MOCKOBCKHHU I'OCYIAPCTBEHHBIY YHUBEPCUTET
nmenu M.B.JJOMOHOCOBA

(I)aKYJIbTeT BBIUHCJUTEIbHON MaTeMaTUKH U KI/IﬁepHeTI/IKI/I

YK 519.682.1+510.53

JI.A.CtaHeBuueHe

K TEOPUH BECKOHTEKCTHBIX 3bIKOB

Paspemato nenonuposanue 8 BUHWTHU

3aM.ekaHa pakyJjbTeTa BbIYUCIUTENbHON
MaTeMaTUKU U KubepHeTUkH MIY
npodeccop B.M.IIackoHoB

[lonnuce aBTOpa:
MockBa

2000



JlenoHUpOBaHHasA PYKOIMHUCH
YK 519.765
Drpadbl B Teopuu mMarasuHHbIX aBToMatoB / Boiiutok A.A., Crane-
BuueHe JI.M., Uepnuos M.B.; MI'Y. -M., 1996. -64c. -bubnuorp. 26
Ha3BaH. -Pyc. -Jlen. 8 BUHUTH

[ana xapakrepusauusi KCsaspikoB Tak HasbiBaeMbiMU Drpadamu. [Ipen-
CTaBJieHbl peoOpa3zoBaHUe MarasuHHOro0 aBTOMaTa B 3KBUBaJIEHTHbIH D-
rpad U pelleHHs psiaa 3anay, UCIHOJbB3YIOLIHE BO3MOXHOCTb TAKOro Ipe-
00pa3oBaHUS.

[IpennoxeH aaropuTM MOCTPOEHHUS 110 Mara3uHHOMY aBTOMAaTy 3KBHBa-
JentHol KCrpamMmaTHKM, KOTOpasi HacJaefyeT CBOWCTBA OJHO3HAUHOCTH,
NETePMHUHUPOBAHHOCTH U .

BriesieH K/acc CHHTYNSIPHBIX Mara3uHHbIX aBTOMAaTOB, KOTOPbIe MOXKHO
cuutath aHajsoramu KCrpammaTuk 6e3 camoBcTaBJseHus. JlokazaHo, 4To
CUHTYyJIIPHBbIE Mara3uHHbIE aBTOMAThl JOMYCKAIOT B TOYHOCTH pPeryJisipHble
A3bIKHU.

Hccnenyorcsa MarasvHHblEe aBTOMAaThbl C OAHHUM IOBOPOTOM, NEHCTBYIO-
lIMe B peajibHOe BpeMs. [IpuBomsATCS oTBevaroulMe JaHHOMY CJy4al pe-
IEHUS] HEKOTOPBIX aJTOPUTMUUECKUX MPoOJieM, B UaCTHOCTH, MPOOJIeMbl
5KBHUBAJIEHTHOCTH.

JloKkaszaHo, 4TO MpPOM3BOJBbHBIA NE€TePMHUHHUPOBAHHBIH MarasuHHbIA aB-
TOMAT 3KBUBAJIeHTEH NeTePMUHHUPOBAHHOMY Ke aBTOMATY, KaXKIblH TaKT
KOTOPOro, He CTUPAIOIIUK B MarasvHe, YATaeT BXOAHOW CHMBOJ. TakuUM
00pa3oM, 3aTPOHYT BaKHBIK AJS MPUJOKEHUH BOMPOC TOBBILIEHUS (-
(PeKTHBHOCTH NETePMHUHUPOBAHHOTO MarasvuHHOIO aBTOMATA.
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BBEJIEHUE

Teopusi popmasbHBIX S3BIKOB BO3HUKJA BO BTOPOH TMOJIOBHHE MSTHIECSTHIX TOMIOB.
Ona wucnoJsib30Bana AJs 1ejed OMUcaHus 3bIKOB YK€ CYILIEeCTBOBABIIMH B MaTeMaTH-
ke (opmanbHbiii anmnapat. B pa6orax H. Xomckoro [Chomsky 56], [Chomsky 57],
[Chomsky 59a| 6bliiM BbIIEJIEHBI KJACCHI CMEMaJbHBIX MCYMCJAEHUH, HAa3BaHHBIX UM
rpaMMaTHKaMH, UIpalolie BaKHYIO POJb B COBPEMEHHBIX MPHUJIOXKEHUX TeOpUu (op-
MaJIbHbIX $I3bIKOB.

Oco60 BaKHBIM Cpelnu BBIIEJEHHBIX KJaCCOB SBJSETCS KJacC CPaBHUTEJNBHO TMPO-
CTbIX OECKOHTEKCTHBIX T'PaMMAaTHK, KOTOpble Ha3bIBAIOT TaKyKe KOHTEKCTHOEBOOOJ-
HbIMU. BecbMa pacrpocTpaHeHo ynorpebseHue a6opesuatypel "KCrpammaruka'. Ho
TepMUH "OECKOHTEKCTHAsl rpaMMaTHKa KaxeTcss HaM 0oJiee yIauHbIM CTHJIUCTHUECKH.
M3yuenne nMeHHO 6eCKOHTEKCTHBIX I'PaMMaTHK 0OYCJIOBUJIO cBOeoOpa3Hoe BpacTaHHUe
TeopuH (POpPMaJbHBIX S3bIKOB B UH(POPMATHUKY.

Teopusi hopmasbHBIX TpaMMaTHK Cpa3dy »Ke COMKHYyJach C TeopHed aBToMartoB. B
HayaJsie LIeCTHUAECSTHIX TOLOB OblJIO (POPMASH30BAHO MOHSTHE MAara3dHHOIO aBTOMATa
[Oettinger 61], [Schutzenberger 63] u yctaHOBJIEHO, UTO SI3BIK SIBJsIETCS] GECKOHTEKCT-
HBIM TOTJIA U TOJBKO TOTIA, KOTJA OH JOMYycKaeTcss MarasuHHbIM aBToMatoMm [Chomsky
62], [Evey 63]. OTMeTHM, UTO MOJIE3HOCTb MarasMHOB OblJia TOHSITA ellle B MATHIECS-
Thix ronax [Burks -Warren -Wright 54], [Newell -Shaw 57], [Epuos 58].

[ToTpeGHOCTH TEOPHH U TPAKTHKH TePeBO/a SI3bIKOB MPOrPaMMHUpPOBaHHUsI 00YCI0BHIN
HanOOJBLUINK HHTEpeC K TOAKJIaccaM Mara3dHHbBIX aBTOMATOB, 00JIaflal0IIHUX CBOHCTBA-
MU ONHO3HAYHOCTH W JeTepMHHHpoBaHHOCTH. CorsacHo [Ginsburg 66] omHo3HauHble
MarasuHHble aBToMaThl BBefleHbl B [Haines 65]. JleTrepMHUHHpOBaHHBIE Mara3uHHbIE aB-
TOMaThl, XOTSI U B 0CO0O0H (popMe W MON APYTMM HA3BaHHEM, BIIEpBble M3yYasHCh B
[Schutzenberger 63]. B uactHocTH, Tam OBLIO MOKa3aHO, UTO NE€TEPMHUHHUPOBAHHBIM,
T. €. JIOMYyCKaeMbld J1eTePMHUHHPOBAHHBIM Mara3uHHBIM aBTOMATOM, OECKOHTEKCTHBIH
I3bIK SIBJISIETCS] OJHO3HAYHbIM. MHoOrHMe CBOHCTBA JeTePMHUHUPOBAHHBIX Mara3WHHBIX
aBTOMATOB U JeTePMUHHPOBAHHBIX SI3BIKOB ObLIM HccaenoBanbl B [Ginsburg -Greibach
65], [Ginsburg -Greibach 66].

Pa6ora no mepeBony (TpaHC/sLKH) SI3bIKOB NPOTrPaMMHPOBAHHS BbI3BaJa MHTEpeC
K (hopMaJbHOMY OIpelesieHHIO TIepeBOa, T. €. OTHOLIEHHS], CBSI3bIBAIOILEr0 C KaxKI0H
IeMOUKOH $13bIKa APYTYIO Lenmouky — pe3ynabrar nepeoga. B [Feldman -Gries 68]
BBICKA3bIBaeTCsl MHEHHE, YTO C Pa3BUTHEM TEOPHUH IepeBOjia MPOrpaMMHpPOBaHHE Ha-
Yajio BO3BpalllaTh JIOJT TeOPHH (DOPMaJbHBIX sI3bIKOB. C MOHATUSIMH O€CKOHTEKCTHOH
rpaMMaTHKH ¥ KOHEYHOTO M MarasuHHOrO aBTOMAaTOB CBSI3aHbl COOTBETCTBEHHO [Ba
(byHIaMeHTaJbHBIX METO/a OTpeleseHHs TIepeBofia: C TOMOLIbI0 TaK Ha3blBaeMOH cXe-
Mbl TlepeBOfia M C MOMOIIbI0 Tpeobpa3oBaressi. K nmuoHepckum paboTam O MepBOM H3
METOJIOB, MOAPYrOMY, O CUHTAKCHUECKH YINPaBJsieMOH TpaHCJASLUH, oTHOcsATcs [Irons
61] u [Barnett -Futrelle 62].

[lepBoe npubaMKeHHe K COBpEMEHHOMY IMOHSITHIO KOHEUHOro mpeoOpasoBartesisi Obl-
Jo f1aHo B pabote [Ginsburg 62]. 3atem oHO MocyenoBaTeNbHO 060611a10Ch B paGoTax
[Chomsky 62] u [Elgot -Mezei 65]. [Ipeo6pasoBaTesb ¢ Mara3uHHON MaMSTbIO — 3TO
MarasuHHbI aBTOMAT, KOTOPbIA CHabKeH BBIXOAHOH JIEHTOH U, padyMeeTcsi, CIOCOOHO-
CTbIO TIHCATh Ha Hel M O KOTOPOM TOBOPSIT, UTO MpeoOpa3oBaTesb ¢ HUM COTJIacOBaH
[Ginsburg 66] uau 4To OH JIEXHT B ocHOBe mpeoGpasoBatens [Aho -Ullman 72].
Pesynbrat mepeBoma MUIIETCS Ha BBIXOAHOW JIEHTe CJieBa HAMpaBO MO Mepe YTeHHs



BXOIHOH 1enouku. [loHAaTre mpeo6pasoBaresisi ¢ MarasauHHON MaMSATHIO, UCIOIb3yeMOe
¥ B Hallel pa6oTe, BrepBrele (hopmanusoBaHo B [Evey 63].

OTMeTHM, UTO CHHTAKCHUECKHH aHaJ13 MOXKHO PacCMaTpHUBaTh Kak MepeBojl, MPH KO-
TOPOM MOPOXKIaeMble 6€CKOHTEKCTHOH IPaMMaTHKON LENOYKH 0TOOpaXKarTcst B HEKO-
TOpble MPEeACTABJEHHS WX JepeBbeB BbIBoAA. [loHATHE nepeBa BbiBOJA, M3[aBHA MpH-
MeHsIBIIeeCs] B JIMHTBUCTHKE, MOXXHO HalTH BO MHOTMX MCTOYHHKAX MOJ Pa3jUYHBIMH
Ha3BaHUsiMU. B siBHO# ¢opme oHo comepxkutcs B [BarHillel -Perles -Shamir 61].
Cpenu mpencTaBjieHUH fepeBa BBIBOAA MOMYJISIPHBI JIEBBIH HJIM TPaBblid BBIBOALI M pas-
6op, onpenessieMblid, HaIpUMep, Kak oOpalleHre NMPaBOro BbIBOAA. 3aMeTHM, YTO Hjes
" IMCUMIIJIMHUPOBAaHHOT0"BbiBOAA MosiBusack B [Evey 63]. TouHee, Tam paccmatpuais-
csi JeBbld BbiBoA. O6cyxKnaemble B Halled pabore mpeoOpas3oBaTesd C Mara3uHHOH
MaMsTbhIO COMOCTABJSIOT BXOAHBIM LIEMOUKAM MX Pa3bopHl.

OueHb CKOpPO CTaJi0 MOHATHBIM, YTO KJACC JETEPMHUHHUPOBAHHBIX SI3BIKOB CONEPXKHT
JI0BOJIHO OOILIUPHBIE U YAOBJIETBOPHUTENBHO OTPaXKaIOLHe CHHTAKCHYeCKHe UepTHI 513bl-
KOB MPOrPaMMHPOBAHHUS MOAKJIACCH, B Cyuyae KOTOPbIX MOXHO CTPOUTb aHAJIU3ATOPHI
(T. €. aJTOPUTMBI CHHTAKCHYECKOT0 aHaJk3a), pacXoaywlire Ha o6paboTKy LEeNoYKd
IJIMHBL . BPEMSI ¢11 U TaMATb Con, THE ¢; U ¢ — MaJjble KOHCTaHThl. Cpeau MeTOmOB
CUHTAKCMUYECKOTO aHa/K3a, PAacCUMTAHHBIX Ha TAKOTO POJAA MOAKJIACCH NeTepMUHH-
POBaHHBIX $I3bIKOB, OOJIBLIYIO TOMYJSIPHOCTh MPHOOPESH METOAbl MpelleCTBOBAHMUS,
nyGJUKalHK O KOTOPLIX TMOSIBUJKCH B HadaJse wectuaecsatoix ronos [Floyd 63], [Pair
64].

MeTonel npeniiecTBOBAHUS H3y4auch U 00600I1aNIHCh MHOTMMH HCCJIeI0BATENSMH.
Hawn6osee nosHasi, moBuagumomy, 6ubarorpadus mo 3Tomy Bompocy umeetcs B [Aho
-Ullman 72], [Aho -Ullman 73]. Mexny npouum, pa6otbl [Floyd 63] u [Wirth -
Weber 66] (mocsenHsisi uajaraet mnoJyudeHHbd He3aBucuMo oT [Pair 64] meton mpo-
CTOTO MpeJIIeCTBOBAHHUS) TPOU3BEJIH Ha Hac GOJbIIOE BlieuaT/eHWe W TMOBJUSIA Ha
Hallle BOCIPHUSITHE NPYyTHX METONOB CHHTaKcuuyeckoro aHanusza. B [[onuapoBa 75],
[CraneBuuene 76], [CraneBuuene 78], [Stanevichene 79], [MuponoBa -CtaHeBHueHe
82] 6bl0, B 4aCTHOCTH, (POPMaJSH30BaHO OmpeleseHHe "N06aBKH'K MeTOAY MPOCTOrO
npeallecTBOBaHUs, HeoOxonuMod nJs nogaydeHus LR(k)meroma [Knuth 65]. Iloay-
ueHHas Bapuauus LR(k)merona npumenumMa Ha npaktuke. ONbIT NIPUMEHEHHSs ONUCaH
B [M3umbetoB 88], [MuponoBa 92].

B 1965 rony nosiBusnack 3HameHuTasi ctathst [Knuth 65], B KoTopo#t 66110 06HapyxKe-
HO, YTO BPeMsl U MaMsTh, MPOMOPLUOHAJNBHBIE IJIMHE aHAIU3UPYEMOH LEMOUKH, NOCTa-
TOYHBI B CJIy4ae JI0OOro IeTePMHUHUPOBAHHOTO si3bika. OHa BbI3Ba/jla MHOTOUHCJIEHHBIE
TMOMBITKY YCOBEPIIEHCTBOBATb UJIK 0O0OIIUTh MPe/JIOKEHHbIH B Hell MeXaHU3M CHHTaK-
CHUYECKOr0 aHa/ju3a IeTepMUHHUPOBAHHBIX SI3bIKOB. FIHTepec K 3Toil TeMe He OCTBLI JI0
CHX TOp, KaK CBHJETENbCTBYET, Hanpumep, ctaThs [Lee -Choe 94]. OnHako 0TJI0XKHM
o6cy2K/IeHHe 3TOro HarpaBJeHHs HCC/Ie0BaHNH, UTOObI YKa3aTh Ipyrye HalpaBJeHHUs,
HaMeueHHble OCHOBOTIOJIOXKHUKAMH TEOPHUH (POPMAaJIbHBIX 3bIKOB.

B pannux pa6ortax mno teopuu (opmanbHbix sizbikoB [Chomsky 62], [Chomsky 63],
[Chomsky -Schutzenberger 63] nmpuBeneHo J060nbITHOE HaGJIIOEHHE O BO3MOXKHO-
CTH XapaKTepU30BaTh $I3bIKKW MOP(HUYeCKUMH 00pa3aMHd MHOXKECTB, B OECKOHTEKCT-
HOM CJlydae oInpenessieMblX ¢ TMomollbio si3bikoB [Jluka. O630p pe3ysnbraToB, HMe-
rolux aHasoruto ¢ teopemoir XomckorolllioTienb6ep:ke o mpencTaB/eHHH KaxKIOTO



6eCKOHTEKCTHOTO si3blka MOp(HUecKHUM 06pa3oM mepecedyeHus siabika [lMka ¢ joKasb-
HoiM (B [Chomsky -Schutzenberger 63] nokanbHbIN f3bIK Ha3BaH CTAHAAPTHBIM pery-
JSIpHBIM coObITHEM), puBoauTesi B [Hirose -Okawa -Yoneda 85]. Hekoropbie pesyiib-
TaThl O MPEACTABJEHHH SI3bIKOB [1OCPEICTBOM MOP(HH3MOB OTHECEHBI K MaTeMaTHUeCKHUM
)emuyxuHaMm [Salomaa 81].

OTMeTHM TakXKe XapaKTepH3aluH OeCKOHTEKCTHBHIX 13BIKOB CHCTEMaMH YpaBHEHHM
M CreHU(pUIeCKUMH BbIPAXKEHHUsSIMH, YKa3blBAIOLUIMMH Ha CTpeMJieHHe aBTOPOB pa3pa-
60TaTb CXEMbl MCC/AENOBAaHUSI OECKOHTEKCTHBIX SI3bIKOB, aHAJOTHYHbIE YCIIEIIHO MpPH-
MeHEHHBIM B TEOPUH peryaspHbIX f3bIKOB. K Haubosee paHHUM 3apy6eXKHbIM paboTam
no 3Toil Teme otHocuTcs [Intema 67]. Hekotopbie mocsenymoiine paboThl nepeBeieHbl
Ha pycCKH# si3blK, Hampumep, [Gruska 71], [McWhirter 71]. B ToT ke mepuon Tema
paspabaTbiBajacb OT€YEeCTBEHHBIMH Y4eHbIMU; Tak, B [[mankuit 73] paccMmaTtpuBaioT-
Csl TIOICTAHOBOUHBIE BBIPAXKEHHSI, TEOPHsI KOTOPbIX BOCXOAUT K pabortam [[IMKOBCKHH
72a], [[ukoBckuit 726].

Cucrema ypaBHeHHH 15l 3aaHUst GeCKOHTEKCTHOro sisblka [JleTndeBckuii 69] siB-
JIieTCsl pe3y/bTaToOM ajre6panuyeckod TPAaKTOBKH ara3uHHOTO aBTOMAaTta. 3aMeTHM, YTO
TaKas CHCTeMa JIerKO YCMaTPHUBAeTCsl B HAlIeM TaK HA3bIBAEMOM Siipe Mara3uHHOTO
aBTOMaTa.

Teopust popmasbHBIX TIpaMMaTHK U SI3bIKOB PacCMaTpHUBAeT HEKOTOPbIE aJIrOPUT-
MUYeCKHe TPOOJeMbl, YTO €CTECTBEHHO MAJs AWUCUHUIJIKMHBI, BO3HHUKIIEH M3 MOTpeO-
HOCTeH JIMHTBUCTHKH M HMH(GOpPMaTHKH. MHOTHe anropuTMH4ecKue NpoOseMbl OKa-
3a/IMCb Hepa3pelUMbIMH, YTO OBIJIO YCTAHOBJEHO K CepefiiHe LIeCTHAECATHIX TOIOB.
[ToBunuMomy, camasi paHHsisl yOJHKalUs B 3TOM psny — 3To pabora [BarHillel -
Perles -Shamir 61], B KoTopoil ToKa3aHa Hepa3pelIuMOCThb NMpobeMbl SKBHBaIE€HTHO-
CTH OECKOHTEKCTHBIX TPAMMATHK — BeCbMa BaXKHBIH (DaKT, 3aCTaBJISIOLIAN TPUMEHSITh
175l Tpeo6pa3oBaHUs SI3bIKOBBIX OMHCAHWU JIHIIb MPOLEAYPhl, KOTOPble 3aBeIOMO 1a-
IYyT 3KBUBAJIEHTHHIH pe3ynbTaT. Ellle oivH U3 BrnedaTasiolux (0 KpalHe# Mepe, Ha
Hall B3TJIsAA) (PAaKTOB 3TOro psiia — HEepPacro3HABaeMOCTb HEONHO3HAYHOCTH OECKOH-
TEKCTHBIX $13bIKOB, HE3aBUCHUMO AoKaszaHHHas B [[viamkuit 656] u [Ginsburg -Ullian
66].

Takum o6pasom, B 1IeCTUAECAThIE TObl OYPHO 1LIJI0O HAKOIJEeHUe Pe3yNbTaTOB TEOPUHU
6eCKOHTEKCTHbIX si3bikoB. Kuura [[nmankuiéi 73] u npyrue UCTOUHHKU CBUIETENbCTBY-
IOT, UTO COBETCKHE yueHble yKe B 3TOT MepPHOJ BHeCJH OOJbIIOH BKJAL B TEOPHUIO
(opMasIbHBIX SI3BIKOB; sipKoe siBieHne — padotsl A.B.Imagkoro u A.A.JleTuuesckoro,
Hanpumep. Torzaa ke ObIM MOCTABJEHBI BOMPOCH, U CEHUAC OCTAIOIIHECS AKTYaJbHBI-
mMu. OHU CBSI3aHBI C MOCTPOEHHUEM aJTOPUTMOB, KOTOPbIE 00CTYKHUBaNH Obl MOTPeGHO-
CTH TPHUJIOKEHHH, 3aUHTEPECOBAHHBIX B aBTOMAaTHYeCKOM MPeoOpa3oBaHUU SI3bIKOBBIX
OMHUCaHMH NOCTAaTOUHO MIMPOKOrO KJacca, B MPOBEPKe SKBUBAJEHTHOCTH TaKHX OIHCA-
HUH. OTCyTCTBHE NpHEMJIEMbIX aJTOPUTMOB BBIHYKJIAET K HCIOJb30BaHHUIO Haubosee
MPOCTBIX (POPMaNbHBIX I3BIKOBBIX MOZEJeld U K MPEeoN0eHHI0 BOSHUKAIOIUX MPH ITOM
TPYAHOCTEH CMelHaJbHBIMH [Js KAXKAOT0 Cyyuasi MpHeMaMH.

Hanuuue TPyAHBIX MeCT B TeOPUH OECKOHTEKCTHBIX $I3bIKOB CBSI3aHO, MOBUANMOMY,
C TeM, YTO HEKOTopas Crelr(HKa ITUX S3BIKOB HEJOCTATOYHO YETKO BbIPA’KeHA B U3Y-
YaeMbIX TEOpHEeH KJacCHUecKHux opManuaMax. Bpsm s MoxKHO, HampuMep, CUHUTATh,



4TO TeXHMKa aHa/u3a MOBeleHHs MarasduHHOIO aBToMaTa, noTpebHas MpH paccMoTpe-
HUM Mpo6JeM SKBHBaJEHTHOCTH U PETYJNSPHOCTH B KJacce AeTePMHHUPOBAHHBIX S3bl-
KOB, B HY>KHOH Mepe pa3paboTaHa: onybJrMKoBaHa He OflHa paboTa 1o yKa3aHHOH TeMe,
He HMMelollasi HEOOXOAWMOr0 YPOBHSI CTPOTOCTH M SICHOCTH U AaxKe OLIMOOYHAS.

B cBeTe cKa3aHHOro akTyaJbHbIM SIBJSIETCS MOUCK TAKUX XapaKTepHdalui OeCKOH-
TEKCTHBIX $13bIKOB, KOTOpPble fajd Obl MOHATUHHYIO Cpely, YIOOHYIO ISl BhIpaXKeHHs U
MCC/IeIOBAHNS SIBJEHUH, CBSI3aHHBIX C TPYAHBIMH 3aJauyaMH TEOPHH OECKOHTEKCTHBIX
SI3BIKOB.

OnHa u3 1esell HacTosALEH paboThl KaK pa3 U COCTOUT B CO3[NaHUU XapaKTepu3aluH
6eCKOHTEKCTHBIX SI3bIKOB, HauboJiee yIOOHOH MJisi Pa3BUTHS WX TeopuH. B orpomHOM
foraTcTBe HaOMIONEHHUH, HAKOMJIEHHBIX B TEOPUH (POPMa/bHBIX 3BIKOB U B MPUKJA[I-
HBIX paboTax, He MOIJIM OTCYTCTBOBATh yKa3aHHs, KOTOpble, BIPOUeM, CTaju IJs Hac
3aMeTHBl TOJIbKO TOT/d, KOTJla Lieib U CPe/ICTBA ee NOCTHXKEeHHsI B OCHOBHOM O(OpMH-
JIUCh.

HauanbHueiél 3Tan pa®oTel OblJ MOATOTOBJIEH HALIMM ydyacTHEM B pa3paboTke U pea-
JIU3allUK SI3bIKOB MPOTPaMMHUPOBAHHSs, KOTOPOe OTpa)keHo B paborax [[oHuaposa 71],
[[onuapoBa 72|, [TonuapoBa - CtaHeBuutoc 71| W OpyruX, onpeneseHHBIM 00pa3oM
noabiToXKeHHbIX B [BypoBa -CraneBuuene -Cranesuuioc -IlIkasp 83]. Dtu sausTus
npo6yauau OOJbIIOH HHTEPEC K YMOMHHABLIMMCS BbILlE METOJAM CHHTAKCHYECKOTO
aHa/au3a, nopaepxanHblil C.C.JIaBpoBeiM. IMeHHO HabstoneHue crieqU(pUKH AeTepMH-
HUPOBAHHBIX Mara3WHHBIX aBTOMAToB, CKPBITHIX 3a LR(1)Tabmuuamu, Bcennso yBe-
PEHHOCTb B BO3MOXKHOCTb CO3[laHUSI HanOoJee MJIOAOTBOPHOIO MHCTPYMEHTa aHa/u3a
MarasuHHbIX aBTOMATOB U OE€CKOHTEKCTHBIX SI3bIKOB.

3necb Mbl aeM He TMOJHBIH 0030p pe3yJabTaTOB, KOTOPble MOXKHO Ha3BaTb IMOATO-
TOBJISIIOLUIMMH Hally paboTy, a CKOpee HUCTOPUIO (TakKe He MOJHYI) HAIIUX BCTped C
MOJACKAa3KaMU U TIOATBEPKIEHUSIMU MPABUJIBHOCTH BBIOPAHHOTO MYTH.

OnHa 13 MepBBIX HALIUX UAEH — MOJNYUHUTh rpadbl, KOTOPble SKBUBAJEHTHBI Mara3uH-
HBbIM aBTOMAaTaM M eCTeCTBeHHbIM 06pa3oM 0000611aI0T TO, UTO Telepb Ha3bIBAIOT UHOTAA
MPOCTO KOHeuHbIMU aBTOMatamu [Salomaa 81], [Eilenberg 74| (B HauajbHBIHA mepu-
ol (hOPMHPOBAHHUS TEPMUHOJOTUU ObITOBAaNH OoJiee IPOMO3AKHE 0OOPOTHI, HANpUMep,
"rpad ass quarpamMMbl cOCTOSIHHE (cTporo KoHeuHoro) aBtomara'[Chomsky 63]). Ta-
Kre rpadbl naBajau Obl 3pUMbIH 00pa3 BEIUHC/AEHWH MarasuHHOrO aBTOMAaTa BO BCEX HX
JeTajisiX, 3aCTaBUAN Obl MOHATHS TeOpUH rpadoB OoJsbliie paboTaTh B 3ajadax TEOPUH
(opMmasibHBEIX 513bIKOB. DblIa U HeKoTOpast Hamexna (oyeHb ciabasi, Tak Kak TMpHBJede-
HHUe MarasvHa BHOCHT, OYeBHUIHO, HOBOe KauecCTBO), UTO rpaduyeckoe MpeacTaBjieHHe
MarasuHHbIX aBTOMAaTOB ITOMOXET eCTeCTeHHBbIM 00pa3oM 000OLIUTh HAa OeCKOHTEKCT-
HBIH Ccjydal Kakuesnbo NOCTHXKEHHsS TEOPUH PeryJspHbIX s3bikoB. Hamexxna sta He
Oblla COBEpILEHHO JIHIIeHa OCHOBAHHS: MOXKHO 3aMETHTb, HACKOJbKO POJACTBEHHBI T10
npyueMaM J0Ka3aTeJqbCTBa TeopeMa O IpelCTaBJeHHH PeryJspHOro sisblka Mopguue-
CKHUM 06pa3oM JIOKaJbHOro sisbika [Salomaa 81] u Teopema 6 ryiaBel 1 1aHHOH paboThI.
Crnenyer Tak)Ke OTMETHTb, UTO B mnaparpade 4 rsaBbl 3 NpPOAEMOHCTPUPOBAHA BO3-
MOXKHOCTb TPUBJIEYEHHsI TPUEMOB, UCIOIb30BaHHBIX, HanpuMmep, B [Eilenberg 74| nas
M3yueHHUs] KOHEYHbIX aBTOMATOB, /51 MCCJAENOBAaHHS IpadoB Mara3MHHbBIX aBTOMATOB
peasibHOTO BpeMEeHH C OfIHUM MOBOPOTOM.

Heuto moxoxkee Ha Halll MOAXOH MOXKHO HAaWTH M y NPYTHX HCCJefoBaTesed (cM.,
HampuMep, "MOAXOA AUHArpaMM COCTOSIHWH JJIsi MarasuHHbIX aBToMaToB'B [Salomaa -



Wood -Yu 94]). Ho npumeHeHHe 3THX pa3pabOTOK OOBIYHO HEBEJHKO; MHOTAA OHO
OrpaHMUYMBaeTCsl HOBBIMH J0Ka3aTe bCTBaMHU JieMMbl OrieHa.

Jns obecreyeHrst CTAHAAPTHOCTH U JIAKOHWUYHOCTH HH(OPMaLHWH, Ompefensioulei
Lyry rpada MarasvHHOro aBTomara, TpeboBajacb HeKOTopas HOpMaJsbHas (opma aB-
TomaTa. belsa ucnonb3oBaHa opma, XxapakTepusyemas cjenylolleld AUCUUIINHON pa-
60Tbl ¢ MarasuHoM: 1) KaXKAbli TaKT WM N00aBJsieT B Mara3uH POBHO OJWH CHMBOJI,
WA CTUPAET, TaKyKe POBHO OAMH CHMBOJI, HUKOT[A He CTHpasi HCXOOHOTO COdEepPXKH-
MOrO MarasWHa — TaK Ha3blBaeMOr'0 MapKepa JHA; 2) K KOHIYy UTeHHs HOMyCKaeMOH
aBTOMATOM LENOYKH OH CTHpaeT BCe, UTO 3alMChIBaJ, NPH 3TOM MarasuH He OIMyCTO-
IIAeTCs: B HEM OCTaeTcsi Mapkep AHa. YepThl maHHOH (pOpPMbl MarasuHHOrO0 aBTOMaTa
MOXKHO HaHTH B GoJsiblioM yHcse padot. Haubosee 6an3ka Haliel popma, paccMOTpeH-
nast A.B.[magkum; na U TexHuka npoTokosioB (o Hux cM. B [[agkuit 65a], [[nagkui
73]) accounupyercsi ¢ HAIIUM MOHSITHEM MaplLIpyTa Ha rpade Mara3MHHOTO aBTOMATa.

[Touck moaxonsiuiedt GopMbel MarasuHHOrO aBTOMAaTa SIBUJICS U MOHWCKOM ypaBHOBe-
IIEHHOCTH JBYX CPEICTB 3alOMHHAHHS HH(MOPMALHWH O NOMYyCKaeMBIX LIEMOYKax: Co-
CTOSIHAHW W MarasuHa, OJMHAKOBOH BOCTPeOOBAHHOCTH MX BO BCeX KOH(UIrypalusX,
BO3HUKAWOILIKX MPpU 00paboTKe MpaBUJbHOM BXOAHOH Lenoyku. HeHopmasbHbl, Hampu-
Mep, Takve 3alKMCH B MarasuHe, KOTOpPble CTAHYT "'MYCOPOM'B 3aKJ/IOYUTENbHOH KOH-
¢urypauuu. Bpsia M HOpMasbHO U OMYyCTOLIEHHE M3HAYa/JbHO HEMyCTOro MarasuHa, B
pesy/bTaTe yero aBToMaT 'BbIKJOUYaeTCs".

AkKypaTHOe COOTBETCTBHE 3alMcel B MarasuH U CTHPaHHUH, Kaxyleecss HeOOX0IH-
MbIM (OHO, KOHEYHO, He [OCTATOYHO) B yIayHO MOCTPOEHHOM MarasMHHOM aBTOMATe,
»KHMBO HaroMHHaeT o cko6kax. C npyro# CTOpOHbI, MapHble CKOOKU — 3TO JIHLIb MOJEJb
MapHbIX CUMBOJIOB U JlaXKe LeroyeK, MPUCYTCTBHE KOTOPHIX OT/IHYaeT 6eCKOHTEKCTHbIe
I3BIKM, He SIBJSIOIINAECS PeryJ/sipHbIMH.

[TonsiTHs cKOOKM U CKOOOUHOM cHCTeMbl (DOPMasM30BaHbl ¢ OMOLIbIO 513bIKOB J{1Ka,
caMble MOJIHblEe CBEeHHS O KOTOPBIX CPeldH JIerKo AOCTYMHbIX HaM UCTOUHHMKOB COAEp-
xuT kuura [Lallement 79]. Anre6paunueckas uHTeprperanus si3bikoB Jluka nobynnia
Hac MOAHATbCS HEMHOTO HaJ TeopHed Mara3uHHbIX aBTOMATOB M MOCTPOUTH 00600lle-
HUe orpaHu4eHHbIX 13blKOB Jrka [Lallement 79], 6osee TouHO oTpaxkaroiiee xapakrep
00bEKTOB, MapHBIX B L[eNMOYKaX O€CKOHTEKCTHHIX A3bIKOB. [lasee OyaeM Ha3blBaTh Orpa-
HU4YeHHble 3blKM JMKa npocto sisbikamu JluKa, cjaenys TPaiWLMH, CJOXKUBLIeHCs B
paboTtax 1o Teopuu (HPOPMasbHBIX S3BIKOB.

Haspanue "Dsaswiku'npensaraemoro o6001ieHus s3bIK0B J[MKa coxpaHsieT B cebe
nepBylo OykBy cJjoBocouetanus "Dyck languages”. Ilannas pabota 6asupyeTcss Ha
CUCTEMaTHUECKOM MCI0Jb30BAaHUHU MOHATHSA Ds3bIKa.

B Hamem 060611eHUH Napa cKOOOK — 3TO Mapa CHMBOJIOB, KaK U B CJydyae sI3bIKOB
Huka. [ToripexxHeMy, MHOXKeCTBa OTKPBIBAIOLIMX U 3aKPbIBAIOIIUX CKOOOK He mepece-
Katorcsi. Ho Tenepp B pasyiMuHBIX NMapax OTKpPbIBAOLIME W/ 3aKPBIBAIOILKE 3J1eMEHThI
MoryT coBnanatb. Ciayuyall napHbIX LieMoYek, AJHHA XOTs Obl OAHON U3 KOTOPBIX HE paB-
Ha eIMHUIE, HE OTPaKeH 3[ech HernocpencTBeHHO. OfHAKO BBIYMCIEHUS Mara3uHHbBIX
aBTOMAaTOB, "aKKypaTHO'"HCIOJb3YIOIINX Mara3uH, UMEIT Telepb TMOJHYI aHaJOTHIO
CO CKOOOUHBIMH CHUCTE€MAaMH.

B nanHOf paGoTe BBeleHbl TePMUHBI AJs ONpelesieHHbIX (PparMeHTOB CKOOOYHBIX
cucteM. Popmanu30BaHbl NpeACTaBJAeHUs O IyOMHe U LIMPUHE — YUCJe MoC/aef0Ba-
TeJIbHO CLEMJIEHHBIX CKOOOUHBIX MoacucTeM. JlokazaHa KOHEUHOCTb YHCJ/Ia CKOOOUYHBIX



CHCTEM C OTpaHUYEHHBIMHU IJIyOMHOH M IIMPUHOH. Bee 9T0 cnoco6cTBOBAMO CTPOrOCTH,
SICHOCTH M KPAaTKOCTH B M3JI0KEHHWH HALUX Pe3yJbTaToB.

[lopo6Hyto "Teoprio cKOOOYHBIX cHCTeM", CBS3aHHYIO C si3blkaMM JlMKa, Mbl 0OHa-
pyxuau B [Ehrenfeucht -Hoogeboom -Rozenberg 86]. OnHako Ba)kKHOCTb MOHSATHS
CKOOKH OTMedyaJacb BO MHOTMX pab6oTax, B TOM 4ucJe NpuKaagHeix. OuyeHb ybenu-
TeJIbHO Mucas o posnu ckobok Jlesu [Lévy 75]. OTmerum, uto pabora [Lévy 75] ctu-
MYyJIHPOBaJIa PSifi UCCJENOBAHUM Ha TeMy HeHTpa/u3aly CHHTAKCHUECKHUX OLIHO0K. B
OIHOH M3 paboT 3TOro psina clesaHa MONbITKa 0600IUTh MoHsATHe ckoOku [Ciesinger
76].

B pa6ore [Ehrenfeucht -Hoogeboom -Rozenberg 86] nmomuepknBaeTcst nosie3HoCTb
M3yueHHs] KOMOMHATOPHBIX CBOHCTB CKOOOUHBIX CHCTeM, OYKBaJbHO:

We formulate and prove a number of combinatorial properties of Dyck
words ... Since Dyck words are used in the investigation of various
types of data structures, these results seem to be of independent
(combinatorial) interest.

B Hell, B 4aCTHOCTH, OMpPENENSIOTCS MOHSTHS TyOHHBI M MIMPHHBI LEMOYKH $3bIKa
Jlika ¥ BBIBOIMTCS BEPXHSIST OLlEHKA [JIMHBI LIEMOUKH Yyepe3 ee TMyOHMHY W IIMPHHY.
Ona Toro »xe mopsinka, 4to M Hama. C TOMOIIbI0 yKa3aHHBIX pe3yJbTaToOB paboTa
[Ehrenfeucht -Hoogeboom -Rozenberg 86] n3yuaer mpencraBjieHHe Mara3uHHOTO
aBTOMaTa Mapoi COrJIacOBaHHO MPUMEHSIEMbIX I'PaMMaTHK. [paMMaTHKH TOPOXKIAIOT:
OlHa — UYHTaeMble aBTOMATOM BXOJHBIE LIEMOYKH, APyras — COOTBETCTBYIOIIME Mara-
3uMHHble LenouKu. [locaenHsisi rppaMMaTHKa He BIOJIHE TPAAUIIMOHHA: OHA HE pasJjityaeT
TepPMUHAJbHBIX U HETEPMHUHAJbHBIX CHMBOJIOB.

Onpenenenvie rpada MarasuHHOTO aBTOMAaTa M CBsi3aHHAs C HUM CHUCTEMa MOHSTHH
ony6aukoBanbl B [CraneBnueHe 83|, [CraneBuueHe 84|, [CraneBuuene 87a], [Crane-
BuueHe -MesbHuKoB 88], [CraneBnuene 89|, [Kysnenosa -Oxxuranos -CaruHraena
-CraneBuuene 90|, [CraneBuuene 93a], [CraneBuuene -Bouiutok 93], [Stanevichene
94], [Boinutok -CraneBuuene -Hepuuos 96] u [CraneBuuere 99]. Ho TepmuHomOruio
MOXKHO CUHTATb CJIOXKHBIIEHCS TOJNBKO B JBYX TOCJAeNHUX paGoTax. B HUX BhepBble
JlaHa XapaKTepusalus GeCKOHTEKCTHBIX sI3bIKOB Dfpacami.

B cucreme MOHSITHH, OCHOBaHHOH Ha Halled rpaduyecKod HHTeprpeTalUdd GeCKOH-
TEKCTHBIX $I3bIKOB, TOHSITHE sipa SIBJSETCS, BO3MOXKHO, raBHeHIUM. [loHsTHEe LHK-
JIMYECKOTO MYTH BMECTe C TMOHSTHEM CKOOOYHOH CHCTEMBI TOMOLJIO HaM OCMBICJIHTh,
4TO HEKOTOPOe KOHEeuHOe MOAMHOXKEeCTBO myTel Ha Drpade (aHaJorH4yHO, HEKOTOPOE
KOHEUHOe MOAMHOXKECTBO CEHTEHIHaNbHbIX (HOpM GECKOHTEKCTHOH TpaMMaTHKH) BbI-
pakaeT 3aKOH 00pa30BaHHsl LeMoYeK si3blKa W3 MOALENOYEK TOH ero 4yacTH, KOTopas
OTIPEeMIEISIETCS] BbIEJEHHBIM MOAMHOKECTBOM — SIIPOM.

YNOMSIHYTHIH 3aKOH, MOBUAMMOMY, MPOILe BCErO OOBSICHUTb KAK 3aKOH MOJy4eHHs
[IeM0Y€eK, OTBevarwIIui Tak HasbiBaeMbiM KCBBIpaXkKeHHsIM, KOTOpPble OMPeNesiioTcsl B
rnaBe 1. B aTom ompeneseHuH BMeCTO peryJ/sipHO# orepaldu HTepallu paccMaTpu-
BaeTCsl HOBasl omepanus — HMeHOBaHHe. DPQeKT ornepaldd MMEHOBaHHS OMpeeseH
C MOMOIIbIO MOHSATHSI CKOOKH. Ha wamr B3rsisig, B moHsaTHd KCBbIpaxkeHHsT KOHIEH-
TPUPYIOTCS OOLIHe YepThl H3ydaeMbiX B JaHHOH paboTe (hOPMaM3MOB MJisi OMHUCAHHS
OECKOHTEKCTHBIX $I3bIKOB (MarasuHHBIX aBTOMAaTOB, OECKOHTEKCTHBIX rpaMMaTHK, D-
rpadoB), 4ero Hesb3sl CKa3aTb O APYTHX M3BECTHBIX BbIPaXKEHUSIX IJIsI 3adaHHUs 3THX



f3bIKOB. Kpme TOro, He ycTymas H3BeCTHbIM B JakoHHUHOCTH, KCBbIpaxkeHus rmo-
npoOHel W HaTJIsiIHEH YKa3bIBAIOT 3aKOH 00pPA30BaHHS LETOUeK s3blKa M3 'MOMYMHEH-
Hbix 'iernoyek. KCaoipaxkenust o6o61iatoT peryasipusie [Kleene 56]; ectb Hamexna, ut
OHH MPUOJHKAIOT HAC K aleKBaTHOH anrebpanyeckod TPaKTOBKE MarasuHHBbIX aBTOMa-
TOB U GE€CKOHTEKCTHBIX TPaMMaTHK.

Jlerko B0oOOpa3uTb, UTO MeXXIY Mara3uHHbBIMH aBTOMAaTaMH M OGeCKOHTEKCTHBIMH
rpaMMaTHKaMH CYILECTBYeT COOTBETCTBHE (HA30BEM €ro CXOACTBOM), TPH KOTOPOM
fiIpa COOTBETCTBYIOLINX OOBEKTOB OINpPENeNsioT OOHO H TO Ke OECKOHTEKCTHOE Bblpa-
JKeHHe. B CBSI3M ¢ 3THM BO3HMKAeT HaJexJa Ha CyLIeCTBOBaHHE MPAKTHUECKU IMOJe3-
HBIX a/JTOPUTMOB, MPeoOpPa3yIOIINX OIHHU OMHUCAHHUSI OECKOHTEKCTHOTO SI3blKa B JIPyTHe.
K mnosiesHBIM cjienyeT OTHECTH ajropuTM mnpeobpa3oBaHusi GeCKOHTEKCTHOW rpaMma-
TUKHM B MarasMHHbIA aBTOMAT, He CJHIIKOM TPOMO3JKHH M0 CpPaBHEHHIO C HCXOTHOH
rpaMMaTtukoi (cp. 3amauy ymeHnbiuneHusi LR(k)aHanusaTtopoB, o KOTOpo# peub mo#mget
HUXKE).

[TocTpoeHue Mo MarasuHHOMY aBTOMAaTy CX0XKeH GeCKOHTEKCTHOH IpaMMaTHKH pac-
cmotpeHo A.A.Beututkom [CraHeBuueHe -Beututok 93], [Beuiutok -CraHeBuueHe -
Yepuuor 96], [Boiiutok 98]. B mocsienneil pabote nokasaHo, 4To B 3TOH rpamma-
THKe COXpaHsieTCsl OJHO3HaYHOCTh, AeTepMHHUpoBaHHOCThL (B Bume LR(1)eBoiicTra),
OJIHOTIOBOPOTHOCTh (B (hopMe JIMHEHHOCTH), HECTIOCOOHOCTb K COTJIACOBAHHOW HTepa-
MU ABYX HEMYCTBIX LENOYeK M HEKOTOpble NPyTHe CBOMCTBA MCXOAHOrO aBTOMATa.
3ameTtuM, 4To A.A.BBIIMTOK HCMOMB3YET JHUIIb MOAMHOMXKECTBO spa MarasuHHOTO aB-
TOMaTa, J0CTaTOYHOe JJsi MOCTPOEHUs CXOXKed rpammaTukd. Ha camom nese 3Toro
MOAMHOXKeCTBa JN0CTaTOUHO, MOBHUIUMOMY, ¥ B OOJIbIIMHCTBE 3afay, HO NOMYLIeHHas
B ONpeleseHUH siipa M3OBITOUYHOCTh 0OJerdyaeT N0Ka3aTeJbCTBO HEKOTOPHIX TEOPEM.
3amertum elie, uto B [Beututok 96| mosyueHa BepxHsisl OLleHKa JJIHH MyTeH, paccMOT-
peHHe KOTOpbIX TpebyeTcss IJsi TMOCTpoeHHs snpa Drpada, cyliecTBeHHO Jydlias,
4yeM IpHUBeJeHHas B HacTosed pabore. OCHOBHOH (hakTOp, 0OeCneyuBILIUH yJyyllle-
HHUe OIleHKH — BO3MOXKHOCTb PacCMaTpHBaTh BXOASIIME B SAPO MYTH He LEJUKOM, a
M0 HEKOTOPBIM MX y4YacCTKaM.

OtmeruM Ternepb, 4yTo KHyTOBcKHe LR(1)Tabnuupl — 310 mpencraBieHue npeobpa-
30BaTe/Il C Mara3uHHOU NMaMATbIO, KOTOPBIM COMOCTABJISET BXOAHOW LiellOYKe ee pas-
60p OTHOCHUTEJIbHO I'PaMMaTHKH, Ompelne/uBiIel TabauLbl. [IpH ONTHMH3aLKMH TaKOTO
npeoOpazoBaresisi HEOOXOAMMA CXO0XKECTb CTApOro M HOBOTO MpeoOpaszoBaTesied, 4To-
6bl UCXONHBIH CHHTAKcHUC He Obl "3a6bIT". Tak Kak TONbKO TpeGOBaHHE CXOXKECTH U
OrpaHUYMBaeT B BbIOOpPE CPENCTB ONTHMH3AlIMH, Mepebop npeobpasoBaTesiedl HEKOTO-
pOTO0 KOHEYHOT'O0 MHOXKECTBA IO3BOJISIET HAUTH MHHHMMAJbHBIHA, HAMPUMeEp, MO YHCHY
cocTosiHU# (KcTatH, ymeHblienne LR(1)Tabnuu, npensaraemoe B U3BeCTHHIX paboTax,
0OBIUHO MOXKHO HHTEPIPETHPOBATh KAaK yMeHbIIeHHe UHCJa COCTOSTHUH 00CYyKIaeMbIX
3lech npeodpazoBareliei).

Eciu UCK/IIOYUTH IpaMMaTUKH HEKOTOPOTO 'BBIPOXKAEHHOT0", CreluasbHO TMPUILY-
MaHHOTO, BH/a, TO AJis OOBIYHO TMPUMEHSIEMBIX B TMPAKTHKe TPAHCJASIMU OECKOHTEKCT-
HBIX TpaMMaTHK 4MCJO Mepe6UpaeMbiX BapHAaHTOB OYyNeT He CJAHIIKOM BeJHKO. IDTO
00YyCJIOBJIEHO CJIEAYIOLIKM.

Hekotopbie oco6enHoctn LR(k)tabaui, 3aBenomo obecreyuBarolivie ux yMeHblle-
HUe, OBbLIM 3aMedyeHbl MHOTMMH HCCJENOBAaTessIMH. Dblin Ja)ke BblaesieHbl MOAKJAC-
col LR(k)rpammatuk, umerouux LR(k)aHnanusatopsl cpaBHUTENBHO MaJioro o6bema.
Haun6osnee usBectHnl nompkaaccel SLR(k)-u LALR(k)FpammaTuk, ompeneseHHble B



[DeRemer 69], [DeRemer 71|. MHTepecHo, uto pacnpoctpanenue unen LR(k)merona
Ha rpaMMaTHKH 0oJiee 0OIIMX KJIacCOB (KpoMe HalKuX paboT, YMOMMWHABIIMXCS BHILIE,
1 [Lee -Choe 94] ykaxkem [Walters 70] u [LLlymeit -3onuc 75], rae paccMaTpuBaioTcs
KOHTEKCTHBIE TPAMMAaTHKH), TaKKe MOXKeT ObITh CB3aHO C NPUeMaM{ yMeHblIeHHUs Ta-
61 aHaau3atopa. BoipaboTanHasi TexHuKa ymeHblueHusi LR (k)tabaun moxeT GbITH
000011eHa B COBOKYIIOCTH YCJOBHH, KOTOpasi OTCEeT MOJABJSIOUIYI0 YacTb Oe3ycrell-
HBIX BapUaHTOB.

B nanHoiéi paGote (cM. Takke [CraHeBuueHe 966]) Bompoc ymenbiunenusi LR(k)-
TabJuL pellaeTcs Kak noasanada Oosee obOuield 3amadyd. Mbl yKasbiBaeM MeTO[ CHH-
TaKCHUYECKOTO aHa/in3a 0eCKOHTEKCTHBIX I3bIKOB, peasin3dysl Uel0 CX0KeCTH CUHTAKCHU-
YyeCKHX ONMUCAHUU U pacnpocTpanss uaeto LR(1)meTona Ha cayyail Bcex 6eCKOHTEKCT-
HBIX TpaMMaThK. Haul mMeton nMeeT Ty 0O6ILyIO YepPTy C U3BECTHBIM aJTOPUTMOM DPJIH
[Earley 68], uTo naet tTem GoJiee 3(peKTUBHBINA aHAMU3aTOpP, UeM "yyulle" ' rpaMMaTHKA.
B yactHocTH, ecnu rpammaTuka npuHangiexut LR(1)knaccy, To Ham Mmerton obecrie-
yuBaeT noctpoeHue LR(l)ananusatopa. BooOlie, aHanin3aTop oTpakaeT BCe UEPTHI
MCXOHOH OeCKOHTEKCTHOH TPpaMMaTHKH, TaK KaK OH CTPOUTCS IO ee APy U MOXKEeT
ObITb MpelCTaBJieH MpeoOpazoBaTesieM C Mara3uHHOH MaMsATblO, KOTOPBIH OCHOBaH Ha
MarasuHHOM aBTOMaTe, CXOXKeM C 3aJaHHOU rpaMMaTUKOH. B caydae mpaBosvHeHHON
rpaMMaTHKHU COOTBETCTBYIOLIMH NpeoOpa3oBaTesb JIErkKo MpeBpallaeTcsi B KOHEUHBIH.

Wrak, B Hawell pa6oTe CyMMHUPYIOTCS U YCUJIHBAIOTCS Pe3yJbTaThl UCCJEN0BAHUH
LR(k)meTona, He mpuberawomux K 06paboTke rpaMMaTHKy "mo yactsiMm'. Ho Mbl cuu-
TaeM oueHb BaxKHOH upeto pabortel [Korenjak 69], B koTopo#i paccmaTpuBasuch 3BpH-
CTHUECKHe MpHeMbl pa3bHeHUsi TPaMMaTHKH ¢ TeM, 4ToObl mocTpouTh LR(K)Tabuuiisl
M0 YacTsIM, KaxK/asi U3 KOTOPBIX He CJAHIIKOM BeJHKA.

Wnes Kopenbsika pasButa B pabotax [Mruatos 86|, [Mruatos 87a], [Mruatos 876],
BBITIOJTHEHHBIX TOJl HAIIMM PYKOBOACTBOM. TaM MOCTpoeH (hOpMasibHBIHA aJITOPUTM pas-
OueHHs TPAaMMAaTHKH, YIIPaBJsieMblil OTHOLIEHWEM, ONPeieieMbIM TaKKe (POpMabHO U
YKa3bIBAIOIIUM T'PYTINbl HETEPMHUHAJIbHBIX CHMBOJIOB, Pa3bellHEHHe KOTOPbIX M0 pas-
HBIM MOArpaMMaTHKaM HexeJsaresbHo. OnpeneseHHe NAHHOTO OTHOLLEHHUS BblpakaeT
(haKTHUYECKH HEKOTOpble 0COOEHHOCTH Mara3uHHOI0 aBTOMaTa, CX0XKero ¢ rpaMMaTHKOH
(B cMBIC/IEe, YKa3aHHOM BhbIlIe) W Jexallero B ocHoBe LR(k)aHasnuszartopa.

B naueii pabote upes pacuienseHusi f3blKOBOrO OMHCAHUS C Lesblo 00paboTKH M0
YacTAM ToJydnsa NajbHelllee pa3BuTHe. B rnaBe 2 npuBoasitcs aaropuTMsl npeodpa-
3oBanusi Drpada B KCBbIpaxkeHre 1 KOHEUHOT'O aBTOMAaTa B peryJssipHOe BblpaxKeHHUe,
6asupyomirecss Ha OTIIENJEeHHH dacTed obpabaTeiBaeMbiX TpadoB, KOTOpble (4acTH)
OMNpeaesioTCs ¢ MOMOLLbIO TIOHSITHSI CUJIbHO CBSI3HOH KOMIIOHEHTHBI rpada.

[To HaeMy MHEHHIO, PHEM paclIenJeHuss rPaMMAaTHKKA BMeCTe ¢ HallUMU MpHeMa-
MM yMEeHbIIEeHHs] aHAJU3aTOPOB NOJKeH ObITh MOJIOXKEH B OCHOBY MPOTPaMMbl MTOCTPO-
eHHs 3Q(PeKTHBHBIX aHa/JIU3aTOPOB JEeTEPMHUHUPOBAHHBIX 3BIKOB.

[Tpenbinyiiee o6cyxKaeHre MOKa3blBaeT MOJE3HOCTh HALIEro Moaxoaa, NpuMeHsolle-
ro nousitusg Drpada u KCsripaxxenus. PacemoTpuM elile fBa mnprmepa, Korjaa Haill
noaxon obecreuyrBaeT 3aMeTHble pe3ysnbTaThl. OHU KacarTcs TPYAHBIX aJrOpUTMHUe-
CKHX TPOOJIEeM: PEry/asipHOCTH U SKBHUBAJEHTHOCTH B KJlACCe €TEPMHUHUPOBAHHBIX S3bI-
KOB. DTH npobsieMbl ObLIH BriepBhie nocTaBensl B [Ginsburg -Greibach 65]. B craTtbsx
[Stearns 67], [Valiant 75] u np. usnaraioTcsi [oKasaTebCTBa Pa3pelinMOCTH MpobJie-
Mbl PETYJNSIPHOCTH SI3blKa, AOMYCKAEMOTO NeTEPMUHHPOBAHHBIM Mara3WHHbIM aBTOMa-
tToM. B cratbsax [Meiityc 92] u [Senizergues 97| npencraBseHbl 1Ba J10Ka3aTesbCTBa



aJTOPUTMUYECKOH Pa3pelinMOCTH MPoOJeMbl 3KBUBAJEHTHOCTH JE€TEPMHUHHUPOBAHHBIX
MarasMHHbIX aBTOMATOB.

B pa6ore [Stearns 67] ussoxkeHue BemeTcs, 1Mo CJA0BaM aBTopa, 'Ha cjerka Hedop-
MaJIbHOHM OCHOBe"C LieJIbl0 00JIErYuTh UTeHHe. DTO pelleHHe aBTOpa BPsiA JH yoAYHO:
pa6oTa HeroHsiTHA (0OCyK/I€HHe HEKOTOPLIX ee HesCHOCTeH MPUBOAUTCS B IViaBe 3 Ha-
cTosiled paboThI), U BO3HHKAET COMHEHHE He TOJIbKO B MPaBHUJIbHOCTH MPHUBEIEHHBIX
B HeH OLIEHOK, HO Ja)ke U B Pa3pelIdMOCTH pPacCMaTpUBaeMOU MpobJeMbl.

[Tocnenyromure paGoThl HarpaBjeHbl HA yMeHbILEHHEe CJIOXKHOCTH aJTrOPUTMa Ipo-
BEPKHU PETYJSIPHOCTH JeTEPMUHHUPOBAHHOTO si3blKa. K coxkasleHu1o, U OHH He CBOOOIHBI
oT nmpo6eJsioB U HesicHOCTeH, a pabota [Shankar -Adiga 91, 92], 3a pyGexkoM mpusHaH-
Hasi, TOBUAUMOMY, KaK HauboJiee ycreliHasi, Ha caMoM JeJje omu6ouHa. OmuboueH
aJITOPUTM MPOBEPKH PEry/sIPHOCTH JeTePMUHUPOBAHHOTO $13bIKa, OCHOBAHHBIH Ha ybe-
XKIeHUH aBTOpPOB B oTcyTcTBUHM LR(1)FpaMmaThK ¢ caMoBCTaB/eHNEM, TTOPOXKAAIOIIHNX
perynsipuble s3bIKH. (Brmpouem, monmycTvMo M TO, UTO OHH yOeXKIeHBl B 0OPAaTHOM, HO
He pasrJsifiesd 3aKOHOB B3auMocBsizu LR(1)FpaMmaThK ¢ U3yuyaeMbIMH TpadamMu 133a
rpomo3akocty nocnennux. [lo cymectsy, B [Shankar -Adiga 91, 92] paccmarpuBator-
csi Hamu Drpadbl, HO oueHb crielUUUecKHe U OOJIbILIHE B Cydae Ja)Ke CaMbIX MpPo-
CTEHbKHUX TpaMMaTHK. DTU rpadsl onuceiBaioT nepexonbl LR(1)aHanuzatopa u Gosee
o6wupHbl, uem LR(1)Tabnuupl, Tak Kak, B OTJIUYHME OT TaOJHIL, PACKPHIBAIOT TEXHUKY
CBEepPTKM MO mNpaBusly rpammaTuku.) [Ipumep c sisbikom {a”ba™blm > 1, n > 0} B
Halled raaBe 3 OOKa3blBaeT, UTO OHU 3abuyxkpaiorcs. Bapuauuu nmpumepa omy6/uKo-
BaHbl B HECKOJIbKHX HalIMX paboTax, HOCTATOYHO NABHUX, B TOM uHcie B "Jlokaanax
PAH"(cm. [CraHeBuueHe 95]), KOTOpble TepeBOASITCS Ha aHIVIMHCKUE si3biK. Ho, mo-
BHIUMOMY, 3apy0OeKHble YUTATENH He 3aMeTHJIH 3TOH MyONHUKALUK U He CHeJald U3
Hee HaJJIeXalluX BbIBOJOB.)

B Haureil pabote onpenessitoTCs MPaBOJMHEHHble MarasuHHblE aBTOMAThl, PacCMOT-
pennble B [CraHeBuueHe -YobGan 94| u [Stanevichene - Choban 94| nom npyrum
HazBaHveM. O6 aBTOMaTax 3TOro MOAKJIACCAa MOXHO CKa3aTb, YTO OHH aHAJOTHYHBI
MpaBoOJIMHEHHBIM TPaMMaTHKaM, KOTOPbIe SIBJSIIOTCS YaCTHBIM CJydyaeM rpaMMaTHK 6e3
camoBcTaBJsienusi, BBeeHHbIX H.Xomckum [Chomsky 59a], [Chomsky 59b]. IlpaBosu-
HEHHBIA aBTOMAT [OMYCKaeT peryJspHbli f3blK. KoHeuHbIH aBTOMAT JIerko UHTepIpe-
THPOBATh KaK MPaBOJIMHEHHBIH MarasMHHBIH aBTOMAaT YaCTHOTO BHIA, [O3TOMY CIIpa-
BEIJIMBO ¥ TO, UTO JIIOOOH PeryJsipHBIH SI3bIK JOMYCKAeTCs] HEKOTOPBIM TPABOJHHEHHBIM
MarasuHHBIM aBTOMaTOM. TakUM 06pa3oM, HMeeM ellle OfHY XapaKTePUCTHKY peryJsip-
HBIX SI3BIKOB.

B pa6ote [Boiutok 98] HaiineH Gosiee 0OLIME KJacc MarasWHHBIX aBTOMATOB, Xa-
PaKTepU3YIOLIHH peryssipHble sI3bIKH.

MBI ycTaHaB/iMBaeM, YTO MPABOJMHEHHOCTb Mara3MHHOTO aBTOMAaTa pAaclo3HaeTcsl
1o ero fiapy (mpuyeM B 1eTePMHUHHPOBAHHOM C/ydae AOCTATOUHO JIMIIb CPABHUTEJIBHO
MPOCTO YCTPOEHHBIX 3JIEMEHTOB Sipa), U MoJydaeM JOCTATOUHOE YCJIOBHE PeryJIsipHO-
CTH 6ECKOHTEKCTHOrO 5i3blKa. B ryiaBe 3 Ha 3TOH OCHOBe 0YeHb MPOCTO (POPMYNHUpPYeTCS
YaCTUUHBIH aJTOPUTM TPOBEPKH PETYJNSPHOCTH OECKOHTEKCTHOTO $13bIKA.

[IpoGsieMa 3KBUBAJIEHTHOCTH NeTePMHUHHPOBAHHBIX Mara3WHHbIX aBTOMATOB JOJIT0O€
BpeMsl COMPOTHBJISIACH PEIIEHHI0; el TOCBSIIEHO oueHb MHOro paboT. Kpome paboTsl
[Meiityc 88], cauiikom HeOpeXXHO HAaMHUCAHHOM, UTOObI KTOTO MOT ee MOHSITh, paspe-
IIUMOCTb TMPOGJEeMbl SKBUBAJEHTHOCTH AE€TEPMUHHUPOBAHHBIX Mara3MHHBIX aBTOMAaTOB



yTBepxkaaoT ctatbu [Meiityc 92] u [Sénizergues 97]. OHu He moJIHBI, comepKaT Ore-
Y4aTK¥ ¥ OIIKMOOYHbIE BCIIOMOTaTe bHbIE YTBEpPXKAeHUs (HO BJHMSHHME 3THX OMIHMOOK Ha
MPaBUJIBHOCTb OCHOBHOTO pe3yJibTaTa He siCHa). B HAcCTOSIIMH MOMEHT HaM He yna-
JIOCh TIPEOJI0JIETb BCE 3TH TPYAHOCTH U MOHSTh, TIOUEMY MX aBTOpbI MpaBbl. [1o Hauum
CBEJIEHUSIM YIIOMSIHYyThble CTaTbH HEMOHSTHBl U MHOTHM IPYTHM JIIOASIM, JaxKe BbICOKO-
KBaJU(DULHPOBAHHBIM MaTeMaTHKaM.

Cy1iecTByIOT pabOoThbl, KOTOPblE NOKa3biBAlOT Pa3PELIUMOCTDb MPOOJEMbl IKBHBAJIEHT-
HOCTH [Jis I€TEPMHHUPOBAHHBIX MarasuHHBIX aBTOMAaTOB WM OGE€CKOHTEKCTHBIX I'DaM-
MaTHK YaCTHOrO BHIA, He OXBATHIBAKOIIMX BeChb KJacC IeTePMHUHHPOBAHHBIX SI3bI-
KoB (cM., Hampumep, [AnucumoB 77], [3y6enko 78], [Meiityc 89], [Henomusiuas
81], [Pomanosckuii 80], [PomanoBckuit 86|, [Adde 74], [Korenjak -Hopcroft 66],
[Nepomnjashchaja 84], [Oyamaguchi 87], [Valiant 73], [Valiant 74], [Yair -Amiram
84], [Tomita 95] u ccblIKKM B TepeuucseHHBIX padorax). EcTb U paboThl, KOTOpble
MPEANPUHATHL B CSI3U ¢ MPOOJEMON SKBHUBAJEHTHOCTH JNETEPMUHMPOBAHHBIX MarasuH-
HBIX aBTOMAaTOB U COMEPXKAT aJrOPUTMbI IPOBEPKH KBHBaJE€HTHOCTH YCTPOHUCTB, Ompe-
NeNSIONIUX He BCe NeTePMUHHUPOBAHHbIE SI3BIKH, HO 3aTO OMPENENSIONIUNX U HEKOTOPbIE
HelleTePMUHHUPOBaHHbIe 3bIKH. K TaKOBBIM OTHOCHTCSI BHIMOJIHEHHAS MOJ HAIUM pPY-
KOBOACTBOM pabota b.d.MenbH1KOBA.

[TpoGsieMa 3KBHBaJIEHTHOCTH HEKOTOPBIX MUHHUMAaJbHBIX JHUHEHHBIX IPaMMaTHK (MO-
TYIIUX TOPOXKAATh He TOJbKO [IeTePMHHHPOBAHHbIE SI3bIKH), paccMaTpuUBaeMasi B
[MenbnukoB 89], [MenbuukoB 90| u [Melnikov 93], cBsizana ¢ Hab/arogeHHEM, KO-
TOpOe KacaeTcsl MOBeeHHs] TaK Ha3blBaeMbIX MapHBIX LKKJOB Ha Drpade.

B cratesix [CraneBnuene 936], [CraneBuuene 95|, [CraneBuueHe 96a] monyyen pe-
3yJIbTaT, KOTOPBIE HTpaeT HaMPaBJISIOILYI0 POJib AJsi MAaTeMaTHKOB, 3aHSITHIX MOCTPO-
eHHEeM aJITOPUTMOB, KOTOPbIe PEIIalT BOMPOC 00 3KBHBaJEHTHOCTH IeTEPMHHHUPOBAH-
HBIX MarasuHHBIX aBTOMATOB. B HHMX paccMOTpeHa MPaBOMEPHOCTb TAKOrO MOAXOMA K
pelleHuIo, KOTa JJIsi IPOBEPKH 9KBHBAJEHTHOCTH NEeTEPMUHHUPOBAHHBIX Mara3WHHBIX
AaBTOMaTOB UMUTHPYETCsl MX COBMeCTHas pabora. Maes UMHTAlMH OueHb €CTECTBEH-
Ha ¥ MCIO0JIb30Bajachb HEKOTOPBIMU aBTOPAMH IPH PAaCCMOTPEHHMH YaCTHBIX CJydyaeB
npo6sembl. [loBunuMomy, nepBodl paGoTod Takoro pona siBasercs [Valiant 73], rue
npefiokKeHa TeXHHKA HMUTAIMU M J0Ka3aHa C ee MOMOILbI0 Pa3peliuMOCThb MPOGJeMbl
9KBUBAJIEHTHOCTH NE€TEPMHHHUPOBAHHBIX Mara3uHHbBIX aBTOMATOB C KOHEUYHBIM UHCJIOM
noBopoToB. B cratbsix [PomanoBckuit 80|, [PomaHoBckuit 86] aTa TexHHKa 000011aeT-
csi. K coxanenuto, npuBenenHoe B [PomanoBckuii 86| m0ka3aTesqbCTBO pa3pelInMOCTH
npoGJieMbl 9KBUBAJIEHTHOCTH JIE€TEPMHUHHUPOBAHHBIX Mara3uHHBIX aBTOMATOB, NEHUCTBY-
IOIMX B peajibHOe BpeMsi, olIMO0UHO (0 3TOMy MoBony Takke cM. [CraHeBHueHe 936],
[CraneBuuene 95], [CraneBuuene 96al), a us padorel [Uepnuos 95], ycunuparorei
Hall pe3yJbTaT, CJAelyeT, UTO Ha BbiOpaHHOM B [PomaHoBckuii 86] myTH HEBO3MOXKHO
NOOUTBCS ycrexa.

B [CraneBuuene 936]|, [CraneBuuene 95|, [CraneBnuene 96a] BBOAMUTCS B TepMHU-
HaX rpa)0B MarasMHHbLIX aBTOMATOB IMOHSITHE COTPSIKEHUS, (hOPMaJIbHO OTpeesiollee
COBOKYIHOCTb CBeJIeHHH, HEOOXOMUMBIX UMUTHPYIOLIEMY YCTPOHUCTBY AJsI MPOCJEXKH-
BAHUSl ONHOBPEMEHHOHW paboThl NBYX Mara3uHHbIX aBTOMATOB HaJ OJHOW M TOH XKe
BXOJIHOU LIEMOUKOH. 3aTeM OmpelesisieTcsl TOHsTHe rpada COnpsiKEHUH IBYX Mara3uH-
HbIX aBTOMAaTOB, KOTOpPbIH siBJsieTCsT MOArpadoM HEKOTOPOTO KOHEUHOro rpada, Jerko
CO3[1aBaeMOro 1o 3aJaHHbIM aBToMaTaM. [pad compsKeHH#H, MO CyLIeCTBY, MPeACTaB-
JsileT coO0M KBHHTICCEHLIMIO BCEX BO3MOXKHBIX MMUTHPYIOUIMX YCTpoHcTB. [loHsiTHE



rpada conpsikeHHH CXOIHO B IJyOMHHOM CBOEH OCHOBE C MOHSITHEM TepecedeHus (UM
NPOM3BeIeHNsI) KOHEUHBIX aBTOMATOB, KOTOPOE HUCMOJb3yeTCs HHOTAA AJis 10Ka3aTe/b-
CTBa 3aMKHYTOCTH KJiacca PeryysipHbIX sI3bIKOB OTHOCHTEJbHO OTlepalliy MepeceyeHus .

YcTaHaBIMBaeTCs HeCYIleCTBOBaHHME aJrOPUTMa, KOTOPBIH 10 JIIOOBIM JIBYM 3KBHBa-
JIEHTHBIM JIeTEPMUHHPOBAHHBIM Mara3MHHbIM aBTOMaTaM CTPOMUT UX rpad COMpsKeHHH.
Okasasioch, YTO CYILECTBOBaHHE TaKOTO aJTrOPUTMa O3HAuaJo Obl M CYyIleCTBOBaHHE
aJropuTMa, periamiiero npodsemy coorBetctBusi [locra [Post 47].

Orwmetum, yto pobaema cooTBeTcTBUs [locTa MIMPOKO MpHMeHsieTCs B TeOpHH (Hop-
MaJIbHBIX SI3BIKOB; OJIHO M3 MEPBBIX HAIIUX yIPa>KHEeHUH B IPUMeHEeHUH 3TOH MPoOJIeMbl
usnaraetcss B [CraneBuueHe 876]. Hemapom cpaBHHTE/NIBHO TMPOCTOE NOKA3aTeJbCTBO
ee Hepaspemumoctu naHo P.®noiinom B [Floyd 64], chenaBuium 60Jblioi BKaan B
TEOpHIO TlepeBofia SI3bIKOB MporpaMmmupoBanus. OH ke chopMysnpoBas npodiemMy ya-
CTHUUHOTO COOTBETCTBHSI — BapHaHT MPoOseMbl cooTBeTCTBHUS [locTa, moc/ayKHUBIIKH,
HarpuMep, /s 10Ka3aTe bCTBA HEPA3PEIIUMOCTH MPOOJIeMbl BXOXKIEHHST OECKOHTEKCT-
Ho#t rpamMmmatuku B LR(k)ksace misi kakoroun6ynb A > 0 [Knuth 65]. Bunousmene-
HHsI TIOCTaHOBKH TpoOseMbl cooTBeTcTBUS [Tocta MoxHO HaiTh B [Ruohonen 83].

B rnaBe 3 maHHO# paboThl KpoMe MpPobJeMBbl MOCTPOEHHS Tpaca CONMpsKEHHH pac-
CMaTpHBaeTCs ellle OHA aJrOPUTMHUYecKas MpodjeMa, U3 pa3peluMOCTH KOTOPOH cJie-
noBaJjia Obl PAa3peIIMMOCTb POOIEMBI SKBUBAJEHTHOCTH J€TEPMUHHUPOBAHHBIX MarasuH-
HBIX aBTOMAaTOB: MPo6J/eMa SKBUBAJEHTHOCTH NaMmsiTed (OHA BrepBble CPOPMYTUPOBAHA
B [Stanevichene 95]). [lamsiThio Ha3BaHa mapa

(COCTOHHI/IG, HEMyCTad Lelno4Yyka Mara3uHHbIX CI/IMBOJIOB),

KOTOpPasi BXOANUT B COCTaB HEKOTOPOH KOH(PUTypallMu MarasuHHoro aBromara. [Ipu atom
BTOPOH 3JIeMeHT Maphbl fIBJsIeTCSs, BOOOILLE TOBOPS, JIWIIb HEKOTOPOH BEpXHEH 4acThblo
cofepxkuMoro marasuHa. [Ipo6/seMa 3KBUBa/NeHTHOCTH NaMsATell HepaspellrMa AJs Jie-
TePMUHUPOBAHHBIX MarasuHHbIX aBTOMATOB.

B rnaBe 3 ykaszaHbl M MOJIOXKUTENbHO pelllaeMble NMpoOJeMbl Kak MPUMeEpPbl H3J0-
JKEeHHUsl M3BECTHbIX (DAaKTOB B HALIMX TepMHHaX. TyT MpHBJeKaTeJbHA JAKOHUUHOCTb
JI0Ka3aTeJsbCTB.

OnuH n3 naparpadoB r/aBbl 3 NpeaJsaraeT TeXHUKY MPOBEPKH 3KBUBAJEHTHOCTH
MarasvHHbBIX aBTOMATOB C OfIHUM IOBOPOTOM, AEHUCTBYIOLIMX B peasibHOe BpeMs, CpaB-
HUMYI0 MO0 3(P(PEeKTUBHOCTH C TEXHHUKOH, pa3pabOTaHHOW MAJisi KOHEUHbIX aBTOMATOB.
YcnewmHblE nepeHOC Ha paccMaTpHUBaeMbld ciydall MeTOLOB, pa3pabOTaHHBIX B Teo-
PHUH pEryJIipHBIX S3BIKOB, 00YCJIOBJIEH MCIOJNb30BAHUEM HAIero I0AX0Aa K ONMHCAHUIO
6eCKOHTEKCTHBIX SI3bIKOB.

Hrak, pab6ora mpensaraet HOBBIH MOAXON B TEOPUHU OECKOHTEKCTHBIX $13bIKOB, OCHO-
BaHHbIH Ha 060011eHUH 3bIKOB J{1Ka, KOTOpOe, 10 CPaBHEHUIO C MOCAEAHUMH, yaauHee
oTpaxaeT 0COOEHHOCTH MapHbIX 00BbEKTOB, NPUCYTCTBYIOLIMX B 1lello4Kax Heperynasp-
HbIX OECKOHTEKCTHBIX $I3bIKOB. DTOT IOAXO[ [03BOJISIET BbISIBUTb BHYTPEHHIO 0OLl-
HOCTb Pa3/IMYHBIX XapaKTepudaluui OeCKOHTEKCTHBIX fI3bIKOB M IMOJYYUTb OTBeTbl Ha
LOCTAaTOYHO TPYAHbIE TeOpeTHUYeCKHe BONPOChl. B noaTBepxaeHHe NeHCTBEHHOCTH MOM-
Xola paccMoTpeH psf TeopeM. K OCHOBHBIM MOXKHO OTHECTH CJeAyIOLIMe pe3y/bTaThl
paboThI.



1. Ilpensioxensl cnocoObl onucaHusl 6€CKOHTEKCTHBIX SI3bIKOB TaK Ha3blBaeMbIMH D-
rpadbamu 1 KCsbipaxenusimu. Ha 6aze 3tux ¢opmanu3moB paspaboraHa cucTema
MOHSITHH, MJONOTBOPHAS B UCCJENOBAHUU BOMPOCOB TEOPUU GECKOHTEKCTHBIX 3bIKOB.

2. PazpaboraH anmapar Mcc/el0oBaHUS Mara3uHHbBIX aBTOMAaToB, KOTOpBIH obecre-
YMBaeT B HEKOTOPBIX CMeLHaNbHbIX CAydasx BecbMa 3((eKTUBHYIO POBEPKY SKBUBA-
JIEHTHOCTH aBTOMAaTOB M PEeryJsipHOCTH JOMYCKaeMOro aBTOMATOM $13bIKa.

3. IlocraBsaensl anropuTMuueckre npobsaemMsl, popMaau3yIoLlie HEKOTOPble MO XO0-
OBl K TIOCTPOEHHUIO aJrOPUTMa, MPOBEPSIOIIEr0 SKBUBANEHTHOCTD AeTEPMHUHUPOBAHHBIX
MarasvHHBIX aBTOMaToB. [[oKa3aHa Hepa3pelwMMOCTb 3TUX NPoOJeM B JOBONBHO Y3KUX
MoJKJaccax JAeTepMUHUPOBAHHBIX Mara3uHHbIX aBTOMAaTOB.

4. IlpensioxkeH MeTOA MOCTPOeHHs MO OeCKOHTEKCTHOH rpaMMaTHKe 3KBHBaJEHTHO-
r0 MarasuHHOr0 aBTOMAaTa, CBOMCTBA (OAHO3HAYHOCTh, 1eTEPMHUHUPOBAHHOCTD U T. TIP.)
U pa3Mepbl KOTOPOT'O OINpeNessiioTCs CBOMCTBAMH M pa3MepaMH MCXOAHOW TpaMMaTH-
k1. Ha 3Toli ocHOBe co3maH MeTOn MOCTPOEHMS] HeleTePMHHHPOBAHHOTO aHaJ/IU3aTo-
pa, KOTOPBIH B KaXkJOM M3 cjyudaeB pasbopa BXOAHOH lemouku padortaeT kak LR(1)-
aHaJM3aTop, U MOJY4YeHO TeopeTHUecKoe pelleHre Borpoca ontumusanuu LR(1)Tab-
JIULL.

5. Haiinena metonuka pacuuensenusi DrpagoB, KoTopasi onupaetcst Ha pe3y/bTaThl
TEOPUHU TpaoB U MO3BOJIAET aKTHBHEE HCII0/1b30BaTh NPHUEM pas3fe/ieHUsl B IPAKTHKE
00pabOTKH $I3bIKOBBIX OMHUCAHHUH.

He onpenensiembie B paboTe TepMHHBI M 0003HAaueHHS 3aUMCTBOBAHbl W3 KHHUIH
[Ginsburg 66]. OHu GoJsibliiell YacTbio TOBTOPSIIOTCS W B APYTMX IIMPOKO pacrpo-
CTPaHEHHBIX HWCTOYHHMKAX. TepMUH "a/(paBUT TPUMEHSETCS K HEMYCTOMY KOHEUHOMY
MHOXKecTBY. [lycTtasi nenouka o6osHauaercs OykBod A.

Masenbkre OyKBbl Hayaja JAaTHHCKOTrO ajgaButa 0003HAYAIOT CHUMBOJBI BXOJHOTO
aj(aBUTa aBTOMAaTa WJIM TEPMHHAJNBHOrO ajn(aBUTa TPpaMMaTHKH. BoJbiine JaTHHCKHE
6yKBbl 0003HA4YalOT CHMBOJIbl BCTIOMOTaTebHBIX aj(aBUTOB. MaJsieHbkre OYKBbl KOH-
1@ JIaTHHCKOro ajdaBuTa 0003HAYAIOT LENOYKH. DTHU COIVIAlleHUs 0ObIUHO MO3BOJSIOT
Mpy 3aJaHUH TPaMMaTHKH (aBTOMAaTa) OrPaHHUMTBLCS BBIMCBIBAHHEM MpaBHJ (COOT-
BETCTBEHHO KOMaHI).

JlomyckaeTcst BOJIBHOCTb peud M 00603HAUeHUH, HalpaBJ/eHHash Ha COKpalleHHe TeK-
CTa U NpuHATasg 6e3 oroBOPOK BO MHOTHUX pabdoTax. Tak, Mbl Hepenko nuiiemM 000pOThI
Bpoxe "MHOXecTBO L C X*"uau "gucsao m > 1". Mcnonb3yiorcesi pacrnpocTpaHeHHbIe
npaBu/a ymosndaHusi. Hampuwmep, mogpasymeBaeTcsi, UTO TEPMHH, BBOAWMBIH HEKOTO-
pBIM OTIpefie/ieHHeM, MPUMeHsIeTCst KO BCeM 06beKTaM, KOTOPble YKa3blBAIOTCS NaHHBIM
omnpefiesieHUeM, ¥ TOJNBKO K HHUM.



I'nasa 1

HEKOTOPBIE XAPAKTEPU3AIIMHN BECKOHTEKCTHBIX A3bIKOB

B naHHOH rnaBe paccMaTpUBAIOTCS HOBblE XapaKTepU3alUUHW OECKOHTEKCTHBIX S3bl-
koB. Kaxxno#t U3 HUX mocBsilleH oTAenbHblN naparpad. [lopsaok naparpacdos otpaxkaet
JIOTUUEeCKYI0 06yCJIOBJIEHHOCTb OHUX XapaKTepu3alUH APYrMMH; OH OTBeuaeT U Xpo-
HOJIOTHUU UX TOSIBJIEHHUS.

B naparpacde 1 onpenensitorcsi nousatus Dfpada U ero simpa ¥ mokasbiBaetcs (c
TIOMOIIIbIO MTOHSITHSI Mara3uHHOTO aBToMara), 4To Drpadsl neldcTBUTEIbHO XapaKTepH-
3yI0T OECKOHTEKCTHBIE SI3bIKH.

Drpabl — 3T0 mpenctaBieHHe OECKOHTEKCTHBIX $I3bIKOB, KOTOpOE, C OJHOH CTO-
POHBI, €CTeCTBEHHBIM 00pa3oM 000011aeT NpefcTaBJeHHe pPeryJspHbIX S3bIKOB Ua-
rpaMMaMH{ COCTOSIHUH (TOApa3yMeBalOTCsl COCTOSIHUS KOHEYHOTO aBTOMaTa), C IPyroH,
MOXKET pacCMaTpUBATbCs KaK MPOMEKYTOUHOE 3BEHO MeXKJ1y MarasvuHHbBIMM aBTOMaTa-
MU 4 MOp(HUUYECKHMH MpeacTaBieHUsiMH, BBeleHHbIMH XoMcKuM U [IlioTiieHGepxe.

OTO OYeHb BaKHble 0COOEHHOCTH HOBOro Qopmanusma. [lepBasi HatanKHBaeT Ha
000011eH1e, a B HEKOTOPHIX cJydasx (mJsi CreluasbHbIX MOAKJIACCOB OECKOHTEKCT-
HBIX SI3BIKOB) Ha TPSIMOH MepeHOC aJrOPUTMOB H CXeM 10KAa3aTeJbCTB, pa3paboTaHHBIX
B TEOPHM DEryJsipHBIX 3BIKOB. BTOpasi cTUMy/IHpyeT 0CO3HAHHOEe MpHUMeHeHHe paHee
NpakTHUYeCKH He paboTaBlleil aOCTpaKLUWH, APYTUMH CJIOBaMM, HAaTaJKHBaeT Ha MpH-
JIO2KEHUS] BO3MOXKHOCTH 3a7aTb O€CKOHTEKCTHBIH f13bIK TPOMKOH, KOTOpasi COCTOUT M3
IBYX $I3bIKOB UaCTHOrO (04YeHb MPOCTOro) BHUAA U MOP(H3MA, TaKKe MMEIOLIEro yacT-
HbIH BUA (B TepMHHAX HEKOTOPBIX aBTOPOB — "XOpollero").

O6a Te3uca AOCTAaTOYHO BBIPA3UTEJbHO HJIIOCTPUPYIOTCS B HacTosillell pabdore. B
naparpacge 3, HarprMep, Tak Ha3blBaeMoe MpPaBOJHHEeHHOe pasJjoxeHHe MapuipyTta D-
rpada 3KCmayaTupyeT HAel OOLIHOCTH MeXIy MapLIpyTOM NpoTsxKeHUs 1 u myroi
KoHeyHoro aBtomata; KCselpaxeHue, npousBoaumoe no Drpady, monydyaercss npu-
MeHeHHeM MopduaMa K KCBbipakeHuto, 3agamolieMy ycrelrHble Mappytsl Drpada.
OcHoBHas Teopema naparpada 2 0600611aeT H3BECTHYIO TEOPEMY O MOP(pHUECKOM Mpe-
CTaBJIEHUU PEryJsipHbIX SI3bIKOB U T.1.

[Taparpag 2 conepxut nosydaemyto ¢ nomollibio nousatusi Drpada HoByt0 TeopeMy 0
MOp(UUECKOM TMpeiCcTaBIeHUH OECKOHTEKCTHOrO $13blKa, U3 KOTOPOH JIerKO BbIBOAUTCS
tTeopeMa XomckorolllioTuenbepxe.

B naparpade 3 paccmarpuBaercs noustue KCsbipakenus. OHO MOsSIBUJIOCH B pe-
3yJIbTaTe MCCJAEeJOBAHMH MO BbISIBJAEHHUIO U aeKBATHOMY BbIpaKeHHIO OOLIeH CyTH Ta-
KUX (OpMau3MOB, KaK Mara3uHHble aBToMaThl, DFpadrl, 6€CKOHTEKCTHBIE TpaMMa-
TUKHU U MOp(hHYecKHe TpeacTaB/eHns] 0eCKOHTEKCTHBIX f3bIKOB. [Io cyliecTBy, 3TO KO-
HeuyHOe MHOXKeCTBO Lierouek si3blKa, ofnpefeseHHbIM 00pa3oM pasMeueHHbIX. PazmeTka
yKasblBaeT MecTa pa3pacTaHus LielloyeK W TOBTOpsieMble TPH pa3pacTaHUM (parmeH-
Tbl. OIHO TO/MBKO conocTaBgeHue onpenenennss KCBeipaxKeHHUs ¢ ILIHPOKO U3BECTHBIMU
OYeHb MOJIE3HBIMU TeOpeMaMU O pa3pacTaHUU Lernouek OeCKOHTEKCTHOrO s3blKa MO3-
BOJISIET HA/leAThCS Ha IM0JIE3HOCTb HOBOT'O MOHSTHS.

B nanHoil pa6orte nousaTtue KCBblpakeHUs! MOCJYKHUJIO A/ OTKPBITUS HOBBIX Xa-
paKTepu3alUil peryaspHbIX S3bIKOB, TOBUANMOMY, HaMeHee OrPpaHUUUTEbHBIX CPelH
u3BecTHBIX. [locsenHuil pesynbTaT BaxkeH, €C/IM, HallpUMep, CUUTATh KU3HECTIOCOOHBI-

MM TE€XHOJIOTHH BpoJie MPEeACTaBJeHHOH B JOKTOPCKOH auccepranuu [MapteiHeHko 98].
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KCBbIpaxkeHHsT MOXKHO CUUTaTh 0600IIeHHEM PeryJ/sipHbIX BbIpaXKeHWi, a TeopeMma
00 UX 3KBUBaJIEHTHOCTH Dfpadam siB/isieTcss aHaJ0roM TeopeMbl KinHH.

OTMmeTHM, UTO MOMBITKH OTPENeJUTb aHaJor PEryJsipHBIX BbIPa)KeHHH MJis 3a1aHUs
GeCKOHTEKCTHBIX A3BIKOB TPeANpPHHUMA/INCh aaBHo. Hanpumep, M. Ipycka [Gruska
71] BBes1 "XapaKTepUCTHKY "'6€CKOHTEKCTHBIX SI3bIKOB C UCIOJb30BaHUEM 00beINHEeHHU ],
KOHKaTeHalUWH U "onepalOHHOEUMBONbHON UTepauuu’. OH OblJl BBIHYKIEH HCIOJIb-
30BaTh "BCIIOMOTaTe/ibHble CUMBOJBI"'(Cp. Hall ajdaBUT HMEHOBAaHHBIX CKOOOK). KX
pOJIb U KOJIMUECTBO UMEIOT HEKOTOPOe CXOACTBO C TAKOBBIMH /ISl AP COOTBETCTBYIO-
IMX UMEHOBAHHBIX CKOOOK. [IprMeHHT BBeIEHHYIO XapaKTePUCTUKY MJISl OTIpe/ie/IeHUs
HOBBIX XapaKTEPUCTHUK TOJYJHHEHHBIX 3BIKOB U HUX IMOAKJIACCOB.

B onpenenennn Hamero KCBeIpaxkeHHs W ero mpuMeHeHHWH $IBHO U CHCTEMAaTH-
4eCKH HCMOJIb3yeTcs OpUTHHa bHOe moHsTHe D#Asbika. Ha Haw B3rasig, noustue KC-
BbIpaXKeHHs1 sIBJIsIeTCsl HauboJsiee MOAXOASILIMM BOIJIOIIEHHEM HeH COTJIACOBAHHOH MO -
CTAHOBKH, 0003HaueHHOH elle B 1966-1967 rr.

§1. Drpadwi

[Tousitue Drpada HaBessHO TMOHSATHSIMH KOHEUHOI'O M Mara3MHHOI'O aBTOMAaTOB MU
BOILJIOLLAET Hallle CTPeMJIeHHe pa3paboTaTh B ONpele/leHHOM OTHOLIEHHWH yAauHoe rpa-
(uueckoe npeacraBgeHre GeCKOHTEKCTHOro sisbika. OHO TECHO CBfI3aHO C IMOHSITHEM
Ds3sblka, KoTOpoe onpene/sieTcss U 10 HEKOTOPOH CTereHU H3yvaeTcs B paspede 1.1

Ds3blky 060011a10T U3BeCTHBIE sI3bIKK [lMKa, TouHee, orpaHUUYeHHble 3bIKM J{MKa.
Dssblky, nogo6HO s3blkaM JlMKa, MOXKHO HHTEpHpPeTHPOBaTb KaK MHOXECTBa CKO-
GOUHBIX CHCTeM, HO B3aHMHO®IHO3HAUYHOE COOTBETCTBHE OTKPBIBAIOLIMX CKOOOK 3a-
KPBIBAIOIIUM Terepb He 00si3aTesibHO. TakuM 06pa3zom, DA3bIK MOXKET HCMOJb30BaTh,
HanpuMep, MeHbllle OTKPBIBAIOLUIMX CKOOOK, UeM 3aKpPbIBAIOIIKX.

BBoznsiTcsi Ha3BaHUs 1J/151 HEKOTOPBIX yUacTKOB CKOOOYHBIX CHCTEM U TOHATHS, M03-
BOJISIIOILME KJACCU(UIUPOBATh CKOOOYHBIE CHCTEMBI MO CJOKHOCTH HX YCTPOUCTBA.
Cpenu 3THX TMOHATHEH MPOCTEUIINM (HO YacTO U TJIOAOTBOPHO MPUMEHSIEMBIM) SIBJISIET-
Csl TIPOTs>KeHHe CKOOOUHOH CHCTeMBbl — HauOOJblllee YHUCJIO LEeNoueK, KOTOpble CaMH
SIBJISIOTCS CKOOOUHBIMH CHCTEMaMH, U ClLelJeHHe KOTOpPbIX 00pa3yeT paccMaTpHBae-
MYIO CUCTEeMY. YCTaHABJIMBAETCS 3aBUCHMOCTb JJIMHBI CKOOOYHOH CHUCTEMBI OT ee TakK
Ha3blBaeMBbIX LIUPUHBI U TJIyOUHBI.

Bblunc/ieHHsi MarasuHHOTO aBTOMarta [0CJe ero HOpMaJu3aluM Mo crnocoby, npen-
CTaBJeHHOMY B pasnese 1.2, cTaHoBsiTCs (pparMeHTaMu Lierodyek orpeneseHHoro D-
f13bIKa. DTO 00YCJaBIMBAET M0JIE3HOCTh BBEIEHHBIX B pa3zese 1.1 MOHATHH A5 TeOpHH
Mara3uHHbIX aBTOMATOB.

B paspenax 1.2-1.3 paccmaTprBaeTcsi XapakTepusauus 6€CKOHTEKCTHBIX I3bIKOB D-
rpacdamu. Pasnen 1.2 conepxxut onpenenenve Drpada u anropuTmsl, KOTopble peod-
pasyloT MarasuHHBIA aBTOMAaT B 9KBHBaJeHTHBIH eMy Drpad u Drpad B 3KBHBaseHT-
HbIl MarasMHHBIH aBTOMAT (SI3BIKOBblE OMHCAHHS HA3bIBAIOT KBHUBAJEHTHBIMH, €CJIH
OHM 3a[aI0T OIMH U TOT XK€ f3bIK). TepMHHBI TeOpPUH rpaoB U HEKOTOPbIE NOMOJHHU-
TeJIbHble TEPMHUHBI, CBSI3aHHbIE CO CIEIU(PUUECKHMH BeCaMH IyT, T03BOJSIOT MOJHO U
TOYHO OTPA3UTh MOAPOOHOCTH paboThl Mara3uHHOro aBTomarta. CjenyeT 3aMeTUTb, UTO
OT/IeJIbHBIE 3JIEMEHTHI MPEIOKEHHOH B pasaese 1.2 cuCTeMbl TOHATHH MOXKHO HAUTH U
B paboTax ApPYrux aBTOpoB. Hepenku Takxke mpuOAM3NTENbHBIE AHAJNOTH HALIUX TOHS-
THH ¥ YacTHbBle UX cjaydau. BooOiue, rpaduyeckoe npeacTaBieHHe MalldH TblOpHUHTa



M UX YaCTHHIX CJy4aeB (K KOTOPbIM MOXHO OTHECTH MarasWHHble aBTOMAThl) HMe-
eT JaBHIOI0 HCTOpHUI0. B Hacroslllee BpeMs rpacduyeckye npeacTaBJaeHUs MarasuHHbIX
AaBTOMAaTOB OOCYXIAKOTCs Naxe B ydyeOHHKaX; CM., Hampumep, riaBy 8 B [Sudkamp
97].

B paspmene 1.3 ompenensitoTcsi [Ba CyIIeCTBEHHO HOBBIX MOHATHS: sinpo Drpada u
pasBuUTHe — creuuduyeckoe OMHAPHOE OTHOLIEHHE HAa MHOXECTBE MAapLIPyTOB, T.€.
nyTed, HECYIHUX LeNouKH 3afaHHoro Drpadom s3blKa.

OmnpeneneHre pa3BUTHSA aNedpyeT K MOHATHIO LMKJIA. B Hem He TosbKo OXBa-
ThIBaeTCsl, HO U 000011aeTcsl cnoco0® paspacTaHusl Lenoyek OECKOHTEKCTHOTO $3bIKa,
oxapakTepu3oBaHHBIK JeMMoi OrpeHa.

dnpo — 370, MO CYyTH, KOHEUHOE TOIMHOKECTBO MHOXKECTBA BCEX MaplLIPyTOB, pac-
CMOTpeHHe KOTOPOro HeOOXOAWMO U NOCTATOUHO AJsS PelleHUs] HEKOTOPOro BOIpoca O
Drpage unu cooTBeTCTBYIOLIEM si3bike. TouHee, BBOAMUTCS MOHATHe (w,d)snpa, rie
napameTpsl w U d obecrneuyrnBaloT ONpelesNeHHble OrpaHUUYEHHUs] Ha BXOXKJEHHE LUKJOB
B paccMaTprBaeMble MapuUIpyThl. BenndnHa napamMeTpoB MOXKET CHJbHO BapbHpOBAaTh-
cs OT 3amaud K 3ajmade. Tak, B TOM e pasiesie JIOKasbiBaeTcs (cM. Teopemy 4),
4TO KaXKJAblH MapLIpyT "MoJiydaeTcst pa3BUTHEM "HEKOTOPOro sjeMeHTa (2,1)anpa. A B
naparpade 3 NaHHOH IJIaBbl JOKa3blBaeTCsi, YTO, BOOOLIE rOBOpPs, TOJbKO (5,5)aapo
M03BOJISIET OTBETUTh HA BONPOC O TaK Ha3blBaeMOM MCEBAOCOTIACYEMOCTH.

3aMeTHM, YTO B JIOKA3aTeJbCTBe JIEMMbl D, MOMOTAIOIIEH YCTAHOBUThH CIIPaBEMIJIN-
BOCTb TeopeMbl 4, 1eMOHCTpPUpYeTCcs Clelr(UUeCKUil W BecbMa yHNOTpPeOUTeNbHBIH Y
Hac NpHeM J0KasaTesabCTBa (PaKToOB, (POPMY/IHPYEMBIX MO CXEMeE:

Ecau Hekoropwl#l mapuipyT Drpada nmeer cBoiictBo P, To sgpo 3Toro Drpada
COZIEP>KHUT MapIIPyT cO CBOUCTBOM P".

[Tpuem cocTouT B ceqyiomieM: B MPOU3BOJBHOM MapLIipyTe, 06/1a1alolieM CBOHCTBOM
P, dukcupyorcs o0yc/aaBauBaIOIIMe €r0 yYaCTKH; B OCTAJbHBIX Y4acTKaX yAaJsioT-
Csl BCe LIMKJbl, NPH OTCYTCTBHUU KOTOPBIX MMeeM Bce elle MapuipyT. [locaennuii u
SIBJISIETCS 3JIEMEHTOM $i[1pa, MapaMeTpbl KOTOPOTO ONpelnesiioTCs YMCIOM M3HAuasbHO
(bUKCHPOBAHHBIX YYaCTKOB M, MHOT/A, HEKOTOPOH HUX B3aUMO3aBUCHMOCTHIO.

1.1. Dasbiku. [lonsitne Dsasbika o600uiaeT nousitue ssbika JlMka, KOTOpoe MOXKeT
ObITb OINpefeJ/IeHO, HallpuMep, CJAeAYIOLHUM 00pa3oM.

[Tyctb X 1 Xy — Henepecekatouuecs andasutel. [IycTh cyiiecTByer GHeKLHS
¢ X — Xy,
Torpa s13bIK, MoOpoXKAaeMbId rpaMMaTHKOH
S — A|aShS, a € X, b=¢(a),

Ha3oBeM fA3bIKOM JIHKA.

[loBeneHnne crMBOJIOB B Llenodkax sidblka [IWka Momenupyet moBefaeHue cKOOoK. B
CBSI3W C 3TUM Mbl OyfieM Ha3blBaTb LENOYKU s13bIKOB JlMKa U ompefessieMblX pnajiee
D#A3bIKOB CKOOOUYHBIMH CHCTEMAaMHU.

IIpumep 1. K HauMeHbILIHMM [0 YMCJIY BUIOB CKOOOK B CKOOOYHBIX CHCTEMax OTHO-
cuTcs A3blK [lMKa, nopoxaaeMblil TpaMMaTHKOM

S A|(S)S.



3aMeTuM, uTO 'CKOOOYHOE IMOBeLeHHe TPUCYlle B OECKOHTEKCTHBIX SI3bIKaxX 00bek-
TaM, KOTOpble, HA MePBbIH B3IJIAL, TPYAHO HAa3BaTb CKOOKAMH.

[Ipumep 2. I'paMmmaTuka

S — A| aAbS | bBaS

A — A | aAbA

B — A | bBaB
MOPOXK/AAeT LENOYKH, B KOTOPHIX a M b mopoBHy. OHa yKa3blBaeT, 4TO MHHHMMaJbHBIH
M3 HEMyCThIX MPe(UKCOB TaKoH LENOYKH, B CBOIO OYepelb NPHHANJEKAIIUX AaHHOMY
SI3bIKY, SIBJISIETCS CKOOOYHON CHCTeMOM ¢ mapoi ckobokK (a,b) uau (b, a).

[Ipumep 3. B uenoukax, nopoxjaaembx rpaMMaThkod GG ¢ mpaBHUIaMu
S — A | aSbS, (a,b) € {(begin,end), (case,end)},

MOJZleIUpYyeTCsl TIOBeleHHe CHMBOJIOB, OTPaHMYMBAIOLIMX COCTABHOH omeparop W omnepa-
top BapuaHTa B s3bike [IACKAJIb [Wirth 71]. Otmetum, uto L(G) He ynoB/eTBOPSiET
ornpeneseHuio s3pika Juka.

[Tycts ¥ v ¥y — Hemepecekarwuiecss aadabuThl. Torna Ha30BeM HEMyCTOE MHOXKe-
CTBO
P C Z( X Z)
DwmHoxectBoM , a s13blK Lp, TOPOXKAAEMBbIH TpaMMaTHKOH
S — A |aSbS, (a,b) € P,

Dsasbikom (Haxm DmHoxecTBoM P).
Asbik [uka siBasercs Dassikom. O6paTHOoe HeBepHO, Kak M0OKa3blBaeT MpUMep 3.

I[lycte A = XU X), w € A*. [lyctb oTo6pakeHue
e AY — AF
omnpeesisieTcsl paBeHCTBOM u(w) = ¢, Tle t eCTb pe3yJbTaT NMPUMeHeHHs] K w CJefyto-
KX IeHCTBUM:
t:=w;

MoKa /151 HEKOTOpbIX (a,b) € P u wy, wy € A* crpaBelMBO PaBEHCTBO
t = wyabwsq, BBINOJHATL NPUCBAUBAaHUE 1= wWiwWs.

Torpa Hasosem p D-oTo6pazkeHuem.
3amerum, yto DeTobparkeHue cTupaer uenouku DaA3biKa, U

Lp={weA"|ulw)=A}.

[TycTb nenouka y € A* TakoBa, 4TO IJis HEKOTOPBIX = U 2z U3 A* 1enouka ryz € Lp.
Torna HazoBeM y ¢pparmeHTOM (CKOGOUHOH CHCTEMBI TYZ).

[lyctb x € Lp. OnpenesuM peKypCHBHO HeOTpHUIlaTe bHOE 1iesioe parti(x) ¥ Ha30-
BEM ero IPOTSKEHHEM LENOUKU T:

1) parti(A) = 0;

2) ecin y € Lp, (a,b) € P u x = ayb, To parti(x) = 1;

3) ecin y,z € Lp ¥ x = yz, T0 parti(z) = parti(y) + parti(z).

Haszosem mupuHO# uenouku x € Lp uncao width(x) = max{parti(z)| z € Lp,
& = uzy I/ HEKOTOPHIX ()ParMEHTOB u U Y }.



HasoBem riry6uHOi uenouku x € Lp uucao depth(z), peKypCHBHO OINpenessieMoe
CJIeLYIOILHM 006pa3oMm:

1) depth(A) = 0;

2) ectu z,y € Lp u (a,b) € P, 1o depth(azxb) = depth(z) + 1, depth(zy) =
max(depth(x), depth(y)).

[Ipumep 4. llyete P = {(a,b), (a,c)}, x = aabacaccac. Torna x € Lp, parti(z) =
depth(z) = 2, width(z) = 3. JleACTBUTENbHO, LIeN0YKA T SBJISETCS CLEMNJIEHHEM ABYX
HEMYyCTbIX CKOOGOYHBIX CHCTEM, B KOTOPHIX Haua/bHbIH M KOHEUHBIH CHMBOJBI MapHBI
opyr opyry: aabacacc v ac. IlepBasi 3 3TUX CUCTeM HMeeT riyOuHy 2, BTopas — l.
®parmeHT abacac UMeeT TPOTsKEeHHE 3.

Crenytolasi TeopeMa iaeT BEPXHIOI OLEHKY IJHH CKOGOYHBIX CHCTEM C OrpaHHYeH-
HBIMHU TJTYOUHOH U LUIHUPHUHOH.

Teopema 1. Ilycts w,d — HeoTpuuaresnbHble Hedble. [lycTh uenouka ¢ € Lp yno-
BJIEeTBOpsieT HepaBeHCcTBaM width(y) < w, depth(¢) < d. Torma |¢| < gw.q, TOE YHCTO
Guw,d OTIPeJleNIgeTCs CleNyIOIUMH PeKYPPEHTHBIMH COOTHOLICHUSMHM:

1) GJuw,1 = 2w,

2) Jw,d = (gw,dfl + 2)?1], d>1

JlokasareabctBo. Ilycte n = parti(). Torna uemnouka i) mpenctaBjseTcsi B BHUIE
V=11 ...0,, toe Y; € Lp—{A} pas i =1,...,n. 3ameTum, 4to n < w. OUYeBUAHO,

ISR
=1

Jlokaxxem Teopemy uHaykuueil mo d. [lpu d = 1 umeem | ¢; |= 2 mas 1 < i < n.

CJenoBaTeJ bHO,
| w |: 2n S 2w = Gu,1-

[Iycte d > 1. Ilpenpnosnoxum, 4To Teopema BepHa AJisl LeNodek, I1yOMHA KOTOPBIX
He MPeBOCXOAUT d— 1, a IMpPUHA He NMPeBOCXOAUT w. V3 BeiOOpa uncaa n cjaenyeT, uTo
nenouka v, 1 < i <n, umeer BUI a;&;b; 0/t HeKOTOPBIX &; € Lp, (a;,b;) € P, npuuem
depth(&;) < d — 1. VI3 onpeneneHus WHpHHBI caenyet, 4to width (&) < width(vy) nns
Jboro ¢parmenta £ € Lp uenouku ¢ € Lp. CaenosarenbHo, width(§;) < w, Tak Kak
& — (parMeHT LIeNOYKH 1.

[To npennonoxenuto UHAYKUMH | &; |< gy q—1. Cllef0BaTEBHO,

|| = 1&| + |aibi| < guwa—1 + 2,

’ w ’S (gw,dfl + 2)” S (gw,dfl + 2)?1) = gw,d

1.2. Drpa¢bl 1 MarasmHHbIe aBTOMAThI

1.2.1. Onpenenenne Drpacda. Ilycts mna mwo6oro Dmuoxectsa P C X x X
sanucu Left(P) u Right(P) 0603Ha4aioT COOTBETCTBEHHO MHOXKeCTBa

{fae3|bey) (ab)cP}

{bE E)|E|a€ E( (a,b) EP}



Hasosem Drpagom wecrepky D = (X, V, P, A\, Py, F), rue:
Y, — aJ/aBHT MOMETOK YT,

V' — KOHeYHOe MHOXECTBO BepIIHH;

Py € V — BxoaHasi BeplIHHa,

F CV — MHOXecTBO 3aKJIIOYUTEJbHBIX BEPLIHH;

P — DmHOXKecTBO; 06belHHEHHE

E(D) = Left(P) U Right(P)

€CTb MHOXKECTBO JYT; 3TO OPUEHTHPOBAHHBIE HATPYyKeHHbIE NYTH;

A E(D) — Vx(XU{A})xV — ¢yukuus nosoxenus (nyru B Drpade); s/1eMeHTHI
TPOUKH

(Pa,Q) €V x (SU{AD) x V.

KOTOpasi yIoBJeTBOpsieT paBeHCTBY (P, a,Q)) = \(7) /i HEKOTOPO# Oyru 7, HHTepIpe-
TUPYIOTCS COOTBETCTBEHHO KaK HauaJjbHasi BepLIMHA, NIOMeTKa M KOHEeUHas BepIlliHHa
39TOU NyTH.

[Ipexxe yem pmath ompepesieHde 3agaBaeMoro DfpadoM si3blkKa W MPUBECTH MpPHU-
mep Drpada, BBeeM HeCKOJIbKO 0003HAUEHHH U TEPMHUHOB, MOJE3HBIX KaK JJIs 3THX
OJMMXKANUIIUX LieJied, TaK U B JaJbHEHIIEeM.

[Tyctb mast mo6oro nyt T beg(T) u end(T) o603HaUAIOT COOTBETCTBEHHO €ro Ha-
YalbHY0 U KOHeUHYyH BepwIHHBL. [lycTh pair(7T) o603HauaeT ymopsiiodyeHHYIO Mapy
(beg(T), end(T)).

[lousitie nomeTkH myTH B rpade D omnpenesuM peKypCHBHO: TOMeTKa MycToro (MJu
TPUBHAJBHOTO) MYTH MyCTa, a JJs nyTH 1'mw, B KotopoM 7 € E(D) U, cJienoBaTeNbHO,
A7) = (P,a,Q) nnsa nekotopulx P,QQ € V u a € ¥ U {A}, nomerka ectb w(T'm) =
w(T)a.

D/eMeHT MHOXKeCTBa MyTeil
Sentences(D) = {T € Lplbeg(T) = Py, end(T) € F}
Ha3zoBeM mnpeaJsoxeHueM Drpada D.
Bynewm rosoputh, uto Dfpad D omnpenesisier s3blk
L(D) ={w(T) | T € Sentences(D)}.
YcnoBUMCST OMYCKAaTh PaslesUTeNd B 3aMUCH TPOUKH A(7), €CaM 3TO He MellaeT
Pa3NUUUTb €€ 3JIeMEHTHI.
[Ipumep 5. Paccmotpum Drpad
Dy = ({a,b}, {P.Q}, {(1.2). (1L.3)}, M. P. {Q}).

rae Ay (1) = PaP, A\(2) = PbQ, A\i(3) = QbQ).
MHo0xKecTBO BceX ero nyTeil M3 BXOAHOH BepLIMHBEI P B 3aKJ/IOYUTE/bHYIO BEPIIHHY
() MOXKHO omnucatb (hopMyJon

{1%23"k,1 > 0}.
Sentences(D;) = {1"23" ' n > 1}.
L(D;) ={a"b"|n > 1}.
Teneps Hama Ieab — J0Ka3aTh CJELYIOLIYIO TeOpeMY.



Teopema 2. §I3bIK Tora U TOJBKO TOTAA SABJSETCS OECKOHTEKCTHBIM, KOrJla OH Ompe-
nessietcst HekotopelM Drpagom [

Jlnst aToro cHauasa KOHCTPYKTHBHO JAOKaxKeM, UTO MPOU3BOJbHOMY MarasiHHOMY
aBTOMAaTy 3KBHBaJIeHTeH HeKOTOpbH creuupuyeckuil Drpad, 3aTem ucnosab3yem Mo-
CTpPOeHMe U3 JAHHOr0 [0Ka3aTesJbCTBa A/ NpeobpazoBaHus Mpor3BoJabHOro Drpada
B 9KBHMBAJICHTHBIM MarasuHHbIA aBTOMAT.

1.2.2. IIpeo6pa3oBanue Mara3amHHOro apromara B Drpad

Marasunnblil aBTomar ectb cemepka M = (K, X, T, Zy, 6, po, F'), rhe:
K — KoHeuHOe MHOXKECTBO COCTOSTHHH,

Y. — BXOOHOH aJihaBHT;

I' — marasunHbBIH a/1(aBHT;

Zy € I' — Mapkep 1Ha MarasuHa;

po € K — Haya/ibHOe COCTOSIHHUE,

F C K — MHOXeCTBO 3aKJ/JIOYUTEJbHBIX COCTOSIHHUH;

JC K x(XU{A}) xT'x K x I'" — KOHeUHOe MHOXEeCTBO KOMaHI.

DTOo ompenesieHHe OTJIHUYaeTCsl OT NMpuBeneHHoro B [Ginsburg 66] Tonbko HHTEp-
npetauuell snementa 0. [loHsATHe KOMaHAbl yIOOHO MAJsl COMOCTABJEHUS MarasvHHBIX
aBTomatoB ¢ Drpadamu.

Asvik L(M), nonyckaembldi aBromatom M, onpenesisieTcst ¢ TIOMOLLbIO MOHATHS KOH-
¢urypauuu U OMHAPHOrO OTHOLLEHUS AOCTHXHMOCTH, 3alaHHOTO0 Ha MHOXEeCTBe KOH-
(urypauui.

Hanee, eciii He OrOBOPEHO WHOE, CYUTAEM, UYTO

pg€e K, aeXU{A}, X, Zel, ~el™

[IpaBbiii cHMBOJI Mara3uHHOH LIeNOYKU OTBedyaeT BepxXy marasuHa. Komanay o6o3Haya-
eM 3aMucChio
(p.a, Z) — (4,7).
[Iyctb
(pa ax,%Z), (Q7$7’71'7) e K x Y x F*7
0= (p,a,Z) — (¢,7) € 0.
Torna napa

((p7 GJI,’)/lZ), (q7x7’71’7))
0
MPUHAJIEKUT OUHAPHOMY OTHOLIeHHI . OmnpenesnM OTHOLIEHHE |=); KaK 00beau-
0
HeHMe Uges |=.

[lyectb pe K, z,y € X*, ve ™ u

((p0>$a ZO) ) (payv’)/)) € ):}6\/[ :

Torna HasoBeMm Tpoiiky (p,y,y) KOHQuUrypaured marasuHHoro aBtroMara M. Kondury-
pauuio (po,x, Zy) Ha30BeM HadaJbHOH, KoHpurypauuwo (p,A,v), rae p € F, — 3ak.o-
YUTEeJIbHOH.

Tenepn s13b1k L(M) MOXHO omnpenesiuTb GopMysnou
L(M) ={z e X*3(p € Fiy € I7) (po, x, Z0) Eu (A7)}



[Ipeo6pa3yem Mara3uHHbBIA aBTOMAT TakK, 4TOOBI 3a/1a4a MOCTPOEHHUS] SKBUBAJEHTHOTO
emy Drpaca npenenbHO yrnpocTH/Iach.

[lyets 6 = (p,a,Z) — (¢,y) € 6, vy =W1.. W, n >0, W, €' pna 1 <i < n,
+,— ¢ I'. HazoBem csrenom komaHab 0 uenouky «(f), roe a(f) = —Z + Wy ...+ W,
nmpun>1uZ # Wy, a@) =+We...+ W, mpun >1u Z =W, o) = A npu
v=2Z,af) =—Z npu v = A. 31ecb MHUHYC CHMBOJIM3UPYeET yJaJeHHe U3 MarasuHa
CHMBOJIa Z, IJIIOC — 3alHCh B MarasuH CUMBOJA LENOUKHU 7.

[Tycts marasunublii aBTomMmat M = (K, X, T, Zy, §, po, F') YAOBIETBOPSIET CJAEYIOLIMM
YCJIOBUSIM:

1) cnen mo6oi KomaHasl ectb +X uau —X s Hekotoporo X € I

2) nobast KoHpUrypauus umeeT Bul (p, x, Zoy), tie v € (I—{Zy})*, p € K, x € X%,

3) 3akJsouUTeNbHas KOHbUTypauus umeet Bun (f, A, Zy), rne f € F. Torna HazoBeM
aBToMaT M coBepLIEHHBIM.

Crnenyromasi jeMMa 03HauaeT, uTO, OTPAaHUUYHBAsCh PACCMOTPEHHEM COBEPLIEHHBIX
MarasuHHbIX aBTOMAaTOB, Mbl He OIPAHHYMBaeM KJjacca O€CKOHTEKCTHBIX f3BIKOB.

Jlemma 1. [lna no6oro marasuHHoro aBtromarta M cylllecTBYeT COBepllIeHHBbId Mara-
3uHHBIN aBTomar M, tako, uto L(M') = L(M).

JlokasatesibcTBO. JIeMMa BepHa, TakK Kak CjledyOLNH aaropuTM 1 CTpoUT no nodomy
MarasuHHOMY aBTOoMaTy M SKBUBAJIEHTHBIH COBepILEHHbIH Mara3uHHbH aBTOmMat M.
ANropUTM BBONUT HOMOJHUTEJbHbIE COCTOSIHHSI, Mara3dHHble CHMBOJIBI ¥ KOMaHIHI,
4yTOOBl U30aBUTHCA OT KOMAaHJ, BBIMOJNHSAIOUMX ¢ MarasuHOM OMNepaluio, Hel03BOJEeH-
HYIO B CJlydyae COBEepLIeHHOro aBToMara L]

Komauny 6 nazoBeMm HedTpasbHOH, ecnu «(f) = A, HakamuBarwiied, ecnu a(f) =
+X nnsa Hekotoporo X € I', u cruparomed, ecnu a(f) = —Z.

Ausroputm 1. CoBeplileHCTBOBaHHEe MarasuHHOrO aBTOMAra.
Bxon. Marasunnsiit asromar M' = (K’ X, 17, Z;, 0, po, F').
Brixon. Marasunnbiii aBromat M = (K, X, T, Zy, 9, po, F).

lar 1. (O6ecneunsaer Bun Zyy, rae v € (I' = {Zy})*, Tperbero asnemMeHTa KOHpHU-
ryparuu. )

r=1r'u {ZO}, ZO Q F/;

d:=0"U{(po, A\, Zo) — (po, ZoZ})}.

[Jar 2. (O6ecneunBaeT paBeHCTBO Y = Zy AJIsl TPETHErO dJE€MEHTA 7y 3aKJJIIUUTEb-
HOM KOH(UTYpaIHH.)

K= K'U{f, f} rne fi,f & K",

6:=0U{(p,\,Z) = (/,Z) |pe F', ZeT}U

{(f.A2) = (fi, M) | Z €T}V

{(f1.A Zo) — (f, Z0) }

F:={f}

Hlar 3. (ITpeo6pasyet KOMaHIbl TaK, UTO KaxKAasi KOMaHIa pe3y/JbTHPYIOIIEro aBTo-

Mara siBJisieTcsl IMO0 HakariuBaolle, 160 CTHpatoLeH.)
K=KU{pp¢K|0=(pa,Z)— (¢ Wy.. W,), Z#Wy, n>1}.



Kaxnyo komaHay Buaa
0= (p,a,Z)— (g Wi...W,),
rne Z # Wi un > 1, 3aMeHUTb KOMaHJIaMHU
(p,a,Z) — (pg, A), (po, N, X) — (¢, XW;...W,), X €T.

K=KU{pp; ¢ K|0=(p,a,W1)— (¢ Wr...W,),n>2,2<i<n-—1}
Kaxnyo kKomMaHmy BHIa

0= (pva7W1) i (q, W1Wn),

rae n > 2, 3aMeHUTb KOMaHAaMH
(pa a, Wl) - <p9,2a WlW?)’
(Po,i, N, W5) = (po,i41, WilWi1), 2 < i <n — 2,
(pO,n—la A, Wn—l) - (Qa Wn—lwn)-
I''=TU{Zy ¢TI | xomanza 6 € § sBasieTCs] HEUTPANBHOH }.
3aMeHHUTh JI00YI0 HEUTPANBHYI0 KOMaHIY

0=(paZ)—(q72)
ILBYMH KOMaHOaMHUu

(p,a,Z) — (p, ZZy), (p, N, Zy) — (q,\).

,[[aﬂee CYMTaeM MarasuHHBIA aBTOMAT
M = <K727F7 20767p07F)

coBeplleHHbIM. OnpeneauM IJis HEro MOHSATHE BBIUMCJEHUS, UMelollee BIOJHE Tpaau-
HUOHHBIA cMblcs. CriellprKa COBEpIIEHHOT0 aBTOMAaTa MO3BOJUT JaTh BbIYUCJEHUAM
€CTeCTBEHHYIO IpaUuecKy0 TPaKTOBKY.

[lyetb v =X;...X,,, tnen >0u X; € I' na 0 <7 < n. Torna 6ynem o603Hauath
uenouky +.X ...+ X, 3anuceo +7, a uenodyky —X,, ... — X 3anucoro —v.

[lyctb (p, x,7'y) — KoHUrypauus, (p, +v) mamATbo.
3aMeTuM, UTO TpH

={+X| X eT}

y={-X|Xel}
MHOXkKeCTBO A = X U Xy MOXKHO HHTePIPeTHPOBaTh Kak ajaBuT A3bika [uka. Cie-
L0BaTe/bHO, 3aKOHHO NpHMeHeHHe DeToOpakeHus K Lenouykam u3 A*.

[Tyctb p — mamsite. PexkypcuBHO ompenenumM BeruuciaeHue T (Hag naMsiTbio p), €ro
nometky w(T), cren o(T), koHeuHyto namsathb ecol(T) w pauHy |T)|:

1) napa T = (p,\) c mycTbIM BTOPbIM 3JIeMEHTOM eCTb (IycToe) BbiuucaeHue; w(T) =
a(T) = A, ecol(T) = p, |T| =0;

2) nyere T = (p,©) — Boiuncaenue u ecol(Ty) = (p,z+ Z), tne Z € I', z € A%
nyctb 0 = (p,a,Z) — (q,7) — Takas KOMaHAa, 4TO

w = pu(z+ Za(h)) € EZF.

Torna napa 7' = (p, ©F) ectb Beruncaenue, npuueM w(71) = w(T)a, a(T) = a(T1)a(0),
ecol(T) = (q,w), | T |=| Ty | +1.



Hasosem nawmsatb beol(T) = p HawasnpHOH naMsAThbio BeiuucaeHHss 1. Hasosem 3aps-
nom BeryucaeHds: T' uenouky p(7T) = p(a(T)).

[lyetb p € K, W e, i, 2 € I'Y, p = (p, +Wm) — namsare, T = (p,0) —
BblYHC/IeHHe Haf nmamateio p, p(1) = —vy; + 2. Torna nasosem 7' mapmpyrom (Hazg
namaTeio p); ecau | T |= 1, To 6ynem Takxke HasblBaTb 1’ Iyrof.

3ameTuMm, 4TO ecau MapupyT 7' mycT, TO
ecol(T) = p = (p, +W).

Ecau T He OyCcT U MOoCJeAHHUM 3JEMEHTOM B MOCJA€I0BATEJbHOCTH © ero KOMaHI fB-
JIAETCA KOMaHOa, MepeBoasilldasd aBTOMAT B COCTOAHUE ¢, TO

ecol(T) = (q, +Ws).

[Iyets p,ge K, w e A*, W €T, vy, 7o € ', © € 6" TakoBbI, UTO
T = ((pvw—f_W/yl):@)

siBsisieTcsi BeluncaeHueM U u(1) = —v; + 2. Torma HazoBeM OCHOBOK BbryucsaeHHS T
MapLpyT
B(T) = ((p,+Wmn),©).

Omnpenennm Ha MHOXKeCTBe BBIYMCJEHHH OTHOLIEHHE ~); (~, €CJIi aBTOMaT IOoApa-
3yMeBaeTcsi) CJAeNYIIUM 00pa3oM:

(Tl,TQ) ce~v— ﬂ(Tl) = B(Tg)

BBesieHHOe OTHOLIeHHe $§IBJsIeTCS] OTHOLIEHHEM 3KBHMBAJIEHTHOCTH; 3KBHBaJIEHTHbIE
BBIYMCJIEHHS HMEIT OfHY M Ty »Ke OCHOBY. B na/jbHeHIIMX paccMOTpeHUsiX OyayT
y4acTBOBaThb TOJIBKO MapILIPYThl, NPeACTaBJSOLIMe KJ/1acChl SKBUBAJE€HTHOCTH, Ha KO-
TOpble MHOXKECTBO BBIUMC/JEHHH pa3brBaeTcst OTHOLIEHHEM ~. DTO OMPaBAAHO TeM CO-
oOpakeHWeM, UTO BHYTpPeHHHe CBOHCTBA BbluMcJjeHHUs 1’ He 3aBUCAT OT (hparmMeHTa,
"oTcekaeMoro" /s mosiyueHus: ocHoBel (1) 3TOro BHIYMCJIEHHUS.

[Tyctb (p,+7Z) — HayasbHasi MaMsATh HEKOTOPOTrO MyCTOro Mapuipyrta. Torma mapy
(p, Z) HazoBeM BepLIMHOK aBTOoMaTta (M ymoMmsiHyToro mapuipyra). Eciu p — 3akiio-
YHTeNbHOE COCTOSIHHE, TO Ha30BeM BeplMHY (p, Z) 3ak/arwountenpHoH. Ilapy (po, Zo)
Ha30BeM BXOAHOH BEpLIHMHOH.

OTMeTHM, YTO B CJydae COBEpIIEHHOTO MarasMHHOTO aBTOMAaTa BTOPOH 3JIeMeHT
3aKJ/IIOUUTENbHON BepLIMHBI BCETA €CTh .

Jlemma 2. 1. Ilyctolt MapuipyT MoxkeT ObITb NPeNCTaBJeH CBOel BepuinHOU. 2. Hemy-
ctoit MapuipyT (p,01...60,), thRe m > 1u 6; € 6 nna 1 < ¢ < m, MoxKeT ObITb Tpel-
CTaBJIeH TOCJe0BATENbHOCTBIO T . .. Ty, AYT, BBIYUCASEMbBIX CJAeAYIOIUM 00pa3oM:

m = B((p, 01)),
i = B((ecol((p,01...0;-1)),0;))
oJs ¢ =2,...,m.

JlokasatesbcTBo. HacTh 1 sieMMBbl cjienyeT U3 omnpenesieHUH MyCTOrO BbIUMCJEHHS,
MaplIpyTa ¥ BeplidHbl. HacTh 2 HeTPYAHO NOKa3aTh MHAYKIHEH MO YUCIY 1m KOMaHJ
BO BTOPOM M3 3JIEMEHTOB MapupyTa [



[Tycts MapupyT
T = T07TlT1T2T37T3T4
TaKOB, UTO 71 U 73 SIBJSIIOTCS AYTraMH U
w(Ty) = (T TT3) = p(m T ThTsms) = A.

Torna nasoseM Tpoiiky
(mTy, Ty, T3ms)

rHesgom (mapuipyta 71'). MHorna OyneM HasbiBaTh THe3moM W MapuipytT w1 T5T3ms.
Bynem roBoputh, uto y4yactku w7}, 1373 napHbl (IpyT APYTY), WIH 00pa3yioT rHe310
B MapupyTe 7.

[Tycte mapupyT 7' takoB, uto beol(T) = (po, +2o), ecol(T) = (f,+Zy) nas f € F.
Torna nazosem T ycremrHeiM MapuipyToM (v npenjoxeHdeM). M3 onpenenenuit cie-
AYeT, 4YTO COBOKYIIHOCTb MOMETOK YCIelIHbIX MapLIPyTOB COBEPIIEHHOT0 MarasvHHOro
aBTOMaTa ecTb S3bIK, JOMYyCKaeMblii aBTOMaTOM.

[Tycts V(M) eCTb MHOXECTBO BCEX BepIUMH, OMpefe/sseMblX MyCTHIMH y4acTKaMH
yCIeIIHbIX MapupyToB aBTomata M, P(M) — MHOXeCcTBO Bcex map Iyr (my,ms),
TaKMX, 4TO 7 U 7y TMapHbl B HEKOTOPOM yCrellHOM Mapuipyte aBromata M. Torma
sicHo, yto Drpad

Graph(M) = (¥, V(M), P(M), A(M), (po, Zo), {(p, Z0)lp € F}),
rae GyHkuus nosoxenus A(M) comocraBJsieT ayre
m € Left(P(M)) U Right(P(M))

Tpoiiky (beg(m),w(m), end(m)), sxBuBanenten apromary M. Drpady Graph(M) Gynem
Has3bIBaTh rpapomM mMarasuHHOro aBromata M. P(M) Gynem HasbiBaTh DMHOXKeCTBOM
aBTomara M.

KoneuHocTtb MHOxkecTB V(M) u P(M) ¢ OUeBHIHOCTBIO CJEAyeT M3 KOHEUHOCTH
mMHOoxecTB K, X, I' u 6. OnuH U3 crnoco6oB N0Ka3aTeqbCTBA BO3MOXKHOCTH MOCTPO-
eHusi MHOxkecTB V(M) u P(M) cBsizaH ¢ TMOHSATHEM siipa, KOTOpoe 00CYXKAaeTcsi B
pasnese 1.3. 9Ta BO3MOXKHOCTb BBIBOIUTCS M3 JeMMbl 6 paspena 1.3. Takum o6pasom,
noctpoenre Dfpada no Mara3uHHOMY aBTOMAaTy 3aBeplleHo.

IIpumep 6. IlycTthb
M= ({p07p17p27 f}a {a7 b}a {aa Zo}, Z07p0a 57 {f})7

TIe MHOXKECTBO O 3aJaeTcsl CJAEAYIONIHM MepeuHeM KOMaHI!

(p07a7 Z) - (po,Za), Z € {Z[),CL},

(pa bv a) - (plvA)’ JAS {p()?pl}’

(p1, A, Zo) — (p2, Zoa),

(an A> CL) - <f7 A),

(f:0, Zo) — (p2, Zoa).
Torna M ecTb neTepMHHHPOBAHHBIH COBEpIIEHHbIH MarasuHHbIH aBTomaT. OH momyc-
KaeT HeperyyasipHbld si3bIK

{a™b"|m > 1, n > m}.

Bepunnamu Drpada Graph(M) siBasitoTces napsl

(pO7ZO)7 (po,a), (plaa)a (p1>Z0)7 (p27a)7 (faZO)



3mech (po, Zy) — BXOmHasi BeplinHa, (f, Zy) — 3aKJ/IOUHTeNbHAS.

P(Graph(M)) = P(M) = {(1,5), (1,6),(2,3),(2,4),(7,8),(9,8)},

rae

/\(1) = (p07 Zo)a(po,a),
A(2) = (po, a)a(po, a),
)\(3) (p07 a)b(pb G),
A(4) = (p1,a)b(p, a),
A(5) = (po, a)b(p1, Zo),
/\(6) = <p17 a)b(pla ZO)’
A7) = (p1, Zo)A(p2, a),
A(8) = (p2,a)A(f, Zo),
A9) = (f, Zo)b(p2, a).

Hyru 3 1 5 0TBeUalOT CTHUpalleld KOMaHe

(p07b7 CL) - (p17A)
HUx koHeuHLle BEepPIOHMHBI OEMOHCTPHUPYIOT BCE€ T€ CHMBOJIBI (I/I TOJIBKO Te), KOTOpbIE

ObIBalOT Ha BepXYIlKe Mara3WHa IMOCJe BHIMOJHEHUsI TAaHHOH KOMaH[Ibl. AHaJOrHYHO,
OyTd 4 U 6 OTBEYAIOT KOMaHJe

(p1,0,a) — (p1, A).

B 1o ke Bpems cTUpawolleld KOMaHe
(P2, Asa) — (f, A)

OTBeuaeT JMUIb OfHA AyTa.
MHoXecTBO ycnemHblX MapuipyToB aBToMara M 3agaetcs hopmysioit

{12%234%678(98)"|k,1 > 0} U {1578(98)|l > 0}.

3ametum, uto myTh (25) He siBasieTcs MapuipyToM. B camom nese, HavyasbHasg U
KOHeUYHasi MaMsITH IyTH D ONpenessioTcsi OMHO3HAYHO:

beol(5) = (po, +Zo + a), ecol(5) = (p1,+2o).

A MHOXeCTBO KOHEUHBIX MaMsiTell MaplLIpyTOB, KOTOpPble HMEIT Haya/jbHYH NMaMsTh
(po, +Zp) ¥ 3aKaHUYMBAIOTCS AYTOH 2, €CTb

{(po, +Zo(+a)"|k > 2}.
OHo He conepKHUT namatu beol(5).

1.2.3. IIpeob6pa3oBanue Drpada B MmarasmHHbIN aBTOMAT. [IpUMeHHUM MOHATHE
rpaca MarasvuHHOr0 aBToMaTa /s J0Ka3aTeJbCTBa CjaeAyiollero (akra: /s Kaxmao-
ro Drpacda cyliecTByeT 5KBUBaJeHTHbIH MarasuHHbld aBToMmart. [locTpoum anroputwm,
KOTOpBIA MO mnpousBosbHOMY Drpady D cHayana noJsydaeT 3KBUBaJeHTHBIH Drpad
G(D), sBasouuiics rpadoM HEKOTOPOrO Mara3dHHOTO aBTOMara, 3aTeM MpeoOpasyeT
Ayry nojydeHHoro Drpada B KoMaHIbl aBTOMaTa.

Augroputm 2. TlocTpoeHre MarasuHHOro aBromara no Drpady

Bxon. Drpap D = (%, V, P, A\, P, F).

BcenomorarenbHble o603Havenus. Zy ¢ P, G(D) = (X, VPDA, PPDA, APDA,
(Po, Zy), {(P, Zy)|P € F}) — Drpad, muoxectea VPDA, PPDA u pyukuusi \PDA
KOTOPOTO OMNPEeISIFOTCs [araMu ajroputma; f & V.



Bbixon. Marasunneiii aBromat M (D), onpenensieMbli aromM 3 ajiropuTMa.

Llar 1. PPDA :=0; VPDA :={[Py, Zo|}.

Ilar 2. Tloka mHoxecTBo V PDA mnonosHsieTcsl HOBBIMH BepILUMHAMHM, BBINOJHSATD
CJIeLyIoLlHe 1Ba JeHCTBHUSA:

1) mosoxkuTh HOBOe 3HaueHue MHOXKecTBa PP DA paBHbIM o6bennHeHnto PPDA u
MHO>KeCTBa

{([P, Z]w(m)[end(m1), m], [beg(mz), m]w(m2)[end (w2, Z])]
[P,Z]) € VPDA; (m,ms) € P; beg(m) = P};

2) no6aButb B V PDA BepiminHbl OyT, 06pasywmux napel u3 PPDA.

[lar 3. TTonoxuts M (D) paBubiM ceMmepke (VU{ f}, X, Left(P)U{Z}, Zo, {(p1, a1,
Z) = (q1,ZX), (p2, a2, X) — (g2, A)| ([p1, Z]an[q1, X], [p2, X]az|go, Z]) € PPDA}U
[(PAZo) = (. Z0)|P € F}, Py, {1}).

[Tonoxute APDA(PaQ) paBubiM (P, a,Q) nas P,Q € VPDA, a € YU{A}, PaQ €
Left(PPDA) U Right(PPDA).

TepmuH "mapuipyt", BBeleHHbIH TIpY IOCTPOEHUH I'pa)a MarasuHHOro aBTomara, Oy-
JIeM TIPUMEHSITb M B caydae mpousBodbHoro Drpaga (X,V,P A Py, F), T.e. Gynem
UCMO0JIb30BaTh CJIOBO 'MapUIPyT 'KaK CoKpallleHhe o6opoTa "MyTb, KOTOPBIUA SIBJSET-
csi (pparmMeHTOM HeKoTopoH uenoukd Dsseika Lp". Bynem HasbiBaTb HeHTpaJbHEIM
MapIIpyT, KOTOPBIH siBsieTcs 1enoykod Dsaspika Lp. DTO yMEHBUIUT HACHIIIEHHOCTb
TekcTa opmysnamu. CoBo "HEHTpa/bHBIN 'HAIOMUHAET O "3apsKEeHHOCTH MapLIPYTOB
MarasuHHOro aBToMaTta. HeHTpasbHBIH MapLIpyT MarasdiHHOrO aBTOMAara HMMeeT Iy-
CTOH 3apsil U SIBJSIETCS] OCHOBOH BBIYMCJ/IEHHH, KOTOpble HE CTHPAIOT HHUKAaKyl0 4acTb
MCXOIHOTO COEPXKUMOr0 Mara3uHa, Ho 0653aTeIbHO CTHPAIOT COOCTBEHHbIE 3aMHCH B
MarasuHe, T.e., B KOHIle KOHLIOB, HUUET0 K HEMY He J00aBJSIOT.

HetpynHo 3ameTHTh, uTo MapupyThl rpada G (D) oTauvaoTes OT MapiIpyToB rpaga
D TOJIBKO TeM, YTO KaxKJasl UX BepIllKHa COAEPKHUT AONOJHUTEIbHO HEKOTOPBIH CUMBOJI
MarasuHHoro ajndasuta aBromata M (D). CHMBOJ, OTBeYaloUMi KOHEYHOH BepIIHHE
mapuipyta T rpada D, rue beg(T) = Py, MOXKHO OXapaKTepH30BaThb CJAEAYIOLUIUM 00-
pasoMm: ecqau 1" HeUTpaJieH, 3TO Zy, UHA4Ye 3TO NOCJAEAHSAS U3 ero AYT, AJs KOTOpBIX 1’
He CONEPXKUT MapHOW NYTH.

YrBepxnenne 1. L(M (D)) = L(G(D)) = L(D).
JokasaresbcrBo. EcrecTBeHHO cunTaTh, 4To 3anuck 1) Py, rae
end(Ty) = P = beg(T3),

0603HauaeT TOT e MyTh, 4To ¥ 3anuck T)75. Wcmosbayem 31O coryaiueHde yxe B
OTIpe/ie/IeHHH CJIefyioled (YHKIMH, TTOMOraiollel onucath COOTBETCTBHE MPEJIONKe-
Huit rpadoB D u G(D).

Oyukuus V(T, Z), rne T — HedTpanbHblil MapuipyT rpada D, Z € {Zy}U Left(P),
OTIPEeIeNIIeTCs CJAENYIONMMH PEKYPPEHTHBIMU COOTHOIIEHUSIMH:

1) ecan mapuipyt 7' myct, TO

W(T,7Z) =P, 7],

rae P — BepwnHa mapupyra 7175
2) ecnu T = mTymo Ty, tie 11 u Ty HelTpasbHbl, (71, T) € P, TO

\I](T’ Z) = wl‘ll(Tla W1)¢2\IJ(T27 Z)7



rae
Yy = [beg(m), Z)w(m)[end(m), m1],
1y = [beg(ms), m1|w(ms)[end(ma), Z].

CormocraBsisisi 1aHHOE OMpefiesieHre ¢ aJropuTMOM 2, BUAUM, YTO 3HaYeHHe (DyHKLHH
uMeeT hopMy MapuipyTa rpada G(D), HO, BOSBMOXKHO, TAKOBBIM He SIBJISI€TCSs, TaK Kak
napsl

[beg(ﬂ-l)’ Z]7 [end(ﬂ-Z)? Z]
He 00s13aHbl BXOIUTb B V PDA, a o6pa3oBaHue

(lbeg(m), ZJw(m)lend(m), m], [beg(ma), m]w(ms)[end(ms), Z])

He 06s3aHO BXonuTh B PPDA.
[Tycte EaxtP o6o3HauaeT cjenyiollee paclidpeHre MHoxecTBa PPDA:

ExtP = {([p1, Z]a1Q1, Q2a2[p2, Z])|3X € {Zo} U Le ft(P)

([p1, X]a1 @1, Q2az[p2, X]) € PPDA}.

Torpa sicHo, 4TO 3HaYeHHWe (DYHKIMH OMHO3HAUHO OIpelessieT HEeKOTOPYH LEeMOodKy &
Dsasbika Lpg.p, KOTOPbIA conepKUT B cebe DfA3bKk Lpppa U, CAeI0BATENbHO, €T0
nopgMHoxkecTBO Sentences(G(D)). CylecTBeHHO, YTO Lenodka x JU60 siBJseTCs Hed-
TpasJbHBIM MapupytoMm rpada G(D)), au6o OTIHYaeTCss OT TAKOBOTO JIMIIb MarasuH-
HBIM CHMBOJIOM B KOHEUHBIX BEpIIMHAX ero HeHTpaJbHBIX HAauaJbHBIX Y4acTKOB.

Jlerko nokasatb MHAYKIHeH o k > 0, 4To Havyasy uenoyku W(7T', Z), KOTopoe HMeeT
0JuHY 2k W npuHangexutT Dasbiky Lpg,;p, OTBeUaeT KOHeUHasi "'BeplInHA"

lend(T), Z] € V x ({Zo} U Left(P)).
YuuteiBasi kKoHcTpykuuio Drpada G(D)), mosyuaeMm oTCioa paBeHCTBO
Sentences(G(D)) = {V(T, Zy)|T € Sentences(D)}.

3naunt, L(G(D)) = L(D). Cnenyolilee paBeHCTBO BbiTeKaeT U3 NOCTPOEHHS] aBTOMATa
M(D): Sentences(Graph(M(D))) = {T1T»|Ty € Sentences(G(D)); T oTBevyaeT Ko-
MaHjie C MyCThIM CJIe[IOM, nepeBofsiieit aBToMat M (D) B 3aK/I0UHTENbHOE COCTOSTHHE
f; w(Tz) = A}. Caenosatensho, L(M(D)) = L(D) O

[Ipumep 7. TlocTporuM ¢ MOMOLIbIO aAropuT™Ma 2 MarasuHHbld aBromat M (D), 3k-
BUBaJeHTHBIH Drpady D, onpeneseHHOMY B mpuMepe 5. Beimuilnem ero kKomaHibl B
MOpsiIKe MOCTPOEHHS ONpelensiolux ux nyr rpada G(Dy):

(P,a, Zy) — (P, Zy PaP),

(P,b, PaP) — (Q,A),

(Q.b, PaP) — (Q, A),

(P,a, PaP) — (P, PaP PaP),

(Qa A, ZO) - (f? ZO)

JlaHHBIH TIpUMep MOKasblBaeT HEOOXOAMMOCTb OCOOOr0 3aKJ/IOYUTENBbHOIO COCTOSIHHUS
f €V (cm. anroputm 2) U KOMaHI BUAA

(Qa A7 ZO) - (f7 ZO)?

He OTBeyalolMX HUKakoH mnape u3z PPDA. Ilpu mnonbiTKe cpenaTb 3aKJOUHTE/b-
HBIM KaKoesinbo U3 COCTOSIHUM, CJYKMBILIHMX BeplIMHaMU ucxonHoro Drpada, BmecTo
M (D;) moJsy4aeTcss aBTOMAT, AOMYCKAIOUIHH Tpe(UKCH LEMoueK paccMaTPHUBAeMOro
13blKa, €My He NpUHaJ/eXKallye.



3aMeTHM, YTO B CTAThIX U MOHOTpa(usx, B KOTOPbIX CTPOUTCS IPUMepP MarasvHHOro
aBToMaTa 1Jisl si3blka {a"b"|n > 1}, ucnosb3yeTcss HMEHHO TaKOH MPUHLMI OpraHM3a-
LMK aBTOMaTa, Kakoi HabsrojaeTcs B caydae aBTomara M (D;). ABromar siBjsieTcs
IeTePMHUHUPOBAHHBIM M PaboTaeT B peajlbHOM BPEMEHH, I10Ka LelouKa f3blKa He INpo-
yutaHa. [lepBas no/jioBMHAa BXOLHOW LEMOUKH LeJHMKOM IOCTylaeT B MarasuH B TOH
WJIA UHOU KOILUPOBKE.

1.3. dapo Drpaca

1.3.1. Onpenenenue saapa. B onpenesnenun sinpa Drpada Gosbluyio posb Urpaet
cleflyiollee MOHSITHE [UKJA, HECKOJNBKO CYyXKEHHOe 110 CPaBHEHHIO C yNoTpebJsieMbIM
B TeOpUU rpacgos.

[lycte 7' — Henycto#t MapuipyT U beg(T) = end(T). Torma nazoBeMm mapipyT 7
LHUKJIOM.

Taxkum o6pa3om, LHUKJOM 3/1eCh OyleT Ha3blBaThCS TOJbKO TAKOH LIMKJIWYECKHH MYyTh,
KOTOPBIH SIBJISI€TCS MapLIPYTOM.

[loHATHSA THe3na W MapHBIX y4yacTKOB, ONpele/ieHHble B TePMUHAX MarasvHHBIX aB-
TOMAaTOB, OyaeM ynoTpebsasaTh /s Mpou3BoabHEIX DrpacdoB. dcHo, uTo Ass nepeHoca
3TUX OMpefeseHUH Ha OOLIUH caydaill HOCTATOUHO 3aMEHHUTb TPeOOBaHUE MYCTOTHI 3a-
pSIOB HEKOTOPBIX MapUIPYTOB Ha TpeOOBaHHEe HEHTPaIbHOCTH ITUX MapLIPYTOB.

[Iyets T' — neliTpanbHbeid MapuipyT Drpada D, w u d — noJoxXuTesbHbIE LieJblE.
[Iycte T ynoBseTBOpsieT CjaeAYIOIIUM ycaoBUsM: ecau 11, ...,7T,, — Takue HeHTpaJb-
Hble LHKJbl, 4YTO UMKA 1] ...7T,, ABJfeTcs ydyacTKoM Mapupyta 1', To m < w; ecju
T117 ce ,Tlm,Tgl,Tgl, . ,Tgm TAaKOBbI, YTO TQ(i+1) = TliTQiTSi» 1 <17 < m, ecTb TrHes-
no mapuipyta 7', obpasoBaHHoe uukgaamud 1y; U T3, To m < d. Torma HazoBem T'
(w, d)-kaHoHoM Drpada D.

MHuoxectBo (w, d)kaHoHOB rpada D HazoBeM (w,d)-sgapom rpacda U 06003HAUUM Ue-
pe3 Core(D,w,d). Panu xpatkocTu nuieM nanee "kaHoH", "supo"u "Core(D)"BmecTo
"(w, d)kanon", " (w,d)anpo"u " Core(D,w, d)"coOTBETCTBEHHO.

Tak Kak HelTpaJ/bHBIE MapUIpyT sIBJseTCs Lenoukoid DsAsbika Hax andaBUTOM AYT,
MOXXHO TOBOPHTb O LIMPWUHE U TJyOHHe HelTpajbHOro Mapuipyta. [js mosydeHus
BEPXHUX OLEHOK LIMPUHBI ¥ IJIyOUHBI KaHOHA MOJIE3HO

YrBepxknenue 2. Ilyctb k, m u n — HaTypaJbHble YUCaa U
k> (n—1)m.
Koprexx k£ HaTypa/bHBIX UMceJs], He MPEBOCXOASIINX 1M, COAEPKUT HE MeHee n OfihHa-
KOBBIX UHCeJ.

JokasaresbcrBo. Ilyetb uncso 1 < i < m BXOAMT B pacCMaTpHBaeMylo MOCJeN0Ba-
TesbHOCTD k; > 0 pa3. Torna njnHa noc/enoBartesbHOCTH ecTh » i k;. [Ipenmosnoxum,
uTo aJsi Jo6oro wesoro 1 < ¢ < m BepHO HepaBeHCTBO k; < n. Torna

m
ki < (n—1)m < nm.
i=1

O[LHaKO OJIMHa I10C/Je10BaTeJbHOCTH paBHaA nm ]

Jlemma 3. Ilyctb m ecTb umcao BepuinH Dfpada D. Illupuna u raybuHa KaHOHa
rpaa D orpaHudensl urcaamu (w + 1)m u (d + 1)m? cooTBeTCTBEHHO.



lokasaresbctBo. [lpennonoxum, uto 7' sABJseTcss KAHOHOM, HO
width(T) = s > (w + 1)m.

W3 ompeneseHuss wHpuHbl ciaenyet, 4to T comepkut ydacTok 77 ...Ts, B KOTOPOM
mapuipyt Tj, ¢ = 1,...,s, HemycT ¥ HedTpaseH. BcsencTBue yTBep:kIeHHs 2 Hepa-
BEHCTBO s > (w + 1)m o3Ha4aeT, UTO CpPelM Haua/JbHBIX BEPLIMH 3THX MapLIPyTOB
no KpaiHeidl mepe w + 2 onuHakoBbl. IlycTs, Hanpumep, beg(T;,) = beg(T;,.,), rae
1<4;<sunl<j<w+2 Torna w+ 1 yyactkos Ti; ... Ti,,,—1 SIBASIOTCSI HEUTPAJIb-
HbIMH 1MKaaMu. ClienoBaTeibHO, T’ He YIOBJETBOPSIET IEPBOMY YCJOBHIO ONpeeseH st
KaHOHA BOMPEKH JOMYLIeH IO, 4To 7' eCTb KaHOH.

[Ipennonoxkum Ternepb, 4to 7' — KaHOH, HO
depth(T) = k > (d + 1)m?>.
W3 onpenenenust riayOuHbl CaeayeT, 4To 1  COMEPKUT yd4acToK
Ty .. . TiTo .. Tor,

B KoTopoM T'; u Ty;, i = 1,... k, napusl apyr apyry. M3 uepasenctsa k > (d + 1)m?
MMeeM CylLecTBOBaHHe TaKMX HOMepOB ij, uTo beg(T1;;) = beg(Ty;;,,) n end(Ty;;) =
end(Ty;;,,) nia 1 < j < d+2. Torna

Tlij R Tl( )54 TQ( .. -T2i]~

ij41—1) ij+1—1)
ABJsIOTCS napHbiMU B 1" uukaamu ans 1 < j < d + 1. CaepoBatesbHo, T’ He ynoBJe-
TBOpSIET BTOPOMY YCJIOBUIO ONpeesieHHs] KaHOHA, BOMpPEeKU AOMYLIeHHIo, 4yTo 1 ecTb
KaHOH [

13 Teopembl 1 u neMMbl 3 BBITEKAET

Teopema 3. Ilycte m ecTb uncao BepwuH Drpada D. [dnuna kaHoHa rpada D
OrPaHHUUEHA UHCIOM §(y+1)m,(d+1)m2- CJeN0BaTeNbHO, MHOkKecTBO Core(D) KoneuHo [

[Ipumep 8. Ilyctb M — marasuHHbIH aBTOMAaT M3 npumepa 6, Dy = Graph(M).
Torna nepeceuenue muoxectB Core(Ds,1,1) u Sentences(Ds) coBnanaet ¢

{12%234%678(98)"|k,1 = 0,1} U {1578(98)"|l = 0, 1}.

1.3.2. Teopema o passutum. [lokaxkem, uto sinpo Drpada D BelpakaeT 3aKoH
o6pa3oBaHus Lenouek s3bika L(D) U3 HEKOTOPBIX MOALENOUeK MOMETOK MaplIpyTOB,
BXOAAIMX B finpo. s 3TOro ompenesuM (oOpMaHThl — BaxKHBIH "Marepuas CTPOH-
TeJIbCTBA ' TIPOU3BOJIbHBIX MapuipyToB Dfpacda us npucyrctBymowux B sape. Onpene-
JisieMoe 371eCh Ke OWHApHOe OTHOILLIEeHHe Pa3BUTHs Ha MHOXECTBe MapIIPYTOB MOXHO
pacLUEeHUTb KaK "'HMHCTPYMEHT cTpouTesbcTBa". OCHOBHAS 3/eCh TeopeMa 4 UMeeT aHa-
JIOTHIO C KJIaCCHUeCKOH TeopeMOH O pa3pacTaHHUM Liernoyek 0€CKOHTEKCTHBIX $13bIKOB.

[lycts (T3,T»,T3) ectb rHe3no, B Kotopom T; u T3 — uwmkael. [lycts (Tia, To,
Ts9) u (111, T12T5T39, Ts1) He sBAstoTCS THe3naMu B Mmapuipyte 117575 nsist Jr06bIX
UMKJIOB 171, 112, 139, T31, TakKuX, uTo 1} = 111112, T3 = T39T5;. Torna Ha3oBeM rHe310
(Ty, Ty, T3) npocThiMm.

[Iyctb mapuipyT 7' siBasieTcsl HEHTpaJibHBIM LMKJOM WJU MPOCTHIM THE3[IOM W He
COIEPXKUT MEHbIIIer0 Y4acTKa, KOTOPbIM €CTbh HEUTPAJIbHBIM LIUKJ UJHU [IPOCTOE THE3[O.
Torna HazoBem mapuipyT 7' ¢popmaHTOM.



Ornpenenrim GUHApHBIE OTHOLIEHHs |p, Tp Ha MHOXxecTBe MapiipyToB Drpagpa D:
(T",T) €]p (c ucropuesi (T1, T», T3, Ty, T5)) Torna u Toabko toraa, korna 1" = T, 13T,
T =TV1515T,T5, 15157, ectb popMaHT, B KOTOpoM 15 U 1) ABJAAIOTCSA NMapHbIMU LIUK-
namy; (T, T) €1p (c ucropuedr (11,15, end(Ts), end(Ty),T5)) Torna U TOJBKO TOTAA,
korna 1" =T 1715, T' =T1Ts, To eCTb UMKJIHUUECKUH (OPMAHT.

O6wenuHenne p=[p U Tp OyneM Ha3blBaTb OTHOLIEHHEM Pa3BHUTHSI.

[lycets T, 7" — 310 MapuipyTsl rpada D. [Iyctb au6o 77 = T', 1160 /51 HEKOTOPOTO
k > 0 cyuiecTByeT MocJe0BaTeNbHOCTh

gen(T) = ((Th1, Th2, Ths, Tha, Ths)y - ooy (Th1s T, Thsy Tha, Ths)),

takasi, 4to 1" = T11T13Ths, T = T ThoTrsTraTis, (17, T11T12T13T14T15) € fp ¢ ucro-
pueit (Thy, Thia, T3, Tha, Ti5) m

(T Ti—1)2Ti-1)3T (- 1)aT (=15, T TioTis T34 Tis) €ftp

C UCTOpHEH
(Ti1, Tio, Tiz, Ty, Tis), 1 <i < k.
Torna HazoBem mocsenoBatenbHocTh gen(T') pomocsaoBHOH (¢ npeakom T') mapuipyTta
T'; uucno k HazoBeM AJHHOH ponocsaoBHOH. Eciu T = T', To pomocsioBHasi MapuipyTa
T (c nmpenkom 71”) mycra.
OTMeTHM, UTO MApLIPYT MOXKET HUMETb HECKOJNbKO POIOCJOBHBIX HaXxKe MPU OLHOM H
TOM 2Ke NpelKe U OLHOH W TOW Ke JJINHe POJOCJOBHBIX.

[Iycte Mapuipyt 7' comep:KUT HeHTpasbHBIA LMK/ WU MapHble LUKJAbL. Torna Ha-
30BeM MapuipyT 1" mpousBogHbIM. MaplipyT, He SIBJSIOLIMICA TPOU3BOAHBIM, Ha30BEM
3J1eMEHTapHBIM.

Tenepb ycTaHOBHM, YTO CpeiM MpPeNKOB KaKAOT0 HEHTPa/bHOrO MapuipyTa ecTb
KaHOH (6oJ/iee TOro, 3JeMeHTapHBIH KaHOH).

Jlemma 4. KaxXaplii NpoM3BOAHBIA MapLIPyT COAEPKHUT B cebe (POpPMaHT.

JlokaszaresbcTBO. £ICHO, UTO KaXK[Abli NMPOU3BOAHBIA MapLIPyT COAEPXKHUT MPOU3BOJ-
HBbI HeHTpaJ/ibHBId y4yacToK. BbibepeM cpein HeHTpasbHbIX NPOHU3BOAHBIX Yy4acTKOB
MPOU3BOJHOIO MapLIpyTa MHHHUMAaJbHBIA M0 AjauHe. [Ipeanosiokum, 4To BbIOpaHHbBIH
yuactok 1" He siBasieTcst popmaHToM. Torna us onpenesnenus opmaHta ciaenyert, 4to 7'
COLEepPKUT MEHBIUHUH y4yacTOK, KOTOPBIM fIBJSeTCS HEUTPaJJbHBIM LMKJOM HJHU THE3I0M,
00pa3oBaHHBIM MapHbIMU LUKJAMH. MTak, UCXOOHBIA MapUIPyT COAEPKHUT MPOU3BOM-
HBIA y4acTOK, KOTOPBIH Kopoue, yeM 1', Bonpeku Bbibopy 1" [

Onpenenum 1Be (QyHKLHH, OTOOparkaiolike MaplIpyThl B MHOXKeCTBa MapLIpyTOB.

[Iyets T' — mapupyr. [lycTb

S) = {11 T3 | 3 (weitrrpanbubiit uuka 1p) T = T1 1513},
Sy = {1575 | 3 (uukasl 1y, T})
(T, T3, Ty) siBasietcst tHe3goMm B T = T Ty T5T,Ts}.

Torna,
T y S == ®7
DelCycle(T) = { fSl iHaqle.
_ T , Sy = wa
DelPair(T) = { ;{92 }I:IHaqze.



Cnenytomue GyHKIHH 0TOOpaXkaloT HEKOTOPble Pa3OHEeHHsT MaplLIPyTOB BO MHOXKecC-
TBa MapIIPYTOB.

[Tycts TT'T" — mapupyt. [lycts S5 = {111515 € DelPair(TT'T") | 3 (1y, Ty, 17,
Té) (T == T1T2 1/, T” = TéT4T5, T3 == T{T’Té) }

{TT'T"}, 85=10,

PreservingDel(T,T',T") = { S- UHaye
5 )

[lycte m > 1, T =TT] ... T,,1T! | T,, — mapuipyt. Ilyctb S o603HauaeT 06b-
elMHEeHHWEe CJEYIOMIUX ABYX MHOXECTB:

(T, ... T,\T \T,T ... TpiT, T |1<i<m

T, € DelCycle(T;) U Del Pair(T;)},
(L. T T\ TT . T T TT) . T T Tl < i< j < m,
T,T! .. .Tj_lT;_ITj € PreservingDel(T;, T} ... T; 1 T;_,Tj)}.

Ecau S = (), to snauenuem reduction(Ty, Ty, ..., Tru_1, T, 1, T),) SIBJSIETCS MHOXe-
ctBo {7'}, NHaYe MHOXKeCTBO

UT1T{...Tm,lT’thmeSTedUCtion(Tl7 L T, T Ton).
Jlemma 5. [lycte T — He#Tpanbbiil MapuipyT; nyctb (177, T) €fip ¢ ucropuein (717,
Ty, T3, Ty, Ts). Torpa cymwectByet (2,1)kaHoH

Ty = Ty 151314 Tos,
Tako#, 4to pair(Ty) = pair(T).
JlokasaresbcTBo. IlycThb
To = To1 ToT5T4Tos € reduction(Ty, ToT5Ty, Ts).

Y6enumcsi, uto Ty saBasiercs (2,1)kanoHom. M3 moctpoenus mapuipyra 7T ciaenyer,
4YTO KaXKIbli ero HeHUTpaJibHbIH LHKJ [0JKeH UMeTb OOLIHH y4acToK ¢ (POPMaHTOM
T, T3T,. CnepoBatenbHo, ns ydactka 1y ... 7Ty, mapuipyta Ty, B KotopoMm 13; BJS-
eTcs HeUTpaJ/JbHbIM LUMKJIOM s ¢ = 1,...,m, YUCJO M He MOXKET MpPEeBbIIATh IBYX.

M3 noctpoenuss mapuipyrta Ty cienyeT TakxkKe, 4TO XOTS Obl ONMH K3 MapHbIX B
HeM LIMKJIOB JOJI)KeH HMeTb OOLIMH ydacToK ¢ (opmantom T»737,. CrienoBaTesbHO,
roesno 1" = T3T4T, mapupyra T, Kotopoe oTinuHo oT 75737, n B Kotopom T3 W
T, —napHble LUKJBI, conepkUT B cebe dopmanT T»737y. Ecnu 15137, comepXutces
B ofHOM M3 uukgaoB T3, T, To rHe3no 71" saBnasercs npocteiM. Ecnu 15757, umeer
0O yyacToK ¢ KaxkabIM U3 UukaoB 1y, T, To pair(Ts) # pair(T3) (MHaue MapupyT
T5T5T, e 6b11 661 popmaHTOM). CjieoBaTeNIbHO, ¥ B 3TOM cJiyuae rHe3no 17 # TrT5T,
sSIBJIsieTCsl IPOCThIM. TakuM o6pasom, T ymoBjeTBopsieT onpeneseHuio (2,1)kaHona [J

[Ipuem npumeHeHusi pyHKUUM reduction MNOAXOAWT WU B J0Ka3aTeJbCTBE CJeNyIO-
mero akra, KOTOPbIH BJieUeT BO3MOXKHOCTb MOCTpoeHUss DMHOXKecTBa MarasuHHOTO
aBTOMaTa 3a KOHEUHOe YHCJIO IIaroB.

Jlemma 6. I[1yctb (71, T, m2) €CTh THE3/10 HEKOTOPOTo Mpennokenust Tim Tome Ty, w1 U
Ty SABJSAIOTCA Ayramu. Torna cyiiecTByIoT Takue Mappytel 17, 13, 15, uto T{m Tmo T
siBaisieTcs npensioxkenuem U (1,1)kanonom, a (w1, 7y, ) — €ro THE3IOM.



/lokasaresbcTBo. PaccMoTpUM MapLipyT
T = TimTym Ty € reduction(Ty, 7y, Ty, 72, T3).

OH, kak u TymTomoTs, ABAsSeTCS MpeJoXKeHHeM, TaK Kak yhajeHue U3 MapuipyTa
HeUTpaJ/ibHbIX M MapHbIX LMKJOB, OCYLIECTBJsIeMOe omnepauuei reduction, coXpaHseT
ero 3apsin U napy KoHuoB. [To To# ke nmpuunHe (my, T35, mo) sIBJASETCS THE3IOM Mapll-
pyta T’. TlpenoctaByisieM 4UTaTeNl0 MPOaHaJIU3UPOBATbH BO3MOXKHbBIE MOJIOXKeHHsT B 17
HeHTpasIbHBIX M MapHbIX UKJOB H yOemuThbesi, uto 370 (1,1)kanon [

Teopema 4 (o pasButuu MmapuipytoB). [Iycte D ecTb HekoTopbiii Drpad. Jnst ka-
XKJOTO ero HeHTpasjbHoro Mapupyrta 7' cyuiectByeT Takod KaHoH T, uto (1p,T") € 15,.
st kaxknoro anementa (14, Ty, T3, Ty, Ts) pomocaoBHod Mapuipyta T’ ¢ npenkom T
mapupyT 12737, conepKuTcst B HeKoTopoM KaHoHe u3 Core(D,2,1).

JlokaszaresnbcTBo. JlOCTaTOYHO paccMOTpPeTb NMPOM3BOAHbIE MaplipyThl. [lyctb T' —
npousBoaHbld MapiipyT Drpaa D. Ilo nemme 4 T' conepxut popmant. CienoBaresib-
HO, BO3MOXKHBI 1Ba CJyyas:

(i) T'=T\T5T5 u T, ectb popmantuuka (torna (1175, T) €1p);

(ii) T = YT, T5TyT5 v ToT5T, ectb (popMaHT C MapHbBIMH B HeM UUKaaMu 1o, Ty
(trorna (117575, T) €]p). B mobom cayuae umeem takoit mapuipyT 77, uto (17, T) €fp.
Tak kak | 7" |<| T |, cywecTByeT nocnenoBatenabHocts 1y, . . ., Ty, Takas, uto k > 0, Tj
He COePXKHUT HEHTPaNbHBIX U MapHbIX UKHKIOB, T =T, (T;_1,T;) Eftp nasi = 1,... k.
Urak, (Ty,T) €fth), Ty ABAsieTcss KaHOHOM, W TepBasi 4acTh TeopeMbl BepHa. Bropas
4acThb cjaefyeT U3 jeMMbl O [J

dnpo Drpada, noctpoeHHoro no MmarasuHHomy aBTomaty M, Gynem HasblBaTb Tak-
Xe SIpOM MarasHHHOro aBromara M u o6o3HauaTb yepesd Core(M).

IIpumep 9. Ilycts C' ectb monmHoxkecTBo (1,1)anpa Drpada D, paccMoTpeHHOE B
npumepe 5. Ero anemeHT
T = (1223467898)

conepxkuT hopMaHTFHe310 (2234) u hopmanTHUK (98). Lukandeckuit yuactok (89),
UMEIOIIUH 3apsii —a+a, He sBJseTcss popMaHTOM. Y mapuipyTa 7' ABa HeMoOCpeACTBEH-
HBIX mpeaka: 1) = (12367898) u Tp = (12234678). T5 = (123678) — o6uMi npenok
mapuipytoB 17 u Tp. Kpome mapuipytos 7', T3, Ty, T3, B C' BxoguT MapupyT (157898)
M ero eIMHCTBEHHBIH Tpenok (1578), coBceM He comeprKallMil HUKJOB. JIerko BHIETD,
uto (w,d)sanpo paccmatpuBaemoro Dfpacda, rie  w uau d 6oJblie e[UHHULbI, He OIpe-
LiesisieT HOBBIX (pOPMaHTOB.

Teopema o pasBuTHM 03Hauaet, yTo Anpo Drpada D BblpaxkaeT 3akoH 06pa3oBaHHUs
uernouek si3bika L(D) U3 HEKOTOPBIX MOJLENOYEK TTOMETOK MapLIPyTOB, BXOASIIMX B
S1pO.

§2. O moppuUecKUuX NpeacTaBIeHUIX
0eCKOHTEKCTHOrO fi3blKa

[lousitne Drpada mosBoJisieT CpaBHUTEJBHO JIETKO MOJYUUTh TeOpeMy O Mopduue-
CKOM TMpecTaBJeHUH OeCKOHTEKCTHOT'O SI3blKa, KOTOpasi MEePeKJHUKaeTcsl C TeopeMoi
Xomckorollotuen6ep:xe. [locaenHsisi BBIBOAUTCS U3 Hallled Kak MPOCTOE CJENCTBHUE.
DopMyIHUpPOBKA U 10KA3aTEIbCTBO HAlIeH TeopeMbl 0000IIAI0T TAKOBBIE /1JI H3BECTHOH



TeopeMbl O MPEeACTaBJEHUHU PEryJspHOro sisblka MOpP(pHUUECKHUM 00pa3oM JOKaJbHOTO
si3bika [Salomaa 81].

JlokaxkeM Hawy TeopeMy KOHCTPYKTHBHO. [Ipu 3TOM morpebyeTcsi mocTpoeHHe IO
Drpady HekoTopbIX creuu@uueckrx JOKaJbHOrO f3blka U DsAsbika. B nesnsax storo
MIOCTPOEHHS] BBeJleM HeCKOJIbKO 0003HaueHUH U JI0KaXKeM HecJ/I0XKHble JileMMbl 06 ycJ10-
BUSIX COEIUHUMOCTH AYT M HEHUTpPaJbHBIX MapLIPyTOB B OoJibllieM MapuipyTe. BxogHo#
Drpad o6o3nauaercs uepes

D=V, 2, P,\ Py, F).

HanomHuM, 4TO MHOXKECTBO HeHTpaJbHbIX MapuipyToB Drpada D sBaseTcs MOA-
MHOKecTBOM D#sbika Lp.

[Tlycte A — andasur, x € AT, x = ay = zb nasa HeKOTOPLIX a,b € A, y,z € A*.
Torna

first(z) = a,
last(z) = b.

[Tycts nmenouka nyr w7’ siBasieTcsl MapipyToM. Torma OyfeM HasblBaTb 3TH AYTH
coenuHuMbIMH (B nopsinke mrr’'). Bynem Take roBoputh, 4To (7w, 7') eCcTh mapa coemH-
HUMBIX JIYT.

BaxXHO OTMETHTB, YTO 1J/151 IOCTPOEHUS BCeX Map COEIUHUMBIX AYT AOCTATOUHO pac-
cmotpets (2,2)anpo Drpada D. JleficTBUTENbHO, A5 KaXKAO0TO YCIELIHOTO MapiipyTa
TymimoTy, the (m,me) € P, 11000 3J1eMEHT MHOXKECTBa

reduction(Ty, m, end(my), wa, T5)

siBJsieTcsl, camoe GoJibliee, (2,2)KaHOHOM.
HenocpenctBenHo u3 onpenenenuit DmuHoxxectsa P, mapuipyrta Drpada u coenu-
HHUMBIX 1YT IOJy4aeM cJelylollle IBe JeMMBI.

Jlemma 7. Tlyctb (71, m0) € P u T — HelTpasnbHblil MapuipyT. [lycth
(71, first(Tms)) u (last(mT), )
CYTb napsl coefMHUMBIX AyT. Tormna m1'my fiBAseTCS HEUTPANbHBIM MaplpyTom [
Jlemma 8. Ilyctb 177 u T — HemycTble HEHUTpPaJbHble MapIIPYThl U
(last(Ty), first(Ty))
ecTb napa coegfuHuUMbIX Ayr. Torna 71175 sBasieTcss HeUTpasbHbIM MaplipyToMm [
[lycts E = E(D). Ilyctb
A = {r € Elbeg(n) = Ry},
B ={m € Elend(r) € F)},
C = {n7’ € E*|n7’ He sBNseTcs MapuIpyToM}.
Torna
R=(AE*"NE*B)— E*CE"
SIBJISIETCS JIOKAJIbHBIM §I3BIKOM.

Kak mokasbiBaeT cieqyouui mpuMep, Mocae0BaTeIbHOCTb Ty AYT, YIOBJIETBOPSI-
IOIIMX paBeHCTBY end(m;) = beg(ms), He 00s13aTeIbHO SIBJISIETCS MapLIPYTOM.



IIpumep 10. I'padp coBeplieHHOro Mara3uHHOIO aBTOMaTa

({p07p17p27p3}7 {a7 b}7 {ZO7 a}7 Z07 57 Po, {p3})7
rge MHOXXeCTBO 0 COCTOHUT U3 KOMaH/[

) = (po, Zoa),
(po, a, a) — (po, aa),
(po, b,a) — (p1, ),
(p1,b,a) — (p1,A),
(p1, A, Zo) — (p2, Zoa),

(p2, A, a) — (p3, A),

(p07 a, ZO

uMeeT DMHOXKeCTBO

{(1,4), (1,6), (2,3), (2,5), (7,8)}.

31ech

A(1) = (po, Zo)a(po, a),

A(2) = (po, a)a(po, a),
A(3) = (po, a)b(p1, a),
A(4) = (po, a)b(p1, Zo),
A(5) = (p1,a)b(ps, a),
A(6) = (p1, a)b(p1, Zo),
A7) = (p1, Zo)A(p2, a),

A(8) = (pg, a)\(ps, Zo).

[TocnenoBarenbHoCTh (2,4) ynoBieTBopsieT ycaoBuio end(2) = beg(4), HO He siBJsieTCS
MapLIPyTOM, TaK Kak BepIlnHa (p;, Zp) He MOXKeT ObITb KOHEUHOH BEPILIMHON MapiipyTa
C HavaJbHOH MaMsAThIO (po, +a).

Jlemma 9. Ilyctb 2 = wvw € Lr N R, A # v € Lp. Torna v siBAsieTcss HEUTPAJIbHBIM
MapIIpyTOM.

JlokazaresbcTBo. UHAyKUMEN MO NJIMHE m HENYCTOH CKOOOUHOH MOACHCTEMBI V.

[Tpu m = 2 yTBepxKueHUe cjaefyeT U3 ONpeleseHus JOKaJIbHOIO MHOXKecTBa K.

[Iycte k£ > 1. Tlpennosioxkum, 4TO yTBEp:KAEHHE BEPHO I/l BCeX CKOOOYHBIX MOA-
CHUCTeM, [JIMHA KOTOPbIX He MeHblle NOBYX W He Gosbiie 2(k — 1), ¥ paccMOTpUM B
ernovyke x CKOOOUHbIE MOACUCTEMBl AJKHB 2k. Bo3MOoXKHBI cienyroliye aBa caydasi.

Cnyuait 1. CkoGouHast nogcucteMa AauHb 2k uMeeT BuI ayb, tae (a,b) € P u y
ABJIsieTCs CKOOOYHOM crucTeMoi. [lo mpeanonoxeHU0 MHAYKIHH ¢ SBJSETCS HEHTPaJib-
HbIM MapipytoM. M3 coortHomenust x € Lp N R caenyet, 4To Lenodka y 4 napa (a,b)
YIOBJIETBOPSIIOT YCJIOBUAM JieMMbl 7. CjieoBaTe/ibHO, ayb eCTb HeHTpaJsbHbIH MapLIPyT.

Cayuaii 2. Ckob604Hasi mopcucTeMa IJIUHBI 2k UMeeT BUI yz, TJle Yy U 2 CaMH SIBJIs-
IOTCS HEMyCTBIMH CKOOOYHBIMU cHcTeMaMH. [lo mpeamnosioxkeHH0 UHAYKUUH § U 2 SB-
JSIOTCS HEHTPaIbHBIMUA MapLIpyTaMy. Tak Kak yz — MOALeNoyuKa Henodku « € LpNR,
napa (last(y), first(x)) ectb napa coenuHuMbIX AyT. Ho Torna yz siBnsiercst HelTpasb-
HBIM MapuipyToMm mo Jjemme 8 [J

Teopema 5. Ilycts T' € Lp. T siBAsieTCA HEMYCTBIM YCIHELIHBIM MapLIPyTOM TOTAA U
TOJIBKO TOrma, korma 1’ € R.



JlokaszatenbcTBo. JIerko BUIETb, UTO KaxKAblH HEMYCTOH YCMEIIHBIH MapLpyT yIo-
BJIETBOPSIET OMNpe/ieIeHHUI0 [IeMOUKH, BXoasllel B R.

[Tycte T' € Lp N R. Torna no nemme 9 T siBasieTcss HEUTpaJbHBIM MaplipyToM. Tak
Kak M3 coortHouweHus I' € R caenytoT cooTHowenus first(T) € A u last(T) € B,
HelTpaJ/bHblA MapuipyT 7' ycnemieH [

Teopema 6 (o MopdryeckoM MpeacTaBaeHUH GeCKOHTeKCTHOro sisbika). Ilyets L C
¥* — 0eCcKOHTEKCTHbIH f3bIK. Torma cyulecTByloT Takhe DA3bik L, JOKaJbHBIH S3BIK
R v xopounii (oTo6paxKamlMi CUMBOJ B CHMBOJ WM MycTyio Lenodyky [Eilenberg
74]) mopdusm h, 4to

L=h(LNR).

JlokasatesbcTBo. Tak Kak I, — OeCKOHTEKCTHBIH $I3bIK, OH ONpefessieTcsi HEKOTO-
peiM Drpadom D. Hcnonb3ys mHoxecTBo ayr Drpada D B KayecTBe aJnaBuTa,
oTnpefieNIUM JIOKaJbHBIN s3bIK R, Kak B HadaJe naparpada. Onpeneaum Mopgpusm

h:E*—Y*
thopmyson
h(m) = w(m), m € E.
[To Teopeme 5 MHOXKECTBO yCIEIIHbIX MapuIpyToB coBrnanaet ¢ Lp N R. Tak Kak ompe-

nessieMblii DFpadoM s13bIK €CTbh MHOXKECTBO IIOMETOK BCEX ero YCIEeIIHbIX MapIipyToB,
BepHa dopmyna L = h(Lp N R) O

CrrenctBue 1 (teopema XomckoroHlIworuen6epxe). I[lyete L C ¥* — 6ecKOHTEKCT-
HBIH A3bIK. Torma cyuecTByloT Takue a3blK Juka L, noKanbHbIH 36K R U Xopowui
mMopduam h, uto L = h(L N R).

JlokasatesbcTBo. Ilyctb Lp — 3T0 43blK Jluka Han HekoTopblM DMmHOKecTBOM
p C X X Xy, YIOBJIETBOPSIOLIUM PaBEHCTBAM
X = %] = Ipl = [P].
[lycte A=XUX)u
0P —p
ecTb HekoTopasi Ouekuusi. MoxXKHO cKasaTb, 4TO (DYHKUHS ¢ CHaOXaeT yHHUKaJb-
HbIM 00O3HaYeHUeM KaxJ0e BXOXJAeHHe B 3jeMeHTbl DmHoxecTtBa P cKOOOK U3

E = Left(P)U Right(P).

W3 onpenenenust GyHKLUHH ¢ CaeLyeT CIOPbEKTHBHOCTb (YHKIUH

(:A— E,
3aJlaHHOH COOTHOILEHUSIMH (M3 PaBEHCTB
X =15 =1p|
CJIelyeT, UTO KaXKbli CHMBOJI aJaBuTa A BXOIUT B HEKOTOPYIO Mapy u3 DMHOXKecTBa
p):
V(a,b) €p ((a)=d, ((b) =0, ¢(d',b) = (a,b).

3mech BO3MOXHO paBeHCTBO ((c1) = ((c) mpu ¢; # co. OTMETHM, 4TO (DYHKUHS

¢ MHOyUHpyeT MOOYKBEeHHBIH (0TOOparkaloIMHd CHMBOJ OTHOTO aj(aBUTa B CHUMBOJI
npyroro [Salomaa 81]) mopdusm

(: A" — B,



13 onpenenenns GyHKUHHU ¢ cienyeT OUEKTHUBHOCTb (DYHKIIUU
O:Lp — L
orpefensieMOd COOTHOLLIEHHUSAMH
@(A) = {A},
O(mTme) =a®(T)b, T € Lp, (m,m) € P, (a,b) = ¢(m1,m2),
(1) = (1) P(Ty), T1,Ts € Lp.

Jlnst npor3BoJIbHOH moaLenouku 1’ uenouku ua Lp 0603HaunM uepe3 $(77) mHOXKe-
CTBO {ZL‘Q|(3T1,T2,T3) (TQ = T, T1T2T3 € ﬁp, CI)(TlTQTg) = X1T9X3, |T;| = |fL’Z| oJ1s1 1=

1,2,3)}.
[Iycth
A=Jom), B=em), ¢=2"- [J omm).
TEA meB mme€E2-C
Torna

R = (AA"NA*B) — A*C'A*
SIBJISIETCS JIOKAJIbHBIM SI3BIKOM,
{®(T)|T siBnsiercs ycnemnbim mapiipytom Depaga D} = Lp N R'.
Tenepb BUAHA CpaBeJHUBOCTb PABEHCTBA
L(D) = h(¢(Lp N R)),

rne h — mMopduaMm, onpenesieHHbIH B 10Ka3aTenbcTBe TeopeMbl 6. Tak Kak KOMIO3HULKS
MOp(pHU3MOB ecTb MOp(hU3M U ( — MOp(U3M NOOYKBEHHbIH,

B =h¢: A" —¥*

ABJaseTcss xopowuMm MmopgusMoM. [loctpoeHHble a3blK Juka Lp, J0Ka/IbHOE MHOXKe-
cTBO R’ W Xopowmui MopduaM h' M03BOJSIIOT BHIBECTH M3 TEOPEMBI 6 CIpPaBeNJIHBOCTb
paccMaTpUBaeMoOro yTBepxaeHus [

§3. OnHo 00001mEeHNe peryasapHbIX BbIpaxKeHUU

B nanHom naparpade onpenensitoress v usydaiorcss KCsblpaxkeHuss — o6obiieHne
peryaspHbix BelpaxkeHHH. HasBanue otpaxaer ToT (hakt, uro KCBbIpaxkeHus xapak-
TepusyloT 6eCKOHTeKCTHble s3blKH, WU KCaspiku. BBoguTes cucrema noHATHH, KOTO-
pasi CIy>KHT UHCTPYMeHTOM HccenoBannst KCBrIpaxkeHWH U OTBEYAIOLIUX UM SI3bIKOB.
dTa cHUCTeMa HCMOJb3YyeTcsl B JAHHOH CTaThe /51 0KA3aTesNbCTBA CJAENYIOMIUX IBYX
(haKTOB:

1) Drpader u KCBBIpaXkeHHsT XapaKTepU3yIOT OIMH M TOT 2Ke KJacC SI3bIKOB;

2) Knacc Tak HaspiBaeMblX MceBpocorsacymomux KCseipaykeHUH 3KBHBaseHTeH
KJIaCCy peryJisipHbIX BbIpaXKeHHH.

OTMeTHM BO3MOXKHOCTb HECKOJIbKUMU Crloco0aMu 0Ka3biBaThb, 4To KCBbIparkeHUs
XapaKTepU3yloT O€CKOHTEKCTHBIE 3bIKH. [IepBbIi M3 yNOMSHYTHIX BbIlIe (PAKTOB MpPH-
MeuaTtesieH Kak 00001uieHrne TeopeMbl Kiaunu. Boimensiercs obuupHbiii noakaace KC-
BbIPAKeHUH, XapaKTePU3YIOLIHUK perynsipHble sI3bIKH.

Hacrosmuit naparpad ciaenyer cuutaTh npoposxkeHueM naparpada 1, matepuan ko-
TOPOro CYLIeCTBEHHO 3[eCb UCIONb3yeTcsl. B 1LesoM OH mpeicTas/sieT MOJYy4YeHHbIE K



JIAHHOMY MOMEHTY pe3yJbTaThl HAlLKMX HCCJAEeJOBAaHUH MO BBISABJIEHUIO W aleKBaTHO-
MYy BbIpakeHHI0 0Ol1el CyTH pa3/MUHbIX XapaKTepu3aluuil 6eCKOHTEKCTHBIX SI3bIKOB. B
M0J1b3y TaKHWX MMOWCKOB MOXKHO 3aMeTUTb cJjenytoilee. C MOMOLIbIO MOHATHS CUHTAKCH-
yeckold KoHrpysHuuu [Lallement 79] perynsipHbiil si3bIK MOKHO NPEACTABUTb CHCTEMOH
KOMITIOHEHTOB, He 3aBHUCSILEH OT TeX WJH HHBIX CIIOCOOOB €ro 3aaaHus, NMPUIIHUCHIBA-
IOLIMX €ro Lerno4ykaM HeKOTOpyl CTPYKTypy. [Ipu aToM cyliecTByeT onpepneseHHas
B3aHMOCBSI3b M€Ky KOMIIOHEHTAaMH YIOMSHYTOH CHUCTeMBl U JIIOOBIM M3 BO3MOXKHBIX
CHHTAKCHCOB PeryJIsipHOrO si3blKa (MOApasyMeBaIOTCsl CHHTAKCHUECKHe OMUCAHUS, U3Y-
YyaeMble B paMKaxX TEOPUH PETYJSIPHBIX 3bIKOB). FIMeHHO Ha/lWuue Takoé CBsi3U obec-
reyrBaeT BO3MOXKHOCTb OTBE€YATh HA BCe BOMPOCHI O KOHEUHBIX aBTOMAaTaXx.

EcTb ocHOBaHHA MoJiaraTh, YT0 HEKOTOPoe 0000IIeHHe U3BECTHBIX Pe3yJbTaTOB M03-
BOJIUT PaCKJaablBaTh Ha KOMIOHEHTH JeTEPMHUHUPOBAHHBIE SI3bIKH (@ MOXET ObiTb, U
6eCKOHTEKCTHbIE SI3bIKH HEKOTOPBbIX 00Jiee OOLIMX KJIacCOB) TaKUM 00pa3oM, 4TOOkl 3TO
MIOMOraJIo OTBeYaTb Ha BOIPOCHI O COOTBETCTBYIOLIMX aBTOMAaTax M rpaMmaTHkax. B
CBSI3U C 3TUM $SICHO, UTO pasJ/oxKeHHe YCTPOUCTB, 3aal0lIUX OeCKOHTEKCTHbIE SI3BIKH,
Ha HEKOTOpble KOMIIOHEHTBI [TOMOTaeT HallynaTbh crnocod 0600lleHus IpUeMoB, paspa-
60TaHHBIX A/ 60Jlee Y3KHX KJ1aCcCOB SI3bIKOB.

[Tpu paspaboTke 060011eHUS PeryNsipHbIX BblpaKeHHUH Mbl PyKOBOACTBOBAJUCH CJle-
AYIOLIUMU cooOpaKeHUsIMH. 3Be3fiouka K/MHM KayeCcTBEHHO OTJIMYAeTCs OT IPYTUX
peryJsipHbIX ornepauuid. Ee cMbic/ 103BOJISIET HHTEPIPETUPOBATL PETYJsipHOE Bblpake-
HHMe «, 3aawollee OeCKOHEUHbIH A3bIK, KaK ONHCcaHue (POPMaJIbHOM CUCTEMbI, TeOpPeMbl
KOTOPOH (PUKCUPYIOT "CHHTAaKCHYeCKHH pa3bop OTHOCUTENbHO «'OTHAEeJbHBIX LeroyeK
a3blka. [ 060CHOBaHUSI 3TOr0 Te3uca 0OCYNMM peryJspHble BbpaKeHHUs HaJ HEKO-
TOPBIM aJ(PaBUTOM 2.

f3bIK, 3aaHHBINA PeryyspHBIM BbIpaXkeHHeM «, 0003HauuM uepe3 L(a).

3aMeTuM, UTO B 3aMHUCH PETYNSPHOTO BBIpaXKEHHS « Hald ajdaBUTOM Y "paccpe-

A

JIOTOUEHBI "IENOYKH, COCTABJSIONINE HEKOTOPOEe KOHEUHOE TMOAMHOXKeCTBO L(«v) si3biKka
L(a); ﬁ(a) MOKHO OMPEJeJIUTh PEKYPCHBHO:
) =10,
a) { } nas aEEU{e}
a) = L(B) U L(y) st = 547,
) = LB)L(y) mas a = (B)(v),
(o) = {AYUL(B) n1sa o = ()",
Tenepb Bo3bMEM B KauecTBe aKCHOMbBI CaMO BbIPaXKeHHE (v, a B KauecTBe IpaBHJia
BbIBOJIa YIBOEHHE BXOXKIEHHsI MOABbIpaXkeHust Biaa (7y)*, T.e. MOCBIIKE BUIA

L(D
(
(
(

b«) ~ &~ bw

z(7)"y,

rae v — peryJasdpHoe BblpaxkK€HHUe U xy — PEryJisipHOe BbIpakKeHUe HUJH ITyCTad LelnodykKa,
OTBeYaeT 3aKJ/II0UeHHe

HceHo, uto

[ BBIBOOUTCH U3 «
Mbl 3apanuch Uesblo 0000LKMTh MPABUJIO BBIBOJA PACCMOTPEHHOH BbILIE CHUCTEMBI,
YUHTBIBasi 3aKOH 00pa30BaHHUs LEMOUEK Hepery/asipHOro GeCKOHTEKCTHOTO s3blKa, yKa-
3aHHBIH BapHaHTaMU TeopeMbl 0 pa3BuTuu [CraHeBnueHe 966], [CraneBuueHe 99| (B



HacTosilied pa6oTe UM oTBevaloT TeopeMbl 2.4, 2.5 u 4). Kpome Toro, Mbl 3a60TH/IHCH
0 KOHEUHOCTH YMCJa MOABbIPaXKeHWH, KOTOpble paspellanoch Obl "THPaxKUpPOBaThb NPH
BBIBOJIE M3 HEKOTOPBIX BBIPaXKEHHH APYrux, 6ojee CJ0XKHO ycTpoeHHbIX. [loreHuH-
a/ibHasi BO3MOXKHOCTb JOOUTbCS 3TOTO TaKXKe yKa3aHa TeopeMaMHu O Pa3BUTHU. Takum
o0pa3oM, npepsnaraemoe 06001lleHUe PeryasipHbIX BblpaKeHUH 0ObIrpbiBaeT (hOPMbl pas-
pacTaHus lieroyek, NeHCTBYIOLIMe B paMKaX KJacCHYeCKHUX XapaKTepu3auHud OecKOoH-
TEKCTHBIX SI3bIKOB.

B pasnene 3.1 onpenensietcsi KCsripaxkenue. Omnpenensietcsi psig MOHSATHE (S1po,
pa3BHUTHE U T.N.), PACIPOCTPAHSIOUIMX HAII MOAXOMI K HCCJIEL0BAHHIO GECKOHTEKCTHBIX
SI3bIKOB Ha BBEIEHHBIM HOBBIH (DOPMAJHU3M.

Paspen 3.2 paccmatpuBaer anaropuTMmsl, npeobpasytoumue Drpad B KCsblpaxkeHue
u KCsripaxxenue B Drpad. B pasnmene 3.3 ompenensiorcs corsiacyioliee H I1CeB-
nocornacytouiee KCsblparkeHusi. JlokasbiBaeTcs yTBepxKAeHHe 00 3KBUBAJEHTHOCTH
TICeBOCOIJIACYIOILMX BbIPayKeHUH perymnsipHbIM.

3.1. KCBeipaxkenusa. Becbma co6/ia3HUTebHA MOMBITKA TOCTPOUTH 0000IIeHNE pe-
TYJNSPHBIX BbIpaXKeHUH, KOTOPOe 3a/1aeT B TOUHOCTH OECKOHTEKCTHBIE SI3bIKH U HUCIOJb-
3yeT, KpoMe ajaBuTa 53blKa, HEKOTOPBIH He 3aBUCALIUH OT f3blKa KOHEUYHBIH Habop
cumBoJioB. M3BecTHas jemma OrneHa, BUA (DOPMAHTOB, UCMONb3yeMbIX JJIs PA3BUTHS
MapuipytoB Drpada, u Bun anemeHTapHbiX urepauuil [CraHeBnueHe 966]| HaTanku-
BalOT Ha N00aBJ/eHUe K Pery/asipHbIM ONepalusM Olepaluu, siI3bIKOTBOPUeCKHUH 3(PdeKT
KOTOPOU TAKOB Ke, KaK y CHCTeMbl 6€CKOHTEKCTHBHIX MpaBuJ (Boobliie roBopsi, 6ecko-
HEYHOH )

S —zlzSy, z€ ZC Y, (x,y) e X xY C X" x X"

TpynHocTb, ogHaKo, B TOM, 4TO 3bIKM Z, X U Y MOTYT ONpenesiiTbCs C MOMOLILbIO
f3blKa L, NOpOXK1aeMoro NJaHHBIMU MpPaBUJIaMM, U MecTa BCTaBJEHHUS MapHbIX Lenouek
x € X 1y €Y He NONUUHSAIOTCS KAKOMYTO 00leMy A/ BCeX OeCKOHTEKCTHBIX $13bl-
KOB 3akoHy. MecTta BCcTaB/eHUs] PAa3/UUHBIX "HHTEP(EPUPYIOIIHMX 'KOHCTPYKLUHUH MOTYT
pacriosiaraTbCs B NpefiesiaXx HEKOTOPOH LEeNOYKH TaK, UTO TOJNbKO MHAUBHUAYaJbHbIE UX
0003HaueHHUsl MOMOT'YT pa3oOpaTbcsi, B KAKOM MeCTe UYTO BCTaBJjseTcs. B ¢Bsidu ¢ 3TuUM
BBOJMUTCS TIOHSATHE MMEHOBaHHsS. Y OmMepaldd MMEHOBAaHHUS [Ba orepaHia: UMsi (3To
3JIEMEHT HEKOTOPOro KOHEYHOro MHOXKECTBA) M BBIPaKeHHe, KOTOPOMY JaHHOE HMS
cornioctaBJsieTcsi. OHa cTapiue ucrnosnb3yeMblXx B KCBbIpaxKeHHH peryJsipHbIX orepa-
UMH 00beMHEHHUsl U CLEINJeHHS.

YnotpebJ/ieHre HMEHOBAHHOTO MOJBBIPAXKEHUSI BHYTPH BbIPaXKEHHUS C TeM Xe HMe-
HeM o0ecrieurdBaeT pa3MHOXKEHHEe BXOXAEHHH B LENOYKY SI3blKa HEKOTOPBIX MOALENO-
yek. UHCJO UCNOJb3yeMbIX B BbIpa)KeHUHW HUMeH, BOOOIle IOBOPsl, 3aBUCHUT OT SI3bIKA.
[IprBbIUHBIE CpeNCTBa OMHUCAHHUS CHHTAKCHUECKOH HepapXWHu MOALeNovyeKk B LeNo4yKax
6eCKOHTEKCTHOTO si3blKa MOOYXKAAIT BbIPA3HUTh OMEpalHI0 UMEHOBAHHUS MOCPEACTBOM
OKaHMJIeHHUs orepaHaBbipaXKeHusi ckobkamu (, u ),, Tae ¢« — onepanaxms. C BbiGO-
pOM HOTALMM CBs3aHa M0Je3HOCTb NMpH usyueHUH KCsblpakeHU# pacCMOTpPeHHBIX B
naparpade 1 KOMOMHATOPHBIX CBOHCTB CKOOOUHBIX CUCTEM.

Tak kak cko6oUYHasi CUCTeMa OKa3blBaeTCsl Terepb 'pPacCesiHHON'TIO 11eroYKe, comep-
JKalled MOMUMO CKOOOK HEKOTOpble ApyTrHe CUMBOJBI, 4acTo OyleT YNoTpebssiTbes
CJIeLyIollee NOHATHe MPOEKLHH.



Jlnst mo6bIX andaBUTOB X, Yo W LeNodkH x € (X1 U Xo)* 0603HaUNM pe3yJbTaT
BbIYEPKHUBAHHSA U3 T BCEX CUMBOJIOB ajJ(aBUTa X — Yo Uepes

projection(x, ).

[lycte Names — HemycToe KoHedHoe MHOxecTBo, B = {(,, )|t € Names}.
[Tycts mMHOXecTBa X, B u {+,¢,0,(,)} nonapHo He mepecekatorcs, Alph = X U B U
{+,¢,0,(,)}. Onpenenum pexypcuBHo KCBbipaxkeHHe Han ajaBUTOM Y. (3TO CIeLHU-
(uueckoe cyoBo B andasure Alph):

1) a € XU {¢,0} — KCabipaxeHHue,;

2) ecin o u 3 — KCBBIpaxeHus, To:

a) a + [ — KCsbipaxeHHe; MOABbIpaXKeHUsT « ¥ [ NaHHOTO BbIpaXKeHUs OyneMm
Has3blBaTh €ro C/JaraeMbIMH, CaMO BblpaXkeHHe — CYMMOH;

b) (a)(8) — KCsrlpaxkenue; nonsbipaxkeHusi « U (3 BoipaxeHus: («)(5) Gynem
Ha3bIBaTh €r0 COMHOXKHTE/ISIMH; 3aKJH04YaTh COMHOXKHTENb B KPyTJible CKOOKH He 00s-
3aTeJibHO, €CJIM OH He SIBJSIETCS CyMMOH;

3) ecin ¢« € Names n 3 — KCsblpaxenue, to (,3), ectb (umeHoBaHHOoe) KC-
BbIpaXKeHHE, MK (-THE3/O.

[Tycts mHOXecTBa Names, B u Alph npumensitorcsi B HekoTopoM KCsbipaxenun (
TaK, KaK 3TO yKa3aHO IMocJefHUM onpeleneHneM. Torna ob6osnauenus Alph((), B(()
1 Names(¢) 6yLyT UCIOJNb30BATHCS [JIsT MHOXKECTB

{c € Alph|3(u,v € Alph*) ¢ = ucv},
BN Alph(¢)

{¢t € Names|(,€ B(()}

COOTBETCTBEHHO.
Cuenytomue onpesneseHds (PPaKLUMM U K/IaHA MOMOTAIOT ONPEeNeJUTh A3bIK, 3a1aBa-
embll KCBbIpakeHueM.

Hazosem ¢pakmmeri KCBbipaxkeHusi Han andaBUTOM Y 3JEeMEHT CJEAYIOLIEro pe-
KYPCHBHO ompenessieMoro MHoxkectBa KCBbIparkeHHUH:

1) Fractions(a) = {a} nis a € ¥ U {e, 0};

2) ecan o 1 (3 cyTb KCBBIpaXKeHus, To

Fractions((3)) = Fractions((),

Fractions(a + ) = Fractions(a) U Fractions(3),
Fractions((«)(B)) = Fractions(«)Fractions(3),

Fractions((,0),) = {(,}Fractions(8){).}.

W3 onpenenenus ¢ppakuuu caenyert, uto oHa BHISAUT Kak KCBeIpaxKeHue, KoTOpoe
He COMAEePKUT CyMM M Oe3bIMSHHBIX CKOOOK. Ha 3TOM OCHOBaHMM HMHOrA YMeCTHO
HasbIBaTh (paklyel MOyl Henodky, Kotopas uMeet Bua KCBbipaxkeHus 6e3 cyMm M
6e3bIMSIHHBIX CKOOOK, He yTOouHssl, Kakoro KCBeIpaxkeHHs1 3Ta (ppakLusi; B YACTHOCTH,
Mbl OyfeM HasblBaTb (ppakiyved KaxKIblH 3JeMeHT onpenessemMoro najnee kjgaHa KC-
BbIpaKEHHS.



Jns dpakuuu ¢ Han andaBUTOM X HA30BeM ee NMOMETKOH CJefylollee peKypCUBHO
onpezeJssieMoe MHOXKeCTBO w(() C X*:

{a}> C:CLEZ;
{A}, C=¢
w(@) =1 0, ¢=0;

w(@)w(B), ¢ =apf, au [ — ppakuuy;
w(f), ¢ = (.0)., B — bpakuus.

3aMeTHM, uTO (PPakUHI0 MOXKHO CUHMTATh MPOU3BeNeHHEM, HMEIOLHM, BO3MOXKHO,
TOJIBKO OIMH MHOXHTeJb. KpoMme Toro, 3ameTum, 4TO NPOH3BELEeHHE MHOXKECTB Lie-
nouek, X0oTsl Obl ONHO K3 KOTOPBIX MYCTO, cuuTaercss mycTbiM. CjenoBaTesnbHO, Kax-
nasi pakiysi, Cpeid MHOXKHTeJeHd KOTOpOH ecTb (), HMeeT MyCTYi0 MOMETKY. DTHM
00CTOATE/IbCTBOM OIPaB/AbIBAETCS NpPUBJEYEHHE CJedyIOLero MOHATHS NPHUBeIeHHOH
(hbpaKLuHu.

[Tyctb ¢paxuus conanaet ¢ () unu He comepKUT noasuipaxenus (). Torna HasoBem
(bpakuHIO NMpUBEIEHHOH.

PesynbraT npuBeneHust HeKOTOPo# ¢pakuuu & o6o3Hauum uepes trim(E). [lpuse-
JIEHWe MOXKHO OCYIIEeCTBHTb, MOBTOPSisi, MOKA MPUCYTCTBYIOT rHe3mo Buaa (,0), wuiau
MpoU3BeieHHe KaKorosn6o n3 Bunos of), (o, 3ameHy rHe3na Ha €, a MPOU3BeEHUs Ha
0.

O603Haunm yepe3 Trim(¢) MHOKECTBO BCeX OTJMYHBIX OT () MpHBeAeHHBIX (PpaKLUit
KCsripaxkenus (:

Trim(¢) = {trim(£)|¢ — ¢paruuns Buipaxkenus ¢} — {0}.

Ycs0BUMCS, 4TO €CsIM B HEKOTOPOH (hopMyJie HEKOTOpble ee CKOOKH BBINIAAAT Nap-
HBIMHU JIpyT IPYTY, TO OHH AEHCTBUTEJBbHO MapHbl B KaXKI0H Lienouke, NpeicTaB/IseMOH
IaHHOH (opMmyJoi. DTO corjalieHre OyfeT MHOTOKPATHO MCIOJb30BaThCs. B yacTHO-
CTH, OHO yIOOHO B CJIeAYIOLEM OIpeleeHUH.

KnaHx, nopoxknaemeri KCBbipaxkeHHeM (, ONIpeles UM PeKYPCHBHO:
Clan(¢) = Trim(¢) U {51 (.az).0s]
al(LQQ)La3a ﬂl(!,ﬁ?)l,ﬁ?) € Clan(()}

W3 storo ompenenenuss BUAHO, uTo KJaH KCBblpa)keHHWS MOXKeT OTJIWYATBCS OT
MHOXKECTBa ero NnpuBelleHHbIX (pakuui, ecin B KCBbIpa)keHWH HECKOJIbKO TMOJBbIpa-
JKEeHUH OHUM U TeM ke UMeHeM. [leHCTBUTeNbHO, N/ 00pa3oBaHUs KJaHa Joboe 13
UMeHOBAHHBIX TOJIBBIPaXKEHUH MOXKeT ObITh 3aMeHeHO JIObIM OJHOMMEHHbIM. 3aMeHa,
KaK yBHAWM, "peasnusyer'paspacTaHue LEMOUeK si3blKa (CM. HHMKe O TMOHATHUAX LHKJA,
pa3BUTHS U HOBOM B3IJisiie Ha oOpas3oBaHHe KJjaHa).

S13biK, 3anaBaemblii KCBeIpakeHHeM (, €CTb TOJMHOKECTBO
L= |J w©
£eClan(¢)
MHOXKeCcTBa X*. f3bIK MyCT, eciu MYCT KJIaH.

Crenyiomue ornpeaeseHusl Jerde MOHAThb, €CAM BCIOMHHTB, 4To AJs Jwodoro KC-
BhIpaXkeHust ¢ ¥ IJ1s1 J1060ro MOAMHOXKeCcTBa B ajdaBuTa HMeHOBaHHBIX CKOOOK B(()



[lernoyka
projection((, B)
SIBJIIETCSI CKOOOUHOH CHUCTEMOH.

[Tyctb ¢ € Names(¢). Torna HazoBeM (-BbicoToit KCBBIpaxkeHus: ( uHc/I0

h(t, ) = depth(projection((,{(,,).}))-

3nech depth(x) o6o3HauaeT rayOHHY CKOOOYHOH CHCTEMBI X, ONpeleseHHYI0 B Iapa-
rpacge 1.
Hasosem BreicoTor KCBBIpaxkenust ( 4ucio

height(¢) = max{h(t, ()|t € Names(()}.

[Tonuenouku (,x u z), KCBpIpaxkenus

u(L:U(Ly)Lz)/U

Ha30BeM €ro MapHbIMH APYT APYTy LHKJaMH (WJH, eCcau WHpopMauus o6 UMeHH cy-
IIeCTBEHHA, (-I[HKJAMH), JIEBBIM ¥ IPABBIM COOTBETCTBEHHO.

3ameTHM, 4To ecu (,x U z), — MapHble HUKJbl HEKOTOPOH (paKLUUK U u — LFHE3M10
B Hell, BO3MOXKHO, [1aKe He CoieprKalllee ITHX LUKJOB, TO (,xuz), sIBJSETCS (FHE3I0M B
HEKOTOPOM 3JIeMeHTe KJaHa. DTHM OIpaBAbIBAeTCs 11eJec000pa3HOCThb ONpee/sieMoro
flajiee OTHOLIEHHUS PA3BUTHS.

[Tycts d > 0. HazoBem d-sapom KCsbipaxkenust ( u o6osHaunm uepes Core((,d)
MOIIMHOXKECTBO BCEX 3JIEMEHTOB €ro KJjaHa, BbICOTAa KOTOPHIX HE MPEBOCXOIUT d:

Core((,d) = {£ € Clan(C)|height(§) < d}.

[Tokaxxem KoHeuHOCTb MHOXecTBa Core((, d).
M3 onpenesneHuii Gppakuuu U KJaHa cjenyer, uto ajis jawo6oil gppakuuu & € Clan(()
BBIIIOJIHSIETCST HEPABEHCTBO

width(projection(&, B(C))) < width(projection((, B(())),

rae width(x) o6o3HadaeT WIHPHHY (CM. ompeneseHue B maparpade 1) cko6o4HOH cH-
crembl z. Kpome Toro, kaxmoe moxeipaxkeHue ¢ € (3 U {e})* Takoil (paxkuuu He
IJIMHHee BblpakeHHs (, T.e. MeXAy IOCJIeL0BaTeNbHBIMH BXOXIEHUSIMU CKOOOK BO
(hpakLUMIO pacrojiokeHa LenodKa, IJHHA KOTOPOH orpaHHuYeHa AJUHOH HucxomHoro KC-
BolpaxkeHusi. I3 onpenenenust Beicotsl KCBbIpaxKeHUs caenyert, 4To AJs J1000H ppak-
unu € € Clan(¢) rnybuHa

depth(projection(&,B(()))

He MpeBOCXOAUT npousBeneHus d-|Names(()|. 3Hauut, MHOKecTBO Core((, d) KOHEUHO
BcJleicTBHe TeopeMbl | (oHa e ecTh Teopema 1 paborel [CraneBuuene 99]).

[TycTb (FHE310 u BXOIUT B HEKOTOpbIH aseMeHT KjaHa KCsbipaxkeHus ( W ynoB.Je-
TBOpsieT YCA0BUAM h(t,u) = 2, h(o,u) < 2 nJs n060ro UMeHH o # ¢. Torna Ha3oBeM u
(opMaHTOM BbIpaxKeHHs (.

Jlemma 10 (cM. HH2Ke) MOKa3biBaeT, uTo Bce GopmaHThl KCBBIpaXkeHUst 0OHApYKHU-
BAIOTCSl B 3JIEMEHTAax ero 2dmapa.



Onpenenum Ha MHOxecTBe Clan(() OTHOLIEHHe HENOCPEACTBEHHOIO pa3BHUTHS fi:
nyetb u = v(,x2(,y),.2)w € Clan(C), roe (,z(,y).2), aBasercs Gopmantom. Torna

(v(y).w, u) ftc -
[Tarepky
(v, (2, (Y)us 2)0, W)

OymeM Ha3blBaTb HCTOPHEH HEMOCPEACTBEHHOrO PA3BHTHS BBIPAXeHHS u H3 v(,y),w.
OtHowenue 7 Ha30BeM OTHOLIEHHEM PA3BHTHSI.

Ynono6ssis uuk/asl KCBblpaxkenuss tTakoBblM Drpada, HeTpyaHO omnpenenuTb aHa-
Jor yHKUUU reduction, oToOpaxawomui pasnoxenne KCBblpaxkeHHs B MHOXKECTBO
KCsblpaxKkeHU#l U BblUEPKHBAIOLIMH B MCXONHOM BbIPa)KEHHUHU LHKJbI, KOTOpPble MOX-
HO BBIYEPKHYTb, He 3aTparuBasi HEKOTOPBIX BbIIEJEHHbIX yUaCTKOB BblpaxKeHHs. DTOH
HOBOH (DYyHKUHMH TaKKe AaAuM UMs reduction.

Bonee akkypaTHo, nycte k > 1, a ¢ = x;...x; — KCBblpaxeHue, yacTu z; KOTO-
poro MOTYT W He ObITb BbIpaxkeHUssMH. O6Go3HauuM uepes reduction(xy, ..., Ty) MHO-
)ecTBo Bcex KCBBIpaXkeHUH, MosydaeMblX U3 ( TaKUMHU yoajeHUsiMU (OHM JesatTcs,
MOKa BO3MOXXHbI) MapHBIX LUKJOB, YTO YaCTH Tg;, 2 < 2i < k, He 3aTparuBaroTCsl.

Jlemma 10. Ecin afy € Clan((), a § aBasercs dhopmaHToM, To Teduction(a, f3,
7) € Core((, 2).

JlokasaresbcTBo. [lycThb
o'y € reduction(a, 3,7),

rie o u ' ABAsAOTCS 00pa3aMu Lenouek « U <y IPU JaHHOM penyuuposaHuu. [Ipenmo-
JIO?KMM, UTO 7151 HEKOTOPOTO UMeHH ¢ BhIpaxkeHue o’ 3/ ComepKUT (FHe3I0 & (BBICOTHI
3. 3aMeTuM, 4TO TpaHHULIAMM THe3la SBJSIOTCS MapHble Apyr Apyry cko6ku. Cheno-
BaTe/JbHO, €CJIM THe3[a u U v CyTh pa3/juuHble y4acTKH opHoro KCsbipaxkeHwus, TO
JIM0O OHM He MMeIOT O0Ilero y4yacTka, JUOO OfHO M3 THe3[ SBJSETCS y4acTKOM IpY-
roro. OTcrofa noJjyuyaem, u4To THe3/10 & colep:KUT B cebe (hopMaHT (3, TaK KaK BHYTPH
(opmMaHTa He MOxKeT ObITb THe3/la CTOJb OOJbILIONW BBICOTHI, a HaJUuMe THe3/la £ BHe
( NPOTHUBOPEYUT MOCTPOEHHIO BhIpaxkeHHs «'(3y'. Ho Torma, onsitbTaku BCJEACTBHE
onpeneseHus hopmMaHTa, o ¥ ' IOKHBl COOTBETCTBEHHO COEP’KAThb JIEBLIH U MPaBbIi
[UKJIBl THe31a &, UTO MPOTHUBOPEUYHUT MOCTPOEHHI0 BhipaxkeHus o/ (3" [

Jlemma 11. Ecnin ¢pakuus £ € Clan(() comep:KUT LMK, TO CyLIECTBYeT TaKas
dpakuus & € Clan((), uto (€,€) €fi u €] < |¢].

JlokasaresbctBo. [lokaxeM, 4to & comepkut opmaHT. Cpenr ee ruesn, MpUHaJe-
x)amux MHoxkecTBY Nests = {u|I(v,w € Alph(¢)*, + € Names(()) (£ = vuw, u —
(FHe310, h(i,u) > 2)}, BoiOepeM BbipaxkeHHe ¢ HaUMeHblIe# AJUHOH. B cuay BeiGOpa
OHO He COZIEP>KUT COOCTBEHHBIX MOABbIPaXKEHHH, PHHALIEKALIMX MHOXKeCcTBY Nests,
T.€. sBasieTcst popmantoM. [lyetb & = afy, rne B = (,x(,y).2), — BbOpaHHbIH (op-
maHT. Torga corsiacHO ompefesieHHI0 OTHOLIEHHS HeNOCPeICTBEHHOrO DPA3BUTHS AJIS
€ = a(,y)y umeent (¢,€) efc u |¢'] < |¢] O

Teopema 7. Ilyctb ¢ ectb KCsbipaxkenue. [uasi qmwo6oro Beipaxkenus & € Clan(()
CYLIeCTBYIOT Takue yucao k > 0 u mocaenoBarenbHocTb KCsblpaxkenu# &, ..., <&,
uto & € Core((, 1), & = € u (§-1,&) €ffc 11 0 < @ < k ¢ HEKOTOPOH HCTOpUeH



HEeMOCPEe/ICTBEHHOTO PA3BUTHS (U;, T4, Yi, 2, Vi), TIPUUEM (POPMAHT Z;y;2; COAEPKHUTCS B
HeKoTopoM 3JieMeHTe siapa Core((,2).

LokazarenvctBo. Hnsi & € Core((,1) Teopema BepHa npu k = 0. Ilycte Temepb
¢ € Clan(¢) — Core(¢,1). Torna £ conep:kut uukabl. [To semme 11 cymecTByeT Takoe
BoipaxkeHue & € Clan((), uto (£,€) €fc u || < |£|. 3 mocnenHero HepaBeHCTBa
cJeyeT, YTO CYLIeCTBYIOT kK > 1 W mocjenoBaTesbHOCTb &y, ..., &k, Takue, 4To &) He
comiepKUT UUKIOB (T.e. BXonUT B Core((,1)), & =& 1 (§-1,&) Effc m1a 0 < i < k
C HEKOTOpOH HCTOpHell HemocpenCcTBEHHOro pasBUTHS (u;, T;, Vi, Z, v;). [1o memMme 10
(OpMaHT x;y;2; COLEPKUTCS B HEKOTOpoM 3JjeMeHTe sinpa Core((,2) O

[Ipumep 11. d3bIK
{a} U{a™b"|m > 1,n > m}
MoxKeT ObITh 3an1aH KCBbipaxkeHHeM

¢ =a+ (1a(1ab)1b)1(2(2€)2b)2.

Hawnbosbuine nBa U3 yeTblpex ero ruesf sIBJSTCS (POPMaHTaAMHU.

Clan(¢) = {a} U {[(1a]* (1ab)1[D):1]*[(2]' (26)2[b)2]'|k, 1 > O}

[TpocTefilinMu 37€eMeHTaMU 3TOTO KJaHa SIBJISIOTCSA He cofepxKalllhe LIMKJOB (ppakLuu
a u (1ab);(2€)2. OObenriHeHHe MX TMOMETOK {a,ab} CONEPKHUT JBe camble KOPOTKHE
uenouku siseika L((). Has mo6oro uesoro d > 1

Core(¢,d) = {a} U {[(1a]*(1ab)1 [D)]*[(2]' (2¢)a[b)2]'|0 < k1 < d}.

3.2. dkBuBaseHTHOCTh KCBbipaxkenuit u DrpacdoB. Cirenyrooumuil npuem nepe-
BOJlA peryJ/sipHblX BelpakeHWH B KCBblpakeHHs cliel[Ma/bHOrO BHA MTOKA3bIBAET, UTO
NocJIefIHAe MOXKHO CUHTaTh (POPMOH 3aMUCH Pery/sipHbIX BblpaXKeHUH U UTO NPUBEJEH-
Hasi najiee TeopemMa 8 — JNOCTAaTOYHO ecTecTBeHHOe 00o0iieHne TeopeMbl KnnHu.

[Tycth v — peryJsisipHoe BbipaxkeHue Han andasutom %. Torna L(a) = L(o(a)), rae
KCabipaxkeHue o(q) onpenessieTcsi peKypCHBHO CJIAYIOLUM 00pa3oM:

1) o(a) =a,a e ZU {0}

2) ecaiu 3 U y — perynsipHble Beipaxenusi, To o(S+7) = o(f8) + (), o((6)(7)) =
(@(8))(a(v)) u a((5)7) = (s0(8)(s€)5)s-

Teopema 8. {3bik 3anaercs KCbipaxkeHHeM TOTia U TOJBKO TOT/A, KOTJIAa OH OIpe-
nessietcsi HekKoTopelM Drpadom.

Jlanum KOHCTPYKTHBHOE J[0Ka3aTeJbCTBO TeopeMbl. Jlasi 3Toro mnorpebyercs
HECKOJIbKO HOBBIX MOHSATHH U 0603HaUeHHUH.
Hns Drpacda ucnosnb3yeM Halle 0ObluHOE 0003HaYeHHE

D= (% V, P, A\ P, F).

HaszoBewm npaBosinHeHHBIM pa3J/ioxkeHHeM HEMyCTOro HeUTpalbHOTO MapiuupyTta 1’ yert-
BEPKY
rlf(T) = (m1, Th, 2, Tn),
rage (7'('1, 7T2) c P, parti(meg) = 1, T = 7T1T17T2T2.
[IpaBosiHeliHOe pas3sioKeHHe MaplpyTa OINpefiessieTcsl OAHO3HAYHO, TaK Kak y
MapLIpyTa He MOXKeT ObITb ABYX HauaJ/bHbIX YYaCTKOB MPOTsKeHHUs 1.



Ecau rif(T) = (my, 11,7, Ty), To (1,1)anpo Drpada conepKUT MapuipyT ¢ npaso-
JIMHEeHHBIM pasJjioxkeHueM (my, T}, 7o, T3), tne pair(T}) = pair(T;) pas i = 1,2, (deit-
CTBUTENBHO (cp. JeMMy 6), TaKOB KaxkAbli MapuipyT u3 reduction(my, Ty, me, Ty) C
Core(D,1,1).) Kak 6yner sicHo W3 jpajibHeillero, 310 o3Hauaet, 4to (1,1)aapo D-
rpada conep:KUT BCO He0OXOAUMYI0 HH(OPMALUIO A5 OCYL1eCTBJEHUS MpeaaraeMbix
Huxe nocrpoenut. Nanee nuwmem Core(D) Bmecto Core(D, 1,1).

Hasosem ¢pasofi Drpada D ssemMeHT cJjenylolLlero peKypCHBHO OIpefessieMo-
ro MHOXKeCTBa HeHTpanbHbIX MapupytoB: Phrases(D) = Sentences(D) U {T7,
Ty|3((m,me) € P, T € Phrases(D)) (w1, Th, 7, To) = rlf(T)}.

[Toctpoum no Drpadgy D KCseipaxkenue E(D) Hanp andasutom ayr E(D). das
MHJIEKCAllMH CKOOOK, cocTaBsomuX andasut B(E(D)), UCrob3yeM 3JeMeHTbl MHO-
XKecTBa

{pair(T)|T € Phrases(D)}.

B caenyoumux MHOKecTBaX (Ppa3 KaxKIbld 3JE€MEeHT, KOTOpBbIH SIBJASIETCS MYCThIM
MapIIpyTOM, CJeAyeT CYHUTaTb CHHOHUMOM o6o3HaueHHsi A, a caMH MHOXKeCcTBa —
f3bIKaMu B andasute K(D):

Alt(P,Q) = {T € Phrases(D)|pair(T) = (P,Q)},
Productions(P, Q) = Alt(P,Q) N Core(D).

[lycte T € Phrases(D). Torna cxema scheme(T) dbpasbl 1T onpepessieTcsi peKyp-
CHUBHO CJIENYIOLIUM 00pa3oM:

1) ecnu dpasa T' nycra, To scheme(T) = (pair(1)€)pair(T);

2) ecant vl f(T) = (my, Ty, w2, T3), TO

scheme(T) = (pair(rym scheme(Ty)moscheme(Ts)) pair(r)-

fcHo, 4TO cxema ynmoBJeTBOpsieT ompeneseHHI0 (Gpakuud Hax andasuToM E(D).
Bynem cuutath, uTo MOMETKOH OPAKUHMH (pair(T)€)pair(r) ABAAeTCA {T'}. XoTs MycThIX
(dpa3 MokeT ObITb MHOTO, HYXKHbIH CHHOHMM 0003HaueHHss A OJIHO3HAYHO yCTaHaB-
auBaetcs mo uHaekcy pair(T) ckoOoK naHHOH (paxuuu. leHcTBUTeNbHO, BepLIMHA
beg(T) = end(T) u siBJsieTCs] NpelCTaBJIEHHEM MycTOro Mapuipyta 7. To corJaiieHue
0 MOMeTKe yI00HO B J0KA3aTesbCTBE HHXKEC/eAyollel JeMMbl 3.

Koncerpykuusi Beipaxkenust £(D) oueHb npocra:

£(D) = Z Z scheme(T).
QEF TeProductions(Py,Q)

W3  onpenenenus  ¢passl  chaenyer, uto  Alt(P,()) ecTb  MHOKECTBO

{mTimThlbeg(m) = P; parti(mTim) = 1; Ty € Alt(end(m),beg(ms));
T, € Alt(end(ms), Q)}, o6benunenHoe ¢ {P} mpu P = Q.
[Iyctb

7(P, Q) = {scheme(T)|T € Productions(P,Q)}.
O603HauuM uepes Lp 3blK, 3aflaBaeMblil CyMMOH Z&T(RQ) . fcHo, yTO
Lpgo C Alt(P,Q).

JlokakeMm, 4To
Alt(P7 Q) - LP7Q‘
751 3TOrO mOKa)kKeM C/edyILLYI0 JEMMY.



Jlemma 12. Ilycte T' — dpasa. Torna T' € Lpgir(1).-

et (pair(T))
3aMeTuM, 4TO U3 NOCTPOEHHUS CXeM CJeJyl0T PaBeHCTBa

Fractions(¢) = Trim(¢) = 7(pair(T)).

Besiencteue teopembl 7 jpoctaTouHo nokasatk, uto T € w(y), rme (§,¢) €N mas
HekoTopeiX & € T(pair(T)) u m > 0. [IpuMenum uHAyKUHIO 1O k > 0, Tae 2k — AJaUHA
¢ppasbl 1.

[Tpu k£ =0 ¢pasa T nycra. CrenoBaTesbHO,

/lokasaresbctBo. IlycThb

& = (pair(1)€)pair(r) € T(pair(T)).
Tak xak (¢,§) Eﬂg u T € w(), yrBepxaeHHe B JaHHOM CJydae BEPHO.

[Tycte £ > 0. [Ipennosnoxum, 4to yTBepKAeHHe CIpaBelJIMBO A/ Bcex (ppas, AJHHA
KOTOPBIX MeHblle, ueM 2k, U paccMoTpuM (pasy 7' anunbl 2k. JlonycTum, 4To

rlf(T) = (m1, Th, 2, To).
M3 npennosoxeHuss UHAYKLUUU CJedyeT, UTO AJsl ¢ = 1,2 BepHO cooTHolueHue T; €

w(ty:), tne (&,vi) €N nas nekoropeix & € T(pair(Ti)) u m; > 0. MoxHO cunTaTh
(cp. cooTHoweHue nast & B TeopeMme 7), uto height(&;) =1, i = 1,2. Ho torna

§ = m&imaés € T(pair(T)).
Tak kak

(&, munmaths) ey

T = mTimTy € w(myimaibs),
yTBepXKAeHHe BepHO U mpu k > 0.
WUrak, T' € Lpqir(ry U
W13 nemmel cienyet paBenctBo L(E(D)) = Sentences(D).
3ametuM, uto L(D) ecTh COBOKYMHOCTb MIOMETOK BCEX MapIIPyTOB, KOTOPbIE BXOMST
B Sentences(D).
Omnpeneum MOP(HH3M ¢ COOTHOIIEHUSIMHU:

p(m) = w(m), me E(D); p(a) =a, a ¢ E(D).
Torna sicho, uto KCsuipaxkenue Expr(D) = ¢(£(D)) 3anaet a3k L(D). 10 03Ha-
yaet, YTO J11000H GeCKOHTEKCTHBIH s3bIK onpenessieTcss HekKoTopbiM KCBbIpaxKeHHeM.

[Ipumep 12. Tlycte D ectb rpad marazuHHOro aBromara M, pacCMOTPEHHOTO B
npuMepe 6. Bmecto Beipaxenuss Expr(D), cTpafaliero u3bbiTOUHOCTbIO, PUBEIEM
HECKOJIbKO MeHee M30BITOYHOE IKBHBAJNEHTHOE BblpakeHHe (, MOCTPOEHHOE M0 CJely-
IOILIUM JIBYM 3JeMeHTaM MHoxecTBa Productions((po, Zo), (f, Zo)): 157898, 12234678.

[Tapel KOHLOB (hpa3, BXOASIIIMX B 3TH YCNELIHble MapIIPyThl, JAIOT CeMb HMeH: 1)
((po, Zo), (f, Zo)), 2) ((po,a), (po,a)), 3) ((p1,%0), (f,Z0)), 4) ((p2.a), (p2,a)),

5) ((f7 ZO)’ (f? ZO))’ 6) ((p[))a)v (p17a/))’ 7) ((pl,a)’ (plaa/))' B Bblpa)KeHHH C 6yﬂeM
[MHCaTb BMECTO MEPEeUYUCJCHHbIX HMEH HMX MOPAAKOBbIe HOMEpaA:

¢ = (1a(2€)2b(3(4€)4(50(4€)4(5€)5)5)3)1+



(1a(6a(6&(26)25(76)7)6b(7€)7)6b(3(46)4(56)5)3)1-

CumBoJbl a, b, nepemerkatolive co00id HUMeHOBaHHble CKOOKH, OTBEYAIOT IIOMETKaM AYT;
€ OTBeYaeT MyCTOMY Yy4acTKy.

Tenepb mokaxkeM, uto Kaxkaoe KCblpaxkeHue ornpepiessieT HEKOTOPbIH 6eCKOHTEKCT-
HBIH f3bIK. [locTaToyHO paccMoTpeTb caydai, Koraa KiaaH KCBbipaykKeHHsI HeMycT; B
NPOTUBHOM CJyyae BblpaxkKeHHe 3a/aeT MYCTOH $3blK, OTHOCALIMHCSH K OECKOHTEKCT-
HBIM.

CHauana npeo6pasyem KCsbipaxeHnue (mycTb 370 () K BHILY, yOIOOHOMY AJIsi TIO-
CTPOEHHS1 S5KBUBAJIEHTHOTO BbIpaXKEHHWI0 Mara3uHHOro aBToMaTa. B HalleM MocTpoeHUH
BaKHa pOJib 'HE3[; UM COOTBETCTBYIOT UeTKO 060cobJ/eHHble mofgaBToMathl. JJobbemes
HEKOTOPOH CTaHAApPTHOH OpraHMW3alMH THe3[, BXOISLIMX B 3JeMeHTbl KJaHa, BBOAS,
ecJIi HYKHO, NONOJHHUTe/]bHble MMeHa. MoXHO 3apaHee pacCUMUTHIBATh, 4TO J0bOas
(pakuus B KJaHe sIBJSETCS NPOMU3BEJEeHHEM He MeHee ueM ABYX COMHOXHTeJeH, a
17 Kaxjaoro raes3za (,3),, KoTopoe BXOIUT B HekoTopytw ¢pakuuto us Clan((), nubo
B € X U{e}, mubo [ sBasieTcsl MpoU3BeeHHEM 110 KpalHel Mepe IBYX COMHOXKUTEJIEH.
JleficTBUTE/IBHO, [J151 BBINOJHEHHs 3TUX TPeOOBAHUH NOCTATOUHO NOOABUTb COMHOXKH-
TeJU € K Kaxaod (pakuun u3 Fractions((), a Kaxaoe BXoJsliee B TaKyl (QpakLHIo
THE3/0 BHUJA

(12 (i28)e2)ur

rae 5 € Alph(¢)*, 11,12 € Names((), 3aMeHUTb Ha
(€232 ) -

[Tycts KCsblpaxkeHue n1u60 B/sIETCS HMEHOBaHHBIM, MO0 COBNAfaeT ¢ HEKOTOPHIM
a € XU {e 0}, Torma HazoBeM 3TO BblparkeHHe HEIEJTHMbIM.

Onpenensiemasi HelOCPEACTBEHHO Jlasiee pa3MeTKa (PaKTHYECKH paHKHUpPYyeT HeleJu-
Mble COMHOXKHTEJW BHYTPHU OTHEJNBHBIX T'He3[ WU BO (ppakuusx B LesoM. BBoxnmas
pa3MeTKOH yMopsil0YeHHOCTb COMHOXKHTEJ/IeH MO3BOJISIET OTBJEUbCS OT aCCOLHUATHBHO-
CTH YMHOXEHHS W BCJEACTBHE 9TOr0 YMEHBLIMTb pa3Mepbl aBTOMaTa, NPOU3BOAUMOIrO
no KCseipaxkenuto. Ho rsnaBHoe HasHaueHHWe pasMeTKH — peLIUTb MpoOJeMy pas-
JUYEeHHUS BXOXKIEHHH ONHUX U TeX K€ yyacTKOB B paccMaTpuBaeMble (pakuuu. Tak,
nasi 6ot ppakuun xay € Clan(Augm(()), roe a € ¥ U {e}, a Augm(({) ompe-
nensietcst (cm. Huxke) mo KCebipaxkenuto ( Han anpaBUTOM Y C TOMOLIBIO pa3MerT-
KH, nenouka projection(x, B(Augm(())) yHUKaNbHA, T.e. MOXKET HUCIOJNb30BATbCS /IS
UIEeHTU(HUKALMH pacCMaTPHUBAEMOr0 BXOXKIEHHS a. DTa 0COOEHHOCTh BecbMa o0Jer-
YyaeT [0Ka3aTeJbCTBO KOPPEKTHOCTH HAIEro MOCTPOEHHUsS Mara3MHHOIO aBTOMaTa [0
KCsripaxenuio.

[Tyctb € # () npuBeneHHas Gppakius, Kk — KOHEUHast OCJIeI0BATEIbHOCTD HEKOTOPHIX
HaTypaJbHbIX uyuces. HasoBeM pasmeTkod (pakuuu £ (¢ moMomipio k) U 0003HAYUM
uepe3 rlm(€, k) CleNyIOULYI0 PeKYPCUBHO ONpefesieMylo (ppaKIHUIo:

1) ecint a € X U {e}, To

rim(a, k) = (xa)x

rim((,a),, k) = (,a),
ISt JIIDOOr0 UMEHH ¢



2) ecau o siBaisieTcst HenesuMbiM KCBbIpaXKeHUEM, TO
rim(af, k) = (xrlm(a, (k, 1)rim(5, (K, 2)))x,
rim((,af),, k) = (,rim(a, (k,1))rim(8, (k, 2))),

A7 I0OBIX (PpakuuK 3 U UMEHH (.
Kak BuanmMm, Jro0ble nBe napel CKoOOK, n0OaBJleHHble pa3MeTKOH, WHAEKCHPYIOTCS
pPas3NUYHBIMH UMEHaMH.

[Tyctb knan KCsblpaxkenuss ( HemycT; nycTh LHppa 0 U KOpPTeKM HATypasbHBIX
ypcesl He MCHOJb3YIOTCS B ( KaK MMeHa THe3l. 3aHyMepyeM 3JleMeHTbl MHOXKeCTBa
Core((,2) B HEKOTOPOM MopsiiKe U 06003HaYuM uepes v(£) Homep ppakuuu & € Core((,
2). C nomolbio pa3aMedyeHHbIX (Ppakuuil 2ga1pa onpeneauM MHoKecTBo Mark(() cae-
OYIOLHUM 06pa3oMm:

Mark(¢) = {rim((o€)o, ¥(£))[€ € Core(¢,2)}.

Hasosem nonosnennem KCsbipaxkenusi ¢ cymmy Qpaki#il, COCTaBISIOLIMX MHOXKECTBO
Mark(():

Augm(¢) = Y &
geMark(C)
Crnenyrorasi jeMMa UCIOJb3yeTCs B JOKA3aTeJbCTBE SKBUBAJEHTHOCTH BBIpaXKeHUH
¢ u Augm(C).
Jlemma 13. Ilycte knan KCseipaxkenus ( nenyct. Torna:
1) Core(¢, 1) = {projection(§, Alph(())|¢ € Core(Augm(¢),1)};
2) mHoXecTBO (opmaHToB KCBBEIpaxkeHusi ( COBMamaeT ¢

{projection(&, Alph(())|¢ — dopmanT Bhipaxkenus Augm(()}.

JlokasaresabctBo. 3ametuM, 4to h(k,v) < 1 naa ¢ € Mark(() u n060ro UMeHH
K, BBEIEHHOTO pa3MeTKOH, Koropasi mpespaiiaetr MHoxectBo Core((,2) B Mark((),
T.e. 1 k € Names(Augm(¢)) — Names(¢). CrnenoBarenbHo, KaxAblil (hOpMaHT,
y4yacTBYIOLIMHA B HekoTopod ¢pakuuu uz Core((,2), npepauiaercs B (GopMaHT ee
pasmetku. [pyrux dopmanToB ppakuuu u3 Mark(() He comepxar.

Ortcrona sicho, uto Core(Augm(¢),1) coBnanaer ¢

{& € Mark(C)|projection(&, Alph({)) € Core((,1)}.
Tak kak
Core((,1) C Core((,2) = {projection(, Alph(¢))|§ € Mark(C)},

nepBoe U3 yTBePXKIEHHUH JIeMMbl ClIpaBeJIMBO.
M3 nocnenHero paBeHCTBa BBITEKAeT COBMaJeHHe MHOXKecTBa (DOPMAHTOB Bblpaxe-
HUS ( ¢ MHOXKECTBOM

FS = {projection(&, Alph(¢))|¢ — dopmaHT,

A(u,v € Alph(Augm(())*) ulv € Mark(()}.

Boobuie rosopsi, ¢pakuuu u3 Mark(() comepxaT He Bce (HOPMAHTHl BBIPAXKEHHUS
Augm(¢). B camom nesie, ecsii B HUX €CTb OIHOMMeHHbIE (DOPMAHTHI

(21(y1).21). 8 (2(2).22).,



THE T1Y121 F TalaZa, TO B dj7eMeHTax KaaHa Clan(Augm(()) IpUCyTCTBYIOT (QOPMaHTHI

(L.T1 (LyZ)Lzl)L U (L$2(Ly1)tz2)t'

Onnako no JeMMe 11 poeKIUK BceX YeThipeX paccMOTpeHHbIX (opMaHToB Ha Alph(()
TMPUCYTCTBYIOT B 3JeMeHTax 2s1pa BbipaxeHHs (. TakuMm o6pa3om, MHOXKeCTBO F'S
conepuT npoekuun Ha Alph(() Bcex ¢opmaHTOB BbipaxkeHuss Augm((), onHOUMEH-
HBIX ¢ (popMaHTaMM BbipaxkeHus (. CJuenoBaTesbHO, 1/ A0KA3aTeJNbCTBA BTOPOrO U3
YTBEPXKIEHUH JIEMMbl Telepb AOCTATOYHO ybeauThbest, 4To BeipaxkeHue Augm(() He
uMeeT popmaHToB ¢ uMeHamu U3 Names(Augm(()) — Names(C).

Ecin k € Names(Augm(())—Names((), To n1060e KFHE3O KFIYyOUHBI 2 He SIBJIS-
eTcsl opMaHTOM. [leHCTBHUTENBHO, BCJAEACTBHE YHUKANbHOCTH KaxKIOW Mapbl CKOOOK,
TMOCTABJIEHHOH NPH pa3MeTKe, FHe310 v BUIA (,2(xY)x2),s MOXKET MOSBUTBHCS B dJeMEH-
te MHOxKecTBa Clan(Augm(()) — Mark(() ToqbKo B pe3ysibTaTe MOCJAEIOBATEIBHOTO
MCIIO/b30BaHUS IS pasBUTHsl ppakuui U3 Mark(() HeKOTOpbIX (hOPMaHTOB

(Lu]. (,{Ug (Lu3)bu4)f$u5)l,7 (Lul (KUQ(Lug>Lu4)Iiu5)L

C OIHHUMH M TeMH Ke MapHbIMH LHKJIaMH. CJiefoBaTeNbHO, (FIyOHHA THe3la v He
MeHblIlle IBYyX, U OHO He yIOBJIETBOPSiET OnpeeseH 0 (hopMaHTa.

Takum obpasom, anementsl U3 Names(Augm(()) — Names(() urpamoT posb HH-
AMBUyaJlbHBIX UMeH TOABbIpaxkeHUH (pakuuii us Core((,2); Ha oOpa3oBaHHe KjaHa
BblpaxkeHusi Augm(() BJAUSIIOT TOJbKO THe3ia ¢ WMeHaMd U3 Names((), oTanuaro-
uecst ot rHe3n MHoxecTBa Core((,2) JUIIb NPUCYTCTBUEM "HHAMBHUIYAJH3UPYIOLIUX
cko6ok". CyiefoBaTeNbHO, BEPHO U BTOpOE U3 yTBepKIeHHUH JeMMbl [

Jlemma 14. Boipaxenust ( u Augm(() 9KBHBaJE€HTHBI.

JlokasaresberBo. JloctatoyHo nokasath, 4to KaaH Clan(Augm(()) clOpbEKTHBHO
otobpaxaetcs Ha Clan(() u obpazom ¢ppakuuu & € Clan(Augm(()) siBasercs

projection(&, Alph(()) € Clan(().

Ho 3ToT pakT BeITeKaeT HEMOCPEeACTBEHHO M3 HHUXKeCJ/eNyIOLIero yTBepXKIeHHs, KO-
TOpOe JIerko [I0Ka3aTb MHAYKIHeH mo k, omupasicb Ha yCTaHOBJEHHble B JeMmme 13
B3aMMOCBSI3H siiep U (hopMaHTOB BbipaxeHuil ¢ u Augm(().

[Iyets £ > 0. Torna

{projection(&, Alph(¢))|3& € Core(Augm(¢),1) (&o,§) eﬁzugm(c)} =

{¥13o € Core((, 1) (o, ¥) €}
U
Tenepb BBeneM TepMUHBI, Kacawlluecss ocobeHHOCTel BbipaxkeHUs1 Augm(() v mon-
rOTaBJ/IMBAOLIHE [TOCTPOEHHE MO0 HEMY KBHBAJIEHTHOIO MAara3MHHOIO aBTOMATa.

ByneM HasblBaTh aKTHBHBIM HE3J0M JI000e UMEHOBaHHOE BblpaKeHHe, BXOAsIIee B
Hekoropyto (paxuuio us Clan(Augm(()).

[lycte k,l,m € Names(Augm(C)), o, B € Alph(Augm({))* 1 & = (m(x0)k(18)1)m
— akTHuBHOe rHe3no. Torna HazoBeM TpoiKy (k, [, m) aabsHCOM U GyIeM rOBOPUTH, UTO
£ nmpexacrtaBJsieT 3TOT aJbsHC.

3aMeTHM, 4TO 10 MOCTPOEHHIO Pa3MeTKH Kak[I0e aKTHBHOe I'He310 Ju60 MpeicTaB-
JISleT HEeKOTOPHIH aJIbsIHC, JTUOO UMeeT BUJL

(,a),, a € XUA{e}, ¢+ € Names(Augm(()).



Jlemma 15. TIyetb (i (x0)k(15)1)m — aKTHBHOe rHe3m0. Torna cyiiecTByeT akTHBHOE
rHe3M10 (m (k' )k (15)1)m, KOTOpOEe BXOOUT B HeKoTOpyIo (hpakuuio us Core( Augm((),3).

JokasaresbcrBo. COracHO ONpefiesIeHHI0 aKTHBHOTO THe3Jla CYIIeCTBYIOT TaKHe u,
v € Alph(Augm(C))*, 4to

W (k) (3)1)mv € Clan(Augm(()).
kBricora dpakumu

¢ e reduction(u, (m(x, @)k, (1, 8)1)mv)
MOXeT JNOCTHraTh Tpex. JledCTBUTEIbHO, MYCTh & HMEET BH[

Uy (kU2 (m (k1 (k02) £03) £ (18)1) m V1 ) K V2-

Torna HuKakasi M3 TMOKa3aHHBIX Map KHHUKJIOB He MOXKET HCYE3HYThb MPH PeLyLHpO-
BaHUM, TaK KaK KaXK[blil M3 NaHHBIX KHUKJIOB CONEPKUT HEKOTOPYIO COXPaHSIeMYIO
4acTb PeLyLHPYEMOr0O BbIPAXKEHHUSI.

HetpynHo y6enutbest, 4To AJisi JIOOBIX APYTHX AOMYCTHMBIX CJAy4aeB MOJIOMKEHHS
cKOOOK () W ), HepaBeHCcTBO h(k,&’) > 3 He BhImosHsieTcs. Ananoruuno, h(l, &) < 3.
Ilnst mo6oro apyroro umenu ¢ € Names(Augm(()) h(t,&) <20

Jlemma 15 o3Hauaer, 4TO JIFOGOH asibsHC MPENCTABJIEH HEKOTOPHIM THE3IOM, BXOJIS-
M B BblpakeHue u3 Core(Augm((),3). dto ompaBabiBaeT cleayoliee HCIONb30Ba-
Hue MHoxkectBa Core(Augm((),3) mast mocTpoeHUs: 3KBHBaeHTHOro KCBBIpaXKeHHIO
¢ mMarasWHHOro aBTOMara

M(¢) = (B(Augm(C)), £, Names(Augm/(C)) U{Zo}, Zo,0(C), (0, {)o})-

Tak Kak [0Ka3aTesbCTBO 3KBHBaJEeHTHOCTH BblpaxkeHHH Augm(() n M(() ymobHo
BECTH B TepPMHHaX MapLIpyToB, moctpouM BMecTo §(() DmHoxkecTBo P(() aBTOMara
M (), paspeluasi B KauecTBe €ro 3JeMeHTOB HelTpasbHble Ayrd. HeliTpanbHyto nyry
3lech CJelyeT pacCMaTpPHBaTh KakK COKpallaiollee MpeACTaBJeHHe Mapbl OyT, KOTOpPble
MOTyT 00pa30oBaTh T'HE3[0 TOJbKO C MYCTBIM CEPeIUHHBIM 3JeMeHTOM. EcTecTBEHHO
TaKkXKe CUMUTATh HEATpaJbHYIO AYTY 3JeMeHTOM MHOxecTBa P(().

3Hast DmHoxecTBO P((), JIETKO TOCTPOUTb KOMAHAbl aBTOMATa:

5(C) ={(p1,a1, Z) = (q, ZX), (p2, a2, Z) — (g2, )|

((p1, Z)ar(qu, X), (p2, X)az(q2, Z)) € P(C) YU
{(p,a,Z) — (¢, 2)|(p, Z)alq, Z) € P(()}-

CdopmynupyeM aropuT™ MOCTENEHHOr0 MOCTPOeHHs MHoxkecTBa P((), HaulHa-
LMH ¢ 006pa3oBaHusl OyT, MHIMAEHTHBIX BXOIHOH UJM 3aKJ/I0UUTeNbHON BeplinHe. s
CCBHIJIKM Ha MHOXKECTBA TOCTPOEHHBIX AYT W UX BepLIMH OyfeM yrnoTpebssiTb 0003Ha-
gyenus E(¢) u V({) cooTBETCTBEHHO:

P(¢) = 0;

V(¢) = {l(0; Zo], Do, Zo]}-

[Toka cienylommiye Tpy NIpUCBaUBaHUS BJeKYT fo6aBjeHue B V(() HOBBIX 3/1€MEHTOB,
TOBTOPSATh HX:

NewP := {([(m, ZIA[(x, m], D1, m]ADm, Z1), D, mIA[G, ] [[(m, 2] € V(C); (K, 1,m)
ecTb asbsiHC } U {[(m, Z)a)ms Z)|[(m, Z] € V((); a € &; (ma)m €CTh aKTHBHOE T'HE3M10
} U{[(n, ZJAD s Z]|[(m, Z]) € V(C); ( €)m €CTb aKTHBHOE THE3M0 };

P):=P()U NewP



V(¢) :== V(¢) U{P|P — BeplHHa KaKOHANOO U3 YT, YYaCTBYIOLUIUX B 3JeMeHTaX
MHOxecTBa NewP}.

Drpad, mosydeHHBIH B pe3yJsbTaTe NAHHOIO MOCTPOeHHs, o6o3HauuM depe3 D(().
Has s > 0u P,Q € V(C) BBeneM o6o3HaueHue 7 (P, (), s) mjas BceX MyTeH 3TOro
rpada (0HH MOTYT ¥ He ObIThb MaplLIPyTaMu) IJHHH s ¢ mapod KoHoB (P, Q). [ycts

T(P, Q) = USZOT(Pa Q? 5)'

Hasosem nyrem KCBblpakeHHs1 ( J1eMeHT CJle[lyIOllero peKypcUBHO OINpe/esisieMo-
ro MmHoxectBa Paths(():

Paths(¢) = Clan(¢) U {z[(u]"(y).[v).) 2|z (u(,y)v).2 € Paths((), k,1 > 0}.
ConepkaTesbHO, MYTHU TOJYYalOTCs U3 (PPaKIUU HapylleHHeM 'OajaHca BXOXKIEeHUH
MapHBbIX LHKJIOB.

Hast s > 0 u by, by € B(Augm(()) BBemem o6o3Hauenue DisBal(by, by, s) nss cie-
LYIOLIEro MHOXKECTBA HEMYCThIX yuacTKoB myTed u3 Paths(Augm(()):
DisBal(by, by, s) = {biyba|s = |projection(byybe, B(Augm(¢)))| — 1}.
31ech 3HaueHHe s aHaJOTMUHO IJIMHE TMyTH Ha rpade, usMepsieMoit B pyrax. [Iycteb
DiSBCLl(bl, bg) == USZODZ'SBCL“bl, bg, S).

[nsi BepumHbl P = (p,Z) 0603HauuM coCTOsiHHe p uepe3 state(P). Omnpenenum
MOp(U3M

®: E(Q)" — ({state(beg(m))|r € E(Q)HEU{A}))",

O (1) = state(beg(m))w(m).
31ech 3HaYeHHe $ aHAJOTHYHO [JIHHE MYTH Ha rpade, H3MepsieMOMY B Ayrax.

Jlemma 16. Ins q06bix s > 0 u P,Q € V(C), eciu T(P,Q,s) # 0, To cyiiecTByer
Takasi OueKlus

¢ :T(P,Q,s) — DisBal(state(P), state(Q), s),
uto s Kaxporo nytd T' € 7 (P, (Q, s) BbINONHsIETCS PaBEHCTBO

O(T)state(end(T')) = ¢(T).

JlokaszaresbcTBo. JlokaxkeM JieMMy HMHAYKUHMeH no s. Paccmorpum cayuaih s = 0.
T7(P,Q,0) = {P} npu P = Q u nycro npu P # Q. Ilpu state(P) = state(Q)
umeeM DisBal(state(P), state(Q),0) = {state(P)}, npu state(P) # state(Q)
DisBal(state(P), state(Q), s) nycro. C/ienoBaTespHO, B JaHHOM CJydae JeMMa BepHa.

[Tycts s > 0. [penmosioxkum, uto nas Jqwoeix 0 < s < su P',Q" € V((), ynoe-
TBOpsttoLMX HepaBeHCTBY 7 (P, Q) s') # (), cyiecTByeT Takasi GHeKLHUSs

¢ T(P', Q') — DisBal(state(P'), state(Q'), s'),
uto aasi Kaxporo nytd T € 7 (P',Q)', s') BbINOJIHSIETCS PaBEHCTBO
®(T)state(end(T)) = ©'(T).

[ycte 7 (P,Q,s) # (). Torna u3 nocrpoenust muoxkects F(() u V() caenyer Bo3-
MOXKHOCTb POBHO IBYX cay4aeB: P = [(,,, Z| nns HekoTopblx m € Names(Augm(())



u Z € Names(Augm(C)) U {Zp} nim P = [)x,m| nas HekoTopeiXx k,m €
Names(Augm(¢)). Kaxknas u3 Bepiiun

[(m,Z], Dk7m]

MOXeT OBITh HayasbHOH BepIIWHOM nyr ABYyX BumoB. CiaenoBartenbHo, 7 (P, (@, s) coB-
nafaeT ¢ OOHUM M3 CJeNyIIIUX OBYX 00belHHEeHHH:

{{(ns ZIA[(g, M]T|P = [(m, Z]; (3l € Names(Augm(()) (k, l,m) ecTb anbsHc); T €
T([(k,m],Q,s — 1)} U A{[(m, Z]a)m, Z|T|P = [(m, Z]; @ € ; (;n0);m €CTb aKTHBHOE
rHe3no; T € T ([)m, 2], Q, s—1) }J {[(m, Z]A]) i, ]T|P [(ms ] (1m€)m €CThb aKTUBHOE
rues3no; 7' € T()m, 2], Q,s — 1)};

{Dik; mIA[(;, m]T|P = [)k,m]; (k,l,m) ectb anmbsiuc; T € T([(;,m],Q,s — 1)} U
{DiesmIADm, ZIT|P = g, m]; (3 € Names(Augm(C)) (I, k,m) ectb anbsinc); T €
T(Dma Z]7 Qv S — 1)}

[lenouka u3 mHoxkectBa DisBal(by, by, s) HauMHAeTCss CKOOKOU b; ¥ 3aKaHYMBAETCs
cKoOKoO# by. CkoOKa by MoxkeT ObITh KakK OTKpBIBaloOIleH, Tak U 3akpbiBatolled. Co-
IJIaCHO CTPYKType ¢pakuuil Beipaxenus Augm(() B nytu us Paths(Augm(()) 3a
OTKpbIBaIOLIEH CKOOKOH HeT JM60 OTKpbIBawllas cKooKa, Ju6o cuMBoJa a € ¥ U {e},
a 3akpblBaiollas cKoOKa, OTIIMUHAs OT )y, BCeraa NpellecTBYeT CKOOKe, OTKpbIBalo-
el WM 3aKkpeiBawolled. Bosee Toro, ykasaHHble ABYXCHMBOJIbHBIE YUaCTKH MyTeH
13 Paths(Augm(()) HecyT nH]opManuioo 00 aKTHBHBIX THe3[aX U ajbsHCAX, KOTO-
PYI0 MBI BBIPA3UM B [BYX HHKeCJeIYIOUIUX (hOpMysax, XapaKTepU3yIOUIUX 3HayeHHe
MHOXKecTBa DisBal(state(P), state(Q),s) npu state(P) = (,, u state(P) =) cooT-
BeTCTBEeHHO. 31ech k, m € Names(Augm(()).

{(m(ry|state(P) = (m; Al € Names(Augm(C)) (k,l,m) ectb anbsinc; (ry €

DisBal((g, state(Q),s — 1)}U {(ma)mylstate(P) = (m; @ € YU {e}; (ma)m ecThb
AKTHUBHOE THE3J0; ),y € Dszal()m, state(Q),s — 1)}.
De(y|state(P) =)g; Im € Names(Augm( ) (k,l,m) ectb ambsiHc; (jy €

DisBal((;, state(Q),s — 1)}J {)x)my|state(P) =); I € Names(Augm(()) (I, k,m)
eCTb aNbsHC; )y € DisBal()y,, state(Q), s — 1)}.

ConoctaBsisis nocjennue Gpopmyssl ¢ popmynamu niasi 7 (P, (), s), BBIBOLUM, UTO U3
CYILECTBOBAHHUS OHEKUHH ¢ CllefyeT, 4TO 0ToOpaKeHHe (, ONpelessieMoe COOTHOLLe-
HUSIMH

p(nT) = (m)(T), 7T € T(P,Q, 5),
ecTb TpeOyemasi 6uekuus [
OueBUaHO

Caencrue 2. ns mobeix P,Q € V((), ecan T(P,Q) # (), To cyllecTByeT Takas
OueKLUs

¢ :T(P,Q) — DisBal(state(P), state(Q)),
uto Asis Kaxporo nytu I' € 7 (P, ()) BbINOJNHSETCS PaBEHCTBO

O(T)state(end(T)) = (T
O
Caencteue 3. L(D(()) = L(().
JlokasaresbctBo. Tlo ciencTBuio 2 cylllecTByeT Takasi OMeKIHs

@ : Sentences(D(()) — Clan(Augm(()),



4TO JJIST KAXKAOTO MpeioKeHNs1 T’ BBINOJIHSAETCS PaBeHCTBO
O(T)state(end(T')) = ¢(T).

CJiegoBaTeJ bHO,
w(T) = projection(p(T), %).
3Haywur,
L(D(C)) = L(Augm(¢)).

Ho KCsripaxenuss Augm(() u ( skBUBaseHTHbI [

3aMeTHM, 4TO Pe3yJbTHPYIOLIUHA Mara3uHHbIE aBTOMAT MOXKHO 10 ONpeeIeHHOH cTe-
MIeHH ONTUMHU3UPOBATH MEXaHUUYECKH, IOA0OHO TOMY, KaK MOXKHO MeXaHHYeCKH MpeBpa-
TUTb KOHEYHbIH aBTOMAaT B KBHBAJIEHTHbIH NeTepPMHHUPOBAHHbBIH KOHEUYHBIH aBTOMAT.
JleficTBUTENBHO, B TJ1aBe 2 KOHCTPYKTHBHO [0Ka3aHO, YTO H3bSTHE ONpeleseHHBbIM
00pa3oM KOMaH[ MarasuHHOrO aBTOMaTa, He UHTAKOIIUX BXOIHBIX CUMBOJIOB U HE CTH-
palolMX B MarasuHe, 1aeT 3KBUBaJE€HTHbIH MarasuHHbd aBToMat. OnucaHHOe B IiaBe
2 npeoOpas3oBaHHUe COXPaHSIET CBOHCTBO AETEPMUHHPOBAHHOCTH.

[Ipumep 13. KCsripaxenue ( = (ja(1€)1b); 3anaet si3bik {a"b"|n > 0}. Core((,2)
colepXHUT nBa ajementa: ¢ u (1€);. Mark(¢) conepxur
(0(116)11(1(121@121(122(16)1(122119)1221)122)1)0 4 (0(216)21(16)1)0-
Hrax,
Names(Augm(¢)) ={0,1,11,21,121,122,1221}.
AKTHBHBIE THe3/1a MPEACTABJSAIOT YEThIPe ajbsHCa:

(11,1,0), (121,122,1), (1,1221,122) (21,1,0).

[IpenocraBasieM yutaTento BHIYMCIUTH MHOXKecTBO Core(Augm((),3) n ybemutbcs,
4TO JPYTHX AJbSHCOB JJIs JAaHHOTO NPHUMepa He CYILECTBYeT.
Atomar M (() ecTb ceMepka

(K¢, {a,b}, {Zo} U Names(Augm(C)), Zo, o¢, (0, {)o}),

raie K¢ = {(m,)m|m € Names(Augm(())}, a o, onpenessieTcs caelylOLIMMHA KOMaH-
faMu:

((0: A, Zo) = ((1s Z00);
LN, 0)—(),0)u(),A0) — ((1,0), rne ¢ € {11,21};
LNZ)— 01, 2)u ((1L,A Z) = ((121, Z21), Tme Z € {0,122};
121, @ 7 1) = (121, 1);
121, A, ) - ((122’ 1),

1, 122) — (( 1221, 122)
1221,b 122) )12217122),
1221, A 122) ()122,/\);
122, A, 1) 01, A);
1A, 0) = (o, A).
CocTaBuM (hopMysy I/ MHOXKECTBA YCIEMIHbBIX MaplUIPyTOB MOCTPOEHHOI'0 aBTOMa-
Ta. B 1aHHOM mpuMepe MOXKHO OTOXKAECTBUTb AYTY C HEKOTOPOH TPOWKOU M3

V(Q) x (BU{A}) x V((),



TaK KaK l“pacp paCCManHBaeMOFO MarasmHHOI'O aBTOMAaTa HE UMeEeT KpaTHbIX D,y[‘ C ogu-
HAKOBBIMHU IIOMETKaMHU. B 3daIllUCH MapLUpyTa 6yﬂeM OﬂHOKpaTHO BBIIIUChIBATH 061].1ny
BepHJHHy lIByX rmocJiegoBaTeJ bHBIX [Lyl‘ I—[peILBapI/ITe.IIbHO BBeAeM 6yKBeHHbIe O603Ha'
YeHUd OJid 3JeMeHTOB MHO>KeCTBa V(C), TaK KadK 39TO CHeJIaeT 3allUCb AYT'M KOMIIAKT-
weit: A = [(0, Zo], B = [(11,0], € = Du,0], D = [(1,0), E = [)1,0], F' = [)o, Zo],
G = [(121,1], H = D, 1), T = [(122,1], J = D2, 1], K = [(1,122], L = [)1,122],
M = [(1221,122], N = [)1221, 122], P = [(21,0], Q = [)21,0].

Ecau nonoxute Ty = ANPAQAD, T, = AABACAD, Ty = DAEAF,
Ty = GaHAIAKAG v Ty = JALAMONAJ, To uckomas gopmysaa ecTb

(T, ToY{T3} U{T; GaHAIAKALAMbBNAJ T: JAEAF|i > 0}).

3.3. Coraacymoume Bbipamxenusi. [lyctb projection(w,X) € LT pas uukaa w
HEKOTOpOoH (ppakuuu Haj Y. Torna Ha3oBeM LMKJ W MOMEYEeHHBIM.

[Tyctb € = u(,z(,y).2),v ecTb Ppakuus, B KOTOPOH LHUKJBI (,z U 2), 00a SBJSIOTCS
noMmeueHHbIMH. Torna HazoBeM (pakuuio { BeraBJsmllel (ogpa3yMeBaeTcsl BCTaBJe-
HHUe 1IeMI0YKH MMEHOBAaHHOrO f13blKa BHYTPb LIEMIOUKH TOTO 2Ke s13blKa, HabJionaleecs
B pesysnbrare obpazoBanusi ppakuuil u((,x)"(,y).(2),)™v).

[Tycts ¢ — KCsblpaxenue. Eciu mMHOxecTBO Clan({) comep:KUT BCTaBJSIOLLYIO
(pakLKio, TO Ha30BeM BbipaxKeHHe ( COIIACYIOLIHM, HHaUe [ICeBAOCOIIACYIOLIHM.

Jlemma 17. Ecnu ( — corsacytoliiee BblpakeHue, TO CyLleCTBYeT TakKas BCTaBJISAOLLAS
dpakuus & € Clan((), uro height(§) < 5.

JokasaresarsctBo. Ilycts £ € Clan(¢) — BcraBaswomas ¢pakuus. CoraacHo ornpe-
NleJIEHUIO BCTABJISIIONIEH (BPAKIHK HMEEM PAaBEHCTBO

€ = o (afal ()24
IS HEKOTOPBIX UMeHH ¢ € Names((), nenouexk
o', 2y, xh 2 2, 0" € Alph(¢)

U CUMBOJIOB a,b € . [lycTb

/

5 = u(Lxlan(Ly)Lzlsz)L/U) € TeduCti0n<u/a (w 3:,17 a, xl27 (w vy, )L? Zi? ba Zév )L> U,)7

rae
s € {u, z1,x9,y, 21, 22,0}

o603HauaeT 06pa3 LENouky s’ MpU TAaHHOM PeLyLHPOBAHHH.

3ametum, uto projection(&, B(()) sBasercs cko6ouHol cuctemod. CjenoBaTesibHO,
€CJIM HEKOTOPBIH IIMKJ CONEPXKHUT BBIIEJNEHHYIO B 3aNHCH (ppakuuu £ cKOOKy (, Uu ),,
TO mapHasi efl ckoOKa coaepKUTCs JUOO0 B TOM Ke LUKJe, JUOO0 B MAapHOM €My LHKJE.
YuuteiBasi naHHOe 06CTOSITENBCTBO, HOKaxeM, uto h(k,§) < 5 mias J060oro UMeHH
k € Names(().

3aMeTHM JIOMOJHUTENbHO, YTO LUHKJ (pakuuu &' oTobpaxkaeTcs NMpU AaHHOM peny-
LIUPOBAaHUM HA LUMKJ (pakKLKK & TOTAA U TOJIbKO TOT[A, KOTJla OH CaM HJIM MapHbIH eMy
LUKJ COLEePKUT XOTS Obl OMH M3 CUMBOJIOB, COXPaHeHHe KOTOPBIX 0053aTeJ/bHO.

PaccmatpuBasi Bce HOMyCTHMble BAapHAaHTBHl TOJIOXKEHHSI CKOOOK (r U )k, k €
Names((), Bo ¢pakuuu &, HETPYHAHO yOeIMThCS, YTO NpH k # ¢ MaKCHUMyM 4YHCJa



h(k,&) mocturaercss B caydasx, Kkorga (pakuus £ UMeeT OfHY M3 CJEAYIOLIHX ABYX
dopm:

(51 (ku2 (LSCn (k$12a5621 (kl‘22 (k5523(L’y1 (ky2)ky3)Lzll)k212bz21)k222)kZZB)Lvl)kv2;

(51 (ku2 (Lfn (k$12 (kl'13a»’ﬂ21 (kil?22 (Lyl (kyQ)ky3>bzll)kzl2>k213bz21)kZZQ)Lvl)kU%

a npu k =1 — B CJeAyIOLIUX ABYX CJAydasix:
f = U(Lxll(L$12a/x2(Ly>L211)LZ12b22>LU7

f = U(Lllflaﬂfm(L1322(Ly)L21b2'21)L222)LU-

Urak, h(k,&) <5 nas k € Names((), 1.e. height(§) < 5. [1apHble UK (,27aL9 U
21bz9), SIBJSIIOTCS] IOMEUEHHBIMHU, TaK Kak projection((,x1axs, ¥2) U projection(z1bz),,
Y)) comep:kat CHUMBOJIbI a U b cooTBeTcTBeHHO. CJlefoBaTebHO, PpaKius & siBJSETCS
BcTaBJsoWen [

Jlemma 18. KCblpaxKeHue ( siBJsieTCs MCEBAOCOIACYIOIMM TOTAA U TOJbKO TOTAA,
Korja kaxnas dpakuus Jjoboro snementa us Core((,5) He sIBJsieTCs] BCTaBJSIOLLEH.

ﬂOKZBHTeJIbCTBO. HeO6XOJlI/IMOCTb sICHa H3 OHpG,ZlG.HEHHIZ. J.IJIH JOKa3aTeJbCTBa A0-
CTaTOYHOCTH 3aMe€THM, UTO INPOTUBHOE HE COBMECTHMO C aemmoin 17 [

Teopema 9. Ecain ( — ncepnocorsacytouiee KCsblpaxkenue, 1o s3blk  L(() peryns-
peH.

lokasaresbctBo. I'pad A(C) ¢ mHOoKecTBOM BepiuuH V' (¢) u MHOkecTBOM nyT E(()
TIPe/CTaB/IsIeT KOHEUHBIH aBTOMAT, SKBUBAJIEHTHBIH 1CEBIOCOI/IACYIOIEMY BbIPaXKeHHIO
¢ (ecmu, kak u ans rpaga D(C), BepumHsl (o, Zo) U [)o, Zo| cuMTalOTCH BXOTHOH H
3aKJIIOYHTENBHON COOTBETCTBEHHO).

IleiicTBuTeNBHO, ecau ( — mnceBpocoraacyomee KCBblpaxkeHne, TO 1715 ONpefese-
Hus a3bika L(¢) moxxkHo BMecto Clan(() ucnomb3osatb Paths(():

L(C) = U§€Paths(C)w(€)7

Tak KakK TpeGoBaHue OajaHca MapHbIX [HUKJIOB U30BITOYHO B AaHHOM Cliyuae. 3aMeTHM,
uro MHOXkecTBa Paths(() u Paths(Augm(()) onpenensitoT OMUH U TOT Ke S3BIK, a

Paths(Augm(¢)) = DisBal((o, )o)-
[lo caenctBUio 1 cyliecTByeT Takasi GUeKIIUS
¢+ T([(0, Zol, o, Zo]) — DisBal((o, )o),
uro s Kaxporo nytd T' € 7 ([(o, Zo), [)o, Zo|) BBINIOJHSIETCS PAaBEHCTBO
O (T)state(end(T)) = o(T).
[Toc/ieHee COOTHOLIEHHE BJIEUET PaBEHCTBO
w((T)) = {w(T)}.

Ho muoxectBo 7 ([(0, Zo], [)o, Zo]) €CTb MHOXKECTBO ycrellHbIX myTeil aBToMata A(().
CJiegoBaTeIbHO,

L(Q) = {w(T)|T € T ([(0, Zo), [0, Zo]) } = L(A(())
U



3.4. 06 ykopauuBanum KCsbipamenuil. HauHem ¢ mnpumepa, 00BSCHSIOLLETO
UJIeI0 YKOpauMBaHHUSI.

[Ipumep 14. KCbipakeHue
¢ =a(ra(1€)1b)1b(1a(1€)1b)1

3ajiaet sI3bK
{a}{a"b"|n > 0}{b}{a"V"|In > 0} = {a™D"a"b"|m > 1,n > 0}.

W3 onpenenennit KCsbipakeHunss W 3afaBaeMoro MM s3bika caenyet, uto KC-
BBIPaXKeHHs

a(1€)1b(1a/(1€)1b>1

a(1a<16)1b)1b(1€)1
coziepKat Bclo MH(popMauuio, npeacrapiaeHHyo KCseipaxenvem (. OHM oTnnyaioTcs
oT ¢ TeM, YTO HUMEIOT MeHblle BXOXAEHHWH OLHOMMEHHBIX T'He3[, U 3aMeTHO KOpoue,
geM (.

Hanee mbl 3atiMmemcsi cokpaileHneM AnnHbl KCBbIpakeHHSI TOJNBKO 3a CUET ynaJje-
HUS U30BITOUHBIX BXOXKJEHUH IHe3[l, He TbITasACh BBINOJHATh KaKUesaAn00 6osiee TOHKHUe
SKBUBaJIeHTHble NpeoOpaszoBaHus. OfHAKO U JaHHAs CKPOMHas 3ajnada MpeacTaBJsieT
uHTepec. JleficTBUTENbHO, B IV1aBe 2 OyeT ONpefieseHO JOCTaTOUHO 3HAYMMOe MOHSATHE
sipa 0eCKOHTEKCTHON IpaMMaTHKH, 3ajjlada KOMIAKTHOrO MpeicTaBJ/eHUs] KOTOPOro BO
MHOTOM CBOJAMTCS K NAHHOH.

KCsbipaxenue () He HyXjgaeTcsi B yKOpauMBaHHU. PaccMOTPHUM MO3TOMY CJydai
KCsbipaxkenusi (, Ajsi KOTOPOTO

Trim(¢) # 0.

[Toctpoum anroputm ykopauuBaHusi KCsblpaxKeHHH, KOTOpble SIBJASIIOTCS CyMMaMU
npuBeleHHbIX ppakuui. Takoe BeipakeHue ¢ He 00s3aTeJbHO COBMAJAET C

Yoo«

EeTrim(Q)

TaK KakK MOXeT COfepXkaTb HEeCKOJIbKO 3K3eMILISPOB CBOeH NPUBENEHHOH (DpaKLUH.
(DTa HESKOHOMHOCTB TaKxKe OYIEeT MPeofoJeBaThCs.)

3ameTtuM, uyto naHHBIH Kaacc KCablpakeHHH ompesessieT Bce HEMyCThble GeCKOH-
TEKCTHBIE S3BIKH, MOCKOJBKY J000e KCBbpaxkeHue, 3anamliee HeMyCcTOH $3bIK, K-
BHUBAJIEHTHO CyMMe CBOMX IPUBENEHHBIX (PpaKLHH.

OObsIBJIEHHBIH aJITOPUTM MOXKHO HHTEPIPETHPOBATH KaK aJrOPUTM YKOpPauyHMBaHHUS
MHOXKeCTBa MpPUBeJeHHbIX (hpakLUUil mpousBosbHoro KCsbipaxkeHus. BaxkHoe mpuJio-
JKeHHe aJITOpUTMa COCTOUT B TOM, YTO OH yKasblBaeT CHoco0 yKOpauWBaHHUS siapa M
XapaKTepUCTHKHU GeCKOHTEKCTHOH rpaMMaTuky (cMm. m.2.2.1).

B anroputMe yKopauMBaHHS OYeHb CYyILleCTBEHHBIM OyleT HCC/leloBaHUe BXOXKIEHUH
THe3[ U yCTpaHeHHe U3ObITOYHOCTHU B UH(OpPMALKH, cO00llaeMOH 0 HUX paccMaTpHBa-
eMbIMU (ppakuusiMA. MeTon ycTpaHeHHsI U3OBITOUHOCTH OKaxKeTcs 6oJiee MJIOAOTBOP-
HBIM, €CJIH CUMTAaTh UMEHOBAaHHBIM M KaxkKblil 3jeMeHT MHoxecTBa 1Trim((). Tak u
clieslaeM, a UMEHHO, 3aCTaBUM aJFOPUTM HauyaThb C NepepaboTKH MHOXKeCTBa

ATrim(¢) = {(0€)ol€ € Trim(C)},



cyMTasi, 4To
0 & Names(Q).

HauanbHast 6ykBa A B HaHHOM M B JIBYX CJEAYIOLIMX 0003HaYeHHsIX B3siTa OT CJIOBA
Augmentation.

ANames(¢) = Names(¢) U {0},

AAIph(C) = Alph(¢) U {(o0, )o}-

Huxxecnenyioniee BcriomoratesnpHoe 0003HaU€HHE HCIOJB3YeT MOHATHE "TIONOJHEH-
HBIX'()paKLUH KaK OCHOBY:

Alternatives(t) = {£|3(z,y, z € AAIph(()")

[2(,y).z € ATrim((); € € reduction(y)]}
1151
v € ANames(().
CdhopmupyeMm yKopoueHHe
Squeeze(()

KCsbipaxenuss ( Kak CyMMY, BO3MOXHO, BBIPOXKAEHHYI0O — K3 OJHOTO CJ1araemoro.
MoxeT cayuuThbesi, uto caaraemoe KCsbipaxkenust Squeeze(() He OyneT ymOBJIETBO-
pATb omlpelesieHUI0 (PpakLHH, T.e. B HEM K HeBBIPOXKIEHHBIM CyMMaM OyneT npuMe-
HSITbCS OMepalus YMHOXKEeHHUS UJIW HMEHOBaHMUS.

[Tpubmuxenns nckomoro KCabipaxkeHusi 6yayT mpeicTaBaeHbl LEMOUYKOH

Sqz.

O6pasyeM ee, PyKOBOACTBYSICb CJEAYIOLIUM TMOPSIAKOM yMOTPeONsieMblX HMeH THe3J.

Haunem ¢ umenu 0, a ocrajnbHble HMeHa OyneM mnepe6UpaTbh B TOPSIIKE MX TMEPBO-

ro MOsIBJEHUS] B TOCJeN0BaTe ] bHbIX 3HaUeHUsX BeandyuHbl Sqz. [Ipn 3TOoM mopsigok

nepe6opa MMeH, MOSBUBIIUXCS OJHOBPEMEHHO, He SIBJIS€TCS CYLIECTBEHHBIM.
MHoxecTBO y:Ke NMpHUBJEUEHHBIX UMeH 0003HAaUUM 4epe3

Building,
oYyepenHbIX N00aBJsieMbIX K PACCMOTPEHHI0 —
Storey.

fcHo, uTo Mpu NepBOHAYaNBHO NYCTOM MHOXKeCTBe Building no6aBneHu# K HeMy OyzneT
He GoJsblie uncaa |[ANames(()].
['Hesna B (hopMupyeMbIX c/araeMblx OyayT OO MOPHl N0 BpeMeHH H300pakaTbCs
Lle[loYKaMH BUIA
(), € ANames(C).

(Takyto 1emouky OGyneM HasbiBaTh (-3alJIyILIKOH, WK, COOMpaTeNbHO, 3ariyIIKoH. B
CBSI3W C 3TUM AJis onucaHus "mogaydabpukara"KCeeipaxkenusi Squeeze(() moJiesHa
¢yHKUMS, oToOpaxkawmolas (PpakUUi0 B LENOUKy 3arjyllieK U CHMBOJOB $3blKa; AJS
NIPOU3BOJIBHOU (PpakUMU & HaA aaaBUTOM X 3Ta (PYHKLUS ONpefesseTcs CAeAYIOUUM
obpasom:

§, €T U e},
ground(§) =< ()., &€= (), nas ¢t € ANames(¢), u € Alph(¢)*,
ground(&;)ground(&s), £ = &1& nas gpakuuii &, &s.



YcTpaHeHue 3arayliek OyeT OCYLIeCTBJSATLCS C TOMOILBIO ONUCEIBAEMOH faJiee Mpo-
LIe1ypbl
Replacement(r).
YcTpaHeHHe MPOUCXOAUT MO3TAMHO, TMPH Bce GoJsiee MOAPOoOHOH X "paclinudpoBke’,
pacKpbITHH. PackpbIBamOIIUN MaTepHras MpefoCTaB/seTcs Ha MOC/eIHEM dTane — MHO-
x)ectBoM Alternatives(t), BepHee, caMbIMH KOPOTKHMH €r0 3JileMeHTaMH, Ha TpoMme-
XKYTOUHBIX 3TalaX — BeJHUHUHON

Embeddings(t).
Ee 3HaueHueM siBJIsleTCS MHOXKECTBO
{u|3[v € ANames(() — Building — Storey, x,y,z € Alph(¢)*]

€ = x(,y),z € Alternatives(t), u = ground(&)]}

Lero4dyekK, BOBJEKAOIIHX elle He HMCIIOJb30BdBIIHNECHA B qu MMeHa. DTHU UMeHa COCTaB-
JIAIOT MHO2KECTBO

New(t) = {v ¢ Building U Storey|3[z,y € Alph(()*]
z(y)y € Embeddings(t)}.

Auroputm 3. YkopauuBaHue KCBbIpaXkeHuUs.

Bxon. KCBeipaxeHue
¢#0,

SBJISIOLLlEeCs CYMMOH NPUBEAEHHBIX (DPAKLIUH.

Beixon. KCBripaxeHue
Squeeze((),

omnpee/sieMoe KOHCTPYKIIMeH ajropuTma.

Hlar 1. Sqz == (0)o;

Building := ();

Storey := {0}.

[lar 2. Tloka Storey # (), BHIMOJIHATL caeayolye aedcTeus 2.1-2.2.

2.1. Hdns xkaxporo uMeHH ¢ € Storey BBUHCAUTb MHOXecTBa New(t) H
Embeddings(t) v BEINOMHATB npouenypy Replacement(t).

2.2. Building := Building U Storey;
BbluncauTh 06be1uHeH e

ULEStoreyNew(L>

U CllesaTh €ro HOBBIM 3HaYeHHEM BeJUYHUHBbl Storey.

Hlar 3. Onast kaxkporo uMeHd ¢ € Names(() 3aMeHUTb Ka)KAYI0 (3aTJyILIKY, ellle
MPUCYTCTBYIOLLYIO B Lenoyke Sqz, rHe3noM (,£),, rae & € Alternatives(t) ecTb Kakas-
JU60 U3 aJbTePHATHUB, UMEILIUX MUHHUMAJNbHYIO JJIHHY.

[Jar 4. Crepetb "HCKyccTBeHHbIe 'CKOOKH (g, )o. [losoxkuth pesynbTupytoiee KC-
BbIpaKeHHWe PAaBHBIM 3HAUEHHIO BeJIMYMHBI Sqz.

[Ipouenypa Replacement BHeapsieT B LeNO4Ky Sqz BMeCTO 3aryylleK C 3aJlaHHbIM
vMeHeM (BO3MOXKHO, He BCeX) HEKOTOpble UX paclin(poBKH. He pacKkpbiThie 3aryIiKH
obpabaTbiBatoTcs wwarom 3 ajnroputMa 3. s 3TOro HCMoJb3YIOTCS KpaTualiine U3
aJbTepPHATUB, ONpeNessioUInX ofHouMeHHble rHe3na KCbipaxkeHus (.



Uucsno packpbelBaeMblX MPOLEAYPOH (3ariylleK eCcTb MHHHMAaJibHOe K3 4HhcJ/aa HX
BXOXKJAeHUH B Sqz U |Embeddings(t)|. Ecnu nocnenHue nBa uucaa paBHBI, TO Kaxmo-
My BXOXJEHHIO 3arJIyIIKA OTBeYaeT ONMH 3JeMeHT u3 Embeddings(t). [lpu nabbiTKe
MaTepuasna, MojiJexKallero BHeAPeHHI0, KaKOHAUOO0 ONMH 3K3eMILISAp 3arjylIKd 3a-
MeHsIeTCsl UMEHOBAaHHOHM CyMMOH (HampuMmep, MpU HaJWYMU HECKOJbKHUX (pakUHH B
ATrim(¢) BHyTpb HcxonHo Osarayiiku momnaget cymma). Takum o6pa3oM, HCIOJb-
3yeTcs BeChb 3TOT MaTtepuaJ. [Ipyu HexBaTke Mareprasa o6padoTKa "JMUIIHUX '3araylieK
OTKJ/IaIbIBA€TCSs, YTOOBI HE YBEJIUUMBATh AJHHY LENOuKH Sqz.

Auroputm 4. Replacement
Bxon. mst « € ANames((); TeKylllee 3HaU€HHe BEJIHUHHBI Sqz.
Brixon. Ilpeo6pasoBanHoe 3HaueHHe Sqz.
BcnomoraresnbHbie 0603HayeHHs. Yuca0 m, BXOX/AEeHUH (3arayliku B Sqz;
m = min(|Embeddings(t)|, m,);
Individuals C Embeddings(t), Group C Embeddings(t)

ecTb OfiHa Jt00asi U3 Map MHOXKECTB, YAOBJETBOPSIIOLUINX COOTHOLIEHUSIM
| Individuals| =m — 1,
Group = Embeddings(t) — Individuals.

[lar 1. Beibpatb Kakuean6o m — 1 BxoxaeHUH B Sqz (3aryylIKH, HampHUMep,
nepBble Npu nepebope BXOXKAeHHUH cjeBa HanpaBo. OnpefesuTb OAHY M3 BO3MOXKHBIX
OueKLHH BbIOPAaHHOTO MHOXeCTBa Ha MHOXKecTBO Individuals. Kaxxnoe 13 BbIOpaHHBIX
BXOXK/JEeHUH 3aMeHUTb LFHEe3[0M

().,

rze
u € Indiviiduals
ecTb 00pa3 JaHHOTO BXOXKIEHHS (3aryyLIKH.
[lar 2. OpHO K3 He3aMeHSBIIUXCS BXOXAEHHH (3arMylKH B Sqz (TaKUX MOXKET
ObITh GoJIble ONHOTO TIpH | Embeddings(t)| < m,) 3aMeHHUTb (FHE3[0M, 3aKJ/I0UAIOLIUM
CYMMY 3JIEMEHTOB MHOXecTBa Group:

(D w

ueGroup

[Tyctb ¢« — HekoTopoe umsi, & — (FHe3n0. OnpenesuM PeKypCHBHO TOHSATHE cCpe3a
rHe3na & U YUCJOBYIO XapaKTEPUCTHKY Cpe3a, Ha3blBaeMyk €ro CTaTyCcoM:

1) sarnyuika (,), siBAsieTCss Cpe3oM THe3ja &, UMEIOLINM HYJeBOH CTaTyc,

2) ecau

§=(u),
U 175 HeKoToporo [ > 0
u = vp§101 - .. §Uy,
rae uenovka v;, 0 < j <[, He CONEPKUT MMEHOBAHHBIX CKOOOK, a &;, 1 < i < [, ecTb
THe310, UMelollee cpe3 u; CO CTATyCOM S;, TO LlerouKa

(LU()UlUl e Ul'Ul)L



SABJIAETCH CPE30M rHe3na f, HMEIHUM CTaTycC

1+ max{s;|1 <i<I}.

3ameTuM, uTo npu paboTe waros 2-3 ajnroputMa 3 Lenodyka Sqgz NpeACTaBJsSET
cpesbl OrHesna KCablpaxkenusi (pSqueeze((Q))o.
3ameTuMm, 4TO /s S > 1 cpe3 co CTAaTycoM s THe3za

(LU)L

NoJy4yaeTcs MOACTaHOBKOW B
(Lground(u)),

BMECTO 3arJyllieK HEKOTOPHIX CPE30B CO CTaTyCoM, He MpeBbllamumm s — 1. B vacr-
HOCTH,
(.ground(u)),

IBJISIeTCSl Cpe3oM rHesna (,u),, UMEIIUM cTaTyc 1.
[Tyctp s mo6oro KCeeipaxkenus &

Nests(§)

ecTb 0003HauUeHHe MHOXKECTBA BCeX THe3J, BeTpevarouuxcsi Bo gppakuusax u3 Clan(§).

[lyctb € ectb KCsbipaxkenuwe, s — HeorpuuarespHoe wejnoe. O6osHaunm ue-
pe3 Sections(&,s) MHOXKECTBO BCeX CPe30B CO CTAaTyCOM S THe3[, Y4YacTBYIOLIMX B
Nests(§).

BepHemcst kK anroputmy 3. B crenytouieil TeopeMe, Kak M paHbllle, MpearoJaraem,
4To

0 ¢ Names(().

TeopeMa 10. I[JIH J11060T0 HEOTpHUaTe/JIbHOTO LE€J0ro s CIipaBeAJIMBO PABEHCTBO

Sections((0()o, s) = Sections((pSqueeze(())o, s).

JlokasatesbcTBo. UHoyK1IMeH 1o s.
[Ipu s = 0 paccmaTprBaeMoe MHOXECTBO CPE30B SIBJISIETCSI MHOXKECTBOM 3arJlyllek.
[To onpenenenuto kaana MHoxkecTBO Clan((p()o) onpenessieTcs: uepes

Trim((oC)o) = ATrim(C).

M3 xoHctpykuuu 1aroB 1, 2 asroputma 3 caenyert, uto KCsbpaxkeHue
(0Squeeze(C))y ¥ €ero KjaH TMPeNCTaB/SIOT BCe 3aryylIKH, MpeICcTaBJeHHblEe B
ATrim(C), u Tonbko ux. CyenoBaTesibHO, TeOpeMa B IaHHOM CJydae BepHa.

[Tyctp Temepp s > 0. Torma kaxkablii paccmMaTprBaeMblél cpe3 MNpeACTaBJieH MAJs
HEKOTOpPOro 1eJoro [ > ( uenodykoi BUAa

(LU’)L = (LUO(Llul)lel s (Llul)”vl)“
rae
ground(u) = vo(,, )01 - - ()01

M3 koncTpykuuu anroputma (cM. mpouenypy Replacement) cnenyet, 4to s Jio-
6oro umenu « € ANames(() MHOKeCTBa

{ground(&)|(.£). € Nests((o¢)o)}



{ground(&)|(,£), € Nests((pSqueeze(())o)}

coBmajamT Kaxnoe ¢ Embeddings(t), T.e. paBHbl MeX1y COOO.
Takum o6pasom, Kaxkaoe U3 MHOXKECTB

Sections((0()o, s) 1 Sections((pSqueeze(C))o, )
noJiydaetcsi (Cp. 3ameuaHue K ONpeIeJeHUI0 Cpe3a) U3 OJHOr0 H TOTO XKe MHOXKECTBa

UseaNames(¢)[{ (.} Embedding(¢){). }]

BCEBO3MOXHBIMH TOACTAHOBKAMH BMECTO 3arJylieKk Leno4dek, BXOAAUIHUX COOTBET-
CTBEHHO B

Up<j<sSections((o€)o, J)

Up<j<sSections((oSqueeze(C))o, 7)-
[To mpennosioxKeHU0 HHAYKLHH
Sections((o€)o, j) = Sections((oSqueeze(())o, j)
a5 0 < 7 < s. 3HAuUUT, BEpPHO U PaBEHCTBO
Sections((o€)o, s) = Sections((pSqueeze(())o, s)
U
Caencrue 4. Nests((0Q)o) = Nests((oSqueeze(())o).

/JlokasaTesbcTBO. 3aMeTUM, 4TO KaK/loe THe3/0 & SIBJseTCs CBOMM CpPe30M, T.e.
MPUHAJIEXUT MHOXecTBY Sections(£,s) nns HekoToporo uenoro s > 1. Tak kak
KaXK/AblH 3/eMeHT KjaaHoB HHTepecylomux Hac KCsbipaxkeHuil siBasiercss OrHe3mow,
HepaBeHCTBO

Nests((0€)o) # Nests((pSqueeze(())o)
npotuBopeunso 6ul Teopeme 10 [

CrenctBue 5. L((0€)o) = L((0Squeeze(())o).
JlokasaresbcTBo. CorylacHO CJIeNCTBHIO 4 BEPHO PAaBEHCTBO
Clan((o¢)o) = Clan((pSqueeze(())o).

3Ha‘-II/IT, 10 OIlpefeJeHHUIO 3adaBaeMoro KCBpra}KeHI/IeM s13blKa UMeeM pPaBeHCTBO pac-
CMaTpPUBAEMBIX S3bIKOB O

Teopema 11. |Squeeze(¢)| < |C].

,ZIOKQS’HT@JH)CTBO. HOJIO)KI/IM
n¢ = [(0¢)ol

¥ yOenuMcsi, 4TO B KaXKblii MOMEHT pabOThl aJropuT™Ma 3 BBIIOJNHSETCS HEPaBEHCTBO
|Sqz| < ne.

Ono oueBuaHO st wara 1. JeACTBUTEbHO, 3aMUCh BbIpaXKeHHs ( TIPEICTaBJISET
co60H HemycTylo LeNoyKy, M03ToOMy Ha iare 1 umeem

1Sgz] = [(0)o| < [(0C)ol = n¢-



Ha mare 2 3HaueHue BeqMUMHBl Sqz U3MeHsieTcs npouenypoit Replacement. Ilpo-
enypa 3aMeHsieT 3araylIKd OIHOMMEHHBIMU cpe3aMu ctatyca | rHe3n KCablpaxkeHus
(0)o.

W3 onpenesnenust cpesa BUAHO, UTO cpe3 00pa3oBaH CLeEMNJEeHHEeM HEKOTOPBIX ydacT-
KOB (BO3MOXKHO, pa3belWHEHHBIX) COOTBETCTBYIOIIEro THe3la. DyneM roBOpUTh, YTO
Cpe3 IMOKpPhIBaeT 3TOT Habop ydyacTKoB rHe3na (uau KCBbipaxkeHHs, 00BEMJIOIIETO
rHe310). Termepb OTMETHM OueHb BayKHO€ B J0KAa3aTeJbCTBE NAHHOH TeOpeMbl 06CTO-
ITeNIbCTBO, BBITEKAIOLee M3 3aKOHA B3aHMOPACIOJOXKEHUS THe3[: pas3/HuHble Cpe3bl
€IMHUYHOrO cTatyca nokpoiBatoT B KCBBIpaXkeHHH HAOOPBI y4acTKOB, 3J€MEHTHl KO-
TOPHIX TOMApHO He MepeKpbBalOTCSA. (DTO BepHO W I/ OAMHAKOBBIX Ha BUJ CPE30B
cratyca l, oTHocAIIMXCA K PasJWyHBIM THe3iaM ofgHoro U Toro e KCablpaxkeHus.
Ho Hac uHTepecyloT pasauuaroliiecs cpesbl, TaK KakK TOJbKO OHH cOOHUpAIOTCs B MHO-
x)ectBax Embeddings.) Takum o6pa3om, 'He310 MOXKHO "BBIJIOXKHTBH", KaK MO3aHKY,
BCEMU Cpe3aM{ eIMHUYHOIO CTaTyca, KOTOpble M3BJIEKAIOTCS U3 €ro 3armucH.

[Tpouenypa Replacement ucnosib3yeT Bce TEKCTyaJbHO pas3jdyHble Cpe3bl CTaTyca
1. Kaxkaplii 13 HHUX HCNONB3YeTCs IJIsi 3aMeHBl 3arJyLIKh PoBHO ofuH pas. Cienosa-
TeJIbHO, BCS COBOKYITHOCTb LieNoYyekK, BHeAPsieMbIX B Sqz npouenypoit Replacement He
MoxeT TpeB30iTH no anauHe KCseipaxeHus (o()o.

[To 3aBepiiennu mara 2 B Sqgz elle MOTYT PUCYTCTBOBATh 3araywku. fcHo, UTo Tak
MOKeT ObITb B TOM M TOJIBKO TOM CJydae, KOrja Kakuesubo pas/juuHble rHe3ja AT
OIMHAKOBBIE Cpe3bl CO CTaTycoM 1, T.e. Korna B HMCXOLHOM BbIpaXkKeHWH AyOJHpyeTcs
HekoTOpasi HH(opMmaLus. UToObl ocTaThesl B Mpefiesiax paccMaTpuBaeMoro (opmasnnsma
— KCsbipaxeHHns, He0OXOAUMO 3aMEHUTb OCTaBILUHECS 3aryLIKH KaKHMUHUOYAb U3
OJIHOMMEHHBIX ¢ HUMHU rHe3l. B nensax ykopodenuss KCBbipaxkeHusi cienyet BhIOpaTh
caMble KOPOTKHE M3 BO3MOXKHBIX 3aMeH. UTo u nenaercs.

[lar 4, uckaoUamIIKi U3 PACCMOTPEHHUs BHelllHUe CKOOKHU (¢ umeHeM 0), He BJHsieT
Ha COOTHOLLEHHWe JJIMH UCXOAHOro U pedynbTupytouiero KCabipaxenui [

BhisiBUM BpeMeHHble XapaKTepPUCTHKH aJrOpUTMa 3, ONUPasich Ha COOTHOIIEHHE (CM.

JI0Ka3aTeJbCTBO TeopeMbl 11)
|Sqz| < ne.

fcHo, uto Bpems paboTel waroB | U 4 He 3aBUCHUT OT BXOAHOTO BbIPAXKEHHUS U NIPeHe-
OpeKMMO MaJio, a BpeMsl paboThl 11aroB 2 U 3 10 MeHblIed Mepe JMHEHHO 3aBUCHUT OT
n¢. JleficTBUTE/IbHO, NJIS NOCTPOEHHUS BCEX HCIOJb3yeMbIX aJrOPUTMOM BCIIOMOraTesb-
HbIX 00BbEKTOB TpebyeTcsl JIMHEHHBIH NMPOCMOTP MCXOLHOTO BBIPAXKEHHUS HJIH He GoJee
IJIMHHOK LEeNoYKH Sqz.

Tak Kak rHe3no W 3arsylika o0g3aTeJbHO UMEIT B CBOEM COCTaBe [Ba CHMBOJA:
JIEBYIO M NIPaBYI0 CKOOKH, YUCJIO THE3[ U 3arjiyllek B Lleroyke Sqgz He MpeBbllIaeT

[Saz|  ne.
2~ 2

Teker mara 3 anroputma 3 oueHb KPaToK, M KaxKeTcs, 4TO BpeMs paboThl wwara 3
CpPaBHUTEJbHO JIeTKO olleHUTh. HauHeMm ¢ Hero, moarotaB/iMBasi coobparkeHusl, 1oJes-
Hble U B OyaylleM.

B csydae mpocrefiiiero nmpeacTaBJaeHUs LEeNOUKH Sqz Iar 3 AOJKeH 3aTpaydBaTh
Ha TIOMCK B HEH MOCJiefoBaTebHBIX BXOXKAEHUH 3aryyliek BpeMsi, MPOTNOPLUHOHANbHOE
ee niuHe. Ha 006paboTKy Bcex HalIeHHBIX 3aryyllek notpedyeTcs He 6oJsiee MOJOBUHbI
9TOU AJIHHBI (Cp. 3aMeyaHHe BhILIE O YHCJE 3arjyliek B Sqz).



[Ipu oueHke BpeMeHH paboThI L1ara 3 eCTeCTBEHHO ydeCTb BpeMs ¢, MOMCKA B MHO-
KeCTBax
Alternatives(t), € ANames((),
3JIeMEHTOB MUHUMaJbHOH [JIHHBI.
[TopbiTOKMBAsSI, TIOyYaeM BEPXHIOK OLEHKY

kg1 - n¢ + k3o - |ANames(Q)| - (% + max{t,|. € ANames(()}),

rae k31 ¥ ks — HEKOTOpble KO3(P(PULHUEHTH, HA 3HAUEHHS] KOTOPBIX MOTYT IOBJHSATH
JMIIb croco0 npeacTaB/eHusl oOpabaTbiBaeMbIX AaHHBIX W YAQUHOCTb IPUEMOB oOpa-
OOTKH.

Bpewmsi t, B XyaueM c/ydyae MPOMNOPLHOHANBLHO BEJTMYHHE =, TaK KaK UMCIO 3Je-
MeHTOB B Alternatives(t) He IpeBOCXOOUT YKcJaa rHe3l B (o). 3ameHss ¢, Ha kss - %,
npeobpasyem (opMmyJsy OLEHKH:

2
BBonsi o6o3HaueHue k3 A1 He 3aBUcsLLero oT xapakTepuctuk KCsblpaxenus (¢ Ko-
s UIMenTa ks dE3  ymeeM oleHKY

=,
(k31 + ks - |[ANames(Q)|) - ne

(kg1 + kg2 |ANames(C)]) - n¢.

BpeMeHM paboThl Lara 3.

Jlnst olileHKY BpeMeHH paboThl [1ara 2 aJropuTMa 3 CyIleCTBEHHBI BpeMeHHasi OlleHKa
npouenypsl Replacement u uuciyo ee npuMenenuit. [locnennee pasuo |[ANames(C)|. B
caMoM JieJsle, IpaBUJ/a U3MeHeHUs aJirOPUTMOM 3HaueHUH BenndyuH Building u Storey
06ecreynBalOT OHOKPATHOE MomnafaHue B Storey kaxaoro umenu ¢ € ANames(() u,
cJlefioBaTesIbHO (CM. "3aroJIoBoK LMKJa", MpeacTaBJeHHOro neiicTBueM 2.1), omHOKpaT-
HOe MpUMeHeHHe npouenypel Replacement nisi Kaxknoro umeru « € ANames(().

Cama npouenypa Replacement pnBUXeTCs OTHOBpeMeHHO 1Mo Sgz W 1O
Embeddings(t), obpabarbiBas m < % (cM. BCrOMOraTeJbHbe 0603HAYEHHs MPOLie-
OYpbl) BXOXKAEHWH 3arsyliek. Bpemsi NBUKeHHS MOXKHO CUHTATh MPOMOPLUOHANBHBIM
n¢. Bpems Ha 06pabOTKYy BXOXJEHHSI TaKxKe MOXHO CUMTaTh MPONOPLUOHAIBHBIM 7.
IleficTBUTe/bHO, 00pab0OTKa — 3TO BCTABKA MeXAY CKOOKaMM 3aryyIKH 3aroTOBJIEH-
HOH ee paciindpoBku. CamMoe MPUMHUTHBHOE OCYILEeCTBJEHHe BCTAaBKU MOTpebyeT Ie-
peBUKEHHS IBYX Lernodek (cenymolled B Sqz 3a BXOXKIEHHEM 3arJyLIKH U LEeN0oYKHU-
paciu(poBKH), IIMHA KAXKAOH U3 KOTOPBIX MEHBbILE 7.

Wrak, BpeMst paboThl 11ara 2 He MPEBOCXOTUT

kz - [ANames(Q)] - ng,

rae ko — HEKOTOPbIH He 3aBUCAILHUH OT XapaKTepUCTUK ( KOI(P(ULHEHT.

CnienoBate/ibHO, BpeMst pabOThl ajJropuTMa 3 B LeJOM MOXKHO CUHTATb MPOIMOPLIHO-
HaJIbHBIM MPOW3BENEHHUI0 KBaaparta AjuHbl ucxonHoro KCBbIparkeHHs] HA UKCJIO MUMEH
€ro THe3J.



Inasa 2

Ob OIITMMHU3AIUU PACIIO3BHABAHHNA U CHHTAKCHUYECKOI'O
AHAJIN3A
BECKOHTEKCTHBbBIX 3bIKOB

[1aBa mocsilleHa npeoOpa3oBaHMUAM $I3bIKOBBIX ONHCAHWH, HalpaBJeHHBIM Ha pe-
IlIeHHe BOIMPOCOB, UHTEPECHBIX C TOYKU 3PeHHUS NPUJI0KEHUH TeopuH GeCKOHTEKCTHBIX
a3blkoB. [laparpag 1 saTparuBaer Bompoc MOBBILIEHHS 3(PPEKTUBHOCTH AeTEPMHUHHU-
POBAaHHOI'O MarasuHHOro aBToMmaTa. boJsiee 3(p(eKTHUBHBIM MoJaraeTcsi aBTOMAar, BbI-
MOJHAIOIINWNA MeHbllle TaKUX TaKTOB, KOTOpble He UHUTAIOT BXOAHBIX CHMBOJOB. [lnd
MaraspuHHOT'O0 aBTOMAaTa, KaxK[Ablii TaKT KOTOPOro, He CTHUPAIOUIMH B MarasuHe, 4uTa-
€T BXOIHOW CHMBOJI, BBOIUTCS TEPMHUH 'aBTOMAT, HAMOJHSIOUMN MarasuH B peasbHOe
BpeMs1". KOHCTPYKTUBHO [0Ka3bIBaeTCs, YTO MPOU3BOJIbHBIH JeTePMUHUPOBAHHBIH Ma-
Fa3WHHBIM aBTOMAaT 3KBHUBaJ/IeHTeH NAeTepPMUHUPOBAHHOMY K€ MarasMuHHOMY aBTOMATy,
HaMoJIHSAIEMY MarasvH B peajibHOe BpeMsl.

B naparpade 2 LR(k)meTon o6o6iiaerTcss Ha caydad MPOU3BOJIbHBIX GECKOHTEKCT-
HbIX rpaMMaTtuk. O60OIIeHHBIH aHAMU3aTOP MPeNCTaBJseT cOO0H npeoOpas3oBaTesb C
Mara3uHHoOW mnamsiTbio. CorsiacHO NepBOH I/laBe €ro MOXKHO HHTEPIPETHPOBATH Kak
Drpad "c Beixonamu'. Ilpennaratorcsi npueMsl ONTUMHU3ALUMU aHANU3aTOPa, UMEIOLHe
JOCTaTOUHO oueBUAHYI0 Drpaduyeckyto nntepnperauuto. B ciyuae LR(k)FpammaTtuk
3To ecThb U npuembl yMmeHbiieHuss LR(k)ananusatopos. [lpenesibl yMeHblLIeHHS AHK-
TylOTCsl TpeOOBaHHeM COXPaHEHHs B spe yMEHbLIEHHOTO aHa/JM3aTopa HEKOTOPOro
MUHUMYMa HH(pOPMaLHUHU O fpe UCXOLHOTO.

B naparpacge 3 naioTcsi opurdHasbHble aJropUTMBbl IpeoOpa3oBaHUsT KOHEUHOTrO aB-
TOoMaTa B perynasipHoe BbipaxkeHue u Drpada B KCsroipaxkenue. Ha nx npumepe noka-
3bIBAETCS, UTO MPUUYMHON yClexa MeTOMAOB, pPacClIeNJIsiolUX f3bIKOBble OMUCAHUS AJS
nepepaboTKH, SIBJSETCS ONpeleseHHOe NMOJUUHEHHe YacTeld 3TUX ONUCAHUM; YyIOMSHY-
TOe MOoAYHMHEeHHe yN0OHO BbIPA3UTh B TePMHUHAX CHJbHO CBSI3HBIX KOMIIOHEHT Tpacdos.
YKasblBaeTcsl, UTO B CHJY YCTAHOBJIEHHOH B3aWMOCBSI3U I'PaMMaTHK, aBTOMaToB U D-
rpaoB, TeXHUKa PaCCMOTPEHHBIX aJTOPUTMOB MOXKeT OBbITh IlepeHeceHa, HalpruMep, Ha
cay4yaid npeobpa3oBaHHsi O€CKOHTEKCTHOHM rpaMMaTHKH B aHAJIH3aTop.

§1. MarasuHHble aBTOMAaTbl, HAMOJHSOIIE
MarasuH B peajbHOe BpeMs

Onna u3 npobJieM, CB3aHHBIX ¢ OECKOHTEKCTHBIMH $I3bIKAMH, COCTOHT B MOCTpOe-
HUM TaKOTO Mara3uHHOr0 aBTOMAaTa, KOTOPbIH IOMYyCKaeT 513bIK C HaWMeHbIIel 3aTpaToi
BpeMeHH. C TOYKH 3PEHHUS TPUJIOKEHHE 0COOEHHO Ba)KHO N00UBaTbCs 3(P(HEKTHBHO-
CTU IeTePMUHHUPOBAHHBIX MarasuHHbiX aBTomMatoB (JIMA). JIMA sddekTBeH B TOM
CMBICJIE, YTO HUMHUTHPYIOILHUE ero aaroputM padoraet 6e3 Bo3BpatoB. OnHako njs JJMA
JIOMYCKAIOTCSl TaKThl, KOTOPble He YHUTAOT BXOAHBIX CHMBOJIOB, MepepabaTbiBasi, BO3-
MOXKHO, comepuMoe MarasuHa. JIMA, nelictBytomuil B peanbHoe Bpems ([JMAPB),
MOYKHO CUHTATh HJeajoOM: eMy TpeOyeTcsl POBHO 7. TAKTOB, YTOOBI JIOMYCTHTDb LENOYKY

nnuHbl n. HekoTtopoe uccienosanue JJMAPB nposeneno eme B [Ginsburg -Greibach
1



66], roe oHM He MMEIT KaKOTroAKOO ClelHaJbHOTO HAa3BaHHUS; NAHHBIH TePMUH 3aUM-
crBoBaH u3 [PomanoBckuii 86]. MsBectHo [Ginsburg -Greibach 66], yuro JTMAPB
COCTaBJISAIOT COOCTBEHHBIN MonKaace Knacca JJTMA.

3nech noKasbiBaeTcss (KOHCTPYKTHBHO), UTO MPou3BOJbHEINH JIMA MoxkeT ObITH Tpe-
obpaszoBaH B JIMA, KaXIblii TaKT KOTOPOT'O, HE YMEHbIIAIOIUHA CONEePXKUMOe Marasu-
Ha, YUTaeT BXOMAHOW CHUMBOJ. TeM caMblM odepueH Ipenes, AOCTHXKHUMBIH MPH TaKOM
npeo6pazoBanuu JIMA, KoTopoe MpubIHKaeT €ro K yKa3aHHOMY BHILIe Heasy.

PaccmarpuBaeMblll 31ech alrOPUTM OT/IMYaeTcsl OT aHAJOTMYHOTO ajJroputMa pabo-
Tl [KysHeroBa -Oxuranos -CarunraeBa -CraneBudene 90] cmoco6om ycTpaHeHHS
3aLMKJIMBAIOLIMX KOHPUTYypalui (Toc/aeIHUE TepMUH cM., HarmpuMep, B [Aho -Ullman
72]), MO3BOJIMBIIUM YIPOCTUTb KakK (POPMYJIHUPOBKY aJrOpUTMa, TaK U ero o6oCHOBa-
HHe.

B paspmesne 1.1 onpenensietrcs o6oOuieHre rpada MarasuHHOro aBTomaTa. B aTom
0000111eHUH paspellaloTcs, JOMOJHUTENbHO K AyraM paHee OIpelesieHHOTO BHUIa, Hel-
TpaJibHble NyTH W AYTH, HAaKalJMBalOIlHe B MaraspHe OoJibllle OJHOTO CHMBOJa. B
CJeNYIOIMX pasfesax UCIONb3YITCs 0000IeHHble rpadbl MarasuHHBIX aBTOMATOB.

B paspnene 1.2 ¢popmynupyetcsi onpenesieHrne 3alMKJIUBAIOIIEd KOHQUTYypaLlUU Mara-
3MHHOTO aBTOMaTa M PacCMaTpPUBAETCS aJrOPUTM YCTPAHEHHS 3aLUKJHWBAIOLIUX KOH-
¢urypanuit JJMA. Ilo cyuiecTBy, 31ech MOCTPOEHO HOBOE 10KAa3aTeJNbCTBO OAHO3HAU-
HOCTH [eTePMUHUPOBAHHOIO $3bIKA.

B pasnene 1.3 naercs onpenesieHde MarasMHHOrO aBTOMAarta, HalOJHSIOLIEr0 Mara-
3uH B peasbHoe Bpemsi (AHPB), u ¢ momouibio pe3ysnbraToB NpenblAyliero pasiesa
JI0Ka3bIBAETCS, YTO KaxK/AblH NeTePMUHUPOBAHHBIN SI3bIK JOMYCKaeTCs HEKOTOPHIM Je-
trepmunupoBanieiM AHPB (JIAHPB).

1.1. O600meHnue rpacpa MarasmHHoro asromara. Onpenesnum BUAOM3MEHEHHe I'pa-
(ha MarasMHHOro aBTOMara, KOTOpoe He MoAananaer nop omnpeneneHue Drpaca, HO B
TEepPMUHAaX KOTOPOro YHAOOHO OMHUcaTh KejaeMoe Npeobpa3oBaHHe MarasdHHOTO aBToO-
mata. O6 3TOM rpade MOXKHO CKa3aTh, UTO OH SIBJISIETCS CxKaTheM rpacda MarasuHHOTO
aBTOMara: HEKOTOpble MapLIpyTbl, AJHHA KOTOPbIX OOJIbllle eJWHHLbl, B pe3y/bTaTe
CXKaTHs CTaHOBSITCS AyraMmu. [ToMeTKH nyrexaTuil MMeloT OOBIYHBIH BHJ, HO BUJ 3a-
PSIIOB yCJIOXKHSIETCS.

Jlns mocTpoeHUs] MHTepecylollero Hac rpaga no MarasuHHOMY aBTOMaTy He 005-
3aTeJibHO MPeoOpa3oBbIBATh MarasMHHbIM aBTOMAaT B COBEpLIEHHBIH; MOXKHO OCNabUTh
Tpe6OBaHHUS K CJely KOMaH/bl, KaK CKa3aHO HHXKe.

B nanHoM naparpade, ecaiv He OroBopeHoO 0co6o, MoJjaraem, uTo CJjefl Kaxuo# Ko-
MaH/Jbl MarasuHHOro aBToMara

M:(K, Z, F; ZOa 57 Do, F)

UMeeT OAMH U3 BUIOB: —Z, Z € I', uau +v, v € I'*. Takum o6pasom, 3amnpelianTcs
TOJIbKO Cyiefbl Buga —Z + v, rie Z € I', v € I'". B ocranbHOM MarasdHHbIH aBTOMAT
npousBoJieH. PaccmaTpuBaemble najiee npeoOpa3oBaHUs MarasMHHBIX aBTOMAaToOB He
HapyLIaloT YKa3aHHBIX OTPaHUYEHHUH Ha BHUJ CJela KOMaHJBI.

Tepmun "HakansuBarwlasi', BBeleHHbIH B TaBe 1, OymeMm Temnepb MPUMEHSTb U K
KOMaH[Ie CO CyeioM +7, rue |y| > 1.



CoopmynupyeMm caenymollee NpocToe HaOMOIeHHe O COOTBETCTBHM KOMaHJ COBep-
LIEHHOT0 Mara3uHHOr0 aBTOMaTa ero AyraM; OHO IIOMOraeT MOHATb KOHCTPYKLHIO onpe-
nensieMmoro nasnee rpada ExtG(M) u ero cBsi3b ¢ rpa)oM COOTBETCTBYIOIIETO aBTOMATY
M coBeplieHHOro MarasMHHOIO aBToMaTa.

[Iyctb

0= (p,a,Z)—(q7)
eCTb KOMaH/ia COBepIIEeHHOTr0 Mara3MHHOro aBTOMaTa, Y4acTBYIOILasi B €ro yCHelIHbIX
BbIUMC/IeHHUsIX. Torna ero rpad vMeeT Ayry ¢ HauajbHOH BeplIHHOH (p, Z), KOHEUHOM
BepLIMHOH (¢, X ) AJIsT HEKOTOPOTO Mara3MHHOTO CHMBoJIa X, MOMETKOH a M 3apsiioM
a(f). O6o3HAUMM MHOXKECTBO TaKUx Ayr depes edges(d).

[Tycts 6 — KomaHma marasuHHOTO aBTomarta M, He yKOpauMBalollas COAEPKUMO-
ro marasuHa (dopmaneHo, «(f) ¢ {—}I'). Y3 KOHCTpPyKUHM anropuTMma COBepIIeH-
cTBOBaHHS (cM. asnroputm l.1) siCHO, UTO OH COMOCTaBJseT KOMaHJe ¢ eIHHCTBEHHYIO
YIIOPSIIOUEHHYIO T10C/e0BaTeNbHOCTh KOMaH

steps(0) = 01...0k, k> 1,

KOTOpast paBHOCHJ/IbHA €l M0 AeHCTBHIO Ha COCTOSIHME aBTOMAaTa, MarasuH U BXOIHYIO
LIeN0YKY, OMHHUM CJIOBOM, Ha KOH(UTYpALHIO.

M3 yHUKa/NbHOCTH BBOAMMBIX MPH 3TOM aJroputMoM 1.1 cocTOSIHHE M MarasMHHBIX
CHMBOJIOB W M3 OTMeYeHHOro BBIle HabJIIofeHUs ciaexyet, 4to |edges(6;)| = 1 nas
1< <k

O60o3HaunM yepe3 G(M) rpad coBeplIeHHOro MarasuHHOTO aBTOMATa, MOJy4aeMOoro
npuMeHenuem Kk M anroputma 1.1

[Tyctb Tenepnb § — npousBosbHasi KoMaHna aBtomata M. CornocTaBUM el MHOXKECTBO
T(6) mapuipyroB Drpada G(M) caepytouum o6pasom:

edges(9), a(f) € {—}T,
TO) =< {m...m}, a(d) &€ {1}, steps(0) =0, ...0k,
{m;i} = edges(0;) nnss 1 < i <k.

Omnpenenenvie MHOokectBa T(f) mokasbiBaeT OCYIIECTBUMOCTb MOCTPOEHHsI rpada
ExtG(M) ¢ MHOXeCTBOM BepLIHH

V(M) = {beg(T), end(T) |30 €6 T € T(0)}

W MHO2KECTBOM AYT

EM) = (beg(M) L end(T) | 30 € 6 T € T(6)}.
w(T)
AnemeHTs P, (), a, w Ha3BaHHOTO MYTOH 0ObeKTa P%Q OyzeM HasblBaTb COOTBET-
CTBEHHO HayaJ/JIbHOW BepPLUMHOW, KOHEYHOH BEepPLUMHOW, TOMETKOH U 3apsiOM.
HasoBem BxonHo# BepinHo# rpada ExtG(M) Bepuuny FPo(M) = (po, Zo), 3a-
KJIOYUTENBbHOH — KaXKAyl BepIIMHy MHoxkectBa Fin(M) = {(p,Z) | p € F,
Z eTl'}NV(M). B uenom ExtG(M) onpenesnsieTcsi BOCbMePKO#H

(K, 3, T, Zy, V(M), E(M), py, Fin(M)).

OTMmeTHM, UTO OMHUCHIBa€Mble B NAaHHOM maparpade npeoO6pa3zoBaHUsi 060OIIEHHBIX
rpadoB MOT'YT TIPUBECTH K TOSIBJEHUIO 3aKJII0YUTENbHBIX BEPLINH, COCTOSHHUS KOTOPBIX
He SIBJIAIOTCS 3aKJ/I0YUTEIbHBIMU COCTOSIHUSIMA UCXOJHOIO MarasvuHHOr0 aBTOMaTa.




Onpenenennbie B maparpade 1.1 MOHSTHS BbIYMC/IEHHS, MapIIPyTa, MPeIJOXKeHHSs
¥ mp. 6e3 Tpyma MepeHoCATCs Ha Cjydad ompelesieHHbIX 3[ech rpadoB, HO Mbl He
MbITAaeMCSI OTPENeIUTh 3[eCh aHasor DMHOXecTBa rpada COBEPIIEHHOr0 MarasuHHO-
ro aBromara. Vcnosbsyem o6osHaueHue Sentences(ExtG(M)) nis MHOXKeCTBa BCeX
npensokeHud u onpenenauM s13bik L(ExtG(M)), 3anaBaembiii rpagom ExtG (M), dhop-
MYJIOH

L(ExztG(M)) =A{w(T) | T € Sentences(ExtG(M))}.
13 koHcTpykuuu rpada ExtG(M) cienyer, 4To OH 3KBUBaJjeHTeH rpady G(M) u,
3HAUYMT, caMOMy aBToMaTy M.

Jlanee BMecTO MarasuHHOro aBTomata M paccMaTpuBaeTCsi OTBEUaKIIni emy rpad
ExtG(M). lyru 1 MapiipyThl 0THOCsTCS Ternepb K rpady ExtG (M), a ve k G(M). Tlo
aHaJIOTHH C HA3BaHUSIMH KOMaH[ BBeIeM HA3BaHWUs HEHTPaJbHbIH, HAKAIMJIHBAIIIHH,
CTHpPAIOLIHH JJIi MaplIpyTa COOTBETCTBEHHO C MyCTBIM 3apsiIoM, C 3apsiioM —+7, C
3apsiioM —7, TIe 7y — HemycTas l1eMoyKa Mara3uHHbIX CHUMBOJIOB.

Hawm notpebyeTcst cTpoUTh MarasdHHBIE aBTOMAT Mo rpady, MoJydyeHHOMY HEKOTO-
peiMu nipeobpazoBanusivu rpacda ExtG(M). Torna Gyner mose3HbM cjenymooliee 060-
3HaueHHe.

[Tyctb

m=(p,Z)—(q, X) € E(M).

a
w
O603HaunM yepes
rule(m)
KOMaHLIYy
0=p,a,2) = (q,7) €9,

rae v € I'* ompenensiercs U3 paBeHCTBa

u(0) = p(m) = w.
M3 onpenenenns 3apsana KOMaHAbl CJeLyeT, UTO 3apsj w M CHMBOJ Z OJHO3HAUHO
onpezensioT uenouky . CiaenosarenbHo, rule — 310 QyHKUUS Ha MHOXKecTBe E(M)

nyr rpaga ExtG(M). doonpeneaum GYHKUHIO rule Ha MHOXKECTBe MapLIpyTOB rpada
ExtG(M) no npaBuiy

rule(T) = rule(m) ... rule(my,),
T =m...my, — MapupyT, m > 0, m; — ayra gng ¢ = 1,...,m.
1.2. 3auukauBawmue KoHdurypauum. J[yry ¢ nycTod MoMeTkoH, Kopoue, HeUH-
Tawllyto, Oynem 0603Ha4aTb OyKBOH €.

[Tyctb (p,x,7) — KoHpurypauus marazuHHoro asromara M. Ilyctb anasi mo6oro
i > 1 cyuwectByet KoHpurypauus (p;, ;, Vi), Takas, uto

| v =] 7|

(p7$57) ):Z (p27x771>
Torna HaszoBeM kKoHpuUrypauuw (p, x, ) 3aUHKJIHBAIOILEH KOH(HUTYpalHeH aBTOMaTa
M.

Jlemma 1. [lycts ToT — mapupyr JMA, Ty — HelTpasbHBIE UM HAKATJIMBAIOLIMH
LMKJ ¢ mycTo# nomeTkoH, | T |<| Ty |. Torna Ty = TT) nns HeKoToporo mapuipyTta 7;.



lokasaresbctBo. [IpuMennm uHAyKuMio no anuHe ydactka 1. Ilpu | T |= 0 umeem
To = Ty, Tak Kak BeplIMHA MyCcTOro MapupyTta 7' gBJfeTCS KOHEUHOH BepLIMHOH
UMKJga 1p ¥ coBlajaeT ¢ ero HayaJbHOU BEpLUMHOMU.

[Ipennosoxum, uto semMma BepHa, ecau | T |< m, rae 0 < m <| T |, u paccMoTpum
caydail Takoro mapuipyta 7', uto | T |= m + 1. [lpencraBum 1" B Bune T = Thm, rae
m — pyra. [lo npennonoxxenuto unnykuuu 71 umeet Bupn 1y = Thel3 1y HEKOTOPBIX
Oyrd € W Mapuupyrta 73. BcienctBue neTepMHHHPOBAHHOCTH aBTOMaTa M pPaBeHCTBA
w(€) = € UMeeM JJIsT HEKOTOPOH KOMaHIBI # paBeHCTBA

= rule(m) = rule(e)

Y, CJIe[I0BaTEJbHO,
a(f) = p(m) = ple).

Ecin komaHza ¢ He siBJsieTcsi CTHpAIOLEeH, TO OHA ONpelessieT eIUMHCTBEHHYIO Iy-
ry, T.e. m = e. Jonyctum, 4to 6 — crupamouas komanga. lorma a(f) = —Z nas
Hekotoporo Z € I'. CTuparouiasi KOMaHia MOXKET ONpelessiTh AYTH, pa3idyarolirecs
Mara3uHHbIMH CHMBOJIAMHM CBOMX KOHEUHBIX BEpIIHH. YOeIuMCs, UTO paccMaTpHBae-
Mble IyTM 7T W € He HMEIOT Takoro pasnauuus. Mapupyt The siB/sieTcss HeHTpabHbIM
MJIM HaKarJIMBAIOLIMM KaK HauaJbHbIH y4acTOK HEHTPaJbHOTO HJIM HaKalJHBaioLlero
mapuipyTa Ty. CnenoBatenbHo, ecol(Ty) = +vX Z, a ecol(The) = +yX 1/ HEKOTOPBIX
ve€I™ u X €I'. Ho torna u3s paBenctsa p(m) = pu(€) BEITEKAET, YTO

ecol(Tom) = w(+yXZ — Z) = +9X.

Otcropa m =€ [
O6o3HauuM uepes I1(M) MHOXKeCTBO MapIIpyTOB Ge3 MOBTOPSIIOIIMUXCS AYT:

(M) ={m...7mm |m >0, m € E(M)

s i=1,...,m, m # 7, IpH i # j}.
3 KOHEUHOCTH MHOXKeCTBa JAyT Mara3uHHOTO aBTOMAaTa CJefyeT, 4TO [Jsi JIOO0ro
MarasuHHoro aBromata M mHoxecTBo I1(A) KoHeuHoO.
Beenem o603Hauenue C (M) 1/ MHOXKECTBA LIUKJIOB

{T € II(M) | T — nHe#TpasbHbI} MJIH HaKanJuBawWUi UUKI, w(7T) = A}.

Jlemma 2. [IMA M wumeeT 3allMKJIUBAIOLIYI0 KOH(MUTYPAIUIO TOTAA U TOJbKO TOTHA,
korga Cy (M) # 0.

JokasaresabctBo. Ilyctb (p,x,7y) — 3auuk/aMBamollas KOHQUrypauus aBTromata M.
[lo ompenenenuio 3auukJ/aAUBaIOIled KOHPUTypaUuu IJs Joboro ¢ > 1 cyllecTByeT
KoHurypauus (p;,x,7:), Takas, uro [ v; [2[ v | u (p,2,7) E' (pi, 2, 7). Y13 nerepmu-
HUPOBAHHOCTH aBToMaTa M CJeqyT COOTHOLIEHUS

(p,x,”y) ): (p17x>’}/1) ’: (pg,x,’}/z) ): ..

PaccmoTpyM Havyasio NaHHOH Toc/enoBatenbHOCTH, Metoliee |V (M )|+ 1 uneHoB. Emy
OTBeuyaeT MapLIPyT C MYCTOH MOMETKOH, CPeir BEpIUHH KOTOPOro ecTb XOTS Obl IBe
onrHakoBble. CJiefloBaTeNbHO, MapLIPYT 3TOT CONEPKHUT LUKJ, KOTOPBIH, Kak U Bech
MapuipyT, UMeeT mycTyio nomeTky. M3 HepaBeHcTB |v;| > |v|, raoe @ mo6oe, caenyer,
YTO 9TO HEHUTPaJbHBIN WK HaKaMInBaoWKi uukia. OTcroga BeiBoguM, uto Cy (M) # ().

[Tyctb Teneps C' (M) # (. Torma cyiiecTByet npenjoxenue T, KOTOPOE COAEPIKUT
HelTpaJsbHbI WM HaKalJWBAKOLWMK UMK ¢ nycToi noMeTkod. [IpencraBum 7' B BUE




T = TyT1'T>T3, rne Ty — He#lTpasbHBIEH WM HakamauBawoWui wuka, w(1i7Ts) = A
(ygactok 75 MoxkeT ObITh MyCTBIM), 1573 He CONEPKUT HEHTPaNbHOrO MJM HaKarlJIH-
Balolllero LMKJA ¢ MycTod nomeTkod. Beumy nemmbl 1 17 = 157157, nas HEKOTOPOro
mapupyta 7y. CienosaresbHo, MapiipyT 1575 siBJsieTcs HEHUTpPaJbHBIM MJIM HaKalJu-
BAIOILMM KaK HayaJbHbIM y4yacTOK HeHTPaJbHOIO UJIM HaKal/uBawllero mapupyTa 7.
DTo 03Hauaet, YTO HUKakas noauenodyka 3apsiuoB p(77) u u(T5T3) He siBJsIeTCS MapHO#H
Kako#an6o noxpuenouke sapsina j(7p). Ho torma mast qodoro k > 0 ToTFT,Ty ectb
npefsoXKeHue U, TakuM obpasom, M KMeeT 3aUUKJIMBAIOILYI0 KOH(UTrypauuio [
[Tyctp
G=(K,XT, 2y, V,E, py, F)
ecTb rpad BUA, OTIPe/ieIEHHOTO B HayaJie nepBoro pasnena, f ¢ K. Torna o603HauuM
yepes
Automaton(G)

marasunHbl# asromar (K U {f}, X, I, Zy, {rule(r) | m € E}U{(p, A, Z2) — (f,
Z)| (p, Z) € Fin, 3X €T (p,X) € V—Fin}, po, {p€e K |3Z €Tl (p,Z) € Fin;
VX el (p,X) ¢V — Fin} U{f}). 3amerum, uro

ExtG(Automaton(ExtG(M))) = ExtG(M).

Crnenyomuil anroput™M (akTHUeCKH yCTpaHseT 3alMKJ/UBAIOLIHMe KOH(PUrypaLuuu
yCHelHbIX BbluucaeHnd JTMA.

Asroputm 1. YcTpaHeHHe HEUHTAMOMIMX KOHLEBBIX [[HKJIOB.
Bxon. IMA M = (K, %, T, Zy, 8, po, F).
Beixon. G = (K, 2,1, Zy, V, E, po, Fiin).

Merton. E :={m € E(M) | mo6oit T' € C'y(M) He COmEpPKUT AYTH T };
Vi:i={PeV(M)|3r € E: Bepmunna P uHuupeHtHa ayre 7} U{Fy(M)};
Fin =V N[Fin(M)U{P | P aBasercs BeplIMHOH HeKoToporo uukaa u3 Cy(M)}].

B caenytouieil TeopeMe HMCMosb3yOTCs 0003HaYeHUs1 aaroputMa l.

Teopema 1. Eciu M — JIMA, To:
1) M’ = Automaton(G) siBsieTcsi 1eTePMUHHUPOBAHHBIM;
2) L(M'") = L(M); 3) M’ He uMeeT 3aLUKJIUBAIOLUINX KOHPUTYPALUH.

JlokasaresbcTBo. 1. 3ameTuM, uto aiaroputm 1 naet snauenue £ C E(M). Ho B moa-
MHOXKECTBe MHOXKEeCTBa OYT NeTePMHHHPOBAHHOIO MAarasMHHOrO aBTOMAaTa CBOKHCTBO
JeTeDMUHHUPOBAHHOCTH CoXpaHsieTcsi. PaccMOTpUM HeuuTawlide HeHTpaJsbHble IYTH,
KOTOpble MOXeT H00aBUTb omnepauus Automaton. HauanbHast BepminHa P Tako# ny-
TH B HCXOAHOM aBTOMaTe SIBJSETCS Hada/JbHOW BEPIIMHOW HEKOTOPBIX HEUHTAIOLIUX
AYT, yaanseMbx aaroputMoM 1. B HoBoM aBTomaTe P ocTaeTcs Haya/JbHOH BepLIMHOH
eIMHCTBEHHON HeuWTawleld nyru. Takum o6pasom, onepauust Automaton He BHOCHT
HeJeTePMUHHUPOBAHHOCTH.

2. V3 nokasaTesbCTBa JIeMMbl 2 MMeeM, 4TO ecau npensoxeHue [IMA comepxut
HeYUTAIOUINH HeHTpa/NbHbIM UM HAaKaIJIWBAIOIIKMK LHKJ, TO JN06as oyra cjeaylollero
3a 3TUM LHKJOM ydacTKa COBMajaeT ¢ HeKOTopoill ero nyro#. Takum oGpasom, mpes-
JnoxxeHue aBromara M umeer Bum 1717, rne T He comepkuT nyr uukiaoB u3 Cy (M),
a T" nmubo myct, U60O Kaxjaasi ero Ayra ecTb Qyra Hekotoporo uuknaa uz C . (M). B
aBromare M’ mapuipyry 71" orBeuaer B mepBoM caydae mapupyt 7 = 77", a Bo



BTOpOM cJaydae Mapupyt 1'(p, Z)A(f, Z), ecan end(T) = (p, Z) v p € F, unu npocto
T, ecmu p € F. Otciona cienyet paBeHCTBO si3bikoB L(M) u L(M').

3. 13 xoHctpykuuu aBromata M’ noayudaem paserctso C(M') = (). [To nemme 2
M’ He ¥MeeT 3aLMKJUBAIOUIUX KOHPUTypalui [

IIpumep 1. MarasuHHbIH aBTOMAT € 3aKJ/JII0YUTENbHBIM COCTOSIHUEM D U CJI€AYIOIHMHU
KOMaHaMH J0MycKaeT si3blK {a}:

1) (po,a, Zo) — (po, Zoa),

2) (p(b A, CL) - (p7 CLZ),

3) (pu A7 Z) - (pU» A)
CoOTBETCTBYIOILMH aBTOMATy rpag UMeeT TPHU AYTH:

(meo)%(po,a)? (po,a)ﬁ(l%z), (p,Z)_—Z(po,a)-

[Tocne ycTpaHeHHMs] HeUHTAIOUIMX KOHLEBBIX LHMKJOB OCTAeTCS TOJNBKO MepBas M3
HuX. Ee KoHeuHas BepllMHA CTAHOBUTCS 3aKJIOUUTENbHOH, HO COCTOSIHUE, BXOAsllee
B COCTaB 3TOH BEpLIMHBI, He SIBJSETCS 3aKJOUHTEJbHBIM COCTOSSHUEM HCXOIHOro aB-
tomara. CocTosiHHE py Hesb3sl 00BABUTb 3aKJ/IOUHUTEJbHBIM: Pe3yJbTHPYIOLWIUH rpad
OyneT ompenensth 3blK {A,a} BMecTo ucxonHoro. Onepauusi Automaton nobasisiet
HOBOE COCTOsSIHHE f W HOBYIO KOMaHLY

(p07 Av CL) - (f7 a)

U TeM pellaeT nNpobJemy.

1.3. ABTOMaTI:I, HaMoJHAKI[Y€ Mara3suH B p€ajJbHO€ BpeMd

[Tycte MarasuHHbIE aBTOMat M TakoB, uto w(mw) # A nas mwboi nyru m € E(M).
Torna nazosem M marasuHHBIM aBTOMaToM peaJsbHoro BpemeHn (MAPB). bynem Tak-
’Ke TOBOPUTb, UTo M geHcTByeT B peajlbHOe BpeM.

YtBepxknernue 1. f13biku, nonyckaemble netrepmuHupoBaHHeiME MAPB, cocraBasior
COOCTBEHHBIN MOJKJ/ACC NeTePMUHHUPOBAHHBIX S3bIKOB [

Jlns nokasatesbCcTBa NOCTATOYHO yKasaTb MPHUMep AeTEPMHHUPOBAHHOTO $13bIKA, HE
IOTyCKaeMoro HUkakuM netepMmuHupoBaHHbiM MAPB (JJMAPB). TakoB si3bik

{a™b"a™ | m,n >0} U {a™b"cb"a™ | m,n > 0}

(cm. [Ginsburg -Greibach 66]).

YrBepxknenue 1 o3Havaet, uto nerepmuHupoBaHHbEiXx MAPB HenocratouHo nist onu-
CaHHs KJacca J1eTepMUHHUPOBAHHbBIX s13bIKOB. OcTaeTcst CTPOUTh aBTOMAThl, 0 BO3MOXK-
HocTH Osin3kue K (opme JJTMAPB.

[Tyctb rpad
g = (K7E7F,Z0,‘/,E,p0,FZ'TL)

TaKoB, UTO 1Jis1 JIE0OO# nyru m € E u3 paBeHCcTBa w(m) = A caenyeT paBeHCTBO pu(7) =
—Z nas Hekotoporo Z u3 I'. Torna HazoBem aBTomat Automaton(G) HamoJHSOIIHM
MarasuH B peaJjlbHOe BpeMs.

3ametuM, uto JJAHPB MoxeT uMeTb HeuuTawlire HecTupatomue nyru. Ho kaxmoe
npensoxenve JTAHPB comepxxut He Gosiee OfHOU HeuHTallledl HeCTHPAIOILIEH TYTH.
Takasi nyra, eciy oHa eCTh, 3aKaHUYMBaeT MpeJoXKeHHe, Kak B cayuae JJAHPB M =



Automaton(G) nas

g = ({p}7 {CL, b}7 F7 Z()’ V7 E7p7 {(pa X)})J
rne ' ={X,Y,Z, Zy}, V. ={(p,W) | W € I'}, mHOXKecTBO E COCTaBJIEHO LyraMu

a b a a
(pa ZO)m(pa Z)v (p7 ZO) —|—YZ(p’ Z)v (pa Z)__Z(p7 X)7 (p7 Z)—_Z(p’ Y)
[pady ExtG(M) vmeeT HOMOJHUTEJBHO K Ayram rpada G oyry
(p, X)A(f, X).

JlokaxkeM, 4TO JeTepPMHUHUPOBaHHBIH A3bIK HomyckaeTcst HekoTopeiM JIAHPB.
Benem o6o3HaueHue

B (M) = {r € E(M) | w(r) = A, 3y € I* u(r) = +7}.

Eciu G — rpad, sxBuBaseHTHBIH M, To Hapsny c¢ o6o3HaueHueM F. (M) Gynem
MCI0/b30BaTh 0603HaueHue K (G).

[Tycte m € E(M). Torna Ha3oBeM MHOXKECTBO MapLIPyTOB

dj(m) = {end(m)}, Ar’ € E(M) : end(m) = beg(n’),
GG\ = {n" € E(M)|end(m) = beg(n’)} B nIpoTHBHOM cJy4ae
MHOXKECTBOM coceled AYTH m.

3ametum, uto ecau 7' € adj(rw), To T’ He 0053aTeNBHO ABJSETCS MapLIPyTOM. Tak,
B rpade, comepxauiem AYyrd

™= (p, Z)_LZ(%Y),

A
m = (QIJX)

— Z
Z(p’ )7
a

(p, Z)_—Z(q,X),

A
Y)—(p, £
(QQ7 )+Z(p7 )7
Ayra 7 NPpHUHALJIEXKHUT MHO2KECTBY adj(m), HO 77T HE ABJIAETCAd MaplIIpyTOM.

[lycts € € E( (M), T € adj(e). Torna HazoBeM BbiyepkuBaHHeM ¢yHKuuw (€, 1),
OnpefieNiieMylo CJIeAYIOMUM 00pa3oM: ecid T' — MyCTOH MapiipyT, TO

e(e, T) = beg(e),

HHaue
w(T)

plale)u(T))

Auroput™ 2. YcTpaHeHHe HeUHTAIOIIEH HeCTHpAIOIeH TyTH.

e(e, T) = beg(e) end(T).

Bxon. MarasuHHbBIE aBTOMAT
M = (szara ZOapOaF)

U ayra
ee€ EL(M).

Beixon. I'padp Eps(ExtG(M),e) = (K, X, T, Zy, V, E, po, Fin).



Meron. E := E(M) — {e} U{e(e,m)|r € adj(e) — {end(e}};

V:={P(M)}U{P € V(M) |3r € E P uHUMIEHTHA AyTe T };

Fin =V N [Fin(M) U{beg(e) | end(e) € Fin(M)}].

Haua/ibHbIi yuacToK MpeasioxKeHHsi Ha30BeM HHHLHAJIbHBIM MapLipyToM. Mcrnonbay-
eM 3TOT TePMHH B CJeIYIOLIeH JeMMe, KOTopasi 10Ka3blBaeT 3KBHBaJEHTHOCTb rpada,
C031aBaeMOr0 ajJrOpUTMOM 2, BXOAHOMY aBTOMATY.

Jlemma 3. Ilyctb M — wmarasuHHbli aBTomart, € € B, (M), L = L(Eps(ExtG(M),
€)). Torna L = L(ExtG(M)). CnenoBatesnbHo, L = L(M).

JlokasaresibcTBo. JI0CTaTOUYHO yKa3aTh, YTO CYIIECTBYET CIOPBEKTHBHOE OTOOpaXe-
HHe MHOXKECTBa MHUIHAJbHBIX MapiipyToB rpada G = ExtG(M) Ha MHOXKECTBO MHHU-
LHaNbHBIX MapupyToB rpaga G' = Eps(G, €), npu kotopom Mapupyt 7' rpada G u
ero o6pas T’ ¥UMelT OfMHAKOBbHIE 3apsifibl U MoMeTKH, a BepiiuHbl end(T) u end(T")
OIHOBPEMEHHO SIBJISIIOTCS /M He SIBJSIOTCS 3aK/II0UYUTENbHBIMH.

[IpousBosibHBEIN MapuipyT 7' B rpade G MOXKHO NMpPeNCTaBUTh B BUIE

T =1TyemTy ... em, T,

rae n > 0, T He CONePXKUT AYTH €, MJd ¢ = 1,...,n y4acTOK 7;1; He COLEePXKUT AYTH
€ u qubo myct, au6o m; € adj(e). Pacumpum MOHsSTHE BBIYEPKUBAHUS CJENYIOMIAM
o6pasom: (e, T)) = Toe(e, m)11 .. .€(€, m,)T,,. OHO U OyeT UCKOMBIM CIOPBEKTUBHBIM
oToOpaxeHueM. B camom nese, u3 koHcTpyKuuu rpada G’ caenyert, uto 77 = (e, T),
rae T — WHUIMATbHBIA MapiipyT rpada G, ecTh MHHIIMAIbHBIE MapupyT B G', mpuuem
w(T") = w(T), pu(T") = u(T) u Bepwunsl end(T") u end(1’) oMHOBPEMEHHO SIBJISIOTCS
WJIH He SIBJISIIOTCS 3aKJ/I0UHTENbHBIMU. HHULHAbHBIX MapLIPYTOB, He MPUHAAJIEKAIHUX
MHOXKECTBY

{e(¢,T) | T — wnHuunanpHb{ MappyT rpada G},
rpad G’, no mocTpoeHuio, He umeeT [
Jlemma 4. Ecin M ects IMA ue € E (M), T0

Automaton(Eps(ExtG(M), €))
apasercs JIMA.

/lokasatesbcTBo. Jlyra € He siB/sieTCsl CTUpAIOLLeH, TakK KaK OHa NPUHAJIEXKUT MHO-
x)ectBy E,(M). BenenctBue neTepMHHHpOBaHHOCTH aBTomarta M BepiuuHa beg(e)
SIBJISIETCS HAyaJIbHOM BEPLIMHOW TOJBKO OJHOW AYyIM — HEUUTAKLleHd HecTUparolleH
ayru e. Aaroput™m 2 3ameHsieT 3Ty Ayry HekotopeiM moamHoxkecTBoM A C {e(e,
em)|m € adj(e)}. Jdyru MHoxkecTBa A oTiMuaroTCs OT Ayr aBromata M, UMeKLIMX
HavyaJbHYI BepIIHHY end(€), TOJBKO CBOeH HadasbHOH BepuinHOU. [IpenmosoxeHue,
4TO M33a AYr MHOXKecTBa A HapyllaeTcs CBOACTBO JeTE€PMHUHHPOBAHHOCTH, 03HAYaJo
OBl, UTO OHO HapyliaeTcss M Ayramu W3 adj(e). OnHAKO MCXONHBI aBTOMAT SIBJSETCS
JNeTepMHUHUPOBAaHHBIM []

13 Teopembl 1 caenyet, 4To MOXKHO 6€3 OorpaHuyeHHUsi OOLIHOCTH IMpearnoaaraTb of-
HO3HA4YHOCTb paccMatpuBaeMbix JIMA.

Augroputm 3. Ilpeo6pasoBanue JMA B JJAHPB.
Bxon. OnnosHaunbit JTMA M = (K, %, T, Zy, 6, po, F).



Brixon. MarasuHHBIH aBTOMAT

RealTimeCharging(M) = (K', %, T, Zy, 8", po, F').

Llar 1. G := ExtG(M).

Ular 2. Tloka E,(G) # 0, BEIMOMHATH CJAEAYIOLME 1BA I€ACTBHS:
BEIOpaTh Ayry € € B (G)N{w | adj(7) N EL(G) = 0};
G = Eps(G, e).

Hlar 3. Tlonoxute aBromMat RealTimeCharging(M) paBHbM Automaton(G).

Jlemma 5. Tlycts M — onnosnaunbit JIMA u E, (M) # (). Toraa cyiiecTByeT Takas
nyra € € E. (M), uto adj(e) N E (M) = 0.

JlokasaresabctBo. [Ipennonoxum, uto aus awb6oil € € £ (M) nepeceuenune adj(e) N
E. (M) wuenycro. Torma cylecTByeT MOCJEI0OBATENbHOCTb €1, ..., €,411, TAE N =
|EL(M)|, e1 € EL(M) n €11 € adj(e;) NEL(M) nna j =1,...,n. Orciona numeem co-
oTHoweHus end(e;) = beg(ejy1), j = 1,...,n. Tak Kak, Kpome TOro, Kaxjas 1yra MHO-
xectBa E, (M) siBisieTcst HEHUTpasbHOW WM HaKalJUBalOLIeH, €; ... €,1 €CTh Mapli-
pyT. Tak kak ero pnuHa 6oJblue |E, (M)|, nast Hekotopeix k u l, 1 <k <l <n+1,
MMeeT MeCTO PaBEHCTBO €, = ¢;. Ho Torna € ...€_1 €CTb HEUHTAIOUMNA HEHTPaJNbHbIH
WJIM HAKaIMJIMBAKOWHKKA LUK/, YTO IPOTHUBOPEUUT OAHO3HAYHOCTH aBToMara M [J

Teopema 2. Ecin M — onHosHaunbiéi [IMA, To:
1) anroputm 3 3akaHuMBaeT paboTy;
2) RealTimeCharging(M) sBnsercs [IMA u skBuBaneHten M.

JlokasatesbcTBo. [lepBoe yTBepKIeHHE TeOpeMbI CJelyeT U3 JeMMbl 5, BTOpOe —
u3 Jemm 3 u 4 O

§2. Iapo GeCKOHTEKCTHON rpaMMaTUKH
¥ CHHTAKCHYeCKHH aHaJu3

CsioBo "rpammaTHka'B gaHHOM naparpade o6osHauyaet npuBeneHHyto [Aho -Ullman
72] 6eCKOHTEKCTHYI0 IpaMMaTHUKY

G= (N, X, P, 9),

rne N — HeTepMHUHaJbHbIH anaBUT, >. — TepMHUHa/bHBIA andasut, S € N — Ha-
ya/JbHbBIH cuMBOJ, P — mpaBuaa. [lomoxum V. = N U Y. YcaoBumcs 0003HauaThb
HeTepMHHaJbHblE CHMBOJIBI OOMBLUIMMHU, 8 TEPMUHAJNbHBIE MaJeHbKUMH OYKBaMH Haya-
Jla JJATUHCKOrO aJsdaBuTa.

31ech paccMaTpPUBAIOTCS TOJbKO MPABOBBIBOAMMbBIE CEHTeHLHaNbHBIE (opMbl. s
KPaTKOCTH OHHM YMOMMHAIOTCS KaK CeHTeHIHaJ/bHble (HOPMbl. AJITOPUTM CHHTaKCHUe-
CKOr'0 aHaJ/JMu3a 0603HavyaeTcsl CJOBOM "aHa/M3aTop'.

[TyHkT 2.1 BBOOUT MOHATHA SiApa U XapaKTEPUCTUKH OECKOHTEKCTHOH rpaMMAaTHKH.
XapakTepucTHKa sBJseTcs MoAU(UKaLuUel siapa, YL00HOH A/ MOCTPOEHUs HeleTep-
MUHHPOBAHHOTO aHa/ju3atopa, padorawulero kKak LR(1)aHanuzatop mjs Kakaoro us3
caydaeB pasbopa aHaJaM3upyeMoH Lenoukd. B myHkTe 2.2 ompenessieTcs cam aHaJu-
3aTOp M NOKa3bIBAETCS, UTO OH KOppeKTeH. B myHkTe 2.3 paccmaTpuBaroTCs IpHe-
Mbl ONITUMH3ALUH aHa/au3aTopa, 000CHOBAaHHE KOTOPBIX 0a3upyeTcsl Ha NpeAcTaBIeHUH



aHanusatopa npeobpas3oBaTeseM C Mara3MHHOH MaMsATbIO H, CJeN0BaTeNbHO, ONpele-
JIeHHbIM 00pa3oM 0000LIeHHbIM, 'TpeoOpasyolum DEpadom. 31ech 3aTparuBaercs
OIMH U3 CJOXKHEHIINX W MHTePeCHEHIIUX BOMPOCOB TEOPHH CHHTAKCHUECKOTO aHa/In3a
— BONPOC yMeHblIeHHs1 Tabsul, ucnosbdyeMbix LR(k)ananusatopom. Ham noxxon
BCKPBIBAET CyTh SIBJEHUH, 00yCJ0BAMBaOMIUX rpoMo3akocTb LR(k)Tabaui, 1 yKassl-
BaeT I'PAHHUIbl JOCTHKHUMOTO MPH COKpalleHUH 3TUX Tabaul. OTmeuaeTcs, UTO BMeCTe
C MpUEeMOM pacllenJieHuss rpaMMaTHKH, pa3paboTaHHBIM I0J PYKOBOACTBOM aBTOPA,
copMy/nHUpOBaHHbBIE B MyHKTe 2.3 NpHeMbl JAIOT NPaKTHUYECKH MNpUeMJeMblH MeTOox
noctpoenust LR(1)ananusaropos. [Ipu atom Ham mertox mpumeHuM K Jjw6oi LR(1)-
rpaMMaTHKe, a ero 3pQekT 3akJjaoyaeT B cebe NeHCTBHE paHee HM3BECTHBIX CIIOCO-
6o ontumuzauuu LR(1)anamusatopoB (Hampumep, ONTUMH3AIMS aHAJU3aTopa, mpe-
nycmatpuBaemass LALR(1)mMeTonom, MOMHOCTBIO YUUTBIBAETCS HALIUM METOMIOM).

2.1. Inpo u xapakKTepucTUKa 0€CKOHTEKCTHOU rpamMmMatuku. [y 6€CKOHTEKCT-
HOH rpaMMaTHUKH OINpelessieTcsl MOHATHE CTPYKTYPhl. DTO OAWH M3 BAapUAHTOB JIMHH-
HOW 3amuCH JepeBa BbIBOAA. [akuM 00pa3oMm, CTPyKTypa MpeacTaBJjsieT HHpopMma-
M0, KOTOPYIO H3BJIEKAET aHAJHU3aToOp, NMpHUYeM NpPeACTaB/seT yAayHO B TOM CMBIC-
Jie, UYTO BeCbMa TOYHO yKa3blBaeT CXeMYy BbIUMCJEHHS, BBIIOJHSAEMOr0 aHaJan3aTOPOM-
npeobpasoBareseM C Mara3uHHOH NaMSAThIO.

B TepMuHax CTpPyKTyp AJ5l TPAMMaTHUK ONpelessloTCS MOHATHSA KaHOHA U fipa, aHa-
JIOTHS1 KOTOPBIX C OIHOUMEHHBIMU MOHATHUSAMU, BBEIEHHBIMU B IJ1aBe 1, 10CTaTOYHO fic-
Ha. B uesoM nosydaetcs cuctema MOHSAATUH, MMO3BOJAIOLIASA NOKA3aTh U3BECTHBIH (PAKT
00 3KBHBAJIEHTHOCTH OECKOHTEKCTHBIX I'PAaMMAaTHK W Mara3uHHbIX aBTOMAaTOB TaKH-
MM TOCTPOEHHUSIMU, KOTOpble 00eCleYrBalOT TeCHOe COOTBETCTBHE BCeX OCOOEHHOCTEH
9KBUBAJIEHTHBIX YCTPOHCTB M, IJIaBHOE, BO3MOXKHOCTb AOTOLIHO BBISICHUTb 3TO COOT-
BeTcTBHe. B naHHOM naparpacde pakTHUUecKH AaeTcsl MOCTPOeHHe M0 OeCKOHTEKCTHOH
rpaMMaTHKe 3KBHUBAaJEHTHOTO MarasMHHOro aBTomaTa. EMy B omnpenesieHHOM CMBbIC/e
POJICTBEHHO MOCTPOEHHE IPaMMAaTHKH 110 aBTOMaTy, paccMoTpeHHoe B [Bbliutok 98].

2.1.1. Crpykrypsl. KaHoHsl
Hasosem rpammaruky
Augm(G) = (NU{So}, XU {L},PU{Sy — LSL},Sy),

roe Sy, L € V', nonosHeHueM rpaMMaTHKH

G =(N,%,P,S).
[IpaBuny
SQ — 151
rpammatuku Augm(G) conocraBumM Homep O. [lycts | P |= s. 3aHymepyeM npaBuJsa
rpaMMaTHKd G B HEKOTOPOM Mopsiake Homepamu 1,...,s. O603HaYuM pe MPaBHJIO

rpammatuku Augm(G) 3anuceio
Ap e Xpl .. ~Xpnp-
3nech
OSpSS, np20, ij GVU{SO,J_} JJIsA 1§]§np

O603HauuM uepes
Struct(Q)



rpaMMaTHKY, ONpeJe/sieMylo paBUIaMu
{4y = GXp1 - Xy, )p [0 <p <55 (p,)p — HOBbIE CHMBOJIBI}.

O BnIBOIE
T1 =g ... >0 Tm, Mm>1,
6ynemM roBOPUTb, UTO OH peaJsiu3yeT COOTHOLIEHHE
T1 =G T

HanomHuuM, 4TO npaBblil BBIBOM, PeasU3yIOLIUE cOOTHOLIeHHe A =%, x, MOXKeT ObITb
MpeACTaB/eH MOCJAeI0BATEbHOCTbIO MTPABHJ MJIK HX HOMEPOB.

fcHo, uTo Mexny mnpaBuiamu rpammathk Augm(G) u Struct(G) cyuiecTByert
B3aHMHO®OIHO3HAUHOE COOTBETCTBUE. DyneM cunuTaTh, YTO COOTBETCTBYHOLIHE MPaBUJIA
MMEIOT B CBOMX I'PAMMAaTHKaX OIMH U TOT Ke HoMep. KcrosbayeMm 310 06CTOSITENBCTBO
B CJIELYIOIIEM OMpeleseHNH .

[Tyctb A € N U{Sp}, mycTb COOTHOLIEHHUSI

A :>*Augm(G) x

A :>*Struct(G) o

peasu3yIoTCsi ONHUM M TeM Ke BBIBOIOM (MOCJ/Ie0BaTeNbHOCTbIO HOMEPOB MpaBu.) I1.
Torna Gynem roBOPHTh, YTO o SIBJASIETCS] CTPYKTYPOH LEMOYKH .
Ecau 0 — cTpyKTypa uenodku x, To Oymem nucatb o € struct(z), r = w(o).
O603HauuM yepe3 br(c) (oT braces) pe3ynbTaT BblUePKHBaHHs M3 0 CHMBOJIOB Iie-
noykH w(o). 3ameTuM, uto br(o) siBaseTcsi CKOOOUHOH crucTeMoil Han DmHoXecTBOM

{((p:)p) [0 <p <s}.

Bynem npumeHsiTb omepauuio br U K MOALENOYKAM CTPYKTYP.
O mopLernoyke z HEKOTOPOH CTPYKTYphl OyaeM TFOBOPUTB, UTO OHA cOaJaHCHPOBAHA,
ecau br(z) — ckobGouHasi cucTeMa.

[Iyets 1 < p < 55 mycThb
0 = u(pT{(p2)py)pv

ecTb CTPYKTYpa, B KOTOPOH 2 U w = (,x(y2),Y), cOamancuposansl. Torna 6ymem roso-
PUTb, YTO LI€NOUYKa w OnpefesseT p-UTepauuio (r,z,y) ¢ UHKJIaMH x W y. [Ipu 3TOM
pHTepaluio OyneM HasblBaTb 3JeMeHTAapHOH, ecau ajsi Jwoboro 1 < ¢ < s HHUKakas
MOALIENIOYKA LENOYKH (,2),y He ONpelessieT gHuTepaLni.

TepmuH prTepalusi oTpakaeT MOBTOPEHHE B BbIBOJAE MPHUMEHEHUH pFO TMpaBHJIa.
[IpucraBKy p OymeM omycKaThb, KOTAa MPaBHJIO HECYIIECTBEHHO.

[Tyets nns 1 < ¢ < 5 noauenoyka

(p2i)p = i (pT5(p26)pY5)p - - - Yi)p
LEMOYKH
w = (1 (pT5(p26)pY5)p - - - Y1)p
omnpenesisieT pHTepauuio (x;, z;11,%;). lorna Ha3oBeM MOy U3 pHTepalluH, orpene-
JileMbIX LENOYKOH w, cJI0XxkKHOH. MTepaluio, koTopasi He sIBISIeTCS CJOXKHOH, Ha30BEM
MIPOCTOH.



HYCTb Kaxaass utepanusd, omnpepeadgeMasd noaAuenodkaMu CTPYKTYPbl o, ABJAAETCH
HpOCTOﬁ. TOFILEI Ha30BeM 0 KdHOHOM.

MHOXeCcTBO ceHTeHIHaNbHbIX (hopM TpaMMaTuku Struct(G) o6o3HauuM uepe3d Sg.
Beenem o6o3nauenue Canons(G) = {0 € S¢ | o sgBASeTCS KAaHOHOM}.

2.1.2. KoHeyHOCTh MHOXECTBa KaHOHOB. J[0Ka)KeM OHO yTBepXX[eHHe O CIeLH-
aJbHOM MoAMHOXKecTBe Dssbika Lp, moJjesHoe s UCCAeJ0BaHHS CBOWCTB KaHOHOB
rpaMMaTHKH.

[Tyctb | — mosoxurespHoe 1uesoe, selection(Lp,l) = {¢Y € Lp|V(a,b) € P
mazx{n| Hx;, y; € Lp|l < i < nyazybax;...Tpy,...y;b € Lp} @ Y =
azxy ...axpypb. ..y} <1}

YrBepxknenne 2. Ecau ¢ € selection(Lp, 1), To depth(v) <I|P)|.

JokasaresnbcrBo. Ilyctb n = depth(y), m = |P|. He orpannuuBas o6IHOCTH,
MOXXHO 110J1araTh, UTo 1) UM€ET BUI di ... anb, ...b1, Tae (a;,b;) € P nas 1 <i < n.

JlokaxkeM yTBepKIeHHe HHAYKLUHeH 1o m. B ciayuae m = 1 u3 onpepesneHns MHo-
)ecTBa selection(Lp,l) cnenyer, uto n < [ = Im. [lycts k > 1. [lpennosoxum,
4TO yTBepxkKAeHHe BepHO ass 1 < m < k, u paccmoTpuMm caydaih m = k. Ob6osHa-
uynM depes & uenodyky Dssbika Han DmuoxectBom P — {(aq,b1)}, monydaemyto us 1
BbIYEPKHBAHHEM BCEX BXOXKIEHHE MapHbIX CHUMBOJOB aq, b;. COrIacHO ompeesieH o
MHOXecTBa selection(Lp,l) umeem depth(§) > n — . Ilo npeanosokeHno UHAYKLIUNA
depth(§) < Il(m —1). CnepoBatesnbHo, n — 1 <Il(m —1), 7. e. n <Ilm O

3ameTHM, 4To B caydae sizbika JlMkKa MOIIHOCTb DMHOXKeCTBa COBMaaeT ¢ UUCJIOM
OTKPBIBAIOIINX CKOOOK (MJIH, UTO TO XKe, C YMCJIOM 3aKPbIBAIOLIMX CKOOOK).

[lycth r — MakcuMaJsibHasi M3 [JIMH MPaBbIX YacTell MpaBuJ rpamMMmaTuku G, T.e.

r=max{n, | 0 <p < s}
W3 nocrpoenus rpaMmaTuku Struct(G) caenyior

Jlemma 6. Tlonuenouka y € (V U {L})" cTpyKTypbl yHOBJIETBOPSIET HepaBEHCTBY
ly|<r O

Jlemma 7. lnst z € V* coorHowenue x(,z),y € S BEPHO TOTAa M TOJbKO TOTAA,
korna A, - z€ PuxAyy e Se O

[nyOuHy ¥ WHPUHY CKOOOYHOU cHUCTeMBI br(o) OymeM KpaTKO Ha3blBaTh ITyOHHOH H
LIUPUHOH CTPYKTYPHI 0.

Jlemma 8. Tny6uHa KaHOHA He TPEBOCXOAUT H(s + 1).

JokazaresbcrBo. CrpaBeIdBO COOTHOLIEHHE
{br(o)|o € Canons(G)} C selection(Ly,.y,jo<p<s}s D),

TaK KaK KaHOH He COIEePXKHUT CJOXKHBIX uTepauui. Ho Torna semma cienyet u3 yTBep-
KpaeHus 2 [

Jlemma 9. 1lluprHa KaHOHA He TPEBOCXOMAHT 7.

JlokasaresbctBo. IlycTh cTpykTypa o siBasieTcs KaHoHOM. [lpenmosnoxum, uto ee
mupuHa w Oodblie r. Torga o npeacTaBasieTcss B BUIE

0= U<po$1 <p1?/1>p1 - -xw<pwyw>pwx0>pova



rae br(x;) = A (1. e. z; He COLEPKUT YIJIOBBIX CKOOOK) mist 0 < ¢ < w U Lenouka y;
c6anancuporaHa anag 1 < j < w. Ho, no nemme 7, uenouka

U(poT1Ap, - Ty Ap, To)peU

TaK»Xe SIBJISIETCSI CTPYKTYPOH, U
1Ay, .. 2w Ap, T
eCcTb TpaBasi 4acThb MpaBua py. Ho Takoe mpaBH/IO MPOTHBOPEUHT OMPEAeIEHHIO YHCIa
r, TaK Kak
| 21 Ay, .. XAy, X0 | > w >
O
Teopema 3. Ecnu o € Canons(G), To

| o | (r+1)gr50541) — T

CnenoBartesbHo, MHOXKecTBO Canons((G) KOHEYHO.

JlokasaresbctBo. V13 nemm 8, 9 u Teopembl 1.1 06 olleHKe cBepXy AJHHBI CKOOOUHON
CHCTEMBI C OrPaHUUYEHHBIMH IMTyOHHON M LIMPUHOH CJIeyeT, YTO UHUCJO YTJIOBBIX CKOOOK
B CTPDYKTypPEKaHOHE He MPEBOCXOAMT UHMC/A Grs5(s+1). 1aK KaK MNepPBHIE M MoC/aeAHHH
cuMBOJIBL B cTpyKType U3 Canons(G) sBasitotest ckoOKaMu (o M ) COOTBETCTBEHHO,
OHa CONEPXKHUT He O0JIee gy 5(s+1) — 1 moaUenoyek Buna byxby, rae by u by — CKOOKH, a
X He colepXKHUT CKoOOK. Tenepb U3 JieMMbl 6 CjlelyeT, 4TO CTPYKTYPaKAHOH CONEPHKHUT
He Gosblie 7 (g 5(s+1) — 1) cumBosioB U3 V U {L}. OTKkyna u cnenyer Teopema [

2.1.3. Onpenenenue sigpa. Teopema o pa3BUTHH AJis 0€CKOHTEKCTHBIX rpaMma-
TUK. [lasnee yno6HO Ha3blBaTb CTPYKTYPOH U JIOOYI0 4acTh LENOYKU U3 Sg.

Caenyromasi GyHKUMS 0ToOpaXKaeT CTPYKTYPy BO MHOXKECTBO CTPYKTyp. Ecnu o He
UMeeT UTepauuH, To

DelPair(o) = {o},
UHaye
DelPair(c) = {u(pz),v | Iz, y) : 0 = u(pz(,2)py)pv
u (,2(,2)pY), ONpeneaser purepauuio (z,z,y)}.

MoxHo ckasatb, uto onepauusi DelPair BbluepKHBaeT LHUKJbl HEKOTOPOH HUTepa-
uuu. Tak Kak CTpyKTypa MOXKeT UMeTb He OHY HMTepalulo, TAKHMH BblYEPKUBAHUAMHU
MOXKHO MOJIyYUTb MHOXKECTBO CTPYKTYp, colepxKallee O0Jibllle OfHOIO 3JeMeHTa.

Caenytomasi GyHKUHUS 0TOOpaxkaeT pazbreHre CTPYKTYpbl BO MHOXKECTBO CTPYKTYP.
[TycTh xyz — cTpyKTYypa; TOrAa €CJd [IUKJbl HEKOTOPOU UTepaLlUK "'PaACIooKeHbl OIUH
B Z, IPYro# B z, TO

PrDel(z,y, z) = {z1(,x2y22)p21 | 1 < p < s,
A(u,v) : (2 =21 (pu(pr2, 2= 22)p0)p21,
(U, x2y227v) — pHiTepalus )}7
UHaye
PrDel(x,y,z) = {zyz}.

PrDel ornuuaercs ot Del Pair Tem, 4To "He 3aTpardBaeT BblUePKHBAaHHUSIMH Bbljle-
JIEHHBIH Y4aCTOK Y 3aJaHHOHU CTPYKTYPHl TYZ.



[lyctb m > 1, 0 = 1121 - .. Ym—1Zm—1Ym — cTPyKTYypa. Ilycts Step = {u;zjv; | 1 <
J <m, ujyv; = 0, zj € Del Pair(y;) }U{u;ziw;jzjv; | 1 <1i < j <m, uyw;jyv; = o,

ziwi;z; € PrDel(y;, wi;,y;)}. Torna ecau Step = {o}, 10 reduction(y1, 1, ..., Ym—1,
Tm—1, ym) == {U}» HHa4de TedUCtiOH(yb Tlyeo s Ym—1,LTm—1, ym) = Uzlml...szl:vmflszStep
reduction(z1, 1, - Zm-1, Tm—1, Zm)-

"PenyKuusi MpUBOIUT CTPYKTYPY 0 K BULIY
UITY - - - Umn—1Tm—1Um,

rJle HUKaKas 13 LeMNoYeK u; He COIEpPKUT UTepaluil U HUKakas napa (u;,u;) He couep-
JKUT LIUKJIOB OfIHOM M TOH K€ UTepaluHu.

W3 onpenenenuss ¢pyHKUUM reduction BUAHO, YTO OHAa 'yKOpayUBaeT BBIBOJ CBOe-
ro apryMeHTa, yMeHblIas B BBbIBOE UMCJO MOBTOPHBIX MPHUMEHEHWH MNpaBuJ. TakuM
o0pa3oM, clipaBelJivMBa

Jlemma 10. Ecau

Y121« - Ym—1Tm—1Ym € SGa
TO JJis J1I060H
o € reduction(y1, 1, - -« Ym—1, Tm—1, Ym)
BEPHO COOTHOlUeHUe g € S [

OHpe,I[e.HI/IM Ha MHOXzKeCTBe CTPYKTyp CJIeﬂy}OI_HI/Ie 6I/IHaprIe OTHOLIEHHUS.
(le U) ETG<:’> El(pa z,Y,z,u, U) : [OJ = 'LL<pZ>p’U; 0= u<Px<Pz>Py>p,U;

(px(p2)pY), OTIPENesieT deMeHTapHYIO pHTepauno (x,z,y)|.

BYILGM FOBOpI/ITb, YTO 0o ABJIAETCAHA p23BHTHeM CTp}IKTypr OJ C HCTOpHeI:I (pa.’:’BHTHH)
(u7 <Px7 <PZ>P7 y)Pa U)‘

HasoBem otHowenue fy¢=1¢ OTHoweHHeM pa3BuTHs. Ecau mnocsenoBaTe/bHOCTb
00y --,0m TakoBa,uto a1 1 < ¢ < m o; sIBASeTCS Pa3BUTHEM CTPYKTYpbl 0, 1 C
HeKOTOpou ucropuedt h; = (u;, xi, 2, Y, Vi), TO OyI€M TOBOPUTh, UTO MOCJENOBATE/b-
HOCTb (hy,...,h,,) peasu3yeT COOTHOIIEHHE Ty G Tm.

HNuneke G, kak 00bIYHO, OMyCKaeM BCerja, Korjaa JAJjs 3TOr0 eCTbh BO3MOXKHOCTD.

Jlemma 11. Ilyctb 0 € Sg — Canons(G). Torna HekoTopasi MOALENOUKA LENOYKH O
onpefieNisieT dJeMeHTapHYI0 UTepaLHIo.

lokasatesnbcTBo. V3 onpeneseHnst KAHOHA CJle[lyeT, UTO 0 COAEPKHUT LIeNOYKY, Olpe-
JeS0UyI0 uTepalrio. Beibepem cpenn Takux LenoyeK HauMeHbLIYIO Mo AjauHe. [Ipen-
MOJIOKHUM, UTO BbIOpaHHAs LEMOouKa w ONpene/sieT HeaJeMeHTapHylo pHTepaunio. To-
raa w = (,&(p2)pY)p ANS HEKOTOPHIX T, Yy, 2 U HEKOTOpas MOALeNoyKa LUeNo4KH Z(p2),Y
onpefesisieT UTEPALHI0 U HMeeT MeHbLIYIO IJIHHY, yeM w. Ho 3To mpoTHBOpeYUT BHI-
6opy uenoyku w [l

Jlemma 12. Ilyets 0 € S, (0¢,0) €1 ¢ ucropueit (u, (,z, (,2)p, ¥)p,v). Torma cyuie-
CTBYIOT TakKue CTPYKTYpel u/, v/, uto v/ (,x(,2),y),v" € Canons(G).

JlokasaresbcTBo. PaccMOTpUM CTPYKTYpPY

o' = (,x(p2),y)pv" € reduction(u, (x(p2)pY)p, V).



HpeILHO.HO)KI/IM, 4yT0 0’ He ABJSETCS KaHOHOM. TOI‘I[a o’ COOEPKHUT LEIOYKY wy BHUAA

wy = (g1 - (¢T5(¢21)q¥5)q - - - Y1)g>

OTpeNEeISIIOILYI0 CTI0XKHYI0 HTEPALHIO.

CorylacHo ompejesieHUsIM 3JIeMEHTapPHOH MTepaLUK U Pa3BUTHS LENouKa z(,pz),y He
MOXeT COllepKaTh B ceOe LENOYKH, onpenensiouieid utepanuio. CienoBaTesbHO, wy JH-
60 comepKUTCS LEJIUKOM B u’ MM v/, MO0 KaKasgAn60 U3 uenouek (y21)q, T5{(421)qYs,
T, Yi, 1 = 1,2,3,4,5, conepKuT B cebe LENOUKY (,&(,2)pY)p. B NEPBOM cilydae Lenoy-
Ka, colepxallas B cebe wp, MOXKeT ObITb YMeHbllleHa onepauueid Del Pair. Bo BTopom
cayyae v wuad v’ (Mad OHH 006e) MOTYT ObITb yYMeHblleHbl onepauueit Del Pair (niu,
COOTBETCTBeHHO, onepauueit PrDel(u', (,2(,2),y)p, V") ). Kaxae#i u3 paccMOTpeHHbIX
cJly4aeB MPOTHBOPEUHT "'HeyMeHbIIAaeMOCTH 'Liernodek v, v/, c/enyomel U3 onpenesne-
HUs onepauuu reduction. CiaenoBarenbHo, o’ sBJaseTcss KaHoHoM. Tak kak o € Sg, U3
naemMbl 10 caenyert, yto o' € Canons(G) O

Teopema 4. JInsi Kaxa0U CTPYKTYphl 0 € Sg cyulectByeT Takasi o’ € Canons(G),
uto (0’,0) €ff u pas awboro aneMenTa (u,x, z,y, v) NOCJAEI0BATEIbHOCTH, pealn3ylo-
el mocsiefiHee COOTHOIIEHHE, X2y BXOAUT B HEKOTOPbIH KaHOH n3 Canons(G).

[lokasaresbcTBO. JIOCTaTOUHO PAaCCMOTPEThb CTPYKTYPY O, UMEIOLLYIO CIOXKHYIO UTe-
pauuto. [To nemme 11 o copepKUT LeNoUKy, ONpeesnsOUlyI0 3JeMeHTapHY0 HTePaLHIO.
[Tyctb

0 = ulpr(p2)pY)p0,
rae (,z(p2)pY), ONPEeNsieT 3JeMeHTapHY0 pHTepaunio (z,z,y). [lycts
oo =0, 01 = u(pz),.

Torna (o1, 00) €7 ¢ ucropue

hi = (ur, 1, 21,91, 01) = (U, 2, (2)p, Y)ps V).
[To nemme 12 z12z1y; BXOAUT B HeKoTOpbid KaHOH u3 Canons(Q).
Eciu o, vMeeT CIOXKHYH HTEpal{io, TO aHAJOTMYHBIM 00PA30M CTPOMM TaKyIo
CTPYKTYPY 03, 4TO
(09,01) €] ¢ ucropueds hy = (ug, T2, 22, Y2, V2),
B KOTOPOH Z92Ys — TOAIENOUKA HeKoToporo KaHoHa us Canons(G), u T.40. Tak kKak
| o; |<| 041 | mast @ > 1, mpouecc 3aKOHUUTCS AJsi HeKoToporo k > 1 mocTpoeHHeM
CTPYKTYpBI 0%, He HMelolledl uTepalui, u Takoi, 4to (oy,0) €T*. Tlpu 3ToM B mO-
cnenoBatebHOCTH (hy, ..., h1), peanusymolleil cOOTHOLEeHHe (0, 0) €1, A KaKI0T0
hi = (us, z4, 2, Y, v5), 1 < @ < k, z;2;y; BXOIUT B HeKoTOpbli KaHOH U3 Canons(G).
Benencrsue semmel 10 0; € Sg, 1 < i < k. CaenoBaresibHo, oy € Canons(G) O
[TycTb cTpyKTypa 0 TakoBa, uto w(o) € (XU{L})*. Torna Ha3oBeM o TepMHHAJIBHOH
CTPYKTYPOH.
HazoBeMm sizpom rpammatiku G MHOXKECTBO
Core(G) = {o € Canons(G) | ¢ — TepMHHaJbHAS CTPYKTYypa}.
13 nokaszaresnbcTB TeopeMbl 4 U JeMMbl 12 caenyer

Teopema 5. [lisi KaXKI0d TePMHHAIBHOM CTPYKTYpPBl 0 € S CYLIECTBYeT Takasi o’ €
Core(G), uto (0',0) € { u pas awo6oro snemeHta (u,x, z,y, v) NOCAEIOBATEIbHOCTH,



peasiMayiollell NocjaeHee COOTHOIIEHHE, £2y BXOIUT B HeKOTOpPbIH KaHOH U3 Core(QG)
O

3aMeTHM, YTO BO MHOTMX cJyyasx Oblio Obl BIOJHE YHAOOHO Takoe OrpejeseHHe
NPOCTOH HTEepalrH, B KOTOPOM BMeCTO 4McJa NATb ¢urypupyer yuciao asa. C apy-
rOH CTOPOHBI, YUCJIO MATb MOXKHO OblJIO Obl 3aMeHUTb JIObIM OosbluMM. Haiu BeIGOp
TPaHULLbI, pas3iesiolledl HTepalliy Ha NMPOCThEe U CJOXKHBIE, ONPABAAH CJeIYOINM.

[To Hamemy 3amblcay, Ka)kaas TepMHUHaJbHAs 1IeMOYKa, OMpeessionas MpoCTyIo
UTepauulo, o6s3aHa MPUCYTCTBOBATb B HEKOTOPOM 3JIeMeHTe spa, a SApPO IOJXK-
HO MCYepIbIBAKIIUM 00pa3oM XapaKTepU30BaThb MOPOKAAIUIYI0 CHOCOOHOCTb J11000-
ro HeTepMHMHAJBHOTO CHMBOJIa FPaMMaTHKH. B 4acTHOCTH, SIAPO HO/IKHO yKasblBaTh,
SIBJISIeTCS 11 HeTepMHUHAJbHBI CUMBOJ CaMOBCTABJISIIOLIMMCSI.

CaMOBCTaBJSOMNANACT CHMBOJ HeM30eXKHO MOPOXKAAeT LENOYKH, ONpefessiolre
uTepauuu. EcTecTBeHHO MO TaKMM HMMEHHO LieloYKaM I[pOBepsiTb, HUMeeT JHU MeCTo
CaMOBCTaBJieHHe (IPYTHMU CJIOBAMH, YYacTBYeT JIM ONepalHsi COrJIaCOBAaHHOH HTepa-
IUM B OECKOHTEKCTHOM BBIPaXKEHWH, CBS3aHHOM C MAHHBIM SIIPOM). YUTeM Takxke,
4To ecau A, — CaMOBCTaBJSAIOLIMHACA CUMBOJ, MOPOXKIAAMIWIHKA Lenouky xA,y, rie
U Yy — HeNyCTble TepMHHAJbHblE LENOYKH, TO MOSBJEHHE CHUMBOJIOB LENOYeK T U Y
MOXKeT ObITb OOYCJIOBJIEHO PasHbIMM NpaBU/JIaMM IpaMMaTHKH. V3sa storo siB/eHue
CaMOBCTaBJIEHHsI MOXKeT OOHapy»KUBaTbCsl He MO J000H pHTepalry, a JUIIb N0 J0-
CTaTOYHO CJIOXKHO YCTPOEeHHBIM. B camoM fiesie, pacCMOTPUM CJ/lefylolliee YTBepKAeHHe
U YCTPOHCTBO OOCYXK/AAaeMBIX B HEM TePMHUHAJbHBIX CTPYKTYP.

YrBepxknenue 3. IlycTb 0 = wwv ecTb TepMHUHa/AbHAs CTPYKTYpa, B KOTOPOH Iie-
MoYykKa w ONpefessieT pHTepauuio (zjare,z,yi1bys), rae a,b € . Torma cyuiectByet
TepMMHasbHas CTPyKTypa o' = w'w'v’ € Core(G), B KOTOPO# Lenouka w’ onpenessier
putepaumio (zhaxh, 2y byb).

JlokasaresbcTBo. IlycThb
o' € reduction(u, {,, x1,a, T, {p, 2, )p, Y1, b, Y2, )p, V).

Torna o’ npencraBasiercs B Bune o' = u'w'v’, rue

w' = <p37/1a5’7/2 <p2/>pyiby§>p

OrpeneadeT prTepaluio Tp66YEMOFO BH 4.
Hpeﬂnonome, 4yT0 ¢’ He SIBJSIETCS KaHOHOM. DTO O3HayvaeT, UTO HeKOoTopas mnoale-
Ino4ykKa

s = <q55 . <q51<qr>f1t1>q e 't5>q

CTPYKTYpbl ¢’ OmpelnessieT CJAOXKHYIO gHTepauuio. Ho mpu Jo6oM mosoxeHun B o’
CKOOOK (4, ), LEMOoYKH s MosydaeTcsi, YTO B LieNoYKe o', BOIPEKH ee MOCTPOEHHIO, ellle
MOXHO YHaJHTh LHKJbI KaKo#AKG0 u3 map (s;,¢;), 1 < i < 5, He 3aTparuBasi LIECTH
BbIJI€JIEHHBIX YYaCTKOB (p, @, (p, )p, b, )p. VITaK, 0’ fBJISI€TCH KAHOHOM H, BCJIEICTBHE
aemumbl 10, Bxonut B Core(G) O

3aMeTHM, uTO LenoYyKa BUIA

s’ = (g84- - (g81(gT)qt1)q - - - ta)gs

onpenesiioniasi MPOCTYI0 UTepaltio, MOXKET MPUCYTCTBOBATb B o', €CJH Sy CONEPKHUT
TMepBYIO, @ S — BTOPYIO M3 BbIAE/JEHHBIX OTKPBIBAIOLIMX CKOOOK (,, T4 U t; comepkaT



COOTBETCTBYIOILIME 3aKPbIBAIOIINe CKOOKH U, HAIIPUMEP, S3 COAEPKUT BblJeJeHHOE BXO-
XKIeHHe CUMBOJIA @, A ty — BbleN€HHOe BXOXKAeHHEe CUMBOMA b (TIPU 3TOM X% COLEPKHUT
So KaK MOJLENOYKY, ¥, COLEPKHUT t3).

2.1.4. IIporHo3bl. XapaKkTepucTuKa 6€CKOHTEKCTHOM rpaMMaTUKU

[Tycts 0 < p < s. Torna Hasosem napy (p,j), 1 < j < n,, nosunueii (B npaBuiax
rpaMmMaTuku Augm(G)) cumona X,,;. Ecnu n, = 0, To onpenenum (p, 0) Kak MO3ULHIO
MyCTOH LIENOYKH.

3aMeTHM, UTO OIHOMY CHMBOJY TPaMMaTHKH MOXET OTBeUaTb HECKOJBKO I03H-
unii. To xe BepHo masi mycrtoil nenouku. Has X € V U {L A} o6osHauum de-

pe3 positions(X) MHOXKecTBO ero mo3uuuid. bymem mnucate symb(r) = X Vr €
positions(X).

OrnpenesnM peKypCHBHO POJTH HEKOTOPBIX IMOILENOYEK CTPYKTYpHl 0 € S (B 3TOMH
CTPYKType):

1) mycTb

o = u(yv),Paz € L(Struct(G)),

0 < p <s, uenouka v cbanancupoBana, a € X U {L} uu az = A, w(fB) = A; torna
ecd v = A, To mycras LeNoyKa MexAy CKOOKaMH (, U ), UMeeT B ¢ pouab [p,0,al;
ecin ke A # v = x1... 2y, THe Xpj =50 T A1 1 < j < ny, TO LeMOUKa ;
MMeeT B o poJib [p, ], al;

2) nyctb u(,v),y € Si Y BBIENEHHAs TOALENOUKa (,v), UMeeT B NaHHOH CTPYKType
pOJb 7 TOTJA CUMBOJ A, MeeT POJib I B CTPYKType o = uA,y.

Kax BUIHM, B cOCTaB POJIM BXOASIT MO3HULHUSI B HEKOTOPOM MpPaBHJe U TePMHHAJbHBIH
CHMBOJI, HETMIOCPENCTBEHHO CJEAYIOIIUH B HEKOTOPOU CeHTeHLHaNbHOU (hopMe rpamMmma-
KM Augm(G) 3a CUMBOJIOM JIEBOH YaCTH 3TOTO MpaBHJa.

PaccMoTtpum Bompoc mocTpoeHust MHOXKecTBa roles(X) Bcex posieit snemeHta X €
VU{L,A}. HerpynHo yGenutbcs, 4To CTPYKTypa

reduction(u, <P7 v, >P7 57 a, Z)

siBasieTcsi KaHoHOM. CulenoBaTesbHO, /I TaKOrO MOCTPOEHMs AOCTATOYHO siapa
Core(QG).
[TonMHOXKeCTBO MHOXKECTBa

R = Uxevugiayroles(X)

Ha30BeM IPOrHO30M.

[Toustuss posu u mporHo3a OyOyT OCHOBHBIMH B HallleM HCCJENOBAHHWH BOIPOCOB
CHHTAKCHYECKOT'0 aHa/iu3a. DTO eCTeCTBEHHO, TaK Kak 3ajada aHaju3atopa — orpe-
NeJIUTb, BHO WJIM HESIBHO, POJIb KaXKAOTO CHMBOJIAa PACCMATPUBAEMBIX UM CEHTEHIH-
anbHBIX (opMm. OnHAKO, BOOOIIE TOBOPS, aHAJMHU3ATOP pacrojiaraeT TOJbKO MPOTHO30M.

TepmuH "mporHos"npu3BaH 3aMeHHUTb I'POMO3JIKHE CJOBOCOUETAHHS, BBeIEHHblE B
paborax mo teopun LR(k)ananuza. TepmuH He TOJBKO KPATOK, HO W JOCTaTOYHO
MeTKO XapaKTepuayeT uHpopmauuio, xpanumyto LR(k)aHanusatopom B MarasuHe.

O6o03HauuM yepe3 p(o), rie o € Sg, pe3ynbTaT BCTaBJNeHHS B 0 BCJel 3a KaxKIoH
ee IMOALENOYKOH, UMEIOLIEH B 0 POJib, 3TOW POJIH.

[lyetb m > 1, 0 = uy ... upy € Sg. Ilyets aasti 1 < ¢ < m HUMeT MeCTO PaBEHCTBO
Ui = Usp - . Ui, TR 1ais 1 < j < k; w5 € VU{L}U{(p,)p|0 < p < s}. Torna o6o3nauum
uepe3 p(uq,...,Uy,) TaKyl MOCJENOBATENBHOCTD (U, ..., u, ), 4To p(0) = u}...u,

m T mo



W, = UpTil - - Wik Tik;, TRE Ty € R U{A}. (Takum obpasom, Lenouka u) COLEPKHT
BMeCTe C CMMBOJIAMM LIEMOUKH u; UX POJIH B CTPYKTYpe o.) 3aMeTHM, UTO OfHA U Ta
’Ke TIOALeNnovka w; B PasHbIX CTPYKTypax WJHM B Pa3HbIX MecTax OJHOH CTPYKTYypHI
MOXKeT 0TOoOpakaTbCsl onepalreil p Ha pasinyHble Lernoyku. bynem ucnosnb3oBath A
w, ob6o3HaueHue p(u;) B TeX Caydasix, KOrJa u; U3BeCTHA U, CJeI0BaTebHO, UCK/I0UeHa
He0OXOIUMOCTb BBIOUPATh CPEH LENOYeK, MOTYIIHX HMeTh 0003HaueHHe p(u;).
3ameTHM, UTO LENOUYKa poJieid, nosaydaeMasi u3 p(o) BblUePKHBAHHEM BCEX CHMBOJIOB
MCXOIHOH CTPYKTYPHI 0, TI03BOJISIET BOCCTAHOBUTE 0. TakUM 00pa3oM, B p(0) CHMBOJIBL
WUCXONHOU CTPYKTYpPBl HECyT JIMIIb HU30BITOUHYIO HH(MOPMALMIO, U MOTOMY MBI OyneMm
MHOTJAa UTHOPUPOBaTh MX (CM., Hampumep, onpeneneHue 22). OpHako, OHH YHOOGHBI,
HarpuMmep, IJs ONpeaeseHHs TPOrHO30B, KOTOPbIE SIBJSIOTCS COCTOSIHUSAMU KOHCTPYH-

pyemoro Huxke npeo6pasoparess M(G).

Hasosem MHOXkecTBO
X(G) = {p(o)|o € Core(G)}

XapaKTepUCTHKOH rpamMmaTHku G.

Jlanee Mbl paccMOTpUM CrocoObl MOCTPOEHHS] aBTOMaTa, IKBUBAJEHTHOrO rpamma-
tke (G, no xapakrtepuctike Y(G). [Ipu HeKoTOpBIX Ccrmoco6ax MOCTPOEHHsT aBTOMAT
HacJ/eyeT 0COOEHHOCTH rpaMMmaTvKu (G, HarpuMep, sIBJSETCS OAHO3HAUYHbIM, eciaud ¢
OfIHO3HAa4Ha, U T.II.

2.2. ELR(1)ananu3aTop 0€CKOHTEKCTHOTO f3bIKa

2.2.1. IlocTpoenue mnpeoOpa3oBartelisi MO 3jJeMEHTAM XapaKTepUCTHKH, pac-
CMaTpPUBAEMbIM MOPO3Hb. PacCMOTPUM paclIMpeHHbIH Mara3uHHBIA aBTOMAT

M - (K7E7F’ZO757 q07F)7

KOTOPBbIH "BUAMT B MarasuHe 1IeMOUYKy, a He OfMH TOJIbKO BepxHHH cHMBoJ. OTobpa-
JKeHHe ) UHTeprpeTHpyeM KaK MHOXKeCTBO KOMaHJI BHUIA

(qu,a,71) — (q2,72),

rnea € XU{A}unnai=1,2¢ € K, v €™

JlornosHUM Takod aBTOMAT BBIXOAHOW JIEHTOH W BbIXOAHBIM andaBuToM A. O6sikeM
KOMaHay mnucath y € A* Ha BbIXOAHOH JeHTe. [losyueHHOe yCTPOHCTBO Ha3bIBAIOT
(paciupeHHbIM) peobpa3oBaTesieM ¢ Mara3uHHOH MaMsTbhio, TIOApa3yMeBasi peodpa-
30BaHMEe BXOAHOH LIENOYKH B BBIXOAHYIO.

Komanpa npeobpazoBarensi M OyneT UMeTb BUJI

(qla a, 71) - (q27 Y, 72)
CuioBa "u ecTh moflenoUKa LEenoyku z"6ymeM BbipaxKaThb 3amucbio "u C z".
Llenouka x € x(G) npencrasssieTcsi B BHIE
211 - - FkYks

roe 11 1 <i<ky, € U{L}U{),|0 <p <s}, az MOXKeT conepKarb TOJbKO POJH
¥ OTKpbIBaloLIMe cKoOKHM MHOXecTBa {(,| 0 < p < s}.
[Iporuose

Zi:{TGRM“in}, 1<Z§k’,



6y,HYT OOHOBPEMEHHO COCTOAHUAMU WU Mara3vuHHbIMH CHMBOJIAMU HpeO6pa3OBaT€HH.
Takoi [IPOTHO3 COOEPKUT OAWH HJK [OBa 3JEMEHTA. HocnenHee BO3MOXXHO, €CJIH
/
ziyi = rB{r)p, rae
*
Befldl<qg<st,

a r’ — poJib MyCcTOH MpaBoi YacTu pro npaBuia. Torna
Zi =A{r,r'}.
O603Haunm uepe3 K, MHOXECTBO
{Zi|1 <i<k}
BCEX COCTOSIHMH, onpenessieMblx Lenoykod z. Ilyctb
K = U:pex(G)Kx-

Onpenenum npeo6pasoBatenb M(G) = ({Zy, f, L} UK UXUX x {p|0 < p < s},
SU L} {Zo} UK, Zo, {p |0 < p < s}, Usex(cr0e: Zo, {1).

CchopmynmupyeM TmpaBusa MOCTPOEHHS TIOIMHOMXKECTBa &, KOMaHI Npeobpas3oBartesis,
3aMeTHB, YTO BCeraa

211 = <0J—7
Zy comepxkut poab [0,1,A] n

Ze—1Yk—12kYk = (0,2, A] L]0, 3, A])o.

Hauany 219122 11enoYKu x COMOCTaBJIsieTCsl KOMaHaa

(1) (Zo, _L7 Z()) — (ZQ, A, Z()ZQ).

Okonuanuio [0,2,A]L[0,3, A])y uenoyxku x comocTapJ/sieTcsi KOMaHAa

(2) (J—a A, ZOZQ{[Ov 2, A]}) - (fa 0, ZO)

Ocra/ibHble KOMaHIbl M3 0, OMNpelessitoTcs chaenyiomuMua dopmyaamu (3)-(6), B
KOTOPbIX Z — TMIPOTHO3, COCTABJEHHBIH POJAMH Lenmoukd z € {z|l < i < k}, u
aHAJIOTHYHO OTIpelessieTcsl Z CO LWITPUXOM HJIU HHAEKCOM.

3) (q,0,2) = (Z',N\, ZZ"), zaZ Czx,a# L, (q,b) € {(Z,a),(a,\)}.

(4) (9,6, 2) = (a,p, 22'), 2)p7' C @, [p,0, a] € Z, (g, b) € {(Z,a), (a,A)}.

Canenytommue dopmyabl (5)—(6) 06yca0BI€HBI COOTHOIIEHHSIMH

2y Ly )y o1 Coxomy, > 0,
a1 <j<n, [pja €29, 2 =ulw, uenouka vyMzM . ymw) () c6anancupo-
ara, (¢,h) € {(20),a), (a, A)}.

(5) (¢,b,22V ... Z™)) — ((a,p), A, Z).

(6) ((a,p), A, Z) — (a,p, ZZ").

[IpoBoast aHasoruio ¢ aHananzaTopom Tumna "casureseptka’[Aho -Ullman 72], mox-
HO CKas3aThb, 4To KoMaHabl Buaa (1) u (3) BBIMOJMHAIOT cABHI, a KomaHaa (4) u mocJe-
JI0BaTeJIbHO BBITIOJIHSIeMble KOMaHIbl (D), (6) BeimosHsOT cBepTKU. Komanna (2) pea-
JIM3yeT NeHcTBHe 'CTOM", HO MOXKHO TaKKe CKasaTb, YTO OHA BBIMOJHSET CBEPTKY IO
HYJIEBOMY TpaBuy rpammatuku Augm(G).

J1/1s1 KaXKI0ro MPOYHUTaHHOTO BXOIHOIO CMMBOJIA B Mara3uH npeo6pasosatens M (G)
MOCTYIaeT MPOTrHO3, COMepXKallHi poJsib 3Toro cumBosa. Popmyasl (5), (6) mokasbiBa-
0T, 4TO cocTosiHue u3 X U { L} "3anomMuHaeT UCMOJNb30BAHHbBIH [ CBEPTKH" BXOIHOM
CHMBOJI 0 MOMEHTa 3aCBIJIKM B MarasuH MporHo3a, CoaepKallero poJb 3TOro CUMBOJIA.



JloonpenenuM (GpyHKUHIO reduction Ha HEKOTOPBIX pa3OHeHHsIX LeNoYeK MHOXKECTBa
{p(0o)|c € S¢}, nonaras

reduction(p(uy, ..., un)) = {p(x)|z € reduction(uy, ..., un)}.

Toma Hama oOblYHas TeXHUKa peaAyuMpoBaHusa II03BOJIAET [O0Ka3aTb CJeayroliee
YTBEp2KIAEHHUE.

Jlemma 13. Ilycte 0 € S¢ — TepMuHa/bHAsg CTPYKTypa U J, — MHOXKECTBO KO-
MaHJl, TIOCTPOEHHBIX M0 p(0) 1Mo naHHBIM Bbillle npaBugaaM (1)—(6). Torma J, BXomuT B
MHOXKeCTBO KOMaHJ npeobpasoBartess M(G) O

[TonsTus nyru, MapmipyTa 4 T. Ip., BBeAeHHble NJis Mara3MHHOTO aBTOMaTa, oue-
BUIHBIM 00pa3oM 0600IIal0TCs Ha caydad npeo6pa3oBaTesiss ¢ Mara3uHHOH MaMATHIO.
DTO naeT HaM TpaBO MPUMEHSITh BBeleHHble B IaBe | TepMHHB U 0003HAaUYeHHS K
npeo6pasosaresio M(G).

O6cynum oco6eHHOCTH MapuipyToB npeobpasoBatens M (G). B aTom obcyxueHnn
OyZeT MoJIe3HbIM

[lyets G = (N, X, P,S) — 6ecKOHTeKCTHasi rpaMMaTHKa, [) — IepeBo BbIBOIA HEKO-
Topol uenouyku siselka L(G). Torma Hasosem (D, j)-kpoHod kpoHy ([Aho -Ullman
72], ctp. 165) nmepeBa, mosyueHHOro U3 D ynajieHHeM BCeX BepLIHH, YPOBEHb KOTOPBIX
ooJble j.

3ametuM, uto (D), j)KpoHa SIBJsieTCS CEHTEHLHAJbHOH (opMOi, He 0053aTeSbHO
MPaBOBBIBOAUMOH.

Tosbko KomaHza Buaa (2) MoxeT mnepeBecTH npeobpaszoBatenb M (G) B 3aKa0UH-
TesibHOe cocTostHUe. CJieoBaTesNbHO, ero YCMeIlHBIH MapIipyT HeHTpajeH U HMeeT
BHUJT

(7) moTomr’,
rae AyTH Ty, ™ U 7w ompenesiioTes komanaamu Buaa (1), (6) u (2) cooTBeTCTBEHHO,
Ty ecTb HEWTPAJbHBIH MapUIPYT.

W3 Bupma komaunn npeo6pasoBarensi M (G) ciaenyer Takxe

Jlemma 14. Kaxnaplii coOCTBEHHBIH HeMyCTOH HEUTpPasbHBIH ydacTOK YCIELIHOTO
MapiipyTa npeobpasoparessi M (G) umeeT BUI

(8) Thmy ... TypmpTpy1,
rie k> 1, nas 1 < i < k T, aBasieTcss HEUTPaJbHBIM MapLIPyTOM, AyTa m; OTpeneJisi-
eTcsl KOMaHIoH Kakorosn6o u3 BuuoB (3), (4), (6), mr,1 — Komanmoit Buna (5). Ecau

Clenylollas 3a T,y Ayra MHULIET Ha BbBIXOAHOH JieHTe HOMEp p U fu(7gi1) = —7, TO
v =p(Xp1.. . Xpp,) O
HasoBem nyru 7y, ..., 7, B pa3joxeHud (8) co6CTBEHHOrO HEHTPAJTBHOTO ydyacTKa

yCIelHoro MapuipyTa npeotpasosartenst M ((G) KapkacHbIMH JyraMH NaHHOTO y4acTKa.
HasoBem nyru m, m B pasjoxkeHHH (7) KapKacHbIMH IyraMH NaHHOIO YCIELIHOIO
MapuipyTa.

[Tyets T' — ycnewnblii MapupyT npeo6pasosaress M (G). OnpenesuM peKypCHBHO
YPOBeHb KapKacHBIX AyT HeATpaJibHbIX Y4acTKOB MapupyTa 71"

1) xapkacHble 1yru mapuipyta 7' — 3To AYTH ypoBHS I;

2) myetb j > 1 u 7' — Takoél HemycTOH HEUTpaJIbHBIH yyacTOK Mapuipyrta 7', 4To
HerocpeICTBEHHO 32 HUM B 1’ cjenyeT nyra ypoBHs j — 1; Tora Ha3oBeM KapKacHble
nyru ydactka 1’ myramu ypoBHS j.



[Tycte X € VU{L}, a,b € SU{L}, r = (p,j) € positions(X). [lyctb Z ecTb
MPOrHO3, COCTOSILMH MO0 U3 ONHOH posu [p,j,al, mubo U3 ABYX poJei [p,j,al u
[q,0,b], rne (q,0) € positions(A). Torna nonaraem symb(Z) = symb(r).

[Tycts T — ycmewHslid MapuipyT npeo6pasosartenss M(G). Ilyetb nsis HekoToporo
k>1T =TjmpTj ... 7Ty, vae mj, ..., T, €CTh BCe AyTH MapiupyTa 1', ypoBeHb
KOTOpPbIX He mpeBocxonuT j. Torma HazoeM (7, j)-¢hopMoFi 1eNOUKY

form(T,j) = symb(Z;1) ... symb(Z;,)L,

rae p(mj;) = +Z; nna 1 <i < k.

3aMeTHM, 4TO €CJIH M — MaKCHUMajbHbIH M3 BO3MOXKHbBIX AJIsi JAHHOTO YCIEIIHOro
Mapuipyta 7' ypoBHeH, TO AJjsi OGOH Ayrd ypoOBHSI m ee 3apsifi +Z YIOBJETBOPSIET
yeqoButo symb(Z) € ¥ U {L}. bosee Toro, BepHa

Jlemma 15. Eciiu form(T, j) He cOnep»KUT HETEPMHHAJbHBIX CUMBOJIOB, TO
form(T j) = w(T)
O

Jlemma 16. IlycTtb ycnemnsiit mapuipyT 7' npeo6pasosatens M(G) uwmeer (T, 7)-
dopmy ngst Hekotoporo j > 1. Torma oHa siBAsieTCS CEeHTEeHLMaJbHOH (dopMoH (Bo-
ofIe roBopst, HeMpaBOBEIBOAMMON) rpamMmatuku Augm(G). CaenosatensHo, w(1) €
L(Augm(G)).

JlokasaresabctBo. JloctatoyHo nokasatsh, 4to (7, j)édopma sBasercs (D, j)KpoHOH
HeKoToporo nepea D BeiBoja B rpammatuke Augm(G).

[TpumeHUM UHAYKUHUIO O HOMepy ypoBHS. Ilasi so6oro ycnewmHoro mapupyta 7'
(T, 1)¢opma ectb LSL, 1. e. (D,1)kpoHa moboro nepeBa D BbiBOAa M3 HaYaJbHOTO
cumBosia Sy rpammatuku Augm(G). Tlyets j > 1. Tlpennonoxum, uto (7, i)éopma
sBasiercs (D,i)kpoHo#l nis Bcex 1 < i < j. Tenepp 3amerum, uto (7, j)éhopma
nosyuaercsi u3 (7', j — 1)épopMbl 3aMeHOH KaxJOr0 HETEPMHUHAJbHOTO CHMBOJA, OT-
BeYaloIlero HEKOTOPOH ayre ypoBHS j — 1, MpaBOi 4YacThio MpaBuJia, HOMEP KOTOPOTO
9Ta JQyra MUIIEeT Ha BHIXOAHYI JeHTy (cp. Jemmy 14). Ho Torma u3 mpenmnosioxeHus
uHAyKUuuK caenyet, uro (7, j)édopma siBasietcss (D', j)kpoHoH, rue nepeBbss D u D’
coBnazamT 10 (j—1)ro ypoBHs. M3 nokasaHHOTro U JieMMbl 15 TeCTBUTENBHO ClIeayeT,
YTO MOMETKA YCIELTHOro Maplipyra npuHaanexut a3blky L(Augm(G)) O

Bynem roBoputs, uto npeo6pasoBaTesnb M n0myckaeT BXOAHYIO LENOYKY, eCJaH OHA
JIONyCKaeTCsl MarasMHHbIM aBTOMAaTOM, COIVIACOBAHHBIM C 3THM IpeoOpasoBateJieM.
MHO0KeCTBO BcexX AOMYCKaeMbIX lenouek o603Hauum uepes L(M).

Teopema 6. L(M(G)) = L(Augm(G)). Has awoboil uenouku z € L(Augm(G))
MHO€eCTBO

{H ‘ (ZO> x, ZOa A) - (f7 Aa Zo, H)}
COZIePKMT BCe 00palleHHs IPaBbiX BHIBOIOB LEMOYKH 1.

JlokasaresabctBo. V3 nemmbl 13 caenyer, uto M(G) momyckaeT KaXKAyi LENOUKY
u3 L(Augm(G)). Jlemma 16 o3Hauaet, 4To JOMyCKAaIOTCS TOJBKO OHH. M3 yKazaHHOro
B JI0Ka3aTeJbCTBe JeMMbl 16 3akoHa mepexona oT (7,7 — 1)édopmel Kk (7', j)éhopme
csienyeT BTOpas yacTb TeopeMbl [



2.2.2. YMeHblleHHE CTeNEeHH HeIeTePMUHUPOBAHHOCTH TMpeoOpa3oBaresd
M (G). Hanee BmecTo nmapsl KomaHz (5), (6) OymeM paccMaTpuUBaTh OLHY:

9) (¢,b,22V ... Z2)) — (a,p, Z2").

Tak n3MeHeHHBIH MpeobpazoBaTesb NofipexxkHeMy HasbiBaeM M (G). Tenepb mpeo6-
pasyem M (G) Tak, 4ToObl HElETEPMHUHHUPOBAHHOCTb B €r0 MOBEJeHHH YMEHbIIHJIACh.
O6o03HaurM HOBBIU NpeoOpasoBatesb yepes KLRM (G). Ero komanna Gynet ompene-
JIATbCSI HEKOTOPBIM MHOXKECTBOM KoMaHp mpeo6pasoBatens M (G). CocrosHusimu (u
MarasuHHbBIMA CHUMBOJIAMH) CTaHYT HEKOTOpble 00beIHHEHHs MPOTHO30B, SIBJSIOMIMX-
Csl COCTOSIHUSIMH M Mara3uHHBIMH CHMBoOJIaMu TpeoGpa3oBatens M (G). HayanbHoe u
3aKJ/I0YHUTEJbHOE COCTOSIHUSI U MapKep JHA MarasuHa Hacjenytorcsi ot M(G).

[lycts v — mporuos. Ilyets m; = [pi,Ji,a;] € v, i = 1,2. [lycTb BbIMoJIHSETCS
KaKoesnbo U3 CJAeAYIOLUUX YCJIOBHUH:

1) j1= Npys J2 = Npy U P1 # P2, a1 = aa,

2) 1= Npys J2 < My, U

dz € (V U {J_})* . XP2(j2+1) e 'sznpz a2 :>ik4ugm(G) a1x.

Torpa Gynem roBOpUTb, U4TO Ty U Ty KOHQIHKTYRIOT (APYT C IPYyroMm) B v.

O6o3uauum yepe3 NoCon fl(v) cOBOKYIMHOCTb Set MOAMHOXKECTB MPOTHO3a v, TOJY-
YaeMylo NeHCTBUSMHU:

Set := {v},

moKa Set COIepKUT MHOXKECTBO v/, 3JIEMEHTHl ] U Ty KOTOPOrO B HEM KOHQJIHKTY-
[OT, BBIMOJHATH PHCBaUBaHHE

Set := Set — {v'} U{v' — {m},v" — {m}}.

Tak kak /060i War NpUBeIEHHOr0 MOCTPOEHHUsS] YMeHbIAeT MOLIHOCTH MHOXECTB,
colepKalluX KOH(PIUKTYIOIIHE 3JeMeHTbl, TO AJs J060ro nporuo3a v (0H KOHeUeH B
CHUJTy KOHEUHOCTH TpaMMaTHKH) MHOKecTBO NoCon fl(v) CyliecTByeT U ero MOLIHOCThb
He TIPeBOCXOIHUT | v |.

Teneps npuBeneM ¢Gopmysibl, KOTOpble MO3BOJSIOT NOCTPOUTb BCE COCTOSIHHUS, Mara-
3UHHBIE CUMBOJIBI U KOMaH[bl npeobpazoBatenss ELRM(G), pacnonaras TONbKO €ro
HauaJbHbIM COCTOSIHHEM Zj U KOMaHAamu npeobpasosartens M(G).

[Iyetb 0 < p < s, IyCcTh v H v(j), 0 <j < ny, — COCTOSAHHUA (¥ MarasuHHBIE
cuMBoJIb) TpeobpasoBarens ELRM (G), a € ¥ U {L}. Benem o603HaueHus:

vert(v,a) = NoConfl({r € Z' | (¢,b,2) — (Z', N\, ZZ") € dm(c),
Z Cw, (¢,b) €{(Z,a),(a,A)}})

vert(®, ... 0™ p a) = NoConfl({r € Z'|
(¢,0,202W . 7)) — (a,p, Z07Z) € Sp1(c);
ais 0 < j < n, Z9 C ot (q,0) € {(Z2"7),a), (a, A)}}).
Torna ELRM (G) nMeeT KOMaH/IBL:
(10) (¢,b,v) — (V',A,v'), V' € vert(v,a), (¢,b) € {(v,a), (a,\)},
(11) (g, b, @M M)y — (a,p,vOv"), p >0,
v € vert( @, ..., v™) p a), (¢,b) € {(v™) a), (a,N)}.
(12) (L, A, ZepWo@) — (£,0, Zy), [0,1,A] € vV, [0,2,A] € v,

Ilpumep 2. lns rpammaTtuku G ¢ paBUIaMH



1. S — aSb
2.5 —ab
ELRM(G) uMmeeT KOMaHMBI:
1) (ZQ, L ZQ) — (’U(),A, Z(]Uo), Vg = {OlA},
v, @, vo) — (v, A, vova), vo = {111,211 };

2) ( (

3) (Ug,b UQ) (’U5,A U2U5), Vs = {22J_},

4) (ve,a,vg) — (v4, A, vovy), vg = {11b,21b};
) (U5,J_ UQUQU5) — (J_ 2 ’U()Ul) V1 = {OQA},
6) (v4,b,0v4) — (’Ug,A,’U4U8) vg = {22b};

7) (vg,a,v4) — (vg, A, v404);

8) (vs, b, vavavs) — (b,2,v9v3), vz = {12L};

9) (vs, b, v4v4vg) — (b, 2, v4v7), v7 = {12b};

10) (b A,Ug) (UG, A, U3U6>, Vg = {13J_},
11) (v, L, vovaugvg) — (L, 1,v901);
2) (b, A\, v7) — (vg, A, v709), vg = {13b};
13) (Ug, b, 1)21)4?}71}9) — (b, ]_, ?}2’03);
(Ug, b, U4U4U7U9) — (b, 1, U4U7);
15) (J_, A, Z()U()Ul) — (f, 0, ZU)
Jlanublil TpeoGpasoBate/ib sIBJSETCS NeTePMUHUPOBAHHBIM.
ByneMm HasbiBaTh SKBHBaJIEHTHBIMU MPe0OPa30BaTEH, KOTOPbIE JOMYCKAIOT OAMHAKO-
Bble MHOXKeCTBA BXOIHBIX LIeM0UeK, OMHAKOBO NMPeoOpasyst KaxKaylo BXOAHYIO LIeMOUKY.
C nomombto opmyn (10)-(12) HeTpynHO HOKa3aThb UHAYKLIMEH MO NJHHE MapLIpy-
ta, yto M(G) ompenensiet mapuipyt 7' ¢ HauaJbHOU BepUIMHON (Zy, Zy) U KOHEUHOMH
BepILUHON (¢, Z) Torna u ToJbKO Toraa, Korna KLRM (G) onpenensier mapupyt 7" ¢
TeMH Ke AJUHOW, Ha4yaJbHOU BEPIIMHON, MOMETKOW M BBIXOJAOM M KOHEUHOH BepPLIMHOH
(v, Z), roe mubo v = g € XU{ L}, mubo v — nporuos, conepxauuii q. CienoBaTesnpHo,
M(G) u ELRM (G) 3KBUBaJIeHTHBI.

2.2.3. Iloctpoenue nmo £ LRV (G) HeaAeTepMUHUPOBAHHOTO CJIEBaHAINIPaBO aHa-
ausaropa. Kak u M(G), ELRM (G) reHepupyet KaxKiblii pa3dop BXOAHOH LEMOYKH.
Takum o6paszom, ELRM (G) siBasieTcss HeleTepPMUHUPOBAHHBIM aHanusatopoM. [Ipuna-
oUM eMy 6oJsiee 0OBIUHYIO B TEOPUU CHHTAKCHUUYECKOTrOo aHajusa gopmy TabJul, yrpas-
JSIOIKX paboToll anroputMa aHanusa. Omnpenesnum aBe Tab/aWLbl aHaM3a CJaeBa Ha-
npaBo 6e3 BO3BPATOB W C 3alvisblBAHHWEM BIepe] Ha OAUH BXOAHOH CHUMBOJ, OJHM3KHe
M0 OpraHU3allMK K BBeIEHHBIM B KJjaccuueckoil pabote [Knuth 65]. OnHy HazoBem
TabnuLeld neficTBUH U 0603HauuM uepe3 AT((G), mpyryioo HasoBeMm TabJuled mnepe-
0603HayeHUH ¥ 00603HauuM uepe3 RT(G). X cTpouKH MMEIOT COOTBETCTBEHHO BHJ
(mporHo3, BXOAHOH CHUMBOJI, HelcTBHe) W (mporHos3, cumBoa u3 V' — { L}, mporuos).
[leficTBMe ecTb CABWUI WJIM CBepTKa, 3ajaBaeMasi HOMEPOM IIpaBHJa, KOTOpoe Heoo-
XOOUMO TNpHMeHUTb. DyneMm cuuTtaTh, UTO CABUT MapKepa KOHIIA BXOIHOW LEMNOUYKH
BBI3bIBAET OCTAHOB aHAJINU3aTOPA.

HasBanue tabsuubl nepeo603HAYEHUH CBSI3aHO C TeM, YTO KaXIblii MPOTHO3 aHa-
JIU3aTOpa MOXKHO HHTEpNpeTHPOBaTh Kak HOBOe 00O3HaueHHe HEKOTOPOro CHMBOJIA
rpammatiki Augm(G). Bo3MOXKHOCTb TaKOH HHTeprpeTaluyd MPOTHO30B M03BOJISET
XpaHUTb B MarasvHe aHaJW3aTOPa OIHH MPOTHO3bI, HO Mbl, CJENys CJIOXKHBIIEHCS Tpa-
AMLUH, OyoeM CUHTaTh, UTO B MarasvHe XpaHATCS Mapbl BUAA (CUMBOJ, TIPOTHO3).



[IpaBuna noctpoeHus: Tabaui no npeo6pasosatento KLRM(G) TakoBbl. Komanna
Buzaa (10) ompenensier cTpouku

(v,a,v") € RT(G) u (v,a,) € AT(G).
Komanna Bupa (11) onpenensieT cTpouku
(v, A, v") € RT(G) n (v™) a,p) € AT(G).
Komanna Buzna (12) onpenensieT CTPOUKH
(v, 5, v@) e RT(G) u (v?, L, cupur) € AT(G).

Pa6oty camoro ananusatopa (HazoBem ero ELR(1)ananusatopom, mompasymeBas
o606uenne LR(1)Texuuku, n o6o3HaunM uepe3 A(G)) MOXKHO OMHCATh CJEAYIOLIUM
obpazom.

Augroputm 4. OnuH M3 BapuHaHTOB 0O6pabOTKH BXONHOH LEMOUKH, KOTOPble MMeeT
npaBo BbIOpaTh HefeTepMuHupoBaHHbH ELR(1)ananusatop A(G).

Bxon. AT(G); RT(G); uenouka x, NojJexallasi aHaJuay.

Brixon. IlocnenoBatenbHocTh I, mpeacraBJ/sioliasi MpaBbld BbIBOA LEMNOYKH & B
rpammatuke (G, UM CHrHaJ HeyJIauH.

BcnomorareibHble 0603HaueHHST: input — odepeHON BXOAHOH CUMBOJ, next — CHUM-
BOJI, MOJL/IEXKAILMH 3aChlJIKe B Mara3uH, top — BePXHHUH B MarasuHe MPOTHO3.

Meron. Iloka He caBHUrajcsi Mapkep KOHIIA BXOMHOH LEMOYKH, BHIMOJHATD:
ecam 3 gerictBue: (top,input, nedcreue) € AT(G),
TO

€CJIH [EeHCTBHEe=CIBHT,

TO (next := input, NPOABUHYTHCS HA ONHY MO3HIIUIO BO BXOMHOH LEMOUKE);

€CJIU JeHCTBHE=D,

TO (next := A, ylaJuTb U3 MarasuHa n, 3J1eMeHTOB, N0OaBUTb B MOCJEN0BATENb-
HocTb 11 HOMep p);

ecau 3r : (top, next, ) € RT(G),

TO 3acjaTb B MarasuH napy (next,r),

WHaYe CHUTHaJH3UPOBAThb Heyjpauy
WHayYe CHUTHAJIM3UPOBATh HEyaady.

M3 KOHCTPYKIMH IAaHHOTO aJTOPUTMa M ero TabJsull cjenyeT KoppekTHocTb A(G) B
TOM CMBICJIE, YTO OH 3aKAHUYMBAET yJAuHO [Jis LeNoYyeK U3

1 L(G)L = L(Augm(Q))

¥ TOJIBKO IJ1s1 HUX, (popMHUpYs TIpU 3TOM pasbop uenodyku. byksa E B Tepmune "ELR(1)-
aHa/au3aTop'ykasbiBaeT Ha 06001eHHe TexHUKN LR (1)aHanusa Ha cayvait o608 npu-
BeIeHHOW OECKOHTEKCTHOH TPaMMaTHKH.

Kak BupHo, anroputm A(G) coBnanaet ¢ LR(1)anroputmom, ecnu napa (top, input)
OHO3HAYHO OrpefessieT NeHCcTBHe, a (top,next) ONHO3HAYHO ONpeNessieT MPOTHO3.
IpyruMu cioBamu, ecau npeobpasoBatens ELRM(G) siBasieTcs NeTepPMUHHPOBAH-
HbIM, To A(G) ocymectsaser LR(1)ananus. HetpynHo ykasate u nepexon oT TabsuIL
LR(1)ananusa k marasuHHOMy TpeofpasoareJito, coBnanawiiemy ¢ ELRM(G). Ta-
KUM 00pa3oM, MoJiyuaeM cjefylollee BaXKHOe yTBEPKIEHHUE.



Teopema 7. I'pammaruka G siBasercsi LR(1)FpaMmaThKoOil Torna u TOJIbKO TOTZA,
korna FLRM (G) — netepMHHHPOBaHHBIH NpeobpasoBaTesb []

2.3. HeKOTopre npvuemMbl YMEHbIICHUA aHAJNU3aTOPOB

2.3.1. YmveHblmleHHEe aHaJMU3aToOpa, HUMewIero ¢opmy mnpeodOpasoBares.
ELRM(G) ucnosb3yeT MarasuH sIBHO Upe3MepHO, "Tporyckasi'duepe3 Hero 0003Ha-
YyeHHe KaXK[0ro NPOYMTAHHOI'O CHMBOJA U KaxKJ0r0 CHMBOJIA, MOJNyYeHHOIO0 CBEPTKOH.
B To xe BpeMsl B KOMaHJaxX 3TOro npeoOpas3oBaTe/isi COCTOSIHUS YaCTUYHO WJIM IOJI-
HOCTbIO BBIPaXKalT HH(pOpPMALHIO, yepnaeMylo M3 MarasuHa. [lonbitaemcss momucu-
uuposatb ELRM(G) Tak, 4ToObl MarasuH He HCIIOJNb30BAaJCS B TeX CJaydasx, KOTjaa
JIOCTaTOYHO COCTOSIHUH.

fcHo, yTO MarasuH HeoOXOAMM IMPHU HAJUUMK B FpaMMaTHKe CaMOBCTaBJISIOILIHAXCS
cuMBoJIOB. Ho MHOrZa OH Hy2KeH U B cjydae IpaMMaTHKH 0e3 CaMOBCTaBJIeHUH, YTOObI
NPaBUJIBHO C(POPMUPOBATH BBIXOL.

Hanee M o6o3nauaet npeobpaszoBatesnb FLRM(G) uau pe3ysabTaT HEKOTOPOTO €ro
npeoOpa3oBaHHUs.

[Tyctb nunbl MapiipyToB 7' u 1" paBHbl. [1ycTh 3TH MapuIpyTHl MPOYHUTHIBAIOT OLHU-
HAaKOBble BXOJHbBIE LIeNIOYKH M MUIIYT OAUHAKOBble BeIXOAHBIe. [TycThb mns mobbIxX 1) 1
T/, i =1,2,3, TaKUX, YTO MApLIPYThl C OAHUM HOMEPOM HMEIOT OAHY AJHUHY U BEPHHI

7
paBenctBa 1" = 111013 u 1" = T{T,T;, T, v T} npoyuTHIBAIOT OJMHAKOBblE BXOJHbIE
LIeTIOYKH U (DOPMHUPYIOT OfMHAKOBBIe BbIXOAHbIe. Toraa OyneM roBopuTh, 4yTo 1’ mpoeuu-
pyetcst Ha T" u nipu aToMm Ty siBJsieTCsl mpoeKUHed mapuipyTa 75, a BepiunHa beg(Ts)

sIBJIsieTCSl TIpoekiuedt BepiiuHbl beg(Ty).

[Tyctp aBTOMaT M nosnyuen us aBromara M’ HekoTopbiM npeobpasoBanueM. Ilyctp
CYLIECTBYeT TaKasi OUeKL s

¢: Core(M) — Core(M’),

uto T € Core(M) npoeuupyercss Ha ¢(7T), npuyeM pPOAOCTOBHble MapuipyToB 71 u
¢(T') ¢ s;eMeHTapHBIMU NpeKaMH UMeIOT OJMHAKOBble IJHHEI U T mpoelypyeTcs Ha
17,1 < j <5, nna tex anementos (11, Ty, T3, Ty, Ts) u (11, Ty, T3, T}, T5) aTX pono-
CJIOBHBIX, KOTOpPblE HMEIOT B HUX OIMH U TOT Ke MOpPsAKOBbIH HoMep. Torma HaszoBem
npeo6pasoBanue aBTomMata M B M’ coxpaHAOIUM pONOCJIOBHBIE.

W3 teopembl 1.4 (0 pa3BUTHH) cyefyeT

Jlemma 17. TlycTb npeo6pasoBanue M B M’ coxpansier ponocioBHble. Torna M u
M’ skBUBaeHTHB []

3aMeTHuM, UTO AJI COXPAHSAEMOCTH POAOCIOBHBIX NOCTATOYHO, UTOOBI MPOEKIUH pas-
JIMUHBIX BEPILHH OBIIM Pa3JHWYHbl, MPOEKIHUH LMKJ/IA U HELUKIA OblJIH COOTBETCTBEHHO
[IMKJIOM W HELIMKJIOM, TPOEKIIHH MapHbIX [IUKJOB TakKe OblIM MapHbIMU LuKJAamMu. Of-
HaKO, 3TH YCJOBHS He HEOOXOAMMbI, KaK MOXXHO yOeIUTbCs Ha MpHMepe Mara3uHHOTO
aBTOMAaTa, OTpe/e/ieMOr0 KOMaHIaMH

(o, a, Zy) — (p1, Zoa),

(pb a, (l) - (plv CLCL),

(pb b, a) - (p2, A)’

(p27 ba a) - (p?)a A)’

(p37 ba ZO) - (f’ ZO)



ENMHCTBEHHBIH YCMEMIHbIH MapUIPyT NAHHOTO aBTOMAaTa SIBJSETCS 3JeMeHTapHBIM.
ABTOMaT ¢ KOMaHIaAMH

(po, a, Zo) — (p1, Zo),

(p1,a, Zo) — (pa, Zo),

(pa, b, Zo) — (p2, Z0),

(p2,0, Zo) — (ps3, Zo),

<p37 b> ZU) - (f? ZO)
9KBUBAJIEHTEH MpPeIbIAYLIEMY, HO, B OTJUYHE OT HEro, He UMeeT LUKJOB.

[lyctb €(7y,v), rme 7 — LeNouyka MarasuHHbBIX CHMBOJIOB, 0003HayaeT pe3yJbTaT
BBIUEPKHUBAHHUS M3 Y BCEX BXOXKIEHUH CHMBOJA V.

[lycte v # Zy — marasuHHbId cuMBoJ aBTomMata M. O6o3HauuM 4yepe3 €(M, v)
aBTOMAT, MOJy4YaeMblil U3 M BBIMOJTHEHHEM CJENYIOMIUX AeHCTBHH:

KaxKAyl0 KOMaHOy BHIA

(q1,0,v71) = (g2, ¥,72)
3aMeHUTb KOMaHAaMHU MHOXeCTBa

{(q1,b,V"n) — (q2,y,V"y2)|v) # v, 3 Komanna Bugpa (q,a,v'y) — (¢,y,v'v)} (43
KOHCTPYKIMHU TpeobpasoBarenss ELRM (G) u HepaBeHCTBA v # Z; CJllellyeT, YTO eCJu
Takasi 3aMeHa TpebyeTcsi, TO OHA BCerjga OCYLIeCTBUMA);

KaXAyl0 KOMaHLy

(¢,a,7) = (¢, 9,7
3aMEHHTb KOMaHI0M

(¢ a,e(7,v)) = (¢, y, (7, v)).

3ameTHM, UTO Takoe MpeoOpa3oBaHUEe MOXKET TPUBECTH K MOSIBJEHHIO KOMaHI, KO-
TOpble He BJIHSIIOT Ha CONEPXKHUMOe Mara3uHa WJIH K€ 3aMeHSIOT MyCTOH LeNoYKou
cyppukc 0603peBaeMOH MarasuHHOW LIETIOYKH.

[lyetb ¢, ¢/, b, v ¥ y TakoBBI, 4TO AJs J1060H KoMaHabl Buna (¢,b,v1) — (¢',y,72)
CYLIECTBYeT Takasi HemycTas Mara3uHHas 1ernodka v/, 4to v; = 7', 72 = 7. Torna
HazoBeM (q,q’, b, "y, y)FPYIIONd MHOXKECTBO

{013y el :0=1(q,0,v"7) = (¢ ,v,7)}

KOMaHJ naHHoro npeobpaszopartessi. (Comep:kaTesbHO, TePeXoj, ONpeaeasieMbli 060
KOMaH/IOH TPYIIIbl, HE 3aBUCHUT OT npedukca 7' 0603peBaeMoil Mara3uHHOM LEMOYKH
7'~.) B npotuBHOM caydae (q, ¢, b, vy, y)Fpynmna mycra.

HasoBeM 3aKOHHBIM Kaxj0e W3 CJeAYIOUIMX JABYX NpeoOpazoBaHui aBTomara M:
coxpaHsifolee poIocaoBHble TpeodpasoBaHue M B €(M, v) u 3ameny HenycTo# (g, ¢, b,
7, y)Fpymnmbl ofHO# KoMaHmod (q,b,7v) — (¢',y,A).

Auroputm 5. YMeHbleHHe mpeobpasoBaTeis.
Bxon. Tlpeo6pasoBartens M.

Beixon. Haunyumunii (mo yuc/y KOMaHA HJH 10 KAKUMANOO IPYyTHM CBOHCTBaM) U3
npeo6pa3oBaresiell, KOTOpble MOJAYYalOTCS CAEAYIOLMMH NTpeobpa3oBaHUsIMU aBTOMAaTa
M.

Hlar 1. IToctpoute no M mnpeo6pazoBatesb M; — pe3yjbTaT HEKOTOPOH MOCJEN0-
BaTeJbHOCTH 3aKOHHBIX NPeo0pa3oBaHMi, K KOTOPOMY YyxKe He NMPUMEHUMbl 3aKOHHbIE
npeobpa3oBaHus.

Hlar 2. Ecau nonydyenHsld warom 1 npeo6pazoBatesb M BJasieTCH OeTEPMUHUPO-
BaHHBIM, TO IPUMEHHTh K HEMY MOAU(HUKALHUIO aJropuT™Ma 3, YCTPAHSIOLLYI0 KOMaH/bI,



KOTOpbI€ HE YHUTAIOT BXOAHOI'0 CMMBOJIA, HE MUIIYT BBIXOAHBIX CHUMBOJIOB U HE CTHPAIOT
B Mara3uHe. (HY)KHaH MOILI/ICpI/IKaL[I/IH HNOCTHUTraeTCA IepeornpeneseHieM MHO2KeCTBa AYT,
KOTOpbIE MOoAJEXKAT YCTPAaHEHHIO: Telepb OHU MOJI2KHBI OBITb HE TOJBKO He4YUTarI MU
W HeCTHpAIIHMMH, HO U HE MMHCAaTb Ha BbIXOAHYIO JIeHTy.)

HerpynHo y6enutbes, uTo war 1 coxpaHsieT CBOHCTBO 1eTePMUHUPOBAHHOCTH. To xe
[I0Ka3aHo JJ151 aJIropuTMa, ynomsinytoro warom 2. CjenoBaTesibHO, aJropuTM 2 MOXKHO
CUMTATh M aJIFOPUTMOM yMeHbllleHHs1 neTepMuHHupoBaHHbIX ELR(1)ananusatopos.

2.3.2. YMmeHblIeHHe 4Y¥CJIA MPOTHO30B. 3aMeTHM, YTO COCTOSIHHS U MarasuHHbIe
cuMBoOJIbl nipeoOpasosateneit M(G) u ELRM(G) 0603Ha4aloT BXOXKAEHHS CHMBOJIOB
rpammatiki Augm(G) B ee npaBusa. OTcioga clenyeTt, 4TO HHMXKHSS I'paHHLA JAeH-
cTBUTesNbHO HeoOxomumoro ELR(1)aHannsaropy uucaa MporHo3oB MoXKeT ObITh (IO
KpailHell Mepe MJisi HEKOTOPBIX MOAKJACCOB TPaMMaTHK) OJHM3KOH K YHMC/IYy CHMBOJIOB
rpammatiku Augm(G).

Crienyioliii airopuT™M yKasblBaeT OYeBHAHO Pa3yMHble MONBITKH YMEHBIIUTb UHCIIO
NporHo3oB aHajnuaaropa A(G) nyteM oObeavHEHHUsT HEKOTOPBIX MPOTHO30B.

[Tycts v3 ¥ vy — pasjMyHble MPOTHO3BI, HCIOJb3yeMble MpeobpasoBaTesneM M B
KauecTBe COCTOSIHMH (M, BO3MOXKHO, MarasMHHBIX CHMBOJIOB). Ecin 3ameHa KaxKaoro
MCII0/Ib30BAHUSI 3THUX TPOTHO30B 0ObefUHEHHEM vy U vy COXPaHSIET POLOCJOBHEBIE, TO
Ha30BeM ITPOTHO3BI U U vy 00BEAHHHUMBIMH (IPYT C APYTOM).

Auroputm 6. CokpallleHre yucsia TPOTHO30B.

Bxon u Bbixon. Pr — MHOXeCTBO MPOTHO30B; NepBOHAYa/JbHO 3TO MPOrHO3bl aHAJHU-
zaropa A(G), Mo OKOHYaHHH — TIPOTHO3bI COKPAIIEHHOT0 aHAIU3aTopa.

Meron. Tloka MHOXKeCTBO Pr COmep»KHT HEKOTOpPble 00beIUHHUMble MPOTHO3BI U] U
U2, BBITIOJHSTS!

(Pr = Pr—{v,v} U{v; Uuvy};

3aMeHMTh Ha v; U vy KaXKJ0e BXOXKJEHHWe v; U vy B KOMaHAbl rpeobpaszoBatens M
(MO2KHO BMECTO 3TOr0 M3MEHSITb COOTBETCTBYIOIHe aBTOMaty M Tabiuibl AedcTBUM
1 nepeo6o3HAYeHHUH).

Anroprut™ 3 MOXKHO pacCMaTpPHUBAaTh W KaK aJrOPUTM COKpalleHHs TabJHL aHa/In3a-
TOpa, ¥ KaK a/JrOPUTM COKpalLleHHUs pacro3HaBaTe/Is.

3ameTHM, YTO AJS OQHOIO M3 TeX 3JeMEHTOB MHOKecTBa Pr, KOoTopble yKasblBa-
I0T POJIM HETePMHUHAJNBHOTO CUMBOJIa A, MOXKHO HCNOJb30BaTh 0603HaueHue A. Torna
COKpaTHUTcs obllee yucao 0003HAYeHWH, HYXKHBIX [J/151 ONMCaHUA aHanusatopa. Kpo-
Me TOro, UCXOfIHasl FrpaMMaTHKa OyneT Jerde "NMpor/siablBaTbCcsl'B aHanu3aTope. Takoi
e TIpHeM BO3MOXKEH U [J11 TePMHHAaJbHBIX CHUMBOJIOB, He SIBJSIOMIMXCS IMOJE3HBIMH
cocTosiHUsIMM TIpeoOpasoBarens M(G).

[IpoBepka cieqyloOLIMX YCJAOBUH pe3KO COKpallaeT YHUCJ/IO MPOTrHO30B, OOBeAHHU-
MOCTb KOTOPBIX MMeeT CMbICJ MCCJ/eN0BATh:

NoConfl(vy Uvy) = {v; Uuy}

VX eV ([i=1,23vyx;: (v;,X,vxi) € RT(G)] = vx1 ¥ vxy 00beINHUMBI).

3ameTHM, UTO e€C/JIM OTPAHHUHUTBLCS paclio3HaBaHHEM Lierovyek U He POPpMHUPOBATh Bbl-
XO[, TO HECJIOXKHbIE MOAU(PUKALMN aJrOPUTMOB 5 U 6 GyIyT NPOU3BOAUTH IO Npeobpa-
soBaresto ELRM(G) 3KBUBa/JeHTHbIH Mara3uHHbIH aBTOMAaT, SKOHOMHOCTb KOTOPOT'O
onpee/isieTcss B OCHOBHOM 3KOHOMHOCTBIO MCXOAHOH rpammatuku G. Moaudukauus



aqropuTMa 6 aJs caydasi MarasMHHBIX aBTOMAaTOB CMOXKeT 0O0beJUHSITh OoJibllle Ipo-
THO30B, TaK KakK OTNajfaeT HafloOHOCTb B BBIXOJHOH LieMOuKe.

[Topsinok mprMeHeHHs! alrOpUTMOB O U 6 He Ge3pas3suueH: OT HEro CyLIEeCTBEHHO
3aBUCHUT BHUJ Pe3Y/bTHPYIOLLEro npeobdpasoBaTeds.

IIpumep 3. PaccmoTpuM rpaMMatuky G ¢ eIMHCTBEHHBIM IPaBUJIOM
S — aa

DJleMeHT xapakTepucTuku X(G) TakxkKe OIHH:
(0L[01A](1a[11L]a[121])1[02A] L[03A])g

M(G) v ELRM(G) coBnanaior. Ecin 3aHyMepoBaTh NPOrHO3bl B LENOUYKE BBILIE
HauMHas ¢ HyJsl, TO KOMaHAbl Ipeobpa3oBaresieil TAKOBBL:

1. (Zo, J_7 Z()) - (0, A, Z()O)

2. (0,a,0) — (1,A,01)

3. (1,a,1) — (2,A,12)

4.(2,1,012) — (L, 1,03)

D. (J_, A, 2003) — (f, O, Zg)

Ecsu anroputm 5 npuMeHHTDb TEPBBIM K TaHHOMY Mpeo6pa3oBatesiio, TO MOCIeHUMH
peBpaTUTCS B HeyMeHbIaeMblil KOHeUHbIH NpeoOpasoBaTesib. Ecay ke NPUMEHHTb
TMepBBIM AJTOPUTM 6, TO YMCJIO MPOTHO30B YMEHbLIUTCS, TaK Kak MPOrHO3Bl 1 U 2,

YKa3blBaWILKe POJU CUMBOJA a, 00benuHUMBL. [locse 3Toro o6beirHeHUs] H3MEHATCS
KOMaHIbl 3 U 4:

3. (1,a,1) — (1,A,11)

4'.(1,L1,011) — (L,1,03)

Tenepw anroput™ 5 crnoco6eH JUKBUIUPOBATH TOJBKO Mara3uHHble CUMBOJbB O U 3,
Ho He 1. PesynbTupytominii npeo6pasoBaTesib OCTAHETCS Mara3uHHBIM:

1. (Zo, L, Zy) — (0,A, Zy)

2. (0, a, Z(]) — (]., A, Zo].)

3. (1,a,1) — (1,A,11)

4. (17 J_, Z()ll) — (L, ]_, ZO)

5. (L,A, Zy) — (f,0,Z)

B nerepMHHHPOBAaHHOM Cjlyuae ajrOpUTMBI O ¥ 6 MOKHO HHTEPIPETHPOBATH Kak
anroputMbl ymenblueHusi LR(1)ananusatopos. Bmecte ¢ npuemom paciuensienus [Mr-
HaToB 876] rpaMMaTHKH U MPHUBEIEHHBIMH Bbillle HEOOXOMUMBIMH YCJIOBHSIMH OOBENHU-
HUMOCTH TIPOTHO30B OHHM JAIOT MpHUEMJIEMBIH Ha TpakThke MeTon moctpoeHus LR(1)-
aHasu3atopoB. [loctpoeHHble Takum o6pasom LR(1)anasnuzatopbl 6ymyT, MOBUAMMO-
My, HeyJy4dllaeMbIMH.

§3. IIpuem pasnenenus
B 00pabOTKe A3BIKOBBIX ONMUCAHUU

[TpumeHsieMble Ha MpaKTHKe MOJEJNH aJTOPUTMHUECKHX $I3BIKOB HCIOJb3YIOT 3aua-
CTYIO MpocCTellline U3 THUNOB (POPMaJbHBIX SI3bIKOBBIX OMHUCAaHUH, 3aTO TPeOyIOT 60Jib-
Ioro u3obperaresbCTBA MPU peasu3aldd TOro, UTO HE OXBAThIBAETCS ITHMH OIHCa-
HUsIMU. [IpuB/eueHue Oosee CJOXKHBIX (DOPMaA/IM3MOB COKpallaet o6/acTb M3o06peTa-
TeJIbCTBA, HO CTAJKHUBAETCS C TPYAHOCTSMH UX peasid3aluu.



OcHoBHasi TPyIHOCTb — pa3pacTaHue 00beMa HCXONHOTO SI3bIKOBOTO OMHCAHHUS TPH
TMONbITKE BHISICHUTh B3aUMOOTHOILLIEHHSI ero 3jeMeHToB. Mnes o6pabaTbiBaTh S3bIKOBOE
ONKCAHWe IO YacTsM eCcTeCTBeHHa, W MPUMephl ee BOIJIOLIEHUS] BO3HUKJHK naBHO. Ho
3TH pa3pabOoTKH 0a3UpPYyIOTCH HA SIBJEHHUAX, NIPUUYMHA KOTOPLIX He 00BSCHsAETCS aBTO-
pamMu. MexaHHU3M pas3fesieHHs] HA 4acTH OCTAeTCsl TAWHCTBEHHBIM; He SICHO, B YeM U
HACKOJIBKO PaJiMKaJIbHO MOXKHO €0 COBEPLUEHCTBOBATD.

B nanHoO# pabote, Mo CyllecTBy, cAe/aHa MOMbITKA OObSICHUTb TaKUe MeXaHU3MBbI.
[loBuauMOMYy, MONBITKY MOXKHO CUMTATb yNA4YHOH, XOTSl U He COBCeM 3aKOHYEHHOH.
Ycnex Bo MHOroM 00ycCJ/IOBJIEH rpaduueckod UHTepnpeTalueld TpaAULLMOHHBIX CHUHTAK-
CHUUECKHX OMUCAHWH OECKOHTEKCTHBIX S3bIKOB. He3aKOHUeHHOCTb COCTOUT B TOM, UTO
He TMpeJioXKeH crnocob pasiesieHusl CUJAbHO CBS3HBIX KOMMOHeHT DfpacdoB, a oHH Mo-
TYT ObITb OUeHb BEJUKH.

3.1. IlocTpoeHue peryjsipHOro BbIpaKeHHUs MO KOHEYHOMY aBToMary. Peryssp-
Hble SI3bIKH MTPalT OOJbLIYI0 POJb B MaTeMaTHUECKUX TEOPHUAX U B MPHUJIOKEHUSX.
O6uupHBle 6UOMHOrpaduu MO 3TOMY MOBOAY MMEIOTCS BO MHOXKECTBE JIETKO AOCTYII-
HBIX HCTOUHHKOB. YTIOMSIHEM 3JIeChb TOJIbKO paboTy [MapTtbiHeHKo 98], KoTopasi mocssi-
lleHa MeTOAUKE U TEXHOJOTMH CHUHTAKCHUUeCKH yMNpaBJ/sieMod 00pabOTKM JaHHBIX U B
KOTOPOH HCIOJb3YIOTCS TOHSATHS PEryJ/sipHOrO BbIpaXKeHUs] U KOHEYHOro aBToMaTa.

Pa6ora [MaptbiHeHKO 98] Hapsiiy ¢ HEKOTOPBIMH APYTMMH ybexKa1aeT B 3HAUUMOCTH
KOHCTPYKLHH, J10Ka3blBaLUX TeopeMy K/aMHU 00 5KBHBa/NE€HTHOCTH PETYJSPHbIX BbI-
paXKeHHH M KOHEeUHBIX aBTOMAaTOB. B Halue#l paboTe gaeTcsi MOCTpPOEHHE PEryssipHOTo
BBIPaXKEHHsI 110 KOHEUHOMY aBTOMaTy, KOTOpOe onupaeTcs Ha 3(P(eKTHBHbIE aJrOpUT-
Mbl Ha rpadax. B 3TomM oTHolIeHMM Hama paboTa, BO3MOXKHO, yHUKaJ/bHA, TaK Kak
nofgoOHble pa3pabOTKH HaM He U3BECTHHI.

[Ipennaraemoe 3nech (cMm. takxke [Stanevichene -Vylitok 2000]) noctpoenue pe-
KYPCUBHO, KaK M MOCTpPOeHHe, NMpuHajexaulee Knuuu, HO npencTaBJ/sieTcss HaM Jier-
ye BOCIPUHUMaeMbIM. B camom pese, B HallleM aJropuTMe aBTOMAaT TPaKTyeTcCsl Kak
JIOCTaTOYHO eCTeCTBEHHasl CHUCTeMa MOAaBTOMAaTOB, TOTA Kak aiaroputMm Kmnnu 6asu-
pyeTcsi Ha MPOU3BOJIbHOM YTIOPSIAOYEHHUH COCTOSIHUE (MHAaue, BepIIHH) U HAa CBSI3aHHOU
C HUM BecbMa (opMmajbHOH Kjaaccupukauuu nyted. CyliecTBYIOT U ApyTHe A0Kasa-
TeJbCTBA TeopeMbl KJIMHU; 0MHO U3 mocjeqHux comepxkutes B [Melnikov -Vakhitova
98]. Ho oHu TakKe He yKa3blBalOT eCTECTBEHHOrO Crocoba pacdsieHeHHsi aBTOMarta H
He MO3BOJISIOT NPUBJEUYb UCMbITAaHHBIE TPUeMbl 00pabOTKHU rpados.

Hamte moctpoeHue ucrosb3yeT AJs BBIAEJNEHUS CHJIbHO CBSI3HBIX KOMIIOHEHT (3TO
OJlHA U3 OCHOBHBIX YacTell mocTpoeHusi) aaroputm u3 [Peiinrosnbn -Husepresbt -Ileo
80].

B pasnene 3.1.1 HacTosiiel paGoThl BBOAATCS HCMOJb3yeMble 3[eCb 0003HAUEHHS.
B pasnene 3.1.2 ¢ momolibio MOHSATHS CUJIBHO CBSI3HOM KOMIIOHEHTBI OIpefesisieTCs
Mepapxysl MOJABTOMAaTOB KOHEYHOT0 aBTOMATa, MO3BOJISIOIIAS CBECTH ero 00paboTKy K
006paboTKe HEKOTOPbIX MeHbIIWX ero yacted. B pasnene 3.1.3 dbopmynupyercs asnro-
PUTM MOCTPOEHHUS MO KOHEUHOMY aBTOMATy peryJ/sipHoro BelpaxkeHus. [Ipu atom mpe-
cjaenyetcs LeJib 00JIerYnTh 10Ka3aTeNbCTBO SKBUBAJEHTHOCTH BblpaXKeHUsIpesybTaTa
MCXOIHOMY aBTOMATY.

3.1.1. OnpeneseHue KOHEYHOTO aBTOMATa M PEryJsipHOrO BbIpaikeHUs. Beesnem
0003HaYeHHs U TEPMHHBI, KOTOPble CBSI3aHbI C MOHSITHEM KOHEYHOTO aBTOMAaTa M HC-
TOJIb3YIOTCS B CJEAYIOLIMX pasfenax padoThI.



Koneunbi#i aBTomar (Hazx ajagaBuTOM ) eCThb NsTepKa
A= (K7 Za 6a Po, F)7

rue:
K — KOHe4YHOe MHOXKEeCTBO COCTOSIHHH, WJW BepLIHH,
Y, — BXOZHOH aJi(paBUT (TaKxkKe KOHEUHBIH);
0 C K x (XU{A}) x K — MHOXeCTBO KOMaHJ, UIW AYT,
Po — HadaJjlbHOe COCTOSIHHE,
F C K — MHOXeCTBO 3aKJIIOYHTEJJbHBIX COCTOSIHHH.

MoxHO TOBOpUTH 0 TyTH Ha rpade A — myTH KoHedyHoro aBromara A. Hauasbhyio
¥ KOHeUHY BeplinHbl nyTH T 0603HauuM uepes beg(T) u end(T) cOOTBETCTBEHHO.

[Tycts T — tako#t nyTh, 4to beg(T) = po, a end(T) € F. Torna T Gynem Ha3biBaTh
YCIEeIIHbIM MyTeM WJW TNpeanoxeHHeM. BBeneM o603HaueHHe AJIsi MHOXKECTBa BCEX
YCMELIHbIX MyTeil KOHeYHOro aBTomata \A:

Sentences(A) = {T | T — ycnewHblil NyTb KOHeYHOro aBTomara .A}.

[Tyctb X — HeKOTOpHIH a/aBHT, He comepxKallui cUMBOJIOB *, +, ¢, (), (, ). Onpe-
NeJIUM PEKYPCHUBHO peryJsspHOe BbIpa’KeHHe Hal aJjaBUTOM Y. (3TO creludpHyecKoe
CJI0BO B aJjipaBUTe

Alph:zlu{*u +7 €, (Z)’ (7 )})

1) a € XU {¢,0} siBasieTcst peryssipHbIM BbIpaXKeHHUEM,;
2) ecni « U 3 — peryJisipHble BbIpaXKeHHsI, TO

a) a + [ — peryJsipHOe BbIpakeHUe; TOABBIPAXKEHUS v U [J TAHHOT'O BBIPaXKEHUS
OyzmeM Ha3blBaTh €ro cJaraeMbIMH, CaMO BbIpaXKeHHe — CYMMOFH,

6) (a)(8) — peryJasipHOe BbIpakeHHe; MOABbIPAXKEHUsI « U [J OyleM Ha3bIBaTb €ro
COMHOXHTEJ/ISIMH, CaMO BbIpaXKeHHe — I[IPOH3BEAEHHEM; 3aKJ04aTh COMHOXHTE/b B
KpYyTJible CKOOKH He 00513aTesIbHO, eCJIH OH He SIBJISIETCS CYyMMOH;

B) ()" — peryJsipHOe BblpakeHHe, Ha3bIBaeMOe HTepalHel BbIpaKeHHs [3.

3.1.2. Mepapxusa B KOHe4UHOM aBTOMaTe. HanoMHHUM HeoOXOonHWMble 3eCh MTOHSATHUS
TeOpuH rpacgos.

OpHeHTHpOBaHHbIﬁ rpaq) CHJIBHO CBA3€H, €CJIKW IJid KaxKAbIX €ro ABYX BEpPUIHWH u U
U CYWECTBYET NNYyTb KaK M3 U B v, TdAK U U3 U B U.

[Tycts monrpad G = (V, E) HEKOTOPOro OPUEHTHPOBAHHOTO rpada CHIBHO CBSI3€H U
J060i otinunblil o1 G noarpad (V') E'), Takoit, uto V C V' E C E’, He siBasieTcs
CUJIBHO CBA3HBIM. Torna HazoBeM (G CHJ/IBHO CBSI3HOH KOMITIOHEHTOH NaHHOTO rpada.

Ces3HbI# rpad ¢ OAHOH BepUIMHOM M MyCTBIM MHOXKECTBOM Iyr OylneM Ha3blBaTb
TPHUBHAJIbHBIM.

C noMou1bl0 MOHSITHS CUJIBHO CBSI3HOH KOMIIOHEHTBI ONpe/ie/ MM YHUCJI0BYIO XapaKTe-
PHUCTHKY CBSI3HOTO NoArpaa KOHYHOTO aBTOMaTa, KOTopas M03BOJiseT yKas3aTb ecTe-
CTBEHHYIO HepapXHI0O HEKOTOPBIX U3 €ro YacTell, pacCcMaTpUBaeMbIX Kak aBTomatsl. Cre-
NeHb MOAYMHEHHOCTH N0JaBTOMaTa TeM OoJiblle, 4yeM HHU2Ke COOTBEeTCTBYIOLLee YHUCJO
— paHr.



[Tycts B — noarpag koHeuHoro aBTomarta Hap ajidasutoMm %, C' = (V| E) — HeTpu-
BHaJIbHasi CHJIbHO CBsI3Has KOMIOHeHTa rpada B, m € E. Torna 0603Ha4MM KOHEUHbIH
aBromat (V, X, E — {7}, end(r), {beg(m)}) uepes Finite(B, ).

[Tycts C — cBsi3HBIH moarpad KoHeyHoro aBTomata. OmnpenesuM PeKypCHBHO paHT
rank(C) storo noarpada:

1) rank(C)=0, ecnu C — TpUBHa/NbHAS CHUJIBHO CBSI3HAsE KOMIIOHEHTA;

2) rank(C) = 1+ min{rank(Finite(C,7)) | # — nyra rpada C}, ecau rpad C
COBIIaJaeT CO CBOEH HETPUBUAJILHOU CHJ/IbHO CBA3HOM KOMIIOHEHTOH;

3) rank(C) = maz{rank(B) | B — cuibHO cBsi3Has KommoHeHTa rpada C}.

3.1.3. IIpeoOpa3oBaHue KOHEYHOr0 aBTOMAaTa B peryJjsipHOe BbIparkeHue

O6o03HaunM uepe3 Lines(A) MHOXeCTBO NpelJioKeHUH aBToMaTa A, He colepaKallux
[IUKJIOB:
Lines(A) = {T € Sentences(A) | V(T1, Ty, T3)

T =TV15T; = (1> He sABJSETCS LUKJOM)}.

Omnpenenum pekypcHBHO perysnsipHoe Beipaxkenue E(A) Ham andaBUTOM AYT aBTO-
mara A; Npyd 3TOM KaKAblH MycTOH MyTb OyleM CUHWTAaTb CHHOHHUMOM 0003Ha4yeHHs
A:

E(A) = Z Cycles(beg(T))Addend(T),
TeLines(A)
€, nyTb 1" mycT,
Addend(T) = ¢ mCycles(end(m))...m,Cycles(end(my)), k > 1,
T = ..M, T; € (S, 1 S 1 S k’,
re BcroMoratesnbHoe BeipaxkeHneeymma Cycles(p), p € K, onpenensieTcs B clenyro-
meM absalle.
Ecau p ABAsieTCs BepLUIMHONW HETPUBUAJIBHOW CHJIBHO CBSI3HOH KOMIIOHEHTHI, TO

Cycles(p) = ( Z Bound(m))*,

x— Jyra CHJbHO CBSI3HOH KOMIIOHEHTHI,
beg(m)=p

HUHaye
Cycles(p) = p;
3/eCh IJIs1 IYTH 71 CHUJIBHO CBSI3HOHW KOMIIOHEeHTHI 3 aBToMarta A

Bound(m) = w(E(Finite(B,))).
Teopema 8. L(E(A)) = Sentences(A).

JlokasaresnbctBo. Unnykuueit no r = rank(A). Ilpu r = 0 npensoxeHus: aBTomara
He MMeIOT LMKJOB, T.e. CIpaBelauBo paBeHCTBO Lines(A) = Sentences(A). Caenoa-
TeJbHO, opmysa misi £(A) ymnpoluaercs B JaHHOM CJiydae 10

A= > T
TeSentences(A)
¥ TeopeMa BepHa.
[Tycts r > 0. Ilpenmnosiokum, 4TO TeopeMa BHIMOJHSETCS MAJs1 KaXKJ0r0 aBTOMara,
paHT KOTOPOrO He mpeBbilnaer r — 1, U paccMoTpuM aBToMar A paHra r.



[Tokaxkem, 4yTo mJs JIOOOH CHJIBHO CBSI3HOM KOMIIOHEHTHI B3 aBToMata A # J10060H
ee BepLIHHBI p peryJsipHoe BoipaxkeHune C'ycles(p) 3agaeT Bce LUUKJbI C KOHLEBOH Bep-
wKHO# p. JlefCTBUTENbHO, MYCTh T — Oyra HaHHOH CHJIbHO CBSI3HOH KOMIIOHEHTHI
beg(m) = p. Paccmorpum ciaraemoe Bound(), UCmoib3yeMoe JIsi OTpe/ie/ieH st Bblpa-
xenus Cycles(p). [o npennosoxxeHuio HHAYKIUHU ero nonBbipaxenue &(Finite(B, m))
3agaet Bce nyTH u3 end(w) B beg(w) = p, He comepxauire nyru 7. Takum oGpaszom,
BblpakeHHe Bound(m) 3aiaeT Bce LUKJBI C KOHLIOM p, KOTOpble HAYWHAIOTCS AYTOH 7 U
He colepKaT APYTHX ee BXOXKIeHHH. B 1esoM cymma, cTosiiasi oA 3HAKOM HTepalUH
B omnpeneseHnu BblpaxkeHusi C'ycles(p), 3afaeT Bce LUKJBI C KOHLOM p, MepBasi AyTa
KOTOPHIX B HUX HE MOBTOPsieTCsl. 3aMeTHM, UTO MPOU3BOJBHBIN LHUKJ C KOHLIOM p — 3TO
MOCJ/IeI0BaTeIbHOCTh TaKUX LKKJOB. Ho Torma sicHo, 4To uTepalisi paccMaTpuBaeMou
CYMMBI 3a/1aeT BCe MyTH U3 P B .

Orcrona cienyet, uto cymma £(A) 3anaer Bce MyTH, HauajbHasi BepIIHHA KOTOPBIX
eCTb Py, a KOHeUHasi IPUHAMJIEKUT MHOKECTBY 3aKJ/IOUMTE/bHbIX BepLIMH aBTOMaTa A
O

OrnpeneneHrie perynspHoro BbipaxkeHuss E£(A) BiedeT pPeKYPCHUBHBIH aJrOpUTM
npeo6pa3oBaHUsi KOHEUHOrO aBTOMAaTa B SKBHUBAJIEHTHOE PEryJisipHOe BbipaKeHHe.

IIpumep 4. PaccmMoTpuM neTepPMUHUPOBAHHBIA KOHEUHBIH aBTOMAT

A: ({p07p1)p2)p3}) {aa b}7 67 Do, {p?})7

rie 0 onpefensieTcs CAeIYIOMIUM CIIMCKOM KOMaHM!
<p07 CL) — P1

(plv Cl) — P2,

(p1,0) — ps,

(p3,b) — p1,

(p?n Cl) — D3-

Panr aBromara paBeH ABYM, TaK Kak ero HeTpUBHaJbHAasl CHUJbHO CBSI3HAs KOMIIO-
HeHTa C (ee BepUIMHBI — pi, p3, AYTH — pi1bps, psbpi, psaps) umeer panr 1. Jlei-
CTBUTEJIbHO, OHA COMEPKUT HETPUBHUAJNBHYIO CHUJIBHO CBS3HYIO KOMIIOHEHTY M MOCJ/e
BBIUMTAHUS JIOOOH ONHOW ee NyTH.

MHoxecTBo Lines(,A) BKJIHOYaeT TOJMBKO OIWH MyTh:

Poapiaps.

Ero npomexyTo4yHasi BeplIMHA p; SIBJISETCS BEPIIMHOH CHJIBHO CBSI3HOH KOMIIOHEHTHI
C.

[TonBobipaxxenue Cycles(py) perynsipHoro BeipaxkeHusi £(A) onpenensieTcsi nponsBe-
IeHneM

(p1bp3)E(B),
rae
B = Finite(C, p1bps).
Hetpynno Beiuucauts £(B):
E(B) = (psaps) psbp:
CJegoBaTe bHO,

E(A) = poap: (p1bps(psaps)*psbpr) praps.



Otob6pakast nyrd B HUX I[OMETKH, [OJydaeM, UYTO HCXOAHOMY aBTOMAaTy OTBeuYaeT
peryJisipHoe BbIpaKeHHe

a(ba™b)*a.

3.2. IIpeo6pasosanue Drpacga B KCBoipakenmue.

W nes 06paboTKu (popMasibHBIX CHHTAKCHUECKUX OMHUCAHUH 10 4acTSM BO3HHKJA [1aB-
Ho. Haunbosiee 3aMeTHble ee BOMJIOIIEHHS CBSI3aHbl ¢ TPyAHOCTAMHU peanusauun LR(k)-
anasauszatopoB [Korenjak 69|, [Mruaros 87a], [Mruaros 876]. [lo cytu paspaboTuu-
KW KOMIHUJSTOPOB BCerga MpuberamT K pas3ieseHHI0 sI3bIKOBBIX ONMHUCAHUH, 3a4acTylo
OTCTyTNasi OT CHHTAKCHCA, MPEAJ0KEHHOTO CO3AaTe/IsIMH 5i3blKa. TaK, CHHTAKCHUC $3bI-
ka AJITOJI68 mosnyuns no6ONBITHOE MpPeJOMJIEHHe: pacCcMOTpeHHast B [ MapThiHEHKO
98] peanusaius si3bIKa UCIOJb3yeT CUCTEMY PETYJsSPHBIX BbIpaKeHHH, aj(aBUTHI KO-
TOPHIX BKJIOUAIOT "CeMaHTHUYECKHe CHUMBOJIbI— IeHCTBUS MO 00paboTKe KOHTEKCTHBIX
YCJIOBHU.

[Tonxonbl ynomsinyTeix Beilie pa6ot [Korenjak 69], [Mruaros 87a|, [Mruatos 876]
LleHHBbl TeM, YTO CHCTeMa 4YacTeld, 3aMeHSIOLIUX HCXOAHYI0 I'paMMaTHKy, He TpebOyeT
0COOBIX YXHIIPEHUH MO MPOC/eKUBAHUIO CBSI3W MOHATHH MCXONHOTO W MPOU3BOLHOTO
OMMCAHUH si3blKa. AJITOPUTM pacllerieHdsl rpaMMaTHKH, npensoxkeHHblil B [Korenjak
69], paccuuThiBaeT Ha BMeIaTebCTBO yesoBeka; B [Mruatos 87a], [MruatoB 876]
paboTa Mo pacllenJeHHio MoJHOCTbI0 aBToMaTtuaupoBana. B [Korenjak 69], [Mruaros
87a], [Mruaros 876] mokazaHo, uTo NpuOJMKEHUs s3bIKOB nporpamMmmupoBanus KC-
rpaMMaTHKaMH XOPOIIO MOAAITCS paclieryieHuto, XoTs He Kaxnas KCrpamMmartuka
MOXKeT OBITh paclilerieHa Ha 4acTH, AOMYyCKalollhe HEeKOTOPYI0 He3aBUCUMYIO HUX 00-
paboTKy, HEOOXOAUMYIO 1151 CO3[aHUsl aHaAIM3aTopa.

3nech mpensaralTcs npueMbl pasnaeneHuss Drpados, obgeryamiire npeobpasoBa-
Hue Drpaca B skBuBaseHtHoe KCsbipaxkenue. Tak kak Drpadsl siBasitoTcs cpen-
ctBoM 3anaHusi KCA3eikoB, pab6oTa MOXKET 0Ka3aTh BJHSIHHE, B YACTHOCTH, HA TEXHO-
JIOTUH CHHTAaKCHUECKH YTIpaBJ/sieMOH 00pabOTKH NAaHHBIX.

Ham meton pasnenenus Drpada npeanosaraer npuMeHeHne aJropuTMOB Ha rpadax
[Peituronbn - Husepresbt - leo 80], uto siB/isieTcsi, MOBUAMMOMY, HOBIIECTBOM B
TeXHHKe 00pabOTKH S3bIKOBBIX OMMCAHWU. DoJbIIYI0 pOJb MPH 3TOM HUIrpPaeT MOHSTHE
CUJIbHO CBSI3HOH KOMIIOHEHTHI rpada.

B paspenax 3.2.1-3.2.2 usydaeTcsi COCTaB U B3aUMO3aBUCHUMOCTb CHJIbHO CBSI3HBIX
kKomrnoHeHT Dfpada B cBa3u ¢ HaO/aonaeMblM B Drpade siBleHHeM NapHOCTH AVT.
OxkasbiBaetcst, Drpad) MoxeT UMeTb LHMKJbl, KOTOpble HHUKOTAA HE HUTEPUPYIOTCS B
MapuipyTax, T.e. Hapsay ¢ mapupytom 177575, roe 75 — monoOHBIA LMK/, He Ccylle-
cTByeT MapupyTtoB Buma 1775'T; njs NPOU3BOJBHOTO HATypasbHOro 4yucaa n. Asro-
DUTM BBISIBJIEHHUS] TAKHUX LIMKJIOB BBITEKAET U3 ONpelesIeHuUs] JUHEHHOH NyTH (CM. pasned
3.2.1). OH He TpebyeT 06pa3oBaHusl KAKUXANOO LUKJIOB, HO TPeOyeT MOCTPOEHHUS BCEX
CHJIbHO CBSI3HBIX KOMIOHEHT Drpada.

HenycTble yacTH CH/IBHO CBSI3HBIX KOMIIOHEHT, OCTAIOIIHECs 32 BblUeTOM JIMHEHHBIX
IYT, ONpefesioT COoCOOHble Pa3MHOXKATbCS B MaplIpyTax LMKJbB U Ha3BaHbl 1103TO-
My urtepantamu. [lapHocts nyr Drpada oOycsaBiuBaeT CLENJEHHOCTb HUTEPAHTOB,
omnpezensemyio B pasznene 3.2.2. Kiacchl OTHOIIEHHUS CUEMJIEHHOCTH U XapaKTepU3YIOT
BbIessieMble B DFpade uacTu.



B paspese 3.2.3 paccmarpuBaroTcs NOHATHUS (POPMAHTA U Pa3BUTHS, OoJiee oOLIHe 110
CpaBHEHHIO C onpenesneHHbIMH B ryaBe 1. O6o611eHHe cieaHo ¢ Leblo 060HTHCh 60-
Jlee KOPOTKUMH MapLIpyTaMHy MPH OTBICKAHHWH LUKJIOB, 00€CeYnBaIOIMX pa3pacTaHue
MaplLIpyTOB. 31eCb e ONpele/sloTC CXeMbl — YacTHbIH cJydyall KaHOHOB.

B pasnene 3.2.4 uccnenyercs BO3MOXKHOCTb MepeHoca Ha caydail DFpadoB TeXHUKH
paclienyieHust CUJbHO CBSI3HBIX KOMIIOHEHT, MpPeNJOKeHHOH B pasnene 3.1 B KadyecTBe
OCHOBBI MOCTPOEHUS PEryJsSPHOrO BbIpaKEHHsI M0 KOHEYHOMY aBToMaty. BriscHsercs,
4TO MOMBITKA TAKOTO MepeHoca HaTaJKHBaeTCs Ha 3HAUMTeJbHble TPYLHOCTH, CBSI3aH-
Hble C HeNpeaCcKa3yeMOCThI0O UMC/Ia W XapaKTepa BXOXKIEHHH MapHBIX AYT B LHUKJIBI
(opmaHTOB. YcTaHaBAMBaeMas 3[eCb BepXHfs OLEHKA YHC/Ia BXOXKIEHHH (DUKCHPO-
BAaHHON Mapbl AYT B CXeMbl BeJHKa M BJe4eT NOJNTUH Tepe6Op BapHAHTOB BXOXKAEHHH.

B pasnene 3.2.5 maercsi MeTon pasJsioXKeHHs] JUHUH U CXeM, T.e. HEKOTOPHIX OUeHb
MPOCTO YCTPOEHHBbIX MapUIPYTOB, Ha 3JIEeMEHTHI, ONpefesiollle TPOU3BOAUMblE He3a-
BUCHMO APYT OT Apyra KommnoHeHTbl uckomoro KCsbipakenusi. @opmynupyercs anro-
put™ noctpoenusi KCsoipaxkenusi mo Drpady.

dkBuBaseHTHoe Drpady D KCsripaxkeHue, METON MOCTPOEHUST KOTOPOTO paccMmarT-
puBaeTcs B HacTosllell paboTe, o603Hauaetcs yepe3 Expr(D). [ljas MOCTPOEHHUS BbI-
paxenusi Expr(D) crpoutcs Bblpaxkenue £(D) Han andasutom E(D), onpenensioliee
A3blk Sentences(D).

3.2.1. JlockyThbl. JIuHuu
[Iyctb
D= (‘/727757)\7P07F>
ectb Drpap, P C P, E C E(D), I,F C V. Torna Ha3oBeM NATEPKY
PD=(D,E,P,I,F)
JaockytoM D-rpacpa D. 3necb I — MHOXKECTBO BXOAHBIX BepLIMH JockyTta PD, F —
MHOXKECTBO €ro 3aKJIOYHTeJbHbIX BEPLIHH.

[Tlycte T € E* — wmapwipyt Drpapa D; mycTh KaxKablil HeHTpasbHBIH ydyacTOK
mapuipyta 1" sBasercs uenodkoi us Lp. Torna Hazosem 1" mapuipytom Jjockyta PD.
Ecan pair(T) € I x F, To HazoBeM 1" npeasioxenneM Jjockyta PD.

[Ipumep 5. Ilpu ompenesieHUH MaplIpyTa JOCKYTa Hesb3sl OTPaHUUYUTHCS TpeboBa-
HueM 1" € E*. JleficTBHTe/IbHO, paccMOoTpuM Drpad
M

O

2 3
A 1 B4 C
D: —0»050-

¢ DMmHOX)ecTBOM

P = {<17 2)? (374)7 (17 4)7 (37 2)}
U €ro JIOCKyT
PD = (D,{1,2,3,4},P —{(3,2)},{A},{C}).

E* conepxut Bce mapuipyTel DFpada D, unciio KOTOpbIX 6€CKOHEUHO; OJHAKO NTaHHBIN
JIOCKYT WMeeT TOJbKO ABa npensoxenusi: 14 u 1234. Ilonsatus, BBoguMble nanee AJjsi



DrpadoB, HY>KHO CUMTaTh ONpeNesNeHHBIMH U I/ UX JOCKyTOoB. Hampumep, MoxxHO
TOBOPUTb 00 UTepaHTe JIOCKYTa U T.IIp.
3ameTtuM, 4To Dfpad, B3ATbIH LEJUKOM, MOXKHO CUUTATb €ro JIOCKYTOM

(D, E(D),P,{Fu}, F).

JIMHUM, MapuIpyThl B HEKOTOPOM CMBIC/IE€ MPOCTENIIero BUaa, CAyKaT YacTIMHU Bbl-
paxenusi £(D). Kpome Toro, nuHHH B rpade, KOTOPbIH siB/sieTcs moarpadom paccmar-
puBaemoro Dfpaca u nomyckaer B cebe BbIAeJeHHE TOAYHHEHHBIX r'padoB, Mpeio-
CTaBJISIOT aJrOPUTMY BblIeJIeHUS] "OTIIPaBHbIE TOYKU'.

Crenytoliiee ornpezesieHHe BBOAUT XapaKTePUCTHKY MapIIpyTa, aHAJOTHUHYIO MOHS-
THIO 3apsila MaplipyTa Mara3uHHOr0 aBTOMaTa.

[Tycts T — mapuipyt. Pesynbrar p(7) npumeHeHenus K HeMy DertoGpakeHust Ha-
30BeM 3apsaoM mapupyta 1.

Ecmu u(T) = A, To GyneM Ha3blBaTh MapuipyT 1’ HEHTPaJbHBIM.

flcHo, uto 3apsin siBAsercs uenoukod us Right(P)*Left(P)* u, ecin He myct, co-
CTOMT M3 AYT, He UMEIOUIUX Napbl B JaHHOM MapllpyTe.

[Tycte T — wmapuipyt, Closure(T) = {TZTT,|TYTT, — He#ATpajbHBIH MapiipyT;
pesysbTaT ynajeHust U3 1) Wid T HEKOTOPOTO HEMYCTOrO ydacTKa JUGO He SIBJISeTCS
MapupyTom, nu6o He HeltpaseH }. [lyete p = {(m,me) € P|3IT" € Closure(T) (m u
o obpasytor rHe3no B 1”)}. Torma 6ymem roBoputb, uto 7' ecTb MapupyT B p. Bynem
MCIOJIb30BaTh AJs1 p o6o3Hauenue P(T).

[Tycte P u (Q — BepuuHbl, w — 3apsn, p € P. O603HauuM yepes
Computations(p, P, Q,w)

MHOXKECTBO BCeX MapLIPyTOB B p ¢ MNapodl KoHUoB (P,Q)) u 3apsizoM w. Ecau
T — wmapupyTt ¢ mnapoi kKoHuoB (P,()) W 3apsiioM w, TO OyleM CUYHTaThb 3alHUCh
"Computations(p,T)” CHHOHUMOM HaHHOTO 0603HAUYEHHSI.

Takum >xe o6pa3om OyneM COKpalllaThb U HEKOTOpble JaJjiee onpefessieMble 0603Ha-
yeHus1, Hanpumep, Lines(p, P, Q,w).

OnemeHT  MHOXKecTBa  Lines(p, P, Q, w) = {T € Computations(p,
P,Q,w)|reduction(T) = T} O6ynem HaswiBath (P, P,Q,w)-1uHuel (WIH, TpocCTo,
JUHHeH, ecau p,P,Q,w nubo mnonpasymeBaioTcs, JUOO He CYLIECTBEHHBbl B AaHHBIH
MOMEHT).

Kak BUAMM, JHHHS HE CONEPKHT BCTABOK, APYTHMH CJIOBAMH, HE SIBJISIETCS MPOU3-
BOIHBIM MapIIpyTOM.

3.2.2. ArepaHThbl U UX CLEMJIEHHOCTh

Omnpenenum UTepaHTbl — CBs3HblE KOMIOHEHTb Dfpada, KoTopele Hapsay C JH-
HUSIMH WIPAIOT KJIOUEBYIO POJib B paccMaTpHBaeMOM NOCTpoeHUH. s 3Toro BBeaeM
HEeCKOJIbKO BCIIOMOTaTeJIbHBIX MOHSATHH.

[lanee HeTpuBHa/bHAsA, T.e. UMelOLlass AyTH, CUJIbHO CBs3HAs KOMIIOHEHTa Ha3blBa-
€TCA KPATKO CHUJIBHO CBSI3HOH KOMIIOHEHTOM.

[Iycte D — Hexortopweii Drpad. Hanum pekypcuBHOe omnpenesieHUe MOHATHS JIH-
HerHas (B D) nyra:



1) nyra, KoTopast He SIBJIsIeTCsl IYTOH HUKAKO# CUJIBbHO CBSI3HOH KOMITOHeHThl Dpaca
D, HasbiBaeTcsl IMHEHHOH B HEM;

2) mycTb Ayra 7 TakoBa, YTO Ka)kJas MapHas €l Ayra yIoBJIETBOpPseT MyHKTY 1
JNAHHOTO OIpe/iesIeHUs]; TOTla T Ha3blBaeTcs JUHEHHOW B D;

3) nycTb ayra 7 JuHe#Ha B rpade descendant(D), nonyuaemom u3 D ynajeHHeM
ero AyT, YIOBJETBOPSIIOLIUX MYyHKTaM 1,2 NaHHOro OINpejesieHus; TOrAa T CUHUTAETCs
JIUHEHHOH U B D.

IIpumep 6. B Drpace D
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¢ DmHOXecTBOM
{(1,10),(2,3), (4,5), (4,11), (12,5),(7,8), (6,9), (13, 14), (15,16)}

ayru 1,2,7,8 u 10 JTUHEHHBI COMVIaCHO NePBOMY MYHKTY IMOCJe[Hero onpeneJseHus, Ayra
3 ynoBJeTBOpsieT BTOPOMY NYyHKTY. JInHelhHocTh nyr 4,5,11 u 12 obHapyXKuBaeTcs B
pesyJsbTaTe ypaJnenus ayr 1,2,3,7,8,10. B rpage

descendant(descendant(D))

NIepBOMY MYHKTY OINpeleseHUs JUHEHHOH NyTrW YAOBJETBOpsieT ayra 13, BTopomMy —
14, tpetbemy — 15 u 16.

M3 omnpeneneHus BUOHO, 4TO JuHelHass ayra Drpada ydacTByeT B JIMHHH, €ro
COOCTBEHHOH WMJIM HEKOTOPOro 'MOTOMKA", ueM U oObsicHsieTcs: BbiOOp TepmuHa. Cie-
OyloIlasi JeMMa O3HadaeT, uUTO JIMHeHHas [yra HUKOTJa He y4acTBYeT B HEHTpPasbHBIX
UMKJaX U LIMKJIaX, 00pa3ymoliux THe3aa.

Jlemma 18. Ecau nyra BXOOUT B HEHTpaAJbHBINA LUKJ WIH B KaKOMHHUOYIb U3 IBYX
NapHBIX APYT APYTY LHKJIOB, TO OHA He fBJISETCS JIMHEHHOM.

JlokaszaresbctBo. Ilyets m — nuHelHas ayra B Drpage D. Torma cyliecTByiOT
uesoe k > 0 W nocaenoBaTenbHOCTb rpados Dy,...,Dy, Takue, uto Dy = D, D; =
descendant(D;_1) nns 0 < i@ < k W pyra m ypnoBJerBopsieT B Dy MyHKTY 1 uau 2
onpeneseHus JUHeHHOH nyru. Jlokaxkem JeMMy HHAYKUHEH 110 k.

3aMeTUM NpefBapUTe/IbHO, YTO €CJIM HEKOTOpasi Ayra 7, yIOBJETBOPSIeT B HEKOTOPOM
rpade nyHkTam 1,2 onpeneseHus JUHEWHOH AYTH, TO OHA cama WJM Jbas napHas
el ayra mo He TNPUHANJIEXKHUT HUKAKOM CHJIBHO CBSI3HOM KOMIIOHEHTEe 3TOro rpada.
CorsiacHo ompenesieHUsIM He3/a U HEHTPAJTbHOTO [UKJA Ka)K1ast Ayra OLHOTO U3 IBYX
NapHBbIX LUMKJ/OB UMeeT NapHYyI0 B HEM CaMOM HJIM B NTAPHOM €My LIHUKJIe, a KaxKaas ayra



HelTpaJbHOrO LHKJa UMeeT NapHyto B HeM caMmoM. Ho 3To o3Hauaer, uto sjeMmeHT D-
MHOXKeCTBa, 00pa30BaHHbI! AyraMu m; U T, He MOXET y4acTBOBaTb B HEUTpaJ/bHBIX
M MapHbIX LIMKJAAX paccMaTpuBaemMoro rpada.

M3 ycraHoBsieHHOro caenyet, yto Mapwpytel rpada D;, 0 < ¢ < k, He comepxxar
HeHTpasbHBIX UJM MAapHBIX LIUKJOB, B KOTOPbIX Y4acTBOBaJW Obl 1yTH, YAOBJETBOPSIO-
l[Me B HEM NYHKTaM 1,2 onpenesneHust JHHeHHON ayru. Takum o6pa3om, yTBep:KIeHHE
cnpasenuBo npu k = 0.

[Iycte £ > 0. Honyctum, uto nyru rpada Dy, yoOBJAETBOPSIIOLUIME B HEM MyHKTaM
1,2 ompeneneHuss JUHEHHOH NyrH, BXOAAT B HEHTpaJsbHble WM MapHble LUKJAB 00b-
emJolero rpaga. Torpa coryacHO yCTaHOBJIEHHOMY BblLe B 3THX LHUKJAAX 00S13aHbI
y4acTBOBaTb AYTH, OTCyTCTByolHe B Dy. Ho yyacTue 3TUX nyr B HeHTpaJbHBIX HJIH
MapHBIX LUKJAaX NPOTUBOPEUUT MPEATONOKEHUI0 HHAYKIUH []

[Tyctp cunbHO cBsA3Hasg kKomnoHeHTa G Drpada D umeer nyru, KOTOpble He SIBJS-
totes auHedHbIMU B D). IlycTb ee moarpad C' onpenesisieTcsi MHOKECTBOM BCeX TaKHX
OYyT U UX BeplinHaMu. Torna HazoBeM C' HTEPaHTOM.

3aMeTuM, UTO CHUJbHO CBSI3HASl KOMIIOHEHTa MOXKET COflep:KaTb KaK JIMHeHHble TyTH,
Tak U OYTH, He ABJSIOIIMeCs JUHeHHbBIMU. Tak, B Drpade
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{(1,4),(2,3),(5,10),(6,9), (7,8)}
oyTu 3,4,5 JquHelHsbl, a ayra 6 obpasyeT utepanT. Bropoil utepant nanuoro Drpada
COCTOMUT M3 AYTH 9.

MozeT clyduThCsl, YTO BCE AYT'H CUJIbHO CBS3HOW KOMIIOHEHTHI JIMHEHHBI, KaK B cJle-
nytouleM npumepe. Takum o6pa3om, CUJIbHO CBSI3HOH KommoHeHTe Drpada oTBeuaer
He OOJibllle OJHOTO UTEpaHTa.

[Ipumep 7. Cnenytomuii Drpad ¢ DmuoxectBom {(1,2)} He MMeeT HUTepaHTOB,
XOTSl Yy Hero eCTb HeTPHUBHAJbHASI CHUJIBHO CBSI3HAs KOMIIOHEHTA.

1

Jlemma 19. ViTepaHT CHUJIBHO CBSI3€H.

/lokasaresbcTBo. [IpoTBHOE 03HA4aJs10 Obl, UTO Cpeld AYT UTepaHTa eCThb JHHEHHbIe
B [ nyru, BOIpeKH olpenesieHUI0 utepaHta [J

Crnenyromuii (pakT MOArOTaBAHBAET, MO CYLIECTBY, OCO3HAHHE BO3MOKHOCTH BaXKHOH
B3aMMO3aBUCHMOCTH Pa3JIMUHbIX HUTEPAHTOB.

Jlemma 20. Jlo6as nyra uTepaHTa napHa HEKOTOPOH Ayre HeKOTOPOT'O MTepaHTa.

JlokasatesbcTBo. Ilpennosnoxxum, 4ToO HEKOTOpasi Ayra m HEKOTOPOTro UTepaHTa 00-
pasyeT mapel TOJNBKO C 1yraMH, He BXOASLIMMHU B UTEPAHTHI, T.e. JUHeHHBIMU. Ho Torna
U yra 7 JUHelHa, BONPEKH onpeaeseHHI0 uTepanta [



Jta JeMMa 03HayaeT, UTo AYT'M HeUTpaJbHbIX U MapHbIX LHKJOB SBJSIOTCSA AyraMu
HEKOTOPBbIX UTepaHTOB. [pyruMu c/joBaMH, BepHO yTBep:KAeHHe, oOpaTHOe neMMe 18.

[lyets (my,m) € P. Ilyets mast ¢ = 1,2 nyra m; sBasercss ayrod urepanta Cj
(momyckaetcst paBeHcTBo O = (). Torna GyneM TOBOPHUTB, UTO UTEPAHTHl | U o CLeI-
qaeHbl. Htepant C, cuensenssit ¢ C) (uaum Cy), cuutaem cuenseHHbM ¢ Cy (¢ C)
COOTBETCTBEHHO).

Takum o6pasom, Ha MHOXKecTBe UTepaHTOB Drpada onpenesnsietcs pedJeKCHBHOE,
CUMMETPHUYHOE W TPaH3UTHBHOE OTHOLLIEHHE CLeNJeHHOCTH.

IIpumep 8. llycte nas Drpada, npencTaBieHHOT0 CAeAYIONIMM PUCYHKOM,
P ={(1,4),(2,3),(5,6), (5,10), (1,7),(9,8)}.

020
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Torna ero Tpu CH/BHO CBSI3Hble KOMIIOHEHTBI CLEMJIeHbl APYT C JPYyroOM.

3nech ayru 1,5 mapHbl COOTBETCTBEHHO JIMHeHHbIM ayram 7,10. OgHako oHU sIBJS-
IOTCA NyraMH UTEPAHTOB, TaK KaK MapHbl COOTBETCTBEHHO Ayram 4,6 CUJIbHO CBA3HOH
KOMIIOHEHTHI, He UMelollel JHHeHHbIX B 1aHHOM Drpade nyr. [IpaBna mapuipyTos, B
KOTOPbIX AyTrd 1 W 4 o06pasyloT rHe3na, He cyllecTByeT. B camoM nesie, eqMHCTBEH-
HblH nyTh U3 end(l) B beg(4) cOCTOMT M3 AYTH 2, T.e. He SBJSETCH HEHUTPaNbHBIM
MapLIpyTOM.

3.2.3. Pacminpenue nonsatus popmaHTa

PaccmatpuBaemoe paciiupenue nmo3BoauT npu odpabotke Drpacda obxonutbes 60-
Jlee KOPOTKMMH MaplIpyTaMH Ha HUTepaHTax. B uucao ¢opmaHTOB OyAyT BKJIOYEHbI
U HEKOTOpble HeHTpaJsbHble MapupyTel. /s mocTpoeHUs: HeHeHTpasbHOrO POpMaHTa,
JNOCTHKUMOTO M3 HEKOTOPOH (pUKCHPOBAHHOW BepLIMHBI UTepaHTa, Tpebyercss "Mpoil-
TH", BooOllle roBopsi, 6osee KOPOTKUE MapLIpyT, 4YeM B cJydyae, KOrjaa HelTpasbHOCTb
(opmaHTa Oblia 0Osi3aTesbHa.

3.2.3.1. BcraBku u cxembl. B onpeneneHun BCTaBKU (DUKCUpPyeTcsl HabJiofeHUe
0 TOM, YTO /151 pa3pacTaHHs MapLIPYTOB MOXKHO HCIIOJb30BAaTh M HEKOTOpblE HEHeH-
TpaJsibHblE IUKJIBL.

CxeMbl oOmpenessitoTcss B TepMHHaX BcTaBOK. OHM PONCTBEHHbI KaHOHAM BeCbMa
YacTHOrO BHUJA.

[lyets T — wuka, p(T) = TiTy, Ty € Right(P)*, Ty € Left(P)*, u(1Tx1)) = A.
Torna nasosem uukn 7' RBCTaBKOH .

3amerum, uto T% k > 1, sBaserca uukaudeckum mapiupytoMm u p(T%) = p(T).
ABnserca mapuwpytom u nyts 137}, ecaun 1377, — mapupyt, B Kotopom 1’ ecTh R-
BCTaBKa. TakuM obpa3om, 3amMeHa RBcTaBKH JI060H ee cTemeHblo (B TOM 4YHC/Ie U
HYJIeBOH) OCTaBJIsieT MapLIPyT MapLIpyToM. DTO ONpaBiblBaeT yrnoTpebjeHHe B Tep-
MHHe cJIoBa "BCTaBKa'.

YKasaHHBIN KJlacC MapLIPyTOB HAlIOMHUHAET O PeryJjspHbIX fA3bIKaX, 4eM U 0ObACHS-
eTcs mpucraBka "R".

HefiTpanbHbIH LUK eCTh YacTHBIM caydaid RBcTaBkw.



[Tycts tpoiika (71,75,73) takoBa, uto 111573 — wapuwpyt, 77 u T3 — LHKJIH,
,U(Tl) = T T12T13, ,U(TQ) = T'1T33, M(Ts) = T3, 13533, T12 1 T3p HE TIYCTHI, ,U(T12T32) =
A, w(Ty3Thy) = p(T3375,) = A. Torma Gynem roBOpHUTh, YTO JaHHAs TPOHKA YKAa3bIBaeT
noBTopsieMble (TOYHee, COIJIACOBaHHO MoBTopsieMble) LUKJAbl T v T3. Mapupyt 117573
Ha3oBeM S-BCTaBKOH.

3amerum, uto TFTLTE k > 0, sBasercs mapuipytom ¢ 3apsgom Ti17T33. Ilapusie
LUKJbl — YACTHBIHA CJyyall MOBTOPsSieMbIX LIUKJIOB.

[TonsiTHe SBCTaBKH BbI3bIBAE€T ACCOLMALMU C MOHSTHEM CAMOBCTABJSIOMIETOCS CHM-
BOJIa TPAMMATHKH, OTCIOA MPUCTaBKa 'S".

IIpumep 9. Drpad
3
-0=-0 O-
2
¢ DMHOXKecTBOM

{(1,2),(3,2)}

onpenensieT RBcTaBky 23, KOTOpasi yAOBJETBOPSIET ONpefe/ieHHI0 3JleMeHTapHOH cxe-
Mbl (CM. HH2Ke). DyieMeHTapHOH CXeMOH SBJsieTCs U TpedsoxkeHue 1232.
[Ipumep 10. Drpad

-0-020 O O O
3 4 6 7 8
O OB0—

¢ DMHOXecTBOM
{(1,10),(2,3), (4,8),(5,3),(6,7),(9,7)}
ornpenessieT SBCTaBKY
T = 34536789,

KOTOpasl IBJSIETCH YYaCTKOM 3JeMeHTapHOHW CXeMBbIFIpeJI0KeHNS
(1,2,7,7,10).
3nech NOBTOpsieMbl HeHeHTpasbHble LUKJBL 345 1 789.

[Ipumepsl mokasbiBalT, YTO C(HOPMYJUPOBAHHBIE B HACTOsIlLleHd paboTe omnpeneJe-
Hust R-u SBCTaBOK MO3BOJISAIOT OOHAPYXKHUTb SIBJEHUS HTEPALMH U COTJIaCOBAHHOU
UTepalry MOALeNOUeK B Lleroykax 3afilaHHoro Dfpacom s3biKa, MHHHUMAJbHO ~TIPO-
KPY4YHBasCh” IO CHJIbHO CBSI3HBIM KOMIIOHEHTaM.

Mapuipyt, KoTophiii siBasieTcsi RBCTaBKOH WM SBCTAaBKOH, OyneM Ha3blBaTb BCTaB-
KOH.

@opmaHT — 3TO BCTaBKa, JII0O0H cOOCTBEHHBIH YUaCTOK KOTOPOH He SIBJIsSIeTCS BCTaB-
KOH.

CxemMa — MapuipyT, BCe BCTaBKH KOTOPOTO SIBJSIOTCS (POPMaHTaMH.

CoOCTBeHHBIH yuacTOK BCTaBKH T, BXOAsleH B HEKOTOPYIO CXeMy, He MOXKeT caM
ObITh BCTaBKOH: HHavye T’ He Oblia 6bl popManToM. OnHAKO pa3/aMUHBIE BCTABKH OLHOH
CXeMbl MOT'yT UMeTb OOLIMH y4acTOK.



[Iyctb B cxeme T moOble 1Be BCTaBKM HMeEIOT HemycTod o6uwuil ydactok. Torma
HazoBeM 1’ 3/1leMeHTapHOH CXeMOH.

HWrak, noHsiTHe 3JileMeHTapHOM CXeMbl PaCIIMpPeHO Mo cpaBHeHHIO ¢ [BoiiuTtok 98] He
TOJIBKO 32 cyeT OoJiee eMKOro MOHATHUS BCTaBKH, HO U 3a CUET pa3pelleHHUs] HeCKONbKHUX
ornpeneseHHbBIM 06pa3oM ''TepeceKarluXCsi BCTaBOK.

JelicTBUTENBHO, YTOOBI MONACTh U3 OJHOW 3aJaHHOH BepLIMHBI UTEPAHTA B NPYTYIO
3a/laHHYI0 BepIUHHY, UCIOJb3Ysl HEKOTOPYIO BCTABKY, HO He HCIOJb3Ysl OJHOBPEMEHHO
BCTABOK, He HMEIOLIMX HEeNMyCThIX OOLIMX Y4YacTKOB, MOXeT MOTpeboBaTbCs OOOHTH
BCe LHMKJIbl MydyKa LUKJOB, MOX0XKEro Ha NEeMOHCTPHUPYEMBIH CJeNyIOLHMM MPUMEPOM
mapuipyTa. [ToaTomy KaxkeTcs ecTeCTBEHHBIM CUMTATh 3J€MEHTAPHOU CXeMy

NI 13Ty T51617,
rae 7; — "HeuTpaabHbld MapwipyT a1 < ¢ < 7, Haua/bHble BepLUMHbBl MaplpyToB 17,
TQ, Tg U T4 [IOMMapHO pa3JHNYHEI, T1T2T3T4, T2T3T4T5, T3T4T5T6 U T4T5T6T7 ABJIAKOTCA
RBcraBkamu.
Jlemma 21. Ilycte T — HeHTpasbHBIH ydacTOK 3JeMeHTapHOH cxeMbl. Torga crmpa-
Be//IMBbl HEPAaBEHCTBA
width(T) < min(|V]| + 1, |P]),
depth(T) < min(|V]*, |P| +1).
JlokasatesnbcTBo. IlepBoe M3 HepaBeHCTB MOKAa3bIBAETCS aHAJOTMUHO JeMMe 2 U3
[BeriuTok 98], a BTopoe — aHaslorHuHO JeMMe 3, oTTyna xe [
Jlemma 22. Tlyctb 7" — HeHTpasibHBIH y4acToOK 3jeMeHTapHOH cxeMbl 1, m = |V,
b= |P » T = Gmin(m+1,p),min(m?2,p+1)- Torna
!
T <, [T] < n(|u(T)] + 1)
JlokaszaresbcTBo. JloKa3aTebCTBO 11€PBOTO HEPABEHCTBA AHAJOTMYHO J0Ka3aTeJlb-

ctBy JeMmMmbl 4 u3 [Beuiutok 98]. Bropoe HepaBeHCTBO cJjenyeT U3 MpeaCTaBJIeHHS
3J1eMeHTapHol cxeMbl 1’ MOC/e0BATENBHOCTBIO

Tom T 7o) L))

rae (1) = my...m (), T; — BeliTpanbhblil yuacTok ans 0 <4 < [u(7T)| O
W3 nemmbl 22 caenyet

Teopema 9. MHOXKeCTBO 3JieMeHTAPHBIX CXeM, HMEIOILMX OIHH U Te XKe 3apsifl U napy
KOHII0B, KOHe4yHO [

3.2.3.2. OTHOmEeHNEe pa3BUTHS MapumIPyTOB. Pa3BuTHe (M0 APYyromMy MOKHO CKa-
3aTb "paspacTaHue") CBOTUTCS K IOCJEN0BATENbHOCTH 3aMeH TaK Ha3blBa€MbIX aTOMOB
dopmanTamu. Kak BUAHO U3 CJIeNYIOIIMX ONMpenesieHHEH, aTOM BCeraa MPUCYTCTBYET BO
BCTaBKe, B YAaCTHOCTH, B (DOPMaHTEe, U MOXKET BCTPeUaThbCs B MaplIpyTaX, KOTOpble He
colep>KaT BCTABOK.

[Tycts T' — 370 RBcTaBka. Torna HazoBeM R-atomom (BctaBku T) mycTo# MapuipyT
¢ BepunHoi beg(T).

[Tyctb tpoiika (74, 7%,73) yKasblBaeT COIJIaCOBAaHHO TOBTOpsieMble UHUKJAbl 17 U T3.
Torna Hazoem 15 S-atomom (BctaBku 1771573).

MapupyT, KoTOpbI# siBAsieTcss RaToMoM niu SatomoMm, OyneM Ha3blBaTb  aTOMOM.



3aMeTHM, 4TO aTOM SIBJISIETCS 3JeMEHTAapHOW CXeMOMH, He cofepxKalledl BCTaBOK.

Onpenenum Ha MHOKecTBe MapuipyToB Drpadha D GuHapHOe OTHOLIeHHE f},, Hero-
CPeACTBeHHOr0 pa3BHUTHS CJEAYIOLUM 00pa3oM.

(T T3T5, VT, T5T,Ts) € 1

C HCTOpHEH Da3BUTHA
(T17 T27 T37 T47 T5>

TOTAA U TOJNBKO Toraa, Korma 1,737, ectb popMaHT ¢ atomoM 73. OTHolieHue 17,
Ha30BeM OTHOILIEHHEM DAa3BHUTHSI.
M3 omnpeneneHuil MOXKHO BBIBECTH CJeAYIOlLIEE YTBEPKAEHHUE.

Jlemma 23. Ilyets T — wmapuipyt Drpada D. Torma cyliecTBYIOT Takde UHCIO k
U T0CJe0BATEeNbHOCTh MapwipyToB 1y, ..., T, 4To 1) HEe COOepkKUT BCTABOK, 1j = T
u s 0 < ¢ < k crpaBensiuBel cootHowenus pair(1;) = pair(T), w(T;) = p(T),
(Ti’TH-l) € ﬁD O

3ameTuM, 4TO 0OCyxKIaemasi B JeMMe 23 MOCJeN0BaTeNbHOCTh ONpeaeeHa HeOqHO-
3HauyHoO. JIt06yr0 U3 TaKUX MOC/Ae0BaTeIbHOCTEH OyieM Ha3biBaTh POAOCAOBHOH Maplil-
pyta T' (c npenkom Ty). $lcHo, uTo

Ty € Lines(P,beg(T), end(T), u(T)).

Jlro60oe mHOxecTBO Lines(P, P,Q,w), rne P u () — BepLIWHb, w — 3apsili, BIOJHE
aHaJIOTHUHO MHOXecTBY Frame(M), onpeneneHHomy B [Bblmutok 98] masi marasuH-
Horo aBtomata M. [lelicTBUTesnbHO, MHOXKecTBO Lines(P, P, (), w) eCcTb MHOXECTBO
"npocreinx” npeakoB MapupytoB us Computations(P, P, Q, w).

Teopema 2 u3 [Beuturtok 98] mpencraBisier cofoil yacTHBIM ciydail cjenylolleH
TEOpeMbl, BBITEKAOIIeH HEMOCPEACTBEHHO U3 ONpeleJseHHs] POIOCIOBHOHM.

Teopema 10. Tlycts T' € Computations(P, P,Q,w). Torna cyiiecTByIoT Takie LeJsoe
k > 0 u mapmpyt T" € Lines(P,P,Q,w), uto (T",T) € 4%, O

CxeMbl ¥ UX MOAMHOXKECTBA, UMEHHO JUHUU U 3JeMeHTapHble CXeMbl, UI'PAIOT BaX-
HYI0 poJib B paccMmatpuBaeMoM ajroputme noctpoenuss KCsblpaxkenus no Drpady.
A PeKTUBHOCTD MOCTPOEHHUSI CXEM BJIMSET pellalolinuM, Moxanyi, obpasom Ha sdhdek-
TUBHOCTb BCEro aJropuTMa.

3.2.4. HexkoTtopble HaOa0AeHUS 00 YyCTPOUCTBE CXEM

3.2.4.1. O noBTopsiemocTd B cxemax. ['padrl, noqunHeHHble Drpady, ecTecTBeH-
HO OTNpefiesiATh KaK 4acTH €ro UTePaHTOB, MO3BOJSIOLIHME CTPOUTh MApLIPYThl, KOTOPbIE
He HCIOJIb3YIOT HEKOTOPOH Maphl AyT UTepaHTOB. (3aMeTHM, UTO 3alpelleHHe UCIOJb-
30BaTh HEKOTOPYIO Mapy U3 DMHOXKecTBa He Bceraa CONpsiKeHO ¢ U3bSATHEM U3 rpada
IYT 3TOH Maphl: Belb OHX MOTYT y4aCTBOBATb B IPYTHX Mapax AaHHOro DmHoXecTBa.)

3aKOHHO MpPEeNIOoJNOXKUTh, YTO BbleJNeHHe MoArpadoB MoKeT ObiTh OoJiee UJIU MeHee
YIA4HBIM M 4TO yJadya 3aBUCUT OT BblOOpa HMCKJOUaeMOH napel. B ¢Bsi3u ¢ 3TUM BaxKHO
3HaTh XapakTep MOBTOPSIEMOCTH B CXeMax OLHOM M TOH »Ke mapel Ayr UTEPAHTOB.

Bo3moxkHBI caenyrolie 1Ba B3aHMOUCKJ/IIOUAOLIUX CJydast:

1) KJacc CLENJIEHHOCTH CONEPXKUT TOJNBKO OIMH HTEPaHT;

2) KJacc comepKUT GOJIblIe OJHOIO UTEPAHTA.



B nepBom ciyuae Bce OTHOCAILIMECS K MTepPaHTy MHapel Ayr oOpasyloT THe3la B
HEKOTOPBIX LUKJaX U B 3TOM CMbICJIe PABHOMPABHBI.

Bo BTOpoM ciyyae oTHocsilIMecsl K UTepaHTaM KJacca Mapbl IyT MOXKHO PasfesUTh
Ha JIBa copTa:

1) ygacTByomre B MaplLIpyTax TOJbKO HEKOTOPOrO ONHOTO WTepaHTa (TakuM obpa-
30M, 00e OYyTrH Mapbl SBJSIOTCS AyraMd 3TOTO UTEpaHTa);

2) o6pa3oBaHHBIE OyraM{ IBYX Pa3jMYHBIX UTepaHTOB. [lyisi KJjacca HeelHHUUHOH
MOILLHOCTH Tapbl NepBOrO M3 COPTOB MOTLYT OTCYTCTBOBATb, HO IMapbl BTOPOro o6si3a-
TeJIbHBI (MHAUe UTePaHThl KJacca He ObLIH Obl CLEMJIEHbI).

PaccemoTpum Heckosbko npumepoB DFpacoB U UX CXeM.

[Ipumep 12. Drpadsl



¢ DMmHoOXxkecTBamMu

{(1,4),(2,3),(5,6),(7,8)}

{(1,3),(6,2),(6,3), (4,5),(7,8)}

COOTBETCTBEHHO UMEIOT 10 OHOMY UTepaHTy. [lepBblil rpad onpenenser cpeau NpoyUx
cxeMbl 235236 u 1234712348, BTopoit — 134562 (310 mpenJsoxenue), 3456 u 4578 (3to
RBcTaBKH, HeHelTpa/sbHas U HeHTpaJbHask COOTBETCTBEHHO.)

JIIo60nbITHAsA OCOOEHHOCTb JAHHOTO NpHMepa — HEONHOKPATHOE HCII0Jb30BaHUE
HEKOTOPBIX Map AYT He TOJbKO B Pa3JHUHBIX CXeMaX, HO U B ONHOH U TOH XKe cXeMe.

[Ipumep 13. Drpad

7

2 8 13
0503030203208 08080~
9

10
¢ DmuoxkecTBOM

((1,14), (2,7), (3,4), (5,6), (8,13), (9, 10), (11, 12)}

onpenenseT Kak RBcTaBkd, Tak u SscraBku. Tak, (5,6,9,10) — HeiiTpasbHas R-
BCTaBKa, a (2,3,4,5,6,7) u (8,5,6,11,12,13) — He#iTpasibHble SBCTaBKH.

CusbHO CBsSI3HblEe KOMIIOHEHTHI AaHHoro Drpada siBasiloTCS ero utepaHtamu. Bce
oHH cuenJensl. [1apa (5,6) ucnosb3yercs B Ka)KJ0H BCTaBKe, XOTS OTHOCUTCS K OHOMY
UTEPaHTY.

Hanee 6ynem o603Ha4ath uepe3 P(C') MHOXKeCTBO Bcex nap U3 P, KOTOpble y4acTBY-
FOT BO BCTaBKaX, KOHIIbl KOTOPBIX SIBJSIIOTCS BePUIMHAMM UTEPAHTOB JAHHOTO KJacca.

3ametum, 4Tto B caydae |C| > 1 cpemu Ayr, KOTOpble BXOAST B 3TH Napbl, MOTYT
ObITh JUHeHHble. TakoBa ayra 6 B npumepe 4.2.



CoOTBETCTBEHHO KJaccy clieneHHocTH C' ompenesuM MHOXKECTBO ero 'pacliernure-
Jiel'Kak cJefyoulyto yacTb DMHOXKecTBa:

Splitters(C') = P(C) — {(m1, )| X0Ts1 Obl OIHA W3 AYT 7y, T2 JUHEHHA}.

Jlyru pacuienurtens o6pasyroT THe3l10 B HekoTopod RBcraBke man SscraBke. B
NOCJeHEM cJiydae JuO0 OHM 00pasyloT THe3[0 B OJHOM M3 IOBTOPSIEMBIX LHUKJOB,
Jau00 JeBast Ayra BXOAMUT B JIEBbIH M3 NMOBTOPSEMBIX LMKJOB, a IIpaBasi — B COOTBET-
CTBYIOILMH npaBbld. MHOe mpoTHBOpeuYuso Obl "CKOOOYHOH MHTepIpeTally 3JeMeHTa
DwmuoxecTsa.

3.2.4.2. OueHKa yucjaa MOBTOPOB pacUIeNMTe]eld B HEKOTOPBIX CXeMax

st snementapHoi cxembl T W mapel (mp,7e) € P o603Hauum uepe3 v(T, 7y, ms)
uncso rHe3n B 1, Kotopble uMeroT BUA (7, 1", ms).

[lyctb nast ruesn (my, T, 7o) v (), 1", 7wh) cripaBeqiuBO paBeHCTBO (7, o) = (7], 7m5).
Torna Ha30BeM 3TH THe3[a OMHOHMEHHBIMH.

PaccMoTpeHHbIe Bbllle MPUMEPHI MOKA3bIBAIOT, YTO [JIs KJacca eIMHUYHOH MOIIHO-
CTH YT €ero paclienuTesiss MOTYT 0Opa30BBIBATH HECKONBKO (CM. HHKE HEKOTOpbIE
YHCJIEHHblE OLIEHKH) rHe3[ B RBcTaBKeexeMe.

Crenymolui npuMep MoKasblBaeT, 4TO B SBCTaBKeeXeMe TaKxKe MOXKET ObITb MHO-
ro ofHOMMeHHBbIX rHe3i. COr/IacHO CJlefylollell JeMMe BO3MOXKHOCTb HCIOJb30BaHHS
OIHOTO TAaKOTr0 I'He3a BHYTPH APYroro IOBOJBHO KECTKO OrpaHHYeHa.

Jlemma 24. Tlyete C' — kuacc cuensieHHocTH, (my,m) € Splitters(C) u BcTaBKa
T B P(C) siBnsiercs cxemoit. Torna riy6uHa cKoGOUHOH CHCTeMBI, MosydaeMod u3 1’
yAaJeHHeM KaxKJI0# mapsl AyT, OTIMYHOH OT (7, T2), He IPEBOCXOMUT JABYX.

JlokasaresbcTBo. B poTuBHOM csiydae BcTaBka ' He Oblia Obl cxemol [

IIpumep 14. Drpad
nd® <O

0-0>0~
5
¢ DmHOXecTBOM
{(1,2),(3,4),(5,6),(7,8),(9,0)}

COBMajiaeT Co CBOeH CHJIBHO CBsi3HOH KoMmmoHeHTOoH C. Splitters(C) = P(C) = P. B
npenyoxenunexeme 71931251264028 nyru pacuienureds (1,2) o6pasyoT Tpu ruesza.
YKazaHHas JeMMOH ckoOouyHas cucteMa ecTb 112122. Ee rayOvHa paBHa ABYM.

[Tpu oneHke yucsa OfHOMMEHHBIX THE3] B 3JIeMEHTApHOH cXeMe BaxKHO CJefylollee
yTBepKIeHHUeE.

Jlemma 25. Tlyets T — 3jemeHTapHast cxema 6e3 SBCTaBOK (TakoBBI, B YACTHOCTH,
JUHUS U (POPMaHT, He SIBJSIOLIHICS SBcTaBKor), T U Tb — ee OMHOMMEHHBIE THe3/a.
Torma: 1) HM omHO M3 THE3N He SIBJSETCS Y4aCTKOM Ipyroro; 2) s Jo6oro Hew-
TpasnbHOro mMapupyTa 15 mapipythl 117375 v T5T57T) He ABAATCH y4aCTKaMH CXEMBbI
T.



JlokazaresbcTBO. [lefCTBHTENBHO, B TEpPBOM CJydae cXeMa conepxkajia Obl S-
BCTaBKY, BO BTOPOM COOCTBEHHBbIH ydacTOK cxeMbl (Hampumep, 1173) siBasisics 6ul R-
BCTaBKoH [J

Jlemma 26. [lycte T — siemeHTapHasi cxema 6e3 SscraBok, v = max{v(T, m,ms)]
(m1,m2) € P}, p = parti(T), w = width(T'), d = depth(T). Torna

d—2
p-w =, d>1,
”S{ ld=1.

Hokasaresabctso. lpencraBum 1" B Buge 1' = 13...T,, rne T; umeer npotskeHue 1.
3aMeTuM, 4To CKOOOUHAsl cUcTeMa NPoTsKeHHs1 | MoxKeT ObITh MpecTaB/eHa OPUEeHTH-
pPOBaHHBIM [epeBOM, KOPeHb KOTOPOTO OTBeuaeT Nape BHELIHUX CKOOOK. V3 BepluMHBI,
OTBeuawllell HeKOTOPBIM MapHbIM CKOOKaM, UCXOAUT CTOJBKO AYyT, KAKOBO MPOTSKEHHUe
3aKJ/I0YEHHOH B 3TUX CKOOKax MOACHCTEMBI.

CnenoBaresbHo, Mapupyt 75, ¢ = 1, ..., p, MOXKHO M300pa3nThb MOJLAEPEBOM WHUYHOTO
flepeBa BbICOTH d, umMeromiero w1 mucrbes.

Bcnenctaue sieMMbl 24 0 B3aMMHOM DaCMOJIOXKEHHH OJHOMMEHHBIX THe3Jl B 3JleMeH-
TapHoit cxeme Beanuuna v (T, 71, m) oleHnBaercs uucaoM w2 npu d > 1 ¥ enuHuLeH
npu d = 1 pasi w60k napel (7, m2) € P. JleHCcTBUTENbHO, CPEAH KOHEYHBIX BepLIMH
AyT ¢ 00llel HauaJbHOH BEpIIMHON OfHA MOXKET OTBeYaThb nape (7, Ty), IPU YCIOBUU
4TO NMYTb K HEH OT KOPHSl He CONEPXKHUT APYTHX BepILUMH, OTBEYAIOLIUX TOH xe nape.

B cayuae d > 1 nemma caenyet u3 HepaseHctBa V(T my, me) < p-max{v(T;, w1, )|
1 <i < p}. B cnyuae d = 1 crnpaBeniuBo paBeHcTBO v(T;, 71, m) = 1 B CHJIY JI€MMBI
0 B3aMMOPACIIOJIOKEHUH OLHOMMEHHBIX ruesq [J

M3 nemMbl 26 U OLIEHOK MIMPUHBI U TJIYyOWHBI 3J€MEHTapHOH CXeMbl CJedyeT, B
YaCTHOCTH, OLEHKa

v(T,m,m) < |P|P.

3.2.4.3. Cexkymue 1 UX NpuMeHeHUe N KilaccupuKauuy MapuipyToB, coaep-
JKaIUX BEPUIMHBI UTEPAHTOB. SICHO, YTO MapLIPyT U3 BEPLIMHBI UTEPAHTA B BEPLIMHY
UTepaHTa MOXKeT ObITb COKpallleH ynajeHHeM RBCTaBOK M MOBTOPSEMBIX IIMKJOB [0
HeKOTOpOoH snuHuU. HekoTopble W3 JIMHWH, comep:KalllMX BepLIMHBl HTEPAHTOB, HA30-
BeM CEKYIIHUMHU (CM. ompelesieHNe HHXKe) U MPUMEHUM MJis ONHUCAHUS MapLIPyTOB, He
SIBJISIIOLIUXCS JTUHUSMU.

[Tycts mapuipyt T = TyT1 Ty sBasercs aunueit, beg(Ty) u end(T}) BeplLInHBI UTe-
paHTOB Hekortoporo knaacca C, Ty u T, He comepKaT AyT UTEPAHTOB TOT'O Ke KJjacca.
Torna nazoem 17 cekymek s kiaacca C (B mapupyte T).

OTmetuM, uto ecau T’ siBasieTcs mpensioxkeHueM W 3apsif (7)) HemycT, TO 0Opasy-
[OIIMe ero AYTH TMapHbl B JaHHOM MPENJIOXKEHHH HEKOTOPBIM JIMHEHHBIM yTaM.

3aMeTHM, 4TO MOXeT ObITh HECKOJIbKO CEKYILIUX C OAMHAKOBHIM 3apsiioM W Mapoi
KOHLIOB, U 0603HaunM yepe3 Across(C, P, (), w) MHOXeCTBO BCeX CEKYLIMX JAJs Kaacca
C', KoTopble UMeIOT Mmapy KoHUOB (P, Q) u 3apsn w.

[Iycts

T € Across(C, P,Q,w),

(71, m2) € Splitters(C),
p="P(C) —{(m, m)},
pair(m;) = (P, Q;) ons 1 = 1, 2.



Torpa B cayuae |C| > 1 o6o3nauum uepes Code(T, 7y, m2) 0ObeIMHEHNE MHOKECTB
Codel(T, T, 7'('2) = {(Th TQ, Tg)’Tl € Lines(ﬁ, P, Pl, ’LUl),
T2 € Lines(ﬁ, Q17 P27 A)7 T3 € Lines(ﬁ, QQa Q,QUQ); [L(UJl'lUQ) = w}

COdeQ(T7 T, 7T2) = {<T17 T27 T37 T47 T5)|
Ty € Lines(p, P, Py,w), Ty € Lines(p, Q1, Py, ws),
T € Lines(p, Q1, P2, N), Ty € Lines(p, Qa, P2, wy),

T € Lines(p, Q2, Q,w2); plwiwz) = w, p(wzwy) = A}.

[Tyete C' — knace cuensenHoctH, |C| = 1. [lyets T € Across(C, P,Q,w), (m,7') €
Splitters(C), p = P(C)—{(m,7")}, (m1,m2) € {(m,7"), («',m)}, pair(m;) = (P;, Q;) nas
i=1,2, m =max{v(T",m,n')| T" — dopmant, beg(T") — BepurHa urepanra us C' }.
Torna o6osHauum yepes Code(T, m, ') o6benunenne 2m? muoxects Codey, (T, 71, m2),
1<k 1<m:

C’odekJ(T, 1, 7T2) = {(Tl,la PN T172k+17 TQJ, ceey T2,21+1|

Ty, € Lines(p, P, Py, wy1);

Tl,j S Lines(ﬁ, Ql, PQ,’U}LJ'),‘]' = 2, ceey 2]{,’,

Ty j+1 € Lines(p, Q2, Pr,w1 j+1),J = 2,...,2k mpu k > 1;
T op41 € Lines(p, Qa, P w1 op41);

Tg,l € Lines(ﬁ, P, Pl; U)271);

Tg’j S Lines(ﬁ, le Pg, w2,j),j = 2, ceuy 2l,

T27j+1 c Lines(ﬁ, QQ,Pl,U)Q’j_i_l),j = 27 ey 2l IpH [ > 1;
Tooi41 € Lines(p, Qa, Q, wa2141);

T = T1717T1T1727T2.‘.7T1T172k7T2T1’2]€+1 — RBCTaBKa;
ILL(T/T”) = ,u(T”) = w AJd T" = T2717T1T2727T2...771T27217T2T2721+1}.

Crenyioluii mpuMep MoKasblBaeT, YTO €CJIM HU OfHA U3 YT paclienutesns (mw, ') He
MHLUHUAEHTHA KaKoHaANO0 BepluuHe cekyiied 7', To mapupyT 7'7" MoxeT U He OBITH
cxemoii. OnHako "nepeMblyku” T;; MexAy ONMKAULIKUMUA OPYT K OPYTy BXOXKIAEHUSIMH
OYT pacllenuTessi BJASIOTCS JUHUAMH (He 00s13aTeslbHO HeHTpaJbHBIMH).

IIpumep 15. Drpad
<0 O O

¢ DMHOXecTBOM

P = {(17 2)7 (3v 4)}
COBIAJaeT CO CBOMM €IHMHCTBEHHbIM HTepaHToM. Ilycroe mpensoxeHue 7' sBJsercs
cekylled. YKa3bplBaeMblil 31eMEHTOM MHOXKeCTBa

Code(T,3,4) = {(1,end(3),2)}
MapupyT (1,3,4,2) ectb RBcTaBKa, HO He (hOPMaHT, TakK KaK CONEPXKUT COOCTBEHHYIO

RBcTaBky (3,4).
3.2.5. CnenuanbHble pa3JioKeHUs MapuUIpyTOB

B TepmMHHax clensieHHBIX WTEPAHTOB OMPENENHUM CIOCOO pa3soKeHHs MapLIPyTOB
Ha MOCJIeI0BaTeNbHblE YYACTKH, KOTOPHIH MOMOXKET BbIAEISATh NOAYMHEHHBIE DFpadbl
npu noctpoeHun no Drpacdy KCsripaxkenus.



3.2.5.1. Paspenenue Drpaca, 0o0yc/iOBJleHHOE OTHOLIEHHWEM CLEIJIEHHOCTH.
[Tycts T' € Computations(p, P,Q,w). B npocTeiilieM cyuae cpeid BepIIMH Mapupy-
ta T HeT BepwiuH utepantoB. Torna 1" € Lines(p, P, Q,w).

Ecnu kakasgsan6o U3 BepliMH MapuipyTa 1’ siBJsieTCs BEPLIMHOM HTepaHTa, TO €ro
MOKHO TPeNCTaBUTh MOCJAeN0BATeNbHOCTBIO 1(11 75, rie 1y He CONepKUT Ayr UTepaH-
T0B, mapa pair(T;) o6pa3oBaHa BepIIMHAMH CLEINJIEHHBIX UTEPAHTOB, Th HE CONEPHKHUT
IyT UTEPaHTOB, CLEIJEHHBIX C MPEACTaBJeHHBIMH B 1) UTepaHTaMH.

Tpoiiky (Ty,T1,T3) obo3nauum yepe3 fi(p,T). V3 onpeneseHuii urtepaHta u CuLelm-
JIEHHOCTH UTEPAHTOB CJedyeT eIHHCTBEHHOCTb TAKOTO Pa3JjoxKeHHs mapuipyrta 1.

[Tycts C' — KJ1ace, comepKalui utepantel ¢ BepuwHamu beg(T}), end(17). YdacTky
T, COmoCTaBUM JIOCKYT

Rest(D,Ty) = (D, E(D),P — {(m,m) € P(C)|nyra m HIH 7y
He sBasercs nuHeiHon}, {beg(1s)}, {end(13)}).

3amMeTHM, YTO B Cjlydyae MycTOThl yuyacTtka 15 JockyT Rest(D,T,) He UMeeT HEMYCThIX
npepioxenuil. edictBurensHo, npu beg(1y) = end(1y) = P’ HenycTo# HeHTpasbHBIH
MapuIpyT ¢ napoi koHuoB (P, P') siBasietcss RBctaBko#. 3HaYUT, yuyacTByOLIHE B HEM
napel DMHOkecTBa BxonsiT B P(C') U COCTOST U3 AYT, KOTOpPble He SIBJSIIOTCS JIMHEH-
HeiMH. CJieoBaTesIbHO, pacCMaTpPUBAEMbId MaplIpyT He MOXKeT ObITb IMpelJoXKeHHeM
Jockyrta Rest(D,T5). Takum o6pasom,

Sentences(Rest(D,Ty)) = {beg(T>)}

npu nyctoM 15 u a3k L(Rest(D,T5)) Bcerma Hemycr.

DwmHoxecTBo sockyta Rest(D,T;) Hesb3st ompenensatb Kak P — P(C). Caenyio-
WM npuMep mokasbiBaeT, yto P(C') MOXeT BOBJeEKaTh JHHelHBle ayru Drpada D,
y4acTBYIOLIMEe BO BCTaBKax, OMNpeesseMblX HEKOTOPbIM KJjaaccom C # C.

[Ipumep 16. Paccmotpum Drpad

2 7
1 O 3 6 O s
-0 O-0>0 O—
v O o O w
2/ 7

¢ DMHOXecTBOM
P ={(1,8),(2,7),(3,6),(4,5),(1',8), (2,7, (3,6")}.

Ero nrepaHThl 00pa3yioT ABa Kjaacca CLUEMNJeHHOCTH, KaxKAbli U3 KOTOPBIX ONpefenseT
SBCTaBKH, MCMOMB3YOIIKE OfHY U TY XKe Napy JUHeHHbIX ayr (4,5).

3.2.5.2. Pa3noxkeHue ceKyleil 1 OCHOBHOU ajaroputm. OrpaHnunMcs nanee Heid-
TPaJbHBIMH aTOMaMH U BCTaBKaMHU.

[lycts 77 € Across(C, P,Q,w). [lyctb T — HeHTpasbHbI# yuacTok cekyuei 77,
KOTOPBIH HeJIb3s1 YBEJHUUTD (32 CUET COCENHUX YUaCTKOB), He Hapyllas ero HelTpaJb-
HoctH. HasoBem Ttako# ydactok 3BeHom. O6o3HaunM uepes Segmentations(T) MHO-
JKecTBO Bcex mnocnenoBatenbHoctedd Buna 1o7171y.. 7.y, roe nasi 1 < i < k T ecTb



atoM, aqa 0 < 7 < k T; He COLepKHUT aTOMOB WJIM NYCT U 1 HEMmyCT, eC/H T]’ = g{+1
ecTb Rarom.

[Tocnennee TpeGoBaHHe obecrieyrBaeT KOHEUHOCTb MHOXecTBa Segmentations(T).

Jliasi kaxporo 3BeHa 1 MOCTPOMM C IMOMOLIbIO MHOXecTBa Segmentations(T) co-
BOKYIHOCTb BCeX “TIOTOMKOB” 3B€HA, YIOBJETBOPSIIOIIMX ornpeneseHuio (1,2)kaHoHa,
U pacCTaBUM B KaxKJOM IOTOMKE HMEHOBAaHHble CKOOKH IO MPUHLHIY, H3J0KEHHO-
My B maparpade 1.3 mpu ompeneseHHH Tak HasbiBaeMoH cxeMmbl (pasbl. O603HAYUM
pe3yJbTaT PacCTaHOBKH CKOOOK B ¢ yepe3 scheme(t). [lyctb

Schemes(T) = {scheme(t)|t aBnsercs (1,2)kanonom; (7',t) € f*}.

[lycts T — cexkywas, 171, ..., 7; — Bce ee 3BeHbsi. O603HauuM yepe3 o(7') MHOXKECTBO
{toO’ltl...O'ltl‘ tolit,... Tt =T, 0; € Schemes(TZ-)}.

3ameTuM, 4To yuacTku t;, 0 < j < [, cekymeidl T  onpene/stoTcsl eIHMHCTBEHHBIM
o6pasom. O6o3HayeHue o(7’) UMeeT CMBICJ U TPU OTCYTCTBUU B 1 3BEHbEB, TO €CTh
npu [ = 0. Torpa to =T, o(T) = {T}.

Asroputm noctpoenusi KCseipaxenuss E(D) o603HauuM TaK 2Ke, Kak HCKO-
Moe BblpaxkeHHe. MoxHO cuuTath ero QyHkuued, otobpaxatowmeil Drpagpe B KC-
BbIpaKeHHs. 3HaueHWe YHKLUHH BbIYUCASETCS PEKYPCHUBHBIM 00pa3oM.

Augroputm 7. Ilpeo6pasoBanue Drpada B KCsbipaxkeHue, ynpasisiemoe (pakTop-
MHOXKeCTBOM Ha MHOXeCTBe UTePaHTOB 0 OTHOLUEHHIO CLENJEeHHOCTH.

Bxon. Drpap D = (V. X, P, A\, Py, F).

Bbixon. KCseipaxkenue &(D).

BcnomoraresbHble 0603Ha4YeHHA.

(D) = {fi(T)| T € Lines(P, Py, Q,A); Q € F}:

Straight(D) = {T € Lines(P, Py,,Q,\)| Q € F; T — He UMeeT BepILINH HTEPAHTOB

Merton. Tlonoxuts (D) paBHBIM

T+ > IL( Y. o(1)E(Rest(D, Ty))).

TeStraight(D) (To,T1,T2)e®(D) TeAcross(Th)

Teopema 11. Ilyctb D — Drpad nau nockyr. Torna L(E(D)) = Sentences(D).
JlokaszaresbcTBo. IHAYKLMEH MO 4MCay KIacCOB CLENNeHHOCTH. Ecau TakoBble OT-
CYTCTBYIOT, TO

Sentences(D) = Straight(D),

ED)= > T
TeSentences(D)
TakKUM 00pa3oM, TeopeMa B JaHHOM CJjydae BepHa.

[lycte D umeer kjaccel cuemienHoctd. Torna ®(D) # (). 3ameTum, 4To Kaxmpoe
npenJioXKeHue, He NpHHanexamlee Straight(D), MOXXHO MPENCTaBUTh B BHUIE TOTlTQ,
rie st Hekotopuix 11, Ty Tpoiika (Tp, 11, Ty) € ®(D) u (13, T}) € ) ana i = 1,2.

Mapiipyt Ty crocoben pa3BUBATbCsl pa3Be TOJbKO 3a CUET CBOEH KOHEeUHO# Bep-
IIMHBI, UTO MOXXHO HTHOPHUPOBAThb, TaK KaK 3Ty BePILHHY end(TO) = beg(Tl) MOKHO
otHectH 1 K T}. CJle0BaTeNbHO, BXOASILAS B E(D) cymma 1o 3/71eMeHTaM MHOXKEeCTBa
®(D) 3apmaer Bce CrocoOHble K Pa3BUTHIO MPENJIOXKEHHs, €CIU MOIBbIpaXkeHHe &,



rae

&1 = Z o(T)

TeAcross(Th)
H

& = E(Rest(D, Ty)),
3ajaeT Bce MapuipyThl ¢ mapoit Kouuos (beg(T}), end(Ty)) u 3apsmom u(TyTy). Cornac-
Ho maparpady 1.3 & samaer muoxectBo Computations(P(C),T1). Tlo npexmnooxe-
HHIO MHIYKLHH & 3a1aeT MHOXKeCTBO Sentences(Rest(D,T})), npeacTapsioliee Bee

MapIIpyThi ¢ napoil KoHwoB pair(Th) u 3apsimoM u(Th). CeoBaTe/bHO, TeopeMa BepHa
0



I'nmaBa 3

HEKOTOPBIE AJITOPUTMHUYECKHE ITPOBJEMbI

Bosbasi yacTb naHHOH IVIaBbl MOCBSAILEHA AJTOPUTMHYECKHM IpoOsieMaM, CBsi3aH-
HBIM C Npo0JeMOl KBHBAaJEHTHOCTH JeTePMUHHUPOBAHHBIX Mara3uHHbIX aBTOMATOB.

[laparpag 1 saTparuBaer cJ0XHYI0 TeMy MoucKa 3(PPeKTUBHBIX aJrOPUTMOB, MpO-
BePSAIOLLMX DPeryJsipHOCTb NeTePMUHHPOBAHHOTO si3blKa. B HeMm mpencTaB/ieHO AOCTa-
TOYHOE YCJIOBHE PEryJISpHOCTH NeTePMHUHHPOBAHHOIO $3blKa, NPOBEpsieMoe M0 SApPY
onpejeJsoIIero 3TOT A3blK JeTepPMHUHHUPOBAHHOrO0 DFfpada u/au neTepMHUHHPOBAHHOTO
MarasuHHoro aBTomara. OTMeTHM, YTO 3TOT pe3y/abTaT Obll yCHJEeH B AHCCEpTALUU
[Boimntok 98].

B naparpade 2 omnpenessieTcss moHsiTHe rpada COMpsi)KeHHH (ecTeCTBEHHBIX COIO-
CTaBJIeHUH MyTeH, ONpelessOIIUX OOHY H Ty »Ke IeNodky si3bika) ABYX Drpacos.
JloxasbiBaeTcsi Hepa3pelnuMOCTb aJrOPUTMUUYECKON MpoOJeMbl MOCTpoeHHUs rpada co-
Nps2KeHWH AJ15 rpaoB AeTePMHUHHUPOBAHHBIX Mara3uHHbIX aBTOMAaTOB, HANOJHSIOLIHUX
MarasuH B peaJsbHoe BpeMms. [Ipobiema gopmynupyetcs claenyoldM 00pasoM.

[TocTpouTh anroput™, KOTOpbIH MO NPOU3BOJBHON Nape 3KBUBANEHTHBIX
DrpadoB nosayvaer ux rpad conpsizkKeHUH.

Tak kak rpad comnpsikeHu#l rpacdoB NByX 3KBHUBAJEHTHBIX Mara3uHHbIX aBTOMAaTOB
SIBJISIETCS KBUHTICCEHLIMEH BCEBO3MOXKHBIX YCTPOHUCTB, UMHUTHPYIOLIUX OJHOBPEMEH-
HyI0 paboTy aBTOMAaTOB HaJ OOHOW WM TOH »Ke LeNOYKOH, YCTAHOBJEHHBIH (PakT OT-
BepraeT MONBITKH MPUMEHUTb TeXHUKY HMHUTAUUH [JI NPOBEPKH 3KBUBAJEHTHOCTH
aBTOMAaTOB yKaszaHHoro kjacca. OTmeuaercs, UTo 3Ta TeXHUKa HelMpUMeHHUMa IJs pe-
1IeHHs NpoOJieMbl 9KBUBAJEHTHOCTH J1aXKe B KJacce NeTepPMHUHHPOBAHHBIX MarasuHHBIX
aBTOMATOB, NEUCTBYIOLIHUX B peasbHOe BpeMs.

[Taparpad 3 mokasbiBaeT MOJIE3HOCTh MOHATHS SiAPA AJs MOJyUeHHsT MaTeMaTHUeCKH
U3SILHBIX pellleHUH HeKOTOpPhIX MpobJseM W YCTAaHABJHBAET aJrOPUTMHUUECKYIO Hepas-
pelnMOCTb MPo6JeMbl 5KBUBAJIEHTHOCTH MaMsATel 1eTEPMUHUPOBAHHOTO MarasuHHOTO
aBToMara, IeHCTBYIOLlero B peajbHoe BpeMs. [lamsaTbio Ha3BaHa mapa

(COCTOHHI/IG, HeMyCTas Leno4Yyka Mara3mHHbIX CI/IMBO.HOB),

KOTOpas BXOAUT B COCTAB HEKOTOPOH KOH(UTypalLlMu MarasvuHHoOro aBromara. [Ipu atom
BTOPOH 3JieMeHT Maphbl fBJseTCs, BOOOLle TOBOPs, JIUIIb HEKOTOPOH BepPXHEH 4acTbiO
COZIepP2KMMOr0 MarasvHa. YKasblBalOTCS MOAKJACCH JeTEPMHUHHUPOBAHHBIX Mara3uHHbIX
aBTOMAaTOB, B KOTOPBIX NOCJeNHsS pobJeMa U, clef0oBaTe/JbHO, IpobieMa 3KBUBAJEHT-
HOCTHM CaMHUX aBTOMATOB a/JrOPUTMHYeCKH paspewiuma. [IpoBepka 3KBHBaJIeHTHOCTH
aBTOMAaTOB YKa3aHHOTO KJacca CBOAUTCS K MPOBEPKe 9KBHBAJEHTHOCTH UX HauaJbHbIX
namMaTel (Haya/jbHash MaMsiTh OMpefiesisieTcs HadasJbHbIM COCTOSIHHEM M Mara3uHHOH
IeMIOYKOH M3 OJHOr0 CHMBOJA — MapKepa JIHA).

Kpome Toro, B naparpade 3 nokasblBaeTcsl Hepa3pelnMoCTb NpoOJeMbl peryJsipHO-
CTU 00beJMHEHHUs] BYX HENYCThIX AeTePMHUHHPOBAHHBIX S3BIKOB.

[Taparpag 4 nemMoHCTpUpPYyeT NOBOJILHO HHTepPeCHbIH 00pa3uuK B3aHMOJEHCTBUS Teo-
puil perynspHbIX U OeCKOHTEKCTHBIX 513bIKOB. B HeM mpenctaBJsieHa Teopusi Drpados,
KOTOpble OTBEYAIOT NEHCTBYIOUIMM B peasibHOe BpeMsl MarasvHHbIM aBTOMaTaM C Of-

HUM TOBOPOTOM. JTa Teopus 0e3 HATSKKH MOXeT ObiTb Ha3BaHa ajredpanueckod. B
1



ee OCHOBE JIeXKHUT IMOHSATHE MOAy/s. B paccMaTprBaeMoM ciydyae NpHBJEYeHHe aJre-
OpanyecKHX MOHSATHH U NMPUEMOB 0Ka3aJ0Ch BO3MOXKHBIM B TOH Ke Mepe, B KAKOH 3TO
cnenano B [Eilenberg 74| n/si u3yueHust KOHEUHBIX aBTOMATOB. B uacTHOCTH, TeXHHKa
CpaBHEHHs] KOHEUYHbIX aBTOMAaTOB, onucaHHas B [Eilenberg 74], o6o6uiaercs nJis npo-
BEPKHU 3KBHMBAJIEHTHOCTH COBEPLUEHHBIX Mara3uHHBIX aBTOMAaTOB C OLHHUM I[OBOPOTOM,
IEeHACTBYIOIUX B peajbHOE BpeMs.

§1. IIpaBosnHeliHbIe Mara3aMHHbIE aBTOMAThI
U npodjaemMa peryasipHOCTHU

Bonpoc peryssipHocTH IBJsieTCS OMHUM U3 HanOoJiee BaXKHBIX B TEOPUU (hOPMAJIbHBIX
SI3BIKOB U €€ MPUJIOKeHHsX. B ciaydyae neTepMHHUPOBAHHBIX $I3BIKOB OH MPeNCTaBJISET
ocoObiil uHTepec. OnHako mocse pabothl [Stearns 67] npoGiema perysipHOCTH B 3TOM
cJy4ae MpaKTHYECKH He paccMaTpuBasach. He mosiBUIOCh 3(eKTHBHBIX aJTOPUTMOB
TMIPOBEPKH PErynsipHOCTH Jaxke s (OpMasu3MOB, OMHCBIBAIOILMX MOAKJACCHl AeTep-
MHUHHPOBaHHBIX s13bIKOB. HacTosilias rsiiaBa comep:KUT I0CTaTOYHOE YCJOBHE peryssp-
HOCTH OECKOHTEKCTHOTO si3blKa, mpoBepsieMoe 1o (4,4)AApy Mara3suHHOrO aBTOMAaTa.
B neTepMHHHPOBAaHHOM C/y4ae IJs1 3TOH MPOBEPKH MOXKHO B35ITh HECKOJbKO MeHblllee
1po. 31eCh CYLIECTBEHHO HCIIOJNb3YyeTCs TMOHATHE rpacda Mara3uHHOTO aBTOMATA.

Pasnen 1.1 ompenensier moHsiThe MpaBOJMHEHHOr0 MarasuHHoro asTomara. [lomer-
KM TMapHBIX LMKJOB TPaBOJMHEHHOrO Mara3MHHOIO aBTOMAaTa YAOBJETBOPSIIOT Orpa-
HUYEHHUIO, NTO3BOJISIOIEMY TOJbKO TaKOe pa3pacTaHHe JOMYCKaeMbIX LENoueK, KOTopoe
obecrieynBaeTCsl KOHEUHbIMH aBTOMATaMU WJIM NPaBOJMHEHHBIMU IpaMMaTHKaMHU. YcTa-
HaBJ/IMBaeTCs, YTO NPaBOJMHERHBIH MarasuHHbI aBTOMAT JOMYCKaeT peryJsipHoe MHO-
)KecTBo. PaccmaTpuBaeTcsi MprU3HaK MPaBOJMHEHHOCTH MarasvHHOTO aBToMara, orpe-
IeNSOMNH I0CTaTOUHOE YCJIOBHE PEryJaspHOCTU A0MycKaeMoro sisbika. Popmynupyer-
Csl aJTOPUTM TPOBEPKH TPABOJHHEHHOCTH Mara3MHHOI'O aBTOMAaTa, MpeaCTaBJSIOLIUH
co00M YaCTUUHBIH alrOPUTM MPOBEPKH PEryNsipHOCTH OECKOHTEKCTHOrO SI3bIKA.

B pasgene 1.2 nmpuoputcs 6GoJjee "CHIbHOE'NOCTATOYHOE YCJIOBHE PEryJsipHOCTH
0eCKOHTEKCTHOTO f3blKa, MojiyueHHoe B padore [Beuintok 98] myTem 06001ieHus pe-
3yJbTarta, npeacraBjeHHoro B pasgese 1.1. Tounee, B [Beututoxk 98] pacuupsiercs
TMIOHATHE TaK Ha3blBAEMOrO MOHOMa; 3TO paclIMpeHHe MO03BOJISET BbIAEIUTb MOAKJACC
Mara3uHHbIX aBTOMAaTOB, KOTOPBIH sBJsieTCSl aHaJjorom onpepaeneHHoro H. Xomckum
KJlacca TpaMMaTHK 0e3 CaMOBCTaBJIEHHS.

B pasnene 1.3 ykasbiBaloTcsi HEKOTOpble HesicHOCTH paboTel [Stearns 67].

1.1. MoHOMBI U MPABOJMHEHHOCTD

[Tycts MapuipyT 7' TakoB, uto aJjsi Hekotopwix T3, Ty Tpoiika (T, Ty, Ty) sBasercs
rHe3/0oM. Torna HaszoBeM 1 OTKDBIBAIOLUIUM MapLIPYTOM.

3aMeTHM, UTO KaK/Abli HEMyCTOH HauaJbHBIH y4acTOK OTKPBIBAIOLIETO MaplipyTa
IBJIIETCS] HAKaIJIMBAIOLIUM.

[Iyetb 7' — uuraomwuid oTkpbiBaloWKMKA HUKJA. [lycTe 7, He siBAsieTCS YUTAIOLIUM
CTUPAIOLIUM LHUKJIOM AJst Jio60i uetBepku (1o, 11, Ts, T3), Tako#, uto ToT 111515
ecTb MapuipyT, B Kotopom 7' u T, mapHel. Torna 6yneM roBOPUTb, YTO LUK 1" eCThb
moHoM (B mapuupyte ToTT1T5T3).

[IycTb KaxK bl UMTAIOLWKMKA OTKPBIBAIOIIUE LIMKJ MarasuHHOro aBTomarta M siBjsieTcs
MoHoMoM. Torna HazoBeM aBTOMaT M MpaBOJIMHEHHBIM.



3aMeTHM, YTO PerynsipHOCTb 513bIKA, JOMYCKAEMOro NPaBOJIMHERHBIM aBTOMATOM, Obl-
JIo O6bl HETPYAHO BBIBECTH M3 MOCTPOEHHUS MO MAara3uHHOMY aBTOMATy O€CKOHTEKCTHOH
rpaMMaTHKH, KOTopoe paccMoTpeHo B [Bolintok -CraHeBuuene -UepHioB 96| u [Bei-
autok 98] u sBUoch 6230 OCTaNbHBIX TMPHUBENEHHBIX B MOCJAefHeld paboTe pe3yiib-
TaTOB. YNIOMSIHyTOE MOCTpPOeHHe siBjsieTcs 0000lleHreM aJropuTMma, KOTOpblH cdop-
MyJHpoBaH B, Harnpumep, [Ginsburg 66] ¥ KOTOPBIA CTPOUT MO KOHEYHOMY aBTOMATY
MpaBOJIMHENHYO0 rpaMMaTHKy. OHO MO3BOJISIET JIETKO YCTAHOBUTh CHHOHUMUYHOCTD JJISt
11eJI0T0 psila Ha3BaHWH MOAKJIACCOB OECKOHTEKCTHBIX S3bIKOB, BOSHUKIINX HE3aBUCUMO
B TEOPHH AaBTOMATOB M TEOPHH I'PAMMATHK.

Ho Mbl 10KaxeM peryssipHOCTb SI3blKa, IOTMYCKAaeMOTo MPABOJHHEHHBIM MarasuHHBIM
aBTOMAaToOM, OMHpasicb Ha MaTepuaJ ryiasbl 1.

Teopema 1. Ilycte M — mpaBo/iMHeHHbIH MarasuHHbIN aBToMmat. Torma siselk L(M)
peryJsipeH.

JlokasaresbcTBo. [lycThb, 1/15 onpeneseHHOCTH, BXOAHOH andaBUT aBTomMaTa M ecTb
Y. yers D = Graph(M).

lokaxem, uto KCsbipaxkenue FExpr(D), onpeneneHHoe B maparpade 3 riiasbl I,
SIBJISIeTCS TICeBAOCOIMIACYIOLMM. Tak Kak mnceBpocoryacyoilee KCBblpaxeHue 3agaer
peryJsipHbli SI3blK, OTClofa OymeT CjefoBaTb perynaspHocTb sidbika L(M) = L(D) =
L(Exzpr(D)).

BenomuuMm onpenesnedtble B naparpage 3 riaeel 1 KCsoipaxenue E(D), kKoTopoe

3afaeT MHOXecTBO Sentences(D), u MmoppuaM ¢, KoTopbiil mepeBonut KCBbIpaXkeHue
E(D) B Expr(D). 3ameTuM, 4TO

w(§) C Sentences(D) nas & € Clan(E(D)),

w(T) e L(D) nas T € w(§).
3/echb TOJIKOBaHME onepanyu w (MoMeTKa (GpaklHM{ MK MOMeTKa MaplipyTa) onpene-
JIAeTCS BUJOM ee olepaHia.
Wunykuueit mo & > 0 pokaxkeM, 4To AJs He#TpanpHoro mapuipyrta 7' AjauHbl 2k
bpakuus
&1 = p(schemes(T))

He SIBJSIETCSI BCTaBJSIOLIEH.
[Ipu k& = 0 mapwpyT 7' nycrt, u ppakuus
fT = (pair(T)e)pair(T)

He SIBJISIETCS] BCTABJISIOIIEH, TOCKOJIbKY /aXKe LHUKJIOB HE CONEPIKHT.
[Iycte k£ > 0. Torma n/s HEKOTOPBIX MapHBIX OYT 71, T2 U HEUTPaJIbHBIX MapLIPyTOB
Ty, T umeeM (10 oTpesieIeHHIO CXeMbl) pPaBEHCTBA

T = 7T1T17TQT2,

scheme(T) = (pair(rym15cheme(Ty)mascheme(Ts))pair(r)-

[To mpeamnosoxeHU0 HHAYKUHUK (DPaKIHUK
&, = @(scheme(T1))

&, = @(scheme(Ty))



He SIBJISIIOTCS BCTABJASIOIWUMH. JlomycTuM, u4To (pakuus
&r = @(scheme(T))

siBasieTcst Berapastomwer. Torna B scheme(T) ectb napHele pair(T)HUKIB, TOMETKH
KOTOPBIX (HAMIOMHHM, UTO 3TO MapiIpyThi) 06e HecyT uemnodku u3 3. CienoBaTesbHO,
JIEBBI M3 3THX LMKJOB He €CThb MOHOM B 7', BONpeKH MPaBOJHHEHHOCTH aBTOMATa
M. Coobpasysicb ¢ 3aMeuaHueM, CeJaHHBIM BbIlle, BBIBOAUM H3 JIOKA3aHHOTO, 4TO
Kaxknasi ppakuus kKiaaHa KCseipaxkenusi Fxpr(D) He siBasieTcs BCTaJsOLIEN. 3HAUUT,
Expr(D) ynoB/ierBopsieT onpenesneHuto ncespocoraacymoilero KCeeipaxenns [

Jlemma 1. Tlycte M ecTb neTepMHUHUPOBaHHBIM MarasuHHblE aBromat. [lycTh myru
my, To ero MapuipytoB 1" = Tym Ty, Time pasnuunbl. [lyctb 7' ecTh HaKamnaMWBarOUMH
uuka. Torma

A # w(m) # w(m) # A
/lokasaresbcTBo. VI3 paBeHCTB
beg(m) = end(Ty) = beg(ms)

M U3 JeTePMHHHPOBAHHOCTH aBTOMara CJeNyeT, YTO JIMOO 7y, Mo PA3JHYAIOTCS CBO-
MMH NOMeTKaMH, JU60 06e SIBJISIOTCH CTHPAIOLIMMH MU PA3JHYaOTCs TOJIbKO CBOMMH
KOHEYHBIMU BEPIIMHAMH.

B nepBom ciyyae U3 1eTepMHHUPOBAHHOCTH CJefyeT, 4To w(7my) U w(7my) HEMyCTH,
M JleMMa BepHa.

Bo BTOpOM cayyae pyra m; uMeetT mapHyio ce6e B 777y, Tak Kak 1’ ecTh Hakar/uBa-
omu# MapupyT. Ho torna u nyra my 0o6si3aHa MMeTh NapHyio B 117y U, C/eI0BaTeJbHO,
end(my) = end(m;). Takum o6pasom, m = 7, T.€. paCCMaTPUBaEMblil CJIydail He MOXKET
BO3HHUKHYTb [J

13 nemmel | cienyet, 4TO OTKPBIBAIOMIKH LUK/ 1eTePMUHUPOBAHHOTO MarasuHHOTO
aBTOMaTa HMMeeT HemycTylo nometKy. JledcTBUTeNbHO, ecan T — HaKamJUBaOLIUH
UMK ¥ MapipyT 77" HeiiTpaseH, To T' U HEKOTOPBIH HayasbHBIH y4yacTOK MapuipyTa
T’ ynoBleTBOPSIIOT YCJIOBHIO JIeMMbI 1.

Crenyioliasi TeopeMa O3HayaeT, YTO [Jif NPOBEPKHU [eTePMUHUPOBAHHOTO Mara-
3MHHOro apromara M Ha NPaBONHMHEHHOCTb JOCTATOYHO MCCJEN0BaTh MHOXKECTBO
Core(M,3,3).

Teopema 2. Ecau KaxAblH YHTAOWIMH OTKPBIBAOIIMH LMK/ KaXXAOTO MaplipyTa
T € Core(M,3,3) ecTb MOHOM, TO NETEPMHHHMPOBAHHBIH MarasuHHbIH aBTOMat M
TIPaBOJIMHEEH.

JlokasaresbcTBo. CoralacHO ONpefiesieHHI0 MPaBOJHHEHHOr0 aBTOMAaTa AO0CTAaTOYHO
N0Ka3aTh, YTO KaXKAblH UYMTAIOUIMH OTKPBHIBAIOIIUK LUMKJ B NpeNJoXKeHHSIX aBToMaTa
M siBAsieTCcSI MOHOMOM.

[Iyctb npensioxkenue T aBTomara M uMeeT BUI

T =T\mTT5TymTsms T,
rie
(m Ty, Ty, TymoT5ms)
ectb rHe3no, mTy u Ty = TymoTsms — UMKJBL, 71, Mo, T3 — AYTH U w(my) # A. Pac-
emorpuM Mapuipyt 17 = TImToTiT moTims Ty € reduction(Th, m, Tan, beg(Ts), Ts/,
end(T3), Ty, mo, Ts1, s, Tg), tae nas j € {2,3,4,5} mapwpyt 7}// NIpUHAINEKUT



MHOKecTBY reduction(T;). I3 moctpoenus mapupyra 1" caenyer, uro (m1y, Ty, T7),
rne 17 = TymoTims, ecTb rHe3n0, w1y U 17 — LUKJBL U TIOMETKa MOC/AeHero LUK/
HenycTta. Yoenumesi, uto 1’ siBasiercs: (3,3)KaHoOHOM, T.e. 4YTOo B 1’ He MOXET ObIThb
GoJsblile TPeX MOCJeNoBaTe/bHbIX HeHTpasbHbIX LUKJOB U OoJblle TPex "KOHLEHTPH-
4yeCKUX ' THe3M, 00pa30BaHHBIX LUKJAAMH U 00/aJa0UUX OMHUMH U TEMH Ke HayaJbHOH
WU KOHEYHOH BepLIMHAMHU.

[Tyctb yuacTok Ty mapuipyTta 1" siBjisieTcs HeHTpaJbHBIM [IHKJIOM MJIM THE3IO0M, 06-
pa3oBaHHBIM MapHBIMU IMKJIaMH. Toraa, B cusy moctpoenus mapupyta 17, Ty comep-
JKUT XOTS Obl OAUH U3 YYaCTKOB, COXpaHsieMbIX onepauuei reduction npu nepepadoTke
T 8 T'. Ecnu Ty conepXUT IyTy 71 WJH T3, TO OH COAEPXKHUT UX 00€e, TaK Kak 3TH OYyTH
napHel. Ecau npu atom Tj sBJseTcs HeHTpPaJbHBIM LIMKJOM, TO OH He pa3buBaercs
Ha 1Ba HEUTpaJbHBIX LIMKJA; UHOe TPOTHBOpeuno Obl nmoctpoeruto 1] uau 1. Takoi
HeUTpabHbINA LUKKA ponycTuM naxe B (1,1)kanone. Eciu T — rue3no, o6pazoBaHHoOe
MapHBIMU LIUKJIAMH, TO BCJeICTBHE HeHTpaabHOCTH T4 ¥ MAPHOCTH YT 71, 3 HauboJsee
CJIOJKHBIH M3 BO3MOXKHBIX CJ1y4aeB ero yCTPOHCTBa XapaKTepH3yeTcsl PABEHCTBOM

TO = T11T12T13T04T23T22T21 )

rae ana 1 < j < 3 Ty; u To; — mapHble UMKJIbBL, UHKAB Ty W T comep:Kar COOTBET-
CTBEHHO MNapHble APYT APYTY AYTHU 71 U T3, Loy — AYTY mo, 113 UK 153 UMEET HelyCTOU
obmuit yuactok ¢ 73. Takoe rHe3no He MPOTHBOPEUUT onpeneseHuio (3,3)kaHoHa.

[Iycte Tenepb 7 He cOmepKHUT AYT 7T U 7. Toraa 3TOT MaplIpyT He MOXKeT UMeTb
o6mux y4yactkoB ¢ 1] uan T{ W pacrosioxeH B

T, L.
Ecau Ty sBasieTcss HeHTPaJbHBIM LUKJIOM, TO, TOFIPEXKHEMY, B XYALLEM C/Iydyae OH pas-
OvBaeTcd Ha TPU HEHTPAJbHBIX LHKJ/A, U3 KOTOPBIX OAUH COAEPKUT MyCTOM HayaJbHbIH
yuyacTok Mapuipyta T4, BTOpOH — MyCTOH KOHEUHBIH yuyacTOK 3TOr0 MaplipyTa, TPeTHH
— nyry mo. Ecnn Ty — rHe3no, o6pa3oBaHHOE MapHBIMU LIMKJAAMH, TO HA OfMH U3 €ro
LIMKJIOB He CONEPKHUTCS LeJUKOM B T35 (3T0 MpoTHBOpPeunso 66l HelTpanbpHOCTH T4 UK
TOMY, 4TO B T He MOXeT OBbITb NapHBIX LHKJOB). CienoBaTe/bHO, HaHOOJ/Ee CJI0KHBIH
CJydal yCTpoMCTBa rHe3na 1y mpolle, 4yeM PacCMOTPEHHBIH Bblllle, U XapaKTepU3yeTcs
pPaBeHCTBOM
To = ThoT13T04 153120,

roe Ty; v Th; — napHble LUMKJBL /5 ¢ = 2, 3; OHW XapaKTepU3yloTcs KaK B OMUCaHHOM
BBILLIE CJIydae.

Urak, T" asasiercs (3,3)KaHOHOM.

13 nemMer 1 crenyet, uto HakansuBarmowui uuka 7y ruespa (m 1y, T3, T7) sB-
asietcs: yutaomum. CjenoBaresibHO, Tak Kak 1, 4dTalolui, m 1, He eCTb MOHOM B
KaHOHe 7", BONPEKH YCJIOBHIO TEOPEMBI.

BrionHe aHa/orMuHo paccmaTpuBaeTcs caydai, Koraa npenjoxenuve 1' apromata M
UMeeT BUJL

T =T\m 1151w T5,
rne (mTs, T3, Tyms) ecTb rHe3no, m1s U Tyme — UHKJIBL, Ty, To — OYTH U w(my) # A
O

Teopema 2 naer mpoepsiemoe 1o (3,3)Aapy (CM. aJrOPUTM HUKE) YCJIOBHE pery-
JISIPHOCTH J€TePMHUHHUPOBAHHOTO sI3blKa. JTO YCJOBUE He SIBJseTCS HeOOXOHUMbIM. B



caMoM jiesie, onpeneseHHblil B [CtaHeBHueHe 95| ofHO3HAYHBIN HeTePMUHHPOBAHHbIH
MarasvHHbBIA aBTOMAT JAONYCKaeT pery/spHoe MHOXXeCTBO

{u0v0 | u € C*,v € {a,b}*},

rae C' ecTb anaBUT n OTJAUYHBIX OT HYJISI CUMBOJIOB JIJIs1 HEKOTOPOT'O HATYPaJsbHOTO 7.
31ech Mbl TPHUBENEM MPUMEpP AETEPMUHHPOBAHHOTO Mara3MHHOTO aBTOMAarta, KOTOPBIH
SIBJISIETCST CAMBIM, TIOBHIMMOMY, JJAKOHUYHBIM U3 HEMPaBOJHHEHHBIX OJHO3HAUHBIX CO-
BEpILEHHBIX N€TEPMUHHUPOBAHHBIX MarasuHHbIX aBTOMATOB, MOMYCKAIOIIHX PETyJIsipHbIE
MHOXKecTBa. ABTomar

({po, 1.2, p3, f},{a,b},{a,b, Zo}, Zo, 0, po, { }).

rape MHO2KeCTBO d COCTOMUT U3 KOMaH[

(

(

(p07b7 a) - (pl,A),
(p1,a,a) = (p1,A),
(pbba b) - (f7 >,
(p1,b,a) — (p2, A),
(p2, A, a) = (p2, A),
(P2, A, b) = (f, A),
(p17a7b) - (pB,A),
<p37aa ZO) - (p37ZOa),
(p?nAa CL) - (p37A),
(p3,b, Zo) — (ps3, Zob),
(p37A7 b) - (f> A)y

AOOMYCKAaeT A3bIK
{a™ba™b | m >1,n > 0}.
Kaxnoe MIpenJio’KeHre 3TOro apTromarta MMeeT OAHY U3 CJAEeAYIOIINX (pOpMZ
() m=1:
(a) n > 0: TU7T17T30?71T1;
(b) n=0: T07T17T2;
(2) m>1:
(a) n Z m: TOO;YL_2TQC21§n_27T47I-30{L_mT1;
(b) n=m—1: TOC’Q"”_ TQCQ_ T4To,
(c) n=m —2: ToCy *TRCpTs;
(d) 0<n<m-—2: T()C;n_QTQC(gL?T'yCT_n_?)TZl,

rue

To = (po, Z0) 25 (o, b) 2 (po, a), ™ = (po,a) L (p1,b),

T2 = (pl,b)_ib(f, Zo)» T3 = (p17b>_ib(p37Z0)a

C1 = (p3, Z )ﬁ(p:a,a)%l(p&zo), Ty = (p3, Zo ﬁ(p?nb)%,(f, Zy),
Cr = (p07a)ﬁ(p0>a)’ T = (pova)ﬁ(pma)_ia(plaa’)’
03—(171766)_%(271,&), 7r4:(p1,a)_ia(p1,b),

T3 = (Pha),%(pz,b)ﬂﬁ, T = (p27b)%b(f, o),

Ty = (p2, a) 2 (pa, b)ms, mr = (p1,a) 2 (p2, a),



31echb 3aMUCH YT UCMONb3YIOT B KaUeCTBe pa3fiesuTelsl BepUIUH "1po0b”, B UMCIUTEE
KOTOPOH TOMEeTKa, a B 3HaMeHareJjle cjel AyTH.
Cy eCTb OTKPBIBAIOLIMK U UATAIOMIMHA LHUKJ, HO HE MOHOM.

Augroputm 1. [IpoBepka npaBoJMHEHHOCTH.
Bxon. JleTepMUHUpPOBaHHBIA MarasvHHbIH aBTomat M.

Bbixon. Ecin M npaBosuneeH, 1o otBeT "L(M) perynasipen”, unaue "M umeer Ha-
KaTJIMBAOUIMN UK, KOTOPEIH He eCTb MOHOM'.

Meron. Ecan kaxaplil OTKpbIBaWOIIKE UMK Jo6oro Mapuipyta us Core(M,3,3)
ecTb MOHOM, TO 0TBeTHTh "L(M) perysasipen”, uHaue oTBeTUTh "M HMeeT HaKarJUBa-
IOLIUH [IUKJ, KOTOPBIH He eCTb MOHOM'.

M3 koneunoctu MHoxkectBa Core(M,3,3) U TeopeMbl 2 cjefyeT, 4TO aJrOPUTM
3aKaH4YMBaeT paboTy U JaeT MPaBUJIbHBIH OTBET.

1.2. Coraacyromue u ncesgocoraacymomue Drpagbi. Oxapaktepusyem elle 0fHO
CPEeNCTBO 3aJJaHUs PEryJsIPHBIX SI3bIKOB — Mara3uHHble aBTOMAaThl 6€3 CaMOBCTaBJIEHHS.
Onu omnpenesieHsl B [Boiutok 98] 1 BK/IHOUYAIOT TPpaBOJMHEHHbIE Mara3uHHbIE aBTOMAThI
Kak coOcTBeHHbIH nonkaacc. ChopMynupyeM Hallly BEPCHIO ONpeeseH|s] Mara3uHHOTo
aBTOMaTa 6e3 CaMOBCTaBJIEHHS], TPOBOAS MapaJsijiesb ¢ TOHSITHEM ICEBA0COrIaCYOIIEero
KCsripaxenus.

[Iyctb Kakoesin60 npensoxxenue Depadpa D comep:uT rHe310, 06pa3oBaHHOE Map-
HBIMM LHKJaMH, KaXAblil M3 KOTOPbIX MMeeT HeNycTyio MoMeTKy. Torma HazoBeM D
corsacyromuM Drpagom . B npotuBHOM cayuae OyneMm HaseiBaTb Drpad nceszmoco-
[J1aCyIOLLHM.

[Iyctb rpad marasuHHoro aBTomata M sBJseTcs nceppocorsaacyomum Depadom.
Torna nasosem M Mara3HHHBIM aBTOMAaToM 6€3 CaMOBCTaBJIEHHS.

Bonpoc npuHam/e:KHOCTH MarasiHHOTO aBTOMAaTa JAHHOMY KJacCy pas3periaercs C
nomotublo (4,4)anpa. leldcTBUTeNbHO, MPUMeHsisl MPUEM, UCIOJNb3yeMblH B J10Ka3a-
TeJIbCTBE TeOPeMbl 2, MOXKHO yOeqUTbCs, UTO MpeloKeHHe

Tym Tom T3 Ty T5msTema 17,
B KOTOPOM IIOMETKH AYT 7o U 73 HENYCThbI, @ Y4aCTKH
7T1T27T2T3 U T57T3T67T4
ABJAIOTCA MAPHBIMU LHUKJAAMH, peaAyLUupyeTcd Oo (4,4)KaHOHa
T{?TlTQIFQTéTi 5,7T3T6/7T4Té
C MAapHBIMKU LHKJIaMH
7T1T2/7T2Té U TéﬂgTé7T4.
YBennuenue napaMeTpoB dapa Mo CpaBHEHHUIO C NETEPMUHHUPOBAHHBIM CJydaeM O6y-
CJIOBJIEHO T€M, UTO MOJd HEeAETEPMHUHHPOBAHHBIX MarasuHHbIX aBTOMATOB HET BO3MOXK-

HOCTH OIlepeTbCdAd Ha HEMYCTOTY MOMETKHW OTKPBbIBAIOLIEIro MHKJa (Cp HCII0JIb30BaHHE
JeMMbl 1 B ToKa3aTesbCTBe TeOopeMbl 2)

1.3. HekoTopble HESICHOCTH OJHOH PabOThI O MpPOBEpPKe PEryJsipHOCTH JeTep-
MUHHMPOBAaHHOro s3bIKa. HekoTopele netanu pa6otsl [Stearns 67] mepeksukawoTcs



¢ 0coOeHHOCTAMHU Haulero noaxona. OmHAaKO MOMBITKA pa3oOpaTbCs B Hell HaTaJKH-
BaeTcsl Ha HekoTopble TpyaHocTH. OHU HauWHawTCs yXKe ¢ onpeneseHuil. OnHUM U3
BaXKHeHIINX B paboTe sIBJsIETCS MOHSATHE KBAa3UIyCTOro cjoBa. Ero ompenesnenue Bpsif
JIM TIOJPa3yMeBaeT, UTO KaKJI0e JIEHTOUHOe CJIOBO, CTHPAaeMoe EABHXKEHUSIMH (3TOT U
HEKOTOpble Jpyrue yrnoTpebJeHHble najee TepMHUHBl cM. B [Stearns 67]), cuutaercs
KBa3uMycThiM. J[eHCTBUTENbHO, PACCMOTPUM MPUMepP Mara3uHHOrO aBTOMAaTa, Ompefe-
JISIEMOTO JyraMu

(Po, Z0) 1% (o, Z),
(po, 2)5% (p1, Z),
(p1, Z) %5 (p2, Z),
(Pz: Z)_Az(fa Zo)-

EnnHcTBEHHOE IpeaJJoxKeHrne aBToMmata UMeEeT IMYCTYIO0 ITOMETKY. z’SﬂBI/I}KeHI/Ie

(PhZ) 7 (A)(pm/\)

He NPUBOIMT aBTOMAaT B COCTOSIHHE, B KOTOPOM OH OCTaJ/icsi Obl MPU CTUPAHUM KOIHH
cnoBa Z. CjenoBaTesibHO, CJOBO Z He YAOBJETBOPSIET ONpeleseHHI0 KBa3UIyCTOTO
CJI0BA.

(B3siB Hy>XHO€ UHCJIO COCTOSTHUH, MPUMepP MOXXHO U3MEHHUTDb TaK, 4TO JJIMHA yCIell-
HOTO MyTH yBEJHUUHUTCS.)

MoKHO MpeanosoXKUThb, UTO aBTOP XOTeJ Ha3BaTh KBA3UMYCTbIMH CJIOBA, CTHpae-
Mble LIUKJAMH C MYCTOH MOMEeTKOH (6oJsiee TOro, TAKUMH LHKJIAMU C ITyCTOH MOMETKOH,
KOTOpble HMEIOT MapHbli cebe HaKamauBaoIMK LKKI). Ho Torna craHoBUTCS HesiCHOH
TeopeMa 3 paboThl [Stearns 67]. B camom nesie, pacCMOTPUM NpUMep HeTEPMHHHPO-
BAHHOI'O Mara3uHHOro aBTOMara

n — ({pOap17p2}7 {CL, b}a {Z07 ey Z’n}a ZOv 57 Do, {p?})7

JomycKarlero (BecbMa HepallMOHANbHO) perynsipHbii f3blK {a™b | m > 1}:

1) (o, A Zi) — (po, ZiZiy1), 0 < i <n — 1,

2 (po,CL Z) (po,Z Zl)

3) (po,b, Zy) — (p1,A),

4) (p1, A, Zi) — (p1,A), 1< i<,

5) (p1, A, Zo) — (P2, Zo).
Komanas! 1, 2 COOTBETCTBEHHO KaXKIOMy MPOYHTAHHOMY a 3alHCBIBAIOT B MarasuH
LETIOYKY

Ly ... Ln2.

ITo KBa3WIyCTOE CJIOBO: HAuaB CTUPAaTb €ro B COCTOSHUU pPj, aBTOMAT MEPEXOIUT B
COCTOSIHHE D1, B KOTOPOM M OCTaeTCs, MOKA He CTepTO BCe, KpOMe Mapkepa AHa.

[Ipu no6om n > 1 aBTomar M, umeeT Tpu coctosiusi. Mcnosab3syemoe B Teopeme 3
gucso ¢! + 1 ects 3l +1=171.

JleHTOUHBIE Cc/J0Ba aBTOMata M, UMEIOT BUJ,

Z()(Zl . Zn)k’y,

roe k > 0, a v ecTb NpeUKC LUENOUKU L ... L.

[lycte n = 8, N = {1,...,7}. Takum o6pasom, mHOXKecTBO N comepxHT ¢! +
1 pasquYHBIX LeJbIX YHCes, MeHbIIUX n. PaccMoTpum 7 ...Zs — BO3MOXHOe U3
BepXHUX B MarasuHe cioB. [lycts e = 7. Ilas awboro uucaa f € N, f < e, ca0BO



Zpy1 ... Z, He SBJSIETCS KBA3WIYCTBIM, Tak KaK (Zfyq...Z.)" nas mwboro k > 1 He
MOXKET BXOIUTb B JIEHTOYHOE CJOBO aBTOMAaTa U He MOXKeT ObITb CTEPTO aBTOMATOM.

Teopema 3 paGotbl [Stearns 67] Bbi3biBaeT COMHeHHe U 0e3 MPUBEIEHHOro 006CYy-
JKIEHUS: MOA03PUTEbHA BO3MOXKHOCTb OLEHUTb CBEPXY MJIUHY KBa3WUIyCTOTO CJOBA,
KaK Obl OHO HU OMPEeNeJsioCh, TOJbKO C MOMOIIbIO YUCJIA COCTOSTHUH, 6e3 ydeTa yuc-
Jla MarasuHHBIX CUMBOJIOB. [loBUAMMOMY, BO3MOXKEH KAKOHTO aHAJOr 3TOH TeOpeMbl,
UCTIOJIb3YIOIMH MOHSATHE BEPIIHHBI.

3aMeTHM, 4TO MOXKHO MPEeBPATUTb aBTOMAT M, B HAMOJNHSAOMIWNA MarasuH B peaqbHoe
BpeMs 3aMeHOU KoMaH[ 1, 2 Ha KOMaH/bI

(pO,CL, ZO) - (pOJZZ1 .. ZTL)7 Z S {Z07Zn}

HpI/I 9TOM BHJ JI€EHTOYHBIX CJIOB OCTA€TCA TAaKHUM XKe. MoxxHo CTPOUTb U COBEPLIEHHbIE
dBTOMAThI M;l, HaroJIHAoI e MarasuH B peaJjJbHOE BpeMd, HGPEI;'I,HH OT fA3bIKd

{a™b|m > 1}
K SI3bIKaM
L, ={a"b|m>1}.
3nech Ml KaXaoro L, UHCIO m OnpeessieT YUCJIO MarasvHHBIX CHMBOJIOB aBTOMaTa
M), OTIMUHBIX OT Mapkepa JHa.

§2. IIpoGaema mocTpoeHus rpaga conpsiKeHNN

[Ipo6sema 3KBUBaJEHTHOCTH AeTEPMUHUPOBAHHBIX MarasvHHbIX aBTOMATOB fIBJSIET-
sl KJIIOUEBOH B Pa3BUTHM HEKOTOPBIX HAMpaBJ/eHUH TeOPHH 13bIKOB U aBTOMaToB. EcTte-
CTBEHHA MJesl MCIO0/1b30BaTh UMHUTALHIO OJHOBPEMEHHOH pabOThl IBYX AeTePMHHHPO-
BaHHBIX MarasWHHBIX aBTOMATOB /51 TIPOBEPKH HX IKBHUBajJeHTHOCTH. Eme B [Valiant
73] npepJsioxkeHa TeXHHWKA WMHUTALUH, MIPUMEHHMasi B HEKOTOPBIX MOJKJAccaxX AeTep-
MUHHUPOBAHHBIX MarasuHHbIX aBTOMAaTOB M HMCII0Jb30BAHHAS BIIOCJEACTBUH B padoTax
[PomanoBckuit 80, PomanoBckuit 86|, mpennaramomux peleHusi npobJeMbl SKBHUBa-
JIEHTHOCTH B KJaccax NeTePMHHUPOBAHHBIX MAara3MHHBIX aBTOMATOB YaCTHOIO BHJA.
(Bnpouewm, pemienue, npencrasiaeHHoe B [PomaHoBckui 86], omr6ouHo, uTo 06Cyxaa-
eTcs B pasfielie 2 HacTosillero naparpaga.)

3aech paccMaTpuBaeTcs 3afadya MOCTPOEHUS MO ABYM 3KBUBAJEHTHBIM NeTEPMHUHH-
POBaHHBIM Mara3MHHbIM aBTOMaTaM, 3aflaHHbIM CBOMMH rpadaMu, HEKOTOPOrO HOBOTO
KOHEYHOI0 OPUEHTHPOBAHHOIO rpagda, KaxKaplid NyTb KOTOPOrO SIBJSETCS, 110 CYLLECTBY,
COMOCTAaBJIEHHEM BBIUKMCJEHHUH aBTOMATOB HAaj ONHOH M TOH ke Lernodykoi. [locaenHuit
rpad HasBaH rpad)oM CONPSIKEHUH (MO COMpsiKEHHWEM MOoApPa3yMeBaeTcsl OIHOBPEMEH-
HO€ TPOCJIeXKHUBAHUE BBIYMCJEHUH Pa3/JUYHBIX aBTOMATOB Hal OJHOH W TOH 2Ke LeNoy-
Koi). ['pad compsizkeHUH COMEPKHUT BCIO MH(DOPMALIHIO, XapAKTEPUIYOILYI0 TPe6OBaHHUS
K 3alIOMHHAIOLIEH CIOCOOHOCTH UMHUTATOPA, U (PaKTUYECKH SIBJISI€TCS MOJHOLEHHBIM €ro
npeaCcTaBJJIeHUEM.

Jns nwo6of 3aiaHHOR mapbl JeTePMHHHUPOBAHHBIX MarasvHHBIX aBTOMATOB JIETKO
MOCTPOUTb KOHEUHOe MHOXKeCTBO, cofepxKallee B ceOe BCe AYI'M COOTBETCTBYIOLIe-
ro rpada conpsikenuit. OnHako, BbleseHHe MOAMHOXKECTBA AYT Tpada COmpsizKeHHH
OKa3blBaeTCs aJrOPUTMHUECKH HepaspelldMBbIM [a)Ke B KJ/acce JeTepMHUHHPOBAHHbBIX
MarasvHHbBIX aBTOMAaTOB, HAMOJHSIOIIUX Mara3uH B peasibHOe BpeMsl U JONMYCKAMOLIUX
peryJsipHble SI3bIKH. DTO JOKA3bIBAETCS C MOMOIIbIO 1eTEPMHUHUPOBAHHBIX MarasuHHBIX



aBTOMATOB CIeIMaJbHOTO BU/A, KOTOPbIE CTPOSITCS M0 NPOU3BOJNBHOMY 3aaHHOMY CJy-
yato npobsembl cooTBeTcTBUSI [locta. OkasbiBaeTcs, 4YTO CylLIeCTBOBaHHE aJrOPUTMA,
KOTOPbIH CTPOUT IO ABYM TaKUM [IeTE€PMHHHUPOBAHHBIM MarasvHHbIM aBTOMaTaM HX
rpad comnpsixkeHHH, 03Hayaso Obl TaKXKe W CyleCTBOBaHWe a/JrOPUTMa peLleHHUs Ipo-
6sneMbl cooTBeTcTBUA [locTa, yTO MpOTHBOPEeUnso Obl U3BECTHOMY (PaKTy 00 aJrOpUT-
MHUUeCKOW Hepa3pelinMOCTH 3TOH MpoOJIeMBbl.

B pasnene 1 onpenensiercss moHsiTHe rpada COMPSI)KEHHH W J0KA3bIBAeTCsl Teopema
00 aJrOPUTMHUECKOH Hepa3pelIMMOCTH MpoOJeMbl MOCTPOeHUS rpada conpsKeHUH.
Pasnen 2 copmepXuT MOOM(UKALHKIO PAaCCMOTPEHHBIX B J0KAa3aTeJbCTBE 3TOH Teope-
MbI Clle[[Ha/IbHbIX JeTePMUHHUPOBAHHBIX Mara3uHHbIX aBTOMATOB, KOTOpas MpeBpaliaeT
UX B JIeTePMHUHHPOBAaHHble Mara3uHHble aBTOMAThl, NeHCTBYIOLIME B peajbHOE BpeMs
(IMAPB) [PomanoBckuit 86]. C momMolblo HOBBIX ClelHaIbHBIX 1€ TEPMUHHPOBAHHBIX
MaraspHHbBIX aBTOMaTOB JOKa3bIBaeTCs, YTO M3 CYLIeCTBOBaHHs onucaHHOro B [Poma-
HOBCKHU 86| umuTaTtopa coBMecTHOH paboThl nByx JJMAPB crenyer cyiuiectBoBaHue
aJroputTMa perieHus npodsemsl cootBeTcTBHUs [locta. [Toctpoenus pabotsl [PomanoB-
cKHi 86], BO3MOXKHO, 3aKOHHBI AJis HeKoToporo noaksaacca JJMAPB.

B nocsenymolmux npumepax Mara3uHHbIX aBTOMAaToB YHIOOHO AONMycKaTb B rpade
MarasvHHOIO aBTOMaTa IyTH € MYCThIM 3apsioM U ¢ 3apsifoM Buna +X; ...+ X,,, rae
m>1, X;el pag¢=1,...,m. Jlyra ¢ nycTbiM 3apsiloM Kak Obl cOBMellaeT B cebe
IIBe TOCJeN0BaTe/NbHble NyTH, U3 KOTOPBIX MepBasi n00aBjsieT CUMBOJ B MarasuH, a
BTOpas CTUpaeT 3TOoT cuMBoJ. Hyry ¢ 3apsamom +X; ...+ X,,, m > 1, MOXKHO CUHTaTh
COKpallleHHeM MOCJ/e0BaTeIbHOCTH AYT ¢ 3apsigaMi + X1, ..., +X,,.

2.1. I'pacd compsimenmit. [lpencraBieHvie nyrd MaraspuHHOTO aBTOMAaTa Mapod ee
BEepILHH, NMOMETKOH W 3apsiioM MO03BOJsSeT BUAETb HeHTpa/bHble yYaCTKH B 3alUCHAX
MapuipyToB 6e3 obparieHdss K DMHoxecTBy naHHOro aBTomMaTa. B camom nese, ¢
TaKUM IpelcTaBJeHHeM OYT B MaplLIpyTe HOTOLIHO MPOTOKOJHUPYETCs BHUJI MOCJEN0Ba-
TeJbHBIX KOH(UTIypauui aBTromaTa (cp. MpHMep, pacCMOTpeHHbIH B pasnene 1.1). B
IaHHOM pasfeJie yI0OHO BOCIO/Nb30BATbCS UMEHHO TAaKHUM IpelCcTaBJeHHeM AYT.

Hanee oqnsi 1 = 1,2

M; = (szaria ZmﬁmﬁouFi)

€CTb Mara3uHHble aBTOMATHI,

T € E(Mz),

P, € V(My),

e ¢ (SU{AY) x ({+ —)T),

P €Wy,

& € By,

T =T Tim,
€CTb yCIeLIHbIH MapupyT aBromara M;,

Ty — Ayra aas j =1,...,m,.

dnemMeHTH MHOXecTBa W; ynono6um nyram (310 "GUKTHBHbIE"IyTH: JHOOOH MyCTOH
yUacTOK HEKOTOPOTrO MapLIpyTa, MMEILIMH BepIIHHYy P, MOXKeT ObITb 3aMeHeH Io-
caeoBaTeibHOCTbIO (PeP)k, k > 0, QMKTUBHBIX Ayr) ¥ BBeNeM I/l HUX MOHATHS



Haya/JlbHOW M KOHEYHOU BepLIWH:
beg(PeP) = end(PeP) = P.
QDUKTUBHBIE AYTH TOCAYXKAT AJs "BbIpaBHUBAHHUSA COMPSATaeMblX MapLIPyTOB.

[Tycts w(m) = w(my). Torna HasoBem ymopsinoyeHHyto napy (mi,ma) (M, Ms)-
o6HupebpoMm.

Kaxnyio u3 ynopsinodeHHbIX nap (my, ) ¥ (¢, m2) Ha3oBeM (M, M, )-MoHOpeGpOM.

Beenem obwee nnst (M, My)é6upebep u (M, My)moHopeGep HasBanue (M, Ms)-
pebpa.

['pad, MHOXKecTBO BepiiuH KoToporo ectb V(M) x V (M), a MHOXeCTBO OyT

ectb {((P1, P2), (@1, Q2)) ¢ Becom (&1,&2)[(&1,&2) ectb (My, My)pebpo, ans i = 1,2
beg(&;) = P; v end(&;) = Q;}, o6o3Hauum uepe3 Union(M;, Ms).

Bepuiuny rpada Union(My, My) nazosem (M, Ms)-y3mom.

[pucraBka (M;, M,) nanee GyneTr OMycKaThCsi, €CJM TO HE MOBJeYeT Hemopasyme-
HUH.

Mel BBesIH 0cOOble TEPMHHBI [JIs1 BEPIIMH U AyT rpada

Union(My, M),

TaK KaK 3Ta yJIOBKa, MOBUAMMOMY, 00JIerdYUT 0OCYyKIeHHe AaHHOro rpada Hapsay C
rpaaMy MarasMHHbIX aBToMaToB My, Ms.

[Iycte 77 u T — npenjoxeHuss aBromatoB M; u M, coorBercTBeHHO. [lycThb
w(T1) = w(Ty). Torna HasoseM (11, T3)-conpsixenneM myThb T B rpade Union(My, Ms),
noJsiyyaembld 1o 77 v Th CJIeAyIOIUMH JeHUCTBUSMHU:

7 = [nycro#t nyTb ¢ y3aoM ((por, Zo1), (Po2, Zo2));

ny ;= 1; ng :=1; (n; — cueTuuk nyr mapupyra 71;)

noka ny < mj A ng < me, BLINIOJHATDH CleAYIOLLee:

ecsd w(my,, ) = w(mon,),
T0 [T := T(M1ny, Tony,); M1 1= N1 + 15 Ny 1= ng + 1],
HHaue
eca w(my,, ) = A,
T0 [T 1= T(T1n,, beg(mon,) € beg(Tan,)); n1 = ny + 1],
vHaue (B 3TOM caydae w(my,,) = A)
[T := T(beg(m1n,) € beg(Tin, ), Ton,); N2 = no + 1];
noka ny < m;, BBIOJHIThH MPUCBAUBAHUS
[T := 7(71n,, end(T3) € end(T3)); ny == ny + 1];
noKa ng < My, BBINOJHATH MPUCBAUBAHUS
[T := 7(end(T}) € end(T}), Tan,); Mo == ng + 1].

HasoBeM rpagom conpsixeHnd u 0603HaUUM Uepes
Team(My, M,)

tako# noxarpad rpada Union(My, My), 4To Kaxaoe ero pedpo sipjsieTcsi pe6poM HeKo-
TOPOrO COMPSI2KEHUS.
CdopmynupyeM mpobseMy MocTpoeHHs rpada COMpsi>KeHUH CJeNYIOIHUM 00pa3oM:



MOCTPOUTb AJTOPUTM, KOTOPBIH MO MPOM3BOJbHOH mape (M, Ms) 3KBH-
BaJIEHTHBIX Mara3uHHBIX aBTOMaToB nosydaet rpad Team (M, Ms).
Jlokaxkem, 4To faHHas npobJeMa HepaspelldMa JaKe B KJjacce JeTepMUHHPOBAH-
HbIX MarasvHHBIX aBTOMAaTOB, HAMOJIHAIOUIMX MarasvH B peasibHOe BpeMs U NOMNycKa-
IOLMX peryJsipHble A3blKHM. [IocTpouMM crnenLManbHBIM Kjacc MarasuHHbIX aBTOMAaTOB,
IJ151 KOTOPOTO M3 Pa3pelluMOCTH NpoOJeMbl OCTPOeHHUsl rpada CONnpsKeHUH cienyeT
paspelinMocTb npobJeMbl cooTBeTcTBUSA [locTa.

[TycTb ynopsimoyeHHble Maphbl LienovyeKk

(I'l,y1)7 o (xm yn>7
roe n > 1, onpenensiioT caydai npobsembl cootBeTcTBHs [locta B andasute {a,b}.
[Iyctb
Y =A{a,b,0} U{cy,...,cn}

ul|X|=n+3.

Paccmotpum s3bIK

L={c,...c;0:0|p>1, 1<i;<nmiaj=1,...,p, z€{a,b}"}.

Asbik L perysnsipeH, Tak Kak OH JONYCKAeTCsl KOHEUHbIM aBTOMAaTOM, OIpefeJ/sieMbIM
CJAeNyIOLHMMH KOMaHIaMHU:

(90,¢) = @1, c € {ca, ... en},

(q1,¢) = q1, c€{c1,...,cn},

(qb O) — {2,

(QQ,S) — (42, S € {aa b}:

(42,0) = gs.

CocTrosiHUe @3 5IBJISIeTCS 3aKJ/I0UUTENbHBIM COCTOSIHUEM JaHHOTO KOHEYHOro aBToMa-
Ta.

Jlerko BUIETh CNpaBeNJIMBOCTb CJeNyIOLHUX PABEHCTB:

L=L,JU(L—-L,)=L,(L—Ly),
rae
Ly={ci,...c;,0x;, ...2;,0 | p>1, 1 <i;<npanaj=1,...,p}
L—L,={c,...c;i020[p>1, 1<i;<npnaj=1,...,p,
ze{a,b}", z# x; ... .1},
a L, ompenensercs aHaJOTMYHO f3bIKY L, C TOMOLILbIO BTOPLIX 3J€MeHTOB Map, onpe-
aeasiiomux caydai npobaemsl cootBetcTBUs [locra.

[Tyctb uf 0603nHauaer obpalleHne LENOYKH U.
Onpenenum neTepMUHUPOBAHHBIN Mara3uHHbIA aBTOMAT

M, = (K., X, s, Zog, 0z, Poa, Fr)
cJeqy UM 006pasom.
K, = {p0x7p1x7p2xap3a:7p4ac7 fac}7
Iy ={Zos,a,b},
Fy ={fs},

MHOXKECTBO 0§, 06pa3oBaHO KOMaHIaMH CJEIYIOIMX YeThlpHAALATH CepU, B KOTOPBIX
i=1,...,n,rse€ {a,b}:
R
(1) (pOxacia ZOx) - (pOxa ZOxxi ),



(
3) (pO:EaO S) (plxa )
4) (plxa S S) (pla:; A)
5) (plmyoyzOm) (fa:;ZOx)y
6) (plx;o 3) - (p4a:78>7
(plzvar 3) (p2$7 )1 r 3& S,
(p241377n S) (pQZL’a )7
(P20, 5) = (P 5),
O (plzﬂ" ZDJ;) - <p3x7 ZOx)a
1) (psas 7y Zoz) — (P32 Zoa),
(p3x70 ZOx) - (fm ZO:):),
(p4x7 ) (p4xy A>,

( 4 <p4x7A7 Z(]x) - <f1177 ZOm)

ABromat M, nomyckaet 3blK L, "Bbliessis "1eNOYKH MHOXKeCTBa L, CPeIU OCTasb-
HBIX 1lernodyek sisbika L. B camom mesie, komauasl cepuit (1)-(5) nonyCKa}OT LEMOYKH
MHOKecTBa L,: (1) u (2) Hakam/iMBalOT B MarasuHe LENO4YKy xfi zf, (3) mepeoxst
aBTOMAaT B COCTOSIHHE Pi, COMOCTaBJIEHUsI BXOAHOM LIEMOUKH C COAEPKHUMBIM Marasu-
Ha, (4) NPOYMTHIBAIOT T, ...T;,, KOMaHAa (D) MepeBOAMT aBTOMAaT B 3aKJ/IOYHTe/]bHOE
COCTOSIHHE, B KOTOPOM J@aHHBIH aBTOMAaT He MOXET MPUMEHHTb KaKyAu00 KOMaHLIy.
Komanzel (6) M03BoJAIOT "He 10YUTATh TIOCAEA0BATeIbHOCTD T;, . . . T;,, CJACAYIOLLYIO 3a
NpedHUKCOM ¢;, . .. ¢;, 0 BXonHOH Lenouky. Komanael cepuit (7), (8), (9) o6ecneunpator
pacrosHaBaHMe LeMNoueK BUAA C;, ... C;, 0usv0, rae s € {a, b}, u ABAseTCA, a us He fB-
JsieTcss COOCTBEHHBIM NPe(pUKCOM LeNOoYKH T;, ... x;,. Komanaws cepuit (10), (11), (12)
00ecreunBaloT pacrosHaBaHHe LeMNoueK BHAA ¢, ... ¢;, 0x;, ... x; v0, rie v € {a,b}".
Komaunbl cepun (13) Bmecte ¢ kKoMmaHmo#t (14) cTHpaioT B MarasvHe He HCIOJb30-
BaHHbII (B cayuae nmpumeHeHus KomaHp (6) uam (7)) cyddHKC LENOuKH o, ...T;,.
TosibKO MoC/IeIHHE CTHUPAIOIIHE KOMAaH/Ibl He UUTAIOT U3 BXOAHOH LIEMOYKH, TaK 4TO Je-
TEePMUHHUPOBAHHBIH MarasuHHbIA aBTOMAaT M, yIOBJETBOpPSIET OMpelesIeHHI0 aBTOMATa,
HaTOJIHSOIIEr0 MarasuH B peajibHoe BpeMs.

AHasIOTHUHO OmNpenesuM JeTePMHHUPOBAHHBIA Mara3uHHBIE aBTOMAT

My = (Ky’ %, Fy» ZOya 5yap0y7 Fy)a

KOTOPBIM JONYyCKaeT fA3blK L, BblAe/AsA LENOYKH MHOXKecTBa L, Cpeld OCTaJbHBIX €ro
uenodek. TakuM o6pa3oM, JeTepMHHHPOBaHHble MarasuHHble aBToMaTbl M, u M, 3k-
BHUBAJIEHTHBl U JONYCKAIOT PEry/spPHBIHA A3bIK.

Jlemma 2. Tpad Team(M,, M,) numeer pebpo

0 0
(15) ((Pros Zow) 5 s Zoa): (Prys Zoy) 5 (Fys Za)
TOTZa U TOJIKO TOT[a, KOrJa paccMaTpuBaeMbld caydaid mpobsembl cooTBeTcTBUS [lo-

CTa UMEET pelleHHue.

LlokasaresbcTBo. Ilyctb
0
Ty = (plwa ZOw)K(fwa ZOw) IJig w € {$ay}

Torna pe6po 7 = (7., m,) u ectb pe6po (15). Ilycts rpad Team(M,, M,) nmeer pe6po
(15). M3 noctpoenusi aBTomata M, cjenyert, 4To Oyra m, SIBJSETCS OYTOH yCHELIHOro



MapupyTta apTomara M, Toraa v TOJBKO TOr[a, KOrAa IoMeTKa 3TOr0 MapuipyTa UMeeT
BUL Cj, - - - G4, 0y ... 23,0 1151 HEKOTOpOTO p > 1. AnanoruyHo, nyra Ty SABJISETCS TyTOn
YCIELIHOro Mapuipyra asTomMara M, TOraa M TOJBKO TOrAa, KOIAa IOMEeTKa 3TOro
MapuipyTa uMeeT BHUI ¢j, ... c; 0y;, ... y;,0 11sg Hekotoporo ¢ > 1.

Pebpo 7, no omnpenenenuio rpacda conpsizkeHW#, BXOAUT B HEKOTOPBHIA MyTb rpada
Team(M,, M,), ABJSIOLHMICS A1 HEKOTOPHIX ycnewmHslx Mapiupytos 1, u 1), (T, T,)-
CONpsI2KEHUEM.

CorsacHo omnpefesieHHIO conpsikeHHst UMeeM paBeHCTBO w(1},) = w(7},). DT0 paBeH-
CTBO 03HAYaeT, YTO BEPHO PABEHCTBO

Cip c. CiIOwil c. xip() =Cjp o chOyjl N thO

Ho nocnenHee paBeHCTBO BO3MOXKHO B TOM M TOJIBKO B TOM CJydae, €C/Jd HaOOpbI
11y 50p U J1,. .., J¢ COBIANAWOT U Xy - .. Ty = Yiy - - - Yi, - Orcloga BUAUM, YTO JAHHBIH
cayyaid npobsemel cooTBeTcTBUA [locTa nmeer pelenue.

[IycTb Tenepp maHHBIN caydadt npobJembl cooTBeTcTBUA [locTa uMeer pelueHue, T.e.
cymecTByloT p > 1 u Habop (ii,...,ip), TaKHe, UTO Ty, ...T;, = Vi -..Y;,. OO03Ha-
YUM uYepes z LeNOUKy ¢, ...c;0x; ...x;,0. Torna z € L, N L,. CrenosaTenbHo, s
w € {z,y} cymecTByeT ycneuHsl#t mapupyt 7, aBromara M, rae w(1,) = w(T,) = 2.
W3 nocrpoenns aBromaro M, u M, ciaenyer, uro ajas w € {z,y} mapupyt T;, 3aKaH-
4nBaercs Ayro# m,. M3 omnpenenenus conpsizkenus cienyet, uro (1,7, )eonpsikenne
3akaHuMBaercs pebpom 7. Tak kak rpad Team(M,, M,) comepxut Bce pebpa conps-
’KEHUH, OH COlepXKHUT U pebpo 7 L]

OTMeTI/IM, 4qTo Mx " My OTHOCATCA K MarasvHHbIM aBTOMaTaM C OJAHHUM IIOBOPO-
toM. WX 3amucu B mMaraswH NpeAlIeCTBYIOT MPOYTEHHUIO MEPBOTO0 BXOXKAEHUSA HYJIA BO
BXOOHYIO LEINOYKY; 3aT€M BO3MO2KHbBI TOJbKO CTUPAHUA.

Teopema 3. Ilpobnema nmocTpoeHus rpada CONMpsKeHWH aATOPUTMHUYECKH Hepaspe-
IMMa B KJlacCe NeTePMHHHUPOBAHHBIX Mara3uHHBIX aBTOMATOB C OJHUM IOBOPOTOM,
HaroJIHSAIIMX Mara3uH B peajbHOe BPeMS.

JlokaszaresbcTBo. JlocTaTo4HO YOEAUTbCS B HECYLIECTBOBAHHWH aJITOPUTMA, KO-
TOPBIH CTPOUT JJIs MPOU3BOJBHOIO cJayudasi npobsembl cooTBeTcTBUs [locta rpad
Team(M,, M,). Ilpennonoxum, YTO TaKOH aJropuTM cyulectByer. Torma U3
JIeMMbl CJlelyeT TaKoOH aJrOPUTM pelleHUss MNpobJeMbl COOTBETCTBHS: TMOCTPOUTh
Team(M,, M,); ecmu Team(M,, M,) numeer pebpo (15), To pemaromiasi nocJjenosa-
TeJbHOCTb CYLIECTBYeT, UHaue He cyulectByeT. OnHako, npobjema coorBeTcTHs [locTa
aJArOpUTMUYeCKH HepaspewnMa. CienoBatesbHO, Hallle MpeanoJoxeHne HeBepHO [

2.2. HesicHble MecTa ogqHOU paboThl 0 mpobOiaeme skBuBajdeHTHoctu JIMAPB.
Paccmorpum ITMAPB

Nz = (Kxa Ea FJZ? ZOxa 6x7p0:m Fz)a

e
Kx = {p()raplxap%:; f:p},
Fm = {ng, a, b},
Fac = {f;t? g:ﬁ}»
d, 00pa30BaHO KOMaHAaMH NECSTH Cepui, B KOTOpbX ¢ =1,...,n, r,s € {a,b}:

(16) (pow; Cis Zox) — (Pows Zoxt ),



17) (Pox, ¢ir 8) = (Dows s7),
18) (pamoas) - (pl:ms),
19) <p1x7878) - (plmuA)’

(plxarv ZOJ:) - (p2x> ZO:(:T)-

ABTomat N, 3KBHBaJieHTeH aBTOMaTy M, TpelbAyIIero pasiesna U MOJyueH HU3
M,, B yacTHOCTH, OTOpachIBaHHEM KOMaH[, CTHPAIOLIMX B MarasuHe MpuH oOpaboTKe
BXOJHBIX Liernouek u3 L — L.

3aMeTHM, UTO BBIYMCJEHUs aBToMarta [N, Haja 1ernoykKaMu M3 L, He HCIOJb3YIOT
kKoMmaHza Buaa (21)—(25). Llenouku u3 L, ¥ TOJBKO OHH NPUBOAST aBToMat N, B CO-
CTOsIHUE f,.

Awnanoruuno onpenenum JIMAPB

Ny = (Ky’ %, Fya ZOyv 5y7p0y7 Fy)a

Te MHOXEeCTBO 0, pa30OHMBaeTCsi Ha IOIMHOXKEeCTBA, aHAJOTHYHbIe IMOJMHOXECTBAM
(16)—(25) u najsee ymoMHuHaeMble MO TEMH Ke HOMEPaMH.

Ecau cayuait npobsaemsl cootBeTcTBus [locTa, onpenensomui aptomatsl N, U N,
vMeer pemenue (i, ...,4,), TO, corJacHo TeopeMe 2 padotel [PomanoBckuit 86], cy-
IIECTBYIOT TaKHe HaTypaJjibHOe YHCJ0 ¢ ¥ GYyHKIHsS 3amelieHus: [Pomanosckui 86] py,
YTO THEe3J0BOH CTEKOBBIH aBTOMAT

A= Apt<N£E7Ny) = (Q727F757 qo, ZOvF7 ):7 |_7 ’)

yCIEeIHO UMUTHPYeT BhIYMCIeHUs aBToMaToB N, ¥ NN, Hal LeNouyKoH

(26) Cip . Cil()xil ce IL‘Z'pO € Lx N Ly.

CorylacHO 3aMeYaHHIO BbIle 3Ta UMHUTALIUS HE MOXKET HCI0Jb30BaTh MEePEXON0B TH-
noB (cM. ctp. 21 B [PomanoBckuii 86]) (2)—(4) u (32), NOCTPOEHHBIX C HUCIIOJIb30BAHHEM
Halkux KomMaHa THnoB (21)-(25). 3ameTuM Takxke, 4T0 A OKOHUHT HAHHYIO UMHTALHIO
B COCTOSIHUU

(fes fyr )

IJ151 HeKoTopo# vy € I'™.
PaccMoTpuM rHe310BOH CTEKOBBIH aBTOMAT

B = (Q,E,F,éB,qO,Zg,Q N {(fzafyfy)h € F*}7 )Zvl_v |)’

KOTOPbIH OT/iHUaeTcss oT A MHOXECTBOM 3aKJIUHUTEJbHBIX COCTOSTHHH U B KOTOPOM
dp TIO CPAaBHEHHIO C 0 HEe CONEPXKUT MHOXKECTBA TEPeXON0B THMa (HOMepa THUIIOB CM.
B [PomanoBckuit 86]) (2)—(4), (32), IOCTPOEHHBIX C UCIOJb30BAHUEM XOTs1 Obl OIHOU
KoMaHabl TUnoB (21)—(25).

M3 mocTpoeHUs: THE3OBOrO CTEKOBOTO aBTOMarta 3 BbITEKaeT

Teopema 4. B nomyckaeT HeMyCTOH sI3bIK TOr[A M TOJBKO TOTJA, KOr4a pacCMaTpH-
BaeMbli cyyuail npobJemMbl cooTBeTcTBUs [locta umeer pelenue [J

Tak kak mpoGsema MyCTOTHI aJTOPUTMHUECKH paspellirMa B KJacce He3IOBBIX CTe-
KOBBIX aBTOMAaTOB, TeopeMa 4 CBHJETENbCTBYeT 00 OLIMOOUHOCTH MPeNCTaBJIEHHOTO B
pabore [PomaHoBckui 86| anroputma npoBepku akBUBajseHTHocTH JJTMAPB.



§3. Heckoabko npumepoB
aJroOpUTMHUYECKHUX MPOoOJIeM

CuauaJga JaguM IPHUMepPbl pa3pelliMMbIX aJTOPUTMHUYECKHUX HpO6JIeM W YKaxeM OJisd
HHUX aJTOPHUTMBbI, UCIIOJb3YIOLUIKME TTOHATHE Aapa.

Teopema 5. Kaxknplii U3 cJieqyIOUIMX BOIMPOCOB Pa3perinM.

(1) TlycT su sI3BIK, DOMyCKaeMblid Mara3uHHbLIM aBTOMAaTOM?
(2) BeckoHeueH JIM TaKOH SI3BIK?
(3) SBasieTcst 1M MarasvHHBIA aBTOMAT MPaBOJUHEHHBIM?

JlokasaresnbcTBo. Be3 orpaHnueHus oOLIHOCTH MOXHO T0JIAraTh, UTO Mara3WHHbIN
aBTOMAT sIBJIseTCsl COBeplleHHbIM. [lokaxkeM, UTO 1Jif OTBeTa Ha Iepedyuc/eHHble B
TeopeMe BOIPOCH! JOCTATOUHO PacCMOTpeTh ero (w,danpo aas w,d < 4.

1. L(M) = () torna u Toabko Toraa, korna Core(M,1,1) = ().

2. Teopema 0 pa3BUTHH O3HAYaeT, YTO KaxKa0e MpeJIoKeHHe Mara3iHHOro0 aBToMara
M nonyyaetcs u3 snemenra siapa Core(M1,1) BcTaBlIeHHEM LHKJOB, HMEIOIUXCS B
snemMeHTax MHoxectBa Core(M,2,1). Takum o6pasom, siselk L(M ) GeckoHedeH Torna
M TOJIbKO TOTZHA, KOTHA Cpend mpensoxeHuil MHOxecTBa Core(M,2,1) ecTb comepxka-
llee HEWUTpaJbHBIH YUTAIOUIMH LMUKJA WU THe310, 00pa30BaHHOE LUKJAAMU, XOTs Obl
OJIMH M3 KOTOPBIX SIBJSIETCS UHUTAIOLIMM.

3. 3aMeTuM, 4TO, C OIHOH CTOPOHBI, MO ONpeNeJeHHUSM KaXKIbli TPaBOJHHEHHEI
MarasvHHbI# aBTOMAT siBJseTCs aBTOMaToM 0e3 camoBcTaBjeHus. C apyroil cropo-
Hbl, CYLIECTBYIOT Mara3vHHble aBTOMaTbl 6e3 CaMOBCTaBJ/IEHHs, He YAOBJETBOPSIOLIE
onpeJeJieHHIO TIPABOJMHEHHOr0 MarasuHHOro aBTomMara. 1akoB, HarnpuMep, aBTOMaT

({vaplyf}a {a}’ {Zo,a}, ZOa 5a Do, {f})a

KOTOPBIF JOMYCKAaeT MHOXKECTBO a; ero MHOXKECTBO § COCTOUT U3 KOMAaH[

(o, A, Z) = (po, Za), Z € {Zy, a},

(¢,a,a) — (p1, M), q € {po, p1},

1, A, Zo) — (f, Zo).

Takum 06pazom, NpaBoJIMHEHHble Mara3uHHble aBTOMaThl 00pa3yl0T COOCTBEHHBIH
MOJKJACcC aBTOMAaToB 0e3 camoBcTaBjeHHs. ONHAKO OTBET Ha BOMPOC O MPaBOJIMHEH-
HOCTU HEKOTOpOro aBToMarta M He mpolle, yeM OTBET Ha BOMPOC O TOM, SIBJsieTCS
au M aBtomaToM 0e3 CaMOBCTAaBJIEHMS, TaK KaK He ydaeTcsl YIIPOCTUTb CXEMY J0Ka-
3aTeIbCTBa, NMpeNCTaBJeHHY0 B pasnese 1.2 Boime. [losb3ysich 3TOH CXeMOH, MOXKHO
yOequThbCsl, YTO eCJM HeleTePMUHUPOBAHHBIM MarasWHHbIA aBTOMAT He sBJseTCs Mpa-
BOJIMHEHHBIM, TO OOHapy»KeHHe 3TOro rapaHtupyercs (4,4)anpom aBTOMara.

Ecsu ke MarasuHHBIA aBTOMAT MPaBOJIMHEEH, TO B 3JeMeHTax ero (4,4)amnpa, Kak
U BO BCeX ero NpelJio’KeHUX, KaxKIbli OTKPbIBAIOLIHWH YHTAIOUMN LHUKJ SBJASETCS MO-
HOMOM.

Takum o6pasom, MarasuHHbIH aBTOMaT M NpaBOJIMHEEH TOTAA U TOJbKO TOT/A, KOTAa
B npensioxenusx siapa Core(M,4,4) KaIblil OTKPBIBAIOLIMH UHTAOIMINN LUK €CTb
MOHOM []

Crienytoliiee oTHOLIEHHe 3KBUBaeHTHOCTH noaxonut (cp. [Eilenberg 74]) nns noka-
3aTe/IbCTBA PA3PEIIUMOCTH MPOOGJIEMbl SKBUBAJIEHTHOCTU KOHEYHBIX aBTOMAaTOB. [1ycTh
A = (K,%,0,p, F) ectb KoHeuHBIH aBTOMaT, S1,5: C K. MHOXecTBa COCTOSTHUU



S1, S Ha30BeM 3KBHBAJEHTHBIMU B TOM M TOJIBKO TOM caydae, korpa L(Sy) = L(Ss),
rie
L(S)={xeX*|dpeS 3Ife€F pxfects nytb Ha A} VS C K.

[Tousitue Drpada NpUBOAMT K HAee HCIOJb30BAaHUS aHAJOTHUHOTO OTHOILIEHHS
(ompezesieHHOr0 Ha MHOXKECTBe BCeX MOAMHOXKeCTB BepiunH Drpada) /st nokasatesib-
CTBa PaspelMOCTH MPOOJeMbl 9KBUBAJEHTHOCTH MarasWHHbIX aBTOMaTOB HEKOTOPBIX
MoaKJaccoB. $ICHO, YTO Huesi OmpaBiaaHa, KOrja MarasvHHble aBTOMAaThl AOMYCKAaOT
perysisipHble MHOXKECTBa M, Hampumep, 00JafalnT KaKUMAHOO M3 CJAEIYIOIIHX TpPex
CBOHCTB.

(1) ABromaT HMKOTIA He CTHpPAeT B MarasuHe.
(2) B mo6om THe3ne X0Tst Obl OAMH M3 MapHBIX YUACTKOB He SIBJISIETCS [IHUKJIOM.
(3) ABTOoMAaT siBJIsleTCSl MTPAaBOJIMHEHHBIM.

paCCMOTpI/IM HpO6.H€My 9KHWBAJEHTHOCTU MHO2KECTB BEPIIWH B CJaydae ONETEPMHHU-
POBAaHHBIX MAarasviHHBIX aBTOMATOB.

Teopema 6. IIpo6Gnema 5KBUBaJIEHTHOCTH MHOXKECTB BEPLIMH HepaspelluMa B ciayuae
NeTePMHUHUPOBAHHBIX Mara3uHHbIX aBTOMATOB, NEHCTBYIOLIUX B peasbHOE BpeMs.

JlokasaresbcTBo. [locTpouM crnienHanbHbIH MOAKIACC JeTePMHUHHAPOBAHHBIX Mara3uH-
HBIX aBTOMAaTOB, NEHCTBYIOLIUX B peasbHOe BpeMs. Mexay aBToMaTtaMy IMoAKJ/acca U
caydasiMp npo6Jembl cooTBeTcTBUSl [locTa B HekoTopom ajdasute Y OyneT UMeTb
MeCTO B3aHMHOOJHO3HAaYHOE COOTBETCTBHE.

ABTomar

Mth,wn,yl,m,yn = (K7 A7 PJ ZOJ 57 Po, {f})7
THE T1y .y Ty Y1y Un € BT, Zo €5, T =X U{Z}, A =XU{ab,cd,... d,}
ecTb anaBuT U3 |X| + n + 3 CUMBOJIOB, ONpefessieTcs CAeAYIOIUM 00pa3oM.
[lyctb 1 <i<n, Z€T, g heX, wt obosnayaer obpaleHue Lenoyku w. Torma
MHOXKECTBO KOMaH[ ) 3a/laeTcsi CJAedyILUUMH (popMynaMu:

1) (po,a, Zo) — (p1, Zo),
(p0>b ZO) (p27ZO)

pl,dz,Z) (prx )

e ) — (q,9), 1=1,2,

3) (
4) (
5) (g.9,9) — (g, M),
6) (¢,c.9) — (f,9),
7) (.9, Z0) — (1, Zo),
8) (¢:h,g9) — (r,9), h # g,
9) (r,9,.2) — (7“ Z),
10) (r,e, 2) — (f, 2),
<p2 de) (p27ZyzR)’
12) (po; ¢; Zo) — (p3, Zo),
3) (ps, di, Zo) — (pa, Zo),

14) (P4, di, Zo) — (pa, Z0),
15) (]?47 C, Z()) (T’, Z())

Jlanublll aBTOMat pomyckaet si3bik al.y U bLy U cL, roe
L={d,...,d,}"cX%,
L1 :L\{dzkducﬂf“ﬂflk0| k’>0, 1 SZ] <n njas 1§] Sk’},



JlefCTBUTENBHO, €C/IM B HAauaJbHOM COCTOSIHUHM MPOYHUTaH CUMBOJ ¢ (CM. KoMaHay 12),
TO najiee mpuMeHsiotcss Komauabl 13-15 w 9-10, Huuero He 3amoMHHaAW0IIME B Ma-
rasvHe, T.e. ONpefessIollye, M0 CYLeCTBY, A1eTePMUHUPOBAHHBIA KOHEUHBIH aBTOMAT.
OHu obecneunBalOT Mepexo] U3 COCTOSHUS p3 B 3aKJOUYUTEJbHOE COCTOsIHHE f MO
neicTBUEM LIeNMOYKH U3 L U TOJAbKO TakoH uemnoukd. Komauasl 1 u 2 "3amyckatoT mno-
faBToMathl", ompefeJssieMble COOTBETCTBEHHO MOAMHOXKecTBaMu Komaua {3,...,10} u
{4,...,10,11}. Komanas 3—-10 momyckaroT s13blK L; TaKUM 2Ke CIOCO60M, KAKUM aBTO-
mat M, naparpada 2 nomyckaet 3blK L \ L,. AHaJIOrMYHO, OOJHOTHUITHO MOCTPOEHHBIE
koMaHabl 11 u 4-10 momyckarwoT 536K Ls.
Jlerko BugeTh, uto L = Ly U Ly TOTAA U TOJBKO TOTAA, KOTAa

CnenoBaresnbHo, MHOXKecTBa {(p1, Zp), (P2, Zo)} ¥ {(ps, Zo)} IKBHUBaJeHTHBI TOrna M
TOJIBKO TOTJa, KOTJa OTBeYaIoLMi aBTOMAaTy ciaydai mpobsaemsl coorBetcTBHs [ocra
He uMeeT pelleHu# [J

Wneto, ucrnonb3oBanHyo B maparpage 2 /s MOCTPOEHUS ClelHabHbIX IeTepMHU-
HUPOBAHHBIX MarasMHHbIX aBToMaToB M, ©W M,, MOXHO MPUCHOCOOMTb AJS JAOKa-
3aTesIbCTBa HePa3pelIMMOCTH BOIPOCa, PEry/sipHO JKH 00belHHEHWEe NBYX HEMYCThIX
NIeTEPMHUHUPOBAHHBIX 3BIKOB. TouHee, Mbl JOKaXeM

Y1Bepxknenue 1. He cyliecTByeT afaroputma, KOTOpPbIi MO JI0OBIM 3alaHHBIM KOHeY-
HOMYy aBTOMatTy .4 M JOMyCKAaIOUIUM HeNyCTble I3bIKH NeTEPMHUHUPOBAHHBIM MarasuH-
HbIM aBTOoMataM M; U M, onpepensieT, BEpPHO JIM PaBEHCTBO

L(M,) U L(Ms) = L(A).

JokasaresscrBo. PacemorpuM MHoxkecTBo nap Drpagos  (D,, D,), GHEKTHBHO
oToOpazkarolleecsi HA MHOXKECTBO BCeX cJydaeB npobseMmbl cootBeTcTBUs [locta B an-
¢asure {a,b}.

I[lycts 3, L, L, u L, onpenenensl, Kak B naparpade 2. Drpadg D, onpeenum Kak
rpad neTepMHHHUPOBAHHOTO MarasMHHoro aBromara M, mosydaemoro us M, no6asie-
HHUEeM ellle OJHOT0 COCTOSIHHUS ¢,, KOTOPOe He SIBJISETCS 3aKJUHUTEJNbHBIM, U 3aMeHOH
KoMaHbl (D) Ha

(plwa 07 ZOw) - (g:m ZO:E)

Astomar M nomyckaet sisbik L\ L,.

AnasornuHo onpeneauM aBromar M|, momyckawomui s3blK L\ Ly,

TSl KaXkJ0i napbl MarasMHHbIX aBToMaToB M, ¥ M, paccCMOTPHM ONMH M TOT ke
JleTePMHUHHUPOBAHHbIH KOHEUHbIH aBToMat A, NOMycKalolui 36K L; OH OmpeleseH B
naparpade 2.

fIcHo, uto o6benunenue L(D,)UL(D,) coBnagaer ¢ L Torga 1 TONbKO TOrAa, KOrja
paccMaTpuBaeMblil ciyvail npobsaeMel cooTBeTcTBHs [locTa He uMeer petenuit. Cieno-
BaTeJsbHO, He CYLIEeCTBYeT aJrOpuTMa, KOTOPbIH AJIsi IPOU3BOJIBHOTO Caydasi poOaeMbl
cooTBeTcTBHs [TocTa ompenessieT, CrpaBeiuBO JIM PaBEHCTBO

L(D,)U L(D,) = L.

OTcrona BBIBOAWM HCTUHHOCTb yTBepkKaeHHs [



Bupnonsmenenre npo6/eMbl MOXKeT OKa3aThbCsl MJIOAOTBOPHBIM IMPH MOUCKE ee pelle-
HUH, KOTOpble MOIJIM Obl KOHKYPUPOBATb C U3BECTHBIMH IO JIEFKOCTH NMpHMeHeHHs. B
CBSI3U C 3TUM HcMoJb3yeM NoHsiTHe Drpada ans nosydyeHus GopMynnpoBoK mnpobsaem
9KBHMBAJIEHTHOCTH U pery/spHocTH B TepMuHax MIIapeobpasoBaHuil, onpeneseHHbIX
Ha [eTePMHHUPOBAHHBIX SI3bIKAX PeasibHOTO BPEMeHH, SIBJISIOLIUXCS [epeceyeHUs MU
D#3bIKOB ¢ JIOKaNbHBIMH MHOXKeCTBaMH. [IpenBapuTeibHO OKaXKeM [Be JIEMMHBI.

Jlemma 3. f3blK ycnewHblx MapuipytoB Drpacda siBssieTcsi neTepMHHHUPOBaHHBIM
SI3BIKOM PeasibHOI'O BpeMeHH.

JlokasaresbcTBo. PaccmoTpuM npousBosibHbIR Depad
D:<Ea V7 7)7 )‘7 P07 F)

Monudurppyem airoputm 2 ryaebl | Tak, 4ToOb €ro BEIXOAOM Obl1 MarasuHHbBIH aBTO-
Mat, ponyckawowui He L(D), a Sentences(D). Jlns 3TOro 00CTaTOUHO MCIOJb30BAaTh
caMy Ayry TaMm, Te ajJrOpUTM HCIOJb30BaJ €e MOMEeTKY.

O603HauuM aBTOMAT Haj andaButoM E(D), MPOU3BOAUMBIH AaHHBIM MOAHU(PHIUPO-
BaHHBIM aJropuTMOM, uepe3 Super(D).

W3 koHcTpyKiuu aBroMata Super(D) clieyeT, UTO OH SIBJSIETCS NeTePMHUHUPOBAH-
HBIM M 4TO Ka)kJasi ero KOMaHJIa YHUTaeT CUMBOJI BXOAHOTO andaButa []

3aMeTHM, YTO PAaBHOCHUJIBHBIMU JiIeMMe 3 SBJSIOTCS YTBEPXKAEHHUS "S3bIK YCIELIHbIX
MapLIPyTOB Mara3uHHOI0 aBTOMATa SIBJISI€TCS] e TEPMUHUPOBAHHBIM SI3bIKOM PEaJIbHOTO
BpeMeHH "M "TiepecedyeHue MOAMHOXKecTBa DsA3biKa ¢ JIOKaJbHBIM MHOXKECTBOM $IBJISI-
eTCsl IeTEPMUHUPOBAHHBIM I3BIKOM PeasibHOI'O BpeMeHH'.

Jlemma 4. [lna n11060ro 6€CKOHTEKCTHOTO A3blKa L cylllecTByeT npeobpa3oBaTedb C
Mara3uHHOU MaMsATbio S, COrJIACOBAHHBIN C HEKOTOPBIM JI€TEPMHUHUPOBAHHBIM MarasuH-
HBIM aBTOMatoM M, MeHCTBYIOLUIMM B peasibHOe BpeMsi, U Takoi, uto S(L(M)) = L.

JlokasaresbctBo. Ilo nokazanHomy B ryaBe 1 GeCKOHTEKCTHBIM s13bIK L orpefe-
asietcsi HekoTopbiM Dfpadom D. M3 nokasatesnbcTBa JieMMbl 3 CJEIyeT, UYTO SI3bIK
Sentences(D) = L(Super(D)) momyckaeTcsi HEKOTOPHIM JeTepPMUHHUPOBAHHBIM Mara-
3UHHBIM aBTOMaToM M, HeHCTBYIOLIMM B peajbHOe BpeMs. PaccMoTpuM corsiacoBaH-
HbIi ¢ aBTomarom M mpeoGpasoBatenb Metap ¢ Mara3dHHOW MaMsITbIO, KOTOPLIH CO-
OTBETCTBEHHO BXOIHOMY CHMBOJY 7 (myre umcxomHoro Dfpada) muiuer Ha BbHIXOZHOH
JeHTe cuMmBog w(w). Torna

Metap(L(M)) = L(D) = L

O
Otmetum Tenepb, uto Dfpacdel Dy U Dy 3KBHUBa/NE€HTHBl TOTAA U TOJBKO TOTHA,
Korna
Metap, (L(Super(Dy))) = Metap,(L(Super(D3))),

U UTO A3blK, onpefnessieMblii Drpacdom D, perysnspeH Toraa M TOJbKO TOT[A, KOTAA
peryJisipeH s3blK

Metap(L(Super(D))).
Takum o6pasoM, 3chpeKTUBHbIE pellleHHs YaCTHBIX CJydyaeB MpoOJeM 3KBHBaJEHTHO-

CTH U PeryJisipHOCTH MOTYT OBbITh HalJleHbl U Ha MyTH UCCJeN0BaHHUs TpeoOpa3oBaTenei
OIpee/IeHHOr0 31eCh BUAA.



§4. O mara3mHHBIX aBTOMAaTax C OJHHUM
IMOBOPOTOM, I[eﬁCTBYIOIILPIX B peajJbHO€ BpeMd

B nanHoil rnaBe pasBuTa Teopusi DfpadoB, KOTOpble OTBEYAKT AEHCTBYIOLIUM B
peasibHOe BpeMsi MarasuHHbIM aBTOMaTaM C OfHHUM MOBOpoToM. IlycTb

D:(Ea V> 7)7 )‘7 P07 F)
ecTb rpa¢ nanHoro kJjacca. Ilycts

Turn ={P € V | 3(m € Left(P), s € Right(P))

end(piy) = beg(piy) = P}.

Menee dopmanbHO, B T'urn BXOOWUT 00llas BeplIMHA ABYX NAyr, 00pasyloLIUX HeM-
TpaJIbHbIA MapLIpyT.
['pady D MOKHO COMOCTABUTb iBA KOHEUHBIX aBTOMATa:

Push(D) = ({beg(n),end(n) | m € Left(P)}, ¥, Left(P), po, Turn)

Pop(D) = ({beg(m),end(m) | m € Right(P)}, ¥, Right(P), F, Turn).

fAsbik L(Push(D)) Bkao4aeT B ce0si MHOXKECTBO LeNOueK, MPOYUTEIBAEMBIX COOT-
BETCTBYIOLLMM Tpady MarasuHHbIM aBTOMAaToOM 10 “‘MOBOpPOTa’, T. €. Mepexoia OT Ha-
KOTJIEHHs] B MarasuHe K cTupaHuio. L(Pop(D)) BKJ/0OUaeT MHOXeCTBO oOpalleHui
LIleNoYeK, MPOYHUTHIBAEMbIX 10C/e TOBOPOTa. MexaHH3M 3apsiloB MapLIPyTOB MO3BOJs-
eT BbiOpath U3 L(Push(D)) u L(Pop(D)) napsl (x,y) Lenodyek, TaKKX, UTO CLENIEHHUs
xy™ o6pasyior asbik L(D). (3nech y* o603navaer obpaleHue LENOUKH ¥.)

O603HaunM yepe3 M KJjacc BceX COBepLIEHHBIX Mara3MHHBIX aBTOMATOB, AEHCTBY-
romux B peanpHoe Bpemsi (CMAPB), a uepe3 M; knacc Bcex CMAPB ¢ onauMm mo-
BopoToM. OnucaHHOe HaGJIOfeHHe TPUBOIUT K MBICJIHM MPUMEHUTb [JIs UCCJIeI0BAHHS
aBTOMAaTOB M3 M MeTOIBl U NpHeMBbl, pa3paboTaHHble 1 KOHEYHBIX aBTOMAaToB. B
[Eilenberg 74| oco6eHHO TIIATeNbHO W TIOJHO HM3JOXKEHBI KacalolHecs KOHEUHbIX aB-
TOMAaTOB pe3y/bTaThbl, MOJyUYeHHble Ha anredpanueckoll ocHoBe. MHoxecTBO () cocTo-
SIHUH (MJIM BEpIIWH) NeTePMUHHUPOBAHHOTO KOHEYHOrO aBTOMATa, IOMYyCKAaIoLIero HeKo-
TOpOe MOIMHOXECTBO MHOXKecTBa X.*, Ha3BaHo B [Eilenberg 74| mpaBeiM XmomyJem.
Ha mHoxecTBe () 3amarorcs “medcTBHSI'4AaCTHUYHOH (yHKUMEH O : @ X X* — Q.
Ata QyHKUHA MOJydaeTcs YUCTO ajre6panvyecKUM paclIMpeHHeM YacTHUYHOH (YHK-
nuu @) X ¥ — @, KoTopasi orpeJesisieT IyTd pacCMaTpPHBaeMOro KOHEUHOrO aBTOMATa.
B tepMuHax neHCTBHE H3SLIHO NOKA3blBAaeTCs, HANMPHMeEP, Pa3pelIMMOCTb MPOOJIEMEI
SKBUBAJIEHTHOCTH KOHEUHBIX aBTOMATOB.

31ech MBI 0000111aeM yKa3aHHYI0 TEXHUKY B LeJIIX HCCJIeI0BAHHUS aBTOMATOB U3 M.
Ecau no [Eilenberg 74| neiicTBue onpenesisieT HEKOTOPbIH MyTh B KOHEYHOM aBTOMATE,
TO B HallleM cJydyae JeHCTBHe OmpelesseT OBa MapHbIX Mapuipyta 1) u 75, nepeBons
napy BepIIHH

(beg(Ty), end(Ty))

B mapy
(end(T}), beg(Ty)).



B TepmuHax 0000lIeHHbIX NeHCTBUH XapaKTepudyeTcs SI3bIK, AOMYCKaeMbld aBTO-
MaToM K3 My, U paccCMaTpPUBAIOTCS AJTOPUTMBI, 10Ka3blBalOLIHMe Pa3pelinMOCTb Mpo-
6JieMbl 5KBMBAJIEHTHOCTH B KJjacce M. [Ipencrasnsiercs npaBaonogo6HbIM, UTO HEKO-
Topasi KOMOMHAIUS “medcTBUH", 3aKOHHBIX AJisi KOHEUHbIX aBTOMAaTOB, U “IeHCTBUI"B
Halledl TpaKTOBKe M03BOJUT yAauHO oOpabaTbiBaTh OoJiee LIMPOKHE KJacChl MarasuH-
HBIX aBTOMATOB.

[Iyctb
M:(KZFZO,épO, )
ecTb aBTomar u3 M;. Ilycts V(M) — MHOXeCTBO BeplinH aBtomara M, R(M) =
V(M) x V(M); (= Left(P(M)), £y = Right(P(M)).

Tak kak aBTOMaT M sBnsiercs COBepI_LIEHHbIM, J1000€ ero npeiJsoXKeHue SBJSeTCs
uenoukoil Dssbika Hag DmHoxectBoM P (M).

[IycTp

U ={(s,t) € " x X* | |s| = |t|}.
O6o3HauuM yepe3 € anemeHT (A, A) € U. Onpenenum Ha ¥ yMHOXKEHHE CJeIYIOLIHM
o6pasom. [lyetb ¢; = (s4,¢;) € ¥ nas i = 1,2. Torna

YP11Py = (5152, taly).

(3amerum, uto ¥ sBJISETCSI MOHOHAOM C eIMHHIIEH &.)
B crenyromwem onpenenenun X, Xy, Xo € R(M); a1, ay € 35 P, Py, Q1, Q9 €
V(M); 1, 1y, g € 0.

Onpenenum (QpyHKLHIO

Ay 2 2R s QR
KOTopasi 3ajaeT JeHCTBHS Ha MHOXeCTBe BCeX TMOAMHOMXKECTB Map BepIIMH aBTOMATa
M € M, Takum o6pasom:
AM(AM(X ?/11) wz) = AM<X7 ¢1¢2>,

Apu(X,e) =

(XIUX27 ) AM<X17¢)UAM(X27¢)’

Ay (D) =
({(Pth)} (a1,02)) = {(Q1, P2) | I(m,m) € P(M): unst i = 1,2 w(m) =
a;, beg(m;) = P;, end(m;) = Q;}.

Jnsi cokpauleHuss 3amucu TNpUMeHUM ciaeayioiine ob6osHadenus. [lyete X, YV C
R(M), b = (s1,82) € ¥, Y = Ay (X, ). Torna sanuumem Y = X¢p u Y = X (s1, $2).
Eciu X = {(Py, P,)}, To OyneMm npuUMeHsITb TakXe 3anuch Y = (P;sy, 59 P5).

M3 naHHOro ompenesieHHs BHAHO, YTO (QYHKUHS A ONpenessieTcss MHOXKECTBOM
P(M). CornacHo cienyrolei jeMMe, 3TO MHOKECTBO COBIAJaeT CO MHOXECTBOM

PCOTE(M):{(Wl,TFQ) S E( X E) }
IYTU T U 7o TIAPHBI B HEKOTOPOM mpennoxeHuu uz Core(M,1,1)}.
Takum ob6pasom, onpenenerve GyHKUUH Ay SBJASETCS KOHCTPYKTHBHBIM.

Jlemma 5. Ilycte T = TymTimo Ty — mpenJsoxkeHHe COBEPIIEHHOTO0 Mara3wHHOTO
aBromara M. Ilyctb nyru m; u 7o napuel B 1. Torma Haiimercsi mpenJsoxenue T’ =
TimT{mTyeCore(M), B KOTOPOM YTH Ty, 7o MApPHHI.

JlokazaresbCcTBO. 3aMeTHM, 4TO MapumipyT 7) HeHTpaJseH, TaK KakK OYTH 7 U T
MapHHI.



PaccmoTtpum MapupyT
T, = T67T1T1/7T2T2, S TGdUCt'éOn(To, 1, le T2, Tg)

MapuipyT T, moJaydeHHbIH peayLHpPOBaHHEM HeHTpasbHOTO MapuipyTta 13, siBJAseTCs
HelTpabHbIM. TakuM 06pa3om, 7 U my NapHbl B 17,

Y6enumest, uto 1" sBasercss KaHOHOM. 3ameTum, uto 1{, 7] u T, He comepxar
HEeHTpasbHBIX U MapHBIX LUMKJOB. CjenoBaTesbHO, B 1" KaxAblH yuyacTok 13, KOTOPBIH
IBJIIeTCS HEWTPaJbHBIM LHMKJOM HJH THE3l10M, 00pa30BaHHBIM MapHbIMU LHUKJAMH,
COEPXKHUT KaKylosnb0o U3 ayr i, my. Ho Torma 75 comepxuT obe 3TH AYTrH, Tak Kak
OHHU mapHbl, a T3 HelTpaseH. OTciona BbIBOIUM, YTO ecJu T3 — HEUTpasbHBIH LHKJI,
TO OH He pa3buBaercsl Ha ABa (1 TeM OoJiee HA TPU) HEHUTPAJIbHBIX LHKJA, a ecJau 13
— THe310, TO 3TO MpocToe rHe3no. Takum o6pa3oM, 7’ yooOBJIETBOPSIET ONpeNeseHHUI0
(1,1)kanona [

[Iyctp nanee Be3nme, rae 3TO He OroBapHBaeTCsl CleLMaNbHO, MOA aBToMatoM M
noHumMaercsi aBromat (K, 3, ', Zy, 0, po, F') us M.

Hasosewm napy (P, P) € R(M) TepMHHAJIbHOH MapoH BepIIHH.

Hasosem s13bikoM mapsl Bepina (P, Q) € R(M) cnenyioliee MHOXKECTBO LENOUEK:
L(P,Q) = {s1s2 | mHOXecTBO (Psq,$2Q) COLEPKHUT XOTs Obl OAHY TePMHHAJIBHYIO
napy BepILHH }.

M3 atux onpeneneHudl ciaenyet, uto Ajs Jwobdoro aBromara M

L(M) = U L((p0> ZO)? <f7 ZO))
fer
st mo6oro snemeHTa ¥ = (81, $2) € ¥ MHOXKeCTBO
U ((po, Zo)s1, s2(f, Zo))
feF
MOKeT ObITb BBIUHMCJ/IEHO 332 KOHEYHOE UHCJ/IO [1aroB. T0 3HAYUT, YTO 15 aBTOMATOB U3
M MOXHO peliaTb Npo6/eMy NPUHAANERKHOCTH C TIOMOLIBIO C/AeYIOIIero ajaropuTMma.

Auroputm 2. TlpoBepka NOMYyCTHMOCTH LENOYKH.

Bxon. Astomat M, uemnouka s.

Beixon. Ecnu s € L(M), To “na", unaue “Het".

Meroxn. Ecan giivHa 1eoYykd s HeyeTHa, TO “HeT';
ecad s = A, To ecsid py € F, To “na", uHaue “Her’;
MIOCTPOUTH MHOXKECTBO
X = U <(p07 Z0)817 SQ(fa ZO)>7
feF
rae s1Se = S, |s1| = |sa|; ecam X comepkKHUT XOTsi Obl OfHY TE€PMHHAJbHYIO Mapy
BepLIKH, TO “na", nHade “HeT".

OnpefesiM HEKOTOPbIE TOHATHS, IBOUCTBEHHbIE K yKe BBeleHHbIM. [lycts X, X7,
Xo CR(M); ar, ag € 35 Py, Pa, Q1, Q2 € V(M); 1, ¢, ¢y € V.

Onpenenum pynkuuio Ay} : 2RM) x U — 2R(M) ¢ pepytomum o6pasom:

AE(AH(X, ¢1)7 1/12) = AX;(X, wl%),
AV (X, e) = X,



Apr (X1UXs, v0) = A (X1, 9) U Ay (X2, 9),
AL (0,) =0,
Ayt ({(P,Q1)} (a1, a2)) = {(P2, Q2) | (P1, Q1) € (Paay, axQ2)}.

BBenmem cokparieHusi, aHaJoruuHble NpUHATBIM masg Ay, Ilyete X, Y C R(M),
Y = (s1,82) €V, Y = A} (X,). Torna 6ynem nucatb ¥ = X ') uY = X (sy, 59).
Eciu X = {(P;, P»)}, T0 Takxke Bo3MOxKHa 3anuch Y = (P;sy, 52P2>_1.

W3 onpenenenuii Ay, u A}/ BBITEKaeT CrpaBelJUBOCTh CJEYIOIEH JeMMBbI,

Jlemma 6. Ilyets X, Y C R(M); X, Y # 0; v € U. Torna, ecin Y C X1), TO
Y 'WNX 40, neen X CY 1), 10 XopNY # 0 O

HasoBewm o6patHbIM s13b1KOM napel BepinH (P, Q) € R(M) cnenyroliee MHOXKeCTBO:
LY (P,Q)={s1s2 | 3f€F:((po. Zo). (f, Z0))€(Ps1,52Q)""}.
Yreepxkaenne 2. L(M) = |J L '(PP).
(P,P)ER(M)
JlokasaresbcrBo. CHauasia OKaXeM COOTHOILIEHHe
e |J  Liep).
(P,P)ER(M)

[To onpenenennto pyHKUMH Ay, 17st n060d uenouku s € L(M), s = s189, |s1| = |s2],
HalayTCsl Takas TepMHHasbHas mapa BepuvH (P, P) € R(M) u Takoe 3aKJI0OYHUTE/b-
Hoe cocrosinue f € F, uto (P, P) € ((po, Zo)s1, S2(f, Zo)). [lo nemme 6 310 3HAUMT,
4To

((Po; Zo), (f, Zo)) € (Ps1,52P)"".
CJegoBaTeJ bHO,
5185 € L7Y(P, P).
Taxkum obpasom,
Vs € L(M) 3(P,P) e R(M) : s € L' (P, P).
A 310 03Hauaer, 4TO
Lmc |J Lipp).
(P,P)ER(M)
Tenepb nmoxaxkem, uTo
J L7'(P.P)c L.
(P,P)ER(M)
[Iyctb
(P, P) € R(M),
s € L7Y(P,P), s=s152, |51]|=|s2]|.

Io onpenenennio pynkuuu Ay Haiinercs takoe coctosinue f € F, 4to

((po, Zo), (f. Zo)) € (Ps1,52P) "

CJieoBaTe/IbHO, B CHJTy JIEMMBI 6

(P, P) € ((po, Zo)s1,52(f, Zy)).



A 3T0 3HauwuT, 4TO

5189 € L(M),
T. €.
V(P,P) € R(M) Vs € L™Y(P,P) s € L(M).
CJleoBaTeJIbHO,
U L' (pP)C L)

(P,P)ER(M)
U, B CUJy JOKAa3aHHOTO paHee,

LMy= |J LY(PP)

(P,P)ER(M)

O

[ycts X € 2R”(M) HasoseM f3bIKOM MHOXeCTBA N1ap BepIIHH 00beHHeHHe
Lx)= U Lro.
(PQ)EX
[Iycts
L(X)k = {s152 € L(X) | |s1] = |s2] < k}.
HasoBem L(X); k-monmHoxkecTBOM si3blKa L(X).

Mycte L(X1)r = L(Xa)k, toe Xp, Xy € 2%k > 0. Torma Gynem HasbiBaTh
MHOXKecTBa X7 U Xy k-Hepa3JqMUUMbIMH U TIUCAThb

Xl =L Xg.

Ecin X; u X, kHepazauuumel Ajs Jwo6oro k > 0, To OyneM TOBOPUTb, UTO OHU
Hepas3JHM4YUMBI, U TIUCAThb
X1 = XQ.
OTHoOlIeHNUS =, U = HA30BeM OTHOUIEHUSAMU k-HepPa3THYUMOCTH U HEPA3IHYUMOCTH
COOTBETCTBEHHO.

Jlemma 7. Tlyets X € 2R(M) CnipaBensnBo cieayioliee COOTHOLIEHHE:

LX)k =L(X)pU( | aL(X(ab))ib).
a,beXx
L(X(a,b))x 7#0
JokasaresscrBo. [lo ompeneseHuio si3blka MHOXKECTBA Map BepLIMH $3bIK L(X )gi1
COCTOMT U3 BCeX Lienoyek MHoxkecTBa L(X), IJHHA KOTOPBIX He mpeBocXonuT 2(k+1).
Llenouku MHoxecTBa L(M), O/MHA KOTOPBIX He MPEBOCXOAMUT 2k, MO ONpefeseHHIO
o6pasyioT MHOXecTBO L(X ). Yoemumcsi, uTo

U aL(X(a,0))ib
a,bexl
L(X{a,b)) 10

colepKHUT Bce Lenodku U3 L(X), umeroutue aauny 2(k + 1). JlefcTBUTENBHO:

U aL(X(a,b))b= U aL((Pa,bQ))ib =
a,bex a,beL
L(X(a,b))x#0 (PQ)EX
L((Pa,bQ))r#0



= U LeQi=
a,be¥x
(P,Q)EX
L({(Pa,bQ))r#0

={sise | LPQ)||si] =|sof <k +1} =
(PQ)EX
= {s1s0 € L(X) | [s1] = |so] <k +1}
O
Jlemma 8. Tlycte k > 1; Xy, X, € 2RM) Torna
X, =kt1 Xo& X = X, Va,b €EX L(X1<a, b>)k = L(X2<(Z,b>>k
JlokasaresbctBo. Ilycte X7 =i X,. [lo ompeneneHuto oTHolleHUsI kHepasJ/u-
unmoctd L(X1)py1 = L(X2)gs1. CnemoBatenbho, L(Xi)r = L(X3)k. A 3T0 3HauuT,
yto X; =5, Xs. Jlokaxem, 4To
Va,b € ¥ L(X1(a,b))r = L(X2(a,b)).
Honyctum nporuBHoe. Torna
Ela,b € X Ll == L(X1<(l, b>)k 7é L(Xg(&,b))k = LQ.

DTO 3HAYMT, UTO HaBJeTcs Lernodyka, NMPUHALIeKallast ONHOMY SI3bIKY M He NMpPHHaJIJIe-
xatast apyromy. [lycTb, HanmpuMep, CyIIECTBYeT Takas Lernodyka s € L*, uTo s € Ly
us ¢ Ly Tak xak s € Ly = L(Xi{(a,b)), 10 asb € L(X;)ry1. Ho mo yeio-
BUIO X7 =y Xo, caemoBatenvHo, L(Xi)gr1 = L(X3)gr1. OTciona nosydaem, uto
asb € L(X3)k41, @ 970 3HauuT, uto s € L(Xo(a,b)), = Lo. Ho s Obia BbiOpaHa kak
[ernoyka, He MpuHamexaiias Lo. [TosyueHHOe MPOTHBOpeUYHe N0Ka3bIBaeT, YTO
X =kt1 Xo= X = X Va,b € X L(X1<a, b>)k = L(X2<(Z,b>>k

[Tyctb Tenmepp X7 =¢ Xo v L(X(a,b))r = L(X2(a, b)), nas mobeIX a, b u3 andasura
>. Ilo nemme 7

LX)k = LX) U | al(Xa(a, b))b).
a,bey
L(X1(a,b))#0

[To ycnosuto L(Xi{a,b))r = L(X2(a,b)) nas awbbix a, b us ¥ u X; =5 Xs. Ilocaen-
Hee osHayaert, uto L(X;)r = L(X3)k. CienoBatenbHo,

LX)k = LX) U | al(Xa{a, b))ib).
a,bex
L(X2(a,b)),#0

[Tonb3ysick nemmoit 7, moaydaem, uyto L(X1)gr1 = L(Xo)ki1, T. . Xy =g11 Xo. Takum
o0pasom,

X1 =1 Xo Va,b €EX L(X1<a,b>>k = L(XQ(Q,b))k = X =k+1 Xo

O
Jlemma 9. Ilycts k£ > 0. Torna =51 C =.

JlokazarenbctBo. 1o nemme 8 us cooTHoleHus X =1 Xo caenyetr X; =, Xo. Ho
3TO W 03HauaeT, 4To =4 1C =, U

Jlemma 10. Ilyets == =41 nas Hekoroporo k > 0. Torna =5 11= =¢40.



JlokasareabctBo. Ilo nemme 8
X1 S Xo & Xy =1 Xy Va,be X
L(X1{a,b))e+1 = L(X2(a, b)) 1.

[To onpenenennio oTHOIIEHHS] kHEPA3JIUYMUMOCTH 3TO 3HAYMT, UTO

X1 S Xo & Xy =1 Xy Va,be X

X1 <CL, b> Ek—l—l XQ(CL, b>
Ho no ycaoButo == =4, ;. CienoBaTteibHo,
X3 =k+2 Xoe X1 = X \V/(l,b eEX
X1<a, b> =L X2<(l, b>
[lo nemme 8 mosyyaem, uTo
X1 Zpyo Xo & Xy =4 Xy,

T. €. =f42= =k+1 O
3aMeTuM, 4To OTHOLleHHe =, pas6uBaeT 27°M) Ha npa k/acca SKBHBAJEHTHOCTH:
CoflepKallui TepMHUHAJ/bHBIE TTapbl U He coleprKallhi TakoBblX. bosee opmasbHO

Xi1=0 Xy <= JP,QeV(M):(P,P)e Xy, (Q,Q) € Xy
VVPeV(M) (P,P) ¢ X;UXo,.

3aMeTHUM TakxKe, 4To 110 JemMme 8

Xi=p Xo & Xy =, Xy Va,be X

L(X1(a, b))k = L(Xaa, b)r.

[lo onpeneneHuto oTHOLIEHUS kHEPA3JIUUUMOCTH

Xi =1 Xo & Xy =, Xy Va,be X

X1<CL, b> =L X2<a, b>

A 5710 nmaer cienyoomui cnocod BHIUKMCJEHHS OTHOILEHHS =j.1, €CJU BBIUUCJIEHO OT-
HOILIEHUE =},

st kaxno# napsl (X7, Xo) MHOXKECTB BepIIMH, Takod, uto X; =5 X, /s Bcex
a, b € ¥ nepebpatb nmapsl MHOKecTB BepwlHH (Xi(a,b), Xs(a,b)). Ecin X;(a,b) =
Xy(a,b) nns Bcex a, b € 3, T0 X; =p4q Xo, unHaue X; g1 Xo.

W3 cpenanubix 3ameuaHué v jemMM 9 u 10 BbITeKaeT KOPPEKTHOCTb CJEAYIOLIEro
aJIrOpUTMA.

Asroputy 3. TlocTpoeHHe OTHOIIEHHS] Hepa3JTMuMMOCTH.
Bxon. MuoxectBo P (M) napHbix ayr aBromara M.
Bbixon. OTHolIeHHe = HepasivuuMocTd Ha 27,

Mertoa. BelUUMCAUTD OTHOLIEHUE =, MOJOXUTb k PaBHLIM HY.JIIO;
BBIYUC/ISTh =j,1 ¥ YBeJUUHUBATh k Ha eNUHUILY, TOKA =17 =g,
B3ITb B KaueCTBe OTHOLIEHHUS = OTHOILIEHUE =j.

YrBepxaenne 3. AnroputM 3 3akaHuMBaeT paboTy.



JlokasatenbcTBo. KOHEUHOCTD MOCTPOEHUS] OTHOLIEHHS] =) COMHEHHH He BBI3bIBAET.
Kak yke Oblji0 3aMedeHO, OTHOLIEHHWE =i, CTPOUTCS MO OTHOLIeHHI =j. [lo Jewm-
Me 9 =41 C =g. DTO 3HAYMT, 4TO JUO0 = 1= =, AU00 =5 1C =;. [lo gemme 10
OTHOIIIEHHe = MOCTPOEHO, Korna == =, 1. CJienoBaTe/bHO, TIPU yBeJHUEHUU k Ha
eIUHUILY W MOCTPOEHHU OUEPENHOr0 OTHOLIeHUs kHEpas3JHUYMMOCTH JHOO ajrOpUTM
OCTaHaBJIMBAETCs, JUOO KOJHMYECTBO Map MHOXKECTB BEPIIHH, CBI3aHHBIX OTHOIIEHHEM
=, YMeHbIlaeTcsi. A Tak KaK KOJHYECTBO Map MHOXECTB BEpPLIHH, CBSI3aHHBIX OTHO-
IeHHEeM =, KOHEUHO, TO aJrOpUTM paboTy 3aKOHYUT [

CdhopmynupyeM aaropyuTM pelleHus MpoOeMbl SKBUBAJEHTHOCTH JJisi aBTOMATOB U3

M.
Auroputm 4. IlpoBepka 3KBHBAJIEHTHOCTH aBTOMATOB U3 M.
Bxon. Asromatsl M; = (K;, X, Ty, Zoi, 05, pois Fi), i = 1,2; K1 N Ko
Boixon. Ecnn L(M,) = L(Ms), To “na", unade “ner”.

0.

Merton. C noMouipo aaroputMa 3 MOCTPOUTb OTHOLIEHHe HEpPa3JIUYUMOCTH = Ha

2V(M1)UV(M2) XV(Ml)UV(MQ)

)
ecJii MHOXKeCTBaA TMap BepIlHH

U ((po1, Zor), (f1, Zo1))

fiek

U ((Po2; Zo2), (f2, Zo2))

faEF
Hepas3JMUUMbl, TO OTBETUTb “Aa", HHAue “HerT .
YrBepxnenue 4. Anroputm 4 oTBeTHT “ma’Torna u ToJbKO ToOrAa, Korma L(M;) =
L(Ms;).

JlokazaresbcTBO. JleHCTBUTENBHO, aJrOPUTM 4 OTBETUT “ma’Torna U TOJbKO TOT/A,
KOrZla MHOXKeCTBa

U ((Po1; Zow), (f1, Zo1))

fier

U (o2, Zon), (f2, Z02))}

f2EF,
Hepa3JII/ILII/IMbI, T. €. KOorga

U L((po1, Zo1), (f1: Zon)) = U L((po2; Zo2), (f2: Zo2))-
fieR f2€F,
W3 onpenenenus sA3blka napbl BePLIMH HMeeM
L(M;) = U L((pois Zoi), (fis Zoi))
fi€F1UFy

nasi ¢ = 1,2. CienoBaTesibHO, aJroputM 4 oTBeTHUT “ma"Torma v TOJBKO TOT/A, KOTHA
L(My) = L(M,) O



13 paspewmrumocty npobJeMbl 3KBUBAJEHTHOCTH B Kjaacce My BbITeKaeT, uTo AJs
Jmoboro aBromMara M K3 3TOro KJacca MOXKHO HAHTH MHOXKECTBO 3KBUBAJIEHTHBIX eMy
aBTOMATOB C MUHUMAaJ/bHBIM UHCJOM BEPLIMH CJEAYIOUIUM 0O6pa3oM.

[Tycts [ — yuceno BepunH aBTromara M. O4eBHAHO, CYIIECTBYET JIHIIb KOHEYHOE (C
TOUHOCTBIO 10 0003HAUEHUH COCTOSTHUH W MarasWHHBIX CHMBOJIOB) YHMCJO Mara3uHHBIX
aBTOMAaToOB U3 M Hax TeM xe ajd(aBUTOM U C YUCJIOM BEepLUHH, He NMPEBOCXOASLIUM
[. TlocTporB MHOXKECTBO BCeX TAKHX aBTOMATOB, HYXKHO BBIOpaTh (C MOMOIIBIO aJIro-
pUTMa 5) cpeld HUX aBTOMAaThl, SKBHUBaJeHTHble aBToMaty M. Cpenu 3THX aBTOMAToB
ocTaeTcs HaUTH Te, Y KOTOPbIX YMCJO BEPLUIMH MUHHUMAJbBHO.

3aMeTHM, YTO aHAJOTHUHBIM 06pa30M MOKHO MUHUMH3UPOBATh YUCJIO YT aBTOMATa.
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CJIOBAPb TEPMHWHOB

angasut (alphabet)

_ BxoznHOH (input)

_ MarasuHHbl# (pushdown)
6upebpo (biarc)
BepiinHa (vertex)

_ b6ecnosiesnas (useless)

_ nyru Drpada

_ _ KoHeuHas (terminal)

_ _ HauvaJsibHag (initial)

_ Drpaca

_ _ BxozHas (input)

_ _ 3akmourTespHas (final)

_ IyT¥ Mara3uHHOTO aBTOMaTa

_ Mara3uHHOTO aBToOMaTa

_ MapiipyTa Mara3MHHOTO aBToMaTa

_ _ npomexxyTtoyHas (intermediate)
BBIBOJI peaJiudyeT cooTHoiueHue (a derivation realizes the correlation) x =* y
BeiuepkuBaHue (deletion)
BbIUKCIeHHe (computation)
ray6una (depth)

_ cTtpykTypnl (of a structure)

_ uenouyku Dsseika (of a Dword)
ruesno (nest)

_ mpoctoe (simple)
rpad

_ Mara3uHHoro aBtomata (graph of a pushdown acceptor)

_ _ ob6o6mennbd (extended)

_ conpsikeHu# (team graph)
anvHa pomocJsoBHo# Mapuipyta (length of a genealogy of a computing sequence)
nyra (edge)

_ b6ecnosiesnas (useless)

_ kapkacHas (skeleton)

_ MarasuHHOTO aBToOMaTa

_ coenuHuMas (joined)

_ crupatoias (deleting)

_ Drpaca
3apsin (charge)



_ BBIYHCJIEHHUS
_ KOMaH/ibl
_ MapuipyTa
uctopusi pa3sutus (growth history)
_ MapupyTa
_ CTYKTYpHI
utepaius (iteration)
_ mpocras (simple)
_ caoxHas (complicated)
KaHoH (canon)
_ rpaMMaTHKH
_ Drpada
KOMaHfia MarasuHHoro aBTomata (command of a pushdown acceptor)
_ HakansuBatwlias (charging)
_ HeHTpasbHas (neutral)
_ crupatomas (deleting)
KOH(pUTypaLus
_ MarasuHHoro aBtoMata (configuration of a pushdown acceptor)
_ _ 3akJjwouutenbHas (final)
_ _ 3auukausatomas (looping)
_ _ HayaJbHas (initial)
_ Drpada
KoH(MUKT posed (conflict of roles)
Mara3uHHbl# aBToMat (pushdown acceptor)
_ NeHCTBYIOLIHE B peasibHOe BpeMs (realtime)
_ neTepMuHHUpoBaHHBIN (deterministic)
_ HamoJIHSLIKE Mara3uH B peanbHoe BpeMst (AHPB) (realtimeeharging)
_ CcUHTynsIpHBIH (singular)
_ coBepuieHHbIH (perfect)
Mapkep nHa (marasuHa) (start pushdown symbol)
MapupyT (computing sequence)
_ Drpada
HakanauBawlui (charging)
HeHTpaabHbIH (neutral)
oOpasywoiui (BMecTe ¢ HeKOTOpbIM Opyrum) ruesno (forming a nest)
otkpeiBatomnii (left)
napHelil (HeKoTopoMy nApyromy) (matching)
nonuelé (heading)
npousBoaHbId (derived)
crupatouini (deleting)
sJeMeHTapHbIl (elementary)
_ _ ycnemwHbli (successful)
_ _ guraouwmii (reading or labelled)
_ MarasuHHOTrO aBTOMAaTa
MoHOpe6po (monoarc)
o0benqMHUMbIe PorHo3bl (unitable prognoses)
ocHoBa BelyMcseHus (base of a computation)



OTHOILIEHHE
_ "nmetb omHy ocHoBy'(relation "to have same base")
_ pasBurus (growth relation)
_ _ MaplIpyTOB
— — CTPYKTYp
_ penykuuu (reduction relation)
namsTth (collection)
_ BBIYUCJIEHHUS] KOHEeUHast
_ _ HayaJjibHas
napa KoH1oB Mmapuipyta (boundary vertices of a computing sequence)
nepexon (move)
nosuuus (position)
_ NYyCTOH LENOYKH
_ CHUMBOJIA
nomeTka (label)
_ BBIYHCJIEHHUS
_ IyTH
TMoMoJIHeHHe TpaMMaTHKHU (augmentation of a grammar)
MoCJIeI0BAaTeIbHOCTh UCTOPHE peasiudyeT COOTHolleHue o f o’
notenuuasn (potential)
npenyioxkenue (sentence)
_ Drpada
_ Mara3wHHOTO aBTOMaTa
npenok (ancestor)
npeobpasoBanue (transformation)
_ 3akoHHoe (legitimate)
_ coxpaHsiwollee porocyoBHele (retaining the genealgies)
MpOrHo3 (prognosis)
npoekuus (projection)
_ BEpUIMHHI
_ MapupyTa
npotsikeHue 1enodku Dsaswika (partition index of a Dword)
pasBuTHe cTPYKTypbl (growth of a structure)
pebpo (arc)
ponocsioBHasi Mapuipyta (genealogy of a computing sequence)
posib (role)
c6anancupoBaHHas 1enodka (balanced word)
CHMBOJI
_ BxozxHo# (input symbol)
_ MarasuHHbld (pushdown symbol)
caen (track)
_ BBIYHCJIEHHUS
_ MapuipyTa
conpsikeHue (team)
cocenu nyru (descendants of an edge)
coctosiHue (state)
_ KOHEYHOro, MarasuHHOro aBTOMara



_ _ 3akuouuTesbHoe (final state)
_ _ HayvaJsbHoe (initial state)
cTpyKTypa (structure)
_ TepMuHaJbHas (terminal)
tabauua gedctsuit (action table)
tabJsuiia nepeobo3HadeHui (rename table)
y3ea (node)
ypoBeHb kapkacHo# nyru (level of a skeleton edge)
¢dopmant (formantis)
¢dparment (fragment)
XapakTepucTHka rpammatuku (characteristic of a grammar)
nernoyka onpenesser urepauuto (word defines an iteration)
nuka (cycle)
_ WUTepaluu
_ CHHTYJsIpHBIH (singular)
muprHa (width)
_ CTPYKTYpHI
_ uenoyku Dssbika
sanpo (core)
_ GECKOHTEKCTHOH rpaMMaTHKH
_ MarasuHHOrO aBTOMaTa
_ Drpada
a3bIK (language)
_ Jluka (Dyck)
_ JOoTyCcKaeMbld MarasuHHbIM aBToMatoM (accepted by a pushdown acceptor)
_ ompeneasiemblii Drpadom (defined by a Dgraph)
Drpa¢ (Dgraph)
_ JneTepMHHMpoBaHHBIH (deterministic)
_ OIHO3HaYHbIH (unambiguous)
DwmuoxectBo (Dset)
Dero6paxkenue (Dfunction)
Dssbik (Dlanguage)
(D, j)xpona ( (D, j)frontier)
prTepanus ( piteration)
(¢,4',b,v,y)rpynna ( (q,q',b,,y)group)
(T, j)popma ( (T, j)form)
Onepexon ( #move)



