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AnHotamms. Ha npumepe 1Byx Mozeneil mporpaMM MOKa3aHO, 4TO 3ajJaya ONTHUMH3aLUU
pa3Mepa mporpamMMm MoOXeT ObITh 3()(EKTHBHO pellieHa NPH IOMOILIM MPOLEIYp MPOBEPKH
SKBUBAJIEHTHOCTH IIPOrpaMM B paccMaTpuBaeMbIX Mozensix. OCHOBHON pe3ynbTaT paboThl —
TIOJMHOMHUAIIBHEIE TI0 BPEMEHH AITOPUTMBI MUHUMH3AINN KOHEYHBIX JETEPMHHUPOBAHHBIX
aBTOMATOB-TIpeoOpa3zoBaTeneil Hax KOHEYHO MOPOXKICHHBIMU PAa3pEHIMMBIMHU TPYNIIAMH U
CXeM TIOCIEIOBATeNbHBIX MPOTPaMM, CEMAaHTHKAa KOTOPBIX OIPEAENSeTCS KOHEYHO
TOPOXKACHHBIMH ~ PAa3pEIINMBIMU  yTIOPSIOYEHHBIMHA  JIEBOCOKPATHMBIMH  ITOTYTPYIIIaMH.
IIpennoxeHHBIE AITOPUTMBI MOXKHO HCIIONIB30BAaTh B KAYECTBE TEOPETHUECKONH OCHOBBI IS
noctpoeHuss A(P(EKTUBHBIX MpPOLEAYp TIJO00ANTBPHOH ONTHMHU3ALUM HUMIICPAaTUBHBIX U
pearupyromux IporpamMm.
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1. BeedeHue

B mporpammupoBannu 3amada MPOBEPKH SKBUBAJICHTHOCTH MPOTPAMM — JUIS IBYX
3aaHHBIX [POTPAaMM BBLICHHTh, HMMEIOT JIM ATH MPOTPpaMMBl OIHHAKOBOE
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HOBEJCHHE, — HUrpaeT ABOSAKYI0 poib. C OJHOW CTOPOHBI, dTa 3ajada CIIYXKHUT
MHJMKAaTOPOM CIIOKHOCTH MOJENN BBIYHCICHHH, B KOTOpOH (hOpMain3oBaHO
MOHTHE TPOTPaMMBI. OLIEHHBAsI CJIIOXXHOCTh HPOOJIEMBI 3KBHBAJICHTHOCTH, MOYHO
y3HaTh, HACKOJBbKO BbIOpaHHas (opMajibHas MOZAENb MPOrpaMM IPUTOIHA JUIS
NPaKTHYECKOTr0 TNPUMEHEHHS NpU pELICHHH JPYrHX 3ajad aHaiu3a MOBEACHHS
nporpaMM. MMeHHO ¢ 3Toil wLenbio mpobjeMa SKBHBAJICHTHOCTH H3y4aeTcs B
Teopun cxem nporpamm (cM. [41,50,51]). C apyroii CTOPOHBI, K 3a1a4e MPOBEPKE
9KBHBAJICHTHOCTH IIPOrPaMM  CBOITCS MHOTHE 3aJayd BepUHKAMUd U
ONTUMI3AINU TporpaMM. Ecim mpobGiiema SKBHBaJCHTHOCTH HMeeT () (eKTUBHBIN
QITOPUTM pEIIeHHs, TO €ro MOXHO NCIOJIb30BaTh KaK YHHBEPCAIBHYIO
BCIIOMOTaTEJIBHYIO TPOLEAYPY U PEIICHUS MHOTHUX IPYTHX 3aJad CHCTEMHOTO
nporpamMmmupoBanus. Llens TaHHOW CTaThH — MPOJEMOHCTPUPOBATH, KaK MOXKHO
UCIIONIb30BaTh OBICTPBIE AJITOPUTMBI TMPOBEPKH 3KBHBAJICHTHOCTH B Pa3HBIX
(hopManbHBIX MOAEIAX MporpamMm sl 3Q(GEKTHBHON ONTUMH3ALUH TPOTPaAMM.
AJITOPUTMEI TIPOBEPKH SKBUBAJICHTHOCTH MPOTPaMM HMEIOT IOBOJBHO INHPOKYIO
00J1acTh IPUMEHEHUs] B CUCTEMHOM NporpaMMupoBaHud. C MX MOMOULIBIO yJaeTcs
pelath HEKOTOPbIE 331a4n

e pebdakTopuHra TpPOrpamMM, CBA3aHHBIE C BBIBJICHHEM (DParMeHTOB
OPOrPaMMHOTO KOJIa, PEaln3yIOIiX H3BECTHBIC anroputmel [3,38];

e  perpeccHoHHOro aHaim3a koja [5,11,16,21] anst oOHapy»eHUsT OMIUOOK,
KOTOpBIE MOTYT BO3HHKATh B IIPOLIECCE MOJICPHU3ALIUH IPOTPaAMM;

e BepUpHMKANMK W BaIWJAIMA  ONTUMHU3UPYIOIIUX  MPOLEAYp B
kommuisiTopax [13,17,18,20,22,28,30,33,43-45];

e  xoMmmo3uiuu nporpamMm [39] st KOPPEKTHOrO OOBEIUHEHHS HECKOIBKUX
(parMeHTOB KO/a, peaHM3YIONMX pa3Hble (YHKIMOHAIBLHOCTH, B OJHY
porpamMmy;

e  NpPOBEpKH OE30MACHOCTH MOTOKOB JaHHBIX [7,36], 4T0GBI yI0CTOBEPUTHCS
B OTCYTCTBHH YsI3BUMOCTEH;

e OOHapyXeHHsT  BPEIOHOCHBIX  (parMeHTOB  Kojga  (IpOrpaMMHBIX
«BUpYCOBY) [12,42].

Ho wnHambonmee BaxHOIl 007acTBI0 TNPHUMEHEHHS AITOPUTMOB  MPOBEPKH
SKBUBAJICHTHOCTU SIBISICTCS pa3paboTka ONTHMHU3UPYIOLWIMX IPeoOpa3oBaHuUi
nporpamM. ViccnenoBanusi B 3TOM HanpaBJIeHHMH Hadanuch Ha pyoexxe 60-70 rr XX
Beka (cwm. [1,6,10,14,19,46,50]) u mpuBesn K 3HAYUTEILHOMY TIPOTPECCy B Pa3BUTHH
CPE/ACTB KOMMWILMM TPOrpaMM M TIOBBIIICHHH KadyecTBa IMPOTPaMMHOrO Koja.
OntuMusMpyone npeodpa3oBaHKs NPOrpaMM HYXIAIOTCS B MPOBEPKE HX
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KOPPEKTHOCTH, M 3TO MOYXHO OCYIIECTBHUTD JIMIIb MPH [MOMOIIK CPEACTB MPOBEPKU
SKBHUBAJICHTHOCTH IporpamMm. MeTo/Ibl, UCTIONIBb3YEMbIe Ha IPAKTUKE JIJIs STOU IIEITH,
OTPAHUYMBAIOTCS AHAIM30M AaIMKINYECKUX (PparMeHTOB mporpamMm (JIMHEHHBIX
yuacTkoB) [5,15,24], koHeuHbIx pa3BepTok mwmkioB [21,31,33], wim mporpamwm,
BBIMOJTHSIONIMX CIEIUANBLHBIC MPEOOpPa30BaHuUs, sl KOTOPBIX YIACTCS BBIYHUCIATH
WHBapHaHTHI [UKIIOB [17,23,32].

OpHako anropuUTMBbl IPOBEPKH IKBUBAJIEHTHOCTH MPOrpaMM MOXKHO HCIOJIb30BaTh
HE TOJNBKO KaK CpeACTBa KOHTPONS KOPPEKTHOCTH  ONTHUMM3HUPYIOLINX
npeoOpa3oBaHWi, HO M KakK CpeJICTBAa IOCTPOCHUS CaMUX ONTHMH3HPYIOIINX
npeoOpa3oBaHuii. [ TOSICHEHHWS 3TOTO Te3Uca OOpaTHMCS K CIEAYIOIIEMY
IpUMepy.

OnHa u3 Hambolsiee TPOCTHIX MOJENCH BBIYMCICHUH — 3TO JETEpPMHHUPOBAHHBIC
KOHEYHBIC aBTOMATHI. 3a/lada ONTHMHU3AIMNA aBTOMAaTOB COCTOUT B TOM, YTOOBI JUIs
3aJaHHOTO aBToMara A TOCTPOUTH SKBHBAJICHTHBIN aBTOMar B (T.e. aBTOMAT,
pacro3Haronmii ToT e camblit s3bik L(A) = L(B)), UMeronuii HANMEHBIIIEe YHCIT0
cocTosiHMH. Pemenne 310l 3aa4n MOXKHO IPOBECTH B TPH 3Tara.

1. Pa30uTh cocTOSHHS aBTOMaTa Ha KJAcChl SKBUBAJCHTHOCTH. [IBa COCTOSHHSA
q' v q" cuMTaOTCs SKBUBAJIEHTHBIMM, €CIM YKBUBAIEHTHBI aBTOMAThl A[q']
u A[q''], uMeronye 3TH COCTOAHUS B KA4€CTBE HAYalbHbIX. MEHHO i
BBIJICJIGHUS]  KJIACCOB ~ DKBHUBAJICHTHOCTH  COCTOSHHM  aBTOoMaTa A
UCIIONB3YETCS ANTOPUTM IPOBEPKU IKBHBAJIICHTHOCTH aBTOMATOB.

2. CkueuTh SKBHBAJICHTHBIE COCTOSIHUS. B Ka oM Kjacce SKBUBAJIEHTHOCTH
BBIOMpAETCS MIPOU3BOJILHOE COCTOSIHUE, U B 3TO COCTOSIHHE HAIPaBIISIFOTCS
BCE Tepexo/Ibl aBTOMATa, KOTOPHIE paHee BelU B APYI'He COCTOSIHUS TOTO JKe
KJlacca SKBUBAJICHTHOCTH.

3. VYpanmute Bce Oecroyie3HbIE COCTOSIHUSI BMECTE€ C BXOAAIIMMH B HUX M
UCXOIAIIMMU M3 HUX MepexoAaMu. becnone3HbIM cuuTaeTcss BCIKOE
COCTOSIHUE, KOTOPO€ HEJOCTM)KMMO W3 HAuyajabHOTO COCTOSHMS WM U3
KOTOpPOT'O HEJOCTH)KMMO HHKakoe (MHaJIbHOE cocTosHue. JlJisi BBIABICHUS
OecIoNe3HBIX COCTOSHUI JOCTATOYHO BOCIOJB30BATHCS OOMIEH3BECTHBIMU

ANTOPUTMaMH TEOPHH TPadoB.

B pesymerare mnpuMeHEHHs YKa3aHHBIX MPeoOpa30BaHUMl K MPOU3BOJILHOMY
JIETEPMUHAPOBAHHOMY KOHEYHOMY aBTOMaTy A OyZAeT MoiydeH MUHIUMAJBHEIHN (110
YUCIIy COCTOSTHUI) SKBUBAJICHTHBIN aBTOMAT B, T.e. pelieHa 3ajada ONTHMH3AIIH
KOHEYHBIX aBTOMaTOB.
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B oTolf craThe MBI TMOKaXKeM, YTO Ta K€ camas CTpaTerusl peIieHHs 3agadn
ONTHMU3AIIMU MOXET OBITh NMpPUMEHEHa M K 0ojee CI0XKHBIM BBIYUCIUTEIHHBIM
crcTeMaM, MOJEIMPYIOIIUM MTPOTpaMMbl. MBI OrpaHUUMMCS PACCMOTPEHUEM JABYX
TaKUX CHCTEM — KOHEYHBIX J€TEPMHHHUPOBAHHBIX aBTOMATOB-IpeoOpa3oBareiell 1
anredpanvdecKknux MoJeNeH porpaMM HaJl OJIyrpynaMy.
ABTOMathI-peoOpazoBaresin  (MalIMHBI C KOHEYHBIM  YHCJIIOM  COCTOSTHHH,
TpaHCIbIOCEPhl) BOSHUKIN Kak 0000IIeHHe KOHEYHBIX aBToMaTroB Paduna-CkoTTa.
B oTinumne oT KOHEYHBIX aBTOMATOB MPeoOpPa30BaTENN BBIYUCIIAIOT OTHOLICHUS Ha
MHOXXECTBaX KOHEYHBIX cJIoB. OHM HaxoIIT NPUMEHEHHE B CHCTEMHOM
MPOTPAMMHUPOBAHHH IS IOCTPOSHUS MIPOCTEHIINX KOMIIISTOPOB [2], npaiiBepos,
OCYILECTBIISIOMNX (QMIBTPALINIO U MPeoOpa3oBaHUs CTPOK, H300pakeHHUH, IIOTOKOB
IaHHEIX [4,37], B cucTeMax aBTOMAaTH3HPOBAaHHOTO IPOCKTHPOBAHUS YIPABIISFOIINX
CUCTEM JUIA Pa3paboTKH KOHTPOJUIEPOB [29], B KOMIBIOTEPHOW JTHHTBUCTHKE JIS
CO3JIaHMs IpOorpaMM pacrio3HaBaHus peun [25] u ap. [Ipobiema IKBUBAIEHTHOCTH
JUTI KOHEYHBIX JIeTePMUHUPOBAHHBIX aBTOMATOB-TIpeoOpa3oBaTelieil Hal CTPOKaMHU
Obuta uccrienoBaHa B crathax [9,34,49]. B cratee [26] mms 3Toro Kiacca
npeoOpaszoBaTesnieii ObUT MPEUIOKEH aNreOpandecKuil METO ] MX MUHUMHU3AIIUH.
IIpeobpa3oBarenn TaKke MOTYT CIYXXHTh IPOCTOH MOJETBIO pearupyrommux
nporpamMM, (QYHKIHS KOTOPBIX COCTOUT B TOM, YTOOBI BHIPAOATHIBATH IPABHUIILHBIC
OTKJIMNKM B OTBET Ha BHEIIHUE Bo3aeicTBus. K umciay mporpaMm Takoro poja
OTHOCATCA ONCpanOHHBIC CHCTCMBI, CCTCBhBIC IIPOTOKOJIBI, ;:[paﬁBepLI,
KOHTpoJIiepsl. B 3TUX mporpammax pa3Hble MOCIEI0BATEIbHOCTH IEUCTBUII MOTYT
MPUBOJIUTH K OJHOMY M TOMY JK€ Pe3yJibTaTy, MO3TOMY 3JIeMEHTapHbIe (6a30BbIC)
JICWCTBHSI pearupymouieldl IporpaMMbl MOXHO paccMaTpuBaTh Kak IOPOKAAIOIINE
JJIEMEHTHl HEKOTOPOH monmyrpymmbl. i KOHEYHBIX JIETCPMHUHHPOBAaHHBIX
aBTOMATOB-TIpeoOpazoBaTeNeii HajJ moiayrpymnmnaMu B crathe [49] Obu1 paspaboTan
MOJIMHOMHAJIBHBIN 0 BPEMEHH AJITOPUTM IMPOBEPKH SKBHBAJCHTHOCTH. VIMEHHO ¢
€ro IMOMOIIBI0 ISl ATOH Pa3sHOBHAHOCTH aBTOMATOB-TIpeoOpa3oBareiell B JaHHOW
cTaTbe OyIeT MpeIoKeH alrTOPUTM MAUHIMH3AIINH.

AureOpanyeckue MOJENH MporpaMMm ObUIM BIEpBbIe BBelNeHBI B crathe [53] Kak
pe3ysbTaT CHHTE3a ABYX MOAENEH BBIUUCICHUI — cxeM nporpamM JlsmyHoBa-SHoBa
[52] (cuHTakcHYeckas KOMIIOHEHTa) M JTUCKPETHBIX Ipeobpa3sosareneil ['mymikoa-
JletnueBckoro [47] (cemaHTHUecKas KOMIIOHEHTa). OTa IpoCTas MOJENb
IMMOCICAOBATCIIBLHBIX TPOTrpaMM MOKET OBITH MCIIOIB30BaHAa JJIA pCHICHUA HIUPOKOTO
CIICKTpa 3aaad aHain3a MOBCACHUA HMIICPATHBHBIX IPOrpaMM, BKIIKOYasd 3a1adud
ontuMm3anuy. B dacTHOCTH, B cTaTthe [54] g omHOrO Kilacca airedpamdecKux
MoOJieTiell mporpaMM OBUT TIPEIOKEH METOJ, MUHUMH3AIMU CXEM MPOrpaMM,
OCHOBaHHBIN Ha TIOCTPOCHUHU TIOJTHOW CUCTEMBI SKBUBAJIEHTHBIX MPE0Opa30BaHUIA.

B cratbe [47] ObIIO 3aMedeHO, YTO 3ajaya MHHHMH3AIMHA CXEM TPOTpPaMM TECHO
B3aMIMOCBSI3aHa C 3a7adell TPOBEPKH JKBHBAJIEHTHOCTH. B 3Toif pabore ObLTa
NpeIVIOKeHa  PEeKypCHBHAs IpoOIenypa TPOBEPKH HSKBUBAICHTHOCTH CXEM
porpamMM, B KOTOpPOH NpeoOpa3oBaHMs, HAIpaBJICHHbIC Ha MUHMMH3ALMIO YHCIA
BETBJICHUH 11EPEX0/I0B B COCTOSIHUSIX CXEMBI ITPOTrPaMMBbI, YePEIYIOTCs C TPOBEPKOH
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DKBHBAJICHTHOCTH CXE€M  IIpOrpaMM, IIONYYEHHBIX B  PE3ynbTaTe  ITHX
npeoOpa3oBaHuii. B 00IIMX YepTax 3TOT METOJ MOAINANAET MO ONMUCAHHYIO BBIIIE
CXeMy MHHUMHU3AIMU Mozesed nporpamM. OTHaKO TIpH OTCYTCTBUU 3 (HEeKTHBHOTO
aNropuTMa MpPOBEPKM 3KBHUBAJCHTHOCTH MCIONB30BATh 3TOT METON  JUIs
MUHMMU3AIUM CXE€M IPOrpaMM HEBBITOJHO — €ro CJI0XKHOCTb II0 BpPEMEHHU
SKCIOHEHIMATBHO 3aBHCUT OT pa3zMepa ONTHMHU3UPYEMON IPOTrpaMMBL.

B nmaHHO# cTaThe MBI OINUCHIBAEM MPSMOH (HEPEKYpCUBHBIN) AJITOPUTM
MUHMMHU3AIUN CXEM IMPOrpaMM, CEMaHTHUKa ONEepaTOpOB KOTOPBIX OMpenenseTcs
HNOJIYrpyNIamMy CIEHUATIbHOTO BHMJAa — JIEBOCKPAaTHUMBIMM MOJIYTPYIIaMU C
HEPANIOKUMON eauHuLed. B OCHOBYy 3TOro anroputrMa IOJIOKEHBI UJEH,
BbICKa3aHHBIE B pabore [47]. Bricokas 3¢ (eKkTHBHOCTh HAmIero ajaropurMa
00ycCIIOBIICHA SIBHBIM HCIIOJb30BAaHUEM H3BECTHBIX 3(QQEKTHBHBIX aITOPUTMOB
IOPOBEPKHM SKBUBAJICHTHOCTH CXEM MpPOrpaMM B MONYTPYHIOBBIX MOJENAX
nporpamm [40,48,55].

Crathsi OpraHu30BaHa CJIEAYIOIMM oOpa3oM. B pasnmene 2 mpuBeneHO oIMcaHHe
MOJICTIH BBIYHCIICHU KOHEYHBIX aBTOMATOB-TIpeoOpazoBarTenel Ha/l MoIyTrpynaMu.
B pasmene 3 onmcaH anroputM MHHUMH3AIMHM U1 [peoOpasoBaTereH,
paboTaomMX HajJ pPa3pelIMMBIMH TPYINAMH, [OKa3aHa €ro KOPPEeKTHOCTh. B
pa3zene 4 NpHUBENEHO OMHCAHHWE CHUHTAKCHCAa M CEMAHTHUKH CXEeM Iporpamm B
anrebpandeckoil Moenu nmporpamm. B paszmene 5 omrican ajJroputM MUHUMH3AIHA
CXEM IIporpaMM Haa YHOOPAAOYCHHBIMH TOJYrpynmamMd MW AOKasaHa €ro
KOPPEKTHOCTh. B 3aKIIIOYEHNH MPOBOIUTCSA OOCYKAEHUE HCIOIB3YEMOT0 B CTAaThE
Mnoaxoaa K pEeHICHUIO 3adadr ONTUMU3aAlNU Mo,ueneﬁ nmporpaMm M OLICHUBAIOTCH
NEPCHOEKTUBLI PA3BUTHA ITOr'0 MmoAaxoda MW €ro MNpuUMCHCHUA IJid OINTUMH3AIUN
JpYTUX MOJIENIEN IPOrpamMm.

2. Aemomamsi-npeobpazoeamesiu: OCHOBHbIE MOHAMUS

[IycTp 3amaH koHeuHblH andaBur Z. 3amucbio X* 0003HAYMM MHOMKECTBO BCEX
KOHEYHBIX CIIOB Haj andaBuUTOM X, BKIIOYas mycToe cioBo A. BykBel andasura X
MOTYT OBITh HCTOJIKOBaHBI KaK 3JIEMEHTapHBIE COOBITHS, IPOMCXOMAIINE BO
BHEUIHEH Cpele M OKas3blBAIOIME BIMSHWE Ha WH()OPMANMOHHYIO CHCTEMY,
B3aUMO/JICHCTBYIOIYIO C 3TOH cpefoil. B aToM ciydae ciioBa MOXHO MOHUMATh Kak
BO3MOXHBII CLEHapuil MOBEJEHMs BHEIIHEW cpefbl M0 OTHOUICHHIO K
MHPOPMALMOHHON CHUCTEME.

Paccmotpum nosyrpymiry S ¢ GMHApHOH ornepanueil -, TOpOXKICHHYI0 MHOXXECTBOM
3JIEMEHTOB B M MMEIONTYI0 eIMHIYHBIN (HeHTpanbHbIN) 31eMeHT e. [loposkmaromrie
3JIEMEHTBHI MOIYIPYHIBl MOYKHO pPaccMaTpuBaThb KakK 3JIEMEHTapHbIE OIEPaTOPhI
(me#icTBHA), KOTOPBIE BBITOJMHAET WHPOPMALMOHHAS CHCTEMa B OTBET HA BHEIIIHHE
BO3cHCTBHUsA. DHHapHas omepanys IOJYTPYNIBl B O3TOM CIy4ae COOTBETCTBYET
MOCTEJOBATEILHOM KOMIIO3UIMM 3TUX omepaTtopoB. Ecau ABe KOMIO3UIMU
OIIEpaTOpOB OTBEYAIOT OJHOMY M TOMY JK€ 3JEMEHTY MOJyrpymmsl S, TO 3TO
03HAuaeT, YTO 3TU IOCIEAOBAaTEIbLHOCTH ONEPATOPOB BBIUUCISIOT OAMHAKOBBII
pesynbrar. [Ipu 3TOM J1000H 3JEMEHT MOJYTPYHIIBI MOXET OBITh HPEICTABIEH B
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BHJIE 7OYZPYNNOBO20 GbIPAICEeHUss — TIOCIENOBATEIbHON KOMITO3UIIMK 0a30BbIX
3JIEMEHTOB MHOKECTBa B.

Koneunvim asmomamom-npeodpaszosamenem (mamee MpocTo Ipeodpa3zoBaTeeM)
HaJ NoJyrpymnmnoi S HaseBaetcs cucteMa T = ( X, S, Q, qo, F, T), B xoTOpOiA

e (Q — KOHEYHOE MHOXKECTBO COCTOSHUI;

® (g, — HavaJIbHOE COCTOSIHHE, ¢, € Q;

e F — moaMHOXeCTBO (pUHANBHBIX cocTosHUM, F C Q;

e TC QX ZXIX SX Q—KoHEUHOE OTHOIICHHE MEPEXOJIOB.

YetBepxu (q,a, s,q') n3 MHOXecTBa T HAa3BIBAIOTCS nepexodamu; IS WX
a/s
0003HAYEHHsT WCIOJb3yeM 3amuch q — q'. s Kakmoro cocrosHus ¢,q € Q,

3amuch T[q] Oymer obo3nHauaTh mpeodOpaszomarens (X, S,Q,q,F,T), B xoropom
COCTOSIHUE ( UTPaeT POJib HAYaJIbHOTO COCTOSHUS. Pasmepom mpeobpasoBatens T
HA3bIBACTCS YMCIIO, PABHOE CYMME YHCJIa COCTOSIHMU |Q| U JUTMH THOIYyTPYIIIOBBIX
BBIPOKCHUM, 3aMalOIIMX DJIEMEHTHI S, KOTOpBIC IPHUIIMCAHBI MEPEXO/aM
npeoOpa3oBaTes.

Boiyucnenuem npeobpazoBaTesnisi T Ha BXOJIHOM CJIOBE W = @44, ... A, Ha3bIBACTCA
BCSIKasl [OCJIE0BATEILHOCTD TIEPEXO/I0B

a/s1 az/sz  An-1/Sn-1 an/sn
run =q; — qiv1 — > Qitn-1 — > Gi4n -

Koneunslit mnpeoOpa3oBaTeb MOXET CIY)KUTh MOJENBI0 IOCIEI0BaTeIbHON
a/s
pearmpyromeii mporpammbl. Kaxnplii mepexon ¢ — q' o3Hadaer, d4ro Ipu

[OJIyYEHUU BHEIIHErO BO3JEUCTBUS 0 B COCTOSIHUM YIPABICHUS ¢ 3Ta IIPOrpaMMa
COBepIIaET  TEPexXOJl B  COCTOSHHE  yOpaBieHWs ' W  BBIMOJHSCT
MOCIE0BATENLHOCTL  ONeparopoB S. IlocnenoBaTebHOCTE TAKMX MEPEXOI0B
o0pa3yeT BBIUHCICHUE pEAarupyromed MNporpaMMbl. OJEMEHT S = Sy * Sp:** S,
HOJYTPYIIIBL S HA3BIBACTCS 06pA30M BXOIHOTO ClloBa W, a napa (W, S) Ha3bIBaeTcs

MemKoU BBIYUCIEHHA run. 3aluch g W—/f Qi+n ,OYIET HCHOJB30BATHCS IS
COKpaIIeHHOTO 0003HAUeHHMs BHIYMCICHHUS peoOpa3oBaTessi Ha BXOJHOM CIIOBE W.
Eciu q; = qq , TO BBIYHCIICHHE TUN HA3BIBACTCS HAUANbHbIM GbluucieHuem. Eciu
Qi+n € F, TO BBIYHCIICHUE TUN HA3BIBACTCA (DUHATLHBIM GbluucieHuem. [1oaHbim
gbluucieHueM Ha3bIBAaeTCAd BCAKOE BBIYMCICHHE IIpeoOpa3oBarels, KOTOpoe
ABJISIETCS KaK HadvajbHbIM, Tak M (uHanbHbIM. 3anuceio Lab(m) o0o3HauYMM
MHOXXECTBO MeTOK (W,S) BCEX IOJIHBIX BBIYHCIICHUH INpeoOpazoBareinss 7T; 3TO
MHOXKECTBO SIBJIIETCS OTHOILEHHEM, KOTOpOe peaau3yeT IpeoOpa3oBaTeib TI.
3anmck Lang (m) OyneM HUCmoib30BaTh s 0003HaYEHHUS MHOXKECTBA BCEX CIIOB, Ha
KOTOPBIX Mpeobpa3oBaTelb 7T HMEET MOJHOE Bbluucienue, 1.e. Lang(m) = {w :
(w, @) € Lab(m)}. OueBumso, st 1F06Or0 KOHEYHOTO aBTOMATA-IIPe0Opa3oBarelis
T MHOXeCTBO Lang (1r) sIBIseTCs peryISIPHBIM SI36IKOM.
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Ipeo6pasoBatenu ' u '’ cumrarorcs sxeusarenmuvimu (M 0003HAYAOTCS 3AIIHCHIO
' ~ '), ecnu Lab(m") = Lab(rw'"). O6pa3 BXOIHOTO CIIOBA MPEACTABISIET COOON
pE3yNbTAT  BBIYMCIECHHMS  pEArupylolledl  TIporpaMMbl B OTBET  Ha
TOCIIEN0BATENLHOCTh BO3IEHCTBUI cpebl. BHENHMI HAGIIONATENL PETUCTPUPYET
PE3YNIBTATH JUIIL TEX BLIYUCICHUH, KOTOPBIE HOCTUIalOT (UHATLHBIX COCTOSHUN
ynpasiieHust. [1oaToMy HabIoaeMoe MOBEJECHHE DPeardupyromieil mporpamMel T
MOJIHOCTBIO ~ OTIpeZieTIsieTcsl MHOXkecTBoM MeTok  Lab(m). Takum  o0pa3zom,
SKBUBAJICHTHOCTh  MpeobpasoBareneii  O3HAYaeT, 4YTO  COOTBETCTBYIOIIHE
pearupyiolue IMporpaMMbl  MMEIOT OJMHAKOBOE HAOIIOfaeMoe  IOBEICHHUE.
IpeoGpaszoBareib CUATAETCS MuHuMATbHbIM (IO YUCIY COCTOSIHHUM), €CIH HE
CYIIECTBYET OKBUBAICHTHBIX €My TMpeobpa3oBareneifi ¢ MEHBUIUM YHCIOM
COCTOSIHUI.

CocTosiHue q IPeoOPA30BATENS 1T CUMTAETCS NOAE3HBIM, ECITH XOTS ObI OJIHO TOJHOE
BBLIYUCIIEHUE TIPOXOIUT YEPE3 ITO COCTOSHUE. B IPOTHBHOM CIIydae COCTOSTHHUE

Oynem Ha3bIBaTh becnonesHbiM. [TpeobpazoBatennb cunTaeTCs
OemepMuHUPOBAHHbIM, €CIIN ISl Tr000i OYKBBI @ W s JIOOOr0 COCTOSHHS ¢
a/s

MHOXeCTBO T COAEpXHT He Oojee OmHOTO Tepexoia Buaa q — q'. [
JETEePMHUHUPOBAHHOTO MPEOOpa30BaTeIIs T BBEIEM 0003HAUCHUE

T(w) = {s, eciu (w,s) € Lab(n).
HeonpeJeseHO HHaye

Takum 00pasom, 1Ba JETEPMUHUPOBAHHBIX npeobpazoBarens 7 u 7'
OKBUBAJIEHTHBl B TOM M TOJBKO TOM cliyuae, eciu paseHctBo 7' (w) = m''(w)
BBITIOJTHSETCS JIJIs1 TF0OOTO CIToBa W.

B crarbe [49] npemsioskeH 00K METO MOCTPOSHHS PA3PELIAIOIINX MTPOLEAYD IS
3a/a4 TPOBEPKH SKBUBAJICHTHOCTH AETEPMUHHPOBAHHBIX IpeoOpa3oBarenei Ha
MnoJgyrpynrnamMmu 5 , BJIO)KUMBIMHU B KOHCYHO MOPOXKIACHHBIC Pa3pCIIMMBIC T'PYIIIbI.
ITonyrpynma S Ha3bIBaeTCsl 6102cuMoll B Tpynmny G, eclid 3Ta Tpynmna COACPX HUT
nopnonyrpynny S’ , wmsomopdnyro nomyrpymme S. Tlomyrpynma HaswiBaeTcs
pa3penMoii, eClii B HEll paspelimMa npodiemMa pageHcmsd ciog, T.e. CYIECTBYET
ANTOPUTM, KOTOPBIA st JIF0OOOW Taphl  BBIPAKCHUH, COCTABICHHBIX U3
MOPOXKIAIONINX 3JIEMEHTOB IOJYTPYIIBI, MOXKET OIPEACIIUTh, MPEACTABISIOT JIU
9TH BBIPAKEHUS OJHMH U TOT € JJIEMEHT mnonyrpymmsl. B cratee [49] Taxoke
MOKa3aHO, 4YTO €clM TmpoliieMa paBeHCTBA CIOB B rpymme G paspemmmMa 3a
IIOJIMHOMHUAJIBHOC BpEM, TO )5 npo6neMa SKBUBAJICHTHOCTHU KOHCYHBIX
JIETEpPMUHUPOBAHHBIX TpeoOpa3oBaTeNiell Haj TONYrpymnmod S paspemmMa 3a
TMMOJIMHOMHUAJIBHOE BPEMH. Onnpaxcs Ha 3TOT PE3yJIbTaT, MbI IIOKAXXEM, KaK MOXXHO
S(b(i)eKTI/IBHO pemuTh 3aga4y MHHHUMH3AIUNU KOHEYHBIX JCTCPMHUHHUPOBAHHBIX
npeoOpa3oBaTeineii, IPUMEHSS Ty KE CaMyIO CTPATETHIO, KAKYI0 HCIIONB3YIOT IS
MUHHMHU3AIUN JCTCPMUHUPOBAHHBIX KOHEYHBIX aBTOMAaTOB. B 3To#l craThe mpu
PeIICHUN 3TOH 3aa4i MbI OyJIeM MoJIaraTh, YTO MOIYTPYIa S SBISETCS TPYIION,
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T.e. § = G. Iy BCAKOTO dJIEMEHTa S TPymIsl G 3amuch S~ OyneT 0003HAa4YaTh
3JIEMEHT TpymIibl G, 00paTHBII 3JIEMEHTY S.

3. Munumuzayus demepMuHuUpo8aHHbIX  asmomamoe-
npeobpaszoeamenel Had 2pynnamu

B  mOpemnokeHHOM ~MeETOJE MHHUMH3AIMM  aBTOMATOB  TpeobpasoBarenci
HCIIONB3YETCs MPOIIEAYpa MPOBEPKH 3KBUBAJIECHTHOCTH, OJHAKO, KOHKPETHBIH BHUI
9TOM MPOIEAYPhl HE MMEET CYLIECTBEHHOTO 3HaueHUs. DaKkTHUECKH, 3Ta NPOLELypa
UCIIOJB3YETCA KaK «4EPHBIN AIIMK» WM OPAKYJL.

IlycTe 3a7aH KOHEUHBIA JETEPMUHUPOBAHHBIN aBTOMAT-IIPEOOpA30BATENDL 1T =
(2,G,0Q,q0,F,T). JIBa cocrosuus q' u q'' Ha30BeEM n000OHBIMU, €CIH CYILECTBYET
TaKOM 3JEMEHT S Ipymnbl G, 4TO I JHOOOrO CIOBA W BBIOJHSIETCS PABEHCTBO
s - w[q'](w) = w[q""](W). D10T 31eMEHT S OyneEM Ha3bIBATD OAIAHCUPOM JUIS TIAPBI
nono0HkEIX coctosuuil ¢' u q''. Cocrosanus q' u q'' HasoBeM cObanancuposanmvimu,
€Clli OHM TMOJOOHBI C OajlaHCHPOM e. AJITOPUTM MHHHMH3AIUU KOHEYHBIX
JETEPMUHUPOBAHHBIX ABTOMATOB-TIPEOOPA30BATENCH HaX TPYIION OIPEAETAETCS
Ha OCHOBAHMH CJIEAYIOIIUX YTBEPKICHHUM.

YrBep:kaenne 1. OTHoumeHHe MoaoOHs M OTHOIIEHHE COAaJaHCHPOBAHHOCTH Ha
MHO)XECTBE COCTOSIHHM aBTOMara-lpeoOpa3oBaTelst 7T SBISIOTCS OTHOIICHUSMHU
SKBUBAJICHTHOCTH.

Joxazamenvbcmeo. Pe(raeKCHBHOCTL OTHOIIEHUH OO0 M COANTAHCUPOBAHHOCTH
oueBuiHa. CHMMETPHYHOCT OTHOLIEHWS MOJAO0US UMEET MECTO BBHJY TOTO, YTO
s-nlqg'l(w) = n[q"1(w) = w[q'](w) =s~ -w[q"'](w). Tlockomeky e~ =e,
OTCIOI@  CNEAyeT  CHMMETPMYHOCTH  OTHOINEHUS  COANaHCHPOBAHHOCTH.
TpaH?)I/ITI/IBHOCTI) OTHOLIICHUS HOI[O6I/I$I CJICAYCT U3 COOTHOLICHUA

sy - mlg’lw) = m[q"](w) A s, - mlq"]1(w) = m[q""](W) = 5,51 - m[q'](w) =
n[q"I(w).

Ilockonmeky e-e=e, oOTCIOHa  CleAyeT  TPAaH3UTHBHOCTb  OTHOLICHHS
cOanaHCHPOBaHHOCTH. QED

VYreepxaenue 2. Eciu ¢’ u ¢’ — mapa nmogoOHBIX COCTOSHUI ¢ OAlaHCHPOM S, U
IPU 3TOM COCTOSIHME ' ABJISETCS (PUHATBHBIM, TO COCTOSHUE q'' TAKKE ABJIAETCA
(pMHANBHBIM, a S — HEHTpaNBHBII 2JIEMEHT e rpynmsl G.

Joxazamenvcmeo. Cnempyer u3 Toro (akra, 4TO BCSKOE COCTOSIHUE ( SIBIISIETCS
(UHATBEHBIM TOTZA M TONBKO Torja, Koraa 3xauenue 1[q](1) ompenenexo u npu
9TOM PaBHO €. QED
YrBep:kaenue 3. Ecnu rpymnmna G SBIsSCTCS pa3pelInMoOi, TO OTHOLICHHUE OA00HS
COCTOSIHMI aBTOMara-TipeoOpa3oBareis Takxke paspemmmo. bomee Toro, ecnm
npobJeMa paBeHCTBa CIIOB B Tpymme G pa3permnMa 3a HOJHHOMHAIBHOE BPEMS, TO

152



B.A. 3axapos, B.B. IToasiMoB. [IpuMeHeHHE anropuTMOB NPOBEPKH SKBUBAJIEHTHOCTH JUIS ONTHMH3AIUK IIPOTrPaMM.
Tpyast UCIT PAH, Tom 27, BB 4, 2015 1., C. 145-174

n HO,Z[O6I/IG COCTOSTHUH KOHCYHOI'O JACTCPMUHHUPOBAHHOTO aBpToMara-

npe06pa3OBaTenﬂ MOHO MTPOBEPUTH 3a NOJIMHOMUAJIIBHOC BPEM:I.

Hokazamenvcmso. Ilyetb q' uw ¢ — mnapa COCTOAHMH — KOHEYHOIO

JIETEpMHUHUPOBAHHOTO aBTOMara-npeodpaszoBarenss © = (X%, G,Q,qo, F,T). Ecmm
Lang(m[q']) # Lang(w[q'']), To cocrosuus q' u q'', oueBMAHO, HE SABIAIOTCS
nono6usiMu. Ecnu Lang(m[q']) = Lang(w[q"']) = @, 10 cocrosmus q' u q”,
OYEBUIIHO, ABJAIOTCSA MOJOOHBIMH, M JOGOM smemedT rpymmel G (B T.4.
HeNTpaNbHBIM) MOXET CIYXUTh OanaHcupoMm mapbl q', q''. B 3akmouenwue
paccmorpuM  ciy4vait, korma Lang(mw[q']) = Lang(w[q"]) =L # @. Bosbmem
npousBosibHOe cioBo  w € L. Ilyers  7[q'l(w) = a,7[q"](w) = B. Torna
coctosus q' U q'' MOTYT OBITH TIOXOOHBIMM B TOM M TOJBKO TOM CIIydae, KOTJa
pasenctBo f8-a” -m[q'](u) = m[q"'](u) BHImOMHsETCH s JMOGOrO CloBa U.
UroObl  NpOBEpUTH 3TO  PaBEHCTBO, oOOpaTMMCs K  CleAyloumei mnape
npeobpasosareneii ' = (%,5,Q U {q},q,F,TYun" =(%,5,QuU{q}.q F,T"), rne
qeQ, T'=Tu{(q,a,B-a-,q9)}, T"=TuU{(q,a,eq")}, ua— npoussonsHas
OykBa andasura X. W3 ompejeneHus O5THX MOpeoOpasoBareieil BHIHO, 4YTO
Lang(n') = Lang(n'") = al, u ans mo6oro cioBa U CIpaBeUIMBBI PaBEHCTBA
w'(au) = B -a” - w[q'l(w) u " (au) = w[q"'](u). Takum o6pa3oM, 1ist MPOBEPKU
nonobust cocrosHui @' W Q' OCTATOYHO TIPOBEPHTH IKBUBAIEHTHOCTH
npeobpasosareneii 7' u 7', IIpoBepKy OSKBMBAIEHTHOCTH IIPEOOpa3oBaTENeH,
paboTaroMx Haja pa3pelnMoi Ipynmnoi G, MOXKHO HPOBECTH, HCIIONIB3YS METOJ,
OIMCaHHELIH B cTaThe [49].

QED
Ilycte wMeroTcs mpeoGpa3oBareNs 7T, COCTOSHHE § JTOTO MpeoOpa3oBaTens u
anemMeHT S rpynmsl G. O6o3HaunM 3ammceio 17y (T, q,s) mpeobpasoBaress,
TIOJTyYAFOIIMICS U3 TT CIELYIOIMM 00pasoM:

. x/9
®  KaIbIM IIEpeXo] BHUIA P — ¢, Tle P # ¢, 3aMEHSETICs Ha IEpeXo]

x/g-s~
p——¢q,
. y/h
®  KaXIBIM IEpexox BHAA q — P, TAE P F (¢, 3aMEHSAETCS Ha IEePexXon
yish
q—™p,
x/h y/s-h-s™

e  Kax/Ibll epexo] BUa ¢ — ¢ 3aMEHsIETCs Ha Ilepexo] ¢ — (.

YrBep:xaenne 4. KakoBel Ob1 HU ObuTH mpeoOpasoBarens T = (X, G, Q,q,, F,T),
COCTOSIHHE (, HE SBISIONICECs] HM HadalbHBIM, HU QUHAIBHEIM (T.e. ¢ € F U {q,}),
U DJIeMEHT S,S € G, mna npeobOpasomarens 7y, = Tr(m,q,s) ClOpaBemIuBbI
COOTHOIICHHSI

Lab(m) = Lab(m,), 1.e. Try — SKBUBaJEHTHOE MIPe0Opa30BaHIE TPAHCABIOCEPOB;
m,[q](w) = s - m[q](w) mus mo6oro crnosa w;
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7, [p]l(w) = w[p](w) ans 106Oro ci10Ba W M COCTOSHUS P, OTIUYHOTO OT (.

ﬂoxazzameﬂbcmeo. HOCKOHLKy COCTOAHHUE (¢ HE ABIMACTCA HHU HaYaJbHBIM, HH

(bHHaJ'ILHLIM, KaXxXaoc (bl/lHaJlLHOG BBIYHCJICHUC npeo6pa3OBaTen$I ¢, IPOXOAALICEC

ai/s1 x/g-s” y/sh
Yepes COCTOSHHE (, UMEET BHJ p —— ++ —> q — - . [loaToMy s mo6oro

CJIOBa W M COCTOSIHHSL P, OTJIIMYHOTO OT ¢, JOOaBICHHBIC DJIEMEHTH S~ M S Ha
Nepexoaax, HHIUJICHTHBIX COCTOSHHIO ¢, B3aUMHO IIOIJIOIIAIOTCSA, U BEPHO
paBenctBo 74 [p](w) = m[p](w). TlockombKy cCOCTOSHHE G HE SBISETCS
HayalbHBIM, OTCIOla cieayer pasenctBo Lab(mw) = Lab(m;). Opnako yist
(MHATBHOTO BBIYHCICHUS, HAYMHAIOMIETOCS W3 COCTOSHUA ¢, I0OaBJICHHBIM
9JIEMEHT S B IIEPBOM IIepexojie He OyleT KOMIICHCHUPOBAH, M IOATOMY UMEET MECTO
paseHcTBo 74 [q](W) = s - m[q](w). QED

CaencrBue. Ilpexnonoxum, uto ¢’ u q"' — mapa MOAOOHBIX COCTOSHHI ¢

GanmaHcupoM S B mpeoOpa3oBaTelie 7T, U TP ITOM COCTOSHHE ' He SABJISETCSA HU

HavanbHBIM, HE QuHanbHeIM. Torga ¢’ u q'' cOamaHcUpoBaHEl B MpeoOpasoBaTene

Tr(m,q',s).

[Iycte wuMetoTCs mpeobpasoBatenb T W mapa coctosHuit q', q'  3TOrO

npeobpaszoBarenst.  OGo3HaumMm  3amuceio  T1,(m,q',q"")  mpeobGpasosarens,
X

. . g
TIOJTYYAIONIMACS U3 TT 3aMEHOM KaXKJI0TO Tepexoa p — q', BEAYLIEro B COCTOSHUE
r x/g n
q', Haiepexonp — q'.

Yreepxaenue 5. Ecian cocrosausa ¢’ v ¢’ cO6anaHCHpOBaHEL B IIpeoOpa3oBaree 1,
to ™~ Try(m,q',q").

Hoxazamenvcmso. Ilyctes 1y = Try(m,q',q""). PaccMoTpuM  mpOU3BOJIBEHOE
COCTOSIHME ( W TOKAaXEM, 4YTO JUIs JIOOOr0 CJIOBA W BBINOJHAETCS PABEHCTBO
[ql(w) = m1[q](w). s 3TOro BOCHOJB3yeMCs UHIAYKIHMEN MO JJUHE CIOBA W.
basuc maaykuu (crydaii w = 1) O4eBHIHBIM 00pa3oM CIIEIyET M3 YTBEPKICHHS 2.

Paccmorpum cimywyait w = xu. Ecnm B mpeoOpazoBarene m MMeeTCs MEPeXon ¢
x/9
— p, e p # q', TO DTOT MEPEXO COXPAHAETCS B peobpaszosarene ;. [losTomy

mlq](xw) = g - w[p]l(w) = g - 7, [p](w) = m;[q](xw). Ecnu B npeobpasosarene
MIMEETCS TIEPEXO] qx—g>q’, TO B mnpeobpasoBarene T, BMECTO ITOTO MEPEXOAA

x/g n ! "
ucrone3yercst nepexon q — q''. YuureiBas, uro m([q'](u) = n[q""](w), moxem
MOJYYUTh  CHEAYIOLIY 1enouky pasencts  7[ql(xu) = g - w[q'l(w) =g -
mlg"1w) = g - m[q"1(w) = my[q](xw). QED

[Tycts umerorcst npeobpaszoBarens w = (X, G, Q,qq, F,T) u cocrosnue q, q € Q \
{qo}. OGo3naunm samuceio Tr3(7,q) npeoOpasoBaresb, IOAYYAIOIMNACA U3 1T
YIQJICHUEM COCTOSHMS ¢ W BCEX IEPEXO0JIOB, BXOJSIIMX B 3TO COCTOSHHE H
UCXOASIIMX 13 Hero. O4eBUIHO clieyromiee

YrBepaxaenue 6. Eciu npeoOpaszoBaTens 7 uMeeT OECHONE3HOE COCTOSHHE (,
OTJIMYHOE OT HaYaJIbHOTO, TO T ~ T13(™, q).
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HasoBeM aBroMaT-npeo0pas3oBaTelb npusedeHHviM, €CIH OH HE COIEPIKUT
0€eCroNIe3HbIX COCTOSHUIM, OTIMYHBIX OT HAYaJbHOTO, a TaKXKe pa3InYHbIX
[OLOOHBIX COCTOSIHUM.

YTBep:kaenue 7. ABTOMaT-IpeoOpa3oBaTeNh MHUHUMAJCH II0 YHCIY COCTOSHUI
TOT/Ia ¥ TOJIBKO TOT/Ia, KOT/Ia OH MPUBEJICH.

Hoxaszamenvcmeo. Heobxonumocts. Ecmm  mpeoOpaszoBarens 7 COAEPKHUT
0ecroie3HOe COCTOSIHUE (, OTJIMYHOE OT HAYAIBHOTO, TO COTJIACHO YTBEPXKICHHUIO 6
JKBUBAJICHTHBIM eMy mpeoOpasoBatens T713(m,q) UMEET MEHbIIEE YHUCIIO
cocrosiauii. [pemmomoxkum, d9To TMpeoOpa3oBaTeNs T COMAEPKHUT PasTHIHBIC
nono0Hpie cocTosuus q' ¥ q' ¢ GamancupoM s. Torma XoTs Obl OIHO M3 ITUX
COCTOSHMH (HanpuMmep, q') He sBISETCs HayadbHbIM. Eciam XoTs Obl OIHO U3
cocrosunii q' u q" sBuseTcs (UHANBHBIM, TO COTJIACHO YTBEPKACHHIO 2 00a
COCTOSIHHS SBJISAIOTCSA (DHHAIBHBIMU U TIPH 3TOM COATAaHCHPOBAHHBIMH (T.C. S = e).
Torma cormacHo yTBepKAeHUAM 5 u 6 mpeoOpasosarens Tr3(T7y(m,q',q"), q")
SKBMBAJICHTEH MPEOOPa30BaTEI0 T M UMEET MEHbIIIEe YHCIIo cocTosHuit. Ecim 06a
coctostHus q' ¥ q'' He ABIAIOTCA (QMHAILHBIMH, TO COIVIACHO YTBEPKIEHHAM 4-6
npeo6pasoBareltb Trs(Try(Try(m, q',5),9,9"), q") DKBUBAJIEHTEH
peo6pa3oBaTelTio T U MMEET MEHBIIIEE YHMCIIO COCTOSHUM.

Hocrarounocts.  [IpeAmonoXkuM  TPOTHBHOE:  CYIIECTBYIOT — JBa  TaKHX
3KBUBAJICHTHBIX npeoOpa3oBaTes n=(2,G,Q,q0F,T) "
' =(X,G,Q, q',F "T'), uro w SBISAETCA NPHUBEIEHHBIM, 7T  SBIAETCA
MHHHMalbHBIM M 1pu 3toM |Q'| < |Q]. Koub ckopo mnpeoGpaszosarens 7'
MHHUMAJIBHBIA, y HEro HeT OecrHoyie3HslX cocrosHuit. Tak kak |Q'| < |Q],
CYLIECTBYET Takas Iapa CIOB Wy, W, U Tpu coctosuus q' € Q' u q1,q, € Q, mis
KOTOPBIX UMCIOT MECTO Ha4YaJIbHbIC BBIYHUCIICHUA

, Wi/91 ., Ww2/92 ,  wi/hy wa/hy

do q,90 9,9 41,90 — q2:

IMockonbky 7 ~ 7', mns moboro cioBa W BepHB paseHcTBa g7 [q'](w)
hyt[g1](w) u  gor'[q'l(w) = hym[q](W). 3Hauur, g1 himlq,](w)
g2 hom[q,](W) u, crenoBarenbHO, COCTOSHUSA (4, G, Tpeodpa3oBaTens T NOA0OHbI
BOIIPEKH YCIIOBHIO YTBEpKAeHUs. [loiydeHHOe NPOTHBOpEYNE CBHUIETEILCTBYET O
CIPaBEAINBOCTH YTBEPKICHUS. QED

WtepaTuBHBIM ~ aNrOpuT™M  MHUHAMHM3ALUM  KOHEYHBIX  JIETEPMHUHHMPOBAHHBIX
aBTOMAaTOB-TIpeoOpa3zoBaresieii paboraer cienyomuMm obpazom. s 3amaHHOTO
npeobpazosarens 7w = (X,G,Q,q,,F,T) mo Tex mop, MoKa 3TO BO3MOXKHO, B
MPOU3BOJILHOM MOPSIIKE BHITOIHSIIOTCS CIEAYIOILIIE IeHCTBUSL.

1. Bezenuth Oecmofie3HOE  COCTOSIHME ¢, ( # (g, W TPHUMEHHUTH

npeobpaszoBanue T13(m, q).
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2. Bbimenuts mapy pasiM4HbIX COaTaHCHPOBAaHHBIX COCTOSHUE q', q'', rThe
! ! 4 !
q' # q, u npuMenuTs npeobpaszosanue Tr3(Try (7, q',q""), q").
3.  Bbienuts napy pasiuyHbIX MOA0OHBIX COCTOSIHUM ', ¢’ ¢ GamaHcupoM S,

rac q’ * do u NES e, u MMPpUMCHUTDH npeo6pa3OBaHHe
TT'3 (TrZ (TT'1 (T[v q" S)' q,v q”)v q,)

Kaxnoe u3 mnpuMeHseMBIX NpeoOpa3oBaHMil COKpAIlaeT YUCIO COCTOSIHUM B
npeobOpasosatene 7. [loaToMy anroput™ o0s13aTesIbHO 3aBepIuacT padboTy CIycTs He
Gonee |Q| maroB. VTepkmenust 2, 4-6 TapaHTHPYIOT, 4TO IIpeoOpa3oBaTeb,
MOTyYCHHBIN B pe3ysbTaTe pabOTHl allropuT™Ma, OyIeT SKBUBAJICHTEH HCXOJHOMY, a
yIBepXkIeHne 1 — NpUBEICHHOCTh MOIyYeHHOro mnpeobOpaszoBarenst. [losTomy,
COTJIACHO YTBEPKICHHIO 7, 0 OKOHYaHUM PabOTHl ONMHCAHHOTO anropurMma Oyner
MOCTPOEH MUHHMAJBHBIM 10 YHCIYy COCTOSHMH aBTOMAT-peoOpa3oBaTelb,
JKBUBAJICHTHBIH HCXoAHOMY. Jlnsi cCBeneHHMsT NpPOBEPKH MOJOOMS COCTOSIHUMN
npeoOpa3oBaTesli K IPOBEpPKE paBeHCTBA CJIOB B rIpymme G, a Take Uit
BBIYUCIICHUA 6anchnpa HOZ[O6HI)IX COCTOSIHUH JOCTAaTOYHO HCIIOJB30BaTh
yrBepxkaeHue 3. Taxum oOpa3oM, BepHa

Teopema 1. Ecim npobnema paBeHCTBa CioB B rpymnme (G paspemmma 3a
MOJIMHOMHAJIBHOE BPEMSsI, TO CYHIECTBYET MOJUHOMUAIBHBIN 10 BPEMEHU AITOPUTM
MHUHAMH3AI[HH KOHEUHbBIX JeTePMUHHUPOBAHHBIX Mpeobpa3zoBateneii Ha rpynnoi G.

4. CxemMbl nocsiedoeamesibHbIX rnpoepamMm. OCHOBHbIe INMOHAMUs

CxeMbl TOCIICHOBATEIBHBIX IPOTPAaMM, SIBISIONIMECS OCHOBHBIM OOBEKTOM
UCCIICIOBAaHUH  TEOPUH  CXEM  NpOTrpaMM, JIOIYCKAIOT  pa3Hble  (HOPMBI
NPEICTaBICHUS; [UIS WX OIHCAaHWS MOXHO HCIIONB30BaTh anreOpamdecKue
(dopmyisl [52], pazmeuenHbie rpadbl WM CHCTEMBI IEPEXOJIOB CIEIUATBHOTO BHUIA
[47,51,53]. Cxempl mporpaMM  TaKKe  MOXXHO  pPacCMaTpuBaTh  Kak
JETePMUHUPOBAHHBIE  aBTOMATHI-TIPEOOpa3oBaTeIM €  KOHEYHBIM  YHUCIIOM
COCTOSIHU, NMEIoIINe 0CO0YI0 CeMaHTHKY. Kak pa3 B TakOM BHAE CXEMBI IPOTPaMM
ObUTH TIpejcTaBieHsl B pabortax [46,47]. Jlis mommep)kaHusi CHHTAKCHYECKOTO
eAnHOO00pa3usl aHATU3UPYEMBIX MOJEICH BBIYHCICHHH MBI BOCHOJB3yeMCS B
JIAHHOW CTaThe MIMEHHO 3TOH (OPMOI MpeACTaBICHUS CXEM POTPaMM.
JetepMuHUpPOBaHHBIN aBTOMAT-TipeoOpazoBatens T = ( %, S, @, qo, F,T) ¢ BXOTHBIM
andaBuToM X, paObOTAIONINI HAJT MOJYTPYIIION S, MOKET PacCeHUBAThCS KaK cxema
npozpamm (Janee MpocTo cxema), €CIH MojaaraTh, YT0

L4 MHOKECTBO COCTOSHHI Q — 3TO MHOXKCCTBO mMoOY4Y€K 6emejleHusd (I/IJ'H/I IpocCcTo
TO‘IGK) porpaMmbl, B KOTOPbLIX TIPOBOAUTCA MPOBEPKA JIOTHICCKUX

YCIIOBUH;
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COCTOSIHHE (o, — DTO MOYKAd 6X00d B NPOrpaMMy, WIH HPOCTO 6X00
IPOrPaMMBl;

B CXeMe uMmeeTcs He 6ojee 0HOro (PMHAIBHOIO COCTOSHMS f — 3TO Mmouka
6b1X00a W3 TIPOTPAMMBI, HIIH TIPOCTO 6b1X00 TPOTPaAMMBI; U3 3TOH TOUYKH HE
UCXOJMT HU OJJHOTO TEePexo/ia, U B HEil 3aBepIIAIOTCsl BCE PE3yJIbTaTHBHBIC
BBIYHCIICHUS IPOTPaMMBI;

angaBuT X — 3TO MHOKECTBO 3HAYEHULl 102UHECKUX YCI06Ull, B 3aBUCHMOCTH
OT KOTOPBIX OCYIIECTBIICTCS MepeAada YIpaBlICHUS B TY WIN HHYIO TOUKY
MIPOTPaMMBI;

MOJIYTPYyTIa S — 3TO MHOXECTBO COCTNOANULU OAHHbIX, C KOTOPBIMH paboTaeT
IIporpamma;

oOpasymomue MHONYrpynmel S — D3TO  2JeMeHmapHvle — Onepamopul
MIPOrpaMMBbl, OCYLIECTBISIOIINE MPeoOpa3oBaHus JaHHbBIX: €Cli S € S U a —
9T0 0Opa3yOIIMid IEMEHT MONYTPYIIbL S, TO JIEMEHT S’ = S - 4 HYKHO
paccMaTpuBaTh Kak pe3ysbTaT MPUMEHEHUS 3JIEMEHTapHOTO oneparopa a K
COCTOSIHUIO aHHBIX S

MTOJIYTPYTIIIOBBIE BBIPAXKEHUSA g = Q4 * Ay - **+ * Ay — ITO TOCIEA0BaTEIbHbIC
KOMIIO3UITUH JIEMEHTAPHBIX ONEPaTOPOB MPOrpaMMBI, KOTOpPBIE MBI OyemM

Ha3bIBATb ONEPaAMOPHbIMU YENOYKAMU,

KaXIpld  1epexon p e q TnpeobOpasoBaTeNss TOMEYEH  HEMyCTOH
ONepaTOpHON LIENOYKOW g U ONMUCHIBACT JIUHElHbI Y4acoK MPOrpaMMBbl, B
KOTOPOM LEMOYKa g BBINOJIHIETCSA B TOM ClIy4yae, KOrja B TOUKE BETBICHUS
p JOTHYECKHE yCIOBUS MIPUHIMAIOT 3HAUYEHHUE X, U TTOCIIE BHITIOJIHEHUS 3TOM

[IETIOYKH OTIEPAaTOPOB YIIPABJIICHNE TIEPEAETCS B TOUKY BETBIICHUS (.

Brerauciaenne cxeMbl — 3TO yepeayromaiacsa IMoCjaCa0BaTCIIbHOCTh IMPOBEPOK
JIOTMYCCKUX YCJ'IOBI/Iﬁ B TOYKaxX BCTBJCHUA, COMNPOBOKAAIOMIUXCIA BI)I60pOM
COOTBETCTBYIOLIUX JIMHEHHBIX Y4aCTKOB, U BBINOJIHEHUI OICPaTOPHLIX LCHOYCK,
MNpUNHCAHHBIX 3TUM Y4YaCTKaM. Vceneninbie BRIYUCICHHUS CXEMbl HAUMHAIOTCSA B €€
BXOJIC M 3aBCPIIAIOTCA B €€ BBIXOJC. CocrosiHHe JAaHHBIX, KOTOPOC AOCTUTrACTCA I10
3aBCPUICHUHN YCTICHTHOI'O BBIYHUCIICHUA, CAUTACTCA PE3YJIbTATOM BBIYMCIICHUA.
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ITpuBeneHHBIE COOOPAXKEHNUS, ONPEICTIONINE, [0 CYTH Aea, OCHOBHBIEC IPUHIIUIIEI
yCTpOHCTBa M (PYHKIMOHUPOBAHHS MMIEPATUBHBIX MPOTpaMM, MOTYT OBITH Ooiiee
cTporo (opMaln30BaHbl clenyromuMm ooOpasoM. Ilycte 3amaHel  andaBut
(MHOXECTBO 3HAYEHMH JIOTHYECKHMX YCJOBMI) X W monyrpynmna (MHOXXECTBO
COCTOSIHUHM HaHHbBIX) S. Mumepnpemayueri Ha3bBaeTcs Besikasg GyHkuus [:S — X,
KOTOpasl CTaBUT B COOTBETCTBHUE KaXIOMY COCTOSHHIO MAaHHBIX HEKOTOPOE
3HAYEHHE JIOTHUECKUX YCIOBHH. Bbuluucienuem CXeMbl T B HHTEprperanuu [
Ha3bIBACTCSI TOCIIEAOBATEILHOCTD IEPEXO0B ITOI CXEMBI

ai1/91 az/g92  An-1/9n-1 an/gn
run(m,I) = qo q1 qn-1

YIOBJICTBOPSIOIIAS ABYM YCIIOBHUSIM:
1. gy — BXOH CXEMHI TT;

2. nmust moboro i,i > 1, BeIMOMHSACTCS paBeHCTBO a; = I(e g, gy - -
gi-1)-

Beruncienue, oxaH4uBarolieecs B BBIXOJAE (, = f, Ha3bIBACTCS MEPMUHATLHBIM
BbIYUCTEHUEM; COCTOSIHUE JAHHBIX S, = g1 ' gz * *** * n, C KOTOPBIM 3aBEpLIaCTCS
TePMHUHAJbHOE BbIUHCICHHE TUN(T,[), CUUTACTCS pe3yabmamom GbIYUCLEeHUs]
cxemvl T ¢ unmepnpemayuu 1 u odo3Havdaercs 3anuceio 1(l). Ecnu cxema m He
MMeeT TePMHUHAIbHBIX BBIUMCICHUI B HHTEpIpeTalu [, TO pe3ysbTaT BEIYHCICHUS
m(l) cunraercsi HeonpeaeneHHbIM. CXEMbI T, U T, CUUTAIOTCS IKGUBAIeHMHbIMU (1
0003HAYAIOTCS 3aMUCHI0 T, &~ M,), €Cli paBeHCTBO 104 ([) = m,(I) BIMONHSIETCS
it 000l mHTepnperanuu [. CxeMa CYMTACTCS MUHUMAIbHOU (110 YHCITY TOYEK
BETBJICHHUS), €CJIM HE CYLIECTBYET SKBUBAJCHTHOH €l CXeMBI C MEHBIIUM YHCIOM
TOYEK BETBIICHHS.

HexkoTopble NMOHATHSA, BBEICHHBIC JUII aBTOMAaTOB-IpeoOpa3oBaTeliei, COXPaHIIOT
TOT K€ CMBICI U JUIs cXeM mporpaMM. Oco00 OTMETHM JIMIIb MOHSTHS TOJIE3HOCTH
U OecHoJe3HOCTH TOYKH BETBJICHHUS, KOTOpbIe IS CXeM MpOrpaMM HMEIT
HECKOJIbKO MHOE 3HaueHHe. TOouka BETBJICHHS CXEMBbl T SIBISIETCS NOJIE3HOU, €CIH
yepe3 Hee MPOXOIUT BBIUHUCICHHUE 3TON CXeMbl XOTs Obl B OJJTHOW MHTEpHpeTanuu I,
U Oecnonesnoti wHave. IlOJE3HOCTH COCTOSIHMS —aBTOMAaTa-lipeoOpa3oBaTess
PaBHOCHUIIbHA TOMY, YTO OHO JIS)KUT Ha KAKOM-JIMOO IyTH M3 HA4alIbHOTO COCTOSIHHSI
B uHaNBHOE. {7151 CXeM IporpamMMm 3TO B 00IIEM CiTydae HEBEPHO.

Iomyrpynma S Ha3pIBaeTCS ynopsA0oueHHOl, eCi AJs JII000H Taphl ee 3JIEMEHTOB
h, g BHIIONHEHO COOTHOIIEHWE ¢g-h =g = h=e, U aesocokpamumou (WK
o0Jaiatoneil CBOMHCTBOM JIEBOTO COKpAIIEHHs), €CIH st 1000l Tpoliku g, hy, h,
€e 2JIEMEHTOB BBIIIOJIHEHO COOTHOIIEHHE g - hy = g - h, = hy = h,. B cnenyiomem
paszjene NpPUBOJATCS ONUCAHUE M aHAIN3 AITOPUTMAa MUHHMMH3ALUU CXEM
NporpaMM  HajJ  pa3peliMMbIMH  YHOPSAAOYCHHBIMH  JICBOCOKPATUMBIMH
noJyrpynnaMu. HekoTopele KOHCTPYKLIMH UM TEXHHYECKHE IPHEMBI 3TOTO
anroputMa OBLIM TPEUIOKEeHBI B pabore [47], OmHAKO aBTOPHI OTOHW pPabOTHI
OCYIIECTBIIUIM MUHHMH3AIMIO CXEM IPOrpaMM [0 JPYroMy mapamerpy —
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OBICTPOJCHCTBUIO CXeMBbl. KpoMe TOro, NpEUIOKEHHBIH WMH TEPEKPECTHO-
PEKYPCUBHBIH METOJ IPOBOJIUT COBMECTHOE PEIICHHE IBYX 3a/a4 — MUHUMU3ALMN
M TPOBEPKH DOKBUBAJICHTHOCTH CcXeM mnporpamm. [Ipoueaypa MHHUMM3AIMH
oOpamiaercss K TpolLeAype NpPOBEPKH SKBHBAJIEHTHOCTH IPH  BBIIOJHEHHH
YIPOIIAIOIIUX IPeoOpa30BaHuii, a sl IPOBEPKU 3KBHBAIEHTHOCTH HYXKHO, B CBOIO
odepenb, OCYIIECTBUTh MHMHUMHU3AIMIO CXEM IporpamM. Takod peKypCHBHBIH
ITOPUTM MMeEET IKCIIOHSHINAIBHYIO CJI0KHOCTD U HE MPECTABIISET MPAKTHYESCKOM
neHHocTH. BMecte ¢ TeM, B IenmoM psije crarei (cm., Hampmmep [40-42,48,55])
OBUIM TPEIUIOKEHBl IIOJHMHOMHAIBHBIE II0 BpPEMEHH alTOPUTMBI HPOBEPKH
9KBHBAJICHTHOCTH CXEM IIporpaMM, padoTalomuX HajA  YHOPSIOYCHHBIMH
nonyrpymmamu. Onupascs Ha HUX, MBI TIpesiaraeM 0oliee poctoe U 3P PEeKTHBHOE
pellIeHre 3aJayd MUHUMHU3ALUH CXeM InporpaMM. DakTHYeCKH, Ui TOr0 HaM
MpUIIJIOCHh BBIYWICHUTHL HOPOUHCAYPY MHUHUMHU3ALWU N3 PCHICHHA, OIMMCAaHHOI'O B
cratbe [47], COBMECTHTH €€ ¢ KIIACCHYECKOM MPOIeAypOii MUHUMHU3AINH KOHESUHBIX
aBTOMATOB-paclo3HaBaTejleld W  aJanTUpOBaTh K SBHOMY HCIIOJIb30BaHHIO
AJITOPUTMOB IIPOBEPKU IKBUBAJICHTHOCTH CXEM IIpOrpaMM.

5. MuHumu3auyusi cxemM npo2paMM Had ynopsiO04YeHHbIMU
J1e80COKpamuMbIMU noJsiy2pynnamu

B »sToM paszgene MBI paccMaTpuBaeM CXEMBl IpOrpaMM, paboTaromue Haj
pa3peimrMon ynopsgoueHHO! JIeBOCOKpaTuMoil momyrpynmnoi S. Kak u B ciyyae
aBTOMATOB-TIpeoOpa3zoBaresieii, mpoueaypa IPOBEPKH OSKBHUBAJICHTHOCTH CXEM
IPOTpaMM HCIIONB3YeTCs B BHIE «UEPHOTO AMIMKA». PaHee MBI OTMETWIIH, YTO
NPUHAJIEKHOCTh TOYKHM BETBJIEHHUS KaKOMY-JTHOO IyTH M3 BXO/a B BBIXOA, BOOOIIE
TOBOpsI, €IIe HE CBHUICTEIBCTBYET O ee moje3HocTH. OJHako ciedylolee
YTBEp)KICHHE IIOKA3bIBAET, YTO JUII PACCMATPUBAEMBIX HAMM IOIYTPYII 3TH
TIOHATHS OKa3bIBAIOTCS PAaBHOCUIbHBIMH.

Yreepxaenne 8 [38]. [Tycts S — ynopsiioueHHas JIEBOCOKpATHMAs MOTYTPYIINa, |

B cxeme W =(2,G,0Q,qyF,T) umeercs mociaemI0oBaTeIbHOCT IEPEXOI0B (,

ai/91 az/92  An-1/9n-1 an/gn
41 Qn-1 -, Torma CyIIECTBYET HWHTEPIPETALHS, B

KOTOpOﬁ 9Ta MOCJICAOBATCIBHOCTD MEPEXOA0B ABJIACTCA BIYUCICHHUCM.

CaencrBue. Touka g CXeMBI T [IOJIE3HA TOT/IA M TOJIBKO TOT/IA, KOT/a OHA JIEKUT Ha
KaKOM-JIN0O ITYTHU U3 BXOJZa B BBIXO/.

[TycTs MMEROTCSI CXeMa TT U TouKa ¢ 3Toi cxeMbl. O603Haunm 3arnmceio Mod, (1, q)
CXeMy, TOJYYAlOIU[yIOCsl M3 T yOaleHHeM TOYKH ¢ ¥ BCEX [MEPEeXO0B,
HaYMHAOIIMXCS WM OKAHYMBAIOLINXCS B 3TOM Touke. Torna O4eBHIHO

Yr1Bep:kaenune 9. Ecnun q — OGecrone3Hast Touka CXEMBI 7T, OTIIMYHAS OT BXOJa, TO

1w ~ Mod,(m, q).

Touka q Ha3bIBaeTCs CyWecmeeHHol B CXEME€ T, €CJIH CYLIECTBYIOT TaKHe

untepnperauu I, I,, ommuarommecs tonbko 3HauenueM Ij(e) # [,(e) B

HEUTPaTbHOM JJIEMEHTE NOJMYrpynmnsl S (HA4aaIbHOM COCTOSIHUW JIaHHBIX), YTO
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pe3ynbTaThl BBIYMCICHHH CXeMbl 7[q] B OSTHX WHTEPHPETALMSX PA3IHYHBL:
n[q](1;) # m[q](I,). B mpoTHBHOM cily4ac TOYKAa  HA3BIBACTCS (DUKMUGHOLL.
ITycth WMEIOTCA cXeMa 71, TOYKa ¢ OSTOW CXEMBl M JIOTUYECKOE YCIOBHE d.
O6o3naunm 3amuceio Mod, (7, q,a) cxemy, IONYYarOI[YIOCA U3 7T CIEAYIOIMM
obpazom:

a/h
L4 €CJIN B CXEME TT COACPIKUTCA NEPEXO] BUAA q — q’, TO KaXXIOBIN TIEPEXO0]

b/g . b/h
q — q'', HauMHAIOLIMIICS B TOUKE ¢, 3aMEHAETCS Ha nepexon ¢ — q';

L4 B IIPOTUBHOM CJIy4a€ U3 CXEMBI YAAIAOTCS BCE MEPEXOAbI, HAUNHAOIINECS

B TOYKE (.

Yreepxaenune 10 [45]. Tlycte a — mpouM3BOJILHOE JIOTHYECKOE ycioBHe. Torma
TOYKA § CXeMBI T (PUKTHUBHA B TOM U TOJIBKO TOM ciy4ae, eciu T =~ Mod, (7, q, a).
[TycTp mMeroTcsi cXema 7T, COCTOSIHHE ¢ 3TOW CXEMBl M JIOTHYECKOE YCIOBHE d.
O603naunm 3anmuceio Mod; (1, q,a) cxemy, MOJIYYaIOIIyIOCA M3 7T CJIELYIOIIUM

obpazom:
a/h , .
®  CCIH B CXEME 7T COACPIKUTCS MEPeXod BUAa ¢ —> q', TO KaXKIBIA Mepexos

b/g . b/gh
P — (, OKaHYMBAIOLINICSA B TOUKE ¢, 3aMEHAETCA Ha Iepexoap — q';

L4 B MNPpOTUBHOM cllydac nus3 CXCMbl  YAAJAKOTCA BCC Nepexoabl,

OKaHYMBAKONINECS B TOUKE (.

YrBep:kaenne 11. ITycts ¢ — GUKTUBHAS TOUKA CXEMBI 7T, OTJIMYHAS OT BBIXOJA, a 4
— norudeckoe ycnosue. Torma m =~ Mods(w, q, a).

Hoxazamenvcmeo.  CormacHo — ytBepkaenuto 10,  TOCTaTOYHO  TOKa3aTh
9KBUBAIEHTHOCTh cxeM 7' = Mod,(m,q,a) u n"" = Mod;(m, q,a). Paccmorpum
NpOU3BONILHYIO HWHTeprpetanmio [. Ecim cxema 7T He COIEpKHT Tepexoia,
HAYWHAIOIIETOCS B TOYKE ¢ M MOMEYEHHOTO OYKBOM @, TO HH OJHO M3 BBHIYMCIICHHI
run(n’,I), run(n”,I) He gocTuraeTr BeIXOja. B MPOTHBHOM Cilydyae BBIYUCIEHHE

run(m'’,I) nonyuaercs wu3 BeraucieHuss run(m’,I) 3amMeHON KaXIOW Maphl
b/h  c/g
COCEIIHUX TEPEXoaoB q' — q — q'', MPOXOMANMX dYepe3 TOYKY ¢, Ha MEePeXo.
b/hg
q' — q''. Jlerko BuaeTh, uTo B 06oux ciuydasx ' (1) = "' (I). QED

Touku qq,q, cCXeM Ty, T, HaA30BeM OoKeusanrenmuvimy (1 OOO3HAUUM 3AIKCHIO
q1 ~(mymy) 2)> €CIM SKBUBAICHTHBI CXeMBbI T4 [q, ] 1 75 [q,]. Ecnm my = 7, = 7, 10
JUIS KPATKOCTH BMECTO (., 7.y Oy/IeM IHCaTh .

YrBep:xkaenue 12. Ilycts TOYKU q, ' KBUBAICHTHBI B cxeme T. Toraa Touka q
CYILIECTBCHHA B TOM U TOJIBKO B TOM CIIydae, €CiU CYLIECTBCHHA TOYKa q .
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Lokazamenvcmeo. JIoyCcTUM, YTO TOYKa (¢ CYIIECTBEHHA, a Touka q' - HeT. Toraa
CYHICCTBYIOT UHTeprperanuu [;, [,, OTIMYArOmKMecs TOJbKO 3HAYCHUEM B
HavyanbHOM coctostunu aaHHbix (I;(e) # I,(e)), ot KOTOPBIX BEPHO COOTHOLIEHHE
n[q]l(ly) # w[q](,). Tpu osrom w[q'](];) = r[q'](I,) Bompekn ycioBHIO
SKBUBAJIEHTHOCTH TOYEK ¢, q'. QED

Cxemy Ha30BeM 0e3b130bIMOYHOLL, €CIH:

®  OHa HC COJCPKUT OCCIONIC3HBIX TOUCK, KPOME, OBITh MOXKET, BXO/Ia;

e OHAa HC COJICPKUT (UKTUBHBIX TOYCK, KpOME, OBITh MOXKET, BXOJa H
BBIXO]1a;

e  cciH ee BXOJ (PUKTHBEH, TO B HETO HE BEIET HA OJTHOTO TIePeX0/a.

Jnst 6e3bI30BITOYHON CXEeMBI YAAeTCsi MOCTPOUTH pa3OMEeHHE TOUEK Ha KIACCHI
SKBUBAJICHTHOCTH, HACTOJIBKO JK€ YINOOHOE Ui aHanu3a, Kak W pasOHeHue

COCTOSIHHH OOBIYHOTO KOHEYHOTO aBTOMATa-paCIiO3HaBaATCIIA.
a/h .
YrBep:kaenne 13. Ilycte m — 0e3bI30bITOYHAs CXeMa, § — P — IEPEXoJ ITOi
a/h
cXeMbl, U ¢ ~, q'. Torga B cxeMe T MMEETCs TaKke mepexon q' — p’, mpuuem

pP=pp.

Jlokazamenvcmeso. Eciiu BXOI CXeMBI 1T O€CIIONe3¢eH, TO CXeMa He COICPIKUT APYTHX
TOYEK, U CIPaBEIJIMBOCTh YTBEPXKACHHS OYEBHJAHA. Jlajee moiaraem, 4yTo BXOJ
cXeMbl ToJie3eH. V3 TONe3HOCTH TOYKH ¢ W YTBEpXKIEHHUS &8 cleayer, 4To

CYIIECTBYET Takas untepnperanus I, uro seraucnenve run(m[q], ) pesynsratusao
a/h
¥ HadyuMHaercs ¢ nepexona q — p. Tak kak q =~ q', Beraucienue run(mlq'],I)

TaKke pesynbraruBHo. ITycts Beramcnenue run(m[q'],I) nauunaercs ¢ mepexona

b/g
q' — p'. Torma b = I(e) = a. Ocranock 060CHOBATH JBa COOTHOIIEHUS: h = g U

P=zD'

[penmonoxum, 4rto h # g. Bo3MokeH oiuH W3 Tpex ciiydaeB: 1) CyIEeCTBYeT
TAKOE€ COCTOSIHME NAHHBIX U, YTO AU = ¢; 2) CYLIECTBYET TAKOE COCTOSHUE TaHHBIX
u, uto h = gu; 3) s 106Oro COCTOSHUSA AAHHBIX U BEPHBI COOTHOLIEHUS hu # ¢
u h # gu. PaccMoTpuM 10IpOOHO TOJIBKO MEpBBIH ciyyaii: h # g, hu = g; Te xe
caMble pacCyKICHHsI MOXKHO IIPOBECTH U B JBYX APYrux ciydasx. Ecnu p — BeIxog,
TO B Culy yhnopsjodeHHoctd monyrpymnel S Beiuucnenus run(w[ql, D),
run(m[q'],]) He MOryT uUMeTh OJMHAKOBBIA pE3YJLTAT. 3HAUUT, TOYKA P HE
ABJIACTCA HA BXOJOM, HU BBIXOJOM U CYHICCTBCHHA. TOF}Ia CYIIECTBYIOT JIBC€ TAKHC
uHTEepnperanuu I, [,, pa3nugamoniecs TOJIBKO 3HAYCHWEM B HAYaJIbHOM
cocrosunn  mamueix  (I;(e) # I,(e)), uro m[p](l}) # w[p](I;). Paccmorpum
uHTeprperaimu I, I; CO CIIEMyIONMMH CBOMCTBaMM: U JFOOOTO COCTOSHHS
nauneix s Bepuo I; (hs) = I;(s); I{(e) = I;(e) = a. Takue UHTEPIPETALIUU MOKHO
KOPPEKTHO OIPEACIHTD st 000 yIOPsAI0UYCHHOM JIEBOCOKPATUMOM MOy PYIIIIbL
S. Torma m[ql(l]) =h-n[p](ly) # h-w[p]l(l;) = wlql(;). 3amerum, uToO
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soraucnenus run(r[q'],[{) u run(m(q’], ;) nauunatorcs ¢ nepexona q' ﬂp’, u
Il paccMaTpUBAEMOro ciy4as BepHo pasenctso run(m[q'],I]) = run(m[q'], I).
Tostomy 7[q']1(I;) = m[q'](I5). Ho komb cKOpo q =, q', CUpaBEIJIMBBI TaKKe
pasenctBa 7l[ql(l]) = w[q']1(I]) = w[q'1(I;) = w[q](I}) Bompekn nosyueHHOMY
Beie cootnommenuto 1[q|(l]) # m[q](l3). DM npoTHBOpEUrEM 0GOCHOBBIBAETCS
paBeHCTBO h = g.

Tenepb 060CHYeM COOTHOICHUE P ~, p'. [IpeanonoxuM NPOTHBHOS: TOYKH P, P’
He JKBUBAJICHTHBI B cxeMe 7. TOrja CyliecTBYeT Takas WHTeprperanus [, uTo
w[p](I) # n[p'](I). OcHoBbIBasich Ha 3TOH HHTEPIPETAIUH, HOCTPOUM
uHTepnpeTanuio ', 00JamaoIIyr0 CIENYIOLIUMU CBOMCTBAMU: IS  JIOOOTO
COCTOSHMS JaHHBIX S BepHOo paserctBo [I'(hs) =1I(s); I'(e) =a. U3
SKBUBAJIEHTHOCTH TOYEK ¢, q' cienayer uenodka pasencts h - w[p](I) = n[q](I') =
n[q'](I") = g - w[p'](I). Beumy Toro uro h =g u nouayrpynma S SBIAETCS
JIEBOCOKPATHMOM, IOKHO OBITh crpaBemiuBo pasenctso 7w[pl|(I) = w[p'](),
KOTOpOE TMPOTUBOPEYUT YCTAHOBIEHHOMY paHee cooTHomenuto 7[p](l) #

n[p'1(D. QED

ITycth WMMeeTcs cxema T, coaepxamas Toukd g u q'. OOO3HAuUM 3amuchIo
a/h

Mod,(m,q,q') cxemy, mojgydaeMyio W3 7T 3aMEHOM KaXIOro Imepexoga p — (,

a/h
OKaHYHUBAIOLIETOCSI B TOUKE ¢, Ha Iepexoq p — q'.
Vreepxkaenue 14. Ilycte 7 — 0e3bI30BITOYHAs CXeMa, U (¢, ' — €€ pas3IuyYHbIE
9KBHUBAJICHTHBIE CyIIeCTBeHHBIC TOukH. Torma m =~ Mod,(m, q,q").
Jloxazamenvcmeo. Ilycte w' = Mod,(m,q,q'). PaccMOTpuM  MPOM3BOJILHYIO
HHTEPIPETAIMIO | ¥ BBIYMCIICHHS

ai/hy  az/hy  az/hs
run(m, I) = qq 0 q s

, bi/g1  bz2/92  b3/gs
run(w’,I) = p, D1 D2 .

Jlins 06OCHOBAaHMS YTBEPIKACHHS JOCTATOYHO I0KA3aTh, YTO OTH BBIYUCIIECHUS
UMEIOT OJMHAKOBYIO JIMHY W TpH 3TOM Juisi Joboro i,i =1, crnpaBeauBbl
COOTHOWIEHHsT h; = g; U q; =, p;. Bocmonb3yeMcss HHIYKIHMEH 10 HHIEKCY I,
[pEeBApHUTENHHO 3aMETUB, YTO BBHIY TOrO, YTO cxeMa T 0e3bI30bITOYHE, TOYKH
41, G2, - D1, P2, - CYLLIECTBEHHBI B 3TOM CXEMe.

Basuc wHaykumu. Ecium B cxeMme T He COHEPXKUTCS I[EPEXO, HAYMHAIOIIMICS B
TOUKE (y =P, W moMmedeHHbi OykBoit I(e), To ob6a Beumcienus run(w,l),
run(m’,I) nmeror aauny 0. MHade 00a >THX BBIYMCIEHHS HEMycThl, a; = [(e) =

b,, u coriacHo ompejeneHuio npeodpasoBanuss Mod, BepHO paBeHCTBO hy = gy.
ai/hy
Ecnu mepexon qo —— ¢ COmEpKHUTCA B cxeme 7', T0 q; = p;. UnHaue q; = q u

p1 = q'. B mo6oM ciiydae crpaBeUInBO COOTHOIIEHHE §q X P.
WunyktuBHelit nepexox. Ilpeamnonoxkum, 4to q; =, p;, by = g1, ..., by = g;, U
JUIMHA XOTs OBl oxHOro u3 Berumcienuit run(m,l), run(m’,I) npessimaer . s
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OIpeIeTIEHHOCTH OYyIeM CYMTATh, YTO TAKOBBIM sIBISETCS Bbrumcienue run(m,l),

Ajy1/Mive
cojepiKallee Mepexol q; —— ¢;4; (aHAIOTMYHBIE PACCYKIEHHS NPUMEHHUMBI,

€CIIM TIPE/IoaraTh, 4To JauHa Beraucienus run(m’, ) mpesbimaet ). CormacHo

@iy1/Riy1
yTBEpXKIACHUIO 13 cxemMa 7 COAEPKUT Mepexod p; ——— P, Tle P =y Giyq1. U3
Ajy1/hivq
PaBeHCTB ;. = Ay * .- h; = g1 - ...- g; clenyeT, 4To eciu p * ¢, TO P;
— (i + 1)-#1 no mopsiaky mepexon Berumcienus run(m’,I), a WHAa4Ye TAKOBBIM

@iy1/hiy1 ,
SBISIETCS TIepexojl p; — q'. B mo6om ciydae anuua Beraucienust run(m’,I)

MPEBOCXOUT { ¥ CIIPABEIUBBI COOTHOIICHUS J;41 = Rit1, Qi1 =x Di+1- QED
Be3bI30bITOUHYI0 CXeMY Ha30BEM NpuGeOeHHOU, €CIT OHA HE COJEPIKUT Pa3INIHBIX
SKBHUBAJICHTHBIX TOUCK.

YrTBep:kaenne 15. Cxema nmporpaMM MHHUMalbHa TOTAA M TOJIBKO TOTIa, KOTAA
OHa ABJISICTCA HpHBeL[eHHOﬁ.

Jlokazamenvcmso. HeobxonumocTs. Ecii cxema 1 cofiepKUT OECIONe3HyI0 TOUKY
q, OTIWYHYIO OT BXOJa, TO COIVIACHO yTBepkIcHHIO 9 cxema Mody (T, q)
SKBUBAJICHTHA 7T W COICPKUT MEHbBIIEEe YHCIO TOUeK. Ecnm cxema T COmepKuT

(UKTUBHYIO TOJE3HYIO TOYKY ¢, OTIMYHYIO OT BXOJa M BBIXOJAA, TO COTJIACHO
a/h
YTIBEPKACHUIO 8 B CXEMe T COJEpKUTCS mepexox q — q', tae q # q'. Torma

coracHo ytBepxkaeHusMm 8, 9, 11 cxema Mod,(Mod5(m, q,a),q) SKBUBaIEHTHA TT
U COJEPXHT MEHbIlee YHciIo ToueK. Ecim cxema m Oe3bI30BITOUHA M COICPIKHUT
pa3IMYHBIC YKBUBAICHTHBIC TOUKH ', ¢/, TO 10 yTBepsKAeHHIO 12 06e 3TH TOUYKH
CYIIECTBEHHBI, U XOTS Obl OJHA M3 HHUX (CKakeM, q') OTAMYHA OT BXOojma. Toraa
coryacHo yrBepxkaeHusM 8, 9, 14 cxema Mod,(Mod,(m,q’,q""),q") sxBuBanenTHa
T M COJICPKUT MEHBbIIIee YUCIIO ToYeK. OCTanoch pacCMOTPETh CIEAYIOMIN Cciy4ail.
CxeMa 1. He COJIeP>KUT OecroIe3HbIX TOUeK, OTINYHBIX OT BXOJA (o; HE COJAEPKUT
(UKTHBHBIX TOYEK, OTIMYHBIX OT BXOJa M BBIXOJAA; COAEPNKHUT pa3lIMIHbIE

n

JKBUBAJCHTHBIE TOYKH ¢', q'; He sBusercst Oe3p36bTouHOM. Torma 1o
a/h
YTBEPXKICHHUIO 12 cxema 1T COOEepXHT MEPexox Gy — g, TA€ q #+ (g, ¥ UCIOIB3YS

yrBepxaenne 11, momyunm  Ges3pi30biTouHyr0  cxemy — Mods(m, qq, @),
SKBUBAJICHTHYIO T, MMEIOLIYI0 CTOJIKO JK€ TOYEK W COJIEPIKallyl0 pa3iIMyHbIe
9KBUBaNEHTHBIE TOYKU q', q@''. Crloco6 IMoJydyeHus U3 Hee SKBUBAICHTHON CXEMBI C
MEHBIINM YHCIIOM COCTOSHUM OIMCaH paHee.

Hocrarounocts. Ilycte m=(2X,G,Q,q0, F,T) — mnpousBosbHas NpHUBEJCHHAS
cxema. PaccMOTpHM NpPOW3BOJIbHYIO IKBHBAJICHTHYH) €H MHHHMAIBHYIO CXEMY
n'=(2,G,Q',qy F',T'). Kak O6buUt0O mMOKa3aHO BBIINIE, CXeMa T’  SIBJISETCS
npuBeeHHoN. Tak kak M =~ 7', CIpaBeIuBO COOTHOLICHUE (g (') qo- Torma,
UCTIONB3Ys yTBepXkAeHHe 13, HeTpyIHO NMOKa3aTh, YTO /IS KaXKAOH TOYKU CXEMBbI TT
CYILIECTBYET DKBHBAJICHTHASI € TOYKA CXCMBI 7', M IS KOKAOH TOYKH CXEMBI TT'
CYILIECTBYET SKBHBAJICHTHAS €if TouKa cxeMsl 7. Eciu cxema 7' ComepikuT TOuKy q,
SKBUBAJICHTHYIO [IByM pa3JIMYHBIM TOYKaM (;, (, CXEMBI T, TO (i =, (,, YTO
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MPOTUBOPEUYUT TPUBEIECHHOCTH CXEMBI TT. 3HAYUT, OTHOIICHHE JKBHUBAJICHTHOCTH
MEX/y TOYKAMHU CXEMBI 7T M TOYKAMH CXEMBI 7T’ SABISETCS B3aMMHO-OIHO3HAYHBIM
cootBeTcTBHEM. Takum obpasom, |Q| = |Q'|. QED
WrtepaTHBHBII alropuTM MHHHMH3AIKMU CXEM IMPOrpaMM paboTacT B JBa JTarma:
BHAYaJe IS UCXOJHOM CXEMBI CTPOUTCS SKBHBAJICHTHAS €if 0¢3bI30BITOUHAS CXEMa,
a 3aTeM MOCTPOCHHAs Oe3bI30BITOYHAS CXeMa MpeoOpa3yeTcss K MPHUBEICHHOMY
BUJLY.
Ha niepBom srare, moka 3T0 BO3MOKHO, JUts 3a1auHoi cxembl T = (X, S, Q, qo, F, T)
BBIMOJTHSIOTCSI CICIYIONIUE NCHCTBUS.

1. Briaenuts 0ecnojie3HyI0 TOUKY ¢, ¢ # (g, U MIPUMEHHUTH peoOpa3oBaHue

Mod, (m, q).
2. Belzenuth nonesHy (QUKTHBHYO TOYKY ¢, ¢ € F U{q,}, BbIOpath
/h
NPOU3BOJIBHEIA  TTEPEX0J qa—>q , Tme q #q, ¥ TPUMCHHUTH

npeobpasosanne Mod,(Mod;(m, q,a),q).

a/h
3. Ecnm BXoz cxeMsl moiie3eH u (pUKTUBEH, TO BEIOpATh EpeXon qo — ¢, TIe

q # qo, 1 IpuMeHuTH nipeobpaszosanue Mod; (T, g, ).
4. Eciu BX0J cXeMbl 0eCIIOJIE3eH, TO YAAJIUTh BCE IEPEXO/Ibl, HAYUHAIOLIUECS

BO BXOJ€.

HeiictBust 3, 4 BBINOJHAIOTCA He Oosee ofHoro pasa. Kaxkmoe u3 jeiicteuii 1, 2
COKpaIlaeT 4YHCIO0 TOYeK CXeMbl. [lodToOMy TepBBIi 53Tanl MHHUMHU3AIAA
3aBepinaetcs crycts He Gonee |Q| maros. CornacHo yreepskaeHusm 8, 9 u 11 B
pe3ynbTaTe  BBIIOJNHEHHWS JCHCTBHH  IEPBOrO  dTama OyIeT  I[OCTpOeHa
0e3bI30BITOYHAS CXEMa, OJKBHUBAJICHTHAs WCXONHOW cxeMe. Ha ocHoBaHum
YTBEPXKJACHHS 8 MPOBEPKA MOJIE3HOCTU TOUKH CBOAUTCS K MPOBEPKE AOCTHKUMOCTH
BEpPIIMH B Tpade MepexofoB cxeMmbl. Takke yTBEpKICHHEM &8 TapaHTHpyeTcs
HaJIM4re MepexoaoB, TpeOyeMbIX B AeicTBusax 2 u 3. 13 yreepxkaerns 10 cnenyer,
YTO NpOBepka (UKTUBHOCTH TOYKH ¢ B CXEME 1T CBOJUTCA K TIPOBEpKE
SKBUBAJIEHTHOCTH cxeM T U Mod, (7, q, a).

Ha Bropom srtane s 6e3b130bITo4uHOM cxeMbl T = (X, S, Q, o, F, T) BBINONHSAETCS
OTHO W TO ’X€ JEHCTBHE, MOKa OHO MOXKET OBITh BBITIOJIHEHO: BBIICIHTH Hapy
pa3iIMYHBIX OKBHBAJIEHTHBIX TOoYek ¢q', ¢q'', rme q' #q,, ¥ TPHUMECHHUTDH
npeoOpa3oBaHue Mod(Mod,(m,q',q"),q"). CornacHo OIPeICIICHUIO
0e3bI30BITOYHOCTH U YTBepsKAeHHI0 12 00e Touku q', q'' omimuHbl OT BXOoma U
BBIX0/Ia W CYIIECTBEHHBI. YTBepXKICHUS 9 M 14 rapaHTHpYIOT 3KBHBAJICHTHOCTb
HCXOAHON W mpeoOpa3zoBaHHOU cxeM. [IpuMmenseMoe mpeoOpa3oBaHHE COKpaIlaeT
YUCJIO COCTOsIHMM B cxeMe. [losTomy BTOpOM »Tam MHUHUMH3AIUN CXEMBI
3aBepimaercs cryctss He Oomee |Q| mraros. Ilo 3aBepimeHWH BTOpOTO 3Tara
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MONTydJaeTcsl  NpUBEICHHas cxema. Ee  MHHHUMaldbHOCTH  TapaHTHUPYETCS
yrBepxkaeHueM 15. Takum oOpas3om, cripaBeyiBa

Teopema 2. Ecmm mnpobremMa 5SKBHBAJICHTHOCTH CXEM IpOTpaMM  Hanx
YIOPSI0YEHHOM JIEBOCOKPATUMOM MONYrpyHIoi S pasperirMa 3a IOJIHMHOMUANBHOE
BpeMs, TO CYIIECTBYET NOJUHOMHUAIBHBIA MO BPEMEHH aJTOPUTM MUHHMU3ALUU
CXeM MpOorpaMM HaJ| MOJYrpymHInoi S.

6. 3aknroyeHue

MBpI nmokasanu, 4To Uil HEKOTOPBIX Mojieliel mporpamMM 3¢ (eKTHBHBIE aNrOPUTMEI
pemieHns 3aJa4d  MHHUME3AIMA Pa3sMEpOB TIPOTPAMM MOTYT OBITh JIETKO
MOCTPOCHBI Ha OCHOBE aJITOPUTMOB IPOBEPKH SKBUBAICHTHOCTH INPOTPAMM. DTO
CBUJICTEIECTBYET O BAYKHOW POJIH, KOTOPYIO MOTYT CBHITPaTh aITOPUTMEI IIPOBEPKU
SKBHBAJCHTHOCTH TMPOTpAaMM B peIICHHH 3agad TJI00ANbHOW ONTHMHU3AINH
nporpamMM.  [lodydeHHBIE  pe3ymbTaThl  OTKPHIBAIOT  HOBOE  HAIPaBIICHHE
WCCIICIOBAaHUN TIPOOJIEMBI JKBHBAJCHTHOCTA B TEOPHH MOJENCH mporpaMMm —
pa3paboTka METOJ0B NPUMEHEHHUS NpOLEIyp NPOBEPKH IKBUBAICHTHOCTH CXEM
nporpamMM JUisl MOCTPOEHHS ONTHMHU3UPYIOUIMX IpeoOpa3zoBanuii nmporpamm. Ha
CIEIYIOIIeM JTale MHCCIEAOBAHUN MOXHO NPEANPHUHATh MOMBITKY YCHIUThH
yTBepkaeHUS TeopeM | M 2 HacTosmed crateu. B pasgene 3 omucaH anroputM
MUHMMU3AIIUN KOHEYHBIX JIETEPMHUHHMPOBAHHBIX aBTOMATOB-TIpeoOpazoBaTemei,
paboTarommx HaJ pa3pelIMMbIMH TPYINIaMH. BeposiTHO, 3TOT alropuTM MOXHO
pacmpoCTpaHUTh W Ha KJacc aBTOMAaTOB-IIpeoOpa3oBareneii, paboTaromIux Haxa
MOJYTPYIIIIaMH, BIOKAMBIMH B pa3pelInMble Tpymmbsl. IMEHHO IS 3TOro Kiacca
npeoOpaszoBateneii B cratbe [49] ObUIa JOKa3aHa pPa3pelIEMOCTh MPOOIEMEI
SKBHUBAJCHTHOCTH, W IMO3TOMY 3IECh U PEIICHUS 3a/Ja4il MUHUMH3AIHH TaKKe
MOJKHO BOCIIOJIB30BaThCS MPOICIypaMu MPOBEPKH SKBUBAJICHTHOCTH. B pasmene 5
NpeUIOKEH  alTOPUTM MHHAMH3AIMH CXEM MporpamMM, paboTarole Haj
pa3penMoil yrnopsgo4eHHBIMH JIEBOCOKPATUMBIMHM Todyrpynmamu. OnHako B
crathbsx [40,42,48] ObUTH TPEIIOKEHBI TTOJTUHOMHUATIBHBIE 110 BPEMEHU aJTOPUTMBI
MIPOBEPKH SKBUBAIEHTHOCTH CXEM IPOTpaMM, pabOTAIONINX HaJl APYTHMH KiaccaMu
MOJYTPYMIT; 3TH ANTOPUTMBI Takke MOXKHO OBUIO OBl HCHOJB30BATH B KAa4eCTBE
BCIIOMOTATEeILHOTO ~ CPEICTBAa Ui  pa3paboTku  3PQPEKTUBHBIX  MPOIETYP
MUHHMMHU3aLUHU CXEM IPOTrPaMM.
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