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AnHoTaums. VccnenoBanne rpadoB aBTOMaTaMH SIBISICTCS KOPHEBOW 3amadeil BO MHOTHUX
npwIoKeHusX. K TakuM TpPHIOKEHUSM OTHOCATCSA BepUOHKAMS M TECTHPOBAHHE
MIPOrpaMMHBIX M alIIapaTHBIX CHUCTEM, a TakKe HCCIICNOBAHME CETel, B TOM UHCIIC CETH
narepHera 1 GRID Ha ocHOBe (opManbHBIX Mopesed. Mojenb CHCTEMBI WIH CETH, B
KOHEYHOM cY€Te, CBOAUTCS K OPUEHTHPOBAHHOMY Tpady IepexoloB, CBOWCTBa KOTOPOrO
HY>KHO MCCJIEI0BaTh. 3a MMOCIIEHHE TObI pa3Mep PeallbHO UCIIOIb3yEeMBIX CHCTEM U CeTeH U,
CJIeI0OBATEIBHO, pa3Mep UX rpadoBbIX MOAeNei HenpepblBHO pacTéT. [IpobieMbl BO3HUKAIOT
TOrja, KOrAa ucciepoBaHue rpada OAHMM aBTOMAToM (KOMIBIOTepoM) JinGo Tpedyer
HEIOIMyCTUMO OOJIBIIOTO BpeMEHH, Ju00 Tpad HE TOMEN[aeTcss B MaMATH OJHOTO
KOMITbIOTEpa, MO0 M TO W gapyroe. [losToMy BO3HMKaeT 3ajada MapasiedbHOTO H
pacnpenenéHHOro HcciepoBaHMs TpadoB. JTa 3amada  GopManmsyercss Kak 3ajada
HccienoBaHus rpada KONIEKTHBOM aBTOMAaToB. B OCHOBE Takoro HCCIIEMOBAaHMS JICKUT
o0xon rpada (MpoXox MO BCEM €ro ayram, NOCTHXKHMMBIM W3 HAvalbHOW BEpPIIHHBI).
ABTOMaTBI MOTYT T'€HEpHPOBAThCS B Ha4yaJbHOM BepLIMHE rpada, mepeMemarscs mo ayram
rpada B HalpaBJICHUU UX OPHEHTALMH U OOMEHHMBATHCS MEXIY cOOOH COOOIEHUAMH dYepe3
He3aBHcUMYIO (0T rpada) cetb cBa3u. CymMmapHas MaMsAThb aBTOMATOB HCIOJIB3YeTCS IS
XpaHECHUS ONHUCAHUS MpPOIIeHHOW dacth rpada. JId mepeMemieHHs H3 BEPLIMHBI I10
BBIXOAAIIEH 13 Heé xyre rpada aBTOMAT KaKUM-TO 00pa3oM JOIKEH HACHTH(GHINPOBATH 3Ty
Iyry: ykazaTb e€ Homep. B mHamreif cratbe «O0xox HemsBecTHOTO rpada KOJIEKTHBOM
aBTOMATOBY» NPEIJIOKEH AJIITOPUTM TaKoro o0Xo/a st Cirydast AeTepPMUHUPOBAHHBIX Ipados.
3anava ycioxHseTcs, eciu rpad) HeleTepMUHUPOBaH. B TakoM rpade onHoMy HOMEpY JyTH
COOTBETCTBYET, BOOOIIE I'OBOPs, HECKOJIBKO JAYT, W3 KOTOPBIX Ul Hepexonxa BhIOMpaercs
O/lHa JIyra HeJETePMUHUPOBAHHBIM 00pazoM. it Toro, 4ToObl 00x0x rpada OblT BO3ZMOXKEH,
JOJKHA OBITh TapaHTUs, YTO NPH HEOTPAHUUEHHOM YHCIE SKCIHEPHMEHTOB Kaxnias
BBIXOASINAS M3 BEPIIMHBI Oyra C OAaHHBIM HOMEPOM MOXeT OBITh mpoiaeHa. Takoi
HEIeTepMHUHI3M MBI Ha3bIBaeéM CIIpaBEIUIHBHEIM. PemeHnio 3amadm 00Xoma CIpaBeLINBO
HeJIeTepMHHIPOBAHHBIX IPadoB MOCBSIICHA JaHHAs padoTa.

KiroueBble cjioBa: HeleTePMUHHPOBaHHBIC Tpadbl, uccienoBanue rpada, odxom rpada,
B3aMMO/ICHCTBYIOIIME aBTOMATHI, MapajuieiibHas 00paboTKa, paclpeie/iCHHbIE CHCTEMBI,
TECTHPOBaHHE.
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1. BeedeHue

3amaya 00XoJa HEM3BECTHOT'O OPHEHTHPOBAHHOTO Tpada aBTOMaToM (MpoXojaa
aBTOMAaroM IO BceM jayram rpada, JOCTH)KUMBIM K3 Ha4yalbHOW BEpPIIMHBI)
WCTIONB3YeTCSI BO MHOTHX IPWIOXKCHHWAX. B JaHHOW cTaThe MoOApasyMeBaeTcs
TECTHPOBaHUE, Koraa rpad — 370 rpad aBTOMaTa TECTUPYEMOM CHCTEMbI, aBTOMAT
Ha rpade — TECTUPYIOIIAas CHCTEMa, a MPOXOJ IO JIyre — 3TO TECTOBOE
BO3JCUCTBUE U HAOJIOACHUE pe3ynbTaTa [[4]]. B KauecTBe MpaKTHUECKOro MpruMepa
MOJKHO IpuBecTH padoTy [[11]], rae BEIMONHAIOCH PYHKIMOHATBHOE TECTUPOBAHUE
Pa3IMYHBIX MMOJCUCTEM MOJCIH MPOIECCOpa: KIII TPETHEro YPOBHS, YIpaBJICHUE
MpephIBaHUSAME | 1p. MojeibHble rpadbl COAepKaal OT HECKOJBKHX TBHICSY IO
HECKOJBPKUX MHIUIHOHOB Y3JIOB M HECKOJBKO MIUUIHOHOB AYT. TecT BBITOIHSIICS
MaKCUMallbHO Ha 150 koMmproTEpax.

ABTOMAaT-00XOYHK BBITIOTHACTCS HAa ONHOW MamuHe (IpOoIeccop C MaMsThio), a
HaJIMYAE HECKOJIIKUX aBTOMATOB HA Pa3HBIX MAIIMHAX IT03BOJIET CYIIECTBEHHO
pacmapamurenuts pabory. [Ipm TecTHpoBaHWUM KIOHHPOBAHHE TECTHUPYEMOIt
CHUCTEMBI OOBIYHO BO3MOXHO TOJIBKO B HAa4aJbHOM cocTossHWHU. [losToMy aBTOMAaT
HauMHaeT paboTy ¢ HavallbHO# BepiuuHbl rpada. byaem cuntarh, 4TO 32 OMH TaKT
co3maérest He Ooliee ONHOTO KIIOHA TECTHPYEMOI CHUCTEMbI, TO €CTh He Oolee
OJIHOTO aBTOMAaTa-00X0JUHKa.

Hnst Toro, uToObl aBTOMAaT MOr OOXOIUTH JrO0OW KOHe4HbIH rpad, Tpedyercs
JOCTYI IO YTEHHIO/3alIMCH K HEOrPaHWYeHHOW paboyell mamsTd, B KOTOPOH
HaKaruiMBaeTcs uHpopMaIms O mpoiijeHHoN 4actu rpada. Eciam srta mamsite —
YacTh NaMATH aBTOMara (MalllMHbI), aBTOMAT He KOHEYEeH Ha Kjacce BcexX rpados.
Anroput™m obxoma rpada omHUM aBTOMaToM mpemiokeH B [[5]]. Ecnmm uucmo
ABTOMAaTOB OOIBIIIE OJHOTO, HO OTPAHUYCHO, TO pacHapaUICIUBAHHE YCKOPSCT
00X071, HO He MEHSET MOPSIOK BpeMeH:n 00Xo1a B HauxyameM ciaydae [[10]].
IIpobnema BO3HMKaeT, koraa rpad) HE MOMEIIAETCS B MaMSITh MAIIMHBI, YTO
9KBHBAJICHTHO KOHEYHOCTH aBTOMaTa. ECTh JBa moxoa.

[epBBlii MOXXOA NPUMEHUM, KOrjaa padodas MaMsTh CYLIECTBYET OTIEIbHO OT
naMsATH aBTOMATOB W PpCaU3yCTCd Ha BEpIIMHAX Fpa(ba: aBTOMATbl HE MOTYT
0OMEHHMBATHCS MEXITY cO00M COOOIICHUSME, HO MOTYT ITUCATh/YUTATh U3 TEKYIICH
BEPIIMHBI CUMBOJIBI KOHEYHOTO andaBuTa U MepeMemaTbes mo ayram rpaga. Ito
SKBHUBAJICHTHO «OOpAaTHOW» MOJEIH, KOT/Ia aBTOMATHl HEMOIBIKHO «CHIAT» B
BepmMHax rpada, a Mo OyraM IepeNaroTcs COOOMICHHS, KOTOpPBIE aBTOMATEHI
MTOCBUTAIOT APYT Apyry. Takoi moaxonq MOXKeT MPUMEHSTHCS, HApUMep, IUISl CETH
WHTEpPHETa, KOTAa BepIIMHA — 3TO y3eJI CeTH, a MPOXOJ MO0 Ayre — Iepenada
COOOIICHN MEXIy Y37laMH. AJTOpPUTM pabOTBl OJHOTO KOHEYHOTO aBTOMAaTa
npennaraercss B [[3],[7],[8]]. Ecim KoHEYHBIX aBTOMAaTOB HECKOJBKO, 3TO
yMeHbIaet BpeMs ooxona [[15]].

Bropo#i nmoaxo npuMeHsieTCsl PU TECTUPOBAHHMM, KOTJa BeplluHa rpada — 3T
COCTOSIHHE TECTUPYEMOH CHCTEMBI, U aBTOMAaT HHYEro HE MOXET B He€ IMHCaTh.
Torz[a pa6oqaﬂ namMsATb — 3TO CYMMapHas IM[aMATb KOJIJICKTUBAa aBTOMAToOB,
0OMeHHMBAONIUXCsA coodmeHusMu. [l k MamH MOXXHO 00XomuTh rpadsl B k pas
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OouiblliMe, yeM Juis ONHOM MammHbl. Ecim pasmep rpada He OrpaHHYeH, YHCIIO
AaBTOMATOB B KOJUJICKTHUBE TaKXE€ MOOJIXKHO 6])ITI) HE OI'paHUYCHO. NmenHno sTot
HOAXOJ /ISl KOHEYHBIX rpa)oB pacCMaTPUBAETCS B HACTOSIIIEH CTAThe.
Korma aBromar co3pga€rcs, eMy BBIAEISIETCS OTAETBHBIM KIOH (3K3EMIULIp)
uccienyemoro rpaga. Cuuraercs, 4YTO aBTOMAT HAXOIUTCS B BBLACICHHOI
HavyallbHOM BepluuHe rpada, KOTOPYI0 Mbl OyZeM Ha3blBaThb KOpHEM. DTOMY
COOTBETCTBYET PECTapT TECTHPYEMOH CHCTEMBI, T.e. €€ IIepeBOJl B HadaJbHOE
cocrostare. CyMMapHasi aMsaTh aBTOMATOB HCIIOJIB3YETCSI JIIsl XpaHEHUS ONTMCAHUS
npoigenHoit actu rpacda. [locie cozmaHust aBTOMAaThl MOTYT II€peMEIaThesl 110
oyram rpada B HaIpaBICHUH WX OpUEHTAIUH (KaXKIBId aBTOMAT MO CBOEMY KIIOHY
rpada) u OOMEHHMBATHCS MEXKAY COOOH COOOIIEHUSMH Yepe3 HE3aBUCHMYIO (OT
rpada) ceTh CBA3H.
Jis mepeMenieHns U3 BEPIINHEI IT0 BRIXOAAMICH U3 He€ ayre rpada aBTOMAT KaKuM-
TO 00pa3oM MOIDKCH HACHTU(QHUIMPOBATH 3Ty AYTY: yKa3aTb e€ HoMep. JToMy
COOTBETCTBYET TO WJIM HWHOE TECTOBOE BO3ICHCTBHE Ha TECTHPYEMYIO CHCTEMY.
[Ipennonaraercs, 9T0 Bce OYTHW, BBIXOAAIINE W3 BEPUIMHBI IIEPECHYMEPOBAHEI,
Ha4ynHas ¢ 1, ¥ W3BECTHO YHCIIO BBIXOAANIMX AYT (YHCIO JOITyCTUMBIX TECTOBBIX
BozaeiicTBuil). Ilocae mpoxoma mo myre aBTOMAaT MOJDKEH KaKUM-TO 00pazoM
y3HaTh, B KaKOil BEpIIMHE OH OKa3ajics, U CKOJbKO y HeE BbIXOAAWMX Ayr. s
9TOr0  HUCHOJB3YeTCs  YHHUKAJIBHBIAH  HMACHTH(OUKATOP  BEPLIMHBL ~ DTOMY
COOTBETCTBYET TECTHPOBAaHHE C OTKPBITBIM cocTosHUEeM [[9]], korma TecT mocie
TECTOBOTO BO3/CHCTBUSI MOXKET Yy3HAaTh TEKYyIEe COCTOSHHE pEIN3alnuu C
IIOMOLIBI0 TIPUMUTHBA Status message. BzamMoneiictBue aBromara c¢ rpadom
CBOIUTCA K TPUMHUTUBY HPOX0O nO Oyze C TIApaMETPOM «HOMEp IYTH» U
omeema Ha RPOX00, B KOTOPOM cOO0IIaeTcs HACHTU(HUKATOP KOHIA ayru. Kpome
TOTO, aBTOMAT [OJDKCH 3HATh YHCIO OYyT, BBIXONIIIMX W3 BEpIIMHBL [Ipu
TECTHPOBAHUH A3TO YHCJIO JOMyCTUMBIX TECTOBBIX BO3JEHCTBHH, KOTOPOE MOXKET
3aBUCETHh OT MPEIBIMCTOPHHA B3UMOACHCTBUs. B TpadoBoil Momenu i MPOCTOTHI
MBI OyZIeM CUHTATh, YTO 3TO YHCIO COOOIIAeTCS aBTOMATY IOCie MPOXOoaa 1Mo AyTe
BMECTE C UICHTU(HUKATOPOM KOHLA AyTH. MBI OylieM CUMTaTh, YTO UMEETCS HEKHil
aBTOMar rpada, a yKazaHHbI NPUMUTHB M OTBET Ha HEr0 pPEaln3yIOTCs Kak
co00IIIeHH s, ITOChIIIAeMbIE U3 aBTOMaTa-00X0JurKa aBToMary rpada u o0OpaTHo.
IIpu oOMeHe CcOOOIIECHUSIMA aBTOMAT-TIONTyYaTesb (BKJIOYas aBTomar rpada)
UIeHTU(HULIMPYETCsT aJpecoM aBToMmara. ABTOMAaT MOJydYaeT ajpec IpH ero
CO3JJaHMHM, M OJTOT aJpec SBISAETCS I[apaMeTpoM OTBeTa Ha COOOILICHHUE
co30aii asmomam. CaMy aBTOMAThl M KJIOHBI rpada CO3Aal0TCd U YHUUTOXKAIOTCS
HEKMM HEONHCHIBAEMbIM BHEIIHUM aBToMaroM. OH JX€ HMHUIMUpPYET 00X0[,
co3JaBasi NEpBBI aBTOMAaT, U €My JKE IOCHIIAETCSI COOOIIEHHE O 3aBEpLICHUH
obxopma.
Orot moaxon BrepBele ObUT mpuMeHEH B Hameid pabore [[12]], a B [[13],[14]]
olMcaHa yiydlleHHas Mojudukanus anroputma odxoxa. B atux paborax rpad
MpeamnoaraeTcs ACTePMUHUPOBAHHBIM. JTO O3HAYaeT, YTO B KaXKIOW BepIIMHE
HOMEp IYTH OJHO3HAYHO OMpEesieT BBIXOMIAIIYIO U3 3TOH BepIIMHBEI AyTy. Korma
aBTOMAaT B TEKyIIeH BEpIIMHE yKa3blBaeT HOMEP IyTH KaK MapaMeTp NPUMHTHBA
53

Trudy ISP RAN [The Proceedings of ISP RAS], vol. 27, issue 1, 2015.

Rnpoxo0 no dyze, OH MOXKET IIEPEHTH TI0 IyTe TOIBKO B OJIHY BEPIIUHY — KOHEL[ TyTH
C yKazaHHbIM HoMepoM. Eciu aTo He Tak, rpad) cuuTaeTcs HelleTepPMUHUPOBAHHBIM.
B nanHO# paboTe MbI IpeiaraeM ajaroputM 00xoja Takoro rpada npu HEKOTOPBIX
MIPENNOI0KEHUAX O XapaKTepe ero HeAETEPMUHHI3MA.

2. HeOemepMuHuU3M

I'pad ¢ Hymepauuei ayr, BRIXOASLIMX M3 KaXKI0W BEPLIMHBI, HEJIETEPMHUHUPOBAH,
€CII OZJHOMY HOMEpY IYTM MOXET COOTBETCTBOBAaTH HECKOJBKO Nyr. MHOXXECTBO
JIyr ¢ OOIIMM Ha4yajioM M OJHMM HOMEpPOM Iyru OyleM HasbIBaTh Oenbma-0y2ou.
Bynem cuurarbh, 9YTO HENETEPMUHHMPOBAHHBI BBHIOOp JyrH 10 JENbTa-Iyre
OCYLIECTBJISICTCS. C  IIOMOIIBI0  HEAETEPMHHUPOBAaHHOM  (yHKIMM  BbIOOpa
S I «MHOJNCECMBO 0eNbMA-0y2» —> «(MHOICECBO Y2y, KOTOPas JJIsl KaXIOU J1esibTa-
oyrn X HeJeTepMHHHPOBAaHHBIM 00pa3oM Bo3Bpamiaer ayry xeX. ABroMar
yKa3blBaeT B TEKyIIeW BEpIIMHE HOMEp JyrH, KOTOPBIH OJHO3HAYHO OIpPEAEiseT
JeJbTY-OyTy, W TPOXOAUT HEKOTOPYI Iyry H3 JelbTa-IyTH, ONpPEAeIIeMYIo
¢byHkumel BeiOopa. Mpl OyJeM TOBOPHTH TaKXKe, YTO aBTOMAT MPOXOMUT JeJbTa-
ayry.

[MockonpKy Hocie npoxoa Mo Ayre aBToMar y3HaéT TONBKO UICHTH(HUKATOP KOHIIA
IyTH, KpaTHbIE JIYyT'H ¢ OAHHUM HOMEPOM Hepas3In4MMbI MeXTy coOoi. Tem caMbim,
0e3 ONONHHUTENbHBIX NPEINOI0KSHUH HEBO3MOXHO TapaHTHPOBATh IPOXOJ IO
BceM ayraMm rpada. Mel OyaeMm cuuTarh, 4TO B rpad)e HET KpaTHBIX YT C OXHHM
HoMmepoM. Torzaa yirobast [yra yHUKaIbHO HACHTHGHLIMPYETCS UICHTHOUKATOPOM e
Havajia, HOMEpOM IIyT'H ¥ UAEHTH()UKATOPOM KOHIIA AyTH.

HJus  xaxpodt — gempTa-myrm X OyaeM  paccMaTpHBaTh  pa3iWYHbBIE
MOCJIEIOBATENILHOCTU 3HaueHUH QyHKIMU Bbioopa s(X), s(X), .... UHTYUTHUBHO SICHO,
YTO €CJIM MOXKET OBITh IOJIy4eHa HEKOTOpasi Takas I0CjeJ0BaTeIbHOCTh, TO MOXKET
OBITH MMOJTy4YeH U JI000H e€ mpedukc.

Bbynem rosoputsk, 4to rpad abconiomno HedemepMUHUpOBaH, €CIH I JI0OOH
Jenbra-nyru X mo0as OecKOHEeYHas IOCIIeI0BATebHOCTh AYT U3 TOH JIeNbTa-1yTH
S eX” MOKeT ObITh MOJIyYeHa KaK MOCIIeI0BATENLHOCTh 3HAUeHUi (DYHKIMU BBIOOpa
S = 5(X), s(X), .... DTO 03HAYaET, YTO €CJIM Ha HeJIeTEPMUHNU3M (QYHKIMH BBIOOpa HE
HAJIaraeTcsl HHUKAKUX OrPaHWYCHUH, OO0XOX HEICTCPMUHUPOBAHHOTO rpada
HEBO3MOJKHO BBITIOJIHUTH 32 KOHEYHOE BPEMSs, IIOCKOJIbKY HET HUKAKUX T'apaHTHH,
YTO 32 KOHEYHOE YHCIIO MPOXOIOB IO JeNbTa-Iyre yIacTcsl MPOMTH 1Mo BceM eé
Jyram, eciii ux OoJblie ogHol. Hampumep, Bc€ BpeMsi MOXKeET BBHIOMpATHCS OlHA U
Ta XKe Iyra.

Bynem roBoputh, 4TO Tpad cnpagednuso HedemepMuHUposan, €CIU s 00
nenbra-nIyru X B 11000l OECKOHEYHOH IOCIeaoBaTeNbHOCTH 3HadeHUH (QyHKIUH
BeIOOpa S = s(X), s(X), ... kaknas ayra x X BcTpeyaeTcsi OECKOHEYHOE YHCIIO pas.
OTO O3Hadaer, YTO JUIA IPOXOAAa IO BCEM JyraM JeNbTa-AyTd JOCTaTOYHO
KOHEYHOT'O YHCIIa POXOJOB 10 JenbTa-ayre. [1o3ToMy, ecii U3BECTHO YUCIIO IYyT B
JeJbTa-Iyre, aBTOMAT MOXKET 38 KOHEYHOE BPeMsl HE TOJIBKO IPOMTH 10 BCEM Iyram
JeJbTa-AyTH, HO ¥ y3HATh 00 3TOM. A, KpOME TOTO, IT0 OJJHOH M TOH K€ Jyre MOXKHO
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MIPOXOJUTh T000€ HEOrPAaHHYEHHOE YHCIO pa3, NMPOCTO MOBTOPAS JOCTATOYHO
00JIBIIIOE YMCIIO Pa3 MPOXOJ 10 JIENIbTa-/IyTe.

MOXXHO OTMETHTB, YTO THIIOT€3a O CIpPaBeUIMBOM HeIeTepMUHHU3ME TIpada,
(akTHYecKn, HSKBUBAJIEHTHAa THIoTe3e o miobansHOM TectupoBanuu [[11,[2]],
KOTOpasi NpeArojaraeT, 4ro HpU OECKOHEYHOM YHMCIIE IPOTOHOB TecTa OyayT
HOJyYeHbl BCE BO3MOXKHBIE BapHaHThI IMOBEJCHUS TECTHPYeMOil cuctemsbl. Jlis
rpada TakoMy BapHaHTYy IOBEJCHHUSI CUCTEMBI COOTBETCTBYET MapLIPyT B rpade, a
JUISL TOTO, YTOOBI MOKHO OBLIO MPOKTH JMI000H MappyT, GpyHKIMS BBIOOpA T0JDKHA
OBITH CIIPaBEIIIMBOIA.

YacTHBIM CilyyaeM CIIpaBeJIMBO HEJETEPMHUHUMPOBAHHOTO Tpada sBiseTcs
02DAHUYEHHO HEeOeMePMUHUPOBAnHbI 2pag. DTO Takod rpad, UIT KOTOPOTo
CYIIECTBYET TAKOE€ YHCJIO ¢, YTO IS 1000 aenbra-ayru X u aro0oi OecKOHEUHOH
MTOCTIEIOBATEIPHOCTH 3HAYeHNH (YyHKOWUU BeIOOpa S = s(X), s(X), ... Kaxnmas oyra
x X BcTpewaercst XoTsi Obl OJMH pa3 Ha KaXIOM OTpe3Ke IOCIEA0BaTEIbHOCTH
JUIMHOU ¢, T.e. HA oTpe3ke Sfi.i+t-1] anms Kaxmoro HaTypaibHOTO 4ucha i. J{is
JAHHOTO YHcia ¢ Takoi rpad OyneM Ha3bIBaTh TAKXKE -HedemepMUHUPOBAHHBIM.
OdeBHIHO, YTO TIPH =/ MBI UMEEM ACTEPMUHUPOBAHHBINA Tpad.

HNmeer Mecto criemyromias IOCIEAOBATEIFHOCTh CTPOIMX BIIOXKEHUI KIJIACCOB
rpados:

KJIacc JIETEPMUHUPOBAHHBIX IpadoB

C KJIacC f-HeACTePMUHUPOBAHHBIX TpadoB

C KJIaCC OTPaHUYEHHO HEIETEPMUHUPOBAHHBIX rpadoB

C KJIacc CIPaBeAIMBO HEIETEPMUHUPOBAHHBIX rpadoB

C KJacc abCOIFOTHO HEIETEPMUHUPOBAHHBIX IpadoB.

B cnenyromem paszgene OyneT TPEIUIOKEH alroOpuTM 00X0ja KOJUIEKTHBOM
aBTOMATOB JIIOOOT0 CIPaBEAIMBO HEJETEPMUHHPOBAHHOTO KOHEYHOro rpada, s
KOTOporo 1) B genbTa-gyre HET KPaTHBIX OYT, 2) MU3BECTHO YHUCIO IeNIbTa-IyT,
BBIXO/SIINX U3 KaXIOW BEPIIMHBI, 3) U3BECTHO YKMCJIO IYT B KaXIOW JeNIbTa-/Iyre.
Kpome Toro, mbl OyzieM npennonarath, 4To IpH Iepeaade COOOMEHHUs «OT TOYKH K
TOYKE» HE MPOUCXOIUT IOTEPH, WCKAXKEHUs, TeHEpally JMIIHUX I O00roHa
COOOIIEHHNH.

3ameuanwue: [{ns f-HepeTepMUHUPOBAHHOrO Tpada MOXHO OCinabuTh TpeOOoBaHUS,
OCTaBMB TOJIBKO 3HaHHE 4YWCIa JIeNbTa-Ayr B KaXI0W BepluuHe. JlelicTBUTENBHO,
€CIIM MBI ¢ pa3 BBIIIOJIHUM IIPOXO/] 110 eJIbTa-ayre X, KaKIbli pa3 3aroMuHas ayry,
10 KOTOPOH MBI ITPOXOJHMM, TO, BO-TIEPBBIX, MbI TapaHTUPOBAHHO MPOHAEM MO BCEM
Jyram JIenbTa-IyTH, BKIIOYas KpaTHbIE IYTH, a, BO-BTOPHIX, Y3HAEM YHCIO AYT B
JeNbTa-Iyre C TOYHOCTBIO O KPAaTHOCTH, T.€. Y3HAEM YHCIIO PA3IMYHBIX KOHIIOB
IyT 3TOH JebTa-1yTH.

3. Aneopumm ob6xo0a

ANropuTM OCHOBaH Ha TPEX pexuMax pabOThl ABTOMATOB: 2EHEPAMOp, Pe2YImop
u osuorcok. O6xox rpada, TO eCTh OBIKEHHUE 10 €r0 AyTraM, BBIOJHSIOT JBHXKKH,
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PEryIATOpBl NpEeAHA3HAUYEHBI ISl YIPABICHUS NEPEMELICHUEM ABUXKKOB I10 JIyraMm,
a TeHepaTop CO3/aéT U YHUUYTOXKAET (C MOMOIIBI0 BHEUTHETO aBTOMATA) JBMKKH H
CBsi3aHHbIE C HUMH KJIOHBI TpadoB. C KaxIOH HeTepMUHAIBHOW (MMeroleit
BBIXOJISIIAE IYTH) BEPIIMHON CBS3aH OJMH PETyISATOP, B KOTOPOM XPaHUTCS
ONKCAaHUE JeNIbTa-Ayr U JYT, BBIXOJSAUIMX U3 BEpIIMHBL. Perynsrtop KopHs
BBHIMIOJIHACT TaKkKe (QYHKIUM TeHeparopa. Jlns ympaBiieHUS mepeMelleHueM
IBIDKKOB PETYJIATOP COOOIIAeT IBIKKY, HAXOMSIIEMYCS B BEpIIMHE PEryIATOpa,
HOMEpP [JyTd, OJHO3HAYHO ONPEACNIAIOMIUN IeNbTy-ayry. JBHKOK BBIIOJHSIET
MPOXOJ 10 3TOW JIeNbTa-Ayre, 4YTO 03HAYAET MPOXOJ 0 OAHOM U3 AYT 3TOM JENbTa-
JyTHd, BelOMpaeMoii ¢pyHKImel BeIOopa.

3.1 OnucaxHue ayru

B mpomecce paboTel amropuTMa B CYMMapHOH MaMSTH PETYISAITOPOB CTPOUTCS
OIMCaHue MpoiineHHon yacTu rpada. J{Jst 3Toro B peryystope BepUInHbI CO3AaETCs
ONHCaHWe KaKIOH BBIXOISIICH M3 BEPIIMHBI IyTH. [IpotioeHHble TyTH OENATCS Ha
npsimble 1 xopowl. [lpsMbie ayrn o0Opa3ylOT OCTOB MpOiIeHHOW yacTH Tpada.
3akxonuennoti nyroil Oynem HasblBaTh Iyry, 10 KOTOPOH OOJbIlle HE HYXKHO
NOCBUIATh JBWXKKU. Henpotidennas nyra Bcerja He3aKOHYEHHas, XOpAa Bceria
3aKOHYCHHAsdA, a npsMas ayra MOXeET 6bITb CHayaJia HeSaKOH‘IeHHOﬁ, a I1I0TOM CTaThb
3aKkoH4YeHHOMU. [IpsiMas 1yra CTaHOBUTCA 3aKOHYEHHOM, KOI'Za BBIIIE HEE IO OCTOBY
HET BEPUIMH, U3 KOTOPBIX BBIXOAAT HEMPONUECHHBIE JYTH. 3aMETUM, YTO, TIOCKOJIBKY
peryJaTop HochlIaeT ABMXKKU MO JENbTa-Ayre, a HE OTAEIbHOM Iyre, IBUXKOK BCE
pPaBHO MOJKET TPOWTH MO 3aKOHYEHHOW Iyre, HO TOJBKO B TOM CIydae, €CIIH B
JIeNbTa-Iyre eCTh HEe3aKOHYCHHAS Iyra. B 1meIoM MMEIOTCS CIEAYIOUIHe COCTOSHUS
IyT: HEMpoiileHHas, XOopJa, He3aKOHUYCHHAs TpsMas W 3aKOHUYeHHas mpsMas. B
KOHIIe 00X0/1a BCE IyTH 3aKOHYEHHBIE, T.€. XOP/Ibl M 3aKOHYCHHBIC TIPSIMBIE.
Bepmmay OyzeM Ha3BIBaTh 3aKOHYEHHOU, €CIIA BCE BBIXOIIININE W3 HEE IOYTH
3aKOHYCHHBIC.

Omnmcanue Tyru COCTOUT U3 CIEAYIOMINX MTOJEH:

® COCTOSIHHE AyTH;

® WICHTU(HUKATOP KOHIIA AYTH [HECYIIECTBEHEH IS HETPOUICHHOM OyTH];

® ajpec peryisaTopa KOHIa IyTH [HeCYIIEeCTBeHEH ISl HEMPOWICHHOMN TyTH].

3.2 CoobueHusn
CooOmienne CoCcTOMT M3 Has3BaHWS (Tera) M IIapaMeTpoB coobmieHus. Hwmxe
MIEPEUYHCIICHBl BCE HCIOJIB3yeMble COOOIICHUS W HMX NapaMeTphbl, KpoMe axpeca
MOJTy4aTelsi, KOTOPBIH SBIsieTcs: 0053aTebHBIM apaMeTPOM KaXKIOro cOOOIIECHUS.
B ckobkax yka3aHbl OTIPaBHUTENb U IOJIy4aTelb COOOIICHNUS.
1. mul 2enepamop (BHELIHWI aBTOMAT —> TEPBbIN CO34aHHBIA aBTOMAT):

— aJpec BHEUIHEro aBTOMaTa,

— aJipec reHepaTopa, TO €CTh aApec MOoTydaTels COOOMICHHS;
2. co30aii zpagh (renepaTop — BHEUIHUI aBTOMAT):
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— azpec TreHepaTopa, TO €CTh aJipec OTIIPABUTEIIS COOOIICHNUS;
3. epagh co30an (0TBET Ha cozdail zpagh):
— anpec kjoHa rpada,
— wuneHTH(UKATOP KOPHS,
— YHCJIO BBIXOMAIINX W3 KOPHS ACTbTa-AYyT;
— CIIHCOK YHUCEJ IyT JJIs KOKIOH JIeNbTa-IyTd B KOPHE;
4. co30aii agmomam (TSHEPATOpP WIN JBWKOK, CTaBIIMH peEryiIsaTopoM, —
BHEITHUH aBTOMAT):
— azapec OTIPABUTEIS COOOIICHNUS;
5. aemomam cozoan (OTBET Ha co30ail agmomam):
— azapec CO3IaHHOTO aBTOMATa;
6. mot 0surcok (co3aarelb IBIKKA —> CO3JaHHBIN JIBHKOK):
— azapec ABIDKKA, T.€. afpec MoTydaTess COOOIIEHMs,
— azpec peryisaTopa KopHs (OH ke TeHepaTop),
— azpec KJoOHa rpada,
— HAEHTH(DUKATOP TEKYyILIeH BEPILUHBI,
— aJpec peryisTopa TeKyllel BEepUINHbI;
Kyoa uomu (IBIKOK —> PETYJISATOP TEKYIIEH BEPIIUHBI):
— ajpec ABMXKKa, T.€. aIpeC OTIPABUTEIS COOOIICHHS;
8.  uou no dyze (oTBET Ha Kyda uomu):
— HOMEp BBIXOJSAIIEH IyTH (MOXKET OBITh PAaBHBIM HYIIIO);
9. npoxoo no dyze (IBIXOK — KJIOH aCCOIMUPOBAHHOTO C JABIKKOM Ipada):
— azpec OBIDKKA, T.€. aJpec OTIPABUTEIS COOOIICHIS,
— HOMEp BHIXOJSIIEH IyTH;
10. omeem na npoxood (0TBET HA NPOX0O no dyze):
— uaeHTH(UKATOP BEPIIUHBI KOHILA TPOICHHON IyTH,
— YHCIIO BBIXOAAIINX U3 3TOW BEPIINHBI JeNbTa-IyT,
— CIIHCOK YHCEN IyT s KaKIOH IenbTa-IyTH,;
11. uzeeuwyenue (ABWKXOK, MPOIIEAIINI IO IyTe, —> PETyIATOp HAYalIa AyTH):
— HOMeEp IIPONJCHHON IyTIH,
— OINHCAaHHE NPONJEHHOMN AyTH;
12. onpoc (OBMXOK —> PETYIATOP KOPHS Kak MEPBBIN B CIUCKE PETYISTOPOB, WIH
PErynsaTop —> CISAYIOMHNI PETYIATOP B CIIHCKE PETYISTOPOB):
— aJpec IBMXXKA, THULIUMPOBABILIETO OIIPOC,
— uaeHTH(UKATOp BEPILUHEI;
13. omeem na onpoc (HalileHHBI pEryIsATOp —> JABMXKOK, HWHUIIMHPOBABIIHIA
orpoc):
— ajpec HaWJEHHOTO PETYIATOPA,
— HOMEp IPsSMO AYTH, BXOIAIICH B BEPIINHY HAHJICHHOTO PEryJIaTopa;
— aJpec peryisaTopa Havaja MpsIMOW IyTd, BXOASIIEH B BEPILIUHY HAlIEHHOTO
perynsaTopa;
14. ynuumooico zpagh (IBIKOK TIepesl CAMOYHHUUTOKCHHEM —> BHEITHUI aBTOMAT):
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— azpec kiIoHa rpada;
15. ynuumoorce aemomam (CaMOYHWYTOXXAIOIIMKCS OBIDKOK —> BHEIIHHA
aBTOMAT):
— aJipec CaMOYHUYTOJXKAIOIIEroCs ABUXKKA, T.€. aAPeC OTIIPABUTEIIS.

3.3 CocTosAAHUE aBTOMATA

CocTosiHME aBTOMAaTa — 3TO COCTOSIHHE MAaMSTH, B KOTOPOW MMEIOTCS CIICIAYIOIIHE
TOJIS:

peXuM paboTHI: reHepaTop (OH XK€ PEryIsATOp KOPHS), PEryIATOp, IBHKOK;
COOCTBEHHBII aJIpec aBTOMATa;

ajipec BHEIIHEr0 aBTOMAra;

ajipec KioHa rpada;

ajipec reHeparopa;

ajpec CIEAYIOIIETO B CITUCKE PEryJIATOPOB (Y MOCIEAHErO B CIIUCKE PEryisaTopa
ajpec IycToi);

UACHTU(HUKATOP TEKYIICH BEPIIHHBL;

aJipec peryJsiTopa TeKymei BepIIHbL;

HOMEp BXOJISLIEHN yTru;

ajipec peryJsiTopa Hadasa BXOJSIIEH TyTH;

YHCJIO BBIXOAAIUX ACJIbTa-aYT,

CITMCOK MO BBIXOSIIUM JeNbTa-ayraM (0T 1 10 yuciia BEIXOASIIUX JeNbTa-ayT):
O YHCJIO AYT B A€IbTa-IyTe;

O CIIUCOK ONHCaHWK YT AeIbTa-AyTd (OT 1 10 Yucia IyT B JeNbTa-IyTe).

3.4 OnucaxHune anroputma

3.4.1 leHepaTop

Pabora anroputma HayMHAETCS, KOTJA M3BHE CO3MAETCSA TEPBBIA aBTOMAT U €My
MOCBUTAETCS.  COOOILICHUE Mibl 2eHepamop. 1eHepartop BBHIMONHIET (QyHKIUH
peryisropa KOpHs, ONMUCAHHBIE HUXKE, W, KPOME TOTO, HEMPEPHIBHO T'€HEPUPYET
nmerkkn. CHavana co3maércs KIOH rpada ¢ MOMOIIBI0 COOOIIEHHH co30ail zpagh n
OTBETHOTO COOOIICHUs 2pagh cozdan. 3ateM co3MaETCSI aBTOMAT C TIOMOIIBIO
COOOIIEHUI co30aill agmomam W OTBETHOIO COOOIIECHHUS A6MOMAM CO30aH.
Co3maHHOMY aBTOMATy IIOCBUIAETCS COOOIICHUE mMbl 08UMNCOK C TIepefadeil emy
azpeca kioHa rpada. ['eHepaius ABIKKOB MPOUCXOIUT JI0 TEX MOP, TOKA KOPEHb HE
CTaHeT 3aKOHYCHHBIM. Korma 3T0 mpou3oWaér, TeHepaTop IMOChUIACT BOBHE
u3eeujenue, O3HavYaIoee KOHeI 00xXo/1a.

3.4.2 PerynsaTtop

Perynsarop cBsi3aH ¢ 0HOW BepIIMHON rpada W PEryJupyeT ABHKCHHE JBUKKOB,
MOMAaloIUX B STy BEPUIMHY, MO BBIXOASIIAM Ayram. JlJis 3TOro perynisrop
OKUJACT OT NPUXOMANIMX IBIDKKOB COOOWICHUU Kyoa uomu. IlomyduB Takoe
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cOOOIIEHNe, pErylsaTop NpOBEpseT, 3aKOHYEHa 1M BepmuHAa. Ecimm  ecTs
HE3aKOHYEHHasl [yra, peryjsTop IOChUIAeT JABUKKY €€ HOMEp B OTBETHOM
cooOIIeHNN uou no dyze. Ecny BeplIHA 3aKOHYEHA, PETYIATOP MOCHITIAET IBUXKKY
HYJIEBOI HOMEp JIyT'M B OTBETHOM COOOIIEHUH uou no oyze.

Taioke peryjisarop MOXET TIOJNyYHTh COOOILICHUE U36eujeHue, COJepKallee
OIMCAaHUE AYIH, BBIXOJSAIIEH U3 BEPILUMHBI peryisaropa. Perynsrop nposepser 1o
HOMEpy JAyTH ¥ MJICHTU(QHUKATOPY KOHLA AYTH €CTh JIM YX€ ONHMCaHWEe 3TOH JyTH
nnu em€ HeT. Ecnu Takol ayru emé HeT, peryasTop co34aéT €€ ONUCaHUue Ha MECTe
ONKCaHMs OJHOW U3 HENpoHAeHHBIX Ayr. Ecimu Takas myra yxe €CTb, PErymsTop
MEHseT €€ COCTOSHHE Ha TO, KOTOPO€ YKA3aHO B W3GeueHUU, 32 VICKIIOUCHHEM
Clly4asi, KOT/1a B U36eu{eHun yKa3aHa He3aKOHUCHHAs IIPsIMasi 1yTa, a B PETYIATOpe
Jyra y»Ke 3aKOHYEHHasI.

3TO UCKIIIOYEHHE MOXXET BOSHUKHYTH M3-32 aCHHXPOHHOCTH ITOBEJICHUSI aBTOMATOB.
Ecnu nmo HempoWaeHHOW ayre, BeAyLIEH B HENPONACHHYIO BEPIUMHY, IPOXOIUT
MEPBBIM BUXKOK, OH NOCBUIAET u3geujeHue Nel O HE3aKOHUEHHOW MpPSIMOW Iyre.
OpnHako 3T0 uzeeujenue Nel MOXKET MATH AOCTATOYHO JOJTO, U 3@ 3TO BPEMs IO
Qyre MOXKET INPOWTH MHOIO JBHXKKOB. B KOHIIE KOHHOB OJMH U3 3THX IBHXKKOB
ONUTET u3geujenue Ne2 o TOM, YTO Oyra 3aKOHUEHHAS, U 3TO u3seuieHue No2
00roHHT uzéewenue Nel.

3.4.3 IBnxoK

JBIKOK Ha4uWHAET CBOIO pabOTy C MOJYYCHUS COOOIICHHS Hibl 08UMCOK. JIBIKOK
CIpaIIMBaeT y pEryjsiTopa TEKyllell BepLIMHBI Kyoda uomu W OXHUIAeT OTBETa
uou no oyze.

Ecim B 0oTBeTHOM COOOIIECHUH #OU HO Oyze YKa3aH HYJIEBOW HOMEpP AYTH, ABHKOK
JOJDKEH YHHUYTOXKUTh Tpad © camoro ceOs C TOMONIBIO  COOOIICHHIA
YHUYUMONHCH 2pagh VI YHUUMOIICH AGHOMAM.

Ecnu B 0TBETHOM COOOIIEHUY UOU nO Oy2e YKa3aH HEHYJIEBOW HOMEpP IYTH, IBHIKOK
BBITIOJHACT MPOXO IO AYyTeE.

MBb! onuIeM UK paboThI JBMKKA, HAUMHAS C TIPOXO/a I10 JyTe.

Jnst mpoxosa mo ayre ABHXKOK MOCBUTAET KJIOHY rpady cooOIieHne npoxod no dyze
U OXHIAaeT OTBeTa. B cooOmeHun omeem Ha npoxood, [BUXOK TIOIydaeT
uaeHTU(UKATOp TeKylled BepuiMHbl (KOHL@ mpoWaeHHoN ayru). Ilo atomy
UIeHTU(HUKATOPY ABMXKOK JOJDKEH HAWTH PEryJATOpP TEKyLleW BEepIIMHBI HIIH
yOenuThCsl, YTO TAKOTo peryisropa Her. sl 3TOro JBMXKOK BBINOJHSET OIPOC
PeryJsTopoB.

Omnpoc HaYMHAETCs C TOTO, YTO JIBMXKOK IOCBIIAET COOOLICHUE OMPOC PETYISTOPY
KOpHS, KOTOpPBIM Bcerja HaxXxOMUTCS B Hayajle CIMCKa peryasTopoB. Kaxeri
peryJsiTop, MOJYyYUB TaKO€ COOOIEHUE, CPAaBHUBACT UIAECHTU(HKATOP BEPIIMHBI U3
COOOIIEHNsI C UAECHTU(HUKATOPOM BEPIIMHBI, PETYJISITOPOM KOTOPOH OH SIBIISIETCSI.
Ecny oHM cOBmaialoT, peryssTop OTIpaBisieT OBIKKY, MHULIMHUPOBABIIEMY OIpPOC,
cooOlIeHne omeem Ha onpoc. B TPOTHBHOM ciydae pEryJisiTop IepechulaeT
COOOIIEHNE ompoc Hambllie 10 CIHCKY peryistopoB. Ilpm 3TomM mocnenHui B
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CIHCKE DPEryJsITop (y HEro MyCTOW aapec CIEAYIOIIEro B CIHCKE PEryIsATOpPOB)
CTAHOBUTCS MPEAMOCIIEIHUM, 3alIOMUHAsI aIPEC JABMKKA, MHUITMUPOBABILIETO OMPOC,
KaK ajipec CIeIyIOLIETo B CIUCKE PEryISsTOPOB U NEPEChUIast 0npoc STOMY JBIKKY.

1. Ecnum perynarop TeKymei BEpIIMHBI HE HAWICH (IBMXKOK MTOIYYHII COOOIICHHE
0npoc), IBIKOK CaM CTAaHOBHTCS PErYJIATOPOM TEKYIIEH BEPIIUHBI U TIOCHUIACT
peryJiaropy Hadana NpOWIEHHOM IyTU u3eeujeHue O HE3aKOHUEHHOU IpAMON
oyre. 3aTeM IBIDKOK, CTABIIMHA PEryJISATOPOM, CO3MAET HOBBIA JBIXKOK C
MOMOIIBI0  COOOIICHUST  CO30ail agmomam ¥ OTBETHOTO  COOOIICHUS
agmomam co30an W TIOCBUTAET CO3AAaHHOMY aBTOMAaTy COOOOIICHHE
mbl 08UIHCOK, B KOTOPOM TiepenaéT eMy anpec KiIoHa rpada.

2. Ecmm perymarop TeKymled BEepIIMHBI HaWIeH (OBMXKOK IMOIYYHJI COOOIIEHHE

omeem Ha onPoc), ABIKOK Y3HAET alIpec peryiasTopa TeKyIledl BEepIIWHEL, a
TaKX€ HOMEp IPSIMOU IyT'H, BXOASILEH B BEPIIMHY HAUJCHHOIO PEryJjsTopa, u
ajpec peryjsaropa Hadajga NpsMOM yrd, BXOZSIIEH B BEPIIMHY HAWJIEHHOIO
peryiaropa. Ecnu HaliieH peryjisitop KOpHs, TO y HEro HOMep BXOZAsulei
NpsIMOM yru paBeH HyIO. [[BUXKOK ONpenesnsieT, B KaKoe COCTOSIHUE JOJIKHA
nepeiTy NpoeHHast UM Jyra: Xop/ia Wid npsmasi 1yra.
31ech Hy’)KHO OTMETHUTh, YTO 3Ta Jyra ObUIa OTMEYCHA KaK HEMPOUCHHAS B TOT
MOMEHT, KOT/Ia JBIKOK TOJYYFUT HOMEp 3TOW IYTH OT PEryjsaTopa e€ Hadaia B
coolmeHnn uou no dyze. OTHAKO TOCTIE STOTO JBIDKOK BEITIONHSII MPOXOM IO
Iyre W OmpOC PEerysITopoB. M3-3a acHHXpPOHHOCTH TOBEICHHS aBTOMATOB
MOTJIO 0Ka3aTbCs, YTO IO ITOW Ayre YxKe MPOIIEN APYroi IBUKOK, Ionall B emé
HENPONJEHHYIO BEPLIMHY, CTall €€ PETyJIATOPOM, NOCIAIl U38euienue O IPSIMOi
JIyre, HO 3TO Wu36eu{eHue HE TOCTYNWIO B PErysATOp Hadalga OyrH K
YKa3zaHHOMY BbIIIE€ MOMCECHTY. B »stom CJlydyac Hall JABUXOK HE HJOJIKCH
MOCBIIaTh U36euieHue O XOpJe, a IOBTOPHOE u36eujeHue O TPSAMOU Iyre
MOJKET TIOHATOOUTHCS TOJIEKO B TOM CIIy4ae, €CJIM OHa JTOJDKHA OBITh OTMEYCHA
Kak 3akoHueHHas. Ecnmu ke sTa nyra Xopaa, U NOPEeAbLAYLIHH JBHXKOK,
MIPOILENIINI TI0 TOH XKe Jyre, yKe Iociall uzeeujenue 00 TOM, TO TIOBTOPHOE
u3eeujeHue 0 XOpJe HANIETO He M3MECHUT B ONMMCAHWU STOU IIyTH, IOSTOMY €To
MOJKHO TIOCNaTh. Eciy e Ham JBMKOK OBUT MEpBBIM, MPOMICAIINM IO 3TOM
IIyTe, TO TAKOE U3eeujeHue 0 Xopae Hy»KHO ITOChUIAaTh 00sI3aTeIbHO.
Kak ABImKOK ompenenser COCTOSIHHWE MPOHAEHHONW Oyru? DTOo mpsmas ayra,
€CJIM HOMEp NPOHAECHHON Iyru M ajpec peryisropa €€ Hadyajla COBNAJAIOT C
HOMEPOM MpsIMOM IyrW, BXOZASILEH B BEPIIMHY HAWIEHHOI'O DPEryJysiTopa, U
aJ[pecoM peryisTopa Hadajia NpsMOW AyTrH, BXOJASIIEH B BEPIIUHY HAUIEHHOTO
peryasTopa. B mpoTuBHOM cilyyae 3TO XopJa.

2.1. Ecnu ABWXOK MpOIIEN MO XOpJAe, OH TOChUIAET PErylsaTopy €€ Haudaja
uzeeujenue o xopzae. Ilocime 3TOro ABMXKOK CIIPAIIMBAET y PETYIATOpa
TEKyLIeH BEPIIMHBI Kyoa udmu M 0XXKUJAET OTBETa uou no dyze. Eciu B
OTBETHOM COOOIIEHUU uou no dyze yKa3aH HyJIEBOW HOMEpP JYTH, IBIKOK
yHHYTOXaeT Tpap ©W camoro ceds C TIOMOIIBIO  COOOIICHHUi
VHUUMOMHCH 2pagh U yHuumodico agmomam. Eciii B OTBETHOM COOOIICHUHN
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uou no dyze yKa3aH HEHyJIEBOW HOMED OYyTH, ABMKOK BBIIOIHAET IPOXOJ
o JyTe.

2.2. Ecnau [BMXOK NpOWEN MpSMYyK AYry, OH CIpallMBaeT y perynsaropa
TEKyLIeH BEpIIUHBI Kyoa uomu 1 OXXUJAET OTBETa uou no dyze. Eciu B
OTBETHOM COOOILEHHUHU Uou no dyze yKa3aH HyJIEBOW HOMEpP JYTH, JBIKOK
CHauasla MOCBUIAET PEryJATOpy Hayajla MPOIeHHON OyTH u3seuieHue o
3aKOHYEHHOH NPSIMOM JTyTe, a IOTOM YHHYTOXaeT rpad u camoro ceds c
TIOMOIIBIO COOOIIEHUH YHUUMOMCh epagh 1 yHuumodico agmomam. Ecin
B OTBETHOM COOOIICHWU uOu ho dyze yKa3aH HEHYJEBOH HOMEp IyTH,
JBIDKOK BBIMIOJHSAET MPOXOJ IO Ayre, W HHUKAKOTO U36eU{eHUA HE
MOCBITACT.

3.5 OnTumusauumsn

B arom pasnmene Mbl OmuiieM ONTHMHU3AIMH, IO3BOJSIOLUIME YCKOPUTH paboTy
IrOpUTMA.

3.5.1 TepMuUHanbHbIN KOPEHb

Ecimm kopeHb — TepMuHalbHAs BEpIIMHA, TO TEHEPaTOpPy HE HYXXHO CO3IaBaTh
nBikok. [Tocie cozaanust nepBoro kioHa rpada reHepaTop NpoBepseT, IBISETCS T
KOpeHb TepMHUHAIIbHOM BepirHOW. Ecin 1a, To reHeparop yHHUTOXKAET KJIOH rpada
C TIOMOUIBIO COOOIICHWS YHUUMOMNCh 2pAg) W TIOCHUIAET BOBHE U3BeuieHUe,
O3Hayarolee KoHel 00xoa.

3.5.2 TepMnHanbHasa HeKOpHeBasi BepLuMHa

AHanorn4Ho, eciay ABMXKOK MPOUIEN MO Ayre B TEPMHHAIBHYIO BEpIIMHY, U 3TO
NIEPBBIM JBWKOK, IONABUIMI B 3Ty BEPIUUHY, TO IOCJIE TOIO, KAK OH CTAHOBUTCS
PETYJIITOPOM, EMY HE HYXHO CO3[aBaTh HOBBIM ABMXOK. B 3TOM ciyuae IBHXKOK,
CTaBUIMM PpEryJsITOpOM, IOCBUIAET PETyJIATOPY Hadajga IPOHACHHON JAyru
u3eewjenue O 3aKOHUCHHOU MpsIMON ayre. 3aTeM JBUXKOK, CTABLIMU PEryJISITOPOM,
YHHUUYTOXAET rpad ¢ IOMOILBIO COOOLIEHUS YHUUMOMHCh Zpad.

3.5.3 Netnsa

[IpoiinenHass memist MO ONpEAENEHUIO SBISIETCS XOpIOM. JBHIKOK MOXET
pacmo3HaTh 3TOT ciiy4ail 0e3 onpoca peryasaTopos. s 3TOro mocjie mpoxoaa ayru
JIOCTATOYHO CPAaBHUTHh WACHTHU(PHUKATOP TEKyIICH BEPIIMHBI C UACHTH(PHKATOPOM
TOM BEpLIMHBI, U3 KOTOPOM IBMXKOK BbIlIE]. EcCIM OHM COBHALyT, TO IBHUYKOK
TIPOIIET 10 TETIIE.

3.5.4 NponpeHHas ayra

Ecnu OBUXKOK MPOXOAMUT NO YK€ NPOMIAEHHOW Ayre, OH MOXET ONPENENIUTh €€
KoHer 0e3 ompoca peryasTopoB. s 3TOro JOCTaTOYHO BOCIOJB30BaThHCS
OTMCaHWEM TPOHIECHHBIX AT C TEM XK€ HOMEpPOM, KOTOpOE UMEETCS B PETYIATOpE
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Hadajga MOyrd. OTO OIMCAaHWE PeryisaTop MOXKET IepelaTh IBIKKY Kak
JIOTIOJTHUTEIBHBIN  MapaMeTp COOOIICHUS uou no dy2e: CIHCOK  OIHMCaHUA
HpOﬁﬂeHHbIX AyT ¢ JaHHBIM HOMEPOM IYTH.

CHauasia 1o MJISHTU(PHUKATOPY TEKyIIeH BEPIIMHBI JABUKOK ITPOBEPSET, NPOIIEN OH
yXKe MpOIACHHYI0 Ayry WM el€ He NpoWJeHHyro. [l 3Toro oH cpaBHUBaeT
UIeHTU(HUKATOP TEKYILEeH BEPLIMHBI ¢ WACHTU(HUKATOPAMU KOHLIOB IPOMIICHHBIX
YT TPOWICHHOHN NenbTa-ayrd. Ecn ABMKOK MPOMIEN HEMPOWACHHYIO OYTY, €ro
MTOBEJICHUE ONHMCAHO B OCHOBHOM anroputMe. Eciiu IBMXOK MPOMIEN MPOUACHHYIO
JIyTy, €ro paboTa 3aBUCHT OT COCTOSHISI 3TOH JIyTH.

1. Ecimu nBwxok mNpowén NpOWJIEHHYIO XOpHAy, ABHXKOK 3HAET TAKXKE aJpec
peryiaropa TeKyIleH BEpIIMHBI, CHPAIINBACT y HETO Kyoda uomu W OXAIACT
oTBeTa uOu no dyze. Ecmu B OTBETHOM COOOIICHWU uou no dyze yKa3zaH
HYyJICBOIl HOMEp IyTH, ABW)KOK YHHUTOXaeT rpad u camMoro ceds ¢ MOMOLIBIO
COOOIIEHNN yHUUmMOINCh 2pag) U yHuumodic» agmomam. Ecii B OTBETHOM
COOOIIEHNN Uou no dyze yKa3aH HEHYJIEBOW HOMED AYTH, ABHXKOK BBIMOJHSAET
IPOXOJ MO AyTeE.

2. Ecnm ABmxoK MpoIIEn NpOHIEeHHYI0 HE3aKOHUEHHYIO MPSAMYIO AYTY, ABHMKOK
3HAaeT TaKKe aJpec pPeryjsaTopa TEeKyLed BepIIMHBI, CIpAlIdBaeT y HEro
Ky0a udmu ¥ OXWJAaeT OTBeTa uou no dyze. Eciin B OTBETHOM COOOLIECHUH
uou no dyze ykazaH HYJIEBOM HOMEp MAyrd, JABWKOK CHadaja IOCBUIAET
peryisTopy Havana NpOHICHHOW IYT'M u36eujeHue O 3aKOHYEHHOH NpsSMOi
Iyre, a TOTOM YHHUYTOXaeT rpad u camoro cebs ¢ MOMOMIBI0 COOOMICHUI
YHUUmMOodMcy 2paghy U yHuumodxicr agmomam. Ecni B OTBETHOM COOOIICHHH
uou no dyze ykazaH HEHYJIEBOM HOMEp AYTH, IBMKOK BBIIOJIHSET NPOXOJ IO
ayre.

3. Eciam OBWKOK HPOIIEN MPOHAEHHYIO 3aKOHYEHHYIO MPSIMYIO AYTY, IBHKOK
YHHYTOXAeT rpad u caMoro cedst C IOMOILBIO COOOIIEHUH YHUUmMOMHCh Zpagh 1
YHUYMOJIC A6MoMan.

3.6 Teopema o KOHLUe o6xona

bynem mnpeamnosiarate, 4YTO BpeMs Iepelayd OJHOrO COOOLICHHsS, BpeMs
cpabaThIBaHUs KAXXIOr0 aBTOMAaTa W BPeMs MEepEeMENICHUs] aBToMaTa mo ayre (T.e.
BpeMs CpabaThIBaHUs aBTOMATa KJIOHA rpada) orpaHHYeHO.

Teopema o koHie 06xoma: Uepe3s KOHEUHOE BpeMsl IMOCIEC Hadana paboThl 00X0.
rpada OyJeT 3aBepIiéH, TO eCTh M0 KaXKA0# ayre rpada XoTs Obl OJUH pa3 MPOIIET
XOTSI Obl OIMH IBKDKOK, T'€HEpaTop MOUUIET BHEIIHEMY aBTOMATY U36eU{eHUe.
Kpome toro, Bce nyru OyayT 3aKOHUEHHBIMH, a PSMbIE AyTH OyIyT 00pa3oBbIBATH
ocToB rpada, OpHEHTUPOBAHHBINA OT KOPHSI.

2 !0Ka3aTeHbCTBOZ

W3 onucaHus ajqropuTma CieAyeT, YTO COCTOSHHUE TYTH MOXKET MEHSATHCS TaK, Kak
910 U300pakeHo Ha Ommoéka! UCTOYHUK CCHIJIKM He HalIeH..
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HENpoiIeHHARA

HEZAK0HYEHHAA TPAM AH JAKOHYCHHAA Hp.‘HZMEI}I]

Puc. 1. Cxema usmenenus cocmoanus oyau

[NockonbKy B rpade M3MEHEHHUS! COCTOSIHAIN AyTH HET OPHEHTHPOBAHHBIX IIUKJIOB, a
YHUCIO AYr KOHEYHO, HauWMHas C HEKOTOPOro BpeMeHH I, BCE OYTM IMEpeCcTaroT
MEeHATH CBO& cocrosiHue. [lanee OyzmeM paccMaTpuBaTh pabOTy alnropuTMma Iocie
BpemeHu 7.
Hdyra ab craHOBUTCS TIpsIMOHM, ecnM OHa OBUIa HENPOWICHHON H Bela B
HENPOHIIEHHYI0 BEpIIMHY b, MOCIEe TOro, Kak IO 3TOW Ayre MPOUIEN IBIIKOK,
OKa3aBIINICS TEPBBIM CPEAN BCEX JIBMXKKOB MOMAJAIONINX B BepiiuHy b. [ToaTomy
IpsMBbIE IYyI'HW HE 00pa3yl0oT OPUEHTHUPOBAHHBIX IMKIOB M B KaXKIYI0 BEPIIHHY
BXOJUT He Oosee opHOW mpsiMoil ayru. Taxoke, NMOCKOJBbKY IBMXKKA HAaYMHAIOT
JIBUTaThCs 110 Tpadyy, HAauMHasi C KOPHS, BCE MPOI/ICHHbIC BEPIINHBI JTOCTHKUMBI H3
KOPHsI 110 ITPOMJEHHBIM JyIraM, U B KOKIYIO IIPOMJECHHYIO BEPIUUHY, KPOME KODHI,
BXOOUT mpsiMas ayra. OTcrona cledyeT, 4To Tocie BpeMeHH 71, HpsMble OyrH
00pa3yloT OCTOB MpPOWIEHHON dYacTu rpada, a XOpHbl SBISAIOTCS XOPIAaMH 3TOTO
OCTOBA, T.€. HAUMHAIOTCS U 3aKaHUUBAIOTCS B BEPIINHAX OCTOBA, HO CAMU OCTOBY HE
MIPUHAJIEKAT.

IToxaxkxeM, 4TO 4epe3 KOHEUYHOE BpeEMs TIE€HEPAaTOp MNPEKPATUT TIeHEPaLUIo

JIBUDKKOB.

JomyctuM, 3TO He Tak M OBIDKKA TEHEPUPYIOTCS OECKOHEYHO JOJITO.
[TockoapKy 9HciI0 MyTei B Tpade KOHEYHO, CYIIECTBYIOT ITyTH, IO KOTOPOMY
JIBIDKKA JIBUTAIOTCS OeckoHeuHoe uwuciao pa3. Kak wux mnpeduxcs
CYILECTBYIOT IIyTM M3 HPSIMBIX HE3aKOHYEHHBIX JyI, HauyuMHaloIMecs B
KOpHE, [0 KOTOPBIM JBHXKKH JIBUTAIOTCS OCCKOHEYHOE YHCIIO pa3. Bo3pméEM
MaKCUMaJIbHbIM U3 Takux IyTedl myTh P. IlokakeM, 4TO KaKIblil IBUXKOK,
MPOXOJIAIIEH MyTh P, JOJKEH ABUTaThCs JANbIIE U3 KOHIIA My TH.

Jomyctum, 310 He Tak. J[BUXKOK HE JBUraeTcs Jaiblle, eCId KOHELl ITyTH
3akoHYeHHbIH. Ecnu myTe P uMeeT HyNeBylO ANHMHY, TO €ro KOHeEI
COBITIAJIa€T C €T0 HAa4aloOM — KOPHEM, a TOTAa KOPEeHb 3aKOHUYCHHBIH, U
TeHepaTop NOJDKEH ObUl OBl NPEeKpaTWTh TEHEPAIMIO JBIKKOB, UTO
MPOTUBOPEYHT JOMylieHuI0. Ecian myTs P UMeeT HEeHYJIEBYIO UIMHY, TO
yepe3 KOHEYHOE BpeMsl MOCIEIHAS Ayra MyTH P CTaHeT 3aKOHYEHHOM,
9YTO MPOTUBOPEUYHUT TOMY, YTO TIOCIE BPEMEHH I BCE IyTH HEPECTArOT
MEHATh CBOE COCTOSIHME. MBI MPUIILIHA K IPOTUBOPEUHIO, CIEI0BATEIHHO,
HaIlle IOMyIIeHHe He BEPHO,  YTBEPKJIEHHE JOKA3aHO.
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ITockonbKy 4HMCIO AyNbTa-Ayr C HA4YaJlOM B KOHIE NMyTH P KOHEYHO, MO
OJTHOM M3 ATUX JAeNbTa-Iyr ABWKKH ABHUTraloTcst OeckoneuHo aouiro. Ho Torna
B 3TOH HenbpTa-Ayre ecTb HE3aKOHYEHHas Oyra. B cuily crnpaBeaIMBOCTH
HEeIeTepMUHU3Ma U KOHEYHOCTH 4YHCIa Iyl B AelbTa-Ayre Mo 3TOH Oyre
TaKke OECKOHEYHO JOJITO JIBUTAlOTCS JBWKKH. OJTa Jyra HE MOXET OBITH
NpSIMOM, TaK KaK 3TO NPOTHUBOPEYMIIO Obl MakcuMmaibHOCTH myTH P. Takxke
3Ta JAyra HE MOXET OBITh HENPOWIEHHOH, Tak Kak IOCJIE IEpBOTO JKe
MIPOXO0Ja MO 3TOH JyTe Yepe3 KOHEUHOE BPeMsl OHa N3MEHUT CBOE COCTOSIHUE,
YTO MPOTHUBOPEUYHUT TOMY, UTO TIOCIE€ BpeMEHH 7; BCE€ OYT'H IEPECcTaroT
MEHATh CBOE cocTosiHMe. ORHAKO IPYTMX HE3aKOHYEHHBIX IyT HE ObIBaeT.
MBI NIpUIIIH K IPOTUBOPEUHIO, CIEJOBATENbHO, HAIIIE IOMYIIEHHE HE BEPHO,
U YTBEP)KACHHE TOKa3aHO.

Wtak, ™Mbl J0Ka3agd, 4YTO Yepe3 KOHEYHOE BPEMsl TI'eHEpaTop MpeKpaTuT
reHepaluio JABMKKOB. [TokaxeM, 4TO B 3TOT MOMEHT BPEMEHHU Bce JyrH rpada
NPOWJICHBI M 3aKOHYEHBI, T.€. IOMEUYEHBI B PETYJIATOPAaX MX HadaJl KaK XOPJbI
WIN 3aKOHUYCHHBIE NPSIMBIE JYTH, ¥, CIEIOBATEIbHO, NPSMBIE IyTd 00pasyloT
ocToB Tpada.

JomyctuM, 3TO HE TakK: CYIIECTBYeT He3aKOHUYeHHas Ayra. [IocKonpKy Bce
BEPIIUHBI JOCTHXUMBI W3 KOPHS, JOJDKHA CYIIECTBOBATh HE3aKOHYCHHAS
Iyra ab, Hadano KOTOPOH, BepIIMHA @, IPUHAUICKHUT OCTOBY HPOUICHHOM
gactu rpada. Torma cymectByer npsmoi myTe O U3 KOPHS B BEpUINHY d.
Bepmna, U3 KOTOpOW BBIXOJAMT HE3aKOHUEHHAs ayra, MO OINpeaeleHUI0
He3akoHuyeHHas. Ecan BEpHIMHA HE3aKOHYCHHAsA, TO BXOAA1IasA B Heé npsAaMmas
Jyra TaKke He3akoH4ueHHas. Ortcroga crnegyeT d9ro Beck MmyTh (O
HE3aKOHYEHHBIN: BCE €ro OYrd W BepUIMHbL. B 4YacTHOCTH, HE 3aKOHYEHO
HayaJlo0 MyTH — KOPEHb, HO 3TO MPOTUBOPEUYUT TOMY, UTO TE€HEpPATOp
MpeKpaTuil TeHEpalri0 JBMKKOB. Mbl OpULUIM K MPOTUBOPEUMIO,
CJIeIOBATENIFHO, HAIlle TOMYIICHHE He BEPHO, U YTBEP)KACHUE TOKAa3aHO.

Teopema nokasana.

4. 3aknroyeHue

JanbHeiinie uccienoBanust 00x0/ia HeAeTePMUHUPOBAHHBIX IPa()OB KOJUIEKTHBOM
ABTOMATOB BO3MOJKHBI 110 HECKOJIbKUM HAMPABJICHUSIM.

OjHO HampaBjieHHE — 3TO TO WJIM HMHOE YTOYHEHHE CIPABEAIMBOW (YHKIHH
BEIOOpa, KOTOPOE TO3BONMIIO OBl OIEHHTH BpeMs paboThl anroputMa. OgHUM U3
TaKAX YTOYHEHHH sBIsAETCS f~HenmeTepMuHu3M. B [[14]] mia nerepMUHUPOBAHHOTO
ciydas (1=1) nokazana ouenka O(m+nD), rae m — 9UCIIO IyT B UCXOAHOM rpade, 7
— 4uciIo BepmwH, D — auametp rpada (ImuHa MakcuMansHOro myTH). B [[9]] mns
HEaBTOMATHOTO 00Xona (4TO 3KBHBAJECHTHO 00XOAY OJHHM aBTOMAaTOM, B IaMsTh
KOTOpPOTO TOMEIIAEeTCs BeCh rpad) f(-HelIeTepMUHHPOBAHHBIX IpadoB JOKazaHa
oueHka O(bt"), Tae b — orpaHUYeHHE HA YKCIIO AEIbTa-Ayr, BHIXOIAIIUX M3 OTHOM
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BEepIIMHBL. MOXXHO TIPEANONOXKUTh, YTO IS KOJUIGKTHBAa aBTOMAaTOB OIICHKA
OCTaHEeTCs SKCHOHEHIMAJIbHOW. DTO OmpenesseTcs TeM, YTO Ul MpOoXoJa IMyTH
JUIMHOM & MBI JOJDKHBI k pa3 NPUMEHUTHh (QYHKIHUIO BbIOOpa M KaXIblil pas
MOJy4UTh TpedyeMmyro Iyry, CJIeJOBaTelIbHO, ISl TapaHTUPOBAHHOTO IPOXOJa
5TOr0 TyTH HaM MOXET TNOHAZOOMTBCS #* TMOMBITOK. BHIIO Obl HHTEPECHO
paccMoTpeTh apyrue (QyHKIMM BbIOOpa, JUIL  KOTOPBIX OLIGHKAa MEHBIIEe
SKCIIOHEHIMAJIbHOH. B kadecTBe mMpocToro mpumepa MOXKHO PaccMOTpPETh rpad c
YHCIIOM HEIETePMUHHUPOBAHHBIX IyT, OTPAHMICHHBIM KOHCTaHTOH k. B 3TOM ciryuae
SKCIIOHEHIHATBHAS COCTABIISIONIAs BPEMEHH 00X0/1a He MPEBBICHT 7.

Hpyroe HampaBleHHe — CHIDKCHHE TpeOOoBaHHWH K 00xoxy. MokHO mOTpeOoBaTh
MPOXoAa He MO KaXKAOH Iyre, a Mo KaXOoW HenmbTa-ayre rpada. B tepmmmax
TECTHPOBAaHUS 3TO O3HA4YaeT, YTO HYXHO TIONpoOOBAaTh KaXJ0E TECTOBOE
BO3/ICHCTBUE B KaXIOM COCTOSHMM CHUCTEMbI, HO HEOOs3aTeJbHO MOJydYaTh BCE
BO3MOJKHBIE BapHAHTHI MTOBEJCHHUS CHCTEMBI Ha 3TH TECTOBBIE BO3AeHCTBUA. Takoi
o6xox B [[6]] Ha3wIBaeTcsa A-o00xomoM. Jloka3aHbl HEOOXOIUMBIC M JOCTATOYHBIC
YCIIOBHS CYIIECTBOBaHUS A-00X0oma, KOTOpble OasHpyIOTCS Ha TMOHATHH A-
JOCTIDKAUMOCTH BepiIuH. ['oBOpst HEpOpPMambHO, W3 BEPUIMHBI @ A-TOCTIDKAMA
BEPIIUHBI b, €CIIN CYIIECTBYET aJTOPUTM JBIKEHUS M3 BEPIIMHBI ¢ B BEpIIUHY b,
KOTOPBIN TapaHTHPOBAHHO OO0ECIIEUMBAET AOCTHIKCHHE BEPIIMHBI b TIpH JF000M
(maxe He crpaBeIMBON) (YHKIUH HEICTCPMUHHPOBAHHOTO BbIOOpa. [ljisi Toro,
9T00BI A-00X01 MOXKHO OBLIO OBLIO BBITOJHHUTH O3 pecrapra rpad mo/mkeH OBITh
CHJIBHO-A-CBSI3HBIM, T.€. KaXKIasi BEpIIMHA JODKHA OBITh A-TOCTHIKUMA U3 KaXKIIOH
BepuidHbl. [lpu Hamuuuu pecrapra JOCTATOYHO A-JOCTHMKMMOCTH  KaXJIOW
BEepPIIMHBI W3 KOpHA Tpada, B 3ToM ciydae A-00Xon Ha3BaH A-TIOKPHITHEM.
HeaBToMaTHBIIT A-00X01 MOXKHO BBITTOJHUTE 32 BpeMsi O(nm). buto 061 MHTEPECHO
MTOTIBITATHCS MOIU(HUINPOBATH 3TOT ANTOPUTM TUTS KOJIJICKTHBA
B3aMMO/ICHCTBYIOIINX aBTOMATOB.
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GRAPH LEARNING BY A SET OF
AUTOMATA.
THE NONDETERMINISTIC CASE

Igor Burdonov <igor@ispras.ru>,
Alexander Kosachev <kos@jispras.ru>
ISP RAS, Moscow,Russia

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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