CuHTaKcun4yeckmne aHan n3aTopbl

OCHOBHbIe NPUHLMMbI Pab0Tbl CUHTAaKCUYECKUX aHaNM3aTopoB

Ha3sHayeHue cMHTaKCUYeCKMUX aHan n3atoposB

Cunmaxcuueckuti anaiuzamop (CHHTAKCHYECKHA pa3zbop) — 3TO YacTh KOMITMIIATOPA,
KOTOpasi OTBEUYACT 3a BBIABICHHUC U IMPOBEPKY CHHTAKCUYCCKAX KOHCTPYKIHH BXOIHOTO
s13bIKa. B 3a1auy CHHTaKCHYECKOTO aHAJIM3a BXOJIHT:

® HaWlTH U BBIACTINTb CHHTAKCUYCCKHUC KOHCTPYKIUHN B TCKCTC HCXO,Z[HOﬁ IIpOrpamMMBl,
® YCTAaHOBHUTH THUII U IPOBEPHUTH NPABUIILHOCTH Ka)K,Z[Oﬁ CHHTaKCHICCKOM KOHCTPYKIHHU,

® TIPEICTaBUTh CHHTAKCHYECKHE KOHCTPYKIMHM B BHIC, YAOOHOM JuIi JaJbHEHIIEH
TeHEepaIuy TEKCTa Pe3yIbTUPYIOLIEH TPOTPaMMBl.

CuHTaKCHYECKHI aHAIN3aTOp — 3TO OCHOBHAs YacTh KOMIMIISITOpA Ha dTane aHanusa. bes
BBITIOJTHEHHSI CHHTAKCUYECKOTo pa3dopa paboTa KOMIMIATOPAa OECCMBICIEHHA, B TO BPEMs
Kak JIEKCHYECKUH pa3dop, B MPUHIMKIE, SBISETCS HeoOs3arensHol (asoiil. Bee 3amaun no
MIPOBEPKE CHHTAKCHCA BXOJHOTO fA3bIKAa MOTYT OBITh PEIICHBI HA 3Tale CUHTAKCHYECKOTO
pasbopa. Jlekcrueckuil aHaJIU3aTOP TOJBKO MO3BOJIAET U30aBUTH CIOXKHBIM MO CTPYKTYpE
CHUHTAKCUYECKHUI aHaJIu3aTop OT PEHICHUAd MNPUMHUTUBHBIX 3aJla4 II0 BBISABJICHUIO U
3aIIOMHHAHHIO JIEKCEM HCXOIHOW IMPOTPaMMBL.

CHHTaKCHMYECKUH aHAIU3aTOp BOCIHPUHUMAET BBIXOJ] JIEKCHYECKOTO aHalM3artopa u
pa3bupaer ero B COOTBETCTBHU C IPAMMATHKOW BXOAHOTO si3bika. OMHAKO B rpaMMaTHKE
BXOJIHOTO SI3bIKA MPOrPAMMHUPOBAHUSI OOBIYHO HE YTOUYHSETCS, KaKWe KOHCTPYKIMU
CIIe/IyeT CUMTATh JIeKceMaMu. [IpuMepamMu KOHCTPYKIIMi, KOTOPbIe 0OBIYHO PACIIO3HAIOTCS
BO BpeMsl JIEKCHYECKOTO aHalii3a, CIyXaT KIOYeBble CJIOBa, KOHCTAaHTBI U
uneHtudukaropsl. Ho 3T e KOHCTPYKIMH MOTYT PACIIO3HABATHCA U CHHTAKCHUSCKHM
aHanuzaTtopoM. Ha mpakTuke He CyIIECTBYET JKECTKOTO IMpaBuila, ONpPEeIsIoNniero, Kakue
KOHCTPYKIIMHU JIOJDKHBI PACTIO3HABATHCS HA JIGKCUYECKOM YPOBHE, a KaKve HaJ0 OCTaBJISThH
CHHTAKCHYEeCKOMY aHanmm3aTopy. OOBIMHO 3TO ompejenseT pa3paboT4WK KOMIWIATOPA,
HUCXOJd M3 TCXHOJOTMYECKUX AaCIHEKTOB IMPOTrpaMMUPOBaHUA, a TaKXE CHHTAKCHCa U
CEMaHTUKH BXOJHOTI'O SA3bIKA. HpHHHI/IHBI BSaHMOHeﬁCTBHﬂ JICKCUYECKOT' O )5
CHHTaKCHYECKOI'0 aHalIu3aTOpOB ObUIM pPaccCMOTpeHbl paHee B TiaBe «Jlekcuueckue
aHAITU3aTOPEDY.

B ocHOBe CHHTaKCHUECKOro aHalu3aTopa JEKUT paclo3HaBaTelb TEKCTa HCXOJHOU
IporpaMMbl, MOCTPOEHHBII Ha OCHOBE TIpaMMATUKU BXOAHOro s3bika. Kak mpasuio,
CHHTaKCHYEeCKHE KOHCTPYKLHUH S3BIKOB IIPOrPAaMMHPOBAaHHMS MOTYT OBITh OIMCaHBI C
nomomblo KC-rpaMMaTuk, pexe BCTpEdaroTcsl SI3bIKH, KOTOPBIE MOTYT OBITh OIHCAHBEI C
MIOMOUIBIO PETYJISIPHBIX PAMMATHUK.

NMPUMEYAHUE

Yawe Bcero perynapHble rpaMmmMaTtMku NpUMEeHUMbl K A3blkaM acceM6nepa, a
CUHTaAKCUC A3blKOB BbICOKOIo YPOBHA OCHOBaAH Ha rpaMmmaTuke KC-a3bikoB.



I'maBHy!0O pomes B TOM, Kak (YHKIMOHHPYET CHHTAKCHYCCKHH aHAJIM3aTOp M KaKOH
JITOPUTM JIEXKHT B €TO OCHOBE, HTPAIOT MPUHIIUIIBI IOCTPOCHUS pactio3HaBarenei i1 KC-
A3bIKOB. be3 MpUMEHEHMs 3THX NPHHIMIOB HEBO3MOXKHO BBINOIHUTH 3(P(eKTHBHBIN
CHUHTaKCHYIECKHH paz0op MpeIoskeHuil BXOJHOTO SI3BIKA.

PacmnoznaBarensmu st KC-43BIKOB SBISIFOTCS aBTOMAThI ¢ Mara3uHHOM mamsateio — MIT-
aBTOMAaTHl — OJHOCTOPOHHHE HEICTCPMUHHPOBAHHBIE pACIO3HABATENN C JIMHEHHO-
OTpPaHUYCHHON Mara3WHHOW MaMsThI0 (KiIaccu(UKAlUs paclo3HaBaTeNicH MpPUBEICHA B
COOTBETCTBYIOIIIEM paszienie TIiiaBbl «DopManbHBIC SI3BIKH W TPaMMaTHKW»). [loaTomy
Ba)XHO PacCMOTpETh, Kak QyHKiuoHupyer MII-aBromar u kak miss KC-s3bIk0OB perraercst
3amada pa3dopa — MOCTPOCHHUE PACIIO3HABATEIIS SI3bIKA HA OCHOBE 33JJaHHOW I'PaMMAaTHKH.
Huxe B 9TOM TnaBe pacCMOTpeHBI TEXHHUYECKHE AaCMEKThl, CBA3aHHBIE C peanu3aruei
CHHTaKCHYECKHUX aHAIN3aTOPOB.

ABTOMaThI C Mara3amHHou namsTbito (MI-aBTOMaThI)

Onpepenenue Mll-aBTomarta

Konmexcmno-ceoboonvimu (KC) Ha3bIBatoTCS A3BIKH, ONpEesieMble FPaMMaTHKAMH THIIA
G(VT,VN,P,S), B koropeix mnpasuma P umeror Bug: A—P, rne AeVN u BeV’,
V=VTUVN. PacnoznaBatensimu KC-s3BIKOB CiTy’KaT aBTOMAaThl ¢ Mara3uHHON NaMATHIO
(MII-aemomamet).

B o6mem Bune MIT-aBTOMaT MOKHO OTIPEACITHTE CISAYIOIINM 00pa3oM:

R(Q,V,Z,S,qO,Zo,F), e

Q — MHO’KECTBO COCTOSTHHI aBToOMarta,

VvV — aJ'I(PaBI/IT BXOAHBIX CHMBOJIOB aBTOMATa,

Z— CHCLII/IaHLHBIﬁ KOHEYHBIH aﬂq)aBI/IT Mara3mHHBIX CHUMBOJIOB aBTOMAara, ng,

8 — (yHKIUMS Epexo/10B aBTOMAaTa, KoTopas otodpaxaer MHOKeCTBO Qx(VU{A})xZ Ha
KOHEYHOE MHOECTBO MOAMHOXkecTB P(QxZ™);

JoeQ — HayaIbHOE COCTOSHKE aBTOMATA;
Zo€ Z — HaYaIbHBII CHMBOJI Mara3uHa;
FcQ — MHOKeCTBO KOHEYHBIX COCTOSIHUI.

MII-aBromar B otinuuue OT oObrgHOTO KA mMeeT cTek (MaraswH), B KOTOPBIH MOXHO
MOMEIIATh CICHUANBHBIC «Mara3MHHBIC» CHMBOJBI (OOBIYHO OSTO TEPMHUHAIBHBIC H
HETepMUHAJIbHBIE CUMBOJIBI TPAMMATHKH 513bIKa). [Ilepexo U3 OQHOTO COCTOSIHHUS B IPYTroe
3aBUCHUT HE TOJIBKO OT BXOJHOTO CHMBOJIa, HO W OT CHMBOJIa Ha BEPXYIIKE CTeKa. TaKkum
o0pa3oM, KOHOUTypamus aBTOMara OMNpEeHesieTcs TpeMs IapaMeTpaMu: COCTOSHHEM
aBTOMaTa, TEKYIIUM CUMBOJIOM BXOJHOW IENMOYKH (TIOJOKEHUEM yKa3aTelss B LIETOYKe) U
COJIEP>KUMBIM CTEKa.

MII-aBTOMAaT yCIOBHO MOYKHO TIPEACTaBUTH B BUE CXeMBI Ha puc. 4.1.
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Puc. 4.1. O6mmas ycioBHasi cxema aBToMara ¢ MarasuHHoi namsiteio (MII-aBromara)

Kondurypamus MII-aBToMaTta onuchiBaeTcss B BUE TPolku (q,o,m)€QxV'xZ", kotopas
OIpe/iesIsieT TEeKyIlee COCTOSTHUE aBToMara (], LETOYKY ellle HENPOYHTAHHBIX CUMBOJIOB O
Ha BXOJIe aBTOMara M COJEp)KMMoe Mmara3uHa (creka) ®. Bmecto o B KoHduryparmu
MOXHO ykasaTh napy (B,n), rae peV’ — Bea nenouka BXoAHBIX cuMBOJIoB, a Ne NU{0},
N>0 — moJ0’keHNe CYMTHIBAIOIIETO YKa3aTells B LIETIOYKe.

Torma oauH TakT paboOThl aBTOMAaTa MOXKHO ommcath B Buae (g,ad,Zo) + (4',0,y®), ecnu
(9'v)ed(q,a,2), tme: q,9'cQ, aeVU{A}, aeV", zeZ, y,weZ". Ilpu BHIIOIHEHHH TAKTa
(epexoia) M3 CTEKa YAAIAETCS BEPXHHU CHMBOJI, COOTBETCTBYIONIMI YCIOBHUIO IIEPEXO/A,
1 T00ABIIAETCS [EMOYKA, COOTBETCTBYIONIAs MPABUITY Tepexoa. [1epBblii CHMBOI LIETIOUKH
CTaHOBHUTCS BEPXYIIKOW cTeka. J[OMyCcKalTCs Mepexo/ibl, IPU KOTOPBIX BXOJAHOW CHUMBOII
UTHOpUpYETCs! (U, TEM CaMbIM, OH OyJIeT BXOJHBIM CUMBOJIOM TIPH CIIEAYIOIIEM [IEPEXO/IE).
D1H mepexoibl (TakThl) HA3BIBAIOTCS A-nepexodamu (A-TakTamu).

Hauanbnas xondurypamus MII-aBTomaTa, O4EBHJIHO, ONpenensercs Kak (qo,o,20), oV,
MHOX)eCTBO KOHEUHBIX KOHpUrypauuii asTomara — (g,A,0), eF, meZ".

MII-asmomam Odonyckaem (IPUHUMAET) IIETIOYKY CHMBOJIOB, €CIIH, TIOJIyYHB 3Ty LETIOUKY
Ha BXOJ, OH MOXET HEpPEeHTH B OJHY U3 KOHEYHBIX KOHQHTYpalui — KOraa IpH
OKOHYaHMH LETIOYKN aBTOMAT HAXOAUTCS B OJHOM M3 KOHEUHBIX COCTOSIHHH, a CTEK IYCT.
WHave nienoyka cHMBOJIOB HE TPUHUMAETCSI.

Aszvix, onpedensiemvrii. MII-asmomamom — 3TO MHOXKECTBO BCEX LEMOYCK CHMBOIIOB,
KOTOpBIC JOMYyCKaeT MHaHHBIA aBroMmar. S3blk, ompenensemsbrii MII-aBromatom R,
o6o3nauaercs kak L(R). JIBa MII-aBTomMara Ha3bIBAIOTCS DKBUBAJIECHTHBIMH, €CIIH OHH
OMPENIeISIFOT OUH | TOT ke s3bIK: R1=R> < L(R1)=L(R>).

MII-aBTOMAaT JAOMyCKaeT IIEMOYKY CHMBOJIOB C OITyCTOUICGHHEM Mara3uHa, €cid Mpu
OKOHYaHMHU pa30opa IEeMOoYKH aBTOMAT HAaXOAUTCS B OJHOM M3 KOHEYHBIX COCTOSHHH, a
crek nmyct — koHdurypanus (q,A,A), geF. Ecau s3bik 3agan MII-aBromatom R, koTopbIid
JOIYCKAaeT LEMOYKHU C OMyCTOIICHHEM CTeKa, 3To0 obo3Havaercs Tak: La(R). Jokazano, 4to
st moboro MIT-aBToMaTa Bcera MOKHO TIOCTPOUTH DKBUBAJICHTHBIM eMy MII-aBToMar,
JIOITyCKAIONTUH IETOYKHM 3aJaHHOTO s3bIKa ¢ omycromieHneM creka [4 1.1, 5]. To ects
V MII-aBromara R: 3 MII-aBromar R', takoi, uto: L(R)=L.(R").



PacwwmpeHHblie MIM-aBTomaThI

Kpome o0ObuHoro MII-aBTomMara CymIecTBYeT TakXKe IOHATHE PACUIMPCHHOTO
MII-aBTomara.

Pacwupennviii MII-asmomam MOXET 3aMEHATh LENIOYKY CHUMBOJOB KOHEUHOW IJIMHBI B
BEpXHEH yacTu cTeKa Ha JPYryl0 LEMOYKy CHMBOJIOB KOHEYHOW [UIMHBI, B OTJIHYUE OT
o0bryHOrO MII-aBToMara. B omnmume ot oObraHOro MII-aBTOMATa, KOTOPBIH Ha KaXIOM
TakTe paboTH MOXKET M3BIMATh U3 CTEKa TOJIFKO OIHMH CIMBOJ, pacimupeHHsid MII-aBTromar
MOXXET HM3bIMATh 332 OJUH TaKT LENOYKY CHMBOJIOB, HAXOIALIYIOCS HA BEPILIMHE CTEKA.
Oynkuus mnepexomoB O mist pacimpeHHoro MII-aBTomara 0oTOOpa)kaeT MHOMKECTBO
Qx(VU{A})xZ" na koHeuHOE MHOKECTBO Mo AMHOKecTB P(QxZ").

Jokazano, dro mnsa mroboro pacmmpenHoro MII-aBroMarta Bcerja MOXKHO IIOCTPOHTH
SKBHUBAJICHTHBIN eMy oObraHbI MII-aBTOMAaT (0OpaTHOE yTBEp)KOCHHE OYCBHIIHO, TaK Kak
mo0o#t o0bruHBIE MII-aBTOMAT sABNsercs W pacmupeHHBIM MII-aBTomatom) [4 T.1, 5].
Takum o6pa3om, kiraccel MII-aBTomMaToB U pacmupeHHBIX MII-aBTOMaTOB KBHUBAJICHTHEI
1 3a7a10T OJMH U TOT K€ THUII SI3BIKOB.

Jloxazano, uyto a1 npousBoibHOM KC-rpammaruku Bcerga MOXKHO mocTtpouTs MII-
aBTOMAT, PACHO3HAIOUINM 3aJaHHBIA 3TOil rpammatukoil s3eik [4 T.1, 5, 15]. Iloatomy
MOXHO TroBoputh, 4to MII-aBTOoMaTel pacno3HatoT KC-s3biku. CyliecTByeT Takxke
JIOKa3aTeNnbCTBO TOTO, YTO JAJs Mpou3BoigsHOro MII-aBTOMaTa Bcerja MOXKHO HOCTPOUTH
KC-rpammartuky, KoTopas 3ajaeT s3BIK, pPAclO3HaBaeMBIH 3THM aBTOMAaTOM. Takum
obpazoMm, KC-rpammarukn u MII-aBTOMaThl 3a1al0T OAWH U TOT XK€ THUN s3bIKOB — KC-
SI3BIKH.

IMockonpky kiacc pacmmpeHHBIX MII-aBTOMaTOB 3KBHBaJIeHTEH Kiaccy oObraHBIX MII-
aBTOMATOB M 3a/JaeT TOT JK€ CaMbli THI S3BIKOB, TO MOMKHO YTBEpXJIaTb, 4YTO W
pacmmpennsle MII-aBToMatel pacno3HaroT si3biku U3 Tuna KC-sa3bikoB. CnepoBarenbHO,
A3bIK, KOTOPBIH MOJKET pacHo3HaBaTh paciiupeHHbli MII-aBToMaT, Takke MOXeT ObITh
3a1aH ¢ nomousio KC-rpaMmatuku.

HetepmuHnposaHHble MI-asTomaTbl

MII-aBTOMAaT Ha3bIBACTCS OemepMUHUPOBAHHBIM, €CIH W3 KaXIOH ero KOH(HTyparuu
BO3MOXXHO He 0ojiee OJHOTO mepexoja B clenylolnyio KoHdurypanuio. B mporuBHOM
ciryqae MIT-aBToMar Ha3bIBaeTCs HEIETEPMUHUPOBAHHBIM.

DopmanbHO JUIst JIETEPMUHUPOBAHHOIO MII-aBTomara (AMII-aBromaTa)
R(Q.V,Z,6,00,20,F) dpyuxuus mepexonos & moxer V(qeQ, VaeV, VzeZ umers oauH u3
CIIEIYIOIINX TPEX BUJIOB:

1. 8(g,a,z) conepxxut omun >aeMenT: 8(q,a,2)={(q' )}, yeZ", u §(q,1,2)=T;
2. 8(9,a,2)=D u 8(q,A,2) conepxur onun snement: 3(q,A,2)={(q'1)}, yeZ";
3. 8(0,a,2)=9 u 6(q,1,2)=L.

Kinacc JIMII-aBTOMaToOB M COOTBETCTBYIOIIMX MM S3bIKOB 3HAUMTEIBHO YXKE€, UYEM BECH
kiacc MII-aBTomaToB 1 KC-S3BIKOB.

BHUMAHUE



B otnuuve ot KA, korga ansa nwboro HegetepmuHupoBaHHoOro KA MOXHO
NOCTPOUTL 3KBUBANEHTHLIN eMy AeTepMuHupoBaHHbIn KA, He ansa kaxgoro M-
aBToMata MOXHO MOCTPOUTbL SKBMBanNeHTHbIn emy [MMl-asTomaTt. WHbiMK
cnosamu, B obuwem cnyvae HEBO3MOKHO npeobpasoBaTb
HegeTepMuHMpoBaHHbIM MI-aBTomMaT B 4€TEPMUHMPOBAHHbIN.

HerepmunanpoBanabie MII-aBToMaThl onpenemsioT o4eHb BaXKHBINH Kiacc cpeau Bcex KC-
S3BIKOB, Ha3biBaeMbli nerepMuHUpoBaHHBIMH KC-s3pikamu (JAKC-s3pikamu). JlokazaHo,
4TO BCE SI3bIKM, NpuHauIexamue K kiaccy JIKC-sa3bIkOB, MOTyT OBITH IOCTPOEHBI C
IIOMOIINBIO OJHO3HAYHBIX KC-FpaMMaTHK. HOCKOﬂbe OJHO3HAYHOCTb — 3TO BaXXHOC U
o0s3aTenpHOE TpeboBaHME B TpaMMaTHKE JIIOOOTo s3blka mporpamMupoBanus, JMII-
ABTOMAThI IPEACTABJIAIOT 0COOBIH HUHTEPECC MJIA CO3JaHNA KOMITUIIATOPOB.

NMPUMEYAHUE

Jlobon [OKC-a3blk mMoxeT ObiTb 3agaH opHo3HayHou KC-rpammaTtmkon, HO
obpaTHOe HEeBEPHO: He BCSKUM A3bIK, 3adaHHblA 0gHO3Ha4YHoM KC-rpammartumkom
ABNSETCA AeTEPMUHUPOBaAHHbIM. Hanpumep, ogHo3HavyHasa rpammatuka G({a,b},
{S,A,B}, {S—>A|B, A—»aAbjab, B—»aBbb|abb}, S) 3apgaet KC-a3bIk, koTOpbIN He
SIBNSIETCA AeTEPMUHUPOBAHHBIM.

Bce 0e3 wuCKIIOYEHHMS CHHTaKCHYECKHE KOHCTPYKLHUH SI3bIKOB IPOTrPaMMHPOBAHUS
3a/al0Tcsd ¢ MoMompio oaHo3HauHBIX KC-rpammaruk. CremoBaTeinbHO, CHHTAKCHUECKHE
CTPYKTYPBI 3THX S3BIKOB OTHOCSTCS K kiaccy JIKC-s3bIKOB M MOTYT Paclo3HaBaThCs C
nomomeio JIMIT-aBTromaroB. IloaToMy GONBUIIMHCTBO pacro3HaBaTelei, KOoTopble OymyT
paccMoTpeHsl ganee, oTHocsATes K kinaccy JIKC-s3b1KoB.

nOCTpoeH ne CMHTakKCu4eCKMUX aHanum3atToposB

Mpo6nembl NOCTPOEHWUSI CUHTAKCUYECKUX aHanM3aTopoB

CHHTaKCHYECKUH aHaIU3aTop JIOJDKEH PAcIo3HABAaTh BECh TEKCT MCXOMHOW IPOrPaMMBI.
[TosToMy, B OTIMYME OT JIEKCHMYECKOTO aHAJIM3aTopa, eMy HET HEoOXOAMMOCTH HCKaTh
TPaHMIBl  PAclO3HABAEMOM CTPOKM cuMBONIOB. OH JIOJDKEH BOCIPHHUMATH  BCIO
nH(pOpMaLHIo, MMOCTYNAONIYI0 €My Ha BXOJl, M JHOO MOATBEPANTH €€ IPHHAAICKHOCTH
BXOZHOMY SI3BIKY, THO0 cOOOImuUTH 00 ommulKe B ICXOJHOI porpamMmme.

Ho, xak m B cllydae JIEKCHYECKOTO aHalM3a, 3aJada CHMHTAKCHYECKOTO AaHajau3a He
OTPAaHUYMBACTCS TOJBKO TPOBEPKOH TPHUHAICKHOCTH LETOYKH 3aJaHHOMY S3BIKY.
HeoOxonnmo odopMuTh HalIeHHbIE CHHTAKCHYECKHE KOHCTPYKIMH i JanbHeimeit
TeHepaluu TeKCTa pe3yibTHUpyIomel mporpaMmbl. CHHTaAKCHUECKHH aHATHU3aTOP JOJDKEH
MMETh HEKHH BBIXOJHOW S3BIK, C MOMOIIBI0 KOTOPOrO OH MepenaeT ciexyomuMm ¢azam
KOMITJISILIMY MH(OPMAIIMIO O HalJEHHBIX U Pa300paHHBIX CHHTAKCHYECKHX CTPYKTypax. B
TaKOM CJIydae OH y’Ke SBJsIeTCsl He pasHOBHAHOCThI0 MII-aBTOMara, a mpeoOpasoBarenem ¢
MarasuHHOHN namsaTeio — MII-npeobpaszosarenem [3, 4 1.1, 5, 15].

NMPUMEYAHUE



Bo Bcex paccmaTtpuBaembix pfanee npuMmepax pesynbtatom paboTtel M-
aBToMaTa SBMANCA He TONMbKO OTBET Ha BOMPOC O MPWHAAMEXHOCTUM BXOAHOW
Lenoykn 3afaHHOMY fA3bIKYy («4a» WM «HET»), HO W MocnefoBaTenbHOCTb
HOMEpPOB MpaBwu/l rPaMMaTuKX, MWCMOMb30BaHHbIX AN MOCTPOEHUS BXOLHOM
LenoYkn. 3atem Ha OCHOBE 3TWX MPaBWIlT CTPOATCS LenoYvka BbiBOAA U OEPEBO
BblBOAA. [1oaToMy, CTporo roBops, Bce pacCcMOTpeHHble npumepbl MIM-aBTomaToB
ABNAOTCA He Tonbko MIM-aBTomatamu, Ho n MIM-npeobpasosatensmu.

Bompocsl, cBA3aHHBIE C TPeACTaBIeHNEM HH(DOpMALUH, SBISIOMIEHCS Pe3yIbTaTOM pabOTEI
CHHTaKCHYECKOT'O aHAJHM3aTopa, U ¢ MOPOXKIACHHEM Ha OCHOBE 3TOW MH(OPMAINM TEKCTa
PE3yNIBTHPYIOIIEH MPOrpaMMBI PACCMOTPEHBI B CIICIYIOMIEH TJIaBe, IIO3TOMY 34€Ch Ha HUX
OCTaHABJIMBATHCS HE OyIeM.

OnHako, TpOOJEMBI, CBSI3aHHBIE C CO3JaHUEM CHHTAaKCHMYECKOTO aHauu3aropa, He
OTPaHUUYMBAIOTCS TOJBKO JBYMs TEPEYUCICHHBIMH, KaK 3TO OBLIO AJIs JIGKCUUECKOTO
aHanmu3a. Jleno B TOM, YTO MPOLECC MOCTPOCHUS CHHTAKCHYECKOTO aHaJlIM3aTopa ropaso
CIIO)KHEEe aHAJIOTHYHOrO MpoIecca s JIEKCHYECKOTo aHamu3aropa. Tak NpOUCXOIuT,
nockonbky KC-rpammatuku u MII-aBToMaThl, JeKallde B OCHOBE CHHTaKCHYECKOTO
aHalu3a, CI0XKHee, YeM peryisipHble rpamMmatuku U KA, nexalnyie B OCHOBE JEKCHYECKOTro
aHam3a.

AnroputMm co3znanus MII-aBTomata Ha ocHOBe mpou3BoJbHOW KC-rpamMmartvku mpocT
[47.1, 5 15], HO ecnu HampsIMyl0 BOCIOJIb30BATHCSA ITUM aITOPHUTMOM, TO MOXKET
0Ka3aThcs, 4TO padboTy nosrydyenHoro MII-aBroMmaTra HEBO3MOXHO OyAET IPOMOJIEINPOBATh
Ha Kommbiorepe. CrezoBaTenbHO, TAaKOH aBTOMAT MPAaKTHYECKOTO TPHUMEHEHUs B
KOMITIJISITOpE UMETh He MoxkeT. Ho maxe eciau peann3oBaTb paclo3HaBaTeslb HA OCHOBE
MII-aBToMaTa ynacTcs, MOXKET OKa3aThbCs, YTO BpeMsl €ro paboThl HETOMEPHO BEJHKO H, B
XYJIIeM cIydae, 3KCTIOHSHIIHAIBFHO 3aBUCHT OT JJIMHBI BXOIHON IETIOUKH.

C stMH mpobiieMaMu CTOJIKHYJIHUCH B CBOE BpeMsI pa3pabOTUHKH MEPBBIX KOMIHIISITOPOB C
S3BIKOB BBICOKOTO YpOBHA. [l WX peuieHus ObUTH TNPeNNpUHSATH  ONpeeieHHbIE
UCCIIeJIOBaHUs B TEOPUH (DOPMAJIBHBIX SI3bIKOB H, B 4aCTHOCTH, B 001acTi KC-s3bIKOB.

Bo-mepBBIX, 0YEBHAHO, YTO MOCKONBKY JIFOOOW SI3BIK MPOTPAMMHPOBAHUS JTOJDKEH OBITH
3anaH ogHo3HauHOM KC-rpammarukoii, a pacno3znaBarensiMu s KC-43bIKOB, 3aJaHHBIX
onHo3HauHbiMU KC-rpammaruxamu siBisitorcss JIMII-aBToMatrhel, TO HYXHO CTPEMHTCS
MOCTPOUTh CHUHTaKCHUEeCKU aHanu3aTop Ha ocHoBe JMII-aBromara. MonenupoBaTb
padoty IMII-aBTOMaTa CymiecTBEHHO MpoIIe, 4eM padoTy mpou3BoiapHoro MII-aBToMaTa.

Bo-BTophIX, OBUIO YCTAHOBJEHO, 4YTO CYIIECTBYIOT IpeoOpazoBanus mnpasBun KC-
rpaMMaTHK, BBITIOJHHUB KOTOPbIE MOYKHO MPHBECTH TPaMMATHKy K TAaKOMY BHJY, KOTJa
MOCTPOEHHE M MoJenupoBaHue padoTel MII-aBToMaTa, pacHmo3HAIOMIETO S3bIK, 33JaHHBINA
TPaMMAaTHKOM, CYIIECTBEHHO YIPOINAIOTCS. BRI HalileHBl M ONHCAaHBI CICIHaIbHBIC
tdopmer mpaBun KC-rpaMMaTHK, Ha3pIBa€MbIe «HOPMAIBHBIMH (hopMamm», A KOTOPBIX
ocTpoeHsl cooTBeTcTByromue MII-aBromarst [4 T.1, 5, 15]. IIpeo6pazoBaB npon3BONBEHYIO
KC-rpammaTuKy K OJHOH M3 M3BECTHBIX HOPMAJBHBIX ()OPM MOXKHO Cpa3y e ITOCTPOUTH
cootBercTBytomuii  MII-aBTomar (HopmainbHble Qopmbel KC-rpamMmaTtik B JJTaHHOM
yueOHHKe He PacCMaTpUBAIOTCS).

Hakonen, ObUIO HaliIcHO MHOXXECTBO paznuyHBIX KiaccoB KC-rpamMmaTHK, IJIsi KOTOPBIX
BO3MOXHO mnoctpouTh JMII-aBToMar, uMEOIMNA JIMHEHHYIO 3aBUCHUMOCTh BPEMEHHU
pa3dopa BXOJHOW NEMOYKH OT e¢ JUIMHBL. Takuwe pacrno3HaBatenu it KC-s3bIKOB



Ha3BIBAIOTCS JuHeunbiMu pacnosnasamenamu. Yacts Takux knaccoB KC-rpammaruk Oymer
paccMaTpuBaThCs Jaliee B 3TOU IIaBe.

B mpunnnme, 6pu10 OBI JOCTATOYHO 3HATH XOTSI OBI ONWH Takoil kiacc, ecnu 061 1t KC-
rpaMMaTHK OBUIH pa3pemiMbl mpodiiemMa mpeodpa3oBaHus U mpolieMa SKBHBAJICHTHOCTH.
Ho mockonbky, B 00meM cimydae, 3TO He Tak, TO oAHUM kimaccoM KC-rpammaruk, mis
KOTOpOTO CYILIECTBYIOT JIMHEWHBIE PAaCIO3HABATEIN, OTPaHUUYUTHCA He yaaercd. Ilo sToi
npuuuHe A BceX KkiaccoB KC-rpamMMarHK CyHIeCTBYeT NPHUHIMIIHAIBHO BaXKHOE
orpaHMueHue: B o0OIIeM ciydae, HEBO3MOXKHO IIpeoOpa3oBaTh mNpon3BoibHyr0 KC-
rpaMMaTHKy K BUAy, TpeOyeMoMy maHHbIM KiaccoM KC-rpamMmatik, Ju00 Ke JOKa3ath,
YTO TAaKOro MpeoOpa3oBaHus He cyllecTByeT. To, 4yTo mpobiieMa Hepaspeluma B oOuemM
cily4yae, He TOBOPHUT O TOM, YTO OHA HE pelIaeTcs B KaKJAOM KOHKPETHOM YacTHOM clydae,
W 339acTyl0 yAaeTcs HaWTH Takue mpeoOpasoBaHus. M uem mmpe wHabop kmaccoB KC-
rpaMMaTHK C JIMHEIHBIMHU PacliO3HABATEISIMH, TEM ITIPOILE HX UCKATh.

Cpenu yHUBEpCalNbHBIX pacloO3HaBaTeNeH JIydIIUMH 1O 3(Q(EKTUBHOCTH SIBISIOTCS
Tabnu4Hble, (YHKIMOHUPOBAHHE KOTOPBIX MOCTPOCHO HA HHBIX TNPHHIMIAX, HEXEIH
MonenupoBanne padorel MIl-aBtomata [4 1.1, 5, 15]. Tabnuunble pacmo3HaBaTEIH
00J1a/1a10T MOJTMHOMHUAIBHBIMHU XapaKTEPUCTHKAMH TPEOYyEeMbIX BEIYUCIUTEIBHBIX PECYPCOB
B 3aBHCHUMOCTH OT JUIMHBI BXOJHOM mernouku: A KC-g3bIKOB, 3aJaHHBIX OJHO3HAYHOI
rpaMMaTHKOM, yaaeTcs AOOWThCS KBAJPAaTUYHON 3aBUCHMMOCTH, Al Bcex mnpounx KC-
S3BIKOB — KyOuueckoit 3aBucuMocty. Ho B JaHHOM yueOHUKe TaOIMYHbIE paclio3HaBaTEIN
HE PacCMaTpUBAIOTCA, IIOCKOJIbKY OHM JOCTaTOYHO CJIOXKHBI, TPEOYIOT 3HAYUTEIBHOIO
obObema namsati (00beM HEeOOXOAMMOW MaMSTH KBaJPATHYHO 3aBUCHUT OT JUIMHBI BXOIHOW
[ETI0YKH), HO IPU ATOM HE IMO3BOJIOT JOOUTHCA MPAKTUYECKH 3HAYMMBIX PE3yNbTaTOB
(xBampaTHYHAs 3aBHCUMOCTH TPEOyEeMBIX BBIUMCIUTENLHBIX PECYPCOB OT JJIMHBI BXOIHOH
LETTOYKH HeTPHEeMJIEMa /ISl KOMITHIITOPA).

Bapl/IaHTbI CUHTaKCUYECKMX aHaTn3aTopoB

[TocTpoeHHe CHHTAKCHMYECKOTO aHajiu3aTtopa — 3TO 0ojiee TBOPHYECKHH IMPOLECC, 4eM
MOCTPOEHHE JIEKCHYECKOT0 aHaIN3aTOpa. DTOT MPOLECC HE BCEra MOXKET OBbITh IMOJHOCTHIO
(dhopmanuzoBaHs.

Hmest rpaMMaTHKy BXOZHOTO S3bIKa, pa3pabOTUNK CHHTAKCHYECKOTO aHAJIM3aTOPa JIOJKEH
B TIEPBYIO OUEpe/b BHITIOIHUTD PsAfl (POPMATBHBIX IPe0Opa30BaHU HAJ 3TOI rpaMMaTHKOM,
obJyieryalomux IOCTpOeHHE pacro3HaBatens. llocie 3TOro OH JODKEH IIPOBEPUTH,
MOJMNAAeT JIM NOTy4YeHHas TpaMMaTHKa IOoJ, OJUH U3 U3BECTHBIX KiaccoB KC-43bIkoB, 1t
KOTOPBIX CYIIECTBYIOT JIMHEHHBbIE pacro3HaBaTend. Eciou Takod Kiacc HailieH, MOXHO
CTPOWTH pACIO3HABaTeNb (€CIM HaWJIEHO HECKONBKO KJIacCOB — BBIOpATh TOT, U
KOTOPOTO TIOCTPOEHHE paclo3HaBaTesl Mpolle, JUO00 TOCTPOSHHBIH pPAaclio3HABATENb
obnamaer JydmuMu Xapaktepuctukamu). Ecnmu ke Takoi kimace KC-s3pIkOB HalTH HE
YaJO0Ch, TO Pa3pabOTUNK JOJDKEH MOIBITATHCS BHIIOJHUTE HAJ IPaMMAaTHKON HEKOTOpEIE
npeoOpa3oBaHmst, YTOOBl TNPUBECTH €€ K OJHOMY W3 H3BECTHBIX KIaccoB. BoT »tm
npeoOpa3oBaHUsl HE MOTYT OBITH ONMHCAHBI (HOPMANBHO M B Ka)KIOM KOHKPETHOM CITydae
pa3paboTUMK JOJDKEH IOMBITATHCS HAMTH MX caM. MHornma npeoOpa3oBaHus UMEET CMBICI
UCKaTh Jake B TOM cllyyae, KOrja IrpamMMaTuKa MOAMNaJaeT MOJA OAUH U3 H3BECTHBIX
knaccoB KC-43bIKOB, € LENbI0O HAWTH APYro Kiacc, AN KOTOPOrO MOXHO HOCTPOHTH
Jy4IIUi 0 XapaKTepUCTUKAM PACIO3HABATENb.



Tonpko B TOM ciydyae, KOrzja B pe3yJbTaTe BCEX 3TUX ACHCTBUIM HE yIajaoch HAWTU
cootBeTcTBYIOmNi Kiacc KC-s13bIKOB, pa3pabOTUMK BBIHYXKICH CTPOMTh yHHUBEPCAIbHBIN
pacrno3HaBaTesb. XapaKTepUCTHKH TAKOTO PACHO3HABATENS OyoyT CyIIECTBEHHO XYyKE, YEM
y JIMHEHHOTO paclo3HaBaTeNsd — B JIydIIeM CIydae, YAAeTcs IOCTHYb KBAaIPaTHIHOU
3aBUCHMOCTH BpPEMEHH pabOThl pPaclo3HaBaTelsl OT JIMHBI BXOJHOW HEMOYkH. Taxwe
Cilydan OBIBAIOT PENIKO, MOATOMY BCE COBPEMEHHBIE KOMITMIATOPHI MOCTPOCHBI HA OCHOBE
JIMHEHHBIX pacno3HaBatelneil (MHaue BpeMs MX paboThl ObIIIO ObI HEJOIYCTHMO BEITHKO).

Jnst kaxnaoro kiacca KC-s13bIKOB CyIIECTBYET CBOM Kilacc paclio3HaBaTesiel, HO BCE OHHU
(HhYHKIIMOHHUPYIOT HA OCHOBE OOIIMX IMPUHIIMIIOB, HA KOTOPHIX OCHOBAHO MOJICIUPOBAHHE
pabotel MIT-aBToMaTOB. Bee pacmosnaBatenu i KC-s13bIKOB MOKHO pa3feiMTh Ha JBE
OoJbIIIMe TPYIIBI: HUCXOSIINAE U BOCXOISIIHE.

Hucxoz)ﬂu;ue pacnosHasameiu  NPOCMAaTpUBAOT BXOJAHYHO ICIIOYKY CHMBOJIOB CJICBa
HanpaBoO U MOPOKAAIOT HCBOCTOpOHHI/Iﬁ BBIBO. HpI/I 9TOM HOJYYaCTCA, YTO ACPCBO BbIBOAA
CTPOUTCA TAKUM pacllO3HABATCICM OT KOPHA K JIMCTbsAM (CBery BHI/IB), OTKyJda H
MNPpOUCXOAUT HAa3BaAHUC PACTIO3HABATCIIA.

Bocxooswue pacnosnasamenu Taxke IPOCMATPUBAIOT BXOAHYIO IETIOYKY CHMBOJIOB ClICBa
HaIrpaBo, HO MOPOXIAIOT MPH 3TOM NPAaBOCTOPOHHMI BHIBOA. JlepeBO BBIBOJOA CTPOUTCS
BOCXO/ISIIIMM PAcIO3HaBaTeNEeM OT JIUCThEB K KOPHIO (CHU3Y BBEPX), OTKY/a U IPOUCXOIUT
Ha3BaHUE PACIO3HABATEIS.

Jns MoaenupoBaHusi pabOTBHI ATHX JBYX TPYIII pacrio3HaBaTelell HCIIOJIB3YIOTCS JBa
ITOPUTMA: AJITOPUTM C MMOJOOPOM aIbTEPHATUB — JUIsl HUCXOJSIIIUX pacrio3HaBarteneil u
QJITOPUTM «CIIBUI-CBEPTKa» — JUI BOCXOJAIIUX paclo3HaBaTeledl. B obmem ciyuae, 3tu
JIBAa aJITOpUTMa yHUBepcaibHbl. OHU CTposTCcA Ha ocHOBe Mo6oi KC-rpaMMaTiku mocie
HEKOTOPBIX (OPMANBHBIX NPEoOPa30BaHU W MOITOMY MOTYT OBITh HMCIOJIB30BAaHBI IS
pazbopa 1enouky modoro KC-s3pika. B aToM ciyyae Bpems pa3bopa BXOJHOW LEMOYKH
MMeeT SKCIIOHCHIIHAIBHYIO 3aBHCUMOCTD OT [JTMHBI LICTIOYKH.

OmHako U JTHHEHHBIX PaciO3HABATENEH 3TH aITOPUTMBI MOTYT OBITH MOAH(DUIIUPOBAHEI
Tak, 9ToOBI BpeMs pa3dopa UMeJO JIHHEHHYI0 3aBUCHMOCTD OT [UIMHBI BXOJHOHM IEMOYKH.
YkazaHHble MOAM(HUKAIMU HE BIMAIOT HA MPUHIMUIB, HA OCHOBE KOTOPBIX ITOCTPOEHA
pa60Ta AJITOPUTMOB, HO TMO3BOJIAIOT ONITUMU3BUPOBATL WX BBIMNOJHCHHUEC IMPU YCJIOBUHU, YTO
rpaMMaTHKa BXOJHOTO SI3bIKa TPHUHAJUICKUT K ompeneneHHomy kiaccy KC-rpammaruk.
JI71st KaXkI0To TaKoTo Kilacca MpeaycMaTpUBaeTCs CBOSI MOIUDUKAIINS.

Janee OynmyT paccMOTpeHBI (QopMaibHble TpeoOpazoBaHusi, npuMeHumbie Kk KC-
rpaMMaTHKaM, KOTOPbIC MO3BOJISIOT CTPOMTH PACIIO3HABATEIM HAa OCHOBE IMPOH3BOJBHOMN
KC-rpammaTuku. 3aTeM U3y4aroTCsi OCHOBHI IBYX HA3BaHHBIX aJlTOPUTMOB — aJITOPUTMAa C
mog00pOM aNbTEPHATHB U AITOPUTMA «CABHT-CBEPTKa». BHauale OHM MHaHBI JUIS
pacro3HaBareieid C BO3BpaTaMd — XOTS Takue pacrnosHaBaTend KC-s3BIKOB HMEIOT
OrpaHUYEHHOE IIPUMEHEHUE, HO UX PACCMOTPEHUE MMO3BOJISCT MOHATH IIPUHIIUIIBI, JISKATIIHE
B OCHOBE STHX aJIrOPUTMOB. A TOTOM CIEAYIOT pPa3lelibl, IOCBSIICHHBIC HEKOTOPBIM
HanOonee w3BecTHBIM KiaccaM KC-rpammatuk. [ Kaxmoro Kiacca JaeTcsi ero
OMPCACIICHUE, OCHOBHBLIC OIr'paHUYCHHA, 4 TAKKE MNPHUHIUIIBI U aJITOPUTMBI, JICKANIUE B
OCHOBE pacrio3HaBares jist 3Toro kiacca KC-s13bIkoB.

Jlameko He Bce M3BECTHBIE pACIO3HABATENM C JIMHEHHBIMH XapaKTePUCTUKAMHU
paccMaTpuBalOTCS B JaHHOM mocoOuu. boree momHbIi HaboOp pacrmo3HaBaTelel, a Takxke



ommcanue CBs3aHHBIX ¢ HUMHU KinaccoB KC-rpammarnk m KC-S3BIKOB MOXHO HaWTH B
[41.1,5, 18,58, 63].

Bbl60p pacno3HaBaTend anAa CMHTakCM4eCckoro aHanmsa

Yacto ogHa U Ta Ke KC'I’paMMaTI/IKa MOXET OBLITh OTHECEHA HE K OAHOMY, a Cpa3y K
HCCKOJIbKUM Ki1accaM KC'FpaMMaTHK, JAO0IMYyCKaroIux MOCTPOCHUC JIMHEHHBIX
pacn03HaBaTeneI71. B »stom ciydae HCO6X0)II/IMO PEUINTD, Kakod M3 BO3MOXKHBIX
paCHO3HaBaTeJ’I€I7[ BBI6paTL JUII HpaKTI/I‘IeCKOﬁ pcain3anuu.

OTBeTUTh HA ITOT BOINPpOC HE BCCrAa JICTKO, IMOCKOJBbKY MOIrYT OBITH MOCTPOCHBI ABa
MNPUHIUIIAAIBHO PA3HBIX PACIIO3HABATCIISA, AJITOPHUTMBI pa6OTbI KOTOPBIX HECONMOCTAaBUMBI.
B TNEPBYIO O4YCPCb, pC€Ub UACT UMCHHO O BOCXOIAIINX U HUCXOJSAIUX paClIO3HABATCIIAX: B
OCHOBC ICPBLIX JICKUT AJITOPUTM Hoz[60pa AJIBTCPHATHUB, B OCHOBC BTOPbLIX — AJIT'OPUTM
«CABUT-CBEPTKA».

Ha Bompoc o ToM, Kakoi pacrmo3HaBaTelb — HUCXOSIIUNA UM BOCXOMAAIIUN — BhIOpaTh
JUIL TIOCTPOEHMSI CHUHTAaKCHYECKOTO aHajlu3aTropa, HET OJHO3HAYHOTO OTBeTa. OTY
npobiieMy HEOOXOAMMO pelliaTh, ONMUPAsCh Ha HEKYIO JOMOJHHUTEIbHYIO HHpOpMALHUIO O
TOM, Kak OyAyT MHCIIOJIb30BaHBl WIIM KakuM o0pa3oM OyayT oOpaboTaHbl pe3yJbTaThl
pabOoThI pacro3HaBaTes.

COBET

Cne/_'l,yeT NMOMHUTb, YTO CUHTaKCUYECKUN aHanusatop — 3TO OAMH N3 3TanoB
KoMnunsaumm. I ¢ 3TON TOYKM 3peHus pe3ynbTaTtbl paGOTbI pacno3HaBaTena
cnyXxat UCXoOHbIMU OaHHbIMU ONA creaylwmnx 3TanoB KoMnunauun. I'IoaTomy
Bbl60p TOro UM MHOro pacno3HaBaTena BO MHOINomM 3aBUCUT OT peanu3auunu
KOMNUnaTopa, OT TOro, Kakme npmHUmnbl NONOXeHbl B €ro OCHOBY.

Bocxonsumii cuHTakcuyecKuii aHanu3, Kak NpaBuiio, PUBJIEKaTeIbHEE HUCXOAILEr0, TaK
KaKk Jis  S3bIKa TPOTPAaMMHUpPOBaHUS 4YacTO Jierde TOCTPOUTh MPaBOCTOPOHHUI
(Bocxomsmuil)  pacmo3HaBaTelb. Knacc  s13b1KOB, 3aJlaHHBIX  BOCXOJSIIUMU
pacmo3HaBaTeNlsIMH,  IIHpe, YeM  Kjacc  SI3bIKOB,  3aJaHHBIX  HHUCXOJSIIMMH
pacrmo3HaBaTensIMu (XOTsI cleAyeT CKa3aTh, YTO HE BCE 3]1€Ch CTOIb OJJHO3HAYHO).

C [1pyroit cropoHbl, Kak OyaeT I[OKa3aHO jajiee, JICBOCTOPOHHUN (HHCXOISIIHiT)
CUHTAKCUYECKUI aHajau3 NpPENNOYTUTENIEH C TOYKH 3PEHMs Ipolecca TPaHCISILUH,
MOCKOJIBKY Ha €ro OCHOBE Jierde OpraHu30BaTh IMPOLECC MOPOXKIEHUS UENOYeK
pe3yNbTUPYIOLIETrO fA3bIKa. Beab B 3amauy KOMOWIATOpa BXOAUT HE TOJBKO pacro3HaTh
(poaHaM3UPOBaTh) BXOJMHYIO MPOrpaMMy HAa BXOJHOM S3bIKE, HO U IOCTPOHTH
(cuHTE3UpPOBaTh) pe3yNBTHPYIONIYI0 TporpamMmy. boiee moapobHyro wuHpopMarmio 00
9TOM MOJKHO TIOJIYYUTh B ri1aBe «[ eHeparus U onTuMu3aius Kojaa» win B padore [4 1.1,2,
5]. JleBocTOpOHHMII aHATN3, OCHOBAHHBIM Ha HUCXOJAIIEM paclo3HaBaTelle, OKa3bIBACTCS
MPEAMOYTUTENEHEIM TaKK€ TPHU y4deTe BOIIPOCOB, CBSI3aHHBIX C OOHApYXEHHEM U
JIOKaJM3aIureii OmuboK B TEKCTE HCXOMHOM porpammsl [4 T.1,2, 5, 58, 65].

Kemanme wmcmonp3oBaTh Ooee  MPOCTOM  KJlacC  TpaMMAaTHK  JUISL  TTOCTPOSHHS
pacrio3HaBaTeIst MOXKeT IMoTpeboBaTh KaKMX-TO MAaHHUITYJSILUN C 3aJaHHOW IpaMMaTHKOH,
HEOOXOAMMBIX I ee mpeoOpa3oBaHusi K TpeOyemomy kmaccy. IIpu 3TOM Hepeako
rpaMMaTHKa CTaHOBUTCS HEECTECTBEHHON M MAaJONOHATHOM, YTO B JalbHeHmem
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3aTpyIHSET €€ HCIOJIb30BAaHWE B CXEME CHHTAKCHYECKH YIPABIIEMOTro MEpeBoja H
TPaHCISIOMU Ha JTale TEHEpaluH pe3yIbTHpYHoImero koga (cM. raBy «l'eHepamus u
onTMu3anys Koxa»). Ilostomy ObIBaeT yJOOHBIM HCIIONB30BATh MCXOAHYIO I'PaMMAaTHKY
TaKOH, KaK OHa eCTb, HE CTPEMsICh IPeoOpa3oBaTh ee K 00jIee MPOCTOMY Kiaccy.

B memoM cremyer OTMETHTh, 9YTO C Y4YETOM BCETO CKA3aHHOTO BBIIIE, HHTEPEC
MIPEICTABISIIOT KaK JICBOCTOPOHHHM, TaK M MPABOCTOPOHHUH aHann3. KoHKpeTHEIH BHIOOD
3aBHCUT OT peaslu3allii KOHKPETHOIO KOMIMIATOPA, a TaKKe OT CJIOKHOCTH IPaMMaTHKU
BXOJHOTO sI3bIKa IIPOTPAMMHUPOBAHUS.

MpeobpasoBaHue KC-rpammaTtuk. NpnBeaeHHbIe rpamMMaTUKn

Llenb npeobpasoBanusa KC-rpammartuk. NMpuBeaeHHble rpaMMaTUKn

Llenb npeobpa3soBaHus KC-rpammatmk

Kak 0Ob110 ckazano Bbie, 1151 KC-rpaMMaTHK HEBO3MOXHO B OOIIEM ClTydae IPOBEPUTH UX
OJJHO3HAYHOCTh M SKBUBAJIEHTHOCTh. HO oueHp wacto mpaBmia KC-rpaMMaTHK MOXHO H
HY’XHO IpeoOpa3oBaTh K HEKOTOPOMY 33JJaHHOMY BHAY TaKUM 00pa3oM, YTOOBI MOJIYYUTh
HOBYIO I'DAaMMAaTHKY, SKBHBAJICHTHYIO HMCXOAHOH. 3apaHee ONpENeICHHBIA BHI MPABHII
rpaMMaTHK{ o0JIeryaet co3IaHue pacro3HaBaTeeH.

MOXHO BBIIEIUTH JIBE OCHOBHBIX Ienu mnpeoOpazoBanuii KC-rpammaruk: ynporieHue
MpaBWJI TPaMMATHKH U OOJIeTYeHHE CO3JaHusl paclio3HaBartens si3bika. He Bcerna atu nBe
I[eJTN MOKHO COBMECTUTB. B cilyuae ¢ s3bIKaMH IIPOTpaMMHPOBAHUSL, KOTJja HTOTOM PabOTHI
C TPaMMAaTHKOH SBISIETCS CO3JaHHE KOMIMIISTOPA, IMEHHO BTOpas Iejb MpeoOpa3oBaHUs
SBJIsIETCS OCHOBHOW. [lo3TOMy ymHpoOuIEeHHSMH TpaBHJ NPEHEOPErarT, €Cld HpPU 3TOM
yZAaeTcs yIpOCTUTh MOCTPOCHHE Pacio3HaBaTeNs sI3bIKa [ 12, 24].

Bce npeoOpa3oBaHus yCIOBHO MOXKHO pa30UTh Ha JIBE TPYIIIBL:

® [iepBas Tpymnma — 3T0 IpeoOpa3oBaHus, CBA3AHHBIC C HCKIIOYCHHEM W3 TpaMMAaTHKU
W30BITOYHBIX TIPaBHJI W CHUMBOJOB (MMEHHO OTH IPeoOpa3oBaHUS IIO3BOJIIOT
BBITIOJTHUT YIIPOIICHUS TPAMMATHKH);

® BTOpas Ipymia— 3TO NpeoOpa3oBaHMs, B pe3yibTaTe KOTOPHIX W3MEHSETCS BHA U
COCTaB MPaBWJ TPAMMAaTHKH, NIPU 3TOM TpaMMaTHKa MOXKET JOMOJHATHCS HOBBIMHU
NpaBHJIaMH, a €€ CJIOBaph HETEPMUHAIBHBIX CHMBOJIOB — HOBBIMH CHMBOJIaMU (TO €CTh
npeoOpa30BaHKs BTOPOH IPYIITEI HE CBSI3aHBI C YIIPOIIECHHUMH).

Crnenyer eme pa3 Moa4epKHYTh, UTO BCET/Ia B pe3yJbTaTe MPeoOpa3oBaHUA MBI MOJTydaeM
HOBYI0 KC-rpaMMaTvKy, SKBHBAJICHTHYIO HCXOJHOH, TO €CTh ONPEICISIIONIYI0 TOT IKe
CcaMbli S3BIK.

Toraa ¢popmanbHO peoOpa3zoBaHUe MOXKHO ONIPEACTUTH CISAYIONUM 00pa3oM:

G(VT,VN,P,S)>G'(VT VN',P',S): L(G)=L(G
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anIBeD,eHHbIe rpamMmmMaTmkn

Ilpugedennvie  epammamuxuy — 310 KC-rpamMmaruku, KOTOpble HE  COAEpXKaT
HEJOCTIXUMBIX M OECIUIOJHBIX CHMBOJIOB, IMKJIOB W A-TIpaBWi (TIPaBWI C IYCTBIMH
LETIOYKAMH).

st Toro, 4To0b! peoOdpa3zoBaTh Npon3BoibHYI0 KC-rpaMMaTrKy K NpHBEAESHHOMY BUAY,
HE0OXO0/IMMO BBITIOJIHUTE CIEIYIOIINE JeHCTBHS:

® YIAIUTH BCe OCCIUIOMHBIC CUMBOJIEI,

® Y/anuTh BCE HEAOCTHIKUMBIC CHMBOJIBI;
® YIAIUTh A-TIPABUJIA;

® Y/anuTh LEMHbIC MPABUIIA.

CnenyeT NOAYCPKHYTh, 4YTO Iaru Hp€06p330BaHI/I${ JOJDDKHBI BBIIIOJHATBCA HMMCHHO B
YKa3aHHOM MOPAAKE.

YpaneHue 6ecnnogHbiX CUMBOJIOB

B rpammaruke G(VT,VN,P,S) cumBonr AeVN HaspBaeTcs OecniodHbim, €CIU I HETO
BeIonHsAeTcs: {0 | A=*a, aeVT '} = . To ecTh HeTEPMHHAIBHBIA CHMBOI SBJIAETCS
0eCIUIOJHBIM TOT/a, KOT/Aa M3 HEro HEeJb3s BBIBECTH HU OJIHOM IETMOYKH TEpMHHAIIBHBIX
CHMBOJIOB.

B HpOCTeﬁH.IeM Cllydac CHUMBOIJI ABJISACTCA 6€CHJ'IO,I[HBIM, €CJIM BO BCEX IIpaBUJIax, I'’IC 3TOT
CHMBOJI CTOUT B JICBOHU YacCTH, OH TAKKE€ BCTPEHACTCA U B HpaBOfI yacTH. boiee cioxxHEbIe
BApUAHTBI NPEAIIOJIAraroT 3aBUCUMOCTHU MCKAY HEIMOYKaMU 6GCHJ'IOZ[HBIX CHMBOJIOB, KOI'J1a
OHH B JII000# MOCJICA0OBATCIIbBHOCTHU BbIBOAA HOPOXKAAOT APYT Apyra.

AnropuT™ ynaneHusi OSCIUIOAHBIX CHMBOJIOB PabOTaeT CO CIENHAIbHBIM MHOXKECTBOM
HETepPMHUHAIBHBIX CUMBOJIOB Y. [IepBOHauaIbHO B 3TO MHOKECTBO IONAIAIOT TOJIBKO TE
CHMBOJIBI, U3 KOTOPBIX HEMOCPEICTBEHHO MOXHO BBIBECTH TEPMUHAJIBHBIC LIETIOYKH, 3aTEM
OHO MOTMOJIHSETCSl HA OCHOBE NpaBuJI rpaMMaTHku G.

Anroputm yganeHus 6ecnnogHbiX CMMBOJIOB MO Llaram
Yo=O, i:=1;
Yi={A|(A - a)eP, ae(Yi 1UVT)FUYig;

Ecmu Yi # Yia, To i:=i+1 1 nepeiity k 1mary 2, WHaue MepeiTy K mary 4;

A

VN'=Y;, VT'=VT, B P' Bxogsar te mpaswia u3 P, KoTopble cosepkaT TOJIBKO CUMBOJIBI
u3 muoxkectBa (VTUYj), S'=S.

YpaneHne HeAOCTMXKUMbIX CUMBOJIOB

CumBona Xe(VTUVN) Ha3bIBaeTCS HEOOCMUNCUMBIM, €CIIH OH HE BCTPEYASTCS] HU B OJJHOU
centeHnuansHoi popme rpammatuka G(VT,VN,P,S). To ecTh, CHMBOJI HETOCTHUKUMEIH,
€CII OH HE Y4YacTBYeT HU B OJIHOW LIETMOYKE BBHIBOJA M3 LIEJIEBOrO CHMBOJIA TPAMMATHKH.
OueBH/THO, YTO TAKOH CUMBOJI B TPaMMAaTHKe HE HYXKEH.
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ANTOpUTM  yAaleHHs HEIOCTH)KUMBIX CHMBOJIOB CTPOMT MHOXECTBO HIOCTHIKUMBIX
cumBosioB rpammaruku G(VT,VN,P,S) — Vi. TlepBoHayaibHO B 3TO MHOKECTBO BXOIHT
TOJIBKO LIEJIEBON CUMBOJI S, 3aTeM OHO IMOMOJHSIETCS Ha OCHOBE MPAaBUI rpaMMaTHKe. Bee
CHMBOJIbI, KOTOPBIC HE BOWAYT B JAHHOE€ MHOXECTBO, SIBISIFOTCS. HEJOCTHKUMBIMH H MOTYT
OBITh NCKITIOUYEHBI B HOBOM rpammartnke G' u3 croBaps U U3 MpaBUIL.

ANroput™ yaaneHust HeOCTUXKMMbIX CMMBOJIOB MO Llaram
Vo = {S}, i:=1;

Vi={x|xe(VTUVN) u (A—axp)eP, AeVii, a,pe(VTUVN) I Vii;

Ecnu Vi # Vi, 1o i:=i+1 u nepeiity k mary 2, iHaue NepeiTy K mary 4;

P wnpoPE

VN'=VNNV;, VT'=VTNV;, B P' BxoaaT Te npaBuia u3 P, koTopsie copepkar TOIbKO
CUMBOJIBI M3 MHOXkecTBa Vi, S'=S.

anMepynaﬂeHMﬂHeﬂOCTMMMMled6eCﬂﬂOﬂHHXCMMBOﬂOB

PaccMoTrpum paboTy anropuTMOB yIajeHUs] HEJOCTHXKUMBIX M OECIUIOJHBIX CHMBOJIOB Ha
[IpUMepe TPaMMaTHKU:

G({alblc}l{AIBICIDIEIFIGIS}IPIS)

P:
S > aAB | E
A —> aA | DbB
B > ACb | b
C > A | bA | cC | aE
E > ceE | aE | Eb | ED | FG
D—>a | c | Fb
F - BC | EC | AC
G = Ga | Gb
BHUMAHUE

[ns npaBUnbHOTO BLIMOMHEHNUA NPpeobpa3oBaHnin HEOBXOAMMO CHavana yaanuTb
6ecnnofHble CUMBOIbI, @ MOTOM — HEAOCTUXUMbIE CUMBOIIbI, HO HE Hao6opOoT.

VY nanum GecIioJHbIe CUMBOJIBL:

1. Yo=¢,i:=1 (war 1);

2. Y1={B,D}, Y1#Yo: i:=2 (aru 2 u 3);
3. Y2={B,D,A}, Y2#£Y1:i:=3 (iaru 2 u 3);
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4. Y3={B,D,AS,C}, Y3£Y2: i:=4 (maru 2 u 3);

5. Y4={B,D,AS,CF}, Ys#Y3: i:=5 (waru 2 u 3);

6. Ys={B,D,AS,CF}, Ys=Y4 (maru 2 u 3);

7. Crpoum muOxectBa VN' = {A,B,C,D,F,S}, VT'= {a,b,c} u P' (tar 4).
Ilonyuunu rpaMMaTHKy:

G' ({a/blc}/{A/B/C/D/F/S}/P'IS)

P':

S — aAB

A — aA | bB
B > ACb | b

C > A | bA | cC
D—>a | c | Fb

F - BC | AC
Y 1anum HeTOCTHKHUMbIE CHMBOJIBI:
1. Vo= {S},i:=1 (war 1);
2. V1={S,AB}, Vi#Vq: i:=2 (maru 2 u 3);
3. V2={S,AB,C}, Vo=Vi: i:=3 (wiaru 2 u 3);
4. V3={S,AB,C}, V3=V, (tuaru 2 u 3);
5. Crpoum muoxectsa VN" = {A,B,C,S}, VT" = {a,b,c} u P" (wiar 4).
B utore nmony4uin rpaMMaTHKy:
G"({a,b,c}, {7A,B,C,S},P",S)
P":
S — aAB
A —> aA | bB
B > ACb | b
C > A | bA | cC
ANTOpUTMBI yJaneHus: OeCIUIOMHBIX M HEAOCTH)KUMBIX CHMBOJIOB OTHOCSTCS K MEpPBOU

rpymmne npeodpasoBanuii KC-rpammaruk. OHM Beeraa BeAyT K YINPOIIEHUIO TPaMMAaTHKH,
COKpAIIIEHUIO KOJIMYECTBA CUMBOJIOB ayi(haBUTA U IPABHII TPAMMATHKH.

YcTpaHeHue A-npaBun

A-TIpaBMJIaMH HA3bIBAIOTCS BCE MpaBwila rpaMMaTHky Buga A—A, roe AeVN.
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KC-rpammaruka G(VT,VN,P,S) Ha3biBaeTcsi rpaMMaTukoii 6e3 A-TpaBuil, €Clid B Hell He
cymectByer mpaBuin (A—A)eP, A#S u cymiecTByeT TOJIBKO OnHO TpaBmino (S—A)eP, B
ToM ciydae, korma AeL(G), u mpu sToM S He BeTpedaeTcs B MPaBOi YacTH HU OIHOTO
npaBHJa.

Juis Toro, 9TOOBI YIPOCTUTH MOCTPOCHHE pacrio3HaBarteneil si3pika L(G), rpammaruky G
4acTo IienecooOpasHo ImpeoOpa3oBaTh K BHAy 0Oe3 A-mpaBmwil. CyliecTByeT aaroputM
npeoOpa3oBanusl npou3BoibHO KC-rpammaruku k Buay 6e3 A-npaBui. OH paboTaer c
HEKOTOPBIM MHO)KECTBOM HETEPMHHAJIBHBIX CUMBOJIOB Wi.

o~ N RE

Anroputm ycTpaHeHust A-npasur no Lwaram
Wo = {A: (A—>A)eP }, i:=1;

Wi = Wiinu{A: (A—a)eP, aeWis'};

Ecnu Wi # Wi, To i:=i+1 1 mepeiitu k mary 2, nHa4ye nMepeiiTy K mary 4;

VN'=VN, VT' = VT, B P' Bxost Bce npasuia u3 P, kpome npasui Buga A—A;

Ecnu (A—a)eP u B nemouky o, BXOIAT CUMBOJIBI 3 MHOXecTBa Wi, TOr/]a Ha OCHOBE
LEMOYKH O, CTPOUTCS MHOMECTBO IENOYeK {Q'1,..., o'k}, K>0 myrem uckimoueHus us o,
BCEX BO3MOHBIX KoMOuHanmuii cumBosoB Wi, Bce mpasuia Buga A—a', k>i>0
nmobasisrores B P' (ipu 3TOM Hazo oTOpackiBaTh TyOIHKATHI MPABHI M OECCMBICTICHHEIC
npaBuia Buma A—A);

Ecmu SeWi;, 1o 3naunt AelL(G), u torma 8 VN' nobasisercss HOBBIA cHMBON S',
KOTOPBIA CTaHOBHUTCS IIEJIEBHIM CHMBOJIOM rpammartuku G', a B P' mobaBisioTcs nBa
HOBBIX MpaBmia: S'—>A|S; uHaue S'=S (ueneBoi CUMBOJ TPAMMATHKH HE MEHSIETCH).

I[aHHLII\/'I AJITOPUTM YaCTO BEACT K YBCJIMYCHUIO KOJMYCCTBA MPAaBUII I'paMMAaTHUKH, HO
MO3BOJIACT YIHPOCTUTDH IMOCTPOCHUC PACIIO3HABATEIIA AJI 3aJaHHOT'O SA3bIKa.

Mpumep ycTpaHeHus A-npasun

PaccmoTpuM rpaMMaTuky:

G({alblc}’{A’B’C’S}’P’S)

S > AaB | aB | cC
A —>AB | a | b | B
B > Ba | A

C > AB | ¢

VYnanum A-nipaBuia:

1.
2.

Wo = {B}, i:=1 (war 1);
Wi = {B,A}, W1#Wy, i:=2 (taru 2 u 3);
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W, = {B,A,C}, WyW1, i:=3 (maru 2 u 3);
4. W3 ={B,A,C}, W3=W, (uaru 2 u 3);
5. Tlocrpoum VN'={A,B,C,S}, VT'= {a,b,c} u mHOXecTBO TipaBui P' (tar 4):
P':
S —
A >AB | alb|B
B —
C > AB | ¢
6. PaccmotpuM Bce mpaBmiia u3 MHOXecTBa P ' (tmar 5):

e I3 mpaBun S—AaB|aB|cC HUCKIOYUM Bce KoMmOmHammu Ws={B,A,C} u
MOJIyYMM HOBBIE TpaBuiga S—AalaBlalalc, Aob6aBuM ux B P', wuckiIouas
IyOIMKaTHl, MOyduM: S—AaB|aB|cClAalaBlalc;

® 113 mpaBun A—>AB|a|b|B uckimounM Bce KoMOuHAIMU Ws={B, A, C} U MOIyIuM
HOBBIC TpaBmia A—A | B, B P' uX 100aBIATh HE HANO, MMOCKOJBKY MPaBHIO A—B
TaM yKe ecTb, a IpaBUI0 A—>A OECCMBICICHHO;

® 113 mpaBuia B—>Ba UCKIIOYUM Bce KOMOMHANMU Ws={B, A, C} ¥ MOJIy4HNM HOBOE
npaBmiio B—a, 100asumM ero B P', monyunm: B—Ba | a;

® 113 npaBun C—AB | ¢ UCKITIOYUM BCe KOMOWHAIUK Ws={B, A, C} ¥ MOJIyYlM HOBBIE
npasuna C—A | B, n00aBUM UX B P, nosyunuM: C—AB |A | B c.

7. S¢Ws, I0O3TOMY B TpaMMaTuKy G' He HaJ0 J00aBIATh HOBBIH [EJIEBOH CUMBOI: S'=S
(uar 6).

Ilosyuum rpaMMaTuxy:

G' ({aIbIC}I{AIBICIS}IP'IS)

P':

S > AaB | aB | cC | Aa | a | ¢
A —>AB | a | b | B

B > Ba | a
C—>AB | A | B | ¢

YcTpaHeHue LenHbIX npasun

Luxnom (mukamaeckuM BeiBogioM) B rpammaruke G(VT,VN,P,S) HasbiBacTcs BBIBO BHIA
A=*A, AeVN. OdeBuHO, 4TO TAKOW BBIBOJ a0COIIIOTHO Oecrofie3eH. B pacno3HaBaTesix
KC-s351K0B 1enecoobpazHo n36eraTb BO3MOKHOCTH MOSIBICHUS ITUKIIOB.
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I{uKIbl BO3MOXKHBI TOJBKO B TOM ciiydae, eciid B KC-rpaMmaTuke MpUCYTCTBYIOT yenHuvle
npasuna Buna A—B, A BeVN. UToObI HCKITIOYHTH BO3MOXXHOCTH TIOSIBJICHUS IMKIIOB B
L[EMOYKaX BBIBO/A, IOCTATOYHO YCTPAHHUTH LICIHBIC MPABHIA U3 MIPABUI TPAMMATHKH.

Y1061 ycTpanuTh menusie npaBwia B KC-rpammartuke G(VT,VN,P,S) mis kaxmoro
HeTepMHHATBHOTO cuMBoJia X € VN CcTpoUTCs CrienuaibHOe MHOKECTBO LIEITHBIX CHMBOJIOB
NX, a 3aTeM Ha OCHOBAaHMH MOCTPOEHHBIX MHOKECTB BBIIOJHAKTCA HPeoOpazOBaHUsL
npaBui P. [TosToMy anropuT™ ycTpaHEHHsI HETHBIX NPaBHJI HAJO BBIOJIHUTH IS BCEX
HETEPMHUHAIBHBIX CHMBOJIOB rpaMMaTuKK n3 muoxecTBa VN,

AJ'IrOpVITM YCTpaHeHNA UeNHbIX NpaBus Nno waram
Hlae 1. s Bcex cumBosioB X u3 VN moBTOpATh maru 2—4, 3aTeM MepelTH K mary 5;

Hlaz 2. N = {X}, i:=1,;
Hlaz 3. N¥ = N%1U{B: (A—B)eP, BeN*1};

Ilaz 4. Ecim NX # N%.4, 1o i:=i+1 u nepeiitu k mary 3, unaue N*=N* —{X} n npogomxuts
UK 110 Tary 1,

Hlaz 5. VN'= VN, VT' = VT, B P' BxonaT Bce npaBmia u3 P, kpome npasui Buga A — B,
S'=S;

Llaz 6. JIna Bcex npasun (A—a)eP', ecmu BeNA, B#A, To B P' 106aBnsiorcs mpaBuia
Buga B—a.

JlaHHBII aJropuT™, Takke Kak U aJITOPUTM YCTPAaHEHHUS A-NIPaBWII, BEJET K YBEJIUUEHHIO
4ycla MpaBUiI FPAMMATHKH, HO YIIPOIIAET IOCTPOEHHUE PAaco3HABATENEH.

MpuMep ycTpaHeHUs LenHbIX NpaBun

PaccmoTpuM B KauecTBe IpuMepa TpaMMaTHKy apu(pMETHYECKHX BBIPAXECHUH Hax
CHMBOJIAaMU & U b, KOTOpasi y&Ke paccMaTpHBalach paHee B 3TOM y4eOHOM HocoOuu:

({+,-,/,*,a,b},{S,T,E},P,S):
P:
S > S+T | S-T | T
T > T*E | T/E | E
E—> (S) | alb
YCTpaHI/IM LCITHBIC MpaBUJIa:
1. NS, ={S},i:=1;
2. NS; = {S,T}, NS=NS, i:=2;
3. NS, ={S,T,E}, N5=NS,, i:=3;
4. NS;={S,T,E}, N5%=NS;, NS={T,E};
5. NTo={T}, i:=1;
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NT, = {T,E}, NT:=NTo: i:=2;

N7, ={T,E}, N",.=NT;, N" = {E};
NE = {E}, i:=1;

NE; = {E}, NE;=NE, NE = &;

10. Honyuunu: NS = {T,E}, NT = {E}, NE = &, S'=S, noctpoum muoxkectsa VN' = {S,T,E},
VT' = {+,-/,*,a,b}, u MHOXecTBO npaBu P';

6
7.
8.
9

11. PaccMoTpHM BCe TpaBHia W3 MHOKECTBA P' — HHTepec MpencTaBisioT TOIBKO IpaBHia
nns cumBosios T u E, Tak kak NS = {T,E} u N" = {E}:

® Jlng mpaBun T—T*E|T/E uMeeM HOBble mnpaBuia S—T*E|T/E, HOCKOJIbKY
TeNS;
® Jlng npaBun E— (S) | a|b uMeem HoBbIe npaBuiia S— (S) |a|bu T—>(3) |alb,
nockonsky EeNSu EeNT,
[Tomydnm HOBYIO rpaMMaTHKY:

G' ({+I_I/I*Ialb}l {SITIE}IP'IS)

P':

S > S+T | S-T | T*E | T/E | (S) | a | b
T > T*E | T/E | (S) | a | b

E—> (S) | alb

OTta rpaMMaTvKa Jajiee 6yZ[GT HCIIOJIb30BaHa AJIs IOCTPOCHUA pacn03HaBaTeneI71 KC-
SA3BIKOB.

YcTpaHeHue neBou pekypcum

OnpegeneHve nesow pekypcum

Cumson AeVN B KC-rpammaruke G(VT,VN,P,S) Ha3siBaeTcss peKypCHBHBIM, €CIH LIS
HETO CYIECTBYET LENouYKa BbiBoa Buna A=>+aAP, tie o,fe(VTUVN)™

Ecmu o=\ u B # A, TO peKypcHsi Ha3bIBACTCS JICBOM, a rpammatuka G — egopekypcushotl,
eciii  O#A M [P=A, TO peKypcus Ha3bIBaeTCs IMpaBoil, a rpammaruka G —
npasopexypcusrou. Eciu a=A u B=A, TO peKypcus IpeacTaBiIsieT co00M MUKI. AJITOPUTM
UCKJIFOUCHHS ITUKIIOB OBLT PACCMOTPEH BBIIIIE, [IO3TOMY JlaJiee IIUKIIBI HE PACCMaTPUBAIOTCS.

JIro6ast KC-rpammartika MoXeT OBITh KaK JIEBOPEKYPCHUBHOM, TaK U NPaBOPEKYPCUBHOM, a
TaKXke JIEBOPEKYPCUBHON U MPaBOPEKYPCUBHONU OJTHOBPEMEHHO.

KC-rpammaTuka  Ha3bIBa€TCsl  HENeBOPEKypCU6HOU, €CIM  OHa  He  sBIIETCA
JeBOpeKypcHBHONU. AHanorndHo, KC-rpaMMaTHKa SIBISIETCS] HenpagopeKypCueHoll, €C He
SBIISICTCS IPAaBOPEKYPCUBHOM.

Hexotopsie anroputmbl seBocTopoHHero pasbopa it KC-s3pikoB HEe pabortator ¢
JICBOPEKYPCUBHBIMU T'paMMaTUKaMH, IIO3TOMY BO3HHUKACT HCO6XOIII/IMOCTB HUCKJIIOUHUTH
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JEBYIO PEKYPCHIO U3 BBIBOJOB rpaMMaTHKH. Jlanee OyneT pacCMOTpEH alropUTM, KOTOPBIH
MO3BOJISIET TpeoOpa3oBaTh mpaBmia Mpou3BoilbHONH KC-TpaMMaTHKé TakuMm 00paszom,
YTOOBI B BEIBOJIAX HE BCTPEYANACh JIeBask pEKypCHSL.

Crenyer OTMETHTH, YTO ITOCKOJIBKY PEKYpPCHS JIEKHT B OCHOBE IIOCTPOCHHS SI3BIKOB Ha
OCHOBE NPaBWJI TpaMMaTuky B hopme bakyca-Haypa, MOTHOCTBIO HCKITIOYUTH PEKYPCHIO U3
BBIBOJIOB TPAMMaTHKH HEBO3MOXKHO. MOXHO H30aBHTCSI TOJIBKO OT OJHOTO BHIA
PEKYpCHH — JIEBOTO WJIM IPaBOT0, TO €CTh NpeoOpa3oBaTh MCXOIHYIO rpamMmaTHky G k
OTHOMY H3 BHJOB: HEJEBOPEKYPCHUBHOMY (M30aBHTBCS OT JIEBOM pEKypCUM) WU
HENpaBOpeKypCUBHOMY (M30aBUTBCS OT IpaBod pekypcuu). Jlias JI€BOCTOPOHHUX
pacrno3HaBaTeleil MHTepec INpeicTaBisieT HM30aBlICHUE OT JIEBOW PEKypCHH — TO €CTh
npeoOpa3oBaHKe rPaMMAaTHKH K HEIIEBOPEKYPCHUBHOMY BULY.

[IprunHa ycTpaHeHHS HMEHHO JIEBOH PEKYPCHH KPOETCSI B TOM, YTO BCE CYIIECTBYIOIINE B
peanbHBIX KOMITHIISITOpaX paclio3HaBaTEIH YUTAIOT BXOZHOW TEKCT CIIeBa HAIPaBo.

Joxkazano, uro mobyto KC-rpamMmaTiky MOKHO NpeoOpa3oBaTh K HEJICBOPEKYPCHBHOMY
WK HeTpaBopeKypcuBHOMY Buay [4 1.1, 5, 58].

AnNropuTM yCcTpaHeHNs NeBoii pekypcum

Venosue: mana KC-rpammatuka G(VT,VN,P,S), He06X01UMO MOCTPOUTH IKBUBAJICHTHYIO
eit HeneBopekypcuBHyto rpammaruky G'(VN',VT,P'.S"): L(G)=L(G".

Anroput™ npeoOpa3oBaHusi pabOTaeT ¢ MHOXKECTBOM IIPaBHJI UCXOIHOW TpamMmartuku P,
MHOXECTBOM HETEPMHUHAIBHBIX CUMBOJIOB VN H IByMsI IEpEMEHHBIMHU CUCTYHKAMH: | U .

Hlaz 1. O603HaunM HeTepMHUHAIbHBIE CHMBOINBI rpammatuku Tak: VN={Ai,A,,...,An},
i:=1.

Llae 2. PaccmoTtpum mpaBmia s cuMBonia A Ecim 3Ti mpaBumia He coiepikaT JIeBOM
pEeKypcuHu, TO TepeHeceM HMX BO MHOXKECTBO mpaBuil P' 6e3 m3MmeHeHwid, a cUMBON A
JI00aBMM BO MHOKECTBO HETEPMHMHAIBHBIX cUMBOJIOB VN'.

Wnaye 3anumem mpasuna it Ai B Bune Ai>Aidi|Aids|...|Aiom|B1|B2. . .|Bp, Tae VP=j>1 Hu
OJIHA 3 1IeToYeK [3j He HAYUHACTCS C CUMBOJIOB Ay, Takux, 9To K<I.

BwmecTo aTOr0 MpaBmiia BO MHOKECTBO P' 3amuimeM JiBa nmpaBuia BUAA:
Ai—>B1|B2... [BolB1AB2A. .. BpAY
Ai'—>ai|ag]. .. [omonAi oA . . |amAY
CumBousl Aj 1 Aj' BkiTrogaeM Bo MHOKecTBO VN'.

Teneps Bce mpaBwiaa Juis Aj HAYUHAIOTCS JTHOO ¢ TEPMHUHAIBHOTO CHMBOJA, JHOO ¢
HETEPMHUHAIBHOTO cUMBOJIA Ak, TAKOTO0, 9T0 K>,

Llaz 3. Ecam i=n, To rpammarnka G' mocTpoeHa, mepeitu K mary 6, uHade i:=i+1, j:=1 u
nepeiTH Kk mary 4.

Llae 4. nsa cumBona Aj Bo MHOXecTBe npaBui P' 3ameHnTh Bee mpaBuina Buaa Ai—Aja,
rae ae(VTUVN)", Ha npaBuia Buna Ai—>Bialfza...|Bma, npuaem Aji—>B1|Bzl...|Pm — Bee
npaBmiIa i cuMBouia A
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Tak kak mpasas yactb mpaBui Aj—P1]B2|...|Bm yke HauMHACTCS ¢ TEPMHUHATILHOTO CHMBOJIA
W HETEPMHUHAIIBHOTO cuMBoNia Ak, K>j, To Temeph U mpaBasi 4acTh MPABUI ISl CHMBOJIA
A, OyzeT yIoBIeTBOPATH 3TOMY YCIOBHIO.

Illaz 5. Eciu j=i-1, To nepeiiTH K miary 2, wHaue j:=j+1 u mepeiitu k mary 4.

lae 6. lleneBbIM CMMBOJIOM TpaMMaTtuku G' cTaHOBHUTCS cUMBOJI Ay, COOTBETCTBYIOIINI
CHMBOJIY S ncxoaHoit rpammaruku G.

PaccmoTpuM B KauecTBe THpUMepa TPaMMATHKY IS apu(METHYCCKUX BBIPAXKCHHUN HAaJ
CHMBOJIaMH a U b:

G({+,-,/,*,a,b},{S,T,E},P,S):
P:

S > S+T | S-T | T

T > T*E | T/E | E

E—> (S) | alb

Orta rpaMMaTHKa SBJISETCS JIEBOPEKYpCHBHOW. IloCTpoMM  OSKBUBAJICHTHYIO e
HEJIEBOPEKYPCHUBHYIO IPaMMAaTHKy G ' .

Llaz 1. O603uaunm VN={A1,Az,As}. i:=1.
Torza npaBuia rpaMMaTiuku G OyIyT UMETh BUL:
A — A+A | A-Az | Az
As > Ag*As | AgdAs | As
As;—> (Ay)|alb

Llaz 2. Nas A1 umeem mpaBmia Ai—>Ai+AzlAi—AolAr. IX MOXHO 3amucaTh B BHIC
Ai—>Araa|Aron|B1, Tae ai=+Ar, ao=—As, Bi1=Au.

3amnuiiemM HOBbIE npaBuiia 1J1s1 MHOKECTBA P':
A1 4 Az | AzAl'
Al' > tA2 | —-Ay | +AAL | —ALA;

Job6aue 3TH mpaBwima B P', a cumBONBEl A1 U Ai' BO MHOXECTBO HETEPMHHAIBHBIX
cumBouoB, moxyuum: VN'={As,A1'}.

Hlae 3. i=1 < 3. Iloctpoenue He 3akoHYEHO: 1:=i+1 =2, j:=I.

lae 4. Ins cumBona A, BO MHOXKeCTBe IpaBui P' HeT mpaBuia Buaa A,—>Ajo, mo3TomMy
Ha 9TOM IlIare HUKaKuX JACUCTBUIl HE BBIOIHSIEM.

Hlaz5. 5 = 1 = i-1, mepexoauM OmsTh K Imary 2.

Hlaz 2. JIns A; umeem tpaBmiia Ar—>Ar*AszlAz/AslAs. Ix MOXHO 3ammcath B BHIC
Aor—>Az201|A2002|B1, Tie cu=*As, ae=/A3, B1=Aas.

3amnmiiemM HOBEIE npaBujia 1Ji1 MHOKECTBaA P
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Az —> A3 | A3A2'
Az' —> *A3 | /A3 | *AsAzI | /A3A2'

Jlo6aBum 5T mpaBwia B P', a cuMBOiBEI Az M A2 BO MHOKECTBO HETEPMHHAIBHBIX
cumBouios, moyanM: VN'={A1,A1,A2,A,'}.

Llae 3. i=2 < 3. [loctpoeHne He 3aKOHUEHO: i:=i+1 =3, j:=1.

Hlae 4. [1na cumBonia Az BO MHOKecTBe IpaBuil P' HeT nmpaBuna Buna Az—Ajd, To3TOMY
Ha 5TOM IlIare HUKaKuX ACHCTBUIl HE BBITOIHSIEM.

Hlaz 5. =1 <i-1, j:=j+1 =2, nepexoaum K miary 4.

Ilaz 4. Nns cumBoia Az BO MHOKECTBe IpaBui P' HeT mpasuia Buaa As—>Aj0, mo3TomMy
Ha 3TOM IlIare HUKaKuX ACHCTBUII HE BHIMOIHSICM.

Llaz 5. =2 = i-1, nepexouM OMSITH K miary 2.

Hlaz 2. Tnst Az umeem npasuna As—(Asz)lalb. DTu npaBuia He COAEPIKAT JIEBOU PEKYPCHH.
Iepenocum ux B P', a cumBon Az no6asisiem B VN'. TTonyuum: VN'={A1,A1',A2,A2’ As}.

Hlae 3. 1=3 = 3. Iloctpoenune rpamMMmaTiku G' 3aKOHYEHO.

B pesynbrare BBHINOJHEHUs alrOpUTMa MPeoOpa3’oBaHUs MONYYHIN HEJIEBOPEKYPCHBHYIO
rpammatuky G({+,—/,*,a,b}, {A1,A1, A2, A2, As}, P', A1) ¢ npasuiamu:

P

Ar— As | AAL

At o +Ag | A | +AAL | -AA,
Az — As | AdAy

A2 = *Az | IAs | *AsA2 | 1AAY
As— (A)]alb

CuHTakcu4yeckue pacno3HaBaTesin C BO3BPATOM

MNpuHuMNLI pa6oThl pacno3HaBaTenein C BO3BpaToM

PacniozHaBarenu ¢ BO3BpaToM — 3TO caMblii MPUMHUTHUBHBIN THN pacnio3HaBaTenet misa KC-
s3pIk0B.  Jlormka wx paboThl OCHOBaHA Ha MOJCIHPOBAHUH (YHKIIMOHHPOBAHUS
HegeTepMuHUpoBaHHoro MII-aBTomara.

Ilockonbky Mopenupyercss HeaeTepMUHUpoBaHHbI MII-aBTOMAT, TO HA HEKOTOPOM IIare
paboTBl  MOAETHMPYIOUIETO alNTOPUTMA CYMIECTBYET BO3MOXKHOCTH BO3HHUKHOBEHUS
HECKOJIbKMX BO3MOXKHBIX CJIEQYIOIIMX COCTOSHUM aBToMaTra. B TakoMm ciydae ecThb IBa
BapHaHTa peanusauu anropurma [15].

B mepBoM BapmaHTe Ha KaXJOM IIare paboThl aJIrOPUTM JOJDKEH 3allOMHHATH BCE
BO3MOXHBIE cienyromue coctostaust MII-aBToMata, BEIOUpaTh OJTHO U3 HUX, IEPEXOUTH B
9TO COCTOSIHHE U JICHCTBOBATH TaK JIO TEX IO, MOKa JINOO He OyAeT JOCTHUTHYTO KOHEYHOE
COCTOSIHUE aBTOMaTa, JIN0O aBTOMAT HE IepeHIeT B TaKyl KOHQUTYpAIMio, KOoria
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ClleqyIolee COCTOSHHE OyIeT He omIpelesieHo. Eciu NOCTUrHyTo OIHO M3 KOHEYHBIX
COCTOSIHHI — BXOJHas IeTI0YKa MIPUHATA, pabdoTa alropuT™Ma 3aBepiuaercs. B nmpoTuBHOM
Clly4ae aJTOPUTM JOJDKSH BEpHYTh aBTOMAT Ha HECKOJBKO IIAaroB Has3al, KOTrja eme ObLI
BO3MOYKEH BBIOOP OHOTO M3 HaOOpa CIEAYIOMINX COCTOSHHH, BEIOpPATh IPYroi BapHaHT H
IPOMOJCIIIPOBATh MOBEACHHE aBTOMAaTa C JTHM YCJIOBHEM. AJITOPUTM 3aBepluaercs ¢
ommOKOH, KOT/Ia BCe BO3MOYKHBIE BApHAHTHI paOOTH aBTOMATa MepeOpaHbl, U IPHU 3TOM HE
OBUIO TOCTUTHYTO HU OTHO U3 BO3MOXKHBIX KOHEYHBIX COCTOSHHH.

Bo BTOPOM BapUAHTC aJITOPUTM MOIACINPOBAHUA MII-aBToMaTa JOMKEH Ha KaXKJIOM Ilare
pa6OTLI Ipu  BO3HUKHOBEHUHM  HCOJHO3HAYHOCTHU C  HCCKOJBKHMMU  BO3MOKXHBIMU
CJICAYIOMUMHU COCTOSAHUAMU aBTOMaTa 3allyCKaTb HOBYIO CBOIO KOIIMIO JJIA O6pa60TKI/I
Ka)XJIoT0 U3 HATHUX COCTOSHMI. AJ'IFOpI/ITM 3aBCPUIACTCsA, €CIU XOTsA ObI OJHa U3
BBINOJIHSIOIMMUXCS €T0 KOIIHi JOCTUTHET OAHO M3 KOHCYHBIX COCTOSTHU. HpI/I 9TOM pa60Ta
BCEX OCTAJIbHBIX KOIIHI aJropurMa npeKpamacTes. Ecimm an OJHa U3 KOIIUH aJropuTtMa HE
JOCTHUIJIa KOHCYHOI'O COCTOAHHA MH-aBTOMaTa, TO AJITOPUTM 3aBEPHIACTCA C OIITHOKOIA.

Bropoii BapuaHT peanu3aluM aNrOpUTMa CBsI3aH C YNPABICHUEM MapajlielbHbBIMU
MpOLIECCaMH B BBIYHMCIIUTENBHBIX CUCTEMAX, MIO3TOMY CJIOXKEH B peannzauuu. Kpome Toro,
Ha Kax7oM mmare pabotet MII-aBTomMara aibTepHATHB CIEAYIONINX COCTOSHUI MOXKET OBITH
MHOTO, a KOJHUYCCTBO BO3MOXHBIX TMAapaJICIbHO BBIIOJHAIOMIUXCA IIPOLECCOB B
OMNCPAallMOHHBIX CHUCTEMaxX OrpaHUYCHO, IIOOTOMY MNPUMCHCHUEC BTOPOIO BapHaHTa
IrOpUTMa OCJIO0XKHEHO. 10 3TUM TpUYKMHAM OOJIBIICe PACIIPOCTPAHCHHUE TTOTYYMIT TICPBhIA
BApUAHT aJropuTMa, KOTOpBI MpeaycMaTpUBaeT BO3BpaT K paHee 3allOMHEHHBIM
cocrosiHusiM MII-aBToMaTa — OTCIOJIa M HAa3BaHKE «pa3bop ¢ BO3BpaTaMm».

Cne,uyeT OTMCTHUTH, YTO, XOTA MII-aBTOMAaT sSBISETCS OAHOCTOPOHHUM PACIIO3HABATEJIEM,
AITOPUTM  MOJCITIUPOBAHUA CTO pa6OTLI npeaycMarpuBacT BO3BpaT Ha3aJd, K YiKE
HpO‘H/IT&HHOﬁ HacCTHu OCIMOYKHU CMMBOJIOB, YTOOBI HCKIIOYUTh HEACTCPMUHU3M B NOBEACHUU
aBToOMara (KOTOpLIﬁ HMHa4Y€ HCBO3MOXXHO HpOMO,I[eJ'IPIpOBaTL).

Ectp eme onna ocoOeHHocTh B MozenupoBaHuu MII-aBromara: 1r000H HpakTHYECKH
LEHHBII aJXrOpUTM JIOJDKEH 3aBEepIIaThbcsl 3a KOHEYHOE YMCIO IaroB (YCHENIHO WM
HEYCIICITHO). AJITOPUTM MOJIETMPOBaHMs paboThl mpon3BosbHOro MII-aBTOMara B obmiem
cily4dae He yIOBJIETBOPSET 3TOMY YCIOBHIO.

UroObl u30€kaTh TaKUX CHUTYyallWil, alrOpUTMBI pa3dopa ¢ BO3BpaTaMH CTPOAT HE I
npou3BoabHbIX MII-aBTOMaTOB, a nius MII-aBTOMaTOB, yIOBIETBOPSIOLIMM HEKOTOPBIM
3aJlaHHBIM ycioBusAM. Kak mpaBmwiio, 3TH yCIOBHA CBsi3aHBl ¢ TeM, uyTo MII-aBTomar
JIOJDKEH CTPOMTHCS Ha OCHOBE TPAMMATHKH 33JaHHOTO S3bIKa TOJBKO ITOCIIE TOTO, KaK OHa
MOZIBEPTHETCSI HEKOTOPBIM NpeoOpa3oBaHusAM. [lockosbKy NpeoOpa3oBaHUs TpaMMaTHK
camu 1o cebe He HaKJIaJbIBaIOT KaKUX-IM00 OrpaHHYeHUi Ha BXoqHOH Kkinacc KC-13bIKOB,
TO OHM W HE OrPaHWYMBAIOT IPUMEHHUMOCTH  aJIrOPUTMOB  pa3dopa ¢
Bo3Bparamu. CrieioBaTesIbHO, 3TH AITOPUTMBI HpUMEHUMBI st moboro KC-s3bika,
3aJjaHHOro nmpou3BoabHON KC-rpaMMaTHKoOM.

AnropuTMBl pazbopa ¢ Bo3BpaTaMu 00JIaJal0T AKCIIOHEHIMAIBHBIMHA XapaKTepPHCTHKAMH.
910 3HAYUT, YTO BBIYMUCIIMTCIILHBIC 3aTPAaThl AJITOPUTMOB JSKCIIOHCHIIUAIIBHO 3aBUCAT OT
JUIMHBL BXOJHOM UENOuKM CcUMBOJOB: o, oeVT", n=|o|. KoHkpeTHas 3aBHCHMMOCTBH
OTIpeNieNseTCsl BAPHAHTOM peanu3anuu anroputma [4 1.1, 5].

JlokazaHo, 4To B OOIIEM Cllyyae IpH MEPBOM BapHaHTE pealn3aluy Ul IPOU3BOIbHON
KC-rpammaruxu G(VT,VN,P,S) Bpemst BBITIONHEHHST TAHHOTO aaroputMa T, OyIeT HMeTh
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OKCHOHEHIMAIBHYIO 3aBUCUMOCTb OT IJIMHBI BXOJHOM LENOYKH, & HEOOXOOUMBIH 00beEM
namstd M, — mUHEHHYI0 3aBHCHMOCTD OT JUTHHBI BXOIHOM nierouku: T,=0(e") u M,=0(n).
IIpu BTOPOM BapUaHTE peaU3alluy, HAOOOPOT, BPEMS BHIIIOJHEHUS JAHHOTO AIrOpPUTMa T
OyleT UMETh JIMHEHHYIO 3aBHCUMOCTb OT JUIMHBI BXOXHOW LIEMOYKH, a HEOOXOIMMBIN
00beM mamsaTH M, — IKCIIOHEHLIHMANBHYIO 3aBMCMMOCTh OT JUIMHBI BXOIHOM IIEMOYKH:
T,=0(n) u M,=0(e").

OKCIOHEHIMAIbHAsT 3aBUCMOCTb BBIYMCIHUTENBHBIX 3aTpaT OT JUIMHBI BXOJHOW IIETIOUKU
CYIIECTBEHHO OrpaHUYUBAET NPHUMEHHMOCTh aITOPUTMOB pa3dopa c Bo3Bparamu. OHHU
TPUBMAIBHBI B PEANH3aLUU, HO UMEIOT HEYIOBJIETBOPUTEIbHbBIC XapaKTEPUCTHKH, TI03TOMY
MOTYT HCTOJIb30BaThcsa TONbKO i KC-43bIKOB ¢ Manoil IIMHONW BXOIHBIX MPEIIOKEHHUH
s3bika.l Jlng Muorux kimaccoB KC-A3bIKOB CyIIecTBYIOT 60j€e 3(()EKTUBHBIE aIrOPUTMbI
pacrno3HaBaHus, HOATOMY JITOPUTMEI pa3dopa ¢ BO3BpaTaMH NPUMEHSIOTCS PEAKO.

I[anee PacCMOTPCHBI ABA OCHOBHBIX BApUAHTA TAKUX aJITOPUTMOB.

Hucxopsawmn pacno3HaBaTenb C I10,F|,60pOM anbTepHaTuB

MpuHUMN paboTbl HUCXOASALLEro pacno3HaBaTens ¢ Noabopom anbTepHaTB

Hucxonsmmii pacrno3HaBatens ¢ MOa00pOM allbTepPHATHB Mojenupyetr pabdory MII-
aBromara ¢ oguum coctosiaueM (: R({q},V,Z,6,q,5,{q}). ABTOMaT pacmo3HaeT IEMOYKH
KC-s3pika, 3amannoro KC-rpammarukoit G(VT,VN,P,S). Bxoanoii andasutr aBromara
COJICPIKUT TEPMHUHAJBHBIE CHUMBOJIBI Tpammaruku: V=VT, a andaBur Mara3uHHbBIX
CHUMBOJIOB CTPOUTCS W3 TEPMHUHAIBHBIX W HETEPMHUHAJIBHBIX CHMBOJIOB TPaMMATHKH:

Z=VTUVN.

HavanpHas xoH}urypamnus aBromara onpeneinsercs tak: (4,0,S) — aBTomar npeObIBacT B
CBOEM EJIMHCTBEHHOM COCTOSIHMH (, CUNTHIBAOLIAs FOJOBKA HAXOAUTCS B Havajie BXOJHOM
HEMOuKn cuMBOJIOB 0.€VT™, B CTEKE JIGKUT CHMBOJ, COOTBETCTBYIOUIUH IETEBOMY
CHMBOJIYy TPAMMAaTHKH S.

Koneunas koH(purypanusi aBromara omnpeaensercs tak: (g,A,A) — aBToMaT NpeObIBacT B
CBOEM €/IMHCTBEHHOM COCTOSIHMM (], CUMTBHIBAIOIIAsh TOJOBKA HAaXOIMTCS 32 KOHLIOM
BXOJIHOM LIEMOYKH CUMBOJIOB, CTEK MYCT.

Oyukuus nepexonos MII-aBTomara CTpOUTCS Ha OCHOBE IIPABHII TPAMMATHUKU:

1. (q,0)ed(q,MA), AeVN, ae(VTUVN)', ecmu npaemno A—>0. COAEPKHUTCI BO
MHOXecTBe npasui P rpammatuku G: A—>oeP;

2. (9,A)€d(g,a,2) VaeVT.

Paboty marnoro MII-aBToMaTta MOKHO He(hOPMAITLHO OMUCATH CIAEAYIONUM 00pa3oM: eCTi
Ha BEPXYHIKC CTEKa aBTOMAaTa HaXOJUTCA HeTepMI/IHaIIBHHﬁ CHMBOIJI A, TO €ro MOXHO
3aMCHHUTH Ha IICTTIOYKY CHMBOJIOB O, €CIIH B TPaMMATHKE S3bIKa €CTh MpaBUiIo0 A—>0l, HE

! Bo03M0XXHOCTP HCHONB30BaTh ITH AJITOPUTMBL B PpCaJIbHBIX KOMIHWJIATOPAX BECbMa
COMHMUTECJIbHA, [TOCKOJIbKY JAJINHA BXO,HHOﬁ HTCIMOYKH MOXKET AOCTUT'aTh HCCKOJIbKUX TBICAY U
JaXXE NCCATKOB ThICAY CUMBOJIOB. O‘IGBI/IHHO, 4YTO BpEMs paGOTH aJIropuTMa 6y,H€T B TaKOM
BAPUAHTE ABHO HCPHUCMIICMBIM NaKE€ Ha CAMbIX COBPEMCEHHLIX KOMIIbIOTEpAX.
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CIBHTas IPH 3TOM CYHTHIBAIOIIYI0 T'OJOBKY aBTOMaTa (ITOT IIar paOOTHI Ha3bIBAeTCs
«IOI0Op aNbTepHATHBEI»); €CIM )K€ Ha BEpXyNIKe CTeKa HAXOAUTCS TEPMHHAJbHBIH
CHMBOJI @, KOTOPBIIl COBIaiaeT ¢ TEKYLIUM CHMBOJIOM BXOJHOW LETIOYKH, TO ITOT CUMBOJ
MO>XHO BBIODOCHTH U3 CTEKa M NEPEIBHHYTH CUHTBHIBAIOLIYIO T'OJIOBKY HA OIHY IMO3UIHIO
BIIPaBO (ITOT mIar pabOTHl Ha3bIBaeTCs «BBIOpocy). Jlamuberii MII-aBTOMaT MOXET OBITH
HeJIeTePMUHUPOBAHHBIM, ITOCKOJNBKY IPU IOAOOpE aJbTepPHATUBBI B IPaMMAaTHKE S3bIKa
MOKET OKa3aTbCsl Oojiee OAHOTO TpaBwia Buma A—o, tTorma ¢yskims 6(q,A,A) Oymer
coJiepkath Oosiee OJHOTO clienytomero coctosiHus — y MII-aBTomara OyneT HECKOJIBKO
abTEpPHATHUB.

Pemenne o TOM, BBINOJNHATH JIM Ha KaxaoM miare padorel MII-aBromara BeIOpoC Win
noa00p ajdbTepPHATUBEI, MPUHUMAETCS OJHO3HAYHO. MOAETHPYIOUIUI alrOpUTM AOJKEH
obecrieunBaTh BHIOOP OJHOW W3 BOBMOJXKHBIX allbTEPHATHB U XpaHEHHE HH()OpMALIUK O TOM,
Kakue albTepHATHBBI Ha KaKOM IIare yxe ObUTH BhIOpaHbBI, YTOOBI MMETh BO3MOKHOCThH
BEPHYThCSA K 3TOMY IAry W NomoOpaTh Ipyrue anbTepHATHBHI. Takol anroputM paszdopa
Ha3bIBAETCS AJITOPUTMOM C IT0JJOOPOM albTEPHATHUB.

Hanubrit MII-aBTomar ctpouT JieBocTopoHHUe BbiBOAbI aist rpammarikun G(VT,VN,P,S).
Jlnist MOJenMpoBaHUsl TaKOro aBromara HeoOxoaumo, utobsl rpammaruka G(VT,VN,P,S)
He ObLIa JICBOPEKYPCUBHON — B MPOTHBHOM CJIy4ae, OUYEBUIHO, AITOPUTM MOXKET BOWTH B
OeckoHeuHbll MK, [lOCKONBKY, Kak OBbLIO IOKa3aHO BhIme, mpou3BosbHyl0 KC-
rpaMMaTHKy BCET/Ia MOXHO MPeoOpa3oBaTh K HEICBOPEKYPCUBHOMY BHUY, STOT aJrOPUTM
npumeHuM st mo6oi  KC-rpammaruku. CrenoBarenbHO, MM MOXKHO pPAacloO3HAaBaTh
nenouku ar06oro KC-sa3b1ka.

Peanusauus anropmutmMma pacnosHaBartend C HOﬂ,GOpOM anbTepHaTmne
CymecTByeT Macca crioco0OB peali3aliy alropuTMa ¢ moadopomM ansTepHatus [4 T.1, 5,
33, 42, 58]. PaccMOTpuUM OAMH W3 MPUMEPOB pEaH3alMU AJITOPUTMAa HUCXOSIICTO
pacro3HaBaTessl ¢ BO3BPAaTOM.

Jliist ynodcTBa paboThl Bee mpaBmiia U3 MHOXecTBa P B rpammaTrke G MpeacTaBuM B BHIIE
A—ai|ag|...|om, TO ecTh NPOHYMEpyeM BCe BO3MOXKHBIE ANBTEPHATHBBI JUIS KaXKIOTO
HerepMuHANBLHOTO cuMBoiia AcVN. Bxo/iHast 1ienovka CHMBOJIOB UMEET BUJL OL = 8187...an,
|o|=n. Anroput™m wucmoNB3yeT TaKkKe AOMOJNHHUTENIbHOE cocrosHue b (ot «back» —
«Ha3aj»), KOTOPOE CUTHAJM3UPYET O BBHIMOJHCHHH BO3BpaTa K yXe MPOYMTAHHON YacTH
BXOAHOH wenoukn.? JIos XpaHEHHs yKe BHIODAHHBIX aJlbTEPHATUB MCIOJIb3YETCS
JIOTIOJTHATETIFHBIA  CTEK BO3BpaToB Ly, KOTOPBIA MOXKET COJEpKaTh CIEAYIOUTYIO
HHPOPMALHIO:

® cuMmBojel aeVT BXOOHOT'O A3bIKAa aBTOMATA,

e cumBoibl Buna Aj, rie A€VN — 310 03HayYaeT, 4To Cpear BCEX BO3MOKHBIX MPaBHI
Juist cUMBOJTa A GblTa BEIOpaHa albTepPHATHBA C HOMEPOM j.

2 CaM aBTOMAT HMEET TOJBKO OOHO COCTOsSIHME (], KOTOpPOro AOCTaTO4YHO MJIsI €ro
(I)yHKIII/IOHI/IPOBaHI/IH, OJHAaKO HET BO3MOXHOCTH MOJCIUPOBATL Ha KOMIBIOTEPE pa60Ty
HCACTCPMUHUPOBAHHOTO aBTOMATA, IMO3TOMY IMPUXOJUTCSA BBIIOJIHATH BO3BpAT K YKC
HpO‘II/IT&HHOﬁ YacTH LICIMOYKH U BBOAUTH IJIA JTOU OCJIM JOIIOJITHUTCIBbHOC COCTOSHUC.
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B wurore anroputm pabotaer ¢ aByms crekamu: Li — crek MII-aBTomata m L, — crek
B03BpaToB. O0a OHM NPECTaBICHBI B BUIE LEMOYeK CUMBOJIOB. CHMBOJIBI B [ICTIOYKY CTEKa
L; nomemarorcs cieBa, a B IIENOYKy cTeka Lo — cmpasa. B menom cocrosHue anropurma
Ha KaXJIOM II1are ompeaenseTcs 4eThpbMs nmapamerpami: (Q,i,L1,L>), e

® Q — TekyIee cocTosiHKe aBToMaTa (( wiu b);

® | — MOJIOkKEHHE CUNTHIBAIOIIEH TOJIOBKH BO BXOIHOM IIEMOYKE CHMBOJIOB O,
® L; — comepxumoe creka MII-aBToMara;

® |, — coaepKUMOE JOMOHUTENLHOTO CTEKA.

HawanpHBIM cocTosiHMEM anroputMma siBisieTcs cocrosame ((,1,S,A), rme S — menesoi
CHUMBOJI TpaMMAaTHKH. AJITOPUTM HAYUHAET CBOKO PabOTy C HAYAJIBHOTO COCTOSIHUS U
[UKIMYCCKH BBIMOJHSICT IIArH J0 TeX MOp, MOKa HE MEePEeHIeT B KOHEYHOE COCTOSHUE WA
He OOHapyKHUT ommuOKy. Ha KaxaoMm Imare aaropuTma MpOBEPSICTCs, COOTBETCTBYET JIH
TEKYI[Ee COCTOSIHUE aJITOPUTMA 3aJlaHHOMY JJIs TaHHOT'O Illara MCXOTHOMY COCTOSIHHUIO, U
BBIMOJIHSIOTCSL JIM  3aJaHHBIC JOIOJHUTEIbHBIC yCIoBUs. Eciu 310 TpeboBaHue
BBITIOJIHSETCS, alITOPUTM TEPEXOJUT B CIEAYIOIIEE COCTOSHKIE, YCTAHOBICHHOE ISl 3TOTO
11ara, eclid HeT — IIar MPOIYCKAETCs, aITOPUTM MEPEXOTUT K CIACAYIOIIEMY IIary.

AHFOpI/ITM npeaAyCMAaTPUBACT HUKINICCKOC BBIIIOJTHCHUEC CIICAYONIUX IIaroB:

Hlaz 1 (Paspacmanue). (Q,i,AB,o) — (q,i,y1p,0A1), eciu A—>y1 — 3TO mepBas U3 BCEX
BO3MOJKHBIX aJIbTEPHATUB 1JI1 CUMBOJIA A.

a2z 2 (Venewnoe cpasnenue). (Q,i,ap,a) — (9,i+1,B,0a), ecnu a=aj, acVT.

lae 3 (3asepwenue). Ecau cocrosiaue cootBercTByeT (Q,N+1,A,0), TO pa3bop 3aBepiiieH,
AJITOPUTM 3aKaHYMBaEeT padboTy, uHaye (q,i,A,o)—>(b,i,A,a0), korma i =n+ 1.

Ulaz 4 (Heycnewmnoe cpasnenue). (Q,i,ap,0)—(b,i,ap,o), ecnu aai, aeVT.
Ilaz 5 (Bozspam no éxooy). (b,i,p,aa) — (q,i-1,aB,a), VaeVT.
Llaez 6 ([pyeas anemepnamuea). Vcxomaunoe cocrostaue (b,i,yiB,aA), aeficteus:

® repelTu B cocTosiHUE (q,1,Yj+1f3,0Aj+1), €CIIH elle CYIIECTBYEeT albTepHATHBA A—>Yj+1
s cumBoiia AeVN,;

® CUTHAIM3HPOBaTh 00 OMIMOKE M MPEKPATUTH BEINOJHCHHE alrOpuTMa, eciid A=S u He
CYIIECTBYET OOJIBIIIE ATbTEPHATHB 1T CHMBOJIA S;

® pHadve mepeitu B cocrostaue (d,i,AB,a).

B ciydae ycmemHOro 3aBepIIEHHsS alrOpHTMa IIEMOYKY BBIBOAA MOXHO ITOCTPOUTH Ha
OCHOBE COJEPKHMMOTO CTeKa L, MOJyYeHHOro B pe3yibTaTe BHINOJHEHHS aIrOpPUTMA.
Ilemouka BBIBOAA CTPOMUTCS CIEAYIOIIUM 00pa3oM: OMECTHTh B LIETIOYKY HOMEpP IpaBuIIa
M, COOTBETCTBYIOUIHH albTepHATHBE A—>yj, €CIM B CTEKE COAEpXKUTCA cuMBoi A; (Bce
cumBoJibel a€VT, cogepkammuecs B creke Lo, uTHOpUpyroTCs).

BHUMAHUE
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Cnep,yeT NOMHUTb, Y4TO AONAd nNpuUMeHeHuAaA JITOoro anroputMa wucxoaHas
rpraMmMmaTuka He [OOJDKHa ObITb J'IEBopeKprVIBHOVI. Ecnn ato ycnosue He
BbINOJNTHAETCA, TO TrpaMMaTuUKy npeaBaputenbHO Hago npeoGpasosaTb K
HeneBOpeKypCUBHOMY BMay.

PaccmoTpuM B kauecTBe nmpumepa rpammaruky G ({+,-,/,*,a,b}, {S,R,T,F,E},
P, S) c IpaBHIaMH:

P:

S > T | TR

R—> +T | -T | +TR | -TR
T > E | EF

F > *E | /E | *EF | /EF
E—> (3) | alb

OTO HENeBOpEeKypCHBHAsl TpaMMaruka ajisi apudMeTHdecKkux BbIpakeHuil (oHa Obuia
MIOCTPOCHA paHee B pa3ziene «YCTpaHeHHE JIEBOH PEKyPCHUI).

IIpocnenum pa3bop 1memoukd a+ (a*b) H3 s3bIKa, 3aJaHHOTO 3TOM TIpaMMAaTHKON C
NOMOIIBIO AITOPHTMA HUCXOMSIIETO PAclo3HaBaTels ¢ Bo3Bparamu. Pabory aimropurMa
OyneM NpencTaBisITh B BHIC IOCIEAOBATEIFHOCTH €0 COCTOSHHM, B3ATHIX B CKOOKH { }
(purypHBIe CKOOKM HCIONB3YIOTCS, YTOOBI HE TyTaTb WX C KPYTJIBIMH CKOOKamw,
NpPEeIyCMOTPEHHBIMU B NpaBHJIaX TPaMMATHKH). AJIbTEPHATHBEI OyJeM HOMEpOBAaTh CJeBa
HanpaBo. JIns TOSCHEHWS KaxIplid mar paboThl COMPOBOXKIASTCS HOMEPOM  Iara
aNTOPHTMA, KOTOPBIA OBUI TPUMEHEH A IepexoJa B O4YepelHOe COCTOSHHE
(3amuceIBaeTCA CIeBa Yepe3 CUMBOJI : — JIBOCTOYHE).

AnroputM paboThl HUCXOMAIIETO PACIO3HABATENsl C BO3BpaTaMHU NpU pazdope LENnOuKH
+ (a*b) OyaeT BHIIONHATH CICIYIOIINE [aru:

0: {g,1,S,A}

1: {q,1,T,S:}
1:{q,1,E,SiT1}

1: {q,1,(S),S1T1E1}
4: {b,1,(S),S:1T1E1}
6: {q,1,a,S1T1E2}
2:{q,2,A,S1T1E2a}
3: {b,2,A,S:1T:Eza}
5: {b,1,a,S:T:E>}
10.6: {9,1,0,5:T:E3}
11.4: {b,1,b,S:T:E3}
12.6: {b,1,E,S: T4}

© ©® N o g R~ DhdRE



13.6: {q,1,EF,S1T2}

14.1: {q,1,(S)F,S1T2E1}

15.4: {b,1,(S)F,S:T.E:}

16.6: {q,1,aF,S1T2E2}

17.2: {q,2,F,S:T2E-a}

18.1: {q,2,*E,S:T2E-aF1}

19.4: {b,2,*E,S:T-E,aF}

20.6: {q,2,/E,S1T,EzaF2}

21.4: {b,2,/E,S1 T-E2aF2}

22.6: {q,2,*EF,S:T2E2aFs}
23.4: {b,2,*EF,S,T2E2aFs}
24.6: {q,2,/EF,S:T-E-aF s}
25.4: {b,2,/EF,S:T-E-aF4}
26.6: {b,2,F,S:T,E-a}

27.5: {b,1,aF,S:T,E>}

28.6: {q,1,bF,S:T2E3}

29.4: {b,1,bF,S:T-E3}

30.6: {b,1,EF,S:T2}

31.6: {b,1,T,S:}
32.6:{q,1,TR,S2}

33.1: {q,1,ER,S,T1}

34.1: {q,1,(S)R,S.T1E1}

35.4: {b,1,(S)R,S,T:E1}

36.6: {0,1,aR,S;T1E2}
37.2:{q,2,R,S;T1E-a}
38.1:{q,2,+T,S,T:E2aR:}
39.2:{q,3,T,S;T:E2aR+}

40.1: {q,3,E,S;T1E2aR1+T1}
41.1: {q,3,(S),S.T1E2aR1+T1E1}
42.2:{q,4,S),S.T1E-aR1+T1E1(}
43.1: {q,4,T),S:T1E-aR1+T1E1(S1}
44.1:{q,4,E),S:T1EaR1+T1E1(S1T1}

26
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45.1:{9,4,(S)),S2T1E-aR1+T1E1(S1T1E}

46.4: {b,4,(S)),S2T1E-aR1+T1E1(S1T1E1}

47.6: {0,4,a),S:T1E-aR:1+T1E1(S: T1E2}
48.2:{q,5,),S:T1E,aR1+T1E1(S: T1E2a}

49.4: {b,5,),S,T1EaR1+T1E1(S: T1E2a}

50.5: {b,4,8),S,T1E2aR1+T1E1(S:1T1E2}

51.6: {q,4,b),S,T1E2aR1+T1E1(S:T:E3}

52.4: {b,4,b),S;T1E-aR1+T1E1(S1T1E3}

53.6: {b,4,E),S; T1E.aR1+T1E1(S1T1}

54.6: {q,4,EF),S,T1E,aR1+T1E1(S1 T2}

55.1: {q,4,(S)F),S:T1E2aR.+ T1E1(S1ToE1}
56.4: {b,4,(S)F),S.T1E2aR1+T1E1(S1T2E1}
57.6: {q,4,aF),S>T1EaR1+T1E1(S1 T2E2}

58.2: {q,5,F),S:T1E-aR1+T1E1(S:1T2Eza}

59.1: {q,5,*E),S>T1E2aR1+T1E1(S: ToEzaF1}
60.2: {q,6,E),S>T1E2aR1+T1E1(S:ToEzaF1*}
61.1: {q,6,(S)),S2T1E2aR1+T1E1(S1ToEzaF1*E1}
62.4: {b,6,(S)),S2T1E2aR1+T1E1(S:1ToEz2aF1*E1}
63.6: {q,6,a),5:T1E2aR1+T1E1(S1T2E2aF*E2}
64.4: {b,6,a),5:T1E2aR1+T1E1(S1T2E2aF*E2}
65.6: {q,6,b), S2T1E2aR1+T1E1(S1T2E2aF1*E3}
66.2: {q,7,),S.T1EaR1+T1E1(S1 T2E aF1 *E3b}
67.2: {q,8,A,S2T1E2aR1+T1E1(S:1T2EzaF1*E3b)}
68. 3: Pa300p 3aKOHYCH, AJITOPUTM 3aBEPIIICH.

Ha ocHoBaHMm modydeHHOW neno4yku HOMEpoB anbTepHaTHB SpT1E-R1T1E1S1ToE-F(E3
MOCTPOHM ITOCIICIOBATEIbHOCTh HOMEPOB MPUMEHEHHBIX mpaBwt: 2, 7, 14, 3, 7, 13, 1, 8,
14,9, 15. Ilonyuaem J1€BOCTOPOHHUII BBIBOJ!

S=>TR=>ER=—aR=at+T=at+E=a+ (S) =a+ (T) =a+ (EF) =a+ (aF) =a+ (a*E) =a
+ (a*b)

CoOTBETCTBYIOIIIEE €MY JIEPEBO BBIBOIA MPHBEACHO Ha puc. 4.2.
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Puc. 4.2. [lepeBo BEIBOJa I TPAMMATHKH O€3 JIEBBIX PEKypCHIA

W3 mpuBeneHHOro mpuMepa OYEBHJICH HEIOCTaTOK alropuTMa HUCXOJSIIEro pa3bopa c
BO3BpaTaMH — 3HAYUTENbHasi BPEMEHHAs €MKOCTb: JUIA pa3dopa JOCTaTOYHO KOPOTKOH
BXOJIHOM IETOYKH (BCero 7 CHMBOJIOB) HOTpeOoBanoch 68 miaroB paboThl aaropurMa.
Taxoro pe3ynbTaTta U cI€JOBAJIO OKHIATE.

IIpeumymiecTBOM JAHHOIO QJIrOpPUTMa MOXKHO CYMTATh IPOCTOTY €ro pealu3aluu.
IIpakTHdeckn STOT aIrOpuTM pa3dopa MOXKHO HCIONB30BaTh TOJNBKO TOIZA, KOTAA
U3BECTHO, YTO JUIMHA MCXOJHOM LENOYKM CHUMBOJIOB 3aBEJOMO HeBenMKa. s peanbHbIX
KOMIIMJISITOPOB TaKO€ YCJIOBUE HEBBIIIOJIHUMO, HO [UIsl HEKOTOPBIX paclo3HaBaTeseH
BIIOJTHE JOMYCTHMO, W TOT/AA JAaHHBIA alrOpuTM pazdopa MOXKET HAWTH TNPHMEHEHHE
MMEHHO Oarosapsi CBoei IIpoCcToTe.

EIIIC OOHO MPEUMYHICCTBO aJIropurMa — €ro YHUBCPCAJIbHOCTb. Ha ero ocHoBe MOXXHO
pacno3HaBaTb BXOJAHBIC LEIMOYKHA A3bIKaA, 3aJaHHOT'O 000 KC'I‘paMMaTI/IKoﬁ, JA0CTAaTO4YHO
JIMIIb TPUBECTH €€ K HEJICBOPCKYPCUBHOMY BHAY (a 9TO MOXKHO cCacjlIaTtb C 000
FpaMMaTHKOﬁ). HHTCpeCHO, 4YTO TIpaMMaThKa HOakKe€ HE 00s13aTeILHO JOJIDKHa OBITH
OHHOSHaqHOﬁ — I HCOHHOSHa‘IHOﬁ TpaMMAaTHUKH1 aJITOPUTM HaﬁﬂeT OJIMH U3 BO3MOXHBIX
JICBOCTOPOHHUX BBIBOJOB.

Cam 1o cebe anroput™M pazdopa ¢ moI00pOM aJbTEPHATHB, UCIIOIL3YIONIUI BO3BPATHI, HE
HaxXoJIWUT NPUMCHCHHUA B PCAJIBHBIX KOMITHJIATOpPAaX. OHHaKO €0 OCHOBHBIC TIPUHIIUIIBI
JIOKAT B OCHOBE MHOTHX HHCXOMSIIMX pACIIO3HABATEICH, CTPOSIIAX JIEBOCTOPOHHHE
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BBIBOJIBI M paboTaromux 0e3 MCHONb30BaHUS BO3BPAaTOB. METObI, O3BOIISIONINE CTPOUTH
TaKHe PacIo3HaBATEIH Al HEKOTOPBIX KiaccoB KC-A3bIKOB, paCCMOTPEHBI AaJiee.

Bocxopgsawmn pacno3HaBaTesib Ha OCHOBE ariropuTtmMma «caBur-ceBepTkKa»

MpuHUMN paboTbl BOCXOASLLEro pacno3HaBaTens no anroputMy «CaoBUr-cBepTka

Bocxomammii pacrmo3HaBaTeNs 10 AITOPHTMY «CIOBUT-CBEPTKa» CTPOWTCS HAa OCHOBE
pacumpennoro MII-aBromara ¢ omguum cocrosuuem (. R({q},V,Z,6,9,5,{q}). ABromar
pacniosnaer nenodyku KC-s3wika, 3aganHoro KC-rpammarukoit G(VT,VN,P,S). Bxoanoit
anaBUT aBTOMaTa COJCPKUT TEPMHHAIIBHBIE CUMBOJBI rpammatuku: V=VT; a andasur
MarasvHHBIX CHMBOJIOB CTPOHMTCS W3 TCPMHHAJIBHBIX U HETCPMHUHAIBHBIX CHMBOJIOB
rpammatukn: Z=VTUVN.

HauanpHast koHHUrypamusi aBToMara onpejesnsiercst Tak: (g,0,A) — aBTOMaT NpeObIBacT B
CBOEM CUHCTBEHHOM COCTOSIHUH (], CYUTHIBAIOIIAS TOJIOBKA HAXOAUTCS B HAa4Yaje BXOIHOM
IETIOYKH CUMBOIIOB 0.€ VT, CTEK MyCT.

Koneunast koH(purypanusi aBromara ompezesisercs tak: (4,A,S) — aBroMaT npeObIBacT B
CBOGM CIUHCTBEHHOM COCTOSHHM (], CUUTHIBAIOIIAs TOJIOBKA HAXOMUTCS 3a KOHIIOM
BXOJIHOHM IICTIOYKH CHMBOJIOB, B CTEKE JICKHT CHMBOJ, COOTBETCTBYIOLIUIl IIEJICBOMY
CHMBOJIYy TPAMMAaTHKH S.

Oyukuus nepexonos MII-aBTomara CTpOUTCS Ha OCHOBE IIPABHII TPAMMATHUKU:

1. (9,A)e8(q,A,7), AeVN, ye(VTUVN)", eci mpaBumo A—>y COIEPKHUTCS BO MHOKECTBE
npaBui P rpammatikn G: A—yeP;

2. (9,a)ed(q,a,A) VaeVT.

HedopmanbHo paboTy 3TOro paclIMpEHHOr0 aBTOMAaTa MOXKHO ONMCAaTh TaK: €CIU Ha
BEPXYIIKE CTEKa HaXOIWTCS IIeToYKa CHUMBOJIOB Y, TO €€ MOXXHO 3aMEHUTh Ha
HETepMHUHAIBHBII CUMBOJ A, €cii B rpaMMaTHKe SI3bIKa CYIIECTBYET IIPAaBWIIO BHAa A—>Y,
HE CIBHrasi IIpH 3TOM CUHTHIBAIOLIYIO TOJIOBKY aBToMara (3TOT Imar paboThl Ha3bIBaeTCs
«CBEpTKa»); ¢ OPYrod CTOPOHBI, €CJIM CUUTHIBAIONIAs TOJOBKa aBToMara 0003peBaeT
HEKOTOPBIH CHMBOJ BXOJHOW IIETIOYKH &, TO €r0 MOYKHO IIOMECTHTb B CTEK, CIBUHYB IIpH
3TOM TOJIOBKY Ha OJHY ITO3HIHMIO BIPaBO (3TOT Iar padOTHl HA3bIBAETCS «CIABHUI WIIN
«IepeHocy»). AJITOPUTM, MOAEIMpPYIOIMA paboTy Takoro pacmmpenHHoro MII-aBTomara,
Ha3bIBAETCS AITOPUTMOM «CABHI-CBEPTKa» HIIH «IIEPEHOC-CBEPTKAY.

Jannsblii pacmupennsiii MII-aBToMaT cTpOUT MPaBOCTOPOHHUE BBIBOABI AJISI TPAaMMATUKU
G(VT,VN,P,S). Inst MoieTMpOBaHKs TAKOrO aBTOMaTa HeOOXOIHUMO, YTOOBI IpaMMaTHKa
G(VT,VN,P,S) He conmepkana A-paBWJl W LEMHBIX MHPABWI— B MPOTHBHOM Ciy4ae
AITOPUTM MOXKET BOMTH B OECKOHEUHBIN IIMKI U3 CBEPTOK. [10CKOIIBKY, Kak ObLIO T0Ka3aHO
BhIIIE, NMpOou3BOJIbHYI0O KC-TpaMMmaTnKy Bceraa MOXKHO HpeoOpa3oBaTh K Buay 0e3 A-
NpaBWJ M LEMHBIX MPaBWI, TO 3TOT aJITOPUTM MpuMeHuM Juisi o060l KC-rpamMmmaTuk.
CienoBarenbHO, MM MOXKHO paciio3HaBath 1enodku Joooro KC-s3pika.
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Jannenii pacmmperasid MII-aBToMaT MOTEHIMAIBHO MMeeT OOJIbIe HEOTHO3HAYHOCTEH,
yeM paccMOTpeHHBIH Bbime MII-aBToMaT, OCHOBAaHHBIM Ha anropuTMe moxbdopa
anpTepHaTHB. Ha KaskaoM mare paboTel aBTOMAaTa HaJO0 PeIaTh CICIYIONINE BOIPOCHL:

1. uro H€O6XOI[I/IMO BBITIOJIHATH: CABUT UJIN CBEPTKY,

2. eciy BBINOJHATE CBEPTKY, TO KaKylO LIEMOYKY Y BEIOpaTh JUIsl MOWCKA MpaBmI (LEmouKa
Y OJDKHA BCTPEUaThCsl B MPABOM 4acTH MpaBMJI TPAMMaTHKH);

3. Kakoe IpaBWJIO BHIOPATh IUIA CBEPTKH, €CIIM OKaXETCS, YTO CYIIECTBYET HECKOJIBKO
npaBui Buga A—y (HECKOJIBKO MPaBIJI C OIMHAKOBOH NMPaBoOif YacThIO).

YroObl IpOMOJENMPOBaTE pabOTy 3TOro pacmmpeHHoro MII-aBroMara, HaJO Ha KakKAOM
IIare 3aliOMHUHATh BCE MPEANPUHATHIC JEHCTBHS, YTOOBI IMETh BO3MOXHOCTh BEPHYTHCA K
y)K€ CHAeNaHHOMY IIary M BBIIOJHUTH 3TH JK€ JeHCTBHA NO-ApyromMy. OTOT Mpoliecc
JIOJDKEH TIOBTOPSATHCS JI0 TEX MOp, MOKa He OyayT nepeOpaHbl BCe BO3MOKHbBIC BApUAHTHI.

Peanusauus pacnosHaBaTensi ¢ BO3BpaTamMmu Ha OCHOBE anroputMa «CABUr-
cBepTkay

Cy1iecTByeT HECKOJBKO pealM3aliii anropurMa «CIBUI-CBEPTKa» ¢ Bo3BpaTamu [4 T.1, 5,
15, 58]. OguH U3 BapHaHTOB PACCMOTPEH HIDKE.

st pa6oTel anmroputMa BeeM mpasmiam rpammatukd G(VT,VN,P,S), Ha ocHOBe KOTOPOi
MOCTPOEH aBTOMAaT, HeOOXOIUMO JIaTh MOPSAKOBbIe HOMepa. byneM HOMepoBaTh MpaBuia
rpaMMaTHKU B HAIlPaBJICHUH CJIeBa HANPABO U CBEPXY BHU3 B MOPSIIKE MX 3alUCH B popMme
Bakyca-Haypa. BxogHas nernoyka CHMBOJIOB IMEET BUI 0.=a18...dn, || = N.

AJTOpUTM MOIENHpOBaHUS pacmupeHHoro MII-aBToMaTa, aHaJOTHYHO AaJITOPUTMY
HHCXOJUILIEr0  pPAacIlo3HaBaTeNs, HCIOJB3yeT JOMOJNHUTENbHOE cocTosiHWe b
JIOTIONTHUTENIBHBIA CTeK BO3BpaToB Lo. B crek momemarorcss HOMepa MpaBMil TpaMMAaTHKH,
WCIIONIb30BAaHHBIX JUISl CBEPTKH, €CIIM HAa OYEpPEIHOM Iare ajlropuTMa Oblila BBHITOJHEHA
cBepTKa, niu 0, el Ha 04epeIHOM IIIare ajaropuTMa ObUT BBITOJIHEH CIIBHT.

B wurore anropurm pabGortaer ¢ aByms ctekamu: L — crex MII-aBromara m L, — cTek
BO3BPATOB. [IepBBIi MMPEICTABIIEH B BHJIE LETIOYKH CHMBOJIOB, BTOPOM — IEMOYKH LENBIX
gucen oT 0 10 M, TIe M — KOJWYECTBO MPaBHJI rpaMMaTtuku G, npudem 0 COOTBETCTBYET
omeparun capura. CHMBOJIBI B IIEMOYKY cTeka L1 momenaroTes cripasa, uncia B crek Ly —
cieBa. B 1enoM COCTOSHME alropuTMa Ha KaXKIOM IIare OIPEAeNAeTCs YeThIPbMS
napamerpamu: (Q,i,L1,L2), rae:

® (Q — rekymiee cocrossHie apTomara (q wiu b);

® | — I0JIOKEHHE CUMTHIBAIOIIEH TOJIOBKH BO BXOAHOM LIEIIOYKE CUMBOJIOB OL;
® | — comepxumoe creka MIT-aBTomara;

® |, — comepXuMoe JOMOJHUTEILHOTO CTeKa BO3BPATOB.

HauaneHbM cocTossHMEeM anropuTMa siBisercs cocrosiHue (0,1,A,1). AnropurM HayMHaeT
CBOIO PabOTy C Ha4YaJIbHOI'O COCTOSHHUS M IIMKJIMYECKH BBIMOJHAET ISTh LIaroB JI0 TeX I0p,
MIOKa He IepeiieT B KOHEUHOE COCTOSIHIE WIIN He OOHApYXKUT OIIHMOKY.

AJ'Il"OpI/ITM npeayCcCMaTpuBacT HUKINICCKOC BBIIIOJTHECHUE CIICAYIONIUX HIaroB:
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Llaz 1 (Hloneimka ceepmru). (q,i,0P,y)—>(0,i,0A,jy), ecmu A—B — 3T0 mepBoe U3 BCex
BO3MOJKHBIX MIPABUII U3 MHOKECTBA PABIJI P ¢ HOMEPOM j TSl OALEIIOUKH 3, IPUYEM OHO
€CTh TIepBOE MOAXOJIIee MPABHUJIO UM IETOYKHA Of3, A KOTOpoi mpaBmwio Buma A—f3
cymectByeT. Ecnu ynanoch BBIIOJHUTH CBEPTKY — BO3BpallaeMcs K mary 1, mHade —
MePeXo/IUM K mary 2.

laz 2 (Ilepenoc — cosue). Ecau i<n+1, to (q,i,o,y)—(Q,i+1,04i,0y), aie VT. Eciu i=n+1,
TO TIEpeHTH K mIary 3, MHa4e MeperTH K mary 1.

Llaz 3 (3asepwenue). Ecnu coctosiHue cooTBeTcTBYET (Q,N+1,S,Y), TO pa3bop 3aBepiicH,
ANTOPUTM 3aKaHYMBACT PabOTy, MHAYE HEPEUTH K 1mary 4.

Ilaz 4 (Ilepexoo k éozeépamy). (q,n+1,0,7)—>(b,n+1,a,y).
Ilaz 5 (Bozepam). Eciu ucxoanoe cocrosiaue (b,i,aA,jy), To:

® nepeiitu B cocrosinue (q,i,a'B,ky), eciu j>0, © A— — 3T0 mpaBUIIO ¢ HOMEPOM | H
cyuiecTByet npaBuio B—B' ¢ Homepom K, k>j, Takoe, uto afy=a'B'; mocie 4ero Hamo
BEPHYTHCS K miary 1;

e nmepeiitu B cocrosaue (b,n+1,0f,y), ecmu i=n+1, j>0, A—>f — 3T0 mpaBmiIO ¢ HOMEPOM
j, ¥ He CyIlecTBYeT OPYruX NpaBmiI W3 MHOXecTBa P ¢ HoMepoMm K>j, Takux, 4to mx
npaBasi 4acTh SBISCTCS MIPABON MOAICTIOUYKON U3 HEMOYKH Of3; MOCIIE 3TOr0 BEPHYTHCS
K mary 5;

® nmepeiitu B cocrosirue ((,i+1,a.pai,0y), aie VT, ecim i#n+1, j>0, A—>B — 310 mpaBuio ¢
HOMEpOM |, M HE CYLIECTBYET JAPYruX MpaBHiI U3 MHOXecTBa P ¢ Homepom K>j, Takux,
YTO WX IpaBas YacTb SIBJISETCS MPaBOil MOJIENOYKON M3 LENOoYKd off; Mmociie 3Toro
nepeiTu k mary 1;

® HHA4e CUIrHAJIM3UPOBATH 00 omnbke u MPEKPATUTD BBIIIOJIHECHUE aJIrOpUTMA.

Ecmu ucxomnoe cocrosaue (b,i,aa,0y), aeT, to ecnm i>1, Torna mepeitu B clieayromiee
cocrostame (b,i—1,0,y), ¥ BepHYThCS K MIary 5; MHAY€ CUTHAJIU3UPOBATH 00 OMMOKE U
MPEKPATHUTH BBHIITOJIHEHUE allTOPUTMA.

B cimydae ycremrHoro 3aBepIeHHs aIrOPUTMa IIENOYKY BBIBOAA MOKHO IIOCTPOUTH Ha
OCHOBE COJICP)KUMOTO cTeka L, mosrydeHHOTo B pe3ynbTrare BHIITOJHEHHs anropurMa. Js
3TOrO AOCTATOYHO YAaIUTh U3 creka Lo Bee mmdpst 0.

BHUMAHUE

CnegyeT MOMHWUTb, 4YTO [ANs NPUMMEHEHUst 3TOr0  anroputMa UcXoAHas
rpaMmaTtvka He OOJDKHa copepaTb UMKNoB U A-npasun. Ecnn aTo ycnosue He
yAOBMNeTBOpsieTCA, TO rpaMMaTuKy Hago npeaBaputenbHO npeobpasoBaTb K
npuseaeHHoOn opme.

Bosbmem B kauecTBe npumepa rpammaTtuky G ({+,-,/,*,a,b}, {S,T,E},P,S):

P:

S > S+T | S-T | T*E | T/E | (S) | a | b
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T > T*E | T/E | (S) | a | b
E— (S) | alb

OT0 rpaMMaTHKa apU(PMETHIECKUX BBIPAKCHHH, B KOTOPOI YCTpaHEHBI LEMHBIEC MTPaBUIIa
(ee yxke paccmartpuBanu B pasgene «lIpeoOpazoBanme KC-rpammaruk. I[IpuBeneHHBIE
rpammartukny). ClenoBaTeNnbHo, B Hell He MOXKeT ObITh 1uKJI0B.2 KpoMe Toro, BUHO, 4TO B
Hel HeT A-mpaBwi. TakuM oOpa3oM, IEMOYKH S3bIKA, 33JaHHOTO 3TOW TpaMMAaTHKOIA,
MOXHO PACI03HaBATh C TIOMOIIBIO AJTOPUTMA «CABHUT-CBEPTKA» C BO3BPATAMH.

[Mpocieaum pa3bop Henoyku a+ (a*b) U3 sI3bIKa, 3alaHHOTO 3TOW rpaMMaTHKoil. PadoTy
anropuT™Ma OyIeM MpEeACTABIATH B BHIE MOCICIOBATEIBHOCTH €r0 COCTOSHHM, B3STBHIX B
ckoOKH {} (puUrypHBIC CKOOKH HCIIONIB3YIOTCS, YTOOBI HE ITyTaTh HX C KPYTIIBIMU CKOOKaMH,
NPEIYyCMOTPEHHBIMA B TIpaBWiIax rpaMMmartuku). [IpaBmia OyneM HOMepoBaTh ClieBa
HalpaBo M CBEPXY BHH3 (BCEro B IpaMMaTHKe moiydaercs 15 mpasmi). s mosicHeHUs
KaXIbIi Iar pabdoThl CONMPOBOXKIAETCS HOMEPOM INara ajroputMa, KOTOpPBIA ObuI
IPUMEHEH AT epexoa B 04epeHOM COCTOsHNE (3aIUChIBACTCS CIIeBa IIEPE COCTOSHUEM
gepe3 CUMBOJI « : » — JIBOCTOUHE).

Anroput™m paboTHl BOCXOISINErO Pacllo3HABATEI C BO3BpaTaMd IpU pa3dope HEHOYKH
+ (a*b) OyneT BHINONHATH CICAYIOIINE IIary:

1. 0: {gq,1,A, A}

2. 22.{g,2,a,[01}
{a,2,5,[6,0]}
{g,3,s+,[0,6,0]}
{gq,4,S+(,10,0,6,0]}
{a,5,S+(a, [0,0,0,6,0]}
{9,5,5+(s,16,0,0,0,6,071}

3
4
5
6.
7
8 {gq,6,S+(5*,[0,6,0,0,0,6,01}

9. 22{q,7,5+(S*b, [0,0,6,0,0,0,6,0]}

10.1: {g,7,S+(S*s,[7,0,0,6,0,0,0,6,01]}
11.2: {g,8,S+(s*s), [0,7,0,0,6,0,0,0,6,0]}
12.4: {b,8,5+(s*s), [(0,7,0,0,6,0,0,0,6,0]}
13.5: {b, 7,8+ (s*s,[7,0,0,6,0,0,0,6,0]}

14.5: {gq,7,S+(S*T,[12,0,0,6,0,0,0,6,071}

8 Ha camom JACJIC UCXOAHAad rpaMMaTuKa JJist apI/I(i)MCTI/I"ICCKI/IX BLIpa)KGHHﬁ, KOoTOpas ObL1a
paccMOTpeHa B pa3acie «HpO6J’I€MI)I OAHO3HAYHOCTHU U SKBUBAJCHTHOCTHU I'pPaMMAaTHK»,
TOKE€ HC COACPIKUT HUKIIOB (3TO JICTKO 3aMCTUTh U3 BHJa €€ HpaBI/IJ'I), OJJHAKO IJIs1 YUCTOThI
YTBEPIKACHNA LCIIHLIC IIPpaBUjia OBLIN UCKJIFOUYEHBL.
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15.2: {q, 8,8+ (s*T), [0,12,0,0,6,0,0,0,6,01}
16.4: {b,8,S5+(s*T), (0,12,0,0,6,0,0,0,6,071}
17.5: {b, 7,8+ (s*T, [12,0,0,6,0,0,0,6,01}
18.5: {gq,7,S+(S*E, [15,0,0,6,0,0,0,6,01}
19.2: {9, 8,8+ (S*E), [0,15,0,0,6,0,0,0,6,01}
20.4: {b,8,S8+(s*E), [0,15,0,0,6,0,0,0,6,0]}
21.5: {b,7,8+(S*E, [15,0,0,6,0,0,0,6,0]}
22.5: {q,8,8+(S*a), [0,0,0,6,0,0,0,6,0]}
23.4:{b,8,8+(S*a), [0,0,0,6,0,0,0,6,0]}
24.5:{b,7,S+(S*a, [0,0,6,0,0,0,6,0]}
25.5:{b,6,3+(s*,[0,6,0,0,0,6,0]}
26.5:{b,5,5+(s,[6,0,0,0,6,0]}
27.5:{q,5,8+(T, [11,0,0,0,6,0]}
28.2:{q,6,S+(T*,[0,11,0,0,0,6,0]}
29.2:{q,7,8+(T*b, [0,0,11,0,0,0,6,0]}
30.1:{gq,7,S+(T*s,17,0,0,11,0,0,0,6,01}
31.2:{g,8,8+(T*s),(0,7,0,0,11,0,0,0,6,01}
32.4:{b,8,8+(T*s),(0,7,0,0,11,0,0,0,6,01}
33.5:{b,7,8+(T*s,17,0,0,11,0,0,0,6,01}
34.5:{q,7,8+(T*T,[12,0,0,11,0,0,0,6,0]}
35.2:{q,8,s8+(T*T), [0,12,0,0,11,0,0,0,6,0]}
36.4:{b,8,s+(T*T), (0,12,0,0,11,0,0,0,6,0]}
37.5:{b, 7,8+ (T*T,[12,0,0,11,0,0,0,6,0]}
38.5:{q,7,S+(T*E, [15,0,0,11,0,0,0,6,0]}
39.1:{q,7,8+(s,[3,15,0,0,11,0,0,0,6,01}
40.2:{g,8,S8+(s), [(0,3,15,0,0,11,0,0,0,6,01}
41.1:{qg,8,8+s,[5,0,3,15,0,0,11,0,0,0,6,0]}
42.4:{b,8,s+s,[5,0,3,15,0,0,11,0,0,0,6,07}
43.5:{g,8,s+T,[10,0,3,15,0,0,11,0,0,0,6,01}
44.1:{qg,8,s,11,10,0,3,15,0,0,11,0,0,0,6,01}

45. 3: Pa36op 3aKOHYEH, AITOPUTM 3aBEPIIEH.
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Ha ocHoBanmm moiryueHHOH memouku HomepoB mpaBwmr: 1, 10, 3, 15, 11, 6 momyuaem
IIPaBOCTOPOHHUI BBIBOJ:

S=>S+T=S5S+(S) =S+ (T*E) =S+ (T*b) =S+ (a*b) =>a+ (a*b)

CoOTBeTCTBYIOIIEE €MY JISPEBO BBIBOJIA MMPUBEICHO Ha puc. 4.3.

Puc. 4.3. lepeBo BbIBO/Ia TS TPAaMMaTHKU 0€3 IETTHBIX TPaBHIT

B npuBeeHHOM pUMEpPe OUEBUJICH TOT XK€ HEJOCTATOK arOPHUTMa BOCXO/ISIIEro pa3bopa
C BO3BpaTaMu, 4TO U y aJITOPpUTMa HUCXOJAAIIETO pa36opa C BO3BpaTaMM — 3HAYUTEIbHAA
BpPEMEHHasi eMKOCTh: JUIs pa3bopa JOCTAaTOYHO KOPOTKOW BXOJHOH wLemnodku (Bcero 7
CHUMBOJIOB) MOTPeOOBAIOCH 45 maroB paboTsl aNropuTMa.

[perMyIecTBO y JAHHOTO ANTOPUTMA TO K€, YTO M y alTOPUTMA HUCXOISIIETO pasdopa ¢
BO3BpaTaMK — IMPOCTOTa peanu3aiui. [103TOMy M HCIONB30BaTh €r0 MOXKHO MPAKTHUECKH
B T€X e CIy4asXx — KOTJ/Ia U3BECTHO, YTO JUTMHA UCXO/HOU L[EMOYKH CHMBOJIOB 3aBEJIOMO
He OyneT OOJBIION.

OTOT AJITOPUTM TAKIKE YHHBCPCAJICH. Ha ero ocHoBe MOXXHO pacno3HaBaTb BXOJHBIC
LOCIIOYKHU A3bIKa, 3aJaHHOT'O JII000H KC'IpaMMaTHKOﬁ, J0CTATOYHO JIMIIb npeo6pa30BaTL
€¢ K [IpUBCJICHHOMY BUY, 4TOOBI OHA HE COJZICPIKaIa HCIHbIX IMMPaBUI U K'HpaBI/IH.

Cam mo cebe anrOpWTM «CIIBUT-CBEPTKa» C BO3BpaTaMH HE HAXOIUT IMPUMEHEHHS B
peanbHbIX KoMmmmisaTopax. OmHako ero 0a30Bble MPUHIUIBI JIE)KAT B OCHOBE MHOTHX
BOCXOJISIIIIMX PacIO3HABATENEH, CTPOSIIUX MPABOCTOPOHHKE BHIBOJBI U paboTarommx 0e3
HCIIOJIb30BaHUsl BO3BPATOB. MeToibl, O3BOJISIOLIME CTPOUTh TAKUE PACIIO3HABATEIM IS
HEKOTOPHIX Ki1accoB KC-A3bIKOB, pacCCMOTPEHEI Jasee.

B npunHmmne, gBa pacCMOTPEHHBIX ajTOPUTMa — HHUCXOMAIIETO M BOCXOISIIETO pa3dopa ¢
BO3BpaTaMi — HMEIOT CXOXKHE XapaKTEPUCTUKH 110 TOTPEOHBIM BBIYHCIUTEIBHBIM
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pecypcaM W OJMHAKOBO NPOCTHI B peanu3anuid. 1o, Kakoil W3 HHUX Jydlle B3ATh Ui
peanu3any MPOCTEHIIEro pacro3HaBaTeNsd B TOM WJIM WHOM CIydae, 3aBHCHUT IPEKAE
BCETO OT I'paMMaTHKH SI3bIKa. B paccMOTpEeHHOM IpuMepe BOCXOISIIUI alrOpUTM CMOT
MIOCTPOUTH BBIBOJ 332 MEHBINIEE YUCIIO [IArOB, Y€M HUCXOMASAIINI — HO 3TO €Il HE 3HAYUT,
YTO OH BO BCeX ciydasx OyzaeT »d¢¢exkTuBHEe I PACCMOTPEHHOTO  SI3bIKa
apuMeTHIeCKNX BBIpaXeHHH. Bompoc o BeIOOpe THIa pacro3HaBaTels — HUCXOISMIINI
100 BOCXOSIINIA — OBLIT PACCMOTPEH BBIIIE.

Hucxoaswme pacnosHaBaTtenu KC-a3bikoB 6e3 Bo3BpaToOB

CrpemiieHHe yIy4LIUTh AITOPUTM C NOAOOPOM allbTEPHATHB JAJISI HUCXOJMAIIEro pasbopa
3aK/II0YACTCSA B MIEPBYKO OUEPEllb B ONPEAEICHUM METOAA, 10 KOTOPOMY Ha Ka)KJIOM Ilare
IrOPUTMa MOXKHO OBLIO OBI OJJHO3HAYHO BHIOPATH OJHY M3 BCETO MHOYKECTBA BO3MOYKHBIX
aNbTepHATHB. B TakoM ciydae aqroputM He TpeOoBaj Obl BO3BpaTa Ha MPEIbIIYIIHE IATH
M 3a CcYeT JTOro obOyaman Obl JMHEWHBIMH XapakTepHUCTHKaMu. B ciydae Heycmexa
BBIIIOJIHEHUSI QJIFOPUTMa BXOJHAs LENOYKAa HE MPUHUMAETCS, MOBTOPHBIE HTEPALUU
pa3bopa He BEIIOTHSIOTCS.

JleBOCTOpPOHHMI pa36op No MeToay PeKYpPCMBHOIO Crycka

Haunbosee O4YeBHIHBIM METOMOM BBIOOpA OJHON W3 MHOXXECTBA aJbTCPHATUB SBISCTCS
BRIOOpD ee Ha OCHOBaHMH cuMBoia a€VT, 0603peBaeMOro CUHMTHIBAIOLICH TOJIOBKOM
aBTOMaTa Ha KaXIOM Iuare ero paborsl. II0CKONIBKY B HpoOIecCe HUCXOIALIEro pasbopa
HMEHHO 3TOT CHMBOJI JOJDKCH MOSIBUTBHCS Ha BEpPXYIIKE MarasdHa Ui MPOABHKCHUS
CUUTHIBAMONIEH TONOBKM aBromara Ha oxuu mar (yciosume 0(0,a,8)={(q,\)}, VaeVT B
¢byakuun  mepexonoB  MII-aBromara), pa3syMHO HCKaTh —albTepHATHBY, TII€ OH
HPHUCYTCTBYET B HAaYale LEIOYKH, CTOSMIEH B IPaBOW YaCTH NPaBIIa TPAMMATHKH.

[To TakoMy npHHIMITY AEHCTBYET aITOPUTM pa3dopa MO METOAY PEKYPCHUBHOTO CITyCKa.

Anroputm pasGopa no MeToay PeKypCMBHOIO crycka

B peanuzaummy 3TOro airoput™ma Uil KaxIOro HeTepMuHanpHOro cummpona AeVN
rpammatukd G(VN,VT,P,S) ctpoutcs mpoueaypa pasbopa, KOTopas MOJy4aeT Ha BXOJ
LENOYKYy CHMBOJIOB O M IIOJIO)KCHHE CYUMTHIBAIOLICH TrONOBKU B 1enouke i. Ecimm s
cuMBosia A B rpammaruke G onpernenieHo Gonee OJHOTo MpaBuiia, TO Mpoueaypa pazdoopa
vieT cpeau Hux npaswio Buaa A—ay, aeVT, ye(VNUVT)", nepBbliii cumMBon mpaBoii
4acTH KOTOPOTO COBITa/IaJl ObI C TEKYIIMM CHMBOJIOM BXOJIHOH Ilenovku a=aj. Eciu Takoro
npaBUJia HE HaWJIeHO, TO LIEN0YKa He PHHUMACTCS.

Ha3Banue airopurMa NpPOUCXOJUT M3 €r0 pealn3aluy, KOTOpas 3aKiIo4acTcs B
TIOCJIE/IOBATENILHOCTH PEKYPCUBHBIX BBI30BOB Iponeayp paszbopa. /i Havama pasbdopa
BXOJJHOMW LIETIOYKH HY>KHO BBI3BATh HPOLEAYPY IS CHMBOJA S ¢ mapameTpoMm i=1.

VYcnoBus NPUMEHMMOCTH METOAA MOXHO NOIYYMTh W3 OINUCAHUS ajaropuTMa — B
rpammarike G(VN,VT,P,S) YAeVN B0o3MOKHBI TOJBKO [[Ba BAPHAHTA [IPABIIL:

A—y, ye(VNUVT)" 1 5T0 eAMHCTBEHHOE MPABUIIO sl A;

A—>6.1B1|6.2[32|...|an[_))n, Vi: aieVT, BiE(VNUVT)* U ecIu iij, TO ai74a;.
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OTUM YCIIOBUSAM YAOBJIETBOPACT HESHAUYUTEIIBHOC KOJIMIECTBO PEAJIBHBIX 'PaAMMATHK.

OTO0 nocTaTO4YHBIE, HO HE HEOOXOoAMMBIE ycioBHs. Ecnm rpammarika He yJOBIETBOPSET
3THM YCIIOBHAM, €Ille HE 3HAYHUT, YTO 3aJaHHBIA €10 A3bIK HE MOXKET PAacliO3HABATHCS C
MOMOIIBI0 METOAa PEKYPCHBHOTO CITycka. BO3MOXXHO, HaJX TpaMMaTHKOH IPOCTO
HEO0OXONMO BBITIOJIHUTG PS/I AOTIOJHUTEIBHBIX IIPE0OPa3OBaHMUIH.

K coxamneHuro, He CYIIECTBYeT aJrOpUTMa, KOTOPHIA OBl IO3BOJIII IpeoOpa3oBaTh
npou3BoJibHYI0 KC-rpaMMaTuKy K yKa3aHHOMY BBILLE BHUY, PABHO KaK HE CYIIECTBYET W
ITOpPUTMa, KOTOPBI OBl MO3BOJISI  NPOBEPUTb, BO3MOXHBI JIM TaKoOro poja
npeoOpazoBanust. To ecTb Juis mpousBoibHOM KC-rpaMMaTukyd HENb3sl CKa3aTh,
AHAJIM3UPYEM JIU 33JJaHHBIH €10 S3bIK METOJOM PEKYPCUBHOTO CITyCKa WM HET.

COBET

MoxHO pekomeHOoBaTb psiA  npeobpas3oBaHWiA, KOTOpble  CMOCOOCTBYHOT
npuBedeHWo rpammaTvkm kK TpebyemomMy Buay (HO He rapaHTUpylT €ero
DOCTMXKEHUS).

OTH NpeoOpa30BaHMs 3aKII0YAIOTCS B CICIYIOIIEM:

1. uckiIrOYeHHE A-TIPaBUI,

2. UCKIIIOYEHHE JICBOH PEKypCHUH;

3. no0aBieHHe HOBBIX HETEPMHUHAIBHBIX CUMBOJIOB (JieBast (hakTopu3aiums);

HarpuMmep, eClid TPaBUIO MMeeT BUA: A—aocufacy)...|aon|biB1|b2B2|...|omPm u HE omHa
[ernoYKa CHMBOJIOB [} He Ha4yMHAaeTCs C CUMBOJA &, TO 3aMEHseM ero Ha [Ba:
A—)&A'|b1B1|b2B2|. . ~|mem u A'—)OL1|0L2|. . .|0Ln.

4. 3amena HCTCPMUHAJIBHBIX CUMBOJIOB B IIpaBWJIaX Ha HETIOYKHU UX BbBIBOJIOB;
HaIlpUMep, €CJIM UMEIOTCS IIPaBUIIa:
A—)Blle|. .. |Bn|b1B1Ib2B2|. .. |mem

Bl—)OL11|OL12|. . .|()le

Bn-)(lnll(ln2|. . .|0an.
3aMCHAEM IIE€PBOC MPABUJIO HA:
A—)(l11IOL12|. .. |0L1k|. .. |0Ln1|0tnz| e |0an|b1[31|bz[32|. . .|bm[3m.

JleByto akTOpH3anMI0 MOXHO NPHMEHATh K INPaBHIaM TI'PaMMAaTHKH HECKOJIBKO pa3 C
LENbI0 UCKIIIOYUTh I KaXKI0I'0 HETCPMUHAIBHOIO CHUMBOJA IIPaBUJIA, HAUMHAOLIUECS C
OJIHUX U T€X K€ TEPMUHAJIbHBIX CUMBOJIOB.

B LejioM aJIrOpUTM PEKYpCUBHOI'O CIIyCKa 3(1)(1)€KTI/IBGH 1 1OpoCT B pean3aliui, HO UMECT
OYCHb OTPAaHUYCHHYIO IPUMCHUMOCTD.
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Mpumep peanunsauumn MetToga peKypCUBHONO Cnycka

Mana rpammaruka G ({a,b,c}, {A,B,C,S},P,S):

P:

S > aA | bB
A —> a | bA | cC
B > Db | aB | cC

C — AaBb
Heo6xoaumo ocTpouTs pacro3HaBaTesb, pabOTAIOIINHI 0 METOAY PEKYPCHBHOTO CITyCKa.

Bunno, utro rpaMMaTHKa YIOBIETBOPSAET YCIOBUSAM, HEOOXOJUMBIM MAJIS HMOCTPOCHHUS
TaKOr'0 PACIO3HABATEIS.

Hammmem mpoueaypbl Ha si3bike mporpammupoBanus C, koTtopbie OyayT oOecreuuBaTh
pa300p BXOIHBIX IEMOYCK s3bIKA, 3aJaHHOTO JaHHOW rpaMMaTHkoi. COrIaCHO aliropuTMy,
HE0OX0MMO IOCTPOUTH HPOLERYpY pasdopa Al KaKIOro HETEPMHHAIBHOTO CHMBOJIA
rpaMMAaTHKH, MO3TOMY NaJMM MPOIEAYpaM COOTBETCTBYIOIINC HAUMCHOBaHUs. BXOHBIC
JIAHHBIE JUIS IPOIIeYp pa3bopa OyayT Cleayolue:

® [ICMO0YKa BXOJAHBIX CUMBOJIOB;

® TI0JIOXKCHME yKa3aTelsd (C‘II/ITBIBaIOH.IGI\/’I T'OJIOBKH MH'aBTOMaTa) BO BXO,I[HOI>'I ICIIOYKE;
® MAaCCHB JUIs 3alIMCH HOMEPOB IIPUMEHCHHBIX IIPABUII,

o HOp?[,HKOBBIfI HOMCP O4YCPpCAHOIO MpaBUJjia B MAaCCHUBE.

PesynbratoM pabOThI KaXA0H MPOIEAYPhl MOXKET OBITH YHCIO, OTIMYHOE OT HYyJIs
(«uctunay), un 0 («I10kby»). B mepBoM ciiyuae BXOJIHAs [IETIOYKA CUMBOJIOB IPUHUMAETCS
pacrno3HaBatesieM, BO BTOPOM cilyyae — He npuHuMaercs. Jis yno0cTBa peaiusanvu B
TOM Clly4ae, eCcliv 1IeNoYKa MPUHUMAETCsl paclio3HaBareneM, OyAeM BO3BpallaTh TEKyIIee
MOJIOKEHHE yKazaTess B Lernoudke. Kpome toro, morpebyeTcs elie ofHa JIOMOIHUTEIbHAS
npoueaypa Uil BEJCHUS 3allMCeil B MAcCHBE IOCJIEAOBATEIbHOCTH NpaBui (Ha30BEM ee
WriteRules).

void WriteRules (int* piRul, int* iP, int iRule)
{
piRul [*iP] = iRule;

*iP = *iP + 1;

int proc_S (char* szS, int iN, int* piRul, int* iP)
{

switch (szS[iN])

{
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case 'a':
WriteRules (piRul,iP, 1) ;
return proc A(szS,iN+1,piRul,iP);
case 'b':
WriteRules (piRul, iP, 2);
return proc B(szS,iN+1,piRul,iP);
}

return 0;

int proc A (char* szS, int iN, int* piRul, int* iP)
{
switch (szS[iN])
{
case 'a':
WriteRules (piRul, iP, 3);
return iN+1;
case 'b':
WriteRules (piRul, iP, 4);
return proc A(szS,iN+1,piRul,iP);
case 'c':
WriteRules (piRul,iP, 5);
return proc C(szS,iN+1,piRul,iP);
}

return 0;

int proc_B (char* szS, int iN, int* piRul, int* iP)
{
switch (szS[iN])
{
case 'b':

WriteRules (piRul,iP, 6);
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return iN+1;
case 'a':

WriteRules (piRul,iP, 7);

return proc B(szS,iN+1,piRul,iP);
case 'c':

WriteRules (piRul, iP, 8);

return proc B(szS,iN+1,piRul,iP);

}

return 0;

int proc_C (char* szS, int iN, int* piRul, int* iP)
{ int 1i;
WriteRules (piRul,iP, 9);

i = proc_A(szS,iN,piRul,iP);

if (i == 0) return 0;
if (szS[i] != 'a') return 0;
i++;

i = proc B(szS,i,piRul,iP);
if (i == 0) return 0;

if (szS[i] !'= 'b') return 0;
return i+1;

}

Tenepp 171 pacro3HaBaHWS BXOAHOW LEMOYKM HEOOXOANMO HMETh IIeJIOYMCICHHBIN
MaccuB Rules JOCTaTOYHOrO oObeMa Uil XpaHeHHs HOMmepoB mnpaBui. Torna pabora
pacno3HaBaTells 3aKIF0YaeTCs B BBI30BE Mpoueaypel proc S (Str, 0, Rules, &N), rue
Str — 3TO BXOJHAs LIETIOYKA CUMBOJIOB, N — MepeMeHHas! JJisl 3alIOMUHAHUS KOJIMYeCTBa
NPUMEHEHHBIX MpaBuil (epBoHadanbHO N=0). 3ateM TpeOyercst 00paboTKa MOIy4YeHHOTO
pe3ynbTara: eciad pe3yibrar Ha | TNpeBbllIaeT AJMHY LENOYKH — I[eroYKa HPHUHSTA,
MHavye — IIeNoYKa He MNpuHsiTa. B mepBoMm ciiydyae B MaccuBe Rules OyaeM uMeTh
MOCJIE/IOBATENIbHOCTh HOMEPOB IPaBHJI IPAMMATHKH, HEOOXOAMMBIX Ul BBIBO/IA LIETIOYUKH,
a B IEPEMEHHOM N — KOJIMYECTBO ATHX MPABUIL.

O0BeM MaccuBa Rules 3apaHee HE M3BECTCH, TaK KaK 3apaHee HE M3BECTHO KOJIUYECTBO
maroB BbIBoja. UToOBl m30exkaTh MpoOIEM C HEIOCTATOYHBIM OOBEMOM CTATUYECKOTO
MaccuBa, MPUBEICHHBIE BBIIIE MPOIEAYPHl paclo3HaBATENSI MOKHO MOAU(DHUIIMPOBATH TaK,
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yTOOBI OHHM paboTanym ¢ IWHAMHYECKHM pacmpenesieHneM mHaMatd. Ha mormky paGoTer
pacno3HaBares 5TO HUKAaK He MOBIHUseT.*

W3 npuBeneHHOT0 IpHMepa BUIHO, YTO alrOPUTM PEKYPCHUBHOTO CIIyCKa YA00CH U IPOCT B
peanm3anuy. [TaBHBIM TPENMATCTBHEM B €ro IPHUMEHEHWH SBIAETCS TO, 9YTO KJacc
rpaMMAaTHK, JOITyCKAOIINX pa300p Ha OCHOBE 3TOTO alrOPUTMa, CHIIHO OTPAHUYCH.

PaCLLIVIpeHHbIe BapuaHTbl MeTo4a PeKypCUBHOIo CnyckKa

MeTon peKypcHBHOTO CIIyCKa II03BOJISIET BEIOpAaTh allbTEepHATHBY, OPHUCHTHUPYSICH Ha
TEKYIIU CHUMBOJ BXOIOHOM MEMOYKH, 0003peBacMbIi cUWTHIBatomel romoBkoi MII-
aBToMaTa. Eciii mMeeTcsi BO3MOXKHOCTh TIPOCMATpUBATh HE OIWH, 8 HECKOJIBKO CHMBOJIOB
BIIEpEe] OT TEKYIIETO TOJ0KCHUS CIYMTHIBAIONICH TOJOBKH, TO MOXKHO PACIIUPUTH 00JacTh
NPUMEHAMOCTA MeETOIa PEKypCHBHOTO CIyCKa. B 3TOM ciydae ye MOXHO HCKATh
MpaBWJia HA OCHOBE HEKOTOPOT0 TEPMHUHAIBLHOTO CHMBOJIA, BXOJSINETO B MPaBYIO YacThb
npaBuia. ECTECTBEHHO, U B TaKOM BapUaHTE BBHIOOD MOJKEH OBITh OMHO3HAYHBIM — JIJIS
Ka)XJIOT0O HETEPMUHAJILHOTO CHMBOJIAa B JICBOH YacTH MpaBUiIa HEOOXOAMMO, YTOOBI B
MpaBOW YacTU MpaBuUiia HE BCTPEYAIOCH IBYX OJIMHAKOBBIX TEPMHUHAJIBHBIX CUMBOJIOB.

OTtoT Meron TpeOyeT Takke aHaju3a TUNa NPHCYTCTBYIOIEH B NpaBWIIaX PEKYPCHH,
MOCKOJIBKY OJIH U TOT K€ TepMHUHAJIbHBII CHMBOJ MOXET BCTPEYAThCS BO BXOAHOI cTpoke
HECKOJIbKO Pa3, U B 3aBHCHMOCTH OT THIIa PEKYypPCHH CIEIyeT MCKaTh €ro KpaifHee JieBoe
WY KpaiiHee paBoe BXOXKJICHNE B CTPOKE.

PaccmoTrpuM rpaMMaTHKy apu(METHYSCKIX BBIPasKEHHH 1 CHMBOJIOB & | b:
G({+,-,/,*,a,b},{S,T,E},P,S):

P:

S > S+T | S-T | T

T > T*E | T/E | E

E—> (S) | alb

OTO0 rpamMMmarHhka Uil apuMeTHIecKnX BBIPRKEHHH, KOTOpasl yxe Obllla paccMOTpeHa B
paznene «IIpoGmembl OJHO3HAYHOCTH M OSKBHBICHTHOCTH TpaMMaTHK» M CIY)XWiIa
OCHOBOW JUIsi TOCTPOEHMs pacrnosHaBartesieil B pasnene «PacmosnaBarenmn KC-s3bIKOB ¢
BO3BPATOM).

3anuireM mpaBuiia 3TOW rpaMMaTHKU B OpME ¢ IPUMEHEHHEM METaCUMBOJIOB. [lomydnm:
P:

S = T{(+T,-T)}

4 CHGHyeT INOMHUTH TAK¥XKE, YTO MCTOJ PEKYPCUBHOI'O CIIyCKa OCHOBAH Ha PEKYPCUBHOM
BbI30B€ MHOXKECTBA NPpOUCAYpP, YTO IpH 3HAYNUTEIbHON JJIMHE BXO,HHOﬁ LICIIOYKH CUMBOJIOB
MOXET HOTp€60BaTI> COOTBETCTBYIOLICTO o0beMa CTEKa BBLI3OBOB JAJIA XpaHCHUS aIpeCOB
npoueayp, Ux MnapaMeTpoB MU JIOKAJbHBIX NEPEMCEHHLIX. Bonee HOZ[pO6H0 9TOT BOIIPOC
PacCMOTPEH B pa3acic «Pacnpe,uenelme naMATH» JaHHOI'O y‘le6HI/IKa.
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T - E{(*E,/E)}
E—> (S) | alb

Ipu taxoit popme 3amucu mpouexypa pazdopa s KaXIOro HETEPMUHAIEHOTO CHMBOJIA
CTQHOBHTCS TPUBHAIBHOM.

Jnst cumBosia S pacro3HaBaeMmasi CTpOKa JOJDKHAa BCEra HayuMHATBhCS CO  CTPOKH,
JIOITyCTUMOM [UIA CUMBOJIA T, 32 KOTOPOW MOXKET CJIeJ0BATh 000 KOITUIESCTBO CHMBOJIOB
+ WK —, ¥ €CJIM OHU HaJIeHbI, TO 32 HUMU OIISAThH JOJDKHA OBITH CTPOKA, TOMYyCTUMAs ISt
cumMBosiia T. AHaNOrM4HO, JUIsi cUMBoJia T paclo3HaBaeMas CTPOKa JIOJDKHA Bcerja
HAYMHATHCS CO CTPOKHU, JOMYCTUMOM I CUMBOJIA E, 32 KOTOPOM MOXET clie[0BaTh Jt000e
KOJUYECTBO CHMBOJIOB * WM /, U €CIIM OHHM Hal[CHBI, TO 32 HUMH OIIATH JOJOKHA OBITh
CTpOKa, AomycTuMas aisi cuMmBoiia E. C apyroit cTOpoHsl, IJs1 CUMBOJIA E CTpOKa JTOJDKHA
HAYUHATLCS CTPOrO C CUMBOJIOB (, a WJIM b, IPUYEM B NEPBOM CiIydae 3a CUMBOJIOM (
JOJDKHA CIIEOBaTh CTPOKa, NOMyCTUMAasl IUII CHMBOJa S, a 3a Hel — o00s3aTenhHO
CUMBOII ) .

Wcxonst U3 3TOro, MOCTPOEHBI MPOLEAYphl pa3bopa BXOMHOW CTpoku Ha si3bike Pascal
(ucnone3yercst Borland Pascal wmu Object Pascal, kotopeie nomyckatoT THI String —
CTpOKa). BXOIHBIME TaHHBIMHU JUTS HUX SIBISIFOTCS:

® HCXOJHas CTpPOKa CUMBOJIOB,
® TCKYIIECC MOJI0XKECHNUE YKA3aTeId B PICXO,Z[HOﬁ CTPOKE;

® JIIMHA MCXOJHON CTPOKH (B MPUHIIKIIE, ITOT MapaMeTp MOXKHO OMYCTUTh, HO OH BBEJICH
TS yI0OCTBA);

® pe3yJbTUPYIONIas CTPOKA MPABUIL

IIponierypsl HOCTPOEHBI TakK, YTO B PE3YIBTHPYIOUIYI0 CTPOKY NpPaBWI ITOMELIAIOTCS
HOMEpa MPUMEHEHHBIX MPABUII B CTPOKOBOM (popmaTe, MepeUrcCIICHHBIe Yepe3 3arsITyro (, ).
[IpaBuia HOMEpyIOTCS B rpamMMaTHKe, 3amucaHHod B ¢opme bakyca-Haypa, B mopsaxe
CJIeBa HAaIpaBo M CBEPXY BHM3 (BCErO B MCXOIHOM rpammaruke 9 npasui). PacnioznaBarens
CTPOUT JIEBOCTOPOHHMH BBIBOJI, ITOSTOMY Ha OCHOBE CTPOKH HOMEpOB MpaBHJ BCET/a
MOXHO MOJIYYHUTb IIETIOYKY BBIBOJIA WJIN JIEPEBO BBHIBOIA.

Jns nadana pa3bopa Hy»HO BbI3BaTh NpoLeaypy proc S (S, 1,N, Pr), rue:
® S — BXOJHAas CTPOKAa CUMBOJIOB;

® N — ummHa BXomHOW crpoku (B s3bike Borland Pascal Bmecto N MOXHO B3SITH
Length(S));

® DPr — CTpOKa, KyJa OyAeT MoMeIeHa 0CIe[0BaTeIbHOCTh IPUMEHEHHBIX IIPABUIL.

Pesynpratom BbImonHeHnus proc S(S,1,N,Pr) Oyger N+1, ecim CcTIpoka S
MPUHUMAETCS, U HEKOTOPOE YMCIo, MeHbllee N+1, ecu cTpoka He npuHumaetcs. Ecnu
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CTpOKa S MPUHHUMAETCS, TO CTPOKa Pr OyAeT comepKaTh MOCIIEN0BATEIHLHOCTE HOMEPOB
IPaBuJI, KOTOPbIE HEOOXOUMO IPUMEHHUTH JUIS TOTO, YTOOBI BhIBECTH S.°

procedure proc_S (S: string; i,n: integer; var pr: string):
integer;

var sl : string;
begin
i := proc T(S,i,n,sl);
if 1 > 0 then
begin
pr := '3,' + sl;
while (i <= n) and (i <> 0) do
case S[1] of

'+': begin

if 1 = n then i := 0
else
begin
i := proc_T(S,i+1,n,sl);
pr := '1l,' + pr +','+ sl;
end;
end;
'-': begin
if i = n then i := 0
else
begin
i := proc T(S,i+1l,n,sl);
pr := '2,' + pr +','+ sl;
end;

% Hcnonb3oBanue s3bika nporpammuposanus Borland Pascal naknajpisaer onpenenenHbie
TEeXHUYECKHE OTPAHUYCHHUS HA JTAHHBIM PACIIO3HABATEh — JUIHHA CTPOKH B 3TOM SI3bIKE HE
MOKET MpeBbImaTh 255 cuMBOMOB. OJHAKO JaHHBIE OTPAHMYECHHS MOXHO CHSTH, €CITH
peann3oBaTh CBOM THI MaHHBIX cTpoka. [lpm ucmonp3oBanmu Borland Delphi stu
OrpaHHYCHUs OTHagarT. KOHEYHO, Takoro poja OrpaHHYCHHS HE  HMEIOT
NPHHIMIHAIBHOTO 3HAYSHHS [IPU TEOPETHYECKOM HCCISA0BaHNU PabOThI paclo3HaBaTeNs,
TEM HE MEHee, aBTOpP CYMTAET HEOOXOAUMBIM YIOMSHYTh O HUX.
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end;
else break;

end; {case}

end; {if}
proc S := i;
end;

procedure proc_S (S: string; i,n: integer;
integer;

var sl : string;
begin
i := proc E(S,i,n,sl);

if 1 > 0 then
begin
pr := '6,' + sl;
while (i <= n) and (i <> 0) do

case S[i] of

'*': begin
if i = n then i :=0
else
begin
i := proc E(S,i+l,n,sl);
pr := '4,'" + pr +','+ sl;
end;
end;
'/': begin
if i = n then i := 0
else
begin
i := proc E(S,i+1l,n,sl);
pr := '5,"'" + pr +','+ sl;
end;

end;

var pr:

string) :
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else break;

end; {case}

end; {if}
proc S := i;
end;

procedure proc_E (S: string; i,n: integer; var pr:

integer;

var sl : string;
begin

case S[1] of

'a': begin

pr := '8';
proc E := i+1;
end;
'b': begin
pr := '9"';
proc E := i+l;
end;
'(': begin
proc E := 0;

if i < n then
begin
i := proc S(S,i+l,n,sl);

if (1 > 0) and (i < n) then

begin
pr := '7,"' + sl;
if s[i] = ")' then proc E i+1;
end;
end;

0;

else proc E

end; {case}

string) :
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end;

KoneuHo, u B JaHHOM ciIydae alrOpUTM DPEKYPCHBHOIO CITyCKa IO3BOJMJI MOCTPOHUTH
JIOCTaTOYHO IPOCTON pacrlo3HaBaTelb, OJHAKO, MpPEXAe YeM YJalloch €ro NPUMEHUTH,
notpedoBacs HeOPMAIBHBIN aHANNW3 NPAaBWII TpaMMATHKH. JlajJeko He BCErja Takoro
pona HeOpManbHBIH aHANINW3 SBISETCA BO3MOXKHBIM, OCOOCHHO €CIM TIpaMMaTHKa
COJICPIKHUT JIECATKU U Jja’Ke COTHHU IIPABHJI — YEJIOBEK HE BCET/Ia B COCTOSHHUU YJIOBHUTH MX
CMBICI ¥ B3aUMOCBsI3b. 1103TOMy MOAM(UKANK aIroOpuTMa PEKypCHBHOTO CITyCKa, XOTS
IPOCTHI M yIOOHBI, HO HE BCETAA MPUMEHHUMBI. Jlaske MOHATH caM (DaKT TOTO, MOXKHO WU

HET B 3aJaHHOH I'paMMaTHKe MOCTPOUTL TAKOrO POJa PAaclO3HaBaTeNb, OBIBAET OYEHB
Henpocro [4 1.1, 5, 12, 15, 18, 21, 58, 59].

Jlanee 6yayT paccMOTpEHbI paclo3HaBaTEeNIN U allTOPUTMBI, KOTOPBIE OCHOBAHBI Ha CTPOTO
¢dopmanpHoM moaxoze. OHM  MpeaBapsiiOT  MOCTPOGHHE  pAcIllO3HABATeNs — PSIOM
00OCHOBAHHBIX JICHCTBHH U TPEOOpPa30BaHMI, C MOMOIIBI0 KOTOPBIX MOJATOTABIHBAOTCS
HEOOXOUMbIC MCXOJHBIC TaHHbIC. B 3TOM ciydae MOATOTOBKY BCEX MCXOMIHBIX TAaHHBIX
JUIS  pacmo3HaBaTesi MOXHO (OpMalnM30BaTh M aBTOMATHU3UPOBAaTh. Torma dTH
MpeIBapUTENbHBIE IEUCTBUS MOXKHO BBIIOJIHUTH C MIOMOILBIO KOMITBIOTEPA, B TO BPEMS Kak
pacimpeHHass TPaKTOBKAa PEKYPCHBHOTO CITyCKa IIpeAaroyiaraeT HeopManbHBI aHAIH3
rpaMMAaTHKH YEJIOBEKOM, U B 3TOM CEPhE3HBIN HEAOCTATOK METOAA.

LL(k)-rpammaTukun

JIoTHYecKUM MPOJIOJIKEHHEM HJICH, MMOJOKCHHOM B OCHOBY METO/Ia PEKYPCHBHOTO CITYCKa,
SIBIIETCS. IPE/JIOKEHHE MCIIO0JIb30BaTh Ui BEIOOpA OHOW W3 MHOXECTBA albTEPHATUB HE
OIMH, @ HECKOJIbKO CHMBOJIOB BXOIHOHM Iemodkd. OIHAKO HANPSAMYIO IEPENOKUThH
QITOPUTM BBIOOpA ABTEPHATUBBI Ui OJHOTO CHMBOJIA HA TaKOM JKE aJrOpHTM s
EIIOYKH CHMBOJIOB HE YIACTCS — [Ba COCEHMX CHMBOJIA B IIEMIOYKE HA CAMOM JIeJIe MOTYT
OBITh BBIBEJCHBI C MCIIOIB30BAHUEM PA3IMYHBIX [PABUII TPAMMATHKH, [I03TOMY HEBEPHBIM
OyleT HANpsSMyI HCKaThb HX B ONHOM mpaBmie. TeM He MeHee, CYLIECTBYET KIacc
rpaMMaTHK, OCHOBAHHBIA UMEHHO HA 3TOM MPHHIMIIC — BBIOOPE OHOM aJbTEePHATHUBHI U3
MHOKECTBAa BO3MOXKHBIX HAa OCHOBE HECKOIBKHX OYEPEIHBIX CHMBOJIOB B IIETIOUKE. ITO
LL(k)-rpammaruku. [IpaBaa, anroput™ paboThl paco3HaBATENs TS HUX HE TaK OYCBHIHO
IPOCT, KAK PACCMOTPEHHBIH BBIIIE AITOPUTM PEKYPCHBHOTO CITYCKa.

I'pammaruka o6mamaer csoiictBom LL(K), k>0, ecnmm Ha Kaaom miare BbIBOjgA IS
OJTHO3HAYHOTO BHIOOPA OUEPEHOMN AbTEPHATHBBI TOCTATOYHO 3HATH CUMBOJI Ha BEPXYIIKE
CTeKa M PACCMOTPETh MepBble K CHMBOJIOB OT TEKYIIErO TOJIOXKEHUSI CUUTHIBAMOIICH
TOJIOBKY BO BXOJHOM 1IEIIOYKE CUMBOJIOB.

I'pammatrka HasbiBaeTest LL(K)-epayvmamuroii, ecnu ona obnanaer coiicteoM LL(K) mms
nekoroporo k>0°.

® TpeGosanne k > 0, Ge3ycOBHO, SIBJISETCA Pa3syMHBIM — JUIS TPUHATHS PELIEHHS O
BbIOOpE TOH Wi WHOW anpTepHaTHBH MII-aBTOMaTy HajO PaccMOTPETh XOTA OBl OJUH
CHMBOJI BXOJHOU memouku. Ecmu mpencraButh cebe LL-rpammaruky ¢ K = 0, To B Takoi
TpaMMaTHKE BBIBOJ COBCEM HE Oy/eT 3aBHCETh OT BXOJHOHU Iemouyku. B mpuHIMIIE, Takas
rpaMMaTHKa BO3MOXHA, HO B Hell OyJgeT BCero OfHa €IMHCTBEHHAs IENOYKa BBIBOJA.
IlosTOMy mpakTHYEeCKOE IPUMEHEHHUE A3bIKa, 3aJaHHOI'O TAKOIO0 poJa IPaMMAaTUKOH,
HpPEJCTaBISIETCS BECbMa COMHUTEIbHBIM.
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Haspanme «LL(K)» Hecer ompenmencHHbIi cMmbica. [lepast surepa «L» TPOHCXOTUT OT
cioBa «lefty u o3Hagaer, 4TO BXOAHAS LIEMOYKA CHMBOJIOB YHTACTCS B HANPABICHUN CJIEBa
HanpaBo. Bropas murepa «L» Takke mpomcxomut ot cioBa «lefty u o3magaer, uro mpu
paboTe pacro3HaBaTelsl MCIOIb3yeTCsl ICBOCTOPOHHHIN BBIBOA. Bmecto «K» B HasBaHum
KJacca TPaMMAaTHKH CTOUT HEKOTOPOE UHCJIO, KOTOPOE IOKa3BbIBACT, CKOIBKO CHMBOJIOB
HaJ0 PacCMOTPETh, YTOOBI OJHO3HAYHO BHIOPATh OAHY M3 MHO)KECTBA aJbTepPHATHB. Tak,
cymectBytot LL(1)-rpammatuku, LL(2)-rpaMmaTiku u Apyrie Kiacchl.

B coBokynroctH Bee LL(K)-rpammaruku amst Becex k>0 o6pasyrot kinace LL-rpammaruk.

Ha puc. 4.4 cxemMaTHyHO MOKAa3aHO YAaCTHYHOE JEPEBO BbIBoga st Hekortopoit LL(K)-
rpaMMarikd. B Hem o 0603HavaeT yxe pa3oOpaHHYIO YacTh BXOJHOMN LEMOYKH O, KOTOpPast
IOCTPOCHA HAa OCHOBE JIEBOH wacTH aepesa y. IlpaBas yacTh AepeBa x — I3TO eIlie HE
pa3o0paHHast 4acTh, @ A — TEKYyLINi HETepPMHUHAIBHBIA CHMBOJ Ha Bepxyuike creka MII-
aBromara. llemouka x mpencraBiusieT co0Oil HE3aBEpIICHHYIO YacTh LEMOYKH BBIBOJA,
COZIEPKAIIYI0 KaK TePMHHAIIbHBIC, TAK W HETEPMHUHAIbHBIC CUMBOJBI. [locie 3aBepiieHus
BBIBOJIa CHMBOJT A PacKphIBAacTCsl B YaCTh BXOMHOM IEMOYKH VL, a MpaBas 4acTh IepeBa x
npeobpasyercsi B 4acTh BxoaHO# 1enoukn t. CpoiictBo LL(K) mpeamomaraer, uro
OIHO3HAYHBIN BBIOOP AIBTCPHATHBBI I CHMBOJIA A MOXET OBITh CHEJaH Ha OCHOBE K
HEPBBIX CHMBOJIOB LICTIOYKH LT, SBJFOLICHCS 9aCThI0 BXOTHOW LICTIOUKH OL.

Puc. 4.4. Cxema noctpoenus nepesa BoiBoga uisi LL(K)-rpammarikn

AusroputM  pazbopa Bxommbix rmemouek s LL(K)-rpammarnku Hocut HaszBamme «K-
[IPEICKA3BIBAIOILEIO aAIrOPUTMay. [IpUHIUIIBI €0 BBIIOJIHEHUSI BO MHOTOM COOTBETCTBYIOT
¢yakanornpoBanuio MII-aBromara ¢ TOH pas3HHMIEH, 9TO Ha KaXXJOM Imare paboThl 3TOT
AITOPUTM MOXKET MPOCMATpHBaTh K CHMBOJIOB BIEpeA OT TEKYINETO IIOIOKEHHUS
CUYUTHIBAIOLIEH M0JIOBKHM aBTOMATA.

st LL(K)-rpaMMaTiK H3BECTHBI CIICAYIOIINE MOJIE3HbIE CBOWCTRA:
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e peskas LL(K)-rpammaruka st mo6oro k>0 sBisieTcst 0HO3HAYHOIM;

® CyIIECTBYET AIrOPHTM, MO3BOJSIONINNA IPOBEPHTD, SIBIAETCS JIM 33/ldHHAsT TPAMMATHKE
LL(K)-rpammaTrkoii Iu1st CTPOTO OTpeieNieHHoro ncia K.

Kpome TOro, W3BECTHO, 4YTO BCE TpaMMAaTHKH, MAONMyCKaolue pa3dop IO MeToxny
PEKYpPCHUBHOTO CITycKa, sBistiorcs moakmaccom LL(1)-rpammaruk. To ects oGast
rpaMMarHKa, IOIyCKaromas pas3dop Mo METOLY PeKypCHBHOTO crmycka, sBisercst LL(1)-
rpaMMaTHKO# (HO He Ha000poT!).

Ectb, oanako, HepaspemnmMbie pobnemsr st LL(K)-rpammatuk. Dto obmme mpobiieMst,
XapakTepHble 115 BecexX kiaccoB KC-rpaMMartuk:

® He CYyIIECTBYET alrOpUTMa, KOTOPBIA OBl MOT TMPOBEPUTSH, SIBIsETCS Ji 3amanHas KC-
rpammatrka LL(K)-rpaMmmaTukoii s HEKOTOPOTO MPOU3BOJIBHOTO Yucia K;

® HE CyNIECTBYET IrOpUTMa, KOTOpBI OBl MoOr mpeoOpa3oBarh mHpon3BoiabHYr0 KC-
rpammatiky K Buay LL(K)-rpammarukm 1t Hekotoporo K mim nokasath, 4TO
npeoOpa3oBaHHEe HEBO3MOXKHO.

Hdnst LL(K)-rpammaruke npu k>1 coBceM He 00s3aTellbHO, YTOOBI BCE INPaBbIe YacTH
NPaBUIJI TPAMMATHKH JUISL KaXKJJOr0 HETEPMUHAIFHOTO CHMBOJIA HAYWHAINCE C K pa3iIMIHBIX
TEpPMHUHAJIBHBIX CHUMBOJIOB. IIpMHIMMBI pacrio3HaBaHMS MPEAIOKEHUH BXOMHOTO SI3BIKA
TaKOM IpaMMAaTHKH HaKJaJIbIBalOT MEHEE KECTKHE OIpaHMYCHMS Ha MpaBUiIa TPaMMAaTHKH,
MOCKOIIbKY K cOCemHMX CHMBOJIOB, MO KOTOPBIM OJHO3HAYHO BBIOMPACTCS OuYepeIHAs
aNbTEePHATHBA, MOT'YT BCTPEUYaThCs B HECKONBKHX MPaBHIaX TPaMMAaTHKH.

NMPUMEYAHUE

pammaTurKy, y KOTOpbIX BCE NpaBble YacTu NpaBun A5 BCEX HETEPMUHANbHBLIX
CMMBOIIOB HayuMHalTCA C K pasnuuHbiX TepMUHarbHbIX CMMBOMOB, HOCAT
HasBaHue «cunbHo LL(k)-rpammaTuikm». MeToa nocTpoeHus pacno3HaBaTenen
ONs HUX JOCTaTO4HO MPOCT, anropuTMm pasbopa O4eBMOEH, HO, K COXaneHuto,
Takne rpammMaTMKK BCTPEYAKOTCS KpalHe peako.

Hockomeky Bce LL(K)-rpaMmmaTHky  HCHONB3YIOT — JICBOCTOPOHHUI — HUCXOMSIIHHA
pacro3HaBaTellb, OCHOBAaHHBII Ha alrOpUTME C MOAOOPOM ajbTEePHATHUB, OYEBHIHO, UTO
OHH HE MOTYT JIOITYCKaTb JIEBYIO PEKYPCHIO.

BHUMAHUE

Hukakas neBopekypcuBHas rpamMmaTuka He MOXeT ObiTb LL-rpammaTtukoil.
CrepoBatenbHo, MepBbiM AEMOM Mpy MomnbiTke npeobpas3osaTb rpamMaTuky K
Buay LL-rpaMmmaTiku HEOBXOAMMO YCTPaHUTL B HEN NEBYHO PEKYPCHUIO.

Krnacc LL-rpaMMaTiK OIMPOK, HO BCE K€ OH HEJIOCTATOUYCH IJIS TOTO, YTOOBI MMOKPHITH BCE
BO3MOXKHbIE CHHTAKCHUUYECKHE KOHCTPYKUUH B sI3bIKaxX MporpaMMupoBanus. M3BectHo, 4TO
cymtectBytoT JIKC-s13b1KH, KOTOpbIe He MOryT ObITh 3a1anbl LL(K)-rpammatikoit Hu npu
kakux K. Ognako LL-rpaMMaTvku ymoOHBI JJIsl HCIIOJNB30BAaHKS, MOCKOJIBKY MO3BOJISIOT
[IOCTPOUTH JIMHEUHBIE PACIIO3HABATEIIH.
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Meromst ioctpoeHust pactosuasareneit must LL(K)-rpammarnk nipu k>1 B manHo# kaure He
paccMaTpUBaIOTCS, C HUIMH MOYKHO 03HAKOMUTHCS B pabdorax [4 T.1].

CuHTakcu4veckum pasbop ana LL(1)-rpammaTuk

OueBuIHO, ISl KaXKIOT0 HeTepMUuHanpHOro cumbona LL(1)-rpammaTiki He MOXET OBITh
JBYX TPaBWI, HAYMHAIOUIMXCS C OHOTO M TOTO K€ TEPMHHAJIBHOrO cuMBOja. OIHAKO 3TO
MEHee JKECTKO€ YCIOBHE, YeM TO, KOTOpOE€ HaKJIa[bIBaeT PACIO3HABATENIb IO METOIY
PEKYpPCUBHOTO cIlycKa, HockoybKy LL(1)-rpamMmarika MOXXET DONMyCKaTh B NPaBOM YacTH
NpaBWJI LEMOYKH, HAUYMHAIOUIMECS C HETEPMUHAJBHBIX CHMBOJIOB, a TaKKe A-NpaBHIIA.
LL(1)-rpaMMaTiKi MO3BOJSIOT MOCTPOUTH JOCTATOYHO MPOCTOM U 3PPEKTUBHBIN
pacro3HaBaTeb.

Jns  mocTtpoeHHMs — pacmo3HaBaTededl  s3bIkoB,  3amaHHBIX  LL(K)-rpammaruxamu
HCTIONB3YIOTCS IBa MHOKECTBA, ONIPEACIIAEMbIC CIEAYIOIIM 00pa3oM:

® FIRST(k,a) — MHOECTBO TEPMHHAIBHBIX LleNodek, BhBOAUMBIX M3 o.e(VTUVN)",
YKOPOUYCHHBIX 110 kK CHMBOJIOB;

o FOLLOW(k,A) — MHOX€eCTBO YKOPOUYEHHBIX 10 K CHMBOJIOB TEPMHHAIBHBIX IETTOYEK,
KOTOpBIE MOTYT CIIeZIOBAaTh HermocpeacTBeHHO 38 A€ VN B 1iermoykax BEIBOA.

DopMalIbHO 3TH ABa MHOXKECTBA MOTYT OBITh ONPEIEIICHBI CIETYIOIINM 00pa3oM:

FIRST(k,a) = {oeVT" | mbo |o|<k m a=>*w, mmbo |o[>k n a=*wXx, Xxe(VTUVN)},
ae(VTUVN)", k>0.

FOLLOW(k,A) = {weVT"| S=>*aAy 1 ®eFIRST(y,k), aeVT}, AeVN, k>0.

DTH MHOXECTBA WCIIONB3YIOTCS HE TOJBKO s TIOCTPOSHHS PACMO3HABATENEH S3BIKOB,
3agannsix LL(K)-rpaMmatikaMu, HO W AJIS psAa APYTHX KIACCOB TPAMMATHK, KOTOPBIC
OynyT paccmarpuBarbes ganee. B cnydae LL(1)-rpamMMaTvK MCHOJB3YIOTCS MHOYKECTBa
FIRST(1,0) u FOLLOW(1,A).

Hust  LL(1)-rpammaruk anroput™ paboThl pacmo3HaBaTeds mpeneibHo mpoct. OH
3aKJIF0YAeTCS BCETO B JIBYX YCJOBHAX, IPOBEPSAEMBIX Ha IIare BBIOOpa anbTEPHATHUBBHIL
VcxonupMu faHHBIMH U1 9THX YCIOBHH sBistorcst cumBon a€VT, o0o3peBaeMblid
CUNTHIBAIONIEH roJ0BKOH, 1 cumBoil A€ VN, Haxoasmumiicst Ha BEpXyIIKe CTeKa.

OTH yCIOBHUSI MOKHO C(OPMYIHPOBATh TaK:
1. HeoOXomuMo BHIOpaTh B Ka4eCTBE allbTePHATHBEI IipaBuino A—a, ecinu aeFIRST(1,a);

2. HeoOXOoAMMO BHIOpaTh B KAa4eCTBE aTbTEPHATHBBI MPaBIWIO A—A, €CIM OHO €CTh U
aeFOLLOW(L1,A).

Eciu HE OJTHO M3 3THX YCJIOBUIA HE BBINOJIHSIETCS, TO LIEMOYKa He NPUHAJICKHUT 331aHHOMY
SI3BIKY, U aJITOPUTM JOJDKEH CUTHAJIM3UPOBATH 00 OIMIMOKE.

JleficTBUS alropuUTMa Ha IIIare «BBIOpOCa» OCTaloTCs 0e3 N3MEHEHUH.

Kpome Toro, uto0sl yOeauThcsl, siBisietcs u 3aganHas rpammaruka G(VT,VN,P,S) LL(1)-
rpaMMaTHKOM, HEOOXOMMO U TOCTATOYHO HPOBEPHUTH CICAYIOLIEE YCIOBHE: ISl KaXKIOTO
cumBosia AeVN, 11 KOTOpOoro B rpaMMaTHKe CYIIECTBYET OoJjiee OJHOTO IMpaBWiia BUIA
A — aifoy|...Jon, momkHO BhIMONHSATECS TpeboBanme FIRST(1,a;FOLLOW(1,A)) N
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FIRST(1,0FOLLOW(1,A)) = & Vi#j, n2i>0, n>j>0. O4eBuaHO, YTO €CU ISl CHMBOJIA
AeVN otcyrcTByeT npaBmuio Buga A—>A, TO COTIIACHO 3TOMY TpeOOBaHMIO BCE MHOYKECTBA
FIRST(1,01), FIRST(1,02), ..., FIRST(1,0n) DOIKHBI TIOMAPHO HE MEPECEKATHCS, CCIH K

HNPUCYTCTBYET IpaBwio A—A, TO OHM HE JOJDKHBI TaKKe MEPECeKaThCsl C MHOKECTBOM
FOLLOW(1,A).

BHUMAHUE

OyeBugHo, 4TO LL(1)-rpammaTtuka He MOXeT cogepxaTb pAna nwoboro
HeTepMuHansHoro cumeona AeVN AByx npasusi, Ha4YMHaIOLWKUXCA C OAHOMO U
TOrO e TepMuHanbHOro cMMBona.

VYcnosue, HakTaapBaeMoe Ha mpaBiia LL(1)-rpaMMaTiku, SBISETCS JJOBOJBHO KECTKUM.
OueHb HEMHOTHE peajbHble TPAMMAaTHKH MOTYT OBITh OTHeceHbl K kmaccy LL(1)-
rpaMMaTuk.  Hampumep,  nmake  JOBOJNIBHO — NpocTas  IpaMMaTtuka G ({a},
{S}, {S—alaS}, S) He YyAOBICTBOPSET 3TOMY YCIOBHUIO (XOTS OHa SIBISIETCA
PEryIISpHOI TPABOJIMHEWHON rPaMMAaTHKO).

Wuorpma ypmaercst mpeoOpa3oBaTh IpaBHiia FPaMMAaTHKH TaK, YTOOBl OHH YIOBJICTBOPSUIH
tpeboBanuto LL(1)-rpammaruk. Hanpumep, npuBeeHHAs BBIILIE TPAMMATHKA MOXET OBITh
npeobpaszosana k Bugy G' ({a}, {S,A},{S—ahA,A—>A|S}, S)’. B Takoii popme
ona yxke sBusercs LL(1)-rpammarukoit. Ho dopmanbHoro wmeroga mnpeoOpa3oBath
npousBosibHyr0 KC-rpammatuky k Bungy LL(1)-rpammaruku wim yGenurtcs B TOM, 4TO
TaKoe Ipeodpa3oBaHNe HEBO3ZMOXKHO, HE CYILECTBYET.

COBET

[ns npuBegeHnsa Npou3BONbHON rpaMmaTtukm K Bugy LL(1)-rpammaTtrku MOXHO
pekomeHOoBaTb npeobpa3oBaHusl, pacCMOTPEHHbIE BbIlle MpU 3HAKOMCTBE C
METOAOM PEKYPCMBHOro crycka. Ho npumeHeHve 3TuMx npeobpasoBaHuii He
rapaHTupyeT, 4To npon3BonbHyl0 KC-rpammaTtuky ygacTtcs mMpuBecTM K BUAY
LL(1)-rpammatumku.

Jns toro uroOwl 3amporpaMMupoBaTh paboty MII-aBTOMaTa, BBINOJHSIOMETO pa3dop
BXOJIHBIX IETIOYEK CHMBOJIOB sI3bIKa, 3aqaHHoro LL(1)-rpaMmarikoif, HamIO HAyIHTHCS
ctpouth MHOKecTBA cuMBOJIoB FIRST(1,00) 1 FOLLOW(1,A). Jlns muokectsa FIRST(1,0)
BCE OYEBHJHO, €CJIM LIEMOYKa 0L HAYMHAETCS C TepMUHAIBHOro cumBona b (a=bp, beVT,
ae(VTUVN)*, Be(VTUVN)")— B atom cayuae FIRST(1,a)={b}, ecnmu xe oHa
HayMHAaeTcs ¢ HerepmuHaigpHOro cumBona B (a=Bf, BeVN, oae(VTUVN),

" MokHO yOeauThes, 9To 3TH JIBE TPAMMATHKHY 3a/Ial0T OJMH | TOT xe a3bik: L(G) = L(G").
3TO JIerKo chenarh, NOCKOJIbKY 00e OHM sBJAIOTCS He Toibko KC-rpammarukamu, HO M
pPEeryispHBIMH  TIpaBOJMHEHHBIMH  rpammarukamu. Kpome  Toro,  ¢dopmanbHoe
npeobpazoBanne G' B G cylecTByeT — JIOCTATOYHO YCTpaHUTh B rpammaruke G' A-
npaBwja M IENHble MpaBWia, W OyAeT MojiydeHa HcxonxHas rpamMatuka G. A Bor
¢dopmanbHoro mpeodpasoBanus G B G' Her. B o0miem ciydae Bce MOXET OBITH ropasno
CJIOXKHEE.
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Be(VTUVN)"), 1o FIRST(1,0)=FIRST(1,B). Cnenosarensno, mis LL(1)-rpammaruk
OCTaeTCsl TONMBKO HAWTH anroput™ mocTpoeHuss MHOecTB FIRST(1,B) u FOLLOW(1,A)
JUTS BCEX HETePMHUHAIBHBIX cuMBOJIOB A,BeVN.

I/ICXOZIHBIMI/I JaHHBIMU IJI 3TUX aJITOPUTMOB CIIYKaT IIpaBujIa rpaMMaTUKHA.

Anroputm noctpoeHust MHoxecTtea FIRST(1,A)

Auroput™ ctpout muHoxkectBa FIRST(1,A) cpasy ais BceX HETEPMHHAIBHBIX CHMBOJIOB
rpammatuka G(VT,VN,P,S), AeVN. [y BBIMOTHEHUsI alrOPUTMA HAJI0 TMPEIBAPUTEIHLHO
npeobpazoBats ucxoanyo rpammaruky G(VT,VN,P,S) B rpammaruxy G'(VT,VN'P',S",
He cojepkairyro A-npaBui. Ha ocHoBaHMM mosydeHHON rpamMMmaTtukd G' n BBIOJHSETCA
noctpoerre muoxectB FIRST(1,A) mis Bcex AeVN (ecnim AeVN, 1o cormacho
anroputMy mpeoOpa3oBaHus, Take crnpaBemanBo AeVN'). MHoxkecTBa CTposTCS
METOJIOM IMOCJIEIOBATENIbHOTO TNpHONMmwKeHus. Ecnu B pesynbTarte mpeoOpa3oBaHus
rpammaTukd G B rpammariky G' muHoxxectBo VN' conepKUT HOBBIH CUMBOI S', TO NpH
noctpoeHnn MHokecTBa FIRST(1,A) OH He yuHThIBaETCS.

AHFOpI/ITM COCTOUT U3 HCCKOJIBKUX IIaroB:

Hlae 1. s Bcex AeVN: FIRSTO(1,A)={X | A>XaeP, Xe(VTUVN), ae(VTUVN)*}
(MepBoHAYaNbHO BHOCHM BO  MHOXXECTBO  IEPBBIX  CHMBOJIOB  JUIS  KaXJOTO
HETEPMHUHAIBLHOTO CHMBOJAa A BCE CHMBOJIBI, CTOSIIME B HAayalle MPaBbIX YaCTeH MPaBMIl
JUTsE TOro cuMBoJa A); 1:=0.

Llaz 2. Jns Bcex AeVN: FIRSTi1(1,A)=FIRSTi(1,A)UFIRSTi(1,B), mms Bcex
HerepMuHansHbIX cuMBOJIOB B e (FIRSTi(1,A)NVN).

Llaz 3. Ecmu JAeVN: FIRST+1(1,A)#FIRSTi(1,A), To i:=i+1 u BepHyTbCS K mIary 2,
HHaYe IepelTH K miary 4.

Llaz 4. Nas sBcex AeVN: FIRST(1,A)=FIRSTi(1,A\VN (uckaroyaeM H3 MOCTPOCHHBIX
MHOYKECTB BCE HETEPMHUHAJIBHBIE CHMBOJIBI).

Anroputm noctpoeHus MHoxectsa FOLLOW(1,A)

Auroputm ctpout MHOKecTBa FOLLOW(1,A) cpa3y uist BceX HeTEpMHHAIBHBIX CHMBOJIOB
rpammatuka G(VT,VN,P,S), AeVN. Jlsis1 BBINOTHEHUsI alrOPUTMA MPEABAPUTETHHO HAJ0
noctpoutb Bce MHOoxectBa FIRST(1,A), VAeVN. MHoxecTBa CTPOSTCS METOAOM
MOCJIEIOBATENLHOTO MPUOIMKESHUS. AITOPUTM COCTOUT U3 HECKOJBKHX IAaroOB:

Hlaz 1. s Becex AeVN: FOLLOW(1,A)={X | 3B—>aAXBeP, BeVN, Xe(VTUVN),
o,Be(VTUVN)"} (mepBoHaYaIbHO BHOCHM BO MHOXKECTBO IIOCHEAYIOMIUX CHMBOJIOB UL
Ka)XIOr0 HETEPMHHAIBHOTO CUMBOJIA A BCE CHMBOJIBI, KOTOPBIC B MPABBIX YACTAX MPABUI
BCTPEYAKOTCS HEMOCPEICTBEHHO 3a cMMBOJIOM A); i:=0.

Llaz 2. FOLLOW/(1,S)=FOLLOW((1,S)\{\} (BHOCHM MyCTyO HEMOYKY BO MHOECTBO
HOCTEAYIOUIMX CHMBOJIOB IS LIENIEBOI0 CUMBOJIa S — 3TO 03HAYaeT, YTO B KOHILE pa3bopa
3a IIENEBBIM CHMBOJIOM LICTIOYKA KOHYAETCS, HMHOTAA Uil 3TOM ILIeNH HCHOJIB3YeTCs
CrEUaIbHbIA CHMBOJI KOHIIA IETIOYKH: | ).
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Hlaz 3. IOns Bcex AeVN: FOLLOW'(1,A)=FOLLOW;(1,A)UFIRST(1,B), mns Bcex
HeTepMUHANBHBIX cuMBOJIOB B e (FOLLOW;(1,A)NVN).

Llaz 4. Tnst Becex AeVN: FOLLOW"(1,A) = FOLLOW'i(1,A)UFOLLOW/'(1,B), nis Beex
HeTepMUHATBHBIX cMBOJIOB B € (FOLLOW'{(1,A)NVN), ecnu cymiecTByeT mpasBuino B—A.

Hlaz 5. Ima Bcex AeVN: FOLLOW;:1(1,A)=FOLLOW";(1,A)UFOLLOW"(1,B), mms
BCEX HETEepMHUHANBHBIX cuMBOIOB BeVN, ecimm cymectByer mpaBuino B—aA,
ae(VTUVN)".

Hlaz 6. Ecim FJA€VN: FOLLOW,+1(1,A)=FOLLOW;(1,A), To i:=it1 u BepHyTbCI K
miary 3, ¥Ha4e mepeiTH K mary 7.

Hlaz 7. Hna Bcex AeVN: FOLLOW(1,A)=FOLLOW;(1,A\VN (uckmouaeMm u3

TMOCTPOCHHBIX MHOKECTB BCE€ HCTCPMHUHAJILHBIC CI/IMBOJ'H)I).

Mpumep noctpoeHus pacnosHaBatens ang LL(1)-rpammatuku

PaccMoTpuM B KauecTBe IPHMEpa TPAMMATHKY

G({+,-,/,*,a,b},{S,R,T,F,E},P,S) cOpaBuiamu:

P:

S > T | TR

R—>+T | -T | +TR | -TR
T - E | EF

F > *E | /E | *EF | /EF
E—> (S) | alb

OT0 HEIEeBOPEKYPCHBHAS IpaMMaTuKa /Ul apu(pMeTHIEeCKUX BBIpAKEHUH (paHee OHA ObLIa
noctpoena B pasnene «PacroznaBaresnn KC-s3b1K0B ¢ BO3BpaTom»).

Ora rpammaruka He siBisiercst LL(1)-rpamMmarukoii. UYToObl yOEIUTHCS B 3TOM, JOCTATOYHO
o0paTUTh BHUMAaHHE Ha MpaBWia Ul CHMBOJOB R M F— Ui HUX HMeeTcs 10 JBa
npaBuiia, HAYMHAOIIMXCS C OJHOTO M TOTO € TEPMUHAJIBHOTO CUMBOJIA.

IIpeoOpaszyem ee B npyroil Bui, N100aBMB A-TpaBuia. B pesynbrare moimyduM HOBYIO
TpaMMaTHKY

G'"({+,-,/,*,2,b},{S,R,T,F,E},P',S) CIpaBwIaMu:
P':

S TR

R A | +TR | -TR

H
N
Eal
e
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IlocTpoeHnast rpammaTika G' SKBUB&JICHTHA UCXOAHOW rpamMaTtuke G. B 3TOM MOXHO
yOenuThCS, €CIM BOCIOJIB30BAThCA AITOPUTMOM YCTPaHEHHS A-TIPaBHI U3 pasiena
«[IpeobpazoBanne KC-rpammarux». [IpuMeHHB ero kx rpammariuke G' IOJIy4uM
TpaMMaTHKy G, a TI0 YCJIOBHSAM JaHHOTO anroputMma: L (G') =L (G). Takum oOpa3zom, MbI
MOJYYHIJIM DKBUBAJICHTHYIO TPAMMaTHKY, XOTsI OHa ¥ NOCTPOeHa He(OPMAILHBIM METOJ0M
(cmenyeT MOMHHTB, YTO HE CYIIECTBYeT ()OPMAJBHOIO alropuTMa, MpeoOpa3yroliero
npousBosbHyto KC-rpammariky B LL(K)-rpammatuky asst 3amansoro K).

Ora rpammatuka siBisiercs LL(1)-rpammatukoit. UToObl yOeIUTHCS B ITOM, ITOCTPOHM
MHOXecTBa FIRST u FOLLOW /Uil HETEpMUHAIbHBIX CHUMBOJIOB 3TOH TIpPaMMAaTHUKH
(mockonbky peub 3aBemoMo wuaer o6 LL(1)-rpammaruke, mudpy 1 B 0b6O3HAYCHHH
MHO’KECTB OITyCTHM JUIS COKPAIIEHHS 3aIIHCH).

Jis moctpoenust MHOKecTBa FIRST OyIeM HCIIONB30BaTh UCXOMHYIO TPAaMMATHKY G, Tak
KaK HMCHHO OHa IT0JIy4aeTcs U3 G' MpH YCTPAHSHUH A-TIPaBHUIL.

[TocTpoenne mHO)ecTBa FIRST:

Ilaz 1. FIRSTo(S) ={T};
FIRSTo(R) = {+—};
FIRSTo(T) ={E};
FIRSTo(F) = {*./};
FIRSTo(E) = {(,a,b};
i=0.

Llaz 2. FIRSTy(S) ={T,E};
FIRST1(R) = {+-}
FIRST(T) = {E.(.a,b};
FIRST(F) = {*//};
FIRST.(E) = {(,a,b}.

Ilaz 3. i=1, Bo3Bpamaemcs K mary 2.

Ilaz 2. FIRST,(S) ={T,E,(ab};
FIRST2(R) = {+-};
FIRST2(T) = {E,(,a,b};
FIRST2(F) = {*./};
FIRST2(E) = {(,a,b}.

Llaz 3. 1=2, Bo3BpamiaeMcs K mary 2.

Llaz 2. FIRST3(S) ={T,E,(.ab};
FIRST3(R) = {+-};
FIRST;3(T) ={E,(,a,b};
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FIRSTs(F) = {*./};
FIRSTs(E) = {(,a,b}.

Illaz 3. 1= 2, mepexoanM K miary 4.

Llaz 4. FIRST(S) = {(,a,b};
FIRST(R) = {+-};
FIRST(T) = { (;,a,b};
FIRST(F) = {*./};
FIRST(E) = {(.a,b};
IlocTpoeHue 3aKOHYEHO.

[TocTpoenne mHO)kecTBa FOLLOW:
Hlaz1. FOLLOW,(S) ={}

FOLLOW,(R) = &;
FOLLOW(T) = {R};
FOLLOW,(F) = &;
FOLLOW,(E) = {F};
i=0.
llaz2. FOLLOW(S) ={),A};
FOLLOWo(R) = @
FOLLOW(T) = {R};
FOLLOWo(F) = @:
FOLLOW,(E) = {F}.
a2z 3. FOLLOW'y(S) ={),A};
FOLLOW'(R) = @
FOLLOW/'o(T) ={R,+-};
FOLLOW'o(F) = &;
FOLLOW'(E) = {F,*./}.
Llaz 4. FOLLOW"o(S) = {),A};
FOLLOW"o(R) = @;
FOLLOW"o(T) = {R,+-};
FOLLOW"o(F) = @
FOLLOW"o(E) = {F,*./};
llaz5. FOLLOW(S) ={),A};



Hlac 6.
Laz 3.

1laz 4.

Hlae 5.

Hlac 6.
Hlaz 3.

Llaz 4.

FOLLOW(R) = {)..};
FOLLOW(T) = {R,+-};
FOLLOW;(F) = {R,+-};
FOLLOW;(E) = {F.*/};

i = 1, Bo3Bpamaemcs K mary 3.
FOLLOW'(S) = {)A};
FOLLOW'(R) = {).A};
FOLLOW'(T) = {R,+,-};
FOLLOW'(F) = {R+-};
FOLLOW'(E) = {F,*/};
FOLLOW"y(S) = {).A};
FOLLOW"(R) = {),A};
FOLLOW"y(T) = {R,+,—)A};
FOLLOW"i(F) = {R,+—).\};

FOLLOW"(E) = {F,R/*/,+—,) A}

FOLLOWS2(S) = {),A};
FOLLOW(R) = {)..};
FOLLOW(T) = {R,+,—,).A};
FOLLOW,(F) = {R,+,—,),A};
FOLLOWS,(E) = {F.R,*/,+—).A};
i = 2, Bo3Bpalaemes K mary 3.
FOLLOW(S) = {).A};
FOLLOW%(R) = {),A};
FOLLOW'y(T) = {R,+,—,)A};
FOLLOW'>(F) = {R,+—).\};
FOLLOWY(E) = {F,R,*,/,+,—,),A};
FOLLOW",(S) = {).1};
FOLLOW"(R) = {)A};
FOLLOW"A(T) ={R,+,—),\};
FOLLOW"(F) = {R,+,—)A};

FOLLOW"2(E) = {F,R,*,/,+,—).A};

54
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Lllaz5. FOLLOWSs(S) ={)\};
FOLLOW;(R) = {).A};
FOLLOWS;3(T) ={R,+—,).A};
FOLLOWS;(F) = {R,+,—,).A};
FOLLOWSs(E) = {F.R,*/,+,—),\};

Llaz 6. |=2, mepexoanM K mary 7.

Hlaz7. FOLLOW(S) = {),A};
FOLLOW(R) = {),A};
FOLLOW(T) = {+—).A};
FOLLOW(F) = {+-).A};
FOLLOW(E) = {*/,+,-).A};
IlocTpoeHue 3aKOHYEHO.

B pesynprare BBIMOMHEHHMS IOCTPOCHHH MOMKHO YBHAETh, UYTO HEOOXOAHMMOE U
JocraroyHoe ycnoBue mnpuHamiexunoctn KC-rpammartuku k knaccy LL(1)-rpammaruk
BBITTOJIHACTCS.

Moctpoennrie muoxkectBa FIRST m FOLLOW MoXHO MpencTaBUTh B BHAE TaOIUIIEI.
Pe3ynbTaT BBIMOIHEHHBIX IOCTPOCHUI oTpaxaeT tabum. 4.1.

Ta6bnuua 4.1 Muoxectsa FIRST u FOLLOW s rpammaruku G'

CumBon AeVN FIRST(1,A) FOLLOW(1,A)
S (ab YA
R +— YA
T (ab +-)A
F */ +-)A
E (ab *[+-)A

Paccmorpum paboty pacmo3HaBarenst. Xop pasbopa Oyaem oTpakaTh MO mIaram padoThI
anroput™Ma B Buae KoHQurypammu MII-aBTromMaTa, K KOTOpOW J00aBICHA I[EMOYKa,
cojepkalasi MOCJIeI0BaTeIbHOCTh TNPUMEHEHHBIX MpaBuil rpammarukd. CocTosiHue
aBTOMaTa ¢, YyKa3aHHOE B €ro KOH(MUTYpalUuy, MOXXHO OIYCTHTh, TaK KakK OHO
€IUHCTBEHHOE: (O, Z,Y), Iae

0L — HEIPOYUTAHHAS YACTh BXOIHOH [IETIOYKU CHMBOJIOB;
7 — COJepIKUMOE CTeKa (BepXyIlKa CTeKa HAaXOAUTCS CJIEBa);

Y — TOCIE€A0BATCIIBHOCTE HOMEPOB IMPUMEHCHHBIX IIpaBUII (HOCJ’IG}IOB&TCJ’[BHOCTB
JOMOJIHACTCA CJIEBA, TAK KaK aBTOMAT NMOPOKAACT HCBOCTOpOHHI/Iﬁ BI)IBO,H).



56

[IpumeM, 49TO mpaBUiIa B rpaMMaTHKE HOMEPYIOTCS B TIOPSAKE CIEBa HAIPaBO U CBEPXY
BHI3. Ha OCHOBE HOMEpPOB MPHMEHEHHBIX IPAaBHUJI IPH YCIICIIHOM 3aBEpLICHUH pa3zbopa
MOXXHO IOCTPOUTH IIETIOYKY BBIBOJA U IEPEBO BBHIBOAA.

B xadectBe npumepa BO3bMEM JIBE NIPaBUIIbHBIX LIETIOUYKU CUMBOJIOB a+a*b u (a+a) *b u
ZIBE OIIMOOYHBIX LIEMOYKH CUMBOJIOB a+a* u (+a) *b.

Pazbop neroukn a+a*b.

1. (a+a*b,S,A)

2. (a+a*b,TR, 1), Tak Kak acFIRST (1, TR)

3. (a+a*b,EFR,1,5),Tak Kak a€FIRST (1, EF)

4, (at+a*b,aFR,1,5,10), Tak kKak acFIRST (1, a)

5 (+a*b, FR, 1,5,10)

6. (+a*b,R,1,5,10,6), Tak Kak +€ FOLLOW (1, F)

7. (+a*b,+TR,1,5,10,6,3),TakkKak +cFIRST (1, +TR)

8. (a*b,TR,1,5,10,6,3)

9. (a*b,EFR,1,5,10,6,3,5), Tak Kak acFIRST (1,EF)

10. (a*b, aFR,1,5,10,6,3,5,10), tak kak acFIRST (1, a)

11. (*b,FR,1,5,10,6,3,5,10)

12. (*b, *EFR,1,5,10,6,3,5,10,7), Tak kKak *€FIRST (1, *EF)
13. (b,EFR,1,5,10,6,3,5,10,7)

14. (b, bFR,1,5,10,6,3,5,10,7,11), Tak Kak be FIRST (1, b)
15. (A, FR,1,5,10,6,3,5,10,7,11)

16. (A,R,1,5,10,6,3,5,10,7,11, 6), Tak Kak A€ FOLLOW (1, F)

17. (A,A,1,5,10,6,3,5,10,7,11,6,2), Tak kak A€FOLLOW(1,R), pa3bop
3akoHueH. llenoyka npuHUMaeTcs.

HOJ'Iy‘II/IJ'H/I LE€MNOYKY BBIBOJA!

S > TR = EFR =D aFR = aFR =D aR = a+TR = a+EFR = a+aFR
= ata*EFR = ata*bFR = at+a*bR = a+a*b

CooTBeTCTBYIOIIEE €1 AePEBO BBIBO/Ia IPUBEACHO Ha puc. 4.5.
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Puc. 4.5. [lepeBo BeiBoza B LL(1)-rpaMmarrke JUts IEOYKH «a+a*by»

Pazbop nermoukn (a+a) *b.

((at+ta) *b, S, )

((at+a) *b, TR, 1), Tak Kak (€FIRST (1, TR)

((a+a) *b,EFR,1,5), Tak kKak (€FIRST (1,EF)

((a+a) *b, (S)FR,1,5,9), ak kak (€eFIRST (1, (S))
(a+a) *b,S)FR,1,5,9)

(a+a) *b, TR)FR,1,5,9,1), Takkak a€FIRST (1, TR)
(a+a) *b,EFR)FR,1,5,9,1,5), Tak kak a€FIRST (1, EF)

(at+a) *b,aFR)FR,1,5,9,1,5,10), Tak kak a€FIRST (1, a)

© © N o g B~ w Db P

(+a) *b,FR)FR,1,5,9,1,5,10)

[ERN
o

. (+a)*b,R)FR,1,5,9,1,5,10, 6), Tak Kak +e FOLLOW (1, F)

[EEN
[EEN

. (+a) *b,+TR)FR,1,5,9,1,5,10,6,3), Tak Kak +€FIRST (1, +TR)

=
N

. (a) *b,TR)FR,1,5,9,1,5,10,6, 3)

[ERN
w

.(a)*b,EFR)FR,1,5,9,1,5,10,6,3,5), Tak Kak a€FIRST (1, EF)

[y
SN

. (a)*b,aFR)FR,1,5,9,1,5,10,6,3,5,10), Tak kak a€FIRST (1, a)

[ERN
(62

.(g,) *b,FR)FR,1,5,9,1,5,10,6,3,5,10)

=
(2]

.()*b,R)FR,1,5,9,1,5,10,6,3,5,10,6), Tak Kak ) e FOLLOW (1, F)

[EEY
~

.()*b,)FR,1,5,9,1,5,10,6,3,5,10,6,2), tak KaKk ) e FOLLOW (1, R)

[ERN
oo

.(*b,FR,1,5,9,1,5,10,6,3,5,10,6,2)
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19. (*b, *EFR, 1,5,9,1,5,10,6,3,5,10,6,2,7), Tak Kak *€FOLLOW (1, *EF)
20. (b,EFR,1,5,9,1,5,10,6,3,5,10,6,2,7)

21. (b, bFR,1,5,9,1,5,10,6,3,5,10,6,2,7,11),Tak kak be FIRST (1, b)
22. (A, FR,1,5,9,1,5,10,6,3,5,10,6,2,7,11)

23. (A,R,1,5,9,1,5,10,6,3,5,10,6,2,7,11,6), Tak kKak A€ FOLLOW (1, F)

24. (A,\,1,5,9,1,5,10,6,3,5,10,6,2,7,11,6,2), TaK KakK
AEFOLLOW (1, R), pa3bop 3akoHueH. Llenouka mpuH1UMaeTcsi.

HOJ’Iy‘II/IHI/I LEMOYKY BBIBOJA:

S = TR = EFR = (S)FR = (TR)FR = (EFR)FR = (aFR)FR =
(aR)FR = (a+TR)FR = (a+EFR)FR = (a+aFR)FR = (a+aR)FR =
(a+a) FR = (a+ta)*EFR = (a+a)*bFR = (at+a)*bR = (a+a)*b

CooTBeTcTBYyIOIICE €1 AEPEBO BBIBOJIA TPHUBEICHO Ha pHc. 4.6.

AN

<

Puc. 4.6. lepeBo BeiBoga B LL(1)-rpammatuke Ut ETOYKH «(a+a)*b»



59

Pazbop nemouku a+a* .

(a+a*,S,\)

(ata*, TR, 1), Tak Kak a€ FIRST (1, TR)
(a+a*,EFR,1,5), Tak Kak a€FIRST (1, EF)
(ata*,aFR,1,5,10), Tak Kak a€FIRST (1, a)
(+a*,FR,1,5,10)

(+a*,R,1,5,10,6), Tak Kak +€FOLLOW (1, F)
(+a*,+TR,1,5,10,6,3),Tak KaK +€FIRST (1, +TR)

(a*,TR,1,5,10,6,3)

© ® N o g ~ w Db P

(a*,EFR,1,5,10,6,3,5), Tak kak a€FIRST (1, EF)

[ERN
o

. (a*,aFRr,1,5,10,6,3,5,10), Tak Kak a€eFIRST (1, a)

[N
[EEN

.(*FR,1,5,10,6,3,5,10)

[EEN
N

.(*,*EFR,1,5,10,6,3,5,10,7),Tak KakKk *€FIRST (1, *EF)
13. (A, EFR,1,5,10,6,3,5,10,7)

14. Oumbxa, Tak Kak A€FOLLOW (1,E), HO Her npaBwia Buga E — A. Ilemouka He
TIPUHUMACTCSI.

Pazbop nemoukn (+a) *b.
((+a) *b, S, N)
((+a)*b, TR, 1), Tak kak (€FIRST (1, TR)

((+a) *b,EFR,1,5), Tak KaKk (€FIRST (1, EF)

1.
2
3
4. ((+a)*b, (S)FR,1,5,9),Takkak (€FIRST (1, (S))
5. (+a)*b,S)FR,1,5,9)

6

OumbKa, Tak Kak HeT TMpaBWiI IS S BUIa S —> O TaKHUX, YTOOBl +€FIRST (1, ) u
+¢FOLLOW (1, S) . Llenouka He IPUHUMAETCS.

W3 paccMOTpeHHBIX IPUMEPOB BUIHO, YTO aJTOPUTMY pa3zdopa Ienovek, IOCTPOCHHOMY Ha
ocHoBe pacnosHaBarens st LL(1)-rpammaruk, TpeOyeTcs ropasio MEHbIIE IIAroB Ha
HNPUHATHE PEUICHUS O MPUHAAJEKHOCTH LEHNOYKHU SI3BIKY, YEM PACCMOTPEHHOMY BBIIIE
anropuTMy pasbopa ¢ Bo3Bparamu. Hajgo OTMETHTH, YTO 00a airopuTMa paclo3HaroT
LETTOYKH OJTHOTO M TOTO JK€ sI3bIKa. J[aHHBIM alrOpUTM UMeEeT OONBIIYIO 3((PEKTUBHOCTD,
MOCKOJIBKY TIPH POCTE JUTMHBI IETIOYKH KOJMYECTBO INAroB €ro pacTeT JHWHEHHO, a He
sKCHOHeHnHanbHo. KpoMme Toro, ommbka o0Hapy>KUBAeTCs ATUM alTOPUTMOM Cpasy, B TO
BpeMs Kak pa30op ¢ Bo3BpaTaMu OyJeT IMPOCMATPHUBATH JJISI HEBEPHOI BXOIHOMN IETIOYKH
BO3MOJKHBIE BAPHAHTHI IO KOHIIA, ITOKa He TepedepeT ux Bee.
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O4eBHIHO, YTO TOT ANTOPUTM sBIeTCA Oonee I3 (EKTUBHBIM, HO KECTKHE OTPAHUICHUS
Ha mpasuia 1t LL(1)-rpaMMaTik CyKaroT BO3SMOKHOCTH €T0 TIPUMEHEHHS.

Bocxoasawme cMHTaKcu4yeckue pacno3HaBaTenu Oe3 BO3BpaToB

Bocxopsimue pacro3HaBaTeNn BBINOIHSIOT TOCTPOCGHHE JEpeBa BBIBOJA CHH3Y BBEpX.
PesynpraToM X paboThHI SBISIETCS MPAaBOCTOPOHHUIT BbIBOA. DYHKIIMOHHPOBAHUE TaKUX
pacro3HaBaTesieil OCHOBAaHO Ha MOAM(MHUKANMAX aJITOPUTMa «CABUT-CBEPTKa» (WIH
«IIepeHOC-CBEPTKa»), KOTOPBII OBl paccMOTpeH BbIme. [Ipu MX cO3MaHMN TPUMEHSIOTCS
METOJIbl, KOTOpPBHIE MO3BOJISIOT OJHO3HAYHO BHIOPATh MEXKIY BBIIIOJIHEHHEM «CIBHIa»
(«mepeHocay») MM «CBEPTKW» Ha Ka)KIOM Ilare ajJropuTMa, a MpHU BBIIOJHEHHU CBEPTKH
OJTHO3HAYHO BHIOPATh MPABUIIO, 10 KOTOPOMY OYZIET MPOU3BOAUTHCS CBEPTKA.

LR(k)-rpammaTtukm

Unest cocrout B TOM, YTOOB MOAW(MHUIMPOBATH AITOPUTM «CIOBUT-CBEPTKA» TaKUM
00pa3oM, 4TOOBI Ha Ka)JIOM LIare ero paboThl MOKHO OBLIO OJHO3HAYHO AATh OTBET HA
CIIEYIOIINE BOTIPOCHL:

® YTO CJielyeT BBIOJIHAT: CABHT (MIEPEHOC) WU CBEPTKY;
® KaKylo IIETIOYKY CHMBOJIOB Ol BEIOPATh M3 CTEKa AJIS BBITOJIHEHUS CBEPTKH;

® Kakoe NPAaBUJIO BHIOPATH IS BHIMIOJIHEHHUSI CBEPTKH (B TOM Cilydae, €CJH CYIICCTBYET
HECKOJIbKO TpaBmi Buaa Aj—a, Ac—ad, ... An—>ay).

Torma Bocxonmsdmuii anropuTM pacmo3HaBaHus Iernouek KC-s3pika He TpeboBan Obl
BBINIOJTHEHUS BO3BpaToB. KOHEUHO, Kak yike ObUIO CKa3aHO, 3TO HEJb3s CHAENaTh B OOLIEM
ciyuae, 111 Bcex KC-sa3p1k0B. Ho cpemn Bcex KC-3bIKOB MOXKHO BBIACTUTH TaKHUE KIIACCHI
SI3BIKOB, JUISl KOTOPBIX MOI00HAs peaii3aisi paco3HAOIIET0 alrOPUTMa BO3MOXKHA.

B niepByto odepep MOXKHO HCTIOJIB30BATh TOT )K€ CaMBbIi MOJX0, KOTOPBII OBUT IIOJIOJKEH B
ocHoBy ompezaenenust LL(K)-rpammaruk. Torma Mbl momydum japyroit kiacc KC-
rpaMMatHK, KOTopblii HocuT Ha3BaHue LR(K)-rpamMmmarux.

KC-rpammarnka obnagaetr cBoiictBom LR(K), k>0, ecnu Ha KakoM Iare BBIBOIA VIS
OIHO3HAYHOTO PELICHUS] BOMPOCa O BBIIONHAEMOM [EHCTBUH B QlNTOPUTME «CIBHI-
CBEPTKa» («IIEPEHOC-CBEPTKa») IOCTATOYHO 3HATh COINEPKUMOE BEpXHEH YacTH CTeKa W
paccMoTpeTh mmepBble K CHMBOJIOB OT TEKYIIETO IMOJOKEHHS CUYUTHIBAOIICH TOJOBKH
aBTOMAra BO BXOJIHOM IIEMIOYKE CHMBOJIOB.

I'pammaruka HaseiBaercst LR(K)-epammamurxoi, ecin ona obmamaer csoiictBom LR(K) s
nekoroporo k>08.

8 Cymecrosanne LR(0)-rpammaTtuk yke He siBseTcs GeccMbicueii B ormuue ot LL(0)-
rpamMMaTuk. Pacmmpenssiii  MII-aBromar — aHanM3umpyeT  HECKOJIBKO  CHMBOJIOB,
HaxOISIIMXCs Ha BepxXylike creka. [loatomy maxe ecnu npu K = 0 aBromar u He Oyner
CMOTpETh Ha TEKYIIMH CHMBOJ BXOJHOW IETIOYKH, MOCTPOSHHBIH UM BBIBOZ BCE PAaBHO
OyneT 3aBUCETh OT COAEP’KUMOTO CTEKa, & 3HAYUT, U OT COAEP’KMMOTO BXOTHOH LIETTOYKH.
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Haspanue «LR(K)», kak u paccmorpennoe Bbime «LL(K)», HeceT ompemeieHHBIN CMBICIL.
IepBas nutepa «L» 0O03HauaeT MOPSOOK YTCHUS BXOMHOM LIEIIOYKH CHMBOJIOB: ClIeBa—
HanpaBo. Bropas nurepa «R» mpoucxoaut ot ciaoBa «right» n o3Hadaer, 4To B pe3yipTaTe
paboThI pacrio3HaBaTE s MOJTYYaeTCs MPaBOCTOPOHHHUN BbIBOA. Bmecto «K» B HasBaHHH
rpaMMaTHK{d CTOUT YHCIIO, KOTOPOE IOKA3bIBaeT, CKOJBKO CHMBOJIOB BXOJHOW IENOYKH
HAJ0 pacCMOTpPETh, YTOOBI NMPUHATH PEIICHHE O JCHCTBHM Ha KaXKAOM Iare ajJropuTMa
«casur-ceeptkay. CymiectByrot LR(0)-rpammariku, LR(1)-rpaMmaTiku u Apyrue Kiaacchl.

B cookynrocTH Bee LR(K)-rpammarnku st Beex K > 0 06pasyrot kimace LR-rpammaruk.

Ha puc. 4.7 cxeMaTHYHO TOKa3aHO YAaCTHYHOE AEpeBO BbiBoAa i Hekotopoit LR(K)-
rpaMMaTHKd. B HeM ® o0O3HadaeT yke pa300paHHYIO 4YacTh BXOJHOW IMEMOYKH O, Ha
OCHOBE KOTOpOH IOCTpOeHa JIeBasi 4acTh JiepeBa y. [IpaBast yacTh epeBa x — 3TO elle He
pa3oOpaHHast 9acTh, a A — 3TO HETCPMHUHAIBHBIA CHMBOJ, K KOTOPOMY Ha OYEpEeIHOM
mare OyJneT CBepHyTa IeloYKa CHUMBOJIOB z, Haxojslmasics Ha Bepxyluke crexka MII-
aBTOMaTa. B 3Ty [emoYky yke BXOOUT IpOYHMTaHHAs, HO €mle He pa3oOpaHHas 4acTb
BXOJIHOM 1ertouky L. [IpaBast yacTe nepeBa x OyAeT MOCTpOeHa Ha OCHOBE YacTH BXOJHOM
nernoukd t. CsoiictBo LR(K) mpemmonaraer, 4to OIHO3HAUYHBIMH BBIOOp JEHCTBHS,
BBITIOJTHAEMOTO Ha Kak[OM IIare alrOpuTMa «CIBHT-CBEPTKa», MOXET OBITh CHIENaH Ha
OCHOBE IICTIOYKH L W k TIEPBBIX CHMBOJIOB IICTIOYKU T, SBIIIOMIMXCS YACTHIO BXOJHOM
LEMOYKH O.. DTUM OYEepEIHBIM JEHCTBHEM MOXET OBITh CBEPTKA LIENOYKH Z K CHMBOJIY A
W TIEPEHOC TIEPBOT0 CHMBOJIA U3 IIETIOYKU T U JOOABIICHHE €T0 K LETOYKE Z.
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Puc. 4.7. Cxema noctpoenus aepesa BbiBoja st LR(K)-rpammaruku

PaccmoTpeB cxemy moctpoeHusi nepeBa BoiBoga it LR(K)-rpammarrku Ha puc. 4.7 u
CPaBHHUB €¢ C TpUBEICHHOM Bbiie Ha puc. 4.4 cxemoit misn LL(K)-rpammarrkn, MoxHO
MPENIoJIOKNUTh, 4TO Kiacc LR-rpammarumk siBisieTcst Oonee mmpokuMm, dyem kmacc LL-
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rpamMarik. OCHOBaHHEM [UISI TAKOTO IIPEAOJIOKCHHS CITYXKUT TOT (HaKT, 9TO Ha KaKIOM
mare pa6otel pacrosHaBaresst LR(K)-rpammaruku o6pabaTbiBacTcst GobIie HHPOPMAITHH,
4eM Ha mare pabotst pacnosnaBatenst LL(K)-rpammaruku. J{eifiCTBUTEIBHO, IS IPHHSITHS
pellieHns] Ha KaKIOM Imare anroputMa pacrosuaBanus LL(K)-rpaMMaTuke HCTIONb3yrOTCS
IEPBBIC kK CHMBOJIOB M3 LEMOYKH LT, a Ul MPUHSTHS PELICHUS HA IIare paclo3HaBaHHS
LR(K)-rpaMmaTiky — BCsI IEMOYKa L W €IIe IIEPBBIC k CHMBOJOB W3 IEIMOYKH T.
OuYeBHIHO, YTO BO BTOPOM CIIy4ae MOXKHO [POAHAIM3UPOBATH OONBLIKN 00BEM
uHopManuK ¥, TakuM 00pa3oM, MOCTPOHUTH BBIBOJ s Ooyiee mmpokoro kiacca KC-
S3BIKOB.

[IpuBencHHOE BBINIC JOBOJBLHO HECTPOTOE YTBEPIKICHHE HMEET CTPOro 0OOCHOBAHHOE
JIoKa3zaTenbcTBO. Jlokazano, uto kimacc LR-rpammatuk siBisieTcst Oojiee IMIHUPOKUM, YEM
kiacc LL-rpammaruk [4 1.1, 5]. To ects, mis kaxaoro KC-s3bika, 3amanHoro LL-
rpaMMaTHKOM, MOXeT ObITh mocTpoeHa LR-rpammaruka, 3amaromias TOT JKe fA3bIK, HO HE
Ha060poT®.

st LR(K)-rpaMMaTrK H3BECTHBI CIICAYOIIIE TTOJIE3HbIC CBOMCTRA:
e Bcskas LR(K)-rpammaruka st mo6oro k>0 siBisieTest 0 JHO3HAYHOIA;

® CYIIECTBYET alrOPHUTM, IIO3BOJISIONINI IIPOBEPUTh, SBILICTCS JIU 3aJaHHasi TPaMMaTHKa
LR(k)-rpammaTtukoii asst CTPOro omnpeesieHHoro yucia K.

Ectb, onHako, HepaspemumMsie npobieMst aas LR(K)-rpammaruk. 1o obmiywe mpobieMsl,
XapakTepHbIe i Beex kinaccoB KC-rpammaruk:

® He CYyNIECTBYET ajrOpUTMa, KOTOPBIA OBl MOT TPOBEPUTSH, SIBIsiETCS Ji 3aganHas KC-
rpammatuka LR(K)-rpaMmarnkoii 1j1st HEKOTOPOTO MPOU3BOJIBHOTO uncia K;

® He CyIIECTBYET alropuTMa, KOTOPBIA OBl MOT mpeobpa3oBaTh (WM JOKa3aTh, YTO
npeobpa3zoBaHne HEBO3MOXHO) mpou3BonbHyl0 KC-rpammartuky k Bumy LR(K)-
rpaMMAaTHKU ISl HeKOTOporo K.

dopmanshoe onpenenenne LR(K) cBoiictsa anst KC-rpamMmmatik MoxHO Haiiti B [4 1.1, 5].
OHO OCHOBaHO Ha MOHATHH nonoanenHou KC-epammamuku. I'pammaruka G' sBisercs
MOTTOTHEHHOW TPaMMATHKOW, TIOCTPOCHHOW Ha OCHOBAaHHW HWCXOJHOM TpaMMaTHKA
G(VT,VN,P,S), ecitut BBITIOJIHSAIOTCS CIEAYIOINAE YCIOBUSI:

® rpammaruka G' coBmanaer ¢ rpamMaTukoil G, ecnu 1eneBoil CUMBOJI S He BeTpedaeTcst
HHT/IE B IPaBBIX YACTSIX MMpaBui rpammatuku G;

e rpammaruka G' crpoutcs kak rpammaruka G'(VT,VNU{S}PU{S'->S}S"), ecmu
[[EJIEBOW CHMBOJ S BCTPEYAETCS B IPABOW YacTH XOTS Obl OMHOTO MpaBHia M3
MHO)ecTBa P B HcxomHO# Tpammatuke G.

QaxTtryecku nonogHeHHas KC-rpaMMaTika cTpOUTCS TaKUM 00pa3oM, 4TOOBI ee IeNIeBOH
CHMBOJ HE BCTpPEYaJICs B MIPABON YacTH HU OJHOTO MpaBwia. ECiu HYXHO, TO B UCXOJHYIO

® T'oops 0 cooTHomeHNH KinaccoB LL-rpammaruk u LR-rpaMMaryk, MBI He 3aTparuBaeM
Borpoc o 3HauyeHusix K jst atux rpammaruk. Ecmu s Hekotopoit LL(K)-rpammaruku
BCerJa CyIIECTBYET 3KBUBalleHTHas il LR-rpamMmaTrka, TO 3TO BOBCE HE 3HAYUT, YTO OHA
oyner LR(k)-rpammaTukoii ¢ Tem sxe 3nauenuem K. Ho cymectBytor LR-rpammaruxu, s
KOTOPBIX HET 3KBUBAIECHTHBIX UM LL-rpaMmmartuk Juist Bcex BO3MOXHBIX 3HaueHuit K > 0.
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rpammatuky G nmobaBnsieTcss HOBBIM IiesieBOH CHUMBOJI S' M HOBOe mpaBwio S'—S.
OueBHIHO, YTO MOMOJIHEHHAs rpaMmaTika G' DKBHBaJIEHTHA HCXOIHOM rpammaTrke G.

[oHsATHE «IOIONHEHHAs IrpaMMaTHKa» BBEICHO, YTOOBI B Ipolecce paboThl alropurMma
«CIIBUT-CBEpPTKa)» BBHIIIOJHEHUE CBEPTKH K LEJIEBOMY CHUMBOIY S' CIYXKHJIO CHTHAJIOM K
3aBEPIICHUIO aNTrOpuTMa (TIOCKOJIBKY B TMOIIONHEHHOM I'paMMAaTHKe CHMBOJ S' B MPaBBIX
YacTAX MpaBWI He BcTpedaercs). IIOCKONBKY IOCTPOEHHE IIONOJIHEHHBIX TIPaMMATHK
BBITIOJIHSACTCS JIEMEHTAapHO W HE HaKJIaJbIBACT HUKAKUX OrpaHHYeHUIl Ha ucxonuyro KC-
rpaMMaTtHKy, TO Jajplie OyaeM cuuTaTh, uTo Bee pacmo3naBarenu ais LR(K)-rpammatik
pa60TaIOT C MOTIOJIHEHHBIMHY I'PaMMaTUKaMH.

PacnoznaBarens s LR(K)-rpaMmatik  QyHKIMOHHPYET Ha OCHOBE YIPaBISIOMICH
tabnuupl T. Ora Tabiauuma COCTOMT M3 JABYX 4YacTeid, HasblBaeMbIX «JledcTBusY u
«IIepexompi». [1o cTpokam TabNHUIBI paclpenesiCHbl BCe [EMOYKHA CHMBOJIOB Ha BEPXYILKE
CTeKa, KOTOpbIe MOTYT NPHHUMATHCS BO BHUMaHHE B TpoIlecce pabOThl pacmo3HABATEIS.
Io cronbiam B yactu «/lelCTBUS» pacnpeeeHbl BCe YaCTH BXOJHOM LICIIOYKH CHMBOJIOB
IUTMHOH He Oonee K (aBaHIENOYKHN), KOTOPBIE MOTYT CIICI0BATh 32 CUUTHIBAIOLICH FOJIOBKOH
aBTOMara B IpoLecce BBIIONHEHHs pa3dopa; a B yactu «Ilepexonsn» — Bce TepMUHAIBHBIC
U HETepMUHAJBHBIE CHMBOJIBI FPAMMATHKH, KOTOPBIC MOTYT MOSBISTBCS Ha BEPXYLIKE
CTeKa aBTOMara IPH BHINIOIHEHUH ACHCTBHI (CIBUTOB HIIH CBEPTOK).

Krnetku ynpasmsromeit Tadbmumbsl T B yactu «JledcTBUA» coaepikaT CIeAyIoIne TaHHbIe:

® «cosue» — eCIM B JAHHOW CHUTyaluu TpeOyeTcs BBIMOJHEHME CaBHra (MepeHoca
TEKYIIEr0 CUMBOJIA M3 BXOHOM IIETTOYKHU B CTEK);

® «ycnex» — eClId BO3MOJXKHA CBEPTKA K IEJIEBOMY CHMBOJY T'PaMMaTHKH S, U pa30dop
BXO/JIHOW LIETIOYKHU 3aBEPIIIECH;

® [IeTI0€ YHUCIO («C8epmKa») — €CIM BO3MOXHO BBITIOJHEHHE CBEPTKU (IIEJI0€ YHUCIO
0003HaUaeT HOMEp MpaBHia TPAMMATHKH, 0[O KOTOPOMY JOJDKHA BBIMOJIHSITHCS
CBEpPTKa);

® «ouwubxa» — BO BCEX APYTHUX CUTyalusX.

JleficTBus1, BBIMOJIHSIEMBIE PACIO3HABATENIEM, MOXKHO BBIUHCIATH BCSIKHHM pa3 Ha OCHOBE
COCTOSIHMS CT€KA M TEKyIel aBaHIeno4kyu. OQHAKO 3TOr0 BEYHUCIECHHUS MOXKHO M30eKarTh,
€CITH TI0CTIE BBITIOJTHEHUS ISHCTBHS Cpasy JKe ONpPEAeNsTh, Kakas CTpoka Tabmuips! T Oyner
HCIIOJIb30BaHa IS BEIOOpA CleqyromIero aeictus. Toraa 3Ty CTpOKY MOKHO TOMECTHTD B
CTeK BMECTE€ C OYepeAHbIM CHMBOJIOM M BEIOpaTh W3 CTEKa B MOMEHT, KOIJa OHa
noHagoburcs. Takum oOpa3oM, aBTomMaT OyAeT XpaHUTh B CTEKE HE TOJBKO CHMBOJIBI
andaBuTa, HO ¥ CBSI3aHHBIE C HUMHU CTPOKH yIIPaBISIONMIeH Tabmumbr T.

Krnetku ynpasistromeit Tabmuip! T B gacT «llepexonsny Kak pa3 U CITyKaT I BEISICHEHUS
HOMeEpa CTPOKH TaOJHUIIBI, KOTOpas OyIeT UCTIONb30BaHa IS ONPEAEICHUS BBITIOIHIEMOTO
JIeHCTBUS HAa OUEPEIHOM 1Iare. DTU KIETKU COAEPKaT CIEAYIOIIUE JaHHbIE:

® yenoe 4ucio — HOMEp CTPOKH Tabuuipl T
®  «ouwubKka» — BO BCEX IPYTHX CUTyalLUsX.

Hdnst ynobcrBa pabothl pacno3HaBarenb LR(K)-rpaMmartuku Wcmone3yeT Takke [Ba
cHenuanbHeIX cuMmBona L, u .. Cunraercss, 4yTO BXOJHas LENOYKa CUMBOJOB BCETAa
HAuYMHAETCsl CUMBOJIOM L, U 3aBepiIaercss CUMBOJIOM .. Torga B Ha4anbHOM COCTOSHUM
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paboOTHl pacIio3HaBaTenss CHMBON L. HaxXOAWTCS Ha BEPXYIIKE CTEKa, a CUMTHIBAIOLIAS
rOJIOBKa 0003peBaeT MEPBBIA CUMBOJI BXOJHOM IETOYKH. B KOHEYHOM COCTOSTHMU B CTEKE
JOJDKHBI HAaXOAWTCS CHMBOJBI S (LeseBOM cHUMBOJI) M L., a CUMTHIBAIOIIAs TOJIOBKA
aBTOMArTa JIOJDKHA 0003peBaTh CUMBOM L.

Aunroput™  $yHKIHMOHHpOBaHus pacrno3HaBatens LR(K)-rpaMmmatikn MOKHO ommcaTh
CIIEIYIOIIIM 00pa3oM:

Llae 1. TlomecTHTh B CTEK CHMBOJN L, M Ha4adbHYIO (HYJIEBYIO) CTPOKY YIIPaBISIOMICH
Tabnuupl T. B KOHen BXOIHOM LIENOYKH TOMeCTHTh cuMBoal L. [Tepeiitn k mary 2.

Llae 2. TIpounTaTh ¢ BEPIIUHBI CTEKA CTPOKY YIpaBIAoniei Tadbmunbl T. BeiOpaTs U3 3T0M
CTPOKH YacTh «JEHCTBHE)» B COOTBETCTBUH C aBAHIETIOUKOH, 0003peBacMOl CUNTHIBAIOIIEH
roJIoBKO# aBToMmata. [lepeiitu k mary 3.

Llae 3. B cOOTBETCTBUM C TUIIOM JICHCTBUS BBINIOJIHUTH BHIOOP U3 YETHIPEX BAPHAHTOB!

® («cOguey — €CIIM BXOJHAs LIETMOYKa He MPOYHUTaHA N0 KOHIIA, IPOYUTATh U 3aIlIOMHUTD
KaK «HOBBIA CHMBOJ» OYEPEJHOW CHMBOJ K3 BXOJHOM LEMNOYKU, CIABUHYTH
CUUTHIBAIOLYIO TOJIOBKY Ha OJHY IIO3ULMIO BIIPABO, MHA4YE IIPEPBATH BLIIOJHEHUE
ITOPUTMA M COOOLIUTH 00 OoUIHOKeE;

® [ICJIOC YUCIIO («ceepmka») — BLI6paTL MNpaBHUJIO B COOTBCTCTBUU C HOMCPOM, YAAIUTH
M3 CTCKa LCNOYKY CHUMBOJIOB, COCTABJIAIOIIYHO MNPaBYHO YacCTb BLI6paHHOFO IpaBuia,
B34Th CUMBOJI M3 JICBOM YacTH IpaBujia U 3alIOMHUTL €TI0 KakK «HOBBIU CHUMBOJI»,

® «owudbkay — MpepBaTh BBIIIOJHCHUC aJITOPUTMA, COO6H.[I/ITB 00 OH.II/I6K€;

® («ycnex» — BBHINOJHUTh CBEPTKY K ILIEJIEBOMY CHUMBOJY S, NpepBaTh BBINOJIHCHUE
aNropuT™Ma, CooOmMTH 00 ycCHemrHoM pa3bope BXOJHOH IEMOYKH CHMBOJIOB, €CIIH
BXOJHAs IIETI0YKa MIPOYHTAHA A0 KOHIIA, HHaYe COOOIUTH 00 omnoKe.

Komner BeiOopa. Ilepeiitu k miary 4.

Ilaz 4. TIpounTath ¢ BEpIUIMHBI CTEKa CTPOKY yIpaBiisitoniei Tabuuipl T. BeiOpaTs u3 aroii
CTPOKH 4YacTh «II€PEeXO» B COOTBETCTBHH C CHMBOJIOM, KOTOPBIA OBUI 3allOMHEH Kak
«HOBBII CUMBOJI» Ha npeAslyeM wmare. [lepeiitu k mary 5.

Hlaz 5. Ecmm 49acth «Immepexom» COAEPKUT BapHaHT «OIIMOKa», TOTAa NpepBaTh
BBITIOJTHEHHUE aJrOPUTMa M COOOImMNTh 00 ommbke, HHAYE (ECIM TaM COAEPIKHUTCS HOMEp
CTPOKH YIIPaBIISIONIEH TaOMuubl T) MOJ0XKUTH B CTEK «HOBBIH CHMBOJD) U CTPOKY TaOJIHIIBI
T c BeIOpaHHBIM HOMEpOM. BepHyThes K mary 2.

Jist paboThI anropuT™Ma KpoMe YIpaBiIsfoleid TabuIbl T HCIONIB3yeTCsl TaKKe BpeMeHHast
nepeMeHHasi  («HOBBIH  CHMBOJ»), XpaHsmias 3HauyeHWE TEPMHHAIBHOTO  WIH
HETEPMHHAIBHOTO CHMBOJNA. B mporpaMMHONW peanu3alii airopuTMa BOBCE HE
00s3aTeNbHO TMOMEIIAaTh B CTEK CaMH CTPOKH YIPABIIOMIEH TaOJIUIBI — TOCKOIBKY
Ta0nuIa HEM3MEHHA, JOCTATOYHO 3a[IOMHHATH COOTBETCTBYIOIIUE CCHUIKU.

ZIOKaSaHO, qTO }IaHHBIﬁ AITOPUTM HUMECT HHHeﬁHy}O 3aBUCHUMOCTH HCO6XOI[I/IMBIX I €ro
BBITIOJTHEHUSA BBIYHUCIUTEIBHBIX PECYPCOB OT JIMHBI BXO)IHOﬁ OCIIOYKHU CHUMBOIJIOB.
CrenoBatensHo, pacrniosnaBarenb it LR(K)-rpammartukn — siBisieTcss  THHEHHBIM
pacro3HaBaTeseM.
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Ha nipakruke ncnonesytores LR(0)-rpammaruku u LR(1)-rpammarnku. LR(K)-rpammaruku
€0 3Ha4eHusIMU K>1 NMpakTUYECKH He IPUMEHSIOTCS. DTO BBI3BAHO JBYMS PHYUHAMU:

1. moctpoenne pacmosuaBareneir s LR(K)-rpammatuk  mpu  k>1  cBszamo co
3HAYUTEIBHBIMH CIIOKHOCTSIMH, a YIpaBJLIomas Tabinna T mMeeT 0oJbInoi 00heM;

2. IOKa3aHo, YTO I JI000ro meTepMuHHpoBaHHOTO KC-s3bIka MOXKET OBITH IMOCTpOEHa
LR(1)-rpamMmaruka, 3amaromias 5TOT SI3bIK, MOITOMY HE UMEET CMBICIA HCIIOIb30BAThH
LR(K)-rpammaruku co 3HayeHusmu K > 1.

BHUMAHUE

Knacc AsbikoB, 3agaHHbiXx LR(1)-rpamMmaTvkamu, MOMHOCTLIO CoBMajaeT C
KnaccoMm AeTepMUHMPOBaHHbIX KC-A3bIKOB.

To ectb, mobas LR(1)-rpammaruka 3amaer JKC-s3bIKk (3T0 OYEBHAHO CIEAyeT U3
onHo3HayHOCTH Bcex LR-rpammaruk), u mus mrodoro JIKC-s3pika MOXHO MOCTPOUTH
LR(1)-rpamMmaruky, 3aar0myio 3TOT A36IK. BTOpoe yTBepKaeHue yxe He CTOIb OYESBUIHO,
HO JIOKa3aHO B TeOpHU (OpMaIIbHBIX sI3bIKOB [4 T.1, 5].

NMPUMEYAHUE

Knacc LR(1)-rpammatnk mor 6bl ObiTb YyHMBEpcanbHbIM A NOCTPOEHUS
CMHTaKCUYeCKUX pacnosHaBaTenein, ecnum 6Obl Oblna paspewunma npobrnema
npeobpasoBanuns ans KC-rpammatuk.

CHHTaKCHYeCKHE KOHCTPYKIIMH BCEX SI3BIKOB MPOTPaMMHPOBAHHUS OTHOCSTCS K Kiaccy
JKC-s3pik0B. Ho JIKC-s13bIK MOXeET OBITh 3a/laH IPAaMMAaTHKOM, KOTOpas HE OTHOCHUTCS K
kiaccy LR(1)-rpammaruk. B Takom ciiydae COBCEM HE OYEBHIHO, YTO JJISL ATOTO SA3BIKA
yIacTcsi MOCTPOUTH pacro3HaBaresb Ha ocHoBe LR(1)-rpammaruku, motomMy uTo, B 06Iem
cily4ae, HEeT ajiropuTMa, KOTOPBI OBl TO3BOJMI 3Ty TPaMMaTHKy IMOJYyYHUTh, XOTS W
W3BECTHO, YTO OHAa CymIeCTByeT. To, Wro mpobiemMa He paspemmMa B OOIIeM ciydae,
COBCEM HE O3HAYaeT, YTO € He YyIacTCsi peIIuTh B KOHKpPEeTHOW curyanuu. dakr
cymecrBoBanusi LR(1)-rpammaruku s kaxgoro JIKC-s3pika urpaer BaKHYIO POJIb —
BCETJ]a €CTh CMBICH MOIBITATHCS TIOCTPOUTH TAKYIO TPAMMATHKY .

CuHTakcu4yeckum pasbop ansa LR(0)-rpammartuk

MocTtpoeHune ynpasnawowen Tabnuubl ana LR(0)-rpammaTtnk

Ipocreiimmm  cayuaem  LR(K)-rpammaruk  sBmstrorest  LR(0)-rpammarwiku. Tlpu k=0
pacno3Haronuii  pacmmpenHslii  MII-aBTomaT coBceM HE NpPUHUMAaeT BO BHUMaHUE
TEKYIIUil CHMBOJ, 0003pEBacMbI CUMTHIBAIOIICH TOJOBKOH. PemreHne O BBIMOIHSIEMOM
JIECTBUY IIPUHHUMAETCS TOJBKO HA OCHOBAaHUHU COJAEPKUMOIO cTeka apromata. IIpu sTtom
HE JOJDKHO BO3HUKATh KOH(IMKTOB MEXIy BBIIOIHAEMBIM IEHCTBHEM (CIBUT WIH
CBEpPTKa), a TAK)KE MEXAY Pa3IMIHBIMH BapHaHTAMHU IIPY BBIITOTHEHUH CBEPTKHU.

Jdnst mocTpoenus ympasisiomend Tabmuusl T 3aganHod LR(0)-rpammaruku  BBemem
TIOHSTHE MTOCIIEA0BATEIILHOCTH CUTYaIHH.
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Cumyayus tpenctaBisier cobOoi MHokecTBO mpaBmi KC-rpaMMaTHKH, 3allICaHHBIX C
YYETOM IOJIOXKEHHS CUUTHIBAIOIIEH rogoBku MII-aBTomara, KOTOPOE MOXKET BO3HHKHYTH B
mpoIiecce BBITOTHEHHS pa3dopa CeHTEHIHAIbHOH (OpMBI 3TOH rpammaTuku. [lomoxxenne
CUMTHIBAIOLIEH TOJOBKM aBTOMara 00O3HayaeTcs B NpaBoil 4acTu mpaBwia A—a, rae
ae(VTUVN)" crienyanbHBIM CHMBOJIOM ®, KOTOPBIii MOKET CTOATh B IIPOM3BOJIEHOM MECTE
LEMOYKH o: o = yef} (mpuueM jro0as U3 IeNoYeK Y U 3 Wik 00€ 3TH LENOYKH MOTYT OBITh
MyCTBIMH). ODTOT CHMBOJI HE BXONUT B an(aBUT TrpaMMaTWKH (OH HE SBISETCA HH
TEpMHUHAJIBHBIM, HI HETCPMHHAIBHBIM CHMBOJIOM).

Ecin S — muenesoii cumBonm rpammatukun G, W mpaBmia S—>0u|ol|...|on BXOISIT BO
MHOKECTBO TIPaBHJI 3TOW T'PaMMATHKH, TO CHTYallHs, COJIEpKallas MHOXECTBO TIPaBHII
{S—eay; S—eay; ... S—>ean} HaspBacTCa HauarvHou cumyayuei. CMBICT HaYaIbHOU

CUTyalll OYCBUJCH: CUHUTBIBAIOIAA I'OJIOBKA PACTIO3HAOIICTO MII-aBTomara HaXOIUTCA B
Ha4ajic 02[H017I 13 BO3MOKHBIX CCHTCHIIMAJIbHBIX CI)OpM I'paMMATHUKH.

[TocnenoBaTenbHOCTh CUTyallUd CTPOUTCS TIO OMNPEJENICHHBIM MpaBuUjiaM, HadyWuHas OT
HayvanbHOM cuTyaruu. [IpaBuiia mocTpoeHus nociea0BaTeIbHOCTH CUTYalluH ClIeAYIOIINE:

® cCIM CHTyamus COAEPKHT mpaswio Buma A—yeBp, rme A,BeVN, v,Be(VNUVT)" u
npu 3ToM mpaBuia B—au|oy|...|om BXOAST BO MHOMECTBO MPAaBUJI MPAMMATHKH, TO
npaBuiIa Buga B—eo; B—oeay; ... B—>eom J0mKHBI OBITH JOOABICHEI B CUTYAIHIO;

® cCIM CHTyallus cOAepuT mpasmia Buga A—yeXpP, roe AcVN, 1,8e(VNUVT)", a X —
npou3BoibHEIN cuMBonl (XeVNUVT), To m3 Hee MoxeT OBITH TOCTpOCHAa HOBas
CUTyalys, coliepyKalasi mpaBuiia Buja A—>yXe, mpu 3TOM HOBasi CUTyalus JAOJKHA
NPOUCTEKATh U3 HCXOAHOM CHTYyallnl Ha OCHOBaHHHU CHMBOJIA X.

Cutyaiuy, TNPOUCTEKAIONINe APYr M3 JApyra Ha OCHOBAaHHM pAa3IMYHBIX CHMBOJIOB,
00pa3yroT MmocienoBaTeIbHOCTh CUTyanuid. [locnenoBaTenbHOCTh CUTYalluii MOXET OBITh
n300pakeHa B BUje rpada B3auMOCBS3M CUTYallWid, BEPIIMHBI KOTOPOTO COOTBETCTBYIOT
CUTyallMsM, a IYI'M — B3aHMOCBS3IM MEXIy CHTyauusMu. Jyru rpada B3auMoCBs3H
chyauHﬁ 6y£[yT MOMCYCHBI TEPMHUHAIIBHBIMU U HCTEPMUHAJIbHBIMU ~ CUMBOJIAMH
rpaMMAaTHKH, 110 KOTOPBIM CUTYaIlUH CBSI3aHBI MEXTy COOOM.

TToCKOIbKY KOAMYECTBO MPAaBHJI I'PAMMATHKH KOHEYHO, TO KOHEYHO M KOJHYECTBO HUX
KOMOMHALIMK ¢ cUMBOJIOM e. Clef0BaTebHO, KOHEYHO M MHOKECTBO BCEX BO3MOKHEIX
MOJMHOXECTB TaKMX KOMOHWHAIMH, TO €CTh W KOJHUYECTBO BO3MOXKHBIX CHUTYAIMH TaKKe
KOHEeyHO. [103TOMY MOCHEeNOBATENbHOCTh CUTYAIIM BCEr/Ia MOXET OBITh IMOCTPOCHA H
HUKOT/Ia He OyJeT OECKOHEYHOM.

0O003Ha4YUM BCE CHTYAIMU B MMOCJIEA0BATENLHOCTH cUTyanuii Ri, rae i — HoOMep cutyarun
or 0 mo N-1 (rme N — oOmiee KOIMYECTBO CHUTYaIlMii B IMOCJIEIOBAaTEIBHOCTH). Torma
HavalibHas CUTYyarus Oyaet o6o3Hadathest Ro.

TMocie mocTpoeHus MOCIe0BATENbHOCTH CUTYAlNil Ha € OCHOBE CTPOUTCS YIPaBJISIOLIas
tabmmna T. [TocTpoeHne TabauIbl TPOUCXOAUT CIASTYIONINM 00pa3oM:

® KOIMYEeCTBO CTPOK B Tabmmme T coorBercTByeT KonmdectByY N curyammit R B
MOCNIEAOBATEILHOCTH CUTYyallMid, MpUYEeM KaXJO0H cTpoke T; B Tabmume T
COOTBETCTBYET CUTYyalust Rj B [OC/Ie10BaTEIbHOCTH CUTYAIIHH;

® 1711 BCEX CI/ITyaHI/Iﬁ B IIOCJICJOBATCIIBHOCTH OT Ro 0 RN.l BBITIOJIHACTCA CIICAYIOIIEC:
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® cciu cutyanus Ri conepxut npasuino suga S—ye, ye(VNUVT)", rie S — uenesoii
CHUMBOJI TpaMMaTHKH, TO B rpade «/Jeticmsus» crpoku Ti Tabnunpl T NOKHO OBITH
3aIIMCAHO «yCnexy,

® cciu cutyanus Ri conepxut npasuino suga A—>ye, tie AcVN, ye (VNUVT)", A ne
SIBJISICTCSl LEJICBBIM CHMBOJIOM M TPaMMaTHKa COJCPXKHT MpaBwiIo BuUma A—y ¢
HOMEpOM M, To B rpade «/eticmsusy CTpOKH T TaOMUIBI T HOHKHO OBITH 3aIIMCaHO
quCIo M (ceepmia 1O TIPABUITy C HOMEPOM M);

® cciu curyauus R coxmepxur mpaBumia Buma A—yexP, rme AeVN, a x -
npousBonbHbli cumBost (Xe VNUVT), 1,Be(VNUVT)", to B rpade «Jeiicmsusn»
cTpokH T Tabmuiel T HOIMKHO OBITH 3alUCAHO «CO8U2Y;

® cciu curyanus R mpoucrekaer u3 curyaiun Ri 1 cBsi3aHa ¢ HEIO Yepe3 CUMBOJI X
(xeVNUVT), 1o B rpade «llepexodvly, COOTBETCTBYIONIEH CUMBOIY X, CTPOKH Ti
Ta0auIpl T TOKHO OBITH 3AIIMCAHO YHCIIO j;

® KIICTKH Ta6J'II/ILIBI, OCTaBIIMECCA MYCTBIMU IIOCJIC 3aIIOJIHCHUSA Ta6J'II/I]_II>I T Ha ocHOBaHUU
noCJICA0BAaTCIIBHOCTH CPITyaI.[PIﬁ, COOTBCTCTBYIOT COCTOAHUIO «omudKay.

Ecnu ynaercs HempoTHBOpPEYMBHIM 00pa3oM 3alojHUTH YIpaBifloulyto tabnuny T Ha
OCHOBAaHHMHU IMOCIICIOBATEIFHOCTH CHTYAIlHi, TO paccMaTpHBacMasi TPaMMATHKa SBJISCTCS
LR(0)-rpammarukoii. MHaue, Koria npH 3amoNHCHUH TaGOIUIBI BOSHUKAIOT TIPOTUBOPEYHS,
rpammarika He sBisercst LR(0)-rpammartukodl, W i Hee HENB3s IIOCTPOUTH
pacrnosuasarerns tana LR(0) [4 1.1, 5, 12, 59].

Mprmep nocTpoeHus pacnosHasaTens ans LR(0)-rpaMmaTtuku

Paccmotpum KC-rpammatuky G ({a,b}, {S}, {S—aSS|b}, S). llomomHeHHas
rpaMMaTHKa [l Hee OyneT uMmerts Bua: G' ({a,b}, {S,S'}, {S'->S,S—aSS|b},
S') . IlocTtpoum nocienoBaTeIbHOCTh CUTYalUid JAJIsl TPaMMaTUKU G ' .

Hawanpnas cutyamust Ro Oyzer comepxare mpaBmwio S'—> S, HO B Hee TAKXKE JOJDKHBI
OBITh BKJIFOUCHBI MpaBHia S—eaSS U S—>eb, MOCKOIBKY B TpaMMAaTHKE U CHMBOJNA S
ecTh npaBuna S—assS | b. [Tonydanm cutyanuio Ro={S "' —>eS, S—>eaSS, S—eb}.

W3 navaneHOi cutyanmu Ro 1o cuMBoITy S MOXHO MOJMY4HTh cuTyaruo Ri, cogepxanryro
npaBmwio S'—>Se. JIpyrux mpaBui B HEE HE MOXKET OBITH J0OABICHO, IO3TOMY IOJIydaeM
Ri={S'—>5e}.

W3 navansHOi cutyanmu Ro 1o cuMBOITy a MOXHO IOJYy4YHTh cuTyanuio Ra, coneprkairyro
MpaBWIIO S—>a eSS, HO B Hee TaKXKe JOJDKHBI ObITh BKITIOYESHBI TTpaBMiia S—>eaSS U S—eb,
MOCKOJIBKY B TIpaMMaTHKe A cuMBoila S ecTh mnpaBuina S—aSS|b. ITlomyuaem
Ry={S—>aeSS, S—»>eaSS, S—eb}.

W3 navaneHOi cutyanmu Ro 1o cumBoiry b MOXHO mosyduTh cutyanuio Rs, coneprkairyro
npaBmwio S—be. JIpyrux npaBuil B Hee HE MOXKET OBITh JOOABIEHO, OATOMY IOJIydaeM
Rs={S—be}.

W3 curyanum R, mo cuMBOIIy S MOKHO TOJNIYYUTh CHTyalnuio Ra, comepikamyro mpaBuiio
S—aSeS, HO B Hee TaKXKe JOJDKHBI OBITh BKIIIOUEHBI MpaBwiia S—>eaSS U S—reb,
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IIOCKOJIbBKY B TIpaMMaTHKE M CUMBojJa S ecTh npaBwia S—aSS|b. Ilomydaem
Rs={S—>aSeS, S—>eaSS, S—eb}.

W3 curyanum R4 mo cuMBoiry S MOKHO TOJIYYHTH CHTyanuio Rs, comepikamiyro mpaBHiio
S—aSSe. Jlpyrux mpaBWwI B Hee HE MOXET OBITh J00aBICHO, IMOITOMY MOIydYaeM
Rs={S—>aSSe}.

W3 curyamun R, o cuMBOITy a MOKHO TOJNYYHTh CHTyanuio Re, comepkamyro mpaBuiio
S—aeSS, HO B Hee TaKke JOJDKHBI OBITh BKJIIOUEHBI MpaBuia S—>eaSS U S—reb,
MIOCKOJIKY B TIpaMMaTHKE s CUMBoja S ecTh npaBwia S—aSS|b. Iloxydaem
Rs={S—>aeSS, S—eaSS, S—>eb}. MOXHO 3aMETUTh, YTO 3Ta CUTYal[Usl COBMAJAET C
cutyanuei Ro: Re=Ro.

U3 curyanum R; mo cuMBOJIY b MOXHO MONY4HTh cUTyaluio Rz, comepikaiiyro mpaBHIIo
S—be. Jlpyrux mpaBmiI B Hee HE MOXET OBITH [I00aBICHO, TOATOMY HOJXy4aeM
R7={S—be}. M0XHO 3aMETHUTb, YTO 3TA CUTyallUs COBNaaaeT ¢ curyanueit Rs: R7=Ra.

W3 curyannu Rs 1o cuMBONY & MOKHO TOJYYHTH CHUTYaIlMio Rs, comepkaiiyro mpaBHiIo
S—>aeSS, HO B Hee TaKKe INOJDKHBI OBITh BKJIFOYEHBI npasuja S—>eaSS U S—>eb,
MIOCKOJIbKY B TpaMMaTHKE s CcUMBoja S ecTh npaBwia S—aSS|b. Iloxydaem
Rg={S—>aeSS, S—eaSS, S—>eb}. MOXHO 3aMETUTh, YTO 3Ta CHUTYallUsl COBMAJAET C
curyanueii Ry Rg=Ro.

U3 curyanum R4 mo cuMBOITy b MOXHO TOJNYYUTh CHTyanuio Rg, comepikamiyro mpaBHIIO
S—be. Jlpyrux mpaBmiI B Hee HE MOXET OBITh [T00aBICHO, TOATOMY TOJXy4aeM
Ro={S—be}. M0XHO 3aMETHUTb, YTO 3Ta CUTyallUs COBMaaaeT ¢ curyanuein Rs: Ro=Ra.

Bcero nomyumnocs 6 pa3nmuusbix cutyanuii oT Ro mo Rs. I'pad B3ammocBszu curyanmit
MoKa3aH Ha puc. 4.8.

S — aSSe

Ro: S'— S S Ri: S'— Se
——
S — aSS
S—>eb X
R3Z S > be
a
b
b

Ry S—>aeSS S - R S—>aSeS |:S> Rs:

S — aSS S — aSS

S eb <a:| S eb

N\
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Puc. 4.8. TIpumep rpada B3anmocssi3u curyauuii st LR(0)-rpammaTtrku

Ha ocHoBe HaiiieHHO! MOCIETOBATEIEHOCTH CUTYAIIMI MOXKHO MOCTPOUTH YIPABIISIONIYIO
tabmuiy pacmosuaBatens it LR(0)-rpammaruku.  TTOCKONBKY TP  TTOCTPOCHHH
YIPaBISIOLICH TaOMMIBI HE BO3HHUKAET MPOTHBOPEYHU, TO PACCMOTPEHHAs IpaMMaTHKa
ssisiercst LR(0)-rpammarukoii. Yrpasistroniast TabinIia Juis Hee puBeIeHa B Ta0i. 4.2.

Ta6bnuua 4.2. Npumep ynpasnsatowen Tabnuubl ans LR(0)-rpammaTnkn

Ne Crek HDencTBus Mepexoabl
S A b
0 1u CIIBUT 1 2 3
1 S ycnex, |
2 a CIIBUT 4 2 3
3 b CBEpTKa, 3
4 EN CIIBUT 5 2 3
5 asSS CBEpTKa, 2

Komnonka «Cmex», mpucyTcTByoIas B Tabnuue, He HyXHa A pacrno3HaBarens. OHa
BBEJICHA I TOACHEHHMS COCTOSIHMS CTeKa aBToMara. [IpaBmia TpaMMaTHKH
npoHyMepoBaHbl oT 1 1o 3. PacrmosHaBarens paboTaeT, He B3Mpas Ha TEKYIIUHl CHMBOI,
0003peBaeMBblIii CYUTHIBAIOIIECH IOJIOBKOH pacimpeHHoro MII-aBTomaTa, mo3ToMy KOJIOHKA
«/leticmsusi» B TaOJIMIIE UMEET OJUH CTOJIOCI, HE TOMEUCHHBIM HUKAKUM CHMBOJIOM.

PaccMoTpuM mpuMephl PacloO3HABAHUS IEMOYEK S3bIKA, 33JaHHOTO ITOW TPaMMATHKOM.
Kondurypanuio pacmupennoro MII-aBromata OyaeM oroOpaxkaTb B BHAE Tpex
KOMITOHEHT: HEMPOYUTAHHAS YaCTh BXOJHOW LEMOYKU CUMBOJIOB, cojiepkumoe creka MII-
aBTOMAra, IMOCJIE[0BATeIbHOCTh HOMEPOB IPUMEHEHHBIX PABHUJI IPAMMATHKU (ITOCKOJIBKY
ABTOMAT HMEET TOJIbKO OJIHO COCTOSIHHE, €ro MOXKHO He y4uThiBaTh). B creke MII-
aBTOMaTta BMECTEC C IIOMCIHICHHBIMU Ty):[a CHUMBOJIaMHU IIOKAa3aHblI H HOMepa CTpOK
YIPaBJISIONIEH TaOIUIIbI, COOTBETCTBYIOIINE dTUM CHUMBOJIaM B opmare {cumeon, Homep
cmpoku}.

Pazbop nernoukn_abababb:

1. (abababbly, {1, 0},1)

2. (bababbly, {L1.,0}{a,2},A)

3. (ababbly, {ls:,0}{a,2}{b,3},7)

4, (ababbly, {1ls,0}{a,2}{S,4},3)

5. (babbJ—KI {J—Hr 0} {ar2} {S,4} {ar2}r3)

6. (abbly, {1s,0}{a,2}{S,4}{a,2}{b,3},3)

7. (abbly, {1s,0}{a,2}{S,4}{a,2}{S,4},3,3)
8

(bbl«, {Ls,0}{a,2}{S,4}{a,2}{s,4}{a,2},3,3)
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10.
11.
12.
13.
14.
15.
16.
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(ble, {1la,0}{a,2}{S,4}{a,2}{S,4}{a,2}{b,3},3,3)

(ble, {Lls,0}{a,2}{S,4}{a,2}{S,4}{a,2}{S,4},3,3,3)

(Le, {Llu,0}{a,2}{S,4}{a,2}{S,4}{a,2}{S,4}{b,3},3,3,3)
(Ley {Lu,0}{a,2}{S,4}{a,2}{S,4}{a,2}{S,4}{sS,5},3,3,3,3)
(Lle, {1, 0}{a,2}{S,4}{a,2}{S,4}{S,5},3,3,3,3,2)

(Lo, {Llu,0}{a,2}{S,4}{S,5},3,3,3,3,2,2)

(Ley {L1s,0}{S,1},3,3,3,3,2,2,2)

(Le, {Ls,0}{S"',*},3,3,3,3,2,2,2,1) — pazbop 3aBepIicH.

CooTBeTcTBYIOIIAs 1ENOYKa BBIBOAA OyAeT MMETh BHUI (MCIOJB3YETCSl MPaBOCTOPOHHUIA
BBIBOJ):
S'=>S=aSS=aSaSS=aSaSaSS=aSaSaSb—=>aSaSabb—=>aSababb=abababb.

Pa36op nenouku aabbb:

© ® N o g B~ N PRF

10.
11.
12.

(aabbblyk, {1s,0},A)

(abbbly, {L1s, 0} {a,2},2)

(bbbly, {14,0}{a,2}{a,2},\)

(bblx, {1s,0}{a,2}{a,2}{b,3},A)

(bbly«, {1ls,0}{a,2}{a,2}{sS,4},3)

(ble, {Ls,0}{a,2}{a,2}{S,4}{b,3},3)
(ble, {1s,0}{a,2}{a,2}{S,4}{Ss,5},3,3)
(blg, {1s,0}{a,2}{S,4},3,3,2)

(Le, {Llu,0}{a,2}{S,4}{b,3},3,3,2)

(Lle, {Ls,0}{a,2}{S,4}{S,5},3,3,2,3)
(L, {L1s,0}{S,1},3,3,2,3,2)

(Le, {1y, 0}{S",*},3,3,2,3,2,1)— pa3bop 3aBeplIeH.

CooTBeTcTBYyIOIas 1ENOYKa BBIBOAA OyAeT MMeTh BHUI (HMCIOJB3YETCS MPaBOCTOPOHHMIA
BBIBON): S'=>S=aSS=aSb=aaSSb=>aaSbb=>aabbb.

Paz6op nenoyku aabb:

1.

2
3.
4

(aabbly, {Ls,0},A)

(abbly, {1, 0}{a,2},A)

(bbl«, {Lls,0}{a,2}{a,2},A)
(ble, {Lls,0}{a,2}{a,2}{b,3},A)
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(ble, {Ls,0}{a,2}{a,2}{S,4},3)
(Le, {Ls, 0} {a,2}{a,2}{S,4}{b, 3}, 3)

5
6
7. (Le, {Lls,0}{a,2}{a,2}{S,4}{S,5},3,3)
8. (l«, {Lls,0}{a,2}{s,4},3,3,2)

9

OI.HI/I6Ka, HCBO3MOXXHO BBIIIOJTHUTH CIABHT.

Pacrniosnasarens mis LR(0)-rpammaruku moctatouno npoct. [IpuBeeHHBIH BhIIIe IPUMED
MOYXHO CPaBHUTH ¢ METOJOM PEKYPCHBHOIO CITyCKa WM ¢ pacro3HaBarenem aias LL(1)-
rpaMMaTHKd — o00a 3TH MeTOAa NPUMEHHMBI K OIIMCaHHOW Bblle Tpammaruke. [lo
KOJIMYECTBY IIaroB pabOThl PACIIO3HABATENSI TH METOJIBI CONIOCTABUMBI, HO IO pean3aluu
HHUCXOJIAIIME paclio3HaBaTeH B JAHHOM CIIydae HEMHOI'O IIPOIIE.

OrpaHuyenus LR(0)-rpammatuk
Vopapnstonass Tabnmuma T st LR(0)-rpaMmatvké cTpouTcss Ha OCHOBAHUM IIOHSTHS
«JIEBBIX KOHTEKCTOB» HETEPMMHAIBHBIX CHMBOJIOB: IIOCJI€ BBIIIOJHEHHUS CBEPTKH JUIA
HeTepMUHAIBHOTO cuUMBoiIa A B crteke MII-aBToMaTa HIDKE 3TOr0 CHUMBOJa OyamyT
pacronaraTbcs TOIBKO T€ CUMBOJIBI, KOTOPbIE MOT'YT BCTPEUAThCs B LIEMIOUKE BBIBOJA CIIEBA
oT A. DTH CHMBOJIBI M COCTABIISIIOT «JI€BbIH KOHTEKCT» st A. TlockonbKy BBIOOD MEXIY
CIBHIOM WM CBEpTKOH, a Tarke Mexnay tunoM cBepTkn B LR(0)-rpammarmkax
BBITIOJTHACTCS TOJIBKO HA OCHOBAaHHMM cojepikumoro creka, To LR(0)-rpammarika momkHa

JAOIMyCKAaThb OI[HOSHa‘IHLIﬁ BLI60p Ha OCHOBE€ JIEBOI'O KOHTCEKCTa JIA KaXI0ro CHMBOJIa
[471.2,5].

Onnako xnacc LR(0)-rpaMmaTHK CHIIBHO OrpaHHYEH, IOCKOJBKY CYLIECTBYET OYEHb Mo
rpaMMAaTHK, TI03BOJISIFOLIMX BBIMOJIHATH pa300p Ha OCHOBAHUH TOJIBKO JIEBOTO KOHTEKCTA.

Paccmorpum KC-rpammaruky G({a,b}, {S}, {S—>SaSbl|A}, S). [lomomHeHHas
rpaMMarrKa s HEe Oyner HMETH BH]T G'({a,b}, {s,s'},
{S'—>S,S—>SasSb|A}, S'").

Haunem MNOCTPOCHHUE NTOCICAOBATCIILHOCTU CI/ITyaHI/Iﬁ JJI TpaMMaTHuK1 G'.

Hauanpnas curyanus Ro Oyzmer comepkaTh NMpaBmiio S'—>eS, HO B Hee TAKXKE JIOJIKHBEI
OBITH BKJIFOUEHHI TIpaBMiia S—eSaSb U S—>e, MOCKOJIBKY B TpaMMaTHKe IJIs CUMBOJIA S
ectb mpaBmwia S—SaSb|A (B mpaBmie S—>e IIyCTOE MECTO COOTBETCTBYET ITyCTOH
[[ETI0YKEe A, W 3TO TPABWJIO B PABHOM CTENEHW MOXXKHO PAacCMAaTPHBATh KaK S—>@A WU
S—Ae). [Toxyunm curyanuio Ro={S "' —>eS, S—»eSaSb, S—e}.

[Ipn noctpoenun ympasisronield Tabuuipl T Ut 3TOH IpaMMAaTHKH YK€ Ha Iare Juis
cutyaiuu Ro BO3HHKHYT NPOTHBOPEUUS: C OJJHOI CTOPOHBI, CUTyallUsl COJCPIKUT TPaBHIIO
S—e, 1 I Hee B yNpaBisifoneld Tadmune B rpade «JleiicTBUs» T0DKHO OBITH 3alHMCcCaHo
«cgepmka» C HOMepoM npaBwia 3. S—A (IpaBuia B TpaMMaTHKE HNPOHYMEPOBAaHbI
nociaenosaresnsHo oT 0 10 3); HO ¢ APYroW CTOPOHBI, CUTYyallusl COACPKUT MpaBuia S' —eS
u S—eSaSb, mosToMy A Hee B ToH ke rpade «JleHcTBUS» JOMMKHO OBITH 3aIKcaHo
«cosuzy. Bo3HuKIIIee TPOTHBOPEYHE TOBOPHUT O TOM, UYTO paccMaTprBaeMasi TpaMMaTHKa He
seisiercst  LR(0)-rpaMmarukoit, st Hee HEBO3MOXKHO BBIMOJHHTH pPa30op BXOIHOMN
LIETIOYKH TOJIBKO HAa OCHOBAHUH JIEBOTO KOHTEKCTA.
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BHUMAHUE

OueBugHo, 4to niobas rpammaTvika, copgepxailas A—npasuna He MOXeT ObiTb
LR(0)-rpammaTumKOMN.

MOXHO TONBITaThCS BBINOJHUTH NPeoOpa3oBaHus (HAIpUMEp, UCKIIOUUTH A-TIpaBUIIa),
9T00BI IPUBECTH rpaMMaTHKy K BiAy LR(0)-rpaMMariku, HO 3TO HE BCeT/ia BO3MOYKHO.

B Tex cimydasx, KOraa HEBO3MOXKHO MOCTPOUTH BOCXOJSIIMNA paclo3HaBaTelb HA OCHOBE
HCTIONIb30BaHMS TOJIBKO JIEBOTO KOHTEKCTA, JUIS TIOCTPOCHUS paclio3HABATEIIs HCIIOIb3YeTCs
HE TOJNBKO JIEBBIH, HO W TpPaBblii KOHTEKCT. [IpaBBIM KOHTEKCTOM SBIISIETCSI CHMBOJI
BXOIHOH IIETIOYKH, 0003pEBACMbI CYHTHIBAIOMICH TOJOBKOH pacmmpenHoro MII-

aBTOMaTa. B 3TOM cilydae MBI oJTyqaeM pacrosHaBaTelb Ha ocHoe LR(1)-rpammaruxnl®,

CuHTakcnyeckum pasbop ansa LR(1)-rpammatuk

MocTpoeHue ynpasnsowen Tabnuupl ans LR(1)-rpammatumkm
Kak u misn LR(0)-rpammaruk ympapmstonryro tabmumy T mist LR(1)-rpaMmatik MOXHO
MOCTPOUTH HA OCHOBAHUH MOCJIEIOBATENILHOCTH cuTyanuii [4 1.2, 5]. OqHako cuTyanus st
LR(1)-rpammaruku umeet Gonee craoxHyio hopmy, gem amst LR(0)-rpammaruku.

Ipasuio B curyauuu aiust LR(1)-rpammaruku nomkao umers Bua: A—yef/a, rne AeVN,
1,.8e(VNUVT)", aeVT. CuMBon e, a Takke IIEMOYKH Y U B HMEIOT TOT K€ CMBICI, YTO H
st LR(0)-rpammaruk, a cumBon aeV'T omnpeernseT npaBblil KOHTEKCT.

Havanphas cutyanust B mocienoBaTenbHOCTH cuTyauuid anst LR(1)-rpammaTuku 1omKHA
cojiepkath npaBuia {S—eou/ L, S—>ea/ Ly, ... S>ean/ Ly}, eciu npaBuna S—auloy|...|[on
BXOJSIT B MHOXXECTBO MpaBWJI O3TOH IpaMMaTHKM, a CHMBOJ S SBISETCS 1I€JEeBbIM
cumBoJoM. CuMBoI L 0003HAYaET CHMBOJ KOHI[A BXOTHOHN IICTIOYKH.

[lpaBuma mocTpoeHus mociemoBarensHoct — cutyammid s LR(1)-rpammaruiku
CIIEAYIOLIHE:

® cciu cuTyanus coiepxuT mpaBmwio Buma A—yeBbf/a, rme ABeVN, abeVT,
v,8€(VNUVT)", u npu stom npasuna B—>a]oz|...|om BXOASIT BO MHOMECTBO NpaBuil
rpaMMaTHKd, TO mnpasuia Buga B—eou/b; B—eow/b; ... B—eam/b momkHbl OBITH
J00ABIICHBI B CUTYAIINIO;

® eCciaM cuTyauus coiepkuT mpaBwio Buga A—yeBla, rme A,BeVN, aeVT,
ye(VNUVT)", u npu stom mpaBuia B—>ouo|...|om BXOAAT BO MHOMECTBO HpaBUII
rpaMMaTHKH, TO TpaBwia Buia B—eai/a; B—eoay/a; ... B—oeoam/a momKkHEl OBITH
JI00aBIEHBI B CUTYAIIHIO;

® cCiaM CHUTyalus colaepKuT mpaBwio Buma A—yeBCB/a, rne A,B,CeVN, abeVT,
v,8€(VNUVT)", u npu stom npasuna B—>a]oz|...|om BXOIAT BO MHOMECTBO NpaBuil

10 Kak yxe 6bu0 ckazaHo Bbime, pacnosHasarenn juis LR(K)-rpammatuk ¢ k > 1
NPaKTUYECKU HE UCIIONB3YHOTCS.
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rpammatuku, Toraa VceVT, takux, uro CeFIRST(1,C), mpaBuna Buma B—eau/c;
B—ea,/C; ... B>eam/C mOmKHEI GBITH T0OABIICHBI B CHTYAITHIO;

® cCIIM CHUTyalnusl COlepKuT TpaBwia Buma A—>yexp/a, tme AeVN, aeVT, a X —
npoussonbHbiii  cumson (XeVNUVT), 7,Be(VNUVT)", To u3 Hee MOXeT ObITh
MIOCTPOEHA HOBAsi CHTYAIWs, COJep Kalas mpaBmia Buga A—>yXeB/a, mpu 3ToM HOBas
CHTYyaIHs JI0JDKHA IPOMCTEKATh U3 UCXOHOM CUTYAIMH Ha OCHOBAHUHM CUMBOJIA X.

3nece FIRST(1,C) obGo3HayaeT MHOXECTBO IMEPBBIX CHMBOJOB JIsi HETCPMHHAIBHOTO
cumBoia CeVN. TloctpoeHne 3TOro MHOXKECTBAa OBLIO PaCCMOTPEHO BHIIC B pasfele,
MOCBSIICHHOM HUCXO/ISIIMM PAaCIO3HABATEIISIM.

OueBHIHO, YTO MOCKOJBKY MpaBmia B cutyanmsax LR(1)-rpaMMaTHKH yYuTBIBAIOT emie u
NpaBblii KOHTEKCT, TO OOLIee KOJIMYECTBO BO3MOXHBEIX curyauui B LR(1)-rpammarmke
OyzeT cyliecTBeHHO Ooblie, 4eM KonuuecTBo curyaimii B LR(0)-rpammaruke.

VYupasnstomast tabmuma T amst pacnio3HaBatelns Ha ocHoBe LR(1)-rpaMmaTuku cTponTes Ha
OCHOBE ITOCJIEIOBATEIBHOCTH CUTyaluil Tak ke, kak u a1 LR(0)-rpaMmmarnku, ¢ ydeTom
Toro, 4ro rpada «/feticmeus» B 3TOH Tabnuie pa3dWTa Ha HECKOJBKO NoAarpad mo
KOJINYECTBY BO3MOJKHBIX TEPMUHAJIBHBIX CHMBOJIOB, KaX/asg U3 KOTOPBIX COOTBETCTBYET
OIIpe/IelIEeHHOMY CHUMBOJTY TIPaBOr0 KOHTEKCTa. J{JIs BceX CUTyallui B MOCIEI0BATEIbHOCTH
oT Ro 10 Rn-1 ¢ y4eToM IpaBoro KOHTEKCTa BBIMOJIHAIOTCS CIeIyIONue NeHcTBUS:

® ccmm cuTyamusa Rj comepxut mpasmio Bupa S—ye/a, ye(VNUVT)", aeVT, roe S —
L[EJICBOM CHMBOJI TpaMMAaTHKH, TO B rpade «/Jeticmeusy ctpoku Ti tabmuipr T mis
CHUMBOJIa & JIOJDKHO OBITh 3aMKUCAHO «)CHeXy,

e ccmu curyamus R comepxur mpasuno Buma A—yela, rme AeVN, ye(VNUVT)",
aeVT, A He sBIIseTCS 1ICICBHIM CHMBOJIOM M TpaMMaTHKa COACPIKUT MPABUIIO Bujaa A
— y ¢ HOMepoM M, To B Tpade «/Jelicmgusay CTpOKH T; Tabmumbl T I CHMBONA &
JIOJKHO OBITH 3aMMMUCAHO YHUCIIO0 M (ceéepmka TO MPABUITy C HOMEPOM M);

® ccinu curyauusi Ri comepxkur mpaBuia Buga A—yexB/a, rne AeVN, aeVT, a X —
npousBoibHeli cuMBon (XeVNUVT), v,Be(VNUVT), 10 B rpade «Jeiicmeusy
cTpokH Tj Tabmuipl T A1 CHMBOJIA @ JOJKHO OBITh 3aITUCAHO «COBU2SY,

® ccmu curyarmsa Rj mpomcrexaer u3 curyanuu Ri ¥ cBA3aHa C HEIO yepe3 CUMBOI X
(xeVNUVT), 1o B rpade «llepexod», COOTBETCTBYIOIIEH CHMBOJY X, CTPOKH T
Tabnuipl T JOIDKHO OBITH 3aIIMCAHO YKCIIO j.

Ecnm ymaercss HENpOTHBOpPEUMBBHIM 00pa3oM 3allOJIHUTH YIPABISIONIYI0 Tadbmuiy T, TO
paccMarpuBaeMmas rpammaruka sBisercs LR(1)-rpammaruxoii. Wuaue, korma mpH
3alIOJITHCHUM TaOJIMLBl BO3HHMKAIOT TMPOTHBOpEYMs, rpammaruka He simsiercs LR(1)-
rpaMMaTHKOM, U [UIs Hee HeNb3sl MOCTPOUTH pacrno3naBarens tana LR(1) [4 1.1,2, 5].

Mpumep nocTpoeHus pacnosHasaTens ans LR(1)-rpaMmaTtiku

Bosemem KC-rpammarwky G({a,b}, {S}, {S—>SaSb|A}, S), kxoropas yxke
paCCManI/IBaHaCB BBIIIIC. HO]’IOJ’[HCHH&H FpaMMaTI/IKa 1A HEe 6y}1€T UMETb BH]
G'({a,b}, {S,S'}, {S'—>S,S—>SaSb|ArA}, S").

HOCTpOI/IM IoCJICJ0BATCIIBHOCTDH chyauHﬁ JJIA TpPaMMAaTUKN G'.
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Hauanpras cutyanus Ro Oyzer comepkats mpasmio S'—eS/ Ly, HO B Hee TaKKe JOJKHBI
OBITH BKJIIOUEHBI MpaBHIa S—>eSaSb/l. nu S—e/l., NOCKOIBKY B IpaMMaTHKe I
CHUMBOJa S ecTh mpaBmia S—SaSb|A, a 3aTeM, Ha OCHOBAaHWH INpaBmia S—>eSaSb/ L,
ele u npaBuia S—eSasSb/a " S—e/a. Iomyuum CUTYyaLuIo
Ro={s'—>eS/1., S—>eSaSb/ly, S—>e/1l,, S—>eSaSb/a,S—e/a}.

W3 nauanpHO# cutyanmu Ro Mo cumMBoily S MOXHO MONY4HTh cuTyaluo Ri, cogepxairyro
npaBwia S'—»>Se/ 1., S—»>SeaSb/ L. u S—»>SeaSb/a. [pyrux mpaBui B Hee HE MOXKET
OBITH 1OOABIICHO, TOATOMY TOTydaeM Ri={S'—>Se/ 1., S—>SeaSb/l., S>SeaSb/a}.

W3 cutyanuu R; mo cuMBoily a MOXKHO TONYy4YUTh CHTyanuio Rp, comepikariyro mpasuia
S—>SaeSb/lx U S—>SaeSb/a, HO B Hee TaKXkKe JOJDKHBI OBITh BKIIIOYEHBI INpaBHiIa
S—eSaSb/b u S—e/b, NOCKOIBKY B TIpaMMAaTHKE A CHMBOJA S €CTb NpaBHiIa
S—SaSb|A, a 3aTeM, Ha OCHOBaHUU TpaBwia S—eSaSb /b erle u npasuia S—>eSasSb/a
u S—e/a. Homyunm CUTYaLUIO
R;={S—>SaeSb/l1ly, S—>SaeSb/a, S—>eSaSb/b, S—e/b, S—>eSaSb/a, S—e/a}.

[TponomKMB TMOCTPOCHUS, IOJNYy4MM 8§ pasnuuHblX cuTyauuid ot Ro mo Ry, rpad
B3aMMOCBSA3H KOTOPBIX IIOKa3aH Ha puc. 4.9.

Re: S —>eS/L S R: S —>Se/l a Rs:  S-—»>SaeShb/L
Ssesash/L | T Sosash/L | S—>SaeSh/a
Sse/l Q _\ QaaQh/a S —>eSaSh/b
S—eSaSh/a S—el/b
- - S —>eSaSh/a

S

Re: S — SaSeb /b S Ra: S — SaeSh /b Rs: S — SaSeb / L
Sosaseb/a | < S—>SaeSb/a <a:| S—SaSeb/a
S - Seash /b |:a> S —> eSasSh /b S —> SeasSh /b
- - - S—>e/b ~ o

b S —>eSaSh/a b

R7: S — SaShe /b Rs: S — SaShe / L

S — SaShe /a S — SaShe /a

Puc. 4.9. Ipumep rpacda s3anmocss3u curyanuii st LR(1)-rpammaTuku
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Ha ocHoBe HaliieHHOW NOCIEA0BATENBHOCTH CUTYALMA MOKHO MOCTPOUTH YIPABISIOLLYIO
tabmuiy pacmosHaBatens it LR(1)-rpammaruku.  TTOCKONBKY TPH  MMOCTPOCHUH
YIPaBILSIONIEH TaOMWIBI HE BO3HUKAET NPOTHBOPEYHMH, TO PAaCCMOTPEHHAs I'paMMaTHKa
ssisiercst LR(1)-rpammarukoii. Yrpasistromas TabinIia 1jist Hee puBezeHa B tabu. 4.3.

Ta6bnuua 4.3. Npumep ynpasnsatowen Tabnuubl ans LR(1)-rpammaTnkn

Ne Crek DencrtBun Mepexoabl

a b Lk a B
0 Ly CBEpTKa, 3 CBEpTKa, 3 1
1 S CABUT ycnex, | 2
2 Sa CBEpTKa, 3 | cBepTKa, 3 3
3 SaS CBHT CABHT 4 5
4 SaSa CBEpTKa, 3 | CBepTKa, 3 6
5 SaSh cBepTKa, 2 CBepTKa, 2
6 SaSaS CBHT CBHT 4 7
7 SaSaSh CBEpPTKa, 2 | cBepTKa, 2

Komonka «Cmex», mpucyTcTByomas B Tabnuue, He HyXHa A pacrno3HaBarens. OHa
BBCJACHA [JI1 IIOSICHCHUs COCTOsSHHsS CTEKa aBTOMaAra. HyCTI)Ie KJIETKH B Ta6n1/1ue
COOTBETCTBYIOT COCTOSIHUIO «owubkay. [IpaBuna rpaMMaTUKi MPOHYMEpOBaHbI oT 1 1o 3.
Kononka «/leticmeus» B TaOIuIle CONEPKUT IEpeueHb IEHCTBHUI, COOTBETCTBYIOLIUX
TEKYIIEeMY BXOJTHOMY CHMBOJIY, 0003p€BAa€MOMY CUMTHIBAIONIECH TOJIOBKOW PACHIMPEHHOTO
MII-aBTOMaTA.

PaccMoTpuM mpuMephl paclo3HABaHUs IEMOYEK SA3bIKA, 33aHHOTO 3TOW IPaMMATHKOM.
Kondurypanuio pacmupennoro MII-aBromata OyzeM oroOpaxkaTb B BHAE Tpex
KOMITOHEHTOB, Kak 3T0 Obu10 caenano st LR(0)-rpammaruk.

Paz0op nemoukn abababb:

(abababbl«, {1, 0},2)

(abababbly, {1, 0}{S,1},3)

(bababbl«, {14, 0}{S,1}{a,2},3)

(bababbly, {14,0}{S,1}{a,2}{S,3},3,3)
(ababbly, {14,0}{S,1}{a,2}{S,3}{b,5},3,3)
(ababbly, {1s,0}{S,1},3,3,2)

(babbly«, {1s,0}{S,1}{a,2},3,3,2)

(babbl., {Ls,0}{S,1}{a,2}{s,3},3,3,2,3)

© ® N o g~ w NP

(abbl«, {Ls,0}{S,1}{a,2}{s,3}{b,5},3,3,2,3)
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10. (abbly, {1ls4,0}{S,1},3,3,2,3,2)
11. (bbl«, {Ls,0}{S,1}{a,2},3,3,2,3,2)
12, (bbl., {Lls,0}{S,1}{a,2}{Ss,3},3,3,2,3,2,3)
13. (bly, {14, 0}{S,1}{a,2}{S,3}{b,5},3,3,2,3,2,3)
14. oumGxa, HET JaHHBIX UL b B CTpOKE 5.
Pazbop nemoukn aababb:
(aababbly, {1s,0},2)
(aababbly, {1l4,0}{S,1},3)
(ababbly, {1s,0}{S,1}{a,2},3)
(ababbly, {L1l4,0}{S,1}{a,2}{S,3},3,3)

1

2

3

4

5. (babbly, {1l.,0}{S,1}{a,2}{S,3}{a,4},3,3)

6. (babbly, {ls,0}{S,1}{a,2}{S,3}{a,4}{S,6},3,3,3)

7. (abbly«, {L14,0}{S,1}{a,2}{S,3}{a,4}{sS,6}{b,7},3,3,3)
8. (abbly«, {1l4,0}{S,1}{a,2}{s,3},3,3,3,2)

9. (bbly«, {ls,0}{S,1}{a,2}{s,3}{a,4},3,3,3,2)

10. (bbl«, {Ls,0}{S,1}{a,2}{S,3}{a,4}{s,6},3,3,3,2,3)
11. (bly, {L1s,0}{S,1}{a,2}{S,3}{a,4}{S,6}{b,7},3,3,3,2,3)
12, (bly, {14, 0}{S,1}{a,2}{S,3},3,3,3,2,3,2)

13. (Le, {Ls,0}{S,1}{a,2}{S,3}{b,5},3,3,3,2,3,2)

14, (L., {1, 0}{S,1},3,3,3,2,3,2,2)

15, (L«, {Ls,0}{S",*},3,3,3,2,3,2,2,1) — paz0bop 3aBepIicH.

CooTBeTcTBYyIOIas 1ENOYKa BBIBOAA OyAeT MMeTh BHUI (HMCIOJB3YETCS MPaBOCTOPOHHMIA
BBIBOJ):
S'=>S=>SaSb=>SaSaSbb=>SaSabb=>SaSaSbabb=>SaSababb=>Saababb=>aaba
bb.

CnoxHocTtu noctpoeHus LR(1)-pacnosHaBaTtenen

Kiace si3p1k0B, 3amannbix LR(1)-rpaMmmarikamu, SIBISIETCS CaMBbIM MIHPOKUM Kiaccom KC-
A3BIKOB, JIOMYCKAIOUIMM IIOCTPOCHHE JIMHEWHOrO BOCXOMSIIETO paclo3HaBarens. Bce
nerepmunnpoBannsie KC-s3bikn MOTYT OBITh 3a7adbl ¢ momomipio LR(1)-rpammaruk.
Onnako He Besikasi ofHo3HauHass KC-rpammaruka sissiercs LR(1)-rpammarukoii. U ecnu
S3BIK 33J1aH IPaMMAaTHKOM, He siBistrorneiicss LR(1)-rpammaTrkoii, To B 00LieM ciydae He
CYILECTBYET alropuTMa npeodpasosanust ee k suay LR(1).



77

310 mpobnema obmas mas Bcex KC-rpammarmk. Ho mnst LR(1)-rpammaTvk MOKHO ¢
YBEPEHHOCTBIO CKa3aTh, 4YTO €CJIM HE YHaloch IpeoOpa3oBaTh Npou3BoibHYy0 KC-
rpammariky K Buay LR(1)-rpammaTtrkd, TO HeT OOJBIIOTO CMBICTA TIBITATHCS
npeobpaszosars ee k Buay LR(K)-rpammaruku ¢ k>1.

Heno B tom, uro maxe st LR(1)-rpaMmaruk ympasisiomas TaGidma pacro3HaBaTes
UMeeT 3HAYUTENBHBINH 00BeM, a Uil €€ TOCTPOCHHUS HEeOOXOANMO PAacCMOTPETH OOIBIIOEe
KOJIMYECTBO  B3aUMOCBSI3aHHBIX ~ cuUTyauuil. B oOmem cioydae, 3agaya wumeer
KOMOWHATOPHYIO CIOXHOCTh, u i peambHoil LR(1)-rpammaruku, —copepkaiiei
HCCKOJIBKO JCCATKOB IMpaBWJI W HECKOJBKO JCCATKOB TEPMUHAJIBHBIX CHMBOJIOB,
MHOKECTBO PacCMaTPUBAEMBIX CUTyaIlMi OyJIeT MOCTaTOUYHO BETUKO (COTHH BO3MOKHBIX
CUTyallu{i IUTIOC BCE B3aUMOCBS3U MeXAy HUMH). CIOKHOCTh MOCTPOEHHS YIPABIISIONINX
tabmuy, s LR(K)-rpammaruxk mpu k>1 Oymer yBenumumBaThess ¢ poctom K B
TEOMETPUYCCKOH MPOrpecCHy MPONOPIHOHAIBHO KOJMYECTBY TEPMHHAIBHBIX CHMBOJIOB
rpammatiky. [loatomy LR(K)-rpammarike ¢ k>1 npakTiHdeckoro mpUMeHEHHs HE HMEIOT.

Hanpumep, HEOOHOKpPaTHO pacCMOTpEHHas BBIIE TpaMMaTHKa apu(METHYSCKIX
BBIp2XCHUH 11 cumBooBaub G ({+,-,/,*,a,b}, {s',s,T,E}, P, S'):

P:

S' > S

S > S+T | S-T | T
T > T*E | T/E | E
E—> (S) | alb

seisiercss  LR(1)-rpamMmaTrkoif, HO MOCIIE0BATENILHOCTh CUTYalUil Uil Hee CIUIIKOM
BEJIMKA, YTOOBI €¢ MOXKHO OBUIO MIPOWIUIIOCTPUPOBATH B JaHHOM YYeOHOM IOCOOHH
(>kenaromIyie YUTaTeNH MOTYT IMOCTPOUTH TOCIIEIOBATEIFHOCTh CUTYAIHH U YIIPABITIONIYIO
TaOIUILY ISl JAHHOM TpaMMAaTHKH, HCITONB3Ysl IPUBEICHHBIN BEIIIE aJTOPUTM).

Beicokasi TPymOEMKOCTh MOCTpOeHuUs ympapisitorneit tabmuipt mis LR(1)-rpammaruk
MOCTyXWJIa TPUUYMHOW TOMY, UTO JUIS peanu3aliy JUHEHHBIX  BOCXOJSIINX
pacrio3HaBaTele Ha OCHOBE aJrOpPUTMa «CABHUI-CBEPTKa» OBUIH MPEJIOKEHBI IpyTue
KJIacchl rpamMmaTuk, Takue kak SLR(K)-rpammariku 1 LALR(K)-rpammatuku, rpaMMaTiKe
MPEIIECTBOBAHMS, TPAMMATHKN C OTPaHUYEHHBIM TpaBeIM KoHTekcToM (OIIK) u apyrue.
He Bce n3 3tux ximaccoB KC-rpaMMaTHK OnpenesnstoT cToib MUpokuil kiacc KC-s13b1K0B,
kak LR(1)-rpamMmaTHK{, HO MHOTHE M3 HHX OYCHb YIOOHBI U MPAKTHYHBI JJIS MOCTPOCHUS
CUHTAaKCUYECKHUX aHAJIU3aTOPOB.

Hanee B 3TOM TiaBe OyayT paccMoTpeHbl emie nBa kiacca KC-rpammarnk — SLR(1)-
rpammatikd M LALR(1)-rpaMMaTuky, SBISIOLIMECS HE3HAYUTENBHOW MOAU(HKALMCH
LR(1)-rpammaruk. OtnmenbHas TIJaBa MOCBSILIEHA TIpaMMaTHKaM MPEALICCTBOBAHMUS.
OcrayibHble TPaMMAaTHKH U3 BCEro MHOKecTBa kiaccoB KC-rpaMMaTik B JaHHOM YueOHOM
MocoOMH He pacCMaTPHUBAIOTCS, MX MOKHO HaiTu B [4 1.2, 5].

SLR(1) n LALR(1)-rpammaTtukm

PacnozHaBatenmn Ui 00OMX OSTHX KJIacCOB TIpaMMaTHK  MPEACTaBISIOT  coOoi
Moaudukauuto pacno3nasaresns 111 LR(1)-rpammaruk.
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CuHTakcudeckunii pasdop ans SLR(1)-rpammaTtuk

Unest pacniosuaBareneit amst SLR(K)-rpamMmatik 3akiaroqaercss B TOM, YTOOBI COKPATHUTh
MHOXXECTBO PacCMaTpPUBACMBIX CUTyallMd M yNPOCTUTH IOCTPOCHHE YIPaBISIOUIeH
tabmuuel T. Benap yBemudeHHe KOIWYeCTBa paccMmaTpuBaeMbix cutyauuii B LR(1)-
rpamMmarike mo cpapaenuto ¢ LR(0)-rpaMMaTikoil mporcxoauT u3-3a TOTO, 4TO B KaXKIOM
NpaBuJIe I KKA0HM CUTYallMM yYUTBIBAETCS MIPaBbIi KOHTEKCT. B TO ke Bpemsi, peasbHO
paccMaTpHBaTh IPaBBIil KOHTEKCT HEOOXOIMMO He BO BCEX CUTYAIHsX, a TOJIBKO B TeX, Te
BO3HHUKAIOT KOH(IJIUKTHI B QJITOPUTME TTOCTPOSHIS TaOJHIIBI T.

Bce SLR(k)-rpammatuku mist Bcex k>1 06pasyrot kinacec SLR-rpammaruk (K>1, mockonbky
SLR(0)-rpammarrika coBrnaaaet o onpeaeneHuto ¢ LR(0)-rpammarukoit). Hazsanune SLR-
rpaMMaTHK POUCXOUT U3 caMoi uaen ux noctpoenus — SLR o3naugaer «Simple LRy, o
€CTh, ynpolieHHnsle LR-rpaMmatukm.

B pacniosnasarensax Ha ocHoBe SLR(K)-rpaMMaTrk moctpoeHue yrnpasisoniei tabmuip T
BBITIOJTHSETCS CIEAYIONUUM 00pa3oM:

® CTPOUTCS MOCIEeOBATEIFHOCTD CUTYalHii, cooTBeTcTBYMOMAas LR(0)-rpammariike;

® Ha OCHOBE [OCTPOCHHOW MOCJIEAOBATEIBHOCTH CHUTYALUH 3aIOIHIETCS YIPABIIOMAs
tabmuna T, mpUveM, ecid MPH 3aMOJHCHHHN TaOIHIBl BO3HUKAIOT KOH(PIUKTEL, TO IS
UX Pa3pellCHHs] UCIOIb3YIOTCS IPaBblii KOHTEKCT JUIMHON K M MHO)KECTBa CHMBOJIOB
FIRST(K,or) 1 FOLLOW(k,A) mst ipasun Buga A—a.

3nech muoxectBa FIRST(K o) 1 FOLLOW(k,A) npeactaBisitoT cob0i, COOTBETCTBEHHO,
MHOXECTBO K MepBBIX TepMUHAIBHBIX CHMBOJIOB ILETMOYKH BBIBOAA M3 o U K mepBbIx
TePMUHAIBHBIX CHMBOJIOB, KOTOPBIE MOTYT CIICIOBATH B [IEITOYKAX BBIBO/IA 38 CUMBOJIOM A.
DTH MHOXeCTBa OBLTH OIPEAEIICHBI BBIIIE B paszeie, nocssmeHroM LL(1)-rpammarikam.

Ha npaktuke uame Bcero mnpumensitorcss SLR(1)-rpaMmarvky, HOCKOJBKY Ui HHX
noctpoeHne MHOkectB cumBoioB FIRST(1,0) u FOLLOW(1,A)  BhimonHsieTcs
3IIEMEHTApPHO IIPOCTO.

VYupasnsromas tTabmmna T i pacno3HaBatens Ha ocHoBe SLR(1)-rpaMMaTHKH CTpOHUTCS
Ha OCHOBE MOCJIEIOBATEILHOCTH CUTyalUi Tak ke, kak W i LR(0)-rpammaTuku, HO
rpada «/eiicmeus» B 3TON Tabmuue pa3dWUTa Ha HECKOIBKO MOArpad MO KOJUYECTBY
BO3MOXKHBIX TEPMHUHAJIBHBIX CHMBOJIOB, aHaimormdHo LR(1)-rpammatuxe. [ng Bcex
CUTyallMii B TIOCIIEOBaTeNbHOCTH OT Ro M0 Ry ¢ ydeToM mpaBoro KOHTEKCTa
BBITTOJTHSIOTCS CIEAYIONTNE JSHCTBUS:

® cciu cutyamus Ri conepxkutr npaswio Buga S—ye, ve(VNUVT)”, rae S — nenesoii
CUMBOJI TpaMMaTHKH, TO B Tpade «Jeticmeus» crpoku T Tabmuipl T JOMHKHO OBITH
3alUCaHO «ycnex» ais Bcex cumBonoB aeFOLLOW(1,S) — dakrudecku, Takum
CHMBOJIOM SIBJISIETCSI CHMBOJI KOHIIA CTPOKH L y;

® cciu curyanus R; comepxur npasuio Buga A—ye, taie AeVN, ye(VNUVT)Y, A ne
SBJISIETCS eJIEBBIM CHMBOJIOM M TPaMMaTHKa COJIEPKUT MTPaBUIIO BUia A—>Y C HOMEPOM
m, To B rpade «/Jeiicmseusi»y cTpoku T; Tabuuibl T AOKHO OBITH 3aITUCAHO YUCIO M
(c6epmra mo npaBuy ¢ HOMepoM M) 1uist Beex cumposioB a€ FOLLOW(1,A);
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e cciu curyauus R; cogepkur npasuiia Buga A—>yeXp, rae A€ VN, a X — Ipou3BOIbHBINA
cumBont (XeVNUVT), v,8e(VNUVT)", 10 B rpade «Jeiicmsus» ctpoku Ti Tabmuupl T
JIOTDKHO OBITH 3aITHCAHO «cOgu2y s Becex cumBoioB aeFIRST(1,x)1;

® cciu curyamust R; mpoucrekaer m3 curyanuu Ri M cBs3aHa C HEO uYepe3 CHUMBOJI X
(xeVNUVT), 1o B rpade «llepexod», COOTBETCTBYIOIIEH CHMBOJIY X, CTPOKH T
TaGmuIBl T JOHKHO GBITH 3aIMUCAHO YHCIO j.

Ecmu ynmaercs HEpOTHBOPEYMBBHIM 00pa3oM 3alONHUTH YIPABIIONIYIO TaOmuIy T, TO
paccMarpuBaeMas rpammaruka sBisiercs SLR(1)-rpammarnkoil. Muade, korma mnpu
3aMoJHEHUH TaONUIBI BO3HHKAIOT MPOTHBOpPEYMs,, rpammarthka He sBisiercs SLR(1)-
rpaMMaTHKOM U JUTsl Hee Hellb3s IIOCTPOUTH pacno3HaBarens Tuna SLR(1) [4 1.2, 5, 58].

HaHpI/IMCp, paccMOTpUM IrpaMMaTHuKy apI/ICI)MeTI/I‘ICCKI/IX BLIpa)KeHI/Iﬁ IJIsL CUMBOJIOB a U b
G({+I_I/I*Ialb}l {S'ISITIE}I Pr S'):

P:

sS' > S

S > S+T | S-T | T
T > T*E | T/E | E
E—> (S) | alb

Ecnu nauate ctpouth MHOXecTBO cutyaruii LR(0)-rpaMmaruku ajist 3TOi rpaMMaTHKH, TO
HayajJabHas CHUTYyalus 6y/:[eT BRITIIAETh Tak: Ro={S'—>eS, S—>eS+T, S—eS-T,
S—eT, T—eT*E, T—>eT/E, T—>eE, E—e(S), E—ea, E—eb}. U3 nHee mo
CHMBOJIy S MOXHO MOJY4YHTh cuTyanuio Ri={S'—>Se, S—>Se+T, S—>Se-T} a mo
cuMmBOIy T — curyanuio Ro={S—Te, T—Te*E, T—>Te/E}.

ITpu moctpoenun ynpasistonied Tabnuisl T 1 3TOH rpaMMaTHKH HA OCHOBE aJIrOpHUTMa
st LR(0)-rpammaruk B cocTosiHuSX R1 ¥ R BOSHHKHYT IPOTHBOPEUHS, MOITOMY TaHHAS
rpammatuka He sBisietcs LR(0)-rpammaTtmkoii. OgHAaKO €clid  BOCIOJB30BATHCS
anroputMoM 1t SLR(1)-rpaMMaTiku, TO MPOTHBOPEUHHA yIaeTCs U30ekKaTh:

® i1 curyauud Rj;, TpuHIB BO BHHMaHWe, 4Yro FOLLOW(1,S')={lx}, a
FIRST(1,+)={+} u FIRST (1, ~-)={-}, HOJy4HuM, 4TO JJIsi IPABOTO KOHTEKCTA L.
(«koHEI CTPOKW») HEOOXOIMMO CHTHAIM3UPOBATH OO0 Yycmexe, a Uil MpPaBbIX
KOHTEKCTOB + W — — BBITIOJIHATH CIABUT (OCTajJbHBIE BapUAHTHI MPABOTO KOHTEKCTA B
9TOW CHTYallUy MPEIOIaralT OIINOKY);

® i curyauu Ry, Haiimem FOLLOW (1, S), momyuyum FOLLOW(1,S)={+,-,)},
FIRST(1,*)={*} mw FIRST(1,/)={/}, momy4um, 9TO JIJs TPaBbIX KOHTEKCTOB
+,—,) HEoOXOJUMO BHINOJHATH CBEPTKY IO TpaBmiry S—T, a UIS MPAaBbIX KOHTEKCTOB *
u /— casur (OCTambHBIE BapHAHTBl TMPABOTO KOHTEKCTAa B JTOH CHTYyaIluu
MIPEIoJIararoT ONIHOKY).

11 HanomunaeM, uto 1y1s1 TepMuHanbHoro cumsoina b cipasemmso FIRST(1,b) = {b}.
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IlocTpouB MONHOCTBIO MOCJIENOBATENBHOCTh CUTyallMd [ 3TOM TIpaMMaTUKd U
YIpaBIONIY0 Tabnuily T Ha OCHOBE HAHHOW IOCIIEHOBATEIHLHOCTH, MOXXHO YOEIHTHCH,
9TO pacCMOTpeHHas rpammaruka seisteTcst SLR(1)-rpaMmatukoii.

OrpaHuyenus SLR(1)-rpammatuk

S3piku, 3aganHbie SLR(1)-rpaMmatiukamu, MpeACTaBIAOT co00# Oojee MIMPOKHUA Kiacc
KC-s13b1K0B, ueM s13b1KH, 3a1aHHbIe LR(0)-rpammaTukaMu.

C npyroii croponbl, SLR(1)-rpaMMaTuku MO3BOJISIOT COKPATUTh O0BEM YIPABISIFOLICH
Tabmuuel T pacro3HaBaTeNs 3a CYET TOTO, YTO KOJNMYECTBO CTPOK B HEH COOTBETCTBYET
xoimuecTBy coctosinuil LR(0)-rpamMmmaTrky, KOTOpOe 3a4acTyl0 CYLIECTBEHHO MEHBLIE,
4yeM KonmdecTBo coctosHui LR(1)-rpammaruku. B To e BpeMs, OHH HCHONB3YIOT Oolee
NPOCTON aJTOPUTM HCKITIOYCHHS KOH(OINKTHBIX CHTYalUi IPH MOCTPOSHHHU TOH TaOJIHLIEL,
yem LR(1)-rpammatuku. B aTom ux npeumyinectso mepen LR(1)-rpammarukamu.

Onuako ue Besikas LR(1)-rpammarika ssisiercst SLR(1)-rpammarukoit. OkasbiBaeTcsi, 4To
Kacc sA3bIKOB, 3amaHHbIX SLR(1)-rpamMmaTvkaMu yxe, 4eM KIacC S3bIKOB, 3aJaHHBIX
LR(1)-rpammaTukamu. DTO 3HAYHUT, 4TO OH yiKe, 4yeM Kiace JJKC-a3bIKOB.

BHUMAHUE

He Bcsikuii pgeTepMuHmpoBaHHbil  KC-A3blk MoxeT ObiTb 3agaH  SLR(1)-
rpamMmMaTmKon.

Bosbmem paccmoTpennyio panee KC-rpammaruky G ({a,b}, {S}, {S—SaSb|A},
S) C TONOJHEHHOW Tpammarukoi G' ({a,b}, {S,S'}, {S'—>S,S—>SaSb|A},
S').

Kak Obut0 MOKa3aHO BbINE, HadalbHAs CHUTyalusl IS 3TOM TpaMMAaTUKH WUMEET BUJ
Ro={S'—>eS, S—>eSaSb, S—e}. [Ipu nocTpoeHun ynpapistomnieil Tabauipl T HA OCHOBE
anroputma Juis  LR(0)-rpaMMaTvky  BO3HUKAIOT TMPOTHBOpeunsi. EciaM MOMBITATHCS
BOCIOJB30BaThesi anroputMoMm st SLR(1)-rpammaTtvkn, TO HEOOXOIUMO BBIYHCIHUTH
MHOXecTtBa FIRST (1,S) u FOLLOW(1l,S). Ilomyuum FIRST(1l,S)={a} #u
FOLLOW (1,S)={a,b}. Oxa3piBaercsi, 4TO /i1 MPABOT0 KOHTEKCTa a KOH(QIHMKTa
n30exaTh HE YNAeTCcs: C OJHOW CTOPOHBI, B JTOW CHUTyallMd I HEro HEoOXOIMMO
BBIIIOJIHATh CIBUI, IIOCKOJIBKY S—>eSaSb BXOAUT B cUTyalutro U a€FIRST (1, S), HO C
JIPYTO# CTOPOHBI, JJIs1 HErO HAJ0 BBIMOJIHITH CBEPTKY IO MPABIITY S—>A, MMOCKOJIBKY S—>e
BXOJIUT B CUTyaluio, 1 acFOLLOW (1, S) . CiaemoBaTesbHO, 3Ta TpaMMaTHKa HE SIBIISIETCS
SLR(1)-rpammaTuKoii.

Jnst Toro 49roObl pacHIUPUTh KIACC SI3BIKOB, 3aJaHHBIX ymporneHHsiMu  LR(1)-
rpaMMaTHKaMH, ObLT TPEUTOKEH elle oauH Kiacc rpammatuk — LALR(1)-rpammaTukn.

CwvHTakcnyeckmn pasdop ansa LALR(1)-rpammatuk

Upest pacnosnasateneit mis LALR(K)-rpammarik Ta xe camas, uyto u mis SLR(K)-
rpaMMaTHK: COKPaTHTh MHOXKECTBO PACCMAaTPUBAEMbIX CUTYaLUH 0 MHOXKECTBa CHTYalUi
LR(0)-rpaMmaTiKe ¥ yIPOCTHTH MOCTPOCHHE YMPABISFONICH TaGIUIBl T, HO MPH TOM
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HaWTH QITOPUTM Pa3pelIeHUs] KOH(INKTOB MIPU IOCTPOCHUH VIS CUTYallli, B KOTOPBIX 3TH
KOH(JIMKTHI BO3HUKAIOT, Ha OCHOBAHHH [IPABOr0 KOHTEKCTa [UTHMHOM K.

Bce LALR(K)-rpammartuku it Bcex k>1 ob6pasyior kimacc LALR-rpammaruk (k>1,
nockonbky LALR(O)-rpammarnka coBmamaer mo ompexenennio ¢ LR(0)-rpammarnkoii).
Haspanme LALR-rpaMmMaTuk TpOMCXOAWT W3 WAEH, KOTOpas HCIIONB3YeTCS It
pasperternst kKoHQUKToB — LALR o3mauaer «Look Ahead», To ecth, LR-rpamMmmarukm ¢
«3arisBIBAHUEM BIEPEI.

Ha mpaktuke ucmosip3ytorces Toabko LALR(1)-rpammaTukn, Tak Kak MPUMEHSEMBIH Jis
HHUX METOJ Pa3pelleHust KOH(PINKTOB JOCTATOYHO CIOKHO pacmpoctpanuts Ha LALR(K)-
rpammaTHky ¢ k>1,

B pacnosnaBarensx Ha ocHoBe LALR(1)-rpaMMaTHK MOCTpOEHHE YIPABISIOMIEH TaOIHIIbI
T Beimonusiercss Tak ke, kak u jiusi SLR(1)-rpammaruk, HO pa3pelieHre KOHQIUKTOB
BBITIOJIHSAETCS HEe Ha ocHOBaHuMM MHOxecTBa FOLLOW(1,A), a myreM aHamu3a MmpaBoro
KOHTEKCTa ISl KaKIO0TO0 KOH(UIMKTHOTO NMPAaBWJIA B CUTyallul HA OCHOBAHUH TOTO, KaK 3TO
MPaBIJIO IIOTAJI0 B JAHHYIO CHTyalHio. Ecim aHamm3 KOHTEKCTa JOIyCKAeT BBHIIIOIHCHHE
CBEPTKH Ui HEKOTOPOTO MpPaBOTO KOHTEKCTa, TO OIS 3TOrO IPaBOro KOHTEKCTa B
YIOPaBILSIIONIYI0 Tabnuiy | 3amHCBIBACTCS JEHCTBHE «C@epmKa» HA OCHOBAHUH
KOH(MIMKTHOTO mpaBuia. JleficTBre «cOoguey 3amiChIBaeTCs AVl BCEX OCTANIbHBIX CUMBOJIOB
MpPaBOro KOHTEKCTA, KOTOpbie BXoAAT B MHOkecTBO FIRST(1,B) mpaBun Buna A—oef u He
JIOTYCKAlOT BBITMIOJIHEHUE CBepTKH (Ooyiee moapoOHOE OMHMCaHWE aHajau3a IPaBoro
koutekcta st LALR(1)-rpammaruk MoxHoO Haiiti B [4 1.2, 5, 58].

Bossmem KC-rpammaruky G ({a,b}, {S}, {S—>SaSb|A}, S) ¢ MNONOIHEHHOU
rpammatukoit G' ({a,b}, {S,S'}, {S'—>S,S—>SaSb|A}, S').

ITocTpouM 171 Hee MOCIIeJ0BATENEHOCTD CUTYALIHH:
Ro={S'—>eS,S — eSaSh, S — e};
R1 = {S'—>Se, S—>SeaSh} (mopoxnena u3 Rg o cumsoiny S);
R2 = {S—SaeSh, S—eSaSh, S—e} (nopoxnena u3z Ry u u3 Rz no cumsoiny a);
Rz = {S—>SaSeb, S—SeaSh} (nmopoxnena u3z R, o cumsoiny S);
R4 = {S—>SaShe} (mopoxnena u3 Rz no cumsoiy b).
KonduukTer npucyTcTBYIOT B cutyanusax Ri u Ro.

Paccmorpum cutyarmio Ri. B Hell Bo3MoO)kHa cBepTKa MO MpaBHIy S'-—>Se WK CABHT B
COOTBETCTBUHU C IpaBUIOM S—>SeaSb. Ecnu npoaHanusupoBaTb HpaBuwio S'—>Se, TO
BUJIHO, 4YTO OHO TMOSBWIOCH B cuTyauudn Ri w3 mnpaBuna S'—>eS curyamuu Ro,
CIIeZIOBATENFHO, MIPABBIM KOHTEKCTOM JUIS 3TOTO MPaBHIa MOXKET OBITh TOIBKO CHUMBOJ L.
Torpma nns cutyaumu R MMmeeM, 4To Ul MPaBOro KOHTEKCTAa L. JOJDKHA BBIIOJHSATHCS
CBEpTKa 10 npaBmily S'—>S (a MOCKOIBKY B IPAaBOM YacTH MIPaBUJia CTOUT IEJIEBOI CHMBOJI
S', TO 3TO COOTBETCTBYET ACHCTBUIO «ychHex»), a Iyl NPaBOrO0 KOHTEKCTa a — CIBHT
(FIRST (1,aSb)={a}).

AHayorn4HO, AN cUTyarmu R, BO3MOXHA CBEpTKa MO NPaBMIy S—>e WIH CIBUT B
COOTBETCTBUM C IpaBUIaMu S—>SaeSb u S—eSaSb. Ecnu npoananuszupoBaTs IpaBUIIO
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S—>e, TO BHIHO, YTO OHO MOTJIO MOSIBUTHCS B CUTyaluu R, u3 npaBuna S—SaeSb 370l ke
CHUTYyalll — TOTJa NPaBbIM KOHTEKCTOM JUIS HEro JOJDKEH OBITh CUMBOJI b, HO 3TO ke
MIPaBHJIO MOTJIO TOSBUTHCS B CUTyallmu R Takke Ha OCHOBaHHHM IpaBmia S—eSaSb mu3
9TO e CUTyallul — TOT/ia IPaBbIM KOHTEKCTOM IJIsi Hero Oyner cumBoia a. [lomydaem,
YTO B CHUTyallMM R IJIf NMpaBbIX KOHTEKCTOB a M b HOJDKHA BBITTOJHATECSA CBEPTKA II0
npaBmwiry S—A. CaBur B 3TOH CHTyalliM BBINOJHATBCS HE JOJDKEH, ITOCKOJIBKY
FIRST (1,Sb)=FIRST (1, SaSb)={a, b}, HO JUIsL CUMBOJIOB & U D YK€ BBIIIOJIHACTCS
CBEpTKa.

Bce KOHMIMKTHBIE CHTYallK yOajdoch pas3pelnnTs. TakuM o0pa3oM, JaHHas TpaMMaTHKa
seisiercss LALR(1)-rpammarukoid.

Ioctponm ympapusiomyo TaOIMIy A JaHHOW TpaMMaTHKH, WCIOJB3YysS HaHACHHYIO
MOCJICIOBATEILHOCTh CUTYAIlMid M TMpaBuUia pa3peiicHus KOHMIMKTOB, MOJYYCHHBIC IS
cutyanuit R1 1 Ra.

Ta6nuua 4.4. Npumep ynpaenstowen Tabnuubl ans LALR(1)-rpammaTtikm

Ne Crtek OencrtBus MNepexoabl

A b Lk a b S
0 Ly CBEpTKa, 3 CBepTKa, 3 1
1 S CaBur ycmex, 1 2
2 Sa CBEpTKa, 3 | cBepTKa, 3 3
3 SaS Casur CABHT 2 4
4 SaSh CBEepTKa, 2 | cBepTka,2 | cBepTka, 2

Kak u B paHee MOCTPOCHHBIX TabyuIax, KoJoHKa « Cmexy He Hy)XKHA paclo3HaBaTENIo, a
BBEJICHA ISl TOSICHEHHS COCTOSHHUS CTeka. IIycThle KIETKH B TaOJNHIE COOTBETCTBYIOT
COCTOSIHUIO «owiubkay. [lpaBmina rpammatuku mpoHymepoBansl oT 1 mo 3. Komonka
«[eticmseusy B TaONHIE COICPKHUT TEpPEYCHb ACWCTBHUI, COOTBETCTBYIOIIUX TEKYIIEMY
BXOJHOMY CHMBOJTY, 0003peBaeMOMY CUHTHIBAIOIIECH TOJIOBKOI aBTOMATA.

PaccmoTpuM mpuMeps! pacrno3HaBaHMs LIEMIOYEK SI3bIKA, 3aJaHHOIO 3TOH IpPaMMAaTHKOM.
Kongurypauuto pacummpenHoro MII-aBromara OyaeM oToOpakaTb B BHIE Tpex
KOMITIOHEHTOB, KaK 3TO OBIJIO C/IETaHO BHIIIE.

Pa36op nemnoukun abababb:
(abababb.l«, {14, 0},2)
(abababbly, {1l4,0}{S,1},3)
(bababbly, {1l.,0}{S,1}{a,2},3)

1

2

3

4. (bababbly, {1.,0}{S,1}{a,2}{s,3},3,3)

5. (ababbly«, {14, 0}{S,1}{a,2}{S,3}{b,4},3,3)
6

(ababbJ_K, {J_H, O} {S/ 1}/31 312)
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7. (babbly, {l.,0}{S,1}{a,2},3,3,2)

8. (babbl., {1l.4,0}{S,1}{a,2}{S,3},3,3,2,3)

9. (abbly«, {L4,0}{S,1}{a,2}{S,3}{b,4},3,3,2,3)

10. (abbls«, {14, 0}{S,1},3,3,2,3,2)

11. (bbl«, {Ls,0}{S,1}{a,2},3,3,2,3,2)

12. (bbl., {Ls,0}{S,1}{a,2}{s,3},3,3,2,3,2,3)

13. (bly, {1ls,0}{S,1}{a,2}{S,3}{b,4},3,3,2,3,2,3)
14. (bly, {1ls4,0}{S,1},3,3,2,3,2,3,2)

15. oumbxa, HeT AeUcTBUM s b B cTpoke 1.

Pa36op nenouku aababb:

(aababbl., {Ls,0},A)

(aababbly, {L1s:,0}{S,1},3)

(ababbly, {1s,0}{S,1}{a,2},3)

(ababbly, {L1l4,0}{S,1}{a,2}{S,3},3,3)

(babbly«, {1s,0}{S,1}{a,2}{S,3}{a,2},3,3)
(babbl«, {14, 0}{S,1}{a,2}{S,3}{a,2}{S,3},3,3,3)
(abbly, {Lls,0}{S,1}{a,2}{S,3}{a,2}{S,3}{b,4},3,3,3)
(abbly, {L1u,0}{S,1}{a,2}{S,3},3,3,3,2)

© ©® N o g B~ w N PRF

(bble, {14, 0}{S,1}{a,2}{S,3}{a,2},3,3,3,2)

=
o

. (bble, {14, 0}{S,1}{a,2}{S,3}{a,2}{s,3},3,3,3,2,3)

[y
[N

o (ble, {Ls,0}{S,1}{a,2}({S,3}{a,2}{S,3}{b,4},3,3,3,2,3)

=
N

- (ble, {Ls,0}{S,1}{a,2}({S,3},3,3,3,2,3,2)

[ERN
w

(Lo, {Ls, 0} {S,1}{a,2}{S,3}{b,4},3,3,3,2,3,2)

[N
SN

(L, {14, 03{s5,1},3,3,3,2,3,2,2)
15, (1«, {L1s,0}{S",*},3,3,3,2,3,2,2,1) — pa3bop 3aBepIieH.

CoOTBeTCTBYIOIIAs IIETI0YKA BBIBOJA OYyAET UMETh BHJ (HMCHOJIB3YETCsI MPABOCTOPOHHUIMA
BBIBOJT):

S'=>S=>SaSb=>SaSaSbb=>SaSabb=>SaSaSbabb=>SaSababb=>Saababb=>aaba
bb.
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MoHO yOenuThCcs, 9TO BBIBOJ, HAMICHHBIN C TIOMONIGIO PACMO3HABATENsI HA OCHOBE
LALR(1)-rpaMMaTHKH COOTBETCTBYET BBIBOIY, HAMICHHOMY PacliO3HABaTeJIEM Ha OCHOBE
LR(1)-rpammarukw.

OcobeHHocTn LALR(1)-rpammatumk

Kak wu SLR(1)-rpammariku, LALR(1)-rpaMmaTvkid MO3BOJSIFOT COKPAaTHTh 00BeM
yhpaBistomeil Tabmumsl T pacmo3HaBaTeNs 3@ CYET TOTO, YTO KOJMYECTBO CTPOK B HEi
cooTBeTcTBYeT KonuuecTBy cocrostauit LR(0)-rpammaruxu. Ho, no cpaBuenunio ¢ SLR(1)-
rpaMMaTHKaMH, OHH HCIOJIB3YIOT 0oJiee CIIOXKHBI alTOPHTM HCKIFOYCHUS KOH()IMKTHBIX
CUTYallMd TNpPH IMOCTPOCHUH 3TOH TaOmuUbl. B menoMm, MOCTPOHMTH paclo3HaBaTeNb Ha
ocHoBe LALR(1l)-rpammaTuku mporie, dYeM pacmo3HaBaTenb Ha ocHoBe LR(1)-
rpaMMaTHKH, HO HEMHOTO CIIOXKHEe, YeM paclo3HaBaTenb Ha ocHoBe SLR(1)-rpamMarukm.

Kmacc LALR(1)-rpammaruk wupe, uem kmacc SLR(1)-rpammartuk. Hampumep,
paccmoTpeHHas Bbimie nomonHeHHas ~KC-rpammatuka G' ({a,b}, {S,s'},
{S'—>S,S—>SasSb|A}, S') seusercs LALR(1)-rpammarukoii, Ho He siBisercs SLR(1)-
rpamMmatikoil. OMHAKO BaXHO, 4YTO W s3bIkH, 3amaHHbie LALR(1)-rpammarnkamu,
OpeCTaBISIOT co00it 6onee mupokuii knace KC-s3bIkoB, ueM s3bikH, 3amannbie SLR(1)-
rpaMMaTHKaMH.

NMPUMEYAHUE
Bcakas SLR(1)-rpammatmka sasnsetca LALR(1)-rpammaTtikon, HO He Ha06opoT.

Hoxkazano, uyto mo6oit JIKC-sa3pik Moxer ObiTh 3aman LALR(1)-rpammarukoii, a 3to
3HAYUT, YTO KJIACC s3bIKOB, 3amaHHbiXx LALR(1)-rpammaTtvkamu, cOBMamaeT ¢ KIacCcoM
s13bIKOB, 3anaHHbIX LR(1)-rpammarukamu [4 1.2, 5]. Xots u3BectHo, uto kinace LR(1)-
rpammMaTHK mmupe, 4yeM kiace LALR(1)-rpammaruk.

BHUMAHUE

Bcakui a3bik, 3apgaHHbii LR(1)-rpammaTukon, mMoxeT Obitb 3agaH LALR(1)-
rpammMaTuKoOM, HO He Bcsikas LR(1)-rpammatmka saensetca LALR(1)-rpammaTmkon.

LALR(1)-rpaMMaTHKH NPEACTABISIOT cOOOM Oonee yaoOHbIH HHCTPYMEHT ISl TOCTPOCHHS
pacno3naBarenedd, dem LR(1)-rpammartuku. Kpome TOro, 3TOT Kiacc TIpaMMaTHK
JIOCTaTOYHO MOIIHBINA, YTOOBI Ha €r0 OCHOBE MOKHO OBIIO TOCTPOMTH CHHTAKCHUECKHN
aHAIM3aTOP UL JII000TO S3bIKa MPOTPaMMHPOBAHUS, IPEICTABIAIONIEIO MPAKTHUECKUN
uHTEepec (a TakoH wWHTepec MpeAcTaBIOT Toibko JIKC-s3pikm). OmHAaKo 3TOT Kiacce
rpaMmarik yxe, 9dem kinacc LR(1)-rpammaruk, a 3uaunt cymectByot LR(1)-rpammarnkmy,
kotopeie He siBistioress LALR(1)-rpammarukamu. Kak w st gpyrux kmaccoB KC-
rpaMMaTHK, HE BCeTAa yJaeTcs HaWTH mpeoOpa3oBaHMe, IO3BOJAIOIIEE ITOCTPOUTH
LALR(1)-rpammaruky mist si3bika, 3aganHoro LR(1)-rpammarukoii. B psine ciygaes 3ToT
(akT MOXET OrpaHUYUTh MPUMEHEHHE pacno3HaBarenei Ha ocHoBe LALR(1)-rpamMmmaruk.

Ho pacno3naBarenu na ocHoBe LALR(1)-rpamMmaTik MMEIOT elie OJMH HEJOCTATOK IO
CpaBHEHUIO ¢ pacno3HaBarensimMu Ha ocHoBe LR(1)-rpammaruk. Jleno B TOM, 4TO METO.
aHaliM3a MpPaBOrO KOHTEKCTa, IMPUMEHSICMBIA NP TOCTPOCHUU pPACHO3HABATENs LIS
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LALR(1)-rpaMMaTiKi HECKOJBKO OTPAHWYMBACT BO3MOMKHOCTH pPACIIO3HABATENS 110
00Hapy>KEHHIO OMHMOOK BO BXOJHOW Iemouyke CHUMBOJOB. OmmOKa, KOHEYHO ke, Oyner
obHapyXeHa, HO pacmo3HaBatenio Ha ocHoBe LALR(1)-rpammartuku motpeGyeTcst Uis
3TOrO GOJIBIIE IMIATrOB, YeM pacro3HaBatenio Ha ocHoBe LR(1)-rpammarukn. ITO 3HAYHMT,
yTo ommOKka Oyner HaiimeHa Ha Oojee MO3MHEH CTagMM CHHTAKCHYECKOTO anammal? B
TaKOM Ciydae y KOMIHJIATOpA OyIeT MEHBIIE BOSMOXHOCTEH MO JHATHOCTUKE OIIUOKH.
IloaToMy MOXHO CKa3aTh, 4YTO pacro3HaBatenud Ha ocHoBe LALR(1)-rpammaruk
YIPOINAIOT BBINOJHEHHE CHHTAKCHYECKOTO aHajiu3a, HO NPH ITOM  yMEHBLIAIOT
BO3MOXXKHOCTH ~ KOMIOWJIATOpa MO  JWarHOCTHKE  OMIMOOK, IO  CpPaBHEHHIO C
pacrno3naBaressiMi Ha ocHoBe LR(1)-rpammaruk.

Tem He MeHee, HeCMOTps Ha YyKa3aHHbIC HEJOCTAaTKH, PACIIO3HABAaTeIM HA OCHOBE
LALR(1)-rpaMMaTHK SIBJISIOTCSI OJHHUM U3 CaMbIX MOIIHBIX U 3()(EKTUBHBIX CPEACTB IS
NOCTPOCHHSI  CHHTAaKCHMYECKHX  aHamu3aTopoB. VIMEHHO TO3TOMY JaHHBIA  THI
pacro3HaBaTeNsl HCIONb3YeTCsl INPH PEIICHUH 3aayd aBTOMATH3aLMH OCTPOCHHS
CHHTaKCHYECKOT'0 aHAIU3aTopa.

Ipumepst moctpoenus LR(0), SLR(1) u LALR(1) pacno3HaBateneif MOXXHO HailTu B
KkHurax [5, 58].

ABTOMaTU3aUMA NOCTPOEHUSA CUMHTAKCMYECKUX aHanM3aTopos (nporpamma
YACC)

IIpn pa3paboTKe pasMUUYHBIX MNPUKIAAHBIX I[POrPaMM YacTO BO3HUKAeT 33j1ada
CHHTaKCHYECKOr0 pa3bopa HEKOTOPOrO BXOIHOTO Tekcra. KOHEYHO, ee MOXKHO BCerza
PELINTh, TTOJHOCTBIO CAMOCTOSTENBFHO MTOCTPOWB COOTBETCTBYIONIMK aHanu3arop. 1 xots
3ajJa4a BBIOJHEHHUS CHHTAaKCHUYECKOro pa3dopa BcTpedaeTcsi HE CTOJb 4acTo, Kak 3ajada
BBITIOJIHEHHS JIEKCUUECKOTO pa3dopa, HO BCe-TaKH M ISl €€ PEeIIeHHs] ObUTH MPEAJIOKEHBI
COOTBETCTBYIOIINE IPOTPAMMHBIE CPEACTBA.

ABTOMAaTHU3UPOBAHHOEC TMOCTPOCHHWE CHHTAKCUYCCKHX AHAJIU3aTOPOB MOXKET OBITh
BBIMOJIHEHO C MOMOIIbI0 porpamMmbl YACC.

[Mporpamma YACC (Yet Another Compiler Compiler) npenHa3HaueHa JUisi IOCTPOSHUS
cuHTaKcudeckoro anammiatopa KC-s3plka. AHanM3MpyeMBId S3bIK  OMHCHIBAETCS C
MIOMOIIBI0 TPaMMaTHKH B BHUue, Omm3kom ¢opme bakyca-Haypa (HopmanbHast dopma
Bakyca-Haypa — H®BH). Pesymprarom pabotei YACC sBIsieTCS HCXOAHBIA TEKCT
MPOTpaMMbl CHHTAaKCHYECKOTO aHan3aTropa. AHaiIM3aTop, KoTopblid nopoxkaaercs YACC,
peanusyer BOCXOAALMil pacno3HaBarenb Ha ocHoBe LALR(1)-rpammatuku [3, 9, 31, 55,
58].

Kak w mporpamma LEX, cmyxkamas i aBroMaTw3aliyl TOCTPOSHHS JIEKCHYECKUX
aHanuzatopos, nmporpamma YACC TecHO cBsi3aHa ¢ UCTOpPHEH ONEepalMOHHBIX CHCTEM THIIA
UNIX. Dra mporpamma BxoauT B moctaBky muormx Bepcuit OC UNIX wmmm Linux.
ITosromy wuamie Bcero pesyiabraroMm padotel YACC sBIsieTCs HMCXOIHBIA TEKCT
CHHTaKCHYECKOTo pacmo3HaBatenst Ha si3eike C. OmgHako cymiectByroT Bepcuu YACC,

12 Jror (akT MOXKHO 3aMETHTH J@XKe Ha TpUMepe pa3bopa MpocTedmiel OmMOOYHOI
BXOJIHOW LIETIOYKH, KOTOPBIA ObLT paccmotpeH Bbimie st LR(1)-rpammaruku, a 3ateM u
qutst LALR(1)-rpammaTuku.
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BhImoHstomuecs nox ynpasieaneM OC, ommanabix o UNIX 1 moposxnaromie HexXoHbIi
KOJI Ha JIPYTHX A3bIKaxX MporpaMMupoBanus (Hanmpumep, Pascal).

puanun padorer YACC moxox Ha mpuHiun padotsr LEX: Ha BXOm moctymaer aiin,
CoZlep KAl ONMCcaHue TpaMMaTHKU 3anaHHoro KC-s3pIka, a Ha BBIXOJE IIOJYy4aeM TEKCT
HPOrpaMMbl CHHTAaKCHYECKOTO PACIIO3HABATENS, KOTOPHIH, €CTECTBEHHO, MOXKHO JOTOJHATh
U peNaKTUpOBaTh, Kak M JIOOYl0 JApYryl0 NporpaMMmy Ha 33JaHHOM  SI3BIKE
POrpaMMHPOBAHUSL.

Hcxonnas rpammatuka it YACC cocTOMT U3 TpeX CEKIUH, pa3/eNeHHBIX IBOWHBIM
CUMBOJIOM % — %%: CCKUUU ONHUCAHUN, CEKUUU IPaBUI, B KOTOPOM OIHUCBIBACTCS
rpaMMaTHKa, U CEKIUH MPOrpaMM, COAECPKUMOE KOTOPOH IMPOCTO KOMUPYETCSA B BBIXOAHOM
(hati.

Hanpumep, Huxe npuBeaeHO onucaHue mpocreifmei rpamMatuku 111 YACC, xotopas
COOTBETCTBYET rpaMMaTuKe apu(pMeTHUECKUX BBIpa)KEHUH, MHOT'OKpPaTHO
UCIIOJIb30BABILIECS B KAYECTBE [IpUMeEpa B IAHHOM NOCOOHU:

%$token a
%$token Db

$start e

o\
o\

e e "+'"m | e '"-"m | m ;
m:m'"*" £t | m"'/"t | t;
t:albl| '("e" ;

o\
o\

Ceknysl ONMCaHWH COJEPKUT HMH(POPMAIIMIO O TOM, YTO HJICHTU(PHUKATOP a SBIsETCS
JIeKCeMO#l (TepMHHAIBHBIM CHMBOJIOM) TIpaMMaTHKH, a CHMBOJ € — €€ HadaJlbHBIM
HETEPMHUHAIBHBIM CHMBOJIOM.

I'pammarnka  3amucana  OOBIYHBIM — 00pa3oM —  WACGHTHU(QHUKATOPH  0003HAYAOT
TEPMUHAJIBHBIE U HETEPMUHAJIBHBIE CUMBOJIbI; CUMBOJIbHBIE KOHCTAHTHI THNa '+' 1 '—"'
CUUTAIOTCS TEPMUHAIBHBIMU CUMBOJaMH. CUMBOJIBI : | ; MPUHAAJIEXKAT K METas3bIKy

YACC u guratorcs cornacio HOBH «ecTh 10 ONpenesieHHIo», «AIH» U «KOHEII TIPaBHIIaY
COOTBETCTBEHHO.

B omimume ot LEX, koTOpsIi BCera cmoco0eH MOCTPOUTh JIEKCUIECKUI PacIio3HaBaTEb,
€CII BXOJHOW (aill COAEp)KUT NpaBUbHOE peryisipHoe BbipakeHue, YACC He Bceraa
MOXET HOCTPOUTH paclio3HaBaTeNb, JaXe €CIM BXOAHOW f3bIK 3ajaH mpaBwibHOW KC-
rpaMMaTHKOH. Benb 3a1anHas rpaMMaTHKa MOXKET U He IpUHaaexats K kiaccy LALR(1)-
rpammaTuk. B atom ciysae YACC BwlmacT cooOmenue o0 ommOke (0 HadMduu
Hepaspemumoro koHpukTa B LALR(1)-rpaMMaTiKe) MpH MOCTPOCHUN CHHTAKCHYECKOTO
aHanuzatopa. Toraa mosibp3oBaTesb JOJDKEH JIMOO TpeoOpa3oBaTh IpaMMarTuKy, JMO0
3agath YACC HEKOTOpbIe [OMONHHUTEIBHBIC IPaBHiIa, KOTOPBIE MOTYT OOJETYHTh
noctpoenre ananmzaropa. Hampumep, YACC mo3BossieT yka3aTh MpaBHiia, SBHO
3aJjalolIKe MPUOPHUTET OTNEpalMii U TIOPSJIOK MX BBITOJHEHHS (CJeBa HAIpaBO MJIM CIIpaBa
HaJIeBO).
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C KaXAbIM TPaBWIOM TPaMMAaTHKH MOXET OBITh CBS3aHO [EHCTBHE, KOTOpoe Oyder
BBITIIOJTHEHO IIPH CBEPTKE MO JaHHOMY IpaBmily. OHO 3alMCHIBACTCS B BUJIE 3aKIIOUCHHON B
¢urypHele CKOOKH IOCIIEIOBATEIILHOCTH ONEPaTOPOB fA3bIKa, HA KOTOPOM IIOPOXKIACTCS
HCXOIIHBIA TEKCT MPOTPaMMEI pactio3HaBatens (00srgHO 310 361K C). IlocimenoBaTensHOCTD
JIOJDKHA PacIIoNaraThes TOCKe TIPaBO 9acTH COOTBETCTBYIomIero npasmia. Takxe YACC
HO3BOJISIET YIPABIIATH ACHCTBHAMHE, KOTOPBIC OyIyT BEIOJHATHCS PAcIO3HABATEIEM B TOM
cilydae, €ciM BXOJHas LENOoYKa He INPHUHAUICKUT 3aJaHHOMY s3bIKy. PacrosHaBarenb
MMeeT BO3MOXKHOCTH BBIJIaTh COOOIEHNE 00 ONIMOKE, OCTAHOBUTHCS, JIMOO e MPOJIOIKHUTH
pa300p, MPEeANpPUHAB HEKOTOPBIC NCHCTBHUS, CBA3aHHBIC C MOIBITKOM JOKAIM30BaTh JTHOO
YCTPaHUTH OMIMOKY BO BXOJTHOM IIETIOUKE.

YACC B Hacrosiiee BpeMsi HE SBISETCS EJUHCTBEHHBIM HPOTPAMMHBIM IPOJIYKTOM,
NpefHa3HAYEeHHBIM I aBTOMATH3aIMH MOCTPOSHHUS CHHTAKCHYECKHX aHAIN3aTOPOB, TaK
xe kak 1 LEX He sBisieTcss eTMHCTBEHHBIM IPOrPaMMHBIM IIPOAYKTOM ISl aBTOMATH3AIAN
MIOCTPOCHMS JIEKCHYECKHX aHanu3aTopoB. Celdyac Ha pBIHKE CpEICTB pa3paboTKu
MPOTPAaMMHOTO OOECHEeYEeHNsI IPHUCYTCTBYET IEbI ps NPOrpaMMHBIX HPOJIYKTOB,
OPHEHTHPOBAHHBIX HAa pEIIeHME TAaKoro pojxa 3amad. Hekoropele W3  HHX
pacipocTpaHsoTcsl OecIuIaTHO WM ke OecIlaTHO, HO C HEKOTOPHIMH OTrPaHHYCHHSIMH,
JpyTue SBJISIOTCS KOMMEPUECKMMM IIPOTpaMMHBIMH HpPOAYKTaMH. MHOTrue cpelncTBa
Takoro poja BXoAiT B coctaB OC M cucTeM NpOrpaMMHMPOBaHUS (CTOMT OTMETHUTh, UTO
LEX u YACC Bxozsr B coctaB OC tuna UNIX).

COBET

Ecnu y uutatenen cywecTtsyeT noTpebHOCTb B NporpammHoM obecrneyeHun ons
aBTOMaTU3UPOBAHHOIO MOCTPOEHUS CUHTAKCUYECKUX aHanmsaTopoB, aBTop
npexae Bcero pekomeHayeT o00paTuTbCA Ans noucka Takux CcpeacTs BO
BCEMUPHYIO ceTb MHTepHeT. o knioveBbiM cnoBaM « YACC» n «LALR» moxHO
NoNyyYnTb 4OCTATOYHOE KONMMYECTBO MOME3HbIX CChISOK.

Bonee moapoOHble CBeieHHMS O INPOrpaMMe  aBTOMATH3UPOBAHHOTO  IOCTPOCHHUS
CHHTaKcH4eckux pacrnozuaBareneil YACC moxHo monyuuts B [22, 31, 53].

CunHTakcunyeckmne pacno3HaBaTesin Ha OCHOBE rpaMMaTUK
npeguwecreBoBaHuA

O6LwWwmMe NPMHUMNbI FPaMMaTUK NpeaLecTBOBaHUS

Eme omamm pacnpoctpaneHHBIM KimaccoM KC-rpammarwk, A KOTOPBIX BO3MOXKHO
MOCTPOUTh BOCXOJUIIIMI  pacro3HaBaTelb 0e3 BO3BPATOB, SBJSIIOTCS TPaMMaTHUKU
MpEIIeCTBOBAaHM. Takke Kak ¥ paclo3HaBaTeldb s pacCMOTpeHHbIX Bbime LR-
TpaMMaTHK, paclo3HaBaTe/ib JIsI T'paMMaTHUK NPEAIICCTBOBAHUA CTPOUTCA Ha OCHOBE
QNTOpPUTMAa «CIIBUT-CBEPTKa» («IepeHOC-CBEPTKa»), KOTOpPHIH B oO0meM BuAe ObLI
paccMoTpeH B pazjene « CHHTaKCHYeCKHEe Paclio3HAaBaTEeNN ¢ BO3BPATOM.

IIpuHiun opraHu3auuu pacro3HaBaTeNsi Ha OCHOBE TIpaMMAaTHUKU MPEIIIeCTBOBAHUS
UCXOAUT U3 TOTO, YTO Uil KaXIOW YMNOPSJAOYEHHON Mapbl CHMBOJIOB B I'paMMaTHKe
YCTaHaBJIMBAETCSl OTHOLIEHHUE, Ha3blBa€MOE OTHOLIEHHEM Mpe/iiecTBoBaHus. B mporecce
pa3bopa pacmmpenHbii MII-aBToMaT cpaBHHBAeT TEKYIIUH CHMBOJ BXOIHOHM LEMOYKH C
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OJJHUM W3 CHMBOJIOB, HAXOJIIMXCS Ha BEpXYLIKE CTEKa aBTOMaTa. B mponecce cpaBHeHUA
HpoBepsieTcs, KaKoe U3 BO3MOXKHBIX OTHOIICHHH NPEIIeCTBOBAHMS CYLIECTBYET MEXIY
9THMH ABYMS CHMBOJIaMHU. B 3aBHCHMOCTH OT HaliICHHOTO OTHOIICHHUS BBINOJIHACTCS JIMO0
CIIBHT, TMOO CBepTKa. [IpH OTCYTCTBHYM OTHOLICHMS NPEIIISCCTBOBAHMUI MEXITY CHMBOJIAMH
ANTOPHUTM CHTHAIU3UpPyeT 00 ommoKe.

3amada 3aKiIO4YaeTcs B TOM, YTOOBI MMETh BO3MOXKHOCTH HETIPOTHBOPEYUBBIM 00pa3zoM
OIIPEJIeTINTh OTHOIICHHS INPEIIIECTBOBAHMS MEXIy CHMBOJAaMH TpamMatuku. Ecim arto
BO3MOXXHO, TO I'paMMaTHKa MOXeET OBITb OTHECEHa K OJHOMY M3 KJIaCCOB I'paMMaTHK
MpeACCTBOBAHMA.

Cy1iecTByeT HECKOJIBKO BUIOB IPaMMAaTHK MpeAnecTBoBaHus. OHU pa3MyaroTcs o TOMY,
KaKue OTHOIIEHUS TNPEIIeCTBOBAHUS B HUX OMNPENEICHBl U MEXIYy KaKUMU THIIAMH
CHUMBOJIOB (TCPMHHANBHBIMA WJIA HETEPMHUHAIBHBIMH) MOTYT OBITh YCTaHOBIICHBI ATH
otHOmeHHA. Kpome Toro, BO3MOKHBI He3HAYNTEIbHBIE MOAU(DUKAITUH (PYHKITHOHUPOBAHUS
CaMOTO QJITOPUTMa «CABHT-CBEPTKAa» B PACMO3HABATEIIX I TaKUX TpaMMaTHK (B
OCHOBHOM Ha JTale BBIOOpa TpaBWIA U BEITIONHCHHUS CBEPTKH, KOTAAa BO3MOXKHBI
HEOJHO3HAYHOCTH) [4 T.1,2, 5].

BriaensioT cnenyroniye BUbl rpaMMaTHK NPEAILIECTBOBAHMS:
® IIPOCTOrO IMPECAIICCTBOBAHUS,

® DPACHIMPCHHOTO MPEALICCTBOBAHUS,

® (1aboro MpeAieCTBOBAHHS;

® CMEIIAHHOW CTPATEruu MPEeAIIEeCTBOBAHUS,

® OIICPATOPHOTO NPEALICCTBOBAHUS.

Hanee OynyT paccMOTpeHbl ABa HauOojiee NPOCTBIX M PAcIpOCTPAHCHHBIX THIA —
rpaMMaTHKH{ TIPOCTOTO U OTIEPATOPHOTO IPEIIIECTBOBAHHS.

I'paM MaTUKuN NpocCToro npegwecrsoBaHusA

Ipammamuxoii. npocmozo npeoulecmeosanuss Ha3bIBalOT Takyl mpuBeneHHyo KC-
rpammatuxy™® G(VN,VT,P,S), V = VTUVN, B koTopoii:

1. Jdna kaxmoil ymopsiioueHHOH mHapel TEPMHMHANBHBIX U HETEPMHHAIBHBIX CHMBOJIOB
BBITTOJTHSETCA He 0oJiee YeM OJTHO U3 TPEX OTHOUICHUH MPeNIIeCTBOBAHNSA .

o Bi=B; (VBiBjeV), eciu u toneko ecnu 3 npasuino A—XBiBjyeP, rne AeVN,
X,yeV"

® Bi<-Bj (VB;,BjeV), eciit u Tospko ecinu 3 npaBusio A—>XBiDyeP u BeiBog D=*S;z,
roe A,DeVN, x,y,zeV";

e B;->B; (VBi,BjeV), eciu u Tonsko ecnu 3 npasuno A—XCBjyeP u BeiBog C=*zB;
wm 3 npasuno A—>XCDyeP u BeBogsl C=*zB; n D=*Bjw, rne A,C,DeVN,
X,y,Z,weV".

B HaHOMI/IHaCM, 4qTo KC'FpaMMaTI/IKa Ha3bIBACTCA HpHBCHeHHOﬁ, €CJIM OHAa HC COACPIKUT
IIUKJIOB, 66CHJ'IO,HHI>IX 1 HCAOCTHXXHUMBIX CUMBOJIOB U X'HpaBI/IH.
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2. PazmmuHble mpaBmia B TpaMMAaTHKE HMEIOT pas3Hble IpaBble 4acTH (TO €cTb B
rpaMMaTHKE HE JOJDKHO OBITh IBYX Pa3iHYHBIX TIPABHI C OJHOH M TOH K& TpaBOH
Y4acThio).

OtTHoweHust =, <- W -> Ha3bIBAIOT OTHOLICHHAMH IPEAIICCTBOBAHUS Ul CHMBOJIOB.
OTHOLIEHUE TMpPEIIIECTBOBAHUS EIMHCTBEHHO JUIS KaXAOW YIOPSJAOYSHHOW Maphl
cuMBOJIOB. [Ipy 3TOM MeXAy KakMMH-IMOO IBYMsS CHUMBOJAMH MOXET M HeE OBITh
OTHOLICHMS MPEAIICCTBOBAHUS — 3TO 3HAYUT, YTO OHH HE MOT'YT HaXOAMTHCS PAIOM HU B
OHOM DJEeMeHTe pa30dopa CHHTAKCHYECKH MpaBWIGHON menoukd. OTHOIICHHS
NPEIIIECTBOBAHMS 3aBUCAT OT MOPSKA, B KOTOPOM CTOSIT CHMBOJIBL, ¥ B 3TOM CMBICIIE HX
Helb3sd NyTaTh CO 3HAKAMH MAaTEeMaTHYeCKHX OIlepaliii — OHM He OoO0JlajarT HHU
CBOIICTBOM KOMMYTATHBHOCTH, HH CBOIMCTBOM accolMaTHBHOCTH. Hampumep, eciu
n3BecTHO, 49T0 Bi->Bj, To He oO0s3arensHO BBEMONHAETCS Bj<-Bi (mosTomy 3HaKM
NpeIIIecTBOBAHMS HHOTIa IIOMEYAIOT CIICHUaIbHOM TOUKOU: =-, <-, ->)

I[J'I?[ TrpaMMATUK OPOCTOIrO MPEAMICCTBOBAHNA U3BCCTHDI CIICAYIOIUC MMOJIC3HbIC CBOICTBa:
® BCsjKasg rpaMMaTHKa IIPOCTOrO IPEAIIECTBOBAHUSA ABIISECTCS O,I[HOBHa‘IHOP‘I;

® JICTKO TIPOBEPHTH, SIBISICTCS WM HET npom3BonbHas KC-rpamMmarnka rpaMMaTHKON
MPOCTOTO TPEANISCTBOBAHUS (JIsI 3TOTO JOCTATOYHO MPOBEPHUTH PACCMOTPECHHBIC BEIIIE
CBOICTBa TPaMMAaTHK IIPOCTOTO IMPEIIICCTBOBAHUS HIIM BOCIIOIB30BATHCS alTOPHUTMOM
MOCTPOCHHUS MaTPHIIbI MPEIIECTBOBAHUS, KOTOPHIN pacCMOTPEH Janee).

Kak wm pm18 MHOTMX JApyrHX KIaccOB TIpaMMaTHK, I TpaMMaThK IPOCTOTrO
MPEIIECTBOBAHMS HE CYIIECTBYeT alroOpuTMa, KOTOpbIM OBl Mor mnpeoOpa3oBaTh
npousBoibHyl0 KC-rpammaTuky B TpaMMaTHKy HPOCTOTO MPEALIECTBOBAHUSA WM
JI0Ka3aTb, YTO NPeoOpa30BaHUEe HEBO3MOKHO.

Meton NpeaUICCTBOBAHUS OCHOBAaH Ha TOM (baKTe, YTO OTHOWICHHA TPECAUICCTBOBAHUA
MCKAY ABYM:A COCCAHUMH CHMBOJIAMU pacn03HaBaeM0171 CTPOKU COOTBCTCTBYIOT TpEM
CJICAYIOIINM BAPpUAHTAM:

® Bi<-Bis1, ecniu cumBon Bij+1 — KkpallHUH J€BBIH CHMBOJI HEKOTOPOW OCHOBBI (3TO
OTHOIIIEHHE MEX/y CUMBOJIAMH MOHO Ha3BaTh «IPEALIECTBYET OCHOBE» WIIM MPOCTO
«IPEAIIECTBYET);

® Bi>Bix1 , ecniu cumBon Bj— kpaiiHuii mpaBblii CHUMBOJ HEKOTOPOW OCHOBHI (3TO
OTHOLICHHE MEXIy CHMBOJAMH MOXXHO HA3BaTh «CJIEAYET 3a OCHOBOI» MIIM MPOCTO
«CIeIyeT»);

o Bi=-Bi:1, ecu cumBoibl B u Bi+1 mpuHAmIEKaT 0qHOIM OCHOBE (3TO OTHOIICHHE MEXKTY
CHUMBOJIAMH MOYKHO Ha3BaTh «COCTABJISFOT OCHOBY).

Hcxons W3 OTHX COOTHOIICHHH, BBINMOJNHSAETCS pPa3dop CTPOKH Ui TPaMMaTHKH
[IPEeUIECTBOBAHHUS.

CyTp TpHHIMIA Takoro pazbopa MoHO MOHATE U3 puc. 4.10. Ha Hem m3o0pakeHa
BXOJIHas IIEMI0YKa CUMBOJIOB O.Y3d B TOT MOMEHT, KOT/1a BBHIITOJHSIETCS CBEPTKA [ETTOYKH Y.
CuMBOJI a SBJISETCS IOCJICAHUM CHMBOJIOM IIOALUCIIOYKH O, 4 CHMBOJI b— TICPBBIM
cuMmBOoJoM moxanenoykd [3. Torma, ecam B TpaMMaTHKe YOAcTCS YCTaHOBHUTH
HENPOTHBOPEUYMBHIE OTHOLIEHUs MPEIIECTBOBAHNS, TO B IpOLiecce BBHIIOJIHEHUS pa3zdopa
0 AITOPUTMY «CIBHI'-CBEPTKa» MOXKHO BCET/Ia BBITIOJHATH CIABHT JIO TEX IIOP, IIOKa MEXIY
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CHUMBOJIOM Ha BEpXyIIKE CTeKa W TEKYyIIMM CHMBOJOM BXOJHOW LETOYKH CYLIECTBYET
OTHOIICHHE <- WIH =-. A KaK TOJBKO MEXIy STUMH CHMBOJAMH OyJeT OOHapy>KeHO
OTHOIIIEHHE >, TaK CPa3y HaJO0 BBIIOJIHATE CBEPTKY. [IprdeM isl BHIIOIHEHUS! CBEPTKU U3
CTeKa HaJo BBIOMpPATh BCE CHMBOJIBL, CBS3aHHBIC OTHOLICHHEM =-. T0, 4TO BCE pas3sIM4YHbIC

IpaBUja B rpaMMaTHKe NPEALIECTBOBAHUS UMEIOT pa3IMyHble PaBble YacTU, TapaHTUPYET
HETIPOTHBOPEYNBOCTh BHIOOpA MTPABHMIIA IIPH BBHIIIOJIHEHUH CBEPTKH.

Takum 00pa3oM, YCTAHOBJIEHHE HENPOTHBOPEUUBBIX OTHOUIEHUH IIPEALICCTBOBAHMS
MEXKAy CHMBOJAMH TPaMMAaTHKH B KOMIUIEKCE C HECOBHAJAIONIMMHU IPAaBBIMH YaCTSIMHU
Pa3IMYHbIX MPAaBHII AAET OTBETHI HA BCE BOIPOCHI, KOTOPHIE HAZO PELINTH VI OpTraHu3alun
paboTHI AITOPUTMA «CABUT-CBEPTKa» O3 BO3BPATOB.

J_H (04 a Y b B 8 J—K

Puc. 4.10. OTHOImIEHHUS MEKAY CUMBOJIAMH BXOJAHOM IICTIOYKH B TPAMMATHKE MPEALIICCTBOBAHIS

Ha ocHOBaHMM OTHOLIEHUH MpPENUIECTBOBAHUSA CTPOST MAaTpPULly IPEIIIECTBOBAHUS
rpaMMaTUKd. CTPOKM MAaTpPHUIBl MPEIICCTBOBAHHMS ITOMEYAlOTCAd MEepBBIMU (JIEBBIMU)
CHMBOJIAMH, CTOJIOIBI — BTOPBIMU (IIPaBBIMK) CUMBOJIAMH OTHOILICHUI TPEAIIECTBOBAHHUS.
B kieTkn Marpuipl Ha MepecedeHrr COOTBETCTBYIOUIMX CTOJIOIA U CTPOKH TOMEIIAI0TCS
3HaKu OTHOUIEHWH. IIpym 3TOM myCThle KIIETKM MAaTpulbl TOBOPAT O TOM, UTO MEXIY
JIAaHHBIMU CUMBOJIAMU HET HU OJIHOTO OTHOILLEHUS IPEIIECTBOBAHUS.

Marpuity IpenecTBOBaHHs TPAMMATHKY CIIOKHO TIOCTPOUTE, OMTHPAsACh HEMOCPEICTBEHHO
Ha OIpEIENICHHS] OTHOIICHWH TIPEANIeCTBOBAHMA. YI00HEEe BOCIOIB30BATHCS JIBYMS
JIOTIOJTHUTENBHBIMA  MHOXECTBAMH —  MHOKECTBOM KPAlHHX JIEBBIX W MHOXXECTBOM
KpallHUX TIPaBBIX CHMBOJIOB OTHOCHTEIBHO HETEPMHUHAIBHBIX CHMBOJIOB TPaMMaTHKH
G(VN,VT,P,S), V = VTUVN. DTu MHOKECTBA ONPEAEIISIOTCS CIEAYIOUMM 00pa3oM:

o L(A)={X]|3IA=>*Xz}, AcVN, XeV, zeV" — MHOXKECTBO KPaliHUX JIEBBIX CHMBOJIOB
OTHOCHTEJIPHO HETEPMUHAIBHOTO CHUMBOJAa A (LeN0YKa Z MOXET OBITh M IyCTOH
[ETOYKOM);

e R(A) = {X | 3A=>*zX}, AeVN, XeV, zeV' — MHOXKeCTBO KpalHHX MNpaBbIX
CHMBOJIOB OTHOCHTEIILHO HETEPMUHAIBLHOTO CUMBOJIA A,

NupiMu CJIOBaMH, MHO>KECTBO KpaﬁHHX JICBBIX CUMBOJIOB OTHOCUTECIIBHO HETEPMUHAIIBHOT O
cuMBOja A — 3TO MHOXKECTBO BCEX KpaﬁHHX JICBBIX CHMBOJIOB B IICIIOYKAX, KOTOPBIC
MOTyT OBITh BBIBCJICHBI H3 CHMBOJIA A. AHaJ'IOFI/I‘-IHO, MHO>XXECTBO Kpai/'mnx IIpaBbIX
CHUMBOJIOB OTHOCUTEJIIbHO HETECPMUHAIIBHOTO CHMMBOJIA A — 5TO MHO>KECTBO BCEX Kpaﬁ}mx
IIpaBbIX CUMBOJIOB B LETIOYKAX, KOTOPBIC MOTYT OBITh BBIBCJICHBI U3 CHUMBOJIA A.

Torma oTHOIIEHUS MPEAIIECTBOBAHNS MOXKHO ONPEAETHUTh TaK:
e Bi='B; (VBi,BjeV), eciu 3 npasuno A—->XxBiBjyeP, rie AcVN, x,yeV";
e Bi<-Bj(VBi,BjeV), eciu 3 npasuno A—>XxBiDyeP u BjeL(D), rne A, DeVN, x,yeV";
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e B;>B; (VBiBjeV) , ecntu 3 mpaBuno A—XCBjyeP u BicR(C) win I mnpasuio
A—-xCDyeP u BieR(C), BjeL(D), rae A,C,DeVN, x,yeV".

Takoe ompeneneHre OTHOUICHHUH ymoOHee Ha MpaKTHKE, TaK Kak HE TPeOyeT MOCTPOCHHs

BBIBOZIOB, a MHOkectBa L(A) w R(A) Moryr OBITH TOCTPOEHBI IUISI KaKI0TO

HerepmuHanbHoro cumBoia AeVN rpammaruku G(VN,VT,P,S), V=VTUVN mo ouens
MPOCTOMY aJITOPUTMY:

Laz1. VAeVN:
Ro(A) = {X | A—>yX, XeV, yeV'},
Lo(A) = {X | A>Xy, XeV,yeV'}, i=1.

Jlnis KaX1oro HeTepMUHAIIBHOTO CHMBOJA A HIEM BCe IpaBmia, coaepxamue A B JIEBOI
yacTd. Bo MHOecTBO L(A) BKIFOYaeM CaMblif JICBBI CHMBOJI M3 NIPABOl YacTH MpaBHJI, a
BO MHO)kecTBO R(A) — camblii KpaiiHUii IPaBblii CHMBOI U3 NpaBoil yactu. [lepexoaum K
miary 2.

Llaz 2. VAeVN:

Ri(A) = Ri.1i(A)UR;.1(B), VBe(Ri-1(A)NVN),

Li(A) = Lia(A)uLia(B), VBe(Lia(A)NVN).

Just kaxaoro HeTepMUHANBbHOrO cuMBonma A: ecniu MHOkectBo L(A) comepxut
HETEPMHUHAIbHBIE CUMBOJIBI rpamMmatiku A', A", ..., TO ero Hajo JOMOJHUTh CUMBOJIAMH,

BXOJIAIIIUMHE B cOOTBeTCTBYIOIME MHOKecTBa L(A'), L(A"), ... u He Bxoasimmu B L(A). Ty
e OTIePAIHI0 HA0 BBRIMOIHUTE it R(A).

Hlaz 3. Ecin 3 AeVN: Ri(A) # Ria(A) wm Li(A) # Lia(A), To i := i+ 1 u BepHYyTbCS K
mary 2, uaade mocrpoenue 3akondeHo: R(A) = Ri(A) u L(A) = Li(A).

Eciu Ha mpeapiaynieM mmare Xots Obl 0gH0 MHOKeCTBO L(A) miu R(A) mis HEKOTOpOro
CUMBOJIa TPAaMMaTHKHA W3MEHWJIOCh, TO HAJ0 BEPHYTHCS K Iary 2, WHa4e MOCTPOCHUE
3aKOHYEHO.

[Mocne noctpoenust muoxecTB L(A) u R(A) mo nmpaBuinam rpaMMaTHKA CO3/IA€TCSI MaTPHIIA
MpEeIIeCTBOBAaHM. MaTpHUIly NpeAmeCTBOBAHHS JONOIHAIOT CUMBOJIAaMH L, U L, (Hadano
1 KOHEIT LIeMOoYKH). J{JIs1 HUX OTpeAeseHbI CIeIyIOoNie OTHOIIEHHS TPEIIeCTBOBAHUS:

1.<-X, VaeV, ecnu 3 S=*Xy, rne SeVN, ye V" unu (c apyroii croponsr) eciu XeL(S);
1>X, VaeV, eciu 3 S=*yX, rae SeVN, yeV" wu (c apyroii croponsl) eciiu X eR(S).
3mech S — 1IeJIeBOH CMMBOJI TPaMMAaTHKH.

ManHHa MpeAIICCTBOBAHUA CITYXKHUT OCHOBOM JJIA pa6OTI)I pacno3HaBaTeisd  A3bIKa,
3aIaHHOT'O I‘paMMaTHKOﬁ MIPOCTOIO MpCAIICCTBOBAHMA.

AJ'IrOpl/ITM «cOoBur-ceepTtka» aAnd rpaMmmMmaTuky NpocToro npealecrtsoBaHUA.

OTHOIIEHUST TIPEANIECTBOBAHMS CIyXaT JJIi TOro, 4TOObl OMpEeAeNUTh B TMPOIECCE
BBITIOJTHEHMSI aJITOPUTMa, KaKO€ JAEMCTBUE — CIBHT MM CBEPTKA — JIOJKHO BBITTOJHSITHCS
HAa KaXIOM IIare aJIropurMa, ¥ OIJHO3HAYHO BBIOPATh IIETIOYKY JJIS CBEPTKH.
OmHO3HAYHBIN BBHIOOP MpaBHIIA TPU CBEPTKE OOECIICYMBACTCS 3a CYET PA3IHUYMs MPABBIX
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yacTell BCeX MPaBWI TpaMMATHKH. B HadalbHOM COCTOSHHHM aBTOMAaTa CYHTHIBAIOMIAs
TOJI0BKa 0003peBaeT MepBBI CHMBOJ BXOIHOU IeTI0UKH, B cTeke MII-aBToMaTa HaxoauTcs
CUMBOJ L, (Hayayuo IETTOYKHM), B KOHEI[ IEMOYKH TTOMEIIECH CUMBOJ L, (KOHEI[ ICTIOYKH).
CumBonsr 1, m L1« BBemeHbl Aisl yJA0OCTBa pabOTHI ajiropuT™Ma, B S3bIK, 3aJaHHBIN
HCXOAHOU IpaMMaTHKOI, OHU HE BXOJSAT.

Pazbop cumraeTcs 3aKOHYCHHBIM (aJTOPUTM 3aBEPIIACTCS), €CIM CUMTHIBAIOIIAS TOJIOBKA
aBTOMara 0003peBaeT CHUMBOJI Ly, M NPH 3TOM OOJIbIIE HE MOXET OBITH BBHINOJHEHA
CBepTKa. PelleHne o MPUHATHM NENOYKH 3aBUCHT OT COAEPKUMOTO CTeKa. ABTOMAT
NPUHUMAET IIENOYKYy, €CIM B pe3ysbTaTe 3aBEPLICHHs alrOPUTMA B CTEKE HaXOIATCS
HaYalbHBIH CUMBOJ IPAaMMaTUKH S W CUMBOJN L. BbImonHeHHe anroputMa MOXeT OBITh
NpEepBaHo, €CIM HAa OJHOM M3 €ro IIaroB BO3HUKHET omuibKka. Torna BXoIHas LEmovKa He
NPHHUMAETCS.

AHFOpI/ITM COCTOUT U3 CJICAYIOIHNX MIAroB:

Llaz 1. TloMecTUTh B BEPXYILIKY CTE€Ka CUMBOJ ., CYUUTHIBAIOLIYIO TOJIOBKY — B Hayajo
BXOJIHOM LIENIOYKH CUMBOJIOB.

Llaz 2. CpaBHUTH C MOMOIIBIO OTHOILEHUS MPEALIECTBOBAHUS CUMBOJI, HAXOAALIMMICS Ha
BEpIIMHE CTEKa (JICBBI CHMBOI OTHOIICHUS), C TCKYIIMM CHMBOJIOM BXOIHOH IETIOYKH,
0003peBaeMBIM CUUTHIBAIOIICH rOJIOBKOH (IIPaBbIii CHMBOJ OTHOIIICHIIS).

Hlaz 3. Ecnu mMeeT MECTO OTHOIIEHHE <- WM =-, TO MPOM3BECTH CIOBUT (TIEPEHOC
TEKYIIET0 CUMBOJIA M3 BXOJHOH IIEMOYKH B CTE€K U CIBUT CUMTHIBAIOIICH TOJOBKHU Ha OJHMH
IIar BIIPaBO) U BEPHYThCA K mmary 2. MHade nepeiftu k mary 4.

Llaz 4. Eciin nMeeT MecTo OTHOUIEHHE >, TO IPOU3BECTU CBEPTKY. [[1s 3TOro Hajgo HalTH
Ha BEpPIIMHE CTeKa BCE CHMBOJIbI, CBS3aHHBIE OTHOIIEHHUEM =- (COCHOBY»), YJQJIHUTh OTH
CHUMBOJIBI M3 CTeKa. 3aTeM BHIOpAaTh M3 TpaMMAaTHKH MPaBUIO, UMEIOIIEe MPaBYIO YacTh,
COBIIAJAOIIYI0 C OCHOBOW, H TIOMECTHTh B CTEK JICBYIO YacTh BEIOPAHHOTO MpaBHIIa (eCiH
CHUMBOJIOB, CBSI3aHHBIX OTHOIICHHEM =-, Ha BEPXYIIKE CTeKa HET, TO B Ka4eCTBE OCHOBEI
UCIIONB3YeTCS OJUH, CaMbIii BEpXHUHA CHUMBOJ CTeka). Eciam mpaBmio, coBmamaroiee c
OCHOBOHW, HAWTH HE YyNAIOCh, TO HEOOXOIMUMO TMpPEpPBaTh BBHITONHCHHE alrOpUTMa H
coo0mmTh 00 OmuoOKe, HHAYe, eciH Pa30op He 3aKOHUYCH, TO BEPHYTHCS K IIary 2.

gz 5. Ecnu He YCTaHOBJICHO HHM OJJHO OTHOLICHHE MPEALICCTBOBAHUS MEXAY TEKYIIUM
CHMBOJIOM BXOJHOM LEMOYKM M CHMBOJOM Ha BEpXYIIKE CTeKa, TO HaJ0 MpepBaTh
BBINTOJIHEHHE AJITOPUTMA M COOOITUTE 00 ommoOKe.

OmmbKa B mporecce BHITOJHEHNS AITOPUTMa BO3HHUKAET, KOTJa HEBO3MOXKHO BBIITOJHUTH
OUYepeIHOl Iar — HalpuMep, €CIM HE YCTAHOBJIEHO OTHOIICHHE NPEANICCTBOBAHUS
MEXIy IByMs CpPaBHHBAEMBIMU CHMBOJIaMH (Ha mmarax 2 u 4), Wid eclid He yJaeTcsl HailTh
HYKHOE TIPaBIJIO B TpamMMaTtuke (Ha mare 4). Torma BEIITOTHEHWE alropruTMa IPEephIBAeTCs.

Mpumep pacnosHaBaTtens ons rpaMMaTku NPOCTOro NpeaLwecTBoOBaHUS

PaccmoTpuM B KauecTBe mpumepa rpammaruky G ({+,-,/,*,a,b}, {S,R,T,F,E},
P, S) c nopaBWIamu:
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P:

S > TR | T

R—> +T | -T | +TR | -TR
T - EF | E

F > *E | /E | *EF | /EF
E—> (3) | alb

OTa HelleBOPEKypCHBHAs rpaMMaTHKa Uil apUpMETHIECKUX BBIPAKCHUI HaJ CHMBOJIAMHU
a M b yXe HECKOJIBKO pa3 HCIO0JIb30BallaCh B KAauecTBE IIpUMeEpa Ul IOCTPOEHUS
pacno3HaBareneil. X0Ts 3Ta rpaMMaTHKa U COJEPKUT LICTHBIC NPABUIA, JIETKO YBUJICTD,
YTO OHa HE COACP)KUT MHKIOB, COBMAJAIONINX TIPABBIX YacTell MpaBWI H A-TIPaBHUIL,
CJIE/IOBATEINILHO, 10 ()OPMATBHBIM IIPU3HAKAM €€ MOKHO OTHECTH K TpaMMaTHKaM IPOCTOTo
npesmecTBoBaHus. OCTaIoCh ONPEAETUTh OTHOLICHUS MPEAIICCTBOBAHHS.

IloctpouM MHOKECTBAa KpalHMX JIEBBIX M KpailHUX IIPAaBBIX CHUMBOJIOB OTHOCHUTEJIBHO
HETEPMUHAJIbHBIX CUMBOJIOB IPAMMATUKH.

Llazc 1.

Lo(S) ={T} Ro(S) = {R,T}

Lo(R) = {+-} Ro(R) = {R, T}

Lo(T) = {E} Ro(T) ={E.F}

Lo(F) = {*//} Ro(F) = {E,F}

Lo(E) = {(a,b} Ro(E) = {).a.b}

Llae 2.

Li(S) ={T,E} Ri(S) ={R,T.E,F}
Li(R) = {+,-} Ri(R) = {R,T,E,F}
L.(T) = {E,(.a,b} Ry(T) = {E,F,),a,b}
Li(F) ={*} Ri(F) ={EF,),a,b}
L.(E) = {(.a,b} Ri(E) = {).a.b}

Ilaz 3. Umeercs Lo(S) # Li(S), Bo3Bparnaemcs k mary 2.

laz 2.

L2(S) ={T,E,(,a,b} Ra(S) ={R,T,E,F,),a,b}
L2(R) = {+-} R2(R) ={R,T,E,F),ab}
Lo(T) = {E,(,a,b} Ra(T) = {E,F,),a,b}
L(F) ={*.} Ra(F) ={EF,),a,b}
Lo(E) = {(,a,b} Ro(E) = {).a.b}

Llaz 3. Imeetcs L1(S) # Lo(S), Bo3Bpaiaemes k mary 2.



Hlaz 2.

L3(S) ={T,E,(,a,b}
Ls(R) = {+.-}
La(T) = {E,(,a,b}
Ls(F) = {*/}

Ls(E) = {(.a,b}

Ilaz 3: Hu 01HO MHOKECTBO HE U3MEHUJIOCH, IOCTPOEHHUE 3aKOHYEHO. Pe3ynpTar:
R(S) ={R,T,EF),ab}

R(R) ={R,T,E,F)),ab}

R(T) = {E,F,)).a,b}

R(F) ={E,F,),a,b}

L(S) = {T,E,(,a,b}

LR) = {+-}
L(T) = {E(ab}
L) = {1}
LE) = {(ab}

Tabi. 4.5.
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Rs(S) ={R,T,E,F,).ab}
Rs(R) = {R,T.EF,).ab}
Rs(T) = {E.,F.,).a,b}
Rs(F) = {EF,).a.b}

Rs(E) = {).a,b}

R(E) = {).a,b}

Ha ocHoBanun MOCTPOCHHBIX MHOXKCCTB KpaﬁHI/IX JICBBIX U KpaﬁHHX IIpaBbIX CUMBOJIOB U
IpaBujJ1 TIpaMMaTUKU HOOCTPOMM MATpUlly MIPCAIICCTBOBAHMNA. PeSyJ’ILTaT NPpUBCACH B

Ta6nuua 4.5. Tabnvua npeawecTBoOBaHUSA AN rpaMmMaTUKU NPOCTOro NpeaLeCcTBOBAHNS.

+ - * / ( ) a b S R F Lk
+ <. <. <.
_ <. <. <.
* <. <. <.
/ < < | <
( <. <. <. =
) > | > | > | > > > > >
a > > > > > > > >
b > S>> | > > > > >
S =
R > >
T <. < > = >
F > > > > >
E > > <. <. > > =. >
J_H <. <. <.
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[NosicauMm mocTpoeHue TabNUIIBl HAa IPUMEPE CUMBOJIA +.

Bo-nepBbix, B npaBuinax rpaMmaTukd R—+T | +TR CUMBOJI + CTOMT cj€Ba OT cuMmBoia T.
3HaYnT, B CTPOKE CHMBOJIA + B CTOJOIC, COOTBETCTBYIOIIEM CHMBOIY T, CTaBUM 3HAK =-.
Kpowme Toro, Bo MHOecTBO L (T) BXOASIT CUMBOJEI E, (, a, b. Torga B ctpoke cumBoia +
BO BCEX CTOJOIaX, COOTBETCTBYIOIIMM 3TUM YETHIPEM CHMBOJIAM, CTABUM 3HAK <.

Bo-BTOpBIX, CUMBOJI + BXOAWUT BO MHOXECTBO L (R), a B rpaMMaTUKe HMEIOTCS MpaBuia
Buga S—TR u R—>+TR|-TR. ClienoBaTeilbHO, HaAJI0 PAcCMOTPETh TaKKe MHOXXECTBO
R(T). Tyma BXxomiar cumBonHl E, F, ), a, b. 3Haunr, B cromdme cHMMBOla + BO BCEX
CTPOKaX, COOTBETCTBYIOIIUM 3TUM IISITU CUMBOJIaM, CTaBUM 3HaK ->. boJplie cuMBoil + HU
B KaKye MHOKECTBA HE BXOAUT U HU B KAKHUX MPABUIIAX HE BCTPEYAETCS.

[Ipopomxast 3TH pacCyXIeHUs sl OCTaJbHBIX TEPMHHAIBHBIX M HETEPMHUHAIBHBIX
CUMBOJIOB TpaMMAaTHUKH, 3alloJIHAEM BCE SYCHKHM MaTpHIBl  MpealIeCTBOBAHMUS,
MPUBEJICHHOMW BhIe. ECM OKakeTCsl, YTO COTJIACHO JIOTHKE PACCYKACHUH B KaKyrHO-THOO
KJICTKY MaTpPHIbl IPEANICCTBOBAHKUS HEOOXOIUMO MMOMECTUTh 0OJIee YeM OAWH 3HaK =-, <-
WK ->, TO 3TO 03HAYaeT, YTO MCXOAHAs TPaMMaTHKa HE SBISACTCS TPAMMATHKON IIPOCTOTO
TIPEIIECTBOBAHMS.

OTHenbHO MOXHO PAacCMOTPETh 3allOTHEHHE CTPOKH AJS CHMBONA L. (Hagamo CTPOKH) M
cronbua i cumBona L. (koHer cTpoku). MHOxkecTBO L (S), Tie S — IIeNIeBOi CUMBOJI,
comepxutr cuMBoIel T, E, (, a, b. [lomemaem 3HaK <- B CTPOKY, COOTBETCTBYIOIIYIO
CHUMBOJTY J_H JUISA BCEX ITATH CTOJ'I6HOB, COOTBETCTBYIOIIUX 3TUM CHUMBOJIAM. AHaJ’IOFI/I‘-IHO,
MHOeCTBO R (S) comepkuT cumMBOIbI R, T, E, F, ), a, b. [lomeniaem 3Hak -> B cTonoer,
COOTBETCTBYIOITNHA CUMBONY L. JUIST BCEX CEMHU CTPOK, COOTBETCTBYIOIIUX STUM CHMBOJIAM.

PaccmoTpum paboTy anropuTMa pacrmo3HaBaHMS Ha npuMmepax. IlocienoBaTenbHOCTB
pas3bopa Oyzaem 3amuchiBaTh B BUJIE TIOCIIEI0BATEIbHOCTH KoHpUrypanuid MII-aBTomara u3
TPEX COCTABIIAIONIMX:

1. me MNPpOCMOTpPCHHAsA aBTOMATOM 44aCThb BXO,I[HOI>'I IOCITIOYKH,
2. COACPIKUMOC CTCKA,
3. MOCJIACAOBATCIIbHOCTD IPUMCEHCHHBIX ITPABUJI TPAMMATUKH.

Tak xak aBTOMaT MMEET TOJBKO OJTHO COCTOSIHME, TO JUISl ONIpEeeHus ero KoH(urypaunu
JIOCTaTOYHO JIByX COCTAaBIISIFOIIUX — MOJOXEHUS CUMTBHIBAIOLEH TOJOBKHM BO BXOJHOM
LEeMo4YKe M cojaepkuMoro creka. IlociaenoBaTenbHOCTs HOMEPOB MpPaBUI  HECET
JIOTIONTHUTEIBHYIO TIOJIE3HYI0 HH()OPMAIIHIO, IO KOTOPOH MOXKHO ITOCTPOUTH LEMOYKY HIH
JiepeBo BbIBOAA. IIpaBmiia B rpaMMaTHke HOMEPYIOTCS B HAIPaBICHHUHU CJIEBa HAIPaBO U
CBEpXY BHH3 (BCEro B rpaMMaTHKe UMeeTcs 15 mpaBui).

Bynem o00o3HauaTte TakT aBTOMaTa CHMBOJIOM -+. BBemeM Takke JONOJHHUTEIbHOE
0003HaYCHNE +;, €CIIM Ha JAHHOM TaKTe BBIMOJHSUIICS MEPEHOC, M +c, €CIU BBITOIHIACH
CBEpTKa.

ITocnenoBareapHOCTH pa3bopa MEMoYeK BXOJAHBIX CHMBOJIOB OyIyT, TAKMM 00pa3oM, HUMETh
BU]I:
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Ipumep 1. BxomHas nenodka a+a*b.

1. {ata*bl«; Li; D} 4

2. {+a*bl;lua;d} +-

3. {+a*bly;1,E; 14} +¢

4, {+a*bly; 1.T;14,8} =4

5. {a*bly; LuT+;14,8} =+,

6. {*bly«;l.T+a;14,8} =+

7. {*bly; 1,T+E;14,8,14} =4

8. (ble; . T+E*;14,8,14}) =+

9. {l«;1.,T+E*b;14,8,14} +.

10. {1«; 1L4T+E*E;14,8,14,15} =+
11. {Le; L.T+EF;14,8,14,15,9) -+
12. {1«; 1,T+T;14,8,14,15,9,7} +.
13. {1«; 1,TR;14,8,14,15,9,7,3} =

14. {1.;1.5;14,8,14,15,9,7,3,1} anropuT™ 3aBepllieH, IIeMOYKa MPUHSTA.

CoOTBeTCTBYIOIIAs IETI0YKa BBIBOJA OyAeT MMETh BHI (HMCHOIB3YETCS MPaBOCTOPOHHHMA
BBIBON): S>TR=>T+T=>T+EF=T+E*E=ST+E*b=>T+a*b=>E+a*b=a+a*b.

JlepeBo BBIBOJa, COOTBETCTBYIOIIEE ITOH LEMOYKe, MpuBeaeHo Ha puc. 4.11.

Puc. 4.11. [Ipumep nepeBa BEIBOAA AJIsl TPaMMAaTHKH POCTOTO TPEIIIECTBOBAHUS

i

@_
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Ilpumep 2. BxoaHas uenouka (a+a) *b.

1
2
3
4
5.
6
7
8
9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

{ (ata) *bl«; L:; D} +

{ata) *bly; Lu (; D} +4

{+a) *bleilu(a; D} +

{+a) *ble; 1u(E; 14} +

{+a) *bly«; 1u(T;14,8} +4

{a) *bly; Ls(T+;14,8} +4

{)*ble; Lu(T+a; 14,8} +c
{()*bLle; L (T+E;14,8,14} =+
{()*bLle; Ly (T+T;14,8,14,8} =+
{)*bly«;1u(TR;14,8,14,8,3} =+
{)*ble«;1u(S;14,8,14,8,3,1} =+
{*ble«;1u(S);14,8,14,8,3,1} =+
{(*bl.;1.E;14,8,14,8,3,1,13} =4
{bl.;1.E*;14,8,14,8,3,1,13} =4
{l«;1luE*b;14,8,14,8,3,1,13} =+
(l.;1.E*E;14,8,14,8,3,1,13,15} =+
{l«;1l4EF;14,8,14,8,3,1,13,15,9} =+
{l«;1uT;14,8,14,8,3,1,13,15,9,7} =+

{l«;1.S5;14,8,14,8,3,1,13,15,9,7,2} airopurM 3aBepuleH, IENOYKa
MPUHSITA.

CoOTBeTCTBYIOIIAS IETIOYKa BBIBOJA OYyAeT MMETh BHI (HMCHOIB3YETCS MPaBOCTOPOHHHMA
BBIBOJT):

S=EOT=EF=E*E=SE* b= (S) *b= (TR) *b= (T+T) *b= (T+E) *b= (T+a) *b= (E
+a) *b= (a+a) *b.

JlepeBo BbIBO/Ia, COOTBETCTBYIOIIEE 3TOM LIENOYKe, IPUBEACHO Ha puc. 4.12.



Puc. 4.12. [Ipumep nepeBa BEIBOAA sl TPaAMMATHKH IPOCTOTO TPEIIECTBOBAHUS

Ipumep 3. BxoaHas nienoyuka a+a*.

1. {ata*le; L ;D) =+

2. {+tarly;lea;d) +
{+ta*Ll; LuE; 14} =+
{(+a*Lle; L.T;14,8) +4

{a*ly; L.T+;14,8} +4

3

4

5

6. {*1l.;1l.T+a;14,8} =+¢
7. {(*Le; 1l.T+E;14,8,14} +,

8. {l«;l.,T+E*;14,8,14} =+

9. ommbka! (HET OTHOUIEHUH MPEAMIECTBOBAHNS MEXKY CHMBOJIAMHU * | L ).
IIpumep 4. Bxoanas nemnouka a+a) *b.

1. {a‘l'a)*bJ_K;J—H;@} “n
2. {+a)*bl«;lea; 3} +
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{+a) *bl«; LuE; 14} +¢

{+a) *bl«; 1L.T;14,8} +4
{a) *ble; LuT+; 14,8} =+4
{)*ble; LuT+a;14,8} +.
{)*ble; LuT+E;14,8,14} +

{)*ble; L,T+T;14,8,14,8} =+

© ©® N o 0 & w

{)*bl«;1sTR;14,8,14,8,3} =+c
10. {) *bl«; 14S;14,8,14,8,3,1} +g
11. {*bl«;1sS);14,8,14,8,3,1} =
12. oumGxa ! (HEBO3MOXKHO BHIOpPATH MPABUIIO JIsI CBEPTKH HA STOM IIIare).

I'paMMaTHKy TIPOCTOTO MPEIIICCTBOBAHUS SIBIIIOTCS YAOOHBIM MEXaHU3MOM JJIsl aHaJH3a
BxomHbIX nemodek KC-s3p1koB. Pacmo3HaBatenb IiIsi 3TOTO Kiacca TpaMMAaTHK CTPOUTH
Jierde, 4eM IS pacCMOTPEHHBIX BhIIe LR-rpammaruk. OmHako Kiiace sS3BIKOB, 3aJaHHBIX
rpaMMaTHKaMH TPOCTOTO IPEIIISCTBOBAHUS YK€, YeM KJIacC S3BIKOB, 3adaHHBIX LR-
rpammaTtukaMi. OTCIona sICHO, 4To He BCsAKUi JIKC-s3bIK MOXeET OBITh 3a[jaH TpPaMMaTHKOMH
MPOCTOTO MpPENNIeCTBOBAHUSA, a CJeA0BaTeNbHO, He aius Kaxaoro JIKC-s3pika MoOXHO
MOCTPOUTH PACIIO3HABATENH 10 METOJY MTPOCTOTO MPEAIIECTBOBAHMSI.

Y rpamMmartuk MpoCTOrO HMPEeAIIECTBOBAHMSA €CTh €lle OJUH HEAOCTaTOK — IPU OONIBIIOM
KOJIMYECTBE TEPMMHAIBHBIX U HETEPMMHAIbHBIX CHUMBOJIOB B TpaMMaTHKE MaTpHLa
MPEIIECTBOBAHMS OyIeT UMETh 3HAYUTEIbHBIN 00BeM (IIPH 3TOM CIEAYeT 3aMeTHTh, YTO
3HAYUTENbHAs YacTh €€ TIeeK MOXKET OCTaBaThes IycToi). [Tonck B Takoi MaTpuIle MOXET
3aHATh HEKOTOPOE BPEMsl, UTO CYIIECTBEHHO NpH padoTe pacro3HaBaTens — (PaKTHIECKH
BpeMsI TTOHMCKa JIMHEHHO 3aBUCHT OT YHCJIa CHMBOJIOB TPaMMAaTHKH, & 00bEM MaTpHUIIbI —
KBaapaTuuHO. [y TOro uToObl M30ekaTh XpaHeHHsI U 0OpaOOTKH TaKMX MaTpPHUI], MOXKHO
BBITIOJHUTD <JIMHEAPHU3ALMIO MaTPHUIBl MPEALISCTBOBaHMD). Torna KaXIplid pa3, 4ToOBI
YCTaHOBUTh OTHOLICHWE TIPEANIECTBOBAHMSA MEXIy JABYMsS CHMBOJIAMH, OyJer
BBIIIOJIHATHCS HE IIOUCK 110 MaTpUIE, & BBIUMCICHUE HEKOM CIIEMaIbHO OPraHU30BaHHOU
¢yaknuu.  Bompochl  nMHeapu3alMM  MATpPUIBl  NPEANIECTBOBAHMSA  3[€Ch  HE
paccMaTpuBaIOTCS, ¢ NMPUMEHSEMBIMH P ATOM METOAaMH MOXHO O3HAKOMHUTHCA B [3,
41.1,2,18, 24].

FpaMmMaTMKu onepaTopHOro npeAlecTBOBaHUA

Onepamopnoui epammamuroti HaszpBaeTcss KC-rpammarnka 6e3 A-TpaBui, B KOTOPOH
MpaBble YaCTH BCEX NPABIJI HE COJMEPKAT CMEKHBIX HETEPMHHAIBHBIX CHMBOJOB. Jlis
OMepaToOpHON TPaMMATHKH OTHOIICHHS MPEIIICCTBOBAHUS MOYKHO 33[aTh HAa MHOKCECTBE
TEPMHHAIBHBIX CUMBOJIOB (BKJIFOUYast CAMBOJIBI Ly U L ).

I'pammamuxoii  onepamopnoeo  npedwecmeosanus HaspiBaeTcsa oneparopHas KC-
rpammaruka G(VN,VT,P,S), V=VTUVN, 111 KOTOpOH BBINOJHSAIOTCSA CIEIYIOIIUE
YCIIOBHS:
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1. Jlng kaxnoi yHnopsmoueHHOW mapbl TEPMUHATBHBIX CHMBOJIOB BBINIOJHAETCS HE Oonee
YeM OJJHO M3 TPEX OTHOLICHUH MpeAIIeCTBOBAHNUS:

® a=b, ecnim u TompkO ecmu cymecTByeT mnpaBmwio A—XabyeP wumu mpaBuino
A—xaCby, rue a,beVT, A,CeVN, x,yeV";

® a<-b, eciu u Tonbko ecnu cymectByer npaBuio A—>XaCyeP u BoiBon C=*bz win
BeBog C=*Dbz, rae a,beVT, A,C,DeVN, x,y,zeV";

® a->b, ecu U TOJBKO eciu cyiecTByeT npasmio A—>XChyeP u BeiBog C=*za unu
BeiBog C=*zaD, rue a,beVT, A,C,DeVN, x,y,zeV".14

2. PaznmmuHbple TOpOXXAAIOIIME MpaBHia HWMEIOT pa3Hble IpaBble YacTH, A-TIpaBHiIa
OTCYTCTBYIOT.

OTHOLICHUS] TPEAMIECTBOBAHMUSA U1 TPaMMATHK OMNEPATOPHOTO  IPEALICCTBOBAHMS
OTIpeZIeTIeHbl TaKUM 00pa3oM, 9YTO Ui HHUX BBINOJHAETCS €Ile OAHa OCOOCHHOCTh —
IpaBWjia TIpaMMaTHKH OIEPAaTOPHOTO TIPEIIISCTBOBAHUS HE MOTYT COAEpXKaTh MABYX
CMEXHBIX HETEPMHUHATBHBIX CHMBOJIOB B TIPaBOM dYacTH. To ecTb B TIpaMMaTHKe
omneparopuoro npeamrectsoanust G(VN,VT,P,S), V=VTUVN He MoxeT ObITh HA OJJHOTO
npasuia Bujga: A—XBCy, rne AB,CeVN, X,yeV" (3mech X U Y — 3TO NPOU3BOIBHEIE
[IETIOYKH CHUMBOJIOB, MOTYT OBITh U ITyCTBIMH).

I[J'I?[ TpaMMATUK OIICPATOPHOTO NPCALIICCTBOBAHU A TAKIKE N3BCCTHBI CICAYIOLINC CBOMCTBA:

® RBCsKas IpaMMaTHKa OINEPaTOPHOTO IPEIISCTBOBAHMS 3a/aeT JETePMHUHHUPOBAHHBII
KC-s3p1k (HO He BcsKas IpaMMaTHKa OINEPAaTOPHOTO MPEAIIECTBOBAHUSA TPH ITOM
SIBJISIETCSL OJTHO3HAYHOI!);

® JIETKO TNPOBEPHTH, SBISETCS WIM HeT npou3BosbHas KC-rpammarnka rpaMMaTHKON
ONEepaTOPHOTO  TPEALIeCTBOBaHMA (TOYHO TaKk K€, KaKk W I IIPOCTOTO
MPEIIECTBOBAHS).

Kak u amg MHOTMX JpyrHX KIaccoB TpaMMaTHK, JUII TIpaMMaTHK OIEepaTOPHOTO
NPE/IIECTBOBAHNS HE CYNIECTBYET aJrOpPUTMa, KOTOPBHIH OBl MoOr mpeoOpa3oBaTh
nponsBonbHyl0 KC-rpaMMaTnky B IpaMMaTHKy OIEPAaTOPHOTO MPEALISCTBOBAHUS HWIIN
JIOKa3aTh, YTO MpeoOpazoBaHNe HEBO3MOXKHO.

HpI/IHLII/Il'[ pa6OTLI pacno3HaBaTteysd g4 I'PaMMATUKK OIEPATOPHOIO MpeANISCTBOBAHUA
AHAJIOTUYCH TpaMMATHUKE IIPOCTOr0 MHNpeAlICCTBOBAHUA, HO OTHOLICHHSA OIICpaTOPHOIO
MMpEeAMICCTBOBAHUA TIPOBEPAOTCA B IIPOLECCE pa36opa TOJIBKO MEXIY TEPMHUHAJIBHBIMU
CHUMBOJIaMHU.

14 B JATEPpATypE€ OTHOLICHUA ONCpaTOpPHOro MNpeAlICCTBOBAHHUA HWHOTAA 0003HaYAIOT
APYTUMH CHUMBOJIAMH, OTIMYHBIMH OT «<-», «>» H «=», 9TOOBI HE myTatb HUX C
OTHOIICHUAMU IMMPOCTOI0 NpEeAIICCTBOBAHMS. HaHpI/IMep, BCTpEHAIOTCA 0003HaYECHUS «<oy,
«>» H «=°». B JaHHOM nocoouu IMyTaHula UCKIIIOYCHA, TO3TOMY 6yﬂyT HCIIOJIB30BAaThCA
OJHH MU TEC XKC 0603Ha‘leHI/I${, XO0Ts O CYTH OTHOIICHUSA NPEANICCTBOBAHUSA HECKOJIBKO
Ppa3JIMYHbI.
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I[JB[ TpaMMaTUKN JAaHHOTO BHJa HA OCHOBE YCTaHOBJICHHBIX OTHOITIICHHI NpeANIECTBOBAHUA
TAaKX€ CTPOUTCA MaTpuOa NpEeANICCTBOBAHHA, HO OHa COIACPKUT TOJIBKO TEPMHUHAJIBHBIC
CUMBOJIBI TPAMMAaTHKH.

Jis mocTpoeHus 3TO MaTpuIlbl yIOOHO BBECTH MHOXKECTBA KPAaHUX JIEBBIX M KpaWHUX
[PaBbIX TEPMHHAIBHBIX CHMBOJIOB OTHOCHTENIBHO HETEPMHUHAIBHOTO cuMBoia A — L'Y(A)
umn RY(A):

o LYA) ={t|3IA=*tz wm JA=*Ctz }, rne te VT, A,CeVN, zeV";
o RYA) = {t| IA=*zt umm IA=*ztC }, rue teVT, A,CeVN, zeV".
Toraa onpeseneHns OTHOIIEHHUI OTIEPATOPHOTO TPEANIECTBOBAHUS OYIyT BHITIISIETh TaK:

® a=b, ecnmu 3 npasuno A—>xaby €P wmu npasuno U—xaCby, rae a,beVT, A,CeVN,
x,yeV";

e a<-b, ecnu 3 npaBuno A—->xaCy eP u belL'(C), rne a,beVT, A,CeVN, x,yeV",
e a->b, ecnu 3 npaBuno A—->XChby eP u aeRY(C), rae a,beVT, A,CeVN, x,yeV".
B [aHHBIX OIpeeNeHUsX HeNOYKM CUMBOIIOB X, Y, Z MOTYT ObITh M MyCTHIMM LETIOYKAMH.

s naxoxnenus mMuoxkects LY(A) n R'(A) npensapurensHO HEOOXOAMMO BBINOJHHTD
noctpoerne MHOoxectB L(A) u R(A), kak 310 ObITIO paccmoTpeno panee. Jamee mis
nocrpoenns LY(A) u RY(A) ucrionb3yercs ClieayIonuii anropurm:

Hlaz1. VAeVN:
RY%(A) = {t | A>ytB wm A—yt, teVT, BeVN, yeV'},
L%(A) = {t | A—>Bty umu A—ty, teVT, BeVN, yeV'}.

Jlist KaxJ10ro HeTepMUHAJIBHOTO CUMBOJa A HILEM BCe IpaBHiia, coaepxkamuye A B JIeBOil
vqacTd. Bo MHOXecTBO L(A) BKIIOYaeM CaMblii JIEBBI TEPMHUHAIBHBIA CHMBOJI U3 MPaBON
YaCTH MPABHUI, HTHOPUPYST HETCPMUHAIBHBIE CHMBOJIBI, @ BO MHOXecTBO R(A) — camprii
KpaiHuil MpaBblil TEePMUHAIBHBIA CUMBOJ U3 IIpaBOi yacTH npasui. [lepexoguM k mary 2.

Llaz 2. VAeVN:
RY(A) = R%(A)UR%(B), VBe(R(A)NVN),
LY(A) = LYYy (A)uL%(B), VBe(L(A)NVN).

Jnst  Kaxaoro HeTepMHUHAIbHOTO cuMmBoima A: ecmu MHOkectBO L(A) comepur
HETepMUHAJIbHBIE CUMBOJIBI TpamMaTukud A', A", ..., TO ero Hajgo JMOTOJHUTH CHMBOJAMH,
BXOJSIIIIAMH B COOTBETCTBYIOME MHOKecTBa L(A"), L{(A"), ... u He Bxomsmumu B L(A).
Ty sKe onepanuio Hajo BHIIOIHUTE st MHOXkeCTB R(A) u RY(A). IlocTpoeHue 3aKOHUEHO.

J1s1 npakTU4YecKoro MCMoib30BaHUsI MaTpULly NPEALIECTBOBAHUS JOMOJHSAIOT CUMBOJIAMHU
1w m 1« (Hagasio W KoHer IemodYkH). (s HUX OmpeneNeHbl CIeAYIOIUe OTHOIICHUS
MpEAIIECTBOBAHNSA:

1.<-a, VaeVT, eciu 3S=*ax unu IS=*Cax, rae S,CeVN, xeV" unu ecu acLY(S);
L>a, VaeVT, ecimn 3S=>*xa unu 3S=*xaC, rue S,CeVN, xeV" umm eciu aeRY(S).

3neck S — neneBoi CUMBOJ rpaMMaTHKH.
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Marpuma npenmecTBOBaHHUS CIIy>)KUT OCHOBOW st paOOTBHl pPacro3HaBaTels s3bIKa,
3aJaHHOTO TPaMMATHKOH OIEpPaTOPHOrO MpeAlIecTBOBaHMA. [IOCKOIBKY OHA COAEPKHUT
TOJBKO TEPMHUHAIIBHBIE CHMBOJIBL, TO, CIICIOBATENbHO, OYAET UMETh MEHBILINH pa3Mep, YeM
aHAJIOTUYHAsE MaTPUIA ATl TPAMMAaTHKH MPOCTOTO MpeAmecTBoBaHuA. CleryeT OTMETUTb,
YTO HANPSMYIO CPaBHMUBATh MATPHIIBI ABYX TPAMMATHK HEJb3sl — HE BCSAKasl rpaMMaTHKa
MPOCTOTO MPEANIECTBOBAHUS SABIAETCA TPAMMATHKON ONEPaTOPHOTO MPEALIECTBOBAHUS U
HaoOopoT. Hampumep, paccMoTpeHHass jaajee B HpUMEpe I'paMMaTHKa OIEpPaTOPHOTO
IpPEe/IIECTBOBAHMUS HE SBISETCd I'PaMMATHUKOW IPOCTOro MHpEeAIIeCTBOBaHMS (UUTATENIH
MOTYT 3TO IPOBEPUTH CAMOCTOSITEIBHO).

NMPUMEYAHUE

Pasamep maTtpuubl ang rpamMmmatvkM OnepaTopHOro npeflecTBOoBaHWUS Bcerga
6y/:|,eT MeHbLUE, YEM pasmep MaTpuLbl SKBUBANEHTHOM el rpaMMaTUKM NPOCTOro
npeawecTtBsoBaHUA.

Bce, uTo OBLIO CKa3aHO BBHIINIC O CIIOCOOAX XPAHEHWS MATPHUI] IS TPAMMATHK MPOCTOrO
MpEAIIEeCTBOBAHUS, B PABHON CTENEHNW OTHOCHUTCS TaKKe M K rpPaMMaTHKaM OINEepaTOpPHOrO
MPeNIIecCTBOBAHUSA, C TOM TOJBKO pa3HHIEH, YTO 0O0BEM XpaHUMON MaTpullkl OyneT
MEHbIIIE.

ANropuTM «CABWUr-cBepTKa» ANs rpaMMaTyK1 ONepaTopHOro npeallecTBoBaHns

DTOT alNrOpUTM B LIEJIOM [TOXO0K HA QITOPUTM JJIsl TPaMMaTHK IPOCTOrO MPeIIeCTBOBAHMSI,
paccMoTpeHHbIN Bbime. OH TakXe BBIMONHSIETCS pacimupeHHbM MII-aBTomMatoM u umeer
T€ K€ YCJIOBHSI 3aBepIIeHHsI U 00HapyXeHus omrO0ok. OCHOBHOE OTJINYHE COCTOUT B TOM,
YTO IMPHU ONPEJEICHUN OTHOILIEHHUS MPEIIECTBOBAHUSA 3TOT AJITOPUTM HE NPUHUMAET BO
BHUMaHUE HAaXONALIUECS B CTEKE HETEPMUHAIbHBIE CHUMBOJIBI, M INPU CPAaBHEHUH HIIET
Ommkalmuii K BEpXYIIKE CTeKa TepMUHANbHBIA cUMBOJI. OJHAKO MOCJE BBIOJHEHUS
CpaBHEHMsI M ONpEACNICHUS TpaHUL] OCHOBBI INpU IIOUCKE I[paBWiia B TIpaMMaTHKE
0e3yCIIOBHO CIIeAyeT MPUHAMATE BO BHUIMaHIE HETEPMHUHAIBHBIE CHMBOJIEL.

AHFOpI/ITM COCTOUT U3 CJICAYIOIHNX HIAroB:

llaz 1. TloMecTUTh B BEPXYIIKY CT€Ka CUMBOJI L,, CYMTHIBAIOUIYIO TOJOBKY — B Hayajio
BXOJIHOM LIETIOYKH CUMBOJIOB.

Llaz 2. CpaBHUTH C MOMOLIBIO OTHOUIEHHS NPEAIIECTBOBAHUS TEPMHUHAJIBHBIN CUMBOII,
OmmkalIMid K BepHIMHE CTeKa (JEBBIH CHMBOJI OTHOIICHHUS), C TEKYIIUM CHMBOJIOM
BXOJHOM IEMOYKH, O0003pCBAaCMBIM CYUTHIBAIOIICH TOJOBKOH (IPaBBIi  CHMBOJI
otHomeHns). [Ipu 3TOM 13 cTeka Hamo BHIOPATh CaMbIi BEPXHUN TEPMHUHAIBHBIN CHMBOI,
WTHOPHPYS BCE BO3MOYKHBIC HETEPMHUHAIHHBIE CUMBOJIBL.

Llaz 3. Ecnm uMeeT MeCTO OTHOIICHHWE <- WM =-, TO IPOHM3BECTH CIBUT (IIEPEHOC
TEKYIIETO CUMBOJIA M3 BXOAHOM IIETIOUKH B CTEK M CABHUT CUHMTHIBAIOUICH TOJOBKH HA OJUH
I1ar BIIPaBO) M BEPHYTHCSA K mmary 2. MlHade nepeiiTu k mary 4.

Illaz 4. Ecnu uMeeT MECTO OTHOLIEHUE ->, TO NPOU3BECTU CBEPTKY. [l 3TOro Hamo Hailtu
Ha BEpIIMHE CT€Ka BCE TEPMUHAJIbHBIE CUMBOJIBI, CBSI3aHHBIC OTHOIICHHEM = («(OCHOBY»),
a TaKKe BCE COCEICTBYIOIINE C HUMH HETEPMHHAJIBbHBIE CHMBOJBI (IIPH OIpEeTCHUH
OTHOIIICHHUS HETEPMHUHAIBHBIE CHMBOJIBI HTHOPUPYIOTCS). ECM TepMHHAIBHBIX CHMBOJIOB,
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CBSI3aHHBIX OTHOLICHUEM =, Ha BEPXYILIKE CTEKa HET, TO B KAUeCTBE OCHOBBI HUCIIOJIb3YETCS
OJIMH, CaMblii BEPXHUI B CTeKe TEPMHUHAIBHBIH CHMBOJ cTeka. Bce (M TepMHHaIbHBIE, U
HEeTepMUHAIBHbBIE) CHMBOJIIBI, COCTABILIIOIINE OCHOBY, HaJO YOAalHTh M3 CTEKa, a 3aTeM
BBIOpATh M3 IpaMMAaTHKH MPaBHIIO, HMEIOIee MIPABYI0 YacTh, COBIAAIOIIYIO ¢ OCHOBOM, U
HOMECTUTh B CTEK JIEBYIO YacTh BHIOpaHHOro mpaBuia. Ecii mpaBmio, coBmajaromiee ¢
OCHOBOIf, HaliTWH He yZHaNIOoCh, TO HEOOXOOUMO NpEpBATh BHITOJIHEHHE AaJITOPUTMa H
coo0mmTh 00 omuoOKe, HHaUe, ecu pa3dop He 3aKOHUYECH, TO BEPHYTHCS K IIary 2.

Hlae 5. Ecnu He yCTaHOBJICHO HM OJHO OTHOIICHHE MPEALISCTBOBAHUS MEXKAY TEKYLIHMM
CHMBOJIOM BXOJHOW LIETIOYKHA M CaMbIM BEpXHUM TEPMHHAJIBHBIM CHMBOJIOM B CTEKE, TO
HaJI0 TIpepBaTh BBINOJIHEHUE aJIrOPUTMAa M COOOIINTD 00 OIIMOKe.

Koneunast xondurypanus nanHoro MII-aBromata coBmasaer ¢ KoH(puUrypauuei npu
pacro3HaBaHUM LENOYEK IPAMMATUK [IPOCTOr0 MPEALIECTBOBAHUSL.

MpumMep NOCTPOEHUS pacno3HaeaTens Ans rpaMMaTuKi onepaTopHOro
npeaLwecTBOBaHMS

PaccmoTpuMm B KadecTBe mpHMepa IpaMMaThKy Uis apu(METHYCCKHX BBIPAXXCHUH HaT
cumBolamMu aub G({+,-,/,*,a,b}, {sS,T,E},P,S):

P:

S > S+T | S-T | T
T > T*E | T/E | E
E—> (S) | alb

Ota rpaMMaTHUKa YK€ MHOI'O pa3 MCII0JIb30BajIaCh B KAUCCTBE IMPpUMEpPA JJIA TOCTPOCHUA
pacn03HaBaTeneI71.

BI/I,HHO, YTO 3Ta 'paMMaTHKa ABJIICTCA rpaMMaTPIKOﬁ OIEPATOPHOTO MPEANICCTBOBAHUA .

IocTtporM MHOXXECTBa KpalHUX JIEBBIX U KpalHHX mpaBeix cumBoioB L(A), R(A)
OTHOCHTEIFHO BCEX HETEPMHHAIBHBIX CHMBOJOB TIpPaMMarTHKd. PaccMoTpum pabory
QITOPUTMa TOCTPOSHHUSI ITHX MHOXKECTB II0 IaraM.

Llaz 1.

Lo(S) ={S,T}, Ro(S) ={T},

Lo(T) ={T.E}, Ro(T) ={E},

Lo(E) = {(,a,b}, Ro(E) = {),ab},i=1
Hlaz 2:

L1(S) = {S.T.E},
L1(T) = {T.E,(a,b},
L1(E) = {(ab},

R1(S) ={T,E},
Rl(T) = {E,),a,b},
Ri(E) = {).a.b}

Ilaz 3: tak kak Lo(S)=L1(S), To i=2 u Bo3Bpaimaemcs K miary 2.
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Llae 2:

L2(S) ={S,T,E,(,a,b}, Ra(S) = {T,E,),a,b},
Lo(T) = {T,E,(,a,b}, Ra(T) ={E,),ab },
L2(E) = {(,a,b}, R2(E) = {),a,b}
Llae 3: tak kak Li(S)#L2(S), To i=3 1 BO3BpamaemMcs k mary 2.
Llae 2:

Ls(S) = {S,T,E,(,a,b}, R3(S) ={TE,).ab },
Ls(T) ={T.E,(:ab}, Ry(T)={E)ab},
Ls(E) = {(.a,b}, Rs(E) = {).a.b}
ITocTpoenune 3axonyeHo. Ilomyunnu pe3ynbrar:

L(S) ={ST.E,(ab}, R(S)={T,E)ab},
L(T) ={T,E,(,a,b}, R(T)={E).ab},
L(E) = {(ab}, R(E) ={).ab}

Ha ocHOBe momydeHHBIX MHOXKECTB ITOCTPOMM MHOXECTBAa KpaHMX JIEBBIX M KpalHUX
npaBbIX TepMUHAIbHBIX cMMBOIOB LY(A), RY(A) oTHOCHTENBHO BCEX HETEPMUHAIBHBIX
CHUMBOJIOB TPaMMAaTHKH. PaccMoTpuM paboTy anropuTMa 1o miaram:

Llaz 1.

L'%(S) = {+-}, R%(S) = {+-},

L'o(T) = {*//3, R%(T) = {*,/},

L%(E) = {(;a,b}, RY%(E) = {),a,b}

Hlaz 2.

LYS) = {+—*/.(:a,b}, RY(S) = {+—,*/,).a,b},
LY(T) = {*/.(;ab}, RY(T) = {*/)),a,b},
LY(E) = {(.a,b}, RY(E) = {),a,b}

ITocTpoenue 3aKkOHUEHO.

Ha ocHOBe O3TUX MHOXECTB M TNpaBWJ TIpaMMaTHKd G TMOCTPOUM  MAaTpHILy
NpeIIecTBOBaHMS rpaMMaTuKy (Tadum. 4.6).
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Ta6nuua 4.6. Matpuua npenwecTBoBaHNS rpaMmmaThKu

CumBonbl + - * / ( ) A b 1

+ > D> <. <. <. D> <. <. >
- > > < < < > < < >
* > > > > < > < < >
/ > > > > < > < < >
( < < < < < = < <

) > > > > > >
a > > > > > >
b > > > > > >
Lu < <. < < < <. <.

[osicHUM, KaK 3aloJHACTCS MaTpHUIla MPEAIIeCTBOBAHNS B TabJdIle Ha MPUMEPE CHMBOJIA
+. B mnpaBune rpammaruku S—S+T (mpaBwio 1) 3TOT CHMBOJI CTOMT ClieBa OT
HeTepMHHANLHOrO cuMBosia T. B muoxkectso LYT) Bxomsr cumsoist: *, /, (, @, b. CraBum
3HaK <- B KJIETKaX MaTPHIbI, COOTBETCTBYIOIIMX 3TUM CHMBOJIAM, B CTPOKE JUIS CAMBOJIA +.
B TO ke BpeMs B 3TOM 3Ke MPaBHJIe CUMBOJI + CTOWT CIpaBa OT HETEPMHUHAIBHOTO CHMBOJIA
S. Bo muoxectBo RY(S) Bxomar cumsonsl: +, —, *, /, ), a, b. CraBum 3Hak -> B KjeTKax
MAaTpHIIBI, COOTBETCTBYIOIIAM STUM CUMBOJIAM, B CTOJIOLE [Tt CAMBOJIa +. BoJblie cCHMBOIT
+ HM B KakoM TIpaBWJE€ HE BCTPEYAETCS, 3HAUMT, 3alOJHEHHWE MATPHIBI JUIA HETO
3aKOHYEHO, OepeM CIIEMYIOINA CHUMBOJI W TIPOJOJDKAEM 3allONHATh MATPHILy TaKUM JKe
METOJIOM, ITOKa He TepedepeM Bce TEPMHUHAIBHEIE CHMBOJIBL.

OTAenbHO paccMOTpUM CUMBOJIBIL Ly U L. B cTpoke cumBosia L, craBuM 3HaK <- B KJIETKax
CHMBOJIOB, BXOAAIIMX BO MHOxecTBO LY(S). D10 cumBonsl +, —, *, /, (, a, b. B cronbue
cuMBoNa |, CTABMM 3HAK -> B KJIETKAX CHMBOJIOB, BXOJSMIMX BO MHOkecTBO RY(S). D10
cuMBoJIBL +, — *, /[, ), &, b.

Eriie MOXHO OTMETHTB, YTO B KJIETKE COOTBETCTBYIOIICH OTKPhIBatOMIeH CKOOKe (CHMBOI ()
clieBa W 3akphIBarolieil ckoOke (CMMBOJI )) crpaBa IOMEIIAeTcsl 3HAK =- («COCTaBJISIOT
OCHOBY»). Tak IPOMCXOAWT, MOCKOIBKY B I'paMMAaTHKe HPUCYTCTBYeT MpaBuUiIo E— (S),
IJIe 3T CHUMBOJIBI CTOSIT PSIIOM (4Yepe3 HeTePMHHAIBHBIH CHMBOJI) B €r0 NPaBOW 4YacTH.
CrietyeT OTMETHTb, YTO IOHATHUS «CIPaBa» M «CJIEBa» 3[eCh UMEIOT BaKHOE 3HAYEHHE: B
KJIETKE COOTBETCTBYIOIIEH 3aKpBIBAIOIIEH CKOOKEe (CHMBOJN )) cJe€Ba M OTKpBIBArOIIEit
CKOOKe (CMMBOJI () crpaBa 3HaK OTCYTCTBYET — TaKO€ COYETAaHHE CHMBOJIOB HEAOIYCTUMO
(oTHOMIEHHE (=) BEPHO, a OTHOLICHHE ) =: ( — HEBEPHO).

AnroputMm pa30bopa IEMOYeK TPaMMATHKH OIEPATOPHOTO MPEIIICCTBOBAHUS HTHOPUPYET
HETEepMUHAJbHBIE CUMBONBL. [lo3TOMYy mHMMeeT CMBICH TpeoOpa3oBaTh HCXOIHYIO
TpaMMAaTHKy TakuM OOpa3oM, 4TOObI OCTaBUTh B HEH TOJIBKO OJMH HETEPMUHAIBHBIH
cuMBOJI. Toraa moyryauM Cieyronvid BUT TIPaBHIT:
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P:

S —> S+S | S-S | S (upaBunal,2wu3)
S — S*S | S/S | S (nupaBmwma4,5u6)
S = (S) | a | b (upaBuma7,8u9)

Ecnu Tenepb MCKIIOUNTH OECCMBICICHHBIE TPaBHiIa BUAa S—>S, TO HOIYYHM CIEAYyoLIee
MHOXXECTBO IIPaBHI (HYMEpALMI0 IPaBHJI COXPAaHUM B COOTBETCTBHM C HCXOIHOM
TpaMMAaTHKOH):

P:

S — S+S | S-S (mpaBmia l,2)

S — S*S | S/S (upaBmia4,>s)

S —> (S) | a | b (upaBuma7,8u9)

Takoe mpeoOpa3oBaHme HE BEIET K CO3JaHHUI0 SKBUBAJICHTHON TPAMMATHKH U BEITIOHSACTCS
TONBKO AN YOPOMIeHHS  paboThl  aNropuT™Ma TIOCHE  IOCTPOSHHS  MAaTPHIBI
npeamectBoBanus. [lomydeHHas B pe3ynbraTe MpeoOpa3oBaHUs TpaMMaTHKa HE SBISCTCS
OTHO3HAYHOH, HO B AITOPHTM pPACIO3HABAHUS YK€ OBUIN 3aJI0KEHBI BCE HEOOXOAMMBIS
JAHHBIC O TIOPSAOKE MPUMEHCHHS TPAaBHI MPHA CO3MAHUW MATPHUIBI IPEIIICCTBOBAHUS,
MO3TOMY PAcIO3HaBaTeNlb OCTAETCS JEeTePMHUHUPOBAHHBIM. [locTpoeHHast TaKUM CrIOcOOOM
rpaMMaTHKa Ha3bIBAETCS «OCMOGHOU» TPaMMaTUKON. BBIBOI, OMy4YeHHBIN TTpH pa3bope Ha
OCHOBE OCTOBHOW TIpaMMAaTHK{, HAa3BIBAIOT pE3YJIbTaTOM «OCTOBHOTO» pa3bopa wuimu
«OCTOBHBIM» BBIBOAOM [4 T.1,2, 5].

[To pe3ynbTaTamMm OCTOBHOTO paz0opa MOXKHO MOCTPOUTH COOTBETCTBYIOIIMIA €My BBIBOJ] Ha
OCHOBE TIpPaBWJI HUCXOAHOW TpammaTuku. OJHAKO 23Ta 3ajJada HE NPECTaBISIET
MPAKTUYECKOr0 MHTEpECa, MOCKOJIbKY OCTOBHBIM BBIBOJ OTJIMYAETCSA OT BHIBOJA Ha OCHOBE
HUCXOAHOW TIpaMMaTHUKU TOJBKO TEM, YTO B HEM OTCYTCTBYIOT LIaru, CBSI3aHHBIE C
MPUMEHEHUEM LIEMHBIX NMPaBWl, U HE YYUTHIBAIOTCS THUIbBl HETEPMHHAJIBHBIX CHMBOJIOB.
Ji1si KOMOWIIATOPOB JK€ pacro3HAaBaHUE LIEMNOYEK BXOJHOIO SI3bIKAa 3aKJIOYAeTCsl HE B
HaXOXKICHHH TOTO MM HMHOTO BBIBOJA, 4 B BBIABJICHHH OCHOBHBIX CHHTaKCHYCCKHX
KOHCTPYKLIMHM MCXOJHOM MpOrpamMMbl € LEIbI0 MOCTPOCHUSI HA UX OCHOBE LIETIOYEK SI3bIKA
pe3yapTupyonieil nporpamMmbl. B 3TOM cMbIcie TUNBI HETEPMHUHAIbHBIX CHUMBOJIOB U
[eNHbIe TpaBWJia HE HECYT HUKAKOW TOJIE3HOH WHQOpMAIMK, a HANpOTHB, TOJBKO
YCIOXKHSIOT 00paboTKy Tenoykd BbIBOAA. [lOATOMY Ui PEaNbHOTO KOMITHIISTOpa
HaXO0’KJIE€HHE OCTOBHOI'O BBIBOJA SBJISETCS Ja)kKe OOJiee ITOJIE3HBIM, YeM HAXOXKIEHUE
BBIBOJIa HA OCHOBE MCXOJHOM rpamMMaruku. HaiiieHHbI OCTOBHBIN BBIBOJ B JlaJbHEUIINX
IpeoOpa30BaHKAX yKe He HyxkaaeTcsa ™,

15 W3 menmouku (M ZepeBa) BHIBOAA YAAIAIOTCS IIEMHBIE IIPABUJIA, KOTOPHIE, KAK OyIeT
MOKa3aHO Jlajee, BCE PaBHO HE HECYT HUKAKOW IMOJIC3HOW CEMaHTHUYCCKOW (CMBICIIOBOM)
HArpy3KH, a TOTOMY JIJIsl KOMITHUIATOpA SIBJISFOTCS OECIONIC3HBIMU. DTO TOJOKHTEIEHOE
CBOICTBO pacro3HaBaTessl.
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Paccmorpum paboTy anropuTMa pacno3HaBaHUS Ha mpuMepax. IlociemoBarensHOCTB
pa3bopa Oymem 3amiChIBATh B BUAE IOCIECAOBATSIHFHOCTH KOH(UTYpannii pacIImpeHHOTO
MII-aBTOMAaTa U3 TPEX COCTABIAIOLINX:

1. He mpoCcMOTpeHHAs AaBTOMATOM YacTh BXOJHOW LIETIOYKH;
2. comepKUMoe CTeKa;
3. TOoCiIemoBaTENEHOCTh IPUMEHEHHBIX IPABIII TPAMMATHKH.

Tak kak aBTOMaT UMeeT TOJBKO OJTHO COCTOSIHUE, TO JUIsl ONpeZesIeHus ero KoHdurypaunu
JIOCTAaTOYHO JIBYX COCTAaBJIIOIIUX — IOJIOXKEHUS CUMTHIBAIOUIEH TOJIOBKH BO BXOIHOM
LEenoyke M cojepkumoro creka. IlocimenoBarenbHOCTs HOMEPOB IIPaBUJI  HECET
JIOTIOJTHUTENBHYIO TIOJIE3HYI0 HH()OPMALUIO, IO KOTOPOH MOYKHO MOCTPOUTH LEMOYKY HIN
JIepeBO BHIBOJIA.

Kak u panee, Oyzmem 0003HA4YaTh TaKT aBTOMATa: <, €CITHM HA JAHHOM TaKTE BBITTOJHSIICS
MIEPEHOC, U +c, €CJIH BBINOJHAIACH CBEPTKA.

IMocnenoBarenpHOCTH pa3bopa MEMOYeK BXOAHBIX CHMBOIIOB OyIyT, TAKHM 00pa3oM, IMETh
BUJI, IPUBEICHHBIN HIDKE.

Ilpumep 1. BxoaHas uenouka a+a*b.
{ata*bly; Ly; D}+n
{+a*bly; lua; D+
{+a*bly; LuS; 8+,

{a*ble«; LuS+;8}+g

{*ble; luS+a;8}+c

{*bl«; 14S+S;8,8}+n
{blx;1.S+S*;8,8}+n

{Le; LuS+S*b; 8, 8}+c

© ® N o o A~ 0w DdhoRE

{lx;1lsS+S*S;8,8,9}+c
10. {1x;1.uS+S;8,8,9,4}+.
11. {1«;1.S;8,8,9,4, 1} — pa3bop 3aBeplicH, LEMOYKA IPHHSITA.

CoOTBEeTCTBYIOIIAs IETIOYKA BBIBOAA OymeT UMeTh BHJ (HMCIOJB3YETCS MPABOCTOPOHHHIMA
BBIBOZ): S=>S+S=>S+S*S=S+S*b=>S+a*b=>a+a*b.

JlepeBo BbIBO/Ia, COOTBETCTBYIOIIEE 3TOH LIENOYKE, TPHUBEIeHO Ha puc. 4.13.
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Puc. 4.13. I[Ipumep aepeBa BbIBOJIA AJIsl TPAMMATUKHU OIIEPATOPHOTO MPEALIECTBOBAHUS

Ilpumep 2. BxoaHas uenouka (a+a) *b.
{ (a+a) *ble; Lu; DY+

{a+ta) *ble; Lu (; D)+

{+a) *ble; Lu(a; D)+

{+a) *bl«; 1u(S;8}+n

{a) *blei Lu(S+;8}+q

{)*bl«; Llu(S+a;8}+c

{)*ble«; 1u(S+S;8,8}+c
{)*ble; 1u(S5;8,8,1}+n

© ® N o o A~ 0w D oRE

{*bLle; 1s(S) 78,8, 1}+c

[y
o

A*bly;1sS;8,8,1, 7+

=
(BN

Ably;1uS*;8,8,1, 7+

=
N

Ale; 1uS*b;8,8,1, 7+

[y
w

. {J—K;J—HS*S;SI 8/ 1171 9}+c
14. {1+;1.S;8,8,1,7,9,4} — pa3bop 3aBepIlieH, IeTIOYKa MPUHSITA.

CooTBeTcTBYyIOIAs IETI0YKa BBIBOJA OyAeT MMeTh BHJ (HMCHOIB3YETCS MPaBOCTOPOHHHH
BBIBOZ): S=>S*S=S*b=>(S) *b= (S+S) *b= (S+a) *b= (a+a) *b.

JlepeBo BbIBO/Ia, COOTBETCTBYIOIIEE 3TOH LIENIOYKE, TPUBEICHO Ha puc. 4.14.



109

@—i‘)g\/@\

@_

Puc. 4.14. Ilpumep nepesa BBIBOAA AJIS TPaMMAaTHKH OTIEPATOPHOTO MPEAICCTBOBAHUS

Ilpumep 3. BxoaHas nenoyka a+a*.
{ata*ly; Ly; DY+
{+a*le; lua; DY+
{+a*Ll«; 1uS;8}+n

{a*Lle; LuS+;8})+4

1
2
3
4
5. {*Ll«;1uS+a;8}=+c
6. {*lg;1l.S+S;8,8}+,
7. {Lle;L1uS+5%;8,8}+c
8. ommGxa! (HET mpaBwia IUTA BEIIOJHEHHUS CBEPTKH Ha STOM IIIare).
Ilpumep 4. BxonHas uenoyka a+a) *b.
{a+a) *ble; Lu; D)+
{+a) *bly; Llya; D+

{+a) *blx; 1sS;8}+n

1

2

3

4. {a) *b; LaS+; 7} +n
5 {)*bl«;luSt+a;8}+c

6. {)*bl«; 1.S+S;8,8}+c

7. {)*bl«;1:S;8,8,1}

8. ommbka! (HET OTHOLIEHUH MTPEAMIECTBOBAHUS MEXKY CHMBOJIAMHU L, 1 ) ).

[Ba mepBBIX IpHMepa HaNIAHO JEMOHCTPHUPYIOT, 4YTO HPUOPHUTET ONEpaLui,
YCTaHOBJICHHBIH B TIpaMMaTHKe, BIMSIET Ha IIOCIENOBaTeIbHOCTh pa3bopa u
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IMOCJIEAOBATECIIBHOCTE TPUMEHCHUSA TIpaBUJI HECMOTPA Ha TO, YTO HETCPMHUHAJIBHBIC
CHUMBOJIBI paCIIO3HABATEIIEM HE YUUTBIBAKOTCS.

bonee mompoGHO mOCTpOeHHME ~pacmo3HaBaTeNs AN TPAMMAaTHK — ONEPaTOPHOIO
TIPEIIECTBOBAHIS PACCMOTPEHO B KHuTE [42].

Kak Oputo cka3zaHO BEINIE, MAaTpHUIa I TPAMMATHKH OIEPATOPHOTO TIPEIIISCTBOBAHUS
BCerJa MMEeT MEHBIIMH 00beM, 4YeM MaTpulla Ui SKBHBAJCHTHOW €W TIpaMMaTHKH
MPOCTOro MpenauiecTBoBanui. Kpome Toro, pacrnosHaBaTelb I'paMMaTHKU ONEPaTOPHOIO
MPEIIECTBOBAHMS HTHOPUPYET HETEPMUHAIBLHBIC CUMBOJIBI B TIpOIIeCCe pa3dbopa, a 3HAYHUT,
HC YYMTHIBACT ILICMHBIC MPABHJA, JEIaeT MCHBIIIE IIaroB M MOPOXKAACT 00jice KOPOTKYIO
HeHO‘-IKy BBIBO/JIA. HOSTOMy pacno3HaBaTenL JJIA I‘paMMaTI/IKI/I onepaTopHoro
MpeAlIecCTBOBAaHMS BCerja Ipolle, YeM paclo3HaBaTeNlb ISl SKBUBAJICHTHOW e
TpaMMaTHKH MPOCTOTO MPEIICCTBOBAHUS.

HHrepecHO, YTO NOCKOJBKY paclo3HaBaTENb Ha OCHOBE TIPAMMATHK OINEPATOPHOTO
MIPEAIIECTBOBAHNSA HE YYUTBIBAET THUIBl HETEPMHHAJIBHBIX CHUMBOJIOB, TO OH MOXET
pabotaTh pgaxe C HEONHO3HAYHBIMH TIpaMMATHKAMH, B KOTOPBIX €CTh IIpaBHIIA,
pa3zIuyaroluecss TOJbKO THUIIAMU HETEPMUHAIBHBIX CUMBOJIOB. Ilpumepom Takoi
rpaMMaTHKH MOXET CIIY>KUTh Tpammaruka G" ({a, b}, {S,A,B}, P, S) ¢ IpaBUIaMH:

P:

S > A | B

A — aAb | ab
B —> aBb | ab

Kak u qyst mo6oit apyroit rpaMMaTHKX ONIEPATOPHOTO MPEIIIECTBOBAHUS, pACIIO3HABATENb
JUIA 3TOM rpaMMaTHKy OyAeT NeTepMHHHUPOBAaHHBIM. OCTOBHAs rpaMMaTHKa, OCTPOCHHAS
Ha €e OCHOBE, OyJIeT MMeTh TOJBKO JBa MpaBujia Buaa: S—aSb | ab. HeomHo3HauHOCTH
3aKIIFOYaeTCsI B TOM, UTO KaXIOMY HAWICHHOMY OCTOBHOMY BHIBOAY Oyaer
COOTBCTCTBOBATh HC OJHH, @ HCCKOJIBKO BBIBOJOB B I/ICXO)IHOﬁ rpaMmMaTuKe (B JaHHOM
Cllydae — BCerjia JIBa BBIBOJIa B 3aBUCHMOCTH OT TOT0, Kakoe NMpaBujo U3 S—A | B Oyner
MIPUMEHEHO Ha TIEPBOM IIIare BEIBOJIA).

NMPUMEYAHUE

FpammaTMKm, coaepxauwpe npasuna, pasnuyarowiecda  TOJNbKO - TUNamMu
HeTepMUHanbHbIX CUMMBOJIOB, MPAKTU4YeCKOro 3Ha4YeHuda He WMMEeT, a NoToMy
MHTepeca anda NoCTPpoeHUA KOMNUIATOPOB He NpeacTaBndatoT.
XO0Ts KJIacChl TpaMMATHUK MPOCTOI'0 U OMCPATOPHOIO NPEAIICCTBOBAHUA HCCOHOCTaBI/IMHlG,
KJIaCC A3BIKOB OIICPATOPHOr0 MNPCAIISCCTBOBAHUA YIKE, YCM KJIACC SA3BIKOB IIPOCTOI'O
MpeAIeCTBOBAHUA. HOBTOMy HC BCCraa BO3MOXKHO JIA A3bIKa, 3aJJaHHOT'O FpaMMaTHKOﬁ
MMpOCTOTr0 MNpEeAIICCTBOBAHUA, MOCTPOUTH I'PaMMATHUKY OHNEPATOPHOIO IMpEAIIEeCTBOBAHUA.

16 B TOM, YTO 3TH JIBa KJIaCCa rpaMMaTHK HECOIMOCTAaBUMbI, MOXKHO y6e,u1/1Tc51, paccMoOTpEB
JBa MPUBCJACHHBIX BbIIIC IMIPUMEPA — B HUX B3ATbI Pa3JIMYHBIC 11O cBOE CyTH U KJlacCaM
T'paMMAaTHKH, XOTSA OHU U SABJIAKOTCA 3KBUBAJICHTHBIMU — 3a4at0T OAWH U TOT K€ A3bIK.
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ITockonbKy Kiacc A3BIKOB, 33JaHHBIX I'pPaMMAaTHKaMH OINEPaTOPHOTO IPEIIIECTBOBAHUS,
eme Oojee Y30K, 4YeM JaXe KIacC SA3bIKOB, 3aJaHHBIX I'paMMAaTHKaMH IPOCTOTO
MPEAIECTBOBAHNUS, C IIOMOIIBIO 3THX IPAMMATHK MOKHO OIPENEIUTh AANEKO HE KaXKIbIH
nerepmuHApoBaHHBI KC-s3p1k. ['paMMaTWKy ONEpaTOPHOTO MPEIIISCTBOBAHUS — 3TO
OUYCHb YHOOHBI WHCTPYMEHT [UI IIOCTPOCHHUS pacllo3HaBaTesledl, HO OHH HMEIOT
OTPaHWIECHHYIO 001aCTh IPUMEHECHNSI.

KOHTpOﬂbeIe BOMNMpPOCLI 1 3aga4uun

Bonpochbl
1. Kakue u3 cneayromux yTBep K ICHUN CIIpaBeIINBhI:

® ccmu s3bik 3amaH KC-rpamMmaTukoil, TO OH MOXeT ObITh 3adaH ¢ momoisio MII-
aBTOMATa;

® ccmu sa3bIk 3amaH KC-rpamMmaTtukoi, TO OH MOXeT ObITh 3amaH ¢ momomsio JIMII-
aBTOMATa;

® cciu A3bIK 3a1aH KA, To oH MoxeT ObITh 3agan KC-rpamMmmaTukoii;
® cciu A3bIK 3aMaH JAMIT-aBToMaTOM, TO OH MOXKeT OBITh 3a1aH KC-rpaMMaTHKO#;
® cciu A3bIK 337aH ogHo3HayHOM KC-rpaMmMaTHKOM, TO Ui HErO MOXKHO NOCTPOouTh KA;

® cciu s3BIK 3amaH ofgHo3HawHOM KC-rpamMmarnkoif, To OH MOXXET OBITh 3aJaH C
nomoibsio JIMII-aBromara;

® cciu s3BIK 3a7]aH pacmupeHHblM MII-aBTomatomM, To OH MoXeT ObITh 3amaH KC-
rpaMMaTHuKOM1?

2. Kakwue u3 npuBepeHHbIX HUKEe MII-aBTOMATOB SBISIOTCS ACTCPMUHUPOBAHHBIMU:

Rl({Q1IQ2}, {alb}l {albIA}151Iq1IAI {Q2}),51(q1,a,A) =
{ (ql,AA) }181(0_[2rarA) = { (q2/7\') },Sl(qlrb,A) =

{(q2IA)}181(q21bIA) = {(Q2,Aab)},61(q1r7\qa)
{ (a1, ) },81(qi, A, b) = {(q1,A)};

Rz({q}r{alb}l{alblA}IBZIqIAI{q})ISZ(anIA)
{(q,An)},02(q,b,A) = {(q,A)},d2(q,A,a) = {(g,A)},d2(q,A,b) =
{(a,A) },82(a,2,2) = {(q,A)};

R3({q}r {arb}r {alblA}183lqlAl {q})163(qra1A) =

{(q,AA)r(q,a)r(q,x)}r&(QrbrA) = {(CI/A)}I53(CIr7wa) =
{(a,n) };

R4({q}r{arb}r{arbIA}184rqlAl{q})164(qra1A)

{(q,ARD) },d4(q,b,A) = {(g,a)},8:(q,A,a) = {(g,A)},0s(q,A,Db)
= {(q,A)}?

3. TlouemMy CHHTaKCHYeCKHE KOHCTPYKIIMH S3bIKOB MPOTPAMMHUPOBAHHS MOTYT OBITH
pacno3Hansl ¢ nomouisto IMII-aBTomaToB?
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4. MO>KHO T TIOJTHOCTBIO TIPOBEPUTH CTPYKTYPY BXOJHOM MporpamMmbl ¢ oMot JIMIT-
aBTOMATOB /I OOJIBIIMHCTBA SI3BIKOB IIpOrpaMMHpoBaHusA? Eciu HeT, TO MOXHO JIn
PemuTh Ty ke 3amady, ucrons3ys MII-aBTomartsl win pacimperasie MII-aBromaTsr?

5. Bcernma mu npeo6pa3zoBanue npasmwi KC-rpaMMaThK BeJeT K YIPOIICHUIO TIPaBUII?

6. Ilouemy mpm mnpeoOpazoBanmu KC-rpamMmmaTuknm K TpPHUBEJCHHOMY BHAY CHadaja
HEOOXO0ANMO y#annuTh OECIUIOHBIE CHMBOJIBI, & IIOTOM — HEAOCTI>KUMbIE CHMBOJIBI?

7. Tlouemy pnsa s3pika, 3agaHHoro KC-rpamMmaTwkoii, comepikamiei A-TpaBuia,
CYIIECTBYIOT TPYAHOCTH C MOAEIMpOBaHWMEM paboThl pacumpenHoro MII-aBromara,
BBITIOJTHSIONIETO BOCXO SN pa30op ¢ MPaBOCTOPOHHUM BBIBOJOM?

8. Iloyemy HEOOXOJMMO YCTPaHUTHh MMEHHO JIEBYIO PEKYPCHIO M3 MpPaBUJ IpaMMaTHKH?
s mopenupoBaHus — pabOTBI  Kakoro  (BOCXOMSIIETO WM HHUCXOJSIIETO)
pacrno3HaBatels IPeCTABISET CII0KHOCTH JieBast peKypcusi?

9. MOXHO JH MOJIHOCTBIO YCTPaHUTh PEKYPCHUIO M3 NPaBHJI IPaMMAaTHKH, 3alIHCAaHHBIX B
topme Bakyca-Haypa?

10. Ha anroputme paboThl KaKOTO pacro3HaBaTelsi OCHOBAH METO]] PEKYPCHBHOTO CITycKa?

11.MoxHO 7 peann30BaTh pPACIO3HABATEIbh MO METOAY PACIIMPEHHOTO PEKYpPCHBHOTO
CITyCKa JJIsl TpaMMaTHKH, COJIep Kalleil 1eByr0 peKypcHio?

12.3a cyer wero kmacc LL(1)-rpammartuk sBisietcs Oonee mupokmm, 4eM kiacc KC-
rpaMMaTHK, [ KOTOPBIX MOHO TIIOCTPOMTH pacllo3HaBaTelb 10  METOIY
PEKYpCUBHOTO CIycka?

13. Ha xakom anroputme ocHoBaHa pabota pacmo3uasatens st LL(K)-rpammatukn?

14. Ha xakoM anroputMme ocHoBaHa pabota pacrnosnasatesst 1 LR(K)-rpammaruku?

15.Tlouemy B TpaMMaTHKax @POCTOTO  MPEANIECTBOBAHHS U  ONEPATOPHOIO
MPE/IIECTBOBAHUS HE MOTYT NIPUCYTCTBOBATH A-TIpaBHia?

16. Knacc s3bikoB, 3aganibix LR(1)-rpamMarrkamu coBnajgaer ¢ kiaccoM JIKC-s3bIKOB.
3ayeM ke TOrJia UCIIOJIb3YIOTCS PYrie KIIAacChl FpaMMaThK?

3apaum

1. 3apgana rpaMmaTHka G({".",+,-,0,11},
{<umcno>, <uactTb>, <umdpa>,<ocu>}, P, <umcjo>)

P: <umcijio> — +<ocH> | -<ocH> | <ocH>
<ocH> — <dacTp>.<dacTb> | <uacTe>. | <yUacTe>

<yacTb> — <uumbpa> | <uacrb><uubppa>

<uudppa> - 0 | 1

MOCTpoiiTe AJ1s Hee OOBIYHBIN U pacmupeHHsIii MIT-aBTOMAaTEHL
SIBIIAIOTCS JTU TIOCTPOEHHBIE aBTOMATHI JIeTEPMUHUPOBAHHBIMH?

2. Jlanarpammaruka: G({a,b,c},{7,B,C,D,E,F,G,S},P,S)
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P: S > aAbB | E

A > BCa | a | A

B > ACb | b | A

C —>A | B | bA | aB | cC | aE | bE
E > Ea | Eb | Ec | ED | FG | DG
D—>c | Fb | Fa | A

F - BC | AC | DC | EC

G > Ga | Gb | Gc | GD
npeoOpasyiiTe ee K MPUBEACHHOMY BHIY.
3. IlpeoOpasyiiTe rpaMMaTHKy, TOCTPOCHHYIO B 3aaade No2, k BHIy 0e3 A-IIpaBull.
4. Nlana rpammatruka G ({" ", (,),o,r,a,n,d,t,b},{s,T,E,F},P,S)
P: S > Sor T | T
T > T and E | E
E —> not E | F
F—> (S) | Db
® mpeolOpa3yiTe ee K BUILY Oe3 IEMHBIX ITPABHI;
® HCKJIFOYHUTE JEBYIO PEKYPCHIO B MPaBHIIaX TPAaMMATHKH.
5. Janarpammaruka: G ({if, then,else,a,b}, {S,T,E,F},P,S)
P: S > if b then T else S | if b then S | a
T > if b then T else T | a

BrmonnauTe nns Hee pa3dop memoukw cumBoioB if b then if b then if b
then a else a.

K nepBomy minu k ocneHeMy i f Oyner oTHeceHO else B 3TOi Henouke?

YnpaxHeHus

1. ToctpoiiTe HUCXOAAIINIA paclo3HaBaTeIb C BO3BPATOM JUIS TPAaMMATHKH, 3aJJaHHOH B
3amade Ne3. BrimosHuTe pa3zbop menodku CHMBOJIOB «a or a and not a and (a or not not
a.

2. TloctpoliTe BocXoAsmMii pacro3HaBaTellb C BO3BPATOM JUIs IpaMMaTHKH, 33/1aHHOI B
3agade Ne3. BrimonHuTe pa3dop 1enovku CUMBOJIOB «a or a and not a and (a or not not
ay.

3. Tlocrpoiite pacrmo3HaBaTeNb, OCHOBAaHHBIH HA METOJE PEKYPCHBHOTO CIyCKa JUIs
rpammaruku: G ({a,b,c}, {S,A,B,C},P,S)
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P: S > aABb | bBAa | cCc
A —> aA | bB | cC
B > b | aAC
C > aA | bA | cC
BBITIOJTHUTE Pa300p IETTOYKH CHMBOJIOB aabbabbcabbb.

4. TlocTpoiiTe pacmo3HaBaTellb, OCHOBAaHHBIN Ha PACIIUPEHHOM METOJAE PEKYPCHBHOTO
cmycka i rpamMmaruku: G ({a,<,=,>,+,-,/,*},{s,T,E},P,S)

P: S > T<T | T>T | T<=T | T>=T
T > T+E | T-E | E
E > a*a | a/a | a
BBITIOJTHUTE Pa30op [EMOYKH CHMBOJIOB a*a+a<a/a-a*a.
5. Hanarpammatuka G ({ (,),+,*,a},{S,T,F},P,S)
P: S > S+T | T
T > T*E | F
F—> (S) | a
MOCTPOMTE TS Hee pacmo3HaBatesb Ha ocHoBe SLR(1)-rpammaruku.
6. [Jauna rpammartuxka G ({(,),",&,~,a},{S,T,E,F},P,S)
P: S > ST | T
T > T&E | E
E—> ~E | F
F > (S) | a

[OCTPOMTE JUIsl HEE pAclo3HaBaTelb Ha OCHOBE IPaMMaTHKH  OIEPaTOPHOIO
MpeaniecTBOBaHUsA. BEITIOTHUTE pa30op IETMOYKH CHMBOJIOB & a&~a& (a”~~a) .

7. Janarpammaruka: G ({if, then,else,a,b}, {S,T,E,F},P,S)
P: S > if b then T else S | 1if b then S | a
T > if b then T else T | a

HOCTpOﬁTC A HEE  pacCllio3HaBaTeJIb Ha OCHOBC TIpaMMAaTUKU  OHEPATOPHOIO
MpeAIeCTBOBaHNA, CUUTAA if, then u else equHbIMU TCPMUHAJIbHBIMH CUMBOJIAMHU.



