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PaccmaTpuBaloTcsi KOHEUHBIE aBTOMATHI, OTJIMYAIOIINECS OT KJAcCHYecKoro aBromara Mum
TEM, 4TO MEPEXOJ OCYLIECTBISCTCS MO0 MO MpHEMy CTHMYyJa (BXOAHOTO CHMBOJA), JTUOO IO
BbIJIaU€ peakuuu (BBIXOAHOTO CHMBOJIA), NMPUYEM B KaXKIOM COCTOSIHUM BBIOOp OIHOTO W3
JOMMyCTUMBIX TI€PEXO/I0OB HEJAETEPMHHHUPOBAH. TaKkWMH aBTOMAaTaMHU SIBISIOTCSI aBTOMATBHI C
otnoxkeHHon peakiueir (AOP), B KOTOPBIX TEpexoi MO CTUMYJY BBIOTHSICTCS BCETa, Koraa
ATOT CTUMYJI MMEETCSl Ha BXOJE aBToMara, W aBroMartsl BBoAa-BbiBopa (IOSM - Input/Output
State Machines), B KOTOpbIX mepexo/ MO BbiAade Peakiu JAOMYCTUM HE3aBHCHUMO OT HaIUYHUs
CTHMYyJa, & HE MPUHSATHIH B 9TOM COCTOSHHU CTHMYJ MOXET OBbITh HPWHST TO3XKE, B JPYyroM
coctossHMHA. O000IIEHHEM ITHX KJIACCOB aBTOMATOB SIBJISICTCS ACHHXPOHHBIN aBTOMAT, B KOTOPOM
JOMYCKAIOTCSl TakXe IMepexoAbl 1o omcymcmeuro ctumyna. Ilpeanmaraercs kinaccuduxaunms
ACHMHXPOHHBIX aBTOMATOB, OCHOBaHHAs Ha peallu3yeMOll aBTOMATOM CIOBAPHOU (DYHKYUU H
SKBUBAJICHTHOCTH aBTOMAaTOB C COBMajaromiell cioBapHoi GpyHknuen. [lokassiBaerces, 4To Kiacce
BCEX ACHHXPOHHBIX aBTOMAaTOB 3KBHBAJCHTEH CBOEMY IOJKJIACCY aBTOMAaTOB C OTIOXXECHHBIMH
peaknusMH, a CcIOBapHbie (YHKIUM aBTOMATOB BBOJA-BBIBOJIAa 00pa3yloT COOCTBEHHOE
MOJIMHO’KECTBO BCEX ABTOMATHBIX CIIOBAapHBIX (yHKIMHA. C aBTOMAaTOM CBS3BIBACTCS TaKKe
MHOXECTBO cepuanuzayuti (CMEIIaHHBIX TOCIEI0BATeIbHOCTEH BOCIPUHUMAEMBIX CTUMYJIOB U
BBIIaBaCMbIX PEAKIIMIi), M UCCICIYETCS €ro CBA3b cO clioBapHoi pyHKiueit. CTaThs 3aBepIiaeTcs
0030pOM OCHOBHBIX MpPOOJEM TECTUPOBAHUSI COOTBETCTBUS, KOTJa ACHHXPOHHBIE aBTOMATHI
WCTIONB3YIOTCS KaK crenn()UKaIMOHHAsE MOJIETh MPOrPaMMHBIX U aIllapaTHBIX CHCTEM.
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1. BBenenue

[Moustue asmomama c omaosicennvimu peaxyusimu (AOP) ObUIO BBEICHO aBTOPAMU HACTOSIIEH CTaThU

COBMECTHO C A.XOpOIIMJIOBBIM JIJII MOJIETTUPOBAHUSI MHOTOIIPOLIECCHON MTPOTPAMMHOM CUCTEMBI,
uHTepdeiic ¢ KOTOpoil OCHOBaH Ha oOMeHe cooOIIeHNsIMU. B 0TBeT Ha BXOIHOE COOOIIEHNE cUcTeEMa
MOJKET BbIJIaTh HECKOJIBKO BBIXOAHBIX COOOIICHUN, IPUYEM, €CIIH B MPOIIECCE UX BbIAAUU MOCTYMAET
ClIeyIOIIee BXOAHOE COOOIEHHE, OHO MOXKET M3MEHUTH BBIXOJHOM MOTOK. Llenbio MoaenupoBaHus
SBIIAJIOCH HalMcaHue POpMalIbHBIX crieuuKalnii, Ha OCHOBE KOTOPBIX CO3AaBaJICs TECT JUIs
TECTHPOBAHUS COOTBETCTBHS peanu3anuu cnenuduxanuu. I[IockonbKy BHyTpEHHEE COCTOSIHUE

. 65

TECTUPYEMON CUCTEMBI OBIJIO HEOCTYIHO, OHA PacCMaTPUBaIaCh KaK «4E€pPHBIN AIIUK» U O €€ MMOBEACHUH

MOKHO OBUIO CYJIUTh TOJIBKO IO €€ PEaKIHsIM (BBIXOAHBIM COOOIIEHUSM) Ha TTOaBAEMbIC CTUMYJIBI
(TecTOBBIC BXOJIHBIE COOOIICHHS).

ABTOMATBI C OTJIOXKEHHBIMHU PEAKIUSIMH ITOXO0KH Ha XOPOIIIO U3BECTHBIC B IuTepatype [1-6] asmomamut

s600a-evieooa (IOSM — Input/Output State Machines), HazbiBaeMble TaKKe 63aUMOOCUCMEYIOUWUMU
xoneunvimu asmomamamu (CFSM - Communicating Finite State Machines). B o6oux aBTomaTtax

MePEeX0/l U3 OJTHOTO COCTOSIHUS B IPYrOi MPOUCXOIUT JINOO KaK IMPUEM BXOIHOTO CHMBOJIA (crmumyna) —

npUHUMarOwuLl IEPexol, TMO0 KaK BblAa4a BBIXOAHOTO CHMBOJIA (peakyull) — NOCLLIAIOwUil TIEPEX O,
00 KaK nycmoti epexo], He COMPOBOXKAAIOIINNICI HU IPUEMOM CTUMYJIA, HU BbIJAUel peaKIiu.
Ctumyn oonycmum B HEKOTOPOM COCTOSIHUH, €CJIA B 3TOM COCTOSIHUU OIPeIeNICH TPUHUMAIOIIUN
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Mepexo/i Mo 3TOMY CTUMYJY, B IPOTUBHOM CJIy4ae CTUMYJI HEJOIYCTUM B JAHHOM COCTOSTHUU.
[TockonbKy MBI HE TpeOyeM JOMYCTUMOCTH Ka)/I0T0 CTUMYJa B KaXKJIOM COCTOSIHUU, pacCMaTpUBaeMble
ABTOMATHI SIBJISIIOTCSA YaCTUYHO-OMpeaesieHHbIMU. COCTOSIHUE aBTOMAaTa npuHumaroujee, €Ciii B Hem
oTpezieNieHbl TOJBKO MPUHUMAIOIIUE TIEPEX0/Ibl, HOChbLIaOWee, €CIN B HEM ONPEIEIICHbI TOJIBKO
MOCBUIAIOIINE UITU TTyCThIE IEPEXOIbl, CMeuanHoe, €CI B HEM ONpPeIeIeHbl KaK MPUHUMAIOIINE, TaK U
MOCHUTAIOIINE WIIH MTYCThIE MEPEXO0/Ibl, U MEPMUHAIbHOE, ECTTN B HEM HUKAKUX MIEPEX0/I0B HE
omnpexaeneHo. [[puHUMaroIIe U CMENIaHHBIe COCTOSHUS OYIeM Ha3bIBaTh peyenmusHuiMu (B ITUX
COCTOSIHUSIX BO3MOXKEH IPUEM CTUMYIIa).

CTUMYIBI MOTYT ITOCTYIIATh HA aBTOMAT TOJIBKO B PEIICIITUBHOM COCTOSIHUM, HO OHU HE 00s13aHbI
MOCTYNATh B KAX#COOM €T0 PEIENTUBHOM COCTOSIHUU. [lepexo/pl, JOMyCTUMBIE B JTAHHOM COCTOSTHUH,
OTIPENIENIAIOTCS B 3aBUCIMOCTH OT HAIMYHSI WJTH OTCYTCTBUS CTUMYJIa Ha BXOJIC aBTOMaTa U, B cliydac
HaJIM4Us CTUMYJA, OT CAMOTO 3TOTO cTUMYya. Eciu oka3piBaeTcs, 4TO TAKUX AOMYCTUMBIX MEPEXOI0B
HECKOJIbKO, TO BEIOMPAETCS O/IMH U3 HUX HEJETEPMHUHUPOBAHHBIM 00pa3oM. B o0oux aBromarax, ecim
COCTOSIHUE TOCBLIAIONICE UITH PEIENTUBHOE, HO CTUMYJ OTCYTCTBYET, TO JIOIYCTUMBIMH SIBIISTFOTCSI
MTOCBHUIAIOIINE U MTYCTHIC TMIEPEX0/IbI, ONPEACIICHHBIE B ’TOM cocTosiHUU. Pazmune mexay AOP u IOSM
MMEET MECTO MPH ONPEACIICHUH JTOMYCTUMBIX TIEPEXO0/IOB B CITydae HATMYKS CTUMYJIa B CMEIIIAHHOM
coctostHuu. [yt AOP 1ormycTUMBI TOJBKO MPHHUMAIOIINE TIEPEXO/IbI 110 3TOMY CTUMYITY M HEJOMyCTUMBI
KaK TMPUHUMAIOIIUE MTEPEXO bl IO JPYTUM CTUMYJIAM, TaK U MOCHUIAIOIINE U MyCThIe epexoabl. J{is
IOSM Takxe TonmyCTUMBI MPUHUMAOIINE TIEPEXO/IBI TI0 3TOMY CTUMYJTY M HEIOMYCTHMBI ITEPEXO/IbI 10
JIPYTUM CTUMYJIaM, OJHAKO MOCBUIAIONINE U MYCThIE MEPEXOAbl OCTAIOTCS AOMYCTUMBIMU. [Ipu 3TOM, ecnu
BBITTOJTHSICTCSI TOCBHUTAIONIHH WIIH ITyCTON TIEPEXO0/I, TO CTUMYJI OCTAETCsl Ha BXOJIC aBTOMATA B O)KHIaHUH
1160 1) BEIOOPKH TOMYCTUMOTO MPUHUMAIOIIETO IePEX01a M0 3TOMY CTUMYITY B PYTOM PELEITUBHOM
COCTOSIHUH, K00 2) Tiepexoa B IPUHUMAIOIIEE COCTOSTHHE, B KOTOPOM HE ONPEICIICH MePEX0/] 110
JaHHOMY cTUMYIy. B ciydae 1) cTumys BBIOUpaeTcss aBTOMATOM U Jlajiee Ha €ro BXOJ[ MOXKET IMOCTYIUTh
CIICAYIONINI CTHMYII, a B CITydae 2) MOBEICHUE aBTOMATa CUUTACTCSl HE OTPEICIICHHBIM U 3TO
paccMaTpuBaeTCs Kak, TaKk Ha3bIBaeMasi, OuuOKa Hecneyu@uyuposantozo 6600a. 3ametum, 9to ais AOP
Takast omOKka (UKCUPYETCs Cpasy JKe, KaK TOJIbKO Ha BXOJ] aBTOMATa IMOCTYIAeT HEOMYCTHMEBIH B
TEKYIIIEM COCTOSIHUU CTUMYJ. Pa3symeercsi, BO3MOKHO TaK)Ke BHITIOJTHEHUE aBTOMATa, IPH KOTOPOM
CTHMYJI HUKOT/Ia He OyJeT BEIOpaH: €Clii aBTOMAT IMepeniesl B TEePMUHAIBHOE COCTOSIHHE WM OECKOHEYHO
BBITIONTHSIOTCSI TOCBUTAOIINE U TyCcThIe Tiepexo bl (it AOP — B mochIalonmx cocTosHusx). B
TEPMUHAIBHOM COCTOSIHAW aBTOMAT OCTaHABJIMBACTCS: COCTOSIHIE HE MEHSIETCS U TPEKpaIaeTcs Kak
MPHEM CTUMYJIOB, TaK U BbIIaua peakiuii. XOTs B TEPMHUHAILHOM COCTOSIHUU BCE CTHMYIBI ()OpMaIbHO
HEJIOMYCTHMBI, TEM HEe MeHee orOKa HecTieuUITMPOBAHHOTO BBOAA HE (PUKCHPYETCS, TOCKOIBKY
CUMTaeTCs, yTO paboTa aBTOMAaTa 3aKOHYCHA.

Knaccuueckuii aBTomaT Muiu, KOTOPbIN Ha KaKbli JOIYCTUMBIN CTUMYJ BBIJAET POBHO OJIHY PEAKIIHIO
Y HUYETO HE JIETAeT MPU OTCYTCTBUM CTUMYJIOB, MOKET pacCMaTpUBaThCA Kak 4acTHBIN ciydaid AOP u
IOSM. [I7151 3TOTO AOCTAaTOYHO KaXKABIH €ro Mepexo/1, COMPOBOKAAIONIUICS TPUEMOM CTUMYJIA U
BBIIAYEH pEaKLUH, IPEICTABUTh KaK MTOCIEN0BATEIbHOCTD U3 JBYX IIEPEXOJ0B: IPUHUMAIOLIETO
Iepexo/ia o 3TOMy CTUMYJLY U ITOCBUIAOIIETO MEPEX0a 110 ITOU peakIui, MEKy KOTOPbIMHU
N00aBIIseTCsl MPOMEKYTOUHOE MOCHUIAIOIIEE COCTOSAHUE (MCXOAHbIE HETEPMHUHAIBHBIE COCTOSIHUS
CTaHOBATCS IPUHUMAIOIIKMMH, @ CMELIAHHBIX COCTOSIHUM HET).

TecTupoBaHue COOTBETCTBUS OCHOBAHO HA CPABHEHUM ITOBEACHMSI IBYX aBTOMATOB:
crnenn(pUKaMOHHOr0, 33JaHHOTO SBHO, HAIIpUMEP, CBOUM Ipa)OM COCTOSTHUM, M peaTn3alliOHHOTO,
paccMaTpUBAEMOr0 KaK «UEPHBIH SIIMK», O Tpade COCTOSIHUN KOTOPOTO U TEKYIIIEM COCTOSIHUM MBI He
uMeeM MHPOpMalLUU, HO MOXKEM CYAMTB O €0 MOBEACHUU 110 TEM PEaKLUsiM, KOTOPbIE OH BBIJAET B OTBET
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Ha TIOCTYMAOIINE K HEMY TeCTOBBIE CTUMYJIBL. Peanu3anusi cauTaeTcss COOTBETCTBYIOIICH
cnenuduKanym, eCiu s JTF0OOH MOCIeA0BaTEIbHOCTH CTUMYIIOB (6X00H020 C106a) aBTOMATHI BBITAIOT
OJIMHAKOBBIE MMOCJICIOBATEILHOCTH PEAKIHH (8b1X00HbIE c108a). [Isl HeETepMUHUPOBAHHOTO
cnenuuKanuoHHOTO aBTOMaTa 00J1e€ OCMBICTICHHO TOBOPHUTH HE O COBMAJCHUHU BBIXOHBIX CJIOB, a O
MPUHAITICKHOCTH JTF00OTO BBIXOTHOTO CJIOBA, BBIIABAEMOTO pealn3alueii, MHOXKECTBY BBIXO/IHBIX CIIOB,
paspeniaeMbIX crienupuKanuei. 3aMeTuM, 4TO TIPU ITOM PEATH3aIMOHHBIN aBTOMAT MOXET OBITh Jaxe
JIETEPMUHUPOBAHHBIM (BBIXOAHOE CIIOBO OJHO3HAYHO OTMPEENISICTCS €r0 HaualbHBIM COCTOSTHUEM H
BXOJHBIM cJI0BOM). IHBIMU clioBamu, crieriuuKaIis OMMCHIBACT HE OJHY PeaTn3allnio, a KIacc
peann3anuii eif COOTBETCTBYIOIUX (CBOAUMBIX K HEN).

C aBTOMaTOM CBSI3aHa CIOBapHas GyHKIHUSA, UM peajr3yeMas U onpeserseMas Kak 0ToOpakeHue
BXOJIHOTO CJIOBA, 10aBa€MOI0 Ha aBTOMAT, HAUYMHAs C €r0 HaYaJIbHOTO COCTOSIHUS, BO MHOMCECTNEO
BO3MOYKHBIX BBIXOJHBIX cJI0B. O0JacTh ee onpeeseHns BKI0YaeT TOIBKO 00nycmumble BXOJHBIE CIIOBA,
TO €CTh, TAKHE, KOTOPbIE HE MOTYT MPU HEKOTOPOM BO3MOKHOM BBIITOJIHEHUH aBTOMAaTa BbI3BAaTh OLINOKY
HecneunpuIMpoBaHHOTO BBoAA. 10 cymiecTBy, TeCTHpOBaHHE COOTBETCTBUS CTABUT CBOEH 3a/1aueit
oTpezieNieHUE CIOBapHOI PYHKIMH peali3allMOHHOTO aBTOMaTa U CpaBHEHHE €€ CO CIIOBAPHOM
¢byHkuuei cnenupuKamoHHOrO aBTOMaTa: 00JIacTh ONpPEIeNIeHUs 3TUX CIOBAPHBIX PYHKIUH
MpeArnoaracTcsl OJIMHAKOBOM (110 KpaltHel Mepe, MOJICIbHBIN IOMEH BJIOKEH B peaTu3allOHHbBIN), a
TECTUPOBAHUE IIPOBEPSIET, YTO AJIS KaXKAO0I0 JOIMYCTUMOIO BXOJIHOT'O CJIOBAa 3HAUYEHUE Ha HEM
peann3alMOHHON CIIOBapHOHN (DYHKIIMH BJIOYKEHO B 3HAYCHHUE CHEIU(PUKAIIMOHHON CIIOBAPHOU (PYHKITHH.

JI1st Kimaccudeckoro aBromaTa My Takoe orpeiesieHne CJI0BapHOU (DYHKITMH JOCTAaTOYHO: BCE
HeTepMI/IHa.HBHBIe COCTOAHUA peI_[eHTI/IBHI:I U 1mogadya Ha €ro BXO0o ,Z[OHyCTI/IMOI‘O BXOJHOT'O CJIOBA JJIMHEI N
BBI3BIBAET ITOCJIEIOBATEIBHOCTD MEPEX0I0B Yepe3 MLN PEIEeNTUBHBIX COCTOSHUN, 3aKaHYMBAIOIIYIOCS B
m+1-OM TepMI/IHaJ'H:HOM niu, €CiIn m:n, TepMI/IHaJ'IBHOM N peLIGHTI/IBHOM COCTOsAHUHU, U BI:II[a‘Iy
COOTBETCTBYIOIIETO BBIXOAHOTO ciioBa JutHBI M. OnHako, st AOP u IOSM, B KOTOpBIX MOCHUTAIOIITHE 1
MyCThIE TIEPEXO/IbI MOTYT BBIMOIHATHCS U IIPU OTCYTCTBUHU CTUMYJIOB, MOHITHE CIIOBApHOU (QYHKIIUU
HY)XJIaeTcs B yTOUHEHHUU. J{J1s1 ompeiesieHust BXOJAHOTO CJI0OBA, KPOME CaMOM MOCIIE0BATEIbHOCTH
CTUMYJIOB, HAM CIE€AYET pACCMATPUBATh TAKKE «I1ay3bD» MEXIY COCENHUMU CTUMYIIAMH, KOTOPEIE
€CTECTBEHHO U3MEPATHh B KOJIMUECTBE PEIENITUBHBIX COCTOSIHUM, TPOXOAUMBIX MEXITY TPUEMOM 3THUX
CTI/IMyJ'IOB. I[J'I}I MOI[GJ'II/IpOBaHI/ISI Hpoxoz[a OJHOTO peLIGHTI/IBHOFO COCTOAHUSA C OTCYTCTBI/IGM CTI/IMyJIa Ha
BXOJIC aBTOMAaTa YA00HO BBECTH MOHATHE NYCMO20 CMUMYJA, PACIIUPUB UM alhaBUT CTUMYJIOB. Ecin
MG)K,Z[y ABYMA HGHYCTI:IMI/I CTI/IMy.HaMI/I BO BXOJHOM CJIOBEC pacnonaraeTc;I k HYCTBIX CTI/IMy.HOB, TO 3TO
O3HaYaeT, YTO aBTOMAT MEKIy MPHUEMaMHU 3TUX HEMYCTBIX CTUMYJIOB IpoiiaeT K perenTuBHbIX
COCTOSIHUH NPH OTCYTCTBUU CTUMYJIa Ha ero Bxoje. [1ycToil cTumMyn cuuTaeTcst JOMyCTUMBIM B JIFOOOM
PEIENTUBHOM COCTOSTHUH.

[Tocne aToro ynoOHO BBECTH MOHATHS BXOAHOM U BBIXOJIHOM ouepezeit aTomaTa. Bo BXogHO# ouepenn
pacnonaraeTc;I BXOOJHOC CJIOBO B paCH_II/IpeHHOM an(baBHTe CTI/IMyJIOB, aB BBIXOI[HyIO oqepe;[b HOCTyrIaIOT
BBIJJaBa€MbI€ aBTOMATOM peakIuu, GOpMHUpPYs B HEH BBIXOJIHOE CJIOBO. [[prHUMAarOmuU epexo/1 mo
(HEmyCcTOMY) CTUMYJTY IOITYCTHM TOJBKO B TOM CJIy4ae, KOT/Ia B TOJIOBE BXOJHOW OYEPEIN PaCIIOaraeTcs
3TOT CTI/IMy.H. HpI/I BBIITIOJIHCHHUH TAaKOI'O Hepexo;[a CTI/IMy.H y,Z[aJI}IeTCH nu3 oqepe;m. HaHOMHI/IM, 4yTO B 3TOI>'I
CUTYyaIluH B perenTuBHOM coctosiHun AOP Bceraa BeIMOMHAET TpUHUMatomui nepexon, a IOSM moxker
BBIIIOJIHUTH TAKIKC HOCBIJIaIOH_II/II\/'I NIJIn HYCTOﬁ HGpGXO,Z[, u Toraga HGHYCTOI\/'I CTI/IMyJI OCTacCTCsA B I'OJIOBE
BXOJHOU ovepenu. Eciu ye TOoJI0BHOM CTUMYJI OYEpEIH IYCTOM, TO OH B aBTOMaTax 00OMX BHUJIOB
yAanseTcsl IPU NOCBUIAIOIIEM WJIM ITYCTOM MEPEXOE U3 PELENTUBHOrO cocTosiHus. [lochutaroniuii
MepeXxo/I MOMENIAET B BBIXOAHYIO OYEPEIb COOTBETCTBYIONIYIO PEAKIIUIO U, €CITH ATO MEePEX0.I U3
MOCBUIAIOIIETO COCTOSIHUSA, HE U3MEHSIET BXOIHOM OUepein U He 3aBUCHUT OT e€ coaepkumoro. [locne
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9TOr0 CJIOBapHas q)YHKI_[I/IH ONpeaACIsICTCA HAa MHOKCCTBC JOMMYCTUMBIX BXOAHBIX CJIOB B paCIMPCHHOM
andaBuTe CTUMYJIOB TAKUM 00pa30M, UTO €CIIU BO BXOJHYIO OYEpelb aBTOMATa IOMECTUTh JAHHOE
A0OIYCTUMOC BXOHOC CJIOBO, TO MHOKCCTBO BBIXOAHBIX CJIOB, KOTOPBIC MOT'YT OKa3aThCs B BBIXOI[HOﬁ
ouepenn, Kak pa3 U eCTh 3HAUCHHE CIIOBAPHOU (PyHKITHEH.

Tenepr oOpaTuM BHUMaHHE Ha TO, YTO JIsl TOTO, YTOOBI MOBEACHHUE aBTOMATa OBLJIO MOJIHOCTHIO
OIIPEAEIIEHO, BXOIHOE CJIOBO JIOJKHO COAEPKATh B KOHIIE «JIOCTATOYHOE)» YUCIIO IIYCTHIX CTUMYJIOB.
WNHaue, MOXKET CI0KUTHCS CUTYallHsl, KOTJa aBTOMAT NEPEXOAUT B PELIENITUBHOE COCTOSIHUE, a BXOHAS
ouepe.b IyCTa, TO ECTh, HE COJEPKUT HE TOJIBKO HEMYCTHIE, HO U ITYCThIE CTUMYJIbI, XOTSI IIOCJIETHUE KaK
pa3 ¥ npegHa3HaYeHbI 111 MOACIIUPOBAHNUS ITyCTOTHI ouepeau. boiiee Toro, ecim aBTOMaT COAEPIKUT
IIUKJI U3 MYCTBIX U MOCHUIAIOIINX NTEPEX0/I0B, IPOXOIAIINNA XOTs Obl Yepe3 OJHO PELeITUBHOE
COCTOSIHME, TO TAaKUX KOHIIEBBIX ITYCTBIX CTUMYJIOB JOJKHO ObITh OECKOHEUHOE YUCIO. DTO HATAIKUBACT
Ha MBICITb PACCMATPHUBATh CIOBApHYIO (DYHKIMIO ONpEeICHHON He HAa KOHEUHBIX, a Ha OECKOHEUHBIX
BXOJHBIX CJIOBAaX. beCKOHEUHOE CI0BO, co/iepKalllee TOIbKO KOHEYHOE YNCII0 HEMYCThIX CTUMYJIOB,
SBIISICTCSA QHAJIOTOM KOHEUHOTO CJIOBAa U MBI OYZIeM Ha3bIBATh €0 K8A3U-KOHEUHBIM CIIOBOM.

Mg OynieM omnpeiensTh CIOBApHYIO (DYHKITMIO Ha BCEX JOIMYCTHUMBIX OECKOHEYHBIX CJIOBAX, a HE TOJIBKO
KBa3u-KOHEUHBIX. [[pruunHa 3TOro B TOM, 4TO B OTJIMYMHU OT KJIaccuyeckoro aBromara Muiu, B AOP u
IOSM Takas cnoBapHast pyHKIIHS, BOOOILE TOBOPSI, HE BOCCTAHABIMBAETCS OJJHO3HAYHO I10 €€ CYKECHHIO
Ha MOIJIOMEHE BCEX JOMYCTUMBIX KBa3U-KOHEYHBIX BXOJIHBIX CJIOB (CM. HIDKE 3.5.2).

Teneps MokHO paccMmatpuBaTh ectecTBeHHOE 0000menne AOP u IOSM, 3akimodarornieecsi B TOM, 4TO
ABTOMATy paspeiracTCs BBIMMOJIHATh NPUHUMAOIINUEC IICPEXOJAbl HE TOJILKO MO HCIIYCTOMY CTUMYITY, HO
TaKXe U 10 TyCTOMY CTUMYITY, TO €CTh, IOCKOJIBKY MyCTOW CTUMYJI MOJEIUPYET OTCYTCTBHAE CTUMYJIA, IO
OTCYTCTBHIO CTUMYJIa Ha BXO/e aBToMaTa. Takoi nepexon OyaeM Ha3bIBaTh €-nepexo0om, a 00NN BU
aBTOMATa C e-TIePeX0JaMHt - dCUHXPOHHbLM aBTOMAaTOM, UMEs B BUY, YTO BbIJa4a PEaKIIUU IIPOUCXO/IHNT,
BOOOIIIE TOBOPSI, ACHHXPOHHO ¢ TprueMoM ctumyia. (Hartire moHsiTue acCHHXpOHHOTO aBTOMATa CJICTyeT
OTJIMYATh OT MOHATHUSI ACHHXPOHHO BBITIOJIHSIONIEHCS cemu B3anMOJICHCTBYIOIIMX aBTOMATOB. )
I/IHTepHpeTaHI/IH MOBCACHUS TAKOI'0 aCMHXPOHHOT'O aBTOMATa 3aBUCHUT OT ABYX HC3aBUCHUMBIX q)aKTOpOB.

Bo-nepBbIX, OT BUJ1a TOrO aBTOMAarta, U3 KOTOPOro 3TOT aCHHXPOHHBIN aBTOMAT npou3soien — AOP niu
IOSM, a uMeHHO, SBISETCS JIU IPUEM HEMYCTOTO CTUMYJIAa B PELIETITUBHOM COCTOSTHUU 00513aTeIbHBIM
WK He 00s3aTeNnbHBIM. B epBoM ciydae aCHHXPOHHBIM aBTOMAT Oy/1eM Ha3bIBaTh UMNEPAMUBHBIM, A BO
BTOPOM — (haKyibmamuHbiM.

Bo-BTOpBIX, OCKOJIBKY yIaJICHHE ITYCTOrO CTUMYJIa U3 TOJIOBBI BXOHOW OYEPEH TEIEePh MOXKET
MMPpOUCXOAUTH IPHU BI:I60pe JII/I60, KaK paHbLIC, MOCHUIAIOIICTO UJIKN ITYCTOTO IMEPEeXoaa U3 pCuCIITUBHOTO
COCTOSIHUSI, THOO MPUHUMAIONIETO E-IIepexo0/1a, HEOOXOAMMO ONPEICITUTHCS C B3AUMHBIM IPHOPHTETOM
9TUX ABYX BUAOB IICPEXOJ0B, €CJIN OHU OMPCACIICHLI B OJJHOM U TOM K€ CMCIIAHHOM COCTOSIHUU.
[Tpuopurer MoxeT OBITH 1) y MOCHUTAIONTUX M ITYCTHIX MEPEX0/IOB; 2) Y €-IePeX0/10B; 3) OHU MOT'YT OBIThH
PaBHOIIPUOPUTETHBI.

Taxum 00pa3oM, Bcero MOXKeT ObITh 8 6a30BbIX KJIaCCOB aBTOMATOB: UMIICPATUBHBIN HITH
(baxynbTaTUBHBIN, O3 €-TIEPEX0/I0B HIIH C €-TIepeX0jaMi M OTHUM U3 TPEeX YKa3aHHBIX IPHOPUTETOB €-
NEPEX00B MO0 OTHOLICHHIO K IMOCBUIAIOLINM U ITYCTBIM IIEPEX0JIaM.

CraThsl COCTOUT U3 YEThIpEX YacTe. 2-as (mocine BBeneHns ) 4acTh MOCBSIICHA OMPEACICHUIO U
CPaBHUTEILHOMY M3yYEHHUIO aCHHXPOHHBIX aBTOMATOB 0a30BBIX KjaccoB. [Ipu 3ToM, B IepByIO ouepeb,
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oOparaercsi BHUMaHUE Ha pealn3yeMble UMU clioBapHble GyHKIKU. C MOMOLIBIO TPeoOpa3oBaHUA
aBTOMATOB, COXPAHSIOIIUX UX CIOBAaPHYIO (DYHKIMIO, BCE aBTOMAThI IIPUBOJATCS K OJJHOMY Kjaccy
aBTOMAaTOB 0€3 CMEIIaHHBIX COCTOsIHMA. Ha 3Toit 0OcHOBE MPOBOIUTCS KiIaccu(PHUKAIS aBTOMATOB, B
YaCTHOCTH MOKA3bIBAETCS SKBUBAJIEHTHOCTh KJIACCA BCEX ACMHXPOHHBIX aBTOMATOB nojkiaccy AOP —
MMIIEpaTHUBHBIX aBTOMATOB 0€3 €-TIepexo0/10B, U, HAIIPOTHUB, MOKa3bIBaeTcs, 4yTo Kinacc IOSM —
(baKyIbTaTUBHBIX aBTOMATOB 0€3 €-1epeX0/I0B — HE CIIOCOOEH MOJIEIMPOBATh KJIACC BCEX ACHHXPOHHBIX
aBTOMATOB.

B 3-eit vactu u3ydaroTcs peanu3yeMble aBTOMaTaMu cepuanuzayuu (CMEIIaHHbIe MOCIIEeI0BATEIbHOCTH
CTUMYJIOB U PEaKI1il) 1 MapuIpyThl (IIOCIEI0BATEIHHOCTH EPEX010B). BBOAATCS MOHATHS CTPOroit
MOJIETTUPYEMOCTH U CTPOTOM SKBUBAJICHTHOCTH, OCHOBAaHHBIC HE Ha CIIOBApHON (YHKIINH, a Ha
MHO’KECTBE PEeaIU3yeMbIX Cepuain3aliii, 1 MoKa3bIBaeTCs, 4YTO MpeoOpa3oBaHusl aBTOMATOB,
MCIOJIb30BaHHBIE BO 2-01 YaCTH, COXPAHSIOT HE TOJIBKO CIOBApHYIO (DYHKIIHIO, HO I MHOXECTBO
cepran3aIuii. Y CTaHaBIMBACTCS CBSI3b CIOBAPHOM (PYHKITMH U MHOXKECTBA CepUain3aIliii aBToMaTa.
PaccmarpuBaroTcst BOIpOCH! PErysIpHOCTH U CYIIECTBOBaHUS OTBEPraoinx aBToMaroB. Jlanee
paccMaTpuBalOTCA KOHEUHbIE CepUaNM3aliy, IPEINKaThl HA MHOKECTBE KOHEUHBIX CepHalli3alui u
WHIYLIUPYEMbIE TAKUMHU MPEIUKATAMH CEMENCTBA aBTOMATOB C COOTBETCTBYIOIIUMH UM CIIOBAPHBIMU
GyHKIHSIMU.

4-as 4acTh MOCBsIILEHA [TPOOJIeMaM TECTUPOBAHUS COOTBETCTBHSI U1l aCHHXPOHHBIX aBTOMATOB.
IIpoBoauTcs pa3zaeseHne Ha TUIoTe3bl — IPEAYCIOBUS TECTUPOBAHUS, U TECTUPYEMBIE YCIIOBHUS,
IIpOBEpsEMBIE B IPOLIecce TECTUPOBAaHUs. J{iIsl Kaxka0i npoOieMbl HaMeyaroTCsl BO3MOKHBIE IIYyTH €€
peuieHusl.

2. CioBapHas pyHKUMSA

2.1. ACMHXPOHHBII aBTOMAT

Acunxponnvim asmomamom O0ynem HazbiBaTh mectepky m=(V,vo,X,e,Y,T), rae:
e V- MHOXXECTBO COCTOSIHUM;
Vo€V — HavaJIbHOE COCTOSIHUE;
X - BXOZIHO# an(haBUT CTUMYJIOB;
eg X - mycroit ctumyi, X =XU{e} — paciuupeHHsbIil aadaBuT CTUMYIOB;
Y —BBIXOAHOM ali(haBUT peakiuii; OyJIeM CUMTATh, UTO alIpaBUTHI CTUMYJIOB M PEAKIIUN HE
nepecekatorest X NY= J;
e T =R USUI - MHOKECTBO IIEPEXOIOB, TIE:
0 R ¢ VxX'xV - npuHUMAIOIIHE TIEPEX0/Ibl,
0 S c VxYxV - noceuiaronue nepexosl,
0 | < VXV -mycThie mepexosl.

[TpuHMMAaIOIIHE TEPEX0/IbI MOXKHO Pa3Ie/iuTh Ha aBa Buaa: R=R MV xXxV — npuHrMaroIne mnepexoisl
10 HEMYCTBIM CTUMYJIaM W X-nepexoost, u E=R MV x{e}xV — npuHumMaroriye mepexosl mo myCThIM
CTUMYJIaM UJIH €-1epexoobl.

CocTosTHHS MOKHO PasaCInTb HA mepMuralbrsle, B KOTOPBIX HC OIPCACIICHBI HUKAKUE IIEPEXOIBI,
nocwsliamoujue, B KOTOPbIX OMPCACIICHBI TOJBKO MOCHUIAOIINEC U IMTYCTHIC IICPCXOAbI, npuHUMaroujue, B
KOTOPBIX OIMPCACIICHBI TOJIBKO IMTPUHUMAIOIIUE IIEPEXOABI, U cCMeuldrHble, B KOTOPBIX OIIPEACICHBI KaK

6



W.b.Bypnonos, A.C.Kocaues, B.B.Kynsamun.
ACUHXpOHHBIC aBTOMATHI: KJIaCCU()UKAIUSI U TECTUPOBAHHE.
Tpynet UCIT PAH, T. 4, 2003, ctp. 7-84.

76 cTp.

MNPUHUMAIONME, TaAK U MOCHUIAOIIHNEC NN ITYCTBIC IICPCXO/bI. HpI/IHI/IMaIOH_II/Ie 1 CMCIIAHHBIC MEPCXOAbI
6y,HeM Ha3bIBATb peyenmueHbIMU.

CtuMya X donycmum B COCTOSIHUH V, €CITH UMEETCs XOTs1 Obl OJIMH TPHHUMAOIIHIA iepexo (V,X,V).

ABTOMAT KOHeyeH, eClli KOHEUHbI MHOXKeCTBa cocTostHui V u niepexooB 1. [lo ymomyanuto, Mbl Oyaem
paccMaTpuBaTh TOIbKO KOHEYHbIE aBTOMATHI.

Takoe omnpeaencHNUe aBTOMATa HE TIOJHOCTHIO OMUCHIBACT €0 BBIIOIHEHUE, TIOCKOJIBKY JOMOTHUTEIBHO
HYXXHO yKa3aThb, SIBJISICTCS JIH aBTOMAT UMIIEPATUBHBIM WIIN (aKyJIbTATUBHBIM, Pa3pPEIICHBI I B HEM €-
HEePEeXO/Ibl U KAKOW MX MPUOPUTET [0 OTHONICHHUIO K TIOCHLUIAIOIAM U IyCTHIM Hepexoaam. Beegem
0003HAYEHHUS:
e M=MIiUMT - kiacc Bcex acCHHXPOHHBIX aBTOMATOB,
e  Mi=Mi0OUMI1UMIi2UMIi3 — umnepaTuBHbIE aBTOMATHI,
e  MFf=MfOUMFfLUM{2UMT3 —pakynbTaTBHBIE ABTOMATHI,
e Mi0 (Mf0) — umniepaTuBHBIe ((haKyabTaTHBHEBIC) aBTOMATHI O3 e-niepexooB (E=J),
e Mil (Mfl) — umnepaTuBHbIe ((aKyIbTaTUBHBIC) ABTOMATHI C E-IIEPEX0IaMH U IIPHOPUTETOM
MOCHUTAIOIIHX U MYCTHIX MEPEX0/I0B HAJI e-TIePEeX0laMHu,
e Mi2 (Mf2) — umneparuBHbic (haKyIbTaTUBHBIE) ABTOMATHI C E-IIEPEX0IaMH U IPUOPUTETOM €-
MEePEXO0/I0B HAJl MOCHUTAOIIMMH U ITyCTHIMU TIEPEXO0IaMH,
e Mi3 (Mf3) — umneparuBHbIc ((aKyIbTaTUBHBIE) aBTOMATHI C -TIEPEX0IaMH U
PaBHONPHOPUTETHOCTHIO MOCHUTAIOIINX U MTYCTBIX MEPEXOI0B U E-MIEPEXO/I0B.

Bynem cuuTaTh, 9TO C aBTOMATOM CBSI3aHBI JBE OUEPEIH: BXOIHASI OYEPElb, B KOTOPOU PaCIoIaraeTcs
OeCKOHEYHOE BXOIHOE CJI0BO B anaBure X , U BBIXOJHAS OYEpPEIb, B KOTOPYIO MOMEIIAIOTCS
BBIJIJaBa€MbI€ aBTOMATOM PeaKInu, (GOpMHUPYs BBIXOIHOE CJIOBO B andasure Y. Cpabamvieanue
(OI[HOKpaTHOG BBIHOJIHGHI/IG) aBTOMaTa B COCTOSIHUHU V 3aKJIIFOUACTCAI B onpe;[eneHHH ,Z[OHyCTI/IMI:IX
MEePEX0/I0B, OMPEEICHHBIX B ’TOM COCTOSTHUH U, €CJIM TaKUE €CTh, HEIETEPMUHUPOBAHHOM BBIOOpE
OJIHOTO W3 HHX U BbIMOMHEHHH ero. Eciu BeiOupaercs mycroii mepexon (V,V'), aBTOMAT MEPEXO/IHT B
COCTOSIHUE V , BXOJHAsI U BBIXOHAS OUEPEIH HE U3MCHSIOTCS. Eciu BRIOMpaeTcs: MPUHUMAFOIIHIA
nepexoz (V,X,V'), TO X — TOJIOBHO!M CTHMYJT BXOJHOM OYEepEIH M OH YAAISETCS U3 HEe, aBTOMAT MEPEXOIUT
B COCTOSIHHE V', BBIXOIHAS OUepe/Ib He nu3MeHseTcs. Ecu BeiOupaercs mocsiiaromuii mepexon (V,y,V'),
aBTOMaT IEPEXOIUT B COCTOSTHUE V', a B KOHEI] BBIXOAHOU oyepenu MOMEIAETCs peakuus Y; eciiv V —
CMEILIAaHHOE COCTOSIHUE Y TOJIOBHOM CTUMYJ BXOJHOM Oouepeiv MyCTOM, TO OH YAAIsETCs U3 BXOIHOU
0qepe;[1/1, B HpOTI/IBHOM cnyqae BXOOgHas Oqepem: HC U3MCHSCTCHI. B Cpa6aTBIBaHI/I€ aBToMara BXOIUT
TaKKe €ro ICUCTBUS B CIIy4ae OTCYTCTBHSI IOMYCTUMBIX MTEPEXOI0B.

MHO€eCTBO TOMYCTUMBIX IIEPEXOJI0B, a TAKKE NEHCTBUS aBTOMATa IIPU OTCYTCTBUU JIOIYCTUMBIX
MEPEX0/I0B, 3aBUCAT B OOIIEM CIIydae OT COCTOSIHHSI V, TOJIOBHOTO CTUMYJIa X BXOJHOM O4Yepen U Kiiacca
aBTOMarTa:

e B mepmunanonom cOCTOSHUU V TOMYCTUMBIX NIEPEXOJ0B HET. ABTOMAT OCTAHABIIMBACTCS:
COCTOSIHMEC, BXOJHAA U BBIXOJHAA OUCPCAN HEC USMCHAIOTCH.

e B nocwuiarowem cocTosHIM V IOMYCTUMBIE IEPEXO/IbI - 3TO BCe Mockuiatorue (V,Y,V') U mycThie
(V,v') mepexopl.

e B npunumarowem cOCTOSSHUM V JOIMYCTUMBIE MEPEXObl — 3TO BCE MPUHUMAIOIINE MTEPEXO0JIbI
(V,X,V\). Ecnu Takux nepexoioB HET, TO BBINOJHEHUE aBTOMATA 3aBUCUT OT TOTO, ITYCTON WU
HEITYCTOM TOJIOBHOW CTUMYIL: €CITU X#€ Henycmotl (HeOMyCTUMBIN) CTUMYII, TO TIOBEJICHHUE
aBTOMAaTa HE ONPEIETICHO, 3TO KBATU(PHUIMPYETCS KaK ouubKa HecneyupuyuposaHuo2o 66004,
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€CIIH K€ X=€ nycmoii CTAMYJI, TO aBTOMAT OCTACTCS B COCTOSIHUH V, a MyCTON CTUMYIJT yIaIseTCs
13 BXOJHOM OYepe/ I, BRIXOAHAS OYepe/ib HE H3MEHSETCS.
e B cumewannom COCTOSHUU V.
0 Ecmu X=€ nycmoti ctumyii, TO JOMYCTUMBIE TIEPEXO/IbI:
» s asromaroB Mi0,Mil,Mf0,Mf1 - nocsuratorme (V,y,V') u mycrtoie (V,V')
IEPEX OB,
» s aBromaroB Mf2,Mi2 - e-nepexomsl (V,e,V'), a €CIM UX HET, TO MOCHUIAIOIIHE
(v,y,V) u yctoie (V,V') TIepexoIsl;
» s aBromaroB Mf3,Mi3 - e-niepexosl (V,e,V"), €CIIH OHU €CTh, ILIIOC
nocsutatomue (V,Y,V') u mycrtoie (V,V') mepexoabl.
0 Ecmm X#€ nenycmoti donycmumsiii CTAMYII, TO TOMYCTUMBIC TIEPEXOJIbI:
" IS UMIIEPATHUBHBIX aBToMaToB Mi - X-miepexomst (V,X,V');
» s GakynpTaTUBHBIX aBToMaTtoB MF - X-mepexos (V,X,V') IIFOC MOCHUTAOMITHE
(v,y,Vv) u mycteie (V,V') mepexopl.
0 Ecmu X#£€ nenycmotii nedoonycmumoltii CTUMYJI, TO TOIYCTUMBIE TICPEXOJIbI:
"  OTCYTCTBYIOT /ISl HMIIEPATHBHBIX aBTOMAaToB Mi - oBeicHHE aBTOMATa HE
OIIPEICIICHO, ATO KBATUDHUIIUPYETCS KaK 0uuUbOKA HeCheyuuyuposaniozo 68004,
» s GakynpTaTUBHBIX aBToMaroB MT - moceutatomue (V,y,V') u yctsie (V,V')
MEePeXo/Ibl.

3aM€TI/IM, YTO KJIaCC aBTOMATa BJIUACT Ha €Iro Cpa6aTBIBaHI/Ie TOJIBKO B CMCIIIaHHBIX COCTOAHUAX.

Buvinonnenuem aBromara 1o 6eCKOHEYHOMY BXOJHOMY CJIOBY W Oy/ieM Ha3bIBaTh MOCIEI0BATEIHHOCTh
OJTHOKPATHBIX cpabaThIBaHHM, HAUMHAIOIIYIOCS B HA4aJIbHOM COCTOSIHUU Vo, KOTJ]a BO BXOJIHOM odepean
Haxoautcs cioBo W. [loanocienoBaTeabHOCTh MOCHUTAIOIIUX MIEPEX0I0B ONPENEIsEeT BEIXOIHOE CIOBO U,
MOSIBJISIFOIIEECS B BHIXOAHON Ouepeid IpU JaHHOM BBINOJIHEHUH. BrinonHeHue donycmumo, eciiu OHO
0OECKOHEYHOE WIJIH 3aKaHYMBACTCS B TEPMHHAILHOM COCTOSIHUU, U HeOON)YCMUMO, €CIH OHO
3aKaH4MBaeTCs Mo omudke HecnenuuupoBanHoro BBoja. [lockonbky aBTomMat, BooOIIe roBops,
HEJIETEPMUHUPOBAHHBIN, OTHOMY BXOJIHOMY CJIOBY MOKET COOTBETCTBOBATh MHOXECTBO BO3MOKHBIX
BBITNIOJTHEHU aBTOMaTa. BXxoaHoe ciioBo donycmumo, eciiu BCE €ro BO3MOYKHBIE BBITIOTHEHUS
noryctuMbl. COOTBETCTBEHHO, BHITIOTHEHHE 10 IOMYCTUMOMY BXOJHOMY CJIOBY Oy/ieM Ha3bIBaTh GNOJIHe-
odonycmumuim. 3aMETUM, YTO BIIOJHE-JOMYCTUMOE BBIMOJIHEHHE JOIMYCTUMO, HO 00paTHOe, BOOOI1Ie
roBopsi, He BepHO. CioBapHas (GyHKIMS aBTOMaTa W CTaBUT B COOTBETCTBHE KaKJOMY JIOITyCTUMOMY

BXOJHOMY CJIOBY W MHOKECTBO BBIXOJHBIX CJIOB U JIJIsl BCEX BO3MOHBIX BBITTOJIHEHUM. 3aMETUM, YTO
BXOJHOE CJIOBO HE 0053aTeIbHO OY/ET MOTHOCTHIO BHIOPAHO M3 BXOHOM OYepeIn MPHU TOM HIJIA HHOM
BBIIIOJIHEHUH.

J1omyCTHUMOCTB BXOHBIX CJIOB U CIIOBapHYIO (DYHKITHIO MOYKHO OTIPEIEITHUTh JIJIs TF000TO COCTOSIHUS
aBTOMAaTa, €CJIM €ro pacCMaTPUBATh KaK HaYaJIbHOE COCTOsIHUE. B nanbHeiemM Mbl 0 yMOTYaHUIO
OyzeM UMEeTh B BHJC IOMyCTHMOCTh BXOJHBIX CJIOB M CIIOBApHYIO () YHKIIMIO IS 3aJaHHOTO HAYaJIbHOTO
COCTOSIHUS aBTOMATa V.

2.2. duHAJIbHAA JONYCTUMOCTh CTUMYJIOB

I[JIH Q)aKyHBTaTI/IBHOI‘O aBTOMara, B OTJIMYHUU OT UMIICPATUBHOI'O, JOMTYCTUMOCTDb UJIM HEAOITYCTUMOCTD
CTHMYyJIa X B CMEIIAaHHOM COCTOSIHUHM V €11I€ HUYErO HE TOBOPHUT O JOIIYCTUMOCTHU MJIM HEIONIYCTUMOCTHU B
9MOoM COCMOAHUY BXOOHOTO CJI0OBA W, HAUHHAIOIICTOCA CO CTUMYJa X, B YaCTHOCTH, YYUTHIBASI, UTO
IMYCTBIC CTUMYJIbI JOITYCTUMBI BO BCEX HEPCUCIITUBHBIX COCTOSHHUAX, CJIOBA xe®. BBCILCM IIOHATHUC
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¢unanvnoii oonycmumocmu crumyna B (pakyIbTaTUBHOM aBTOMATe: HEMYCTON CTUMYJ (PHUHAIBHO
JOITYCTHM B PELEITHBHOM COCTOSTHHU V, €CJIH OH JJOIIYCTUM B JIFO0OM npuHumaroujem COCTOSIHAU V', B
KOTOPOE MOKHO IONAcTh U3 COCTOSHUS V 10 IIETI0YKE MOCHUIAIOIINX U MYCTHIX MEPEX0/I0B (IIeTI0UKa
OyzeT HyJeBOH JUIMHBI, €ClIU V IPUHUMAOLIEEe COCTOsIHUE). BO3MOXKHBIE COYeTaHUs TOMYCTUMOCTU U
($uHATBEHON JOMYCTUMOCTH CTHUMYJIOB IpHBEIeHBI Ha puc.2.2.1.

AOMYCTHUMOCTb H (pMHAJIbHAS JONYCTUMOCTH CTUMYJI0B B (paKyJbTATHBHOM aBTOMAaTe

X = {X1,X2,X3,Xa}
HauvannHo€e cocTosgHue Vo,

NPUHUMAIOIIEE COCTOSTHHE VR, @ Xs"@
TEPMUHAIIbHBIE COCTOSIHUSA V1, Vo2 U V3. N

B cocrosaumn Vo. 1

X1 - JOMYCTUM H (DUHAIIBHO JOMYCTHM

Xz - TOMYCTUM, HO (PHMHAJIBHO HEIOMYCTUM X, @ Xr"@

X3 - HEJIOIYCTUM, HO (PUHATBHO JIONyCTHUM
X4 - HEIOMYCTUM U (PUHAIIBHO HEJIOMMYCTUM

Puc.2.2.1

OueBuaHO, 114 (haKyJIbTaTUBHOTO aBTOMAaTa BXOJAHOE CJIOBO JIOMYCTUMO TOT/IA M TOJIBKO TOT' 1, KOT/1a
IIpU JTF0OOM BBITIOJIHEHUH aBTOMATa B MMPOXOAMMBIX PELIENTUBHBIX COCTOSHUSIX FOJIOBHBIE CTUMYJIbI
¢uHaTBEHO AONMYCTUMBI. /)11 IPUHUMAIOIIUX COCTOSIHUNA TOHSATHS JOMYCTUMOCTH M (PUHAIBHOM
JOIYCTUMOCTH CTUMYJIOB coBanaroT. OqHaKo, Uil CMELIAHHBIX COCTOSHUN U TOIIyCTUMBIE U
HE/IOMYCTHMBbIE CTUMYJIBI MOTYT OBITh KaK (PMHAJILHO JOMYCTHUMBI, TaK U (PMHAIBHO HEJIOMYCTUMBI.

O603naunm uepe3 M fcMf, M flcMfl, M f2cMf2, M f3cMf3 noaknacce! hakynbTaTUBHBIX
aBTOMATOB, B KOTOPBIX JOMYCTHMOCTD U (DUHAIBHAS TOMYCTUMOCTh CTUMYJIOB COBIIA/IAIOT.

Teopema o puHaIBHOI JOMYCTHMOCTH cTUMYJIOB: Kaxkapiii 6a30BbIi Ki1acc PaKyIbTaTUBHBIX
ABTOMATOB MOJICIMPYETCS CBOUM IOKIIACCOM aBTOMATOB, B KOTOPBIX COBMAIAIOT IOMYCTHMOCTh H
(buHaIbHAas JOMYCTUMOCTh CTUMYJIOB, H, CJIEI0BATEIbHO, SKBUBajIeHTEeH eMy: WM f]l=w[Mf],

WM fL]=w[Mf1], w[M f2]=w[MF2], w[M3]=w[Mf3].

Jlok-Bo: Onpenenum cieayrolyo Npoueaypy npeodpazoBanus (GakyIbTaTUBHOTO aBTomara (puc.2.2.2):

Jlo6aBuM JONOTHHUTEIbHBIE cocTostHUS BUaa (V,X), rae VeV — 0OCHOBHOE COCTOSHUE, a XeX -
HEMYCTOW CTUMYIL.

JIJ1st KaK10T0 OCHOBHOT'O CMEIIAHHOTO COCTOSIHMSI V YIaJ MM BCE ONPE/IC/ICHHBIC B HEM
npuHUMaroIue nepexoast (V,X,V') 1Mo J0MyCTHMbIM, HO ((HHAIBHO HEJOMYCTHUMBIM CTUMYJIaM X.
JI71s1 KaXKTI0T0 OCHOBHOT'O CMEIIAHHOTO COCTOSHHUSI V U HEZIOIYCTUMOT0, HO (PUHATIBHO
JOMYCTUMOTO B HEM CTHMYJIa X, I00aBUM MPUHUMAIOIIMN TIEPEX0/I, BEAYIIHIA B TOTOJHUTEILHOE
cocrosiaue (V,X,(V,X)).

Eciu B OCHOBHOM PEIENITHBHOM COCTOSHHU V CTUMYJT X (GUHATIBHO JOMYCTHM, TO JUTs KXKIOTO
IpUHUMAroIIEro nepexona (V,X,V') 100aBUM IyCTOM MEPEX0/T U3 COOTBETCTBYIOMIETO
JomoJHUTEIbHOTO cocTosHus ((V,X),V).

Jlnst kaxxmoro moceutatoriero (V,y,V') u mycroro (V,V') mepexoja 100aBUM, COOTBETCTBEHHO,
nocsutatonmi ((V,X),y,(V',X)) wiu mycroit ((V,X),(V',X)) mepexo u3 JOMOIHUTEIBHBIX COCTOSHHIA.

Caenenne puHAIBHON AOMYCTUMOCTH K 00BIYHOM J0IyCTUMOCTH
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(cnyuaii, ko2oa cocmosinue V ocmaemcst peyenmuhvim)

R

X= {Xl,Xz,Xg,X4}

CTUMYJI X1 AOIIYCTUM U q)HHaHBHO A0IYCTUM B COCTOSIHHUUN \Y
CTUMYJI Xz IOMYCTUM, HO (PUHAIIBHO HEJIOMYCTUM B COCTOSIHHH V
CTUMYJI X3 HCAOIYCTUM, HO (bI/IHaHBHO A0IYCTHUM B COCTOAHUUN \Y
CTUMYJI X4 HEIOMTYCTUM M (PHHAILHO HEJOIYCTHM B COCTOSIHUN V

Puc.2.2.2

Tenepp B KaKIOM CMELIAHHOM OCHOBHOM COCTOSIHUU JOITYCTUMBI T€ U TOJIBKO T€ CTUMYJIBI, KOTOPBIE
¢uHATBEHO AONMYCTUMBI. [IOTIOTHUTEIBHBIE COCTOSHUS - MOChUTaonue. M3 3Toro npasuia ectb 0JJHO
BAXHOE UCKIIIOUEHHE: OCHOBHOE CMELIAHHOE COCTOSTHUE V MOXKET CTaTh HEPELIEIITUBHBIM
(IIOCBHUIAIOUINM), ECIIM OKAXKETCS, YTO BCE HEIYCThIE CTUMYJIbI HEJONYCTUMBI B HEM, U B HEM HE
olpezeieHsl e-nepexoasl. HepenenTuBHOCTh COCTOSHUSA MIPUBOIUT K TOMY, YTO IIPH BBIXOJE U3 HETO 10
IIOCBUIAIOIIEMY WM IIyCTOMY IIEPEXOAY IIyCTOM I'OJIOBHOM CTUMYJI He ynaiusercs u3 ouepenu. HpimMu
CJIOBaMH, €CIIM B MOMEHT IPUXO/a B COCTOSHUE V BO BXOAHOH o4epeu ObLIO CIOBO €W, TO 1OCIE
MIOCBUIAOILETO WX ITYCTOrO MEPEX0/a, OIPEAEIEHHOIO B V, BO BXOJHOW 04epeIy PaHbIIE OCTaBAIOCh
CJIOBO W, a TeNeph, KOTrJa COCTOSHUE CTAJIO HEPELENTUBHBIM, - TO JK€ CaMO€ CJIOBO EW. 31€Ch HY)KHO
paccMOTpETH J1Ba Cilydas.

Cuyuaii 1. Eciiu aBTomar He umeet e-niepexonoB (kiaacc Mf0), To huHanbHas HEJOMYCTHMOCTh CTUMYJIA
X B COCTOSIHUH V 0O3HAUYaeT CYIIECTBOBAHNE BBHITIOIHEHHS, HAYMHAIOIIETOCS B V, COJICPIKAIIIET0 TOJIBKO
MOCHUTAOIIHE U MTYCThIC MEPEXO/IbI U 3aKAHYUBAIOIIETOCS B IPUHUMAIOIIEM COCTOSIHUH V', B KOTOPO#
cTUMYJ X HeorrycTuM. [T0CKONBKY B V' HE OIpe/IeNieHbI -IIepeX0Ibl, CHadasla OyAyT yAaleHbl U3
o4epean BCE IyCThIe CTUMYJIBI, @ TOTOM BBIOpaH HEMYCTON CTUMYI H, €CIIU 3TO X, TO (PUKCUpYeTCS
ommOKa Hecrieu(UIMpoBaHHOTO BBoAa. Clie1oBaTeNIbHO U3 (pUHATBHOM HETOIYCTUMOCTH CTUMYIIA X B
CMELIaHHOM COCTOSIHUHM V ClleyeT (MHaIbHAas HEAOMYCTUMOCTh B HEM JI060r0 c1oBa €"X. TeM caMmbiMm,
€CJIM B COCTOSIHUH V HEJOIYCTUMBI BCE HETTYCThIE CTUMYIIBI, TO B 9TOM COCTOSIHUH JJOITYCTHMO
eJIMHCTBEHHOE GECKOHEUHOE CiI0BO €° (KOTOpoe Beeraa A0mycTuMo). [TockobKy uist eW=e”, 04eBU/IHO,
w=e®, uMeeM EW=W U, CJIC/IOBATEILHO, CIIOBApHAst QYHKIIUS HE MCHSAETCS.

Cayuaii 2. Eciii aBToMat MOXeT UMeTh e-mniepexoibl (kinaccel M1, Mf2, Mf3), To, BooO111e roBopsi, u3
(bUHATBHOW HEOMYCTUMOCTH CTHMYJIa X B COCTOSIHUH V HE CIIeAyeT GHHATbHAS HEAOMYCTUMOCTD B HEM
CIIOBa €X, TO €CTh, (pUHAbHAS HEIOMYyCTHMOCTh CTUMYJIa X B KOHIIE V' KaKOro-HUOY b e-Tiepexo/ia
(v,e,v"). [IpocToe yaaneHre NpUHAMAIOIINX [IEPEXOI0B, OMPEACICHHBIX B V, MOXET H3MEHHUTH
crnoBapHyto ¢pynkuuio. [Tpumep Ha puc.2.2.3.
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x
e
<
X#X
¥
X Vl

Puc.2.2.3

[TosTOoMy JUIS TAKUX aBTOMATOB, KPOME YAaJCHUS IPUHUMAOIINX 1epexoaoB (V,X,V1) U3 COCTOSIHHS V,
MBI JIOMIOJHUTEIBHO MPeodpazyeM X0oTs Obl 0iuH mycToH (V,V7) Win nockuiaromuii (V,Y,Vs) mepexom us Vv,
B JIBa CMEKHBIX TIEPEX0/1a, MEPBBIN M3 KOTOPHIX - e-miepexo (V,e,V2 ), BEAYIIUil B JOMOJHUTEILHOE
COCTOSIHHE V7 , @ BTOPO#t mycToit (V2 ,V') Iepexo, Wik, COOTBETCTBEHHO, e-niepexon (V,e,Vs ) u
noceutaroruii (Vs ,Y,V') nmepexoa. COCTOSIHHE V OCTAeTCs PEICITUBHBIM, a IBUKEHHUE 110 TTape HOBBIX
CMEXKHBIX IEPEX0I0B SKBUBAIECHTHO (110 M3MEHEHUIO COCTOSIHUS M COAEPIKUMOTO Ouepe/ieii) IBUKEHUIO
10 OJTHOMY cTapoMmy mepexoay. [Toaromy u B 3TOM ciydae cioBapHas GyHKIHs He MeHseTcs. CM.
Puc.2.2.4.

CBenenue puHAIBLHON JO0MYCTUMOCTH K O0BIYHOM OIMYCTUMOCTH
(ocobvuit cnyuarr)

> | GX ﬁ;}

X#EX
Puc.2.2.4

w

Teopema o puHATBHON TOMYCTUMOCTH CTUMYJIOB JIOKa3aHa.

B nanbHeitmem Mbl BMecTo 0a30BbIx KitaccoB Mf, Mf1l, Mf2, Mf3 Gynem paccMaTpuBath 35KBHBaJICHTHBIC
um noakiaccel M f, M'f1, M2, M 3, koTopsie Takke OyieM Ha3bpIBaTh 0a30BBIMH KJIaCCAMU
(bakyIbTaTHBHBIX ABTOMATOB TaM, I/I¢ 3TO HE MPUBEICT K HEOPA3yMEHHSIM.

2.3. ABTOMATHI 0€3 CMeINAHHBIX COCTOAHUN

O603HaunM uepe3 A Kiacc aBTOMATOB 0€3 CMEIIaHHBIX COCTOSTHHIM ¢ e-nepexoaaMu. OTCyTCTBHUE
CMELIaHHBIX COCTOSHUI U BO3MOYKHOE HAJIMUKE €-NIEPEeX00B JeIaeT aBTOMAT 3TOro Kiacca
OJTHOBPEMEHHO 3JIEMEHTOM JIF000T0 U3 0a30BbIX KJIACCOB C pa3peIICHHBIMH €-TIepeX0/iaMu, KOTOpbIE
OTJIMYAIOTCS PYT OT Apyra MOBEIEHUEM TOJIbKO B CMEIIAHHBIX COCTOSIHUAX, TO €CTh, A =
Mi3nMi2nMilnM f3nM f2nM fl. Tem cambim, Ki1acc A MOJICTHUPYETCS KaXIbIM M3 0a30BbIX
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kiaaccoB: W[A]cw[Mi3], w[A]cw[Mi2], w[A]cw[Mil], w[A]cw[M 3], w[A]cw[M 2],
w[A]cw[M f1].

Teopema 00 aBToMaTe 0e3 cMelmIaHHBIX cocTostHMi: Kitacc M Bcex acCHHXpOHHBIX aBTOMAaTOB
MOJIEJIUPYETCA CBOMM MOJKIacCOM A aBTOMAaTOB 0€3 CMEIIaHHBIX COCTOSIHUN U, CI€I0BATENBHO,
SKBHUBAJICHTEH EMY.

N3 310l TeopeMsl cienyeT 3KBUBAJICHTHOCTb
w[A]=w[Mi3]=w[Mi2]=w[Mil]=w[M 3]=w[M f2]=w[M f1] u Bnoxxernnoctn w[MiO]cw[A] u
w[MfO]cw[A].

Jlok-Bo: Jlyis JoKa3aTeNbCTBa JOCTATOYHO PACCMOTPETh BO3MOXHbBIE CpadaThIBAHUS aBTOMATOB Pa3HbIX
KJIACCOB B CMEIIAHHBIX COCTOSHUAX. MOXXHO BbIeUTh 11 ciydaeB, n3o0pakeHHbIX Ha Ta0.2.3.1. 3aech
nepexo, TOMEYEHHbIN “X”°, 03HaYaeT MPUHUMAIOIIUHN MTePEX0/] M0 HEMYCTOMY CTUMYITY X; IEPEXO,
MMOMEUYEHHBIN “‘€”, 03HaYaeT e-Mepexo/; Mepexo1, MOMEUCHHBIN Y, 03HAYAET Mepexo/l MOChLUIAIOIINN
PEaKIMIO Y WIIH IyCTOH rmepexo. 3amucu X:(...) u €:(...) 03HaYaroT 3/1eCh JOMYCTUMOCTD epexoa (...)
KOT'/1a TOJIOBHOM CTHMYJI BXOJHOM O4YepeIN paBeH, COOTBETCTBEHHO, HEITYCTOMY CTUMYITY X WJIH IIyCTOMY

CTUMYIY €.

THII CMCILIAHHOTI'0 COCTOSIHUA cpaﬁaTmBaHne aBTOMAaTa B CMCIHIAHHOM COCTOSIHUU
@ 1.1.Mi0=Mi3=Mi2=Mil 1.2.Mf0=M"f3=M"f2=M"f1
1 ¥ X:(V,X,Vy) X:(V,X,Vy)
X:(V,Y,Vy)
%)
e:(v,y,vy) e:(v,y,vy)
@ 2.1.Mi3=M’f3 2.2.Mi2=M"f2 2.3.Mi1=M"f1
2 ¥ e:(v,e,Ve) e:(v,e,Ve)
e:(v,y,vy) e:(v,y,vy)
()=
3.1.1.Mi3|3.1.2.Mi2|3.1.3.Mi1|3.2.1.M f3|3.2.2.M2|3.2.3.M f1
@ X:(V,X,Vx) XV, X, Vi) X3V, X V) [XE(VLX V) XV, X VR) (X0 (VX V)
3 X:(V,Y,vy) [Xi(VY V) (X(V,Y,vy)
¥
e:(v,e,Ve) |e:(v,e,Ve) e:(v,e,ve) |€:(v,e,Ve)
*—(b—’“@ evyvy) e:(vayvy) e (vyvy) e(vyvy)
Tab.2.3.1
1. CMemanHoe cocTosiHUE 0e3 e-mepexoa0B.
1.1. UmnepaTuBHbIii apToMar (puc.2.3.1).
| Mi0=Mi3=Mi2=Mi1 | A
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x:(vx,v)| ¥ X:(V,X, V)
%) eviyvy)| | e:(v.e,(v.e)+((v.e).y.vy)
Puc.2.3.1

Jl1s KaKa0ro cocTosiHus V tuma 1 qo0aBisieTcst JonoaHuTeasHoe cocrosuue (V,e). ITochurarommii
(v,y,V'y) i mycroit (V,V'y) mepexos U3 V 3aMeHSeTCs Ha e-TIepexo/l, BEAYLIYIO B JOTIOJIHUTEIBHOE
cocrosinue (€,v,(V,e)) u, COOTBeTCTBEHHO, mockltaromuit ((V,e),y,vy) wiu mycroit ((v,€),vy) nepexoxn u3
3TOTO JOTIOJTHUTEIBLHOTO COCTOSTHUSI.

1.2. ®akyabTaTuBHBLIN aBTOMAT (puc.2.3.2).
M f0=M"f3=M "f2=M"f1 A

(VX)) | Y X:(V, %, (V,X))+((V,X),Vx)
@ X(Vyvy) @ XV (Vo) (V). ()
! el(vy.vy) | o v ex(v.e,(v,e))+((v.e).y,vy)
Do) |yt
Puc.2.3.2
AmHanoruvHo ciydato 1.1, amst kaxaoro coctosHus V tuna 1 100aBisieTcst JOMOJHUTETHHOE COCTOSIHHE
(v,e); moceunatommuid (V,y,V'y) uwian myctoi (V,V'y) mepexos U3 V 3aMeHsSeTCs Ha e-TIepexos B
JOTIOTHUTENBHOE cocTosiHKe (8,V,(V,e)) 1, COOTBETCTBEHHO, mockltatomuii ((V,e),y,Vy) Wi mycToi
((v,e),vy) mepexon U3 3TOro AOMOJIHUTEIBHOTO COCTOSHHMS. 3aT€M B MOACIUPYIONIHIT aBTOMAT
T00aBJISIFOTCS TOTTOJHUTENbHBIE cOCTOSTHUS Bua (V,X) 151 COCTOSIHUH VEV | HEIYCTHIX CTUMYJIOB X € X.
JI71s1 Ka)KI0T0 OCHOBHOT'O CMEIIAHHOTO COCTOSIHUSI VEV paccMaTprBaeMOro THIIA U JIOMYCTUMOTO B HEM
HEIYCTOTr0 CTUMYJIa X 100aBsieTcs npuHuMarommuii mepexon (V,X,(V,X)). B kax1oM A0MOJTHHTEIFHOM
cocrostauu (V,X) onpeaerstrorest moceutaromue ((V,X),Y,(V',X)) u mycrtoie ((V,X),(V',X)) nepexo/s! Toraa u
TOJILKO TOTJa, KOTJ1a B MOJICIIMPYEMOM aBTOMATE €CTh IEPEX0/Ibl, COOTBETCTBEHHO, (V,Y,V ) 1 (V,V'). B

Ka)kJIOM JIOTIOJTHUTEIbHOM cocTostHuH (V,X) onpeaensiercst mycToi nepexon ((V,X),V') Toraa u ToJIbKO
TOT/a, KOTJa B MOJCIIMPYEMOM aBTOMare ecTh rmepexor (V,X,V ).
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2. CMemiaHHOe COCTOSIHME, B KOTOPOM Bce IPMHUMAIOIIMeE MepexXoabl - e-mepexo/ibl.

2.1. PaBHBI IPHOPHUTET E-NIEPEX0A0B H NOCHLIAKIINX U NYCTHIX Nepexonos (puc.2.3.3).

Mi3=M'f3

e:(v,e,Ve)
e:(v.y,vy)

¥

(=)

Y

¥

o)

A

e:(v,e,Ve)
ex(v.e,(v,e))+((v.e).y,vy)

AHanornyHo ciryvaro 1.1, 1y KaX10ro cOCTOSIHUS V THTA 2 100ABISETCs JOTIOJHUTEILHOE COCTOSTHUE
(v,e); noceunatomuii (V,y,V'y) uian mycroi (V,V'y) mepexo/ U3 V 3aMeHseTCs Ha e-TIepexo B
JOTOJHUTENBbHOE cocTosiHue (8,V,(V,e)) 1, COOTBETCTBEHHO, nockutatomui ((V,e),Y,Vy) WiH mycToit

Puc.2.3.3

((v,e),vy) mepexox U3 3TOTO AOMOJHUTEIBHOTO COCTOSHHSI.

2.2. [IpuopwuTret e-nepexonos (puc.2.3.4).

Mi2=M"f2
2

o

@ e:(v,e,Ve)

(v

e:(v,e,Ve)

[IpuopuTter €-nepexo10B MPUBOAUT K TOMY, UTO B COCTOSIHUM TUNA 2 BOOOIIE HUKOT1a HE OyayT

Puc.2.3.4

BBIITOJHATHCA MOCHITAIOIUC U ITYCTBIC ICPEXOAbI, ITIO3TOMY UX MOXHO YAAJIUTD.

2.3. IIpuopuTeT NOCHIJIAIIIMX M MYCTHIX Nepexoaos (puc.2.3.5).

Mil=M"f1

()

@ e:(V.y.Vy)

Y

¥

e

)

e:(V,e,(V,e))+((V,e),y,Vy)

A

Puc.2.3.5
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[TpropHTET MOCHIIAIONIMX U MTYCTHIX MIEPEXOI0B MPUBOIUT K TOMY, YTO B COCTOSIHUH THITa 2 BOOOIIIE
HUKOTIa He OyIyT BBIMONHATHCS e-mepexoabl. OJHAKO, €CITU TaKUe MEPEX0/Ibl POCTO YAAIUTh, TO
COCTOSIHHE TIEPECTaHET OBITh PelenTUBHBIM. [103TOMY, Kak U B citydae 1.1, 11 KaKI0ro COCTOSHHUS V
THITA 2 100aBIIACTCS AOMONHUTENbHOE cocTosiHue (V,€); mockutaromuii (V,y,V'y) miu mycroit (V,V'y)
nepexo/ U3 V 3aMEHSIETCS Ha e-1epexo/ B JOMOJIHUTEIbHOE cocTosinue (e,V,(V,e)) U, COOTBETCTBEHHO,
noceutatoruit ((V,e),y,Vy) wu mycroii ((V,e),Vy) mepexoa U3 3Toro JOMOIHUTEILHOTO COCTOSHHS.

3. CMenianHoe COCTOSIHUE O00IIIEro BUaA.
3.1. UmMnepaTuBHBIN aBTOMAT.
3.1.1. PaBHblii npHMOPUTET €-MEPEX00B U NOCHLIAKIIMX U MYCTHIX MepexonaoB (puc.2.3.6).

Mi3 A
3 X:(V,X,Vx) %) X:(V,X,Vx)
@ e:(v,e,Ve) @ e:(v,e,Ve)
¥ e:(V,y,vy) e e:(v,e,(v,e))+((v.e)y,vy)

AHanoru4Ho ciydato 2.1, s KaXXa0ro COCTOSHUS V THIA 3 H00aBIISIeTCs JOMOJHUTEIHHOE COCTOSTHHE

Puc.2.3.6

(v,e); moceunatommuid (V,y,V'y) uwian myctoi (V,V'y) mepexos U3 V 3aMeHsSeTCs Ha e-TIepexos B
JOTIOHUTENBHOE cocTosiHKe (8,V,(V,e)) 1, COOTBETCTBEHHO, nockltatomuii ((V,e),Y,Vy) Wi mycToi
((v,e),vy) mepexon U3 3TOrO AOMOIHUTEIBHOTO COCTOSHHUSI.

3.1.2. [Ilpunopuret e-nepexoaon (puc.2.3.7).

Mi2
3

Y

X:(V,X,Vy)

e:(v,e,Ve)

X:(V,X,Vy)

e:(v,e,Ve)

b
Puc.2.3.7

AHaJIOTUYHO CITy4aro 2.2, IPHOPUTET E-TIEPEX0I0B IPUBOAUT K TOMY, UTO B COCTOSIHMH THIA 3 BOOOIIIEe
HHUKOrJa HE 6y,Z[YT BBITOJHATHCA MOCHIIAIOMME U TYCTBIC IEPECXOAbI, IMMO3TOMY UX MOKHO YIAJIUTh.

3.1.3. IlpnopuTreT NOCHLIAIINX U MYCTHIX MepexoaoB (puc.2.3.8).
Mil

A
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Y

X:(V.XVy)|

e(vy,vy)| e

OO I Ot

X:(V,X,Vy)

e: (V,e,(V,e))+((V,9) !y’VY)

Puc.2.3.8

[IpropuTeT MOCHUIAIOIIMX U IMYCTHIX MEPEXOA0B MIPUBOIUT K TOMY, YTO B COCTOSIHUU THIA 3 BOOOIIE
HUKOTJa He OyJIyT BBIMOJIHATHCS €-TIepeXobl. Y aajsis e-1iepexo/ibl, moiay4yaeM ciydait 1.1 u npumensem
COOTBETCTBYIOIIIEE MTpeoOpazoBaHueE.

3.2. PakyJabTATUBHBIA AaBTOMAT.

3.2.1. PaBHbIH NPHOPHUTET €-NMePEeX010B M NOCHLIAIINX M MYCTHIX Nepexoaos (puc.2.3.9).

M3

3

i

X:(V,X,Vy)
X:(V,y,vy)

e:(v,e,Ve)
e:(v.y,vy)

¥
?

A

X:(V %, (VX)) +((V,X),Vx)
X: (V!X!(V!X))+((V!X) !y’ (VYYX))

e:(v,e,Ve)
ex(v.e,(v,e))+((v.e).y,vy)

Puc.2.3.9

AHanmornyHo ciryvaro 1.2, 11 KaXI0ro COCTOSIHUS V THIa 3 100aBIsSETCs JOTIOIHUTEILHOE COCTOSTHHE
(v,e); noceunatomuii (V,y,V'y) uian mycroi (V,V'y) mepexo/ U3 V 3aMeHseTCs Ha e-TIepexo B
JOTMOJHUTENbHOE cocTosiHKe (8,V,(V,e)) 1, COOTBETCTBEHHO, nockutatomui ((V,e),Y,Vy) WiH mycToit
((v,e),vy) mepexox U3 3TOTO AOMOJHUTEIBHOTO COCTOSHHUSA. 3aTeM B MOAEIUPYIOLINI aBTOMAT
T00aBJISIFOTCS TOTIOJHUTENbHBIE COCTOSTHUS Bua (V,X) /151 COCTOSIHU#T VEV U HEMyCTBhIX CTUMYJIOB X € X.
JI71st KaXKI0r0 OCHOBHOT'O COCTOSIHHS V THIIA 3 U JIOMYCTHMOT'O B HEM HEITYCTOrO CTUMYJTa X JI00aBIISIETCSI
npuHuMaromuii mepexon (V,X,(V,X)). B kaxaoM gomoaHuTeIsHOM cocTossHIH (V,X) OMPEaeIaiOTCs
nocsutatorue ((V,X),y,(vV',X)) u myctoie ((V,X),(V',X)) mepexoapl TOr1a ¥ TOJILKO TOT/Ia, KOT/aa B
MOJICIIMPYEMOM aBTOMATE €CTh MEPEXOIbI, COOTBETCTBEHHO, (V,Y,V' ) 1 (V,V'), KpOME TOTO0, OTPEACSICTCS
nycroit nmepexo ((V,X),V') Toraa u ToJIbKO TOT/Ia, KOTa B MOACTHPYEMOM aBTOMATe €CTh MEPEXO/T

(v, x,v).

3.2.2. llpunopurer e-nepexonosn (puc.2.3.10).

M2
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3

¥
(o nl)

X:(V,X,Vy)
X:(V,Y,vy)

e:(v,e,Ve)

%

¥

X:(V X, (VX)) +((V,X), V)
X: (V!X!(V!X))+((V!X) !y’ (VYYX))

e:(v,e,Ve)
(D)

Puc.2.3.10

[TpuopuTeT e-mepexoa0B MPUBOIUT K TOMY, YTO B COCTOSIHUH THITA 3 NpuU NYCMoMm 20106HOM CIMUMYJLe HE
OyIyT BBIOJHSATHCS MOCBUTAOIINE M ITYCTHIC IEPEXO/IbI; ITH MEPEXOABI MOT'YT BBIMIOIHATHCS TOJIBKO MTPH
HEMYCTOM M JIOITYCTUMOM TOJIOBHOM ctuMyiie. [loaTomy nenaem ananorudHo ciaydaro 3.2.1, HO TOJIBKO
MOCBUTAOIIMI WIIH ITyCTOM MEPEX0/1 U3 OCHOBHOT'O COCTOSHUS THIIA 3 He 3aMeHsiem Ha €-TIEpeXo/l B
JIOTIOTHUTEIIbHOE COCTOSTHHE, U, COOTBETCTBEHHO, MOCHUTAIOIINI MM TYCTOM MEPEX0/T U3 ITOTO
JOTIOJTHUTEBHOTO COCTOSIHHS, & npocmo yoaisiem. B MOIEMpPYIONIHiA aBTOMAT J00ABIISIOTCS
JIOTIOTHUTEIIbHBIC COCTOSIHUS BUa (V,X) JIsl COCTOsIHUI VEV U HeMyCThIX CTUMYIIOB X€ X. J[is Kax1oro
OCHOBHOT'O COCTOSIHUS V THIIA 3 U JIOMYCTHMOTO B HEM HEMYCTOr0 CTUMYJIa X JT00aBIISIETCS
npuHuMaromuii mepexon (V,X,(V,X)). B kax oM gomoaHuTeIpHOM cocTossHIH (V,X) OMPEaeIIaiOTCs
nocsutatorue ((V,X),y,(vV',X)) u myctoie ((V,X),(V',X)) mepexoabl TOr1a U TOJILKO TOT/Ia, KOT/aa B
MOJICIIMPYEMOM aBTOMATE €CTh MEPEXOIbI, COOTBETCTBEHHO, (V,Y,V' ) 1 (V,V'), KpOME TOT0, OTpEAesIeTCs
nycroit nmepexo ((V,X),V') Toraa u ToJIbKO TOT/Ia, KOTa B MOACITHPYEMOM aBTOMATe €CTh MEPEXO/T
(v,x,v"). TToceLnarorue 1 mMycThie EPEXOIbl M3 OCHOBHBIX COCTOSTHHM THIA 3 yIAJISIOTCA.

3.2.3. IlpunopuTeT NOCHLIAKIIMX U MYCTHIX Nepexoaos (puc.2.3.11).

M™f1

Y

¥

oD e(s)

X:(V,X,Vy)
X:(V,y,vy)

e:(v.y.vy)

A

¥
¢
O —

X:(V X, (V,X))+((V,X),Vx)
X: (V!X!(V!X))-'-((V!X) !y! (VY’X))

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

Puc.2.3.11

[TpropUTET MOCHUIAIONIMX M MYCTHIX MEPEX0/I0B MPUBOIAMUT K TOMY, YTO B COCTOSIHMU THIIA 3 npu nycmom
20/108HOM cmumyJie He OYIyT BBIMOIHATHCS €-1IePEX0/Ibl; TeM 00Jice OHU HE OYIYT BBIMOIHATHCS PU
HEIYCTOM TOJIOBHOM cTuMyJIe. [ToaToMy feraemM aHanoruyHo cirydaro 3.2.1, HO TOJBKO €-TIepeX0/ibl U3
OCHOBHBIX COCTOSIHMM THIa 3 ynanseM. B Mogenupyronuii aBToMaT A00aBIISIOTCS AOTIOTHUTEIBHBIC
cocrostaui Bua (V,X) Uit COCTOSIHUN VEV U HenmyCThIX cTUMYIOB X € X. /1 KaXKJI0ro OCHOBHOTO
COCTOSIHHS V THIIA 3 U JOMYCTUMOI'O B HEM HEIyCTOro CTUMYJIa X J00aBIIsIeTCsl MPUHUMAIOIININ TTIEPEeX0/T
(V,X,(v,X)). B kaxxom gonoHuTeaHOM coctosiauu (V,X) onpenensirores moceutatommue ((V,X),Y,(V',X)) u
nycteie ((V,X),(V',X)) mepexoapl Toraa u TOJABKO TOT/Ia, KOT/Ia B MOJECITHPYEMOM aBTOMATe €CTh
Mepexo/Ibl, COOTBETCTBEHHO, (V,Y,V ) u (V,V'), KpoMe Toro, onpeaensiercs mycroi nmepexox ((V,X),V')
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TOorga U TOJbKO TOraa, Korjaa B MOI[CJII/IpyeMOM aBTOMATC €CTh HGp@XO,Z[ (V,X,V\). e-nepexo;[bl nu3
OCHOBHBIX COCTOSIHUM THMA 3, yAaISIOTCS.

Teopema 06 aBToMare 6e3 CMEIIAHHBIX COCTOSIHUN JTOKa3aHa.

2.4. Tpu ki1acca aBTOMATOB U CJI0BAPHBIX PyHKIIMI

B sTOM pazaene Mbl paccMOTpuM TpH Kitacca aBToMatoB: 1) kiace Mi0=AOP umnepaTuBHBIX aBTOMAaTOB
0e3 e-repexo10B (aBTOMATHI C OTIOKEHHBIMH peakiusamu), 2) kinacc MfO=10SM ¢dakynpratuBHBIX
aBTOMATOB 0€3 e-mepexo0B (aBTOMATHI BBOJIa-BhIBO/IA), 3) MepecedeHue ITHX Ki1accoB - kiaacc A0
aBTOMATOB 0€3 CMEIIAaHHBIX COCTOSIHUM U €-Tiepexo10B. MbI mokaxem, uTto kiacc AOP monenupyer
Kjacc A u, TeM CaMbIM, SKBHBAJICHTEH KJIacCy BCEX aCHHXPOHHBIX aBToMaToB W[AOP]|=w[M)], knacc

IOSM s1umMm cBolicTBOM He 00aanaet, To ectb, W[IOSM]cw[M], a kitacc AO He MoaenupyeT Kiace

I0SM, w[AO]cw[IOSM], u, Tem 6oiee, kitacc AOP, TO eCTh, SABJISIETCSA CAMBIM Y3KUM KJIaCCOM B
CMBICJTE CIIOBApPHON (PYHKIIHH.

2.4.1. ABTOMATHI C OTJIO)KeHHBIMHU peakuusaMu (AOP) — uMnepaTuBHbIe AaBTOMATBI
0e3 e-mepexo10B

CHauaza Mbl pacCMOTPHM cHelMaIbHbIN noakiacc ALCA aBTomaToB 6€3 CMEIIaHHBIX COCTOSIHUN U 0e3
TaKUX MPUHUMAIOIINX COCTOSHHM, B KOTOPBIX OIMPEENICHBI TOIBKO E-IIepeX0/Ibl (TaKue COCTOSHUS Oyaem
Ha3bIBATb €-COCMOAHUAMU), TO €CTh, B KaX/1I0M IIPUHUMAIOIIEM COCTOSHUU ONPEENIeH X0Ts Obl OUH
MIPUHUMAOIINAN IEPEXOJ] IO HEMTYCTOMY JOITYCTUMOMY CTUMYILY.

Teopema o e-cocrosinusx: Kinacc A mogenupyercsa ceoum nogkiaaccoM Al u, Tem caMbiM, OHI
sKkBUBaNeHTHBI W[A]=W[A1].

Jlok-Bo: Iy JOKa3aTenbeTBa 10CTaATOYHO PaCCMOTPETh MOJIETMPOBaHKE OBEJICHHUS aBTOMaTa Kjiacca A
B €-cocTosiHNHU (puc.2.4.1), TOCKOJBKY B OCTAIBHBIX COCTOSIHUAX aBTOMaThI Ki1accoB A u Al Benyt cebs
OJIMHAKOBO.

A Al
®)
e X
e—@ e:(v,e,Ve) e \ gg’gi&’g’g
e xeXi{x;}
(&)

Puc.2.4.1
J11s1 KasKIOro e-coCTOSIHUS V J00aBIsieM JIBa JOMOJHUTEIIBHBIX COCTOSHHMS V1 B Vo, U B COCTOSIHHH V
ompesesnsieM ABa MyCThIX Mepexoaa B Vi U Vo. B cocTostHuY Vi ompenesnsieM MPUHUMAIOIIANA ITepeX o/ Mo
T00OMY HEITYCTOMY CTHMYITY X, & B COCTOSIHUH V7 - MHOKECTBO MPUHUMAIOIINX MIEPEXO0JIOB 10 BCEM
OCTaJIbHBIM HEMYCThIM cTUMYJaM. O4eBUIHO, YTO B COCTOSTHUH V BCE HEMYCTHIE CTUMYJIBI (PUHATILHO
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HeponycTuMbl. [Tocie aToro kax bt e-nepexon (V,e,Ve) 3aMEHsIEM Ha JIBa e-Iepexo/ia U3 COCTOSHHMA VU
V7, COOTBETCTBEHHO, (V1,6,Ve) 1 (V2,€,Ve).

B 3TOM n0Ka3aTebCTBE MBI HESIBHO HCITOJIB30BANN TOT (DAKT, 4TO aja(aBUT CTUMYIIOB COCTOUT XOTSI ObI
U3 JIBYX HEMYCTHIX CTUMYJIOB, TO €CTh, X1€X 1 X\{X1}#. Ecnu 3T0 He Tak, TO MBI BCET/1a MOXXEM
100aBHTH B ali(haBUT CTHUMYJIOB €IIle ABA HEMYCThIX CTHMYJIA, OJJH M3 KOTOPBIX OyJeM HCII0JIb30BaTh
TOJIBKO JJISl IPUHUMAIOIINX MEPEXOJIOB U3 V1, @ IPYrol BMECTE C OCTATBHBIMU CTUMYJIAMH U3 X - JUIs
NPUHAMAIOIINX TIePeX0I0B U3 V2. [IOHITHO, YTO 3TH TONIOIHUTENBHBIC CTUMYJIBI HE OYIyT BXOIUTH B
JIOMYCTUMBIE BXOJHBIE CIIOBA, IIO3TOMY CJIOBapHasi (PYHKIUS HE M3MEHHUTCSL.

Teopema 0 -COCTOSIHUAX JOKA3aHa.

Teopema 00 aBTOMAaTe € 0TJIOKeHHBIMHU peaknusMu: Kiacc M Bcex acHHXpOHHBIX aBTOMAaTOB
MOJICIIUPYETCsl CBOMM ITOJIKIIACCOM aBTOMATOB C OTJI0KeHHBIMH peakuusimu AOP=MIi0 (umnepaTuBHbIe
aBTOMATEI O€e3 e-nepexoz[OB) H, CJICAOBATCIIbHO, DKBUBAJICHTCH CMY.

Jlok-Bo: Kiacc M0, kak mozakacc kinacca M Bcex aCHHXPOHHBIX aBTOMATOB, UM MOJCTHPYETCSI.
[Tockonbky kacc M Bcex acCHHXpOHHBIX aBTOMATOB SKBUBAJIEHTEH Kjaccy A, a Kilacc A SKBUBaJICHTEH
cBoeMy nojkiaccy Al, HaM JOCTaTOYHO MoKa3ark, uTo Kinacc Al moxenupyercs kiraccom Mi0. s
MOJICTMPOBaHus aBTomara kiacca Al aBromarom kiracca Mi0 1ocTatouHo paccMOTpETh OBEACHHE
aBTOMAaTa B IPUHHUMAIOIUX COCTOSIHUSX, B KOTOPBIX OIPEIEIEHBI IPUEM KaK ITyCTOI0 CTUMYJa, TaK U
HEMYyCTHIX JOMYCTUMbIX CTUMYJIOB, IOCKOJIbKY B aBTOMaTax kjlacca Al HET CMeIaHHbIX COCTOSIHUN U HET
€-COCTOSIHUM, a B TPUHUMAIOIIUX COCTOSIHUAX 0€3 E-IIepexo10B TaKkKe KaK B TEPMUHAIBHBIX U
MOCHUTAIOIINX COCTOSIHUSIX BCE aBTOMAThI BeyT ce0sl 0IMHAKOBO. MoieTupoBaHue MOBEICHUS B TAKOM
COCTOSIHUM TPHUBHAJIBHO: E-TIEPEX0/Ibl 3aMEHsIEM YCThIMU Tepexoaamu (puc.2.4.2).

Al Mi0
C X:(V,X,Vy) X:(V,X,Vy)
e X_.@ e:(v,e,Ve) H ° ""@ e:(V,Ve)
Puc.2.4.2
TeopeMa 06 ABTOMATC C OTJIO0KCHHBIMU peaKLII/IHMI/I JOKa3aHa.

Urak, mbl mokazanu, uro W[MIi0]=W[A]=W[AL1] u, Tem cambiM, T0Ka3aHa SKBHBAJICHTHOCTh BCEX
0a30BbIX Ki1accoB, kpome MTO:
w[M]=w[A]=w[Al]=w[MIi0]=w[Mi3]=w[Mi2]=w[Mil]=w[M 3]=w[M f2]=w[M f1].

2.4.2. ABTomathl BBOAa-BbIBOAAa (IOSM) — pakyabTaTUBHBIE ABTOMATHI 0€3 e-
nepexo/i0B

Teopema 06 aBTomaTe BBoaa-BbiBoaa (IOSM): Kinacc M Bcex aCHHXPOHHBIX aBTOMATOB HE
MOJICJIUPYETCS CBOMM IOIKJIacCOM aBToMaToB BBOa-BbiBoa |OSM=MTf0 (dpakynpraTuBHBIC aBTOMATHI
0e3 e-mepexooB).

Jlok-Bo: ITockombky kiaacc MfO moxenupyetcst cBoum noakinaccom M 0, a kiracc M Bcex acHHXPOHHBIX
AaBTOMAaTOB MOJEIMPYETCS MOAKIACCOM A, HaM JOCTaTOYHO MMOKa3aTh, YTO CYIMICCTBYET aBTOMAT agA,
KOTOpBIN He Moaeupyercs kinaccom M f0, to ects, wla]gw[M f0].

19



W.b.Bypnonos, A.C.Kocaues, B.B.Kynsamun.
ACUHXpOHHBIC aBTOMATHI: KJIaCCU()UKAIUSI U TECTUPOBAHHE.
Tpynet UCIT PAH, T. 4, 2003, ctp. 7-84.

76 cTp.

Hamomuwum, uro aBromar kinacca M f0 - 9To dakynbraTuBHBII aBTOMAT 0€3 E-IEPEX0/I0B, B KOTOPOM
COBHIAJAIOT JOMYCTUMOCTh U (PMHAIBHAS JOIYCTUMOCTh CTUMYJIOB. Takue aBToMaThl 00J1a1at0T
CIICAYIOIIMMU JIBYMSI CBOMCTBaMHM, KOTOPBIMHU HEKOTOpPbIE aCHHXPOHHBIE aBTOMATHI KJlacca A He
00J1a1ar0T.

CoiictBo 1: Ecnu cioBapHas ¢ynkunus aBTomaTa kiacca M O onpenenena Ha BXOJHOM ClToBe UEXW, T/¢
U - KOHEYHOE CIIOBO, € - YCTOM CTUMYIL, X - HEKOTOPBIN CTUMYJ (OBITH MOXKET, IYCTOI), W -
0ECKOHEYHOE CJI0BO, TO OHA J0JKHA OBITH ONpEIeIeHa TAKKE Ha BXOJIHOM CJIOBE UXe®.

JlefCTBUTENLHO, IOCKOJILKY BXOIHEIE CII0BA UEXW K UXE” UMEIOT OOLIMI HauallbHEIM OTPE30K U, U CIIOBO
UEXW JOIyCTUMO, OIIMOKa HECTIENUPHUIMPOBAHHOIO BBOIA MOXKET MPOSBUTHCS JUIA CIIOBA UXE® TONBKO
nocye BEIOOPKH CJI0Ba U U3 BXOJHON O4YepeIn pU IMpueMe CTUMYIIa X B TPUHUMAIOIIEM COCTOSIHUH V
(mocnenyromue CTUMYJIIBI MMyCThIE U, TEM CaMbIM, BCEr/ia AOMYyCTUMBIE). 3HAUUT CTUMYJI X HEIOMYCTUM B
cocrostHuM V. Ho Torma myist cioBa UEXW aBTOMAT TOCIE BBIOOPKH CJI0BA U TAK)KE MOXKET OKa3aThCs B
MPUHUMAIOIIEM COCTOSTHUU V U MPUMET IycToi cTuMyi €. [TockonbKy V — MpUHUMAaIOIee COCTOSIHUE U €-
Nepexoa0B HET, BBIGOpKa IMyCTOIr0 CTUMYyJia HC MCHACT COCTOAHUC U ABTOMAT B TOM 7K€ COCTOAHUUA \"
BBIOEPET HEIOMYCTUMBIA CTUMYJ X, TO €CTh, Oy/ieT 3adMKCUpOBaHa ONIMOKA HeCTIeITU(PUITTPOBAHHOTO
BBOJAa U OKaXETCs, YTO CJIOBO UEXW HCOOITIYCTUMO. Y181 MMPpUIIJIN K TPOTUBOPCUUIO U, 3HAYUT, BXOJHOC
CJI0BO UXE® JOJKHO OBITH JOIYCTHMO.

3ameTuM, uTo TpeGOBAHKE HAIMYMS IIOCIIE HENYCMO20 CTUMYIIA X B CJI0BE UXE® TOIBKO MyCTHIX
CTUMYJIOB CYIIECTBEHHO, ITOCKOJIBKY MOKET OKa3aThCsl, YTO JIJISl JTFOOOTO JIOMYCTHMOTO BXOJITHOTO CJIOBa
B UEXW I11000€ BXOJHOE CIIOBO BHAa UXW , JIOIYCTUMO TOJIBKO Torza, korga W =e®. TIpumep
npuBeneH Ha puc. 2.4.3. IIpu X = {X,X"} eIMHCTBEHHOE IOIYCTUMOE CJIOBO BUIA XW - 3TO CJI0BO XE®, a
JUTSl BCEX JIOMYCTHMBIX BXOJ/HBIX CJIOB BHJIa UEXW, U - TOJDKHO OBITH ITYCTO.

(v
(s (2 K 2
%)

Puc.2.4.3

Teneps HaM T1OCTaTOYHO MPUBECTU MIPUMEP aBTOMATa kiacca A, ciioBapHasi QyHKIIHsI KOTOPOTO HE
oOmnagaia Okl 5TUM MEPBBIM CBOMCTBOM (puc. 2.4.4). CioBapHas (pyHKITUS aBTOMaTa ONpeiesicHa Ha U
TOJIBKO Ha CJIOBaX BHJIa W, HAYMHAIOIIMXCS C ITYCTOTO CTUMYJIA, B OTOOPaKaeT KaXkI0€ TaKOe BXOTHOE
CIIOBO B ITYCTOE BBIXOJHOE CcJI0BO. /115 TF0O0T0 HEMmycTOro CTHMYJIa X 3Ta (DYHKIIHS OTpe/ieicHa Ha
T000M CJIOBE BHIa EXW, HO HE OIpe/esieHa Ha CIoBe Xe”,

() e=(v)

Puc.2.4.4

Caoticto 2: Eciu crnioBapHast (yHKIHs W aBToMara kiacca M O onpenenena Ha ciioBe W, To oHa
Ompe/ielicHa TaKKe Ha TF000M ciIoBe W, OJTYYSHHOE U3 W JJ00ABICHUEM B TPOM3BOJIBHBIC MECTa
MIPOU3BOJILHOTO YHCJIa MYCTHIX CTUMYJIOB, B W(W )CwW(W).
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JIeicTBUTENBHO, €CJIM [0 KOHEYHOMY CJIOBY U aBTOMAT MOKET MONAcTh B IPUHUMAIOIIEE COCTOSHUE V,
TO, ITOCKOJIBKY B IPUHUMAIOIICM COCTOAHUU HEC ONIPCACIICHBI e-HGPGXO,Z[BI, aBTOMAT B COCTOSIHUU V HEC
CMOYKET Pa3IMYUTh OCTAaTKU BXOAHBIX CJIOB, HAXOAIIMECS BO BXOJHOW Ouepeld B ITOT MOMEHT BPEMEHH,
OTJIMYAIOIINECS TOJIBKO KOJMYECTBOM IMYCTHIX CTUMYJIOB B Hayase. Bce 3T mycThlie CTUMYITBI Oy ayT
"rmoTatbes" MPUHUMAIOIIUM COCTOsTHUEM. [103TOMY J1F060€ BO3ZMOXKHOE 1p000.12#ceHUe BHITIOTHCHUS
aBTOMarTa JJid JO0IMyCTUMOr'O CJIOBa uUw naet TY K€ IMMOCJICAOBATCIILHOCTD MICPEXOJ0B (a 3HAa4YuT, U
peakuuit), yTo U AJis cioBa UEW, 1 Ha000poT. Eciu mo koHeuHOMY CIIOBY U aBTOMAaT MOYKET MOMNacTh B
CMEIIIaHHOE COCTOSIHUE V, TO, TOCKOJIbKY B CMEIIIAHHOM COCTOSIHUH aBTOMAT MOXKET CpadoTaTh 1o
MOCHUTAIOIIEMY WJIM ITyCTOMY IIEPEX0/1y HE3aBUCUMO OT FOJIOBHOTO CTUMYJIA, ITYCTOW FOJIOBHON CTUMYJ B
3TOM clly4yae BBIOMpaeTcst U3 OYepenid, a HEMYCTOM OCTaeTcs, T000e npododiceHue BITIOTHEHUS
aBTOMaTa JJisi OECKOHEYHOT0 cjI0Ba UEW JAeT TaKylo MOCJIEe0BATEIbHOCTD IEPEX0I0B (a 3HAUUT, U
peaKHHﬁ), KOTOpasA BO3MOXXHA TAKKEC JIS MMPOAOJDKCHUA BBIITOJIHCHUA B CIIydac CJI0OBa UW, XOTs
oOpaTHOe, BOOOIIIe TOBOPSI, HEBEPHO. TeM caMbIM OKa3bIBAETCS, YTO JTFO00E BBHIMTOJHEHUE TSI CJTIOBAa UEW
JIaeT MOCIIeI0BATEIILHOCTD MEPEXO0/I0B (a 3HAUUT, U PEaKIuii), KOTOpas BO3MOXKHA TaKkKe JIJIs clioBa UW,

TO ecTh, W(UeW)cw(uw). OTCrofa HEMOCPEACTBEHHO CIIEyeT CBOMCTBO 2.

Teneps HaM 1O0CTaTOYHO MPUBECTU MPUMEP aBTOMara kiacca A, ciioBapHasi QyHKIHS KOTOPOTro He
00sanana Obl STUM BTOPHIM CBOMCTBOM (puc.2.4.5). 3mech mis X={X,X } cioBo XX €® momycrtumo, a

CII0BO XeX €° HEIOMyCTUMO.
e

(me(e=(ey)

Puc.2.4.5
Teopema 06 aBromate BBona-BeiBoga (IOSM) nokasana.
PaccMmoTpeHHBIe HAMU JIBa CBOMCTBA CIIOBAPHON (PYHKLIMU aBTOMATOB BBOJAa-BbIBoJA (IOSM) sBisroTest
HEOOXOUMBIMH. MOXKHO COPMYITHPOBATH CISAYIONIYIO HEPEIIEHHYIO 3a/1a4y: HAalTH CBOMCTBA

clIOBapHOU (YHKIIMU, HEOOXOJUMBIE U JOCTATOUHBIE JJISl TOTO, YTOOBI OHA OblIa CIOBAapHOM (pyHKIMEH
aBTOMaTa BBoja-BeiBoAa (IOSM).

2.4.3. ABTOMAaTHI 0€3 CMeHIaHHBIX COCTOSTHUI U e-Tiepexo10B (A0)

CrnenmanbsHblit HHTEpec npeactanisgeT ki1acc AO aBTomMaToB 6€3 CMEIIaHHBIX COCTOSHHN U e-TIepeX0I0B,
BJIO’KEHHBIN, OYEBUIHO, BO BCE OCTAJIBHBIC PACCMATPUBABIINECS BBIIIE KJIACCHl aBTOMATOB.

Teopema 00 aBTOMaTe G€3 CMEIIAHHBIX COCTOSTHUIT M e-niepexonoB: Kitacc M f0 ne momenupyercs
kiaccom AQ.

Jlok-Bo: ABToMaThl Kiacca AQ 00magaroT TpeMs 0cOObIMH CBOMCTBAMH, KOTOPHIMU HE 00J1aJal0T
HEKOTOpbIe aBTOMaThI Haakiaacca M 0.

CaoiictBo 1: Ecau cnosapnas ¢ynxyus W asmomama xnacca AO onpedenena na cnose W, mo ona

onpedenena maxoice Ha 10OOM cioee W', NOLYHeHHOM U3 W 6CIABKOU U YOALCHUEM KOHEUHO20 YUCIA
nYyCMbLX CIMUMYI08, ¥ IPUHUMAET Ha HEM TO e 3HaucHue W(W )=w(Ww).
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3TO HEMOCPEICTBEHHO CIIEAYET U3 TOTO, YTO KAK0€ PELENTUBHOE COCTOSIHHUE SBISETCS PUHUMAIOIIUM
COCTOsSIHHEM 0€3 e-TIepexo0/I0B, TOITOMY TaKOE COCTOSIHUE "TII0TaeT" BCe MycThie CTUMYJIbL. [IpuMepom
aBromara kiacca M f0, He monmenupyemoro kinaccom AO n3-3a HapyIICHUST CBOWCTBA 1, MOXKET CITY)KHTh
aproMmar Ha puc.2.4.3. Ilna X = {X,X} BXoaHoe c10BO XX €® 10ImyCTHMO, a BXOAHOE CI0BO XX €
HEJOMYCTUMO. 3aMETHM, YTO 3/IeCh MBI UCITOJIb30BATIN TOJIHKO YacTh cBolicTBa | kiacca AO -
gvlOeneHHyI0 Kypcugom. ECn UCTIONb30BaTh 3TO CBOMCTBO MOJIHOCTHIO, TO MOXKHO TIPUBECTH OoJiee
npocToit npumep aBromara kinacca M f0, ne monenupyemoro kinaccom AQ (puc.2.4.6). Jlis atoro
aBTOMAaTa JOMyCTUMBI KaK BXOJJHOE CJIOBO XW, TaK U BXOJHOE CIIOBO EXW, TJie¢ W - TPOU3BOJIEHOE
0eckoHeuHoe ciioBo. OIHAKO, JJIs CIIOBA EXW OTIPEICIICHO OHO BBIXOAHOE CIIOBO - (Y), a I CIoBa XW -
IBa BEIXOAHBIX citoBa: mycroe () u (Y).

X
¥

o

Puc.2.4.6

Jl1s TOTO, YTOOBI OTMPEIENIUTH BTOPOE CBOMCTBO aBTOMaTOB Kitacca AQ, BBelleM ClieyroIne
0003HaYCHHS:
e C<C,raeCuC -/BacioBa (KOHCYHBIX WA OCCKOHEYHBIX) B OJHOM ajihaBUTE, 03HAYAET, YTOMIIH
C KOHEYHO M SBJISICTCS HAYaJIbHBIM OTPE3KOM C , HJIM OHH COBITAJAfoT.
e C<C',rae CuC - aBa MHOXECTBA CJIOB (KOHEYHBIX WIIH OECKOHEUHBIX) B OJHOM ajipaBuUTE,
o3Hauaer, uto VceC 3¢’ eC  c<c u V¢ eC IceC c<c'. Byaem nucare C<C’, eciu CLC  u
C+C’; oueBHIHO, UTO B ciIy4ae cTpororo HepaBeHCTBa C comepKUT XOTs Obl OTHO KOHEYHOE
CJIOBO.

Caoticto 2: Ecnu cnoapras ¢yskius w aBromara kiaacca AQ onpezesena Ha ciose UE®, rae U -

KOHEYHOE CJIOBO, TO IS JIFOOOr0 JOMYCTUMOTO ¢l10Ba UW uMeeT Mecto w(ue®)Sw(uw).

JleCTBUTENBHO, MOC/IE BBIOOPKH aBTOMAaTOM U3 BXOJHOW OYeped BXOJHOI0 caoBa U aBTomar Jau0o
yepe3 KOHEYHOE YHCII0 MTOCBUIAIOIIMX U IYCTBIX MEPEXO0B NonaaaeT B 1) npuHuMaromee uin 2)
TEPMUHAJIBHOE COCTOSIHAE V U B BBIXOJHOM OuepeIu OKa3bIBAaeTCs KOHEUHOE CIIOBO C, JIMOO 3) BBITOJIHAET
0ECKOHEUHYIO MOCIIeI0BATEIbHOCTh MOCHUIAIONINX H ITYCTHIX Mepexo1oB. B ciydasx 2 u 3, oueBuaHO,
IIpeKpalaeTcs BBIOOpKa CTUMYJIOB M3 BXOJHOW OYepear U MOITOMY HOJIYUYHUBILEECS BHIXOJAHOE CIOBO
npuHaIEKUT Kak W(Ue®), Tak u w(uw). B ciydae 1 aBTOMaT 0CTaeTCs B IPUHUMAIOILEM COCTOSIHUM V U
0oJiee HUYETO HE TIOMEIAET B BHIXOHYIO OY€PEb, TO €CTh, BHIXOJHBIM CIIOBOM OCTAaHETCS KOHEYHOE
cJI0BO C. B To e Bpemst u1sl 1:000r0 10IMyCTUMOT0 MPOJOKEHHS ¢I0Ba U, TO €CTbh, I ClIoBa UW
aBTOMAT BBIMOJIHAET MPUHUMAIOLIUH MEPEX0/] 110 IEPBOMY HEMYCTOMY CTUMYIY B CIIOBE W, TO €CTh,
BBIXOJTHOE CJIOBO OY/IET HEKOTOPBIM, OBITH MOXKET, ITYCTHIM, IPOJODKEHHEM C >C.

[Tpumepom aBromara kinacca M f0, He monenupyemoro kinaccom AQ u3-3a HAPYILICHUS CBOMCTBA 2,
MOXET CIY>)KHTh TOT )K€ aBToMaT Ha puc.2.4.6. J{ns aToro aBTomara nmpu X€ X AOMYCTUMBI KaK BXOJTHOE
CII0BO XW, Iie W - IPOU3BOIBHOE GECKOHEYHOE CIIOBO, TaK U BxoaHoe ci1oBo e°. IIpu atom w(e®)={(y)}, a

w(xw)={(),(y)}, u, oueBugno, W(Xw)<w(e®).
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Caoiicteo 3: Ecnu cioBapHas GpyHkuus W aBromara kinacca AQ onpesenena Ha ciose Ue®, rie U -
KOHEUYHOE CJIOBO, M CYLIECTBYET HEAOIYCTUMOE CIIOBO UW, I/ie W - GECKOHEUHOE CIIOBO, COZIepIKalllee
HEIYCThIE CTUMYJIbI, TO B MHOKECTBE BBIXOIHBIX CJI0B W(UE®) MMeeTCst XOTsI OBl OJJHO KOHEYHOE CIIOBO.

JIeiCTBUTENBHO, €CITH CYIIECTBYET HEAOMyCTUMOE CIIOBO UW, TO, 3HAYHT, ITOCIIE BHIOOPKHU M3 BXOIHOU
oyepcau CiioBa U, aBTOMAT MOXET 3a KOHCYHOC YUCJIO TOCBhUIAIOIINX U MMyCTBIX NCPEXOJ0B HepeﬁTH B
MIPUHUMAIOIIIEE COCTOSTHHE V, B KOTOPOM IEPBBIH HEITYCTOW CTUMYJI CIIOBAa W HEZOMYCTHM. B 3TOT
MOMCHT B BI:IXO,Z[HOI\/'I 0o4CpCan OKAXKETCA KOHCYHOC BBIXOAHOC CJIOBO C. O‘-IGBI/II[HO, YTO AJIA BXOOJHOI'O
cioBa Ue® fanbiie OyayT BEIOMPAThCS TOILKO IyCThIE CTUMYJILI M aBToMaT kiaacca AQ OyneT ocraBaThes
B COCTOSIHUU V, HEC U3MCHSIA BBIXOHYIO OUYCPCAb. 910 3HAYUT, YTO TP TAKOM BBIIIOJIHCHUHA IJI1 BXOOHOT'O
cioBa Ue® OyeT MOoIy4eHO KOHEUHOE BLIXOAHOE CIIOBO C, TO €CTh, Cew(Ue®).

3aMeTHM, YTO €CIIM U1 HEKOTOPOTO JAOMYCTUMOrO CJIoBa UW umeeT Mecto W(ue®)<w(uw), To u3
onpeneneHus oTnouenus "<" cuenyer, uto w(Ue®) comepKUT X0Ts Ol OHO KOHEUHOE ClI0BO. [ToaToMy
HEOOXOMMBIM U IOCTATOYHBIM YCIIOBUEM OTCYTCTBHA B W(UE™) KOHEYHBIX CJIOB ABJISAETCS OTCYTCTBHE

HEJIOTYCTUMBIX CJIOB BHJIa UW | JIJIsI BCEX JOMYCTUMBIX CJIOB BHJa UW PaBEHCTBO (C Y4ETOM CBOMCTBA 2)
w(ue®)=w(uw).

IMTpumep aBromara kimacca M f0, He monenupyemoro kiaccom AQ u3-3a HapyIICHUS CBOMCTBA 3,
npusezed Ha puc.2.4.7. B atom aBromare aus X={X,X"} w(e®)={y®} u B Toxe Bpems cyliecTByeT
HEIOMYCTHMOE CJIOBO XX W, Ijie W - J11000€ OECKOHEUHOE CIIOBO.

¥y

(el

Puc.2.4.7
Teopema 00 aBToMare 0€3 CMEIIAHHBIX COCTOSIHUM U €-TIePEX0/I0B JOKa3aHa.

PaccmoTpenHbie HaMH TpU CBOWCTBA CIIOBAPHOM (PYHKITMH aBTOMATOB 0€3 CMEIIaHHBIX COCTOSTHUH U €-
MEPEXO0JIOB SABISIOTCSA HEOOXOAUMBIMU. MOXKHO C(HOPMYIUPOBATH CIASAYIONIYIO HEPEIICHHYIO 3a7a49y:
HaWTHU CBOWCTBA CIOBAPHOU (PYHKITMH, HEOOXOAUMBIE U JOCTATOYHBIC /ISl TOTO, YTOOBI OHA OblIa
cioBapHO ¢yHKuuei apromara kiacca AO.

2.5. O0masi KapTHa B3aUMOCBSI3€eil KJIACCOB AaCHHXPOHHBIX ABTOMATOB €
TOYKM 3pEHUs CJA0BAPHOU PYyHKIUU

Ecnu paccmatpuBath aBTOMATHI, B KOTOPBIX €-IIEPEX0/IbI ONPEEICHBI TOJIBKO B IPHHUMAIOIINX
COCTOSIHHSX (HE OIpEe/IeNICHbl B CMELIAHHBIX COCTOSHHUSAX ), TO, OUYEBUIHO, MBI TIOJIyIHM CIIEAYIOLIHE
kiaccel aBToMaToB Bi=MilnMi2=MilnMi3=Mi2nMi3, Bf=Mf1nMf2=Mf1nMf3=Mf2nMf3,
B =M f1nM f2=M f1nM f3=Mf2nM 3.

Terneps onpenenM pa3drueHUe Kilacca BCEX aCHHXPOHHBIX aBTOMATOB Ha HEMEPECeKaIOIMecs: 00JIacTH
(Tab.2.5.1)
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e-1epexo0/Ibl| IPHOPHUTET
cvemannbe e~ | oo O, pB ’ 113) buHaIbHAS
00J1aCTh| OTTpeIeTICHIE OJTHMMHU €-
COCTOSIHHS [[IEPEXO/Ib ¢ak. cMeIIaHHBIX|CMEIIAHHBIX [IOYCTHMOCTh
[1CpEXONaMH COCTOSIHUSIX| COCTOSTHHSIX
a0= A0 HeT HET HET - HET - COBIIAJIaeT
al= A1\AO HEeT ecThb HEeT - HET - COBITaJa€eT
a= A\AL HeT ecTh ecTh - HET - COBIIAJIaeT
mi0= [MiO\AOQ ecTh HeT HET M MII. HET - COBIIAJaeT
bi= Bi\(AUMI0) ecTh ecThb - HMI|  HeT - COBIIAJIAET
mil= [Mil\Bi eCcTh €CcTh - MMII, €CTh  [OC. M MYCT. COBMIAJAcT
mi2= [Mi2\Bi ecThb €CThb - HMII| €CTh |e-Tepexo/bl COBMIANacT
mi3= [Mi3\Bi ecTh €CcTh - MMII| ecTh paBHBbIit COBIIAJaeT
m fO= |M fO\AO ecTh HeT HET dax. HET - coBMNajaeT
mf0=|MfO\M 0 ecTh HeT HeT  |pak.  HeT - HeT
b'f=" B f\(AUMf0) ectn ecTh - ¢ak.| Her - coBmagaeT
bf= Bf\(B'fUMf0)| ecth ecTh - ¢dak. Her - HeT
mfl= M f1\B'f ecTh €CTh - ¢ak. ecTb  [MOC. M MyCT, COBHAaJaeT
mf2= M f2\B'f eCcThb eCcThb - ¢ak. ecrp |e-mepexoabl coBmagaer
mf3= M f3\B'f ecTh €CTh - ¢ak. ecTh paBHBIIi | coBmaaaer
mfl= | Mf1\Bf ecTb eCTh - ¢ak. ecTb  |moc. M MycCT, HeT
mf2= |Mf2\Bf ecThb €CTh - dak. ecTb |e-mepexoabl HeT
mf3= | Mf3\Bf ecTb eCTh - dak. ecTh paBHbIii HeT
Ta6.2.5.1
Teneps MOXKHO TIPEICTaBUTH KIIACCHI aBTOMATOB Kak 00beTMHEHMsI o0acteit (Tab.2.5.2).
00J1acTu pa3oneHns
k1accasoBoe BEIPAREHHE, 5 1T ligimiJmiZmi3m fomfop fofm fUm f2m famfimf2m3
A0 Fal
Al = AQual
A EAlua I
Mi0 = AOumi0
Bi = AUMIOUDi
Mil |=Biumil o
Mi2 |= Biumi2
Mi3 = Biumi3
M0 = AOum 0 I ol
Mf0 |= M f0umf0
Bf EAUMfOUb'f
Bf E=BfuMfoubf | | | B
Mfl = B fum'fl
M2 =Bfumf2 | | | B
M3 =Bfumf3 | | | [
Mfl |= Bfumfl
Mf2 =Bfumf2 | | | B
Mf3 = Bfumf3 R o
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Tab.2.5.2

B pasnenax 2.2-2.4 Obu10 TOKa3aHO CIEAYIOIIEE:

o Kaxmprit 6a3oBbIii Ki1ace GaxyiapratuBHBIX aBTomMatoB Mfn (n=0,1,2,3) Mmoxeaupyercsi CBOUM
nojkiraccom M fn, B KOTOpOM J0myCTHMOCTE U (PHHATBHAS JOMYCTHMOCTh CTUMYJIOB COBITAIAIOT,
H, CJIEZIOBATEIbHO SKBUBAJIICHTEH EMY.

e Kiacc A monemupyet 6a3zobie kinaccet Min u M fn, rae n=0,1,2,3. YuuThiBast BIOXKEHHOCTh
KJIaCCOB, ITOJTy4aeM SKBHBAJICHTHOCTD Kiacca A u kiaaccoB Min u M fn, roe n=1,2,3.

o Kiacc A monenupyercs cesoum nojkiaccoM Al u, Tem caMbIM, €My 3KBUBaJICHTEH.

e DkBuBaJeHTHOCTH Kiacca Al u kimacca MiO.

e Hemonemupyemocts kiacca A kiaaccom M- 0.

e Hemonemupyemocts kiracca M O kimaccom AO.

Tem cambIM, yIUTBIBas BJIOKEHHOCTD KJIACCOB, UMeeM TpH rpymmsl kitaccoB MO, M1, M takux, 4to
Ww(MO)cw(M1)cw(MO), 1 Bce Ki1acChl OHOM TPYIIIBI SKBHBAICHTHBI:

«  w(MO) = W(A0)

e W(M1) = w(M'f0) = w(Mf0)

e w(M) =w(AL) = W(A) = w(Mi0) = w(Bi) = w(Mil) = w(Mi2) = w(Mi3) = w(Bf) = w(M'f1) =
W(M'2) = w(M'f3) = w(Bf) = w(MfL) = w(Mf2) = w(Mf3)

Ha puc.2.5.1 n300pa>keHsl 3TH TP TPYIIIBI KIACCOB; CTPEIKH IMOKA3bIBAIOT YACTUYHBIN MOPSAIOK MO
OTHOILIECHHUIO BJIOKEHHOCTH.
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Puc.2.5.1

3. Cepuaausanusi

3.1. Cepuanu3anuu 1 MapumIpyThbl.

3aBUCHMOCTb MEXY TECTOBBIMHU BO3JIEUCTBUSMU U PEAKLIUAMH TECTUPYEMOr0 aBTOMAaTa, KOTOPYIO
MOYKHO OIIPEAEIUTH 34 KOHEYHOE YUCIIO TECTOBBIX 3KCIIEPUMEHTOB, MOKET OKA3aThCSl HEJOCTATOYHOM
JUISl IPOBEPKH COOTBETCTBHUSI peanu3alii MOJEIH 1a)Ke IPH TOMYIIEHUH PsAJia JOBOJBHO CUIIBHBIX
MPEANONI0XKEHHUH (TUIIOTE3) O TECTUPYEMOM aBTOMATe. 37€Ch Ha MOMOIIb MOKET MPUIATH BO3MOKHOCTb
(xorja oHa CyIIECTBYET) ONPENEIUTh B MPOLIECCe TECTUPOBAHUS HE TOJILKO MOCIEI0BATEIbHOCTh
peaKuuii, BBIIABAEMbIX aBTOMATOM B OTBET HA IAHHYIO MTOCIEN0BATEIBHOCTh CTUMYJIOB, HO U
OTHOCHUTEJIBHOE PACIIOIO0KEHUE BO BPEMEHHU CTUMYJIOB U peakiuil. CMemaHHyI0 OCIIEI0BAaTEIbHOCTh
BOCIPUHUMAEMbIX aBTOMAaTOM CTHUMYJIOB U BBIJJaBa€MbIX UM PEaKIIHii MbI Oy/1eM Ha3bIBaTh
cepuanu3anueii. Haunnas ¢ sToro pasaena, Mbl 0yJ1eM HCCIeA0BaTh CEPUATU3ALINU, PeaT3yeMble
aBTOMAaTOM, U UX CBSI3b CO CIOBapHOW (QpyHKIIMEH. Pa3HbIe aBTOMATHI, peaTH3yOIINe OJTHY U Ty Ke
CIIOBapHYIO (DYHKIIMIO, OTJIMYAIOTCS KaK pa3 cepuanuzanusmu. [IpeoOpa3zoBaHust aBTOMaTOB U3 pa3JIeioB
2.2-2.4 coXpaHsIOT HE TOJIBKO CIOBAPHYIO (DYHKIIMIO, HO ¥ CEPUAIM3AIMH BBITIOTHEHUH JIJIS TOTTYCTUMBIX
BXOJHBIX CJIOB.

3aMeTHM, 4TO MOJIOCIEN0BATENBHOCTD PEAKIIMHA CEPUATIU3aLliN COBIANAET C BBIXOJHBIM CIOBOM. B TO
’Ke BpeMs, TIOCKOJIbKY aBTOMAT ¢ HEKOTOPOTO MOMEHTa MOKET NMPEKPATUTH BEIOOPKY CTUMYJIOB U3
BXOZHOU O4epeaH, IIOANOCIIEN0BATEILHOCTD CTUMYJIOB CEpUAIM3aLlMA MOXKET HE COBIAAATh CO BXOJAHBIM
CJIOBOM, a SIBJISITHCS €70 HAYAJIBHBIM OTPE3KOM. MBI IIOKaKEM, UTO ITO SIBJICHHE HOCUT IPUHIANIAATIbHBIN
XapakxTep, TO €CTh, Ul HEKOTOPBIX CIIOBAPHBIX (DYHKIIMIA 1000 peanu3yonuil X KOHEUHbIH aBTOMAT
BBIOMPAET U3 BXOJHOW OUEpeN JIMIIb KOHEYHOE YKCIIO CTUMYJIOB JUIsl HEKOTOPBIX JOIMYCTUMBIX BXOJHBIX
CJIOB. BBINOIHEHNIO aBTOMAaTa COOTBETCTBYET TAKKE MApPILIPYT - IIOCIEA0BATEIbHOCTh CMEKHBIX
IIEPEXOI0B U, TEM CaMbIM, PACKPACKa MapIIpyTa KaK I1OCIEI0BATEIbHOCTh CTUMYJIOB M pEaKLIUN
HEITYCTBIX IIEPEX0A0B. MBI ITOKaKEM CBA3b MApIIPYTOB U UX PACKPACOK C CEPUAIU3ALUSIMM.

Cepuanuzayueti OyneM Ha3bIBaTh CIOBO (KOHEUHOE WU OECKOHEYHOE) B 00BEIMHEHHOM anpaBuTe
CTHMYJIOB (BKJIIOYast ycToi) u peakimii Z=X UY. Uepes XZ u yZ 0603HAYNM, COOTBETCTBEHHO, X-
MOJICTIOBO U Y-TIOJICIOBO Z, TO €CTh, IOIOCIEI0BATEIBHOCTD Z, COCTOSIIYIO U3, COOTBETCTBEHHO
CTHMYJIOB M peakiuii. MbI OyZeM TakKe TOBOPUTh, UTO Z SABJISCTCS Cepuanu3anueii mapsl (zx,zy). s
MHOXeCTBa cepuann3anuii S o6o3naunM XS={xz|zeS} u yS={yz|zeS}. Ha mHOXecTBe Bcex
cepuanu3anuii (kak ¥ BooOIe Ha MHOXKECTBE CJIOB B TIOOOM ajgaBUTE) UMEETCS €CTECTBEHHBIIM
YJACTHYHBIA MOPSIIOK: Z<Z' O3HAYAeT, YTO CEPHATHM3ALHS Z SBJIACTCS HaYaaIbHBIM OTPE3KOM (TOTIa OHA
KOHEYHA) WJIA COBIAIAET C CepraIn3alueii Z .

Cepuanusanus Z, COOTBETCTBYIOIIAS BBIITOJHEHHIO aBTOMATa JIF000T0 KiIacca, CTpPOUTCS B Ipoliecce
BBITIOJTHEHUS CIIEAYIONIAM 00pa3oM. Peakius Y moMeniaeTcs B Z OHOBPEMEHHO C BBIIaUeii 3TOM peakiuu
B BBIXOJIHYIO OY€pEe/lb, TO €CTh, KOT/Ia aBTOMAT COBEPIIAET MmochLIarommii nepexos (V,y,V'). CTumymn

X €X' moMeraercs B Z Tor/a, Korja aBTOMaT BIICPBBIC €T0 «PacIiO3HAET», TO €CTh, «YUTACT» B
PEICTITHBHOM COCTOSTHHH V JIJISl TOTO, YTOOBI ONPEIETUTh CBOE JTabHEHIIIee MOBEJACHHUE B 3A6UCUMOCTIU
OT 3TOI'O CTUMYIJIA. Ecmu Haaneﬁmee MOBCACHHUC 3aK/IIOYACTCA B COBCPIICHNU IMPUHUMAIOIICTO IIEPEX0aa
(V,X",V'), TO CTUMYJT yAAISeTCA U3 OYEPEaN U MBI IPUCOSAUHUM €ro K Z: ZN(X'). OgHako, JajabHenIee
MOBEICHUE HEe 00s13aTeNIbHO BKIFOUACT MpuHUMAarouii nepexo (V,X ,V') o CTUMYITY W/UITH yIaJeHUe
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CTUMYJT1a U3 BXOIHOM ouepean. JIjist MycToro CTuMysia X =€ aBTOMAaThl HEKOTOPBIX KJIacCOB B
CMEIIAHHOM COCTOSTHHH V MOTYT COBEPINUTH Mochutatonuit (V,y,V') wiu mycroit (V,V') nepexo (eciiu B
HTOM COCTOSHHH HET e-IIEPEX0/I0B WIIK OHM UMEIOT PABHBIHM MJIM MEHBIIUI TPUOPUTET, YEM ITOCHLUIAIOIINE
1 IYCTBIC ITEPEXO0/IbI) M, TEM CaMbIM, B Z TIOMEIAeTcs 1Ba cuMBouia z\(ey) wiau oauu cumBout 2N(e). s
MIPUHUMAIOIIIETO COCTOSHUS V 6€3 €-TIepex0/I0B MPH CpabaThIBAHUK aBTOMATA 10 MyCTOMY TOJIOBHOMY
CTUMYJTY HUKaKOT0 Mepexo/ia He COBEPILACTCS, COCTOSHIE HE MEHSIETCS, a MyCTON CTUMYJT YIaJIsIeTCs U3
BXOHOM ovepeau: z/(e). PaKkyIbTaTHBHBINA aBTOMAT, KPOME 3TOT0, IPH HEMYCTOM T'OJIOBHOM CTHMYJIE

X #€ B CMEIIAHHOM COCTOSIHUHM V MOJXKET, HE yJIajsisl CTUMYJIa U3 BXOJAHOW 0YepEe/IH, COBEPIIUTh
nocsutatonmii (V,Y,V') wim myctoit (V,V') mepexo. XoTs CTUMYI X He YAISETCs U3 O4epe/in, OH, TEM He
MEHee, YUTACTCS U OIpeIessieT Habop JOMYCTHMBIX MEPEXO0/I0B; MOITOMY Z U3MEHSIETCSI COOTBETCTBEHHO:
ZN(X,y) wiu z/N(X). TanbHeiiiee MoBeIeHHE aBTOMATa ONPEAEICHO «ITPOYUTAHHBIMY CTUMYJIOM X JI0 TeX
op, TIOKa 3TOT CTUMYJT He OY/IEeT yaleH U3 ouepe/ind IPH COBEPIICHUU MPUHUMAIOIIETO Mepexoa 1o X ;
TaKUM 00pa3oM, TIPH BCeX AabHEHIINX cpabaThIBAHUAX aBTOMATA, BKIOYAs 3TOT MPHHAMAFOIIHIA
Mepexo/l, aBTOMAT HE YUTACT TOJIOBHOM CTUMYJT M HUKAKUX CTUMYJIOB B Z He moMernaercs. Eciu 1o atoro
NPUHUMAIOIIIETO MTEPEX0/1a COBEPIIAIOTCS MOCHUIAIOIINE ITEPEXOIbI, TO TOJIBKO COOTBETCTBYIOIIHE
PEaKIIMH MOMEIAIOTCS B Z.

Takoe onpe/esieHne cepraaIn3allii BBIMTOJHEHNS MOXKET TTOKa3aThCsl CTPAHHBIM, OCOOCHHO IS
(baKyIbTaTUBHBIX aBTOMATOB. HampuMep, /11 HEIyCTOTO rOJIOBHOTO CTUMYJIa X B CMELIAHHOM
COCTOSIHUH V TIOCIIE0BATEILHOCTD Tepexo10B (V,Y,V1),(V1,X,V2) momMerraet B cepuanu3zaiuio He (Y,X), Kak
MOJKHO OBLTO ObI 03KUATH, a (X,Y). Ha camom nerne, 370 BOJIHE 00BSICHUMO, TIOCKOJIBKY CTUMYJT X
MIPOYUTHIBACTCS TICPBBIN pa3 B COCTOSHUM V, a HE B IMTOCJICAYIOIIEM COCTOSHUH V1, H TIOCKOJIbKY
MPOYUTAHHBIHN, HO HE YAAJCHHBIN U3 OUEPEIH, CTUMYJI X YK€ HE MOKET ObITh U3MEHEH U, TEM CAMBIM,
MMOBTOPHOE YTCHHE €r0 B COCTOSHUH V1 H3IHIITHE. DAKTUYSCKH, TAKOW CTUMYJ KaK OBl 3aITOMUHACTCS
aBTOMATOM, YTO M IPOUCXOUT SIBHO B T€X MPEOOPA30BAHMSIX, KOTOPBIC MbI HCITOJIB30BAIN B pa3/ieiiax
2.2-2.4 1 MOJIETTUPOBAHUS MTOBEICHUS (DaKyIbTATUBHOIO aBTOMATa B CMEIIAHHBIX COCTOSHUSX.

Ecnu s BXoHOTO clioBa W HEKOTOPOE BBITIOJIHEHUE TIOPOXKAAET CEPUATTU3aLUIO Z, TO, OUYEBUIHO, YZ —
BBIXOJIHOE CJIOBO MPH 3TOM BBIIIOJIHEHUH, a XZ<W, MPUYEeM X-TIOCIOBO KOHEYHO XZ<W B OJJTHOM U3 TPEX
ciy4aeB: 1) BBINOJHEHUE 3aKAHYMBAETCSA B TEPMUHAIILHOM COCTOSIHUH; 2) HAaUMHAsi C HEKOTOPOTO
MOMEHTa, aBTOMAT MIPOXOUT TOJIBKO Uepe3 HepeyenmusHule (MOChIIAIOIINE) COCTOSHUS; 3) BBIMOIHEHHE
3aKaHYMBAETCS MO OMMOKE HeCcTepUIIMpoBaHHOTO BBOA. [Ipu 3TOM camo CIIOBO Z KOHEYHO B CIIyYasix
1) u 3), a B cimydae 2) MOXKET OBITh KaK O€CKOHEYHBIM, TaK ¥ KOHEYHBIM — €CJI aBTOMAT C HEKOTOPOTO
MOMEHTA COBEPIIIAET TOJIBKO 11ycrmble IEPEXO0/Ibl B HEPEIIENITUBHBIX COCTOSHUSAX. 3aMETHM, YTO
MOCJIEI0BATEIHHOCTh TPOYUTAHHBIX aBTOMATOM U3 BXOJIHOM O4Yepear CTUMYJIOB COBIIAJAET C XZ, IpUUEM
BCE€ OTH CTUMYIIbI, KPOME, OBITh, MOKET, MMOCJIETHETO CTUMYJIA XZ (IUIsI KOHEYHOTO XZ), yIAJICHbI U3
BXOJIHOM o4epean, Mociie 4ero Mpor30LIel OJIMH U3 yKa3aHHBIX TpexX ciiydaes. JlJis JomycTUMOro
BXOJIHOTO CJIOBa W UMEIOTCS TOJIHKO TIEPBBIE JIBA CIydasi.

Cepunanuzanuio Z OyaemM Ha3bIBaTh donycmumoti (B aBTOMATE), €CIIM OHA COOTBETCTBYET HEKOTOPOMY
JIOTTYCTUMOMY BBITIOJIHEHUIO, U 8NOIHE-00NYCMUMOlU, €CITA OHAa COOTBETCTBYET BIIOJIHE-AOMYCTUMOMY
BBITIOJTHEHUIO, TO €CTh, BBITIOJHEHUIO JJISl JOYCTUMOT'O BXOJHOTO cjioBa. Yepes z*" 0603HaUNM
MHOYECTBO JIOMYCTUMBIX Cepraiu3aiuii, Z(W) - MHOXXECTBO CEpUaM3alUi ISl TOMMYCTUMOTO BXOTHOTO

CjioBa W, a 4€pe3 Z — IIOAMHOXECCTBO ZaII

BIIOJIHE-IOIIYCTUMBIX CEPUAIM3ALUN, KOTOPOE, Il KPAaTKOCTH,
MBI OyIeM Ha3bIBaTh TaK)Ke Z-MHOKeCTBOM aBTOMaTa. Eciii Hy)kKHO yKa3zaTk aBToMar M, Oynem nucath
z[m]. J{nst kimacca aBromatoB N Oymem mucats z[N] ={z[m] |meN}. 3ameTrm, 4T0 BO MHOKECTBE BCEX

cepnannzaunﬁ BBITIOJIHCHUS aBTOMAaTa BCE NOMYCTUMBIC CEpHAIU3AIIUN MAaKCHUMAJIbHbI (He HUMCIOT
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MPOJIOJKCHHMSI, TAaK KaK OECKOHEYHBI MIIM 3aKaHUYMBAIOTCS B TEPMUHATBHBIX COCTOSIHHSIX), &
HEJOIMYyCTUMBIE CepUaNN3alli HEMaKCUMaJIbHBI (3aKaHUYMBAIOTCS B PELICITUBHBIX COCTOSIHUAX, TO €CTh,
MOTYT OBITh MPOJOJIKEHBI JAJIsL APYTOT0 BXOAHOTO c10Ba). COOTBETCTBEHHO, MHOKECTBO 2 apnseres
MHOKE€CTBOM MaKCUMAIbHBIX CepHAIM3alNUi (AHTHUIICTIBIO - BCE IOMYCTUMBIEC CepHATM3allMA HECPABHUMBI

JIPYT € APYTOM).

Ha caMoM Jielie, Z MOXKET GBITh OIPEIENCHO Yepes Z° HemocpeICTBEHHO. By1eM TOBOPHTB, 4TO BXOIHOE
CJIOBO W JIOITYCTHMO BO MHO’KECTBE MAaKCUMAJIbHBIX CEpUAIN3ALUN S, ecliu 10001 HavyaJIbHBIH OTPE30K
z[1..n] mo6oii cepuanuzaiuu Z€S, X-MOACI0BO KOTOPOTO SBISCTCS HAaualbHBIM OTPE3KOM W,
X(z[1..n])<w, Bcerma MOXKeT OBITH MPOJOIKEH B S cepuanu3anueii Z €S, z[1..n]=z [1..n], Takoii, uTo ce
X-110/1c/10B0 XZ <W. Cepuanu3aiuio Z€S OyaeM Ha3blBaTh BIIOIHE-IOMYCTUMON B S, €Clu ee X-II0ICI0BO
ABJISICTCSA HA4YaIbHBIM OTPE3KOM HMJIM COBIAJAET C JOMYCTHMBIM BXOJHBIM CIIOBOM. BrojiHe-0onycmumuim
(OyanvHbviM) 3aMblkaHuem S Ha30BeM MoaAMHOkecTBo C<S> Bcex cepuanu3anuii BIOJHE-A0MYCTUMBIX B
S; 3amxHymuiM no enoane-oonycmumocmy Ha30BeM Takoe MHOXKeCTBO S, yto C<S>=S. [Tockonbky
BMECTE C Ka)XJIOM BITOJTHE-IOMYCTUMON cepraau3amueil ZeS BIIOMHE-T0MyCTHMAa TaKXKe JIF00as
cepuanu3anus Z' €S, X-moICII0BO KOTOPO#l COBMAMAET C X-TIOCIOBOM Z, XZ =XZ, WJIH SIBISICTCSI €T0
HAYaJbHBIM OTPE3KOM XZ <XZ, HETPYIHO MOKa3ath, 4ut0 C<C<S>>=C<S>. Bynem Ha3bIBaTh X-TO/ICIIOBO
cepuan3aluy Z BIOJIHE-JOMYCTUMOro 3aMbIkanus C<S> MakcUMalbHbBIM, €CJIM OHO KOHEYHO, HO B
C<S> He cymIecTByeT CepUalU3anm Z ¢ OOJIBIINM X-ITOJICIOBOM XZ >XZ. Toraa, 0ueBUIHO, MHOXKECTBO
BXOJIHBIX CJIOB JIOMYCTHMBIX B S, KOTOpOe MbI OymeM 0003Ha4aTh W(S), COBIIaaeT ¢ MHOYKECTBOM BCEX
OECKOHEUYHBIX X-TIOJICIIOB U BCEX OECKOHEUHBIX MPOJAOIKEHUN MAaKCUMAaTbHBIX KOHEUHBIX X-TIOJICIIOB
CepHaU3aIiid BIIOJTHE-T0MyCTHMOTO 3aMbIkanmst C<S>.

I[JIH S=z AOITYCTUMOCTB BXOJHOT'O CJIOBA B Z KaK pa3 U 03HA4YacT, 4TO IIPpU JIF000M BBIIIOJITHEHUH HE

BO3HUKHCT CUTyalllH, KOr'Jia B pCUCIITUBHOM COCTOSAHUN YUTACTCA O‘-IGpGI[HOﬁ CTUMYJI BXOAHOTO CJIOBA U
AJI 3TOTO CTUMYJIA HE OMMPCACIICHO IMOBCACHUC aBTOMATA. Takum O6p2130M, Z-MHOJXECTBO Z SIBJISICTCS

3aMbIKaHHEM IO BIIOJHE-AOMYCTUMOCTH MHOXECTBA JIOMYCTUMBIX CepUaTn3aluil Z =C(Za").

Z-MHOECTBO Z OJIHO3HAYHO OTpEJeliieT aBTOMATHYIO CIOBapHyto GyHKuo w. CioBapHyto GyHKIIHIO
VT Z-MHOKECTBa Z OyeM 0003Ha4YaTh W(Z:
e Dom(w(z))=w(z)=w(z""
e VYweDom(w(z)) w(z)(W)={yz|zez xz<wW} — MHOKeCTBO Y-ITOJICIIOB CEpHATN3aLIil Z-MHOXECTBA,

) — MHOY€CTBO BXOIHBIX CJIOB JOIMYCTUMBIX B Z (z*).

X-IIOACIOBA KOTOPBIX COBOAAAXOT C BXOJHBIM CIIOBOM HIIM ABJIAIOTCA €0 Ha4aJlbHBIMH OTPC3KaAMH.

Bynem rooputs, uto kiacc aBromatoB N cmpozo modenupyemces knaccom asromaros N, eciu
Z[N]cz[N], To ectb, ms kaxxgoro aBTomara meN cymecTByer aBromar M €N, UMEIOIIHiA TO K¢ Z-
mHOkecTBO Z[M]=z[m’]. Eciu kmaccer aBTomatoB N 1 N* B3aUMHO CTPOTO MOJETUPYIOT IPYT APYra, TO
€CTh, MHOXECTBA UX Z-MHOXkecTB coBmaaaroT Z[N]=z[N], To Oymem roBopuTh, 4TO 3TH KIACChI

aBTOMATOB cmpo2o sxeusaienmuul. [IpeoOpazoBanus paznenos 2.2-2.4 cOXpaHSIIOT Z-MHOXKECTBO, UTO
JIETKO MPOBEPSieTCs IS KaXI0T0 IpeoOpa3oBaHusl; O3TOMY BCE JI0KA3aHHbIE BBILIE 3KBUBAJICHTHOCTH
KJIACCOB SIBJIAIOTCS] TAK)KE CTPOTMMHU SKBUBAJIEHTHOCTSIMU.

Koneunyto nnm 6€CKOHEUHYIO MOCIEI0BaTEIbHOCTh CMEKHBIX IEPEX00B (CIeTYIOIUI epexo.
HAYMHAETCS B TOM COCTOSIHUHU, B KOTOPOM 3aKaHUMBAETCS MPEIbI Iy epexo) OyneM Ha3bIBaTh
MapuipyToM. (ABTOMaTy COOTBETCTBYET Irpad) ero COCTOsSHUI, B KOTOPOM BEPIIUHBI — 3TO COCTOSHUS, a
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IyT'd, pacKpalleHHbIe CTUMYIaMU, PEaKIUIMU U HEPACKPAIIECHHBIE - 3TO, COOTBETCTBEHHO,
MPUHUMAIOIINE, TTOCHUIAONIUE WIIH MTYCThIe ePeX0bl; OCIEI0BAaTEIbHOCTH CMEKHBIX IEPEXO0I0B
COOTBETCTBYET IOCIJIEA0BATEILHOCTh CMEXKHBIX YT, TO €CTh, MapuIpyT B rpade.) Mapupyty P
COOTBETCTBYET IOCIIE0BATEIHHOCTh CTUMYJIOB U PEAKIINII €r0 HEMyCThIX MEPEX0/I0B, TO €CTh,
cepuanm3anus, KOTopyro OyJaeM Ha3bIBaTh Z-pacKpackoi MapiipyTa u 0603HauaTh ZP; X-moacnoso XzP
OyJzeM Ha3bIBaTh X-pacKpackon MapuipyTa, a Y-mojiciaoBo YZP - y-packpackoit mapuipyTta. BeimoaHeHn 0
aBTOMarTa IaJjisl JaHHOT'O BXOAHOTO cJioBa W COOTBCTCTBYCT MApUIipyT, Ha‘-II/IHaIOH_II/II\/'IC}I B HAYaJIbHOM
COCTOSIHMH, KOTOPBII MBI Oy/IeM Ha3bIBaTh MapLIPYTOM BHITIOJHEHUS; MHOYKECTBO TAKUX MapIIPyTOB
Oymem o0603Ha4yath P(W). MapiipyT JOMYCTHMOIO BBITOJHCHHS OYyeM Ha3bIBaTh 00Ny CIMUMbIM

MapUIpyToOM — 3TO JH000i MapuIpyT, HAUMHAIOIIUKCS B HAYaJIbHOM COCTOSIHUM M HEIPOIOJI’KAEMBIN, TO
€CTb, JIN0O OECKOHEUHBIH, TM0O0 3aKaHUYMBAIOUIMNCSA B TEPMUHAIBHOM COCTOSTHMM; MHOKECTBO BIIOJIHE-
JOIMYCTUMBIX MapLIpyTOB 0003HAYNM P MapuipyT BHOJIHE-A0INYCTUMOIO BBIIIOJHEHUSI OyZeM Ha3bIBaTh

8NOIHE-00NYCIMUMbIM MapIIPYTOM; MHOXKECTBO BIIOJIHE-IOMYCTHMBIX MapIIpyTOB 0003HAYHM P (€CIIn
HYXHO yKa3aTh aBTOMaT M, Oyxem nucats P[M]). MHOXecTBO ux Z-packpacok zp={zP|Per} Oynem
Ha3bIBaTh Z-PacKpackoil aBTomara.

[Tpexne Bcero, 3aMeTHM, 4TO JUIs JTF000TO BBHITIOIHEHUS aBTOMATa Y-packpacka MapuipyTa BBIITIOJTHEHUS
COBIIAJIaeT C Y-TIOJICIIOBOM CEpHAIIM3AIIMK 3TOTO BBIIIOJIHEHUS, HO X-pacKkpacka MaplipyTa BhHIIIOJHEHUS,
BOOOIIIE TOBOPSI, HE COBMAAET C X-TIOJCIIOBOM CEpUAIN3ALIMHU BBHIIIOJHEHHUS, U, TEM CaMbIM, Z-pacKpacka
MapIIpyTa BBIOJIHEHUsI, BOOOIIE TOBOPSI, HE COBMAAAET C cepuanusalieil Boinonnenus. [Ipuduna storo
B TOM, YTO HE BCAKOE cpabaThIBaHUE aBTOMATa, U3MEHSIOIIEE CEPUATU3ALINIO, COITPOBOXKIAACTCS
nepexonoM. IMeroTcst Tpu Tura cpabaThIBaHUN MTPU OTCYTCTBUU JAOMYCTUMBIX MEPEXO/I0B:
1) cpabarbiBaHME B TEPMHHAIBHOM COCTOSIHUH (AaBTOMAT OCTaHABIUBACTCS);
2) cpabaThIBaHHE B IPUHUMAIOIIEM COCTOSIHUH MPH OTCYTCTBUU €-TIEPEX0I0B U MYCTOM T'OJIOBHOM
CTUMYJI€ (IIyCTOM CTUMYJI IIOMEIIAETCS B CEPUATU3ALIUIO);
3) cpabarbiBaHue ¢ GUKcaKeil OMMOKY HeCTICIU(UIIMPOBAHHOTO BBOIA, KOT/Ia HEIYCTOM rOJIOBHOM
CTUMYJI HEJIOITYCTUM B TEKYIIIEM COCTOSIHUU: PEUENTUBHOM — JUIsI UMIIEPATHUBHBIX aBTOMATOB, U
MPUHUMAIOIIEM — JTsl PaKyJIbTaTUBHBIX aBTOMATOB.

TepmuHanbHOE cpabaThIBaHUE HE U3MEHSET CEPUAN3ALINIO, U JUIS JOIMYCTHMBIX BBIIOJIHEHUH OCTACTCS
TOJIBKO BTOPO# THIT cpabaThIBaHUsI, KOTOPHIM U3MEHSIET CEPUATTU3AIINI0, HO HE COMPOBOXKAACTCS
nepexoaoM. MBI ITOKakeM, 4TO MOXKHO TaK IMPeoOpa3oBaTh aBTOMAT, COXPAHSIS Pean3yeMoe UM Z-
MHOXECTBO Z U, TEM CaMbIM, CJIOBapHYIO (PYHKIIUIO W, YTOOBI TAKUX CpadaThIBAaHUH HE OBLIO, U JJIS

TaKOIo aBTomMara Z=ZP.

B crnegyronux pasnenax Mbl pacCMOTPHM MTPeoOpa3oBaHus, MO3BOJIAIONINE IEPEHTH CHaYala K
aBTOMaTaM, B KOTOPBIX CEpHATIN3aLMsl BHIIIOIHEHUS 110 I0IyCTUMOMY BXOJAHOMY CJIOBY COBIAJAET C
pacKpacKoil MapIIpyTa BEIIMOJIHEHUS; Jlajiee — K aBTOMaTaM, B KOTOPBIX BCE MapLIPYTHI SBIISIOTCS
MapuIpyTaMy TaKMX BBIIIOJHEHUH, U HAKOHELl — K aBTOMaTaM, B KOTOPBIX BCE MapLIPyThl UMEIOT
YHUKAJIbHYIO PaCKpacKy, TO €CTh, KaX/1asl Cepuaan3aLus sBISETCS paCKpacKoil TOIbKO OAHOIO

MapuipyTa.
3.2. Tpu KJj1acca aBTOMATOB M Z-MHOKeCTB

3.2.1. Knacc aBToMaTOB A2, B KOTOPBIX Z-PaCKPacKa COBNaJaeT ¢ Z-MHOKeCTBOM
(kax0e HeTepMHUHAJIbHOE cpadaTbIBaHUE €CTh Mepexo.)
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PaccmoTpum noakmnacc A2cA aBTromMaToB 6€3 CMEUIaHHBIX COCTOSIHUI, B KOTOPBIX HET CpabdaThIBaHUN
TUna 2. OTo 03HAYaeT, YTO B TAKOM aBTOMATE B K)KJJOM IIPHHUMAIOIIEM COCTOSHHN ONPEAEIeH XOTs Obl
OJIH €-TIepeX0/1 ¥ TOTJa KaXK10€ HETEPMUHAIIbHOE CpabaThIBaHUE /TS TOTTYCTUMOTO BBITIOJTHEHUS
CONPOBOXKIAETCS epexo1oM. [103ToMy KakbIil TOITyCTHUMBIH MapIIpyT Kak MOCIEA0BaTEIbHOCTh
NEPEeX0I0B B3aUMHO-OJJHO3HAYHO COOTBETCTBYET MOCIEI0BATEILHOCTH HETEPMUHAIIBHBIX CpadaThIBAaHHMA
aBTOMaTa, Z-packpacka Mapipyrta ZP coBnamaer ¢ cepuanu3anyeil BEIITOIHEHNUS, a Z-pacKpacka aBTOMaTa
COBIAJIACT C €ro Z-MHOKECTBOM Z=ZP. [Ipu 3TOM AJ1s1 TOITyCTHMOTO BXOAHOTO ciioBa WeDom(w) u

Mapiipyta BeimosHeHus Pep(W) umeer mecto XZP<w u yzPew(w).

Teopema o cpabaTsiBaHusIX U nepexogax: Kiacc aBTomatoB A cTporo MoAenupyeTcsi CBOUM
noaxiraccom A2.

Jlok-Bo: OT cpabaTkIBaHUi THTIA 2 JIETKO W30aBUTHCS, €CIIA B KAKJIOM ITPUHUMAIOIIEM COCTOSHUH V, B
KOTOPOM HE OIIPE/ICIICHBI E-TIePeX0/ibl, 100aBUTH e-repexon (V,e,V), He N3MEHSFOIIIA COCTOSHHS
(netmio). OueBUIHO, UTO TaKue MpeoOpa3zoBaHUs HE U3MEHSIIOT Z-MHOKECTBO, a MOJYUYHBIIUICS aBTOMAT
OTHOCHUTCS K Kitaccy A2.

Teopema o cpabaTbiBaHUSAX U MEPEX0axX JOKa3aHa.

CrenctBue: mockoibky z(A)=z(M), A2cA u z(A)cz(A2), ouesuano, z(A2) =z(M).

3.2.2. Knacc aBToMaroB A3, B KOTOPBIX BCe I0MyCTHMbIEe MAPIIPYThI
(cepuanu3anym) BIOJIHE-A0NYCTUMbI

B aBrOoMmarte kitacca A2, BooO1iie roBopsi, He BCE IOMYCTUMBIE MAPIIPYTHI SBISIOTCS BIIOJIHE-
JOMYCTUMBIMU MapiipyTamu. PaccMotpum nonkimace A3CA2 aBToMaToB, B KOTOPBIX BCE IOMYCTHUMBIC
MapUIPYTHI BIIOJHE-IOTTYCTHMBI.

Teopema o BroJiHe-TonmycTUMBIX MapmpyTax: Kiacc aBromatoB A2 ¢cTporo MoAeIupyeTcsi CBOUM
noakiiaccom A3.

JTok-Bo: Ilycts 3aman asTomatr M=(V,vo,X,e,Y,T) kiaacca A2; MBI IIOCTPOUM aBTOMAT M, HMEIOIINI TO
K€ Z-MHOXKECTBO W TIpUHAIIekKanui kiaccy A3.

J11g KaXK0ro HeMmycToro NoAMHOKecTBa cocTosiHnil HCV noctpouM y-nonasromat YH, nmepexoabl
KOTOPOTO - 3TO BCE MEPEXO/Ibl, MPHHAJISIKAIINE MAPIIPyTaM B M, HAUWHAIOIIUMCS B COCTOSTHUAX 13 H 1
COJIEp>KaIlMM TOJIBKO MOCHUTAIOIINE U MYCThIE IEPEXO/IbI, @ COCTOSHUS - 3TO COCTOSIHUS UHIUICHTHBIE
TaKUM Iepexoaam (SBISIONINECs UX HadajlaMu U KoHlaMu ). MuoxkecTBo H Oynem Ha3wIBaTh
MHOXECTBOM 8X00HbIX cocmosinutl Y-iogaBTomata YH. Uepes tH 0603HaunM MHOKECTBO COCTOSTHUH Y-
MO/IaBTOMATA, SBIISIOIIUXCSI IPUHUMAIOIIMMHE B M; 3TO MHOKECTBO COCTOSIHUH Y-TI0JJaBTOMAaTa OyemM
Ha3bIBaTh €r0 MHOXECTBOM 8bIXOOHbIX cocmoanui. IlomyueHHbIe Y-1101aBTOMAThI, KaK MOJaBTOMATHI
OJTHOT'O aBTOMAaTa, UMEIOT O0IIMe COCTOSHUS U nepexosl. Ham Hy)HO "packienTs" ux, npeBpaTHB B Y-
aBTOMATHI C HEMEPECEKAIOIIMMHCS MHOKECTBAMU COCTOSTHUM U niepexooB. [loaromy ans kaxaoro Y-
nomaBToMaTa YH omnpenenum coorBercTByromumii y-aBromat (YH,H), monydaroniuiics nepeMMeHOBaHHEM
COCTOSIHUI: Ka)KJ10€ COCTOsiHuE V u3 Y-nogaBromara YH B y-aBromare (YH,H) o603nauum kax (V,H).
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ABTOMAT M’ CTPOUTCS KaKk 00ObEAMHEHHE BCEX Y-aBTOMATOB aBTOMarta M, B KOTOPOE J100aBICHBI
JOTIOJTHUTEIBHBIC PUHUMAIOIIHE ITIEPEXO0/IbI CIETYIONUM criocodom (puc.3.2.1):

1) Jlns kaxxaoro Y-nogaBTomara YH u kakaoro ctuMysia X (IycTOro WK HEMYCTOro), TOMyCTUMOTO B
aBTOMAatre M B KaxcOOM BBIXOJTHOM COCTOSIHUH Y-II0J]aBTOMAaTa, onpeaessercs MHoxecTBo R(H,X)
NPUHUMAFOIINX TIEPEX0/I0B, HAUNHAIOIIMXCS B 3THX BBIXOJAHBIX COCTOSIHUSIX.

2) s maoxectBa H™ konos nepexoaoB u3 R(H,X) paccmarpuBaercs y-mogasromar YH' .

3) st kaxmoro nepexona (V,X,v')eR(H,x) B aBromate m™ go6asum nepexox ((v,H),x,(v',H)) u3
BeIx01HOTO coctostaus (V,H) y-aBromara (YH,H) Bo BxoaHoe coctosinue (V' ,H’) y-aBromara
(yH H).

4) HavanbHbIM COCTOsSIHHEM aBTOMata M o0bsiBUM coctosiaue (Vo,{Vo}) y-aBromara (Y{Vo},{Vo})
(COOTBETCTBYIOIIHUH Y-IT0JJABTOMAT ITOPOKIAACTCSA OJHUM HaYaIbHBIM cOCTOsTHHEM {Vo} aBTOMaTa m).

5) Ilocre 3TOro OCTaBJsIeM B aBTOMATe M’ TOJBKO T€ COCTOSHHUS, KOTOPBIC JOCTUXHUMbI U3 HAYaIbHOTO
cocrosiaus (Vo,{Vo}), ¥ TOJIBKO T€ MEPEX0Ibl, KOTOPBIC OMPEACICHBI B IOCTHIKUMBIX COCTOSIHUSIX.

meA2 m eA3

Xl Xl
0003HAYECHUA:
Ha4dYaJIbHOC Ha4dYaJIbHOC y-aBTOMaT BXOOHOEC BBIXOOJHOC O,Z[HOBpeMeHHO
COCTOSIHME M - Vg| COCTOSIHHE M - COCTOSITHUIE COCTOSIHME | BXOIHOE M BBIXOIHOE
(Vo.{Vo}) COCTOSTHUE

Puc.3.2.1
ITo moCTPOEHHIO BHIHO, YTO aBTOMAT M 00JIafaeT BCEMH HY>KHBIMH CBONMCTBAMH.
Teopema 0 AOMYCTUMBIX MapIIpyTax J0Ka3aHa.

3ameuanue: Ha puc. 3.2.1 He nmoka3zaHbl €-METJIH, ONPEIECTECHHbIC B Ka’KIOM TPUHUMAIOIIEM COCTOSIHUH.
C yyeToMm 3THX NeTeNb BbIACISAIOTCS erle aBa y-apromara: (y{2,3},{2,3}) u (y{0,2,3},{0,2,3}), B koTOpBIX
BXOJ] COBIIQJIAET C BBIXOJIOM, BO BCE MX COCTOSHUS BEIYT E-IIEPEX0/IbI U3 BCEX KOMMI MPUHUMAFOIINX
coctosinuii 0,2,3 BO Bcex Y-aBTOMAaTax M BO BCEX COCTOSIHUAX 3TUX Y-TpadoB ONpPE/IEICHBI
[IPUHUMAIOIIHE TIEPEXO/IbI IT0 CTUMYITY X BO BxoaHoe coctosuue y-rpada (y{0},{0}). B atom aBrOMare
CYIIECTBYET HEAOMYCTUMBIN OeckoHeuHbId MappyT 0—x—1,(1—y,—3,3—x;—1)® (3101 MapupyT
SBJIETCS MAPIIPYTOM BBIIOJHEHHS TOJBKO ISl OJHOTO cI0Ba X(X1)®, OJHAKO 3TO CIIOBO HEIOMYCTUMO,
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MOCKOJIBKY JIJISl HETO UMEETCs APYroi MapiipyT BeimonHeHust 0—X—1,1—y1—2, 3akaHYMBarOIUICs 110
omuOKe HecTeIUUIIUPOBAHHOTO BBOJIA: B COCTOSTHUU 2 CTUMYJT X1 HEJOITYCTUM).

Caencrue: mockoibky z(A2)=z(A)=z(M), A3cA2 u z(A2)cz(A3), oueuaHo, z(A3)=z(M).

Beimie MbI yke TOBOPHIIH, YTO MTOCKOJIBKY aBTOMAT ¢ HEKOTOPOTO MOMEHTA MOXKET MPEKPATUTH BBIOOPKY
CTMMYJIOB U3 BXOAHOM O4Ye€peH, X-TI0CIIOBO CEPUAIM3ALMY MOXKET HE COBIIAIaTh CO BXOIHBIM CJIOBOM, a
SBJISITBCS. €r0 HaYaJIbHBIM OTPE3KOM. Tereps Mbl MOXKEM II0Ka3aTh, YTO HEPABEHCTBO XZ<W I
CEpHAIM3alUy Z BBIITOJHEHUS 110 HEKOTOPOMY IOIIyCTUMOMY BXOJTHOMY CJIIOBY W M KOHEYHOCTB X-
packpacku mapupyta Pep(wW), XxzP<w HOcsT npuHIMNHANBHBINA XapakTep. Eciu BbIoHEHHE

3aKaHYMBAETCS B TCPMUHAIBHOM COCTOSIHHH V (CepHaTu3alys 1 MapIpyT KOHEYHBI), TO 3TOT CIydai
JIeTKO 000HTH, IpeoOpa30BaB aBTOMAT ¢ COXpaHEHHEM CIIOBapHOU (yHKIMH (TpaBjaa, 6e3 CoXpaHeHHs
CepHaIM3aLuii): sl TOTO JOCTATOYHO CAEIaTh COCTOSIHNE V IIPHHUMAIOLINM, OIPE/ICINB B HEM
nepexoabl-ietiu (V,X V) st Bcex ctumynioB X € X . OfHaKo, Ipyroif ciiy4ail, KOraa BBIMOTHEHHE
0ECKOHEYHO, HO C KaKOT'0-TO MOMEHTA IIPOXOUT TOJIBKO Yepe3 HepPEeLeNTHBHBIE COCTOSIHUS (MapIIpyT
OeckoHEYeH), 000UTH He ymaeTcs. Mbl TOKaXeM, 4TO JJIsI HEKOTOPBIX CIOBApHBIX (QYHKIIUN 000
peaTn3yoNil X KOHEYHbIH aBTOMAT BHIOMpAET U3 BXOAHOM Ovepeu JIUIIb KOHEYHOE YHCIIO CTUMYJIOB
ISl HEKOTOPBIX JOITYCTHMBIX BXOJHBIX CJIOB.

Teopema 0 KoHeuHOM X-moAcI0Be cepuagn3auuu: CyliecTBYIOT TaKue aBTOMATHBIE CJIOBapHBIE
(GYHKIIUY, 4TO B TIOOOM KOHEYHOM aBTOMATE, MX PEATU3YIOIIEM, UMEETCS BIIOJHE-T0MyCTUMOE
BBITIOJTHEHUE C KOHEYHBIM X-TI0JICTIOBOM CEepUaTH3aIUH.

Jlox-Bo: IIprMepoM MOKET CITY>KUTh ClIoBapHas (DyHKITUsI aBToMaTa kiacca A3, n300pa)KeHHOTO Ha PHC.
3.2.2: °>(), e*x(e*X)"e®=>{y°,y*y1'}, (e*X)°*—=>{y®,y*y:°}, rae n=0.. - uncaI0 3aBUCHMBIX TIOBTOPEHHIA -
BCE BXOXKICHHS N B MTOKa3aTeJie CTETICHN YKa3bIBAIOT HA OHO U TO YK€ YUCIIO MMOBTOPEHMI N, "*" - kak
00BIYHO, HE3aBUCHMOE YHCIIO TOBTOPEHUM HOJb W OoJiee pas.

<7 YT
et el )
Puc.3.2.2

JlonmycTHM, CyIIECTBYET aBTOMAT, PEaTU3YIOIIUI 3Ty CIOBAapHYIO (PYHKIIMIO, B KOTOPOM BCE BIIOJIHE-
JOMyCTUMBIE CEPHATTU3ALHY UMEIOT OECKOHEUHbIE X-110/1C/I0Ba. Toraa, O4eBUIHO, CYIIECTBYET TAKOU XKe
aBTOMaT Kjacca A3, 1 B HEM BCe JIONyCTUMbIEC MapIIPYThl UMEIOT OECKOHEUHBIE X-TI0/ICI0OBA. 3aMETUM,
YTO, COMJIACHO CIIOBAPHON (DYHKIMH, BXOIHOE CIIOBO X MOXKET OBITh OTOOPaKEHO B BHIXOHOE CIIOBO Y.
OTcrozia Cieyer, 4To B aBTOMATE €CTh OECKOHEUHBIN JOIyCTUMBIN MapiupyT P takoii, uro XxzP=x* n
yzP=y®. Tornaa cyuecTByer nukandeckuii Mapmpyt C, Bce mepexoibl KOTOPOTo - 3TO PUHUMAIOIIHE
IIEPEXOBI 110 CTUMYITY X MJIU MOCBUIAIONINE NIEPEXOABI C peaKIUen Y, IPUYEM YHCIIO U TEX U APYTUX B
mapuipyte C Gomnbiie Hyss. Takke JOIDKEH CyIECTBOBAaTh KOHEUHBIN MapmpyT N, HAUMHAIOLIUICS B
HayvaJlbHOM COCTOSTHMM U 3aKaHYMBAaIOUIMIicA B HauaJlbHOM cocTossHuu nukiia C. B aBTomate kiacca A3 B
IIPUHUMAIOIINX COCTOSIHUSX OIpeaeseHsbl e-nepexoasl. ITycTh Takoil e-nepexos onpeesieH B COCTOSIHUM,
B KOTOPOM onpejeiicH npuauMarormii nepexon Cli], u mycts E - mpou3BobHBIN MapIipyT,
HAYMHAIOIIUICSA ATOM COCTOSIHUH, COAEP KAIMI TOJIBKO MOCHUIAIOLINE, ITYCThIE U €-NIEPEXO0IbI (HE
COZIEpKALIUM X-1IepeX0/J0B) M OECKOHEUHBIN MM 3aKaHYMBAIOILUICS B TEPMUHAIBHOM COCTOSIHUU.
Paccmorpum nomycrumsbiii Mmapuipyt P1=N*C/CJ[1..i-1]"E. B Hem, 04eBHIHO, KOHEYHOE HEHYJICBOE
YHCII0 IPUHUMAIOIIUX EPeX0A0B 0 CTUMYITY X. Torza, B COOTBETCTBUU CO CIIOBApHOU (yHKLIMEH, B HEM
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JOJKHO OBITh KOHEYHOE YHCIIO MOCHUIAIOIINX IIEPEXO0JI0B M0 PEaKIMU Y1; MyCTh 3TO YHCIIO PaBHO N.
Tora paccMOTPUM AOIyCTHMbI MapipyT PN=NAC™?AC[1..i-1]°E. B HeM, 04eBHIHO, KOHEYHOE YHCIIO
N=n+2 npuHUMAaIONUX Nepexo10B o ctumyy X. OueBuano, N-1>n. Torna, B COOTBETCTBUU CO
CJIOBapHOH (hyHKIIMEH, B HEM JTOJDKHO OBITh N-1 IOChUTAIONIUX MEPEX0I0B M0 PEAKIUH Y1, HO, TOCKOJIBKY
C He comepKuT Y1-TIepexo10B, MapIpyT PN 1omKeH coaep kaTh CTOJIBKO XK€ Y1-TIePeX010B, CKOJIBKO HX
conepxuT MapupyTt P1, To ecTh, N, 4ero He MOXKET OBITh, MOCKOIBKY N-1>N . Ml ipunum k
MPOTHUBOPEYUIO U, TEM CaMbIM, YTBEpKJICHHE JOKAa3aHO.

TeopeMa 0 KOHCYHOM X-TIOACJIOBE CEpHaAIU3aliy JOKa3aHa.

3.2.3. Knacc aBToMaToB A4 ¢ 1eTepMHUHUPOBAHHBIM Z-MHOKECTBOM

PacmipocTpanum moHsTHE PEryNsIpHOCTH [7-9] Ha MHOXKECTBA HE TOJIBKO KOHEYHBIX, HO U OECKOHEUHBIX
cnoB. [lycTs 3aman HeKoTOPBIN andaBuT cUMBOJIOB A. [loposcoarowum epaghom 6ynem HazpBaTh rpad
G ¢ BbIICTICHHBIMU HAYaJIbHBIMHA U KOHEYHBIMU BEPIITMHAMHE, HEKOTOPBIE TYT'H KOTOPOTO PACKPAIICHBI
cumBosamu u3 A. Mapmipyt B rpade G umeeT packpacky Kak MOCIe0BaTEIbHOCTh PACKPACOK €T0
pacKpaiieHHbIX AT (HepacKpalleHHbIE — MyCThIE — AYTH MPOITYCKatTces). [loposicoarouuii MapupyT —
MapHIpyT, HAUMHAIOITUICS B HAYAIHbHOW BEPIIMHE U OCCKOHEYHBIA MM 3aKaHYMBAIOIIUICS B KOHEYHOU
BepmuHe. byneM roBoputs, 4to rpad G noposicoaem MHOKECTBO PACKPACOK BCEX MOPOKIAFOIIIX
MapuipyToB rpada. MuoxecTBo ciioB H B andasute A Oynem Ha3bIBaTh pe2yisapHbim, €CITH OHO
MOPOKIAETCSI HEKOTOPBIM KOHEUHbIM TTOPOKIAIOITIM TpagoM.

[Mopoxnatouuii rpad G Oynem Ha3BIBATh demepMUHUPOBAHHBIM, €CITA U3 KAKION €ro BEPIIUHBI
BBIXOJIUT HE 0OOJIee OJTHOM YT, pacKpalIeHHON JaHHBIM CUMBOJIOM U3 alpaButa A. KoHeuHsIii
JEeTepMUHUPOBAHHBIN MOpokaaromuii rpad OyaeM Ha3bIBaTh HOPMAIbHbIM, €CIIA OH UMEET OJTHY
HavyaJIbHYIO BEPIIMHY, HE UMEET MYCTHIX AYT M BCE BEPIIMHBI JOCTH)KHUMBI U3 HAYaJTbHON BEPIIHHBI.
O4eBHIHO, B HOPMATLHOM MOPOXKAA0IIEM Tpade BCe MOPOKAAOIINE MAPIIPYTHI UMEIOT Pa3HbIC
PacKpackH, TO €CTh, KaXKJ0€ CJIOBO M3 TTOPOKIAEMOT0 MHOYKECTBA IMTOPOXKIAETCS POBHO OJHUM
MapuIpyToM. AHAJIOTUYHO CIYYar0 PeryasipHbIX MHOXKECTB KOHEUHBIX CJIOB, MO)KHO c(hOpMYyITUPOBAThH

CIIEAYIONIYIO TEOPEMY:

Teopema 0 HOpMaTbHOM MOpokIa0IIeM rpage: Kaxmoe peryasipHoe MHOKECTBO CJIOB TOPOXKIACTCS
HOPMAaJIbHBIM TIOPOXKTAOIIUM Tpadom.

Jlok-Bo: [lycTh 3a1aH IpOM3BOJILHBIN KOHEUHBIH noposkaaromuii rpad G; Mbl TOCTPOUM HOPMaJIbHBIH
noposkaaronuii rpad G, MOpOKIAIOIINI TO K€ MHOKECTBO CJIOB. [IprieM ero mocTpoeHus moxox Ha
COOTBETCTBYIOLIUH MPHEM JJISl TOPOXKIAIOMINX IPadOB PETryIPHBIX MHOXKECTBO KOHEUHBIX CIIOB [7,9].

Oranl. [Ipexae Bcero, 3aMeTHM, 4TO, €CITU B BEPILIKUHE V, JOCTHKHUMON U3 KaKOW-HUOY/Ibh HaYallbHON
BEPILUMHBI, HAYMHAETCS] MAPLIPYT, COCTOSALINHI TOJBKO U3 MYCTHIX AYr M OECKOHEYHBIN WK
3aKaHYMBAIOIIMICS B KOHEUHOMW BepunHe rpada G, To BepInHy V MOKHO TOMETUTH KaK KOHEUHYI0 0e3
M3MEHEHMsI TOPOKAAeMOro MHOXkecTBa clloB. [Ipoaenaem 3Ty npouenypy A BCEX TAKMX BEPIIMH V.

DOran 2. [lance BepmnHamu rpada G 00bABUM BCE HEMYCTHIE MOAMHOKECTBa BepinuH rpada G. Jlms
Ka)KJI0T0 MOJAMHOXecTBa BepiinH U 1 Kax10ro CUMBOJ & PaCCMOTPUM KOHEUHBINA MapIIpyT,
HaYMHAIOIIUNUCS B HEKOTOPOH BepimmHe u3 U, Bce Iyru KOTOPOTO HEpacKpalieHbl, KpOME OJTHOMH,
packpaieHHoi cuMBosioM a. Eciin Takue MapipyTsl ecTh 1 H — MHOXKECTBO MX KOHIIOB, TO IIPOBEAEM
ayry (U,x,H) u3z U B H packpamiennyro cumBosiom a. HauansHoi Bepimtoii rpada G 00bs1BUM
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MHOJKECTBO BCEX Ha4dalbHbIX BepinuH rpada G. Koneunsimu Bepinuaamu rpada G o0bsiBUM Bee
MHOYKECTBA, COJIeprKallie XOTs Obl 0IHY KOHeUHYI0 BepiuHy rpada G. ITocie atoro yaanum uz G Bce
€ro BEepILMHBI, HEJOCTH)KUMbIEC U3 HAUYAIbHOM, U Bce MHIMJICHTHbIE UM ayru. [lomyueHHsli rpad
SIBIISICTCS. HOPMAJILHBIM 110 TIocTpoeHHo (puc. 3.2.3).

HCXOHBIN opoxaatomwii rpad G HopMabHBIN moposkaaromuii rpad G

v

2

&

=

@ - HavaJibHas BEpIIMHA MOpoOXKIAEMOEC MHOXKECTBO!
* o
0 - KOHCYHas BCpIINHA [2]1(21) [2]’ [2]1(21)

Puc.3.2.3
ITockonbky ayre (U,a,H) rpada G™ B3anMHO-0IHO3HAYHO COOTBETCTBYET HEIMYCTOE MHOKECTBO BCEX
KOHCUHBIX MapIiIpyToB rpada G, HaunHaONMXCs B BepinnHax u3 U 1 uMerIux packpacky (a), To u
aro6omy maprpyty P rpada G, HaunHaromemycs B Bepinnae U B3anMHO-0THO3HAYHO COOTBETCTBYET
HEIyCTOE MHOXKECTBO BceX MapuipyToB rpada G, HaunHaronmxcs B BepimHax u3 U 1 UMEIOLIHNX TaKylo
ke packpacky, uto u P". TTockonbky HavanpHas BepinHa G ecTh MHOXKECTBO HaYadbHbBIX BepinuH G, a
KoHeuHas BepuirHa G CoepKUT KOHEUHYIO BepunHy rpada G (Bkirouas go0aBieHHbIC Ha dTare 1),
nopoxaaromneMy Mapuipyty rpada G, 04eBHUIHO, B3aHMHO-0/IHO3HAYHO COOTBETCTBYET HEYCTOE
MHO’KECTBO BCEX MOPOXKIAIOIIUX MapIIpyToB rpada G, UMEIONIHX Ty )Ke PacKpacky.

Teopema 0 HOpMaJIBLHOM MOPOXKIAIOIIEM Tpade JoKa3aHa.

B aBTomate kiacca A3 Bce 1OMYyCTHMbIE MapUIPyTHl BIOJIHE-A0NyCcTUMBI. [lo3ToMy, ecinu B rpade
COCTOSIHUHM TaKOro aBTOMaTa KOHEYHBIMH BEpPIIMHAMU OOBSIBUTH TEPMUHAJIBHBIE BEPIIMHBI, TO TAKOH
rpad sIBIISETCS MOPOKIAIOIINM TpagoM B 00beAMHEHHOM ali(haBUTE CTUMYJIOB (BKIIIOYAs ITYCTOM
cTuMyi) 1 peaknuii X UY, a MopoKIaeMoe UM PEryIsipHOE MHOXKECTBO SIBIICTCS Z-MHOKECTBOM
aBToMata. OziHaKo, B 001IEM Cilydae, 3TOT MOPOXKAAIOLINNA rpad) HEAETEPMUHUPOBAH, TO €CTh, MOKET
CYIIECTBOBATh HECKOJIBKO Pa3HBIX JOMYCTUMBIX MAapLIPYTOB, UMEIOLINX OJHY U TY XK€ Z-pacKpacky.
3aMeTHM, 4TO IeTEPMUHUPOBAHHOCTh Ipada COCTOSIHUN KaK MOPOXkKAAIOLIEro rpada BOBCE HE 03HAYAET
JeTepPMUHUPOBAHHOCTH aBTOMATa: BCE MPUHUMAIOIIINE TIEPEXO0/Ibl, ONIPEICICHHbIC B JAHHOM COCTOSHUM,
OTJIMYAIOTCS CTUMYJIAMU M ITI03TOMY NP JaHHOM T'0JIOBHOM CTUMYJIE BO3MOKEH TOJIBKO OJIMH
MPUHUMAIOIINHN TIepexX0/l; OJHAKO, XOTSI BCE MOCHUIAIONINE TTEPEXO/IbI, ONPEICICHHBIC B JTAHHOM
COCTOSIHUH, OTJIMYAIOTCS pEeaKUsAMHU, JOIMYCTHM JH000H U3 HUX U BBIOOP MOCHUIAIOLIETO EPEX0a, TO
€CTb, IOCHIJIAEMOM peakIny, No-pexkHeMy HenerepMuHupoBaH. Kinaccom A4cA3 HazoBeM mojkiiace, B
KOTOPOM BC€ JOITyCTUMbIE MAPIIPYThl UMEIOT YHUKAJIbHBIE Z-PACKPACKH, TO €CTh, I'pad) COCTOSHUI
KOTOPOTO SIBJISETCS IETEPMUHUPOBAHHBIM MOPOXKAAIOUINM IpadoM. byiem roBoputs, 4To Takue
aBTOMATBHI - 3TO ABTOMATHI C JETEPMUHUPOBAHHBIM Z-MHOXeCTBOM. boiiee cTporo, cienoBaio Obl
TOBOPUTH O MYJIbTU-MHOXKECTBE CEpHATIH3AIM (MapIIPYTOB) — MHOXKECTBE C MIOBTOPSIIOIIUMUCS
JIEMEHTaMH, Iie Kax/as cepuaan3anus (packpacka MapIipyTa) HOBTOPSETCS CTOJIBKO pa3, CKOJIbKUM
BBITTOJIHEHUSM (MapIIpyTaM) OHa COOTBETCTBYET; IETEPMUHUPOBAHHOE MYJIBTUMHOKECTBO — 3TO
00OBIYHOE MHOXKECTBO, IJI€ KayKAbII 3JIEMEHT IMOBTOPSIETCS OJUH pas.

Teopema o 1eTepMHHHPOBAHHOM Z-MHOKecTBe: Kaxxplii aBToMat kitacca A3 CTpOro MOACIUPYETCS
HEKOTOpBIM aBTOMAaTOM Kjacca A4.
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Jlok-Bo: ITycTh 3aman aBTOMaT M Kitacca A3, MbI TIOCTPOMM aBTOMAT M, HMEIOIIH Ty e Z-paCKpPacKy
npuHayIexKaui kinaccy A4.

Oran 1. I'pad coctossHMiT aBTOMaTa M MOKHO paccMaTpUBaTh KaK MOPOXKIAIOIINN Tpad, KOHEUHBIMU
BEPILIMHAMHU KOTOPOTO SBIIAIOTCS TEPMUHAIBHBIE COCTOSHUA. 3aMETUM, YTO ITOPOXKAAIOIINE MapIIPYThI
COBIIAIAI0T B 3TOM CJy4ae ¢ IOMMyCTUMBIMU MapuipyTtamu. /i 3Toro rpada mnocTpouM HOpMaJIbHBIN
nopoxaarontuii rpad.

Oran 2. B momydyeHHOM rpade MOTYT MOSBUTHCSI KOHEYHBIC BEPIITHHBI, HE SIBIISIONINECS TEPMUHATEHBIMU.
YroObl n30aBUTHCS OT HUX, U3 KOKJOU TaKOW BEPIIMHBI V IIPOBEJEM ITyCTYIO YTy B KaKyl0-HUOYIb
TEPMUHAJILHYIO BEPIIUHY (€CITM TaKUX HET, 100aBUM HOBYIO TEPMUHAIBHYIO BEPIIHHY) U OOBSIBUM
BEPIIUHY V HE KOHEUHOW. OYEeBHUIHO, TOPOKIAEMOE MHOKECTBO OT ITOTO HE U3MEHUTCS, a rpad
OCTaHETCsl JICTEPMUHUPOBAHHBIM MTOPOKIAOIINM rpadom (XOTs yKe U He HOPMAITEHBIM).

Ortan 3. B mosrydeHHOM rpad)e MOTYT OBITh CMEIIIaHHBIE BEPIIHMHBL. YTOOBI N30aBUTHCS OT HUX, JJIS
KaXI0H CMEIIAHHOM BEPIIMHBI V J00aBUM HOBYIO BEPIIHHY V1 U IyCTYI0 AyTy (V, V1), 8 KaKIyI0
MPUHUAMAIOIIYIO IyTY, BeAyinyio u3 V, (V,X,V'), rae Xe X', 3aMeHUM Ha IPUHUMAIOIIYIO IyTy U3 Vi -
(v1,X,V"). Bepiuina V OyeT Terneph MOChLIAOIICH, a BepIInHa V1 - npuHuMarotieit (puc.3.2.4).
Packpacku MapIipyToB, OYE€BHIHO, HE H3MEHUIIHUCH (J00aBICHHBIC TYCThIC TYyT'H HE YY4aCTBYIOT B
packpacke Mapipyta) u rpad ocTaiacs 1eTepMUHHPOBAHHBIM MOPOKIAFONTM TpadoMm.

; C} v’ ; C} v’ ij
=
xl x*
Puc.3.2.4

10T rpad OyaeM cuuTath rpad)oM COCTOSIHHAI aBToMaTta M . I1o MOCTPOCHUIO OH OTHOCHTCS K Kiaccy A2
(HET CMEIIAHHBIX COCTOSHUM U B KaXIOM TIPUHUMAFOIIEM COCTOSHHH OIPEICIICH e-IIePeX0/1, MOCKOIBKY
Tak ObUTO B M). [To MOCTPOCHUIO, MHOXKECTBAM BCEX OJMHAKOBO PACKPAIICHHBIX JOMYCTHMBIX
MapIIpyToB B M B3aUMHO-0IHO3HAYHO COOTBETCTBYIOT TaK XK€ PACKPAIICHHBIC TOMYCTHMbIC MapIIPYThI B
m’, To ects, z2'[m']=z*"[m]. Hockonbky M oTHOCHTCS K K1accy A3, B HEM BCE JOMYCTHUMbIC MAPIIPYThI

Brionue-gonyctumsl zZ[Mm]=C<z¥[m]>=z""[m], nostomy z[m']=C<z¥"[m |>=C<z*"[m]>=z""[m] u
z[m']=z[m], To ecTh, aBTOMAT M  TOKE OTHOCHUTCS K Kiaccy A3 ¥ HUMEET TO ke Z-MHOXKECTBO, uTo M. 13

JIETEPMHHHA3MA TTOPOKIAIOIIET0 rpada ClieayeT JeTePMHUHUPOBAHHOCTE Z-MHOKECTBA B M, TO €CTh, M’
OTHOCHUTCSA K Kiaccy A4.

Teopema o0 1eTepMUHHUPOBAHHOM Z-MHOYKECTBE JI0Ka3aHa.

3.3. ABTOMATHbIE MHOKECTBA CEPUAIU3ANUN, PACIIO3HAKOIIIUE U
OTBepramuue aBToMaThbl.

MHokecTBO S cepnanmaum‘/i 6y,Z[CM Ha3bIBATb ABMOMAMHbIM, €CIIU OHO SIBJISACTCA Z-MHOXECTBOM
HEKOTOPOTO aBTOMata. BrIlIe ye MmokazaHo, 4TO aBTOMaTHOE MHOXECTBO PETYJISIPHO, U ISl TOTO, YTOOBI
PEryiisipHOC MHOKCCTBO 6]:1)10 ABTOMATHBIM, HY>XKHO, I-ITO6I>I OHO 6]:1)10 3aMKHYTO IT10 BITOJIHC-
nomyctuMoctd C<S> = S u o060 HaYaIbHBIM OTPE30K CePUATH3AIINHN, TIPOI0JKAEMbIN B HEH
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CTHUMYJIOM, MOT OBITh TaK)K€ MPOJOJIKEH MYCTHIM CTHMYJIOM (JIOIyCTUMOCTb ITYCTBIX CTUMYIIOB BO BCEX
PELEeNTUBHBIX COCTOAHUSX). TakuM 00pa3oM, Mbl HMEEM CIIEIYIOIIYI0 TEOPEMY.

Teopema 00 aBTOMaTHOCTH MHOKeCTBa cepuanu3aumuii: HeoOXoIMMbIM U 1OCTaTOYHBIM YCIIOBUEM
ABTOMAaTHOCTH MHOXXECTBA S CEpHANTU3allU SBISETCS BHIITOJIHEHUE CICAYIOIINUX TPeX TpeOOBaHUI:
e Peryasipaoctb: MHOXECTBO S peryssipHo.
e JlomycTumocThb X-MoAca0B: Bee X-1mojicioBa cepuanuzaiuii u3 S J0MyCTUMBI B S, 4TO
HKBUBAJIEHTHO 3aMKHYTOCTH S IO BIOJHE-AonmycTuMocT C<S> = S,
e JlomycTuMOCTB MycTOro cTumyJa: Jliis mo0oil cepuanuzanuu ZeS 000 ee HadaIbHBIN
OTPE30K U<Z, HEMOCPEACTBEHHO NMPEAMIECTBYIONIMIA cTMYITy Z[NU+1]e X', rae NU — awHAa U,
MOYET OBITh MPOIOJDKEH MYCTHIM CTUMYJIOM, TO €CTh, CYIIECTBYET Z' €S Takasl, uTo Ue<z .

C ToukH 3peHusi TECTUPOBAHMUSI, IPEICTABIISIET UHTEPEC BOIIPOC: CYLIECTBYET JIM aBTOMAT, KOTOPBIH, nMest
BO BXOJHOW OU€peIN CEpUATU3ALUIO0, OTIPEAEIAET, MOKET MIIM HE MOKET OHA IIPUHA]IEKATD Z-
MHO’KECTBY 33IaHHOT0 aBToMata. [10CKOIbKY peub UJIeT HEe TOJIBKO O KOHEYHBIX, HO U O OECKOHEUYHBIX
CJIOBaxX, MbI B O0IIIEM CITy4ae HE MOKEM F'OBOPUTH O pACHO3HAIOWUX aBTOMATaX, TO €CTh, AaBTOMATaXx,
KOTOpBIE OMPEeIIsiiu Obl MPUHAAJIEKHOCTD CII0BA MHOYKECTBY 38 KOHEYHOE YHCIIO LIAroB, TO €CTh, [0 €T0
HaYaJbHOMY OTPE3KY KOHEUHOM 1uHbl. Hanpumep, aBTomat Ha puc.3.3.2 UMeeT cepranusanuio Xy° ez,
KBl HauanbHBIH OTPE30K KOTOpoii Xy ABIseTcs HauaabHBIM OTPE3KOM cepuanmsanun Xy'y;°¢z.
3aMeTUM, 4TO JJI1 MHOYKECTB KOHEUHBIX CJIOB PACIIO3HABAEMOCTh COBIAAET C PETYISIPHOCTHIO: 110

HOPMaJIbHOMY MMOPOXKAAIOIIEMY rpady JeTKO TOCTPOUTH Tpad) COCTOSHUN pacrio3HAIOIIETO aBTOMAaTa, a
1o rpady COCTOSTHUI pacno3HAIOUIEro aBTOMaTa — OPOKIAtOIIHi rpad.

@_X ;3’ ;3’1

Puc.3.3.2

C npyroii CTOpOHBI, MBI MOJKEM TOBOPHTB 00 omeepearouux aBToMaTax, KOTOpPbIE 32 KOHEYHOE YHCIIO
[raroB OTBCPTrar0T CJIOBO, €CJIM OHO HC IMPUHALJICIKUT MHOKCCTBY, XOTd JIA CJIOB, HPUHAAJICKAIIIUX
MHOXECTBY, MOTYT paboTaTh OECKOHEUHO.

Bynem roBopuTh, 4TO aBTOMAT M SIBIIIETCS] 0MEEP2AOUUM ABMOMAMOM 0151 MHOMCECBA CI08 S B
angasute A, ecu
e andaBuT CTUMYIIOB aBTOMaTa M - 310 andaBuT A,
e andaBuT peakinuii COCTOUT U3 OJTHOM peakIuu "He npunadnexcum',
® IS KQXKIIOTO CJIOBAa ZES aBTOMAT M BBIAET SMHCTBEHHOE MTYCTOE BBIXOJHOE CIIOBO,
e ISl KAXKJIOTO CIIOBa Z¢ S aBTOMAT M BBIJACT IUHCTBEHHOE BBIXOAHOE CIIOBO, COCTOSIIIEE U3
OJIHOM peakuuu "He npunaonexcum" .

OtBepratomuii aBTomMat Oy/1eM Ha3bIBaTh HOPMAJIBHBIM, €CITH OH JIETEPMUHHUPOBAH (Kak aBTOMAT, a HE
Kak MopoXxaaroniuii rpad) u He UMEeT MyCThIX TEPEXOI0B.

Teopema 00 orBeprarmmemM aproMare: MHOXECTBO CJIOB PETYJISIPHO TOTAA U TOJIBKO TOTAA, KOra IS
HETO CYIIECTBYET HOPMaJIbHBIM OTBEPrarolUil aBTOMAT.
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Jlok-Bo: [To HOpMansHOMY TIOpOKIArOIIeMy Tpady peryisipHOro MHOXKeCTBa clioB H B andasute A
MOKHO TTOCTPOUTH Ipad) COCTOSHUN HOPMAIBHOTO OTBEpraromniero aBromara s H:
e andaBUTOM CTUMYJIOB 00BbsABIACTCA Al(haBUT A;
e andaBuTOM peakiuii 0OBIABISIETCS MHOKECTBO U3 OJTHOM peakiuu "He npuraonexcum',
® HAYaJbHBIM COCTOSIHHEM OOBSBIISCTCS COCTOSTHUE aBTOMATa, COOTBETCTBYIOIIEE HAYATbHOMN
BEpIIMHE TOPOXKAAroIIero rpada;
e no0asisroTcs aBa coctosHus t u t v noceutaron i nepexon u3 t B tc peakuueit "ne
npuHaonexcum";
®  CCIIM U3 KaKOW-TO BEPIIHMHBI V MMOPOKIatoIero rpada He BIXOAUT Iyra, TOMEYeHHAsT HEKOTOPHIM
CUMBOJIOM @ U3 A, B COOTBETCTBYIOIIEM COCTOSIHUH V aBTOMAaTa OMPEIeITUM MPUHUMAFOIIHI
Nepexo/l o CTUMYITY @ B cocTosiHue t, To ecth, nepexon (V,a,t).

HaoGoport, ecnu 3ajjan HOpMalIbHBINA OTBEPraloIuid aBTOMAT I MHOXecTBa ciioB H B andasute A, To
10 ero rpady COCTOSHHUI MOYKHO TOCTPOUTH HOPMAaJIBLHBIN OpOKAaroIIwi rpad 11t MHOKecTBa H. B
rpade coOCTOSTHHI aBTOMaTa BBITIOJIHUM CIIEIYIONIHE TPeoOpa3oBaHus:
®  YIAISIOTCS BEPUIMHBI, SIBIISIIOIIAECS HayalaMu MOChUIAIOIINUX YT ¢ peakuuent "He
npuHaonexcum", 1 Bce NHIIUICHTHBIE UM AYTH;
®  eCIIM IPU 3TOM 00pa3yI0TCsi HOBbIE TEPMUHAIBHBIC BEPIIUHBL, TO 3TU BEPLINHBI YAATSIOTCS
BMECTE C MHIIMJIEHTHBIMU UM JyTaMu (CTapble TEPMUHAIBHBIE BEPIIMHBI OCTAIOTCS) - ATO
MOBTOPSIETCS 10 TE€X MOP, TOKa OCTAIOTCS HOBbIE TEPMUHAIbHbIEC BEPILIUHBI,
®  YIANAIOTCS BCE BEPIUUHBI, HE JOCTH)KMMBIE U3 HaualbHOW BEPILNHBI, U BCE 1yTH UM
MHIUJCHTHBIE.

Teopema 00 oTBepraroiieM aBToMaTe JI0Ka3aHa.

Jis cnoBapHOU (QYHKIIMM W MOKHO TOBOPUTH 00 OTBEPraloieM aBTOMAaTe, KOTOPBI UMEET IBE BXOTHBIC
oyepean, B KOTOphIe TOMEIIAI0TCSl BXOJAHOE CI0BO W U BBIXOAHOE CJIOBO U, M OZHY BBIXOJHYIO OYepe/ib, B
KOTOPYIO aBTOMAT JOKEH TIOMECTUTD BEPIAUKT "He npunadnexcum", ecmu WgDom(w) uiu ugw(w), a B
MIPOTHBHOM clly4ae - Hu4ero. Ecim 1i1s cimoBapHO# (hyHKIIMH CYIIIECTBYET TaKOH OTBEPraloOIIuii aBTOMAT,
OyzeM Ha3bIBaTh €€ pecyiapHou. MOXHO chOpMyTUpOBaTh CIEAYIONIIE HEPEIICHHBIE 3aa4uu:
1. Bcskas nu aBTomMatHas cioBapHas QyHKIUsS (OBITh MOXKET, C HEKOTOPBIMH JIOTIOJTHUTEIbHBIMU
YCIIOBUSIMU) peryisipHa’?
2. Bcsxkas nu perynspHas cioBapHas GyHKIHS (ObITh MOXKET, C HEKOTOPBIMHU JOTOTHUTETHbHBIMH
YCIJIOBUSIMHU ) aBTOMaTHa?

3.4. KBa3u-KOHe4YHbIe CY;KEHUA CJIOBAPHOH (PYHKIIMU M Z-MHOKECTBA

MBI ompeieNuiIn CI0BapHY0 (PYHKINIO KaK (YHKIHIO Ha OECKOHEYHBIX BXOIHBIX CIOBaX, IIOCKOJIBKY 3TO
OBLIIO YA0OHOHM MaTeMaTHYecKor a0cTpakiueid. OgHako, MpyU TECTUPOBAHUU Mbl MOYKEM UMETh JIEJI0
TOJIBKO C KOHCUYHBIMU BXOJHBIMU CJIOBAMMU. B 3TOI>'I MaTeMaTI/I‘IeCKOI\/'I aGCTpaKL[I/II/I KOHCYHOC BXOJHOC
CJIOBO MO>XHO ITOHUMATh KaK O€CKOHEYHOE CIIOBO, B KOTOPOM MMEETCS TOJIbKO KOHEYHOE YHCIIO
HEMYyCThIX CTUMYJIOB; TaKHe OECKOHEUHBIE CTI0Ba Oy/1eM Ha3bIBaTh K8A3U-KOHEUHbIMU.

Keasu-koneunvim cysicenuem crosaproii pynkyuu W 0yaeM Ha3biBaTh QYHKIIUIO W]g, OMPEICTICHHYIO

TOJIBKO HAa KBA3N-KOHCYHBIX BXOIHBIX CJIOBAX:
e Dom(wlr) = (X e®})nDom(w)
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o YweDom(wlr) w|r(w)=w(w)

COOTBETCTBEHHO, K8A3U-KOHEUHbIM CYHCeHUeM MHOJCeCmea cepuanuzayuti S (B 4aCTHOCTH, Z-MHOXKECTBA
aBTOMarta Z) OyJeM Ha3bIBaTh €ro MOAMHOXKECTBO S|k, COACpIKaIlee TOIbKO TAKHE CepHATU3aIUH, X-

oACJI0BAa KOTOPBIX KOHCUHBI NJIM KBA3U-KOHCYHBI. I[JISI IMPOU3BOJIbHOI'O MHOXKECTBA CJIOB U qucpes U[l
6y,I[CM 0003HaYaTh MHOKECTBO HAaYaJbHBIX OTPE3KOB KOHEYHOM JJIMHBI CJIOB U3 U, 9TO MHOXECTBO
6y,Z[GM HAa3bIBATb KOHEYHbIM CYIHCEHUEM MHOoIHCecmeda u.

[Tpexne Bcero, 3ajaiuMcsi BOIIPOCOM: OJJTHO3HAYHO JIU OIPEEIIseTCs CIoBapHas (yHKIMS aBTOMATa 110
€€ KBa3U-KOHEYHOMY CYXKEHUIO?

OtBeT Ha ATOT Bonpoc oTpuliarenbHblid. [Ipumep npusenen Ha puc.3.4.1. Jlng nByx aBromatoB 1 u 2
3HAYCHUC CHOBapHOﬁ q)YHKI_[I/II/I Ha BCCX NOMYCTUMBIX KBA3N-KOHCYHBIX CJIOBAX OJHO U TO KC — pCaKI A
y. OnHako, moJiHbIe clIoBapHbIe PYHKIMHU (Ha BceX OECKOHEUHBIX CJIOBaX) aBTOMAaToB 1 u 2
pa3IMyYaroTCs: MPU HETPEPHIBHOM (0€3 MyCThIX CTUMYJIOB) TI0/Ia4e Ha aBTOMAT CTUMYJa X, aBToMar 1
HUYEro He BbIIAET (IMIyCTOE BBIXOAHOE CJIOBO), @ aBTOMAT 2 MO-TIPEKHEMY BBIJIA€T PEaKIIHIO Y.

1 2
X X X
X
(2K (O D
x*=>{0} N
CJIOBapHas KA * ® elxX) —
puas dyn X e(elX)°—>(y)} (P =>{(y)}
KBa3nu-KOHCYHOC C €HUE CIIOBApHOU * o * @
@Wﬁm P (elx) e“>{(y)} (elx) e*=>{(y)}
x® ®
Z-MHOK€ECTBO X*ey (xle)® (Xle)y(x[e)
KBa3M-KOHEYHOE CY)KEHHE Z-MHOXKECTBA X ey(e'x)e® (x|e)y(e"x) e®
KOHEUHOE CY)KEHHE Z-MHOKECTBA X [e[y(ex) 1] [(x[e)[y(e|x)T]

Puc.3.4.1

B oTo#i cuTyauuu y Hac BO3MOKHBI TPU HAIIPaBIICHU JaIbHEHIIETO ABUKCHUS:

1. MoXHO OrpaHUYUTHCS TAKMMH KJIacCaMU aBTOMATOB, 711 KOTOPBIX clioBapHas QyHKIUS
OJIHO3HAYHO OIPENEIAETCS €€ KBa3U-KOHEUHBIM Cy)KEHHEM. J[J1s1 3TOro Hajo onucath Kiacce
CJIOBapHbBIX (PYHKIIMIA, OTHO3HAYHO OIPEAEIAEMbIX CBOMMH KBa3U-KOHEUHBIMH CY>KCHUSIMH.

2. MOHO OTpaHUYUTHCS TAKUMU KJIacCaMH aBTOMATOB, JJIsi KOTOPBIX HAC HE HHTEPECYEeT UX
MoBe/IeHHEe Ha OECKOHEYHBIX BXOAHBIX cI0Bax. IHBIMU crioBamu, (pyHKIIMOHAIbHbBIE TPEOOBaHUS
K aBTOMaTy MOTYT OBITh C(HOPMYIHPOBAHBI B TEPMUHAX KBAa3U-KOHEYHOIO CY>KEHUS CIIOBAapHOU
¢ynkuuu. Tem cambiM, MBI Oy/1eM IPOBEPATH MOBEACHNE aBTOMATa TOJIBKO HA KBAa3U-KOHEYHBIX
BXOJIHBIX CJIOBax M, €CJIM Ha TAKUX CJIOBAaX OHO MPaBUJIBHO, TO OyJeM JIelaTh BbIBOJ, YTO
pean3anusi COOTBETCTBYET MOJEIIH.

3. Ecmm pyHkmoHanpHbIe TPEOOBAHMS K aBTOMATy HE MOTYT OBITh COPMYITUPOBAHBI TOJIHKO B
TEpPMUHAX KBa3H-KOHEYHOTO CYXKEHHUS CIOBapHON (DYHKIIMH, TO J100ABUM JIOTOTHUTEIIBHBIC
(hyHKIIMOHATEHBIE TPEOOBAHUS.
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Tperse HampaBIeHNE HYKIAETCS B Pa3bSICHEHUSX. 371€Ch €CTh JABE MPOOIEMBI:
1. Kak 3amaBath JOTOJHUTEIbHBIC PYHKITMOHATBHBIC TPEOOBAHMS?
2. Kak npoBepsTh JOMOTHUTENbHbIE (DYHKIIMOHAIBHBIE TPEOOBaHMS IIPH TECTUPOBAHUH TOJIBKO Ha
KBa3U-KOHEYHBIX BXOJIHBIX CJIOBaX?

[IpuBenenHsbIil npumep aBToMaToB 1 u 2, cioBapHble PYHKIUHA KOTOPBIX PA3IWYHBI, HO UMEIOT
OJIMHAKOBOE KBA3H-KOHEYHOE CYKCHHE, TOKA3BIBAET, YTO ITH aBTOMAThI UMEIOT Pa3HbIC Z-MHOXKECTBA.
Hamnpumep, mobast cepuanuzanus B aBToMaTe 2 UMEET Ha BTOPOM MO3UITMH PeaKIuio Y, a B aBTomare 1 —
peaxius Y pacrnojaraercsi HermoCpeICTBEHHO MOCIIE MEPBOro MyCTOro CTUMYJa. DTO HATAJIKMUBAET Ha
MBICITb (POPMYJIMPOBATH JOMOJIHUTEIbHBIE (DYHKIIMOHAILHBIE TPEOOBaHMS B TEpPMUHAX OIPAaHUYEHUN Ha
BIIOJTHC-AOMMYCTUMBIC CCpUaIN3allui aBTOMATA, TO CCTh, B BUJIC IPCANKATA HAa MHOXKXCCTBC BCCX
cepuain3anui s JaHHbIX al(paBUTOB CTUMYJIOB U peakuuil. Fimes B Buay npobiemy mpoBepseMOCTH
3THX JIOTIOJIHUTENILHBIX TPEOOBAHUH, HAC HHTEPECYIOT B IEPBYIO OUYEPEIb MPEAUKATH HA KOHEUHBIX
cepuain3alusix, MHTEPIPETUPYEMbIX KaK HauaJbHbIe OTPE3KH CepUaIn3alliii aBToMaTa, TO €CTh,
9JICMCHTBI KOHCYHOTO CYKCHUA Z-MHOKeCTBa. ABTOMATHI 1 1 2B HaleM MmpumMepe pasjim4aroTcs 1mo
HayaJIbHbIM OTPE3KaM CepHUaIu3alui JJIUHbI 2.

3.5. IIpeaukaT HAa KOHEYHbIX CePUATIU3ANUAX

CnoBo (B HEKOTOpOM asipaBUTE) W HA3BIBACTCA (UHOYKMUBHBIM) npedeniom HeyObIBaroIe 0eCKOHEUHOM
MOCJICIOBATEIbHOCTH KOHEUHBIX ¢I0B U[1]<u[2]<..., ecnu ans kakmoro i=1.. U[i]€w u mist mro6oro
JPYroro cioBa W, 00JIaIaf0IIero TeM xe cBoicTBOM, WSW . CyIiecTBOBaHHE Mpe/ieia OUEBUIHO: CCIIH,
HaYMHas ¢ HEKOTOPOTo i Bece mocnemaoBatensHoctd U[j] (j=1) paBubl, W=U[i]; B mpoTHBHOM Ciydae
M0CJICIOBATEIBHOCTD JUTHH CJI0B U[i] 6ecKkoHeuHO Bo3pacTaeT u A Jiroboro N=1.. Bce c10Ba, HAYUHAs C
MIEPBOTO B MMOCJIEI0BATEIBLHOCTH CIIOBA, [UTMHA KOTOPOTO HE MEHBIIIE N, COIAEPIKAT OJUH U TOT e CHMBOJI
B TO3HUIMK N, KOTOPBIN U OMPEIeTHM KakK N-blif CiMBOJ ciioBa W. [Ipenen mocinenoBaTebHOCTH,
OYEBHUIHO, €INHCTBEHHBIH.

MHOkeCTBO BceX HEyOBIBAIOIINX OECKOHEYHBIX MOCIIECI0BATEILHOCTEH HaYalbHBIX OTPE3KOB CIIOB
MHOxecTBa U OyieM Ha3bIBaTh MHOKECTBOM €ro npeesioB u 06o3uadats Lim(U). 3ameikanuem no
npedeny MHOeCTBa clioB U Ha30BeM ero 00beAMHEHHE C MHOXKECTBOM €r0 IPEIENIOB U 0003HaYaTh
L<U> = UuLim(U). MHOeCTBO Ha30BEM 3AMKHYMbIM, €CITH OHO COBITAJAeT CO CBOUM 3aMBIKAHUEM:
U=L<U>. OueBuiHO, HE BCIKOE MHOKECTBO 3aMKHYTO: HallpIMep, MHOKECTBO BCEX CIIOB B andaBuTe
{0,1}, kaxmoe 13 KOTOPBIX COAEPIKUT POBHO OAHY 1, HE3aMKHYTO, TaK KaK HE COACPIKUT HYJIEBOE CIIOBO,

sBIsIroIeecs: mpenenom nocienoBatenbHocT 0<00<000<... HavanpHBIX oTpe3koB cioB 010..., 0010...,
00010....

Eciau mHOkecTBO U HE3aMKHYTO 110 IIPEIENY, TO OTBEPralONIMii aBTOMAT HE CYIECTBYET.
HeﬁCTBHTeHBHO, cClin CYH_IGCTByeT BO3paCTaIOH_[a}I 6€CKOHe‘IHaH IIOCJICO0BATCIIBHOCTD
wi[1..n1]<w;[1..n2]<... HagampHBIX 0Tpe3koB cioB u3 U, wieU ms i=1..., npeaen koropoit Wg U, To,
OYEBHIHO, CIIOBO W HE MOKET ObITh OTBEPIHYTO HU [0 KAKOMY CBOEMY HAuaIbHOMY OTPE3KY (KOHEYHOI
JUTHHBI), IIOCKOJIbKY TaKOW OTPE30K SIBJISICTCS OJTHOBPEMEHHO HaYa IbHBIM OTPE3KOM HEKOTOPOTO CJI0Ba
wi, npuHapiexamniero U. KoHeuHo, OCKOJIBKY He BCIKOE 3aMKHYTOE MHOKECTBO PETYJISAPHO, HE JIJIs
BCSIKOT'O 3aMKHYTOTO MHOYKECTBA CYIIIECTBYET OTBEPraroluii aBTomMar. Hanpumep, MHOKECTBO,
COCTOSIIIEE U3 OHOTO CJIOBA, SBIISAIOIIEr0CS AECATHYHOMN 3aMMChI0 HPPALMOHAIBLHOIO YKCIIa, 3AMKHYTO,
HO HC perHHpHO, nu OTBepFaIOH.[eI‘O aBTOMaTa 4Jis1 HEro HE CYH_[GCTByeT. OI[HaKO, JJISA BCSIKOT'O
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PEryJIspHOro MHOKECTBA OTBEPralOlUil aBTOMAT CYILIECTBYET U II0O3TOMY OHO 3aMKHYTO. B yactHOCTH,
Z-MHOX€ECTBO aBTOMAaTa 3aMKHYTO: L.<z> = Z.

BaMeTI/IM, qTo, I/ICHOHBSY}I IIOHATHUEC 3aMbIKAHHUA 110 Hpe;[eny, MBI MOTI'JIN 6]:1 onpe;[eJme peryn;lpHoe
MHOXECTBO (KaK KOHEUHBIX, TaK M O€CKOHEUHBIX) cJI0B U Kak 00beAMHEHNE HEKOTOPOTO PETYIISIPHOTO
MHO’KECTBa KOHEYHBIX CJIOB F1 1 MHOXKECTBa MPE/IeI0B HEKOTOPOTO JIPYTOro PETyISIPHOTO MHOXKECTBA
KoHeuHbIX ¢10B F7: U=F1ULim(F,), raoe F1 cogepskut Bce koneunsie cioBa u3 U, a Lim(F,) cogepxut
Bce Oeckoneunsble croBa u3 U. [Topoxxnatommii rpad ans F; coBmamaer ¢ mopoxaatouum rpadom mis U,
a mopoxaaromuii rpad 1t F, cTpouTcs u3 Hero 100aBIeHUEM KOHEUHBIX BEPIIUH Ha KaXKIOM
IUKJINICCKOM MapIpyTe, Ha KOTOPOM KOHEUHBIX BEPIIUH HET.

Ouesuano, L<U> < L<U[]>, npuuem paBeHCTBO JOCTHTAETCSA TOTIA M TOJLKO TOTa, KOTa BCe
KOHCYHBIC CJI0OBA B U MaKCHUMaJIbHBI B HEM, TO €CThb, U - AHTUILICIIb.

MuosxecTBo U naeanbHO, €ClIM BMECTE C KaXKIbIM CIIOBOM OHO COJICPIKHT U BCE €T0 HAYAIBHBIE OTPE3KH.
WneansHocth MHOXKeCTBa U koHeumbix CIIOB SKBUBAJIEHTHA TOMY, YTO U SBJIsIETCSI KOHEYHBIM CY>KEHUEM
HeKoToporo MHOkecTBa H, To ecth, U=H[]. B yacTHOCTH, B KauecTBe TaKOro MHOXKeCTBa H MOKHO
Bcera BeIOpaTh 3ambikaHue 1o npeaeny H=L<U>. 3amernm, ogHaKO, 9YTO KOHEYHOE CYKEHHUE
HE3aMKHYTOT0 10 TPeely MHOXKECTBA TaKkke uaeanbHo. OueBuaHo Takxke, yto U coBmanaer ¢
KOHEUHBIM cyxeHueMm MmHokecTBa npenesnoB U=Lim(U)[]=Lim(H)[]. Ecau U — 3T0 MHOXeCTBO
cepuain3anuii, TO MHOXKECTBO IIPEIEIOB Oy1eT MHOXECTBOM MaKCUMaJIbHBIX CepUaTU3aIHi, s
KOTOPOTO OIpPENeICHO MOHATHE JOMYCTUMOTO BXOHOTO CJIOBA, U TIO3TOMY MBI MOKEM TOBOPHTH O
BXOJIHBIX CJIOBaX, JOMYyCKaeMbIX BO MHOkecTBe mpeaesinoB W(Lim(U))=w(Lim(H)).

[TycTh Ha MHOXECTBE BCEX KOHEUHBIX CEpUATU3AIMi (11 TaHHBIX aa(aBUTOB CTUMYJIOB M PEAKIIUii)
3amaH npenukat P. O003HAUUM UHOYYUPYEMOE NPEOUKAMOM MHOICECHBO CEPUATUIAYUL
U(p)={u|p(u)=true}. Byaem cuutats, uro U(p) nacansHo. BXoaHOE CI0BO, JOMYCTUMOE BO MHOXECTBE
npenenos U(P), OyaeM Ha3bIBaTh AOMYCKaeMbIM IpeaukaToM. ONpeaesum uHoyyupyemoe npeouxamom P
cemeticmso asmomamos A(P) ciexyromum odpazom: meA(p) Toraa u TOJIbKO TOTaa, KOraa
BBITTOJTHSFOTCS CJIEYIOIINE JIBA CBOWCTRA:
1. Kaxmoe BXOIHOE CIIOBO JIOMYyCKaeMOE MPEIUKATOM JOMYCTUMO B aBTOMATE:
w(Lim(U(p))) ¢ Dom(w[m])[].
2. Eciu X-TI0C7I0BO HAYAILHOTO OTPE3Ka BIIOJHE-IOMYCTUMON CEpUATN3al[ii aBTOMATa COBIAIaeT
C X-TI0/ICJIOBOM HEKOTOPO# cepuanu3aryu u3 U(P), To cam 3T0oT oTpe3ok npuHapiexut U(p):

{uez[m][] | xuexU(p)} < U(p).

CrnemyeT OTMETHTb, YTO UHAYIIUPYEMBIC aBTOMATHI ONPEACISIOTCS ¢ TOYHOCTHIO JI0 UX BIIOJTHE-
JOMYCTUMBIX CEpHUATH3AIIHA, TO €CTh, IBA aBTOMATa C OJHUM Z-MHOKECTBOM JIN0OO 00a He TOMa/IakoT,
1100 00a monaaawT B HHIynupyemoe cemeinctBo A(P). [IoaToMy MOXHO TOBOPUTH 00 HHAYIIUPYEMOM
CEMENCTBE Z-MHOXECTB.

ITycTh 3a1aHBl Ba MHOKECTBA MaKCUMaNIbHBIX cepranu3anuii H u U. ByneM roBoputs, 4T0 MHOXKECTBO
H cso0umo x muoxectBy U, ecin 1) kaxmoe BXxoaHOE cI0Bo, gomyctumoe B U, nomyctumo B H, 2)
KaX/1asl BIOJIHE-I0yCTUMasl cepuanu3anus H, X-1ociioBo KOTOPOil sIBIIseTCA HadyalbHBIM OTPE3KOM HITU
COBIIAIA€T C BXOJHBIM CIIOBOM JomycTUMbIM B U, mpunamiexar U. Bynem takxe roBOpUTh, 4TO
MHOXeCTBO H xoneuno-ceooumo k mHoxkectBy U, ecim 1) kaaplii HA4YaIbHBIH OTPE30K BXOIHOTO CJIOBA
nonyctumoro B U sSBiseTCsl HayaJIbHBIM OTPE3KOM BXOJHOTO CJI0Ba JOIYCTUMOTo B H, 2) kak1bIii
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HavyaJbHBIM OTPE30K BIOJIHE-A0MYCTUMON cepuanu3anuu H, X-moacioBo KOTOPOTo SIBISETCS HadaJlbHbIM
OTPE3KOM BXOJIHOTO CJIOBA, AOMYCTUMOTrO B U, sIBiIsieTcs HayalbHBIM OTPE3KOM BIIOJHE-IOMYCTUMOM
cepuannzanuu U.

[IpeaukaT p MHIYIUPYET KOHEYHOE CY)KEHHE MHOKECTBAa MakCUMalIbHbIX cepuanu3anuii U=Lim(U(p)),
to ecth, U(P)=U[], u, oueBuaHO, HHAYIIUPYEMOE TPEAUKATOM CEMEHCTBO Z-MHOXECTB SBJISCTCS
CEMENCTBOM BCEX Z-MHOXKECTB, KOHEUHO-CBOAUMBIX K U.

JlemMa 0 CBOIMMOM MHOKeCTBe CepHAIH3alMil: Eciiu MHOXECTBO MaKCUMAJIbHBIX cepuanuzanuii H
CBOJMMO K MHOXKECTBY MaKCUMaJIbHBIX cepranu3anuii U, To OHO KOHEUHO-CBOJUMO K HEMY.

Jlok-Bo: JIelCTBUTEIBHO, TOCKOIBKY KaXI0€ BXOAHOE CII0BO W, monmyctumoe B U, momyctumo B H, TO
KaXXJIbIF €r0 HaYaJIbHBIA OTPE30K USW SIBJISIETCS HAYaJIbHBIM OTPE3KOM BXOJHOTO CIIOBA W, IOITYCTUMOTO
B H. Eciiu HauanpHBIN OTPE30K Z1 cCepran3aliuy Z, BIOJHE-I0MYCTUMOMN B H, mMeeT X-TioIcmoBo X2,
SIBJISIFOLIEECS] HAYaJIbHBIM OTPE3KOM BXOJHOTO CJIOBA W, AOMYCTUMOTO B U, XZ1<W, TO 3TO BXOJJHOE CJIOBO
w nonyctumo Takke B H. Otciona cienyer, uto B H umeercs cepuanuzaius Z , COOTBETCTBYIOIIAs W,

XZ <W, SIBJISIOIIAsICS POIOIDKEHNEM oTpe3ka 21<Z". Ho torma z° npunaanexut taoke U u,
CIIeZIOBATEIBLHO, €€ HAaUabHBIN OTPE30K Z1 ABJISETCS HaYaIbHBIM OTPE3KOM CEpHAIIN3aIliH Z , BIIOJIHE-
nonycrtumont B U.

Jlemma 0 CBOAMMOM MHOKECTBE CEpUAIM3ALIMI JOKa3aHa.

JleMMa 0 KOHEYHO-CBOAUMOM MHOKeCTBe cepraM3auui: Eciy 3aMKHYTOE IO IPEAEITY MHOKECTBO
MaKCHMaJIbHBIX cepuanu3anuii H KoHeuHO-CBOMMO K 3aMKHYTOMY I10 MPEEITy MHOXKECTBY
MaKCUMaJbHBIX cepuanuzanuii U, To OHO CBOAMMO K HEMY.

Jlok-Bo: JleHCTBUTENIBHO, U3 3aMKHYTOCTH 10 MpeJiesly MHOXKECTBa H cieyet 3aMKHYTOCTb 110 Mpeery
MHO>KECTBa JOMYCTUMBIX B HEM BXOJIHBIX CJIOB. [I0CKONIBKY Kak10€ BXO/IHOE CJI0BO W aomnyctumoe B U
MOJKET OBITh TPEJICTABICHO KaK Mpeien 0eCKOHEYHON HEeYOBIBAIOIIEH MOCIeTI0BATEIIBHOCTH CBOUX
HaYyaJIbHBIX OTPE3KOB, a BCE TaKHe OTPE3KH SABJISIOTCS TaKkKe OTPEe3KaMU BXOJHBIX CJIOB, TOMYCTUMBIX B
H, To Takyro ke mocieaoBaTeIbHOCTh OTPE3KOB MBI UMeeM B H U, B CHITy 3aMKHYTOCTH 110 TIPEAETy
MHO>KECTBa BXOJIHBIX CJIOB, IOMYCTUMBIX B H, BXo/1HOE c10BO W gomycTuMo Takke U B H. Cepuanuzanus
Z, BIIOJIHE-7I0MTycTUMAs B H, X-110/1¢710BO KOTOPOH SBJISIETCS] HAYAJIBHBIM OTPE3KOM MJIM COBIIAJIAET C
BXOJIHBIM CJIOBOM, IOYCTUMBIM B U, MOKeT ObITh IpeCTaB/IeHa KaK Mpeaen 0eCKOHEYHON
HEYOBIBAIOIIEH MOCIEI0BATEILHOCTH CBOMX HAYAIBHBIX OTPE3KOB, a BCE TAKHE OTPE3KU SBIIAIOTCS TaKKe
OTpe3KaMH cepHalin3aluii, BIOJIHE-I0NyCTUMBIX B U, TO Takyo ke mocae10BaTelbHOCTh OTPE3KOB MBI
nmeeM B U u, B cuity 3amMkHyToctu U o npeneny, cepuanusanus Z 1onyctumo B H.

Jlemma o KOHCYHO-CBOAMMOM MHOXCCTBC cepnanmaum‘/i JOKa3aHa.

Hwxe MBI paccMOTpUM 1Ba BUJIAa TPEIUKATOB KOHEYHBIX CEPHATU3AIUH.

3.5.1. IIpeaukar z-MHOKeCTBA

TIpeourxamom Z-mnodcecmea P(z) OyneM Ha3bIBATH MPEAUKAT, HHAYLIUPYIOINI KOHEYHOE CY)KEHHE 3TOTO
z-muoskectBa: U(p(z)) = z[]. TupIMuU c10BaMu, MPEIUKAT Z-MHOXKECTBA HHIYIIUPYET MHOKECTBO

41



W.b.Bypnonos, A.C.Kocaues, B.B.Kynsamun.
ACUHXpOHHBIC aBTOMATHI: KJIaCCU()UKAIUSI U TECTUPOBAHHE.
Tpynet UCIT PAH, T. 4, 2003, ctp. 7-84.

76 cTp.

HaYyaJIbHBIX OTPE3KOB BIIOJIHE-I0MYCTUMBIX CEPUAIIM3ALUNA HEKOTOPOrO aBTOMATa ¢ JaHHOM CIIOBApHOM
bynkmen w(z).

Bynem roBoputh, 4TO aBTOMAT M ¢800UM K Z-MHOXECTBY Z, €CJTH K HEMY CBOJIUMO Z-MHOKECTBO
aBTOoMara Z[M], To ecTh, 1) Kaskg0€ BXOJAHOE CIIOBO, AOMYCTUMOE B Z, ToImycTHMO B M, Dom(w(z)) <
Dom(w[m]) u 2) kaxxaast BIOJHE-A0NYCTHUMAsl CEpUATA3ALINS aBTOMATa, X-TI0JICJIOBO KOTOPO# SIBISCTCS
HAYaJIbHBIM OTPE3KOM HITH COBIIAIAET C BXOIHBIM CIIOBOM JOMYCTUMBIM B Z, IPUHAUICKHUT Z,
YweDom(w(z) {zez[m] | xzsw} < z.

N3 JIeMMBI O CBOIMMOM MHOXECTBE CEPUAIM3ALUN CIEAYET, 4YTO aBTOMAT M CBOAUMBIN K Z-MHOKECTBY Z
NPUHAUIC)KUT CEMEUCTBY aBTOMATOB, HHAYIIMPYEMBIX IIPEINKATOM Z-MHOKecTBa: MeA(P(z)).
ITockosbKY BCE Z-MHOKECTBA 3aMKHYTHI 110 IIpeAey, U3 JIEMMBI 0 KOHEUHO-CBOJUMOM MHOKECTBE

cepnanmaunﬁ CIeayeT, 4TO aBTOMAT M M3 ceMelicTBa ABTOMATOB, UHAYLIHUPYECMBIX IIPCAUKATOM Z-
MHOXECTBA Z, CBOAUM K 3TOMY K Z-MHOXCCTRBY. I/ITaK, HaMH JJOKa3aHa CJIICAYrolad

Teopema o npeaukare Z-MHO:KecTBa: [Ipeaukar Z-MHOKECTBA HHAYLIMPYET CEMENCTBO BCEX aBTOMATOB,
CBOAUMBIX K 3TOMY Z-MHO)KGCTBy.

3.5.2. lIpeaukar cjioBapHoil GpyHKUIMH

Teopema o0 npenuKaTe Z-MHOKECTBA MMO3BOJIAET OTPAHUYUTHCS TECTUPOBAHUEM TOJIBKO KOHEYHBIX
cepuanu3anui, OJHAKO IIPU 3TOM MBI IPOBEPSIEM COOTBETCTBUE PEATU3aLMU MOJIENH HE IO CJIOBAPHOU
GbyHKIMY, a 110 Z-MHOKeCTBY. HBIMH clTOBaMH, Mbl HAYMHAEM pa3iIN4aTh peau3alii, UMEIOIINe OHY U
Ty Xe, 3aJJaHHYI0O MOJIETIbIO, CJIOBApHYIO (PYHKIIMIO, HO Pa3HbIe Z-MHOXKECTBA, HECBOJUMBIE K OHOMY,
3alaBaeMoMy npenukarom. [loaToMy Teneps nornpoOyem nepeuTu K pacCMOTPEHUIO MHOYKECTBA
aBTOMATOB, PEATN3YIOIIUX JTaHHYIO CIIOBapHYIO (DYHKIHIO O€30THOCUTENBHO K X Z-MHOXecTBaM. s
3TOTO MbI OyJIeM pacCMaTPUBATh Z-MHOKECTBO clioBapHOU (yHkmu z(W)={z|w(z)=w} — kak
00bETMHEHNE Z-MHOXECTB C IaHHOMU ciioBapHOU (yHKuKelH. COOTBETCTBEHHO, peub MOKIET O MpeauKarTe
croBapHoi GpyHkuu P(W), KOTOpbIi nHAyIHpyeT MHOXecTBO U(P(W))=2z(W)[]=U{z[]|W[z]=w}
HayaJlbHBIX OTPE3KOB BIIOJIHE-I0NYCTUMBIX CEPUAIIM3ALMI HE OJTHOTO, & BCEX aBTOMATOB C JAHHOM
cnoBapHo# ¢yHKIMer w. Hac OyneT mHTEpecoBaTh 3aMKHYTOCTh, PETYJISIPHOCTD U CYIIECTBOBAaHUE
OTBEPraloIllero aBTomMara, KOTOPhIi 110 Ha4YalbHOMY OTPe3Ky (KOHEUHOH JJTMHBI) Cepuann3alun
OTIpeJIeNIAET, MOKET MM HE MOXET OHA PUHAJICKATh Z-MHOKECTBY KAKO20-HUOYOb aBTOMATA,
peaTu3yoLero JaHHYIO CIIOBapHYO (QYHKIHIO W.

JlemMa o nepBoii peakuuu B cepuanusanuu: /[ 100601 aBTOMaTHOM CIIOBapHO# GYHKIIUHA W, JIFOOOTO
JOMYCTHMOTO BXOAHOTO ¢j0Ba X€ DOmM(W), 11060r0 COOTBETCTBYIOIIETO €My BBIXOJIHOTO CI0Ba Y €W(W)

1 J11000T0 HATYypaIbHOTO YKCIa N CYIIECTBYET aBToMaT M kiacca A3, peau3yroniuii 3Ty CJIOBapHYIO
byHknHuo W[M]=w, B KOTOpOM OJIHA M3 CepHATH3aIHii 11 maphl (X,Y) He COAEPIKUT peakIluii Ha EPBBIX

N MO3UIMSX, TO €CTh, XOTS ObI [y ofHOTO MapuipyTta P takoro, uro XZP<X u yzP=y, nepssie N
[IEPEX0/10B TPUHUMAIOILHUE.

Jlok-Bo: Byznem BecTH 0Ka3aTenbCcTBO OT MPOTUBHOTO U B TeépMHUHAX rpada coctostauii (puc.3.5.1).
[Tycte cymiecTByeT Takast cioBapHas GyHKIHS W, TAKOE JOIyCTHMOE BXOZHOE cIoBO X€Dom(w), Takoe
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COOTBETCTBYIOIIEE MY BBIXOJHOE CIIOBO Y €W(X) U TaKOE HATypaJIbHOE YKHCJIO0 N, YTO B KAKIOM aBTOMATE
m kiacca A3, peau3yroieM 3Ty clioBapHyoo QyHKIM0 W[M]=w, s kaxaoro Mapuipyra P, packpacku
KoToporo XzP<x u yzP=y, otpe3ok P[1..n] comepxuT nocwutaromnuii nepexo1. Beidepem ajis TaHHBIX W,

X 1Y 4MCI0 N MUHUMAJIBHBIM U BbIOEpeM aBToMaT M kinacca A3 u B HeM MapupyT P takoit, uto XZP<X u
yzP=y, orpe3ok P[1..n-1] comep>KUT TOJIBKO MPUHUMAIOIIHE IEPEXOIbl, a iepexoa P[n] moceutaromnuii.
Ouesuano, ZP[1..n]=x[1..n-1]"y[1].

@ s e ) rk]»,

x[n-1] ¥kl
P[1 Pn-2 2
( J e i _l_]"'x[n.z] {j J @ Phtktl] — ---

Pn1]

xn-1] PL];-:]{]

P[nt+l Pntk-2 P [nt1ke-1 PJ_._]___
1'[11 3-*[2] YT YIk] VIR
Puc.3.5.1

Mapupyt P[n..] mu6o 1) He COAEPKUT MPUHUMAIOIINX YT, TUOO0 2) COACPIKUT NEPBBIN MPHHUMAIOLIHN
nepexona P[n+k] (k>0) Taxoit, uto (zP)[n+k]=X[n]. PaccMoTpum momgaBTomMar M’, coaep Kaiiuii B caydae
1) - Bce mepexoab! ocraBiieiics yactu MappyT P[n..], a B cimydae 2) - Bce mepexo/isl 0Tpe3ka MapupyTa
P[n..n+k-2] (mpu k=1, mapupyt HyI€BOii - TOIBKO OJTHO COCTOSIHHE - Ha4aio N-0ro rmepexo/a Mapupyra
P), a Takxke Bce MHIMICHTHBIC UM COCTOsiHHS. CKOMUpPYEM 3TOT MOAaBTOMAT M’ (€ro mepexo/sl u
COCTOSIHUS JIJIS1 OTJIMYEHHUS OT MIEPEXOI0B M COCTOSIHUI aBTOMara M OyaeM cHa0kaTh mtpuxom " ™).
BBenem HoBOe cocTosiHue V1, 1 100aBUM 1Sl COCTOSIHUS - Havyana nepexona P[n-1] npuHumarommii
nepexo mo ctumyiny X[N-1] B cocrostuue V1, a B coctosiauu V1 100aBUM NPUHUMAFOIIUI TEPEX0/T 110
crumyny X[N] B cocrosiHue-konuio Hayaaa nepexonaa P[N] . st cirydast 1) mocTpoeHue 3aKOHYEHO, a st
ciydast 2) 100aBUM TSl COCTOSIHHMSI-KOIMK Hadaa nepexoaa P[n+k-1]" moceiiaromuii mepexos mo
peakiuu Y[K] B cocrosiaue — Havano nepexona P[n+k+1].

Tem cambIM, MBI T00ABHIIM MapLIPYT C Z-pacKpackoi, B KOTOPOH N-bIii CTUMYJI BXOJHOTO ciioBa X[N]
NPUHUMAETCSl HEMTOCPEACTBEHHO MOCye pruemMa N-1-ro cTuMysia, a oTOM YK€ BbIIAeTCs TIepBast PeaKius
y[1]: mis ciyuas 1) Mbl 1u1st Mapipyta ¢ Z-packpackoit X[1],...,x[n-2],x[n-1],y[1],... noOaBur MapiipyT ¢
z-packpackoii X[1],...,x[n-2],x[n-1],x[n],y[1],..., a B citydae 2) MbI [uIs MapIipyTa ¢ Z-pacKpacKoi
X[1],....x[n-2],x[n-1],y[1]....,Y[K].X[n],... moOaBuam MapuipyT ¢ Z-packpackoii X[1],...,x[n-2],X[n-

1], x[n],y[1].....Y[K]...... Takum 0Gpa3om, MbI TOCTPOUIIH ABTOMAT, KOTOPBIH, OYEBUIHO, PEATU3YET TY KE
CIIOBapHYIO (DYHKIIHIO, HO UMEET BITOJHE-OMYCTUMBINA MapIIPyT, Z-pacKpacka KOTOPOTO UMEET CTHMYJIbI
Ha MEPBBIX N MO3UIHSIX, TO €CTh, HE COJIEPKUT PEaKIIMU HA TIEPBBIX N MO3UIIUAXK, YTO TPOTUBOPECUHT
MPEATIOIOKECHUIO.

JleMMa 0 mepBoOM peakuu B CEpUAIM3aLUU JOKa3aHa.

CrnoBapHyio QyHKIMIO W OyJIeM Ha3bIBaTh CYUeCME8EHHO HEeH) 1601, €CITU XOTS Obl JJIsl OTHOTO
JOMYCTUMOT'O BXOJTHOTO cjioBa WeDOM(W) MHOKECTBO BBIXOHBIX CIIOB HE COJCPIKUT ITyCTOTO

BbIX01HOTO ci1oBa () €W(W), 4TO SKBUBAJIEHTHO W &Z(W).
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Teopema 0 HE3aAMKHYTOCTH Z-MHOKeCTBA C10BapHOM (PyHKIMU: Eciii aBTOMaTHas ciaoBapHas
(GYHKIHS W CYIIECTBEHHO HEHYJIEBas, TO €€ Z-MHOKECTBO Z(W) HE3aMKHYTO.

Jlok-Bo: Ecnu cioBapHast pyHKIHSI CYIIECTBEHHO HEHYIIEBAs, TO, OUEBUIHO, CAMO CIOBO W, JIJIs
koToporo () gw(w), He IPUHAMICKUAT Z-MHOKECTBY HUKAKOT'O aBTOMATa, PEan3yIOIIero 3Ty CIIOBAPHYIO
¢dbynkuuro. OgHako, cormacHo JlemMme o mepBoi peakivy B CEpUaTM3aIiy, IepBasi peakiius B
CepHalTU3alliy Z JJIs1 BXOJHOTO C10Ba W (XZSW)MOXKET OBITh CKOJIb YTOJHO MO3/IHO, TO €CTh, JIFOOOH
HaYaIbHBIH OTPE30K W MOKET OBITh HaYaIbHBIM OTPE3KOM Z. TakuM 00pa3om, ci10Bo W &Z(W), HO JTF000i

€ro Ha4YaJbHbBIN OTPE30K KOHCUHOM JJTMHBI UMEET B Z(W) MPOJIODKEHHE, TO €CTh, Z(W) HE3aMKHYTO.
TeopeMa 0 HE3aMKHYTOCTH Z-MHOYKECTBA CJIOBAPHOHN (DYHKIIMH JTOKa3aHa.

Bynem roBoputh, 4To aBTOMaT M c600uM K ciaoBapHoi GpyHkimu w, eciiu 1) Dom(w[m]) < Dom(w) u 2)
YweDom(w[m]) w[m](w) < w(w). O4eBuHO, CBOAMMOCTb aBTOMATa K CJIOBAPHON (PYHKIIUU
HKBHBAJIEHTHA €T'0 CBOJUMOCTH K Z-MHOXXECTBY Ci10BapHOi pyHkImu. Y3 JIeMMbI 0 cCBOIUMOM

MHOECTBE CEPUAIN3ALUN CIEAYET, YTO CEMENCTBO aBTOMATOB, MHAYLUPYEMOE NPEIUKATOM CIOBApPHOU
(GyHKLINH, COAEPIKUT BCE aBTOMATHI, CBOAMMBIE K 3TOW CIIOBApHOU (DYHKIIHH.

B T0 e Bpems1, U3 He3aMKHYTOCTH Z-MHOXECTBa CIOBApHOU (DYHKIIMH CIEIYET, YTO 3TO MHOXKECTBO
HEpETYJISIPHO, U JIJI1 HETO HE CYNIECTBYET OTBeprarouuii aromart. [Ipumep B Jlemme o nepBoi peakiuu B
CepHalIM3alluy TaK)Ke IMOKA3bIBAET, YTO JJIS CYIIECTBEHHO HEHYJIEBOM CIOBAapHOUN (DYHKIIMH CEMENCTBO
aBTOMATOB, MHIYLIUPYEMOE MIPEINKATOM CIIOBApHON (YHKIIMH, COAEPKUT aBTOMAT, HECBOJIUMBIH K 3TOI
cioBapHOW (GyHKIIUHU. VIHBIMU CIIOBaMH, IPU TECTUPOBAHUHN HEJB3s1 OTPAHUYUTHCS TOIHKO KOHEYHBIMU
cepuain3alusMu, 3aaBaeMbIMU IIPEIUKATOM CJIOBapHOM PYHKIMH. 3aMETUM, YTO HE3AMKHYTOCTbh Z-
MHOYECTBa CJIOBapHON ()YHKIIMU CYIIECTBEHHO ONMUPAETCS HA OECKOHEYHOE YHCIIO aBTOMATOB (M UX Z-
MHOXECTB), PEaTU3YIONINX 3Ty CIOBApHYIO (PYHKITHIO. 37€Ch €TI0 OOCTOUT aHAIIOTHYHO 00bETMHEHUTO
0ECKOHEYHOT0 MHOXECTBA PEr'YJISIPHBIX MHOKECTB KOHEUHBIX CIIOB, KOTOPOE MOKET OBITh
HEPETYISPHBIM.

C npyroii CTOpOHBI, IS IPAKTUYECKUX IEJIel BCET/1a MOKHO OTPaHUYUTHCSI KOHEUHBIM CEMENCTBOM Z,
paccMaTpuBacMbIX Z-MHOKECTB. B kauecTBe TaKOro ceMelcTBa MOXKHO B3SITh CEMEHCTBO Z-MHOXKECTB
aBTOMAaTOB M3 KOHEYHOI'0 ceMeMCTBa aBTOMATOB A, Harmpumep, aBToMaToB, YUCJIO0 COCTOSIHUU KOTOPBIX HE
npeBocxoaut HekoToporo N. Torma Z={z[m]|meA}. B atom ciydae, Kak u ClIeI0BaI0 OKUAATh, Z-

MHOYECTBO CJI0BapHOU GyHKINHU Z(W,Z)=\U{zeZ| W(z)=W} CTaHOBUTCS HE TOJIBKO 3aMKHYTBIM, HO U

PETYJISPHBIM, U, CIE€A0BATEIBHO, U1 HETO CYLIECTBYET OTBEpPraroInii aBTomMar. Mbl JOKa)kKeM TEOpEMY
aHAJIOTMYHYIO N3BECTHON TEOPEME O PErYISIPHOCTH 0OBbEAMHEHUS KOHEYHOT0 YKCiIa PeryIsipHbIX
MHOKECTB KOHEYHBIX CJIOB.

Teopema o peajM3anuy KOHEYHOI'0 CEMEMCTBA Z-MHOKECTBA C JAHHOM CJ10BapHOM QYHKIMEN: 11
KaX/10T0 KOHEYHOTO CEMECTBA Z-MHOXKECTB Z M KaXK10i aBTOMAaTHOW CIOBapHOU (QYHKIIMH W

CYILIECTBYET aBTOMAT, Z-MHOKECTBO KOTOPOTO COBIAIACT C Z-MHOKECTBOM Z(W,Z).

Jlok-Bo: JIyist KaXKJI0ro Z-MHOKECTBa U3 Z , CIIOBapHasi YHKIIHS KOTOPOTO COBIAIAeT C 3aaHHOM, TO
€CTh, JUIsl KaXKIOT0 JIeMeHTa MHOXecTBa {Z€Z| w(z)=w} BbIOepeM aBTOMAT, peau3yoNIHi 3TO Z-
MHOKeCTBO. TpeOyeMblil aBTOMAT CTPOUTCS KaK OObEIMHEHHE STHX aBTOMATOB: BO3bMEM KOITUH BCEX
ITHUX aBTOMATOB, JOOAaBUM HOBOE HAYAJILHOE COCTOSIHUE Vo, M OTIPEICITUM B HEM ITYCThIC TIEPEXO/Ibl BO BCE
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KOTIHMU HAYaJIbHBIX COCTOSHUI ATUX aBTOMATOB. [I0CKOJIBKY MHOKECTBO Z KOHEYHO, MTOTYIHBIIUHCS
aBTOMAT TaKXe OyJIeT KOHEUHBIM U €0 Z-MHOKECTBO, OYCBHIHO, COBIAAET C 00bEAUHECHUEM Z-
MHOYECTB KOIHI aBTOMAaTOB, TO €CTh, ¢ Z(W,Z). Teopema noka3zana.

N3 3101 TEOpEMBI HEMOCPEACTBEHHO CIEIYET CIEAYIOIIas

Teopema o npeaukare cJJOBApPHOH PYHKUMH ISl OTPAHUYEHHOT0 CeMeCTBA Z-MHOXKeCTB
(aBTomartoB): [Ipeaukar cioBapHOl (yHKIMHU AJIS1 OTPAaHUUEHHOTO CEMEICTBA Z-MHOXKECTB (aBTOMATOB)
WHIYIUPYET CEMEHCTBO BCEX aBTOMATOB, CBOJIUMBIX K ATOM CIIOBAPHOU (PYHKITHH.

4. IIpoGyieMbI TECTUPOBAHUA COOTBETCTBUS

4.1. Moaeans u peanu3anus. ATaNITUBHbIN AJITOPUTM TECTUPOBAHUS

ITo TecTUpPOBaHUEM B HACTOSIIEH CTAaThe IIOHMMAETCS TO, YTO B JIMTEPATYPE UMEET Ha3BaHHSI
tecTupoBanue coorBeTcTBus (conformance testing mim mpocro test generation), oouapyxenne onmmodox
(fault detection ) unu mamuuHas Bepudukanus (machine verification ). Monens siBisiercst ciocobom
onmucaHus PyHKIIMOHAIBHBIX TPEOOBAHUH K peann3aiii. ITO 03HAYACT, YTO peai3alii, HMEIOIIHIe
OJHY ()YHKIIMOHAIBHOCTD, HE PA3JIMYAIOTCS IIPH BEIHECEHUH BEPIUKTA TECTUPOBAHUS. IHBIMU CITOBAMH,
MOJIEJTh OTMCBIBACT KJIACC pean3alnii, UMCIONIHX 3aJaHHYI0 MOJICTbI0 ()YHKIIMOHATBHOCTE. MbI
IpenoiaracM, 4To peaan3alus — 3T0 PeaTn3allHOHHbIN (TEeCTUPYEMBbIii) aCHHXPOHHBINA aBTOMAT,
MPEICTABISIOMINI COOON «UIEPHBIN SAIIUKY», O MOBSIACHUHA KOTOPOTO MBI MOXKEM CYAUTH IO PEAKIIUSIM
(BBIXOIHBIM CJIOBaM), BbIITaBAEMBbIM MM B OTBET Ha TECTOBBIE BO3JICHCTBHUS — BXOIHBIC CIIOBA.

B nepBom npuOIMKeHHH MOJIEINb JOJDKHA OMKMCHIBATh CIIOBAPHYIO (PYHKIIUIO PEeaN3alliOHHOTO
aBTOMaTa. bynem mpeamonarare, 4TO TaKOE OMMCAHKUE 337aHO B BHJIE MOJICIBHOTO (CHEIHM(PHUKAIIMOHHOTO)
aBTOMaTa, a caM MOJEIbHBIN aBTOMAT 33aJaH ABHO (Hampumep, cBouM rpadom cocrosiauii). Crexyer
MOTYEPKHYTH, YTO IEIII0 TECTUPOBAHUS B TOM CITydae sSIBIISIETCS HE MMPOBEPKa COBMAICHHUS MOJICTHLHOTO
Y peaan3allMOHHOT0 aBTOMATa, a TOJIBKO MPOBEPKA WX SKBUBAJICHTHOCTH, KaK COBITAJICHUS PEaTH3yeMbIX
UMHU CJIOBapHBIX (yHKIMA. MTak, B IepBOM MPHUOIMKSHNH TIEITBI0 TECTUPOBAHUS SBIISICTCS IPOBEPKA
TOT0, YTO TECTHPYEMBbIii aBTOMAT R uMeer ciioBapHyro QYHKIIUIO W, 3a1aHHYI0 MOebi0: W[R]=w.

Boinee neranpHO:
e ['mnoresa 00 skBHBaeHTHOM nonycrumoctd: Dom(w[R])=Dom(w)

e VYcioBHe YKBUBaICHTHOU KoppekTHOocTH: YWe Dom(w) w[R](w)=w(w)

Ecnu 5TH yclioBus BEIIOTHEHBI, OYyIeM TOBOPHUTH 00 9K8UBAIEHMHOCHU PEATU3allUN U MOJIEIIH,
peanuzanuio OyeM Ha3bIBaTh dK8UsAIenmHol Moaenu. I unore3a 06 SKBUBAJIEHTHOM TOMYCTUMOCTH
SIBIIICTCS npedycloguem TECTUPOBAHUS, TIOCKOIBKY OHA HE MOXKET OBITh IPOBEPEHA B MIPOLIECCE
TECTUPOBAHUS, @ TECTUPYEMBIM YCIOBUEM (YCIOBHUEM, IIPOBEPSIEMBIM TECTOM) SIBIISIETCS YCIIOBUE
SKBUBAJIEHTHON KOPPEKTHOCTH.

CneznyeT MNOAYCPKHYTL, UYTO HAIIC MOHATHC S5KBUBAJICHTHOCTH OTJIMYACTCA OT IMOHATHA S5KBUBAJICHTHOCTH
B [4], TIe 5KBUBAJIEHTHOCTh AaBTOMATOB BKJIFOYAE€T COOTBETCTBHE COCTOSIHUMI. Ecnu onpenenutsb
CIIOBapHYIO (DYHKIIMIO TSl KQXKIOTO COCTOSIHHSI, PACCMAaTPUBAEMOT0 KaK Ha4ajdbHOE, TO YKBHBAJIEHTHOCTh
B [4] 03HaYaeT COBIAJIEHNE CIIOBAPHBIX (PYHKITUNA COOTBETCTBYIOIINX COCTOSTHUM, B TO BPEMsI KaK MbI
TpeOyeM COBIAACHUS CIOBAPHBIX (PYHKIMI TOIBKO I HAYalIbHBIX COCTOSHUE. /leno B TOM, 4TO camo
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COOTBETCTBHE COCTOSHUM pea3ani U MOACIIU MPEANOJIaracT BbIXO 3a IMPCACIIbI CTpOFOfI CXCMBI
«YCPHOTI'O AMIUKa. 9ToT BBIXO MOXET ITPOUCXOAWUTH IO IBYM HAITPAaBJICHUAM.

1. I'mnoress! 0 peaauzanuu. Kak npaBuiio, Ipu TECTUPOBAHUU MbI HAKJIAbIBAEM HA BO3MOKHBIE
pean3any HEKOTOPbIE OTPaHUYEHUSI, KOTOPBIE HE MPOBEPSAIOTCS IIPU TECTUPOBAHUH, HO SIBIISIOTCS €TI0
npenycinoBueM. K Takum orpaHnyeHsM OTHOCSTCS OTpaHUYEHHUs Ha pa3Mep (YMCII0 COCTOsIHUIT) aBTOoMaTa
Y TUTIOTE3bI O TOM WJIM MHOMU CTETIEHH JeTePMUHMU3MA aBTOMaTa. BBe/ieHHass HaMu BBl THIIOTE3a 00
SKBUBAJICHTHOM TOMYCTUMOCTH TOXKE OTHOCUTCS K YUCITY TAKMX THIIOTES.

2. lomosinuTeapHass MH(OpMALIUA, MTOJIy4aeMasi B npoiecce TectupoBanmsi. Ctporas cxema
«YCPHOTO sAlIUKay» MpeaAnojgaracTt, 4YTo CAMHCTBCHHAA HH(bOpMaHH}I, KOTOPYIO MEI ITOJIY4acM B ITPOLICCCE
TECTUPOBAHUS, 3TO BBIXOJIHBIE CJIOBA, BbIIaBa€MbIE€ aBTOMAaTOM B OTBET Ha MOJaBaeMble Ha HETO TECTOM
BXOAHBIC CJIOBA. C‘-II/ITaeTC}I, YTO BBIITOJIHCHUC aBTOMATA 10 JAHHOMY BXOAHOMY CJIOBY MTHOBCHHO, TO
€CTb, Mbl HE MOKE€M Ha0JIt0/1aTh BEIOOPKY CTUMYJIOB U3 BXOAHOW OUepeIn U MOSBIECHUE PEaKLUi B
BBIXOI[HOﬁ o4yepcaur B MPOLICCCC BLIITOJHCHHA aBTOMATA. OTO JIETKO OGBHCHHGTC}I TEM, UTO OJId JIIO6OFO
aBTOMAaTa MOKHO IOCTPOUTH APYroil aBTOMAT, KOTOPBIM OCYIIECTBIISET IPEIBAPUTENbHYIO OyhepHu3auio
BOCIIPHHMMAEMBIX CTUMYJIOB U, TEM CaMbIM, 33/IepP>KUBAET Bblady peakuuil. Pazymeercs, Takoit Oydep
SBJIIETCS PACHIMPEHNEM COCTOSHUS aBTOMATa U /Il KOHEUHOTO aBTOMATa JI0JKEH UMETh KOHEUHBIN
pasmep, HO, €CIIM HET OTpaHUYCHUI Ha pa3Mep CaMOro aBTOMAaTa, TO HET OIPAHUYECHUM U Ha pa3Mep 3TOro

Oydepa.

KoneuHo, Ha mpakTHKe MBI, KaK MPABUIIO, UMEEM BO3MOKHOCTh B TOW MJIM MHOW CTETIEHU ONPENEIATh
OTHOCHTEIIBHBIN MOPSIOK BO BPEMEHU BOCIIPUHUMAEMBIX ABTOMAaTOM CTUMYJIOB U IOJIYy4aeMbIX PEaKLUM.
Taxas nHGOpMaIus 0 cepranTu3aluiax TECTUPYEMOT0 aBTOMAaTa MOKET TOBOPUTH 00 OIIMOKE B CMBICIIE
peanu3yeMoii uM cioBapHoi ¢pyHkuuu. Hampumep, eciu 171st BXOJIHOTO CJIOBA, HAUWHAIOIIETOCS CO
CTUMYJIOB XoX1, CJIOBapHasi GyHKIUS ONpEAEIseT TOIbKO TaKHe BHIXOJHBIE CIIOBA, KOTOPbIE HAUMHAIOTCS
C peakluu Y1, a A7 XgX2 — € Y2, TO BblIaya aBTOMaTOM peakLuu Y; A0 IpUeMa BTOPOTrO CTUMYJIA SBIISETCS
omn6koi. C Ipyroit CTOPOHBI, MBI MOXEM CUUTATh, YTO MOJIEIb OMKCHIBAET HE TOJIBKO CIIOBAPHYIO
(GYHKIIMIO, HO ¥ BOBMOXKHBIE CEpUAIIN3alliH, TEM CaMbIM HaKJIaJbIBasi OTPAaHUYEHUS HA PEATU3aLUI0 ATON
clIoBapHO (YHKIIMHU B TECTUPYEMOM aBToMaTe. B 3ToMm ciyuae ¢pyHKIIMOHATBHBIE TPEOOBaHUS K
TECTUPYEMOMY aBTOMATy 0oJiee )KECTKHE, YeM MOXKET OBITh 3aJIaHO CaMOU CIIOBApHOU (PYHKIIHEH.

Eme ogauM criocoOoM MoIy4YuTh JOMOTHUTEIBHYI0 HHPOPMALIUIO SBIISIETCS HAJTMYUE CIICUATbHON
orepaly YTeHus cocTosiHus (Status message) TectupyemMoro aBromara. 31ech Mpeanoaraercs, 4to
TaKas oncpanus YTCHUA JacT I[OCTOBGpHBIfI pE3yiibTaT, TO €CTh, HC BXOJAUT B YUCJIO CTUMYJIOB, PCAKIIUTO
Ha KOTOpbIE HYKHO TECTUPOBaTh. J{pyrum crnocoOoMm sIBIIsSIETCS HAIMYUE CelalbHOM onepanuu copoca
aBTOMara B Ha4aJIbHOE COCTOsIHUE (eSet), KoTopas TakyKe TOJKHA OBITh TOCTOBEepHA. B 3TOM ciyuae mMbl
nMeeM UH(POPMAIIMIO O COCTOSTHUHN peallh3aluy, 1o KpailHel Mepe, cpa3y Mmociie BBITOJTHEHUS TaKOH
oreparuu copoca.

Tectom Ha cOOTBEeTCTBHE OOBIYHO HA3BIBAIOT TAKOE BXOHOE CIOBO, UTO IO JIFOOOMY MOTy4EHHOMY OT
TECTUPYEMOTr0 aBTOMATa BBIXOJHOMY CJIOBY MOYXHO OJHO3HAYHO ONMPEAECINTh, SKBUBAJICHTHA PeaTN3aIius
MO/IEJIA WJIM HET. DTO CIIOBO Ha3bIBAIOT nposepsiouum croéom (checking sequence). Eciiu Takoe ¢10B0
CYIIIECTBYET, TO Jajiee HHTEPECYIOTCS €0 IJTMHOM I OTPaHUYEHHOTO (YUCIIOM COCTOSTHUM W/HITH
MEPEX0/I0B) aBTOMATa M CJIOKHOCTHIO allTOPUTMA MTOMCKA TAKOTO BXOJIHOTO clioBa. B obmieM Buae
mpo0JieMa COOTBETCTBHS OUYCHb CIIOKHA M 37I€Ch MBI PACCMOTPHM JIUIITH HEKOTOPHIE 00JIee YaCTHBIC
MPOOJIeMBI, pelIeHnEe KOTOPBIX HEOOXOAMMO AJIsI PELICHUS TPOOJIEMbI COOTBETCTBUS .
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[Ipexne Bcero, caeayeT OTMETUTh, YTO BXOJIHOE CJIOBO MOXKET OBITh HE TOJILKO 3apaHee 3alaHHbIM
(preset sequence), HO ¥ BBIYUCIISIEMBIM B IIPOIIECCE TECTUPOBAHMS HA OCHOBE aHAIN3a IOTy94aeMbIX
peakimii. @akTUYECKH, TaKOe adanmueroe BXOAHOE CiIoBo (adaptive SequUeNce) sBiseTcs aroOpuTMOM
TECTUPOBAHUS, BBIYUCIISIFONTUM CIIEAYIOINUNA CTUMYI (MJTH TTOCIICIOBATEILHOCTh CTUMYJIOB) B
3aBUCUMOCTH OT IOJIYYEHHBIX K 3TOMY MOMEHTY PEaKL WM.

PaCCMOTpI/IM TCCTUPOBAHUC KaK HpOTH)KeHHBII\/'I BO BpCMCHHU ITPOLICCC MMogauu CTUMYJIOB Ha aBTOMAT "
MOJIy4EHUs OT HEro peakiuii. Bo-nepBbIX, MbI IpeANoNIaraeM, 4To MoiaBaeMblii Ha aBTOMAT CTUMYJI HE
«mapomnagacTt», To €CTh, €CJIUM aBTOMAT NPUHUMACT CTUMYIJI, TO OH IICPCA 3TUM HNPUHAT BCC IMPCABIAYIINC
CTUMYJIBI. IMEHHO 3TO omuMchIBaeTCs abCcTpakiueil BXo1HOH ouepean. VICKIroUeHrne COCTaBIISIOT ITyCThIe
CTUMYIJIbI, ITIOCKOJIBKY Y HAC MOKCT HC GBITB BO3MOXHOCTH TOYHOH HUX pcajm3anuun, TO €CTb, Mbl HC
MO>KE€M T'apaHTHUPOBATh, YTO MEXKAY ABYMsI HEITYCTHIMU BOCIIPUHUMAEMBIMU CTUMYJIaM aBTOMAT
BOCIIPUMET POBHO CTOJIBKO MYCTBHIX CTUMYJIOB, CKOJIBKO MBI XOTHM. JTa mpobiieMa 00CyXaaeTcs HIKE.
[Toka Oyaem mpeamnonaraTh, YTO MyCThIE CTUMYJIBI PeaIi30BaHbl TOUHO. BO-BTOPBIX, MBI IIpeAIONAraeMm,
4TO B IPOHCCCC Mogavu Ha aBTOMAT CTUMYJIOB Mbl UMECM BO3MOXKHOCTD MMOJYYAaTh BblJIaBaCMBbIC
aBTOMATOM pEaKIIMU OJIHY 3a IPYroi Tak, YTO B KaXblii MOMEHT BPEMEHHU MOCIIE0BATEIBHOCTD yKe
MOJIYUYCHHBIX peaKI_II/Iﬁ MMpeaACTaBJISICT CO60ﬁ Ha4daJIO BBIXOAHOI'O CJI0BA, BBIJaBACMOI'O aBTOMATOM.

AJanTUBHBINA aNTOPUTM TECTUPOBAHUS JUISI CIOBAPHON (PYHKIIMHU W MOKHO IIPEICTaBUTH ce0e B BUEC

MOCJIeIOBATEIPHOCTH I1aroB. Ha KaXKoM i-0OM Im1are Ha aBTOMar MoJaeTCss HEKOTOPOE KBa3H-KOHCUHOE
BXOJIHOE CJIOBO Wi€®, M B KaKOM-TO MOMEHT BPEMEHH IOCIIE TIOJAYH ITOCIEAHErO HEMTYCTOrO CTUMYJIA MBI
0OHaApyXXHMBAEM, YTO MOJTYyYHIM KOHEUHOE BBIX0AHOE Uj. Ha mepBom miare, ¢10Bo W1e€® T0OIKHO OBITH
JOTTYCTUMO U TIPOBEPSETCS, YTO Uy MOXKET OBITh HAYaJIOM BO3MOYKHOTO BBIXOJIHOTO CJIOBA, TO €CTh,
cymectByeT Uew(W1€®) Takoe, uto U;<U. BTopoii miar Mbl HaUMHAEM, KOT[a UMEETCS HEOPEIETEHHOCTD

B UMCJI€ KOHIIEBBIX ITYCTBIX CTUMYJIOB IIEPBOI'O BXOJHOTO CJI0OBA, TO €CTh, KOTJa peajlbHO HAa aBTOMAT
OJJIaHO HEKOTOPOE KOHCUYHOE BXOJHOC CI0BO BUJIA Wie*. [Ipenmonaraercs, 4To JOMYyCTUMO JIt000€
BXOJIHOE CJIOBO BHIA Wle*erw, Y TIPOBEPAETCS, UTO, 110 KpaitHEH Mepe, JIsl HEKOTOPBIX U3 HUX UjUs
MOET OBITh Ha4aJIOM BO3MOYKHOTO BBIXOJTHOTO CJIOBa. B 1enom, eciu TecTupoBaHue 3aBEPIIACTCS MOCTe
K-ro mara, TO JOJKHO OBITH JOIIyCTUMO 111000€ BXOIHOE CJIIOBO BUJIA ule*u2e*. .. uie*. .. uke“’, u
MPOBEPAETCS, UTO, M0 KpailHEel Mepe, Il HEKOTOPBIX U3 HUX CJIOBO UjUs...Uj...Uk SIBJIIETCS HayajaoM
BO3MOKHOT'O BBIXOJIHOT'O CJIOBA.

CHauazna paccCMOTPHM JBE MPOOJIEMbI U30BITOYHOCTH: MPO0OJieMa U30BITOUHOCTH pealln3alui
(peanu3aMoHHOT0 BXOHOTO JIOMEHA) U ITpobiemMa N30BITOYHOCTH MOJICTH (MOJEIHHOM CIIOBAPHOM

GbyHKIUN).
4.2. IIpo6JeMa n30bITOYHOCTH peaTu3anuu

[IpoGaemMa n30BITOYHOCTH peain3aluy (peaaTu3aloHHOro JoMeHa): Peanu3anus, nenaromias Bce To, 4TO
OHa OJOJDKHA Ac€J1aThb B COOTBETCTBHUU C (byHKI_[I/IOHa.HBHOCTBIO, 3aI[aHHOﬁ MOJACJIBKO, MOXKET ,Z[OHyCKaTI:
BXOJIHBIC BO3JICHCTBUS, HE OMMCHIBAEMbIC MOJICIbI0. Kak mpaBuiio, Ipyu TECTHPOBAHUH HE CTABUTCS
3a/1a4a IPOBEPKU TOr'0, YTO JIEIAECT peaau3anus A 3TUX HEMOAEIUPYEMBIX TECTOBBIX BO3AEHCTBUN. B
TEPMHHAX aBTOMATa U €ro CJIOBAPHOM (PYHKIIMH 3TO O3HAYACT: MPH TECTUPOBAHUHU MBI ITOJIaeM Ha
TeCTpreMBIﬁ aBTOMAaT TOJIBKO TC BXOAHBIC CJIOBA, KOTOpBIe ,Z[OHyCTI/IMBI B MOACIHU, XOTA peaﬂmaum{
MOJKET JOIMYCKaTh M IPYT'He BXOIHBIC CIIOBA.
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Byaem roBoputs, 4TO peanu3zalMoOHHbINA aBTOMAT R yacmuuno sxeuseanenmen MOJEIbHON CIOBAPHON
(GYHKIHMU W, €CITH BBITIOJIHEHBI CIIEYIOUIHE Ba YCIOBHS:

e ['mmore3a o yactuunoi gomycrumoctu: Dom(w[R])=2Dom(w)

e VYcioBue SKBUBaNEHTHOU KoppekTHOCcTH: VYWe Dom(w) w[R](w)=w(w)

['umoTe3a 0 YaCTUYHOM JOMYCTUMOCTH SIBISIETCS npedyciiosuem TeCTUPOBAHNUSA, TOCKOJIbKY OHA HE MOXKET
OBITh TIPOBEPEHA B MPOLIECCE TECTUPOBAHMUS, & TECTUPYEMBIM YCIIOBUEM SIBJISIETCS YCIOBUE
SKBUBAJICHTHOM KOPPEKTHOCTHU. B nanpHeimeM, o yMoJ4aHuio, 1o "TUMOTE30M O JOMYCTUMOCTH" MBI
OyzeM MOHUMAaTh UMEHHO "TUIIOTE3Y O YaCTHYHOW JOMYCTUMOCTH". 3aMeTUM, YTO Halle MOHITHE
YaCTUYHOW SKBUBAJICHTHOCTH aHAJIOTHYHO MOHATHIO KBa3U-3KBUBAJICHTHOCTH B [3].

4.3. IIpob6ieMma U30bITOYHOCTH MOAEIH

[Ipo6aemMa n30BITOYHOCTH MOJIeNIN (MOIETTLHOM CIOBapHOH (GyHKIMH): MOENIb ONUCHIBAET MHOKECTBO
BO3MOXHbIX HOBG,Z[GHI/Iﬁ pcain3anuu 1npu 3aJaHHOM JOIMYCTHUMOM BO3ﬂ€ﬁCTBHH Ha Hee. B TCPpMHHAX
aBTOMAaTa M €ro CIOBApHOU (DYHKIIMH 3TO O3HAYAET, YTO 3HAYCHUE CIIOBAPHON (PYHKIIMU HA JAHHOM
BXOAHOM CJIOBE ABJISICTCA MHOKCCTBOM BBIXOJHBIX CJIOB. Eciu 3To MHOKECTBO COCTOUT 60.]166, HeM U3
OJTHOT'O BBIXOJTHOTO CJIOBA, 3TO O3HAYAET, YTO MOJEIh pa3pelacT pealn3aiuy BbIIaBaTh J000€ U3 dTHX
BBIXOJHBIX CJIOB. OI[HaKO, MbI HE MOXKEM Tpe6OBaTI>, ‘ITOGBI peamm3anud 11 KaKaA0ro BO3MOKHOI0
BBIXOJTHOTO CJIOBA MMEJIa BIITOJIHEHHE, BBIAIOIIEE 3TO CI0BO. BO-TIepBhIX, 7TO HEBO3MOXKHO ITPOBEPHUTH,
€CJIINn GI[HHCTBGHHBIﬁ CHOC06 BOSI[GI‘/JICTBI/I}I Ha p€ajn3anuio — BBOJ BXOJHOI'O CJIOBA. Ecmu J11 JaHHOT'O
BXOJTHOT'O CJIOBa BO3MOKHBIX BBIXO/HBIX CIIOB HECKOJIBKO, TO BEIOOP TOTO MIIM HHOTO BBIXOJHOTO CJIOBa B
aBTOMArTe, 10 OMpeACIICHUI0, HEACTEPMUHUPOBAH. DTa MpodiiemMa 00CyKIaeTcs B CIEAYIONIEM pa3iee.
Bo-BTOpBIX, PYHKITMOHATBHOCTh OOBIYHO TOHUMAETCS KaK Pa3 B TOM CMBICIIE, UTO PEaTH3AIHsI MOKET
BbIJaBaThb JZ7060€ U3 BO3MOKHBIX BBIXOJHBIX CJIOB. 910 O3Ha4acT, 4YTO 3HAYCHUC CHOBapHOﬁ q)YHKLII/II/I
peanu3aioHHOT0 aBTOMATa Ha IAHHOM JIOITYCTHMOM BXOJITHOM CJIOBE JTOJDKHO OBITH BIIO)KEHO B 3HAYCHHUE
MOJIETILHOM CIOBapHOM (DYHKITMU Ha 3TOM K€ BXOJHOM CJIOBE, HO HE 0053aHO COBIAATh C HUM.

Bynem roBopuTh, 4TO pean3animoHHbIA aBTOMAT R c600um K MOJIEIBHOM CIIOBapHOW (QYHKITUU W, €CITH
BBITIOJTHEHBI CIIETYIOIINE JIBA YCIOBHUS:
e T'mnoresa o yacTuuHO# monyctumoctu: Dom(w[R])2Dom(w)

e VYcnoBue yactuuHOM koppekTHOCTH: YWe Dom(w) w[R](w)cw(w)

TecTupyeMBIM yCIIOBUEM SBIISIETCS YCIOBUE YACTUYHON KOPPEKTHOCTH. B nanbHeleM, 10 yMOIYaHHUIO,
oA "'yCJIOBUEM KOPPEKTHOCTH'" MBI Oy/IeM MOHUMATh UMEHHO "yCIIOBHE YaCTUYHOW KOPPEKTHOCTH".

4.4. IIpodsema HeleTEePMUHU3MA

[IpoGnema HepeTepMuHU3Ma ciioBapHO dyHKIMHU. Kak Ob110 CKa3aHO BhIIIE, YCIOBUE KOPPEKTHOCTH B
MOJTHOM 00bEeMe HEBO3MOXKHO MPOBEPUTH. ECiM 11 JaHHOTO BXOAHOTO CJIOBA BO3MOXHBIX BBIXOJIHBIX
CJIOB HECKOJIbKO, TO BEIOOP TOTO MJIM MHOTO BBIXOJAHOIO CJIOBA B aBTOMATE, M0 OMPEIEICHHUIO,
HezeTepMuHUpPOBaH. [109TOMy CKOJIBKO OBbI pa3 MbI HE TIOJJaBaJId Ha TECTUPYEMBIH aBTOMAT JaHHOE
JIOTTYCTUMOE BXOTHOE CJIOBO U MOJIY4alid BO3MOKHOE (COOTBETCTBYIOIIEE MOJIETH ) BEIXOJHOE CIOBO, Y
HAC HE MOXET ObITh FapaHTHHU, YTO MPHU CIEAYIOUICH MOMbITKE OYET BBIIAHO TAK)XXe BO3MOXKHOE
BBIXOJTHOE CJIOBO.

[TosToMy mpeamnonaraeTcsi BHIMOIHEHHOM ClIeyromias
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e Jumoresa 06 OAHOPOAHOCTU HEACTCPMHUHU3MA: Ecmu aBTomar AJI JOIMMYCTUMOTI'O BXOAHOT'O CJIOBA
BbIJA€T BO3MOXHOE€ BbIXOJHOEC CJIIOBO, TO OH 3TO ACJIACT BCE€raa, TO €CTh, 3HAYCHUEC CJ'IOB&pHOfI
(byHKI_[I/II/I aBTOMaTa Ha 3TOM BXOJHOM CJIOBE COCTOUT TOJIBKO M3 BO3MOXHBIX CJIOB:

VYweDom(w) Juew[R](W)nw(w) = w[R](w)cw(Ww).

Ecnu runoress! 0 10yCTUMOCTHA U OAHOPOJAHOCTH HEACTEPMUHU3MA BEPHBI, TO Ul IPOBEPKU
CBOJMMOCTH peaJIn3alM K MOJEIIN JOCTaTOYHO IIPOBEPUTH CIEAYIOLIEE TECTUPYEMOE
e VYciioBHE OJJHOKPATHOHM KOppekTHOCTH: YW eD0om (W) nepBoe ke BbIIaHHOE pean3anuei

BBIXOJIHOE CJIOBO U€ W(W).

4.5. IIpo6iema 0eCKOHEYHOCTH MOJAEJILHOI0 IOMEHAa

[IpoGiema GECKOHEUYHOCTH MOJICTBLHOTO IoMeHa. JloMeH MOJIEIbHOM CIIOBApHOH (YHKITHH, BOOOIIE
TOBOPSI, SABIISCTCS OECKOHEUHBIM U TI03TOMY MPOBEPKA TECTUPYEMOTO YCIOBHUs "B 100", TO €CTh, IS
Ka)KJI0TO CJI0Ba U3 JOMEHA, HE MOXKET OBITh BHITIOJTHEHA 32 KOHEUYHOE BpEMSI.

YroObl 000#TH 3Ty IpoOIIEMY, ONIPEEIISIOT HOKpblmie TOMEHA - KOHeYHOe MHOYKECTBO TOJIMHOXKECTB
JIOMEHa CoverageQZDom(W) takoe, uro WCoverage=Dom(w). DiieMeHTHI IIOKPBITHS Ha3bIBAIOTCS
obsactsimu. [Ipu sTOM IpenmosaraeTcs BHIIOJHEHHON CIEAYIOIIAs
e ['mnoresa 06 0AHOPOAHOCTU MOKPBITHS: JIJISI KAXK/I0M 00J1aCTH MOKPBITHS, €CIIU TECTUPYEMOE
YCIIOBUE BBINOJIHEHO JJIsi HEKOTOPOTO JIEMEHTa 00J1aCTH, TO OHO BBIMOJIHEHO AJIs BCEX 3JIEMEHTOB
obmactu: VCeCoverage (GweC w[R](w)cw(w)) = Yw eC w[R](W )cw(w").

Eciu rumnoTessl 0 J0MyCTUMOCTH B OJTHOPOIHOCTH IMOKPBITHS BEPHBI, TO JUIS TPOBEPKH CBOJHUMOCTH
peam3anuy K MOACIH JOCTAaTOYHO MPOBEPHUTH CIEAYIOIIEE TECTUPYEMOE
e VcioBue BeIO0pouHOU KoppekTHOCTH: VCeCoverage s nepBoro nogaBaeMoro Ha peam3alyio
BxojHoro cioBa WeC w[R](w)cw(w).

Ecnu 3agano nokpsitre COVerage u BepHBI THITOTE3BI O JOIYCTUMOCTH, OAHOPOJHOCTH HEJCTEPMUHU3MA
¥ OJJTHOPOAHOCTH TIOKPBITHS, TO JUIS TPOBEPKH CBOJMMOCTH peaTu3allii K MOJIEIH JOCTATOUYHO
IIPOBEPHTH CIIETyIOIIee TECTUPYEMOE YCIOBHUE:
e VYcnoBue BEIOOpOYHOH 0 HOKpaTHOHM KoppekTHocTH: VCeCoverage st mepBoro noJaBaeMoro
Ha peai3aluio BXoHOro cioBa WeC BbIaHHOE pean3alieil BEIXOIHOE CII0BO UE W(W).

4.6. UTepanusi BXOJHbIX CJIOB

TCCTI/IpOBaHI/Ie €CTb IMOCJIICAOBATCIIbHOCTD IAroB TECTUPOBAHUA, HA KaXX10M U3 KOTOPBIX
OCYHICCTBIIACTCA IOJJava Ha TeCTI/IpyeMBII\/'I ABTOMAT BXOJHOTO CJIOBa W, IMOJIy4Y€HHUE BBIXOQHOTO CJIoBa U 1

poBepKa Toro, yTo Uew(W). 31ech BO3HUKAET MpodiiemMa repebopa BXOIHBIX CIIOB, [T0JaBAEMbIX TECTOM

Ha 1marax tectuposanusi. Eciu 3agano nokpsite Coverage u BepHa rurnoresa 00 0HOPOIHOCTH
MOKPBITHSA, TOCTaTOYHO NepedpaTh XOTs ObI 110 OTHOMY BXOJHOMY CJIOBY M3 Ka)KJJOU 00JIaCTH MOKPHITHSL.

JIJ1st 3TOTO ONPENEISIIoT KoHeuHoe umepupyemoe mHodcecmso IteratecDom(w), conepikaiiee, 1Mo
KpaifHell Mepe, [0 0OTHOMY 3JIEMEHTY U3 KaX/10i 00J1acTH OKPBITHUS, TO €CTh,
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{CeCoverage|Coveragenlterate=d}=Coverage. Utepaiiuisi BXOIHBIX CJIOB OCYILECTBISACTCS KaK
nepebop IEMEHTOB HTEPHUPYEMOTO MHOIKECTBA.

HtepupyeMoe MHOXKECTBO Ha IIPAKTHKE yI0OHEe 33/1aBaTh H30BITOYHBIM B TOM CMBICIIE, YTO €T0
COOCTBEHHOE TIOJMHOKECTBO TAKXKE SIBIISICTCS HTEPUPYEMBIM MHOKECTBOM ISl IAHHOTO MOKPBITHSL. DTY
U30BITOYHOCTh MOYKHO YMEHBILIUTH, UCTIONB3Ys (riibTpanuto. [1ycTs:
® UTCPUPYEMOE MHOKECTBO yropsiaodeHo (nepenymepoano) Iterate={wf[i]|i=1..n};
® TOKpBITHE TaKXke ynopsnoueHo (nepeaymepoBano) Coverage={C[j]|j=1..m};
e s kaxnoi oonactu C[j]e Coverage onpeneneH npenukar Ha uTepupyeMomM MHOkecTBe P[j] =
weClj].

BBeznem maccuB OyneBckux nepeMeHHbIX B mmnHoN M, nHnimanu3upoBansbix false. OrdunbrpoBanHas
HOCIIeIOBATENFHOCTh BXOHBIX ciioB Filterlterate Berancnsiercs cnenyronmm odpazom. Urepupyst
MHOXecTBO lterate, s kaxaoro BXoaHOro ciaoBa W u3 lterate nepebupaem Bce 001aCTH MOKPHITHS
C[j], nns xoropsix B[j] pasuo false, u ¢ momomisio npeaukara P[j] onpenensiem, mpuHaaiexuT au W
cooTBeTCTBYIONIEH obnactu. s kaxknoi nepedbupaemoii oomactu Clj], ecnmu weC[j], To ycTtanaBiuBaem
B[j]:=true. Eciu 310 mpou3o1uio XoTst 06l 0uH pa3 (W IPHUHAIICKAT XOTs ObI OHOM mepedupaeMoit
obyacTu), TO moMeniaeM W B OTQHIBTPOBAHHYIO TocieaoBarenbHocTh Filterlterate.

4.7. IIpo6ema 0ecCKOHEYHbIX BXOJAHBIX CJIOB

ITo cymectBy, 3Ty ipobaeMy Mbl U3ydanu B yacTu 3. X0Ts ciioBapHast pyHKIUS onpeensercs Ha
0ECKOHEUHBIX BXOJIHBIX CJIOBaX, MOCKOJIbKY 3TO Y100HAas MaTeMaTHyecKas abCTpakuus, OAHAKO, IIPH
TECTUPOBAHUU IIPUXOIUTCS UMETh JEJI0 TOJIBKO C KOHEYHBIMU ClI0BaMU. KOHEUHOE BXOHOE CIIOBO
MO>KHO TOHUMATh Kak OECKOHEYHOE CJI0BO, B KOTOPOM MMEETCS TOJIbKO KOHEUHOE YHCIIO HEMYCThIX
CTUMYJIOB; TaKie OECKOHEUHBIE CJIOBA Mbl Ha3BAIM K6a3uU-KoHeuHbiMU. I1yCThle CTUMYIIBI,
PacrojoKEHHbIE BO BXOAHOM CJIOBE 0 IOCIEAHETO HEMYCTOIO CTUMYJla MOJEIIUPYIOT «I1ay3bl» MEXKIY
[0CJIeI0BATENbHBIMU HEIIYCTBIMU CTUMYJIaMH, @ OECKOHEUYHAs OCIIEI0BATEIBHOCTh TyCThIX CTUMYJIOB
II0CJI€ TIOCIIEHETO HEMYCTOTO CTUMYJIa — KOHEIL CJI0Ba, TO €CTh, 3aBEPIIEHUE M10Jja4l CTUMYJIOB Ha
aBTOMAT B JJAHHOM TECTOBOM 3KCIIEPUMEHTE.

MBI BBISICHWIIH, YTO clIOBapHas (QyHKIIKS aBTOMAaTa, BOOOIIE FOBOPsI, HE BOCCTAHABINBAETCS OJJHO3HAYHO
110 CBOEMY KBa3U-KOHEYHOMY CY>KEHHUI0. B 3T0 cuTyannu Mo>XHO 1) OrpaHU4YMTHCS TAKMMU KJIacCaMu
aBTOMATOB, JIJIs1 KOTOPBIX clloBapHas (YHKIUS OJTHO3HAYHO OTNPEAEISeTCs €€ KBa3U-KOHEUHbIM
CYXXEHUEM, UITH 2) TAKUMH (PYHKIIMOHATHHBIMU TPEOOBAHUSIMHU K aBTOMATY, KOTOPBIE MOTYT OBITh
chopMyIUPOBAaHBI B TEPMUHAX KBA3U-KOHEYHOT'O CYKEHUS CIIOBApHON (YHKIUH, TO €CTh, IPOBEPSThH
IIOBEJICHUE aBTOMATa TOJBKO HAa KBa3U-KOHEYHBIX BXOJHBIX CJI0BaX U, €CJIM HA TAKUX CIIOBAX OHO
MPaBWJIbHO, TO JI€JaTh BHIBOJ, YTO peajn3alus COOTBETCTBYET MoJIeNH. B aTux ciayyasx Mbl Kak Obl HE
oOpariaeM BHUMaHKE Ha MTOBEJICHHE aBTOMATa Ha «HACTOSIINX, COEPKAIIMX OECKOHEYHOE YUCIIO
HEITYCTBhIX CTUMYJIOB, BXOJHBIX CJIOBAX.

B T0 ke Bpems1, TOBEACHNE aBTOMATa Ha TAKUX «HACTOAIIMX» BXOJHBIX CIIOBAX MOYKET OKa3aThCs
CYIIECTBEHHBIM C TOUYKH 3peHUs (YHKIMOHATIBHBIX TpeOoBaHUH K aBToMaTy. OOBIYHO MTPOrpaMMHBIE WIH
anmnapaTHbIe CUCTEMBI IPEKPALAIOT BbIa4y PEAKLUH, €CJIU B TCUCHUH JUTMTEILHOTO BPEMEHHU Ha HUX HE
MOCTYMAIOT (HEMYyCThIE) CTUMYJIBI, HO CYIECTBYIOT CUCTEMBI C «HHBEPTHPOBAHHBIMY IIOBEICHUEM,
KOTOpbIE, HA0OOPOT, HE BBIAIOT PEAKIIHi, €CIIM CTUMYJIbl IEPUOJUYECKU TIOCTYIAIOT, & P JUTUTEIBHOM
UX OTCYTCTBUHU HAYMHAIOT BBIJABAaTh «aBAPHIHbBIC» peaKlM, CHTHAIM3HPYIOLe 00 00pbIBE MOTOKA
CTHMYJIOB.
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B sToM ciyyae MoxHO monpoOoBaTh UCMOIb30BaHHE HEKOTOPOTO MpEArKaTa Ha KOHEUHbBIX
cepHaM3aluaX U MHQOpMAIK O cepUaIn3altiax, BOZHUKAIOMIMX MPH paboTe aBTOMATa JJIsl TECTOBBIX
BO3JIeHCTBUI. MBI MOKa3aiiu, 4To, e (PyHKIMOHAIbHbIE TPeOOBAHUS HACTOJIBKO KECTKHE, YTO
OIMCHIBAIOT HE TOJIBKO CIOBAPHYIO (PYHKIIMIO, HO M1 MHOKECTBO BIOJHE-AOMYCTUMBIX CepUaTH3alun
aBTOMAaTa, TO TAKOW MPEAUKAT MOXKHO UCIIOIb30BATh JIJIsl HIPOBEPKH MOJY4a€MbIX MPHU TECTUPOBAHUU
cepuanuzanuii. OHaKO, €CIIM MPEJUKAT OMHUCHIBACT, PAKTHUECKH, CaMy CIIOBapHYIO (DYHKIIHIO, TO €CTh,
JIOTTYCKaeT BCEe CepHalIn3alliM, KOTOPhIE MOTYT BOSHUKHYTh ITPH paboTe JII000ro aBToMaTa ¢ JaHHOU
clIoBapHOU (yHKIIKEH, TO B 00IIEM Cllydae TaKOHM MpeInKaT He CMOXKET OTBEPTHYTh OBECHHE
HEKOTOPBIX aBTOMATOB C IPYro# CIOBapHO# GyHKIHMEH. B TO e Bpems, €Ciii OrpaHHYUTHCS KOHEYHBIM
CEeMEHCTBOM aBTOMATOB (HAIIpHUMeEp, aBTOMaTaMH C OIpaHUYEHHBIM YHCIIOM COCTOSIHMIA), TO Ipodiiema
MOXET OBITh PEeIlIeHa.

Ecnu y Hac He 3a7aHa cioBapHasi QyHKIIHS, a TOJILKO MPEAUKAT P KOHEYHBIX CepHann3aliiii (HeBaXKHO,
YTO 3TO MOKET OBITh, HATPUMED, MPEIUKAT HEKOTOPOM CIIOBAPHOM (DYHKITUH WK TIPEIUKAT Z-
MHOYKECTBA, OIPEJICNISIONIETO CIOBAPHYIO (YHKIIUIO), TO TECTUPOBAHKE MPOU3BOIUTCS HA OCHOBE 3TOI0
npeauKaTa CIeayoumM oopa3oM:
® B KayeCcTBE KOHEYHOI'O BXOJHOTO CIIOBA Wi BEIOMPAIOTCS X-TIOJICIIOBO XZ KOHEUHOH ceprain3aliiu
Z morryckaemoit npeaukarom: ZeU(p) W=Xxz;
® JUIs MOJYYCHHOW B TECTOBOM KCIIEPUMEHTE KOHEUHOM cepranu3aimu Z; (XZ=W;) IpOBepsIeTCs,
YTO OHa JIoNycKaeTcs npeaukarom: Z.e U(p).

Ecnu e y Hac 3a1aHa Kak ciioBapHasi GYHKIHS W, TaK U MPSIUKAT P KOHSUHBIX CepHATH3AIINii, TO
MOCJICHUIN pacCMaTpPUBAETCs KakK JOMOJHEHUE K CIIOBAPHON (PYHKIIMHU, TO €CTh, UCIOIB3YETCS TOJIBKO
IUISl YTOUHEHHSI CEPHATM3aIlUK TTapbl (BXOJHOE CIIOBO, BEIXOTHOE CIIOBO), YIOBJICTBOPSIOIIEH CIIOBapHOI
¢dbyakumun. bosee AeTaNbHO TECTOBBIM SKCIIEPUMEHT CTPOUTCS IO CICIYIOIIEH CXeMe:
® B KayeCcTBE KOHEYHOT'O BXOJHOTO CJIOBA W¢ BBIOMPAETCsI HAUYAJIbHBIN OTPE30K BXOAHOTO CIIOBa W
U3 JIOMEHa ciIoBapHO# pyHkuuu: weDom(w) wi<w;
® 13 MOJYYEHHOH B TECTOBOM SKCIIEPHUMEHTE KOHEUHOW cepraiu3auuu Z; (XZ=W;) BEIOUpaeTcs
KOHEYHOE BBIXOIHOE CJIOBO - Y-TIO/ICIIOBO YZt M TPOBEPSCTCS, YTO OHO YAOBJICTBOPSIET CIOBAPHOM
¢yukuuu: Iw eDom(w) Juew(W') Wi<W' yz;<U; eciti 3TO He TaK, PUKCUPYETCs OIIHOKa,;
® TIPOBEPSETCS, OMUCHIBACT JIM MPEAUKAT CEPUATU3AIIUY [T TTapbl (W, YZ): IzeU(p) Xz=wW; YZ=YyZzi;
€CJIM HET, TO CYMTACM, YTO IPEIAUKAT HE 3alpelIacT J0YI0 CepuaT3alfio TaKOH Maphl 1
TECTOBBIH IKCIIEPUMEHT 3aKaHUUBACTCS YCIICIIHO;
®  cCJIM IPEANKAT ONMCHIBACT HEKOTOPBIC CepUaii3alny JUIs napsl (Wt,YZt), TO IpoOBEpsieM, 4TO
MOJIyYCHHAsI CePHATM3aIIUs Zt BJISIETCS OTHOM U3 HuX: Zte U(P); eciii 3TO HEe Tak, TO
(buxcupyercs ommoOKa.

Pazymeercs, nist nucnonb30BaHUs METO/IA TIPEIUKaTa Y HAC JOJKHA OBITh KaKas-TO BO3MOKHOCTh
MoJTy4aTh WHGOPMAITHIO HE TOJIBKO O BBIXOIHBIX CIIOBaX, HO M O cepuanu3anusax. Ha mpaktuke, MbI BO
MHOTHX CITydasx MOKeM Takyro HHbopmaluio moinyduts. OauH u3 croco6oB cienyromuid. [Tycts
BpeMeHeM cpabaThIBaHUSI aBTOMATA 110 ITyCTOMY IEPEX0y MOKHO MpeHeOpedb, a BpeMsi cpadbaThIBaHUs
0 TIPUEMY CTUMYJIa OTPAHUYEHO CHU3Y YHUCIIOM Tmin U CBEPXY YUCIO Tmax. 1 OTA, €CIIM TIEpPBasi peaKIIus,
MOCTYNAET 4yepe3 BpeMs NTmax<I<MTmin OT HaYajga TECTUPOBAHHUS, TO MBI MOYKEM YTBEPKAATh, UTO OHA
pacrojaraeTcsl B CepuaTn3alii He paHblie N-To ¥ He Mo3:xke M-ro ctumyna. Hanpumep, npu Tmin=2,
Tmax=4 1 =9 nepBas peakus UMeeT B CepUaTu3aluy UHACKC OT 2 10 5, Tak Kak 2*4<9<5*2.
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B T0 ke Bpemsi, 3TOT puMep MOKa3bIBACT, YTO MPHU TECTUPOBAHUU Y HAC MOXKET HE OBITh BO3MOKHOCTH
TOYHO ONPENEIUTH CEPUATN3ALMIO BXOJHOTO U BBIXOAHOTO CJI0BA. DaKTUYECKH, MBI MOKEM OIPENEIINUTD
MHO>KECTBO BO3MOYKHBIX cepuanusanuil. B nemom, eciy B pe3yapTaTe TECTOBOTO SKCIIEPUMEHTA
MoJIy4yeHa He OflHa cepralin3alusi, @ MHOXKECTBO Zt BO3MOXKHBIX KOHEUHBIX CepHalIN3alliii, TO ONMCAHHbBIE
BBIIIIE MPOBEPKH PE3YIbTATOB TECTOBOTO KCIEPUMEHTA IIPOBOSATCS JUIsl KAXKAOU CepUain3aluu
MHOKecTBa Zt€ Zt. Ecnu X0Ts Obl 0JiHa cepualin3aliysl BbIAEPKUBAET MPOBEPKY, TO MPEKPAILIAEM
MIPOBEPKY HEMPOBEPEHHBIX CEPUATU3AIUN H CYUTAEM, YTO aBTOMAT Bel ce0sl MPaBIILHO ("'Tpe3yMIIus
HeBUHOBHOCTU"). Eciii HU 071Ha cepuanu3anys He BbIIEP)KUBAET IPOBEPKY, PUKCUPYEM OLIHOKY.

3aMeTHM, 4TO pa3HbIe CepUATU3AIIUH ONPEACIISIIOT, BOOOIIE TOBOPS, Pa3HbIE MMOCTCOCTOSHHS (MHOKECTBA
MOCTCOCTOSAHUI) aBTOMata. [103TOMy, eciu HaM HY>KHO 3HATh IIOCTCOCTOSIHUE (7151 TOTO, YTOOBI 1aBaTh
CIIeyIONIee BXOAHOE CJIOBO HE B HAYAJIbHOM COCTOSIHHH, & B TIOCTCOCTOSTHUH ), TO UMEET CMBICIT
MIPOBEPSTH KAXKAYIO CEpUATU3AIlMU U3 MHOKECTBA Z; BOSMOXKHBIX CEpUATU3AINMA (a HE IO IePBO
BBIJICP)KUBAIOIIEH TPOBEepKY). Te cepuannzanuu, KOTOPBIE BBIACPIKAIH IPOBEPKY, OMPEICIISIOT
MHOKECTBO Z-PacKpacoK MapiipyToB, MO0 KOTOPBIM MOT TIPOHUTH aBTOMAT U, TEM CaMbIM, MHOXKECTBO
BO3MOJKHBIX IMTOCTCOCTOSIHUH (KOHITOB 3THX MapuipyToB). [TogpoOHee 3Ty nmpobiieMy pacCMOTPUM HUXKE.

MHOX€eCTBO BO3MOKHBIX CEpHAIN3aLMi IPU TECTUPOBAHUH MOKET OBITh 3a/1aHO Hanboiee
€CTECTBEHHBIM CITIOCOOOM KaK YaCTMYHBIN MOPSIOK HAa BXOXKIECHHUIX CTUMYJIOB U peakuii BO BXOAHOE U
BBIXOZHOE CJIOBA. BXOqHOE CIIOBO OnpenensieT JMHENHBINA NOPSAJOK CTUMYJIOB, a BBIXOJHOE CJIO0BO -
JMHEWHBIA TOPSIOK peakiuil. JlonoIHUTENbHBIN YaCTUYHBIM MOPSAAO0K, TAKMM 00pa30M, CBS3bIBACT
CTUMYJIBI M pEaKIIMH. B paccMOTpEHHOM BBIIIE PUMEPE MTEpBasi peaKIys HAXOIUTCS HE paHbIle 2-T0 U
HE TM03X€ 5-T0 CTUMYJIA. DTOT JONOJIHUTENbHBINA YaCTUYHBIN MOPSAA0K HHIYLIUPYET MHOXKECTBO Zt
JIMHEHHBIX MOPSIIKOB, HE IPOTUBOPEYAILUX EMY.

4.8. IIpodsieMma mycTbIX CTUMYJIOB

[Tycroii cTumy siBisieTcst abCTpakuueil, MOIeIUPYIOIIeH MyCTOTY BXOTHOW oYepe i B MOMEHT €€
OIIpOca aBTOMATOM B PELENTHUBHOM COCTOSIHMM. Tenepb BO3ZHUKAET PpoOIeMa peaar3aiy TON
a0CTpaKLKK, TO €CTh, peaTU3aly MycTOro cTuMya. [IoHATHO, YTO peann3oBaTh OECKOHEUHYIO
IIOCJIE0BATEIBHOCTD ITYCTBIX CTUMYJIOB ITOCIIE ITOCIEAHETO HEIYCTOrO CTUMYJI JIETKO: HAJI0 POCTO
IepecTaTh 101aBaTh CTUMYJIbI HA aBTOMAT. TpyIHEe pealn30BaTh HEKOHEYHBIE ITYCThIE CTUMYJIBI,
MO/JICJIUPYIOIINE «I1ay3bl» PA3IMYHON JAIUTEIBHOCTH (M3MEPSAEMON B UUCIIE IPOUICHHBIX PELIENTUBHBIX
COCTOSIHMIT) MEX/1y MOCJIE10BATEIbHBIMU HEITYCTBIMU CTUMYJIaMH.

4.8.1. IlepexBaT onepauum receive

[Ipocreitmmii crmocod peanu3anuu MycTOro CTUMYJIa OCHOBAH Ha MIEPEXBATe TECTOBOM CUCTEMOM
06pameHI/1;1 aBTOMarTta K BXOI[HOI>'1 o4yepcaun B pCUCIITHBHOM COCTOSTHUU. BYIleM CUMTaTh, YTO TAaKOC
oOpallleHne pealn3yeTcs ornepanueii receive, BO3Bpallaoei roJJ0BHOM CTUMYII, €CITH O4epe/ib He
ycTa, WIK cooO1Iaromeil 00 OTCYTCTBUU CTUMYJIA, €CIIA OYepeb MycTa. 3aMEeTUM, YTO AaCUHXPOHHBIH
aBTOMAT OTJIMYAETCS OT KJIACCUYECKOro aBToMaTa MU, B YaCTHOCTH, TEM, YTO JIJISl IIOCIEIHETO
UCIIOJIb3YEeTCsI FECEIVE ¢ OXKUAaHUEM U ITOITOMY aBTOMAaTy He cOoo0IIaeTcsi 00 OTCyTcTBUU ctuMyia. Eciu
10 OTepaliy receive aBToMar MomaaacT B TECT, TO CaM TECT BO3BPAIAeT OYSPEIHON CTUMYIT BXOJIHOTO
CJIOBA, €CJIK 3TOT CTUMYJI HCIIYCT, UJINU COOGH.I&GT 0 IMYCTOTC OUCPCaU, CCJIU 3TOT CTUMYJI ITYCT.

Henocratkom 3Toro crocoba siBISETCS TO, YTO MOA00HOI BO3MOXKHOCTH IepexBaTa orneparuu receive
MOJKET He ObITh. B 3TOM ciyyae BO3MOXKHBI TP BapuaHTa: 1) OrpaHUYUTHCS TAKUMH aBTOMaTaMH,
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MOBCACHUEC KOTOPBIX HEC 3aBUCHUT OT HAJIMYUS U OTCYTCTBUS IIYCTBIX CTUMYJIOB BO BXOJIHOM CJIOBC; 2)
OTPAaHUYHUTHLCS TAKUMH BXOJHBIMH CJIIOBAMH, KOTOPHIE MOYKHO PEATM30BaTh; 3) MPUMEHSTH "HeueTKue"
BXOJHBIC CJIOBA, B KOTOPBIX YHUCJIO ITYCTBIX CTUMYJIOB B HYKHBIX MCCTAaX MOXKCT GBITB OnpeCacCICHO JIUIIb
C HEKOTOPOH CTETEHbIO TOYHOCTH U, COOTBETCTBEHHO, OTPAHUYUTHLCS TAKUMH aBTOMAaTaMH, B KOTOPBIX
JIIO6OG N3 TOYHBIX CJIOB, COOTBCTCTBYIOIHUX HCUCTKOMY BXOJHOMY CJIOBY, JOIIYCTUMO.

4.8.2. CepuiiHoe TecTUpOBaHMe 0€3 NMAy3 U CTALMOHAPHOE TECTUPOBAHUE

Cpe/:m AOIMYCTUMBIX KBAa3W-KOHCYHBIX BXOJHBIX CJIOB €CTh JIBa KpaﬁHHX IMOAMHOXKECTBA CJI0B, KOTOPLIC
MOTYT OBbITh PEaJTM30BaHbI IPH HEKOTOPHIX NPEAMOI0KEHUIX
1. KBasu-koHeuHEBIE BXOIHBIC CJIOBA oe3 IMYCThIX CTUMYJIOB, TOYHEEC, CJIOBA, B KOTOPBIX BCC IIYCTHIC
CTI/IMyJII:I paCHOJIaI‘aIOTCH II0CJIC ITOCIICAHECT O HGHYCTOFO CTI/IMYJIa. MHO)KGCTBO TAaKHUX CJIOB
XN {e®}.
2. KBa3u-xoHeuHbIE BXOJHBIC CJIOBA, B KOTOPBIX MCXKIY JIFOOBIMU MMOoCJICA0BATCIIBHBIMU HEIMYCTBIMU
CTI/IMyJIaMI/I pacnonaraeTc;I JOCTATOYHO GOHBLHOG YUucCcJio HYCTBIX CTI/IMyJIOB.

IMoagMHo:xkecTBO 1 MOXKET OBITH PEATM30BAHO B MPEAMOIOKEHUH, YTO TECT YCIIEBACT MOAATh HA aBTOMAT
CIICAYIONIMI HETYCTON CTUMYJI IO TOTO, KaK aBTOMAT 3aX04YEeT €ro MPOoYnuTaTh. Takoe TeCTUpOBaHHE
OyzeM Ha3bIBaTh ceputinbiM mecmuposanuem 6e3 nays. ECn TecT 1 aBTOMAT pealn30BaHbl IPOIeCCaMU
Ha OIHOM IIPOIIECCOPE, TO JIOCTATOYHO, YTOOBI IPOIIECC TECTA HMEN OOJBIINN PUOPHUTET, YEM IPOIIECC
aBToMara. B aTom CJIydac TCCT IIOMCECTUT BO BXOJHYHO O4YCPCAb BCC HCITYCTBIC CTUMYJIBI U TOJIBKO ITOCJIC
ATOTO HaYHeT padoTaTh Mpolecc aBToMara. Eciii ke TecT M aBTOMAaT pearn30BaHbl polieccaMy Ha
pa3HBIX MPOIIECCOPaAX, TO, MO-BUAUMOMY, HYXKHO, YTOOBI IPOIIECCOp TecTa ObLI T0CTaTOYHO OBICTPHIH 1O
CPaBHEHHIO C TIPOIIECCOPOM aBTOMATA: IUKJI TECTA IO IMOCBUIKE OJTHOTO HEMYCTOTO CTUMYJIAa TOJKECH
BBITIOJIHATHCSA 6I>ICTpee, 4YCM Iepexoa aBToMara, OFpaHI/I‘IeHHBII\/'I CBCPXY MaKCUMAJIbLHBIM BPEMCHCM
cpabaThIBaHUS T.

Ectp u apyroii criocob peanu3anuu noamMHoxkectsa 1. J{is 3Toro moctatodno, 4roOsl paboTa aBTOMara
HAYMHAJIACh C €0 HAYaJIbHOTO COCTOSIHHSI ITOCJIE TOTO, KaK TECT MOMECTUII BO BXOJIHYIO OYepe/lb BCE
HEIMyCThIC CTUMYJIBI BXOJHOTO CJIOBA. IHBIMHU CJIOBaMH, MPEIIOIaraeTcs, 9YTo aBTOMAT HAYNHACT CBOIO
paboTy ¢ HA4YaIbHOTO COCTOSTHHS IO CIIEIIMAIbHOMY CTapTOBOMY CHTHAITy, KOTOPBIH TECT MMOAaeT 1mocie
MTOMEIIICHUS BO BXOJHYIO OYEPE/lb BCEX HEMYCTHIX CTUMYJIOB.

IogMHoOKeCcTBO 2 NMEET CMBICT JIJIs1 aBTOMATOB Kjacca A5, B KOTOPBIX J11000€ KBa3U-KOHEYHOE CI0BO
MEPEBOUT aBTOMAT B TEPMUHATHHOE COCTOSTHUE WU MPUHUMAIOIIEE COCTOSIHUE Oe3 e-TIepeX0/I0B B
Jpyrue cocTOSTHUSA (€CTh TOJILKO €- MEeTJIs); TAKUE COCTOSHUS OyeM Ha3bIBaTh crmayuornapHuimu. Takoi
aBTOMAT Kiacca A3 — 3TO, OUYEBUHO, ABTOMAT, B KOTOPOM KaKIbIH ITUKINICCKUI MapIIpyT, KPOME €-
MeTelb, COJIEPKUT X-TIEPEXO0/IbI, TO €CTh, IPUEM CTUMYJIOB. B cTanimoHapHOM COCTOSIHUU aBTOMAT JIM0O
OCTaHABIMBAETCSI, TMOO OKUAAET MOCTYIUICHUS HEMyCTOTO CTUMYIA. B aTOM ciydae cnemyronuit
HEIMyCTOI CTUMYII MTO/Iae€TCsl HAa aBTOMAT MOCJe €ro Mepexo/ia B CTallMOHapHOE HETEPMUHAIBHOE
coctosinue. Takoe TecTupoBaHUE OyJieM HA3bIBaTh CMAYUOHAPHBIM.

Kakoe Bpems TecT JOKEH BBIKIATh IPEXkKIE, YEM MOAATh CIEAYIOIMM HelycTol cTuMyn? OueBUuIHO,
3TO BpPEMsI OTPAHUYEHO CBEPXY MAKCUMAJIbHBIM BPEMEHEM IIEPEX0/1a aBTOMATA MO MPEABIIYILIEMY
HEIYCTOMY CTUMYITY IIJIIOC BpEMs IPOXOXKIAEHUS B CTAlMOHAPHOE COCTOSIHUE TIO MAPLIPYTY,
CoJIEeprKallleMy TOJIBKO IIYCThIE, IOChUIAIONINE U €-11epeX0bl. [I0CKOIbKY HET IIUKJIOB U3 TaKUX
MepPexo0/I0B, KpOMe e-TeTelb, MaKCUMallbHasl JJIMHA TAKOTOo MyTH paBHa N-1, rae N - Yucio coCTOSHUN
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aBromata. CieoBaTelbHO, TaM-ayT MEXKY MOCIEA0BATEIbHBIMA HEMMYCTHIMU CTUMYJIAMU MOXKHO
YCTAaHOBHUTH paBHBIM T+(N-1)T=NT, r1ie T - MaKCUMaJIbHOE BpeMsi CpabaThIBaHHs aBTOMATA.

4.8.2. ABTOMATBI C OJHOPOAHBIM MOBEACHHEM

Mo’xHO He GECTIOKOUTHCS O peau3aluy MyCThIX CTUMYJIOB, €CIIM TECTUPYEMBIN aBTOMAT 00J1a1aeT
CHEAYIOIUM CBOMCTBOM.

OnanopoaHoe nmoeaenue: Ecim ciioBapHas pyHKITMS W aBTOMATa oIlpejelicHa Ha CJI0Be W, TO OHa

OMpe/eNicHa TAKKe Ha JTF000M CIIoBe W, TOJTYYSHHOM U3 W yIaJeHHEeM /WU JOOaBICHUEM B
IIPOU3BOJIEHBIE MECTA IIPONU3BOJIFHOIO KOHEYHOT'O YKCIIa MYCThIX CTUMYJIOB, U IPUHAMAET HAa HEM TO JKe
3Hayenne w(w )=w(w).

ABTOMATHI, 00JIaIAIONINE 3TUM CBOHCTBOM Oy/ieM Ha3bIBATh ABMOMAMAMU ¢ OOHOPOOHLIM NOBEOECHUEM, A
KJIacC TaKMX aBTOMATOB 0003Ha4nM A6. M1 yxe uzydaim noakiacc A6 - kirace A0 - aBTomatsl 6e3
CMEIIIaHHBIX COCTOSIHUHI U e-nepex0;[0B. Ecmu IMPUBCCTHU 3TU aBTOMATHI K KJIACCY A3, TO OTCYTCTBUC e-
MEepeX00B MPEBPAIACTCS B OTCYTCTBHE E-TIEPEXO0JI0B, HE SIBIITIONIUXCS MeTIsIMA. IHBIME ciioBamH,
aBToMathl kiacca AQ - 3TO aBTOMATHI 0€3 CMEIIAHHBIX COCTOSIHUN, B KOTOPBIX BCE E-TIEPEXO/IBI - 3TO
METIIM B MPUHUMAIOIINX COCTOSHUSIX.

BwmecTe ¢ TeM, CBOHCTBO HE3aBUCHMOCTH CIIOBApHOW (DYHKIIMH OT BCTABKHU M YIIAJICHUS ITYCTHIX CTUMYJIOB
HE SABJISETCS XapakTepucTuaeckum s kinacca AQ, To ecTh, K1ace aBTOMATOB, 001a1al0IUX TUM
cBoiicTBOM, He coBrnaaaeT ¢ kimaccom AQ: AOcCAG. Tlpumep npuseneH Ha puc.4.8.1; B 5ToM aBTOMaTE
HapylaeTcst CBOMCTBO 3 aBromara kiacca AQ: clioBo X1€% I0MmycTUMO, CII0BO X1X1€° HEIOMYCTHMO,
onnaxo, w(x16?)={(y®)} He comepKHUT KOHEUHOT0 BHIXOIHOIO CJIOBA.

2
e
%
X

¥

Puc.4.8.1

31ech MPECTaBISIIOT HHTEPEC CIEAYIOIINE JIBE MTOKA HE PEIICHHBIC 3a/1a4u:
1. Onwucats KJ1acc aBTOMATOB C OJTHOPOIHBIM MoBeieHHEM AB.
2. Paccmorpers noakiaacc A6 CAB, B KOTOPOM sl BCEX KBa3U-KOHEYHBIX BXOIHBIX CJIOB BBIXO/IHBIC
cioBa KOHeuHbl. EcTh rHmoTesa, 4To 3TOT MOJKIACC SBIIETCs Takxke moakiaaccoM AQ:
A6 cAOCAG.

[Ipu TecTupoBaHrU aBTOMATOB Kjiacca A6 Mbl IMEEM HETIPOBEPSEMYIO BO BpeMs TECTHPOBAHUS TUIIOTE3Y
00 OZHOPOJHOM IOBEIEHHUH, U 101a€M KBAa3U-KOHEUHBIE CJI0BA C TEMH ITYCTBIMH ay3aMU MEXIY
HEIYCTBIMHM CTUMYJIaMH, KOTOpPbIE nosrydarcs. OTAeNbHbIA HHTEpECE MPEACTABISAET TECTUPOBAHUE C
BapbUPOBAHUEM JUIUTEIBHOCTD ATUX T1ay3, pa3yMeeTcs 0e3 rapanTHH (M He CTaBs TaKylo Liejb) nepedparthb
BCE BO3MOKHBIE JUINTEIBHOCTH.

4.8.4. ABTOMATBI € OJHOPOAHOM J0IYCTHMOCTHIO

TpeboBanue k aBTOMaTYy, onpeaensiomniee kracc A6 aBTOMaTOB ¢ OJTHOPOJIHBIM TOBEICHUEM, MOXKET OBITh
ocJ1a0JIeHo:
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Oanoponnasi nonmyctuMocth: Eciu cnoBapHas GyHKIIMS W aBTOMAaTa ompeiesieHa Ha cjioBe W, TO OHa

OMpe/elicHa TAKKe Ha JTF000M cJI0Be W, TOJYYSHHOM U3 W yIaJeHHEeM /WU JOOABICHUEM B
IIPOU3BOJIbHBIE MECTA POU3BOJIEHOTO KOHEYHOTO YUCIIA ITYCTHIX CTUMYJIOB.

ABTOMATHI, 00J1a/TAFOIIHE ITHM CBOMCTBOM, OyeM Ha3bIBATh A8MOMAMAMU C OOHOPOOHOU
donycmumocmslo, a KIIacc TakKuX aBToMatoB 0003HaunM A7DAG. MHbIMU cI0BaMH, AJs aBTOMATOB C
OJTHOPOJTHOM JTOMYCTUMOCTBI0 A7, B OTJIMYUH OT aBTOMATOB C OJJHOPOIHBIM MOBeIecHHEeM AB, He
TpebyeTcst, YTOObI , cIoBapHas (GYHKIHS Ha BXOJHBIX CJI0BaX W M W, OTJIHYAIOIIMXCS TOJIBKO HATHYHEM
WA OTCYTCTBHEM KOHEUHOTO YKCJIa MyCThIX CTUMYJIOB, IPUHUMAJIA OJHO M TO e 3HaucHne W(W )=w(W),

a TOJIBKO OJMHaKOBas JOITYCTUMOCTD 3TUX CJIOB.

TectupoBaHue TakuX aBTOMAaTOB OCHOBAHO Ha MPE/IOI0KEHUH, YTO MPH MONBITKE MOAATh HAa aBTOMAT
A0IYCTUMOC BXOHOC CJIOBO W, BblJaBas CTUMYJI 3a CTUMYJIOM U ACJIasA «11ay3bD» IJIA MMYCThIX CTUMYJIOB,
peabHO aBTOMAT MOXKET MOJIYYHTh HE CIIOBO W, & CIIOBO W, KOTOPOE, TEM HE MEHEe, TAKIKE JOMYCTHMO.
HOCKOHBKY HC U3BCCTHO, KAKOC UMCHHO BXOAHOC CJIOBO IMOJIYYHJI aBTOMAT, IIPU IMMOJTYYCHUHU BBIXOJHOT'O
CITOBa U MBI IIPOBEPSIEM 10 CIIOBApHOU (QYHKIIMK BCE mapbl ¢oB (W ,U), rae W OTJIHYaeTCs OT W
KOHCYHBIM YUCJIOM MMYCTBIX CTUMYJIOB. Ecmu xots 6]:1 OIHa Takad Iapa yaAOBJICTBOPICT CHOBapHOﬁ
GbyHKIHH, TO, IO "TIPE3yMIIIIUHU HEBUHOBHOCTHU'", CYUNTAEM, YTO aBTOMAT BBITIOJTHSUICS IPABHIIBHO.

B omnpenenennn cBOHCTBa OTHOPOTHON JONMYCTUMOCTH TOBOPHIIOCH O I0OABJICHUH U YA CHUN
KOHeYHO020 YUCIIa IyCThIX CTUMYJIOB. [lokaxem, 4To 3TO OrpaHMYEHNE MOYKHO CHATH: 1) pa3peraercs
yAQIATh 0ECKOHEUHOE YHCIIO TyCTHIX CTUMYJIOB, HO TaK, YTOOBI CJIOBO OCTaBajI0Ch OECKOHEUHBIM; 2)
paspemacTCsa BCTABIIATH 66CKOH€‘IHO€ YUCJIO CTUMYIJIOB, ITPUYICM, CCIIN 6€CKOHGLIHO€ YHUCJIO CTUMYJIOB
BCTABJISIETCS B OJTHO MECTO, TO TIOCJICAYIONIME CTHMYJIBI HCYe3aroT. BooOie, s KBa3u-KOHEUHBIX CJIOB
CHATUC OTPAHUYCHUA HUYCTO HC NaCT, OAHAKO, IJIA «HACTOAIIUX > 6€CKOHGLIHBIX CJIOB 3TO CYIICCTBCHHO,
B YaCTHOCTH BCTaBKOI OECKOHEYHOTO YHUCIIA ITYCTHIX CTUMYJIOB ITOCIIE HEKOTOPOTO HEITYCTOTO CTUMYJIa
MBI TIPEBPAIAEM €T0 B KBa3H-KOHEYHOE CIIOBO.

Jloka3arenbCcTBO OyJIeM BECTH OT MPOTUBHOTO. [1ycTh B aBTOMATE ¢ OJJTHOPOTHOM JOMYCTUMOCTBIO CIIOBO
W JIOIYCTHUMO, & CJIOBO W, TIOJIYYE€HHOE U3 HErO BCTABKOW WIIM YAalIeHHEM IPOU3BOJILHOTO YUCIIa
MYCTBIX CTUMYJIOB, HEJIOMYCTUMO. Tor/1a Mpr HEKOTOPOM BBIIMTOJIHCHUH aBTOMATa 10 BXOJHOMY CIIOBY W
bukcupyercs ommodKka HecreupUIMPOBAHHOTO BBO/Ia. B 3TOT MOMEHT, OYEBHIHO, ABTOMAT MPOYUTAI M3
BXOJIHOM OYepeIr HadalbHBINA OTPE30K BXOAHOTO CII0OBA KOHEUHOU JAaiHBI W [1..N], KOTOpBIit
COOTBETCTBYET HEKOTOPOMY O0Tpe3ky W[1..m], To ecTb, MmoTydeH U3 HErO BCTABKOW W/HITH yaalICHHEM
KOHEYHOTO YHCJIa MyCThIX CTUMYJIOB. HO TOT/1a 3TO BBIIOJHEHHUE BO3MOXKHO TAK)Ke JIUIsl BXOJHOTO CJIOBA
w =w [1..n]*w[m+1..], koTopoe oTaHYaETCS OT W KOHEYHBIM YUCIIOM MyCTHIX CTUMYJIOB, TO €CTh, CIIOBO
W' HEIOMyCTHMO, YTO IPOTHBOPEUYHT CBOMCTBY OJHOPOIHOM JOMYCTUMOCTH.

Jlost ciioBapHO#M PYHKIIMK C OTHOPOJAHOMN JOMYCTUMOCTBIO W MOYKHO OTIPEICIUTD NPOU3E00HYIO
cnosapuyro ¢ynxyuio E(W) kak 00beIMHEHNE 3HAUCHUI W HA BCEX OCCKOHEYHBIX CIIOBAX, OTIMYAOIIUXCS
OT TAHHOTO JI00ABJICHUEM HITH YIAJICHHEM JIF000T0 YKCia MYCThIX CTUMYJIOB:
e Dom(E(w))=Dom(w)
e VYweDom(E(w)) E(w)(W)=u{w (W)
MOJIy4aeMbIX U3 W dobasieHuem u/uiu yoaienuem 100020 9ucia MyCcThIX CTUMYIIOB.

w eE(w)} - 3mece E(W) - MHOKeCTBO GECKOHEUHBIX CIIOB,
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®dakTUYEeCKH, IPU TECTUPOBAHUH MBI OYIeM IPOBEPATH, UTO TECTUPYEMBIH aBTOMAT CBOJUM HE K
MCXOJHOM, a K MPOM3BOAHOM ciioBapHO# (yHkuuu. [IponsBoanas cinoBapHas ¢pyHkius E(w), oueBuHO,

yKe SIBJISIETCSI OTHOPOTHOM 110 TIOBEACHHIO.

Kaxk 110 aBToMaTy ¢ 0JJHOPOIHOM JOMYCTUMOCTBIO Kiacca A3, peau3yiolieMy CIIOBaApHYIO (DYHKIIHIO W,
MMOCTPOUTH aBTOMAT, PEATU3YIOIINI MPOU3BOIHYIO ClIOBapHYI0 GyHKIHIO E(W)? DT0 MOKHO caenarh
cnenyromei mpomeaypoi (puc.4.8.2):

1. BcraBka mycThIX CTUMYJIOB. JI0OABHM 10 M MOCIIE KayKAO0TO MPUHUMAIOIIETO epexoa 1Mo
HEMyCTOMY CTUMYITY (V,X,V') IPOU3BOJILHOE YHCIIO E-[IEPEX0I0B: 100aBIAEM TPH HOBBIX
COCTOSIHUS V1, Vo, U V3, OTIpeieIisieM B HUX e-nietiu (Vi,e,Vi), 1=1,2,3, B COCTOSHUY V onpeesnseM
x-tiepexon (V,X,V1) u e-nepexost (V,e,V2) u (V,e,V3), B COCTOSIHHH Vi ONIPEACIIAEM e-TIePeX 0/
(v1,6,V"), B cocTostHHH V, ompeeisieM X-tiepexo (V2,e,V'), a B COCTOSHHH V3 OIpeIeisieM X-
nepexon (V2,e,V1).

2. VnaneHue MyCcThIX cTUMYITOB. Jlist Kaxoro e-nepexona (V,e,V'), e V£V, CayonupyeM KaxIbii
Mepexo] B COCTOSIHHE V Ha MEPEX0/] B COCTOSIHKE V : 1715 e-niepexonaa (Ve,e,V) 100aBUM Mmepexo;q
(Ve,e,v"), mist X-miepexoa (Vx,X,V) mobasum nepexon (Vy,X,V'), 1 y-niepexona (Vy,Yy,V) n1o6aBum

nepexon (Vy,y,V'). . .

“ vy -— - ? v/

l
-
- ==

Puc.4.8.2

Ha nomene oiHOpO1HOM 1O TTOBECHUIO CIIOBAPHOU (PYHKITMH MOKHO OTMPEICTUTh OTHOIIIEHUE
skBuBanenTHOocTH ECDOM(E(W))%: (W,w')€E, ecai W' € E(W). OXHOPOIHOCTB IO [OBEACHHIO KaK pa3 i
O3HAYaeT, 4TO CIIOBapHas QYHKIMS IPUHUMACT OJJHHAKOBBIC 3HAYCHUS HA SKBUBAICHTHBIX BXOIHBIX
cioBax. [Tociie 3TOro MOKHO OTMPEACTHUTD Cl08apHyto haxmop-@yukyuto F(W):

e Dom(F(w))=E(Dom(w)), rae E(Dom(w)) - MHOKeCTBO KJIaCCOB 3KBHBaJICHTHOCTH E

e VYWeDom(F(w)) F(w)(W)=E(w), rne weW

Kanonuueckum 6xoonwvim ciosom 6yzxeM Ha3bIBaTh TAKOC BXOJHOC CJIIOBO, B KOTOPOM 3a ITYCTBIM
CTUMYJIOM, €CJIKX OH €CTb, CJICAYIOT TOJILKO ITYCThIC CTUMYJIbI. MHOXeCTBO KaHOHHUYECKHX BXOJHBIX CJIOB

* *
- 310 (X Me®}HuUX®, roe X ™Me®} - MHOXKECTBO KAHOHMYECKUX KBAa3U-KOHEYHBIX CIIOB, a X® - MHOKECTBO
OCTAJIbHBIX KAHOHMYECKUX CJIOB - OECKOHEUHBIX CJIOB 0€3 IyCThIX CTHMYJIOB. Hac OynmeT nHTepecoBath He
CTOJIBKO (hakTOP-PYHKIHUS, CKOJIBKO KaHOHUueckas crosapras gynxkyus C(W), onpeesacHHas Ha

KaHOHHNYCCKUX MPEACTABUTEIIAX KIIACCOB 3KBUBAJICHTHOCTH JOIMYCTHUMBIX CJIOB:
e  Dom(C(w)) = (X Me®})uUX®) N Dom(w)
e VYweDom(C(w)) C(w)(w)=E(w)
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dakTUYEeCKH, TPU TECTUPOBAHUH MBI OyIeM IIPOBEPATH, UTO TECTUPYEMBIil aBTOMAT CBOJUM K
KaHOHUYECKOM cioBapHOU (yHKIMU. bonee TouHO: MBI Oy/1eM Mo/1aBaTh HAa aBTOMAT KAaHOHUYECKHE
BXOJHBIC CJIOBA, aBTOMAT IIPHU 3TOM 6yz[eT IoJIy4aTb BO3MOXKHO APYro€ BXOJHOC CIIOBO, HO U3 TOI'O KC
KJIacca SKBUBAJICHTHOCTH, @ BBIXOJHOE CJIOBO MbI Oy/1eM IIPOBEPATH MO0 KAHOHMYECKOMN CIIOBApHOM
¢ynkuuu. [Ipu 3TOM MBI OyIeM IpeAronarath, YTO BHIIOIHEHBI HEMPOBEPSEMbIE IPH TECTUPOBAHUN
e T'unore3a 06 ogHopoaHO# JomycTuMocTH: CoBapHas (PyHKIHS TECTUPYEMOTO0 aBTOMAaTa
SIBJISIETCS] OTHOPOJHO JIOIYCTUMOM.
e T'umore3a 00 onHOpoaHON KOppeKTHOCTH: Eciin aBTOMAT MpaBUIILHO ce0s BeIeT Ha HEKOTOPOM
BXOJIHOM CJIOBE, TO OH MPaBUIILHO ce0s BEJIET Ha BCEM KJIacce HIKBUBAJIEHTHOCTH (TI0 BCTAaBKE
W/WIN yIAJIeHUIO IYCThIX CTUMYJIOB) 3TOT'0 BXOJHOTO CJIOBA.

OTH TUNOTE3bI, TEM CaMbIM, MIPEANOIAraloT HEKOTOPOE MPEIONPEACTICHHOE NOKpblmue 0OMEeHd, 3 UMEHHO
- pa3OueHue Ha Kiacchl SKBUBaJeHTHOCTH E. Beskoe monomHuTensHOe MOKphITHE OyeT, (aKTHIECKH,
MOKPBITHEM (PaKTOP-AOMEHA, TO €CTh, MHOXKECTBA KJIaccoB dKBUBalleHTHOCTHU E. [Ipencrasnsier nunTepec
MPEJCTaBICHUE B MOJICITN KAHOHUYECKOM CIIOBapHOH (PYHKITUH.

Kak 1o aBToMaTy ¢ 0JJTHOPOIHOM JOMYCTUMOCTBIO Kiacca A3, peau3yronieMy MpoOU3BOIHYIO CIIOBAPHYIO
¢byuknuto E(W), mocTpouTh aBTOMAT, pean3yroinii KaHOHHIECKYIO cioBapHyio ¢pyHkmuio C(w)? D1o
MOYKHO CI€JaTh CIEAYIOIEeH MpoLeaypoil:
1. CkomupoBaTh aBTOMAT U B KOITUH yIATUTh BCE X-TIEPEX0/IbI (IPUHUMAIOIINE ITEPEXOIBI 10
HemycThIM cTUMYynaM). Konuio cocTostHus V 6yeM cHabkaTh HHAEKCOM - VC.
2. Kaxplit e-nepexon (V,e,v’) 3amenum Ha e-niepexos (V,e,V'°), onpeaeneHHbIi B TOM %ke
COCTOSHUM-OPUTHHAJIE V, HO BEAyIIHil B HOCTCOCTOSHME-KOMUIO V',

Nupmvu CJIOBaMH, HepBI)II\/'I Ke €-Tmepexon NepeBOAUT HAC B aBTOMAT-KOIIUIO, TAE JAJIC€ MBI COBEPIIAEM
TOJIBKO ITYCThIC, TOCHIIAOIINE U €-TICPEXOIbI.

HOCKOHBKY TCCTUPOBAHUC MBI ITPOBOAWM TOJIBKO Ha KBaA3U-KOHCYHLIX CJIOBAX, BCC MMPCABIAYIINC
paccyxIeHHsI, BOOOIIE TOBOPSI, CIIEAOBAIO ObI CKOPPEKTHPOBATH C YI€TOM 3TOr0. B wactHoCTH,
9KBUBAJICHTHBIMU KBA3U-KOHCYHOMY CJIOBY CHUTATH TOJIbKO KBA3U-KOHCUYHLIC CJIOBA U COOTBCTCTBYIOIIUM
00pa3zoM ompenemnsaTh MPOU3BOIHYIO, (AKTOP- U KAHOHMYECKYIO CIIOBApHBIE ()YHKITUH.

4.9. IIpob6sieMma BBIXOHBIX CJIOB

Crnenyromias mpobiemMa TECTUPOBAHHUS - 3TO MPOOIEeMa BBIXOIHBIX CJIOB, PACMadarolIascs Ha IBE
npo6sieMbl: 1) CKOJIBKO BPEMEHH MbI JOJDKHBI OKUJIATh TOJIYIeHHS ouepeaHon peakiun? 2) CKOJIbKO
BPEMEHH MBI IOJDKHBI MTOJIYYaTh U IPOBEPATH PEAKIIUU, YTOOBI YOSIUTHCS, YTO TOTYYeHHOE KOHEYHOE
BBIXOJIHOE CJIOBO JIOCTATOYHO «PEMPE3CHTATUBHO», TO €CTh, SBJISETCS BO3MOKHBIM BBIXOJIHBIM CIIOBOM
WJIHM IOCTaTOYHO OOJIBIITUM HAYaThbHBIM OTPE3KOM BO3MOKHOTO OECKOHEYHOT'O BBEIXOHOTO CI0Ba?

4.9.1. TaiiMm-ayT Ha OKHIAHUE OYePEeTHON peaKIun

TaﬁM'aYT Ha O)KMJAHUC pCAKIUU HE CICAYCT IIOHUMATh TaK, 4YTO, €CJIM B TCUCHUHN 3TOI'0 BPEMCHU
pCaKknusd HC ITOCTyINnJIa, TO OHA HUKOIr'Jla HC ITOCTYIIUT. HpI/I HaJIMYMH [IMKIJIOB IO IIYCTHIM U €-TICPEXO0JaM,
B KOTOPEIC MBI MOKEM IOIIACTH ITOCJIC BI)I60pKI/I nus3 BXOI[HOﬁ o4Yepean BCEX HEMYCTBIX CTUMYJIOB KBa3H-
KOHCYHOT'O BXOAHOI'O CJIOBA, @ TAKKC MMPHU HAJIMUUH UKJIIOB IO IIYCTLIM IIEPpCXoaaM CUIC 10 BI:I60pKI/I
IMOCJICAHET0 HECIIYCTOro CTUMYJia, O4€pEaHasaA pCaKkuusa MOXET OBITE BbIJIaHA ITOCJIC IIPOXOXKACHHUA JIF000T0
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quclia pa3 1mo TakuM IukiaM. OJHaKo, B 3TOM CIy4ae CYIIECTBYET M TaKOE€ BBIMOTHEHHE, KOT1a aBTOMAT
HE BBIXOJHT M3 TAKOTO IMKJIa, 0ECKOHEYHO JIBUTASCH IO HEMY H HE BBIZaBas peakuuid. [loaTomy Taiim-
ayT IpeJIaraeTcs MOHUMATh TaK, YTO, €CJIH 32 9TO BpeMs He IMOCTYINIIa OYepeaHas peakius, TO
BO3MOJKHO TaKO€ BBIITOJIHEHHE, TIPU KOTOPOM OHA U HE MOCTyNUT. Eciin Takoe BBIMOTHEHHE
YIOBJIETBOPSIET CIIOBAPHON (QYHKITMH, TO MOXKHO HE 0KHUIATh PEAKIIUU CBEPX TaliM-ayTa, TOCKOJIBKY TO
OYKHJIaHUE MOXKET MPOIOIDKUTECS OeckoHedHO. C IpyToil CTOPOHBI, €CITH O4epeIHas PEaKIHs, COTIIACHO
CIIOBapHOW (YHKITUH, TOJKHA MOCTYIUTh 0053ameibHO, TO TAM-ayT JOJKEH OBITh OOJbIIIE BpEMEHU
MaKCUMAaJIbHOT'O BPEMEHU OXKHJIAHHSI TAKOH 00513amenbHol PEaKIIHH.

Omnpenenum HopMaabHO MOHATHE 0053aTEIBHOM peakiiu. byaeM roBopuTh, 4T IJ1s1 BXOJJHOTO KBa3H-
KOHEUHOTO CJIOBa W U BBIXOJHOTO cjioBa UeW(W) i-ast peakius, rae ISNU, o6s3amenvha, €Ciu CII0BO

ufl..i-1]ew(w).

Onpenenenue TaiiM-ayTa TECHO CBSI3aHO CO CJIEAYIOUMMH OTPAaHUYCHUSMU:

e Maxcumanvroe epems cpabamviganus agmomama - T. Ecinu 6bl TAKOTO OrpaHUYEHUs He ObLIO, TO,
OYEBHJIHO, HE OBLJIO OBl OrpaHMUYCHHS U Ha BPeMsl OXKUJaHUS OUEPEAHON 00A3amenbHoll peaKIum.

o Ocpanuuenue Ha pazmep asmomama, TOYHEE, YUCIO COCTOSTHUN aBTOMAaTa OTPaHUYCHO CBEPXY
qucioM N. JIeWCTBUTENBHO, €CIH TAKOTO OTPAHUYEHHS HET, TO MEpPe/t TI0OBIM ITEPexo10M
MOCBUTAIOIINM 0053amenbHYI0 PEAKIUI0 MOXKHO ObIIIO OBl BCTABUTH IIETIOUKY U3 JIFOOOTO
KOHEYHOT'0 YHCIIA ITYCTHIX IEPEX0I0B C HEHYJIEBBIM BpeMeHEM CpabaThIBaHUS M, TEM CAMBIM, B
MOJTyYeHHOM aBTOMATe MPEBBICUTH JII000E HaIepe ] 3alaHHOE BPEMs OXKUIAHUS 00A3amenbHOU
peaknuy.

Bynem cumutath, 4TO aBTOMAT NpHBEACH K Kiaccy A2. O003HaYUM YHCIIO TPUHUMAIOIINX COCTOSIHUM Ng U
YHCIIO MOCBUIAIONINX COCTOSHUM Ny. N=Ng+N,. OO03HAYNM Uepe3 S YUCIO CTUMYJIOB BO BXOJTHOM KBa3HU-
KOHEYHOM CJIOBE W JI0 TIOCJIETHETO HEMYCTOr0 CTUMYJIa BKIOUUTEIBHO.

Teopema o BpeMeHHU 0kHIAHNSI 00s13aTeIbHOM peakumuu: Bpems oxxuganus 00sS3aTeIbHON peakIuy He
npeBocxoauT ((S+1)ne+ng)t.

Jlok-Bo: [lycts P - oauH 13 MapuipyTOB BBIIOIHEHUS AJIS IOIIYCTUMOrO BXOJHOrO ciioBa W. O003HauuM
yepe3 Pj oTpe3ok P Mexay i-1-bIM 1 i-bIM MOCHUIAONIMM EPEX0JaMH, TO €CTh, IS HEKOTOPBIX HHICKCOB
au b Pi=P[a..b], P[a-1] - i-1-sr1ii moceunaromuii mepexox (mpu i=1 a=1) u P[b+1] - i-b1ii moceLIarommii
nepexos. Cumras, 4To i-ast peakiusi MOKET OBITh TIOCJIaHa B KOHYe IPOXOXKACHHS 1-0r0 MOCHUIAIOIIETO
Hepexo/ia, HaM CIIeyeT I0Ka3arth, 4To, €CIH I-ast peaknus o0s3aTenbHa, TO MaKCUMallbHas JJIHHA
otpeska P;j (do i-oro noceuiaromero nepexoaa) He npeBocxoauT (S+1)ny+ns-1. PaccMorpum Tpu cirydast:

1) Ilocnenuuii HEMYCTON CTUMYJ IPUHUMAETCSI aBTOMATOM 0o oTpe3Ka P, TO ecTh, HaYaIbHBIA OTPE30K
P[1..a-1] comepkuT S MPUHUMAIOIIKX TTEpex010B. B yactHOCTH, 3TO MMeeT MecTo mpu $=0, TO eCTb,
w=€®. OueBuiHO, Pj COMEPKUT TONBKO IIyCThIE U E-TIepeX0ibl. [TOCKONBKY i-ast peakius o0s3arenbha, P
HE JIOJDKEH COJIep KaTh LIUKJIA U3 IMYCThIX U e-nepexooB. Ciae10BaTeNnbHO, €ro JUIMHA He TPEBOCXOAUT N-
1=n,+ns-1.

2) Ilocneanuii HEMYCTOM CTUMYJ IPUHUMAETCSI aBTOMATOM noce 0Tpe3ka Pj, To ecTh, HauaabHBIN
orpe3ok P[1..b] cogepskut MeHbIIe, YeM S, MPUHUMAIONIUX TIepexoa0B. B atom ciryuae, Pj comepkut
MYCThIC U IPUHUMaroIHe nepexobl. [lockonbky i-as peakiust o0s3aTenbHa, Pj He T0DKEH colepKaTh
[IUKJIA U3 MYCTBIX Nepexo0B. Takoi MUK MOT Obl HAXOAUTHCS TOJIBKO MEXAY IBYMs
MOCJIeI0BATEIbHBIMH TPUHUMAIOIIMMU TIEPEX0/IaMH, 3HAYHUT, MEKAY HUMU HE MOKET OBITh OOJIbIIIEe YeM

58



W.b.Bypnonos, A.C.Kocaues, B.B.Kynsamun.
ACUHXpOHHBIC aBTOMATHI: KJIaCCU()UKAIUSI U TECTUPOBAHHE.
Tpynet UCIT PAH, T. 4, 2003, ctp. 7-84.

76 cTp.

Ny-1 nepexonoB. Yuciio npuHUMAIOLMX IEPEX010B B Pi HE MpeBocXouT S-1. YunTeiBast mycThie
HEPEXO/IBI JI0 IEPBOr0 IPUHUMAIOIIETO [EPeXoa B Pj 1 mycThbie epexosl MOCie MOCIEqHErO
NPUHUMAIOIIETo repexona B Pj, moiaydaem, 4To YHCIIo MyCThIX NepexonoB B Pj He mpeBocxoauT S(Ny-1).
Oo6mras mmna Pj He npeBocxoaut (S-1)+s(np-1)=sn,-1.

3) [locnenHuii HEMYCTOM CTUMYJI IPUHUMAETCS aBTOMATOM 6Hympu oTpe3ka Pj. B atom cirydae, P;
COZICPKUT MYCTHIC U MPUHUMaroLIHe nepexosl. [lockonbky i-as peakust o0s3aTenbHa, Pj He 10KeH
COZIepPIKATh IMKJIA U3 TIYCTHIX MIEPEX00B U, MOCIe MPHEeMa MOCICIHET0 HEMYCTOr0 CTUMYJIA, - IIUKJIA U3
MyCThIX U e-HepeXOI[OB. I_II/IKJ'I U3 IMYCTBIX NICPEXOJ0B MOT 6]:1 HaXOJUTHLCA TOJBKO MCIKAY ABYMSI
MOCJIeIOBATEIbHBIME TPUHUMAIOIIMMU TIEPEXO0/IaMH, 3HAYHT, MEKIY HUIMU HE MOKET OBITh OOJIBIIE YeM
Ny-1 qyr. Yuceno npuHUMarOIMX NepexooB B Pi He IpeBOCXOIUT S. YUUTHIBAs IIyCThIE IEPEXOABI 10
MEPBOTO MPUHUMAIOIETO Tiepexoa B Pj, moiydaem, 4To 0 mpremMa IMociIeHEr0 HelycToro ctumysa P;
COJICPYKUT YHCIIO MYCThIX MEPEX0I0B He npeBocxoasiiee S(Ny-1), a Bcero nmepexo1oB 10 mprueMa
MOCJICHETr0 HEMYCTOTO CTUMYJIa BKIFOUUTEIBHO He Ooiiee S+5(Ny-1)=sn,. [Tocie nmpuema nocieaHero
HEINyCTOT0 CTUMYJIa Pj COEPKUT TOJIBKO MYCThIE U E-TIEPEXObI, YUCIO KOTOPBIX HE MOXKET
npeBocxouTh N-1=n+ns-1. CnemoBarensHo, o0mIas AymHa P He TPEBOCXOIUT
sny+ne+ng-1=(s+1)n+ns-1.

Jns ciyyast 1), mockonbky $20, umeem N+Ns-1<(s+1)N+ng-1. Jlnst ciaydas 2, mockonbky $20 u N0,
umeeM SN-1<(s+1)n-1<(s+1)np+ng-1.

Teopema 0 BpeMeHH OKHUJIaHUS 00s3aTETLHOM PEaKIuy T0Ka3aHa.

[Tpumep Ha puc.4.9.1 naer onenky causy ((S+1)n,+1)t 11t BpeMeHH OKUIAHHUS IEPBON PEaKIIUH, YTO
COBMAJACT C BEpXHEU OIeHKOU mpH Ns=1.

Puc.4.9.1

Jlnst neobs3amenvHol PEaKIMK BPeMs €€ 03KHUIaHHs, CCTECTBEHHO, MOKET OBITh CKOJIb YTOIHO OOJIBIINM
(OeCKOHEYHBIM JTs BBIMOJIHEHUS Oe3 Bblaun peakiuu). C Apyroil CTOPOHBI, MOJTyueHHAss HAMH OI[CHKA
JaeT TaK)Ke MaKCMMaJIbHOE BPEMS OXKHIaHHs He00A3aTeIbHOM PeakIMy IPU YCIOBHH, YTO OHA OyaeT
BbIJIaHA U MAPIIPYT BBIMOJHEHUS HE MPOXOIUT MO MUKIAM U3 MYCTHIX MEPEX0/I0B U, TOCIIE pueMa
MOCJICTHETO HEMyCTOro CTUMYJIA, IO IIMKJIaM M3 IyCThIX U €-Tiepexo10B. OHOKpATHBIH MPOXO/ IO
IUKJTY MYCThIX MEPEX0I0B 3aHUMAET BpeMs He OoJibiiiee NyT. OMHOKPATHBINA MIPOXOJ MO IUKITY MYCThIX U
e-1epexo/I0B 3aHUMaeT BpeMs He Goabiiee (Ne+Ns) T=NT>N 1. Takum 06pa3oM, BpeMs 0KHTaHHS
HEO00M3aTeILHON PEaKIIUH MPH YCIOBHH, YTO MApIIPYT BHIMOJIHEHUS MPOXOIUT He Ooiee K pa3 mo
IUKJIaM MYCTBIX U e-1epexo10B, He npeBocxoaut ((S+1)ny+ng)t+knt. 3agasast uucio K, Mbl, TeM caMbIM,
MOJKEM TECTHPOBATh aBTOMAT IPH BCEX BBIMOIHEHUAX, IIPH KOTOPBIX MPOXOASATCS He 6ojiee K pas mUKIIbI
MYCTBIX U €-1Iepex010B. JIJisi OCTaTbHBIX BBITIOJIHEHUH Y HAC TOJDKHA OBITH ChopMyTupoBaHa
® THIIOTE32a 0 HeOOSI3aTeJbHBIX PEAKIUsX: €CIIH aBTOMAT MMPABHILHO CeOsI BEAET IPHU YHCIIe
IPOXOJIOB IO IMKJIAM ITYCTHIX U €-TIEPEXO0I0B HE MPEBOCXOAAIIEM K, TO M TP OCTAIBHBIX
BBITTOJIHCHHUSIX OH TAK)Ke BEJIET Ce0s MPaBUIILHO.
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4.9.2. Bpems o:kuiaHusl penpe3eHTATHBHOIO0 BBIXOHOT'0 CJIOBA

CornacHo cioBapHOW (PYHKIIMK W BBIXOHOE CJIOBO U BO3MOXHOE ISl BXOJIHOTO CJIOBa W MOMXKET

OKa3zaTbcs OECKOHEUHBIM. ECTECTBEHHO, IPU TECTUPOBAHUH MBI HE MOKEM JKJIaTh OECKOHEYHOE BpEMs,
YTOOBI OJIYYUTh 3TO OECKOHEUHOE BBIXOIHOE CJIOBO. B TakoM ciryyae HaM XOTeI0Ch Obl FapaHTUPOBAHHO
MOJTYYHUTb XOTS ObI T€ pEaKIiK, KOTOPbIE BBIIAIOTCS 10 TOT0, KaK aBTOMAT BBIOpaJ OCIETHUI HEmyCTON
CTUMYJI, IJIIOC €ILEe T€ PEAaKIUH, KOTOPBIE OH MOXKET BBIIATH MOCIIE 3TOTO A0 NONAJaHus B LUK 110
MOCBUTAIOIINM, ITYCTBIM U €-TiepexojiaM (Iocje MpreMa IMOCJISAHEr0 HEIMYCTOro CTUMYJIa BO BXOAHOM
CJIOBE OCTAIOTCS TOJIBKO IYCThIE CTUMYJIbI). IHBIMU ClIOBaMHM, MBI XOTUM, YTOOBI aBTOMAT ITPOLIET
Ha4aJIbHBIM OTPE30K MapIIpyTa BHIIOIHEHUS, COACPIKALUI IIPUEM BCEX HEMYCTBIX CTUMYJIOB (MJIM BCEX
TeX HEMYCTBIX CTUMYJIOB, I10CJIE IPUEMA KOTOPBIX OH BOOOILE MepecTaeT BHIOMPATh CTUMYJIbI U3 BXOHOM
OUEpEeIN) U MOCIIE ATOIO COJEPIKALMM LIMKII IO MOCBIIAIOIINM, IYCTHIM U €-niepexonaM. EcTecTBEeHHO,
4TO, €CJIM Ha TAKOM OTPE3KE MAPIIPYTa UMEIOTCS LUKIIBI IO ITCTBIM IIEPEX01aM, TO BPEMsI 0XKUIaHHUS
MOCTeTYIONIEH peakIi MOXKET OBbITh CKOJIb YTOHO OonbiuM. Ho B 3TOM cityyae Takasi peakuus
HeoO0s13aTeNIbHA U MBI €€ MOKEM HUKOI'/Ia HE OJYUYHTh.

Jlo mpriema MmocieHEer0 HEMyCTOro CTUMYJIa BKIIOYUTENbHO, IPH YCIIOBUH, YTO HE BCTPEUAIOTCS LIUKJIIBI
IO MYCTHIM TIEPEeX0JIaM, aBTOMAT BBIIMIOHHAT He Oosee SNy mepexooB. [Tocie aToro o "3anuknuBanus"
aBTOMAT BBIMOJIHUT HE Oojiee Ny+Ns mepexo0B. TeM caMbIM, BCEro Moy4yaeTcsl BpeMs 0XKUIaHus
((s+1)np+ng)T, coBnamaroiiee ¢ TaiM-ayTOM Ha OKUJaHUE 0053aTEIbHOW PEAKIIUH, YTO U CIICI0BAJIO
OXHJIaTh. MbI MOXEM YBEJIIMYUTH 3TO BPEMsl, AOIMycKas, 4YTOOBI IIUKJIbI MPOXOAMINCH He Oomee Kj pas:
((s+1)nptng)T + kinT.

AJITOPUTM TECTUPOBAHUS MTOTYYAETCS TAKOM:
1) Ha Bech miar TecTupoBaHus (Ha BCE KBa3U-KOHEYHOE BXOTHOE CJIOBO) YCTAHABIMBACTCS BPEMs
oxumanus T1=((s+1)n+ng)t+kint.
2) Ha oxwunaHue Kaxa0il peakiiy TakxkKe ycTaHaBIMBaeTcs TaitM-ayT To=((S+1)Nn,+ns)T+kont.
3) Ecnu ouepennas i-as peakuus U[i] npuHsiTa 10 uCTeUYeHMs TaiiM-ayTa T, TO OHA IPOBEPSETCS MO
croBapHoi ¢pyukmuu: U[1..ilew(w).
a. Ecmm peaknus HenmpaBuibHas1, GUKCUPYETCs OMIMOKa.
b. Ecnu peakius npaBuiibHasi U BpeMs T1 HE HCTEKJIO0, TO 0)KHUIACM CIICIYIOIIYIO PEAKIIHIO -
m.2.
c. Ecnu peakius npaBuiibHas ¥ BpeMst Ty KCTEKIIO, TO - I1.5.
4) Ecnu ouepennas I-as peakiust U[i] He mpuHSTA 10 KCTEUCHUS TaliM-ayTa To, TO IPOBEPSIETCS, YTO
oHa HeoOs3arenapHa: U[L1..i-1] gw(w).
a. Ecmm peaknus obOs3aTenbHast, TO GUKCHPYETCS OIIHMOKA.
b. Ecnu peaxius HeoOs3aTeNbHA, TO TOKUIAEMCS HCTCUCHUS BPEMCHHU T1 WIIH TOSIBIICHHSI
pEaKIIHH.
I. Ecnu nosiBunack HeoOs3aTenbHast I-ast peakius U[i], To oHa mpoBepseTcst mo
coBapHoit ¢pyuknuu: U[1..i]lew(w). lanee nm.3a,3b,3c.
ii. Ecnm BpeMms T1 HCTEKIIO, TO - I1.5.
5) Bpewmst T; ucreksio. Jlanplie xaaTh 0SCCMBICIICHHO: BPEMsl O’KUIaHUS MOXKET ObITh OCCKOHECYHBIM.
3akaHuYMBaeM LIar TECTUPOBaHUS, npeanoinaras ("mpe3ymnuus HeBUHOBHOCTH'"), UTO peaKInH,
KOTOPBIC MTOCTYIIAT MO3Ke (OBITh MOXKET, 0ECKOHEUHOE YMCIIO PEAKIINA ), TPABUIIHHBIE.
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4.9.3. ABTOMAThI C KOHEYHBIMH BbIXOJHBIMH CJI0BaMHU 1J11 KBaAa3U-KOHCYHbBIX
BXOJHBIX CJIOB

EcTecTBEHHBIN MHTEPEC NPEICTABISIOT ABTOMATHI, B KOTOPBIX I KaXKJI0I0 KBa3U-KOHEYHOTO BXOJIHOTO
CJIOBA BCE BBIXOAHBIE CJI0BA KOHEUHBI. 3aMETUM, UYTO 3TO CBOWCTBO €CTh CBOMCTBO CaMOil CIIOBapHOI
¢byHkuu aBToMarta. Jlerko nokasarb, YT0 HEOOXOAUMBIM M IOCTATOYHBIM YCIOBHEM TOTO, YTO aBTOMAT
kiacca A2 o0naaeT 3TUM CBOMCTBOM, SIBIISIETCS CIIEAYIOIIEE YCIOBHE: B aBTOMATE HET IIUKIIOB, KOTOPHIE
coJiep>kaiu Obl MOCHUIAIOMINE [TEPEXObI U HE COJIepKaiu Obl X-TIepexo10B (MPUHUMAIOIINUX ePEX00B
110 HEMYCTHIM CTUMYJIaMm).

4.10. IIpob6aema mocTcoCTOSAHUS

[ITar aganTUBHOIO TECTUPOBAHUS 3AKIIOYAETCS B M0/1aUe HA peaii3allMOHHBIA aBTOMAT KBA3HU-KOHEUYHOT'O
BXOJIHOTO CJIOBA, IOJYYE€HHSI BBIXOJHOTO CJIO0BA (JAOMOJHUTENBHO, BO3MOYKHO, MHOKECTBA CepraIn3aluii)
Y aHaJIM3a Kak ¢ LEeNbI0 ONpeIeJIeHUs TPAaBUILHOCTH MOJYUYEHHBIX PEaKIUi, TaK U C IEJIbI0 ONpeeIeHUs
B 3aBHCHMOCTH OT HUX CJIEIYIOIIET0 KBa3U-KOHEYHOI'0 BXOJHOTO cjoBa. Jlo CHX MOp MBI MTpeArnoiaraiu,
YTO B Hauaje Kaxoro I1ara peajn3alMoOHHbI aBTOMAT HaXOJAUTCS B HAYaJIbHOM cOCTOssHMH. OJTHaKO, B
KOHIIE Il1ara aBTOMaT MOXET OKa3aThCsl B IPYTOM COCTOSIHUU U MIOTOMY MBI IOJDKHBI TnO0 1) mepesectu
aBTOMAT B HAYAJILHOE COCTOSIHUE, IN0O 2) CIeMYIONIHH Mar TeCTUPOBAHUS HAUWHATH HE B HAYAIIbHOM
COCTOSTHUH.

1. Ins mepeBofa aBTOMaTa B Ha4aJIbHOE COCTOSIHUE Vo OOBIUHO MPEIONIAraeTcs CyIleCTBOBaHHE
crienuanbHOM onepanyu reset. Ee MoXHO paccMaTpuBaTh Kak OCOOBIN CTUMYJ aBTOMAaTa, KOTOPBIN
JOITYCTHM B K2)KJJOM COCTOSIHUY V ISl IpUHUAMAaloIIero nepexona (V,reset,vo).

2. Ecnu qy1st aBTOMata Het oneparuu Feset, Mbl BBIHYKICHBI CIICIYIONINN [Iar TECTUPOBAHUS HAYNHATD B
TOM COCTOSIHMH (TIOCTCOCTOSIHUH ), B KOTOPOE aBTOMAT MOMaaeT B KOHIIE pe bl ayiero mara. MHorna
ATO MPUXOAUTCS JIeTaTh U TIPH HAJIMYUH OTlepaniuu Feset, Harpumep, eciii OHa CIIUIIKOM Joporas (1o
BPEMEHHU BBITIOJTHEHUS) WIIA JOITYCTUMA HE BO BCEX COCTOSIHUSIX. COOTBETCTBEHHO, MOHATHS BXOAHOTO
CJIOBa, BBIXOJIHOTO CJIOBA, BRIMIOJHEHUS aBTOMATa, CEPHAIM3AIIMN U MapIIPyTa UCTIOIB3YIOTCS HE TOJIBKO
JUTSL HA9aJIbHOTO COCTOSIHHSI, HO | JUISI TFOOOTO COCTOSIHUS aBTOMaTa. TOYHO Takke clioBapHas ()yHKIIHS
MOXET OBITh OmpeeeHa st J000ro coctossHus. [1o OKOHYaHUM 11ara TECTUPOBAHUS MBI JIOJDKHBI,
MPEKE BCETO, UACHTU(PUIIUPOBATH TTOCTCOCTOSHUE. 3aMETHM, YTO B OOIIEM CITydae TAKUX BO3ZMOKHBIX
MTOCTCOCTOSIHMM MOYKET OBITh HECKOJIBKO U B KAKOM UMEHHO M3 HUX HaXOJUTCS PeaIU3allMOHHBIA aBTOMAT
MBI MOKeM He 3HaTh. CHayaia pacCMOTPHM JIBa YAaCTHBIX CIIydas: HAIMYUE CIIEHUATIbHBIX CPEACTB AJIs
OTpeIeICHUS TOCTCOCTOSHUS; HAIMYNE BO3MOYKHOCTH OJTHO3HAYHO BBIUYMCIUTH ITOCTCOCTOSTHUE.

2.1. Tecmuposanuem c omxpolmsim cocmosanuem 0yeM Ha3bIBaTh TAKOE TECTUPOBAHUE, TPU KOTOPOM Y
HAC UMEeTCs CIeIUabHAS OTIepallvsl YTCHUS TIOCTCOCTOSIHUS Pealli3allMOHHOro aBTomMara. CHavyana
paccMOTpHUM aBTOMaThI kilacca AS: 11000€e KBa3H-KOHEYHOE CJIOBO IEPEBOIUT aBTOMAT B CTAI[MOHAPHOE
COCTOSIHHE: TEPMUHAIBHOE COCTOSTHUE WJIHM MPUHUMAIOIIEE COCTOsSTHUE 0e3 e-TIepex0/I0B B IPyTUE
COCTOSIHUS (€CTh TOJBKO €- neTuist). OueBHIHO, YTO ATO OTHOCUTCS K BBIINOJIHEHUIO aBTOMATa,
HAYMHAIOIIEMYCS HE TOJILKO B HAYaJIbHOM, HO U B JTFOOOM COCTOSTHUH, TOCTH)KUMOM U3 HAYAIBHOTO TI0
JOMYCTUMOMY BXOJHOMY CJIOBY. B Takux aBTOMaTax Imociie 1ara TeCTUPOBaHUS Mbl MOKEM ITPOYUTATh
MMOCTCOCTOSIHHE, KOTOPOE SIBIISIETCS CTAllMOHAPHBIM.
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Ecnu e aBTOMaT He OTHOCUTCS K K1accy AS, TO OH MOKET MONACTh B LIUKJI U3 MTYCTHIX, IOCBUIAOIINX U
€-I1epex00B, U IPOYUTAHHOE COCTOSHUE SIBJISACTCS JIUIIb «MTHOBEHHBIM CHUMKOM» - aBTOMAT YK€
MOJKET MEPEUTH B IPYroe COCTOSIHUE. DTO OOIINHN CITydail MHOKECTBA BO3MOKHBIX IIOCTCOCTOSHHIA.

2.2. CunvHo-0emepMuHUpOBAHHbIM ACUHXPOHHBIM aBTOMAaTOM Ha30BEM aBTOMAT kjiacca AS, B KOTOpOM
CTallMOHAPHOE TIOCTCOCTOSTHUE OJHO3HAUHO OMPEENsIeTCs JOMYCTUMbIM KBa3U-KOHEUYHBIM BXOIHBIM
cioBoM. [y kitaccudyeckoro apTomata Muim 370 CUIIbHO-I€TEPMUHUPOBAHHOCT COBIIAJAET C
JIEeTEPMUHUPOBAHHOCTHIO B 0OBIYHOM cMbIcie. Ciabo-0emepMuHupo8anHuvlM aCHHXPOHHBIM aBTOMaTOM
HAa30BeM aBTOMAT Kjiacca AS, B KOTOPOM CTallMOHAPHOE MOCTCOCTOSIHUE OJJHO3HAYHO OIPENEsIeTcs
napoi u3 AOMYyCTUMOT0 KBa3U-KOHEYHOTO BXOJIHOTO CJIOBA U BBIXOJHOTO c0Ba. O4EeBUAHO, YTO 3TO
OTHOCHUTCS K BBIIIOJTHEHUIO aBTOMATa, HAUMHAIOIEMYCSl HE TOJIbKO B HAYaJIbHOM, HO U B JIIOOOM
COCTOSIHUH, TOCTHXKUMOM U3 HaYaJIbHOTO 10 JOIyCTUMOMY BXO/JHOMY CJIOBY. B Takux aBTomMaTax mocie
11ara TECTUPOBAHMSI Mbl MOKEM T10 MOJIETN OJHO3HAYHO BBIYMCIINTH EAMHCTBEHHOE CTAllMOHAPHOE
MIOCTCOCTOSIHUE. 3aMETUM, OJIHAKO, YTO, B OTJIMYMU OT TECTUPOBAHUS C OTKPBITHIM COCTOSIHUEM, 37€Ch MbI
MMEEM JINIIb TUIIOTE3Y O TOM, UTO peaIn3allMOHHBIA aBTOMAT HaXOUTCS B TOM )K€ EAMHCTBEHHOM
MMOCTCOCTOSIHUHU, YTO M MOJIENb. J[pyroe Aeno, 4To TUHoTe3a O JOMYyCTUMOCTH MO3BOJIET HaM MOJaBaTh B
3TOM COCTOSTHHH JIH000€ TOYCTUMOE B MOJICTEHOM MTOCTCOCTOSIHUU BXOJ/IHOE CJIOBO.

B o0rieM cityuae MbI y)ke HE MOXKEM TOBOPHUTH O €MHCTBEHHOM MOCTCOCTOSTHUM, @ TOJIBKO O MHOXECTBE
BO3MOXKHBIX IIOCTCOCTOSIHUM, B OZTHOM M3 KOTOPBIX aBTOMAT HaXOJIUTCS B JTAHHBI MOMEHT BPEMEHHU
nocje OKOHYaHMA 11ara TecTupoBanusi. Eciiu aBToMaT oTHOCHTCA K Kilaccy A5, HO He siBiseTcs cinabo-
JIETEPMUHUPOBAHHBIM, BCE 3TH BO3MOXHBIE IOCTCOCTOSHUSA CTAllMOHAPHBI. B MpoTMBHOM ciy4ae, cpenn
HUX MOTYT OBITh U HECTAIIHOHAPHBIE COCTOSHUS TaK, YTO aBTOMAT OXKHUJIAET CIIEIYIOIIEr0 HEMyCTOro
CTUMYJIa HE B KAKOM-TO, XOTSI © HEU3BECTHOM, HO OJJTHOM COCTOSIHUH, & HEIIPEPBIBHO ABUKETCS, MEHSA
CBOE COCTOSIHUE M, OBITh MOKET, BEIOMPAs U3 BXOJHOM O4Yepein MyCThIE CTUMYJIBI, TO €CTh, TPOXOIS
4yepes pelenTUBHbIE COCTOSIHUA. [Ipy HamM4Yuyu MHOKECTBAa BO3MOYKHBIX IIOCTCOCTOSIHUM, BXOJTHOE CJIOBO,
KOTOPOE MBI MOXKEM J1aBaTh Ha CJIEAYIOLIEM IIare TeCTUPOBAHUSA, JOJKHO OBITh JJOMYCTUMO B JIFOOOM U3
9THX BO3MOXKHBIX IIOCTCOCTOSTHUM.

4.11. IIpo6aema UMILUIMUUTHON cienuukanuu Moaen u 00xoa rpaga
COCTOSTHUM

Jlo cux mop MbI MPEATONIaraii, YTO MOJICIBHBIN aBTOMAT 3aJ[aH sIBHO, HAIIpUMeEp, B BUJIE CBOETO rpada
cocrosiHuil. OTHaKO, Ha MPAKTUKE MOJIENb YacTO 33JaeTCsl UMILTUIUTHO B BUJE crienu(uKanuii npea- u
noctycnoBuid. [IpeaycioBue — 3T0 JIOrM4ECKOE BBIPAXKEHUE OT COCTOSIHUS U CTUMYJIA, OITUCHIBAIOIIEE
JOMYCTUMOCTb HEKOTOPBIX CTUMYJIOB B HEKOTOPBIX COCTOSHMX aBTOMaTa. COBOKYITHOCTb IIPEAYCIOBUM
OMUCBIBACT MOJHOCTHIO JOMMYCTUMOCTh CTUMYJIOB B COCTOSIHUAX aBToMara. [loctycnoBue ans
ACUHXPOHHBIX aBTOMATOB OMHUCHIBAET NEPEXOABI: MOCTYCIOBHE TPUHUMAOIINX [TEPEXOI0B — JJIOTHYECKOE
BBIPaXKEHHE OT MPECOCTOSHUS, CTUMYJIA U TIOCTCOCTOSIHUS; TOCTYCIOBUE MOCHLIAIOIIUX IEPEXOA0B —
JIOTUYECKOE BBIPAXKEHHUE OT MIPECOCTOSHUS, PEAKIIMU U IIOCTCOCTOSIHUS; TOCTYCIOBUE MYCTHIX MEPEXOI0B
— JIOTUYECKOE BBIPAXKEHUE OT MPECOCTOSIHUS U MOCTCOCTOSIHUSL. COBOKYIMHOCTD MOCTYCIIOBUM BMECTE C
COOTBETCTBYIOIIMMH UM IIPEAYCIOBUSIMU OMUCHIBAET BCE NEPEXObI AaBTOMATA.

3aga4ya nocTpoeHust rpada COCTOSHHI MOJICTBHOTO aBTOMATA 10 €r0 UMILTUIIMTHOMN Crieliu(UuKaIi
CBOJIMTCS K PEIICHUIO CUCTEMBI YPaBHEHHI UMEIOIIUX Bua pre(V,X)=>post(v,x,v"), pre(v)=post(v,y,v’)
i pre(v)=post(v,v'). IToHsTHO, YTO TaKas 3a/1a4a MOKET OKa3aThCsl CIMIIKOM CJIOXHOM U HE BCeria
peliaeTcs yIoBIeTBOPUTEIbHBIM CIoco00M. C Ipyroii CTOPOHBI, B MPOIECCE TECTUPOBAHUS HAM MOKET
HE MOTPeOOBATHCSI BECh MOICIbHBIN Tpad, MOCKOJIBKY, BO-TIEPBBIX, HE BCE PEAKIIMU, Pa3peIIacMbIc
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MO/IEIIbIO, 0053aHbI IPUCYTCTBOBATH B PEAJIN3aALIMOHHOM aBTOMATE, U, BO-BTOPHIX, HE BCE PEaKIUH,
paspelaeMble peaau3alnueil, peajlbHo MOSIBATCA B JaHHOM ceaHce TectupoBanus. [loarpad monenu,
COOTBETCTBYIOLIUI JAHHOMY CEaHCy TECTHUPOBaHUS, OyIeM Ha3bIBaTh MOArpadoM TECTUPOBAHHUS.

MO’KHO MOCTaBUTH 3a7a4dy MOCTPOCHHUS MoATrpada TECTUPOBAHUS B MPOIIECCE CAMOTO TECTHPOBAHUS.
[IpousmmocTpupyemM BO3MOKHBIH CIIOCOO penieHust 3TOH 3a1a4uul 1715l CTAllMOHAPHOTO TECTUPOBAHUS C
OTKPBITBIM COCTOSIHMEM aBToMara kiacca AS (B KOTOPOM KaXX/10€ CTAllMOHAPHOE COCTOSIHUE KaXIbIM
JIOTTYCTHUMBIM KBa3U-KOHEYHBIM CIIOBOM MEPEBOAUTCS TOJIBKO B CTAIlMOHAPHBIE COCTOSIHUS). J1iis
MPOCTOTHI Oy/IeM CUUTATh TAaK)Ke, UTO MOJEIh HE MMEET CMEIIAHHBIX COCTOSTHUH. [IycTh Ha HEKOTOPOM
1iare TeCTUPOBAHMS aBTOMAT HAXOJAUTCS B CTAIIMIOHAPHOM COCTOSTHUM @, MOJAaeTCs CTUMYI X, TOJTy4aeTcst
B OTBET BBIXOJHOE CJIOBO U JUTMHBI N U ONpeelsieTcs CTaloHapHoe mocrcocrostaue b. B rpade monenn
ATOU CUTYallMU COOTBETCTBYET MHOKECTBO MAPIIPYTOB, HAUWHAIOIIUXCS B COCTOSIHUU &,
3aKAHYMBAIOLINXCS B COCTOSHIM b, HIMEIOIUX X-pacKpacky Xe u Y-packpacky U. ITomyuast Ha Kax oM
1iare TECTUPOBAHMSI BCE TaKHE MapIIPYThl Mbl B UTOT€ MOIYYUM TpeOyeMblii moArpad TecTupOBaHUS.

MapipyThl 11ara TECTUPOBAHUSI MOYKHO TTOJTYYHTh, MIOCICIOBATEIBLHO pelliasi ypaBHEHHUS crieliuDUKaIuu.
CHauaJia peliacM ypaBHEHHE IPUHUMAROIIIETo repexoa pre(a,x)=>post(a,x,Vi) OTHOCUTEIILHO
MOCTCOCTOSTHMS V1. TakuxX peneHnit MOKeT ObITh HECKOIBKO. JIJIs KaKI0TO M3 ATUX pelIeHUH V1
HE3aBUCHMO paccMaTpuBaeM ypaBHEeHHUE e-riepexoza pre(vy,e)=post(vi,e,Vv,), mochUIaroIero nepexoaa
st 1-oii peakuuu pre(vy)=post(viy,u[l],v2) u ypaBHeHue mycroro nepexoaa pre(vi)=post(vy,vo) u
HE3aBHCUMO PEIlacM UX OTHOCHTENIBHO MIOCTCOCTOSHUS Vo. ECiin Bce 3TH ypaBHEHHUS HE MMEIOT PEIICHUH,
pelieHue Vq Hy)KHO OTOpOCUTh. B MPOTUBHOM cilyyae, Mbl UMEEM MHOXKECTBO pelieHuit V. Teneps mis
Ka)XI0T0 PEIICHHs V, pacCMaTprBaeM HE3aBHCHUMO ypaBHEHHs e-riepexosa pre(Vq,e)=>post(vz,e,vs),
MOCBUTAIONIETO Mepexoa st 2-oi peakiuu Pre(vz)=>post(vq,u[2],vs) — eciiu V, ObUTO pelieHueM
MOCBHUIAIOIIET0 Tiepexoaa At 1-oi peakiuu, uiu Pre(v,)=>post(vo,u[1],vs) — eciu Vo ObUIO pelicHrEM
MyCTOTO WJIM E-TIePeX0/ia, a TAK)KE YPaBHEHHUE IMyCTOro nepexoaa pre(Vo)=post(v,Vs) u He3aBUCUMO
pelaeM 3TH YpaBHEHHUS] OTHOCUTEIIBHO MMOCTCOCTOSHUS V3. DTOT MPOIECC MPOI0KACTCS U TAIbIIIE, HO
TOJILKO Ha KaXJI0 BETBU 3TOTO MPOIIECCa, MOCIIE TOr0 Kak OyIeT PEIIeHO YPaBHEHHE MOCHLIAIOIIETO
nepexoa i mocieaHe peakuuu U[N] OyaeM mpoBepsiTh, MOMAJIO JIK OCTCOCTOsTHUE b B umciio
peleHuii 3Toro ypaBaenus. Eciu nomnao, To 3Ta BETBb 3aKaHYMBACTCS, & €CJIH HET, TO MPOJI0DKACTCS
pELICHUEM YpaBHEHHI TOIBKO €-TIEPEX0/I0B M MYCThIX MEPEX0/I0B MOKa TAKUM PEIICHUEM He cTaHeT b.

IToCcKOJIBKY aBTOMAT OTHOCHTCS K Kytaccy AS, 3T0 rapaHTHpPYyET 3aBepIlCHHE MPOIIECCa BEIYMCICHH 3a
KoHeuHoe Bpemsi. Eciu moctycnosust umeror Bua V =f(v,X), v =g(v,y) u v =h(V), To peieHre ypaBHEHHIA
CBOJIUTCS K BBIYHCIICHUIO BCEX 3HAYEHHMI MHOTO3HAYHBIX (ynkiwii f, g u h.

AHaJIOTUYHO MOKHO CTPOUTD MOATpad TECTUPOBAHUS SISl CTAIIHOHAPHOTO TECTUPOBAHUS C1abo-
JIETEPMUHUPOBAHHOTO aBTOMAaTa kiacca A5, He TpeOys OTKPBITOCTH COCTOSIHUSA. OTINYHE B TOM, YTO
BMECTO MTPOBEPKHU HA U3BECTHOE CTAIIMOHAPHOE IMMOCTCOCTOSIHUE MBI OyJIeM NMPOBOJANTH BBIUMCICHUS Ha
Ka)KJI0W BETBHU JI0 MOJIyUEHUS CTAIIMOHAPHBIX pelIeHnid ypaBHeHul cnienudukanuu. (BooOre ropopsi, Mbl
JIOJKHBI TECTUPOBATh HE TOJIBKO Ha KBa3M-KOHEYHBIX CJIOBaX C OJJTHUM HEMYCThIM CTUMYJIOM, TO3TOMY B
pelaeMble YpaBHEHUS HYXKHO BKJIFOUUTH TAK)KE YPABHEHUS IS IPUHUMAIOIIUX MEPEXOI0B 10
OYepeHBIM CTUMYJIaM BXOJIHOTO CJIOBA.)

B 06oux BapuaHTax CTalMOHAPHOI'O TECTUPOBAHUS (C OTKPBITHIM COCTOSTHUEM WJIU JJIs CJ1abo-

JNETEPMUHUPOBAHHOTO aBTOMAaTa) MOXHO IMOCTABUTh 33J]a4y: B KaKI0M JOCTUTHYTOM MPU TECTUPOBAHUU
CTAllMOHAPHOM COCTOSTHUH MOMPOOOBATH KaXKIbI AOMYCTUMBIN cTuMyI. bosee TouHo: monpo6oBarthb
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KBa3M-KOHEYHOE CIIOBO BHA X JUIst KaKI0r0 HEIYCTOrO CTHUMYIIA X. AAITUBHBIN alTOPUTM C TAKUM
CBOMCTBOM OyJIeM Ha3bIBaTh 0OX000M epagha no Cmumyiam.

MsI MoxeM noTpeboBath Oosbiero. HazoBem repazoensiemvim MapiipyT BBITOTHEHHS TS JOMTYCTHMOTO
KBa3U-KOHEYHOTO BXOJHOTO CJIOBA, BEAYIIHMH U3 CTAIIMOHAPHOTO MPECOCTOSHUS V B CTAITMOHAPHOE
MOCTCOCTOSIHUE V', BCE BHYTPEHHUE COCTOSIHUSI KOTOPOTO HecTalmoHapHbl. COOTBETCTBYIOIIECE KBA3H-
KOHEYHOE BXOJTHOE CJIOBO (X-pacKpacka MapuipyTa) Ha30BeM Hepa3zoeisemblim CIIOBOM JIJISl COCTOSIHHS V.
Mgl MOXeM oTpeOoBaTh MPHU TECTUPOBAHUH MTPOX0/1a IO BCEM CTAIIHOHAPHBIM COCTOSIHUSM, KOTOPBIE
MOJKHO JIOCTUTHYTH U3 IJaHHOTO CTAllMOHAPHOTO COCTOSIHUS 110 BCEM HEPa3Ie/IIeMbIM KBa3H-KOHEUHBIM
cioBaMm. {7151 3TOTO B Ka)/IOM COCTOSTHMH MBI JOJDKHBI TIOITPOOOBATh TaKOE MOJIMHOKECTBO KBA3HU-
KOHEYHBIX BXO/HBIX CJIOB, YTOOBI TAPAaHTHPOBAHHO JJOCTUTHYThH BCE TAKUE CTAIMOHAPHBIE COCTOSHUS.
AJIanITUBHBIN aJITOPUTM C TAKUM CBOMCTBOM OyJIeM Ha3bIBaTh 00X000M epagha no Hepazoensemvim
CLOBAM.

[TonsTHe 06Xx0/a TTO HEpa3AeIsIeMbIM CIIOBAaM MOXXHO 0000IIUTE Ha clTydail IPOU3BOIHHOTO
ACHHXPOHHOTO aBTOMarta. 37ech BOSHUKAIOT JBE 3aJa4yM: 1) OmucaTh KJIacChl aBTOMATOB, ISl KOTOPBIX
CYIIECTBYET Takoi 00X0, 1 2) HalTH 3 (HEKTUBHBIE aJITOPUTMBI TIOCTPOCHUS 00X00B OJJHOBPEMEHHO C
HOCTpOeHNEeM caMoro rpada recTupoBanus. B o0miem ciydae 3Tu 3a/1a4u HE PEIICHBI.

4.13. IIpodema meauaTOPpOB 1 MHOTOYPOBHEBbIE ClIeHNU(PUKAIUU

Jlo cux mop MBI IPEAIONaraiy, 4YTo andaBUTHl CTUMYJIOB U peaKLUil MOAEIHHOTO U peaTu3alliOHHOTO
aBTOMATOB COBINaAal0T. Ha mpakTHke 3TO 4acTo HE TaK M JUIsl yCTAaHOBJICHUSI COOTBETCTBUS PEANU3ALNU U
MOJIENN UCTIONIB3YIOTCS CIICLHANBHEIE MeduamopHule npeobpazosanus (meouamoput). Angpasummoim
Meouamopom Ha30BEM MEINaTOp, KOTOPBIN OCYIIECTBISIET IPOCTOE 0OpakeHUE (P MOAEIBHOIO alihaBuTa
CTHMYJIOB B PEaM3allMOHHBIN ali(haBUT CTUMYIJIOB H OTOOpaKEHUE Y pealIn3allMOHHOr0 andasura
peakIuii B MOJENbHBIN an(aBUT peakiiif. ITH OTOOpaKEHHUSI €CTECTBEHHO PaCcIIUPSIOTCS Ha
II0CJIEI0BATENbHOCTH CTUMYJIOB M peakiuid. Torga cBOAMMOCTb peannu3aluu K MOJENHN 3aliChIBACTCS
tak: Dom(w[R])2p(Dom(w)) YweDom(w) y(wW[R](p(w)))cw(w).

B o0rmmem citydae MoryT OBITE U Ipyrue (HeasihaBUTHBIC) MEAHATOPHI, KOTOPBIE CPa3y OMpPEeIaIOTCS KaK
OTOOpaXKEHHSI BXOAHBIX U BBIXO/IHBIX CIIOB C COXPaHEHHEM TPeOOBAaHMS O PABEHCTBE JUTMH MOJIEIBHOTO U
peanu3aoHHoro clioB. bosee Toro, 3TH 0TOOpaKeHUsI MOTYT OBITh MHOTO3HAYHBIMU U TOTJa OoJiee
€CTECTBEHHO T'OBOPUTH O METMATOPHBIX COOTBETCTBHUAX. DTU COOTBETCTBHS JOJDKHBI 001a1aTh
OIpeJIeIEHHBIMU CBOMCTBAMH, B YACTHOCTH, COOTBETCTBYIOIIHE CIIOBA SIBJIAIOTCS MPOIOJIKCHUSIMHI
COOTBETCTBYIOIIMX CJI0B. Kpome TOro, UMeeT CMBICT TOBOPHUTH O PEryISPHBIX COOTBETCTBHUSAX, TO €CTh, O
COOTBETCTBHSIX, KOTOPbIE MOT'YT OBITh 33aJJaHbl KAaK MHO)KECTBA, TOPOKAaeMble KOHEUHBIMU Tpadamu.

Kpome Toro, camu crieriuukaiu MoryT ObITh MHOTOYPOBHEBBIMH TaK, YTO KaX/IbIi YPOBEHb
COOTBETCTBYET HEKOTOPOMY YPOBHIO aOCTpakiuu u GopMynupyeT G yHKIIMOHATBHBIE TPeOOBaAHUS
COOTBETCTBYIOLIET0 ypoBH:. Haubonee uactas cutyanust — Tpu ypoBHs: 1) ypoBeHb peanu3aliuu, 2)
ypoBeHb cneruduKaliuy B BUAe Mpe- U MOCTYCIOBU U 3) ypoBEHb TECTOBOI MOJIENN, KOTOpas SIBJIIETCS
B HEKOTOPOM CMBICIIE (PaKTOP-MOAETBIO CTIeHU(UKAIIMOHHON MOJIENTH, HE UMEET ONMCAaHUs HEe TOJIBKO B
BUJIE Tpada COCTOSHUIA, HO U B BUJIE MPEJ- U IOCTYCIIOBUH, a 3aJ1a€TCs TOJIBKO MEIMATOPHBIM
COOTBETCTBHEM C YPOBHEM CIIEHU(PHUKAINN; IO TECTOBOW MOJIENIU MPOUCXOAUT HETIOCPEACTBEHHOE
TECTUPOBAHUE.
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5. 3akaoueHnue

[ToHsITHE aCHHXPOHHOT'O AaBTOMATa SIBISIETCS YOOHOW MaTeMaTH4ecKor abcTpakiiuei as
cnenuduKanyuy MporpaMMHBIX U allllapaTHBIX CUCTEM, UMEIOIIUX CBOMCTBA «aBTOMATHOCTHY, HO OoJee
CIIOKHBIX, YEM KJIACCUYECKHE aBTOMAaThl Muin. B To jxe Bpems Teopust TAKMX aBTOMAaTOB U, OCOOEHHO,
METO/Ibl TECTUPOBAHUSI COOTBETCTBUSA JIJIsI TAKUX aBTOMATOB HAXOSITCS MTOKA YTO B 3a4aTOYHOM
COCTOSIHUH.

B Hacroseln crarbe Mbl JaJIU ONPEIEIICHUE aCHHXPOHHOTO aBTOMATa U €ro BBINIOJIHEHU S, BBEIU
KJIaCCU(PMKAIIMIO aBTOMATOB C TOYKU 3PEHUSI peaTU3yeMOi UMHU CIIOBapHON (YYHKIIMHM B PACCMOTPEIH
HEKOTOPBIE BOMPOCHI Pean3aluy CIIOBApHOU (DYHKIIMU TAKUMHU aBTOMAaTaMH B BUJIE MHOXKECTBA
cepuaau3alrii — CMEIIAHHBIX MMOCIEI0BATEIbHOCTEN BOIIPUHUMAEMbBIX CTUMYJIOB U BbIJIaBAEMbIX
peaKuuid.

Uro KacaeTcst TECTUPOBAHUS COOTBETCTBUS, TO MBI JIMIIb 0003HAYMIIA HEKOTOPHIE BO3HUKAOIINE 371ECh
poOJIeMbl 1 HAMETHIIM HEKOTOphIE BOZMOXKHBIE MMYTH UX pelieHus. PeanbHblie 3¢ pekTUBHBIE aNTOPUTMBI
CYILLECTBYIOT JIMIIb ISl HEKOTOPBIX YACTHBIX (XOTS, BO3MOXHO, U IIUPOKO PACIPOCTPAHEHHBIX ) KJIACCOB
ACMHXPOHHBIX aBTOMATOB. B AanpHeleM Mbl penoaaraeM yJaeiauTh 3TOMY BOpocy Oosbliee
BHHMAaHHUE.

ACHHXpPOHHBIE aBTOMATHI — 3TO aBTOMATHI C OJIHOM BXOJHOW U OJIHOW BBIXOJHOM OuepensiMu.
EcrecTBeHHBIN CIEMYIOMIMIA IIar — PACCMOTPETh aBTOMAThI C HECKOJIbKUMU ouepensamu. [locie atoro
MOHO U3y4aTh CETH aBTOMATOB, B KOTOPBIX KaxJasi Ouepe/ib SBISIETCS BBIXOHOM OUepeiblo OTHOTO
WJIM HECKOJIBKMX aBTOMATOB U BXOJIHOW OYEPEAbIO TAKKE OJHOTO MIIM HECKOJIBKUX aBTOMATOB. Takue
aBTOMATHBIE CETH MOYKHO MCIOJIb30BaTh KaK MOJIEIb IPOrPAMMHBIX U allapaTHbIX CUCTEM C
HECKOJIbKUMHU HE3aBUCUMBIMH aKTUBHOCTSIMH (IIPOIIECCaMHU ), IOBEICHUE KAXKIOH U3 KOTOPBIX MOXKHO
MOJICTTUPOBAThH OTJCIBHBIM ACHHXPOHHBIM aBTOMATOM. 37I€Ch BO3HUKAIOT HE TOJIHKO MPOOIEMBI
TECTUPOBAHUS TaKUX CETEH, HO M MPOOJIEMBI UX CTIeU(PUKAIIINHN, KOTOPHIE MOXHO PacCMaTPHUBATh TAKKE
KaK He TOJIbKO YHCTO ()yHKIIMOHATbHBIC, HO U KOMIIO3UIIMOHHBIC (CTPYKTYPHBIE).
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