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AnHoTanms. CTaThs MOCBAIIEHA POOIEME TECTUPOBAHUS COCTABHBIX CUCTEM, KOMIIOHEHTBI
KOTOPBIX MOJIETIMPYIOTCSI KOHCUHBIMH ABTOMAaTaMH, a B3aWMOJACIHCTBHE MEXAy HHMH —
00OMEHOM COOOIICHMSIMHA TI0 CHMIUIEKCHBIM KaHaitaM cBs3M. CHCTeMa OINCHIBAaeTCs
OPHEHTHPOBAaHHBIM TIpadoM CBsi3eil, BEpPIIMHBI KOTOPOTO COOTBETCTBYIOT aBTOMaTaM
KOMIIOHEHTOB, a JIyrH — KaHajaMm cBs3u. lIpesmornaraercss BBINONHEHHOH ciemyromas
TUIOTE3a O CBA3AX: rpad CBsA3eil craTmyeckuif, a oToOpa)kaeMas UM CTPYKTypa CBsi3eil He
COZICP)KHUT OLIMOOK. ABTOMAT, HAXOJSLINKCS B BeplIMHE rpada, B KKIOM COCTOSHHH MOXKET
MIPUHUMATH HECKOJIBKO COOOIIEHMIT 0 BXOJHBIM Iyram (He 0ojiee OHOTO 10 KaXKIoH 1yre)
M TIOCHIIATh HECKOJBKO COOOMIEHMI IO BBIXOTHBIM ayraM (He 0ojee OJHOTO IO KaKmoH
nyre). llenplo TecTHpOBaHHWS SIBISETCS IOKPHITHE IEPEXOJ0B aBTOMATOB KOMIIOHEHTOB,
KOTOpBIE JOCTIXKHMBI IIPU paboTe THX aBTOMATOB B cHcTeMe. [Ipeamoiaraercsi, 4To IpH
TECTUPOBaHUU BO3MOXKHO HAOJIOICHUE U3MEHEHHS COCTOSIHUI aBTOMATOB B BepLIMHAX rpada
U coobueHuit Ha ryrax rpada. CHauana paccMaTpUBaeTCs YIPOLIEHHAs MOJCIb CUCTEMBI, B
KOTOPOH LUPKYJIHpPYyeT TOJbKO OAHO coobmenue. Ha e€ mpuMepe mnoKaspIBaeTCs, 4YTO
THIIOTE3a O CBA3AX IO3BOJISIET CYLIECTBEHHO COKPAaTUTh BpeMs TecTupoBaHus. IlomHoe
TECTHPOBAHUE CHCTEMBI aBTOMATOB 0e3 y4€Ta THIIOTE3bI O CBSI3SIX MOXKET II0TPe0OoBaTh YHCIIO
TECTOBBIX BO3/ICHCTBHII MOpsAKA MPON3BEIICHUS YUCENI COCTOSIHUI aBTOMAaTOB KOMIIOHEHTOB,
a ¢ y4€TOM THUIIOTE3BI O CBA3SIX — IMOPsIIKa CYMMBI 3THX 4ncell. [Ipy paBHOM 4nciie COCTOSTHUN
BCEX aBTOMATOB 3TO MAET HKCIIOHEHIMAJIbHOE YMEHBIIEHHE YHCIIa TECTOBBIX BO3JICHCTBHIL.
3arem paccmarpuBaeTcs Oosee o0mast MOJIeNb, KOTJa B CHCTEME MOKET OBITh OTHOBPEMEHHO
MHOTO COOOIIeHHH, HO He Oojee OJHOTO Ha Kaxkaoi ayre. Ompenensercss KOMIO3HIUSL
AaBTOMAaTOB CHCTEMBI M TIOKa3bIBAeTCS, NPH KAKUX OTPAHWYECHHAX Ha aBTOMAaThl HX
KOMITO3UIMS AETePMHHUPOBaHA. [T JE€TepPMHUHHPOBAHHON KOMIIO3MIMH IIpelaraercs
QITOPUTM TEeHEepalH TECTOB, OCHOBAHHBIM Ha (MIBTPAIMM TECTOB, T€HEPUPYEMBIX UL
HOKPBITHS BCEX IIEPEXO0JI0B KOMIIO3HULMHU. TecT 0TOpachIBaeTCsl, €CIIM OH MOKPHIBACT TOJILKO
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TaKHe Mepexo/ibl B KOMIIOHEHTaX CHCTEMBI, KOTOPbIE TTOKPBHIBAIOTCS OCTAIOIMMUCS TECTAMH.
B 3axutoueHue onpeaensaoTcs HanpaBIeHUs JalbHENIINX UCCIEI0BaHUM.

KniodeBble c0Ba: OpHEHTHPOBaHHBIE Tpadbl, MOKpHITHE rpada, B3aHMOIEHCTBYIOIIHE
aBTOMATBI, pacHpe/IeNICHHbIE CUCTEMBI, TECTUPOBAHHE, CETH.

1. BeedeHue

BoJIBIIMHCTBO CIIOKHBIX, 0COOCHHO pacIpeaeIEHHbIX, CHCTEM IIPEACTABISIET CO00M
HabOp B3aMMOJEHCTBYIOIIMX KOMIIOHEHTOB. B JaHHOW cTaTrbe KOMIIOHEHTEHI
MOJICTIMPYIOTCS. KOHEUHBIMM aBTOMaraMM, a B3aUMOJAEHCTBUE — OOMEHOM
COOOIIECHHUAMH MEXJy aBToMaTaMu. MbI OyneMm mpeamnonaraTb, 4TO CTPYKTypa
CBsI3eH MEXIy KOMIIOHEHTAMH MOJAETHPYETCS OPHEHTHPOBAHHBIM TpadoM (Oymem
Ha3BIBATH €T0 2paom ceszell), B BEPUINHAX KOTOPOTO HAXOJSITCS aBTOMATBI, a IyT'H
COOTBETCTBYIOT CHMIUIEKCHBIM KaHalaM Iepeaadyn cooOmeHni. Jlyry MoxHO
MOHMMAaTh KakK o4epe]b JUIMHBI 1, OydepHu3ylomyio coo0IleHne, epeiaBaeMoe 13
aBTOMara B Hayaje JyTd B aBTOMAT B KOHIIe 1yru. Kpome suympennux nyr, To €CTh
JIYT, COCIMHSIONINX aBTOMAThl MEXIY COOOH, CYIIECTBYIOT TaKXe BHeuiHue TYTH,
CBSI3BIBAIOIIUE CUCTEMY C €€ okpyowceHuem. Ecnn Takas gyra BelET N3 OKPYKEHUS B
HEKOTOPBIA aBTOMAT, TO OyZeM Ha3bIBaTh €€ GHeliHeli 6XOOHOU TyTOW, a ecIH JAyTa
BeAET M3 aBTOMaTra B OKPY)XEHHE, TO — GHewHell 6vixooHou nyroit. Ilpm
TECTUPOBAHUM TECT IOAMEHSAET COOOH OKpY)KEHHE: OH IepenaéT COOOLICHUS B
CHCTEMY II0 BHEIIHUM BXOIHBIM AyraM W MPUHHMAeT OT CHCTEMbI COOOIICHUS IO
BHELTHUM BBIXOJHBIM JyTaM.

Msr OyzeM cuuTath, 94TO Tpad CBSA3EH CTATHYSCKHUH, TO €CTh HE MEHSIOMHUICS B
nporecce paboTel cUCcTeMbl. B 3ToM ciydae cuctema (Takxe Kak €€ KOMIIOHECHTHI)
MOXET MOJIETUPOBAThCS KOHEUHBIM aBTOMATOM, MOJIYYalOIIUMCS M3 aBTOMAaTOB-
KOMITOHEHTOB C TIOMOIIBIO MOJXO/SIIIETO OIlepaTopa KOMIO3UIMHY, YYUTHIBAIOIIETO

rpaq) cBs3eii. YacThIO COCTOSIHUS CUCTEMBI SBIISCTCS Ha6op COCTOSIHHI BXOOAIIUX B

2
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He€ aBTOMATOB, MOJTOMY YHUCJIO COCTOSHUN CHUCTEMBbl HE MEHbIE MPOU3BEACHUS
NyNy...Ny, Iae Nj — YUCIIO COCTOSHMIA i-r0 aBToMara, a K — unciio aBromaros. [laxke
€CJIM YYHUTBIBATH TOJILKO OOCIUIICUMbIE COCMOSHUSL CUCTEMBI, TO €CTh TC, KOTOPBIC
JIOCTIKUMBI W3 €€ Ha4aJIbHOTO COCTOSIHHSI, TO WX YHCIIO MOXET UMETh TOT XKe

TIOPSIJIOK, YTO M MIPOU3BEACHUE N1N,...Nk.

CucreMa paboTaeT MPaBUIILHO, €CIIH CTPYKTypa e€ CBS3eH NMpaBWIIbHA, U KaXJIbIi
aBTOMAaT-KOMITOHEHT paboTtaeT mpaBuibHO. OOpaTHOE, BOOOIE TOBOPs, HE BEPHO,
eciii TpeOOBaHMS K CHCTEME He OJJHO3HAYHO OTPENEIIOT e€ CTPYKTYpy, Harpumep,
(yHKIHOHATIbHBIE TPEOOBAHHS K CUCTEME, CBSI3BIBAIOLINE TIOTY4aeMYI0 OT CHCTEMBI
PEAKIHMIO C MOCIEeJ0BATEIHLHOCTHIO TOJABAEMBIX B CUCTEMY BO3JCHCTBHUIL. B nanHoi
CTaThe [ENbI0 TECTUPOBAHMS SIBJSIETCS TOKPBITHE MEPEXOJOB ABTOMATOB
KOMIIOHEHTOB, KOTOpBIC AOCTIDKMMBI OpH paboTe 3THX aBTOMAaTOB B CHCTEME.
[TosToMy, ecnu B CTpYKType CBsi3el HET OMOOK (OyleM Ha3bIBaTh 3TO UnOmMe30tl
0 c6:35X), TO eCTb Tpad CBs3elf aBTOMATOB COBMAJAET C 3aJaHHBIM, TO TaKOE
TECTUPOBAHHE CHCTEMbI CBOJHUTCS K MPOBEPKE MPABHIBHOCTH MEPEXO0B KAXKIOTO
aBTomara. [Ipo0iema B TOM, YTO KaXKIblii aBTOMAT MOXXET TECTUPOBATHCS TOJIBKO
KaK 4acTh CHCTEMbL. DTO 03HAYAET, YTO TECT HE MMEET HEMOCPEACTBEHHOIO IOCTYIIA
K aBTOMATY-KOMIIOHEHTY, ¥ BBIHYXJICH OCYIIECTBISITh TECTOBBIC BO3JCHCTBHS C
NOMOIIBI0 COOOIICHHUH, MOCHUIAEMBIX IO BHEIIHUM BXOJHBIM JAyramM, KOTOpBIC
BEIyT, OBITh MOXET, B JAPyrHe aBTOMAThl. TECTUPOBAHHE KOMIIOHEHTA TaKOM
cucTeMbl moxoxe Ha tectupoBanue B koutekcte ([1], [2], [3], [4]), korma sToT
KOMIIOHEHT PacCMaTpUBAETCS KaKk TECTHpyeMas CHCTeMa, a OCTalbHble — Kak
koHTeKCT. CyIIeCTBEHHOE OTJIMYUE, OJJHAKO, B TOM, YTO B TAKOM KOHTEKCTE TOXKE
MOTYT OBITh OIIMOKH, XOTS, €CJIM BepHa THUIOTEe3a O CBA3SX, TO TOJBKO B

KOMIIOHEHTaX, a He B CIPYKType cBsizedl Mexxny HUMHU. C Ipyroil CTOpOHBI, TaKOe
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TECTHPOBAHUEC MOXKET MPOBEPATh PabOTy cpa3y HECKOJIBKHUX KOMIIOHEHTOB, uepes3
KOTOPBIC MTPOXOIAT COOOIICHUS.

IlockosbKy KOMIIOHEHT TECTHUPYETCS KaK 4acTb CHCTEMBI, HE BCE IEPEXOMbl
aBTOMaTa KOMIIOHEHTa, KOTOpbIE MOXHO IIPOBEpUTH IIpU  aABTOHOMHOM
TECTUPOBAHUU C IMPSIMBIM JTOCTYIOM K KOMIIOHEHTY, MOXXHO I[IPOBEPUTH IIpHU
TECTHPOBAaHUHM CHUCTEMBL. [103TOMY pedp OOJDKHA HATH TOJBKO O OOCHUNCUMBIX
nepexooax aBTOMaTOB, TO €CTh TAKUX MEPEX0aax, KOTOPHIE MOTYT OBITh BBHITIOJTHEHBI
pu paboTe aBTOMAaTa KakK 9aCTH CUCTEMBL.

TecTupoBaHne aBTOMaTa CHCTEMBI (ITOMYYArOIIETOCS KOMIIO3HIIMEH aBTOMATOB
KOMIIOHEHTOB Il 3aJaHHOTO Tpada CBs3eil) oOecrnedyuBaeT MPOXOA IO BCEM
JIOCTHKUMBIM IIEPEX0JlaM aBTOMara cucTeMbl. IIpu 3TOM, KOHEYHO, MPOBEPSIOTCS
BCE JIOCTIDKMMBIE TIEPEXOJibl aBTOMATOB KOMIIOHEHTOB, HO, BOOOIE TOBOPS,
JICNIAeTC MHOTO <(JIUINHEH paboThl». ['MIoTe3a O CBA3SX MO3BOJSIET IMOJIYYUTh
CYIIECTBEHHbII BBIMIPHIII BO BPEMEHHM TECTHpOBaHMs. B cienyromem pasnaene
CTaThbU MPUBEIEH NpUMEP, ISl KOTOPOTO COOTHOUIEHHWE BPEMEHU TECTUPOBAHUS
cucteMbl 0Oe3 yuéra W ¢ y4€TOM TNpaBIIIHOCTH Tpada CBs3eH Takoe ke, Kak
COOTHOIIICHHE TPOM3BEACHUS NiNy...Ng (YHUCIO COCTOSHUN aBTOMAaTa CHCTEMBI) H
CYMMBI YHCEJ COCTOSHHII aBTOMAaTOB-KOMIIOHEHTOB N;+Ny+...+N,. B wactHOCTH,
eciad N1=N,=...=N=N, UMEEM COOTHOULICHUE n‘ u nk, To ecTh 1JIs (PUKCHPOBAHHOIO
yrcina K KOMIIOHEHTOB TOJydaeM SKCIOHEHIMATbHOE YMEHBIICHHE BpPEMEHHU
TECTUPOBAHUS.

B nmanHO# cTaThe mpejyiaraeTcs aarOpuTM IMOCTPOCHHsI Ha0Opa TECTOB, KOTOPBIH
SBIISICTCS.  MOJHBIM  (IIPOBEpsieT BCE IEPEXOJbl AaBTOMATOB KOMIIOHCHTOB,
JIOCTIDKUMBIC TPH pabOTe 3THX KOMIIOHCHTOB B CHCTEME) MPU BBIIIOJHEHUU JBYX

ycmoBmit: 1) BepHa THIIOTE3a O CBA3AX, 2) CHCTEMa JCTEPMHHHPOBAHA.
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JIOTOIHUTENBHO STOT AJITOPUTM OTMpPEEIIsieT HEAOCTHKUMBIE TIEPEX0/IbI aBTOMATOB
KoMIToHeHTOB. [lpeamosiaraercsi, BO-MEPBBIX, YTO HAM HM3BECTHO, KAKHM JOJDKCH
ObITh aBTOMAT KaXJOr0 KOMIOHEHTa (3amaH rpad mepexoJoB aBTOMaTa C
TOYHOCTBIO [0 H30MOp(U3MA) M HMMEHHO 3TO JOJDKHO MPOBEPSITHCS MPHU
TECTUPOBaHHH. BO-BTOPBIX, TECT MOXKET HAONIOJAaTh KaK COCTOSIHUSI aBTOMATOB
CHCTEeMBI, TaK U COOOILNCHHs, NepenaBaeMbie o ayram rpada cesseil. [lockonbky
Mbl HE HallaraéM HHUKaKHUX OrPaHMYCHUI Ha CBA3HOCTh TI'padoB MEPEXOI0B
ABTOMATOB B BEpIIMHAX, BOOOIIE TOBOPS, MOJHBIM HAOOP TECTOB COAEPXKHUT OoJee
OJTHOTO TeCTa. DTO 03HAYAET, YTO TPeOYETCs PecTapT CHCTEMBI MPH MEPEXOJIE OT
OHOTO TecTa K JApyromMy. Takde MPEANONOKEHHsS MOTYT ObITh ONpaBIaHbI,
HampuMmep, NpUd HMMUTAMOHHOM TECTHPOBaHWHM ammapartypbl (Simulation-based
verification) (cm. mHapumep, [5]).

CHauana, B pasjieie 2, U3y4aeTcs MpoCTeiinas MoJIeb CUCTEMBI, B KOTOPOH MOYET
LHUPKYJIUPOBATh TOJNBKO OAHO coobinenue. Jlaérest dopmanbHoe ompeeneHue
aBTOMara KOMIIOHEHTa W  (opMynupyroTcsi TpeOOBaHUsI K  aBTOMATy,
obecrieunBaoIIMe ISTEPMUHU3M CHCTeMbl. B pasnene 3 MoJenb YCIOXKHSACTCS: B
CHCTEME MOXET OJJHOBPEMEHHO Mepe1aBaThCsi HECKOJIBKO COOOIICHHUH, HO He Doliee
OJHOTO cooOleHus 1o Kaxaod xayre rpada ceszed. Daxruyecku, gyra
npeJcTaBIsieT coboi ouepenb coobmieHuid amuabl 1. Obobmaercs (GopManbHOe
ornpejieJieHHe aBTOMAaTa KOMIIOHEHTa U (hOPMYIHPYIOTCS TPeOOBaHMS K aBTOMATY,
obecrieynBaONIMe JETEPMHHU3M  CHCTEMbL. B 3aK/IIOYEHMH  HAMEYarlTCs

HalpaBJICHUA ﬂaHLHeﬁmHX HCCHCZ[OBaHHﬁ.



. bBypnonos, A. Kocaues.

TecTupoBaHHe CHCTEMBI aBTOMATOB C Oyhepu3anneii cooOmeHnH.

Tpyner UacTHTyTa cucTemMHOTO Tporpammuposanns PAH, Tom 28-1, 2016 r., ISSN
2079-8156, c. 103-130.

38 c1p.

2. Nepsast Modesib: MosIbKO 0OHO coobujeHue 8 cucmeme

2.1. OnpepeneHne moaenu

B aTOoM paszmene MBI paccCMOTPHM IPOCTEHIIYI0 MOJENIb CHCTEMbI, B KOTOPOH
OJTHOBPEMEHHO MOXET OBITh He 00jiee 0JJHOTO COOOLIEHUS; €CIIM B JaHHBIH MOMEHT
BpPEMEHU COOOIIEHHE €CThb B CHUCTEME, OHO HaXOAMTCs Ha ofHoil u3 ayr. Ecim
coobieHne mepemaéress Mo BHYTpEHHEH ayre a—b, To oHO ObUIO MOCIAHO
ABTOMAaTOM, HAXOMSIIMMCS B Havane Oyrd, B BepUIMHE &, W OyIeT NPUHATO
ABTOMATOM, HAXOJSIIIAMCS B KOHIIE OyTH, B Bepiuie b. Eciu a—b — 10 BHEmIHSSN
BXOJHAs JIyra, TO & — 3TO OKpYXeHHe cucteMbl. Ecmu a—b — a10 BHemHss
BBIXOJIHAS Z[yTa, TO b — 3TO OKpy»KEHHE CHCTEMBI.

Hdyry Oymem paccMmarpuBarh Kak odepens coobmeHwmid miuuHH 1. [lo gyre mMoxHO
HOCJIaTh COOOILIEHUE, eciu yra nycma (Ha Heil HeT CoOOIIeHHH), ¥ C AYTH MOXHO
NPUHATH cOOOIIEHHE, ecii ayra He Imycra (Ha Hed ecTb coobuienue). [Ipuanmas
cooOlIeHNe C JIyrd, aBTOMAT MOXKET caM I10ciaTh JII000e COOOLIEHHE, HO TOJIBKO
OJIHO U TOJIBKO MO OJHON M3 YT, BBIXOJSIIMX U3 €r0 BEPIIUHBIL, IHOO HE MOCHUIATH
HHUKaKHX COOOIEHUH. ABTOMAT MPE/II0JIAraeTcs IeTEPMUHUPOBAHHBIM.

BBeném GopmanbsHble onpesenaeHust 1 0003HaYESHUs.

Aemomam — 310 Habop (S,X,Y,T,Sy), rae

S — KOHEYHOE MHOKECTBO COCMOsIHUL aBTOMATa,

X — MHOXECTBO cmuMmy106 (BXOJHBIX CHMBOJIOB),

Y — MHOKeCTBO peaxyuti (BBIXOJHBIX CHMBOJIOB),

T < SxXxY XS — KOHEYHOE MHOYKECTBO 1epexo008 aBTOMATa,

Sp € S — HauanvHoe cocmosnue.
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O6o03HaunM: S—2xly >t 2 (s,x,y,t) €T, s—2xly—> 2 F (s,x,y,t) €T.

Tawm, rae 370 He NPUBEAET K HEJOPA3yMEHHIO, MBI OyJeM B HE(OPMaIbHOM TEKCTE
cam mepexon (S,XYy,t) obGosnauars crpenkoin S—?X!y—»t. CocrosHue t Oymem
Ha3bIBaThb NOCMCOCHOAHUeM Tiepexona. ECIM moCcTCOCTOSHHE HECYIECTBEHHO, TO
nepexoz (S,X,Y,t) 6yaeM 06o3HayaTh cTpenkoi S—2x!y—».

B rpade cBsi3eil MBI TOMycKaeM KpaTHbIe IYTH, Ul Pa3indeHUs] KOTOPBIX Oyaem
noMevaTh UX CUMBoJaMu u3 aidasura Z. st mpocTOTHI OyaeM CYMTATh, YTO BCE
BepiunHbl nepenymepoBansl 0,1,2,...K, rme K — umcio BepuinH, B KOTOPBIX
HaXOJIATCs aBTOMATEL, a HoMep 0 COOTBETCTBYET OKPY)KEHUIO.

I'pagh cenzeil onpepensiercs kak vadop G = (V,Z,E), rme V = {0,1,... k} — xoneunoe
MuokecTBO BepunH, E < (VxZxV)\ ({0}xZx{0}) — koneunoe MHoxecTBO ayr (y
okpyxenust 0 mer mayr-merens). Jyra (V,z,w) 3ama€rcsi HavaIbHON BEPIIUHOMN V,
NOMETKO# Z W KoHewyHOH BepummHOit W. Jyra (0,2,w) — BHewIHssI BXOAHAs Ayra,
(v,z,0) — BHewHsst BBIXOAHAS qyra. O603HAYMM:

I, ={(a,z,v)|(a,z,v) €E} — MHOXeCTBO OyT, 3aKAaHYMBAIOLIUX B BEPLIKHE V,

O, = {(v,z,b)|(v,z,b) eE} — MHOX€ECTBO OyT, HAYMHAIOLINXCS B BEPLINHE V.

Ecin v=0, To ly— 3T0 MHOXECTBO BHEIIHHX BXOAHBIX Iyr, Og— 3TO MHOXECTBO
BHCIIIHUX BBIXOJHBIX Ayr. MHOXeCTBO BHYTpeHHHX Ayr paBHO E\ (Iy «Op). Cm.

puc. 1.
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—» BHEIIHAA qyra

m e BHYTPEHHSASA 1yTA

‘ H @ OKPYKCHHUC

0 ‘ ' i-ast BepIIMHA
e e C aBTOMaTOM

Puc. 1. I'pagh cesseti cucmemvt asmomamos.
0O0603HaunM uepe3 M MHOXKECTBO BCEX BO3ZMOXKHBIX COOOUeHUI.
Cucrema aBTOMaToB — 3TO rpad) cBs3eil G, st KOTOPOro KaKAOW BepIIMHE V
nocTaBjieH B cooTBeTcTBUE aBTOMAaT (Sy, Xy, Yy, Ty,Syo) TAKOIA, 4TO
Xy ={@i,m)|iel, &meM}uY,={(jm)|jeO, & meM} v {Z}.
Takoit aBromar OymeM Has3biBaThb aBTOMAaroM B  Bepmuee V. Jlyry,
3aKaHYMBAOIIYIOCS B BEpIIMHE V, OyleM Ha3bIBATh 6X0OHOU Oy20ll asmomamd, a
JIYTy, HQUMHAIONIYIOCS B BEPIIHHE V, OYeM Ha3bIBATH GbIXOOHOU 0Y20il A8MOMAMA.
Crumyn aromara — 310 mapa (i,m), rme | — BXoamas ayra aBToMara, a m —
coo0IieHre, MPUHUMAEMOE aBTOMATOM TI0 3TOM jayre. Peakiis aBToMara — 3TO
6o mapa (j,m), e j — BEIXOIHAS Jyra aBTOMaTa, a M — coOBIIeHHe, TOChLTaeMOe
ABTOMATOM [0 3TOW Jiyre, JIMOO MyCTOE MHOKECTBO £J, O3HAYAIOIIEE OTCYTCTBHUE
peakuuu (ycrasi peakiqusi).
OmnpenennuM yCIOBHS BBINOIHEHUS Iepexona aBromara S—2?xly—t: 1) aBromar
HAXOJHUTCSA B COCTOSHHM S, 2) eciu X = (i,M), TO Ha BXOMHOH Jayre i HAXOJUTCS
coobmenre M, 3) ecimu Y=(j,m’), To BBIXOAHAs jayra | HO/OKHAa OBITH IycTa. B

PE3YNbTATE BBINIOJTHCHUA IICPEXOJa aBTOMAT OKa3bIBACTCA B ITOCTCOCTOSHHUU t,
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cooOleHre M NPUHUMACTCS. ¥ BXOJHAS Jyra | CTAaHOBHUTCS IyCTOH, ecnu y=(j,m"),
TO Ha BBLIXOJHYIO JYTY j MOMEMIAETC COOOMmEeH e M.

3ameuanue 1: 0 ayre-nerie. B paCCManHBaeMOﬁ MOACIN B CUCTCMC HMECCTCA HC

Goiiee oguHoro coodmenus. [osromy mepexon s—2x!ly—t, rue x = (i,m) u y=(j,m’),
HE BBIMOJHACTCS W3-3a TOTO, UTO BBIXOJHAS IyTa ] 3aHATA, TOIBKO B TOM CIydae,
KOTma I1=j, TO ecTh COOOIIEHHE MODKHO OBITH IOCIAHO TI0 TOH jKe Jyre-TeTie, ¢
KOTOPOI NpUHUMAaeTcs coodmienne. Takoi nepexon (Koraa i=j) HUKOTIa HE MOXKET
OBITh BBIMIOJIHEH, U €10 MOKHO YIAIHThL U3 aBTOMATA.

ByzemM roBopuTh, 4TO aBTOMAT OemepMUuHUpO8an, €Ciii B IOO0H MOMEHT BpPEeMEHH
MOJKET BBIMOJHUTLCS HE 0OJice OJHOTO ITepexoja. B 3Toi Mojenn 3TO o3HayaeT,
YTO COCTOSIHUE M CTHMYJ OJHO3HAYHO ONPEIENAIOT PEaKIMI0 W MOCTCOCTOSHHUE
nepexona: ¥5,X,y,y LU (s—2xly—t & s—2xly" -7 = y=y* & t=t"). Jlanee B 5TOM
paszese MbI OyJIeM paccMaTpUBaTh TOJBKO IETEPMHUHHPOBAHHBIC ABTOMATHI.
Cocmosinuem cucmemvl SBISICTCS HA0Op COCTOSHHN €€ aBTOMAroB Si,S,...,Sk a
TaKXKe yKa3aHWe, MMEETCs JIM Kakoe-THO0 COOOIIeHne Ha AyTe U, €CIIM UMEETCS, TO
KaKkoe MMEHHO W Ha Kakoil ayre. ®OpMaibHO COCTOSHHE CHCTEMBI — 3TO HabOp
(51,52,.+-,Sk,(€,M)), eciu Ha xyre € ecTh cOOOIIEHHE M, UK HAOOP (S1,5,...,5,L), €CIH
HET COOOUIEHUH Ha Ayrax. QuuanbibiM COCTOSHHEM CHCTEMBI Ha30BEM Takoe €&
COCTOSIHHE, KOTJIa Ha Jyrax HET COOOMIEHHH, TO €CTh COCTOSHUE BUAA (S1,Sy,...,5k, ).
HavajabHBIM COCTOSTHHEM CHCTEMBI OyJeM CuHuTaTh (UHAIBHOE COCTOSHHUE, B
KOTOPOM KaKIbli aBTOMAT HAXOMUTCS B CBOEM HAUYAILHOM COCTOSIHMH, TO €CTh
cocTostHue (S10,520,---55k0, D)

TecTupoBaHHe TAaKOW CHCTEMBI BBHIMOJHAETCS Kak I10jada B CHCTEMY BHELIHUX
CTHMYJIOB, TO €CTh IMOCBUTKA COOOIICHHI W3 OKPYXEHHS 110 BHEIIHAM BXOIHBIM

myram. s Toro 94ToOBI OCTAaBaThCS B paMKax MEepBOM mMozenu (He Oojee OTHOTO

9
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COOOIICHUST B CHUCTeMe), Ha paboTy OKpyKeHHUs (TecTa — NP TECTHPOBAHUH)
HAJIOKUM OTpaHUUYEHHE: OKPY)KEHHE MOXKET MOJaBaTh BHEIIHUI CTUMYI TOJBKO
TOrJa, KOTJa CHCTEMa HAXOAUTCS B (DUHATHHOM COCTOSHUM (B YacTHOCTH, B
HAYaJbHOM COCTOSIHHHM), ¥ TOJBKO OJMH BHEIIHHA CTHMYJ, TO €CTh TOJBKO OJHO
coolmeHne 1Mo OAHOHM BHemHeH BXomHOW mayre. Eciam coobmienme B cucTeme
HAXOJWTCS Ha BHEIIHEH BBIXOJHOW Iyre, TO TaKOE COCTOSIHHE He(WHAIBHO, HO
OKpY>KEHHE MOXKET MPHUHATH 3TO COOOIICHNE, OCBOOOINB IyTY W MEPeBes CUCTEMY
B (MHATBHOC COCTOSHHE, a IOTOM IIOCBUIATh CICAyIommi cTuMyn. OTHaKo
OKpYXEHHE MOXET MOAaTh BHEIIHWWA CTUMYJI U B TOM cllydae, KOTJa CUCTeMa
MEPEXOJUT B (PUHATIBHOC COCTOSHHE WU3-3a TOTO, YTO HEKOTOPBIH aBTOMAT
MPUHUMAET CTUMYJ, HO HE BBIJAET HHUKAKOM peakuuu. OYEBHIHO, UYTO JUIA
JETePMUHHAPOBAHHBIX aBTOMAaTOB B BEpIIMHAX TaKOE OTpaHUYEHHE Ha IIOBEICHUC
OKpY>KEHHSI TApaHTUPYET, YTO CHCTEMa He BBIMICT 3a MpeNeNbl epBOi MOJENH, TO

€CTb B CHcTeMe OyJeT MUPKYIHPOBaTh He 00Jiee OTHOTO COOOIICHHUS.

2.2. Komno3uuma aBTomaTtoB CUCTEMbI

OmpeznenuM KOMIIO3HIIMIO aBTOMAaToOB IIPU 3aJlaHHOM TIpade CBsA3eil, TO ecTh
aBTOMAT, OTPAXAIOIMH pabOTy CHUCTEMBI B ILIEJIOM. BXONHBIMH IyraMu Takoro
aBTOMAara CUCTEMbI OYJyT BHEIIHHE BXOJHbIE AYTH M3 lp, @ BBIXOAHBIMH IyramMu —
BHelIHue BeIxoaHble 1yru U3 Op. CocTosiHuS cUCcTeMbl onucaHsbl Bblie. Ilepexomsl
JeJIATCS Ha TpH Kateropuu: 1) nepexoowvt no cmumynam (63 Bblaa4u peakiyy) BHIa
s—2X1Tt, 2) nepexoowr no peaxyusm (6e3 npruéMa CTUMYIIOB), KOTOPBIE OyIeM
NOHUMATh KaK MEpeXoJbl MO IMYCTOMY CTUMYIy M 00o3Ha4yath S—?ly—t, 3)
sHympennue nepexodvt (0e3 mpruéMa CTUMYIOB M 0e3 BBIIAYM PEaKLHil), KOTOPHIC
MBI Oy/ieM HOHMMAaTh KaK IEPEXOAbI 110 IyCTOMY CTUMYIIy M IIyCTOW peakLH BHIA

S—2 OV J—t, KoTopbIe I KPAaTKOCTH Oyaem 0003HadaTh S—t.
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Onpenenum nepexoap GopMaIbHO:

1.

B ¢QunansHoM cocTostHUM S=(S1,Sp,...,5,&)) OKPYKEHHE MOKET IOCIATh TI0

000t BHeIIHeW BXoJHOW ayre moboe coobuienne. Ecnm mo ayre (0,z,v)

MOCBIIAETCS COOOMIEHHE M, TO MOCHIIAETCS HEMYCTOM BHELIHHN CTHMYJI

x=((0,z,v),m). B aBTomare cucTeMbl uMeeTcs mepexon S—X!' It rme

t=(51,52,---,5k,X) HEUHATIBHOE COCTOSTHHUE.

Ilyctes ecTh HeduHATBHOE COCTOSIHHE S=(S1,S2,...,5k((V,2,W),M)), Korma Ha

BHEIIHEH BXOJHOM MM BHyTpeHHel ayre (V,Z,W) HaXoAuTCsA CoOOLIeHHe M, TO

ectb W20. IlycTe aBTOMar B BepiIMHE W HAXOAUTCA B COCTOSHHH Sy

O6o03uaunm x=((v,z,w),m).

2.1. TIycTb B COCTOSIHHH S, HMEETCS MEPEXO M0 MPUEMY CTHMYJa X, TO €CTh
nepexo Buaa S,—2x!y—t,. Eciu peakius oTcyTCTBYET, TO €CTh Y=, TO
B aBTOMAare CHCTEMBI MMEETCS BHYTPEHHH#M nepexon S—»t, rae
t=(51,52,++Sw-1otwsSw 110,k ) puHANBEHOE cocTostHme. Ecmm  peakims
y = ((w,z,w’),m’), To B aBTOMare CUCTEMBI UMEETCS BHYTPEHHHI MEPEXO]
s—t, rme t'=(51,52,Sw-t,twsSwss-,SkY) HEDHUHAIBHOE coOCTOsSHME. B
COCTOSIHHH S OYIET TOJIBKO OIMH IEPEXOI.

2.2. TlycTb B COCTOSHHMH S, HET Mepexoja 10 CTUMYIY X, TO €CThb, HET
nepexoza sumaa S,—2?X!y—t,. Torma B COCTOAHHU S HET IIEPEXOIOB.

Ilycte ecth HepuHANBHOE COCTOSHHE S=(S1,S,...,5,((V,2,0),m)), Kkorma Ha

BHemHel BexogHou ayre (v,z,0) Haxomurcs coobiienne M. OGo3HAYMM

y=((v,z,0),m). B cocrosHHH S HH OJMH aBTOMAT HE BBIMOJHACT MEPEXOa,

OKPY)KEHHE HE MOXET IOCIaTh CTUMYJ, TaK KaK COCTOSIHUE HE (DUHAILHO.

EAMHCTBEHHOE, YTO MOMET MPOU30WTH, 3TO MPUEM OKPYNKEHHUEM HEMyCTON

BHEIIHEH pPeakiyy Y, TO eCTh coobIeHus M, Haxomaserocs Ha ayre (v,z2,0). B
11
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aBTOMAare CHCTEMbI JTO H300paxkaeTcs mepexogaoMm S—2ly—t,  rae
t=(51,52,..,5¢, &) HUHAIBHOE COCTOSIHUE.
Bynem roBopuTh, YTO KOMITO3UIHSI aBTOMATOB CHCTEMbI 0emepMUHUPO8And, eCliv B
KaXJIOM €€ COCTOSIHUM OIpejiejieH0 He 0ojee OJHOro mepexoja MO KakIOMy
CTUMYI1y, BKJIFOYast CTUMYJT £,
Yr1Bep:kaenne 1: B nepBoii MoJieii KOMIIO3UIUS JETSPMUHUPOBAHHBIX aBTOMAaTOB
JICTEPMHUHUPOBAHA.
JlokazarenbcTBo: V3 popMasibHOTO OIpeaeeH s epexo10B KOMIIO3HUIUH CIIeIyeT
(puc. 2): 1) W3 ¢puHAIBHOTO COCTOSHHUS BEAYT TOJBKO mepexonsl S—2X! -t mo
HEMyCThIM CTUMYyJaM 0e3 BbIaud peakiuii — He Ooliee OJHOrO Mepexoja IIo
K&KIOMY CTHMyny. IlOCTCOCTOSIHHE Takoro Tmepexona HeduHansHO. 2) U3
He(HMHAIBHOTO COCTOSIHMA BeAET He OoJjiee OJHOTO Inepexona: JMOo BHYTPEHHHH
niepexoa S—t ¢ QUHATEHBIM WM He(QUHATHHBIM TIOCTCOCTOSTHUEM, JTHOO Tepexo
s—?ly—>t 06e3 mnpuéma cTUMyNna C  BbIaYed peakiuu U (PUHAIBHBIM
MMOCTCOCTOSIHUEM.

VYT1BepxaeHue q0Ka3aHo.

ol He Bonee duHanbHOE cocTOsIHME
X\ 1 nepexoda

% He(pMHAIBLHOE COCTOSHHE
ﬂ 'l

_@» IEPEXOo/ 110 CTUMYITY X
0e3 BeIIaYM PeaKIuu
20y i
—» nepexon 0e3 mpuéma cTumyJia

C BBIJAYEH peakiuu
He bonee I nepexooa A peakuuy

10 KAHCOOMY CHIUMPTLY — BHYTPEHHHUI NEPEX0]l

Puc. 2. Tunvi cocmosnuii u nepexo006 agmomama Cucmembl.

12
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Tynuxom Ha30BEM He()HMHAIBHOE COCTOSHHE CHCTEMBI, U3 KOTOPOTO HET Iepexopa.
Cocmosanuem 3ayuxiuganus Ha30BEM He(DUHAIBHOE COCTOSHHE CHUCTEMBI,
pacriojio)keHHOE Ha LUKJIE TIePEeXOJ0B, HE IPOXOoJsuieM 4epe3 (UHaIbHBIC
coctostHusl. OdYeBHIHO, BCE MEpPEXOApl TAaKOro NWKiIa BHyTpeHHHe. Ha pumc. 3
M300paXeHbI BO3MOJKHBIE IIEMOYKHM IIEPEXOJ0OB TOCIHEe TpHEMa CHCTEMOH

(HeIrycTOr0) BHEITHETO CTHMYJIA.

CTUMYJIbL peakuusa

—{i—>(a)
v om puHaILHO20 COCMOAHUA

. K (DuHanbHOMY COCMOAHUIO
H (@]

MYRuK

Puc. 3. Tunvl yenouek nepexo0og 6 cucmeme nocie npuéma cmumynd.

sayuKkiueanue

Hamuuue mycroro ctumyiia, TO €CTh JOMOJHUTEIBHBIX BHYTPEHHHUX MEPEXOI0B U
MEepex0I0B MO BblAadye peakiuu 0e3 npuéma CTUMYIIA, OTIIMYAET aBTOMAT CHCTEMBI
OT TOTO THIIA ABTOMATa, KOTOPBIA MBI ONPEICIMIN BBIIIC KaK aBTOMAT B BEPIIHHE.
OpHako aBTOMAT CHUCTEMBI A MOXKET OBITH C TMOMOIIBIO CIEAYIOMIEH MPOIEeTypHI
@unanuzayuu T npeobpaszoBan k aBromary f(A) Toro ke THma, YyTO aBTOMAaT B

BEpILUHE:

1) Tlemouka mepexonoB S—2X !> 20yt Benymas u3
(hMHATBFHOTO COCTOSHHSA S B (PMHATBHOE COCTOSIHUE t; 3aMEHSCTCS Ha OJHH

nepexox S—?X;ly ;.
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2) llemouka mepexomoB S—2X!J—>—...>t,, Bemymas u3 (QUHATEHOTO
COCTOSIHHSL S B (DMHAIBHOE COCTOSHHE 1, 3aMEHSETCS Ha OMWH MEPEXO.
S—2X,1 D —t,.

3) Llemouka mnepexomoB S—2X3!J—>—... >3, Beaymas w3 (QuHATBHOTO
COCTOSIHUS S B TYMHKOBOE HE(DUHAIBLHOE COCTOSIHUE {3 3aMEHSIETCSl Ha OJIMH
nepexon S—2Xz! I—ts.

4) TIlenouka mepexoJoB  S—2XJT—>—.. . t—>... >, Beaymas  wu3
(DMHANBHOTO COCTOSIHMS S B HE(UHAIBHOE COCTOSIHUE 3AI[MKIMBAHUS 1 C
OJTHOKPATHBIM TPOXOJIOM [0 I[MKIY 3aMEHSETCS Ha OJMH IEPEXO0jl
S—2X41 DY, Bornee cTporo: B MOCIICAOBATEIBHOCTH COCTOSIHHH 3TOM
[EMOYKH MEPEX0]] KaXI0€ COCTOSHHE, KpoMe ty4, BCTpEdaeTcsi 1Mo OAHOMY
pasy, a cocTostHuE {4 1Ba pasa.

Cocrostaus t; u t, ¢uHanmeHble, a cocTostHus U3 W 1, mocie QuHamu3zanuu OymyT
TYNIUKOBBIMH, T.€. B HHUX HET HHUKaKHX IEepPexomoB. ABromar A OyaeM Ha3bIBaTh
He(UuHAIbHOU KOMNO3uyuel aBTOMaTOB KOMIIOHEHTOB, a aBToMaT f(A) — gunanvhoil
xomno3uyuei. ByneM TOBOPHUTH, YTO JIBA aBTOMATA 9KEUBALICHMHbL, €CIIA JTH000H
HAOOp TECTOB, MOKPBIBAIOIIUI BCE JOCTHIKUMBIE MEPEXOJbI OJHOrO aBTOMATA,
MOKPBIBAET BCE JIOCTHKUMBIE IEPEXOIbI PYTOro aBTOMara.

Yreepaxaenne 2: Gunanpaas kommo3unus f(A) neTepMUHUPOBAHHBIX aBTOMATOB
JICTEPMUHUPOBAHA W SKBUBAJICHTHA HE(PUHATBLHON KOMITO3UIIUH A.

JlokazatenbcTBO: [1OCKONIBKY B He(UHAIBHOW KOMMO3WIMU A U3 (QUHAIBLHOTO
COCTOSIHUSI BBIXOJUT HE 00Jiee OJHOr0 MEpexoja Mo KaKJAOMY CTHMYIY, 3TO Ke
oyner u B aBTomare f(A). B aBromare f(A) HeuHanbHBIE COCTOSHUS aBToMaTa A,
OCTaBIIHECS JTOCTH)KAMBIMH MOCIC (DHHAIU3AINK, SIBITIOTCS TEPMHHAIBHBIMH.
IosTomMy ¢unanbhas xommosuims f(A) merepmubupoBanHa. U3 HepHUHAIBLHOIO

14
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COCTOSIHMSI He()MHAJBHOW KOMIIO3MLIMHM BBIXOJUT He Oojiee OJHOro Iepexoja.
[TosTOMY mpM TeCTHPOBaHWM MPOXOA KAKOW-THOO IETIOYKH NEPEXOA0B B aBTOMATE
A u3 Tex, 4TO yKa3aHbl B TpoOLeAype (HUHATM3AIMH, BbI30BeT B aBromare f(A)
MIPOXOJ] COOTBETCTBYIOIIETo nepexona. 11 HaodbopoT, mpoxox mepexosia B aBTOMATe
f(A) cooTBeTCTBYET MPOXOIY COOTBETCTBYIOIICH LIETIOYKH MIEPEXOIOB B aBTOMare A.

Cnenosarensho, A u f(A) 5KBUBaJeHTHEI.

VYTBepKIeHUE T0KA3aHO.

2.3. NeHepauuns TecToB

Ilenmpi0 TECTUPOBAHUS PAaCcCMATPUBAEMON CHCTEMBI aBTOMATOB SIBJIICTCS MMOKPBITHE
BCEX JIOCTIDKUMBIX TIEPEXOJIOB aBTOMATOB KOMIIOHEHTOB CHCTeMBL. MHorma
MPUXOJUTCSA pPa3IWyaTh TECT KaK KOHEYHYIO IOCIE0BATEIHLHOCTh TECTOBBIX
BO3ACUCTBHUH HA TECTUPYEMYIO CHCTEMY M TECT KaK IPOTrpaMMy, PEaTH3yIOIIYI0 3TH
TECTOBBIE BO3JIEUCTBUS, UM MOJEIb TaKoil mporpaMMebl. Tam, rie no KOHTEKCTY He
SICHO, YTO HMEETCS B BHIY, Mbl OylIeM B MEPBOM Ciyd4ae IHCATh MeCmosdst
nociedogamenvHocmy. B TEepBOW MOJENU TECTOBAs IMOCIEIOBATEIBHOCTh — 3TO
MOCJIEIOBATEILHOCT CTUMYJIOB, MOJABAEMBIX K3 TecTa (IMOJAMEHSIOIIEro co0oi
OKpY’KEHHE) B TECTHPYEMYIO CHCTEMY.

CTUMyJ MOXXHO TIOAATh B CHCTEMY TOJIBKO B (DMHAIBHOM COCTOSIHUU. Ecim cTumMyn
NPUBOIUT CHUCTEMY B HE(PHUHAIBHOE COCTOSHHE, NPH KOTOPOM COOOIIEHHE
HAXOIMTCS Ha BHEIIHEH BBIXOMHOW Iyre, TeCT NOJDKEH CHadajla MPHHATH 3TO
coo0mIeHne, a MIOTOM MOJATh CIAEeTYIONUi cTuMy. [locKoIbKy Takne IeHCTBUS Kak
npuéM TECTOM COOOIICHHS C BHEITHEH BBIXOIHOM TYrM OYEBUIHBI U 00S3aTEIBHEI,
MBI OMTyCKaeM YKa3aHHs Ha HUX B TECTOBOU MOCIEA0BATEIbHOCTH.

Kakue npoBepky BBITIOTHIIOTCS TPU MPOroHe TecTa? B (UHATBHON KOMIO3HIIUU

nepexony S—2?xly—>t, rme X#CJ), COOTBETCTByeT II€MOYKA MEPEXOJ0B B
15
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He(pUHANTBHOM KOMIIO3UIIHK. [1epBEIii B IemouKe Tepexo umeeT BUI S—2X! D>t u
o3HavaeT g X=(i,m) pa3MerieHre TECTOM COOOIIEHHsS M Ha BHEIIHEH BXOIJHOM
ayre i. Tlocnenuuii B 1enouke mepexox uMeer BuA S —2y—t u aus y=(j,m’)
O3HAUaeT repenayy cooOIIeHns M ¢ BHEITHEN BEIXOAHOM ayrH j B TecT. OcTanbHbIe
HepeXobl BHYTPEHHHE W HMMEIOT BHI S —»t, TOJBKO Takue IEPEXOIbl HYXKHO
TPOBEPSITH, TIOCKOJIBKY TOJBKO MX BBIMOJHEHHWE O3HAYAET BBITIONHEHHE MIEPeXoa B
KakoM-T100 aBTOMaTe-KOMITOHEHTe (HO He Ooiiee, yeM B omgHOM). IIpoBepsiercs,
BBITIOJTHUJT JIK OTOT aBTOMAT KaKOW-THOO0 Mepexoj WM HET, W TPABHIBHO JIH 3TO.
Ecan aBroMar BBHIMOJHWI Tepexoa (M 3TO TNPaBUIBHO), TO TpPOBEPSETCH,
NPABHJILHYIO JIM PEAaKIMI0O aBTOMAT BHIJAA, W NPABWILHO JIH W3MEHHJIOCH €r0
COCTOSIHHE.

IIporon TecTa TOKPHIBAET HEKOTOPOE MHOMECTBO IEPEXOJ0B ABTOMATOB
KOMITOHEHTOB CHCTEMBI. ITOCKONIBKY CHCTEMa JIETEPMHHHMPOBAHA, 3TO MHOXECTBO
OJJHO W TO K€ MpPHU PasHBIX MPOrOHAX JaHHOrO TecTa (C PECTapTOM MEXKIY
MPOTOHAMHM), TOITOMY TECT JOCTATOYHO MPOTOHATH OAWH pa3. Msl Oymem
paccMaTpuBaTh TOJNBKO KOHEYHBIE HAOOPBI TECTOB, MOCIE 3aBEpIIEHHs MPOTOHA
OJIHOTO TECTA BBITIOIHACTCS PECTAPT CHCTEMBI M MIPOTOHACTCS CIICIYIONIHHA TECT 13
Habopa. HaGop TecTOB TMOKpBIBaET MHOXECTBO IEPEXOJ0B  aBTOMATOB
KOMIIOHEHTOB, KOTOPOE SABISETCS 00BbEANHEHUEM MHOXKECTB MEPEXOI0B ABTOMATOB
KOMITOHEHTOB, TOKPHIBAEMBIX TECTaMU M3 3Toro Habopa. HabGop TecToB Oymem
HA3bIBATh NOAHBIM, €CIIA OH TOKPHIBAET BCE MEPEXOLI ABTOMATOB KOMIIOHEHTOB,
JNOCTIDKMMBIC TIpH paboTe O3THX KOMIOHEHTOB B cucTeMe. CTaBHTCSA 3amada
reHepaIiy MOJHOTO Habopa TeCToB.

Juis pemieHMs STOW 3agadd MBI TIpeIIaraeM HCIOJB30BAaTh JIO00H anroputM

Te€HEpanun IMOJHOTO Ha60pa TECTOB IS OQHOTO aBTOMaTa. Takux AJITOPUTMOB
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NPE/IOKEHO JIOBOJILHO MHOIO, 10 CYTH, OHHM CBOZSTCS K IOCTPOEHHIO Habopa
MapIIpyTOB, MOKPHIBAIONIMX Trpad IEpPexoJ0B aBTOMAra, IOCTHXXHMBIX H3 €ro
HAYaNbHOTO COCTOsIHUS (CM., Hampumep, [6]). B kauectBe Takoro aBTOMara s
HAIIFX I1eJel BEIOMpaeTCs aBTOMAT CHCTEMBI, TIOJTy4aeMbIi C IIOMOIIBIO OTTHCAHHOM
B NIPEIBIAYIIEM ITOpa3eiec KOMIIO3HIIMH aBTOMATOB. [IOHATHO, 4TO ITOKpBIBas BCE
JOCTHKHAMBIC TEPEXOJbl KOMITO3HIIHOHHOTO aBTOMAaTa CHCTEMBI, MBI IIOKPHIBAEM
BCE TOCTIKMMBIE TIEPEXO0/IbI aBTOMATOB KOMIOHEHTOB. OJJHAKO Takoi HabOp TECTOB
MOXET OKa3aThCsl CHJIBHO W30BITOUHBIM JUIS PEIICHHs Halleld 3aJaud: TOKPBITHE
BCEX JOCTH)KUMBIX IEPEX0JI0B aBTOMATOB KOMIIOHEHTOB HE 00s3aTelbHO Tpedyer
MOKPBITUS BCEX TOCTHMXKUMBIX IIEPEX0J0B KOMIIO3UIIMOHHOTO aBTOMATa CHCTEMBI.

[TosTomy mnpemiaraercss B IpoLECCE I'€HEpalUM IIOJHOTO Habopa TECTOB s
KOMIIO3UI[MOHHOTO aBTOMAaTa CUCTEMBl HPUMEHATH npoyedypy @uismpayuil,
KoTopas OyneT oTOpachlBaTh <JIMIIHME» TeCcThl. OTa mpoleaypa paboraer
crenyromuM obpasom. C camoro Hadama co3Ja€Tcsl ITyCTOE MHOXECTBO |
TeHepUPYEeMOro Habopa TECTOB U MHOKECTBO P HETIOKPBITHIX IEPEX00B AaBTOMATOB
KOMITIOHEHTOB, KOTOPOE€ CHadaja paBHO MHOXECTBY BCEX IIEPEXO/OB BCEX
aBTOMaToB KOMIOHeHTOB. Koria reHepupyercsi odepenHoil i-brid Tect T; i
KOMITO3MIIMOHHOTO aBTOMAara CHCTEMBI, BBIYMCIISIETCS MHOXECTBO P; mepexonos
ABTOMAaTOB KOMIIOHEHTOB, IOKpPBIBAEMOE OSTHM TECTOM. TecTy COOTBETCTBYET
MapupyT B KOMIIO3UIIMOHHOM aBToMare. Ecim paccMmaTtpuBaercs HedHHAIbHAs
KOMIIO3UIYS], TO K&KAOMY BHYTPEHHEMY MEPEX0Y 3TOT0 MapIIpyTa COOTBETCTBYET
OJIMH TIEPEXO0/l OJHOTO U3 aBTOMATOB KOMIIOHEHTOB; MHOXECTBO TAKHUX MEPEXOOB U
ecTb MHOXecTBO P;. HamoMmuuM, 4TO mpu mepexone MO BHEMIHEMY CTHMYIY WM
BHEIITHEH pEaKknny B aBTOMAaTaX KOMIIOHCHTOB HUKAKHUX IEPEXOI0B HE MMPOUCXOAMNT.
Ecnu paccmarpuBaercst (uHalbHAs KOMIO3MIMS, TO KaXAOMY IIEPEX0ay ITOTO

Mapuaipyra COOTBETCTBYET MHOXKECTBO IEPEXOJ0OB  HCKOTOPHLIX aBTOMATOB
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KOMITOHEHTOB; OOBEeIUHEHHE OTHX MHOXKECTB M €CTh MHOXKecTBO Pj. [lanee
ITOPUTM (PUIIBTPAIMH MPOBEPSET, MOKPHIBACT JIU I-bIi TECT KAKOW-IIMOO HOBBIH,
emié He MOKPBITHIA IMEePexo. KaKoro-iubo aBToMara kKoMmmoHenTa. Ecimu P P=
TO HUKAKUX HOBBIX IIEPEXOOB I-blii TECT HE MOKPHIBAET, M OH OTOpachIBaeTcs. B
NPOTUBHOM Cliydae TecT jo0aBisercs k Habopy tecroB T:=T U{T}, a u3
MHO)KECTBA HEMOKPHITHIX IMEPEXOJ0B YAAIIIOTCS HOBbIe mepexoasl P :=P\P;
ITocne Toro kak Bce TECTHI CICHEPHPOBAHBI U OT(HUILTPOBAHBI, MOIYYHBIICCCS
MHOXECTBO | SIBJISIETCS TIOJTHBIM HAa0OPOM TECTOB, & MHOXKECTBO P — MHOXKECTBOM
HEIOCTHKHUMBIX [IEPEX0I0B aBTOMATOB KOMIIOHCHTOB.

3amedanue 2: 0 pecrapte. HeoOX0aMMOCTh B pecTapTe BOZHUKAET M3-32 OTCYTCTBHS

CHIIBHOM CBSI3HOCTH Tpada nepexomsoB KOMIO3UINH. MOXKHO BBIIEIUTE ABa 0COOBIX
cily4yas, KOTJa TIPOTOH TECTa 3aKaHYMBACTCS B TEPMUHAIBHOM COCTOSIHUH
kommo3uiu. 1) CocrosiHME TyNHKa, KOrja COOOIIEeHHEe «3aBHUCAeT» HA BHEIIHEH
BXOJIHOH WM BHYTpeHHel nyre. «YOpaTb» 5TO COOOIIEHHE MOHO TOJIBKO
pecrapToM. 2) 3auMKIMBaHHE, KOrja cooOlieHHe OECKOHEYHO LHPKYJIUPYET II0
BHYTPEHHUM JyraM, 4TO, Ha4WHas C KaKOro-TO MOMEHTa BPEMEHH, HE NPHBOIUT K
YBEIMYECHUIO MHOJKECTBA IOKPBITBIX IIEPEXOJ0B ABTOMAaTOB KOMIIOHEHTOB.

«YOpaTb» 3TO 3aIMKINBAHUE MOYKHO TOJIEKO PECTAPTOM.

2.4. Mpumep

Yr1Bepkaenue 3: /Insg  Ar00BIX  YHCEN COCTOSHHA aBTOMAaTOB  KOMIIOHEHTOB
Ng,Ny,...,Nk CYIIECTBYET TaKas CHCTEMa, YTO YHCJIO BHEIIHHX CTHMYJIOB, KOTOPBIC
HAIO JaTh IS TMOKPBITHS BCEX MOCTH)KMMBIX IEPEXOI0B KOMITO3HUIMH, PABHO
£X(N1Ny...Ny), & MUHAMAJIBHOE YUCJIO BHEIIHUX CTUMYJIOB, KOTOPBIX JOCTATOYHO IS
MOKPBITAS BCEX JOCTIDKHUMBIX TEPEXOJ0B aBTOMATOB KOMIIOHEHTOB, pPAaBHO
O(ny+n,+...+ny).
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ﬂOKaSaTeHLCTBO: PaCCMOTpI/IM CUCTEMY, I/I306pa)KéHHy}O Ha puc. 4,

OKpY>KEHUE

a rpa¢g
cBsi3eit

2(a;,1)!(@i+1,1)

rpag
nepexo10B

aBToOMaTa i

m ?(ai,l)!@.?(ai,l)!@ .?gai,lg! _@. ?(a;,

: (bill)!(ai+1i1)

Puc. 4. Ilpumep 1.
3nech uMeercst enuHCTBeHHOE coobuienue 1, M = {1}. Bce aBTOMaThl B BepIIHHAX
OJJHOTHITHBIE W Pa3IMYarOTCsA YUCIOM COCTOSHHHN Nj. ABTOMAT B BEPLIMHE | UMEET
IBE BXOJAHBIC IyrW, O0O3HAaYEHHBIC & W Dj, ¥ OJHY BBIXOAHYIO AYTY &jr1.
CooTBETCTBEHHO, UMEOTCH JBa ctumyina (a;,1) u (b;,1) u equHCTBEeHHAs HemycTas
peakuust — (@j+1,1). ABTOMAT | B J15000M COCTOSIHHUHM | # Ni-1, MOydas mo BXOJHOU
ayre a; coobmenue 1, mepexoauT B cieayomiee cocrosiaue j+1 6e3 Bbiaun
peakuuu. B mocnennem coctosHuu Ni-1 aBToMat, mosydas MO BXOIHOW JAyre a;
coobenue 1, mepexoauT B HavyanbHoe coctosiHue 0 ¢ mochuTkoi coobinenus 1 mo
€TMHCTBEHHOMN BBIXOJHOM IyTe &j+1. TE€M CaMbIM, aBTOMAT | Ha KQKIYIO MOPIHIO U3
OPUHATBIX WM N; COOOMIEHWH MO BXOAHOM Jyre @; MOCBUIACT OXHO COOOIICHWE
crenylomieMy aBroMary i+1, wim okpyxkeHuto, eciu i=K. Kpome Toro, umeercs
nepexona-meriss B coctossaun 0 mo mpuéMmy coolmieHus 1Mo ayre b; ¢ Beimaueit

COoOOLICHHS CIIeAyoLIeMy aBToMaTy i+1, win okpyxeHuto, eciu i=K.
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B (uHambHOW KOMIO3WIUHM HET TYNUKOB M 3alMKIMBAHUA, BCE COCTOSHUS
(buHATBHEIE U IMEIOT B S=(S1,5,...,5¢, &), TIie cocTostHue i-oro aBromara $;=0..n; ;.
Hauansnoe cocrosaue $p=(0,0,...,0,£). O603HauMM Spa=(N1-1,No-1,...,N-1,9).

DduHATBHOE COCTOSHHME S MOKHO MOHMMATh Kak mapy S=(S,&)), rme S — 4mcio,
3alMMCaHHOC B IMO3UIIMOHHON CHUCTEME CYHCJICHHS CJCBa HAMpaBO OT MITAJIICH
no3uituu 1 k crapmeit mo3unuu K: 1,2,...K, 1 Nj — OCHOBaHUE CHCTEMbI CYKMCIICHUS B
TO3HUIIAH .

PaccMoTpuM B UHATIBHOM KOMITO3HIMH TIEPEXObI M0 npuéMy ctumyina (ai,1), To
€CTh TI0 NPUEMY COOOIIIEHNS IT0 BHEITHEH BXOJHOW ayTe a;, Beaymen B aBToMat 1.
Jnst KaXkIOro COCTOSHHS S#Spax €CTh mepexon (S ,9)—7?(a, 1)1 D—(s +1,0), a
TAKKE €CTh MePeXol (Smax »)—2(a, 1) (ax+1,1)—=(So ,&). D10 He Bce IepPexoibl
KOMIO3WIIMK, HO YHCIO TAaKUX IIEPEXOJ0B PAaBHO NPOM3BEACHHUIO NiNj...Ny.
CrnemoBaTenbHO, YHCIO TEPEXOO0B B (UHAIHHONH KOMIIO3WUIMH HE MEHee
Mpou3BeNeHusT NiN,...Ny. [Tockonbky B (PUHAIEHOW KOMITO3MIIMKA OJWH BHEITHHI
CTHMYJI BBI3BIBAET POBHO OJMH IEPEXO/I, YUCIIO BHEITHUX CTUMYJIOB, KOTOPBIE HAI0
JIaTh JUTS TIOKPBITUS KOMITO3HUIIUH, PaBHO LAN1N,...Ny).

Kak Haubosee ObICTPO MOKPHITH BCE MEPEX0bl aBToMaTa i? JJist 3TOro JOCTaTOYHO
1) n; pa3 mociath cooOIIeHUE 10 ayre &; U 2) oauH pa3 no ayre b;. Jlns aBromara 0
MYHKT | TECT MOXXET BBIIIOJIHHUTH HEIIOCPEACTBEHHO, TIOCKOJBKY IyTa 8; BHEITHS.
Inst aBromara i>1 myHKT 1 MOKHO BBITIOJIHHUTH, TIOCBLIAsi N; pas COOOIIECHHE IO
BHemHed ayre b, B mpenpiaymmii aBromar i-1. IIyHKT 2 TECT TaKKe MOKET
BBITIOJTHATH HETIOCPEICTBEHHO, OCKONBKY ayra b; BHemHss. B memom momydaercst
CJIEeIYIOIIH TECT:

1. n; pa3 mockutaeTcs cooOmeHne B aBToMaT 1 1o BHENTHEH IyTe ay,
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aBToMaT 1 mpoxomuT UK nepexoaoB mo cocrosuusM 0,...,n1-1,0, Bo Bpems
MOCIICTHETO Tepexoia OyAeT MOCIaHO COOOIICHHUE 110 AYTe 8p, MPU MOTYyYCHUN
9TOro cooOImIeHUsT aBTOMar 2 mepexoaut u3 cocrosHus 0 B cocrosiHme 1,
OCTallbHBIE aBTOMATHI HaX0AaTcs B cocTosunu 0]

Nn,-1 pa3 noceutaercs coobienue B apromat 1 o BHerHe# ayre by,

aBToMaT 1 mpoxomut Ny-1 pa3 mo netie B cocrosiHuu 0, KaXKABIH pa3 mockLIast
COOOIICHNE O Jyre 8, MPY IOJYYCHHUH BCEX 3THUX COOOINCHHWIA aBTOMAT 2
MPOXOIUT LEMOYKY [IEPEeX00B U3 cocTossHus 1 B coctosiaue 0, mpu mociaegHeM
nepexojie MOChUIAeTCs COOOIIeHHe MO Jyre &z, NpHU MOJIYYEeHHH 3TOTO
COOOIICHNST aBTOMAT 3 MEPEXOAWT B COCTOSHME 1, OCTaJbHBIC aBTOMAThI
ocrarores B coctossauu 0;

N3-1 pa3 moceuIaeTcst cOOOIIEHHE B aBTOMAT 2 110 BHEMIHEH ayre b,

aBTOMAT 2 TPOXOIUT N3-1 pa3 mo nerie B cocrosiauu 0, KKABIA pa3 MoCkLIast
COOOIICHNE M0 Iyre @z, MPH IOJYYCHHH BCEX ITHUX COOOIICHHWHA aBTOMAT 3
MPOXOIUT LEMOYKY IIEPEX00B U3 cocTosiHus 1 B cocTosiaue 0, mpu mociaegHeM
Mepexo/ie IMOCBUIACTCS COOOIICHHE IO Jyre 84, NPH TOJIYYCHUH 3TOrO
coobmeHuss aBToMar 4 TEPeXOIMT B COCTOsSHHME 1, ocTalibHBIE aBTOMATHI

ocrarorcs B cocrosiauu 0;

. Ng1-1 pa3 mockutaeTcs coobiienue B aBToMart K-2 1o BHemHel ayre by o,

aBTomar k-2 mpoxomur Ngq-1 pa3 mo merie B cocrosHun 0, Kakablid pas
MOChLIas COOOIIEHHE MO Jyre &yj, OPU MOJTYYEHHH BCEX JTHX COOOUICHUI
aBTOMAT K-1 mpOXOJMT HEmouKy mepexogoB u3 coctosinus 1 B cocrosaue 0,

Inpyu nOocJeAHEM MEpEeXoAc MOChUIACTCA C006H16HI/IC no ayre ag, Ipu
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HOJNydeHHH JTOro cooluienusi aBroMar K mepexogutr B cocrosHue 1,
OCTaJIbHbIC aBTOMATHI OCTAIOTCS B cocTOstHUH 0;

k. ng-1 pa3 moceutaercst cooduieHue B apromar K-1 mo BHewHe#n ayre by,
aBromar k-1 npoxoauTt Ny-1 pas mo netne B coctostaun 0, KaxIpli pa3 mochuias
coofLIeHHe MO Iyre d, MPH MONYYeHHH BCEX ITHUX cooOuieHHi aBTromat K
OPOXOJUT LIEMOYKY MEPeXx0/I0B U3 coctosiust 1 B cocrositue 0, mpu mociaeaneM
Nepexoe TMOChUIACTCS BHELIHES COOOMICHHE MO0 JAyre ay+i, KOTOPOE
HPUHUMAETCSI TECTOM, OCTAIBHBIC aBTOMATHI OCTAIOTCS B cocTostHuH O;

k+1. 1 pa3 noceuiaeTcs coobuieHue B aBroMar K o BHeLIHe# ayre by,

aBroMar K mpoxoaut netio B coctosiHud 0 U MO BHEIIHEH BBIXOAHOW ayre
Ay+1 MTOCHLTAET COOOIIEHNE.
JnuHa TecToBO# mocienoBaTensHOCTH Ni+(Ny-1)+...+(Ne-1)+1 = (ng+...+ny)-k+2 =
O(ny+...+ny).

yTBep)K}_'leHI/Ie JOKa3aHo.

3. Bmopas modenb: 0606w,eHUe asmomama e eepuiuHe

3.1. OnpepeneHne moaenu

B aToM pazjesne Mbl coxpaHseM MPEnoIoNKEeHUs: 0 Ayre (Iyra peaausyer odepe/b
coobmieHnid UMHBI 1), HO 0000IIaeM MOHITHE aBTOMaTa B BepIIMHE. Takoit
0000MENHBII aBTOMAT MOXKET NMPUHUMATh OJHOBPEMEHHO HECKOJBKO COOOIIECHUI
M0 HECKOJIbKMM (HEOoOs3aTeIbHO BCEM) BXOJHBIM Oyram, HO He 0ojiee OJHOTO
COOOIICHUS IO KaXJIOW Jyre, U MOChUIATh HECKOIBKO COOOIICHUH 10 HECKOJIBKHM
(HEeoOs13aTeIbHO BCEM) BBIXOJHBIM JyraM, HO He 0oliee OJHOTO COOOIUICHHS IO

KaXKAO0U ayre.
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Iagum (opMabHOE OmNpeleieHre aBroMara B BEpINMHE. ABTOMAT B BEPLIMHE
TaKo# >Ke, Kak B pasgese 2, HO C M3MEHEHHBIMH MHOKECTBAMH CTHMYJIOB W
peaKkimii, MOCKOJbLKY CTHMYJI M DPEakius Temepb MOTYT COAEPXKATh HECKOJIBKO
COOOMIEHNH MPUHUMAEMBIX HJIN TIOCHITAEMBIX 10 HECKONBKUM ayram. GopMaabHO
st tpada ceszeit G=(V,Z,E) u mHO)ecTBa coobrienuit M aBToMar B BepInHe V —
570 Takoit aBToMar (Sy,Xy, Yy, Tv,Sv), 9TO

X, ={Xx|Fxcf& feM"},

Y,={y|Fycf& feM®}, rme wuepes AP o0GosHaueHO MHOKECTBO BCex
otoOpakenwuii u3 B B A.

CtuMyn aBTOMaTa — 3TO YaCTUYHO ompezaenénHoe otodpaxkenue X:l,—M, koTopoe
KaXI0H BXxomHOM nyre ieDom(X) craButr B coorBerctBHe coobiieHue X(i),
TMpUHUMaeMoe 1o 3To ayre. Peakius aBTomMaTa — 3TO YaCTHUYHO OIPEACIEHHOE
orobpaxenne Y:0,—M, koropoe Kaxmoil BbIXOgHOH nyre jeDom(y) craBur B
cootBeTcTBHE coobienue Y(j), mochlIaemMoe 1o 3Toi ayre.

Jlnst onmcaHusi COCTOSIHMSI BXOJHBIX M BBIXOJHBIX JyI aBTOMAara B BEpIIUHE V
BBEIEM [BA UYACTHYHO-ONpEIENSHHBIX oToGpaxenus X,':l,—»M u y,":0,—{M}.
IepBoe oTOOpaXkeHHe KaXI0M HEMyCTOM BXOAHOM ayre i €l, craBut B cooTBeTCTBHE
coobmenne MeM, Haxopmsmieecss Ha 3TOH ayre. Bropoe oToOpakeHHWe KaKIOu
MyCcTO# BBIXOJHOM nyre j €O, CTaBUT B COOTBETCTBHE MHOXECTBO COOOIeHuA M.
tu otoGpaxenus X, u y," MOPOKIAIOT MHONKECTBA NOMEHYUANLHBIX CTHMYIOB 1
NOMEHYUAIbHBIX PEAKIUN, KOTOPBIC aBTOMAT MOXET, COOTBETCTBEHHO, IPUHAITH U
MOCJaTh MPHU JAHHOM COCTOSIHUU BXOJHBIX W BBIXOJHBIX YT, €CJIM, KOHEYHO, B

TEKYIIEM COCTOSIHUM aBTOMAaTa ONPEACIICHbI COOTBETCTBYIOIIUE IIEPEXOIbI:

X" = {x:1,»M | Dom(x)cDom(x,") & i eDom(x) x(i)=x,"(i)},
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Y,” = {y:0,—M | Dom(y)cDom(y,")}.
Tenep}, MOXHO (l)OpMaJ'II)HO Ol'IpeﬂeJ'II/ITL YCJ'IOBI/IG BBITTOJIHCHUSA nep exona

s—2xly»t: xeX, &yev

3.2. leTepMMHMpPOBaHHbLIN aBTOMAT

Jnst Toro 4YToOBI cHCTEMa aBTOMATOB Oblla JCTEPMUHHUPOBaHA, TOTpeOyem
JCTEPMHUHUPOBAHHOCTH KAXJOr0 M3 3THX aBTOMaToB. [Ipexie Bcero, Kak u st
MePBO MOJIENIHN, COCTOSTHUE M CTUMYJT JOJIKHBI OJJHO3HAYHO OMPEEIISiTh PEAKIHIO0 U
MIOCTCOCTOSIHUE TIepexo/ia:

1) Wxx Yyttt s—2xlyot & s—2xly >t = y=y &t=t".

B orinume oT mepBoi MozeaM BO BTOPOI MOJENH paclpeaeieHre COOOIEeHNH 1o
BXOJIHBIM JIyraM aBTOMara He OJIHO3HAYHO ONpeNeIsieT CTUMYJ, KOTOPBIH MOXKET
NPUHATH ABTOMAT, IOCKOJbKY aBTOMAar MOXXET He NPUHAMATh COOOIIEHHS C
HEKOTOPBIX BXOJHBIX JIyT, JayKe €ClIK Jyrd He MycThl. Harmpumep, ecnu Ha BXOIHBIX
Jyrax iy W iy HAXOIATCS COOOIIECHHUS My U M,, COOTBETCTBEHHO, TO MOKET OBITH
npuHAT 060l 13 ctumynoB {(i;,my),(i;,m2)}, {(in,m)}, {(i2m,)} win & Ecnu B
aBTOMAaTe B TEKYIIEM COCTOSHMM €CTh IepeXo]bl XOTs OBl 1O IBYM M3 3THX
CTHMYJIOB, TO IIOBEJICHHE aBTOMaTa HEIETEPMHHUPOBAHO: MOXKET OBITH BHIOpaH
HpUEM JII0OOTO U3 ITUX CTUMYJIOB.

Byzem roBoputh, 9TO JBa CTHMYJA X M X coémecmumsl, i 0003HAYATH X<X , €CIH
NPU HEKOTOPBIX COOOIICHUSIX Ha BXOJHBIX Iyrax aBTOMara, T.e. MPH HEKOTOPOM

OTOGPaXKEHHH X,”, ABTOMAT MOKET PHHSTH JII0G0I U3 STHX CTHMYIIOB, T.c. XX, 1
X eX,!. ®opmansro: X2X" £ vieDom(x)Dom(x') x(i) = X'(i). 3amernm, uro Bce
CTHMYJTBI BO MHOYXeCTBE X,* COBMECTHMBI APYT C APYTOM.

OTcroa BeITEKAaeT BTOpOE TpeOOBaHUE IETEPMIHI3MA aBTOMATA!
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2) Hert mepexo/10B M3 0JHOTO COCTOSIHHSI [0 PA3HBIM COBMECTUMBIM CTUMYJIaM:
VXX WY X2 & XX = —(5—2Xly— & s—2X 1y —).

YrBep:kaenne 4: Eciu BEINONHEHB 00a TpeOOBAaHUS ACTEPMHUHU3MA, TO COCTOSIHUC
S, aBTOMAaTa B BEpIIMHE V U OTOOpaXeHHs X,' M Y, OXHO3HAYHO ONpEIENSIOT,
BBIMOJTHSCT JIX aBTOMAT KaKOU-IMOO MIepeX0I, ¥, €CIIH BBIMOJIHSCT, TO CaM MEPEeXO,
T.€. OJHO3HAYHO ONPEEIAIOT IPHHAMACMBII CTUMYII X, , TOCBITACMYIO PEAKIHIO Y,
U ITIOCTCOCTOSIHUE t\,A.

JlokasatenbctBo: Ilo ompenenenmio  otobpakennms X,” u y,” oxHO3HauHO
ompenemsitor MHOkectBa X,. m Y,". U3 BTOporo TpeGOBAaHHS IETEPMHHH3MA
Clledyer, uTo mpH JoOOM pachpeiencHuH X,' COoOOIIeHHMiT Ha BXOAHBIX Iyrax
aBTOMATa, TOPOIAIONINM MHOXKECTBO X,” IOTEHIMANbHBIX CTHMYIIOB, He Gonee
OIHOTO M3 STHX CTHMYJOB X,€X,” MOXeT GBITh MPHHATO aBTOMATOM B JAHHOM
COCTOSIHUU S,. Takod cTuMyJd X, OyAeM Ha3bIBaTh 6blOUpPAEMbIM, OH MOXET
OTCYTCTBOBaTh. [IpaBaa, 9TO He O3HAYAET, YTO BHIOMpaeMblil CTUMYM X, (eciu oH
€CTh) 00s3aTeNIbHO OyJIET MPUHAT aBTOMATOM, TIOCKOJIBKY BBITIOJTHEHHE MEPEX0/Ia C
npuéMOM  3TOr0  CTHUMYyJia OOYCIIOBICHO BO3MOXKHOCTBIO II0CHATh PEAKIHIO.
PaccMOTpHM BCe Cllydad MOBEICHHS aBTOMATa B COCTOSIHHH S, TIPH 3a1aHHBIX X, H
y, (onmosmauno ompenensommx X,© u Y,"), ompenensis, Gymer IM BBIIOIHEH
IEPeXO] M, ecOd OyjAer, TO CaM INEPeXOi, T.e. NPUHAMACMbIA CTHMYI X, ,

N N
NOCBUIACMYIO PE€AKLHUIO Yy U IIOCTCOCTOSHUE tv .

1. Wmeercs BoOMpaeMblii CTHMYT X,€X,”, OH eIMHCTBEHHEIA [0 2-OMY

TpeOOBaHUIO JCTEPMUHU3MA.

1.1. Jlns HekoTopoii peakimu y ecth mepexon S,—2xly—t u yeY,”, T.e. peaxuus y

MOXET OBITh IOCIaHa (Hy)KHLIe BBIXOIHBIC OYTU HYCTLI). ABTOMAT BBIITOJIHUT
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3TOT mepexo] (OH eTUHCTBEHHBIH MO 1-OMy TpeOOBAaHHIO JETEPMHUHH3MA),
/\_ I\_ /\_
XV =X, yV —y: tV =t
1.2. Jlns mo6oii peakimu Y 1uGo Her mepexona S—2xly—», m6o yeY,". ABromar
N N N
HE BBIMIOJHHUT HUKAKOTO IIepexomaa, Xy, =&, Yy =&, t, =S,
2. Her BeiOupaemoro crumysia. ABTOMAaT HE BBINOJHAT HHUKAaKOIO IEPEexoja,
N N N
Xy =2, Yy =, t, =S,.

YTBep)K}_'leHI/Ie JOKa3aHo.

3.3. UHTepnpeTaumsa 1-on mogenu B TepMuHax 2-om Moaenu
YT1BepikaeHue 5: Apromart 1-o0if Mogenu (pasaen 2) — 9acTHBINA CIydai aBToMara 2-

oit monienu (paszzgen 3).

Jloka3aTenabCTBO: Y TBEPKACHUE OUYEBHUJIHO, €CJIM MPUMEHUTh UHTEPIIpETaInio 1-oi
MOJICJIN B TEPMHHAX 2-OW MOJEIH TaK, KaK OTOOpaXeHO Ha TaOin.l., U CpaBHHTH
OIpEeICIICHUs BHITIOJHUMOCTH TIEPeX0/ia aBTOMATa B 00CHX MOJICIISX.

Tab6u. 1. Unrepnperanus 1-0if Mozenu B TepMHHAX 2-0if MOJEIIH.

1-ast Moziesb | MHTEPITPETALINS ocobenHocTH 1-0¥ Momenn
cramyn [x=(i,m) x={(i,m)} NPUHUMAETCS] POBHO OJIHO COOOIIeHHE
y=(,m) y={G.m)}
peaxiust MockUIaeTCs He 00Jiee OJHOTO COOOIIECHUS

wm y=& |umm y=&

nepexog|s—?xly—»t [s—2xly—t

YTBep)KHeHI/IC JOKa3aHo.
B 10 xe BpEMA HeTepMHHHpOBaHHLIﬁ aBTomar B 1-oii MOJACIIH, B006H16 TOBOpPs, HE
ABJIACTCA NETCPMUHUPOBAHHBIM aBTOMATOM BO 2-oi MOACIIH. HaanMep, B l-om

ciyyae MoryT ObiTh gBa mepexoga S—2(i,m)ly—t u s—2(i",m’)ly—t, roe i=",

26



. bBypnonos, A. Kocaues.

TecTtupoBaHHe CHCTEMBI aBTOMATOB C Oyhepu3anneii cooOmeHnH.

Tpyner UacTrTyTa cuctemMHOTO Tporpammuposanns PAH, Tom 28-1, 2016 r., ISSN
2079-8156, c. 103-130.

38 c1p.

HAJMYHEe KOTOPHIX BO 2-0if MOJENM O3HA4YaeT HapyLIeHHe 2-r0 TpeOoBaHHs
JeTepPMUHU3MA. JTO OOBACHAETCS TeM, 4YTO l-as MOJeNs OrpaHHYHUBACT
IUPKYJSILUIO COOOICHUH B CHCTEME, JIOMYCKasi TOJIBKO OJHO COOOIICHHUE, II0ITOMY

TpeOOBaHUS IETCPMUHU3MA B |-01f MOJENTN OKa3hIBAIOTCA Cliadee, 9eM BO 2-O.

3.4. Komno3nuua aBTomaTtoB CUCTEMbI

OnpenenyM KOMIIO3UIUIO JETCPMHUHUPOBAHHBIX aBTOMATOB C JaHHBIM Tpadom
caseil. Pesynpratom kommosuiuu Oyner asromar (S,X,Y,T,Sp), OTpaskaroruii
paboTy CUCTeMBl B II€JIOM, BKIIOYash BCE aBTOMATBHI-KOMIIOHEHTHI W BCE IYyTH.
ITockonpKy Temepp, B OTAMYHE OT TEPBOM MOJENH, COOOIIEHHS MOTYT OBITH Ha
HECKOJIBKUX JIyTax OJHOBPEMEHHO, HO He 0ojiee OJHOTO COOOIICHHS Ha KaXKIOH
JIyT€, COCTOSIHHE CUCTEMBI — 3TO HA0Op COCTOSHUI €€ aBTOMATOB S1,Sy,...,Sk, @ TAKKE
pacnpeneneHue cooOuieHuid mo ayram rpada csseil. DopMalbHO COCTOSHHE
CHCTEMBI — 3TO Habop S = (S1,52,...,5,D), rme D:E—-M — uvactuuno-onpenenénnoe
0TOOpaKeHNe, KOTOpOe IUIS KaKI0W HEMyCTOW JYTH yKa3blBaeT HaXOJsIIeecss Ha
Hell coobOmenne. HaganbHBIM COCTOSSHUEM CHCTEMBI, KaK W JJIs TIEPBOM MOJEIH,
OyZeM CUYUTaTh COCTOSHHE, B KOTOPOM KAaXKIBIH aBTOMAT HAXOJMTCS B CBOEM
HAYaJIBHOM COCTOSHHH, a COOOIICHWH Ha Jyrax HET, TO eCTh COCTOSHHE
S0 = (510:820:-+15k0, D)

Ilepexoapl KOMIIO3UIMH W3 | ONPEACISIOTCS B 3aBHCUMOCTH OT TOTO,
TIPEAIIONIAraeTCsl U CHHXPOHHBIN WIIM aCHHXPOHHBIA PEeXUM padOThl aBTOMATOB. B
Ka)XIOM COCTOSIHUH CHCTEMBI MMEEeTCS MHOXECTBO A aBTOMAaTOB, KOTOPHIE MOTYT
BBITIOJTHATE TIEPEXO0JIbl. B CHHXpOHHOM peXHMME 3a OJHWH TaKT cpadaThIBalOT BCE
aBTOMaThl U3 A, a B aCHHXPOHHOM — TOJBKO OJMH aBTOMAT (BOOOIIE TOBOPS,
HEKOTOPOE MOJMHOXECTBO A), BbIOMpaeMblii HEJIETEPMHHUPOBAHHBIM 00pPa30M.
Ilockoapky B paMkKax  JIaHHOW  CTaTh  HAC  WHTEPECYIOT  TOJBKO
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JETePMUHUPOBAaHHbIE  CHUCTEMBI, ACHHXPOHHBI peXHMM MBI  jJajgee  He
paccmarpuBaeM. 3aMeTHM, YTO JUIsl IIEPBOW MOJENHN 3TH JBa peKHMMa paboThl He
pa3nuyaroTcs, MOCKOJBKY B KaXXIOM COCTOSIHUM CHCTEMBI MOXET cpaboTaTh He
Gosiee 0HOTO aBTOMAaTa. B OTIHYME OT MEPBOi MOZIETH TENEPh OKPYKEHUE MOXKET
M0JaBaTh B CHCTEMY CIEIYIOMMN CTUMYN HE TOJBKO B (PMHATBHOM COCTOSHMWH,
KOTZa BCE TYTH MYCTHI, HO ¥ B TFOOOM COCTOSIHHH, IPH KOTOPOM ITyCTHI T¢ BHEIIIHUE
BXOJHBIE IyTH, TI0 KOTOPBIM OKPY)K€HHE XOUET IOCIaTh COOOIICHUS.

OmnpenenuM mepexoipl KOMIO3UIWK (opmanbHO. B cOCTOSIHUM CHCTEMBI S
OKpY’>KE€HHE MOJKET TOCIaTh B CHCTEMY COOOIIeHHE MO 000l IycToii BHEUTHEH

BXOJIHO JTyTe, a TaKKe MPUHATH COOOIIECHHE C JIF000 3aHATOW BHEIIHEH BBIXOIHOM

Oyrd. JTO OmpenessieT JONMyCTHUMble cTUMYJbl M peakuuu. Crumyn X:lp—M

donycmumo nociams W3 OKpyXkeHHs B cucremy, ecid Dom(x)H»Dom(D)=&; B

YaCTHOCTH, BCETJa JOIMYCTUM ITycTol cTumys X=«J Peakuuro Y:Oq—M donycmumo

npuHAmb U3 CHCTEMBI B OKpY)KeHHe, ecii Y < D, B 9acTHOCTH, BCeraa J0myCcTHMa
nycrast peakius y=&J. Eciu cTUMyI X 1 peakuus Y JOMYCTUMEI, TO B KOMITO3HIIHMH
OIPEEAETCS TIEPEXO] S—?x!y—)tA, rme t = (tlA,tzA,...,tkA,DA). Onpenenum s
Ka)KT0H BEPIIMHBI V IOCTCOCTOSIHME 1, , a Takske onpenemnm D',

st v=1..K paccMoTpum aBTOMAT B BepImuHe V. JIJIst TAHHOTO COCTOSIHHSI CHCTEMBI S
oToGpaskeHHe X,  ONpeIenseTcs OXHO3HAYHO KAK CY)KeHHe OToOpaxeHms D Ha
MHOKecTBO |, BXOHBIX myr V-oro aBromata: X,” = {(i,m)|(ijm)eD &iel}, u
otobpaxkenue Y,”, KOTOpoe KaxI0i MyCTON BHIXOJHOM Iyre V-r0 aBTOMATA CTABHT B
cooTBeTcTBIHE MHOXecTBO M Bcex coobmenmii: Y,” = {(j,M) | jeO,\Dom(D)}. Ilo
YTBEPIKICHHIO 4 TIPH 3aaHHBIX Sy, X, M Y," aBTOMAT BBIIOHSET HE GOJee OTHOTO

o N
nepexonaa, 1 OJHO3HAYHO ONPEACIIAIOTCS IMPUHUMACMBbIM CTUMYJI Xy W IOChUIacMas
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peakums y,, a TaKKe MOCTCOCTOSHHE t,. VIMEHHO 5TO MOCTCOCTOSHHE U
3amHCHIBACTCS B T .

Onpenennum D".

Cravana nonosxxum D :=D.

PaccMoTpuM, KaK J0JDKHO MEHATHCS PACIIONOXKeHHe coobennii Ha xyre e=(i,z,)).
1) B cocrostnuu S nyra € Obuia myctoit, T.e. € 2Dom(D). Toraga mpu j=0 j-piid
ABTOMAT HE NPUHHUMAET C HEE COOOILIEHUS, T.€. eeDom(x,-A). Ipwu 120 i-p1it aBTOMAT
MOCKITACT TI0 9TOH Ayre coobmenue M, eciu e eDom(y;) & y; (€)=m; Torma mapa
(e,m) moGaBmsercs B D. Ecimm j=0, 1o egDom(y). Ecim i=0, Tto
eeDom(x) =>eeDom(D") & D'(e)=x(e), T.e. ecinm OKPYXCHHE IOCHUIACT TIO
BHEIIHEH BXOIHOM ayre € coobuierue X(e), To mapa (e,X(e)) mobasisiercs B D'

2) B cocrosiuu S Ha ayre € Obu10 coobiienue M, T.e. e eDom(D) & D(e)=m. Toraa
mpu jZ0 j-blif aBTOMAT IMPUHHUMAET 3TO COOOIIEHHE, €CIIH eeDom(XjA) &X,-A(e)=m;
TOT/1a Tapa (e,XjA(e)) yaamsercs u3 D', TIpu i#0 i-bIif aBTOMAT HE MOYET MOCIATH [0
9TOM Jyre HUKAKOrO COOOIICHHs, MOCKOJIBKY Iyra B COCTOSHHHM S 3aHATA, T.C.
eeDom(y;). Ecn j=0, 1o ecDom(y) =eeDom(D") & D(e)=y(e), T.e. ecim
OKpY)KCHHE MPUHUMACT 10 BHEIIHEH BBIXOMHOHU jayre € coobuieHue Y(€), To mapa
(e,y(e)) ynamstercst w3 D”. Ecin i=0, To e 2Dom(X).

Tem cambiv, D" = (D UX UY; U.. UV Ny UX. U... UX).

Byzem roBopurth, YTO TaKas KOMIIO3MIHS [ETEPMHHUPOBAHHBIX aBTOMATOB
JIETEPMHUHUAPOBAHA, €CIH B KKIOM JOCTHKMMOM (M3 HAYaIbHOTO COCTOSIHHS)
COCTOSIHMHU Ka)K/1ast [iapa JOMYCTUMBIX CTHMYJIa M PEaKIUK OJHO3HAYHO OIPEIENIeT

IMOCTCOCTOAHHUEC CUCTEMBEI, T.C. BBITIOJTHSIEMBI TIEPEXOI.
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YrBep:kaenne 6: Bo Bropoli  MoAenu  KOMHO3MLUSA — JE€TEPMUHHPOBAHHBIX
aBTOMATOB JAETEPMUHHPOBAHA.

JlokazarenbcTBo: JlocTaTouHO MoKa3arh, 4To 1) KaxIblii aBTOMAT BEpIUUHEI Ipada
CBSI3CH MOXET BBIIONHATH He Gojee OZHOrO mepexoia, W 2) pacmpexencnue D
coOOIIEeHNH M0 ayraMm oIpeaenseTcs OAHo3HauHo. M To, W apyroe ciemyer u3
YTBEpKACHHA 4 1 ONIpEeICHUS KOMITO3HLIUH.

YTBep)K}_'leHI/Ie JOKa3aHo.

3.5. NeHepauuna TecToB

IIpu TecTupoBaHMM HAa KaXKIOM TAaKTE€ TECT IMOCBUIACT B TECTUPYEMYIO CHUCTEMY
COOOIICHUS MO IMyCThIM BHEIIHMM BXOJHBIM JyraM (He 00s3aTeNIbHO BCEM) H
NPUHUMAET OT CHCTEMBI 110 3aHATHIM BHCIIHUM BBIXOJHBIM AyraM (He 00sM3aTeIbHO
BCEM) HMeEIOIMUEcs Ha HUX coolOmieHus. OmpenennM KOMIIO3HWIMIO CHCTEMBI U
tecta. COCTOSIHME KOMIIO3HMIIMK — 3TO Iapa COCTOSHHUU CHCTEMBI M TecTa. Ilepexos
KOMITO3HMI[MM COOTBETCTBYET Mape M3 JOMyCTHMOr0 CTHMYyJa U JOIYyCTUMO
PeakIu, YTO OMpPENeNIIeT BO3MOXKHBIC IOCTCOCTOSHHS CHUCTEMBI U TECTa, T.C.
BO3MOXHBIC IOCTCOCTOSHHS KoMmo3unuu. Cam mepexo]i KOMIIO3UIMH SBISCTCS
BHYTPCHHHUM, T.€. HUYEM HE MOMEYCH, IMOCKOJBbKY KOMIIO3UIUS CUCTEMBI U TECTa
3aMKHYTa M HU C 4€M He B3auMojieiicTByeT. D@OpMalibHO B KOMITO3HI[UHA CUCTEMBI U

TECTa TIEPEXOAbI OIIPEACIIAIOTCA CJIEAYIOIINUM IpaBUIIOM KOMITO3HIINH:

s—2xly >t & s—2yIx—t" 55—t

Ecmu Tect u cucrema oda ACTCPMHUHUPOBAHBI, TO HMX KOMIIO3UIIUA TOXKE 6yz[eT
ACTEPMHUHHUPOBAHA B CICAYIONIEM CMBICIIE: B KaXXI0M e€ COCTOSTHIH OIIPEACIICHO HE

0oJiee 0JHOTO nepexoaa.
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TectoBasi TMOCIEMOBATEIBHOCTE — OTO KOHEYHAsl IOCIEI0BATEIBHOCTL Iap
(X1,Y1)s-+-s(Xn,Yn), KOTOpOH B TECTHPYEeMOH CHCTEME COOTBETCTBYET MAapLIPyT
(1leroYKa CMEKHBIX MEPEX0A0B) So—2X11Y1—381—.. —8,1—?X, Y, —S,, a B Tecte —
MapImpyT S g—2Y1!X; 8 1—.. =8 11—V XS . Kaxkmoe cocrosnue S u S
COOTBETCTBYET MPE(HUKCY TECTOBO# MOCIIEA0BATEIILHOCTU JUTUHOM .

st Takol TECTOBOM MMOCJENOBATENLHOCTH JETEPMUHUPOBAHHON TECT COCTOUT
TOJBKO W3 YKAa3aHHOW BBINIE IEMOYKH MEPEeX0a0B. JleTepMUHUPOBAHHBIN TECT
BBIOMPAET TOJBKO OJHY JIOMYCTHMYIO PEAKIHMI0, MPUHUMAEMYIO OT CHCTEMBI, KaK
MOJJMHOXKECTBO COOOICHUH HA 3aHATHIX BHEIIHUX BBIXOJHBIX Jyrax CHCTEMBbI, U
MOChIJIAET B CHUCTEMY TOJIBKO OAMH JOMYCTUMBIH CTUMYJ Kak HabOp COOOIICHHI,
pa3MelaeMbIX Ha TOJIMHOKECTBE MMyCThIX BHEITHUX BXOAHBIX AYT CHCTEMBI.

Kakne mnpoBepKHM BBINOJHAKOTCS NpH IporoHe tecta? Ha kaxmoMm i-oM TakTe
mpoBepsieTcsi  cruepyiomee. 1)  BpmosmHWwiIcs < m B TecTe  Iepexon
S i—?Yi+1Xj+1—>S i+1; €CIIM He BBINOJHWJICA, TO (QUKCHpyeTcs ommbka. 2) s
KQXJOro aBTOMAaTa B CHCTEME MPOBEPSETCS, MNPABHIBHO JIH W3MEHUIIOCH €ro
COCTOSIHME, MPABUJILHO JIM OH BBHIMOJHHI NpUEM CTUMyna (C TeX WM HE TeX
BXOJIHBIX JIyT MPHHSUIT COOOIIEHHS), MPABUILHO JIK OH BBIMOJIHWII BbIIA4y PEaKIUK
(Ha Te WM HE HAa T€ BBIXOAHBIC YW MOCIAN COOOIICHHS, U TPABHUJIbHBIC JIH ATH
COOOIIeHN).

Kak u B ciy4ae nepBoil MOJEIH, LEJNbIO TECTUPOBAHHS SIBISIETCS] TIOKPBITHE BCEX
JOCTH)KAMBIX TIEPEXOJI0B aBTOMATOB KOMITOHEHTOB CHCTEMBI, @ T€HEPAIHsl TECTOB
OCHOBaHa Ha (GUIbTPalUK HAOOpa TECTOB, CTE€HEPHUPOBAHHOTO JJISI TECTUPOBAHHS
KOMITO3HMI[HOHHOM CUCTEMbI. B TO 3Ke BpeMsi TECTHPOBAHHE ISl BTOPOU MOJEH

HUMECT psAl OTJINYHHA OT TCCTUPOBAHUA I nepBoﬁ MOACIIN.
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Bo-TiepBbIX, TEHEph TECT MOXET MMOChUTIATh COOOLICHHS B CHCTEMY HE TOJBKO B €&
(HHATEHOM COCTOSIHUH, a B JTFOOOM COCTOSTHHH.

Bo-BTOpBIX, €ClM B MEPBOH MOJEIH COOOIICHHE HE MOCBLIACTCS B CHCTEMY B e
(bUHATBHOM COCTOSTHHH, TO HHYEr0 HE MPOUCXOAWT: CHCTEMa HE MEHSET CBOETO
cocrosiHus. Bo BTOpoil Mojenn cucrema B (HHAIBHOM COCTOSHUH (T.e. TpH
OTCYTCTBHUH COOOIICHUIT Ha Ayrax), BOOOIIE TOBOPS, MOXKET MPOJOIKATh PadOTaTh,
HOCKOJIBKY JJOIIYCTHMBI IIEPEXO0bl, TIPH KOTOPBIX COOOIICHUS HE IPHHUMAIOTCSL.
B-Tperpnx, ecnm B TepBOH MOIENH coOOmeHHEe (SAWHCTBEHHOE B CHCTEME)
HAaXOIWUTCsSl Ha BHEIIHEH BBIXOAHOHM Iyre, TO TaKKe HUYEro HE MPOUCXOMUT, T.C.
CHCTEMa HE MEHSET CBOEIO0 COCTOSIHHS, J0 TeX IOp, MOKa TECT He NMPUMET 3TO
cooOLIeHHE W, TEM CaMbIM, He HepeBeléT cucrteMy B (HHAIBHOE COCTOSHHE.
MMeHHO MO3TOMY TaKoe JeHCTBHE TeCTa OYEBHUIHO M 00S3aTeNbHO, U B TECTOBOU
MOCIEI0BATEIBHOCTH Uil -0 MOJENH OMyIIeHbl MPUHUMACMBIE OT CHCTEMBI
cooOIIeH s, T.e. peakuuu CcUcTeMbl. Bo BTOpOH MoOjenH, C OIHOH CTOPOHBI,
TecTHpyeMasi CHCTeMa MOXET BBIMOJIHATH MEPEXOjAbl U B TOM Ciiydae, KOTAa Ha
BHEIIIHUX BBIXOJHBIX IyraX HMEIOTCS COOOIIECHUs, a, C JIPYrod CTOPOHBI, TECT
MOJKET IIPHHUMATh YaCTh COOOIICHUIT C BHEITHUX BBIXOIHBIX IYT.

B-ueTBEPTHIX, B MEpBOH MOIEIH BBIIIOJHHMOCTh IIEPEXOAa 3aBUCHT TOJBKO OT
HaJMYUsl HY>)KHOTO COOOIICHHUSI Ha HY)KHOH BXOJHOW Iyre, TOCKOJBKY BBIXOJHEIC
IyTH Bcerza cBoOoaHbl. [1o 3ameyanuio 1 HCKITIOUYEHHE COCTABISAET TOJIBKO MEPEX0x
s—2(i,m)!(i,m") >t mo npuémy cooOlieHus ¢ AYru-NeTiu i C OXHOBPEMEHHON
MOCBUTKOH COOOIICHUS TI0 ITOH JKe Ayre, TAKOW Iepexo HUKOT/Aa He BBIMONHUM. Bo
BTOPO# MOJEIIM TaK)Ke BCEIa HEBBIMONHUM aHAOTHYHBIH nepexon S—?X!y—t, rae
HekoTopast ayra-netias i eDom(x)HDom(y), ¢ mpuémom coobuenus X(i) ¢ ayru-

NeTIH U MockuIkoi coobuienus Y(i) mo Heit ske. OmHAKO BO BTOPOH MOJENH B
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CHCTEME MOXET OBbITh HECKOJIbKO COOOIICHUI M BBIMOJHUMOCTh MEPEX0/a BCE Ke
3aBUCHUT OT TOTO, 3AHSATHI WJIA HET BBIXOJHBIE IYI'H, 10 KOTOPHIM HYXXHO MOCJATh
COOOIIEHHS.

3ameuanue 3: 0 npuéme TecToM cooliieHuid oT cucteMsl. [Ipuém miam He mpuém

TECTOM COOOINCHWI C BHEIIHUX BBIXOTHBIX IYI CHUCTEMBI, TIO CYTH, SBJISICTCS
JIOTIOTHUTEIBHBIM TECTOBBIM BO3ICHCTBHEM HA CHCTEMY, MOCKOJIBKY MEHSAET eé
MOBEJICHNE (BBIMOIHIMOCTD T€X WM WHBIX MepexooB). s Toro 4yToOBI omucarth
3TO0 (opMaibHO, TaKoe TECTOBOE BO3ACHCTBHE HY)XHO TPAKTOBAaTh KaK YacTh
CTUMYJIa, T.€. HYXHO MPUEM TECTOM COOOIICHHA OT CHCTEMBI 3aMEHHUTH IOCBIIKOM
TECTOM cooOIIeHuil B cuctemy. [loBeneHue Iyrd Kak odepely JUIMHBI 1 MOXHO
U300pa3uTh B BUJIC aBTOMATA C OJJHMM BXOJIOM U OJIHUM BBIXOJIOM, H300paXEHHOTO

Ha puc. 5 BBEpXY.

M = {ay,....am} _— ?(0,a)! o -
i 1
EZREN

6x00 0 6b61x00 1 201(1,34 .
) boane .

?0,a)1&
nycmo| a
6x00 0 6x00 1 2La)l@ |
?(La) o .
———> <—— ’
" 20,2019 .
a,] « *

Puc. 5. Asmomam ouepeou onunvl 1.
Takoif aBTOMaT Iyru B3aUMOCIHCTBYET CHUHXPOHHO C aBTOMAaTaMH HadaJlbHOU U

KOHEYHON BEpIINH TyTH: JHOO OJHOBPEMEHHO HPOHWCXOIHUT TOCHIIKA COOOIICHHS
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1o Jyre W3 aBToMaTa Hadajga AyTd W TPHEM 3TOr0 COOOIIEHHs B aBTOMAT IYTH,
160 OTHOBPEMEHHO MPOUCXOIUT MOCHUIKA COOOIIEHHS U3 aBTOMATa JYyTH U MPUEM
3TOr0 COOOIEHMsT MO Ayre B aBTOMAaTe KOHI@ Ayru. Jljast Toro 4roGwl B TecTe
3aMEHUTh TPUEM MOCHUIKON, JOCTATOYHO MPeoOpa3oBaTh ABTOMATHI BHEIIHHX
BBIXOZHBIX JIyT, 00BsBIss Boixon 1 BxomoMm 1 u 3aMeHss Ha mepexojax aBTomara
ayru nomeTky ?1(1,a;) — na mometky ?(1,a;)! < (puc. 5 BHu3y). COOTBETCTBEHHO,
B aBTOMATe TECTa BCE BXOJbI MPEBPAIIAIOTCS B BBIXOJbI, @ Ha MEPEXOJaX BMECTO
?yIX samuceiBaercs ? V(Y (LX), T.e. Ul TECTUPYEMON CHCTEMBI BMECTO CTHUMYJIA X
OyIeT CTUMYIT Y LX.

3ameyanue 4: 0 BHEIIHUX peakuusx. s Tecta B paBHO, KAKYI0 HMEHHO PCaKIIHIO
Y MOCHLIAET CUCTEMA, MOCKOJIbKY MPABHIBHOCTh PEAKIIUH Y MPOBEPSIETCSI BO BPEMsI
NPOBEPKH MPAaBWILHOCTH MEPEX0Ja CUCTEMBI, T.€. MPABUILHOCTU COOOIIEHHH,
KOTOpBIE aBTOMAThl KOMIIOHEHTOB MOCHUIAIOT HAa CBOM BBIXOJIHBIE JIyTH, KOTOPHIE
SIBJISIFOTCSL BHEIIHUMM BBIXOJHBIMU Jiyramu. [lo3ToMy mocie mnpeoOpa3oBaHus,
KOT/Ia PEAKI[MU CTAHOBSATCS YaCThIO CTUMYJIOB, Uil CTUMYyJa YUX B mape (j,m) ey,
rJie j — BBIXO/HAS Jyra TecTa, ObIBIIAs 10 MPeoOpa3oBaHUsl BXOJHOM JAyroi TecTa,
coo0OLmeHrne M MOXHO 3aMEHHTh Ha CIELHAIBLHO BBIICICHHOE COOOIICHME

«NPUHAMDB>.

4. 3aknroyeHue

B 3akimroueHune copMyaupyeM HanpapieHUs JaTbHEHIINX UCCIICAOBAHUH.

1) TlpennoxeHHblit anropuT™ (QUIBTpAlMKH HE 00sA3aTENbHO AAET ONTHMANIbHBIN
MOJHBIH Habop TecToB. ONTUMAaNIBHOCTH MOXKET NMOHUMAThCS KaK MUHHMAalbHOE
YHCIIO WIM MHMHHUMaJlbHas CyMMapHas JUIMHAa TECTOBBIX I10CJIE0BaTEIbHOCTEN.

COOTBeTCTBeHHO, BO3HHMKACT 3aJadya OINTHUMHU3allUuH, T.C. IIOMCKA OITHMAaJIBbHOI'O

34



. bBypnonos, A. Kocaues.

TecTtupoBaHHe CHCTEMBI aBTOMATOB C Oyhepu3anneii cooOmeHnH.

Tpyner UacTrTyTa cuctemMHOTO Tporpammuposanns PAH, Tom 28-1, 2016 r., ISSN
2079-8156, c. 103-130.

38 c1p.

HaOOpa, KOTOpas, BOOOIE TOBOps, CBOJAMMA K 3a/lau€ O MOWCKE MHHUMAIILHOTO
nokpertus ([7], [8]).

2) B aT0#i cTaThe onpe/esicHa KOMIIO3UIINS aBTOMATOB CUCTEMBI, Hanbosiee yao0Hast
JUIL TecTUpoBaHus. E€ pe3yabTaToM sBISCTCS aBTOMAT 0¢3 BXOJHBIX M BBIXOJHBIX
JIyT, TOCKOJIBKY OHH «IIOTPYXCHBD» BHYTPh CUCTeMBI. [103TOMy Takoil aBTOMAaTr He
MOJKET UCIOJIb30BaThCS KAK KOMIIOHEHT IPU MOCTPOCHUH 00JIee CI0XKHON CUCTEMBI.
B nmanpHelimem MBI mpenmoiiaraeM (B pamkax Ooiiee oOIIel MOIENN) ONMpeaeTuTh
KOMIO3HIINIO JIPYTHM CIIOCOOOM Tak, YTOOBI €€ pe3ynbTaToM OBIT aBTOMAT C
BXOJIHBIMH M BBIXOJHBIMH J[yIaMH, T.€. aBTOMAT, KOTOPbI MOXXHO IMOMEIIATh B
BeplIMHY rpada cBsize.

3) B aT10ii cTaThe MBI IIPEANOJIAraiy, YTO Ayra pPealu3yeT o4epelpb UIMHbI 1. D10
Jerko o0000ImaeTcs Ha Cciay4aid ouepeicii OONbIeH JIMHBI, B TOM YHCIC
HCOTPAaHMYCHHBIX OYepeiiei; 0oiee TOro, pasHele IYI'H MOTYT PEajn30BHIBATH
ouepey pa3HoOM JIUHEL. [JJIMHA O4Yepeu SBISICTCS CTATHYSCKUM aTPUOYTOM YT H
3amares mpu 3amanuu rpada cBszed. s Bropoit monenu orobpaxenue D,
ONHUCHIBAIOIIEE COCTOSIHWE Jyr, Tenepb [ODKHO OTOOpaxkarb Jyry B
MOCJIeI0BATEILHOCTh COOOMICHNUH, HAXOMAIINXCS B OYSPEAH, B YACTHOCTH, ITyCTas
MOCJIE/I0BATENILHOCTh COOTBETCTBYET ITYCTOM JyTe.

OpHako a5 oYepean MIMHBI 0obiie 1 Bo3HUKaeT apyras npodsiema. B konme 3-ro
paszena ompeaeiaéH aBTOMAaT AYrd, KOTOpas MOHHMAeTCs Kak OdYepelb UIMHBI 1.
31ech HaM, YTO HAa3bIBAETCS, «IIOBE3JI0», MOCKOJIBKY Ouepeab OOoJbIleil UIMHBI
HEBO3MOXXHO U300pa3uTh B BUJIC aBTOMATAa TOTO THIIA, YTO OMPENeNiEH B paszene 3.
Jeno B TOM, 4TO B «IIPOMEKYTOYHOMY COCTOSHHH, KOTJIa OYepe]b HE MyCTa, HO U
HE TOJIHOCTBIO 3allojIHEHa, BMecTe ¢ KaxapiM nepexomom S—2(0,x)!(1,y)—t, mpu

KOTOPOM B KOHEI OYCPCIN BCTABIACTCA CcoOO0IIeHHE X, a U3 TOJIOBBI O4YepeaU
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yaansieTcsi coobleHue Y, 0JDKHBI ObITh ABa APYTUX Mepexona. Bropoit mepexon —
st0 mepexox S—2(0,X)!I>t, mpm KOTOPOM B KOHEI OUYCpPEOH BCTABISACTCS
COOOIIEHHE X, @ U3 TOJIOBBI OYEepeH He yaajsieTcss COOOIIEeH e Y, TOCKOJIBKY KOHEIl
IOyTd ero He mpuHmMaer. Tpetuit mepexonm — 3To mepexon S—?(1y)—t, npu
KOTOPOM M3 TOJIOBBI OUYepeqH YIAlseTcsi COOOIICHHE Y, HO B KOHEI| ouepequ He
BCTaBIISICTCS HUKAKOTO COOOLICHHS, MOCKOIBKY HA4allo YT HE MOChUIACT MO Iyre
HHUKaKoro coobuieHus. OAHAKO B paMKax BTOPOH MOJENM HAIUYHE MEPBOrO U
BTOPOTO IEPEXOJOB NMPOTUBOPEUUT 1-OMy TpeOOBaHHIO IETEPMHHHM3MA: OIHOMY
crumyny (0,X) cootBerctByroT nmBe peakuuu (l)y) m & Kpome Toro, Tperuii
Hepexo] — 3TO MEepPeXol MO MYCTOMY CTHMYIY, KOTOPBIH COBMECTHM C JIFOOBIM
JPYTUM CTHMYJIOM, B TOM uucie co ctumysnoM (0,X), 4TO MPOTHBOPEYUT 2-OMY
TpeOOBaHUIO JeTepMUHM3MA. PelreHne 3Toi npoOiaeMbl Mbl Ipe/noaraeM UCKaTh
Ha TYTH TOIXOSIIEeT0 0000IIeH!sT MOISTN aBTOMATa.

4) Kpome ouepean mnuHbl Gojpiue 1, MOTyT ObITh M Apyrue ayru rpada cpszeil.
Hampumep, odepenb ¢ NMpHOpUTETaMH, CTEK M T.. MBI mpearnonaraeM o600IIHT
NOHATHE IYTH C IIOMOIUBIO OIPEeNeNieHHs aBToMara Iyru. [[ns merepMUHH3MA
CHCTEMBI, I0-BUAUMOMY, K aBTOMATy AyTH NMPUIETCS MPEAbSIBUTH JOIOIHUTEIILHbIE
(TI0 cpaBHEHUWIO ¢ aBTOMAaTOM BEpITUHBI) TpeOoBaHUsA. KoMmo3uIus 10KHA OBITH
ompeieNieHa IS Mapbl aBTOMATOB, BBIXOJ OJHOTO M3 KOTOPBIX COSTHUHEH C BXOAOM
apyroro. Ha TakoMm COCJMHEHHH MPOUCXOAUT CHHXPOHHOE B3aUMOJCHUCTBHUE
AaBTOMATOB, KOTJa OJMH aBTOMAT MOCHUIAET COOOIICHHE TOTAA W TOJNBKO TOT/A,
KOT'Zla APYTroi aBTOMAT 3TO COOOLIEHHE IPUHUMAET.

5) Tlpu TecTHpoBaHHH, Kak OOBIYHO, BO3ZHHKACT 3aJada «OrpyOJieHHs», KOrma
HpoBepsieTcs He «BCE MOAPsI», a MPOBEpKa JelaeTcsi BHIOOPOYHO. DTO Ha3bIBAIOT

¢bakropmszaumeii tecrupoBanusi [9]. Hampumep, a1 mpoBepKH MPaBHIBHOCTH
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peanu3andu YUCIOBOM (GYHKUMH JOMEHBI € apryMeHTOB pa30HBArOTCS Ha
HOJZIOMEHBI, W W3 KaXJIOTr0 MOIJIOMEHA BBIOMPAETCsT XOTS ObI OJHO YHCIO ISt
HpoBEpKU. B TepMuHax paccMaTpuBaeMoi 3/ech 3amaull (hakTOpH3alys O3HAYaeT,
YTo Ha IIepexoJaX aBTOMara KOMIIOHEHTA OIPEHEeNsAeTCS  OTHOIICHHUE
9KBHBAJICHTHOCTH, M CYHTAETCS, YTO JOCTATOYHO IPOBEPUTH XOTS OBI OJIMH MEPEXOX

n3 Kj1acCa DKBHBAJICHTHOCTH.

6) B [maHHON cTaThe TIpemTaraeTcs peleHne NpPoOIeMBl  TECTHPOBAHHA
KOMIIOHEHTOB TOJIFKO JETEPMHUHHPOBAHHON CHCTeMBI aBTomMaroB. OmHUM W3
HAIPaBJICHUH JajdbHEUIIMX WCCIEJOBAaHWH MOTIO OBl CTaTh HCCIIEOBaHUE
npoOJeMbl HeleTepMUHM3MA. boliee TOYHO, CTaBHUTCS 3ajlavya OIMpPEICIUTh TaKHe
OFpaHI/I‘{eHI/ISI Ha HeﬂeTele/lHI/ISM CUCTEMBI I/I/I/IHI/I COCTABJIAKOILINX eé aBTOMATOB,
KOTOpble TIO3BOJISIIN 6])1 BBIIIOJIHATH IIOJIHOE TeCTl/IpOBaHI/Ie 34 KOHECYHOC BpeMﬂ. IIJ'IH
ABTOHOMHOI'O TeCTl/IpOBaHI/ISI, KOrga aBTOMAT HaAXOOUTCSA IO HeHOCpeﬂCTBeHHMM
yIOpaBlIeHHEM TecTa (HE B KOHTEKCTE OKPYXKAIOImeH ero 4YacTh CHCTEMBI),

MpeAIoKEeHHbIe HeIIoXue petienust 3toit 3anaun ([10], [11], [12], [13]).

7) B naHHO# cTaThe MpPEANoNaraeTcs, 4YT0 W3BECTHO, KAKUM JIOJDKEH OBITH aBTOMAT
KaKJI0TO KOMITOHEHTa: 3aJaH Tpad) MepexojoB aBTOMara C TOYHOCTBIO JI0
m3omoppusma. B Gomee oOmeM ciydae MeXIy aBTOMAaTOM KOMITOHEHTa B
pearn3alii ¥ aBTOMATOM KOMIIOHEHTa B CIICIH(pUKAIIMU 331aéTCs TO WM HHOE
OTHOIIIEHHE KOH()OPMHOCTH, KOTOpoe ciabee H3oMOpGhH3Ma: KBa3H-PEIYKIIHS,
CUMYISIHSA ¥ T.II. DT0 TpeOyeT Gosee CIOKHOTO anropuTMa TecTupoBanus. Ecnn
TECTUPOBAHHE KOMIIOHEHTA aBTOHOMHOE, T.€. HE B KOHTEKCTE JAPYTUX KOMIIOHEHTOB
CHCTEMBI U CBS3YIOIIMX MX YT, TO BO3MOXHO IMOJHOE TECTHPOBAHHE 32 KOHEYHOE
BpeMsi KOH(DOPMHOCTH TUIA peayKuun uin cinaboit cumyssuuu ([2], [3], [210], [11],
[12], [13], [14], [15], [16], [17], [18], [19], [20]). Mus cocraBHOM CHCTEMBI

BO3HHUKACT np06neMa JCKOMIIO3MIIUH CHCTCMHBIX Tpe60BaHPII7[, Ha3bIBa€Mas TAaKXKC
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npobieMoit HecoxpaHeHust KoHpopMmHOcTH. OHa 3aKIIOYacTCs B TOM, YTO
KOMIIO3UIUSI peaju3aiuii KOMIIOHCHTOB, KOH(OPMHBIX CHCIHU(PHUKAIMIM 3THUX
KOMIIOHCHTOB, B 00INEM ciy4ae HEKOH(OpMHA CHCIH(HUKANNU CHUCTEMBI, B
YaCTHOCTH, KOMITO3UIINA CIEII(PHUKAINN KOMIIOHEHTOB. DTOH Mpo0IeMe MOCBSIIEH
psin pa6or ([2], [4], [21]), HO BO3HMKaeT 3amaua MEPEOCMBICICHHUS TPETOXKEHHBIX
pelIeHni A1 paccMaTpUBaEMoOil B 3TOH cTaThe 3ajau TECTUPOBAHUS KOMIIOHEHTOB

CUCTEMBI IIPU YCJIOBUU, YTO BEPHA TUIIOTE3a O CBA3AX.
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Testing of automata system

Igor Burdonov <igor@ispras.ru>
Alexander Kossatchev kos@ispras.ru
Institute for System Programming of the Russian Academy of Sciences,
25, Alexander Solzhenitsyn st., Moscow, 109004, Russia.

Abstract. The problem of testing of aggregate systems is considered. The system is described
with an oriented graph of links. The nodes correspond to automata of the components and
arcs correspond to simplex communication channels. The hypothesis of the links is assumed:
the graph of links is static and the link structure is error-free. In each state, the automaton can
accept and send multiple messages through incoming and outgoing arcs (at most one message
through each arc). The goal of testing is to cover transitions of the automata reachable during
the system work. It assumed that during testing it is possible to observe the state changes of
automata and the messages on the arcs. A simplified system model with only one message
circulating is considered at the beginning. On its example we show that the hypothesis on
links allows considerably reduce the number of required testing actions from the
multiplication of numbers of the component automata states to the sum of these numbers. If
the numbers of states of all automata are equal, it gives exponential reduction of the number
of test actions. Then the more general model is considered when the system can
simultaneously contain multiple messages, but not more than one on each arc. A composition
of the system automata is defined and the restrictions on automata making the system
deterministic are described. An algorithm of test generation is proposed basing on test
filtration generated for covering all transitions of the deterministic composition system. Test
is rejected if it covers only such transitions of the components that are covered by the
remaining tests. In conclusion, the directions of future research are described.

Keywords: directed graphs; graph coverage, communicating automata, distributed systems,
testing, networks.
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