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ITPEANUCJIOBHE

[IpennaraemMasi BHUMaHHIO UMTaTe/sl KHUra OCHOBAaHA Ha KYypce JIEKLHUH, Mpo-
YUTAHHBIX Ha ()aKy/JbTeTe BBIYMCJAUTEbHOM MaTeMaTHKW W KubepHeTHku MIY
uM. M.B. JlomoHOCOBa U Ha (akynbTeTe yNnpaBJeHHs U MPUKJIAAHOH MaTeMaTHKU
MockoBCKOTO (DHU3UKO-TEXHHYECKOTO HMHCTUTYTa. [lMamas3oH BOMPOCOB, 3aTPOHY-
TBIX B KHMIeE, JOCTATOYHO LIMPOK — OT CBOHCTB (DOPMaJ/IbHBIX SI3BIKOB M JI0 TeX-
HUKHM TpaHCasaUMHd. Kpyr sTUX BOImpocoB mpejcTaB/seT coOoi 6asuc 3HaHMH,
HeOOXONMMBIX KBaJU(PUIUPOBAHHOMY CIELHAJUCTy B 0OJACTH METONOB TPAaHC-
JsiUuM. B KHure mnpencraBsieHbl «KJacCHUYeCKHe» pasieslbl TEOPHH pa3pabOTKU
KOMITHUJISITOPOB: JIEKCUYECKHH W CHHTAaKCHYeCKWH aHajn3, OpraHu3auus MaMsTh
KOMIHUJIATOPa (TabJ/HIbl CUMBOJIOB) U MEPHOMA UCIIONHEHHUS (MarasuHa), reHepanus
Kona. PaccmarpuBaroTcs Takue CpelcTBa aBTOMaTM3aLMM Ipouecca pa3paboTKu
tpancastopoB, Kak LEX, YACC, CYIIEP, meTombl reHepauud ONTHMaJbHOTO
kona. Ha npoTsxkeHHH BCero M3J/oKeHUs IPOBOAUTCS elMHasl «aTpUOyTHas» TOUYKa
3peHHsl Ha mpouecc pazpaboTKU KoMnuasaTopa. bdéabiias yacTb ajJropuTMoB, U3J0-
JKEeHHBIX B KHHUTe, peajii30BaHa B BHJe NporpaMM Ha sibike Java. TH mporpaMmbl
COCTaBJISIIOT IPOrpaMMHOe NPUJIOKeHHe K KHUre, pa3MelleHHoe Ha caiTe Tpsan.pa.

B TekcTe KHHTM BaXKHYIO poJib UTparoT opMmasbHble KOHCTPYKUHUH. B mpen-
JIOXKEHHSX, UX colepKalluX, oOblYHble MpaBUJa MYyHKTyalUW HHOrAA He cobuio-
JaTcs.

KHura paccuuTaHa Kak Ha CTyIeHTOB U aclIMPaHTOB NPOrPaMMUCTCKHUX CIIeLH-
aJbHOCTeH, Tak U Ha NpodeccroHaoB B 00/1aCTH MPOrpaMMHPOBaHHUS.

ABTop GnaromapuT BcexX, KTO CMOCOOCTBOBAJ BHIXOAY 3TOH KHHUTH B CBET,
U C MPU3HATEJbHOCTBIO NPUMET BCe KOHCTPYKTHBHBbIE 3aMeuaHHs 10 ee COLepKa-
HHUIO U 0(hOPMJIEHHIO.



[naBa 1
BBEJIEHUE

1.1. Mecto KOMNuUAATOpa B MPOrPpaMMHOM 00eclieyeHUHn

KoMnuasiTopel COCTaB/SIIOT CYIIECTBEHHYIO YacTh MPOrpaMMHOro obecredyeHus
OBM. Ot10 cBA3aHO C TeM, YTO $I3bIKH BBICOKOT'O YPOBHSI CTa/J¥ OCHOBHBIM Cpef-
CTBOM pa3paboTku nporpaMm. CerogHsi TOJbKO O4YeHb MaJjasi YacTh MPOrPaMMHOT0
obecrnedeHus, Tpedyouias ocodoil 3PpPeKTUBHOCTH, pa3pabdaTbiBaeTCsl C MOMOILLbIO
acceMm0OJ/iepoB. B Hacrosilllee BpeMsi UMeIOT NPUMeHeHHe [0BOJbHO MHOTO $13bIKOB
nporpaMMupoBanus. Hapsny ¢ TpanvUHMOHHBIMU sI3bIKaMM, TaKHMH, HallpuMep, Kak
doprpaH, ILKPOKOE pacnpocTpaHeHHe MOJNYUYHJIH TaK Ha3blBaeMble «yHHBepCaJb-
Hole» s13blkK ([Tackanb, Cu, Java v 1p.), a TakKe HEKOTOpbIE ClelHaln3UPOBaHHbIE
(HanpuMep, 3bIK 00pPaGOTKH CMUCOUHBIX cTPYyKTyp Jlucm). Kpome Toro, 6GoJblioe
pacrnpocTpaHeHHe MOJYUUJIH 3bIKH, CBI3aHHbIE ¢ Y3KUMHU NpeIMeTHBIMU 06J1acTsl-
MH, TaKHe, KaK BXOJHble I3bIKH MAKETOB MPHUKJ/AIHBIX MPOrpaMM.

Jlns psina Ha3BaHHBIX SI3BIKOB HMEETCSl JIOBOJBHO MHOro peanusauui. Tak,
Ha pBIHKE MPOrPaMMHOr0 o0ecredyeHHs MPeACTaB/IeHbl NeCATKH peasu3aluil 3bl-
koB [lackans, Java wnn Cu. C gpyrodl CTOPOHEI, TMOCTOSIHHO pacTylias noTped-
HOCTb B HOBBIX KOMIMJIITOPAaX CBs3aHa C OypHBIM pa3BUTHEM apxXuUTekTyp DBM.
DTO pa3BUTHE HIET M0 PA3JHUHBIM HampaBjaeHUsIM. Hapsny ¢ BoSHUKHOBEHHEM HO-
BBIX aPXUTEKTYp COBEPILIEHCTBYIOTCS CTapble apXUTEKTYPhl KaK B KOHLENTYaJlbHOM
OTHOLIEHHH, TaK W MO OTHEJNbHBbIM, KOHKPETHBIM MapaMeTpaM. JTO MOXKHO IpO-
HJJIIOCTPUPOBATh Ha MpruMepe MHUKporpoleccopa Intel. [TocienoBarenbHble Bepeun
3TOr0 MUKPOMPOLIECCOPA OTAWYAIOTCS He TONBKO TEXHUYECKHMH XapaKTepHUCTHKA-
MH, HO W, 4TO OoJsiee BaXKHO, HOBBIMH BO3MOXKHOCTSIMH H, 3HAYUT, U3MeHEHHEM
(pacmupeHneM) cucteMbl KoMaHI. EcTecTBeHHO, 3TO TpeOyeT HOBBIX KOMIHJISTO-
poB (unu MomuduKauMK cTapeix). To XKe MOXKHO CKaszaTb O MHKPOMPOLECCOopax
Motorola.

B pamkax TpaiHUHOHHBIX TOCJENOBATEJbHBIX MAallWH Pa3BUBaeTCsl 00JIbILOE
YUCJ0 PA3JUUHBIX HAMpaBjeHWH apxuTekTyp. [IpuMepaMu MOTYT CJOYKHUTb apXH-
tektypbl CISC, RISC. Takue Bemymne ¢upmbl, Kak Intel, Motorola, Sun, Hauu-
HaloT nepexoiuTb Ha Beimyck MaliuH ¢ RISC-apxurekrypamu. EcrecTBeHHO, 14
KaXK/I0H HOBOH CHCTeMBl KOMaHJ TpeOyeTcsl MOJHbIH Habop HOBbIX KOMIHJSTOPOB
C pacrnpocTpaHeHHbIX S3bIKOB.
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Haxkonew, 6ypHO pa3BUBaIOTCS pa3JiMuHble MapaJljesabHble apxXUuTeKTypsl. Cpenu
HUX OTMETHM BEKTOPHbIE€, MHOTOINPOLIECCOPHBIE, C IIHPOKUM KOMaHIHBIM CJIOBOM
apXUTEKTYpbl (BapHAHTOM KOTOPHIX SIBJSIOTCS cyrnepckasspHbie OBM). Ha pobin-
Ke yxe HMeloTcsl AecsiTKH TUmoB OBM c napassesbHOH apXUTEKTYypoH, HauyM-
Hasg ot cynep-O9BM (Cray, CDC u np.), yepe3 pabouue cTaHUWH (HampHMep,
IBM RS/6000) 1 KoHuasi mepcoHaJ bHBIMH KOMIbIOTepaMH. EcTecTBeHHO, Kaxaas
M3 HOBBIX MAalIWH CHA6KaeTcsi HOBBIMH KOMITHUJISATOPAMM [Ji5 MHOTHX $I3bIKOB
NporpaMMHUPOBaHuUs. 31eCh HeOOXOAMMO TaKKe OTMETHTh, UTO HOBble apXUTEKTYPHI
TpeOyIOT pa3paboTKH COBEPIIEHHO HOBBIX TOAXONOB K CO3[JAHHI0 KOMIHJSTOPOB,
TaK 4YTO Hapsily ¢ COOCTBEHHO Pa3pabOTKOH KOMIHUJASTOPOB BeleTcss W OoJbllas
Hay4Hasi paboTa M0 CO3JAaHHI0 HOBBIX METOOB TPAHCJ/SLIUH.

1.2. CTpykTrypa KOMOujaaTopa

O6o061eHHass CTPYKTYpa KOMIIMAATOPA ¥ OCHOBHblE (Da3bl KOMIHJSLUN MOKa-
3aHbl Ha puc. 1.1.

Ha HauyanbHOH (hbase JleKCHUeCKOro aHasM3a BXOfHasl Mporpamma, MpencTas-
Jsiollasi co60i NMoToK JUTep, pa3bHUBaeTCsl Ha JeKCeMbl — CJIOBAa B COOTBETCTBUU
c onpezneseHUsAMH s3bika. OCHOBHBIMM (DopMa/M3MaMH, JeXKallUMH B OCHOBe pea-
JIU3ALHUH JIEKCUYECKUX aHAJIM3aTOPOB, SBJSIOTCS KOHEUHBbIE aBTOMAThl U PeryJsp-
Hble BblpaxKeHHUsl. JleKcHMuecKHH aHanu3atop MoxeT paboTaTb B JIBYX OCHOBHBIX
peXkuMax: Jub0 Kak MOANporpaMMa, Bel3biBaeMasi CHHTAKCHYECKHM aHaln3aTOpPOM
OJIs1 TIOJy4YeHHsI OuepeqHOH JeKceMbl, JUOO KaK MOJHBIH TPOXOH, Pe3yJbTaToM
KOTOPOrO fIBJSETCS (Pals JeKceM.

B nporecce BeinesneHns eKceM JIeKCHUECKUH aHAIM3aTOP MOXKET KaK caMoCTO-
ATEJbHO CTPOUThb TabJHLBl 0O0BEKTOB (4YHces, CTPOK, UIEHTH(UKATOPOB H T.II.),
TaK W BbIJaBaThb 3HAuUeHWs [/ Ka)K[IOH JieKCeMbl NMPH OuepefHOM K HeMy 00-
paueHuH. B aTom cayudae TabauLbEl 0OBEKTOB CTPOSITCS B MOCJEAYIOWIMX (hazax
(HampuMep, B Mpollecce CHHTaKCUYECKOTO aHajn3a).

Ha sTane siekcHueckoro aHasu3a oOGHApYKHBAIOTCS HEKOTOPbIe (MPOCTeHILIHe)
OLIMOKH: HENOMyCTUMble CHMBOJIbI, HEMPaBUJbHAS 3aMHUCh YHCeJ, HAEHTHU(UKATO-
pOB U Ip.

LlenTpanbHasi 3agaya CHHTAKCHUECKOro aHa/lM3a — pasbop CTPYKTyphl Mpo-
rpaMMel. Kak mpaBusio, mon CTPyKTypoH MOHHMAaeTcCs IepeBO, COOTBETCTBYIOLEE
pa3bopy B KOHTEKCTHO-CBOOOAHOH rpaMMaTHKe si3blka. B HacTosillee Bpems yallle
Bcero ucnosbayercs au60o LL(1)-aHann3 (1 ero BapuaHT — PeKypPCHUBHBIH CITyCK),
an6o LR(1)-ananus u ero Bapuantsl (LR(0), SLR(1), LALR(1) u np.). Pexypcus-
HBIH CITYCK Yallle UCIIOIb3yeTCsl IPH PYYHOM MPOrPaMMHUPOBAHUN CHHTAKCHYECKOTO
anasnusatopa, LR(1) — npu HCro/b30BaHUH CHCTEM aBTOMAaTHYECKOT'O MOCTPOEHHS
CHHTaKCHYECKHX aHaJ/HM3aTOPOB.
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Jlekcnueckmnin JUATHOCTHUKA
aHaamn3
MIOTOK JIEKCEM
KOHeuHbLe +
asmomamaol Tab/nLbl 00BEKTOB
|
CuHTaKCHYEeCKUI JUATHOCTHKA
aHaau3 HepeBo pasbopa
+
KC-epammamura Tabirla 00bEKTOB
|
KoHTeKCTHBIN JMarHOCTHKA
aHaau3
aTpubyTHOE 1epeBo
ampubymHuole +
epammamuru Tab/UIbl 00bEKTOB
|
l'enepanus
MPOMEKYTOUHOTO
npeacTaBIeHUS npoMeXxyTouyHasi popma
(mpedukcHas, nocTduUKcHas,
CY-mpancaayus TPOHKH 1 1p.)

OntumMusanusa

npoMexyTouHas popma
(opuenTHpoBaHHbIH Tpad)

NnomoKoB8boLLl
aHAAU3

l'enepanusa koaga

TaGJUIbl pelleHnH,
JTMHAMHYECKOoe
POUTPaMMHPOBAHKE

00BEKTHBIA MOMYJb

Puc. 1.1

PesynbTaToM CHHTAKCHUECKOTrO aHasn3a SIBJSeTCS CHHTaKCHUYecKoe IepeBO CO
CCBIJIKAMH Ha Tabsuiel 06beKToB. OmKUOKH, CBSI3aHHbIE CO CTPYKTYpPOH Mporpam-
Mbl, TaK»Ke 0OHapy»KHMBAIOTCS B Mpollecce CHHTAKCHYeCKOro aHasu3a.

Ha stane KOHTEKCTHOro aHa/M3a BBISABJSIOTCS 3aBUCHUMOCTH MEXAY YacTAMH
NpOrpaMMbl, KOTOpPble HE MOTYT ObITb OMHCAHBI KOHTEKCTHO-CBOOOOHBIM CHHTAaK-
CHCOM. JTO B OCHOBHOM — CBfI3U «OINHCAaHHE-HUCIONb30BaHUE», B UYaCTHOCTH,
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aHaJ/u3 TUMOB 00BbEKTOB, aHAJIU3 00JacTell BUAUMOCTH, COOTBETCTBHE NAapaMeTpPOB,
MeTKH U Ap. B mpolecce KOHTEKCTHOro aHanu3a TabJauLbl 06bEKTOB MOMNONHSAIOTCS
MH(popMaLuel 06 onHCcaHUAX (CBOHCTBAX) 0OBEKTOB.

OcHOBHBIM (hOPMAJU3MOM, HCIOJNb3yeMbIM MPH KOHTEKCTHOM aHaJu3e, SIBJISI-
eTcsl annapat aTpubyTHBIX IpaMMaTHK. Pe3ysbTaToM KOHTEKCTHOTO aHa/nu3a B-
JsieTcsl aTpubyTUPOBAaHHOE AepeBo nporpaMmel. MHpopmanus 06 o6bekTax MOXKeT
ObITh KaK paccpeloTOdYeHa B CaMOM JepeBe, TaK U COCPelNOTOYeHa B OTHEJbHBIX
tTabauuax o6beKToB. B mpoliecce KOHTEKCTHOTO aHA/MM3a TAaKxkKe MOTYT OBbITh OOHA-
pyKeHbl OLIMOKH, CBSI3aHHbIE C HEMPaBUJbHBIM HCIIOJb30BAHHEM OOBEKTOB.

3arem mporpamMma MoxkeT ObITb TepeBefieHa BO BHYTPeHHee MpelCcTaBJeHHe.
D10 menaeTcs NJs lieJied ONTHUMH3ALMK H/WMIM ymoOCTBa reHepauuu kKopa. Eire
OLHOH 1LeJblo NMpeoOpa3oBaHUS MPOrPaMMbl BO BHYTpPEHHee IpeNCTaBJEHHE $B-
JiseTcs KeJaHUe HMeTb IEePeHOCHUMBIH KOMMUAATOP. Torga TOJBKO TOCJeqHSS
(asa (reHepaiusi Koma) siBJsieTCsl MallMHHO-3aBUCHMOK. B KadecTBe BHyTpeHHero
NpeaCTaBJeHUs] MOTYT HCIOJb30BaTbCs MpeUKCHAS WU TMOCT(UKCHAS 3aluch,
OpPUEeHTHPOBAHHBIN Tpad), TPOUKH, UETBEPKHU U IPYTHe CIOCOOHI.

da3 onTUMH3ALKH MOXKeT ObITh HeCcKoJbKo. ONTHMH3alHUKU OOLIYHO HeJsAT
Ha MAalIMHHO-3aBUCHMble W MAaIllIMHHO-HE3aBHCHMbIE, JIOKAJbHble U TJI0OOAJbHEBIE.
OnpenesieHHasl 4acTh MallMHHO-3aBUCHMON ONMTHUMH3alMK BBIMOJHSIETCS Ha (ase
reHepaiuyd koma. [nobasnbHasi ONTUMHU3ALUS MBITAETCS TPHHATH BO BHHUMAaHHE
CTPYKTYpPy BCEH MpPOTpaMMBbl, JIOKAJbHAsE — TOJIbKO HEOOJIBIINX ee (parMeHTOB.
[no6anbHas ONTUMMU3ALUS OCHOBHIBAETCS Ha TJI06AJbHOM ITOTOKOBOM aHaJk3e, KO-
TOPBIN BBIMIOJIHSIETCS HA rpade MPorpaMMbl U MPENCTABASET MO CYILIECTBY Mpeodpa-
3oBaHue 3Toro rpada. [Ipu 3ToM MOTYT YYHUTHIBAaTHCS TAKWe CBOMCTBA MPOrPaMMBI,
KaK MeXXIIPOLeNyPHBIH aHan3, MEXMOMIYJIbHBINA aHaln3, aHann3 o00JacTed KHU3HH
nepeMeHHBIX U T. II.

Haxkonen, reHepauus koma — mnocjenHsss gaza TpaHcasuuu. Ee pesysnbratom
sByseTcss NU60 acceMOJIepHBIH MOAY/b, JUOO OOBEKTHBIH (KM 3arpy304HbIi)
MonyJsb. B mpolecce reHepauny Koga MOTYT BBIIOJIHSITbCS HEKOTOpPbIE JIOKAJbHbBIE
ONTUMM3ALMH, TAKHEe, KaK paclpelesieHne PerHCTPOB, BbIOOP AJUHHBIX HJH KOPOT-
KHUX NIEePeX0/0B, YYeT CTOMMOCTH KOMaH/ MPH BbIOOPe KOHKPETHOH MOCJ/en0BaTe/ b-
HOCTH KoMmaHn. Ilnisi reHepauuu Kojma pa3paboTaHbl pa3/jUdYHblE METOABI, TaKHE,
KaK TabJuLbl pelleHHH, corocTaBjeHHe 00pa3loB, BKJIOUalllee ITHHAMHUYECKOE
NporpaMMHpPOBaHUe, pa3jHyHble CHHTaKCHUECKHEe METOJbL.

KoHeuHo, Te uau uHble (ha3bl TPAHCASATOPA MOTYT JHUOO OTCYTCTBOBATh CO-
BceM, J160 06bequHAThCSA. B mpocreliiiem caydyae ofHOMPOXOAHOTO TPAHCASTOPA
HeT SIBHOW (ha3bl reHepalUd MPOMEXKYTOYHOTO TNpeACTaBJeHUS U ONTHUMU3ALUH,
ocTasbHble a3kl 06beAUHEHBl B OfHY, IPUYEM HET W IBHO MOCTPOEHHOI'0 CHHTAaK-
CUUECKOTO JlepeBa.
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1.3. Peanusanusi MHOXKECTB U oTOOpaxkeHui B Java

B KadecTBe nporpaMMHbBIX MPUJIOKEHHUH K KHUTE Ha caiiTe TPSMN.pd NPUBEIEHbI
MporpaMMbl Ha si3blKe Java, peasiM3ylollye H3J0XKEeHHble aIropuTMbl. Bo MHO-
rOM peajMu3alusi 3THX aJrOpUTMOB OCHOBaHA Ha mnakere Java.util, B KOTOpOM
ompeneseH psiil UHTeP(HEHCOB W KJACCOB, MO3BOJSIOLIMX ONPeNensTh MHOXKeCTBa
1 ortoOpaxeHusi. OCHOBy 3TOH CTPYKTYypbl coctaBisier uHTepdeiic Collection,
KOTOPBIH omnpenessieT Habop MeToHOB Mo paboTe C KOHEUHBIMHU HAaOOpaMH JaHHBIX.
PaccMoTpruM KpaTKO Te M3 HHUX, KOTOPBIE HCIIOJb3YIOTCS B MPHJIOKEHHUAX K 3TOH
KHUTe. B HeM ompenesieHbl ciefyomie METOBI.

boolean add(Object obj) — mobaBasier 0bj K BbI3blBaKOLled KoJIeKLHH. Bos-
Bpaulaet true, ecau obj Obln moGaBieH K KOJJeKUUH, U false, eciu obj yxe
SIBJISIETCS] SJIEMEHTOM KOJIJIEKIIMH HJIH €C/IH KOJIMIEKLHS He NOMycKaeT NyOJaHKaTOB.

boolean addAll(Collection ¢) — nobGaBnsieT Bce 3JeMEHTH KOJIEKIHUH ¢ K Bbl-
3bIBalOLIeH KosseKUWH. BosBpaiiaer true, ecau Bce 3eMeHThHl OblJM N00aBJIEHbI
K KOJIJIEKIMH, U false B IPOTUBHOM CJIydae.

boolean contains(Object obj) — Bo3Bpallaet true, eCid BbI3bIBAOIIAs KOJI-
JIEKLIHS] COLEPKHUT d7eMeHT obj, U false B MIPOTHBHOM cJIydae.

boolean isEmpty() — Bo3Bpalaet true, eCd BbI3bIBAIOLLAS KOJJIEKLHS TyCTa,
u false B IPOTHBHOM ciydae.

Iterator iterator() — BosBpaliaer urtepatop AJs BbI3bIBAKOLIEH KOJJIEKIHH
(mogpoGHee 00 HTepaTOpPax CKAa3aHO HUXKE).

int size() — BO3BpAlllaeT YKCJIO 3/€MEHTOB, COLEPXKAILMXCS B BbI3bIBAIOLIEH
KOJIJIEKIIHH.

Hurepeiic List pacunpsier Collection, mo3Bossis XpaHUTb MOCJEI0BaTe/b-
HOCTH (CITUCKH) 3/1€MEHTOB. DIeMeHTbl MOT'YT ObITb BHECEHBI HJIM H3BJI€UYEHBI B CO-
OTBETCTBHH C MX MO3HLHEH, OTCUUTHIBAeMOH OT HyJsl. CIIHCOK MOXKET COflep»KaTh
ny6arpoBaHHble sneMeHTH. MHTepdeiic List no6aBaseT cienyiolue METObL:

void add(int index, Object obj) — BcTaBisieT obj B BbI3bIBAMOLINE CIHCOK
B MO3HLHIO C MHAEKCOM index. DIeMeHTHl CIHCKA, HAauWMHAas C MO3ULHH index,
cIBHUrarmTcs (T.e. UX TMO3ULHUH yBeJHYUBaloTCs Ha 1).

Object get(int index) — Bo3BpalaeT 06bEKT, XPAHSAIIKHACS B MO3ULKH index
BBI3bIBAIOLLEH KOJIJIEKLHH.

Hurtepdeiic Set pacuupsier untepdeiic Collection, He nomyckas my6JaUpo-
pBaHMs 3/1EMEHTOB, UTO CKa3blBaeTcsl Ha MOBedeHUH MeTonoB add u addAll.
Co6cTBEHHBIX MeTOOB HHTep(eric Set He m06aBasieT.

[TepeuncnenHble HHTep(EHCH peanu3yloTcs CaelyoIHUMH KaacCaMHu:

Knace AbstractCollection — peanusyer O60gbliylo 4YacTb HHTepderica
Collection.

Knace AbstractList — pacumpser AbstractCollection n peanusyet 60.blIyi0
yacTb UHTepdeiica List.
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Knace AbstractSequential List — paciiupsieT kaacce AbstractList nns pea-
JIM3aLHH TI0C/eI0BATEbHOTO, @ He NPOU3BOJBHOTO JOCTYyMNA K 3JeMeHTaM.

Knace LinkedList — peanusyeT CBSI3HBIH CIIMCOK, pacILUpsis —KJacc
AbstractSequential List. B wnacce LinkedList omnpenesneHbl, B UYaCTHOCTH,
CJleyIoLIMe METOMbI:

void addFirst(Object obj) — n06aBUTh 3/JeMEHT B HayaJjo CIIHCKa;

void addLast(Object obj) — m06aBUTb 3J€MEHT B KOHEI CIHCKa,

Object removeFirst() — ynaauTb mepBblil SJEMEHT CIHCKa,

Object removeLast() — ynaautb MOCHEIHUH 3/1€MEHT CIIHUCKa;

Object getFirst() — noJyudThb MEPBBIH 3/1€MEHT CIIUCKA;

Object getLast() — monyuuTb MOCJHEAHUH /EMEHT CIIUCKa,;

Knace ArrayList — peanusyer OUHAMHUYeCKHH (pacliMpsIOLIMHCH) MacCHuB,
pacuupss kjaacc AbstractList. Jlnsi no6GaBjieHHs] 3JeMeHTa B MO3ULMIO index
ucnonbayerest Meton void add(int index, Object obj). YiaanTb 3/71€eMEHT MOXHO
b0 yKasaB CCBIJIKY Ha Hero, Jubo yKasaB ero Mo3uliuio:

Object remove(Object obj);

Object remove(int index).

Knace AbstractSet — pacwmpsier kmace AbstractCollection u peanusyert
66sblIyI0 yacTh UHTep(deiica Set.

Knace HashSet — pacwupsier kiaace AbstractSet nns peanusalud MHOXKe-
CTBa B BUIe X3i-Tabmulbl, TreeSet pacupsietr kaace AbstractSet pasi peanu-
3alli¥ MHOXeCTBa B BHJe JlepeBa.

JLnsi mepe6Gopa 3/7€MEHTOB KOJIIEKIHUH HUCIOJNb3YIOTCS UTEPATOPbl, OMpeesieH-
Hble B HHTep(elice Iterator. B aToM nHTepdeiice 00bsBAEHBI CAeAYIOIIHE METOMLHL.

boolean hasNext() — Bo3Bpalaet true, eCy B KOJJIEKLHH HMEETCS CJeyio-
MK 3J1eMeHT, HHade Bo3Bpalnaet false.

Object next() — Bo3BpallaeT CaenyoLIni 3/1eMeHT. BribpacsiBaeT HCKIiOUe-
Hue NoSuchFElementException, ecid ClefyIOLIEr0 3J€MEHTa HeT.

void remove() — ypanser TeKyUMd 3JeMeHT. BbiGpacbiBaeT HCK/IYEHHE
EllegalState Exception, eciy clesiaHa MONbITKA BbI3BaTh METOX remove(), KOTo-
poMy He mpeaiiecTByeT MeTox next().

s peanusauuil (KOHEUHBIX) OTOOpaKeHWH Hcnosb3yercss uHTepderic Map.
B sTOM HHTep(efice onpenesneHbl METOMbI, TO3BOJAIOLINE [IOMECTHTD B KOJIJIEKIHIO
napy (KJrood4, 3HaueHHe) U H3BJeYb 3HAUeHHe MO KJIUy:

Object put(Object k, Object v) — moMelnaeT B BBI3BIBAIOIIYI0 KOJJIEKLHIO
(oTobpaxkeHue) 06bEKT v, AOCTYNHBIH 10 Kaouy k. [Ipu sToM, ecau ¢ Kao4oM k
yke OBLJIO CBSI3aHO HEKOTOpOe 3HaueHHe, OHO BO3BpalllaeTcss METOIOM put, MHaye
Bo3Bpalaercs null.

Object get(Object obj) — Bo3BpallaeT 3HAYEHHe, CBSI3aHHOE C KJIOUOM K.

boolean containsKey(Obect k) — Bo3Bpallaer true, eCu BbI3bIBAIOLIAS KOJ-
JIEKLIUS] CONEPXKHUT OOBEKT C KJIIOYOM k.
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Set keySet() — Bo3Bpauiaet Set-00beKT, COCTOSILIMH U3 KJIOUel BbI3bIBAKOLIEH
KOJIJIEKLIHH.

Set entrySet() — BosBpaiuiaer Set-00beKT, KOTOPbIH COLEPKUT 3JIEMEHTHI
oToOpaxKeHus, T. €. mapwl (KJaou, 3HaueHue), umetomine tun Map. Entry. B unrep-
detice Map.Entry onpeneseHsl clefyolide METOIBL.

Object getKey() — Bo3BpallaeT KJ0UY TEKYIIEr0 BXOAA BbI3bIBAOLIEH KOJIIEK-
uuu (tvna Map. Entry).

Object getValue() — Bo3BpallaeT 3HaueHHe TEKYLIEro BXO[a BbI3bIBAKOLIEH
KOJIJIEKLIMH.

OTMeTHM, UYTO CaMH KOJIJIEKIIMH SIBJSIOTCS HacjeiHHKaMu Kaacca Object,
MO3TOMY MOTYT MOMEIIAaThCsl KakK 3JeMeHTbl KoJjuleKiui. [Ipy 3ToM Hago umeThb
B BHJY, UTO B KaXXJIOM KOHKPETHOM KOHTEKCTEe HCII0Jb30BaHHs 3JeMEeHTa KOJIJIeK-
MU TPAHCJSATOPY HYXKHO YKas3aTb THII, KOTOPOMY TMPHUHAMJNEXKHUT HUCIONb3yeMbIH
3/IEMEHT KOJIIEKIHUH. DTO JeslaeTcsl ¢ MOMOIILbIO SIBHOTO MpUBeneHus Thuna. Cxema
UCI0JIb30BAHHUS BBITVISIANUT CJAELYIOIIHM 00pa3oM:

MyClass element;

String key;

HashMap collection = new HashMap();
collection.put(key, element);

HashSet collectionMap = new HashSet(collection.entrySet());
Iteratot iter = collectionMap.iterator();

while (iter.hasNext())

{Map.Entry me = (Map.Entry)iter.next();

String nextKey = (String) me.getKey():;

MyClass nextElement = (MyClass) me.getValue();

}



[nasa 2
A3bIKU N1 UX IIPEACTABJIEHHUE

2.1. AndaBuThl, HEMOYKU U A3BIKH

Angasum, uau cao8apb — 3TO KOHEUHOE MHOXKECTBO cums0.08. [lasi 060-
3HaYeHHUs] CHMBOJIOB Mbl OyIeM M0Jb30BaThCs LU(pPaMH, JATHHCKUMU OYKBaMU
¥ ClelMa/bHBIMU JIUTepaMu THna: #, $.

[Tycte V' — andasut. Lenouka 6 asgasume V — 310 nobasi cTpoka Ko-
HEUHOH MJIMHBI, COCTaBJeHHasih U3 CUMBOJIOB ajdaButa V. CUHOHHMOM IeNOYKU
SIBJSIIOTCS npedioscenue, Cmpoka u cao8o0. Ilycras uenouka (o6o3Hauaercs €) —
3TO 1LIeNOYKa, B KOTOPYIO HE BXOAWUT HU OJUH CUMBOJI.

Konkamenayueti 1eNoYeKk x U y Ha3bIBaeTCd 11eModykKa xy. 3aMeTUM, UTO re =
= ex = x OJ4 JIOOOHU LIETIOYKH I.

[lycts , y, 2 — TpoOU3BOJbHBIE IETIOUKH B HeKOTOpoM aJjdarute. Llemouka
Y HasbiBaeTcs noduenoukol 1enodku xyz. Llemodykr & U y Ha3bIBAIOTCS COOTBET-
CTBEHHO npeguxcom u cyg@uxcom UENOoUKH ry. 3aMeTUM, UTO JIO0H npedukc
UM Cy(PHUKC 1IeNOUKH SBJISETCS TTOALENOUKOH 3To 1enouku. Kpome toro, mycras
Lernoyka sBasetcs npepukcom, cyh@UKCOM U MOALENOYKOH A/ JMI000H LEeNouKHU.

IIpumep 2.1. [ns uenouku abbba npeduxcom siBasiercs nobast 1ernodka U3 MHOXKe-
ctBa Ly = {e, a, ab, abb, abbb, abbba}, cypdurcom sBisiercs nobasi LUEMOYKA H3 MHOXKe-
crtBa Ly = {e, a, ba, bba, bbba, abbba}, nonienouko# siBJsieTcst J0dast LUEMoyka U3 MHOXKe-
CTBa L1 U LQ.

Jaunoti uenouku w (0603Ha4aeTcst |w|) Ha3bIBAETCS YMCJIO CHMBOJIOB B HEH.
Hanpuwmep, |abababal =7, a |e| = 0.

f3vik 6 aagpasume V. — 3TO HEKOTOPOE MHOXKECTBO Lenoyek B angasute V.

Ipumep 2.2. Tlycts nan andasut V = {a, b}. Bor HekoTOphIe si3biKK B andasute V:

a) L) = & - nmycroit A3bIK;

6) Lo = {e} — si3bIK, comepKalIni TOJBKO MYCTYIO LENOUKY (3ameTum, 4to L u Lo —
pasiMyHbIE SI3BIKHU);

B) L3 = {e, a,b, aa, ab, ba, bb} — s3bk, comepkaliuil LENOYKH M3 a ¥ b, A/IHHA
KOTODPBIX He MPEBOCXOAUT 2;

I‘) L4 — $sI3bIK, BKJIIOUAIOIINH BCeBO3MOXKHbIe LIEMIOUKH M3 a U b, cojepxaliyue 4eTHOoe
YHUCJO @ U YETHOE YHUCJO0 b;
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n2 o
n) Ls = {a" |n > 0} — s3bIK LenoyeK W3 a, AJIHHbI KOTOPBIX MPEACTaBJSIOT COGOH
KBaJ(paThl HAaTyPaJbHBIX YHCEl.

IlBa NOoCJIENHUX sA3blKa comepKat 0eCKOHeYHOe YHCJIO LIeNoYek.

BBenem o6o3nauenue V* nsis MHOXKeCTBa BCeX 1iernouek B asndaBute V, BKJIO-
yasi mycTyto uenouky. Kaxkabiii s3bik B angaBute V siBjsieTcsi MOAMHOXKeCTBOM V™.
s MHOXecTBa Bcex Lerouek B ajddaBute V, KpoMe NMyCTOH LeENOYKH, Oynem
HCII0JIb30BaTh 0603HadeHne VT,

Ipumep 2.3. [lycte V = {0, 1}. Torna V* = {e,0, 1, 00, 01, 10, 11, 000,...},
v+ =4{0,1,00,01, 10, 11,000, ...}.

BBenem HeKOTOpBIE Omepaldy Haj S3BIKAMH.

[Tycte Ly u Ly — s3blku B andasute V. Konkamenayuetl s3blKoB L 1 Lg
HasbiBaeTcs 13blk Ly Lo = {zy|lx € L1,y € Lo}.

[lycts L — sa3blK B andasute V. Hmepayueli s3bika L HasbiBaeTcs f3blK L,
onpenessieMbld CJeIYIOLUM 00pa3oM.

1. L0 = {e}.
2. L"=LL" ' n>1
3. L = |J L™

=0

n—

Ipumep 2.4. Ilycts Ly = {aa, bb}, Ly = {e, a, bb}. Torna

L\ Ly = {aa, bb, aaa, bba, aabb, bbbb},

¥ = {e, aa, bb, aaaa, aabb, bbaa, bbbb, aaaaaa, ...}

BOJIbIIMHCTBO $I3bIKOB, TPENCTaBJSIONIMX HHTepec, COlepKaT OecKOHeuHoe
4ucyI0 Lenovyek. [Ipy 3TOM BO3HHKAIOT TPU BaxKHBIX BOIPOCA.

Bo-nepBhiX, Kak npedcmasumo A3bK (T. €. celU(PUIUPOBATH BXOASILHE B HETO
1enouku)? Ecau f3bIK COMEPKUT TOJIbKO KOHEUHOE MHOXKECTBO LENOYeK, TO OTBET
MPOCT: MOXKHO MPOCTO MEPEUUCTUTb €ro Lernouku. Eciu A3bK 6eCKOHeueH, TO AJIs
Hero HeoOXOMUMO HalTH KOHEUHOe MpeACTaB/IeHHe. DTO KOHEUHOE MPe/ICTaBJIeHHE,
B CBOIO OYepelb, OyIeT CTPOKOH CHMBOJIOB Haj HEKOTOPBHIM asi(aBUTOM BMecCTe
C HEKOTOPO# HMHTepnpeTallel, CBSI3bIBaOIIEeH 3TO MPEACTABJEHHE C S3BIKOM.

Bo-BTophIX, mJsi M1060TO JM $i3bIKA CYILIECTBYET KOHEUHOe MpeacTaBaeHue?
MOKHO TPEATONOXKUTL, UTO OTBET OTPHIATeJeH. Mbl YBUAMM, YTO MHOMKECTBO
BCEX IleMoYyeK Haj ajaBUTOM CYETHO. S3bIK — 3TO JH060e MOAMHOXKECTBO IIEN0-
yek. M3 TeopuH MHOXECTB H3BECTHO, UTO MHOXKECTBO BCEX MOAMHOMXKECTB CYETHOTO
MHOXKeCTBa HecueTHO. XOTsl Mbl M He JAajJd CTPOrOr0o OMNpeNeseHHs TOro, uTto
SIBJISIETCS] KOHEUHBIM TpeNCcTaBJeHHeM, UHTYUTHUBHO SICHO, YTO Jit0OOe pasyMHOe
omnpesiesieHHe ITOTO TOHSTUS BeNET TOJbKO K CYETHOMY MHOXKECTBY KOHEUHBIX
NpeJiCTaBJAeHHH, TOCKOJIbKY HY?>KHO HMeThb BO3MOXKHOCTb 3aMucaTh TaKoe KOHEUHOe
npejicTaBJeHre B BUJE CTPOKH CHMBOJIOB KOHEYHOH MAJuHBEL. [lo3TOMY $S13BIKOB
3HAYUTENBHO GOJIbllle, YeM KOHEUHBIX MpeaCTaBJIeHHH.

B-TpeTbuX, MOXXHO CIPOCHUTBb: KAKOBa CMPYKmMypa TeX KJacCOB SI3bIKOB, AJIs
KOTOPBIX CYIIeCTBYeT KOHeUHOe MpejcTaBaeHHe?
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2.2. IlpeacraBiieHUe SI3bIKOB

[Ipoyedypa — 3TO KOHeuHast MOCJeN0BATENbHOCTb HHCTPYKLHEH, KOTOPbIE MO-
TyT ObITh MeXaHHYeCKH BBITNOJHEHb. [IpMepoM MOXKeT CJYKHUTb MallMHHAs Mpo-
rpamma. [Ipouenypa, KoTopasi Bceria 3aKaHYMBaeTCsl, Ha3bIBAETCS AA2OPUMMOM.

OnvH u3 crnoco6oB MpeacTaB/eHUs f3blKa — 1aTh aJATOPUTM, OTpeNesIOIUH,
NPUHAIJIEXKUT JU [enouka si3biKy. Dosiee o6uiuil cnoco® COCTOUT B TOM, YTOOBI
IaTh TpOLEeNypy, KOTOpash OCTAHABJMBAeTCs C OTBETOM «la» [Jisl Lerouek, MpH-
Ha[/eXalluX s3bIKY, U JUOO OCTaHABJIMBAETCS C OTBETOM «HET», JUOO BOOOlle He
OCTaHABJIMBAeTCsl /s LeNoYeK, He MpUHAI/eXalUX 3bIKy. [0BOpAT, 4TO Takas
NpoLefypa UK alrOPUTM pacno3Haem $3biK.

Takoil MeTon mpeAcTaBJsieT I3bIK C TOUKU 3PEHUsI pacrio3HaBaHUs. SI3bIK MOXK-
HO TaKKe MPeICTaBUTh METOAOM MOPOXKAEHHs. A UMEHHO, MOXKHO AaTh MPOLEAYPY,
KOTOpasi CUCTEMATHUECKH nopoxcdaem B ONpPeleIeHHOM MOPsiiKe LEMOUKH SI3bIKa.

Ecnn MBI MOXKeM pacrosHaTb LEeMOYKH sidblKa Hazx andasutoMm V' jubo ¢ mo-
MOLIBIO MTPOLEAYPHI, JUOO C MOMOLIBI0 aJrOPUTMA, TO Mbl MOXKEM M I'eHEPHPOBATH
3BIK, MOCKOJIbKY MBI MOXKEM CHCTEMAaTHUYECKH TeHepHpoBaTh BCe LENOYKH u3 V¥,
TPOBEPSITh KAXKAYI0 LENOYKY Ha MPUHANEKHOCTb SI3bIKY U BbIJABATh CITUCOK TOJb-
KO Llenouek si3blka. Ho ecsin mpouenypa He Bcerna 3aKaHYMBaeTCsl MIPH TPOBEPKE
IeMOYKH, TO Mbl He CABHHEMCS JaJjblile IEPBOH LENOYKH, HA KOTOPOH mpoleaypa
He 3aKaHUYMBaeTcs. DTy NMpobjeMy MOXHO OOOHTH, OPraHU30BaB MPOBEPKY TAKUM
o6pa3oM, 4TOOBI Mpollefypa HUKOTAA He TMPOMOJKaja MPOBEPSTb ONHY LEMOUKY
6eckoHeuHo. J[J1s1 3TOr0 BBElEM CJEAYIOULYI0 KOHCTPYKLHIO.

[Ipenmnosoxum, uto V' nmeeT p cuMBOJIOB. MBI MOXKEM pacCcMaTpUBaTh LEMOYKH
u3 V* Kak uucsa, npeacTaBiaeHHble B 6a3uce p, MIOC MycTas Lenouka e. MoxXHO
3aHyMepoBaTh LIEMIOYKU B MOPSIKE BO3PAaCTaHUS JJIHHBI U B «4UCJIOBOM» IMOPSIIKE
IJ1s1 UeroYeK OIMHAKOBOH IJIHMHBI.

[lycte P — mpouenypa n/si mpoBepKH NMpPUHAIJIEKHOCTH LEMOYKH SI3bIKY L.
[Tpennosioxkum, 4yTo P MoxkeT ObITb MpeacTaBieHa OUCKPETHBIMH LIaraMu, Tak UTO
MUMeeT CMbICJ TOBOPHTb 00 ¢-M Ilare MPOLenypbl AJs JOO0OH NAaHHOH LEMOUYKH.
[Ipexne yeM naTh mpolenypy NepeynucseHus Lernoyek si3bika L, TaiuM npouenypy
HyMepaluHy Tap MOJOXKHUTEJIbHBIX YHCEJ.

Bce ynopsimoueHHble mMapbl MOJOXHTENbHBIX UHCEJ MOXHO B3aHUMHO-
OIHO3HAUHO OTOOPa3UTh HAa MHOXKECTBO TMOJIOKUTEJbHBIX YHUCEJ U TeM CaMblM
yrnopsiioyuTh. Temepb MOXHO JaTb TPOLENYPy TepeyucyaeHuss Lernodyek L.
YnopsimourBaeM ¥ HyMepyeM Mapbl LeJblX ToJoxkHTeabHbIX yuces: (1,1), (2,1),
(1,2), (3,1), (2,2), ... . Ilpu Hymepauuu napsl (i,j) reHepuUpyeM i-i0 LEMOYKY
u3 V* W mpuMmeHsieM K lenouke nepBble j maroB npouenypel P. Kak Tosbko
Mbl OINpeJesUIN, YTO CreHepUpPOBaHHAs Lenovyka NpUHALIeXUT L, nobaBiasem
LIeMOYKYy K CIHUCKY 3jeMeHTOB L. Ecau nenouka ¢ npuHaaiexuT L, To 3To Oyner
onpenesneHo P 3a j waros [Js HeKOTOporo KoHeuHoro j. [Ipu nepeunciaenuu (i, j)
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Oy#eT creHepHpoBaHa Llerodyka ¢ HOMepoM 4. Jlerko BHAeTh, UTO 3Ta HpoLeaypa
nepeurc/sieT Bce Lenodyku L.

Ecau MBI MMeeM MpoLefypy reHepally Lernovyek si3blka, TO Mbl BCETla MOXKEM
MIOCTPOUTb MPOLENYpPYy Paclo3HaBaHMs NPeNJIOKEeHUH f3blKa, HO He BCeraa ajro-
putMm. a5 ompenesieHUss TOro, MPUHALJNEKHUT JU T S3bIKYy L, MPOCTO HyMepyeM
npensioXkeHusi L ¥ cpaBHMBaeM T C KaKIbIM MpenJsoKeHHeM. Ecsu creHepupo-
BaHO X, TO MpOLeAypa OCTAHAB/JIMBAETCS, PaClO3HAB, YTO X TPUHALIEKHT L.
Koneuno, ecau x He npuHaniexuT L, TO Npolleypa HUKOTAA He 3aKOHUYMUTCS.

f3bIK, MpensoKeHHs KOTOPOTO MOTYT ObITh CreHepHPOBaHbl MPOLEAYPOH, Ha-
3bIBAETCSl PEKYPCUBHO NepeuucAumbim. S$I3bIK pPEeKypCHBHO MEPeUUC/IHM, ecCsd
UMeeTCsl MPOLEAYpa, paclo3Hawllas NpenjokKeHHs s3blKa. [0BOPAT, 4TO $3bIK
pekypcuser, ecau CylleCcTBYeT aJropuTM JJIsi pacrosHaBaHMs s3bika. Kiace pe-
KYPCUBHBIX SI3bIKOB SIBJISIeTCSI COOCTBEHHBIM MOAMHOXKECTBOM KJacca pPeKypCHBHO
MepeuncaUMBIX f3bIKOB. MaJjio TOoro, CylIeCTBYIOT SI3bIKH, He SIBJISIOLIHECS Hake
PEKYPCHUBHO NePeuUCJUMbIMH.

2.3. I'pammaTuku

2.3.1. ®PopmanbHoe ompeneseHHe rpamMmMatuku. JJas Hac HauOOJBIIHH
UHTepecC TPeJCTaB/seT OJHA M3 CHCTEM TeHepalUH SI3bIKOB — epaMMamuku.
[TonsiTvie TpaMMaTUKH H3HauaJbHO ObLIO (HOPMAIU30BAHO JIMHTBUCTAMH JJISI €CTe-
CTBEHHBIX $3bIKOB. [Ipeamosarasoch, 4TO 3TO MOXKET MOMOYb IMPH MAalIHHHOM
nepeBofe. OnHaKo HaWIyYlllKe Pe3y/abTaThl B 3TOM HarpaBJeHWH NOCTUTHYTHI MPH
OMMCAHUHM He eCTeCTBEHHBIX S3bIKOB, a SI3BIKOB MporpammupoBaHus. [Ipumepom
MOXKET CJYXKHTb CIOCOO OMHCAHWs CHHTaKCHCa sI3bIKOB MPOrpaMMUPOBAHUS MPH
nomouid BH® — dopmbl Bakyca—-Haypa.

Omnpeneaenne 2.1. [pammamura — 310 yerBepka G = (N, T, P, S), rue:

1) N — andaBuT HemepmuHaLbHbLX CUMBOAOS,;

2) T — andaBut mepmunarvrolx cumsoros, N N\T = &,

3) P — KoHeuHOe MHOXKEeCTBO npasus Bupa o — [, rme a € (N UT)*N(N U
uT)*, ge(NUT)*

4) S € N — Hauanrvnoil 3Hak (WU aKkcuoma) rpaMMaTHKH.

Me1 6yeM UCIob30BaTh OOMbIIKE JATHHCKUE GYKBBI /11 0003HAUEHHUST HETEP-
MHHaJbHBIX CHMBOJIOB, MaJjble JaTHHCKMe OYKBBI M3 Hauasa andaBuTa IJs 0060-
3HaueHHs TEPMHUHAJbHBIX CUMBOJIOB, MaJible JJaTHHCKHe OYKBBI U3 KOHIIA ajdaBuTa
0151 0ob6o3HaueHUsi Lenovyek U3 1™ W, HaKoHell, MaJble rpedeckhe OYKBbl MAJs
o6o3HaueHus Lenodek u3 (N UT)*.

ByneMm ucrosnb3oBaTh Takxke COKpalleHHYyH0 3amuck A — aq|ag| ... |ay| mis
0603HaueHus rpymnmnbl npaBul A — aj, A — ag, ..., A — ay.
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Omnpepennm Ha MHOxecTBe (N UT)* GuHapHOE OTHOLIEHHE 8b/800UMOCTU =
CJIelyIOLIUM 06pasoM: ecid § — 7y € P, 1o adff = ayf mist Beex o, f € (N UT)* .
Ecau ay = ag, To roBopsAT, YTO LENOUYKA (9 HENOCPedCcmBerHHo 8bl800UMA U3 Q.

Mbi Gynem HCro/b30BaTh Takxke pedaeKCUBHO-TPAH3UTUBHOE W TPAaH3UTHBHOE
3aMbIKaHHsI OTHOIIEHHSI =, a Takxe ero crenenb k > 0 (o603HayaeMble COOTBET-
cTBeHHO = *, = T u = %), Ecm o = *ao (o = Tag, a1 = Fay), T0 rosopsr,
4TO LIEMNOUKa (g 8bL800UMA (HEMPUBUAALHO 8bLBOOUMA, 8bLBOOUMA 3a k Uiae08)
U3 .

Ecimn oo = 3 (k > 0), To cyluecTByeT MoC/e0BaTebHOCTD LIATOB

Yo = V1= V2= - = V=1 = Yk

rie o =y u (3 = . [locnenoBaresbHOCTb LENOYEK Yo, Vi, Y2, ---» Yk B 3TOM
cJlydae HasbIBAOT 8b8000M 3 U3 Q.

Cenmenyuanrvrotl ¢opmoti rpaMMaTiki (G Ha3bIBaeTCsl LENOYKa, BBIBOAHMAS
U3 ee HadyaJIbHOI'O CHMMBOJIA.

Szvikom, noposcdaemoin epammamurol G (o6o3nadaercst L(G)), HasbiBaeTcs
MHO2XKECTBO BCeX €€ TepMHUHaJIbHbIX CEHTEHIHaJIbHbIX CII)OPM, T. €.

L(G) = {wlw e T*, S = Tw}.

[pammaruku G| u Gy Ha3BIBAIOTCS IKBUBANEHMHbIMU, €CJU OHU TIOPOKAAIOT
OIMH U TOT Xe si3bIK, T.e. L(G1) = L(Gy).

Ipumep 2.5. Ipammaruka G = ({S, B, C}, {a,b,c}, P, S), tne P ={S — aSBC,
S — aBC, CB — BC, aB —ab, bB —bb, bC — be, ¢cC — cc}, mOpoKAAeT SI3bIK
L(G) = {a™b"c™|n > 0}.

JleficTBUTeNIbHO, IpHUMeHsieM 1 — | pas npasuso 1 u nonyyaem a™~1S(BC)"~!, satem
OIMH pas mpasuio 2 u nonydaem a”(BC)™, satem n(n — 1)/2 pas npasuso 3 u nosydaem
a”B"C".

3aTeM Hcroab3yeM Mpasuio 4 u noaydaeM a"bB"~1C™. Jlanee npumensieM n — 1 pas
npaBuJo 5 W moaydaem a”b"C". 3aTeMm, npuMeHHB npaBusao 6 u n — 1 pa3 mpasuJo 7,
nosydaeM ab™c"™. MoxHO nMokasatb, 4to s3blK L(() cOCTOUT U3 LEMOYeK TONBKO TAaKOro
BHIA.

IIpumep 2.6. Paccmorpum rpammartuky G = ({S}, {0, 1}, {S — 0S1, S — 01}, 5).
Jlerko BumeTs, uto uenouka 000111 € L(G), Tak Kak CyllecTByeT BBIBOL,

S = 051 = 00511 = 000111.

HerpynHo nokasatb, 4to rpammarnka nopoxaaer siseik L(G) = {0™1™|n > 0}.

IIpumep 2.7. Paccmotpum rpammaruky G = ({5, A}, {0, 1}, {S — 05,5 — 04, A —
— 1A, A — 1}, 5). HerpynHo mokasatb, 4To rpamMmaTika nopoxnaer ss3eik L(G) =
={0"1"|n, m > 0}.

2.3.2. Tunbl rpaMMaTMK W UX cBodcTBa. PaccMoTpuM KJaccH(HKALHIO
rpamMmatHk (mpeanoxenHyo H. XoMcKHM), OCHOBaHHYIO Ha BHJE HX MPAaBUJL.
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Omnpenenenne 2.2. [lycte nana rpammarika G = (N, T, P, S). Torna:

1) ecqu Ha mpaBUJia TPaMMATHKH HE HaJIOXKEHbl HUKAaKHWe OTPaHUYEHHsI, TO ee
Ha3bIBalOT rpaMMaTHKOM THna 0, WIKM TpaMMaTHKOH 6e3 oepaHuterul.

2) ecan

a) Ka)kJoe TPaBUJO TPaMMaTHKH, KpoMe S — e, UMeeT BUA « — [3, THe
la| < |8, u

6) B TOM cJayuae, Korga S — e € P, cumBos S He BcTpeyaercsl B MPaBbIX
4acTsaX MpaBuJ,

TO rpaMMaTHKy Ha3blBalOT TpaMMaTHKOH THMa 1, WIH Heykopauusaroujeil,
unu koumexcmno-zasucumoti (K3-rpammarukoii, K3I'), unu konmexcmro-
yyscmsumenvroti (KU-rpammatnkoii);

3) ecau Kaxkaoe MpaBuio rpaMMaTHKH umeeT Bug A — [, rne A€ N, € (N U
UT)*, To ee Ha3bIBAIOT rPAMMATHKON THIA 2, U KOHMEKCMHO-C80600HOL
(KC-rpammatukoit);

4) ecau Kaxkaoe MpaBUJIO IPaMMaTHKH uMeeT BUA Jub6o A — xB, nmubo A —
— x, tne A, B € N, x € T*, To ee Ha3blBalOT TPaMMAaTHKOH THNA 3, WJH
NnpasoAUHetHoLl.

Jlerko BHIETb, YTO TpaMMaTHKa B MpuUMepe 2.5 — HeyKopauyHBarllasi, B MpH-
Mepe 2.6 — KOHTEKCTHO-CBOGONHAs, B MpuMepe 2.7 — MpaBOJMHEHHAS.

H3bIK, MOpOXKAAEMBIH TPAaMMATHUKOH THMA ¢, HA3bIBAIOT SI3bIKOM THMA 7. H3bIK
tuna O Ha3BIBAIOT TaKXKe A3blKOM 6e3 oeparuyeruii, I3blK THNa 1| — KoxmexcmmHo-
sasucumoim (K3), s3bik THNA 2 — Kowmexcmuo-c80600Hbim (KC), A3bIK THNA
3 — npasosuUHelHbIM.

Teopema 2.1. KaocOoili KkoHmexkcmuo-c80000HbIL A3blK MOxcem Obimb NHO-
poxcden HeyKopauusaroujeli KORMeKCmHo-c80600HOL epammamuKrol.

Hoxasamearvcmso. [lyctb . — KOHTEKCTHO-CBOOOMHBIA $3BIK. Torna
CYLIECTBYeT KOHTEKCTHO-cBoGomHasi rpammatuka G = (N, T, P, S), nopoxnaio-
mas L.

[Toctpoum Hoyio rpammaruky G' = (N', T, P’, S') caenyiomum o6pazom.

1. Eciu B P ectb npasuao Buga A — aoBjay ... Byoy, tne k >0, B; =
+e naa 1 <@ < k, nu Hu U3 onHol uenoukh o (0 < j < k) He BeIBOLMTCA e,
TO BKJIOUNTb B P’ Bce mpasuia (kpome A — e) Buma

A— o Xjap ... Xpay,

rae X; — 3to aubo B;, nubo e.

2. Ecin S = Te, 1o Bkmounts B P’ npasuna S’ — S, S’ — e ¥ MOJNOKUTD
N’ = N U{S"}; B nporuBHoM caiydae nonoxuth N/ =N un ' =S,

[TopoxkaaeT Ji rpaMMaThKa MycTyIo LENoYKy, MOXKHO YCTaHOBHTb CJIELYIOIIMM
POCTBIM aJTOPHTMOM.



20 Inasa 2. f3eiku u ux npedcmasierue

[Mar 1. Crpoum mHOkecTBO Ny = {N|N — e}.
[Mar 2. Crpoum muokectBo N; = N;—j U{N|N — o, a € {N;_1}*}.
Olar 3. Ecau N; = N;_|, To nepeiitu K wary 4, nHade K wary 2.

Mlar 4. Eciu S € N;, to S — *e.

Jlerko Buaeth, uto G' — HeykopauuBawias rpaMmarika. MoxKHO 1M0KasaTh
no uHayKuuu, yro L(G') = L(G). ]

[Tycts K; — Knacc Bcex s3bIKOB THMA 4. Jl0Ka3aHO, UTO CIpPaBelIUBO CJAeNLy-
totiee (cTporoe) BkJatoueHue: K3 C Ky C K| C K.

3aMeTuM, UTO €CJM SI3bIK MOPOXKAAETCS HEKOTOPOH TpaMMaTHUKOH, TO 3TO He
03HayaeT, UTO OH He MOXKeT OBIThb TOPOXKIEH TPaMMaTHKOH ¢ 6oJiee CHJIbHBIMU
OrpaHUYEHHsIMH Ha mnpaBuJa. [IpUBONUMBIE HUXKe TMPUMED HJJIOCTPHPYET 3TOT
(haxKT.

IIpumep 2.8. Paccmotpum rpammatuky G = ({5, A, B}, {0, 1}, {S — AB, A — 04,
A—0,B— 1B, B— 1}, S). Dra rpaMmmarrika siBJsleTCsI KOHTEKCTHO-CBOGOAHOH. Jlerko

mokasars, uto L(G) = {0™1™|n, m > 0}. OnHako B npuMepe 2.7 MpHBeIeHa PaBOJUHEH-
Hasl TPAMMaTHKa, [OPOXKAAIOLLAst TOT JKe SI3bIK.

2.4. Mamuns! TelopuHra

Dopmanbro mawuna Teropurea — 370 coBokynnocts M = (Q, T, X, D, qo, F),
rae:

() — KOHEUHOe MHOXECTBO COCTOSIHHH;

F C (Q — MHOXKeCTBO 3aKJIIOYHTEJNbHBIX COCTOSIHHH;

[' — MHOXeCTBO HOMYCTHMBIX JIEHTOUHBIX CHMBOJIOB; OAHH M3 HHX, OOBIYHO
o603HadyaeMbll B, — nycmoil CUMBOJI,

Y, — MHOXeCTBO BXOAHBIX CHMBOJIOB: MOAMHOXecTBO I, He BKJOYamwllee B;

D — ¢yukuuns nepexonos, otobpaxenne u3 (Q — F)x I' = Q x I' x {L, R},
115 HEKOTOPBIX apryMeHTOB (yHKIHsE ) MOXeT ObITb He OrpefesieHa.

¢o — HayaJbHOe COCTOSIHHE.

CxemaTHyeckd MalluHa TbloprHra n3obpakeHa Ha puc. 2.1.

|a1|a2|"‘|ai| -'-lanlBlBl...l

KOHEUHOe
yIpaBJ/ieHue

Puc. 2.1 Mamuna Tsiopunra

OnpenesneHHasi TakiM 00pa3oM MallWHa TbIOpUHTA Ha3blBaeTcsi demepmu-
HuposarnHot. Hedemepmunuposarnrnas wmamivHa TblOpUHra AJs KaXKAOW Mapbl
(Q — F) x I' MoXXeT UMeTb HECKOJbKO BO3MOXKHbBIX MepexofoB. B Hauase n siueek
nenThl comepxkat Bxon w € (I' — {B})*, ocrajbHasi 4acTb JIEHTBl COIEPKUT My-
cTeie cuMBosibl. O603HaYMM KOH(Urypaluio MamnHbl ThiopuHra Kak (g, w, ), rae
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q € (Q — TeKylllee COCTOSIHUE, i — BBINEJNEHHbIH 3JE€MEHT CTPOKH, «IOJOKEHHE
TOJIOBKH», W — TeKylllee COJNepKHMOe 3aHSATOr0 ydacTKa JieHThl. Ecsu roJoBKa
CIBUraeTCs C sTUEHKH, TO MallMHa JOJXKHA 3alHMCaTh B Hee CHMBOJI, TaK UTO JIeHTa
BCErja COCTOUT M3 yUacTKa, COCTOSILEr0 U3 KOHEYHOTO UHCJ/Ia HeMyCThIX CHMBOJIOB
W OECKOHEYHOTO KOJMYECTBA MYCTHIX CHMBOJIOB.

OnpenesnM Ha KOHGHUTypalusax OoTHOIIeHHe k- (11ar) caenyromumM o6pasom.

[lycts (q, Ay, Ag, ... Ay, i) — kouopurypauus M, rone 1 <i<n+ 1.

Eciu 1 <i<n u D(q,4;) = (p, A, R) (R or aura. right — mnpassii),
To A 75 B u (q, A1A2 An, Z)I— M(p, A1A2 Ai—lAAi+1 An, 14+ 1), T.e. M
reyaTaeT CHMBOJ A U MepeiBUraeTcsi BIPaBo.

Ecmu 2 <i<nwuD(q, 4;) = (p, A, L) (L or aura. left — neBwiit), To npn i = n
nonyctumMo A = B u (q, A1 Ay ... Ap, i) m(p, A1Ag .0 A1 AAjy .o Ay i — 1),
M neuvataet A W mepeiBUraeTcsl BJEBO, HO He 3a KOHeI[ JIEHTHI.

Ecau ¢ = n + 1, rojioBka mpocMaTprBaeT MyCcTod CUMBOJ B.

Eciu D(q, B) = (p, A,R), 10 A# Bu(q, AjAg ... Ap,n+ 1) p(p, A1 Ag ...
L ARA N+ 2).

Eciu D(q, B) = (p, A, L), to nonyctumo A = B u (q, AjAy ... Ap,n+ 1)
— M(p, AlAQ e AnA, n)

Eciu nBe KOH(HUrypauuu CBs3aHbl OTHOLIEHHEM |- pf, TO Mbl TOBOPHM, UTO
BTOpasi MoJy4aeTcsl U3 MepBOH 3a ofMH wwar. Ecau BTOopas mosydyaercs U3 mepBod
3a KOHeuyHoe, BKJtouas 0, UMC/I0 1IaroB, TO Takoe OTHoIeHHWe GyneM 0603HAuaTh
i

3k, donyckaemoiii M, — 3TO MHOXKECTBO TaKUX cCJoOB M3 1™, KOTOpbIE,
OyAy4d pacrosioXKeHbl B JIEBOM KOHLE JIEHTbI, nepeBoasT M H3 HayaJbHOTO CO-
CTOSIHUSI ¢y C Hada/JbHbIM IOJOXEHHEM T[OJIOBKH B CaMOM JIEBOM KOHLE JIEHTHI
B KOHeuHoe cocrosiHue. PopmanbHo, 3bIK, gonyckaeMblil M, ato L = {w | w € £*
¥ (qo, w, 1) 3,(q, u, i) nns HekoTOpBIX ¢ € F, u € I'* n uesoro i}.

Ecau M pacnosHaér L, To M ocTaHaBJUBaeTcCs, T.€. He HMeeT MepexoaoB Mo-
cJie TOro, Kak cjoBo gonyuieHo. OQHaKo ecyiu CJ0BO He NOMYIIEHO, TO BO3MOXKHO,
yto M He ocTaHaBJMBaeTCs.

f3bik, momyckaeMblii HeKOTOpoU M, Ha3bIBAETCS PeKYypPCUBHO NePeducAUMbLM.
Ecau M ocranaBiauBaeTcs Ha BCeX BXOAaX, TO FOBOPAT, yTo M 3ajaeT ajropuTm,
a 513bIK HA3bIBAETCS PEKYPCUBHBIM.

CyuectByer MamidHa TbloprHra, KOTOpas M0 HEKOTOPOMY OIMUCAHHIO MPOU3-
BOJbHOH M ¥ KONMPOBAaHHUIO CJIOBA X MOAEJHUpyeT mnoBefeHue M cO BXOIOM .
Takasi mamnHa TeiopruHra Ha3eiBaeTcst yHusepcavroi mawurol Toropurea.

2.4.1. HepaspemmmocTb mpoOgembl ocTtaHoBa. [Ipo6Gsema ocTtaHoBa mJis
MallMHBl ThlOpHHra (opMyJupyeTcsl CjaefyOLMM 00pa3oM: MOXKHO JH 110 LaHHOH
MaludHe TrlopHHTa B MPOM3BOJNBHONH KOH(PUT'YpPALHH CO CTPOKOH KOHEUHOW HJMHBI
HeMyCTBhIX CHMBOJIOB Ha JIeHTe OINpEeNeJUTh, OCTAHOBUTCS JH OHa? ['oBopsT, uTO
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sTa mpobJeMa pPeKkypcusHO Hepaspeuiuma: 3TO O03HAuaeT, UTO He CYIIEeCTBYET
aJqTOPUTMa, KOTOPHIH AJst Jo6oit M B MPOU3BOJNBHOH KOH(MHUTYypallUU OINpeness
Obl, OCTAHOBUTCS JIU B KOHIE KOHI0OB M .

[lepenymepyem Bce mMamnHbl ThlOpHHTA U BCe BO3MOXKHBIE BXOMbl Hal andaBu-
TOoM X. PaccMoTpuM 3BIK

Ly = {z;|z; ue nonyckaercs T;}.

fcHo, uto L He nomyckaercst HUKakod M. Ilonyctum, 4To 310 He Tak. [lycTb
L; nonyckaerca Tj. CnenoatenbHo x; € L Toraa ¥ TOJbKO TOrAa, Koraa &j
He ponyckaercs Tj. Ho mockosbky Tj momyckaer Ly, x; € Ly Torma u TOJbKO
Torga, Korga pomnyckaercs 15, — npotuBopeune. [losTomy L He siBJsieTCsl peKyp-
CHBHO MepeyrCIUMbIM MHOXKECTBOM.

[Ipennonoxkum, 4To Mbl HMeeM aaropuTM (T.e. MawuHy TbhlopuHTa, KoTOpas
BCErjla OCTAHABJIMBAETCS), TO3BOJISIOUIMN ONMpPENESUTb, OCTAHOBUTCS JIM MallMHA
Tolopunra B naHHO# KoH(urypauuu. Torga mMamuHy Telopunra 7', 10mycKarollyo
Ly, MOXHO MOCTPOUTH CJEAYIOLIUM 06pa3oM.

1. Ecnu naHo cnoBo z, To T mepeuwncsasieT cjaosa Ty, To, ..., I0OKa He OyaeT
r; = X.

2. T reHepupyeT KOOMPOBKY MaminHbl Toiopuura 7;.

3. YnpaBseHHe TepefaeTcs TMIOTeTHYeCKOH MalllMHe, KOTopas ompejeJiser,
ocTaHaBJuBaeTcs JU 1; Ha BXOme ;.

4. Ecau BeIsIcHSIeTCSl, 4TO 1; He OCTaHABJMBAeTCs Ha BXOHLEe X;, TO 1’ ocTaHaB-
JIUBaeTCsl U J0MYyCKaeT ;.

5. Ecau BoisicHsiercsi, uto 1; OCTaHaBJHMBaeTCsl Ha BXONE X;, TO yIpaBJieHHe
nepefaeTcsl yHUBepcalbHOH MalinHe ThiopUHra, Kotopas Momeaupyet 1; Ha BXoze
x;. Ilockonmbky T} ocTaHaB/MBaeTCsl, YHHBepcaJbHasi MallMHA [blOpHUHra TOXe
OCTaHaBJIMBAETCS W ONpefiesisieT, JoNycKaeT JiM 1; CJI0BO ;.

B nw06om cnydae T ocraHaBaMBaeTcCs, IOMycKas x; B TOM cJaydae, korma T
OTBepraer x;, U oTBepras x;, Koraa 1; nomnyckaer x;.

Takum 006pasoM, U3 Hallero NpeAnoJoKeHHs, YTO CyLIeCcTByeT MalluHa [blo-
pHHra, KoTopas OIpefeJiseT, OCTaHABJHWBaeTCs JM MPOM3BOJbHAS MallMHa Thlo-
pUHra, cjaefyet, 4To L; gomnyckaeTcss HeKOTOpPOH MalUMHOH ThlopHHra, a 9TO mpo-
TUBOPEUUT JIOKa3aHHOMY BBHIlIe. DTO, B CBOIO O4epellb, JaeT CJAelyOLLyI0 TeopeMy.

Teopema 2.2. He cywecmsyem arcopumma 04 onpedeseHus moeo, ocma-
HOBUMCSL AU NPOU3BOALHAA MauluHa ToropuHea 8 npou3BoALbHOL KOHGUeYpaAuUUL.

2.4.2. Knacc peKypCHUBHBIX MHOMKECTB. Telepb MOXHO I10Ka3aTbh, 4TO
KJIaCcC PeKypPCHBHBIX MHOXKECTB fIBJIeTCS COOCTBEHHBIM MOJKJ/ACCOM KJjacca pe-
KYPCHBHO T€PEUHCAUMBIX MHOXKECTB. JTO 3HAUHUT, UYTO CYIIECTBYeT MHOXeCTBO,
CJI0Ba KOTOPOTO MOTYT OBITb paclo3HaHbl MalIMHOH ThlOpHHra, KOTOpas He ocTa-
HaBJIMBAeTCAd Ha HEKOTOPBIX CJIOBAX, He IPHHALJIeXKAllMX MHOXECTBY, HO OHO
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He MOKET OBIThb pacrio3HaHo HUKAKOH MallHHOU Tb}OpI/IHFa, KOTOpasi oCTaHaBJ/IMBa-
€TCA Ha BCeX CJIOBAX. HpI/IMepOM TAaKOro MHOXKeCTBa ABJIFAETCA OOIIOJHEHHE K Ll.

Jlemma 2.1. Ecau mHoxMcecmso peKkypcusHo, mo u eco OONOAHeHue peKyp-
CUBHO.

Hoxkaszamearvbcmeo. Eciu L — pekypcuBHoe MHoxecTBO, L C T™, TO
cywecrByet M, ponyckawoiias L ¥ rapaHTHUPOBaHHO OocTaHaBJMBatoulasics. Mox-
HO CyuTaTb, 4YTo nocJge pomycka M OGosblue He nesaer waros. [loctpoum M
no M, no6aBUB HOBOe COCTOSIHME ¢ KaK eIMHCTBEHHOe JOIMycKalollee COCTOSTHHE
M. TlpaBuna M) BkawuawoT Bce mnpaBuna M, tak uto M| cumynupyer M.
Kpome Toro, /s Kaxao# mapbl, COCTaBJI€HHOH M3 HEIOMYCKAIOLIET0 COCTOSHUS U
JieHTouHoro cuMBoJia M, n7st Kotopeix y M mepexon He onpeneseH, M| nepexoguT
B COCTOSIHHE ¢ W 3aTeM OCTaHaBJMBAaeTCS.

Takum obpasom M| cumyaupyer M BmaOTb A0 ocTaHOBKU. Ecan M octa-
HaBJIMBAETCS B OLHOM M3 JOMYCKAIOLIUX COCTOSIHUH, TO M| octaHaBauBaeTcsi 0e3
nomycka. Ecau M ocraHaBiIuBaeTcs B OQHOM M3 HENOMYCKAIIIWX COCTOSIHUM, TO,
3HauuT, M| He nomyckKaeT BxomHoe cjoBo. Torma M| nenaer elue oquH Mepexon

B COCTOsSIHMe ¢ W pomyckaeT. fdcHo, uto M| monmyckaer 1™ \ L. [ |
Jlemma 2.2. [lycmo x1,x9,... — HYyMepauyus 8cex CA08 HEKOMOPOEO KO-
Heuroeo aagasuma X u T,Ts,... — Hymepauyus scex mawur Toropurea

C AEHMOUHbIMU CUMBOLAMU, BbLOPAHHBIMU U3 HEKOMOPO2O KOHEUHO20 aA(a-
suma, skarouarowezo %. I[lycmo Lo = {x; | x; donyckaemes T;}. Toeda Lo —
DEKYPCUBHO NepetuciumMoe MHONECMB80, OONOAHEHUE KOMOPO2O He PeKypCUBHO
nepeuucAuUmO.

Hoxasamearvcmeo. CioBa Ly nomyckaiorcsi Hekotopoit M, pa6otaro-
el caepyouuM obpasom (otmetuM, uto M He 0053aTebHO OCTAHABJIHBAETCS
Ha CJ0Bax He u3 Lo).

1. Ecnu gano x, To M mepeuucssieT MPENJOXKEHUS X1, To, ... I0KA He HAUAET
i = X, ONPeJIeisisi TeM CaMbIM, UTO & — 3TO i-€ CJOBO B MepPEUUCJeHUH.

2. M renepupyer M; W nepenaeT ymnpaBJieHWe YHHBepcaJbHOH MarinHe Thio-
pUHra, KoTopasi cuMynupyet M; co BXOIOM .

3. Ecniu M; ocraHaBiuBaeTcsi co BXOAOM x; W jonyckaer, To M ocraHaB-
JIUBaeTCs W JIONycKaeT; ecad M; ocTaHaBJIMBaeTCs W OTBepraer x;, 1o M
OCTaHABJWBaeTCsl U oTBepraer x;. Hakoweu, ecau M; He ocTaHaBinBaeTcs,
To M He ocTaHaBJIUBaeTCs.

4. Takum o6pasoM, Ly peKypCHBHO MePEUHCANMO, TIOCKONBKY Ly — 9TO MHOXe-
cTBO, nomyckaemoe M. Ho nonosnnenue ~Lg K Lo He MOXKeT OBITb PEKypPCHB-
HO MEPeUMC/IUMO, NOCKOIbKY ecau T — mamuHa TelopuHra, fonyckarouas
~Lgy, T0 1 € ~Lgy TOrAa U TOJNBLKO TOTAA, KOTAA T; He pomyckaerca M;. Jto
NPOTHBOPEUUT yTBEPXKIEHHIO, UTO ~ Ly — 3TO A3HIK, AonycKaeMbld 1.



24 Inasa 2. f3eiku u ux npedcmasierue

Teopema 2.3. Cyuwecmsyem peKkypcusHo nepeuucAumoe MHOMecmso, He 18-
Asroueecs peKypCuBHbiM.

Hoxaszamearvcmso. [lo nemme 2.2 Lo — peKypCHBHO MePEUHUCTHMOE
MHOKECTBO, JOMOJHEHHE KOTOPOro He PeKypPCHBHO Tepedyucaumo. Ecanm 61 Lo
6blJI0 PEKYPCUBHO, TO MO jeMMe 2.1 ~Lg 6b110 66l PEKYPCUBHO H, CJIE0BATEJNBHO,
PEKYPCHBHO MEPEeYUCUMO, UTO NPOTHBOPEYUT YTBEPKIEHHUIO JIeMMBbI 2.2. [

2.5. Ca3b mamnH ThlopuHra u rpammatuk tuna 0

JlokaxkeM, uTO sI3bIK pacro3Haércsi MaldHo# ThiOpHHTA, €CJIM H TOJBKO €CJIH
OH reHepupyetcsi rpammatukoil tuna 0. Ilyig nokasaTenbCTBa YaCTH «ECJAHU» MBI
MOCTPOMM HeIeTePMUHHPOBAHHYIO MallWHy TblopHHra, KoTopasi OymeT HeoeTep-
MHUHHPOBAHHO BHIOMPATh BHIBOABI B I'PAMMaTHKE W CMOTPETb, SIBJSETCS JIU BBIBOJ
BxojaoM. Ecsiu ma, To MalliMHa A0MycKaeT BXO/.

Jlnsi mokasaTesibCTBa YaCTH «TOJbKO €CJH» Mbl TOCTPOMM TPaMMaTHKY, KO-
TOpasi HelleTePMHHUPOBAHHO T'eHEPUPYeT TpeNCTaBJeHHs TePMUHAJTbHOH CTPOKU
¥ 3aTeM CHMYJUpYyeT MaluHy ThlopvHra Ha aTod cTpoke. Ecau cTpoka nomyckaer-
csl HeKOTOpo# M, TO cTpoKa KOHBEPTHPYETCsl B TePMHUHAJbHBIE CHMBOJIbI, KOTOPbIE
OHa Tpe/CTaBJIseT.

Teopema 2.4. Ecau L eenepupyemcs epammamuxoii muna 0, mo L pac-
nosnaémcs mawurot Toropurea.

Hoxaszameavcmeo. Ilyete G = (N,%, P, S) — rpammarrika tuna 0
u L = L(G). Onuuem HedopMasbHO HeleTePMUHUPOBAHHYIO MallMHY TblopuHTa

M, nonyckarwuryto L:
M= (Q,%,T,D,q,F)

e '= NUXU{B, #, X}.

[Tpennonaraetcsi, uTo mocJjeqHHe TpU CUMBOJIa He BXoaaT B N U X.

BHauane M copmep:KUT Ha BXONHOH JeHTe w € X*. 3atem M BcraBaser #
nepen w, COBUTasi BCe CHMBOJIbI W Ha ONHY SiUEHKY BIPaBO, U #S# mocje w, Tak
YTO CONEPXKUMbBIM JIEHThl CTAHOBUTCS FHWHSFH.

Tenepp M HeneTepMHHHPOBAHHO CUMYJHUpYyeT BeIBOA B (5, HauuHas ¢ S. Kax-
Iasi CeHTeHUHasbHas (popMa BbIBOJA IMOSIBJSETCS M0 MOPSAKY MEXKIY MOCJeIHUMU
nBymsi #. Ecin HekoTOpwlH BHIOOpP TEpexodoB BeNeT K TEePMHHAJbHOHU CTPOKE,
TO OHa cpaBHMBaeTcs ¢ w. Ecau oHu coBnazawt, To M pomyckaer.

®dopmasbho, yctb M uMeer Ha JeHTe HwH#H A Ay ... Ax#. M nepensuraet
HeJeTePMHUHHUPOBAHHO TrosioBKYy nmo AjAg ... A, BeIOHpas MO3ULHIO ¢ U KOHCTAHTY
r MexIy 1 ¥ MakcHMaJsIbHOH JJIMHOM JIeBOH YacTH J11060ro nmpaBu/a BbiBoga B P.
3atem M mpoepsier noactpoku A;A;yp ... Ajyr—1. Ecm AjAj .o Ajpro1 —
JieBasi 4yacTb HEKOTOPOTO MpaBWJa BbiBoga M3 P, TO oHa MOXeT ObITb 3aMeHeHa
Ha npaByto uyacTb. Torna M wmoxeT caABUHYTb AitrAitri1 ... Ap# n1ubo BiEBO,
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160 BIIPaBO, 0CBOOOXKIAS UJIM 3ATOJHSST MECTO, €CJIM MPaBast YaCTb UMeeT JJIHHY,
OTJIMYHYIO OT T.

W3 stoit mpocToil cuMysinuu BeIBOLOB B (G BUAHO, uTo M meyaTaeTr Ha JIEHTe
CTPOKY BHIa H#wHy#, y € V*, B TouHoCTH, ecau S = g+y. Ecn y = w, T0o M
nonyckaet L. [ |

Teopema 2.5. Ecau L pacnoswaémcs nexkomopoil (Oemepmurupo8anHot)
mawunot Toropurnea, mo L eenepupyemcs epammamurori muna 0.

Hokasameavcmeo. Illyete M = (Q, %, T, D, qp, F') nonyckaer L. Ilo-
CTpoUM rpaMmaTuky (G, KoTopasi HelepMUHUPOBAHHO T€HEPUPYET JBE KOTMUHU IMpej-
CTaBJIeHHsI HEKOTOPOro CJoBa M3 X* M 3areM CUMYJHpyeT mnoBeneHue M Ha
omHo# w3 komui. Ecmu M pomyckaer cioBo, To (G TpaHCGHOPMHPYET BTOPYIO
KOIHIO B TepMHHaJbHYIO CTpoKy. Ecin M He momyckaer L, TO BBIBOA HHKOTIA
He MPUBOIUT K TEPMHUHAJIbHOH CTPOKE.

dopmanbHO, MyCTh

G=(N,S, P Ay, e N=(ZU{e}] xT),UQU {A;, Ay, A3},

¥ P COCTOUT U3 CJIEAYIOUIMX MPABHIL.

Ay — goAs.

Ay — [a, a)Ay nast Kaxaoro a € X.

Ay — As.

Ag - [6, B]A3

Ag — €.

qla, C] — [a, E]p nns kaxmoro a € ¥ U {e} u kaxmgoro ¢ € () u Takoro

CeTl, uro D(q,C) = (p, E, R).

7. b, Ilqla, C] — plb, I]]a, J] nns xkaxaeix C,J,I w3 I', a u b u3 ¥ U {e}
M Takux ¢ u3 @, uro D(q,C) = (p, J, L).

8. [a, Clq — qaq, qla, C] — qaq, ¢ — e nns kKaxasix a € XU {e}, C €T, g€ F.

Hcnonbays npaeusa 1 u 2, nosydaem

SO WO

Ay = *qolar, ar][ag, ag] ... [an, an]Ag,

The a; € X 1Ji HEKOTOPOro 4.

[Ipennonoxum, uto M nomyckaeT CTPOKY ajdyg ... an. TOra Hakgetcs m, AJS
Kotoporo M wucrosib3yeT He GoJsiee, 4eM m syeeK crpaBa OT Bxona. Ycmosabays
NpaBuJIo 3, 3aTeM M pas NMpaBu/Io 4 U, HAKOHeL, MPaBUJIO D, UMeeM

A = "qolar, ai][ag, ag] ... [an, ayp][e, B]™

Hauunas ¢ atoro MomeHTa MOryT ObITb HCIIOJb30BaHBI TOJbKO MpaBHia 6
M 7, NOKa He CreHepupyercsi nomyckawulee cocTosiHde. OTMeTHM, 4TO MepBble
KOMIMOHEHTBI JIeHTOUHbIX cHMBOJIOB B (X U {e}) x I' Hukorna He mensitorcsi. MH-
AyKLHeH 1o yucay mmaroB M MOXKHO [OKa3aTb, YTO €C/H

(g0, arag ... an, 1) (g, X1 X ... X5, 1),
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TO
qo[ala al][a2v CLQ] b [an’ an][e» B]m :> E

= *G[al» XIHCLQ» XQ] .- [ar—I, X’I‘—l]q[a’T’ Xr] e [an+ma Xn—|—m]a
The ay, Gg, ... ap NPUHALIEXKAT X, Gpi] = Apt2 = ... Aptm =€, X[, Xo,...Xpim

npuHapnexatr I' u X 1=X,0=.. . X)), =8.
[Ipennosioxkenre HHAYKUUHU TpuBHaabHO Aas O maros. [Ipeanosoxum, 4To 0HO
cnpaBennnBo nisi k — 1 waros. Ilycts

(qo, arag ... an, 1) Fay (@1, X1 X ... Xoy 1) Far (g2, V1Yo .o Y, go)

3a k waros. Ilo nmpenno/oKeHUI0 HHAYKLIHH

Qlar, arllag, ag] ... [an, an]le, BI™ = §
= Glar, Xillag, Xo ... [ar—1, Xo—t]ai[aj,, X5, - .. [antm, Xntm).

[lycte E =L, ecnu jo =75 — 1, u E =R, eciut jo = j; + 1. B aTom cayuae
D(q1, le) = (qo, Y;,, E).
[To npaBuny 6 unu 7

qilaj,, Xj] — [aj,, Yile

HJaHnu
laj, -1, Xj—1]ailag,, X5, ] — @laj, -1, Xj,-1][aj,, Y],

B 3aBUCHMOCTH OT TOro, paBHO Ju E 3HaueHuto R uau L. Temepp X; =Y; nas

BCeX 1 # J1.
Takum obpasowm,

qolat, at]lag, as] ... [an, anlle, B]™ = Glai, Yilgelaj,, Yi,] - . [antm, Yneml,

4TO JIOKa3bIBAeTCS TPEAINONOKEHHEM HHIYKIHH.
[To npaBuay 8, ecnn q € F', nerko nokasatb, 4To

lar, X1] ... qlaj, Xj] ... [antm, Xntm] = Taras ... ap.

Takum o6pasoM, G MOXKeT TI'eHepUpPOBaThb a|ds ... G4y, €CAH 1Ay ...dy JO-
nyckaercsi M. Takum o6pasom, L((G) BKaouaeT BCe cJioBa, momyckaemeie M.
Jlst 3aBepiiieHusl 10Ka3aTebCTBa HEOOXOAUMO MMOKa3aTh, 4To Bce cjoBa u3 L(G)
nonyckatoress M. Wuaykuuell noxaseiBaercs, 4to Ay = jw, TOJBKO ecad w
nomyckaercs M.

Tem cambIlM MBI [0OKAa3aJH, YTO €CJM CJOBO Oomyckaetcs M, TO OHO MOPOXK-
naercs G. Ecin cjioBo He jmomyckaercsi, To M He monagaeT B 3aKJ/JIOYUTeNbHOE
COCTOSIHHE W CJIOBO HEe MOPOXKAAETCH. [ |
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2.6. JIuHeiiHO orpaHNYeHHbIE aBTOMAThbI
U UX CBSI3b C KOHTEKCTHO-3aBHCHMBIMH I'paMMaTUKaAMH

Kaxknpiit K3-53bIK sIBJIsIeTCS pEKYPCUBHBIM, HO oOpaTHOe He BepHO. [lokaxem,
4TO CYLIECTBYeT aJrOPUTM, TO3BOJSIOWIMH A5 npousBosbHoro K3-s3pika L B an-
(aBuTe 1" 1 NPOU3BOJBHOH LENOYKH w € 1™ ompenesuTbh, NMPUHAMJIEKUT JH W
36Ky L.

Teopema 2.6. KaoxcOoiii KoHmeKcmMHO-3a8UCUMbLE 36K ABAAEMC PEKYPCUB-
HbLM S36LKOM.

Hoxasameavcmeso. Ilycte L. — KOHTEKCTHO-3aBUCUMbIH s3blK. Torna
CyLeCTBYeT HEKOTOpasi HeyKopauuBaoiias rpammarika G = (N, T, P, S), nopox-
pawowas L.

[lyete w € T* 1 |w| = n. Ecmu n =0, T.e. w = e, TO NPHHALNEKHOCTb W € L
npoBepsieTcsl TPUBUAJIbHBIM 06pa3oM. Tak uto Oymem mpenmnoJarats, uto n > 0.

Onpenenum MHOXecTBO 1), Kak MHOXecTBO cTpok u € (N UT)T miunb
He OoJiee n, TaKUX, 4TO BBIBOL S = *u uMeeT He Gojiee m maros. fcHo, 4TO
To = {S}.

Jlerko mokasatb, uto 1, MOXKHO TONYy4UTb U3 T),_|, IpOCMATPUBAsl, KaKHe
CTPOKH C IJUHOH, MeHbllUeH WU PaBHOH 7, MOXKHO BBIBECTH W3 CTPOK U3 Ty,
NpYMeHeHHeM OHOrO MpaBHJa, T.e.

T = Ty—1 U{u | v=u pnns Hekoroporo v € T,,_1, rme |u| < n}.

Ecin S = *u u |u| < n, to u € T}, nas Hekoroporo m. Ecan u3 S He BbIBO-
AUTCSl U WJH |u] > n, TO u He NPUHALIEKUT T, HH AJIS KAKOTO M.

OueBunHo, uto T;, D T, pasa Bcex m = 1. Ilockoabky T, 3aBUCHUT TOJIBKO
ot Tpy—1, To u3 1}y, = Ty cnenyet 1y, = Tipy1 = Thngo = ... . Ilpouenypa 6yner
BoIUUCTsATh T, 1o, Tj, ...0Ka 1J51 HeKOTOporo m He okaxetcs T, = T,,—1. Ecau
w He TmpHHaLnexHuT Ty, To w He mpuHagnexuT U L(G), nockombky masi j > m
Buinonnsierca 15 = T,. Ecan w € Ty, 10 S = *w.

[lokaxkeM, uTo cyuiecTByeT Takoe m, 4to Iy, = T,,—1. [lockoabky n/s Kax-
noro ¢ > 1 cnpaenauso T; O T;_1, To u3 T; # T;_| cJenyer, 4TO UYHCJO 3Je-
MeHTOB B T; mo kpaiHeit mepe Ha | Gosbuue, yem B T;_;. Ilycts [N UT| = k.
Torma uumcao crpok B (N U T)Jr JIUIMHOM, MeHblLIed HJAW DPaBHOH n, PaBHO
E+k®>+ ...+ k" <nk™ ToabKo 3TM CTPOKM MOTYT ObITh B J060M Tj. 3HauuT,
Ty, = T—1 nng Hekotoporo m < nk™. Takum oOpazom, mpolenypa, BbIUHCIS-
owas T; nas Bcex ¢ > | mo Tex mop, Moka He OyAyT HalileHbl OBa pPaBHBIX
MHO>KeCTBa, FrapaHTUPOBAHHO 3aKaHYMBAETCS; 3HAUUT, 3TO AJTOPUTM. [ |

Jluneiino oepanuuennowi asmomam (JIOA) — 3To HemeTepMHHHPOBaHHAs
MalrHa ThiopuHra ¢ OHOF JIEHTOH, KOTOpasi HUKOT/A He BBIXOIUT 3a Tpeesbl |w|
siueek, rae w — Bxox. PopmasibHO JHHEHHO orpaHUYeHHbIH aBTOMAT 0003HauaeTC sl
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M =(Q,%,T, D, qy, F). Ob03HaueHus: HUMEIOT TOT K€ CMBIC/I, UYTO U [JIsl MALIKH
Teiopunra: () — 3T0 MHOXKecTBO coCTOsIHUH, F' C () — MHOXKECTBO 3aKJIOUHUTEb-
HBIX COCTOSIHMH, I" — MHOXECTBO JIEHTOUHBIX CHUMBOJIOB, > C I' — MHOXKecCTBO
BXOJIHBIX CUMBOJIOB, o € () — HauaJbHOe cocTosiHue, D — oToOpaxeHue u3 Q X I'
B mogmMHoxkectBo @ X I' X {L, R}.

MHoKecTBO X COIEPXKHUT [1Ba CMelHaTbHBIX CUMBOJA, 0ObIYHO 0603HAUaEMble
(© u $, — J1eBBIH ¥ MpaBblil KOHIIEBbIE MapKepPbl COOTBETCTBEHHO. DTH CHMBOJIBI
pacriosiaraloTcsi CHadaja Mo KOHIAM BXO#a, U WX (PYHKUHS — TMPeLOTBPATHUTh
nepexol TOJNIOBKH 3a Mpefiesibl 06J1aCTH, B KOTOPOH PacroJioxKeH BXO[L.

Koudurypauust M u oTHOLIEHHE |-, CBsI3bIBaIOLEe 1Be KOH(HUIYpPALKHU, €C/H
BTOpasi MOXeT ObITh MOJyueHa U3 NepBOH MpuMeHeHHeM [, onpeesisiioTCs TaK Ke,
Kak W musi MaiuH Teioputra. Kongurypauus M o6osHauaercs kak (g, Aj, Ao, ...

A, i), tie g € Q, Ay, Ag, ..., Ay €T, 1 — uesoe ot 1 o n. Ilpexnonoxunm,

urto (p, A, L) € D(q, A;) u i > 1. Bynem roBoputs, uto

(q, Al, AQ An, i)'—M(p, Al, A2 --«Ai—lAAi—H An, 71— 1).
Ecnu (p, A, R) € D(q, A;) u i < n, To GyieM rOBOPHTb, UTO
(q, Ay Ay, An, i)}*M(p, Ay Ay Ai—lAAi-H DAL T+ 1),

T.e. M neuataer A mnoBepx A;, MeHsieT COCTOSIHHE Ha p W INepelBUraeT TOJOBKY
BJICBO MJIM BIIPABO, HO He 3a MIpefeJbl 00J1acTH, B KOTOPOM CHMBOJBI pacloJara-
JUCh ucxonHo. Kak o6bIYHO, ompesesMM OTHOLIEHHe |-}, Kak

(¢, a, i) (g, o )

ecJsu
(q1, a1, 1) (ge, a9, i9)
u
(q2, g, i9) |- * (g3, 3, 3),
TO

(g1, a1, i) =43, @3, 83)-

f3bik, momyckaemeit M, — 30 {w|lw e (X2 \ { © $ } )
1 (qo, ©w$, 1)|-3,(q, o, ©) mns Hexkoroporo g € F', a € I'* u nesoro ¢}.

Bynewm HaseiBath M demepmurnuposarnoim, ecnu D(q, A) conepxut He GoJee
OHOrO 3JeMeHTa A JoObx ¢ € (), A € I'. HeusBecTHo, coBMajaoT /M KJacchl
MHOXKECTB, JIONyCKaeMbIX JeTePMHUHHUPOBAHHBIMU U HeleTeMHHHpoBaHHBIMU JIOA.
fcHo, uto M060e MHOXKECTBO, JOMycKaeMoe HeneTepMuHHUpoBaHHbIM JIOA, momyc-
KaeTcsi HeKOoTopod netepmunupoBanHoil MT (MamuHoit Teropunra). OnHako 4yKCIO
syeek JIeHTHl, TpeOyemoit aToil MT, MOKeT 3KCNOHEHLUHAJNbHO 3aBUCETh OT IJMHBI
BXOJ1a.
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Kanacc MHOXKECTB, HOOIMYCKA€MbIX .HOA, B TOYHOCTH COBIIagaeT C KJaaCCOM
KOHTEKCTHO-3aBUCHUMbIX SA3bIKOB.

Teopema 2.7. Ecau L — xoumexcmmuo-3a8ucumolii a3vik, mo L donyckaem-
ca JIOA.

Hokasameavcmeo. llyetre G = (Vn,Vp, P,S) —  KOHTEKCTHO-
3aBucuMmas rpammaruka. [loctpoum JIOA M, nonyckatouwuit s3bik L(G). He Bra-
BasiCb B HeTald MocTpoeHusi M, MOCKONbKY OH AOBOJBbHO CJIOXKEH, PacCMOTPHUM
cxeMy ero paboTel. B KkauyecTBe JIEeHTOUHBIX CHMBOJIOB OyaeM paccMaTpHBaThb
nappt (s}, s?), e sl € 5,% =Vru{Q$},s? € I,T = Vpr UVy U{B}.

B HauasbHOH KoHpurypauuu Jjenra copepxut (Q, B), (ay, B), ... (an, B), (3, B),

rie ai, ..., 4, =W — BXO.HasA uernouka, n = |w|. Llenouky cumBo/IOB si, ..., s}
GylleM Ha3blBaTh MeEPBBIM TPEKOM, S5, ..., S2 — BTOPBIM TpekoM. [lepBhiii Tpek

OyneT colepxaTb BXOAHYIO CTPOKY & C KOHLEBBIMH MapkepaMu. BTopo# Tpek
6yIeT UCIOJb30BAThCS AJs BhluMcaeHHd. Ha mepBom mmare M momeriaeT CUMBOJ
S B camylo JeByl0 siUeHKYy BTOpOro Tpeka. 3ateM N BBINOJNHSET MPOLELypY
reHepalld B COOTBETCTBUH CO CJENYIOIIMMH LIaraMH.

1. TIpouenypa BbIOMpaeT MOACTPOKY CHMBOJIOB (v U3 BTOPOTO TPeKa, TaKylo, UTo
a— pBeP.

2. Tlpouenypa 3ameHsieT MOACTPOKY « Ha (3, mepemelasi, eCad HeO0OXOAUMO,
BIIPaBO CHMBOJIbI ClpaBa OT «. Ecau 3Ta omepauusi Morsia Obl NPUBECTH
K TepeMelleHHI0 CHMBOJIA 32 MpaBblH KoHIeBoH Mapkep, To JIOA ocraHas-
JINBaeTCsl.

3. Ilpouenypa HeneTepMUHHPOBAHHO BHIOHMpAeT, MepelTH Ha war 1 uau 3asep-
LLIUTBCS.

Ha BeIxone 13 npoluenypsl nepBblil TPEK BCe ellle CONEP:KUT CTPOKY T, a BTOPOH
TPEK COIAEPXKHT CTPOKY 7, Takylo, uto S = 7. JIOA cpaBHHBaeT CHUMBOJIbI
TIePBOTO TPeKa ¢ COOTBETCTBYIOIIMMH CHMBOJIaMH BTOPOro Tpeka. Eciu cpaBHeHMe
HEeYCIeIHO, TO CTPOKH CHMBOJIOB MIEPBOTO U BTOPOTO TPEKOB HeoanHaKoBbl ¥ JIOA
ocTaHaBsiuBaeTcs 6e3 momycka. Ecau cTpoku onuHakoBbl, To JIOA ocraHaB/nBa-
eTcs U JIOMyCKaerT.

Ecnu x € L(G), To cyliecTByeT HeKOTOpasi MOCJIEA0BATENbHOCT 1IAT0B, Ha KO-
topoit JIOA cTpouT = Ha BTOPOM TpeKe W AOMycCKaeT BXOA. AHAJOTWYHO, AJISl TOTO,
uyto6bl JIOA pmomycTus x, HOMKHA CYILIECTBOBATb IOC/EN0BATENbHOCTDb LIAroB,
Takasi, YTo & MOXKeT OBITb MOCTPOEH Ha BTOpPOM TpeKe. Takum o6pa3oMm, AOJKeH
ObITh BBIBOA * U3 S B (. n

OTMeTHM CXO0KeCTb ITHX PACCYKIEHUH W PacCyXKAEHHH B cjyuae MPOU3BOJIb-
HOH rpaMmaTukd. Torna mpomeKyTOUYHblE CeHTeHLHasbHble (OPMBl MOIVIK UMeTb
IJIMHY, MPOH3BOJNBHO OOJbIIYIO [0 CPAaBHEHHIO ¢ IJIMHOH BXoxa. Kak cienctsue,
TpeboBasack BCs Mollb MalluMH TelopuHra. B ciydyae KOHTEKCTHO-3aBHCHMBIX
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rpaMMaTUK IPOMEXKYTOUYHbIe CeHTeHLHWaJibHbie CbOprI HE MOryT OBITh JJINHHEee
BXoJ4a.

Teopema 2.8. Ecau L donyckaemcs JIOA, mo L — KonmeKxcmHo-3a8ucUMbLL
A3bLK.

Hokazamearvcmso. Koncrpykuus K3I' mo JIOA ananornyHa KOHCTPYK-
uuu rpammatuku tana 0, momenupyiouleit MamnHy TeropuHra. Pasnuune 3akito-
yarcs B TOM, 4To HeTepMmuHa/bl K3I' mo/KHBEI yKaselBaThb He TOJBKO TeKyllee
U HCXomHOe comepxkuMoe sideek JjeHTb JIOA, HO W TO, sABJIseTcs JM siueHka
coce/lHeH cIpaBa MJIM cjleBa C KOHLeBBIM MapkepoM. Kpowme toro, cocrosinue JIOA
JIOJKHO KOMOMHHPOBATBLCSI ¢ CUMBOJIOM TOJ TOJIOBKOH, MockoabKy K3I' He MoxeT
UMEThb pas3fiesibHble CHMBOJIBI AJI51 KOHLIEBBIX MapkepoB U coctosiHus JIOA, Tak Kak
3TH CUMBOJIbI JOJIXKHBI ObLIM Obl ObITh 3aMeHeHbl Ha e, KOT/Ia CTPOKA MpeBpallaeTcs
B TepPMHHAJbHYIO.

l-a rpynna mpaBua1 — MOAENMPOBaHHE HayaJbHOM KOH(UIYpalMH BHIA
(q0, Quw#, 1), |w| > 1:
A1 — [qO, @, a.a]Ag;
Ay — [a.a)Ay;
Ay — [a.a, #].
2-s1 TpyIa MpaBujl — MOJAENMPOBAHHE IBUKEHUS HA JIEBOM KOHIIE LENOYKU MPU
qgeF:
l¢,Q, X, a] — [Q, p, X, a], ecnu (p, @, R) € D(q, @Q);
@ ¢, X,a] — [p,Q,Y,al, eciu (p,Y, L) € D(q, X);
@, ¢, X,al[Z,b] — [Q,Y,a][p, Z,b], ecnut (p, Y, R) € D(q, X).
3-s rpynmna npaBuJ — MOIEJHPOBAHHE [BHUXKEHHS B CEepPeirHe LENOYKH MpH
qgeF:
lqg, X, a][Z,b] — [Y,d][p, Z,b], ecu (p, Y, R) € D(q, X);
[Z,b]lq, X, a] — [p, Z,b][Y, a], ecnu (p,Y, L) € D(q, X).
lq, X, a][Z, b, #] — [Y,d|[p, Z, b, #], ecnu (p, Y, R) € D(q, X).
4-g rpymnna npaBuJ — MONEJMPOBAHHE [BHMKEHHS HA MPAaBOM KOHIE LEMNOYKH
npu q € F:
¢, X, a,#] = [Y,a,p,#], ecu (p,Y, R) € D(q, X);
(X, a,q, %] = [p, X, a, #], ecin (p, #, L) € D(q, #);
[Z,b]]q, X, a, #] — [p, Z,b][Y, a, #], ecnu (p,Y, L) € D(q, X).
b-s1 rpymnmna npaBuJ — BOCCTAHOBJIEHHE BXOIHOTO CHMBOJIA B COCTOSIHUM ¢ € F:
Ha JIEBOM KOHLIE LENOYKH
lg. #, 0, X] = a,[Q,¢, X, a] = a;
B CepelHe LEeNOuKH
[9. X, a] — a;
Ha MPaBOM KOHIIE LENOYKH
lg. X, a, %] — a, [X,a,¢,#] — a.
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6-1 rpynna npaBHJ — BOCCTAHOBJIEHHE BXOJAHOM LIENOUKH CJleBa-HalpaBo:
alz, b] — ab,
alz, b, #] — ab.
7-1 TpyImna NnpaBU/J — BOCCTAHOBJIEHHE BXOAHOW LETOYKH CIIPaBa-HaJEBO:
[x, a]b — ab,
(@, z, alb — ab.
OTnenbHO /151 OMHOCHMBOJIBHBIX LIEMOUEK — MOJEeJHPOBaHHE HauaJbHOH KOH(H-

rypauuu Buna (qo, @, a, #, 1):
Al - [q()’ @7 a, a, #]

Ecmu q € F

lq,Q, X, a, #] — [Q, p, X, a, #], ecu (p, Q, R) € D(q, @Q);
@, q, X,a,#] — [p,Q,Y,a, #], ecnu (p,Y, L) € D(q, X);
@ ¢, X,a,8] = [@Q,Y,a,p,#|, ecu (p,Y, R) € D(q, X);
@, X, a,q,#] — [Q,p, X, a, #], ecnu (p,$, L) € D(q, $).
Ecmu g € F

@ X, a,q, #] — a. n

Teopema 2.9. Cywecmsyom pekypcusHole MHOMCECMBA, HE ABAAIOU4UECS
KOHMEKCMHO-3A8UCUMbIMU.

Hoxaszamearvcmeo. Bee crpoku B {0, 1}* MmoxHo 3aHymeposaTh. [TycTh
x; — i-e cJoBo. Mbl MOXeM 3aHyMepoBaTb Bce rpaMMmaTHku Thna 0, TepMHHa/b-
HBIMH CHMBOJIaMH KOTOpbIX siBasitoTest O u 1. IlockosbKy MMeHa nepeMeHHbIX He
BaKHBI U Kaxk[asi rpaMMaTHKa UMeeT KOHEYHOe MX YHMCJIO0, MOXKHO MPEeATOOKHUTh,
4TO CYLIECTBYeT CUETHOE UHCJIO MepeMeHHBIX.

[IpencraBuM mepeMeHHble B NBOMYHOH KomupoBKe kak 01, 011, 0111, 01111
u T.0. [lpennonoxum, uro Ol Bcernma siBsseTcss cTapToBeIM cHMBOJOM. Kpome
TOro, B 3TOH KomupoBke TepmuHaa O Oymer mpencrasastbes Kak 00, a TepmuHan
1 kak 00l. CumBoa «—» mpencraBasiercss kak 0011, a samsras xak 00111.
Jlto6asi rpammatuka ¢ TepmuHaiamMd 0 u 1 MoxeT OBITh MpeicTaBjeHa CTPOKOH
npaBuJ, ucrnonbayioiiei ctpesky (0011) nasi pasnesnenus JeBoH U MpaBoil yacTei,
u 3anstoit (00111) nsst pasnenenus: npasui. CTPOKH, MPEACTABJSIONIHE CHMBOJIHI,
ucrosb3yemble B mpaBuaax, — 3to 00, 001 u 01" o i = 1,2, .... MHOXeCTBO
HCIIO/Ib3YEeMbIX TIePeMEeHHBIX OTpee/sieTCs HEeSBHO TPaBUIaAMH.

OtmeTuM, 4To He Bce cTpokd M3 O W | mpencTaB/siloT rpaMMaTHKH, IpH-
yem He oOs3atespHo K3I'. OpgHako mo QaHHOH CTpPOKe JIeTKO MOXKHO CKasaTb,
npexacrtassasetr jau oHa K3I'. ¢-10 rpaMMaTHKy MOXKHO HalTH, FeHepUpysl NBOWYHbIE
CTPOKH B OIMCAHHOM MOPsIKe, MOKA He CreHepUpyeTcs ¢-s1 CTPOKa, SIBJASIOLLAsCS
K3I'. Ilockosnbky umeercsi GeckoHeuHoe uucsao K3I, ux MmoxHO 3aHymepoBaTtb
B HeKoTopoM nopsiike G, Gy, .. ..
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Onpenenum L = {x;|z; ¢ L(G;)}. Hcuo, uto L pekypcuBHo. [To ctpoke x;
JIETKO MOXKHO ONpeNesuTh ¢ U 3areM omnpefeutb (. Ilo teopeme 2.6 nmeer-
Csl aJTOPUTM, OMpPEeAessONE ST 2, TPUHALNEKHUT Ju oHa L(G;), MOCKOJBKY
G; — K3I'. Takum o6pa3om, HMeeTcsl aJATOPUTM, ONMpPEeNESIOUHH A5 JH00H x,
TNPUHA/IEKHUT J1 oHa G.

[Toxaxkem Temepb, uto L He reHepupyercss Hukakoid K3-rpammartukoii. [o-
nyctum, 4uto L renepupyercs K3-rpammatukoit G;. CHayana MNpennoNoxuM,
uto z; € L. Tockombky L(G;) = L, z; € L(G;). Ho torma no omnpeneneHwio
z; ¢ L(G;) — mporuBopeurie. TakuMm oOpasom, mpeanonoxuM, 4ro x; ¢ L. Tlo-
ckonbky L(G;) = L, x; ¢ L(G;). Ho torna no onpenesenuio z; € L(G;) — cHoBa
npotuBopedre. K3 3Toro MoxHO 3ak/iouuTh, 4to L He renepupyercs Gj. Ilo-
CKOJIbKY NPHUBEIeHHbIH BbIIlle apryMeHT CIpaBelJUB AJs Kaxkaoi K3-rpammatuku
(G; B TNlepedynCJIeHUH U TOCKOJIbKY Mepeurc/eHre COLepKUT Bce K3-rpammaruki,
MOXKHO 3aKJI0UNTh, 4T0 L — He K3-53biK. [losaTOMYy L. — peKypcHBHOE MHOXECTBO,
He sBJISIIOIeeCs KOHTEKCTHO-3aBUCHMBIM. ]
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JJEKCUYECKUMN AHAJIU3

OcHoBHasl 3afaya JIeKCMYeCKOro aHa/lu3a — pa3bUTb BXOAHOH TEKCT, COCTO-
SIIAH M3 MOCJeI0BAaTebHOCTH OIMHOUYHBIX CHMBOJIOB, Ha IMOCJEI0BATEbHOCTD
CJIOB, MJIH JIEKCEM, T. €. BBIEJIHUTh 3TH CJI0BA U3 HENPePLIBHOH MOC/Ae0BaTEIbHOCTH
CUMBOJIOB. Bce cHMBOJIBI BXOZHOH MOC/IENOBATEIbHOCTH C 3TOH TOUKHM 3peHHS
pasnessloTCs Ha CHMBOJIBI, MPUHAJIEXKAIHe KAKUM-JIH00 JeKceMaM, U CHUMBOJIBI,
pasgessifoliye JieKceMbl (pasiennTent). B HEKOTOPHIX cydasix Mexay JeKceMaMu
MOXKET W He ObiTh paszpmenuteneld. C Ipyrod CTOPOHBI, B HEKOTOPHIX S3BIKAX
JIEKCEMBI MOT'YT COJep:KaThb He3Haualllhe CHMBOJbI (HamnpuUMep, CHMBOJ Mpobesa
B Poprpane). B Cu pasgesnuTenbHOe 3HaueHHEe CHMBOJIOB-Pa3fesHUTe/IeH MOXKeT
010KkHpoBaThest («\» B KOHIE CTPOKU BHYTPH «...»).

OO6bIyHO BCe JIeKceMbl AeJSTCS Ha KJjacchl. [IpuMepamMu TakKHMX KJaccoB $B-
JSAI0TCS 4Yucsa (Uesible, BOCbMEpPHYHblE, MIECTHAALATEPUUHBIE, AeHCTBHUTE/bHBIE
U T.1.), UAEHTH(HUKATOPbl, CTPOKH. OTHENBHO BBIAE/SIOTCS KJ/IOUeBble CJI0BA
M CHMBOJIBl NMYHKTyalWHd (MHOTAA WX HA3bIBAIOT CHUMBOJAMH-OIPAaHUUHTENSIMH).
Kak npaBuJio, K/104eBble CJI0Ba — 3TO HEKOTOPOE KOHEUHOE MOAMHOXKECTBO HIEH-
th¢uKaTopoB. B HekoTOpbIX f3blkax (Hanmpumep, I1JI/1) cMbica JiekceMbl MOXKeT
3aBHCETb OT ee KOHTEKCTa U HEBO3MOXKHO MPOBECTH JIEKCHUECKHUH aHa/lu3 B OTPBIBE
OT CHHTaKCHYeCKOro.

JLnst ocyliecTBNeHNs OBYX JAajbHeHIINX (pa3 aHaau3a JEeKCUYeCKHH aHa/au3a-
top (JIA) BblmaeT nH(pOpPMANMIO ABYX THIOB: AJIs1 CHHTAKCHUECKOTO aHAJIHM3aTopa,
paboTaloliero BeJel 3a JEKCMYECKHM, CyIleCTBeHHa HH(OpPMaLHUsi O MOCJeNo-
BaTeJbHOCTH KJACCOB JIEKCEM, OTPaHHUYMTEJeH M KJIOYEBBIX CJIOB, a JAJSI KOH-
TEKCTHOTO aHaJM3aTopa, paboTalollero Bcje] 32 CHHTaKCHUYeCKUM, CYLIeCTBEHHA
MH(pOPMALHUsI 0 KOHKPETHBIX 3HAUeHHUSIX OTHEJbHBIX JeKceM (HIeHTH(HUKATOpOB,
yuces H T.11.).

Takum o6pasom, obuiasi cxema pabOTBl JEKCUYECKOTO aHa/ju3aTopa TaKoBa.
Chauana BbIfe/sIeTCS OTHEJbHAs JeKcemMa (IPU 3TOM, BO3MOXKHO, HCIIOJb3YIOT-
csl CUMBOJIbI-pasaenutesin). KiroueBrle cioBa pacrno3HalOTCsl SIBHBIM BblIeJeHHEM
HEMocpeICTBEHHO U3 TEKCTa, JMOO0 CHauasa BblAeseTCs UIeHTH(HHKATOP, a 3aTeM
LeJlaeTcs MPOBEPKa Ha MPHUHAJJIEXKHOCTb €r0 MHOXKECTBY KJ/IOUEBBIX CJIOB.

Ecau BbimesneHHas JiekceMa sIBJAsieTCS OTPaHUYMTEsEM, TO 3TOT OTPaHHYHU-
Tesb (TOYHee, HEKOTOPBIM €ro NMpH3HaK) BbILAeTCSl KaK pe3ysabTaTr JeKCHYeCKOro

2 B.A. Cepe0GpsikoB
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aHanusa. Eciu BblnesieHHasi JiekceMa sIBJISIETCSl KJIFOYEBBIM CJIOBOM, TO BBILAETCS
MPU3HAK COOTBETCTBYIOLIEr0 KJIOUEBOro cyoBa. Ecsu Bbie/ieHHas JeKceMa sIBJsi-
eTcs UAEHTH(UKATOPOM — BBIAETCS MPU3HAK MIEHTH(PHUKATOPA, a caM HIeHTH(H-
KaTop CoXpaHsieTcsi OTAe bHO. HakoHell, ec/i BblnesieHHAs JleKceMa MPUHANJIEKUT
KakoMy-u60 M3 IPYTUX KJacCOB JieKCeM (Hamlpumep, JieKceMa MpeCTaBJsieT Co-
6ol uuCIO, CTPOKY M T.1.), TO BbIIAeTCs MPU3HAK COOTBETCTBYIOIIErO KJacca,
a 3HayeHHe JIEKCeMBbl COXPaHSETCS OTHENbHO.

JlekcHuecKuH aHaIn3aTop MOXKET OBITh KaK CaMOCTOSATEJbHOU (Da30d TpaHC/Isi-
MU, TaK U TOANPOrpaMMoH, paboTaiollell Mo NPUHLHUIY «AaH JekceMys». B mepsom
cnydae (puc. 3.1, a) BbIXOIOM aHasiu3aTopa siBjasercsi (aiy JekceM, BO BTOPOM
— (puc. 3.1, 6) nekceMa BhIA@eTCs TPU KaxKAOM OOpallleHHH K aHajausatopy (mpu
3TOM, KakK MPaBUJIO, TIPU3HAK KJacca JIeKCeMbl BO3BPAIlaeTCsl KaK pe3yabTaT (PyHK-
MU «JIEKCUYeCKUH aHa/JM3aTopP», a 3HAUeHHe JIeKCeMbI TlepeaaeTcs Yyepes raodaJb-
Hylo nepeMeHHYy®.0). C TOUKM 3peHHs] 00paGOTKH 3HAUEHW JIeKCeM, aHAJIU3aTop
MOKeT MO0 MPOCTO BBIAABATH 3HAUEHHE KayKIOH JIEKCeMBI, IIPH 3TOM TOCTPOeHHe
TabJul, 06bEeKTOB (HAEHTH(HHUKATOPOB, CTPOK, YUCEJ U T.I1.) MEPEHOCUTCS Ha OoJiee
nosnHue (asbl, JUO0 OH MOXKET CaMOCTOSITEJbHO CTPOUTH TabJHLbl OOBEKTOB.
B 3ToM ciyyae B KadecTBe 3HaueHHs JEKCEMbl BHIIAETCs yKasaTeJb Ha BXO[
B COOTBETCTBYIOLLYIO TaOJHULLy.

TUII, 3HAYEHUE CHHTAKCUUYECKUN aHaJaMu3aTop

Tdn 3HayeHHe
JIEKCEMBI

Tabuua JIeKCHYeCKHH aHalM3aTop

a 6
Puc. 3.1

Pa6oTa sekcuyeckoro aHa/ju3aTopa 3alaeTcss HEKOTOPbIM KOHEUHBIM aBTOMa-
tToM. OnHaKo HernocpenCcTBEHHOE ONKCaHWe KOHeYHOr0 aBToMaTa HeylnoOHO ¢ Mpak-
THUYECKOH TO4YKH 3peHHs. [loaTomMy /s 3agaHMs JEeKCUYECKOTro aHaJu3aTtopa,
KakK MpaBUJIO, UCIOMb3yeTcsl MO0 peryisipHoe BblpaKeHHe, JUO0 MpaBoJHHeHHas
rpammaruka. Bece Tpu ¢opmannu3Ma (KOHEYHBIX aBTOMATOB, PeryJsipHBIX BBIparKe-
HUH W TPaBOJNIMHEHHBIX IPAMMAaTHK) MMEIOT OJMHAKOBYIO BBIPA3HUTEJBHYIO MOLIl-
HOCTb. B uyacTHOCTH, MO pery/spHOMY BbIpa:K€HHIO HJH MPaBOJMHEHHOH rpamma-
THKe MOXKHO CKOHCTPYHpOBaTb KOHEYHbIH aBTOMAT, paclo3HAIOLIUH TOT XKe 53bIK.
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3.1. PeryasipHble MHOXKECTBA U BbIpaXKeHUS

BBezneMm moHsiTHe peryJ/sipHOrO MHOXKECTBA, UTpaollee BaXKHYIO POJb B TEOPUU
(hopMasIbHBIX SI3BIKOB.

Peeyasproe muoancecmso B andasute 1’ onpesnessieTcss peKypCHBHO CJELYIO-
UM 06pas3om.

1. @ (mycToe MHOXKECTBO) — DEryJsIpHOE MHOXKeCTBO B ajiaBute 7.

2. {e} — peryasipHoe MHOxecTBO B ajiasute 1T (e — mycras LENoYKa).

3. {a} — perynsipHoe mMHO)ecTBO B andasure T pis kaxmoro a € T.

4. Ecim P u () — perynsipHble MHOXKecTBa B andaBute 1', TO peryssipHbIMH
SIBJSIOTCS U MHOXKECTBA:

a) PUQ (o6benunenue),
6) PQ (xonkareHauus, T.e. MHOXecTBO {pg|p € P, q € Q}),

oo
B) P* (urepauus: P* = |J P").
n=0

5. Huuto npyroe He siBasieTcs pery/sipHbIM MHOXKECTBOM B ajdasute 1.

Hrak, MHOXKecTBO B andaBuTe 1 pery/asipHO TOrAa U TOJbKO TOTAA, KOIJA OHO
160 &, 6o {e}, mu6o {a} nnsi HeKoTOporo a € T', IUOO €ro MOXKHO IMOJTYUYHTh
M3 3THX MHOXeCTB NMPUMEHEeHHeM KOHEUHOTo 4McJ/a onepauuil 00bequHeHHs], KOH-
KaTeHallud ¥ UTepaluy.

[IpuBeneHHOe BbIlIe Omnpefe/eHHe Pery/sipHOrO0 MHOXKeCTBA M03BOJsIET BBECTH
C/lely oLy y100HY10 (hOpMY €ro 3anucH, Ha3blBaeMyI0 PeryJIsipHEIM BblpaxkKeHHeM.

Peecynaproe soipaxcenue B andasute T u obo3HauaeMoe UM peryJsipHoe
MHOXeCTBO B asaBute 1 onpenensiioTcsi peKypCUBHO CJAEAYIOLIMM 00pasoM.

1. @ — peryasipHoe BblpaxkeHHe, 0003HAUAIOLLEE PErY/ISIPHOE MHOXKECTBO I.

2. e — peryssipHoe Bblpa)keHue, 0603Hauallee Pery/ispHOe MHOXKEeCTBO {e}.

3. a — peryJisipHOe BbIpaxkeHHe, 0003HaUaIIee PEryasipHOe MHOXKECTBO {a}.

4. Ecnu p u ¢ — pery/sipHble BbipaxKeHUsi, 0003Hayalolllle peryasipHble MHO-
)ecTtBa P U () COOTBETCTBEHHO, TO:

a) (p|lq) — perynsipHoe BblpakeHue, 0603HAUAOLIEe PETY/ISPHOE MHOXKeE-
ctBo PUQ,

6) (pq) — peryasipHoe BblpakeHHe, 00O3Hauallee PeryJsipHOe MHOXKe-
ctBo PQ,

B) (p*) — peryssipHoe BbIpakeHHe, 0003Hauallee pPeryasipHoe MHOXKe-
cTBO P*.

5. HHUUTO JIpyroe He sIBJAS€TCS PeryjasipHbBIM BblpaxkeHHeM B asdaBute 1.

9
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Mbel 6ynem onyckaTthb JHUIIHHE CKOOKH B PEryJSIPHBEIX BbIPAXKEHUSX, LOTOBOPHB-
IMCh O TOM, YTO ONEpalusi UTepaldd UMeeT HAWBBICIIUN MPUOPUTET, 3aTeM HAET
onepalyy KOHKaTeHALMH, HaKOHell, ofepalnus obbeqUHeHHsT UMeeT HauMeHbLINH
TIPHOPHUTET.

Kpome Toro, Mbl GygeM M0/Jb30BaTbCA 3aMUChi0 pT s 0603Ha4YeHHs pp*.
Takum o6pasom, anuch (a|((ba)(a*))) sxkBuBanentHa alba™.

Mbi Takke OyoeM HCIO/b30BaTh 3amuch L(r) mJsi perysisipHOro MHOXeCTBa,
00603HaYaeMoro peryJsipHbIM BbipaKeHUEM 7.

ITpumep 3.1. HeckosnbKo peryJsipHbIX Bblpa’keHUH U 0003HauaeMblX UMU PeryJsipHbIX
MHO2KeCTB!

a) a(e|a)|b oGosHauaer MHOXKECTBO {a, b, aa};

6) a(alb)* o6osHauaeT MHOXKECTBO BCEBO3MOXKHBIX IIEMOUYEK, COCTOSIIHUX H3 a H b,
HayHMHaILIMUXCA C a;

B) (a|b)*(alb)(a|b)* o6o3HayaeT MHOXKECTBO BCEX HEMYCTBIX LENOYEK, COCTOSIILIUX H3 @
u b, T.e. MHOXeCTBO {a, b}T;

r) ((0]1)(0|]1)(0|1))* oGo3HauaeT MHOKECTBO BCeX LENOYEK, COCTOSIIUX H3 HyJeH
W eJUWHUL, OJHUHDbI KOTOPBIX HAeJIATCA Ha 3.

fcHo, uTO A KaXKOOTO PerysisipHOrO MHOXKECTBAa MOXKHO HAUTH perynspHoe
BbIpakeHre, 0003HaUaIlee 3TO MHOXKECTBO, U Hao6opoT. BoJsee Toro, a/as Kax-
JIOTO PETYJISIPHOTO MHOXKECTBa CYIECTBYeT 6€CKOHEYHO MHOr0 0603HAYaloIUX ero
PETYJNSPHBIX BbIPaXKeHUH.

Bynem roBoputTbh, UTO peryJisipHble BBIPaXKEHUSI pagHbl, WU IKBUBALEHMHbL
(=), ecniu oHM 0003HAUAIOT OJHO U TO K€ PETYJSPHOE MHOMXKECTBO.

CyuecTBytoT anrefpanueckrie 3aKOHBI, MO3BOJSIOIIHME OCYIIECTBJASATh IKBUBA-
JIEHTHble TIpeo6pa3oBaHUsl PEryJsipHBIX BbIPaXKeHHH.

Jlemma 3.1. Ilycmo p, q u r — peeyrapHoie soiparcerus. Toeda cnpasediusol
caedyroujue COOMHOULeHUSL:

1) plg=qlp; 5) plq|r) =pqlpr; 9) p* = plp*;
2) o*=e; 6) (plg)r = prlgr; 10) (p*)* =p*
3) pllglr) = (plg)lr; 7) pe=ep=p; 11) plp=p;

4) plgr) = (pg)r; 8) @p=p2=2; 12) p|&=p.
CJIe}ICTBI/Ie. ﬂ/Lﬂ 2106020 pecynrapHoeo B8ulpaiterHusl cyujecmeayem 9Keusa-

AEeHMHOe pecyisapHoe svlpajlcerue, Komopoe Aubo ecmo &, Aub0 He codepocum
8 csoell 3anucu J.

B JaJIbHeHIlIeM 6y,ZL€M paccMaTpuBaTb TOJIBKO peryJsgpHblie BbIpaxKeHHs, He CO-
Aepxauiye B CBOEH 3anucu J.

HpI/I [NPAaKTUYECKOM OIMUCaHUHN JIEKCUYECKUX CTPYKTYD ObIBaeT IMOJIE3HO CO-
[IOCTAaBJIATb PEryJissipHbIM BbIpaK€HHUAM HEKOTOPble HMEHa M CCbhblJIaTbCAd Ha HHUX
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o 3THM HMMEHaM. ILHH oripeneJsieHUsd TaKUX HMEH MbI 6YZ[€M HCIIOJIb30BATb 34dllHMChb
BHa

dy =ry,
dg =T,
dn =Tn,

rne d; — pas/dYHble HMeHa, a Ka)kJoe r; — PeryJspHOe BbIpaXKeHHe Hal CHM-
Bomamu T U {d,ds, ..., d;—1}, T.e. CHUMBOJaMMU OCHOBHOro aj(aBUTa U paHee
omnpenesieHHBIMH CHMBOJaMH (MMeHaMHu). TakuMm oGpasom, aJs J060ro r; MOXKHO
TIOCTPOUTDL PETYJISIPHOE BhIpaXKeHue Haj 7', MOBTOPHO 3aMeHsIsi HMeHa PeryJspHbIX
BbIpaXkKeHUH Ha 0603HaYaeMble UMU PETYJISPHbIE BbIpaXKEeHHUS.

Mpumep 3.2. Hcnoavzosarue umer 045 0603HAUEHUS PESYAAPHBLX BbLPANCEHUL.

a) PermeprIe BbIpaXKeHUs OJsA MHOXKEeCTBa I/IILQHTI/ICbI/IKaTopOBI

Letter = alblc| ... |x|y|z,
Digit = 0[1] ... |9,
Identifier = Letter(Letter|Digit)*.

6) PEI‘yJTHprIe BbIpaxKeHus OJ51 MHO2KECTBa 4YHCeJl B NeCSATUUHON 3aMuCH:

Digit = 0|1]...19,

Integer = Digit™,

Fraction = .Integerl|e,

Exponent = (E(+| — |e)Integer)|e,
Number = Integer Fraction Exponent.

3.2. KoHeuHble aBTOMATHI

Perynsipuble Bblpa:KeHHsi, BBeIeHHbIE paHee, CAYXKaT AJs ONUCAHUS PETYJsip-
HbIX MHOXecTB. [lnsi pacnosdnasarnus perynsipHBIX MHOMXKECTB CJIYXKaT KOHEuHble
asmomamot.

Hedemepmunuposarnnoiii korneurnoiti asmomam (HKA) — ato nstepka M =
=(Q.T, D, q, F), rze:

1) Q — KoHeuHOe MHOXEeCTBO COCMOSHULL

2) T — KOHeuHOe MHOXKECTBO HOMYCTHMbIX 8X00HbLX CUMB0A08 (BXOLHOH ai-
(asur);

3) D — ¢yukyus nepexodos (orobpaxaroumas MHoxkectBo Q X (T'U {e})
BO MHOXKECTBO TOIMHOXKECTB (), OTpenessioniasi NoBeeHHe yIPaBJsIOIIETro
YCTPOKUCTBA;

4) qo € Q — HauasvHOe cOCMOsHUe YTIPABJSIOLIEr0 YCTPOHUCTBA,;

5) F C () — MHOXECTBO 3AKAOUUMEAbHbLX COCMOSHULL.
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Pa6oTa KoHeUHOro aBTOMAaTa MpPeNCTaBJseT COO0H HEKOTOPYIO MOCJEeNI0BaTE b-
HOCTb I1aroB, WJU TAKTOB. Takm oInpefessieTcss TEKYIIHM COCTOSHUEM YyIIpaB-
JISIOUIEr0 yCTPOHMCTBA M BXOAHBIM CHMBOJIOM, 0003peBaeMblM B JaHHBIH MOMEHT
BXOAHOH roJyioBkod. CaM Iar COCTOMT M3 H3MEHEHHsI COCTOSIHMSI M, BO3MOXKHO,
CIIBUTA BXOIHOU TOJIOBKH Ha OHY siueiky Bnpaso (puc. 3.2).

COCTOsIHHE

NIpOYHTaHHas 4acTb TeKyUlHﬁ HETIpOYHTaHHas 4acTb
BXOAHOH LENOYKH BXOOHOU BXOOHOH LEIOYKH
CHUMBOJI

Puc. 3.2

HenerepMuHu3M aBTOMaTa 3akKJ/iO4aeTcss B TOM, 4TO, BO-TEPBBIX, HAXOASCh
B HEKOTOPOM COCTOSIHMH M 0003peBast TEKYILIWH CHMBOJI, aBTOMAT MOXKET MepeHTH
B OIIHO M3, BOOOIE TOBOpPS, HECKOAbKUX BO3MOXKHBIX COCTOSIHHH M, BO-BTOPBIX,
aBTOMAT MOXET JeJ1aTh MepexXoibl 1o €.

[lyete M = (Q,T, D, qo, F) — HKA. Kougueypayueii asromata M Ha-
3biBaeTcs mapa (q,w) € Q x T™, roe ¢ — TeKyllee COCTOSIHHE YIPaBJSIOLIEr0
YCTPOHCTBA, a w — IeMoYyKa CUMBOJIOB Ha BXONHOH JIEHTE, COCTOSIAs U3 CHM-
BOJIa MO TOJIOBKOH H BCeX CHMBOJIOB crpaBa oT Hero. Koudurypauusi (g, w)
Ha3bIBaeTCsl HA4AAbHOU, a KOH(DHUrypauus (g, e), rae ¢ € F, — 3akaouumervrot
(nnu donyckaroujeil). Takmom aBromara M HasbiBaeTcsi OWHApHOE OTHOLIEHHE F,
ompene/eHHoe Ha KoH(uUrypauusx M ciepymouum obpasom: eciu p € D(q, a), rae
a € TU{e}, 1o (q,aw) F (p, w) ons Bcex w € T*.

Bynem o6o03Hauath cumBosom T (F*)  TpansutuBHOe (pedieKcHB-
HO-TPaH3UTHBHOE) 3aMbIKaHHE OTHOLIEHHUs |-

Bynem rosoputbh, urto aBromar M donyckaem UeNouky w, eCJH
(qo, w) F* (q,€) nns Hekortoporo ¢ € F. flsbikom, donyckaemvim (pacnosna-
saemvim, onpedessemvim) aBromatom M (oGosnauaercss L(M)), HasbiBaercs
MHOKECTBO BXOJIHBIX LIETOYEK, NOMyCKaeMblX aBToMaToM M :

L(M)={wjlweT" nu (q,w)F" (q,e) nns nekoroporo ¢ € F}.

BakHBIM YacTHBIM C/lydaeM HeleTePMUHUPOBAHHOTO KOHEYHOTO aBTOMAaTa siB-
JisleTcsl NeTepMHUHUPOBAHHBIH KOHEUYHBIH aBTOMAaT, KOTOPbIH Ha KaxKIOM TakTe
paboThl HMeeT BO3MOXKHOCTh NEePeHTH He OoJiee YeM B OHO COCTOSTHHUE U HEe MOXKET
JeJaTh Tepexoibl Mo e.
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[lyete M = (Q, T, D, qy, F) — HKA. Bynem HaseiBate M Odemepmurupo-
sannbim Koueunvim asmomamom (JIKA), eciu BBINOJHSIOTCS CJeAYIOIIME 1Ba
YCJIOBHS:

1) D(q,e) = @ nns nwboro q € Q;

2) D(q, a) conep:KUT He GoJiee OIHOTO 3jeMeHTa AJIs 00X ¢ € Q ua € T.

Tak kak ¢ynkuus nepexonos JIKA comepxkut He 6ojiee OTHOTO 3JeMeHTa 1Jis1
J1060# napsl aprymenToB, st JIKA mbl Gysem nosib3oBaTbest 3anuceio D(q, a)=p
Bmecto D(q, a)={p}.

KoHeuHblli aBTOMAT MOXKeT ObITh U306pakeH rpacduuecky B BUe Oua2pamMmol,
npeacTaBJsoLled COO0H OPUEHTUPOBAHHBIH Tpad), B KOTOPOM KaxKIAOMY COCTOSIHHIO
COOTBETCTBYeT BepliWHA, a Iyra, rnomederHasi cumBojsiom a € T'U {e}, coenunsier
IBe BepILIMHHl p U ¢, ecau p € D(q, a). Ha nuarpamme BbiiesisSilOTCS HayasbHOE
M 3aKJI0YHUTE/IbHble COCTOSIHUS (B MpUMepax HHXKe — COOTBETCTBEHHO BXOASILIEH
CTPEJIKOH M JBOHHBIM KOHTYPOM).

IMpumep 3.3. [lycts L = L(r), rae r = (a|b)*a(alb)(alb).

a) HenerepMuHUpOBaHHBINH KOHEeUYHBIH aBToMaT M, HomycKawWUN 36K L:
M ={{1,2,3,4}, {a, b}, D, 1, {4}},

rie GyHKLUS Nepexonos D ompenesseTcs Tak:

Juarpamma aBTOMata NpuBeleHa Ha puc. 3.3, a.

6) JleTepMHHHPOBaHHBIH KOHEUHbIH aBTOMaT M, MOMyCKalUU# A3bIK L:
M=1{{1,2,3,4,5,6,7,8},{a, b}, D, 1,{3,5,6, 8}},

rae GyHKUUS nepexonoB D ompepessieTcs Tak:

D(l,a) =2, D(5,a)=238,
D(1,b) =1, D(5,b) =8,
D(2,a) =4, D(6,a)=2,
D(2,b) =7, D(6,b) =1,
D(3,a) =3, D(7,a) =38,
D(3,b) =5, D(7,b) =6,
D(4,a) =3, D(8,a) =4,
D(4,b) =5, D(8,b)=T7.

Juarpamma aBTOMaTa NMpUBeIeHa Ha puc. 3.3, 6.

IIpumep 3.4. luarpaMma aBTOMAaTa, AOMYCKAIOIIEr0 MHOXECTBO YHCEN B AECATHYHON
3amucH, NprBeaeHa Ha puc. 3.4.
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Ipumep 3.5. Anaasusz uenouex.

a) Ilpu aHasinse Lemoykd w = ababa aBTOMAT M3 TpuMepa 3.3, a MOXKET ClesaTh
CIeNYIOLIYI0 TOC/Ie]0BATeNbHOCTb TAKTOB!

(1, ababa) - (1, baba) F (1, aba) F (2, ba) F (3,a) F (4, €).

Cocrosinue 4 sBasieTcs 3aKJIIOUHUTEJIbHBIM, CJA€A0BATEJ/NbHO, LeNoYkKa w AOMNYCKAeTCH
9TUM aBTOMATOM.

6) Ilpu anamuse uenoukw w = ababab aBTOMAT W3 mpuMepa 3.3, 6 NOKEH CHEJNaThb
CJeAYyIOoUy0 MOoCJAeN0BaTE/IbHOCTE TAKTOB!:

(1, ababab) F (2, babab) & (7, abab) + (8, bab) k- (7, ab) - (8,b) - (7, e).

Tak xak cocTosiHMe 7 He sIBJIsIeTCSs 3aKJIIOUHUTEJJNbHBIM, LEIMOYKAa w He N0MYyCKaeTCsa
3TUM aBTOMATOM.

3.3. Uurepnperatop HKA Ha Java

B nakere Automata paccmaTpuBaeTcs peasusanusi HHTepHpeTaTopa KOHedY-
HBIX aBTOMAaToB. Ecsiu MHTeprpeTaluns AeTEPMUHUPOBAHHOIO KOHEYHOTO aBTOMATa
JOCTAaTOYHO OYeBHJHA, TO MHTEepIpeTalurs HeleTePMUHUPOBAHHOTO KOHEUHOTO aB-
ToMata TpeGyeT HEKOTOpbIX TNosicHeHWH. Henmerepmuuusm B ompenenennun HKA
O3HauaeT cienyiollee: U3 AaHHOH KoHpurypauuu HKA moryT GbITb MOpoXKaeHbl
HeCKOJIbKO HOBBIX. TakuM 00pa3oM, Mbl HMeeM [epeBO BO3MOXKHbBIX KOH(UTYypaLHi
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HKA na nannom Bxome. Ilockosnbky B obmem caydyae HKA moxer umerh e-me-
pexobl, KOTOpele MOryT 00pa3oBbIBATb LHUKJB Ha rpade aBTomara, TO OepeBO
KOH(HUTypauui Ha JaHHOM BXOHe, BOOOlLle ToBOps, OecKoHeuHo. ABTOMar Jo-
MYCKaeT, ecJi Cpeiy 3TUX KOH(HUIypauWui ecThb Homyckawuias. Takum o6pasom,
BO3HMKAeT BOTPOC O CBEIEHHH MOTEHIMANbHO 6€CKOHEUHOTO MHOXKECTBA KOH(UTY-
pauui K HEKOTOPOMY KOHEYHOMY, KOTOPOe HYKHO MPOCMOTPETh, YTOOBI yOENUThCSH,
nonyckaeT nu HKA ctpoky uau Her. C npyroé cTOpOHBI, SICHO, UTO KOJUYECTBO
paznuuHblX KoH(purypaunii HKA Ha naHHOM BXopme IJIMHBI 7 He MNPEBOCXOIUT
n* |Q|, rie () — MHOXeCTBO COCTOSIHHH.

OcHOBHBIE CTPYKTypBl HNAHHBIX B mHporpamme — 310 ABe (yHKuud. OnHa
u3 Hux — HashMap TransitionFunction — oToGpakaet cocTosiHusi B 0ToGpaxe-
nua HashMap SymbolToState — nss kaxkaoro cimBoJ1a B JaHHOM COCTOSIHUM, [JI5]
KOTOPOT'O Ompejie/leH Mepexof; 3HaueHHeM 3TOH (DYHKUHMH SIBJSETCS MHOMKECTBO
COCTOSIHHH, B KOTOpPble BO3MOXKEH MepeXxoj IO NaHHOMY CHMBOJY (BKJoudas e).
OCHOBHOH MK/ COCTaBJsIET MPOCMOTP cnucka KoHpurypauuil LinkedList configu-
rations. BHauasie 3TOT CIIUCOK COCTOUT M3 OAHOH HAauaJbHONW KOH(PUTYpaLMH. 3aTeM
BbIOpaeM TepPBBIA 3JE€MEHT 3TOr0 CIHCKA, YyAaJjseM ero W3 CIIHCKa, OnpenesseM
KOH(UI'ypallMH, B KOTOpble MOXKHO MOMNacTb M3 JaHHOH MO TeKylleMy CHMBOJY,
U BKJIOUaeM HUX B CNHCOK. [lasl Ka)KI0H KOH(HUTypaluu onpenessieTcss YUcao —
IJIMHA HENpOCMOTPEHHOTO BXOa, KOTOPbIH HAl0 MPOYHUTAThb M3 JAHHOTO COCTO-
sHusg. Ecau Mbl momajgaeM MOBTOPHO B COCTOSIHME M JJIMHA HENMPOCMOTPEHHOTrO
BXOJa HE HW3MEHHWJAaChb, TO KOH(HUTypallMi0 He HaJ0 BKJIOUAThb B CIHCOK HEINpO-
CMOTPeHHBIX KOoH(pUrypauuid. Eciu nonagaem B 3aK/IIOYUTENbHYIO KOH(UTYPALHIO,
TO OCTaHaBJHBaEMCH.

3.4. AJII‘OpI/ITMbI MOCTPOCHHUA KOHEYHbIX 4aBTOMATOB

3.4.1. IlocTpoeHne HeaeTepMUHNPOBAHHOIO KOHEYHOTO aBTOMAara Io pe-
IYJSIPHOMY BbIpaMKeHHIO. PacCMOTPUM aJropuTM MOCTPOEHUS MO PEeryJsipHOMY
BbIPaXKEHUIO HeNeTePMUHHPOBAHHOTO KOHEUHOro aBTOMAaTa, MOMYCKAalollero TOT
Ke S3BIK.

Agaroputm 3.1. [locTpoeHHe HeneTepMHHHPOBAHHOIO KOHEYHOrO aBTOMAaTa
10 PeryJsipHOMY BBIPaXKEHHIO.

Bxod. Perynsipuoe BolpaxkeHue r B andasure 1.

Boixod. HKA M, rako#t, uto L(M) = L(r).

Memod. ABTomaT nJsi BBIpaXKEHHS] CTPOUTCS KOMIIO3HIMEH M3 aBTOMAaToB,
COOTBETCTBYIOILIMX MOABbIpaXKeHHsIM. Ha KaxKIoM 1are mocTpoeHHsl CTPOSILIMNCS
aBTOMAT HMeEeT B TOUHOCTH OJIHO 3aKJIOUHTEJNbHOE COCTOSIHHE, B HauaJbHOE COCTO-
sIHUe HeT MepeXxoJ0B U3 APYTHX COCTOSHUM, U HET MePeXOL0B U3 3aKJIUYUTEbHOTO
COCTOSIHMSL B JpyTHe.
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Jlnsi BEIpaXkeHUs & CTPOUTCS aBTOMAT COTJIacHO puc. 3.5.

-0 O

Puc. 3.5

st BbIpaKeHHUsI € CTPOUTCS aBTOMAT COTJIacHO puc. 3.6.

—(D)—
e
Puc. 3.6

Jlnst BeipaxkeHusi a (a € T') CTPOUTCS aBTOMAT COTJIACHO puc. 3.7.

—( )~
Puc. 3.7

[Mycts M(s) u M(t) — HKA past perynsipHbix Bbipa)KeHHH S ¥ ¢ COOTBET-
CTBEHHO.

a) Hns Bblpaxenust s|t asromatr M(s|t) cTpouTcsi, Kak MOKas3aHo
Ha puc.3.8. 3mech ¢ — HOBOe HayajibHOe COCTOsiHMe W f — HOBOe
3aKJIIOUMTENbHOE COCTOSIHHE. 3aMeTHM, UYTO HMeeT MeCTO Iepexof
no e u3 ¢ B HauasbHble coctosinust M(s) u M(t) u mepexon mo e
M3 3akjaounTenpHbix cocrosiHuit M(s) u M(t) B f. Hauanbroe
M 3aKJIOUHTEIbHOE COCTOsIHUsT aBToMaTtoB M (s) u M (L) He siBIsIIOTCS
TaKOBbIMU 1151 aBTomara M (s|t).

6) Hunsi Beipaxkenusi st aBromar M (st) CTpOHTCS CJIEAYIOMM 06pa3om
(puc. 3.9).

HauanbHoe cocrosinue aBromara M (s) CTAQHOBHUTCS HauyaJbHBIM /51
HOBOTO aBTOMaTta, a 3aKJiouuTe/bHOEe cocrosiHie M (f) craHOBHTCS
3aKJ/IIOUYHTEeNbHBIM /151 HOBoro aBromara. HavasbHoe cocrosiue M (t)
M 3aKJ/I04uTesbHOE cocTosiHWe M (S) CIMBAIOTCS, T.e. BCE MEePeXOMbl
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M3 HauasbHOro coctosiHusi M (t) cTaHOBSITCS MepexogaMu M3 3aKJio-
uhTesNbHOrO cocTosiHus M (s). B HoBoM aBTOMaTe 3TO 0ObefHHEHHOE
COCTOSIHHE He fIBJISIeTCS HU HauaJbHbIM, HU 3aKJ/IOUHTeJNbHbIM.

B) Juast BbipaxeHnusi s* aBromat M (s*) cTpouTcs C/eAyIOLEM 06pazom
(puc. 3.10):

Puc. 3.10

3IL€Cb 1 — HOBOE HayaJlbHOe COCTOSIHHE, a f — HOBO€ 3aKJ/IIOUHUTEJbHOE
COCTOSIHHE.

3.4.2. TlocTpoeHue neTepMUHHPOBAHHOIO KOHEYHOr0 aBTOMaTa IO Heje-
TePMUHUPOBAHHOMY. PaccMOTPUM a/JrOPUTM MOCTPOEHHUS] 10 HeoeTePMHHUPO-
BaHHOMY KOHEUHOMY aBTOMAaTy 1eTePMUHHPOBAHHOI'O KOHEUHOro aBToMara, J0Iyc-
KaIoOIL[ero TOT e S3bIK.

B aaroputMe 6ynyT MCMHO/b30BAThCS CJeAyIOline (PYHKIHU:

e-closure(R) (R C @) — wmHoxectBo cocrtostHuii HKA, nocTikumbix u3
COCTOSIHMH, BXOASALIMX B R, MOCPEACTBOM TOJBKO MEPEXOIOB TI0 €, T. €. MHOKECTBO

S = J{plg. &) F* (b, ©)};
qER
move(R, a) (R C Q)) — mHoxkecTtBo cocrosinnit HKA, B KoTopble ecThb mepexon
Ha BXONE a IJisfl COCTOSIHUE U3 R, T.e. MHOXKeCTBO

S = J{plp € D(q, a)}.

q€ER

Dyukuus e-closure(R) BbIUKCIAETCS CAEAYIOUIUM TPOCTEIM aJTOPUTMOM.
1. Buectu Bce cocTossHus U3 R B crucok list.
2. while (list me myct) {
BHOpPATL NEPBHI 3J7IEMEeHT CHOHCKa I M yIOajluTb ero M3 CHOUCKa;
for (xaxporo cocTosiHMS ¥ C OYI'OM OT T B U, I[IOMEUEHHOHU €)
do if (u ¢ e—closure(R) ) {
nobasutrs u x e-closure(R);
IOMECTUTb U B crnucox list; } }
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Anaroputm 3.2. TlocTpoeHue [eTEPMHUHHPOBAHHOTO KOHEUHOT'O aBTOMATa

M0 HeleTepMHUHUPOBAHHOMY.
Bxod. HKA M = (Q, T, D, qo, F).
Boixod. JKA M' = (Q', T, D', g, F'), Takoii, uro L(M) = L(M’).
Memood. Kaxnoe coctosinvie pesynbrupytomero JKA — sto HekoTopoe MHO-
»KecTBO cocTosHUE uexonHoro HKA.
Buauane ' u D’ nyctsl. Boinosuuts maru 1-4:
1. Omnpenennts g = e-closure({qo}).
2. o6aButh ¢ B () KaK HemomeueHHOE COCTOSTHHE.
3. BbIMOJHUTE crefyolLyo MpoLenypy:
while (B () ecTr HemomeueHHOe cocTosHHe R) {
nomMeTurs R;
for (xaxpgoro BxomHoro cumsoiia a € 1) {
S = e-closure(move(R, a));
if (S#2){
if (S¢Q")
nobaBute S B () Xak HenOMeueHHOe
COCTOAHUE ;
onpenenurs D'(R,a) =S;
}
}
}
4. Onpenenuts F' = {S|S € Q', SNF # o}.

IIpumep 3.6. PesysnbraT npuMeHeHUs aaroputMa 3.2 npuBeneH Ha puc. 3.11.

)
b
Puc. 3.11
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3.4.3. Peanusanus Ha Java. Asroputm npeo6pa3oBaHHsl HeIePMHUHHUPOBaH-
HOT'0 KOHEYHOI'0 aBTOMAaTa B JIeTePMUHHUHPOBAHHBIH peann3oBaH B nakere Automa-
ta ¢pynkuneit NFAtoDFA(). [IBe oCHOBHBIE CTPYKTYpPbl JaHHBIX — 3TO (PYHKLHS,
oToOpaxkarollasi UMsi COCTOsIHHSI (HOMep) B MOAMHOXECTBO COCTOSIHHH MCXOIHOTO
HKA, o6pasytomux naHHoe coctosHue KA, ¥ CIHCOK HermoMeuyeHHBIX COCTOsI-
Huil. OuepenHoe COCTOsSIHHME BBIOMpPAeTCs M3 CIHCKA HeMOMeYeHHBIX COCTOSTHHH.
Korna B pesynbrate pa6oThl GyHKUUU move (POPMUPYETCS HOBOE MOAMHOXKECTBO,
OHO MPOBEpsieTCs Ha COBMAJeHHe ¢ KakKUM-1u6o H3 uMmeromuxcs. Ecau Takoe
TIOAMHOXKECTBO YK€ eCTb, Nepexof nesaercs B Hero. Ecin Het — dopmupyercs
HOBO€ COCTOSIHHE, OHO MOMajaeT B CIIUCOK COCTOSIHUH M B CIHCOK HENMOMeYeHHBIX
COCTOSIHHH.

3.4.4. O6ocHoBaHme. OnpenennM paculuperHyo QYHKUUIO nepexodos AJs
JKA pekypcHBHO ClieqyIOIIUM 00pa3oM:
s JKA
Dpralg,a) = D(g,a), a€T,

Dppa(q, wa) = Dpra(Dppalg, w), a), we T

s HKA
Dipalgw), weTr,

— 3TO MHOXECTBO COCTOSIHMH, B KOTOPBIX MOXKET OKa3aThCsl aBTOMAT [0 MpoYTe-
HUM LENOUKH W),
e —
D% ralq, e) = e-closure({q}).

Ecmn w = ua, DY py(q, v) = {p1, p2, ... Dk}, TO

D§palg, w) = e-closure(U Dnra(pi, a)) = e-closure(move(py, pe, ... Pk, @)),

pi € Diypalg w).
Teopema 3.1. D14 (q5, w) = Dypalqo, w), q§ =e-closure({qo}).

Hoxasamenrvcmeso. UHLYyKIUS MO IJIMHE CJIOBA.
basuc. Ecin |w| =0, o w = e, D§palqo,e) = e-closure({qo}) = qf =

= Dpralds €)-
llae undyxyuu. Iycts w = ua. [lo npeanosoxeHU0 HHIYKIUNA

Dpralay u) = Diypa(go, w) = {p1, p2, ... pr} =1
Torna no nocrpoenuto IKA u onpesenenuto Dy, MMeeM
Dpra(gs: ua) = Dpra(Dppalg, u), a) = Dpra(r, a) = Dpra({p1. pe, .- pr}, a) =
= e-closure(move({p1, pa, ... pr}, a) =

= e-closure(U Dnra(piya)), pi € {p1, pos ... pr}-
i
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Hns HKA umeem no onpenenenuto DYy

Dfypa(q, ua) = e-closure(| ) Dnra(pi, @), i € {p1, pa, ... i},
i
T.€. UIMeeT MeCTO paBeHCTBO. Takum o6pasom, npountaB w, HKA okaxkercs B p;.
Ecnu p; € Fyra,pi € p° = {p1, po, ... pr}-coctosiure KA, 10 p° € Fppa
[0 TIOCTPOEHHUIO. u

3.4.5. IlocTpoeHue neTepMHUHMPOBAHHOTO KOHEUYHOT'O0 aBTOMAaTa IO Pery-
JSApHOMY BbIpa)kKeHHIo. [IpuBeneM Termepb airOPUTM MOCTPOEHHs MO PeryJsip-
HOMY BbIPa’KE€HHIO 1eTePMHHHPOBAHHOI0 KOHEUHOI'O aBTOMaTa, JOMYCKAIOIIEero TOT
xKe a3bIK [3].

[Iycte maHo perynsipHoe BhipaxkeHue r B ajdaBute 1. a5 0MHO3HAUHOCTH
3aKJIIOUMM 3TO BBIpaXKeHHe B CKOOKH H 100aBUM Mapkep koHua: (r)#. Takoe pe-
TyJIsipHOE BhIpakeHue OyleM Ha3blBaTb NONOAHEeHHbiM. B mpouecce cBoeil paGoThl
aJTOPUTM OyIeT MCIO0Jb30BATh MOMOJHEHHOE PEryJsipHOe BbIpaXKeHHe.

Anroput™ 6ymeT omepUpoBaTh ¢ CMHTAKCHUECKHM NEPEBOM JJISi MOMOJHEHHO-
ro PeryJssipHOro BbipaxKeHHsi (7')#, KaXKAblH JHCT KOTOPOrO MOMEYEeH CHMBOJIOM
a € TU{e,#}, a kaxnast BHyTPeHHsisl BeplIHHA MOMeYeHa 3HAKOM OIHOH Wu3
onepauui: - (KoHKaTeHauus), | (o6benuHeHue), * (uTepauus).

Kaxpomy JnHcTy nepeBa (KpoMe e-JIUCTbeB) TPHUCBOMM YHHUKaJbHBIH HOMED,
Has3blBaeMblil no3uyueil, ¥ OyIeM HCIOJb30BaTb €ro, € OIHOH CTOPOHBI, MJIsi
CCBLJIKM Ha JIUCT B JlepeBe U, C IPyTrOH CTOPOHBI, JISi CCBIIKH HA CHMBOJI, COOTBET-
CTBYIOLIUH 3TOMY JIUCTY. 3aMeTHM, YTO €CJU HEKOTOPbIH CHMBOJ HCIIOJb3YeTCs
B PEryJISIPHOM BbIpaXKEHHH HECKOJbKO Pa3, TO OH UMEET HECKOJbKO TMO3HIIHH.

O6oiinem nepeBo T CHHU3Y-BBEPX CJIeBA-HANPABO U BLIUKCJIUM UETHIpE
dbynxkuuu: nullable, firstpos,lastpos n followpos. Tpu nepBble GyHKUHH —
nullable, firstpos u lastpos — omnpeneseHbl Ha y3jax nepeBa, a followpos —
Ha MHOXECTBe MO3MLMH. 3HaueHHeM Bcex (YHKUMH, kpoMme nullable, sBnsercs
MHOXKeCTBO no3uuui. PyHkuus followpos BeUHCHSETCS 4yepe3 OCTajbHblE TPU
(PYHKLHH.

Dyukuus firstpos(n) masi KaxAOro ysjaa n CHHTAKCHYECKOTO AepeBa pery-
JIIPHOTO BbIPaKEHHs1 1aeT MHOXKECTBO MO3UIHH, KOTOpPble COOTBETCTBYIOT MEPBBIM
CUMBOJIaM B TIOALIETIOUKAX, I'eHEPUPYEMbIX MOJABbIPAXKEHHEM C BEPIIHHOW B 7.
Ananoruuso, lastpos(n) naeT MHOXKECTBO MO3HIKH, KOTOPHIM COOTBETCTBYIOT T0-
CJlelHHe CUMBOJIbI B MOMLENOYKAX, FeHEPUPYEMbIX TOABbIPAXKEHUSIMH C BepPLIMHON
n. Jlns y3aa n, noauepeBbs KOTOPOTo (T.e. IepeBbsi, Y KOTOPBIX y3€&J N SABJSETCs
KOPHEM) MOTYT IMOPOAUTH MycTOe CJO0BO, ompenenum nullable(n)=true, a pis
ocranbHbIX y3710B nullable(n)= false.

Bripaxkenus ans Beiuucaenus GyHkuni nullable, firstpos u lastpos npuBene-
Hbl B TabJ1. 3.1.




3.4. A/leOpumel nocmpoeHusl KOHe4Hoblx agmomamos

47

Ta6auna 3.1
y3ea n | nullable(n) firstpos(n) lastpos(n)
JIUCT e true %) %]

JIHCT © false {i} {i}
(ue e)
| nullable(u) firstpos(u) lastpos(u)
A\ or u u
uwv | nullable(v) firstpos(v) lastpos(v)
nullable(u) | 1£ nullable(u) then | if nullable(v) then
/\ and firstpos(u) lastpos(u)
uv | nullable(v) U U
firstpos(v) lastpos(v)
else firstpos(u) else lastpos(v)
true firstpos(v) lastpos(v)
v
{1.2,3} « {6}
{123} « {\5} {6} # {6}
{123} « g {5} {5}
{123} « {3} {4} {4}
{1.,2} *|{1a2} {3} 0 {3}
(1.2} {1.2}

IIpumep 3.7. Ha puc. 3.12 npuBeneHo CHHTaKCHUECKOE IEPeBO AJISi MOMOJHEHHOrO
perynsipHoro BbipaxkeHusi (a|b)*abb# c pesysibTaToMm BblUHCJAeHHs (DYHKUME firstpos
U lastpos. CeBa OT KaXKIOr0 y3Ja PaclosiozKeHO 3HaueHHe firstpos, cmpaBa oT yana —
3HaueHHe lastpos. 3aMeTHM, 4TO 3TH (YHKUHH MOTYT OBITb BBHIYMCJIEHBI 32 ONUH 0OXOX

aepeBa.

Ecniu ¢ — nosuuus, 10 followpos(i) ecTb MHOXKECTBO MO3HLHE j, TaKHX,
cd ..., BXO#AlLlasd B f3blK, OIHUCbIBAEMbIH

4YTO CYLIEeCTBYEeT HEKOTOopasd CTpOKa ...
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pEery/nsipHbIM BBIpa)KEHHEM, MPHUYEM Takasi, 4TO MO3HULHS ¢ COOTBETCTBYET 3TOMY
BXOX/IEHHIO ¢, & TO3UIUS j — BXOXIEHHUIO d.

Oyukunsa followpos MoxkeT ObITb BBIUKC/EHA TakXe 3a OIMH 00XOJ JepeBa
CHHU3Y-BBepX CJEYIOUIUM [IBYM IMPaBHJIAM.

L.

[TycTb m — BHYTpeHHHH y3es ¢ onepanueil - (KOHKaTeHalLWs ), u U v — €ro
noTOMKH. Torna /s Kaxka0# NO3ULKH ¢, BXoasiiued B lastpos(u), no6aBisem
K MHOXKeCTBY 3HaueHH# followpos(i) MHOXKecTBO firstpos(v).

[TycTb n — BHYTpeHHHI y3es ¢ onepanuell * (UTepauusi), & — ero NOTOMOK.
Torma musisi KaXKIOH MO3ULIUU %, BXOLSIIEH B lastpos(u), nob6asJsgeM K MHO-
XKeCTBy 3HaueHun# followpos(i) mHOXKecTBO firstpos(u).

IIpumep 3.8. Pesynbrar BeiuMcieHus GyHKUMH followpos NJisi peryisipHOro Bbipa-
JKEHHS U3 TpelblayLIero NpuMepa npuBeneH B Tabi. 3.2.

Tabauma 3.2

nosuuus | followpos
1 {1, 2, 3}

2 {1, 2, 3}

3 {4}

4 {5}

5

6

{6}

%)

Auaroputm 3.3. [Ipsimoe noctpoenne KA mo perysnsipHOMY BbIpa’KeHHIO.
Bxod. PerynsipHoe BbipaxkeHue r B andasute 1.

Boixod. IKA M = (Q, T, D, qo, F), taxo#i, uto L(M) = L(r).

Memod. Cocrosinusi JIKA coOTBETCTBYIOT MHOXKECTBAM MO3ULIMH.
Bhauase @@ u D nyctel. Bemnosnuts maru 1-6:

l.

b

[locTpouTh CHHTaKCHUECKOe IepeBO AJs MOMOJHEHHOTO PeryJspHOro BhIpa-
xeHust (r)#.
O6xoas1 cHHTaKCU4YecKoe JepeBo, BBHIYMCJUTb 3HaueHUs (yHKUUH nullable,
firstpos, lastpos u followpos.
Omnpenenuts gy = firstpos(root), roe root — KOpPeHb CHHTaKCHUECKOTO
nepeBa.
Jlo6aBuTh ¢y B () KaK HeroMeueHHOe COCTOSIHHE.
BeIMoJIHUTE CaefyIONLyI0 NPOLenypy:
while (B () ecTb HemnoMmeueHHOe cocTosiHue R){
noMeTurs R;
for (xamporo BxopgHOro cumsoina a €7,
Takoro, uro B R uMeeTcs MNO3ULUS,
KOTOPOM COOTBETCTBYET a) {
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IIYCTb CHMBOJI a4 B R COOTBETCTBYET IIO3HULHUAM

Ply -« .,pn, uwnycrte S= |J followpos(p;);
I1<i<n
if (S#9)({
if (S¢Q)
nobasure S B () Kak HENOMEUeHHOEe
COCTOSHUE;

onpenenutrs D(R,a) =S;
}

}
6. Onpenenuth F' KakK MHOXKECTBO BCEX COCTOSIHME W3 (), coepKalluX MO3H-
[IMH, CBSI3aHHbIE C CUMBOJIOM #.

IIpumep 3.9. PesynbTar npuMeHeHHs anroputMa 3.3 K PEryJasipHOMY BblpaxKeHHs
(a|b)*abb npusenen Ha puc. 3.13.

SN
——| {1;\2}73} |T| {1?/,3,4} |—b-| (1,235} |—b>|| {1236}

b a
Puc. 3.13

Jlemma 3.2. [locmpoenHbiil asmomam He 3a8ucum om nopsoka paccmamos-
Ku CKOBOK accoyuamusHblx onepauul.

Hdokazameavcmeso. HyxHO paccMOTpeTb HENOCPENCTBEHHBIE MOCTPOE-
HUS [J15 IByX aCCOLMATUBHBIX OMepaldil — KOHKAaTeHAllMH ¥ 00beTHHEHHS. [

3.4.6. Iloctpoenue JIKA nmo PB Ha Java. PerynsipHoe BblpaxkeHHe 3amu-
CblBaeTCsl B COOTBETCTBUM C CHHTAKCHCOM, 3a/laBaeMbIM CJIEAYIOLIMMHU NPaBUIAMHU:

Expr:=Union’#’

Union::=Factor(’ |’'Factor)

Factror:=TermTerm¥*

Term:=Atom[ ]

Atom:=String|'('Expr’)’|'$

B cooTBeTcTBUM C 3TOH rpaMMaTHUKOH B nakere regularExpression HamucaH
CHHTAaKCHUECKHH aHa/IM3aToOp MeTOIOM peKYpPCHBHOro cmycka (cM. pasgen 4.3).
OnHoBpeMeHHO ¢ CUHTAKCHUECKHM aHaJM30M OCYIIEeCTBJSETCS BbIUHUCAEHHEe aTpH-
6yToB nullable, firstPos, lastPos u dyukunu followPos. 3ateM mo QyHKIUU
followPos npaktnuecku Tak ke, Kak # npu noctpoennut JIKA no HKA, crpoutcs

JKA.
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3.4.7. Ob6ocHoBanue. IlycTb 3amaHo peryssipHoe BoipaxkeHue PB co cBoum
nepeBoM, 1 nyctb JIKA — neTepMHHHPOBaHHBIM KOHEUHBIH aBTOMAT, MOCTPOEHHBIH
no PB B coorBercTBHM ¢ aaroputmMoMm 3.3. BBemem o603HaueHue p R a, ecqau
MO3ULUK P COOTBETCTBYET CHMBOJ . KaXIOH MO3ULKH COOTBETCTBYET €IHH-
CTBEHHBIH CHUMBOJI, HO 00paTHOe HeCNpaBelJIUBO: OAHWH H TOT K€ CHMBOJ MOXeT
COOTBETCTBOBATh PA3HBIM MO3HIIHSIM.

Jlemma 3.3. Ecau pi, po, ... P, Pntr1 — NOCAEO08AMENLHOCMb NO3UUUL, Mma-
Kas, 4mo:

1) py € firstpos(root);

2) pit1 € followpos(pi), 1 <i<n

3) Pnt+1 =~ e
mo ajas ... a, € L(PB), p; = a;.

H naobopom, ecau ajay...a, € L(PB), mo cywecmsyem pi, pa, ..., Dn,
Dn+1 — NOCAEO08AMEAbHOCMb NO3ULUL, MAKASL, YMO BbLNOAHSIOMC Nepeuuc-
AeHHble Bbluie YCA0B8US.

Hoxkaszameavcmeo. JJocTaTo4dHOCTb. YejoBHe py € firstpos(root)
O3HayYaeT, uTo M0 ONpeleseHHI0 CTPOKA MOXKET HAUMHAThCS ¢ CUMBOJIA a4, P| X a].
Ecnu piy € followpos(p;), 1 < i < n, To 370 03Ha4yaeT, 4To Mapa CHMBOJIOB
@11 MOXKET BCTPETUThCS B KAKOU-JIMOO CTPOKE, MPUHAIeXKallled A3bIKY. 3amich
Dn+1 A # 03Ha4yaeT, YTO CHMBOJ @, MOXKET ObITb 3aKJIOUHUTEJbHBIM B CTPOKE.

Heo6xopumoctb. ObparHo, nycTh ajas ...a, € L(PB). Toraa mo mo-
cTpoeHuo 3p; & aj, p; € firstpos(root) . IlockosbKy B CTpPOKe, MpHHALJIekKa-
el sI3bIKY, @;4] CJEAyeT 3a a;, TO 3TO 3HAYUT MO OMpeleseHHI0, UTO CPean
MO3HUIIHMH, COOTBETCTBYIOIIHUX KaXKIOMy CHMBOJY, Mbl MOXKeM BbIOpaTb TakHe, UTO
Ditl & ait1, Pit1 € firstpos(p;). [ockonbky # 106aBU/IM [JIsI CTPOKH, MPHHAL-
Jexalei A3bKy, ppi1 € followpos(py). '

Iycts {p/, |} — MHOXKECTBO TAKHX P, |, 4TO P! | & i1, @ {Pf} — MHOXKe-
CTBO TaKHX pf, 4TO pf ~ a;. IlocKonbKy CHMBOM @ji| CllelyeT B CTPOKe 3a CHM-
BOJIOM @;, @ CTPOKA NPHHALJIENKHUT SI3bIKY, KaXKIbl 3/1eMEHT ng A ;1] €cTb
o6pas Hekotoporo p¥, € {pF}, 1.e. Pl € followpos(p¥). Vins takum o6pasom
OT TOCJeHEero0 CUMBOJIa # K MepBOMY aj, Mbl TOCTPOMM MOCJEN0BATEJIbHOCTh
MO3UIHH, YIOBJETBOPSIIOUIUX YCJOBHIO. [ |

Teopema 3.2. w € L(PB) mummx w € L(IKA). (3necb u nanee mumkg —
COKpallleHHe CJIOBOCOUYETAHHS «TOTA U TOJBKO TOTIa, KOTAa».)

Hokasameasvcmeo. JoctatounoctThb. Ilyers w € L(PB),w =
= aay ... ap. CyllecTByeT MOCJEN0BATENbHOCTb MO3ULUUH Pi, P9, ... Pn, Pntl, T0-
poxnamomKx w (B CMbiCAe p; /2 a;), Takas, 4to p| € firstpos(root), piy1 €
€ followpos(p;), | <i < m,pny1 ~ F#. [lokaxkeMm, 4To TOra CyLUIECTBYET MOCIEI0-
BaresibHOCTb cocrosiuit IKA g, q1, ... Gn, Takas, uto p; € §i—1, ¢ = D(Gi—1, ai),
1 <7< n. JokaxeM 3To UHAYKIHEH IO i.
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Basuc. Bospmem Gy = firstpos(root) = qo. Torma, mockoibky w € L(PB),
p1 € firstpos(root) = qp.

[llae. TlycTb mocse MPOYTEHHUS )G9 ... G; aBTOMAT OKa3aJjCcs B COCTOSTHHUH .
[To npeanonoXeHU0 UHAYKIUHU P; € Gj_].

[To moctpoenuto J1KA

D@1.a)= |J  followpos(p) =G # 2,
Pi€qi—1,piRa;

MOCKOJIbKY P; & a4, pit1 € followpos(p;), G — cocrosinne KA mo mocTpoeHno
Y Dit1 €G-

Ecmu i = n, 10 ppt1 € followpos(p,) ¥ MO TMOCTPOEHHIO Ppt| € Gy € F,
MIOCKOJIBKY Pt A #, Tak 4uTo lenouka ponyckaercst JIKA.

Heo6xomxumocts. [lyecte w € L(AKA). Ilyers o, q1, - .. g — moCa€10-
BaTeJbHOCTh cocTossHUH JIKA, KoTopele IPOXOAMT aBTOMAT, jomycKas w. Mmeewm:
G =D@-1 a), 1 <i<n. g = P!}, a1 = {p!_,}. Mockonbky Mepexos U3 G;_ i
B g; onpenesen, To ¥V p!3pl |, Takoe, uto p! € followpos(p._|) u p! ~ a;. 3ua-
YUT, MOXKHO BBIOPATh MOCJENOBATEJBHOCTh MO3UIMH, YIOBJIETBOPSIOIIUX JEMME.
CuiefoBatesbHo, ajas ... a, € L(PB), ppt1 € Gn, MOCKONBKY Gy € F; ppi1 =~ #. 1

3.5. CBsA3b peryisipHbIX MHOXKE€CTB, KOHEUHbIX aBTOMAaTOB
U peryjspHbIX rpaMMaTUK

B nonpasnene 3.3.3 mpuBeneH a/fropuTM MOCTPOEHUS AEeTEPMHHHUPOBAHHOTO
KOHEUHOTO aBTOMaTa MO peryJsipHOMY BbIpa)KeHH0. PaccMOTpuM Temepb, Kak
M0 OMHCAaHHI0O KOHEUHOTO aBTOMarta MOCTPOUTH PETYJsipHOE MHOXKECTBO, COBMaja-
[ollle€e C SI3bIKOM, JIOMYCKaeMbIM KOHEUHBIM aBTOMAaTOM.

Teopema 3.3. f3vik, donyckaemoiti demepmuHUPOBAHHIM KOHEUHbIM A8MO-
MAmom, SIBASEMCS PeeYriPHbLM MHOHCECMBOM.

Hokasameavcmso. [lyctb L — 3BIK, 10MyCKaeMblil 1eTEPMUHUPOBAH-
HBIM KOHEUHBIM aBTOMAaTOM

M=({q,....q},T,D,q, F).

0603HaYMM TTOCPEACTBOM Rfj MHOKECTBO BCeX CJIOB &, Takux, 4to D¢(g;, z) =
=q; v ecmn D(g;, y) = g5 114 J11060H LEMOYKH y — TpeduKca T, OTIMUHOTO OT T
He, 10 s < k.

WubiMu ciioBamu, Rfj €CTb MHOXKECTBO BCEX CJIOB, KOTOpbIe MepPeBOAST KO-
HEUHBIH aBTOMAaT M3 COCTOSIHMSA ¢; B COCTOsSIHHE ¢j, HE NPOXOAA HH uepe3 KaKoe
cocTosiHUE s ANs § > k. OnHAaKo ¢ U j MOTYT OBITh GoJiblile k.

Rfj MOKeT ObITb OIpefie/leHO PEeKYPCHUBHO CJedYIOLIUM 00pa3oM:

jo ={ala € T, D(¢;, a) = q;},
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RE =R URE (R ) Ry tae 1<k <o

Taxkum o06pasom, onpenesieHne Rfj 03HayaeT, YTO AJisl BXONHOH LIENOUKH w, Ie-
pesonsmed M u3 g; B q; 6e3 nepexona yepes COCTOSIHMS C HOMePaMH, OO/IbIIMMU
k, cnpaBel/IMBO POBHO OJHO M3 CJAENYIOIIUX ABYX YTBEPXKAEHHH.

1) Llenoyka w NpHUHAILIEKHUT Rfj_l, T.e. TP aHaJU3e LEeNO4YKH w aBTOMaT
HUKOT/la He JIOCTHUraeT COCTOSIHMH C HOMepaMH, OOJBbIINMH HJIU PaBHBIMH k.

2) llemouyka w MoxeT OBITh MpeACTaBJeHa KaK w=wwyows, TIE W] € Rfk_l
(mopuenouka w; nepeBoauT M CHauasa B qi), wo € (Ri;l)* (momuenouka woy
nepeBoadT M U3 g 0OPATHO B g, He MPOXOAst Yepe3 COCTOSIHUS C HOMEPaMH,
6OJbLIMMH WM PaBHBIMH k), w3 € Rﬁ;l (mopuenouka ws nepeBogut M
M3 COCTOsIHMA ¢, B ¢;) — puc. 3.14.

Torna L = R’fj. Nupykuuell mo k M0OXHO NMoKasaTb, 4TO 3TO MHOXKECTBO
quF

pEeryJsipHo. [ |

Takum o6pas3om, [Jsi BCSIKOrO pPeryJ/sipHOrO0 MHOXKeCTBa HMEEeTCs KOHEeUYHBIH
aBTOMAT, AOMYCKAIIIHWHA B TOYHOCTH ITO PETYJNSPHOE MHOXKECTBO, ¥ HA060POT —
SI3BbIK, JOMyCKaeMblii KOHEYHBIM aBTOMATOM, €CTh PeryJ/sipHOe MHOXECTBO.

PaccMoTpHM Temepb COOTHOLIEHHE MEXY TEMH $I3bIKaMH, KOTOPble MOPOXKIa-
I0TCS MTPaBOJIMHEHHBIMH IPAMMATHKAMHU, U TEMH, KOTOPbIe NOMYCKalOTCs KOHEYHbI-
MH aBTOMaTaMH.

[IpaBosuneiinast rpammarika G = (N, T, P, S) HasbiBaetcs pezyaspHoll,
eCJIN:

1) kaxnoe ee mpaBuJo, kpome S — e, umeet Bua aub6o A — aB, nmubo A — a,
rne A, Be N,acT,

2) B TOM cJjyuae, Korma S — e € P, HauasbHBIH cUMBOJ S He BCTpeyaercs
B MPaBbIX YaCTsX MPaBHJI.

Jlemma 3.4. [Iycmo G — npasoaunetinas epammamura. Toeda cywecmsyem
peeyaspras epammamurka G' maxas, umo L(G) = L(G").

,ZZ oKaszameasbCcmesOoNpenoCTaB/sdAeTCd YUTATEJIO B KAYECTBE YIIPA2KHEHH .
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Teopema 3.4. [lycmo G = (N,T,P,S) — npasoiuneiinas epammamu-
ka. Toeda cywecmsyem HedemepmuHupo8arHbll KOoHeuHblti asmomam M =
=(Q,T, D, qy, F) 0as komopoeo L(M) = L(QG).

Hoxkaszamearvcmeo. Ha ocHoBaHuu seMMbl 3.4 6e3 orpaHWdeHHs 0OIL-
HOCTH MOYKHO CUMTaThb, 4YTo (G — peryJspHas rpaMMaTHKa.
[Toctpoum HKA M crenyrotium o6pasom:

1) cocrostnusimu M OynyT HeTepMHHaJbl (G IJIIOC HOBOE COCTOsiHHE R, He mpu-
Hapexauiee N, tak uto @ = N U {R};

2) B KauecTBe Haya/JbHOro coctosiHust M mpumem S, T.e. o = S,

3) ecau P copepxut npasuio S — e, To F' = {S, R}, unaue F' = {R} (Hamnom-
HHM, 4TO S He BCTpedaeTcs B MPaBHIX YacTsaX MpaBul, ecau S — e € P);

4) cocrosinve R € D(A, a), ecnu A — a € P; kpome Toro, D(A, a) comepKut
Bce B, takue, uto A — aB € P, npuuem D(R, a) = @ nast Kaxaoro a € T.

Yurass Bxox w, M wmomenupyeT BbiBoA w B rpammaTuke (. [Tokaxkem, 4To
L(M) = L(GQ). Tyets w = ajag...an, € L(G), n > 1. Torna S = a14; =
= ...=a1ay...a,_1Ap_1 = a1ay ... ayp_1a, LIS HEKOTOPOH MOCJEI0BATENbHO-
cti HertepmuHanoB Ay, Ao, ..., Ap—1. Tlo onpenenennto, D(S, a;) comepxut Aj,
D(Ajy, a9) comepxutr Ao, u T. 1., D(Ay,—1, ay) conepxur R. 3uauur, w € L(M),
nockosbky D¢(S, w) conepxut R, a R € F. Ecu e € L(G), to S € F, tak 4ro

ee€ L(M).
Anasornuso, eciu w = ajag ... ap, € L(M), n > 1, To cyllecTByeT nocJjenosa-
TeJbHOCTb COCTOsIHUE S, Ay, Ag, ..., Ap_1, R, Takas, uto D(S, a;) conepxut Aj,

D(Aj, a9) conepxur Ay, u T. 1. [Tostomy S = ajA; = ajagds = ... = ajay ...
eip_1Ap_1 = ajag ... ap_1a, — BeBog B G u x € L(G). Ecin e € L(M),
10 S€F, rakuto S — e € Puec LG). ]

Teopema 3.5. [l1a kaxncdoeo HedemepmuHupo8aHHO20 KOHEUHO20 QB8MO-
mama M = (Q,T, D, qy, F) cyuwecmsyem npasoruneiinas epammamura G =
=(N,T, P,S), makas, umo L(G) = L(M).

Hokxaszameasvcmeo. be3 norepu 0O6LIHOCTH MOXKHO CYUTATh, YTO aBTO-
matr M — nerepmuHupoBaHHBIH. Onpenenum rpaMmMatuky G cienyomKUM 06pasoM:

1) HerTepMuHanamu rpammatHkd (G OyAyT COCTOsiHUSI aBTomara M, Tak 4TO
N=@Q;

2) B KauecTBe HAya/JbHOIO CHMBOJIA IPaMMaTHKU G TIpUMeEM qg, T.€. S = qo;

3) A—aB € P, ecnu D(A, a) = B,;

4) A—a€P,eciu D(A,a) =Bu BEe€F,

5) S—e€ P, ecan qp € F.

JlokasaresabcTBO TOro, 4to S = *w TOrAa W TOJbKO Toraa, Koraa D¢(qg, w) €
€ F, aHaJloTHYHO JI0KA3aTeNbCTBY TeopeMbl 3.2. [
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B HeKoTOpBIX caydasix AJsi ONMpeesieHHS] TOTO, SIBJASIETCS JIM S3BIK PeryJsip-
HBIM, MOXeT OBbIThb MOJIE3HBIM HEOOXOAUMOE YCJIOBHE, KOTOPOE Ha3bIBAETCs JIEMMON
OrneHa o paspacTaHHH.

Teopema 3.6. (Jlemma o paspacTaHuM [Jis pery/asipHbIX MHOXecTB.) [lycmo
L — pecyarsaproe muosxcecmso. Toeda cywecmeyem maxas koHcmawma k, 4mo
ecau w € L u |w| =k, mo yenouky w moxro npedcmasume 8 sude ryz, 20e
0<|yl, eyl <k uxy'z € L das ecex i > 0.

Hokasameavcmso. Illyetre M = (Q, %, D, qo, F) — nerepmunupoBa-
HBIFl KOHEUHBIE aBTOMaT, fonyckawouwui L, .e. L(M) =L u k =|Q)|. [lyctb w € L
u |w| > k. PaccmoTpum mocsienoBaTebHOCTb KOH(MHUIypaLUi, KOTOPbIE MPOXOAUT
aBromMat M, nomyckas Lenouky w. Tak Kak B Hed mno kpaiiHed wmepe k + 1
KOH(UTypalui, TO cpeau NMepBeiX k + 1 KOHQUrypauui HalAyTCs IBe pa3judHbIe
C OIMHAKOBBIMU COCTOSIHUSIMH. TakuM 06pa3oM, MojyyaeM CyLIeCTBOBaHHE TAaKOH
T0CJ/Ie0BAaTENbHOCTH TAKTOB, YTO

(90, 2y2) = "(q1,92) = "(q1, 2) = " (g2, €)

175 HeKOTopblX q; € @, qo € F u 0 < r < k. IlockosbKy 4HcJI0 KOH(UTrypa-
UME OT HaualbHOH N0 (g, z) BKJIIOUHTEJbHO He mpeBocxomuT k + 1, a aBromar
nerepmuHupoBanubiit, |ry| < k. Hdas smwboro i > 0 aBTOMaT MOXKeT MPOIeaTh
noc/efloBaTeIbHoCTb TakToB (qo, 2y 2) F* (q1, y'2) FH (q1, ¥~ '2) ... FF (q1, y2) T
+(q1, 2)F* (g2, €). .

Taxkum obpasom, zy'z € L nns Bcex ¢ > 1. Cayuait ¢ =0, T.e. zy € L, Takxke
OUEeBHIEH. ]

’

C MoMOIbIO JIEeMMbl O pa3pacTaHHUM MOXKHO [OKa3aTb, YTO He SIBJISIETCS] Pery-
JISIPHBIM MHOXeCTBOM si3blk L={0"1"|n > 1}.

Honyctum, uro L perynspen. Torna anas noctaTodHo 60Jbioro n cjaoso 017
MOXKHO TNPeJCTaBUTh B BUIE Tyz, IpuueM y # e u xy'z € L nasa seex i > 0. Ecu
y €0t umny € 17, 10 22 = 2y°2 ¢ L. Ecam yy € 0717, 10 2yyz ¢ L. Tonyunan
nporuBopeune. CyenoBatesibHO, L He MOXKET ObITb PETyJSIPHBIM MHOXKECTBOM.

3.5.1. IlocTpoeHne AeTepMUHUPOBAHHOTO KOHEYHOTO0 aBTOMAaTa C MHHH-
MaJbHbIM YHMCJIOM COCTOSIHUIA. PaccMoTpuM Ternepb airoputM noctpoenuss JKA
C MHHHMMAaJIbHBIM UHCJIOM COCTOSIHHE, 9KBHBajieHTHOro maHHomy KA [2].

[ycte M = (Q, T, D, qo, F) — AKA. Bynewm nasvisats M sctody onpedesen-
Hoim, e D(q,a) # @ nasiBcex g€ Qua e T.

Jlemma 3.5. [Tycmo M = (Q,T, D, qo, F) — KA, ne ssarsrowuiics éctody
onpedenennvim. Toeda cyuecmsyem ectody onpedesennsiii [JKA M', maxod,
umo L(M) = L(M").

Hoxasameavcmeso. PaccmoTpuMm aBTOMAT

M =(QUuU{d}.T. D q. F),
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rae ¢ ¢ () — HEKOTOpOe HOBOE COCTOsIHHE, a (hyHKUUsT D’ ompenessieTcs: caenyio-
UM 06pa3om.

1. ons Bcex q € Q u takux a € T, yro D(q, a) # &, onpepenuts D'(q, a) =
= D(q, a).

2. Ilnsi Bcex q € Q u takux a € T, uro D(q, a) = @, onpepenuts D'(q, a) = ¢ .

3. Has Beex a € T onpepenuts D'(¢',a) =¢'.

Jlerko nokasaTb, yTo aBToMat M’ HomycKaeT TOT XKe fA3biK, uTo U M. [ |

[IpuBeneHHBIE HHXKe aJTOPUTM TOJyYaeT Ha BXOIe BCIOAY OMpeleseHHbIE aB-
tomaT. Eciii aBTOMAaT He SIBJISIeTCSl BCIOAY ONpeleJieHHbIM, TO €r0 MOXKHO CleJsaTh
TAKOBBIM Ha OCHOBAHWH TOJILKO JIEMMbI 3.D.

Aaroputm 3.4. [Toctpoenne KA ¢ MUHMMA/JIbHBIM UHCJIOM COCTOSIHUH.

Bxo0. Bewony onpenenennniit 1KA M = (Q, T, D, qo, F).

Boixod. KA M' = (Q',T, D', qp, F'), rako#t, uro L(M) = L(M') n M’
COMIEPXKUT HaUMeHblllee BO3MOXKHO€e YHUCJO COCTOSTHUH.

Memod. Bemonuuts waru 1-5:

1. IlocTpouth HauanbHOe pa3bueHue Il MHOKecTBa COCTOSIHUH M3 ABYX TpPYMI:
3aKJII0YNTeNbHBIE COCTOSIHUS () U ocTasbHble ) — F, 1.e. Il = {F,Q — F}.
2. llpumenuts k II crenymwoulyo mnpolenypy # TOJYYHTh HOBOe pasbue-
Hue Il ew:
for (xaxpom rpynmu G B II) {
paszbure (G Ha MNOArPYINH TakK, UYTO6H
cocrossHusa § u t usz (G oxasanuchb
B O,]:[HOI;I nogorpyiimne Torga M TOJIBbKO Tormoa,
KOrma mOjs KaxXOoro BXOOHOT'O CHMBOJIA @
COCTOSAIHUSL § U | UMET [NepexOnH IO «
B COCTOSIHMSI M3 OOHOM M TOM Xe rpynmns B II;

samenutrs G B I, Ha MHOXECTBO BCEX
IIOJIYUEHHHX [OATPYIII;

}

3. Ecnn Ilew = II, To mosaraem Il,es = II u mepexomum Kk wary 4, nnHade
noBropsieM mwar 2 ¢ Il := Il ey .

4. Tlycte Iyes = {G1, ..., Gy, }. Onpenenum:
Q ={Gy,...,G.};
gy = G, rne rpynna G € @' takosa, uto ¢ € G;
F ={GIGeQ uGNF +a},
D'(p',a)=¢, eciu D(p,a) =q, tne pep’ uqeq.
Takum oGpasom, kaxpas rpymnna B Il CTAHOBHTCS COCTOSIHHEM HOBOTO
aBromara M’. Ecqu rpynma comepKuUT HauyajbHOE COCTOsiHMe aBToMara M,
TO 9Ta TPyMNna CTAHOBHUTCS HauyajbHBIM cocTosinueM astomata M’'. Ec-
JIM TPYIIa COAEPXKUT 3aKJIOUMTeJbHOe cOoCcTosiHue M, TO OHa CTaHOBUTCS
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3aKJI0UHTENbHBIM cocTosiHiueM M. OTMeTuM, 4To Kaxkaast rpymnna Il es 160
COCTOUT TOJBKO M3 cocTosHME u3 F', nubo He HMeeT COCTOSIHUH u3 F.
[lepexonel onpenensioTcss OUYEBUAHBIM 00Pa30M.

5) Ecau M’ uMeeT «MepTBOE» COCTOSIHHE, T. €. COCTOSIHHE, KOTOPOE He SABJISeTCs
JOTYCKAIOIIMM U M3 KOTOPOrO HEeT MyTeH B JOMYyCKAaIollHe, TO YAAJUTb ero
¥ CBSI3aHHBle ¢ HUM mepexonbl U3 M'. Ynaauts us M’ Takxe Bce COCTOSIHMS,
He JOCTHXXHMMble U3 HA4aJbHOTO.

ITpumep 3.10. PesynbraT npuiMeHeHus ajaroputMa 3.4 mpuBeneH Ha puc. 3.15.

o H0E — = t5]Y

Puc. 3.15

[Tycts D¢(p, w) — pacuruperHasi GYHKIHs I€PEXOI0B, KOTOPas OMpe/esisieTcs
PEKYPCHUBHO:

D%(p, a) = D(p, a), D*(p, wa) = D(D*(p, w), a).

Bynem roBopuTb, UTO COCTOSIHHSI D U ¢ 9KBUBANEHMHbL, €CIH [/l BCEX BXOI-
HBIX LieroYeK w coctosiiie D€(p, w) siBJsieTCs IOMYCKAOUUM TOTAa U TOJBKO TO-
raa, koraa cocrosire D¢(q, w) — momyckatotee. Cocrosinusi D¢(p, w) u D¢(q, w)
MOT'YT W He COBMaaaTb — JHIIb Obl 062 OHU ObLIU JUOO AOMYCKAIIIUMH, JHUOO
HEJOMYyCKAIOLMMH.

Ecau 1Ba COCTOSIHUS p U ¢ He SKBHBAJEHTHBI APYT APYTY, TO GyIeM OBOPUTS,
UTO OHH PABAUYUMbL, WIH HEIKBUBANEHMHbL, T.€. CYIIECTBYeT XOTs Obl ONHA
Lernoyka w, IJsi KOTOPOH omHO H3 cocTosiHui D(p, w) u D¢(q, w) siBasercs
[OMYyCKAIOLINM, a IPYroe — Her.

L5t TOro 4ToOb HAWTH SKBUBAJNEHTHbIE COCTOSIHHS, HY>KHO BBISIBUTH BCE Maphl
pasJMUMMbIX COCTOSIHHH. Bee mapel pasmHynMbIX COCTOSIHMH MOXXHO HaWTH Mpef-
CTaBJIEHHBIM HHXKE alropuTMoM. Te mapel COCTOSIHHH, KOTOpble HAHTH He ymacTcs,
OyLyT 5KBHBaJEHTHHIMH. AJITOPUTM, KOTOPBIH HA3bIBAETCS AACOPUMMOM 3ANOAHE-
HusL mabauybl, COCTOMT B PEKYPCHBHOM OOHAPYKEHHH Map PasjJHYMMBIX COCTOSI-
wuit JKA = (Q, %, D, qo, F).

Basuc. Ecin cocrosinie p — nomyckawliee, a ¢ — He AOMycKamllee, TO napa
COCTOSIHUH (p, q) pasnuunma.

Huoyxuus. TlycTe p U ¢ — COCTOSIHMS, /s KOTOPHIX CYLIECTBYET BXOIHOH
CHMBOJI @, IPUBOASIIKHA UX B pasnuuumble coctosiiusi 1 = D(p, a) u s = D(q, a).
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Torna (p, ¢) — napa pasmHYUMBIX COCTOSIHUE. DTO OYEBHIHO, MOTOMY UTO €CJH T
M S Pa3/HUMMBbl, TO JOJDKHA CYIIECTBOBATh LierMoyka w, OTixdawiias r ot . Toraa
LernoYyka w OTJIHYAET p OT ¢, Tak Kak D¢(r, aw) u D(s, aw) — 310 Ta xke mapa
cocrosinuit, uto U D¢(r, w) u D¢(s, w).

IIpumep 3.11. Paccmorpum B KauecTBe IIpUMepa aBTOMaT, H300paKeHHBIH
Ha puc. 3.16.

Puc. 3.16

ITocTporM MaTpuily 9KBHBAJIEHTHOCTH COCTOSTHHH.

Basuc. Bce mapbl HE3aKIIOUUTENBHBIX COCTOSIHHH He 3KBHBaJeHTHH mape (B, D).
B napy (D, E) mo cumBoay b BenyT, cooTBercTBeHHO, MHOXKecTBa {C} n {4, B, D, E},
4T0 nesaer HesksuBaseHTHeME maph (C, E) u (C, A). B napy (B, E) no cumBony a
BeNyT, COOTBETCTBeHHO, MHOxecTBa {A} u {E, C'}, uTo nesaeT HeSKBHBAJIEHTHBIMU Maphl
(A, E) u (C, A). Pesynbrat npeacrasJeH B taba. 3.3.

Ta6nuia 3.3

X

X | X

x|0]x

~ WO D

X|X|X|X

E|D|C|B

Taxkum o6pasom, coctosinusi D 1 B 3KBUBaJIEHTHBI.

Teopema 3.7. Ecau 0dsa cocmosnus He pasiuuaromes ¢ nOMOWbHO AA20PUM-
MQ 3aNOAHEHUs. mabAULbL, MO OHU 3KBUBANCHMHDL.

Moxkasameavcmeo. CHoBa pacemotpum KA A = (Q, %, D, qo, F).
[pennonoxum, 4To yTBEpPXKIEHHEe TEeOPeMbl HEBEPHO, T.€. CYLIeCTBYeT XOTsS Obl
OIIHA Mapa COCTOSIHUH (P, ¢), 1JIsl KOTOPOH BBIMOJHSIIOTCS CJENYIOLIHE YCJIOBHS:
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1) coctosiHMS p M ¢ Pa3NMUYUMbI, T.€. CYIIECTBYeT HEKOTOpasi LeMnodka w,
AJIsl KOTOPOE TO/MBKO OfHO M3 cocTosiHuil D¢(p, w) n D¢(q, w) siBasieTcs
JOMYCKAIOLIUM;

2) anropuT™ 3amoJiHeHHs! TaGJHLBl He MOXKET OOHApYXKHTb, YTO COCTOSIHUS T
M S PasIMuMMBI.

HasoBeM Takyio mapy cocTOsIHUH nioxoii napoil.

Ecnu cyiuiecTByOT M/10XHe Mapbl, TO CPeIy HUX JOMKHBI ObITh TaKHe, KOTOPbIE
pasJHUKMMBI C TIOMOLLBIO KpaTYaHIINX U3 BCEX LeM0YeK, PA3/IHUYAILINX [JIOXHe Ma-
psl. [TycTb muoxast napa (p, ¢) TakoBa, 4To [Jisl HEe W = ajdg ... Gy — KpaTdaliias
M3 BCeX LIeNoueK, pasjHyaolluX MJ0XHe napbl. Toraa TOMbKO OfHO M3 COCTOSTHHH
D¢(p, w) u D¢(q, w) siBnsieTcst AOMyCKAMOLINM.

3aMeTHM, YTO LEMOYKa w He MOXKET ObTh €, TaK KaK eCJd HeKoTopas mnapa
COCTOSIHMH pasjuuaeTcs C MOMOLIbIO €, TO ee MOXXHO OOHapY»KHTb, BBITNOJHHB
6a3uCHYIO UacTh aJropuTMa 3anoJHeHus Tabmauubl. CienoBatesbHO, 1 > 1.

Pacemorpum cocrositust r = D(p, a;) u s = D(q, a;). DT COCTOSHUS MOXKHO
pa3/MUUTh C MOMOLLbIO LENOYKH God3 ... («p, NOCKOJbKY OHA IEPEBOAUT I U §
B cocrositusi D¢(p, w) u D¢(q,w). OnHako Toraa Uenouyka, OTJaHYamolias r OT
S, Kopoue J11000H LEMOUYKH, pasnnuamoliedl mioxywo napy. CiuemoBatenbHo, (7, )
He MOXeT OBbITb MJIOXOH Mapo#, W ajJrOpUTM 3aAMOJHEHHs] TAOJIHIbI AOKEH ObL
00HApYKUTb, YTO ITH COCTOSIHUS PA3THUHUMBI.

Ho uHAyKTHBHAs uyacTb a/irOpUTMa 3amo/HEHHs] TaOJHLbl He OCTAHOBHTCS,
MOKa He MPUAET K BBIBOLY, YTO COCTOSIHHS P U ¢ TaKXKe PA3JUUUMBbl, MOCKOJBKY
y¥Ke oOHapyxeHo, 4To coctosinue D(p, aj) = r otanuaercs ot D(q, a;) = s. Ilo-
JIy4eHO MPOTHBOPEUHE C MPEAIOJNOKEHHEM O TOM, YTO CYLIECTBYIOT MJIOXHE Mapbl
cocrosinuit. Ho ecan moxux map Het, TO JIOGYI0 Mapy pasiMuUMBIX COCTOSTHHH
MOXKHO OOHapy»KHTb C TOMOLLbIO a/TOPUTMAa 3aloJHEHHs TabJHLbl, U Teopema
[I0Ka3aHa. ]

3.5.2. IIpoBepka 3KBHBAJEHTHOCTH PErYJISIpHBIX fI3bIKOB. JKBHUBAJEHT-
HOCTb PeTYJISIPHBIX 3BIKOB JIETKO TPOBEPSIETCS C TIOMOLIBIO AJTOPUTMA 3aTMOJHEHHU
tabauusl. [lpennosiokum, 4to s3elkv L v M npejacTaB/eHbl, HanpUMep, COOT-
BETCTBEHHO peryJisipHbiM BhipaxkeHdHeM u HekoTopbiM HKA. IlpeoGpasyem Kaxkmoe
u3 stux mnpexacrasiaenuil B JIKA. Tenepp npencraBum cebe JKA, mHOXecTBO
COCTOSIHUH KOTOPOTO PaBHO OOBbEAMHEHHI0 MHOXECTB COCTOSTHUH aBTOMAaTOB JJIsi
s3bikoB L u M. Texuudecku 3toT JIKA comepHT nBa HadyaJbHBIX COCTOSIHHS,
HO (paKTHUYECKH TPH MPOBEPKe SKBHUBAJEHTHOCTH HadaJbHOE COCTOSTHHE He UrpaeT
HUKAKOH POJIH, MO3TOMY J1lI000€ U3 3TUX ABYX COCTOSTHUE MOXKHO TPUHSATH 32 €[lUH-
CTBEHHOE HayaJsbHoe.

[lanee mpoBepsieM 3KBHBAJE€HTHOCTb Ha4yaslbHBIX COCTOSIHMH JBYX 3aIaHHBIX
KA, ucnosb3ys asroputTm 3anojHeHHs TaOJWIbl. Eciu OHU 3KBHBAJIEHTHB,
to L = M, a ecau Het, 0 L # M.
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IIpumep 3.12. Paccmortpum perynsipHoe Beipaxkenue a(ab)x. ITocTpoum mo Hemy
HeTepPMHUHHUPOBAHHBIH KOHEUHBIH aBTOMAT ABYMsl CIIOCOGAMH:

1) cHauasa MOCTPOUB NPOMEXKYTOUHBIH HENEPMUHUPOBAHHBIH KOHEUHBIH aBTOMAT;

2) TOCTpPOMB ajropuTMoM mpsiMoro noctpoeHus KA mo perynspHOMy BbIpakKeHHIO.
B nepBoMm ciydyae mosiyudM aBTOMAT, H300paKeHHBIH Ha puc. 3.17, Bo BTOpOM —
H3o0paxkeHHbIE Ha puc. 3.16 (B 000MX CJaydyasix aBTOMAThl MOMOJHEHBl MEPTBBIM
COCTOSIHHUEM).

ot ej@

MoxHo cuutaTh, 4yTo Ha puc. 3.16 u 3.17 usobpaxken onun JIKA, comepxariiuii 1eBsiTh
coctostHud o1 A 1o F u or 0 no 3. Eciu npuMeHHTbh alrOpUTM 3aMoJIHEHHS TaGJHILbI
K 3TOMY aBTOMaTy, TO B pe3y/bTare MOJY4YHUM TabJHIly paszJuduMocTH (Tabs. 3.4).

Ta6auuma 3.4

3|1 x|x|0]|x|x

21x|10|x|0|x

110 x|x|x]|x

Olx|x|x|x

A|B|C|D|E

[Tocko/bKYy B pe3yJsibTaTe MPOBEPKH YCTAHOBJEHO, YTO COCTOSIHUSI A 1 1 3KBUBaeHTHBI
U ABJAIOTCA HA4YaJbHBIMU Yy OBYX 3aJaHHBIX aBTOMAaTOB, A€JaeM BbIBOM, YTO 3TH ,HKA
OEHUCTBUTEJbHO NOMYCKAIOT OOHWH U TOT K€ A3bIK.

Bpewms 3anosiHeHHs TaOJMLbl, a 3HAYUT, U BpeMsl IPOBEPKHU 3KBHBaJEHTHOCTH
IBYX COCTOSIHMH, MOJMHOMHAJbHO OTHOCHTEJbHO YHCJ/Ia COCTOSHUH. Ecau uucao
COCTOSIHMI PaBHO 7, TO KONMYECTBO Map COCTOAHME paBHo C2, mau n(n — 1)/2.
3a ofMH LHKJ paccMaTpHBAIOTCS BCe Mapbl COCTOSHHUH, UTOObI ONpPENEeIUTD, SBJS-
eTcs JIM OflHa M3 Map COCTOSHUH-NpPeeMHHMKOB Pa3IMYMMOH. 3HAUHT, OAUH LHKJI
saHuMaeT Bpems He Gosbme O(n?). Kpome TOro, eciu B HEKOTOPOM MHKJeE
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He 0GHapy»KeHbl HOBbIE Mapbl Pa3/JHUMMbIX COCTOSIHUE, TO aJrOPUTM 3aKaHUMBAET-
cs1. CllefioBaTe IbHO, KOTMUYECTBO [MKJI0B He mpeBbimaet O(n?), a BepxXHaAs rpaHuLa
BpeMeHH 3anojiHeHus Tabauusl pasHa O(n?).

OnHako ¢ MoMolLbio GoJiee aKKYPaTHO MOCTPOEHHOr0 aJrOPUTMa MOXKHO 3ar0JI-
HUTb Tabauiy 3a Bpems O(n?). C 3Toll Lesblo NS KaXk10H Napsl cOCTOAHMUI (1, 5)
HeOOXOUMO COCTABHTh CIIHCOK Map COCTOSIHUH (p, q), «3aBUCSALIUX» OT (7, §), T.€.
ecau mapa (r, s) pasanuuma, To (p, q) Takxke pasaudynma. BHadase Takue CIUCKH
CO3[AIOTCST IIyTEM PAaCCMOTPEHHUsT KaXKIO0KM Mapbl COCTOSIHUE (p, ¢), U IS KaXKI0ro
BXOIHOTO CHMBOJIa (2 MX 4MCJI0 (DUKCHPOBAHO) mapa (p, q) BHOCHTCSI B CITHCOK
1JIst mapsbl cocTosiHUA-npeeMunkoB (D(p, a) u D(q, a)).

Ecnu o6GHapyxunBaercsi, 4to napa (r, s) pasidukma, TO B CIHMCKE ITOH Mapsl
Kax[asi MoKa HepasjgnukMasi mapa OTMeYaeTcsi Kak pasjidyuMasi ¥ TOMellaeTcsi
B OYepelib Map, CIIMCKH KOTOPBIX HYKHO MPOBEPHUTb aHAJIOTHYHBIM 00Pa3oM.

Ob1iee Bpemsi paboOThl ITOTO aJrOPUTMaA MPOMOPLHOHAIBHO CyMMe MJIMH CIIHC-
KOB, TaK KaK Ka</Iblil pa3 MpoBepsieTCsl HaJuyrhe HeKOTOPOH Maphbl B CikcKe (Koraa
MPOXOAUM IO CIUCKY Mapbl, MPHU3HAHHOH pasauunmoi). Tak Kak pasmep BXOLHOTO
anaBuTa CUUTAETCS TOCTOSIHHBIM, TO KaXKias rmapa coctosiHui monanaetr B O(1)
criuckos. Tlockonbky Bcero map O(n?), cymmaproe Bpems takxke O(n?).

Eie omHHM Ba)KHBIM CJIEICTBHEM MPOBEPKH 3SKBHUBANEHTHOCTH COCTOSIHHH
SIBJISIETCS] BO3MOXKHOCTb MuHHMH3auunu JKA. 1o 3HauuT, uTO A/ KaXKIOro
JKA MoxxHO HaliTH sKBHBaJeHTHBIH emy JIKA ¢ HaWMeHbBIIUM YHCJOM COCTOS-
Hui. Bosee Toro, /sl JaHHOTO $13bIKA CYIUECTBYET €IMHCTBEHHBIH MHHHMAJbHBIH
(c TouHOCTBIO 10 0G03HayYeHHsi cocTosiHui). OcHoBHas uuess MUHHUMH3aun JTKA
COCTOMT B TOM, YTO TOHSTHE 3KBUBAJEHTHOCTH COCTOSIHHH M03BOJIsIET 00 bEIUHSTD
COCTOSIHHS B OJIOKH CJedYyIOLUUM 00pa3oM.

1. Bce 3xkBHBasieHTHBIE COCTOSIHUSI U TOJbKO OHH 06pasyioT GJOK.

2. 3arem ctpoum KA ¢ cocTostHUSIMM — GJIOKaMH.

3. Ilepexonp! onpenessieM ecTeCTBEHHBIM 00pa3oM.

4. HauanbHbeIM cocTOsiHWEM siBJsieTcst OJIOK, COAepKalluil HauajJbHOE COCTOSI-
HUe HCXOINHOr0 aBToMara.

5. 3aKJIIOUUTENBHBIM COCTOSIHHEM $IBJIsSieTCs OJI0K, COIep:KALIUH 3aKIIOUHTENb-
Hble COCTOSIHUSI UCXOAHOI'O0 aBTOMarta.

JlokasaTebcTBO OCHOBAHO Ha TOM, YTO 3KBHBAJEHTHOCTb COCTOSIHUH mpamu-
3umueHa, a KpoMe TOro, Mo oNpeleseHHI0 CHMMETPHUUHA U peJeKCHBHA; 3HAUHT,
6JIOKM COCTOSTHUE 06pasyioT pasbuenue.

Teopema 3.8. [[KA, noayuenHolil 8 pesyrvmame npumeHeHus aAe0PUMMA
MUHUMUSAUUU, UMeem HAUMEHbULee B03MONHOE HUCAO COCMOAHUL U3 8Cex
JKA, skeusarenmHoLx OaHHOMY.

Hoxkaszameavcmeo. [lycte N — JIKA, skBuBaJieHTHHIH HcxonHoMy M,
HO HMEIOLIUH MeHblllee YHUCJI0 COCTOSIHMH. [IprMeHHM a/JropuTM OmpeaeseHHs
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JKBUBAJIEHTHBIX HePa3JHUYUMbIX COCTOSIHUN K oObenuHenuio M u N. Vx Havab-
Hble COCTOSIHMSI 9KBHBaJIeHTHbI (Hepa3auduMbl). JlJ1s1 MIOOBIX ABYX HEPA3JHUHUMbBIX
COCTOSIHUH p M ¢ BCe UX (HeNocpenCTBEHHBbIE) MPEEMHUKH MO JIIOOOMY CHMBOJY
HepasJUYUMbl, MOCKOJbKY ecld Obl MPeeMHHUKH OblIM pasJHuHUMbl, TO D U ¢
MOXHO Obl0 Obl pa3juuUUTbh. TakuM 06pa3oM, Kaxkioe COCTOSIHHE p aBToMaTa
M HeoTsMYMMO XOTsS OBl OT ORHOTO cocTosiHus ¢ aBTomarta N. B camom neue,
CYLIEeCTBYeT Llernovyka ay, ..., g, nepeonsiias M uU3 HauaJbHOrO COCTOSIHUS B P.
dta ke Uenoyka nepeBogUT N B HEKOTOPOe . DTO CJAelyeT U3 TOro, YTO HadyaJjb-
Hble COCTOSIHHSI HEpa3JHYMMBI, ¥ W3 Tpeblayliero 3amedanus. Ecan | M| > |N],
To B M uMeroTCs Ba COCTOSIHUS, Hepa3auuruMble ¢ HekoTopbiM ¢ U3 M. Ho 3To
MPOTHUBOPEUUT TOCTPOeHHI0 M, B KOTOPOM BCe COCTOSIHHSI Pa3IUUYKUMBL. [

Caencteue. Mexcdy cocmosnuamu 1100bix 08YX MUHUMANAbHBLY 048 OQHHO20
AKA asmomamos mox#HO ycmaHo8ums 83aUMHO 00HO3HAUHOE COOmaeemcmaue,
m.e. aMU ABMOMAMbL IKBUBANCHMHbL C MOYHOCMbIO 00 UMEHOBAHUS COCMOS-
HULL.

Hoxaszamearvcmeo. JJocTaTOUHO NPUMEHUTb INpelblAyliee paccyxkKie-
HHe B 00e CTOPOHHI. u

Takum o6pasom, mosydaem cJjaenyOLUIUH aJropuTM MHHHMH3alUWHd aBTOMATa.

1. Cosnatb Bce maphl (3aKJIOUUTENBHOE COCTOSIHHE, HE3aKJII0UUTEIbHOE COCTO-
SIHHE) U OTMETHTb UX KaK HellOMeueHHBIe.
2. Tloka ecTb HemomeueHHas mapa:

a) MOMETHUTH ee;

6) mJas KaXKIOH Mapbl COCTOSIHUE, BeAyllledl B HaHHYIO Mapy MO KaxAOMY
(omHOMY M TOMY »Ke) CHMBOJIY: eCJH 3Ta Mapa He o0O3HaueHa Kak
pas/auuuMasi, ciesnath ee pa3jMuMMON U HellOMeueHHOH;

B) [NOCTPOUTL MHOXKeCTBa 3KBHBAJIEHTHbLIX COCTOSIHHH KaK TPAH3UTHUBHOE
3aMblKaHHeE, KaxKjoe Takoe MHO2KECTBO 00BIBUTH COCTOAHHUEM,;

F) MHO2KeCTBa, COCTOAIIME H3 3aKJ/JHUYUTEJbHbIX COCTOHHI/IIjI, cleJsaTtb 3a-
KJIFOUHUTEJbHBIMH.

Eciv NpUMeHHTh 3TOT a/JrOpPUTM K aBTOMATy, H300paKeHHOMYy Ha puc. 3.16,
TO TIOJIyUHUM aBTOMAT, H300paKeHHbIH Ha pHUc. 3.17, MocKo/bKY cocTosiHust B u D
3KBUBAJIEHTHB. EC/AM TNpPUMEHHUTb 3TOT ajJrOPUTM ONHOBPEMEHHO K aBTOMAaTaM,
1306paxkeHHbIM Ha puc. 3.16 u 3.17, To MOJYy4YUM, YTO SKBUBAJIEHTHBIMH SIBJSIOTCS
mHOxkecTBa cocrostuuit {1, A}, {3, C}, {2, B, D} u {0, E'}.

3.5.3. Peanmuszauma na Java. [lporpamma Ha Java munumuzauuu KA
¢ npoBepKoi skBuBaseHTHOCTH NBYX JIKA npuBenena B nakere Finite (mporpamm-
Hoe mpuokeHue). PyHKIHs equivalence() fenaer clenyoliee.
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Cnenate aBTOMAT BCOAYy onpeneJ/ieHHbIM.

. ﬂJIH KaxXa0ro COCTOAHHSA OIpedeJJIuTb, U3 KaKOro COCTOAHHA IO KaxXAOMY

CHMBOJIY €CTb Tepexon.

i KaxkIOH mapbl COCTOSHUH (p,q) M KaxIOro BXOAHOrO CHMBOJA @
copMHUpOBaTL MHOXKECTBO TaKHX map coctosiHuét (r,s), uro D(r,a) = p,
D(s,a) =q.

CdopMHpOBaTh CMHCOK Tap PasiHUYUMBIX COCTOSTHHI:

a) ecau ecTb mapa (p,q) € (Q\F X F'), To 3aHeCTH ee B CIIUCOK HeroMe-
YEeHHBIX Map;

6) MOKa CIHCOK HEMOMEeUYeHHbIX Map HemycT, BIOpaTh napy (p, ¢), MOMETHTh
ee Kak PasjMYMMYI0 M yHAJHTh M3 CIIHCKA HEMOMEUYEHHbIX Map; ecju
napa (r, s) Takosa, uto D(r, a) =p, D(s, a) = g, ee HeT B CIIUCKe Pa3JIH-
YMMBIX [ap M HET B CIIUCKE HEMOMEUEHHbIX Map, TO BHECTH €€ B CIIHCOK
HENOMeYeHHBIX Tap.

[Toctpouts MHOKecTBO L = {(Q X (QQ)\CHHCOK pas3jHuMMBbIX Map} :
[TocTpouTh paszbueHure MHOKecTBa L Ha KJacChl S9KBUBAJEHTHOCTH:
a) BbIOpaTh mapy (p, q) U3 ITOTO MHOXKECTBA;

6) MOCTPOUTh MHOXKeCTBO S; = {p, q};

B) MoKa B S; eCTb TaKOH 3J€MeHT s, 4TO BO MHOXxecTBe L ecTb mapa (r, )
uian (s, r), 106aBUTb T K 3TOMY MHOXKECTBY M HCKJIOUHTH mapy (T, s)
(unu (s, 7)) us L.

Kaxnoe MHOXKeCTBO S; CTAHOBHTCS HOBBIM COCTOSIHMEM; BCE COCTOSIHHSI
13 Q\{S;} ocraroTcs OIMHOYHBIMU COCTOSHUSIMH.

. MHoxecTBa Si, COCTodAILlMe H3 3aKJIIOYHUTEJbHbIX COCTOHHHﬁ, CTAHOBATCA

3aKJIIOUHUTEJbHBIMU COCTOSIHUSIMH; BCe 3aKJIIOUHTeJbHble COCTOSIHUS, He BO-
weaire B {S;}, ocTaTCs 3aKAOYATEIbHBIMHA COCTOSTHUSIMH.

3.6. IIporpaMmMupoBaHue JIeKCUYECKOTO aHaJaM3a

Kak yxe oTMeuasoch paHee, jeKcHueckui anamuzatop (JIA) moxkeT OBITH

oopmaeH kak nopmporpamma. [lpu ob6pautenun kK JIA BbpaGaTeiBalOTCS Kak
MUHHUMYM JIBa pe3y/bTaTa: THI BbIOPAHHOH JieKCeMbl U ee 3HauyeHHe (ecqd OHO
€CTh).

Ecau JIA cam Qopmupyer TaGaHIbl 0OBEKTOB, TO OH BbIJAET THII JIEKCEMBbI

M yKasaTeJb Ha COOTBETCTBYWOIIMH Bxon B Tabsuile o6bekToB. Ecau xe JIA
He pab6oTraeT ¢ TabjHullaMd 00BbEKTOB, TO OH BbJAaeT THI JIeKCEMBl, a ee 3HaueHHe
nepenaeTcs, HarnphMep, 4epe3 HeKOTOpPYyio Iyo0asbHyl0 NepeMeHHyw0. [Tomumo
3HaueHHsl JIeKCeMbl, 3Ta ryoOasbHas NepeMeHHasi MOXKeT COflepKaTb HEeKOTOpYIo
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IOTIONIHATEJbHYIO HH(POPMALMIO: HOMEpP TeKYLIeH CTPOKH, HOMEP CHMBOJA B CTPOKE
U T.0. dTa UHPOPMALUS MOXKET HCIIOJNb30BATbCS B PA3JHUHBIX LeJsX, HAalpUMep,
IJ151 IUarHOCTHKH.

B ocHoBe JIA nexxuT nuarpamMMa IMepexoloB COOTBETCTBYIOLIErO KOHEUHOTO
aBromara. OtnesnpHasi npo6seMa 31eCcb — aHa/lu3 KJ4eBHX cioB. Kak mpaswuso,
KJIIOUeBble CJI0BA — 3TO BblAeJeHHble HAeHTH(UKaTopbl. [loaToMy BO3MOXKHEI
IBa OCHOBHBIX crioco0a pacrnos3HaBaHUs KJIOUEBBIX CJOB: JHOO ouepenHas JeKce-
Ma CHayaja JUarHOCTHPyeTCs Ha COBMaJeHHe ¢ KAaKUM-THOO0 KJ/IOYeBbIM CJIOBOM
U B Cc/ydyae Heyclexa JeJaeTcsl MOMNBITKA BbIIENHTb JEKCeMY H3 KaKoro-aubo
Kjacca, 160, HaoOOPOT, MOcC/e BHIOOPKH JieKCeMbl HIEHTH(HKATOpa MPOUCXO-
IUT obpalleHre K TabjWle KJAUeBbIX CJIOB Ha mpeiMeT cpaBHeHus. [lompo6Hee
0 MeXaHH3MaX TOMCKa B TaOsaulax OyneT ckasaHo HuxXe (TJ1.7), 31eCb OTMETHM
TOJIBKO, YTO MOHCK KJIIOUEBBIX CJOB MOXET BECTHUChb JHUOO B OCHOBHOH TabJiHlle
UMeH (M B 3TOM cJydae B Hee 0 Hadaja paboTel JIA 3arpyxkawoTcs K/ro4eBbie
cioBa), au6o B oTAesbHOH Tabsuie. [Ipu mepBoMm crocoGe Bce KJ/IOYeBbIE CJIOBA
HeNoCpeaCTBEHHO BCTPAWBAIOTCH B KOHEUHBIH aBToMaT JIA, mpu BTOpoM — KOHed-
HbI/i aBTOMAT COAEPKUT TOJNBbKO Pa3bop UIEHTU(PUKATOPOB.

B Hekoropeix sibikax (Hampumep, [1JI/1 uam PopTpaH) KiwoueBbie cj0Ba
MOT'YT HCII0/JIb30BaThCsl B KadecTBe OOBIYHBIX MIAEHTH(HUKATOPoB. B aTOM ciyuae
pabota JIA He MOXKET HITH HE3aBUCHMO OT pabOThl CHHTAKCHUECKOTO aHaJU3aTopa.

B ®oprpaHe Bo3MOxKHBI, HAapUMep, CaeIyIOlHe CTPOKH:
DO 10 I=1,25

DO 10 I=1.25
B nepBoM csydyae cTpoka — 3TO 3aroJIoBOK L(HKJa DO, BO BTOPOM — OMEPaTop
npucBauBanus. [lostomy, mpexpe 4yeM MOXHO OyoeT BBIAEIUTH Jekcemy, JIA
NOJIXKEH 3arJISIHYTb I0BOJIBHO HAJIEKO.
Ewe cnoxuee peso B I1JI/1. 3mech BO3MOXKHBI TaKHe OMEPATOPbIL:
IF ELSE THEN ELSE = THEN; ELSE THEN = ELSE;

HJIHu
DECLARE (Al, A2, ... , AN)

U TOJNBKO B 3aBHCHMOCTH OT TOrO, 4TO CTOMUT IOCJe «)», MOXHO OIpeNesHUTh,
ABJasieTcsd M DECLARE KJIIOUeBBIM CJIOBOM HJIM HUAeHTH(HUKaTopoM. [liuMHaA TakoH
CTPOKH MOXKET ObITb CKOJIb YTOAHO OO0JbILOH, U YKe HEBO3MOXXHO OTHENUTb (hasy
CUHTAKCHYECKOTO aHa/u3a OT (hasbl JEKCHYeCKOro aHaJ/usa.

PaccMoTpuM HecKosbKO moppoGHee Bompockl nporpaMmmupoBanusi JIA. OcHos-
Has omepanus JIA, Ha KOTOpPylo yXOmuT OOJbliasi 4YacTb BPEMEHH €ro paboThl —
3TO B3ATHE OYepPEJHOT0 CUMBOJIA U IPOBePKA HA MPUHALJIEXKHOCTL €r0 HEKOTOPOMY
nuamnazony. Hampumep, oCHOBHOM LIMKJI NTPU BEIOOPKE YHC/A B MIPOCTEHIIIEM Caydae
MOXKeT BBITVISIAETD CJeAYIOIHUM 00pa3oM:

while (Insym<=’9’ && Insym>='0")
...}
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[IporpaMMy MOXKHO 3HAYHTEJNBHO YJIYYLIHTh Clenylouum obpasom [5]. [Tycrs
LETTER, DIGIT, BLANK — 3/eMeHTbl Nepedyuc/auMoro Tuma. BBenem Mmaccus
map, BXOAAMH KOTOPOro OydyT CHMBOJIBI, 3HaY€HUAMH — THIbI CMMBOJIOB. MHH-
LlMaJM3UPyeM MAacCHB map CcJelylolHuM 00pa3oM:

map[’a’ ]=LETTER;

map[’z’ ]=LETTER;

map[’ 0’ ]=DIGIT;

map[’ 9’ ]=DIGIT;

map[’ ' ]=BLANK;

Torna npuBefeHHBIH LUK/ NPUMET CleAYIoLLYI0 (hopMy:

while (map[Insym]==DIGIT)

{ ... 1}

BrlzesneHne KJ/IOUYEBBIX CJIOB MOXKET OCYILILECTBJAATbLCS MOCJ/e BblAeNeHHUs HIeH-
tiudukatopos. JIA paGotaeT ObicTpee, €C/H KJKOYeBble CI0BA BBIAEJSIOTCS HeMNo-
CPe/CTBEHHO.

Jist 3TOr0 CTPOMTCS KOHEUHBIH aBTOMAT, ONHUCBHIBAIOLINNA MHOXKECTBO KJoue-
BbIX c/10B. Ha puc. 3.18 npuseneH ¢parmMeHT Takoro aBToMara.

PaccmoTprM nprMep nporpaMMHUpOBaHHsl 3TOTO KOHEUHOI'O aBTOMAaTa Ha sI3blKe
Cu, npuBeneHHbIN B [22]:

f
D He OyKea u He yuppa

| KJro4eBoe CJIOBO if|

| byksa uiu yugpa

i udenmuguxamop |

He fu Hen

He t

b6yksa uru yugpa

He bykea u He yugpa

KJIro4eBoe CJIOBO il’lt|

Puc. 3.18

case ’'1i
if (cpl[0]=="f’ &&!(map[cp[2]] & (DIGIT | LETTER)))
{cpt+; return IF;}
if (cpl[0]l=="n’" && cpll]l=="t’'
&&! (map[cp] & (DIGIT | LETTER)))



3.6. [Ipoepammuposarie reKcu1eckoeo aHaiu3a 65

{cp+t=2; return INT;}
{ obpaborka umentTudukaTopa }

3nech cp — yKasaTesb TeKYLIero cMMBoJsia. B MaccuBe map KJjacchl CUMBOJIOB
KOAMPYIOTCS OUTaMH.

[Tockosbky JIA aHamU3upyeT KaxKAblH CHMBOJ BXOJHOTO MOTOKA, €0 CKOPOCTb
CYLIECTBEHHO 3aBHCHUT OT CKOPOCTH BBIOOPKH OUepeqHOTr0 CHMBOJIA BXOAHOTO TIO-
TOKa. B cBOI0 o4epenp, 3Ta CKOPOCTh BO MHOTOM OIpefessieTcsi cxeMo# Gydepursa-
uuu. PaccMoTprM Bo3MoxkHBIE 3(h(PeKTUBHBIE CXeMbl Oydeprsaliu.

N N N N
; | || ?ofl
npodsucerue npoodsuicerue
Hawairo Hauwaairo
a 6
Puc. 3.19

Bynem ucnosb3oBath 6ydep, COCTOSUINN U3 ABYX OMHHAKOBBIX UaCTel NJIUHOH
N (puc. 3.19, a), rne N — pasmep 6s0ka o6MeHa (Hanpumep, 1024, 2048 u 1. 11.).
Uro6bl He 4YUTAaTb KaXKAbl CHMBOJ OTAEJbHO, B KaXKAYIO M3 MOJOBUH Oydepa
nooYyepeHO ONHOU KOMaHIOH 4TeHHs cunuThiBaeTcss N cuMBoJOB. Ecau Ha Bxoze
ocTajoch MeHblle [N CHMBOJIOB, TO B Oydep MoMmelLlaeTcsl CHeLHaJbHBId CHUMBOJ
eof. Bydep cHabxeH IByMs yKasaTeqssMu: npodsudxcerue u Hayaro. Mexny yka-
3aTesIIMM pasMelllaeTcs TeKyllas JekcemMa. BHauyase oHM o0a yKasblBaloT Ha Iep-
BBl CHMBOJ BblJessieMod JiekceMbl. OIUH U3 HUX, npodsusceriue, NPOABUTaeTcs
BIepe], MOKa He OyleT BblJeseHa JeKceMa, M YCTAHABJMBAaeTCsl Ha ee KOHeLl.
[Tocne 06paGoOTKHU JieKceMbl 00a yKa3aTesiss YCTAHABJIMBAIOTCS HA CHMBOJ, CJELY-
LMK 32 JekceMol. Ecu ykasatesb npodsuscerue niepexoquT cepeinny 6ydepa,
TO IIpaBasl I10JIOBHHA 3amoJiHseTcss HOBbIMU [N cuMBosiamu. Eciu ykasatenb npo-
dsudcerue epexofnT NpaBylo rpaHully Oydepa, TO JneBasi MOJOBHHA 3aMOJHSETCS
N cuMBoJIaMU U yKasaTesb npodsujcerue yCTaHABAUBaeTCsl Ha Haudajo Oydepa.

[Tpu kaknom NmpoaBHKEHUH yKasaTtesisi HeOOXOOHUMO NPOBEPSATb, HE HOCTHUIJIH
JIM MBI I'DaHHULbl OOHOH U3 NoJOBUH Oydepa. [Ljsi BceX CHMBOJIOB, KPOMe JlexKalluX
B KOHIlaX NOJIOBUH Oydepa, TpeOyloTcs 1Be NpoBepkU. UHC/IO NPOBEPOK MOXKHO
CBECTH K OJHOU, eCJH B KOHLE KaXKAOW MOJIOBUHBI MOMECTHUTb AOMOJHHTE/bHBIH
«CTOPO2KEBOH» CHMBOJI, B Ka4eCTBe KOTOPOr0 JIOTHUHO B3fTh eof (puc. 3.19, 6).

B atoM caydae mo4yTH AJis BCEX CHUMBOJIOB [eJaeTcsl eJUHCTBEHHAasi NpoBepKa
Ha coBlajieHHe ¢ eof, U TOJBKO NPHU COBNAJEHUMU HYKHO NOMNOJHUTEJbHO MpOBe-
PUTb, LOCTUIVIM JIU Mbl CEPEAMHBl HJIU NIPaBOro KOHLA.

3 B.A. Cepe0GpsikoB
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3.7. KoHCcTpyKTOp JeKcuueckux aHaausatopoB LEX

JLnst aBToMaTH3auuu pa3pabotku JIA GblI0 CO31aHO TOBOJIBHO MHOTO CPENCTB.
Kak npaBusio, BXOIHBIMH SI3BIKAMH JJIS HUX CJYXKAT WJH NPAaBOJHHEHHbIE TpaM-
MaTHUKH, UJW S3bIKM PeryasipHbIX BblpakeHuH. OnHolt M3 HauboJiee pacmpocTpa-
HeHHBIX cucTeM siBasercsi LEX, paboraroliuiéi ¢ paclIMpeHHbIMU peryJ/spHbIMU
BelpaxkeHussmMu. LEX-nporpamMma cocTOUT U3 Tpex uyacTel:

O6BaBIIeHUSA

)
)

HpaBHna TPAHCJIALNHU

[}
)

BcroMoraTesbHEE ITOOIPOr PaMMEL

Cekuusi 0ObSB/IEHUH BKJOUaeT 00bSIBJIEHHS IepeMeHHbIX, KOHCTAHT U OIlpe-
LeJleHUsl peryJsipHbIX BblpakeHuH. IIpu ompenesieHHH peryJsipHbIX BblpaKeHHH
MOTYT HCIOJIb30BaThCsl CAeAYIOINe KOHCTPYKLHH:

[abc] — Jqubo a, au6o b, 1ubo c;

[a-2z] — JlMana3oH CHMMBOJIOB;

R* — 0 niu Gosee MOBTOpPEHHUI peryJ/sipHOro BblpaxKeHUs R;
R+ — 1 nau Gosee MOBTOpPEHHUH peryJ/ipHOro BblpaxKeHUs R;
R1/R2 — Ry, ecnu 3a HUM caenyet Ry;

R1|R2 — au6o Ry, 6o Ro;

R? — ecqu ecTb R, BbIOpaTh ero;

RS — BuIOpaTh R, ec/M OHO MocJ/lefiHee B CTPOKE;

R — BBIOpaTh R, eciy OoHO TepBOe B CTPOKE;

[*R] — gomnoJiHeHue K R;

R{n,m} — noBTOpeHue R oT n m10 m pas;

{rms} — MMeHOBaHHOe peryJspHOe BblpakKeHHe;

(R) — TpyMNIIHAPOBKA.

[IpaBunaa Tpancasuuu LEX-nporpamm umeroT cienyomnil BUL;

p_l { pencrBue_1 }

p_2 { pewncrBue_2 }

p_n { pencrBue_n }
rae p_1i — perynsipHoe BbIpaXkeHHe, a mewcTBue i — (parMeHT NPOrpaMMbl,
OTMHCHIBAIOLIHE, KaKoe NeHCTBUe NOoJKeH chienaTh JIA, korna obpasel p_i cormo-
craBJsietcs jekceMe. B LEX neiicTBust 3anuceiBaoTcs Ha CH.

TpeTbsi cekuHsi CONEP:KHUT BCIOMOraTe/bHbIE TPOLELYPbl, HEOOXOMHUMBIE M1
OedCTBHU. DTH MpOLeLyphl MOT'YT TPaHCJAHPOBATbCS Pa3fes]bHO M 3arpyKaTbCs
¢ JIA.
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JIA, crenepupoBannbiii LEX, B3auMomeHcTByeT ¢ CHHTAKCHUECKHM aHaJ/H3a-
TopoM caenyioimnMm obpasom. [Ipu Bbi3oBe JIA CHHTakCHYeCKMM aHaJHd3aTOPOM
OH TMOCHUMBOJIbHO UWTaeT OCTAaTOK BXOAA, I0Ka He HAXOOUT CaMblil [JUHHBIH
npeuKc, KOTOPbIH MOXKeT ObITh CONOCTaBJIEH OLHOMY K3 PeryssipHbIX BblpakeHHi
p_i. 3aTeMm OH BHIMOJHSIET meficTeue_i. Kak mpaBuiso, neiicreue_1i Bo3Bpaliaer
ylpaBJleHHe CHHTaKCHUeCKOMYy aHanausaTopy. Eciu 3To He Tak, T.e. B COOTBeT-
CTBYIOLIEM IeHCTBHHM HeT BO3BpaTa, TO JIA mpomosKaeT MOHWCK JEKCeM 10 TeX
nop, IoKa AeHCTBUe He BepHeT yIIpaBJeHHe CHHTaKCHueCKOMy aHasusatopy. [lo-
BTOPHBIM MOMCK JIEKCEM BIJIOTh 10 SIBHOW Mepenadyd yrnpaBJ/eHHs 1o3BoJsieT JIA
npaBUJIbHO 0OpabaTbiBaTh Npobesbl U KOMMeHTapuH. CHHTaKCHYeCKOMY aHaJ/u3a-
topy JIA Bo3BpallaeT eIMHCTBEHHOE 3HaueHWe — THI JekceMbl. [/ mepenadyu
UH(QOPMALMK O THUIlE JIEKCEMBI HCIOJb3yeTcs raobajbHasi NepeMeHHas yylval.
TekcToBOe npencTaBieHe BblAeJEHHON JleKCeMbl XPaHUTCS B IeEPeMeHHOH yytext,
a ee 1JMHa B MepeMeHHOH yylen.

ITpumep 3.13. LEX-nporpamma nss JIA, obpabaTeiBatoiiero uaeHTH(GUKATOPbl, YHC-
Jia, KJao4deBble cjaoBa 1f, then, else W 3HaKH JIOTMUECKUX ONepaLUi:

%{ /*ompepmeneuusa koucrauT LT,LE,EQ,NE,GT,

GE, IF, THEN, ELSE, ID, NUMBER, RELOP, Hampumep,
yepesd DEFINE unu cKansapHHE Tun*/ $}
/*peryisapHie onpeneseHus*/

delim [ \t\n]

ws {delim}+

letter [A-Za-2z]

digit [0-9]

id {letter} ({letter}|{digit})*

number {digit}+(\.{digit}+)?2(E[+\-1?{digit}+)?

%%

{ws} {/* pmemcrBUM M BO3BpaTa HeT */}

if {return(IF);}

then {return(THEN);}

else {return(ELSE);}

{id} {yylval=install _id(); return(ID);}
{number} {yylval=install num(); return(NUMBER);}
ngn {yylval=LT; return(RELOP);}

ng=" {yylval=LE; return(RELOP);}

"= {yylval=EQ; return(RELOP);}

> {yylval=NE; return(RELOP);}

"> {yylval=GT; return(RELOP); }

">=" {yylval=GE; return(RELOP);}

%%
install_id()
{/*nopgnporpamMma, XoTopas [OMEmAaeT JIEKCEMY,
Ha I[IEPBHMN CHMBOJI KOTOPOH yKal3mBaeT yytext,

3
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OJIMHa KOTOPOW paBHa yylen, B Tabnuny
CUMBOJIOB M BO3BpalaeT yKasaTeJylb Ha Hee*/
}
install num()
{/*aHanorvuHas nomnporpaMMa Ojisi pas3MelleHUs
JIeKCEeMH uucmna*/

B paspese o6bsiBIeHUH, 3aK/JII0YEHHOM B CKOOKH ${ U %}, MepedyncieHbl KOHCTAHTHI,
UCIIOJIb3yeMble MPABU/IaMH TPAHC/ASILUM. Bce, 4TO 3aK/I0YEHO B 3TH CKOOKH, HENOCpes-
CTBEHHO KomupyeTcs B mporpammy JIA lex.yy.c W He paccMaTpuBaeTcs KaK 4YacTb
peryJsipHbIX ONpeAeJieHHH UJIK MPaBUJ TPAHCASLUMH. To »Ke KacaeTcss U BCIOMOTaTe IbHbIX
NOANpPOrpaMM TpeTbed ceklUH. B naHHOM mpuMepe 3To moamnporpammbl install id
M install num.

B cekuuio onpenesneHni BXOASAT TaK:Ke HEKOTOPLIE PeryssipHble onpeneneHus. Kaxnoe
TaKoe OMpefie/ieHHe COCTOMT M3 MMEHU U PETyJsPHOrO BblpakeHHs, 0003HAUaeMOro 3THM
uMeHeM. Hanpumep, nepBoe onpezneseHHoe nMsi — 3T0 delim. OHo o603HauaeT KJjacc
cumBosioB { \t\n\}, T.e. jJ1060# U3 Tpex CUMBOJIOB: mpobes, TabyJasiuus WJIHX HOBas
cTpoka. Bropoe onpenesneHue — pasnennrtenb, 0603HayaeMblil UMeHeM ws. Pasnenurtesb
— 3710 J06asi MOCAeI0BaTeNbHOCT ONHOTO HMJM 00Jiee CHMBOJIOB-pa3zenuTesnei. CjoBo
delim n0/KHO OBITH 3aKJ/IOUEHO B CKOOKH, UTOOB OTJMUYHTD €ro OT 06pasia, COCTOSILIErO
W3 NSTH CUMBOJIOB delim.

B onpenenennn letter ucnosbsyercss Kjaace cuMBoJoB. CokpauleHuHe [A-Za-z]
0003Hauaet JOYI0 U3 IPONUCHBIX OYKB OT A 10 Z WU CTPOYHBIX OYKB OT a 0 z. B nATom
onpesesieHHd id A TPYNIHUPOBKH UCMOJb3YIOTCS CKOOKH, SIBJSIOIIMECS MeTaCUMBOJaMHU
LEX. AnanoruuHo, BepTHKanbHasi yepra — MertacuMmBoa LEX, o6o3nauaroumuii o6benu-
HEHHe.

B nocnenHeM peryssipHOM oOINpefeseHHH number CHUMBOJ «+» HCIOJNb3yeTcsl Kak
METAaCHMBOJ «OJHO HJIHM 0oJiee BXOXKIEHHH», CHMBOJ «?» KaK MeTaCHMMBOJ «HOJb HJIH
oflHO BXOXneHHe». Ob6paTHasi yepra HCMOJb3YyeTcs IJs TOro, 4TOOBl MPUAATH OOBIYHBIN
CMBICJI CUMBOJY, Hcrosb3youemycs B LEX kak meracumBos. B gactHocTH, necsitudyHas
TOYKa B OomnpefieseHHH number o6o3HayaeTcs Kak «\ .», MOCKOJbKY TOYKa cama mo cebe
NpeJCTaB/IseT KJAacC, COCTOSILIME W3 BCEX CHMBOJIOB, 338 MUCKJIOUEHUEM CHMBOJIA HOBOU
cTpokd. B knacce cumBosioB [+\] oOpaTHasi uepta mnepel] MUHYCOM CTOUT MOTOMY, YTO
3HAaK MHUHYC UCIIOJIb3yeTCss KaK CHMBOJI Mana3oHa, Kak B [A-Z].

Ecnu cMMBOJ MMeeT CMBICJ METacHMBOJIA, TO MPUAATb €My OOBIUHBIH CMBIC] MOXKHO
U T0-APYTOMY, 3aKJ/JI0YMB €ro B KaBbIYKHU. [akK, B CEKLUHH TMPaBHJ TPAHCJISALIHUU MIECThb
onepalnui OTHOLIEHHUS 3aKJIOUeHbl B KaBBIUYKH.

PaccmoTpuM mpaBusia TpaHCJSILKH, CJAeAyiollde 3a TepBbiM $%. COraacHO MmepBoMy
NpaBuJy, ecid OOHApy>KEeHO WS, T.€. MaKCHMaJjbHasi MOCJe10BaTeNbHOCTh MPo6esoB, Ta-
OyasIHUE ¥ HOBBIX CTPOK, HUKAKUX NeHCTBHH He NPOU3BOAMTCA. B uacTHoCTH, He ocy-
IIeCTBJSIETCS BO3BPAT B CHHTAKCHYECKHH aHa/IU3aTop.

CorsiacHO BTOPOMY MpaBUJY, ec/u oOHapyXkKeHa MOCJAENOBATENbHOCTh OYKB 1f, HYX-
HO BepHYTb 3HaudeHWe IF, KOTOpOe ONpele/ieHO KaK lesjasi KOHCTaHTa, MOHUMaeMmasi
CHHTaKCHYEeCKUM aHaJH3aTOpoOM Kak Jjekcema if. AHajoruyHo o6pabaThiBaloTCs KJ/ioye-
Bble cjioBa then U else B ABYX CJeNyOLIUX MPaBUIAX.
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B neiicTBuM, CBfi3aHHOM C NpaBujoM s id, nBa omepatopa. IlepemenHo#t yylval
npUcBavBaeTcsl 3HayeHHe, Bo3Bpallaemoe mpoueaypoit install_id. IlepemeHHas
yylval ompezesieHa B nporpaMme lex.yy.c, Beixofe LEX u mocTynHa cMHTaKCHUeCKoO-
My aHasausaropy. OHa XpaHUT BO3BpallaeMoe JIeKCHUecKoe 3HauyeHHe, IOCKOJbKY BTOPOH
ormepaTtop B JNeHCcTBUU, return(ID), MOXeT TOJBKO BO3BpPaTUTb KOJ KJacca JeKCeM.
®yHkuus install_id 3aHOCUT HIEHTH(PUKATOPBI B TAOMUIY CHMBOJIOB.

AnanornuHo o0pabaThIBalOTCS YHCJIa B CJEAYIOIIEM TpaBuje. B mocieqHux mectu
npaBu/ax yylval ucnosb3yercs /sl BO3BpaTa Kofa olepalMH OTHOLIeHHS, BO3Bpalllae-
Moe ke (DyHKLHel 3HaueHHe — 3TO KOJ JeKceMbl relop.

Ecau, Hampumep, B TeKyuwiui MoMmeHT JIA o6pabatbiBaeT Jekcemy if, To 3Toi
JIeKceMe COOTBETCTBYIOT ABa obpasua: if u {id}, npuuyem Gojee IJUHHOH CTPOKH,
COOTBeTCTBYyIOIIeH oOpasuy, HeT. [lockonbky o6paszen if mpenuiecTByeT o6pasiy Ijst
UIeHTU(UKATOPA, KOH(PJIUKT pa3pellaeTcsi B MOJb3Y K/AOUYEBOrO CJOBA. 1akas cTpaTerus
paspelleHHs] KOH(JIUKTOB M03BOJSIET JIETKO pPe3epBUPOBATh KJ/IOUeBble CJIOBA.

Ecau Ha BXone BCTpeuaeTcs «<=», TO [IePBOMY CHMBOJY COOTBETCTBYeT obpasel «<»,
HO 3TO He caMblil IJMHHBIH 00pasel], KOTOPbIH COOTBETCTBYeT Npedukcy Bxona. Ctparerus
BeIGOpa CaMOro AJIMHHOTO MpeduKca JIETKO pa3peraeT TaKoro poa KOH(MIIHKTHI.



[naBa 4

CUHTAKCUYECKUN AHAJU3

4.1. KoHTeKCTHO-CBOOOIHbIE I'PAaMMATUKHU
M aBTOMAaThl C Mara3uHHOM NMaMAThIO

[lycre G = (N,T,P,S) — KC-rpammarnka. BBemem HeCKOJBKO BaXKHBIX
MIOHATUH U ONpefesieHUH.

BbiBon, B KOTOPOM B JI000# CEHTEHIMAJbHOH (opMe Ha KaXK[IOM Iluare Je-
JlaeTcsl MOACTAaHOBKA CaMOro JIeBOTO HeTepMHHAJa, Ha3blBAETCS Le80CMOPOHHUM.
Ecnu S =*u B mpoliecce JIeBOCTOPOHHETO BHIBOMA, TO U — /1€8as CeHMeHUualb-
Has ¢opma. AHAJTOTHUHO OTMpeNesUM npasocmoporHuti BeiBoL. O603HAYNM IIaTH
JeBoro (mpaBoro) BeiBoga = | (= ).

Ynopsdouennoim epagom HasbiBaetcs napa (V, E), roe V' ecTb MHOXKECTBO
BepIIHH, a /' — MHOXeCTBO JIMHEHHO YIOPSIAOUEHHBIX CITUCKOB YT, KaXKIbIH 3Jie-
MeHT KoToporo umeet Bun ((v, vy), (v, v9), ..., (v, v,)). DTOT 2JEMEHT yKa3bIBAET,
YTO W3 BEPLIMHBl ¥ BBIXOASIT M AYT, MPUYEM MepBOH M3 HHUX CUUTaeTCs AyTa,
BXOAsIlllasi B BEPLIMHY v, BTOPOH — Ayra, BXOASIIAsl B BEPIIMHY Vg, H T. 1.

Ynopsdouennoim nomeuenHoim Oepesom Ha3bIBAETCS YIOPSIOUEHHBIH Tpad
(V, E), 0CHOBOI KOTOPOTO SIBJISIETCS IEPEBO U AJIsT KOTOPOTO OfpefesieHa QpyHKIHs
f:V — F ({pyHKuus paametku), rae F' — HEKOTOpOe MHOXKECTBO.

YnopsinoueHHOe TOMedYeHHOe nepeBo [) HasbiBaeTcsl depesom 8vi8o0a (WJH
depesom pasbopa) uenouku w B KC-rpammaruke G = (N, T, P, S), ecnu BhIOJ-
HSIIOTCS CJIeAYIOLIHUE YCJIOBHS:

1) kopenb nepea D nomeuen S,
2) KaXAblH JHCT rmoMedeH aubo a € T, nubo e;
3) Kaxaasi BHYTpeHHsisl BeplIMHA oMedyeHa HeTepMuHanoMm A € N

4) ecniu X — HeTepMHHaJ, KOTOPbIM MOMeYeHa BHYTPEHHssl BeplinHa ¥ X1, ...
., X5, — MeTKH ee NPSIMBbIX IOTOMKOB B YKa3aHHOM mnopsiike, To X — X ...
... X}, — TIpaBHJIO U3 MHOXecCTBa P;

D) Lenouka, COCTaBJeHHas W3 BBIMMCAHHBIX CJleBa HAMpPaBO METOK JIMCThEB,
paBHa w.
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[Tpouecc onpeaeneHdst MPUHAMIEKHOCTH JaHHOH CTPOKH S3BIKY, TOPOXKIAEMO-
My [TaHHOH rPaMMaTHKOH, W, B CJydae yKa3aHHOH MPHHAJJIEKHOCTH, MOCTPOEHHS
nepeBa pasbopa IJist STOH CTPOKU HA3bIBAETCS CUHMAKCUHECKUM aHaiu3om. Mox-
HO TOBOPHUTb O BOCCTAHOBJIEHHM [iepeBa BbBOAA (B UaCTHOCTH, TPAaBOCTOPOHHETO
HJIM JIEBOCTOPOHHEr0) MJIsi CTPOKH, MpHHAJIexkallel a3biKy. [lo BoccTaHOBJIEHHO-
My BBIBOLY MOXHO CTPOHTh JI€peBo pasbopa.

[pammarika G Ha3biBaeTCsi HEOOHO3HAUMOL, €CJM CYIIEeCTBYeT LENoYKa w,
IJIST KOTOPOH MMeeTcs 1Ba Wi OoJiee PasJMYHBIX JepeBbeB BbiBoaa B G.

[pammariika (G Ha3bIBAETCS A€80PEKYPCUBHOLL, €CITH B HEH MMeeTCs HeTepMHU-
Han A, TakoH, uTO [/l HEKOTOPOH LEMOYKH v cyiecTByeT BuiBog A = T Aa.

Asmomam ¢ maeasunnoti namsamoro (MII-aBTOMAT) COCTOMT H3 YHNPABASIO-
weeo ycmpoticmsa, 8x00HOU AeHmel (6x00a) W TaK Ha3bIBAEMOrO MA2A3UHA.
OnuH KOHell MarasWHa Ha3blBAETCS 8epXYULKOLL, Npyrod — dxom. PopMasibHO 3TO
cemepka M = (Q, T, T, D, qo, Zy, F), rze:

1) Q — KoHeUHOe MHOXKECTBO COCMOSHUL YIPABJISIOLIEr0 YCTPOUCTBA;
2) T — KoHeuHbI# 8x00HOU andaBurT;

3) I' — KoHeuHbIH an(aBUT MALASUHHLLX CUMBOLOS,

4) D — orobpaxenne MHOoxecTBa @ X (T'U {e}) x I' B MHOKECTBO KOHEUYHBIX
nogMHoOXecTB () X I'*, HasbiBaeMoe ¢yrKkyueli nepexodos;

9) qo € Q) — HauaavbHoe cocmosHue YIPaBJSIOLIEr0 YCTPOUCTBA;

6) Zp € I' — cuMBOJ, HaXoAsIIMECS B Mara3uHe B HauaJbHbIH MOMEHT (Hauaib-
HbLLL CUMBOL MA2A3UHQ);

7) F C () — MHOXECTBO 3QKAOUUMEAbHbLX COCTOSHUH.
Kongueypauus MII-aBTomata — 310 Tpoiika (g, w, u), rue

1) ¢ € Q — Tekylee coCTOsSIHUE YNPABJSAIOIIEr0 YCTPOUCTBA;

2) w € T* — HenmpoyUTaHHAs YaCTh BXOAHOM LIEMOYKHU; MEPBBIK CUMBOJI LIEMOYKH
W HaXOIUTCS I0J BXOJHOH TOJIOBKOH;, €CJU W = €, TO CUUTAETCSI, YTO BCH
BXOJIHAsl JIEHTa MPOYUTAHA;

3) u € I'" — comepruMoe MarasuHa, CaMblii JeBbIH CHMBOJ I[EMOYKH U CUH-
TaeTcss BEPXHUM CHUMBOJIOM MarasuWHa; eCJd ¥ = e, TO MarasuH CUYUTaeTcs
MYCTBIM.

Taxm pabomer MIl-aBTomata M OyneM MNpencTaB/siTb B BHJAe OWHApHOTO
OTHOLIEeHHUs |-, ompeneseHHOro Ha KoH(Urypauusax. bynem nucarb

(q, aw, Zu) F (p, w, vu),

ecau MHOxecTBo D(q, a, Z) comepxut (p,v), rae ¢, p € Q, a € TU{e}, w € T*,
Z €l nu,vel™ (Bepxylika MarasnHa cjeBa).
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Hauanrvnoii xongueypayueti MIl-aBromata M HasbiBaeTcsi KOH(UTYpalus
Buga (qo, w, Zy), rae w € T*, T.e. ymnpasJsiioliee yCTPOHCTBO HAXOAWUTCS B Ha-
YaJbHOM COCTOSIHMH, BXOJIHAs JIEHTA CONEPKHUT LENOYKY, KOTOPYIO HY>KHO TpoaHa-
JIU3UPOBaTh, @ B Mara3uHe MUMeeTCs TOJbKO HadajbHBIH CHMBOJ Z.

3akarouumenrvroil Kongueypayuell HazbiBaeTcsi KOHGUTrypalus Buaa (g, e, u),
rie ¢ € F, u € I'*, 1. e. ynpasJsifoliee yCTPOUCTBO HAXOAUTCS B OJHOM H3 3aKJIIO-
YHUTENbHBIX COCTOSIHUH, a BXOAHAs LIeNoYKa LEeJUKOM MPOYUTaHa.

BBenem TpaH3UTHBHOE U pe(/IeKCHBHO-TPAH3UTUBHOE 3aMbIKaHHSI OTHOLIEHHUS
I, a Takxke ero crenenb k > 0 (o603Hadaembie 1, H* u F* coorBeTcTBEHHO).

[oBopsit, 4YTO wmemouka w donyckaemcsa MIll-asromatom M, ecau
(q0, w, Zy) F* (¢, €, u) nast HekoTopsix q € F' nu € T'™*.

MHOXeCTBO Bcex Ienoyek, A0MyCKaeMblX aBTOMaToM M, Ha3blBaeTCsl SI3bIKOM,
donyckaemoim (pacnosrnasaemoim, onpedessemoin) aBromatoM M (o6o3HauaeTcs
L(M)).

IIpumep 4.1. Paccmorpum MII-aBTomar

= ({90, 01, @2}, {a, b}, {Z, a, b}, D, qo, Z, {q2}),

y KOTOPOTO (PYHKIHS MepexofoB [ COmepKHUT deMEeHTHI:

D(qo, a, Z) = {(qo, aZ)},

D(QO» b’ Z) {(QO’ bZ)}

D(qo, a, a) = {(qo, aa), {q1, €)},

D(qo, a,b) = {(qo, ab)},

D(qo, b, a) = {(qo, ba)},

D(qo, b, b) = {(qo0, bb), (q1, €)},

D(q1,a,a) ={(q1,e)},
D(q1,b,0) = {(q1, )},

D(qi, e, Z) = {(q2, €)}.

Herpyano nokasatb, uto L(M) = {wwfw € {a,b}*}, rne w? o6osnauaer oGpaienue
(«mepeBopaunBaHue») LEMOYKH W.

MHorma 1omycTUMOCTh ONPeesIIOT HECKOJIbKO MHAYE: EeNoUKa W A0MyCKAeTCs
MII-asromatom M, ecau (qo, w, Zg) F* (q, €, €) nast HekoToporo g € Q. B Takom
cJlydae TOBOPSIT, UTO aBTOMAT JOMYCKAET LENOUKY ONYCMOUeHUEM MACA3URA. DTH
onpefiesieH|st SKBUBAJEHTHbBI, KOO CrpaBeinBa

Teopema 4.1. H3vix donyckaemcs MII-aemomamom moeda u moabKo mo-
eda, Koeda oH (HeKomopbim Opyeum asmomamom) 0onyYcKaemcs onycmouleHuem
Maeasuma.

Hokasameavcmeo. [lycts L = L(M) nns nekoroporo MII-aBromara
M= (Q,T,T, D, qq, Zy, F). Tlocrpoum HoBeiii MII-aBromar M’, momyckawommni
TOT K€ $13bIK OIMYCTOLIEHHEM MarasHHa.

HMyers M’ = (Q U {q), qe}, T, T U{Zy}, D', qpy, Zy, @), Tie dyHKUMS mepexo-
noB D' ompenesieHa cieayomuM 06pasom:
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1) ecu (r,u) € D(q,a,Z), to (r,u) € D'(q,a, Z) nast Bcex ¢ € Q, a € T U {e}
u Z €' (monenupoBanue M);

2) D'(q, e, Zy) = {(q0, ZoZy)} (Hauano paboTh);

3) ans Beex ¢ € F u Z € TU{Z} muoxectso D'(q, e, Z) conepkKuT (ge, €)
(mepexof B COCTOSIHHE COKpALLEHHsI MarasnHa 6e3 MPOLBHKEHHS);

4) D'(ge, €, Z) = {(ge, )} nas Beex Z € T'U{Z} (cokpalleHye Marasuta).

ABTOMAT CHaua/a nepexomuT B KOH(Hrypauuo (qo, w, ZoZ;) COOTBETCTBEHHO
onpenenenrio D' B 1.2), 3ateM B (¢, €, Y]...Y,Z)), g€ F cooTBeTcTBeHHO 1. 1),
3ateM B (e, e, Y1...Y3Z|), q€F coorBercTBeHHO 1. 3), 3aTeM B (ge, €, €) COOT-
BeTcTBeHHO 1. 4). HetpymHo mokasaTh mo WHAyKuUMH, 4T0 (qo, w, Zg) FT (g, €, u)
(rme ¢ € F) BoimosiHsieTcss mJst aBromata M Torma ¥ TOJNBKO TOrAa, KOTAA
(a9, w, Z§) =7 (e, €, €) Boimonnsiercest aast asromara M. Tlosromy L(M) = L', rae
L’ — a3bik, nomnyckaemblii aBroMmatoM M’ omycTolieHHeM MarasuHa.

O6patHo, nycte M = (Q T,T', D, q, Zy, @) — MII-aBTomart, nOMyCKaOUIHH
omycroleHueM MarasuHa s3bik L. [Toctpoum aBromar M’, nomyckawuyi ToT xe
I3BIK 110 3aKJHOUHTEJbHOMY COCTOSIHHIO.

Myers M’ = (QU{q) qr}. T, TU{Z}, D', qp, Zj, {qr}), rne D' onpenensier-
csl CJIenyIoILHM 006pa3oM:

1) D'(qp. e, Z) = {(q0, ZoZ}y)} — nepexon B «pexxum M»;
2) mas Kaxporo ¢ € Q, a € TU{e}, u Z € T' onpeneaum D'(q,a, Z) =
= D(q, a, Z) — pabota B «pexume M »;

3) nns Beex ¢ € Q, (qr,€) € D'(q, e, Z;) — nepexos B 3aK/MOYHTENbHOE COCTO-
AHUE.

HerpynHo nokasath no unaykiuu, urto L = L(M').
|
OnHuM W3 Ba)KHEUIIWX Pe3yJbTaTOB TEOPUH KOHTEKCTHO-CBOOOMHBIX $13BIKOB
SIBJISIETCS I0Ka3aTesbCTBO KBHUBaseHTHOCTH MII-aBTomaroB n KC-rpammaruk.
Teopema 4.2. 3viKk 58453emMC KOHMEKCMHO - C80000HbIM Mm0e0a U MOAbKO
moeda, Koeda ox donyckaemca MII-aemomamonm.

Hokasamearvcmeo. Illycte G=(N,T, P,S) — KC-rpammaruka. [lo-
crpoum MII-aBromar, nonyckawouumii s3eik L(G) omycTolieHreM MarasuHa.

[ycte M = ({q},T,NUT,D,q,S, ), tne D onpenessercsi CJeryOLKM
obpasom:

1) eciu A — u € P, 1o (¢q,u) € D(q, e, A);
2) D(q,a,a) ={(q,e)} nasiBcex a € T.
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dakruuecku 370T MII-aBTOMAaT B TOYHOCTH MOAEJUPYET BCE BO3MOXKHbBIE Bbl-
Bobl B rpamMatike (G. HeTpyaHo mokasath 1mo HHAYKLHKH, UTO s JHOGOH Lenoy-
kv w € T* BoiBon S = Tw B rpammatuke G cyluiecTByeT TOTAA M TOJBKO TOTAA,
KOTJla CYLIeCTBYeT MOC/IeN0BaTeNbHOCTb TakToB (¢, w, S) FT (g, €, ) aBTomara M.

Hao6oport, nycts nan M = (Q, T, T, D, qq, Zy, @) — MIl-aBromat, fonyckato-
MH OMycTolIeHHeM MarasuHa s3bik L. [TocTpoum rpaMmatiky G, MOpoXAA0ILY IO
S3bIK L.

Iyers G = ({ [¢Zr] | ¢, r € Q,Z €eT}U{S}, T, P, S), tne P cocrout u3 npa-
BUJI CJIEYIOIIEro BHA.

1. S — [qoZoq] € P nast Bcex q € Q.
2. Ecau (r,e) € D(q,a,Z), 10 [qZ1] = a € P, a € T U{e}.
3. Ecmu (r, X1 ... Xi) € D(¢q,a,2), k> 1, o

[qZSk] — (Z[TX1$1H81X282] [Sk_leSk] eP
IJ1s1 to6oro Habopa Sy, S9, ..., S COCTOSIHUU U3 ().

HerepmuHasbl ¥ mpaBu/a BbBOAA TPAMMAaTHKH ONpeIeseHbl Tak, YTo paboTe
aBtomarta M mpu 06paGOTKe LEMNOYKH W COOTBETCTBYET JIEBOCTOPOHHHH BBIBOX W
B rpamMmatrke G.

Jemma 4.1. Ecau (q, z, ) F* (p,y, B), mo Yw € T*, v € T*(q, zw, ay) H*
(p. yw, B7).

Jlokaszameabcmeo OCHOBAHO HAa TOM, YTO MAarasWHHbIE aBTOMAT YMTAET
MarasuH CTPOrO CBEPXY-BHH3 NMOCHMBOJBHO H YMTAET BXOL TaKxKe CTPOro CjeBa-
HaNpaBo MOCHMBOJIBHO.

WMHreprnperanusi onpeleeHHbIX Bbllle HETEPMHUHANOB TAKOBA.

Teopema 4.3. [¢Zp| =*w mummxk (q, w, Z) F* (p, e, €).

Hoxkasameasvcmeo. Heo6xonumocts. [lyers (¢, w, Z) F* (p, e, €).
JlokasbiBaeM MHIYKIHEH M0 YKCJY MEePeXOfoB.

Basuc. (q,w, Z) F (p, e, e), 1.e. (p,e) € D(q, w, Z). 1o nocrpoenuio (npasu-
10 2) [qZp] — w,w € T U{e}.

Hlae. Tlycts (q,w, Z) F* (p,e,e) cocrour u3 n > 1 waros. PaccmoTpum
nepBoiit war: (g, w, Z) F (so, u, X1 X9 ... Xi) F* (p, e, €), w = au, (s9, X1 Xs ...
...Xg) € D(q,a,Z),a € TU{e}. o nocrpoenwio [qZsi] — alsoXsi][s1Xsg] ...

. [sk—1Xsk] mas Beex sp,...sp € Q. TlockosbKy aBTOMAT YMTaeT LEMNOYKY
u C OMyCTOLIEHHEM MarasvHa, ee MOXKHO pasOuTh TaK, 4TO U = wWiWs ... Wk
v 38p,...8_1, Takue, 4to ($;—1, w;, X;) F* (si,e,e). Ilpu 3ToM HcHoJB3Y-

ercst MeHee n maroB. [lo mpeanosoxenuo uHAyKUMH [s;_1X;s;] = *w;. To-
rna [qZsg] — alsoX151][s1X089] ... [Sk—1Xksk] =Faw[s1 Xoso] ... [sk—1 Xksk] =*
=*aw; ... wp = w.

HocrtatouHocTb. Ilyers [¢Zp] =*w. UHaykuus no ajuHe BbIBOAA.
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Basuc. Mpasuno [¢Zp| — w € P, sxauut no npasuay 2 (¢, w, Z) F (p, e, e), w €
ecTUe.

Hlae. Tlyers [¢Zp] =*w 3a n > 1 waroB. Ha nepsom ware [¢Zsi] =
= alsoX1s1][s1X9s9] ... [sk—1Xksk] =*w(s = p). PasobbeM uenouky awj ... wg
TaKk, 4to [$-1X;8i] = *w;, i = 1,... k. Tlo mnpeamonoxkeHHo HHAYKLHH
MOCKOJIbKY BCE 3TH BHIBOAB Kopoue n, (s;—jw;X;) F* (s;,e,e). 3uauwr,
o Jemme (81‘71, WiWi41 ... Wk, XiXi+1 . Xk) F* (Si, Wi41 ... Wk, XZ'+1 . Xk)
[paBuno [qZsi] — a[soXis1][s1Xese] ... [sk—1XkSk] cooTBercTByeT mnepexomy
(s, X1, Xo, ..., Xi) € D(q,a,Z). Cnenosatenbto, (q,awj...wy) = (so, wy ...

cowk, X1 Xg) EF (s, we . wg, Xo . Xg) B (sk, € €).

CrepcrBue. S =*w mummxk [qoZpo] =*w mummx (qo, w, Zy) F* (p,e,e). M

IIpumep 4.2. TloctpoeHue rpammatuku no MII-aBromary.
[Tycte 3anan aBTOMAT

D(qo, 0, Zo) = (g0, X Zo)
D(qo, 0, X) = (g0, X X)
D(qo, 1, X) = (a1, €)
D(q1, 1, X) = (a1, €)
D(qi,e, X) = (q1,¢)

D(q1, e, Zo) = (q1, €)
I'pammaruka:

S — g0, Zo, o0}
S — g0, Zo, q1]
Hs D(qO, 0, Z())
[90, Zo, qo] — 0
[90, Zo, qo] — 0

= (qo, X Zp) nonyuatorcs:
90, X, q0][g0, Zo, qo]
9, X, ¢1]la1, Zo, o]
[90, Zo, q1] — Olqo, X, qo][q0, Zo, q1]
[90, Zo, q1] — Olqo, X, q1][q0, Zo, q1]
13 D(qo, 0, X) = (go, X X) nonyuarorcs:

[qO» X QO] - O[QO’ X! QO] [QOr X» QO]
[90, X, qo] — O[go, X, q1][q1, X, qo]
[90, X, 1] — O[qo, X, qo][q0, X, q1]
(90, X, q1] —>0[QO X, allar, X, 1]
U3 D(qp, 1, X) = (q1, €) monydaercs [qo, X, q1] — 1.

(
Us D(q, e, Zo) = (q1, €) noayvaeres [q1, Zo, q1] — e.
s D(q1, e, X) = (q1, e) nonyyaercs [q1, X, q1] — e.
U3 D(q1, 1, X) = (q1, €) monyuaerest [q1, X, ¢1] — 1.
Her npasuan mast [q1, X, qol, [9, Zo, qo)-

Her TepmuHaibHBIX BBIBOLOB A7 [0, Zo, o] [0, X, qo)-
Ocratorcs:

S — [QO7 ZO’ QI]

[90, Zo, q1] — Olqo, X, q1][q1, X, qo]

90, X, q1] — O[QO, X, allar, X, 1]
lq1, Zo, q1] —

(90, X, q1] —

[qlv X? ] €
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1, X, q1] — 1

Wnu B npyro#t 3anucu:

S— A

A— 0BC

B — 0BD

C—e

B—1

D—e

D—1

MIl-asromar M = (Q,T,T', D, qo, Zy, F') Ha3biBaeTcsi demepmunuposantoim
([IMII-aBTOMaTOM), €C/IM BBIMOJHAIOTCS CJAEAYIOLUINE YCJIOBHUS:

1) muoxectBo D(q, a, Z) comepkuUT He OoJiee ONHOrO 3JeMeHTa AJIsl JIOObIX
q€EQ,aceTU{e}, ZeT,

2) ecu D(q,e,Z) # @, 10 D(q,a,Z) =& nnsi Bcex a € T.

Honyckaembitt JIMII-aBTomMaTom si3bIK Ha3biBaeTcsi demepmunuposantvim KC-
S3BIKOM.

Taxk kak ¢yHkuus nepexonoB JMII-aBromata copmep:KUT He 0GoJiee OLHOTO
3JieMeHTa AJs1 JII0OOW TPOWKHM apryMeHTOB, Mbl OyIeM M0Jb30BaTbCsl 3aMHUCHIO
D(q,a, Z) = (p, u) nas ob6osnauenuss D(q, a, Z) = {(p, u)}.

ITpumep 4.3. Paccmorpum JIMII-aBTOMaT

M = ({q0, a1, @2}, {a, b, ¢}, {Z,a,b}, D, qo, Z, {q2}),

(QYHKIHs MepexoloB KOTOPOTo OMpejesercs CAeayloluM 06pasoM:
D(qo, X,Y) = (g0, XY), X € {a,b}, Y € {Z, a, b},
D(qo,¢,Y) = (q1,Y), Y € {a, b},

D(q1, X, X) = (q1,¢), X € {a, b},

D(qi,e,Z) = (qq, €).
HerpyaHo mokasaTh, 4TO 3TOT AeTepMHHHpOBaHHbIE MII-aBTOMar AOMycKaeT SA3BIK

L = {wcwf|w € {a, b}}.

K coxanenuto, JJMII-aBToMaThl HMEIOT MEHBLIYIO PaclO3HABATEbHYIO CIIO-
cobHoctb, yem MII-aBromatsl. [lokazaHo, B 4acTHOCTH, uTO cyllecTByloT KC-
S3bIKH, He sIBJsoIIHecs neTepMUHHpoBaHHBIMH KC-sisbikamu (TakoBbIM, HampH-
Mep, sIBJIsieTCs I3bIK U3 mpuMepa 4.1).

PaccmoTpum erie onuH BaxkHbIH BUA MII-aBToMara.

Pacwupernnoim aBTOMaTOM € Mara3uHHOW TMaMsTblo Ha3oBeM ceMepky M =
=(Q,T,T, D, qo, Zy, F), rie CMBICI BCEX CHMBOJIOB TOT K€, YTO W /s OObIU-
Horo MII-aBTomata, kpome D, mpencrasJsiioniero co6oii oTobpaxkeHre KOHEYHOTO
nogMHoxkecTBa MHOXKecTBa () X (T'U {e}) X I'™* Bo MHOXKECTBO KOHEUHBIX MOAMHO-
)ecTB MHOXecTBa () X ['*. Bce ocrasibHble onpenesieHusi (KOHGHUTypalHu, TaKTa,
JIOTYCTUMOCTH) /ISl paciiuperHoro MII-aBTomaTa ocTaroTcss TaKUMH XKe, KaK AJs
0OBIYHOTO.
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Teopema 4.4. [Tycmo M =(Q,T,T, D, qo, Zy, F') — pacwupennous MII-
asmomam. Toeda cywecmsyem MIT-asmomam M’, makoii, umo L(M') = L(M).

Pacuupennsit MIT-asromar M = (Q, T, T, D, qo, Zo, F') Ha3biBaetcss demep-
MUHUPOBAHHBIM, €CJIA BBITIONHSIOTCS CJAENYIOLIHE YCJIOBHUS:

1) muoxectBo D(q, a, u) conepKut He GoJiee ONHOTO JEMEHTA [Jisl JIOObX q €
€Q,acTU{e},uel™

2) ecau D(q,a,u) # @, D(q,a,v) # @ ¥ u # v, TO He CYLIECTBYET LEMNOUYKH Z,
TaKoH, 4TO U = VT WJIH UV = Ux;

3) eciu D(q,a,u) # &, D(q, e,v) # &, TO He CyILIECTBYeT LENOYKH T, TAKOH,
YTO U = VT WK U = UZ.

Teopema 4.5. [Tycmo M = (Q,T,T, D, qv, Zy, F) — pacwupernoui AMII-
asmomam. Toeda cyuwecmsyem [AMII-asmomam M’', makoii, umo L(M') =
= L(M).

JMII-aBromar u pacuiupenssi#t JIMII-aBTomaT sekaT B OCHOBe paccMaTpu-
BaeMbIX najiee B 3To rnaBe LL- u LR-ananuzartopos.

Omnpenenenue 4.1. ['oopar, uro KC-rpammatuka HaxomLHUTCS B HOPMAAbHOU
popme Xomckoeo, ecnn KaxK0e MPaBUJIO UMEeT OIHH U3 CJEYIOLIUX BHIOB:

1) A— BC, A, B, C — HeTepMHHAaJbI,

2) A — a, a — TepMHHAaIT,

3) S — e, ¥ B 3TOM caydae S He BCTpedaeTcst B MPaBbIX YaCTSAX MPaBUJL.

YrBepxaenune 4.1. Jlobyrw KC-epammamuxy moxcHo npeobpa3osamo 8 k-
susareHmuyio ell 8 HOpmasbHol opme Xomckozo.

Onpenenenue 4.2. HaszoBem goicomoti depesa MakCUMaJbHYIO IJHHY MYTH
(4MCcsI0 BHYTPEHHHUX BEPLIMH) OT KOPHS JIO JIUCTA.

Yreepxkpaenue 4.2. Ecau KC-epammamuxa Haxo0umcs 8 HOPpMAAbHOL Gop-
me Xomckoeo, mo 0as ar0boii yenouku o, ecau o € L(G) u h — svicoma depesa
8bL600a ¢ kponoii a, |af < 21

O6pamno, ecau |a| > 2h=1" mo svicoma depesa boavuue usu pasna h.

Teopema 4.6. (Jlemma o paspacTaHUM [1Jisi KOHTEKCTHO-CBOOOIHBIX $I3bIKOB.)
Has awboeco KC-asvika L cywecmsyrom maxas koncmauma k, umo awbas
uenouka o € L, |a| > k, npedcmasuma 8 sude o = uvwzy, 2de:

1) vwz| < k;

2) vr #e;

3) wlwa'y € L daa arwboeo i > 0.

fAokaszamearvcmeo. Ilyere L = L(G), tne G = (N,%,P,S) —
KOHTEKCTHO-CBOOOJHAs rpaMMaTHKa B HopMaJ/bHOH (opme Xomckoro. O603HaYMM
yepe3 n YHUCJO HeTEPMHHAJOB, T.e. n = ||, U paccmorpum k = 2.
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[lyete || > k = 2. Torma BbicoTa mepeBa C KPOHOH « GOJblie HJIH paB-
Ha n+ 1 ¥ ecTb NyTh MO HepeBy (OT KOpPHS IO HEKOTOPOTO JIKCTA), KOTOPHIU
BKJIIOUAeT He MeHee, ueM n + | BHYTPEHHHMX BepIIHH (HeTepMHHasioB). Takum
o6pa3oM, CyIIeCTBYeT XOTsl Obl OfMH HETepMHHAJ, KOTOPBIH MOMeyaeT He MeHee
IBYX BepllHH 3Toro nyTu. Cpenud BceX TaKMX HeTEPMUHAJNOB Ha 3TOM IyTH
nyctb A — TakKoOH, YTO €ro BTOPO€ BXOXKJEHHe, CUMTasi OT JIUCTA, HE CONEPHKHT
IPYTHX HETEPMHMHAJIOB, 00/1aJal0OIMX STUM CBOHCTBOM (ec/u Obl 3TO OBLIO He Tak,
TO BbIOpasu Obl 3TOT Apyroit). [lyctb ¢ — BxoxmeHue A, OGsuxkKakiiee K JIHCTY,
p — OarKakiliee, pacrnoJiozKeHHOe Bbille. [IpencTaBumM KpoHy « B BUIE uvwxy, TAE
w — KpOHa moajepeBa )| ¢ KOPHEM ¢ U vwx — KPOHA mopajepeBa Dy ¢ KOpHEM p.
Torna Boicota mopmepeBa Dy He Gosee (n— 1) +2 =n+ 1 (ue Gonee n — 1
HETEePMHHAJIOB, OTJHYHBIX OT A, Moc aBa BXoxaeHus A), Tak uto |[vwzx| < 2™.

Takxxe 04eBHIHO, YTO VI # e, MOCKOJbKY B CHJY OMpeleseHHsi HOpMaabHON
topMbl XOMCKOTO p UMeeT ABYX ChHIHOBeH, MOMEUYEeHHbIX HETePMUHAJaMHU, U3 KOTO-
PBIX He BBIBOIUTCS MyCTasi LI€NMovKa.

Kpowme Toro, S =*uAy = *uvAzry = *uvwzry, a takxke A = *vAxr = *vwz.
Orciona noayuaem A = *viwa’ gas seex i >0 u S = *wvlwaly aasg seex i > 0.M

IMpumep 4.4. TlokaxeMm, uto 3k L = {a™b™c™ | n > 1} He sBJseTCA KOHTEKCTHO—
CBOOOIHBIM S3BIKOM.

Ecnu 661 oH 6611 KC-3BIKOM, TO MBI B3sIIM OBl KOHCTAHTY k, KOTOpasi ompenessieTcs
B JemMe o paspacTanuu. Ilycth z = afbPck. Torma z = wvwzy. Tak kak |vwz| < k,
TO B LENOYKe VWE He MOTYT ObITb BXOXKIEHHS KaXKIOTO M3 CHMBOJIOB a, b U c. Takum
o6pa3omM, Lernoyka uwy, KOTopas MO JeMMe O pa3pacTaHHUM NPUHALAEKUT L, COmepKHUT
aubo k CUMBOJIOB a, JUOO0 k cuMBOJIOB c¢. Ho oHa He MoxKeT uUMeTb Kk BXOXKIEHHUH
KaXKIOTO M3 CHMMBOJIOB @, b U ¢, MOTOMY, uTO |uwy| < 3k. 3HAUUT, BXOKAEHUE KAaKOTO-TO
M3 9THX CHMBOJIOB B uwy GOJIbIIIE, YeM APYTOro, H, cienoBarenbto, uwy ¢ L. TlomyuenHoe
MIPOTHBOPEUHEe MO3BOJISIET 3aKJIIUYUTh, uTO0 L — He KC-s3BIK.

4.2. IIpeo6paszoBanusa KC-rpammaruk

PaccmoTpum  psin npeoGpa3oBaHME, TMO3BOJSIOLIMX «YJyUIIUTb» CBOHCTBA
KOHTEKCTHO-CBOOOHOH IpaMMaTHKH 6e3 H3MeHeHHs NOPOXKAAeMOro €elo S3bIKa.

Hasosem cumBon X € (N UT) nedocmumxcumoim B KC-rpammaruke G =
= (N,T,P,S), ecnu X He mosiB/AsieTcss HU B ONHOH BBIBOLMMOH LEMOYKE ITOH
rpaMMaTHKH. MIHBIMH c/oBaMM, cUMBOJ X HEJOCTHXKHM, eC/id B (G He CYIIeCTBYeT
BoiBona S =*aXf, o, € (NUT)*.

Hazosem cumBonn X € (N UT) neceolumoin (6ecnaodusim), ecin B rpamma-
THKe He CyIlecTByeT BbiBoja Buga X =*w, rome w € T*.

HasoBem cumBos 6ecnoaesnvim, ecqv OH SBJASETCS HENOCTHKHUMBIM HJIH
HECBOLUMBIM.
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BecrnonesHble CUMBOJIBI HE MOT'YT Yy4acTBOBATh B TMOPOXKJIEHUU TEPMHUHAJbHBIX
CTPOK sI3bIKa, NMO3TOMY PAaCCMOTPHUM aJITOPUTM MOCTPOEHHST TPaMMaTHKH, SKBUBa-
JIEHTHOH JaHHOU, HO He cofep:kalled 6ecrnose3HbIX CUMBOJOB.

Auaroputm 4.1. YcTpaHeHHe HECBOAWMBIX CHMBOJIOB.

Bxod. KC-rpammaruka G = (N, T, P, S).

Boixod. KC-rpammaruka G = (N', T', P, S) Ge3 HeCBOZHMBIX CHMBOJIOB,
takas, uto L(G') = L(G).

Memoo. Buinoauuts waru 1-4:

[Tonoxure Ng=T n i =1,
[Monoxuts N; = {A|JA —a € Puac (Ni—1)*} UN;_y;

Ecmu N; # N;_1, TO NoJ0KUTb ¢ = ¢ + | W mepedTH K mwary 2, B IPOTUBHOM
cayydae nosoxute Ne = N; u nepeltu K wary 4;

4. Tlonoxkuts Gy = ((N N N.) U{S},T, P, S), rne P, cOCTONT U3 MNpaBuJ
MHOXKecTBa P, comepkKaliix ToJAbKo cuMBoabl 13 N U T

Auaroputm 4.2. YcTpaHeHHe HeIOCTHKHUMBIX CHMBOJIOB.

Bxod. KC-rpammaruka G = (N, T, P, S).

Boixod. KC-rpammartuka G' = (N',T', P', S) 6e3 HeZOCTHXKHMBIX CHMBOJIOB,
takasi, uto L(G') = L(G).

Memoo. Buinoauuts mwaru 1-4:

1. Tonoxurs Vo ={S} ui=1;
[Monoxuts V; = {X |BPects A - aXfuAecV,_ 1} UV,_y;

Ecmu V; # V;_, nonoxuth ¢ =i+ 1 ¥ mepedTH K wary 2, B NPOTUBHOM
cayyae mepedTH K wwary 4;

4. Tonoxuts N' =V, NN, T' = V;NT. Bxawouurs B P’ Bce npasusia us P,
cozieprKalliye TOJbKO CHMBOJBI U3 V;.

Yro6bl ycTpaHUTh Bce Gecrosie3Hble CUMBOJIBI, HEOOXOAUMO NPHUMEHHUTb K HC-
XOIHOH rpaMMaTHKe cHavasa aiaroputm 4.1, a 3atem anroputm 4.2.

ITpumep 4.5. Bce cumBoJbL Crefyiolell rpaMMaTHKH

S — AS|b;

A — AB;

B —a.

[TockosnbKy BCe CHMBOJIBI TPaMMAaTHKK NOCTHXKHMbl, IPUMEHEHHE CHauaJja ajropuTMma
4.2 He mensieT rpammatuky. [IpumeneHue anropuTMa 4.1 MPUBOOUT K MOSIBIEHUIO HENO-
CTHXKHUMBIX CHMBOJIOB.

KC-rpammaruka 6e3 Gecrio/sie3HbIX CUMBOJIOB Ha3blBaeTcs npugedenHoti. Jlerko
BUIEeTb, UTO Ajs Jio6oi KC-rpaMMaTHKH CyllecTByeT 3KBHBaJleHTHasi NPUBEJEH-
Hast. B nasnbHefiiem Gynem npeanosarath, UTo BCe pacCMaTpuUBaMble rpaMMaTHKH
— IpHBeJIeHHbIE.
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4.3. Aaroputm Koka-fAurepa—Kacamu

[TpuBenem a/nropuTM CHHTAKCUYECKOTO aHa/u3a, MPUMEHHUMBIH AJs 060
rpaMMaTHKH B HOpMaJsbHOH opme XOMCKOTO.

Aaroputm 4.3 (Koka—-Aurepa—Kacamu).

Bxod. KC-rpammaruka G = (N, T, P, S) B Hopma/bHOH (opme XOMCKOTo
¥ BXOIHAs LIeNouka W = aias ..., € T,

Beixod. Tabnuua pasbopa Tab nns w, takasi, yto A € ¢;; Toraa M TOJBKO
toraa, Korna A = Taaiq ... aipjoy.

Memod. BeimosHuth mwaru 1-3:

1. Monoxuts t;; = {A|A — a; € P} nas kaxporo i. Takum o6pasom, ecsu
A€ t;, 0 A= Ta,.

2. Ilyctb t;5 Berancaeno s 1 <i<nu 1 <j < j. Ionoxuwm t;; = {A| nns
Hekoroporo 1 < k < j npaBuno A — BC € P, B € ty, C € tippj—i}. Tax
Kak 1 <k <j,tok<juj—Fk<j. Ilostomy t; ¥ tjtk j—k BBIUMCIAIOTCA
panblie, yeM t;;. Ecin A € t;5, 10
A=BC= Ta;...ai1,-1C = Tar ... Giyk—10itk .. Gitj_1.

3. IloBTopATh wWwar 2 10 TexX MOp, MOKAa He CTAHYT H3BECTHHl t;; I/ BCeX
I€i<nul<j<n—i+1.

Aaroputm 4.4 (HaxoxKaeHHs JeBoro pasbopa mo tadauie paséopa Tab).

Bxod. KC-rpammaruka G = (N, T, P, S) B Hopma/bHOH (opme XOMCKOTo
C MpaBUJaMH, 3aHYMEPOBAaHHBIMH OT | 10 p, BXOIHAs LEMOYKA W = a|dy ... Gy €
€ T u rabauua paséopa Tab.

Boixo0. JleBblli pa30op LENOUKH w WM CHTHAJ «OLIHOKa».

Memoo. Tlpouenypa gen(i, 7, A).

1. Eciu j=1wu A — a; = py,, TO BHAATh M.

2. llycte 7 > 1 u k — HaumeHbliee U3 yucesa ot 1 1o j — 1, Aig KOTOPBIX Cy-
mecTByloT B € t, C' € tij j—k ¥ 1paBuUIo py, = A — BC. Beinats m u BbI-
nonuuth gen(i, k, B), 3arem gen(i + k, j — k, C'). Bunoauuts gen(l, n, S),
ecan S €ty ,,; UHAUE «OLIHOKA.

4.4. Pa36op cBepxy-BHU3 (IIpeAcKa3bIBalOIUiA pa3dop)

4.4.1. Aaroputm pa3dopa cBepxy-BHU3. [lycTb nana KC-rpammaruka G =
= (N, T, P, S). Paccmotpum pasbop ceepxy-sHu3 (npedckasviearowjuii pazbop)
IJs1 TpaMMatuky G.

[naBHas 3amaua mpenckasbiBamwllero pa3dopa — orpefesieHHe NpaBuUJia BbIBO-
113, KOTOpOe HY>KHO NPUMEHHUTD K HeTepMHHaJy. [Iporecc npenckassiBaolero pas-
6opa ¢ TOUKH 3peHHs IOCTPOEHHUs IepeBa pa3bopa MPOUJIIOCTPUPOBAH Ha puc. 4.1.
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S S S

/1N /1N

X1X2 LA X1X2 LX)

/ /|
/ /|
Y Y |
| /N L

/ X / eee /l \

a eee § (Q ®eecsscee § (L ®000ceces ) socee $

Puc. 4.1

cbpaI‘MeHTbI HEOJOCTPOEHHOro aepeBa COOTBETCTBYIOT CEHTEHUHAJbHBIM (I)Op-
MaM. BHayase nepeBO COCTOMT TOJbKO W3 ONHOH BepLIMHBI, COOTBETCTBYIOLIEH
dKCHoMe S B sToT MoMeHT 1O NepBoMYy CHUMBOJY BXO}IHOIL/'I HEeNOoYKH MnpenckKasbiBa-
IOIIMH aHaAIM3aToOp MOJIKEH omnpenesuTh mpaBuao S— XXy ..., KOTOpoe HOMKHO
OBITh TIPUMeHEHO K S. 3aTeM HeOOXOIHUMO OIPEeNEJUTb MPABUJIO, KOTOPOE HOJKHO
ObiTh TIpUMeHeHO K X, U T. .. OO0 TeX MO0p, [I0Ka B MPOLECCE TAKOIO MOCTPOEHHS
CeHTeHLLI/IaJIbHOfl qi)OprI, COOTBeTCTBy}OHJ,eﬁ JIEBOMY BbIBOAY, HE 6y,[LeT [IPUMEHEHO
npaBuio Y — a.... DTOT Mpolecc 3aTeM TPUMEHSIeTCsl IJIsi CJAEYIOLUEro caMmoro
JIEBOTO HETEPMHHAJbHOIO CUMBOJIA CEHTEHLUHUAJbHOU (POPMBI.

Ha puc. 4.2 ycioBHO mokasaHa CTPYKTypa NpPeNCcKasblBaIOIIEro aHa/ u3aTopa,
KOTOpPBIH OTpefesisieT o4epeqHOe MPABHJIO C TMOMOIIbIO Tabauilbl. Takyio TaGJauILy
MOXKHO TMOCTPOUTb U HEMOCPEACTBEHHO MO TpamMMaTHKe. TaGJHUHO-yNpaB/sieMbli
NpeNCKa3blBAOUIMN aHAJU3aTOP KMeeT BXOJHYIO JIEHTY, YIIPaBJsolllee YCTPOUCTBO
(mporpaMmy), Tab/MLy aHajM3a, MarasuiH W BHIXOAHYI JeHTY. BxomHasi sieHTa
COIEPKHUT aHAJIU3UPYEMYIO CTPOKY, 3aKaHUYMBAIOIIYIOCS CUMBOJIOM $ — MapKepoM
KOHIAa CTPOKH. BI)IXOIIHEIH JIEHTa COHEPXKHUT I0CJIeN0BATEJbHOCTL MPHUMEHEHHBIX
[IpaBUJI BbIBOAA.

BXOJ a + b $

MarasuH f
BbIXOJ
X nporpaMmMa IpejickasblBamIero | o
aHa/jM3aTopa
v p
z /
$ TabJsuna aHaIu3aTopa

Puc. 4.2

Tabnuua ananusaropa — 310 aByMepHbid MaccuB M|[A, a], rne A — Herepmu-
Haj, a — TepMHHa/ WA cuMBOJ $. 3HaueHueM M [A, a] MoxeT GbITb HEKOTOPOE
PaBUJIO TPAMMATHKU UJIM 3JIEMEHT «OIIHOKa».



82 Inasa 4. Cunmaxcuueckuti aHaius

Marasun MOXeT cofep:KaTb MOCJEeN0BATENbHOCTb CHMBOJIOB IPAMMATHKH C $
Ha fnHe. B Hada/ibHBII MOMEHT MarasuH CONEPXKHUT TOJbKO HAuyaJbHBIH CHMBOJI
rpaMMaTHKH Ha BepxyllKe U $ Ha JHe.

Ananuzarop pa6oTaer cienywdM ob6pasoM. BHauase oH HaxomuTcs B KOH-
(urypauuu, B KOTOPOH MarasuH COIEpXXHUT S$, Ha BXOOHOH JeHTe w$ (w —
aHaJM3MpyeMasi Lerouka), BbIXoqHast JeHTa mycta. Ha Ka)XIoMm TakTe aHajHd3aToOp
paccmaTtpuBaeT X — CHMBOJ Ha BepxXyllKe MarasuHa U @ — TeKYLIUH BXOOHOH
CUMBOJI. DTH [Ba CHUMBOJIA OTPeNeNsioT AeHCTBUS aHanuzaTtopa. Mmerores caeny-
IOLIMe BO3MOXKHOCTH.

1. Eciu X=a=3$, To aHasu3aTop OCTaHaBJHUBaeTcs, coobiiaeT 06 yCIeLIHOM
OKOHYaHHWH pa3bopa U BBIIAET COAEPKHUMOE BBIXOJHOU JIEHTHI.

2. Ecmu X=a#$, 1o aHanusarop ynasnser X M3 MarasuHa M IpOABHUTaeT
yKaszareJ/b BX0[Aa Ha CJAeYyIOLIMH BXOLHOH CHMBOJI.

3. Ecmu X — repmunan, npuyem X #a, TO aHAJIM3aTOp OCTaHABJIHBAeTCS
U CcOOOIaeT O TOM, UTO BXOAHAs LleNoYKa He MPUHAMJIEKHUT SI3BIKY.

4. Ecniu X — HerepMmuHasd, To aHanusaTop obpaitaercss K Tabauue M[X, al.
BosMoxkHBI f1Ba ciyuas.

a) 3unauenuvem M[X, a] siBasiercs npasuio aiasi X. B stom cayuae anasn-
3aTop 3ameHsieT X Ha BepxylliKe Mara3uHa Ha MPaByl 4acTb AAHHOTO
npaBHJia, @ CaMo MPaBUJIO TOMeLlaeT Ha BBIXOAHYIO JIEHTY. YKasaresb
BXOJla HE IepeBHraeTcs.

6) 3uauenunem M[X, a] siBasieTcsi «ownOka». B sToM ciydyae aHamusarop
OCTaHaBJMBaeTCsl M COOOLIAeT O TOM, YTO BXOIHAsH Lernoyka He MpHHA/-
JIEXKHUT SI3BIKY.

Pa6ora aHanuzatopa MoxKeT ObITh 3alaHa CJeqylolleld MporpaMMoK:
[TomecTuth $,3aTeM S B Marasus;
do {X = BepxHHI CHMBOJ MarasuHa,
if (X - Tepmunan)
{ if (X==InSym)
{ymanute X w3 marasuHa,
InSym = ouepenHOH CHMBOJI;
}
else {error(); break;}
else if (X - nerepmuuan)
it (M[X, InSym]=="X->Y1Y2...Yk
{ymanute X w3 MarasuHa,
noMecTuth Yk,Yk-1,...Y1 B mMarasun (Y1 Ha BepxylIKy);
BbiBecTH mpaBuso X->Y1Y2...Yk;

}

else {error(); break;} /*Bxon Tabmuuel M myct*/
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}
while (X!= $); /*marazun mycr*/
it (InSym !'= $) error(); /*He Bcs cTpoka mpounTana*/
IIpumep 4.6. PaccMoTpuM rpaMMaTHKy apU(pMeTHYeCKHX BbIpaxkeHud G =
=({E,E,T,T', F},{id, +, %, (,)}, P, E) c npaBunamu:

E —-TE'; T — «FT",
E - +TE; T —e

E —e; F — (E),
T — FT'; F —id.

Huoxe npuBeneHa TabnuLa NpencKasblBalOLIET0 aHAIM3aTopa HJis 3TOH rpaMMaTHKH
(taba. 4.1). [lycTbie KJIETKHU TaOJHIIBI COOTBETCTBYIOT 3JIEMEHTY «OIIHOKa».

Ta6auna 4.1
Herep- BxonHo#t cumBoOa
MuHan | id + * ( ) $
E |E-TF E—TF'
E’ E'—+TF' E'—e|E'—e
T |T—FT’ T—FT'
T’ T —e |T'—xFT’ T'—e|T'—e
F | F—id F—(E)

[Tpu pazbope BxomHOU 1enouKH id + id * id$ aHAIU3ATOP COBEpIIAET MOCJEN0BATENb-
HOCTb ILIATOB, ONMCAHHYIO B Tads.4.2. 3aMeTHM, YTO aHAJW3aTOP OCYLIECTBJSET B TOU-
HOCTH JIeBblil BbIBOA. Ec/M 3a y»Ke NPOCMOTPEHHBIMH BXOAHBIMM CHUMBOJIAMH [IOMECTHTb
CHMBOJIbl I'PaMMaTHKH B MarasuHe, TO MOXKHO IOJYYUTb B TOYHOCTH JieBble CEHTeHLHaJb-
Hele (popMbl BeIBOAA. [lepeBo pasbopa AJst 3TOH LENOYKH MPHBELEHO Ha puc. 4.3.

T E
VNN
id € F T e

| /\
id * }|7' T
|
id e

Puc. 4.3
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Ta6nuua 4.2

Marasus | Bxog Brixon
ES id + id * id$
TE's id+idxid$ | E — TE'
FT'E'$ |id+idxids |T — FT'
WdT'E'S |id+idxid$ | F —id
T'E'S +id * id$
E's +id * id$ T —e
+TE'S +id * id$ E' — +TE
TE'S id % id$

FT'E'$ |id«id$ T— FT'
idT'E's |idxid$ F —id
T'E'S *id$

xF'T'E'S | xid$ T — «FT’
FT'E's |id$

idT'E's |ids F —id
T'E'$ $

E's $ T —e

$ $ E —e

4.4.2. ®yukuun FIRST u FOLLOW. Ilpu noctpoeHHH Tab/HLbI
MpencKa3blBalOIIero aHajM3atopa HaMm mnotpebytorcss aBe ¢QyHkuun — FIRST
u FOLLOW .

[lyete G = (N, T, P, S) — KC-rpammaruka. J{nsi o« — mpou3BOJIbHOH Lenoy-
KH, COCTOSILIEl U3 CHMBOJIOB rpaMMaTHKH, onpeaeaum FIRST (o) Kak MHOXKeCTBO
TEPMUHAJIOB, C KOTOPbIX HAUHHAIOTCS CTPOKH, BEIBOAUMbIE U3 cv. Ecoin av =%e, 1O €
TakxKe npuHannexut FIRST («a).

Omnpenenim FOLLOW (A) nnst HetepmuHaia A Kak MHOXECTBO TEPMHHAJIOB
@, KOTOpble MOTYT MOSIBUTbCSl HEMOCPENCTBEHHO clpaBa OT A B HEKOTOPOH CeH-
TeHLUHAJbHOH (OpMe rpaMMaTHKH, T.€. MHOXKECTBO TEPMMHAJOB a, TAKHX, UTO
cylllecTByeT BeIBOI Buaa S = *avAafl nnisi HekoTophiX a, 3 € (N UT)*. 3amerum,
4TO MeX1y A M a B mpolecce BbIBOAA MOTYT HaXOAWThCS HeTepMHHAJbHbIE CHM-
BOJIbl, U3 KOTOPBIX BBIBOAUTCA e. Ecau A MoXeT ObITb CaMbIM MPaBbIM CHMBOJIOM
HEKOTOpOH CeHTeHLHa bHOH (opMbl, To $ Takxke npuHapiexutr FOLLOW (A).
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Paccmortpum anroputmel Beruncaenus GpyHxkuun FTRST.

Agroputm 4.5. Beruncnenune FIRST nns cumBosioB KC-rpaMmaThKy.
Bxod. KC-rpammaruka G = (N, T, P, S).

Boixod. MuoxectBo FIRST(X) nast kaxnaoro cumBoia X € (NUT).
Memoo. Bemmonuuts maru 1-3:

1. Ecin X — repmunan, to nonoxurs FIRST(X) = {X}; ecmu X — Herep-
MHHaJ, To nojoxuts FIRST(X) = @.

2. Ecnu B P umeercs npasuio X — e, 1o no6asuth € K FIRST(X).

3. Tloka cymectBytor MHOXKecTBa FIRST(X), K KOTOPHIM MOXHO 100aBJSTh
HOBBIE 3JIEMEHThI, BHIIOJHSATE!

do {continue = false;

Jlnst kKaxkporo HetepMuHaia X
Hns kaxnoro npasuia X — Y1Ys.. .Yy
{i=1; nonstop = true;
while (i < k && nonstop)
{no6asute FIRST(Y;)\ {e} xk FIRST(X);
if (bbbl H06aBJeHb HOBBIE 3J€MEHTHI)
continue = true;
if (e ¢ FIRST (Y;)) nonstop = false;
else i+ =1;
}
if (nonstop) {no6asuts ¢ k FIRST(X),

continue = true;

IS

while (continue)

Aaroputm 4.6. Boiuucnenvne FIRST nisi 1eNoukH.

Bxod. KC-rpammaruka G = (N, T, P, S).

Boixod. Muoxectso FIRST (X X,y ... X)), X; € (NUT).
Memoo. Buinoauuts maru 1-3:

1. ITpu nomotuu anroputma 4.5 Beruucants FIRST(X) nasi kaxporo X € (N U
uT).
2. Tonoxuts FIRST (X, Xy ... Xp) = @.
3. {i = I; nonstop = true;
while (i < n && nonstop)
{no6asuts FIRST(X;) \ {e} x FIRST (u);
if (e ¢ FIRST(X;)nonstop = lalse;
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else i+ = 1;
}
if (nonstop) {no6asuts e k FIRST (u);
}

Paccmortpum anroputm Berunciaenus gpyakuuun FOLLOW .

Aaroputm 4.7. Boiuucnenve FOLLOW pnsi HeTepMHHAJ/IOB TpaMMaTHKH.
Bxod. KC-rpammatuka G = (N, T, P, S).

Boixod. Muoxectso FOLLOW (X) nast kaxkporo cumBosia X € N.
Memod. Beinosnuts waru 1-4:

1. Tonoxuts FOLLOW (X) = @ pas kaxngoro cumBosia X € N.
2. HNob6asutb $ Kk FOLLOW (S).

3. Eciu B P ectb mpaBusio BeiBona A — aBf, roe «, 3 € (N UT)*, To BCe
anementsl U3 FIRST((3), 3a uckaiouernem e, no6asuts K FOLLOW (B).

4. Tloka cymectBytoT MHOKecTBa FOLLOW (X)), K KOTOPBIM MOXXHO 106aBASTH
HOBBIE 3JIEMEHTHI, BHIIIOJHSATE!

eciu B P ects mpaBuio A — aB nin A — aBf, a, 5 € (NUT)*, roe
FIRST(B) comepxut e (8 =*e), To Bce anementsl u3 FOLLOW (A) no6a-
Butb K FOLLOW (B).

IIpumep 4.7. PaccmoTpum rpammaTuky U3 npumepa 4.3. [lns Hee:
FIRST(FE) = FIRST(T) = FIRST(F) = {(, id};
FIRST(E') = {+,¢e};

FIRST(T') = {x, e};

FOLLOW (E) = FOLLOW (E') = {), $};
FOLLOW(T) = FOLLOW(T') = {+,), $};
FOLLOW (F) = {+,%,),$}.

Hanpumep, id n neBasi cko6ka pobasasioresi K FIRST(F) na ware 3 npu i = 1,
nockosbky FIRST(id) = {id} u FIRST(() = {(”} B coorBerctBuu ¢ warom 1. Ha mare
3 npu ¢ = 1, B cooTBeTcTBHH ¢ mpaBusoM BeiBoga T — FT', k FIRST(T) nobasasiorcst
Takxke id u JeBasi cko6ka. Ha ware 2 B FIRST(E') Bkawouaercs e.

[Ipu BoiuucaeHnd MHoxectB FOLLOW wua ware 2 8 FOLLOW(E) Bk/oua-
erci $. Ha ware 3, Ha ocHoBanuu mpasuia F — (E), k FOLLOW(E) po6as-
JISIeTCST Takke TmpaBas ckoOka. Ha ware 4, npumeHenHom k mpasuny E — TE,
B FOLLOW (E') Bkaiouatorcst $ u mpasasi ckoOka. [lockonbky E’' =*e, oHH Takxke
monanaioT u Bo MHoxkectBo FOLLOW (T). B cootBercTBuE ¢ npaBusoM BeiBona £ — TE’
Ha ware 3 B FOLLOW (T) Bkawuaiorcsi U Bce sneMeHTsl U3 FIRST(E'), otnuuHble
oT e.

Mer onpepennan FIRST Kak MHOXKECTBO Lierovek AJMHHBI He Gosee 1. Touno
Tak ke MOXHO omnpenentb (pyHkuuio FIRSTy(a), rne k — HaTypasibHOe YHCIIO
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uac (NUX)* FIRST,(a) = {w € ¥*| mubo |w| < k u a = gw, qubo |w| =k
@ = qwx /s HEKOTOporo x € X*}.

Ecmu a € ¥*, to FIRST,(a) = {w}, tme w — 310 nepBbie k CHMBOJIOB
LeMOYKH o TIpH || > k 1 w = o nipu || < k.

4.4.3. KoHcTpyupoBaHue TaOaMLbl NpeICKa3bIBAlOLIEr0 aHAJM3aToOpa.
J1i1s1 KOHCTPYHpPOBAHUS TaGJMHLBI PeJCKa3blBAKOILEr0 aHa/IM3aTopa Mo rpaMMaTHKe
G MoxeT ObITb HCIIO/Ib30BaH aJrOPUTM, OCHOBAaHHHIH Ha caenyouledl unee. Ilpen-
MOJIOXKHUM, 4To A — o — mpaBuJo BbiBoga rpammatiku U a € FIRST («). Torna
aHa/M3aTop MesaeT pa3BepTKy A MO «, eClH BXOIHBIM CHMBOJIOM SIBJISIETCS G.
TpynHocTb BO3HHKaeT, KOTla a = e UK o =*e. B 9TOM c/1yuae Hy»KHO pa3BepHYyTb
A B «, ecau TeKyLMH BXOLHOH cuMBOJ mpuHamiexutr FOLLOW (A) unu ecnu
nocTurHyt $ u $ € FOLLOW (A).

Aaroputm 4.8. [TocTpoeHue Tab/uLbl PeNCKa3bIBAOIIEr0 aHAMHU3ATOPA.

Bxod. KC-rpammaruka G = (N, T, P, S).

Boixod. Tabanua M[A, a] npenckaseiBatoiuero ananusaropa, A € N, a € TU
u{s}.

Memood. Ins Kaaoro npaBuja BbiBoga A— (v TPaMMATUKH BBIOJHUTE IIaru
1 u 2. Ilocne 3TOro BHIMOJHUTL LIAT 3.

1. dns kaxnporo tepmuHana a u3 FIRST (a) nobaButs A—« k MIA, a].

2. Ecu e € FIRST (), To no6aButh A — « K M[A,b] nasi Kaxnoro tep-
muHana b us3 FOLLOW (A). Kpome Ttoro, ecnu e € FIRST (o) u $ €
€ FOLLOW (A), to no6asuts A — a x M[A, $].

3. Tlosi0kUTh BCe HeompenesieHHblE BXOIbl PABHBIMH «OIIHOKa».

ITIpumep 4.8. Ilpumenum anroput™ 4.7 k rpamMmmathke u3 npumepa 4.3. ITockosbky
FIRST(TE') = FIRST(T) = {(,id }, B cooTBercTBUH ¢ mpaBusoM BbiBoga E — TE’
sxonsl M[E, (| u M[FE, id ] craHossitcst paBubiMu E — TE'.

B coorBercTBuM ¢ mpaBujom BbiBoga B’ — +TE’ snauenue M[FE’, 4| pasHo E/ — +
+TFE'. B cooTBetcTBUY ¢ TpaBusoM BeiBona F’ — e snauennss M[E’, )] u M[E’, $] paBubl
E' — e, mockonbky FOLLOW (E') ={), $}.

Tabnuua aHanu3a, MOCTPOEHHAs 110 AJTOPUTMY 4.8 1J1s1 3TOH rpaMMaTHKU, WAEHTHYHA
Taba. 4.1.

4.4.4. LL(k)-rpammatuku. Asroputm 4.8 mocTpoeHus TabGJULIbI MpeacKa-
3bIBAIOLIETO aHAJMU3aTopa MOXKeT ObITh puMeHeH K J060d KC-rpammarnke. OngHa-
KO JIJIS HEKOTOPbIX I'PAMMaTHK TOCTPOeHHast TabnIa MOXKeT UMEeTh HEOIHO3HAUHO
ompenesieHHble BXOAbl. Hampumep, HeTpymIHO A0KasaTh, UTO €CJH TpaMMaTHKa
JIeBOPEKYPCHBHA MJIM HEONHO3HAuHa, TO Tabsuia OymeT UMeTh MO KpaiiHe#d Mepe
OJIMH HEOIHO3HAUHO ONpeleseHHbIH BXOJ.

['pamMmaTHKH, 1151 KOTOPBIX TabJHIla MPeICcKa3blBaKOIIEro aHaau3aTopa He UMe-
€T HeOJHO3HAaYHO OlNpeleseHHBIX BXONOB, HasbiBatoTcsi LL(1)-rpamMmaTnkamy.
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[IpenckaswiBatomui aHaau3atop, noctpoeHHbld anas LL(1)-rpaMmaTHKH, HasbiBa-
ercss LL(1)-anaruszamopom. TlepBasi 6ykBa L B Ha3BaHWHM CBsi3aHa C TeM, UTO
BXOJIHasi LeNOUKa UMTaeTCsl CJeBa Hampaso, BTopasi L o6o3Hauaet, 4YTO CTPOHUTCS
JIEBBIE BBIBOJ BXONHOM LEMOYKH, | — 4YTO Ha KaXK[IOM Liare MJis TPUHSITHS
pelleHHs UCTIOIb3YeTCsl OIMH CHMBOJ M3 HEMPOUHTAHHON YaCTH BXOMHOH LIETIOUYKH.

Ausroputm 4.8 nns kaxnoi u3 LL(1)-rpammaTtuk G cTpoUT TabJHLly Mpeacka-
3BIBAIOLLET0 aHAJIM3aTopa, Paclo3HamIero Bce Lenodykd U3 L(G) u TONbKO 3TH
uernoukd. HerpynHo mokasate takxke, uto ecin G — LL(1)-rpammaruka, To L(G)
— netepMuHHpoBaHHbIH KC-53bIK.

CnpaBennuB Takxe ciaenytomnii kputepuit LL(1)-rpammatuku. [pammatuka
G = (N,T, P, S) sisnsiercst LL(1)-rpaMmmMaTHKO# TOraa U TOJNBKO TOTAA, KOTA s
Kaxknoi mapel npaBun A — «, A — [ u3 P (T.e. npaBUJ C ONHHAKOBOH JI€BOH
YacThI0) BBIMOJHSIOTCS CJeNyIOHe IBa YCJIOBUS:

1) FIRST(a) N FIRST(3) = o;
2) Ecnu ee FIRST (), o FIRST(3) N FOLLOW (A)= @.

Ilpumep 4.9. HeonHosHauHasi rpammaTuka He siBasietcs LL(1). [Ipumepom Moxet
cayxuth rpammatuka G = ({S, E}, {if, then, else, a, b}, P, S) co cienyomimMy npasu-
JIaMH:

S —if Ethen S |if E then S else S| a;

E —b.

DTa rpaMMaTHKa HEONHO3HAYHA, UTO WIIIOCTPUPYeTCs Ha puc. 4.4.

N~ NS

if B then g if E then else S

| TIN s
b if E then S else S b // \\\ “
| | | if E then S
)

b a a
b

Puc. 4.4

Omnpenenenne 4.3. KC-rpammaruka G = (N, X, P, S) nHaseiBaercs LL(k)-
rpaMMaTHKOU JIJIi HEKOTOPOTO (PMKCUPOBAHHOTO k, €CJIU U3
1) S=jwAa = wla="wx

2) S=jwAa = wya =*wy,
nast Kotopeix FIRSTy(x) = FIRSTy(y), BeiTekaer, uto [§ = 7.

[oBopsi MeHee popmanbHo, G Gyner LL(k)-epammamurod, ecn st JaHHOH
uenoukd wAa € (N UX)* u nepBoix k CHMBOJIOB (€CJAH OHH CYIIECTBYIOT),
BbIBOASILIMXCST U3 Aq, cyliecTByeT He GoJjiee OLHOTO MpaBU/a, KOTOPOE MOXKHO
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MPUMEHUTb K A, UTOOBI TOMYYUTb BBIBOA KAKOW-HUOYIb TEPMHHAJIbHOU LETOUYKH,
HauWHarllelcs ¢ w U MPONo/IKAIOIIEHCS YIIOMAHYTEIMH Kk TepMUHAJIaMHU.

[pammaruka HaseiBaetcs LL(k)-rpammarukoii, ecau ona LL(k)-rpammarika
nJst Hekotoporo k. JlokazaHo, 4To mpobseMa OmpefesieHus], TOPOKAAET JIH FpaM-
MaThka LL-sI3bIK, SIBJSIETCS aJrOPUTMHUYECKH HepasperIrnMoH.

Teopema 4.7. KC-epammamuka G = (N, X, P, S) ssasemcs LL(k)-epam-
MamuKkot moeda u moavko moeoa, Koeda 048 08YX padiuuinblx npasusr A — (3
u A — ~y us P nepeceuenue FIRSTy(Sa) N FIRSTy(ya) nycmo npu 6cex maxux
wAa, umo S = jwAa.

Hokaszameasvcmseo. Heob6xonumoctb. [Honyctum, uto w, A, a,
[ ¥ 7y ymoBIeTBOPSIIOT ycaoBUsiM TeopeMbl, a F'IRSTy(Ba) N FIRSTy(ya) conep-
x)ut z. Torna no onpenenenuto FIRST nns HEKOTOPBIX y U 2 HaWAYTCS BBIBOMKI

S = jwAa = wha = jwry

S = jwAa = wya = jwrz.

(3ameTHM, YTO 31€Ch MBI HCIIOMb30BAJH TOT (akT, 4to N He COLEpKHUT GecroJes-
HBIX HETEPMHHAJIOB, KaK 3TO MPEINOJaraeTcsi 1Jisi BCeX paccMaTpPUBAeMbIX IpaM-
matuk.) Ecau |z| < k, To y = 2z = e. Tak kak 8 # v, 10 G He LL(k)-rpammaruka.

HocratouHoctb. Jonycrum, uro G He LL(k)-rpammaruka. Torna Haii-
LyTCsl TAKHe Ba BBIBOJA

S = jwAa = wla = jwx

S = jwhAa = wya = jwy,

4TO LENOYKH T M Y COBMANAIOT B MEPBBIX k MO3ULHUAX, HO [3 # . [losatomy A — (3
u A — vy — pasnuunble mpaBuia U3 P u Kaxnpoe w3 mHoxkectB FIRSTy(fa)
u FIRSTy(ya) comepxur uenouky FIRSTy(x), coBmagamollyl ¢ LENOYKoH
FIRST(y). [

IMpumep 4.10. [pammarrika G, cocrosiuas W3 ABYX npasua S — aS |a, He Gymer
LL(1)-rpammartykol, Tak Kak

FIRST\(aS) = FIRST)(a) = a.

WMHTYUTHBHO 3TO MOXHO OOBSCHHTb Tak: BHUAS NMpH pa3bope LEMOUKH, HAUHMHAIOLIEHCS
CHMBOJIOM @, TOJIbKO 3TOT [E€pPBbIH CHMBOJ, Mbl He 3HaeM, Kakoe W3 mpaBusa S — aS uiau
S — a uano npumenuts K S. C apyroit cropons, G — 310 LL(2)-rpammaruka. B camom
Iene, B 0603HadeHUAX TeopeMmbl 4.7 ecin S = jwAa, To A =S u a =e. Tak xak paa S
IaHBl TOJIBKO [Ba YKA3aHHHIX TpaBuia, 1o 3 = aS u v = a. [lockosbky FIRSTy(aS) = aa
u FIRSTy(a) = a, To no nocaexteit reopeme G Gyaer LL(2)-rpaMMaTHKOM.



90 Inasa 4. Cunmaxcuueckuti aHaius

4.4.5. Ypanenue jeBoil pekypcum. OCHOBHasi TPYAHOCTb IPHU HCIOJB30-
BaHUM NpeJCKa3blBalOllero aHajlu3a — 3TO HaXOXJAeHHe TaKOH IpaMMaTHUKU MJIs
BXOIHOTO f13bIKa, N0 KOTOPOH MOXHO MOCTPOUTb TaOJHIy aHa/lu3a C OJHO3HAUHO
onpeje/eHHbIMH BXOfaMH. MHorna ¢ momolblo HEKOTOPHIX MPOCTBIX Npeodpaso-
BaHHUH rpaMMaTHKy, He siBisouryocss LL(1), MOxKHO NMpuUBeCTH K 3KBHBaJIeHTHOH
LL(1)-rpammatuke. Cpenn 3THX npeo6pa3oBaHUil Haubosee 3(P(MEKTHBHBIMH 5B-
JSII0TCS JeBasi (DaKTOpU3alMsl U ylajleHHe JeBOH peKypcHH. 31ecb HeoOXOAUMO
clesatb JBa 3aMeuyaHusl. Bo-mepBbIX, He BCSIKash rpaMMaTHKa I[ocje 3THX IIpe-
o6pasoBanuil craHoButcss LL(1), W, BO-BTOpBIX, MOCJe TakKWX MpeoOpa3oBaHUN
noJslyyaroulascs rpaMMaTikKa MOXKeT CTaTb MeHee TOHSTHOH.

HenocpezncTBeHHYI0 JeByl0 pPeKypcHIO, T.e. peKypcuio Buga A — Aa, MOXKHO
YAAJINTb clenyromwuM cnoco6om. CHauasna rpynnupyem A-npasuia:

A—>AO(1|AO&2| ’Aam|ﬂl|/82| ‘ﬂn,

rJle HUKaKasi U3 CTpOK (3; He HaunHaercst ¢ A. 3aTeM 3aMeHsieM 3TOT HAGOp MPaBUJ
Ha
A— BiA | BA | ... | BuA;
A= oA agA | .. | amA e

rae A’ — HOBBIH HeTepMuHa. V3 HeTepMuHa a A MOXKHO BBIBECTH T€ XK€ LEMOUKH,
4TO W paHbllle, HO Tenepb HeT JeBOH pekypchd. C MOMOLIBIO 3TOH MpOLeypbl
yIaJSIOTCSl BCe HelOoCpelCTBeHHble JeBble PeKYpPCHM, HO He yaaJjseTcs JeBas
peKkypcusi, BKJodawollas 1Ba Had Oojee waros. Huxecsenywoliuél ajnroputm
M03BOJISIET YAAJAUTh BCE JIeBble PeKYPCUM W3 IPaMMaTHKH.

Anroputm 4.9. YnaneHnve JieBoi peKypCHH.

Bxod. KC-rpammaruka G 6e3 e-npaBu (Buga A — e).

Boixod. KC-rpammatrka G’ Ge3 jieBoi pekypcuH, skBuBaseHTHas G.
Memoo. Bemmonuuts waru 1 u 2.

1. YnopsimiouuTh HeTePMHUHAJBI TPaMMaTHKH (G B TIPOU3BOJILHOM TOPSIJIKE.
2. BBIMOJHUTE CJAEAYIOULYIO MPOLENYPY:

for (i=1;i<=n;i++) {
for (j=1;j<=1-1;7++){

nycts Aj — (i]fe| . . . |fr - Bce Texymme mpasuina
ona Aj;

3aMeHUThL BCe NpaBuna Buija A; — Aja

Ha mpasuna A; — fia|beal . . . |Bra;

}

yhoanuTb mpaBuia Buma A; — A;;

yIOaluTh HENOCPEeNCTBEHHYIO JIEBYK PEKYPCHIO B
npasunax gna A;;
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[Tocne (i — 1)-i UTepallMu BHEIHEro IMKJa Ha ware 2 Ajs Joboro npaBuja
Buga Ap — Asa, rne k < i, BuimosHsercs s > k. B pesynbrare Ha ciaenyto-
el utepauuu (1Mo i) BHYTPEHHHH LMKJ (M0 j) MOCJEN0BaTebHO yBeJIUYMBAET
HUKHIOIO T'paHHIy 1o m B Jjwo6oM npaBune A; — A,,«, noka He Oymet m > i.
3aTeM, mocse ymaJieHHs HermoCPeNCTBEHHOH JIeBOH peKypcuu ajs A;-npaBu, m
CTAHOBUTCS OOJIbLIE 7.

Anroput™ 4.9 npUMeHHM, eC/IM IpaMMaTHKa He UMeeT e-TipaBuJ (IpaBUJ BHUIA
A — €), MOCKOJIbKY TPH HAJUYMH TaKKUX MPABHJI MOXKET HAPYUIUTbCS WHBApUAHT
LHMKJa P 3aMeHe mpaBus Buga A; — Ajo Ha npaBuna A; — fialfeal ... |Bra.
Hwmerounecss B rpaMMaTHKe e-TpaBHJa MOTYT ObITb yHaJieHbl MPeIBapUTEJbHO.
[Tonyuatoniasicsi rpaMmMaTiKa 6e3 JeBOH peKypCHH MOXKET UMeTb e-TpaBuJa.

4.4.6. JleBaa ¢akropusaumusa. OcHoBHas ujes JeBOH (paKTOPHU3ALUU B TOM,
4TO B TOM CJydae, KOrga HesiCHO, KaKylo M3 ABYX a/JbTepPHATHB HALO0 HCIIOJb30-
BaTb [Js pa3BepTKH HeTepMHHa/la A, HyXKHO M3MeHHUTb A-TpaBu/a Tak, UTOOBI
OTJIOXKUTb pellleHHe N0 TeX MOop, Moka He OymeT HOCTATOUHO HH(POPMALHHU MAJs
MPUHSITHS PABUJIBHOTO peLIeHHS.

Ecmu A — af) | affs — nBa A-mpaBusia ¥ BXOIHAsi LEMOYKA HAYMHAETCS
C HemycToOH CTPOKH, BBIBOAMMOH M3 «, TO Mbl He 3HaeM, pa3BOpauMBaThb JH
0 MepBOMY MPaBUJY HJM MO BTOPOMYy. MOXKHO OTJIOXKHUTb pelleHHe, pa3BepHYB
A — aA’. Torma mocsie aHajk3a TOrO, UTO BBIBOAMMO M3 (v, MOXKHO Pa3BEpPHYTb
no A — ) unu o A’ — By. JleBodakTopr3oBaHHbIe MPABHJIA PUHUMAIOT BUJL

A — oA’
A" — By | Bo.

Aaroputm 4.10. JleBas ¢akroprsanus rpaMMaTHKH.

Bxod. KC-rpammaruka G.

Boixod. Jlesodakropusoannast KC-rpammatuka G’, skBuBanentHas G.

Memood. [Ins kaxmoro HeTepMuHata A Ha¥TH caMblil IJUHHBIH npedHKC a,
obumil A/ AByX WM Oojee ero asnbTepHaTWB. Ecin « # e, T.e. CyllecTByeT
HeTPUBHAJbHBIN OOLIMH NpedHKC, TO 3aMeHUTh Bce A-mpaBusa

A—=af|afy| ... |aBn] =,
rae z 0603HAYaeT BCe aJbTePHATHBbI, He HAYHHAIOIIKECs C (v, Ha
A—ad' |z

A= B[ Ba| ... | Ba

rae A" — HoBBIH HeTepMuHaJ. [IpUMeHsATL 3TO MpeoGpasoBaHKe, MOKA CYIIEeCTBYET
napa ajbTepHaTUB, UMEIIINX OOLIUH MpeduKc.

IIpumep 4.11. PaccMOTpuUM BHOBb TI'DPaMMATHKY YCJOBHBIX OINEPAaTOPOB U3 MpUMe-
pa 4.9:
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S —if Ethen S|if E then S else S| a;

E —b.

[Tocsie neBo#t pakTOpH3aLMK TpaMMaTHKa MPUHUMAET BUI

S —if Ethen SS' | a;

S —else S |e;

E —b.

K coxaneHuio, rpaMmaTHKa OCTaeTCsi HeOJHO3HAuHOM, a 3Hauut, u He LL(1)-
rpaMMaTHKOH.

4.4.7. PekypcuBHbI# cycK. DBbillle Obl paccMOTpeH ONWH W3 BapHaHTOB
TabJMYHO-YTIPABJSEMOro NpeaCcKa3blBaOIIEro aHasin3a, Koraa MarasuH $IBHO HC-
N0J1b30BaJICs B Mpolecce paboThl aHajau3atopa. Bosmoxen UHON BapuaHT MpeacKa-
3bIBAIOLLIETO aHa/lH3a, B KOTOPOM KaKJOMYy HeTepMHHaJsy CONOCTaBJIsieTcs Mpole-
nypa (BooOlie roBopst, peKypCHBHasi), a MarasuH o6pasyeTcsi HesIBHO MPH BbI30BaX
TakKux npouenyp. Ilpouenypsl peKypCHBHOIO CIycKa MOTYT ObITh 3anucaHbl, Kak
TI0Ka3aHO HHUXKeE.

B npouenype A pasi caydas, Korga uMmeercsl mpaBusio A — w;, Takoe, 4ToO
u; =*e (HaOMHHM, YTO He MOXKeT ObITb GOJbllle OJHOTO MPaBHJa, U3 KOTOPOTO
BBIBOAMTCS €), MpUBeleHbl nBa BapuaHta — 1.1 u 1.2. B Bapuanrte 1.1 pmenaercs
MPOBepKa, MPUHAIIENKHUT JH Cciaeayoni BxoqHoi cumos FOLLOW (A). Ecau
HeT — BblaeTcs coobiieHue 06 omubke. B Bapuante 1.2 storo He penaercs, Tak
4TO aHaJM3 OLIMOKU TepeKJ/aablBaeTCs Ha MpOLEeNypy, Bb3BaBilyo A.

void A(){ // A—wui|ug| ... u

if (InSym € FIRST(u;)) // Tonbro onHOMY!

if (parse(u;))
result ("A — u;;

else error();

else

//Bapuant 1:

if (umeercs npaBusio A — u; Takoe, uTo u; =*e)
//Bapuaut 1.1
if (InSym € FOLLOW(A))

result ("A — u;;

else error();
//KoHeyn BapuanTa 1.1
//Bapuaut 1.2:
result ("4 — u;
//KoHeln BapuaHTa 1.2

//KoHel BapuaHTa 1

//Bapuant 2:

if (et mpaBuna A — u; Takoro, uro u; =*e)
error();

//KoHel; BapuaHTa 2
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boolean parse(u){ // u3 u He BHBOOUTCH €!
v =u;
while (v#e){ // v=Xz
if (X - TepmunHan a)
if (InSym # a)
return(false);
else InSym = getInsym();
else // X - HerepmuHan B
B();
v=2;
}

return(true);

4.4.8. Koucrpykrop LL(1)-ananu3saropoB Ha Java. B nmporpammHoMm mpu-
JoxeHun npuseseH naket LL1, conepxamuit LL(1)-KOHCTPYKTOp U aHAIU3aTop.

4.4.9. BoccraHoBiIeHMe MpoLecca aHAJIM3a MOCTe CHHTAKCHYECKHX OLIM-
Gok. B mpuBeneHHBIX MporpamMMax PeKYPCHBHOTO CIycka Obla HCIOJIb30Ba-
Ha mpolieaypa peaklMH Ha CHHTaKCHYeckHe OLIMOKM error (). B mpocreiiiuem
clydae 3Ta MpoLeIypa BbLAAeT AMArHOCTHKY M 3aBepluiaeT paboTy aHa/H3aTopa.
Ho MOXHO MOmBITAaTbCsI HEKOTOPBIM Pa3yMHBIM 06pa3oM MPOAOIKHUTE padoTy. s
pasbopa CBepXy BHH3 MOXKHO MPEJIONKHTb CJAEAYIOLINH MPOCTOH aJrOPUTM.

Eciu B MOMeHT oOHapyXkeHHsl OLIMOKM Ha BEepXyIIKe Mara3uHa oKasajcs
HeTePMHHA/bHBIA CUMBOJI A W [JIs HErO HET MpaBHJd, COOTBETCTBYIOLIETO BXOM-
HOMY CHMBOJIy, TO CKaHHPyeM BXOA 1O TeX MOp, MOKa He BCTPETUM CHMBOJ JIHGO
us FIRST(A), nu6o us FOLLOW (A). B nepsoM ciyuyae pasBopaurBaeM A
110 COOTBETCTBYIOLIEMY MPaBU/Iy, BO BTOPOM — ynajseM A U3 MarasuHa.

Ecnu Ha Bepxylike MarasvHa TePMHHAJBHBIE CHMBOJ, TO MOXHO YAAJHTh
BCEe TepPMHHaJ/bHblE CUMBOJBI C BEPXYIIKH MarasiHa BILIOTH [0 [ePBOro (CBepxy)
HETepPMHUHAJIBHOTO CHMBOJIA M MPONOJIXKATH Tak, KK 9TO ObIJIO OMHCAHO BBILIE.

4.5. Pa30op cHU3y-BBepX TUIA CABUTr-CBepPTKa

4.5.1. OcHoBa. B mporecce pa36opa cHU3Yy-BBepX THIIA CIBUT-CBEPTKA CTPO-
UTCSl JepeBO pa3bopa BXONHOH LENOYKH, HauWHas C JHCTbeB (CHHU3Y) K KOp-
HIO (BBepx). DTOT MpolecC MOXKHO PacCMaTPHBAThb KaK «CBEPTKY» LEMOYKH w
K HauaJbHOMY CHMBOJIy TpaMMaTHKHM. Ha Ka)kKiom 1are cBepTKH MOALENOYKA,
KOTOPYIO MOXKHO COMOCTaBUTb MPaBOH UaCTH HEKOTOPOro MpaBHJ/a BbIBOAA, 3aMe-
HSIeTCsl CHMBOJIOM JIEBOH YaCTH 3TOr0 MPaBHJ/A BbIBOAA, M €CJIM Ha KaxK[IOM Liare
BbIOMpaeTcs MpaBUJ/bHAS MOALENOYKa, TO B 0OpPAaTHOM IMOPSiAKE MPOCJEXKHBAETCS
MPaBOCTOPOHHUH BBIBOA (pHc. 4.5). 31ech KO BXOIHOH IeMOYKe, TaK Ke Kak U MpU
anasnuse LL(1)-rpaMmaTHK, MpUnucaH KOHIEBOH Mapkep $.
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S S S
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Puc. 4.5

OcHos0il 1eN0YKH Ha3bIBAETCS MOALENIOUKA CEHTEHIIMANbHOH (hOpMBI, KOTOpas
MO2KeT ObITb COTMOCTABJIEHA MPAaBOH YaCTH HEKOTOPOro MpaBWJia BBIBOAA, CBepPTKa
0 KOTOPOMY K JIeBOH 4acTH MpaBHJ/a COOTBETCTBYET OJHOMY LIAary B oOpalleHUH
npaBoCTOpOHHEero BbeiBoga. Camas JieBasi MOALENOYKa, KOTOpAs COIMOCTABJsETCS
MpaBoH YacTH HEKOTOPOTO MpaBuJ/a BbiBoga A — 7, He 00s13aTeJIbHO SIBJSIETCS OC-
HOBOH, MTOCKOJIbKY CBepTKa Mo MpaBuay A — 7y MOXKET AaTh LENOYKY, He CBOIUMYIO
K aKCHOMe.

dopmanbHO, OCHOBA MPABOW CEHTEHLIHANBHON (hOPMBI 2 — 3TO NPABHUJO BEIBOAA
A — 7 ¥ mo3uuus B z, B KOTOPOH MOXKeT ObITh HaliJeHa Lenouka <y, Takue, 4To
B pe3y/bTaTe 3aMeHbl vy Ha A mosydaercss mpeablayllias CeHTeHUHa bHas (opMa
B IPaBOCTOPOHHEM BhiBoZie 2. Tak, ecain S = *aAf = ray[3, To A — 7 B no3uuuy,
cJleflyIolled 3a a, — 3TO OCHOoBa 1enodku ay(. [loxuenouka [ cnpaBa OT OCHOBBI
COIEPXKHUT TOJBKO TePMHHAJbHBEIE CHMBOJIBI.

Boo61e roBopsi, rpaMMaTHKa MOXKET ObITb HEOAHO3HAUYHOMH, TOITOMY MPABOCTO-
POHHHH BBIBOA Y3 1 OCHOBa MOTYT He OBITb €IUHCTBEHHBIMH. Ec/iv rpamMmaTHka
OIHO3HAUHA, TO KaXK[as 1paBasi CeHTeHLUHalbHasi (hopMa TpaMMaTHKHU UMEET B TOY-
HOCTH OIHy OCHOBY. 3aMeHa OCHOBBl B CEHTEHIHMaJbHOH (popMe Ha HeTepMHHAJ
JIEBOH YacTH Ha3bIBaeTcs omceueruem OcHOBb. (OOpalleHHe MPaBOCTOPOHHETO
BBIBOZIA MOXKET OBITb MOJYYEHO C TOMOIbIO TTIOBTOPHOIO NPHMEHEHHS OTCeUeHHS
OCHOBBI, HAaYMHAasl C UCXONHOH Lenouku w. Ecau w — cioBo B paccMaTpuBaeMoi
rpaMMaTHKe, TO W = Qp, TOe &, — n- NpaBas CeHTeHLHaJbHas (opma elle
HEH3BECTHOTO MPABOT0 BBIBOAA S = qp = Q| = y...= pQp—| = Oy = W.

UT0oO6bl BOCCTAHOBUTb 3TOT BHIBOA B 0OpPAaTHOM MOPSIKE, BbIAEJsSEM OCHOBY Y
B (,, W 3aMeHsieM 7, Ha JIeByl0 4acTb HEKOTOPOro MpaBHJ/a BbIBOxa A, — Yn,
nosyuyasi (n — 1)-10 NpaByl0 CeHTEHUMAJbHYI (GOPMYy v,—1. 3areM [OBTOpsieM
3TOT MPOLIECC, T.€. BbIAEJSIEM OCHOBY 7Yp—] B Q] U CBOPAUHMBaEM 3Ty OCHOBY,
noJsiyyasl npaBylo CeHTeHIManbHy0 (hopMy o, o. Ecau, moBTopsis 3ToT mpolece,
MBI TI0Jy4aeM MPaByl0 CEHTEHLHaJNbHYI0 (OPMY, COCTOSILLYIO TOJIbKO M3 HadaJjb-
HOr0 CHMBOJIA S, TO OCTaHaBJMBaeMcsl W coofliaeM 00 yCHeLUIHOM 3aBeplleHHH
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pazbopa. ObpalleHre Mocae10BaTeNbHOCTH TIPABUJI, UCTIONB30BAHHBIX B CBEPTKAX,
€CTh TPaBbld BbIBOJ BXOAHOH CTPOKH.

Takum o6pasom, riaBHas 3agada aHasjd3aTopa THMA CIOBUT-CBEPTKA — 3TO
BbIJIeJIEHHEe U OTCEYEeHHE OCHOBHI.

4.5.2. LR(1)-ananusaropbl. B nassanuu LR(1) cumBos L ykaseiBaeT Ha To,
4TO BXOJHAsl IIeM0YKa YUTAeTCs cJeBa-HanpaBo; R — Ha To, UTO CTPOMTCS MpaBblii
BBIBOJI; HaKOHell, | yKa3blBaeT Ha TO, YTO aHAJIM3aTOP BHUIUT OJMH CHMBOJ HEMpO-
YUTAaHHOW 4acTH BXOAHOMU LEMOYKH.

LR(1)-aHanu3 mpuBJ/eKaTeNeH MO HECKOJIbKUM MPHUHHAM:

- LR(1)-ananus — HauGosiee MOIIHBIH MeTOA aHa/ju3a 6e3 BO3BPAaTOB THIA
CIIBUT-CBEPTKA;

— LR(1)-ananu3 MoxeT ObITb peasiu30BaH NOBOJLHO 3((HEKTHBHO;

— LR(1)-ananusatopbl MOTYT ObITb MOCTPOEHBbI [Jisi MPaKTHYECKH BCEX KOH-
CTPYKLHH 53bIKOB IPOrpaMMHPOBAHUS;

— KJIacC rpaMMaTHK, KOTOpble MOTYT ObITh TpoaHanuaupoBaHbl LR(1)-meTonom,
CTPOTO BKJIFOYAET KJacC TPaMMaTHK, KOTOpPble MOTYT ObITb MpOaHaJH3HpPOBa-
HbI MTPeICKa3bIBAIOLIMMHY aHanu3aTopaMu (cBepxy-BHU3 Trma LL(1)).

Cxematnyecku ctpykrypa LR(1)-ananusaropa usobpaxena Ha puc. 4.6. Ana-
JIU3aTOP COCTOUT M3 BXONHOU JIEHTBI, BBIXOIHOM JIEHTBI, MarasuHa, yrpaBJsioulei
nporpaMMbl U Tabsuubl aHanusza (LR(1)-tabauiel), KoTopas ¥MeeT ABEe 4acTH —
@ynkyuro Odeticmsuti (Action) u @yukyuro nepexodos (Goto). Ynpasasiouias
nporpamma ogHa M Ta ke ajs Bcex LR(1)-anannsaropos, pasHble aHaA/IM3aTOpPBI
OTJIMYAIOTCS IPYT OT APYra TOJNbKO TabJHULAMH aHAJIH3a.

BXOJ, |(1,1|...|(ll- |an|$|
MarasuH T BBIXOLL
Ly |=— LR -ananusarop =
Xm
Im—l
X1 ¢——L
Iy Action Goto

Puc. 4.6

AHanu3atop udTaeT CMMBOJIBI Ha BXOAHOH JIeHTe MO OQHOMY 3a miar. B mpo-
[lecce aHajiM3a HCIMOJb3YeTCs MarasuH, B KOTOPOM XpaHSTCS CTPOKHM BHAA
1o X111 Xols ... Xon 1y, (I, — Bepxyiika mMarasuHa). Kaxabiii X; — cMMBOJI rpam-
MaTHKH (TepMHHAJbHBIH WM HETEPMHUHANbHBIN), a I; — CHMBOJ COCMOSIHUA.
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dneMeHT QyHKUHUHK neictBuit Action|ly,, a;] s ciMBosia cocTostHust Iy, U BXO-
na a; € T'U{$}, MOXKET UMeTb OIHO U3 UYeThbIpeX 3HAUEHHH:
1) shift I (caBur), rne I — CHMBOJ COCTOSIHUS,
2) reduce A—+ (cBepTKa Mo MpaBUJy rpaMMaTHKd A—7);
3) accept (momyck);
4) error (omubxa).
dnement (yHKuuK nepexonoB Gotoll,,, A] nast cumBosa cocrosinusi I, ¥ BXO-
na A € N MOXeT UMeTh OHO U3 JBYX 3HaUeHHH:
1) I, rne I — cUMBOJ COCTOSIHHUS;
2) error (owmubKa).

Kongueypayueti LR(1)-ananusatopa HasbiBaeTcs napa, rneppasi KOMIIOHEHTa
KOTOPOH — colep:KMMOe MarasuHa, a BTopasi — HelNpoCMOTPEeHHBIH BXOM:

(I()XIIIXQIQ XmIm, A; Q441 - - - an$)
Ata KOH(HUTrypalusi COOTBETCTBYeT MPAaBOH CEHTEHLHUANbHOU (popme
XlXQ e Xmaiazqu oo Qp.

Ecn S = vAw = ,yfw, To 1060 npedukc ¢ uenouku -y HasblBaeTcs
akmugroim npepukcoM. OcHOBa CeHTeHLHUaNbHOH (DOPMBlI BCeria pacrnosaraercs
Ha BepxyllKe Mara3uHa. TakuMm 006pa3oM, aKTHBHBIH NpepUKC — 3TO TAKOW Ipe-
(bUKC TIpaBOM CEHTEHLHUANbHOHM (POPMBI, KOTOPBHIH He IEePEeXOAUT IIPABYIO TPaHULY
OCHOBBI 3TOH (DOPMHI.

Korpa ananusatop HaunmHaeT paGoTy, B MarasuHe HaXOAMUTCS TOJBKO CHMBOJI
HayaJibHOTro cocTosiHUSA I, Ha BXONHOM JieHTe — aHa/JU3upyeMas Lierovyka ¢ Map-
KepoM KOHLa.

Kaxxnpiii ouepeHOH LIar aHa/jusatopa ornpefie/isieTcsl TeKyLIUM BXOLHbIM CHM-
BOJIOM @; U CHMBOJIOM COCTOSIHMSl Ha BepXyLUKe MarasuHa [, HHKeCJelyHLUM
o6pasom.

[Tycts LR(1)-ananusatop HaxomuTcsi B KOH(PUTYpaLKH

(IOlelXQIQ XmIm, A;Qi41 - an$)
AHaﬂnaaTop MOXKeT IpOoAeJaTh OAWH M3 CJeAYIOLIUX LIaroB.

1. Ecnu Action|[Iy,, a;) = shift I, To aHaJIH3aTOp BBIMOJHSET CABUT, IE€PEXOMs
B KOH(PUTYpaLHIO

(I()XlIlXQIQ e XmImaZ-I, (07 U an$)
Takum 06pasoM, B MarasuH IOMelIaloTCsl BXOLHOH CHMBOJI a; U CHMBOJI

cocrosinusi I, onpenessieMbiii Action[l,, a;]. TeKyu@mM BXOIHBIM CHMBOJIOM
CTAaHOBUTCS @4 ].
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2. Ecmu Action[l,,, a;] = reduce A — 7, TO aHAJTK3aTOp BBHIMIOJHSET CBEPTKY,
nepexofisi B KOH(MUTYpALHIO

(IolelXQIQ e Xm_rfm_rAI, ;541 - an$),

rne I = Goto[Ip,—r, A] u r — pJnHA 7y, MPaBOK YaCTH MpaBU/a BEIBOJA.

Ananusatop cHauasa ypassieT M3 MarasuHa 27 CHMBOJIOB (7 CHMBOJIOB CO-
CTOSIHMSL M 7 CHMBOJIOB I'PAMMaTHKM), TaK 4YTO Ha BepXYIIKE OKa3bIBaeT-
cs coctosiHHe [,_,. 3aTeM aHa/aM3aTop INoMellaeT B MarasuH A — Je-
BYI0O uYacThb TMpaBu/ja BblBOAa, U | — CHUMBOJ COCTOSIHHS, ONpefesisieMbli
Goto[l,,—r, A]. Ha wmare cBepTKH TeKyIUH# BXOZHOH CHMBOJI He MeHseT-
ca. Hna LR(1)-aHanusaTopoB MOC/€I0BaTEJIbHOCTb CHMBOJIOB I'DaMMaTHKH
Xm—rt1 --. X, yLanseMbIX U3 MarasuHa, Bcerga COOTBETCTBYeET 7y — MIPaBOH
YyacTH MpaBuJia BbIBOAA, 110 KOTOPOMY [eJaeTcsl CBEPTKaA.

[Tocsie ocyuiecTBieHUs 11ara CBepTKU reHepupyetcs Beixon LR(1)-ananuza-
TOpa, T.€. UCIOJHSIOTCS CeMaHTHUECKHe NeHCTBHUS, CB3aHHbIE C MPABUJIOM,
Mo KOTOPOMY JieJIaeTCsi CBEPTKa, HANpHUMep, MevyaTaloTcsi HoMepa TaKUX Tpa-
BHUJI.

3amertuMm, uto GpyHKUHs Goto TabauLbl aHaNU3a, TIOCTPOEHHas 110 rpaMMaTH-
ke (G, paKTHUeCKH NpencTaBseT co6oil (PYHKIHIO NepexoloB AeTEPMUHUPO-
BAaHHOI'0 KOHEUHOTO aBTOMATa, PaCMO3HAIOLIEr0 aKTHBHBIE NpeUKCcH G.

3. Ecamu Action[I,,, a;] = accept, To pa3top yCMeLIHO 3aBepLieH.

4. Ecau Action[l,,, a;] = error, To aHanM3aTOp OGHAPYKHJ OLIKOKY, U BHINOJ-
HSIOTCSL NeHCTBHUS 10 JMATHOCTHKE M BOCCTAHOBJIEHHIO.

IIpumep 4.12. PaccmoTpuM TIpaMMaTHKy apu(pMeTHUeCKHX BblpaxkeHud G =
= ({E,T, F},{id, +, *}, P, E) c npaBunamu:

1) E—E+T;
2) E—-T;
3) T —TxF;
4) T F,
5) F —id.

4 B.A. CepeGpsikoB
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B rabn. 4.3 mpexncraBiensl ¢yHKUuH Action u Goto, obpasyroumue LR(1)-tabauuy
IJs 3TOH rpaMMaTHKH. JdnemMeHT Si ¢yHKuuu Action 03HayaeT CABUT M MOMeLIEHUE
B MarasuH COCTOSIHHUSI C HOMepPOM %, Rj — CBepTKY I10 MPaBUJIY HOMEp j, acC — HOMYCK,
nycrtas Kaetka — oumubky. Jas dyukuuun Goto cuMBOJ 1 03HauaeT MoMellleHWe B MarasuH
COCTOSIHHSI C HOMEPOM ¢, MycTast K/eTKa — OLIUOKY.

Tabnuna 4.3

CocTostHuUs Action Goto

id + * s ETF

0 S6 1 2 3
1 S4 acc
2 R2 S7 R2
3 R4 R4 R4

4 S6 5 3
5 Rl S7 R1
6 R5 R5 RS

7 S6 8
8 R3 R3 R3

B rtabs. 4.4 omucaHa 1ocJeoBaTe/IbHOCTb COCTOSIHUMH MarasdHa W BXOLHOH JIEHThI
Ha BXoze id + id * id. Hanpumep, B nepBoii ctpoke LR-aHamu3aTop HaxoouTcsl B HYJ1€BOM
COCTOSIHUH W <«BUIUT» TepBbI BXOAHOHW cuMBOJ id. [leficTBHe S6 B HYJEBOH CTpOKe
U cToi61e id B moje Action (tabj. 4.3) o3HayaeT CABUT U MOMeLIEHHe CHMBOJIA COCTOSTHUS
6 Ha BepxXylIKy MaraspHa. OTo W H300pakeHO BO BTOPOH CTpOKe: IMepBbli CHMBOJ 4d
U CHMBOJI COCTOSIHHSI 6 MOMeIaroTCss B MarasuH, a ¢d ynajsieTcss CO BXOIHOH JIEHTHI.

TexylmuM BXOIHBIM CHMBOJIOM CTAHOBUTCS +, a NeHCTBHEM Ha BXOA + B COCTOSIHUU 6
siBJisieTcsi cBepTKa o F' — id. V13 MarasuHa ynassitotest [1Ba CHMBOJIA (OfHH CHMBOJ COCTO-
SIHUSI M OOMH CHMBOJI IPAMMAaTHKH). 3aTeM aHaJU3HpyeTCs HyneBoe cocTosiHUe. [TocKobKy
Goto B Hy/NeBOM COCTOSIHMM MO cuMBoay F — 370 3, F ¥ 3 moMellaroTcss B MarasuH.
Tenepr uMeeM KOH(HIypauHio, COOTBETCTBYMOILYIO TpeTbed cTpoke. OcTajbHBIE ILIATH
OTpeseNSI0TCS aHaJIOrMYHO.

3aMeTHUM, UTO B MarasuHe He 00sI3aTeJbHO JOJ/KHBI pa3MellaThCsi OQHOBpE-
MeHHO W CHMBOJIBI I'PAMMATHUKH, U CHMBOJIBI COCTOSHUEH. Bo3MoxHO pa3meleHue
TOJIbKO CHMBOJIOB COCTOSTHMH HJIM TOJBKO CHMBOJIOB TPaMMAaTHKH. B aTom ciyuae
TeKylllee COCTOSTHME MOXKeT ObITb OIpeleseHO MyTeM MOC/eI0BaTebHOTO UTEHHUS
CUMBOJIOB I'PAMMAaTUKH B Mara3uHe OTO JHa K BepIIMHE KOHEYHBIM aBTOMAaTOM,
CTPOSILLUMCSL B cJjeayiouleM nonpasnesne. OqgHOBpeMeHHOE HCIOJb30BaHUE H CHM-
BOJIOB I'DAMMAaTUKH, W CHMBOJIOB COCTOSIHUM 00JierdaeT MOHWMAaHWE TIOBEIEHHUS
LR-ananusatopa.
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Ta6nuua 4.4

AxTuBHBIH | Marasun Bxon | HeficTBre
npeduke

0 id + id * id$ | cuBur
id 0id 6 +id xid$ | ' — id
F 0F3 +id xid$ |T — F
T 0T 2 +idxid$ | E— T
E 0FE1 +id * 1d$ | caBur
E+ OF1+4 id * 1d$ | caABHT
E+id OFE1+4+44d6 *1d$ | F — id
E+F OE1+4F3 xd$ | T — F
E+T OF1+4T5 id$ | cgBur
E+Tx OE1+4T5%7 1d$ | caBur
E+Txid |(OE14+4T5x7id6 S|F —id
E+T«+«F |0FE144T5+x7TF8 $|T—-Tx*F
E+T OFE1+4T5 $|E—-FE+T
E 0F1 JOMYCK

4.5.3. Koncrpyupoanue LR(1)-tabamipl. PaccMOTpUM aJropuT™M KOH-
CTpyHpoBaHHUs TabauLel, ynpasasiomed LR(1)-ananusaropom.

[lycte G = (N, T, P, S) — KC-rpammatuka. [TonoanesHot rpaMMaTHKON st
naHHod rpammatuku G HaseiBaetcs KC-rpammaruka

G = (NU{S},T,PU{S — S}, 5,

T. €. 5KBHBaJIeHTHAasl rpaMMaTHKa, B KOTOPOH BBe/leHbl HOBbIH HauaJsbHbIH CHMBO.JI
S’ u HoBoe mpaBuJio BeiBoma S’ — S.

DTO MOMONHUTEIbHOE MPABUJIO BBOAUTCS JJIsi TOTO, UTOOBI OMPeNesUTh, KOraa
aHaJIM3aTop JOJ/KEH OCTAHOBHTH pa3bop U 3aQUKCHPOBATh IOMYCK BXoma. TakuM
06pa3oM, HOMyCK HMeeT MeCTO TOTAA M TOJbKO TOrJa, KOTJa aHaju3aTop TOTOB
OCYILECTBHTh CBEPTKY Mo npasuay S’ — S.

LR(1)-cumyayueri nasviBaercs mnapa [A — «.f3,al, rne A — a3 — npaBuIo
rpaMMaTHKH, ¢ — TepMHHAaJ UM NpaBblil KOHIIEBOH Mapkep $. Bropasi KoMnoHeHTa
CUTYalMH Ha3blBAETCS ABAHLENOUKOL.

Bynewm rosoputs, uto LR(1)-cutyauus [A — a.3, a] donycmuma drs akmus-
HO20 npegukrca ), ecau CcyllecTByeT BoBoL S = ‘vAw = ,yafw, roe § = ya
U 1160 @ — mepBHIH CUMBOJ w, JUOO W =e U a = $.

Byznem roBopuTh, 4TO CHTyalllsi Jonycmuma, eCii oHa I0MyCTUMa [Jsi KAKOro-
JMu60 aKTUBHOTO MpeduKca.

4%
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Ipumep 4.13. Nana rpammaruka G = ({5, B}, {a, b}, P, S) ¢ npaBuiamu:

S — BB;

B — aB | b.

CylecTByeT NpaBOCTOPOHHHUH BBIBOL S = ‘aaBab = raaaBab. Jlerko BHIeThb, 4TO
curyauust [B — a.B, a] nonyctuMa mjs aKTHBHOTO mpeduKkca § = aaa, eCld B Ompele-
JIEHWH BbILIE TOJOXUTL v = aa, A = B, w = ab, a = a, § = B. CyllecTByeT Takxe
TNPaBOCTOPOHHUH BBIBOA S = fBaB = ,BaaB. IlostoMy ans aktuBHOro npedukca Baa
momyctuma curyauus [B — a.B, $).

LleHTpa/sbHas Hes MeTola 3aKJ/UaeTcs B TOM, UYTO 110 TPAMMAaTHKe CTPOHMTCS
JNETEPMHUHHPOBAHHBIA KOHEYHBIH aBTOMAT, PACMO3HAIOIIUH aKTHBHBIE NPe(UKCHI.
JLJ1s1 3TOTO CHUTyalMH TPYIIUPYIOTCS BO MHOXKECTBA, KOTOPblE U 06pa3yloT COCTOSI-
HUs aBToMaTa. CHTYyallMd MOXKHO pPacCMaTpPHUBaTh KaK COCTOSIHHUS HeleTepMHUHHPO-
BaHHOTO KOHEUHOr0 aBTOMATa, PACMO3HAIIIEro aKTHBHbIE MPEPUKCHI, & UX TPYTITH-
pPOBKa Ha CaMOM JieJie eCTh TPOIecC NOCTPOEHUs NeTePMHUHHPOBAHHOTO KOHEYHOTO
aBTOMAaTa M3 HelleTePMUHHPOBAHHOTO.

AHnanuzarop, paboTawliUil CjeBa-HANpaBO MO THIY CIBHI-CBEPTKA, NOJIXKEH
yMeTb pacro3HaBaTb OCHOBHI Ha Bepxyllke MarazuHa. CoCTOsiHHe aBTOMaTa MocJe
MPOUTEHHUST COAEPIKUMOTO MarasuHa ¥ TEKYIIHH BXOIHOH CHMBOJ OMPEessioT
ouepenHoe neiicTBHe aBTOMaTa. PYHKIHEH MepexoqoB 3TOr0 KOHEUHOrO aBTOMa-
Ta saBaseTcss (QyHKuus nepexonoB LR-ananuszatopa. Uto6bl He mnpocMaTpHBaTh
MarasiH Ha KaXK[IOM Illare aHaj{3a, Ha BepxXyIIKe Mara3uHa BCera XPaHUTCs
TO COCTOSIHHE, B KOTOPOM JIOJI?KE€H 0Ka3aTbCsl 3TOT KOHEUHBIH aBTOMAT MOCJ/e TOro,
KaK OH MPOYMTa/] CUMBOJIbl TPAMMATHKH B MarasuHe OT IHA K BepXYIIKe.

Pacemorpum cutyauuio Buna [A — «.Bf, a] U3 MHOXKeCTBa CHTyaLHH, AOMy-
CTHMBIX [JISl HEKOTOPOT'0 aKTHBHOTrO npedukca d. Torna cyiiecTByeT MpaBoCTOPOH-
uuit BoiBog S$ = fvAaxr = ,yaBfax, roe 6 = ya, a 3TO 3HAUMT, YTO CHUTyaLHsl
[A — aB.(,a] nonycruma nns 0B, B€ NUT. Ecnu Be N u B—§ € R,
10 S$ = yaBfaxr = $0Bbw = ,0{bw. Takum obpasom, [B — .&, b| Takxke mo-
nyctuMa ans 0. 31ecb b MoXeT ObITb T€PBBIM TE€PMHUHAJOM, BBIBOLHMBIM H3 [3,
a160 u3 3 BEIBOAUTCA e B BbiBO#e (Jax = ybw u Torma b paBHO a. 3HAuWT, U0
b€ FIRST (Bax), 6o = *eua=S3$.

PaccmoTpuM Tenepb HelepMHHHPOBAHHBIH KOHEUHBIH aBTOMAT, COCTOSIHHUSIMU
kotoporo siBasitotcss LR(1)-cuTyaunu, a nepexoibl onpeaeseHbl B COOTBETCTBUH
CO CKa3aHHBIM BBIlIE: €CJIH aBTOMAT HAXOOMUTCs B cocTosHMH [A — a.Bf, al,
TO ompenesieH mepexox B cocrosiiue [A — aB.(3,a] no cumsosny B. Ecau mpu
aToM B € N, To ompefesieHbl e-nepexoibl B cocTosiHusl [B — .§, b mas Bcex
npaBus ¢ yyactieM B. HauasbHbiM cocrosinueM Gymem cuutath [S” — .S, $], Bce
COCTOSIHHSI — 3aKJIOUHTENbHbIE.

Teopema 4.8. Onpedesennoiti makum obpa3om HedepMUHUPOBAHHbLY KOHEY-
HbLl asmomam donyckaem 8 MOUHOCMU AKMUBHbLLE NPePUKCHL ePAMMAMUKLL.
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okazameabcmeo NPOBOAUTCA HHAYKLHEH 10 NJHHE aKTHBHOTO Mpe-
(hukca.

[To HemepMHHMPOBAHHOMY KOHEYHOMY aBTOMATy MOXHO IOCTPOUTb 3KBH-
BaJIeHTHBIH [e€TepMHUHHPOBAHHBIH B COOTBETCTBHH C AJTOPUTMOM, H3J/I0XKEHHBIM
B noapaszesne 3.4.2. DTo ocCyllecTBJAsSeTCS INPHUBENEHHBIMH HMXKe (YHKLHIMH
closure, goto U items.

Auaroputm 4.11. KoHcTpyrpoBaHHe KaHOHUYECKOH CHCTEMBI MHOXKECTB [OMY-
ctumbix LR(1)-curyauui

Bxod. KC-rpammaruka G = (N, T, P, S).

Boixod. Kanonuueckasi cuctema C' MHOXecTB ponycTuMbiX LR(1)-curyauui
nas rpamMmatuke G.

Memod. BbiNosHUTL AJisi MOMOJHEHHOH rpammatuku G mpouenypy items,
KOTOpasl UCNOoJ/b3yeT (PYHKLHH closure U goto.

SetO fItemsclosure(SetO fItemsI){
do {SetOfltems J = I;
for (xaxpom curyauuu [A — «.Bf,a] us J,
Kaxgoro mnpaeusa BuHBoga B — vy us G/,
xaxgoro repumuHana b us FIRST(fa),
Takoro, uro [B — .y,b] Her B J)
nobasuts [B— .y, b x J;
}
while (x J mMoxHO HO6aBUTL HOBYK CUTYALUWO) ;
return J;

SetOfItems goto(SetOfItems I,GrammarSymbol X) {
/* X - cumBOmN rpammaTuru */
Oycrs J ={[A—aX.8,a]|[A— a.XB, a]€I};
return closure(J);

items(Gramma G’ ){ /* G’ - nomnosHeHHas rpaMMaTHKa */
Ip = closure({[S" — .9, $]});
C = {I()},'
do{

for (xaxmoro MHOXecTBa cuTyauus I us
cucremsl C, Kaxmoro CHMBOJIA I'paMMaTHUKu X )
{SetOfItems J = goto(I, X);
Eciu (J # 2)&(J ¢C)
nobaeure J kK cucreme (C;

b}
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while (x C MoxHO OoHaBUTL HOBOE MHOXKECTBO
cuTyauun) ;

Ecau [ — MHOXKECTBO CHUTyalMH, NOMYCTHMBIX [J1si HEKOTOPOTO AKTHBHOTO
npedukca d, To goto(l, X) — MHOXKeCTBO CUTyaLHH, JOMYCTHUMbIX [/ aKTHBHOTO
npedukca 6.X.

Cucrema MHOKeCTB nonycTuMbix LR(1)-cuTyaunii 1/1s BCeBO3MOXKHBIX aKTHB-
HBIX IPe(UKCOB MOMOJHEHHOH IPaMMaTHKH HA3BIBACTCS KAHOHUYECKOU cucmemot
MHOXecTB nonycTumMbix LR(1)-curyauui.

Pabora anroputma noctpoeHusi cuctembl C' MHOXecTB pomycTumbix LR(1)-
CUTyalUH HauuHaeTcs ¢ Toro, uto B (' MOMelLIaeTcs HA4QAbHOE MHOXKEeCTBO
curyauuit Iy = closure({[S’— .S, $]}). 3arem ¢ mnomouibio (QYHKIUHH goto
BBIUMCJISIOTCS HOBBlE MHOXKeCTBa cuUTyauuil u Bkiwovatores B C. Ilo-cyuiecTsy,
goto(l, X) — mepexop KOHEYHOro aBTOMaTa U3 cocTosiHusl I mo cumsogy X.

PaccmoTpum Temepb, Kak mo cuctemMe MHoxkecTB LR(1)-cutyauuii ctpoutcs
LR(1)-trabauua, T.e. pyHKUHH neficTBUE U nepexonoB LR(1)-ananusatopa.

Aaroputm 4.12. [Toctpoenue LR(1)-tabmuisl.

Bxod. Kaunouuueckasi cucrema C = {Iy, I}, ..., [,} MHOXKeCTB HOMyCTUMBIX
LR(1)-curyauuii nis rpammatiku G.

Boixod. @yukuun Action u Goto, cocraBasiomne LR(1)-tabauuy s rpam-
MaTuku G.

Memoo. Ias kaxpaoro coctosinus i GyHkuuu Action[i, a] u Gotoli, X] ctpo-
SITCS1 TI0 MHOXKECTBY CHTyalui I;:

1. 3Hauenus ¢yHkuuu pedctBusi (Action) IS COCTOSIHHS i ONpPENEJSIOTCS
cJefyomuM 06pasom:

a) ecan [A — «.af,b] € I; (a — repmunan) u goto(I;, a)
= I;, To monaraem Actionli, a| = shift j;

6) eciu [A — a.,a] € I;, npuuem A # S', 10 nonaraem Action[i,a] =
= reduce 4 — «;

B) ecau [S" — S., §] € I;, To nonaraem Action|i, $| = accept.

2. 3HaueHus (YHKIHUH TEPEXOJOB JJIsT COCTOSTHUS ¢ ONPENesISIOTCS CeNYIOLUIUM
obpasom: ecqiu goto(I;, A) = I;, to Gotoli, A] = j (3mece A — HeTepMHHal).

3. Bce Bxombl B Action u Goto, He omnpejesieHHble WaramMu 2 ¥ 3, moJaraem
pPaBHBIMHU error.

4. HauasnbHoe COCTOSIHHE aHa/M3aTOpa CTPOUTCS M3 MHOXKECTBA, COAEPIKALLETrO
curyauuio [S" — .S, $].
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LR(1)-tabauua Ha ocHoBe hyHKUHE Action u Goto, NOJy4YeHHBIX B pe3yJibTaTe
paboter anroputma 4.12, HaseiBaeTcsl kanoxuueckoi. Paboraouuii ¢ Heit LR(1)-
aHa/IM3aTop Ha3blBaeTCsl KAHOHUUECKUM.

IIpumep 4.14. PaccMoTpUM ClEOYIOUIYIO I'DAMMATHKY, SIBJSIOUIYIOCS MOTOJHEHHOH
IJ151 TPAMMaTHKH 13 npuMepa 4.8:

0) E' — E;
1) E—-FE+T,
2) E—-T;
3) T—-TxF,
4) T — F;
5) F —id.

MHoxecTBa CcUTyalUU# W Mepexoibl MO goto [Jjs 3TOH TrpaMMaTHKH [pUBeIeHbI
Ha puc. 4.7. LR(1)-trabanua nis 3Tol rpaMMaTHKH MpuBeleHa B TabJl. 4.3.

4.5.4. Koucrpykrop LR(1)-ananusaropos Ha Java. B nporpammHoM mpu-
JIoXKeHuU npuBeneH naket LR1, comepxkammit LR(1)-KoHCTPYKTOp U aHAIM3aTOP.
Hcnonbayrores cienyomne CTPYKTypbl JaHHBIX:

HashMap GrammarR = new HashMap();

/* Habop oTobpaxeHuil HOMEp NpaBuia-> JleBas UacTb, IpaBas yacTb */
HashMap GrammarN = new HashMap():;

/* Ina xaxpmoro HerepMmuHarna Habop oTobpaxeHuit HOMep NHpaBuia —>

/* mpaBasi uacTb */

HashSet Nonterms = new HashSet(), Terminals = new HashSet();

LinkedList statesList = new LinkedList();

/*

* Crnucok HeobpaboTaHHHX COCTOSHUHN; COLEPKUT HOMEpa COCTOSIHUM U3

* canonicalSystem

*/

HashMap canonicalSystem = new HashMap();

/* DTo orobpakenue Homep cocrosiHus -> MHOXecTBO LR1 curyauuin */
HashMap actionTable = new HashMap():;

/* D10 orTobpakenue HoMep COCTOSHMS —->BXOOHOM CHUMBOJI —-> OeHcTBue */
HashMap gotoTable = new HashMap():;

/* Dro orobpakenue HoMmep COCTOSIHUSI —>HETEPMHHAJ -> COCTOsSIHUE */

4.5.5. KoppeKTHOCTh MOCTPOEHUS.

Teopema 4.9. Ecau G = (N,T,P,S") — LR(1)-epammamura, mo
601600 S = Tw cyuwjecmsyem mummk nocaedosamesvrocme wacos LR(I1)-
anaausamopa maxosa, umo (I, w$, e) H* (ISI, $, ), Action(I,$) = accept.

3nech ™ — LenoYKa HOMEPOB MPUMEHEHHBIX TPaBHJ MPABOCTOPOHHErO BbIBOAA
M 3Ta Illenodka nobGaBjeHa B TOPsiiKe MPUMEHEHHs] CBEPTKU (MOC/eNHsIsT CJeBa)
B KOH(UTIypallui0 aHaJU3aTopa.
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I I 1
[E'—.E, §] [E'—E., §]

[E—.E+T, §] [E—EA+T,$] [E—E+.T, §]
[E—.T. 8] [E—EA+T, +] [E—E+.T, +
{;H}T;kg $] [T—.T*F, $]

—.F, [T—.F, §|
[F—.id, §] I [T—.T*F, +]
[E—.E, §] [E—T., $] [T—.F, +]
[E—.T, +] .

e 714 [
[T—.T*F, 4] [E—T., +] [F—.id, +]
[T—.F, ] *
T T [T—TX*F, 4] [T—.T*F, %]
{T:.F *]7 | [T—T*F,*] [T—.F, *]
(Fid, ¥ ]
[F—.id, +]

F F
id l - | id
I; I I;

[T—T*.F,$] [T—F., §] [E—E+T., 9]

[T— T*.F, +| [T—F., +] [E—E+T., +]

[T—T*.F, *] [T—F., ¥ [T—T*F, $

[F—).Z_d7 8] } [T—T*F, +|

E—»ZZ, :}] [T— T*F, *]

—.id,
id
F
I I

[T—T*F., $] [F—id., +]

[T—T*F., +] [F—id., *]

[T—T*F., *] [F—id., $]
Puc. 4.7

Hokasameavbcmeo. JocratouHocTb. MHunykuueidn mo [ = |r|

nokaxem, uro ecau S = Tax, a € (NUT)*, z= € T* 1o (IpXiI...
oo X, 28, €) H* (ISI, $, ), tne X1 Xs...X,,, = o, Iy — HauasmbHOE COCTOSIHUE
DFAC | I, — cocrosune DF A nocae npourenust X1 X ... X; (a He cocTosIHHe
C HOMEpOM 7).

Basuc. Tlyets [ =1, T.e. m =1i. Torna S = lax, T.e. cyllecTByeT mnpa-
Buso (1)S — ax € P. Ilycts & = ajag...ap. CornacHo onpefiesIeHHI0 aKTHBHBIX
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NPe(QUKCOB ¥ IOMYCTUMBIX /ISl HUX CHTYyaLHii:
[S — a.ay...aj...ap, 8] € I, = DFA%(a) = DFA% (X X5...X);
[S — aay.ag...ap, 8] € I, = DFA%(aa));

(S — aay ...ap—1.ap, 8] € I, = DFA%(aay ... ap_1);
[S — aay ...ap., 8] € I, = DFA%(aaq ... a,) = DFA%(az).

Torga no mocrpoernto Action(Ipyj—1,a;) = shift Ipyj, Action(Imj, $)
= reduce i. THoaromy (IpXiI)...XpIn, 28, e) = (IoX 111 ... X;ndm, ay ...
ceapde) (XL o X I Iy - aplimp, $,€) E (1pST, $,4), u.T. 1.

llae undykyuu. Tlpeanosnoxum, 4TO yTBepKIeHHe BBINOJNHSETCS AJs | < n
(n > 1). Ilokaxem, 4TO OHO BhIMOJHSETCS A1 [l =n + 1.

Hmeem S = ™ o/ Aw = Lo/ fw = ax. OueBUAHO, UTO & 3aKAHUHBAETCS LEMOY-
Ko#l w, T.e. x = zw. Torma: o, &’ € (NUT)*,w,z,z € T*, n =7"i; A— 3 € P,
B=02 a=d f. ‘

MMmeromuiicss BBIBOL MOXKHO NPEICTaBUTh Kak S = ;,T/O/Aw = 7@ = o fw =
=d'f'zw. Umeem A — 3= 'z € P, torna o/ — axrtusabiil npeduke o 32w,
npuuem DFAC(o/f) = DFA%(a) = I,,; nostomy [A — B'.z,u] € Iy, u =
= FIRST (w)(mbo u =$, eciu w = e). Ilyctb 2 = ay ... ap. [To moctpoenuio
Action(Ipm, a1) = shift Lnii, ... Action(Imip—1,ap) = shift Ijyp, Imip =
DFA%(d'B), Action(In+p, u) = reduce I, u = FIRST (w)(mu60 u = $).

AHanu3aTop OCYIIECTBJISIET CJIEAYIOLIHe TAKTHI:
(I()lel R XjIij+1Ij+1 S XmIm, J}$, 6) =
(I()lel R XjIij+1Ij+1 S XmIm, Z’LU$, 6) =
(IOXIII . XjIij-i-le-i-l . XmIm, a ... apw$, 6) H
(IOXIII ce XjIij-i-le-i-l e XmIma1[m+1, as ... CLpU)$, 6) H
(I()lel Ce XjIij-i-le-i-l e XmIma1[m+1 CLpIm+p, w$, 6) ==
(I()lel ce XjIjAI§+1, w$, Z) * (I()ST, $, ﬂ'/i) = (I()SI, $, 7T).

[Mociienuuit mepexon 060CHOBAH MPETNOJIOKEHHEM HHIYKIHU C YU4ETOM TOTO,
uro Ij = Goto(l;, A), I}, = DFA%(d’A), o/ = X1 Xy ... Xj. B uacTHocTH,
ecin o = e, T.e. S = Tz, 1o (Ip, 28, e) H* ([HS1, $, 7).

Heob6xonumocts. HMHaykuueir no uucay [ TakTOB aHajgud3aTopa IIo-
kaxeMm, uto ecan (o, w$,e) F (IoXiIi ... X; ;X 41041 - Xondm, 28, ), ToO
ar = Tw, o= X ...X; ... Xy, x,w € T*, T.e. conepxumMoe MarasuiHa B KOHKa-
TEHALUH C HEMPOCMOTPEHHOH BXOAHOH CTPOKOH MPeNCTaBJseT MPABOCEHTEHIMAJIb-
HYy10 (OpPMY, BHIBOAUMYIO C MOMOIIbIO MOCJEI0BATENbHOCTH MPABUJ 7.

Basuc. Tlycte | = 1. Ecau 3to shift, to mnyere (Ip, w$,e) =
= (Lo, X128, e) b (IpX1I, 28, ¢e), w = X z. Torna Xz = w 3a 0 waros. Eciu
70 war reduce i, TO, TOCKOJbKY B HadaJbHOH KoH¢urypauuu (Ip, w$, e)
MarasuH TycT (coctostHHe [y He Y4MThbIBaeM), OCHOBA TaKXKe MycTa. 3HaAuWT,
[A — e.,u] € Iy, (Iy,w$,e) - (IpAI, w$, e), u = FIRST (w), (6o u = $), Tak
yro Aw = Dw.
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lllae. Tlycts anamusartop ocyinectBasieT | = n + 1 maros. [lepBeie n maros
JarT (Io, w$, 6) Em (I()XIII e XjIij+1Ij+1 XmIm, $/$, 7T,>.

[To npeanonoxenuio uHAYKUMKM X ... X X = Zf'w, 3aTeM OCYILIECTBJIsI-
eTcs nocaenuuit war. [lyctsb ato shift. Torna:

(I()Xlll . X]'I]'Xj+1]j+1 . mem, l‘/$, 71'/) =

(I()lel . Xj]ij+1Ij+1 . XmIm, Xm+1l‘$, 7T/) F

(I()lel . Xj]ij+1Ij+1 .. .leImeJrl, $$, 7T’).

X ...Xj ...Xme+1$ :>wa,

TIOCKOJIBKY

= X1z, Xi o X X X1z = X0 X oo X Xy 12! = T w
10 MPEeANOJIOKEHHIO HHIYKIHH.

[Tyctb 370 Teduce. 3a nepBbie n waroB focTurHyTa Koudurypauus (Io X1 ...
XL X T X I, 28, 7). 3areM coBepmiaeTcsi MOCAEIHHE TaKT —
cBepTKa To i-My mpasuay. Ilo mocrpoenuto I, = DFA% (X, X X)) v oey-
mectByeT LR(1)-curyanus
[A—-YY;... Y, W] € L,,u € FIRST(z') (mu6o $),

A=Y1Ys Y, e PYVYs. . . Yy =Xp pr1... Xin.
Torna

(I()lel . X]'I]'Xj+1fj+1 . XmIm, Xm+1, (E$, 7T/) =
= (LoX1I1 ... Xon—pIm—pY1Im—p1Yo ... VI, '8, 7')
F (I()lel . Xm_plm_pAI;nfp+1, {L’/$, ’i7T/),
rae Irln—p—H = Goto(Im—p, A).

Kpome Toro, X;Xy... Xpm_pAz' = T/w, nockoabky XXy ... Xy pAz' =
=X Xy Xp V1Yo .. . Ypr' = X1 Xy ... XonpXonpi1 - Xpn1 X' = Tw
BBHUJly MPEIOJOXKEHUS HHIYKIMU. B yacTHOCTH, npu av = S, & = e nosyyaeMm, 4To
eciu (Iy, w$, e) H* (1pS1, $, 7), 10 S = Tw. n

4.5.6. LR(k)-rpammaruku. Ecau mas KC-rpammartuku G dyukuus Action,
noJiydeHHasi B pe3dynbrate paboTel anaropurMa 4.12, He comep:KHUT HEOQHO3HAUHO
OTpefie/IeHHbIX BXOJOB, TO rpaMMaTHKa HaseiBaetcsi LR(1)-epammamurol.

f3bik L HasbiBaetcsi LR(1)-s3b1K0M, €CJIX OH MOXKET OBbITh TOPOXKAEH HEKOTO-
poii LR(1)-rpammaTuKoi.

Muorpa ucnosbayercss npyroe omnpenenedde LR(1)-rpammaruku. [pamMmmartrka
HasbiBaeTcst LR(1), ecin U3 yCJ0OBUH

1) "= *udAw = ,uvw;,
2) S§' = 2Bz = ,uvy;
3) FIRST(w) = FIRST(y)

cnenyert, uyto uAy = zBx (t.e. u=2, A=Bux =y).
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B cnyuae mpousBosbHOro k£ > 0 onpenesieHue TakoBoO.

Omnpenenenne 4.4. [lycre G = (N, X%, P,S) — KC-rpammaruka u G’ =
= (N, %, P, S") — nosnydyeHHast u3 Hee MOMOJIHEHHAs TpaMMaTHKa. [paMMaTHKY
G Oynem HasbiBaTbh LR(k)-epammamuroil nns k > 0, ecnu U3 yc/oBui

) "= Gradw = grafw;
2) §'= &nyBr = grafy;
3) FIRST}(w) = FIRST;(y)

ciaenyet, uto Ay = yBx (1.e. a =7, A= B ux =y).

[pammatuka G HasbiBaetcsi LR-epammamuxoti, ecnn oHa LR(k)-rpammaruka
nJsi HekoToporo k > 0.

VIHTYyUTHBHO 3TO omnpeneseHHe TOBOPUT O TOM, 4TO ecau afw u afy -
PaBOBBIBOAUMBIE [IEMIOYKH TOMOJHEHHOH TpaMMaThHKH, Y KoTopuix FIRSTy(w) =
= FIRSTy(y), u A — (3 — mocsenHee MpaBuJIo, KCIOJb30BAHHOE B MPABOM BBHIBOJIE
uenoukd afw, To mpaBuio A — [3 NOMKHO MCIOJNb30BAThCS TaKXKe B MPABOM
pasbope mpu cBeptke afy kK aAy. Tak kak A naer (3 He3aBUCHMO OT w,
to LR(k)-ycoBue rosoput o tom, uto B FIRST)(w) comepxutcs HHbOpMALLHS,
JOCTaTOYHas MJsl ONpeleseHds TOro, 4yTo «f 3a ONWH Iar BBIBOAMUTCH U3 «aA.
[ToaToMy HUKOrIa HE MOXKET BOBHUKHYTb COMHEHHH OTHOCHTEJbHO TOTO, KaK CBep-
HYTb OYepelHYI0 MPAaBOBLIBOAWMYIO LENOYKY IOMOJHEHHOW Trpammatuku. Kpowme
toro, paboras ¢ LR(k)-rpammatukoii, Mbl Bcerna 3Haem, JOMYCTUTb JH NaHHYIO
BXOJHYIO LENOUYKY W/ MPOLOJKATh Pa3top.

ITpumep 4.15. PaccmoTpum rpammatuky G ¢ mpaBUiaMu

S — Sa|a.

CornacHo ompezenenuto, G He LR(0)-rpammatiika, Tak KakK M3 TpeX YCJIOBHIA:

) §=9%.9=q-5;

2) S = grS = grSa;

3) FIRSTy(e) = FIRSTy(a) =e

[P & — —

He caenyert, uto S'a = S. [IpumMeHsisi onpenesneHye K 3TOH CUTyaluH, UMeeM o = ¢, 3 = 5,
w=e vy=e A=S5,B=S8, x =e¢u y=a. [lpobiema 31ecb 3aK/J0UaeTcsi B TOM,
4TO HeJsb3sl YCTAHOBUTD, SIBJASETCS JIM S OCHOBOH MPaBOBBIBOAMMON LeNOUKU Sa, He BUAA
CUMBOJI, cTosillero nocse S (T.e. Hab/onas «HyJeBOe» KOJUYECTBO CHMMBOJIOB). MHTYyHU-
TUBHO TpencTaB/sercs, uto G He nosmkHa O6biTh LR(0)-rpamMmmatukoil, U oHa He GyleT elo,

€CJIM MOJIb30BATbhCA MEPBLIM ONpPeneJIeHHUEeM. dTto omnpeneJieHne Mbl U 6yILeM HCII0JIb30BATb
JgaJjiee.

ITpumep 4.16. [Iycte G - jeBoHHelHAs rpaMMaTHKa C PaBHJIAMH:
S — Ab| Bg;

A — Aa|e;

B — Ba|e.
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3amertum, uto G He siBasercs LR(k)-rpammatukoil HU assi Kakoro k.
Honyctum, ytro G — LR(k)-rpammaruka. PaccMoTpuM aBa MpaBbix BHIBOAA B MOMOJ-
HeHHOH rpammaruke G':

S = .8 = *Ad*b = .a*b

S" = .S = *Bd*c = .d"c.

OTu 1Ba BBIBOLA YAOBJETBOPSIIOT YCJOBHIO u3 omnpenesenus LR(k)-rpammaruku mpu
a=e, B=¢e, w=aFbh, y=-euy=aPc. Ho tax kak 3akmouyeHHe HeBepHO, T.e. A # B,
10 G — He LR(k)-rpammaruka. Bosee toro, tak kak LR(k)-ycsoBue Hapyiaercst mjs
Bcex k, To G — He LR-rpammaruka.

Ecnu rpammatuka He siBasiercss LR(1), To aHanu3aTop THma CABUT—CBepTKa
NpU aHalh3e HEKOTOPOH LENOYKH MOXKeT AOCTUTHYThb KOH(UTypaUHH, B KOTO-
pOH OH, 3Had COAepXKHMMOe MarasvHa M CJedyIOLIHMHd BXOOHOH CHUMBOJ, He MO-
JKeT pelLIuTb, AeJaTb JH CABUT WM CBEPTKY (KOH(MJIUKT COBUT—CBEPTKA), HJH
He MOXeT pelIUTb, KaKyl0 H3 HECKOJbKHUX CBEPTOK IPUMEHHUTb (KOH(JIUKT
CBEpPTKa—CBEPTKA).

B uyacTHOCTH, HeonHO3HaYHasi TpaMMaThKa He MoxeT ObiTh LR(1). [dasi moka-
3aTesbCTBA PACCMOTPUM [Ba PAa3JHUUYHBIX IPABBIX BBIBOAA:

DS=,u=,...=u,=>w, 2)5=,0=,...= 0y = W
HetpynHo 3ametuth, uto LR(1)-ycaoBue (corsacHo BTopomy omnpenesenuto LR(1)-
rpaMMaTHKH) HapyllaeTcs /s HaUMEeHbIIEero W3 YHUCeJ 4, IJsI KOTOPHIX Up—; #
75 Um—i-

IIpumep 4.17. PaccmoTpuM ellle pa3 rpaMMaTHKY YCJOBHBIX OMEPAaTOPOB:

S —if Ethen S|if E then S else S| a;

E —b.

Ecsiv aHanM3aTop THNA CIBUT-CBePTKA HAXOAMUTCS B TAKOH KOH(PUIypalUH, 4TO Heol-
paGoTaHHasi 4acTb BXONHOH LIEMOUKH HMeeT BHA else...$, a B MarasuHe HaXOAHMTCA
...if E then S, To Hesb3s omnpenenuthb, siBasercs Jad if E then S ocHOBOH, BHe 3a-
BHCUMOCTH OT TOrO, YTO JIEXKHT B MarasuHe HHxke. IDTO KOH(MIMKT CIOBUI—CBEpPTKA.
B 3aBucHMOCTH OT TOTO, UTO CJIefyeT Ha BXOJe 3a else, MPaBUIbHON MOXeT ObITh CBEpPTKa
no S — if E then S unu caBur else, a 3ateM pa36op Apyroro S U 3aBeplleHHe OCHOBBI
if E then S else S. Takum 00pa3oM, Hesb3si CKa3aTh, HY’KHO JIK B 3TOM CJydae IesaThb
CIBHI WJIH CBEPTKY, TaK 4TO rpaMMaThKa He siBasietcss LR(1).

Ata rpaMMaTHKa MoxeT ObiTh NMpeoOpasosana K LR(1)-Buny caenymouuM o6pasom:

S— M| U,

M —if E then M else M | a;

U—if Ethen S|if E then M else U,

E—b.

OcnoBHast pasnuua Mmexay LL(1)- u LR(1)-rpammarukamMu 3akJjwoudaercs
B cenytoiieM. UroObl rpammatrka 6bl1a LR(1)-rpaMmaTrkoii, Heo6X0MUMO pacro-
3HaBaTb BXOXKJI€HUe TMPABOH YaCTH MPaBUJ/a BbIBOJA, TPOCMOTPEB BCE, UTO BhIBele-
HO U3 3TOH NpaBoH YacTH, U TeKYLIUH CHMBOJ BXOAHOH LeMOYKU. DTO TpeOGoBaHHe
CYILECTBEHHO MeHee cTporoe, ueM TpeboBaHue aias LL(1)-rpammartuxu, korapa
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HeO0OXOAMMO OINpeNeUTb NMPUMEHHMOe MPaBHJO, BHUAS TOJBKO IMEPBBIH CHMBO.I,
BBIBOAMMBIH U3 ero npaBoil yacTu. Takum o6pasom, knace LL(1)-rpaMmmartuk ectb
co6cTBeHHBIH noakaace kiaacca LR(1)-rpammaTuk.

CrpaBe/IMBbl TaKXKe CJeNyolIne YTBepXKaeHus [2].

Teopema 4.10. Kaoxcoowi LR(1)-s3vik s6asemca demepmunuposanmvim KC-
A3bIKOM.

Teopema 4.11. Ecau L — demepmunuposannoiii KC-236ix, mo cyuiecmayem
LR(1)-epammamuxa, nopoxoarouias L.

Teopema 4.12. [{na awboii LR(k)-epammamurku npu k > 1 cywecmsyem
axsusasenmuasn eti LR(k — 1)-epammamuxa.

JlokasaHo, uto npobJseMa onpejesneHus, NOpoxKaaeT 1 rpaMMmatika LR-s3bIK,
SIBJISIETCS] A/JTOPUTMHUYECKH HepaspelInMOH.

4.5.7. BoccTaHoBJIeHUE Mpollecca aHAJAU3a MOC/Ie CUHTAKCMYeCKUX OLIM-
6ok. OpnHMM M3 NpOCTeHIIMX MEeTOAOB BOCCTAHOBJ/IEHHS IOCJe OLIMOKH IMpH
LR(1)-ananuse siBasiercss caenytouui. [Ipu cuHTakcuyeckoil ommuGKe MpocMaT-
puBaeM MarasvH OT BepXYyIUKH, IOKa He HaHieM COCTOSHHE S C IepexoioM
Ha BblleJeHHbIH HeTepMuHan A. 3aTeM CKaHMPYIOTCS BXOLHBIE CHMBOJIBI, MOKa
He OyleT HakeH TakoH, KOTOPbIH NomycTHM rocie A. B 3Tom ciydyae Ha BepXyIIKy
MarasuHa nometaercs cocrosiuie Gotols, A] u paz6op nponoskaercs. st HeTep-
MHHa/Ma A BO3MOXKHBI HECKOJIBKO TaKMX BapHaHTOB. OObIYHO A — 9TO HETEpPMHUHAJ,
NpeJCTaBASIOIMUI OHY U3 OCHOBHBIX KOHCTPYKUMH $13bIKa, HallpUMep, ONepaTop.

[Ipu Gomee neranbHOH npopaboTKe peakLHMH Ha OLIMOKM MOXKHO B KaxKIOH
NYCTOH KJeTKe aHalM3aTopa [0CTaBUTh obpallleHue K cBoell noanporpaMme. Takas
NoANporpaMMa MOXKeT BCTaBJsATb WJH YAaJsATb BXOAHble CUMBOJbI HJH CHMBOJIbI
MarasuHa, MEHSITb MOPSIOK BXOAHBIX CUMBOJIOB.

4.5.8. Bapuantel LR-ananusaropoB. [loctpoennbie Tabmuisl aias LR(1)-
aHa/ M3aTopa 3a4acTylo MOJydalTcsl NoBOJMbHO GosbiiuMu. [losTomy mpu mnpak-
THUECKOH peasiu3allid UCIMOJb3YIOTCS pa3judyHble MeToibl UX cxkatus. C apyroi
CTOPOHBI, UACTO OKa3bIBAETCS, YTO MPH MOCTPOEHUN CHHTAKCHUECKOTO aHaIn3aTopa
THIA «CIBUT—CBEPTKAa» JOCTATOUHO GoJiee MPOCTHIX MeTOnOB. HekoTopbie U3 3THX
MeTozoB GasupytoTcs Ha ocHoBe LR(1)-ananusaropos.

OnHuM M3 crnoco6oB Takoro ympoleHus: siBasercs LR(0)-aHanu3 — 4acTHBIA
cayvad LR-ananu3a, Korna HU NpU MOCTPOEHUH TabJIHIL, HU TIPH aHa/lu3e He Y4H-
THIBA€TCSl aBaHIIENOYKa.

Euie onuum BapuaHToMm LR-anannsa siBasiiorcsi Tak HasbiBaemble SLR(1)-
ananusatopsl (Simple LR(1)). Ouu ctpositcst o caenytomed cxeme. [lyects C =
={ly, I, ..., I,} — Hatop muHOxkecTB ponycTuMbix LR(0)-curyauuii. CocrosiHus
aHasnM3atopa CoOTBeTCTBYIOT [;. DyHKUHH AEHCTBHH M TepeXoHoB aHa/au3aTopa
OTpeNeNAITCs CAeNYIOUM 00pa3oM.
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1. Ecmn [A — w.av] € I; u goto(l;,a) = Ij, To ompenenum Action[i, a] =
= shift j.

2. Econ [A — w.] € I;, To, nast Bcex a € FOLLOW (A), A # S', onpenennm
Action[i, a] = reduce A — u

3. Ecin [S"—S.] € I;, o onpenenum Action[i, $| = accept.

4. Ecmu goto(l;, A) = I;, rne A € N, To onpenesnum
Gotoli, A] = j.

5. OcranbHble BXoabl A5 GyHKIHHE Action u Goto onpenesuM Kak error.

6. HauasbHoe cOCTOSIHHE COOTBETCTBYET MHOXKECTBY CHTYalHH, comepKaliemy
curyauuio [S" — .S].

PacnpoctpanennbiM BapuanToM LR(1)-ananusza siasietcs takxke LALR(1)-
aHanu3. OH OCHOBaH Ha O0O0beNUHEHHM (CJAUSHHH) HEKOTOpbIX Tabauill. HaszoBem
a0pom wmHoxkecTBa LR(1)-cuTyauuii MHOXKECTBO HMX MepBbIX KOMIOHEHT (T.e.
BO MHOXKECTBE CHTYallUd He yUHTBIBAIOTCS aBaHUenoukn). OObefHHHUM BCe MHO-
KeCTBa CHUTyalW# C OIMHAKOBBIMH sIIPAMH, a B KayeCTBe aBaHLENOYEK BO3bMEM
obbenuHenue aBanuenouek. Pyukuuu Action u Goto CTpPOSTCS OYEBHIHBIM 00-
pasom. Eciu ¢yukuusi Action Takum 00pa3oM MOCTPOEHHOrO aHa M3aTopa He
uMeeT KOH(MJIUKTOB, To OH HasbiBaetcsi LALR(I)-anarusamopom (LookAhead
LR(1)).Ecau rpammatuika siBasiercss LR(1), To B tabamunax LALR(1)-ananusatopa
MOTYT MOSIBUTbCS KOH(MJIMKTBI THIBl CBepTKa/cBepTKa (eCad ONHO M3 00benu-
HSEMBIX COCTOSIHME uMeso curyauuu [A — «,a| u [B — (3,b], a ppyroe —
[A — a,b] u [B — (,a], to B LALR(1l) nosBsitcst curyaunu [A — «,{a, b}]
u [B — (,{b,a}]). Konpnukrsl tTMna caBur/cBepTka MOSIBUTbCS HE MOLYT, IO-
CKOJIbKY aBaHIIeNouyKa AJisi CABUra BO BHUMaHHe He MPUHUMAETCSI.



[naBa 5
9JEMEHTbBI TEOPHUHU IIEPEBOJIA

Jlo cux mop Mbl paccMaTpHUBaJSd MPOLECC CHHTAKCHYECKOTO aHa/IM3a TOJbKO
KakK IpOLeCC aHa/n3a JONMYCTHMOCTH BXOAHOH LenodykKd. OfHAKO B KOMIHUJSATOpPE
CUHTaKCUYECKHH aHa/lu3 CJAYXKUT OCHOBOH ellle ONHOr0 Ba)KHOro Iiara — II0-
CTPOEHHs JlepeBa CHHTaKCHYecKoro aHanusa. B mpumepax 4.3 u 4.8 B mporecce
CHHTAKCHYECKOTr0 aHa/ju3a B KauyeCTBe BBIXOLA BblJaBajach MOCJEN0BATEbHOCTb
MPUMEHEHHbIX TPaBUJ, HA OCHOBE KOTOPOH W MOXeT OBbITh MOCTPOEHO MIepeBo.
[TocTpoeHue nepeBa CHHTaKCHYECKOTO aHA/IM3a SIBJSETCS MPOCTEHIINM YaCTHBIM
ciydaeM nepesoda — Tmpolecca NpeoOpa3oBaHHs HEKOTOPOH BXOAHOH LENOYKH
B HEKOTOPYIO BBIXOOHYIO.

Onpenenenue 5.1. [lycts T — BxonHo# andasut, a [I — BeixonHO#H andaBur.
[lepesodom (wau mpancasyueil) ¢ s3vika L1 C T Ha 136K Lo C II* HasbiBaeTcs
otobpaxenue T : L1 — Lo. Eciin y = 7(x), To 1enoyka y HA3bIBAETCS 8bL.X000M
Il UEeNOYKH .

MbI paccMOTPUM HeCKOJBKO (hOPMannu3MOB JJIsl ONpelesieHHsl IePeBOIOB: MNpe-
obpas3oBaresid ¢ MarasuHHOH MaMATblO, CXeMbl CUHTaKCUUYECKH YIpPaBJseMOro Ie-
peBofa U aTpUOyTHBIE TPAMMAaTHKH.

5.1. IIpeoGpa3oBaresun ¢ Mara3mHHON MaMSTBIO

PaccmoTprM BaxkHBIH KJace aOCTPaKTHBIX YCTPOHUCTB, HAa3biBaeMbIX MIpeodpaso-
BaTe/sIMH C MarasuHHOU NMaMsiThio. DTH Npeobpa3oBaTe/d ONYy4alTCsl U3 aBTOMa-
TOB C Mara3uHHOH NMaMsThIO, €C/IU K HUM 100aBUTb BBIXOA U MO3BOJNHTb HA KaxKI0M
mare BbIAaBaTb BHIXOAHYIO LIENOYKY.

[Ipeobpasosamerem ¢ maecasdunnoti namamoto (MII-npeobpasoBaTesnem) Ha-
sbiBaetcst BocbMepka P = (Q,T,T,11, D, qo, Zy, F'), rie BCe CHMBOJBI HMEIOT
TOT »Ke CMBICJ, uTO W B omnpeneseHun MII-aBTomara, 3a HCK/IIOUEHHEM TO-
ro, uto II — KoHeuHBIi BBIXONHOH andaBuT, a D — oroOpakeHHE MHOXe-
ctBa @ X (T'U {e}) x I' Bo MHOXKECTBO KOHEUYHBIX MOIMHOXKECTB MHOXKECTBA
Q x I' x IT*.

Omnpenenum Kongueypayuro npeodpasosaress P kak detBepky (q, x,u,y),
rie ¢ € Q — cocrosinve, x € T* — uernouka Ha BXOHHOH JeHTe, u € [* —
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colepKUMoe MarasuHa, y € II* — 1ernoyka Ha BLIXOAHOM JIeHTe, BblJaHHAs BILJIOTh
JI0 HACTOSAIIEr0 MOMEHTA.

Ecnu muoxectsBo D(q, a, Z) comepxut saemeHT (7, u, z), TO OygeM Mucarh
(q, ax, Zw, y) & (r, z, uw, yz) nas aoodbix ¢ € T*, w € I u y € IT*. Pedaekcus-
HO-TPaH3UTHUBHOE 3aMblKaHHe OTHOIIeHHs: F Gynem o6o3Hauats H*.

Llenouky y HazoBeM 8vixodom paast x, ecau (qo, x, Zg,e) F* (q, e, u,y) nis
HeKOTOpHiX q € F' u u € T'*. [lepesodom (mau mpancisuuetl), onpeaessieMbiM
MII-npeo6pasoBatenem P (o6o3nauaercsi 7(P)), Ha30BeM MHOXECTBO

{(x,v) | (q0, %, Zo, €) V" (q, €, u,y) nnsi HekoTOpBIX q € F u w e T}

Bynem rosoputh, uto MII-npeobpasoBatens P siBasieTcsi demepmuHupos8ar-
How (JIMII-npeoGpazoBaTesieM), €CH BHIIONHSIOTCS CJAEYIOLINAE YCJIOBHUS:

1) nast Beex g € Q, a € TU{e} u Z € I' muoxectso D(q, a, Z) comeput
He GoJiee O[HOTO 3JIEMEHTa;

2) ecu D(q,e,Z) # @, 10 D(q,a,Z) =& nnsi Bcex a € T.

IIpumep 5.1. PaccmoTpuMm nmnepeBom 7, OTOOpaXKalIIMH KaXAYH0 LENoYKy & €
€ {a,b}*$, B KOTOPOH YHCJIO BXOKAEHUH CHMBOJA @ PABHO YMCHY BXOXKIEHWEH CHMBOJIA
b, B uenouky y = (ab)™, rie n — YKCIO BXOXKIEHUH a uau b B uemouky x. Hampumep,
7(abbaab$) = ababab.

10T mepeBoa MoxkeT OBITb peasnusosaH JIMII-npeoGpasoBatenem

P = ({90, s}, {a,b,8},{Z, a, b}, {a, b}, D, g0, Z, {4s})

¢ (PyHKLHEH NepexoioB:
D(qo, X, Z) = {(q0. XZ, e)}, X € {a, b},
D(qo0, 8, Z) ={(qy. Z, €)},
D(qo, X, X) = {(q0, XX, )}, X € {a, b},
D(q0, X,Y) = {(qo, e, ab)}, X € {a,b}, Y € {a, b}, X £Y.

5.2. CMHTaKCMYeCKHU YNpaBJsieMblil IepeBo

Hpyrum opmanuaMoM, HCHOJb3yeMbIM /ISl ONpeleseHHsl TepeBOAOB, SIBJs-
eTcs cXeMa CHHTAaKCHYeCKM ympaBJ/seMoro nepesoga. PakTHuecKH Takas cxema
npezcrapaser coboit KC-rpammaTuky, B KOTOPOH K KaXIOMYy TMpaBHJy H00aBJeH
3MeMeHT mepeBofa. Bcsakui pas, Korma MpaBUJIO ydacTBYeT B BbIBOJE BXOLHON
LIeMOYKH, C TIOMOIILbIO 3/JIeMeHTa MepeBOo/ia BHIYUC/ISETCS YaCTh BBIXOAHON LETMOUYKH,
COOTBETCTBYIOLLAS YACTH BXOLHOH LIEMOYKH, MOPOKIAEHHON 3TUM MPABUJIOM.

5.2.1. CxeMBbI CHHTaKCUYECKH YNPaABJISIEMOT0 NMepeBoaa.

Onpenenenne 5.2. Cxemoil CUHMAKCU4ECKU — YNpasasiemoco  nepe-
600a (Mau TpaHcasuuM, cokpaiieHHo: CY-cxemoil) HasbiBaeTcs TsTepKa
Tr=(N,T,1I, R, S), rae:
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1) N — KoHeyHOe MHOXKECTBO HEeTEePMHHAJbHBIX CHMBOJIOB;
2) T — KoHeuHbI# BXOIHOW aJjipaBuUT,;
3) II — KoHeuHbI BHIXOMHOH a(aBHT;

4) R — KOHeYHOe MHOXECTBO npasu/ nepesoda Buua
A—u,v

rie u € (NUT)*, v e (NUID* u BXoxKIeHHUS HETEPMHHAJIOB B LENOUKY
v 00pa3yioT MepecTaHOBKY BXOXK/EHHH HETEPMHUHAJIOB B LEMOUYKY U, TaK
YTO Ka)KIOMy BXOXKIEHHIO HeTepMHHana B B LENOYKY U COOTBETCTBYET
HEKOTOPOe BXOXKIEHHE 3TOT0 K€ HeTepMHHA/Na B LEMOYKY v; eCH HeTep-
MHHaJ1 B BcTpedaercsi Gosiee OLHOTO pasa, TO AJIsl yKasaHWsi COOTBETCTBHS
HCIIOJIb3YIOTCSl BEPXHHE LEJOUHMCIEHHbIE HHIEKCH;

5) S — HayasJbHBIH CHMBOJ, BblIeJE€HHBIH HeTepMHUHAM U3 V.
Onpenenum goiodumyro napy B cxeme 1T'r crepyromum o6pasom:

1) (S,S) — BbiBomuMMasi mapa, B KOTOPOH CHMBOJIBI S COOTBETCTBYIOT YT
APYTY;

2) ecau (zAy, 2’ Ay') — BbiBogMMasi mapa, B LENOYKax KOTOPOH BXOKIeHHsT A
COOTBETCTBYIOT APYT APYTry, © A — w,v — npasuio u3 R, to (zuy, x'vy)
— BbiBogMMasi napa. Jlis 0603HAaueHHs] TAKOTO BbIBOLA ONHOE Mapbl M3
Apyroi GyeM mnoJib3oBathesi o6o3HauenneM = (xAy, 2’ Ay') = (zuy, 'vy’).
Peh/ieKCUBHO-TPAH3UTHBHOE 3aMbIKaHHe OTHOLIEHHe = 0003HAYUM = *.

Ilepesodom 7(T'r), onpedersemvim CY-cxemoil T'r, Ha30BeM MHOKECTBO Map
{(z,9) [ (5,5) = (z,y), €T, y "}

Ecnn yepe3 P 0603HaYUTb MHOXKECTBO BXOJHBIX MPaBUJ BbIBOJA BCEX MPABHUJI
nepesona, To G = (N, T, P, S) 6yner 8xo0noii epammamuroil pis Tr.

CY-cxema Tr = (N,T,1I, R, S) HasbiBaeTcst npocmotii, e€Cid AJsi KaxA0ro
npaBuna A — u, v U3 R COOTBETCTBYIOLIME IPYT APYTY BXOXKAEHUS HETEPMHHAJOB
BCTPEUaIOTCsl B 4 U ¥ B OAHOM H TOM K& TMOPSIIKE.

[lepeBon, ompenensieMbiii mpocTod CY-cxeMoii, HA3bIBAETCS NPOCMbIM CUH-
makcuuecku ynpasasemoim nepegodom (npoctoiM CY-niepeBoaom).

Ilpumep 5.2. IlepeBon apucmerrueckux BoipaxeHnui B [1OJIM3 (mosbckyro HHBepC-
HYIO 3alHCh) MOXHO OCYLIECTBUTh mpocToil CY-cxeMO# ¢ mpaBU/IaMH

E—-E+T, ET+;

E—-T, T,
T—TxF, TFx
T — F, F,
F —id, id,

F — (E), E.
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Haiinem Bbixop cxemel misi Bxona id x (id + id). HeTpynHo BHEETb, YTO CYLIECTBYET
10C/IeI0BATE/IbHOCTD LIAaroB BbIBOIA

(E,E)=(T,T)= (T'« F,TFx) =
= (F«F,FFx) = (id« F,id Fx) = (id* (E), id Ex) =
= (id+x(E4+T),idET+%)= (id« (T +7T),idTT +x*) =
= (id* (F+T),id FT+%) = (idx (id+T),idid T + %) =
= (id* (id+ F),idid F+ * ) = (id * (id + id), id id id + *),

nepeBoAsiilasi 3Ty LeNo4Ky B Lenouky id id id + *.

PaccmoTpuM cBs3b Mexay MepeBogaMu, onpefnesseMbiMd CY-cxeMaMu U OCy-
wectBasieMbivu MII-nipeoGpasoBarensamu [2].

Teopema 5.1. [Tycmo P — MII-npeobpaszosamens. Toeda cyuecmeyem ma-
kas npocmas CY-cxema Tr, umo 7(T'r) = 7(P).

Teopema 5.2. [Tycmo Tr — npocmas CY-cxema. Toeda cyujecmsyem maxoti
MII-npeobpasosamenrsv P, umo 7(P) = 7(Tr).

Takum o6pasom, KJacCc MEPEBOMOB, OMPENessieMblX Mara3duHHbIMH Mpeobpaso-
BaTeJIIMH, COBIMAMaeT C KjaccoM mpocTeix CY-mepeBonoB.

PaccmoTtpuM Tenepb cBsA3b Mexay CY-mepeBogaMu W JeTePMHUHHPOBAHHBIMU
MII-npeo6pasoBatesisiMy, BBINOMHSIOUIMMA HUCXOASIIMH WM BOCXOSALIMH pas-
6op [2].

Teopema 5.3. lycmo Tr = (N,T,1I, R, S) — npocmas CY-cxema, 6x00-
Holl epammamuroil komopoi caymcum LL(1)-epammamura. Tozda nepesod
{(z,y)|(z,y) € 7(Tr)} mosxro ocyuecmsumo demepmuruposarnnoim MII-npeot-
pasosamenem.

CyuectBytot npoctble CY-cXeMbl, HMeIOIINe B KaueCTBe BXOAHBIX TPaMMaTHK
LR(1)-rpammaTuky U He peanudyeMmble HU Ha kakoMm J[MII-npeoGpasoBaTtese.

ITpumep 5.3. Paccmotpum npoctyto CY-cxemy ¢ npaBHIaMU:

S — Sa, aSa;
S — Sb, bSb;
S —e, e

BxonHasi rpammatuka siBasercsi LR(1)-rpammarukoii, Ho He cyumwectyet JIMII-mipe-
o6pasoBareJisi, onpenessiouiero nepesoxn {(x, y)|(z,y) € 7(Tr)}.

Hasosem C¥Y-cxemy Tr = (N, T, 11, R, S) nocmeurcroii, ecin Kaxaoe npa-
BuJ0 M3 R umeer Bug A — wu,v, roe v € N*II*. UHbIMU cCJi0BaMH, KaxKIbli
3JIEMEHT IepeBofia TPeACTaBJsieT cOO0H 1EeNOUKY U3 HETEPMUHAJNOB, 32 KOTOPBIMH
CJIelyeT 1eMOoYKa BBIXOAHBIX CUMBOJIOB.

Teopema 5.4. I[lycmo Tr — npocmas nocm@ukcras CY-cxema, 8xo0Has
epammamura oas komopoii seasemces LR(1). Tozda nepesod {(x,y)|(x,y) €
€ 7(Tr)} moxcro ocyuecmsumeo demepmunuposannvim MII-npeobpazosamerem.
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5.2.2. O000OmeHHbIe CXeMbl CHHTAKCHYECKH YIIPaBJISeMOro IepeBoia.
Pacuiupum onpenesienrne CY-cxeMbl, ¢ TeM 4YTOOBI BBHIOJHATbL 0OJjiee LIHPOKUN
KJlacc nepeBofoB. Bo-nepBhiX, M03BOJIMM HMETh B KaXKAOH BepllIrHe nepeBa pazbo-
pa HecKoJibKO TepeBonoB. Kak u B o6bruHoi CY-cxeMe, KaXKIbli MepeBo 3aBUCUT
OT TIPSIMBIX MOTOMKOB COOTBETCTBYIOLIEeH BepIIMHBI JepeBa. Bo-BTOpBIX, M03BO-
JIUM 3JIeMeHTaM TepeBofa ObITh MPOU3BOJBHBIMU 1I€MOUKAMU BBIXOAHBIX CHMBOJIOB
¥ CHMBOJIOB, MPEACTABJSIOUIMX TT€PEBOAbI B MOTOMKAaX. TakuM 006pa3oM, CHMBOJIbI
nepeBoJia MOTYT MOBTOPSITbCS HUJIM BOOOIIE OTCYTCTBOBATh.

Omnpenenenne 5.3. 0606w eHHOl cXxemoli CURMAKCULECKU Ynpasaiemoeo ne-
pesoda (W TpaHcaauuH, cokpaiieHHo: OCY-cxeMmo#) Ha3bIBaeTcCsl IIeCTepka
Tr = (N,TILT',R,S), rone Bce CHMBOJIBI WMMEIOT TOT K€ CMBICJ, YTO H MJIS
CY-cxeMbl, 32 UCKJIOUEHHEM TOTO, UTO

1) ' — KoHeYHOe MHOXKECTBO cuMB0408 nepesoda Buna A;, rne A€ N u i —
1eJI0e 4HCIIO;

2) R — KOHeuHOe MHOXeCTBO npasu/ nepesooa BUIA
A—>u, Al :Ul,...,Am:Um,
YIOBJIETBOPSIIOLINX CJEAYIOIHM YCJIOBHUIM:

a) Ajel nna 1 <j<m,

6) KaXIblil CHMBOJI, BXOASIIHE B vy, ..., Up, JAH00 TpuHamaexut II, au60o
sapasiercst By € I', tne B BXOIUT B u,

B) ec/H u uMeeT 0oJjiee OQHOrO BXOXKAEHHSI CHMBOJA I3, TO KaXKIblH CHMBOJI
By, Bo Bcex v coOTHeceH (BEPXHHUM HHIEKCOM) C KOHKDETHBIM BXOXJe-
HueMm B.

[IpaBuno A — w HasbIBAOT 8x00HMbIM npasusom BbiBoma, A; — nepesodom
HertepmuHana A, A; = v; — asemeHmom TepeBoaa, CBI3aHHBIM C STHM MPABUJIOM
nepesoga. Ecau B OCY-cxeme HeT AByX NpaBUJ NePeBOAA C OAMHAKOBBIM BXOAHBIM
TMPaBUJIOM BbIBOJA, TO €€ Ha3bIBAIOT CEMAHMUUECKU OOHO3HAUHOL.

Boixod OCY-cxembl onpenenuM cHu3y BBepX. C KaxKI0H BHYTpeHHell BeplIM-
HOH n HepeBa pa3bopa (BO BXOIHOH rpaMMaTHKe), MOMeYeHHOH A, CBsiKeM OIHY
LenouKky Ansi Kaxaoro A;. drta uernoyka HasblBaeTcs 3HaueHuem (WU TIePEBOIOM)
cumBosia A; B BepuinHe n. Kaxmoe 3HaueHHe BBIUHCJSETCS MONCTAHOBKOH 3Ha-
YyeHW# CMMBOJIOB TepeBOla NaHHOTO 3JeMeHTa mnepeBoma A; = v;, ONpeneseHHbIX
B MPSIMBIX TIOTOMKAaX BEpPIIWHBI N.

[lepesodom 7(Tr), onpedeasiemoim OCY-cxemoil Tr, Ha30BeM MHOXKECTBO
{(x,y) | = umeeT nepeBo pa3bopa BO BXOAHOH rpamMMaThke mJst T W y — 3HaueHue
BbIIEJIEHHOTO CHMBOJIA TepeBofa Sy B KOPHe 3TOro JepeBa}.

IIpumep 5.4. PaccmoTpum opMasibHOe AU(QPepeHHPOBAHHE BbIpaXKEHHUH, BKJIOYA-

oKX KoHCTaHTH O U 1, mepeMeHHYI0 x, (DYHKIMHU Sl U COS, a TaKKe ONepaLuu * U +.
Takue BblpaxkKeHUs NMOPOXKIAeT rPpaMMaTHKa
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E—E+T|T,

T—TxF|F,

F— (E)| sin(E)| cos(E)|z]|0]|1.
CesikeM ¢ KaxabiM U3 F, T u F' 1Ba nepeBoia, 0003HaueHHbIX UHaekcamu | u 2. MHpekc
1 yka3biBaeT Ha TO, 4TO BbipaxkeHue He AU((epeHUUPOBaHO, 2 — UTO BbIpa)KeHHe MpO-
nuddepenurpoBano. PopmasbHasi MPoU3BoAHass — 3T0 Fo. 3aKoHBI TU(depeHIUPOBaHHUS
TaKOBBI:

dg(x) + g(x) * df (z);

dsin (f(x)) = cos (f(z)) * df (z);
dcos (f(x)) = —sin (f(z))df (2);
de =1;
do = 0;
dl =0

OTH 3aKOHBl MOXKHO peaju3oBaTh cjenytoueit OCY-cxeMoii:

E—)E—l—T, E1:E1+T1;
Ey = FEy 4+ T,

E1 sin(cos(:v))+x

Es=cos(cos(z))*(—sin( T2—1
?:sm(cos(a")) . J? Fi=z
y=cos(cos(z))*(-sin(: Fy=1
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E—>T, E1=T1;
Ey =1T5;
T%T*F, T1:T1*F1;
TQZTI*FQ+T2*F1;

T—)F, T1:F1;
Ty = Fy;

F—)(E), FIZ(El);
Fy, = (Es);

F —sin (E), Fy =sin(E));

Fy = cos (Ey) * (Ey);
F — cos (E), Fy =cos(E));

Fy = —sin (Ey) x (Ey);

F—x F =u,
FQZI;
F—0, F=0;
FQZO;
F—1, Fi=1,
FQZO;

IlepeBo BeiBoga Aust sin (cos (x)) + & npuBeneHo Ha puc. 5.1.

5.3. ATpuOyTHBIE rpaMMaTUKHU

Cpenu Bcex (hopMasibHbIX METOJOB OMHCAHHS SI3bIKOB MPOrpaMMHUpPOBAaHHUS aT-
pUOyTHble TpaMMaTHKH (BBeneHHble KHyTOM [7]), mo-BUaMMOMY, HanGoee H3BECT-
Hbl U pacrnpocTpaHeHsl. [IpruunHOH 3TOroO sIBJAsSETCS TO, YTO (hopMasn3M aTpUOyT-
HBIX IPaMMaTHK OCHOBBIBaeTCs Ha JepeBe pasbopa nporpammbl B KC-rpammarike,
4To cOMMXKAeT ero ¢ XOpolo pa3paboTaHHOH TeopHed W MPaKTHKOH MOCTPOEHHS
TPaHCJISTOPOB.

5.3.1. Onpenenenne arpulOyTHBIX rpaMMaTuk. Ampubymnoil epammamu-
kotl HasbiBaetcs yetBepka AG = (G, Ag, Ar, R), rne:

1) G=(N,T,P,S) — npusenennas KC-rpammaruka,
2) Ag — KOHEYHOe MHOXECTBO CUHMe3Upyemblx ampubymos;
3) A; — KOHeUHOe MHOXeCTBO Haciedyemvlx ampubymos, As N A; = &,

4) R — KOHEYHOE MHOXECTBO CeMAHMUUECKUX NPABUAL.

AtpubyTHas rpammatika AG comocraBiser Kaxaomy cumony X uz N U T
MHOxecTBO Ag(X) cuHTe3upyembix aTpubyToB U MHOXKecTBO Aj(X) Hacaemye-
MbIX aTpuOyTOB. MHOXECTBO BCeX CHHTE3UpPyeMblX aTPUOYTOB BCEX CHMBOJIOB U3
N U T o6osnauaercs Ag, Hacmenyembix — Aj. ATpuGyTHl pasHBIX CHMBOJIOB
ABJSIOTCA pas3inyHbIMU aTpubyTamu. bBynem o6o3Hauath aTpubyT a cumBosa X
kKak a(X). 3HaueHHsi aTPUOYTOB MOTYT OBITh MPOU3BOJBHBIX THUIIOB, HalpUMEp,
NpeicTaBasTh coO60H Uncaa, CTPOKH, afpeca NaMsTH U T. .
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[Tycth mpaBuso p U3 P umeer Bua Xg — X Xo ... X,,. ArpubyTHas rpamma-
tika AG comocraBisieT Ka)KIoMy MpaBuay p U3 P koHeuHoe MHOxkecTBO R(p)
CeMaHTHYeCKHX MPaBUJ BUAA

a(Xi) = f(0(X;), c(X), ..., d(Xm)),

rae 0 < j,k,...,m < n, npuuem 1 < i < n, eciu a(Xl) € Ar (XZ) (r.e. a(X;) —
HacJelyeMbli anI/I6yT), ni=0,ecan a(X;) € Ag(X;) (1.e. a(X;) — cunTesupy-
eMBIil aTpUOyT).

TakuM o6pazomM, ceMaHTHUECKOe TPaBUJIO ONpefesseT 3HaueHUHe aTpubyTa a
cuMBoJia X; Ha OCHOBe 3HayeHHH aTpuOyToB b, ¢, ..., d cumBonoB Xj, Xi, ...,
X, COOTBETCTBEHHO.

B uyacTHOM ciydae OJMHA n IPABOHM YacCTH MpaBHJa MOXKeT OBITb PaBHA HYJIIO;
torpa 6yneM roBOpUTh, UTO aTPUOYT a CUMBOJIA X; MOJydyaeT B Ka4yeCTBe 3HAYEHUS
KOHCTaHTY.

B nanbHedimiem OyneM CYdTaTh, YTO aTpUOYTHAsi TPAaMMAaTHKa He CONEPXKHUT
CEeMaHTHYeCKUX MNPaBWUJ [JI BBIYUCJAEHHUS aTPUOYTOB TePMHUHAJBHBIX CHMBOJIOB.
[Ipenmonaraercs, 4To aTpuOyThl TepMHUHAJIBHBIX CHMBOJIOB — JIMOO Mpenomnpene-
JIeHHble KOHCTAHTBI, JJUOO HOCTYMHbI KAK pe3yJabTaT paboThl JEKCHUECKOTO aHaJu-
3aropa.

Ipumep 5.5. PaccMoTpuM aTpuOYTHYIO IPpaMMaTHKY, MO3BOJISIOILY BbIYHUCAUTL 3HA-
YeHHe BElIeCTBEHHOr0 4YHMCJ/a, MNPEeACTaBJEHHOTO B NeCATHYHOH 3amucu. 3gaech N =
= {Num, Int, Frac}, T = {digit,.}, S = Num, a npaBu/ia BEIBOa U CeMaHTHUYECKUE
npaBusia OMPENENSIOTC CAEAYIOUMM 00pa3oM (BEepXHHE HMHIEKCH HMCTOMb3YHTC /st
CCBLJIKM Ha PasHble BXOX/EHHs OJHOr0 M TOro e HeTepMUHasa):

Num — Int. Frac v(Num) = v(Int) + v(Frac);

p(Frac) = 1;

Int —e v(Int) = 0;
p(Int) =0;

Int! — digit Int>  v(Int') = v(digit) * 10°PU") 4 y(Int?);
p(Int') = p(Int?) + 1;

Frac—e v(Frac) = 0;

Frac' — digitFrac® v(Frac')= v(digit) * 10~P(Frac) 4 y(Frac?);
p(Frac®)= p(Frac') + 1;
JIJ1s1 3TOM rpaMMaTHKU
Ag(Num) = {v}, Ar(Num) =

Ag(Int) = {v, p}, AI(Int) =0,
Ag(Frac) = {v}, Ai(Frac) = { }
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[Tyctp manbl aTpubyTHasi rpammatika AG ¥ Lenouka, NpuHaaaexallas si3biky,
ompenessieMoMy cootBerctByroued G = (N, T, P, S). ComoctaBum 3TOH Lienoyke
«3HayeHMe» cjenyroluM obpazom. [locTpoum mepeBo pasbopa 1" 3ToH Lenodyku
B rpammatuke G. Kakablii BHYTpeHHHMH y3es 3TOro JepeBa IOMeYaeTcsl HeTep-
MHHaJ0M X(, COOTBETCTBYIOLUIUM MPUMEHEHHIO P-TO TpaBUJa TPAMMATHKH; TAKUM
o6pasoM, y 3TOro ysJsa OyfeT n HelocpeICTBEHHBIX MOTOMKOB (pHc. 5.2).

Xo
Xl X2 [N ] X’l

Puc. 5.2

[Tyctb Tenepp X — MeTKa HEKOTODPOrO y3Jja JepeBa W MYCTb a4 — aTPUOYT
cumBona X. Eciu a — cuHTesupyembiéi atpubyt, To X = Xy 15 HEKOTOPOTO
p € P; ecin xe a — Hacaenyemblit aTpubyt, To X = X; ns1a HeKoTopeix p € P
Ul < j<n B oboux cayuasx nepeBo BOJIM3U 3TOTO y3Ja HUMeeT BUM, TPUBEEH-
Hbll Ha puc. 5.2. [lo onpeneseHuto, aTpuOyT a UMEET B 3TOM y3Jj€ 3HaueHue v,
€CJIM B COOTBETCTBYIOIIEM CEeMaHTHUYECKOM IMpPaBUJIe

a(Xi) = f(0(X;), e(X), ..., d(Xm))

Bce aTpubyTHl b, ¢, ..., d yXe onpeleseHbl U UMEIT B y3Jax ¢ MeTKaMu X,
Xk, ..., Xy 3HaAUGHHUS Vj, U, ..., Uy COOTBETCTBEHHO, a ¥ = f(vf, Vo, ..., Un).
[Ipouecc BbluMCeHHS aTpUOYTOB Ha JepeBe MPOAOJKAeTCs A0 TeX Mop, MoKa
MOXKHO BBIYHUCJHUTH XOTS1 Obl OMH aTpUOyT. BeluKc/IeHHbIe B pe3ysbTaTe aTPUOYTHI
KOpHsI JlepeBa TMpeaCTaBJsIOT co60H «3HayeHHe», COOTBETCTBYIOIIEe NAHHOMY Je-
peBY BBIBOJA.

3aMeTuM, YTO 3HAUeHHEe CHHTEe3UpPyeMoro arpudyTa CHMBOJA B y3Je CHH-
TAKCHYeCKOTO JlepeBa BHIYHCASETCS MO aTpudyTaM CHUMBOJIOB B TOTOMKAaXxX 3TOTO
y3Jia; 3HaYeHUe HACJeNyeMOoro aTpuOyTa BBHIYHCJSETCS 10 aTpUOyTaM <«POIUTEJs»
U «cocefieil».

ATpuOyThI, COMOCTaBJEHHBIE BXOXIEHHSIM CHMBOJIOB B JiepeBo pasbopa, Oynem
Ha3bIBaTh 8x0MOeHusmu aTpubyToB B JepeBO pazbopa, a AepeBO C COMOCTaBJEH-
HBIMHM Ka)KJIOH BeplinHe aTpubyTamMu — ampubymuposantoim depegom pasbopa.

IIpumep 5.6. AtpubyTHpoBaHHOE IepeBO AJIs PaMMATHKH U3 TIPeIbIAYLIEero mpuMepa
" Uenodykd w = 12,34 nokazaHo Ha puc. 5.3.

Bynem roBOpHTb, YTO CeMaHTHYECKHe MpaBUJia 3a0QHbL KOPPEKMHO, €CJH
OHH TIO3BOJISIIOT BBIUMCJNTBL BCe aTPUOYTHI MPOU3BOJBHOIO y3Ja B JIOOOM JepeBe
BBIBOJIA.

Mexny BXOXAeHHAMMU aTpUOyTOB B [epeBo pa3bopa CYILIECTBYIOT 3aBHU-
CHUMOCTH, OfpelessieMble CEMaHTHYECKUMH TPaBUJIAMH, COOTBETCTBYIOUIUMHU
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v=12,34
Num
/ \ 3 0 ”
v = 12 . /ch v =
digit Imf digit Frac v=10,04
v=1 / \ v=3 / y: 2
digit Int digit Frac Y i g
V=2 v=14 p=
e e
Puc. 5.3

NPUMEHEHHBIM CHHTaKCHYeCKHM [MpaBuUJaM. IDTH 3aBUCHMOCTH MOTYT ObITb
NpeJCcTaBJeHbl B BUe OPUEHTHUPOBAHHOIO rpada cijeayoluM 00pa3oM.

[lycte T — nepeBo pas6opa. ComocTaBUM 3TOMY HepeBy OPHEHTHPOBAHHBIM
rpap D(T), y3naMu KOTOpOro siBJAsiOTCS mapsl (m, a), rae n — y3seq nepesa 1, a
— aTpubyT CHMBOJIA, CJYXKaIIero MeTKo# y3na n. [pad conepxut ayry us (ng, ay)
B (ng9, ag) TOTAA H TOJNBKO TOT[A, KOTAA CEMaHTHYECKOE MPABUJIO, BHIYHCISIOIIEE
aTpudbyT ag, HETMOCPEICTBEHHO UCMOMb3yeT 3HaueHue aTpubyTa a;. Takum o6pasom,
yanamu rpada D(T) siBasitoTcsi aTpUOyThI, KOTOpble HYXKHO BBIYHCIHTb, a AYTH
ONpeNessiloT 3aBUCHMOCTH, IMOApas3yMeBaiollve, Kakhe aTPUOYThl BHIYUCJASIOTCS
paHbllle, a KaKHe MOo3xKe.

IIpumep 5.7. I'pad 3aBucuMocTell aTpubyTOB 1/ NepeBa pa3bopa U3 MpPEeAbIAYILIEro
npuMepa MokKaszaH Ha puc. 5.4.

MoxxHO ToKa3aTh, YTO CeMaHTUYECKHe MPaBUJA KOPPEKTHBI TOTAA U TOJBKO
TOraa, Koraa aJsi Joboro gepesa BeiBoxga I’ cootserctBytowuil rpad D(T) He co-
IEPXKHUT LHUKJOB (T.e. SBJSETCS OPHEHTHPOBAHHBIM ALUKJIHYECKUM rpadom).

o(Num)  p(Num)
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5.3.2. Kuaccel aTpuOyTHBIX IpaMMAaTUK U UX peanau3anus. B o6mieM Bume
peann3auusi BIUUCAUTENEH [l aTPUOYTHBIX IPAMMATHK BbI3bIBAET 3HAUUTEJ/bHbIE
TPYAHOCTH. DTO CBf3aHO C TeM, UTO MHOXKECTBO 3HayeHHH aTpUOyTOB, CBS3AHHBIX
C IaHHBIM J€PEBOM, MPUXOAMUTCS BHIYUC/SATH B COOTBETCTBHH C 3aBHUCHMOCTSMHU
aTpubyToB, KOTOpble 00pa3yloT OPUEHTHPOBAHHBIN auMKAUdecKUd rpag. Ha npak-
THKEe CTapaloTCsl OCYLIECTBJSATh NPOLECC BHIYUCAEHHUS aTPUOYTOB, NIPHUBSI3bIBAs €ro
K TOMy HJH MHOMY crioco0y o6xoma jaepeBa. PaccMaTpuBalOT MHOTOBHU3HUTHBIE,
MHOTONPOXOAHBIE U APyrHe aTpUOyTHbIE BBIUHUCAUTENH. DTO, KaK MpaBUJIO, BeleT
K OPaHHUUYEHMIO NOMYCTHUMBIX 3aBUCHUMOCTEH MeXay aTpubyTamu, MOAJepKHBae-
MBIX BBIUHCJIHTEJIEM.

[TpocTefimnMy nopk/aaccamMy aTpubyTHBIX IPAMMATHK, AJs KOTOPBIX BBIYHUCIE-
HHe BCeX aTpuOyTOB MOXKeT OBbITh OCYIIECTBJIEHO OIHOBPEMEHHO C CHHTAKCHUECKUM
aHa/ln30M, fIBJASIOTCH S-aTpuOyTHBIe W L-aTpuOyTHbBIE TpaMMaTHKH.

Omnpenenenne 5.4. AtpuGyTHas rpaMMaTHKa Ha3blBaeTcst S-ampubymHolil, ec-
JIK OHa COHEPKHUT TOJNBKO CHHTE3UpyeMble aTPUOYTHI.

HerpynHo BuneTh, uTo A/ S-aTpuOyTHOH rpaMMaTHKH Ha JO6GOM JepeBe pas-
6opa Bce aTpUOYTHl MOr'YyT OBITh BbIUHCJEHBl 332 OOUH OOXOA JepeBa CHHU3Y-BBepX.
Takum 06pa3oM, MOXKHO BBIYMCJSATH aTPUOYTHI MapaJsjeqbHO ¢ BOCXONSILHAM CHH-
TaKCHUECKHM aHa/u3oM, Hanpumep, LR(1)-aHannzom.

IIpumep 5.8. Paccmorpum S-aTpubyTHyl0 rpaMMaTUKY [J/15 [epeBofa apudMeTHye-
ckux BolpaxeHud B [TOJIM3. 3mech aTpuGyT v HMeeT CTPOKOBHIH THII, || o6o3Hauaer
Onepanyio KOHKaTeHauuu. [IpaBusia BbIBOf@ M CeMaHTHUECKHE IIPaBHJIA OMNPeNesSIoTCs
cenywuM obpasom:

E' - E>+T, v(BEY)=v(E?) || o) ||+
E—T, v(E) =v(T),

T—-TxF, v(TY) = o(T?) | v(F) || "*;

T —F, o(T) =v(F);
F —id, v(F) = v(id);
F — (E), v(F) =v(E).

Onpenenenue 5.5. AtpubyTHas rpaMmaTHKa HasbiBaetcsi L-ampubymrotil, ec-
1M 000U HacsieqyeMbll aTpuOyT JI000ro cuMBosia X; M3 NMPaBOH 4acTH KaXJI0ro
npaBuna Xog — XXy ... X;, rpaMMaTuKH 3aBUCHUT TOJIBKO OT:

1) arpubyToB cumBosoB Xi, Xy, ..., X1, HaxONsLIMXCA B MpaBUJe CJeBa
oT X;;

2) HacJenyeMbIX aTpuGyToOB cuMBOJa X)).
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3aMeTuM, 4YTO Kaxpaas S-aTpubyTHas rpamMmartvka siBjasercs L-aTpuOyTHOH.
Bce arpubyTsl Ha Job6om gepeBe nJsi L-aTpuOyTHOH TIpaMMaTUKHA MOTYT OBITb
BBIUMCJIEHbl 32 OAUH OOXOJ JepeBa CBepXy-BHM3 cJ/eBa-HanpaBo. TakuM o6pasoM,
BBIYMCJEHHE aTPUOYTOB MOXKHO OCYIIECTBJSTh MapasijiesbHO ¢ HUCXOASILHUM CHH-
TaKCHUECKUM aHasin3oM, Hamnpumep, LL(1)-aHain30M WM PEKYPCHBHBIM CITYCKOM.

B ciyyae peKypcHBHOro crycka B KaXAOH (YHKIHH, COOTBETCTBYIOLIeH
HeTepMHHaJNy, HAO ONpefeNuTh (hopMasbHble MapaMeTpsl, epefaBaeMble M0 3Ha-
YeHUIo, 1/ HacJedyeMblX aTpuOyToB, W (hopMasibHble MapaMeTpbl, MepefaBaeMble
MO CChlJIKe, NJisi CHHTEe3UpyeMblX aTpubyToB. B KkauecTBe mpumepa paccMOTpUM
peasu3auui0 aTpPUOYTHOH rpaMMaTHKH M3 TNpuMepa 5.5 (HEeTpPyOHO BHAEThb, UTO
rpaMmmaTuka siBasietrcsi L-atpubytHoit). Knacewl FloatRef u IntRef BBemenbl s
peasM3aluy Nepefayu napamerpa no ccolike. [Ipeanosnaraercs, 4to B nepeMeHHON
InSym xpaHuTCs mecsiTiuHOe 3HaYeHHe BHIOPaHHOU LU(PHI.

class FloatRef {float wval;}
class IntRef {int ref;}

void int part(FloatRef V0, IntRef PO)
{if (Map[InSym]==Digit)
{ int I=InSym;
FloatRef V2;
IntRef P2;
InSym=getInSym();
int_part(v2,P2);
V0.val=I*exp(P2.val*1n(10))+V2.val;
PO.val=P2.val+l;
}
else {V0.val=0;
P0.val=0;

}
void fract_part(FloatRef V0O, IntRef PO)
{if (Map[InSym]==Digit)
{ int I=InSym;
FloatRef V2;
int P2=P0+1;
InSym=getInSym();
fract_part(v2,P2);
V0.val=I*exp(-P0.val*1n(10))+V2.val;
}
else {V0.val=0;
}
}
void number ()
{ FloatRef V1,V3;
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float VO;

IntRef P;

int_part(Vl1,P);

if (InSym!=’.’) error();
fract_part(Vv3,1);
V0=Vl.val+V3.val;

5.3.3. 3k ommcaHusa aTpuOyTHBIX rpamMmatuk. Popmanusm arpubyt-
HBIX IPAMMAaTHK OKa3aJjcsl O4eHb YAOOHBIM CPeICTBOM AJIl ONHCAHUSI CeMaHTHUKHU
13bIKOB IPOrPaMMHpPOBaHHUsl. BMecTe ¢ TeM BBISICHU/IOCH, YTO peaH3alusi BbIUKC-
JUTeJied 1/ aTpUOyTHBIX IpaMMaTHK OOLIero BHAA CTaJKHUBAETCSl C OOJBIIMMU
TPYAHOCTSIMHU. B ¢BfI3M ¢ 3TUM ObLIO CIeJaHO MHOXKECTBO MOMNBITOK pacCMaTpPHBaTh
Te WM UHble KJacChl aTPUOYTHBIX IpaMMaTHK, 00/1aJaKIUX «XOPOLIMMHU» CBOH-
cTBaMd. K 4Mcay Takux CBOHCTB OTHOCSITCSI NpeXKJe BCero NpocToTa ajropuTMa
NPOBepKHU aTpuOYTHOH TpaMMaTHKM Ha 3alUKJIEHHOCTb M INPOCTOTA aJropUTMa
BBIUMCJIEHUS aTPUOYTOB [/151 aTPUOYTHBIX IPAMMaTHK JAHHOrO KJacca.

ATpubyTHBEIE TPaMMaTHKH HCIOJAb30BANUCh 1JI ONMHCAHHUS CEMAHTHKH SI3bIKOB
NPOrpaMMHUPOBAHUS, U OBLIO CO3LAHO HECKOJbKO CHCTeM aBTOMaTH3alUM paspa-
OOTKH TPaHCJSITOPOB, OCHOBAHHBIX Ha (popMasin3Me aTpUOyTHbIX rpaMMaTHK. OnbIT
UX UCMONb30BAHUA T0KA3aJj, UTO «UHUCThIH» aTpUOYTHBHIH (POpPMann3M MOXKET ObITh
YCIELIHO ITPUMeHeH MJsl OIHUCAaHUS CeMaHTHKH $3blKa, HO ero HCIO0Jb30BaHUe
BbI3bIBA€T TPYAHOCTH INPH CO3[JaHUU TPAHCAATOpPA. DTH TPYAHOCTH CBSI3aHBl KakK
c caMHUM (opMasu3MOM, TaK U C HEKOTOPBIMHM TeXHOJOTHUECKHMH NpobJeMaMH.
K TpynHOcTSIM mepBoro poga MOXKHO OTHECTH HECOOTBETCTBHE MeX1y UYHCTO
(yHKLHOHAIBbHOU NPUPOLOH aTpUOYyTHOIO BEIYUC/IUTE/SI U CBSI3AHHOH C Hell HeyIo-
pSIOYEHHOCTBIO MPOLeCcCa BBIUKCJAEHHUS aTPUOYTOB (UTO B 3HAYMTEJBHOH CTENeHH
SIBJISIETCS TIPEUMYILIECTBOM 3TOr0 (hOpMasu3Ma), ¢ OTHOH CTOPOHBI, U YNOpPSA0Y€eH-
HOCTbIO 3/IEMEHTOB NPOTrpaMMbl — C APYroi. DTO HECOOTBETCTBHE BeJleT K TOMY,
4TO MPUXOAMTCS HATH HAa HCKYCCTBEHHBIE NpHeMbl /IS UX codeTaHHs. TexHo-
JIOTHUeCKHe TPYAHOCTH CBSI3aHbl C 3((eKTUBHOCTbIO TPAHCJATOPOB, MOJYyUYeHHbIX
C TOMOIILbl0 aTpuOYTHBIX cHcTeM. Kak mpaBu/o, KauecTBO TaKUX TPAHCJSTOPOB
JIOBOJIBHO HH3KO H3-3a GOMBIINX PACXOM0B NaMATH U He3(h(heKTHBHOCTH BbILLIEYIO-
MSIHYTBIX HCKYCCTBEHHBIX MPHEMOB.

YuuTbiBasi 370, Mbl OyleM BeCTH AaJsibHellllee U3JI0KeHHe Ha sI3blKe, COYeTalo-
11eM 0COOEHHOCTH aTpUOyTHOro (popMmasiv3dMa U OOBIUHOTO s13blKa NPOrpaMMHpPOBa-
HHS, B KOTOPOM IpeAIoJ/araeTcs HajuuHe OolepaToOpoB, a 3HAYMT, U BO3MOXKHOCTb
yIpaBJ/eHHUs MOPSAKOM HX HCIOJHEeHUsl. DTOT MOPANOK MOXKeT OblTb NpPHBS3aH
K 00X01ly aTpUOyTHPOBAHHOrO JepeBa pa3bopa CBepXy-BHH3 cJleBa-Hampaso. Yro
KacaeTcsi rpaMMaTHKHM BXONHOTO s3blKa, TO Mbl He OyleM IpearnoJaraTb IpH-
HallJIeXXHOCTh ee onpeneneHHoMmy Kaaccy (Hampumep, LL(1) uwau LR(1)). Bynewm
CUMTATb, UTO JepeBo pa3bopa BXOAHOH MPOrpaMMbl yKe MOCTPOEHO KaK pe3y/bTaT
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CHHTaKCHYECKOr0 aHa/lu3a U 4To aTpUOyTHBIe BBIUUCAEHUS OCYLIECTBJSAIOTCS B pe-
3ynbTate 06xofa 3TOro AepeBa. TakuM 006pa3oM, BXOAHas rpaMMmaTHKa aTpubyT-
HOT'O BBIYMCJIUTEJNS MOXKeT ObITh JaxKe HeOAHO3HAUHOH, UTO He BJHUSET Ha Mpouecc
aTPUOYTHBIX BBIUHUCJAEHHUH.

[Ipu 3amucu crHTakcuca Mbl OyneM HCIo/b30BaTh paciinpeHHyio BH®P. dge-
MEHT MpPaBOH YacTU CHUHTAKCHYECKOTO MpaBHJa, 3aKMIOYEHHBIH B CKOOKM [ 1,
MOXKET OTCYTCTBOBATh. DJIEMEHT MPaBOH YacTU CHHTAKCHUYECKOrO MpaBuJa, 3aKJ0-
YeHHBIH B CKOOKM ( ), 03HAUaeT BO3MOXKHOCTb IOBTOPEHUS] OUH WU OoJiee pas.
D/leMeHT MPaBOH YaCcTH CHHTAKCHUECKOT0 MpaBuJa, 3aK/JUeHHbIH B CKOOKY [ () 1,
03HauaeT BO3MOXKHOCTb TOBTOPEHHS HOJb WJH OoJiee pa3. B ckobkax [ ] uam
[ ()] MOXeT yKasplBaTbCsl pa3fesuTeb KOHCTPYKLHH.

Huxe naH cHHTaKkcHuc sI3blKa OMHUCAaHUS aTpPUOYyTHHIX rpaMMatuk. [lpuBenen
TOJNBKO CHHTAKCUC KOHCTPYKLHH, COOCTBEHHO OMNHUCBIBAIOLIUX AaTPUOyTHBIE BHI-
gucyaeHus. CHHTAaKCHUC OOBIUHBIX BbIPAXKEHWH W ONEepaToOpoB He TMPUBOIUTCH —
OH ocHoOBBIBaeTcs Ha CH.

ATpubyTHasi rpamMaTHka: :=’'ALPHABET’
( OnucanueHerepmuuana ) ( [IpaBusno )
OnucanueHeTepmMuHarna: : =lMsaHeTepMuHasa
"::" [( OmnumcauueArpubytos / ';’)]’'.’

OnucanueATpubyros: :=Tun ( UmsArpubyra / ',’)
MpasBuino: :='RULE’ CunTakcuc ’'SEMANTICS’ CemanTuxka’'.’
CuHTakcuc: :=UMaHerepmuHana ’::=’ I[paBaslacTb
IpaBasUacThk: :=[ ( OmemeHnTIIpaBonUacTu ) ]
OnemeHTlIlpaBonlUacTu: : =lMaHeTepMmuHana

| TepmuHan

| " (' Herepmuuan [ '/’ Tepmunan ] ')’

| '[’ Herepmuuan ']’

| "[(’ Herepmunan [ '/’ Tepmumuan ] ’)]’
CemanTHKa: :=[ (JJokanbHoeOb6bsasyeHue / ;)]

[ ( CemaunTuueckoelleticTtaue / ';')]
CemaHTHUecKkoelericTBUE : : =[I[puCcBauBaHue
| [ Merxka ] Oneparop

IpuceaupBaHue: :=llepeMeHHas ' :=’ BhHpaxeHUe
[lepemeHHas: :=JlokanvHasllepeMeHHas
| ATpubyT

ATpubyT: : =JIOKANBHHAATPUO YT

| T'nobanbHHEIATPUOYT
JlokanbHHUATPUOYT: : =UMsaATpubyra ’'<’ Homep ’'>’
TnobanbHuBATpubyT: : =UMaArpubyra ’<’ Herepmunan ’>’
Merka: :=Iesoe ' :'

| Lemnoe 'E’" ':f

| UOemoe 'A" 77
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Onucanue aTpuOyTHOH IpaMMAaTHKH COCTOWT U3 pa3fesia ONHCAaHUS aTPUOYTOB
U pasfesa npasuJs. Pasnesn onucaHua aTpuOyTOB olpeflessieT COCTaB aTpUOyTOB
IJ1S1 KaXK[I0ro CUMBOJIa IPaMMaTUKK WU THUI Kaxkjaoro arpudyra. IIpaBusa cocrosr
M3 CHHTAaKCHYeCKOH M CeMaHTHUeCKOl JacTel. B cuHTakcH4yeckoll 4acTu HCMOJb3Y-
eTcs pacuivpenHas BH®. CemaHTH4eckast yacTb NpaBu/a COCTOUT M3 JIOKAJMbHBIX
OOBSBJAEHUH U CEeMAaHTHYECKHUX NeHCTBUH. B KauecTBe ceMaHTHUYECKUX NeHCTBHUH
JOTMYCKalOTCsl KaK aTpuOyTHBIE TIPUCBAUBAHUS, TaK U COCTABHBIE OTEPATOPHI.

MeTka B ceMaHTHYeCKOH uacTH IpaBUJa IpPHUBS3bIBaeT BHIIIOJHEHHE Olle-
patopa K o0xomy nHepeBa pasbopa cBepxXy-BHM3 cJjeBa-HampaBo. KoHCTpyKuus
i : omepaTop 0O3HayaeT, 4TO OMepPaTOP HOJKEH ObITb BBHIIOJHEH Cpasy IMocje
00xo/a i-i KOMIIOHEHTHI MPaBoX YacTh. KoHCTpyKuusi i E : omepaTop 03HayaerT,
4TO ONEepaTop HOJ2KeH OBITh BBINOJHEH, TOJAbKO €CJH MOPOXKIEHHE -H KOMIIOHEHTHI
npaBoil yacth nycto. KoHCTpyKuus i A : omepaTop O3HAayaeT, 4TO OMepaTop
[oJ2KeH OBIThb BBIMOJIHEH IOcJe pa3dopa KaxK[IOro MOBTOPEHHS ¢-H KOMIIOHEHTHI
MpaBoi YacTH (MMeeTcs B BUAY KOHCTPYKLHS MOBTOPEHMUS).

Kaxnoe mpaBuio MOXeT UMeThb JIOKaJbHblE ONpelesieHusl (TUIOB U TepeMeH-
HbIX). B ¢opmysnax Hcnosnb3yrTcsi Kak aTpuOyThl CHMBOJIOB JAHHOTO TMpaBHJa
(nroKaabHble aTPUOYTH), U B 3TOM CJyuyae COOTBETCTBYIOIHME CHMBOJIBl YKa3blBa-
IoTcsi HoMepamu B npasuiie (0 o/ cuMBoJsa JieBoi yacTH, | fJsi mepBoro cuMBoJa
npaBod 4acTH, 2 AJisi BTOPOrO CHMBOJIA MPABOH YacCTH, U T.J[.), TaK ¥ aTPUOYTHl
CHMBOJIOB MPE/IKOB JIEBOW YacTH NpaBuJa (esrobasvibie aTpubyThl). B aTom ciyuae
COOTBETCTBYIOLIMH CHMBOJ YKa3blBaeTCsl UMeHeM HeTepMHUHasa. TakuM 00pasom,
Ha JepeBe 06pasylTcs obaacmi 8udumMocmiy aTpubyToOB: aTPUOYT CUMBOJIA UMEEeT
06/1aCTh BUIUMOCTH, COCTOSILLYIO U3 NIPaBUJa, B KOTOPOE CUMBOJ BXOAMUT B MPABYIO
4acTb, IJII0C BCE MOAJIEPEBO, KOPHEM KOTOPOTO SIBJISIETCS CUMBOJ, 338 UCKJIOUeHHEM
noJepeBbeB — MOTOMKOB TOTO K€ CUMBOJIA B 3TOM IOAJEPEBE.

3HaueHHe TepPMHUHAJbHOTO CHMBOJIA HOCTYMHO 4Yepe3 aTpubyT VAL COOTBET-
CTBYIOLLLETO THIIA.

IIpumep 5.9. AtpubyTHasi rpaMMaTHKa U3 NPHUMepa 5.5 3aMHCHIBAETCS CEIYIOMINM
o6pasom:

ALPHABET Num :: float V. Int :: float Vv;
int P.

Frac :: float V;
int P.

digit :: int VAL.

RULE

Num ::= Int ’.’ Frac

SEMANTICS

V<O0>=V<1>+V<3>; P<3>=1.

RULE
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Int ::= e
SEMANTICS
V<0>=0; P<0>=0.

RULE
Int ::= digit Int
SEMANTICS

V<0>=VAL<K1I>*10**P<2>+V<2>; P<0>=P<2>+1.

RULE

Frac ::= e
SEMANTICS
V<0>=0.

RULE

Frac ::= digit Frac

SEMANTICS

V<KO>=VALLI>*10** (-P<0>)+V<2>; P<2>=P<0>+1.



[naBa 6

IIPOBEPKA KOHTEKCTHBIX YCJIOBUH

6.1. Onucanue ob6aacTell BUAMMOCTH M OJIOYHOU CTPYKTYPBbI

3anaueil KOHTEKCTHOTO aHa/iW3a SIBJSETCS yCTAHOBJEHHE CBOHCTB OOBEKTOB
U UX HcnoJb3oBaHus. HanboJsee yacto pelaemMoil 3afaueil siBJjsieTcsl onpeesneHue
CYILLleCTBOBaHUSI 0O0BEKTAa U COOTBETCTBHUSl €ro MCMOJb30BAHUS KOHTEKCTY, UTO
OCYILeCTBJISIETCS C TIOMOILIbID aHa/iu3a Tumna oObekrta. [lom KoHTeKCTOM 37ech
MIOHUMAETCSl BCS COBOKYIHOCTb CBOHCTB TeKylled TOYKH [pPOrpaMMbl, HalpUMep
MHO>KECTBO AOCTYIHBIX 0OBbEKTOB, THUI BBIPAXKEHHS U T. 1.

Takum 06pa3om, HEOOXOAMMO XPAaHUTb OOBEKTHl U UX THUIIbl, YMETb HAXOOHUTb
3T OOBEKTbl W ONpele/siTb WX THIIbl, ONpele/siTb XapaKTePUCTUKH KOHTEKCTa.
COBOKYMHOCTb HOCTYMHBIX B AaHHOH TOuKe 00BEKTOB OyneM HasblBaTb cpedoli.
OO6BI4HO cpefia MPOrpaMMbl COCTOUT M3 YACTHYHO YIIOPSIOUEHHOr0 Habopa KOMIIO-
HeHT

E ={DS,, DS, ..., DS,}

Kaxxnasi KOMIOHEHTa — 3TO MHOXeCTBO 0ObsIBJEHHH, MPeaCTaBJISIOUIMX COO0H
napel (MMsi, THI):
DS; = {(ums;, un;) | 1 < j < ki)

TJle TOf THIIOM OyaeM MoApa3yMeBaTh MOJHOE ONHCaHWe CBOUCTB 06beKTa (06beK-
TOM, B YaCTHOCTH, MOXKeT OBbITb CaMO OMHCAHHE THMA).

KOopHeBas
KOMIIOHEHTa

(mporpamma)

oo

npoueaypa npoueaypa npoueaypa
(6210K) (6710K) (6410K)

Puc. 6.1
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KomnoHeHTEl 00pasyloT OepeBO, COOTBETCTBYIOLee 3TOMY UYaCTUYHOMY IIO-
psAnky. YacTHUHBIH MOPSAOK MeX1y KOMIIOHEHTaMH OObIYHO OIpefessieTcsl CTa-
TUYECKOH BJIO)KEHHOCTbIO KOMIIOHEHT B MpOrpaMMe. JDTa BJIOKEHHOCTb MOXKET
COOTBETCTBOBATh 0JI0KAM, MPOLEAYpPaM MM KJaaccaM nporpammsl (puc. 6.1). Kom-
TIOHEHTBI CPelbl MOTYT ObITh MMeHOBaHbl. [ToMCcK B cpesie 0OBIUHO BeETCS C yUeTOM
YTOpsiI0YeHHOCTH KOMIIOHeHT. Cpena MOXKeT BKJ/0UaTb B ce0s1 KaK KOMIIOHEHTHI,
TMOJIy4eHHbIe TIPH TPAHC/SLMU «TEKYIEro» TeKCTa MPOrpaMMbl, TaK U «BHELIHHE»
(HampuMep, pasaesnbHO KOMIIH/JIMPOBAHHbIE) KOMIIOHEHTHI.

Jlnst 0603HaYeHUsT Y4aCTKOB MPOrpaMMBbl, B KOTOPHIX AOCTYIHBI T€ /M HHbIE
OMMCAHUS, UCIMOJb3YIOTCS MOHATUS obaacmu Odetcmeus U obaacmu 8UOUMOCTU.
O6sacTblo feHCTBUSA ONHUCAHUS sABJAseTcs npoueaypa (670K), comepxkaiias OMH-
CaHHe, CO BCEMM BXOASIIMMH B Hee (MOAYMHEHHBIMH MO JepeBy) MNPOLELypPaMU
(6moxamu). O6GsacTbl0 BHAMMOCTH ONMCAHMS Ha3blBaeTCs 4yacTb 00JacTH Jei-
CTBHSl, U3 KOTOPOH HCKJ/IOUEHbl Te Moao6/acTH, B KOTOPHIX MO TeM HJHU HHBIM
NPUYMHAM ONHCAHHe HeLOCTYITHO, HalpUMep, OHO MEPEKPHITO APYTHM OMHUCAHHEM.
B pasHbIx fi3blKaX MOHATHS 06/1aCTH AeHCTBUS U 00JIaCTH BUIUMOCTH YTOUHSIOTCS
T0-pasHoOMYy.

OO6bIuHBIMU OmNepallMsiIMH NpH paboTe cO cpeoi ABJSAIOTCS:

BKJIIOUUTb OOBEKT B KOMIIOHEHTY Cpebl;

HaUTH OOBEKT B Cpefie U MOJYUUTh AOCTYI K €ro OMHCAaHHUIO;

o6pa3oBaTh B Cpejle HOBYIO KOMIIOHEHTY, ONpeeseHHbIM 00pa3oM CBSI3aHHYIO
C OCTaJbHBIMH;

— YAaJUTb KOMIIOHEHTY M3 CpPeJBl.

6.2. 3aHeceHue B cpeqy U NMOUCK 00bEKTOB

PaccmoTpum cxemy peanusauudyd MPOCTOH OJOYHOH CTPYKTYpBI, aHAJOTHYHOH
npouenypam B [lackane uam 670kam B Cu. Kaxknpiii 60K MOXKET WMETb CBOH
Habop onucaHui. [Iporpamma cOCTOMT M3 OCHOBHOIO MMEHOBAHHOIO 0J/10Ka, B KO-
TOPOM HMEIOTCSl ONMHUCaHUs U onepatopbl. ONUCAHUS COCTOAT U3 OMUCAHHUU THUIIOB
U 00DbsIBJEHUH NepeMeHHbIX. B KauecTBe THMa MOXKeT HCIOJNb30BATbCS LieJOYHUC-
JeHHBIl THN W THUI MaccuBa. [IBa Thna T1 M T2 CUMTAIOTCS KBHUBAJIEHTHBIMH,
ecsqu UMeeTcsl omnucaHde T1=T2 (uau T2=T1). OneparopaMM CJyKaT ONepaTopsl
NpUCBauBaHUsl BUAA [lepemenHasl=Ilepemennas2 U 0/0ku. [lepemenHas — 3to
J100 NpOCTO HAeHTU(dHKaTop, JuO0 BbIOOpPKA M3 MaccuBa. OnepaTop NpHUCBau-
BAaHUS CYUTAETCS NPAaBUJ/BHBIM, €CJH THUIBl [IePEMEeHHBIX JIeBOH W IIPAaBOH 4acTH
9KBHBaJIeHTHbI. [IprMepoM NMpaBU/IbHON NMPOrpaMMbl MOXKET CJ1Yy2KHTb
program Example;

type Tl=array 100 of array 200 of integer;
T2=T1;
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var V1:T1;

V2:T2;
begin
V1=V2;
V2[1]=V1[2];

type T3=array 300 of T1;
var V3:T3;
begin
V3[50]=V1;
end
end

PaccmaTpriBaeMoe MOAMHOXKECTBO $13blKa MOXKeT ObITb NMOPOXKIEHO CJeAyIoLlel
rpaMmatHkoil (3amuce B paciiupenHod BH®):

Prog ::= ’'program’ Ident ’;’ Block ’END’
Block ::= [ ( Declaration ) ] ’'begin’ [ (Statement) ] ’end’
Declaration ::= ’"type’ ( Type_Decl )
Declaration ::= ’'var’ ( Var_Decl )
Type_Decl = ( Ident "=’ Type_ Defin ’';’)
Type_Defin ::= 'ARRAY’ Integer ’'OF’ Type_Defin
Type_Defin ::= Type_Use

Var_Decl ::= ( Ident List ’':’ Type Use ’';')
Type_Use ::= Ident

Ident_List ::= ( Ident / ',’ )

Statement ::= Block ';’

Statement ::= Variable ’'=’ Expression’;’
Variable ::= Ident Access

Access ::= '[’ Expression ']’ Access

Access ::=

Expression ::= (Term/’+')

Term ::= (Factor/’'*')

Factor ::= Variable
Factor ::= ' (’ Expression ')’

Factor ::= Integer

Haw tpancasitop 6yneT nepeBoguTh NPUBEAEHHYIO BHILIE NMPOrpaMMy B CJeLy-
IOLYI0 TIporpaMMy Ha Java:
class Example
{ public static void main(String args|[])
{ int XXXX_0,XXXX_ 1,XXXX_ 2,XXXX_3,XXXX_4,XXXX_6;

int VI1_1[][]=new int[100][200];

int V2_1[][]=new int[100]1[200];

5 B.A. CepeGpsikoB
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for (XXXX_0=0;XXXX_0<100;XXXX_0++)

for (XXXX_1=0;XXXX_1<200;XXXX_1++)
V1_1[XXXX_0][XXXX_1]=V2_1[XXXX_0][XXXX_11;

for (XXXX_1=0;XXXX_1<200;XXXX_1++)
V2_1[1][XXXX_1]1=V1_1[2][XXXX_1];

int V3_2[]1[][]=new int[300][100][200];
for (XXXX_0=0;XXXX_0<100;XXXX_0++)

for (XXXX_1=0;XXXX_1<200;XXXX_1++)
V3_2[50] [XXXX_0][XXXX_1]=V1_1[XXXX_0][XXXX_1];

H}

Cpena COCTOMT M3 OTHEJNbHBIX 0OBEKTOB, peasiu3yeMblX KaK 3amucd (B HaJjb-
HellleM OMUCaHUM Mbl OyIeM MCNOJb30BaTh UMsi TElement aJs UMeHU THIA
3To# 3amucH). CocTtaB mosiedl 3amucH, BOOOIE TOBOPS, 3aBUCHUT OT OMHUCBIBAEMOTO
oObekTa (THM, MepeMeHHas u T.1.). B TpaHc/siTOpe, MpHUBEIEHHOM HHXKeE, 3JIEMEHT
cpensl peanusyercs kjaaccom TElement:
class TElement {

int object; // lepeMeHHas WU THUI

String objectName; // TomnbXO OJIA OTIamKHu

TElement typeRef = null; // Ccmnka Ha omnucarenb 6a30BOro Tuma
ArrayList IndexList = null; // Cnoucok HHOEKCOB

int level; // Block level

}

Jns peanu3anuu CUHTE3UPYeMbIX aTpuOyTOB OYeM HUCIONb30BaTh CChIIKY Ha 3TOT
THI:
class TElementRef {
TElement TER;
}

Jloisi peanu3aldi HEKOTOPBIX aTPUOYTOB (B YAaCTHOCTH CPeJbl, CIIUCKA WOEHTH-
(UKATOPOB | T.T1.) B KAYECTBE THIIOB JaHHBIX Mbl OyJIeM HCI0Jb30BaTh Pa3JUUHbIE
MHOXKecTBa. MHOXKECTBO MOXKET OBITh YIMOPSAOYEHHBIM HJHM HEYMOpsI0YeHHbIM,
KJIIOUEBbIM HJIH NPOCTHIM. DJIEMEHTOM KJII0U€BOTO MHOXKECTBA MOXKET ObITh 3alHUCh,
OJIHMM M3 ToJiel KOTOpOH siBJisieTcsl Kaod. B Java 3TH MHOXecTBa peasi3yioTcs
tunamu nanubix LinkedList, ArrayList, HashMap.

HashSet — npocToe HeyNnopsiioueHHOe MHOXKeCTBO 0ObeKTOB;
HashMap — KJII04€BOE HEYyNOPSA0UeHHOe MHOXKECTBO OOBEKTOB ;

LinkedList — ynopsiioueHHOe MHOKECTBO OObEKTOB ;
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ArrayList — cnucok (yrnopsiiodeHHOe MHOXKEeCTBO 0OBbEKTOB), K 3JeMeHTaM
KOTOPOT'0 UMeeTCsi JOCTYI M0 HHAEKCY.

Han o6bekTaMy THa MHOXKECTBA OMNpeeseHbl CleAYIOINe ONepaltu:

T S = new T() — co3narb nepemenuyw S tuna T;

S.add(Value) — BKJIIOUYUTb 00BEKT Value BO MHOMKECTBO S; €CJU MHOXKe-
CTBO YyINOpsiAOYeHHOE, TO BKJIOUEHHe OCYILIeCTBJIsSIeTCS B KauecTBe MocJeaHe-
ro 3JIeMeHTa,;

S.put (Name, Value) — BKJIIOUHTb 00BEKT Value B KJHOUYEBOE MHOXKECTBO
S,

(T)S.get(Key) — BbIaTb yKasaTesb Ha 00beKT Tuna T ¢ KJAOUoM Key BO
MHOXKeCTBe S ¥ NULL, ecJid 00beKT C TaKUM KJHOUOM He HaHJeH.

L{uks mo ajseMeHTaM MHOXKeCTBa peasiu3yeTcsl C MOMOLIbIO UTepaTopa:
Iterator itr = S.iterator();

while (itr.hasNext()) {T V = (T) itr.next();}

[lepemennas V' npo6eraeT Bce 3HaueHHUs] MHOXECTBA. EcJiM MHOXKECTBO yropsi-
JO4YeHO, TO 3JIEMEHTHhI HpO6eFaIOTCH B 3TOM IopAAKe, €CJ1 HET — B IIPOHU3BOJIbHOM
MopsiIKe.

Cpena mpencraB/sieT COOOH KJOUeBOE MHOXKECTBO C KJOUYOM — HMEHeM
ob6bekrta. [lnsi peasusaluM Cpelpl KaxKIbld HeTepMHHaJ Block HMeeT aTpuOyT
Environ. IIJ'IH obecreyeHUsT BO3MOXKHOCTH OpOCMaTPUBATL KOMIIOHEHTbI CPEAbl
B COOTBETCTBHU C BJIOKEHHOCTBIO OJIOKOB MOIAEPKHUBAETCS CTEK (CMHUCOK) Cpef
6sokoB EnvironStack (puc. 6.2). Kpome Toro, cpena 6/0ka KopHsi aepeBa (HeTep-
MHHaJ Program) COAEPKHT BCe MpeaonpeeeHHble OMUCaHHs.

Env

Env Env

Env Env Env Env

Puc. 6.2

Huxe npuBenena atpubyTHasi TpamMmmaTHKa s3bika ToylLang, B KoTopoil ompe-
NeNSI0TCS KOHTEKCTHble YC/OBUS si3blKa. [/ KaxKIoro oObsB/IEHHS MepeMeHHOH
U 00bsIBIeHHUs] TUMA co3faercs 3anuch Tuna TElement. B Helt ykasbiBaeTcss nms
co3faHHOro o6beKTa, ero BUA (MepeMeHHasi UJH THII), CIUCOK HHIEKCOB U yKasa-
Teslb Ha 6a30BbIH THII.

5
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ALPHABET

Prog :: LinkedList EnvironStack.

Ident :: String Val.

Block :: HashMap Environ. Ident_List :: LinkedList IdentSet.
Access :: TelementRef TypeRefRef; int IndexNo.

Type_Defin, Type_ Use, Variable, Expression, Term, Factor
TelementRef TypeRefRef.

Declaration, type_Decl,Var_ Decl, Statement::.

Rule
Prog ::= ’'program’ Ident ’;’ Block ’'END’.
Rule
Block ::= [ ( Declaration ) ] ’'begin’ [ (Statement) ] ’end’
Semantics
0:{Environ<0> = new HashMap(); //HoBas KOMIOHEHTa CpPeIH
if (EnvironStack<Program>.isEmpty()) //BJIOK NPOTrPaMMEL

Environ.put(intName, intRef); //llpenonpenersieHHL TUN integer
EnvironStack<Program>.addFirst (Environ);
//CospgaTes cpeny HoBoro 6ioxa

}
{EnvironStack.removeFirst();
//Ypanure cpeny 6Jj10Ka Ha BHXOOE }.

Rule
Declaration ::= ’'type’ ( Type_Decl ).

Rule
Declaration

"var’ ( Var_Decl ).

Rule
Type_Decl ::= Ident ’'=’ Type_Defin ’;’
Semantics
1: {
if (! ((HashMap)EnvironStack<Program>.getFirst()).
containsKey(Val<l>)) {
//Ecnu He OHIIO OOBABIIEHUSI C TakUM HUOEHTUPHKATOPOM
TypeRef<3> = new TElement (TYPEOBJECT) ;
//Hosuit TYPEOBJECT
TypeRef<3>.objectName = Val<l>;
} else Error("loBropHOe obbsaABieHMe " + Val<l>); }
3:{((HashMap)EnvironStack<Program>.getFirst()) .put(Val<l>,
typeRef<3>);
// typeRef<3> macnenyemmit arpubyr - ccmiyika Ha TYPEOBJECT
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//lloMecTuTh B Cpeny Tekymero 6yoka

Rule

Type_Defin ::= ’'ARRAY’ Integer ’'OF’ Type Defin
Semantics

2:{if (TypeRef<0>.IndexList == null)

//IlepBHE BJIEMEHT CIUCKa HHOEKCOB
TypeRef<0>.IndexList = new ArrayList();
TypeRef<0>.IndexList.add(new Integer(Val<2>));
//0o6aBUTL HOBHM WMHOEKC K CIHCKY HHOEKCOB
TypeRef<4> = TypeRef<0>;}.

Rule

Type_Defin ::= Type_Use

Semantics

0: {TypeRefRef<l>=newTElementRef () ;}
//CunTesupyemuit aTpubyT

{ TypeRef<0> = TypeRefRef<1>.TER;}.

Rule

Type_Use ::= Ident

Semantics

{ HashMap Environ = null;

Iterator itr = EnvironStack<Program>.iterator();

while (itr.hasNext()) { //Ipo#iTu mO CHHUCKY Cpel TPaHCIIMPYEMHX
//6JI0OKOB OT BHYTPEHHErO K BHENHEMY
Environ = (HashMap) itr.next();
if (Environ.containsKey(Val<1l>)) {
PV = (TElement) Environ.get(Val<l>);
if (PV.object != TYPEOBJECT) {
Error(Val<l>+ " He upgenTudukarTrop Tuna");
PV = null;
break;

}
TypeRefRef<0>.TER = PV;

if (PV == null) Error(Val<l>+ " He obmaeineH");
}.
Rule
Var_Decl ::= Ident_List ’':’ Type_Use ’;’
Semantics

1:{TypeRefRef<3> = new TElementRef();
//CunTesupyeMuil aTpubyT
IdentSet<1> = new LinkedList();
//Cnucox uneHTuPUKaATOPOB }
3:{TElement PV = TypeRefRef<3>.TER;
Iterator itr = IdentSet<1l>.iterator();
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HashMap Env = (HashMap) EnvironStack.getFirst();

while (itr.hasNext()) {//Ina kKaxgoro ugeHTHUPUKATOpa M3 CIHUCKA
String Ident = (String) itr.next();
if (!Env.containsKey(Ident)) {//Ecnu umeHTuduKaTOop He OOBABIIEH

TElement newVar = new TElement (VAROBJECT) ;
//Cospars HoBHII VAROBJECT
newVar.objectName = Ident;
newVar.typeRef = PV;
Env.put (Ident, newVar);

} else Error("lloBTopHoe obbaBinenue" + Ident);

Rule

Ident_List ::= ( Ident / ’,’ )

Semantics

1A: {IdentSet<0>.addFirst(new String(Val<l>));}.

Rule

Statement ::= Block ’;’.

Rule

Statement ::= Variable ’'=’ Expression’;’

Semantics

{

TElementRef TypeRefRef<l >= new TElementRef(); TElementRef

TypeRefRef<3> = new TElementRef();
if (TypeRefRef<l> .TER != TypeRefRef<3> .TER)

Error ("Tumnel 3HaueHUWN Pal3JIMuUHH"); }.
Rule
Variable ::= Ident Access
Semantics

1:{ Iterator
itr=EnvironStack<Program>.iterator();
while (itr.hasNext()) {
//IpouiTu mo 6710KaM OT BHYTPEHHErO K BHEMHEMY

HashMap Environ = (HashMap) itr.next();
if (Environ.containsKey(Val<l1l>)) {
TElement PV = (TElement) Environ.get(Val<l>);

if (PV.object == VAROBJECT)
/* IomyuaeM ccriky Ha TElement Tun nepeMmeHHOn */
typeRefRef<0>.TER = PV.typeRef;

else {
Error(Val<l> + " He upgeHTHPUKATOP HepeMeHHOH");
PV = null;

break;

}
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if (PV == null) Error(Val<l> + " He obwapneH");
IndexNo<2> = 0; //lomcueT uyucrla HUHOEKCOB
TypeRefRef<2> = TypeRefRef<0>; }.

Rule

Access ::= ’'[’ Expression ']’ Access
Semantics

TypeRefRef <4> = TypeRefRef <0>;

{if (TypeRefRef <2> .TER != intRef)

Error ("Tum NnepeMeHHOW B BHPAXEHUM HOJIKEH OHTL integer");

IndexNo<4> = IndexNo<0>+1; }.

Rule
Access ::=
Semantics
{ Telement eqType = typeRefRef<0>.TER;
while ((eqType.IndexList == null)
/* CHMCOK BKBUBAJIEHTHHIX TUIOB */
& (eqType.typeRef != null))

/* Ipo¥TH MO CHOHUCKY BKBUBAJIEHTHHX THUIIOB HO He pasniee intRef */

eqType = eqType.typeRef;

TypeRefRef<0>.TER = eqType;

if (indexNo<0> != 0) {
typeRefRef<0>.TER = eqType.typeRef;
// TomyuaeMm TUIl BJIEMEHTa MacCHUBa

if (indexNo<0> != eqType.IndexList.size())
Error ("Brxon 3a Npenesnt pa3MepHOCTH Maccusa');

Rule
Expression ::= (Term / '+')
Semantics
0:{ TypeRefRef<l>=TypeRefRef<0>;
boolean first = true;//lpusHak nepBui nu Term
}
1A: {if (!first)

//Ecnu Term He eOUHCTBEHHHIN, TO BCe OHM HOJIKHH HMMETb THUIl integer
if ((TypeRef != intRef) | (TypeRefRef<1>.TER != TypeRef))

// TypeRef - Tun npegmmpymero Term
// TypeRef<l1>.TER - Tun Texymero Term

Error ("Tum ImepeMeHHON B BHPAXKEHUM LOOJIKEeH OHTL integer");

Telement TypeRef = typeRefRef<1>.TER;
//Tun ouepemHoro Term
first = false; }.

Rule

Term ::= (Factor/’*’)

Semantics

0:{ typeRefRef<1l> =typeRefRef<0>;
boolean first = true;
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}
1A: {if (!first)
if ((TypeRef != intRef) | (typeRefRef<1>.TER != typeRef))
Error("Tun NepeMeHHON B BHpPaXeHWM NOJIKEH OHTL integer");
Telement typeRef = typeRefRef<1>.TER;
first = false; }.

Rule

Factor ::= Variable

Semantics

{ TypeRefRef<0> =TypeRefRef<1>; }.

Rule
Factor ::= ' (’ Expression ')’
Semantics
{ TypeRefRef<0> = TypeRefRef<2>;
if (TypeRefRef<2>.TER != intRef)
Error("Tun NepeMeHHOM B BHPAaXeHUHM NOJIKEH OHTb integer");

Rule

Factor ::= Integer

Semantics

{TypeRefRef<0>.TER = intRef;}.



[nmaBa 7
OPTAHU3AIINA TABJHUI CUMBOJIOB

B nmpouiecce paboTel KOMIUASATOP XPaHUT HH(OPMALIMIO 00 00bEKTaX MpOTrpam-
Mbl B CllellMaNbHbIX TabaMLaxX CUMBOJOB. Kak mpaBuso, HHpOpPMALUs O KaXKAOM
00beKTe COCTOMT M3 ABYX OCHOBHBIX 3JIeMEHTOB: UMeHH OObeKTa M ONHUCaHHUS
oobvekta. MHubpopmanus 06 ob6bekTax MNporpaMMbl JoJKHA ObITh OpraHHW30BaHa
TakuM 06pa3oM, uToObl MOUCK ee OblJI M0 BO3MOXKHOCTH ObICTpee, a Tpebyemas
NaMAaTh 110 BO3MOXKHOCTHU MeHblLIe.

Kpome TOro, co cTOpoHB fi3blKa NPOTPaMMHPOBAHUS MOTYT OBITb AOMOJHH-
TeJibHble TPeOOBaHHUSl K OpraHM3auuu uHdopmauuu. Fimena Moryt uMerhb onpepe-
JIEHHYI0 00J1acTh BUAMMOCTH. Hampumep, moJe 3anucu HOKHO OBITb YHHKAJbHO
B Tpefesiax CTPYKTYPbl (MM YPOBHSI CTPYKTYpbl), HO MOXKET COBMaaaTb ¢ UMEHeM
oObeKkTa BHe 3amucH (MM APYroro YpoBHs 3amucH). B To ke BpeMmsi UMs moJis
MOXKET OTKPBIBATbCS OMEPATOPOM MNPHUCOEAHWHEHMs, U TOTAA MOXKET BO3HHKHYTb
KOH(JUKT UMeH (MJM HEONHO3HAUHOCTb B TPAKTOBKe HMeHH). Ecsn si3bik HMeer
6JI0YHYIO CTPYKTYpPY, TO HEOOXOMUMO 00eCrneduTh TAKOH CrocoO XpaHeHWs HH-
(opManuu, 4ToObl, BO-NMEPBLIX, MOAAEPKUBATH OJOUHBIH MEXAaHU3M BUAUMOCTH,
a BO-BTOpPBIX, 3(QpeKTHBHO 0CBOOOXKAATh NMaMsTb MpPU BbiXone U3 OJoka. Heko-
TOpble $3bIKH (Hampumep, Ama) HOMyCKalT ONHOBPEMEHHYIO (B OTHOM OJIOKeE)
BUAMMOCTb HECKOJbKHX OOBbEKTOB C OAHHM HMeHeM, B APYIHMX TaKas CUTyalLus
HeJoNyCTHMA.

MBIl paccMOTPHUM HEKOTOPBIE OCHOBHBIE CMOCOOBI OpraHU3aluu TabJaul CUMBO-
JIOB B KOMIUJIsITOpe: TabJULbl HIeHTU(UKATOPOB, TabJMIbl pacCTaHOBKH, NBOHY-
Hble JlepeBbs U peasu3alnio OJOUHOH CTPYKTYPHL.

7.1. Tab6aunbl uaeHTU(PUKATOPOB

Kak yxe 6bl710 ckaszaHo, HHGopMaAIHio 00 00beKTe 0OBIYHO MOXKHO Pa3lesUTh
Ha JBe yacTh: UMs (MIeHTH(HUKATOp) U omucaHue. Ecau niuHa MoeHTH(PHUKATOpPA
orpaHuueHa (WaM MMSI HIEHTHU(HULHUPYETCs MO OrPAaHUUYEHHOMY YHCJIY MepBbIX
CHMBOJIOB HAEHTH(HKATOpa), TO Tab/HLa CHMBOJOB MOMKET ObITh OpraHM30BaHA
B BMIe NPOCTOT0 MacCHBa CTPOK (PUKCHPOBAHHOH HJIMHBI, KakK 3TO M300pakKeHO
Ha puc. 7.1. HekoTopele BXoibl MOTYT ObITb 3aHSIThl, HEKOTOPblE — CBOOOHHI.

fAcHo, yTO, BO-NEpBBIX, pasMep MaccuBa J0JKeH ObITb He MeHblle 4YHcjia HIeH-
THU(UKATOPOB, KOTOpble MOTYT peasibHO MOSBUTbCS B NporpamMme (B MPOTHBHOM



138 Inasa 7. Opeanusauus mabauy cum8oL08

Hus obwvexma Onucanue obvexma
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cllyyae BO3HMKAeT [eperoJiHeHHe TaOJHllbl); BO-BTOPbIX, KaK IPaBHJO, MOTEH-
LIYa/JbHOE YHUCJO PA3/JIM4YHBIX HICHTH(PHUKATOPOB CYLIECTBEHHO OoJiblle pasMepa
TaOJJMULDL.

3ameTHM, YTO B OOJBLIMHCTBE S3bIKOB IIPOrPAMMHUPOBAHMS CHMBOJIbHOE MpEJ-
CTaB/leHHe HIeHTHU(]UKATOpa MOXKeT UMeThb MPOMU3BOJBHYI0 HJHHY. Kpome Toro,
pas3nuyHble OOBEKTHl B OAHOH WJHW B pPa3HbIX 00/1acTAX BUAMMOCTH MOTYT UMETb
O[IMHAKOBblE MMeHa, U HeT OOJIbLIOrO CMbICJA 3aHHMaTb MaMsTh AJs OBTOPHOIO
XpaHeHUs uleHTH(HUKaTopa. TakuM o6pa3oM, ynoOHO UMsl 00bEeKTa U ero onucaHue
XPaHHUTb 10 OTAEJbHOCTH.

B stom ciyvae uneHTH(UKATOPHl XPAHATCS B OTAeNbHOH Tabaule — mabauye
udenmugurxamopos. B tabsvue CUMBOJIOB e XPAaHUTCS yKaszaTeJab Ha COOT-
BETCTBYIOIIMH BXOA B TabJMULY HAEHTH(HUKATOPOB. TabauLy HAEHTH(HUKATOPOB
MOXKHO OpPraHHW30BaTh, HalpHMep, B BHAE CIJIOIIHOro Mmaccusa. Mpentudukartop
B MacCcHBe 3aKaHYMBaeTCs KaKMM-JHOO CrellHajbHBIM CHUMBOJIOM EOS (puc. 7.2).
Bropo# BO3MOXKHBIH BapuaHT — B KauecTBe NIE€PBOTO CHMBOJA HAEHTH(HKATOpPA
B MAacCHB 32HOCHTCS €ro AJIMHA.
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7.2. TabGauubl pacCTaHOBKH

OnHuM U3 3PPeKTUBHBIX CIIOCOOOB OPraHU3aLUK TaOJHIBI CUMBOJIOB SIBJISIETCS
mabauya paccmarnosku (wnu xew-mabauya). Ilouck B Takod Tabsule MOXKeT
ObITb OpPTaHHW30BAH METONOM [OBTOPHOH paccTaHoBKH. CyTb ero 3akJmuaercs
B CJIe[lyIOLEM.

Tabnvua cUMBOJIOB MpeCcTaBJ/sieT COO0H MacCUB (PUKCUPOBAHHOTO pa3mepa IN.
W neHTudrkaTopsl MOTyT XpaHUTbCS KakK B caMoil TabJ/Hle CHMBOJIOB, TaK H B OT-
nesbHOM TabJ/ule UIeHTU(PHUKATOPOB.

Omnpenenum HekoTopyro (GyHKUHIO hy (nepsuuryro yHKyu paccmarosKki),
omnpeie/leHHYI0 Ha MHOXeCTBe MIeHTH(UKATOPOB M NPHHUMAIOLLYI0 3HAyeHHs OT
0 mo N—1 (r.e. 0< hy(id) < N —1, roe id — cuMBOJIbHOE MpeaCTaBJIeHHE
uneHTuduKartopa). Takum o6pazoM, PyHKLHS pacCTAHOBKH COMOCTABJISET UAEHTH-
(huKaTOpy HEKOTOPHIH afpec B TabJHlEe CUMBOJIOB.

[TycTb MBI XOTUM HaHTH B Tabaule uneHTUGUKaTop id. Ecin ajeMeHT TabuILbI
¢ HomepoM h (id) He 3amosiHeH, TO 3TO 03HAUYAeT, YTO HIEHTH(HUKATOpPa B TabJHLe
HeT. Ecsiu »Ke OH 3aHSIT, TO 3TO ellle He 03HAUaeT, YTO UIEHTU(DUKATOP id B TabJIU-
1y 3aHeceH, MOCKOJbKY (BoOOlle roBOpPsi) MHOrO HIEHTH(PHUKATOPOB MOTYT HMETh
OHO U TO »Ke 3HaueHHe (PYHKLHH pacCTaHOBKH. [ljsi TOoro 4tobbl OMpeesuTh,
HALIIA JU MBI HY>KHBIH WIEHTHU(UKATOP, CPaBHUBaeM id C 3JeMEHTOM TabJHIbl
hi(id). Ecaiu oHn paBHBI — MIEHTH(QUKATOP HAHEH, €CJIU HET — HAMO0 MPOAOJIKATD
TIOUCK JaJblIle.

st 3TOro BBIUMCISETCS 8mopuuHas Gyukyus paccmarnosku ho(hy) (3Ha-
UyeHHeM KOTOPOH OMsiTb-TAKU SIBJISIETCS HEKOTOPBIH ajpec B TabJHlle CHMBOJIOB).
Bo3MOoXHEI UeTblpe BapHaHTa:

— 3JleMeHT TabJ/MLbl He 3anoJHeH (T.e. HaeHTH(HUKATOpa B TabJaHle HeT),

— UAeHTU(UKATOp 3JeMeHTa TabJMLbl COBMANAET C UCKOMBIM (T.e. UAEHTH(DU-
KaTop HakIeH),

— aJpec 3JeMeHTa COBMAJaeT C YK€ MPOCMOTPeHHBIM (T.e. Tabauua BCs TMpo-
CMOTpeHa, HO WAEHTH(UKATOpa HET),

— Mpeabayurie BapruaHTbl HE BLINIOJHAKTCA, TaK 4YTO H606XOILI/IMO [IpoaoJ2KaTb
ITOUCK.

JlJist IpoosIXKeHUst TIOUCKA MPUMEHsIeTCsl caenyomias GyHKIMs PacCTaHOBKH:
hs(hg), ha(hs) u 1. 1. Kak npasuio, h; = hy aas i > 2. AprymMeHTOM (QyHKUHH
he siBnsieTcst uesoe B auanasone [0, N — 1], u oHa MOXeT ObITb GBITh yCTpPOEHA
no-pasHomy. [IpuBenem Tpu BapuaHTa.

1) ho(i) = (i + 1) mod N.

Bepercst caenyouui (MMKIHUECKH) 3JeMEHT MaccHBa. DTOT BapHaHT [JIOX
TeM, YTO 3aHSAThle 3JEMEHTBbl «TPYIIHPYIOTCS», 00PasylT MO0C/IeI0BaTeIbHbIE
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3aHATble Y4YaCTKM W B MpefielaX 3TOr0 y4acTKa MOUCK CTAHOBUTCS MO CYLIECTBY
JINHEHHBIM.

2) ho(i) = (i + k) mod N, rme k u N B3aUMHO TPOCTHI.

[To cyuiecTBy 3TO NpenblAyIIMH BapuHaHT, HO 3JeMEHTbl He HaKalJHBaKOTCS
B T10CJ/Ie[IOBaTeNbHBIX 3J1eMEHTaX, a «Pa3HOCATCS».

3) he(i) = (a*i+c)mod N — «mceBnociydaiiHasi moc/ie10BaTebHOCTb.

3neck ¢ 1 N [0/KHBI ObITh B3aUMHO NPOCTBl, b = @ — 1 KpaTHO p AJs M060T0
MPOCTOro p, sBasiierocs neadrenem N, b kpatHo 4, ecau N kpatHo 4 [6].

[Touck B Tabsulle pacCTaHOBKH MOXKHO OIMHCaTh cJefyiolleld GpyHKIHeH (31ech
NULL HekoTopoe Bblie/ieHHOe 3HadeHHe THma int, Hanpumep, —1):

class BoolRef {boolean wval;}
class IntRef {int wval;}

void Search(String Id,BoolRef Yes,IntRef Point)
{int HO=h1l(Id), H=HO;
while (1)
{if (Empty(H)==NULL)
{Yes.val=false;
Point.val=H;
return;
}
else if (IdComp(H,Id)==0)
{Yes.val=true;
Point.val=H;
return;
}
else H=h2(H);
if (H==HO0)
{Yes.val=false;
Point.val=NULL;
return;

}

®yukuua IdComp (H, Id) CpaBHHBaeT 3JeMeHT TabJ/HLbl Ha BXole H C HJeH-
TU(UKaTopoM W BeipabaTteiBaeT 0, ecau oHM paBHB. DPyHKUHA Empty (H) BbIpa-
6arbiBaeT NULL, ecau BXon H mycT. DyHKIUS Search NMpUCBauUBaeT napaMeTpam
Yes U Pointer COOTBETCTBEHHO CJeYIOLINe 3HAYEHHUS :

true, P — ecad Ha#uaeH TpeOyeMbld HAeHTHU(HUKATOp, Ie P — yKasaTesb
Ha BXOI B Ta0J/HLe, COOTBETCTBYIOLLMH 3TOMY HAEHTHU(PHUKATOPY;

false, NULL — eCJ/ld UCKOMbIH UIEHTHU(UKATOP He HakieH, npuueM B TabJjulle
HeT CBOOOJHOTO MecTa;
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false, P — ecJd UCKOMBIH HAEHTU(DPUKATOP He HalileH, HO B Tabjulle eCcTb
CBOOOMHBIA BXOJ P.
3aHeceHHe 3/1eMeHTa B TaOJHIy MOKHO OCYLIECTBHUTDH CJEAYIOUIeH (PYHKLHEH:

int Insert(String Id)

{BoolRef Yes;

IntRef Point;

Search(Id, Yes, Point);

if (!Yes.val && (Point.val!=NULL)) InsertId(Point, Id);
return(Point.val);

}

31ech (pyHKLLI/IH InsertId(Point, Id) 3aHOCHUT HLLeHTI/I(pHKaTop Id gJs BXO-
a Point TabJHLbI.

7.3. TabGauibl pacCTaHOBKU CO CNHCKaMHU

Tosbko uTO onMcaHHas cxeMa CTpafaeT OAHHUM HeJLOCTaTKOM — BO3MOXKHOCTBIO
nepernosiHeHUs TabJullbl. PaccMoTpuM ee MomM(HKaLHMIO, KOr4a BCE 3JEMeHTH,
UMeIolMe OfMHAKOBble 3HaueHHs (MepBHUUHOH) (PYHKUHH PACCTAHOBKH, CBSI3blBa-
IOTCSl B CITUCOK (TIpH 3TOM OTNagaeT HeOOXOMUMOCTb HCIOJNb30BaHUS QYHKUHUH h;
nns ¢ > 2). Tabauua paccTaHOBKH CO CIMCKAaMH — 3TO MAacCHB yKaszaTesed Ha
CIIMCKH 3JieMeHTOB (pHuc. 7.3).

BrauaJsie Tabaula paccTaHOBKU TycTa (BCe 3/71€MEHThl UMEIT 3HaueHHe NULL).
[Ipu noucke upeHTHduKaTtopa Id BbUMUCASETCS (PYHKLUHUS PAaCCTAHOBKHA h(Id)

0

9| —| I—l—'IiIXI

. yKasaTeJsb Ha id yKkasartesb Ha id

20 —~| IE

yKasaTesb Ha id

» —*Iil—Plil—i—'liIXI

yKasaTeJsb Ha id yKasaTesb Ha id YyKasaTesb Ha id

Puc. 7.3
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U MIPOCMATPUBAETCS COOTBETCTBYIOUIMU JIMHEHHBIN criucok. [louck B Tabsuie mo-
JKeT OBITh OMHCaH caefylollel pyHKUUeH:

class Element
{String IdentP;
Element Next;
}:
ArrayList T = new ArrayList(N);
Element Search(String Id)
{ Element P;
P=(Element)T.get (h(Id));
while (1)
{if (P==null) return(null);
else if (IdComp(P.IdentP,Id)==0) return(P);
else P=P.Next;
}
}

3aHeceHHe 3/1eMeHTa B TaOJHILy MOKHO OCYLIECTBUTh CJeAYIOLIeH (pyHKLHEH:

Element Insert(String Id)
{ Element P,H;
P=Search(Id);
if (P!=null) return(P);
else {H=H(Id);
P=new Element();
P.Next=(Element)T.get (h(Id));
P.IdentP=Include(Id);
T.add(H,P);
}
return(P);

}

®yHKuKg Include 3aHOCUT HAEHTH(MHUKATOP B TaOJUIy HIEHTH(DHUKATOPOB.
Anroputm uaOCTpUpyeTCs: puc. 7.4.

.
B =N =
R

Puc. 7.4
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7.4. OPyHKINH PACCTAHOBKU

MHoro BHHMaHHSI HCCJIe[OBATENH YIEJHIH TOMY, KaKOH NOJI’KHa ObITh (rmep-
BUUHasi) (QyHKUHS paccTaHOBKH. OCHOBHble TpeOOBaHMS K HEH OUeBHIHBI: OHA
JOJKHA JIETKO BBIUMCJ/STBCS W pacrpenessiTe paBHOMepHO. OIMH U3 BO3MOXKHBIX
MO XO/IOB 3/1eCh 3aKJI0UAETCs B CJAEIYIOLIEM.

1. Tlo cuMBoJIaM CTPOKH S ompefessieM MoJioKUTesabHoe 1enoe H. Ilpeobpa-
30BaTb OOWHOUYHBbIE CHMBOJIOB B LeJible OOBIUHO MOXKHO CpelNCTBaMH s13blKa pea-
quszauud. B Ilackane masi atoro cayxut @yHkuus ord, B Cu NpPH BHINOJHEHUU
apu(MeTHYeCKHX Ollepalluil CHMBOJIbHbIE 3HAUEHUS] TPAKTYIOTCS Kak LieJible.

2. lpeo6pasyem H, BBIUKCJIEHHOE BhIlE, B HOMED 3JIEMEHTa, T. €. L[eJoe MeXKy
Ou N —1, rne N — pasmep TabsuLbl pacCTAHOBKH, HANpPUMep, B3ATHEM OCTaTKa
npu nenennu H Ha N.

@DYHKIMKA PacCTaHOBKH, YUUTbIBAIOLLHE BCe CHUMBOJIBI CTPOKH, paclpenensioT
Jqydlle, yeM (YHKLHH, YUHTBHIBAIOLIME TOJbKO HECKOJbKO CHMBOJIOB, HalpUMep,
B KOHLIe HUJH B cepenuHe cTpokH. Ho Takue ¢pyHKUHH TpeOylOT 6oJibllie BBIYUCIIE-
HHUH.

[Ipocrefiin#i crocod BeluMcaeHUss H — cioxeHHe KONOB CHUMBOJOB. Ilepen
CJ0KEHHEM C OYepefHbIM CHMBOJIOM MOXKHO YMHOXHTb cTapoe 3HadeHue H
Ha KOHCTaHTy ¢, T.e. nosaraeM Hy =0, H; =q*« H; |+ c¢; nna 1 <i <k, k —
navHa ctpoku. [lpu ¢ = | mosnydaem mpoctoe cioxeHHe cHMBOJIOB. Bmecto cJo-
’KEHHSI MOXKHO BBINOJIHATh CJ0XKeHHe ¢; U ¢ * H;_y mo monymo 2. Ilepenonnenune
NPU BLINONHEHUU apU(PMETHUECKUX OMepalrid MOKHO UTHOPHUPOBATh.

®yukuus Hashpjw, NpuBeleHHas HUXKe [3], Bblukcasercs, HauuHas ¢ H = 0
(mpenmnosiaraeTcst, YTO UCMOJb3YIOTCS 32-6UTOBBIE Ledble). /1 KaXKI0ro CHMBOJIA
caBuraeM O6uThl H Ha 4 mo3uuuu BJeBO U A0OaBJsieM odyepeqHOH cUMBOJ. Ecgu
KaKOH-HUOYyAb M3 deThipex cTapminx 6utoB H paBeH 1, To caBuraem 3Tu 4 6urta
Ha 24 paspsiia BIpaBo, 3aTeM CKJaAbiBaeM Mo MOAyaw 2 ¢ H W ycraHaBiauBaeMm
B 0 Ka)XJplil U3 YeThipex CTapliuxX OWTOB, paBHBIX 1:
final int PRIME = 211;
final int EOS = ’\0’;
int Hashpjw(String s)

{char p;
int H=0, g, 1i;
int sLen = s.length();
for (i=0; i<sLen; i++)
{H=(H<<4)+s.charAt(i);
if ((g=H&0x£0000000) !=0)
{H=H" (g>>24) ;
H=H"g;
} }
return H%PRIME; }
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7.5. TaGuauipl Ha AepPeBbIAX

PaccMmoTpumM ellle oguH croco® opraHusaluu Tab/aUl CUMBOJOB — C HCIOJb-
30BaHHUEM 080UUHbLY Oepesbes.

OpHeHTHPOBaHHOE [epeBO Ha3bIBAeTCs O0BOUUMbIM, €CIH Y HEro B KaxKIYIo
BEpIIHHY, KPOMe ONHOH (KOpHs), BXOAMUT OOHA Ayra ¥ H3 KaKIOH BepIIMHBI
BBIXOJUT He GoJiee NBYX NYT. Bemanto NepeBa Ha3bIBaeTCs MOJJEPEBO, COCTOsIIIEE
13 HEKOTOPOH IYTH NAHHOTO JepeBa, ee HaYaJbHOH M KOHEUHOH BEPIIMH, a TaKKe
BCEX BEpPLIMH M YT, JeXalUX Ha BCeX MYTsX, BBIXOASIIMX U3 KOHEYHOH BEpPIIMHBI
3TOU nyru. Boicomoil nepeBa HasblBaeTCsl MaKCUMaJjbHasi JJHHA TYTH B 3TOM
JlepeBe OT KOPHS JI0 JIUCTA.

[lycTb Ha MHOXKECTBe HAEHTU(DHUKATOPOB 3aaH HEKOTOPBIH JIUHEHHBbIH (HampH-
Mep, JIeKCUKOTpauuecKni) Mopsiiok <, T.e. HEKOTOpOe TPAaH3UTUBHOE, aHTUCHM-
MeTPUUHOE M aHTUPe(IEeKCHBHOE OTHOIIeHHe. TakuM 00pa3oM, JJIsi TIPOU3BOJIbHOM
napbl UAEHTU(HUKATOPOB id| W idy anbo id; < idy, MubO idy < idy, mub0 id;
COBMAMaeT ¢ idy.

Kaxx1oil BeplivHe NBOMYHOTO JepeBa, MPeACTaBJSIONIEro Tabaully CHMBOJOB,
comoctaBuM uaeHTHhUKatop. [Ipu aToM ecau BeplirHa (KOTOPOH comocTaBJeH id)
UMeeT JIEBOTO MOTOMKa (KOTOPOMY comocTaBJjieH idr), To id;, < id; eciu OHa
UMeeT mpaBoro notomka (idg), 1o id < idgr. DaeMeHT TabJUIBl U300paxKeH

Ha puc. 7.5.
P— | | | | ——tdentp

Left Right

Puc. 7.5

Y3en nepeBa onuceiBaeTcsl Kak kJjace TreeElement:

class TreeElement
{String IdentP;
TreeElement Left, Right;
}s

[Touck B Takoii Tabsuie MoxKeT ObITb OMHCaH cjaenyiollel QyHKLHEH:

TreeElement SearchTree(String Id,
TreeElement TP)

{int comp;

if (TP==null) return null;

comp=IdComp (Id, TP.IdentP);

if (comp<0) return(SearchTree(Id,TP.Left));

if (comp>0) return(SearchTree(Id,TP.Right));

return TP;
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3aHeceHue B TabJULY OCyLIeCTBJseTCS (PyHKIUEH

void InsertTree(String Id,
TreeElement TP)
{int comp=IdComp(Id,TP.IdentP);
if (comp<0)
if (TP.Left != null)
InsertTree(Id,n.Leftt);
else {n.Left = new TreeElement();
n.Left.InentP = Id;
n.Left.Left = null;
n.Left.Right = null;}
}
else if (comp>0)if (TP.Right != null)
InsertTree(Id,n.Right);
else {n.Right = new TreeElement();
n.Right.InentP = Id;
n.Right.Left = null;
n.Right.Right = null;}
}
}
struct TreeElement * Fill(String Id,
struct TreeElement * P,
struct TreeElement ** FP)
{ if (P==NULL)
{P=alloc(sizeof(struct TreeElement));
P->IdentP=Include(Id);
P->Left=NULL;
P->Right=NULL;
*FP=P;
return(P);
}

else return(InsertTree(Id,P));

Kak nokasano B [10], cpennee BpeMms moucka B Tabsule pa3mepa n, OpraHu3o-
BaHHOH B BUJIE BOUUHOTO JIepeBa, MPH PABHBIX BEPOSATHOCTSX MOSIBJIEHHUS KaXkI0TO
o6bekTa paBHO (2 1n 2) log on + O(1). OnHako Ha MpaKkTHKe Caydyai paBHBIX BEpO-
STHOCTEH MOsIBJeHUs] 0OBEKTOB BCTpeuaeTcsl NOBOJMbHO penko. [loaTomy B nepese
nosiBaisitoTcst Gosiee NJIMHHBIE M Gojiee KOPOTKHUE BETBU, U CpellHee BpeMs IMOUCKa
YBEJNUUBAETCS.

UTo6bl YMEHBIIUTh CPEfHEE BPeMSs MOUCKA B IBOMUHOM JepeBe, MOXKHO B TpO-
[[ecce MOCTPOEHUS JepeBa CJAEIUTh 3a TeM, YTOOb OHO BCE BPeMs 0CTaBaJoch cHa-
JIAHCHPOBaHHBIM. A MMEHHO, Ha30BEM NePeBO COANAHCUPOBAHHbIM, €CH HU MJIs
KaKOH BepLIMHBI BLICOTA BBIXOMSIEH U3 Hee MPABOH BeTBH He OTJHUAETCS OT BbI-
coThl JieBo# OGoJsiee ueM Ha 1. s Toro utobbl nocTH4Yb cOANaHCUPOBAHHOCTH,
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A(-2, n+3) B(0, n+2)

HoBas sepuluHa

Puc. 7.6

B Ipollecce N00aBJeHHsI HOBBIX BEpIIMH [epeBO MOMKHO CJerka lepecTpanBaTh
caenyomum obpasom [1].

Onpenenum A/ KaxKJI0H BepLIMHbBI epeBa XapaKTepUCTHKY, PaBHYIO Pa3HOCTH
BBICOT BBIXOASILIIUX M3 Hee MPABOH U JieBOW BeTBeH. B cHasaHCUpOBAaHHOM JepeBe
XapaKTepUCTUKA BepLUMHBI MOXKeT ObiTh paBHOH —1, O wau 1, ngas aucTbeB OHa
paBHa 0.

[TycTb MBI ONpenennyii MecTO HOBOH BepLUMHBI B IepeBe. Ee XapakTepuCTHKa
paBHa 0. HasoBem nyTb, BenyliHH OT KOpHSl K HOBOH BepLIMHE, BbLOEAEHHbIM.
[Tpu no6aB/ieHHM HOBOW BEPLIMHBI MOTYT U3MEHHUTBCS XapaKTEPUCTUKH TOJBKO TeX
BepILIMH, KOTOpble JlexaT Ha BbIAEJEHHOM NyTH. PaccMOTpuUM 3akarouumenvroill
OTPEe30K BBII€JIEHHOrO MYyTH — TaKOH, UTO A0 A00aBJeHHS BepLIMHbl XapaKTepH-
CTHMKH BCeX BepIIHH Ha HeM Oblid paBHbl 0. Ec/iiv BepXHUM KOHIIOM 3TOr0 OTpe3ka
SIBJIIETCS1 CaM KOpeHb, TO JlepPeBO IepecTpaWBaTb He HaJ0, AOCTATOYHO JIHIIb
MU3MEeHUTb XapaKTePHUCTHKH BepIUHH Ha 3TOM MyTH Ha 1 man —1, B 3aBUCUMOCTH
OT TOrO, BJEBO WJ/H BIPABO MNPUCTPOEHA HOBAs BepILUUHA.

[TycTh BepxHMH KOHell 3aKJIIOYMTEJNbHOIO OTpe3ka — He KopeHb. PaccmoTpum
BeplIMHY A — «POAMTENsl» BEPXHEro KOHIA 3aKJ/IUUTEJNbHOro oTpeska. [lepen
nobaBeHHeM HOBOH BepLIMHBI XapakTepucTHka A 6blna paBHa £1. Ecin A umena
xapakTepucTuky 1 (—1) u HoBasi BepiinMHa n06aBJsieTCs B JeBYIO (IIPaBYyi0) BETBb,
TO XapakTepucTHKa BepuiMHbl A craHoBuTcsi paBHoM O, a BeIcOTa NOAJEpeBa
c xopHeM B A He MeHsercs. Tak 4TO W B 3TOM CJjydae AepeBO MepecTpauBaTh
He HaJo.

[Tyctb Temepb xapakTepucTuka A 10 nepecTpoeHus Oblia paBHa —l1 M HoBas
BepIlIMHa 100aBJjieHa K JieBoH BeTBH A (aHaJOrHuHO — AJs caydasi | U noGaB/eHus
K mpaBoil BeTBu). Paccmorpum BepuinHy B — seBoro motomMka A. Bo3aMoxkHBI
c/leflyiolie BapHaHThHI.

Ecnu xapaxktepucTtuka B mocse no6aBjieHHst HOBOH BeplliMHbl B D cTasna paBHa
—1, To nepeBO MMeET CTPYKTYpy, U300pakeHHYy10 Ha puc. 7.6, a. Ilepectpous ne-
peBO Tak, Kak 3To U300paxKeHo Ha puc. 7.6, 6, Mbl 1o6beMcs cOanaHCHPOBAaHHOCTH
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A(-2, n+3) E(0, n+2)

HoBas sepuluHa

Puc. 7.7

A(727 TH-3)

HoB8as sepuluHa

Puc. 7.8
A(-2,2
22 E(0, 1) p
- /\
B(0, 0) A(0, 0)
E(0, 0)
HosaA sepuiuna
Puc. 7.9

(B ckoOKax yKasaHbl XapaKTePUCTUKH BepILHH, TJ€ 3TO CYLIECTBEHHO, U COOTHO-
ILIEHHsI BBICOT TocJ/e n00aBJeHus).

Ecnn xapakTepucTrKa BepUIMHBl B mocse n06aBjeHUs] HOBOH BeplIWHB B F
cTasa paBHa 1, TO HAamO OTAEJBHO PacCMOTPEThb CJaydau, KOTAa XapaKTepUCTHKa
BeplIMHbl F, cienyoueil 3a B Ha Bblae/eHHOM MyTH, cTajta paBHa —1, 1 u 0
(B mocsenHeMm cay4ae BepiinHa F2 — HoBas). Bun nepea masi 3THX caydaes Io-
Ka3aH COOTBETCTBEHHO Ha puc. 7.7, 7.8 u 7.9 (a — nmo, 6 — mnocJjie nepecTpoeHus).
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7.6. Peanusauusa 0J104YHOM CTPYKTYpHI

C TOYKH 3peHHsI CTPYKTYpPhl MPOrpaMMbl OJIOKH (M/WJIH TPOLEAypbl) 06pasyroT
aepeBo. Kax 0l BeplMHe gepeBa 3TOrO NpelCcTaBJleHH s, COOTBETCTBYOLLeH OJI0KY,
MOKHO COTOCTaBHTb CBOIO TAb/MIy CHMBOJOB (M, BO3MOXKHO, OIHY 00I1yI0 TabJ/u-
1y uaeHTHdrkatopoB). PaboTy ¢ Tabanuamu 6J0KOB MOKHO OPraHH30BaTh B Mara-
3MHHOM peXXKHMe: [IpH BXole B OJIOK co3laBaTh TaOJHLY CHMBOJOB, IIPH BBIXOAE —
yHU4YTOXKaTh. [IpH 3TOM caMy Tab/uLbl JOJKHBEI OBITh CBSI3aHBI B YIOPSAOYEHHBIH
CIMUCOK, UTOOBl MOXKHO ObIJIO MPOCMATPUBATh WX B MOpPSiIKe BJOKEHHOCTH. Eciu
TabJIMI Bl OPraHW30BaHbl C MOMOLIbIO (PYHKLMH pacCTaHOBKH, TO 3TO O3HA4aeT, UTO
A7 KaXKAOH TabsuLbl 0/2KHA ObITh CO3[laHa CBOsl TabJ/Mlla pacCTaHOBKH.

7.7. CpaBHeHUEe METONOB peaju3alNU TAOIHIL

PaccmoTprM npeumyliecTBa U HeLOCTaTKH PaCCMOTPEHHBIX METONOB peaJsu3a-
MU Tab/UL C TOYKH 3peHUs] TeXHHUKH HCI0Jb30BaHUS NaMATH.

Hcnonb3oBaHue NUHAMMYECKOH MaMsSTH, KaK MPaBWUJO, — JOBOJBHO N0OpOras
onepauus, TMOCKOJbKY MeXaHHW3Mbl MOJAepKaHUsi paboThl C OUHAMHUYECKOH Na-
MSITBIO MOTYT OBITb OOCTAaTOYHO CJOXKHBI. Heo6XoouMo MNOmAepKHUBATh CIHCKU
CBOOONHON M 3aHATOH MaMATH, BeIOMpaTb HanboJee MOAXOASIIHUHA KyCOK MaMATH
NpU 3anpoce, BKJIHOYATh OCBOOOAMBILMHCS KYCOK B CIHHCOK CBOOONHOW MaMSTH H,
BO3MOXKHO, CKJIEUBAThb KYCKH CBOOONHON NMaMsTH B CIIHCKeE.

C npyro# CTOPOHBI, MCIOJb30BaHHE MaccuBa TpebyeT TPeNBapUTENBbHOTO OT-
BeleHHUsl OBOJIbHO OOJBLION MaMATH, a 3TO O3HA4aeT, YTO 3HAUMTeJbHAs MaMsTh
BoOOIlle He OymeT HCMoJb30BaThcsi. Kpome Toro, 4acto mpuxomguTcsi 3amMoOJHATDH
He BCe 3/1eMeHThl MaccuBa (HampuMmep, B Tab/Wlle HIEHTH(DUKATOPOB HJH B TeX
clydasix, Koria B MaccuBe (PaKTHUYeCKH XpaHATCS 3alHCH [epeMeHHOH MIJIHHH,
Hanpumep, ecad B TabJ/Mlle CUMBOJIOB 3alUCH 118 Pa3/JIUYHBIX OOBEKTOB HUMEIOT
pa3auyHbld cocTtaB moJieil). ObpallleHHe K 3JeMeHTaM MacCHBa MOXKET O3HauaTh
UCMOJIb30BAHNE OTEPalryd yYMHOXKEHHSI MPH BBIYUCJIEHHHM WHIEKCOB, UTO MOXKET
3aMeJlJINTh HUCIOJHEHHE.

HannyumuM, no-BUAMMOMY, $IBJAsSIeTCS MeXaHH3M [OCTYNa [0 YKasaTessM
C WCMOJb30BaHHEM (paKTa MarasMHHOH OpraHuU3alMU NaMsaTH B KomnujasTope. Has
3TOr0 MpOLeAypa BblAeJeHHS MaMSITH BblAaeT HEOOXOAWMBIH KYCOK M3 MOAPSLI
UAylleHd MaMsATH, a NPU BLIXOAE M3 IPOLENYPhl BCS NaMsTb, CBSI3aHHAs C 3TOH
NpoLenypoH, 0CBOOOXKIAETCS MPOCTON MEepPecTaHOBKOH yKasaTeJssi CBOOONHOW ma-
MSITH B COCTOSIHUe Mepe HadyajgoM o6paboTku mpoueaypbl. B unctom BHOe 3TO
He Bcerja, ofiHaKko, Bo3MoxXHo. Hamnpumep, JokanbHbIH Monyab B Monyne-2 moxet
3KCIIOPTHPOBaTb HEKOTOpble 00beKTHl Hapyxy. IIpu aToM cxeMy peanusauuy Npu-
XOJIUTCS «IIOATOHSITb» MOA MEXaHU3M paclipelesieHUs MaMAaTH. B naHHOM ciydae,
HampuMep, He0OXOAUMO IKCIIOPTUPOBAHHBIE OOBbEKThl BEIHECTH B CpPelly OXBaThiBa-
olero 6J10Ka U CBepHYTb OJIOK JIOKaJIbHOTO MOIYJIS.



[naBa 8
IIPOME2KYTOYHOE IIPEACTABJIEHUE IIPOI'PAMMBI

B mnpouecce TpaHCASUMM KOMIHUJATOP YacTO MCHOJB3YIOT IMPOMEXKYTOUHOEe
npencrassnenne (I1IT) ucxonHoit nporpaMmbl, pefiHa3HaYeHHOe TIpeX/e BCEro aJisi
yroGcTBa TeHepalMM Koia H/WJM NPOBeleHHs pasMuHbIX onTUMusanui. Cama
¢dopma IIIT 3aBuCHUT OT Liesiell ero UCMOJb30BaAHUS.

Haun6osee uacto ucnonbsyemeivu popmamu I1I1 siBisieTcss oprieHTHPOBaHHBIH
rpad (B yacTHOCTH, abCTPaKTHOe CHHTAKCHUECKOe [epeBO, B TOM YHCJE aTpH-
OyTHPOBAaHHOE), TpexXaJipecHbldl Koi (B BHAE TPOEK WM YeTBEPOK), MpedHUKCHas
Y MOCT(UKCHAS 3alUCH.

8.1. IIpeacraBieHue B BHAe OPUEHTHUPOBAHHOIO rpacda

[Ipocrefitieir ¢opmMoil MPOMEXKYTOUYHOrO TPEACTABJAEHUS SIBJASETCS CHUHTAKCH-
Yyeckoe AepeBOo mporpaMmbl. Ty ke camyio WH(OPMALMIO O BXOIHOH NpOrpamme,
HO B 0oJjiee KOMMAKTHOH (opMe [aeT OPUEHTHPOBAHHBIH alUKJAWYECKUH Trpad
(OAT), B xoTOpOM B ONHY BepLIMHY OObEIUHEHBI BEPIIMHBI CHHTAKCHUECKOTO
IepeBa, NpeacTaBJsiolLye oblye noaseipaxenus. CuHTakcnueckoe aepeBo U OAT
IJIs1 OrlepaTopa MpUCBAaWBaHHUS

a:=bx—c+bx—c

npUBesieHkl Ha pHc. 8.1.

o
o
(e}

Puc. 8.1
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= “ 0
0] id | b
id [ a 1 dd | ¢
2 1
3] = 0| 2
4 id | b
50 id | ¢
6] - | 5
T * 4 6
8 + [ 3] 8
9| id | a
100 :=| 9| 8

Puc. 8.2

Ha puc. 8.2 npuBenens! 1Ba NpeacTaB/AeHHs B TaMATH CHHTAKCHUECKOTO JIepeBa
Ha puc. 8.1, a. Kaxknas BeplIMHa KOAMpPYeTCSl 3alMUCBIO C IOJEM [Js ONepaluu
U NoJNsMH JJ151 yKaszaTesed Ha notoMmkoB. Ha puc. 8.2, 6 BeplinHbl pasMelleHbl
B MacCHBe 3amuced U MHAEKC (MJM BXOM) BEpLIMHBI CJIYXKHT yKasaTesieM Ha Hee.

8.2. TpexanpecHbIil KoJ

TpexagpecHblll KO — 3TO MOCJeN0BATENbHOCTD OMEPATOPOB BUAA X := Y 0D Z,
rae &, Yy U 2 — HMeHa, KOHCTAHThl UJHU CTeHepUPOBAHHble KOMIIUISITOPOM BpeMeH-
Hble 0OBEKTHl. 3/1eCb Op — JBYMeCTHas Omepallusi, HalmpyuMep, ornepalus IJjaBa-
el Uan (PUKCUPOBAHHOU apu(METHKH, Jorudeckasi Uau nobutosas. B npasyto
4acTb MOXKeT BXOAWUTb TOJIBKO OfMH 3HAaK ONEpaLHUH.

CocTaBHbIe BbIPaXKEHHSI NOKHBI ObITh PAa3OUTHI HA TMOJBLIPAXKEHUS, TIPH ITOM
MOT'YT TOSIBUTbCSI BpeMeHHble WMeHa (mepeMenHbie). CMBIC/ TepMHHA «Tpexaapec-
HBIA KOO» B TOM, 4TO KaxXK[Abld omepaTop OOBIYHO MMEEeT TPH ajapeca: ABa AJd
OMepaHIOB U OAMH IJIsl pe3dysbTaTa. pexanpecHbll KoL — 3TO JHUHEAapH30BaHHOE
npelcTaBaeHre cHHTaKcudyeckoro nepea uiau OAL, B KOTOpOM BpeMeHHble HMeHa
COOTBETCTBYIOT BHYTPEHHHM BepLIMHAM JepeBa uJau rpada. Hampumep, Bripaxe-
HUE T + ¥ * z MOXKET OBITh MPOTPAHCJUPOBAHO B MOCJEN0BATENBHOCTD OMEPATOPOB

tl =y * z

t2 = x + tl

.

roe t1 U t2 — KMMeHa, CreHepUPOBaHHble KOMIUJ/IATOPOM.

B Bume TpexampecHOTo Kofa MPeACTaBJSIOTCS He TOJNbKO NBYMECTHBIE OIle-
paluu, BXOAsINEe B BbIpa)kKeHUs. B TakoMm ke BUJe MPEACTABJSIOTCS ONepaTophl
yIpaBJIeHHs MPOrpaMMbl U OJHOMECTHBIE onepauuu. B aTom ciryuae HEKOTOPBIE 13
KOMIIOHEHT TpeXaJApecHOro Koia MOTYT He HCIOoJb30BaThCs. Hampumep, ycaoBHbIH
orepaTop

if A > B then S1 else S2
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MO2KeT ObITb MPeNCTaBJeH CJEAYIOIIUM KOLOM:

t :=A-B

JGT t, S2
3nech JGT — JByMeCTHasi orepalysi yCJOBHOTO Tepexona, He BblpabaThiBarollas
pesyJsbTara.

Pasbuenne apudMeTHUECKHUX BBIPAKEHUH W ONEPATOPOB YIIPABJEHHUS [esaeT
TpexaipecHbll KO yHOOHBIM INPH TeHepaldd MAalIMHHOTO KOXa M ONTHMH3ALUH.
Hcnonb3oBaHne MMeH TPOMEXYTOUHBIX 3HAUEHWH, BBIUHCJASEMBIX B IPOrpaMMe,
M03BOJISIET JIETKO MepeynopsiiouruBaTh TpeXalapecHblH KOI.

[IpencraBneHust CHHTaKCHUECKOTrO nepeBa U rpada puc. 8.1 B Buzme Tpexampec-
HOT'0 KOJa UMEIOT CJeNyIOIIUU BUL:

CHHTaKCHUECKOe JIEPEBO ['padp
tl := -c tl := -c
t2 :=b * tl t2 = Db * tl
t3 = -c t5 = t2 + t2
td := Db * t3 a := tb
t5 = t2 + t4

a := tb

TpexagpecHblll Kog — 3T0 aGCcTpakTHas (popMa MpoMeXyTouHoro kona. B pe-
a/u3alKy TpexXadpecHblH Kol MOXeT ObITb MpeACTaBJ/eH 3alUCMU C MOJSMH AJs
onepalydyd M onepaHnoB. PaccMoTpuM Tpu crocoba peanu3aldu TpexalpecHOro
KOJa: YeTBEPKH, TPOHUKHU U KOCBEHHblE TPOUKH.

Yemsepka — 3TO 3aNlHCbh C UYETBIPbMS MOJSAMH, KOTOpPBe OyneM Ha3bIBaTb
op, argl, arg2 u result. Tlone op comepxuT Kom omepauud. B omeparopax
C YHapHBIMH OMNepalusM{d THMA X = —Yy WJIH & := Y ToJe arg2 He HCHOJb3Y-

eTcsd. B HekoTOpeIX omepauusx (THMa «lepenath MapaMeTp») He HCIOJIb3YIOTCS
HU arg2, Hu result. YcjaoBHEle W Ge3yCJOBHBIE Iepexoibl NMoMmellaloT B result
MeTKy nepexona. B ta6s. 8.1 nmpuBeneHbl ueTBEpKU AJis ONepaTopa MPUCBAHBAHUS
a :=b* —c+ b* —c. OHU TIONyUeHbl U3 TPEXaaPECHOT0 KOIa, NPUBELIEHHOTO BHILIE.

O6bIuHO copep:kuMoe modielt argl, arg2 u resull — 3To ykasaresau Ha BXOMLbI
TabJMLbl CUMBOJIOB [l HMeH, TPeCTaBJAseMblX 3THMH NoJsIMUA. BpemeHHble nMe-
Ha BHOCSITCSl B TaOJMIy CUMBOJIOB 110 Mepe UX TeHepalHH.

Yro6bl n36exaTb BHECEHHS HOBBIX MMeH B TaOJHIy CHMBOJIOB, Ha BPeMeHHOE
3HayeHHe MOXHO CChIJIAThCS, UCIMOJb3Y$ MO3ULHIO BHIYUCSAIOLIETO €r0 OMepaTopa.
B 3ToM csyudae TpexaapecHble omepaTopbl MOTYT ObIThb MpEACTaBJEHbl 3aMUCAMH
TOJIBKO C TpeMms mojsMu: op, argl W arg2, Kak 3To TokKa3aHo B Tabu. 8.2.
[Tonst argl u arg2 — sto nubGo ykasareau Ha TaOJHIy CHMBOJIOB (IJs HMeH,
OTpele/ieHHbIX MPOrPaMMHCTOM, HJIM KOHCTaHT), JUOO yKas3aTequ Ha TPOHKH
(nns BpeMeHHBIX 3HaueHH#). Takoi#l croco6 TpencTaBieHHs TpeXaJpecHOro Koaa
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Ta6numa 8.1

op|argl| arg2| result

0 -| ¢ tl
b b tl t2
- c t3

+| t2 t4 t5

)
)
)| *| b | 3] t4
)
)

:=| t5 a

Ha3blBAOT mpouxamu. TPOUKH COOTBETCTBYIOT MPENCTAaBJAEHHI0 CHHTAaKCHUECKOTO
nepeBa uan OAT ¢ momollbio MaccHBa BEpLIHH.

Ta6auuma 8.2

op|argl|arg2
O -| ¢
M *| b | (0
@) -
3] *| b | ©
@+ M| G
G):=| a | &

Uucna B ckobKax — 3TO yKasaTeJd Ha TPOUKH, a UMeHa — 3TO yKasaTeju
Ha TabJuIy cuMBOJIOB. Ha mpakTuke WHbopMalus, HeoOXoAuMas AJs UHTeprpe-
TallMM PasJMUHOTO THIA BXOIOB B MoJjist argl ¥ arg2, Kogupyercss B MoJje op WK
JOTIONIHATENbHBIX MoJsix. Tpo#iku TabJ. 8.2 cOOTBeTCTBYIOT YeTBepKam Tabl. 8.1.

Jlns mpencraB/ieHHsT TPOMKAMH TPEXMECTHOH omepalyu THa x[i] := y Tpeby-
eTcst IBa BXOJa, KaK 3TO MMOKa3aHO B TalJu. 8.3, mpencrasienue z := yl[i| nByms
onepauHdsiMH MoKa3aHo B Tabu. 8.4.

Ta6numa 8.3

op |argl|arg2

O 1= x | 1
W =] O] v

TpexanpecHbll KO MOXKeT ObITb INpelCcTaBJeH He CIIMCKOM TpOeK, a CIIHC-
KOM yKasaTesell Ha HMX. Takasl pea/nusauusi 0ObIYHO HA3bIBAETCS KOCBEHHbLMU
mpoixamy. Hanpumep, Tpoliku tabs. 8.2 MoryT ObITh peasu30BaHbl TaK, KaK 3TO
npezncTaByeHo B Tabi. 8.5.
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Ta6nuua 8.4

op |argl |arg2
O)[=[1| v i
M) =1 x| (0

Ta6auua 8.5

omnepatop | op | argl | arg2
0) (14) - c
(M| 15 | * | b | (14
@\ e | -] c
)
)
)

3| a7 * | b | (16)
4)| @8 + | (15) | (17)
®)| (19 :=| a | (18)

[Tpu reHepauuu o6BEKTHOro Koaa KaxKIOH MepeMeHHOH, KaK BpeMeHHOH, Tak
U OrpeleseHHOH B MUCXONHOH MporpaMme, HasHayaeTcs NMaMsATb MepPUOAA HCIIOJHe-
HUSl, afipec KOTOPOoH 0OBIYHO XPaHUTCH B Tabjulle reHeparopa koxa. [1pu ucmoJib-
30BaHUH YETBEPOK 3TOT afpec JIerKo MOJYUHUTh dyepe3 3Ty TabjauLy.

Bosiee cyliecTBeHHO NMPEUMYIIECTBO YETBEPOK IPOSIBJASETCS B ONTHMHU3UPY-
IOIIMX KOMIIUJIATOpPAxX, KOrJa MOXeT BO3HHKHYTb HEOOXOAMMOCTb [epeMellaTb
oneparopbl. Ecau nepemeliaercsi onepaTtop, BHIYMCISIOWMUNE , TO He Tpebyercs
M3MeHeHWH B olepaTope, UCIOJB3yIOUleM . B 3amucu xe TpolkaMu nepemerie-
HUe OIepaTopa, ONpelessiolero BpeMeHHOe 3HadeHue, TpeOyeT W3MeHEeHHs BCeX
CCBIJIOK Ha 3TOT omepaTop B MaccuBax argl u arg2. V3-3a atoro Tpoliku TpyAHO
UCII0/1b30BATh B ONTHMH3UPYIOIMX KOMIUJATOPAX.

B ciyyae mpuMeHeHHsI KOCBEHHBIX TPOEK OIepaTop MOXeT ObIThb NepeMelleH
nepeynopsiioYMBaHUEM CIHCKa orepatopoB. [Ipu aToM He Hamo MEHSITh yKa3aTesan
Ha op, argl u arg2. DTUM KOCBEeHHBIE TPOMKH MOX0XKM Ha ueTBepku. Kpome
TOro, 3TH JBa crnocoba TpeOyIOT MPUMEPHO OAMHAKOBOH mamsTH. Kak u B ciydae
MPOCTBIX TPOEK, NPHU HCIOJNb30BAaHUH KOCBEHHBIX TPOEK BbIAEJeHHe MaMSATH s
BPEMEHHBIX 3HaYeHHH MOXeT ObITh OTJIOXKEHO Ha 3Tan reHepauuu koxa. [lo cpas-
HEHHUIO C YeTBepKaMH TPHU MCMONb30BAHHM KOCBEHHBIX TPOEK MOXKHO CIKOHOMHUTH
naMsTh, €CJH OOHO U TO K€ BPEMEHHOe 3HaueHHe HCIMOoJb3yeTcsi 6oJiee OLHOTO
paza. Hanpumep, B Ta6s. 8.5 MoxXHO 06benuHUTb cTpokH (14) u (16), mocse yero
MOXKHO 00benHHUTh cTpoku (15) u (17).
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8.3. JIuHeapu3oBaHHbIe NpeACTaBIeHUS

B kayecTBe MpOMeKYTOUHBIX MPeNCTaBJAeHHH BeCbMa PaclpOCTPaHeHbl JHHea-
pU30BaHHBble NPeACTaBJeHUs JepeBbeB. JIMHeapH3oBaHHOe MpeACTaBJ/eHUE M103BO-
JIleT CPaBHUTEJbHO JIETKO XPaHUTb IPOMEKYTOUHOE INpelNCTaBJeHHe BO BHEIIHEH
namsaTH U oOpabarbiBaTh ero. HanbGosee pacrnpocTpaHeHHOH (OPMOH JHHeapH30-
BAHHOTO MPE/CTABJEHHS SBJSAETCS N0AbCKASA 3anucy — npedUKcHas (mpsmast) Uiu
noctukcHas (o6patHas).

[TocTukcHass 3anuch — 3TO CIHCOK BepLIMH JepeBa, B KOTOPOM KaxKias
BeplIMHA cienyeT (mpu 00Xoloe CHHU3Y-BBepX CJleBa-HalpaBO) HENOCPeNCTBEHHO
3a cBoMMH noToMkamu. JlepeBo Ha puc. 8.1, @ B MOCT(HUKCHON 3aHUCH MOKET ObITh
NPEeACTaBJAEHO CJAEAYIOUUM 00pa3oM:

abc-*bc-*+ :=

B nocT¢uKcHOH 3anncH BepUIMHBI CHHTAKCHYECKOTO JepeBa He MPUCYTCTBYIOT
s1BHO. OHM MOTYT ObITb BOCCTAHOBJIEHBI U3 MOPSIIKA, B KOTOPOM CJIEYIOT BEPLIMHH,
M M3 YHUCJa ONepaH[0B COOTBETCTBYIOLIMX omepauui. BoccTaHoB/ieHHe BepLIMH
aHaJIOTMYHO BBIUMCJIEHHUIO BblpaxKe€HMs B MOCT(HUKCHOH 3aMHUCH C HUCIOJIb30BAHUEM
MarasuHa.

B npedukcHON 3anucH cHavya/sa yKasblBaeTcsl onepalusi, a 3aTeM ee OlepaHibl.
Hanpumep, 175 nprBeneHHOr0 BbILIE BbIPAXKEHUSI UMeeM

:=a+ *b-c*b-c

PaccmoTpuM mertasbHee onHY M3 peanu3aluil NpepUKCHOTO MpeacTaB/eHUs —
Jlupep [12]. Jlunep — ato a66peBuatypa ot «JIMHeapusoBannoe JIEPeBo». dto
MallMHHO-He3aBucUMas npedukcHas 3anuck. B Jlugepe coxpaHsioTcs Bce 00b-
SIBJI€HUSl U KaxKIOMY M3 HUX NpPUCBaUBaeTCsl CBOH YHUKaJbHbIH HOMep, KOTOpbIH
UCIONIb3YeTCs AJS CChIIKU Ha 00bsiBieHUe. PaccMoTpuM mpumep:

module M;
var X,Y,Z: integer;
procedure DIF(A,B:integer):integer;
var R:integer;
begin R:=A-B;
return(R);

end DIF;
begin Z:=DIF(X,Y);
end M.

ArtoT (parMeHT HMeeT caenywolui obpas B Jlugepe:
program ’'M’
var int
var int
var int
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procbody pro
var int
begin ass

int int mi par 1 5 end par 1 6 end

result
return
end
begin assign
icall
int va
end

Paccmorpum ero 6odie
program ’'M’

var int
var int

var int
procbody proc
int int end

int

var int

begin
assign

var 1 7 end
int

int mi

par 1 5 end
par 1 6 end
result 0
int

var 1 7 end
return

c int int end int
ign var 1 7 end

0 int var 1 7 end

var 0 3 end int
0 4 int var 0 1 end
r 0 2 end end

€ JeTaJibHO:

Wmsi Monynst HY>KHO /s peflakTopa
cBsi3el.

Ato 06pa3 nepeMeHHBIX X, Y, Z;
nepeMeHHbIM X, Y, Z TPUCBaUBAIOT-
csl

Homepa 1, 2, 3 Ha yposHe 0.
O6nbsiBreHre TIPOLENYPHl C IBYMs
IeJIBIMA TlapaMeTpaMH, BO3Bpallla-
IOLLeH LieJioe.

[Ipouenypa nosnydaetr Homep 4 Ha
ypoBHe 0, ¥ mapaMeTpbl UMeKT HO-
Mepa b, 6 Ha ypoBHe 1.
[lepemenHast R WMeeT HOMep 7 Ha
ypoBHe 1.

Hauano tena mpouenypsl.
OnepaTop nprcBaWBaHHUS.

JleBast yacTh mpucBauBaHus (R).
Tun npucanBaeMoro 3HaueHwUs.
Llesi0e BbIUMTAHME.

Ymenblinaemoe (B).

Briunraemoe (B).

Pesynbrar npouenypsl yposHs 0.
Pesynbrat uMeet 1eJsblH THI.
Pesynbrar — nepemeHHas R.
OnepaTop Bo3Bpara.
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end Koner Tesna npouenypsi.

begin Hauano tena momyJsi.

assign Omnepatop nprcBauBaHHUS.

var 0 3 end JleBasi yacTb — mepeMeHHas Z.
int Tun npucsanBaeMoro 3HadyeHusl.
icall 0 4 Bri3oB JioKasnbHOH npolenypsl DIE.
int var 0 1 end dakTHUeCKHe mapamMeTphl X

int var 0 2 end uY.

end Konel BbI30Ba.

end Koner tena monyas.

8.4. BupryanbHasi mamuHa Java

[TporpaMMbl Ha si3blKe Java TPaHC/JAUPYIOTCS B CleldajbHOE NPOMEXYTOUHOe
npejcTaBjaeHe, KOTOPOe 3aTeM HUHTeplpeTHpyeTCs TaK Ha3blBaeMOH «BHPTYyaJ/bHOMH
MamunHo# Java». BupryasnbHasi mauinHa Java mpenctaBJsieT co00H MarasvHHYIO
MallMHY: OHa He MMeeT NaMSTH IPSIMOrO AOCTyMa, BCe OMepalUH BbIIONHSIOTCS
Haj olepaHIaMH, pacloJ/oKeHHbIMU Ha BepXyllKe MarasvHa. UToObl, Hampumep,
BBITOJIHUTD OMepaLHi0 ¢ y4acTHeM KOHCTAHThI (HJIM MepeMeHHOH), ee He0OXOIUMO
npefBapUTe/bHO 3arpy3UTh Ha BepPXYLUKY MarazuHa. Kon onepauunu — Bcerna oguH
6aiit. Ecau omepauusi UMeeT OIepaHAbl, TO OHH paclojaralTcs B CJAeIyHLIUX
fanTax.

K snemeHTapHBIM THUNaM NAHHBIX, C KOTOPHIMH pabOTaeT MAlIWHA, OTHOCSTCS
short, integer, long, float, double (BCe 3HAKOBLIE).

8.4.1. Opranmsauusa namaru. MairHa UMeeT CJeIYIOlHe PETHCTPbL:
PC — CUETUHK KOMaHJ;
optop — yKasaTeJb BepIUMHbl MarasuHa onepalui;
frame — ykasare/b Ha 00JIaCTb HUCIIOJNHSIEMOrO METO/a B MarasuHe;
vars — ykasare/b Ha 0-10 nepeMeHHYI0 HUCIIOJHSIEMOro MeToa.
Bce peructpnl 32-paspsaHele. MarasuHHbIH (pediM HUMeeT TPU KOMIIOHEHTHI: J0-
KaJIbHble TIepeMeHHble, CPely UCIIOJNHEHHUS, MarasuH ornepaHaoB. JIokasnbHble nepe-
MeHHble OTCUMTBIBAIOTCS OT ajpeca B peructpe vars. Cpeaa UCIOJHEHUS CHYXKUT
A7l TIOAJiep2KaHusl camoro MarasuHa. OHa BKJ/OUaeT yKasaTesb Ha MpeAblAyLIUi
(pefiM, ykKasaTesb Ha COOCTBEHHBIE JIOKaJbHblEe MepeMeHHble, Ha 0a3y cTeka
ornepalMi U Ha BepxXylIKy MarasuHa. Kpome Toro, 3gech xKe XpaHHUTCSI HEKOTOpas
JONOJIHUTE/IbHAS HH(pOPMAaLlKsl, HalpuMep, AJs OTJIafdHKa.

Kyua cGopa Mycopa COmepKHUT 3K3eMIIsIpbl 0OBEKTOB, KOTOpble CO3/1al0TCA
U YHHUTOXKalOTCA aBToMaTHueckKd. OO/MacTb METOHOB COAEPKHT KOMIbI, TaOJHLLBI
CHMBOJIOB U T. .

C KaxABIM KJaccoM CBsizaHa 00/1acTb KOHCTAaHT. OHa COep»KUT HMeHa moJel,
MeTOJ0B U APYyTylo NMOA0OHYI0 HH(OPMALHIO, KOTOPask UCIO/b3YyeTCsl MeTodaMH.
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8.4.2. HaGop kKomMaHa BUPTyaJbHOW MalmIMHBI. BupryasnbHas Java-maiinHa
UMeeT CJIeNyIolHe KOMaH/Ibl:

NoMelleHHe KOHCTAaHT B MarasuH,
noMelleHre JIOKaJbHBIX TepeMeHHBIX B MarasuH,

3alOMUHaHKe 3HaYeHUH U3 MarasuHa B JIOKaJbHBIX TepeMeHHbIX,
00paboTKa MacCHBOB,

yIpaBJieHHe Mara3uHoM,

apudMeTHYECKHEe KOMAaH/bI,

JIOTUUeCKHe KOMaH[bl,

npeo6pa3oBaHus THIIOB,

nepenada yrpaBJeHUs,

BO3BpaT U3 (PYHKLHH,

TaOJUYHBIHA TIEPEXOJ,

o6paboTKa noJel 060BbEKTOB,

BBI30B METOJa,

00paboTKa UCKJIOUHUTENbHBIX CUTYyallUH,

npoure onepanud Hajl 06beKTaMH,

MOHHTOPHI,

OTJIafKa.

PaccmoTprM HekoTOpble KOMaH/bl NOAPOOHEE.

8.4.2.1. [lomeujerue ro0KkarvHbiX nepemerHbix 8 maeadur. Komanna iload—
3arpy3uTh Liesloe M3 JIOKAJbHOU NepeMeHHOH.

OnepaHgoM sBJseTCS CMelleHHe MepeMeHHOH B 006JlacTH JIOKAJbHBIX Tepe-
MeHHBIX. YKa3biBaeMoe 3HaueHHe KOMHPYeTCsl Ha BepXyLIKy MarasuHa orepalui.
HwmeroTes aHasoruuHble KOMaH/b! [J15 NOMelLleHHs NaBalolIuX, IBOMHBIX LeJblX,
IOBOWHBIX MJABAIOIIKX U T.II.

KomaHzna istore— cOXpaHUTH Lesoe B JIOKAJIbHOH NepeMeHHOH.

OnepaHioM onepanuu sIBJAsSETCS CMelleHHe TepeMeHHOH B 00/1aCTH JIOKaJIbHbIX
repeMeHHBIX. 3HaueHHWe C BepXYLIKH MaraspHa orepauui KOMUpyeTcs B YKasbl-
BaeMylo 00/1aCTb JIOKaJbHBIX TepeMeHHbIX. KIMeloTcs aHa/lorHuyHble KOMaHAbl AJs
MOMeLleHNs MJIABAIIIKX, TBOHHBIX LEJbIX, IBOWHBIX MJIABAIOIIKX U T.II.

8.4.2.2. Buvizos memoda. Komanna invokevirtual.

[Tpu tpaHcasALMH OOBEKTHO-OPHEHTHPOBAHHBIX $I3bIKOB IPOrpaMMHUPOBaHHS
M3-32 BO3MOXKHOCTH TMEPEKPBITHS BUPTYaJbHBIX METONOB, BOOOIIE TOBOPsl, Hesb3s
CTaTHYeCKH MPOTPAHCAMPOBATh BbI30B MeTOfa 00beKTa. DTO CBA3aHO C TeM, YTO
ec/M MeTOJ MepeKpbiT B INPOM3BOLHOM KJlacCe M BbI3bIBaeTCsl MeTold OObeKTa-
TlepeMeHHOH, TO CTaTHYeCKH HEH3BECTHO, OOBEKT KaKoro kJjacca (6a3oBoro win
TPOU3BOIHOT0) XpaHUTCS B NepeMeHHOH. [losToMy ¢ KaXabiM OOGBEKTOM CBsl-
3blBaeTcsl Tab/HLa BCeX ero BUPTyasNbHBIX METONOB: [/l KaXKAOTO MeToda TaM
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NOMeI1aeTCsl YKa3aTe b Ha €0 PeaH3alHyIo B COOTBETCTBUU C IPUHAILJIECKHOCTBIO
caMoro o0beKTa KJacCy B HePapXUH KJacCOB.

B sasbike Java passiMuHble KJacchl MOT'YT peaJsii30BbIBATH OAWH U TOT 2Ke HH-
tepdeiic. Ecnu o6bsiBieHa epeMeHHas WM MapaMeTp THMA UHTepdelic, TO AHHA-
MUUYECKH HeJb3sl Olpele/iUuTb, 00beKT KaKoro KJjacca MpUCBOeH MepeMeHHOH:

interface I;

class Cl implements I;
class C2 implements I;
I0O;

Cl 01;

C2 02;

0=01;
0=02;

B 3To#i Touke mporpaMMel, BOOOILle TOBOPS, HeJb3sl CKa3aTb, KaKOro THIA
3HaueHHe XpaHUTCS B repeMeHHOH O. Kpome Toro, npu padore nporpaMMbl Ha 5i3bl-
Ke Java uMeeTcs BO3MOXKHOCTb HCIIOJb30BaHHS METOLOB M3 JAPYIMX IaKeTOB.
Jlns peanusauuy 3TOro MexaHuaMa B Java-MalldHe MCHOJb3YyeTcsl AHHaMHYecKoe
CBSI3bIBAHHE.

[Ipenmnonaraercsi, 4To MarasuH ONEpPaHIOB COLEPXKHUT handle (ykasaTesb
Ha omucaHue) 0ObEKTa MJIM MacCHBa M HEKOTOpPOe KOJHUecTBO aprymeHToB. Orme-
paH[ oNepaLry UCIONb3YeTCs I/l KOHCTPYHPOBAHHUS HHAEKcA B 00/1aCTH KOHCTAHT
TEKYyLIeTro KJjacca. DJeMeHT 110 3TOMY HHAEKCY B 00/1aCTH KOHCTAHT COHEPKUT
MOJHYI0 CHTHaTypy Merona. CHrHatypa MeToa OIKCHIBAeT THIIBI NapaMeTpPOB
¥ BO3BpalllaeMoro 3HaueHHus. V3 handle o6bekTa uU3BJeKaeTcs yKasaTesb Ha Tab-
JUIy MeTonoB oobekTa. [IpocMaTpuBaeTcs curHatypa MeTofa B TabJsnlie METOMOB.
PesysnbratoMm 3TOro mpocmoTpa sIBJsieTCsl MHAEKC B TaOJHIly METOAOB MMEHOBaH-
HOro KJsacca, AJs KOTOPOro HaiJeH ykasaresb Ha 0J0k Merona. bjok merona
yKa3blBaeT THN MeToja (native, synchronized M T.1.) U UHCJIO apryMeHTOB,
0XHaeMblX B Mara3uHe ONEpPaHIOB.

Ecnn Merton moMedeH Kak synchronized, TO 3alyCKaeTcsi MOHHUTOp, CBsI3aH-
HBIH ¢ handle. Basuc maccuBa JIOKaJbHBIX MEpEMEHHBIX [/ HOBOTO MarasuH-
HOro (ppeiiMa ycTaHaBAMBAeTCs Tak, UTO OH yKasbiBaeT Ha handle B MarasuHe.
Onpepensiercss obLiee YUCJAO JIOKAJIbHBIX MMEpPeMEHHBIX, MCIOJb3YEMbIX METOLOM,
M, TIOCJe TOrO Kak OTBEIeHO HeOOXOOMMOe MECTO [JIsl JIOKAJbHBIX NepeMeHHbIX,
OKpY2KeHHe HCIIOJHEHUs] HOBOTO (ppeliMa momelaercss B Mara3uH. basa marasuHa
OTepaHIoB JJIs 3TOTO BbI30BA METOA YCTAHABJMBAeTCS Ha I€PBOE CJIOBO MOCJTeE
OKPY2KEeHH$ UCTIONHEHHUS. 3aTeM UCIOJHEeHHe MPOAOJIKAETC s C TePBOH HHCTPYKLHUU
BBI3BAHHOTO MeToJ1a.
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8.4.2.3. Obpabomka uckirouumenrvrolx cumyayuii. Komanna athrow — B03-
OYAHUTb UCKJIOUUTENbHYIO CUTYaLHIO.

C KaxXIbIM METOIOM CBSI3aH CIIMCOK omepaTopoB catch. Kaxxaelii omepatop
catch ONMUCHIBAeT AWANa30H MHCTPYKIHH, [/ KOTOPbIX OH aKTHBEH, W THUI HC-
KJI0UeHHs, KOTOPBIH OH oOpadaThiBaeT. Kpome Toro, ¢ omepatopom cBsizaH Habop
peas3yIoIuX ero HHCTpyKUMi. [Ipu BOSHUKHOBEHUH MCKIIOUUTENbHOH CUTyallun
MPOCMAaTpHUBaETCs CIHMCOK ONepaTopoB catch, UTOObl YCTAHOBHUTb COOTBETCTBHE.
HcknounTtenbHasi CUTYallss COOTBETCTBYET OMepaTtopy catch, ecqud MHCTPYKIUS,
BbI3BaBIIAS MCKJ/JIOYUTENbHYIO CHTYallMIO, HAXOOUTCS B COOTBETCTBYIOLIEM [Ha-
nasoHe, a caMa HUCKJIUMTeJNbHAsl CUTyaldsl NPUHAMJNEKHUT MOATUIY THIA CHUTya-
Ui, KoTopble 06pabaTeiBaeT onepatop catch. Ec/u cOOTBETCTBYIOILKK OmepaTop
catch HalineH, To ymnpaB/eHHe mnepenaercss o6paboTuuky. Ecim HeT — Teky-
[IMHA Mara3uHHbIA QpelM ynassieTcsi, U UCKAIOUUTeNbHAs CUTyalusl B3Oy aaeTcs
BHOBb.

[Topsinok onepatopoB catch B cnucke BaxkeH. MIHTepnpeTatop nepenaet ynpas-
JIeHHe MepBOMY MOJAXOASIIeMY orepaTopy catch.

8.5. Opranusauusa uHdpopmManum B reHepaTope Koaa

CHHTaKCHYeCKoe [epeBO B UKUCTOM BHE HECeT TOJbKO HH(OPMALHUIO O CTPYK-
Type mporpaMmbl. Ha camoMm fesie B mpolecce reHepally Koia TpeOyeTcsi Takxke
UH(OpMalKs O epeMeHHbIX (Hampumep, UX ajapeca), mpouenypax (Takxe amapeca,
YPOBHH), MeTKax H T.M. /s MpeacTaBieHHs] 3TOH HH(POPMALHK BO3MOXKHBI pa3-
JquuHble peienus. Haubosee pacnpocTpaHeHbl ABa:

— HH(pOpPMaLKa XPaHUTCS B TaOMULAX FeHepaTopa KOAa;

— HH(pOpMaLUs XPaHUTCS B COOTBETCTBYIOLIMX BepLIMHAX AepeBa.

PaccmoTpumM, Hamprmep, CTPYKTYpY TabJ/HlL, KOTOpPble MOTYT ObITb HCIOJb30-
BaHbl B coyeTaHuu c¢ Jlupep-npencraBnaeHueM. Ilockosbky Jlupep-npencraBieHue
He COLepKUT HH(pOpMaLHU 00 anpecax NepeMeHHbIX, TO 3Ty HH(pOPMaLHI0 HYKHO
(opMupoBaTh B mpouecce 06paboTKU OOBABJIEHHH W XpaHUTb B Tabuuuax. ATo
KacaeTcsl M OMMCAHUH MAacCHUBOB, 3amucell U T.1. Kpome Toro, B Tabauuax Takxe
JOJDKHA Ccolep)KaThcsi HMHQopManus o mpoleaypax (ampeca, YpPOBHH, MOLYJH,
B KOTOPBIX MPOLENYPhl OMUCAHBI, U T.I1.).

[Tpu Bxozme B mpouenypy B TabJulle ypOBHEH MPOLeNyp 3aBOAUTCS HOBBIH BXOJ
— yKasareJsb Ha Tabauny onucaHuid. [Ipu Beixome yKasaresb BOCCTaHABJHBAETCS
Ha cTapoe 3HaueHue. Eciu npoMexyTouHOe MpeacTaBieHUe — [IepeBo, TO HH(Op-
Mall¥si MOXKeT XPaHUTbCS B BepLIMHAX CaMOro JepeBa.
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8.6. YpoBeHb NMPOMEKYTOUHOI'0 MpPEACTABIEHUS

Kak BUIHO M3 NpUBeNEeHHBIX NPUMEPOB, POMEXKYTOUHOE Mpe/CTaBJleHHe Mpo-
rpaMMbl MOXKeT ObITb B Pa3/JMYHOH cTeleHHU OJU3KUM JUO0 K HCXOQHOH Iporpamme,
Jaubo K MalliuHe. Hanpumep, npomMexyTOuHOe NpelcTaBJeHHe MOXKEeT COIepKaThb
ajpeca NepeMeHHbIX, U TOTJA OHO yXKe He MOXKeT ObITb [1epeHeceHO Ha APYTYIo
MawmuHy. C Apyro# CTOPOHBI, MPOMEXKYTOUYHOE TpelCTaBIeHHe MOXKET COLEpKaTb
pasfeJs onmMcaHUH NporpamMbl, U Toraa MHpopmanuio o6 agpecax MOXHO M3BJeub
13 o6paboTku onucaHui. B To ke BpeMms sicHO, uTO nepBoe Gojee 3(PHEKTUBHO,
yeM Bropoe. Omeparopbl ympaB/jeHHS B MPOMEXKYTOYHOM IPEACTABJEHUH MOTYT
OBITH npeacTaBJ/ieHbl B HCXOIHOM BHE (B BUJe ornepaTopoB g3blka if, for, while
M T.I.), a MOTYT COepkKaTbCsl B BHIE MepexonoB. B mepBom ciyuae HekoTopas
UH(OpMaLKsl MOKeT ObITh M3BJI€UeHA U3 CAMOH CTPYKTYphl (HampuMep, AJs orepa-
Topa for — HH(OPMALHS O NMepeMeHHOH LIMKJa, KOTOPYI0, MOXKeT ObITb, Pa3yMHO
XpaHUTb Ha perucTpe, AJs onepatopa case — HHpopMmauus o Tabjaule MEeTOK
U T.1.). Bo BTopom ciydae npesncrtaBiieHue Mpolle U yHU(DUIHUPOBAHHEN.

HexkoTopeie opMmel MPOMeKYTOUHOTO MpencTaB/AeHUsl yIOOHb A/ Pa3JandHOr0
pola ONTHUMH3aLNH, HEKOTOpPble — HeT (HampuMep, KOCBEHHblEe TPOHKH, B OTINYME
OT Tpe(UKCHOH 3aMKCH, MO3BOJSIOT 3(P(PEKTHBHOE MepeMelleHHe KOaa).
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3anava reHeparopa Koga — MOCTPOEHHE IJis MPOrpPaMMbl HA BXOIHOM SI3BIKE
3KBHUBAJIEHTHOH MalIMHHON mporpammbl. OOBIUHO B KayecTBe BXOAa AJsl FeHepaTo-
pa Koza CJIy2KHUT HEeKOTOpOoe IPOMeXyTOUHOe MPeACTaB/IeHHe IIPOrPaMMBI.

[eHepanusi Kona BKJOYaeT psif crielU(pHUeCKUX HE3aBUCHMBIX 110[3aAad: pac-
npeneseHre MamsiTd (B YaCTHOCTH, pachpefie/ieHHe PErucTpoB), BHIOOP KOMAHI,
reHepanuio o6bEKTHOro (MJM 3arpy3o4Horo) Mopy/s. KoHeuHo, He3aBHCHMOCTb
3TUX MOA3aJad OTHOCHTEeJNbHA: HAalpUMep, MPHU BeIOOpPe KOMAaH[ HeJb35 He YYUTHI-
BaThb CXeMy pacrpefesieHUs MaMaTH, U, HA000pOT, cXeMa paclpeaeseHus NaMaTH
(B 4aCTHOCTH, PErMCTPOB) BeeT K reHepalMd TOH WJIKM HHOH MOCJEe0BATEIbHOCTH
komaHa. OnHako ynoOHO M MPAaKTHYHO 3TH 3afauyM BCe Ke pasjiefsaTb, obpalias
NPy 3TOM BHHMaHHe Ha WX B3aWMOJelCTBHe.

B Kako#i-To Mepe cxeMa reHepaTopa Kojia 3aBUCHT OT (DOPMbI IPOMEKYTOUHOTO
npeacTaB/eHus. fcHo, 4YTO TreHepalusl Kofa W3 JiepeBa OTJIHYAETCS OT reHepaluu
KOola M3 TpOeK, a reHepalHs Koja M3 INpe(pUKCHOH 3amUCH OTJIMYaeTCsl OT re-
Hepaluu KOJa U3 OpPUEeHTHPOBaHHOro rpaga. B To xe BpeMmsl Bce reHepaToOphl
KOJa UMEIT MHOro 0o0llero, U OCHOBHbIE IIPUMEHsIeMble a/JFOPUTMBl Pa3JMyaloTCs,
KaK NpaBHJIO, TOJbKO B JeTa/siX, CBSA3aHHBIX C MCIOJb3yeMbIM MPOMEXYTOUHBIM
npeficTaBJIeHHEeM.

B nasnbHellleM B KauyecTBe MPOMEXYTOUHOIO IpelcCTaBJ/eHHs Mbl OyieM HcC-
M0JIb30BaTh MPe(@UKCHYIO HOTALKI. A UMEHHO, aJrOPUTMBI TeHepallu Kona OyneM
u3JjaraTb B BUIle aTpPUOYTHBIX CXeM CO BXOIHBIM s13bikoM Jlugep.

9.1. Moaesp MalIUHBI

[Tpu u3n0KeHUH aIrOPUTMOB FeHepallMy Koja Mbl OyaeM cjleoBaTb HEKOTOPOH
MOJIeJIM MAalIMHBI, B OCHOBY KOTOPOH MOJIOKEHa CHCTeMa KOMaH] MUKpOIpolLieccopa
Motorola MC68020. B mukpompoleccope MUMeeTCss PETUCTP — CUYETYHK KOMaHI
PC, 8 peructpoB naHHBIX U 8 afpecHbIX PerHCTPOB.

B cucrteme KOMaHZ HCIOMB3YIOTCS CJEAYIOLIME COCOObI aapecalu:

ABS — a0coJII0THas: UCMOJHHUTE/bHBIM a1PeCOM SIBJSeTCS 3HaueHHe apecHoro
BbIpaKeHHS.

IMM — HeNocpeJCTBEHHbIH ONepaH/: ONepaHAOM KOMaH[bl ABJseTCH KOHCTaH-
Ta, 3aJlaHHasl B aJPeCHOM BbIPa’KeHHUH.

6 B.A. CepeGpsikoB
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D — mnpsmas ajpecalys yepe3 pPerucTp AAHHBIX, 3alUCbIBAeTCA KakK Xn, OIle-
paHA HaxoQUTCH B peructpe Xn.

A — mpsMas ajpecalus yepe3 aipecHbI perucTp, 3amuchiBaeTcs Kak An,
olepaH[ HAaXOAUTCS B perucrtpe An.

INDIRECT — 3alHChiBaeTCs Kak (An), aJpec olepaHia HaAXOAUTCS B aApPECHOM
peructpe An.

POST — NOCT-WHKpEeMeHTHas ajpecalus, 3anucbiBaeTcsl Kak (An)+, HUCIOJ-
HUTEeJIbHBIA aipec eCTb 3HAYeHUe aJpPeCcHOT0 perucTpa An, W IOCJe HUCIOJHEeHUS
KOMaH/bl 3Ha4YeHHe 3TOr0 perucTpa yBeJUUYUBAETCs HA JJHUHY OlepaHia.

PRE — IMpe-UHKpPEeMeHTHas ajpecalus, 3alucbiBaeTcsd KakK - (An): nepei HC-
[IOJTHEHHEM OllepalUd COAePKUMOE afpeCHOr0 peructpa An yMeHbIIAeTCsd Ha AJH-
Hy OIlepaHia, WUCIONHUTEJbHBIH aipec paBeH HOBOMY CONEPXKHUMOMY aApecHOro
perucrpa.

INDISP — KOCBEHHasl aapecalus co CMellleHHeM, 3alucbiBaeTcsl Kak (bd, An),
UCIIOJIHUTEJIBHBIM afpec BbIUUCASETCH KakK (An)+d — comep:xuMoe An ILIOC d.

INDEX — KOCBEHHad ajpecaluus ¢ MHIEKCOM, 3alucbiBaetcs Kak (bd,An, Xn*sc),
UCIOJIHUTEJbHBIU agpec BbIUHCASETCS KaK (An)+bd+(Xn)*sc — comepKHMoe
aIpecHOro perucrtpa + ajgpecHoe CMelleHHue + COmepKHUMOe HHAEKCHOI'O PEeTUCTPa,
YMHOXK€EHHO€e Ha sc.

INDIRPC — KOCBeHHasi yepe3 PC (CUeTUMK KOMaH]), 3amuchiBaeTcs Kak (bd,
PC), UCIOJHHUTEJJbHBIN azpec omnpeneJsisieTcsl BbipaxKeHueM (PC)+bd.

INDEXPC — xocBeHHasi yepe3 PC co cmeleHueM, 3anuchiBaetcs Kak (bd, PC,
Xn*sc), UCNOJHUTENbHBIH afpec onpenesseTcs BolpaxkeHueM (PC)+bd+(Xn) *sc.

INDPRE — mpe-KOCBeHHas 4epe3 MaMmsTb, 3amuchiBaeTcs Kak ([bd,An,sc*Xn],
od) (cxema BHIYMCJIEHHS a[pecoB MJis TOTO U TPEX MOCJEAYIONIHX CIOCO00B ajpecannu
MPUBEIEHA HHXKE).

INDPOST — moCT-KOCBeHHas yepes namatb: ([bd,An], sc*Xn, od).

INDPREPC — mpe-KocBeHHas yepe3 PC: ([bd, PC, sc*Xn], od).

INDPOSTPC — mnocT-KOoCBeHHas yepe3 PC: ([bd, PC],Xn,od).

3nech bd — 310 16- MM 32-6MTHAs KOHCTaHTa, HasbiBaeMasi cmeuieruem, od
— 16- nau 32-6uTHasi JMTepasbHAas KOHCTAHTA, HA3blBAeMasi BHEULHUM CMeuje-
Huem. DTH crnocobbl agpecalvd MOTYT HCIOJb30BaThCs B YIPOLIEHHBIX (hopMax
6e3 cmelleHH# bd U/MaM od U 6e3 perucTpoB An uad Xn. Cjenyioline NpUMepsl
WUJLJIIOCTPUPYIOT KOCBEHHYIO MOCTUHAEKCHYIO afpecaluio:

MOVE DO, ([AOQ])

MOVE DO, ([4,A0])

MOVE DO, ([AO0],6)

MOVE DO, ([AO0]1,D3)

MOVE DO, ([AO0],D4,12)

MOVE DO, ([$12345678,A0],D4,S$FF000000)

MHOeKcHBIH perucTp Xn MOXKET MacIiTabupoBaTbCsi (yMHOXKATbCs) Ha 2,
4, 8, uro 3amuceiBaeTcsl Kak sc*Xn. Hanpumep, B HCHONHHUTeJNbHOM anpece
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([24,A0, 4*D0]) comepXKHMOe KBaJPAaTHBIX CKOOOK BBIYUCJISAETCA Kak
[AO] + 4 * [DO] + 24.

ATH crnocobbl afpecauuy padoTalT CAeAyOLUM oOpasoM. Kaxkaplii ncmonHuU-
TeJIbHBIH afipec COAEPKHUT Mapy KBaAPaTHBIX CKOOOK [ . ..] BHYTPH Mapbl KPyTJbIX
CKOOOK, T.e. ([...], ... ). CHauaja BBIUHUCJSETCS COJIePXXKUMO€e KBaJpaTHbIX
CKOOOK, B pe3ysbTaTe 4ero mojydaercsi 32-OUTHBIH yKasatesab. Hampuwmep, ecau
UCITOJb3YyeTCsl MOCT-HHAEeKCHass (opMa [20,A2], TO UCIOJHUTEJbHBIA anpec —
570 20 + [A2]. AHaJjoruyHo, aJs NPEeUHIAEKCHON cpoprI [12,A4,D5] HUCIIOJHU-
TeJbHBIA anpec — 3T0 12 + [A4] + [D5].

YKasaresb, C(QOPMUPOBAHHBIH CONEPXKUMBIM KBaApPaTHBIX CKOOOK, UCIO/b3yeT-
¢ I/ JOCTYyNa B MaMsATh, YTOOBI MOJYUHUTb HOBBIH yKa3aTesb (OTCIOHA TEPMHH
«KOCBEHHas ajpecals yepe3 namaTb»). K 3ToMy HoBoMy ykasaTesto nob6aBJsieTcs
COZleP?KMMO€e BHEIIHUX KPYIJIBIX CKOOOK, M TakKUM 00pa3oM (popMHpyeTcs MCIOJ-
HUTEeJIbHBIA afpec onepaHia.

B npanbHefilieM wH3/0xeHHH OyoyT HCIOJNb30BaHbl CJeAYIOLIHMEe KOMaH/bI
(B UaCTHOCTH, pacCMaTPHUBAIOTCSl TOJBKO apuMeTHYeCKHe KOMaHIbl C LeJbIMH
orepaHIaMHu, HO He C IJIaBaOLIUMHU):

MOVEA HA, A — 3arpy3uTb COAEpPKHUMOE€ [0 MCIOJHUTENbHOMY aapecy HA
Ha aJpeCHbId PerucTp A.

MOVE VAl, HWA2 — COHEpPKHMOE I10 HCIIOJHHTEJbHOMY azpecy HMALl mnepenu-
caThb 10 HUCIOJHUTEJBHOMY aapecy HA2.

MOVEM cHOuCOK_perucTtpoB, WA — COXPaHHUTb YKa3aHHble PETHCTPhBI B MaM-
TH, HauMHasi ¢ agpeca MA (perducTphl yKasblBalOTCs MackoH B caMOH KOMaHJE).

MOVEM KA, CHOMCOK_PEerucTpoB — BOCCTAHOBHUTb YKa3aHHbIE PETrUMCTPhI
M3 maMaTH, HauuHasg ¢ anpeca MA (perucTpsl ykasblBalOTCS MacKoH B caMOH
KOMaHIe).

LEA VA, A — 3arpy3uTb HUCIOJHHUTEJbHBIH afpec MA Ha aJpecHBId PerucTp A.

MUL HMA, D — yMHOXKHUTb COLEPXKUMOE II0 UCIIOJIHUTEJBLHOMY afpecy UA Ha Co-
Iep:KUMOe DEerucTpa AaHHBIX D M pe3y/nbTaT pa3MecTHTb B D (Ha camoM jese
B CHUCTeMe KOMaHJ HMMEIOTCS [Be pasMyHble KOMaHAbl MULS U MULU [IJs 4YHCe
CO 3HAaKOM M uyMces 0e3 3HaKa COOTBETCTBEHHO; [Jil YNPOLIEHHS Mbl He Oynem
MPUHHUMATh BO BHUMAaHHe 3TO pa3Jjuyue).

DIV WA, D — pasfieNUTb COAEpPXKUMOe perucTpa NaHHLIX D Ha COAepXKUMOe
10 UCIIOJIHUTEJILHOMY ajpecy WA U pe3ysnbTaT pasMeCcTUTb B D.

ADD HMA, D — CJOXKUTb COLEPKUMOE II0 UCMOJHUTEJILHOMY ajapecy UA ¢ Co-
JePKUMBIM peructpa AaHHBIX D U pe3y/jbTaT PasMeCcTUTb B D.

SUB WA, D — BBHIUECTb COIEPKUMOE 10 UCIOJHUTEJbHOMY anpecy UA U3 CO-
JIePKUMOTr0 perucTpa LAHHBIX D U pe3yJbTaT pa3MeCcTUTb B D.

Komanzbl CMP U TST (pOPMUPYIOT pa3psiibl perucTpa cocTossHUU. Beero nmeer-
cs1 4 paspsina: Z — NpU3HAK HYJeBOro pesyibrara, N — NpU3HAK OTPULATESbHOTO
pesynbrara, V' — npuaHak nepenosnHeHus, C' — Nnpu3HaK NepeHoca.

6%



164 Inasa 9. Tenepayus koda

CMP WA, D — W3 COAEPKHMOTO PErucTpa JAaHHBIX D BBIYUTAETCS COAEPKHUMOE
M0 UCIIOJHUTENBHOMY ajapecy HA, Tpu 3ToM (HOPMHUPYIOTCS BCe Pa3psiibl PerucTpa
COCTOSIHUH, HO COIEPXKHMMO€e pPerucTpa D He MeHsieTcs.

TST WA — BbIpaboTaTh paspsif Z perucTpa COCTOSIHUH M0 3HAUEHHIO, HaXo[sl-
11eMYCsl 110 UCIIONHUTEJbHOMY afpecy KA.

BNE VA — YCJIOBHBIH Mepexo Mo npusHaky Z = | (He paBHO) Ha HCIIOJHH-
TeJIbHBIY ajpec YA,

BEQ WA — YCJIOBHBIH mepexon 1o npusHaky Z = 0 (paBHO) Ha HCIOJHHUTEJb-
HBIH agpec UA.

BLE WA — YCJOBHBIH mepexon 1o mnpusdHaky N or Z (MeHblle HWJH PaBHO)
Ha MCIOJHUTEJNbHBIN afpec UA.

BGT WA — YCJIOBHBIH Tepexof 1o npusHaky not N (6oJblie) HAa UCTIOJIHUTENb-
HBIH anpec UA.

BLT YA — YCJIOBHBIH Mepexof Mo nmpu3Haky N (MeHblle) Ha HCIOJHUTEbHBIH
ajzpec HA.

BRA UA — 0e3yCJOBHBIH Nepexof Mo aapecy KA.

JMP KA — 6e3YyCJOBHBIH MEPeXOA MO HUCIOJHUTEIbHOMY aipecy.

RTD pasmep_JioKaJlbHEIX — BO3BpAT U3 NOAMNPOrpaMMbl C YKa3aHHEM pa3mepa
JIOKAJIbHBIX.

LINK A, pasMep_JIOKaJIbHHX — B MarasduHe COXpaHseTCs 3HaueHHe perucrpa
A, B perucTp A 3aHOCHUTCSl yKasaTe/Jb Ha 3TO MeCTO B MarasuHe, U yKasaTejlb
CTeKa MpOJBUraeTcsl Ha pasMep JOKaJbHBIX.

UNLK A — CTeK COKpalllaeTcsl Ha pa3Mep JIOKaJbHBIX, H PETrMCTP A BOCCTAHaB-
JIUBAETCsl U3 MarasuHa.

9.2. IuHamMu4yecKas opraHu3anus NamMaTu

JvHaMuueckass opraHusalusi MaMsTH — 3TO OPraHU3alUs MaMSTH MepHo-
Ia WcroJiHeHUs nporpammel. OmnepaTuBHasi NaMsTb NPOrpPaMMbl OOBIUHO COCTOMT
13 HECKOJIbKUX OCHOBHBIX pa3flesoB: MarasuH, Kyua, 00/1acTb CTaTHUECKUX AaHHBIX
(MHULIMAJTM3UPOBAHHBIX W HEMHHUIIMAJU3UPOBaHHBIX). Hanbosee cnoxHo# sBsieT-
cs1 pabota ¢ MarasuHoM. BooOlle roBopsi, MarasuH nepuofa HUCMOJHEHUS] HeOoOXo-
UM [ IPOTPaMM He Ha BCeX si3blKaX MporpaMMHpoBaHus. Hampumep, B paHHUX
Bepcusx PopTpaHa HeT PeKYPCHH, TaK YTO TPOrpaMMa MOXKET HCIOJHAThCA 0e3
marasuHa. C Ipyroiél CTOPOHBI, UCTIOJHEHWE MPOrPAMMBI C PEKYPCUEH MOXKET ObITh
peanusoBaHO W 0Ge3 MarasuHa (Toro e sddexkTa MOXKHO MOCTHYb, HAMPHUMED,
U C TOMOIIbI0 CIHHUCKOBHIX CTPYKTyp). OmHako, miasi 3(h(eKTHBHOH peasu3alnuu
MOJIb3YIOTCS MarasuHOM, KOTOPBIH, KaK MpPaBHUJO, MOANEPKHBAETCS Ha YypPOBHE
MalIMHHBIX KOMaH/.

PaccmoTprM cxeMy opraHM3audy MarasvHa Iepuofa BBIMONHEHHS [Ji Ipo-
cTediiero caydasi (kak, Hampumep, B si3bike [lackasb), Korma Bce MepeMeHHbIe
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B MarasuHe ((hakTH4yecKHe MapaMeTpbl U JIOKaJbHbIE NTepeMeHHbIe) UMEIOT CMellle-
HHSI, U3BECTHbIE MPH TPaHCJASUUH. MarasuH CJIyXKHUT AJs XpaHEHHS JIOKaJbHBIX
nepeMeHHBIX (M TapaMeTpoB) M oOpalleHHss K HHM B sI3bKax, AOMYCKAMOIIHUX
peKypCHBHble BbI30BbI Npolenyp. Elle ofHOH 3amauell, KOoTopyro HeOOXOAHMO pe-
[IaTh TNPH TPAHCAALMUN $I3BIKOB € OJIOUHOH CTPYKTYpOH, siBjisieTcss obecrneueHue
peasn3aluuu MeXaHW3MOB CTATHUECKOU BJIOKEeHHOCTH. [lycTb nMeeTcs cienyromuii
(parment nporpammel Ha [lackasne:

procedure P1;
var V1;
procedure P2;
var V2;
begin

P2;
Vli:=...
V2:=...

end;
begin
P2;

end;

B mnpouecce BbiMONHEHUS 3TOH NPOrpaMMbl, HAXOAsiCb B TMpolenype P2,
Mbl IOJ2KHBI UMeTb AOCTYI K MOCJelHeMy HabOpy 3HaueHWH MepeMeHHBIX IpoLe-
Oypel P2 U K Habopy 3HaueHHWH NepeMeHHBIX MPOLenypbl P1l, U3 KOTOPOH Obliaa
BbI3BaHa P2. Kpome Toro, HeoOXoouMo 00eCHeuHTb BOCCTAHOBJIEHHE COCTOSIHHUS
NporpaMMbl NPH 3aBepILIEHHUH BBIIOJHEHHUS MPOLEAYPHI.

M&I paccMOTpHM 1Be BO3MOXKHBIE CXEMbl ANHAMHUUECKOH OpraHu3alury NaMsiTH:
CXeMy CO CTaTH4YecKOH LeMOuKOH M ¢ OuciljeeM B NaMsTH. B mepBoM caydae Bce
CTaTH4YecKHe KOHTEKCTBl CBSI3aHbl B CIIMCOK, KOTOPbIH HasblBaeTcsl crmamuueckol
yenouxkou; B KaxKIOH 3alMUCH Ui NpOLedypel B MarasvHe XpaHHUTCSl yKasaTeJsb
Ha 3aMKCh CTaTHUECKH OXBaThIBaIOLIeH Mpouenypsl (MOMUMO, KOHEUHO, yKa3aTeJs
Junamuuecxkol yenouku — ykazatesas Ha «0a3y» OMHAMHYECKH MpelblayLieH
npouenypsl). Bo BTopom ciyuae nssi XpaHeHHs CCBIJIOK Ha CTaTHUECKHe KOHTEKCTHI
UCITIOJb3YyEeTCs MacCHB, HasdbiBaeMblil ducnieem. Vcmosnb3oBaHWe TOH WM MHOH
CXeMBbl ONpefiessieTcsl, IOMUMO MIPOUUX YCJOBHH, Npexae BCero YMCJIOM afipecHbIX
PEeTUCTpPOB.

9.2.1. Opranusauusa mMarasuHa CO CTaTUYeCKOU Lemoukou. lrak, B cay-
Yyae CTAaTHYECKOM LIEMOYKHM Mara3uH OpraHW30BaH TakK, KaK 3TO H300pakeHO
Ha puc. 9.1.
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MUHUMANbHBLL adpec

COXpaHeHHBIe PErHCTpPhl
(Bxmtouas LP)

JIOKaJIbHble TTapaMeTphl 06J1aCcTh
TeKywWHi rocJieJHeH
CTAaTHYeCKUH npeasiaywui BP ‘ BP | BbI3BaHHOHU
YPOBEHb TIPOLELYpEI

TOYKAa BO3BparTa

(bakTHUeCKHEe IapaMeTphl

COXpPaHeHHbIe PEruCTPHI

npeasbiaymui LP b---

JIOKAJIbHbIE TTapaMeTphl Delta
MpebI YN
CTaTHYeCKUH npemwityuuit BP [T
ypOBeHb

LU )

MaxKcumanrvHoLil adpec
Puc. 9.1

Taknum o6pasom, Ha 3amuch TeKylle# MpoLeaypbl B MarasWHe YKasblBaeT pe-
ructp BP (Base Pointer), ¢ kotoporo HaunHaeTcs quHamMuyeckas uenodka. Ha cra-
THUECKYIO 11enouky ykasbiBaeT peructp LP (Link Pointer). B kauectBe peructpos
BP U LP B Pas/IMYHbIX CHCTEMax KOMaHJ MOTYT MCIOJb30BATbCS YHUBEPCAJbHEIE,
aJipecHble UJIH CIlelHasbHble PerucTpbl. JIokabHbEIE MepeMeHHble OTCUMTHIBAIOTCS
OT perucTpa BP BBepX, (DaKTHUeCKHe MapaMeTpel — BHHM3 C Y4eTOM INaMSTH,
3aHATOHM TOUKOH BO3BpaTa M CAMHM COXPAHEHHBIM PErHCTPOM BP.

Bbi3oB moamporpaMMm  pasiiMuHOTO CTATMYECKOrO YPOBHS MPOM3BOIUTCS
HeCKOJIbKO Mo-pa3HoMy. [Ipu BEI30Be MOANMpPOrpaMMBI TOrO K€ CTaTHUECKOrO
YPOBHSI, UTO M BBI3bIBAIOLIAS NOANPOrpaMMa (HarnpuMep, PeKypCHBHBIH BBI3OB TOH
’Ke CaMOH MOANPOrpaMMbl), BBINOJIHSIOTCS CeLYIOLIMe KOMaH/BI:

3aHeceHUe @aKTquCKHX IIapaMeTpOB B Mar'a3HWuH

JSR A

Komanna JSR A mpoxBuraer ykasaTesb SP, 3aHOCHUT PC Ha BepxXyLIKy Mara-
3MHa M OCYILeCTBJsieT nepexon 1o anpecy A. [locse BbIMOMHEHUS 3THX KOMaHI
COCTOSIHME MarasvHa CTaHOBUTCS TaKWM, Kak 3TO M300pakeHo Ha puc.9.2. 3a-
HeceHHe BP, OTBelleHHe JIOKAJbHBIX, COXPaHEHHE PErHCTPOB JeJlaeT BbI3blBaeMas
NoAnporpamMmma.

[Tpu BBI3OBe J10KAJbHOH MOANMPOrpaMMbl HEOOXOAHMO YCTAaHOBUTH YyKasareJb
CTaTHYeCKOro YPOBHS Ha TeKYLIYI0 MOANPOrpaMMy, a MpH BbIXOJe — BOCCTAHOBHUTb
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TEKylAH TOYKA BO3BpaTa ~——SP
CTaTHYECKUH
YpOBEHb (hakTHUeCcKHe napaMeTphbl

COXpaHEHHbIE PErucCTpPhbI
BKJITOUas LP

JIOKaJIbHbI€ MapaMeTphl

npeibliylui BP ~——BP

TOYKa BO3BpaTa

(hakTHYeCcKHe napamMeTpbl

COXpaHEHHbIE PEerucCTphbl

npebayui LP ~—1LP

JIOKaJIbHble MapaMeTphl

MpenblIyIIUH
CTaTHYECKUH npeasbayui BP
ypOBeHb

Puc. 9.2

ero Ha CTapoe 3HaueHue (MOAMPOrpaMMbl, OXBaThiBaIOLIeH Tekyllywo). [1as 3Toro
UCTIOJHSIIOTCS CJIeYIOIIHe KOMaH/bl:

3aHeceHue QakKTHUECKUX [apaMeTpOB B Mara3uH

MOVE BP, LP

SUB Delta, LP

JSR A

3mech Delta — pas3Mmep JIOKAJbHBIX MepPeMeHHbIX BbI3bIBAIOLIEH MOAMPOrpaM-
Mbl IJIIOC [BOHMHAs AJHHA cloBa. MarasuH mocse 3TOro NPUHHMMAeT COCTOSIHHE,
uzobpaxkeHHoe Ha puc.9.3. Ilpennosaraercsi, uTto peructp LP yxKe COXpaHeH
cpelny coXpaHseMbIX PerHCTPOB, MPHUUEM CaMbIM MEPBBIM (Cpasdy MocJe JIOKaJbHbIX
MepeMeHHBIX).

[Tocsie BBIXOIA M3 MOANPOrpaMMbl B BEI3bIBAIOIIEH TOATIPOTPAMME BBITIONHSAETCS
KOMaH/1a

MOVE (LP), LP

KOTOpasl BOCCTaHAaBJMBaeT CTapoe 3HayeHHe CTaTU4YeCKOH LeNodyku. Ecau BeIxXon
OCYILECTBJISJICS U3 IOANPOrpaMMbl 1-ro ypoBHS, 3Ty KOMaHAY BBIIIOJIHAThL He HAJO,
MOCKOJIBKY AJ1s1 1-TO ypOBHSI HET CTaTHUECKON LEMOUKH.

[Tpu BBI30Be MOAMpPOrpaMMbl MEHBIIEr0, YeM BBI3bIBAIOLIAs], YPOBHS BBIMOJIHS-
I0TCA CJleflyIole KOMaH/bl:
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TeKyLIHH TOYKa BO3BpaTa -—— 3P
CTaTHYeCKUH
yPOBEHb (baxTHUECKHE NapaMeTphl

COXpaHEHHbIE PErucTpPhbl

npemblAyuwd LP t---1

TpelblLy K JIOKaJIbHbIE TapaMeTphl Delta
CTaTHYECKHH

ypOBEHb

npefbl Iy BP

ee o0 o0

Puc. 9.3

3aHeceHue QakTHUECKUX [IapaMeTpPOB B Mara3uH
MOVE (LP), LP /* KOJNMUECTBO pa3 pPaBHO Pa3HOCTHU
YPOBHEH BHI3HBAameN MU BH3HBaemoin IIII */
JSR A
Tem cambIM yCcTaHABJIUBAETCS CTATHUECKHUH yPOBEHb BBI3BIBAEMOM MOAIPOrpaMm-
mbl. [locsie BBIXO#a M3 MOATIPOrpaMMBI BBITIOJHSETCS KOMaHAa

MOVE -Delta(BP), LP

BOCCTAHABJHMBAIOIAS CTATUYECKUH yPOBEeHb BbI3bIBAIOLIEH MOAMNPOrPAMMEL.

Tesio mognmporpaMMbl HAUMHAETCS CO CJAENYIOUIMX KOMaHNI;

LINK BP , -pas3mep_JiOKaJibHHX

MOVEM -(SP)

Komauna LINK BP, pasMep_JioKasibHHX 3KBHBAJIEHTHA TPEM KOMaHOaM:

MOVE BP, -(SP)

MOVE SP, BP

ADD -pas3Mep_JioKaJlbHHX, SP

KomaHnma MOVEM coxpaHsieT B MarasuHe PerHuCTpHI.

B pesysbraTe BBIMOJHEHUS 3TUX KOMAaHJ Mara3uH mpuoOperaeT BUM, u3obpa-
JKeHHBIH Ha puc. 9.1.

Beixon U3 moamporpaMmBel OCYIIECTBJSETCS CAENYIOUIEN MOCTeN0BaATENbHOCTHIO
KOMaH[;

MOVEM (SP)+

UNLK BP

RTD pasMmep_QakTHUECKHUX

KOMaH}la MOVEM BOCCTaHaBJIMBA€T PEruMCTPhbl M3 Mara3uHa. KOMaHILa UNLK BP
SKBHMBaJIeHTHa TaKOH MOCJief0BaTeJbHOCTH KOMAaHI:

MOVE BP, SP
MOVE (SP),BP
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ADD #4, SP /* 4 - pasmep crnoBa */

KOMaHﬂ,a RTD pasmep_dakTHuecKux, B CBOIO ouepelb, 9KBUBaJICHTHA MOCJIe-
JIOBATEJIbHOCTH

ADD pasmep_¢axTuueckux+4, SP

JMP -paszmep_ QaxrkTuuecxux-4(SP)
[Tocsie ee BhIMOJIHEHHUS] MarasuH BOCCTaHaBJIHBAaeTCs OO0 COCTOsIHMSA, KOTOpOe OBLJIO
J1O0 BBI3OBaA.

B 3aBUCHMOCTH OT HaJMYHS JOKAJbHBIX TlepeMeHHBIX, (PAaKTHUeCKUX MapaMeT-
pPOB U HeOOXOAMMOCTH COXpPaHEHWUsS] PerucTpoB Kaxaas M3 3TUX KOMaHI MOXKET
OTCYTCTBOBATb.

9.2.2. Opranmsauus MarasyHa c JuciuieeM. PaccMoTpuM Temepb opra-
HHU3aLHMI0 MarasuHa ¢ aucnieeM. Jlucnieil — 3To MaccuB (DISPLAY), - 3Je-
MeHT KOTOpOro NpeacTasJ/seT co00H yKasaTesb Ha 00/acTb aKTUBALMK MOCJeHel
BbI3BAHHOH NOANPOrpPaMMBbl ¢-F'0 CTATHUECKOro ypoBHS. JocTyn K MepeMeHHbIM
caMOH BHYTpeHHel MOANPOrpaMMbl OCYylLlecTBJAseTCs uepe3 peructp BP. lucniei
MOKeT ObITb peasn30BaH JKO0 uepe3 perucTpel (€Cjau UX A0CTAaTOYHO), JUOO Yepe3
MacCHUB B MaMATH.

Jlaisi BbI30Ba MpOLEnypbl cjaeayollero (Mo OTHOLIEHHIO K BbI3bIBAIOLIEH MpPO-
rpaMMe) YpOBHSl B JAHCIIIee OTBOLMUTCS OuepeqHOH 3jeMeHT. Ecsu BbI3bIBalOLast
npolenypa HMeeT CTAaTHYeCKHH YPOBEHb ¢, TO IPHU BbI30BE MPOLELYPbl YPOBHSA
j < 7 3JIeMeHTBI JuCIIes J, ..., 4 JOJKHBI ObITb CKOMUPOBaHbI (0OBIYHO B MarasuH
BBI3bIBAIOILIEH MPOLENYPHI), TEKYIIMM yPOBHEM CTAHOBHUTCS j U B DISPLAY[]]
3aHOCHUTCS yKaszaresb Ha 00/1acTb aKTHBALMK BbI3biBaeMOH mpouenypsl. [1o okoH-
YaHUHU pabOThl BBI3bIBAEMOH MPOLEAYPHI CONEPKUMOE AUCIIES BOCCTAHABJIHMBAETCS
U3 MarasuHa.

MHorna ncnosb3yercss KOMOMHUPOBaHHAsl cXxeMa — JucIiell B Marasune. [uc-
nyell XpaHHUTCS B 00J1aCTH aKTHBALMH KaxHoH mpouenypel. PopmupoBaHue nuc-
nJes A/ NpoLefypbl OCYILECTBJ/SETCS B COOTBETCTBHUHU C NPaBUJIaMH, ONTHCAHHBIMU
BBILLE.

OtnenpHOTO paccMOTpPeHHUs] TpeOyeT BOMPOC O TeXHHUKe Mepenadd (axkTuue-
CKUX napameTpoB. KoHeuHo, B cjiyuae TMPOCTBIX MapaMeTpoB (HampUMep, YHCes)
npo6seM He BosHMKaeT. OnHaKo nepenaya MacCHUBOB MO 3HAYEHHIO — oOlepalus
LOBOJIHO [10porasi, Mo3TOMYy C TOUKH 3peHHS 3KOHOMHH NaMSTH LiejiecoobpasHee
CHauyaJsa B NMOANPOTpaMMy INepelaTh aJpec MacCUBa, a 3aTeM yKe U3 MOAINporpaM-
MBI 10 afipecy NepelaTb B MarasuH caM MaccHUB. B cBfi3u c mepenadeii napameTpoB
c/JelyeT YIOMSIHYTb elle OfHO 0OCTOSATENbCTBO.

PaccmoTpeHHas cxema opraHU3alWdyd Mara3uHa OOMYCTHUMAa TOJBKO [JIs1 SI3bIKOB
CO CTaTHYECKH H3BECTHBIMH pas3MepaMu (pakTHdecKWx mapametpoB. OpHako, Ha-
npumep, B sidbike Monyna-2 MoxeT ObITb MepefiaH 10 3HAYeHHIO TMOKUH MacCHB,
U B 3TOM CJlyyae HeJb3s CTAaTHUECKH paclpefes]UTh NaMATb MJs [1apaMeTpoB.
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OOBIYHO B TAaKMX CJy4asix 3aBOASAT TaK Ha3blBaeMbIH MacrnopT MacCHBa, B KOTOPOM
XpaHUTCSl BCA HeoOXoAMMasi MH(OpMaLMs, a caM MacCHB pasMellaeTcss B Mara-
3MHe — B pabouded 06/1aCTH PETrUCTPOB, COXPAHEHHBIX BHILIE.

9.3. HasnaueHnue agpecosn

HasnaueHue agpecoB nepeMeHHbIM, apaMeTpaM U MOJSIM 3aMHcel MPOUCXOAUT
npu 06paboTKe COOTBETCTBYIOLIMX OO0bsBJAEHUH. B 0ogHOMPOXOAHOM TpaHCASTOpPE
3TO MOXKET IPOMU3BOAUTBLCS BMECTE C IOCTPOEHHEM OCHOBHOH TalJHIBl CHMBO-
JIOB, a COOTBETCTBYIOLIME ajapeca (MM CMeLleHHUs) MOTYT XPaHUTbCSl B 3TOH XKe
tabnuie. B npomexxyrounom Jlupep-nipencraBieHnn oObSIBAEHHSI COXPAHEHBI, UTO
IesaeT 3TO NPOMEXYTOUHOe MpeACcTaBJeHHe MAalINHHO-He3aBUCHMbIM. HanomHum,
yTo B Jlupep-npencTaB/ieHUH KaxKIOMY ONHUCAHHIO COOTBETCTBYET HEKOTOPBIH HO-
Mep. B mpouecce paGoThl reHepaTopa KOAOB NOAJAep:KMBaeTcsi Tabsuua Table,
B KOTOPOH IO 3TOMY HOMepy (BXOZY) COIEP:KUTCS CJenykoliast HH(QOpMaLHUs:

- IJIS THMNA: ero pasmep;

— IJIsS TIepeMeHHOH: cMellleHWe B 06JacTH mpoueaypsl (Mau raobanbHoH 06Ja-
CTH);

— [1JI TOJIS 3alUCH: CMellleHHe BHYTPH 3aIuCH;
— IS TIpOLlelypbl: Pa3Mep JIOKAJIbHBEIX 1apaMeTpOB;

— [IJIs MaccHBa: pa3Mep MacCHBa, pa3Mep 3jeMeHTa, 3HaueHHe JIEBOH U MpaBoi
TPaHULL.

®yukuus IncTab BelpabaThiBaeT yKasaTe b (BXOI) Ha HOBBIH 3j1eMeHT TabJiu-
I[bl, TIPOBEPSISi IPH 3TOM HaJHune CBOOONHOU MaMSTH.

JLnis1 BEIUMC/IEHHS apecoB ONpefesuM AJsl KaXKA0ro 0ObsBJeHHsl 1Ba CUHTe3H-
pyeMbiX aTpubyTta: DISP 6yneT 0003HauaTh CMellleHHe BHYTPU 00JIaCTH MPOLEAYPhI
(MM eMHUIBI KOMIHUJALUWK), a SIZE — pa3mep. Torna ceMaHTHKa NpaBU/a IJs
crucka oObsBJAEHUH NPUHUMAaeT BUL
RULE
DeclPart ::= ( Decl )

SEMANTICS
Disp<1>=0;

1A: Disp<1>=Disp<l>+Size<1l>;
Size<0>=Disp<1>.

Bce oObsBieHHs, KpoMe oObABJIeHHH NepeMeHHBIX, UMEIOT HYJEeBOH pasmep.
Pasmep 00bsiBsieHHs NepeMeHHOH onpenessieTcsl CAeAYOLUM MTPaBUJIOM:

RULE

Decl ::= ’'VAR’ TypeDes
SEMANTICS
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Tablentry Entry;

0: Entry=IncTab;
Size<0>=((Table[VAL<2>1+1) / 2)*2;
// BHpaBHMBaHMWE Ha 'PaHUIy CJIOBa
Table[Entry]=Disp<0>+Size<0>.

B kavecTBe mpuMepa TpPaHCJAALUU ONpeleseHUsl TUIa pacCMOTPUM 00paboTKy
OMUCAHUSA 3aIHUCH:
RULE
TypeDes ::= 'REC’ ( TypeDes ) ’'END’
SEMANTICS
int Disp;
Tablentry Temp;
0: Entry<0>=IncTab;
Disp=0;
2A: {Temp=IncTab;
Table[Temp]=Disp;
Disp=Disp+Table[Entry<2>]+1) / 2)*2;
// BrIpaBHHBaHMWE Ha ['PAHULY CJIOBa

}
Table[Entry<0>]=Disp.

9.4. TpaHncasuusa nepeMeHHbIX

[TlepemenHble oTpaxkaloT BCE MHOroo6pasde MeXaHH3MOB JOCTyNa B S3bIKe.
[TepemeHHast vMeeT CHHTe3UpPOBaHHBIH arpubyT ADDRESS — 3TO 3aluCh, OMNH-
ceiBatomiasi agpec B komanne MC68020. Drtor aTpubyT comocTaB/sieTcss BCeM
HeTepMMHaJaM, MPeCTaBIAIOUIMM 3HadeHus. B cucteme komang MC68020 muoro
Croco00B aapecaliy, U OHH OTPaKeHBI B CTPYKType 3HaueHHs1 aTpubyTa ADDRESS,
MMEIOLIEro CJeAyIOIUN THIT:
enum Register
{po,Dp1,D2,D3,D4,D5,D6,D7,

A0,Al,A2,A3,A4,A5,A6,SP,NO};

enum AddrMode
{D,A, Post, Pre, Indirect, IndPre, IndPost, IndirPC,
IndPrePC, IndPostPC, InDisp, Index, IndexPC, Abs, Imm};

struct AddrType{

Register AddrReg, IndexReg;

int IndexDisp,AddrDisp;

short Scale;
}i

3HaueHHe peructpa NO 03HAYaeT, UTO COOTBETCTBYIOUIUH PErucTp B apecaluu
He HCIOJIb3yeTCsl.
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JlocTyn K mepeMeHHBIM OCYLIECTBJ/SETCS B 3aBUCHMOCTH OT MX YPOBHS: IJIO-
OasibHble TTePeMeHHble afpecyloTcs ¢ MOMOLLbI0 a0COMIOTHON apecally; epeMeH-
Hble B MpoLeype TeKyllero ypoBHsl aipecyloTcs yepe3 perucTp 06asbl A6.

Ecau marasvH opraHnMsoBaH C NOMOILBIO CTaTHYECKOH ILIeMOYKH, TO IepPeMeH-
Hble MNpeABbIAYLIero CTaTH4eCKOrO YPOBHSI afpecyloTcsl depe3 PerucTp CTaTHye-
CKOH LIeNOUKH A5; NepeMeHHble OCTaJ/bHBIX YPOBHeH aipecyloTcsl «IpoberaHueM»
10 CTaTHYECKOH ILIeNOYKe C MCIMOJIb30BAHMEM BCIIOMOraTesbHOrO peructpa. Anpec
nepeMeHHOU (popmupyeTtcs Npyd 0O6paboTKe CTPYKTYphl IepeMEeHHOH CJleBa Halpaso
U IepefaeTcsl CHaya/ja CBepXy BHHM3 KaK HacJ/elyeMbld aTpuOyT HeTepMHHaJsa
VarTail, a 3aTeM IlepefaeTcsl CHHU3y-BBepX Kak I/100a/bHBIH aTpUOyT HeTepMHU-
Hasna Variable. Takum o6pa3oM, npaBuso A/ OOpalleHUs K NepeMeHHOH nmeer
BUJ (mepBoe BXOXKJeHHe Number B NPaBYyI0 4acTb — 3TO YPOBEHb NepeMeHHOH,
BTOpoe — ee Jlunep-Homep):

RULE

Variable ::= VarMode Number Number VarTail

SEMANTICS

int Temp;

struct AddrType AddrTmpl, AddrTmp2;

3: if (Val<2>==0) // T'mobamnbHasa NepeMeHHasl
{Address<4>.AddrMode=Abs;
Address<4>.AddrDisp=0;

}
else // JlokanbHasi NepeMeHHas
{Address<4>.AddrMode=Index;
if (Val<2>==Level<Block>) // lepemeHHasn
// Tekymero ypoBHS
Address<4>.AddrReg=A6;
else if (Val<2>==Level<Block>-1)
// llepeMeHHass NPemHOYLEro YPOBHSA
Address<4>.AddrReg=A5;
else
{Address<4>.Addreg=
GetFree (RegSet<Block>);
AddrTmpl .AddrMode=Indirect;
AddrTmpl .AddrReg=A5;
Emit2 (MOVEA, AddrTmpl,
Address<4>.AddrReq) ;
AddrTmpl .AddrReg=Address<4>.AddrReg;
AddrTmp2 .AddrMode=A;
AddrTmp2 .AddrReg=Address<4>.AddrReg;
for (Temp=Level<Block>-Val<2>;
Temp>=2; Temp--)
Emit2 (MOVEA,AddrTmpl, AddrTmp?2) ;
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if (Val<2>==Level<Block>)
Address<4>.AddrDisp=Table[Val<3>];
else
Address<4>.AddrDisp=
Table[Val<3>]+Table[LevelTab[Val<2>]];

b,

OyHKIMSA GetFree BbIOMpaeT ouepefHOH CBOOOMHBIH peructTp (JuU60 perucTp
NaHHBIX, JUOO aIpecHbIll PETUCTP) U OTMEYaeT ero Kak HCIOJb30BaHHBIH B aTpH-
6yTe RegSet HeTepMuHana Block. Ilpouenypa Emit2 reHepupyetr AByXaapecHYIO
kKoMmaHny. IlepBeiii mapameTp 3ToH mpouenypbl — KOA KOMaHAbl, BTOPOH U TpeTHi
napaMeTpel UMeT THN AddrType W CJIyXKaT onepaHIaMd KoMaHabl. CMelleHHe
NepeMeHHOU TeKYIIero YpoBHSI OTCUHThIBaeTCsl OT 6a3bl (A6), a IPyrux ypoBHEH —
OT yKasaTeJsi CTaTUYECKOH LIeMOUKH, MOITOMY OHO OMpefessieTcsl Kak anrebpaude-
CKasi CyMMa pa3Mmepa JIOKaJbHbIX MapaMeTPOB U BeJUUUHBl CMELLEeHUS TepeMeHHOM.
Ta6nnua LevelTab — 3To Tab/Mlla ypOBHEH MpOLEAYp, coleprKallasi yKasaTesau
Ha I0CJ/IeI0BATEJIbHO BJIOXKEHHBIE IIPOLENYPHI.

Ecsiy MarasvH opraHrM30BaH € MOMOIIbIO JUCTJIES, TO TPAHCASALUUS IJs1 JOCTyTa
K MepeMeHHbIM MOXeT OBbITh OCYLIECTBJEHA CJAEAYIOIIUM 00pa3oM:

RULE

Variable ::= VarMode Number Number VarTail

SEMANTICS

int Temp;

3: if (Val<2>==0) // T'nobanbHasa NepeMeHHas
{Address<4>.AddrMode=Abs;
Address<4>.AddrDisp=0;

}

else // JlokanbHasi NepeMeHHas
{Address<4>.AddrMode=Index;
if (Val<2>=Level<Block>) // llepemeHHas
// Terymero ypoBHsS

{Address<4>.AddrReg=A6;
Address<4>.AddrDisp=Table[Val<3>];
}

else
{Address<4>.AddrMode=IndPost;
Address<4>.AddrReg=NO;
Address<4>.IndexReg=NO;
Address<4>.AddrDisp=Display[Val<2>];
Address<4>.IndexDisp=Table[Val<3>];
}

}.

PaccmoTpuM TpaHC/S1MI0 JOCTyNa K moJsaM 3anrdcu. OHa onuceiBaeTcs cjeny-
IOIMM NpaBU/oM (Number — 310 JIuaep-HOMep OMHUCAHUS MOJSA):
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RULE
VarTail ::= ’'FIL’ Number VarTail
SEMANTICS
if (Address<0>.AddrMode==Abs)
{Address<3>.AddrMode=Abs;
Address<3>.AddrDisp=
Address<0>.AddrDisp+Table[Val<2>];
}
else
{Address<3>=Address<0>;
if (Address<0>.AddrMode==Index)
Address<3>.AddrDisp=
Address<0>.AddrDisp+Table[Val<2>];
else
Address<3>.IndexDisp=
Address<0>.IndexDisp+Table[Val<2>];

9.5. TpaHcasiuus HEeJNbIX BbIpaXKeHUH

TpaHcasiuus BblpaxKeHUH pasJMuHBIX THUIIOB YIIPABJSeTCss CHHTAKCHUeCKH OJa-
rofapsi HaJM4MI0 yKasaTessi THNA Mepel KaKIod omepauued. Mbl paccMOTpUM
HEKOTOpble HauboJiee XapaKTepHble MPOOJeMbl FeHepaluk Koaa /sl BbIpaXKeHHH.

Cucrema komann MC68020 obsagaet nByMS 0COOEHHOCTSIMH, CKasbIBaIOIIU-
MUCSl Ha reHepalrd Koda AJs apuMeTHYeCKHX BblpaxKeHHH (TO »Ke MOXHO CKa-
3aTh U O IeHepallH Kola JJIsi BbIpaXKeHUH THUIA «MHOXeCTBa»):

1) onuH M3 omepaHIOB BbipaxkeHHs (MPaBbI) MOJIXKEH MPH BHIIOJHEHHH oOrepa-
[IMK HAXOMUTBHCS Ha PETHUCTpPE, MOITOMY eC/id 00a OrepaHa He Ha PerucTpax,
TO Tepej BbIMOJHEHUEM OMepaliy OIWH W3 HUX HANO0 3arPy3UTh HA PETUCTD;

2) cucrteMa KOMaH[ IOBOJbHO «CHMMETPHYHA», T.€. HET CIelHa bHbIX TpeboBa-
HUH K perucTpaM IPU BBIMOJHEHWH ONepalui (TakuX, HANpUMep, KaK Mapel
PErucTpoB WM TPeOOBAHHS YETHOCTH U T.IL.).

[Tosromy BbIGOp KOMaH. NpH TeHepaUWH apu(PMeTHUEeCKUX BBIPaXKEHHH OIpe-
IesisieTcs JOBOJbHO MPOCTHIMU TabJaULaMu peleHnid. Hanpumep, s nenoyuciex-
HOTO CJIOXKeHMs Takas Tabsnua nprBeneHa B Tabu. 9.1.

31ech UMeeTcsl B BUIY, UTO R — ONepaH]| Ha peructpe, V. — TepeMeHHas HJH
KOHCTaHTa. Takas tabsuua pelleHUH NOJ/KHA TaK»kKe YUUTbIBaTb KOMMYTAaTHBHOCTD
orepauui.

RULE

IntExpr ::= 'PLUS’ IntExpr IntExpr
SEMANTICS

if (Address<2>.AddrMode!=D) &&
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(Address<3>.AddrMode!=D)
{Address<0>.AddrMode=D;
Address<0>.Addreg=GetFree (RegSet<Block>) ;
Emit2 (MOVE, Address<2>, Address<0>) ;

Emit2 (ADD, Address<2>,Address<0>);
}
else
if (Address<2>.AddrMode==D)
{Emit2 (ADD, Address<3>,Address<2>);
Address<0>:=Address<2>);
}
else {Emit2(ADD,Address<2>,Address<3>);
Address<0>:=Address<3>);
}.

Ta6auuma 9.1

[IpaBbliii onepang A2

R v
JleBBIt R| ADD Al,A2 |ADD A2, Al
ornepaHz
Al

V|ADD Al, A2 |[MOVE Al, R

ADD A2, R

9.6. Tpancasiuusa apudMeTUYeCKHX BbIpaXKeHUHN

OnHoll M3 BaKHeHIUMX 3ahay NPU TeHepalHH Koja ABJ/seTcs pacnpeeseHHe
perucTpoB. PaccMOTpUM XOpOILIO M3BECTHYIO TEXHHKY paclpelesieHHsl PerucTpoB
NpPH TPAHC/IALMH apU(MeTHYeCKUX BbIPa’KeHHH, Ha3biBaeMylo airoputmoMm CeTn-—
YnbMmaHa.

3ameuanue. Jlns Gosbliedl HarJsAHOCTH B JAHHOM pasjese Mbl HEMHOTO
OTCTyNaeM OT CeMaHTHKM apu¢pMmeTnuecknx komaHn MC68020 u npeamnosaraem,
4TO KOMaHJa

Op Argl, Arg2
BBHINOJIHSIET JeHCcTBHe Arg2:=Argl Op Arg2.

[Tyctb cucTeMa KOMaHZ MallMHbl HMeeT HeOrpDaHMYeHHOe YMCJ/IO YHHBEpCal/b-
HBIX PETrHCTPOB, B KOTOPBIX BBINOJHSIOTCS apu(MeTHUYecKHe KoMaHAbl. PaccMor-
pUM, KaK MOXKHO CreHepHpOBaTb KO, MUCIOJb3YS [/ AAHHOTO apU(MeTHUecKoro
BbIpaXKeHUSI MUHHMaJbHOE YUCJIO PErHCTPOB.

[Tycte MMeeTcsl CHHTaKCHYecKoe [epeBO BblpaxkeHHs. [IpennosoXum cHa-
yajia, 4TO paclpejiefleHHe PerucTpOB OCYILeCTBJsSeTCs M0 MNpocTeilled cxeme
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Puc. 9.4

CBEpXy-BHHU3 CJieBa-HAMpaBo, Kak H3o0paxkeHo Ha puc.9.4. Torma K MOMeHTy
reHepauny kKopa ajs noanepeBa LR 3aHsATo n peructpos. Ilyctb nmopmepeso L
TpebyeT M| PerucTpoB, a nogaepeBo R — m, peructpos. Eciau m) = n;, To mnpu
BBIYUCJIeHUHU L OylneT UCMONb30BAHO N| PETUCTPOB U TOM Pe3ysbTaT OyIeT 3aHST
(n + 1)-it peructp. Eute n, (= n)) perductpoB GyIeT HCIONb30BAHO MPU BBIYUCIE-
HuM R. Takum o6pas3om, obliee YUCJAO HCIIOJNb30BAHHBIX PETUCTPOB OYAET PaBHO
n+mn + 1.

Ecau ny > ny, TO npu BeruncaeHuH L OyneT UCnonb30BaHO ny peructpos. [lpu
BblYMCAeHUH R OyneT UCToNb30BaHO Ny < 7 PETUCTPOB, U BCero OyaeT HCIOJb30-
BaHO He 6oJjiee yeM n + nj peructpoB. Ecnu ny < ny, To nocJe BeruucaeHus L nof,
pesysbTatr GyieT 3aHAT OfMH peructp (mpeanosoxum, (n + 1)-i), a n, peructpo
6ynoeT UCIOJNb30BaHO AJs BeluMciaeHus R. Bcero Oymer ucnosnb3oBaHo n + ny + 1
PEerucTpoB.

BunHo, 4To M/ fepeBbeB, COBMAAAIOUIMX C TOYHOCTBIO O MOPSIAKA MOTOM-
KOB KaXI0i BEepLIMHBI, MMHUMaJbHOE UHCJIO PETUCTPOB MPH pacrpeleseHHd HX
cJleBa-HaNpaBo JOCTUraeTcs Ha JepeBe, Y KOTOPOro B KaxK10# BeplLIMHE C/leBa pac-
TN0JIOXKEHO GoJslee «CJIOXKHOe» MofJepeBo, Tpedyolee OO0JbIIEr0 YUCIa PETUCTPOB.
Takum o6pasoM, eciy B KaxKIOH BHyTPEHHEH BeplLIMHE JepeBa MpaBoe MOAAePEBO
TpeOyeT MeHbIIEro YMcja PerucTpoB, 4yeM JeBoe, TO, 0OXONS 1epeBO CjeBa Ha-
NpaBo, MOXKHO ONTHMAaJbHO paclpele/iuTb Peructpnl. bes mepectpoeHus nepea
3TO 03HAYaeT, YTO eC/M B HEKOTOPOH BepIIMHEe AepeBa CIIpaBa PacroJiokeHo 6oJee
CJI0’KHOE TIO[epeBO, TO CHAauyaJja CreHepupyeM KO AJsl HEro, a 3aTeM yxe MJs
JIEBOTO TIOJepeBa.

Ausroputm pabotaer ciaenyiomuM o6pazoM. CHayasa OCyllecTBJseTCs pas-
MeTKa CHHTaKCHUYEeCKOro AepeBa. PazmeTka M03BOJSET ONPeNeUTb I/ KaXKAOT0o
MO IepPeBa, CKOJBKO PETUCTPOB MOTpeGyeTcsi AJsi ero BbUKC/eHHs. PasmeTka
OCYLIECTBJSETCS 110 CJAeAYIOUIUM TpaBUIaM.
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[TpaBusa pasmerku:

1. Ecau BepuiMHa — TMpaBblil JIKCT WJM [€PEBO COCTOUT W3 €IUHCTBEHHOH
BEpIIHHBI, TO MOMeYaeM 3Ty BepluuHy uucaoMm | (puc. 9.5, 6); eciu BepiidHa —
JIEBHIH JIUCT, TO TIoMeuaeM ee HysaeM (puc. 9.5, a).

a 6
Op Op
0 1

Puc. 9.5

2. Ecnu BepiIvHA UMeeT MPSMBIX TOTOMKOB C MeTKaMH [| u lg, TO B KayecTBe
MeTKH 3TOU BepLIUHBI BhIOMpaeM HauboJsbliiee U3 uuces li, lg aubo uucsao I + 1,
ecau [] = Iy (puc. 9.6).

8
h+1
Op Op Op
R+1 b ANR+1 b ANR+1

h<b h>1b
Puc. 9.6

Jlanee ocyliecTB/sieTcsl pacrnpelesieHHe PETHCTPOB MJisl Pe3y/bTaTOB oOlepa-
uuii. PacrpenesieHne perucTpoB OCHOBBIBAETCS Ha CJENYIOIIMX PACCyXKAECHUSX.
[TycTb KopHIO mopjepeBa Ha3HAUeH PErUCTP ¢ HOMepoM m. MHAIyKTHBHOe yTBep-
JKIeHHe 3aKJI0UaeTcsl B TOM, UTO K MOMEHTY BBIYHCJIEHHS MO iepeBa BCe PETUCTPbI
C HOMepaMH 1, ..., n 3aHATH MOJ MPOMEXYTOUHBIE PE3Y/bTaThl YKe BBIYUCJIEHHBIX
TMOIePEBbEB, U, BO3MOXKHO, TPU BBIUHCJIEHWH NAHHOTO MOAJEpPeBa HCIIOIb3YIOTCS
perucTpel ¢ Homepamu, 66abUMH n. [locse 3aBepiieHNs BBIUHCAEHUH B TaHHOM
MO /IepeBe 3HAaUEHHe XPAHUTCS B PerucTpe ¢ HomepoMm n. HasHayeHue peructpoB
OCYIIECTBJISIETCS 110 CJAEAYIOUIMM TpaBUIaM:

1) KopHio Ha3HayaeTcsi MePBBIE PETUCTP.

2) Ecniu MeTKa J1eBOro MOTOMKA MeHblle WM paBHA MeTKe MPaBoro, TO JIEBOMY
MOTOMKY Ha3Ha4yaeTcsl PETUCTP HA eIMHUILY OOJbLIME, YeM MpeiKy, a IPaBoMy —
C TeM e HOMepoM (CHayajia BbIUHCJSETCS MpPaBOe MOALEPEBO WU €ro pe3ysbTat
nomMelaercsi B peructp R — puc. 9.6, a, 8), Tak 4TO PErUCTPBl 3aHUMAIOTCS TOCJIe-
noBatesnbHO. Ecsii »Ke MeTKa JIeBOro MOTOMKa GoJibllle METKH TPaBOro MOTOMKA,
TO HAa060POT, NIPaBOMY TOTOMKY Ha3HauyaeTcst PerucTp Ha eIMHHILY OOJbIINH, ueM
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MPeNKy, a JeBOMY — C TeM Ke HOMepPOM (CHauyajia BBIYMUC/SIETCS JIeBOE MOAIEPEBO
W ero pesyJsbTaT nomelaercs B peructp R — puc. 9.6, 6).
[Tocne aToro opmupyeTcst KOI M0 CAEAYIOUIMM TIpaBUJIaM.
1. Ecau BepliMHa — mpaBBId JUCT C METKOW 1, TO el COOTBETCTBYET KOX
MOVE X, R
roie R — peructp, Ha3HaueHHbIH 3TOH BeplIMHe, a X — aJpec MepeMeHHOH,
CBSI3aHHOH ¢ BepuinHO# (puc. 9.7, 6).

a 6
R
Op Op
R R
X X
) (1)
Puc. 9.7

2. Ecsiv BepuivHA BHYTPEHHSS U ee JIEBBIH TOTOMOK — JIUCT ¢ MeTKoH 0, To el
COOTBETCTBYET KOJI

Kop mpaBoro mnonmepena

Op X, R

rie R — PperucTp, Ha3HayeHHBIH 3TOM BeplIMHe, X — aJpec MepeMeHHOH,
CBSI3aHHOH C BepIIMHOH, a Op — olepalus, NpuMeHeHHas B BepiuHe (puc. 9.7, a).

3. Ecoiu HemocpencTBeHHBIE MOTOMKH BEPLIMHBI — HE JIUCTbSI U METKa MpaBoOH
BepILUMHBl 00JIblle UK paBHA METKe JIEBOH, TO BEpLUMHE COOTBETCTBYET KOJ

Konm mpaBoro mnonnepeBa
Kop meBoro nopnepeBa

Op R+1, R
rje R — perderp, Ha3HaueHHbIH BHYTPeHHeH BepliuHe, a onepauusi Op, BOOOLe
roBopst, — He KoMMyTaTuBHas (puc. 9.8, 6);

a

Op
R R+1

Puc. 9.8
4. Ecaun HEMnoCpeaACTBEeHHbIE TOTOMKH BEpPUIMHBI — HE JIUCTbA U METKa HpaBOIjI
BEPIIMHBI MEHbIIE METKHU JeBoM BEPILIMHBI, TO BEPLIMHE COOTBETCTBYET KO/
Koo meBoro nogmepeBa
Kon mnpaBoro nopgnepeBa
Op R, R+1
MOVE R+1, R
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[locnenHsis KomMaHAa reHepUpyeTcsi AJsi TOTO, YTOOBI MONYUNUTh PE3yJabTaT B HYXK-
HOM peructpe (B cjaydae KOMMYTaTHBHOH ONepalyy ee onepaHbl MOXKHO MOMEHSITh
MecTaMH W M30exxaTh JOMOJHUTENbHOH MepechliKi — puc. 9.8, a).

PaccmoTprm atpubyTHYIO0 CXeMy, peau3yIolLyIo 3TH NpaBuJ/a reHepalny Kofa
(ns1st GoJsiblled HATJSIAHOCTH BXOAHAsi rpaMMaTHKa COOTBETCTBYeT OOBIYHOH HH-
bukcHOU 3amucH, a He Jlumep-mpencraBnaeHuio). B aToil cxeme reHepauus Kompa
He TPOMCXOIUT HeloCpeACTBEHHO B Npoliecce 00Xola NepeBa, Kak paHblie, a U3-3a
HeoOXOAMMOCTH [epecTaB/siTb MOIJepeBbs KON CTPOUTCS B BHAe TeKCTa C IIO-
MOILbIO Ollepalliy KoHKaTeHauuu. [IpakThyecky, KOHeYHO, 3TO Hellesnecoo0pasHo:
pasyMHee yIpaBJsiTb O0OXOAOM JepeBa HeNOCPEeNCTBEHHO, OQHAKO MJISl NPOCTOTHI
Mbl OyileM 110/1b30BaThbCsl KOHKaTeHallheH.

RULE

Expr ::= IntExpr

SEMANTICS

Reg<1l>=1; Code<0>=Code<1>; Left<l>=true.

RULE
IntExpr ::= IntExpr Op IntExpr
SEMANTICS
Left<l>=true; Left<3>=false;
Label<0>=(Label<l>==Label<3>)
? Label<1>+1
Max (Label<1>, Label<3>);
Reg<l>=(Label<l> <= Label<3>)
? Reg<0>+1
Reg<0>;
Reg<3>=(Label<l> <= Label<3>)
? Reg<0>
Reg<0>+1;
Code<0>=(Label<1>==0)
? Code<3> + Code<2>
+ Code<1l> + "," + Reg<0>
(Label<1l> < Label<3>)
? Code<3> + Code<l> + Code<2> +

(Reg<0>+1) + "," + Reg<0>

Code<1> + Code<3> + Code<2> +

Reg<0> + "," + (Reg<0>+1)

+ "MOVE" + (Reg<0>+1) + "," + Reg<0>.
RULE
IntExpr ::= Ident
SEMANTICS

Label<0>=(Left<0>) ? 0 : 1;
Code<0>=(!Left<0>)
? "MOVE" + Reg<0> + "," + Val<l>
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Val<l>.
RULE
IntExpr ::= ' (’ IntExpr ')’
SEMANTICS

Label<0>=Label<2>;
Reg<2>=Reg<0>;
Code<0>=Code<2>.

RULE
Op ::= "+’
SEMANTICS

Code<0>="ADD".

RULE

Op ::= '"-'
SEMANTICS
Code<0>="SUB".

RULE
Op ::= "*’
SEMANTICS

Code<0>="MUL".

RULE
Op ::="/"'
SEMANTICS

Code<0>="DIV".

ATpubyTHpOBaHHOE JepeBO /s BBIPaXKeHHS A*B+C* (D+E) NPHUBELEHO
Ha puc. 9.9. Ilpu 3TOM OyzeT creHepUpoOBaH CJeNYIOUINE KON

MOVE B, R1
MUL A, R1
MOVE E, R2
ADD D, R2
MUL C, R2

ADD R1, R2
MOVE R2, R1

[IpuBeneHHasi atpubyTHasi cxema TpeGyeT ABYX MPOXOIOB MO NEPEBY BbIpa-
»KeHHsi. PaccMoTpuM Temepb Ipyryio aTpuGyTHYIO CXeMY, B KOTOPOH reHeparus
MPOrpaMMbl /sl BBIPaXKE€HHH C ONTHMAJbHBIM PacrpeeieHHeM PerucTpoB Tpedyer
JIMILb ofHOro obxona [9].

[TycTh MBI MPOW3BEJIM pa3MeTKy JepeBa pasbopa Tak »Ke, KaK H B MPeIbILy-
eM ajroputme. B KauecTBe peructpa pesysbTaTa BbIUHCJEHHS MOALEpeBa OyaeM
HasHauaTh PErHCTP C HOMEPOM, PaBHBIM METKE BEpIIHHHI.
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Expr
IntExpr label =2
///////// \\\iffi:;i
labe_l = }ntExpr IntExp label =1
reg
label=1label=0 Op
label =0 reg=1 reg=3
reg =2 labe 1 1
IntExpr IntExpr IntExpr IntExpr o
N =
( )
Ident Ident Ident
(A) (B) IntExpr label =1
/ ig :
label =0 label =1
reg =3 IntExpr IntExpr reg =2
Ident Ident
(D) (E)
Puc. 9.9

JleBOMy MOTOMKY Bcerga Ha3HauyaeTcsl PerucTp, PaBHBIH ero MeTKe, a MPaBOMY
— ero MeTKe, eC/IM OHa He paBHA MeTKe ero JleBoro 6paTa, U MeTKe, yBeJHUeHHON
Ha e[MHHIY, eCcJM MeTKH paBHbl. I[lockosbKy OoJiee cJI0KHOe MOAJEpPeBO Bcerjaa
BBIUMCJISIeTCSl paHblle GoJjiee MPOCTOro, ero PerucTp pesysapTata MMeeT GOJbLIMHA
HOMep, ueM JI000H pPEerucTp, HCHOo/Ab3yeMblH NMpPH BbIUHCAEHHH 0oJiee MPOCTOro
TMOJIepPeBa, UTO TapaHTUPYET MPABUIbHOCTb HCIIOJIb30BAHUS PETHCTPOB.

[IpruBeneHHbIe COOOpaKeHUS Peasu3yrTCs CAeqyIoUeld aTpuOyTHOU CXEMOH:

RULE

Expr ::= IntExpr

SEMANTICS

Code<0>=Code<1>; Left<l>=true.

RULE
IntExpr ::= IntExpr Op IntExpr
SEMANTICS
Left<l>=true; Left<3>=false;
Label<0>=(Label<l>==Label<3>)
? Label<1>+1
Max (Label<1>, Label<3>);
Code<0>=(Label<3> > Label<l>)
? (Label<1>==0)
? Code<3> + Code<2> + Code<1>
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+ ",R" + Label<3>
Code<3> + Code<1l> + Code<2> + "R"+
Label<1l> + ",R" + Label<3>
(Label<3> < Label<1l>)
? Code<l> + Code<3> + Code<2> + "R"+
Label<1l> + "," + Label<3> +
"MOVE" + Label<3> + ",R" + Label<1>
// MEeTKH paBHH
Code<3> + "MOVE R" + Label<3> +
",R" 4+ (Label<3>+1) + Code<l> +
Code<2> + "R" + Label<l> + ",R" +

(Label<1>+1).
RULE
IntExpr ::= Ident
SEMANTICS

Label<0>=(Left<0>) 2?2 0 : 1;
Code<0>=(Left<0>) ? Val<l>
"MOVE" + Val<l> + "R1".

RULE

IntExpr ::= ' (’ IntExpr ')’
SEMANTICS
Label<0>=Label<2>;
Code<0>=Code<2>.

RULE
Op ::= "+’
SEMANTICS

Code<0>="ADD".

RULE

Op ::= '"-'
SEMANTICS
Code<0>="SUB".

RULE
Op ::= "*’
SEMANTICS

Code<0>="MUL".

RULE
Op ::="/"'
SEMANTICS

Code<0>="DIV".
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KomaHnpl nepecbliiku TpeOylOTCS AJis1 CONJIACOBAHHSI HOMEPOB PETUCTPOB, B KO-
TOPBIX BBINOJIHSIETCSl ONepalusi, C pPerucTpaMH, B KOTOPBIX HOJKeH OblTb BbIAAH
pe3ysnbpTaT. DTO HMeeT CMbIC/, KOTAa 3TH peructpbl pasHele. [lomyuntbes 31O
MOXeT H3-3a TOrO, YTO 10 MPHUBENEeHHOH CXeMe Pe3yJbTaT BLINOJHEHHS ONepaluu
BCErga HaxOOUTCS B PerucTpe C HOMEPOM MeTKH, a MeTKH JIeBOIO M MpPaBoro
noJllepeBbeB MOTYT COBIAJATh.

Jnst BolpakeHUsi A*B+C* (D+E) OylneT creHeprpoBaH CJAeNYIOWUNA KOM:

MOVE E, R1

ADD D, R1
MUL C, Rl
MOVE R1, R2
MOVE B, R1
MUL A, Rl
ADD R1, R2

B npuBeneHHbIX aTPUOYTHBIX CXeMaX MpelroJaraaoch, 4YTO PerucTpoB AOCTa-
TOUHO MJIST TPAHC/SIUH J1060r0 BbipaxkeHus. Ecid 3To He Tak, TO MPUXOAUTCS
YCJIOXKHSITh CXeMY TPAHC/SIIMH U MPH HEOOXOAMMOCTH COPachiBaTh COIEPIKUMOE
PErucTpoB B MaMsiTh (MM MarasuH).

Peasinzauus 310o# aTpubyTHOH CXeMbl MIPUBENEHA B TPOrPAMMHOM MPHI0KEHHH
B nakere ToyLang.

9.7. TpaHcasiuus JOrU4YeCKHX BbIparkKeHUMN

Jloruueckue BbIpaxkKeHHs, BKJIlOHalollHe JIOTUYeCKOEe YMHOXKE€HHe, JIornyeckoe
CJOXKEHHE W OTpUllaHHe, MOXKHO BBIYHUCJAATbL KaK HENOCPeACTBEHHO, HCIIOJIb3yd
Ta6JII/IleI UCTUHHOCTH, TaK U C NOMOIIBIO YCJOBHBIX BpraH{EHHﬁ, OCHOBAaHHLIX Ha

CJeAYIOUIMX MPOCTLIX NPaBUJIAX:
A AND B 3kBuBajeHTHo 1if A then B else False,
A OR B 3KBHUBaJeHTHO 1f A then True else B.
Ecau B BblpaxkeHMe MOTYT BXOAMTb (DYHKUHUH C MOOOYHBIM 3(PeKToM, TO,

B0OOIIle TOBOPS, Pe3Y/IbTAT BLIUMCJEHHS 3aBUCUT OT crocoba BbluucaeHus. B Heko-
TOPBIX $I3bIKAX MPOrPAMMMPOBAHHSI HE OrOBAapHUBAeTCsl, KAKUM CIOCOOOM AOJIKHBI
BBIUMC/ISTbCS JIOTHYeCKHe BbipaxkeHusi (Hanpumep, B [lackasne); B HEKOTOPBIX Tpe-
OyeTcst, 4TOObl BbIYMCJ/IEHHS MPOHU3BOAMU/INCH KOHKPETHBIM CIOCOO0M (Harpumep,
B Monyne-2 tpebyercs, uToObl BbIpaXKeHHsI BBIYUCJSJIUCH 110 TPUBEIEHHBIM (Hop-
MyJiaM); B HEKOTOPBIX f13bIKaX €CTh BO3MOXKHOCTb SIBHO 3a1aTh CMOCOO BBHIYMC/IEHHUS
(Cu, Ana). Bolunc/ieHne JOTHUECKHX BbIpAXKeHHH HeNocpeNCcTBEHHO Mo Tabaulam
MUCTUHHOCTH aHAJOTHYHO BBIUMCJIEHHIO apU(METHUECKHUX BbIpaXKEHUH, TI03TOMY Mbl
He OyneM MX paccMaTpuBaTh OTAeNbHO. PaccMoTpuM moppobHee crnocod BhUMCE-
HHS1 C TIOMOILbIO TIPHBEJIeHHBIX Bbille (opMys (OyaeM Ha3blBaTb €r0 BblUUCAEHUEM
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¢ ycaosroimu nepexoodamu). VIHoraa Taxko#l crnocod paccMaTpUBAOT KaK ONTHMH-
3aLIMI0 BBIYMCJIEHHUS JIOTHUECKUX BBIPAXKEHUH.
Paccmotpum caepyioulyo aTpubyTHYIO TPaMMAaTHKY CO BXOAHBIM $I3BIKOM JIO-

rM4eCKux Bblpa}KeHI/IIjIZ

RULE
Expr
SEMANTICS
FalselLab<l>=False;
Code<0>=Code<1>.

BoolExpr

RULE

BoolExpr
SEMANTICS
FalselLab<l>=FalseLab<0>;
FalseLab<3>=FalseLab<0>;
Code<0>=NodeLab<0> + ":"

RULE
BoolExpr
SEMANTICS
FalselLab<1l>=NodeLab<3>;
FalseLab<3>=FalseLab<0>;
Code<0>=NodeLab<0> + ":"

RULE

BoolExpr
SEMANTICS
Code<0>=NodeLab<0> + ":"

F

RULE

BoolExpr
SEMANTICS
Code<0>=NodeLab<0> + ":"

T

31ech npenrnoJiaraeTcs, 4To

BoolExpr ’AND’

BoolExpr ’OR’

TrueLab<l>=True;

BoolExpr
TrueLab<1l>=NodeLab<3>;

TruelLab<3>=TruelLab<0>;
+ Code<1l> + Code<3>.

BoolExpr

TruelLab<1l>=TruelLab<0>;

TrueLab<3>=TrueLab<0>;
+ Code<1l> + Code<3>.

+ "GOTO" + FalselLab<0>.

+ "GOTO" + TrueLab<0>.

BCe BEpPLIMHBI IepeBa 3aHYyMEpPOBaHbl U HOMEP BEP-

LIKHBI faeT aTpubyT NodeLab. MeTKU BeplIMH MepefalnTcs, Kak 3T0 U300pakeHo

Ha puc. 9.10.

TruelLab

FalseLab\\\\\
/ AND\
FalseLab

FalselLab
TrueLab\\\\\
TrueLab ’////OR, FalseLlab
FalselLab TruelLab TruelLab
FalselLab NodeLab

Truelab =——  Nodelab

Puc. 9.10
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TakuMm o6pasom, KaxkaoMmy aTpuOyTUPOBAaHHOMY J1epeBy B 3TOH aTpudyT-
HOH rpaMMaTHKe COIIOCTaBJ/seTcsl KO[, NOJYy4YeHHHIH B pe3dy/bTare 00xoda Aepe-
Ba CBepXy-BHM3 cJleBa-HalpaBo cJjefyolidM obpasom. [lpu Bxome B BeplIMHY
BoolExpr TreHepUpyeTCs ee HOMep, B BepLUMHE F TeHepupyercs TeKCT GOTO
3Hauenue ampubyma FalseLab<0>, B BeplinHe T — GOTO 3HaueHue ampubyma
TrueLab<0>. Hanpumep, /s BblpaxKeHHUS

FOR(FANDTAND T ) OR T
MoJIyduM aTpubyTHPOBAHHOE NepeBo, n3obpaxkeHHoe Ha puc. 9.11, u Kox

Expr

| TrubLab = True
BoolExpr FalselLab = False

| NodeLab =1
TrubLab = True /OR\
TrubLab = True

FalseLab = 2

NodelLab = 7 BOOLExpr BoolExpr FalseLab = False
‘ | NodeLab = 2
OR
F TrubLab = True TrubLab = True
BoolExpr FalseLab = 3 BoolExpr Falselab = False

|\ NodeLab =38 ‘ NodeLab = 3

( )
TrubLab = True T
BoolExpr FalseLab = 3

| NodeLab = 4
AND
TrubLab = True

TrubLab =5 BoolExpr BoolExpr Falselab =3

FalselLab =3 | NodeLab = 5
NodeLab =9 ‘ /ANI\
F

TrubLab =6 BoolExpT TrubLab = True

BOOlEXpr FalselLab =3 FalselLab = 3
‘ NodeLab = 10 ‘ NodeLab = 6
T T
Puc. 9.11
1:7: GOTO 2
2:8:4:9: GOTO 3
5:10 GOTO 6
6: GOTO True
3: GOTO True
True:
False:

DTy /MHeapU30BaHHYIO 3alUCh MOXHO TPAaKTOBAaTb KaK MPOrpaMMy BbIYHC-
JIEHUs! JIOTHYECKOI0 3HA4yeHHs: KaxJas CTPOKAa MOXKeT ObITb MOMeueHa HOMepoM
BepLIMHB M COLepPKaTh MO0 Mepexof Ha APYTYyIo CTPOKY, JAUOO Mepexol Ha True
WIM False, YTO COOTBETCTBYeT 3HAYe€HHIO BhIpa’KeHHsl true Hau false. Bynem
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TOBOPHUTb, YTO IMOJy4eHHas MNporpamma gwviuucisem (WU uxmepnpemupyem)
3HaueHWe BbIpaXKeHHUSs, €CJAH B pe3y/bTaTe ee BBINOJHEeHHS (OT TepBOH CTPOKH)
MBI TIPUIEM K CTPOKe, COieprkallell GOTO True WM GOTO False.

YrBepxkaenue 9.1. B pesyromame unumepnpemayuu noddepesa ¢ Hexomo-
poimu 3Havenuamu ampubymos FalseLab u TrueLab 8 eco KopHe 8blNOAHSEMCA
Komanda GOTO Truelab, ecAu 3HAUEHUE BbIPANEHUS UCMUHHO, UAUL KOMAHOQ
GOTO Falselab, ecau 3HaueHue BblPANCEHUS NONCHO.

Hoxasameavcmeso. IlpumeHrM UHIYKIUIO 10 BbicOTe AepeBa. Ilas ne-
peBbEB BBICOTHI |, COOTBETCTBYIOLIUX TpaBUIaM

BoolExpr ::= F, BoolExpr ::= T,
CNPaBeNJIMBOCTb YTBEPXKAEHHUS CJELYyeT U3 COOTBETCTBYIOLUIMX aTPUOYTHBIX Ipa-
BuJ. [lycTb nepeBo umeet BbicOTy n > l. 3aBUCUMOCTb aTPUOYTOB MHJis TU3BIOHK-
UM ¥ KOHDBIOHKILIMU TIpUBeleHa Ha puc. 9.12.

FalseLab<0>
TrueLab<0>

FalselLab<3>=FalseLab<0>
TrueLab<3>=TrueLab<0>

FalseLab<l>=FalseLab<0>
TrueLab<1>=NodeLab<3>

FalseLab<0>
TrueLab<0>

FalseLab<3>=FalseLab<0>
TrueLab<3>=TrueLab<(0>

FalselLab<1>=NodeLab<3>
TrueLab<1>=TrueLab<0>

Puc. 9.12

Eciu n/1s KOHBIOHKUMHM 3HaueHWe JIeBOTO TOAJepeBa JIOXKHO W MO HHAYK-
MY BBIUKCJIEHHE JIEBOTO MOJJepeBa 3aBepllaeTcss KOMaHA0H GOTO FalseLab<l>,
TO TOJy4aeM, UTO BBIUHCJIEHHE BCETrO JepeBa 3aBepllaeTcsi KOMaHAOH Iepexona
GOTO FalseLab<0> (= FalseLab<1>). Ecsi ke 3HaueHHe J1eBOTO MOAEPEBA HC-
THHHO, TO €ro BbIUHCJIEHHE 3aBepllaeTcss KOMaHIOW mepexofa GOTO TrueLab<l>
(= NodeLab<3>). Ecsiu 3HaueHue npaBoro MoiepeBa JIOXKHO, TO BBIUHCJIEHHE BCe-
ro JepeBa 3aBepllaeTcs KOMaHAOH GOTO FalseLab<0> (= FalseLab<3>). Ecin
’Ke OHO HMCTHHHO, BBIYMCJIEHHE BCETO JepeBa 3aBepllaeTcss KOMaHIOH Iepexopa
GOTO TrueLab<0> (= TrueLab<3>). AHaJOrUYHO — /51 OU3BIOHKIHH. [ |

YrBepxkaenue 9.2. /l1n 1106020 102u4eCKOSO BblpANCEHUS, COCMOSU,E20
U3 KOHCMAaHmM, npocpamma, noAyueHHas 8 pedysbmame ob6xoda depesa 3moeo
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BLIPANCEHUS, 308EPULAEMC CO 3HAUEeHUEeM N02U1eCKO20 BblpaXCeHUs 8 00bIuHOL
unmepnpemayuu, m.e. ocyuecmeaisemcs nepexod Ha True 04 3HAUEHUs, PA8-
Hoeo true, u nepexod Ha memky False Oas 3Hauenus false.

okaszameabcmeo. DTO yTBepXKJeHHe SBJAAETCA YaCTHBIM CJydaeM
npeaeiayiiero. Ero cnpaBeisnBoCcTh C/efyeT M3 TOrO, YTO MeTKHM KOpHS JepeBa
paBHBI COOTBETCTBEHHO TruelLab = True U FalseLab = False. u
Jlo6aBHM Tenepb HOBOE MPaBUJIO B MPebIAYLIYI0 TPAMMAaTHKY:
RULE

BoolExpr ::= Ident
SEMANTICS
Code<0>=NodeLab<0> + ":" + "if (" + Val<l> + ")GOTO"

+ TrueLab<0> + "else GOTO" + FalseLab<0>.

Torpma, Hanpumep, NJs1 BeIpaxkeHHst A OR (B AND C AND D) OR E MOJy4YUM
CJeNYIOLLYI0 TIPOrpaMMy:

1:7: if (A) GOTO True else GOTO 2
2:8:4:9: if (B) GOTO 5 else GOTO 3

5:10: if (C) GOTO 6 else GOTO 3

6: if (D) GOTO True else GOTO 3

3: if (E) GOTO True else GOTO False
True:

False:

[Tpu xaxkpoM KOHKpeTHOM Ha0ope INaHHBIX 3Ta MporpamMma MpeBpallaeTrcs
B NPOrpaMMYy BbIUHCJEHHUS JIOTHUECKOTO 3HAUEHHUS.

YrBepxkaenue 9.3. B kawdoid cmpoke npoepammol, CcHOpMUPOBAHHOL
npedoldywieti ampubymuoti cxemoi, 00HQ U3 MemOK BHYMpPU YCAOBHOCO
onepamopa cosnadaem ¢ memkot caedyroujeli CmpoKu.

Hoxasamearvcmso. JleicTBUTENbHO, MO TPaBUJIAM HacC/elOBaHHS aT-
pubyToB Truelab M Falselab, B NpaBUaax AJS AU3BIOHKLUHHM U KOHBIOHKIUH
nubo aTpubyT Falselab, au60 aTpubyT TruelLab NpUHUMAaeT 3HaUYe€HUE METKH
caenymllero noanepeBa. Kpome toro, kak 3HadeHune FalseLab, TaK U 3HaueHHe
Truelab, MepelalTcsi B NMPaBoe MOAAEPEBO OT Mpeika. TakuM oOpa3oMm, camblii
[paBbli IIOTOMOK BCeraa MMeeT OfHY M3 MeTOK Truelab WM FalseLab, paBHYIO
MeTKe MpaBoro 6pata COOTBETCTBYIOLIEro MOAJAepeBa. YUUThIBAas MOPSIOK reHepa-
LMK KOMaH[, MoJiyyaeM CIpPaBeJJUBOCTb yYTBEPXKIAEHUS. [ ]

JlononHuM Tenepb aTpuOYTHYIO TPpaMMaTHKY CJeAYIOLIUM 06pa3oM:

RULE

Expr ::= BoolExpr

SEMANTICS

Falselab<l>=False; Truelab<l>=True;
Sign<l>=false;
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Code<0>=Code<1>.

RULE

BoolExpr ::= BoolExpr ’'AND’ BoolExpr

SEMANTICS

FalselLab<l>=FalseLab<0>; TrueLab<l>=NodeLab<3>;
FalselLab<3>=FalseLab<0>; TrueLab<3>=TrueLab<0>;
Sign<l>=false; Sign<3>=Sign<0>;

Code<0>=NodeLab<0> + ":" + Code<l> + Code<3>.
RULE

BoolExpr ::= BoolExpr ’'OR’ BoolExpr
SEMANTICS

FalseLab<1l>=NodelLab<3>; TruelLab<l>=TrueLab<0>;
FalseLab<3>=FalselLab<0>; TrueLab<3>=TruelLab<0>;
Sign<l>=true; Sign<3>=Sign<0>;

Code<0>=NodeLab<0> + ":" + Code<l> + Code<3>.
RULE

BoolExpr ::= 'NOT’ BoolExpr

SEMANTICS

FalseLab<2>=TruelLab<0>; TrueLab<2>=FalselLab<0>;
Sign<2>=! Sign<0>;
Code<0>=Code<2>.

RULE

BoolExpr ::= F

SEMANTICS

Code<0>=NodeLab<0> + ":" + "GOTO" + FalseLab<0>.
RULE

BoolExpr ::= T

SEMANTICS

Code<0>=NodeLab<0> + ":" 4+ "GOTO" + TrueLab<0>.
RULE

BoolExpr ::= Ident

SEMANTICS

Code<0>=NodeLab<0> + ":" + "if (" + Val<l> +") GOTO"

+ Truelab<0> + "else GOTO" + FalseLab<0>.

[IpaBuna HacnenoBanus atpubyra Sign mpuseneHsl Ha puc. 9.13.

[Iporpammy :kenaTesbHO CPOPMHUPOBATH TAaKUM 0Opa3oM, uTOObl else-MeTKa
Obla KaK pa3 MeTKOH CJ/efyiollell BepLIMHBI. DTO MOXKHO CHeJaTh UCXOAs U3 CJle-
LYIOILEro yTBepKIEHHS.
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Sign Sign Sign<0>
AND\ OR \ NOT

Sign=false Sign Sign=true Sign Sign<2>=not Sign<0>

Puc. 9.13

YrBepxaenue 9.4. B kasdoi mepmunasoHol sepuiure memka bausxcatiuie-
20 npasoeo 0as Hee noddepesa pasHa 3HaueHuo ampubyma Falselab amoil
gepuuunb. moeda u moavko moeda, kKozda 3HaueHue ampubyma Sign amoti
gepuiurol pasro true, a memxa bausxcaiiuieco npasoeo 011 Hee noddepesa pasHa
sHaueruro ampubyma Truelab amol gepuiunbl moeda u moibKo mozoa, Koeda
s3Hauenue ampubyma Sign pasro false.

Hoxasameavcmeso. [leficTBUTeNbHO, ecau Omauxkaiiieil obllell Bepllu-
HO siBJIsieTcsl AND, TO B JleBoro notomka nepenaercss NodeLab mpaBoro nmotomka
B KadecTBe Truelab, NphyeM Sign [paBoro MoTOMKa paBeH lrue. Ecau xe
OauKaield obuiell BeplIMHON siBJsieTcsl OR, TO B JIeBOTO IOTOMKAa IepefaeTrcs
NodeLab mpaBoro rnoToMkKa B KadecTBe FalseLab, Torga Sign IpaBoOro noToMka
paBeH false. Bo Bce ke mpaBble MOTOMKH 3HaueHHs1 Truelab, FalseLab U Sign
nepenarTcs U3 Mpenka (3a UCKJUeHHeM MpaBua /s NOT, B KOTOPOM TrueLab
U FalseLab MeHSIIOTCS MeCTaMH, HO OJIHOBPEMEHHO MeHsieTCsl Ha MPOTHBOIOJI0XK-
HOoe W 3HauyeHHe Sign). [ |

Ot nBa yTBepXKaeHus (3 ¥ 4) MO3BOJSIOT 3aMEeHHTb MOCJeNHee TMPaBUIO

aTpUOYTHOH IrpaMMaTHKU CJAEAYIOMIUM 06pa3oM:
RULE
BoolExpr ::= Ident
SEMANTICS
Code<0>=NodeLab<0> + ":" +

(Sign<0>

? "if (" + Val<l> + ") GOTO" + TrueLab<0>

"if (" + Val<l> + ") GOTO" + FalseLab<0>).

B cBow oyepenb, INpH reHepauudyd MallWHHBIX KOMaHA 3TO IpPaBHJO MOXKHO
3aMEHHUTb Ha cJjeayloulee:

RULE

BoolExpr ::= Ident
SEMANTICS

Code<0>="TST" + Val<l> +

(Sign<0>
? "BNE" + TrueLab<0>
"BEQ" + FalseLab<0>).
Takum o6pasoM, JJIsT BbIpaXxkeHust A OR (B AND C AND D) OR E MOJIy4YHUM
CJIEYIOLIMH KO Ha KOMaHJax Nepexona:
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1:7: TST A
BNE True

2:8:4:9: TST B
BEQ 3

5:10: TST C
BEQ 3

6: TST D
BNE True

3: TST E
BEQ False

True:

False:

Ec/ii 3/1eMeHTOM JIOTHYECKOTO BbIpaXkeHHsl sIBJISIeTCsI CpaBHEHUE, TO TeHEepHpPY-
eTcsi KOMaHa, COOTBETCTBYOIIAs 3HaKy cpaBHeHHs1 (BEQ 11 =, BNE 1Jis <>, BGE
IJisl >= W T. J.), eCJi aTpubyT Sign COOTBETCTBYIOIIEH BEPLIMHbBI UMeeT 3HaYeHHe
true, WM KOMaHAa, COOTBETCBYIOILAsi MPOTHBOMOJOKHOMY 3HaKy (BNE /st =, BEQ
a7 <>, BLT OJs >= U T. 1.), €CJH aTpubyT Sign nMeeT 3HaueHue false.

Peanusaliisi 370l aTpUOYTHOM CXeMbl MPHBEIEHa B MPOrPAMMHOM MPHJIOXKEHHH
B nakete Bool.

9.8. BoigeneHue oOmMX NMOABbIPAXKEHUMN

BrigeneHre o0mUX MOABBIPaXKEHHUH OTHOCHUTCS K 00JacTH ONTHUMM3aLUM IpoO-
rpaMM. B ofuem caydyae TpyaHO (MM HaKe HEBO3MOXKHO) MPOBECTH T'PAHHILY
MeX/y ONTHMH3alLHWeld W «KaueCTBEHHOH TpaHcasiuueds. OnTuMusauus — 3TO
M eCTb KadecTBeHHasi TpaHCasauus. OObBIYHO TEPMUH «ONTHUMH3ALHUS» YIIOTPeOss-
I0T, KOrJa [Jisl MOBBILIEHHS] KadecTBa MMPOrpaMMbl HCIOJb3YIOT ee riyboKue Ipe-
006pa3oBaHHUsl, HaNpUMep, TakUe, Kak IepeBoi B rpadoByio (GopMmy A/ HU3yUeHHUs
HeTpUBHAJbHBIX CBOWCTB NPOrPaMMBL.

B 3TOoM cMblcsie BeieseHHe OOUIMX MOABBIPAXKEHHWH — OfHA W3 MPOCTEHIINX
ontumusauui. [as ee ocyliecTB/leHUs] TpeOyeTcss HEKOTOpoe NpeoOpa3oBaHHe
NporpaMmbl, a HMEHHO, NOCTPOEHHE OPHEHTUPOBAHHOIO aUMKJIMYeCcKoro rpaga,
0 KOTOPOM T'OBOPUJIOCH B IyiaBe 8.

IHbLL — 3TO TOCJIeI0BATeJbHOCTL OIEPaTOPOB, B KOT
Jlunetinoili yuacmox 3TO I0CJEN0BaTeJbHOCTb OMEepPaToOpo OTOPVIO
yOpaBJeHHe BXOAWUT B Hauaje W BBIXOAUT B KOHLEe 6e3 OCTaHOBKH U Iepexona
U3HYTpPH.

PaccmoTprM mepeBo JIMHEHHOrO yyacTKa, B KOTOPOM BepLIMHAMM CJIYKaT ore-
paluH, a MOTOMKaMH — ONepaHAbl. Bynem roBoputh, 4ToO Be BEpLIMHBI 00pasyoT
obujee nodsvipasicerte, eCv NONAEPEBbS AJs HAX COBMANAIOT, T. €. UMEIOT OfiNHA-
KOBYIO CTPYKTYpPY U, COOTBETCTBEHHO, OIMHAKOBbIe Ollepallid BO BHYTPeHHUX Bep-
IIMHAX U ONUHAKOBble ONepaHAbl B JIUCTbSX. BblieseHne OOLIMX [10[BbIpaKeHHH
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TI03BOJISIET TeHEPUPOBATH /ISl HUX KO OIMH Pas, XOTS MOXKET TPUBECTH U K HEKO-
TOPBIM TPYIHOCTSIM, O UYeM BKpaTile OyneT CKa3aHO HHUXKe.

BoinesieHne 00UIMX TMOABBIPAaXKEHUH TPOBOAUTCH HA JIMHEHHOM ydacTKe W OC-
HOBBIBAeTCSl Ha JBYX IOJIOXKEHHUSIX.

1. ITocko/ibKY Ha JIMHEHHOM y4acTKe MepeMeHHast MOXKET MOJy4aTb HECKOJbKO
MPUCBAWUBAHUM, TO TPU BblAEJEHUM OOLIUX MOABBIPAXKEHHH HEOOXOOUMO pPasJ/iu-
4yaTh BXOX/EHHS TepeMeHHBIX 10 M MocJje TNpucBauBaHus. [las 3aToro Kaxkuas
nepeMeHHasi CHa0XaeTcsl cYeTYMKOM. BHauaje cyeTYMKH BCeX TepeMeHHBIX ycTa-
HaBsiuBaTcs paBHbIMU 0. Tlpyu Kaxkmom npuUcBavBaHWK MEPEMEHHOH ee CUETYHK
yBesqnyuBaercs Ha 1.

2. BreigeneHnve oOUIMX TMOMBLIPAXKEHUH OCYILECTBJSIETCS MPU 00X0fe IepeBa
BbIpaKeHHs CHHU3Y-BBepPX cJeBa-Hanpaso. [IpyH NOCTHKEHUH OuepeiHOH BepLIHHBI
(mycTh omepauus, MpUMeHEHHAass B 3TOHW BeplLIMHE, eCTb OMHApHAs op; B Ciydae
YHapHOH OMepal{y pacCyXAeHHsl Te 2Ke) NPOCMaTpHBaeM OOLIHe MOIBbIPAKEHHS,
cBsi3aHHBIe C op. Eciu MMeeTcs BbIpa)keHHe, CBSI3aHHOE C Op W TaKOoe, 4TO €ero
JIeBbIH oOIepaHl ecTb oOllee MOABBIPaKeHHE C JIEBBIM OINlepaHIOM HOBOI'O Bblpa-
JKeHHUsl, a NIPaBbli OMepaH[ - obllee MOABBIPaKEHHE C MPABBIM ONEPAHAOM HOBOTO
BbIpaKeHHs, TO 00bSBJSEM HOBOE BbIpaKeHHe OOLIMM C HaHAeHHbBIM H B HOBOM
BBIpaXKEHUM 3allOMHHAaeM yKa3aTesb Ha HakeHHoe ofliee BbpakeHue. basucom
MIOCTPOEHUS CJYKHUT T1epeMeHHasi: ec/iM onepaHaaMy 000UX BbIpaXKeHUH SBJSIOTCS
OJIMHAKOBBIE TIepeMeHHble C OIMHAKOBBIMH CUETUHKAMH, TO OHH SIBJASIOTCH OOLIMMHU
noaBbIpakeHUsAMH. Ecsi BblpaxkeHHe He BBIIEJEHO Kak ofliee, TO OHO 3aHOCHUTCS
B CIIUCOK OMepalui, CBI3aHHBIX C Op.

PaccMoTprM Tenepb peanu3aldio airopUTMa BblAe/eHHs OOLIMX MOJBBIpaKe-
uuil. [lonnepxuBawTes ciaenywlide raodanbHble MepeMeHHbIe:

Table — TabJulla NepeMeHHbIX; /s Ka)K10H NnepeMeHHOH XpaHWUTCS ee CcyeT-
4yrK (Count) M yKasaTesb Ha BEpLIMHY JepeBa BbIPa:KEeHHH, B KOTOPOU MepeMeH-
Hasi BCTPeTHJIaCh B MOCJEAHUE pa3 B mpaBoi yacTu (Last);

OpTable — Tabsaula CNUCKOB (THNa LisType) OOILIMX MOABBIPaXKEHUH, CBSI-
3aHHBIX C Kaxaod omnepauueid. KaxXapli s/7eMeHT cHUCKa XPaHUT YyKasaTelb
Ha BepUIMHY JepeBa (mose Addr) U MPOAOJ/KEHHe CrHcKa (moje List).

C KaxkJI0H BepLIMHOH JepeBa BbIpaKeHMs CBs3aHa 3amuch TUNa NodeType
CO CJIEAYIOILHMMH TMOJISIMH:

Left — JeBblHl NOTOMOK BepILHHBI,

Right — mpaBblil MOTOMOK BEpIIHHHI,

Comm — yKasaTeJsb Ha Npeablayliee obliee MOABbIPaKEHHE,

Flag — NpHU3HAK, YKa3blBAIOLIUH, SBJSETCS JU TOAAEPEBO OOLIMM TOABBIPA-
KeHHeM,

Varbl — MpH3HaK, YKa3bIBAIOUINH, SIBJSETCS JIH BepLIMHA MepeMeHHOH,

VarCount — CYETYHK TepeMeHHOH.
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Brinenenue o6IIMX MOABBIPAXKEHHUH W TOCTPOEHHE IePeBa OCYLIECTBJSIOTCS MPH-
BEIEHHBIMH HHXKe MpaBusiamMu. ATpubyT Entry HeTepMHHasna Variable paer
YKasaTeJib Ha MepeMEHHYI0 B tTabaule Table. ATpH@yT Val cuMBoJia Op JaeT
Koz onepaurd. ATpubyt Node cMMBOJIOB IntExpr ¥ Assignment JaeT yKasaTesb
Ha 3anuchb TUNa NodeType COOTBETCTBYIOLIErO HETEPMHHAJIA.

RULE

Assignment ::= Variable IntExpr

SEMANTICS
Table[Entry<l>].Count=Table[Entry<1>].Count+l.
// YBEIWUUTBL CUETUMK [IPUCBAWBAHUN [E€PEMEHHOU

RULE

IntExpr ::= Variable

SEMANTICS

if ((Table[Entry<1l>].Last!=NULL)
// DepemeHHas yxe OHJIa HCHOJIL3OBaHAa
&& (Table[Entry<1l>].Last.VarCount

== Table[Entry<1l>].Count ))

// C Tex mop INepeMeHHOM He OBJIO MNPUCBAWBAHUSA
{Node<0>.Flag=true;
// lepemeHHass - obmee MNOABHPAXEHUE
Node<0>.Comm= Table[Entry<l>].Last;
// Yxaszarenb Ha obmee NOLBHpPaKEHUE
}

else Node<0>.Flag=false;

Table[Entry<1l>].Last=Node<0>;

// YXazaTesnb Ha MOCJIefHEE HCIONL3OBAHUE [IEPEeMEeHHOH
Node<0>.VarCount= Table[Entry<1>].Count;

// HoMep MCHOJIL3OBAHUS [NEPEMEHHOM
Node<0>.Varbl=true.

// BHpaxeHHe - IepeMeHHasI

RULE

IntExpr ::= Op IntExpr IntExpr

SEMANTICS

LisType L; //Tun CHUCKOB OIEpPaLUU

if ((Node<2>.Flag) && (Node<3>.Flag))
// U cmpaBa, u cieBa - obmuye NOLBHPAaKEHUS
{L=0OpTable[Val<1l>];
// Hauarno crnucka obmux NOABHPAXEHUN OJIA Ollepaliuu
while (L!=NULL)

if ((Node<2>==L.Left)
&& (Node<3>==L.Right))
// JleBoe u mpaBoe IMOMOIOepeBbs COBIANAIT
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break;
else L=L.List;// Cnegnyiomuil 3JIEMEHT CIHCKa

}
else L=NULL; //He obmee nofBHpaxXeHUe

Node<0>.Varbl=false; // He mnepemeHHas
Node<0>.Comm=L;

// YxasarTenb Ha npegHpymee obmee NOABHpaxeHHE
// wunu NULL

if (L!=NULL)
{Node<0>.Flag=true; //Obmee nonBHpaxeHUE
Node<0>.Left=Node<2>;
// YxXasaTesnb Ha JIeBOe MOLOEPEBO
Node<0>.Right=Node<3>;
// YxXasarTesnb Ha IpaBoe MNOANEPEBO
}
else {Node<0>.Flag=false;
// [aHHOe BHpaXeHMNE HEe MOXET pPaCCMaTPUBATLCSH
// kak obmee. Ecnu obmero noaBHpPaXeHUs C
// OaHHEIM He OBJIO, BKJIOUMTHL OaHHOE B CIIMCOK
// mna omepanuu
L=new LisType();
L.Addr=Node<0>;
L.List=0OpTable[Val<l>];
OpTable[Val<l>]=L;
}.

PaccMoTpuM Temepb HEKOTOPBIE MPOCTHIE MPaBUJIA PACIpPeNieseHHs] PETUCTPOB
MPH HaJMYKK OOLIUX MOABbIpaXKeHUH. Ecan ync/o perncTpoB orpaHUYEHO, MOXKHO
BBIOpAThb ONMH U3 CAEAYIOIIUX BYX BapHaHTOB.

1. Ilpu oOHapyXeHHUH MOABBIpAXKEeHHs, OOILLEro C TOABbBIPAXKEHUEM B YyXKe
MPOCMOTPEHHOH UacTH nepeBa (M, 3HAYUT, C yxKe pacrpeleseHHbIMH PErHCTPaMH)
NpOBepsieM, PacloJokKeHO JIU ero 3HayeHue Ha peructpe. Eciu 1a U ecid peructp
focje 3TOr0 He MeHsJCS, TO 3aMeHsieM BblUMCJeHHe IMOAJepeBa Ha 3HaueHHe
B peructpe. Ec/iu peructp MeHsjicsi, TO BHIUUCJ/SIEM TOABBIPaXKEHHE 3aHOBO.

2. Beopum eme onun npoxon. Ha nepBom mpoxone pacnpejesisieM PerucTphL.
Ecau B HekoTopo#i BepliriHe 0OHAPYKUBAETCS, YTO ee MOALepeBO — obliee ¢ yxKe
BLIUHMCJEHHBIM paHee, HO 3HAUeHHe pPerucTpa yTpayeHo, TO B TaKOH BeplUMHe
Ha BTOPOM NIPOXOJie HeOOXOAUMO CreHepHUpoBaTh KOMaHAy cbpoca peructpa B pabo-
4ylo namsTh. Beiurpeii B Kofe OyIeT, ecjd CTOMMOCTb KOMaHIbl cOpoca peructpa
+ J0CTYN K NaMsITH B MOBTOPHOM HCIOJNb30BAHWU 3TOH MaMSITU He MPEBOCXOAUT
CTOUMOCTH 3aMeHsieMoro nopaepeBa. [lockosbKy cTOMMOCTb KOMaHAbl MOVE wH3-
BECTHA, MOXKHO CPaBHUTb CTOMMOCTH W MPUHSAThH ONTUMAJbHOE pelleHne: TOMETUTD
NpeablAyLLYI0 BepIIMHY AJg cbpoca AU6O0 BBIUKUCIAATD MOAAEPEBO MOJHOCTHIO.

7 B.A. Cepe6psikoB
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9.9. TpaHcasiiua 00bEKTHO-OPUEHTUPOBAHHBIX CBOVCTB
SI3bIKOB MPOrpaMMUPOBAHUSA

B sTom pasnesne OynyT paccMOTpeHBI MeXaHM3Mbl TPAHCJASIUM 0A30BBIX KOH-
CTPYKUHH O0OBEKTHO-OPUEHTHPOBAHHBIX $I3BIKOB TPOrPAMMHUPOBAHHUS, a HUMEHHO,
HacJle0BaHUs U BUPTyaJ/bHBIX (PYHKUHH Ha npruMmepe s3pika C4+-.

9.9.1. BupryanbHble 0a3oBble Kaaccbl. K omucatesnio 6a3oBoro kJacca
MOXHO N00aBHTb KJOYeBOe CJoBO virtual. B 3ToM ciydyae elMHCTBEHHBIH MOA-
00BeKT BUPTYyasbHOro 6a30BOro KJjacca pasjensieTcss KaxKAbiM 6a30BbIM KJacCOM,
B KOTOPOM TOT (HMCXOIHBIN) 6a30BBIH KJjacc OmpelesieH KaK BUPTyaJsbHbIH.

[TycTb MBI HMeeM CJ/IeyIOLLYI0 HepapXHi0 Hacje0BaHHUS:

class L {...}

class A : public virtual L {...}
class B : public virtual L {...}
class C' : public A, public B {...}

OT0 MOXHO M300pa3nuTh OUATrPaMMON KJaccoB, H300pakeHHOH Ha puc. 9.14.

(1]
i L]
5]

L

Puc. 9.14 [TnarpammMa KJsaccoB

Kaxnblii 13 06bektoB A U B Oyner comepxatb L, HO B obbekTe C' Oymer
CYLIECTBOBATh JHIIb OOUH 00BEKT Kjacca L. fcHo, 4To mpencTaB/ieHHe 00BEKTa
BUpTYyaJ/bHOro 6a30Boro kjaacca L He MOeT ObITb B OfHOH M TOH e MO3ULHH
oTHOcUTeNbHO U A, 1 B nas Bcex 06bekToB. CjlefoBaTesbHO, BO BCeX 0OBEKTaxX
KJIaCCOB, KOTOpbIe BKJIOUAIOT KJaacc L Kak BUPTYa/bHbIH 6a30BbIH KJacc, A0MKeH
XpaHUTbCs yKaszaTesb Ha L. Peanusaunsi 06bektoB A, B u C' Mor/a Obl BEITJISAAETD
Tak, Kak MokaszaHo Ha puc. 9.15.

* _ .
A% aptr = new 4; aptr |Hacte A

Yacte L

k — .
B* aptr = new B; bptr [Hacts B
Yacte L

C* aptr = new G; cptr [Hacte A

YacTts Bl
Uacte C]
Yacte L

Puc. 9.15 Peanusanus o6bektoB A, B u C
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9.9.2. MHoxkecTBeHHOe HacjJenoBauue. lMes nBa KJsacca

class A {...af (int);},
class B {...bf (int);},

MOXHO 0OBSIBUTbH TPETHH KJacC ¢ 3TUMH ABYMsl B KauecTBe 0a30BbIX:
class C' : public A, public B {...}.

O6bekt kmacca (' MoxeT ObITh pa3MelleH KakK HENpepbeIBHbIH 00BEKT

(puc. 9.16).

Yacts A
Yacrts B
Yacts C

Puc. 9.16

Kak u B c/ayyae ¢ eIMHHUHBIM Hacjefl0OBaHHEM, 31eCb He TapaHTHPYeTCs
MOPSIIOK BBIEJEHHS] MaMATH 1Js 6a30BBIX KJAacCOB, MO3TOMY 00beKT kJjacca
MOXKeT BBHITVISIIETh M TaK, KaK MoKaszaHo Ha puc. 9.17.

Yacte B
Yacts O
Yacts A

Puc. 9.17

Hoctyn K useny knacca A, B unu C peanusyeTcs B TOUHOCTH TaK Ke, Kak
U [J151 €IMHUYHOTO HaCJ/Ie[0BAHHUS: KOMIIUIATOP 3HAET MOJIOXKEHHe KaXKAOTro uJieHa
B 00beKTe U MOPOXKIAET COOTBETCTBYIOLIHH KOI.
Ecai 06beKT pasMmellleH B MaMATH COTJIACHO MEPBOH AMarpamMMe: CHayaja 4yacTb
A oObekra, a 3areM yactd B u C, To BbI30B (pyHKLHH-UJeHa Kjacca A WM
C Oyzmer TakMM ke, KaK BbI30B (DYHKILHH-YJeHa MPH €IHHUYHOM HacJeJOBaHHH.
BrisoB (yHkOuu-useHa kjacca B nna oO6bekTa, 3amaHHoro ykasateseMm Ha C),
peaJsi3yeTcsi HECKOJIbKO CcyoXKHee. PaccMOTpUM crenyroOni npumep:
C* pc = new C
pc — bf(2);
®yukuus B :: bi() ecrecTBeHHBIM 00pa3oM MpeAnoJiaraeT, 4To ee MapaMeTp
this siBnsieTcs ykazateseMm Ha B. UTo6bl moJyduTh yKasaresb Ha 4acTb B 06beKTa
C, cnenyetr 106aBUTh K yKasaTesio pc cMelleHne B otHocHTesnpHO C' - KOHCTAHTY
BPEMEeHH KOMIHJSLMH, KOTOpPYyI0 Mbl OymeM HasbiBaTb delta(B). CooTHomeHue
yKasaresisi pc ¥ ykasateqs this, nepenaBaemoro B B::bf, nokaszano na puc. 9.18.

pe

. .+ [Yacts Aydelta (B)
this mass B::bf — Tacrs B
Yacts O

Puc. 9.18

7
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9.9.3. EauHnuHOe HacJedOBaHNe U BUPTyaJbHble pyHKIUU. Ecau kiaacc
base comepXKHUT BHUpTyaJbHyl0 (yHKUMIO vf, a Kaacc derived, TOPOXKIEHHBIH
no kjaccy base, Tak:Ke COLEpXKHUT (DYHKUHIO vf TOro ke THMa, TO oOpalleHHe
K vf nnsg oobekta kaacca derived BhI3biBaeT derived :: vf nayke NpH JIOCTyTIe
yepe3 yKasaTeJb MJHM CCBUIKY Ha base. B Takom ciy4yae roBopsiT, 4TO (PyHKLHS
TNPOM3BOJHOrO KJjacca nopMmeHsieT (override) ¢yHKUMIO 6azoBoro Kiacca. Ecin,
O/IHAKO, THUMBI 3THX (PYHKUHUH pas3NHuHBl, TO (DYHKLUHH CUUTAIOTCH Pa3/JHYHBIMH
1 MeXaHH3M BHUPTYaJbHOCTH He BKJIOYaeTCs.

BupryasnbHbele (DYHKLHH MOXKHO PeajM30BaTh MPH MOMOIIM TabJHIbl yKasare-
Jiell Ha BUpTyaJ/bHble (YHKUKHU vtbl. B ciyuae eiMHUYHOrO Hac/e0BaHUS TabaMLA
BUPTYa/JbHBIX (DYHKUHUH Kjacca OyHeT comepKaTb CCHIIKH Ha COOTBETCTBYIOLIME
(YHKLUMH, a KaXKIbIH 06beKT JaHHOTO KJacca OyLeT CofepxKaTh yKasaTesb Ha Tab-
Juny vtbl.

class A {
public:
int a;
virtual void f(int);
virtual void g(int);
virtual void h(int);
I8
class B : public A {
public:
int b,
void g(int);
I8
class C' : public B {
public:
int c;
void h(int);
I8
O6mbekT kaacca C Oyner BHIJISAETh MIPUMEPHO TaK, KaK MoKasaHo Ha puc. 9.19.
T R

int b &C::h

int ¢

Puc. 9.19

9.9.4. MHoXecTBeHHOE HacjelI0BaHHe M BUPTyaJbHble (pyHKmuu. [lpu
MHOKECTBEHHOM HacJ/leJOBaHHHM BUPTYaJbHble (DYHKIMH PEaU3yITCs HECKOJIbKO
cnoxxHee. PaccMoTpuM caenyoliye o6bsBIEHHS:



9.9. Tparcaayus 06veKmMHO-0PUEHMUPOBAHHbLX CBOUCME A3bLK08 npoepammuposarus 197

class A {
public:
virtual void f(int);
I8
class B : {
public:
virtual void f(int);
virtual void g(int);
I8
class C : public A, public B {
public:
void f();
I
[Tockosbky Ksace A mopoxzeH no kjaaccam A U B, KaXKAblH W3 CJeAYIOMINX
BbI30BOB Oymer obpamatbesi K C i f() (OpH yC/JIOBHH, 4TO KaXKAbIH H3 Tpex
yKazaTesiel CMOTPHUT Ha 00beKT Kiacca C):

pa — f()
pb— £()
pc— f()

Pacemorpum psisi mpumepa BbizoB pb — f(). Ilpu Bxome B C :: f ykasaresb
this momXeH yKasblBaTh Ha Hayaso oobekTa C, a He Ha yacTb B B HeM. Bo Bpems
KOMITHJISILIMY, BOOOLIle TOBOPS, He M3BECTHO, YKasbiBaeT Jin pb Ha 4acte B B C, —
HanpuMmep, U3-3a TOro, YTO HAeHTH(UKaTOpy pb MoxeT ObITh NPHUCBOEH MPOCTO
ykasaTesib Ha 00bekT B. Tak uro BesnunHa delta(B), ynomsiHyTasi Bbillle, MOXKET
OBITb PA3/JIMYHOU JJIS PasHbIX 0OBEKTOB B 3aBUCHMOCTH OT CTPYKTYpbl KJ/acCoB,
NopoXKAaeMblX U3 B, U I0/12KHa Tle-TO XPaHUTbCS BO BPeMsl BbIIIOJHEHHUS.

[Tocko/IbKY 3TO CMellleHHe HY»KHO TOJIBKO /151 BUPTYaJ/IbHOrO BbI30Ba (PYHKLHH,
JIOTUYHO XPaHHUTb €ro B TabJHLle BUPTYaJIbHBIX (YHKIHH.

Yxaszarenb this, TepenaBaeMblii BUPTyaJbHOH (DYHKLUHH, MOXKET OBITb BBIUKC-
JIeH MyTeM BblYMTaHHUS CMelleHUs] 00beKTa, [/1s1 KOTOPOro Oblia onpejesieHa BUp-
TyaJbHash (QYHKLHS, U3 CMellleHHs 0ObeKTa, 1/ KOTOPOro OHAa BbI3BaHa, a 3aTeM
BBIUMTAHHUS 3TOH PA3HOCTH M3 yKasaTeJs, HCIOJb3yeMOro INpH Bbi3oBe. 37eChb
3HayeHue delta(B) OymeT HeoOXOmMMO MAJISI MOHCKA Havyasna obbekTa (B HalieM
cnyvae ('), conepzkaiiero B, no ykasarento Ha B. CreHepUpOBaHHBIH KOJ BBIUTET
3HayeHHe delta(3) u3 3HaueHUs yKasaTeJs, TaK UTO XPaHHUTCS CMeleHHe CO 3Ha-
KoM MuHyc, —delta(B). O6bekT knacca C' OyneT BBHINISAETb Tak, Kak MOKa3aHO
Ha puc. 9.20.

Tabnuua BupryanpHbiXx (GyHKUME vtbl nas B B C orTauvaercs ot vtbl nns
oTHes]bHO pa3MelleHHoro B. Kaxpas koMmOuHauusi 6a30BOro U MNPOU3BOLHOTO
KJ1acCOB MMeeT cBow Tabmuuy vtbl. B obuem ciaydae 06bEKTy MPOU3BOAHOTO
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vtbl g1 A B C

delta(B) [vptr __>| ..
¥y | uacts A LC::f10
b vptr —|
b qg)cm B , vtbl pias Bs C

yacth C &C: : f |-delta(B)
&B::g |0
Puc. 9.20

KJsacca Tpebyercs Tadanua vtbl nas Kaxaoro 6a3oBoro kJjacca mjiioc Tabauua Ajs
TIPOM3BOIHOTO KJacca, He CUUTAasi TOro, UTO TMPOU3BOAHBIN KJAaCC MOXKET Pas3lessiTh
Tabauny vtbl co cBOMM nepBbIM 0a30BbIM KJaccoM. TakuM oOpasom, AJsl 0ObeKTa
tuna C' B 3TOM npuMepe Tpebytorcsi nBe Tabauusl vtbl (rabmuua nnsgs A B C
ob6benvHena ¢ tabauued nsi oobekta C, U ellle ofHa TabaUIA HYKHA 1 00BbeKTa
BB (C).

9.9.5. BupryanbHble 0a30Bble KJIacChl C BUPTYaJbHBIMU (PYHKIUSIMH.
[Ipyu Hanuuuu BUPTyasbHBIX 6a30BBIX KJACCOB MOCTPOEHHE TalJULl /51 BHI30BOB
BUPTYaJbHbIX (DYHKUUH CTAHOBUTCS OoJiee CJAO0XKHBIM. PaccMOTpUM clenyoliue
00BSABJIEHUS:

class W {

public:
virtual void f();
virtual void g();
virtual void h();
virtual void k();

’

I
class MW : public virtual W {
public:
void ¢();
};
class BW : public virtual W {
public:
void f();
I8
class BMW : public BW, public MW, public virtual W {
public:
void h();
};
OTHolIeHHe HAC/IeI0BaHUs /IS STOTO MPUMepa MOXKeT ObiTb H300paxKeHO B BH-
Ie auuKJadeckoro rpaga (puc. 9.21).
dyHKUMK-uNeHbl Kaacca BMW MoryT ucnosb3oBathesi, HallpuMep, Tak:
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WA{f, g, h, k}

Y
A

BW{f} MW{g}

BMW {h}

Puc. 9.21

void g(BMW*pbmuw)

{pbmw — f(); // Bei3biBaeT BW :: f()
pbmw — ¢(); // Bbi3biBaeT MW :: g()
pbmw — h(); // BbizbiBaer BMW :: h()

}

PaccmoTpuM Temnepb cieayoLMil BbI30B BUPTyasbHOH (yHKunH f():
void h(BMW*pbmuw)

{MW*pmw = pbmuw;

pmw — f(); // BbisbiBaer BW :: f(), motomy 4to

// pbmw ykasbiBaeT Ha BM W, nnsa kotoporo f Gepercs uz BW!

}

BuptyanbHbelil BBI30B (DYHKLHUH MO OAHOMY NYTH B CTPYKType HacJeJOBaHHS

MOXKeT MOpoAUThb obpallleHue K (PyHKLHH, lepeorpefiejleHHON Ha APYroM MyTH.

CrpykTypbl 06bekToB Kjaacca BMW u ero tabauil BUPTyasbHBIX (YHKLHH

vtbl MOTyT BHITVIAIETh TaK, KaK MOKa3aHo Ha puc. 9.22.

BupryanpHoll (yHKUMH O0JKeH ObITb MepefaH yKasaresab this Ha OOBEKT

KJacca, B KOTOpoM 3Ta (yHKUHs onucaHa. [loaTomy cienyeT XpaHUTb CMelleHUe

IJIsT KaXKIoro ykaszatens (QyHKUMH u3 vtbl. Korma oObekT pasmellleH B MaMsTH
Tak, KaK 3T0 M300pakeHo Ha puc. 9.22, cMellleHHe, XpaHUMOE C yKasaTeJjeM BHp-
TyasbHOH (PYHKLMH, UCUUC/SETCS BBIYMTAHHEM CMeLIeHHs KJacca, AJsi KOTOPOro
3Ta Tabsuua vtbl cosnaHa, U3 CMelleHUsl Kjacca, MOCTaB/SIOUIero 3Ty (PyHKIHUIO.
PaccmoTprm npumep:

void callvirt(w*pw)
{pw— f();

}

main ()

{ callvirt(new BMW);
}
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vtbl nas BWs BMW
&BW::f 0
&BW::g 0 + delta(MW)
&BMW:h |0 + delta(BMW)

vptr — &W::k 0 + delta(W)

dacts BIV vtbl g MWs BMW
My &BW:f |0 — delta(MW)

yactb BMW &BW:g |0

vptr &BMW:h|delta(BMW)-delta(MW)
yacte W & Wk delta(W)-delta(MW)

vtbl nas W BMW
&BW:f 0 - delta(W)
&BW:g delta(MW)-delta(W)
&BMW:h |delta(BMW)-delta(W)
&W::k 0

Puc. 9.22

B ¢yHkuMu main Bb3oB callvirt ¢ ykazatenem Ha BMW Ttpebyer npu-
BelleHHs K yKaszaTesio Ha W, mockosbky (QyHKUHS callvirt oxupaeT mnapameTp
tuna W*. Tak kak ¢yHkuus callvirt soisbiBaet f() (uepes ykasarteab Ha BMW,
npeo6pa3oBaHHbIH K yKasatesto Ha W), Oyner ucnosnb3oBaHa tabanua vtbl knacca
W (8 BMW), rue ykasaHo, 4TO 3K3eMIISIPOM BUPTYaJbHOH (yHKUUH f(), KOTO-
pyH0 HYXXHO BbI3BaTh, siBasiercss BW :: f(). UroGsl nepenats ¢pyukuuu BW :: f()
yKkasaresb this Ha BW, ykasarenb pw No/keH ObiTb BHOBb NPHBENEH K yKasa-
testi0o Ha BMW (BeluntanueM cMmelleHus aas W), a satem K ykasarteqio Ha BW
(mo6aBnenvem cmelienuss BW B o6bekte BMW). 3nauenue cmernenus BW
B o0bekTe BMW wmunyc cmemienne W B ob6bektre BMW u ecTb cMellleHHUe,
XpaHuMoOe B cTpoke Tabsuubl vthl nis w 8 BMW nas dyukuun BW :: f().

9.10. I'eHepamusa onTUMAJbHOIO KOAA
MeTOJaMH COINOCTaBJeHHUs 00pa3LoB

9.10.1. ConocraBieHue o0pa3moB. TexHHKa reHepalMd KOAa, PacCMOT-
peHHasi Bblllle, OCHOBBIBAJaCh Ha OJHO3HAUHOM COOTBETCTBHM CTPYKTYPbl MpPOMe-
JKYTOUHOTO MPEACTABJEHUS C OMHUCHIBAIOIIEH 3TO MpeacTaBieHHe TPaMMaTHKOM.
HenocratkoMm Takoro «kKecTkoros Moaxofa sBJseTCs TO, YTO, KaK MPaBHJO, OIHY
U Ty 2Ke TpOorpaMMy Ha MPOMEKYTOUHOM $I3bIKE MOXHO peasii30BaTb MHOTMMH
pa3JMYHBIMH Croco0aMM B CHCTEME KOMaHI MallWHbl. DTH pasHble peasnn3alun
MOTYT MMeTb Pa3/JM4YHYIO AJHHY, BPEMS BBHIIOJHEHHUS W IPyTHe XapaKTePHUCTHKH.
ILnsi reHepanuu 6oJiee KaUeCTBEHHOTO KO TIPUMEHHM TIOAXO, M3JI0KEHHbIH B Ha-
CTOSILLEH IVIaBe.

ITOT MOAXON OCHOBAaH Ha TMOHSTHH «COMOCTaBJeHHs 00paslOB»: KOMaHAaM
MallWHbl COMOCTABJSIOTCS HEKOTOpble «00pa3iibl», BXOXKIEHHS KOTOPBIX HILYTCS
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B TPOMEXKYTOUHOM MpPeICTaBJAEHHWH MPOrPaMMbl, U JEJAETCS MOMBITKA <«ITOKPBITh»
MPOMEXKYTOUHYIO MpOorpaMMy TakuMu o6pasuamu. Ecau 3to ymaercs, To mo o6-
pasliaM BOCCTaHaBJ/MBaeTCsl MporpaMma yxe B Kojax. Kaxpoe Takoe MOKpbITHE
COOTBETCTBYeT HEKOTOPOH MPOrpaMMe, peasn3yolied OIHO U TO Ke MPOMEeKYTOod-
HOe Tpe/CTaBJ/IeHHe.

const (a) const () @ const (5)

Puc. 9.23

Ha puc. 9.23 nokazaHo mpomexyTO4HOe AepeBo aJsi omepartopa a = b[i] + 5,
rie a, b, i — JOKaJbHble MepeMeHHble, XPaHHMble CO CMELIeHUSIMH T, Y, 2
COOTBETCTBEHHO B 006/1aCTSX JAHHBIX C OMHOMMEHHBIMH aJpecamH.

dneMeHT MaccuBa b 3aHHMaeT MaMmsTh B OfHY MalIMHHYI0 enuHULy. 0-MecTHas
onepauus const Bo3BpallaeT 3HayeHHe aTpUOyTa COOTBETCTBYIOLLEH BepLIHHBI
MPOMEXKYTOUHOT'0 epeBa, YKa3aHHOrO Ha PUCYHKe B CKOOKax MocJje oreparopa.
OnnomecTHas onepauus @ o3HayaeT KOCBEHHYIO aJipecalldio U BO3BpalllaeT COlep-
JKHMO€e perucTpa WM s4edKH NMaMsTH, UMelolled afpec, 3alaBaeMblii apryMeHTOM
ornepaluu.

B Ta6.s1. 9.2 nokazaH npumMep conoctaBjaeHuss 06pa3lioB MALIMHHBIM KOMaHIaM.
[IpuBenensl nBa BapuaHTa 3ajaHusl oOpaslla: B BHIE JepeBa U B BHJE MpaBHJa
KOHTEKCTHO-CBOOOAHON rpaMmaTvku. [las Kaxkporo obpasua ykasaHa MallWHHas
KOMaH/ia, peasnayiolas 3TOT 06pasel, i CTOUMOCTb 3TOH KOMaH[BI.

B xaxnom nepeBe-obpasile KOpeHb UMW JHUCT MOXKET ObITh MOMEYeH TepMH-
HaJbHBIM W/WJH HETePMUHAJbHBIM CUMBOJIOM. BHYTpeHHHe BepIIMHBI MOMEUEeHbI
TepMHUHAJIbHBIMH CHMBOJAMHU — 3Hakamu omepauui. [lpn Hamoxkenuu obGpasua
Ha JIepeBO BbIpaXKeHMsl, BO-TIEPBbIX, TEPMHHAJIbHbBIH CHMBOJ 00paslia JOJKeH CO-
OTBETCTBOBATb TEPMHHAJBHOMY CHMBOJY A€PeBa U, BO-BTOPBIX, 00Pa3Lbl TOJKHEI
«CKJIeUBaTbCS» MO THUIY HETEPMHHAJBHOTO CHMBOJA, T.€. THUI KOpPHS oOpaslia
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HOJI2KEeH COBIIaaaThb C TUIIOM BEPIIHMHDBI, B KOTOPYIO o6paseu [MIOACTABJIAECTCA KOPHEM.
JlomycKaeTcsi MCMONb30BAaHUE <«IIEMHBIX» 00pPasloB, T.e. 006pa3loB, KOPHI KOTO-
pbIX HE COOTBETCTBYET TepMHHaJIbeIﬁ CHUMBOJI U KOTOpbl€ UMEIOT GILI/IHCTBeHHbIIjI

3JeMeHT B MpaBod yacTu. llenHble mpaBusa c/ayxKaT [Js [pPUBENEHUS BepLIMH

K ofHOMYy Thny. Hanpumep, B paccMmarpuBaeMod cucTeMe KOMaHI OfHH M Te Xe

PETUCTPBI HCIOJb3YIOTCA KaK OJisd uejen aapecalunn, Tak U [OJ4 BBIYHCJIEHUH.

Ecau 6b1 B cucTtemMe KoMaH[ I 3THUX LeJeld HCIOoJb30BaJIUCh pasHble TPYHIIbI

perucTpoB, To B rpaMMaTUKe KOMaHI MOTLJIH OBl MCII0JIb30BaTbCS pasHble HeTep-

MHHAJbI, a AJid NepecblJIKKU U3 aApPeCHOT'0 PpEerucTpa B PEerucTp AaHHLIX MOIJHU OBl

HCIOJMBb30BATbCA COOTBETCTBYIOIASA KOMaHAA U 06pa3eu.

Tabnuuma 9.2
Ne O6pasen [TpaBusio rpaMMaTUKK KomaHza / cToumocThb
Reg
1 | Reg — const MOVE #const, R | 2
const
= Stat
2 +  Reg(j) | Stat — '="'"+'Reg const Reg [MOVE Rj, const (Ri)| 4
Reg(1) const
Q@ Reg(j)
3 _||_ Reg — 'Q' '+'Reg const MOVE const (Ri), Rj| 4
Reg(i) const
+ Reg
4 /\ Reg — '+'Reg const ADD #const, R 3
Reg const
+  Reg(i)
5 /\ Reg — '+'Reg Reg ADD Rj,Ri 2
Reg(i) Reg(y)
/+\R€9(i)
Reg(i) @
6 | Reg — '+'Reg'@' '+'Reg const| ADD const (Rj),Ri| 4
/+\
Reg(j) const
@ Reg(i)
7 | Reg — 'Q'Reg MOVE (Rj), Ri )
Reg(y)
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Herepmunanel Reg Ha o6pasnax MOryT ObITb NMOMeueHbl HHAEKCOM (i WM j),
uyTo (HehopMasbHO) COOTBETCTBYEeT HOMEPY PETHUCTPA M CJAYKHUT JIHIIbL IJs MO-
SICHEHUST CMBICJIA MCIIOJIb30BaHUs peructpoB. OTMETHM, YTO NPH reHepaluud Kopaa
paccMaTpUBaEeMbIM METONOM He OCYIIeCTBJSieTCS pacrpefiesieHne PerucTpoB. DTo
SBJIAETCS OTAEJbHOW 3anayen.

CToMMOCTb MOXET OTpelessiTbCs Pa3JuYHBIMU CMNOCO0aMH, HarpuMmep, 4YHMc-
JOM oOpalleHUH K MamsaTH Npd BbIOOpKE M MCHOJHEHMH KOMaHAbl. 31eCb Mbl
He paccmaTpuBaeM 3Toro Bompoca. Ha puc. 9.24 npuBeneH npruMep MOKPBITHSA
MPOMEXYTOUHOTO JepeBa puc.9.23 obpasuamu u3 Taba. 9.2. B pamku 3akiio-
YyeHbl (PparMeHTBbl [lepeBa, CONOCTaBJeHHble 00pasly I[paBuJ/a, HOMEp KOTOPOro
yKasblBaeTcsl B JIeBOM BepxXHeM yIJy paMKH. B KBampaTHBIX CKoOKax yKasaHbl
pe3y/bTHPYIOLLHe BepILHHBL.

[TpuBeneHHOe MOKpLITHE NaeT TaKylo MOCJeN0BaTebHOCTb KOMAHM:

1 MOVE #a,Ra
MOVE #b, Rb
ADD #y,Rb
MOVE #i,Ri
ADD #z(Ri),RDb
MOVE (Rb),Rb
ADD #5,Rb
2 MOVE Rb, #x(Ra)

S Jg o b

OcHoBHast Uaesl MOAXONA 3aKJAIOYAETCs B TOM, YTO KaxJas KOMaHJa MallWHbI
ONHCBIBAETCS B BHJE TaKoro obpasua. PasnuuHble MOKPHITHS AepeBa MPOMEXKYTOU-
HOTO TIPeACTaBJEHUS COOTBETCTBYIOT Pa3JHUHBIM MOCJEI0BATENBHOCTSM MallHH-
HbIX KOMaH[. 3afaua BbIOOpa KOMaH[ COCTOMT B TOM, YTOOB! BEIOPATh HAWJIYYLIMH
croco6 peajM3allH TOrO WM HHOTO NEHCTBHUS WJM I0C/eJ0BATENbHOCTH Jei-
CTBHH, T.e€. BBIOpPaTh ONTHUMaJbHOE (B HEKOTOPOM CMBICJIE) MOKPBITHE.

JLnst BEIGOpa ONTHMAJIbHOTO MOKPBITHS OBLIO TPENN0KEHO HECKOJIbKO HHTEpec-
HBIX aJTOPUTMOB, B YACTHOCTH, HCIOJB3YIOLIMX AMHAMHYECKOE MPOrpaMMHpOBa-
Hue [14, 18]. Mbl 31ech pacCMOTPUM aJTOPUTM, MPeJIoKeHHbIH B [16].

9.10.2. IlocTpoeHne moKpbITUA. B KauecTBe MPOMEXKYTOUHOTO MpeACTaBIe-
HUsl OyJeM HCIoJb30BaTh abCTPAaKTHOE AepeBO MporpaMMbl. AGCTpakTHOe HepeBO
B KauecTBe BHYTPEHHMUX BepILHH COAEPXKHUT omepaudd. B Hauem ciydae mpu mo-
CTPOEHUH abCTPaKTHOTrO JepeBa OyleM UCXOAUTb M3 CJelyIOLIHX MPeAnooKeHHUH:

1) kaxnasi mepeMeHHasi TPOTPaMMbl aIpecyeTcss CyMMOH HBYX KOHCTaHT —
agpeca 00JaCTH NMaMATH U CMeLIeHHsl B 3TOH 00.JacTH;

2) 114 BHIGODKH 3HAYeHHs M0 aApecy MCMoJb3yercs omepauus @ — KOCBEHHas
ajipecanys;

3) BCe MaCCHUBBI OJHOMEpHbIE, NIPUYEM pasMep 3JieMeHTa MaCcChuBa — OIHA aape-
cyeMasd equHula.
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[Stat]

const(5)
[Reg(RD)]
7 @
|
S [Reg(Rb)]
+
y [Reg( )] ¢
/—i_\ -
[Reg(£D)] const(y) [Reg(Ri)] const(z)
1 ‘ .
const(b) const(i)
Puc. 9.24

Kopenb kaxporo o6pasna momeueH CHMBOJIOM, KOTOPbIH Mbl OylneM HasblBaThb
Hemepmurarvrom (W Hemepmurasom). CMbICT HCIONb30BAHUS TOTO TEPMHHA
6YIIET 00BSICHEH HHXKe [IpHh HUCIOJIb30BAHUKU CHHTAKCUYECKOro aHaJ/Jiku3a MJsd I10-
CTpOEHHS MOKPBITHUA. HeKOTOpre JINCTbA o6pasu013 TakK2kKe MOryT OBITH NTOMEYEHHI
HeTepMHHaJ/JMaMH. ConepmaTeano MOXKHO CYHTATb, YTO HETEPMHUHAJ 3adde€T THII
pesysbTata, BBIYMUC/SEMOro MOAJAepeBoM. B HallleM c/yyae HeTepMHHAJ/IOB BCEro
nBa: Reg roBopHT 0 TOM, UTO pe3ysbTaT DOJKEH pa3Meliatbes B peructpe, Stat —
4TO pes3y/bTaT He BblpabaThbiBaeTcs.
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3ajaua MOCTPOEHHS MOKPHITHS 3aKJ/I0UaeTcs B TaKOM HaJIoKeHHH 00paslioB
Ha abCTpPaKTHOE NEPEeBO MPOrpaMMBbl, YTO:

1) BCE mepeBo HaKphITO HaBGoOpOM 0OPa3IOB;
2) HakpbIBalolke 00pasiibl He MepeceKkarTcs;

3) BO BHYTPEHHHX BeplLIMHaX 00paslibl «CKJEUBAOTCS» MO HETePMHHaslaM, T. €.
TUI BepLUMHBI-KOPHS 00pasla, NPUMEHEHHOTo B BeplLIMHe 7 abCTPaKTHOIO
IepeBa, COBMagaeT C TUIOM BepLIMHbl oOpaslia, A/s KOTOPOro BepLIWHA 1
SIBJISIETCS JIUCTOM.

Jlsis1 corsacoBaHHtsl TUIOB BePLIMH MOTYT HCIOJb30BaThCs «LeNHble» 00pasLipl,
T.e. obpasubl Tuna Herepmunan — HerepmuHan. Llennble o6pasubl He 3aBUCAT
OT ONepaLHui, caefoBaTeNbHO, UX HeOOXOAUMO NPOBePATh OTAeJbHO. [IpuMeHenue
OIHOTO LEMHOro o0pasua MOXKeT 3aBUCeTb OT MPUMEHEHHUS APYToro LeNHoro o6-
pasua. CjenoBaTesbHO, IPUMEHeHHe LeMHbIX 00pa3LoB He0OXOAUMO POBEPSITh 10
TeX TOop, MO0Ka MOXKHO TPUMEHHUTb XOTs Obl ONWH M3 LeNnHbiX 00pa3noB. Ml npen-
noJaraeM, 4YTo B rpaMMaTHKe HeT LIUKJIOB B IPUMeHEHUH LeNHbIX 00pa3LoB.

[TocTpoeHue Bcex BapuaHTOB TMOKPHITHUS AaHO HHKe B ajaroputme 9.1. B atom
aJIrOpUTMe [1epPeBO BblpaKeHUsl 00XOOUTCSl CBepPXY-BHH3, U B HeM HLLyTCS MOAJe-
peBbsi, conmocTaBuMble ¢ o6pasuaMu. OOXom fepeBa OCYIECTBJSAETCS MPOLENYPOH
PARSE. [locsie o6xona moanepeBa TaHHOU BEPIIMHBEI B HEH NPUMEHSIETCS TPOLIETY-
pa MATCHED, KoTopasl NIbITaeTCsl HaUTH Bce 0Opaslpl, CONOCTABHMBIE NOAAEPEBY
IaHHOHU BepliMHbl. C 3TOH Lesblo AJIS KaXKA0ro o6paslia OCyLLeCTBJISeTCsl peKyp-
CUBHBIH 00x0[ NMoajfepeBa. B pesynbTarte 00Xofa AepeBa CHU3Y-BBepX MJIS KaxkKaoH
BEpLIMHEI N (KaK BHYTPEHHEH, TaK U JIUCTa) AJIs1 KaXKI0r0 HeTepMHUHa/Ma HaXOAATCS
BCe MOKPBITHS MOJIEPEBA C KOPHEM 7, TOMeUeHHble STHM HETePMHHAJIOM (3TO MHO-
»KECTBO MOXeT ObIThb W MYCTbIM). TouHee, HJIl BEpPLIMHBI 1 HAXOAUTCS MHOXKECTBO
00pasLoB, IPUMEHUMBIX B 3TOH BEPLIMHE C YUeTOM HalJeHHbIX 00pa3L0B B BeplIU-
HaX JepeBa — MOTOMKAaX 7, COOTBETCTBYIOIUX JIUCTbSIM-HeTepMHHanaM o6pasua,
U LUEMHbIX NPaBUJ, MPUMEHEHHbBIX, B YACTHOCTH, K TEPMHUHAJbHBIM JHUCTbIM 00pas-
na (4To COOTBETCTBYET JIUCThSIM JepeBa mporpaMmsl). s noc/enyrouero oréopa
00pasLoB MPH MOHUCKe ONTUMAJbHOTO MOKPHITUA U TeHepalldd ONTHMaJbHOTO KOAA
UCIIONIb3YeTCs NIPUHLIMIT AMHAMHUYECKOT0 POrpaMMHUpPOBAHUS: U3 BCeX BO3MOXKHBIX
croco60B IMOKPHITHSl MOJJepeBa, COOTBETCTBYIOUIUX NaHHOMY HeTepMHHaJy, Bbl-
frpaeTcsl TOT, KOTOPBIH HaeT MHHHUMaJbHYI CYMMapHyl0 CTOMMOCTb. B naHHOM
caydyae 3TO BO3MOXHO, MOCKOJIbKY CTOMMOCTb IIOJIHOTO TOKPBITHS ONpefessiercs
KaK CyMMa CTOMMOCTeH ero COCTaBJAIINX.

Hns peanuzauuu 3TOro NPUHOUNA KaKAOHW BeplLHHE CTaBUTCS B COOTBET-
ctBue MHOoxkecTBo HashMap nonTerm, xpaHsiiee njs Ka)KIOro HeTepMHHaJja
MUHHUMAJbHYI0 CTOMMOCTb TOKDPHITHS TOAJepeBa /s 3TOH BepLIHHBI, 00ecrneyu-
BaIOILLEI0 COOTBETCTBHE HeTepMHHaJ/la KOpHIO o0pasua, U odpasel, NAMOLUL 3Ty
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MuHUManbHY0 ctouMocTh (opt OptChoise). Crnucok sons comep:KHUT MOTOMKOB
naHHoi BepuinHbl, HashMap rules comepKUT MHOXKECTBO MPOABHJ [Jis1 KaXKIOTO
HetepmuHana. HashMap invert naer mist Kakmoro HeTepMHHa/la MHOXKECTBO Je-
BbIX YacTel [Jisi LEeNMHbIX MPaBUJ C IaHHOH MPAaBOH YaCTbiO.

Auaroputm 9.1

class Tnode {
Integer op;
ArrayList sons;
HashMap nonTerm;// [Onsa xaxpmoro HerepumuHana OptChoice

class Pattern {
Integer op;
ArrayList sons; // Cnucox Pattern

class Rule {
int cost;
Pattern pat;

}

class OptChoice {
int cost;
Rule rule;

HashMap invert; // OrobpakeHue HeTepMHHAsla BO MHOXECTBO
// ULenHHX IOpaBuil C OAHHOM NPaBOM UaCThIO

HashSet NTerms; // HeTepMmuHAaIiE
HashMap rules; // OTobpaxkeHue HeTepMHHAsla BO MHOXKECTBO IIPaBUII

HashSet operations;

/** khkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhhhhhkhhkhhhkhkkhkkhkkhkkhkhkhkhhhhrhrhrhrhhhhkx */

void Parse(Tnode n) {

int i;

Integer nextNT;

OptChoice opt;

Rule nextRule;

Iterator NTiter = NTerms.iterator();

while (NTiter.hasNext()) {// IOnsa xa%xgoro HeTepMHHAIA
nextNT = (Integer) NTiter.next();
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opt = (OptChoice) n.nonTerm.get (nextNT);
opt.cost = maxCost;
opt.rule = undef;

HashSet currentRules = (HashSet) rules.get(nextNT);
// MHOXeCTBO MNpaBWJl [LJisi HETEPMUHAIA
Iterator rulelter = currentRules.iterator();

while (ruleIter.hasNext()) {
nextRule = (Rule) rulelIter.next();
if (nextRule.pat.op == n.op) {
int cost = Matched(n, nextRule);
if (cost != maxCost)
if (opt.cost > cost) {
opt.cost = cost;
opt.rule = nextRule;
n.nonTerm.put (nextNT, opt);

}

boolean stop = false;
while (!stop) {
stop = true;
NTiter = NTerms.iterator();

while (NTiter.hasNext()) {
nextNT = (Integer) NTiter.next();
opt = (OptChoice) n.nonTerm.get (nextNT);
if (opt.rule != undef) {
HashSet inv = (HashSet) invert.get(nextNT);
Iterator invIter = inv.iterator();
while (invIter.hasNext()) {
nextRule = (Rule) invIter.next();
opt = (OptChoice) n.nonTerm.get (nextNT);

if (nextRule.cost < opt.cost) {
opt.cost = nextRule.cost;
opt.rule = nextRule;
n.nonTerm.put (nextNT, opt);

/** AhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkhkhkhAkhkrkrrdrdhdhhhhhhhhhhkhhkhhhkhhhrrrhrhrhhxkx */

int Matched(Tnode n, Rule r) {
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int m, i;
if (operations.contains(r.pat.op))
// r.pat.op MOXeT coOepXaThb ONepaluyd ¥ HeTepMMHHAJIL

if (r.pat.op == n.op)
if ((m = Arity(r.pat.op)) == 0)
// HyIb-MeCcTHas Omepalusi, HaIpuMmep, const
return 0;

else {// BHYTpeHHss BepmUHA
int cost = 0, costSum = r.cost;
for (i = 0; i < m; i++) {

cost = Matched((Tnode) n.sons.get(i), (Rule) r.pat.sons.get(i)):
if (cost != maxCost)
costSum += cost;
else {
costSum = maxCost;
break;

}

return costSum;
}
else
return maxCost;
else
// Herepmunan
return ((OptChoice) n.nonTerm.get(r.pat.op)).cost;

O61beM BbIUUCIEHHH TPONOPLUHOHAJIEH 00bEMY 1€peBa, YMHOXKEHHOMY Ha YHCJIO0
HeTepMHHAJIOB U UHCJY MPABUJ /IS KaXKA0TO HETePMHUHAJA, T.€. UMeeT BPEMEHHYIO
M eMKOCTHYIO CJIoKHOCTH mopsinka O(n).

PaccmoTprm BHOBB mpumMep puc. 9.23.

B ta6s. 9.3 npuBeneH pesynbrat paboThl aaropuTMa.

9.10.3. BriGop nepeBa BbIBOOAa HaMMeHbLIE CTOUMOCTH. [lepeso Hau-
MeHbulell cmoumocmy orpefensieTcss Kak AepeBo, COOTBETCTBYIOLlee MUHHUMAJb-
HOH CTOMMOCTH TOKpPBITHS. JlepeBy HaUMeHbLIeH CTOMMOCTH COOTBETCTBYET Habop
KOMaHJl, COOTBeTCTBYIOLIMX 0OpaslaM, peajU3yoLUX 3TO AepeBo. Buibop onTu-
MaJIbHOTO TIOKPBITHSI M COOTBETCTBYIOLIMX KOMaH[ OCYLIECTBJSeTCS B Mpolecce
ob6xonma nepeBa: NMpPU [IBUXKEHHH CBEPXY-BHHU3 BHIOWPAETCS ONTHMAaJbHOE IMOKPbI-
THe, NPU OBUXKEHUM CHHU3Y-BBEPX OCYIIeCTBJseTcs reHepauus kKomann. O6xon
JlepeBa peasiusyercs ABYMs B3aUMHO peKypCHUBHBIMH (yHKUHUsAMHU: pyHKuKs Code-
Gen(Tnode n, NonTerm NT) ocyuecTtBasieT 06Xon MoAnepeBa C BepPIIMHOH n
1 (ONTHMaJMbHBIM) 00pa3loM, NPUMEHEHHBIM B 3TOH BepLIMHE MJs HeTepMHHaJsa
NT. ®ynkuus TreePass(Tnode n, Rule r) ocymectsaser o6xon nognepesa ¢ Bep-
IIMHOM n coryiacHO o0pasuy r.
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void CodeGen
Rule rul

TreePass

Ta6auuma 9.3

Onepauus | Hanna | TlpaBusa (cTonmMocTb)

2 (22)
4(5) 5 (6)
1(2)
1(2)
4(16) 5(17)
7 (11)
5(13) 6 (11)

4(5) 5(6)
1(2)
1(2)
7(7) 3(6)
4(5) 5(6)

1(2)
1(2)
1(2)

= 15
+ 3
a 1
X 1
+ 11
@ 9
+ 8
+ 3
b 1
y 1
@ 4
+ 3
i 1
VA 1
5 1
(Tnode n,

e = ((OptChoice) n.nonTerm.get(NT)).rule;
// Bubupaem onTuManbHOe NpaBuio nns NT

(n, rule);

GenInstr(rule);

Integer NT) {

/** LRSS S S S S S EEEE S SRS R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE */

void TreePas
int m, i

s(Tnode n,

’

Rule r)

{

if (operations.contains(r.pat.op))

if |

TreePass((Tnode) n.sons.get(i),

else

// TlpoBepxa: omnepauus UJIU HETEPMUHAI

(m = Arity(r.pat.op)) != 0)
for (i = 0; i < m;

CodeGen (n,

it+)

(Rule) r.pat.sons.get(i));

r.pat.op);



210 Inasa 9. Tenepayus koda

9.10.4. Cunrakcuyeckni aHaaus ajasa T-rpammatuk. OOBYHO KOX TeHe-
pUpYeTCsi M3 HEKOTOPOTO MPOMEXYTOUHOTO $I3bKa C JOBOJIBHO KECTKOH CTPYK-
Typoil. B wacTHocTH, nsf KaxAOH omepaluM M3BeCTHA €e DPa3MepHOCTb, T.e€.
4HCJI0 omepaHioB, 6oJbliee uau paBHoe 0. Onepaunu 3afalTCs TEPMHHATbHBIMU
CHMBOJIAMHM, H HAo60poT — OyleM CUHUTaThb BCe TepMHHAaJbHble CHMBOJBI 3Ha-
Kamu orepauuil. Ha3zoBeM rpaMMaTHKH, yIOBJETBOPSIOLIHE 3THM OTpPaHHUYEHHSIM,
T-epammamurxamu. IlpaBass yacTb KaxKAOH MNPOAYKUHMH B T-rpaMMaTHKe eCcTb
NpaBUJIbHOE Mpe(pUKCHOe BbIpaXKeHHe, KOTOPOe MOXKET ObITb 3aJaHO CJeAyILHM
omnpeneseHUeEM.

1) Onepauus pasmepHocTy O siBJISieTCS MPABUIIbHBIM NPe(UKCHBIM BbIpaXKeHHEM.
2) HerepmuHan siBisieTCsl NPaBUIbHBIM NPE(PUKCHBIM BblpaKeHHEM.

3) Ilpe¢ukcHoe BeIpakeHHe, HauMHAIOLIeecs CO 3HAKa ONepalvyd pa3MepHOCTH
n > 0, sBJsieTCS NpPaBU/bHBIM, €CJM [0CJe 3HaKa ONepaluuu CclefyeT n
TNPaBUJ/IbHBIX NPe(MUKCHBIX BbIPaKeHHUH.

4) Huuto npyroe He sIBJSIeTCS MPaBUJIbHBIM MPEPUKCHBIM BblpaXKeHHEM.

JnvHBl BCeX BbIpaXKEHUH M3 BXOOHOM LIENOYKH Qf ... Ay MOXKHO NIPeIBaPUTEb-
HO BBIYHCJUTE (MOJ JJIMHON BbIpAaXKeHHs] UMeeTCs B BULY JJIMHA MOACTPOKH, HAYM-
Hatollelicsd ¢ CUMBOJIA KOJA ONepallii U 3aKaHYUBAIOLIEHCs MOCAeTHUM CUMBOJIOM,
BXOASIIIMM B BblpakeHHWe MJsi 3TOH onepauuu). [109TOMy MOXKHO MpPOBEPUTH,
COTIOCTAaBUMO JIU HEKOTOPOE TPABHJIO C TOALENOUKOH «; ... ax BXONHOH LENOYKU
a1 ... Qn, TPOXOAS CJI€BA-HAMPABO MO @; ... 4. B Mpolecce mpoxopa Mo Iernouke
npeiBapUTEIbHO BbIUUCJIEHHBIE JJIMHBI MPePUKCHBIX BbIpaXK€HWH HCIONb3YIOTCS
IJIsT TOTO, YTOOBI MEPEHTH OT OJHOr0 TePMHHAJa K CJAEAYIOLIEMY TEPMHHAJY, MPO-
mycKasl MOJIENOYKH, COOTBETCTBYIOIIHE HETEPMHUHAJIAM TIPABOM UaCTH MpaBHJa.

PaccmoTpum BHOBbL mpumep puc. 9.23. B npedukcHOH 3anucH TpPUBENEHHBIH
(parMeHT NpPOrpaMMbl 3aMUCHIBAETCS CJAEAYIOUIUM 06pa3oM:

=+ax+Q@++by@+1z5

OO6pasupl, COOTBETCTBYIOLIME MAIIMHHBIM KOMaHAaM, 3aAaloTcsl MpaBUJaAMH
rpaMMaTHKH (BooOlLe ToBOpsi, HEOQHO3HAuHOH). [eHepaTop Koma aHaJU3UpyeT
BXOJIHO€ Ipe(HKCHOe BBIpa’K€HUe U CTPOUT OJHOBPEMEHHO BCE BO3MOXKHBIE [e-
peBbsl pasbopa, Hampumep, ¢ momollbio anroputMa Koka-HAurepa—Kacamu. Ilo-
c/le OKOHYaHMs pas3bopa BbIOMpaeTcsl AepPeBO C HAaUMeHbILeH CTOMMOCTbIO. 3aTeM
0 9TOMY €IMHCTBEHHOMY ONTHMAaJbHOMY JepeBY FeHepHpyeTcst KOI.

9.10.5. ArpubyTHasi cxema [Jisl aJrOPUTMA COMOCTABJEHHUS 00Pas3IOB.
Anroputmbl 9.1 u 9.2 sBASIOTCH «yHHUBEPCAJbHBIMH» B TOM CMBbICJE, UTO KOH-
KpeTHble TPAMMAaTHKH BBIPaXKEHWH M 00pa3loB SIBJSIOTCS, MO CYILIECTBY, MapaMeT-
paMH 3THX aJrOPUTMOB. B TO Xe BpeMsi A/ KaXKI0H KOHKDETHOH rpaMMaTHKH
MOXKHO HaIKCaTh CBOH aJTOPUTM Toucka obpasuoB. Hampumep, B cayuae Haiei
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rpaMMaTHKH BbIpa)KeHHWH W 00pasloB, MpHUBedeHHbIX B Taba. 9.2, amroputm 9.2
MOXKeT OBbITb NpeJCTaBJ/eH aTpUOYyTHOHM rPaMMaTHKOH, IIPUBeJeHHON HUXKe.

Hacnenyembrit aTpubyT Match COIEpPKHUT YMOPSAOUEHHBIH CIUCOK (BEKTOp) 00-
pasLoB /15 CONOCTaBJEHHUs B MOAJepeBe JaHHOH BeplUMHbl. Kaxkablit U3 06pasios
a160 uMeeT BUL <op op-list> (op — omnepauus B NaHHOW BepliHHe, a op-list
— CIIMCOK ee onepaHaoB), JHOO0 TpeacrtaBiaseT cob6oil HerepmuHaa N. B nepsom
cnydae op-list «pacnpezessieTcss» 110 OTOMKaM BepLUMHbl AJS JajbHeHIIero co-
nocTaBJieHHsl. Bo BTOpOM c/iydae cornocTaB/leHUe CYMTAETCs YCIElLIHbIM, eC/IH eCTh
npasusiio N — op {Pat;}, rie w cOCTOMT U3 06pA3L0B, YCIEIIHO COMOCTABIEHHBIX
MIOTOMKaM JaHHOH BepLIMHBI. B 3TOM c/yyae 1o moToMKaM B KadecTBe 00pasLOB
pacrpezie/Il0TCs 3JeMeHTbl IPaBOH YacTH NpaBMJia. DTH ABa MHOXKECTBa 00pa3LoB
MoryT nepecekarbcsi. CHHTe3MpyeMbl aTpuOyT Pattern — BeKTOp JIOTHYeCKHX
3HaueHHH — JlaeT pe3y/bTaT COMNOCTABJEHHS M0 BEeKTOpy-00pasiy Match.

Takum o6pasom, Npu coOMoCTaB/JIeHUH 00pa3LOB MOTYT BCTPETHTbCS [Ba CJy-
yas.

1. Bektop 00pasuoB comepkut obpaseun <op {Pat;}>, rme op — omepars,
NpUMeHeHHasi B JaHHOW BepiuuHe. Torna pacnpenessieM o6pasubl Pat; 1o mo-
TOMKAaM U CUHTAaeM COMOCTAaBJEHHe MO JaHHOMY 00pa3lly yCHelHbIM (MCTHH-
HbIM), €CJIM YCIIELIHBbl COMOCTABJEHHS 3/JE€MEHTOB 3TOro o6pasla Mo BCeM
MOTOMKAaM.

2. O6pasuom siasiercsi HetepMmuHan N. Torma paccmarpuBaeM Bce TMpaBuJa
Buga N — op {Pat;}. BHoBb pacnpenmensiem o6pasubl Pat; mo motoMKam
M CYMTaeM COMOCTaBJIeHWE YCMELIHbIM (MCTHHHBIM), €CJIH YCIEIIHBl COTO-
CTaBJIeHHs TI0 BCeM TOTOMKaM. B ofuiem ciydae ycreurHbIM MOXKeT ObITh
COTIOCTaBJIEHHE 0 HECKOJNBKUM 06pasuam.

OTmeTnM, 4TO B 00LIEM CJydae 10 NOTOMKAM OfHOBPEMEHHO pacIpefessioTcs
HeCKOJIbKO 00pasLoB /151 CONOCTaBJ/IEHHUSI.

B npuBeneHHO!H HHxKe aTpuOYTHOH cXeMe He pacCMaTPHUBAIOTCS TPABUJ/A Bbl-
6opa TOKPLITUS HanWMeHbled ctroumocTd (cM. moxpasgen 9.10.3). BwiGop on-
TUMaJIbHOTO MOKPLITHS MOXKeT ObITb CHeJsaH elle OJHUM IPOXOAOM IO JepeBy
aHaJIOTMYHO TOMY, KaK 3TO Obl10 chesaHo Beie. Hanpumep, B mpaBuse c /+’
UMEIOTCSl HeCKOJIbKO 00pasuoB Ans Reg, HO peanbHOro BbIOOpPAa OLHOTO M3 HHUX
He ocyllecTBJseTcsl. Kpome Toro, He yTOYHeHBI HEKOTOpble AeTasd peash3aluH,
B UACTHOCTH, KOHKpeTHbIH croco® (hOpMHUPOBAHHUSI BEKTOPOB Match M Pattern.
B Tekcre ynorpe6./sieTcss TepMHUH «100aBHUTb», UTO O3Ha4aeT N00aBJeHHe Ouepesi-
HOr0 3JeMeHTa K BeKTOpy 00pasuoB. BexkTopel 00pasloB 3amucaHbl B YIJIOBBIX
CKOOKax.

RULE
Stat ::= =" Reg Reg
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SEMANTICS
Match<2>=<’+’ Reg Const>;
Match<3>=<Reg>;
Pattern<0>[1]=Pattern<2>[1]&Pattern<3>[1].
DToMy npaBuUJy COOTBETCTBYeT ofuH obpasel 2. [ToaToMy B KauecTBe 06pa3LoB OTOMKOB
yepe3 UX aTpuOyThl Match nepenaioTcs, COOTBETCTBEHHO,
<"+’ Reg Const> u <Reg>.
RULE
Reg ::= "+’ Reg Reg

SEMANTICS
if (Match<0> cogmepxur Reg B nos3unuu i)
{Match<2>=<Reg, Reg, Reg>;
Match<3>=<Const,Reg,<’Q’ '+’ Reg Const>>;
}
if (Match<0> copepxur obpasern <’'+’ Reg Const>
B HO3ULMU J)
{nobaBuTe Reg k Match<2> B HEKOTOpPON MHO3ULMUU K;
nobaBuTh Const Kk Match<3> B HEKOTOPOM MMO3IULUU K;
}
if (Match<0> copepxutr obpasen <’+’ Reg Const>
B HO3ULIMU J)
Pattern<0>[j]=Pattern<2>[k]&Pattern<3>[k];
if (Match[0] copepxuT Reg B i-¥ MO3UIIUHU)
Pattern<0>[i]=(Pattern<2>[1]&Pattern<3>[1])
| (Pattern<2>[2]&Pattern<3>[2])
| (Pattern<2>[3]&Pattern<3>[3]).

O6pasiibl, COOTBETCTBYIOIIHE STOMY MPABUJY, CJIEAYIONIHe

(4) Reg — '+’ Reg Const,

(5) Reg — '+ Reg Reg,

(6) Reg — '+ Reg 'Q" '+’ Reg Const.
AtpubyTam Match BTOPOro H TPEThero CHMBOJIOB B KauecTBe 06pa3iloB MPU COIMO-
CTaBJE€HHU MOTYT OBITb MepeldaHbl BEKTOPHl <Reg, Reg, Reg> U <Const, Reg,
<’@’ '+’ Reg Const>> COOTBETCTBeHHO. M3 aHasn3a Apyrux MpaBHJI MOXKHO
3aKJIIOUUTb, UTO TMPH COMOCTABJEHHH 0Opa3lloB MPENKOB JIEBOH 4acTH AaHHOTO
npaBu/a aTpuOyTy Match CHMBOJIA JIEBOH YaCTH MOXKET ObiTh MepenaH obpasert
<’+’ Reg Const> (43 06pasuoB 2, 3, 6) uau obpasel Reg.
RULE
Reg ::= '@’ Reg

SEMANTICS

if (Match<0> copepxuTr Reg B i-¥ MIO3UIIUHU)
Match<2>=<<’"+’ Reg Const>,Reg>;

if (Match<0> cogepxur <’Q’ '+’ Reg Const>
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Stat

M=<<'+'Reg Const>> M=<Reg>
Reg p_ce> p—ct> g

+ 7\ M=<Reg, Rng,r 7\
M=<Reg> M=<Const, Reg,

M=<Const> Reg>
p=<t> Reg Reg p_ci3 P—<t,t,t> Reg Reg <@''+'Reg Const>>

@/‘ p=<t,t, f>

Const  Const M=<<'+'Reg Const>, Reg Const

Reg> +
P=<f, t>

M=<Reg, Reg, M=<Const, Reg,

Reg, Reg> <@''+'Reg Const>,

P=<t,t,t,t> 1¢g Reg Const>

+ ,//w P=<f, t,t, £>

M=<Reg, Reg, M=<Const, Reg, @ M=<<'+'Const>,
Reg> Reg Reg <@''+'Reg Const>> Reg Reg,<'+'Reg Const>>

P=<t, t,t> ‘

P=<t, t, £> Jr7Y:<t,t,t>
M=<Reg, Reg, M=<Const, Reg,

Reg, Reg, Reg> Reg Reg <'@''+'Reg Const>,
P=<t,t,t,t,t> Const,Const>
P=<t,t,f,t,t>

Const  Const

Const Const
Puc. 9.25

B j-¥ IO3ULIUU)
pnobaBuTb K Match<2> <’+’ Reg Const> B k nosunuwu;
if (Match<0> copepxuT Reg B i-¥M MO3UIIUHU)
Pattern<0>[i]=Pattern<2>[1]|Pattern<2>[2];

if (Match<0> comepxur <’@’ '+’ Reg Const>

B j-¥ IO3ULIUU)
Pattern<0>[j]=Pattern<2>[k].

O6pasiibl, COOTBETCTBYIOIIHE 3TOMY MPABUIY, CAELYIOLIHE:
(3) Reg — Q" '+’ Reg Const,
(7) Reg — Q" Reg.

CooTBetcTBeHHO aTpudyTy Match BTOporo cumMBoJia B KadecTBe 00pa3LoB MpU CO-
MOCTaBJIEHHH MOTYT ObITh TepenaHbl <’ +’ Reg Const> (o6pasen 3) uan <Reg>
(obpasen 7). M3 ananusa Opyrux MpaBuJl MOXKHO 3aKJIOUHTh, UTO MPH COMOCTaB-
JIeHHH 00pa3LoB MPeIKOB JIEBOW YacTH NAHHOTO MpaBuJja atpubyty Match moryT
ObITh TepenaHbl oOpasubl <’ @’ '+’ Reg Const> (u3 obpasua 6) U Reg.
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RULE
Reg ::= Const
SEMANTICS

if (Pattern<0> cogpmepxur Const B Jj-H IIO3ULUU)
Pattern<0>[j]=true;

if (Pattern<0> conmepxuT Reg B i-¥ IO3UIIUU)
Pattern<0>[i]=true.

Hns  nmepeBa pwuc.9.23 noayunm 3Ha4eHHs aTpuUOyTOB, MPHUBEIEHHBIE
Ha puc. 9.25. 3nmech M o6o3HayaeTr Match, P — Pattern, C — Const, R —
Reg.



[amasa 10
CHUCTEMbI ABTOMATHU3AIINU
IIOCTPOEHUA TPAHCJIATOPOB

Cucrembl aBToMaTu3anuu nocrpoerus tpancastopoB (CAIIT) npennasHayeHbl
IJ1sl aBTOMaTH3alMM Ipolecca pa3paboTKU TpaHCAsTopoB. O4yeBUAHO, YTO AJS
TOro, UTOOBl OMHUCATh TPAHCJAATOP, HEOOXOMAUMO UMETh (HOPManu3M [Js1 OTIUCAHHUS.
dtoT hopmanusMm 3ateM peanusyercs B Buae BxomHoro sisbika CAIIT. Kak mpa-
BUJI0, (hOpMaJ/IM3Mbl OCHOBaHbI Ha aTPUOYTHBIX TpaMMaTHkax. Huxke onucaHbl 1Be
CAIIT, noayuusmue pacnpoctpaHenue: CYIIEP [4] u Yacc. B ocHoBy mnepsoit
cucteMbl moJioxkeHbl LL(1)-rpaMMaTiku ¥ L-aTpuGyTHbIe BBIUHCAUTENH, B OCHOBY
Bropol — LALR(1)-rpaMmaTukut U S-aTpuGyTHbIE BHIUHCIUTENH.

10.1. Cucrema CYIIEP

[Tporpamma Ha BxomHoM sisbike CYTIEP («MeramporpamMma») COCTOUT U3 CJe-
AYIOLIHX Pa3IesioB:

— 3aroJioBOK;
— pasnes KOHCTaHT;

— PpasfeJs THUIIOB;

— anadasur;

— pasgen QaiJos;

— pasgen 6UOJHOTEKH;

— arpubyTHasi cxema.

3aroJioBOK OIpenessieT UMs aTpuOyTHOH rpaMMaTHKH, NepBble TpU OYKBbI UMe-
HU 3a[aI0T pacllMpeHHe WMeHHW BXOAHOrO (haija AJs peasru3yeMoro TPaHCASTOpa.

Pasnesn KOHCTaHT COOEPKHUT OMHMCAHHWE KOHCTAHT, pasles THUIOB — OIMHCaHHe
THUIIOB.

AndaBuT comepKUT MepeuncieHre HeTePMUHANbHBIX CHMBOJIOB U KJIACCOB JIEK-
ceM, a Take aTpuOYTOB (M UX THUIIOB), COMOCTABJEHHBIX 3TUM CHMBoJaM. Kiaccel
JIEKCEM SIBJISIIOTCS TEPMHUHAJbHBIMU CHMBOJIAMH C TOUKH 3DEHHS CHHTaKCHUECKOT0
aHa/ju3a, HO MOTYT HMeTb aTPUOYTHI, BBIUMCJ/SiEMble B TPOLECCE JIEKCHUECKOTO
aHanuza. OnpeseseHne Kaacca JieKCeM COCTOMT B 3aJlaHWH MMEHH KJacca, UMeH
aTpubyTOB AJS 3TOTO KJacca W THIIOB 3THX aTpUOyTOB.
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OnpenesneHyre HeTePMHUHAJABHBIX CUMBOJIOB COIEPXKHUT MepeyrcaeHre 3TUX CUM-
BOJIOB C yKa3aHHeM MNPHUIIUCAHHBIX UM aTpPUOYTOB M MX THUIOB. AKCHOMa rpaMma-
THKH YKa3blBaeTCsl MEPBEIM CUMBOJIOM B CIIHCKe HeTepMHHAJOB.

Pasnen 6ubJHOTEKH CONEPAKHUT 3arOJIOBKH MPOLEAYP ¥ (PYHKUHH, HUCTOJb3ye-
MbIX B (popMy/1ax aTpuOyTHOH rpaMMaTHKH.

Pazpen ¢aiioB comepXUT onucaHue (halJOBBIX MEpPeMEHHbIX, HCIOJb3YEMBIX
B (opmynax atpubyTHOH rpamMmatHku. DainoBele MepeMeHHble MOXKHO paccMmat-
pYBaTh KakK aTpUOyThl aKCHOMBI.

ATpubyTHasi cxeMa COCTOMUT M3 CIHCKA CHHTAKCHUECKHX MPABUJ H COMOCTAaB-
JIEHHBIX UM CeMaHTHYeCKUX MpaBuJ/. /s onucaHHs CHHTAaKCHCa s3blKa HCIOJb-
3yeTcs paciuupeHHas ¢opma bakyca-Haypa. TepmuHanpHBlE CHMBOJBI B MpPaBoi
YacTH 3aKJ/IIOYAKTCS B KaBblUKH, KJAacChl JieKCeM M HeTepMHHaJbl 3a[alTCs UX
uMeHamu. J/is1 3anaHusi HeoOs13aTeNbHBIX CHMBOJIOB B MPABOW YaCTH UCIIOJb3YIOT-
csl CKOOKM [ ], IJISl 3a/laHHsl TOBTOPSIFOLLUXCS KOHCTPYKLHH UCIIOJb3YOTCS CKOO-
Kd ( ). B atom ciyuae moxeT OBITb yKasaH pasjie/iiTesb CHMBOJIOB (mocse /).
Hanpuwmep,

A::=B[C]1 (D) (E/ ",")

[lepBbIM npaBuJOM B aTpUOYTHOH cXeMe AOJKHO ObITh MPABUJIO AJST aKCHOMBI.

Kaxkmomy cHHTakcH4ecKOMy MpaBUJy MOTYT ObITb COMOCTABJIEHbl CEMaHTH-
yeckre nedcTBUA. Kaxkpoe Takoe NeHCTBHE — 3TO ONEpPaTOp, KOTOPBIH MOXKET
UCII0/Ib30BaTh aTPUOYThl KaK CUMBOJIOB JAHHOTO MpaBHJa (J0KajbHble aTpUOyTh),
TaK U CHMBOJIOB, MOTYLIMX ObITh (AMHAMMYECKH) MPeAKaMH CHMBOJA JIEBOH Ya-
CTH JaHHOTrO TpaBH/a B HepeBe pazbopa (rioGanbHble aTpubyThl). IS CCBIIKH
Ha JIOKaJbHble aTPUOYTHl CHMBOJIbI AAHHOTO MpaBUJa (Kak TepMHHaJbHBIE, TaK
¥ HeTepMHHaJ/bHbIe) HyMepytoTes oT O (n/1st cumBosia sieBo# 4actH). [Ipu ccblike
Ha ry06anbHble aTPUOYTHl HAaAO MMETb B BHAY, YTO aTPUOYTH HMeIOT 06JacTu
BHUIMMOCTH Ha nepeBe paszbopa. O6acTbi0 BUAUMOCTH aTpubyTa BEpIIMHBI, TOMe-
4YeHHOH N, fIBJIsleTCsl BCe NoAJepeBO N, 32 UCKJIOUEHHEM ero MOoAJepeBbeB, TaKxKe
NOMeYeHHbIX N.

VcrnonHeHue onepaTopoB ceMaHTUYeCKOH YacTU NpaBHJia NIPHUBS3bIBAeTCsl K 00-
X0y JepeBa pa3bopa CBepXy-BHM3 cJ/eBa-Hanpaso. /s 3TOro Kaxkablil omneparop
MoxKeT OBITh CHa0xeH MeTKOH, COCTOsillell M3 HOoMepa BeTBM IpaBuUJ/a, K BbI-
MOJIHEHHIO KOTOPOH M0JIKeH OBITh TMPHUBSI3aH OMepaTop, H, BO3MOXKHO, OJHOTO M3
cypdukcoB A, B, E, M.

Cydpduke A 3amaer BBIIONHEHHE olepaTopa Mepel KaxKAblM BXOXKIEeHHEM
CHHTAKCHUECKOH KOHCTPYKLHMH, 3aKJIOYeHHOH B CKOOKHM moBTopeHH# ( ). Cyd-
¢uKc B 3anaeT BBIOJHEHHE OlepaTopa IOCJe KaxKAOro BXOXAEHUS CHUHTaKCH-
YeCKOH KOHCTPYKLHMH, 3aKJUeHHOH B CKOOKM mnoBTopeHHd ( ). Cydpduxkc M
3a/laeT BBIIIOJIHEHHE OIlepaTopa MexKAy BXOXKAEHHSIMH CUHTaKCUUECKOHW KOHCTPYK-
MM, 3aKJ/I04eHHOH B cKOOKHM noBtopeHu# ( ). Cyddukc E 3anaeT BbINOJHEHHE
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oriepaTopa B TOM CJydae, Korga KOHCTPYKLHWA, 3aKJ/JOUYeHHas B CKOOKH [ 1,

OTCYTCTBYET.
[IpumMep HcroNb30BaHUS METOK aTPUOYTHBIX (POPMYII:
D ::="d" =>
$0.y:=$0.x+1.
A ::=B (C) [D] =>
$2.x:=1;
2M: $2.x:=%2.x+1;
$3.x:=82.x;

3E: $3.y:=83.x;
3: writeln($3.y).
[Tpouenypa writeln HameyaTaeT YMCJO BXOXKAEHHH CHMBOJa C B C-CITHCOK,
ecJu D OMylleHo. B MpOTUBHOM cJydyae HameuaTaHHOE UYUCJO OyIeT Ha eTUHHILY

O0JIbIIIE.

10.2. Cucrema YACC

B ocuoBy cucrembl YACC moJioKeH CHHTAKCHUECKMH aHa/ld3aTop THIa
LALR(1), renepupyemblii Mo BXOAHOH (MeTa)rnporpaMme. Jta MporpamMma COCTOUT
U3 Tpex yacTel:

%1
Cu-TekcT
%}

o

$token CnucoX HMeH JiIeKCeM

[}
)

CnuCoOK IpaBuJl TPAHCIIALNU
%%
Cnyxeburle CHU-IOLNIPOrPAMMEL

Cu-TekcT (KOTOpPBIH BMeCTe ¢ OKPY2KaIOLIUMU CKOOKaMH %{ U %} MOXeT OTCYT-
CTBOBaThb) 00bIYHO conepKUT CH-00bsBIeHUs (BK/ouas #include U #define),
HCIosb3yeMble B TeKcTe HHKe. DTOT CH-TEKCT MOXKET COIep:KaTb U OObABJIEHHUS
(MK npenoObIBAEHHUS) PYHKIHH.

CrnucoK HMMeH JieKceM CONep:KHUT MMeHa, KoTopble mnpeobpasdytorcs YACC-
TpenpoueccopoM B 00bsBIeHUS] KOHCTaHT (#define). Kak mpaBuso, 3TH uMeHa
MCIOMb3YIOTCA KaK MMeHa KJIaCCOB JIEKCEM U CJIyKaT 1Jisl onpesiesieHnst HHTepdek-
ca ¢ JIEKCHUeCKHM aHaJ13aTOpPOM.

Kaxxyoe npaBusio TpaHC/SALHUU HMEET BUJ

JleBass_uacTb : anbTepHaTuBa_l
{cemaHnTHUeCKkUe_pencTBUSA_1l}

| anbrepHaTuBa_2 {CeMaHTHUECKHEe_ IeNCTBUSA_2}

| anpTepHaTHBa_n {CeMaHTHUECKHE INEeHNCTBUS_n}

’
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Kaxnoe cemanTHueckoe AeHCTBHE — 3TO M0CJE10BaTeNbHOCTb onepatopos CH.
[Tpn sToM KaxKAOMY HeTepMHHa/y MOXKeT OBITb COINOCTaBJIeH OAMH CUHTe3Hpye-
Mblii arpubyT. Ha atpubyT HeTepMuHasa JieBOHM 4YacTH CCblIKA OCYLIECTBJSETCS
NOCPeACTBOM 3Hauka $$, Ha aTPUOYTHl CUMBOJIOB IIPAaBOH 4aCTH — IOCPEACTBOM
3HaUKOB $1, $2 , ..., $n, IpUYeM HOMep COOTBETCTBYeT MOPSAKY 3JIeMEHTOB
NpaBoOH YacTH, BKJIOYAs ceMaHTHueckue HeHcTBUs. Kaxnoe cemaHTHueckoe neii-
CTBHe MOXeT Bblpa0aTblBaTb 3HaueHHe B pe3y/bTaTe BBHIINOJHEHHs MPUCBAUBAHHUSA
$$=Bupaxenue. lcrnosHeHHe Takoro oneparopa B IOC/AeJHEM CeMaHTHUECKOM
NeACTBUU ompefesisieT 3HaUeHHe aTpuOyTa CUMBOJIA JI€BOH YacTH.

B HexkoTopbIX ciydasx [AONyCKaeTCcs HCIONb30BaHHe IPaMMAaTHK, HMeELIUX
KOH(IUKTBL. [Ipy 3TOM CHHTaKcHUYeCKMH aHa/lM3aTOp paspellaeT KOH(JIUKTHI cJe-
LYyIOLUUM 00pa3oMm:

— KOH(JIMKTBI THIIAa CBEPTKa/CBEpPTKa pa3pelLlaloTcsl BbIOOPOM MpaBHa, Tpei-
IIeCTBYIOLLEr0 BO BXOLHOH MeTalporpamme;

— KOH(JIMKTBl THMA CABUI/CBepTKAa paspellaloTcs MpeAroyTeHHeM CIBHra.
[Tocko/IbKY 9THX NpaBW/ He BCerja AOCTaTOYHO /1S NPABHUJBHOIO ONpefe/eHHs
aHa/M3atopa, JOMYyCKaeTcs OmNpefie/leHHe CTapLIMHCTBA M aCCOLUMATHBHOCTH Tep-
MHHAJIOB.

Hanpumep, o6bsBeHEe

$left 7+ -

omnpenesasieT + U — HMEOUWHUMU ONWHAKOBBIA MPUOPUTET U JIEBYID aCCOLIUATHUB-
HOCTb. Onepaumo MOXKHO OINpenesuTb KakK IPaBOACCOLLMATHBHYIO B pe3yJbTaTe
00bSIBJIEHUS:

$right ' */

BuHapHYIO omepalnio MOXHO ONMpPEeNeSUTh KaK HeacCOUHaTHBHYK (T.e. He Jo-
MyCKaILyo 00belHHeHHs] ABYX MOAPSA HAYIIHX 3HAKOB OMEpallHH):

%nonassoc '<’

CI/IMBO.HbI, nepedyrcJ/ieHHble B OJHOM O6’bHB.HeHI/II/I, HUMEIT OJWHAKOBOE CTap-
IIKUHCTBO. CTapLLII/IHCTBO BbIlIE€ [JId KaXXA0Tro TOCJEAYIOLIEro 00bsiBaeHus1. Kon-
CID.HI/IKT}:I paspelialoTcd nyTeM MNpUCBaWBaHHSA CTAPUIMHCTBA U ACCOLMATHBHOCTU
KaxJA0My TIpaBUJay TrpaMMATUKHW KW KaxXIAOMYy TepMHHAJay, y4aCTBYIOIIMM B KOH-
Cp.HI/IKTe. Ecnu HeO6XO}II/IMO BbI6paTb MeXXAYy CABHUIOM BXOAHOI'0O CUMBOJIA § U CBEPT-
KOH 110 paBuJy A— w, TO CBEPTKa [AeJiaeTrcd, eCJd CTAapUIMHCTBO IIpaBHJia
6oJbliIe CTapUIMHCTBA § UJIK €CJIU CTAPUIMHCTBA OAWHAKOBbI, a MPaBUJO J1€BOACCO-
LIHMaTHUBHO. B [IPOTHBHOM CJy4dae [eJaeTcsd CIABHT.

O6bI4HO 32 CTAapPUWMHHCTBO [IpaBuJia NIPUHUMAETCA CTAPIIHUHCTBO CaMOIr'o IpaBoOTro
TepMHHaJa IpaBuJa. B rex cjlyydadax, Koraa caMbli npaan?I TepMHHAJ He OaeT
HY2>XKHOI'0 NpUOpUTETA, 3TOT INPHOPUTET MO2KHO Ha3HAYWUTLH CJAEAYIOUIUM 00BsIBJIE-
HHUeM:

%prec TepMHHAI
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CTapIIMHCTBO U aCCOLIMATHBHOCTD TIPABUJ/IA B 9TOM caydae OyIyT TaKHMHU XKe, KaK
Yy YKa3aHHOT'O TepMHHaJa.

YACC He coof11aeT 0 KOHPJIUKTAX, pa3peliaeMblX ¢ MOMOLIbI0 aCCOLUATHUBHO-
CTH U NIpHOpPUTETOB. BoccTaHoB/eHHe T0C/Ie OLIMOOK yIPaBJAsSeTCs 0JAb30BaTeNEM
C TIOMOIIbIO BBEJEHHS] B TPAMMATUKY «IIPaBUJ OIIHOKHU» BHIA

A — error w.
3necb error — kioudeBoe ciaoBo YACC. Korma BcTpeuaercsi cHHTaKcHueckas
omnbKa, aHa/M3aToOp TPAKTYeT COCTOSIHHe, Habop CHUTyalHH KOTOPOr'O COAEPHKHT
MPaBUJIO AJISl error, HEKOTOPBIM ClelHabHBIM 006pa3oM: CHMBOJIBI M3 MarasuHa
BBITAJIKMBAIOTCS 10 TeX IOp, [0Ka Ha ero Bepxyllike He OyaeT 0OHapy»KeHO COCTO-
siHUe, JJIs KOTOPOTro HAbop CHUTyalMd CONEpPXKHUT CHTyaluio Buaa [A — .error wl,
nocjie yero B MarasuH (pUKTUBHO IOMellaeTcss CUMBOJ error, Kak ec/au Obl OH
BCTPETHJICS BO BXOLHOH CTpOKE.

Ecan w mycro, To nenaercs cBeptka. [locsie 3Toro aHanausaTtop mpomyckaet
BXOJIHble CHUMBOJIBI, [TOKA He HaHAeT TaKoH, C KOTOPBIM MOKHO MPOMOJIKUTb HOP-
MaJibHBIH pa3bop.

Ecau w He mycTo, mpocMaTpuBaeTcsl BXOAHAsi CTPOKA M JeJsaeTcs MOINbITKA
CBepHYTb w. Ec/aM w COCTOMT TOJBKO M3 TEPMHMHAJIOB, TO 3Ta CTPOKA HILETCS
BO BXOIHOM IIOTOKE.





