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OBXOA HEU3BECTHOI'O I'PA®A KOJUVIEKTUBOM
ABTOMATOB. HEAJETEPMUHUPOBAHHBIN CJIYYA

Hzopv Bypoornos <igor@ispras.ru>, Anexcanop Kocaues kos@ispras.ru

Annoramms. MccnenoBanue rpadoB aBToMaraMu SBISETCS KOPHEBOW 3adadeil BO MHOTHX
npuioxeHusax. K Takum npuinokeHusiM oTHOCATCS BepU(UKalMs U TECTUPOBAHNE TPOIPaMMHBIX U
anmapaTHbIX CHUCTEM, a TaK)Ke HCClieloBaHHe ceTeil, B ToM uuncie cetd uHTepHeTa U GRID Ha
OCHOBE (opMasbHBIX Mojeneld. Mojenb CUCTeMBbl WIM CETH, B KOHEYHOM CU€Te, CBOIUTCI K
OpPUEHTHPOBAHHOMY Trpady IHepexoaoB, CBOWCTBA KOTOPOTO HYKHO HCCIENOBaTh. 3a IOCIEIHHE
rojibl pa3Mep peanbHO UCHOJIb3YEMBIX CUCTEM U CETEH W, CIEeI0BATENbHO, pa3Mep UX IpadoBBIX
Mojeneil HenpepbiBHO pacTéTr. [IpobiemMbl BO3ZHHKAIOT TOTJa, KOTAa MccienoBaHue rpada ogHuM
aBTOMAaTOM (KOMIBIOTEPOM) JHOO0 TpeOyeT HEIOMyCTUMO OOJIBIIOTO BpEeMEHH, MO0 rpad HE
MIOMEIIAETCSl B MaMSATH OJAHOTO KOMIIbIOTEpa, MO0 U TO U Apyroe. IloaToMy BO3HUKAaeT 3ajada
[apajjIeIbHOTO W pacHpefea€HHOro HcciefoBaHus rpadoB. OTa 3agada (QopMamM3yercsl Kak
3ajada MCClIeOBaHUs Tpada KOJUIEKTMBOM aBTOMATOB. B OCHOBE TAaKOro HCCIIEIOBAHUS JIEKHT
0o6xox rpada (IpoxXoa MO BCEM €ro Jayram, JOCTH)KUMBIM M3 HayaJlbHOW BEPIIWHBI). ABTOMATHI
MOTYT TEHEPHUpOBAThCS B HAyaIbHOM BepiiMHE Tpada, mepeMemarscss MO Ayram rpada B
HalpaBJIEHUU UX OPUEHTAllMM U OOMEHMBATBHCS MEXIY cO00il COOOIEHUSAMH Yepe3 HE3aBUCHMYIO
(ot rpada) cerb cBa3u. CymmapHas maMATh aBTOMATOB MCIONB3YETCS I XPAaHCHUS OMHMCAHUS
npoiiieHHor JacTu rpada. s mepeMeneHuss U3 BEPIIMHBI 1O BBIXOJAIICH U3 He€ ayre rpada
aBTOMAaT KaKUM-TO 00pa3oM JOJDKEH HIESHTH(GHULIUPOBATH ATy AYTY: yKa3zaTh €€ Homep. B Hamreit
cratbe «OO0X0A HEU3BeCTHOro rpada KOJUIEKTMBOM aBTOMATOB» IPEAJIOKEH alrOpPUTM TaKOro
o0xoma ans ciaydas JCTePMHUHUPOBAHHBIX TpadoB. 3amaya yCIOXHSETCA, eciau rpad
HeJleTepMUHUPOBaH. B TakoM rpade onHOMY HOMEpy AYI'M COOTBETCTBYET, BOOOILIE IOBOpA,
HECKOJIBKO JIyT, W3 KOTOPBIX JUIsI IMEepexoja BhIOMpaeTcss oJHa Jyra HEACTEPMHUHHUPOBAHHBIM
obpazom. [lmst toro, uroOwsl 00xoxm rpada ObUT BO3MOXKEH, MOJDKHA OBITH TapaHTHs, YTO TPH
HEOTPAHMUYEHHOM YHCJIE HKCIEPUMEHTOB KaKJas BBIXOJAIIAs W3 BEPIIMHBI Ayra C JaHHBIM
HOMEPOM MOXET OBITh MpoieHa. Takol HeeTEPMUHU3M MBI Ha3bIBAEM CIIPABEIJIMBLIM. Perenuto
3a1a4n 00X0/1a CIIpaBeAINBO HEIETEPMUHUPOBAHHBIX TpadoB NOCBALICHA JaHHAs padoTa.

KnrodyeBble cioBa: HeOETepPMHHHUpOBaHHBIE Trpadbl, ucciaenoBanue rpada, o6xox rpada,
B3aMMOJICHCTBYIOIIIMIE  ABTOMATHI, MapauieNbHas 00paboTKa, paclpelnesieHHbIE CHCTEMBI,
TECTUPOBAHUE.

1. BBenenue

3anaua 00X0/1a HEU3BECTHOT'O OPUEHTUPOBAHHOTO rpada aBTOMATOM (TIPOX0J1a aBTOMATOM IO BCEM
nyram rpada, JOCTUKUMBIM W3 HayallbHOM BEpPUIMHBI) HCIONb3YETCsS BO MHOTHX IPUIIOKEHUsX. B
JAHHOM cTaThe MOJpa3yMeBaeTcsi TECTUPOBaHME, Koraa rpad — 3To rpad aBToMaTta TECTHPYEeMOM
CUCTEMBbI, aBTOMAaT Ha rpade — TeCTHpYIOIlas CUCTEMa, a MPOXOoJ MO Jyre — 3TO TECTOBOE
BO3/CHiCTBHE W HaOmojeHHe pesynbrata [4]. B KkayecTBe NpPaKTHYECKOTO MpHUMEpa MOXKHO
npuBecTH pabory [11], rae BBIMOMHAIOCH QYHKIIMOHAILHOE TECTUPOBAHHME PA3IHYHBIX MMOJCHCTEM
MOJIENIU TpoIieccopa: KAII TPEThEro YpOBHS, yIIpaBJIeHUE MpepbIBaHUAMU U TIp. MojenbHbIe rpadbl
coJiepKall OT HECKOJIBKUX THICAY 10 HECKOJIBKMX MUJUIMOHOB Y3JIOB U HECKOJIBKO MUJUTMOHOB JYT.
TecT BbINOMHSAJICA MakCUMaIbHO Ha 150 KoMmbrOoTEpax.
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ABTOMAT-00XOMIYHMK BBITIOJHIAETCS Ha OJHOW MamuHe (Ipoleccop ¢ MaMsThi0), a HaIWdHe
HCCKOJIBKHNX aBTOMATOB Ha paSHBIX MalllMHax ITIO3BOJISACT CYH_IGCTBGHHO pacnapaﬂneJmTL pa60Ty.
[Tpy TecTHpOBaHWM KIOHHPOBAHUE TECTHPYEMOW CHCTEMbI OOBIYHO BO3MOXHO TOJBKO B
HayaJIbHOM COCTOSIHUM. [l03TOMY aBTOMAT HauMHaeT paboOTy ¢ HaYalbHOW BepIIuHBI rpada. bynem
CUMTATh, YTO 3a OJHMH TaKT CO37aéTcs He 0oJiee OJTHOTO KJIIOHA TECTUPYEMOM CHCTEMBI, TO €CTh HE
0oJiee OJHOTO aBTOMAaTa-00X0IunKa.

Jnst Toro, 4ytoObI aBTOMAT MOT OOXOIWUTH JO0OW KOHEUHBIH Tpad, Tpedyercs IOCTym IO
YTEHUIO/3aMMCH K HEOrpaHMYEHHON palboueil mamsTH, B KOTOPOW HaKaluIMBaeTCsl WH(popManus o
npoiiieHHol yactu rpada. Eciam 3Ta maMsaTh — 4acTh maMsATH aBToMara (MallWHBI), aBTOMAT HE
KOHEYEH Ha Kilacce Bcex rpadoB. Anroputm obxona rpada OJHUM aBTOMAaTOM MpPEAJIOKEH B [5].
Ecam uncno aBromaToB Oouibllie 0HOTO, HO OTPAaHHYCHO, TO PaclapalieIMBaHue YCKOPSAET 00X0/,
HO HE MEHSET MOPSIOK BpeMeHHn 00xo/1a B Hauxy/mem cirydae [10].

[IpoGnema Bo3HHWKaeT, Korga rpad HE MOMENIAeTCs B HaMSATh MAalIWHBI, YTO SKBHUBAJICHTHO
KOHEYHOCTH aBToMara. EcTe 1Ba moaxosa.

[1epBbIii MOIX0/ MPUMEHNM, KOT/Ia padovast MaMsTh CYIIECTBYET OTACIHHO OT MaMITH aBTOMaTOB U
peanmu3yercss Ha BeplIMHaX rpada: aBToMarbl HE MOTYT OOMEHHUBAThCI MEXAY COOOM
COOOIICHUSIMU, HO MOTYT IHCATh/YUTATh U3 TEKYyIIeH BEPIINHBI CHMBOJIBI KOHEYHOTO alaBUTa U
nepeMeriaTbcs Mo ayram rpada. DTO SKBHBAJICHTHO «OOpPaTHOM» MOMENH, KOTJa aBTOMATBI
HETIOABIDKHO «CHAAT» B BepIIMHaX rpada, a mo ayraMm TepelaroTcsi COOOMICHHs, KOTOpHIC
aBTOMAThl MOCBUIAIOT JAPYr Apyry. Takoil MoIXoa MOXET HPUMEHSThCS, HAlpUMep, IUIS CeTH
WHTEPHETa, KOT/1a BEpIIMHA — 3TO Y3eJ CeTH, a POXOJ 10 JIyre — Tepeaada COOOMCHUS MEXIY
y3JIaMd. AJITOPUTM pabOThI OJJHOTO KOHEYHOT'O aBToMata mpesiaraercs B [3,7,8]. Eciau koHeuHbIX
aBTOMATOB HECKOJIBKO, 3TO YMEHbIIACT Bpemst 0oxoa [15].

Bropoit moaxon mpuMeHsieTcs NpU TECTHPOBAaHHMM, KOTAA BEpHIIMHA Trpada — 3TO COCTOSHHE
TECTUPYEMON CHUCTEMBI, 1 aBTOMAT HUYEro HE MOXKET B He€ mucarb. Toraa pabodast maMsaTh — 3TO
CyMMapHasi MaMsTh KOJUIEKTHBa aBTOMATOB, OOMeHHBarOmuXcs cooOrmeHusmu. s K mammH
MOXXHO 00x0auTh Tpadbel B K pa3 Oonbiime, yem Juisi oqHOM MammHbl. Eciam pasmep rpada He
OTpaHHMYCH, YHCJIO aBTOMATOB B KOJUICKTHBE TaKXKe JOJDKHO OBITh HE OrpaHHYEHO. MIMEHHO 3TOT
NOJXO0/ U1 KOHEYHBIX Ipad)oB pacCMaTpUBACTCS B HACTOSILEH CTaThe.

Korga aBromar co3nmaéresi, eMy BBIIEINSETCS OTICIBbHBIA KIOH (9K3EMIUIIP) MCCIEeAYeMOro rpagda.
Cunraercs, 4TO aBTOMAaT HAaXOAUTCS B BBIACICHHON HadalbHOH BeplIMHE Ipada, KOTOPYIO MBI
OyzeM HazbIBaTh KopHem. DTOMY COOTBETCTBYET PECTapT TECTHPYEMOU CUCTEMBI, T.€. €€ MepeBo B
HauyanbHOe cocTossHue. CymMMmapHas namsTb aBTOMAaTOB HCIOJb3YeTCsl Uil XPaHEHUs ONUCAHUS
npoiinenHoi yactu rpada. Ilocne cozmanus aBTOMaThl MOTYT IEpeMeInaThes Mo AyraMm rpada B
HaIlpaBJICHUN UX OPHEHTAIMH (KKl aBTOMAT MO CBOEMY KJIOHY rpada) 1 0OMEHHUBATHCS MEXKITY
co0oi COOOIICHUIMH Uepe3 He3aBUCUMYIO (OT rpada) ceThb CBsI3M.

Jnis mepeMerieHusi U3 BEpIIMHBI 0 BBIXOAALICH M3 He€ ayre rpada aBTOMaT KaKHMM-TO 0Opa3oM
JOJDKEH MACHTUQHUIMPOBATH ITY AYTY: yKa3zaThb €€ HOMep. DTOMY COOTBETCTBYET TO WJIM HHOE
TECTOBOE BO3JCHCTBUE HA TECTUPYyEMYIO cucTtemy. IIpeanonaraercs, 4To BCe Qyrd, BBIXOIALIUE U3
BEPLIMHBI IEPEHYMEPOBaHbl, HAYMHAA € |, 1 U3BECTHO YHUCIIO BBIXOJAIIMX AYT (YUCIIO TOMYCTHUMBIX
TECTOBBIX Bo3zeicTBHif). [locie mpoxoaa mo xyre aBTOMar JOJHKEH KaKHMM-TO 0Opa3oM y3HaTh, B
KAaKOW BEpIIMHE OH OKAa3aJCsi, W CKOJBKO y HeE BBIXOMANMX AYr. [l 3TOro HCIosb3yeTrcs
YHUKAJIbHBIA HMAEHTH(QHUKATOP BEPIIMHBI. DTOMY COOTBETCTBYET TECTUPOBAHHE C OTKPBITHIM
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cocrosiHreM [9], korma TecT MOC/e TECTOBOrO BO3ACHCTBUS MOXET Y3HATh TEKYIIEEe COCTOSHHE
peanmM3any ¢ TOMOINBIO TpuMUTHBa Status message. BzaumopeiicTBue aBToMata C¢ Tpadom
CBOJIUTCS K NPUMUTHUBY HPOX00 nO Oy2e C TApaMETPOM HOMEp AYTU» U omeema Ha npoxoo, B
KOTOPOM coo0mIaercs uaeHTuuKaTop KoHNa ayru. Kpome TOoro, aBToMaT JOJDKEH 3HATH YHCIIO
IyT, BBIXOMAUIMX U3 BepIMHBL. [Ipy TeCcTUpOBaHMU HSTO UHUCIO JAOMYCTUMBIX TECTOBBIX
BO3JICUCTBHI, KOTOPOE MOXET 3aBHUCETh OT MPEIBIMCTOPHUU B3UMOJEHCTBUSA. B rpadoBoit Moaenu
JId TIPOCTOTHI MBI GYI[GM CUMTaTh, 4YTO 3TO YHUCIIO COO6H_[a€TC$I ABTOMATY IIOCJIC IpOoxXoda Mo Ayre
BMECTE C UACHTU(PHUKATOPOM KOHIIA Tyru. Mbl Oy/ieM cuuTaTh, YTO UMEETCS HEKHil aBToMar rpada,
a yKaBaHHBII\/'I IMPUMHUTHUB U OTBCT Ha HECT'O PCAIU3YIOTCA KaK COO6H_I€HI/I§I, IIOChIJIAaEMBIC N3 aBTOMATa-
obxomunka aBTomMarty rpada u oopaTHO.

[Ipu oOMeHe COOOIICHUSIMH aBTOMAT-TIOJydaTeab (BKIOUYas aBTomMaT rpada) UICHTHPUITUPYETCS
aJpecoM aBTOMara. ABTOMAT TMOJy4YaeT aJpec MPU €ro CO3/JaHWU, U ITOT anapec SBISICTCS
napaMeTpoM OTBeTa Ha COOOIIeHUE co30ait agmomam. CaMu aBTOMATHI M KIIOHBI Tpada co31ar0Tcs
U YHUYTOXKAKOTCA HCKHM HCONNCBIBACMbBIM BHCUIHHM AaBTOMATOM. OH xe HHUIUUPYCT O6XOI[,
cO3/1aBasi IIEPBBIN aBTOMAT, U €MY K€ ITOChUIACTCS COOOIIEHUE O 3aBEPIIICHUN 00X0/1a.

DTOT MOAX0J BIEpBbIe ObLI MpuMeHEH B Hamiel padore [12], a B [13,14] omucana ymydiieHHas
MoaudUKanys anropurMa odxoxa. B atux pabortax rpad mpenamnonaraercs A€TCPMUHHUPOBAHHBIM.
OTO 03HAYaeT, YTO B KaKJON BEPIIMHE HOMEP Jyrd OJHO3HAYHO ONPEIEISAET BBIXOAILYIO U3 3TOH
BepmnHbl Ayry. Korja aBromar B TeKylled BepIIMHE YKa3bIBaeT HOMEpP IYr'HM Kak IapaMeTp
IPUMUTHBA BPOX00 O 0y2e, OH MOXKET NEPEHTH MO Iyre TOJIbKO B OAHY BEPLIMHY — KOHEIl AyTH C
yKka3zaHHbIM HoMepoM. Ecmm 310 He Tak, rpad cumraercss HeneTepMHHHMPOBAHHBIM. B maHHOM
pabote MBI TIpeasiaraeM ajaropuTM o00xoja Takoro rpada Mpu HEKOTOPHIX MPEINOIOKEHUSIX O
XapakTepe ero HeACTePMUHN3MA.

2. Henerepmunusm

I'pad ¢ Hymeparmei Ayr, BBIXOIIIIAX W3 KaXIOW BEPIIUHBI, HEACTEPMHUHUPOBAH, €CIIU OJHOMY
HOMEpY IyTd MOXET COOTBETCTBOBATh HECKOJBKO Ayr. MHOXKECTBO Iyr ¢ OOIIMM HAYyaloM H
OJIHUM  HOMEpPOM 1Oyrd OynmeM  Ha3blBaThb  Odenbma-oyeoiu.  bymem  cuuTarh,  4TO
HEJCTCPMUHUPOBAHHBIA  BBIOOp JyTM 1O  JIEIbTa-Ayre OCYHIECTBISIETCS C  MTOMOIIBIO
HEJICTEPMUHUPOBAHHOW (YHKIIMH BBIOOpA S © «MHOIHCECMBO 0eNbMma-0)2» —> K MHOMCECMBO 0)2),
KOTOpast ISl KaXIOW AenbTa-ayrd X HeJIeTepMHHHUPOBAHHBIM 00pa3oM BO3BpamiaeT Ayry XeX.
ABTOMAT yKa3bIBaeT B TEKYIEH BEpIIMHE HOMEP JIYTH, KOTOPHIN OJHO3HAYHO ONPEACTSeT NeNbTY-
IyTy, W TPOXOAHUT HEKOTOPYI AYry W3 JAeibTa-AyTd, onpenenseMyro (yHKiuend BbiOopa. Mbl
OyJZieM TOBOPUTH TaKXKe, YTO aBTOMAT MPOXOTUT JIENbTa-AYTYy.

[TockonbKy mocie nmpoxoja 1o Ayre aBToMaT y3Ha&T TOJIbKO WICHTU(UKATOP KOHLA AYTH, KpaTHBIC
OYy'M C OJHUM HOMEpPOM HEpasIndMMbl MEXTy coOoi. Tem cambiM, 0€3 JONOJHHUTEIBHBIX
NPEIOI0KEHUH HEBO3MOXKHO rapaHTHPOBATh MPOXOJ 110 BCeM Ayram rpada. Mbl OyaeM cuuTarb,
yTo B Trpade HET KpaTHbBIX Oyr ¢ OJHMM HomepoM. Torga mobas Jgyra yHHMKalbHO
UACHTUPHUIHUPYETCS UACHTU(UKATOPOM €€ Hayasla, HOMEPOM Iyrd W MIECHTH(PUKATOPOM KOHIA

JIyTH.

Jus xaxmoit genbra-gyru X OyIeM paccMaTpuBaTh Pa3IMYHBIC MOCIECIOBATEIILHOCTH 3HAYCHHIA
byukuuu Beroopa S(X), S(X), .... UHTYUTHBHO SICHO, YTO €CJAM MOXKET OBITh MOJyYCHA HEKOTOpas
TakKas MoCJIeJI0BaTeIbHOCTh, TO MOXKET OBITh TIOMY4YeH U T000i € mpedukc.
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bynem roBoputh, uTO Tpad abcorromno HedemepMuHUposaH, €CIH IS JOOO0W aenbra-ayra X
mob6asi GeCKOHEYHas MOCIIE0BATEIBHOCTD YT U3 3TOU NebTa-ayrd SeX” MOXKeT ObITh MOJydeHa
KaK IMOCJe0BaTeIbHOCTh 3HaueHni GyHkuuu BeiOOpa S = S(X), S(X), .... OTO O3HaYaer, 4To eciu
Ha HEJACTEPMHHU3M (PYHKIIMKM BBHIOOpa HE Hajaraercs HHKAKUX OrPpaHUYCHUM, 00X0J
HEJIETePMUHUPOBAHHOTO Tpada HEBO3MOXKHO BBIIOJHHUTH 32 KOHEYHOE BpEMs, MOCKOJIbKY HET
HUKAKUX FapaHTHH, YTO 32 KOHEUYHOE YKCIIO MPOXOOB IO JIeNbTa-Ayre yaacTcs MpONTH 10 BCeM €€
Jyram, eciii ux Oosnbline ogHoi. Hampumep, Bc€ BpeMsi MOKET BRIOUPATHCS O/HA U Ta )K€ JyTa.

Bynem roBoputh, uTo rpad cnpaseiiugo HedemepMuHuposan, eciiv i 000 nerapra-ayra X B
1r000# OECKOHEUHOMW IMOCIIeI0BaTeIbHOCTH 3HaueHui (yHkuuu Beioopa S = S(X), S(X), ... Kaxmas
nyra X eX Bcrpedaercst 66CKOHEYHOE YHCIO0 pa3. DTO O3HAYaeT, YTO IS MPOXOJa IO BCEM Jyram
JIebTa-Iyr| JOCTATOYHO KOHEYHOIO YHCIIa MPOXOJO0B IO JeNbTa-ayre. 1103ToMy, eCiii W3BECTHO
YHCITO JYT B JIENIbTa-yre, aBTOMAT MOXKET 3a KOHEYHOE BPEMsI HE TOJILKO TPOWTH 110 BCEM JIyraMm
JenbTa-Iyrd, HO U y3HATh 00 3TOM. A, KpOoMe TOTO0, IO OJHOM U TOW ke Jyre MOKHO MPOXOIHUThH
1000€¢ HEOTPAaHWYEHHOE YHCIIO a3, MPOCTO MOBTOPSIS JOCTATOYHO OOJIBIIOE YHCIIO pa3 MPOXO. MO
JeTbTa-IyTe.

MOXHO OTMETHTb, YTO THUIIOTE€3a O CIpPaBEIJIMBOM HeaeTepMuHU3Me rpacda, Qaxkruyeckw,
9KBHMBAJCHTHA THUIIOTE3€ O TIJI00ambHOM TecThpoBaHuH [1,2], KOTOpas mpeamosaraet, 4To IpH
0ECKOHEUYHOM YHCJIE MPOrOHOB TecTa OyAyT IMOJydyeHBI BCE BO3MOKHBIE BapUAHTHI TOBEACHUS
TectupyeMorl cuctembl. [lns rpada TakoMy BapHaHTy MOBEIEHHSI CHCTEMBI COOTBETCTBYET
MapuipyT B rpade, a A TOro, YTOOBI MOXKHO OBUIO MpOiTH JM1000i MapmpyT, GyHKIHS BBIOOpa
JIOJKHA OBITH CIIPABEIITUBOM.

YacTHpIM CiIydaeM CIHpaBeIMBO HEIECTEPMUHUPOBAHHOTO rpada SBISETCA 02PAHUYEHHO
HedemepMUHUPOBanHblll 2pagh. ITo Takoi rpad, Ik KOTOPOTO CYIIECTBYET TaKOe YUCIO t, 4To /is
mo00# nenbTa-nyru X U JIF000M OECKOHEYHOW TOCE0BATEIIbHOCTA 3HaYeHUN (YHKIIUM BhIOOpa
S =5(X), s(X), ... xaxnmas ayra XeX BCTpedaeTcss XOTs Obl OJMH pa3 Ha KaKIOM OTpe3Ke
MI0CJIeI0BATEIBHOCTH JIMHOM t, T.¢. Ha orpeske S[i..i+t-1] mms Kakaoro HaTypaabHOrO 4ucIia .
s nanHoro yucia t Takoit rpad Oynem HasbIBaTh Takxke t-Hedemepmunuposantsim.

OueBuHO, uTo Mpu t=1 MBI UMeeM JeTepPMUHUPOBAHHBIN rpad.

HNmeeT MecTo cremyromas mociae10BaTeIbHOCTh CTPOTHX BIOKEHHUH KIaccoB TpadoB:
KJIacC IETEPMUHUPOBAHHBIX TpagoB

C KJacc t-HeleTepMUHUPOBAHHBIX TpadoB

C KJ1acC OrpaHNYEHHO HEJEeTEPMUHHPOBAHHBIX IPpadoB

C KJIacC CIIPaBEUIMBO HEJETEPMUHUPOBAHHBIX I'padoB

C KJIacc a0COTIOTHO HEJETEPMUHUPOBAHHBIX I'PadoB.

B cnenyromem paszzgene OyaeT NMpeIoKeH alropuTM 00X0/a KOJJICKTHBOM aBTOMATOB JIIOOOTO
CIIPaBEUINBO HEJETEPMUHUPOBAHHOTO KOHEYHOTo rpada, JIsi KoToporo 1) B Jenbra-myre HET
KpaTHBIX IYyT, 2) W3BECTHO YHCIIO JENbTa-AYT, BBIXOASIIMX M3 KaXKIOW BEPIIMHBI, 3) U3BECTHO
9HUCIIO AYT B Kakaoil aenbra-gyre. Kpome Toro, Mel Oynem mpenmnonarath, 4To NpH ITepenade
COOOIICHHSI «OT TOYKHM K TOUKE» HE MPOUCXOIUT MOTEPH, UCKAKECHUS, TEHepallH JHUIIHUX WIN
00ro”a cooO1eHuii.

3ameuanue: J{ns t-HeneTepMUHUPOBAHHOTO Ipada MOKHO OcaabuTh TpeOOBaHUS, OCTABUB TOJIHKO
3HAHUE YMCia JIeTbTa-AyT B KaXA0M BepiinHe. JlecTBUTENbHO, €Clu Mbl t pa3 BBITOJIHUM MPOXO/T
1o JienbTa-ayre X, KaKIAbIA pa3 3allOMHHAs IyTY, 10 KOTOPOW MBI MPOXOJUM, TO, BO-TIEPBBIX, MBI
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rapaHTUPOBAHHO MPOWUJEM MO BCEM JyraM JAeNbTa-AyTd, BKIIOYas KpaTHBIE YT, a, BO-BTOPBIX,
y3HaeM 4YHUCJIO AYT B JeibTa-Ayre ¢ TOYHOCTHIO JO KPATHOCTH, T.€. Y3HAEM YHUCIIO PA3THUYHBIX
KOHIIOB JIyT 3TOM JeNbTa-IyTu.

3. AJropurm odxoaa

ANTOPUTM OCHOBaH Ha TPEX pEXHMMax pabOTHl aBTOMATOB: 2eHEpPaAmop, pecyiamop N OBUNCOK.
O6xox rpada, TO €CTh ABHKEHHE IO €r0 JyraM, BHIIOJIHSIOT ABMKKU, PETYJIATOPHI ITpeTIHA3HAUYEHBI
JUISL YIpaBJICHUS TNEepeMEIICHHEM JBMKKOB IO JyraM, a T€HepaTrop Co3aéT M yHHUYTOXKaeT (C
MIOMOIIIFI0 BHEIIHEr0 aBTOMAaTa) JBUKKH M CBSI3aHHBIE C HUMH KIOHBI TpadoB. C Kaxaon
HETePMUHAJIBHON (MMEIOIEeil BBIXOJSIINE AYTH) BEPIIMHOW CBS3aH OJHMH PETYISATOP, B KOTOPOM
XpaHUTCA OINHMCAHHWE AETbTa-AYT M YT, BBIXOIAIIMX U3 BEPIIUHBL. PerysisTop KOpHS BBIOJIHSET
Tatoke (QyHKIMH reHeparopa. /s ympaBieHHS TepeMeIleHHEM IBIKKOB PETYIATOp COOOIIaeT
JBIDKKY, HAaXOJISIIEMyCs B BEpIIMHE pEryjsaTopa, HOMEp IyrH, OJHO3HAYHO OIpPEICIISIONINHA
JeTbTY-AyTy. JIBHKOK BBIITOJHSIET MPOXOA MO ATOH AEIbTa-Iyre, 9TO O3HAYAeT MPOXOJ MO OJHOM
U3 YT 3TOH JlenbTa-yr, BeIOUpaeMoil GyHKIHel BIOopa.

3.1.  Onucanue xyru

B mnpouecce paboTel anropurMa B CyMMapHOM MaMATH PETYJISATOPOB CTPOUTCS ONUCAHHE
npoiineHHoi yactu rpacda. Jlns 3TOro B peryniarope BEpIIMHBI CO3MaETCS ONMUCAHHE KaKIOU
BBIXOJIAIIEN M3 BEpUIMHBI AYTU. [Ipotidennvie Tyru AENATCA HA npsamvle U xopowul. IlpsMble nyru
00pa3yloT OCTOB NpoiineHHONW dacTu rpada. 3axkonuennou nyroi OyaeM Ha3bIBaTh JYyry, IO
KOTOPOH OoJIbllle HE HYXKHO NOChUIaTh IBUXKKH. Henpotioennas yra BCETAa HE3aKOHYEHHas, Xop/aa
BCErJa 3aKOHYEHHAs, a MpsMas Ayra MOXeT ObITh CHauala HE3aKOHYCHHOM, a IMOTOM CTaTh
3aKOHYeHHOU. [IpsAmas 1yra cTaHOBUTCSA 3aKOHYEHHOM, KOTa BBILIE HEE IO OCTOBY HET BEPILUH, U3
KOTOPBIX BBIXOJAST HENPOHJEHHBIE AYI'M. 3aMETHM, YTO, ITIOCKOJIBKY PETYJATOP MOCBIIAET JIBUKKU
10 JIeNbTa-Iyre, a He OTAENBHOM Ayre, IBUKOK BCE PABHO MOXKET IPOUTH MO 3aKOHYEHHOM Jyre, HO
TOJIBKO B TOM Ciyd4ae, €cilu B JeNbTa-Ayre €CTb HE3aKOHYEHHas Jyra. B 1einoM HMerTcs
CIIENYIOIIAE COCTOSHMS OYI. HENPOMACHHAsA, XOpJa, HE3aKOHYCHHas IpsAMas M 3aKOHYCHHAs
npsmasi. B koHie 06xo/1a Bce Ayru 3aKOHYEHHBIE, T.€. XOP/Ibl U 3aKOHUYEHHBIE MPSIMBIE.

BepLHI/IHy GYI[GM Ha3bIBATh 3aK0H1£€HHOIZ, €CJIM BCC BBIXOAIIHUE U3 Hee AYTA 3aKOHYCHHBIC.

Onucanue Tyru COCTOUT U3 CIAEAYIOLINX MOJIEH:

® COCTOSIHHE JTYTH;

e uHIeHTU(HUKATOP KOHIIA TyTH [HECYIIECTBECHEH /I HETIPOMACHHOM IyTH |;

® aJipec peryssaTopa KOHIA YT [HECYIIECTBEHEH JI1 HEMPOUACHHOMN AyTH].

3.2. Coo0urenus

CooO1ieHre COCTOMT W3 Ha3BaHWs (Tera) W MmapaMeTpoB cooOmieHus. Huke mepeducieHsl Bce
UCTIOJIb3yeMble COOOIIEHUS W HX MapaMeTphl, KpOME ajpeca IoyiydaTels, KOTOPBIH sBIsSeTCS
00s13aTeIIbHBIM ITapaMeTPOM KaXKJ0T0 cooO0meHus. B ckoOKkax yka3aHbl OTIIPABUTENb M ITOIy4aTelh
COOOIICHUSI.

1. mut 2enepamop (BHEHMI aBTOMAT —> NIEPBBINA CO3AaHHbBIN aBTOMAT)!
— aJipec BHEIIHEro aBTOMarTa,
— ajipec reHeparopa, To €CThb aJIpec MOoIyqaTess COOOIECHMS;

2. co30ait zpagh (reHepaTop —> BHEIIHUNA aBTOMAT):
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— aJipec reHeparopa, To €CTh aJIpec OTIIPABUTEINS COOOIICHHS,;
3. zpagh co30an (0TBET Ha co3dail zpagh).
— ajpec KioHa rpada,
— UACHTU(PHUKATOP KOPHH,
— YHCJIO BBIXOAIINAX U3 KOPHS JCIbTa-1yT;
— CIIMCOK YHCEeN IYT Ui KaKI0U IeNbTa-IyTH B KOPHE,
4. co30aii agmomam (TEeHEPATOP WU IBIKOK, CTABIINI PETyISTOPOM, —> BHEIIHHIA aBTOMAT):
— aJpec OTMPABHUTEIS COOOIIECHNUS;
5. aemomam co3oan (OTBET Ha co30ali agmoman).
— aJIpec CO3/1aHHOTO aBTOMATa;
6. mul 0sudicok (Co3aTENb JBUKKA —> CO3JIAHHBINA JBUKOK):
— ajpec IBWXKKA, T.C. aJlpec MOTydaTeNs COOOMCHHS,
— azpec peryisitopa KopHs (OH e TeHepaTop),
— anpec kjoHa rpada,
— WACHTU(PUKATOP TEKYIIEH BEPIINHBI,
— aJIpec PeryasaTopa TEKYyIIei BepIINHBI;

7. Kyoa uomu (IBUXOK —> PEryJIITOp TEKYIIeH BEPIINHbI):
— ajipec JBWXKKa, T.€. aJpec OTIPABUTENS COOOILECHUS,;
8. uou no dyze (oTBEeT Ha Kyoa uomu):
— HOMeEp BBIXOJAIIEH YTy (MOXKET OBITh PAaBHBIM HYIIIO);
9. npoxoo no dyze (IBWKOK —> KJIOH aCCOILMUPOBAHHOIO C IBUKKOM Tpada):

— ajpec IBUXKa, T.€. aJIpec OTIPABUTENS COOOIICHHS,
— HOMEp BBIXOASUIEN OYTH;
10. omeem na npoxood (OTBET Ha HPOX0O nO Oyze).
— WACHTH(UKATOP BEPIIUHBI KOHIIA TPOUICHHON JIYyTH,
— YHUCJIO BBIXOJAILIUX U3 3TOW BEPIIMHBI I€TIbTa-ayT,
— CIIMCOK YMCEN IYT AJIs KaKIOW JeNbTa-1yIH;
11. uzeemsenue (IBMXOK, MPOLIEIIINN TIO AyTe, —> PETYIATOP Havana qyru):
— HOMeEp IIPOUIEHHOH AYTH,
— ONMCaHHE MPOUIEHHOMN AyIH;
12. onpoc (ABUXOK —> PErynaTop KOpHS Kak MEepBHI B CHHCKE PEryIATOPOB, WU PETyIiaTop —
CIIEIYIOIINNA PETYNIATOP B CIIUCKE PETYIATOPOB):
— aJpec ABMXKKA, MHUIIMUPOBABILETO ONPOC,
— UJISHTU(PUKATOP BEPIINHBI;
13. omeem na onpoc (HaliICHHBIN PETYISATOP —> ABUKOK, HHUIIMUPOBABIIHIA OIIPOC):
— aJpec HalJIGHHOTO PETryJsTopa,
— HOMEp NpSIMOU TyTH, BXOJSIIEH B BEPIIMHY HANJEHHOTO PETYIISITOPA;
— ajpec peryisTopa Hayaiaa npsiMOM IyTH, BXOJSIIEH B BEPIIMHY HANAECHHOTO PETYIISITOPA;
14. ynuumoirco zpagh (IBMXOK mepe]; CaMOYHUUTOXKCHHUEM — BHEITHUN aBTOMAT):
— ajpec KJoHa rpada;
15. ynuumosico asmomam (CaMOYHUUTOXKAIOIIUNCS JIBUYKOK —> BHEIIIHUI aBTOMAT):
— aJpec CaMOYHUUYTOXKAIOIIETOCs BUXKKA, T.€. aIpeC OTIPABUTEIIS.

3.3. CocTosiHME aBTOMATA

CocTosiHHE aBTOMATa — 3TO COCTOSTHHE ImaMsTH, B KOTOpOﬁ HMCIOTCA CIICAYIOIINEC ITOJIA:
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pexuM paboThl: TeHepaTop (OH K€ PETYISATOP KOPHS), PETYIATOP, IBHKOK;
cOOCTBEHHBII ajjpec aBTOMATa;

aJipec BHEIIHEro aBTOMaTa;

azpec kioHa rpada;

aJipec reHeparopa;

aJipec CIEYIOIEro B CIUCKE PETYIATOPOB (Y MOCIEIHETO B CIIUCKE PETYIATOpa aApec MyCTOoMH);
UACHTU(DHUKATOP TEKYIEH BEPITNHBL;

aJipec perynsTopa TeKyIel BEpIIUHEL,

HOMED BXOALIEH NYIH;

aJipec perymsaTopa Havana BXOMASIIEH TyTH;

YHCIIO BBIXOISAIINX JENIbTa-IyT;

CIIUCOK T10 BBIXOMSIIUM JeTbTa-ayraM (oT 1 10 4rciia BRIXOASIIUX IeNbTa-ayT):
O YHCIIO YT B A€NbTa-AyTe;

O CIHCOK OMHUCAHUU AYT AeabTa-ayru (0T 1 10 yucia Iyr B IenbTa-ayre).

3.4. Omnucanue ajropurma
3.4.1. T'enepatop

Pabora anroputma HauyMHaeTCs, KOTJa W3BHE CO3MAETCS TMEPBBIH aBTOMAT M €My IOCBHLIaeTcs
cooO1eHue mul 2enepamop. I'eHepaTop BBIMONHSAET (QYHKIMH PETYIATOpa KOPHS, OINHCAaHHBIE
HIDKE, U, KpOME TOro, HENpEephIBHO TeHepupyeT ABMKKHU. CHauana co3maércst KIOH rpada c
MOMOIIIBIO  COOOIIECHUN co30ail zpagh U OTBETHOTO COOOIIEHUS Zpagh cozoan. 3atem co3maéres
aBTOMAT C TIOMOIIBIO COOOIIECHHUH co30ail agmomam W OTBETHOTO COOOLICHUS A8MOMAM CO30aH.
Co31aHHOMY aBTOMATy TIOCBUIACTCS COOOIICHHUE Mibl 08UMCOK C TIepedadeil emy aapeca KJIOHA
rpada. ['eHepanus IBMKKOB IPOUCXOJUT JIO TEX TOP, TOKa KOPEHb HE CTaHeT 3aKoH4YeHHBIM. Koraa
3TO MPOU30UIET, FeHEPaTOp MOCHUIAET BOBHE U38eu4eHUe, O3HAUAIOIIEe KOHEell 00X0/1a.

3.4.2. Peryasrop

Perynstop cBsizaH ¢ 0HOM BepIIMHOM Trpada U peryaupyeT ABMKEHUE IBUKKOB, MOMAJAIONINX B
9Ty BCPIIMHY, IO BBIXOAAIIUM OYyTaM. I[JI}I 9TOr0 PEryjiaTop OXUAACT OT MPUXOAAIIUX ABUKKOB
cooOmieHut Kyoa uomu. IlonyuuB Takoe COOOIIEHHE, PETYJIATOP MPOBEPSET, 3aKOHUYEHA JIH
BeplIMHa. Eciu ecTh HE3aKOHYEHHAs 1yra, PeryisTop IOCBUIAET ABUXKKY €€ HOMEpP B OTBETHOM
COOOIIEHUY uou no dyze. Ecnu BepimHa 3aKOHYEHA, PETYJISATOP IMOCHUTAET JIBHXKKY HYJIEBON HOMED
JyTH B OTBETHOM COOOIICHUH UOU nO Oyze.

Taike perymarop MOXKeT NOJY4YHThb COOOIICHUE u36eujeHue, COJIepiKaliee OINUCAHHE IYTH,
BBIXOJSIIEN U3 BEpUIMHBI peryisTopa. Perynstop npoBepsieT mo HOMepy Ayrd U UACHTUPUKATOPY
KOHI[A YT €CTh JIM y>KE€ ONMCAHUE ATOM NYI'U WUiu €€ HeT. Eciiu Takou Ayru €€ HeT, perysiTtop
CO31aE€T €€ ONMCAaHHME HAa MECTE OIMCAHUs OJHOW U3 HENpPOHACHHBIX AYr. Ecinu Takas qyra yxe
€CThb, PETryJIsITOP MEHSAET €€ COCTOSHUE Ha TO, KOTOPO€ YKAa3aHO B U36eU{eHUU, 3a UCKIIOUCHUEM
ciy4as, KOTJa B u36ewjeHuu yKa3aHa HE3aKOHUYCHHAs IpsMas Iyra, a B PETYJISATOpE Ayra yxke
3aKOHYEHHasl.

OTO HCKIIOYEHUE MOKET BO3HMKHYTH M3-32 aCHHXPOHHOCTH IOBEACHHMA aBTOMaroB. Ecim mo
HEIPOWICHHON Jyre, BeAyLled B HENPONACHHYIO BEpIIMHY, IPOXOAMUT IEPBBIM ABUKOK, OH
nockutaeT uzeeujenue Nel o He3aKOHUEHHON mpsiMol ayre. OgHako 3TO uzeeugenue Nel Moxer
UITU JOCTATOYHO JIOJIT0, U 33 OTO BpeMs 10 Jyre MOXKET IIPOUTH MHOTI'O JABUXKKOB. B KOHIIE KOHIOB

7



. Bypnonos, A. Kocaues.

O06xo Hen3BecTHOTO rpada KOIIEKTUBOM aBTOMATOB. HeleTepMUHUPOBaHHBIH Citydaii.

Tpynst MacTUTYTA cucTteMHoro nporpammupoBanust PAH, Tom 27-1, 2015 r., ISSN 2079-8156, c. 51-68.
18 cTp.

OJIMH W3 3THUX JIBWKKOB TONUIET u3eeuienue Ne2 o TOM, 4TO Jyra 3aKOHUYCHHAS, U 3TO U3BeU{eHUe
No2 oOronut uzeeuienue Nel.

3.4.3. JIBHXKOK

JIBMKOK HAYMHAET CBOIO PadOTy C MOJYYCHHUS COOOIICHUS Mbl 06UMHCOK. JIBIKOK CIIpAIINBACT Y
peryJIsITOpa TEKyIIEH BEPIIUHBI Kyoa uOmu v 0XKUJAET OTBETA UOU no oyze.

Eciii B OTBETHOM COOOIICHUU uOuU MO dy2e YKa3aH HYJIEBOW HOMEpP JYTH, IBHKOK OJIKCH
VHUYTOXKUTh Tpad W camoro cebs C TIOMOIIBIO COOOIICHWH YHUUMOdMNCL 2padh W
YHUYUMOIICL agmomam.

Ecnu B OTBETHOM COOOIIEHUU uOU HO Oyze yKa3aH HEHYJIEBOW HOMEp YT, JABMXKOK BBITIOJHSET
IIPOXOJ O JyTe.

MpI1 onuieM UK padoThI IBY)KKA, HAYMHAS C MPOXO0/1a M0 IyTe.

s mpoxona mo ayre ABMXKOK IMOCHUIAeT KIOHY rpady cooOLIeHHE HPOX00 no dyze W OXUIAeT
orBeTa. B cooOmieHnn omeem na npoxoo, NBMXKOK TMOJIydaeT UACHTU(DUKATOP TEKYIIEH BEpUTMHBI
(koHma mpoiaenHon myru). [lo 3ToMy uAEeHTH(DHKATOPY IBMKOK JODKEH HAWTH PEryssiTop
TeKyLueﬁ BCPIIMHBI WA y6€I[I/ITI>C$I, YTO TAKOro peryisitopa HCET. I[JIH 9TOr0 ABHUKOK BBIITIOJIHACT
OTIPOC PETYISATOPOB.

Onpoc HayMHAETCs ¢ TOro, YTO JABHKOK IOCBUIAET COOOILEHUE OnPOC PETYISITOPY KOPHS, KOTOPHBIiA
BCErJla HaXOJUTCS B HaYaJle CIHUCKa PeryasTopoB. Kax il perynarop, moxydnB Takoe COOOIICHHUE,
CpaBHMBAaeT MJIECHTU(UKATOP BEPUIMHBI U3 COOOLIEHUS C UIACHTU(PUKATOPOM BEPIIUHBI,
PEryisITOpOM KOTOpOM OH sBisieTcd. Eciim OHM COBHAAAIOT, PETYJATOP OTHPABISAET JBUXKKY,
MHUIUUPOBABLIEMY OIPOC, COOOILEHUE Omeem Ha onpoc. B TPOTHUBHOM ciy4yae pEryJsTop
nepechUIaeT COOOIIEHNE onpoc Aajblle 0 CHUCKY PeryiasaTopoB. IIpu 3ToM mocinenHuil B criucke
perymsitop (y HEro IMycToH aapec CJeNyIoUero B CIUCKE pPEryiIsiTOPOB) CTAHOBUTCS
IPEIIIOCIEAHUM, 3allOMUHAs aApec ABM)KKA, MHULIMHUPOBABILETO ONPOC, KaK aJpeC CIEAYIOLIEro B
CIIMCKE PETYJIATOPOB U MEPECHUIAS ONPOC STOMY JIBUXKKY.

1. Ecnu perynsTop TeKyIiel BEPIIUMHBI HE HAICH (IBUYKOK MOJTYYHII COOOIIIEHUE OnPOC), TBUKOK
caM CTAaHOBUTCS peryjiTOpPOM TEKYIIEW BEpIIMHbI U IIOCBUIACT PETYJIATOPY Havaua
MPONJEHHON Iy u3eeujeHue O HE3AKOHUYCHHOW NpsIMOM ayre. 3areM JBUIKOK, CTaBIIMH
PETYISATOPOM, CO3AaET HOBBIM ABMKOK C TIOMOIIIBIO COOOIICHUS €O30ail Agmomam M OTBETHOTO
COOOILIEHUSI @agmomam co30an ¥ MOCHUIAET CO3/IaHHOMY aBTOMATy COOOOIEHUE Mbl 08UINHCOK, B
KOTOPOM TepenaéT emMy aapec KioHa rpada.

2. Ecnu perynstop TeKylled BEpUIMHBI Haii/ieH (IBUKOK TOIYYUII COOOLICHUE oneem Ha onpoc),
JBUKOK Y3HAET aipeC peryisaTopa TeKyIel BEPIIUHBL, a TAKKE HOMEP IPSIMON AYTH, BXOIAIIEH
B BEPLIMHY HaWJICHHOI'O PEryjsaTopa, U aJpec peryisaropa Hadaja IpsSMOU IYyTH, BXOISLIEH B
BEPIIMHY HAWJACHHOTO peryisitopa. Eciy HailieH peryasaTop KOpHsS, TO Y HEro HOMEpP BXOASAIIEH
IpsIMOM JyrM paBeH HYyJI0. JIBUKOK OIpeAeisaeT, B KAaKO€ COCTOSHUE [OJDKHA IEPEUTH
IIPOMICHHAS UM Jyra: XOpJa WIN Ipsmast Iyra.

31ech HYy)KHO OTMETUTb, YTO 3Ta Jyra Obljla OTMEUYEHA KaK HEMpOiAeHHas B TOT MOMEHT, KOTa
JIBIDKOK TIOJYYMJI HOMEp 3TOH YT OT peryisTopa e Hadajga B COOOIICHUU uUOu no dyze.
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Opnako Tmociie 3TOro ABMXKOK BBIMOJHS TMPOXOJ MO JOyre M Ompoc peryistopos. M3-3a
ACUHXPOHHOCTHU TOBEJICHUS aBTOMAaTOB MOTJIO OKa3aThCs, YTO IO 3TOH Jyre yxKe MpoLIEn
IpYrol NBHKOK, TOmMajid B eulé HEMpOWIEHHYIO BEpIIMHY, cTal €€ peryisropoM, IOcCial
u3zeeuwjeHue o MpsMOU Jyre, HO 3TO U36eujeHue He TIOCTYNUIIO B PETYNSTOpP Havajla Jyrd K
YKa3aHHOMY BBIILIE MOMEHTY. B 3TOoM ciiydae Hall IBH)KOK HE JIOJDKEH MOCBUIATh U3eeujenue o
XO0pze, a MOBTOPHOE U3eeujeHue O MPSIMOI Ayre MOXKET MOHAA00UTHCS TOJIBKO B TOM CIyyae,
€CJIM OHa JIOJDKHA OBITh OTMEYEeHA Kak 3akoHueHHas. Eciu ke 3Ta ayra xopna, v mpeabl Iy
JIBUXKOK, MPOIIEIINNA MO TOW ke Ayre, yKe IOocial u3zeeuieHue o0 3TOM, TO TOBTOPHOE
u3zeéeujenue o XOpAe HUYEro He U3MEHUT B OMUCAHUU 3TOM Jyrd, O3TOMY €r0 MOKHO IOCHaTh.
Ecnu sxe Hamr JBUKOK ObLT MEPBBIM, MPOLIEAIINM 10 3TOW Ayre, TO TaKOE U3eeujeHue o Xopae
HY>KHO MOCBIIaTh 0053aTeNbHO.

Kak nBWXOK omnpenenseT COCTOSHME NPOMAEHHOM ayru? OTo mpsMas Ayra, €ciii HOMEp
MPONJEHHOW AYrd M aJapec peryisitopa e€ Haudajla COBIIQJal0T C HOMEpPOM MPSIMOM AYTH,
BXOJSIIEH B BEPIIMHY HAHJEHHOIO PETYJIATOpa, U aApecoM peryiiaropa Hadaja IIpsMON AyrH,
BXOJISIIEH B BEPUIMHY HAWJICHHOTO PEryisiTopa. B mpoTUBHOM ciiydae 3TO Xopaa.

2.1. Ecnu ABMKOK MPOIIEN 10 XOP/E, OH MOCKIJIACT PEryisITOpy €€ Havaja uzeeuieHue o Xopje.
[Tocine 3TOro NBHXKOK CIHpallMBaeT y peryistopa TEKYLIeH BEpILIUHBI Kyoa uomu u
0KHJIaeT OTBETA UOU no dyze. ECii B OTBETHOM COOOIICHUH UOU no dyze YKa3aH HYJIEBON
HOMEp MAYTH, JBWKOK YHUYTOXAeT rpad M camMoro cedsi C IMOMOINBI0 COOOIIECHUIt
YHUUMOMCh 2pagh N yHUuUmodxcy agsmomam. Ecii B OTBETHOM COOOIICHUU UOU RO dyze
yKa3aH HEHYJIEBOM HOMEp AYTH, IBUKOK BBIIOJIHSAET IPOXOJ MO AYTE.

2.2. Ecniu BMXKOK MPOIWIEN MPSAMYIO YTy, OH CIPAILIMBAET Y PEeryiasTopa TeKyled BEepIIMHBI
Kyoa uomu U OXUJACT OTBETa uou no dyze. Eciii B OTBETHOM COOOIICHUHU UOU HO Oyze
yKa3aH HYJICBOM HOMED IyI'H, IBHKOK CHadyaJla MOChUIACT PETYJIATOPY Hadalla PONICHHON
IYTU u3eeuyeHue o 3aKOHUCHHOHN MPSIMOM Jyre, a IOTOM YHHUTOXAeT rpad u camoro cels
C TIOMOILBIO COOOIICHUN yHUUmMOIMCH 2pagh N yruumodiico aemomam. Ecinii B OTBETHOM
COOOLICHUN uOu no dyze yka3aH HEHYJIEBOH HOMEp YW, JBMXKOK BBIINOJIHAET MPOXOJ MO
Zyre, U HUKAKOTO U36eujeHusA He T0ChUIACT.

3.5. OnrTumMusanus

B 3TOoM pazziene Mbl ONMUIIEM ONTUMH3ALINH, TIO3BOJISIOIINE YCKOPUTH PadOTy anropuTMa.
3.5.1. TepMHHAIBbHBIH KOPeHb

Ecnu xopeHb — TepMHMHaJIbHAs BEpIIMHA, TO T'€HEpaTOpy HE HYXKHO CO3/aBaTh JABIKOK. [locie
CO3JIaHUs TEepPBOrO KJOHA rpada reHepaTtop NHpOBEpsieT, SABISETCA JH KOPEHb TEPMUHAIBLHOU
BepiinHoil. Ecnum nma, TO TeHeparop YHHUYTOXAaeT KIOH Tpada € TMOMOIIBIO COOOIIEHHUs
YHUUMOIHCH 2pagh ¥ TIOCHLTACT BOBHE U36euieHue, O3HaYaroIee KoHel 00xoa.

3.5.2. TepMuHanbHasi HEKOPHeBasi BepIIMHA

AHaJIOrMYHO, €CIU JABM)KOK MPOIIEN MO Ayre B TEPMUHAIBHYIO BEPIIMHY, U TO MEPBBINA JBUXKOK,
MOMABIINK B 3Ty BEPIIUHY, TO TOCIE TOTO, KaK OH CTAHOBUTCS PETYJISITOPOM, €My HE HYKHO
CO3/71aBaTh HOBBIM JBMXKOK. B 3TOM cirydae IBMKOK, CTAaBIIUN PETYISATOPOM, IOCBUIAECT PETYIATOPY
Hayajga MpOWICHHON NYTW u36eujeHue O 3aKOHUCHHOW MpsMoOil nyre. 3aTeM IBHUXKOK, CTaBIIUU
PETYISTOPOM, YHUUTOXKAET rpad ¢ MOMOIIBIO COOOIICHUS YHUUM0MHCD 2PaA.
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3.5.3. Ileras

[IpoiineHHas et MO ONPENEICHUIO SIBIISETCS XOPAOU. [IBUKOK MOXKET paclo3HaTh 3TOT Cilydai
0e3 ompoca peryasTopoB. st aToro nmocie nmpoxoaa Ayru JOCTATOYHO CPABHUTH UAECHTH(PUKATOP
TEKyILEH BEpIIMHBI ¢ MIESHTH(PHUKATOPOM TOW BEPIIMHBI, U3 KOTOPOW JBMKOK BhIIeN. Ecnu oHM
COBIANYT, TO JBUKOK MPOILIEN 10 TETIIE.

3.5.4. Ilpoiinennas ayra

Ecnu 1BMKOK MPOXOIUT IO YK€ MPOIIeHHON Jyre, OH MOXKET OIpeleNuTh e€ KoHel| 06e3 ompoca
peryasaTopoB. i 3TOro JOCTaTOYHO BOCIOJIB30BAThCS ONKMCAHMEM IPOWJIEHHBIX AYI C TEM XK€
HOMEPOM, KOTOPOE UMEETCS B PETYISATOPE Hayasla Jyrd. DTO OMMCAHHUE PETYIIATOP MOXKET IepeNaTh
JBIDKKY KaK JIOTIOJTHUTEIIBHBIA MTapaMeTp COOOIIEHUS uou no dyze. CIIUCOK OMUCAHUN MPONICHHBIX
AyT C JaHHBIM HOMCPOM IYyTH.

CHavana mo wuAEHTH(UKATOPY TEKyIleHd BEpUIMHBI JBWXKOK IPOBEPsieT, NPOIIEN OH YXe
MIPOMICHHYIO YTy WIH enié He MpoiaeHHY0. [IJisl 3TOT0 OH CpaBHMBAET WIACHTHU(DUKATOP TEKYIIEH
BEPLIMHBI C HJCHTU(UKATOPAMHU KOHILIOB MPOHAEHHBIX AYT NpOWIeHHOH paenbTa-gyru. Ecium
JBUKOK IIPOLIEN HENPOMACHHYIO YTy, €r0 IOBEIEHUE ONMCAHO B OCHOBHOM anropurMe. Ecim
JIBYDKOK TPOILIEN IPOMIEHHYIO IYTY, €ro paboTa 3aBUCUT OT COCTOSTHUS 3TOU JYTH.

1. Ecnm nBmxok mpoén NpoiIeHHYI0 XOpay, ABHKOK 3HAET TAK)KE apec PEryssaTopa TeKylen
BEPILIUHBI, CIPANIMBACT Y HETO Kyoa uOmu 1 OXUAAET OTBETA udu no dyze. Eciini B OTBETHOM
COOOILICHUN uOu no dyze yka3aH HYJIEBOH HOMEp Iyrd, JBM)KOK YHHUYTOXKAeT rpad U camoro
ce0si C MOMOIIBIO COOOLIECHUN YHUUmMOMCh 2pagh N yHuumodicy agmomam. Eciii B OTBETHOM
COOOIICHNHU uou no dyze yka3zaH HEHYJIEBOWH HOMED AYTH, ABUYKOK BBITIOJIHSET IMPOXOJ 11O AyTe.

2. Ecnu nBMXOK MpOIIEN MPONACHHYIO HE3aKOHUEHHYIO MPSMYIO YTy, JBHKOK 3HAET TaKKe
ajipec peryisaTopa TEKylled BEpIIMHBI, CIPAIIUBACT y HErO Kyoda uomu W OXHUJIAeT OTBETa
uou no oyze. Eciv B OTBETHOM COOOILEHUH uOU no Jyze yKa3aH HYJIEBOM HOMEp IyrH, ABHIKOK
CHauaja MOChUIAET PEryisiTOPY Hauvajia MPONJIECHHON OyTU U36eujeHue 0 3aKOHYCHHON MpsIMOn
Jyre, a MOTOM YHUYTOXKaeT rpad M camoro cedsi ¢ MOMOIIBIO COOOLICHUN YHUUmOoMCh 2pagh n
YHUuUmMoco agmomam. Eciii B OTBETHOM COOOIICHUHU UOU HO Jyz2e YKa3aH HEHYJIEBOW HOMEp
JyTH, IBUYKOK BBIIOJIHSIET IPOXOJ IO JYTE.

3. Ecium nBmkok mpomién npoiIeHHYI0 3aKOHYEHHYIO TPSAMYIO IyTY, IBH)KOK YHHUYTOXAeT rpad u
caMoro ce0si ¢ OMOILBIO COOOLIEHUN YHUUM0MICh 2pag) N YHUUMOMICL agmomam.

3.6. Teopema o kKoHIIE 00X0/1a

Bynem mpeamnonarare, 4To BpeMs IepeAayd OJHOTO COOOIICHMs, BpeMsi cpabaThIBaHUS KaXKOTO
aBTOMaTra M BpeMs IEpEeMELICHUs] aBToMara 1o jayre (T.e. BpeMs cpabaThIBaHHMS aBTOMaTa KIIOHA
rpaga) orpaHu4eHo.

Teopema 0 koHue o6xona: Yepe3 KOHEUHOE BpeMs IOcie Hadana paboTel 006xon rpada Oyxaer
3aBepIIEH, TO €CTh MO KXo ayre rpada XoTs Obl OJAMH pa3 MPOMIENT XOTS Obl OJUH JBHXKOK,
reHepaTop MONUIET BHEITHEMY aBTOMATY uzeeuieHue. Kpome Toro, Bce Ayru OynyT 3aKOHYCHHBIMH,
a mpsiIMbIe TyTH OyayT 00pa3oBBIBaTh OCTOB Tpada, OPUECHTUPOBAHHBINA OT KOPHS.

JloKa3aTeILCTBO:!
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M3 omucaHusi aqropuTMa CIEAyeT, YTO COCTOSHHE IyrM MOXET MEHSAThCS TaK, Kak 3TO
n3o0paxeno Ha Puc. 1.

[Henpofziz[eHHa;I]—>[HesaKOquHHaﬂ Hp;IMa;I]—>[3aK0quHHa;I HpHMaH]

\ /f

Puc. 1. CxeMa u3MeHEeHUs COCTOSHUS TyTU

[TockonbKy B Tpade M3MEHEHUSI COCTOSIHUI YT HET OPUEHTHPOBAHHBIX IUKIIOB, & YHACIO JYT
KOHEYHO, HauWHasi ¢ HEKOTOPOTO0 BPEMEHHU 11 BCE AYTH MEPECTAIOT MEHSTh CBOE COCTOSHUE.
Hanee Oyaem paccMatpuBaTh paboTy alropuTMa Mociie BpeMEeHH! 1.

Jlyra ab ctaHoBUTCSI IPsAMON, €CTH OHa Oblila HEMPOUCHHOM M Bejla B HEMTPOHAEHHYIO BEPIIUHY
b, mocne Toro, kak Mo TOM JAyre MpoIIEN IBUKOK, OKa3aBIIMKCS MEPBBIM CPEIH BCEX IBIIKKOB
nonajamux B BepumHy b. [ToaTroMy npsiMbie ayru He 00pa3ylOT OPUEHTUPOBAHHBIX IIUKJIOB
B K&XIYyI0 BEpUIMHY BXOIUT He Oojee ogHOW mpsiMod nyru. Takke, MOCKOJIBKY ABHIKKH
HAUMHAIOT JIBUTAThCS MO rpady, HauMHAsA C KOPHs, BCE NPOIIEHHbIE BEPIIMHbBI JOCTHKUMBI U3
KOpHsSI IO IPONAECHHBIM IyraM, U B KaXIyI0 IPONICHHYIO BEPIIMHY, KPOME KOpHS, BXOIUT
npaMas ayra. OTcroja ciegyeT, uTo IOclie BpPeMEHH 11 NpsMble OIyrH 00pa3yloT OCTOB
npoiiieHHoN 4YacTu rpada, a XOpAbl SBIAIOTCA XOpJaMH 3TOrO OCTOBA, T.€. HAUMHAIOTCS U
3aKaHYMBAIOTCS B BEPIIMHAX OCTOBA, HO CAMH OCTOBY HE IIPUHAJIEXKAT.

[Tokaxkem, 4TO yepe3 KOHEUHOE BpeMs FeHepaTop MPEKPAaTUT TeHEPalHIO IBUKKOB.

JlommycTrM, 3TO HE TaK M IBHXKKH TEHEPUPYIOTCST OECKOHEYHO 10yr0. [T0CKOIBKY YMCIIO0 TyTei
B rpade KOHEYHO, CYIIECTBYIOT ITYTH, IO KOTOPOMY JIBUXKKHU JBHTAIOTCS OECKOHEYHOE YUCIIO
pas. Kak ux nmpeduKkchl CylecTBYIOT MyTH U3 MPSIMBIX HE3aKOHYCHHBIX AYT, HAUMHAIOIIHECS B
KOpHE, M0 KOTOPBIM ABMXKKH JBHUTAIOTCS OSCKOHEUHOE YUCIIO pa3. Bo3pMEM MakcUMallbHBIN
3 Takux myted myth P. Ilokaxkem, 4TO KaXIblid JABUKOK, MPOXOMISIICH NyTh P, momxeH
JBUTATHCA JAJbIlle U3 KOHIA MYTH.

JonyctuM, 310 He Tak. JIBMKOK HE IBUTAETCS NAJIbIIE, €CIM KOHEL IIyTH 3aKOHYECHHBIM.
Ecimu myts P uMeeT HyneByIO IIMHY, TO €r0 KOHEI[ COBMAACT C €r0 Ha4aJioM — KOPHEM, a
TOTJIJa KOpEHb 3aKOHYCHHBIH, W TEHEpaTop MOJDKEH ObLT OBl MPEKpaTUTh TEHEPAIUIO
JBIKKOB, YTO MPOTUBOPEYHT jaomnylieHuio. Eciu nyte P umeeT HeHyneBywo MIHMHY, TO
yepe3 KOHEYHOE BpeMs IMOCHENHss Ayra myTd P craHeT 3aKkOHYeHHOW, YTO MPOTUBOPEUUT
TOMY, YTO TIOCJIC BpEeMEHH 1 BCE AYTH MEPECTAIOT MEHITh CBOE COCTOSIHHE. MBI IPHUIILIN K
MIPOTUBOPEYHIO, CIIENOBATENBHO, HAIIE JOMYIIEHUE HE BEPHO, U YTBEPKIACHUE T0KA3aHO.

HOCKOHBKY YUCIO AYyJbTa-AyYr C HA4YaJIOM B KOHIC ITYyTHU P KOHCYHO, IIO OI[HOI>'I n3 3TUux
JenbTa-1yr JIBWKKM JBUTAOTCS OeckoHeyHOo aoiro. Ho Torma B 3To# jAenbTa-Iyre ecTh
HC3aKOHYCHHAA Ayra. B CUITy CIIPABCAJIMBOCTU HCACTCPMHUHU3MA U KOHCUHOCTHU YHCJIa OAYT B
JieNbTa-ayre 1Mo 3TOM Ayre Takke OECKOHEUHO JIOJITO JBUTAIOTCS JABHKKH. JTa yra HE MOXKET
OBITH MPSAMOM, TaK KaK 3TO MPOTHBOPEUYMIIO Obl MakCUMalIbHOCTH yTH P. Takxe 3Ta ayra He
MOXET OBITh HEMPONJCHHOM, TaK KaK IOCJe TMEpPBOTO e MPOoXoaa MO ATOM Ayre depes
KOHCYHOC BpCMs OHA UBMCHUT cBOE COCTOSIHUC, YTO IIPOTUBOPCUYUT TOMY, YTO IMOCJIC BpCMCHU
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Ty, Bce myru mepecTaroT MEHsTh CBOE cocrosiHue. OgHaKO APYrHMX HE3aKOHYEHHBIX YT HE
ObiBaeT. MBI MPUILIM K MPOTHBOPEUHIO, CIEIOBATEIHLHO, HAIIE OMYIIEHHWE HE BEPHO, U
YTBEPKJICHHUE JI0KA3aHO.

WTak, MBI OKa3aJid, 9YTO 4epe3 KOHEYHOE BPEeMs TEHEpaTop MPEKPAaTUT TCHEPALUIO JBHUKKOB.
[Tokaxkem, 94TO B 3TOT MOMEHT BPEeMEHH BCE Iyru rpada MpoiaeHbl U 3aKOHYEHBI, T.€. TOMEUCHBI
B PCryjsiTopax MX Hadal KaK XOpJAbl WKW 3aKOHYCHHBIC MNPSAMBIC OYyru, H, CJICAOBATCIIBHO,
MpsIMBIE IyTH 00pa3yioT OCTOB rpada.

JlomyctuM, 3TO HE Tak: CYLIECTBYEeT He3aKOHUYeHHas ayra. [lockoibKy Bce BEpIIMHBI
JOCTHDKUMBI U3 KOPHsI, TOJDKHA CYIICCTBOBATh HE3aKOHYCHHas ayra ab, Hadamo koTopoi,
BEpIIMHA 8, MPUHAIICKUT OCTOBY MpoiaeHHON dacTu Tpada. Torma cymiecTByeT npsMoi
nyte Q M3 KOpHA B BepIIMHY a. BepmmHa, U3 KOTOpOH BBIXOIUT HE3aKOHUEHHAs Jayra, Mo
OTpe/ieNIeHUI0 He3aKkoHuYeHHas. Ecnu BepllvHa He3aKOHYEHHas, TO BXOAdIIas B He€ mpsmas
Iyra Takke He3akoHueHHas. OTcrofa ciemyeT uTo Bech MyTh Q HE3aKOHYCHHBIN: BCE €ro
IYTH ¥ BEPIIMHBI. B yacTHOCTH, HE 3aKOHYEHO Hayasio MyTH — KOPEHb, HO 3TO MPOTUBOPEUUT
TOMY, 4TO TE€HEpaTop MPEKPATWJI TeHEepalui0 IBUXKKOB. MBI NPUIIIM K IPOTHUBOPEYHIO,
CJIeIOBATENIbHO, HAIlle JOMYIIEHUE HE BEPHO, U YTBEP)KICHHUE I0KA3aHO.

Teopema noka3zaHa.

4, 3akJII04YeHue

JanpHeiimme uccnenoBaHus 00X0/la HENETEPMHHHUPOBAHHBIX TpadoB KOJUIEKTHBOM aBTOMAaTOB
BO3MOYKHBI I10 HECKOJIbKUM HaIlPaBICHUAM.

OpmHO HampaBiIeHHE — 3TO TO WM WHOE yYTOYHEHHE CIpaBeTMBON (DYHKIMH BBIOOpA, KOTOpPOE
MO3BOJIUJIO OBl OIICHUTH BpeMsi paboThl anroputma. OJHUM U3 TaKUX YTOYHEHHWH sBisiercs t-
uenerepmunusMm. B [14] st nerepmunnpoBanHoro ciaydas (t=1) mokasana orenka O(m+nD), roe
M — YKCJIO IyT B UCXOAHOM Tpade, N — uncio BepiuH, D — quameTp rpada (1yinHa MaKCUMATbHOTO
nyti). B [9] ans HeaBTOMaTHOrO 00X0/4a (YTO SKBUBAJIEHTHO 00XO0Iy OAHMM aBTOMAaTOM, B IaMSTh
KOTOpOTo ToMemaeTcs Beck rpad) t-HenerepMunupoBaHHbIX rpados mokasana ounenka O(bt"), roe
b — orpaHrueHre HA YHUCIIO AETbTA-AYT, BRIXOIAIIMX M3 OJHON BepIIMHBI. MOXHO MPEIIOI0KUTh,
YTO JUIsI KOJJICKTHBA aBTOMATOB OILIEHKA OCTaHETCS SKCIIOHEHLMAIBHOW. DTO OMpEneseTcs TeM,
9TO IS IPOXO0Jia MyTH JIHHOM K MbI MODKHBI K pa3 mpuMeHHUTh QYHKIIUIO BHIOOpA M KaXIbIi pa3
MOJYYUTh TPeOyeMyr0 AYTy, CIeAOBaTENbHO, ISl TAPAHTUPOBAHHOTO MPOXOJA ITOTO MyTH HaM
MOXXET MOHAA00UThCs t MOmbITOK. BBIsI0 OB MHTEPECHO PacCMOTPETh ApYyrue (PyHKIMU BHIOOpA,
JUIS KOTOPBIX OIIEHKAa MEHBIIEe S3KCIIOHEHLIMANbHOH. B KayecTBe mpocToro mnpumepa MOMKHO
paccMOTpeTh rpad ¢ YUCIOM HEeIEeTePMUHHUPOBAHHBIX AYT, OTPAHUYCHHBIM KOHCTaHTOM K. B aTOM
CITydae SKCIIOHCHIHABHAs COCTABIIAIONIAs BpeMEHH 00X0/1a He PEBBICHT t*,

Hpyroe HampaBiieHWe — CHIDKCHHE TpeOOoBaHHI K 00xo01y. MoxHO moTpeOoBaTh Mpoxoja HE Io
KaXJI0M Iyre, a Mo Kaxaoi nenbra-myre rpada. B TepMuHax TeCcTHpPOBaHHUS 3TO 03HAYAET, YTO
HY)KHO TMONpOoOOBaTh KaXJ0€ TECTOBOE BO3JIEHCTBHE B KaXJIOM COCTOSIHUM CHUCTEMBI, HO
HEo0s3aTeNbHO TOTYYaTh BCE BO3MOXHBIC BapUaHThl MOBEICHUS CHUCTEMBI HAa AITH TECTOBBIC
Bo3zeiictBus. Takoir o0xom B [6] HaseiBaeTcst A-o0xomom. Jloka3zaHel HEOOXOAUMBIC U
JIOCTaTOYHBIC YCJOBHs CYIIECTBOBaHUS A-00Xo0ja, KOTOphle Oa3WpyrOTcsi Ha MOHATHH A-
JOCTH)KUMOCTH BepiiuH. ['oBopst HepopManbHO, M3 BEPIIUHBI & A-JOCTHKAMA BEPIIMHBI D, eciu
CYIIECTBYET QJITOPUTM [BIKCHHS W3 BEpIIMHBI @ B BEpIIMHY D, KOTOPBI rapaHTUPOBaHHO
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obecrieunBaeT JAOCTIDKCHHE BepmIMHBI D mpu moboi (maxke HE CHOpaBeIMBON) (GYHKIIUN
HEJIeTepMUHUPOBAHHOTO BbIOOpa. /L1 Toro, uto0sl A-00X01 MOXXKHO ObUTO OBLTO BBIOJHHUTH 0€3
pectapta rpad TOMKEH OBITh CHJIBHO-A-CBS3HBIM, T.. KaXKJlas BEpIIMHA JOJDKHA OBITh A-
JOCTIDKAMA M3 KKIOW BepIIMHBL [Ipy Hamuumu pecrapra JOCTaTOYHO A-IOCTHKHMOCTH Ka)IOH
BEPIIMHBI U3 KOpHS Tpada, B 3TOM ciaydae A-00xoa Ha3zBaH A-TokpeiTHeM. HeaBTomMaTHBIN A-00X011
MOYKHO BBITIOJHUTE 3a Bpemst O(NM). Bbuto Obl MHTEPECHO MOMBITATHCS MOAUDHUIIUPOBATH 3TOT
QITOPUTM JJISl KOJUIEKTHBA B3aUMO/ICHCTBYIOIINX aBTOMATOB.
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GRAPH LEARNING BY A SET OF AUTOMATA.
THE NONDETERMINISTIC CASE

Igor Burdonov, Alexander Kosachev
ISP RAS, Moscow,Russia
{igor, kos}@ispras.ru

Abstract. Graph learning with automata is a basic task in many applications. Among such
applications is formal model-based verification and testing of software and hardware systems, as
well as network exploration including Internet and GRID. The model of a system or a network, in
the final analysis, is reduced to an oriented graph of transitions with properties to be examined. In
the recent years, the size of the real-life systems and networks and, consequently, the size of their
graph models continuously grows. The problems arise when the graph learning by a single
automaton (computer) either requires unacceptable long time, or the graph does not fit in the single
computer memory, or both. Therefore, there is a task of parallel and distributed graph learning. This
task is formalized as graph learning by a set of automata. The basis for such learning is graph
traversal (traversing all its arcs accessible from the initial node). Automata can be generated in the
initial node, move along the arcs of the graph according with their orientation and exchange
messages through independent (of the graph) communication network. The total memory of the
automata is used for storing the descriptions of the already traversed part of the graph. To move
from node along an arc outgoing from it, the automaton should somehow identify this arc: indicate
its number. In our paper "Graph learning by a set of automata™ we proposed an algorithm of such
traversal for deterministic graphs. The task is more complicated if the graph is nondeterministic. In
such graph, to one arc number correspond, generally speaking, multiple arcs, one of which is
chosen nondeterministically for traversal. To make the traversal possible, the following should be
guaranteed: in unlimited number of experiments, each outgoing arc with the given number can be
traversed. We call such nondeterminism fair. This paper covers the solution of the problem of
traversal of fairly nondeterministic graphs.

Keywords: nondeterministic graphs, graph learning, graph traversal, communicating automata,
parallel processing, distributed systems, testing.
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