ACHHXpPOHHbIEe aBTOMATbI:
Knaccudpmkauma u TectTupoBaHue

U.B. Bypoonos, A.C. Kocaues, B.B. Kynamun

AHHOTamusi. B cratee paccMaTpUBAIOTCS KOHEUHBIE AaBTOMATHI, OTJIMYAIOIIUECS OT
KJIaCCHYECKOro aBromMara MMM TeM, YTO IepexoJ OCYLIECTBIsIeTC MO0 MO IPUEMy CTHMYJIa
(BXOIHOTO CHUMBOJIa), JIMOO IO BBHIJAa4Ye PEakUUH (BBIXOMHOTO CHMBOJIA), NPHUYEM B KaXKIOM
COCTOSIHUM BBIOOP OJIHOTO M3 JOITyCTUMBIX MEPEX0J0B HEACTEPMUHUPOBAH. TakuMu aBTOMaTaMu
SIBIISIIOTCA  aBTOMAaThl C OTJIOKeHHOW peakuueid (AOP), B KOTOpPBIX Mepexox MO CTUMYILY
BBITIOJTHAETCST BCETAA, KOTJa STOT CTHMYJ MMEETCS Ha BXOIE aBTOMAaTa, M aBTOMAThl BBOJA-
BoeiBoma (IOSM - Input/Output State Machines), B KOTOpBIX Mepexox MO BbIIAYE PEaAKIUH
JIOMYCTUM HE3aBHCHUMO OT HAIMYUS CTHMYJA, B TO BpeMs Kak, HPUHSATHIA B 5TOM COCTOSHHH
CTHMYJI MOXET OBITh IPHHAT IO3XKe, B JpyroM cocTossHuH. OOOOImeHHeM S5THX KIAacCoB
aBTOMATOB SIBJISICTCSl ACHHXPOHHBIM aBTOMAT, B KOTOPOM JOIYCKAIOTCSl TaKXKe IePexXofbl MO
omcymcemeuio cruMyina. IIpelaraercst kiaccu(pUKanys aCHHXPOHHBIX aBTOMAaTOB, OCHOBAHHAS
Ha peanu3yeMoil aBTOMAaTOM ClI06ApHOU @YHKyuu ¥ SKBUBAJIEHTHOCTH aBTOMAaTOB C
coBnaaatonieii ciaoBapHoii gyHkuueil. [lokaspiBaeTcs, 4TO KJIacc BCEX aCHHXPOHHBIX aBTOMATOB
SKBUBAJIECHTEH CBOEMY IIOAKIACCY aBTOMATOB C OTJIOXKEHHBIMH pEAaKIUsIMH, a CIOBAapHBIC
(yHKINE aBTOMAaTOB BBOJA-BBIBOJA 0OPa3ylOT COOCTBEHHOE MOJMHOXKECTBO BCEX aBTOMATHBIX
cioBapHbIX (yHKIUH. C aBTOMAaTOM CBSI3BIBACTCS TAKXKE MHOXKECTBO cepuanuzayuii (CMEIIaHHBIX
MIOCJICIOBATENEHOCTEH BOCIPHHIMAEMBIX CTHMYJIOB M BBEIJABAaeMBIX PEAKIHMil), W HCCIEeLyeTcs
ero cBs3b co cioBapHOil Qynkumeidl. Crarbs 3aBepmiacTcsi 0030pOM OCHOBHBIX IIPOOJIEM
TECTUPOBAHUSI  COOTBETCTBHUs, KOTAAa AaCHHXPOHHBIE  aBTOMAaThl  MCIIONB3YIOTCS  Kak
criennduKaOHHAas MOJIEIb IIPOrPAMMHBIX U aIIIaPATHBIX CUCTEM.

1. BeedeHue

[Monstue asmomama ¢ omnoscennvimu peakyuimu (AOP) ObUTO BBEAECHO aBTOpPaMH
HAacTOsAlIeH CTaTbu COBMECTHO ¢  A.XOpOUIMJIOBBIM  JUisi  MOZAEIMPOBAHUS
MHOTOIIPOLIECCHOM MPOrpaMMHOI CHCTEMBI, UHTep(eiic KOTOpoli OCHOBaH Ha oOMeHe
coo0meHnsIMU. B OTBET Ha BXOJHOE COOOLICHHE CHCTEMa MOXET BBIAATh HECKOJIbKO
BBIXOJIHBIX COOOIICHHI, IPHUYEM, €CJIM B MPOIECCEe UX BbIJAYM MOCTYIACT CIEAYIOIIee
BXOJTHOE COOOIICHNE, OHO MOXKET U3MEHHUTH BBIXOJHOW MOTOK. L{enbio MogennpoBaHus
SIBISUTIOCH HamnucaHue (GopMalibHBIX crenupUKanuii, Ha OCHOBE KOTOPBIX CO3aBAJICS
TECT JUIsI TPOBEPKH COOTBETCTBHSA peanum3anmu  cnenudukamuu. [ToCKOJIBKY
BHYTPEHHEE  COCTOSHHE  TECTHPYEeMOH  CHCTEeMbl  OBUIO  HEIOCTYIHO, OHa
paccMaTpuBaliach KaKk «UEpHBIH SIIHK» U O €€ MOBEACHHH MOXHO ObLIO CYIUTh TOJIBKO
Mo ee peaknusAM (BBIXOJHBIM COOOIICHMSM) Ha ITOABAaeMbIe CTHUMYIHBI (TECTOBBIE
BXOJIHBIE COOOIIICHMS ).
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ABTOMATBI C OTJIOXKCHHBIMU PEAKIMSIMH TOX0XKH HAa XOPOIIIO U3BECTHBIC B JIUTEPAType
[1-6] agmomamer s800a-6vieooa (IOSM — Input/Output State Machines), Ha3bIBaeMbIC
TaKxke gzaumooercmsyowumu Koneunvimu asmomamamu (CFSM - Communicating
Finite State Machines). B 060ux aBTOMaTax mepexoj U3 OJHOTO COCTOSHHS B JPYTOM
MPOMCXOAUT JHOO KAaK IPUEM BXOJHOIO CHUMBOJA (CHMuUMyna) — HPUHUMAIOWUTL
nepexoi, MO0 Kak Bbla4a BBIXOJHOIO CUMBOJA (peakyuu) — nocwliarowuil Nepexo,
a00 Kak nycmoil Tepexoi, He CONMPOBOXKIAIOUIMNACS HU TNPHUEMOM CTUMYJA, HU
Bbigaueil peakuuu. CTHUMyNn Oonycmum B HEKOTOPDOM COCTOSIHUHM, €CIH B 3TOM
COCTOSIHUM OIIpeJielieH MPUHUMAIOIIUA [epexo]] M0 ITOMY CTHMYJY, B MPOTHBHOM
cllydae CTHMYJ HEIOMyCTUM B JaHHOM COCTOSIHUHU. [lOCKOJIBKY MBI HE Tpedyem
JIOMTYCTUMOCTH KQXKIOI'0 CTUMYJIa B KaXKIOM COCTOSIHUH, PACCMATPHUBACMBIC aBTOMATHI
SIBIISTIOTCST YaCTHYHO-OMpeaesicHHbIMA. COCTOSTHIE aBTOMAaTa — NpuHuMaroujee, eCiiu B
HEM OINpEACICHbl TOJIBKO NPUHUMAIONINE TEPEXONbl, noCbliarujee, €CIH B HEM
OTIPENICIICHBI TOJBKO TOCBHUIAIONINE WIIH MYCTHIC MEPEXOIbl, CMeuanHoe, eCli B HEM
OTpENeICHbl KaK NPUHUMAIONINE, TaK M IOCHUIAIOIINE WM ITYCTHIC MEPEeXOAbI, U
MmepMUHAIbHOE, eCIM B HEM HUKAKHX MEPEXOJ0B He ompejaeneHo. [IpuHuMaromue u
CMEIIaHHBIE COCTOSHHUS OylneM Ha3blBaTh peyenmueHviMu (B ITHX COCTOSHHSX
BO3MOXKEH IIPUEM CTUMYJIA).

CTUMYJIBI MOTYT TIOCTYIIATh HA aBTOMAT TOJBKO B PEIICIITUBHOM COCTOSIHUHU, HO OHU HE
00s13aHBI TOCTYTIATh B KAX#COOM €TI0 PEUEITHBHOM COCTOSHHU. [lepexopl, JOMyCTUMEIC
B JIaHHOM COCTOSTHHH, OTPEACISIOTCS B 3aBHCHMOCTH OT HAJIUYUS WM OTCYTCTBHUS
CTHMYJIa Ha BXOJIe aBTOMAaTa M, B CIy4dae HAIWIUA CTUMYJa, OT CAMOTO STOTO CTHMYJIA.
Ecmu oxa3eiBaeTcs, 94TO TaKWX JOIMYCTHMBIX MEPEXOJO0B HECKOIBKO, TO BBIOMpaeTCs
OIIMH W3 HUX HEAETepPMHUHHPOBAHHBIM 00pa3oM. B 0bomx aBTOMAaTax, €ciy COCTOSHHE
MOCBHUIAIOIIEE MIIM PEIENITUBHOE, HO CTUMYJ OTCYTCTBYET, TO AOIMYCTHMBIMH SIBIISTIOTCS
MOCBUTAIOIINE W IIyCThIE TEPEXOXbl, OMpPEAETCHHBIE B 3TOM COCTOSHHHU. Pazmmume
Mexay AOP u IOSM nmeer MecTo mpu ONpefeseHHH AOMYCTHMBIX MEpEeXOJ0B B
cilly4yae HaJlu4usl CTHUMYyJa B CMeIIaHHOM cocTosiHuu. Jns AOP nmomycTUMBI TOJNBKO
MPUHUMAIOIIUE MEPEXOAbl M0 3TOMY CTHUMYJY U HEJOMYCTUMBI KaK MPUHAMAIOIIUC
nepexoApl Mo APYrUM CTUMYJIaM, Tak M MOChUIalolue U myctele nepexonsl. Jias IOSM
TaKXKe JIOMYCTUMBI MPHUHUMAIOIIUE TIEPEXObI MO0 3TOMY CTUMYIY ¥ HEIOITyCTUMBI
MIEPEeX0Ibl IO IPYTUM CTHMYJIAM, OJHAKO MOCHUIAIOIINE U MTYCTHIC TIEPEXOIbI OCTAOTCS
JIoImycTAMBIMU. [Ipr 3TOM, ecii BHITIONHSAETCS MOCBUIAOIININ WIH ITyCTOH Mepexo, TO
CTHMYJI OCTaeTCcs Ha BXOJE aBTOMAaTa B OKUAAHUH JHOO 1) BHIOOPKH JOIMYCTHMOTO
MPUHUMAOIIETO TepeXofa IO TOMY CTHMYJYy B JPYTOM PEHENTHBHOM COCTOSIHUH,
60 2) mepexoaa B MIPUHUMAIOIIEE COCTOSIHUE, B KOTOPOM HE OMpezelieH Mmepexo Mo
JaHHOMY cTUMyJdy. B ciydae 1) ctuMyn BeIOMpaeTcss aBTOMAaTOM U Jajiee Ha €ro BXOJ
MOJKET TIOCTYIHUTD CIEAYIOIUI CTUMYII, a B CIIydae 2) IOBEACHNUE aBTOMAaTa CUUTAETCS
HE OMNpPENeIeHHBIM M 93TO pPacCMaTPUBACTCS Kak, TaK Ha3bIBaecMas, ouuoKa
Hecneyuguyuposannozo 680oa. 3ametnm, uto At AOP Ttakas ommbka dukcupyercs
cpa3y e, Kak TOJBKO Ha BXOJ[ aBTOMaTa MOCTYMAeT HEAOMYCTHMBIA B TEKYyIIEeM
COCTOSIHUU CTUMYyJ. Pa3ymeercs, BO3MOXKHO TakKe BBIIIOJHCHHE aBTOMATa, IIPU
KOTOPOM CTHUMYJ HHUKOT/Ia He OyleT BBIOpaH: eCiii aBTOMAT Tepellel B TePMUHAITEHOES
COCTOSIHME WIJIN OECKOHEYHO BHIIONHSIOTCS TOCBUIAIOIINE W ITyCTHIE MEPeXOibl (st
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AOP — B DOCBUIIAIOMIUX COCTOSIHHAX). B TepMHHaJIBHOM COCTOSHUM aBTOMAT
OCTaHaBJIMBAETCS: COCTOSHUE HE MEHSAETCS U MPEKpallaeTcs KaK MpUeM CTUMYJIOB, TaK
W BbIAAaYa peakuuid. XOTs B TEPMHHAIBHOM COCTOSIHUM BCE CTHMYJBI (OpMalbHO
HEIONMyCTHMBI, TE€M HE MeHee omuOKa Hecnenn(pUIUPOBAHHOIO BBOJA HE
(uKcHpyeTcsi, TOCKOJIBbKY CUMTAETCs], YTO PabOoTa aBTOMAaTa 3aKOHYEHA.

Knaccugyeckuit aBromar MuiM, KOTOPBI Ha KaXKABIM JOMYCTHUMBIN CTHMYJ BBLAAET
POBHO OJHY pEaKLMI0O M HUYEro HE JAelaeT NpU OTCYTCTBUU CTHMYJIOB, MOXET
paccmaTpuBathes Kak yacTHbI ciydail AOP u IOSM. [{ns 3TOro 1ocTaTouHo KaX bl
€ro Mepexof, COMNPOBOXKIAIOIIUICS IPUEMOM CTHMyJla U BbIJa4ell peakLuy,
MIPEACTABUTh KaK MOCJIEI0BATENbHOCTh U3 JIBYX IEPEXOJ0B: NPUHUMAIOILETO Mepexoaa
[0 3TOMY CTHMYJY M IOCBUIAIOLIEr0 MEPEX0Aa MO ATON PEeaKkLMH, MEXIY KOTOPHIMHU
Io0aBiIAeTCs MPOMEKYTOUYHOE TOCHIIAMOIIEE COCTOSIHAE (MCXOMHBIE HETEPMHUHAIBHBIC
COCTOSIHUSI CTAHOBSITCS IPUHIUMAIOIIIMH, & CMEIIAHHBIX COCTOSHUI HET).

TecTupoBaHHE COOTBETCTBHS OCHOBAHO Ha CPAaBHCHHWHU IOBEICHUS JBYX aBTOMATOB:
cnenu(UKAMOHHOTO, 33JJaHHOTO SBHO, HAIpUMEp, CBOUM TIpad)oM COCTOSHHU, U
peaTM3alIOHHOT0, PACCMATPUBAEMOI0 KaK «UYEpPHBIN SIIMK», O rpade COCTOSHHI
KOTOPOT'0 M TEKYIIEM COCTOSIHUM MbI HE UMeeM HH(OPMAIMH, HO MOXKEM CYJHUTh O €ro
MOBEICHUH TI0 TEM PEAKLUsIM, KOTOPhIC OH BBLIACT B OTBET HA IMOCTYMAIOIINE K HEMY
TECTOBBIE CTUMYJIbL. Peann3anus cyutaercsi COOTBETCTBYIONICH crielU(UKALN, eCITU
UIsT TF000M IOCTIeIOBATENbHOCTH CTUMYJIOB (8X00HO20 C€106a) aBTOMATHl BBIAAIOT
OJIMHAKOBBIE MOCIIEI0BATEILHOCTH peakuui (8b1x00HbBIE cnosa). Jlost
HEICTCPMUHHPOBAHHOTO CIICIU(PHUKAIIMOHHOTO aBTOMaTa 00JIee OCMBICIICHHO TOBOPUTH
HE O COBIIQJICHUH BBIXOJHBIX CJIOB, & O IMPUHAIUICKHOCTH JIFOOOTO BBIXOJHOTO CJIOBA,
BBIIaBACMOTO  peajM3alreii, MHOXXECTBY  BBIXOJHBIX  CJIOB,  pa3perracMbIX
cnenudukanueit. 3aMeTHUM, YTO MPH STOM PEATHU3AMUOHHBIA aBTOMAT MOXET OBITh
JaKe JCTePMUHUPOBAHHBIM (BBIXOJHOE CIIOBO OJHO3HAYHO OIPEICIETCS €ro
HAYaJIbHBIM COCTOSIHUEM W BXOIHBIM CIOBOM). WHBIMH ciioBamMu, crenuuxamnms
ONHUCHIBACT HE OJHY pealM3allio, a KJIAcC peanu3aluii el COOTBETCTBYIOUIMX
(CBOIMMBIX K HEH).

C aBTOMaTOM CBsi3aHa CiOBapHas (hYHKIHS, UM peajiu3yeMas W OompeaessieMas Kak
0TOOpakeHHE BXOJHOTO CJIOBA, [TOJJABACMOT0 HA aBTOMAT, HAUYWHASI C €T0 HAYaJIbHOTO
COCTOSIHHSI, BO MHOJCECE0 BO3MOXKHBIX BBIXOJIHBIX cJIOB. O0nacTh ee onpeiercHus
BKITFOYAET TOJNBKO Oonycmumvle BXOIHBIE CIIOBA, TO €CTh, TaKHMe, KOTOPBIE HE MOTYT
IpH  HEKOTOPOM  BO3MOXKHOM  BEINIOJIHEHWH ~ aBTOMaTa  BBI3BaTh  OMIMOKY
HeCTenn(UIMPOBAHHOTO BBOJA. 110 CymIEeCTBY, TECTHPOBAHHE COOTBETCTBHS CTAaBUT
CBOCH 3amaueil ompenesieHWE CIIOBapHOW (YHKIMH pealM3allMOHHOIO aBTOMaTa M
CpaBHEHHE €€ CO CIOBapHOW (yHKIHEH CIenu(pUKaIMOHHOTO aBTOMAara: O0IacTh
OTIpPENETICHUS ATUX CIOBApHBIX (YHKIHMH MpEIIoiaraeTcsi OJMHAKOBOW (TI0 KpaifHeit
Mepe, MOJENbHBIN TOMEH BJIOXKEH B PeaIM3allMOHHBIN), a TECTUPOBAaHHE IIPOBEPSET,
4TO Ui KaXIOro JOMYyCTUMOTO BXOJHOTO CJIOBA 3HAUYEHHE Ha HEM peaIu3allMOHHOM
CJIOBApHOM (DYHKIMHM BJIOXKEHO B 3HAYCHUE CHELM(PHUKAMOHHON CIIOBApHON (DYHKIIHH.

Juis kiaccuyeckoro apromara MMM Takoe OIpeieeHHe CIOBapHOM (QYHKIMU
JIOCTaTOYHO: BCE HETEPMHUHAIBHBIE COCTOSIHHS PELEeNTHBHBI M IO0Jada Ha €ro BXOJ
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JIOTTYCTUMOTO BXOJIHOTO CJIOBA JJIMHBI N BBI3BIBAET IMOCIEIOBATENILHOCTh TEPEX0JI0B
yepe3 m<n PelenTUBHBIX COCTOSHWHN, 3aKaHYUBAIONIYIOCS B m+1-0M TEpPMHHAIHLHOM
WIM, €CIM mM=N, TEPMUHAIBHOM WJIH PELENTUBHOM COCTOSSHUM, W BblAauyy
COOTBETCTBYIOIIETO BBIXOAHOTrO ciioBa iMHbBI m. OpHaxo, mis AOP u IOSM, B
KOTOPBIX MOCHUIAIONIME U MYCThIE MEPEXOJbl MOTYT BBIMOJHATHCA U MPHU OTCYTCTBUH
CTHMYJIOB, TIOHSTHE CIOBapHOH (YHKIWHU HYXIaeTcs B yTOUHEHHUHU. J{JIs ompeneneHus
BXOJHOTO CIJIOBa, KpOME CaMOW TOCJIEIOBATEIFHOCTH CTHMYIIOB, HaM CIEIyeT
paccMaTpUBaTh TaKKe «IIay3bD» MEXIY COCEIHUMH CTUMYJIaMH, KOTOPBIE ECTECTBEHHO
MU3MEPATh B KOJIMYECTBE PEHENTHBHBIX COCTOSHHUM, MPOXOOMMBIX MEXIY MPUEMOM
STHX CTUMYJOB. JJI1 MOIENMMPOBaHHS MPOXOJa OJHOTO PEIENTHBHOIO COCTOSHHUS C
OTCYTCTBHEM CTUMYJIa Ha BXOJIE€ aBTOMATa YA0OHO BBECTU MOHATHE NYCHO20 CIMUMYA,
pacmiupuB UM aja(aBUT CTUMYJIOB. ECiiu MeXIy IBYMsI HEMyCTHIMH CTUMYJaMH BO
BXOJIHOM CJIOBE pacrojiaraercss K mycThIX CTUMYJIOB, TO 3TO O3HAYaeT, YTO aBTOMAT
MEXIY MNpUEMaMH 3TUX HEMYCThIX CTUMYJIOB MPOWJeT K peuenTUBHBIX COCTOSIHUHN MPU
OTCYTCTBUH CTHMYJIa Ha ero Bxoje. [IycToil cTUMys cauTaeTcsl JOMYCTUMBIM B TFOOOM
PELENnTUBHOM COCTOSIHUU.

[Tocne aToro ynoOHO BBECTH MOHSATHSI BXOJHOI M BBIXOAHOW ovepeneil aBTomara. Bo
BXOJIHOH oOuepequ pacrojiaracTcsi BXOJHOE CJIOBO B pPaCHIMPCHHOM andaBute
CTI/lMyJ'lOB, a B B])IXO[lHyIO oqepem) HOCTyHaIOT BblJaBAa€MbIC aBTOMATOM peaxunn,
(dhopMupys B Hell BRIXOAHOE ¢I0BO. [IprHHUMAIOIIHI TIepeXxo/ 1Mo (HEMyCTOMY) CTUMYITY
JIOTYCTUM TOJBKO B TOM Cllydae, KOTJa B TOJIOBE BXOJHOW OUepeid pacroiaraeTcst 3T0T
ctumyis. Ilpu BBINOJHEHUM TAKOro Mepexofa CTUMYJ YAAIAETCs U3 OYepeaH.
HanmomHauMm, 9To B 3TO# cuTyanuu B perentuBHOM cocTossHuu AOP Bceraa BIOTHSIET
npuHIMaromuit nepexo, a [OSM MokeT BBITIOTHUATH TaK)Ke MTOCHUTAIOIINNA WA IyCTON
Mepexoi, U TOrJa HEMyCTOM CTUMYJI OCTaeTcsl B rOJOBE BXOAHOM ouepenu. Ecnm xe
TOJIOBHOM CTHUMYJ OYepenu IMyCTOH, TO OH B aBTOMAaTax O00OMX BHIOB yAAISIETCS HpPHU
MIOCBUIAIOIIEM WJIM IIyCTOM IIE€PEXOAE M3 PELENTUBHOIO cOCTOsHUA. Ilochinarommii
IIEpeX0/l OMELIAET B BBIXOJHYIO OYEPENb COOTBETCTBYIOIIYIO PEAKLHUIO M, €CIH ITO
Mepexo/1 U3 MOCHIIAIOIIEr0 COCTOSIHUSI, HE U3MEHSIET BXOJTHOM OUepPEH U HE 3aBUCUT OT
e€ comepxkumoro. Ilocie 3Toro cioBapHas (DYHKIHS ONpENCTSCTCS HA MHOKECTBE
JIOIIYCTHMBIX BXOIHBIX CJIOB B PAaCIIMPEHHOM aji(haBUTE CTUMYJIOB TAKMM 00pa3oM, 4TO
€CJIM BO BXOJHYIO OuY€pelb aBTOMAaTa IOMECTUTh JIaHHOE JOMYyCTUMOE BXOAHOE CIIOBO,
TO MHOXECTBO BBIXOJHBIX CJIOB, KOTOPbIE MOI'YT OKa3aThCSl B BBIXOJIHOM Oouepenn, Kak
pa3 u eCTh 3HAUCHUE CIOBAPHOMN (PYHKIIH.

Teneps 00paTuM BHUMaHUE HA TO, YTO JUIs TOTO, YTOOBI MOBEJACHUE aBTOMAaTa OBLIO
MOJIHOCTBIO OIpPENesIeHO, BXOJHOE CIOBO JIOJDKHO COJAEPIKATh B KOHIIE «JIOCTATOYHOEY
YUCJIO MYCTBIX CTUMYJOB. MHaue, MOMXET CIOXUTHCS CHUTyalusl, KOrJa aBTOMAaT
MEePEXOAUT B PEUENTUBHOE COCTOSIHME, a BXOJHAas OYepelnb IycTa, TO €CTh, HE
COJIEP’KUT HE TOJIbKO HEMYCThle, HO M IyCThble CTUMYJIbI, XOTS HOCIEAHUE KaK pa3 U
TpeIHa3HaueHbl I MOJCIMPOBAHUS ITyCTOTH odepenn. bomee Toro, eciam aBTOMar
COJIEPKUT LUK U3 IMyCTHIX M IOCBUIAIONINX MEPEXO0I0B, MPOXOISIIINA XOTs OBl depes
OITHO PELENTHBHOE COCTOSIHHE, TO TAaKUX KOHIIEBBHIX ITYCTHIX CTHMYJIOB JOJDKHO OBITH
OecKkOHEeUYHOE 4YHCIO. OJTO HATaJIKHBAaeT HA MBICIh PAacCMAaTPHUBATH CIOBAPHYIO
(yHKIHIO ONpeneNeHHONM He Ha KOHEYHBIX, a Ha OECKOHEYHBIX BXOJHBIX CIIOBaX.
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Beckoneunoe CJIOBO, coJ€pKalle€ TOJIbKO KOHCYHOC 4YHUCJIO HCNYCTBIX CTHUMYJIOB,
SABIICTCA aHaJIOTOM KOHCYHOI'O CJIOBA UM MBI 6y,HGM Ha3bIBaThb €TI0 KBA3U-KOHEYHbIM
CJIOBOM.

Mpsl OyneMm ompenessTh CIOBapHYI0 (YHKIHIO Ha BCEX MOMYCTHMBIX OCCKOHEYHBIX
CJIOBaX, a HE TOJBbKO KBa3W-KOHEYHBIX. [IpHYuHA 3TOr0 B TOM, YTO B OTIIMYHH OT
kimaccudeckoro apromara Musu, B AOP u IOSM Ttakas cioBapHas QyHKIHS, BOOOIIE
TOBOpsI, HC BOCCTAaHABIHMBACTCS OIHO3HAYHO IO €€ CYKCHHIO Ha IOJJOMEHE BCEX
JTOITYCTAMBIX KBa3U-KOHEYHBIX BXOJIHBIX CIOB (cM. HIDKE 3.5.2).

Tenmepr MOXKHO paccMaTpuBaTh ecrecTBeHHOe 0000menne AOP u IOSM,
3aKJIIOYAIOIIEeCss B TOM, YTO AaBTOMATy pa3pellaeTcs BBIMONHATh MPUHAMAIOIINE
nepexoabl HE TOJBKO MO HEIIYCTOMY CTUMYIJIY, HO TaKK€ U IO IIYCTOMY CTUMYIY, TO
€CTb, IOCKOJIbKY HyCTOI71 CTUMYJ MOACIUPYET OTCYTCTBUC CTUMYJIA, IO OTCYTCTBHIO
CTHMYJIa Ha BXOJI¢ aBToMaTa. Takoli mepexoa OyaeM Ha3bIBaTh e-nepexodom, a OOIui
BHJ] aBTOMATa C e-IIEPEeXOAaMHU - ACUHXPOHHbLM aBTOMATOM, HMEsl B BHIY, YTO BbIJaua
PEaKIMK TMPOUCXOAUT, BOOOIIE TOBOPS, aCHHXPOHHO ¢ mpueMoMm crumyna. (Hamre
MOHSATHE ACHHXPOHHOTO aBTOMAara CIEAyeT OTIMYaTh OT MOHSITHS ACHHXPOHHO
BBITTOJHSIOLICHCS cemu B3aUMOJISHCTBYIOIIUX aBTOMATOB.) VIHTEpIipeTanus moBeIeHus
TAKOI'0 ACHHXPOHHOT'O aBTOMATa 3aBHCHUT OT JIByX HE3aBHUCUMBIX ()AKTOPOB.

Bo-nepBbIX, OT BuAa TOro aBTOMAara, U3 KOTOPOrO ATOT ACHHXPOHHBIA aBTOMAT
npousowen — AOP unmn IOSM, a uMeHHO, SIBII€TCS JIM PUEM HEIYCTOro CTUMYyJa B
PELENTHBHOM COCTOSIHUM OOs3aTeJIbHBIM WIM HE 00s3aTenbHBIM. B mepBom ciydae
ACHHXPOHHBIH aBTOMaT OyZeM Ha3blBaThb UMNEPAMUBHbIM, A BO BTOPOM —
GhakynmamusHoiM.

Bo-BTOpBIX, NMOCKOJIBKY yHajleHWE ITyCTOro CTHUMYJIa M3 TOJIOBBI BXOJHOW oOuepenu
TENepb MOXET NPOHUCXOIUTH IPH BbIOOpEe NMOO, KaK paHblIe, MOCHUIAIOIIETO WIN
IIyCTOTO TIEePexo/ia M3 PELENTUBHOIO COCTOSHUS, JIMOO NPHHUMAIOIIEIO e-Iepexona,
HE00XOJUMO ONPENENUThCS C B3aUMHBIM MPUOPUTETOM 3THUX JABYX BHIOB IEPEXOJIOB,
€CJIM OHHU OIIPEIeNICHBI B OJTHOM M TOM K€ CMEIIaHHOM cocTosiHuH. [Ipnopurer Moxer
ObITh: 1) y IOCBIIAIOIINX W IYCTHIX MEPEXOIOB; 2) Y e-Iepexo0B; 3) OHI MOTYT OBITH
PaBHOIPHOPHUTETHBI.

Takum 00pa3oM, BCero MOXKeT OBITh 8 0a30BBIX KJIACCOB aBTOMATOB: MMITCPATUBHBIN
win (PaKyIbTaTUBHBINA, 0€3 e-IepexollOB WM C e-ePeXOJaMH M OJHHM U3 Tpex
YKa3aHHBIX TMPHOPUTETOB e-IIEPEXO/0B 10 OTHOMICHHIO K ITOCBUIAIOMIMM M ITyCTHIM
epexoaaM.

CraThsi COCTOMT M3 4eTBIpeX dacTeil. 2-as (mocne BBeneHus) vacTh IOCBAIIEHA
OTPENICIICHAI0 W CPAaBHUTECIHHOMY HW3YYCHHIO ACHHXPOHHBIX aBTOMATOB 0a30BBIX
kiaccoB. [Ipu 3ToM, B mepByI0 odepens, oOpamaeTcss BHUMAHUE Ha PeaTH3yeMble MU
cnoBapHbeie (GyHKIUH. C TOMOIIBIO MPeoOpa30oBaHUII aBTOMATOB, COXPAHSIONUX HX
CIIOBapHYIO (YHKIHIO, BCE aBTOMAaTHl MPUBOIATCS K OZHOMY KJacCy aBTOMAaToB 0e3
CMEIIaHHBIX COCTOSHUHA. Ha 3Toif ocHOBE mpoBOAMTCS KiIacCH(UKAIIUS aBTOMATOB, B
YaCTHOCTH MOKA3bIBAETCS JKBUBAJIECHTHOCTh KJIACCa BCEX ACHHXPOHHBIX aBTOMATOB
monkiaaccy AOP — mMmepaTHBHBIX aBTOMAaTOB 0Oe3 e-TiepexofoB, W, HANpPOTHUB,
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nokaspiBaeTcsi, 4ro kinacc IOSM — dakynbTaTHBHBIX aBTOMaTOB 0e3 e-IepexoJioB — He
CIOCOOEH MOJIENTMPOBATh KJIaCC BCEX aCHHXPOHHBIX aBTOMATOB.

B 3-eii uwactm wu3ydaroTcs peanu3yeMble aBTOMAaTaMH cepuaiusayuu (CMEIIaHHBIE
MOCTIEI0BATENbHOCTH CTUMYJIOB U peakuuil) W MapmpyThl (IOCIEIOBAaTEIbHOCTH
nepexofoB). BBoadTcs  MOHATHUA  CTPOrofl  MOJIENMPYEMOCTH U CTpOroit
SKBUBAJIEHTHOCTH, OCHOBAaHHbIE HE Ha CIIOBAPHOW (YHKIMH, a Ha MHOMKECTBE
peanu3yeMbIX cepuanu3anuii, ¥ IOKa3bIBaeTCsi, YTO IpeoOpa3oBaHHsl aBTOMATOB,
HCIIOJIb30BaHHBIE BO 2-OM YacTH, COXPAHSIOT HE TOJBKO CIOBapHYIO0 (QyHKIHMIO, HO U
MHOXXECTBO CepUalIM3annii. Y CTaHaBIMBACTCS CBA3b CIIOBAPHON (DYHKIIMU M MHOXKECTBA
cepuann3anuil aBTomara. PaccmMaTpuBaroTcs BOIPOCH PETYISIPHOCTU U CYILECTBOBAHUS
OTBEPralolMX aBTOMATOB. Jlalee paccMaTpUBAIOTCS KOHEUYHBIE CEPHANHM3ALNY,
MpeIUKaThl Ha MHOXKECTBE KOHEYHBIX CEPHANM3alUN M HHIYLUPYEMBIE TAaKHMU
NpeJuKaTaMd CEMEHCTBA aBTOMATOB C COOTBETCTBYIOIIMMHM KM  CIIOBAPHBIMHU
(hyHKIHAMU.

4-as 4yacTh TOCBAILIEHa NpoOJeMaM TECTUPOBAHHS COOTBETCTBUS IUISI ACMHXPOHHBIX
aBTOMaToB. IIpoBoauTCs pasfeneHre Ha TUIOTE3bl — MPENYCIOBUS TECTUPOBAHHA, U
TECTHPYEMBIE YCIIOBHs, IIPOBEPSEMBIE B IpoLecce TecTUpoBaHusA. Jid Kakaon
po0IeMBbl HAMEYAIOTCSI BO3MOXKHBIC ITyTH €€ PEIICHNUS.

2. CnoeapHasi pyHKuusi

2.1. ACUHXPOHHbLIN aBTOMAT
Acunxponuvim asmomamom Oynem HazpBath mectepky m=(V,vy,X,e,Y,T), rae:
e V- MHOXECTBO COCTOSTHHIA;
e  vy€V — HavaJbHOE COCTOSHHUE;
X — BXOJHO¥ an(aBUT CTUMYJIIOB,
ez X — mycroii ctumy, X =XU{e} — paciumpeHHbIH aaBUT CTUMYJIOB;
Y — BeIXOHOH anaBUT peaknnii; OyaeM CUUTaTh, 9TO al(aBUTHl CTUMYJIOB U
peakuuii He nepecekarTes X NY=IJ;
e T =R'USUI — MHOXXECTBO NIEPEXO/IOB, T/IE:
0 R’ ¢ VxX'xV — npuHAMarOmue nepexosl,
0 S c VxYxV — noceuiatoniye nepexosl,
0 I < VxV —nycrbsle nepexosl.

[IpuHuMarone mMepexoabl MOKHO pa3ienuTh Ha JBa Buga: R=R'MVxXxV —
MPUHUMAIOIINE TEPeXOoJbl IO HEMyCThIM CTUMYJIaM WU  X-nepexoovl, W
E=R’'NVx{e}xV — npuHNMarOmue mepexoasl 0 IMyCTHIM CTUMYJIAM WIIH e-nepexoobl.

CoCTOSIHHSI MOKHO PpasacinTh Ha mepmMuHaibHble, B KOTOPBIX HE ONIPEACIICHBI HUKAKNE
MEPEXOAbI, nocweliarowjue, B KOTOPBIX OIPEACICHBI TOJBKO IOCHUIAIOIINE W ITyCThIC
MEPEXOAbl, npuHUMAarouiue, B KOTOPbIX ONPEACICHBI TOJBKO MPUHUMAIOINHNE EPEXOIBI,
U cmeuannsvle, B KOTOPBIX OMPCACICHBI KaK IMPUHUMAIOMIUE, TaK W IMOCHUIAOIINUE WIIN
IMMyCTbIC TCPEXO/bI. HpHHHMa}OLHMe U CMCHIAaHHBIC MNEPEXOAbI 6y}1€M Ha3bIBaTh
peyenmueHvimu.
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Ctumyn X donycmum B COCTOSIHUHM V, €CIIM UMEETCS XOTS Obl OJUH MPUHAMAIOIINN
nepexo (V, X, V').

ABTOMAT KoHeueH, €CIM KOHEUHbI MHOXKecTBa coctosHuid V um mepexomoB T. Ilo
YMOJIYaHUIO, MbIL 6y}1€M paccMaTpuBaTh TOJIBKO KOHCYHBIC aBTOMATLI.

Takoe onpezneneHre aBTOMAaTa HE ITOJHOCTHIO ONHCHIBAET €r0 BHIIIOIHEHHE, TOCKOIBKY
JOTIOTHUTENIFHO HY)KHO yKaszaTh, SBJSIETCS JIM aBTOMAT WMIIEPATUBHBIM WM
(baxkynbTaTUBHBIM, Pa3pellieHbl JH B HEM e-NepPeXOibl M KaKOW WX IMPUOPHUTET IO
OTHOILIEHHIO K ITOCHUIAIOIINM H ITyCTHIM NepexoaaM. Beenem o603HaueHus:

M=MiUMTf — knacc Bc€X aCHHXPOHHBIX aBTOMATOB,
Mi=Mi0UMilUMi2UMi3 — uMnepaTUBHBIE aBTOMATHL,
ME=MfOUMfIUMf2UMIS3 — QakybpTaTHBHbIE aBTOMATHI,
Mi0 (Mf0) — nmneparuBHBIE ((aKyTbTAaTUBHBIC) aBTOMATHI 0€3 e-IepexoI0B
(E=D),
e  Mil (Mfl) — nmmepatuBHBIC ((paKyIbTATUBHBIC) ABTOMATHI C €-IIEPEXOAaMHU U
MIPUOPUTETOM IMOCHUIAIOIINX | ITYCTHIX IIEPEX00B HAJl e-TIePEeX0IaMu,
e  Mi2 (Mf2) — mmmepatuBHBIE ((aKyIbTaTUBHBIC) ABTOMATHI C €-IIePEX0AaMHU U
MIPHOPUTETOM e-TIepeXO0I0B HaJl MOCHUIAIOIINMH H ITyCTHIMU IEPEX01aMH,
e  Mi3 (Mf3) — mmmepatuBHbIe ((aKyIbTATUBHBIC) ABTOMATHI C €-IIePEX0AaMHU U
PaBHOIIPHOPUTETHOCTHIO MOCHIIAIONINX U ITYCTHIX EPEXOI0B U e-1IePEX0/I0B.
ByzneMm cumrtaTh, 9TO C aBTOMAaTOM CBSI3aHBI JBE OYEpPEaN: BXOTHAS O9epenb, B KOTOPOH
pacriosaraercs OECKOHEYHOE BXOJHOE cJIoBO B andaure X', U BBIXOAHAs OYepeib, B
KOTOPYIO ITOMEIIIAIOTCS BhIIABACMbIC aBTOMATOM PEaKIiu, (GOPMUPYS BBIXOIHOE CJIOBO
B andasure Y. Cpabamvisanue (OMHOKPATHOE BBIIIOJHEHUE) aBTOMATa B COCTOSIHUU V
3aKJIIOYAeTCSl B ONpPENENICHUH JOIYCTUMBIX II€PEXO/OB, ONPENCIICHHBIX B 3TOM
COCTOSIHMM W, €CIIM TaKWe eCTb, HEeJICTEPMHHHPOBAHHOM BBIOOpPE OJHOTO M3 HHX H
BBINIOJIHEHNH ero. Eciu BeIOMpaeTcs mycTtoil mepexoxa (V,v'), aBTOMAaT MEPEXOAUT B
COCTOSIHWE V', BXOIHAs W BBIXOJHAS OuUepear He HM3MEHsoTcsa. Ecimm BeIOMpaercs
MpUHUMAIOIINH 1epexon (V,X,V'), TO X — TOJIOBHOW CTHMYJ BXOJHOW OdYepely W OH
yaansercs W3 Hee, aBTOMAT MEePeXOAWT B COCTOSHHE V', BBIXOAHAs OuYepelh HE
n3MeHserca. Ecnu BeIOMpaeTcs nmocsuiaromui nepexoxn (v,y,v'), aBTOMaT MEPEeXOAnuT B
COCTOSIHHE V', a B KOHEIl BBIXOJHOH OYepear IMOMENIAETCSl Peakius y; eclid V —
CMELIAaHHOE COCTOSIHUE W TOJOBHOM CTUMYJ BXOIHOM oOd4epenu IyCcTOM, TO OH
yaaiadaeTcsa U3 BXOﬂHOﬂ oyepead, B TIIPOTUBHOM CJIyda€ BXOJHasd O4YE€pe€Ib HEC
usMeHserca. B Cpa6aTblBaHl/Ie aBTOMaTa BXOJHUT TaKXKE €ro IleﬁCTBPlH B cliy4dae
OTCYTCTBHA JOIYCTUMBIX IIEPEXOI0B.

MHOXECTBO JOMYCTUMbBIX NEPEXOOB, & TAKXKe JACHCTBUS aBTOMAara IpH OTCYTCTBUH
JIONYCTHMBIX TEPEX0J0B, 3aBUCAT B OOILIEM Clly4ae OT COCTOSIHHS V, TOJIOBHOTO
CTHMYJIa X BXOJHON O4eper 1 Kiacca aBTomMara:
e B mepmunanvnom COCTOSHMM V JIOMYCTUMBIX MEPEXOJOB HET. ABTOMAT
OCTaHABJIMBACTCS: COCTOSIHUE, BXOIHAS U BBIXOIHAS OYCPEIH HE M3MEHSIOTCS.
e B nocwlrarowem COCTOSHUN V TOMYCTUMBIC MIEPEXOIBI — ITO BCE MOCHUTAOIIHE
(V,y,V') u mycThie (V,V') EePEeX0Ibl.
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e B npunumarowem COCTOSHUM V JIOMYCTUMBIE TIEpEXOJbl — O5TO BCE
npuHUMampIue nepexoasl (V,X,v'). Ecim Takux TepexomoB HET, TO
BBINIOJIHEHUE aBTOMAaTa 3aBUCUT OT TOTO, IYCTOM WM HEMyCTOH TOJIOBHOM
CTHUMYJI: €CIH X#€ Henycmou (HEHOIMYCTHMBIH) CTHUMYJ, TO IIOBEJCHUC
aBTOMaTa HE ONPENEeICHO, JTO  KBANHPHUIUpPYETCS KaK  ouwubKa
HecneyuguyuposanHozo 8600a; €CIH K€ X=€ nycmoiu CTUMYJ, TO aBTOMAaT
OCTaeTcs B COCTOSHHH V, a IyCTOW CTHUMYJ YAAISIeTCs U3 BXOIHOHM odepent,
BBIXOTHASI OUepeb He N3MEHSICTCS.

e B cmewannom COCTOSHAU V:

0 Ecmum x=e nycmoii cTUMyJ1, TO JOITyCTUMBIE TIEPEXOBI:
= nns aBromaroB Mi0,Mil,Mf0,Mfl — noceutaromue (V,y,v')
U IycThIe (V,V') MEPEXO0Ibl;
= qus aBTomatoB Mf2,Mi2 - e-mepexonanl (V,e,v'), a eciu ux
HET, TO MOCKhUIaroIue (V,y,V') ¥ mycThie (V,V') MepeXobl;
= s apromaroB Mf3,Mi3 — e-mepexonsl (V,e,v'), €ClId OHH
eCTh, IUTIOC TmochUTatonme (V,y,v') U 1mycteie (V,V')

MIePEXOBL.
0 Ecmu x#e wenycmou Oonycmumwlii CTUMYJ, TO JIOIyCTHMBIE
MIePEXOJIBL:

"  JUIS UMIIEPaTUBHBIX aBTOMaToB Mi - X-TIepexosl (V,X,V');
* s dakynbTaTUBHBIX aBToMaroB Mf — x-niepexonst (V,X,v')
TUTIOC TIOChITaroIue (V,y,v') U mycThie (V,V') epeXopl.
0 Ecmu x#e wuenycmoil Hedonycmumulii CTUMYJ, TO OITyCTUMBIE
MePeXOpl:
=  OTCYTCTBYIOT M HMIIEPaTUBHBIX aBTOMaToB Mi —
MOBE/ICHHE aBTOMaTa He ONpPEJEJICHO, 3TO KBAIU(ULUPYETCS
KaK owubKa HeCneyuuyuposanHozo 66004,
= s dakynpraTuBHBIX aBromaroB Mf — mochutaromiue
(V,y,V") u mycThie (V,V') IepeXO0/Ibl.
3ameTnM, 4TO KJacC aBTOMara BIIMSET Ha ero cpabaThIBaHHWE TOJBKO B CMEIIAHHBIX
COCTOSIHUSIX.

Beinonnenuem aBToMaTa 1o OECKOHEYHOMY BXOJHOMY CIIOBY W OyleM Ha3bIBaTh
MOCJIEI0OBATENILHOCTD OJHOKPATHBIX CpadaThlBaHWN, HAYMHAIOLIYIOCS B HAYaJbHOM
COCTOSIHUM Vo, KOrJa BO  BXOJHOM  oOdepeAM  HAaXOAUTCA  CIOBO  W.
[Toanocae0BaTENBHOCTD MOCBUIAIONIMX TIEPEXOA0B OIPENENAET BBIXOJHOE CIOBO U,
MOSBIAIOIIEECS B BBIXOAHOM oOdYepennd IpU JaHHOM BBINOJIHEHHH. BrInonaHeHue
0onycmumo, eciu OHO OECKOHEYHOE MIIM 3aKaHYMBAETCS B TEPMHHAILHOM COCTOSHMH,
U HeOONyCMmUMO, €CIT OHO 3aKaHYMBAETCS MO OIIMOKE HeCIIEHU(PHUIIMPOBAHHOTO BBO/IA.
[TockonbKy aBTOMar, BOOOIIE TOBOpPS, HENETEPMUHHPOBAHHBIH, OZHOMY BXOJHOMY
CJIOBY MOXET COOTBETCTBOBATh MHOXKECTBO BO3MOXKHBIX BBIIIOJIHEHHI aBTOMATa.
BxomHoe cioBo Oonycmumo, €Cli BCE €ro BO3MOJKHBIC BBINOJHEHUS JIOITYCTHMBI.
COOTBETCTBEHHO, BBINOJHEHUE IO JOMYCTHMOMY BXOIHOMY CJIOBY OyAeM Ha3bIBATh
6NnOIHE-00NYCMUMbIM. 3aMETHM, YTO BIIOJIHE-AOIYyCTUMOE BBINOJIHEHUE JOMYCTUMO, HO
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obpatHOe, BooOme roBops, He BepHo. CrmoBapHas ¢(yHKIms aBTomarta W cTaBHT B
COOTBETCTBHE KaXKIOMY JOIIyCTUMOMY BXOJHOMY CJIOBY W MHOKECTBO BBIXOJHBIX CIIOB
u Ui BCeX BO3MOXKHBIX BBINOJHEHUH. 3aMETHM, YTO BXOIHOE CJIOBO HE 00sA3aTEJILHO
OyzleT NMOJHOCTHIO BEIOPAHO M3 BXOIHOW OYepear IIPH TOM MIIM HHOM BBIIIOJIHEHHH.

JlomyCTHUMOCTh BXOAHBIX CJOB M CJIOBapHyIO (GYHKIHMIO MOXHO ONPENeNUTH UL
JM000r0 COCTOSIHMSI aBTOMATa, €CIIM €ro pacCMaTpHBaTh KaKk HadaJlbHOE COCTOsHHE. B
JTaTbHENIIEM MBI 110 YMOTYaHHUIO OyJIeM UMETh B BUAE JOIYCTUMOCTb BXOAHBIX CIIOB U
CJIOBApHYIO (QYHKIUIO JUIs 33laHHOTO HAa4aJbHOTO COCTOSHHS aBTOMATa V.

2.2. duHanbHaa AONYCTUMOCTbL CTUMYNOB

I[J'I;I Q)aKYHBTaTI/IBHOI‘O aBTOMarTa, B OTJIMYHHU OT I/IMHepaTI/IBHOFO, ,HOHyCTI/IMOCTL NIIn
He,Z[OHyCTI/IMOCTB CTI/IMyHa X B CMCIIaHHOM COCTOAHHHU V €II€ HUYECTO HE TOBOPUT O
,Z[OHyCTI/IMOCTI/I Nin HCI[OHyCTI/IMOCTI/I B omom cocmosaHuu BXOIJHOIO CJIOBA W,
HaAaYMHAKOILIECroca co CTI/IMyJ'Ia X, B YaCTHOCTH, y'-Il/ITI)IBaH, qTO HyCTI)Ie CTl/lMyJ'l])I
,Z(OHyCTI/IMbI BO BCCX HEPCUCHTHUBHBIX COCTOAHUAX CJIOBA xe“’. BBCI[CM IIOHATHUEC
Gunanerou donycmumocmu CTUMyJia B ()aKyJbTaTUBHOM aBTOMATE: HEMyCTOW CTUMYJI
(MHANBHO JOMYCTUM B PELENTHBHOM COCTOSHHMU V, €CIM OH JIONyCTHM B JIIOOOM
npunumarowgem COCTOAIHUN V‘, B KOTOPOC MOJKHO IMOMNACTb U3 COCTOSAHUA V IO LICTIOYKE
MOChUTAIOINX ©W ITYCTBIX IIEPEXOJ0B (uenqua 6y,H€T HyJ'IeBOf?I JJIMHBI, €CJIU V
MpUHUMAroIIee COCTOHHI/IC). BO3M0)KHLIG coueTaHus AONyCTUMOCTU H Q)HHaHLHOI;'I
JA0IYCTUMOCTHU CTUMYJIOB IIPHUBECACHLI HA PI/IC. 1

OueBuHO, Ui (aKyJIbTATUBHOTO aBTOMAaTa BXOJHOE CJIOBO JIONYCTHMO TOTJAa M
TOJILKO TOTJIa, KOTAA MPH JIF0OOM BBIIIOJIHEHUH aBTOMaTa B IPOXOAUMBIX PELIENITUBHBIX
COCTOSIHMSIX TOJIOBHBIE CTHMYJbl (MHAIBHO JOMYCTUMBL. [t THpUHUMAIOUIMX
COCTOSHUH TOHSTUSL JONMYCTUMOCTH M (DMHAIBHOW JOIYCTUMOCTH CTHUMYJIOB
coBnagaroT. OQHAKO, AN CMEIIAHHBIX COCTOSHUN U JOMYCTHMBIE M HEJOIYCTUMBIE
CTHMYJIBI MOTYT OBITh KaK ()MHAJIBHO JOITyCTHUMBI, TaK U (PUHATIBHO HEIOITYCTHMBI.

JonycTumocTh U (puHAIBLHASA J0NYCTUMOCTH CTUMYJIOB B

(¢axkyJbTATUBHOM aBTOMAaTe

X= {XlaXZaX3ax4}

HauansHOE cocTosHEIE V),

IIPUHUMAIOIIEE COCTOSIHUE VR, VR ’@

TEPMUHAJIbHBIE COCTOSIHUSA V1, V2 U V3.

B cocTostHUM V)

Xy - JOIYCTUM U (UHAIBHO JOITYCTHM

X; - JIOIYCTUM, HO (PUHATIBHO HEOYCTHM @ @

X3 - HEJJOIYCTHUM, HO (PHHAIILHO JIOITYCTHM

X4 - HEJONYCTUM M (PMHAIBHO HEJOIYCTUM

Puc. 1

O6ozHaunm yepe3 M fcMf, M'flcMfl, M f2cMf2, M f3cMf3 mnoxakmaccel
(aKynbTaTUBHBIX aBTOMATOB, B KOTOPBIX NOMYCTUMOCTb U (DHHAIbHAS JOMYCTHUMOCTb
CTHMYJIOB COBIA/IAIOT.
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Teopema o ¢QuHaabHONH JomycTHMOCTH cTHMYJ0B: Kaxapii 0a30Bblil  Kiacc
(haKyIbTaTHBHBIX aBTOMATOB MOJICIIUPYETCSI CBOUM ITOJIKIIACCOM aBTOMATOB, B KOTOPBIX
COBIIQJIAIOT JOIYCTUMOCTh M (QPMHAIIBHASL JIOMTyCTUMOCTh CTHMYJIOB, U, CIIE€A0BATENIBHO,
SKBUBAJICHTEH eMy: WM f]=W[Mf], WM f1]=W[Mf1], WM f2]=W[Mf2],
WM {3]=W[Mf3].

Jokazareabcrso:  OmpenenuM  CIEAYIOLIIYd — NPOLEAYpY — NIpeoOpa3oBaHUs
¢axynpraTuBHOTO aBTOMara (Puc. 2):

CaeneHue pUMHAIBHON JOMYCTUMOCTH K 00bIYHOM JOMYCTHUMOCTH
(cnyuaii, koeoa cocmosnue v ocmaemcs peyenmueHvim)

X,

X' = {x1,X2,X3,X4}

CTHMYJI X; JIOIYCTUM M (PHHAIIBHO JOITYCTHUM B COCTOSIHUH V
CTHMYJI X, IOIYCTHM, HO (PHAIBHO HEJOMYCTHUM B COCTOSIHUH V
CTHMYJI X3 HEJIOMYCTUM, HO (PUHAJILHO JIOMYCTHM B COCTOSIHUH V
CTHMYJI X4 HEJIOYCTUM M (DMHAJILHO HEIOMYCTUM B COCTOSIHHH V

Puc. 2

e JlobGaBuUM [OMOJHHUTEIbHBEIE COCTOSSHHS Buaa (V,X), rae VeV — OCHOBHOE
COCTOsIHUE, a XX — HEIYCTOM CTUMYIL.

e Jlns KaxJOr0 OCHOBHOIO CMCIIAHHOTO COCTOSHHS V  YAaldkMM BCe
OIIpEICIICHHBIC B HEM IPUHUMAIOIINE TIepeXoabl (V,X,V') 10 JTOIYCTHUMBIM, HO
(hMHATEHO HETOYCTHMBIM CTHMYJIAM X.

e Jlug KaXIOrOo OCHOBHOTO CMEIIAHHOTO COCTOSIHUS V M HEIOIYCTUMOTO, HO
(hMHATBEHO JOITyCTUMOTO B HEM CTHUMYJIA X, JOOABHM MTPUHUMAFOIINI ITepexo/,
BEYLIUH B JONOJHUTEIBHOE COCTOSIHUE (V,X,(V,X)).

e Ecnu B OCHOBHOM PELENITHBHOM COCTOSHUH V CTHMYIT X (PHHAIBHO JOIYCTHM,
TO 7Sl KaXKJIOTO MMPHHUMAIOIIETO mepexoaa (V,X,v') J00aBuM ITyCTOi mepexon
U3 COOTBETCTBYIOIIETO JOMOIHUTEIBHOTO COCTOSHUSA ((V,X),V).

e Jlna xaxporo moceuiaromero (v,y,v') u mycroro (v,v') mepexoma J00aBUM,
COOTBETCTBEHHO, mMochUIatouuii ((v,X),y,(v',X)) wimm mycroit ((v,X),(V',X))
Nepexoa n3 JONOJHUTEIbHBIX COCTOSIHUH.

Temepp B KaXIOM CMEIIAHHOM OCHOBHOM COCTOSHHH IOIYCTUMBI T€ M TOJBKO TE
CTHUMYJIbI, KOTOpbIe (DUHAIBHO JOMYyCTUMBL  JOTIONHUTEIbHBIC COCTOSHHS —
noceutaromue. M3 3TOro mpaBWja €CTh OJHO BaKHOC HCKIIFOUCHHE: OCHOBHOE
CMCIIAHHOE COCTOSIHUE V MOXKET CTaTh HEPEICNTUBHBIM (IIOCHUIAIOIINAM), €CIH
OKaXXETCsI, 9YTO BCE HEMYCThIE CTUMYJIBI HEJOMYCTHMEI B HEM, U B HEM HE ONPEHCICHEI
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e-riepexo/ipl. HeperenTuBHOCTh COCTOSIHUS MPUBOJMUT K TOMY, YTO IIPH BBIXOJIE U3 HETO
IO MTOCBHIIAIONIEMY WM ITyCTOMY HEpeXo/y MyCTOM rOJIOBHON CTUMYII HE yJasieTcs: U3
ouepenu. MHBIMK clIOBaMM, €CIM B MOMEHT IIPHXOJa B COCTOSHHE V BO BXOJHOM
ouepenu OBIIO CIOBO €W, TO TIOCJIE IIOCHUIAIOMIETO WJIM ITyCTOTO IEepexoia,
OTIPEJIENICHHOTO B V, BO BXOJIHOH O4YEpeaM paHbIIE OCTABAJIOCH CIOBO W, a TEIEepb,
KOTZIa COCTOSHHE CTajl0 HEPEIENTHBHBIM, — TO K€ CaMOE€ CJIOBO eW. 3/1eCh HY>KHO
paccMOTPETh ABa CIydasi.

Cayuyaii 1. Ecnun aBromar He umeer e-nepexonoB (kimacc Mf0), To ¢unanbHas
HEJIOIMYCTUMOCTh CTHMYJIAa X B COCTOSHHH V O3HAYaeT CYIICCTBOBAHHEC BBITOJIHCHUS,
HAYMHAIOMIETOCS B V, COJNEPKAIIETO TOJBKO MOCBUIAIOIINE M ITYCTHIE IMEPEXOObl U
3aKaHYMBAMOIIETOCS B MPUHUMAIONMIEM COCTOSHHH V', B KOTOPOH CTHMYNI X
HepomycTiM. [10CKOIIBKY B V' HE OIIpE/IeIICHBI e-IIepeX0Ibl, CHaYaIa OyayT yaaueHbl U3
ouepeny Bce MyCThIe CTUMYJIIBI, a TIOTOM BBIOpaH HEIYCTOW CTHMYJI M, €CIH 3TO X, TO
¢bukcupyercs oubka HecrieUpUIUpoBaHHOTO BBOAA. Cie0BaTeNnbHO U3 PUHATBHOM
HEJIOMyCTUMOCTH CTUMYyJIa X B CMEUIAHHOM COCTOSIHUM V ciefyeT (uHambHas
HEJIONMYCTUMOCTh B HeM JI06oro ciosa e'x. TeMm cambiM, €Clid B COCTOSHHH V
HEAOMYCTUMbI BCC HCENOYCTBIC CTUMYJIbI, TO B O3TOM COCTOAHHU JOIIYCTUMO
€IMHCTBEHHOE OECKOHEYHOE CIIOBO €® (KOTopoe Beeraa IoImycTuMo). TTOCKOIbKY st
ew=e”, O4eBMIHO, W=€®, HUMEEM eW=W M, CJEI0BaTEelIbHO, CIOBAapHas (DYHKLUS He
MCHSCTCA.

Cayuaii 2. Ecnu aBTOMaT MOKET UMETh e-riepexoas! (kimaccst Mf1, Mf2, Mf3), To,
BOOOIIE TOBOPSI, 3 (PUHATBHON HEJOIYCTUMOCTH CTUMYJIA X B COCTOSIHUM V HE CIIEyeT
q)HHaJ'I])Ha}I HCIO0MMYCTUMOCTb B HEM CJIOBA €X, TO €CThb, (bHHaHbHa)I HEAOMYCTUMOCTDb
CTHMYJIa X B KOHIIE V' KaKoro-HHOyb e-riepexonaa (v,e,v'). [Ipoctoe ynanenue
MIPUHUMAIOIIUX MIEPEX0J0B, OIPEACICHHBIX B V, MOKET H3MEHUTH CIIOBAPHYIO
¢ynkmio. [Ipumep Ha Puc. 3.

Puc. 3

[TosTOMY ISt TaKMX aBTOMAaTOB, KPOME YIAJE€HUs MPUHUMAIOIINX NEepexooB (V,X,Vy)
U3 COCTOSIHHS V, MBI JOIOJIHUTEIFHO Npeodpa3yeM XOTs Obl OfuH IycTol (V,V,) HIH
noceuIatomui (Vv,y,vs) IepeXoa U3 V, B JIBa CMEXHBIX Nepexoa, NepBbIH U3 KOTOPBIX -
e-riepexo]] (V,e,v, ), BEOyIIid B IOMOJHHUTEIBHOE COCTOSHHE V, , a BTOPOH ITyCTOM
(vy,V") mepexom, WM, COOTBETCTBEHHO, e-Tiepexon (V,e,v3') U MOCHUIAIOmui (V3 ,Y,V')
nepexor. COCTOSHUE V OCTaeTCs PEIEITUBHBIM, a IBHKEHHUE TI0 Mape HOBBIX CMEKHBIX
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MepeX0JI0B SKBUBAJIEHTHO (N0 HM3MEHEHHMIO COCTOSIHUSI M COJEPKUMOro odepesei)
JBIDKEHUIO 110 OJHOMY cTapomy nepexony. Iloaromy m B 3TOM cilydae clioBapHas
¢ynkius He MenseTcs. Cm. Puc. 4. B

Cgenenne GpUHAIBHOM J0MYCTUMOCTH K 0OBIYHO# 10MYCTHMOCTH
(ocobwiii cryuaii)

C

X#X

Puc. 4

Teopema o puHAIBHOI JOMYCTUMOCTH CTUMYJIOB JJOKa3aHa.

B npanpHeifimieM ™Mbl BMecTo 0a3zoBpix kimaccos Mf, Mfl, Mf2, Mf3 Oyzem
paccMaTpuBaTh SKBUBaJIeHTHble UM moxakimaccel M'f, M'fl, M'f2, M'f3, kotopsie
Tarke Oy/ieM Ha3bIBaTh 0A30BBIMH KJIacCaMH (paKylIbTaTHBHBIX aBTOMATOB TaM, TJi€ 3TO
HE MPUBEET K HeJ0pa3yMeHHSIM.
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2.3. ABTOMaTbl 6€3 cMeLllaHHbIX COCTOAHUMN

O0o3HaunM Yepe3 A Kiacc aBTOMAaTOB 0€3 CMEIIAHHBIX COCTOSHHN C e-IIepeXOaMHu.
OTCYTCTBHE CMCIIAHHBIX COCTOSIHHH M BO3MOXKHOE HAJMUUE e-IICPEXOJIOB JIeiaeT
aBTOMAaT 3TOTO KJIACCa OJHOBPEMEHHO 3JIEMEHTOM JOOOro W3 0a30BBIX KIIACCOB C
pa3pelICHHBIMHE e-[IePEX0aMH, KOTOpPbIE OTIMYAIOTCS IPYr OT ApPYra MOBEACHHEM
TOJIBKO B CMEIIAHHBIX COCTOSIHHUAX, TO eCTh, A = Mi3NnMi2NnMilNM' f3nM'f2nM'f1.
Tem cambiM, Kiacc A MOJAEIHPYETCs KaXapiM W3 Oa3oBbix kiaccoB: W[A]cW[Mi3],
WIA]W[Mi2], WIA]W[Mil], WA]SW[M 3], W[A]<W[M £2], W[A]<W[M"f1].

Teopema 00 aBToMaTe 0e3 cMeIIaHHBIX cocTosiHMi: Kimacc M Bcex aCMHXPOHHBIX
aBTOMAaroOB MOJEJIUPYETCSI CBOMM IIOJKIAcCOM A aBTOMAaToB 0€3 CMeEIIaHHBIX
COCTOSIHUH U, CJI€0BATENIbHO, SKBUBAJICHTEH €MY.

s 3TOM TEOPEMBI clenyeT 9KBUBAJIIEHTHOCTb
WIA]J=WMI3]=W[Mi2]=W[Mil]=W[M" £3]=W[M" f2]=W[M f1] M BIOKEHHOCTH
W[MIO]W[A] 1 W[MfO]W[A].

I[OKZB&TCIILCTBO: IIJ'IH JI0Ka3aTeJIbCTBa AJOCTATOYHO PpPaCcCMOTPETh BO3MOXKHBIC

cpabaTbIBaHUSI ABTOMAaTOB PAa3HBIX KJIACCOB B CMENIAHHBIX COCTOSHHAX. MOXKHO
BbIIENHTh 11 cityyaeB, n3oOpaxenHbix Ha Tao. 1.

Tun cMemaHHoro
CpabaTbiBaHHe aBTOMATA B CMEIIIAHHOM COCTOSTHUM

COCTOSIHUSI
@ (1.1)Mi0=Mi3=Mi2=Mil |(1.2)M f0=M {3=M 2=Mf1
X:(V,X,Vy) X:(V,X,Vx)
1 y
M X:(V,y,Vy)
VX
e:(v,y,vy) e:(v,y,vy)

Q.DMi3=M'f3  |22)Mi2=M'f2 [(2.3)Mil=M'fl

@ e:(v,e,ve) e:(v,e,ve)

@) e T e:(V,y,Vy) e:(V,y,vy)
G.LDMB |G12Mi2 (3.13Mil |321)M3|(322M 12| (323)Mfl
@ XXV XXV XXV XXV [XVXVY)  [X(VXVy)
3 Xy - [x(Vyv) XYV

¥y
°—®—X"® e(vev)  |evievo) e(vey) |evev)

e(Vyyw) ey levyw) e(Vvyw)

Tab6. 1
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1. CmemianHoe cocToOsTHUE 0e3 e-MepexoaoB.

1.1. UmnepatusBHsblii apTomart (Puc. 5).

Mi0=Mi3=Mi2=Mil A
) y
x:(V,X,Vy) X:(V,X,Vy)
e:(V,y,Vy) e:(v,e,(v,0))H((v,e),y,Vy)
Yy a
Puc. 5

JUs Kakaoro cocTossHUs vV THma 1 J00aBIseTcs IOMONHUTEIBHOE COCTOSHUE (V,€).
Moceinaromuii (v,y,v'y) nim myctoil (V,v'y) Iepexoj U3 V 3aMEHseTCs Ha e-Tepexoj,
BEIYIYIO B JONOJHUTEIBHOE COCTOSHUE (€,V,(V,e)) U, COOTBETCTBEHHO, MMOCHUIAOIINIA
((v,e),y,vy) unu mycroi ((v,€),vy) IEPEXO U3 STOrO JOIOIHUTENEHOTO COCTOSHHMS.

1.2. @akyasTaTUBHBIA aBTOMAT (PHC. 6).

M f0=M f3=M 2=Mf1 A
@ @
X:(V,x, V)| ¥ X:(VXA(VX)H(V,X), V)
.@ X:(V,y,Vy) . @ X:(VX(VX)H(V,X),yA(VyX))
y e(V,y,vy)|| e ¥ e:(v,e,(v,e)H(v,e),y,Vy)
(OO O st
Puc. 6

AnanornyHo ciywaro 1.1, s Kaxkmoro coctosHusS Vo oTHma 1 mobamisercs
JONOJIHUTENLHOE COCTOSIHHUE (V,€); TOCBUIAIOIHHI (V,Y,V'y) WK IyCTOMH (V,V'y) epexon
U3 V 3aMEHSETCS Ha e-Tepexo]l B JOMOJHHUTEIBHOE COoCTOsSHUuE (e,v,(v,e)) W,
COOTBETCTBEHHO, MOChUIAOIMI ((V,€),y,Vy) MM IycTol ((V,e),Vy) HEPEXoa M3 3TOro
JIOTIOJTHUTEIBHOTO COCTOSHHS. 3aTeM B MOJCIHUPYIOIIMNA aBTOMAT JOOABJISIOTCS
JIOTIONTHUTETIBHBIE COCTOSHUS BuAa (V,X) AN COCTOSHUN VEV U HEMyCThIX CTUMYJIOB
xeX. [[s1 Ka)10ro OCHOBHOTO CMEIIIAHHOTO COCTOsIHUS VEV paccMaTpuBaeMoro TUIia
U J0NyCTUMOI'O B HEM HEIYCTOI'O CTUMYJa X }106aBJ'ISIeTCﬂ HpI/IHl/IMalOLHI/Iﬂ nepexonq
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(V,X,(V,X)). B ka)k10M TOMOTHUTETEHOM COCTOSIHUH (V,X) ONPEIENSIFOTCS TOChUIAIOIINE
((v,x),y,(v',)x)) u myctbie ((V,X),(V',X)) Hepexombl TOTJa W TOJBKO TOrNa, KOTAa B
MOJICIMPYEMOM aBTOMATe €CTh MEpPEXOJAbl, COOTBETCTBEHHO, (V,y,v') u (V,v'). B
KaXXIOM JOTOJHHUTEIBHOM COCTOSIHUH (V,X) ompezensercs myctoil mepexox ((V,X),v')
TOTJa ¥ TOJBKO TOT/a, KOTJa B MOJISIUPYEMOM aBTOMATE €CTh Iepexo (V,X,v').

2. CMmemiaHHoOe COCTOSIHME, B KOTOPOM BCe NPHHUMAIOLINE MepexoAbl — e-
nepexoasbl.

2.1. PaBHBIil IPHOPHTET e-NePeX010B U MOCHLIAIOIINX U MyCcThIX nepexoqos (Puc.
7).

Mi3=M"f3 A
@) v
T e:(v,e,Ve) e:(v,e,ve)
k‘%/ e:(V,y,vy) @ e:(v,e,(v,e))H((v,e),y,vy)

OO o0

Puc. 7

AHanormyHo cimy4ar 1.1, Ui KaXkIOro COCTOSHHS V THIA 2 J00aBisercs
JIOTIOJIHUTEIEHOE COCTOSIHUE (V,€); TOChUIAIOIUH (V,y,V'y) UM IMycToi# (V,V'y) nepexos
W3 V 3aMEHSETCs Ha e-Nepexol B JOIOJIHUTENbHOE COCTOSHUE (e,V,(V,e)) H,
COOTBETCTBEHHO, mochutaromuii ((v,e),y,vy) uim mycToi ((v,e),vy) Mepexom u3 STOro
JIOTIOJTHUTEIIFHOTO COCTOSTHHS.

2.2. Ilpuopurer e-nepexonon (Puc. 8).

Mi2=M"f2 A
(2
e:(v,e,ve) e:(v,e,ve)
y
@) ()
Puc. 8
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IIpuopuTter e-nepexonoB MPUBOAUT K TOMY, YTO B COCTOSIHMU TUIa 2 BOOOIIEe HUKOIa
He OyIyT BBINOJHATECS MOCBUIAIOIINE W IYCTHIE IEPEXOAbI, II03TOMY HX MOXHO
yIATHTb.

2.3. [IpuopuTeT MOCHLIAIONINX H MYCTHIX MepexoaoB (Puc. 9).
Mil=M"f1 A

~
4

0]

v, , e(V,y,vy) e:(v,e,(v,e))+((v,e),y,vy)

¥

D

[IpropuTeT MOCHUTAONIUX W IMYCTHIX MEPEXOJ0B MPHUBOAUT K TOMY, YTO B COCTOSHHU
THIa 2 BOOOIIE HUKOTIA HE OYAYT BBIOJHATHCS e-miepexonbl. OTHAKO, eCIU TaKue
MePEeX0JIbl MPOCTO yIAINUTH, TO COCTOSIHUE MEePECTaHeT OBITh PEUEHTHBHEIM. [103TOMY,
Kak " B ciydae 1.1, I KaKAOoro COCTOSHHS V TUMA 2 H00aBIsIeTCs TOTONHUTENHFHOE
cocTostHuE (V,€); NOChIIAIOMUK (V,Y,V'y) MM IyCTOH (V,V'y) IIEPEX0]l U3 V 3aMEHAETCs
Ha e-Tlepexo] B JIOTIOJHHUTENIbHOE cocTosiHue (e,v,(V,e)) H, COOTBETCTBEHHO,
noceutaromui ((v,e),y,vy) uimm mycroi ((v,e),vy) Nepexos U3 3TOro JOHOIHUTENBHOIO
COCTOSIHUSI.

pE=a=rG

Puc. 9

3. CMmenranHoe COCTOSIHHE O0IIEro BH/A.
3.1. UmnepaTuBHbI aBTOMAT.

3.1.1. PaBHin/i npnopuTeT e-nepexosz U NOChLIAKIIHUX, U l'IyCT])lX nepexouon
(Puc. 10).

Mi3 A
VV

&) X:(V,X,Vy) y Xi(V:X,V)
-

vy e.(V eV ) @ CI(V,C,Ve)

y e(vV.yv2) o e:(v.e,(v,e)+

YoV (V.©)y.vy)
e (ee(5) (D)
Puc. 10
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AnanornuyHo cnywaro 2.1, Ius KaXIOro COCTOsSHHMS V Tuna 3 joOabisiercs
JIOTIOJIHUTEILHOE COCTOSIHUE (V,€); TOChLIAIOIUM (V,y,V'y) WK MycToi (V,V'y) nepexos
U3 V 3aMEHSeTCsl Ha e-NEepexoll B JOIOJIHUTENbHOE COCTOSIHUE (e,V,(V,e)) W,
COOTBETCTBEHHO, mochutaromuii ((v,e),y,vy) uimm mycToi ((v,e),vy) Mepexom u3 STOro
JIOTIOJTHUTEITFHOTO COCTOSTHHS.

3.1.2. Ipuopurert e-nepexonos (Puc. 11).

Mi2 A
3
x:(V,X,Vy) X:(V,X,Vy)
y e:(V,€,Ve) e:(V,€,Ve)
SO O =00
Puc. 11

AHanoru4yHo ciay4aro 2.2, IPHOPUTET e-ePEX00B MPHUBOAUT K TOMY, YTO B COCTOSHUU
Tuna 3 BooOIle HUKOrAa He OyIyT BBIIOJHITHCS MOCHUIAIOIINE M MYCTHIE MEPEXO.Ibl,
MOATOMY MX MOXHO yIQJIUTh.

3.1.3. IIpuopuTeT NOCHLIAOIIUX U MyCTHIX nepexonos (Puc. 12).
Mil A

3) x(V,x,vy) | ¥ X:(V,X,Vy)

(V, e

e:(V,y,Vy) e e2(V,e,(v,e))-i-((v,e),y,vy)

(=) &)

Puc. 12

[TpruoputeT MOCHIIAOMMX U MyCTHIX MEPEXO0JI0B NMPHUBOIUT K TOMY, YTO B COCTOSTHUU
TUna 3 BOOOIIE HUKOTJA HE OYAYT BBITOIHATHCS €-IePEeXO/bl. YAassis e-Iepexobl,
nojy4aem ciy4ai 1.1 ¥ npuMeHsieM COOTBETCTBYIOIIEe Tpeodpa3oBaHue.
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3.2. ®akyIbTATHBHBII aBTOMAT.

3.2.1. PaBHBIIi MPHOPHUTET e-MEPEX0A0B M MOCHUIAKINNX, W MYCTHIX NMEPExXoa0B
(Puc. 13).

M'f3 A
X:(V,X,(V, X))+
A3 X:(V,X,Vy) @ ((_V’X)’V") "
X:(V.y.vy) ¥ X:(V,X,(V,X))
(‘T‘) Y @ ((st)ays(vyax))
'f e:Ev,e,Ve)) ! e(vew.)
3 e:(V,y,vy ? e
A — e(v,e,(v,e)t
Do) [y [y
Puc. 13

AnanornyHo ciy4aro 1.2, U1 KaXIOrOo COCTOSHUS V THma 3 jmobaBisercs
JOIIOJTHUTEEHOE COCTOSIHUE (V,€); TOChLIAIoIUi (V,Y,V'y) WM IIyCTOH (V,V'y) epexos
U3 V 3aMEHSeTCsl Ha e-NepexoJl B JOMOJHHUTEIBHOE COCTOSHUE (e,v,(V,e)) H,
COOTBETCTBEHHO, nocbutaromuii ((v,e),y,vy) uim mycroi ((v,e),vy) Hnepexon U3 3TOro
JIOTIOTHUTEIHPHOTO COCTOSHHSA. 3aTeM B MOJCIHPYIONIMHA aBTOMAT JOOABJISIOTCS
JOIIOJITHUTECIIbHBIC COCTOSAHUS BHUAA (V,X) JJIsL COCTOSIHUM VEV un HCNYCTBIX CTUMYJIOB
xeX. /Ig KaXI0ro OCHOBHOTO COCTOSHUS V THNA 3 U AOMYCTHMOTO B HEM HEMyCTOrO
cTUMyJIa X Jo0aBisercs NpuUHEMaronmid nepexon  (V,X,(v,x)). B  kaxmom
JIOTIOTHUTETFHOM COCTOSIHUM (V,X) OIpeIenstoTcs nocsuiapomme ((v,X),y,(V,X)) u
mycteie ((V,X),(V',X)) Hepexoabl TOTAa W TOJBKO TOIZA, KOTJIa B MOJICIUPYEMOM
aBTOMaTe eCThb IePeXoAbl, COOTBETCTBeHHO, (V,y,v') u (V,Vv'), KpoMme TOro,
ompenensercss mycrtod mepexon ((V,x),v') TOorma W TONBKO TOrHa, KOTAa B
MOJISIIUPYEMOM aBTOMATE €CTh Iepexon (V,X,v').

3.2.2. lIpuopuret e-nepexonon (Puc. 14).

M'f2 A

@ XA

X:(V,X,Vx) ((v.x),v:)
@ x:(V,y,vy) NG X:(V,X,(V,X))+
! ! ()y)

e:(v,e,Ve) —~
(D) (=0 e
Puc. 14

[Ipuopurer e-nepexop0oB MPHUBOIUT K TOMY, YTO B COCTOSHHUM THUNA 3 npu nycmom
20106HOM cmuMyje He OyIyT BBIIONHATHCS MOCHUIAIONIME W MYCThIe MEePEeXObl, 3TH
NEepexXoibl MOTYT BBLIIIOJHATBCA TOJBKO IIPpU HEIMYCTOM U OOIMYCTUMOM TI'OJIOBHOM
ctumyne. [Toaromy nenaem aHamoruyHo ciaydaro 3.2.1, HO TOJBKO MOCHUIAIONIUN WK
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IIyCTOM Tepexo] U3 OCHOBHOTO COCTOSIHUS THNA 3 He 3ameHsemcs Ha e-TIepexoi B
JIOTIOJIHUTENBHOE COCTOSIHUE, U, COOTBETCTBEHHO, MOCHUIAIOIINI WK MYCTON MEpexon
U3 3TOTO JONOJHUTENBHOTO COCTOSIHUS, a npocmo yoansiemcs. B Monenupyrommit
aBTOMAT JOOABIISIOTCS OMTONHUTEIBHBIC COCTOSHUS Buaa (V,X) Ui COCTOSHHUN VEV U
HemyCcThIX cTUMyJoB X€X. [l KaXIOoro OCHOBHOTO COCTOSHHS V THNA 3 U
JIOIyCTUMOTO B HEM HEMYCTOI'0 CTUMYJIa X JO0aBISCTCS MPHUHUMAIOIIUN Tepexo.n
(v,X,(V,X)). B Ka’kx10M 1ONOJHUTEIBHOM COCTOSIHUM (V,X) ONPEIENSIFOTCS OChUIAIOILINE
((v,x),y,(v',x)) u mycteie ((v,X),(V',X)) Iepexoabl TOTJa M TOJBKO TOTHA, KOTOa B
MOJICIIPYEMOM aBTOMAT€ €CTh IMEPeXOIbl, COOTBETCTBEHHO, (V,y,V') U (V,V'), KpoMme
TOro, ompexaensiercs myctoi mepexox ((v,X),v') Torma M TONBKO TOTIa, KOT/a B
MOJICIIPYEMOM aBTOMATe ecTh nepexon (V,X,v"). [locruratomme u mycTolie mepexos! U3
OCHOBHBIX COCTOSIHUH THTIA 3 YHAJSIOTCS.

3.2.3. [IpuopuTteT NOCHLIAIOIIMX U MYCTHIX NepexoaoB (puc. 15).

M1 A

X:(V,X,(V,X))+

. @ ((v,x),vx)
x:(v,x,vx) ¥ x:(v,x,(v,x))+
@ X:(V,Y,Vy) @ ((v,x),y,(vy,X))
y e(vy.vy) | ) i e:(v,e,(v,e))+
@ (@) (b

Puc. 15

[IpropuTeT MOCHUTAIONINX U ITYCTHIX MEPEXOJ0B MPUBOAUT K TOMY, YTO B COCTOSTHUH
THna 3 npu nycmom 20108HOM Cmumyie HE OYOyT BBIIONHATHCS e-TIePEXONbl, TeM
Oonee OHM He OYIOyT BBINONHATHCS IPH HEIYCTOM TOJIOBHOM crumyie. [lostomy
JlellaeM aHaJIOTHYHO ciaydaro 3.2.1, HO TOJNBKO e-Iepexo/bl U3 OCHOBHBIX COCTOSTHUH
tuna 3 ynanseM. B Monenmupyrommidi  aBToMaTr JOOaBJISIOTCS  JJONOJHUTEIbHBIE
cocTostHUH Buma (V,X) A7l COCTOSHUN VEV U HEMyCThIX cTUMYJIOB XeX. [l kaxxgoro
OCHOBHOI'O COCTOsHHA V THIIA 3 U J0yCTUMOI'O B HEM HCEIYCTOIO CTHUMYJa X
nmobaBisieTcss TpUHUMAROIMMA mepexon (V,X,(V,X)). B KakaoM JIONOIHHTEIEHOM
cocrostHUU (V,X) ompenelsitorces: nmoceuiatorme ((v,X),y,(v',X)) u mycteie ((v,X),(V',X))
MepexoAbl Toraa U TOJIBKO TOTJA, KOrJa B MOJEIMPYEMOM aBTOMAaTe €CTh MEPEXO.ibl,
COOTBETCTBEHHO, (V,y,v)) u (V,V'), KpOME TOrO, ONpeAesseTcs IYCTOH Iepexon
((v,x),v’) Torma W TOJNBKO TOTHa, KOTAa B MOICTUPYEMOM aBTOMAaTe €CTh IEPeXOf
(V,X,V"). YausroTcs e-repexopl 13 OCHOBHBIX COCTOSHHUN THIIA 3.

Teopema 00 aBTromMare 0e3 CMEIIAHHBIX COCTOSIHUM JTOKa3aHa.
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2.4. Tpm knacca aBToMaToB U CNOBapPHbIX (PyHKUNA

B asTomM pasmene MBI paccMOTpHM TpW Kiacca aBTomaroB: 1) kimacc Mi0=AOP
MMIIEPAaTHBHBIX aBTOMATOB 0e3 e-1epexo0/10B (aBTOMATHI C OTJIOKEHHBIMH PEaKIHsIMH),
2) kimacc Mf0=IOSM ¢akynbTaTHBHBIX aBTOMATOB 0€3 e-IIepexo/10B (aBTOMAThl BBOJA-
BBIBOJIA), 3) TepecedeHre STHX KiaccoB - kiacc AQ aBTomMaToB 0e€3 CMEIIaHHBIX
COCTOSIHUH U e-1iepexon0oB. Mel okaxem, uto kinacc AOP monenupyer kiacc A U, TeM
caMbIM, SKBHUBAJICHTCH KJIACCy BCeX acHHXpOHHBIX aBTomatoB W[AOP]=W[M], kmacc
IOSM »sTtum cBoiicTBoM He obOmamaer, To ecth, WIOSM]cW[M], a kmacc A0 He
moxenupyeT kimace IOSM, W[AO]|cW[IOSM], u, tem Gonee, kmacc AOP, To ectsb,
ABIISIETCS CAMBIM Y3KHM KJIACCOM B CMBICIIE CIIOBApHOHM (DyHKIIMH.

2.4.1. Aemomamul c omnorcenuvimu peakyuamu (AOP) — umnepamugnvie
asmomamul He3 e-nepexoos

CHauana Mbl PaCCMOTPHM CHEHATbHBIA Moakiacc A1CA aBToMaToB 0e3 CMENIaHHbBIX
COCTOSIHMHM M 0€3 TaKUX NMPUHUMAIOLIMX COCTOSIHUH, B KOTOPBIX OIPEIENIEHBI TOJIBKO e-
nepexobl (TaKue COCTOSHMS OyJeM Ha3bIBaTh €-COCMOSHUAMU), TO €CTh, B KaKIOM
MPUHAMAIOIIEM COCTOSHHH OIPEACICH XOTs Obl OMUH MPHUHAMAIOIIUN Mepexo] o
HEIYCTOMY JIOITyCTUMOMY CTHMYITY.

Teopema o e-coctosHusix: Kimacc A mozenmupyercs cBonM momkiaaccom Al u, Tem
caMbIM, OHH 3kBHBaneHTHBI W[A]=W[A1].

ﬂOKa3aTeJ’lBCTBO: I[J'DI JI0Ka3aTeJIbCTBA IA0CTATOYHO PACCMOTPETh MOACIMPOBAHUEC
IIOBCACHHA aBTOMaTa KliacCa A B e-COCTOSIHHH (PI/IC.16), MOCKOJIbKY B OCTaJIbHBIX
COCTOSIHUSIX aBTOMATHI Ki1accoB A u Al BEAYT cebs OJWHAKOBO.

A Al

e:(v,v1)+(V1,e,Ve)
e:(v,v2)+(va,e,ve)

E—C\D e:(v,e,ve)

Puc. 16

Jnst KaXKJ0ro e-coCTOSHUA V 00aBiIsgeM ABa JIOMOJTHUTEIBHBIX COCTOSIHUS Vi U V2, 1 B
COCTOSIHUH V OIIPEEIISIEM JIBaA IYCThIX IEPEXO/A B V; U V,. B cocTosiHMHM V; onpenensemM
NPUHUMAIOIIMK TIEPEX0A MO JII0OOMY HENMyCTOMY CTHMYJIY X, @ B COCTOSHHU V, -
MHOKECTBO IPUHUMAIOIIUX IIEPEXOAOB II0 BCEM OCTaJbHBIM HEIYCTBIM CTUMYJIAM.
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O4YeBHUHO, YTO B COCTOSHUM V BCE HEMYCThIE CTUMYJbl (DHHAIBHO HEOIMYCTHUMBI.
[Tocne aToro kaxxawlii e-nepexoy (v,e,v,) 3aMEeHsIeM Ha J1Ba e-Iepexoa U3 COCTOSIHUN vy
U V;, COOTBETCTBEHHO, (V1,€,V,) U (V2,€,V,).

B 3TOM J0Ka3aTenbCTBE MBI HESIBHO MCIIONB30BAIU TOT (DakT, 4TO andaBUT CTUMYJIOB
COCTOUT XOTS OBbI M3 JIByX HEMYCTBIX CTHMYJIOB, TO €CTh, X;€X U X\{x{}#J. Eciu 310
HC TaK, TO MBI BCCraa MOXCM }106aBI/lTb B aﬂq)aBI/lT CTI/IMyJ'IOB ClIC aBa HeHyCTle
CTl/IMyJ'Ia, OIUuH U3 KOTOprX 6y,ueM HUCIIOJIB30BAaTh TOJIBKO JIsI le/IHI/lMalOLHl/IX
MepEexXo/IoB U3 Vy, a JAPYrol BMECT€ C OCTaJbHBIMU CTUMyJaMH U3 X - i
MPUHUMAIOIINX IEPEX0J0B U3 V,. [IOHATHO, YTO 3TU JONOJHHUTCIHEHBIC CTHMYIBI HE
OyAyT BXOAUTh B JOIMYCTHMEIC BXOJIHBIC CJIOBA, ITO3TOMY CJIOBapHas (YHKIUS HE
W3MEHUTCS.

TeopeMa 0 €-COCTOSAHHUAX JOKasaHa.

Teopema 00 aBToMaTe ¢ OTJIOKeHHbIMH peakuusiMu: Kitacc M Bcex aCHHXPOHHBIX
aBTOMATOB MOJEJIUPYETCS CBOMM IIOJK/IACCOM aBTOMATOB C OTJIO)KEHHBIMHU PEaKIUIMHU
AOP=Mi(0 (umMmepaTuBHBIE aBTOMAThl 0€3 e-TIepexoA0B) U, CIEIOBATEIBHO,
9KBUBAJICHTECH EMY.

HoxkazateabcTBo: Kmacc Mil, kak mnogkmacc kimacca M BceX acHHXPOHHBIX
aBTOMAaroB, UM Mojenupyercs. [lockonbky kimacc M BceX aCMHXPOHHBIX aBTOMAaTOB
SKBHUBAJCHTEH Kiaccy A, a Kijacc A SKBHBaJCHTEH cBoeMy mopakimaccy Al, Ham
JIOCTaTOYHO TMOKa3aTh, 4dYro kimacc Al wmomemupyercs kimaccom Mi0. s
MOJAENUpOBaHUs aBToMara kiacca Al aBromatom kimacca Mil mgocraTodHO
paccMOTpEeTh MOBEACHHE aBTOMAaTa B NPUHUMAIONIMX COCTOSHHUSX, B KOTOPBIX
OIIPEACJICHbI MMPUEM KaK IMYCTOTO0 CTUMYJIA, TaK U HEIIYCThIX AONYCTHUMBIX CTUMYJIOB,
MIOCKOJIBKY B aBTOMaTax kjacca Al HET CMeIIaHHBIX COCTOSIHUM U HET e-COCTOSHUM, a B
MPpUHUMAKOIIUX COCTOAHUAX 663 €-IICPCXOJI0B TAKKE KakK B TCEPpMUHAJIBHBIX U
MOCBUTAIOMINX COCTOSIHMSIX BCE aBTOMAaThl BeIyT ceOsi oanHakoBo. MojenupoBaHue
NOBEACHUSI B TaKOM COCTOSIHUM TpPUBHAJIBHO: €-TIePeXOJbl 3aMEHSEM ITyCTHIMHU
nepexonamu (Puc. 17).

Mi0

.«—@--—-O s | e ) S
Mi0
Q-—Q—-—-() s |Gy S0

Puc. 17

TeopeMa 00 aBTOMATe ¢ OTIOKEHHBIMHU pCakusAMU JO0Ka3aHa.

Hrak, wmbl mnokasamu, uro W[Mi0]=W[A]=W|[A1l] u, Tem caMmbpIM, [0OKa3aHa
SKBUBAJICHTHOCTH BCEX 6a30BBIX KJIaCCOB, KpoMme Mf0:
WIM]=W[A]=W[AT]=W[Mi0]=W[Mi3]|=W[Mi2]=W[Mil]=W[M {3]=W[M {2]=W[M f1].
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2.4.2. Aemomamul 6600a-évieoda (IOSM) — pakynvmamuensvie agmomanol
0e3 e-nepexo0oe

Teopema 00 aBTomMate BBOIa-BbIBOAa (IOSM): Kiiacc M Bcex acHMHXPOHHBIX
ABTOMaTOB HE MOJENUpPYEeTCs CBOMM IOJKJIACCOM aBTOMAaTOB  BBOJA-BBIBOJA
IOSM=MI{0 (dpaxynbTaTuBHBIE ABTOMATHI O€3 €-NIePEXOI0B).

Hoxka3aTteancTBo: [lockonpky kmacc Mf0 mogenupyercs cBoum noakmaccom M'f0, a
Kracc M Bcex aCHHXPOHHBIX aBTOMATOB MOZENUPYETCS MOAKIAcCOM A, HaMm
JOCTaTOYHO IIOKa3aTh, YTO CYLIECTBYET aBTOMAaT agA, KOTOPBHIH He MOJEIHpyeTcs
knmaccom M0, To ects, W[a] ¢ W[M {0].

Hanomuum, uto aBtomMar kimacca M'f0 - 3ro QakyibTaTHBHBIN aBTOMAT 0e3 e-
MEPEX0/0B, B KOTOPOM COBIAJAIOT JOMYCTUMOCTh U (PHHAJBbHAS JOIMYCTUMOCTh
cTUMYJIOB. Takue aBTOMATHI O0JIAAIOT CICTYIOIUME JBYMS CBOWCTBAMH, KOTOPBIMHU
HEKOTOpBIC aCHHXPOHHEIC aBTOMATHI KJlacca A He 00J1a/IaroT.

CpoiictBo 1: Ecnm cnoBapHas ¢yHkuus aBromarta kiacca M'f0 ompexneneHa Ha
BXOJIHOM CJIOBE UEXW, /e U — KOHEYHOE CJIOBO, € — IIyCTOM CTUMYJI, X — HEKOTOPBIH
ctuMyJs1 (OBITH MOJKET, MYCTOH), W — OECKOHEYHOE CJIOBO, TO OHA JOJDKHA OBITh
Olpe/IeNieHa TAKXKE Ha BXOIHOM CJIOBE uxe®.

JleiiCTBUTENBHO, MOCKOIBLKY BXOAHBIE CIIOBA UEXW M UXe® UMEKT OOIIMI HavalbHbIA
OTPE30K U, M CJIOBO UEXW JOITyCTHMO, OIIIHOKA HECTICIM(PHUITHPOBAHHOTO BBOA MOKET
NPOSABUTHCS IJIs CJIOBa UXe” TOJIBKO I0CIIE BEIOOPKHU CJIOBA U U3 BXOJHOM OYepeay NpH
MpHEeMe CTEMYJIA X B MPUHUMAIOIIEM COCTOSHHUH V (TTOCIEAYIONIME CTUMYJIBI ITYCThIE H,
TEM CaMbIM, BCET/Ia JOIyCTUMBIE). 3HAYMT CTHUMYJI X HEIOMYCTHM B cocTostHUE V. Ho
TOTJa [UTS CIIOBA UEXW aBTOMAT IOCNIe BBIOOPKH CIIOBA W TAKXKE MOKET OKa3aThCs B
NPHHAMAIONIEM COCTOSIHHM V W TMPUMET Mycrod ctumyn e. I[locKombKky v —
TNPHHUMAIOIIEE COCTOSIHHE U €-IIEPEX0I0B HET, BHIOOPKA IyCTOTO CTUMYJIA HE MEHSET
COCTOSIHHUE W aBTOMAT B TOM XK€ COCTOAHHUU V Bbl6epeT HeﬂOHyCTI/IMblﬁ CTUMYJI X, TO
eCTh, OyzeT 3adukcupoBaHa OMMOKAa HECTICIU(PUIIMPOBAHHOIO BBOJA U OKAXKETCs, YTO
CJIOBO UEXW HEJO0MyCTUMO. MBI MPHUIILTH K NIPOTUBOPEUYHIO M, 3HAYHUT, BXOJHOE CIIOBO
uxe® J0/KHO OBITH JOIYCTHMO.

3aMeTrM, 4TO TpebOBAHNE HAIMYHS TIOCIIE HENnYCmMoz2o CTUMYIIA X B CIIOBE uxe” TOJIbKO
IYCTBIX CTHMYJIOB CYIIECTBEHHO, IOCKOJBKY MOJXET OKa3aTbCs, YTO A JIH0OOro
JOIlyCTUMOTO BXOJHOTO CJIOBa BHAA UEXW JII000€ BXOJHOE CIOBO BHAA UXW,
JOIYCTUMO TOJIBKO Torna, koraa w'=e®. IIpumep npusenen Ha Puc. 18. TIpu X = {x,x'}
€IMHCTBEHHOE JIOMYCTHMOE CIIOBO BHIA XW' — 3TO CIIOBO Xe”, a ISl BCeX JOMYCTHMBIX
BXOJHBIX CJIOB BHIA UEXW, U - JIOJDKHO OBITh IyCTO.
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Puc. 18

Teneps HaM JOCTATOYHO MPHBECTH IPUMEp aBTOMaTa Kjiacca A, cioBapHas (YHKIUS
KOoTOoporo He obianana Obl 3TUM nepBbIM cBoiicTBOM (Puc. 19). CnosapHas ¢yHkuums
aBTOMATa ONpEJCICHa HA W TOJBKO Ha CJIOBAaX BUIA €W, HAUMHAIOUIUXCS C MYCTOrO
CTUMYJIa, U OTOOpaXKaeT Ka)xJ0e TaKoe BXOJHOE CIOBO B ITYyCTOE BBIXOJHOE CIIOBO. Jlyist
J000ro0 HEMyCTOro CTUMYJa X 3Ta (DYHKLHs OIpeNesicHa Ha JTI00OM CIIOBE BUIA €XW,

HO HE OIIpPCC/ICHA Ha CJIOBE xe®.

Puc. 19

CaoiictBo 2: Ecnu cnoBaphast ¢ynkuus W aBTomara kinacca M f0 ompenenena Ha
CIIOBE W, TO OHa OIpeJeieHa Takke Ha JIIOOOM CJIOBE W', MOJIYYeHHOM H3 W
ﬂO6aBHeHI/leM B IMPOU3BOJIbHBIE MECTa IMPOMU3BOJIBHOTO 4YHCJIa ITYCTbIX CTUMYJIOB, U

W(w")W(w).

JlelicTBUTENBHO, €CIIM 10 KOHEYHOMY CJIOBY U aBTOMAaT MOXeET I[ONacTb B
NIPUHUMAIOIIEE COCTOSIHUE V, TO, IIOCKOJIBKY B TPHHUMAIOIIEM COCTOSHHM HeE
OTIpEJIETICHbl e-IIePEeXOIbl, aBTOMAaT B COCTOSHHUHM V HE CMOXET pas3JIMuUThb OCTATKH
BXOJHBIX CJIOB, HaxoOJIIMecs BO BXOJHOH ouepead B 3TOT MOMEHT BpEMEHH,
OTJIMYAIOLINECS TOJIBKO KOJMYECTBOM IYCTBIX CTHMYJIOB B Hadaie. Bce aTH mycrthie
CcTUMyNBl  OyayT '"mioTtarhcsa" TNPUHAMAIOMIMM  cOcTOstHHEM. IlosToMy  mroGoe
BO3MOXHOE 1P000dCeHUe BBITOIHEHUS aBTOMAaTa ISl IOITyCTHMOT'O CJIOBa UW IaeT Ty
e TI0CIEeA0BATEIBHOCT IePeX00B (a 3HAUUT, M PEaKLHii), 4TO U [UIL CIOBa Uew, U
HaoOopoT. Ecnu 1Mo KOHEYHOMY CJIOBY U aBTOMAaT MOXET IIONacTh B CMEIIAHHOE
COCTOSIHHE V, TO, IOCKOJIbKY B CMEIIAaHHOM COCTOSIHUM aBTOMAaT MOXeET cpaboTarh 1o
HOCHUIAIOIIEMY MM IIyCTOMY IIEPEXOAy HE3aBUCHMO OT TOJOBHOIO CTUMYyJA, IIyCTOH
TOJIOBHOM CTHUMYJ B 3TOM cCiydyae BBIOMpaeTcs U3 Ouepeld, a HeMyCTOH ocTaercsd,
moboe npodoadicenue BBHITIOIHEHUS aBTOMAara JJisi OECKOHEYHOTO CJIOBA UEW JaeT
TaKylo IOCIIEA0BATEIFHOCTD MEPEX0J0B (a 3HAYMT, W PEaKIHid), KOTopas BO3MOXKHA
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TaKXkKe JJIs MPOJOJDKCHHS BBIMIOJHECHUS B ClIydae CJIOBa UW, XOTs 00paTHOE, BOOOIIe
TOBOpsI, HEBepHO. TeM caMbIM OKa3bIBACTCs, YTO JHOOOC BBITIOJTHECHUC NI CIIOBA UEW
JIacT TIOCIIEOBATEIBLHOCTh MEPEXOJ0B (a2 3HAYHT, W PEakKluii), KOoTopas BO3MOXKHA
TaKXke Uit cioBa uw, To ecth, W(uew)cW(uw). OTcrofa HEMOCPEICTBEHHO CIICIyeT
CBOWCTBO 2.

Teneps HaM JOCTATOYHO MPUBECTH MPUMEp aBTOMAaTa Kiacca A, cioBapHas (GyHKIus
KOTOoporo He obnamana Obl 3TUM BTOphIM cBoicTBOM (Puc. 20). 3aech mns X={x,x'}
CII0BO XX € JI0IyCTUMO, a CJIOBO XeX' e® HEOIyCTUMO.

O =)
Puc. 20

Teopema 06 aBromare BBoga-BbiBoAa (IOSM) nokasaHa.

PaccmoTpeHHble HAMU JjBa CBOMCTBa CJIOBapHOH (DyHKIMHM aBTOMAaTOB BBOJA-BBIBOJA
(IOSM) SIBIISTIOTCSL  HEOOXOAMMBIMH. MOXHO CPOPMYJIUPOBATh  CICAYIOIIYIO
HEpEeIlleHHYI0 33Jlauy: HaWTH CBOWCTBA CJIOBapHOH (yHKUMHM, HEOOXOIUMBIE U
JIOCTaTOYHBIE JJIsI TOrO, YTOObl OHa ObLIa CIIOBapHOW (yHKIMEH aBTOMara BBOJA-
BeiBoz1a (IOSM).

2.4.3. Aemomamesl 6e3 cMeWAHHBIX COCMOAHUIL U e-nepex000s (A0)

CrnenuanpHbpli  WHTEpeC TmpeactaBisieT kiacc A0 aBTomaroB 0e3 CMENIaHHBIX
COCTOSIHUH W  e-TIepeXOJIOB,  BIOXKEHHBIH, OUYEBHIHO, BO BCE OCTaJIbHbIE
paccMaTprBaBILHECs BbIIIE KIIACChI aBTOMATOB.

Teopema 00 aBTOMaTe 6e3 cMeIIAHHBIX COCTOSIHUI U e-miepexoaoB: Kiacc M 'f0 He
mozenupyercs kiaaccoM A0.

Joxa3zaTeancTBo: ABromatrhel kiacca A0 00mamaroT Tpemsi 0COOBIMH CBOWMCTBaMH,
KOTOPBIMH HE 00J1a/Ial0T HEKOTOphIe aBTOMAaThl Haakiacca M f0.

CaoiictBo 1: Ecnu cnosaprasn ¢ynxyus W asmomama xnacca A0 onpedenena na ciose
W, M0 oHa onpedeieHa maxdice Ha A060M ciose W', NOTYYEHHOM U3 W 6CIAGKOU WU
yOaneHuem KOHEeUHO20 YUCTA NYCMbIX CIUMYL08, U TIPUHAMAET Ha HEM TO )K€ 3HAUCHUE
W(w )=W(w).

DTO HEMOCPEJCTBEHHO CIIEAyeT W3 TOr0, 4YTO Ka)XI0€ PELENTHBHOE COCTOSHUE
SIBJISIETCSI TIPUHUMAIOIINM COCTOSIHUEM 0e€3 e-IepexofioB, MOITOMY TaKoe COCTOSHUE
"rmoraer" Bce ImmycTele CTUMynBL. lIpumepoMm aBTomara kiacca M0, He
MoJienupyemoro kiaccom A0 u3-3a HapylleHHs: CBOICTBa 1, MOXET CIIy>KHUTh aBTOMAT
Ha Puc. 18. [ia X = {X,X'} BX0O1HOE CJIOBO exX e” IOIyCTHMO, 2 BXOIHOE CJI0BO XX e
HEJIOMYCTHMO. 3aMETHM, YTO 37e€Ch MbI UCIIOJIB30BAJIA TOJIBKO YacTh CBOWCTBA | Kitacca
A0 - gvroenennyro kypcueom. ECIA UCTONB30BaTh 3TO CBOWCTBO MOJHOCTHIO, TO MOYKHO
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npuBecTy OoJiee NpocToi npuMep aBTomara kiacca M 0, He MozenupyeMoro Kiaccom
A0 (Puc. 21). [Ina 3Toro aBromMara JOIMYCTHMEI KaK BXOJTHOE CIIOBO XW, TaK M BXOJIHOE
CIIOBO €XW, IJIe W - TPOM3BOJbHOE OeckoHeuHoe ciioBo. OnHaKo, IS CIOBa €XW
OTIpENICTICHO OJHO BBIXOAHOE CIOBO - (y), a AJS CIOBa XW - JIBa BBIXOJHBIX CJIOBA!

nycroe () u (y).

Puc. 21

Jlnst Toro, 4ToOBI OMpeAeNuTh BTOPOE CBOMCTBO aBTOMAaToB kiacca A0, BBeaem
cnenyrone 0003HaUYCHHS:

e c¢<c, rme ¢ U ¢ - ;mBa cioBa (KOHEYHBIX WM OCCKOHEUHBIX) B OIHOM
andaBuTe, 03HAYACT, YTO — WM € KOHEYHO U SBIACTCS HAYAEHBIM OTPE3KOM
¢’, WJIK OHU COBIIAJAIOT.

e C<C', tme Cu C - nBa MHOXECTBa CJIOB (KOHCUHBIX MM OCCKOHCYHBIX) B
omHOM andasure, o3HadaeT, 4To VeeC ¢’ eC’ c<e’ u Ve eC” JeeC c<c'.
Bynem mucates C<C", ecmu CLC" u C=C"; 04eBUIHO, YTO B CIy4ae CTPOTOTo
HepaBeHCTBa C COIEPIKUT XOTS OBl OTHO KOHEIHOE CIIOBO.

CaoiicTBo 2: Ecnu cioBapnas ¢ynkuust W aBromata kitacca A0 onpejeneHa Ha cioBe
ue®, rae u - KOHEYHOE CJIOBO, TO JJIsl JII0OOr0 JOIYCTUMOIO CJIOBA UW MMEET MECTO
W(ue®)<W(uw).

JlelicTBUTENBHO, 1TOCIIE BBIOOPKM aBTOMaTOM M3 BXOJHOW O4Yepely BXOIHOTO CJIOBA U
aBTOMAaT JH00 Yepe3 KOHEUHOE YMCIIO MOCHUTAOIINX U MTYCTHIX MEPEXOJ0B MOMaNacT B
1) — mpuHMMaroIIee WM 2) — TEPMUHAILHOE COCTOSIHHE V, U B BBIXOJHOH OdYepenu
OKa3bIBaeTCsl KOHEYHOE CJIOBO €, Jnubo 3) — BHIIONHSAET OECKOHEYHYIO
MTOCTIEIOBATEIFHOCTD MOCHUTAIOIINX | ITyCTHIX NepexonoB. B cnyyasx 2 u 3, o4eBHIHO,
MpeKpaIaeTcs BHIOOPKAa CTUMYJIOB W3 BXOJHOH OYepelr W MOATOMY IIOITyYHBIIEECS
BBIXOJIHOE CIIOBO NpuHaanexuT kak W(ue®), tak u W(uw). B ciryuae 1 aBTomar ocraeTcs
B IIPUHUMAIOIIEM COCTOSHHH V H 00JIee HUYETrO HEe TOMEIIACT B BRIXOAHYIO O9epelib, TO
€CTb, BBIXO/IHBIM CIIOBOM OCTaHETCsI KOHEUHOE CJIOBO €. B To ke Bpems s 1r000r0o
JIOITyCTAMOTO TIPOJOJDKEHUS CIIOBa U, TO €CTh, JUIA CJIOBa UW aBTOMAT BBIOJHSIET
MPUHUMAIOIINI TEepexo]] M0 IMEPBOMY HEIyCTOMY CTUMYJIY B CJIOBE W, TO €CTb,
BEIXOJTHOE CIIOBO OY/I€T HEKOTOPBIM, OBITh MOXKET, ITyCTHIM, IIPOJIOJDKEHUEM € >C.
IIpumepom aBToMaTa kiacca M f0, He Moxenupyemoro knaccoM AQ K3-3a HapyIIeHUS
CBOMCTBa 2, MOXET CIIYXHUTh TOT e aBromar Ha Puc. 21. [[ns sToro aBromara mpu
xeX JONMyCTHMBbI KaK BXOJHOE CIIOBO XW, I'JIe W - IIPOM3BOJILHOE OECKOHEYHOE CJIOBO,
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Tak u BxoxHoe cioBo e®. Ilpu stom W(e®)={(y)}, a W(xw)={(,(y)}, u, oueBHaHO,
W(xw)<W(e®).

CsoiicTBo 3: Eciin cnoBapnas ¢ynkuust W aBromaTa xiacca AQ omnpezeneHa Ha CJIOBE
ue®, rJIe u - KOHEYHOE CJIOBO, M CYLIECTBYET HEIOMYCTHMOE CJIOBO UW, TIE W -
0OeCKOHEYHOE CIJIOBO, COJEpIKalllee HEIYCThle CTHMYJBI, TO B MHOXECTBE BBIXOJHBIX
cioB W(ue®) umeercst XoTs ObI OIHO KOHEYHOE CII0BO.

JleCTBUTENIPHO, €CITM CYLIECTBYET HEIONYyCTHMOE CJIOBO UW, TO, 3HAYUT, IOCIE
BBIOOPKM M3 BXOJHOW OdYepenu CJI0Ba U, aBTOMAT MOXKET 33 KOHEYHOE 4YHCIIO
MOCBUTAIOIINX H ITYCTHIX MIEPEX0I0B MEPEHTH B IPUHUMAIOIEE COCTOSIHHE V, B KOTOPOM
IIEPBBINA HEIIyCTON CTUMYJ CJIOBA W HEAOIYCTUM. B 3TOT MOMEHT B BBIXOJHOW Ouepenu
OKaXeTCsl KOHEYHOEe BBIXOAHOE CI0BO ¢. OYeBHAHO, YTO VISl BXOAHOrO cioBa ue®
nJanpine OyxyT BBIOMpaThCsS TOJIBKO ITyCTBIE CTUMYJBI M aBToMaTr kiacca A0 Oymer
0CTaBaTbCd B COCTOAHHUU V, HC M3MCHAA BBIXOAHYIO OYCPCIb. OT0 3HA4YUT, 4TO IIpH
TAKOM BBIIOJIHEHNH [T BXOAHOTO CjioBa ue® Gy[eT MONyYeHO KOHEYHOE BBIXOIHOE
CIIOBO ¢, TO ecTh, ceW(ue®).

3amMeTuM, 4YTO €ciaM Uil HEKOTOPOro JOMYCTHMMOIO CJIOBa UW HMMEET MEeCTO
W(ue®)<W(uw), o u3 onpenenenus orHouienus "<" ciexyer, yro W(ue®) comepxut
X0Tsl OBl OJHO KOHEYHOE€ CJIoBO. [103TOMy HEOOXOIMMBIM M JOCTaTOYHBIM yCIOBHEM
orcytcTBus B W(ue®) KOHEUHBIX CJIOB ABISETCH OTCYTCTBHE HEAOMYCTHMBIX CJIOB BHIA
UwW ® I8 BCeX JONYCTHMBIX CJIOB BHJAa UW paBEHCTBO (C ydYeTOM CBoiicTBa 2)
W(ue®)=W(uw).

IIprmmep aBromara xmacca M f0, He Monmenmupyemoro kimaccom A0 m3-3a HapyUICHUS
cBolicTBa 3, mpuBenieH Ha Puc. 22. B stom aBromare mius X={x,x'} W(e®)={y"} u, B
TOXE BpeMsi, CYIIECTBYEeT HEIOIyCTUMOE CJIOBO XX W, IIe W - Jitoboe OeckoHeuHoe

CJIOBO.
: {‘ID

Puc. 22

Teopema 06 aBTOMaTe 6€3 CMEIIAHHBIX COCTOSHUI U e-IIePeX0/I0B I0Ka3aHa.

PaccMoTpeHHBIC HAMU TPU CBOMCTBA CIIOBapHOH (h)YHKIIMM aBTOMATOB 0€3 CMEIIaHHBIX
COCTOSIHUH W e-TIePEXOJIOB SIBISIOTCS HEOOXOAUMBIMH. MOXKHO CHOPMYITHPOBAThH
CIICIYIONIYI0 HEpCIICHHYIO 3aJady: HaWTH CBOWCTBA CJIOBapHOW (YHKIHUH,
HEO0OXOAWMBIE W IOCTAaTOYHBIE UISI TOTO, YTOOBI OHa OblIa CiioBapHOW (yHKIHEH
aBTomara kiacca AQ.
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2.5. Oowas

KapTUHa

B3aMMocCBsA3en

aBTOMaTOB C TOYKMU 3peHuns cnosapHoﬁ (byHKLWIVI

Ecnu paccmarpuBaTh aBTOMATbl, B KOTODBIX €-IIEPEXOJbI OMPEAEIECHBl TONBKO B
MIPUHUMAIOIINX COCTOSIHMSIX (HE OIpEeNeNieHbl B CMENIaHHBIX COCTOSIHMAX), TO,
CIIeiyIolIre

0YEBHUIHO,

MBI

MOJTy4UM

KJIaCChl

KnaccoB QaCUHXPOHHbIX

aBTOMAaTOB

Bi=MilnMi2=MilnMi3=Mi2nMi3, B=Mf1~Mf2=Mf1~Mf3=Mf2~Mf3,
B =M flnM£2=M"f1nM f3=M"f2nM"f3.

Tenepp omnpenenuMm pa30uMeHHME Kiacca BCEX ACHHXPOHHBIX aBTOMAaroOB Ha
Henepecekaromuecs obmactu (Tab. 2).
Cvemprr| e~ [ CrOmH SIS i proputer B (punambHas
OoiacTh COIHMMH| MIMII. |XOIBIBCMe-
J—— Hble | IIepe- erepe- | ax. | o CMELIAHHBIX | JIOMYCTH-

COCTOSIHEIS] XOJIBI N COCTOSIHUSIX | MOCTh
a0=A0 HET HET HET - HET - COBITaZAET
al=A1\AO HET | €CThb | HET - HET - COBITaJAET
a=A\Al HET | €CThb | €CThb - HET - COBITaZAET
mi0O=Mi0\AQ ecTb | HET HET | UMIL HET - COBIAJAET
bi=Bi(AUMI0) eCTh | €CThb - HIMII. HET - COBITAZAET
mil=Mil\Bi ecThb | ecTh - HMIIL. €CTh | MOC. U IYCT. |COBMAJaeT
mi2=Mi2\Bi ecThb | ecTh - HMIIL. €CTh | e-Tepexo/ibl |COBMaaaeT
mi3=Mi3\Bi ecThb | ecTh - HMIIL. ecTh paBHBI  |coBmajiaet
m' fO=MfO\AQ ecTb | HET HeT | daxk. HET - COBIAJaeT
mf0=MfO\M'f0 ectb | Her | Her | dak. HET - HET
b' f=B'NAM) | ectb | ecTb - ¢ax. HET - COBIAJAET
bf=Bf(Bf_Mf) | ecTh | ecTh - ¢ak. | Her - HET
m f1I=MfI\B'f €CTb | €CTb - ¢ax. €CTh | IOC. M IYCT. |COBMAIaeT
m' f2=M'2\B'f eCTb | eCThb - thak. eCThb e-TIepexo/IbI | COBMAIaeT
m'f3=M13\B'f €CTb | €CTb - ¢ax. €CTh paBHBIH  |cOBMamaeT
mf1=Mf1\Bf €CTb | €CTb - ¢ax. €CTh | IOC. M IYCT. HET
mf2=Mf2\Bf €CTb | €CTb - ¢ax. €CTh | e-TIepeXOJIbI HET
mf3=Mf3\Bf €CTb | €CTb - ¢ax. €CTh paBHBIN HET

Tab. 2
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Tenepp MOXHO IIPEACTAaBUTh KJIACChl ABTOMAaTOB Kak oObeAMHEHMs obnacTeit

(Tab. 3).

Kiac  OasoBoe 00J1acTH pa3oueHus
¢ | BbIpakenue | ) a |mi| bi |mil|m2|m3m Um0 bf| bf m'flim' s

A0 Fa0

Al FAOal | | P

A FAla

Mi0 =A0UM0

Bi EAUMIO b

Mil FBiumil

M2 =Biunmi2

N3 B

M 10 =A0UMD

M0 =M om0

Bf =AML_b

Bf FEBfUMID b

M fl FB'fum'fl

M2 B fum2

M3 EB'fum'3

Mfl =Bfumfl

M2 =Bfom2 | | | B

MB EBfUmf3

B pazgenax 2.2-2.4 6bU10 OKa3aHO CIIEIYIOIIEE:

e Kaxnplit 0a3oBblii kiacc (axyinbraTuBHbBIX aBTromaroB Mfn (n=0,1,2,3)
MOJIeTIMpYeTcsi CBOMM monkiaccoM M'fn, B KOTOPOM JIOIyCTHMOCTh H
¢uHaNbHAsT JOIMYCTUMOCTh CTUMYJIOB COBIAJIAIOT, M, CJEJOBATEIbHO
9KBUBAJICHTCH EMY.

e Kiacc A monenupyet 6a3oBsie knaccsl Min u M fn, toe n=0,1,2,3. YauTsiBas
BJIO)KEHHOCTh KJIACCOB, MOJIy4aeM SKBUBAJICHTHOCTh Kiacca A u kiaccoB Min

u M'fn, roe n=1,2,3.

e Kmacc A wmogenupyercs cBouM mnonkiaccom Al u, TeM caMblM, €My
SKBUBAJICHTEH.

e  DkBHBaJIEHTHOCTH Kiacca Al u knacca Mi(.

e Hemonenupyemocts kiacca A kiaccom M 0.
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e Hemonenupyemocts kiacca M™f kmaccom A0.

Tem cambIM, y4uThIBas BIOXKEHHOCTb KJIACCOB, UMEEM Tpu rpymnimsl knaccos M0, M1,
M Ttakux, uto W(MO0)cW(M1)cW(MO0), 1 Bce KJIacChl OAHOI TPyIITbl SKBUBAJICHTHBI:

o W(MO) = W(AO)
o W(M1) = W(M f0) = W(Mf0)

o W(M2) = WAL) = W(A) = W(Mi0) = W(Bi) = W(Mil) = W(Mi2) = W(Mi3) =
W(B'f) = W(M f1) = W(M £2) = W(M " £3) = W(Bf) = W(Mf1) = W(Mf2) = W(Mf3)

Ha Puc. 23 n300pakeHBI 3TH TpU TPYHIBI KIACCOB; CTPEIKH MOKA3bIBAIOT YaCTHIHBIN
MOPSIIOK MO OTHOILEHUIO BIIOKEHHOCTH.

r=

Puc. 23
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3. Cepuanu3sayus

3.1. Cepuanusauum v MmapLipyTbil.

3aBHCHUMOCTD MEKAY TECTOBBIMU BOSI{GfICTBI/IHMI/I n  peakurudMu TECTUPYCMOT'O
aBTOMATa, KOTOPYIO MOKHO ONPEACIUTDL 3a KOHCYHOC YMCIIO TCCTOBBIX 3KCIICPUMEHTOB,
MOXKET OKa3aThCsa He[[OCTaTO‘IHOf?I JUIA TIPOBEPKU COOTBCTCTBHUA pcain3alluid MOACIN
JlaXke OpH JAONYIIEHUWU psAAa JOBOJBHO CHJIBHBIX MPEANOIOKEHUN (rurmoTe3) o
TECTUPYEMOM aBTOMATE. 31eCh Ha MMOMOIIb MOYKET NPUATA BO3MOXKHOCTH (xorma oHa
CymeCTByCT) ONPEACIINTEL B MMPOUECCE TECTUPOBAHUA HE TOJIBKO IOCIECAOBATEIIBHOCTH
peaKm/HZ, BbIJaBA€MBIX aBTOMAaTOM B OTBET Ha JAaHHYHKO IIOCJI€AOBATEIIBHOCTH
CTUMYJIOB, HO U OTHOCHUTECJIBHOE€ PACIIOJIOKEHHUE BO BPEMEHU CTHMYJIOB H peaKHHﬁ.
CMeLLIaHHyIO IMOCJICAOBATCIIBHOCT BOCIIPUHUMAEMBIX aBTOMAaTOM CTHUMYJIOB U
BbIJJaBaEMbIX MM peakuuii Mbl OyneM Ha3bIBaTh cepuanmzauueii. HaunmHas ¢ storo
pasaeia, Mbl 6y}1€M HCCJICA0BATh CCpraIM3aliu, pe€aJin3yeMbl€ aBTOMAaTOM, U UX CBA3b
CO ciIoBapHO# QyHKIMeH. Pa3Hbple aBTOMATHI, pealM3yIONIye OJHY U Ty K€ CIIOBapHYIO
(I)YHKIII/IIO, OTJIIMYAOTCA KaK pa3 Cepuan3alusIMu. Hpeo6pasoBaHI/I${ aBTOMAaTOB U3
pasznenoB 2.2-2.4 cOXpaHSAIOT HE TOJBKO CJIOBapHYIO (YHKIHMIO, HO M CepHAIM3ALNN
BBIITOJTHEHHUH JUISL JOITYCTUMBIX BXOJHBIX CJIOB.

3aMeTuM, YTO MOJIOCIENOBATENPHOCTh PEAKLUUM Cepualu3alid COBNANAET C
BBIXOAHBIM CJIOBOM. B T0 Xxe BpEMs, IMOCKOJIbBKY aBTOMAT € HEKOTOPOIO MOMECHTa
MOJKET IPEKPaTHTh BHIOOPKY CTUMYJIOB M3 BXOJHOM ouepenu, MMoIocie[0BaTeIbHOCTh
CTHMYJIOB CEpUaN3allil MOXET HE COBIAJaTh CO BXOIHBIM CJIOBOM, a SIBJIATHCS €r0
HAauYalbHbIM OTPE3KOM. MBI MOKaXk€M, 4TO STO SIBIEHUE HOCUT NPHUHLUUNHAIbHBII
XapakTep, TO eCTh, JUII HEKOTOPHIX CIOBapHBIX (YHKIHH JTFOO0H peamu3yromuil ux
KOHEYHBII aBTOMAT BBIOMPAET M3 BXOIHOH OUepen JIUIIb KOHEYHOE YHCIO CTUMYIIOB
JUISL HEKOTOPBIX JOIYCTHUMBIX BXOJIHBIX CJIOB. BBINOTHEHUIO aBTOMAaTa COOTBETCTBYET
TaKKe€ MapIIpyT — TIIOCIEJOBAaTEIbHOCTh CMEXKHBIX IIEPEXOAOB H, TEM CaMbIM,
packpacka MapIIpyTa Kak IIOCIEIOBaTEIbHOCTh CTHMYJOB M DPEAKIHUH HEIMyCThIX
nepexo70B. MblI MOKa)KeM CBsI3b MapIIPyTOB M MX PACKPACOK C CEpHAIN3AIUAMH.

Cepuanuzayuei OyneM Ha3pIBaThb CJIOBO (KOHEYHOE WM OECKOHEYHOE) B
00beANHEHHOM all(haBUTE CTUMYJIOB (BKIIOYas MycToil) n peakunii Z=X VY. Yepes xz
U yzZ 0003HaYMM, COOTBETCTBEHHO, X-TIOJCIIOBO M Y-NOJICIOBO Z, TO €CTb,
MTOJIIOCIIEIOBATEIBHOCTD Z, COCTOAIIYIO M3, COOTBETCTBEHHO CTUMYJIOB U peakunii. Mbl
OyzeM TakKe TOBOPHTH, UTO Z SIBIISIETCS CepHan3anuei napsl (zx,zy). s MEOKecTBa
cepuanmzanuii S obo3HaumMm xS={xz|zeS} u yS={yz|zeS}. Ha ™mHOoXecTBe Bcex
cepuanu3aiuii (Kak ¥ BOOOIINEC HAa MHOXXECTBE CJIOB B JIHOOOM aidaBUTE) HMEETCS
€CTECTBEHHbIM YaCTUYHBI MOPSOOK: Z<Z' O3HA4YaeT, YTO CEpHANN3alMsA Z SIBISETCS
HadaJIbHBIM OTPE3KOM (TOTJa OHA KOHEUHA) MJIU COBIAJIAET C Cepraliu3anei Z .

Cepuanusanus z, COOTBETCTBYIOIIAs BHIIIOJIHEHUIO aBTOMaTa JI000r0 Kitacca, CTPOUTCS
B TIPOIIECCE BBIMOJHEHUS CIEAyIOmMM oOpasoMm. Peaknms y mnomemiaercs B Z
OHOBPEMEHHO C BbIJaueil 3TOW peakuuW B BBIXOAHYIO OdYepenb, TO €CTh, KOrja
aBTOMAT COBEpINAeT NOChUIAOIMK nepexon (V,y,v'). Ctumyn x €X' nomeniaercs B z
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TOT/Ia, KOTJa aBTOMAT BIIEPBBIE €TI0 «PACIIO3HAET», TO €CTh, «YUTACT» B PELIENTHBHOM
COCTOSSHUM V JUIsl TOro, 4YTOOBI ONpENeNIUTh CBOE JaibHeWllee IOBeICHHE B
3asucumocmu OT 3TOro crumysa. Ecnm nanpHeiiee MoBeleHHE 3akilO4acTcs B
COBEpLICHNH IPUHAMAIOLIETO repexona (V,X ,v'), TO CTUMYJ yJalseTcss U3 odepenu 1
MBI TIPUCOEAWHUM ero K Z: z(X'). OmHako, nampHeInee moBeIeHHEe He 00s3aTeIhHO
BKJIIOYAeT MPUHUMAIOMINI niepexo] (V,X ,V') T0 CTUMYJIY W/WIN yIalleHHe CTUMYJia U3
BXOAHOW odepeau. J[ns mycroro cTuMmyna X =e aBTOMAarbl HEKOTOPBHIX KIACCOB B
CMEIIaHHOM COCTOSTHHH V MOTYT COBEPIIHTH MOCBUTAIONIHN (V,Y,V') WIN IyCTOH (V,V')
nepexof (ecim B 3TOM COCTOSHHMU HET e-TIEPEXOAOB WJIM OHH HMEIOT PaBHBIN WU
MEHBIITUHN MIPUOPUTET, YEM IOCHBUIAIOMINE U IMYCTBIC nepexozu)l) U, TCM CaMbIM, B Z
MoMeIaeTcsi JBa cuMmBosia z”(ey) Wiau OAWH cuMBoON z”(e). JIns mpuHUMAIOIIEro
COCTOSIHMSL V 0€3 e-Iepexo/I0B IpU CpadaThIBAHMKM aBTOMATa IO MyCTOMY T'OJIOBHOMY
CTMMYJly HUKAaKOro Ilepexojia HE COBEpIIAETCS, COCTOSHHE HE MEHsEeTCs, a ITyCTOH
CTUMYJ yJansercs U3 BXoaHoOW odepenu: z”(e). DaxkynbTaTHUBHBI aBTOMAaT, KpoMe
9TOT0, IPpHU HEIIYCTOM I'OJIOBHOM CTUMYIJIC X'#€ B CMEIIaHHOM COCTOSIHHH V MOXCT, HC
yAansis CTUMYJIa U3 BXOJHOM odepey, COBEPIIUTD MOCHUIAONIMH (V,Y,V') WK ITyCTOH
(v,v') mepexon. XoTs CTHMYJ X HE yIAISCTCS U3 OUYepeu, OH, TeM HE MEHEe, YUTACTCS
n ompenensier HabOp OMYCTUMBIX IEPEXOJIOB; IIO3TOMY Z  HM3MEHSETCS
COOTBETCTBEHHO: Zz™(X,y) mwimu z”(x). JlanpHeiimee moBeneHNe aBTOMaTa ONpPEACIICHO
«IPOYUTAHHBIM» CTHMYJIOM X JO TEX IOp, MOKa 3TOT CTUMYN HE OyJeT yIajeH W3
ouepesu NP COBEPLICHNH NPUHUMAIOIIETO MEPEexo0/ia 1Mo X ; TAKUM 00pa3oM, MpU BCeX
JaNbHEHIINX CpabaThIBaHUAX aBTOMATa, BKJIIOYAs OSTOT NPUHUMAIONIMNA IIEPEXon,
aBTOMAT HE YHUTAET T'OJOBHOM CTUMYJ U HUKAKUX CTUMYJIOB B Z HC MOMCIIACTCA. Ecmu
JIO 3TOT'0 MPHUHUMAIOIIETO MEePEX0/1a COBEPIIAIOTCS MOCHIIAIOIINE TEPEXOIbI, TO TOIBKO
COOTBETCTBYIOIUE PEAKIIUY TTOMEIAIOTCS B Z.

Takoe omnpezaeneHre CcepUaU3alUN  BBIIOJIHEHHUS MOXET I10Ka3aThCs CTPaHHBIM,
0Cco0eHHO sl (haKyJIbTaTUBHBIX aBTOMAaTroB. Hampumep, Ui HEMyCTOrO TOJOBHOTO
cTHUMyJa X B CMEIIaHHOM COCTOSHMM V IIOCJEIOBaTeIbHOCTh IEPEXO0JI0B
(V,¥,V1),(V1,X,V;) TTOMEIIAET B Ceprau3aIiio He (y,X), Kak MOXKHO ObUIO ObI 0KHUIATh, a
(x,y). Ha camom nese, 310 BHojHE 0OBSICHUMO, MOCKOJIBKY CTUMYJI X MPOYUTHIBACTCS
NEepBBIA pa3 B COCTOSHHU V, @ HE B IOCJIEOYIOIIEM COCTOSIHUM Vi, U IIOCKOJIBKY
MIPOYUTAHHBINH, HO HE YAAJIEHHBIH U3 O4epear, CTUMYJ X YK€ HE MOXET ObITh H3MEHEH
U, TEM CaMbIM, IOBTOPHOE YTEHHE €T0 B COCTOSIHUM Vi M3JIHUIIHE. DaKTHYEeCKH, TaKoH
CTUMYJ Kak Obl 3allOMUHAETCSI aBTOMATOM, YTO M IPOHCXOAUT SIBHO B TeX
mpeoOpa3oBaHUsIX, KOTOPHIE MBI UCIIONB30BANN B pasnenax 2.2-2.4 s MOAeTHPOBaHUS
noBezieH st (haKyJIbTaTUBHOTO aBTOMATa B CMEIIAHHBIX COCTOSIHUSX.

Ecimu s BXOIHOTO €10Ba W HEKOTOPOE BBIITOJTHEHHE TTOPOXKAACT CEPHATH3AIIHNIO Z, TO,
OYCBUJHO, YZ — BbIXOAHOC CJIOBO IIpU OSTOM BBIIIOJHCHUH, a XZSW, npu4yemM
X-ITOJICJIOBO KOHEYHO XZ<W B OJJHOM K3 TpeX CIlydacB: 1) BBHIOJHEHUE 3aKAHYMBACTCS
B TEPMHUHAIILHOM COCTOSIHUM; 2) HaYWHAs C HEKOTOPOTO MOMEHTA, aBTOMAT MPOXOIHT
TONBKO 4Yepe3 HepeyenmueHvle (TIOCHUIAIONINE) COCTOSHUS; 3)  BBIIOJHEHHE
3aKaHYMBAETCS 110 ONIMOKE Hecmenu(pUuIpPOBaHHOTO BBOAA. [IpH 3TOM camo CIIOBO Z
KOHEYHO B ciy4asx 1) um 3), a B ciuy4dae 2) MOXeT OBITh Kak OECKOHEYHBIM, TaK U
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KOHEYHBIM — €CJIM aBTOMAaT C HEKOTOPOrO MOMEHTa COBEPIIAET TOJIBKO nycmvle
Nepexofsl B HEPELENTUBHBIX COCTOSHUSX. 3aMETUM, 4YTO IOCIEJOBATEIbHOCTh
MIPOYUTAHHBIX aBTOMAaTOM U3 BXOJHOU Ouepeay CTUMYJIOB COBMAJAET C XZ, IPUYEM BCe
3TH CTUMYJIBI, KpOME, OBITh, MOXKET MOCJIEHETO CTUMYJA XZ (Uil KOHEYHOTO XZ),
yIaJIeHbl W3 BXOIHOW OYepenH, MOCIE HYero MpOM3OLIEeN OJUH M3 YKa3aHHBIX TPeX
cirydaeB. J[yis 1oImycTHMOTO BXOIHOTO CIIOBa W HMEIOTCS TOJIBKO TIEPBBIE ABA CIIydas.

Cepuanuzanuto z OyaeM Ha3bBaTh donycmumoil (B aBTOMATE), €CIIH OHA COOTBETCTBYET
HEKOTOPOMY JIOITyCTUMOMY  BBIIIOJIHCHHIO, W  GNOJHe-OONYCMUMOU, €CIU OHa
COOTBETCTBYET BIIOJIHE-IOMTyCTUMOMY BBIMIOJIHCHUIO, TO €CTh, BBITONHCHUIO JIIS
JIONyCTHMOTO BXOJHOro cioBa. Yepes Z™ 0603HAYMM MHOXECTBO JOMYCTHMbIX
cepuanuzanuii, Z(w) — MHOKECTBO CEpHANIN3aINi UIsl TOIyCTUMOTO BXOTHOTO CJIOBA
W, a uepe3 Z — moaMHOkecTBO Z™"  BIIOJTHE-I0IMYCTHMBIX CepHATH3ALHii, KOTOPOE, s
KpaTKOCTH, MBI OyJeM Ha3bIBaTh TaKXKe Z-MHOMKECTBOM aBToMaTa. Eciu HYXHO
yKa3zaTh aBToMaT m, Oynmem mucate Z[m]. [lyisg xmacca aBromatoB N Oynem mmcats
ZIN]={Z|m]/meN}. 3ameTuM, 94TO BO MHOXECTBE BCEX CEPHAIHM3AIMU BBITTOJTHCHUS
aBTOMaTa BCE JOITyCTUMBIC CepHANIM3AIl MaKCHMAllbHBI (HE MMEIOT IPOIOJKEHUS,
Tak Kak OECKOHEYHBl WIM 3aKaHYMBAIOTCS B TEPMUHAINBHBIX COCTOSHHUSAX), a
HEJOMYCTHMBIC CepHaTU3allil HEMaKCHUMAaJIbHBI (3aKaHUYMBAIOTCS B PELENTHBHBIX
COCTOSIHUSIX, TO €CTh, MOTYT OBITH MPOJOJDKEHBI ISl APYTOr0 BXOTHOTO CIIOBA).
COOTBETCTBEHHO, ~MHOXKecTBO ~ Z™  sSBNsETC  MHOXECTBOM — MAKCHMANbHBIX
cepuanu3anuii (aHTUIETIFI0O — BCE JOIYCTHMBIC CEpPHAH3allMd HECPaBHUMBI NIPYT C
JIPYTOM).

Ha camom nene, Z MoxeT ObiTh ompenencHo uepes Z™ memocpencTBenHo. bynem
TOBOPUTH, YTO BXOJHOE CJIOBO W JIOIMYCTHMO BO MHOXXECTBE MAaKCHMaIbHBIX
cepuanuzanuii S, eciu mo00i HavanbHBIA 0Tpe3oK z[1..n] moboi cepuanmzanuu Ze S,
X-TIOZICJIOBO KOTOPOTO SIBIISIETCSl HaYaJ bHBIM OTpe3KoM W, X(z[1..n])<w, Bcerga MOXeT
OBITH IPOJOIIKEH B S cepuanm3anueii z' €S, z[1..n]=z"[1..n], TakoH, 4TO ee X-TIOACTIOBO
xz'<w. Cepuanmzamuio ZeS OyneM Ha3bIBaTh BIIOJHE-IOMYCTHUMOH B S, eciu ee X-
MIOJICJIOBO SIBJSIETCSI HAYAIBHBIM OTPE3KOM WJIM COBIAJAET C JOIMYCTHMBIM BXOIHBIM
CIIOBOM. Bnonne-donycmumuvim (0yanbHuim) 3ambiKaHuem S Ha30BEM IOJIMHOXKECTBO
C<S> Bcex cepuanM3anuii BIIONHE-IONMYCTUMBIX B S; 3AMKHYmMbIM HO 6NOIHe-
odonycmumocmu Ha3oBeM Takoe MHoxecTBO S, yto C<S>=S. Ilockonbky BmecTe ¢
KaXX/IOM BIIOJIHE-IOIyCTUMON CepHaln3aliel ZE€S BIOIHE-IOIyCTHMa TaKkKe JIro0ast
cepuanu3anus z' €S, X-MOJICTIOBO KOTOPOH COBIAAAECT C X-TIOACIOBOM Z, XZ =XZ, WIH
SABIISICTCA €ro HAdaJIbHBIM  OTPE3KOM Xz <XZ, HETPYAHO IOKa3aTh, 4YTO
C<C<S>>=C<S>. bynem Ha3piBaThb X-NOJCIOBO CEpHAU3allMU Z BIIOJHE-
JlormycTuMoro 3aMbikanuss C<S> MakcuManbHBIM, €CITH OHO KOHeuHO, HO B C<S> He
CYIIECTBYET CEepHaIU3alMi Z ¢ OOJIBIIMM X-TIOACIOBOM XZ >Xz. Torma, O4eBHIHO,
MHOKECTBO BXOJHBIX CJIOB JOMYCTHMEIX B S, KOTOpoe MBI Oyiaem 00o3Ha4yaTh W(S),
COBIMAJaeT C MHOXECTBOM BCEX OCCKOHEYHBIX X-TIOJICJIOB M BCEX OCCKOHCYHBIX
MPOJOJDKEHU  MaKCHUMAIBHBIX ~ KOHEYHBIX  X-TIOJICTIOB  CEpPHANIM3AalUN  BIIOJHE-
JIOITyCTAMOTO 3aMbIKaHus C<S>.
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Jns S=Z mormycTHMOCTh BXOJHOTO ClIoBa B Z KakK pa3 M O3HAYaeT, YTO IMPH JOOOM
BBIIIOJTHEHNH HE BO3HHMKHET CHUTYallUM, KOTAa B PELEHTHBHOM COCTOSHHM UYHTACTCS
OUYEpEHON CTHMYJ BXOJHOTO CJIOBA M AJISI 9TOTO CTHMYJa HE OIPEAETICHO IOBEICHNE
aBTOoMara. TakuMm o0Opa3oM, Z-MHOXKECTBO Z SBISICTCS 3aMBIKAHWEM IO BIIOJHE-
JIOIyCTHMOCTH MHOXKECTBA JOMyCTHMBIX cepuammsanuii Z=C(Z™").

Z-MHOXeCcTBO Z OJHO3HAYHO OIpPEIeNIeT aBTOMATHYIO cioBapHyio ¢yskmuo W.
CroBapHyto GyHKIHIO TS Z-MHOKecTBa Z 6ymem o6o3Hadars W(Z):
e Dom(W(Z))=w(Z)=w(Z™) — MHOXeCTBO BXOJHBIX CIIOB 10MycTHMbIX B Z (Z*V).
o VweDomW(Z)) WZ)(w)={yz|zeZ xz<w} — MHOXECTBO Y-TIO/ICIOB
cepuaM3aluil Z-MHOXKECTBa, X-II0JICJIOBA KOTOPBIX COBIAJAIOT C BXOJIHBIM
CJIOBOM WJIH SIBJISIFOTCSL €0 HaYaJbHBIMU OTPE3KAMHU.
Bynem roBoputh, 4TO Kiiacc aBToMatoB N cmpo2o modeaupyemcst KIIacCOM aBTOMATOB
N, ecmu Z[N]<Z|[N'], To ecThb, Uia Kaxaoro aBromara meN CyImEecTBYeT aBTOMAT
m" eN’", UMEIOINK TO e Z-MHOXKecTBO Z[m]|=Z[m"]. Eciu xnaccel aBTomMatoB N 1 N
B3aMMHO CTPOTO MOJCIHMPYIOT JAPYr Jpyra, TO €CTh, MHOXXECTBA HX Z-MHOXKECTB
copmagaror Z[N]=Z[N'], To OyseM TOBOPHUTH, YTO 3TH KIACCHl aBTOMATOB CMPO2O
axeueanenmusi. llpeoOpazoBanus pa3nenoB 2.2-2.4 COXpaHAIOT Z-MHOXKECTBO, UYTO
JIETKO TIPOBEPSIETCS JJIsl KOKAOTO MpeoOpa3oBaHus; MOITOMY BCE JOKA3aHHbIE BBILIE
SKBUBAJICHTHOCTH KJIACCOB SIBJISIIOTCSI TAK)KE CTPOTHMU SKBUBAJIICHTHOCTSIMH.

Koneunyo winm  OECKOHEUHYIO  IIOCJIEIOBATENbHOCTh  CMEXKHBIX  IIEPEXOI0B
(cnenyromuii mepexoj HAauMHAETCA B TOM COCTOSIHHH, B KOTOPOM 3aKaHUMBAETCS
MpeasIayuii) OyZeM Ha3bIBaTh MapIIpyToM. (ABTOMATy COOTBETCTBYET Tpad ero
COCTOSTHMH, B KOTOPOM BEpIIMHBI — 3TO COCTOSHUS, a IYI'H, pacKpalleHHbIE
CTHMYJIaMH, pEaKIMsSMH WMIM  HEpacCKpalleHHble — 3TO, COOTBETCTBEHHO,
MIPUHUMAIOIIHE, TOChUIAIOIINE HIIH MYCThIE MIEPEXO0/Ibl; MOCIEA0BATEILHOCTH CMEKHBIX
MIEPEXOJJ0B COOTBETCTBYET MOCJIEA0OBATENILHOCTh CMEXKHBIX IYI, TO €CTh, MAapuIpyT B
rpade.) Mapuipyty P cooTBeTcTBYeT mOCIeN0BaTEILHOCT, CTUMYJIOB U PEAKLHH ero
HEMYCTBIX TIEPEXOA0B, TO €CTh, CE€pualiu3alursd, KOTOPYIO 6y}1€M Ha3bIBaTh Z-
packpackoi Mapripyra W o00o3HauaTh ZzP; x-moacimoBo xzP Oynem Has3wiBaTh X-
packpackoil mapuipyrta, a y-mojcioBo yzP - y-packpackoii MapuipyTa. Beimonnenuto
aBTOMara JJIsl JAaHHOTO BXOJHOTO CJIOBA W COOTBETCTBYET MapIIPyT, HAYMHAIOIIMNCS B
HadaJIbHOM COCTOSHMH, KOTOPBIH MBI OyleM Ha3bIBaTh MapLIPYyTOM BBIIOJIHEHUS,
MHOXXECTBO TaKUX MapuIpyToB OyneMm o6o3HauaTh P(W). Mapupyr nomyctumoro
BBINIOJIHEHUsI OYZeM Ha3bIBaTh OONYCMUMbIM MAapUIpyTOM — 3TO Jro0OWH MapupyT,
HAuMHAIOMINICA B Ha4YaJbHOM COCTOSHMM W HENpOAOJDKAeMbI, TO €CTb, JHOO
OeCKOHEUHBbIH, JIMOO 3aKaHUYMBAIOUIMKCS B TEPMUHAJIBHOM COCTOSIHUHM; MHOXKECTBO
BITOJTHE-TIOMYCTUMBIX MapmipyToB 0603HauuM P*. MapupyT BrojHe-I01mycTHMOro
BBINOJIHEHUsI OyJIeM Ha3bIBaTh 6HOIHE-OONYCIMUMbBIM MAPIIPYTOM; MHOXKECTBO BIIOJTHE-
JIOIyCTAMBIX MapuIIpyTOoB 0003HaumM P (ecmm Hy)XHO yKaszaTh aBTOMAaT m, Oyaem
nmucath P[m]). MuoxectBo ux z-packpacoxk zP={zP|PeP} Oynem Ha3biBaTh Z-
packpackoii aBTomara.
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[pexae Bcero, 3aMeTUM, YTO JUIS JIFOOOTO BBIMIOJIHEHUS aBTOMATa Y-pacKpacka
MapIIpyTa BBIMOIHEHHUS COBMAJAET C Y-TIOJCJIOBOM CEPHUAIIU3AIMU ITOTO BBIOJIHEHNUS,
HO X-pacKpacka MapuipyTa BbIIIOJIHEHHUS, BOOOIE TOBOps, HE COBIANAECT C X-
MOJICJIOBOM CepUaliM3alliil BBIOJIHEHMS, W, TEM CaMbIM, Z-packpacka Mapuipyra
BBITIOJTHEHHSI, BOOOIIIE TOBOPSI, HE COBMAJAET C cepuaimn3anuell BeimonHeHus. [IpnunHa
3TOr0 B TOM, YTO HE BCSAKOE CpabaThIBAHWE aBTOMATA, M3MEHSIONIEE CePHAN3AIIMIO,
COIPOBOXK/AETCS IepexoqoM. MMeroTcss Tpu Tuia cpabaThbiBaHUI MPH OTCYTCTBUU
JIOMTYCTHMBIX MEPEX0/I0B!
1) cpabaTbiBaHNE B TEPMUHAIBHOM COCTOSTHUM (2BTOMAT OCTaHABIIMBACTCS);
2) cpabarblBaHHE B NPUHHUMAIOLIEM COCTOSHHHU IPH OTCYTCTBHHU €-IIEpEX0JI0B U
MIYCTOM T'OJIOBHOM CTUMYJI€ (IIyCTON CTHMYJI IOMEIIASTCS B CEPUATH3AIIUIO);
3) cpabateiBanue ¢ ¢puKcanueil ommOKkn Hecnenu(UIIMPOBAHHOTO BBOJA, KOT/Ia
HEMyCTOW TOJIOBHOM CTHUMYJl HEIOMYCTHM B TEKYUIEM COCTOSIHUU:
pPELENTUBHOM — JJisi MMIICPATUBHBIX aBTOMATOB, M MPUHUMAIOIIEM — JUIs
(haxkyJIbTaTHBHBIX AaBTOMATOB.
Tele/IHaﬂbHOG cpa6aT1)IBaH1/1e HC HU3MCHACT CepHuaiu3alnio, U I AOOIYCTUMBIX
BBIIIOJITHEHUH OCTAeTCsl TOJNBKO BTOPOW THN cpabaTbiBaHUs, KOTOPHIH H3MEHSET
CepHATM3AIMI0, HO HE COMPOBOXKIACTCS MEPEXOA0M. MBI MOKaXKEM, YTO MOXKHO Tak
peo0pa3oBaTh aBTOMAT, COXPAHSS PEATU3yeMOE UM Z-MHOKECTBO Z M, TEM CaMbIM,
cinoBapHyo pyHKIwo W, 9T00BI TakuX cpabaThIBaHUI HE OBLIO, U ISl TAKOTO aBTOMATa
Z=z7P.
B crenyromux pasjenax Mbl pacCMOTPHUM IpeoOpa3oBaHus, MO3BOJSIONIME MEPEHTH
CHaJyaja K aBTOMaTaM, B KOTOPBIX CEepHaJIM3alys BBINOJHEHHS MO JOMYyCTHMOMY
BXOJIHOMY CJIOBY COBIaJaeT C pacKpacKoll MaplipyTa BBINOJHEHMsS; Jajee — K
aBTOMAaTaM, B KOTOPBIX BCE MapILIPYThI SBIAIOTCA MapLIPyTaMu TaKUX BBIIOJIHEHUH, U
HaKOHeIl — K aBTOMaTaM, B KOTOPBIX BCE MapIIPYThl UMEIOT YHHKAJIBHYIO PACKPACKY, TO
€CTh, KXK/IAsl CePUATTH3ALIUS SIBISIETCS] PACKPACKOU TOJIBKO OJJHOTO MApIIpyTa.

3.2. Tpu Knacca aBTOMaToOB U Z-MHOXECTB

3.2.1. Knacc asmomamos A2, ¢ Komopwvix z-packpacka cognadaem ¢ z-
MHOMCECMEOM (Kadcooe HemepMURAIbHOEe CPAdambleanue ecms
nepexoo)

PaccmoTpum monkinacc A2CA aBToMaToB 0€3 CMENMIaHHBIX COCTOSIHUMN, B KOTOPBIX HET
Cpa6aTblBaHMI>lI TUIIa 2 3TO 03Hay4yacT, 4YTO B TAKOM aBTOMATC B KAXKJIOM IPUHHUMAIOIICM
COCTOSIHUHU OTPEIENICH XOTS Obl OJUH e-TIePeXOj] M TOrJa KaKI0e HETCPMHUHAIbHOE
cpabaTbIBaHHE [T TOIYCTHMOTO BBIITONHEHUS COMPOBOXIACTCs nepexonomM. [loaromy
KaXIbI JOMYCTHMBIA MapmIpyT KakK IIOCIEeIOBATEIBHOCTh IIEPEXOJ0OB B3aWMHO-
OTHO3HAYHO COOTBETCTBYET IOCIEIOBATEIEHOCTH HETeP-MUHAIBHBIX CcpabaThIBaHUI
aBTOMaTa, Z-packpacka MmapuipyTa zP coBmamaer ¢ cepmanu3anuiell BHIIONHEHUS, a Z-
packpacka aBTOMaTa COBIAmaeT ¢ ero Zz-MHokectBoM Z=zP. Ilpu »stoM s
JormycTumMoro BxoaHoro cinoBa weDom(W) u mapmipyTa Beinosiaenus: PeP(w) umeer
Mecto XZP<w u yzP eW(w).
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Teopema o cpadaTbiBaHusIX U nepexoaax: Kiacc aBToMatoB A CTpOro MoJeIUpyeTcs
CBOHMM ITOJKJIacCOM A2.

JoxazareiabcTBo: OT cpabaTpiBaHMii THIA 2 JIETKO H30aBHTHCH, €CIIM B KaKIOM
MPUHUMAIOIIEM COCTOSHHH V, B KOTOPOM HE OINpPEICIICHBbI e-IIepexo/ibl, 100aBUTh e-
nepexoa (v,e,v), He U3MEHSIOMMHA cocTossHUs (metiro). OYeBUAHO, UYTO TaKue
HpeOGpa?)OBaHI/lﬂ HC U3MCHAKT Z-MHOXXCCTBO, a HOHyHHBmHﬁCﬂ aBTOMAT OTHOCHTCS K
kiaccy A2.

Teopema o cpabaTbIBaHUIX M EPEX0ax JOKa3aHa.
CaencrBue: ockonsky Z(A)=Z(M), A2cA u Z(A)cZ(A2), oueBuaHo, Z(A2)=Z(M).

3.2.2. Knacc aemomamog A3, 8 KOmopwix 6ce 0OnycCmumble Mapuipyniol
(cepuanuzayuu) 6noiHe-00nyCmumbl

B aBromare kiacca A2, BooOIIe TOBOpSA, HE BCE JOMYCTHMBIE MapUIPYTHI SBISFOTCS
BIIOJIHE-JOMTyCTUMBIMU MapIlIpyTamMu. PaccMorpum monkiaacc A3cA2 aBTOMAaToB, B
KOTOPBIX BCE JJOIYCTUMBIE MapIIPYTHI BIIOJIHE-IOITy CTHMBI.

Teopema 0 BHOJHe-IOMyCTHMbIX MapmpyTtax: Kiacc asromaroB A2 crporo
MOJIEIUPYETCS CBOMM MoJKIaccoM A3.

Joxa3aTteabcTBo: [lycts 3aman aBromat m=(V,vy,X,e,Y,T) kimacca A2; MbI IOCTpPOUM
aBTOMaT M, UMEIOLIN TO K€ Z-MHOXECTBO Y IPUHAJISKAIINNA Kiaccy A3.

Jlng kaxxnoro HemycTroro noaMHoxkecTBa coctossHuii HCV moctpoum y-nogasromar
yH, mepexoabl KOTOPOro — 3TO BCE€ IEPEXOAbl, MPHHAUICKAINE MapIipyraMm B m,
HauMHAIOINMCS B cocTosiHMAX n3 H M comeprkamiyM TONBKO MOCHUIAIONINE U ITyCThIE
Mepexoapl, a COCTOSHUA — O3TO COCTOSIHHS WHIOMACHTHBIE  TakWM II€pPexonam
(sIBIISIFOLLIMIECS MIX HAYanaMK U KoHIaMu). MHoxecTBo H Oyznem Ha3pIBaThb MHOKECTBOM
6xo0Hwlx cocmosHuil y-nogasromata YH. Uepes tH 0603HaunM MHOKECTBO COCTOSHUI
y-II0AaBTOMATa, SIBJISIOLIMXCS MPUHUMAIOUIMMH B M; 3TO MHOXXECTBO COCTOSIHUH Y-
nojaBToMaTa OyJieM Ha3bIBaTh €r0 MHOXECTBOM 8bIXOOHbIX cocmosanuii. I1orydeHHble
Y-II0JJaBTOMAThI, KaK I10JaBTOMAThl OJHOTO aBTOMara, MMEIOT OOLIMe COCTOSHUS U
nepexonsl. Ham HyxkHO "packieuts" —HUX, TIpeBpaTMB B  y-aBTOMAaTbl C
HEIepeCceKaroIUMICI MHOXKECTBAMU COCTOSIHUN U nepexooB. [loaTomy amis Kakaoro
y-nopasromara yYH onpenenum coorBerctByromuii y-asromat (YH,H), nonydatonuiics
NEpEeMEHOBAaHNEM COCTOSIHMM: KaKIOoe COCTOsiHME V U3 y-nogaromara YH B y-
aBromate (YH,H) o603naunm kax (v,H).

ABTOMAaT M’ CTpOMTCS Kak OObeIMHEHHE BCEX Y-aBTOMATOB aBTOMAaTra M, B KOTOPOE
J00aBIIeHb! IOMOTHATEIbHbIE IPUHUMAIOLINE MePeXo/ibl ciaeayomumM crocobom (Puc.
24):
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meA2 m' €A3

) x

0003HAYECHHUA:

HayYaJbHOE COCTOSIHHE I - Vg
HaYaJIbHOE COCTOSTHHE M’ - (Vo,{Vy})
y-aBToMar
BXOJIHOE COCTOSIHUE
BBIXOJIHOE COCTOSIHUE
OJHOBPEMEHHO
BXOJIHO€ ¥ BBIXOJHOE COCTOSIHHE

1)

2)
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Puc. 24

Jna xaxnmoro y-momaBromMata YH u kaxngoro crtuMyna X (IycToro HWiH
HEITyCTOr0), JOIyCTUMOTO B aBTOMAareé M B KadcOOM BBIXOJHOM COCTOSIHUH
y-nopaBToMara, ompenensercs MHoxkecTBO R(H,X) mpuHHMarounmx mnepexoJos,
HAYMHAKOIIUXCA B ATUX BBIXOAHBIX COCTOSTHUSX.

Jus muHoxkectBa H' konmoB mnepexomoB w3 R(H,x) paccmarpuBaercst y-
momaBTomar yH'.



3) Hua xaxmgoro mepexoma (v,x,v' )eR(H,x) B aBTOMaTte m’ m00aBUM TIepexof
((v,H),x,(v',H")) u3 Beixonnoro cocrosinus (v,H) y-aBromata (YH,H) Bo BXxoaHoe
cocrosiaue (v',H") y-aBromara (yH',H").

4) HauvanbHBIM COCTOSHHEM aBTOMaTa M OOBSBUM cocTosiHHE (Vo,{Vo}) y-aBTOMara
(y{vo}>{Vo}) (cOOTBETCTBYOIIMII y-IIOJJABTOMAT MOPOKIACTCS OJHIUM HAYaIbHBIM
COCTOSTHUEM {V,} aBTOMaTa m).

5) TIlocme »TOrO OCTaBIieM B aBTOMAaTe M TONBKO TE€ COCTOSHHSA, KOTOpPHIE
JOCTIKAMBI U3 HAYAIBHOTO COCTOSIHUSA (Vo,{V(}), X TOIBKO TE IMIEPEXOIbI, KOTOPHIC
OTIpENIeICHBI B JOCTHKIUMBIX COCTOSHUSX.

[To mocTpoeHHO BUIHO, YTO aBTOMAT M’ 00J1a1aeT BCEMHU HYKHBIMU CBOHCTBaMH.
TeopeMa o JOMYyCTUMBIX MapIIPyTax JOKa3aHa.

3ameuanne: Ha Puc. 24 He mokazaHbl e-TIETJIM, ONPEACIICHHbIE B KaKIOM
MIPUHUMAIOIEM cOCTOSTHUH. C Yy4eTOM 3THX IeTeIb BRIACIAIOTCS €IIe 1Ba Y-aBTOMAra:
(y{2,3},{2,3}) u (y{0,2,3},{0,2,3}), B KOTOPBIX BXOJ COBIAJAET C BHIXOJOM, BO BCE MX
COCTOSIHUSL BEIyT e-TIepeXO bl U3 BCEX KOMMid MpuHUMaronx coctosuuii 0,2,3 Bo Bcex
y-aBTOMaTax M BO BCEX COCTOSHHUSX OTHX Y-rpad)oB oOmpenesieHbl MPUHUMAIOIIHNE
MepexoIpl 0 CTUMYJTY X BO BXoJHOe cocrosiaue y-rpada (y{0},{0}). B aTom aBTOMaTe
CYLIECTBYET HEIOMYCTUMBIH Geckoneunbii mapmpyr 0—x—>1,(1—y,—>3,3—x;—>1)"
(3TOT MapUIPyT SABJIAETCS MAPIIPYTOM BBIMOJHEHHS TOJLKO Ul OAHOrO CiioBa X(X;)®,
OJIHAKO 3TO CJIOBO HEIOMYCTHMO, MOCKOJBKY HJsi HEr0 MMEETCsl IPYroi MapuipyTt
BBITIOJTHEHUSI 0—x—1,1—y;>2, 3aKaHYMBaIOIIUICS 1o ommbke
HecTenu(UIIMPOBAHHOTO BBOJIA: B COCTOSHHUU 2 CTHUMYJI X HEJIOITyCTUM).

CaencrBue: mocKOBKY Z(A2)=Z(A)=Z(M), A3cA2 u Z(A2)cZ(A3), odeBUIHO,
Z(A3)=Z(M).

Bbimie MBI y)keé TOBOPWIIM, YTO MOCKOJBKY aBTOMAT C HEKOTOPOI'O MOMEHTa MOXKET
MIPEKPATUTh BBIOOPKY CTHMYJOB W3 BXOAHOW OYEpenH, X-IIOJCIOBO CEPHAIU3ALNU
MOXET HE COBNaJaTb CO BXOJHBIM CIOBOM, a SIBJISATHCA €r0 HAYalbHBIM OTPE3KOM.
Termepp MBI MOXEM II0Ka3aTh, YTO HEPAaBEHCTBO XZ<W [UI1 CEpHAIN3AlUU Z
BBINIOJIHEHHUSI MO0 HEKOTOPOMY JOIYCTUMOMY BXOJHOMY CJIOBY W U KOHEYHOCTH X-
packpacku Mapuipyta PeP(w), xzP<w HocAT mpuUHOMIUANBHBIA XapakTep. Ecmm
BBINTOJIHEHHE 3aKaHUYMBAETCSA B TEPMUHAIBHOM COCTOSHHUH V (CepHasin3anus ¥ MapIipyT
KOHEUYHBI), TO 3TOT CIy4dai JIeTKo OOOWTH, MmpeoOpa3oBaB aBTOMAT C COXpaHEHHEM
crnoBapHo# GyHKIMH (ITpaBaa, 6e3 COXpaHEeHUs CepUAM3AIIMi): I OTOTO TOCTATOYHO
CIIeNIaTh COCTOSIHUE V MPUHUMAIONINM, OTPEIEIIUB B HEM MEePEeXOAbI-NIeTIIN (V,X V) IS
Bcex cTuMysoB X €X'. OgHaKo, ApYror cirydai, KOT/Aa BEIIOTHEHHE OECKOHEYHO, HO C
KaKoOro-TO MOMEHTa IPOXOAUT TOJBKO UYEpPE3 HEPELENTHUBHBIE COCTOSHUS (MapIIpyT
OeckoHeueH), 00oiTH He ypaaercsi. Mbl MOKaXeM, YTO JUIsi HEKOTOPBIX CIIOBAPHBIX
GbyHKIMH J1I000# peann3yronmi UX KOHEYHbIH aBTOMAT BHIOMPAET U3 BXOJHOM oYepenu
JIMIIb KOHEYHOEC YUCJI0 CTUMYJIOB IJIsI HCKOTOPBIX JOIMYCTUMbBIX BXOAHBIX CJIOB.

Teopema 0 KOHEYHOM X-MOACJI0BE CepHaATIU3aAlUN: CyH.IeCTBy}OT TaKH€ aBTOMATHBIC
CJIOBAPHEBIC d)yHKLII/II/I, YTO B JIFOOOM KOHEYHOM aBTOMATe, X peaAIN3yronIeM, HMEECTCAI
BIIOJIHE-AO0IIYCTUMOE BBITIOJIHEHUE C KOHEYHBIM X-II0ACJIOBOM CE€pHAIN3AIIUH.
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Joxa3zarenabcTBo: [IpuMepoM MOXKET Cily)KHUTh cloBapHas (DyHKIHsI aBTOMara Kiacca
A3, usobpaxennoro Ha Puc. 25: e—(), e*x(e*x)"e“—>{y%y*y:"}, (e*x)*=>{y",y*y:“},
rae n=0.. — 4ncio 3aBUCHUMBIX ITOBTOPEHUH - BCE BXOX/IEHHS N B MOKa3aTeJe CTENEHU
YKa3bIBAIOT Ha OJHO M TO K€ YHCIIO ITOBTOPEHHUi n, "*" — kaKk 0OBIYHO, HE3aBHCHMOE

YHUCJIO HOBTOpeHI/Iﬁ HOJIb WK OoJiee pas.
| ] ]

Puc. 25

JomycTnm, CymecTByeT aBTOMAT, pealn3y oIl 3Ty CIOBAPHYIO (DYHKIHIO, B KOTOPOM
BCE BIIOJIHE-ZIOMYCTUMBIE CEpPHANM3AINNA HMEIOT OECKOHEUHBIE X-TojcioBa. Toraa,
OUYEBHJHO, CYIIECTBYET TaKOW k€ aBTOMAaT Kiacca A3, m B HEM BCE JOIyCTUMBIC
MapIIpyThl UMEIOT OECKOHEUYHbIE X-IOZCIO0BA. 3aMETUM, YTO, COTJIACHO CIIOBapHOM
(bYHKUMH, BXOAHOE CIIOBO X MOKET OBITH OTOOPAXKEHO B BHIXOAHOE CJI0BO y*. OTCIOa
CIIeIyeT, YTO B aBTOMAaTe €CTh OCCKOHEYHBIH NOIMyCTHMBIA MapumpyT P Takoif, 4to
xzP=x® u yzP=y®. Torma cyuiectByeT LUKIMYeCKUi MapupyT C, BCE NEPEXObl
KOTOPOTO - 3TO IPUHUMAIOLINE MEPEXObI 0 CTUMYIY X WM MOCBUIAIOIINE TEPEXOMIbI
C peakuuei y, mpu4yeM 4HuciIo M Tex u apyrux B mapupyrte C Oousbine Hymsa. Tawoke
JIOJDKEH CYILECTBOBaTb KOHEUHbIM MapmpyT N, HauyuHaOMWMKCA B HAa4aJlbHOM
COCTOSIHUH M 3aKaHYMBAIOLIHUICA B HaualbHOM cocTosHuH nukia C. B aBromare knacca
A3 B NpUHUMAIOIIKX COCTOSHUSX ONpeAeieHbl e-nepexosl. IIycTh Takol e-mepexon
OIpENIENIEH B COCTOSIHUY, B KOTOPOM onpeaeneH npuHuMmaromuil nepexon Cli], u mycts
E — npou3BoIbHBIN MaplIpyT, HAUMHAIOLIUICS 3TOM COCTOSIHUH, COAEpKAILUN TOIBKO
TTOCHUTAIONINE, ITyCTHIE M e-TIepexobl (He COAeprKaInid X-TIepexo10B) M OECKOHEUHBIH
WM 3aKaHYMBAIOLIUICS B TEPMHMHAJIBHOM COCTOSIHUM. PaccMOTpuUM J0OIyCTUMBII
mapuipyt P1=N*CACJ[l..i-1]"E. B Hem, o4eBHIHO, KOHEYHOE HEHYJEBOE UHCIIO
NPUHUMAIONINX IEPEXOA0B 10 CTUMYJy X. Torza, B COOTBETCTBUH CO CIIOBapHOM
¢yHKIMEH, B HEM MAOJDKHO OBITh KOHEYHOE 4YHCIO IIOCHUIAIOIIMX IEPEXOAOB II0
peaKiuu y;; MycTh 3TO YMCIO PaBHO N. Torma paccMOTPUM JOIYCTUMBINH MapIipyT
Pn=N~C"?AC[1..i-1]"E. B Hem, 04eBHIHO, KOHEUHOE Yncio N>n+2 TIPUHUMAFOIIIHX
nepexosioB mo crumyny X. OueBunno, N-1>n. Torma, B COOTBETCTBUU CO CIOBapHOU
(dbyHKIMEH, B HeM JO0DKHO ObITh N-1 MOCBUIAIOIIMX MEPEXO0J0B MO PEaKiMé yi, HO,
nockonbky C He COIEpKUT Y -epexoaoB, MapmipyT Pn pgomkeH comepikaTh CTONBKO
JKE y;-IIEPEXOA0B, CKOIbKO UX COAEPKUT MapupyT P1, To ecTh, n, 4ero He MOXKET
ObITb, MOcKOJbKY N-1>n. MbI NIpUIIUTM K IPOTHBOPEYHIO U, TEM CaMbIM, YTBEPKICHNE
JIOKa3aHo.

TeopeMa O KOHCYHOM X-IIOJICJIOBC C€pHain3alilui JOKa3aHa.
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3.2.3. Knacc aesmomamoe A4 ¢ 0emepmuHupo8aHHbIM Z-MHOHCECHIBOM

Pacnipoctpannm monATHE PETYISIPHOCTH [7-9] Ha MHOXKECTBa HE TONBKO KOHEUHBIX, HO
u 6eckoHEeYHBIX cOB. [IycTh 3a1aH HEKOTOPHIH andaBUT CUMBOIIOB A. Ilopodcoarowum
epaghom Oynem HazbiBaTh rpad G ¢ BBIACICHHBIMM HAYaJbHBIMH M KOHEYHBIMH
BEpIIMHAMHU, HEKOTOpHIE Ty KOTOPOTO PacKpalleHbl CUMBOJAMHU W3 A. MapupyTt B
rpage G MMeeT pacKpacKy Kak IOCJIeJOBaTElIbHOCTh PACKPACOK €ro PacKpalleHHbIX
Iyr (HepacKpallleHHbIe — MYCThIE — IYTH MpomyckaroTcs). [lopoocoaiowuti MapipyT —
MapmpyT, HAYAHAIOMIMACS B HAYAIBHOW BepIIMHE W  OCCKOHCYHBIA WU
3aKaHYHMBAOIIUIICS B KOHEUHOH BepiinHe. byneM rosopurs, uto rpad G nopoowcoaem
MHOKECTBO PACKpPacOK BCEX MOPOKIAIONINX MapmpyToB rpada. MuoxectBo cioB H B
andasure A OylneM Ha3bIBaTh pe2ylspHbIM, €CIA OHO TOPOXKIACTCS HEKOTOPBHIM
KOHEUHbIM TIOPOKTAOIIIM TpadoM.

[Mopoxnaromuii rpad G OyzneM Ha3bIBaTh OemepMUHUPOBAHHBIM, ECITH U3 KaXJIOH ero
BEPLIMHBI BBIXOAWT He Oojiee OJHOM Iyrd, pacKpamleHHOW JaHHBIM CHMBOJIOM M3
ancdasura A. KoHeuHBIH eTepMUHUPOBAHHBIN ITOPOKAAIOIINI rpad OyaeM Has3bIBaTh
HOPMANbHBIM, €CITH OH UMEET OfHY Ha4albHYIO BEPIIMHY, HE UMEET IyCTHIX AYT U BCE
BEPUIMHBl JOCTW)KMMBI W3 HadalbHOM BepmMHBL OUYeBHIHO, B HOPMAJILHOM
MOPOXKIAoNIEM rpade BCe MOPOKAAIOIINE MapIIPyThl UMEIOT Pa3HbIE PACKPACKH, TO
€CTh, KaXJO€ CJIOBO M3 IOPOKAAEMOTO MHOXECTBA IIOPOXKAACTCA POBHO OJHUM
MapIIpyToM. AHAJOTMYHO CIY9al0 PETYISIPHBIX MHOXKECTB KOHEUHBIX CJIOB, MOKHO
c(hOopMyITHPOBATH CIEAYIONLYIO TEOPEMY:

Teopema 0 HOpMaJbLHOM mNoOpo:kaaumeM rpage: Kaxnoe peryiasipHoe MHOMXKECTBO
CJIOB MOPOXKIAETCS HOPMAJIBHBIM MOPOXKIAIOMIAM TpadoM.

Hoxa3aTteabcTBo: [IycTh 3aaH MPOU3BOJIBHBIN KOHEYHBIH mopoknaromuil rpad G;
MBI TIOCTPOMM HOPMaJbHBI mopoxnaromwidi rpad G°, mopoxnmarommid TO Xe
MHOXECTBO cJIOB. IIpueM ero mocTpoeHus MOX0XK Ha COOTBETCTBYIOIUI NpHEM AJS
MOPOXKJAIONIMX I'padoB PETYISIPHBIX MHOXKECTBO KOHEUHBIX CJIOB [7,9].

Ortan 1. [Ipexnae Bcero, 3aMeTUM, 4TO, €CIIM B BEPIIMHE V, JOCTHKUMOW U3 KaKOM-
HUOYJIb HAYaIbHOW BEPIIMHBI, HAUMHAETCS MApIIPYT, COCTOSIIUNA TOJIBKO U3 MYyCTHIX
Iyr U OCCKOHEYHBIM WM 3aKaHYHMBAIOUIMICS B KOHEYHON BepmiuHe rpada G, To
BEePIIUHY V MOXXHO IIOMETHTh KaK KOHEYHYH 0€3 W3MEHEHHS IOPOXKIACMOTO
MHOXecTBa cjoB. [IponenaeM 3Ty npoueaypy AJis BCeX TaKUX BEPILUH V.

Oran 2. Jlanee BepinHamu rpadga G 00BsIBUM BCe HEMYCThIE MOJIMHOMXECTBA BEPIINH
rpada G. s xaxxporo noaMHoxecTBa BepiinH U M KaKJOro CUMBOJ @ pacCCMOTPUM
KOHEYHbIH MaplIpyT, HAYMHAOIIMKCA B HEeKOTOpou BepiuuHe u3 U, Bce ayru KoToporo
HepacKpalleHbl, KpOME OJIHOHM, pacKpalleHHOW cCHMMBOJOM a. Ecnm Takme mapripyTbl
ectb 1 H — mHOxecTBO ux koHuos, To mnposegem nayry (Ux,H) us3 U B H
packpauieHHyl0 cuMmBosioM a. HawanpHoli BepummHOW rpada G° oOBSIBUM MHOXECTBO
Bcex HadanbHBIX BepiinH rpada G. KoneunsiMu Bepmmaamu rpada G' o0bSIBEM Bce
MHOJKECTBA, COAEpIKaIIe XOTs Obl OqHYy KOHEeuHyIo BepmuHy rpada G. Ilocie storo
yranmuMm n3 G Bce ero BepIINHBI, HEAOCTI)KUMBIE U3 HA4YaJIbHOH, M BCE MHIUIACHTHBIC
um nyru. [lonydeHnslii rpad sBisieTcs HopMalbHBIM 110 octpoenuio (Puc. 26).
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Puc. 26

Iockonsky nmyre (U,a,H) rpada G° B3auMHO-OJHO3HAYHO COOTBETCTBYET HEIYCTOE
MHO)KECTBO BCEX KOHEYHBIX MaplpyToB rpada G, HaunHaromumxcst B BepiinHax u3 U u
MMEIOIINX packpacky (a), To u jobomy Mapuipyty P* rpada G, HaunHaromemycs B
BepiumHe U B3aMMHO-OJIHO3HAYHO COOTBETCTBYET HEIYCTOE MHOXECTBO BCEX
MapupyToB rpadga G, HaunHarommxcs B BepmiMHax M3 U M HMMEIOMMX TaKylo >Xe
packpacky, uto u P. [lockonbKy HauanpHast BepuHa G' €CTh MHOKECTBO HAadaJIbHBIX
BepmH G, a koHeyHas BepmmHa G' CcoOmepKUT KOHEUHYI0 BepmmHy rpada G
(BruTrOUas mobOaBieHHBIC Ha dTarne 1), mopokaaromemy Mapmpyty rpada G*, oueBHIHO,
B3aMMHO-OJJHO3HAYHO COOTBETCTBYET HEIYCTOe MHOXXECTBO BCEX IIOPOXKIAIOIINX
MapuipyToB rpada G, IMEIONINX Ty K€ PacKpacKy.

TeopeMa O HOPpMAJIbHOM MOPOKAA0IIEM rpaq)e JOKa3aHa.

B aBromare xiacca A3 Bce AOIMyCTHMBIE MapHIPyTHI BIIOJIHE-IOMYCTUMEL lloaToMmy,
eciii B rpade COCTOSHHA TakOro aBToMara KOHEUYHBIMH BEpIIMHAMH OOBSBUTH
TEpMHHAIBHBIE BEPIIMHBL, TO TaKoil rpad sBISETCS NOPOXKAAIIUM rpadoM B
00BenMHEHHOM an(aBUTe CTHMYJIOB (BKJIIOUAs ITyCTOW CTUMYJ) M peakumit X VY, a
MOPOXXIAEMOE UM pETYJSIPHOE MHOMKECTBO SBJSIETCSI Z-MHOXKECTBOM —aBTOMarTa.
OpnHako, B o0meM citydae, STOT IOPOKAAIOIIUKA rpad HEAETEPMHUHHPOBAH, TO €CTh,
MOXET CYIIECTBOBATh HECKOJIBKO Pa3HbIX AOMYCTUMBIX MapIIPyTOB, HIMEIOIINX OJHY U
Ty )K€ Z-DPacKpacKy. 3aMeTHM, 4YTO JETepPMHHHUPOBAHHOCTH Tpada COCTOSHHH Kak
MOpOXAaomero rpada BOBCE HE O3HAYACT ACTEPMUHHPOBAHHOCTH aBTOMATa: BCE
MPUHUMAOIINE TEePEeXObl, ONpPEACICHHbIE B ITAHHOM COCTOSHUH, OTJIHYAIOTCS
CTUMYJIaMH W TIOSTOMY TIPH IaHHOM TOJIOBHOM CTHMYJIE BO3MOXEH TOJIKO OIUH
MPUHUMAOIINI TIEpEX0/; OHAKO, XOTS BCE MOCHUIAIOIINE IEPEX0Abl, ONpPEICICHHBIE B
JAHHOM COCTOSIHUH, OTJIMYAIOTCS PEAaKIUSAMH, IOIMYCTHM 000 M3 HUX U BEIOOp
MOCBUTAIOIIET0  Tepexona, TO €CTh, IIOCBUIAEMON  PEaKUWH, IO-TIPEeKHEMY
HenerepMuHHpoBaH. Kitaccom A4cA3 Ha3zoBeM MmoJKIIacc, B KOTOPOM BCE JOMYCTHUMEBIE
MapuipyThl MMEIOT YHUKaJIbHBIE Z-PACKpPacK, TO €CTh, rpad COCTOSHHH KOTOPOTO
SBJISIETCSI IETEPMUHUPOBAHHBIM MTOpOXKIaouuM rpadoM. Byaem ropopurh, uto Takue
aBTOMATbl — 3TO aBTOMATbl C ACTCPMHUHUPOBAHHBIM Z-MHOKECTBOM. boiee CTporo,
ciefioBajio Obl TOBOPUTH O MYJIBTH-MHOXKECTBE CEepHaIM3alMid (MapHIpyTOB) —
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MHOXKECTBE C MOBTOPSIIOLIMMUCS JJIEMEHTaMH, TIe Kaxaas cepuanusanus (packpacka
MapIIpyTa) MOBTOPSIETCSl CTOJNBKO pa3, CKOJBKMM BBIIIOJIHEHUSIM (MapluipyTam) OHa
COOTBETCTBYET; AETEPMUHHUPOBAHHOE MYJIBTHMHOXXECTBO — 3TO OOBIYHOE MHOXKECTBO,
TJIe KaX/IbIH SJIEMEHT ITOBTOPSIETCS] OMH Pa3.

Teopema o JeTepMUHUPOBAHHOM Z-MHOKecTBe: Kakplii aBToMar kiacca A3 cTporo
MOJIENIUPYETCS. HEKOTOPBIM aBTOMAaTOM Kiacca A4.

JoxazaTtenabcerBo: Ilycts 3aman aBToMaT m kiacca A3, MBI OCTPOMM aBTOMAT m’,
HMMEIOIINH Ty K€ Z-pacKpacKy U MPHHAIIISKAIINN Ki1accy A4.

Oran 1. I'padp cocrossHMi aBTOMara m MOXXHO paccMaTpuBaTh KakK HOPOXKAAOIINI
rpad, KOHEUHBIMH BEPIIMHAMH KOTOPOTO SIBISIFOTCS TEPMHHAIBHBIC COCTOSHHS.
3aMeTHM, YTO MOPOXKIAIONINE MAPLIPYThl COBIAJAIOT B 3TOM CIIydae C JOIYCTHMBIMHU
Mapmpytamu. [t aToro rpada mocTpouM HOPMaIbHEIA MOPOKAAIONIHA Tpad.

Oran 2. B nmonmy4ueHHOM rpade MOTyT HOSBUTHCSI KOHEUHBIE BEPIIHMHBI, HE SBIISIFOLIHECS
TEpPMHUHAIBHBIMU. UTOOBI N30aBUTHCS OT HUX, M3 KOKIOM TaKOHW BEPUIMHBI V IIPOBEAEM
MYCTYIO OYTy B KaKylO-HHOYIb TEPMHHAIBHYIO BEPLIMHY (€CIIM TakMX HET, J00aBUM
HOBYIO TEPMHUHAJBHYIO BEPUINHY) W OOBSIBUIM BEPIIUHY V HE KOHEYHOH. O4eBHIHO,
NOpOXKIaeMoe MHOXECTBO OT OJTOro He HM3MEHHTCs, a rpad ocraHeTcs
JIETEPMIHAPOBAHHBIM ITOPOXKIAOIINAM rpadoM (XOTs yKe M He HOPMaIbHBIM).

Oran 3. B noxyueHHOM rpade MOryT OBITh CMEIIaHHbIE BepIIMHBL. UTOOBI M30aBUTHCS
OT HHX, JUIA KOKI0H CMEUIaHHOH BepLIMHBI V J0OaBUM HOBYIO BEpLIMHY Vi U IYCTYIO
nyry (v, vp), a KaKIyl NPUHUMAIOIIYIO Iyry, BeAyulyro u3 v, (V,x,v'), rae xeX',
3aMEHMM Ha IPHHUMAIOIyI0 Ayry u3 vy — (V,X,v'). Bepmmnaa v Oyner Temneps
MOCHIUTAIONICH, a BepmmHa Vv; — npuHuMatomei (Puc. 27). Packpacku MapmipyTos,
OUYEBHJHO, HE M3MEHWINCH (IOOABIEHHbIE MyCTHIE AyTM HE YYAaCTBYIOT B PACKpacKe
MapIipyTa) u rpad OCTaics JeTePMHUHAPOBAHHBIM MTOPOKAAIONIIM TpadoM.

~ ~
¥ ¥
X = X
Ay &Y
Puc. 27

Orot tpad Oymem cumraTh rpadoM cocTosHHN aBromMara m . Ilo MOCTpoeHuio OoH
OTHOCHUTCSL K Kiaccy A2 (HET CMEUIAHHBIX COCTOSHHH U B KaXIOM MPHUHUMAIOIIEM
COCTOSIHMM OIIpEJIeNieH e-Iepexo]i, MOCKOJbKy Tak Obuio B m). [lo mocrpoeHwro,
MHOKECTBAaM BCEX OJIMHAKOBO PACKPAILICHHBIX JOMYCTUMbIX MapHIPYTOB B M B3aHMHO-
OJTHO3HAYHO COOTBETCTBYIOT TaK K€ pacKpallleHHbIE JOMYCTHMbIE MapUIPYThl B M, TO
ectb, Z™[m']= Z™[m]. Ilockonbky m oTHOcHTCH K Kiaccy A3, B HeM Bce
JIONYCTHMbIE MapLIpyThl BrojHe-gonycTuMbl  Z[m]=C<Z™'[m]>=Z""[m], nostomy
Z[m'|=C<Z"[m’|>=C<Z™"[m]>=Z"[m’] u Z[m'|=Z[m], To ecTb, aBTOMAT M TOXKE
OTHOCHUTCSL K Kiaccy A3 M HMMeeT TO K€ Z-MHOXeCTBO, uTo m. M3 nerepmunHnzma
MOpOXKIaoIero rpada cliefyeT NeTepPMUHUPOBAHHOCTh Z-MHOXKECTBA B M, TO €CTb,
m’ OTHOCHTCS K Kiaccy A4.
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Teopema 0 neTepMUHHPOBAHHOM Z-MHO>KECTBE JI0Ka3aHa.

3.3. ABTOMaTHble MHOXeCTBa Cepuanusauui, pacnosHawliuve u
oTBepraouwune aBTomMmaTthbl.
MuoxecTBo S cepuanuzanuii OyaeM Has3bIBaTh dGMOMAMHBIM, €CIIA OHO SIBISETCS Z-
MHOXXECTBOM HEKOTOPOTO aBTOMaTa. Bplle yXe I0Ka3aHo, YTO aBTOMAaTHOE
MHOXXECTBO PETYJSIPHO, W s TOTrO, YTOOBI pETYISIPHOE MHOECTBO OBLIO
ABTOMATHBIM, HY>KHO, 9TOOBI OHO OBLIO 3aMKHYTO IO BITOJTHE-AoIycTuMocTH C<S> = S
1 JT1000#1 HadaIbHBIH OTPE30K CepUaNM3alliy, MPOIODKaeMbIii B HEH CTUMYJIOM, MOT
OBITHb TaKke MPOJOIKEH IYCTHIM CTHMYJOM (JIOIyCTHMOCTb ITyCTBIX CTHMYJIOB BO
BCEX PELENTUBHBIX COCTOSIHUSAX). TakuMm 00pa3oM, MBI IMEEM CIIEAYIOIIYIO TEOPEMY.
Teopema 00 aBTOMATHOCTH MHOXKecTBa cepuajumsanmuii: HeoOxomumeiM U
JOCTaTOYHBIM yCJIOBHEM aBTOMAaTHOCTH MHOXECTBA S cepualu3aluil sBISETCS
BBITIOJTHEHHE CIIEYIOMINX TPeX TPeOOBaHMIA:
e PeryasipHocTh: MHOXECTBO S peryisipHo.
e JlomycTHMOCTH X-MOACHOB: Bce X-mocnoBa cepranm3anuii U3 S JOITyCTUMBI
B S, 94TO SKBUBAJICHTHO 3aMKHYTOCTH S 10 BIToJHe-HomyctumMocta C<S> = S.
e JlomycTHMOCTH IYCTOro cTumyJia: Jns mro0oii cepuanm3anuu ZzeS moOoH
€¢ HayalbHbIM OTPE30K U<Z, HEMOCPEICTBEHHO NPEIICCTBYIOUINN CTUMYIY
z[nu+1]€X’, rae nu — [UIMHA W, MOXET OBITH MIPOJOIDKEH ITyCTHIM CTHUMYJIOM,
TO €CTh, CYIIECTBYET Z €S TaKas, 4To ue<z .
C TOYKHM 3peHus TECTHPOBAHUS, IPEACTAaBISET HHTEPEC BOMPOC: CYIIECTBYET JIU
aBTOMAT, KOTOPBIH, MMesI BO BXOJHON OYEpeNH CepHaM3allfIo, ONPENEIsieT, MOXKET

DT

WM HE MOKeT OHa NTPUHAJIC)KATh Z-MHOXKECTBY 3aJJaHHOTO aBTOMata. [IoCKOIBKY peub
WJIET HE TOJBKO O KOHEYHBIX, HO U O OECKOHEUHBIX CJIOBax, Mbl B OOLIEM cilyyae He
MOXXEM TOBOPUTb O pACHO3HANOWUX aBTOMAaraX, TO €CTh, AaBTOMATaX, KOTOPBIE
OIIpeessuI Obl NPHHA/IEKHOCTh CJIOBA MHOXECTBY 32 KOHEYHOE YHCJIO IIaros, TO
€CTb, II0 €r0 Ha4aJIbHOMY OTPE3Ky KoHeuHoW anunbl. Hanpumep, aBTomar Ha Puc. 28
UMEET CepHaNu3alnio Xy“ €Z, KakIbli Ha4yajbHBIA OTPE30K KOTOPOW Xy" sBJseTCS
HayaJlbHBIM OTPE3KOM cepuanuzanuu  Xxy'y;“¢Z. 3ameTuMm, 49TO JUIsl MHOXECTB
KOHEUYHBIX CJIOB PACMNO3HABAEMOCTh COBIAJAET C PETYJSIPHOCTBIO: IO HOPMAJIBHOMY
HOpoXKIatoeMy rpady JIETKO MOCTPOUTh rpad COCTOSIHUI PAacHO3HAMOILIEr0 aBTOMATa,
a 1o rpay COCTOSHHMI PacIO3HAIOIIEr0 aBTOMATa — IIOPOXKIAOIIUH rpad.

Puc. 28

C npyroii CTOpOHBI, MBI MOXEM TOBOPHTH 00 omeepearouyux aBTOMaTax, KOTOPbIE 3a
KOHEYHOE YKCJIO IaroB OTBEPraloT CIIOBO, €CJIM OHO HE NMPHHAUIE)KUT MHOXKECTBY,
XOTSI IS CTIOB, IPUHAUISKAIUX MHOKECTBY, MOTYT pab0TaTh OECKOHEUHO.

48



Bynem roBoputh, 4YTO aBTOMAT M SBISIETCS OMGEP2AIOWUM  ABMOMAMOM OIS
MHodCcecmea cog S B andasute A, ecinu
e  andaBUT CTUMYJIOB aBTOMATa m - 3T0 axdasur A;
e  anaBuUT peaknil COCTOUT U3 OJHOW peakuuu "He npunaonescum';
® IS KOXAOTO CJIOBa ZES aBTOMAT M BBIAAET €UHCTBEHHOE ITyCTOE BBIXOHOE
CJIOBO,
® Ui K&XJOro CJIOBa Z¢S aBTOMAT M BBIJIAET €AMHCTBEHHOE BBIXOJIHOE CIIOBO,
COCTOSIIIEE U3 OJTHOW peakuuu "He npuradnexcum".
OtBepraromuuii aBTomMar OyJjeM Ha3bIBaTh HOPMaJIbHBIM, €CJIM OH JISTEPMUHHUPOBAH (Kak
aBTOMAT, a He KaK IMOPOXIAIONIHiA Tpad)) U He UMEET IMyCTHIX IEePEX0/I0B.

Teopema 00 oTBepraromemMm aBromMarte: MHOXXECTBO CJIOB PETYJISIPHO TOTJA U TOJBKO
TOT/1a, KOTJIa JJIsl HEeTrO CYIIECTBYET HOPMaJIbHBIN OTBEPralollnil aBTOMAT.

Joxa3aTteabcTBo: [1o HOpManEHOMY TIOpOXIatOeMy rpady perysipHOTO MHOYKECTBA
cioB H B andaBute A MOXKHO TOCTpOHTH Tpad COCTOSHHH HOPMAIHHOTO
oTBepratomiero aBTomata st H:

e  andaBUTOM CTUMYJIOB OOBSBIsCTCS aN(aBuT A;

e andaBUTOM peakuui OOBABIACTCS MHOXECTBO U3 OIHOH peakuuu '"He
npunaonesicum",;

®  HaYaIbHBIM COCTOSIHHEM 00BsBIACTCS COCTOSIHHE aBTOMATa,
COOTBETCTBYIOIIEE HaYaIbHON BEPIIMHE MOPOXKIAtoNero rpada;

e no0aBisrOTCsA nBa cocTosiHMs t Mt M HOChUIaOmUil mepexox u3 t B t° ¢
peakiueit "ne npunadnesxcum",

e eciM M3 KaKOW-TO BEpIIMHBI V TOPOXKAAIOIIero rpada #e BBIXOAMT Jyra,
ITOMEUYCHHAsI HEKOTOPHIM CHMBOJIOM a M3 A, B COOTBETCTBYIOIIEM COCTOSTHUH V
aBTOMaTa ONpeACINM MPHHUMAIOIIUH MMepexo]] 0 CTUMYJIY a B COCTOSHUE t,
TO €CTb, IEPEXON (V,a,t).

Hao06opot, ecru 3aaH HOpMabHBIA OTBEPTraONIUi aBTOMAT JUIsl MHOXKecTBa ciioB H B
andaBure A, TO MO ero rpady COCTOSIHAA MOXKHO IIOCTPOUTh HOPMAIBHBIN
nopoxxaaromuii rpad it MHOKecTBa H. B Tpade cocTosHMIT aBTOMAara BEIIOJIHUM
CIeqyromHe mpeodpa3oBaHus:

®  YIANSAIOTCS BEPIINHEI, SBISFOIIUCCS HAaYalaMU IMOCBUIAIONINX IYT C peakIuen
"He npunadnexcum", ¥ Bce MHITUICHTHBIC UM IyTH;

e cciaM TPH 3TOM O0pa3yrTCS HOBBIE TEPMUHANBHBIC BEPIIMHBL, TO 3TH
BEpIIMHBI YNAIAIOTCS  BMECTE C HWHIMACHTHBIMH WM Oyramu (CTapbie
TePMHUHAIBHBIE BEPIINHBI OCTAIOTCS) - 3TO TOBTOPSIETCA 10 TE€X IOp, IOKa
OCTAIOTCS] HOBBIE TEPMHUHAIBHBIE BEPIINHEI,

®  yHANAIOTCS BCE BEPIIMHBI, HE JOCTHXMMBIE W3 HAJaIbHOW BEpIIMHBI, U BCE
YT UM UHLHJICHTHBIE.

Teopema 06 oTBepraromiemM aBToMaTe JOKa3aHa.
Jnsa caoBapro#t pyHKImu W MOXHO TOBOPUTH 00 OTBEPraromIeM aBTOMATe, KOTOPHIA

HUMCECT ABC BXOJHBIC O4YE€PEAH, B KOTOPHIC ITOMCIIAOTCA BXOJAHOE CJIOBO W U BbIXOJHOC
CJIOBO U, 1 OJIHY BBIXOJHYIO O4YE€PC/b, B KOTOPYIO aBTOMAT JOJIKEH MMOMECTUTH BEPAUKT
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"ne npunaonexcum", ecmu wegDom(W) mm ugW(w), a B IpOTUBHOM ciydae - HHYETO.
Ecmu mnst cioBapHOM (DyHKIMH CyIIECTBYeT TaKOW OTBEpraromuii aBTomar, Oyrmem
Ha3bIBATH €€ pe2yiapHol. MOXXHO cOpMyIHPOBaTh CIeIyIONINe HEPEUICHHBIE 3a0a4H:
1. Bcsakas nmm aBTomarHas cioBapHas (yHKOus (OBITH MOXKET, C HEKOTOPBIMU
JIOTIOJTHUTEIBHBIMH yCIIOBHUSMH) PETyJIIsipHa?
2. Bcsakas yqm perynspHas cioBapHas (QyHKIUS (ObITb MOXET, C HEKOTOPBIMU
JIOTIOJTHUTENLHBIMU YCIIOBUSIMHU) aBTOMaTHA?

3.4. KBa3u-KoHeuYHble CYyXXeHuA cnoBapHoM thbyHKUMMN 7]
Z-MHOXecCTBa

Msl ompepennuiy CIOBapHYI0 (DYHKUIMIO Kak (YHKIHIO Ha OECKOHEYHBIX BXOIHBIX
CJIOBaX, MOCKOJNBKY 3TO OBLIO yHOOHOHW MaTremaTmdeckoi abcrpakmmei. OmHaKo, TIpU
TECTHPOBAHMU MBI MOXKEM HMETh JEJIO TOJBKO ¢ KOHEYHBIMH BXOIHBIMH CIOBaMH. B
9TOH MaTeMaTHYeCKOH aOCTPaKIMU KOHEYHOE BXOJHOE CIIOBO MOXKHO NMOHHMATh KaK
OECKOHEYHOE CJIOBO, B KOTOPOM HMEETCSl TOJIBKO KOHEYHOE YHCIO HEMyCThIX
CTUMYJIOB; TakHe OECKOHEYHbIE c10Ba OyeM Ha3bIBATh K8A3U-KOHEUHbIMIL.

Ksasu-xoneunvim cyscenuem crosapuoti ¢ynkyuu W Oynem naspiBath (yHkuuio W|g,
OMPEICIICHHYIO TOJBKO HA KBA3U-KOHEUHBIX BXOJIHBIX CIIOBAX:

e Dom(W[) = (X" {e®})nDom(W)

o  VweDom(W|p) Wp(w)=W(Ww)
COOTBETCTBEHHO, KB8A3U-KOHEUHbIM CYXCeHuemM MHodxcecmsea cepuanuzayuii S (B
YaCTHOCTH, Z-MHOXECTBa aBToMaTa Z) OyJeM Ha3blBaTh €ro IMOJMHOXECTBO S|y,
CoJIepIKalliee TOJIbKO TAKUE CEPUATM3AIIH, X-110/ICJIOBA KOTOPBIX KOHEUHbBI WIIM KBa3HU-
koHeuHbl. Iy mpowmsBosbHOrOo MHOKecTBa cioB U uepe3 U[] Oymem o0o3Hawath
MHOXXECTBO HA4YaJbHBIX OTPE3KOB KOHEYHOU JTHHBI clioB U3 U; 3TO MHOXECTBO Oyaem
Ha3bIBaTh KOHEUHbIM CyoiceHuem mHodxcecmea U.

Hpexczle BCCro, 3aaauMcs BOIIPOCOM: OJHO3HAYHO JIM OIPCACIACTCA CJIOBapHas
(I)yHKIII/IH aBTOMATa Mo €€ KBA3U-KOHCUYHOMY Cy>K€HI/IIO?

OtBeT Ha 3TOT Bompoc oTpuuartensHbIi. [lpumep mpusenen Ha Puc. 29. lna nByx
aBTOMaroB | M 2 3HayeHUE CJIOBapHOM (YHKIMHM Ha BCEX JONMYCTHMBIX KBa3H-
KOHEYHBIX CJIOBAaX OJTHO M TO ke — peakuus y. OfHaKo, MOJHbIe clioBapHble (yHKIUH
(Ha Bcex OECKOHEYHBIX CJIOBax) aBTOMAroB 1 M 2 pa3nuyaroTCs: NpPU HETPEepPBIBHOM
(6e3 mycThIX CTUMYJIOB) MOJlaue Ha aBTOMAT CTHMYJa X, aBToMar 1 HUYEero He BbIAAET
(Tycroe BBIXOJTHOE CIIOBO), @ aBTOMAT 2 MO-IIPEKHEMY BBIIAET PEaKIHIO Y.

1 2
(D
x*=>{0} o
cioBapHast GyHKLHs X e(e]0) > {(y)} (e)™—=>{()}
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KBa3H-KOHEYHOE CY)KEHHE f @ f o
ctomapioii (i (e[x) e >{(y)} (e[x) e >{(y)}
XO)

Z-MHOXECTBO Yey(xle)® (xle)y(x|e)®
KBa31U-KOHCYHOC Cy)i(eHI/le % k) * % @

Z-MHOMKECTBA X ey(e x) e (x|e)y(e x) e

KOHEYHOE CYXKCHHUE Z- * * "
e X [ely(e}) 11l [(xle)ly(elx)"1]

Puc. 29

B aT0i#i cutyanuu y Hac BO3MOHBI TPU HaIlpaBJI€HUs JajlbHEHIIEro JBUKEHHUS

1. MoxHO OTIpaHUYUTHCA TaKMMH KJlaCCaMH aBTOMATOB, JIs1 KOTOPBIX CJIOBapHas
(GYHKIMS OJHO3HAYHO OIpEessieTcsl ee KBa3U-KOHEUHBIM cyxeHueM. Jlis
3TOTO HaJ0 OIKCATh KJIACC CIOBApHBIX (DYHKIHI, OTHO3HAYHO OIPEAEIIEMbIX
CBOMMH KBa3HU-KOHEUHBIMHU CY)KEHHSIMH.

2. MOXHO OrpaHMYUTHCS TaKUMHU KJacCaMH aBTOMATOB, JJIs KOTOPHIX HAac HE
WHTEpECyeT WX IIOBEeIleHHE Ha OECKOHEYHBIX BXOJHBIX CJIOBax. MHbIMH
cinoBamMH, (YHKIMOHANBHBIE TpPeOOBaHWA K aBTOMAaTy MOTYT OBITh
chopMyIHpOBaHE B TEPMHUHAX KBAa3H-KOHEYHOTO CYXXEHHS CIIOBAPHON
¢yskumu. Tem caMbiM, MBI OyJIeM TIPOBEPSATH TOBEACHNE aBTOMATa TOJBKO Ha
KBa3U-KOHEUHBIX BXOJTHBIX CIOBaX M, €CIIM HAa TaKUX CJIOBaX OHO NPABIIBHO,
TO OyJIeM JIeNiaTh BBIBOI, YTO PEan3aIlisi COOTBETCTBYET MOJICIIH.

3. Ecnu ¢yskuuoHaneHble TpeOOBaHUS K aBTOMaTy HE MOTYT OBbITh
c(hOopMyYJIHPOBAHBI TOJBKO B TEPMHUHAX KBa3H-KOHEYHOI'O CY)KCHHS CIIOBAPHOMN
(byHKIMH, TO 100aBUM JOTOJIHUTENBHBIE (DYHKIIMOHAJIbHbIE TPEOOBAHMSI.

TpeTse HampaBiIeHNE HYXIA€TCSA B Pa3bsICHEHUAX. 37IECh €CTh BE MPOOIIEMBI:

1. Kak 3agaBath HOTOIHUTENRHBIE QYHKIIHOHAIBHBIE TPEOOBAHMI?

2. Kak mnpoBepsATh [OMOJHUTENbHBIE (DYHKIHMOHANBHBIE TpeOOBaHHUA WpHU
TECTUPOBAHUU TOJIbKO Ha KBa3U-KOHCYHBIX BXOAHBIX cioBax?

[TpuBeneHHbli npuMep aBroMaToB 1 U 2, ciioBapHbie (YHKIHMH KOTOPBIX Pa3iIn4HbI, HO
HUMEIOT OJMHAKOBOE KBA3U-KOHEYHOE CY)KEHHE, IIOKA3BIBAET, YTO ITH aBTOMATHI HMEIOT
pasHble z-MHOXXecTBa. Hampumep, mo0as cepuanmsanus B aBTOMare 2 MMeeT Ha
BTOPOM NO3WIMU pEeakuuio y, a B aBTomMare 1 — peakuusi y pacroiaraercs
HEMOCPECTBEHHO II0C/iE NEPBOr0 MYCTOTO CTUMYJA. DTO HATAIKUBAET HA MbICIH
(OpMYIHPOBATh JIOTIONHUTEIbHBIE (QYHKIMOHAIBHBIC TpPEOOBaHHSA B TEPMHHAX
OTpaHMYECHUI Ha BIIOJHE-JIONMYCTHMBIE CEpUANIM3allMM aBTOMara, TO €CTh, B BHJE
MpeauKaTa Ha MHOXKECTBE BCEX CEpHANHM3aIM{ I JaHHBIX al(aBHTOB CTUMYJIOB U
peaxwii. imes B BUAy mpo0ieMy MpoBepsIeMOCTH 3THX JOTIOHUTEIBHBIX TPeOOBaHUH,
HAC HWHTEPECYIOT B IMEPBYIO0 OdYepelnb INPEAUKaThl Ha KOHEYHBIX CEepHUaTA3aIlUiX,
HHTEPIPETHPYEMBIX KaK HadallbHBIE OTPE3KH CepHam3aldii aBTOMara, TO €cCTh,
JJIEMEHTHl KOHEYHOTO CYXXKeHHsS Z-MHOXecTBa. ABToMaTsl 1 M 2 B Hamem mpumepe
pa3IMyaroTCs M0 HadalbHBIM OTPE3KaM CepHaIH3alril IIHHEI 2.
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3.5. Mpeamkat Ha KOHeYHbIX cepuanusaymsax

CnoBo (B HekoTopoMm andaBUTe) W Has3bIBaeTCAd (UHOVKMUBHBIM) Npedeiom
HEeyOBIBaIOIICH OECKOHEUHON MOCIeI0BATEILHOCTH KOHEYHBIX CJIoB u[1]<u[2]<..., eciu
i kaxmaoro i=1.. u[i]<w u ansa m000ro Ipyroro cioBa W', 00JaNaroIIero TeM Ke
cBoiicTBoM, W<w'. CyIlleCTBOBaHHE IpeJieia OUEBHIHO: €CIM, HAYMHas C HEKOTOPOTo i
Bce mocrnenoBatensHOocTH u[j] (j2i) paBHbl, w=uli]; B mnpoTruBHOM Cciydae
MOCJIEI0BATENILHOCTD JUIMH CJIOB U[i] OeckoHedHO Bo3pacTaeT u s jroboro n=1.. Bce
CJIOBA, HAUMHAs C MIEPBOTO B ITOCIIEI0BATEIBHOCTH CJIOBA, JJIMHA KOTOPOTO HE MEHBIIE
N, COJEPXaT OWH M TOT € CHMBOJI B IO3UIIMU N, KOTOPBIH M ONpENeIUM KaK N-bIi
cuMBoJI ciioBa w. [Ipeznen mociie10BaTeIbHOCTH, OUYEBHIHO, €ANHCTBEHHBIH.

MHOXeCTBO BCEX Hey6bIBalOIJlI/IX 6CCKOHC‘IHI)IX HOCﬂeﬂOBaTeﬂ])HOCTeﬁ Ha4vaJbHbIX
oTpe3koB cyioB MHokecTBa U OyneM Ha3biBaThb MHOXKECTBOM €ro IpeleiioB |
oooznauare Lim(U). 3amwsikanuem no npedeny muoxectBa cioB U Ha3oBeM ero
00BEIMHEHNE C MHOXECTBOM €ro IpeaeinoB u obosnauath L<U> = UuLim(U).
MHOXECTBO HA30BEM 3aMKHYMbIM, €CIH OHO COBIAJaeT CO CBOUM 3aMBbIKaHHEM:
U=L<U>. OueBHIHO, HE BCSKOE MHOXECTBO 3aMKHYTO: HallpMMep, MHOXKECTBO BCEX
cioB B andasure {0,1}, kax10e U3 KOTOPBIX COJEPIKUT POBHO OHY 1, HE3aMKHYTO, TaK
KaKk HE CONEPXKUT HYJCBOE CJOBO, SBISIOMIEECS MPENeNIOM IOCIe0BaTEIIEHOCTH
0<00<000<... HagapHBIX OTpe3koB cios 010..., 0010..., 00010....

Ecmu muoxectBo U He3aMKHYTO MO Tpeieiay, TO OTBEprarolluii aBTOMAT HE
cymectByer. JIeHCTBUTENIbHO, €CIH CYIIECTBYeT  BO3pacraromias OeCKOHEeUHas
nocneaoBareabHOCTh Wi[l..ng]<w,[1..n,]<... HadanpHBIX OTpe3koB cioB u3 U, wieU
s i=1..., npenen koropoir wg U, TO, OUEBUIHO, CJIOBO W HE MOXKET OBITh OTBEPIHYTO
HU TI0 KaKOMYy CBOEMY Ha4YallbHOMY OTpPe3Ky (KOHEYHOH IJTUHBI), MTOCKOJBKY TaKOM
OTPE30K SBJIACTCS OJHOBPEMEHHO HAYalbHBIM OTPE3KOM HEKOTOPOTO CJIOBa Wi,
npuHagnexkanmero U. KoHeuHO, IMOCKONBKY HE BCAKOE 3aMKHYTOE€ MHOXECTBO
peryjisipHO, HE JUisi BCSKOTO 3aMKHYTOTO MHOXECTBA CYIIECTBYET OTBEpPIrarolInil
aBTomar. Hampumep, MHOXECTBO, COCTOSIIEe M3 OIHOIO CJIOBA, SIBISIFOIIETOCS
JICCATUYHOM 3alUChi0 HMPPAIMOHAIBLHOIO YHWCIA, 3aMKHYTO, HO HE pEryjisipHO,
OTBEPraroliero aBToMaTa Juisi Hero He cyuiectByer. OIHAaKO, JUIsl BCSKOTO PEryisipHOro
MHOXKECTBa OTBEPralolMii aBTOMAT CYLIECTBYeT M IO3TOMY OHO 3aMKHyTO. B
YaCTHOCTH, Z-MHOXXECTBO aBTOMATa 3aMKHYTO: L<Z>=Z7,

3amMeTuM, 4TO, UCIIOJIb3Ysl IOHITHE 3aMBbIKaHHSI 11O MTPEAEITY, Mbl MOTIIM OBl ONPEAETHTh
peryJIsipHOE MHOXECTBO (KaKk KOHEYHBIX, Tak W OeckoHeuHbx) cioB U Kak
00beAMHEHNE HEKOTOPOTO PEryJsIpHOr0 MHOXECTBA KOHEYHBIX ciioB F; u MHOXecTBa
NPEJENIOB HEKOTOPOTO JPYroro pEryasipHOrO MHOMKECTBa  KOHEUHbIX cloB Fy:
U=F,;ULim(F,), rne F, conepxxut Bce koneunsie cinona u3 U, a Lim(F,) cogepxut Bce
6eckoneunsie cioBa u3 U. ITopoxxnaromuit rpad st Fy coBmazaer ¢ moposxaarommm
rpadom juis U, a mopoxnarommid rpad mnst F, crpourcs u3 Hero moOaBieHHeM
KOHEYHBIX BEPIIMH Ha KaXJOM LUKJIMYECKOM MapIIpyTe, Ha KOTOPOM KOHEYHBIX
BEPIINH HET.
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Ouesuano, L<U> c L<U[]>, npuyemM paBeHCTBO JAOCTUTAETCs TOTAA W TOJBKO TOTMA,
KOoraga BCE€ KOHCYHBIC CJI0BA B U MaKCHUMaJIbHbI B HEM, TO €CThb, U - AHTHULICIIb.

MmuoxectBo U maeanbHO, €CIM BMECTE ¢ Ka)IbIM CIOBOM OHO COJIEPXHUT U BCE €ro
HadaJbHbIE O0Tpe3ku. MneanpHOoCTh MHOXKecTBa U KOHeyHbIX CTIOB SKBUBAJICHTHA TOMY,
yto U sIBiIsSI€TCS KOHEUHBIM CyXeHHeM Hekoroporo mHoxectBa H, To ects, U=H][]. B
YaCTHOCTH, B KauecTBEe Takoro MHoxectsa H MOXXHO Bcerja BbIOpaTh 3aMBIKAHHE IO
npeneny H=L<U>. 3amerum, oIHaKo, YTO KOHEYHOE CYy>K€HHE HE3aMKHYTOrO IO
npefeny MHOXECTBa Takke wuaeanbHo. OueBuaHo Takke, yto U coBmagaer c
KoHeuHbIM cyxeHnueM MHoxecTBa npenenoB U=Lim(U)[]=Lim(H)[]. Eciu U — st0
MHOXECTBO  CCpUAIM3AIUN, TO MHOXECTBO IMpPECIOB OyAeT MHOXKECTBOM
MaKCUMAaIIbHBIX CEpHANTHM3AUH, JUIS KOTOPOTO OMPEHCNICHO IOHSATHE IOIMYCTHMOTO
BXOJHOTO CJIOBA, W ITO3TOMY MBI MOYXEM TOBOPHUTH O BXOITHBIX CJIOBAX, JOITyCKa€MBIX
Bo mHOkecTBe mpeneno w(Lim(U))=w(Lim(H)).
[lycTh Ha MHOXXECTBE BCEX KOHEYHBIX CepHANU3aIMid (A7 JaHHBIX aJ(paBUTOB
CTUMYJIOB W peakimii) 3amaH npeaukar p. O003HAYUM undyyupyemoe npeoukamom
muoocecmeo cepuanuzayuti U(p)={u|p(u)=true}. bygem cuurars, uro U(p) uaeanbHo.
BxomHoe cmoBo, momycTmMoe BO MHOXkecTBe mpexnenoB U(p), OyaeM Ha3bIBaTh
JIOITyCKaeMbIM TipenukaroM. OTpenernM uHOyyupyemoe Apeoukamom p cemelcmso
agmomamos A(p) ciemyromuMm o0Opa3oM: meA(p) Toraa M TOJIBKO TOTNAa, KOrna
BEITIOJTHAIOTCS CIISAYIOIINE IBa CBOWUCTBA:
1. Kaxmoe BXOJHOE CIIOBO JOMYyCKacMOE MPEIUKATOM JIOIMYCTHMO B aBTOMATE:
w(Lim(U(p))) € Dom(W[m])[].
2. Ecnmu X-moacnoBo HaydaJbHOIO OTPE3Ka BIIOJIHE-AOMYCTHUMOW CEepUaIU3aliu
aBTOMaTa COBIAJACT C X-TIOJICJIOBOM HEKOTOpOo# cepuanmsamuu u3 U(p), TO
cam 3toT otpe3ok npuHamiexut U(p): {ueZ[m][] | xuexU(p)} < U(p).

Creyer OTMETHTbh, YTO HHIYLUPYEMBIE aBTOMATBI ONPEIEISIOTCS C TOYHOCTBIO IO UX
BIIOJIHE-JIONYCTUMBIX ~ CepHalu3aldif, TO ecTh, JBa aBTOMara C  OJHHUM
Z-MHOXKECTBOM 100 o00a He momamamT, Ju00 o0a MOMaAaloT B HHIYIHPYEMOE
cemeiictBo  A(p). IlosToMy MOXHO TOBOpPUTE 00 WHIYLIUPYEMOM CEMEHCTBE
Z-MHOXECTB.

IlycTh 3aganbl 1Ba MHOXKECTBa MakcuMalibHbIX cepuanuzauuii H u U. Bynem rooputs,
yro MHOXecTBO H c600umo k mHOkectBy U, ecmu: 1) Kaxmoe BXOZHOE CIIOBO,
nomyctumoe B U, nomyctumo B H, 2) kaxkaas BronHe-gomyctuMast cepuanmsanus H, x-
MIOJICJIOBO KOTOPOH SBJIAETCS HAYAJIbHBIM OTPE3KOM MJIM COBIANAET C BXOJHBIM CIIOBOM
nonyctumbiM B U, npunamiexxat U. bynem Ttaxke roBoputb, uyTto MHOecTBO H
KoHeuHo-c6o0umo K MHoxecTBy U, ecnmu: 1) KaxIplii HauyallbHBIH OTPE30K BXOJHOTO
CJIoBa JOIMyCTUMOIo B U sBiseTcd HadalbHBIM OTPE3KOM BXOJHOTO CJIOBa
pomyctumoro B H, 2) Kaxzaplii HadaiubHBII OTPE30K  BIIOJIHE-IOMYCTUMOH
cepuanuzauuu H, X-OACIOBO KOTOPOTO SIBISETCS HAaYaldbHBIM OTPE3KOM BXOIHOIO
cnoBa, jomyctumoro B U, sBASE€TCSs HAyaJbHBIM OTPE3KOM BIOJHE-IOMYCTUMOMN
cepuanuzauuu U.
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[Ipenukar p UHAYUUPYET KOHEYHOE CYXXEHHME MHOXXECTBa MAaKCHUMAaJIbHBIX
cepuanuzauuii U=Lim(U(p)), to ects, U(p)=U[], u, oueBUAHO, HHAYLUPYEMOE
MPEAUKATOM CEMENCTBO Z-MHOXECTB SIBJISIETCSI CEMEWCTBOM BCEX Z-MHOXKECTB,
KOHEYHO-CBOJUMEBIX K U.

JleMMa 0 CBOJAMMOM MHO:KeCTBe cepuaju3aumii: Eciu MHOXECTBO MaKCHMaIbHBIX
cepuanu3auuii H cBogquMO K MHOXECTBY MakcuUMalbHbIX cepuanusanuil U, To oHO
KOHEYHO-CBOJKUMO K HEMY.

Joxa3areabcTBO: J[€liCTBUTENBHO, IOCKOIBKY KaXK10€ BXOIHOE CJIOBO W, I0IIyCTHUMOE
B U, nonyctumo B H, TO KaXXIblil €ro Ha4aJbHBIH OTPE30K U<W SBIIECTCS HadyaJbHbIM
OTPE3KOM BXOJHOro cioBa w, gomyctumoro B H. Ecinu HauanbpHbI OTpe3oK z;
cepuaiM3aluM Z, BIOJHE-AomyctuMoi B H, mMeeT X-NOACIOBO Xz, SABISIOLIEECS
HavyaJlbHBIM OTPE3KOM BXOJHOrO cioBa w, nomyctumoro B U, Xz;<w, TO 3TO BXOJHOE
cioBo w normyctuMo Takke B H. Otcrona ciienyet, uto B H uMeeTcs cepuanusanus z',
COOTBETCTBYIOIIASI W, XZ <W, SIBIISIOIIASCS MPOJIOJDKEHNEM oTpe3ka 2,<z . Ho Torma z°
npuHaanexutr Take U M, cieaoBarenbHO, €€ HA4yalbHBIA OTPE30K Z; SIBISETCS
HaYaJbHBIM OTPE3KOM CEepHAIH3alUU Z , BIIOJIHE-nomycTuMoi B U.

JlemMa 0 CBOIMMOM MHO>KECTBE cepnaﬂmaunﬁ JIOKa3aHa.

JleMmMa 0 KOHEYHO-CBOJUMOM MHO:KecTBe cepuaau3auuii: Ecau 3amkHyTOE 1O
Tpenesy MHOXKECTBO MaKCHMAIbHBIX —cepuanm3anuii H  KOHEYHO-CBOIMMO K
3aMKHYTOMY IO TIpelely MHOXKECTBY MaKCHMalbHBIX cepuammsanuii U, To oOHO
CBOJIUMO K HEMY.

Joka3aTeabcTBo: JlelicTBUTENbHO, W3 3aMKHYTOCTH MO Tmpeneny MHoxkectBa H
ClIelyeT 3aMKHYTOCTh IO TIPENeNTy MHOXKECTBa IOIYCTHMBIX B HEM BXOJHBIX CJIOB.
ITockoapKy Kaxmoe BXogHOE clioBO W norryctuMoe B U MOXKeT OBITh MPECTaBICHO KakK
npenen OSCKOHEYHOM HEYOBIBAIOIICH ITOCIIEAOBATEIFHOCTH CBOMX HAadaIbHBIX
OTPE3KOB, a BCE TaKW€ OTPE3KH SBIIAIOTCS TaKKe OTPE3KaMH BXOJHBIX CJIOB,
nmormyctuMbIX B H, To Takyro ke mocienoBaTelnbHOCTh OTpe3KoB MbI mMeeM B H u, B
CHITy 3aMKHYTOCTH TIO MIpeesly MHOYKECTBa BXOJIHBIX CIIOB, NOIMycTUMBIX B H, BXxogHOE
cnoBo w jomyctumo Takke U B H. Cepumanuzanus z, snonse-nomyctuMas B H, x-
MOJICTIOBO KOTOPOW SIBIISIETCSI HA4YaJbHBIM OTPE3KOM WJIM COBIMAJAeT C BXOJHBIM
cioBoM, aonycTuMbiM B U, MOXeT OBITh NpEJACTaBJICHA KaK Mpeaes OCeCKOHEYHOM
HEeyOBIBAIOIICH MOCIICIOBATEIFHOCTYA CBOMX HAYaJIbHBIX OTPE3KOB, 4 BCE TAKHE OTPE3KU
SIBIISIFOTCSI TAKXKE OTPE3KaMU cepualih3aluii, BrojHe-aonyctumMbix B U, TO Takyro xe
TTOCIIEIOBATEIHHOCTE OTpe3koB Mbl uMeeM B U u, B crity 3amkHyTocTH U IO TIpeneny,
cepuanuzamnus z gomyctumo B H.

JlemMa 0 KOHEYHO-CBOJMMOM MHOXECTBE cepnaﬂmaunﬁ JIOKa3aHa.

Hwxe MBI paccMOTpHM /IBa BUAA MIPEIUKATOB KOHEYHBIX CEPHAIM3aHM.

3.5.1. Ilpeouxkam z-mHodycecmea

Ilpeouxamom z-muoocecmea Pp(Z) OyneM Ha3bIBaTh TPENUKAT, WHAYIHPYIOLTHHA
KOHEYHOE cyxeHue 3Toro z-MHoxectBa: U(p(Z2)) = Z[]. UnbiMu crioBamu, npeaukaT
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Z-MHOXECTBA HHAYLUHUPYET MHOKECTBO HAYaJIbHBIX OTPE3KOB BIIOJHC-AOITYCTUMBIX
cepranu3annii HBKOTOPOTO aBTOMAara C JaHHOU cioBapHoi ¢pyHkuuneit W(Z).

Bynem roBopuTh, 4TO aBTOMAT M CE0OUM K Z-MHOXKECTBY Z, €CIIM K HEMY CBOJUMO Z-
MHOXECTBO aBTOMara Z[m], TOo ecTh: 1) KaxkJoe BXOIHOE CIIOBO, JOIYCTHMOE B Z,
pomyctumo B m, Dom(W(Z)) < Dom(W[m]) u 2) kaxkmas BHOOJHE-IOMYCTHMAs
CepUau3anusl aBTOMaTa, X-TOJCIOBO KOTOPOW SIBJIACTCS HAYaJIbHBIM OTPE3KOM HITH
COBIIJIaeT C BXOAHBIM CIIOBOM IOMYCTHUMBIM B Z, mpuHamiexkut Z, VweDom(W(Z))
{zeZ|m] | xzsw} c Z.

N3 JlemMmbl O CBOOMMOM MHOXECTBE CEpUANM3alUil clIeAyeT, 4TO aBTOMAaT m
CBOIIUMBI K Z-MHOXECTBY Z TIPHHAIJIC)KAT CEMEHCTBY aBTOMATOB, HHAYIHPYEMBIX
npeaukaToM z-MHoxecTBa: mMEA(pP(Z)). [ockoiabKy Bce Z-MHOXECTBA 3aMKHYTHI 110
npeaeny, u3 JIeMMbl O KOHEYHO-CBOJAMMOM MHOXECTBE CE€pUalM3alui CIEAYeT, UTO
aBTOMAaT M M3 CEeMEHCTBa aBTOMATOB, WHAYIMPYEMBIX NPEANKATOM Z-MHOXECTBa Z,
CBOJIUM K 3TOMY K Z-MHOXeCTBY. ITak, HaMu JOKa3aHa CIieIyromas

Teopema o0 mnpeaukate z-MHOKecTBa: IIpenukar z-MHOXKECTBa WHIYLUPYET
CEeMEHCTBO BCEX aBTOMATOB, CBOJMMBIX K TOMY Z-MHOXECTBY.

3.5.2. Ilpeouxam cnosapuoii hynkyuu

Teopema o mpenukaTe Z-MHOXKECTBA MO3BOJISIET OTPAaHUYUTHCS TECTUPOBAHUEM TOJIEKO
KOHEUHBIX CepHaIN3alui, OJHAKO MPH 3TOM MBI IPOBEPSIEM COOTBETCTBUE Pealu3alluu
MOJICIA HE IO CIIOBAapHOW (YHKIUH, a IO Z-MHOXECTBY. VHBIMH CIIOBaMH, MBI
Ha4yMHAaeM pas3/in4yaTh pealn3alliy, UMEIOIUEe OAHY U Ty JKe, 3aJaHHYI0 MOJEIBIO,
CJIOBAapHYI0 (YHKIHMIO, HO pa3HbIe Z-MHOXECTBA, HECBOJMUMEBIE K OJTHOMY, 331aBaeMOMY
npeankaToM. [lostomy Ttenepp monpoOyeM IepedTH K pPacCMOTPEHHIO MHOKECTBA
aBTOMATOB, PEANM3YIOMINX NAaHHYIO CIOBapHYIO (YHKIHIO OC30THOCHTENBHO K WX Z-
MHOeCTBaM. J{J1s 3TOro MBI OyJIeM paccMaTpHUBaTh Z-MHOXECTBO CIIOBAPHOH (YHKIINU
Z(W)={Z|W(Z)=W} — kak 0OBeIUHECHUE Z-MHOXCCTB C JAHHON CIOBapHOH (DyHKIHEH.
COOTBETCTBEHHO, pedb MoWmeT o mpexukarte cioBapHod ¢(yHkmmm p(W), KoTOpHIi
uaaymupyer  MHOkecTBO  U(PW)=ZW)[|=U{Z[]|W[Z]=W} HayampHBIX OTpE3KOB
BIIOJIHE-JIOMTYCTUMBIX CE€pHAlIM3allUi HE OJHOro, a BCEX AaBTOMATOB C JAHHOU
cnoBapHoit ¢ynkuuerd W. Hac Oyner mHTEpecoBaTh 3aMKHYTOCTb, PEryJspHOCTh U
CyLIECTBOBAaHME OTBEPralollero aBTOMaTa, KOTOPBIA 1O HadalbHOMY OTpE3Ky
(KOHEYHOH JUIMHBI) CepUaM3aliH  ONpelessieT, MOXET WM He MOXET OHa
NIPUHAUICKATh Z-MHOXECTBY KAKO20-HUOYOb aBTOMAaTa, pEAIN3YIOUIEro IaHHYIO
cnoBapuyto pynkuuio W.

JlemMa o mepBoii peaknuu B cepuaguzanum: i1 10001 aBTOMATHOHM CIIOBapHOM
¢ynkmun - W, moboro  pomycrumoro  BxogHoro cinoBa  xeDom(W), oGoro
COOTBETCTBYIOIIETO €My BBIXOAHOTO cioBa yeW(W) u 1r000r0 HaTypaJbHOTO YMCIIa N
CYILIECTBYET aBTOMAT m Kiacca A3, peanm3yonuii 3Ty cioBapHyto ¢pyHkmo W[m]=W,
B KOTOPOM OJIHA U3 cepHaau3aluil 1 napsl (X,y) HE COAECPKUT peakluil Ha MepBBIX N
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MO3HIHUAX, TO €CTh, XOTA ObI s oxHoro Mmapmpyrta P Takoro, uto xzZP<x u yzP=y,
IEPBLIC N IEPEXOA0B ITPUHUMAIOIIUEC.

Jloka3aTeJbCcTBO: byneM BecTH I0Ka3aTenbCTBO OT IPOTUBHOTO M B TEPMHUHAX rpada
cocrostunit  (Puc. 30). Ilycte cymectByer Takas cioBapHas ¢yHkims W, Takoe
JormyctuMoe BxonHoe ciaoBo XeDom(W), Takoe COOTBETCTBYIOIIEE €My BBIXOTHOE
cioBo yeW(X) 1 Takoe HaTypalbHOE YHCIIO N, YTO B KaXKIOM aBTOMaTe m Kiacca A3,
peanmusyomieM 3Ty cinoBaphHyl ¢yakiuro W[m]=W, mns kaxgoro wapripyra P,
packpacku kotoporo xzP<x u yzP=y, otpe3ox P[l..n] comepxut moceuiatomuii
nepexo. Beibepem amst nanaeix W, X ¥y 4Mciio n MUHUMaJIbHBIM 1 BEIOEpEM aBTOMAT

m knacca A3 u B HeM MapuipyT P rtakoit, uro xzP<x u yzP=y, otpe3zok P[l..n-1]
COJIEPXKUT TOJBKO INPUHUMAIOLIME Mepexoabl, a nepexox P[n] mnoceuiarommii.
OueBngHo, zP[1..n]=x[1..n-1]"y[1].

n p@,m.p ann ayflm{rtkl

w1 ’3"
- 1)_:&11. zﬂ.(ll) @m m,_.“’...
~ : \

ot morg
=]
il 1 P 1. "

Mappyt P[n..] mu6o 1) He coepXKUT NPUHUMAIOIINX YT, JINOO 2) CONEPKUT NEPBBII
npunumaromuid nepexoa P[n+k] (k>0) Ttako#t, uro (zP)[n+k]=x[n]. PaccmoTpum
MoJaBTOMaT m’, COJEpXKalMid B ciaydae 1) - Bce Iepexojabl OCTaBIIEWCS YacTH
MapmpyT P[n..], a B caydae 2) - Bce mepexonsl orpe3ka Mapmpyra P[n..n+k-2] (mpu
k=1, MapmpyT HyJIEBO - TOIBKO OJHO COCTOSIHHE - HA4a0 N-0T0 Iepexo1a MappyTa
P), a Tarxke Bce MHIUACHTHBIE UM COCTOSTHUSA. CKOMHMPYeM 3TOT MOAaBTOMAT m™ (ero
MEPEeXOAbl M COCTOSIHUS ISl OTJIMYHS OT MEePEXOJ0B U COCTOSHHUM aBTOMaTa m Oynem
cHaOxath mTpuxoMm " "). BBegem HOBoe coctostaue v1, M 100aBUM JJISi COCTOSHUS -
Hadana nepexona P[n-1] npuaumaromuii nepexon mo ctumyiy X[n-1] B cocrosuue vl,
a B cocTosiHuU v1 100aBMM NPUHHMMAIONIMKA MEepexo]| 0 CTUMYJy X[n] B cocrosiHue-
Komnuio Havana nepexona P[n]*. [Ins cnyyas 1) mocTpoeHue 3aKOHYEHO, a JIJIsl Cliydas
2) no6aBUM ISl COCTOSIHUSI-KOTIMU Havana nepexoja P[n+k-1]" noceuiatommii nepexon
no peakuuu y[K] B cocrosinue — Hauano nepexona P[n+k+1].

Tem campIM, MBI JOOAaBHIM MapUIpyT C Z-pacKpackoi, B KOTOPOH N-BIi CTUMYT
BXOJHOTO CJIOBa X[n] IpHHUMAaETCs] HEMOCPEACTBEHHO OCe MpueMa n-1-ro ctumya,
a TIOTOM Yy’Ke Bblaercs mnepsas peaxkuus y[1]: mng ciaydas 1) Mbl U1 MapuipyTa ¢ z-
packpackoii  x[1],...,x[n-2],x[n-1],y[1],... moOaBuIM MapuIpyT C Z-pacKpackou
x[1],....x[n-2],x[n-1],x[n],y[1],..., a B cmydae 2) MBI Ul MapmpyTa C Z-pacKpacKou
x[1],....x[n-2],x[n-1],y[1],...,y[K],X[n],... =~ mO0aBwIM  MapmpyT ¢  Z-pacKpackou
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x[1],...,x[n-2],x[n-1],x[n],y[1],...,y[K]s.... Takeim 0Opazom, MbI MOCTPOMIIM ABTOMAT,
KOTOPBIN, OYECBHIHO, PEaM3yeT Ty K& CIIOBapHYIO (PYHKIUIO, HO HMEET BIIOJHE-
JIOMYCTUMBIM MapuIpyT, Z-pacKpacka KOTOPOIO HMEET CTUMYJIbI Ha TMEPBBIX N
MO3UIHAX, TO €CTh, HE CONEPXKUT PEaKIIUN Ha MEPBBIX N MO3UIHSIX, YTO IPOTHBOPEUHUT
MIPEIIOTI0KEHUIO.

JlemMa 0 nepBOM peakuu B CepUaU3alvy JOKa3aHa.

Crnoapuyto ¢yskrmro W OyieM Ha3bIBaTh CYUjeCMEeHHO HEeHYIeB0l, eCIA XOTs OBl s
OJIHOTO JIOIyCTHMOTO BXOAHOTO cioBa weDom(W) MHOXXECTBO BBIXOAHBIX CIOB HE
COJICPXKHUT ITyCcTOro BEIXoHOTO cioBa ()gW(Ww), uro skBuBaneHTHO W& Z(W).

TeopeMa 0 He3aMKHYTOCTH Z-MHOKecTBa cioBapHoii ¢pynkuumn: Ecim aBromaTHas
cnoBapHast ¢yHkums W CymiecTBEHHO HeHyneBas, To ee z-MHoxecTtBo Z(W)
HE3aMKHYTO.

Joxa3zareabcTBo: Ecin ciioBapHas (yHKIMS CYIIECTBEHHO HEHYJEBas, TO, OYEBUJIHO,
camo cioBo w, misi kKotoporo ()gW(w), He TPUHAUIEKHUT Z-MHOXKECTBY HHUKAKOTO
aBTOMara, peaju3yloLero 3Ty cioBapHylo ¢yHkimioo. OnHako, corjacHo Jlemme o
IIEPBOM PEaKLMU B CEpPUANM3ALUU, [IEPBasi PEAKLUs B CEpUAIM3ALUMN Z VISl BXOJHOIO
cioBa W (XZ<W)MOXKET OBITH CKOJb YTOJHO TO3JHO, TO €CTh, J000I HavalbHBIN
OTPE30K W MOXET OBITh Ha4aJbHBIM OTpe3koM z. Takum oOpasom, cioBo wgZ(W), HO
JI000H ero HayvaJbHBIA OTPE30K KOHEeuHOW ymuHbl umeer B Z(W) mpomoinkeHue, TO
ectb, Z(W) He3aMKHYTO.

TeopeMa 0 HEC3AMKHYTOCTU Z-MHOXKCCTBA CJ'IOBapHOfI (byHKIII/II/I JIOKa3aHa.

Bynem roBoputh, uro aBTOMar m ceodum K cioBapHod ¢ynkumm W, ecnm: 1)
Dom(Wm]) < Dom(W) u 2) VweDom(W[m]) W[m](w) < W(w). OueBunto,
CBOJMMOCTh aBTOMAaTa K CJIOBapHOi (DYHKIMH SKBUBAJIEHTHA €0 CBOJUMOCTH K Z-
MHOXXECTBY cioBapHO# (yHkumu. 13 JleMMBI 0 CBOAMMOM MHOKECTBE cepuallu3annii
ClIelyeT, 4YTO CEMEWCTBO aBTOMATOB, HWHIYLHPYEMOE NpEIUKaTOM CJIOBapHOM
(YHKIMH, COEPXKUT BCE aBTOMATHI, CBOJMMBIE K 3TOW CIIOBApHON (QYHKIUH.

B TO ke BpeMms, W3 HE3aMKHYTOCTH Z-MHOXKECTBA CIIOBAPHON (DYHKIMU CIEIYET, YTO
9TO MHOKECTBO HEPCTYJISIPHO, U IJId HErO0 HE CYHIECTBYCT OTBepl"a}OHJ,I/Iﬁ aBToOMar.
IIpumep B Jlemme O nepBOil peakLuu B CEPUANU3ALUU TAKXKE IIOKA3bIBACT, YTO UL
CYIIECTBEHHO HEHYJIEBOW CIOBapHOH (DyHKIMH CEMEHCTBO aBTOMATOB, MHIYLUPYEMOE
MIPEANKATOM CIIOBapHOH (PyHKIIMH, COAEPKHUT aBTOMAT, HECBOJMMBIN K 3TOH CIIOBapHOM
¢ynkiyu. VHBIMM CcIOBaMM, IIpH TECTUPOBAHWUHM HEJb3Sl OTPAHUUYUTHCS TOJIBKO
KOHEUHBIMH CEpHAIM3AIMAMH, 33JaBa€MbIMH IPEJUKATOM CIIOBapHOH (YHKIWH.
3aMeTHM, YTO HE3aMKHYTOCTh Z-MHOXKECTBA CJIOBapHON (YHKIHMH CYIIECTBEHHO
omnmpaeTcsi Ha OECKOHEYHOE YHCIIO aBTOMATOB (M UX Z-MHOJXKECTB), PEANH3YIOMIHX 3Ty
coBapHyI0 (GYHKIHIO. 31eCh 110 0OCTOUT aHAIOTUYHO O0BEINHEHNIO OECKOHEYHOTO
MHOXKECTBA PETyJSIPHBIX MHOXXECTB KOHEYHBIX CIJIOB, KOTOPOE MOXKET OBITh
HEPETYJISIPHBIM.

C npyroii cTOpOHSBI, IS MPAaKTUYECKHX 1IeIeH BCErla MOKHO OTPaHUYNTHCSI KOHEUHBIM
CeMEeNCTBOM Z, pacCMATPUBACMBIX Z-MHOKECTB. B KadecTBe Takoro cemeiicTBa MOKHO
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B3Th CEMEWCTBO Z-MHOKECTB aBTOMAaTOB M3 KOHEYHOTO CEMEHCTBA aBTOMAaTOB A,
HATpUMEp, aBTOMATOB, YUCJIO COCTOSHHUM KOTOPBIX HE MPEBOCXOAUT HekoToporo N.
Torma Z={Z[m]lmeA}. B sToM ciydae, KaK W CJIEJOBAIO OXHAATh, Z-MHOKECTBO
cnosaproit pyukuuu Z(W,2)=U{ZeZ| W(Z)=W} craHOBUTCS HE TOJBKO 3aMKHYTBIM, HO
W PETYJISPHBIM, U, CJIEJOBATEIBHO, JUTSI HETO CYNIECTBYET OTBEPraroIluii aBToMat. MbI
JIOK2)KEM TEOpPEeMY aHAIIOTHYHYIO M3BECTHOW TEOpPEeME O PEryJIipHOCTH OO0BEAUHEHUS
KOHEYHOTO YHCIIa PETYIISIPHBIX MHOXKECTB KOHEYHBIX CJIOB.

TeopeMa 0 peajM3aluM KOHEYHOI'0 CeMelCTBA Z-MHOKeCTBA ¢ JAHHOM CJI0BAPHOM
(yHKIMe: 1T KaXI0r0 KOHEYHOTO CEMEHCTBA Z-MHOXKECTB Z U KaX0i aBTOMATHOMN
cioBapHoi (yHkimH W cymiecTByeT aBTOMar, Z-MHOKECTBO KOTOPOTO COBHAJaeT C Z-
muoxectsoMm Z(W,2).

Joka3zaTteabcTBo: [ KaKIOr0 Z-MHOXECTBA U3 Z , CIOBapHas (YHKIHUS KOTOPOro
COBIAJIaeT C 33JaHHOM, TO €CTh, /ISl KAXKIOro diieMeHTa MHOXKecTBa {ZeZ| W(Z)=W}
BbIOEpEM aBTOMAT, PEAIM3YIOUIMH 3TO Z-MHOXXECTBO. TpeOyemblii aBTOMAT CTPOMTCS
KaK 00beJIMHEHUE 3TUX aBTOMAaTOB: BO3bBMEM KOIIMM BCEX STHX aBTOMATOB, N00aBUM
HOBOE Ha4YaJIbHOE COCTOSIHHE Vg, M OIPE/EIIUM B HEM ITyCThIE NEPEXO0/Ibl BO BCE KOIUU
HayaJIbHBIX COCTOSIHUM DJTHX aBTOMAaTOB. HOCKOHbe MHO>XECTBO Z KOHCYHO,
MOJIyYMBIINICS aBTOMAT TaKke OyAeT KOHEUHBIM M €ro Z-MHOXECTBO, OYEBHJHO,
COBIANAET C OObENUHEHUEM Z-MHOXKECTB KOIMI aBTOMaroB, To ecth, ¢ Z(W,2).
Teopema nokazaHa.

W3 soit TCOPEMBI HEMMOCPEACTBEHHO CICAYET CICAYIOIIast

Teopema 0 mpeaukare CJIOBAPHOH (YHKUUM AJsl OTPAHUYEHHOr0 ceMelcTBa Z-
MHOKecTB (aBToMaToB): [Ipeaukar cioBapHOW (GYHKIMM JUIi OIPAaHUYEHHOTO
ceMelcTBa Z-MHOXKECTB (aBTOMAaTOB) HHAYIHMPYET CEMEMCTBO BCEX AaBTOMATOB,
CBOJMMBIX K 3TOW CIIOBapHOH (PyHKIUH.

4. [MpobnemMbl mecmupoeaHuUsi coomeemcmaeusl

4.1. Mopgenb u peanusauua. AQanTUBHbLIA anNnropuTM TeCTMPOBaHUA
[Ton TecTpoBaHWEM B HACTOSIICH CTaThe MOHHUMAETCS TO, YTO B JIMTEpAType HUMEET
Ha3BaHUS TECTUPOBaHHWE COOTBETCTBHsA (conformance testing wim mpocto test
generation), oOHapyxeHue ommOok (fault detection) mnm mammHHas BepuHUKanus
(machine verification). Mogenb sBIsSeTCS CIIOCOOOM ONMUCAHUS (PYHKIIMOHAIBHBIX
TpeboBaHMII K peanu3alMd. OJTO O3HAYACT, YTO peajH3aliH, HMEIONHe OJHY
(YHKIMOHATIBHOCTh, HE PA3JIMYalOTCS TMPH BBHIHECCHUH BEPAMKTA TECTHPOBAHUS.
WHbIMH  CIIOBaMH, MOJEIb OIKCBHIBACT KJIACC pea3allfif, HMEIOIINX 3aJdaHHYIO
MOJICTIbI0  (DYHKIIMOHANIBLHOCTh. MBI  mpearnojaraeM, 4YTO pealu3auus — 3TO
peanu3anoHHbIN (TECTUPYeMBIil) aCHHXPOHHBI aBTOMAT, IMPEACTABIIOMNN COOOH
«YEPHBIi SAUIMK», O TTOBEJCHUH KOTOPOTO Mbl MOXKEM CYAUTbH [0 PEaKLUsIM (BBIXOIHBIM
CJIOBaM), BBIJJAaBAEMbIM UM B OTBET Ha TECTOBBIC BO3/ICHCTBHS — BXOHBIC CJIOBA.

B nepBoM mnpuONMKEHMM MOJENb JIOJDKHA OIMCHIBATH CJIOBapHylo (yHKIuio
peann3aoHHOro aBToMaTa. byneM npenmnonararth, 4To Takoe OIMCaHUE 3aJaHO B BUJIE
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MOJIETILHOTO (CHEeUU(HUKAIOHHOT0) aBTOMAaTa, a CaM MOJIENIbHbIH aBTOMAT 3a/laH SIBHO
(manpumep, cBouM rpadoM cocTtosiHuH). Cienyer IOJYepKHYTh, YTO ILEJIbIO
TECTUPOBAHUSI B 3TOM Clydae SIBISETCS HE NPOBEPKAa COBMAICHUS MOJAEIBHOTO M
pealM3alOHHOTO aBTOMAara, a TOJIKO TMPOBEpKa HX OKBUBAJICHTHOCTH, Kak
COBIIAJICHHS PEATN3yeMbIX UMH CIOBAPHBIX (YHKUIMHA. MTak, B IEpBOM IPHOIKEHHN
LEJbI0 TECTHPOBAHUS SBJISCTCS IPOBEPKA TOTO, YTO TECTHUpPyeMbli aBTroMar R mmeer
cnoBapuyto (pynkuuro W, 3anannyro monensio: W[R]= W. Boxee neransHo:

e ['mmotesa 06 3xBuBaneHTHOU JonyctuMoctr: Dom(W[R])=Dom(W)
e  VYcnosue skBuBaTeHTHOU KoppekTHocTH: VweDom(W) W[R](w)=W(w)

Ecnu 5TH ycioBUs BINOJIHEHBI, Oy1eM TOBOPUTH 00 9KEUBAIEHMHOCY PealTu3alul 1
MOJIENIM, peanu3anuio OylneM Has3blBaTh JkeueaieHmuoli Monenu. I'mnoresa 00
9KBHUBAJICHTHON HOMYCTUMOCTH SBJISETCS npedyciosuem TECTUPOBAHMS, TOCKOIBKY OHa
HE MOXET OBITh HpPOBEpeHa B MPOIECCE TECTHPOBAHUS, & TECTUPYEMBIM YCIOBHEM
(ycioBueM, IpOBEPSIEMBIM TECTOM) SIBIISICTCS YCIOBUE SKBHBAJICHTHOW KOPPEKTHOCTH.

CrnenyeT NOJUYEepKHYTh, YTO HAIle MOHATHE SKBHBAJCHTHOCTH OTIMYAETCS OT MOHATHUS
SKBUBAJICHTHOCTU B [4], Iie 9KBUBAJICHTHOCTh aBTOMATOB BKIIIOUAET COOTBETCTBHE
cocrossHuii. Eciu  ompesenuTh CIOBapHYIO (GYHKIUIO JUISI KaXJIOTO COCTOSIHUS,
paccMaTpUBaeMOro Kak HaudajibHOE€, TO SKBUBAJIEHTHOCTh B [4] O3HA4YaeT COBMAJlEHUE
CJIOBApHBIX (PYHKIMI COOTBETCTBYIONIMX COCTOSHHIA, B TO BpPEeMsS KaKk MBI TpeOyem
COBIIAJICHHS CIIOBAPHBIX (DYHKIIUH TOJNBKO JIJIsl HAYaIbHBIX COCTOSIHUH. [[erio B TOM, 4TO
CcaMO COOTBETCTBHE COCTOSHHUI peanu3allid M MOJENH TpEAIroyiaraeT BBIXOA 3a
MPEJeNbl CTPOTOH CXEMBI «UYEpHOTO SIIUKA». DTOT BBIXOJ MOXET HPOUCXOIHTH II0
JIByM HaIpaBJICHUSIM.

1. I'mnote3sl 0 peanusanuu. Kakx npasuio, npu TECTUPOBAaHUM Mbl HAaK/IaJbIBa€M Ha
BO3MOJKHBIE pEalM3alliil HEKOTOPbIE OIpaHUUYECHHs, KOTOPHIE HE MPOBEPSAIOTCS MpU
TECTUPOBAHUY, HO SBISIOTCS €ro mpeaycioBueM. K TakuM orpaHMYeHHsSM OTHOCSTCS
OTpPaHMYCHHUS Ha pa3Mep (YUCIO COCTOSHUI) aBTOMAara W THIIOTE3bl O TOW WM WHON
CTCIICHW JEeTePMHHM3MAa aBTOMara. DBBeneHHas HaMM BBIIIE TrHmore3a 00
SKBUBAJICHTHOH JOIYCTUMOCTH TOK€ OTHOCUTCS K YUCITY TAKUX TUIIOTE3.

2. JlonmojHMTeqbHasi HMHpoOpMalus, Nojdy4aeMas B Ipolecce TeCTHPOBAHMS.
Crporasi cxema «4epHOro SIIMKa» IpeanoiaraeT, 4To €AMHCTBEHHas HH(pOpMAaIus,
KOTOPYIO MBI [TOJTy4aeM B MPOLECCE TECTUPOBAHUS, 3TO BBIXOJHBIE CIIOBA, BBIIABAEMbIE
aBTOMAaTOM B OTBET Ha MOJABAacMbIe Ha HETO TECTOM BXOJHBIEC ciioBa. CuuTaercs, 4To
BBIIIOJIHEHHE aBTOMAaTa MO JAaHHOMY BXOJHOMY CJIOBY MTHOBEHHO, TO €CTb, MBI HE
MOXEM HaOI0aTh BBIOOPKY CTHMYJIOB M3 BXOJHON OUYepei U IOSIBICHUE PEaKIUid B
BBIXOZIHOW OYepeay B MPOLECCE BBHIMIOJIHEHUS aBTOMAaTa. JTO JIETKO OOBACHAETCS TEM,
9T0 Ui JI00OTO aBTOMaTa MOXKHO IIOCTPOUTH JAPYrOd  aBTOMAaT, KOTOPBII
OCYILECTBIISIET TPEIBAPUTENbHYI0 Oy(hepu3anno BOCIPUHIMAEMbIX CTUMYJIOB U, TEM
caMmbIM, 3aJep)KMBaeT BbIIady peakuuil. Pasymeercs, Takoii Oydep sBisiercs
pacIIMpeHHeM COCTOSHHUS aBTOMaTa W JUIi KOHEYHOTO aBTOMaTa MAOJDKEH HMETh
KOHEUHBII pa3Mep, HO, €CIIM HET OTPaHMYEHUI Ha pa3Mep CaMoro aBTOMaTa, TO HET
OTpaHUYEHU U Ha pa3Mep 3Toro Oydepa.
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KoHeuHo, Ha TpakTHKE MbI, KaKk IpPaBUJIO, UMEEM BO3MOXKHOCTh B TOW WJIM WHOMN
CTENICHW OIpPENENSATh OTHOCUTEIBHBIH MOPSJOK BO BPEMEHHM BOCIPHHHUMAEMbIX
AaBTOMAaTOM CTHUMYJIOB M IOJy4aeMbIX peakuunii. Takas mH(bOpPMaIMs 0 cepHaIn3aIiiIx
TECTHPYEMOT0 aBTOMAaTa MOXKET T'OBOPHTH 00 OLIMOKE B CMBICIE pean3yeMoil UM
cinoBapHoii ¢ynkumu. Hampumep, ecinu uis BXOIHOIO CJIOBA, HAYMHAFOLIEIOCS CO
CTUMYJIOB XgX;, CIOBapHas (YHKLHsS ONpEIeNieT TOJNbKO TaKHe BBIXOAHBIC CIIOBA,
KOTOpPbIe HAYMHAIOTCA C PEAKLHHU Yy, a AT XgX2 — C Y2, TO Bblaya aBTOMAaTOM PEaKIHU
Y1 [0 IpUEeMa BTOPOrO CTUMYJa sIBIsieTCs omMOKoi. C Ipyroil CTOpOHBI, MBI MOXKEM
CUHUTaTh, YTO MOJENb ONHCHIBAET HE TOJIBKO CIIOBApHYIO (DYHKIHIO, HO ¥ BO3MOXHBIE
cepHaIM3aliK, TEM CaMbIM HaKJIaJIbIBas OrpaHUYCHUS HA peali3aliio 3TOH CJI0BapHOH
(¢yHKIMM B TecTHpyeMOM aBroMare. B aToMm cityyae (yHKIHOHaIbHBIE TpeOOBaHHS K
TECTUPYEMOMY aBTOMATy OoJiee )KECTKHE, YeM MOXKET OBITh 3aJaHO CaMOM CIIOBapHOU
(yHKIMEH.

Emte ogauM cnoco®oM MOMYYUTh DOMOJHUTENBHYI0 MH()OPMAIHIO SABIISETCS HAMYHE
CIIeLIMaIbHON OIlepalliyl YTeHHUs COCTOSHHUS (Status message) TECTUPYEMOTO aBTOMATA.
31ech MperosiaracTcsl, 4To Takas olepanys YTeHHUs JaeT JJOCTOBEPHBIN pe3ybTaT, TO
€CTh, HE BXOAMT B YHCIIO CTUMYJIOB, PEaKLUI0O Ha KOTOpPbIE HYXXHO TECTHPOBATH.
Jpyrum criocoboM sBIsIeTCsT HallM4yKMe CIelHanbHOM onepauuu cOpoca aBroMara B
HavyallbHOE COCTOsIHHME (reset), KOTOpash TakXe JOJDKHA OBITh JOCTOBEpHA. B sTom
cilyyae MBI UMeeM MH(OPMAIMIO O COCTOSIHUM peajM3allii, 10 KpailHeH Mepe, cpasy
T10CIIe BBIIOJIHEHHUS TAaKOW ollepanuy copoca.

TecToM Ha COOTBETCTBHE OOBIYHO HA3BIBAIOT TAaKOE BXOJHOE CJIOBO, YTO IO JIIOOOMY
IMOJIYYCHHOMY OT TECTUPYEMOI'O aBTOMATa BbIXOAHOMY CJIOBY MOKHO OJHO3HAYHO
OIPENICIINTh, SKBUBAJICHTHA pEaIHM3alUs MOJCIH WIA HET. DTO CIOBO HAa3bIBAIOT
nposepsiouwum crosom (checking sequence). Ecitu Takoe CIIOBO CYIIECTBYET, TO Jajiee
HMHTEPECYIOTCSI €ro [UIMHOM [UIsi OTPAaHUYEHHOTO (YMCIIOM COCTOSIHUI U/UITH TIEPEX0/I0B)
aBTOMATa M CIIOKHOCTBIO aJITOPUTMA MOUCKA TAKOrO BXOJHOTO ciioBa. B obmiem Buie
npoOyieMa COOTBETCTBUSI OY€Hb CJIOKHA M 3[€Ch Mbl PACCMOTPUM JIMIIb HEKOTOPBIE
Oonee gacTHBIE TPOOJIEMBI, PEIIEHHE KOTOPHIX HEOOXOAMMO IS PEHICHHUS TPOOIEMBI
COOTBETCTBHUSI .

[Ipexne Bcero, ciiexyeT OTMETHTD, YTO BXOJHOE CIIOBO MOKET OBITH HE TOJBKO 3apaHee
3aJaHHBIM (preset sequence), HO U BEIYUCIIEMBIM B IIPOLIECCE TECTUPOBAHUS HA OCHOBE
aHaJIM3a MONTy4YaeMbIX peakuuil. DakTHYecKHw, TaKoe adanmuerHoe BXOIHOE CIIOBO
(adaptive sequence) sBIs€TCS AITOPUTMOM TECTUPOBAHMUS, BEIYHCIISIFOLINM CIIEYOIINI
CTUMYJ (WU NIOCIEJ0BATEIbHOCTh CTUMYJIOB) B 3aBUCHMOCTH OT MOJYYEHHBIX K 3TOMY
MOMEHTY PEAKLMM.

PaccmoTpuM TecTHpoOBaHME KaK MPOTSHKCHHBIA BO BPEMEHH TIPOLECC ITOIaYH CTUMYIIOB
Ha aBTOMAT M TIOJYYEHHUS OT HEro peakmuidi. Bo-mepBhIX, MBI mpenmojaraem, 4To
M0JJaBacMbIif HA aBTOMAaT CTUMYJ HE «IIPOTAIaeT», TO €CTh, €CJIM aBTOMAT IMPUHIMAET
CTHUMYJI, TO OH IIepel STHUM MpPHUHSI BCE TMPENBIAyIIHEe CTHMYIBL. VIMEHHO 3TO
OmHCHIBaeTCs abcTpakuuedl BXOOHON ouepend. VICKIIOYEHHE COCTaBIAIOT ITyCTHIE
CTHUMYJIbI, IOCKOJIBKY Y HAaC MOXET HC 6I>ITI) BO3MO>XHOCTH TOYHOH MX pcaiunsanuu, TO
€CThb, MbI HE MOXKEM rapaHTUpOBAaTh, 4qTo MCKIY ABYMsI HCMYCTBIMU
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BOCIIPUHMMAEMBIMHU CTUMYJIaM aBTOMAT BOCHPHUMET POBHO CTOJBKO IMYCTHIX CTUMYJIOB,
CKOJILKO MBI XOTHM. JTa mnpobiiema obcyxnaercst Hke. [loka Oynem mpexmosnarars,
YTO IyCThIE CTUMYJBI pPEAlU30BAHbI TOUHO. BO-BTOPBIX, MBI IpEANONaraeM, 4To B
Ipouecce MNOAAaYM Ha aBTOMAaT CTUMYJIOB MBI HMEEM BO3MOXHOCTH IIOJIy4aTh
BBIJJaBa€MblC ABTOMATOM pEAaKIWH OXHY 3a JPYrod Tak, 4TO B KaKAbIH MOMEHT
BPEMEHH TOCIIEI0BATENBHOCTH YK€ TTOJyYEHHBIX PEAKIMHA IPEICTaBIsIeT cO00H HaYano
BBIXOZHOTO CJIOBA, BBIJABAEMOT0 aBTOMATOM.

ANanTUBHBI aNrOPUTM TECTUpOBaHHMS sl cioBapHoil ¢QyHkuun W  MOXKHO
MPEeACTaBUTh ce0e B BHJE IMOCIEIOBATEILHOCTH maroB. Ha kaxkmom i-oM mare Ha
aBTOMAT MOJAETCS HEKOTOPOE KBA3M-KOHEYHOE BXOAHOE CJIOBO Wie®, U B KaKON-TO
MOMEHT BPEMEHH IOCIIe MOJauH MOCIEIHEr0 HEIyCTOro0 CTHMYJIa MBI OOHAPYKHUBAEM,
YTO MOJYYMIH KOHEYHOE BBIXOIHOE U;. Ha IepBoM miare, ciioBo wie® JOJDKHO ObITh
IlOHyCTI/IMO u HpOBepHeTCH, 4TO U; MOXKCT 6]:.IT]) Ha4YyaJiIOM BO3MOXHOI'O BBIXOIHOI'O
CIIOBa, TO €CTh, cyiecTByeT ueW(w;e®) Takoe, 4yro u;<u. Bropoii miar Mbl HaYMHAEM,
KOTJla MIMEETCS HEOIPENEeIIEHHOCTh B YHCIE KOHIEBBIX ITyCTHIX CTHMYJIOB IIEPBOTO
BXOJIHOTO CJIOBA, TO €CTh, KOTJa PEaJbHO Ha aBTOMAT MOJAHO HEKOTOPOE KOHEYHOE
BXOZHOE CJIOBO BHIA Wie . [Ipennonaraercs, 9TO AOMYCTHMO JIF000€ BXOIHOE CIIOBO
BHIA Wie Wye®, 1 MIPOBEPSIETCs, UTO, M0 KpaifHe#W Mepe, Ui HEKOTOPHIX U3 HUX WU,
MOXET OBITh Ha4yajJOM BO3MOXKHOTO BBIXOJHOTO CJIOBa. B IienoM, eciau TecTUpoBaHHE
3aBepinacTcs nocie K-ro mara, To JAOJDKHO OBITh TOMYyCTUMO JIF00O€ BXOIHOE CIIOBO
BUJA Uje Uz€ ...uie ... uxe®, 1 MPOBEPSICTCS, YTO, 1O KpaliHel Mepe, I HEKOTOPBIX U3
HHX CJIOBO UUj...U;...Uy SABJISCTCS HAYAJIOM BO3MOXHOTO BBIXOJIHOTO CJIOBA.

CHaganma paccMOTpPHM JBE€ TPOOIEeMBI HM30BITOYHOCTH: MpoOJIeMa W30BITOYHOCTH
peanmmzanuu  (peaNU3allHOHHOTO BXOIHOTO JOMEHA) W TpobiemMa W30BITOYHOCTH
MoJieH (MOJICNBEHOM CII0BapHOi (DyHKIIUH).

4.2. NMpo6nema n3bbITOMHOCTU peanusauum

[pobrema W3OBITOYHOCTH peanm3anud (pealn3alliOHHOTO [OMEHa): Peammsanms,
JleNaronas BCe TO, YTO OHA JOJDKHA JIeNIaTh B COOTBETCTBUH C (DYHKIIMOHAIBLHOCTHIO,
3aJaHHON MOJEIBI0, MOXKET JOIYyCKaTh BXOJHBIC BO3ACHUCTBHS, HE OIMCHIBAEMBIC
Mozenbo. Kak mpaBmiio, mpu TeCTUPOBAaHWM HE CTABUTCS 3a/ada MPOBEPKH TOTO, YTO
JienaeT peald3alys I 3TUX HEMOJEIMPYEMbIX TECTOBBIX BO3JEHCTBUIL. B TepMuHax
aBTOMATa U €ro CJIOBapHOW (PYHKIMH 3TO O3HAYACT: MPH TCCTUPOBAHUU MBI I0JaeM Ha
TeCTl/IpyeMMﬁ aBTOMAT TOJIbKO T€ BXOAHBLIC CJIOBA, KOTOPLIC AOIMYCTUMBI B MOJCIIH,
XOTA peain3alus MOXKET JAOIyCKaTh U IPyrue BXOAHbIE CJIOBA.

Byz[eM rOBOpHUTb, YTO peaHI/IBaHI/IOHHHﬁ aBromMatr R uacmuuno skeusanenmen
MOZ[CJII)HOP'I CHOBapHOﬁ q)yHKIII/II/I W, €CJIA BBITOJIHCHBI CJICAYIONIUEC IBa yCIOBUS:

o ['mmotesa o yactuuHoi gomyctumoctu: Dom(W[R])>Dom(W)
e  VYcnosue skBuBancHTHOU KoppekTtHocTH: VweDom(W) W[R](w)=W(w)

I'mnore3a 0 4YacTUYHOM JIONMYCTHMMOCTH SIBIISIETCSL Mpedycioguem TeCTUPOBAHMS,
IIOCKOJILKY OHA HE MOXKET OBITh IIPOBEPEHA B IIPOLIECCE TECTUPOBAHMUS, @ TECTUPYEMBIM
YCIIOBHEM  SIBJISETCSl YCIOBUE HSKBUBAJIECHTHOM KOPPEKTHOCTH. B nmanpHeiimem, mo
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YMOJIYaHHUIO, TOJA "THIIOTE30d O JOMycTUMOCTH" Mbl OyJeM IIOHMMarb HMEHHO
"rUnoTe3y O 4acTMYHOM JomycTUMOCTH". 3aMeTHM, YTO Halle TOHATHE YaCTUYHON
3KBUBAJICHTHOCTU aHAJIOTMYHO MOHATHUIO KBa3U-3KBUBAJICHTHOCTH B [3].

4.3. Npobnema M36bLITOMHOCTU MoAenun

[pobnema wn30bITOUHOCTH Mozenu (MoAenbHOW cioBapHOH ¢(yHkuum): Monens
ONMCHIBAET MHOXKECTBO BO3MOXKHBIX MOBEACHMH peanu3alud [P 33JaHHOM
JIOITYCTHMOM BO3JEWCTBHM Ha Hee. B TepMHMHax aBTOMaTa M €ro CIOBapHOW (QYHKIHH
3TO O3HAYAEeT, YTO 3HAYCHHUE CIOBapHOI (PyHKLMH Ha JTaHHOM BXOJHOM CIIOBE SIBIISIETCS
MHO)XECTBOM BBIXOJHBIX CIIOB. Eciii 3T0 MHOXecTBO cocTOoMT 0Oojee, 4eM M3 OHOTO
BBIXOHOTO CJIOBA, 3TO O3HAYAET, YTO MOJIETh pa3pelIacT pealn3anny BbIaBaTh JII000e
U3 3TUX BBIXOJAHBIX CJI0B. ONHAKO, MBI HE MOKEM TPeOOBaTh, YTOOBI peanu3aiys AJs
Ka)X[JOTO BO3MOKHOTO BBIXOJHOTO CJIOBAa MMEJA BBIMOJIHEHUE, BBIIAIOIIEE 3TO CIIOBO.
Bo-nepBbIX, 3T0 HEBO3MOKHO MPOBEPHUTh, €CITM €AMHCTBEHHBIN CIIOCO0 BO3JIEHCTBHS Ha
peanu3anuio — BBOJ BXOAHOTO ciioBa. Eciu 1jist JaHHOTO BXOJIHOT'O CJIOBA BO3MOHBIX
BBIXO/IHBIX CJIOB HECKOJIBKO, TO BBIOOP TOTO MJIM MHOI'O BBIXOJHOT'O CJIOBA B aBTOMATe,
110 OIpEAEIECHHUI0, HEACTEPMUHUPOBAaH. JTa MpobieMa 00CYXIaeTcsi B CIEIYIOIEM
paszene. Bo-BTophIX, (hyHKIHMOHAIBHOCTH OOBIYHO OHMMAETCS KaK pa3 B TOM CMBICIIE,
YTO peaju3alys MOXKET BbIIABaTh J/000¢ W3 BO3MOXHBIX BBIXOJHBIX CIIOB. JTO
O3HAYaeT, YTO 3HAYEHHE CIOBAapHON (DyHKIMH peaM3alMOHHOTO aBTOMAara Ha JaHHOM
JOIYCTHMOM BXOJHOM CJIOBE [IOJDKHO OBITH BIJIOXKEHO B 3HAYCHHE MOJECIBHOMN
CJIOBApPHOW (DYHKIIMM HA 3TOM K€ BXOIHOM CIIOBE, HO HE 0053aHO COBIA/IAaTh C HUM.

Bynem roBoputh, 4TO peann3alMOHHBIN aBTOMaT R c600um K MOIENBHOM cloBapHOM
¢ynkin W, ecy BBIIOJIHEHBI CIIEAYIONINE ABA YCIOBHS:

e T'umotesa o yactuunoit nonycrumoct: Dom(W[R])2Dom(W)
e  VYciosue yactuuHoi koppektHocTr: VweDom(W) W[R](w)cW(w)

TecTupyeMbIM  YCIOBHEM SIBISIETCSL  YCJIOBHME YaCTUYHOW KOpPpPEKTHOCTH. B
JalbHEeHIeM, 0 YMOJYaHUIO, MO/ "YCIIOBHEM KOPPEKTHOCTH' MBI OyAeM IOHHUMATh
MMEHHO "yCJIOBHE YaCTUYHON KOPPEKTHOCTH'.

4.4. Npobnema HepeTepMUHU3IMa

[Ipobrema HeneTepMuHU3Ma citoBapHoi GyHKIIH. Kak OBIIO cKa3aHO BEIIIE, yCIOBHE
KOPPEKTHOCTH B IIOJIHOM OOBEME HEBO3MOXKHO MNpoBepuTb. Ecnm mng maHHOTO
BXOJHOTO CJIOBa BO3MOJKHBIX BBIXOJIHBIX CJIOB HECKOJBKO, TO BHIOOP TOTO MJIM MHOTO
BBIXOJHOTO CJIOBa B aBTOMAare, II0 OIpPEIeIeHHIO, HeaeTepMHHUpoBaH. IlosTomy
CKOJIBKO 6bl pa3 MbI HC IMOAaBaJIni Ha TeCTMpythlﬁ aBTOMAT HOaHHOC JOIyCTUMOC
BXOJIHOE CJIOBO U TI0JIy4Yajii BO3MOXKHOE (COOTBETCTBYIOIIEE MOJEIHN) BBIXOJHOE CIIOBO,
y Hac He MOXXET OBITh rapaHTUH, YTO MPH CIEIYIOIEH MOIBITKE OYAET BBIJAHO TaKXKe
BO3MO’KHOE BBIXOJJHOE CJIOBO.

ITosTOMyY npeanonaraeTcsi BBINOJIHEHHOM claeayomas

e [mmore3a 00 OAHOPOMHOCTH HENETepPMUHW3MA: Eciou aBTromar s
JOITyCTUMOTO BXOZHOTO CJIOBAa BBIJACT BO3MOXXHOE BBIXOJHOE CIOBO, TO OH

9TO ACIAaCT BCECraa, TO €CTh, 3HAYCHUC CHOBapHOﬁ q)yHK].[I/II/I aBpToMara Ha 3TOM
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BXO/IHOM CIIOBE COCTOHT TOJIBKO u3 BO3MOJKHBIX CJIOB:
VweDom(W) JueW[R](W)nW(w) = W[R](wW)cW(w).

Ecnu rumotes3sl O IOMYCTUMOCTH U OJHOPOJHOCTH HEJCTEPMHHHU3MA BEPHBI, TO IS

MPOBEPKH CBOJMMOCTH peajM3allii K MOJEIH JOCTaTOYHO MPOBEPHUTH CIEIyIoliee

TECTUPYEMOe

e  VYcnosue ogHOKpaTHOU KoppekTHocTH: VweDom(W) mepBoe sxe BhIgaHHOE
peanu3areit BeIxogHoe ciaoBo ue  W(w).

4.5. NMpobnema 6eCKOHEYHOCTU MOAENILHOro AOMEHA

[Ipobrema OECKOHEYHOCTH MOJIENBHOTO JioMeHa. JIoMEeH MOJENbHON CIoBapHOM
¢GyHKIMH, BoOOLIE TOBOpS, SBISETCS OECKOHEYHBIM M IO3TOMY IIPOBEpKa
TECTHPYEMOTro YCJIOBUs "B J100", TO €CTh, JJIs KaXKIOTO CJIOBA W3 JIOMEHA, HE MOXET
OBITh BBITIOJIHEHA 32 KOHEYHOE BPEMSsL.

Uto6b1 060iiTH 3TY IpOOIEMY, OTIPENENAIOT HOKpbIMUe TOMEHA — KOHeYHOe MHOKECTBO
IIOJMHOKECTB JIOMEHA CoveragegZD"m(W) takoe, uto UCoverage=Dom(W). DneMeHTHI
MOKPHITHAS HA3bIBAIOTCS  oOJacTaMu. [lpm 3TOM mpenmonaractTcs BBITOJHEHHON
cleqyromas THIoTe3a:

e Tumores3a 00 OJHOPOIHOCTH MOKPBITHS: JUTS KaXI0W 00JaCTH OKPBITHS, SCIIU
TECTHPYEMOE YCIOBHE BBIITOIHEHO JIJIsl HEKOTOPOTO 3JIEMEHTa 00J1acTH, TO OHO
BEIIOJIHEHO s Bcex odneMeHToB obOnactu: VCeCoverage (IweC
W[R](W)cW(w)) = Vw eC W[R](W)W(W").

Ecnu rumotessl 0 10IMyCTUMOCTH M OJJHOPOAHOCTH MOKPBITHS BEPHBI, TO ISl IPOBEPKU
CBOJIMMOCTH peali3alliil K MOJAETH JOCTAaTOYHO IPOBEPHUTH CIIEAYIOIIEe TECTHPYEeMOe
yCIIOBHE:

e VYcrnosue BreibopouHod koppektHoctH: VCeCoverage it T1epBOro
OJIAaBaEMOT0 Ha peanu3anuio BxomaHoro cioBa weC W[R](w)cW(w).
Ecnu 3anano nmokpeitre Coverage ¥ BEpHBI TUIIOTE3bI O JIOMYCTUMOCTH, OJHOPOJIHOCTH
HEJICTCPMUHU3MA ¥ OJHOPOIHOCTH TOKPBITHA, TO JJIS TPOBEPKH CBOAUMOCTH
peanu3aIyy K MOJIENIN IOCTATOYHO IIPOBEPHUTH CIICAYIOIIEE TECTUPYEMOE YCIIOBHE:

e VYcnoBue BBIOOpOYHOH omHOKpaTHOW KoppektHoctu: VCeCoverage s
MEPBOTO IMMOJaBa€MOT0 Ha peanu3annio BxoaHOTo cioBa WeC BblIaHHOE
peanu3anuel BEIXogHoe coBo ue  W(w).

4.6. UTepauunsa BXogHbIX CNOB

TecTupoBaHHe €CThb IIOCIEIOBATENBHOCTh INAroB TECTUPOBAHMSA, HAa KaXIOM U3
KOTOPBIX OCYIIECTBISETCA IMOJada Ha TECTUPYEMbIH aBTOMAT BXOAHOTO CIIOBA W,
MOJy4YeHHE BBIXOJHOTO CJIOBA U W IpoBepka Toro, 4ro ueW(w). 31ech BO3HHMKAET
npobneMa repebopa BXOOHBIX CJIOB, MOAABAEMBIX TECTOM Ha ILIaraX TECTHPOBAHMS.
Ecim 3amano nokpeite Coverage M BepHa THMIOTe3a 00 OJHOPOIHOCTH IMOKPBITHS,
JIOCTATOYHO TiepedpaTh XOTs OB IO OZHOMY BXOTHOMY CIIOBY M3 KaIIOW 00NIacTH
HOKPBITHSL.
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Jis 9TOrO OmpemeNsioT KoHeyHoe umepupyemoe muoxcecmgo IteratecDom(W),
cojiepKaree, 1o KpaifHeli Mepe, 1o OJTHOMY 3JIEMEHTY U3 KaXKA0H 001acTH MOKPHITHS,
to ectb, {CeCoverage|Coveragenlterate=J}=Coverage. Vtepauus BXOAHBIX CIOB
OCYIIECTBIISICTCS KaK Nepedop 37IEMEHTOB UTEPUPYEMOTO MHOKECTBA.

HrepupyemMoe MHOXKECTBO Ha MPAKTHKE yIoOHEe 3a1aBaTh H30BITOYHBIM B TOM CMBICIIE,
YTO €ro COOCTBEHHOE MOIMHOXKECTBO TAKXKE SBISIETCS UTCPUPYEMBIM MHOKECTBOM JUJIS
JAHHOTO MOKPBITUSA. JTy M30BITOYHOCTH MOJKHO YMEHBIINTH, UCIIONB3YS (QHUIBTPALIHIO.
IlycTs:
®  WTEpUPYyEMOE MHOXKECTBO YIOPSAOYCHO (TIEpEHYMEPOBAHO)
Iterate={wli]|[i=1..n};
e  TIOKpHITHE Tarke ynopsipoueHo (meperymepoBano) Coverage={C[j]|j=1..m};
e g kaxnaoit obmactu C[j]leCoverage onpenencH mpegukaT Ha HTEPUPYEMOM
mHoxkectBe P[j] = weC[j].
Beenmem maccuB OyieBCKHX NepeMeHHBIX B mnuHON m, nHNNmManm3upoBaHHBIX false.
OtdunsTpoBaHHAs MOCIeNOBaTEeIbHOCTE BXOMHBIX cioB FilterIterate Brramcisercs
crenyrommM obpazom. Utepupys MHOkecTBO Iterate, s KaXX1oro BXOJHOTO CIIOBa W
u3 Iterate nmepebupaem Bce obmactu nokpertus Clj], ams xoropsix B[j] pasno false, u c
moMoOIIBI0 Tpeaukara P[j] ompenensem, NpHHAIIEKAT JIH W COOTBETCTBYIOIIEH
obmactu. ns kaxxaoit mepedupaemoii obnactu Clj], ecmu weC[j], To ycraHaBimmBaeM
B[j]:=true. Eciu 3T0 mpounzomnuio XoTs 061 0AKH pa3 (W IPUHAICKHUT XOTS OBl OTHOI
nepedupaeMoii 061acTr), TO MOMEINIaeM W B OTQIIBTPOBAHHYIO TOCIIEIOBATEIFHOCTh
FilterIterate.

4.7. Npo6nema 6eckoHeYHbIX BXOAHbIX CIIOB

Ilo cymectBy, 3Ty mpoGiieMy Mbl n3y4and B dactd 3. XOTs ciioBapHas (yHKIMs
orpeziensieTcsi Ha OECKOHEYHBIX BXOIHBIX CJIOBAaX, IOCKOJBbKY 93TO yJOOOHas
MareMaTuueckass aOCTpakiysi, OJHAKO, IPU TECTHPOBAHWU HPUXOJUTCS UMETh JENO
TOJIBKO C KOHEYHBIMU clloBaMH. KOHEYHOe BXOJHOE CJIOBO MOXHO IOHHUMATh Kak
0OEeCKOHEYHOE CJIOBO, B KOTOPOM MMEETCS TOJNBKO KOHEYHOE YHCIO HEIMyCThIX
CTHMYJIOB; Takue OECKOHEUHBIC CJI0OBA MBI Ha3Balll K@a3u-KoHeuHvimu. IlycTbie
CTHMYJIBI, PacIiojIO)KEHHBIE BO BXOJHOM CJIOBE JIO ITIOCIIETHEr0 HEIyCTOro CTHMYyJia
MOJIETTUPYIOT «Iay3bD» MEXKAY I0CIEeI0BATEIbHBIMH HEMYCTBIMA CTUMYJIaMH, a
OeckOoHedHas MOCIIEOBATENbHOCTh ITyCTHIX CTHMYJIOB IOCIE IOCIEJHEr0 HEMyCTOTO
CTHMYJa — KOHEI] CJIOBA, TO €CTb, 3aBEPILICHUE 110/1a4U CTUMYJIOB HA aBTOMAT B JJAHHOM
TECTOBOM JKCIIEPUMEHTE.

Ml BBIICHWIM, 4YTO CloBapHas (yHKIHMS aBTOMaTa, BOOOIIe TOBOps, HE
BOCCTAHABIIUBACTCS. OJHO3HAYHO IO CBOEMY KBa3H-KOHEYHOMY CYXKEHHI0. B a3Toi
CUTyallMl MOXHO: 1) OTrpaHMYMTHCS TAKMMH KIACCAMH aBTOMATOB, JUISi KOTOPBIX
cioBapHas (QYHKIHs OJHO3HAYHO OMPENENASTCS ¢ KBAa3U-KOHEYHBIM CYXKCHUEM, WU
2) TakuMH (YHKIIMOHAJTBHBIMH TpPeOOBAaHMSAMH K aBTOMATy, KOTOPBIE MOTYT OBITh
cOpMyIHPOBaHbI B TEPMHUHAX KBA3HM-KOHEYHOI'O CYXKEHHs CJIOBapHON (QYHKIWH, TO
€CTh, IIPOBEPATH MOBEICHUE aBTOMATA TOJIbKO Ha KBa3M-KOHEYHBIX BXOJAHBIX CJIOBaX W,
€ClId Ha TaKUX CJIOBaX OHO MPaBWIbHO, TO JeJaTh BBIBOJ, 4YTO peaIU3allHsl
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COOTBETCTBYET MOICIIH. B aTux CllydyasixX MbI Kak Obl HE 06paLuaeM BHHMAaHUEC Ha
MOBCJACHUC aBTOMAaTa Ha «HACTOALIUX», COACPIKAIINX OCCKOHEUHOE YHCIIO HCITYCTBhIX
CTUMYJIOB, BXOJHBIX CJIOBax.

B 10 xe BpEMs, NOBCACHUE aBTOMATa Ha TaKUX «HACTOAUIMX>» BXOJAHBIX CJIOBAaX MOXKCT
0Ka3aThCsl CYIECTBEHHBIM C TOYKH 3peHHs (PYHKIHMOHAJIBHBIX TPEOOBAHHUI K aBTOMATY.
OOBIYHO MPOTrpaMMHBIE WIIM allapaTHble CHUCTEMbI MPEKPalIaloT BbLIAYY PEaKIHi,
€CIIM B TEYCHUH JUTUTEIBHOTO BPEMEHHU Ha HUX HE MOCTYIMAIOT (HEMyCThIe) CTUMYJIBL, HO
CYLIECTBYIOT CHCTEMBI C «HMHBEPTHPOBAaHHBIM» IOBEAECHHEM, KOTOpBIE, HA0OOpOT, HE
BBIJJAIOT PEAKLMi, €CIM CTUMYJIBI NTEPUOJMUYECKU MOCTYNAIOT, a MPH JUINTEIBHOM HX
OTCYTCTBHM HAa4YMHAIOT BBIAABATh «aBapUUHbBIC» pEAKLUUH, CHUTHAIM3UPYIOMHE 00
00pBIBE TIOTOKA CTHMYJIOB.

B aToM ciiyuae MOXHO MONPOOOBAaTh MCIHOJB30BAHME HEKOTOPOTO IpeauKaTa Ha
KOHCUHBIX CepHANIM3ANUAX M WHPOPMAIMU O CEpUAM3AIUAX, BO3HHUKAIONINX MPU
pabore aBTOMaTa JUII TECTOBBIX BO3AEHCTBHI. MBI MOKa3aiM, 4YTO, €CIH
(YHKIMOHANbHBIE TPeOOBAaHMS HACTOJIBKO JKECTKHE, YTO OIMCHIBAIOT HE TOJIBKO
CIIOBapHYIO (PYHKINIO, HO 1 MHOYKECTBO BITOJTHE TOITyCTUMBIX CEpHATH3aLUi aBTOMATa,
TO TaKOH TpPEAWKAT MOXKHO WCIIONB30BaTh [UISI TPOBEPKH TIIONYYAeMBIX IIPH
TECTHPOBAHNU cepuanuianuii. OIHAKO, €CIH MPEAUKAT ONICHIBACT, (PaKTHIECKH, caMy
cloBapHyl0 (YHKIHIO, TO €CTh, [ONYCKaeT BCE CEpPHUAIU3AlMU, KOTOPbIE MOTYT
BO3HHMKHYTh NpH paboTe 000ro aBroMara C JaHHOW CIIOBapHOil (yHKIHMeH, TO B
obmeM ciiydyae TakoW TNPEAWKAaT HE CMOXKET OTBEPTHYTh IIOBEIACHHE HEKOTOPBIX
aBTOMAaTOB C JIPyroi cioBapHO# (yHKIMeEH. B TO ke Bpems, eClii OTPaHUYHUTHCS
KOHEUYHBIM CEMEHCTBOM aBTOMAaTOB (HaanMep, aBToMaTaMu € OrpaHU4Y€HHBIM YHCIIOM
COCTOSIHHH), TO NTPo0sIeMa MOXET OBITh pelIeHa.
Ecnm y Hac He 3amaHa cioBapHass (QYHKOWS, a TOJBKO NPEAWKAT P KOHEYHBIX
cepuanu3anuii (HeBaXKHO, YTO 3TO MOXKET ObITh, HANpuUMep, MPEeIUuKaT HEKOTOPOi
CIIOBApHOM (YHKIMU WIM IpEeIUKaT Z-MHOXECTBA, OIPEEIISIOIIEro CIOBapHYIO
(YHKIHIO), TO TECTHUPOBAHUE MPOMU3BOAUTCS Ha OCHOBE ATOTO TPEIUKaTa CIedyIOIIUM
oOpazom:
e B KauecTBE KOHEYHOIO BXOJHOIO CJIOBa W; BBIOMPAIOTCS X-TIOJICIIOBO XZ
KOHEYHOW CepHa3aliy Z 1oIyckaemMoi npenukatoM: z€ U(p) w=xz;
o JJIs HOﬂy‘leHHOﬁ B TCCTOBOM OKCIEPHUMCHTE KOHEYHOH cepuajiusalu  Zg
(xz&=w;) poBepseTCA, 4TO OHa AOMycKaeTcs nmpeaukarom: z.€ U(p).
Ecmu ke y Hac 3amana kak cimoBapHas (¢yHkimus W, Tak ¥ MpeauKkar P KOHEYHBIX
CepHaM3aliii, TO TMOCIEAHUH paccMaTpUBAEeTCs KakK JONOJHEHHWE K CIIOBapHON
(YHKOUU, TO €CTh, HCIONB3YETCA TONBKO [UISI YTOYHEHUS CepHalU3allid Iapbl
(BXOZHOE CIIOBO, BBIXOJHOE CIIOBO), VAOBIETBOpSIOMICH cloBapHON (yHKImH. bonee
JIETaIbHO TECTOBBII SKCIICPUMEHT CTPOUTCS TI0 CIESIYIOIIEH cxeme:
e B KayecTBE KOHEYHOTO BXOJHOTO CJIOBa W; BEIOMPAETCS HAYAIBHBIA OTPE30K
BXOJTHOTO CJIOBAa W M3 IoMeHa cioBapHoil pyHkimu: we Dom(W) w<w;
® U3 MOJNYYEHHOH B TECTOBOM DOKCIIEPUMEHTE KOHEYHOW CepHallM3aliy  Z
(Xz=w;) BbIOMpaeTCs KOHEYHOE BBHIXOJAHOE CJIOBO - Y-TIOACIOBO YZ; M
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MPOBEPSIETCS, YTO OHO YNOBIETBOpseT cioBapHOi ¢(yHkmmm: Iw eDom(W)
JueW(w') w<w' yz(<u; eciu 3T0 He TaK, (PUKCHPYETCsI OIINOKa;

e  TIpoBepsETCS, ONMUCHIBAET JIM IPEAMKAT CEpHANM3ALMU Ul Hapbl (WeYZ):
3zeU(p) Xxz=w, yz=yZz;; €cau HET, TO CUUTAEM, YTO IPEAUKAT HE 3aIpeIiacT
M00yI0 cepruallM3alnnio TaKoH Hapbl U TECTOBBIA HKCIIEPUMEHT 3aKaHUMBACTCS
YCIIEIIIHO;

e  eCIM NpeauKaT ONHCHIBAET HEKOTOPBIE CEPHANIM3AIMHU ISl HMapbl (Wy,YZ), TO
IpOBEPsiEM, YTO MONYYEHHAs CEepHalIM3alysi Z¢ SBIACTCA OIHOW U3 HUX:
z.€U(p); ecir 3TO HE TaK, TO GUKCUPYETCS OIIHOKA.

Pazymeercs, At MCHONB30BaHMS METOJ@ IpenuKaTa y HAc IOJDKHA OBITH Kakas-TO
BO3MOXKHOCTh MOJNy4aThb HH()OPMALMIO HE TOJBKO O BBIXOAHBIX CJIOBaX, HO M O
cepranm3anusix. Ha mpakTuke, Mbl BO MHOTHX CIy4asX MOXKEM Takyro HH(opmanuio
nonmy4untb. OauH n3 crocoboB cienyronwid. [IycTe BpemMeHeM cpabaThIBaHHS aBTOMATa
[0 IyCTOMYy IEPexXoxy MOXHO IpeHeOpeub, a BpeMsl cpabaTblBaHHA IO HpPUEMY
CTHMYJa OTPAaHUYEHO CHHU3Y YHCIOM Tpin ¥ CBEPXY UHCIO Tmay. 10TIA, €CIU TIEpBast
pEaKIysl, IMOCTYMAET 4YepPe3 BPEMS NTpay<t<MTy,, OT HAYala TECTUPOBAHMS, TO MBI
MOXEM YTBEPKAaTh, YTO OHA PACIOjaraeTcsi B CCPHUATIM3ALUM HE paHbLIE N-TO U HE
Mo3Ke M-ro cTuMyna. Hampumep, pu Tyin=2, Tmax—4 ¥ t=9 mepBas peakuus MMeeT B
cepHuanu3aly HHAEKC OT 2 70 5, Tak Kak 2%4<9<5%2,

B TO xe Bpems, 3TOT mpHUMep TOKAa3bIBACT, YTO MPH TECTUPOBAHUH Y HAC MOXKET HE
OBITH BO3MOXKHOCTH TOYHO OTIPENIEIHUTH CEPHATH3ANNI0 BXOJTHOTO M BEIXOJHOTO CJIOBA.
DakTUYECKH, MBI MOXEM ONPEAENIUTh MHOXXECTBO BO3MOXHBIX cepuanuzauuii. B
IIEJIOM, €CJIH B pe3yJIbTaTe TECTOBOTO AKCIEPHMEHTA TOTy4eHa He OJHA CepUaIn3alus,
a MHOXECTBO Z; BO3MOXHBIX KOHEUHBIX CEpUAIM3AIMKA, TO OIHMCAHHBIC BHIIIIE
MPOBEPKH  Pe3yJbTaTOB TECTOBOIO OKCIEPUMEHTAa TMPOBOAATCS I KaXKHOH
cepuanu3anui MHOXecTBa Z€Z. Ecinm xoTs Obl 0JHAa cepuanm3anysi BBIACPKUBACT
MIPOBEPKY, TO MPEKpaIlaeM MPOBEPKY HEMPOBEPEHHBIX CepHAM3ALUNA U CUYUTAEM, UTO
aBTOMar Ben cebs mpaBwibHO ("mpesymmuus HeBuHoBHOCTH"). Ecim Hu onmHa
CepUaNIn3aIUsl He BBIICPKUBACT IPOBEPKY, GUKCUPYEM OIITHOKY.

3ameTuM, 4YTO pasHble CepUaNM3aLUKM OIPEICIAIT, BOOOIIE TOBOPSA, pa3HbIC
MOCTCOCTOSIHMS (MHOKECTBA MOCTCOCTOsIHMIT) aBTOMara. IloaToMy, ecim HaMm HyXHO
3HaTh MOCTCOCTOAHHUE (M1 TOro, 4ToOBl JaBaTh CIEIYIOIIEE BXOJHOE CIIOBO HE B
HAyYalbHOM COCTOSIHHH, a B IIOCTCOCTOSHHM), TO MMEET CMBICI IPOBEPATh KaXIYIO
CepUaln3alliil HU3 MHOXECTBa Z; BO3MOXHBIX CepuUaln3aluil (a He 1O0 MepBoit
BBIJIEp)KUBAIOIIEll MpoBepKy). Te cepuanM3anuu, KOTOpPbIE BBIAEPKAIN IPOBEPKY,
OIPENENAI0T MHOXKECTBO Z-PACKPACOK MApLIPYTOB, IO KOTOPBIM MOI MPONTH aBTOMAT
W, TEM CaMbIM, MHOXXE€CTBO BO3MOXKHBIX MOCTCOCTOSIHHH (KOHIIOB 3THX MapIIpyTOB).
[onpoGuee 3Ty pobIeMy pacCMOTPUM HIKE.

MHOXECTBO BO3MOXKHBIX CEPUANM3AIUI TPU TECTUPOBAHHMHM MOXKET OBITh 3aJaHO
HanOOJiee ECTECTBEHHBIM CIIOCOOOM KaK 4YacTUYHBIA TMOPSAIOK HA BXOXKICHHUIX
CTUMYJIOB U pEakiuii BO BXOJHOE W BBIXOJHOE cloBa. BXojHOoe cioBo ompenensier
JIUHENHBIA MOPSIOK CTUMYJIOB, & BBIXOJHOE CJIOBO — JIMHEMHBINA MOPSAIOK peaKiuil.
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JIOTIOTHUTEIbHBIN YAaCTHYHBIA TMOPSIOK, TAKHMM O0pa30M, CBSI3bIBACT CTUMYJBI U
peakuuu. B paccMOoTpeHHOM BbILIE IPUMEPE NEPBasi peaklysi HaXOAUTCS HE paHbIle 2-
ro W HE NOIPKE 5-r0 cTuMysia. IDTOT JOIMOJIHUTENbHBIA YaCTUYHBIA MOPSAOK
HHAYIHPYET MHOKECTBO Z¢ TMHEHHBIX MOPSAKOB, HE IPOTHBOPEHALIIX EMY.

4.8. NMpobnema nycTbIX CTUMYIOB

[TycToit ctumyn siBisieTcst abCTpakuyei, MOJIeUPYIOIel MyCTOTY BXOIHON odepesny B
MOMEHT €€ OIpoca aBTOMAaTOM B PELENTUBHOM COCTOSHHMM. Temnepb BO3HHKAET
npoOiemMa peanu3anuy 3TOW aOCTpakIMU, TO €CTh, PEATH3ALUH ITyCTOTO CTHMYJIA.
ITonsTHO, YTO peann30BaTh OCCKOHEYHYIO IIOCIEIOBATEIBHOCTh IYCTBIX CTHMYJIOB
IOCJIE TIOCJIEIHETO HEIyCTOro CTUMYJ JIETKO: Haxo IPOCTO IepecTaTh I0JaBaTh
CTMMYJBl Ha aBTOMar. TpyIHee peann3oBaTh HEKOHEUYHbIE IIyCThIE CTHMYJIBI,
MOJEIHPYIOIINE «MAy3b» Pa3IMYHONW JUINTEIBHOCTH (M3MEpIeMONM B  UHCIIE
MIPONIEHHBIX PELENTHUBHBIX COCTOSHUN) MEXIy TIOCIeI0BaTeIbHBIMU HEIYCTBIMU
CTHUMYJIaMH.

4.8.1. Ilepexeam onepayuu receive

[pocteiimmii cnoco0 peanu3anuy MyCcToro CTUMyJia OCHOBAH Ha IEpeXBaTe TECTOBOM
CHCTEMOH OOpalieHus aBTOMaTa K BXOJHOW OdYepequ B PEIENITUBHOM COCTOSIHHU.
Bymem cumrath, dYro Takoe oOOpalleHHE peanm3yeTcs oOllepalieid receive,
BO3BpAIalOIIeH TOJIOBHOW CTUMYJ, €CIH OdYepedb He IyCTa, WM cooOmaromeil o0
OTCYTCTBUH CTHMYJIa, €CIH OdYepenb IycTa. 3aMEeTHM, YTO ACHHXPOHHBIH aBTOMAT
OTJINYAETCs OT KJIACCMYECKOr0 aBTOMaTa Muy, B 4aCTHOCTH, TEM, YTO ISl ITOCIIEAHETO
UCIOJB3YETCsl receive C OXHIAHMEM M IO3TOMY aBTOMAaTy HeE cooOmaercs o0
OTCYTCTBUU cTUMYyJa. Ecniu 1o omepanuu receive aBToMaT MomajaeT B TECT, TO caM
TECT BO3BpAILAET OUEPEAHON CTUMYJI BXOJHOTO CJIOBA, €CIM 3TOT CTHUMYJ HEMYCT, WU
CO00IIaeT 0 MyCTOTE OYESPEIU, E€CIH ITOT CTUMYI ITYCT.

Henocratkom 3TOro crnoco®a sIBISIETCSl TO, YTO TMOAOOHON BO3MOXHOCTH ITI€pexBara
omepanuu receive MoxxeT He ObITh. B 3TOM cirydae BO3MOXKHBI TpH BapHaHTa: 1)
OTPaHUYMTHCS] TAKMMHU aBTOMaTaMH, IMOBEJCHUE KOTOPBIX HE 3aBHCUT OT HAJIMYUS WU
OTCYTCTBUSI IIyCTBIX CTHMYJOB BO BXOJHOM CJIOBE, 2) OrPaHMYMTBCS TaKHUMH
BXOJHBIMH CJIOBAMH, KOTOPBIE MOXHO pPEaJn30BaTh; 3) NPUMEHATh "HedeTkue"
BXOJ/IHBIE CJIOBA, B KOTOPHIX YHCJIO IYCTHIX CTHMYJIOB B HY>KHBIX MECTaX MOJXET OBITh
ONpEAENICHO JIUIIb C HEKOTOPOH CTENEHbI0 TOYHOCTU U, COOTBETCTBEHHO,
OTPaHWYMTHCSI TAaKUMHM aBTOMAaraMH, B KOTOPBIX JII00O€ M3 TOYHBIX CJIOB,
COOTBETCTBYIOUINX HEUYCTKOMY BXOJHOMY CJIOBY, JOITYCTHMO.

4.8.2. Cepuiinoe mecmuposanue 6e3 nayz u CmayuoHapHoe mecmuposanue

CpCI[I/I JOIIYCTUMBIX KBa3M-KOHEYHBIX BXOJIHBIX CJIOB €CTh ABa KpaﬁHHX IIOAMHOXCCTBa
CJIOB, KOTOPBIE MOT'YT OBITH pCain30BaHbl IPU HEKOTOPLIX MPCAITOIOKCHUAX!
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1. Ksa3u-KOHEUHbIE BXOJHBIE CJIOBA 0€3 IMyCTHIX CTHMYJIOB, TOYHEE, CJIOBA, B
KOTODBIX BCE MYCTHIE CTUMYJIbI PACIIONATAIOTCS IIOCIIE MOCIEAHETO HEIyCTOrO
cTiMy1a. MHOKECTBO Takux cioB X A {e®}.

2. KBa3u-KOHEUHbIE BXOJHBIE CIIOBA, B KOTOPBIX MEXIy JHOOBIMH
[OCJIEA0BATENBHBIMU  HEMYCTHIMM CTHMYJIAMH PacIoaraercs JIOCTaTOuHO
00JIBIIOE YUCIIO IYCTHIX CTUMYJIOB.

MoamuosxkecTBO 1 MOXKET OBITH PEAIU30BAHO B IPEANOIOKEHHH, YTO TECT YCIEBAET
[O/IaTh HAa aBTOMAT CIIEAYIOLIUH HEMYCTOM CTUMYII [0 TOTO, KaK aBTOMAT 3aX0YET €ro
npouurTark. Takoe TECTUPOBaHME OyIeM Ha3bIBATH CEPULHbIM MeCmuposanuem 6es
nays. Ecim TecT W aBTOMaT pealu30BaHbl MPOLECCAMU Ha OJHOM IPOLECCOPE, TO
JI0CTATOYHO, YTOOBI POLIECC TECTA UMEJT OOJIBIIMN IPUOPHUTET, YEM TIPOLIECC ABTOMATA.
B 3TOM cilydae TECT HOMECTHT BO BXOJHYIO OUEPEb BCE HEIMYCTHIE CTUMYJIBI M TOJIBKO
[ocjie 9TOr0 HAyHeT paboTaTh IMpPOLECC aBroMara. Ecid JKe TecT M aBTOMar
peanr30BaHbl IPOLECCAMH Ha Pa3HBIX IIPOLECCOPAX, TO, O-BUAMMOMY, HYXKHO, YTOOLI
IPOLECCOP TeCTa OBUT IOCTATOYHO GBHICTPHIA MO CPABHEHHUIO C MIPOLIECCOPOM ABTOMATA:
LMKJI TECTA MO MOCHUIKE OJHOTO HEIYCTOrO CTUMYJa JOJDKEH BBINOJHATLCS OBICTpEE,
4YeM IIepexoj aBTOMAaTa, OrPAaHHMYEHHBIH CBEPXY MAKCUMAIbHBIM BPEMEHEM
cpabaTbIBaHUA T.

Ectp u gpyroii cioco6 peanuzanym moaMHoxkecTBa 1. [ 3TOro 10CTaTO9HO, YTOOBI
paboTa aBTOMAara HayWHAJIACh C €r0 HAYAIBHOTO COCTOSIHHS IIOCIIE TOTO, KaK TECT
MOMECTHJI BO BXOIHYIO Ouepellb BCE HEMYCThle CTUMYJIbI BXOJHOTO clioBa. MHBIMHU
CJIOBaMH, MPEAINOJIAracTcsi, YTO aBTOMAT HAYMHAET CBOIO pPabOTy C HAYaJbHOTO
COCTOSIHHSL IO CICIHAAIBHOMY CTapTOBOMY CHTHAIy, KOTOPBIH TECT MOIAeT IOCIe
IIOMEUICHUA BO BXO)IHyIO o'iepem) BCECX HeHyCTI)IX CTl/IMyJ'IOB.

IMoagMHOKeCTBO 2 UMEET CMBICI JIJIsl aBTOMATOB Kilacca A5, B KOTOPBIX JI000€ KBa3H-
KOHEYHOE CJIOBO MEPEBOAUT aBTOMAT B TEPMHUHAJIBHOE COCTOSIHUE WIIM NMPHHUMAIOIIEE
COCTOSIHME 0€3 e-IIepeXO/OB B JPyrHe COCTOSHHS (€CTh TOJIBKO e- TETJIs); Takue
COCTOSIHMSI OyZeM Has3bIBaTh cmayuoHapHvimu. Takod aBTOMar kiacca A3 — 3o,
OYEBUJHO, aBTOMAT, B KOTOPOM KaXXIbli LMKIMYECKUN MapuipyT, KpOME e-IETellb,
COJICPXKHUT X-TIEPEXOABI, TO €CTh, MPHEM CTHUMYJIOB. B cTaloHapHOM COCTOSHUU
aBTOMAT JINOO OCTAaHABIHMBACTCS, MO0 OXHIACT MOCTYIUICHHUS HEIMyCTOro CTHMYyJa. B
9TOM CITydae CIICAYIONINN HeIyCTOH CTUMYJ IOAAaeTCs Ha aBTOMAT IOCJIE €ro mepexoia
B CTAllMOHAPHOE HETEPMHHAIBHOE COCTOsiHMe. Takoe TecTupoBaHue OyleM Ha3bIBATh
CMAaYUOHAPHBIM.

Kakoe Bpems TecT MOMKEH BBDKIATh MpPEXJAE, YeM IOAATh CIEAYIOIIHN HemycToi
ctumyn? OUYEBHIHO, 3TO BpEeMs OrPaHUYCHO CBEPXy MaKCHMAllbHBIM BpPEMEHEM
repexojia aBToMaTa 110 MPEIbIIyIIeMy HEITyCTOMY CTUMYJTY TUTIOC BPEMs IPOXOKICHUS
B CTAallMOHAPHOE COCTOSHHUE [0 MAapIIPYTy, COJCpIKAMEMY TOJNBKO IIYCTHIC,
MOCBIIAIONINE U e-TIepeXo/ibl. [I0CKONIbKY HET UKIOB M3 TAKUX MEPEXOI0B, KPOME e-
MeTeNb, MaKCHMMallbHas JUIMHA TAKOrOo MyTH paBHA n-1, rie N — YHCIO COCTOSIHUI
aBTomara. CienoBaTeNnbHO, TaliM-ayT MEXKIY [OCIEAOBATEIbHBIMA HEIyCThIMU
CTHMYJIaMH MOKHO YCTaHOBHTH paBHBIM T+(n-1)T=nt, rae T — MakCHMallbHOE BpeMs
cpabaThIBaHMsI aBTOMATA.
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4.8.3. Asmomamut ¢ 00HOPOOHBIM NOBEOCHUEM

MoXHO He OECIOKOMTBCS O pPEaNn3allMy IIyCTBIX CTHUMYJIOB, €CIH TECTHUPYEMBIN
aBTOMAT 00JIalaeT CIEIYIOIINM CBOHCTBOM.

OnuHopoaHoe noBenenne: Ecinu ciioBaprast Gpynkuust W aBromMaTa orpeziesieHa Ha CIIoBe
W, TO OHA OIIpeJielieHa TAKXKE Ha JJF000M CJIOBE W', TIOJIyYEHHOM M3 W YAaJICeHHEM H/WIIn
J00ABJICHHEM B MPOHM3BOJBHBIC MECTa MPOM3BOJBHOIO KOHEYHOrO 4YHCIAa IMYCThIX
CTHUMYJIOB, M IPUHIMAET Ha HeM To ke 3HaueHue W(w")=W(w).

ABToMathl, OONajarOIMe STHUM CBOHCTBOM OylneM Ha3bIBaTh AGMOMAmMamiu ¢
O0OHOPOOHBIM NOBEOeHUeM, A KITACC TAKUX aBTOMATOB 0003HaYnM A6. MBI yike U3ydanu
monknacc A6 — ximacc A0 — aBToMaThl 0€3 CMEIIAHHBIX COCTOSHHU U €-TIEPEXOO0B.
Ecnu mnpuBectn o5TH  aBTOMaThl K Kiaccy A3, TO OTCYTCTBHE e-IIEpEXO0B
MpeBpamaeTcs B OTCYTCTBHE €-TIEPEXOJ0B, HE SBISAIOMIMUXCS METIAMH. VHBIMEU
cioBamu, aBToMaThl kinacca A0 — 3To aBTOMaThl 0€3 CMEMIaHHBIX COCTOSHHM, B
KOTOPBIX BCE €-TIEPEXOIbI - 3TO METIN B MPUHUMAIOIINX COCTOSHHSIX.

Bwmecte ¢ TeM, CBOMCTBO HE3aBHCHMOCTH CIIOBAPHOW (YHKIIUH OT BCTABKU U yIAICHUS
MyCTBIX CTHMYIIOB HE SIBIIIETCS XapaKTEPHUCTHUECKUM i kiacca A0, To ecTh, Kiacc
aBTOMATOB, 00JaJAIONIMX ATHM CBOHCTBOM, He coBmazaeT ¢ kimaccom AQ: AOcA6.
[Ipumep mpuBeneH Ha Puc. 31; B 3TOM aBTOMaTe HapymaeTcs CBOHCTBO 3 aBTOMara
kiacca AO0: cnoBo x;€” JONycTMMO, CJIOBO X X;€® HEIOIyCTHMO, OJHAKO,
W(x1€®)={(y")} HE COmEPKUT KOHEYHOIO BHLIXOIHOTO CIIOBA.

Puc. 31

311ech NPENCTABISIOT HHTEPEC CIIENYIONINE JIBE [T0KA HE PEICHHbIE 3a/1a4H:

1. OmnucaTp KJ1acC aBTOMATOB C OJHOPOAHBIM MOBEJCHHEM A6.

2. Paccmotpers moakmacc A6'CA6, B KOTOPOM Ui BCEX KBa3H-KOHEYHBIX
BXOOHBIX CJIOB BBIXOJHBIC CJIOBA KOHCYHBI. Ectp TUIIOTE3a, YTO 3TOT IIOAKJIACC
sIBISIETCS Takxke moakiaaccoMm A0: A6'cA0cAG6.

Ilpu TectMpoBaHMM aBTOMATOB Kiacca A6 MbI MMEEM HEMPOBEPSIEMYIO BO BpeMms
TECTUPOBAHUSI FHIIOTE3y 00 OJHOPOJHOM IOBE/ICHNH, U 10JIaeM KBa3HU-KOHEYHBIE CIIOBA
C TEeMH NYCTBIMHU TIay3aMH MEKAY HEIMYCTbIMU CTUMYJaMH, KOTOPBLIC I1OJYy4YaTcCs.
OT[[eJ'IbeIfI HHTEpEC NPEACTABJIACT TECTUPOBAHUE C BAPLUPOBAHHUCM JIUTCIBHOCTU
9THX Tmay3, pasymeercs Oe3 rapaHTuu (M He CTaBsl TaKylo Iejib) Iepedparh Bce
BO3MOJKHBIC JTUTEIBHOCTH.

4.8.4. Asmomamut ¢ 00HOPOOHOTI OONYCIMUMOCHIbIO

TpebGoBanme k aBTOMaTy, OIpenelsioniee kKiacc A6 aBTOMATOB C OJHOPOTHBIM
MMOBEACHUEM, MOYKET OBITH OCIA0IEHO:
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OnHopoaHnast nomyctuMocTh: Eciu cnoBapras ¢yskmms W aBToMara omnpeneneHa Ha
CJIOBE W, TO OHa OIIPEIETICHA TAK)KE Ha JIFOOOM CIIOBE W, ITOJIyIEHHOM U3 W yIaJIeHHEM
W/unu 100aBIeHHEM B IPOM3BOJIBHBIE MECTa IIPOM3BOJIBHOIO KOHEYHOTO YHCIIA ITyCThIX
CTHMYJIOB.

ABTOMATBEI, O0ONANalONIMEe STUM CBOWCTBOM, OyIeM Ha3bIBaTh dAGMOMAMAMU C
O0OHOPOOHOUL OONYCMUMOCTbIO, a KITACC TAaKUX aBTOMAaToOB 0003HauMM A7DA6. MHBIMU
CJIOBaMH, U1 aBTOMATOB C OJHOPOIHOH TOIyCTUMOCTBIO A7, B OTIHMYUH OT aBTOMAaTOB
C OJHOPOAHBIM TMOBeneHWeM A6, He TpeOyercs, 4TOOBI, cioBapHas (YHKOHS Ha
BXOJHBIX CJOBaX W H W, OTIMYAIOMINXCA TOJBKO HAJIMYWEM WIN OTCYTCTBHEM
KOHEYHOT'0 YHCJIa MYCThIX CTUMYJIOB, IPUHUMaa OJHO U TO ke 3Hauenue W(w')=W(w),
a TOJILKO OZMHAKOBAs! JOIYCTUMOCTbD 3THX CJIOB.

TeCTI/IpOBaHHe TaKUX aBTOMATOB OCHOBAaHO Ha MPCAINOJIOKCHUH, YTO IIPU IOIBITKE
IoJiaTb Ha aBTOMAT AOIYCTUMOE BXOJHOE€ CJIOBO W, BblJlaBasg CTUMYJ 3a CTUMYJIOM U
JieTiast «1ay3bl» JUIs IyCThIX CTUMYJIOB, PEaJbHO aBTOMAT MOXKET MOJIYYUTh HE CIIOBO W,
a CIIOBO W', KOTOpOE, TeM HE MEHee, TaKkKe JIOIycTHMO. [I0CKOIbKY HE H3BECTHO,
KaKoe MMEHHO BXOJHOE CJIOBO ITOJIyYHJI aBTOMAT, MPH MOJY4YEHHH BBIXOJHOTO CJI0Ba U
MBI IIPOBEPSIEM 110 CIIOBApHOI (DYHKIINH BCE Maphl CJIOB (W',u), TI€ W OTIMYaeTCs OT W
KOHEYHBIM YHCJIOM IIYCTBIX CTHMYJIOB. Eciti XOTs OBl 0JJHA Takas mapa yIOBICTBOPSCT
CIIOBapHOW (YHKIUH, TO, MO "MPe3yMIIMA HEBUHOBHOCTH', CYUTAEM, UTO aBTOMAT
BBIIOJIHSIICS TTPABHIIBHO.

B onpenenennn cBoicTBa 0THOPOIHOM JOIyCTUMOCTH TOBOPHIIOCH O J00aBICHUN WITN
YIICHUN KOHEYHO20 4YHCIa IIyCTBIX CTUMYJOB. llokakeM, YTO 3TO OTpaHHUYCHHE
MO>XKHO CHATB: 1) paspentaercsi ynansath 6ECKOHEYHOE YUCIIO ITYCTHIX CTUMYJIOB, HO TaK,
YTOOBI CJIOBO OCTaBaJIOCh OECKOHEYHEBIM; 2) pa3pelraeTcsl BCTAaBIATh OECKOHEUHOE
YHCIIO CTHMYJIOB, IIPUYEM, €CII OSCKOHEYHOE YHCIIO CTHMYJIOB BCTaBISETCS B OIHO
MECTO, TO IOCIeIyIOIe CTUMYJBl Hcue3atoT. BooOmie, A1 KBa3sH-KOHEUYHBIX CIIOB
CHATHE OTPAaHMYEHHS HUYETO HE JAeT, OJHAKO, JUI «HACTOAIINX)» OECKOHEYHBIX CIIOB
9TO CYIIECTBEHHO; B YAaCTHOCTH BCTaBKOW OECKOHEYHOrO YMCNA IIyCTHIX CTUMYJIOB
H0CJIe HEKOTOPOT'O HEIyCTOro CTUMYJIa MBI IIPEBPAIaeM €ro B KBa3H-KOHEYHOE CIIOBO.

JokazarenpcTBO OymeM BecTH OT MPOTHUBHOTO. IlycTh B aBTOMare ¢ OJHOPOIHOU
JIOITyCTUMOCTBIO CIIOBO W JIOIYCTHMO, a CIIOBO W', TIOJTY4€HHOE U3 HETO BCTaBKOH MIIN
YAAQJIEHUEM IIPOU3BOJIBHOTO YMCJIA IYCThIX CTUMYJIOB, HENONYCTHMO. Tormga Ipu
HEKOTOPOM BBIIIOJIHEHHH aBTOMAaTa IO BXOJHOMY CIIOBY W' (ukcupyercs oumodka
HeCTeU(pHUIIMPOBAHHOTO BBOJA. B 3TOT MOMEHT, OYCBHIHO, aBTOMAT HpPOYUTAI W3
BXOJIHOM Ouepeny HayaJIbHBII OTPE30K BXOAHOTO CJIOBAa KOHEYHOW JuiuHbI W [l..n],
KOTOPBIM COOTBETCTBYET HEKOTOPOMY OTpe3ky w[l..m], To ecTh, MOIy4eH HU3 HEro
BCTaBKOW W/WIN YAaJCHHEM KOHEYHOTO YHCJIa MYCThIX CTUMYyNoB. Ho Torma 3to
BBIITOJIHEHUE BO3MOXKHO TaKKe JIJIS BXOJTHOTO ciioBa W =w [l..n]*w[m+1..], koTopoe
OTIMYACTCI OT W KOHCYHBIM YHCIOM IIYCTBIX CTUMYJIOB, TO €CTh, CJIOBO W
HEJOIYCTUMO, YTO IPOTUBOPEUYUT CBOMCTBY OJTHOPOJAHOM 1OIYCTUMOCTH.

Jus croBapHOH (QYHKIUH C OJHOPOJHOW OOMYCTUMOCThIO W MOXKHO OIIpeNeTnuTh
npouseoonyio crosapuyio @yukyuto E(W) kax oOwbenuuenue 3HaueHwii W Ha Bcex
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OCCKOHCUYHBIX CJIOBAX, OTJIMYAIOUIMXCS OT MaHHOTO JOOABICHHEM WM yIAJICHUCM
JO00TO YMCIIA MYCTHIX CTHMYJIOB:
e  Dom(EW))=Dom(W)
o  VweDom(EW)) EW)(w)=u{ W (w")|w €E(wW)} - 3necs E(W) - MHOXXECTBO
OECKOHCUYHBIX CJIOB, MOJIYIaeMbIX U3 W 000a6IeHUeM U/ulu yoaieHuem 1obo2o
YHCIIa MMyCThIX CTUMYJIOB.
®DaKkTHYECKH, MPU TECTHPOBAHUU MBI OYZEM IMPOBEPSTH, YTO TECTHPYEMBI aBTOMAT
CBOJIMM HE K HCXOJHOW, a K NpOW3BOAHON cioBapHoW ¢(yHkimm. [IponsBomHas
cnoBapHas ¢pyukuus E(W), oueBuaHO, yke SBISETCS OIHOPOTHOH 110 TIOBEACHHIO.

Kak mo aBromary ¢ OAHOPOOHOW JOMYCTUMOCTBIO Kiacca A3, pealusyrolemMy
cnoBapuyo ¢GyHknuio W, TOCTPOMTH aBTOMAT, PEATM3YIOUIHA MPOU3BOIAHYIO
cnoBapayro ¢yskumo E(W)? 310 MOXHO cmenats cienyroomed mpouexypoi
(Puc. 32):

1. BcraBka mycThIX cTUMYJOB. JI00aBUM [0 W TOCIE KaXKIOTO IMPHUHUMAIOIIETO
mepexoa 1Mo HelyCTOMY CTUMYIY (V,X,V') IPOU3BOJIBHOE YUCIIO e-IIePEXO/IOB:
00aBIIeM TPH HOBBIX COCTOSIHHSA Vi, V3, M V3, ONPEIeNsieM B HUX e-TIeTIIN
(vi,e,v;), i=1,2,3, B COCTOSIHUU V ompeensieM X-niepexo (V,X,Vy) U e-Iepexopl
(v.e,vy) u (v,e,v3), B COCTOSIHUM V; ompejensieM e-mniepexon (vi,e,v'), B
COCTOSIHUU V, OTpeieNisieM X-iepexo (V2,e,V'), a B COCTOSTHUH V3 ONPEeesieM
x-riepexos (Vz,e,vy).

2. VYpanenue mycThIX CTHUMYJOB. [y kaxmoro e-mepexona (v,e,v'), TI€ V£V,
CAyOIUpyeM KaXKIbIi IEPEeX0] B COCTOSIHUE V Ha MEPEX0]] B COCTOSHHE V' JIJIs
e-riepexoya (Ve,e,v) H00aBUM miepexoa (V,e,v'), s X-mepexona (Vy,X,V)
no06aBuM mepexon (Vy,X,V'), And y-mepexona (Vy,y,V) A00aBHM Iepexoj
(Vy’y,v‘)'

e =
Ot 1
e

\.‘_“.-'

4

Puc. 32

Ha nomene ofHOpOAHOW 1O TMOBEJCHHUIO CIOBApHOM (YHKIHMH MOXHO OIpPEICIHUTh
otHomenne skeuBanentHoctH EcDom(EW))*:  (w,w)eE, ecin  w eE(w).
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O/HOPOJHOCTh IO TIOBEICHUIO KaK pa3 M O3Ha4yaeT, 4To cJoBapHas (yHKLUs
MIPUHUMAET OJMHAKOBbIE 3HaYE€HHs Ha 3KBHBAJIECHTHBIX BXOJHBIX cioBax. [locie sToro
MOJKHO OIIPENIENIUTh cro8apHyto gpaxmop-gyuxyuro F(W):

e  Dom(F(W))=E(Dom(W)), rae E(Dom(W)) - MHO>XeCTBO KIIacCOB
IKBUBAJICHTHOCTH E

o VYWeDom(F(W)) FW)(W)=E(w), tne weW
Kanonuueckum 6xo0nvim cnogom OyzieM Ha3bIBaTh TAKOE BXOIHOE CIIOBO, B KOTOPOM 32
MYCTBIM CTHMYJIOM, €CJIH OH €CTb, CIEAYIOT TOJBKO IyCThle CTHMYJbl. MHOXECTBO
KAHOHHYECKHX BXOXHBIX cloB — 310 (X ~{e®)UX® rae X ~{e®} - MHOXKECTBO
KaHOHMYECKUX KBa3HM-KOHEYHBIX CIIOB, 2 X° - MHOKECTBO OCTAJbHBIX KAHOHUYECKHX
CJIOB - OECKOHEYHBIX CJIOB 0€3 MyCTHIX CTUMYIOB. Hac OyzeT mHTEpecoBaTh HE CTOJIBKO
(hakTop-PyHKIUS, CKOIBKO KaHoHuueckas crogapuas ¢ynxkyus C(W), onpenencHHas Ha
KaHOHMYECKUX MPEICTABUTEISIX KIIACCOB SKBUBAJICHTHOCTH JIOMTYCTHMBIX CJIOB:

e Dom(C(W)) = (X" {e®})uX®) N Dom(W)

e  VYweDom(CW)) C(W)(w)=E(w)
dakTUUECKH, TPU TECTUPOBAHUM MbI OyJe€M IPOBEPSATh, YTO TECTUPYEMBIH aBTOMAT
CBOJIMM K KaHOHHYECKOil clioBapHOi (GyHKuuH. bonee ToyHO: MBI OyIeM MoaaBaTh Ha
ABTOMAT KAHOHUYECKUE BXOJHBIC CJIOBA, ABTOMAT IPH 3TOM OY/IET M0JIy4aTh BO3MOKHO
JPyroe BXOIHOE CIOBO, HO U3 TOTO K€ KJIacca IKBHBAJCHTHOCTH, a BHIXOJHOE CIIOBO
MBI OyZIeM MpPOBEPSITh [0 KAHOHWYECKOH ciioBapHOW (yHkuuu. I[Ipu 3TOM MBI Oyaem
MPE/INoJarath, YTO BBIOJHEHbI HENPOBEPSIEMbIE ITPU TECTUPOBAHUH

e TI'umore3a 00 onnopogHoii momyctumoctu: CroBapHas — QyHKOUS
TECTUPYEMOI0 aBTOMATA SIBIISETCS OHOPOIAHO JAOIYCTUMOIA.

e T'mnore3a 06 ogHOpoaHOIT KoppekTHOCTH: ECii aBTOMAT MpaBUIIBHO cedst
BE/IET Ha HEKOTOPOM BXOJIHOM CJIOBE, TO OH MPAaBUIBHO ce0sl BEJET Ha BCEM
KJIacce DKBUBAJICHTHOCTU (IO BCTAaBKE W/WIM YJAJCHUIO MYCTHIX CTHMYJIOB)
9TOr0 BXO/HOTO CJIOBA.

OTH TUNOTE3bl, TEM CAMBIM, PEAINOJIAraloT HEKOTOPOE MPEAONPENEIICHHOE NOKPbIMUE
Ooomena, a WMEHHO — pa3OueHuHe Ha kiacchl dkBuBasieHTHocTH E. Beskoe
JIOTIOJTHUTEJIBHOE MOKPBITHE OyneT, (PaKTHYECKH, IIOKPhITHEM (DaKTOp-A0MEHa, TO eCTb,
MHOXecCTBa KkiaccoB skBuBasieHTHOCTH E. IlpeacraBnsier mHTEpec mnpejicTaBieHUE B
MOJIENT KAHOHMYECKOH CIIOBAPHOM (YHKIHH.

Kak mo aBTOMary ¢ OJHOPOAHOW MJOIYCTUMOCTBIO Kiacca A3, peanusyroiemy
npousBoaHyo cioBapuyo ¢ynkmuoo E(W), moctpouts aBroMar, peanu3yromuit
KaHOHMYECKYI0 cioBapHyo ¢yHkiuio C(W)? D10 MOXHO cHaenarh Cleayroleit
MpOLEAYPO:

1. CxommpoBaTh aBTOMAT W B KOIUH YIAJIUTh BCE X-IIEPEXOAb! (IPUHUMAIOIIHE
nepexo/pl Mo HemycThiM ctumylsiam). Komuio cocrosiHust v Oynem cHaOxaTb
HHJIEKCOM — V°,

2. Kaxuapli e-iepexos (v,e,v') 3aMeHUM Ha e-niepexo (V,e,v' ), onpeaeneHnslii B
TOM K€ COCTOSIHUM-OPHUTUHAJIE V, HO BEAYILIHI B MOCTCOCTOSIHIE-KOIHIO V' °.
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WnupiMu cJioBaMu, HepBbIﬂ JKE e-ICpexo/] NepeBOAUT HAC B aBTOMAT-KOIIUIO, I'/IC JaJiee
MBI COBEpPIIAEM TOJIBKO IIYCTHIC, ITOCHUIAIOIIUE U €-TIEPEXOBI.

ITockonbKy TECTHpPOBaHME MBI MPOBOAMM TOJBKO HAa KBa3H-KOHEYHBIX CJIOBax, BCE
NpeAbIIYIINe PACCYKICHUS, BOOOIE TOBOPs, CIIENOBAIO OBl CKOPPEKTUPOBATH C
y4eTOM 3TOro. B 4acTHOCTH, SKBHBAICHTHBIMH KBa3HU-KOHEYHOMY CJIOBY CUHTATh
TOJBKO KBa3U-KOHEYHBIE CJIOBa W COOTBETCTBYIOLIIMM 0Opa3oM  OIpPEAENATh
IIPOM3BO/IHYIO, (PaKTOP- M KAHOHUYECKYIO CIIOBAPHBIE (DYHKIIHH.

4.9. Npobnema BbIXOAHbLIX CIIOB
Crnenyromas mpobiieMa TEeCTUPOBaHHS — 93TO MmpobjemMa BBIXOJHBIX  CIIOB,
pacnajaromasicst Ha JABe IpoOIeMBbl:

1. CkoybKO BpEMEHH MBI JOJDKHBI 0XKHUIATh IOJYyYeHHs OYepeaHOM peakuun?

2. CKONBKO BPEMEHM MBI JIOJDKHBI TOJy4YaTb M IPOBEPSTH PEAKIUH, HYTOOBI
yOenuTbes, YTO IMOJYYEHHOE KOHEYHOE BBIXOJHOE CIIOBO JOCTATOYHO
«peNpPEe3CHTATUBHOY, TO €CTh, SBJISICTCSI BO3MOXKHBIM BBIXOJHBIM CIIOBOM HIIH
JIOCTaTOYHO OOJIBIIMM HaYaJIbHBIM OTPE3KOM BO3MOKHOTO OECKOHEYHOTO
BBIXOJHOTO cJIoBa?

4.9.1. Taiim-aym na oxcudanue ouepeoHoll peakyuu

TaﬁM—ayT Ha OXHJAaHUC pCaKIMHU HE CICAYCT NMOHMMATh TakK, 4YTO, €CJIM B TCUCHHU
9TOT0 BPEMCHU pCaKIHs HE MOCTYIIWJIAa, TO OHAa HUKOTAAa HE IMOCTYIMT. HpI/l HaJIMYUU
LIUKJIOB T10 ITyCTBHIM U €-TIEPeX0/1aM, B KOTOPBIE MBI MOXKEM IIOIIaCTh I10CIIE BBIOOPKH U3
BXOJHOM OYepenu BCEX HEMyCTHIX CTHMYJIOB KBa3U-KOHEYHOIO BXOJHOIO CJIOBa, a
TaKKe NPU HAIWYMK IMKIOB MO MyCTHIM I€pexojaM eIie A0 BBIOOPKH ITOCIECIHErO
HEITyCTOTO CTHUMYJIA, OYeperHas Peakiys MOXKET OBbITh BBIJAHA IOCIE HMPOXOXKICHUS
m000ro uymcia pa3 mo TakuM IukiIaM. OfHAKO, B 3TOM CiIydae CYIIECTBYET M TaKoe
BBINIOJIHEHHE, KOT/Ia aBTOMAT HE BBIXOAUT U3 TAKOTO IMKJA, OECKOHEUHO J[BUTasiCh IO
HEMy U He BbliaBas peakuuil. [loaTromy TaiimM-ayT mpexanaraercsi OHUMaTh Tak, 4To,
€CIM 3a 3TO BpEeMsl HE IOCTyNWIa OdepeIHas peakuus, TO BO3MOXKHO TaKoe
BBIIIOJIHEHUE, IIpU KOTOPOM OHa U HE TMOCTYIIUT. Ecnu Takoe BBINONMHEHHUE
yIIOBJIETBOPSIET CJIOBAapHOW (YHKIMH, TO MOXXHO HE OXHIATh PEaKIUH CBEPX TailM-
ayTta, TOCKOJBKY OTO OXHAaHHE MOXET MNpPOJOJDKUTECS OeckoHeuno. C  npyroi
CTOPOHBI, €CJIM oOuepelnHas peakuus, COIJIaCHO CIIOBAPHOM (YHKIMH, JJOJDKHA
MOCTYIHTh 00A3amenbHo, TO TalM-ayT J0JDKEH OBITh OOJIbIlIe BpEMEHH MAaKCHMAJIEHOTO
BPEMEHU OXHJIAHWS TAKOW 00513amebHOU PEaKInuu.

Onpenenum (GHOpMaIbHO MOHATHE 00sA3aTENbHONW peakuuu. bymaeM roBOpHUTh, YTO IS
BXOJHOTO KBa3M-KOHEYHOTO CIIOBA W W BBIXOJHOTO ciioBa ueW(w) i-as peakrms, rie
i<nu, o6sz3amenvua, ecnu ciaoso u[l..i-1]W(w).

Omnpezenenne TaiM-ayTa TECHO CBSI3aHO CO CIEAYIONMME OTPAHMYCHUSIMHU:

e Makcumanonoe @pems cpabamviganus asmomama — T. Ecim Obl Takoro
OTpPaHWYCHUS HE OBLIO, TO, OYEBHIHO, HE OBUTO OBl OTPaHWYCHUS M HA BpeMs
OXXUIAHUS OYEPETHON 0053amenbHOU PEaKInu.
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o  Oecpanuuenue Ha pazmep aemomama, TOYHEE, YHCIO COCTOSHUI aBTOMAara
OTPaHUYCHO CBEPXY YUCIOM M. [IeHCTBUTEIBHO, €CIU TaKOrO OTPAHUYCHUS
HET, TO TMepel JOOBIM MEPEeX0J0M MOCHUIAIONINM 0013aMeNbHYH0 PEAKITUI0
MOXXHO OBITO OBI BCTABUTH IICTIOUKY W3 JHOOOTO KOHEYHOTO YHCIA ITyCTHIX
MEepexX0JI0B C HEHYJIEBHIM BpEMEHEM CpabaThIBaHMS W, TEM CaMbIM, B
MOJy4YEHHOM aBTOMAaTe IMPEBBICUTH JF000E Hamepe] 3aJaHHOe BpeMs
OXKHJIAHUS 0053amebHOL PEAKITUH.
Bynem cumrath, u9TO aBTOMAT TpuBeAeH K kimaccy A2. OO0O3HAYAM YHCIIO
NPUHUMAIONIMX COCTOSIHUM Ng M YHCJIO TOCBUIAIOIIMX COCTOSIHUM N, n=ngtn,.
O003Ha4MM dYepe3 § YHUCIIO CTUMYJIOB BO BXOJHOM KBa3H-KOHEYHOM CIJIOBE W 10
MOCJIE/IHETO HEMYCTOr0 CTUMYJIA BKIFOUUTEIBHO.

Teopema o0 BpeMeHHM OXHIaHUS 00s3aTeJbHONW peaknuu: Bpemsa oxunaHus
00s13aTeNbHON peakuu He peBocxoaut ((s+1)n,+ny)T.

JoxazareabcrBo: Ilycts P - oauH 13 MapuipyTOB BBINOJIHEHHS AJI JIOILyCTUMOIO
BXojHOro cioBa w. OO6o3nHaunmm uyepe3 P; orpesok P mexny i-1-6iM u i-bIM
MOCBUIAIOIINM MEPEX0IaMH, TO €CTh, JJIsl HEKOTOpPbhIX MHIEKcOB a U b Pi=P[a..b], P|a-
1] - i-1-p1i moceutatonmii mepexoy (npu i=1 a=1) u P[b+1] - i-biif moceuTarOIIMIA
nepexos1. Cumras, 4To i-asg peakiyst MOKeT OBITh IOCIaHa B KOHYe TIPOXOXKAEHHS i-0ro
MTOCBIIAIONIETO TIepeX0/1a, HaM CIIeIyeT IT0Ka3aTh, YTO, €CIH i-asi peakuus 00s3aTenbHa,
TO MaKcMMallbHas UIMHA oTpe3ka P; (do i-oro mockumaromero mnepexona) He
npeBocxoaut (s+1)n,+ns-1. PaccMoTpum Tpu cityydast:

1) TlocnenHuii HEmyCTOH CTHUMYJ NPHHUMAaETCs aBTOMAaToM Jo oTpe3ka Pj, To
€CTb, HaualbHbINA 0Tpe30K P[1..a-1] comepkuT s npuHUMAIOUIUX MepexonoB. B
YACTHOCTH, 3TO UMEET MeCTO Tipu $=0, T0 ecTh, w=e®. OueBuHO, P; comepxkur
TONBKO TMYCTHIE U e-miepexosl. [lockombky i-ast peakius oOs3aTensHa, P; He
OJDKEH COZIEp)KaTh IMKIJIA M3 MYCTHIX H e-miepexofoB. ClenoBaTenbHO, ero
JUTMHA HE TIPEeBOCXOIUT n-1=n,+n,-1.

2) TlocnenHuil HEMyCTOW CTUMYJ MPUHUMAETCS aBTOMATOM nocie oTpeska P, To
€CTh, HaualbHBIA 0Tpe3ok P[1..b] comepkuT mMeHbIIe, YeM S, TPUHUMAIOIITUX
nepexonoB. B atom ciyuae, P; cogepxuT mycTble U IpUHIMAIOLINE EPEXOIbI.
[MTockonbky i-asi peakuusi oOs3aTenbHa, P; He JODKEH colep)kaTh LUKIA M3
IMyCThIX MEPEXOI0B. Taxoi ITUKIJI MOI' 6])1 HaXOJUTBHCS TOJBKO MCEKAY ABYMSA
NOCIeA0BaTEeIbHBIMY IPUHUMAOLIVMMY NIEPEX0JaMH, 3HAYUT, MEXJy HUMU HE
MOeT ObITh OoJibIle 4eM N,-1 mepexo0B. YNCio NprUHUMAIOMINX IIEPEX0/I0B
B P; He mpeBocxomuT s-1. YuuTeiBas MyCTble IE€peXoAbl A0 MEPBOTO
MPUHUMAOIIETO Tepexona B P; W mycThle mepexofsl MOCie IMOCIEeTHEro
MIPUHAMAIOIIETo Tepexona B P, moirydaem, 94To 9rCIIO MyCTHIX 1epexonoB B P;
He npeBocxoauT s(n,-1). Obmias amuaa P; He nmpeBocxoaut (s-1)+s(n,-1)=sn,-
1.

3) TlocnenHuii HEMyCTOW CTHUMYJ MPUHUMAETCS aBTOMAaTOM @Hympu oTpe3ka P;.
B st0oM ciiyuae, P; coaepKuT mycThle U IpUHUMaroIue rnepexonsl. Ilockonbky
i-as peakums oOs3arenbHa, P; He HOMKeH colepkaTh LHMKIA W3 IYCTBIX
MEepexop0B U, MOcje MpHeMa IOCIEAHEro HEeIMyCTOro CTHUMYNa, - LUKIa W3
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HyCTl)IX u e—nepexoL[OB. ]_[I/IKJ'I nu3 HyCTl)IX HepeXOﬂOB MOor 6]:.1 HaXOOUTHCA
TOJIGKO MEXAY IBYMsI ITOCIICIOBATCIbHBIMHA MPHHUMAIOIIUME TEPEXO0JaMH,
3HAYHUT, MEXKAY HAMH HE MOXeT ObITh Oonbime uyeM n-~1 mayr. Ywucio
MPUHUMAIOIINX TepexomoB B P; He MpeBOCXOMUT S. YUHTHIBAas IYCTHIE
mepexoapl IO TEepPBOro MPUHHUMAIOMIETO mepexona B P;, momydaem, dro mo
mpreMa TIIOCIEAHET0 HEeMyCTOro CTHMyJa P; COOep)KHT YHCIIO ITyCTHIX
nepexoioB He mpeBocxoxsmee s(n,-1), a Bcero mnepexomoB A0 MpHEeMa
TIOCJICTHETO HETyCTOTO CTHMYyJIa BKJTIOUHTEIBHO HE Oonee
s+s(n.-1)=sn,. Ilocne nmpuema mocienHero HEMyCTOro cTumyna P; comepxut
TOJIBKO HyCTI)Ie nu e—nepexo;u:l, YUCJIO0 KOTOp])lX HE MOXKET HpeBOCXOHI/ITI)
n-1=n,+tng-1. CrnemoBarensHo, o60mas mmwmHAa P; HE NOpPeBOCXOAUT
sn+n,+ne-1=(s+1)n,+ng-1.

Hna cmydgas 1), mockombky $20, mmeem n,+ng-1<(s+1)n+ns-1. s cioydas 2),

MOCKOIBKY $20 1 ng>0, nmeem sn,~-1<(s+1)n,-1<(s+1)n,+ns-1.

Teopema o0 BpeMeHU 0KHUJIaHUS 0053aTEIFHON pPEeaKIuy JOKa3aHa.

[Ipumep Ha Puc. 33 maer ouenky cHu3y ((s+1)n,+1)T 11 BpeMeHN OXKUAAHUS MTEPBOA
peakIuy, 9TO COBIAJAeT ¢ BEpXHEH oleHKoi pu ng=1.

Puc. 33

Jns neobs3amenvroul peakiyl BpeMsl ee 0KUIaHUS, eCTECTBEHHO, MOJKET OBITh CKOJIb
yrogHo GompmmM (OSCKOHEYHBIM IUIsI BRITONHEHHUs Oe3 BhImauM peakuuu). C apyroi
CTOPOHBI, TIOJTy4YeHHas HaMH OLEHKa JaeT TaKKe MaKCHMaJIIbHOE BpeMs OXKHUIAHUS
HEOOS3aTeNPHON peakuu NpU YCIOBHH, 9YTO OHa OyIeT BBIaHA W MapIIpyT
BBIMIOJTHEHUSI HE NPOXOMUT IO LUKIAM W3 MYCTBHIX IEPEXOJ0B M, IOCJe IpHeMa
MOCJICTHETO HEMyCTOro CTUMYJIA, TI0 IIHKJIaM U3 IMYCThIX U e-mepexo0B. OMHOKpaTHBIN
MIPOXOJ IO IHUKITY ITyCTHIX NEPEX0I0B 3aHUMAET BpeMs He Ooubiiee n,T. OTHOKpaTHBII
MpPOXOA IO IHUKJIYy TMyCTBIX M e-TIEPEXOJ0B 3aHMMAcT BpeMs He OoJibliiee
(n,+ny) T=nt>n,7. Takum 06pazom, BpeMsI OXXHIAHHUS HEOOS3aTEIBHON pPEeakIiu IMPH
YCIIOBHH, YTO MApPUIPYT BBIMOJHEHHS IPOXOAUT HE Oosiee K pa3 1o IUKIIaM MyCThIX U e-
nepexonoB, He mpeBocxoanuT ((s+1)n,.+ng)t+knt. 3amaBas umcno K, MbI, TeM caMbIM,
MOXXEM TECTUPOBaTh aBTOMAT IPH BCEX BBIMOJHCHUSAX, MPH KOTOPHIX MPOXOAITCS HE
Oonee K pa3 IUKIBI MyCTBIX U e-TIepeXxoa0B. [ OCTaNbHBIX BBITOJHCHUN Yy Hac
JIOJDKHA OBITH chopMysIMpoBaHa
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* IHMIIOTEe3a 0 HeoOSI3aTeIbHBIX PEeAKLMAX: eCIM aBTOMAaT NPAaBUIbHO ce0s
BeJEeT IpPU YHUCIEe MPOXOJOB MO IMKIAM IYCTBIX M €-IIEPEXOJ0B HE
npeBocxomsmeM K, To ¥ py oCcTalIbHBIX BBIITOJHEHHUSX OH TaKXKe BEJeT ceds
MIPaBUIIBHO.

4.9.2. Bpemsa oxcudanus penpezeHmamugrHozo 6b1X00H020 1084

CornacHo crnoBapHOH (hyHKIMH W BBEIXOTHOE CIIOBO U BO3MOXKHOE JISi BXOJHOTO CJIOBA
W MOXET OKa3aThCsi OSECKOHEYHBIM. ECTECTBEHHO, NMPH TECTUPOBAHHH MBI HE MOXKEM
KAaTh OECKOHEYHOE BpeMsi, YTOOBI MONYyYUTh 3TO OECKOHEYHOE BBIXOJHOE CIIOBO. B
TAKOM CJlydae HaM XOTEJOCh OBl TapaHTHPOBAHHO IOIYYHUTH XOTS OBl T€ peaKiuu,
KOTOPBIC BBIAIOTCS JIO TOTO, KAK aBTOMAT BBIOPAT MOCIICIHUI HEIYCTONH CTUMYJI, TLTFOC
CII€ TC pCaKIMU, KOTOPbLIC OH MOXET BbIAATh IMOCJIC 3TOr0 A0 IMolalaHusA B LUKII IO
MOCHUTAIOIINAM, IIYCTBIM U e-miepexojaM (Iocje MpUeMa IOCISAHEr0 HEMmyCTOro
CTHMYJIa BO BXOJTHOM CJIOBE OCTAIOTCS TOJIBKO ITyCThIe CTUMYJIBI). IHBIMU CITOBaMHU, MBI
XOTUM, 4YTOOBI aBTOMAT TIPOIICN HAYAIBGHBIA OTPE30K MAapIIPyTa BBITOIHCHUS,
COJICP AL MPUEM BCEX HEMYCTBIX CTUMYJIOB (MJIH BCEX TE€X HEIMYCTBIX CTUMYJIOB,
rmociie TpHeMa KOTOPBIX OH BOOOMIE IepecTaeT BBIOMpPATh CTUMYJBI H3 BXOIHOU
OuepeIr) U IMOCIIE STOTO COAESPIKAIIIHA ITUKII TIO TTOCHUIAIOIINM, ITyCTHIM U e-TIePeX0IaM.
EctectBeHHO, UTO, €CIM Ha TAKOM OTpE3Ke MapHIpyTa UMEIOTCS LUKIBI MO IMTyCTHIM
nepexoaaM, TO BpeMs OKHIAHWS MOCTETYIONme peakii MOKeT OBITh CKOJb YTOIHO
6onpmM. Ho B 3TOM citydae Takas peakius HeoOs;3aTelbHa U MBI €€ MO)KEM HHUKOTJa
HE TIOJTyYUTb.
Jo mpumeMa mociemHero HeIycToro CTHMYyJa BKIIIOYHTENBHO, TPH YCIOBHH, YTO HE
BCTPEYAIOTCA LUKl IO IYCTHIM IIEpeXOoJaM, aBTOMAT BEIIOJHUAT He Ooiee sn,
mepexonoB. Ilocie 3Toro mo "3amwkiamBaHWS' aBTOMAT BBIIONHUT HE Oosiee N +ng
nepexoAoB. TeM caMblM, BCEro Iojiydaercss Bpems oxuzganus ((s+1)n,+ny)t,
COBIIAJAIOIIEe C TaliM-ayTOM Ha OKHUAAHWE O0SM3aTEIBHON PEaKIUH, YTO U CIIEAOBAIIO
OKUAATh. MBI MOKEM YBEIIMIHUTH 3TO BPEMsl, JOIMYCKas, YTOOBI ITUKIIBI TPOXOAMIINCH HE
oonee k; pa3: ((s+1)n,+ny)t + kynt.
ANTOPUTM TECTUPOBAHUSI MOJTyYACTCS TAKOM:
1) Ha Becp mar TtecTupoBaHus (Ha BCe KBa3M-KOHEYHOE BXOAHOE CJIOBO)
ycTaHaBIMBaeTcs Bpems oxuaanus T;=((s+1)n,+ns)t+k nt.
2) Ha oxugaHme KaxAOH peaklWMd TaKKe YCTaHABIMBACTCS TalM-ayT
To=((s+1)n,+ny)t+k,nt.
3) Ecmu ouepennas i-as peakuus u[i] npuHsATa 70 UCTEUEHUS TaWM-ayTa Tg, TO
OHa MpoBepsieTcs 1o cioBapHoi GpyHkimu: ufl..ijeW(w).
a. Ecnu peakiust HenpaBuibHast, PUKCUPYETCsl OIHOKA.
b. Ecnm peakums mpaBwiIbHas W BpeMs T; HE HCTEKIO, TO OXXHIAeM
CIIEIYIOUIYIO PEaKLIHIo — 1.2,
c. Ecnum peakuus npaBuibHas ¥ BpeMs Ty UCTEKIIO, TO — I1.5.
4) Ecmu ouepennas i-ast peakuus u[i] He mpuHATa 10 HCTEYEHUS TaiiM-ayTa Ty, TO
MPOBEPSETCs, YTO OHA Heobs3aTenpHa: u[l..i-1] & W(w).
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a. Ecnu peakuust o0si3arenbHast, TO pUKCUpYeETCs OIHOKa.
b. Ecmu peaknus HeoOs3aTenbHA, TO JOXKUAAEMCSI HCTCYCHUS BPEMEHHU
Ty WJIH MTOSIBJICHUSI PEAKIIHU.

i. Ecnm mosiBunack HeoOs3aTenbHas i-as peaknus ufi], To oHa
mpoBepsercs o cioBapHor ¢ynkuuu: ufl..ijeW(w). danee
mm.3a,3b,3c.

ii. Ecau Bpemst Ty HCTEKIIO, TO — I1.5.

5) Bpewms 1, ucrexio. [anpmie xkaaTte 6ECCMBICIEHHO: BPEMS OXHIAHUSI MOXKET
ObITh OCCKOHCUHBIM. 3aKaHYMBACM [Iar TECTHPOBAHUS, IMpEroiaras
("npe3yMnuusi HEBUHOBHOCTH'), YTO PEaKLMH, KOTOPBIE MOCTYISIT I03XKe
(OBITH MOXET, OECKOHEYHOE YUCIIO PEAKIIN ), IPABUIIBHEIC.

4.9.3. Aemomampl ¢ KOHEUHBIMU GLIXOOHBIMU C106AMU O KEAZU-KOHEUHBIX
6X00HBIX C/106

EctecTBeHHBIN MHTEpeC MPEACTAaBIAIOT aBTOMATHI, B KOTOPBIX IS KaXIOro KBa3H-
KOHEYHOTO BXOJHOIO CJOBa BCE BBIXOJHBIE CJIOBA KOHEYHBI. 3aMETHM, 4YTO 3TO
CBOICTBO €CTh CBOWCTBO caMoOil cioBapHOil (yHKIMH aBTOMara. JIerko mokasarb, 4To
HEOOXOAMMBIM M JOCTATOYHBIM YCIOBHEM TOrO, YTO aBTOMar kiacca A2 oOmamaer
3THM CBOWCTBOM, SIBJISIETCS CIEOYIOIIEe YCIOBHE: B aBTOMAaTe HET LUKIOB, KOTOpBIC
cofepkasii  Obl TIOCBUIAIOIIME TMEpexXoasl M HE CcoJepKamd OBl X-TIepexoiioB
(IpUHUMAIOIINX TEPEXOAO0B 110 HEMYCTHIM CTHMYJIaM).

4.10. NMpobnema NnocTCOCTOAHUS

[ar afanTHBHOTrO TECTUPOBAHUSI 3aKIIFOUACTCS B 110/1a4€ HA Pean3al[MOHHBIA aBTOMAT
KBa3U-KOHEYHOT0 BXOJHOIO CJIOBA, IOJIyYSHHS BBIXOJHOTO CIIOBA (JOMOJHHUTEIBHO,
BO3MOXKHO, MHOXKECTBA CEpUANM3AlMi) M aHalM3a Kak C LENbl0 ONpe/eIeHuUs
MPaBUIIHOCTH IOJYYEHHBIX PEAKIHid, TaK U C LIEIbI0 ONpE/IeNICHHs] B 3aBUCUMOCTH OT
HHUX CJIEIYIOUIEro KBa3HM-KOHEYHOI'O BXOJIHOIO cjoBa. J[o cux mop Mbl Hpeanonaraiu,
4YTO B Ha4YaJI€ KaXXJ0ro Iiara peaHH3aHl/IOHHblﬁ aBTOMAaT HAXOAUTCA B HadYaJIbHOM
cocrostiud. OJIHAKO, B KOHIIC IIara aBTOMAT MOXET OKa3aThCs B APYrOM COCTOSHHH U
IMO3TOMY MBI JIOJDKHBI JIH00: 1) TIepeBecTH aBTOMAT B HAYAJIbHOE COCTOSHHE, JIN00: 2)
CJIEAYIOIIHIA AT TECTUPOBAHUS HAYWHAThH HE B HAYAILHOM COCTOSHHH.

1. Jlnga mepeBoma aBTOMaTra B HadaJbHOE COCTOSHHE Vi OOBIYHO MPEIIIONaraercs
CyIIIECTBOBAHHE CIICIHATIBHON onepanuu reset. Ee Mo)XHO paccMaTpuBaTh Kak O0COOBIi
CTUMYJI aBTOMATa, KOTOprfl JONYCTUM B KaXAOM COCTOSIHUHM V JJId NPHUHUMArOUICTro
nepexona (v,reset,vy).

2. Ecnmm s aBToMaTa HET omepanuu reset, MBI BEIHY)KICHBI CIEAYIOIIMNA IIar
TECTHPOBAHUS HAYMHATH B TOM COCTOSHHH (IIOCTCOCTOSIHHH), B KOTOpPOE aBTOMAT
IormagaeT B KOHIE HpeIplAyIiero mara. VHorma 3TO MPHUXOIUTCSA [eNaTh W IpH
HAIMYAMA OIEpalu reset, HampuMep, €CIIM OHAa CIHMIIKOM Aoporas (10 BpeMEHH
BBITIOJTHEHUS) WM JOMYCTHMMa HE BO BCEX COCTOSAHHUAX. COOTBETCTBEHHO, MOHSITHS
BXOJIHOTO CJIOBAa, BBIXOJHOTO CJIOBA, BBINOJIHEHUS AaBTOMAaTa, CepHAU3alUd U
MapIipyTa HCIOJIL3YIOTCS HE TOJBKO I HAYaJbHOTO COCTOSHHS, HO M IS JIFOOOTro
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COCTOsIHMSI aBTOMara. TOYHO TakKe cioBapHast QyHKINS MOXET ObITh ONpejeieHa s
moboro coctostHus. [1o OKOHYAaHHMHM IIara TECTUPOBAHMS MBI JOJDKHBI, TIPEXKAE BCETO,
WIEHTU(HUINPOBATh IOCTCOCTOSHUE. 3aMeTHM, 4YTO B OOLIEeM ciydae TaKHhx
BO3MOJKHBIX ITOCTCOCTOSIHUM MOJKET OBITh HECKOJBKO M B KaKOM HMEHHO U3 HHX
HaXOJWTCSI peaM3allMOHHbBI aBTOMAaT Mbl MO>KEM He 3HaTh. CHadasa pacCMOTPHM JBa
YaCTHBIX Ciyd4as: HAJIMYME CIEUUAIBHBIX CPEICTB IJIA ONpPENEICHHUS ITOCTCOCTOSHHS;
HaJIM4ue BO3MOKHOCTH OJIHO3HAYHO BBIYHUCIUTH IIOCTCOCTOSTHUE.

2.1. Tecmuposanuem ¢ omkpvlmbiM cocmosHuem OyneM Ha3bIBaTh TaKoe
TECTHPOBAaHUE, TPH KOTOPOM Y HAC HMECTCS CIeIMajdbHas OIepalus YTCHUS
MIOCTCOCTOSIHUS pPealn3alliOHHOro aBromara. CHadanxa pacCMOTPHM aBTOMATHI Kiacca
AS: moboe KBa3H-KOHEYHOE CIIOBO IEPEBOIWT aBTOMAT B CTALIMOHAPHOE COCTOSHUE:
TEPMUHAIIEHOE COCTOSHHE WJIM IPUHIMAIOIIEe COCTOSHIE 0e3 e-Tepexo/oB B Ipyrue
COCTOSTHUSL (€CTh TOJBKO e- memist). O4eBHUAHO, YTO 3TO OTHOCHTCS K BBITOJHEHHUIO
aBTOMaTa, HAYMHAIOMIEMYyCS HE TOJBKO B HAYaJbHOM, HO M B JIIOOOM COCTOSIHUH,
JOCTI)KMMOM M3 HAYalbHOTO II0 OIyCTUMOMY BXOJIHOMY CJOBY. B Takmx aBTOMaTax
II0CJC HIara TeCTI/lpOBaHl/Iﬂ MbI MOXKEM HpO'-II/lTaTI) IIOCTCOCTOSHUC, KOTOpoe ABJIACTCA
CTallMOHAPHBIM.

Ecnu jxe aBTOMaT He OTHOCHUTCS K Kiaccy AS, TO OH MOXKET IONacTh B IIUKJ U3 ITyCTHIX,
MOCHUIAIOIINX U €-[IEPEX0I0B, M MIPOYUTAHHOE COCTOSIHUAE SIBJISICTCSI JIHIIb
«MTHOBEHHBIM CHUMKOM) - aBTOMAT YK€ MOXET MEPEHTH B APYroe COCTOSHUE. ITO
0O0IIMH CITydaii MHOYKECTBAa BO3MOXHBIX ITOCTCOCTOSHHIA.

2.2. CunbHo-0emepmMuHupo8aHibiM aCHHXPOHHBIM aBTOMATOM Ha30BEM aBTOMAT KJiacca
A5, B KOTOPOM CTal[MOHAPHOE IMOCTCOCTOSIHUE OJHO3HAYHO  OMPEACISIeTCS
JIOITyCTUMBIM KBa3H-KOHEYHBIM BXOJHBIM CIIOBOM. J1JIsl KiTacCHYecKoro aBToMaTa Mwuim
9TO CHIIbHO-ACTEPMHUHUPOBAHHOCTH COBIIAJACT C JCTCPMHHUPOBAHHOCTHIO B OOBIYHOM
cmbiciie. Crnabo-0emepMuHUpOBAHHLIM ACHHXPOHHBIM aBTOMAaTOM HAa30BEM aBTOMAT
Krmacca AS, B KOTOpPOM CTallMOHAPHOE IIOCTCOCTOSIHAE OJHO3HAYHO OIpeAemseTcs
mapoif M3 JOMYCTUMOTO KBa3W-KOHEYHOTO BXOIHOTO CIIOBA WM BBIXOJHOTO CIIOBA.
Od4eBHIHO, YTO STO OTHOCHUTCS K BBHITIOTHEHUIO aBTOMAaTa, HAYMHAIOMIEMYCSI HE TOIBKO
B HAYaJlbHOM, HO W B JO0OM COCTOSHHUH, JOCTHXKHMOM M3 HAyajJbHOTO IO
JIOITyCTUMOMY BXOJHOMY CJIOBY. B Takumx aBTOMaTax IOC/E IIara TECTUPOBAHHS MBI
MOXXKEM 10 MOJEIM OJHO3HAYHO BBIUMCIWTH EIWHCTBEHHOE CTal[MOHAPHOE
IIOCTCOCTOSIHHUE. 3aMeTl/IM, OJJHAKO, 4TO, B OTJIIMYHWH OT TeCTl/IpOBaHI/lﬂ C OTKprT])lM
COCTOAHHUEM, 3/1ICCh Mbl UMCCM JIMIIb FI/IHOTe3y O TOM, 4YTO peaHHSaHHOHHbIﬂ aBTOMAT
HAXOJHUTCS B TOM K€ €IMHCTBEHHOM IOCTCOCTOSIHAM, YTO M MOJIeib. J[pyroe aemno, 4ro
TUIOTE3a O JOIMYCTUMOCTH IIO3BOJIIET HAM II0JIaBaTh B 3TOM COCTOSIHUHM JIH00OE
JIOITyCTAUMOE B MOZIEIHHOM ITIOCTCOCTOSTHIH BXOIHOE CIIOBO.

B of6mem ciryuae MBI y)k€ HE MOYKEM T'OBOPUTH O €AMHCTBEHHOM IIOCTCOCTOSIHMH, a
TOJIBKO O MHOXXECTBE BO3MOXKHBIX ITOCTCOCTOSIHUH, B OJHOM M3 KOTOPBIX aBTOMAT
HAaXOJIUTCSI B AaHHBI MOMEHT BPEMEHH IIOC/Ie OKOHYAHHUSA IIara TecTupoBaHus. Ecmu
aBTOMAT OTHOCHUTCS K Kilaccy A5, HO He siBJsieTcs cllabo-AeTepMUHIPOBAHHBIM, BCE 3TH
BO3MOXHBIE MTOCTCOCTOSIHUSL CTALMOHApHBI. B MpOTHBHOM ciydae, CpeAd HUX MOTYT
OBITh W HECTalMOHApHBIE COCTOSIHUSI TaK, YTO aBTOMAaT OXXHUAAET CJEIYIOIIEro
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HEMMYCTOTO CTUMYJIa HE B KaKOM-TO, XOTd W HEU3BCCTHOM, HO OJHOM COCTOSHHHU, a
HEMNPCPBIBHO ABUKETCA, MCHSAS CBOC COCTOSAHUC U, OBITH MOXKCET, BBI6I/Ipa$I u3 BXOZ[HOﬁ
oyepean MyCTbIC CTUMYJIbI, TO €CTb, IMPOXOASA 4YCPE3 PCUHCITUBHLIC COCTOSHHA. HpI/I
HAJIMYHUU MHOXXCCTBA BO3MOXKHBIX HOCTCOCTOHHHﬁ, BXOOHOE CJIOBO, KOTOPOE€ MBI
MOXEM nOaBaTb Ha CICAYIOMIEM MIare TECTUPOBaHUA, TOJIKHO OBITH JOOIMyCTUMO B
JIF00OM M3 3THX BO3MOJKHBIX IIOCTCOCTOSHUI.

4.11. Mpobnema vMmnnNMuuTHOM cneuudcdmkaumm mogenu u obxopn
rpaca cocToaHUn

Jlo cux mop MbI mpejrnoaraid, 4To MOJEJIbHBIM aBTOMAT 3a/laH SIBHO, HAlpUMEp, B
BHule cBoero rpada coctosHui. OmHako, Ha TPAKTHUKE MOJIENh YacTO 3aTaeTCst
HMIUTMIIATHO B BUJAE ChHelU(HUKAIMA Tpea- u mnoctycioBuil. IlpemycioBue — 310
JIOTUYCCKOC Bblpa)KeHI/Ie OT COCTOSHHUA U CTl/IMyﬂa, OIIMCBIBAKOLIICC JIOHyCTI/lMOCTb
HCKOTOpLIX CTI/lMyJ'lOB B HeKOTOprX COCTOSAHUAX aBToMara. COBOKyHHOCTb
HpeI[YCJIOBI/Iﬁ OIMUCBIBACT IIOJHOCTBIO OOIMYCTUMOCTb CTUMYJIOB B COCTOSIHUAX
aBTomMara. HOCTYCJ'IOBI/IG AJId aCMHXPOHHBIX aBTOMATOB OIMCBIBACT IIE€PEXObI:
MOCTYCJIOBUEC NPUHUMAIOIINX MEPEXOA0B — JIOTHUYCCKOC BbBIPAKCHUEC OT NPECOCTOAHUA,
CTI/IMyJIa U TIIOCTCOCTOSHMUA, HOCTyCJIOBI/IC TIOCBhUIAKOIIUX nepexo;mB — JIOTHYECKOC
BLIpEl)I(eHI/Ie oT HpCCOCTO}IHI/ISI, peaK]_II/II/I N IIOCTCOCTOSIHMUS, HOCTyCJIOBI/IC HyCTbIX
HCpSXO,HOB — JIOTHUYECKOEC Bmpa)}ceHHe oT HpeCOCTOﬂHI/IH U TIOCTCOCTOSIHUA.
COBOKYITHOCTh TIOCTYCJIOBHII BMECTE€ C COOTBETCTBYIOIIUMH WM IIPEIyCIOBHUIMHU
OITUCBIBACT BCE NMEPEXOABI aBTOMATA.

3amava moctpoeHHs rpada COCTOSHUI MOIETBHOTO aBTOMAaTa IO €r0 MMIDTHIATHOMN
CHCL[I/ICI)I/IKaL[I/II/I CBOOMTCA K PEOICHUKD CUCTEMBI ypaBHCHI/II\/‘I UMCHOIINX BH[I
pre(v,x)=post(v,x,v'), pre(v)=>post(v,y,v') wm pre(v)=>post(v,v'). I[lonsrao, 4uro
Takasgd 3aJa4a MOXET O0Ka3aTbCda CIHIIKOM CIIO)KHOI H HeE BCeraa pemaeTcs
YAOBJIETBOPUTEIBHBIM crtocoboM. C Ipyroil CTOPOHEI, B MPOIIECCe TECTHPOBAHUS HAM
MOXKET HE MOTpeOOBaThCS BECh MOMIEIBHBIN Tpad, MOCKONBKY, BO-IIEPBHIX, HE BCE
peaxIyy, paspenraeMble MOJENBI0, O00s3aHBI MPHCYTCTBOBATh B PEAM3aIlHOHHOM
aBTOMare, W, BO-BTOPBIX, HE BCE DEAKIWH, paspellaeMble pealu3alueil, pearbHO
MOSIBATCS B JIAHHOM ceaHce TecTupoBanusi. [loarpad mopenu, cOOTBETCTBYIOUIMH
JTAHHOMY CEaHCy TECTUPOBaHMsI, OyJeM Ha3bIBaTh MOATPad)OM TECTUPOBAHHMS.

MOHO TOCTaBUTH 3aady MOCTPOCHHs moarpada TECTHPOBAaHUS B IPOIECCE CaAMOTO
TecTupoBaHus. [IpomiIrocTpupyeM BO3MOXKHBIA CIIOCOO PEmICHHS 3TOH 3amadd Ui
CTallMOHAPHOTO TECTHPOBAHUS C OTKPBHITBIM COCTOSHHEM aBTOMaTra kiacca AS (B
KOTOPOM Ka)X[I0€ CTAI[MOHAPHOE COCTOSHUE Ka)IbIM JOMYyCTHMbBIM KBa3U-KOHEUHBIM
CJIOBOM TIEPEBOAUTCS TOJBKO B CTAllMOHAPHBIC COCTOsHMS). [l mpocToThl Oymem
CUHUTATh TAKXC, YTO MOJACIIb HC MMCCT CMCIIAHHBIX COCTOSITHUH. HyCTb Ha HCKOTOpOM
mare TEeCTUPOBAaHUS aBTOMAaT HAXOJUTCS B CTAllMOHAPHOM COCTOSIHUM A, TMOJAETCS
CTUMYJl X, IOJIy4aeTCs B OTBET BBIXOJHOE CJIOBO W JUIMHBI N U ONpelessieTcs
CTalMoOHapHOe TOcTcocTossHue b. B rpade Momennm 3TOH CHUTyaluud COOTBETCTBYET
MHOXKECTBO MAapIIpyTOB, HAYMHAIOIINXCS B COCTOSHUHM 4, 3aKaHUYMBAIOIIUXCA B
cocTOsHUM b, NMEIOIMX X-PacCKPacKy Xe H y-packpacKy u. IToimyuas Ha KaXioM Iare
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TECTHPOBAaHUS BCE TaKWE MAapIIPyThl MBI B HMTOTE IMOJy4UM TpeOyemblil moarpad
TECTUPOBAHUS.

MapmipyTsl mara TECTHPOBAaHUS MOXKHO MOJYYHTH, IIOCIIEAOBATEIBHO —peras
ypaBHeHus cneuudukaiyu. CHavyana pemiaeM ypaBHEHHE MPHHUMAIOIIErO Mepexona
pre(a,x)=post(a,X,vi) OTHOCUTEIIEHO IIOCTCOCTOSIHUSA Vq. TaKuX perieHnii MoxXeT OBITh
HECKOJIbKO. J{J1s Ka)K[J0T0 U3 9THX PELICHUH V4 HE3aBUCHMO PacCMaTpUBAeM ypaBHEHUE
e-iepexoga pre(vy,e)=>post(vy,e,v,), MOChUIAIOIIEro Iepexoma mis 1-oif peakuumn
pre(vy))=post(v,u[l],v;) u ypaBHeHHE IycTOTO mepexoma pre(vi)=>post(vy,v2) u
HE3aBUCHMO PEIIaeM UX OTHOCHUTEIILHO ITOCTCOCTOSIHUSA V,. Eciu Bee 3TH ypaBHEHHUS HE
UMEIOT PELICHUH, pellieHne Vi HY>KHO OTOpOocHTh. B mpoTHBHOM cityuae, Mbl UMeeM
MHOXECTBO pelIeHu V,. Temepp [ KaXXIOTO pELICHHUS V, paccMaTpUBaeM
HE3aBHCHMO YPaBHEHHUsI e-Tiepexojia pre(vy,e)=>post(vy,e,v3), MOChUIAIOIETO Mepexoaa
Ui 2-0i peaknuu pre(v,)=>post(va,u[2],v3) — eciiu v, ObUIO PEIICHHEM MTOCHLUIAOIIETO
nepexoxa s 1-oi peakiun, win pre(vy)=>post(vy,u[l1],vs) — ecinu v, 65U10 pereHnemM
MyCTOTO WJIM e-Iiepexo/ia, a TaKKe YpaBHEHHE ITyCTOro mepexoaa pre(vy)=>post(v,,vs)
N HE3aBUCUMO peuiacM 3TH YpPaBHCHUA OTHOCHUTCIIBHO TIIOCTCOCTOSAHUSA V3. 3TOT
MPOLIECC MPOJOIDKACTCS U JAJIbILE, HO TOJIBKO Ha Ka)KI0W BETBU 3TOTO IIpoliecca, ociie
TOr0 Kak OyJeT PelIeHO ypaBHEHHE MMOCHUIAIONIETO TIepexo/ia IS MOCISAHEH PeaKIuu
u[n] OymeM mnpoBepsATh, IMOMANO JH IOCTCOCTOSHHE b B YHCIO pENICHUI 3TOTO
ypaBHeHus. Ecnu momnao, To 3Ta BETBh 3aKAaHYMBACTCS, a €CIHM HET, TO MPOJ0JDKACTCS
pelIeHreM ypaBHEHHH TOJBKO e-NIepeXOJ0B M IIYCTHIX IMEPEeXOAO0B IOKa TaKUM
pELIEHUEM HE CTaHET b.

[TockonbKy aBTOMAT OTHOCUTCA K Kiaccy AS, 3To rapaHTUpPYET 3aBeplIEHHE Ipoliecca
BBIYMCIICHUH 32 KOHeuHoe BpeMsi. Ecin mocrycnoBus umerot Bun v =f(v,x), v'=g(v,y) u
v'=h(v), TO pemeHune ypaBHEHMII CBOJUTCS K BBIUMCICHUIO BCEX 3HAUYCHUH
MHOTO3HAaYHbIX (yHKuui f, g u h.

AHaNOrMYHO MOXXHO CTPOWUTh moArpad TECTUpOBaHUS MJsl  CTAIlMOHAPHOIO
TECTUPOBAaHHUA Cl1a00-AeTePMUHUPOBAHHOIO aBToMara kimacca AS, He TpeOys
OTKpBITOCTU cOCTOsiHMA. OTauuue B TOM, YTO BMECTO IPOBEPKM HAa H3BECTHOE
CTaIlIOHAPHOE MOCTCOCTOSIHIE MBI OyJIeM IIPOBOJIUTH BBIYHCIICHNS HAa KQKI0H BETBH 10
TIOJTy4€HHS CTAlMOHAPHBIX pelleHni ypaBHeHUH crenudukanuy. (Boobuie roBopst, Mbl
JOJDKHBI TECTUPOBATh HE TOJIBKO HAa KBAa3WU-KOHEUYHBIX CIJIOBAX C OJHUM HEIyCTBIM
CTHMYJIOM, TIO3TOMY B PeIlaeMble YPaBHEHUs HY>KHO BKJIIOUNTH TAKXKE YPABHEHUS IS
MPUHAMAIOIIHX ITEPEXO0I0B MO OYEePEIHBIM CTUMYJIaM BXOIHOTO CIJIOBA.)

B 06oux BapraHTax CTAllMOHAPHOTO TECTHPOBAHMS (C OTKPBITHIM COCTOSIHUEM WU IS
c1a00-7IeTEepMUHUPOBAHHOTO aBTOMara) MOJXKHO IIOCTaBHTh 3a/ady: B KaXIOM
JOCTHTHYTOM NPH TECTHPOBAHWUHM CTAallMOHAPHOM COCTOSHHMM MHONpPOOOBAThH KaXIIbIH
JOMyCTUMBIH cTUMYJ1. Bosee TOuHO: MonpoGoBaTh KBa3U-KOHEUHOE CIIOBO BUa Xe® 1is
Ka)KJIOT0 HEIyCTOrO CTUMYJa X. AJIaNTHBHBIA aJrOPUTM C TaKHM CBOMCTBOM Oylem
HA3BIBATb 00X000M 2paga no CIuMyiam.

Me1 MokeM noTpeboBath Oosbiero. HazoBem nepaszoesnsemvim MapiipyT BBITOTHEHUS
JUISL TOIYCTUMOTO KBa3U-KOHEYHOI'O BXOJHOTO CJIOBA, BEAYIIMHA W3 CTAllMOHAPHOIO
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MIPECOCTOSIHAA V B CTAllMOHAPHOE IIOCTCOCTOSIHUE V', BCE BHYTPEHHHE COCTOSHUS
KOTOpOoro HecTauuoHapHbl. COOTBETCTBYIOILEE KBAa3U-KOHEYHOE BXOJIHOE CJIOBO (X-
packpacka MapIpyTa) Ha30BeM HepazoelisseMbim CIOBOM ISl COCTOSHUS V. MBI MOXeM
oTpedoBaTh MPU TECTHPOBAHMM MPOXOJAa IO BCEM CTALMOHAPHBIM COCTOSHHSIM,
KOTOpbIE MOXKHO JIOCTHTHYTh W3 JAaHHOTO CTAaIl[IOHAPHOTO COCTOSHHUS II0 BCEM
Hepa3ZensIeMbIM KBa3H-KOHEUHBIM CJIOBaM. [l 3TOro B KaKAOM COCTOSHHH MBI
JIOJDKHBI TIOMPOOOBAaTh TaKOe IOAMHOXKECTBO KBA3U-KOHEUHBIX BXOJHBIX CIIOB, YTOOBI
TapaHTHPOBAaHHO [OCTHTHYTh BCE TaKHE CTAllMOHAPHBIE COCTOSHUS. AIaNTHBHBIN
QITOPUTM C TAaKHM CBOMCTBOM OyJeM Has3bIBaTh 00X000M epaga no mepasoeniemvim
cnogam.

[Monatne o0xoma MO HepasJgelsIeMbIM CJIOBaM MOXHO 000OmHMTE Ha Cirydai
MIPOU3BOJIFHOTO ACHHXPOHHOTO aBTOMATa. 31eCh BO3HUKAIOT IBE 3a/Ja4d: 1) OmmcaTh
KJIaCChl aBTOMATOB, JJIsi KOTOPBIX CYIIECTBYET Takoi 00Xo/, U 2) HalTH 3 (eKTHBHBIE
aJITOPUTMBI TOCTPOCHHS OOXOIOB OJHOBPEMEHHO C IOCTPOSCHHEM caMoro rpada
TecTUpOBaHusl. B 0011eM ciydae 3TH 3a1a4u He PelleHbI.

4.12. NMpobnema megnaTopoB U MHOroypoBHeBble cneundukaumm
Jlo cux mop Mbl Mpearoiarajiv, 4to aja(aBUThl CTUMYJIOB W PEAKLUid MOJEIHHOIO U
peaIM3aliOHHOTO0 aBTOMATOB COBManaloT. Ha mpakThke 3TO 4acTo He Tak U JJis
YCTaHOBJICHUA COOTBCTCTBUA pCaiu3allid WU MOACIMW HCHOJB3YIOTCA CHEIUAJIBHBIC
MeduamopHvle npeobpazosanus (meouamopwl). Angasumnviv meduamopom Ha30BEM
MEIUaTop, KOTOPBIH OCYIIECTBISIET MPOCTOE OTOOpa)kKeHHe (¢ MOJIEIbHOrO andaBuTa
CTHMYJIOB B peajiM3allMOHHbIH ai()aBUT CTUMYJIOB M OTOOpakeHHE Y PealU3alMOHHOTO
andaBuTa peakiui B MOJACIBbHBIA alaBUT peakiuil. ITH OTOOPaKEHUS SCTECTBCHHO
pacuIMpsIOTCST Ha TIOCJENOBAaTEIbHOCTH CTHMYJIOB M peakuuii. Torma cBoIuMocTh
peamm3anmu Kk Mmojenu 3amuckiBaetca Tak: Dom(W[R])2e(Dom(W)) VweDom(W)
YWIR[(@(W))=W(W).

B obmem ciygae MoryT OBITH M ApyTHe (Heala(aBUTHBIE) MEAUATOPHI, KOTOPBIE CPasy
OIIPEACIAIOTCA KaK 0T06pa>1<eH1/1>1 BXOJHBIX W BBIXOJHBIX CJIOB C COXpaHCHUEM
TpeOOBaHMUs O PaBEHCTBE JUIMH MOJIENIFHOTO U PealIM3allMOHHOro clioB. bonee Toro, atn
0TOOpaXkeHUs] MOTYT OBITh MHOTO3HAYHBIMH M TOTA 0OJIee €CTECTBEHHO TOBOPHUTH O
MEIMATOPHBIX COOTBETCTBHUAX. DTH COOTBETCTBUS JTOJDKHBI 001aaTh ONPEACICHHBIMU
CBOMCTBaMH, B YaCTHOCTH, COOTBETCTBYIOIIHC CJIOBA SIBJSIFOTCS IPOJIOJDKCHUSIMU
COOTBETCTBYIOIIMX CJOB. KpoMe TOro, MMEEeT CMBICH TOBOPUTH O PEryJISPHBIX
COOTBETCTBUSIX, TO €CTh, O COOTBETCTBHSX, KOTOPBIE MOTYT OBITh 3aJIaHbl Kak
MHOXECTBA, MOPOXK/IAEMbIE KOHEYHBIMU Tpadamu.

Kpome Toro, camu crienupukanuy MOTYT OBITH MHOTOYPOBHEBBIMH TaK, YTO KaKIbIi
YpOBEHb COOTBETCTBYET HEKOTOPOMY YPOBHIO aOCTpakuuu U  (HopMyJupyer
(dyHKIMOHANBHBIE TpeOOBaHHWS COOTBETCTBYIOLIETo YpoBHA. HawnbGonee wacras
CUTyaIllisi — TPH YPOBHS: 1) YpOBeHb peasm3aiin, 2) ypOBEHb CHeNU(UKAIINHA B BHIE
MIpe- U MIOCTYCIOBUI U 3) YPOBEHb TECTOBOM MOJENH, KOTOPas ABISIETCS B HEKOTOPOM
cMbIcie (paKTop-MOAENbI0 CeN(pUKAIIMOHHON MOENHN, HE UMEET OIMCAHMS HE TOIBKO
B BHJE rpada COCTOSHUM, HO M B BHJE IpEI- M IOCTYCIOBHH, a 33laeTcs TOJBKO
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MEAUATOPHBIM COOTBECTCTBUEM C YPOBHEM cneunq)nxaunu; M0 TECTOBOM MOJIECIH
OPOUCXOAUT HEMOCPCACTBECHHOC TECTUPOBAHUC.

5. 3aknroyeHue

[lonsiTHe acCMHXPOHHOTO aBTOMAaTa SBJISIETCS yAOOHOW MaTeMaTH4decKod adcTpaxiuein
JJIs1 CHeIJ,l/I(l)l/IKaLII/II/I IIpOrpaMMHBIX ©W amnmnaparHbIX CHUCTEM, HUMCIOIIHNX CBOMCTBA
«aBTOMATHOCTH», HO OOJIee CIIOKHBIX, YeM KIaCCHYeCKre aBTomMarhl Mwuim. B To ke
BpEMs TCOPUSA TAKHMX aBTOMATOB H, OCOGCHHO, METOAbI TECTUPOBAHUA COOTBETCTBUSA
JUTSl TAKMX aBTOMATOB HAaXOASATCS TOKa YTO B 324aTOYHOM COCTOSIHUH.

B mHacrosmie#t craThe MBI Jand OMNpeAeNeHHe ACHHXPOHHOTO aBTOMaTa M €ro
BBITIOJIHEHHS, BBEJIHM KJIAacCH(UKALMIO aBTOMATOB C TOYKH 3PEHHUS pean3yeMoil MMHU
CJIOBapHOW (QYHKIMHM M PACCMOTPENH HEKOTOPhIE BOIIPOCHI PEANU3allMu CIOBapHOMN
(YHKIIMM TakKUMH aBTOMAaTaMH B BHJIE MHOXECTBA CEpHATH3AIMA — CMEIIAHHBIX
MOCJIEZIOBATEILHOCTEN BOCIIPUHUMAEMBIX CTUMYJIOB U BBIJIABAEMbIX PEAKIIHIA.

Uro kacaeTcsi TECTHPOBAHHUS COOTBETCTBHSA, TO MBI JHIIbL OOO3HAYMIN HEKOTOPHIE
BO3HHUKAIOIIME 37eCh MPOOJeMBI M HAMETHJIM HEKOTOpPBIE BO3MOXHBIE ITIyTH WX
peuienusi. PeanbHbie 3()(eKTHBHBIE AITOPUTMBI CYLIECTBYIOT JIMIIb JUISi HEKOTOPBIX
YaCTHBIX (XOTS, BO3MOXHO, U IIHPOKO PAaCIPOCTPAHEHHBIX) KJIACCOB ACHHXPOHHBIX
aBTOMAaToB. B nanbHeilieM MblI INpeIIiojiaraeM YAEIUTh 3TOMY BOIIPOCY Oouibliiee
BHUMaHHE.

ACHHXpOHHBIE aBTOMAaThl — 3TO aBTOMAaThl C OJHOW BXOJHOH M OJIHOW BBIXOJHOM
ouepensMu. ECTECTBEHHBIH CIIEIYIOINN AT — pacCMOTPETh aBTOMATHI C HECKOJIBKUMHU
ouepensmu. [locie 3TOro Mo>kKHO U3ydaTh CETH aBTOMATOB, B KOTOPBIX KaXKIasi Ouepeib
SIBJIACTCA BI)IXOJIHOI‘;I Oo4Yepeab0 OJHOI0 MHJIM HECKOJbKUX aBTOMATOB U BXOHHOﬁ
ouepeNibI0 TAKXKe OJJHOTO MM HECKOJIBKHX aBTOMATOB. Takue aBTOMAaTHbBIE CETH MOYKHO
WCIOJIb30BaTh KaK MOJENb MNPOTPaMMHBIX M aNMapaTHbIX CUCTEM C HECKOJbKUMHU
HE3aBUCUMBIMH aKTUBHOCTSIMH (TIPOIECCAMH), TIOBEACHUE KaXI0H U3 KOTOPBIX MOXKHO
MOJEJIMPOBATh OTACIbHBIM ACMHXPOHHBIM aBTOMAaTOM. 3/€Ch BO3HUKAIOT HE TOJBKO
MPOOJIEMBI TECTUPOBAHMSI TaKUX CeTed, HO M MpoOJIeMBbl X crenu(uKamui, KOTOphIe
MOXXHO pAacCMaTpHBaTh TakXKe KaK HE TONBKO YHCTO (YHKIHOHAJIBHBIE, HO U
KOMIO3HIIMOHHBIC (CTPYKTYpHBIE).
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