 aBTOMAaTOB Ay HMEIOTCS JIBa MIEPEX0/1a & U @ k TaK, U4TO CCIIH
A=A, 10 a=a,. O603HAYNM an+1=a; U A pn+1=4a 1. IIYCTH MEPEXOAbI B COCEAHUX B IMKIIE aBTOMATOB, T.€.
KaK TEPEXOmbl d M ay+1, TAK M TEPEXOIABI Ak U & k+1, KOMIOHYIOTCS IO COeAMHEHHIO (j,ik+1), T.€.
f(a,jwrik+1,8k+1)=f(@ K jrolk+1,@ k+1)=true. Ilycts aus kaxmgoro K=1..n mepexopl 8, ¥ @ x HAYUHAIOTCS B OTHOM
COCTOSHUM U OTJIMYAIOTCSA B X TOJIBKO II0 BXOXY ik ¥ B (] TOJIBKO IIO BBEIXOMY |k, T.€. €CITH ax=(Sk,Xk:Pk,Yk:irtk) ¥
a‘k=(s‘k,x‘k,p‘k,y‘k,q‘k,t‘k), TO Sk=s‘k, Xk/{ik}=x‘k/{ik}, qk\{jk}zq‘k\{jk}. Torma xoMmo3uIUsI MO BCEM
COCTHHCHHSIM mukma W comepxur  ABa  mepexoja a=ay[ji,ix]az[j2,13] --@nljnIn+1] a1 U
a =a ([ju,i]a 2[j2is]...a n[jnin+1]@ 1, B KOTOPBIX S3= Sa, Xa=Xa* ¥ Ja=0a", HO, BOOOIIIE TOBOPS, PkP k, Yk U t
A .

B TO e BpeMsi MOXKHO 3aMETHTh, YTO €CJIM XOT OBl B OJJHOM aBTOMATE IUKJIa, HAIPUMED, B 1-0M, MO
coequHeHUIO (ji,iz) B pasHbIX Mepexoiax a; u a ; mepeaaércs ogHo U To ke coobuienue Yi(j1)=Yy 1(j1), TO
HEJIETEPMUHN3M HE BO3HMKAeT. J[eHCTBHUTENBHO, W3 YCIOBUS KOMITO3HMIIMK IEPEXOJ0B CIIEAYET, YTO B
cnenytomieM 2-om aBromate X(i2)=Y1(j1)=Y 1(1)=X 2(i2), a Toraa, mockomeky X /{io}=x »/{i,}, umeem X=X ».
Orcroia, MOCKONBKY S;=S », B CHIy 1-ro yCIOBHS JE€TEpMHHH3Ma 2-OT0 aBToMaTa P,=pP 2, Yo=Y 2, B
gacTHOCTH, Y>(j2)=Y 2(j2). TIpomoiKkas aHATOTHYHBIE PACCYKAECHHUS TI0 UKy COSOMHEHHH IMoIydaeM X=X ,
Pk=P k YK=Y k it Kaxmoro K. A Ttorma s Kaxkaoro K uMeeM ixsg €Px+1 ~ Ik+1EP k+1, M MO YCIOBHIO
KOMIO3HIMK JxeQk ~ Jx€q 'k, uto BMecte ¢ Q{ji}=q \{j} Breuér gx=q. Otcroga mo 2-oMy YyCIOBHUIO
neTepMuHu3Ma Uit Kaxaoro K mmeem t=t'y. Tem campim a,=a’y mias kaxmoro K, uro Bieuér a=a . Mraxk,
omuaakoBeie coobmerns Yi(ju)=Y «(jx) «CKIEHBAIOT» IIEMOYKH IIEPEXOAOB a1=a 1,d,=a ,...,An=a n, a
KOMITO3HITHSI TI0 TAKOMY IMKJIY CTAHOBHMTCS J€TEPMHHHUPOBAHHOM.

B [1] xoMmo3uius neTepMHUHHMPOBAHHBIX aBTOMATOB JAETEPMHHHMpPOBAaHHAsi. B TepMuHax mgaHHON
CTaThH 3TO O3HAYAET, YTO CHCTEMA [CTEPMHHUPOBAHHAS, €CIH BBHIMONHEHBI CIIEAyIOIIHE yCiaoBusa: 1)
aBTOMAThI pa3OMTHI Ha JIBa KJacca: KIACC «8epuiury W KIace «Odyey, 2) KaKI0e COCAMHCHHE CBSI3LIBACT
aBTOMATBHI Pa3HBIX KJIACCOB, 3) «BEPIIMHA» OMpPEICICHA M0 BCEM CTHMYJIaM, a «Iyra» BIIOJHE ONpe/aeiicHa,
4) Bce aBTOMATHI JETEPMUHUPOBAHHEIE, 5) «Iyra» MMEET OJUH BXOJ W OJUH BBIXO, ) «Iyray MOAEIHPYET
ouepenb coobmmenuii auunbl 1. Kitacc «BepImnH» COOTBETCTBYET BEPINIUHAM, a KJIacC «Iyr» — ayram rpada
cBs3elt u3 [1]. YenoBue 5 MOXKHO OCTa0HUTh — JOCTATOYHO, YTOOBI «Iyra» UMea OJUH BXOJ, HO OHa MOXET
HMETh HECKOJIBKO BBIXOZ0B. BMECTO yCIOBHSA 6 JOCTATOYHO, YTOOBI B «Iyre» peakiis 3aBHcCea TOIBKO OT
cocTostHuA (T.€. He 3aBUCeNa OT ctuMyia): VA€V, Va,a €Ta (Sa=Sa = Ya=VYa)-

KOMITO3UIMOHHBIH ITEPEX0/T MOPOXKIAETCS MHOXKECTBOM IIEPEXOIOB B aBTOMAaTax-olepaHIax, KOTOPoe
COJIEPYKHT TI0 OJHOMY TIEPEXOY B KAKIOM «Iyre» W IIHO0 OAMH IEPEXO] B «BEPIIUHE», THOO «BEPIIHHAN
«CTOMT», €CIIM KaKHe-TO U3 COOOIUICHUH, KOTOPbIe OHA MOTJa OBl MTOCIAaTh HA BBIXOJSIIHE «IyTH», HMH HE
MIPUHAMAIOTCSI.

«Jlyra» «CKJIEHBAeT» IIEMMOYKH B KaXKIOM ILHKJIE, B KOTOPHI OHAa BXOIMT, T.€. KOMIIO3MIIUS IIO
Ka)XJOMY TaKOMY LMKy CTAHOBHTCS J€TCPMHUHUPOBAHHOM. JIjist «ryru» B [1] 3T0 yciioBHE BBIMOIHEHO.

Teopema 4: Ecnu cucrema R=(M,V,E) ynoBineTBOpseT yKa3aHHBIM BBIIIE MIECTH YCIOBUSIM, TO MOCIE
CIHENHATbHON KOMITO3UIINK Ka)KJIOH «BEPIIMHBIY CO BCEMH BBIXOIAIIAMM W3 HEE «IyramMu» IajbHeHImas
KOMITO3HIIHSI TI0 OTIMCAHHBIM B pasziesie 2 mpaBuiiaM JaeT JeTEPMUHUPOBAHHbIN aBTOMAT.

JlokazatensCcTBO cienyet u3 Teopem 1 u 2 B [3].

3ak/Io4yenue

[IpennoxeHHast B 3TOW cTaThe MOJAENH CUCTEMBI aBTOMAaTOB MOXKET OBITh UCIOJIh30BaHa Kak 0a3za s
TECTUPOBAHMS COCTABHBIX cucTeM. OCOOEHHO 3TO MOJIE3HO B TOM Cilydae, Korja B rpade cBs3eit HeT omnook
(eunomesa o ces3sx), TO ecth rpad cBA3Ci COBMAIACT C 3aJlaHHBIM. B 3TOM cllyuae TeCTHPOBAHHE CBOIUTCS
K MPOBEPKE MPaBUIBHOCTU MEPEXON0B KakAoro apromara. OgHako mpolieMa B TOM, YTO aBTOMAaT MOXKET
TECTUPOBATHCS TOJIBKO KaK YacTh CUCTEMBI, TO €CTh TECT HE UMEEeT HEeTIOCPEACTBEHHOTO TOCTYTa K aBTOMATty,
U BBIHY)KICH OCYLIECTBJISTH TECTOBBIC BO3JCHCTBHUS C MOMOIIBIO COOOLICHNUH, OCBUIAEMBIX IO BHEIIHUM
BXOIHBIM COCIMHEHHSIM, KOTOpPBIE BEIyT, OBITh MOXKET, B APYrHe aBTOMAThl. TecTHpoBaHME KOMIIOHEHTA
TaKOM CUCTEMBI TIOX0KE Ha TeCTUpOBaHKe B KOHTeKcTe ([12 — 15]), koraa 3TOT KOMIIOHEHT pacCMaTpUBAETCS
KaK TeCTHpyeMasi CHCTeMa, a OCTaJbHble — KaK KOHTEeKCT. CyIIeCTBEHHOE OTJIHYHE, OJHAKO, B TOM, YTO B
TAKOM KOHTEKCTE TOKE€ BO3MOXKHBI OIIMOKH, HO, €CJIM BEpHA TUIOTE3a O CBA3SAX, TO TOIBKO B KOMIOHEHTAX,
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a He B rpage cBsazeil. C Opyroil CTOPOHBI, NMPH TECTHPOBAHHH NPOBEpsiETCS padoTa Cpazy HECKOIBKHX
KOMITIOHEHTOB, Yepe3 KOTOpbIE MPOXOAT coobiieHus. [I0cKonbKy aBTOMAT TECTUPYETCS KaK 4acTh CUCTEMBI,
MOTYT OBITH ITPOBEPEHBI HE BCE €TO MEePEeXOAbl, KOTOPBIE IMPOBEPSIOTCS IMPH ABTOHOMHOM TECTHPOBAHHH C
MOPSAMBIM JOCTYIIOM K aBTOMAaTy. Peub UIET TOJBKO O MepexoJax aBTOMAaTOB 0OCMUNICUMbIX TIPH ero paboTte B
COCTaBE€ CHUCTEMBI.

TecTupoBaHyue KOMIIO3UIIMOHHOTO aBTOMAaTa CUCTEMBbI, IIOIy4aIOLIErocsi KOMIIO3UIMEN aBTOMATOB I10
3aJJaHHOMY Tpady cBsizell, oOecrieuMBaeT MPOXOJA 1O BCEM €ro JIOCTIKUMBIM Tiepexonam. [Ipu 3tom,
KOHEYHO, MPOBEPSIOTCS BCE JOCTHKUMBIE MEPEX0Abl aBTOMATOB-KOMIIOHEHTOB, HO MOKET JEJIaThbCs MHOTO
«JTUIIHEH paboThD». [ MmoTe3a 0 CBA3SIX TO3BOJISIET CYIIECTBEHHO COKPATUTh BPEMEHSI TECTHPOBAHHSL.

[penmnonaraercsi, 4TO HaAM U3BECTHO, KAKUM JIOJDKEH OBITh KaXKIbI aBTOMAT (3a/1aH rpad mepexogaoB
aBTOMara C TOYHOCTBIO 0 M30MOpPQH3Ma), U UMEHHO 3TO MpOBEpseTcs NpH TecTupoBaHuu. Kpome Toro,
TECT MOXET HaOJI0AaTh KaK COCTOSHHSA aBTOMAaTOB B BEpLIMHAX rpada cBs3eld, TaKk U COOOIICHHUS Ha €ro
nyrax. Takue MpeanoyokeHuss MOTYT OBITh ONpaBAaHbI, HANPUMEp, NPU WMHUTAIMOHHOM TECTUPOBAHUU
ammapatypsl (simulation-based verification) (cMm. nHanpumep, [16]).

I[Tpu 3TUX YCIOBHUSIX MOXET OBITh MPEUIOKEH AITOPUTM MOCTPOCHUs Habopa TecToB [3], OCHOBaHHbII
Ha (UIBTpalUM TECTOB, TCHEPUPYEMBIX U KOMIIO3UIIMOHHOTO aBTOMAaTa CHCTEMBI: TECT OTOpAachIBAETCH,
€CIIi OH TMOKPBIBAET TOJBKO TAaKHE IMEPeXOjbl B KOMIIOHEHTaX CHUCTEMBI, KOTOpPHIC IOKPBHIBAIOTCS YXKe
0oTOOpaHHBIM TecTaMHu. Takoil Habop TecToB OylneT MONHBIM (IIPOBEPSET BCE IOCTHXKUMBIC IEPEXOJbI
aBTOMAaTOB-KOMIIOHEHTOB) TIPH BBIIIOJHEHUH [BYX YCIOBHil: 1) BepHa rumoreza O CB34X, 2) CHCTEMaA
JIeTepMUHUpPOBaHa. JIONOJTHUTEIHHO aNrOPUTM MOXKET OIPENEIUTh HEJOCTHKUMBIE IEPEX0/Ibl aBTOMATOB.
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Igor Burdonov, Alexander Kossatchev (Institute for System Programming of the Russian Academy of Sciences)
Generalized model of automata system
Keywords: directed graph; communicating automata; automata composition; determinism; networks.

The problem of modeling and composing of aggregate systems is considered. The system components are
described with finite automata with multiple entries and exits. The communication between automata is described with
message passing over simplex communication channels. The system is described with an oriented graph of links. Each
node of the graph corresponds to automaton of a component and an arc corresponds to a communication channel
connecting exit of one automaton with entry of another automaton. Automaton of the graph node in each state can
accept multiple messages from its entries (at most one message from each entry) and send multiple messages to its exits
(at most one message to each exit). Entries (exits) of the automata not connected to exits (entries) of automata are
considered to be external and used for communication between the system and its environment. The automata of the
system operate synchronously: on each cycle each automaton performs one transition. A transition of an automaton
imposes requirements on states of all its entries and exits (messages in them are specified) and explicitly specifies
subset of entries and exits through which the messages are received or sent, respectively. Synchronous communication
between automata means that for each link the requirements of the automata connected with this link must conform to
each other. It makes possible to describe a wider spectrum of automata behavior. For example, a priority of message
receiving: if there are multiple message in the automata entries, it can receive messages with the highest priority and
discard the rest of the messages. It also makes possible for the automaton to receive messages regardless of ability to
simultaneously send some message to some exit. A composition of the automata of the system according to the graph of
links is defined and its associativity is proved. In conclusion, the problems of testing of aggregate systems are
described.

N.b. Bypnonos, A.C. Kocaues

O000menHas MoaeJIb CHCTEMBI aBTOMATOB

KiloueBble cjI0Ba: OpHEHTUPOBAaHHBIE Tpadbl, B3aWMMOJCHCTBYIONIME aBTOMAaThl, KOMIIO3UIIAS AaBTOMATOB,
JACTEPMUHU3M, CCTHU.

Cratpsi TmOCBAIIEHA MPOOIEME MOJEIHPOBAHMSA M KOMIIO3HMIMHM COCTAaBHBIX CHCTEM. KOMIIOHEHTBI CHCTEMBI
MOJEIHNPYIOTCS KOHEYHBIMU aBTOMAaTaMH C HECKOJIBKHMH BXOJAMH M BBIXOJAMH, & B3aUMOAEHCTBHE MEXIy HUMH —
00MEHOM COOOIIEHHSIMH 10 CUMIUIEKCHBIM KaHaylaM cBsi3u. CHCTEMa OIMMCHIBAETCS OPUEHTUPOBAHHBIM Irpad)oM CBsI3eH,
BEpIIMHA KOTOPOTO COOTBETCTBYET aBTOMAaTy KOMIIOHEHTA, a Jyra — KaHaly CBSI3H, COEIUHAIOUIEMY BBIXOJA OJHOTO
aBTOMara cO BXOJOM Jpyroro aBTOMara. ABTOMAT B BepIUMHE Tpada B KaKIOM COCTOSHHM MOXET IPHHUMATh
HECKOJIBKO COOOIIeHU I0 CBOMM BXoJaM (He 0osee OZHOIO IO KaXKAOMY BXOAY) U HOCBUIATh HECKOJIBKO COOOIICHUH
10 CBOUM BBIXOJaM (He 6ojee OJHOTO MO KaKIOMY BBIXOAY). BXonb! (BBIXO/bI) aBTOMATOB, KOTOPBIE HE COCTUHSIIOTCS
C BbIXOJAaMHU (BXOJaMH) aBTOMAaTOB, SBISIIOTCA BHEIIHHMM, 4Yepe3 HHUX OCYILECTBIISETCS CBSI3b CHUCTEMBI C €€
OKpYXCHHEM. ABTOMAaTBl CHUCTEMBI PA0OTAIOT CHHXPOHHO: Ha KaXJOM TAKTE KaXKAbIH aBTOMAT BBIIOJIHSCT OJWH
nepexof. [lepexon aBromara, mpeabsBIAsA TPeOOBAHHS K COCTOSHHUIO BCEX BXOZOB M BBIXOJIOB aBTOMaTa (YKa3bIBAIOTCS
COOOIIeHNsT Ha HHX), OTJACIBHO YKa3bIBACT Ty YaCTh BXOIOB M BBIXOJIOB, 10 KOTOPBIM COOOIIEHHS NMPUHUMAIOTCS WIN
MOCBUTAIOTCS, COOTBETCTBEHHO. CHHXPOHHOCTh B3aMMOJICHCTBHS aBTOMATOB O3HAYAET, YTO IS Ka)KAOTO COCIMHEHUS
TpeOOBaHMS ABTOMAaTOB, CBSI3AHHBIX 3THM COEIMHEHHEM, JIOJDKHBI OBITH COTJIACOBaHBL. JTO MaéT BO3MOKHOCTH
onuchIBaTh Oojee MMPOKWI CHEeKTp HOBeAeHWH aBToMara. Hampumep, NMpHOPHUTETHBIH MpuEM COOOIIEHHWH: eciu Ha
BXOJ[aX aBTOMaTa MMEEeTCsI HECKOJIBKO COOOIICHNH, aBTOMAT MOXKET MPUHATH COOOIIEHHUS ¢ HAMBBICIIUM IPHUOPUTETOM,
HE MPUHUMas OCTaJIbHBIE cOO0meHNs. TakKe 3TO T03BOIIET aBTOMATY BBIIOJHSATH NMPHEM COOOIIEHUI HE3aBHCHMO OT
TOTO, yAaéTCs MM He ynaéTcsl OAHOBPEMEHHO IOCIaTh HEKOTOPOE COOOIIEHHE Ha HEKOTOpHIH BbIxol. Omnpenensercs
KOMITO3MIIMsSI aBTOMAaTOB CHUCTEMbl MO rpady cBs3ed W JoKa3biBaeTcsi €€ acCOLMATHBHOCTh. B 3akimoueHue
paccMaTpUBalOTCs MPOOIEMBI TECTUPOBAHHUS KOMIIOHCHTOB CHCTEMBI.
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