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IIpeaucioBue

IIpemraraemast BHUMAHWIO YMTATEs KHUTA OCHOBAHA HA
KypCe JIEKIUi, TPOYNTAHHBIX HA (DAKYIbTETE BHIYUCIUTETBHON
varemaruku u kubepaeruku MI'Y um. M.B. Jlomonocosa u Ha
dakysbTeTe yIIPABJIEHAS U IPUKJIIAAHON MareMaruku MockoB-
CKOTO (PUBMKO-TEXHUIECKOTO WHCTUTYTa B 1991-2002 1. ABTO-
PBI HAJEIOTCS, 9TO W3JAHNE KHUTH BOCIIOJHUT CYIECTBEHHBIN
poOesT B IUTEPATYPE HA PYCCKOM S3BIKE TI0 Pa3pabOTKe KOM-
MTAJISATOPOB.

B kHure mpeicraBiieHbl «KJIACCUYECKUE> PA3IEIbl TEOPHUH
pa3paboOTKM KOMITUISATOPOB: JIGKCUUECKUA W CUHTAKCHYECKUIA
aHAJIM3, OPraHU3alUs NaAMATH KOMIUAATOPA (TaOJULbI CAM-
BOJIOB) U NEPUOJA MCIOMHEHMsT (MAra3uHa), reHepalys KOJa.
PaccmarpuBatorcsi Takue CpeicTBA aBTOMATH3AIUN ITPOIECCA
paspaborku TpancasTopos, kak LEX, YACC, CVIIEP, mero-
JIbl TEHEPAIME ONITUMAJIBLHOrO Koza. Crenana nombITKa Ha 1PO-
TSKEHUHU BCETO U3JI0YKEHWs MTPOBECTU eIUHYI0 «aTPUOyTHYIO>
TOYKY 3pEeHHs Ha MPOIECC pa3pabOTKu KOMIUISTOPa. B KHUre
HEe 3aTPAruBaIOTCS YPE3BBIUAIHO BayKHBIE BOIPOCHI IJI00AITH-
HO¥ ONITUMU3ANNY U PA3PAOOTKH KOMIMIATOPOB [IJIsi MAIIUH C
MAPAJUIESIbHON ApXUTEKTYPOil. ABTOPBI HAJAECIOTCH BOCIIOJHUTD
TH TpOOesIbI B Oy IyIIeM.

Kuwura paccumTana Kak Ha CTYIEHTOB M ACTUPAHTOB MPO-
IPAMMUCTCKUX CIIENUAIbHOCTEH, TaK U HA MPO(ECCUOHAIOB B
006JIaCTH MTPOrPAMMUPOBAHMA.

ABTOpBI BiIaroHapsIT BCEX, KTO CIIOCOOCTBOBAJ BBIXOAY 3TOMH
kuuru B CBer u ¢ NpuU3HATEILHOCTHIO IPUMYT BCE KOHCTPYK-
TUBHBIE 3AMEYaHUs 10 €€ COMEPKAHUIO U OhOPMIIEHUIO.



I'maBa 1.

BBenenne

1.1. Mecro KoMImjiagTOpa B Nporpam-
MHOM obecrieueHnn

KoMmumsiTopbl  COCTABISAIOT CYNIECTBEHHYI0 YacThb IMPO-
rpammHOro obecnedenns IBM. Do cBA3aHO € TEM, UTO A3bI-
KU BBICOKOI'O YPOBHS CTaJI¥ OCHOBHBIM CPEJICTBOM pa3paboTKu
nporpamM. CerogHsi TOAbLKO O4Y€Hb MaJiasg YaCTh HPOrPaMM-
HOTO Obecreuenusi, Tpedyomas ocoboit 3hdeKTUBHOCTH, pas-
pabdarbIBaeTCsa ¢ OMOIBIO acceMbmepoB. B Hacrostimee Bpemst
HMEET MPUMEHEHUE JTOBOJIBLHO MHOTO A3LIKOB MPOTrPAMMUDOBA-
Hust. Hapsiay ¢ TpaauliMOHHBIME SI3BIKAME, TAKMMHE, HAIIPUMED,
kak DoprpaH, MIMPOKOE PACIPOCTPAHEHUE IONYYUIN TAK Ha-
3blBaeMble «yHuBepcasibhbley sa3biku ([Tackans, Cu, Moayna-2,
Anau apyrue), a Tak:Ke HEKOTOPbBIE CIEIUATU3UPOBAHHbBIE (Ha-
npuMep, sA3bIK 00paboTKYU CIUCOUHBIX CTPYKTYD Jlucn). Kpome
TOro, 60JIBbIIOE PACIPOCTPAHEHHE [TOJIY YN S3bIKH, CBA3AHHBIE
€ Y3KMMH IPEeIMETHBIMU 00JIACTAMHU, TAKHE, KAK BXOIHBIE S3bI-
KU IAKETOB IIPUKJIAIHBIX IPOIPAMM.

s psisa Ha3BAHHBIX A3BIKOB UMEETCs JOBOJIBHO MHOI'O Pe-
anmzammit. Tak, Ha PBIHKE MPOrPaMMHOTO ObecIevdeHns mpe-
CTaBJIeHbl JeCATKM peasm3auuil s3bikop Ilackass, Momyibi-2
nmu Cu g 9BM rtuna IBM PC.



10 I'maBa 1. Bpexenune

C apyroit CTOPOHBI, MOCTOSTHHO PACTYINAs MOTPEOHOCTH B
HOBBIX KOMIUJIATOPAX CBsA3aHA € OyPHBIM PA3BUTHEM APXU-
rekTyp IBM. D710 pazBurme WAET MO PABNIUYHBIM HAIPAB-
sienusM. Hapsily ¢ BOBHUKHOBEHMEM HOBBIX APXUTEKTYP, CO-
BEPIIEHCTBYIOTCS CTAPhIE APXUTEKTYPHI KAK B KOHIENTYa b~
HOM OTHOIIIEHWW, TaK U MO OTAEJbHBIM, KOHKPETHBIM MMapa-
MeTpaM. JTO MOKHO TOKA3aTh HA TPUMEPE MUKPOIIPOIECCO-
pa Intel-80X86. IlociemoBaTenbHbIE BEPCHU ITOIO MUKPOIPO-
neccopa 8086, 80186, 80286, 80386, 80486, 80586 ornuuaror-
¢ HE TOJMBKO TEXHUIECKUMHU XAPAKTEPUCTHKAMHU, HO W, UTO
0oJiee BayKHO, HOBBIMU BO3MOXKHOCTSIMYM W, 3HAYNT, W3MEHEHMU-
eM (pacimpenuem) cucreMbl Koman . EcrecrBenno, 1o Tpeby-
€T HOBBIX KOMIUAATOPoB (min Mopudukanuu crapbix). To ke
MO2KHO CKa3aTh 0 Mukpomporeccopax Motorola 68010, 68020,
68030, 68040.

B paMkax TpaJMIIMOHHBIX MOCTIEIOBATETBHBIX MAIHH Pa3-
BHUBAETCsT DOJIBINIOE YHCIO PA3TUIHBIX HAMPABJICHUI apXUTEK-
ryp. [Ipumepamu moryr ciayxkurb apxurektypst CISC; RISC.
Taxwe Bexymwme dpupmbl, kak Intel, Motorola, Sun, HaunHa-
0T TIepexoauTh Ha BhimycK MamuH ¢ RISC-apxurekTypamu.
EcrecrBenno, a7st Kaxka0ii HOBO# CHCTEMBI KOMAaHI Tpedyer-
€4 TONTHBIA HABOP HOBBIX KOMIIUISTOPOB € PACIPOCTPAHEHHBIX
SI3BIKOB.

Hakomer, 6ypHO pa3BHBAIOTCS PA3IHTHBIE MAPALICTLHBIE
apxuTeKTypbl. Cpen HUX OTMETUM BEKTOPHBIE, MHOTOIIPOIIEC-
COpHbIE, C LIMPOKUM KOMAHHBIM CJIOBOM apXUTEKTYPbl (Bapu-
AHTOM KOTOPBIX ABJSAIOTCs cynepckaapubie 9BM). Ha poinke
yKe UMeITCs JecaTku tunoB IBM ¢ mapasienbHOl apxuTex-
Typoil, HauuHas or cynep-9BM (Cray, CDC u apyrue), ue-
pe3 pabouune craniuu (Hanpumep, IBM RS/6000) u xonuas
[NEPCOHAJILHBIME KOMIIbIOTEpAMU (HALIPUMED, HA OCHOBE MU-
kpomporeccopa 1-860). EcrecTBento, masa KasKI0# W3 HOBBIX
MAIlWH CO3JAITCS HOBBIE KOMITUISATOPBI I MHOTHUX S3BIKOB
MPOTPAMMUPOBAHUS. 31eCh HEOOXOINMO TaK¥)Ke OTMETUTh, UTO
HOBBIE APXUTEKTYPHI TPEOYIOT pa3pabOTKU COBEPIIIEHHO HOBBIX
MOJIXO/TOB K CO3JAHUIO KOMIUJISITOPOB, TaK 9TO HAPSIY ¢ COO-
CTBEHHO Pa3paboTKO KOMIHUISTOPOB BeAETCS U OOJbIIas Ha-
yUIHAsT paboTa MO CO3/JAHUI0 HOBBIX METOIOB TPAHC/ISAINAN.
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1.2. CrpykKTypa KOMITWJIATOPA

06001méHHas CTPYKTYpa KOMOUIATOPA W OCHOBHBIE (Da3bI
KOMIMJIAIIMY [IOKa3aHbl Ha puc. 1.1.

Ha navanbroit aze nexcuaeckoro aHaan3a BXOIHAS TTPO-
rpaMMa, TPeACTABJASIONAas COOOH MOTOK JHUTEp, pa3sOuBaeTcs
HA JIEKCEMbI — CJIOBA B COOTBETCTBHHU C OIPEIEJIEHUSIMHU SI3bIKA.
OcHoBHBIME GHOPMATUIMAMHE, JEXKAITUM B OCHOBE DEATH3AINN
JIEKCHYECKHUX AHAJIU3ATOPOB, SABJSIOTCH KOHEYHBIE ABTOMATHI
M peryjsipHble BbIpaskeHnsi. JIekcndeckuil aHaan3aTop MOKeT
paborarb B JBYX OCHOBHBIX PEKHMax: JUOO KaK MOAIPOrpaM-
Ma, BbI3bIBAEMasi CHHTAKCHYECKUM aHAJIU3ATOPOM JJId MOy Ye-
HUsI OY€PeHOM JIeKCeMBbl, JTUO0 KaK TOJHBIA MPOXO[, Pe3yilb-
TATOM KOTOPOTO ABJIAETCA DAyl JeKceM.

B nporiecce Bbiesienns JIeKCeM JIEKCHYECKHI aHAJTABATOD
MOXKET KakK CAMOCTOSITEILHO CTPOUTH TAOIHIBI OOBEKTOB (dn-
ceJl, CTPOK, HJACHTUMUKATOPOB U TaK Aajiee), TAK U BbLIABATH
3HAYEHUS JIJIsl KayKJO! JIEKCeMbI IIPU O4YepeHOM K HeMy 00-
pamenun. B aTom ciydae tabauibl 06bEKTOB CTPOSATCA B ITO-
caenyomux dazax (Haupumep, B IPOUECCE CHHTAKCHYECKOrO
aHaIn3a).

Ha sTarne sexkcuveckoro aHaan3a 00HAPY KUBAIOTCST HEKOTO-
pble (mpocreiimune) ommbKN (HEJOMyCTHMbIE CHMBOJIBI, HETPa-
BUJIbHAS 3AIUCH YHUCEJl, UAEHTH(MOUKATOPOB U JIPYIHE).

IlenTpanbHasg 334298 CHHTAKCUYIECKOTO aHAIN3a — pa3bop
cTpyKTypbl nporpamuybl. Kak mpaswmiio, mom cTpykrypoit no-
HUMAEeTCsI IePEBO, COOTBETCTBYIOIEE pa3dopy B KOHTEKCTHO-
cB0OOIHON rpaMMaTHKe s3bIKa. B HacTOsIIIee BpeMst Jalle Bee-
ro ncnonb3yercs au6o LL(1)-ananu3 (1 ero BApHaHT — PEKyp-
cuBHBbIH cryck), mubo LR(1)-amanu3 u ero Bapuantst (LR(0),
SLR(1), LALR(1) u apyrue). PekypcuBHbiii Ciiyck 4alue uc-
MOMIB3YETCsT TIPY PYYHOM MPOTPAMMUPOBAHUN CHHTAKCUIECKOTO
anayuzaropa, LR(1) — 0pu ucrnosb30BaHuu CUCTEM aBTOMATH-
YECKOr'0 NOCTPOEHUSI CHHTAKCUIECKUX AHAJTU3ATOPOB.

PesynbraToM CHHTAKCHYIECKOTO AHAJIN3A ABJSETCS CHHTAK-
CUYECKOe IEPEBO CO CChLIKAMM Ha Tabiunbl 00beKkToB. Ommb-
KU, CBA3aHHBIE CO CTPYKTYPOH [IPOrPAMMBI, TAKKE O0OHAPY KU~
BAIOTCS B TIPOIIECCe CHHTAKCHYECKOTO aHAI3a.
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Ha »srame KOHTEKCTHOrO aHAIN3a BBISIBJSIIOTCS 3aBUCHMO-
CTHU ME¥XKJy 4YacTsIMH TIPOTPAMMbI, KOTOPbIE HE MOTYT OBIThH
OTHCAHBI KOHTEKCTHO-CBOOOHBIM CHHTAKCHCOM. DTO, B OCHOB-
HOM, CBSI3M <«ONUCAHUE-UCIIOIB30BAHUEY, B YACTHOCTH, AHAJIU3
TUIIOB OObEKTOB, aHAJN3 ODJACTEN BUIUMOCTH, COOTBETCTBUE
MapaMeTpoB, METKK U Apyrue. B mporecce KOHTEKCTHOTO aHa-
32 TAOJIUIBI 00HBEKTOB MOMOTHIIOTCA HHMOPpMAIHEil 00 omn-
canugx (cBoiicrBax) o6bEKTOB.

OcuoBHBIM (DOPMATUIMOM, UCIOIB3YEMBIM TTPH KOHTEKCT-
HOM AHAJIM3e, SIBJISETCs ANapaT aTpUOyTHBIX IPAMMATHK. Pe-
3YJIBTATOM KOHTEKCTHOTO AHAIN3A SBJISETCS aTpUOyTHPOBAH-
Hoe mepeBo mporpammbl. MHdopmarmus o6 00bEKTaX MOKET
OBITh KAK PACCPEIOTOYEHA B CAMOM JIEPEBE, TaK U COCPEIOTO-
JeHa B OTAEJbHBIX TabIHUIax 00beKTOB. B mpomecce KoHTeKCT-
HOT'O aHaJM3a TaKyKe MOIYyT ObITh ODHApPY’KeHbI OIIMOKH, CBS-
3aHHBIE C HEITPABUJIbLHBIM UCIOIB30BAHNEM O0OBbEKTOB.

3arem mporpaMmma MOXKeT ObITh [IePEeBe/IeHA BO BHY TPEHHEE
[PEJICTABIIEHNE. DTO NETACTCS JJIs Tesieil ONTUMH3AINH U /Wi
yao0cTBa reHepaluu Koa. Eié oqHoil 1erbo npeobpa3oBaHust
MpPOTPaMMbl BO BHYTDEHHEE TMPE/ICTABJICHUE SIBJISTETCS JKEJIa-
HHE WMETH MEePEHOCHMBIH KOMIHIATOP. Toraa ToMbKO moCIe/I-
Hsid aza (reHepanus KOJa) sABJIAeTCd MAIIMHHO—3aBucuMoii. B
Ka4eCTBE BHYTDPEHHETO TPEICTABJIEHUS MOXKET HCIOIb30BATH-
cs peUKCHAS WU TMOCT(UKCHAS 3AMNCH, OPUEHTUPOBAHHBIN
rpad, TPOUKY, YETBEPKH U APYTHUE CIIOCOODI.

®a3 onTuMH3ANAU MOXKET ObITh HECKOIbKO. OuruMusanyu
OOBIYHO [eIAT Ha MAIWHHO-3aBUCHMbBIE UM MAITHHHO-HE3a-
BUCHUMBbIE, JIOKaJbHBIe u Tyiobanbuble. OupenenéHHas YacTh
MaIWHHO-3aBUCAMON ONTUMW3AINU BBINOMHIETCA Ha, (das3e
rerepanuu Koja. LymobaibHasi ONTUMW3ANUs THITAETCA MPHU-
HATHh BO BHUMAHWE CTPYKTYPY BCEH MPOrPAMMBbI, JIOKAJIbHAS
— TONBKO HeOONMBIMMX e€ (pparmenTor. [mobaganbHast OMTUME-
3allisi OCHOBBIBAETCS HA TIJI00AJTHHOM ITOTOKOBOM AaHaJIn3e,
KOTOPBII BBIMOTHSAETCS HA rpade IPOrpaMMbl U MPEICTABIIET
110 CyIIecTBy mpeobpa3oBamne 3toro rpada. Ilpu sTom Moryr
YUUTBIBATHCS TAKHE CBONCTBA MPOTPAMMBbI, KAK MEXKIPOIe-
JYPHBII aHAIN3, MEXKMOIYJIbHBIN aHamn3, aHagu3 obJacTed
KW3HU TIEPEeMEeHHbBIX U TaK JAJee.
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Haxkonen, renepanusi Koja — mocyefusia (aza TpaHcis-
unu. Pe3yabrarom eé sBisgercda nubo acceMONIEpHBIA MOIYIb,
aubo obbekTHbIN (MM 3arpy304Hbiil) Momyib. B mpoiecce
reHepalny KOJIa MOI'YT BBIIOJHATbCS HEKOTOPbIE JIOKAJIbHBIE
ONTUMHUBAINY, TAKWe KAK PACIPEIe/IeHNe PErucTPOB, BBIOOD
JUIVHHBIX WA KOPOTKHUX MEPEXOA0B, YIET CTOMMOCTH KOMAH/T
npu BbIGOpE KOHKPETHOH MOCIeI0BATENHHOCTH KOMaHI. s
reHepannn Koaa pa3paboTaHbl PA3JUYHBIE METOJbI, TaKhe
KaK TaOJWIbI peleHuil, COMOCTaBIeHHE OOPAa3IOB, BKJIIO-
JapInee AWHAMUYECKOE TPOrPAMMWDPOBAHUE, PA3JIUIHBIE
CUHTAKCUIECKNE METOJIbI.

Koneuno, Te uiu nable ha3bl TPAHCIATOPA MOTYT JIUOO OT-
CYTCTBOBAaTH COBCEM, JTNOO O0BEINHATHCS. B mpocreiimem ciy-
4ae OHOMPOXOTHOTO TPAHCASITOPA HET ABHOM (ha3bl TEHEPAIHH
MTPOMEKYTOUHOTO TIPEICTABJIEHUS U OITUMU3AIINN, OCTAJIbHBIE
da3bl 0ObeIUHEHBI B OHY, MPUYEM HET U SBHO MOCTPOEHHOTO
CHUHTAKCHUYECKOI'O JIepeBa.
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[ToTok nexcem

Ta0JIUIBI 00HEKTOB

JlekcnyecKui —)| JuarnocTuka |
aHaJIu3
Koneunvle ' N
asmomamiol
¢ |
CHHTaKCHYeCKH I —)|I[HarHOCTHKa
aHaJM3

KC-epammamuxu

——»

JlepeBo pazbopa
+

Ta0IHIBI 00BEKTOB

v

KoHTeKCTHBIH
aHAJIN3

—)| Jluarsocruka

Ampubymneie
epamMmamuxu

——»

ATpulOyTHpOBaHHOE AEPEBO
+

Ta0JINIBI 00HEKTOB

v

I'enepanus
MPOMEKYTOYHOT0
npeacTaBJIeHUst

CY-mpancasuus

IIpomexyrounas Gpopma
(npedukcHast, mocT-
(buKCHas1, TPOUKHM U Jp.)

v

OnTumMuzanus

ITomokoebiil
ananus

——»

[Mpomexyrounas Gpopma
(opueHTHpOBaHHEIH rpad)

v

I'enepanus xona

Tabnuyvl pewenuil,
OUHAMUYecKoe
npozpammuposane

OOBEKTHBII MOIYIb

Puc. 1.1.



I'nmaBa 2.

A3pIku 1 ux
IIpecTaBJIeHe

2.1. AundaBurhl, 1ENOYKN U A3BIKA

Anasum, Wi cA06apb — ITO KOHEYHOE MHOMKECTBO CUM-
6o.a06. st 0003HAYEHUS CHMBOJIOB MBI OyJeM IMOJIB30BATHCS
nudpaMu, JATUHCKAMEA OYKBAMH U CHEIUAJLHBIMI JIUTEPAME
tuna #, $.

Iycre V — andasur. [enouka 6 aagasume V — 310 mobdas
CTPOKA KOHEYHOM JIJTMHBI, COCTABIEHHAST 3 CUMBOJIOB aJihaBu-
ta V. CHHOHHMOM TEMOYKH ABISIOTCH NPEeJAoHCEHUE, CIMPOKa
u caoso. Ilycras uenouka (0603HAYALTCS €) — HTO LELIOYKA, B
KOTOPYIO HEe BXOJUT HU OJUH CUMBOJI.

Konxamenayueti EMOYeK T W Yy HASBIBAETCSA IEMOYKA TY.
3aMeTnM, 9TO Te = ex = X IJIsI JI000H MEmOYKn X.

Iycts z, ¥, 2 — TPOU3BOILHBIE IIETTOYKH B HEKOTOPOM aJjida-
pute. llenouka y HazpBaercs noduyenouwkotl menouku xyz. le-
MOYKY & ¥ Y HA3BIBAIOTCS, COOTBETCTBEHHO, Npedurcom u cygh-
Purcom nenouxky ry. Jamerum, 9To Ja060# npeduke win cyd-
(dHUKC MENOYKH SIBAAETCA IMOIIENOYKOH 3Toi 1menodyku. Kpo-
Me TOrO, IyCTas IEernovka aBasercs npedurcom, cyddurcom
U MOJLEHOYKON st 000 IIeIMOUKH.

15
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llpumep 2.1. [dna memouku abbba mpeduxcom sBisercs sro-
Gasg unenouka u3 muoxecrBa L1 = {e,a, ab, abb, abbb, abbba},
cydbdurcom sBasiercsas sobast IenoYka m3 MHOXKeCTBA Lo =
{e, a, ba, bba, bbba, abbba }, mommenoukoii ABIAETCA JTIO6AA TEMTOTKA,
u3 mHO)KecTBa L1 U La.

aunot nenouxn w (06o3HAUaETCA |W|) HABBIBAETCA THCITO
cumBposios B Heil. Hanpuwmep, |abababal =7, a |e] = 0.

Asor 6 angasume V — 370 HEKOTOPOE MHOXKECTBO LIEIOTEK
B andasure V.

Ipumrep 2.2. Ilycrsb pan andasur V = {a, b}. Bor nekoropsie
sa3bIKM B asdasure V:
a) L1 = & — mycToii a3bIK;
6) L2 = {e} — a3wik, comepyKammii TOMHKO MYCTYIO HEMOYKY
(3amerwm, aro L1 m Ly — pa3nuvmbie A3bIKN);
B) L3 ={e, a,b, aa, ab, ba, bb} — a3mIK, comepRaImii METOYKH U3
a n b, nyImHa KOTOPBIX HE MPEBOCXOIUT 2;

r) L4 — 93BIK, BKJIIOYAIOMUI BCEBO3MOKHBIE TIETIOUKA U3 ¢ W b,
cofepzKamme I6THOE IUCI0 ¢ W 9ETHOE 9ucyio b;

2
m) Ls = {a" |n > 0} - a3bIKk nenovex w3 a, IIAHBI KOTOPBIX
MIPECTABIISIOT COOON KBAaAPATHI HATYPATBHBIX UHCEI.

,HBa TIOCJIEAHUX A3bIKa COAEPZKaT OECKOHEYHOE YUCJIO OEI0YeK.

Beném obosnauenne V* mjs MHOXKECTBa BCEX LIENIOYEK B
andapure V', BKIIOUAA MyCTYIO MENOYKY. KasKkaplil sI3bIK B aJl-
dasure V apasercs nogmuoxkecrsoM V*. Jlns obo3HatMeHMs
MHOXKECTBa BCEX Tenodyek B ajipaure V', KpOMe MyCTOH 1ie-
noukH, OygeM Hcnoan3osats V.

Ipumep 2.3. Ilycrs V = {0,1}. Torma V* = {e, 0,1, 00, 01,
10, 11, 000,...}, V* = {0,1,00,01, 10, 11, 000, ...}.

Beeném HeKOTOpBIE ONMepaIiny HaJ, ST3bIKAMH.

Iycts Ly u Ly — sa3biku B andasure V. Konxamenayuedi
s36ikOB Ly m Lo maswaercsa s3bik Ly Lo = {ay|lz € L1,y €
Lo}

IIycre L — a3wbik B andasure V. Hmepayueti s3pika L Ha-
3BIBAETCH SA3BIK L, onpemensieMblil caeayomuM 00pa3oM:
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(1) L°={e};
2) L" =LL" ', n>1;

3) L= |J L™

n=0

Ipuvep 2.4. Ilycrs L1 = {aa,bb} u Ly = {e, a, bb}. Torma
L, L, = {aa, bb, aaa, bba, aabb, bbbb}, n
L} = {e, aa, bb, aaaa, aabb, bbaa, bbbb, aaaaaa, . . .}.

BonbImmHcTBO A3BIKOB, MPEACTABIAIONINX UHTEPEC, COAEP-
KaT OECKOHEUHOE YHCJIO Iernodek. [Ipu 3TOM BO3HUKAIOT TpU
BaXKHBIX BOTIPOCA.

Bo-niepBbix, Kak npedcmasums a3biK (TO ecTh crenudpu-
UUPOBATH BXOJALIME B HEro 1enodku)? Ecau ga3bIK comepKuT
TOMBKO KOHEYHOE MHOXKECTBO IIEMOYEK, OTBET mpocT. MOoxK-
HO TPOCTO TEPEYUCTUTH €ro IenodYKu. Ecam sa3bIk OecKoHe-
9eH, HeOOXOMUMO HAMTH [jIsd HEro KOHEYUHOE IIPeICTABJICHHUE.
DTO KOHEYHOR TIPEICTABIEHNE, B CBOIO OUePehb, OYIET CTPOKO
CHMBOJIOB HAJl HEKOTOPBIM aJI(haBUTOM BMECTE ¢ HEKOTOPOH WH-
TeprnpeTannel, CBA3bIBAIOIIENH ITO NPEJICTABIECHNE C A3BIKOM.

Bo-BTopbix, mjga m060ro Jau S3bIKa CYIIECTBYET KOHETHOE
npezacrapienre? MOXKHO HPEIIoNoKUTh, YTO OTBET OTPHUIATE-
Jied. MbI yBHIUM, ITO MHOXKECTBO BCEX IEMOUYeK HaJ aadhaBu-
TOM CUYETHO. $I3LIK - 3TO0 JTH0060€ MOIMHOYKECTRO Ienouek. 3 re-
OPUH MHOZKECTB U3BECTHO, YTO MHOMKECTBO BCEX MOAMHOMKECTB
CYETHOIO MHOXKECTBA, HECUYETHO. XOTsI MbI U HE JIAJId CTPOIO-
T'0 OIIPEIEJIEHHUS TOT0, 9TO ABIETCSI KOHETHBIM [TPEICTABICHH-
€M, HHTYUTHUBHO $ICHO, UTO JTII0O0E Pa3yMHOE OIpeae/IeHue KO-
HEYHOTO TTPEJICTABIEHNST BEJAET TOJHKO K CIETHOMY MHOYKECTBY
KOHEYHBIX TPEJCTABIECHNH, MOCKOAbKY HYXKHO UMETh BO3MOXK-
HOCTH 3aIUCaTh TaKOe KOHEYHOE TTPEJCTABIEHNE B BUAE CTPO-
KM CHMBOJIOB KOHEYHOHN AMnHBL. [[09TOMY S3BIKOB 3HAIUTETHHO
OOMbIIe, 9eM KOHEUIHBIX IIPEICTABICHUH.

B-Tperbux, MOKHO CIPOCHUTBH, KAKOBA CMPYKMYpa TEX
KJIACCOB #3BIKOB, [Jis KOTOPBIX CYIIECTBYET KOHEJIHOE IIPej-
crapjenue’



18 I'maBa 2.0.  fI3pIKu 0 ux MpeaCcTaB/ICHHE

2.2. IlpencraBjieHue sI3bIKOB

IIpoyedypa — 5T0 KOHEYHAs TOCIEIOBATETHHOCTD HHCTPYK-
Ui, KOTOpPbIE MOI'YT ObITh MEXAHUYECKH BbINOJIHEHbI. [Ipume-
POM MOYKET CIYKUTh MaIllWHHAs nporpaMmma. [Iponenypa, Ko-
TOpas BCET/IA 3aKAHIMBAETCS, HA3BIBACTCS (A20PUTILMOM.

OimH u3 crrocoOOB MPEICTABIEHNS SI3bIKA — JATH AJITOPUTM,
OTIPEIETSTIONTH, TPUHAJIEKNUT JIU TIeM0oYKa A3bIKy. bosee 06-
muit cmocob COCTOUT B TOM, UTOOBI JATH MPOIEAYPY, KOTOPas
OCTAHABJIVBAETCST C OTBETOM <Ay JIJIsT IIETIOYEK, TPUHAIIEKA-
IIUX S3BIKY, W JIUOO OCTAHABJIUBAETCS C OTBETOM <«HET», JTUOO
BOOOIIE HE OCTAHABJINBAETCS [IJIsT IETIOYEK , HE IPUHAJIEIKATIIAX
A3bIKyY. [0BOPST, 9TO Takas MPOIEAypa W AJTOPUTM PACno-
3HOEM SA3BIK.

Takoil Meros NnpejcTaBiser sA3blK € TOYKU 3PEHUS Pac-
MO3HABAHUS. Z3BIK MOKHO TAKYKE MPEICTABUTH METOIOM TIO-
POKIEHUsI. A MMEHHO, MOYKHO JIaTh MPOIEIYPY, KOTOpasi CH-
CTEMaTHUYECKHU NOPOIHCIaen B OMPEIEIEHHOM MOPSIKE eMOYKN
SIBBIKA.

Ecu MbI MOXKEM paCIo3HATH MEMOYKN s3bIKa HAJT aadabu-
ToM V ub0 ¢ TOMOIIBIO TPOIEAYPHI, JTHOO C TIOMOIIBIO AJIro-
PUTMA, TO MBI MOXKEM W T€HEePUPOBATH SI3BbIK, MOCKOJBKY MbI
MOXKEM CHCTEMATHUYECKH Te€HepUpOBAaTh BCe IEmodYku u3 V',
MPOBEPSATH KAXKIAYI0 TENOYKY HA MPUHAIEKHOCTb A3bIKY H
BBIJIABATDH CIIMCOK TOJIBKO MEMOYeK s3bika. Ho eciw npouemypa
HE BCEr/[a 3aKAHYUBAETCs IIPU [IPOBEPKE LEMOYKHU, Mbl HE C/IBU-
HEMCs JAJIbINe TIEPBOI MENOYKN, HA KOTOPOH TpoIeIypa He 3a-
KAHIUBAETCSA. DTy TPOOIeMy MOXKHO ODOMTH, yCTPOUB TPOBED-
Ky TaKuM 00pa30M, YTOOBI IPOIEIyPa HUKOTIA HE MTPOIOIAKA-
Jia TpOBepSATH OJHY IENOUKy GeckonewdHo. st 3m0ro BBEAEM
CIIEIY OIILY IO KOHCTPYKIIUIO.

IIpeanmonoxkum, aro V umeer p cumBosioB. MbI MoxkeMm pac-
CMaTPHUBATH [EMOYKN 13 V™ Kak 9ucia, MpencTaBaeHHbe B Oa-
3uce P, IIIIOC MyCTasd Menovka e. MoXKHO 3aHyMepOBaTh MENoY-
KU B TIOPSIIKE BO3PACTAHUSA IJIMHBI U B «JIUCIOBOM» TOPSAJIKE
JITST TETIOYEeK OJIMHAKOBON MUTHHBI. Takas HyMmepanwus s Ie-
nouex a3pika {a, b, c}* npusenena na puc. 2.1, a.

IIycts P — nporenypa [iJist TpOBEPKHU MPUHAIIEKHOCTH 1€~
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mouku 361Ky L. [Ipenmonoxum, aro P MmoxkeT 6bITh mipeacTaB-
JIeHa, JUCKPETHLIMU [IaraMi, TaK 9TO MMEET CMBICJ FOBOPHUTH
00 $-0M I1are IpoIeLy Phl 4/ JTI000# ganHoi nenodkn. [Tpex-
Jle 94eM [aTh LPOUEAYPY Lepedrc/ieHus LernodYeK sa3bika L, na-
JIVM TIPOIIEAYPY HYMEPAIUHU Map MOIOKUTETbHBIX TUCEI.

Bce ymopsao4eHHble DAphl IIOJOXKUTEJbHBIX ducen (T, y)
MOKHO OTODOPA3UTh Ha MHOMKECTBO MOJI0KATEIBHBIX YUCET CIe-

Jayroreit hopMyIIoii:
z=(x+y—1(xz+y—2)/2+y

ITaper IETBIX MOMOKATENBHBIX THCE MOKHO YIIOPAIOYUTD
B cOOTBeTCTBUU €O 3Hauenuem z (puc. 2.1, 6).

1 e
2 a Y
3 b
4 ¢ 1 2 3 4 5
5 aa 11 3 6 10 15
6 ab 212 5 9 14
7 ac xr 3|4 8 13
8 ba 417 12
9 bb 5|11 z(x,y)
a 7]
Puc. 2.1.

Temepb MOXKHO JATh MPOIEAYPY MTEPEIUCICHUA TermodeK L.
Hywmepyem ymopsiioueHHbIe TAPDI HEJIbIX TOJIOKUTETbHBIX 91~
cen — (1,1), (2,1), (1,2), (3,1), (2,2), ... . [Ipu Hymepanuu napsi
(i, j) renepupyem i-10 1enodky u3 V* u npuMensieM K HenouKe
nepBble § maros nporeaypbl P. Kak TOabKO MBI ompeaeuimg,
9TO CreHepWPOBAaHHAS ENodYka npuuaanexkut L, mobasisem
LEMOYKY K crucky 3memeHToB L. Ecnm nenodka ¢ mpuHamie-
xKut L, aro Oyaer onpenenero P 3a j maros st HEKOTOPOTO
koneanoro j. Ilpu nepeuncienun (i, j) Gymer creHepupoBaHa
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[ETIOYKa C HOMEPOM 4. JIerKo BUAETH, UTO 3Ta, MPOIEeaypa Te-
pedancisier Bee menodku L.

Ecan mbl mMeeMm mporeaypy TeHEPAInm MENOYeK A3bIKA,
TO MBI BCEr[Ia MOXKEM I[IOCTPOUTH IPOLEAYPY DPACIO3HABAHUS
MPEIJIOKEHUH I3bIKa, HO He BCerga ajaroputm. /s ompeme-
JIEHWST TOTQ, TPUHAJIEKUT JIU T SA3bIKY L, TpOCTO HyMepyeMm
npeyiokeHns L m CpaBHUBAEM T C KAXKIBIM ITPEJIOKEHUEM.
Ecau cremepupoBano x, mporeaypa OCTAHABINBAETCS, PACIIO-
3HaB, 9TO ¥ upuHaame:RuT L. Koredno, ecnmn T He mpuHaIIe-
KUT L, mponeaypa HUKOTIA HE 3aKOHUUTCS.

A3bIK, TpemIoXKeHUsT KOTOPOTO MOTYyT OBITH CreHepupo-
BAHBI TIPOIEAYPOl, HAZBIBAETCH PEKYPCUBHO NEPEUUCAUMBIM.
$I3BIK PEKYPCUBHO MEPEIUCITAM,, €CJIA UMEETCS TTPOIETy Pa, Pac-
MTO3HAIONIA [IPE/JIOKEHUS sI3bIKA. L OBOPAT, 9TO A3BIK PeKyp-
CUB€EH, ECITH CYIIECTBYET AJITOPUTM I PACIIO3HABAHUS A3bIKA.
Kracc pekypCUBHBIX SI3BIKOB ABJISETCS COOCTBEHHBIM TTOIMHO-
KECTBOM KJIACCA PEKYPCUBHO MEPEYMCIUMBIX sI3BIKOB. Majio
TOTO, CYIIECTBYIOT SA3bIKW, HE SABJISIONINECS TaXKe PEKYPCHUBHO
MTEPEINCTUMBIMHA.

2.3. TI'pammaTuku

2.3.1. ®opmMmaabHOE ONIpeaeJeHNE TPAMMATUKN

st Hac HAMOOMbINKWH UHTEPEC MPEICTABISET OIHA U3 CH-
CTeM TeHEepAIuU SA3bIKOB — zpammamuky. [loHsTre rpaMMaTn-
KU U3HAYAJIBHO ObUTO (DOPMATM30BAHO JTUHTBUCTAMHU TIPU U3Y-
YEHUU €CTECTBEHHBIX $S3bIKOB. llpemmosiaramoch, 910 3TO MO-
KeT TOMOYb MPU UX aBToMaTudeckoil Tpancianuu. OaHAKO,
HAWJLY49IlIie PE3YIBTATHL B 3TOM HAIIPABJIEHAN JOCTHTHY ThI IPU
OTNMCAHUU HE €CTECTBEHHBIX SI3BIKOB, & SI3BIKOB MPOTPAMMUPO-
BaHus. [[pruMepoOM MOMXKeT CIyKUTH CIIOCOD OTMMCAHWS CHHTAK-
CHUCa SI3BIKOB MporpammupoBanus npu momorm BH® — dhopmbr
Bakyca-Haypa.

Oumpegmenenme. I'pammaruka — 3ro uwerBépka G =

(N7T’P’S) ? Fﬂe
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(1) N — andaBuT HEMEPMUHAALHBLL CUMBONOE;
(2) T — andasur mepmunasvhor cumsoros, N NT = &;

(3) P — xOHEYHOE MHOMKECTBO Npasus BHIA o — (3, rie o €

(NUT)*N(NUT)*, B (NUT)*
(4) S € N — nauaavnorii 3nax (WM axcuoma) TPAMMATUKY.

Mg Oymem HCIIONMB30BATHL OOMBINNE JIATHHCKHE OYKBbI J1J1s
0003HAYEHNS HETEPMUHAILHBIX CUMBOJIOB, MAJIbIE JIATHHCKUE
OYKBBI U3 HAYaa aadaBuTa s 0003HAUEHUS TEPMUHAIBHBIX
CUMBOJIOB, MaJIbl¢ JIATMHCKUE OYKBBI U3 KOHIIA ajiDaBUTa I
obo3HavueHnA TIemovYek u3 1™ W, HAKOHEIl, MaJble IPEIeCKUe
OyKBbI 11 0003HaueHnd menodek u3 (N UT)*,

Bysem ucnonp30Barb Takke COKpaEHHYH 3anucbh A —
atl|asg| ... |ay, aaa obosnavenus rpymmbl npasua A — o, A —
as, ..., A— a,.

Onpenenmm ma maokectBe (N UT)* GuHAPHOE OTHOIMIEHUE
en8odumocmuy = cieayronmm obpaszom: ecin 6 — v € P, 10
adf = ayf pna Beex o, 3 € (NUT)*. Ecm a1 = a2, 1O
TOBOPSIT, UTO HEMOYKA (o HENOCPEICTNEEHHO 6b1800UMG U3 (1.

Mpbr  OyseM  UCHONB30BATHL  Takke  pedIIekCHBHO-
TPAH3UTHBHOE ¥ TPAH3UTHUBHOE 3aMbBIKAHUS OTHOIICHUS
=, a Takke ero crenenb k > 0 (o603HAUAaEMBIE COOTBETCTBEH-
o =%, =7 u =), Eam a; =* as (a1 =1 ag, a; =F ay),
TO TOBOPAT, YTO IENOYKA (g 6b600uME (HEMPUCUANLHO
661600UMa, 66L600UMG 30 k wWa206) U3 Q.

Ecmn a =% 8 (k > 0), To cymecTByeT HOC/IeI0BATEIHHOCT
IIAroB

Y=YV == V-1 = Yk

e a = vy u = 7 llocaenoBaresbHOCTL [ENOYEK
Y0, V1, Y2 - - - , Yk B 9TOM CJIydae Ha3bIBAIOT 6bi60dom [ U3 «.
Cenmenyuanvrnol opmoti rpammarnky G HA3BIBAETCS 11~
[OYKA, BBIBOAUMAsS U3 €6 HAYAJBLHOIO CUMBOJIA.
Sswviwom, nopoocdaemvim epammamuroti G (0bo3HaUaETCS
L(G)), na3plBaeTcs MHOXKECTBO BCEX €€ TE€DMUHAJBHBLIX CEH-
TEHIUAIBHBIX (DOPM, TO €CTh

L(G) = {wlw e T*, S =T w}
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I'pammaruku G1 u G2 Ha3LIBAIOTCH KGUSAACHITHbLMU, €C-
JIM OHH TOPOKIAIOT OJWH W TOT Ke A3bIK, TO ectb L(Gp) =

L(Gy).

Ipumep 2.5. 'pammvarnka G = ({5, B,C}, {a,b,c}, P, S),
rne P ={S —aSBC, S —aBC, CB— BC, aB — ab, bB —
bb, bC — be, cC — cc}, nopoxnaer a3bik L(G) = {a"b"c"|n > 0}.

HeiicTBuTeIbHO, IpUMeHsaeM 1 — 1 pa3 mpasmwio 1 u momydaeM
a""1S(BC)"!, 3arem omum pa3 mpasmio 2 u nomygaem a” (BC)",
sarem n(n — 1)/2 pas npasuio 3 u nonygaem a” B"C™.

3arem ucronp3yeM mpasmio 4 u nomywaem a"bB"1C™. Barem
npumensiem n— 1 pa3 mpasunio 5 u nomydaem a"b"C". 3aTem mpume-
HseM npaBmio 6 u n— 1 pa3 npaBmio 7 u nomygaem o’ b"c". MoxHO
MOKa3aTh, 9T0 36K L(G) COCTONT M3 IEMOYEK TOIHKO TAKOTO BHIA.

IlpuMep 2.6. Paccmorpmv rpammaruky G = ({5},{0,1},
{§ — 051, S — 01}, S). Jlerko Bugerb, uro uenouka 000111 €
L(G), Tak kKaK CymecTByeT BBIBOJ

S =051 = 00511 = 000111

Herpyano nokazaTbh, 4T0 rpaMmaTHKa 10poxjaer a3bik L(G) =

{0"1"|n > 0}.

[lpumep 2.7. Paccmorpum rpammaruky G = ({S, A},{0, 1},
{§ - 05,5 — 04, A — 1A, A — 1}, S). Herpyauo moka3zars,
YTO rpaMMaTUKa Mopokaaer si3uik L(G) = {0"1™|n, m > 0}.

2.3.2. Tunbl rpaMMaTHK U MX CBOIiCcTBa

Paccmorpunm kinaccudukanmio rpaMMaTuk (IIpeiyioKeHHy 10
H.XoMcKuM), OCHOBAHHYIO HA BHIE UX OPABHIL.

Onpeznenexnue. Ilycrs mana rpammaruka G = (N, T, P, S).
Torna

(1) eciu npaBusa TPAMMATUKHA HE yIOBJIETBOPAIOT HUKAKUM
OTPAHMYEHUAM, TO €€ Ha3bIBAIOT rpamMMarukoil Tumna 0,
WJIM TPAMMATHKON €3 o2panuieHu.

(2) eciu
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a) KaKJ0€ TPABUJIO TPAMMATHKE, KpoMe S — e, nMeer
Bun a — 3, tae |a| < |G, n

6) B ToM ciydae, korma S — e € P, cumson S He
BCTpEYIaeTCA B IIPABBIX 9aCTAX IIPaBUJI,

TO TPAMMATUKY HA3BIBAIOT IPAMMATHKOM Tuna 1, miu
Heyropawusarowel nm Konmexcmuo-sasucumot (K3-
2PAMMAMUK0T) WM KOWMEKCTIHO - “YECMEUMENbHol
(K 9-epammamurot).

(3) ecu Kaxkz0e NPABUJIO IPAMMATUKM UMeeT Buj A —
B, tme A € N, 8 € (NUT)* To e Ha3BIBAIOT
rpaMMaTUKON TN 2, WiIu kKonmexcmmo-ceobodnot (KC-
I'PAMMATHUKOM).

(4) ecsm KayK10€ MPABUIIO TPAMMATHKN HMeeT Bu nbo A —
B, mibo A — x, tne A, B € N, x € T* 10 €8 Ha3BIBAIOT
rpaMMaTHUKON TUNa 3, U NPasosuHetiHo.

Jlerko BUAETDH, YTO TPaAMMATHKA B TpUMepe 2.5 — HeyKopa-
YUBAIOIIAs, B TpuMepe 2.6 — KOHTEeKCTHO-CBOOOIHAST, B IPUME-
pe 2.7 — npaBonuHeiiHa4.

A3BIK, TOPOXKIAEMBIH TPAMMATHKOW THIIA ¢, HA3BIBAIOT
A3BIKOM TuMa, . A3bK Tuma 0 HA3BIBAIOT TAKIKE S3BIKOM 0Oe3
orpanudeHuil, a3bik Tuna 1 — konrekcrHo-3aBucuMbiM (K3),
SI3BIK THMA 2 — KOHTEKCTHO-cBoOoAHbM (KC), a3k Tuma 3 —
NPABOJIMHENHBIM.

Teopema 2.1. Kaowcduwii xonmexcmmno-c80600nviii A3k
MOdHCEM Goimo noposcIén neyrkopavusarouel
KOHMEKCMHO-C60600M0T 2pammamuKod.

JlokazarenpcrBo. Ilyctb L — KOHTEKCTHO-CBOOOIHBIH S3bIK.
Torma cyrmecTByeT KOHTEKCTHO-CBOOOmHAS rpaMmaruka G =
(N, T, P, S), nopoxnaiomias L.

IMocrpoum HoByIo rpammaruky G’ = (N', T, P, S") cnemy-
OIMUM 00pa3oM:

1. Eciu B P ectb npasuio Buga A — agBiay ... Brag, roe
k>0,B;, =T enanal<i<k, uw HI U3 OFHOI IENOYKN a;
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(0 < j < k) He BRIBOIUTCA €, TO BKIIOYHTL B P’ Bee mpasmia
(kpome A — e) Buza

A— a0X1a1 ce Xkak

roe X; — 3ro aubo B;, mubo e.

2. Ecoim S =71 e, To BmounTsh B P’ mpasuna S° — S,
S’ — e u nonoxure N’ = N U {S’}. B nporusrom ciaygae
nomoxurb N' =N u S’ ' = S.

Iopoxkpaer m rpaMMaTHKA IyCTYIO NENOYKY MOXKHO yCTa-
HOBWTH CJIEIYIOIIUM MTPOCTHIM AJTOPUTMOM:

ITar 1. Crponm muOKecTBO No = {N|N — €}

Olar 2. Crpoum muoxkecTBo N; = N;_1 U {N|N — o, a €
N1}

IMTar 3. Eciu N; = N;_1, nepeiitu K mary 4, nHade mar 2.

[Tar 4. Ecau S € N;, 3aauur S —* e.

Jlerko BuzmeTh, uto G’ — HEyKOpAIMBAOIIAS IPAMMATHKA.
Moxuo nokazarh mo uaaykumu, aro L(G') = L(G). |

IIycrs K; — Kace Bcex si3bIKOB THIA, . JIoKa3aHo, 9To crpa-
BeauuBO cieayioiiee (crporoe) Briawodenune: K3 C Ko C Ky C
K.

3aMeTuM, 9TO eCiU SI3bIK TTOPOXKIAETCS HEKOTOPOU rpam-
MAaTHKOI, 9TO He 03HAYAET, UYTO OH HE MOYKeT ObITH MOPOXKIEH
rpaMMaTHKOM ¢ 60iee CUIBHBIME OPPAHUYEeHUSIMY HA TPABUIIA.
IIpuBOoANMBIi HMKE MIPUMEP HUILIIOCTPUPYET STOT (PAKT.

Ilpumep 2.8. Paccmorpum rpammaruky G = ({S, A, B},
{0,1}, {S — AB, A — 04, A - 0, B — 1B, B — 1},9).
STa rpaMMaTHKa ABIAETCA KOHTEKCTHO-CBOGOIHOMN. Jlerko moka-
3ath, uto L(G) = {0"1™|n, m > 0}. Oxnako, B npumepe 2.7 npu-
BeJIeHA TIPABOJIMHEHAS TPAMMATHKA, TTOPOKIAIONA TOT K€ A3BIK.

Huke npuBomsiTcss mompoOHBIE TPUMEPHI PEleHusa IBYX
MPAKTHYECKH UHTEPECHBIX 00JIee CIIOKHBIX 3329 HA HOCTPOe-
nue KC- u HC-rpammarux.

llpumep 2.9. [lamublii mpuMep OTHOCHUTCS K HECKOIHKO IIa-
Pa/IOKCaJIbHOM I I'pPaMMaTUK nocraHoBke: nocrpourb KC-
TPaMMATHKY, TOPOKIAIONIYIO S3BIK:

{{a. B} \ a"b"a"b™ | nym > 1},
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T.€. IOCTPOUTDH BCE METIOUKHU KPOME YKAZAHHBIX (OOBITHO-TO TOBOPSAT
0 TOM, 9TO0 Hado mocTpouts). Ho, MoxkeT GbITh, B TAKOH MOCTAHOBKE
3a710’KeHa 7 TIOJICKAa3Ka K pemernio? VI3BeCTHO, 9TO WHBIE 31291 C
oN06HBIME TPEOOBAHUAMYI TaK W PENMIAIOTCSA: HYXKHO CIIE/IaTh BCE,
«9ITO HE HAJO», & MOTOM OTKJIOHUTHCS OT STOTO <HE HAJI0» BCEMH
BO3MOYKHBIMH CITOCOOAMU.

OpHako BOOAYINEBJIGHHBIX TOCTpoeHWEM B pamkax KC-
rpamMmmaTuku nernodek Buga {a”b™a"b™} (3mech m masee B 3TOM
npumepe n, m, k,l,j > 1) a8t HeKOTOpOE pasogapoBanme. [leii-
CTBUTEJLHO, B OT/IMYME OT TaKuWX ClaydaeB, kak {a"b"a™b™},
{a"b™a™b"}, {a"b"b"a™} u 1., 06e 3aBucumoctu (IO N u 1O M)
TIPUZIETCS OTCIEKUBATH OJHOBPEMEHHO W M3 JBYX PA3HBIX EHTPOB
nopoxieand, K gemy KC-rpaMmarnkm o cBoeit mpupoge (Buy CBO-
WX OPABHJI) OKA3bIBAIOTCSA HE IIPEIHA3HAIEHBL.

ITompo6GyeM Toraa MepecKa3aTh yCIOBHE 331a91 B KOHCTPYKTHB-
HOM (CO3HMIATEIbHOM) TIIaHE, T.e. 0003HAYas JIWIIH TO, 9TO HAM
HYoHICHO TOCTpouTh, a He HaobGopor. [lomawasy Takoe MHOKECTBO
merovek kakercss Heobo3pmmbiM. Ho mompobyem, «/Jopory ocmant
uaymiis !

Havrém ¢ 09eBUIHBIX CIIy9IaeB:

{a™},{b"}, {a"b™}, {b"a™}, {a"bmak}, {b"ambk}...

OHako 6ECKOHEYHO IMPOIO/IXKATH B Iy Xe {b"ambk albj} yKe KaK-
To cKkyuno. 3amedaem, uro b{a,b}” Bmomme KomewHBIM OGpazOM
OTIpeIesIsieT TTOJIOBUHY U3 YIIOMSIHYTBHIX OECUMCIEHHBIX OTMCAHMIA,
a B CJIe,ILyIOLLlI/II"/'I MOMEHT CUMMETPpUA HaM HTOACKA3bIBAET U A3BIK
{a, b}"a.

Takum 006pa3oM, BCe IEMOYKN BHIMIETIEPEUUCIEHHBIX BUIOB
YKJIAOBIBAXOTCA B TPU CJIy4dad:

{a"b™}, b{a, b}", {a, b} a.

Ianee paccmorpum caygail {a"b™ab | n # k wm m # 1}. Ho
910 Takoe, K mpumepy, n # k? To xe camoe, 9T0 06'beITUHEHUE YCII0-
Buii n > k u n < k! U 3nech nepeniim K KOHCTPYKTUBY, KOTOPbIH
HeC/I02kHO crpourcs B pamkax KC-rpammaruky.

OcTraércs eMHCTBEHHBIN HEYIIOMSIHY TBIA CIIy<Iaii:

{a"b"a" b Ya{a, b}".

Benomunas, uro oobeaunenne KC-a3pikoB ectb KC-a3bik, n0-
JIy4aeM MCKOMOE DeIleHHue 33 auu.
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Tax, ecu a3bik {a™b™ } MOXKeT GBITH TOPOKAEH TPAMMATHKO

S1 — AB
A—aAla
B — bB|b,

a a3bik b {a, b}" - rpammarukoii

Sa2 — bC
C—CClal|b|e,

TO 715t 00HEIMHEHNST ITUX AZBIKOB (B 00NIEM CJIy9ae UCTIOIb3YIOIUX
Ka2KBIA CBON HEMOBTOPUMBII HAGOD BCIIOMOTATEIHLHBIX 3HAKOB) 110~
CTATOYHO HOOABUTH MTPABHUJIO 3AIyCKA M3 HOBOI ODIIEN aKCMOMBI:

S — 81| 8.

[lpumep 2.10. IMTocrpoenue HC-rpammarukm.

I'paMMaTHKK HEMOCPEICTBEHHBIX COCTABIAOIUX (MIH, KPATKO,
HC-rpaMmaTnK®) eCTh BUJI TPECTABICHAS KOHTEKCTHO-3aBACHMBIX
rPAMMATHK, T.€. OHU 00JIaJaI0T TEMU YK€ BhIPA3UTEIbHBIMH BO3MOK-
vocramu, 9o U K3-rpammaruku B nemom. Kaxmoe npasuio HC-
TPAMMATHKH JIOJIKHO COOTBETCTBOBATEH BUILY:

YA — omp, (In] = 1),

TO €CTh JIEBOE W MPABOE OKpy KeHue (KOHTEKCT) 3aMEeHIEeMOTO 3HAKA
A [OJIKHBI COXPAHUTHCA U BOKPYT HEILyCTON 3aMEHSIONEN enOuKy
1 (rpedeckas GykBa «3Tax).

Takoe JOTMOTHUTEIHLHOE OIDAHWYEHHE TO3BOJISET yIHoOHee Te-
pexoguth or K3-rpaMMaTMKM K COOTBETCTBYIOLIEMY JIMHEHHO-
orpanuyenHoMy asromary (cm. 1. 2.6).

Paccmorpum mocrpoenne HC-rpaMMaTukm Tt sT36IKA

n? 4 9
{a"™ | n > 0}, nopoxkmaiomero croBa Buma £,a,a ,a , ...

s 6osbIieii SCHOCTH CIEPBA IIOCTPOUM JIJIs TOTO A3bIKA IPAM-
MaTHWKYy OOIIEro BUIA, & TIOTOM MEPECTPOUM €€ B COOTBETCTBHUU C
HC-orpanngennsmmn.

CaM aJIrOpuT™M MOPOKICHUST a™ MOKeT OCHOBHIBATRCS KAK Ha
M3BECTHOM CBOIICTBE KBAAPATOB HUHCEJ, PA3HOCTb MEXKIY COCeIHU-
MU U3 KOTOPBIX 00pa3yoT apudMeTHIecKyio MPOTPeCCuio, TAK 1 HaA
COOCTBEHHO «KBAaJPATHOCTU» WHTEPECYIOINX UKUCEJI, T.€. TOTO, YTO
KazK/I0€ KBaIPATHOE YHCJIO MPEICTABUMO HAMOA00Me MATPHIIBI U3 1
CTPOK U M CTONOUOB €IMHUIHBIX COCTABAAOMUX (B cBaA3H ¢ ueM [In-
darop u a1 Ha3BaHWE MOJOOHBIM YKC/IAM - KBAaJIPATHBIE, & CPeIn
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APYTUX YHUCEJI IO TOMY K€ NPUHIUIIY OTMETWJI TPEYTrOJIbHbIE, KY-
Guaeckne, TMpaMuAAIbHbIE U T.a1.). Ilocrennuit momxon npeacras-
nsieTcst 6osiee OOIIMM, TIOCKOIBKY TIOJOOHBIM 0Opa30M MBI CMOIKEM
HOCTPOUTH U {a"k| k> 2},

Wrak, mopoxkgaeM aBe IpyMIIBI IO 1L 9JIEMEHTOB

IIpaBuia Buzn nomyuaemoit menouku
S—CSD|CcD C"D"

CD — DCA C"" ! DCA D" (A sazepxusaer C)
CA — AC (DA™)™C™ (orpaborammu Bce C)
A—a (Da™C™

Tlomyunmm a”z, HO uTo nenath ¢ C u D? Cuenas cBOE mesio, OHM
CTaJIN JINIIHUM.

B rpammaruke o6mero Buja Takue 3HAKH COKPAIAOT (<«yBOJIb-
HAIOT» ), a B K3-rpaMMaTnKax — «IepeBosaT Ha IpyTyIo pabory» (B
ocuosabIe 3HaKH). Ho ecsn mbt mpocto manmumem C' — &, D — €, BBI-
BOJ|, B CJLy4aiiHbIl MOMEHT BPEMEHU MOXKET 3aKOHYUTHCH JOCPOUHO
¥ CTaHEeT BO3MOXKHBIM ITOPOXKJEHUE JIMIIHUX [IEII0YEK.

ITostomy B 0bomx cyuasx He 060iiTHCH 6€3 TaIbHENTero yTod-
HeHud npeaHasHadeHus (Muccuil) u COCTaBa <«AEHCTBYIOIUX JIHLL».
OTmeTrM a1 9TOrO CaMblii TIEPBBINA W3 KOMaHIp! 3HAKOB C' (HA30-
BéM ero B) m cambiii mocneqauit w3 D (o6o3maumm ero E). Korma
B n E Bcrperarcs, 510 u O6ymeT TPU3HAKOM ITOJIHOTO 3aBEPIICHUST
TIPOIIECCa IOPOXKICHUS 3HAKOB G.

Hauném BeiBozg ¢ Havasa:

IIpaBuna Bun momygaemoit mermouku
S — BS'E BS'E
S'—-CS'D|CD BC"D"E
CD — DCA BC" ' (DA)"CE

(C mpouwno nepsbii pas)
CA — AC B(DA™*C™ E (upoumm Bce C)
BD — B BA™ (DA™ 'C"E
BA — AB A™"BC"E (ymmm Bce D)
CE—FE A™"BE (yuum Bce C)
BE — ¢ A™™" (yuum B ¢ E)
A—a a™"

Pesynprar nomyummm, HO kakoit uenoit (mia B,C,D u E)?
TIpaAMO-TaKu CTAIMHCKUE MeTOABI. ToUHee CKayKeM, B BOGHHBIX WJIN
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WHBIX YPEe3BBIYANHBIX YCIOBUSAX WHAYe, [OPOH, W HET BO3MOMKHO-
cru noctynuth. A B 60s1ee MmupHoe Bpems? [Tonpobyem «cobaomaTh
K3OT» u oboiitrch 6e3 COKpalieHuii.

Cuosa:
IIpaBuna Bun nomygaemoit ienouku
S’ — BSE BSE

S—CSD|CD BC'D"E
CD — DCA BC™ ' (DA)"C E (npomto mepsoe C)

CA — AC B (DA™)"C™ E (mpouwunn sce C)
BD — aaB a’BA™ (DA™ 'C"E

BA — AB (a>A™)"B C"E (yuumu sce D)
CE — Eaa (a?A™"B Ea®" (ymmm sce C)
A—a a™" T BE ¢*"

2 2
BE — aaaa q it — g(n+2)

S—elala* (BOCIIOSTHMIIM YACTHBIE PEIeHMs] )

Urak, eciu cokpammarh HeIb3s1, JOCTPAMBAEM CJIOBO 10 OJIMKAi-
LIEro MOAXOALAIIEro KBaapaTa. B JanHoM ciay4ae y100Hee 10CTPOUTD
CJIOBO 110 a("+2)2, T.K. JIjI1 JIOCTPOMKH 110 a(m+D? HaM ObI TOTPEbOBa-
nock repesectu BE — a, T.e. ongTh 9TO-TO COKpaTuTh. Hamomumm,
uaro B K3-rpaMMaTukax HOMyCKaeTCs TEPEX0l aKCHOMBI B IIYCTYTO
nenouky (£), ecam akcmoma Hurze 6oJiee He BCTPEFAETC B IMIPABBIX
9acTAX IPABWI (T.e. KOI/Ia U3 HAIAIHHOTO HIYErO IOJLY IaI0T IPYroe
HUYEro).

MbI mostyuniv HeCOKpAIIAonlyo rpammaTuky. Ho mmupoko wmc-
nosb3yeMble pu eé nocrpoennu npasuna suga AB — BA (ABC —
CBA w Tm.), oueBMmHO, HE TOAXONAT mOj onpexaenenne HC-
rpammaTuku (y6emurecn!). Takme «pOKUPOBKI», OJJHAKO, JIETKO Pac-
KPBITh Y€pe3 LEN0YKY IIPABUJI BUIA

AB — A'B— A'B' — BB’ — BA,

rme A’ u B’ - aurme 6oee B rpaMMaTHKe He MCIOTb3yeMbIe BCTIOMO-
rarejbube 3HaKn. OTMETUM, 9TO 3aMEHy Ha MIPOMEXK Y TOUHBIE 3HAKKA
u 00paTHO HA MCXOJHBIE HYy’KHO OCYIIECTBIATH B OJHOM W TOM K€
nopsaake (CeBa-HATPABO WM, HAOGOPOT, TOJTBKO CIpaBa-HAJERO),
wHaue B obmem ciay9gae (korma HasHadenme A mw B B rpaMMaTHKe
PA3/IM9IHO) BO3HUKAIOT JIMIIHHUE LEIIOUKH.

Taxk, mpuMeHeHMe 3aMeHbBI

AB - A'B— A'B' - A'A — BA
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(HapyIeH mOpSZ0K 3aMEH) MPHM HAJWHYHUU COOTBETCTBYIOMIErO TIPO-
BOKAIIMOHHOI'O OKPY2K€HHs J0IycKaeT nogmeny B na A:

z=AABB 5 AA'AB 5 AA'BA = ABAA =y,

(lzla = |zl =2, alyla=3wulyls=1)!

Bamena AB na BA B pamkax HC-rpamMmmaTuku KOpOTKO 0003HA-
qaercs, Kak 1 o6braHbId BoiBoy: AB — BA.

Taxum 06pa30M, OUH M3 BO3MOKHBIX HAOOPOB IMPABUII MCKOMOIT
HC-rpammaruku nMeer crresyiomuii BUI:

IIpaBuia Bun monyuaemoii mermouku

S —¢elala*| BSE BSE

S—CSD|CD BC™D" E

CD 5 DCA BC" ' DCAD"'E

CAS AC BC""Y(DA)"CE
B(DA™)"C"E

BD % aaB a’*BA™(DA™)""'C"E

BA S AB (a*>A™)"B C"E

CE % Faa (a®A™)" B Ea®"

A—a a™*" 2" BE ¢

BE = o* a”2+4"+4 = a("'*'Q)2

2.4. Mammunubl ThropuHra

®opvanbio wmammHa Teiopwara (Tm) - sro Tm =
(Qa F7 Za Da q0, F)v rae

() - KOHEYHOE MHOXKECTBO COCTOSTHUIA;

F C @ - MHOXKECTBO 3aKIIOYATEIHHBIX COCTOAHMIA;

I’ - MHOKECTBO JOIMYCTHMBIX JIEHTOYHBIX CHMBOJIOB;

OIMH U3 HUX, OOBIMHO 00O3Ha4YaeMbIil B, - nycmot cuMmBoi

Y — MHOMKECTBO BXOAHBIX CHMBOJIOB, TIOAMHOKECTEO [, He
BKIIOUatomee B,

D — dbysxmma nepexonos, orobpaxkenne u3 (Q — F)x I' —
QxI'x{L, R}; ans HEKOTOPBIX apryMenTos (hyHkms D Moxker
ObITH HE OIpeJETeHa.

o - HAYAJBHOE COCTOAHUE.
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ala] Ja] a5 [5] ]

|

Koneunoe
YIIPaBJICHUE

Puc. 2.2. Mamuna Twropunra

Tax onpenenénnas mammaa ThIOpUHTa HA3LIBACTCS demep-
Mmunuposannot. Hedemepmunuposannas mamuna TbopuHra
Jutst Kaxk 108 mapbl (Q — F') x I' Moker mMerh HECKOIbKO BO3-
MOYKHBIX TEPEX00B. B Hadase n s9eek JIEHTHI COAEpPIKAT BXOT
w € (' — {B})*, ocranbHasg 9aCcTh JIEHTBI CONEPIKUT ILyCTHIE
cumBoJibl. Ob03Ha4UM KOHMUDY paluio MauHbl ThIOPUHTA KAK
(¢, w,i), tme ¢ € @ - TeKyluee COCTOSIHUE, i - BbLIEICHHDIH
SJIEMEHT CTPOKHU, «IOJOKEHUE TOJOBKU», W - TEKYIIee COIep-
JKHAMOE 3aHATOr0 yYACTKA JIEHTHI. KGN TONOBKA CABUTAETCA C
sSTUeiiKy, MAIlTHHA, TOJIPKHA 3aIMCAThH B HEE CUMBOJ, TAK UTO JIEH-
Ta BCEJIA COCTOUT M3 YIACTKA, COCTOSIIErO U3 KOHEYHOrO 4HC-
Jla HEMYCTbIX CHMBOJIOB M OECKOHEUHOTO KOJUYECTBA, IYCTHIX
CUMBOJIOB.

[Tar T'm onpemenuM CJIEIYIONUM 00Pa30M.

IMycts (q, A1, As, ... Ay, 1) — xoudurypanus T'm,

riel <1< n+1.

Ecmu 1 <i<nuD(q,A;) =(p, A R)

(R ot aura. Right), 7o A# B u

(¢, A1As ... Ap, Db (py A1 As oo Ay 1 AA o Apyi+ 1),
To ectb T'm neuyaraer CUMBOJI A U NEPEABUIAETCS BIPABO.
Ecmu 2 <i<nu D(q,A;) =(p, A L)

(L or anra. Left), To ecsiu ¢ = n, o gonycrumo A = B u
(¢, A1As ... A, D (py A1 Az oo Aj 1 AA 4 Apyi— 1),

Tm medaraer A W NEPEIBUTAETCS BJIEBO, HO HE 33 KOHEIT
JICHTHI.
Ecnu ¢ = n+ 1, rosoBka mpocMaTpuBaeT mMycToi cuMBoOI B.
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Ecmn D(q,B) = (p, A, R), 10 A# B n
(q7 AlAQ An, n + 1)}_T7n (p, A1A2 A,,,‘A, n+ 2)

Ecmn D(q, B) = (p, 4, L), To nonycrumo A=B n
(q7 A1A2 An, n -+ ].)FTm (p, A1A2 AnA, ’I’L)

Ecnn gpe KoHpUIypanuu CBA3aHBI OTHOINEHUEM |T,, TO
MBI TOBOPHM, YTO BTODPAsi [IOJIY4YAETCH U3 IIEPBOIl 33 OJUH IIAT.
Ecnu Bropas monydaercs w3 TepBOil 33 KOHEYHOE, BKJIHOYAs
HOJIb, YMCJIO IAr0B, TO TAKOe OTHOIIeHWe Oymem 0003HAYATh
}_Tm*-

3wk, momyckaemblit T'm, 3TO MHOXKECTBO TaKHUX CJIOB W3
T*, koTOophIe OYIYUM PACIONOKEHBI B JIEBOM KOHIIE JIEHTHI T1€-
peBomsaT T'm ¥3 HAYAJBHOTO COCTOSHUS ¢y C HAYAJIBHBIM ITI0-
JIOXKEHWEM TOJIOBKM B CAMOM JIEBOM KOHIIE JIEHTHI B KOHEYHOE
cocrosinne. PopmasibHO, A3bIK, JOmycKaemit 1'm, 310

L={w|we€X*u (g, w, 1)Frms: (¢, u, i) 1ms HEKOTOPBIX
q € F,ueTl™* uuemoro i}.

Ecnun T'm pacmozuaér L, To T'm ocTaHaBIMBaETCs, TO €CTh
HE WMEeET TIePEXO/I0B MOCae TOT0, KakK CJI0BO gomytieHo. OmHa-
KO, €CJI CJIOBO HE JIOILYIIEHO, BO3MOXKHO, 4TO 1'M He oCcTaHas-
JINBAETCS.

SI3BIK, MOIMyCKaeMbIil HEKOTOPOH 1'm, HA3BIBAETCI pPeryp-
cusno nepevucaumvim. Ecim T'm ocraHaBimBaercsi HA BCEX
BXOJIaX, TO TOBOPAT, UTO 1'm 3amaéT aJATOPUTM WU SI3bIK Ha-
3BIBAETCS PEKYPCUBHBIM.

CymecrByer marmua ThopuHra, KOTOPas 110 HEKOTOPOMY
OMHMCAHUIO TPOU3BOABHON 1'M W KONWPOBAHWIO CJIOBA & MOJE-
qupyet nosenenue 1'm co Bxomom x. Takas marmuna TriopuHTa,
HA3BIBAETCH YHUBEPCAALHOT Mawunol Twviopunaa.

2.4.1. HepazpemumocTs 11podgeMbl OCTAaHOBA

[Ipobsiema ocraroBa mist mamuabl T boopuHra hopmyupy-
eTcs CIeAYIONUM 00pa3oM: MOKHO JIH OMPEIETUTD 0 TaHHOM
Mamnae ThIOpHHTa B MPOU3BOIBHON KOH(DHUTYPAIIUE CO CTPO-
KON KOHEYHOH JJIMHBI HEIYCThIX CHMBOJIOB HA JIEHTE OCTAHO-
ButTcs jin oHa? I'oBopsT, 4TO 3TA IPOHIEMA PEKYPCUBHO HEPA3-
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pewuMa, 9TO O3HATALT, UTO He CYIMIECTBYET aJrOPUTMa, KOTO-
polit 1t m060#t 1T'm B TPOU3BOIBHON KOH(UIYypaIuy ompeae-
A1 Obl OCTAHOBUTCH JIM B KOHIIE KOHIIOB 1'm.

Ileperymepyem Bce Mammuubl THIOPUHTA U BCE BO3MOXKHBIE
BXOAbI HaZ ayndasurom 2. PaccMoTpum a3bIK

Ly = {x; | ; ne nonyckaerca T;}

fcHo, uto Ly He momyckaercs HuKakoi T'm. JlomycTtum, 910
310 He Tak. Ilycts L, momyckaerca Tj. Torma x; € Ly Torna
M TONBKO TOTJA, KOTJa T; He momyckaerca 1. Ho mockoms-
Ky 1; momyckaer Ly, x; € L, Torga m TOALKO TOTIa, KOTJa
ponyckaerca 1Y, - mporusopeune. Taxk uro L - He gaBigerca
PEKYPCHUBHO HEPEIUCHUMBIM MHO2KECTBOM.

IIpeamonoxum, 94T0 Mbl UMEEM AJITOPUTM (TO €CTh MAIIUHY
ThIOPUHTA, KOTOPas BCETIA OCTAHABIMBAETCS) IJIsI ONMPEIEesie-
HUsI, OCTAHOBUTCS JIU MAIUHA THIOPUHTA B JAHHOU KOH(MUTY-
pamuu. Torma cremyromnumM 00pa30M MOXKHO MOCTPOUTH MAIIIH-
uy Teropunra T, gnomyckamomyio L.

1. Ecau mamo cioso x, T’ mepevucisier caoBa X1, T2, ... MOKa
e Oymer r; = x.

2. T remepupyer KOOUpOBKY Mamubbl Tohiopuura T;.

3. Yupasjenue mepeaaércs TMIOTeTUYIECKON MaIlnHe, KO-
TOpasi OIPEeIEIsIeT OCTAHABINBACTCH i 1; HA BXONE ;.

4. Ecim Boisicusiercs, 910 1; He OCTAHABIMBAETCS HA, BXOJIE
z;, 70 T oCcTaHABIMBAETCA U JOMYCKAET X;.

5. Ecnn Boisicusiercst, 9To T; OCTAaHABINBAETCA HA BXOIE T,
TO yIPAaBJIEHUE [TEPENAETCs YHUBEPCAIbHOM MarmmHe TriopuH-
ra, KoTopast mogenupyer 1; Ha Bxone x;. [lockonbky T; B KOHIIE
KOHIIOB OCTAaHABJINBAETCS, YHUBEPCAIBbHAsT MauHa ThoopuHTa,
B KOHIT@ KOHIIOB OCTAHABIMBAETCS U ONPEIeNser JOMYCKAET JIU
T; CJIOBO T;.

B mrobom ciyuae T ocTaHABIUBAETCS, JOMYCKAs T; B TOM
ciaydae, Korga 1; oTBepraer x;, u OTBepras I;, Koraa 1; momyc-
KAeT ;.

Takum obpa3oM, M3 HAIIErO MPEINONI0KEHNsI, ITO CYIIe-
crByer MammHA ThHIOPUHTA, KOTOPAs ONpeIesser, OCTAHABIIN-
BAETCs JIU [IPOM3BOJIbHASA MAaIIUHA | bIOpHUHTA, Caexyer, 9410 Ly
JOTyCKaeTcd HEKOTOPOi MarmmHoi ThiopuHTa, a 3TO MPOTHBO-
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PEYUT JOKA3AHHOMY BBINIE. JTO, B CBOI OYEPEh, TAET TeOpe-
MYy:

Teopema 2.2. He cyuecmeyem aszopumma das onpedese-
HUA MO020, OCMAHOBUMCA AU NPOU3BOAbHAA MGUUHG Tbro-
PUH2a 8 NPOU3BONbHOT KONPUYpauUU.

2.4.2. Kuaacc peKypCUBHBIX MHOXKECTB

Temepb MOXKHO MOKa3aThb, YTO KJIACC PEKYPCUBHBIX MHO-
KECTB SABJISETCS COOCTBEHHBIM MOIKJIACCOM KJIACCA PEKYPCHB-
HO TTEPEYNUCTUMBIX MHOKECTB. 10 eCTh CYIIeCTBYET MHOXKECTBO,
CJI0BA KOTOPOI'O MOT'YT OBITH PACIO3HAHBI MAITNHON T HIOPUHTA,
KOTOpas He OCTaHABJIMBACTCA Ha HEKOTOPBIX CJI0BaX, HE NPHU-
HAJIEXKAINNX MHOMXKECTBY, HO He MOXKET OBITHb PACIO3HAHO HU-
Kako#t mammuaoil ThiopuHTa, KOTOpas OCTAHABIUBAETCS HA BCEX
cnoBax. [Ipumepom TaKOro MHOXKECTBA SBJISAETCSH AOMOIHEHUE
K Ll.

Jemma 2.1. Fcau MHOMCECMEO PEKYPCUSHO, MO U €20 00-
NOAHEHUE PEKYPCUBHO.

JloxkazarennscrBo. Ecin L - pekypcuBaoe MHOXKecTBO, L C
T*, To cymecrByer 1T'm momyckaromas L W rapaHTHpOBAHHO
OoCTaHaBIWBAIOMIAsACS. MOXKHO CHUTATD, UTO TIOCTE AOTycKa 1'm
He menaer Oombiie mraros. [locrpoum T'my mo T'm, nobasus
HOBOE COCTOSHWE ¢ KAK €IMHCTBEHHOE JOMYCKAIOIIEE COCTOsI-
ane Tmy. IlpaBuma T'my BKIOYAIOT BCe mpaBmia 1'm, Tak
aro T'my cumynupyer T'm. Kpome Toro, ajst Kaxkmoil mapsbl,
COCTaBJIEHHON W3 HEIOMYCKAIOIIErO COCTOSHUS W JIEHTOUYHOTO
cuMBosia I'm, 0y KoTopwixX v T'm mepexos, He onpenenés, 1'mg
MEPEXOIAT B COCTOSTHUE ¢ U 3aTE€M OCTAHABJIMBAETCS.

Takum obpazom T'my cumymupyer 1'm BILIOTH 0 OCTAHOB-
ku. Ecm T'm ocTaHaBIMBAETCs B OTHOM U3 JIOIMYCKAIIUX CO-
crosumii, T'my ocramaBanBaerca 6e3 momycka. Ecmu T'm ocra-
HABJIMBAETCSH B OIHOM U3 HEIOMYCKAOIINX COCTOSHU, 3HAYUT
He gomyckaeT Bxom. Torma T'm; Jemaet emé ofawH mepexon B
COCTOsTHUE ¢ U fomyckaeT. fcHo, aro T'my monyckaer T\ L.m



34 I'maBa 2.0.  fI3pIKu 0 ux MpeaCcTaB/ICHHE

Jlemma 2.2. Ilyemv x1,%2,... — HYMEPOUUA GCEL CAO8
HEKOMOPO20 KoHewhoz20 aspasuma X u Ty, Ty, ... — Hymepa-
YUA 68CET MawWUH ToopuHaa ¢ AEHMOYHUMUY CUMBONGMU,
BLLOPAHHDLMU U3 HEKOTNOPO20 KOHEUH020 AAPAsUNa, 6KA0-
warowezo . ITyemv Lo = {z;|z; donyckaemca T;}. Lo
- PEKYPCUBHO NEPEUUCAUMOE MHONACECTNEO, JONONHEHUE KO-
MOPO20 He PERYPCUSHO NEPEUUCAUMO.

Hokazarenscrso. Cnosa Lo pomnyckarorca HeKoTopoit T'm,
paborarowieit caenyroium obpazom. Ormerum, aro IT'm e 06si-
3aTeIbHO OCTAHABIMBAETCS HA, CJIOBAX He U3 Lo.

1. Ecau mano x, T'm mepedyuciser TpeajioKeHus T, T, ...
TOKa He HAWAET &; = T, ONPeNessisi TeM CAMbIM, 9TO T - TO -
CJIOBO B TIEPEYNCTICHUH.

2. T'm renepupyer I'm; u mepesaér ympaB/i€eHHE YHHUBEP-
canbHOlt Mammue ThlOpuHTA, KOTOpas cuMmyaupyer 1'm; co
BXOJIOM .

3. Eciiu T'm; ocraHaBinBaeTCs CO BXOIOM I; W IOIMYCKAET,
T'm OCTAHABIWUBAETCS M IOMYCKAET; ecan 1'm,; OCTaHABINBAET-
Ccd W OTBEPraer T;, T0 1'Mm OCTAHABIMBAETC: W OTBEPraeTr ;.
Haxkowerr, ecin T'm; He ocTaHaBIWBaeTCs, TO 1'm He OCTaHAB-
JINBAETCS.

4. Takum 00pazoMm Lo PeKypCHBHO MTEPEUUCTUMO, TIOCKOThb-
Ky Lo - 310 MHOXecTBO momyckaemoe 1I'm. Ho momommenwne
K Lo(~Ls) He MOKeT OBITh PEKYPCHBHO NEPEIUCTHMO, II0-
ckoibky ecau T - mammna Teiopunra, pomyckaromasa ~Lo,
TO x; € ~Lg TOTHA M TOTBKO TOTA, KOTJA T; He JOMyCKaeTcs
T'mj. DTO TPOTUBOPEUNT YTBEPHKIEHUIO, UTO ~ L9 - 3TO A3BIK,
Jomyckaembrit 1. [

Teopema 2.3. Cywecmeyem pekypcusHo nNepeucAuUMOe
MHOIACECTNBO, HE ABAANOUEECH DEKYDPCUCHDIM.

okazarenscrso. Hokazarenbcrso. 1o nemme 2.2 Lo - pe-
KYPCUBHO TIEPEYUCIUMOE MHOXKECTBO, JOTIOTHEHNEe KOTOPOTO
He PEeKyPCHUBHO mepedncaumo. Ecan 661 Lo OBLIO PEKYPCHBHO,
o jlemMme 1 ~ Lo 6b1710 ObI PEKYPCUBHO, U CII€I0BATEIHHO pe-
KYPCHUBHO [IEPEYUCIUMO, YTO IIPOTUBOPEYUT BTOPOH [1OJIOBUHE
JeMMBI 2.2. [ |
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2.5. CBa3p mammH TbhOpuHTa U rPaAM-
MmaTuk tuna 0

HokaxkeMm, UTO A3bIK pacrno3Haérca mamuHoil ThropuHra
TOrJIA U TOJIBKO TOIJIA, KOTJA OH DEeHEPUPYeTCst IPaMMaTH-
xoit Tuna 0. /g moxazarehCcTBa 9acTH «ECIU» MBI TOCTPO-
UM HEJETePMUHUPOBAHHYI0 MamwuHy ThiOpuHra, KOTOpas 0y-
JIeT HEJETEePMUHUPOBAHHO BBIOUPATH BBIBOJIBI B I'PAMMATHUKE
"W CMOTPETH, ABJSETCS JIM BBIBOJ, BXOIOM. EKciin 1a, MAallmHa
JIOILYCKAET BXO/I.

s mokazaTenhbCcTBa YacTH <«TOJNBKO €CIU» MBI TTOCTPO-
UM TPAMMATHKY, KOTOPasi HEIETEPMWHWPOBAHHO TEHEPUPYET
MPEICTABJIEHNST TEPMUHAJBHON CTPOKUM W 3aTE€M CUMYJIHAPYET
vamnay ThiopuHTa Ha 3TOH cTpoke. Eciam cTpoka momyckaer-
ca mekoropoit Tm, cTpoka KOHBEPTHUPYETCS B TEPMUHAIbHBIE
CUMBOJIBI, KOTOPBIE OHA TIPEICTABIISIET.

Teopema 2.4. Ecau L zenepupyemcsa epammamurots muna
0, mo L pacnosnaémcsa mawurnoti Toropunaa.

Jlokazarerscrpo. Ilyete G = (N, 3, P, S) - rpammaTuka
runa 0 u L = L(G). Onumem #edOpManbHO HEACTEPMUHUPO-
BauHyt0 MamuHy Twsiopuara T'm, gomyckatomnryio L.

Tm = (Q, E, F, D, q0, F)

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

[Ipeanonaraercs, 9T0 NOCAEIHUE TPU CUMBOJIA HE BXOJST B
NUZX.

Buagame T'm comep:KuT Ha BXOZHOH jJenTe w € X*. Tm
BCTaBJISIET # TIepe W, CABUTAasA BCE CHMBOJIBI W HA OIHY sS4eii-
Ky BIOpPaBo, H #S# mocie w, TaK 4TO COHEPXKHAMBIM JIEHTHI
CTAHOBUTCA HWHSH.

Tenepsr T'm HemETEPMUHUPOBAHHO CUMYJIUPYyeT BBIBOA B (G,
maunnadg ¢ S. Kaxnasa cenrenunabaas ¢hOpPMa BbIBOJA TIOSIB-
JISTIETCSI TIO TIOPSAIKY MEXIY TIOCAeTHUME AByMsi #. Eciu #Heko-
TOPBIHA BBIOOP MEPEXOHOB BEIET K TEPMHUHAIHHON CTPOKE, OHA
cpaBHmBaercsa ¢ w. Ecim orm copmamaior, 1T'm I0IyCKaer.

DopmaabHO, mycTh 1T'm nMeer Ha JeHTe HFwH#H AL Ag ... Ap#.
Tm  mnepemBuraer  HEIETEPMUHWPOBAHHO  TOJOBKY  TIO
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AjAs ... A, BLIOMpast TO3WIUIO i W KOHCTAHTY T MEXKIY
1 1 MakCHMAaJIbHOM IJIMHON JIEBOI YACTHU JIOOOTO MPABUIA BbI-
Boga B P. 3arem T'm nposepsier moactpoku A; Ay ... Ajrr—1.
Ecm A;Aiqq1 ... Aiyr—1 - J1€Basi 4aCTb HEKOTOPOIO NPABUIA
BBRIBOZA U3 P, 0OHa MOXKeT ObITh 3aMEHEHa Ha MPABYI YaCTh.
Tm moxker capunytb A;i,Aiiry1 ... ApFF ubo BIEBO, JTUOO
BIIPABO, OCBOOOXK A UM 3ATOJIHSST MECTO, eCTH TIPaBasi YaCTh
UMEeT JJTUHY, OTJIMIHYIO OT T

W3 3r0it npocToi cuMy sy BeIBOAoB B G BUAHO, 9yTo T'm
evYaTaeT Ha JEHTe CTPOKY Buaa #wHy#, y € V* B rounocrw,
ecn S =g=y. Eciin y = w, T'm nonyckaer L. [

Teopema 2.5. FEcau L pacnosmnaémea nexomopoti maus-
Hoti Tvropunea, mo L eenepupyemca epammamurotimuna 0.

Zlokazarenncrso. llyers Tm = (Q, X, T, D, qo, F') nonyc-
kaer L. ITocrpoum rpammaruky G, KOTOpas HEIEPMUHUPOBAH-
HO TEHEPHUPYET [IBE KOMUHU TIPE/ICTABICHNST HEKOTOPOI'O CJI0BA U3
3* u 3areMm cuMmyJupyer nopeienue 1'm Ha OIHON M3 KOIMIA.
Ecmu T'm nmomyckaer ciaoBo, To G TpancdOpMUpPyeT BTOPYIO
KOIIMIO B TEPMUHAJIBbHYIO cTpOKy. Eciau T'm ue nonyckaer L,
TO BBIBOJ, HUKOTJIA HE TPUBOIUT K TEPMUHATLHON CTPOKE.

DopmMaTbHO, TYCTD

G = (Nﬂ 27 Pa Al)? rae N = ([ZU{SH XF)UQU{Ala AQ; A3}

IIponykuuu P TakOBBI:

A1 — qoAs.

Az — [a, a]Ay nas kaxkgoro a € X.
AQ — Ag.

A3 — [6, B]Ag

A3—>6.

SAEANE S S

qla, C] — la, Elp nnst kaxkmoro a € ¥ U {e} u Kaxm0ro

q € Qu C €T raxoro, uro D(q,C) = (p, E, R).

7. [b, I]q[a, C] — plb, I][a, J] ana kaxmoro C, J, I uz T, a u
buz YU {e} uqus Q rakux, uro D(q,C) = (p, J, L).

8. [a,Clq — qaq, qla, C] — qaq, q — ¢

st kaxkgaoro a € YU {e}, C €T, g € F.
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Ucnonb3ys mpasuia 1 u 2,

Al =* qo[ah al][ag, ag] [am an]Ag,

e a; € X Aj1d HEKOTOPOTO 1.

IIpenmonoxkum, aro T'm AOIMyCKaeT CTPOKY G142 ... Ay. TO-
T2 A7 HeKOToporo m 1T'm ucmonb3yeT He Hojee, 9eM m a9eeK
cripaBa oT Bxoja. Mcmonb3ysa mpaBuio 3, 3aTeM mpasuio 4 m
pa3, ¥ HAKOHEIl, MPABUIO D, UMEEM

A1 = qola, a1][az, ag] ... [an, an]le, B]™.

Hauunaa ¢ 3roro momenTa MOryT OBITH HCHOJb30BAHbI
TOJMBKO MpaBuia 6 1 7, TTOKa He CTEHEePUPYETCs JTOTYCKAaoIIee
cocrostame. OTMeTHM, YTO TIE€PBbIE KOMIIOHEHTHI JIEHTOYHBIX
cumBosioB B (X U {e}) x I" aukorna ne mensiorca. Uanyknueit
IO 9WCTY MAroB 1'm MOYKHO MOKA3aTh, YTO €CITH

(qo, @103 ... an, 1) Frme (g, X1 Xo ... Xg, 1), TO
qolai, a1]laz, as) ... [an, an][e, B]™ =qx«
=G [ala Xl][a27 XZ} [arfh erl]q[am XT} [an+m7 Xn+m]7
TIE a1, G2, ... Ay TPUHAIIIERKAT Xy Gpt1 = Gpt2 = .. Apgm = €,
Xy, Xo,...Xppm mpunagexar I' u X1 =X40=.. X, n=D.

IIpenmonoxkenne MHAYKIMY TPUBUATIBHO IS HYJS IIIAroB.
IIpeanonoxum, uro oHO cupaseanuso aja k — 1 maros. Ilycrs
(QO7 1042 ... Qp, 1) I_Tm"

FTm* ((h, X1X2 Xr; ]1) FTm
Frm (g2, Y1Ya ... Y, j2)
3a k maros. ITo mpeanonoKeHnio WH Ly K
qolar, a1]laz, as] ... [an, anlle, B]™ =g~
=G [(11, Xl][QQ, X2] [(lr_l, Xr—l]q1 [ajl, Xj }
o [Ongmy Xntm)]-

Ilycts EE=L,ecmm jo =j1—1u E = R, ecmn jo = 51 + 1.
B stom cayaae D(qi, Xj,) = (¢2, Y5, E).

Ilo mpaBunam 6 wm 7

ailag,, Xj,] — [ag,, Yyl wmm
[aj,—1, Xj—1lalag,, X5, — qelaj, -1, X5, -1llag,, Y],
B 3aBHUCHMOCTH OT TOTO, paBHO Ju F 3mHadenwio R wam L.
Teneps X; =Y, ana Beex @ # ji.
Takum obpazom,
qola1, ai1]az, as] ... [an, an][e, B]™ =g~
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:>G* [a'17 Yl]qQ[a'jga YjQ} [anery Yn+m]7
9TO JOKA3BIBAET MPEIITON0KEHNE WHIYKITHH.
Ilo nmpaBuny 8, eciiu ¢ € F', 1€rKO OKAa3aTh, 9TO

[a1, X1] ... qlaj, Xj] ... [@ntm, Xngm] =" @102 ... ay.

TakuMm obpazoMm, G MOKET I€HEepUPOBATL A1G3 ... Uy, €CJIH
aas ... a, ponyckaerca T'm. Takum obpasom, L(G) Brirouaer
BCe CIIOBa, Jomyckaembie 1T'm. [lis 3aBepiiieHusT HOKA3aTEIb-
CTBa HEOOXOAMMO IOKA3aTh, 4TO Bee cnoBa u3 L(G) momycka-
forcst T'm. Munykuueit okasbiBaercst, uto A; =g+ w TOABKO
ecau w pomyckaercsa I'm. [ |

2.6. JImneitHO-OrpaHWYEHHBbIE aBTOMA-
Thl U HUX CBA3b C KOHTEKCTHO-
3aBACAMBIMU I'PaMMaTUKaMU

Kaxaprit K3-a3b1k sBIsieTcs peKypCUBHBIM, HO 0OpaTHOE
He BepHO. [lokarkem 4TO CymIeCTBYeT ajaropuTM, MO3BOJSIIOITAI
i npousBosibHOro K3-a3eika L B andasure T', 1 IPOU3BOIIb-
HOH Tenoukn w € T onmpenennTsb, TPUHAIIECIKAT JU W A3BIKY

L.

TeopeMa 2.6. Kaoicduid KOHMEKCMHO-3G6UCUMBLY  A36LK
ABNAENCA PEKYPCUBHIM A3DLKOM.

Jloxkazarennpcrso. Ilyctb L — KOHTEKCTHO-3aBUCHUMBIH SI3BIK.
Torza cymiecTByeT HEKOTOPast HEYKOPATUBAOIIA TPAMMATHAKA,
G = (N, T, P, S), nopoxnaomas L.

Mycrs w € T* u |w| = n. Ecm n = 0, 10 ectb w = €, TO
MPUHAJIEKHOCTb W € L MpoBepseTcs: TpUBUATBHBIM 00PA30M.
Tax uro 6ymem mpeamonarars, 9to n > 0.

Onpenenum MEOKECTEO T, KAK MHOXKECTBO CTPOK ¢ € (NU
T)" nnunbL He Gojee n TAKHWX, 4TO BuIBOA S =* u HMeeT He
6onee m maros. fcHo, uro Ty = {S}.
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Jlerko mokazark, uto 1), MOXHO TOAYYUTb U3 1,1 TpO-
cMaTpuBad, KaKue CTPOKHM C JJIMHOU, MEHBIIEH WU PABHON N
MO2KHO BBIBECTHU U3 CTPOK u3 1), 1 NIPUMEHEHNEM OJHOTO IPa-
BUJIa, TO €CTb

Tm = Tm_lu{u

v = u Jyist HeKoToporo v € Ty, _1, rae |u| < n}.

Ecm S =* wn |ul < n, ro u € T, ana HEKOTOPOTO M.
Ecim u3 S He BRIBOAIUTCA U MW |U| > N, TO U HE TPUHAIIIEKHAT
T, v JJIST KAKOTO 1.

OueBugno, aro T, 2 Tp—1 ana Bcex m > 1. IlockombKy
T, 3aBucut TOIBKO OT 1Tp,—1, eciu T, = Tp—1, T0 T,, =
To+1 = Tmyo = ... . Illpouenypa 6ymer Boraucasars 17, 15, T3,
... TIOKa, JJIsT HEKOTOporo m He okaxercs 1, = T,,_1. Ecan w
He npuHaIeRuT T, 170 He npunamaekut u L(G), TOCKOIbKY
s j > m seinonseno 15 = Ty, Ecim w € 1), To S =" w.

ITokaxkem, 9TO cymecrByer Takoe m, 4ro T, = Tp,_1.
Tlockonmbky mgna waxkgoro ¢ > 1 copasemmmso 1; 2O
T,—1, mo ecmu T; # T;_1, To uuciao 3jaemeHtToB B T
mo Kpaitaeit mepe Ha 1 O6oabme, wem B 1;_;. Ilycre
INUT| = k. Torma uucno crpok B (N UT)T nnubbl Menb-
el wiam paBHOH n pasHO k + k2 + ... + k™ < nk™. Tonpko
91K CTPOKK MOryT Obith B it0b6om 1. Buauur, Ty, = Th—1 st
Hekoroporo m < nk™. TakuMm 06pa3oM, MPOIEIypa, BHIYUCISA-
tomas 1; st Bcex ¢ > 1 10 Tex mop, moka He OyayT Haiime-
HBI IBA PABHBLIX MHOXKECTBA, FapaHTUPOBAHHO 3aKAHUYMBAETCS,
3HA4YUT, 3TO AJITOPUTM. |

JTunetino-oepanunennvt asmomam (JIOA) - aro nemerep-
MHUHUPOBAHHASA MAITHHA THIOPHHTA C OJHON JEHTOH, KOTOpas
HHUKOTJA He BBIXOIUT 33 IIPeenl |w| adeex, rae w — xom. Pop-
MaJIbHO, JINHEHHO-OTPAHUYIEHHBIN aBTOMAT 0003HAYAETCS KaK
M =(Q,%,T,D,qo, F). Obo3nadenusi UMEIOT TOT K€ CMBICII,
uro U i MaimuH ThiopuHra. () - 3T0 MHOXKECTBO COCTOSTHU,
F C @Q - MHOXKECTBO 3aK/IIOYUTENbHBIX cOCcTOsHui, I' - MHO-
KECTBO JIEHTOUHBIX CHMBOJOB, > C I' - MHOKECTBO BXOTHBIX
CUMBOJIOB, o € () - HadasbHOE cocrosinue, D- orobpazkenue u3
Q x T’ B mogmuoxecrso @ x I' x {L, R}.
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Y. CONEpKUT IBa CIEMHAIBHBIX CHMBOJIA, OOBITHO 0003HA-
qaembrx (©) m $, - /eBbI W MpaBbIi KOHIEBBIE MAPKEPHI, CO-
OTBETCTBEHHO. DTH CUMBOJIBI PACIIOIATAIOTCS CHAYAMA IO KOH-
1AM BXOJa U MX (PYHKIMs - NPEJOTBPATUTD MEPEX0]] TOJIOBKH
3a mpeaesbl 00JIaCTH, B KOTOPO# PACIIOJIOKEH BXOJ.

Konudwurypamns M wu orromenune M, cBa3pBaromee nse
KOH(DUTYPAIUN, €CIH BTOPAs MOYKET OBITh MOJIyYeHa W3 Iep-
BOIl npumeHenuem D OnpefesdioTcs TakK Ke, KAK U s
varmuta Treiopunra. Koudurypamus M obo3Havaercss Kak
(q, A1, Ag, ...y Apyi), tne ¢ € Q, A1, Aa, ..., A, € T, 4 - nignoe
or 1 no n. Mpenmonoxum, uro (p, A, L) € D(q, A;) m i > 1.
Bynem rosoputh, aTO

(q, 1417 A2 An, i)lﬁ]\,{(p, Al, A2 Ai—lAAi—i-l An, ’L — 1)
Ecnu (p, A, R) € D(q, A;) u i < n, 6yeM rOBOPUTH, YTO
(qa A17 A2a ] Ana Z)}_Ju(pa Al; A2 Ai—lAAi-‘,-l Ana i+ 1)

To ects M mneuaraer A nosepx A;, MeHsieT COCTOSIHUE HA, P
U TIEPEIBUTAET TOJOBKY BJIEBO WJIM BIPABO, HO HE 34 MPEJIE/IbI
obsracTr, B KOTOPOH CHMBOJIBI PACIONATAINCh MCXOAHO. Kak
OOBITHO, OMPEIENINM OTHOIIEHUE %)/ KAK

(¢, 0, i) *n (g, @, @) m

ecnt (q1, a1, i1)F*ar (g2, a2, i2) T (g2, a2, i2) % (g3, s, i3),

10 (g1, 1, i1) b *ar (g3, 3, i3).

Aswik, momyckaembrit M - s3to {w|w € (X \ { ©, $ } )*
u (g0, ©Qw$, 1) * (¢, a, i) mna mekoroporo ¢ € F, a« € T* m
[esoro i }.

Bygem maseisars M demepmunuposanmoim, ecnu D(q, A)
CONEPKUT He HoJIee OIHOrO IeMenTa, JiJist Toobix ¢ € @, A € T.
He wuzBecTHO, coBmasaer Ju KIaCC MHOYXKECTB, JOMYCKAEMBIX
JIeTepMUHUPOBAHHBIMY 1 HegereMunupoBanubivMu JIOA. cHo,
4T0 JI000€ MHOYKECTBO, JOMYCKAEMOe HEIEeTePMUHUPOBAHHBIM
JIOA, monyckaercst mekoTropoii gerepmunuposaruoit MT. Og-
HAKO, YUCJIO TYeeK JIeHThI, Tpedyemoii atoit MT, moxker 3kcmo-
HEHITMATHHO 3aBUCETH OT JIJIMHBI BXOJIA.

Kuace maoxkects, gonyckaembix JIOA, B rounocTu coBna-
JlaeT ¢ KJIACCOM KOHTEKCTHO - 3aBUCHMBIX S3BIKOB.
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Teopema 2.7. Ecau L - wowmexcmmuo-3asucumolli A3ok,
mo L donyckaemcs JIOA.

Jokazarerscrso. Iycts G = (Vy, Vr, P, S) - KOHTEKCTHO-
zapucuMasi rpammaruka. [locrpoum JIOA M takoit, aro on
monyckaer sa3blk L(G). He BmaBasich B IeTanu TOCTPOEHUS
M, NOCKOJNIbKY OH JIOBOJIBHO CJIOXKEH, PACCMOTPHUM CXEMY €ro
pabornl. B kadecTBe JIEHTOYHBIX CUMBOJIOB Oy/1eM paccMaTpu-
BaTh mapwl (s}, s?), e s; € 2,8 = Vru{@ $},s? € I',T =
Vr UVy U{B}. B mauanbHO# KORMDHUTYpATUK JIEHTA COMEPIKHAT
(Q, B), (a1, B), ... (an, B), ($, B), toe aj...ap, = w - BXOAHAS
nenouka, n=|w|. llemouky cumBonos si...sl Gymzem masnBath
«TIEPBBIM TPEKOM>», §7...52 - «BTOPBIM TPeKOM». [lepBbIii Tpek
OyIeT comeprKaTh BXOJHYIO CTPOKY I C KOHIEBBIMEU MapKepa-
mu. Bropoit Tpek Oymer ncmonb30BaThC A1 BeraucaeHuit. Ha
nepsoMm ware M nomemaer cumBosi S B caMOil JIeBOi stdelike
BTOPOro Tpeka. 3areM M BBIIOJHAET NPOLEAYDPY TEHEPAIUU B

COOTBETCTBUHN CO CJICAYIONIUMA THaraMmu:

1. Ipomueaypa BRIOMpPAET MOJACTPOKY CUMBOJIOB (X 3 BTOPO-
ro Tpeka Takymwo, 9to o — ( € P.

2. Ilogcrpoka o 3ameHsieTcst Ha, (3, IepeMelnast, eCJIvm Heoo-
XOJIMMO, BIIPABO CHUMBOJIBI cmpaBa oT «. Ecnmu sta ome-
parisi MOIJIa Obl MPHUBECTH K MEPEMEIEHNI0 CHMBOJIA 33,
mpaBbiil KOHIEBOH Mapkep, JIOA ocranaBauBaercs.

3. Ilpouenypa HeaeTepMUHUPOBAHHO BbIOUpAaeT nepeiitu Ha
mar 1 uam 3aBepiInuThCs.

Ha BBIXO#E W3 mpolemypbl TMEPBBIT TPEK BCE €IIE COmep-
JKUT CTPOKY T, & BTOPOIl TPEK COAEPKUT CTPOKY Y TAKYIO, 9TO
S =¢ 7. JIOA cpaBHEBaeT CHMBOIBI IEPBOrO TPEKA C COOT-
BETCTBYIONMMK CHMBOJIAMH BTOPOTO TpeKa. Eciau cpaBHeHme
HEYCTIEITHO, CTPOKU CHMBOJIOB MEPBOTO UM BTOPOTO TPEKOB HE
ommuakoBbl U JIOA ocranasnusaercs 6e3 momycka. Ecau crpo-
K onuHakoBbl, JIOA OCTaHABIMBAETCS U JOMYCKALT.

Ecnu z € L(G), To cymecrByer HeKOTOPas IOCIEI0BATE b
HOCTH Aros, Ha KoTopoi JIOA cTpouT = Ha BTOPOM Tpeke
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M JIONYCKaeT BXoA. AHajorwdno, Jjist Toro, 4rodbr JIOA no-
MyCTUIT X, JOTKHA CYMIECTBOBATH MOCIEIOBATEIBHOCTD MIATOB
TaKasl, 9TO T MOYKET OBITH IOCTPOEH HA BTOPOM Tpeke. Taxkum
obpa3om, jo/KeH ObiTh BbiBOA & u3 S B G. [

OTMeTuM CXOXKECTb 3THX PACCYKIAEHUH W PACCYKICHWUH
B CIydae MPOW3BOIBHON TpaMMmaTuku. Torma mpoMexKyTod-
HbIE CEHTEHIUAJbHBIE (POPMBI MOIJIA WMETH IJIUHY, MPOHU3-
BOJBHO OOJIBIIYIO IO CPABHEHWIO C AMWHON Bxoma. Kak cien-
cTBHUE, TpebOBAIACh BCs MOIML MarmwH Thiopuara. B cioyuae
KOHTEKCTHO-3aBUCUMBIX TPAMMATHUK TTPOMEKYTOIHBIE CeHTEH-
nuaabHbIEe (DOPMBI HE MOTYT OBITH JJIMHHEE BXO/IA.

Teopema 2.8. Fcau L donyckaemea JIOA, mo L - xon-
MEKCMHO - 366UCUMBLT A3BIK.

JHoxkazareancreo. Koucrpykiusa K3TM mo JIOA ananoruuna
KOHCTPYKIUK TPaMMATHKU Tha 0, MOIEJUPYIONEH MAITUHY
Toiopunra. Pazaudanre 3akai09aTcs B TOM, 9TO HETEPMUHAJIBI
K3I' nosKHBL yKa3bIBaTh HE TOJIBKO TEKYIIEE M MCXOLHOE CO-
jepzkuMoe staeek JieHTbl JIOA, HO U TO, ABJSEeTCs Jid A4eHKa,
cocemHEN CIpaBa WM CJIEBA C KOHIEBBIM Mapkepom. Kpowme
Toro, cocrosiare JIOA mo/mKHO KOMOMHUPOBATHCS ¢ CHMBOJIOM
Mozt TOsIOBKOM, mockonbkKy K3I' He MOXkeT mMeTh pa3iejbHbIe
CHUMBOJIBI /11 KOHIIEBBIX MapKepos u cocrogausa JIOA, tak Kak
9TH CHMBOJIBI JOJKHBI ObLIH ObI OBITH 3aMEHEHBI HA, €, KOIIa
CTPOKa, TIPEBPAIIAETCS B TEPMUHAJIBHYO. [

TeopeMa 2.9. Cywecmeyom pekypcusHsle MHONCECTNGA,
HE ACAAOULUECH KOHMEKCMHO - 3A6UCUMLMU.

Jokazaremscro. Bee crpoku B {0, 1}* MoxkHO 3aHyMEpO-
BaTh. Ilycts x; — i-0e ci0BO. MBI MOXKEM 3aHYMEPOBATH BCE
rpaMMaTuKu Tuma 0, TepMUHATBHLIMU CUMBOJTAMU KOTOPBIX
apasgiorcs 0 u 1. IlockonbKy nMeHa TepeMeHHBbIX He Ba’KHBI U
KazKJasl TPaMMATUKa NMeeT KOHEUHOe X JUCI0, MOXKHO Ipe-
TIOJIOYKATD, UTO CYIIECTBYET CUETHOE UHCIIO MMEPEMEHHBIX.

IlpesncraBum nepevenHble B JBOMYHON KOaupoBke Kak 01,
011, 0111, 01111 u .a. [Ipenmonoxkum, ato 01 Bceria ABISETCA
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CTAPTOBBIM CUMBOJIOM. KpoMe TOTO, B 9TOH KOIUPOBKE TEPMU-
nan 0 Oymer mpeacraBiaaThes kak 00, a repmunan 1 kax 001.
CumBon «—» npeacrapisgerca kak 0011, a zanaraa kak 00111.
JIrobas rpammaruka ¢ repmuHasamu 0 u 1 moxker ObITh HpEI-
CTABJIEHA CTPOKOM MpaBUI, UCIOb3yommei crpesky (0011) ps
paszesieHus JieBoil u npasoil wacreit, u 3amsroit (00111) asa
paznenenus npasui. CTPOKU, IPEICTABISIONIAE CUMBOJIBI, WC-
noJb3yeMble B mpapuiax, - 3ro 00, 001 u 01 qna i = 1,2, ...
MHO>XKEeCTBO HCIOJIb3yEMbIX TEPEMEHHBIX ONPEeEIISeTCs HesdB-
HO MPaBUJTAMH.

OrmerumM, 9TO He BCe cTpoky u3 0 v 1 mpencTaBasdroT rpaM-
MaTuKu, u He oba3arespbuo K3I. Omgmako, Mo maHHOil cTpoKe
JIETKO MOKHO CKa3arTh, npeacraBisger ju ora K3T. i-0 rpam-
MAaTHUKY MOXKHO HAliTH, PeHEPUPYsT JBOUIHBIE CTPOKH B OMHACAH-
HOM TIOPSIJIKE TIOKa, HE CTEHEPUPYETCS i-51 CTPOKA, STBJISTFOIIASICST
K3T'. ITockoabky umeercs beckorneunoe anciao K3, ux MmoxHO
3aHyMepOBaTh B HEKOTOpOM mopsaake Gi, Ga, ...

Onpenenmm L = {z;|z; ¢ L(G;)}. L pexypcusno. ITo crpo-
Ke X; Jerko MOXKHO OIpenesnTh ¢ u 3areM onpeneauts G;. 1o
TeopeMe 2.6. mMeeTcsa aJIrOpUTM, OIPEJesAmni 11 L, IpH-
Haggexut gu oH L(G;), mockonbky G; K3I. Takum obpazom
UMeeTCsl AJITOPUTM I ONPEIeIeHus st JJI000r0 T TPUHAJI-
Jiexkut m on G.

ITokaxxem Tenepn, yro L He reHepupyercs nukakoin K3-
rpammarukoil. Ilpeamosoxkum, gro L renepupyerca K3-
rpammaTukoil G;. Bo-mepBrix, npeamonoxumM, uto x; € L. TTo-
ckonbky L(G;) = L, z; € L(G;). Ho Torga no onpeueaeHuio
z; ¢ L(G;) - nporusopeune. Takum 00pa3oM MPEIIIONOKUM,
aro x; ¢ L. Hockomeky L(G;) = L, z; ¢ L(G;). Ho Torma
no omnpenenenuio x; € L(G;) - cHoBa mpornpopeune. 13 qe-
T'0 MOYKHO 3aKJIIOYNTh, uTo L He renepupyercs G;. [lockoabky
MPUBENEHHBIN BBINIE aPTYMEHT CIPABEIINB Jid Kaxk ol K3-
rpaMMaTuRu (; B MEPEYUCIEHUH, W TTOCKOIBKY MEPEUUCICHNE
conepkut Bce K3-rpaMmaTuky, MOXKHO 3aKIIOYATH, 9TO L He
K3-a3pix. ITosromy L - peKypCHBHOE MHOYKECTBO, HE SBJISIO-
eecss KOHTEKCTHO-3aBUCHMBIM. ]



I'maBa 3.

Jlekcnmyeckuit aHa/Ins

OcHoBHas 334, JIEKCHIECKOTO aHAIN3a — Pa30OUTh BXOJ-
HOM TEKCT, COCTOSIIWI W3 TMOCIEIOBATETBHOCTH OIMHOTHBIX
CHUMBOJIOB, Ha TOCJIEI0BATELHOCTD CJIOB, MU JIEKCEM, TO €CTh
BBIIEIUTH 3TU CJOBA W3 HEMPEPBIBHON MOCIEI0BATEIHLHOCTH
CUMBOJIOB. Bce cMBOJIBI BXOIHOI NOCIEI0BATEILHOCTH € 3TOM
TOYKM 3DEHUS PA3AEAIOTCSI Ha CUMBOJIBI, TPWHAJJIEKAINE
KAKUM-TTHOO JIEKCEMAaM, U CUMBOJIBI, PA3JEISIONNe JIeKCeMbI
(pasmenuresnn). B HEKOTOPBIX Cilydasix MEXKIY JeKCeMaMu MO-
KeT U He Obirh pasgenureneii. C Apyroit CTOpOHbBI, B HEKOTO-
PBIX SI3BIKAX JIEKCEMBI MOTYT COAEPIKATH HE3HAYAIINE CHMBOJIBI
(nanpumep, cumpon npobesa B @oprpane). B Cu paznenurein-
HOE 3HAYEHWE CHMBOJIOB-PA3AEIUTENEH MOXKET OJIOKMPOBATHCS
(«\» B xOHEE cTpokm BHYTpE "...").

OOBIYHO BCe JIEKCeMbI AeIATCs Ha, Kiaacchl. [Ipumepamvu Ta-
KHUX KJIACCOB ABJIAIOTCA YUCHa (Lesble, BOCbMEPUYHbBIE, [IECT-
HAJAUATUPUYHBIE, JeHCTBUTEbHbIE U T.1.), UICHTH(MUKATODDI,
ctpoku. OTAEABLHO BBIAEIAIOTCS KIIOUEBHIE CIOBA U CHMBOJIBI
OYHKTYauuu (MHOTJA WX HA3BIBAIOT CHMBOJIBbI-OTDAHUIUTE,IN).
Kak mpasumo, KIi04eBble CIOBa, — 3TO HEKOTOPOE KOHETHOE
HNOAMHOXKECTBO uieHTu(hUKATOPOB. B HEKOTOPLIX s3blkax (Ha-
npumep, I1JI/1) cMbICI J€KCEMBbI MOXKET 3aBUCETH OT €€ KOH-
TEKCTA U HEBO3MOXKHO IIPOBECTH JIEKCUIECKUH aHATIU3 B OTPbIBE
OT CHHTAKCUYECKOrO.
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s ocymiecTBieHusT ABYX HaJbHEHmMX (a3 aHaamsa JeK-
CUYEeCKU aHAIM3aTOP BBIIAET WHMOPMAIINIO IBYX THUIIOB: JIJIs
CUHTAKCUYECKOTO AHAIM3ATOPa, PabOTAIOIIero BCIen 3a JieK-
CHUYECKUM, CYIIECTBEHHA WHPOPMAHA O MOCIEI0BATEIbHOCTH
KJIACCOB JIEKCEM, OTPAHUYUNTE e U KITIOYEBBIX CJIOB, 8 I/ KOH-
TEKCTHOTO aHAJIU3ATOPA, PAOOTAIONIErO BCJIET 33 CHHTAKCHYIE-
CKUM, CYIIECTBEHHA WHMOPMAIUS O KOHKPETHBIX 3HAYCHUSIX
OTJEIbHBIX JIeKceM (uaeHTU(DUKATOPOB, YUCeN U T.1.).

Takum obpazom, obimast cxema pabOTHI JEKCHIECKOTO aHA~
sm3aropa Takopa. CHavana BBIAENSETCS OTAENbHAs JIEKCEMA,
(mpu 3TOM, BO3MOKHO, UCIIOIB3YIOTCS CUMBOJIBI-DA3IETUTENH).
KutoueBbie ¢10Ba pacmo3HAIOTCS SIBHBIM BBIJIEJE€HUEM HEO-
CPEJICTBEHHO W3 TEKCTa, JTUOO CHAYAJIA BBLIEIAETC s uaeHTudu-
KATOP, & 3aTeM IeJaeTCs MPOBEPKa HAa TPUHAIIEKHOCTH €ro
MHOXKECTBY KJIFOUEBBIX CJIOB.

Ecnu Bhimenennas jexceMma SIBIAETCS OTPAHUYUTENEM, TO
9TOT OrpaHuyuTe/ b (TOYHEee, HEKOTOPBIA ero IPU3HAK) BbLAa-
éTcd KaK Pe3yJIbTaT JIEKCUIEeCKOro aHam3a. Fein Bbiaenennas
JIEKCEMA SIBJISeTCH KJIIOYEBBIM CJIOBOM, TO BBIIAETCS MPU3HAK
COOTBETCTBYIOMIErO KJIIOYEBOTO CI0Ba. Ecu BbIIeIeHHAS JIeK-
ceMa ABJIAeTCA UACHTU(DUKATOPOM — BBIIAETCS MPU3HAK HIEH-
THPUKATOPA, & CaM HACHTU(DUKATOP COXPAHSIETCS OTIETbHO.
Hakomerr, eciiv BhImeTeHHAS JIEKCEMa, TTPUHAIJIEKUT KAKOMY-
b0 U3 JAPYTUX KJIACCOB JIEKCeM (HAIPUMED, JIEKCEMa Mpel-
cTaBjger coboil YUCI0, CTPOKY U T.J.), TO BBIIAETCA MPU3HAK
COOTBETCTBYIOIIErO KJIACCA, & 3HAYEHUE JIEKCEMbI COXPAHIETCS
OTJIEIIBHO.

JlekcuaecKuii aHATI3ATOP MOXKET OBITH KaK CAMOCTOSITETh-
Hoit ¢a30#l TpAHCAAINN, TAK ¥ TOAIPOrpaMMOiil, paboTarormei
00 [PUHIUIY <«Jail Jekcemy». B mepsom cayuae (puc. 3.1,
a) BBIXOJOM AHAJIM3ATOPa siBJsercs aiiia JieKceM, BO BTO-
pom — (puc. 3.1., 6) JeKceMa BBIAASTCS MPU KaXKIOM O0paIle-
HUM K aHAIU3aTOpy (IpU 3TOM, KAaK MPABUJIO, IPU3HAK KJIAC-
ca JIEKCeMbl BO3BPAIIAETCH KAK PE3yJIbTaT (DYHKIIUU <«JIEKCH-
YeCKUI aHAIM3ATOP», 4 3HAYEHUE JIEKCEMbl mepenaéres depes
riobasibayo nepemenrnyo). C 104Ky 3penns 00pabOTKU 3HAYE-
HUH JIEKCeM, aHAJIU3aTOP MOXKeT JubO0 MPOCTO BBIAABATH 3HA-
YeHUe KaXKIOU JIEKCEMBI, TIPH 3TOM MTOCTPOeHUEe Tab Ul 00beK-
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0B (MAeHTU(MUKATOPOB, CTPOK, YUCEJ U T.JI.) IEPEHOCUTCS Ha
bomee mo3anne (aswl, MO0 OH MOMXKET CAMOCTOATETHHO CTPO-
ATH TAaOMHUIBI OOHEKTOB. B 3TOM cIydae B KaUeCTBE 3HAMEHMUS
JIEKCEMbI BbLIAETCs yKa3aTe/jb Ha BXOJ B COOTBETCTBYOILYIO
TabauIry.

Twurm, 3nauenue | | CHHT. aHaIM3aTop | 7
A

Tun
JIeKCeMBbL 3HaveHue

A

A 4 y

Tabnuna Jlexc. ananu3aTop l—

a 6

Puc. 3.1.

Pabotra siekcrdeckoro aHanim3aTopa 3aJ3a8TCS HEKOTOPHIM
KOHECYHbBIM aBTOMaTOM. O,D;H&KO, HETIOCPEACTBEHHOE OITMCaHHuEe
KOHEYHOTO aBTOMAaTa HEYJA00HO € MPAKTUIECKOH TOYKH 3pe-
aus. [losromy s 3a1aHust JEKCUYECKOTO aHATIN3aToOpa, Kak
MPABUJIO, UCIOIB3YETCsT JIMOO PEryJIipHOE BBIPAXKEHUE, JTH00
MpaBo/MHENHAA TpaMMaTuka. Bee Tpu dopmanmn3Ma (KOHeq—
HBIX &BTOMATOB, PEryJdPHBIX BBIPAXKEHUN W OPaBOJIMHEHHBIX
FpaMMaTI/IK) UM€EIOT OANHAKOBYIO BBIPA3UTEJIbHYIO MOIIHOCTD.
B wacrHOCTH, IO PEry/ISIPHOMY BBIPAXKEHHUIO WU IIPABOJTHHE-
HOIT rpaMMaTUKe MOXKHO CKOHCTPYHWUPOBATh KOHEYHBII aBTO-
MaT, PACMO3HAIOIIUN TOT )K€ A3bIK.

3.1. PeryaspuHble MHOXKeCTBa U BbIpa-
JKeHU s

BBeném nonsaTne pe2yssapH020 MHOHCECTMEG, WUIDPAIOIIErO
BAXKHYIO POJIb B TEOPUN (POPMAJIBHBIX SI3BIKOB.
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Peezyaaproe muoorcecmeo B andasure T onpenensercs pe-
KYPCHUBHO CIIEAYIONINM OOpPa30M:

(1) @ (mycroe MHOXKECTBO) — DPEryaspHOE MHOMXKECTBO B ajl-
dasutre T

(2) {e} — perynsipHoe MHO)KecTBO B andasure T' (e — mycras
HEMoYKa);

(3) {a} — perymsiprOe MHOXKeCTBO B andasure T ayst KaxK-
goro a €T

(4) ecu P u (Q — peryaspHble MHO)KecTBa B ajdasure T
TO PEryJspPHBIMA SBJAIOTCA U MHOMKECTBA,

(a) PUQ (obbenunenne),
(6) PQ (xoHKaTeHanusi, TO €CTh MHOXKeCTBO {pqlp €

P.qeQ}),
(8) P* (wrepamms: P* = |J P");
n=0

(5) HUYTO APYrOe HE SBJSETCH PEryJsPHbIM MHOXKECTBOM B
andasure T

Nrak, MuOXKeCTBO B asidasure T’ peryaapHO TOTIAA U TOIh-
KO Torja, Korua ouo jubo &, mubo {e}, mmbo {a} ana Heko-
Toporo a € T, muh0 ero MOXKHO MOJYYUTh U3 ITUX MHOXKECTB
MPUMEHEHNEM KOHEYHOTO YUC/Ia Oneparnii 00beTnHeHnsl, KOH-
KATEHAIIUN U UTEPATIH.

[TpuBeaéanoe BbILIE OIPE/IETEHNE PErYJISPHOIO MHOXKECTBA,
MO3BOJISIET BBECTH CIEAYIOMY0 ya00Hy0 (DOopMy ero 3amucw,
HA3BIBAEMYTO PE2YAAPHOIM BHLPAAHCEHUEM.

Pezyaaproe evipaocicenue B andasute T n 0603HaIaEMOE UM
PEeryaspHOe MHOXKECTBO B ajdaBure 1’ ONpemensitoTcsa peKyp-
CHUBHO CJIEYIONNM 0OPa30M:

(1) @ — perynsipuoe BbIpakeHue, 0GO3HAYAIONIEE PEryJIsip-
HOE MHOZKECTBO J;

(2) e — peryasipHOe BbIpazkeHue, 0603HAYAIONIEE PErYIIAPHOE
MHOKECTBO {e};

(3) a — peryusphoe Bbipazkenue, 0G03HAYAIOLIEE PErYJIAPHOE
MHOXKecTBO {a};
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(4) ecu p u ¢ — peryJspHble BbIpasKeHUsl, 0DO3HAYAIOIINE
peryagpHble MHOXKecTBa P 1 () COOTBETCTBEHHO, TO

(a) (plg) — perynapuoe BeIpazKenue, 0GO3HAYAIOIIEE Pe-
ryjaspaoe MuHOKecTBO P U @,

(6) (pq) — perynsphoe BbipaxkeHue, 0003HAYAIOIIEE Pe-
ryJIsIpHOe MHOXKecTBO PQ),

(B) (p*) — perynspHoe BhIparkenue, 0003HAUAIONIEE Pe-
TyJISSPHOE MHOXKeCTBO P*;

(5) HEYTO ApPYTOE HE ABJAETCsH PEryJsPHBIM BbIDAYKEHUEM B
andasure T

Mbr GymeM OMyCKAThL JIUITHUE CKOOKW B DEryJIsPHBIX BbI-
ParKeHUAX, JOTOBOPHUBIIACH O TOM, YTO ONEPAIUA UTEPAIAN
HMEeT HAUBBICIINI IPUOPHTET, 32T€M HIET ONEePAIMH KOHKATE-
HAIMH, HAKOHEII, ollepanus 00ObeJMHEHNSA MMEeT HAMMEHbIIHI
IPUOPHTET.

Kpowme Toro, Mb1 6y1eM MONB30BATHCA 3AIMCHIO pT 1j1d 060-
saadenus pp*. Taxum obpasom, sanuch (a|((ba)(a*))) skBuBa-
nentHa alba™.

Taxzke, MbI Oy,JeM HCIIONB30BATH 3annCh L(r) 1d perysp-
HOTO MHOXKECTBA, 0003HATACMOTO PETYIAPHBIM BHIDATKCHUCM T.

llpuMep 3.1. HeckoabKo TIPUMEPOB PETyISPHBIX BBIPAKEHUN
¥ 0003HATAEMBIX MMU PEryIsSPHBIX MHOXKECTB:

a) a(ela)|b — obozmagaer mHOKECTBO {a, b, aa};

6) a(alb)” — oGo3HAYAET MHOXKECTBO BCEBO3MOXKHBIX LEILIOYEK,
COCTOAMMX M3 @ W b, HAYMHAIOMAXCA C d;

B) (a]b)*(alb)(a|b)” — obo3HauAET MHOKECTBO BCEX HEMYCTHIX 1ie-
TOYeK, COCTOAMUX U3 a u b, TO ecTh MHOXKecTrO {a, b}T;

r) ((0/1)(0]1)(0]1))* — ob6o3HATAET MHOKECTBO BCEX TEMOYEK, CO-
CTOAMUX U3 HyJIell W eUHAL, [JIMHBI KOTOPBIX AEIATCA Ha 3.

dAcHo, 9TO A KAXKIOTO PEryaspHOrO0 MHOXKECTBA MOXK-
HO HaMTH peryJysipHOe BbIpazKeHue, 0DO3HAYAONIEe ITO MHO-
2KeCcTBO, n HAoOopoT. Bomee Toro, my1a KaXkaoro peryispHOro
MHOKECTBa CyIECTBYeT OECKOHETHO MHOIO 0DO3HATAIONINX €0
PEryJISIDHBIX BBIPAYKEHUIA.
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Bynem roBoputh, UTO PETYASAPHBIE BHIPAXKEHUS PAGHb: NI
sxsusasenmub, (=), eciu OHU OOO3HAYAIOT OJHO U TO JKe pe-
TYJISIPHOE MHOZKECTBO.

CyuecrBytor ajrebpauyeckKue 3aKOHbI, II03BOJISIOLIAE OCY-
IIECTBJISATH IKBUBAJIEHTHOE MPe0OPA30BAHNE PETYJISPHBIX BbI-
pazkeHuii.

lemma. Ilycmo p, ¢ ur — pezyaspusvie svipascenus. Tozda
CNPABEdAUBHL CALIYIOULUE COOMHOWEHUA:

(1) plg = qlp; (7)  pe=ep=p;
(2) o' =¢; (8) op=p2=0;
(3) plglr) = (plg)lr; 9)  p*=plp*

4) p(gr) = (pg)r; (10) (p*)* =p%
(5) plqlr) = pqlpr; (11) plp=mp;

(6) (plg)r = prlgr; (12) plo =p.

CrnemcTBue. Jlas 4106020 Pe2YsapHo20 GHIPAACEHUA CYULE-
CMBYEM IKGUBAAEHIMHOC PELYAAPHOE BVIPAINCEHUE, KOTNODOE
Aubo ecmo I, aubo ne codepocum 6 ceoetli sanucu .

B nanpreitirem OymeM pacCMaTpUBATD TOJBKO PETYJISPHBIE
BBIDAKEHHd, He CO/eprKalllue B CBoeil 3anucu .

IIpu npakTHIecKOM ONUCAHUM JIEKCHYECKUX CTPYKTYP ObI-
BaeT TOJIE3HO COTOCTABRAATEH PETYJASPHBIM BBIPDAYKEHUAM HEKO-
TOpBIE UMEHA, U CChLIAThCS Ha, HUX 10 3TUM UMeHaM. /[jis ompe-
JIeJTEHUsT TAKUX UMEH MbI Oy/IeM HCIOIB30BATH 3AIMUCH BUIA

d1 =T

d2 =T9

dn =Tn
rae d; — pasIudHbIe UMEHA, & KazKI0e T; — PeryJsipHOe BbIpa-
skenue nag cumogamu T'U{d, ds, ..., d;—1}, TO ecTh cUMBO/IA-

MU OCHOBHOTO aJI(DABUTA W PAHEE OIPEIeJIEHHBIMUA CUMBOJIAMHI
(nmenamu). Takum o6pa3om, AJs JIO6OTO T; MOXKHO TOCTPO-
HUTDH PETyJIsAPHOE BbIparKeHue Had 1, TOBTOPHO 3aMEHsIs NMEHA
PEeryaspHBIX BBIPArKEHHI HA 0DO3HAYAEMble MMU PEryJsipHbBIE
BbIpaXKEHUA.

llpuMep 3.2. Heckonbko IpuMEPOB UCIOIb30BAHUS UMEH 11
0003HAYEHHSA PETYIAPHBIX BBIPAKEHUN.
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a) Perynsproe BeIpazkeHUe JJisi MHOXXECTBA UAECHTU(DUKATOPOB.
Letter = alb|c| ... |z|y|z
Digit = 0[1] ... |9
Identifier = Letter(Letter|Digit)*

6) PeryssipHoe BhIparkeHUMe 11t MHOKECTBA, YNCEJT B JIeCATHITHON

3amucy.
Digit = 0[1] ... |9

Integer = Digit™

Fraction = .Integer|e

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

3.2. KoHeuHnble aBTOMATHI

Perynapusie BbIpazkeHwsd, BBEIEHHbIE DaHee, CIyKAT s
ONUCAHUA PETYJISPHBIX MHOXKECTB. g pacnosdnasanus pery-
JITPHBIX MHOXKECTB CIIYXKAT KOHEUHbLEe aA68MOMATIbL.

Hedemepmunuposanmoiii xoneunndi asmomam (HKA) — mo
onpenenennto ectb narépka M = (Q,T, D, qo, F'), rae

(1) @ — KOHEYHOE MHOXKECTBO cocmosnul;

(2) T — KOHEYHOE MHOKECTBO JONYCTUMBIX 6LOOHBLL CUMBO-
206 (BXouHO#T ajdasur);

(3) D — ¢ynryus nepexrodos (0TobparKaIOUas MHOKECTBO
QX (TU{e}) BO MHOKECTBO IOMHOKECTB MHOXKeCTBA (),
OIIPEIEISIONIAs] NOBEIEHUE YIPABJILIONIEro yCTPOHCTBA;

(4) go € Q — HanasbHOE COCTNOANRUE YIPABJIIONIErO YCTPOi-
CTBa;

(5) F C @ — MHOXKECTBO 3AKAMOMUTNEADHOLL COCTNOAHUT.

Pabota kKoHEUHOrO aBTOMATA TMPEACTABISIET CODOH HEKOTO-
PYIO TOCTIEeN0BATEIbHOCTD ITAr0OB, UM TaKTOB. TakT ompeme-
JfeTcad TEeKYIIMM COCTOAHHMEM YIIPAaBJIAIONIEr0 YCTPOHCTBA U
BXOJIHBIM CHMBOJIOM, 0003PEBaEMbIM B JAHHBI MOMEHT BXOJI-
HO¥ rosoBkoit. CaM mar cocToOuT W3 W3MEHEHUs COCTOSHUS U,
BO3MOXKHO, C/IBHAI'a BXO/JHOH IOJIOBKM HA OJHY A4elKy BIpaBo
(puc. 3.2.).
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CocrosiHHE

A

ITpounrtanHas yacTh Texymmit Henpountannas gacts
BXOJIHOM IIEMTOYKH BXOTHOM BXOJIHOM IIEMTOYKH
CHMBOII
Puc. 3.2.

Henerepmunusm apromara 3aK/I04Yaercss B TOM, 4YTO, BO-
MEPBBIX, HAXOIICh B HEKOTOPOM COCTOSHUM W 0D03peBasi Te-
KyIUi CHMBOJI, aBTOMAT MOXKET MepeiiTh B OXHO W3, BOOOIIE
TOBOPSI, HECKOADKUL BO3MOXKHBIX COCTOSHUM, M BO-BTOPHIX, aB-
TOMAaT MOKET JIeJIaTh MEPEXOIBI TI0 €.

Mycrs M = (Q, T, D, qo, F) — HKA. Kondueypavuei as-
tomara M masbBaerca napa (¢, w) € Q x T, rue ¢ — Tekymee
COCTOSTHUE YIIPABJIAIOIIETO YCTPOWCTBA, & W — HENOYKa, CAMBO-
JIOB HA BXOJHON JIEHTE, COCTOAIAA U3 CHUMBOJIA I1OJ, I'OJIOBKOI
U BCEX CUMBOJIOB crpasa or Hero. Kouduryparmms (go, w) Ha-
3BIBAETCA HauaAvholl, a Koudurypamwms (g, e), rne ¢ € F —
saxmovwumeavnot (unu donyckarowed). Taxmom apromara M
Ha3BIBACTCA OMHAPHOE OTHOIIEHHWE -, ONpemeséHHOe HA KOH-
durypamuax M caegyiomum obpasom: ecmu p € D(q, a), roe
a € TU{e}, o (¢, aw) F (p,w) nas Beex w € T*.

Bysem o6osnauars cumposiom F1 (H*) rpanzurusnoe (ped-
JIEKCUBHO-TPAH3UTUBHOE) 3AMBIKAHAE OTHOIIEHUS .

Bynem rosoputs, uro asromar M donyckaem 1enoyuky w,
ecm (qo, w) F* (g, €) nmst mekoroporo g € F. SI3pikom, donye-
Kaemoim, (pacnosnasaemoim, onpedessemvim) asromMmarom M,
(oboznagaerca L(M)), HA3BIBAETCS MHOMXKECTBO BXOJHBIX I€-
novek, momyckaeMbrx apromarom M. To ecTn,
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L(M) ={w|w € T" n (g, w) F* (g, €)ay1st HEKOTOpOTO ¢ € F'}.

BasKHBIM 9aCTHBIM (JIydaeM HeIeTepMHHHUPOBAHHOTO KO-
HEYHOTO aBTOMATA ABJACTCA JemepMUHUposaHHoLl KoneuHol
a6momam, KOTOPBIH Ha KazKIOM TaKTe PabOTEl IMeeT BO3MOXK-
HOCTh TepeliTH He 6ojee WeM B OTHO COCTOAHNE W He MOMKeT
JleNTaTh Iepexos 110 €.

Iycte M = (Q, T, D, qo, F) — HKA. Bynem maseBate M
demepmunuposcantvm Konewnsm asmomamonm (JIKA), eciu
BBLITIOJTHEHBI CIIEAYIONINE IBa, YCIOBUS:

(1) D(q,e) = @ ansa moboro q € Q, n
(2) D(q, a) comepKuT He Gosiee OTHOTO FTEMEHTA, JJIs1 JIOOBIX
geEQuacT.

Tak kax pynkuusa nepexonos KA conepxxur He bosee oj-
HOTO 3JIeMeHTa JJis1 JIIo00# mapsl aprymenTon, aas JIKA mbr
Byaem momb3oBaThes 3amuchio D(g, a)=p smecro D(q, a)={p}.

Koneunbriit aBromMar MOKeT ObITh n300pazkeH rpaduaecKu B
BUJIE JUua2pammbl, TIPEICTABIISIONICH cOOON OpUeHTHPOBAHHbIH
rpad, B KOTOPOM KaXKIOMY COCTOSHUI) COOTBETCTBYET BEpIIv-
HA, a Jyra, moMedeHHast cuMBosiom a € T'U {e}, coemmusier nee
BEPIIMHLL P U ¢, ecm p € D(q, a). Ha quarpamme BBIIEASIOTCA
HAYAJILHOE U 3aKJII0YUTENbHbIE COCTOAHU (B [IpUMEPaX HUXKE,
COOTBETCTBEHHO, BXOAAMIEH CTPEIKON U JBONHBIM KOHTYDPOM ).

Ilpumep 3.3. Ilycrs L = L(r), toe r = (alb)*a(a|b)(alb).
a) Henmerepmwmrnposanmblii kKoHewHbl#i aBromat M, momyckaro-
il a3bIK L:
M = {{1,2,3,4},{a, b}, D, 1,{4}},
rae pyuKIMs mepexonos D ompemensiercs Tak:
D(1,a) ={1,2}, D(3,a)={4},
D(1,b) = {1},  D(2,b) ={3},
D(2> a) = {3}7 D(37 b) = {4}
JlmarpaMMa aBTOMATa MpHUBEIEHA HA PHUC. 3.3. a.
6) lerepMUHUPOBAHHBINA KOHETHBIN aBTOMaT M, mMOMyCKAaOMMii
A3bIK L:

M =1{{1,2,3,4,5,6,7,8},{a,b}, D, 1,{3,5,6,8}},
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rae pyuKIMs mepexonos D ompemesieTcs Tak:
D(1,a) =2, D(5,a) =38,

D(1,b) =1, D(5,b) =6,
D(2,a) =4, D(6,a)=2,
D(2,b) =7, D(6,b) =1,
D(3,a) =3, D(7,a)=S8,
D(3,b) =5, D(7,b) =6,
D(4,a) =3, D(8,a)=4,

D(4,b) =5, D(8,b)=T.
JmarpaMMa aBTOMaTa IpUBeIeHa HA puc. 3.3. O.

froroto

Puc. 3.3.

llpumep 3.4. JuarpamMma aBTOMATa, JOILYyCKAIOIIEIO MHOYKE-
CTBO 4HCeJI B JEeCATUYIHON 3aInCcu, IPUBEIeHa Ha puc. 3.4.

llpuMep 3.5. AHa/u3 IEmOUEK.

a) Ilpm amaymse nmemoukm w = ababa aBromar m3 mpumepa 3.3,
a, MOXKET CIeJIaTh CJIeyIONyI0 IOCIeI0BATEIbHOCTD TAKTOB:
(1, ababa) b (1, baba) - (1, aba) b (2,ba) F (3,a) F (4, ¢).
Cocrosiine 4 SBIAETCA 3aKIIOYUTENBHBIM, OTCIO/A, EeMOYKa
W JIOIYCKAETCsS STUM aBTOMATOM.

6) Ilpm amamu3se nenouku w = ababab aBromar u3 npumepa 3.3,
0, JOJTKEH CIIeIaTh CJIEAYIOILYIO TTOCIeI0BATEIbHOCTh TAKTOB:
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Digit

A
@D' it @ . o Digit E +’- @ﬂ
“ Y e

Digit Digit Digit

Puc. 3.4.

(1, ababab) F (2, babab) + (7,abab) + (8,badb) + (7,ab) +
(8,b) F (7).

Tak Kak COCTOSHME 7 HE ABJIACTCH 3aKI0UUTE/THHBIM, [Eerno4-
Ka W He JIOMYCKAETCS STAM aBTOMATOM.

3.3. Aaropurmbl ITIOCTPOEHUS KOHEY-
HBbIX aBTOMAaTOB

3.3.1. IlocTpoeHme HegeTEePMUHNPOBAHHOTO
KOHEYHOI'0 aBTOMAaTA MO PEryJsIpHOMY
BBIPA>KEHUIO

Paccmorpum ajroputM moCTpOeHHsi IO PETYIASPHOMY BbI-
PaXKEHUIO HeJIETePMUHUPOBAHHOI'O KOHEYHOI'O aBTOMaTa, J0-
MTYCKAIOIIETO TOT Ke A3bIK.

Agropurm 3.1. IlocTpoenune HeaeTepMUHUPOBAHHOTO KO-
HEYHOI'O aBTOMATa IO PETYJIAPHOMY BBIPDAXKEHUIO.

Bzxo0. Perynsipnoe Bbipaxkenune 7 B andasure 1.

Bwzod. HKA M, raxoit uro L(M) = L(r).

Memod. ABromar nJisi BBIDAXKEHUsT CTPOUTCST KOMITO3UIHEH
W3 aBTOMATOB, COOTBETCTBYIOMNX MOABbIpaxkenuaMm. Ha xaxk-
JIOM TI1are MOCTPOEHUS CTPOAIINNACA aBTOMAT UMEeT B TOUHOCTH
OJIHO 3aKJIOYUTEIBHOE COCTOSIHUE, B HAYAJIbHOE COCTOSTHUE HET
[IEPEXO/IOB U3 JIPYIUX COCTOAHUN M HET IEPEX0JI0B U3 3aKJI0-
YATETHLHOTO COCTOSHUSA B IPYTHE.
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1. Jns BeIpazKeHus e CTPOUTCS aBTOMAT

—~(O—0

Puc. 3.5.

2. Hns soipaxkenusi a (o € T') crpourcs aBroMar

a
—(O—0O

Puc. 3.6.
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3. Mycrs M(s) m M (t) — HKA nis peryJsipHBIX BbIpazke-

HHUHU S U { COOTBETCTBEHHO.

a) Jlns seipazkenus s|t asromar M (s|t) crponTest Kak
MOKA3aHO HA puc. 3.7. 31ech ¢ — HOBOE HAYAJIBHOE
cocrognre u f — HOBOE 3aKIIOYUTETHHOE COCTOs-
HEe. 3aMETHM, YTO MMEET MECTO MEPexXoj MO € h3
i B HadasbHbIe cocroaaug M (s) m M (t) u nepexon
M0 € W3 3aKJIYATEIbHBIX cocTosunit M (s) u M (t)
B f. HauanpHoe 1 3aKIIIOYUTEIHHOE COCTOSHUS aB-
romaToB M (s) u M (t) He SABAAIOTCA TAKOBBIMU [T

asromara M (s|t).
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6) ns eipazkenust st apromar M (st) crpontcs cie-
AyIoImM 06pa3oM:

M() @

Puc. 3.8.

Hauanproe cocrognme asromara M (s) cramoBuTcs
HAYAJBHBIM JIJIT HOBOTO ABTOMATA, & 3AKJIFOYATEb-
Hoe cocrognue M (t) craHOBUTCH 3aKJIIOYUTEbHBIM
Jst HoBoro aproMara. HauanbHoe cocrosiane M (t)
u 3aK/ounTeNbHOe cocrosiaue M (s) cauBatorcs, TO
€CTh BCE IIePexo/bl U3 HadaIbHOro cocrosuusa M (t)
CTAHOBATCS TEPEXOJAME U3 3aKJIIOUATETHHOTO CO-
crosans M (s). B HoBoM aBroMare 310 00beIuHEH-
HOe COCTOSTHHUE He SIBJISETCS HU HAYAIBHBIM, HU 3a-
KJTFOUUTETHHBIM.

B) JIns Beipaxkenust s* apromar M (s*) crpourest cie-
IYIONUM 00pa3oM:

Puc. 3.9.

31ech ¢ — HOBOE Ha4aJIbHOE COCTOsIHUE, 8, f — HOBOE
3aKJTIOUUTEIHLHOE COCTOSTHUE.
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3.3.2. IlocTtpoeHme neTepMUHUPOBAHHOTO KO-
HEYHOT'0 aBTOMAaTa 10 HEAETEPMUHUPO-
BAaHHOMY

PaCCMOTpI/IM AJITOPUTM TIOCTPOEHUA TI0 HEeJECTEPMUHUPO-
BaHHOMY KOHCYHOMY aBTOMATy ACTEPMUHUDOBAHHOTO KOHEY-
HOI'0 aBTOMAaTa, JOMYCKAIOMIEro TOT 2Ke A3bIK.

AaropurMm 3.2. [TocTpoenne neTepMUHUPOBAHHOTO KOHEY-
HOTO aBTOMATa, 110 HEIETEePMUHUPOBAHHOMY.

Bxod. HKA M = (Q, T, D, qo, F).

Bwxod. KA M’ = (Q', T, D', ¢}, F"), takoii aro L(M) =
L(M').

Memod. Kaxxnoe cocrosiaue pesyabrupyiorero JKA — sto
HEKOTOPOE MHOXKECTBO cocTosauil ncxomnoro HKA.

B anropurme 6yayT HCTIONB30BATHCS CIeAYOMNTHE (DYHKIIUN:

e-closure(R) (R C Q) — mHOo)kecTBO cocrosuuit HKA, mo-
CTUKUMBIX M3 COCTOSTHUMN, BXOASMINX B R, TIOCPEICTBOM TONBKO
MEPEXOI0B TI0 €, TO €CTh MHOXKECTBO

s= Ul e ».e)}

qER

move(R, a) (R C Q) — muoxkecTso cocrosianit HKA, B xo-
TOPBIE ECTh TIEPEXO, HA, BXOJE ¢ JJIA COCTOsTHMUI n3 R, To ecTh
MHOXKECTBO

S = |J{plp € D(q,a)}

qER

Brauane Q' u D’ nycrol. Bemonnurs maru 1-4:

(1) Omnpenenurs ¢, = e-closure({qo})-
(2) Hobasuth ¢ B Q' KAK HEIOMEYEHHOE COCTOSHUE.

(3) BoinonHurs Cieyony0 npoueLypy:
while (8 Q) ecTr memomeuenmoe cocrogmme R){
noMetuts R;
for (xaxmoro BxomHoro cumsoma a € 1){
S = e-closure(move(R, a));
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if (S # @){
if (S¢Q")
mobaeuts S B () Kak HemoMeueHHOe
cocTogHuE;
onpegemnts D'(R,a) = S;
}
}
}

(4) Onpenenurs F' = {S|S € Q',SNF # o}.

llpumep 3.6. Pesysnprar mpumeneHus aaropurMa 3.2 mpuse-
aén ua puc. 3.10.
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3.3.3. llocTpoeHme neTepMUHUPOBAHHOTO KO-
HEYHOTO aBTOMAaTa II0 PeEryJsapHOMY
BBIPA>KEHUIO

[IpuBeném Temepb aarOpUTM TOCTPOEHUS IO PETYIISIPHOMY
BBIPAKEHNIO JETEPMUHUPOBAHHOIO KOHEYIHOIO ABTOMATA, JI0-
[YCKAOIIEro TOT XKe A3bIK [3].

IlycTs mano perynsipaoe Beipazkenue 1 B anadasure 1. K pe-
IyJIAPHOMY BBIDAYKEHWIO 7' 100aBUM Mapkep Kouma: (r)#. Ta-
KOE PEryasipHOE BhIpazkeHne OyJeM HA3BIBATH NONOAHEHHIM.
B mporiecce coeit paboThl anropuTM OyaeT MCIOIb30BATH IT0-
TIOJTHEHHOE PETYIISIPHOE BBIPAKEHWE.

Anroputm GymeT oneprpoBaTh ¢ CHHTAKCHYECKAM JEPEBOM
JIJTs1 TIOTIOJTHEHHOTO PETYJISPHOTO BHIDaXKeHWs1 (1')# , KayKIbIii
JmCT KOTOporo nmomeden cumposnom a € T'U {e, #}, a kaxunada
BHYTDEHHSS] BEPIIMHA, TIOMEYEHA 3HAKOM OJIHOM M3 Onepaluii:
- (koukarenaiys), | (obbenunenue), * (urepauus).

Kaxnomy aucry nepesa (Kpome e-JUCTHEB) IPUCBOUM YHHU-
KaJIbHBIHT HOMED, HAa3bIBAEMbIHl nosuyueti, u OyIeM HCIOIb30-
BaTh €r0, C OJHON CTOPOHBI, IJIsi CCBHIJKY HA, JIUCT B JIEpeBe, U,
¢ IPYTO# CTOPOHBI, JJIsT CCHLIKA Ha, CAMBOJI, COOTBETCTBY IO
9TOMY JIHCTY. 3aMETHM, 9TO €CJIU HEKOTOPBIA CAMBOJ HUCIIO/b-
3yeTCsl B PETYISAPHOM BBIPAZKEHMM HECKOJNBKO Pa3, OH MMEeT
HECKOJIBKO ITO3UIINIA.

O6oiiném mepeBo T cHU3Y-BBEPX CJI€BA-HAPABO W BBIYUC-
smM 4derwipe yaxnun: nullable, firstpos, lastpos u followpos.
Tpu nepesie by — nullable, firstpos u lastpos — oupe-
JIeJIEHbL HA y3Jlax Jepesa, a followpos — Ha MHOXKECTBE I10-
sunmit. 3uavenuemM Bcex QyHKImit, Kpome nullable, siBnsercs
MHOKeCTBO nozutuii. @yuruus followpos Beraucagercs depes
TpHU ocTanbHbe DYHKINH.

Oyukuus firstpos(n) 1js KaxKI0TO Y3718 1 CHHTAKCHIECKO-
TO IePeBa PEryJISIPHOTO BRIDAYKEHUS TAET MHOXKECTBO MTO3UIIHIA,
KOTODBIE COOTBETCTBYIOT TEPBBIM CHMBOJIAM B TIOIIENTOYKAX,
TeHEPUPYEMBIX TTOJBBIPAKEHNEM C BEPITUHON B n. AHAIOrWY-
HO, lastpos(n) maéT MHOXKECTBO MO3HIHNA, KOTOPBIM COOTBET-
CTBYIOT IIOCIEJHME CHMBOJIbI B IOJLEIOYKAX, F€HEPUPYEMbBIX
MOJIBBIPAYKEHUSIMU C BePINUHON 1. [jis y31a n, moaIepeBbs Ko-
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TOPOTO (TO ECTH IEPEBbsl, Y KOTOPBIX Y3 7 ABJISCTC KOPHEM)
MOTYT TIOPOJIUTH TIyCTOE CJI0BO, ompexenum nullable(n)=true,
a IJIg OCTAIBHBIX y310B nullable(n)= false.

Tabnuna s Bbrunciaenus pyakuuii nullable, firstpos u
lastpos npusenena wa puc. 3.11.

y3en n|nullable(n) firstpos(n) lastpos(n)
JIACT € true %) 1%
guct i| false {i} {i}
(He €)
| |nullable(u) firstpos(u) lastpos(u)
/\ or U U
uv |nullable(v) firstpos(v) lastpos(v)
- |nullable(u)|if 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)
*k
true firstpos(v) lastpos(v)
v
Puc. 3.11.

llpmmep 3.7. Ha puc. 3.12 npuBeseHO CHHTAKCHYIECKOE JEPEBO
JIJISE TIOTIOJTHEHHOTO PeryJIsipHOro Bhipaxkenus (a|b)”abb# ¢ pe3y.b-
TaToM Bbruucjenus Gyukuuit firstpos u lastpos. CiieBa 0T KaxK10r0
y3J/1a PacIoJIOKeHO 3HadeHue firstpos, cupasa OT y3/1a — 3HaAYeHUe
lastpos. 3amernmM, 9TO 3TN (YHKIMM MOTYT OBITH BBIYUCICHBI 33
onwH 00X0IT JepeBa.

Ecnu ¢ — mosunus, o followpos(i) ecTh MHOXKECTBO MO-
BUIMI j TAKWX, YTO CYIIECTBYET HEKOTOPasi CTPOKA ...cd .. .,
BXOJAIAS B S3bIK, OITUCHIBACMBIH PEryJAPHBIM BBIPAKCHHEM,
TAKast, YTO TMO3AIUA i COOTBETCTBYET STOMY BXOKACHHUIO C, a
[O3ULKSA ] — BXOXKIAEHHIO d.

Oyukuusa followpos moxker ObITb BbIYMC/IEHA TaKXKe 33,
oJmH 06X0/T JTepeBa CHU3Y-BBEPX MO TAKUM JIBYM TTPABUIAM.
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Puc. 3.12.

nosunus | followpos
1 {1, 2,3}

{1, 2, 3}

{4}

{5}

{6}

%]

S U= W N

Puc. 3.13.

1. Ilycth n — BHYTpPEHHMI y3e1 ¢ omeparmeii -
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(koHKaTE-

Halus), U U ¥ — ero noroMkH. Torja Jiis KaxK/I0H MO3HIMK
1, Bxopgauieil B lastpos(u), nobGaBisgeM K MHOXKECTBY 3HAYCHHI

followpos(i) muo)kecTBO firstpos(v).

2. Ilycrb n — BHyTpenHuii y3es ¢ onepaiueii * (ureparus),

% — ero MOTOMOK. Torma [jisi KazKIOH TO3WUIMHU %, BXOMSIIEH
B lastpos(u), nobapngeM K MHOKecTBY 3HadeHuil followpos(i)

MHOKecTBO firstpos(u).



62 I'maBa 3. Jlekcmdeckuii anaJmns

llpumep 3.8. Pesysabrar Berancienus byukmuu followpos nys
PeryJisipHOrO BBIPAXKEHUs U3 IIPEbIAYIIEro IpuMepa IPUBEIEH HA
puc. 3.13.

AaropurMm 3.3. IIpamoe nocrpoenne JIKA no perynsipao-
MY BBIPAYKEHUIO.

Bxoo. Perynsipuoe Boipaxkenue r B andasure 1.

Bwzod. KA M = (Q,T, D, qo, F), takoit aro L(M) =
L(r).

Memod. Cocrositust JJKA coOTBETCTBYIOT MHOKECTBAM I10-
3UTHH.

Bragane Q) u D nyctbl. Bemonuurs marn 1-6:

(1) TTocTpoOUTh CHHTAKCHYECKOE JEPEBO JJIs TTONOJHEHHOTO
perysipHOTO BhIpazkenus (1)#.

(2) O6xomst CHHTAKCHYECKOE JIEPEBO, BBIYMCIHTH 3HAYEHUS
dyukmmit nullable, firstpos, lastpos u followpos.

(3) Ompenemurs qo = firstpos(root), rme root — KOpeHB
CHHTAKCHYECKOTO JIEPEBA.

(4) Hobasurb qp B () KAK HEIIOMEYEHHOE COCTOTHHUE.

(5) BBINOMHUTH CIELYIONLYIO NIPOLELYPY:
while (8 ) ecTs memomeuenmoe coctosmue R){
moMeTuTs R;
for (xaxmoro Bxommoro cumBoyna a € 1,
Takoro, 4ro B R mMeeTcd mo3uIus,
KOTOpO# cooTBeTcTByeT a){
OycTh CHMBON @ B R COOTBETCTByeT HO3UIUIM

Ply---,Dn, 7 aycTts S= |J followpos(p;);

1<isn
if (S # 2)4{
if (S¢Q)
LobaBuTh S B () Kax HeIoOMeYeHHOe
cocTosHUE ;
onpenenursy D(R,a) =S5
}

}
b

(6) Ompenenuts F Kak MHOKECTBO BCEX COCTOAHUN U3 @,
CONEPIKAITAX TIOZUINH, CBAZAHHBIE ¢ CUMBOJIOM F£.
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llpumMep 3.9. Pe3ysbrar mpuMeHeHHS ajropuTMa 3.3 IS pe-
ryasproro seipaxenus (a|b)”abb npusenén na puc. 3.14.

S N
_,I (1,2,3} I_a,| {1,2,3,:} |T| (1,2,3,5} |_b,H {1,2,3,6}
U V)

b a

Puc. 3.14.

3.3.4. llocTpoeHue AeTepMHHUPOBAHHOI'O KO-
HEYHOTO aBTOMAaTa C MUHHMAaJbHBIM
YMCJIOM COCTOSTHUM

Paccmorpum Teneps anropurm nocrpoenust KA ¢ mu-
HUMAJILHBIM 9HCIOM COCTOSHHIH, 3KBHBAJCHTHOIO JTAHHOMY
JKA [3].

MMycrs M = (Q, T, D, qo, F) — IKA. Byzaem nasbisars M
6cody onpedenénnvim, ecin D(q,a) # & mus Bcex ¢ € Q u
acT.

Jemma. Iyemv M = (Q,T, D, qo, F) — JKA, ne asanio-
wudica ecrody onpedeaénnum. Cywecmeyem ecrody onpe-
deaénnwti JJKA M', maxoti wmo L(M) = L(M").

IlokazarenpcTBo. PaccMoTpuM aBTOMAT

M/ = (Qu{q/}aTvD/aQ(hF)v

rae ¢ ¢ (Q — HeKoTOpoe HOBOe cocTosnue, a pyukiuusa D’ onpe-
JIEJIACTCS CITETYIOIIM 00pa3oM:

(1) Ons Becex ¢ € Q u a € T, Takux uro D(q, a) # &, onpe-
npemutb D'(q, a) = D(q, a).
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(2) dns Becex ¢ € Q u a € T, rakux uro D(q, a) = &, onpe-
nematb D' (¢, a) = ¢'.
(3) Ons Beex a € T onpenenmts D' (¢, a) = ¢'.
Jlerko nokaszarb, uro asromar M’ gomyckaer TOT e A3bBIK,
aro u M. [

[IpuBenéunblii HU2KE AJITOPUTM MOIY9aET HA BXOIE BCIOLY
ompenesnéHubiii aBromMar. Eciau aBroMar He SBIISETCH BCIOLY
OTIpeIENIEHHBIM, €r0 MOXKHO CJe/laTh TAKOBBIM HAa OCHOBAHUHU
TOJIBKO YTO IIPUBEIEHHON JIEMMBI.

AnropurMm 3.4. Tlocrpoenue JIKA ¢ MUHUMATBHBIM 9HC-
JIOM COCTOAHUMA.

Bzod. Beiony onpenenéunpiit IKA M = (Q, T, D, qo, F).

Buwzod. IKA M' = (Q', T, D', ¢}, F'), Takoit uro L(M) =
L(M') u M’ conepkuT HAMMEHBIIEE BO3MOKHOE TUCIO COCTO-
AHUN.

Memod. Bemonauts maru 1-5:

(1) Tocrponts HauasbHOE pazbuenue II MHOXKeCTBa COCTO-
SHUN U3 ABYX TPYIIL: 3aKJII0OYUTEJIbHBIC COCTOAHUA Fu

ocragpabe Q — F, o ects I = {F,Q — F}.

(2) IIpumenwurs k II cneayromyio npoueaypy u moLy4uTh HO-

Boe pasbuenne [ ey :

for (xaxpoit rpymmu G B II){
pas3burs (G Ha TOATPYHIE Tak, ITOOH
cocTosiuma s u t u3 (G orasammch
B OJHOH HOATPYyNIE TOTrHa M TOJIBKO TOTIA,
KorJa IIs KaxXIoTo BXONHOTO CHMBONA @
COCTOSIHUS § ¥ [ MMENT IIePeXOoH II0 a4
B COCTOfHUS U3 OIHON um To# xe rpymms B II;

samenuTs G B Il Ha MHOXeCTBO BCex
MIOJIYYEHHHX IIOATPYIII;

}

(3) Ecm I, = 11, momaraem 1,5 = IT n nepexomnm  mary
4, nnaue noTopsieM tmiar 2 ¢ Il := Il ey .

(4) Mycre Hyes = {G1, ..., Gy }. Onpenennm:
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Q ={G,...,Gn};
q, = G, tme rpymma G € Q' takosa, uTo g € G;
F'={G|GeQ uGNF #a};
D'(p',a) = ¢, ectn D(p,a) =g, tnepep’ nqeq.
Takum obpazom, kazkaast rpynna B I1,es cranosuTca co-
crosiHueM Hoporo asromara M’. Eciau rpyina coaep:xur
HAYAIBLHOE COCTOsSHME aBTOMATa M, TO 3Ta rPyIIa CTAHO-
BUTCS HAUAJILHBIM COCTOsHAEM aBToMmara M’ . Eciu rpym-
1 COAEPKUT 3AKTIOIUTENbHOE cocTossaue M, oHa ctaHo-
BUTCA 3aKIIOYATEIBHBIM cocTogameM M. OTmernm, 9To
KazKaas1 rpymnmna [l e b0 COCTONT TOTBKO U3 COCTOMHMIA
n3 F, mubo ne nmeer cocrosiuvii u3 F'. Ilepexombr ompe-
JIEJTSIOTCST OYEBUIHBIM 00Pa30M.

(5) Eciiu M’ umeer «MEPTBOE» COCTOSTHUE, TO €CTh COCTOSI-
HHe, KOTOPOe He ABJIAETCS JTOMYCKAIONIUM U U3 KOTOPOro
HeT myTell B JOIyCKAIOIIME, YIAIUTh €ro U CBA3AHHBIE C
HuM nepexonst uz M'. Yaamurs uz M’ takxke Bce cocTo-
SIHUSL, HEIOCTHXKUMbIE M3 HAYaJIbHOIO.

llpumep 3.10. Pesymprar mpumenenus asropurma 3.4 mpuse-
nén Ha puc. 3.15.

a ﬁ@\%}ba

Puc. 3.15.



66 I'maBa 3. Jlekcmdeckuii anaJmns

3.4. CBa3b peryaspHbIX MHOXECTB,
KOHEYHBIX aBTOMAaTOB U peryJdp-
HBbIX I'PaMMaTUK

B paznene 3.3.3 npuBei€H aaropuT™M MOCTPOESHUS JETEPMU-
HUPOBAHHOTO KOHEYHOT'O aBTOMATa IO PETYISIPHOMY BbIpayKe-
anto. PaccMoTpuM Teneph Kak MO OMUCAHUI0 KOHETHOTO aBTO-
MaTa IOCTPOUTH PEryaapHOE MHOKECTBO, COBIIAIAIOIIEE C A3bI-
KOM, JIOITYCKAEMbIM KOHEYHBIM ABTOMATOM.

Teopema 3.1. f3wik, donyckaembiii demepmunupo8aHHbim
KOHEUHOIM GETMOMATOM, ABAAETNCA PE2YAADHOM MHONHCE-
CMBOM.

Jokazarenncrso. Ilycrs L — a3bIK, AOMyCKAaeMbIil geTep-
MHUHUPOBAHHBIM KOHEYHBIM aBTOMATOM

M:({QM---7Qn}7T7D>Q1aF)-

Beeaém D® — pacumpenuyio (DyHKIUIO TIEPEXOIO0B aBTOMA~
ta M: D°(q, w) = p, tne w € T*, TOra U TONBKO TOTA, KOTIA
(q,w) =" (p,e).

O6o3HaYNM TIOCPEICTBOM Rfj MHOYKECTBO BCEX CJIOB T Ta-
kux, 910 D®(¢;,2) = ¢; u ecm D°(q;,y) = ¢s mnst moboi
[ETIOYKN Y — TpedUKca T, OTIUIHOTO OT T U €, TO S < k.

WabivMu cioBaMm, Rfj €CTh MHOYKECTBO BCEX CJIOB, KOTOPBIE
[ePEBO/IAT KOHEUHBIH aBTOMAT U3 COCTOSIHUSA ¢; B COCTOsIHIE (j,
HE [IPOXOJisi HU 9epe3 KAKOe COCTosHue s Ayid s > k. Oanako,
1 ¥ j MOTYT OBITH GombIte k.

Rfj MOXKET OBITH OMPEJIEIEHO PEKYPCUBHO CAEIYIOIINM 00-
paszowm:

0 _ _
Rij - {a|a €T, D(qla a) - qj}a
E _ pk—1 k—1/pk—1 k—1
R, = R;; UR; (R, )*Rkj , tne 1 <k < n.
Takum obpaszom, onpegeaeHne Rfj O3HAYAET, 9TO I BXOI-
HOI menoYku w, nepepopsameii M us g; B ¢; 6e3 nepexona uepes

COCTOsTHUSL ¢ HOMEepaMmu, bonbinuMu k, ClipaBeyinBo POBHO O/I-
HO U3 CJIEAYIONINX JIBYX YTBEDXKIEHWH:
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k—1
1. Ilenmouka w NPUHAJJIEKUT Rij , TO €CTh TIPU aHAJIU3e
IENOYKH W aBTOMAT HUKOTJA HE JOCTUTAET COCTOSTHHUH C
HOMEpPaMU, DOJIBIIMMY HJIM PABHBIMU k.

2. Iemouka w MokeT O6BITH TPEACTABIEHA KAK W=1wW1WaWs3,
rme wy € Rfk_l (mopuenovka wy nepesomur M cuavana B
ar), wa € (Ryx1)* (momuenouka wy nepesomur M u3 g
00paTHO B ), HE MIPOXOIs I€pe3 COCTOSHUS ¢ HOMEPaMH,
GONBIIMMU WM PABHBIME k), U W3 € RZ;l (momuenouka
w3 nepesonuT M U3 cocToAHUA g B ¢j) — puC. 3.16.

Puc. 3.16.
Torna L = | RY;. Nnnykumeit mo k MOXKHO MOKa3aTh,
q; €EF
YTO 3TO MHOXKECTBO SARJIAETCS PETYIISPHBIM. [

Taxum 06pas3oM, IJ1s BCIKOTO PEryJIAPHOIO MHOYKECTBA HMe-
eTCs KOHeYHLIH aBTOMAT, JOIYCKAIOIIUH B TOYHOCTU 3TO Pery-
JIIPHOE MHOYKECTBO, U HaobOpOT — A3BIK, JOMYCKAeMblil KOHEeY-
HBLIM aBTOMATOM €CThb PEryJIsiPHOEe MHOMXKECTBO.

PaccMOTPHM Teleph COOTHONICHHE MEKIY A3BIKAMH, IIOPO-
JKIAEMBIMHA [TPABOMHEHHBIME TPAMMATHKAMA W JOITY CKACMBI-
MU KOHEYHBLIMU aBTOMAaTaMU.

ITpaponuneitnag rpammaruka G = (N, T, P, S) nasbiBaerca
pe2yaapHot, ecan
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(1) kaxknoe eé npaBuio, KpoMme S — e, uMeer Bua Juto
A — aB, mbo A—a,rne A,BE N,acT,

(2) B roMm cayuae, korma S — e € P, navanbubiii cumBos S
HE BCTPEYACTCs B MPABBIX YaCTAX [IPABHIL.

Jemma. ITyemv G — npasoaunetinas epammamura. Cyue-
cmeyem pezyasphas epammamura G maxas, wmo L(G) =

L(G).

JlokazarenncTBo. IlpemocTaBisieTcs YUTATENIO B KAYECTBE
ynopaxHnenusd. |

Teopema 3.2. Ilyemv» G = (N,T,P,S) — npasosunei-
naa epammamura. Tozda cywecmeyem wonmeunvili a6mo-
mam M = (Q,T, D, q, F) das xomopozo L(M) = L(G).

Jokazarenbcro. Ha OCHOBAHUW TPUBEIEHHON BBIIIE JIEM-
MblI, 0€3 OrpaHMYeHHsl OOLIHOCTH MOXKHO CYUTaTh, 40 G —
peryssipHasi TpaMMAaTHKA.

ITocrpoum HKA M caeayromum obpa3om:

1. cocrostausvu M Oyayr HerepMuHaiabl G ILIIOC HOBOE

cocrosamne R, He npunagnexkamee N. Tak uro Q =
N U{R};

2. B KauecTBe HAYAJBHOTO cocTostHust M mpumem S, TO ecTh
g0 =5

3. ecniu P copepxur npasuyio S — e, o F' = {S, R}, unaue
F = {R}. HanomunM, 9r0 S HE BCTPEIAETCA B TPABBIX
qacTax mpasui, ecim S — e € P;

4. cocroaaue R € D(A,a), ecim A — a € P. Kpome To-
ro, D(A, a) conepxkur Bce B takme, uro A — aB € P.
D(R,a) = @ mna xaxuoro a € T.

M, unras BXOm w, MOAEIUPYET BBIBOA, W B rpamMmaTuke G.
Tokaxewm, uro L(M) = L(G). Tlyctb w = ajaz ... an € L(G),
n > 1. Torma S = a1Ad1 = ... = aiaz...ap_14n_1 =
a1Q3 . ..0ap_10y, [JsT HEKOTOPOH MOCIEIOBATEHBHOCTH HETEP-
muHATOB A1, Ay, ..., Ay —1. Tlo onpemenenuto, D(S, a1) comep-
xut Ay, D(Aq, a2) comepxur Ag, u T.a., D(A,_1,a,) comep-
xkur R. Tak uro w € L(M), nockonbky D(S,w) comepur
R,aRe F.Ecmee€ L(G), 708 € F, rak uro e € L(M).



3.4. Cps3w per. maOkecTB, KA u per. rpammaruk 69

Awajiorvyno, e w = aiaz...a, € L(M),
n > 1, To cymecTByer nocaeqoBaTelbHOCTL COCTOSHUI
S, A1, Ag, ..y Ap1, R makaga, wto D(S,a1) comepxur A,
D(A1, az) comepxur Ay, u ta. IMosromy S = a4 =

(llaQAQ = ... = ai1az ...an_lAn_l = 414092 ...QAp—-10p —
BeiBoZ B G u x € L(G). Ecqm e € L(M), o S € F, tak 4ro
S—eePueceL(G). ]

Teopema 3.3. /Jlaa xaowcdozo xoneunozo aemomama M =
(Q, T, D, qo, F) cywecmeyem npasosunetings 2pammamu-
xa G = (N, T, P,S) maxas, wmo L(G) = L(M).

JlokazareapcTBo. Be3 morepu OOIMTHOCTH MOXKHO CUHTATD,
uro aBromar M — nerepmuHupoBaHHbBIA. OnpesenuM rpam-
Matuky G caepyiomumM obpas3oM:

1. merepmuHajgaMu rpamMMaTuka G OYIyT COCTOSIHUS aBTO-
mara M. Tak aro N = Q;

2. B KQUeCTBE HAYAJBHOTO CHMBOJIA TPaMMaTHKU G IpuMeM
qo, TO ecTb S = q;

3. A—aB € P,ecm D(A,a) = B;
4. A—a€ P,ecmn D(A,a) =B u B € F;
S—e€P,ecmnqy € F.

JlokazaTeabCTBO TOTO, 9TO S =* w TOrJa W TOIBKO TOTIA,
korma  D(qp, w) € F, aHANOTHYHO IOKA3ATEIBCTBY TEOPE-
MBI 3.2. [ |

B meKkoTOpBIX ciydadax IJsi OMpeNeseHusl TOTO, SABISeTCS
JIM SA3BIK PEryJISPHBIM, MOXKET OBITH IMOJIE3HBIM HEOOXOIMMOe
yCIIOBHE, KOTOPOE Ha3biBaeTcsa JeMMoil OrmeHa o pa3pacTaHum.

Teopema 3.4. (Jlemma o paspacmanuy 0as Pe2YsAPHOLET
mnooicecms). ITycmo L - peeyasproe mmosicecmeo. Cyuwse-
cmeyem maxas xKonemanma k, wmo ecau w € L u |w| > k,
MO UENOUKY W MOHCHO TNPedcmasums 6 sude TYz, 2de
0< |yl <kuay'z €L daa ecexi > 0.
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Jokazaremscreo. Ilyers M = (Q, X, D, qo, F) - koHeUIHDIIH
apromar, momyckarommii L, To ectb L(M) = L u k = |Q).
IIycte w € L m |w| > k. PaccMorpum mocienoBaTepbHOCTD
KOHQpUrypauuii, KOTOpble IpoxXoauT aproMar M, nomyckas ne-
mouky w. Tak xaxk B Heil mo kpaiiHeit mepe k + 1 xoudury-
panms, TO cpey nepBbIx k + 1 xondurypanum HaliayTcsa npe
¢ OIMHAKOBLIME COCTOAHUAMK. TaKuM 00pa3oM, IMOIYUaeM Cy-
MIECTBOBAHME TAKOH MOCIEIOBATEIBHOCTH TAKTOB, YTO

(q0, 7y2) =" (q1,y2) " (g1, 2) =" (g2, €)

JIJIsT HEKOTOPBIX q1 € @, g2 € F u 0 < r < k. Orciona
0 < |y| < n. Ho Torma ayis ao6oro ¢ > 0 aBTOMAT MOXKET IIPO-
MenaTh TOCTeI0BATETbHOCTh TaKToB (qo, Ty2) F* (q1,y'2) F+
(g1, "7 2) .F T (g, y2)F (a1, 2)F* (g2, €)

Taxum obpasoM, xy'z € L nua Becex ¢ > 1. Cayuait i = 0
TO ecTh Yy € L Tak>ke 04eBUIEH. [ ]

C moMoIIpio TEMMBI O PA3PACTAHUU MOYKHO TIOKA3aTh, YTO
He ABJIAETCS PETYIAPHBIM MHOKECTBOM 361K L={0"1"|n > 1}.

Hormycrum, aro L perynsipen. Torma majs 1octarodHo O0TB-
moro 1 0™1™ MOXKHO NPEACTABUTb B BUIE TYZ, IPUIEM Y F €
uxy'z € L pna seex i > 0. Bam y € 07 wm y € 17, 1o
vz =ay2 ¢ L. Ee y € 0717, ro xyyz ¢ L. Tonyuum npo-
tuBopeune. CrenoBarenbHo, L HE MOXKET OBITH PETyJIsTPHBIM
MHOXKECTBOM.

3.5. IIporpammupoBaHme JIEKCUIECKO-
ro aHaJamnus3a

Kak yxke ormedanoch panee, JIEKCUYECKUN AHATU3ATOP
(JIA) moxer 6biTh 0dopmieH Kak nognporpamma. [Ipu obpa-
mennn K JIA, BIpabaThiBAIOTCSA KAK MUHUMYM [IB3, PE3YILTATA!
THI BBIOPAHHON JIeKCeMBL U eé 3HavYeHHe (eCIM OHO €CTh).

Ecau JIA cam dopmupyer mabauiibl 0OBEKTOB, OH BbIIa-
6T TUIl JIEKCEeMbl M YKA3aTeJIb HA COOTBETCTBYIOUIAN BXOJ B
rabsmie 00bekToB. Ecmu ke JIA He paboraer ¢ Tabiunamu
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0ObEKTOB, OH BBIAAET THUI JIEKCEMBI, & €€ 3HAYEHUE MepeIa-
ércd, HATIPUMED, Yepe3 HEKOTOPYIO TIO0ATbHYIO MIEPEMEHHYTO.
IMomumo 3HaYEHWST TEKCEMBI, 9Ta TI0DATbHAS TIePEMEHHAA MO-
XKET COAEPKATH HEKOTOPYIO JIONOJIHUTEIbHYO UH(MOPMAIHUIO:
HOMED TEKYINel CTPOKH, HOMEDP CHMBOJA B CTPOKE U T.J. ITa
nHMOPMAIUS MOXKET UCTIOTb30BATHCSA B PA3IUIHBIX MEJISAX, Ha-
npuMep, I TUATHOCTUKH.

B ocuose JIA nexur gumarpamma mepexoioB COOTBETCTBY-
IOIEro KOHEYHOro apromara. OraespHas mpobiema 31ech —
aHAIN3 KJIOYEBBIX CI0B. Kak mpaBmiio, KJIOYEBbIE CJI0BA —
9TO BBIIEJEHHBIE MIEHTU(GUKATOPHI. [109TOMY BO3MOXKHBI JIBA
OCHOBHBIX CIOC00a PACIO3HABAHUS KJIFOUEBBIX CJIOB: JIUOO OUe-
pefHasa JeKceMa CHadasia JTUATHOCTUPYETCS Ha COBIAIECHHUE C
KAKUM-JTHOO0 KJTIOUEBBIM CJIOBOM U B CJIy4ae HEyCIIexa eIaeT-
Cs1 TIOTIBITKA BBIIEUTH JIEKCEMY U3 KaKOro-aubo Kiacca, Judo,
Hao0OPOT, TMOCIe BLIOOPKH JTIEKCEMBI HACHTU(PHKATOPA MTPONC-
XOIuT OOpAIeHne K TabJIUIe KITFOUEBhIX CJIOB HA, TPEIMET CPAB-
nenns. IlogpobHee 0 MexXaHM3MaxX MMOMCKA B TAOIWUIAX Oyaer
CKa3aHo HIKe (IJI. 7), 3/1eCh OTMETHM TOIBKO, YTO TIOUCK KJTIO-
YEBBIX CJIOB MOXKET BECTHCH JinOO B OCHOBHOIN Tabiuie uMEH
U B 3TOM CjIyuae B He€ mo Hadasa paborel JIA zarpykaror-
¢S KJTIOYEBBIE CJIOBA, JTUOO B OTAbHOM Tabmuie. [Ipu mepBom
crrocobe BCe KJIIOUEBBIE CJI0BA HEMOCPEACTBEHHO BCTPAHUBAIOT-
ca B KOHeUHBIH aBroMar JIA, BO BTOPOM KOHEUYHBIN aBTOMAT
COZIEPZKUT TOTBKO Pa3d0op uaeHTu(PUKATOPOB.

B Hekoropwix si3bikax (Hampumep, I1JI/1 wan Poprpa)
KJIFOUEBBIE CJIOBA MOTYT HCIIOJb30BATHCS B KAUECTBE OOBITHBIX
uneraTudukaTopos. B sToMm ciayuae pabora JIA He moxker u-
TH HE3aBHCHMO OT PA0OTHI CHHTAKCHYIECKOrO aHAJIN3aTopa. B
doprpane BO3MOXKHbBI, HATPUMED, CJIEAYIONTHE CTPOKH:

DO 10 I=1,25
DO 10 I=1.25

B mepBom ciaydae cTpoka — 3TO 3aroiaoBok nukja DO, BO
BTOPOM — OmepaTop mnpucsBauBanusd. llosromy, mpexmge dem
MOXKHO OyZ€eT BbIIEIUTD JeKceMy, JIA 10/zKeH 3arisiHy Th 10~
BOJIbBHO JAJIEKO.
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Emg cnoxxuee nemo B IIJI/1. 31mech BO3MOMKHBI TaKue Olle-
pPaTopBbL:

IF ELSE THEN ELSE = THEN; ELSE THEN = ELSE;
unm
DECLARE (A1, A2, ... , AN)

¥ TOJIBKO B 3aBUCHMOCTH OT TOTO, YTO CTOUT MOCTIE «)», MOXK-
HO ONPENEeUTh, saBiidgercd ju DECLARE KJIr09eBbIM CJIOBOM HJIHA
upenTudukaTopom. JlmHa TaKOi CTPOKU MOXKET OBITH CKOJIb
YTOAHO OOMBINON W YK€ HEBO3MOXKHO OTIENUTh (Pa3y CHHTAK-
CHUYECKOro aHam3a OT (a3bl JEKCUIEeCKOrO aHATIU3A.
PacemorpuM HECKOMBKO TOAPOOHEE BOMPOCHI TPOrPAMMHU-
poeanus JIA. OcHoBuast onepaitust JIA, Ha KOTOPYIO yXOmuT
OOMBINAs YACTh BPEMEHH €ro PAbOTHI — 3TO B3ATHE OUEPETHO-
0 CHMBOJIA U TIPOBEPKA HA MPUHA/JIEXKHOCTD €r0 HEKOTOPOMY
numarnas3ony. Hampumvep, OCHOBHOM IUKJI P BBIOOPKE THCIA B
MPOCTEHNIIEM CIydae MOXKET BBINJISAIETh CAEAYIONUM 00Pa30M:

while (Insym<=’9’ && Insym>=’0’)
{...37

ITporpamMMy MOXKHO 3HAYHTEIBHO YIYYIIUTH CJIETYIOMIAM
obpasom [5]. IIycre LETTER, DIGIT, BLANK — 3j1€eMeHTHI me-
PEYMCIMMOrO THNA. BBEIEM MACCHB map, BXOJAMH KOTOPOTO
OyIyT CUMBOJNBI, 3HAYCHUSMA — THUIHI CUMBOJIOB. MHUTMANN-
3UpYEM MACCHB map CAEIYIONHUM 00Pa30OM:

map[’a’]=LETTER;
map[’z’]=LETTER;
map[’0’]=DIGIT;
map[’9’]=DIGIT;
map[’ ’]=BLANK;
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Torna npuBeAEHHBIN LUK IPUMET CIEAYIONIYIo (hopmy:

while (map[Insym]==DIGIT)
{...3%

Broinenenne KIIOUEBBIX CJIOB MOYKET OCYTIECTBIATHCS TTOCTE
BbIEeHUsT uaeHTudUKaTopoB. JIA paboraer ObICTpee, eciu
KJTFOUEBBIE CI0BA BBIAEISIOTCS HEMOCPEICTBEHHO.

st 9TOr0 CTPONTCA KOHEYHBI aBTOMAT, OMMCBHIBAIOIIA
MHOKECTBO KJIIOUEBbIX ¢10B. Ha puc. 3.17 mpusenén ¢pparmenT
TaKOT'O aBTOMaTa.

PaccvoTpum mprMep mporpaMMUPOBaHUS 3TOTO KOHETHOTO
aBromara Ha a3bike Cu, npuBeaéHHbIl B [17]:

— f He 6yxea u ne yughpa T
L_r} »| Kuouesoe cnoso if |

Bykea unu yugppa

=I Hoenmugpuxamop |

F Y F Y
He f unen T

He t

byxea unu yugppa

He 6ykea u ne yugpa

Kniouesoe co6o int |

Puc. 3.17.

case ’1i’:

if (cp[0]=="f’ &&!(maplcp[2]] & (DIGIT | LETTER)))
{cp++; return IF;}

if (cpl[0]==’n’ && cpl[ll=="¢’

&&! (map[cp] & (DIGIT | LETTER)))

{cpt=2; return INT;}

{ obpaborra mmemTHdUKRaTOpa
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31eck cp — yKa3aresb TEKYIEro cuMBosia. B MaccuBe map
KJIACCHI CUMBOJIOB KOJUPYIOTCs OUTaMHU.

IMockonbky JIA anamu3umpyer KaXKAblli CUMBOJ BXOJHOTO
MTOTOKA, €r0 CKOPOCTh CYIIECTBEHHO 3aBUCHT OT CKOPOCTHU BbI-
OOpPKHU OYEPeIHOr0 CUMBOJIA, BXOIHOTO MOTOKA. B CBOWO oOue-
Peb, 3Ta CKOPOCTH BO MHOT'OM OITpEIesIsdeTcs cxeMoil byde-
pusanmu. PaccmorpuM Bo3MoOXKHBIE 3D PHEKTUBHBIE CXEMbI Oy-
depuzarmmm.

| | | o
!

TIponBuxenne TIponBuxenne

Hauano Hauano

Puc. 3.18.

Bynem umcnonp3oBars Oydep, cocrodmuit U3 ABYX OIUHA-
KOBBIX vacreii anuabl N (puc. 3.18; a), tae N — pasmep 6710~
ka obmena (mampumep, 1024, 2048 u 1.1.). YUrobbl He YnTaTh
KK JIBIH CUMBOJI OTJEIBHO, B KAXKIYIO U3 TIOI0BUH 6y depa no-
ovepeHO OTHON KOMAHON YTeHUs CInThiBaeTcss N CHMBOJIOB.
Ecnu ma Bxome ocrtamoch Menbiiie N cuMBOIOB, B Oydep mo-
Melaercs creruaabablii cumsos (eof). Ha Gydep ykaspisaior
JiBa yKazaTess: npodeusicenue U Hawaro. Mexny ykazarTessi-
MH Pa3MeIaeTcs TeKyIas Jjekcema. Buadame onm oba yka-
3BIBAIOT HA TEPBBI CUMBOJ BblAenseMoi jekceMmbl. Omaun u3
HUX, Npodsusicenue, MPOIBUTAETCs BliepE, IOKa He Oyer Bbi-
JIeJTeHa, JIeKCeMa, W yCTaHABIUBaeTCsa Ha e€ kouerl. [locie 06-
paborku JiekceMbl 00a yKa3aTessl yCTaHABIMBAIOTCS HA CHM-
BOJI, Cleaylonwii 3a gexkcemoit. Eciu ykazaresnb npodsusicenue
IEPEXOInT cepennny Oydepa, mpaBas MOJTOBHHA 3AIOTHSIETCS
HoBbIMU N cuMBOnaMu. Eciu ykasareibs npodeusicenue mepe-
XOAUT MPABYIO rpaHully Oydepa, jgeBast OJIOBUHA, 3aII0JIHIETCS
N cuMBOIAMY U YKA3ATENb NPOJSUNHCEHUE YCTAHABIUBALTCS HA,
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HavaJsio 6ydepa.

IIpy KaK/I0M TPOJIBUNKEHUU YKA3ATEs HEODXOIUMO MPO-
BepsATh, HE JOCTUTJIM JU MbI TPAHUIBI OTHOW W3 MOJOBUH Oy-
depa. 11 Bcex CHMBOJIOB, KPOME JIEXKAINX B KOHIIE TOTOBUH
Oydepa, TpebyioTcsi nBe IPOBEPKH. UWCIO IPOBEPOK MONKHO
CBECTU K OJIHOI, €CJIM B KOHIIE KaXKJIOU TOJOBUHBI TOMECTUTH
JOTMOJHUTENbHBINH «CTOPOXKEBOITY CUMBOJI, B KAYECTBE KOTOPOTrO
JloruyHo B3aTh eof (puc. 3.18, 6).

B sToM ciaydae mouTH A/1A BCEX CHMBOJOB JIJIA€TCA eIUH-
CTBEHHad IPOBEPKa Ha coBHajeHWe ¢ eof M TOJIBKO B Ciydae
COBIAJICHUA HY2KHO JIOIOJIHUTEJIbHO IIPOBEPUTH, JOCTUIVIN JIU
MBI CEPEIMHBI WJIN TTPABOTO KOHIIA.

3.6. KOHCTPYKTOp JieKCMYeCKHX aHa-
an3aropoB LEX

g apromaruzanuy paszpaborku JIA ObLI0 CO3ZAHO I0-
BOJIBHO MHOTO CPeacTB. Kak MpaBuio, BXOTHBIM SI3bIKOM JIJTst
HUX CJIYXKAT WU TPABOJIMHENHbIE TPAMMATUKY, W SA3BIK Pe-
ryJadpHbIX Beipaxkenuit. OnHolt u3 Hambosee pacnpocTpaHEH-
opix cucreMm gaBiasiercss LEX, pabortaromuii ¢ pacmmpeHHbI-
MW PEryJasipHBIMU BbIpazkenusamu. LEX-mporpamMmma cocTouT u3
TPEX YacTeil:

06bapimenus

Wl

[lpaBuna TpaHCIANUN
W

BcnomMorarenbHbe IIOONIPOT PaMMBL

Cekiust 00bsiBIIeHUE BKIIIOYaET OObABIEHUS TTEPEMEHHBIX,
KOHCTAHT U OIpeeseHns PeryasipHbIX Beipaxkenuii. [Ipu omnpe-
J€JIeHUN PeryJIgPHbIX BbIPaXKeHUl MOI'yT UCII0/Ib30BATbCA Clle-
JAYIOIIe KOHCTPYKITUN:
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[abc] — qubo a, aubo b, mbo c;

[a-z] — JIUATIa30H CUMBOJIOB;

R* — 0 wyu 6oJiee TOBTOPEHWIT PEryJIsipHOTO
BhIpaxKkenusd R;

R+ — 1 nim Gosee OBTOPEHU PEryasapHOTO
BbIpaxkenus R;

R1/R2 — Ry, ecnu 3a HuM cienyetr Ro;

R1|R2 — nubo Ry, mubo Ra;

R? — ecau ecThb R, BHIOpaTh ero;

R$ — BBIOpaTh R, eciin OHO MOCJIETHEE B CTPOKE;

“R — BBIOpaTh R, eciim OHO TTEPBOE B CTPOKE;

[~R] — JomoHeHne K R,

R{n,m} — moBropenme R or n 10 m pas;

{umsa} — WMEHOBAHHOE PETYJ/ISAPHOE BLIPAaYKEHUE;

(R) — IPYIIAPOBKA.

IIpapuna Tpaucasanun LEX—nporpamMM nMmeT BUT

p_1 { meiictBue_1 }
p-2 { metficteme_2 }

p-n { metictBme_n }

rhe p_i — peryaspHOe BbIpaXKeHue, a neiicrBue_i — dpparmenT
[IPOI'PAMMbI, OIIUCBIBAIOIIUIE, KaKoe jleficTBue J10/12KeH CAe/1aThb
JIA, korma obpaser p_i comocrasisiercs jekceme. B LEX neii-
cTBUA 3anuckiBaoTcs Ha Cu.

Tperbsi cexius COAEPKUT BCIOMOTATEIbHBIE TPOIETYPHI,
HEOOXOAUMBIE JJIs1 NeHCTBUN. DTH MPOIELYPHI MOT'YT TPAHCIIN-
POBATHCS PA3ETbHO U 3arpyxkarbes ¢ JIA.

JIA, crenepuposannsiit LEX, B3anmoneficTByer ¢ cHHTaK-
CHYeCKUM AHAJIM3ATOPOM CaemyionuMm obpasom. IIpu BbI3OBE
€r0 CUHTAaKCUYECKUM AHAJU3ATOPOM JIA MOCUMBOIBHO YUTAET
OCTATOK BXOJIA, MMOKA HE HAXOAWT CAMBIN JIIMHHBIA TpeduKC,
KOTOPBIIT MOXKeT OBITh CONOCTABJIEH OTHOMY W3 DPEryJsipHBIX
BhIpakeHwuii p_i. 3arem oH BhImoOMHsET ZeticTBue_i. Kak mpa-
BUJIO, DelicTBme_1i BO3BpAaIIaeT yIpaBJeHNEe CHHTAKCHIECKOMY
anasm3aropy. Eciu 310 He Tak, TO €CThb B COOTBETCTBYIOIIEM
JIeficTBUM HET BO3Bparta, TO JIA MpoIoIKaer MOUCK JIeKceM 10
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TeX I0p, MOKA JefiCTBHE He BEPHET yIIpaBJeHne CHHTAKCH YeCKO-
My anasmu3aTopy. IIoBTOPHBII MOKUCK JIEKCEM BILIOTH J0O SIBHOM
nepemadn yupasienus mno3sossger JIA npasuiabHO 06pabarbi-
BaTh npobesnbl n KoMMeHTapuu. CHHTAKCHYECKOMY AHAJIHM3a-
Topy JIA BO3BpaIaeT eIVHCTBEHHOE 3HAYEHWE — THUM JIEKCe-
Mbl. st mepenaun nndopMaIyn 0 THIIE JIEKCEMbl UCIIOIb3Y-
ercsa rnobanbHas nepemennad yylval. TekcroBoe mpencrasie-
HUE BBIJIEJIEHHON JIEKCEMBI XPAHUTCS B IIEPEMEHHOI yytext, a
eé JJIMHA B IIEPEMEeHHOH yylen.

IlpuMep 3.11. LEX-mporpamma mms JIA, oGpabaTsiBaiomero
uaeHTH(UKATOPHI, YUCIa, KJIIOUYeBbie cjioBa if, then, else u 3HaKU
JIOTUYECKHUX OIl€paluii.

#{ /*ompegnenenus xomcramr LT,LE,EQ,NE,GT,
GE,IF,THEN,ELSE,ID,NUMBER,RELOP, mampumep,
yepes DEFINE unu cxanspmmit tum*/ %}

/*perynspHie ompefeleHus*/
delim [ \t\nl

ws {delim}+

letter [A-Za-z]

digit [0-9]

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

number  {digit}+(\.{digit}+)?(E[+\-17{digit}+)?
Wh

{ws} {/* peiicTBuil u BoO3BpaTa 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=n {yylval=LE; return(RELOP);}

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

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

nyn {yylval=GT; return(RELOP);}

ny=n {yylval=GE; return(RELOP);}

W

install_id ()
{/*nognporpamma, kKoTopasd moMemaeT JeKCeMy,
Ha IepBHil CHMBON KOTOpo#l yKasHBaeT yytext,
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InuHa KoTopoil paBHa yylen, B Tabmumy
CHMBOJIOB ¥ BO3BpallaeT yKasaTelb Ha Hed&*/
install_num()
{/*ananoruynas mommporpavMMa Ijis pasMeleHUs
JTeKCeMH uucuax/

}

B paznene 00bsaBienwnii, 3aka0U€HHEOM B CKOOKU %{ u %}, mepe-
YHCJIEHBl KOHCTAHTHI, UCIIOIb3yeMble TPABUIAMI TPAHCIAAINH. BCE,
9TO 3aKJIIOUEHO B 3T CKOOKM, HEITOCPEICTBEHHO KOMMPYETCS B TIPO-
rpammy JIA lex.yy.c m He pacCMaTpHUBAaETCH KAaK YaCTh DPEryJisip-
HBIX OIIPEIe/IeHII MK ITPABUJI TPAHCIAIMU. 10 2Ke KacaeTcs U BCIO-
MOTaTEe/IbHBIX TIOAMPOTPAMM TpPeTheil CeKimu. B maHHOM mprMepe
3TO moamporpaMMel install_id @ install_num.

B ceknmro ompemesieHnit BXOAAT TaKkKe HEKOTOPBIE PETyIsSpHbIE
ompenesnenusi. Kaxoe Takoe orpesesieHne COCTOUT U3 UMEHU U pe-
TyJISIPHOTO BbIpakeHus, 0003HaIaeMOro 3tuM umeHeMm. Hanpumep,
nepBoe omnpenenénnoe uMs — 310 delim. OHO o6Go3HAwaeT Kjacc
cumBosioB { \t\n\}, T0 ecTh /11000i1 U3 TPEX CUMBOJIOB: TIpOOEJI, Ta-
OyJsiaums WM HOBasg CTPOKA. BTopoe ompeneseHne — pa3memnTeb,
obo3HaUYaeMblii nMeHeM ws. Pa3nenurens — 3To J1r00ast mIoCIe 0Ba-
TeJIbHOCTD OJTHOTO MJjIn 00Jiee CUMBOJIOB-pa3aeauTesieii. CiaoBo delim
JOJIZKHO OBITH 3aKJIIOYEHO B CKOOKH, YTOOBI OT/IMYUTD €ro 0T 00pa3-
113, COCTOANIErO U3 NATH CHUMBOJIOB delim.

B onpenenenun letter ucnosb3yercs knacc cumBosioB. Cokpa-
menvie [A-Za-z] o3mawuaer g00yI0 M3 MPOMMCHBIX OYKB OT A 10 Z
WJIN CTPOYHBIX OYKB OT a /10 z. B msirom ompenesenun st id mist
TPYINUPOBKH UCIOIb3YIOTCS CKOOKM, SBIIAIONAECS METACUMBOJIAMU
LEX. Anajornuno, BeprukajibHas depra — meracumBoi LEX, 060-
3HAYAOMMl 00beJUHEHNE.

B mociegrem peryaspHOM ompenesieHnn number cuMBOIT «+» wC-
TIO/Ib3YeTCsT KaK METACHMBOJI «OHO MM 00JIee BXOXK JEHMUIT», CHUMBOJI
«7» KaK METAaCUMBOJI «HOJIb WU OIHO BXOxaenue». O6parnas dep-
Ta MCIOJIB3YETCs JIJIsl TOTO, YTOOBI MPUIATH OOBIYHBIN CMBICT CHM-
BOJIy, Hcnionb3ylomemycda B LEX kax metacuMBos. B gactHOCTH, me-
CATAYHAA TOYKA B OIpeeseHny number 0003HAUAETCH KAK <«\.»,
TIOCKOJIBKY TOYKA CaMa M0 cebe MpeCcTaBiseT KIaCC, COCTOSIINIA 13
BCeX CHMBOJIOB, 32 UCKJIIOYEHNEM CHMBOJIA HOBOI cTpoku. B kiacce
cuvBosioB [+\] obparHas wepra mepes MUHYCOM CTOUT HOTOMY, 9TO
3HAK MHUHYC UCIOJIb3YeTCs KaK CUMBOJI JUarna3oHa, Kak B [A-Z].
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Ecmu cuMBOJI mMeeT CMBICI METaCHMBOJIA, TO IIPUIATH €My 00bIt-
HBII CMBICJI MOXKHO U MO-APYTOMY, 3aKJIIOYNB €r0 B KaBBIYKH. 1aK,
B CEKIMM TIPABUJI TPAHC/ISAINN MIECTH OTEPAIVl OTHOIIEHHUS 3aKJIIO-
YEeHBI B KABBIYKH.

Paccmorpum mpaBmiia TpaHC/IAINY, CIEAYIONINE 33 IEPBBIM /h.
CorytacHO IepBOMY TIPABUIIY, €C/IN OOHAPYKEHO WS, TO €CTh MAaKCH-
MaJIbHA [I0CJIeJ0BATEIbHOCTD IIPO0esIOoB, Taby IsInii 1 HOBBIX CTPOK,
HUKAKUX AefCTBUII He MPOM3BOAUTCSA. B 9acTHOCTH, He OCyIIeCTBIIsA-
€TCs BO3BPAT B CMHTAKCUYECKUI aHAJIN3ATOD.

CoryacHO BTOPOMY IIPABUILY, €CIH OOHAPYKEHa [T0CIe0BATE b
HOCTH OYKB «if», Hy>KHO BepHYTh 3Ha4deHne IF, KOTOpOe ompenesieHo
KaK I1eJ1ast KOHCTAHTA, TOHNMAeMast CHHTAKCUIeCKIM aHAJIN3ATOPOM
Kak JiekceMa «if». Anasornyano 06pabaThiBAIOTCA KJIIOYEBBIE CJIOBA
«then» u «else» B ABYX C/IEAyIINX IIPABUIAX.

B peficTBum, cBA3aHHOM C TIPaBUJIOM /i id, mBa omepartopa. Ile-
peMeHHol yylval nmpucBamBaeTCd 3HAUCHNE, BO3BPAIaEMOe IIPOIe-
aypoit install_id. [lepemennas yyl- val ompeneseHa B mporpamme
lex.yy.c, Boixoge LEX, u oHa mOCTymHA CHHTaKCHYECKOMY AHAJIH-
3aTopy. yylval XpanuT BO3BpamaeMoe JIEKCMIeCKOe 3Ha49eHue, I10-
CKOJIbKY BTODOU omeparop B aelictBum, return(ID), MOXKeT TOIb-
KO BO3BPATUTH KOJ Kjacca jekceM. Oynkmusa install_id 3amocut
UaeHTH(MUKATOPHI B TAOIHUILYy CHMBOJIOB.

Anasioruuno 06pabaTbIBAIOTCH YUCIA B CJIEAYIOIEM IIPABUJIE.
B mocmenmux mectn npasuiax yylval mcnosb3yeTcss Ajis BO3BPATa
KOJ[a OIIepanyy OTHOIIEHUS, BO3BpaliaeMoe ke (DyHKIuel 3HaIeHIe
— 3TO KO/ JIeKCeMbl relop.

Ecnn, manpumep, B Tekymmuii MoMeHT JIA o6pabaThiBaeT JieK-
ceMy «if», TO 9TOil JleKCeMe COOTBETCTBYIOT 1iBa oOpasma: «ifs u
{id} u Gosree gyuHHON CTPOKM, COOTBETCTBYIOWElH 00pa3ny, uer. Ilo-
CKOIbKY obpaser; «if» mpesmecTByerT o0pasily mis MAEHTU(MKA-
TOpa, KOH(MIUKT pa3pemnraeTcs B MOIb3Y KJ/IIOYEBOTO CJIOBA. Takas
cTparerusi pa3penieHns KOH(M)INKTOB II03BOJILAET JIETKO PE3ePBUPO-
BATh KJIIOYEBHIE CIIOBA.

Ecin 1a Bxozie BcTpegaercs: «<=», TO IEPBOMY CUMBOJIy COOTBET-
cTByeT obpazer; «<», HO 9TO He CAMbIil IIHHHBII 00pa3en, KOTOPHIil
cooTrBeTcTBYeT TipeduKcy Bxoma. CTparerus BHIOOpA CAMOTO [JIHH-
HOro npeduKca Jerko pa3peniaeT Takoro pPoaa KOHMIUKTHL.



I'nasa 4.

CHuHTAKCHUYEeCKUI
aHaJIN3

4.1. KoOHTeKCTHO—CBOOOJIHBIE TPaMMa-
TUKIA U aBTOMATbl C Mara3mHHOM
NaMsAThIO

Mycrs G = (N,T,P,S) — KC-rpamvaruka. Bseném
HECKOJIbKO BaKHBIX MOHATUNA U ONMpPeNeIeHU.

BoiBom, B xKoTOpOM B J1000i CeHTEHIIMANBLHON (opMe Ha
KazK/I0M IIIare JIeIaeTcs MOACTAHOBKA CAMOro JIEBOI'O HETEPMHU-
HAJA, HA3BIBAETCA sesocmoponnum. Ecau S = u B mporecce
JIEBOCTOPOHHETO BBIBO/IA, TO U — A€6GA CEHTMEHUUAADHASL POP-
M@G. AHAJIOTUYHO OIIpeieiuM npasocmoponnudl Busor. O003Ha-
YUM LIAry JIeBoro (IpaBoro) BbIBOAA = (=).

Ynopadouennvim epagom nasvisaerca napa (V, E), rne V
€CTh MHOYKECTBO BepINuH, 8 F — MHOXKeCTBO JIMHEHHO yIopsi-
JIOYEHHBIX CIUCKOB /YT, KAXK b 3JIEMEHT KOTOPOTO MMEeT BU/I
((vyv1), (V,V2), ..., (V,0,)). DTOT IMEMEHT YKASBIBAET, ITO W3
BEPIITUHBI ¥ BBIXOIAT N AYT, MPUIEM TEPBOiT U3 HUX CIHTACTCS
JIyTa, BXOIMAIIasi B BEPIIUHY V1, BTOPOM — JMyra, BXOIAIIAS B
BEpIIUHY Vg, U T.1.
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Ynopadowennolm nomevennum depesom HABBIBACTCS YIIO-
psanodennsbtii rpad (V, E), ocHOBOI KOTOPOIrO fABJISETCs 1€PEBO
U g KoToporo onpeneiena dyukuug f V. — F (bysxkuus
pa3sMeTKu) JJisl HEKOTOPOro MHoxkecrsa F.

YropsimoueHHoe MOMEUYeHHOe JepeBo [ HA3BIBACTCS depe-
60Mm 6b1600a (1 depesom pasbopa) nenouku w B KC-rpamma-
tuke G = (N, T, P, S), eciiu BbINOIHEHbI CIEAYIONIAE YCIOBUSI:

(1) xopenb nepesa D nomeuen S
(2) kaxgpril T nomedeH aubo a € T, mmbo e;

(3) KaKias BHYTDEHHss BEDIIUHA [IOMEYEHA HETEDPMUHAIOM

A€ N;
(4) ecmu X — HeTepMUHAJ, KOTOPBIM MIOMEYEHA BHYTPEHHSSI
BepmmHa U X1, ..., X, — MeTKHU €8 MPAMbIX TOTOMKOB

B yKazaHHOM mopsaake, T0 X — X ... X — npaBusio u3
MHO)KecTBa P;

(5) Ilenouka, cocraBjieHHAs W3 BBIIMCAHHBIX CJIEBA HALIPABO
METOK JIUCThEB, PABHA, W.

Ipomece ompenesenns TPUHALTEKHOCTH JTAHHONW CTPOKH
SA3BIKY, TOPOXKJAEMOMY JTAHHOI I'PAMMATHKON, 1, B CIIy4Jae yKa-
3aHHOM TPWHAIIEXKHOCTH, MOCTPOEHUE JepeBa pas3bopa s
9TOH CTPOKH, HAZBIBAETCA CUHMAKCUNECKUM GHAAU3OM. MOxK-
HO [OBOPHTH O BOCCTAHOBJIEHHH JIEPEBA BBHIBOJA (B 4aCTHOCTH,
LIPABOCTOPOHHEIO WJIU JIEBOCTOPOHHEI'0) JJisd CTPOKU, IPUHA-
nexkareil a3b1Ky. [10 BOCCTAHOBIEHHOMY BBIBOILY MOYKHO CTPO-
WUTH JepeBo pasbopa.

I'pammaruka G Ha3bIBAETCA HEOOHO3HAWHOU, €CIIN Cyle-
CTBYET TIEMOYKA W, I KOTOPON MMeercsa aBa uin 6omee pas-
JINYHBIX JE€PEBLEB BbIBOAA B G.

Ipammvarnka G HA3BIBAETCS A€60PEKYPCUSHOT, €CTU B Hel
nMeercst HeTepMuHaT A Takoil, 9TO 15T HEKOTOPOH METOYKHA O
cymecTsyer BoiBog A =1 Aa.

Asmomam ¢ mazasunnoi namamouio (MII-aBromar) — 310
cemépka M = (Q, T, T, D, qo, Zo, F), voe

(1) @ — KOHEYHOE MHOXKECTBO COCMOAHUl, TPEICTABIILIO-
LIMX BCEBO3MOXKHbIE COCTOAHUS YIPABJISIOIErO yCTPOTi-
CTBA;
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(2) T — koHeuHbll 6x00H0t andapuT;
(3) T' — xoHeuHbBIH andABAT MO2G3UHHOLT CUMBONOS;

(4) D — orobpaxenne muOKecTBa Q X (T'U{e}) xI" B MmHOKE-
CTBO KOHEYHBIX MOAMHOXKeCTB () X ['*| HazwiBaemoe dyrik-
yuetl nepexodos;

(5) go € Q — HavasvbHOE COCMOANUE YIDABILIOWIETO YCTPOIi-
CTBa;

(6) Zyp € I' — cumBoIl, HAXOAAIIUICH B MAara3uHe B HAYAJIb-
HBIT MOMEHT (Hauaabhoil CUMB0A MA2A3UHA);

(7) F C Q — MHOXKECTBO 3GKAOUUMEALHOLL COCTOSHUIA.
Konguezypayus MII-apromara — 310 Tpoiika (¢, w, u), rae

(1) ¢ € Q — Tekyliee COCTOAHUE YIPABJILAIOUIErO YCTPOIi-
CTBA,;

(2) w € T* — nenpouyuranHas 4acTh BXOJHON NEMOYKU; IIEP-
BBl CUMBOJI LEIOYKH W HAXOAMTCA 110/ BXOAHOH roI0B-
KOif; €CJIM W = €, TO CUMTALTCS, UTO BCS BXOMHAA JCHTA
IPOYMTAHA;

(3) u € T — conepkuUMO€e MarasuHa; CaMblii JEBbI CHUMBOJ
MEMOYKY U CIATACTCSA BEPXHUM CHMBOJIOM MATA3WHA; SCITHA
U = €, TO MATA3WH CIATACTCS ITYCTHIM.

Toxm pabomwv, MII-asromara M 6ymeM mpeacTaBIsaTh B BU-
J1e DUHAPHOIO OTHOIIEHUS -, OlpeaeIEHHOr0 Ha KOH(MDHUIY pally-
ax. Byaem mucarn

(¢, aw, Zu) F (p, w, vu),

ecom mMuOXKecTBO D(q, a, Z) comepxut (p,v), toe ¢, p € Q,
acTU{e},weT* Z el uu,v el (Bepxymka Marasuaa
CIIeBa).

Havaavnot xondueypayuet MIl-apromara M HasbiBaeTcs
koudwuryparmus suna (o, w, Zy), tae w € T, To ecTh ynpasmus-
I0IT[ee yCTPONCTBO HAXOAUTCA B HAYATIBHOM COCTOSHHW, BXO/I-
Hasl JIEHTA COIEPAKHUT IEMOYKY, KOTOPYIO HY?KHO [IPOAHATIH3N-
POBaTh, & B Mara3uHe UMeeTCs TOTHKO HAYAIbHBIN CUMBOM 2.
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3axaovumenvnol konpuzypayuet Ha3HIBACTCSI KOHPUIY-
panus Buga (¢, e, u), tne ¢ € F, u € I'* 10 ecTh ynpasnsiomee
YCTPOHCTBO HAXOAUTCA B OJHOM U3 3aKJIIOYUTEIBHBIX COCTOSI-
HUl, a BXOAHAS LEIMOYKA HEJUKOM IIPOYUTAHA.

Beeném TpansuTuBHOE M PedIEeKCHBHO-TPAH3UTUBHOE 3a-
MBIKAHUE OTHOIIEHU: -, a TakkKe ero crenenb k > 0 (06o3Ha-
qaembie FT, H* u HF coorercTBenmO).

TFoBopsT, uto tenouka w donycraemcesa MIT-apromarom M,
ecu (go, w, Zp) F* (q, e, u) nust nekoropuix ¢ € Fu u € T'*,

MHOKeCTBO BCEX TEMOYEK, TOTYCKAEMbIX aBToMaToM M Ha-
3BIBAETCS A3BIKOM, donyckaembim (pacnosnasaemvim, onpede-
agemoim) apromarom M (obosznagaercs L(M)).

llpumep 4.1. Paccmorpum MII-aBromar

M = ({q07 q1, q2}7 {a> b}7 {Z7 a, b}7 D7 qo, Z7 {qQ})>

y KoToporo (hyHKnus mepexonos [ COmepXKuT 3J1eMeHThI:
D(q07a Z)_{(q07az)}
q07b Z)_{q07bZ)}

D(
D(qo:a a) {(qo,aa 7{q1>e)}7
D(q07a b) {(qovab)}y
D(q07b a) {(q()?ba)}:
D(qo, b,b) = {(qo, bd), (g1, €)},
D(q17a7 a) = (lﬁ,e)},
D(q17b7 b) = {(q1>e)}7

D(q17 €, Z) = {(q27 e)}
Herpyaso noxazars, aro L(M) = {ww®lw € {a,b}*}, rue w’
oGo3Havaer ofpalenue (<«IepeBOPAINBAHIE )

LEMTOYIKY W.

WHOrga JTOMYCTHMOCTD ONPEENsioT HECKOIbKO HHAYe: Ie-
nouka w momyckaercs MII-agromarom M, ecm (qo, w, Zp) H*
(g, e, €) pna mekoroporo g € ). B TakoM ciiydae roBopsaT, 9To
aproMar JIONYCKAeT LEIOYKY ONYCMOUEHUEM MA203UHG. DTU
onpeeieHns] IKBUBAICHTHEI, 100 CIIPaBeIINBa

Teopema 4.1. 3wk donyckaemcsa MII-asmomamorm mo-
20a u oAbKo Moeda, K02da o JonYcKaemces (HexomopobLm
dpyzum a8MOMAINOM) ONYCMOWEHUEM MA2A3UHG.
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Jokazarenscrpo. Ilyers L = L(M) nns wexkoroporo MII-
asromara M = (Q, T, T, D, qo, Zy, F'). Hlocrponm moBBIH MII-
apromar M', nomyckamomuii TOT Ke A3bIK OMyCTOLIeHHeM Ma-
rasusa.

Hyers M" = (Q U {40, ¢e}, T, T U{Z}}, D', g4, Zg, @), Trie
$ynkuua nepexonos D’ ompenesiena CIeoyOMIM 00pa3oM:

1. Ecum (r,u) € D(q,a, Z), o (r,u) € D'(q,a, Z) nns Beex
g€ Q,a€eTU{e} nZeTl (monemmposanue M);

2. D'(qp, e, Z}) = {(qo0, Z0Z})} (maano paBornr);

3. Hna secex ¢ € Fu Z € TU{Z}} muoxkecrso D'(q, e, Z)
COHEPKUT (g, €) (IIePex0; B COCTOSHUE COKPAILEHUS Ma-
ra3uHa 6e3 IPOJBHUKEHNs );

4. D'(ge,e,Z) = {(qe, €)} mna Becex Z € T U{Z};

(cokpalleHne Mara3uHa).

ABTOMAT  CHAWANA  MEPEXOOUT B KOH(QHUIYPAIHIO
(qo, w, ZoZ})) coorsercTBeHHO Onpenenernoo D' B m.2, 3a-
teM B (q,€,Y1...YrZ}), ¢ € F coorsercTBenno m.l, 3arem B
(ge, €, Y1...Y Z]), € F coorsercTenno m.3, 3areM B (ge, €, €)
COOTBETCTBEHHO T.4. HeTpymHo MOKa3aTh MO WHIYKIWH, 9TO
(g0, w, Zo) FT (g,e,u) (tme ¢ € F) BBIMOMHSETCS /IS ABTO-
mara M Torga m Tombko Torma, Korma (¢, w, Z§) T (ge, e, e)

BhImosHgAeTcsa ang asromara M’. Tostomy L(M) = L', roe
L' — azpik, gonyckaembrit apromarom M’ omycrouienuem
MarasuHa.

O6parno, nyers M = (Q, T, T, D, qo, Zo, &) — MIl-asTo-
MaT, TOMyCKAIOMIMil OITyCTOIIeHneM Marasuna a3bik L. IocTpo-
uM aproMar M’ DomyCKaomuii TOT e A3BIK M0 3aKJTI0YHTE b=
HOMY COCTOSIHHIO.

Myers M" = (Q U{qy, qr}, T, T U{Zy}, D', a5, Zo, {ar}),
rae D’ onpenengerca caeayomuM obpa3oM:

1. D'(q}, e, Z}) = {(qo, ZoZ})} — nepexonm B «pexxum M»;

2. Hag xaxgoro q € Q, a € T U {e}, u Z € T onpeaemnm
D'(¢q,a,Z) = D(q,a, Z) — pabota B «pexume M>»;

3. Hnsa Becex q € Q, (gr,€) € D'(q, e, Zy) — nepexox B 3a-
KIIOYATEIHHOE COCTOSHHUE.,
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Herpyamo nokazars no uagykouw, ato L = L(M'). -

OHuM W3 BaXKHEMINUX PEe3yJIbTATOB TEOPUH KOHTEKCTHO-
CBOOOMHBIX SI3BIKOB SBJISETCH JIOKA3aTeJbCTBO 3SKBUBAa-
agearHoctu MII-aBromaroB u KC-rpammaruk.

Teopema 4.2. H3vik ABAAELMCA KOHMEKCMHO- C60000HDIM
moeda U moavko moezda, Kozda on donyckaemca MII-aemo-
MATNOM.

Jlokazarenncrso. llyers G=(N, T, P, S) — KC-rpammaru-
ka. [ocrpoum MIl-asromar, momyckarommii si3bik L(G) omy-
CTOIIeHUEM Mara3;iHa.

Iycre M = ({q}, T, NUT, D, q, S, @), tne D onpenensercs
CIey oM 00pa30M:

1. Ecm A —u € P, 10 (q’ u) € D(q’ e, A);
2. D(q,a,a) ={(q,e)} nna scex a € T.

QakTrdecku, 3ToT MII-aBTOMaT B TOYHOCTH MOIEIUPYET
BCE BO3MOXKHbBIE BBIBOBI B rpammaruke G. Herpyiao nokaszarn
[0 HHAYKINH, 9TO A1 ao60i nenoukn w € T* suson S =1 w
B rpamMarvke G CyIIECTBYeT TOIa MW TOJBKO TOTIA, KO
CYIIECTBYeT MOoCIeI0BaTeNbHOCTL TakToB (¢, w, S) FT (g, €, €)
aBromara M.

Haobopom, nycrs dan M = (Q,T,T', D, qo, Zo, &) — MII-
a8MmoMam, MOMYCKAKOIIUY OIYCTOIIEHHEM Mara3wHa A3bIK L.
ITocmpoum epammamury G, NIOPOKIAOMIYIO S3bIK L.

Mycre G = ({ [¢Zr] | ¢, € Q,Z € T}U{S}, T, P, S), rne
P cocrout u3 npaBus CIEAVIONIErO BUIA:

1. S — [goZoq] € P nns Bcex ¢ € Q.
2. Ecmu (r,e) € D(q,a,Z), vo [gZr] = a € P,a € T U{e};
3. Ecmu (r, X1 ...Xy) € D(q,a,2), k21, 10

[9Zsk]) — alrXis1][s1Xas2] ... [sk—1XkSk]

JUtst JII0Ooro Habopa Si, So, - . . , S COCTOSAHMIA U3 ()
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HeTrepMuHasbr 1 MpaBuiia BHIBOAA TPAMMATHKY OIPEIETIE-
HBI TaK, 9TO pabore aBromara M mpu oOpabOTKE MEHOIKH W
COOTBETCTBYET JICBOCTOPOHHMI BBIBOI, W B TpaMMaTHKe G.

WNunykuueii mo 9mcy mwaros BbiBoga B G MM YHCIy TaK-
Tos M wmerpymHO ToKazaTh, uto (¢, w, A) F1 (p, e, e) Toraa u
TONBKO TOTa, Korja [qAp] =T w.

Torna, eciu w € L(G), 10 S = [q0Zoq] = w s nekoro-
poro g € Q. Cnenosarenbho, (qo, w, Zo) FT (g, e, €) u nosTOMY
w € L. Ananornuno, ecim w € L, to (qo, w, Zo) FT (g, e, €).
Braunt, S = [qoZoq] =T w, u nosTomy w € L(G). [

MII-asromar M = (Q,T,T, D, qo, Zo, F') nasvisaerca de-
mepmunuposartvim (JIMII-aBromarom), eciiu BbIIOTHEHBL IBA
CIIeYIOMUX YCIOBU:

(1) Muoxecreo D(q, a, Z) comeput He Gojiee OIHOTO 3Jie-
MeHTa, it iio0bix ¢ € Q, a € TU{e}, Z € T}

(2) Ecom D(q,e,Z) # @, 10 D(q,a,Z) = @ nna scex a € T.

Honyckaembrii JIMIT-aBroMaToM si3bIK HA3BIBAETCS demep-
Mmunuposartvim KC-sa3b1KoM.

Tak xkak dyskmnus mepexomnos JIMII-aBromara comep:kut
He Gosee ODHOTO IEMEHTa Mg JI000M TPOHKH apryMeHTOB,
MBI OyIeM MOmB30BaThCs 3anuckio D(q, a, Z) = (p, u) masa obo-
suadenus D(q, a, Z) = {(p,u)}.

llpumep 4.2. Paccmorpum JIMII-aBromar

M = ({qo’ q17 q2}’ {a7 b7 C}’ {Z7 a’ b}7 D? q07 Z7 {qZ})’

GyHKIIUA TIePEeX0I0B KOTOPOTO OMPEIEIAETC CIEAYIOINIM 00pa3oM:
D(qo, X,Y) = (g0, XY), X € {a,b}, Y € {Z, a, b},
D(q07 ) Y) = (q17 Y)7 Ye {a7 b}v
D(Q1, X, X) = (qh 6)7 X e {av b}:
D(q1, e, Z) = (g2, €).

Herpyamo nmokazars, aro sror merepmunauposanubiit MII-aBro-
mar mormyekaer si3bik L = {wew™|w € {a, b} T}
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K coxkanenuto, JIMII-aBTOMATBI UMEIOT MEHDLIITYIO PACIIO-
3HABATENIBHYIO CIIOCOOHOCTH, deM MII-aBromarsi. /Jlokazano, B
gacTHOCTH, 9TO cyiecTByioT KC-g3biku, He ABIAIONMecd Je-
repMmunupoBadubiMu KC-sa3bikaMu (TAKOBbIM, HAILPUMED, $B-
JisteTcst a3bIK 13 mpumepa 4.1).

Paccmorpum emé ogun Baxkubiii Bua MII-apTomara.

Pacuwupernvim aBromaroM ¢ Mara3wHHON HaMATHIO HA30-
BéM cemépry M = (Q, T, T, D, qo, Zo, F'), e CMBICI BCEX CUM-
BOJIOB TOT ke, 9T0 u st 0beranoro MII-apromara, kpome D,
TIPEICTABJSIONIEr0 COO0 0TOOparkeHne KOHETHOT'O TIOIMHOKE-
crea muOKecTBa Q X (T'U {e}) x I'* BO MHOXKECTBO KOHETHBIX
OAMHOXKeCTB MHOxKecTBa () X I'*, Bee ocranbHble onpeznese-
HUs (KOH(PUTYpaLUH, TAKTA, JOMYCTUMOCTH) JIJIA PACIIHPEHHO-
ro MII-aproMara OCTAIOTCS TAKHMU K€, KAK s OOBITHOTO.

Teopema 4.3. Ilyemv» M = (Q,T,T', D, qo, Zo, F') — pac-
wupennviti MIT-aemomam. Tozda cywecmeyem MII-aemo-
mam M’ maxoti, wmo L(M') = L(M).

Pacuupennstit MIT-asromar M = (Q,T,T, D, qo, Zo, F')
HA3LIBACTCS 0EeMEPMUHUPOSAHILM, ECIIU BBIIOTHEHBI CIEIYIO-
Iye yCIOBUA:

(1) Muoxkecrso D(q, a,u) comep:kur He Gojiee OIHOIO 3Je-
MeHTa 171t 0bIX g € Q, a € T U {e}, u € T

(2) Ecm D(q,a,u) # &, D(q,a,v) # @ n u # v, TO HE
CYIIECTBYET HEMIOYKM T TAKOH, 9TO U = VI WU U = UL;

(3) Ecm D(q, a,u) # &, D(q,e,v) # &, TO HE CyMECTBYET
LEMOYKN T TAKOHU, 4TO U = VT WA U = UZ.

Teopema 4.4. IIyemv» M = (Q,T,T, D, qo, Zo, F) — pac-
wupennviti JIMII-aemomam. Tozeda cywecmeyem JIMII-ae-
momam M', maxoti, vmo L(M') = L(M).

HAMII-apromar u pacmmpennsii JIMII-aBromar nmexar B
OCHOBE PACCMATPUBAEMbIX JIajiee B 3TOH IJiaBe, COOTBETCTBEH-
Ho, LL- m LR-ananm3aTopos.
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Onpenenenue. [oopsar, uro KC-rpammaruka HAXOQUTCS B
HOPMAaJIbHOM (popme XOMCKOTO, €CITH KazKI0€ PABUIO HMe-
€T BUI;

(1) 6o A — BC, A, B, C - nerepMmunaiibl;

(2) mubo A — a, a - TepMUHAT,

(3) mubo S — e u B 37TOM Cciayudae S - HE BCTPEYAELTCS B
MIPABBIX YACTAX TIPABWIL.

Yreepxnmerue. Jhobyw KC-zpammamury moocho npeobpa-
306ams 6 sxeusasenmuylo el 6 Hopmasvhol gopme Xom-
cK020.

VrBepxnmerue. Feau KC-zpammamura naxodumces 6 Hop-
MmanvoHoli popme Xomcrozo, mozda das 410007 uenouky «,
ecau o € L(G) um — evicomna depesa 6u600a ¢ kponoti o,
|a| < 2m—1‘

Teopema 4.5. (Jlemma 0 paszpacmanuts 0as KOHMEKCIMHO-
€60600nbLx A361%06). JTas mobozo KC-aswxa L cyuecmey-
10m makue yeave | u k, wmo aobas yenouka a € L, |a] > 1,
npedecmasuma 6 eude o = uvwzry, ade

(1) Jvwz| < k

(2) ve #e

(3) w'wx'y € L daa arobozo i > 0.

JlokazarepCcTBoO.

IMycrs L = L(G), tae G = (N, X, P, S) - KOHTEKCTHO-
CBOOOIHAS TPAMMATHKA B HOpMaIbHOH ¢popme Xomckoro. O6o-
3HAYUM Y€PE3 N YUCIO HETEPMUHATIOB, T.€. 1 = |N|, 1 paccMoT-
pum [ =2" u k = 2"+,

st moKasaTenbCTBa TOTO, 9TO | M k yIOBIETBOPSIIOT YCIO-
BHIO TEOPEMBI, PACCMOTPHM HPOM3BOIBHYIO TENOUKy o € L,
IS KOTOpO# |a] > | = 2™. B cusy YTBep:KIEHUsS TOMYUAEM,
YTO BHICOTA JEPeRa ¢ KPOHOU « Gombine 1+ 1 1 ecTh myTh 10
nepeBy (obo3naumm ero depe3 P), Koropbiii nmpoxomuT Gosiee
yeMm uepe3 n + 1 BepmmH. OTCIOA TIO ONpENENeHnIo JIepeBa
BBIBOJA mMMeeM, 910 P comep:kut 6osiee n BEPIINH, TOMEUYCH-
HbIX HeTepMHMHAAAMU. Takum 06pa3oMm, CymEeCTByeT HeTepMu-
HaJl, KOTOPBId METHT He MeHee nByx eepmmH nytn P. Cpenn
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BCEX TAKHX HETEPMWHAJIOB MyCcTh A — Takoif, 94To €ro BXOXKJie-
Hue, OuzKaiiliee K JINCTY, He COOEPXKUT APYIUX HETEPMUHAJOB,
obsanamoux 3tuM cBoiicrBoM (eciau 661 310 GHLIO HE TaK, TO
BbIOpasiu 6b1 3ror apyroit). Ilycrs ¢ — Bxoxkaenue A, Gunxkaii-
1mee K JINCTY, P — PACIoIoKeHHoe Bhile. [IpeacTtaBuM KpoHy o
B BUIE UVWIY, TIe W - KPOHA Hoaaepesa D1 ¢ KOpHEM ¢ U VWL
— KpoHa nogmepesa Do ¢ KopHeM p. Torma BBICOTA MOAIEPeBa
Dy me 6omee (n — 1) +2+1=n+ 2, Tak uro [vwz| < 2"

Takske OUYEBUIHO, UTO VT # €, TTOCKOJIBKY B CHJIY OIMpeje-
JIEHUST HOPMAJIbHOM (popMbl XOMCKOrO p UMeeT JBYX ChIHOBEIH,
[IOMEYEHHBIX HETEPMHHAIAMU, U3 KOTOPLIX HE BBIBOJUTCS ILy-
cTasi LerovKa.

Kpome Toro, S =* uAy =* uwwAzy =* wwwry, a Takxke
A =* vAz =* vwz. Orcioga noayuaem A =* viwz’ nusa Beex
i>0u S =" uwwrly ausa scex i > 0.

|

Ilpumep. ITokaxewm, uro s3bk L = {a"b"c"|n > 1} He saBisiercst
KOHTEKCTHO—CBODOIHBIM S3BIKOM.

Ecmu 661 on 661 KC—s361KOM, TO MBI B34IM OBl KOHCTAHTY K,
KOTODasi OIPeJIeIsieTCs B leMMe 0 pa3pactannu. Ilycts z = akbk k.
Torpa z = wvwzy. Tak kak [vwz| < k, TO B 1IeNI0YKE VWT HE MOIYT
OBITH BXOXKJIEHUST KayKJIOTO M3 CUMBOJIOB a, b m c. Takum ob6pazom,
LEMoYKa UWY, KOTOPAs 10 JIEeMMe O pa3pacTaHuu MpUHALIeRUT L,
comepzxut b0 k cuMBoJI0B @, b0 k cumBosios ¢. Ho ona me moxer
“MeTh k BXOXKIEHWH KayKIOro W3 CHMBOJIOB a, b W ¢, TIOTOMY, 9TO
luwy| < 3k. 3HAYMT, BXOKIEHUIA KAKOTO-TO W3 ITUX CHMBOJIOB B
uwy GoJiblie, YeM JIPYroro u, cieaosarenbio, vwy ¢ L. Ilonyuentoe
TPOTUBOPEYNE TMO3BOIAET 3aKII0UnTh, uT0 L — He KC-a3bIkK.

4.2. lIIpeobpazoBanuga KC-rpammMmaruk

Paccvorpum pax npeobpazoBanuii, MO3BOMAIONINX « YTy -
IIUTH» BUJI KOHTEKCTHO-CBODOMHON rpaMMaTHKN 0€3 M3MeHe-
HUST TIOPOXKIAEMOT0 €10 ST3BIKA.

Hazosém cumBon X € (N UT) nedocmusicumvim B KC-
rpammaruke G = (N, T, P, S), ecin X He HOABIACTCA HA B OJ-
HOH BBIBOAMMOM TIENMOYKe 3TOH rpaMMaTukn. HBIMEI cToBaMH,



90 I'maBa 4. Cunrakcudeckuii aHajus

cuMBONT X SIBJISIETCS HEAOCTHKUMBIM, eCii B G HE CyIIEeCTByeT
BBIBOMA S =* aX 3 Hu mng kakux «, f € (N UT)*.

Hazosém cumson X € (NUT) neceodumvim (becniodnvim)
B TOIi 2Ke rpaMMaTHKe, ecjIi B Heil He cyllecTByeT BbIBOIA BUIA
X =* zwy, toe w, x, y upunagmexar 1.

OueBHAHO, ITO KAXKIBIA HETOCTUKUMBINA U /WM HECBOJIA-
MbIii CUMBOJI ABJIS€TCH 6ECNOAE3HbLM, KAK U BCE IPaBUJIa, €ro
COTEpIKAIINne.

IIpu BHUMATENLHOM U3y4YEeHUM BbILICIPUBEIEHHbIX OLpe/le-
JIEHUIl CTAHOBUTCS TIOHSITHBIM, UTO a) IEJeCO00PA3HO MCKATH
HE HENOCPENCTBEHHO CAMM HEJOCTUKUMbBIE (HJIM HECBOIUMBIE)
CHMBOJIBI, a [OCIeJ0BATELHO ONPeIesaTh MHOKECTBO J10CTU-
JKUMBIX (UM CBOIWMBIX) CHMBOJIOB, HAYMHAS C TEX, KOTODBIE
[0 ONMPEIETEHNIO STBIISIOTCA TOCTHKUMBIMA (AKCHOMA) U CBO-
JUMBIMU (TE€PMUHAJBI) — BCE OCTAJBHBIE CUMBOJIBI OKA3BIBAIOT-
cst Gecriose3HbiMu; 6) OZHOBPEMEHHOE ONPENECHNE JTOCTUKM-
MBIX W CBOJMMBIX CHMBOJIOB HEBO3MOXKHO, TAK KaK COOTBET-
CTBYIOIIHE IIPOLUECCHLI UAYT B MPOTUBONOIOXKHLIX HalpaBJICHU-
sx (0T KOpHS K JIMCThsIM U HA000POT).

AaroputMm 4.1. Ycrpanenue HeIOCTHKUMBIX CHMBOJIOB.
Bzod. KC-rpammaruka G = (N, T, P, S).
Bwizod. KC-rpammaruka G’ = (N’ T', P’, S) 6e3 nenoctn-

JKUMBIX CUMBOJIOB, Takas, uto L(G') = L(G).
Memod. BemomauTs marn 1-4:

(1) Tonoxkurs Vo = {S} ni=1;

(2) Monoxuts V; = {X |pPectb A - aXfuAeV,_1}U
Vie1;

(3) Ecu V; # V;_1, nonoxutsb i = i+ 1 u nepefiru x mary 2,
B IPOTUBHOM CJIydae MepeiiTy K mary 4;

(4) Monoxkure N' =V, NN, T' =V; N T. Bxmounts B P’ BCe
npasuia u3 P, comep:kaiiye TOIBKO CUMBOJIBI 13 V;.

Anropurm 4.2. YerpaHeHue HeCBOAMMBIX CUMBOJIOB.

Bzod. KC-rpammaruxka G = (N, T, P, S).

Buxod. KC-rpammarura G' = (N', T', P’, S) 6e3 necsonu-
MBIX CHMBOJIOB, Takad, 110 L(G') = L(G).

Memod. BemonauTs marn 1-4:
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(1) Honoxkurs Ng =T n i = 1;
(2) Honoxuts N; = {A|[A —a € Puac (Ni_1)*} UN;_1;
(3) Ecom N; # N;_1, nonoxurs ¢ = i + 1 w nepeiitn x mary
2, B IPOTUBHOM Cjaydae momoXxutb N, = N; u nepeifitu K
mary 4;
(4) Honoxkurs G = ((NNN)U{S}, T, Py, S), roe P cocrour
U3 IpaBuJl MHOXKeCTBa P, coepKaliyx TOMbKO CUMBOJIBI U3
N, UT;
Yrobbl yeTpaHuTh Bee H6eCIone3Hble CUMBOJIBI, HEODXOIUMO
TMPUMEHUTHh K MCXOTHON rpamMMaTHKe cHadajga Asroputv 4.2
a 3arem Amjropurm 4.1.

llpuMep. Bce cumBose caemyromeil rpaMMaTHKI

S— AS|b

A— AB

B—a
ABJIATOTCA JOCTHKUMBIMHU. [losaTOMy HapymieHme IpeaIoXKeHHOTO
HOPpAAKa IIPUMEHEeHNd K Heil aJlrOpUTMOB IPUBEJET JIMIIb K YaCTUY-
HOMY PeNIeHnIO 3aJadu.

KC-rpammvaruka 6e3 6Gecrose3Hblx CUMBOJIOB HA3bIBAETCS
npusedénnot. Jlerko Bumersb, 9ro Ay oboit KC-rpammaruku
CYIIECTBYET SKBUBAJIEHTHAS MPUBEIEHHAs. B nanbaeiimem O0y-
JIeM TIPEMNONAraTh, 9TO BCE PACCMATPUBAMBIE IPDAMMATUKYA —
NIPUBEJEHHDIE.

4.2.1. Aaropurm Koka-Aurepa-Kacamu

IIpuBenéM aaropuT™M CHHTAKCHYECKOTO aHAIN3A, TPUMEHH-
MBI 15T JIE000# TPaMMATHKN B HOpMaJILHON dhopMe XOMCKOro

Agaropunrm Koka-Aurepa-Kacamn
Bzod. KC-rpammaruka G = (N, T, P, S) B HOpMaILHOM
dopme XOMCKOro 1 BXOIHAS IENOYKa W = 102 ... A, € 1.
Bwiwod. Tabmuna pasbopa Tab niaa w takasg, uto A € ty;
TOrJa U TOJBKO TOrJa, KOTrda A $+ A;Ai41 - Qjpj—1-
Memod.
(1) Honoxuts t;7 = {A|A — a; € P} nag xaxmoro i. Tak
qT0, ecrt A € t;1, To A =T a;.
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(2) Iycrs t;5 Beraucaeno s 1 < i < nwul < j < j. Io-
noxum t;; = {A| gnsa mekoroporo 1 < k < j npasuio
A— BCeP, Bety, Ce ti-i—k,j—k}-

Tak kax 1 < k< j, 0k < juj—k < j. Tak uro t;; u

Litk,j—k BBIYUCIAIOTCA paHbIIe, UYeM t;;. Ecau Ae tij, TO

A=BC=1* a; ... ai+k_1C’ =t ag ... Qj4k—1Qi+k - Qjgj—1-
(3) HosTopsaTh mar 2 10 TexX NOp, MOKa HE CTAHYT W3BECTHDI

tijmmaseex 1<i<nul<j<n—i+1L

AJsropuTM HaXoXXKaeHHUS JIeBOTO pa3dopa mo TabJsmiie
pas6opa Tab.

Bzod. KC-rpamvaruka G = (N, T, P,S) B HOpMaJIbHO!
dopme XOMCKOro € TPABHIAMH, 3aHYMEPOBAHHBIMUA OT 1 1O
P, BXOJIHAA LENOYKA W = A1y ... &, € T u Tabiauna pazbopa
Tab.

Buizod. JleBbrit pa3dop MEMOYKN W WX CHTHAJ OITHOKA.

Memod. TIpouenypa gen(i, j, A).

(1) Ecm j =1 u A — a; = py,, BbLIATH M.

(2) Ilycrb j > 1 u k - naumenbliee u3 gucen or 1 go j— 1, nug
KOTOpbIX cyuecrByer B € ty, C € titk,j—k 7 IPABUAIO
pm = A — BC. Boimarb m u Bemonnuth gen(i, k, B),
sarem gen(i+ k, j — k, C).

Bemonuuts gen(l, n, S), ecnmn S € ty p,, HHAYE OMHOKA.

4.3. Paz6op cBepxy-BHU3 (MpeacKa3bi-
Baromuii pa3dop)

4.3.1. AunroputMm pa3bopa cBepxXy-BHU3

IMycrs mama KC-rpammaruka G = (N, T, P,S). Pac-
CMOTDPUM pasbop ceepxy-enus (npedcrasviearousud pasbop) st
rpammaTuku G.

[napras 3a1a4a NpeICKa3bIBAIOIIErO pazbopa — onpeaese-
HUE TTPABIJIA BBIBOJA, KOTOPOE HYy*KHO MPUMEHUTDL K HeTEPMU-
nasy. Ilponece npeackasbiBaoero pa3bopa ¢ TOYKYU 3peHus
MOCTPOEHUsT JepeBa Pazbopa MPOMILIIOCTPEPOBAH Ha, puc. 4.1

®parmeHTbl HEJOCTPOEHHOIO JEPEBA COOTBETCTBYIOT CEH-
TEHIMANBLHBIM (opMaM. BHavae IepeBo COCTOMUT TOMBKO W3
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S I\
/1 2 /1 2
/ /
/1N /N
a ses § @ sesesseee § @ sesvesese ) sesee §

OJIHOI BEpLUMHbI, COOTBETCTBYIOIEH akcuome S. B aror mo-
MEHT 110 TEPBOMY CHMBOJY BXOMTHON IENOYKU MPEICKA3HIBAIO-
HIUH aHAJIM3aTOP JOJIXKEH onpeneuTh npasuio S— X1 Xs ...
KOTOPOe JO/KHO ObITH TpuMeHeHO K S. 3areM HEOOXOAUMO
OIIPENENUTD TIPABUIIO, KOTOPOE JOMKHO ObITH MPUMEHEHO K X1,
4 T.J., IO T€X IOP, IOKA B IPOIECCE TAKOI'O IIOCTPOEHUS CEH-
TEHIMATBLHON (DOPMBI, COOTBETCTBYIOIIEH JI€BOMY BBIBOLY, HE
OyIerT TpPUMEHEHO MpaBmyio ¥ — @ ... . DTOT OPOLECC 3aTeM
MPUMEHSIeTC IJsi CIEIYIOMIEr0 CAaMOr0 JIEBOTO HETEPMUHAIb-
HOTO CUMBOJIA CEHTEHITNAIBHON (POPMHBI.

Ha puc. 4.2 ycnoBHO moKazaHa CTPYKTYpa TpelcKa3bIBa-
IOIIET0 AHAJIN3ATOPA, KOTOPbIN OMPEIEIseT OUYePeIHOe MIPABU-
JI0 ¢ moMOIb0 Tabauipl. Takyio TabIUIy MOKHO ITOCTPOUTH
¥ HENOCPEJCTBEHHO 110 IpaMMaruke. TabjmIHO-ynpasiiseMblit
MPEICKA3BIBAIONINN aHATM3ATOD UMEET BXOAHYIO JIEHTY, YIIPaB-
JISTIONIEE yCTPORCTBO (IporpaMmy ), TabJIuIly aHAIN3a, MAra3uH
(cTeK) W BBIXOAHYIO JIeHTY. BXonHas JIeHTa CONEPKUT aHAJIU-
3UPYEMYIO0 CTPOKY, 3aKAHYUBAIOIIYIOCH CUMBOIOM $§ — Mapke-
POM KOHIIA CTPOKH. BBIXOIHAA JIEHTA CONEPXKHUT ITOCIIEI0BA-
TEJIbHOCTh MPUMEHEHHBIX TPABUJ BBIBOIA.

Tabmwmna asanms3a — 370 AByMepHBIi maccuB M[A, a], rae
A — HerepMuHAN, ¥ @ — TepMuUHAJI niau cuMBoa $. 3HaueHwH-
em M[A, a] MmoxkeT ObITh HEKOTOPOE MIPABUIIO IPAMMATHKH WU
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Bxon a + b $

Marazun T BhIxox
Y TIporpamma npecka3bpiBaroIero
aHamM3aropa
Y
z |
$ Tabnuna ananuszaropa

Puc. 4.2.

SJIEMEHT «OIITHOKAY.

Marazus MOXKeT COMEPKATH TOCTIeI0BATEIBHOCTD CHMBO-
JIOB rpamMmaTuku ¢ $ Ha gHe. B HauasbHBIT MOMEHT Maras3wH
COJTEPIKUT TOJBKO HAYAJIBHBIA CHMBOI I'DAMMATHKHA HA BEp-
xymike 1 $ HA OHE.

Anammsarop paboraer cienyionmm obpasoM. Buauane ana-
JIN33TOP HAXOAUTCH B KOHMUIYpAIWUK, B KOTOPOH MAara3mH CO-
pepxkur S$, Ha BxouHO# senre w$ (W — aHasM3UpyeMas le-
NOYKa), BBIXOAHAA JieHTa mycra. Ha KaskIoM TakTe aHaiu3a-
TOp paccMarpuBaerT X — CHUMBOJ Ha BEPXYIIKE Mara3uHa U a
— TeKyMuii BXOIHON CUMBOJI. DTU ABA CHMBOJIA OMPEIEISIIOT
JgeticTBus aHasm3aropa. Vmeiores ciaemyomnine BO3MOKHOCTH.

1. Ecitm X=a=$, ananm3arop OCTaHABIUBAETCsI, COODIIA-
eT 00 YCIEITHOM OKOHYAHWH Pa3dopa W BLIIAET COMEPIKUMOE
BBIXOIHON JIEHTHI.

2. Eciu X=a#$, anamuzarop yaanser X u3 Mara3vHa u
MIPOIBUTAET YKA3ATETh BXOIA HA CJIEIYIONUI BXOIHON CUMBOJ.

3. Ecniu X — repmunan, u X #a, TO aHAJIU3ATOP OCTAHAB-
JINBAETCS U COODIAET O TOM, 9TO BXOIHAS [IETTOYKA HE TPUHA-
JIEXKUAT SA3BIKY.

4. Eciu X — HeTepMUHAJ, aHAJA3ATOD 3AIVISIBIBAET B Ta-
6y M[X, a]. Bo3aMOXKHBI mBa Crydas:

a) Bmagenwem M[X, a] sapaserca npasuno qma X. B sTom
CIIy9ae aHATH3ATOpP 3aMeHseT X Ha BEepXYIIKe MAara3u-
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Ha HA [IPABYI0 9aCTh JAHHOIO IPABUJIA, & CAMO [IPABUIIO
MOMEIIAET HA BBIXOAHYIO JIEHTY. YKA3aTeIb BXOAA HE TIe-
PEeIBUTAETCSL.

6) 3mauenmem M (X, a] sBnserca «ommbkas. B sTom ciry-
“ae AHATM3ATOD OCTAHABIMBAETCA U COOOIIAET O TOM, ITO
BXOJIHAS TIETIOYKA HE MPUHA/JIEKNT A3BIKY

Pabora ananm3aropa MOXKET OBITH 33/1aHa, CJIEAYIONIEHN TPO-
rpPaMMOIi:

lloMecTuTs ’$’, 3aTeM S B MarasuH;
do
{X=Bepxuuii cuMBox MarasuHa;
if (X - TepmMmuan)
if (X==InSym)
{ymamuts X us marasuna;
InSym=ouepenHo# CHMBOI;
}
else {error(); break;}
else if (X - HeTepmumam)
if (M[X,InSym]=="X->Y1Y2...Yk")
{ymamuts X w3 mMarasuna;
noMecTuTh Yk,Yk-1,...Y1l B Marazuwm
(Y1 Ha Bepxyuxy);
BeBecTH Ipasmio X->Y1Y2...Yk;
}

else {error(); break;} /*Bxom Tabmums M mycT*/

}
while (X!="$’); /*marasum mycT*/
if (InSym !'= ’$’) error(); /+He Bca cTpora mpoumrana/

llpumep 4.3. PaccmoTpuMm rpaMMaTuKy apudMeTudIecKux BbI-
paxennit G=({E, E', T, T, F}, {id, +, %, (,)}, P, E) ¢ npasaiamm:

E—TFE T — «FT’
E — +TFE’ T —e

E —e F — (E)
T — FT' F —id.

Tabmuia npeCcKa3bIBAIOIIEr0 AHAIN3ATOPA [JIst ITOM rpaMMa-
tuku npusBegena Ha puc. 4.3. Ilycreie kaeTkm TabsmIbl COOTBET-
CTBYIOT 3JIEMEHTY «OIIMOKA».
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Herep- Bxonmoit cumBon
muHan|  id + * ( ) $
E |E—TF E—-TFE
E' E'—+TFE' E'—e|E'—e
T |T—FT' T—FT'
T T —e |T'—*FT' T'—e|T'—e
Puc. 4.3.

IIpu pazbope BxomHON menouku id + id % id$ anagmsa-
TOP COBEPIAET MOCIEIOBATEIBHOCTD IMATN0B, W300PAKEHHYIO
Ha puc. 4.4. 3ameruM, 9TO AHAIU3ATOP OCYIIECTBJISET B TOU-
HOCTH JIEBBIA BBIBOA. ECin 3a y»kKe MPOCMOTPEHHBIMH BXOTHBI-
MH CHMBOJIAMHU MOMECTHUTH CHMBOJIBI TPAMMATHAKH B MarasuHe,
TO MOXKHO MOJIYYUTHh B TOYHOCTH JIEBBIE CEHTEHITUAJIBHBIE (DOD-
MBI BBIBOZA. JlepeBo pa3bopa 1jist 9TOH MenoYKy MPUBEICHO HA
puc. 4.5.

4.3.2. Oyuknuum FIRST n FOLLOW

IIpu mocTpoernn TabaNIIBI TPEICKA3BIBAIOIIETO AHATN3ATO-
pa Ham norpebytorcs ase dyakuun — FIRST w FOLLOW .

IMycrs G = (N, T, P, S) — KC-rpammaruka. Ina o — mpo-
U3BOJILHON HEMOYKY, COCTOSINEH W3 CHMBOJMOB TPAMMATHKM,
onpenennm FIRST (o) KaK MHOKECTBO TEPMHUHAJIOB, C KOTO-
PBIX HAYMHAIOTCS CTPOKH, BBIBOAMMBIE u3 «. Ecim a =* e, 10
e Takxke npunamexut FIRST ().

Oupenenum FOLLOW (A) nna werepMuHaia A Kak MHO-
JKECTBO TEPMUHAJIOB @, KOTOPbIE MOTYT TIOSBUTHCSA HEIOCPE]I-
CTBEHHO clpaBa OT A B HEKOTOpO# CeHTeHIHAJbLHON dop-
M€ TPAMMAaTHKH, TO €CTh MHOYKECTBO TEPMHUHAJIOB G TaKUX,
YTO CYIIECTBYeT BBIBOL BuAa S =* «aAaf miIg HEKOTOPBIX
a, B € (NUT)*. Bamerum, 410 MeK1y A M a B mpouecce BbIBO-
Jla MOT'YT HAXOJUTHCSA HETEPMUHAIBHBIE CHMBOJIBI, U3 KOTOPBIX
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Marazun | Bxon Brixos,

E$ id + id * id$

TE'$ id+idxid$ | E — TE'

FT'E'$ id+id*id$ | T — FT'

WdT'E'$ | id+id*id$ | F — id

T'E'$ +id * id$

E'$ +id * id$ T — e

+TE'$ +id * id$ E — +TFE

TE'$ id * 1d$

FT'E'$ id * 1d$ T — FT'

idT'E'$ | id«*id$ F —id

T'E'$ *1d$

«F'T'E'$ | *id$ T — xFT’

FT'E'$ id$

iWdT'E'$ | id$ F—id

T'E'$ $

E'$ $ T — e

$ $ E —e
Puc. 4.4.

BBIBOAUTCA €. Ecmm A MOKeT GbITh CAMBIM TIPABBIM CHMBOJIOM
HEKOTOPOH CEHTEeHNHAJBbHON (POpPMBI, TO $ TakKe IpUHAIIC-

xxkur FOLLOW (A).

Paccmorpum asropursmel Berancaenus Gyukuun FIRST.

Agaropurm 4.3. Beruncnernne FIRST nnsa cumsonos KC-
PAMMATHKH.
Bxod. KC-rpavmarura G = (N, T, P, S).
Buxod. Muoxkecrso FIRST(X) ans KaxKaoro CAMBOJIA
X e(NUT).
Memod. Bemmoaants marn 1-3:
(1) Ecim X — repmunan, to nonoxuts FIRST(X) = {X};
eciu X — HerepMuHad, noaoxkuts FIRST(X) = @.
(2) Eciiu B P umeerca npasuwio X — e, 10 gobaBurb € K

FIRST(X).
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E

/

T

/ | +/lj\E’

F T'
| /\\
id e F T e
AR
id * F T
|
id e

Puc. 4.5.

3) Toka Hm x kakomy muOKecTBY FIRST(X) Henb3sa yxe
Oyer 100aBUTh HOBBIE DJIEMEHTHI, BHITOTHATD:
do { continue = false;
Hnsa kaxkmoro HerepMuHaga X
Jma kaxxgoro mpasuia X — Y1Ys...Y
{i=1; nonstop = true;
while (i < k && nonstop)
{mobasure FIRST(Y;) \ {e} x FIRST(X);
if (Bobutn 106GaBIEHBI HOBBIE TEMEHTHI)
continue = true;
if (e ¢ FIRST (Y;) nonstop = false;
else i+ =1;
}
if (nonstop) {no6arnts e x FIRST(X);
continue = true;
byl

while (continue);

AaropunrMm 4.4. Beraucinenue FIRST pjist UeIOYKHA.
Bzod. KC-rpammaruka G = (N, T, P, S).
Bwizod. Muoxecreo FIRST (X1 X5 ... X,), X; € (NUT).
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Memod. Bemmonnuts miaru 1-3:
(1) TIpu nomormmu anropurma 4.3. Boraucaurb FIRST(X) mua
kaxgoro X € (NUT).
(2) Honoxures FIRST (X1 X5 ... Xp,) = @.
(3) {i = 1; nonstop = true;
while (i < n && nonstop)
{nobasute FIRST(X;) \ {e} k FIRST (u);
if (e ¢ FIRST(X;)nonstop = false;
else i+ = 1;
}
if (nonstop) {nobasuts e x FIRST (u);

b}

Paccemorpum anropurm Beraucienust byuxuyu FOLLOW .

AaropurMm 4.5. Berauciaenne FOLLOW pist HerepMuHa-
JIOB TPAMMATHKH.
Bzod. KC-rpammaruka G = (N, T, P, S).
Buxod. Muoxecrso FOLLOW (X) nig KasKAOro 3HAKa
X €eN.
Memod. Beimonuuts maru 1-4:
(1) Monoxurs FOLLOW (X) = @ ans Kaxkaoro 3Haka X €
N.
(2) Hobasuts $ k FOLLOW (S).
(3) Ecim B P ecrb npasuio soisoga A — aBf, tne a, 8 €
(NUT')*, o Bce smementsl u3 FIRST (), 3a uckmitouennem
e, nobasuth Kk FOLLOW (B).
(4) Tloka Hu4ero Hesb3ga Oymer H00ABUTHL HU K KAKOMY MHOZKE-
crBy FOLLOW (X)), BBIIOIHATD:
ecnn B P ectb mpasmiio A — aB um A — aBg, a, 8 €
(NUT)*, rne FIRST () comepxur e (f =* e), To Bce
astemenTsl u3 FOLLOW (A) nobasurs kK FOLLOW (B).

llpmmep 4.4. Paccmorpum rpammaruky u3 npumepa 4.3. diaa
Hee
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FIRST(E) = FIRST(T) = FIRST(F) = {(, id}
FIRST(E') = {+, e}

FIRST(T') = {x, e}

FOLLOW (E) = FOLLOW (E') = { )

FOLLOW(T) = FOLLOW(T') = {+, ), $}

FOLLOW(F) ={+,x,),$}

Hampuwmep, id u nesaa ckobka mobasnsiorca k FIRST(F) wma
mare 3 nipu ¢ = 1, nockosbky FIRST (id) = {id} u FIRST("(?) =
{7("} B coorBercrBuu ¢ warom 1. Ha mare 3 upu i = 1, B coorser-
ctum ¢ mpasuiaoM BeBoma 1 — FT' x FIRST(T) nobasasiorcs
Taxxke id u meBad ckobka. Ha mrare 2 8 FIRST(E') skmiodaeTcs e.

Tak»ke mpu Bbryuciaennun Muoox)ectB FOLLOW wna mare 2 B
FOLLOW (E) Bkmouaercss $. Ha mare 3, Ha ocHOBaHMU IpaBu-
na F — (F), k FOLLOW (E) nobasnseTcss Tak»Ke TpaBas CKOOKa.
Ha mare 4, mpumenérrom k mpasuny E — TE', 8 FOLLOW (E')
BKmoualorca $ u npapas ckobxa. Ilockombky E' = e, onu Taxxe
monanaoT u Bo MHOXKectBo FOLLOW (T). B coorBercTBuu ¢ mpa-
susiom BEBOMA E — TE’', na mare 3 8 FOLLOW (T) srnrogaiorcs
u Bce anementsl u3 FIRST(E'), ornmunbre ot e.

Oupenenum teneps Gyukuuio FIRSTy(a), rae k — uary-
panbHOe uncimo u o € (N U X)*.

FIRSTy(a) = {w € ¥*| mubo |w| < k n a =¢ w, aubo
|lw| =k n o =¢ wz aua mekoroporo x € L*}.

Ecmm o € ¥*, ro FIRST) (o)) = {w}, rme w — 310 mepsbie
k cuMBOJIOB 1emouKy o TpH |a| = k uw w = o npu |af < k.

ITpuseném anropurm Bbrauciaenud pyuxuun FIRST (),
rae f=X1Xy... X, € (NUX)*.

Ompepenerue. Ilycrs X — mekoropsiit andasut. Eciu Ly u
Lo — moaAMHOXKECTBa %%, TO MOJTOXKIM
Ly &), Ly = {w| nna wekoropbix © € Ly u y € Ly
mabo w = xy, ecom |xy| < k,
JubO W COCTOUT W3 TIEPBBIX kK CHMBOJIOB
UENOoYuKK Ty}

Tewma 4.1. Jlaa awbot KC-zpammamuruy G = (N, 3,
P, S) u arobwz o, p € (NUX)*

FIRST, (o) = FIRST} (o) @), FIRST}(S)
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Jloka3arebCTBO OCTABJISIEM YUTATENI0 B KAYECTBE YIIPAK-
HEHUS.

Agaropurm 4.6. Beraucnenune dbyukuun FIRSTy(8).

Bzod. KC-rpammaruka G = (N, X, P, S) u uenouka [ =
X1 Xz .. X, € (NUX)*

Bwzod. FIRST(5).

Memod. Tak Kak no nociaenneil JeMme

... D FIRSTk(Xn),

TO JTOCTATOYHO TIOKA3aTh, Kak Hafitn FIRST(X) nusa X € N.
Ecmm X € ¥ U {e}, To ogeBnmno, uro FIRST,(X) = {X}.

Oupenennm muozkecrsa F;(X) mna xaxgoro X € NUX u
BO3pACTAONWX 3HadeHud ¢ > 0:

(1) Fi(a) ={a} pns Beex a € Em i > 0:

(2) Fo(A) = {z |z € ©** u cymecrsyer npasuio A — za
u3 P, nna koroporo mu6o |x| =k, 6o |z| < k n o = e}.

(3) Houyctum, uro Fy, Fi, ..., F;_1 yXKe onpeneneHsr 1is
Bcex A € N. Torma

F;(A) = F,1(A) U {z|A — Y7 ...Y,, npunagnexur P u
r € F;_ (Y1) ®p Fim1(Y2) @ .. r Fi1(Yn)}

(4) Tak kax F;_1(A) C Fi(A) € ¥** s Beex A u 4, 10 B
KOHIIE KOHIIOB MbI J0HIEM 10 Takoro i, uyro F;_1(A) = F;(A)
st Beex A € N. Torna nonoxxum FIRSTy(A) = Fi(A) pns

3TOr0 3HAUEHUS 1.

4.3.3. KoucTpyunpoBaHue TabauUIbI IIPEICKa-
3BIBAIOINET0 aHAJIN3aTOpa

L1 KOHCTPpYyHpOBaHUs TabIHIBI IPEACKA3BIBAIONIErO aHa-
JU3aTOpa 1o rpaMmaruke G MoxKeT OBITH MCIOIB30BAH AJIr0-
PWUTM, OCHOBaHHBIH Ha cieayrommedi umee. [IpeanonoxuM, 9To
A — o — mpaBuio BeIBOAA TpaMMaTHkH u a € FIRST(a).
Torna aHamu3aTop Jenaer pa3BépTky A MO «, ecan BXOTHBIM
CHMBOJIOM sIBJIsleTCs G. TPYAHOCTH BO3HHKAET, KOLJA O = €
win « =" e. B 3ToM ciyuae Hy»kHO passepHyTb A B «a, eciau

TeKyImit BXOAHOH cumBos npunaggexunt FOLLOW (A) wnn
ecim gocturHyT $ u $ € FOLLOW (A).
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Agropurm 4.7. Tlocrpoenne TabInILI TPeACKA3LIBAIOIIE-
ro aHAJIH3ATOPA.

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

Buxod. Tabmuua M[A, a] npeacKa3blBAIOIIErO aHAIN3ATO-
pa, A€ N,aeTU{$}.

Memod. s Kaxaoro npasuia BbIBoga A— « rpaMMaTuKu

BuINOMTHUTD mraru 1 u 2. Ilocsae 3Toro BHIMOMHUTH mar 3.

(1) Ans kaxkmoro repmuHana a u3 FIRST (a) nobasuts A—
K M[A, a].

(2) Ecm e € FIRST (o), mobasute A — o x M[A,b] nna
Kazkaoro repMunana b us FOLLOW (A). Kpome Toro, ec-
mue € FIRST(a) u $ € FOLLOW (A), nobasurb A — «
Kk M[A, $].

(3) TonoxkuTh BCE HEONPEAEIEHHDBIE BXOAbI PABHBIMU «OIIHO-

K.

llpumep 4.5. Ilpumenum anaropurm 4.7 K rpaMMaTHKE U3 IPH-
mepa 4.3. Iockonbky FIRST(TE') = FIRST(T) = {(,id }, B
cootBercTBuU ¢ mpasmwioMm Besoma E — TE' sxomwt M[E,( | u
MI|E,id ] cranosarcsa pasupimu E — TFE'.

B cooTBercTBMHE ¢ mpaBmiaoM BhBoma B — +TE' 3nadenne
MI[E’, +] pasao E' — +TE'. B cOOTBEeTCTBUE C TIPABUIOM BBIBOJIA
E' — e snavenua M[E',)] u M[E', $] pasunt E' — e, TTOCKONBKY
FOLLOW(E') = { ), $}.

Tabmnma ananu3a, MOCTPOEHHAs 1O aaroputmy 4.7. s 3Toi
TpaMMAaTHKH, IpUBeIeHA Ha puc. 4.3.

4.3.4. LL(1)-rpaMmMaTukun

Anropurm 4.7 mocTpoeHus TAOGIHIBL MPEICKA3BIBAIOIIE-
ro aHamm3aTopa MoxkeT ObiTh mnpuMmenén k Joboit KC-
rpammaruke. OQHAKO [JIsi HEKOTOPBIX I'PAMMATHK MOCTPOEH-
Hast TAOJIUIA MOYKET UMETh HEOTHO3ZHAYHO ONPEaeTEHHbBIE BXO-
ael. Hanpumep, HETPYIHO J0KA3aTh, UTO €CITA IPaMMaTHKa, Je-
BOPEKYDPCHUBHA WJIM HEOTHO3HAYHA, Tab/uia OyIerT mMeTh 1o
KpaitHeil Mepe OJINH HEeOJHO3HAYHO ONpPeeTEHHBIN BXOJI.

'pammarukm, misg KOTOpbIX TabJMLA [PEICKA3BIBAIOIIErO
aHAIM3aTOPa HE UMeeT HEOTHO3HATHO ONPEIeTEHHBIX BXOJIOR,
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HaspiBatorcst LL(1)-rpammarnkavu. IIpegckasbiBatoiuii ana-
am3arop, nocrpoenubiii qus LL(1)-rpamMaruku, HasbBaeTcs
LL(1)-ananuzaropom. Ileppas 6yksa L B nazsanuu ca3aua ¢
TEM, 9TO BXOJHAS LEIOYKA YMTACTCs CJEBA HAIPABO, Bropas L
O3HATAET, YTO CTPOUTCS JIEBBLIN BBIBOJ BXOIHOM Tenmodkn, 1 —
YTO HA KayKJIOM IMAre s TPUHATHS DPEIICHUS HCIOMb3YeTCst
OJIMH CHMBOJI HEIPOUYNTAHHOM IACTH BXOJHOH HENOYKH.

Hokazano, uro asropurm 4.7 ays kaxzaoit uz LL(1)-rpam-
varuk G cTpouT TAbJIUIy IIPEACKA3BIBAIOIIErO AHAIU3ATOPA,
pacnosHaoIero see menodku u3 L(G) u TONBKO 9TH HENOYKH.
Herpyaso mokazarsb takske, uro ecau G — LL(1)-rpaMmaruka,
to L(G) — nerepmunupoBanubii KC-a3bIK.

Cuopasenyus Takxke caenyomuit kpurepuii LL(1)-rpamma-
tukn. I'pammaruka G = (N, T, P, S) senaerca LL(1)-rpaMmma-
THKO# TOTIA U TOJBKO TOTIA, KOTIA /I KasKI0H Taphbl MPaBUJI

A—-a, A— [fuz P
(TO ecTh MIPABNII € OAMHAKOBOI JIEBOH YACTHIO) BBHIIOIHSIOTCH
cIIeIyIoniue 2 yCIOBUS:

(1) FIRST (o) N FIRST(B) = o;
(2) Eem e FIRST (o), o FIRST(3)NFOLLOW (A)= @.

S3bIK, nus KoTOporo cyuiecrsyer nopoxjatomas LL(1)-
rpaMMaTuKa, HasbiBaloT LL(1)-a3pikoM. JlokazaHo, 4TO Mpo-
6JeMa, OTIIpeIe/IeHNsT, TIOPOXKIACT JTU TpaMMaTnka LL-a3bIK, sB-
JISIeTCST AJITOPATMHAYECKH HEPA3PEITMOii.

S s
e / \ T N
if E then N if E then else S

b if E then T else T b // \\ a

| if E then S
b a a | |

b a

Puc. 4.6.



104 I'maBa 4. Cunrakcudeckuii aHajus

llpumep 4.6. HeogHo3naumad rpaMMaTHKAa He SBJIAETCA
LL(1). IlpmvepoM MOKET CIIyKATbH ClIeAylomas rpammaruka G =
({S, E}, {if, then, else, a, b}, P, S) ¢ npasmmamm:
S —if Ethen S |if Ethen SelseS|a
E—b
OTa rpaMMaTHKa ABIAETCA HEOTHO3HATHON, ITO WUJLTIOCTPUPY-
ercs Ha puc. 4.6.

4.4. LL(k)-rpamMmaTuku

Onpenenenne. KC-rpammaruka G = (N, X, P, S) nasbl-
Baerca LL(k)-rpaMmmaTukoil st HEKOTOPOro (hUKCHPOBAHHOTO
k, ecnn u3

(1)S =7 whAa = wha =* wr

u

(2)S =f wAa = wya =* wy, AT KOTOPHIX U3

FIRSTy(z) = FIRSTy(y), BoiTekaer, uro § = 7.

Tosopst menee dbopmansro, G 6ymer LL(k)- rpaMmMaTukoii,
ecau ayig JaHHoi nenodkn wAa € (N U X)* u nepsbix k cum-
BOJIOB (€CJIM OHM €CTh), BRIBOAAIMXCA U3 Aq, cymecrsyer He
0oJiee OIHOTO TPABUJIA, KOTOPOE MOXKHO MPUMEHUTDH K A, 9To-
OBl HOMYYUTH BBIBOJ, KAKOH-HUOYIb TEPMUHATLHOM IETMOYKH,
HAYMHAIOMIENHCS C W U NPOJOJIKAIOMIENCA YIOMIHYTHIMHA K Tep-
MUHAJIAMH.

I'pammarnka HasbBaercs LL(k)-rpaMMaTukoii, ecam oHa
LL(k)-rpammaruka 1yist HEKOTOPOTO K.

llpumep 4.7. Paccmorpum rpammaruxy G = ({S, A, B}, {0, 1,
a, b}, P, S), rne P cOCTOUT W3 TIpaBuUII

S — A|B,

A — aAb|0,

B — aBbb| 1.

Buecs L(G) = a™0b" |n >0 U a™1b®" |n > 0. G ue apnser-
ca LL(k)-rpammaTukoii Hu st Kakoro k. VIHTYyWTHBHO, €CJIM MBI
HAYMHAEM C YTEHHUS JTOCTATOYHO JJIMHHOM IEMOYKH, COCTOSIIEN U3

CHMBOJIOB @, TO HE 3HAEM, Kakoe m3 npasmi S — A u S — B 6pu10
TIIPUMEHEHO MIePBBIM, NOKa He BcTpeTuM () mm 1.
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O6pamasch xk Tounomy onpenenennio LL(k)-rpaMvarnkm, mo-
goxEM w=a=e, B=A, v=B, z=d"0b* u y=a*1b?".

Torma BBIBOIBI

S =08 =, A=} abob”

S =8 = B=]a"1b%*
cootBeTcTBYIOT BhiBomaMm (1) u (2) onpenenenns. Ilepsoie k cumbo-
J10B menodek T u y copnagaor. Oamako 3akaodenne § = 7y JIOXKHO.
Tax xak k 37mech BBIOpaHO TPOU3BOJIBbHO, TO G me aBaserca LL-
TPAMMATHUKOM.

4.5. CaencrBus omnpenesienus LL(k)-
rpaMMaTUKN

Teopema 4.6. KC-zpammamurxa G = (N, %, P, S) asaa-
emca LL(k)-epammamurxoti mozda u moavko mozda, xozda
oaa 06yx pasauunslr npasus A — f u A — v uz P ne-
peceuenue FIRST,(Ba) N FIRSTy(ya) nycmo npu ecex
maxuxr wAa, wvmo S =] wAa.

Hokazarenscrso. Heobrodumocms. Homycrum, 9ro w, A,
a, S 17y yAOBIETBOPAIOT yeaosusaM Teopembl, a FTRSTy(Ba)N
FIRSTy(ya) comepxur x. Torma mo onpenenenuto FIRST
JJIsT HEKOTOPBIX Y W 2 HAWIYTCA BBHIBOJBI

S =] wAa = wfa =] wry
I
S =7 wAa = wya =7 wrz.

(3aMeTuM, 9TO 31€CHh MBI UCIOIB30BAIU TOT (hakT, uro N He
COZIEPKAT OECIIONE3HBIX HETEPMUHAJIOB, KaK 3TO IIPEINOoIara-
eTCsa IJId BCEX PACCMATPUBAEMBIX TpamMarnk.) BEom |z| < k,
T0 y = z = e. Tak kak 3 # 7, o G ne LL(k)-rpaMmaruka.

Jocmamounocms. Honycrum, uro G we LL(k)-rpaMmmaru-
ka. Torma HalimyTca Takue OBa BBHIBOIA

S =] wAa = wha =] wr

u

S =7 wAa = wya =] wy,
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YTO HENOYKH T B Y COBHAJAIOT B MEPBBIX Ak MO3UIHAAX, HO 5 # 7.
Tlostomy A — f u A — «y - pasinuHble npaBuia u3 P 1 Kax-
moe u3 maokecrs FIRSTy(Sa) m FIRST,(ya) coneput me-
nouky FIRSTy (), coBnagamomyto ¢ uenouxoit FIRSTy(y). m

llpumep 4.8. I'pammaruka (G, cocrosimast m3 ABYX IPABUI
S — aS | a, me 6ymer LL(1)-rpaMmaTnKOii, TaK Kak

FIRST(aS) = FIRST:(a) = a.

MuTynTuBHO 3TO0 MOXKHO O0BICHAUTH TAK: BHUS TIpU pa3dbope 1e-
MIOYKHW, HAYAHAMOMENHCS CHMBOJIOM @, TOJIBKO TOT MEPBBIA CHMBOJI,
MBI HE 3HaeM, Kakoe m3 mpasuia S — aS wm S — a Hamo Tpu-
menuth K S. C apyroii croponst, G - 3to LL(2)-rpammaruka. B
caMOM ziesie, B 0003HAYEHUAX TONBKO 9TO IMPECTABJICHHON Teope-
Mbl, ecit S =] wAa, To A = S u a = e. Tak Kak s S gaHbI
TOMBKO JIBa yKa3aHHbIX mpaBmia, 70 B = aS u 7 = a. [lockosnbky
FIRST>(aS) = aa u FIRST»(a) = a, To no nocneaueit reopeme G
6yner LL(2)-rpaMMaTHKOIL.

4.5.1. VYpajgeHue JIeBOI peKypcuu

OcHOBHast TPYAHOCTHb TIPH HMCIOIH30BAHUN ITPEICKA3BIBA-
IOIIEr0 aHAJIN3a — 3TO HAXOXKIEHWE TAKOW T'DAMMATHKH JIJIst
BXOJIHOTO SI3BIKA, MO KOTOPOH MOKHO HOCTPOMTH TAGIHUILy aHA-
JIN3a, ¢ ONHO3HAYHO OMPEICNEHHBIME BXomaMu. MHorma ¢ mo-
MOIIBI0 HEKOTOPBIX TPOCTHIX MPeoOpa3OBaHMN TPAMMATHKY,
He spysionyiocs LL(1), MOXKHO NPUBECTH K IKBUBAJICHTHOMN
LL(1)-rpammaruke. Cpenu stux npeobpasoBanuii Hambosee
3 PEeKTUBHBIMA ABJIOTCA JeBasd (HPAKTOPHUIANNA U YIATCHNE
J1eBOl pekypcun. 371eCh HEOOXOAMMO C/IENATh JBA 3aMEIaHUS.
Bo-nepBrix, He BCSKAs TpaMMaTHKA MTOCIE 3TUX Mpeobpas3oBa-
uuii cranosurcst LL(1), u, BO-BTOPBIX, HOCAe Takux mpeobpa-
30BaHUI MOTYYAIOIIAACA TPAMMATHKA MOKET CTATHh MEHEE IMO-
HUMaeMOMH.

HenocpencrBenayto 1€By0 peKypCuio, TO €CThb PEKYPCHIO
Buga A — Aa, MOXHO yIAMUTH claeayionmM cnocobom. CHa-
yaja rpynnupyeM A-mpapmia;

AHAOé1|ACl{2| |Aam|ﬂl‘62| |ﬂn7



4.5. Cnencreus onpenenenns LL(k)-rpamMvarnku 107

rJle HUKaKasi U3 CTPOK [3; He HaunHaercsa ¢ A. 3areM 3aMeHsieM
9TOT HAOOP MPABUI HA,

A= BiA | BA| .| BA

A= A A | o | anA e

rae A’ — HoBbI# HerepMmuHas. 13 nerepMuHana A MOXKHO Bbl-
BECTH T€ 7K€ NEMOYKH, 9TO M PAHBINE, HO TENEPh HET JIEBOIi
pexypcun. C mOMOIIbIO 3T0# MPOLE/Ly Phl yIAJIAIOTCH BCE HENO-
CPEJICTBEHHBIE JIeBBbIlEe DEKYPCHH, HO HE YIAJSETCs JIEBasi pe-
KypCHs, BKIIOUAIOMAs 1Ba Win bojiee miara. [Ipusenéuubrit Hu-
ke anroputM 4.8 MO3BOJSET yAATUThH BCE JIEBbIE PEKYPCUH U3
rpaMMAaTHKH.

Asaropnt™m 4.8. Yianenue JieBOi peKypCHUH.
Bxod. KC-rpavmmaruka G Ge3 e-npasun (Buga A — e).
Buxod. KC-rpammarnka G’ 6e3 1€BOil peKypCHH, SKBUBA-
senTHas G.
Memod. Bemonauts marun 1 u 2.
(1) YnopsiouuTh HETepMUHABI TPAaMMATUKu G B IIPOU3BO/Tb-
HOM TOPSAJIKE.
(2) BoinosHuTh Coeay oIy I0 IPOLEAyDY:
for (i=1;i<=n;i++){
for (j=1;j<=i-1;j++){

nyctes Aj — (1]B2|... |8k - Bce Texymme npaBmua
ona Ajs

3aMeHHTHb BCe mpasmia Buia A; — Aja

ma mpasumna A; — fi1a|Baql ... |Bra;

}

yoamuTh npaBmia Buma A; — A;;

yIamuTh HEeMOCPeICTBEHHYD JIeBylh PeKypculb B
mpaBunax ans A

}

IMocie (i — 1)-ii urepaiuy BHEIIHEro IUKJa HA are 2 s
so6oro npasmia Buga Ay — Aga, rae k < i, BBIIOJIHSAETCS S >
k. B pesynbrare na ciaenyouieii urepaiuu (1o 1) BHyTPEHHUIT
UMK (110 J) 1OCJIEeI0BATEIBHO YyBEJIUIUBACT HUKHIOK IDAHULLY
mo m B joboM mpasuie A; — A,,«, oka He Oyaer m > 1.
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3areM, mOCae ymajeHus HENOCPEICTBEHHOM JIEBOM pPEKypCHu
Juist A;-IpaBWL, M CTAaHOBUTCSA GOJIBIIE 1.

Anropurm 4.8 TpuUMeHHM, €CJIU TPAMMATHKA HE HMeeTr e-
upasuit (npasui Buga A — e). meowpecs: B rpammaruke e-
MPABUJIA MOTYT OBITH YIAJEHBI TpeaBapuTeTbao. [lomydatomna-
SICA TPAMMATHUKA 0€3 JIeBOi PEKYPCHH MOXKET UMETH e-TIPABHUIIA.

4.5.2. JleBaa daxkTopusamusd

OcHOBHas uzes 1eBoi (PAKTOPU3AIMH B TOM, UTO B TOM
cJIydae, KOTJa HEsCHO, KAKYyI0 U3 JBYX AJbTEPHATHB HAJ0 HC-
MOJIBL30BATH JIJIsT PA3BEPTKU HeTepMuHana A, HyKHO W3MEHUTD
A-npaBusia Tak, 9TOOBI OTJIOXKUTH PEIIEHUE JIO TEX TOP, TOKA
He OyeT J0CTaTouHO HHGMOPMAIVH JJIsI IPUHSITHS TPABUIHHO-
rO peIeHwus.

Ecmm A — af | afs — nBa A-paBuia U BXOZHAA IIETIOY-
K& HAYMHAETCs C HEIyCTON CTPOKH, BLIBOAMMON U3 (v, MBI HE
3HAEM, PA3BOPAYUBATH JIU TI0 IEPBOMY TIPABUJLY UJIH IO BTOPO-
My. MOXKHO OTJIOXKHUTHL perenue, passepays A — aA’. Torna
MOC/IE AHAMN3a, TOTO, 9TO BBIBOJMMO U3 (r, MOYKHO PA3BEPHYTH
no A’ — 31 unu no A’ — (5. JlepodaxkTOpH3OBAHHLIE IPABUIA
NPUHUMAKOT BH/I

A—ad
A — B B

Agaropurm 4.9. JleBast (pakTOpu3aMsa rpaMMaTHKH.

Bzod. KC-rpammaruka G.

Buxod. Jlepodakropusopannaa KC-rpamvarnka G’ sKBu-
BasenrHas G.

Memod. 115 KazKaoro HerepMuHaaa A HaliTi caMbIil 11uH-
HbI Tpeduke o, bl 118 ABYX win HOee ero albTePHATHE.
Ecau « # e, TO eCTh CyIIecTBYeT HeTPUBUAIBHBIN O0Iuii mpe-
duKc, 3aMEeHUTh Bce A-TIpaBuiia

A—>Oéﬁl|0462‘ \aﬁn|z,

rae 2z 0003HAYAET BCE AJIBTEPHATUBBI, HE HAYUHAIOIINECH C C,
Ha

A—aA' |z
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A = BBl ... | By

rone A’ — mosoii merepymunan. [Ipuvenars 3To npeobpasosa-
HUE, TTOKA HUKAKUE JBE AJIbTEPHATUBLI He OyIyT MMETh ODIIero
npedukca.

llpumep 4.9. PaccMoTpuM BHOBH TPAMMATHKY YCIOBHBIX
oIIepaTopoB u3 npuMmepa 4.6:
S —if Ethen S|if Ethen SelseS|a
E—b
ITocne neBoit (pakTOpU3aUM IPAMMATHAKA ITPUHUMAET BUJL
S —if Ethen SS’ | a
S —elseS|e
E—b
K coxaJjieHnio, rpaMMaTHKa OCTaEéTCs HEOSHOZHAYHOM, & 3HAUNT,
u me LL(1)-rpammaTuxoii.

4.5.3. PexkypcuBHBIii ciyCckK

Beime O6b11 paccMOTpeH OIWMH W3 BapUAHTOB TAOJIMIHO-
YIPABJIIEMOro IPEICKA3BIBAIONIEr0 aHAIN3a, KOLIA MAarasuH
SIBHO HCIOIb30BAJICS B Ipolecce paboThl aHaau3aropa. Bo3mo-
2KE€H MHOH BAapUAHT IIPEJICKA3bIBAIOIIEIO aHAJIM3a, B KOTOPOM
KaXKJIOMY HETEPMHHAJY CONOCTaBJIsSeTCs mpouemypa (Boobire
rOBOPsi, PEKYPCUBHAsI ), U Mara3ui 00pa3yercs HessBHO [IPU BbI-
30Bax Takux npoueayp. [Iponeaypbl peKypCHBHOIO CIIyCKa, MO-
ryT ObITH 3aIIMCAHBI, KAK IIOKA3aHO HUXKE.

B nponenype A mnsa crydass, KOIga HMEETC IpaBmio A —
U, TAKOE, 9TO U; = € (HAIOMHUM, 4TO HE MOKET ObIThH GOJIb-
1€ OJJHOTO MPABWJIA, U3 KOTOPOIO BBIBOIUTCS €), MPUBEIEHDBI
aBa Bapuanta — 1.1 u 1.2. B BapuanTe 1.1 nenaercs npoBepka,
NPUHAJIEXKAT JH CIEAYOmnii BXoquo0l cumson FOLLOW (A).
Ecnu ser — Boimaérea ommbka. B BapuanTe 1.2 3Toro me aena-
ercs, TaK 9TO aHAJIU3 OIMMOKU OTKJIAIBIBAETCS HA MPOIENypY,
BBI3BABINYIO A.

void AQ{ // A—uq|ug| ...|ug
if (InSym € FIRST(u;)) // Tonpko ommomy!
if (parse(u;))
result("A — u;");



110 I'maBa 4. Cunrakcudeckuii aHajus

else error();
else
//BapuanT 1:
if (umeercsa mpaBmno A — u; Takoe, 4TO U; =" €)
//BapuasT 1.1
if (InSym € FOLLOW (A))
result("A — u;");
else error();
//Kouer, BapuanTa 1.1
//BapuanT 1.2:
result("A — u;");
//Korern, BapuanTa 1.2
//Korer, BapuanTa 1
//BapuanT 2:
if (wer mpaBmna A — u; Takoro, 4ro u; =" e)
error();
//Korer, BapuanTa 2

boolean parse(u){ // uz u He BHBOmHTCHa e!
v =u;
while (v#e){ // v= Xz
if (X - Tepvmman a)
if (InSym # a)
return(false);
else InSym = getInsym();
else // X - HerepMuman B

BQO;

v =2z
3
return(true) ;

3

4.5.4. BoccraHOBJIEHUE ImIpoIEecca aHaJu3a
MOCJIe CHHTAKCUYECKUX OMINOOK

B npuBenénubix nporpaMmMax PeKypCHBHOIO CIyCKa ObLia
HCIIOB30BAHA TTPOIEIYPA PEAKIINN HA CHHTAKCUIECKHE OITHD-
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ku error(). B mpocreiiimem ciaydae 3Ta mporemgypa BbIIAET
JUATHOCTUKY W 3aBepinaer pabory anammsaropa. Ho moxmo
MOMBITATHCS HEKOTOPBIM Pa3yMHBIM 00pPA30M MPOJOIKUTH Pa-
oory. st pazdbopa cBepXy BHH3 MOYKHO IIPEJJIOKUATD CIELYI0-
MU TPOCTOI AJITOPUTM.

Ecin B MoMeHT 00HApYIKEeHUSsT OIMMUOKN HA BEPXYIITKE Mara-
3UHA OKA3AJICs HEeTEepMUHAJBHBIA CUMBOI A W JJjisi HEro Her
MPaBHUJIa, COOTBETCTBYIOIIEIO BXOJHOMY CHMBOJY, TO CKAHU-
pyeM BXOJ J0 TeX MOp, MOKA HE BCTPETHM CHMBOJI JIHOO U3
FIRST(A), mu6o n3 FOLLOW (A). B nepBoM ciaydae pas-
BOpauuBaeM A 110 COOTBETCTBYIOIIEMY IIPABHUJY, BO BTOPOM —
yransiem A u3 Marazusa.

Ecan ma Bepxyrike Mara3wHa TEPMUHAJIbHBIH CHUMBOJI, TO
MOXKHO YAAJUTh BCE TEDMUHAJIBHBIE CUMBOJIBL C BEPXYIIKHA Ma-
ra3uHa BILJIOTH 0 TIEPBOTO (CBEPXY) HETEPMUHAILHOIO CUMBO-
Jla ¥ TPOMOJIKATH TaK, KAK 9TO OBLIO OMUCAHO BBIIIE.

4.6. Pa300p cHM3y-BBEPX THUIIA CJ/IBUT-
CBEPTKA

4.6.1. OcuoBa

B mpormecce paszbopa CcHu3y-BBEpX THIIA CABUT-CBEPTKA
CTPOUTCSI JIEPEBO pa3bopa BXOMHON IEMOYKYM, HAYUHAS C JIU-
CTheB (CHM3Y) K KODHIO (BBEpX). DTOT MPONECC MOXKHO PAC-
CMATPUBATH KaK «CBEPTKY» MEMOYKYM W K HAYAJILHOMY CUMBO-
Iy TpaMMaruku. Ha KazkgoMm mare CBEPTKH MOANENOYKA, KO-
TOPYIO MOXKHO COTIOCTABUTH TIPABOIl 9aCTH HEKOTOPOTO ITPABH-
J1a BBIBO/IA, 3aMEHSAETCsl CHMBOJIOM JIEBOM 4aCTH TOrO IIPABH-
Jia BBIBOJIA, W €CJIM Ha, KAYKJIOM II1are BHIOHPAETCs TPABUIIBLHAS
MOJIIETIOUKA, TO B 00PATHOM TOPSIIKE MPOCIEKUBACTCS MTPABO-
croponnuii BeiBoJ, (puc. 4.7). 31ech KO BXOAHOM IeNoYKe, Tak
ke Kak 1 npu anasmse LL(1)-rpaMmaTuk, npunucan KOHIEBO
mapkep $.

Oct0601 TENOYKA HA3BIBAETCA TOANENOYKA CEHTEHIMAb-
HOI (POPMBI, KOTOPas MOXKET ObITHb COIMIOCTABJIEHA, IIPABOi va-
CTH HEKOTOPOTO MPABUJIA BBIBOJA, CBEPTKA 10 KOTOPOMY K Jie-
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/1N /1IN

a see § G sesvecees § @ sessecese h seeee §

Puc. 4.7.

BOH YaCTH IIPABUJIA COOTBETCTBYET OJHOMY IIAry B OOpaIlleHun
[IPABOCTOPOHHETO BbIBOJA. Camad jieBas MOAIENOYKA, KOTOPas
COTIOCTABJIAETCS MPABOM YACTH HEKOTOPOTO MPAaBUJIA, BBIBOIA
A — v, He 00sI3aTeNBHO ABASETCS OCHOBOM, MOCKOIBKY CBEPT-
Ka 1o mpaBuay A — v MOXKeT 1aTh MEenoYKy, KOTOpas HE MOYKET
OBITH CBEIEHA K aKCHUOME.

DopMaIbHO, OCHOBA MPAaBOH CEHTEHITHAIBLHON POPMBI 2 —
9TO MPABUJIO BHIBOJA A — 7 U MO3UIKA B 2, B KOTOPOH MOKeT
OBITH HAllEeHA [ENOYKa 7y TaKue, YTO B PE3YJIbTaTe 3aMEHbI
~v Ha A momydaercs mpembLayIias CeHTeHIMaIbHas (popMa B
MPABOCTOPOHHEM BBIBOZE 2. Tak, ecniu S =7 aAf =, aypf,
T0 A — 7 B no3uuuu, CAEAYOWER 38 (, 3TO OCHOBA LENOd-
ku ayf. [oamenoura [ cnpaBa OT OCHOBBI COAEPKUAT TOJBKO
TepMUHAJIBHBIE CUMBOJIBI.

Boob1iie roBops, rpaMMaTHKa MOXKET ObITH HEOTHO3ZHATHOIM,
[IO3TOMY HE €IMHCTBEHHBIM MOKET ObITH MPABOCTOPOHHUIT BbI-
BOI Y3 W He €IUHCTBEHHON MOXKeT OBITh OCHOBA. Kcm rpam-
MAaTHKa OTHO3HAYHA, TO KAXK/1as TPABas CeHTEHIMATbHAs (DOp-
Ma IPAMMAaTHKN UMEET B TOYHOCTH OIHY OCHOBY. 3aM€HA OCHO-
BBI B CEHTEHIINATBHON (popMe Ha HETEPMUHA JIEBOH JacTh Ha-
3BIBAETCA omcewenuem ocHOBBI. OOpalenne mpaBOCTOPOHHETO
BBIBOJIA MOXKET ObITh IIOJIyYEHO C IIOMOIIBIO IIOBTOPHOI'O IIPU-
MEHEHHUsT OTCEYEHNS OCHOBBI, HAYUHAS C UCXOIHON MENOYKH W.
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Eciu w — cioBo B paccMaTpuBaeMoil rpaMMaTHKe, TO W = Qi
rJe (,—n-s IpaBasd CeHTeHInaIbHas (hopMa eré Hen3BeCTHO-
I'0 IPaBOro BBIBOAA S = Qg = Q] = p. . .=y Q] = Qp = W.

Y106BI BOCCTAHOBUTD ITOT BHIBOJL B OOPATHOM TOPSIKE, BbI-
JIeJisieM OCHOBY 7Y, B (v, W 3aMEHSIEM 7Y, HA JIEBYI0 JaCTh HEKO-
TOPOTO MPABUIA BRIBOIA A, — 7y, mony4aas (n — 1)-10 npagyo
CEeHTEHIINANBHYI0 (HOpMY Q1. 3aTeM MOBTOPSAEM 3TOT MPO-
LIECC, TO €CTh BBLAEJISAEM OCHOBY Yn—1 B Qip—1 U CBOPAYUBAEM
9Ty OCHOBY, TTOJIyYasi MPABYI) CEHTEHIIHATBHYIO (HOPMY Cly—3.
Eciu, moBTOpsis 3TOT MPOIECE, MBI TOIYYAEM MPABYHO CEHTEH-
IHAAJIBHYIO (DOPMY, COCTOSAIIYIO TOJBKO U3 HAYAJIHHOIO CUMBOJIA,
S, TO OCTaHABIMBAEMC B COO0MIAeM 00 YCIEIHOM 3aBepIIeHHH
paszbopa. Obparieane mocaen0BATeIbHOCTH TPABHIIL, UCIOTB30-
BAHHBIX B CBEPTKAX, €CTh MPABBIA BBIBOJ BXOJIHON CTPOKH.

Takum 0Opa3oM, ryiaBHAS 33,/1a9a AHAJIM3ATOPA TUTIA CIABUT-
CBEPTKA — 9TO BBIIECIEHNE U OTCEYEHUE OCHOBBI.

4.6.2. LR(1)-anagmu3aTopsl

B nazsanun LR(1) cuvpon L yKa3siBaer Ha TO, 9TO BXOHAS
HENoYKa YUTAETCs CJIeBa~-HAIPaBO, R — Ha TO, YTO CcTpoUTCH
npaBblil BBIBOJ, HAKOHEL], 1 yKa3bIBaeT HA TO, YTO AHAJIU3ATOD
BUJMUT OJUH CUMBOJI HEIIPOUMTAHHONW 4aCTU BXOAHON LEIOYKH.
LR(1)-ananus npus/iekaTeseH M0 HECKOJbLKUM NPUYHHAM:
— LR(1)-anann3 — naubosee MOIIHBIE MeTof aHan3a Ge3
BO3BPATOB TUIIA CABUI-CBEPTKA;

— LR(1)-aHasmu3 MoxkeT OBbITH peajn30BaH JOBOJBHO -
(PEKTUBHO;

— LR(1)-ananuzaropbl MOryT OblTb OCIPOEHbL JJlsl IPAK-
TUYECKU BCEX KOHCTPYKIHI SI3BIKOB MPOrPAMMHUPOBAHMNS;

— KJIACC TPAMMATHK, KOTOPBIE MOTYT ObITh IPOAHAIUIUPO-
Baubl LR(1)-Meromom, cTporo BKIHOYAET KJace rpaMma-
TUK, KOTOPbIE MOIYT ObITh [IPOAHAJIM3UPOBAHDL IPEICKA-
3BIBAIOIINMI aHaIH3aTOpaMu (cBepxy-BHU3 Trna LL(1)).

Cxemaruuecku crpykrypa LR(1)-ananuzaropa uzobpake-
Ha Ha puc. 4.8. AHAIM3aTOP COCTOUT W3 BXOIHON JIEHTHI, BbI-
XOJHO¥ JIEHTbl, MArA3UHA, YIPABJIAIOWEN 1porpaMMbl 1 TabJiu-
upl anammsa (LR(1)-raGauupr), KoTopasi HMeeT IBe YacTh —
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Pynryuro deticmeuti (Action) u dynxyuio nepexodoe (Goto).
Yupasisiomas oporpaMMa onHa u Tta ke s Beex LR(1)-
AHAJIM3ATOPOB, PA3HBIE AHAIM3ATOPBI OTIMIAIOTCS TOMBKO Ta-
OJIMUIAMY AHAJIU3A.

AHamM3aTop YMTAET CUMBOJIBI HA BXOJHOM JIEHTE 1O OJ-
HOMy 3a Tmar. B mpomecce amammsa MCNONL3yeTcs MATA3WH, B
KOTOPOM XpaHsaTCsa cTpoku Buna SoX151X25 ... XS (Sm
— Bepxyiuka maraszuna). Kaxapii X; — CUMBOJ rpaMMaTuKy
(TepMUHAJIBHBIA WIJIM HETEPMHUHAIBHBIH), & S; — CHUMBOJI CO-
CMOAHUS?.

Samerum, 4T0 CUMBOUIbL rpaMMaruku (Jimbo CUMBOJBL CO-
CTOsIHMI) HEe 0043aTEIbHO JOJNKHBI PA3MENIATHECI B MATA3UHE.
OnHako, ¥X WCIONBb30BaHuEe 00JIer1aeT OHNMAHUE MOBEICHUS
LR-ananuzaropa.

bon  [w]-JaJals]
Marazuu Bbixox
Sy e LR —»
aHaJI3aTop
X’ﬂ
Sm—l
)(m—l ﬁﬁ
S - Action Goto
0
Puc. 4.8.

Dnement dynkmn aeticreuit Action[S,,, a;] ans camBora
cocrosians S, un Bxoma a; € T U {$}, moxker mmers om0 U3
YeTHIPEX 3HAUCHUIA:

1) shift S (casur), rae S — CUMBOJ COCTOsIHMS,

2) reduce A—y (cBéprka no npasuiy rpammaruku A—7y),
3) accept (momyck),

4) error (ommobKa).
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BDaement gynkimun nepexomos Goto[S,,, A] nms cumpoma
cocrogausa S;, u Bxoga A € N, MOXeT UMeTb OZHO U3 JIBYX
3HAa4YEeHU:

1) S, rue S — cumBon cocrosnus,

2) error (owubka).

Konguezypayueti LR(1)-anamuszaropa Ha3bIBaeTCs mapa,
NepBas KOMIIOHEHTa KOTOPOH — COMIEPAKUMOE Mara3uHa, a BTO-
pasi — HEMMPOCMOTPEHHBIN BXO/I:

(S0X151 X252 ... X0y, Sy @41 - . . an$)

Sk} KOH(I)I/IpraHI/IH COOTBETCTBYET NpaBoOil CEeHTEeHINAJIb-
Hoit popme
XlXQ ce Xmaiai_,_l ... Qp

IIpedukchr MpaBbIX CEHTEHIUAIBHBIX (DOPM, KOTOPhIE MO-
I'YT HOABUTHCA B Mara3wHe aHATH3aTOPA, HA3BIBAIOTCS GKMUG-
Hoemu npedurcamu. OCHOBA CeHTEHIMATHHON (HDOPMBI BCErIa
pacrosaraeTcss Ha BEpXYIIKe Mara3wHa. TakuMm oOpa3soM, ax-
TUBHBIA TpedUKC — ITO TAKO MpedUKC MPABOM CEHTEHINATH-
HO# (POPMBI, KOTOPBIi HE TIEPEXOIUT MIPABYIO TPAHUILY OCHOBBI
9TOH POPMBI.

Korna ananuzarop HadnHAET PAbOTy, B MAra3nHe HAXOINT-
€S TOJIBKO CHUMBOJI HAYAJIBHOIO COCTOsTHUsT S(, HA BXOIHOM JIeH-
Te — aHAJM3UPYyeMas MENOYKa ¢ MAPKEPOM KOHIIA.

Kaxkprit ouepeiHOM MIar aHAJIU3aTOPa OINpEIesIsieTcs Te-
KYIIUM BXOIHBIM CHUMBOJIOM (; U CHMBOJIOM COCTOSIHUS HA, BEP-
XyIIIKe MarasuHa S, CIeayIomuM HuxKe 06pa3om.

Iycrs LR(1)-ananuzarop Haxouurcs B KOHMUIYpALUN

(S0 X151 X252 ... XinSm, @iGig1 - .. an$)

AHanu3aTop MOXKET IPOAEIaTh OAUH M3 CAEHYHOIIAX IIa-
TOB:

1. Ecm Action[Sy,, a;] = shift S, To anamm3arop BBIION-
HSIET CIIBHT, TIEPEXOfst B KOH(MUTY DAIIUIO

(SOXlSlXQSQ e XmSmazS, (7 an$)
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To ecTb, B Marasul IIOMEMIAIOTCS BXOAHOH CUMBOJI a; U
CUMBOIT COCTOSAHUSA S, onpenensembrii Action[Sy,, a;]. Te-
KYIIUM BXOJHBIM CHMBOJIOM CTAHOBHUTCH (1.

2. Ecm Action|Sp,, a;] = reduce A — v, T0 aHATIM3ATOD
BBINOJIHACT CBEPTKY, Iepexoss B KOHMUIYpaluio

(S0X1S1X2S2 e Xm—rSm—rASa A;Qi41 - - - an$)

rae S = Goto[Sy,—r, A] u r — anuHa vy, npaBoil yacTu
[PaBUIIA BBIBOJIA.

Ananmsarop cHadasa yJajsier U3 Mara3uHa 2r CHMBOJIOB
(r CUMBOJIOB COCTOSIHUS U T CUMBOJIOB TDAMMATHKH ), TAK
YTO HA BEPXYIIKE OKABBIBACTCS COCTOSTHUE Spy_p. 3ATEM
aHAJM3aTOp MOMEIaeT B MarasuH A — JIeByto 9acTh mpa-
BHUJIA BBIBOJIA, M S — CHMBOJ COCTOSTHUS, OTIPEETseMbIil
Goto|Sy,—r, A]. Ha mare cBépTKY TeKyImii BXOMXHON CAM-
Bost He Mmensercs. Jns LR(1)-anannszaropos nociemnosa-
TENBHOCTH CAMBOJIOB TPAMMATHKEA Xy pi1 - - - Xom, YA
JITEMBIX W3 MATA3MHA, BCETAA COOTBETCTBYET Y — MPABOLL
YaCTH MTPABUJIA BBIBOJA, IO KOTOPOMY JeJIAeTCst CBEPTKA.
TMocse ocyrecTBIeHns Mara CBEPTKH MeéHEPUPYETCst Bbl-
xo1 LR(1)-ananu3aropa, TO CTh UCIIOMHSIIOTCS CEMaHTH-
YecKue JeHCTBAS, CBSI3aHHBIE ¢ MPABUJIOM, TIO KOTOPOMY
JIESIAeTCs CBEPTKA, HAPUMED, MeYaTAIOTCA HOMepa mpa-

BMJI, 110 KOTOPBIM JI€JIa€TCsd CBEPTKA.
Bamernm, uro byukius Goto TabIUIEI AHATIN3A, TTOCTPO-

eHHas 110 Tpammaruke G, paKTHIECKH TPEICTABIIIET CO-
6ot (PyHKIHUIO MEPEXONOB TETEPMUHUPOBAHHOTO KOHEU-
HOI'0 aBTOMATa, PACTIO3HAIOIIEr0 aKTUBHBIE TTpebuKCh G.

3. Eam Action[Sp,, a;] = accept, To pa3bop ycmemso 3a-
BEPIIIEH.
4. Ecm Action[Sy,, a;] = error, To aHamm3aTop OGHAPY-

2KIJI OIHI/I6Ky7 U BBIIIOJITHAIOTCA ,HEﬁCTBHH II0 JUAI'HOCTHUKE
1 BOCCTAHOBJICHUIO.

llpmmep 4.10. Paccmorpum rpammaruky apudMeTHIecKux
seipaxennii G = ({E, T, F'}, {id, +, x}, P, E) ¢ npasuiavm:
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(1) E—-E+T
(2) E-T
3 T'—-TxF
4 T-—F
(5) F—id

Ha puc. 4.9 uzobpaxenst dyukmuu Action u Goto, obpazyio-
mwue LR(1)-tabuuuy nns sroit rpammaruku. Jsement Si dbyHkuym
Action 03HaYAET CABWUT U MOMEIEHNEe B Mara3wH COCTOSTHUS C HOME-
poM ¢, Rj — CBEPTKY IIO MpPaBU/Iy HOMEDP j, acC — IOMIYCK, IIyCTas
kJrerka — omubky. Jnsa dyukuuu Goto cumBoIL i 03HaYaeT nomelnie-
HHe B Mara3wH COCTOSIHUS C HOMEPOM ¢, IIyCTast KJIeTKAa — OUINOKY.

Ha Bxozne id+id*id mocienoBaTe lbHOCTb COCTOSHUNM Mara3uHa 1
BXOHO JIEHTHI TOKa3aHbl Ha puc. 4.10. Hanpuwmep, B nepsoii crpoke
LR-amamm3aTop HaXOOWUTCA B HyJE€BOM COCTOAHUH W «BUIUT»> IEpP-
BBIM BXOAHON cumBoa id. [leiicrBue S6 B HyJI€BOI CTPOKE U CTOJIOINE
id B none Action (puc. 4.9) o3Ha4aeT CABUI U IIOMELIEHUE CUMBOJIA
cocTosiHMs 6 Ha BEPXYIIKY Mara3wHa. JTO W U300PasKeHO BO BTOPOit
CTPOKE: MEPBBI CUMBOJI id U CUMBOJI COCTOSIHUS 6 MOMENIAIOTCS B
Mara3uH, a id yaanasercs O BXOJHOW JICHTbI.

Cocrosuunst Action Goto

id  + * $ E T F
0 S6 1 2 3
1 S4 acc
2 R2 S7 R2
3 R4 R4 R4
4 S6 5 3
5 R1 S7 R1
6 R6 RbH RH
7 S6 8
8 R3 R3 R3

Puc. 4.9.

Texyuym BXOZHBIM CHMBOJIOM CTAHOBUTCS +, M I€HICTBUEM B CO-
crosiuuu 6 Ha BXOA + aBisgercd cBéprka 1o F — id. VI3 marasuna
YAAIAIOTCA J[Ba, CUMBOMA (OJWH CUMBOJI COCTOSTHHUSI W OJAH CAMBOJI
TrPaMMATHKH). 3aTEM aHAJM3UPYETC HyJIEBOE COCTOTHHE. 110CKOIb-
ky Goto B HyneBoM cocroguuu 1o cumsosty F' — sro 3, F u 3 no-
MEIIAIOTCS B Mara3uH. Temepph mMeeM KOH(UIYpPAInio, COOTBETCT-
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Axrusnblil | Marazun Bxon | leficrBue
npeduxc

0 id + id * id$ | cnsur
id 01id 6 +id * 1d$ | F' — id
F 0F3 +id xid$ | T — F
T 0T 2 +idxid$|E— T
FE 0F1 +id * id$ | cnBur
E+ 0F1+4 id * id$ | cnpur
E+1id 0F1+4id6 *id$ | F' — id
E+F OF1+4F3 xid$ | T — F
E+T OFE1+4T5 *1d$ | caBuUr
E 4+ Tx OF1+4T5%x7 1d$ | cnpur
E+Txid |0E1+4T5%x7id6 $|F —id
E+T«F |(0OE1+4T5x7F8 $|7 - TxF
E+T 0E1+4+4T5 $|E—-E+T
E 0F1 JOITYCK

Puc. 4.10.

BYIOIIYIO TpeTheil cTpoke. OCTabHBbIE ITATU ONPENeIAI0TC aHaI0-

THUYHO.
4.6.3. Koucrpyuposanue LR(1)-Tabauibr
Paccmorpum  ajaropuT™  KOHCTPYWPOBAaHUS — TAOJIUILHI,

ynpasisiouieii LR(1) - anamuzaropom.

IIycrs G = (N, T, P, S) — KC-rpammaruxa. ITonoanernoti
rpaMMaTUKON g manHoi rpamMaruku G HaswbiBaercas KC-
IPAMMAaTHKA

G'=(NU{S},T,PU{S — S}, "),

TO €CTh 3KBUBAJICHTHAA IPAMMATHKA, B KOTOPOil BBEIEH HOBBII
HaYaJIbHBIA cuMBOT S’ M HOBOE IpaBuio BhBOma S — S.

9T0 ZOMOMHUTENIBHOE NPABHUJIO BBOAUTCA /IS TOrO, YTOOBI
OIIPe/IeJIUTh, KOIAA aHAIM3ATOP JOJ2KEH OCTAHOBUTDL pasbop u
3a(PUKCHPOBATEL TOMYCK BX0Ha. TakuM 06pa3oM, JOIIYyCK HMeeT
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MECTO TOT/IA ¥ TOJBKO TOT/IA, KOT/IA aHAU3ATOP TOTOB OCYIIe-
CTBUTBL CBEPTKY 10 mpasuiay S’ — S.

LR(1)-cumyayued maswpsaerca mapa [A — o«.f3,a], tae
A — aff — npaBmJIO TPAMMATHKHU, ¢ - TEPMUHAJ MJIA [TPABbIIl
KOHIIEBOI MapKep $. Bropasi KOMITOHEHTa CUTyaIMy HA3BIBAET-
cd a8aHUENOYKOU.

Bynmem rosoputs, uro LR(1)-curyamms [A — «.(0, a] dony-
cmuMma I AKTUBHOTO NpeduKca §, eCIH CymEeCTBYET BBIBOI
S =7 yAw =, yafw, tae § = ya u aubO a4 — MEPBBIH CAMBOI
w, mbo w=eun a=8§.

Bymem roBoputhb, 9TO CUTYaIust donycmuma, eCu OHa JI0-
MyCTUMA [IJIsT KAKOTO-INO0 aKTHUBHOTO MpehUKCA.

lpumrep 4.11. Hawa rpammaruxa G = ({5, B}, {a, b}, P, S) ¢
TIPaBUIAMEA
S — BB
B —aB|b
CymecTByeT IpaBoCTOPOHHUH BBIBO S =1 aaBab =, aaaBab.
Jlerko Bugern, uro curyauus [B — a.B, a] gonycruma jyis akTuB-
HOro mpedukca § = aaa, €CJIU B OMPEAEJEHUU BHITIE TOJIOKUTD
vy =aa, A= B, w=ab, a =a, f = B. CymecrByer TakKe IpaBo-
croporHuii BeBOI S =, BaB =, BaaB. IlosToMy 118 aKTUBHOTO
npedwnkca Baa nomycruma curyarms (B — a.B, $].

IlenTpanbHasg maest METOHA 3aKJIIOYAETCS B TOM, UTO IO
rPaMMAaTHKE CTPOUTCSA AETEPMUHUPOBAHHBIN KOHEYIHBIH aBTO-
MaT, pacrno3Haronmii akruBHbe npedurcol. Iaa aToro curya-
AU TPYIIHAPYIOTCS BO MHOMXKECTBA, KOTOPBIE U 0OPA3yIOT CO-
crostaus apromara. CUTyanuy MOXKHO PACCMATPUBATH KAK CO-
CTOSTHUS HEIETEPMUHUPOBAHHOTO KOHETHOTO ABTOMATA, PACITIO-
3HAIOMIETO AKTUBHBIE MPEQUKCHI, & UX IPYIIHPOBKA Ha CAMOM
JieJie eCTh IMPOIECC MOCTPOEHUS JTeTEPMUHHPOBAHHOIO KOHEY-
HOTO aBTOMATa U3 HEIETEPMUHHPOBAHHOTO.

Ananmuzarop, paboTAIOMU CJIEBA-HAIIPABO 110 THUILY CJBUT-
CBEPTKA, [OJIZKEH YMETh DACIO3HABATH OCHOBBI HA BEPXYIIKE
MarasuHa. CoCTosHIE aBTOMATA IIOC/IE IPOUTEHISA COAEPIKIMO-
'O Mara3wHa W TEKYIIUi BXOAHON CUMBOJI OIPEIEISIOT Odepe-
Hoe geficrBre apromara. @yHKIueH 1epexoa0B ITOro KOHEIHO-
To aBTOMAaTa, siBjigercs: pyukims nepexonos LR-anamuzaropa.
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Yro6el HE TPOCMATPABATH MATA3UH HA KAXKJIOM IIIare aHaJIn3a,
Ha BEPXYIIKE MAara3wHa BCErya XPAHUTCS TO COCTOSHHE, B KO-
TOPOM JIOJIZKEH OKA3ATHCS 9TOT KOHEYHBIH aBTOMAT MOCJIE TOTO,
KAK OH [IPOYMTAJ CUMBOJIbI IPAMMATHKU B MAra3uHe OT JIHA K
BEPXYTITKE.

Paccmorpum curyanuio Buga [A — a.Bf, a] u3 MHOKeCTBa,
CUTYyaIwii, JOMyCTUMBIX JIJIsT HEKOTOPOTO aKTUBHOTO TpedHrKCa,
z. Torma cymecTByeT MpaBOCTOpOHHHUY BBIBOI S =7 yAar =,
yaBfaz, tne z = ya. lpennonoxkum, 4ro u3 ar BBIBOIUT-
¢ TepMUHAIbHAA cTpoka bw. Torma aja HEKOTOPOro MPABUIA
BBIBOJA BUAa B — ¢ mmeerca BoiBOA S = zBbw =, zgbw.
Takum obpaszom [B — .q, b Takke fnomycruMa st 2 U CUTya-
s [A — aB.f, a] nonycruma s akTusHOro npeduxca zB.
3mech 00 b MOXKET OBbITH TEPBBIM TEPMUHAJIOM, BHIBOIUMbBIM
u3 3, mubo u3 [ BbIBOAMTCA e B BeIBOAe Jax =) bw m Torma
b pasuo a. To ectb b npunagmexur FIRST(Bax). TocTpoe-
HUE BCEX TAKMUX CUTYAUMi /sl JAHHOTO MHOXKECTBA CUTYyalui,
TO €CTh €0 3aMBIKAHNE, NEIACT TPUBCIEHHAS HUXKE (DYHKINS
closure.

Cucrema muoxkecTs momycrumbix LR(1)-curyanmit nis sce-
BO3MOKHBIX AKTUBHBIX MTPEMUKCOB MONOJTHEHHO! TPAMMATHKH
HA3BIBAECTCA KAHOHUYECKOT CUCMemoti MHOYKECTB Oy CTUMBIX
LR(1)-curyauuii. Ajropurs mocTpoeHusa KAaHOHUIECKOH CrcTe-
MBI MHOKECTB IIPUBEJEH HIUZKE.

Aaropntm 4.10. KoncrpynpoBanue KAaHOHUIECKON CUCTE-
MBI MHOXKeCTB JonycTuMbix LR(1)-curyarmit.

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

Buizod. Kanonnueckast cucrema C' MHOKECTB TOMTYCTAMBIX
LR(1)-curyaunii nias rpammarukn G.

Memod. Bemonauts a1 mononreHnoi rpamvaruku G po-
HeJypy items, KoTopas MCHoIb3yer MYHKIMH closure u goto.

function closure(l){ /* I - MHOXecTBO cuTyammit */
do{
for (xaxpoi#t curyamum [A — «.Bf,a] us I,
Kaxmoro Hpasuia BHBoja B — v ms G,
kaxgoro Tepmumana b us FIRST(fa),
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Takoro, uTo [B — .y,b] mer B I)
mobasmrs [B — .v,b] & I;
}
while (x [ MoxHO Ho6aBUTH HOBYH CHUTYalub) ;
return I[;

}

function goto(/,X){ /* I - mMHOXecTBO cmTyauuii;
X - cumBo;m rpamMmaTuru */
Oycts J ={[A — aX.(,a] | [A— a.X(,a] € I};
return closure(J);

}

procedure items(G'){ /* G’ - momomuenmas
rpaMMaTura */
Iy = closure({[S’" — .5, $]});
C={lo};
doA{
for (xaxporo muoxecTBa cmryaruii | us
cuctemst C', Kaxmoro CHMBONA TPaMMATHRA X
Takoro, uro goto(l, X) me mycTo
v He mpumagmexuT C)
nobasuts goto(l, X) x cucteme C;
}
while (g C MoxHO I06aBHTb HOBOEe MHOXECTBO
cuTyarmit) ;

Ecnu I — MHOXKECTBO CHTyaluii, JOMYCTUMBIX JJisl HEKO-
TOporo akTueHOro mpedwukca d, To goto(l, X) — MHOKECTBO
cuTyanuii, JONyCTUMBIX JIjisi aKTUBHOTO npedukca 0.X .

Pabota anropurma noctpoenust cucteMbl C MHOXKECTB J10-
nyctuMbix LR(1)-curyanuit Haunuaercs ¢ roro, uro B C mome-
MALTCST HAYAAbHOE MHOKECTBO cuTyanuit Iy = closure({[S’'—
.S, $]}). Barem ¢ momompo GyHKIME gOoto BBIMUCIAIOTCA HO-
Bble MHOX@KeCTBa curyanuii u Briaodaorcsa B C. Ilo-cyuecrsy,
goto(l, X) — nepexos KOHEYHOIO aBTOMATA, U3 COCTOAHMA I 110
cumBony X.
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PaccmoTrpum renepsb, Kak 1o cucreme muokecrs LR(1)-cu-
ryanuit crpourcs LR (1)-rabuuna, To ectb dbyaxkuuu neiicreuit
u nepexonos LR(1)-ananusaropa.

Agaropurm 4.11. ITocrpoenne LR(1)-Tabmmmpr.

Bzoo. Kamonwueckas cucrema C = {Ip, I1,..., I,} mHO-
skectB pomycruMbix LR(1)-curyammit s rpammarukn G.

Buxod. ®yukuuu Action u Goto, cocrasnsaiomue LR(1)-
Tabauiy juist Tpammaruku G.

Memod. Ons xaxaoro cocrosaus i dbynkmun Actionli, a] n
Gotoli, X| crpodrcs 10 MHOXKECTBY curyanuii 1;:

(1) Buavenua dyukumu peiicrug (Action) nis cocrosuud i
OLPEAEIAIOTC CIeLyIomuUM 00pa3oM:

a) eciu [A— a.af, bl €l; (a — repmunan) u goto(I;, a)
= I}, To momaraem Action[i, a] = shift j;

6) ecmm [A — «.,a] € I;, mpuaém A # S’ To monaraem
Actionli, a] = reduce A — «;

B) ecm [S" — S.,$] € I;, To nonaraem Action[i, $] =
accept.

(2) 3uauenus GyHKIUN MEPEXOIOB JJIA COCTOSHUS | ONPEIE-
JIAI0TCA CIeRYyIomumM obpasoM: ecnu goto(l;, A) = I;, To
Gotoli, A] = j (3mecp A — nerepMuHa).

(3) Bcee Bxompt B Action u Goto, He onpenenéHHbie [araMu
2 m 3, monaraeM paBHBIMHU €rror.

(4) Hauasnbnoe cocTosiHue aHAIM3aTOPA CTPOUTCS U3 MHOXKE-
CTBa, comepzKaiero curyaruio [S' — .S $].

Tabsnuua wHa ocuore dyurumii Action u Goto, ONYIeHHBIX
B pe3yabTare paboTsl agroputMa 4.11.; HA3BIBACTCH KaAHOHUYE-
cxotli LR(1)-rabmnuueit. Paboratommii ¢ ueit LR(1)-ananusarop,
HasbIBaeTCA Kanonuveckum LR(1)-anannzaropoM.

llpuMep 4.12. PaccMoTpuM CaeAyounIyio TPaAMMATHKY, SBJIS-
TOIIYIOCd IOIIOTHEHHOM IJ1d TpPaMMATHKHU U3 npuMepa 4.8.:
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(0) E—E
(1) E—-E+T
2 E—T
B) T—TxF
4 T-—-F
(5) F —id.

MuoxkecTBa cuTyanyii ¥ ePexopl 110 goto JyIs STONU IpaMMaTH-
xu mipuBenersl Ha puc. 4.11. LR(1)-Tabammna qyist 9T0ii TpaMMaTHKe
npuBeJeHa Ha puc. 4.9.

TIpocmeamum moOC/IEI0BATE/IHLHOCTE CO3IAHUS STUX MHOMXKECTB 00-
Jiee ToIpOOHO.

1. Beraucisem Iy = closure({[E’ — .E, $]}).

1.1. Curyamms [E' — .E, $] momazaeT B HEro mo yMoT9aHIIO KaK
ACXOJHASL.

1.2. Ecim obparurhca k obo3uHadenusaMm dbyHkmun closure, To
Ui Heé

a=0p=e, B=E, a=§,

first(Ba) = first($) = {$}.

BuaunT, a7 TepMuHana $ mobaBisieM cuTyanmuu Ha OCHOBE TIpa-
BHJI CO 3HAaKOM E B j1eBOil yacTu 1pasuJia.

DTo0 mpaBuia

EFE—-FE+4+T w E-—-T

¥ COOTBETCTBYIOIIYE UM CHTYAIUN

[E—.E+T,8) n [E—.T,89.

1.3. I[IpocmarprBaeM IOJIyIUBLINECH CATYALINN.

s curyauuu [E — .E+ T, $]

B =+, mosromy first(Ba) = first(+3$) = {+}.

Ha ocuose sToro mobasnsem x Ip

[E—-E+.T,4] wm [E—.T,+]

1.4. Ona curyaumu [E — T,8] [B=e, first(Ba)= {$}.

ITostomy mobasisiem x o

T—Tx«F$%$ wu [T—.FS$.

1.5. ITomo6mO sTOMY mns curyarmmm [E — T, +]

B=e, [first(Ba) ={+}.

TTostomy mobasnsiem k Io

[T —TxF,+] m [T —.F+].

1.6. U3 caryamum [T — .1  F, +]
B =%, first(Ba) = {*}.
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Iﬂ 11 14
[E'—> .E, 8] E [E'> E.,$] + [E—E+.T,S$]
[E— .E+T, 8] ™ [E— EA+T,$] M[E > E+.T, +]
[E—>.T $] [E— EA+T, +] [T— .T*F, $]
{;e g*{;] $] [T—.F,$]
> F, [T— .T*F,+]
[F - .id, $] I [T— .F,+]
[E— .E+T,+] [E—>T,S$] [F—.id, $]
[E—.T, +] T [T— T.*F, $] [F— .id, +]
[T— .T*F, +] MIE>T, +] [T— .T*F, *]
[T— .F, ] [T— T*F, +] [T—.F,*
g».g*i,]*] [T— T.*F, *| [F - .id, *]
- .0,
[F - .id, *]
[F — .id, +]
F F
id * T id
A 4 v v v
I7 I3 15
[T— T*F,$] [T—F.,$] [E— E+T, 8]
[T— T*F,+] [T—F.,+] [E—> E+T,+]
[T— T*F,* [T— F.,*] [T— T.*F, $]
[F—.id, $] [T— THF, +]
[F—.id,+] |, * [T— T*F, *]
[F - .id, *]
id
F
A4 A 4
Iy Iy
[T— T*F., $] [F—id.,+]
[T— T*F.,+] [F—id., *]
[T— T*F., *] [F—id,$]
Puc. 4.11.

ITostomy mobasnsem k Io
[T — TxF,«x m [T —.F x|

1.7. Hanee u3 curyauuu [T — .F,*] nosydaem cuTyaunuro
[F — .id, %].
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u3 curyanun [1I' — . F, $] — curyammo [F' — .id, $], a

u3 curyamuu [I' — F,+] — [F — .d, #].

Takum o6pa3om, Bce 14 nckoMbix curyauwmii Jo IOy I€HBbI.

Bosspamaemcsa B rososuyio dgyskuuio items, skiaodaem lo B
MHOKeCTBO C' M UCCIIeIyeM HEeIyCThle NTOTH TIPUMEHEHus byHKITH
goto(Ip, X), vne X € {E', E, T, F, +,*,$, id}.

Ecsn nocmorpers Ha Bua npasui B dyuxknuu goto(lo, X), To
BHUTHO, 9TO X [TOJI’KEH BCTPETHTHCA B MPABOH IACTH XOTSA OBI OZHO-
ro mpaswia. Jna E' Takwx mpaBma y HAC HET, IOITOMY 3HAMEHIE
byuxuuu goto(ly, E') mycro.

Bosbmém goto(lp, E). E BCTpedaeTca MOCTE TOYKHA B MPABBIX
9acTAX ABYX cuTyanuiit m3 lo, 3HAIUT 0EpéM STH IBA TIPABHIA U
MEPEHOCUM B HUX TOYKH HA OJMH CHMBOJI BIPABO (IIOKa €CTh Ky/Ia -
HE yIép/IuCh B 3aTATYIO), Oy IaeM:

[E' — E., §

n

[E— E. +T,8|+]

Borunciaum o1 Kaxaoil mu3 srux curyauuit dyukuuio closure.
Ho, mockopKy CripaBa OT TOYKH 37eCh JTUO0 TyCTas MEenovKa, Jubo
TEPMUHAJI, TO HAKAKUX HOBBIX CUTYAIWii He BO3HUKAET. Jlambime oT-
CJICXKUBAEM, MOXKET JIM KyJa-TO CABUHYTHCH TOYKA JAJIbLIE HA [IPa-
BO W TI0 KAKOMY CHUMBOJIy. ECIM MOXKeET, CTpOMM COOTBETCTBYIOIIEE
mHOXKeCTBO (cM. puc. 4.11). U T

4.6.4. LR(1)-rpammaTuku

Ecmu gnst KC-rpamvaruku G dyuruus Action, monyden-
Has B pe3yabTare padoThl anropurma 4.11., He comepKuT Heo -
HOBHAYHO ONPENEJIEHHBIX BXOJI0B, TO TPAMMATHKA HA3LIBAECTCS
LR(1)-rpamMMaTHKOiL.

Aseik L wazeBaercst LR(1)-A3bIKOM, eciii OH MOMKeT GBbIThH
nopoxkaén Hekoropoi LR(1)-rpammaruxoii.

Nnoraa ucnonbsyercs apyroe onpenenenue LR (1)-rpavMma-
tuku. 'pammarnka nassiBaerca LR(1), ecam u3 ycaosuit

1. 8" =F vAw =, wvw,

2. 8’ =% zBx =, uvy,

3. FIRST(w) = FIRST(y)
caenyer, 4o uAy = zBx (ro ectb u =2, A= B u x = y).

Cor/1acHO 3TOMY ONPEJENIEHUIO, €CIH UVW U UVY — HPABO-
BBIBOJMIMEBIE TEMTOYKHU MOMOTHEHHON IPAMMATUKH, ¥ KOTOPBIX
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FIRST(w) = FIRST(y) u A — v — nocjiensee npaBuio,
HCIONB30BAHHOE B MPABOM BBIBOJAE HEMOYKH UVW, TO MPABH-
10 A — v IOMKHO IPHMEHATHCA W B IIPABOM pasfope mpu
ceéprre uvy K uAy. Tak kak A gaér v HE3aBHCHMO OT W, TO
LR(1)-ycnoene osnauaer, uro B FIRST(w) comepKurcst WH-
dopmanus, gocraTodHas i ONPEIEJIeHUsd TOrO, 4TO UL 34
omvH mar eeiBoauTca u3 uA. ITo3ToMy HEKOTa HE MOMKET BO3-
HUKHYTb COMHEHHI OTHOCHTEILHO TOTO, KAK CBEPHYTH O9€Pe-
HYIO IPABOBBIBOAMMYIO HEMOYKY MOINOJHEHHON TPAMMATHKHY.
Mo>KHO JOKa3aTh, 4TO 3TH IBA ONPEACICHAA SIKBUBAICHTHEL.
Hanum Teneps onpenenenve LR(k)-rpammaruky.

Onpezenemme. Ilycrs G = (N, X, P, S) - KC-rpamMaruka
uG = (N X P, S - nonydennas u3 Heé MOMOTHEHHAS
rpammaruka. Byjaem HasbiBars G LR(k)-rpamvarukoi qyist
k > 0, ecnu u3 ycnoBuii

(1)S" =%, cdAw =ar afw,

(2)8" =& yBx =g afy,

(3)FIRSTy(w) = FIRST;(y)

cnenyer, uto aAy = yBx (te. a =, A=Bwux =y).

I'pammaruka G HasbiBaercss L R-rpaMMaTHKOl, €Cjd OHa
LR(k)-rpammaruka mis HekoToporo k > 0.

WMHTYynTHBHO 3TO ONIpeAeneHne TOBOPUT O TOM, UTO €CJIH
afw u afy — NpaBOBLIBOAKMbIE LEIOYKH IOIOJIHEHHON rpam-
maTuku, y kotopbix FIRSTy(w) = FIRSTy(y), m A — (3 —
MOCJIe/THEE TTPABUIIO, UCIOIB30BAHHOE B MPABOM BBIBOJIE METIOY-
K1 afw, To npaBuino A — [ JOJIXKHO HCIO/IB30BATHCS TAKIKE
B mpaBoM pasbope npu cBéprke afy K aAy. Tak kak A maér
0 wezasucumo or w, to LR(k)-ycioBue rosopur o TOM, 4TO
B FIRST)(w) comepxurcst urdoOpMaIys, IOCTATOYHAS st
OIIpeesIeHus TOro, 9To o 3a oquH wmar Beisogurca u3 aA. Ilo-
9TOMY HHUKOT/A HE MOMKET BO3HUKHYTH COMHEHUIN OTHOCHTETh-
HO TOTO, KAK CBEPHYTH OYEPETHYIO MPABOBBIBOJUMYIO MENOY-
Ky [OnosiHeHHoi rpamvaruku. Kpome toro, paboras ¢ LR (k)-
IrPaMMAaTUKON, MbI BCEI/Ia 3HAEM, JIOIIYCTUTD JIM JAHHY O BXOJI-
HYIO TEMOYKY WJIA TPOI0IKATE pa3bop.
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llpuMep 4.13. Paccmorpum rpammaruky G ¢ mpaBuIaMu

S — Sala

Corumacuo onpenesennoo, G e LR(0)-rpaMMartnka, Tak Kak W3
TPEX yCJIOBUI

1S =%, 8" =ar S;

(2)5’ =g S =gr Sa,

(3)FIRSTy(e) = FIRSTy(a) = e
ne caeayer, uro S'a = S. Ilpumenss onpeneseHue K 10l curTya-
o, mMeeM o = e, 3 =S, w=¢,y=¢, A=5,B=Sz=c¢
u y = a. [Ipobrema 3/mech 3aK/II0IAETCS B TOM, UTO HEIb3s yCTa-
HOBUTD, $IBJIAETCH JIU S OCHOBOI NIPABOBBIBOAMMOI nenovuku Sa, ne
B/ CMMBOJIA, CTOAMmEro mocie S (T.e. HABIIOmAa <«HYJIE€BOE» KO-
JIT9IECTBO CEMBOJIOB). B cooTsercTBum ¢ muaTymimeii G He MOKHA
6biTh LR(0)- rpaMmmaTukoil 1 oHa He GyIeT €10, eC/IU HOIb30BAThCS
TIEPBBIM OIpeIeeHneM. DTO ONpeesieHre Mbl U OyIeM HCIIOIb30-
BaTh JIa7Iee.

llpumep 4.14. Ilyctes G - jrleBonuHEHHadg IpaMMaTUKA C Ipa-
BHJIAMH

S — Ab| Be

A— Aale

B — Bale

Bamernm, aro G me asmserca LR(k)-rpammaTukoil Hu mis ka-
Koro k.

Homyctum, aro G — LR(k)-rpamvaruka. PaccMoTpnm mBa mpa-
BBIX BBIBOJA B TIOTIOTHEHHOM rpammaTake G':

S =, 8 =* Ad*b =, a*b

"

S =, S =¥ Bafc =, dc

D1 ABa BBIBOJA YJOBJIETBOPAIOT YCAOBUIO M3 OLPEJEJICHUS
LR(k)-rpammvaruxu mpu a = e, f = e, w = a*b, y = e u y = d"c.
Ho tak kak 3akmouenue HesepHo, T.e. A # B, to G - we LR(k)-
rpammaruka. Bosiee roro, rak xak LR(k)-yciosue napymaercs jijist
Bcex k, To G - He LR-rpammaruka.

Ecan rpammaruka e sinsiercs LR(1), To aHamusaTop Tu-
14 COBUI-CBEPTKA IIPU AHAIN3E HEKOTOPOH HEMOYKN MOYKET JO-
CTUTHYTb KOH(PHIYPAIAH, B KOTOPOH OH, 3HAS COOEPKAMOE Ma-
ra3vHa U COeLYIOIUi BXOJHOH CUMBOJI, HE MOXKET PEIHUTD, /-
JIATh JI CJIBUT WM CBEPTKY (KOHQIHKT CABUT/CBEPTKA), WIIH
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HE MOYKeT PelIuTh, KAKYIO0 U3 HECKOJBKUX CBEPTOK NMPUMEHHTD
(koudnukT cBEpTKa,/CBEPTKA).

B wacTHOCTH, HEOTHOZHAYHAS TPAMMATHKA HE MOKET ObITh
LR(1). Jdns noka3arebcTBa pACCMOTPHM JBa PA3JUUHBIX DA~
BBIX BBIBOJIA

(1) S=ru1 =y ...=ru, =>rw, u

(2) S=r vy =0 o = Uy, = WL
Herpyano 3amerurs, aro LR(1) - yciosue (cornacuo Bropomy
oupeeiennto LR(1)-rpaMMaruku) HapyLiaeTcs i HAUMEeHb-
IIero U3 YUCeJT 4, JJisT KOTOPBIX Up—; 7 Um—i-

llpumep 4.15. PaccmorpuMm emé pa3 rpaMMaTHKy YCIOBHBIX
OIIepaTopOB:

S —if Ethen S |if Ethen SelseS|a
E—-b

Ecmu amanu3arop Tuma cABUr-cBEPTKA HAXOAUTCH B KOH(DUTY-
parmm, Takoii, YTo HeoOpaboTaHHAS YACTH BXOIHON IETIOYKU WMe-
er Bun else...$, a B marazune maxomurca ...if E then S, To
Heb3sd ONpenenuTb, apagercd qm if FE then S ocHoBoii, BHE 3a-
BUCUMOCTH OT TOTO, YTO JIEKUT B MAra3wHe HUXKE. DTO KOHQIIUKT
casur/cBéprka. B 3aBucuMocTH OT TOro, 4TO ClIEJlyeT Ha BXOJE 3a
else, mpaBuIbHOI MOXkeT ObITh cBEpTKa 1mo S — if E then S
WM CABUT else, a 3aTeM pa3bop APYyroro S W 3aBepIieHre OCHO-
Bol if E then S else S. Takum 06pa3oM He/Ib3s CKa3aTh, HYKHO JIK
B 9TOM CJIy4ae JeJaTh CABUI WK CBEPTKY, TAK UTO IPAMMATHKA HE
spnstercst LR(1).

Ora rpammaTmka Moxer GbiTh mpeoGpasoBana k LR(1)-Bumy
CIeIYIOMUM 00Pa30oM:

S—>M|U

M —if Ethen M else M | a

U —if Ethen S |if E then M else U
E—b

Ocuoenas pazuauua Mexay LL(1)- u LR(1)- rpammarnkamn
3aK/I0vaercs B caeayomeM. drobsr rpaMmaruka Osi1a LR(1)-
rPaMMAaTHKOM, HEOOXOAMMO PACIO3HABATDL BXOXKICHHUE IIPABO
YaCTH IIPABUJIA BBIBOJIA, IIPOCMOTPEB BCE, UYTO BBIBEJEHO U3
9TOH TPaBO 9aCTH U TEKYIIUI CUMBOJI BXOIHOHN MENOYKH. JTO
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TpebOBAHME CYIIECTBEHHO MEHEE CTPOToe, YeM TPeOOBaHUE [I7is
LL(1)-rpaMmaTuku, KOraa HEOGXOAMMO ONPEIeIUTh IPUMEHM-
MO€ TIPABUJIO, BUAA TOJIHKO MEPBBIA CHMBOJ, BBIBOAWMBIH W3
ero npasoii yacru. Takum obpazom, kiacc LL(1)-rpammaruk
ecTh coGCcTBeHHBIH moakIace knacca LR(1)-rpamvaruk.
CripaBe/IJIUBBI TAKIKe CJIEYIONHE YTBEPIKIeHus [2].

Teopema 4.7. Kaowcdwii LR(1)-a3v% aeanemes demepmu-
nuposarnvim KC-asvirom.

Teopema 4.8. Ecau L — demepmunuposannoiti KC-asvix,
mo cywecmeyem LR(1)-epammamura, nopoocdarowas L.

Teopema 4.9. Jlas awboti LR(k)-epammamuru das k > 1
cywecmeyem sxeusarenmuas eti LR(k — 1)-zpammamusa.

Hokazano, 9ro mpobieMa OIpeae/IeHHsI, TOPOXKIACT JIH
rpamMaruka LR-a3bIK, sSBIgEeTCA aIrOPUTMHUYIECKH Hepaspe-
I MOM.

4.6.5. BoccraHoBJIeHUE TMpoIlecca aHajaImW3a
II0CJI€ CMHTAKCNYECKUX onrmboK

OpHuM W3 TPOCTEHITNX METOMOB BOCCTAHOBJIEHWS TIOCHE
ommbku npu LR(1)-ananusze sisngercsa caenyrormmuii. [Ipu cun-
TAKCHUYIECKOH OmmOKe MPOCMATPUBAEM MAara3wH OT BEPXYIIKH,
IIOKA He Hali/IEM COCTOSIHHME S C [EPEXO/IOM HA BbIIEJEHHBIN
nerepmuHaa A. 3aTeM CKaHUDYIOTCS BXOJHBIE CUMBOJBI, TO-
Ka He Oyner Halizien Takoif, KoTopblii momycrum mocie A. B
3TOM C/Iy4ae Ha BEPXYIIKY MarasuHa IOMeIaeTcs COCTOAHUE
Goto[s, A] u pas6op nponomxaerca. g merepMunrana A mo-
JKET MMETHCSA HECKONBbKO Takmux BapuaHToB. O6prano A — 310
HeTepMUHAJ, TTPE/ICTABIAIONINNI OJTHY W3 OCHOBHBIX KOHCTPYK-
Ui T3BIKA, HAIPUMED ONEPATOP.

IIpu 6Gosee meraabHOM TPOPAOOTKE PEAKIINM Ha OIIHOKH
MOKHO B KayKJIOH IIyCTOI KIeTKe aHAJIN3aTOPa ITOCTABUTHL 00-
pamenne K cBoeli moamporpamme. Takas moamporpaMma Mo-
2KET BCTABJIATD U/IN yJAJI4Th BXOJAHbIE CUMBOJIbL UJIX CUMBOJIbL
Mara3mHa, MeHATh MOPAJ0K BXOTHBIX CHMBOJIOB.
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4.6.6. Bapwuautsl LR-anamn3aToposn

Yacro mnocrpoennste tabmuusl ans  LR(1)-amanusaropa
OKA3bIBAIOTCs JIOBOJILHO OOonbmmMu. [losroMy npu npakrude-
CKOU pean3aIii UCIOTb3YIOTCS PA3TUIHbIE METOIBI WX C¥Ka-
tusi. C Apyroit CTOPOHBI, 9aCTO OKA3BIBAETCS, ITO MPH TOCTPO-
€HWH /Tt SI3BIKA CHHTAKCHYECKOTO aHAMU3ATOPA THITA «CIABHI-
CBEPTKa» JOCTATOYHO Oostee mpoCcThiX MeTonoB. Hekorophre u3
9TUX MeroioB Gazupyiorcs na ocuose LR(1)-ananuszaropos.

Opuum u3 cnocobos takoro yupornenus sasasercs LR(0)-
ananm3 — JacTHb coydas LR-ananusa, Korma HU TPy TOCTPO-
eHuy TabJIUIl, HA TP AHAJN3E HE YIUTHLIBAETCA ABAHIIETTOYKA.

Emé onnnm BapmanToMm LR-amanm3a aBIAIOTCS TaK HA3bI-
BaeMble SLR(1)-anamuzaropsr (Simple LR(1)). Oun crposres
crenyomum obpasoM. Hycrs C = {Ip, I1,...,I,} — nabop
muOXkecTB gonycrumbix LR(0)-curyaimii. Cocrosinus ananusa-
TOpa COOTBETCTBYIOT ;. DyHKIMY NeHCTBUN U IEPEXOI0B aHa-
JIN3ATOPA ONPEAEAIOTCS CEAYIONAM 00pa3oM.

1. Ecm [A — w.av] € I; u goto(l;, a) = I;, To onpeneum
Action[i, a] = shift j.

2. Ecou [A — w] € I, 10, ana Becex a € FOLLOW (A),
A # S, onpenenum Action[i, a] = reduce A — u

3. Eam [S'—S.] € I;, To onpemennm Actionli, $] = accept.

4. Ecmu goto(l;, A) = I, rne A € N, 10 oupenenum
Gotoli, A] = j.

5. Ocranbubie BXoab! s dyuknuit Action u Goto omnpee-
JIIM KAK error.

6. HaganbHOe COCTOSHIE COOTBETCTBYET MHOMKECTBY CHTYa-
muit, comepxkamemy curyamuio [S7 — .S].

Pacnpocrpanénnsiv BapuanTom LR(1)-ananusza asasercs
rakxke LALR(1)-ananus. Ou ocHoBan ua obbeaunenun (ciams-
HIUU) HeKOTOpBIX Tabsmin,. HazoeéM adpom muOKecTBa LR(1)-
cuTyanuii MHOXKE€CTBO MX MEPBBIX KOMIIOHEHT (TO €CTh BO MHO-
JKECTBE CATYalWii HE YIUTBIBAIOTCS ABAHNENOUKH). O6benn-
HUM BCe MHOXKECTBA CATYAIU# C OIMHAKOBBIMHU AIPAMH, 3 B
KA4eCTBE ABAHIIENIOUEK BO3bMEM OObEIVHEHHE ABAHIIEIIOYEK.



4.6. Pa300p cHH3y-BBEpPX THIIA CIBHI-CBEPTKA 131

Oyukiuu Action u Goto cTpositcst 0OUeBUIHBIM 0DpasoM. Ec-
gu Gyskuus Action takuMm 00pasoM IIOCTPOEHHOIO AHAJIM-
3aropa He umeer KoHduMKToB, TO OH HasbiBaercs LALR(1)-
ananusaropoM (LookAhead LR(1)). Ecim rpammaruka sBis-
erca LR(1), ro B tabnunax LALR(1) ananmuzaropa Moryr mo-
SIBUTHCs KOHQJIMKTBL THUIbI CBEPTKA-CBEPTKA (€M OIHO U3
OOBETUHAEMBIX COCTOSHUN mMeno curyammm [A — «,a] m
[B — (3,b], a npyroe [A — «,b] u [B — (,a], To 8 LALR(1)
nosieaTcs curyannn [A — o, {a,b}] u [B — (3, {b, a}]). Kon-
GAMKTBL TUTIA CABUT-CBEPTKA MOSBUTLCS HE MOTYT, TIOCKOIBKY
aBAHIIETIOYKA JUIsI CABUTA BO BHUMAHHE HE MPHHAMACTCH.



I'nmaBa 5.

DJIeMeHTbl Teopun
repeBoJia

Jo cux mop MBI PACCMATPUBAIN TPOIIECC CUHTAKCHIECKOTO
aHaJIN3a TOJIBKO KaK IIPOIecC aHAIN3a JOIMYCTUMOCTH BXOTHOM
mermoukn. OIHAKO, B KOMIUJIATOPE CHHTAKCUYIECKUI aAHAIU3
CIIy2KWT OCHOBOH €Ié OIHOrO BAXKHOTO IIAara — ITOCTPOEHUs
JIepeBa CHHTAKCUYeCKOro anaimsa. B mpumepax 4.3 u 4.8 npe-
JBIAYIIEH T/TaBbl B TPOIECCE CHHTAKCUTIECKOTO aHAIN3a B Kade-
CTBE BBIXO/A BBHIIABAIACH TTOCAEIOBATEIHHOCTS MPUMEHEHHBIX
MPABUJI, H3, OCHOBE KOTOPOH M MOXKET OBITH TIOCTPOEHO JIEPEBO.
IlocTpoenne mepeBa CHHTAKCUYECKOTO AHAJN3A, ABJISETCS TPO-
CTEAIMM 9aCTHBIM CIIydaeM nepesoda — mpoiecca mpeobpaso-
BaHMST HEKOTOPOM BXOTHOM TEMOYKN B HEKOTOPYIO BBHIXOIHYIO.

Onpepenerue. Ilycre T — Bxomuoit asdasur, a II — BeI-
xomuoii andasut. Ilepesodom (wau mpancasyuet) ¢ a3bi-
ka L1 C T* na sa3pik Lo C II* maseBaeTcs oTobpaskeHune
T : L1 — Lo. Eciiu y = 7(x), TO uenoyuka Yy HA3BIBAETCA
6b1x000M LI IEIIOYKA .

MbI paccMOTPEM HECKOIBKO (POPMATN3MOB IJis OIpee-
JIEHUS TIEPEBOMIOB: MPeoOpa30oBaTEIN € MAra3uHHON MaMATHIO,
CXeMbl CHHTAKCUYECKU YIIPABJILAEMOr0O IEPEBOIa U arpubyTHBIE
TPAMMATHUKH.
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5.1. IIpeobpa3oBaresm ¢ Mara3mHHON
MaMATbIO

PaccvoTpuM BazKHBIN Kaace abCTPAKTHBIX YCTPOHCTB, Ha-
3BIBAEMBIX TPEOOPAZOBATEAMEU € MATA3UHHON MAMATHIO. JTH
npeobpa3oBaTeN MOMYYAIOTCS W3 aBTOMATOB C MAara3wHHON
NaMATHIO, €CIM K HUM JO0ABUTH BBIXOJ, W MMO3BOJIUTH HA KaK-
JIOM IIIare BBIJABATH BBIXOIHYIO IEMOUKY.

IIpeobpasosamenrem ¢ mazasunnot namamuro (MII-npeo6-
pasoBarenem) HasbiBaerca BocbMépka P = (Q, T, T, 11, D, qo,
Zy, F), r1ie BCe CUMBOJIBI UMEIOT TOT YK€ CMBICI, 9YTO U B OIpe-
nemennn MII-aBromara, 3a uckaogenuem toro, 9to I — ko-
HEYHBIN BBIXOIHOM ajidasur, a D — oToOpakeHne MHOXKECTBA,
Q x (TU{e}) xI' B MHOIKECTBO KOHEYHBIX MOAMHOKECTE MHO-
xecrBa, (Q X I'™ x IT*.

Onpenennm koupueypayuro npeodbpaszoarens P kak der-
BEPKY (g, x,u,y), rae ¢ € Q — cocrosiame, x € T* — nenoyka
Ha BXOIHOU JsienTe, u € I'" — comepxkumoe marasuna, y € II*
— IEMOYKA HA BBIXOAHOM JIeHTe, BhITaHHASA BIIOTH JIO HACTOSI-
II[ero MOMEHTA.

Ecmu muoxecrso D(q, a, Z) conepxxur saement (7, u, z),
o Oymem mucarb (g, ax, Zw,y) b (r,z, uw,yz) aas aodbx
zeT* wel*uy e Il*. PednekcuBHO - TPAaH3UTUBHOE 3a-
MBIKaHHE OTHOIIeHNA F Oymem obo3nadgars H*.

Ilenouky y HA30BEM 6miz0dom mus x, ecmm (qo, , Zo, €) H*
(¢, e,u,y) pna mekoroppx ¢ € F u u € T*. Ilepesodom
(umu mpancasyuets), onpenensembim MII-mpeoGpasoBarenem
P (oboznauaercs 7(P)), HA30BEM MHOXKECTBO

{(1‘7 y) | (qO7 Zz, ZO> 6) = (Qﬂ €, U, y)
JUJIsT HEeKOTOpbIX ¢ € Fuu € '}

Bynem rosopurnh, uro MII-npeobpazoBarens P aBiager-
ca demepmunuposanmsim (JIMII-upeobpazosaresem), eciiu Bbi-
TIOJTHSTIOTCS CTIEAYIONIAE YCITOBUST:

1) anz Beex ¢ € Q, a € TU{e} n Z € T' MHOKECTBO
D(q, a, Z) conepKut He HosIee OZHOrO JIEMEHTA,

2) ecnu D(q,e,Z) # &, ro D(q,a,Z) = & nns Beex a € T.
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llpumep 5.1. PaccmorpuMm mepeBom 7T, O0TOOpArKAIOMIMI KaxK-
ayio nenodky ¢ € {a,b}*$, B KOTOPOH HYUCIO BXOXKACHUN CHUMBO-
JIa a PaBHO YUCIYy BXOXKIEHWH cuMBOIa b, B memouky y = (ab)”,
Tae N — YUCI0 BXOXKIEHWH a wim b B mernodky . Hampmwmep,
7(abbaab$) = ababab.

Dror nepesBog Moxker ObiTh peasm3oBan JIMII-npeobpasosare-
nem P = ({qo, qr}, {a, b,8},{Z, a, b}, {a, b}, D, qo, Z, {4s}) c bynx-

1meil mepexonos:

D(q07 X? Z) = {(qO: XZ7 6)}, X € {a7 b}v

D(qo,$,2) = {(Qf7 Z, e)}a

D(qo, X, X) = {(q0, XX, €)}, X € {a, b},

D(qo, X,Y) ={(qo0,€,ab)}, X € {a,b},Y € {a,b}, X £Y.

5.2. CuHTaKCUYeCKHN ynpaBJideMblii
nepeBo/,

Jpyrum bopMamIu3MoM, UCTIOIB3YEMBIM JIJIsT OTIPEIEICHU ST
TIepPEBOJIOB, ABJAETCS CXeMa CHHTAKCUYECKH YIIPABIAEMOro Ie-
peBona. PakTudecku, Takasa cxema mpenacrapiaser coboit KC-
rPAMMATHKY, B KOTOPOH K KarKJIOMY IIPABUIY J00ABJIEH 3Je-
MeHT nepeBosa. Beakuit pa3, KOrJa MpaBUiIO yIaCTBYET B BbI-
BOJIE BXOJIHOM LEIIOYKM, C IIOMOIIBIO 3JIEMEHTa llepeBoja Bbl-
YUCAAeTCA 9acTh BBIXOIHOI IIEMOYKH, COOTBETCTBYIOIIAS YaCTH
BXOJIHOM IIEMOYKH, MMOPOXKIEHHON 3TUM ITPaBUJIOM.

5.2.1. CxeMbl CHHTAKCUYECKN YNIPAaBJIIEMOTO
nepesoja

Onpenenerne. Cremoli CURMAKCUNECKU YNPABAAEMOZO NE-
pesoda (niu Tpancasuuu, cokpaéuuo: CY-cxemoil) Ha3bl-
Baercsa narépka Tr = (N, T,1I, R, S), rae
(1) N — KoHEeYHOe MHOXKECTBO HETEDPMUHAJILHBIX CUMBOJIOB;
(2) T — koHeuHbI# BXOAHON andaBuT;

(3) II — koueunblii BbIXOAHON andasut;
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(4)

()

R — KOHeYHOe MHOXKECTBO npagus nepesoda BUIA,
A—u,v

roe u € (NUT)*, v € (NUI)* u BXxoXKaeHHA HETEP-
MUHAJIOB B LENOYKY ¥V 00Pa3yoT MEePECTAHOBKY BXOXK/IE-
HUl HETEPMHWHAJIOB B IENOYKY U, TAK YTO KarKJIOMY BXO-
JKJIEHUIO HeTepMHuHAsj a B B IENOYKYy U COOTBETCTBYeT
HEKOTOPOE BXOXK/IEHHUE 3TOrO YK€ HETEPMUHAJIA B IEMOUKY
v; ecId HeTepMuHAJI B BCcTpewaerca Gosree omgHOrO pasa,
JIJIsl YKA3aHUsT COOTBETCTBUSI UCIIOJIB3YIOTCS BEPXHUE 11~
JIOUNCJIEHHBIE HHIEKCHI;

S — HAYATBHBIA CUMBOJI, BBIJEJEHHBIM HETEPMUHAT W3

N.

Omnpenenum gngodumyto napy B cxeme T'r caemyromum 06-
pasom:

(1)
(2)

(S, S) — BRIBOIMMAs mapa, B KOTOPOH CHMBOJBL S COOT-
BETCTBYIOT JAPYT JAPYTY;

ecmu (zAy, 2’ Ay') — BRIBOIMMas Mapa, B MEMOYKAX KO-
TOPO BXOXKJeHUsT A COOTBETCTBYIOT IPYr JAPYTY, H
A — wu,v — mpasuno u3 R, to (2uy,z'vy’) — BB
BommMMas mapa. Jljas obo3HadeHMs TAKOrO BBIBOZA O-
HOW mapbl M3 JApyroit OyaeM Moah30BaThCs 0BO3HAMeE-
miem =: (zAy, 2’ Ay') = (zuy, 2'vy’). Pednexcurno-
TPAH3UTHBHOE 3aMbIKAHNE OTHOIIIEHNE = 0003HaInM =,

Hepesodom T(T'r), onpedessemvim CY-cremoti T'r, HazoBém
MHOZKECTBO I1ap

{(z,9) [ (5,8) =" (z,y), €T, y II'}

Ecnn 4gepes P 00603HAUYNTH MHOMKECTBO BXOJHBIX TTPABUI
BLIBOJA BCeX mpasus nepesona, o G = (N, T, P,S) 6yzxer
6xodnotll zpammamuroti nas Tr.

CV-cxema Tr = (N, T, 11, R, S) naseiBaerca npocmoti, ecan
IS Ka2KOOro mpasmia A — u, v m3 R cOOTBETCTBYIOIUE OPyT
JIPYL'Y BXOK/I€HUsI HETEDMUHAJIOB BCTPEYAIOTCA B U U U B OHOM
7 TOM K€ TIOpPsJIKE.
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IlepeBon, ompenensiembiit mpocroit CY-cxemoii, Ha3bIBaeT-
Csl MPOCIBLM CURMAKCUNECKY YNPABAAEMbLM Nepe6odom (IPo-
croiM CY-mepeBoom).

llpumep 5.2. Ilepeson apudmermueckux Boipaxenuii B I10-
JIN3 (mombCKyIo MEBEPCHYIO 3AIICh) MOXKHO OCYIIECTBUTD IIPOCTOM
CY-cxemoii ¢ mpaBuaaMu

E—-E+T FET+

E—-T T
T—-TxF TF+
T—F F
F —id id

Haiiném Bbrxog cxembl myia Bxoga idx* (id+id). Herpyamo BumeTs,
9TO CyLIECTBYET IOCJIEI0BATEIbHOCTD MIAr0B BHIBOIA

(E,E) = (T,T) = (T « F, TFx) =
= (F % F, FFx) = (id* F,id Fx) = (id x (E), id Ex) =
= (id*x (E+T),idET+ %)= (id*(T+7T),idTT+x*) =
= (id«(F+T),id FT+ %)= (id* (id+ T),idid T + %) =
= (id* (id+ F),idid F + %) =

= (id * (id + id), id id id + *),

TIepeBOANIAs ITY HENOUKy B Henoduky id id id + *.

PaccvoTpum cBaA3b MeXKIY TEpPEBOIaMU, OMpPeIeasseMbl-
vu CVY-cxemamu u ocyiectsiasiembiMu MIT-ipeobpazosaressi-
mu [2].

Teopema 5.1. Ilyems P — MII-npeobpasosamens. Cyue-
cmeyem maxas npocmas CY-cxema Tr, wmo 7(Tr) =
7(P).

Teopema 5.2. Ilyems Tr — npocmasn CY-crema. Cyue-
ecmeyem makoti MIT-npeobpazosamesv P, wmo 7(P) =
7(Tr).

Takum 00pa3oM, KIacc MEPEeBOIOB, ONPEAETIAeMbIX Mara-
3UHHBIMU [IPEOOPAOBATEISIME, COBIAJIAET ¢ KJIACCOM ITPOCTHIX
CY-nepeBoaos.
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Paccmorpum Temepr cBsa3p mexay CVY-mepepogaMu u jie-
repmuHEpOBaHHBIMI MII-1pecbpazoBaTensiMu, BHITOTHATOIIHI-
MU HUCXOIANMI uiau Bocxonatuit paszéop [2].

Teopema 5.3. Ilyemw Tr = (N, T,II, R, S) — npocmas
CY-cxema, 6xodnoli epammamuroli womopot cayocum
LL(1)-epammamura. Tozda nepesod {3, y)|(x,y) € 7(Tr)}
MOJHCHO Ocywecmeums demepmunuposanruim MIT-npeot-
Pa3osameENeM.

CymecrBytor mpoctbie CY-CXeMbl, UMEIOIHEe B KAIECTBE
BxOAHbIX rpaMmaruk LR(1)-rpaMMaruku u He peanusyeMble
om Ha KakoMm JIMII-peobpaszosarere.

Ilpumep 5.3. Paccmorpum mpoctyio CY-cxeMmy € mpaBmiaMu

S — Sa, aSa
S — Sb, bSbh
S —e, e

Bxommas rpammaruka sisastercss LR(1)-rpammarukoit, HO He
cymectByer JIMII-ipeobpa3oBaress, ONpPeme/sSIONer0 TE€PEBO

{(@$, y)l(z,y) € 7(Tr)}.

Hazosém C¥-cxemy Tr = (N, T,1I, R, S) nocmgurcrot,
ecnu Kaxkzaoe npapuio u3 R umeer Bum A — w, v, Toe v €
N*IT*. UubiMu cioBaMu, KaxKaplil 9J1€MEHT [ePeBOJa Ipe/-
CTaBJIsgeT CODOH MEMOUKY U3 HETEPMUHAJIOB, 38 KOTOPBIME CJIe-
JIyeT IEeTOYKa, BBIXOIHBIX CHMBOJIOB.

Teopema 5.4. Ilycms Tr — npocmasa nocmgurcnas CY-
CTeMA, 6TOOHAA 2PAMMATNUKG OAf KOMOPOU ABAAEMCA
LR(1). Tozda nepesod

{(=$,y)|(z,y) € 7(Tr)}

MOHCHO OCYW,ECTEUMD demepmunuposartvim MIT-npeob-
PA308AMENEM.
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5.2.2. O0o0OmIéHHBbIE CXE€Mbl CHHTAKCHYECKU
YIPaBJIIEMOro IIepeBoaa

Pacmmpum onpenenerne CY-cxeMmbl, ¢ TeM 9TOOBI BBITION-
HATH O0/Iee MUPOKHUIl KJIACC TePEBOI0B. BO-TIePBbBIX, O3BOINM
MMeTh B KajKJOH BepInuHe JepeBa pa3dopa HECKOILKO MepeRo-
noB. Kak u B 00branoit CVY-cxeme, KaXKIblil TEPEBO 3aBUCUT
OT TIPSIMBIX TIOTOMKOB COOTBETCTBYIOIEH BEPITUHBI iepeBa. Bo-
BTOPBIX, MIO3BOITMM 3JIEMEHTAM HEPEBOJIA OBITH TPOU3BOIBHBIME
METOYKAME BBIXOIHBIX CHMBOJIOB W CHMBOJIOB, MPEICTABIISIO-
IIUX TEPEBOIBI B MOTOMKAX. TakuM 00pa3oM, CUMBOJBI TIEpe-
BOIa MOTYT TIOBTOPATHCS HUJIUA BOODIE OTCYTCTBOBATH.

Oupegenerune. 0000wénnoli  cremot — CUHMAKCUYECKY
YNPABAAEMO20 Nepe6oda (WM TPAHCISAINN, COKPAIIEHHO:
OCV-cxemoit) nasbisaerca mecrépka T'r = (N, T,ILT,R,S),
re BCE CHUMBOJBI HMEIOT TOT K€ CMBICT, 9TO U s
CVY-cxembl, 33 UCKIIOYEHUEM TOTO, ITO

(1) T' — KOHEUHOE MHOXKECTBO cuM60408 nepesoda Buma A;,
roe A € N u i — uenoe 4ucio;
(2) R — KoHeTHOE MHOMKECTBO Npasui nepeeoda BILIA
A—u, Ay =v1,..., A, = Un,
YJIOBJIETBODSIOIIAX CIEAYIOMIAM YCIOBUSM:
(a) Aj el gnal<j<m,
(6) KaxKIBIl CUMBOJ, BXOIANIUMN B V1, ..., Up, JUOO
npunagiexur I, mubo apaserca By € T', rne B
BXOJNT B U,
(B) ecisu u umeer Gosiee OAHOIO BXOXKIEHUs CUMBOJIA B,
TO KasKJIbI CUMBOII By, BO BCEX U COOTHECEH (BepX-
HUM HHJIEKCOM) C KOHKDETHBIM BXOXK/IeHueM B.

A — u Ha3BIBAIOT 6T00HHLIM NPaEUAOM BbIBOmA, A; — ne-
pesodom merepvuHana A, A; = v; — saeMeHMOM TIEPEBOJA,
CBSI3aHHBIM C TUM mpasujaoMm mepesona. Ko B OCY-cxeme
HET JBYX MPABWJI MEPEBOAA C OJMHAKOBBIM BXOJHBIM TIPABHU-
JIOM BBIBOZIA, TO €€ HA3BIBAIOT CEMAHMUMECKY 00HO3HA4HOT.

Buizod OCY-cxembl onpejenuv caudy Bepx. C Kaxk10i
BHYTDEHHeil BepIuHoi n jepesa pa3bopa (BO BXOAHOI rpam-
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MaTHKE), TOMEICHHON A, CBAKEM OJHY MENOYuKY JJIs KavKI0-
ro A;. DTa 1enovka HA3bIBAETCA 3HaueHUEM (UIIU TIEPEBOIOM )
cumpona A; B Bepmmune n. Kaxkjoe 3Hauenue BblYMCIISETCS
OACTAHOBKOU 3HAYECHUI CUMBOJIOB 11€PEBOJa JAHHOI'O 3J1EMEH-
Ta nepeBota A; = v;, ONpeeISHHLIX B IPAMBIX TOTOMKAX Bep-
ITHHBL N.

Hepesodom 7(Tr), onpedeasemvm OCY-cremoti Tr, nazo-
B&M MHOXKECTBO {(z,y) | * mmeer mepeBo pazbopa BO BXOmHOM
rpaMmaTuke i 17 ¥ y — 3HaYeHue BbLLIEJEHHOIO CUMBOJIA
nepeBosia Sy, B KOpHE 9TOTO JiepeBa}.

llpmmep 5.4. Paccmorpum dopmansaoe nuddepernuposanue
BBIPAYKEHNH, BKIIOUA0MuX KOHCTaHTH () 11 1, mepemennyo z, GyHK-
Uy Sin | cos , a TakzKe omepanud * 1 +. Takue BeIpakeHUd IIOPO-
JKJ1aeT IPaMMaTHKA

E-E+T|T
T - TxF|F
F— (E)| sin(E)| cos(E)|z|0]1

Crsxem ¢ kaxasiM w3 E, T u F gBa nepeBoma, 0603HAUEHHBIX
ungekcoM 1 u 2. Unnekc 1 ykas3pIlBaeT Ha TO, YTO BBIPAXKEHHE HE
nuddepeHnrpoBaHo, 2 — 9TO BbIpaxKeHue mpoaud pepeHImpoBaHo.
DopmasibHaAs TTPOU3BOAHAS — 3TO0 Fo. 3akons! auddepeHnmpoBa-
HUS TaKOBBI:

d(f(= ) (ﬂf))—df( )+dg(x)
d(f(z) * g(x)) = f(2) * dg(z) + g(x) * df ()
dsin (f ( )):COS( (z)) * df (z)
dcos (f(z)) = — sin (f(z))df (z)

de =1
d0=0
dl =0

DTuU 3aKOHBL MOXKHO peasm3oBarhb ciaeyiomeir OCY-cxemoii:

EFE—-FE+T Ei=E+T
Ey=E,+T»
E—-T E1:T1
B, =
T —-TxF T1:T1*F1
T2:T1*F2+T2*F1
T—F Ti=F
Ty = Iy
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E ;= sin(cos(x)) +x
E  Ex=cos(cosx))*(-sin(x)*(1)) +1
+

E;= sin(cos(x)) / \ T)=x

E,= cos(cos(x))*(-sin(x)*(1)) £ r =1
T,= sin(cos(x)) ‘ F=
T>= cos(cos(x))*(-sin(x)*(1)) T £ Fl: );

F;= sin(cos(x))
Fy= cos(cos(x))*(-sin(x)*(1)) X

// \\ E;= cos(x)

sin  ( E ) E;=-sin(x)*(1)

T;= cos(x)

T = sin*()

‘ F)= cos(x)
F,= -sin(x)*(1)

N

E ) g
T;=x
T -
Fi=x
Foop=
X
Puec. 5.1.

F — (E) F=(E)
B = (E2)

F —sin(E) F, =sin(E1)
F> = cos (E1) * (E2)
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F —cos (E) Fi =cos(E1)
F> = —sin (E1) * (E2)

F—x Fi==x
Fo=1
F—-0 F =0
F,=0
F—1 Fi=1
Fo=0

Jepeso BeIBOAA mya sin (cos (z)) + = npuBemeHo Ha puc. 5.1.

5.3. ATpubyTHBIe TPAMMATUKNI

Cpeau Beex (popMasIbHBIX METOIOB ONUCAHUS S3BIKOB IIPO-
rPaMMUPOBAHUSA ATPUOYTHBIE TpaMMaTHKU (BBeAéHHbIE KHy-
ToM [7]) mosyansIu, mo-BUAMMOMY, HAMOOMBIIIYIO0 H3BECTHOCTD 1
pacopocrtpanenne. I[IpuaunHoit 3Toro apiasgercs To, 9To ¢gopma-
Ju3M aTpubyTHRIX TPAMMATHK OCHOBBIBAETCS Ha JiepeBe pa3to-
pa nporpammbl B KC-rpammaruke, 90 cOIUKAET €ro ¢ XOPOIno
pa3paboTaHHOIT Teopueii U MPAKTUKON TIOCTPOSHYST TPAHCISITO-
pOB.

5.3.1. Omnpenenenne aTpubyTHBIX TPAMMATUK

Ampubymmnot epammaemurot HasbiBaeTca deTBépka AG =
(Gv ASv AI» R)v rae

(1) G=(N,T, P, S) — npusenéunas KC-rpammaruka;

(2) Ag — KOHEYHOE MHOXKECTBO CUHMEZUPYEMBT AMPudy-
moe;

(3) A; — KOHEYHOE MHOXKECTBO HACALIYEMBLT AMPUOYMOE,
AsNAr=g;

(4) R — KOHEYHOE MHOMKECTBO CEMAHMUUECKUL NPASUN.

ArpubyrHas rpamMaTuka AG COIOCTABIAET KAZKIOMY CHM-
Bony X w3 N U T muOXkecTBO Ag(X) CHHTE3MPyEMBIX ATPH-
OyToB 1 MHO2KecTBO A7 (X) Hacnesyembix arpuOyTos. MuoxKe-
CTBO BCEX CHHTE3UPYEMBIX aTprOyTOB Beex cumponos w3 N U T
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oboznavaercsi Ag, Hacaemyembrx — Aj. ATpubyThl pasHbIX
CHMBOJIOB SIBISIOTCA Pa3IUYIHbIME aTpubyramu. Bymem o6o-
3Ha4aTh arpuOyT @ cuMBoaa X Kak a(X). 3HadeHua arpuly-
TOB MOT'YT ObITh HPOU3BOJBHBIX THIIOB, HAIIPUMED, IIPEJICTAB-
JITH cO0O0# uucsa, CTPOKH, aapeca MaMsITH U T.I.

ITycrs npasuiio p uz P umeer sug Xog — X1 Xs ... X,,. Ar-
pubyTHas rpammaruka AG conocTaBsieT KaskI0My TPABUIY P
3 P xoHeunoe MHOXKeCTBO R(p) CEMaHTHYECKMX MPABUI BUIA

a(Xl) = f(b(Xj)? C(Xk)a B d(Xm))

rme 0 < j,k,...,m < n, npuaém 1 < i < n, ecmm a(X;) €
Ar(X;) (to ects a(X;) — mnacnenyemsrit arpubyT), n i = 0, ecam
a(X;) € As(X;) (ro ectb a(X;) — cuHTE3MPyEMBIii aTpUOYT).

Takum 0b6pa3oM, ceMaHTHIECKOe TIPABUIIO OTIPeIeIsieT 3Ha-
qeHue arpubyTa a CUMBOIA X; HA OCHOBE 3HAYEHWH aTpubyTOB
b, c, ..., d cumsonos X, Xi, ..., X;; COOTBETCTBEHHO.

B wactHOM ciiyuae giwHA M MPABON YACTH MPABWUJIA MO-
KeT OBITH PaBHA HYyJII0, TOra OyAeM TOBOPHUTH, UTO aTPHOYT
a cuMBOJIa X; «MOJMyYAeT B KAYECTBE SHAYECHUST KOHCTAHTY ».

B nanprefimiem OyneM cumTaTh, 9YTO ATpuOyTHAS IPaMMa-
THKA HE COMEPXKUT CEMAHTUYIECKUX MPABUI JJIsi BBIUUCIICHUST
aTpubyTOB TEPMUHAIBHBIX CUMBOJIOB. Ilpemmomaraercsa, 9To
aTpubyThl TEPMUHAJIBHBIX CUMBOJIOB — JINOO TPeIONpeIeacH-
HbIE KOHCTAHTBI, JTUOO JTOCTYIIHBI KAK Pe3ysibraT paboThl JIEK-
CUYECKOT0 aHaJIN3aTopa.

llpumep 5.5. PaccmorpuMm arpmbyTHYIO IDAaMMAaTHKY, IO3BO-
JISIOIYI0 BBIYMCIUTH 3HAYEHUE BEIECTBEHHOIO HHC/IA, IIPeICTaB-
JIEHHOrO B JecatudaHod 3ammcu. 3pecs N = {Num, Int, Frac},
T = {digit,.}, S = Num, a npaBwia BBIBOJA U CEMAHTUICCKHE
npaBuIa OLPENEIATCH CaeaylomuM 06pa3oM (BePXHUE HHIEKCH
WCTIONB3YIOTCA [Tl CCBLIKA HA PA3HBIE BXOXK/IEHUSA OTHOTO M TOTO
7K€ HETEPMUHAJIA):

Num — Int. Frac v(Num) = v(Int) + v(Frac)
p(Frac) =1

Int — e v(Int) =0
p(Int) =0
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Int' — digit Int? v(Int') = v(digit) 1078 4 v(Int?)
p(Int') = p(Int?) + 1

Frac—e v(Frac) =0

Fract— digitFrac® v(Fract)= v(digit) * 10-P(Frach) v(Frac?)
p(Frac?)= p(Frac') + 1

s 310t rpaMMaTuKy

As(Num) ={v}, Ar(Num)=0,
As(Int) = {v,p}, Ar(Int) =0,
As(Frac) = {v}, Ar(Frac)={p}.

[Tycrs nana arpubyThast rpamMaTuka AG U enovKa, npu-
HAJIJIEKAIAS S3BIKY, ONPEIeIaeMOMy COOTBETCTBYIoMmel G =
(N, T, P,S). Conocrapum 3TOH IEMOYKE «3HAYECHUE» CIETYEO-
muM obpasom. Iloctpoum mepeso pazbopa 1’ 9TO# IMEHoYKHu B
rpammaruke G. Kaxaprii BHyTpeHHUI y3€/1 3TOro AepeBa, mo-
MEUAETCs HETEPMUHAJIOM X, COOTBETCTBYIOIUM TTPUMEHEHHTO
P-TO TIPABUJIA TPAMMATHUKI; TAKUM 00pa30M, y 9TOro y371a 0y-
JIeT . HETIOCPEICTBEHHBIX TOTOMKOB (pHC. 5.2).

Xo
X, X eee X,
Puc. 5.2.

IIycrs Temeps X — MeTKa HEKOTOPOTO Y3713, AEPEBA U MyCTh
a — aTpubyTt cumBosia X. Eciu a — cuHTE3upyeMbrit aTpudyT,
to X = X mist HEKOTOPOTO P € P; eciu e a — HACTeLyeMbIi
atpudyT, To X = X; n1a mexorophix p € P 1 < j < n.
B oboux cayuasx mepeBo «B paiioHes 3TOro y3/1a MMEEeT BH/I,
npusenénnsiit Ha puc. 5.2. Ilo onpenenenuro, arpudbyr a nmeer
B 9TOM y3Ji€ 3HAYEHUE U, eCIM B COOTBETCTBYIOIMIEM CEMAHTHU-
YECKOM TIPABUJIE
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CL(X7) = f(b(Xj)7 C(Xk’)a st d(Xm))

Bce arpubyThl b, C, ..., d y2Ke OpesesieHbl 1 HMEIOT B y3JaX C
merkamu Xj, Xy, ..., X, 3Hadenus vj, Uk, ..., Uy COOTBET-
CTBEHHO, & v = f(v1, U2, ..., Uy ). IIpoOIECC BBIYUCICHUS ATPU-

OyTOB Ha JiepeBe NPOJOIKAETCA J0 TeX 10D, MOKA Helb3st Oy-
JeT BBIYUCIAUTH OOMbIE HU OAHOrO aTpubyTa. BhramcieHmbe
B pe3yabTare aTpudyTbl KOPHS AEPEBa MPEICTABIASIIOT COOOM
«3HAYEHHE», COOTBETCTBYIOIIEE JAHHOMY JIEPEBY BBIBOJA.

3aMeTuM, 9TO 3HAYEHUE CHHTE3UPYEMOro arpudyTa, CHMBO-
Jla B y3Jjle CHHTAKCHYECKOr'O JIePEBA BBIMUCIISETCS IO aTpHOy-
TaM CUMBOJIOB B TIOTOMKAX TOTO y3J1a; 3HAYEHNE HACTIELYEMOro
aTpubyTa BBIYUCIAETCA 1O ATPUOYTAM <«POJMTENS» U «COCe-
aeits.

ArpubyThi, cOmOCTaBAEHHBIE BXOXKICHUIM CUMBOJIOB B JIe-
peBo paszbopa, OyIeM Ha3bIBATH 6LOHCOeHUAMU ATPUOYTOB B
JmepeBo pazbopa, a JIepeBO ¢ COMOCTABIEHHBIMHU KAXKIOH Bep-
LHe aTpubyraMu — ampubymuposartbim depesom pa3bopa.

[lprmep 5.6. ArpubyTupoBaHHOE IE€PEBO s TPAMMATHKA W3
IpeaplAyIero mpumMepa u nenoukn w = 12.34 mokasano Ha puc. 5.3.

Num v=1234

Int v=12 . Fr p=1
p=2 /

d / \ v=2 digit Frac '-%%
1gu Int ,_y 023 /ra p=2
y=

dlg{ \[ v=0 digit Frac ")

< nt p=0 V=4 p=3

v=2 |

e e

Puc. 5.3.
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Bymem roBopuTh, 9TO CEMAHTUYECKUE TIPABUIA 3a0aHbL KOP-
PEKMHO, €CITA OHU TIO3BOJSIOT BBIYUCIUTE BCE aTPUOYTHI TPO-
M3BOJIBHOTO y3J1a B JIOOOM JepeBe BHIBOIA.

Mexay BXOXKIEHUSAMEU aTPUOYTOB B 1epeBO pas3dbopa cyIe-
CTBYIOT 3aBUCHMOCTH, ONPEIeNseMble CEMAHTUIECKUMU ITPa-
BUJIAMY, COOTBETCTBYIONAMHU MPUMEHEHHBIM CHHTAKCUIECKIM
MpaBWJIAM. DTH 3aBUCUMOCTH MOTYT ObITH MPEICTABIEHBI B BH-
Jie OPUEHTHUPOBAHHOTO Tpada CIELYIONNM 00pa30M.

Ilycte T° — nepeeo pasbopa. ComoctaBuM 3TOMY JIEpEBY
opuenTuposanubiii rpad D(T'), y3namu KOTOPOro SIBASIIOTCSH
napet (n,a), toe n — y3ex gepesa T, a — aTpubyT CHMBOIA,
cIyzKamero MeTkoil ysna n. Ipad comepxur myry u3 (ni, ai)
B (N2, Gz) TOrIA M TOJBKO TOr/A, KON CEMAHTHYECKOE Mpa-
BUJIO, BBIYUCJSIONEE ATPUOYT G2, HEMOCPEICTBEHHO HCIIOJIb-
3yer 3HaveHue arpudyrTa ai. Takum obpasom, yzaamu rpada
D(T) sBnsatoTcs arpubyThl, KOTOPBIE HY?KHO BBIYUCTHTD, & Iy~
I'H OTIPEJIENISTIOT 3aBUCHMOCTH, TOIPA3YMEBAIOIINE, KAKKE ATPHU-
OyTbl BBIYHACIAIOTCH PAHDBINE, a KAKHE TO3Ke.

llpumep 5.7. I'pad 3aBucmmocTeit arpubyTOB I JepeBa pas3-
0opa U3 IpepIaynIero IpuMepa MOKa3aH Ha puc. H.4.

v (Num) p (Num)

TN

v (Int) p (Int) v (Int) p (Int)

[NON NN

v(digit) v(Int) p(Inf) v (digity v(nt) p (Int)

/NN NN

v (digit) v (Int) p (In?) v (digit) v (Int) p (Inf)

Puc. 5.4.
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MoOKHO TIOKa3aTh, 9TO CEMAHTHYICCKHE TPABHIA, ABIAIOTCS
KOPPEKTHBLIME TOIJIA H TOJILKO TOL/A, KOIJa AJs JII000ro me-
peBa BuiBoga 1 coorsercrByrommii rpad D(T) He comepKuT
UMKJI0B (TO €CTh ABJIAETCH OPUEHTUPOBAHHBIM AIUMKJIMYECKUM

rpadom).

5.3.2. Kuaccel atrpubyTHBIX TPaMMaTUK U UX
peanmn3anud

B ofmem Buae peann3aiiusi BRIYUCTUTENEH 71 aTpudyT-
HBIX TPAMMATUK BbI3bIBAET 3HAYUTEIbHBIE TPYIHOCTU. DTO
CBSI3aHO C TE€M, 9TO MHOXKECTBO 3HAYEHW aTpudyTOB, CBI3aH-
HBIX C JAHHBIM J€PEBOM, NMPUXOIUTCH BBIYUC/IATH B COOTBET-
CTBUU C 3aBUCHUMOCTAMU aTPUOYTOB, KOTOPhIe 0OPA3YIOT OpHU-
eHTHUPOBAHHBIN anukandeckuii rpad. Ha mpakruke crapaiorcs
OCYIECTBIISITH TIPOIECC BBIYHCICHUST ATPUOYTOB, MPUBA3BIBAS
€ro K TOMy WJIH WHOMY crmocoby obxoma mepeBa. Paccmarpusa-
0T MHOTOBU3WTHBIE, MHOTOIIPOXOJHBIE W JIPYTHe aTpuOyTHHIE
BBIMUCIUTEA. DTO, KAK TPABUJIO, BEIET K OIPAHUYEHUIO JTOTTY-
CTHUMBIX 3aBUCAMOCTEN MeXK Ty aTpubyTaMu, MO IePKUBAEMBIX
BBIUHCIUTEIIEM.

[Ipocrefinmvu nonkaaccamu arpudy THBIX TPAMMATHK, Bbl-
YUCTIEHNST BCEX aTPUOYTOB It KOTOPBIX MOXKET ObITH OCYIIe-
CTBJIEHO OHOBPEMEHHO ¢ CHHTAKCHIECKUM AHAJIM3IOM, SBJISIOT-
ca S-arpubytabie u L-aTpubyTHble rpaMMaTHKH.

Oupenenenue. ATpuOyTHAsi TPAMMATHKA, HA3BIBAETCS S-
arpubyTHO#, €C/i OHA COJEP:KUT TOJILKO CHHTE3UPYEeMbIe
arpubyTHI.

Herpyauo Bumers, 9T0 17151 S-aTpubyTHOM IPAMMATHKY HA
J1060M fepeee pa3bopa Bce aTpUOYTHI MOTYT OBITH BBIYHCIEHbI
3a OMH 00XOM JiepeBa CHU3Y BeBepxX. Takum oOpa3oM, BHIUKC-
JIeHue anI/I6yTOB MOXKHO JeJaTb IapaJijieJIbHO C BOCXOOAIITIM
CHHTAKCUYeCKUM anainu3om, Hanpumep, LR (1)-ananuzom.

llpumep 5.8. PaccmorpuMm S-arpubyTHYIO TPDAMMATHKY [JId
nepesona apudmerndeckux soipaxkenuit B II0OJIN3. 3aech arpubyr
U IMEET CTPOKOBBIN THTI, || — 0603HATAET OTEPAIINIO KOHKATEHAIINH.
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IIpaBuiia BBIBOIA M CEMAHTHYECKIE IIPABIIIA OIIPEIEJISIOTCS CIIEIy-
OIIM 006pa3oM

E' S B2+ T o(EY) =v(E?) || o) ]| '+
E—-T U(E) = U(T)

T—TxF  oT")=vT? | vF) |

T—F v(T) = v(F)
F —id v(F) = v(id)
F — (E) v(F) =v(E)

Ompenenenne. ArpubyrHad rpaMMaTHKa Ha3bBaercs L-
aTpubyTHOI, ecmu 000 HacaeayeMbIii aTpubyT JI000r0
cuMBosia X; W3 IpaBoil 9acTd KasKIOro npasmia Xg —
X1Xs ... X, rpaMMaTHKu 3aBUCUT TOJBHKO OT

(1) arpubyros cumBomoB X1, Xo, ..., X;_1, HAXOIAMIUXCS B
npapuie ciaesa oT X;, u

(2) nmacmemyembix arpubyToB cuMBOIa X.

SameTnm, 9TO KaxKaas S-aTpubyTHAA IpAMMATHKA sIBJIsI-
erca L-arpubyrnoii. Bece arpubyTsr Ha mobom gepese ajs L-
aTpubyTHON TPaMMATHKH MOTYT OLITH BBLIYUCICHBI 33 OIWH
00X0m JepeBa CBepXYy-BHM3 CJIeBa-HAMpaBo. TakuM 0OpasoM,
BBIYUCJIEHNE ATPUOYTOB MOXKHO OCYIIECTBJIATH [MapasyiesbHO
€ HUCXOJSIIMM CUHTAKCHYECKUM aHaju30M, Hanpumep, LL(1)-
AHAJIM30M WU PEKYPCHUBHBIM CIIyCKOM.

B ciaydae peKypCHBHOTO CITyCKa B KaXXKI0¥W (PYHKIHWH, CO-
OTBETCTBYIOINIEHl HETEPMHUHATY, HAI0 ONpENenTh (opMah-
HbIe ITapaMeTphbl, MepeiaBaeMble 110 3HAYEHUIO, JIJIsi HACTIey-
eMbIX aTpubyTOB, U (POPMAJBHBIE TAPAMETPHI, IEPETABAEMBIE
M0 CCHLIKE, [JIs CUHTe3UpPyeMbiX aTpubyToB. B kadecrse npu-
MEpa PaCCMOTPUM PEeATH3aNuI0 aTPUOYTHONH TPAMMATUKU U3
upumepa 5.5 (HerpyJHO BUIETH, 4TO I'DAMMATUKA siBjdercs L-
arpubyTHOIH).
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void int_part(float * VO, int * PO)
{if (Map[InSym]==Digit)
{ int I=InSym;
float V2;
int P2;
InSym=getInSym() ;
int_part (&V2,&P2);
*V0=I*exp (P2*1n(10))+V2;
*P0=P2+1;
}
else {*V0=0;
*P0=0;
}
}
void fract_part(float * VO, int PO)
{if (Map[InSym]==Digit)
{ int I=InSym;
float V2;
int P2=P0+1;
InSym=getInSym() ;
fract_part (&V2,P2);
*V0=TI*exp(-POx1n(10))+V2;
}
else {*V0=0;
}
}
void number ()
{ float V1,V3,V0;
int P;
int_part (&V1,&P);
if (InSym!=’.’) error();
fract_part(&V3,1);
VO=V1+V3;
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5.3.3. 43bIk onmcanmsa aTpubyTHBIX IpPaMMa-
TUK

@opManu3M  aTpuOYTHBIX TIPAMMATHK OKA3AJICS OYEHBb
VIAOOHBIM CPEJCTBOM IS OIMUCAHUST CEMAHTHKH SI3BIKOB ITPO-
rpaMMupoBaHus. BmecTe ¢ TeM BBIACHUJIOCH, YTO pean3a-
[IMs BBIYUCIUTEIEN /7151 ATPUOYTHBIX TPAMMATHK ODIIIEro BUIA
CTAJIKUBAETCs C OOMBIIMMHU TPYAHOCTAMU. B cBs3u ¢ 3TuM ObI-
JIO CIEJIAHO MHOYKECTBO TOMBITOK PACCMATPUBATH T€ WJIN MHBIE
KJIACCHI aTPUOYTHBIX IPAMMATHK, O0JIAJAIOIINX «XOPOITHMEI>
cBoifictBamu. K 9mcity Takux CBOMCTB OTHOCATCS IPEKIE BCETO
MPOCTOTA AATOPUTMA IMIPOBEPKU ATPUOYTHOH TPAMMATHKHU HA
3aIUKJIEHHOCTh W IPOCTOTA AJTOPUTMA BBIMHUCIEHUS ATPUOy-
TOB [J1s aTpUOYTHBIX IPAMMATHUK JIAHHOI'O KJIACCA.

ArpubyTHble TPAMMATUKH HCIOIB30BAJMCH JIJIs  OIUCA-
HUsT CEMAHTHKHU sI3bIKOB MPOIPAMMUPOBAHUS U OBLIO CO3IAHO
HECKOJIBKO CHCTEM aBTOMATH3aINU Pa3paboOTKK TPAHCISTOPOB,
OCHOBAHHBIX HA (HOpMaTn3Me aTpUOyTHBHIX rpaMMaTuk. OmbiT
WX WCIOJB30BAHUA MOKA3AJ, 9TO «IUCTBI» arpubyTHbINH HOop-
MaJju3M MOXKET ObIThb YCIEIIHO IIPUMEHEH JJIsi ONHCAHUSA Ce-
MaHTHKHU sI3bIKA, HO €r0 MCIIOJIb30BAHNE BHI3BIBAECT TPYIHOCTH
pY CO3JAHUM TPAHCASATOPA. DTU TPYIHOCTU CBS3aHBI KaK C
camMuM (HOPMATUIMOM, TaK U C HEKOTOPHIMH TEXHOIOTMIECKU-
mu mpobremamvu. K TpyaHOCTAM TEPBOTO POIA MOYKHO OTHECTH
HECOOTBETCTBHE YHCTO (DYHKIMOHAJIBHOH IIPUPOABI arpubyT-
HOTO BBITHMC/IUATEJST W CBSI3AHHON C Hell HeyNOpsI0YEeHHOCTHIO
OPOIECCa BLIUUCAEHUS aTpubyTOB (YTO B 3HAYUTEIBHON CTe-
HEHU SBJISIETCS NPEMMYNIECTBOM 3T0ro GhopMajn3Ma) U yio-
PSIOYEHHOCTHIO SJIEMEHTOB MIPOTPAMMBL. DTO HECOOTBETCTBUE
BEJIET K TOMY, UTO MPUXOIUTCS UATH HA UCKYCCTBEHHBIE IPHE-
MBI JJIsT UX COYETaHUs. TeXHOMOTUYEeCKue TPYJHOCTH CBI3aHbI
¢ 3P PEKTUBHOCTHIO TPAHCISITOPOB, MOJIYYEHHBIX € TTOMOIIBIO
aTpubyTHBIX cucTeM. Kak mpaBmyio, Ka4ecTBO TAKUX TPAHC-
JIATOPOB JIOBOJIBHO HU3KO M3-33 OOIBIINX PACXOIOB TAMATH,
HedPPEKTUBHOCTU NCKYCCTBEHHBIX MPUEMOB, O KOTOPBIX OBLIO
CKA3aHO BBIIIIE.

VuureiBas 310, Mbl Oy/ieM BeCTu JaJibHelInee n3Ji0KeHne
HA ST3BIKE, COYETANEM 0COOEHHOCTH ATPUOYTHOTO (hOPMAIN3-
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Ma U OOBITHOTO SI3bIKA, TPOTPAMMUPOBAHUS, B KOTOPOM IIPE/I-
MOJIATAeTCsl HAJUYHUE OMEePATOPOB, & 3HAYUT, U BO3MOXKHOCTD
YIPABJIEHUS TOPSIIKOM HUCIOTHEHUs OMEPATOPOB. JTOT MOPSi-
JIOK MOKET ObITh MPUBsI3aH K 00X01y arpudyTHPOBAHHOIO Je-
peBa pa3bopa CBepXy BHU3 CJIE€BA HATPABO. UTO KacaeTcs rpaM-
MAaTHUKK BXOIHOTO S3bIKA, TO MBI HE OyJ/IeM IIpeIoiararh mpu-
HAJJIEXKHOCTh €€ onpejpenénnomy Kiaccy (nanpumep, LL(1)
unu LR(1)). Bysem cuurarb, uro mepeBo pa3topa BXOAHOMN
MPOTPAMMBI YK€ MOCTPOEHO KAK PE3YJbTAaT CHHTAKCHIECKO-
O aHAMW3a W ATPUOYTHBIE BBIYUCJIEHUST OCYIIECTBJSIOTCS B
pe3ysbTaTe 00Xoma ITOro mepepa. Takum oOpa3oM, BXOIHAS
rPAMMATHUKA aTPUOYTHOTO BBIUMCIUTENST MOXKET OBITh IaXxKe
HEOTHO3HAYHOM, YTO HE BJIMSIET HA TPOIECC aTPUOYTHBIX BbI-
YUCJICHUN.

IIpu 3anucu cuHTAKCHCA MBI OyIeM MCIONB30BATH PACIIH-
pernyio BH®. JmeMenT npapoii 9acTu CHHTAKCHYIECKOTO TPa-
BHJIA, 3aK/IIOYEHHBIA B CKOOKM [ ], MOXKeT OTCyTCTBOBATD.
DJIEMEHT TIPABOIi YACTH CHHTAKCHIECKOTO TPABUIIA, 3aKITI0IEH-
HBI B ckKOOKH ( ), O3HAYaeT BO3MOXKHOCTH ITOBTOPEHUS OIWH
nm 6osee pa3. JIEMEHT TPABOl JacTH CHHTaAKCHYECKOrO Tpa-
BUJIA, 3aKIOUEHHBIN B cKOOKu [()], O3Ha"aeT BO3MOKHOCTH
TIOBTOpPeHUs HOML wiau Oomee pa3. B ckobkax [ ] mam [()]
MOYKET YKA3bIBATHCS PA3IEAUTENb KOHCTPYKITHI.

Huke naH cHHTAKCHC S3bIKA OMUCAHUSA ATPUOYTHBIX IPaM-
MaTuk. [IpuBegéH TOIBKO CHHTAKCUC KOHCTPYKIIWIA, COOCTBEH-
HO OTIMCHIBAOIIUX ATPUOYTHBIE BbIuncaenus. CHHTAKCHC 00bIY-
HBIX BBIDAYKEHUIl W ONepaTOpPOB HE TTPUBOAUTCS — OH OCHOBbI-
Baercs na Cu.

ArpubyTHaa rpaMMartmka::=’ALPHABET’
( OuucanueHerepmmuana ) ( [paBumio )
OnucanmeHerepmurana: : =lIMaHeTepMunana
’::? [( OmmcammeATpubyTos / 2;2)]°.°

OmucansveATpubyTos: :=Tun ( UmaAtpubyra / ’,’)
[lpaBuno: :=’RULE’ Cumrakcmc ’SEMANTICS’ CemanmTHKA’.’
CurTakcuc: :=llmalerepmurana ’::=’ IIpaBagYacTs

llpaBasiYacTs: :=[( DmementllpaBoitacTu )]
SnemerTllpaBoiiiacTn: : =MaHeTepMuHana
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| Tepmunan

| >’ Herepvmuman [ °/’ Tepmumarn ] )’

| »[’ Herepmuumam ’]’

| >[(’ Herepmuman [ ’/’ Tepummax ] ’)]°
CemanTuka: :=[ (Jloranproel6bapnerne / 2;°)]

[( CemamTumueckoelleficTBue / ;)]
CemanTHueckoelleficTBue : : =[lpucBanBanuUe
| [ Merka ] OmepaTop

[lpucBamBanme: :=llepeMerHas ’:=’ BupaxeHne
[lepemennasn: : =JloxanpHasallepeMerHas
|  ATpubyT
ATpubyTt: : =JlokanpHHIATPUOYT
| T'nobanbHHEATPHOYT

JloraneHEAATPU6YT : : =UMalATpubyTa ’<’ Homep ’>’
T'nobanbHHAATPUGYT: :=UMaATpubyTa ’<’ HeTepmumam ’>’
MeTra: :=llemoe ’:’
| Ilemoe ’E? ?:°
| Iemoe A ?:°
Onepartop: : =YcnoBH.H
[ Onepatopllponenyps
|  OukalloMaoxecTBY
|  TpocToiillukn
| HuknaCycroBueMOroHIYaHNA

Onucanve arpubyTHON TPAMMATUKU COCTOUT W3 Pa3esa
ONMCAHUs aTpPUOyTOB W pasiena mnpasmia. Pazzgen ommcanus
aTpubyTOB OMpeaesseT COCTAB ATPUOYTOB I KAZKIOTO CHM-
BOJIa, TPAMMATUKK M THUIT KaxK0r0 arpudyra. IIpasuaa cocro-
AT W3 CUHTAKCUYECKON M ceMaHTHiecKoil dactu. B cuHTaKCH-
JecKoil gacTu ucnonb3yercs pacimmpennas BH®. CemanTuue-
CKas 9aCTh MPABUJIA COCTOUT U3 JIOKAJTHHBIX OObSIBICHUN U Ce-
MaHTHUYecKuX geificteuil. B kauecTBe ceManTu4iecKux aeificTBuii
JIONYCKAKTCS KAK arpubyTHBIE IPUCBAWBAHUS, TAK U COCTAB-
HBIE OTIEPATOPHI.

MeTka B CEMAHTHUYECKOH YACTH TPABUIIA IPUBA3BIBAET BbI-
MIOJTHEHNE OmepaTopa K 00xoay mepeBa pa3bopa CBEPXy-BHU3
cneBa Hanpaso. KoHcrpykuwms i : omepaTop O3HAYaer, 4To
OTepaTop AOKEH OBITh BBIMOJHEH Cpaly mocie o0xoma i-if
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KOMTIOHEHTHI TpaBoit gactu. Koucrpykiusa i E : omepatop
O3HAYAET, YTO ONEePaTOP TOMKEH ObITH BBIMTOIHEH, TOJIHKO €CITH
TIOPOXKAEHUE 1-# KOMIIOHEHTBI TPaBOii dacTu mycro. Koncrpyxk-
nusg i A : omepaTop O3HAYAET, Y4TO OIEPATOD JOJIKEH ObITDH
BBINOJTHEH TIOC)IE pa3bopa KayKIoro TIOBTOPEHUsT (- KOMITOHEH-
ThHI IPaBOii YacTu (MMeeTcst B BUIY KOHCTPYKIMS TOBTOPEHUS).

Kaxkmoe mpaBuiio MOXeT UMETh JIOKAJTbHbBIE ONPEeIeTeHuUs
(Tunos u nepemenubx). B dbopmynax ucnonb3yiorca Kak arpu-
Oy Thl CUMBOJIOB JIAHHOIO NPAaBUIIA (A0KAAbHbE ATPUOYThI) U B
TOM CJIyYIae COOTBETCTBYIOIINE CUMBOJIBI YKA3HIBAIOTCS HOME-
pamu B npasuiae (0 — jyisg cuMBOJa JIeBOH uwacTu, 1 — jyis
MEPBOTO CHMBOJIA MPABOM YacTH, 2 — [Jisi BTOPOrO CUMBOJIA
OpaBoii 4aCTH U T.J.), TaK U arpubyThl CUMBOJIOB [IPEIKOB Jie-
BOil yacru npasuiia (zao0basvhve arpubyrnol). B arom ciyuae
COOTBETCTBYIOMINI CHMBOJI YKA3BIBAETCS UMEHEM HETePMUHA-
sa. Takum obpaszom, Ha mepeBe 00pa3yroTCsd 00JIACTH BUIAMO-
¢ty aTpudyTOB: ATPUOYT CHUMBOJIA UMEET 00JACTh BUIAMOCTH,
COCTOSITIIYIO M3 MPABUJIA, B KOTOPOE CUMBOJI BXOIUT B TPABYIO
YacTh, IJIIOC BCE TOAIEPEBO, KOPHEM KOTOPOTO SBJISETCS CHM-
BOJI, 33 UCKJIIOYEHUEM TTOJIJIEPEBBEB — IOTOMKOB TOI'O YK€ CHUM-
BOJIA B 9TOM TOJJIEPEBE.

3HayeHNe TEPMUHAJIBHOTO CHMBOJIA JOCTYITHO Yepe3 aTpu-
6yT VAL COOTBETCTBYIOIIEIO TUIA.

llpumep 5.9. ArpubyrHas rpamMMarTvka U3 mpuMepa 5.5 3amm-
CBIBAETCs CJIELYIOMIM 00Pa30M:

ALPHABET

Num :: float V.

Int :: float V;
int P.

Frac :: float V;
int P.

digit :: int VAL.

RULE

Num ::= Int ’.’ Frac

SEMANTICS

V<0>=V<1>+V<3>; P<3>=1.
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RULE
Int ::= e
SEMANTICS

V<0>=0; P<0>=0.

RULE
Int ::= digit Int
SEMANTICS

V<O0>=VAL<1>*10**P<2>+V<2>; P<O>=P<2>+1.

RULE

Frac ::= e
SEMANTICS
V<0>=0.

RULE

Frac ::= digit Frac

SEMANTICS

V<0>=VAL<1>*10%* (-P<0>) +V<2>; P<2>=P<0>+1.



I'maBa 6.

IIpoBepka
KOHTEKCTHBIX yCJIOBUIA

6.1. Ormnucanne obJacTeii BUAUMOCTH U
6/109HOIT CTPYKTYPbI

3amaveil KOHTEKCTHOTO AHAIN33, SBJISIETCS YCTAHOBJIEHWE
CBOMCTB OOBEKTOB M WX HCIONb30BaHus. Hanbomee gacro pe-
IaeMoi 3a7a<e ABISeTCs OIpeaeeHne CyIecTBOBAHNA 00b-
€KTa U COOTBETCTBUS €0 MCIIOIb30BAHUS KOHTEKCTY, YTO OCYy-
IIIECTBIISIETCS C MOMOIIBI0 aHAJIN33, TUNA 00bekTa. [1om KoHTeK-
CTOM 3J€eCh IMOHHUMAETCA BCA COBOKYIHOCTL CBOMCTB TeKymeil
TOYKHU MIPOrPAMMBI, HAIPUMED, MHOXKECTBO JOCTYITHBIX 00bEK-
TOB, THUI BHIPAXKEHUS U T.1.

Takum obpazom, HEOOXOANMO XPAHUTH OOBEKTHI U NX THUIIBI,
YMETh HAXOAUTDb ITH OOBEKTHI U ONPEIENATh UX THIIBL, OIIPEIe-
JISITH XapakTepucTuku KouTekeTa. COBOKYIHOCTD JIOCTYIIHBIX B
JIAHHOI TOYKe 00bEeKTOB OyIeM Ha3bIBaTh cpedoti. OObIYHO cpe-
J1a, TPOTPAMMBIL COCTOUT U3 YACTUYHO YIIOPI0IEHHOrO Habopa
KOMIIOHEHT

E ={DSy,DS,,...,DSy,}



6.1. Onucarwne obacrei BUIEMOCTH U OJIOYHOH CTPYKTYDPHILDS

Kopuesas
KOMITOHEHTa
(mporpamma)
| |
npornexypa npornexypa porenypa
(610K) (670K) (670K)
Puc. 6.1.

Kazxmast KOMIIOHEHTa — 3TO MHOKECTBO OObABICHUH, ITpe-
CTABJAOMIUX COOOH maphl (MM, THII):

DS, = {(mma;, tun;) | 1 < j < k;}

rje [moa THIOM OyleM MOoApa3yMeBaTh IMOJHOE OMUCAHUE
cBoiicrB 0ObekTa (0OBEKTOM, B 4aCTHOCTH, MOXKET ObITh CaMo
OIWCAHUE THTIA).

KommonenTsr 06pa3yoT nepeBO, COOTBETCTBYIOMIEE ITOMY
YACTUIHOMY MOPSIAKY. JaCTUUHBIN TOPAIOK MEXKIY KOMIIO-
HEHTAMU OOBIYHO OMPEIEIseTcsl CTATHIECKON BIIOKEHHOCTHIO
KOMITOHEHT B MPOTpaMMe. DTa BIOKEHHOCTH MOXKET COOT-
BETCTBOBATH OJIOKAM, IPOLEAyPaM WM KJACCAM HPOrPAMMBI
(puc. 6.1). KoMnoHeHTBI cpeibl MOryT ObITh UMeHOBAHbL. [To-
HCK B Cpejie 00bIMHO BeIETCsI ¢ YIETOM YIOPSIO9€HHOCTH KOM-
morenT. Cpena MOXKeT BKJIIOYATH B ceOsi KAK KOMIIOHEHTHI, TI0-
JIyYeHHBIE TPU TPAHCIAINUNA «TEKYIIEro» TEKCTa MPOTPAMMBI,
TaK ¥ «BHEIIHUE» (HAIPUMED, PA3/EJbHO KOMIUJIUPOBAHHBIE)
KOMTIOHEHTHI.

s obo3HAYEHUs] YYACTKOB MPOTPAMMBI, B KOTOPBIX I0-
CTYIIHBI T€ WJIM WHBIE OMUCAHUS, UCIOIB3YIOTCS TIOHATHS 0640~
cmu deticmeusn u obaacmu eudumocmy. OOIACTDIO IeHCTBUS
onucaHus sBJsierTcsi npoueaypa (670K), comepKainas Onuca-
HH€, CO BCEMH BXOJAIIUMU B Heé (MOAYUHEHHBIMHU 110 JEPEBY )
upoueaypamu (6siokamu). O6aaCTbI0 BUAMMOCTY OLUCAHUS HA-
3BIBAETCS 9aCTh 00JACTH JEHCTBHSI, U3 KOTOPOH HCKJIIOYEHBI TE



156 I'maBa 6. IlIpoBepka KOHTEKCTHBIX YCJIOBHIT

o006/ TACTH, B KOTOPBIX MO TEM WJIM WHBIM TPUINHAM OMUCA-
HUE HEeJOCTYIHO, HAIIPUMED, OHO IIEPEKPBITO JAPYTUM OIUCAHU-
eM. B pasHbIX a3bIKAX MOHATHA 0OJIACTH AefcTBUs U OOJIACTH
BUJIMMOCTH YTOYHSIOTCS 110-PA3HOMY.

OOBIYHBIMY OMIEPALUSMHU TIPU PADOTE CO CPEJION SIBJISIOTCS:
— BKJIIOYUTH OOBEKT B KOMIIOHEHTY CPEJbI;

— HalTH OOBEKT B Cpejie U MOJAYHUUTh JIOCTYI K er0o ONUCAHUIO;
— 00pa3oBaTh B Cpejie HOBYIO KOMIIOHEHTY, OIPeIeJIEHHbIM 00-
Pa30M CBA3AHHYIO C OCTAJIbHBIMU;
— yJaJIUThb KOMIIOHEHTY U3 CPeJbl.

Cpena cocTouT U3 OTAETbHBIX O0BEKTOB, PEATU3YEMbIX KAK
sanucy (B JaJbHEHIIEM OMUCAHUM MBI OyIeM WCIOIb30BATH
umsi TElement g umenu Tuna 37oii 3amucu). Cocras mosei
3aIUCH, BOODINE T'OBOPsI, 3aBHUCHT OT OIKCBLIBAEMOrO OOBHEKTA
(TMn, mepemMeHHas W T.JI.), HO €CTh II0Jid, BXOJMIINE B 3alUCh
1J1g J11000ro 00bLeKTa:

TObject Object — kareropusi o0bekTa (TUll, IEPeMEeHHAs,
Opoueaypa u T.1.);

TMode Mode — Bu OOBEKTA: MEJIBIH, MACCUB, 3AMUCH U T.1.;

TName Name — uMsi OOBEKTA;

TType Type — yKa3aTejab Ha ONUCAHUE THUIIA.

6.2. 3aHeceHue B Cpejy M IIOUCK O0b-
€KTOB

Pacemorpum cxemy peasmsamyy mpocToil OJI0YHON CTPYK-
TYPBI, aHAJOru4HOM nporeaypam B [lackane unu 6s10kam B Cu.
Kaxaprit 610K MOKeT uMeTh CBOit Habop onucamuii. [Tporpam-
Ma COCTOWT W3 OCHOBHOI'O MMEHOBAHHOTO OJIOKA, B KOTOPOM
UMEIOTCS ONMUCAHus U oneparopbl. ONMUCAHUSA COCTOAT U3 OIH-
CaHWii TUTIOB 1 00'bSIBJIEHNI TePpEMEHHBIX. B KauecTBe Tuma Mo-
KT UCIIOb30BATHCS EJIOYNCIEHHbBIN TUIT U THUI MacCuBa. /IBa
tuna T1 u T2 CunTarOTCs IKBUBAJIEHTHBIME, €CJTA UMEeTCsT OTTH-
caaue T1=T2 (unu T2=T1). Oneparopamu CayKaT ONepPaTOPHI
npucBanBanus Bua llepemennasl=Ilepemennas? u 6moku. [le-
peMenHas — 3TO JubO MPOCTO HUACHTU(MUKATOP, OO BHIGOP-
Ka w3 Maccupa. Qmeparop IPUCBAMBAHUS CIUTAETCS MPABUIIb-
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HBIM, €CJIM TUIIBI NTepEMEHHBIX JIEBOH U NIPaBOil YacTH IKBUBA-
sentHbl. IIpuMepom TpaBUABHOM TPOrPAMMBI MOYKET CIIYKHUTH

program Example
begin
type Tl=array 100 of array 200 of integer;
T2=T1;
var V1:T1;
V2:T2;
begin
V1=V2;
V2[1]=v1[2];
begin
type T3=array 300 of Ti;
var V3:T3;
V3[50]1=V1;
end
end
end.

PaccmarpuBaeMoe TIOIMHOKECTBO sI3bIKA MOYKET OBITH TO-
POXKJEHO cyieAytoiiell rpaMMaTUKON (3aIKCh B PACIIUPEHHOMN

BH®):

Prog::=’program’ Ident Block ’.?
Block::=’begin’ [(Declaration)] [(Statement)] ’end’
Declaration: :=’type’ (Type_Decl)
Type_Decl::=Ident ’=’ Type_Defin
Type_Defin::=?ARRAY’ Index ’0F’ Type_Defin
Type_Defin: :=Type_Use

Type_Use: :=Ident

Declaration::=’var’ (Var_Decl)
Var_Decl::=Ident_List ’:’ Type_Use ’;?
Ident_List::=(Ident / 7,7)
Statement::=Block ’;’

Statement::=Variable ’=’ Variable ’;’
Variable: :=Ident Access
Access::=’[’ Expression ’]’ Access

Access::=
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g peam3anuyu HEKOTOPBIX aTpubyToB (B 4aCTHOCTHU Cpe-
JIbI, CIIUCKA UIeHTUDUKATOPOB U T.J.) B KAYeCTBE TUIIOB JaH-
HBIX MBI OyZeM HCIOIB30BATh PA3JWdHBIE MHOXKeCTBA. MHO-
2KECTBO MO2KET OBITH YIIOPAJOUYEHHBIM WJIA HEYHOPAJOIEHHbIM,
KJIFOUEBBIM MJIA TPOCTHIM. DJIEMEHTOM KJTHOUEBOI0 MHOXKECTBA,
MOXKEeT OBITh 3aIUCh, OTHUM W3 TOJIeil KOTOPOil SIBISETCs K0!

SETOF T — mpocToe HEYIOPSI0YeHHOEe MHOXKECTBO 00Db-
€KTOB Tuna T;

KEY K SETOF T — KJIIOUeBO€ HEyNOPSAJOYEHHOE MHOXKE-
CcTBO 00beKTOB THma T ¢ KI04YoM Tuna X;

LISTOF T — mpocCTOe yIOpsI09YeHHOE MHOXKECTBO 00beK-
TOB TUNA T;

KEY K LISTOF T — KJ/H0O4YE€BOE yHOPAJOYECHHOE MHOZKE-
CcTBO 00BbeKTOB TuMa, T ¢ KI090M THIa K;

Hax obbekTaMu THIIA MHOXKECTBA, OIPEIETIEHbBI CJIEIYIOTIIe
OIepalLuu:

Init(S) — co3marh W MPOMHUITUAIM3NPOBATH MEPEMEH-
HYIO S;

Include(V,S) — BKIOYHTH 00beKT V B MHOXKECTBO S;
€CJI MHO2KECTBO YIIOPsAI0YEHHOE, TO BKJIFOYEHHE OCYIIIe-
CTBJISIETCST B KAYECTBE MOCJETHETO JJIEMEHTA;

Find(K,S) — BhIIAThL yKa3aTedh HA OOBEKT ¢ KIIovYoM K
BO MHOXKeCTBe S u NIL, ecsii OOBEKT ¢ TAKUM KJIOUOM HE
HalgeH.

Nmeercst cneruaibHBI ONEpPaTop IUKJIA, TPODEraroruii
37IEMEHTHI MHOXKECTBA!

for (V in S) Ouepatop;

ITepemennas V npoberaer Bce 3HaUeHUs MHOXKecTBa. Eciu
MHOKECTBO YIIOPSIIOYEHO, TO 3JIEMEHTHI POOEraoTcsi B 9TOM
MOPSIZIKE, eCIM HET — B MPOU3BOIBLHOM TIOPSJIKE.

Cpena npezcrapiger coboit KIOYEBOE MHOXKECTBO € KO-
q90M — nMmeHeM obbekTa. UnenTudukaropsr nuMmetor Tuil TName.
Ob6o3nauenne <HeTepMuHam> B NO3UIMK THIIA — 3TO YKA3ATEb
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| Env || Env | | Env || Env |

Puc. 6.2.

Ha BepiuHy Tuila Herepmuran. O6o3navuenune <HeTepMunan> B
BBIDAYKEHUM — ITO B3ATHE 3HAYCHUS yKA3ATEsT Ha OJIMKaii-
IITyI0 BEPINUHY BBEPX IO JepeBy pa3zdopa, TOMEYEeHHYIO COOT-
BETCTBYIOIIUM HETEPMUHAIOM.

st peasm3anun cpeabl KaXK bl HeTepMuHaa Block nmeer
atpubyT Env. [l obecniederHnss BO3MOXKHOCTH IIPOCMATPUBATD
KOMTIOHEHTBI CPEbl B COOTBETCTBUU C BJIOKEHHOCTBIO OJIOKOB
KaKIbI HeTepMmuHan Block mmeer arpubyTt Pred — ykaza-
TeJIb Ha, OXBATHIBAOIHH 6/10K. Kpome Toro, cpena 6,10ka KOpHs
nepeBa (HerepMuHAJ Prog) COmepKUT BCE MPEOIpeIeIEHHbIe
onucanusd (puc. 6.2). DT0 3an01HEHUE PEATU3YeTCs IPOLELy-
poii PreDefine. ATpubyT Pred 0/I0Ka KOPHEBOW KOMMIOHEHTHI
uMeetr 3Hauenue NULL.

ArpubyTHas peaqu3alus BbITJISIUT CIeIYIONIM 06pa30oM.

// Onucanme aTpubyToB
ALPHABET

Prog:: KEY TName SETOF TElement Env.
// KopHeBas KOMIIOHEHTa, CoOZepXalas NpeNolpeleléHHbe
// omucanus.

Block:: KEY TName SETOF TElement Env;
<Block> Pred.

Ident_List:: SETOF TName Ident_Set.
// Ident_Set - CIMCOK HUIEHTHPUKATOPOB
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Type_Defin, Type_Use, Access, Expression::
TType ElementType.
// ElementType - ykasaTeib Ha ONUCAaHWE THIA

Declaration, Var_Decl, Type_Decl::.
Ident:: TName Val.
Index:: int Val.

// DmmcaHWe CHHTaKCHYeCKHX H CEeMaHTWYECKHUX IPaBII
RULE
Prog ::= ’program’ Ident Block ’.°
SEMANTICS
0:{Init(Env<3>);
PreDefine(Env<3>);
Pred<3>=NULL;
.

RULE
Block ::= ’begin’[(Declaration)] [(Statement)]’end’
SEMANTICS
0: if (<Block>!=NULL)A{
Init (Env<0>);
Pred<0>=<Block>;
}.

RULE
Declaration ::= ’type’ ( Type_Decl ).

RULE

Type_Decl ::= Ident ’=? Type_Defin

SEMANTICS

TElement V;

if (Find(Val<1>,Env<Block>) !=NULL)
Error("Identifier declared twice");

// UpemTnduraTop yke 0ob6bABIEH B OGIOKe

// B moboM ciydae 3aHOCHTCH HOBOE ONUCAHUE

V.Name=Val<1>;
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V.0bject=TypeObject;
V.Type=ElementType<3>;
Include(V,Env<Block>).

RULE

Type_Defin ::= ?ARRAY’ Index ’0F’ Type_Defin
SEMANTICS

ElementType<O>=ArrayType (ElementType<4>,Val<2>).

RULE

Type_Defin ::= Type_Use
SEMANTICS
ElementType<0>=ElementType<1>.

RULE

Type_Use ::= Ident

SEMANTICS

TElement * PV;
PV=Find0Object(Val<1l>,<Block>,TypeObject,<Prog>);
If (PV!=NULL)

ElementType<0>=PV->Type.

// B 5ToM mpaBuile aHANU3UPyeTCS HCIOIb3yHILAsT

// mosunusa uoeHTHUUKATOpPA THIA.

RULE
Declaration ::= ’var’ ( Var_Decl ).

RULE

Var_Decl ::= Ident_List ’:’ Type_Use ’;’

SEMANTICS

TElement V;

TName N;

for (N in Ident_Set<1>){

// Tura mo (HeyIOpSALOYEHHOMY) CIHUCKY

// upeETUPURATODPOB

if (Find(N,Env<Block>) !=NULL)

Error("Identifier declared twice");

// UpeETnduraTop yke 0oODBABIEH B OIOKe

// B moboM ciydae 3aHOCUTCS HOBOE ONHCAaHUE
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V.Name=N;

V.0bject=VarQObject;

V.Type=ElementType<3>;

Include(V,Env<Block>);
1.
// N - pabouas mepeMeHHas i SJIEMEHTOB CIHCKA.
// @na raxmoro nueHTHUKATOpa U3 MHOXECTBA
// uperTupmraTopoB Ident_Set<1> chopmMupoBaTh
// obbeKT-IlepeMeHHyW B TeKylell KOMIOHEHTE Cpezp
// ¢ COOTBETCTBYWUNMK XapaKTEPUCTUKAMHU.

RULE

Ident_List ::= ( Ident /’,’ )
SEMANTICS

0:Init(Ident_Set<0>);
1A:Include(Val<1>,Ident_Set<0>).

RULE

Statement ::= Block ’;’.

RULE

Statement ::= Variable ’=’ Variable ’;’
SEMANTICS

if (ElementType<1>!=NULL) && (ElementType<3>!=NULL)
&& (ElementType<1>!=ElementType<3>)
Error("Incompatible Expression Types").

RULE
Variable ::= Ident Access
SEMANTICS
TElement * PV;
PV=FindQObject(Val<1l>,<Block>,VarObject,<Prog>);
if (PV==NULL){
Error("Identifier used is not declared");
ElementType<2>=NULL ;
}
else ElementType<2>=PV->Type.

RULE
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Access ::= ’[’ Expression ’]’ Access

SEMANTICS

ElementType<4>=ArrayElementType(ElementType<0>,
ElementType<2>).

RULE

Access ::=

SEMANTICS

ElementType<Variable>=ElementType<0>.
IMouck B cpeme OCYIIECTBISAETCS CTEIYIOINIeH dbyHKITHEt:

TElement * FindObject(TName Ident, <Block>
BlockPointer, TObject Object, <Prog> Prog)
{ TElement * ElementPointer;
// TonyunTh yrazsaTendb Ha Guuxaimii
// oxBaTuBabomui 6IJI0K
do{
ElementPointer=Find (Ident, BlockPointer->Env);
BlockPointer=BlockPointer->Pred;
}
while (ElementPointer==NULL)&& (BlockPointer!=NULL);
// UcraTh mo MOMeHTa, KorZa Jubo HalfiiéM HyXHb
// upenTudpuraTop, mubo mOHAEM IO KOpPHEBOH
// KOMIIOHEHTH
if (ElementPointer==NULL)&& (BlockPointer==NULL)
// Jowmm o KOpHEBOM KOMIIOHEHTH M €lé He HallH
// upenTuduraTOpa
// Ha#iTu 06BeKT cpelu IpefoNpenel&HHHX
ElementPointer=Find(Ident, Prog->Env);
if (ElementPointer!=NULL)
// Hawmm o6beKT C NAHHHM KAEHTUPUKATOPOM JIH6O
// B ouepemmoM 610Ke, IM60 Cpenu NpeROIpPelelI&HHbX
if (ElementPointer->0bject!=0bject){
// TlpoBepuTh, mMeeT nu HalJEHHHN O06BEKT
// HyXHyD KaTeropumo
Error("Object of specified category
is not found");
ElementPointer=NULL;
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}

else // 06berT He HalineH
Error("Object is not found");

return ElementPointer;

}

ITepemennas BlockPointer — ykazarenb Ha OIMzKaHInii
oxBaTbBaronmit 6;10k. [lepexomnst ot 6;10ka K OJIOKY, UIIEM 00b-
eKT B ero cpefe. Eciu He HAIIM, TO MTEPEXOIUM K OXBATBLIBA-
1omeMy 6710ky. Ecim foruim 10 KopHeBO# KOMIIOHEHTHI, TTbITa-
eMcs HafiTh OOBEKT Cpeau mpeaonpeaeaéHubix 00bekToB. Ecim
OOBEKT HAIILIN, HAJI0 YOeIUThCs, YTO OH UMEET HYXKHYIO KarTe-
ropuio.

Oyukmnusi ArrayElementType(TType EntryType, TType
ExprType) OCYyIIECTBJIsIET ITPOBEPKY JIOMYCTUMOCTH IPUMEHE-
HUsI OTIEPAIUMYU B3STUs MHIEKCA K IIEPEMEHHOHN M BO3BDAIIAET
THII JIEMEHTA MACCHBA.

Oyukuus ArrayType(TType EntryType, int Val) BO3-
BpalllaeT OMNHUCcaHWe THMA — MacCHBa C THUIOM 3JIEMEHTa
EntryType u auana3oHoMm umniekca Val.



I'maBa 7.

Opranns3anmuss TaOJINIL
CIIMBOJIOB

B mportiecce paboThl KOMITHIASTOP XPAHUT WHAOPMAILHIO 00
0ObeKTax TMPOrpPaMMbl B CIENUAIBHBIX TaOJHUIAX CHMBOJIOB.
Kak mpasuno, mHQOpMAIAST O KaXKIOM OOBEKTE COCTOUT W3
JBYX OCHOBHBIX 3JIEMEHTOB: UMEHH OOBbEKTa M ONHCAHUs O0b-
ekta. Mudopmanns 06 o6beKTaxX TPOrPaAMMBI JIOIKHA, OBITH
OPTAHU30BAHA TAKUM 0Opa30M, YTOOBI MOUCK €& ObLI MO BO3-
MOXKHOCTH ObICTpee, a Tpebyemas MaMsaTh MO BO3MOXKHOCTH
MeEHbIIIE.

Kpowme Toro, co CTOPOHBI T3bIKa, TPOrPAMMHUPOBAHUST MOTYT
OBLITH JOMOJHUTEIbHBIE TPEOOBAHNS K OPraHu3aInN HH(pOpMa-
nuu. VIMeHna MOTyT UMeTh ONpeeieHHY 0 00/1aCTh BUANMOCTH.
Hanpuwmep, nose 3anucu JOKHO ObITh YHAKAIBLHO B [IPEILIAX
CTPYKTYDBI (MM YPOBHA CTPYKTYDBI), HO MOXKET COBINAIATH C
uMeHeM O0LEKTa BHE 3amucu (MW JAPYTroro YPOBHS 3AINCH).
B T0 xe Bpems uMs MO MOXKET OTKPBIBATHCS OMEPATOPOM
MIPUCOEIMHEHNsI, U TOTJIA MOXKET BOZHUKHYTH KOH(MDIMKT UMEH
(unu HEOIHO3HAYHOCTD B TPAKTOBKE MMeHn). Eciu 36k umeer
OJIOIHYIO CTPYKTYPY, TO HEOOXOAMMO 0DECIIeInTh TAKOMH CITO-
cob xpanenusi nadoOpMaIUU, YTOOBI, BO-IEPBBIX, TO/IEPXKHA-
BaTh OJOYHBIN MEXaHU3M BHINMOCTH, a BO-BTOPBIX — 3ddeK-

165
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TUBHO OCBODOXKIATH MAMTh MPHU BbIXOjAe U3 60Kka. B HekoTO-
PbIX gA3bIkax (Hanpumep, Aze) onHOBpeMeHHO (B 0nHOM 6JI0Ke)
MOTYT OBITH BUAUMbBI HECKOIBKO OOBEKTOB € OMHUM MMEHEM, B
JPYTHUX TaKasi CUTYAIUs HEJIOIYCTUMA.

MpbI paccMOTPHM HEKOTOPDBIE OCHOBHBIE CIIOCOOBI OPTaHU3a-
MY TAOJIUIL CUMBOJIOB B KOMTTUJISITOPE: TabIUIHI WIeHTHUKA-
TOPOB, TabJIUIBI PACCTAHOBKH, JTBOUYHBIE JIEPEBbs U PEAJIU3a-
U0 BJIOYHON CTPYKTYDHI.

7.1. Tabmuibl naeHTN(PUKATOPOB

Kak yxke 0b110 cka3aH0, HHPOPMAHIO 00 00bEKTE OOBITHO
MOZKHO Pa3/e/IuTh Ha JABe 4acT: uMs (MaAeHTH(MUKATOD) U O~
canue. Ecin jnummna uiaenrudukaropa orpanunvena (uiam umst
UIEHTUDHUIAPYETCST IO OTPAHUIEHHOMY UHUC/TY TTEPBBIX CUMBO-
JIOB UAEHTU(DUKATOPA), TO TabAUNA CUMBOJIOB MOXKET ObITh Op-
TAaHW30BAHA B BUJE MPOCTOr0 MACCUBA CTPOK (DUKCHPOBAHHON
JUIMHBI, KAK 9TO mn3o0paxkeno ua puc. 7.1. Hekoropsre BxompI
MOT'YT OBITH 3aHITHI, HEKOTOPBIE — CBOOOIHBI.

flcHo, 9TO, BO-TIEPBBHIX, PAa3MepP MACCUBA, JOJKEH ObITh HE
MEHBIIEe YUCAa UICHTU(DUKATOPOB, KOTOPBIE MOLYT pPeabHO
LOSABUTLCs B IporpaMme (B IPOTUBHOM CJly4ae BO3HUKAET 11e-
pernojiHenue TabuIbl); BO-BTOPBIX, KAK MPABUIO, MOTEHIHAb-
HOE 9HCJI0 PA3JIUIHBIX HAEHTU(DUKATOPOB CYIIECTBEHHO 0OJTh-
e pasmepa TabJInIbI.

3amMeruM, 9TO B OOJBIIMHCTBE SI3BIKOB MPOTPAMMUPOBAHUS
CUMBOJIBHOE TIPEJICTABJICHUE HICHTH(DUKATOPA MOMKET WMETh
MPOU3BOIbHYIO AyuHy. Kpome Toro, paziananbie 06beKTh B O/I-
HOW WJiM B PA3HbIX 0OJACTAX BUAMMOCTH MOL'YT UMETb OJId-
HAKOBbIE UMEHA, U HET OOMBINOr0 CMBICIA 3aHUMATH MAMSITh
JUUIst MOBTOPHOTO XpaHenus uaenTudukaropa. Takum obpasom,
yI0OHO MMsT OOBEKTA U €r0 OMUCAHUE XPAHUTD 110 OTIETHHOCTH.

B stom ciydae wpeHTUDUKATOPHI XPAHATCA B OTAETHHOM
tabauue — mabauye udenmuguramopos. B tabnune cuMBo-
JIOB K€ XPaHUTCA yKa3aTejlb Ha COOTBETCTBYIONIUH BXOI B Ta-
Onuity uaeHTudUKATOPOB. Tadbnuily uaeHTHPUKATOPOB MOXKHO
OPTAHU30BATH, HAPUMED, B BHJE CILIOITHOrO Maccuba. W meH-



7.1. Tabaumpl HIeHTHGHUKATOPOB

Hwms o6vexma Onucanue obvekma
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Puc. 7.1.

Onucanue obvexma
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THHUKATOP B MACCHBE 3aKAHUYUBACTCA KAKAM-THOO CIIEIUATD-
HbIM cumBosioM EOS (puc. 7.2). Bropoii Bo3MOxHBI BapuaHT
— B Ka4eCTBE [1ePBOr0 CUMBOJIA UACHTU(MDUKATOPA B MACCUB 3a-

HOCHUTCA €r0 AJINHA.
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7.2. Tabauiel pacCTaHOBKU

Onuum u3 3 deKTUBHBIX CIOCOBOB opraHu3anyuu TabIu-
Ubl CHUMBOJIOB #BJIdercd mabauya paccmanosky (Wim Tews-
mabauya). [louck B Takoil Tabsuue Moxker O6bITh OPraHU30BaH
METOIOM MOBTOPHOM paccranoBku. CyTh €ro 3akT0YaeTcs B
CJIE Ty TOTIEM .

Tabsmia cuMBOIOB IpeacTaBser coboit maccusB PUKCHPO-
BarHOro pazmepa N. UaeHTudUKATOPHI MOTYT XPAHUTHCS KaK
B caMoii TabJIuIle CUMBOJIOB, TaK U B OTJIEIBHOI TabIuIe nIeH-
THPUKATOPOB.

Oupenenum HekoTopyio GyHKIMIO hy (nepsuunyio @ynx-
YU PACCMAHOBK L), ONPEIENEHHYIO Ha MHOXKECTBE UAeHTH (Y-
KaToOpoB U npuHUMAayo 3Hadenus or 0 10 N — 1 (1o ecthb
0 < hi(id) £ N—1, rae id — CHMBOIBHOE TIPEICTABIIEHNE U IEH-
tucukaropa). Takum 06pazom, DyHKUUSA PACCTAHOBKU COLO-
cTaBJsieT IeHTH(MUKATOPY HEKOTOPBIH aapec B TabAUIE CUM-
BOJTOB.

IIycrh Mbl XO0TUM HaiiTu B Tabuuie uaeHTudUKaTop id. Ec-
JIV 3IEMEeHT Tabanubl ¢ HoMepoM hj(id) He 3aroiHeH, TO 9TO
03HAYAeT, 4TO uaeHTHdUKaTOpa B Tabaure Her. Eciu ke 3ausr,
TO ITO eIé He O3HAYALT, 9TO uaeHTHdUKATOP td B TabInILy 3a-
HECEH, IIOCKOIBbKY (BOODIIE TOBOPsi) MHOIO HAECHTH(DUKATOPOB
MOTYT UMETHh OJHO U TO K€ 3HadeHue (DYHKINU PACCTAHOBKHU.
st TOro 94To0bl OIPEITUTD, HALILIY JIK Mbl HY >KHbBIH UIEHTH-
durarop, cpaBuuBaeM id ¢ saemenToM Tabaunpl hi(id). Eciu
OHU PABHBI — WJICHTUMDUKATOD HAMJIEH, eCIM HET — HAJO0 TPO-
JIOJIZKATH TIOUCK JAJTBIIIE.

s 9TOTO BBIYHCISETCS 6MOPUYHas PYHKUUL PAccma-
noeku ho(h) (3HaYeHHEM KOTOPOH ONATH TAKU ABJIAETCH
HEKOTOPBI anpec B Tabaune cUMBOJIOB). BO3MOXKHBI YeThIpe
BapHaHTa:

— 3/IeMEeHT TabJIUIbl He 3aM0jIHeH (TO €CTh UACHTH()UKATOPA B
tabiune Her),

— UIeHTUGUKATOD IEeMeHTa TabIUIBI COBIAIAET ¢ UCKOMbBIM
(To ecTb uaenTUdUKATOD HAKEH ),

— aJPec NIeMEHTa COBLAJAET C YK€ [IPOCMOTPEeHHbIM (10 ecTb
TabInuIa BCsl MPOCMOTPEHA U UIEHTH(HUKATOPA HET)
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— TIPEJBIAYINIE BAPUAHTHI HE BBIMOJHSIIOTCS, TAK ITO HEOOX0-
JIUMO TPOJOTIKATH TTOUCK.

st OpOJO/RKEHUsT [HOUCKA [PUMEHSIETCS  CJIEIYIOMast
dyukuma paccranosku hs(hg), ha(hs) u 1.1, Kax npasuo,
h; = hy nna i > 2. Aprymenrom byHKITHE ho ABIAETCA NEJIOE B
muanasone [0, N — 1] u oHA MOXKeT GBITH YCTPOEHA TTO-PA3HOMY.
IIpuBeném Tpu BapmaHTa.

1) ho(i) = (i + 1) mod N.

Bepérca chenyiommii  ([UKIMYECKH) 3JIEMEHT MACCHBA.
DTOT BapUAHT IJIOX TEM, YTO 3aHSTHIE JJIEMEHTHI «PYIIIH-
pPyIOTCs», 06pa3yIOT MOCAEIOBATEIBHBIE 3aHATHIE YIACTKA U B
mpesesiax 3TOr0 YYacTKa MOUCK CTAHOBUTCS TO-CYINECTBY JIU-
HEWHBIM.

2) ho(i) = (i 4+ k) mod N, rme k mw N B3auMHO TPOCTHI.

[Mo-cymiecTBy 9T0 npeApIAy K BADUAHT, HO JIEMEHTbI Ha~
KATJTMBAIOTCA HE B TOCIEIOBATEIHLHBIX 3JIEMEHTAX, a <«Pa3Ho-
CATCS».

3) ha(i) = (a*1i+ ¢) mod N — «mceBaocayaaiinas mocie-
JIOBATEIBHOCT ».

3neck ¢ u N OOMXKHBI OBITH B3aUMHO TMPOCTHL, b = a — 1
KPATHO P JJjist JIOOOro MpOCTOro P, SIBJSIOMIErOCd JIeTUTEIIeM
N, b kparto 4, eciu N kparuo 4 [6].

ITouck B Tabiimile pacCTAaHOBKH MOZKHO OITUCATH CJIEIYOTIeH
dyHKIIMEI:

void Search(String Id, boolean *Yes, int *Point)
{int HO=h1(Id), H=HO;
while (1)
{if (Empty(H)==NULL)
{*Yes=false;
*Point=H;
return;
}
else if (IdComp(H,Id)==0)
{*Yes=true;
*Point=H;
return;

}
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else H=h2(H);

if (H==HO)
{*Yes=false;
*Point=NULL;
return;

3

Oyukiust IdComp(H,Id) cpaBHUBAET T€MEHT TAOJINUIIBI HA
Bxome H ¢ maenTudukaropom u BbipabarbiBaer 0, eciu OHHU
paBubl. Oyrkius Empty (H) swipabarsiBaer NULL, eciu BXOT
H nyct. @Oynakiuma Search mnpucBamBaer mapamerpaMm Yes wu
Pointer cOOTBETCTBEHHO CjeAyIOIINE 3HAYCHUA

true, P — ecau Hanum TpebyeMblil uIeHTHMUKATOD, TIe
P — yKa3zareab HA COOTBETCTBYIOIIUN ITOMY UIEHTUDUKATOPY
BXOJ, B TaO/IHUIIE,

false, NULL — ecjim MCKOMBIH naeHTU(MUKATOP HE HalIeH,
npudéM B TabanIe HeT CBOOOIHOTO MecTa, 1

false, P — eciu uckOMBIH uneHTH(OUKATOD HE HAWIEH, HO
B Tabsuie ecrb cBOOOAHBIA BXoI P.

3aHeceHune eMeHTa B Tab/IuIy MOXKHO OCYIIECTBUTH CJIe-
ayromeil GyHKImei:

int Insert(String Id)
{boolean Yes;

int Point=-1;

Search(Id,&Yes,&Point);

if ('Yes && (Point!=NULL)) InsertId(Point,Id);
return(Point) ;

}

3nechk dynkuus InsertId(Point,Id) 3anocur uiaeHTHU-
KaTop Id g7s Bxoza Point TabIuIIbI.
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7.3. Tabmauiel pacCTaHOBKH CO CIMCKa-
MU

TonpKO 4YTO ONMCAaHHAS CXeMa CTPAJaeT OJHUM HEeJOCTAT-
KOM — BO3MOXKHOCTBIO Tlepernosinerusi tTabsuibl. Paccmorpum
eé MomudUKAINIO, KOTIa BCE 3JIEMEHTHI, UMEIOITNe OIUHAKOBOE
sHavyeHus (nepBUYHOI) (DYHKIMHU PACCTAHOBKH, CBA3bIBAIOTCSH
B CLUCOK (1IpU 9TOM OTHAJLAET HEODXOAUMOCTH UCIIOJIb30BAHUS
dbyukuumit h; qya i > 2). Tabauna pacCTaHOBKY CO CIIUCKAMU
— 3TO MaCCHB yKasarejell Ha CIIMCKH 37eMeHTOB (puc. 7.3).

Buadasie tabnuua paccranoBku nycra (Bce 9JEMEHTHI UMe-
o1 3uadenue NULL). IIpu noucke upenrudukaropa Id Bbrauc-
Jastercst pyHKIMsT paccTaHoBKA h(Id) u mpPOCMATPUBAETCS CO-
OTBETCTBYIOIMH JinHeiHbil crucok. Ilonck B Tabnuue Moxer
OBITH ONMCAH ciejayiomei gyHKineit:

struct Element
{String IdentP;
struct Element * Next;
}s

struct Element * T[N];

struct Element * Search(String Id)

{struct Element * P;

P=T[h(Id)];

while (1)

{if (P==NULL) return(NULL);
else if (IdComp(P->IdentP,Id)==0) return(P);
else P=P->Next;

}

}

3aHeceHne IEMEHTa B TAOJIUILYy MOMKHO OCYIIECTBUTDH CJIe-
naytoreit GyHKImed:

struct Element * Insert(String Id)
{struct Element * P,H;
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o I g T s o T

yKazartenb Ha id yKazartens Ha id

O i o I

ykazarenb Ha id

S N e N = S R

yKazaresb Ha id yKazaresp Ha id yKasarenb Ha id

Puc. 7.3.

Puc. 7.4.

P=Search(Id);

if (P!=NULL) return(P);

else {H=H(I4d);
P=alloc(sizeof (struct Element));
P->Next=T[H] ;
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T[H]=P;
P->IdentP=Include(Id);
}

return(P) ;

}

IIponeaypa Include 3amocuT naeHTH(MDHUKATOP B TAOIHITY
uaeHTuGUKATOPOB. AJropuTM WLIOCTpUpyeTcsa puc. 7.4.

7.4. DOYyHKIIUU PACCTAHOBKU

Muoro BHUMAHUS WCCIEMOBATEISIMHU OBLIO YIETEHO TO-
My, KaKoil JosizkHa GbiTh (nepBuvHasi) GyHKIUS PACCTAHOBKU.
OcHoBHbIe TpebOBaHUs K HEfl OYEBHJHBI: OHA JOJXKHA JIETKO
BBIUHC/ISATHCS U PACTIPEAEISiTh papHOMepHO. OIUH W3 BO3MOXK-
HBIX MTOJXO/IOB 3/I€CH 3AKJII0YAETCS B CJIEIYIONIEM.

1. ITo cumMBOMaM CTPOKU S OIIPEEITSEM MOJIOKUTETHLHOE 116~
noe H. IlpeobpaszoBanue OMMHOYHBIX CHMBOJIOB B IIeJIbIe O0BIY-
HO MOXKHO CIIE/IaTh CPeICTBAMU I3bIKa peann3anuu. B [Tackase
Jist 37010 cnyxuT Gyukiusg ord, B Cu npu BeImoHeHnn apud-
METHYECKUX ONepallnil CAMBOJIbHbBIE 3HAYEHUS TPAKTYIOTCS KAK
TeJIbIE.

2. I[Ipeobpasyem H, BEITUCIEHHOE BBIIIE, B HOMED JJIEMEHTA,
1O ecth 1eoe Mexay 0 u N —1, rme N — pazmep Tabnuiipt pac-
CTAHOBKU, HAIPUMED, B3ATHEM OCTaTKa npu mejgennn H na N.

QOyHKIMY PACCTAHOBKHU, VYUTBHIBAIONIAE BCE CHMBOJIBI
CTPOKH, PACIPEIENAIOT Jaydlie, YeM GHyHKIWUN, YIATHIBAIONINE
TOJIBKO HECKOJIBKO CHMBOJIOB, HATIPUMED, B KOHIIE WJTH CEPETNHE
crpoku. Ho takue pyuxmun TpebyioT O0sIbiile BITUCTCHHAH.

IIpocreitmit coco® Bbramcmennss H — crokerne KomOB
cuMBOJIOB. [lepen cIoKeHMeM ¢ OYepeIHBIM CHMBOJIOM MOXKHO
YMHOXKHUTH crapoe 3Hadenune H wa kouctanty ¢. To ecTsb mosa-
raeM Hy =0, H;, = ¢*H; 1+ c¢; ana 1 < i < k, k — nnmuHA
crpoku. Ilpu ¢ = 1 momydaeMm TPOCTOE CIOXKEHHE CHMBOJIOB.
Bmecro cirozkeHmst MOXKHO BBIIIOJIHATE CJIOXKEHUE ¢; U ¢ * Hj_q
o moaynio 2. Iepenosnenue npu BoinoaHennu apudveruye-
CKUX OMepaluii MOYKHO HTHOPUPOBAT.
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®ynukiys Hashpjw, npuseéHaast HIDKe [3], BBIUHCIAETCS,
Hauunag ¢ H = 0 (upefmonaraercs, 4To UCHOAL3YIOTCH 32-
Gurosbie uesbie). g KaxKa0ro cuMBoa ¢ capuraeM oursbl H
Ha 4 mo3unuu BAEBO U s100aBisgeM odepennoit cumBos. Ecim
KaKOU-HUOYIh U3 4eThIpéx crapimx 6utr H pasen 1, casuraem
o1m 4 6uTa Ha 24 pa3psasa BIPABO, 3aTEM CKJIAIBIBAEM ITO MOIY-
a0 2 ¢ H u ycranaBnuBaem B 0 KaxKApIi U3 YETHIPEX CTAPIITNX
OHUT, PABHBIX 1.

#define PRIME 211
#define EOS ’\0’
int Hashpjw(char *s)
{char #*p;
unsigned H=0, g;
for (p=s; *p!=E0S; p=p+1)
{H=(H<<) +(*p) 5
if (g=H&0xf0000000)
{H=H"(g>>24) ;
H=H"g;
} }
return HYPRIME;
}

7.5. Tabjgunbl Ha JepeBbAX

Paccvorpum emé oauH crrocod OpraHu3aiiuu TaOJIUIl CHM-
BOJIOB C HCTIOJIb30BAHUEM 06OUHBLT Jepesbes.

OpueHTUPOBAHHOE EPEBO HABBIBACTCS 060UYHBIM, €CITH Y
HEro B KaXK/JyIO BEpIIUHY, KPOME OIHOMH (K0pHs), BXOAUT OI-
Ha JIyra, ¥ U3 KaXKJI0W BEPIIMHBI BHIXOIUT He Oojiee ABYX M.
Bemsvto nepeBa HA3bIBAETCA MOJJIEPEBO, COCTOAIIEE U3 HEKO-
TOPO# JIYyTH JAHHOTO JlepeBa, e€ HavaJbHON M KOHEYHO! Bep-
IIIAH, & TaKZKe BCEX BEePIUH W YT, JIEXKAINUX Ha BCEX MyTAX,
BBIXOAAIINX W3 KOHETHOM BEPIIUHBI 3TON myru. Buicomot ne-
peBa Ha3BIBAETCA MAKCHMAJbHASA JIJIMHA MYTH B 3TOM JEPEBE
OT KOPHS /10 JIUCTA.

IIycrs Ha MHOXKECTBE HMACHTU(DUKATOPOB 33,JaH HEKOTOPDI
JIMHEHHBIH (HAIPUMED, JIEKCUKOrPAhUIeCcKuii) TOpaaok <, TO
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€CTh HEKOTOPOE TPAH3UTUBHOE, AHTUCUMMETPHYHOE U AHTHPE-
drekcuBHOE OTHOIIEHHE. TakuM 06pa30M, [JIsT MPOU3BOILHOM
napsl uAeHTUPUKATOPOB id; U idy aubo id; < idy, aubo
ide < idy, b0 idy coBuamaer ¢ ids.

T m_’ fdent®

Left Right

Puc. 7.5.

Kazk/10if BepluuHe JBOMYHOIO JlepeBa, [peiCcTaB/siolero
TabIUIy CHMBOJIOB, COTOCTABMM uuenTndgukarop. ITpu sTom,
ecau BepmmHa (KOTOPOUH comocTaBjied id) UMeeT JIeBOro Imo-
TOMKa (KOTOPOMY conocrasiet idy, ), o id, < id; eciu umeer
npaBoro noroMka (idgr), o id < idr. DaemeHT TabIHUUBI
n300pakéH Ha puc. 7.5.

IMonck B Takoil Tabaume MOXKeT ObIThL ONWCAH CICAYIOIE

dbyHKIMEI:

struct TreeElement * SearchTree(String Id,
struct 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;

}
rJe CTPYKTypa AJid 3JIeMEHTa JepeBa uMmeeT BHJ,

struct TreeElement
{String IdentP;
struct TreeElement * Left, * Right;
};

3anecenne B TaDMUILy OCYIIECTBIsIETCS DYHKITAEH
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struct TreeElement # InsertTree(String Id,
struct TreeElement * TP)
{int comp=IdComp(Id,TP->IdentP);
if (comp<0) return(Fill(Id,TP->Left,
&(TP->Left)));
if (comp>0) return(Fill(Id,TP->Right,
&(TP->Right)));
return(TP) ;
}

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));

3

Kax nokazano B pabore [10], cpenHee BpeMsi TIONCKA B Ta-
Gsirtie pa3Mepa n, OPraHM30BAHHON B BUJE JTBOWYHOTO JE€pPEBa,
MPU PABHON BEPOATHOCTH TMOSIBIEHHS KAXKIOTO OObEKTA PaB-
HO (21In2)logon 4+ O(1). Oanaxo, Ha NPAKTUKE CAydail pas-
HO BEPOSITHOCTH MOSABJIEHNUS 00bEKTOB BCTPEUAETCS JTOBOTBHO
penko. [TosTomy B nepeBe nosBsOTCs DOJIee NJIMHHABE U OO
KOPOTKUE BETBU, W CPEIHEE BPEMs MTOUCKA YBEIMIUBACTCS.

YT0OBl YyMEHBINUTL CPEIHEE BPEMsT TOUCKA B JIBOUYHOM
JiepeBe, MOXKHO B TIPOIECCE TOCTPOEHUs IePeBa CIEIUTh 34
TeM, 9TOOBI OHO BCE BpEMsi OCTaBAJIOCH COATAHCHUDPOBAHHBIM.
A umeHHO, HA30BEM JIEPEBO COHAAAHCUPOSAHHIM, ECTTH HU JIJIs
KaKO BEPIIUHBI BHICOTA BBIXOJMAIIEN W3 HEE MPaBOl BETBH HE
OTJIMIAETCsT OT BBICOTHI JieBO#t Oomee dem Ha 1. i Toro 91obbt
JIOCTHUYb COATAHCUPOBAHHOCTH, B MPOIECCe NOOABIEHUS HOBBIX
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A (-2, n+3) B (0, n+2)

B (-1, n+2) C(n)

D (n+1) E (n)

!

Hoeas eepuiuna

Puc. 7.6.

A2, n+3) E (0, n+2)

B (1, n+2) C(n)

E (-1, n+1)

G (n-1)

!

Hoeas sepuuna

Puc. 7.7.

BEPIIIHH JIEPEBO MOXKHO CJIErKa, IepecTpanBaTh CJeYIONIM 00-
pasom [1].

OnpenenuM A8 KaxkI0M BEPIIUHBI JePEBA XapPaKTEPUCTH-
Ky, PABHYIO DPA3HOCTH BBICOT BBIXOAAIINX W3 HEE TPaBOil u
JeBoit BeTBeil. B cOamaHCcHpOBAHHOM [epeBe XapaKTEPHCTHKA
BEPIIUHBI MOXKeT ObITh paBHOM —1, 0 u 1, my1a MUCTHEB OHA
pagHa 0.

IIycTs MBI OIIpeaenIn MecTo HOBOI BepIIUHBI B Aepese. Fé
xapakrepuctrka papaa 0. Hazoéwm myTh, Beaytuit OT KOpHS K
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A (-2, nt3) E (0, n+2)

B (1, nt2) C(n)

E (1, ntl)

G (n)

!

Hoeas sepuwuna

a 6
Pwuc. 7.8.
4(2,2) E(0,1)
/\
S B(0,0) 4(0,0)
E(0,0)

!

Hoeas éepuuna

a o

Puc. 7.9.

HOBOI BeplIuHe, evdesennvim. [Ipu mobapaeHnr HOBOH BepIIN-
HBI MOTYT M3MEHUTHCHA XAPAKTEPUCTUKH TOJBKO T€X BEPIIHH,
KOTODbIE JIEYKAT Ha BBHIAEIEHHOM MyTH. PaccMOTpnM 3aKAt04u-
meavHold OTPE30K BBLJIEIEHHOrO MyTH, TaKOil, 4TO 10 106aB-
JIEHWsT BEPINUHBI XaPAKTEPUCTUKY BCEX BEPINWH HA HEM ObLIN
pasubr 0. Ecan BepxHUM KOHIIOM 3TOTO OTPE3Ka, SIBISIETCST CaM
KOPEHb, TO JIEPEBO MEPECTPAUBATH HE HAJIO, JOCTATOYHO JIUIIID
U3MEHUTHh XAaPAKTEPUCTUKHM BEPIIUH HA ITOM IyTu Ha 1 Wim
—1, B 3aBUCHMOCTH OT TOTO, BJIEBO WJIH BIIPABO MPUCTPOEHA
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HOBAs BEPIINHA.

IlycTs BepxHWMIT KOHEI 3aKII0YNTETHFHOIO OTPE3Ka, — He KO-
perb. PaccMoTpum BepiinHy A — «pOIUTENIsI» BEPXHErO KOHIA,
3aKII0YUTENLHOTO OTpe3Ka. Ilepen mobamienneM HOBOH Bep-
mMHbI Xapakrepucruka A Obuia pasua £1. Eciu A umena xa-
pakrepuctuky 1 (—1) v HOBas BepiMHA JOOABIACTCS B JIEBYIO
(mpaByio) BETBb, TO XaPAKTEPUCTUKA BEPIIUHBI A CTAHOBUTCS
pagsoii 0, a BbIcOTA MOIEPEBa ¢ KopHeM B A He Mensiercs. Tak
YTO U B 3TOM CJIy4ae JEepeBO MepecTPanBaTh HE HAJIO.

ITycrs Teneps xapakTepuctuka A 10 nepecTpanBaHus Obl-
na paBHa —1 u HOBas BepmnHa goGaBieHa K JeBoil BerBu A
(ananoruyno — auig cayvad 1 v noGaBieHus K IPABON BETBH).
Paccmorpum Bepmmnay B — mesoro moromka A. Bo3amoxkHBI
CTEYIONINEe BAPUAHTHI.

Ecnn xapakrepuctnka B mocie mobaBieHnst HOBOIT BEpIIN-
vbl B D crajia paBHa —1, TO J€PEBO UMEET CTPYKTYPY, U300-
paxkénuyio Ha puc. 7.6, a. Ilepectpous nmepeBo Tak, Kak 3TO
n300pakeHo Ha puc. 7.6, 6, Mbl JOObEMCH COATAHCHPOBAHHO-
ctu (B CKOOKAX yKAa3aHBI XaPAKTEPUCTUKY BEPIIHH, TIE 9T0 Cy-
LIECTBEHHO, U COOTHOLIEHHsI BBICOT 110CJIEe JOOAB/IEHUS).

Ecnn xapakrepucruka Bepminabl B mocae mobaBiieHus HO-
BOI BepMnHKI B F/ cTasa paBHa 1, TO HAIO OTAEIHHO PACCMOT-
PeTh CIIyYan, KOT/Ia XapaKTePUCTUKA BepmuHbl F, caemxyoneit
3a B ua BbLIenenHoM myTu, craja pasua —1, 1 u 0 (B mocuen-
HeMm cay4ae BepumHa F — noas). Bun mepesa 10 u mocie
MEPECTPONKY JJIs ITUX CIYYaeB MOKA3aH COOTBETCTBEHHO HA

puc. 7.7, 7.8 u 7.9.

7.6. Peamm3aiua 6J09HON CTPYKTYPHI

C TOYKHM 3peHUst CTPYKTYDHI MPOrpaMMbl OJ0KH (¥/mian
npoueaypbl) 06pasyior aepeso. Kaxk ol Bepiiute nepesa 3ro-
IO TIPEJICTABJIEHHS, COOTBETCTBYIONIEH OJIOKY, MOXKHO COIOCTA-
BUTb CBOIO TabJIUILy CUMBOJIOB (M, BO3MOXKHO, OJIHY ODIIYIO Ta-
6y unenrudukaropos). Pabory ¢ rabaunamu 6J0KOB MOK-
HO OPraHW30BaTh B MATa3WHHOM DPEKUME: IIPU BXOJE B OJIOK
CO3/1aBaTh TAOJWILYy CHUMBOJIOB, TIPH BBIXOAE — YHUUTOXKATH.
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HpI/I 3TOM CaMHu Ta6ﬂHHbI JOJZKHBIL 6BITI) CBA3aHBL B yHOpH—
JOYEHHBIN CIHUCOK, 9TOOBI MOYKHO OBLIO MPOCMATPHUBATL UX B
IOpAIKe BJIOZKEHHOCTH. ECJ'H/I Ta6J'H/IIlbI OPraHu30BaHbBI C IIOMO-
b0 (QYHKIME PACCTAHOBKH, 9TO O3HAMAELT, UTO JJIsi KaXK IO
TabINIGI TOJKHA OBITh CO3aHa CBOS TaOIUIA PACCTAHOBKM.

7.7. CpaBHEHHE METOJI0B peaJn3aIuu
TabJINIL

PaCCMOTpI/IM nIpenMymecTBa U HeJOCTATKN PACCMOTPEHHBIX
METOAOB PeaTHu3allun Ta6J'H/IH C TOYKH 3PpEHNA TEXHUKH UCIIOJIb-
30BaHUA ITIaMATH.

Wcnonb3oBanne JUHAMHYIECKON TAMSTH, KAK [IPABUIO, 10~
BOJIBHO JIOPOTast OTEPAIINs, TTOCKOIBbKY MEXaHU3MbI TTOIepKa-
HUA pa6OTbI C ,ILI/IHaMI/I‘IeCKOfI NMaMATHIO MOT'YT 6bITb JOCTATOY-
HO CJTOXKHBI. HeobxoamMo moamep:KuBaTh CIIUCKH CBOOOIHON 1
3aHATON MaMATH, BRIONpaATh Hanbosiee MOAXOAAIINI KyCOK ITa-
MSTH TIPHU 3aIIpoce, BKIIYATH OCBODOIUBINMICA KYCOK B CIIH-
COK CBODOHOMN MaMATH U, BO3MOXKHO, CKJICUBATH KYCKH CBO-
OOMHON MAMATH B CIIMCKE.

C fapyroit CTOPOHBI, UCIOIL30BAHUE MACCHBA TpebyeT OT-
BeIEeHUsI 3apaHee TOBOJILHO OOMBITON MaMATH, & 9TO O3HATALT,
YTO 3HAYUTEJAbHAA IaMATH BOO6HL6 HE 6y,ILeT HUCIIOJIb30BATHCA.
KpOMe TOT'0, 9aCTO IMPUXOAUTCA 3allOJHATH HE BCE 3JIEMEHTDI
MacCcuBa (HaHpI/IMep, B TabaUIle WACHTU(MUKATOPOB W B TEX
CAydasX, KOrIa B MacCUBe (DAKTUIECKH XPAHIATCS 3AITACH TIepe-
MEHHO# JJTMHBI, HAIIPUMED, €C/IM B TAOJWIE CUMBOJIOB 3aIUCH
JUI PABJIMYHBIX O0bEKTOB UMEIOT PA3IMYHbI COCTAB MOJEH).
O6pameHI/Ie K dJIEMEHTaM MaCCUBa MOXKET O3HaA4YaThb UCIIOJIb30-
BaHHUE OIlepalluy YMHO2K€HNS IIPKW BbIYHUC/JI€EHUH HHICKCOB, 9TO
MOXKeET 3aMeIJINTh UCIIOJTHEHUE.

Ha,I/IJIy‘{I_T_H/IM7 TIO-BUAUMOMY, ABJIICTCA MEXaHU3M JOCTYIIa
0 YKa3aTeJasM U UCIOb30BaHMe (DakTa Mara3swHHONU OpTaHu-
3aIN TaMSITH B KOMIIIATOpe. st 9TOoro mporemsypa Bblaeie-
HUA TAMATH BBIIAET HEODXOOIMMBIN KYCOK M3 TOAPII WAyIIei
IaMATH, & IIPU BBIXOAE U3 IMPOLEAYPHI BCA NTaMATh, CBI3aHHAA
C 3TOU TPOILENYPOii, OCBODOXKIAETCS MPOCTOM MTEPECTAHOBKON
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yKa3aresisi CBOOOIHON MaMATH B COCTOSHUE MEPET HATaI0M 00-
paboTKH| mporeaypbl. B 4ncTOM BHIE 9TO HE BCErIa, OIHAKO,
BO3MOKHO. Hampumep, JoKamabHBIH MOOy/1b B Momyie-2 mo-
2KeT IKCIOPTUPOBATH HEKOTOPbIE 00beKThI HAPYXKY. [Ipu 3roM
CXEMY DeAJUBANUYN TPUXOAUTCHA «TOATOHSTH» IO MEXAHU3IM
pacnpenenenus nmamMaTH. B maHHOM Cliydae, HampuMep, Heob-
XOAUMO SKCIOPTUPOBAHHBIE OOBEKTHI BHIHECTH B CPEMLy OXBa-
THIBAIOMIETO OJI0KA U CBEPHYTH OJIOK JIOKATBHOTO MOJLYJIS.



I'maBa 8.

IIpomexkyTounoe
IIpe/icTaBJICHIE
IIporpaMMbl

B nporecce TpaHCasuuy KOMOUISATOD YaCTO HCHIOIB3YIOT
npoMexkyTounoe npegcrasiaenue (I111) ucxomnoil mporpaMmebl,
MPEIHASHAYEHHOR MPEYKIE BCEro Jist YaI00CTBA TeHEPAINH KO-
Jla 1/ MJIH TIPOBEJIeHNs pas3andaHbix onTumu3anuii. Cama dopma
IIII 3aBucuT oT HEesel ero UCIOIL30BAHN.

Hawmbomee qacro ncrnonb3yembivu popmamu IIII asnsgercs
opuenTHpoBanublil rpad (B wacrHOCTH, ABCTPAKTHOE CHHTAK-
CUYECKOE JIEPEBO, B TOM YHUCIIe aTPUOY THPOBAHHOE), TPEXAIPEC-
HBIH K07 (B BUJE TPOEK WJIH YETBEDPOK), MPeQUKCHAS U MOCT-
bUKCHAS 3aMKCh.

8.1. IlIpeacraBiieHue B BuJie OpUEHTU-
poBaHHOro rpada
IIpocreitmieit popmMoit TPOMEKYTOTHOTO MPEICTABICHIST

SIBJISIETCS CUHTAKCUYECKOE epeBO nporpaMmbl. Ty ke caMmyio
nH(MOPMAIIIO O BXOAHON TporpaMme, HO B O0jiee KOMITAKTHON
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dopme naér opuenTupoBanubiil anukanaeckuii rpad (OAT), B

KOTOPOM B OJIHY BEPIIAHY OOLEAMHEHBI BEPITUHBI CHHTAKCATE-

CKOTO IePeBa, MpeaCTaBIAImue 00mmue noasbipakeans. CuH-

rakcuaeckoe Aepeso u OAT st oneparopa npucBauBaHust
a:=bx—c+bx—c

TIpUBEIEHBI HA puc. 8.1.

Puc. 8.1.

Ha puc. 8.2 nmpuBeneHbl 1Ba MPEICTABNECHNUS B MAMSATH CHH-
TAKCUIECKOTO nepera Ha puc. 8.1, a. Kaxnas BepmuHa KOIu-
pyeTcs 3amucChbio ¢ TOJEeM s ONEpPAIuu W MTOJISMU TS YKa-
3aTeseit HA OTOMKOB. Ha puc. 8.2) 6, BepIUIMHBI pa3MelIeHbl
B MaccuBe 3anucell U WHAEKC (MM BXOJ) BEPIIUHbLI CILYXKUT
yKa3arejieM Ha Hee.

8.2. TpéxanpecHbIiT KO

TpéxaapecHblii KOA — 3TO TOCTETOBATETHLHOCTh OMEPATO-
POB BUJA X = Yy Op 2, e &, Yy U 2 — HMeHa, KOHCTAHTbI
WJIA CT€HEPUPOBAHHBIE KOMIMJIATOPOM BpPEMEHHBIE OOBEKTHI.
3mech 0op — ABYMECTHAs OTEpAIHsi, HATTPUMED, OMEPAIU TLIa-
BaroIeil nian (PUKCHPOBAHHON apuMMETUKN, JOTUIECKAT WU
noburosast. B npaByto 4acTh MOXKET BXOIHUTb TOJIBKO OJINH 3HAK
omnepary.
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0 id b
1 id c
2 - 1
3 * 0 2
4 id b
| 5 id c
6 - 5
7 * 4 6
¥ 8 3 8
EN T L1 [ a
9 id a
el B A
a 6
Puc. 8.2.

CocraBHBIE BLIPAXKEHHS JOKHBI OBITH Pa3OUTHI HA TTOIBBI-
pazKeHusl, TIPU STOM MOIYT IOABUTHCA BPEMEHHbBIE UMeHa, (me-
pementbie). CMbICI TepMUHA «TPEXAAPECHBIH KOI» B TOM, YTO
KazKIbI oneparop ODOBIYHO MMeeT TPH aJpeca: [Ba, AJjd Olle-
PaHAOB ¥ OJUH JJisd pe3yJibrara. TpéxaapecHsblil Kog — 3TO Jik-
HEAPU30BAHHOE TPENICTABJIEHNE CUHTAKCUIECKOTO IEepeBa WU
OAT, B KOTOPOM BpeMeHHbIe UMEHa COOTBETCTBYIOT BHYTDEH-
HUM BepImuHaM depeBa mau rpada. Hampumep, BhIpaskenne
T + Y * 2 MOXKeT ObITh NPOTPAHCAUPOBAHO B IOC/IEI0BATEIb-
HOCTb OIIEPATOPOB

tl =y *x z
t2 = x + t1
rae t1 m t2 — nMena, TOPOXKIAEHHBIE KOMTTUIATOPOM.

B Bume TpéxaapecHOro KoIa MPEACTABASIOTCS HE TOTHKO
JBYMECTHBIE OTIEPAINH, BXOJSIINE B BhIpaykKeHus. B TakoM ke
BUJE TPEACTABIAIOTCA ONEPATOPbl YIPABIEHUS TIPOTPAMMBI 1
OJHOMECTHBIE Oneparui. B 3ToM cIydae HEKOTOPbIE N3 KOMITO-
HEHT TPEXaIPECHOr0 KO/ MOI'YT HE HCIONb30BaTbcsa. Hampn-
Mep, YCJIOBHBINA ONEpaTop
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if A > B then S1 else S2
MOZKeT OBITH MPEACTABIECH CIEAYIONINM KOTOM:

t := A -B
JGT t, S2

Smecs JGT — aByMecTHas onepaliis yCJIOBHOIO IEpexojia, He
BBIPAOATHIBAIOIIAS PE3YIBTATA.

Pasbuenune apudmerndeckux BBIDAXKEHWA W OMEPATOPOB
yOpaBJIEHNS IeaeT TPEXAIPECHBINH KON yA0DHBIM IIPU reHepa-
MY MAIUHHOTO KOJA M onTuMu3anuu. Vcmoab3oBanme HMEH
MIPOMEXKYTOYHBIX 3HAYEHUI, BBIYUCIISIEMbBIX B IIPOrPAMME, [M03-
BOJISIET JIETKO IEPEYIIOPsI0MUBATD TPEXAAPECHBIA KO/,

tl := -c tl := -c
t2 := b x tl t2 := b x tl
t3 := -c th = t2 + t2
t4 := b * t3 a := tb
th = t2 + t4
a := tb

a 6

Puc. 8.3.

IIpencrapiaenns cMHTAKCHYECKOTO /1epeBa u rpada puc. 8.1
B BHUAE TPEXAIPECHOrO KOaa JaHo Ha puc. 8.3, a, u 8.3, 0,
COOTBETCTBEHHO.

Tpéxampecubrit Kog — 370 abcrpakTHag Gopma IPOMERyY-
TOYHOrO KO/a. B peanm3anum TpéxaapecHbIil KO MOXKET ObITh
TIPE/ICTABJICH 3AITUCAMU C TMOJIAMHU JJIsT OTIEPAITUU U OMTEPAHIOB.
Paccmorpum Tpu cmocoba peanmsaruu TpPEXaIpPECHOrO KOIA!
4eTBEPKH, TPOUKHU 1 KOCBEHHBIE TPONKU.

Yemeépra — 3TO 3aMUCH C IETHIPHMS TTOISIME, KOTOPBIE Oy-
geM HasbBaThb op, argl, arg2 u result. Tlone op comepxkur
KO/ ortepanuu. B omeparopax ¢ yHAPHBIME OLNEPALUAMU THUIIA
T = —Y WINA X := Y TIoJIe arg2 He UCTIONb3yeTcda. B HeKOTOphIX
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onepanusax (TUIA «IIePeaTh NAPAMETD» ) MOIYT He UCIIO/Ib30-
BaThCA HU arg2, uu result. YcioBHbIE 1 6€3yCIOBHBIE IEPEXO/IBI
nomMerraioT B result Merky nepexona. Ha puc. 8.4, a, npusee-
HbI YeTBEPKHU /18 OLEPATOPA IIPUCBAMBAHUS @ := bx—c+bx—c.
OHu Oy YeHbl U3 TPEXAAPECHOTO KO Ha, puc. 8.3, a.

op| argl| arg2| result op| argl| arg?2
)] - c t1 (0)| - c
(1) *| b t1 t2 ()| *| b | (0)
(2) c t3 (2) -] c
(3)| = b t3 t4 (3)] * b (2)
(4) t2 t4 t5 (4) ()| (3
(5)| :=| tb a (5)] :=| a (4)

@) 9eTBEPKH 6) Tpoiiku
Puc. 8.4.

O06b14HO comepkuMoe nosieit argl, arg2 u result — 3To yka-
3aTesn Ha BXOABI TAOJWIIBI CUMBOJIOB [IJIsT UMEH, MPeICTaBIIs-
€MbIX ITUMU TIOJIMU. BpeMeHHbIe MMEeHa BHOCSTCA B TabIUILy
CHUMBOJIOB TI0 Me€pPe UX I'€HEepaIuH.

Yrobbl n36ekaTh BHECEHUs] HOBBIX MMEH B TabJIMILYy CHM-
BOJIOB, HA BPEMEHHOE 3HAYEHNE MOYKHO CChLIATHCS, UCIIOIB3Y ST
MTO3UIIHUIO BEIYUCIISIIOIIETO €r0 ornepaTopa. B srom ciay4ae Tpéx-
aJipecHble OTepaTOpPbl MOTYT OBITH TIPEICTABIEHBI 3ATTHCIMU
TOJBKO C TpeMs TOAIMU: op, argl m arg2, Kak 3TO MOKa3aHO
ua puc. 8.3, 6. [lons argl u arg2 — sro mubO yrazarenn Ha Ta-
GJIMIly CUMBOJIOB (U1 UMEH, ONPEAEIEHHBIX IPOrPAMMUCTOM,
WM KOHCTAHT), ubo yKazareau Ha TPOHKH (jJisd BPEMEHHbIX
suadenuit). Takoil cuocob upejcrasieHus TPEXAIPECHOIO KO-
Jla HAa3bIBAIOT Mmpotiramu. TPOINKHN COOTBETCTBYIOT IpEACTABIE-
HUIO cuHTaKcHIeckoro mepesa nian OAL' ¢ momormpio MaccuBa
BEpIIHH.

Yucna B cKOOKaX — 9TO yKa3aTeau HA TPOUKH, & MMEHA, —
9TO yKaszarenuw Ha Tabauiy cuMmBonoB. Ha mpaktuke maOp-
Manus, HeOOXOAuMas [Jisi WHTEPIPETALUH PA3JIMYHOIO THIIA
BXOJOB B TIONst argl u arg2, KoaupyeTcs B TIOJE Op WK JTOTION-
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op | argl| arg? op | argl| arg2
)] 1= = | i O =01] vy [ 1
W] =] O] v W] =] x| (0)
) lil =y 6) @ =yl
Puc. 8.5.

HUATEJBbHBIX mosiax. Tpoliku puc. 8.4, 6, COOTBETCTBYIOT 9€T-
BEpKaM puc. 8.4, a.

i1st mpeacTaBaeHnsT TPOHKAMHT TPEXMECTHOMN OIEPAIH TH-
na z[i] := y Tpebyerca mBa BXOHA, KAK ITO IOKA3AHO HA
puc. 8.5, a, peacTaBienne ¢ ;= y[i| AByMa OmepanugMu TOKa-
3aHO Ha puc. 8.5, 0.

TpéxaapecHsrii Kox MOXKeT OBITH TPENCTABIEH HE CIIHC-
KOM TPOEK, a CIIUCKOM yKazaresjeil Ha Hux. Takas peasnsa-
1ust OOBIMHO HA3BIBAETCS KocserHbimu mpotramu. Hanpumep,
Tpoliku puc. 8.4, 6, MOryT ObITh PEAJU3OBAHBI TAK, KAK 3TO
n300pakeHo Ha puc. 8.6.

OI1epaTop op | argl | arg2
0 (1) W@ - c
| (15 (15) | = | b | (14)
@ | (10) (16) | - |
3) | (17 (17) | * | b | (16)
4) | (18) (18) (15) | (17)
(5) (19) (19) | := a (18)

IIpu remepamum OOBLEKTHOrO KOIA KAXKIOH TTEPEMEHHOI,
KaK BPEMEHHOH, TaK M OIpeJesieHHON B MCXOIHOI Iporpam-
Me, HA3HAYAEeTCs MaMsITh TIePUOIa UCTIOTHEHNST, aIPeC KOTOPOi
OOBIIHO XPAHUTCA B Tabiauie remeparopa koza. IIpu mcmonb-
30BAHUM YE€TBEPOK 3TOT 3JPEC JIETKO MOJIYIUTh Yepe3 STy Ta-
Osuity.
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Bonee cyniecTBeHHO MPEMMYINECTBO Y€TBEPOK IPOsBIISIET-
€A B ONTUMU3UPYIOMAX KOMIUIATOPAX, KOTJA MOXKET BO3HUK-
HYTh HEOOXOIMMOCTH IIEpPEeMeIaTh OonepaTophbl. Kcam mepeme-
IAETCA OIEPATOP, BBIYUCSIONINN £, HEe TPeOyeTCsa H3MEHEHnH
B OIleparope, UCMNOJIb3yiolieM x. B 3amncu ke Tpoiikamu Ie-
peMelleHre OlIepaTopa, ONPEeeIsIONero BpeMeHHOe 3HaUYeHNe,
TpedyeT M3MEHEHUsI BCEX CCHUIOK HA 3TOT OMEPATOD B MacCh-
Bax argl u arg2. 3-3a 37010 TPOWKH TPYTHO UCIOIB30BATH B
ONTUMUBUPYIOIUX KOMIIMIATOPAX.

B ciyvae npumeHeHusi KOCBEHHBIX TPOEK OIIEPATOD MOXKET
OBITH TTEPEMEINEH TTepeyIopII0TNBAHUEM CITHCKA ONEepaTOpOR.
IIpu 3TOM He HagO MEHATL yKazaTeaw Ha op, argl u arg2.
OTUM KOCBEHHBIE TPOHKM TOXOXKHM Ha derBEpKu. Kpome To-
r'0, 9TU ABa crocoba TPedYIOT IPUMEPHO OAWHAKOBON MaMITH.
Kak u B cirydae npocThIX TPOEK, IIPU UCIIOIb30BAHANA KOCBEH-
HBIX TPOEK BBIJEJEHNE TTAMSTH JIJIST BDEMEHHBIX 3HAYCHUN MO-
2KeT ObITh OTJIOKEHO Ha 3Tall reHepalinu koga. [lo cpaBHeHuio
¢ YeTBEPKAMU TIPU HUCIOIB30BAHUN KOCBEHHBIX TPOEK MOXKHO
cbepednb MaMATh, €CIU OJHO U TO K€ BPEMEHHOE 3HAYEHUE WC-
nonb3yerca bosee onuaoro pasa. Hanpumep, va puc. 8.6 MmoxHO
obbenuauTh crpoku (14) u (16), mocse "ero MOXKHO 00beIN-
HUTh crpoku (15) u (17).

8.3. JIumeapu3oBaHHbIE TpeACTaBJIE-
HUS

B kadecTBe mPOMEKYTOUHBIX TPEIACTABIECHUN BEChMA PaC-
MPOCTPAHEHBI JIMHEAPU3OBAHHBIE TPEICTABICHUS JIEPEBHEB.
JluHeapru30BaHHOE MPEICTABICHAE MO3BOJISET OTHOCUTETHHO
JIEPKO XPAHUTH [POMEXKYTOYHOE IPEJICTABJIEHUE BO BHEIIHEH
nmaMaTH u obpadarbiBaTh ero. Hambosmee pacmpocTpaHéHHOM
dOopMOil IMHEAPU30BAHHOTO TIPEICTABJECHUS SIBJISETCS T0Ab-
crkasn 3anuch — npedurcHas (npsMas) WM TO0CTHOUKCHAL
(obparhas).

ITocrdrkcHasa 3anuch — 9TO CIHCOK BEPINUH AEPEBa, B KO-
TOPOM KaxkJas BepliMHA cieiyer (upu 06X04e CHU3Y-BBEDX
CJIEBA-HAIIPABO) HEMOCPEICTBEHHO 38 CBOMMHU MOTOMKaMu. Jle-
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peBo Ha puc. 8.1, a, B OCTMOUKCHOI 3arTiCh MOXKET OBITH MPE/I-
CTABJIEHO CJAEOYIOMHUM O00Pa30oM:

abc-*xbc-*x+:=

B nocrdukcHoil 3anucy BepIIMHBI CHHTAKCAYIECKOTO JIePe-
Ba SBHO HE MPUCYTCTBYIOT. OHU MOTYT OBITH BOCCTAHOBJIEHBI U3
NIOpAJIKA, B KOTOPOM CJIe/IyIOT BEPIIUHDBI U U3 YHUC/Ia OllePaH 0B
COOTBETCTBYOMINX onepanunii. Bocctanossienue sepmny aHaao-
ITUYHO BBIMUCIEHUIO BbIPAXKEHUS B IOCT(UKCHON 3a1KUCH C HC-
NOIb30BAHUEM CTEKA.

B npedukcHoit 3anucu cHavana yKa3bIBAETCS OMEPAIINs, &
3areM €€ omepanapl. Hampumep, nis mpuBeI€HHOrO BHIIIE BbI-
DaKeHus uMeeM

t=a+*xb-cx*xb-c

Pacemorpum metanmbHee onHy U3 peanu3anyii mpeduKkcHO-
ro npejcrapnenus — Jlugep [12]. Jlumep — aro aG0pesnaTypa
ot «JINueapusosannoe IEPeBo». 9T0 MaITUHHO-HE3aBUCHMAS
npedukcHas 3anuck. B Jlugepe coxpanstorcs Bce 0bbsIBIeHUT
7 KayKJIOMY W3 HUX [IPUCBAWBAETCA CBOW YHUKAJbHBIA HOMED,
KOTOPBII UCIOMB3YETCs JIJIsT CCIIKU Ha 00bsiBienne. Pacemor-
PUM TIPUMED.

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.

DroT bparMeHT uMeeT cieayronmii obpas B Jlugepe.
program M’

var int
var int
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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
end
begin assign var 0 3 end int
icall 0 4 int var 0 1 end
int var 0 2 end end
end

Paccvorpum ero 6onee meraabHO:

program M’ Nmsa monyns HYXKHO I pPeTaKTopa
CBA3€il.

var int 910 06pa3 nepemennsbix X, Y, Z;

var int nepeMeHHbIM X, Y, Z IPUCBANBAIOTCA

var int HOMepa 1, 2, 3 Ha yposae 0.

procbody proc O0ObsiBiIEHHE IPOLEYPHL C JABYMS

int int end eJbIMA TapaMeTpaMu, BO3BpAIlA0-
et mesoe.

int IIpouenypa momydaer nomep 4 Ha

yposae () 1 mapaMeTpbl UMEIOT HOMEPA
9, 6 Ha yposHe 1.

var int Ilepemennas R umeeT HOMep 7 Ha
yposHe 1.

begin Hawano tena mporemaypsl.

assign Oneparop npuCBauBaHUS.

var 1 7 end JleBaa wacte npucBansanns (R).

int Twun mpucBanBaeMOTO 3HAYEHUS.

int mi Ilenoe BurauTanme.

par 1 5 end Yuensbraemoe (4).

par 1 6 end Borauraemoe (B).

result O Pesynbrar npornenypsr yposas (.

int Pesyabrar numeer nenbiit Tuir.

var 1 7 end Pegynprar — mepemennas R.

return Omnepatop BO3BpaTa.
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end Kownern Tena mporeayphl.

begin Hauano rena momymns.

assign Omneparop TpuCBAMBAHUSA.

var 0 3 end JleBas yacTh — mepemeHHast Z.

int Tun npucBanBaeMOro 3HAYEHUS.
icall 0 4 Brui3oB nokasnbHO# mpornieaypst DIF.
int var 0 1 end QakTrdeckue mapamMerpbl X

int var 0 2 end ny.

end Komnern Borzosa.

end Komnern tena momys.

8.4. BupryaapHaa mammuHa Java

IIporpaMmbpr Ha #3biKe Java TPAHCIAUDPYIOTCS B CIIENUATb-
HOE IIPOMEXKYTOYHOE IIPe/ICTaB/eHue, KOTOpoe 3areM UHTep-
TIPETUPYETCA TaK HA3BIBAEMON «BUPTYAJTLHON MaImuHOM Javas.
Bupryanbras mamuza Java npeacraBiser coboil CTEKOBYIO
MAalllMHYy: OHA& HE MMeeT MaMATH HPAMOro JIOCTyIa, BCe Olle-
DAl BBINOJHAIOTCA HAJI, ONepPAHJIaMHU, PACIOI0KEHHBIMHU Ha
BEPXYIIKE cTeKa. UTOObI, HAIIPUMED, BBIIOJHUTH OIEPAIHUIO C
ydacTueM KOHCTAHTBI WJIM TIEPEMEHHOH, WX TpeIBapUTeThHO
HEOOXOIMMO 3arpy3uTh Ha BEPXYIIKY creka. Ko omeparmm —
Bcerma oauu Oaiit. Kcim oneparus nmeer onepaHabl, OHU PaC-
MTOJTATAI0TCA B CJEAYIOMUX OafTax.

K smemenTapHbIM THOAM AHHBIX, C KOTOPBIMH pPaboTaer
MalluHa, OTHOCATC A short, integer, long, float, double (Bce
3HAKOBHIE).

8.4.1. OpraHusanusa MaMsaTH

Marnsa uMeer CIeayoIue PEruCTPhI:
PC — CUETYNK KOMAHI;
optop — yKa3aresb BEPINUHBI CTEKA OIEPAIHil;
frame — ykasarenb Ha CTeK-(peiiM HCIIOTHAEMOTO METOA;
vars — yka3aresb Ha (-10 mepeMeHHY0 UCIIOIHAEMOTrO METOIA.
Bce perucrpsr 32-paspsagubie. Crek-dpeiiM uMeeT Tpu KOMIO-
HEHTBI: JIOKAJIbHBIE [IEPEMEHHBIE, CPEY UCIIOJIHEHU, CTEK OIIe-
pansoB. JIokasbHbIE MEpEeMeHHbIEe OTCUUTBIBAIOTCS OT aJIpeca
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B peructpe vars. Cpea UCIOMHEHUs CIYKUT TS TIOIEPKA-
Hust caMoro creka. OHa BKIIOYAET YKA3aTelb Ha TPEIbIIY i
dpeiiM, yKazaTenb HA COOCTBEHHBIE JOKAJIbHBIE TEPEMEHHbIE,
Ha 0a3y creka omepamuil 1 Ha BepxymKy creka. Kpome Toro,
37IeCh YKe XPAHUTCS HEKOTOpas JTOTOTHUTEIbHAS MH(OPMAITHS,
HAPUMED, [T OTJIATIUKA.

Kyua cOopku Mycopa COAEPKUT IK3IEMILISPBI 00bEKTOB,
KOTOPBIE CO3MAI0TCSI W YHUITOXKAIOTC aproMaruwdecku. O6-
JIACTh METOIOB COAEPIKUT KOIbI, TAOJIHUIIBI CHMBOJIOB U T.I.

C KaxKIbIM KJIACCOM CBs3aHa obmacth koHcTanT. OHa co-
JIEPIKUT UMEHA TI0JIel, MEeTOI0B U APYTYIO0 TOZ00HYI0 WHOOP-
MAaluio, KOTOPAash UCIOJb3yEeTCs METOIAMM.

8.4.2. Habop komaHJ BUPTYyaJbHOI MAITHHBI

Bupryanbaas Java-MarmmHa uMeeT CIeayIonne KOMaHIbI:

MOMEITEHNe KOHCTAHT Ha, CTEK,
MOMEITEHHE JIOKAJIbHBIX EPEMEHHBIX HA, CTEK,

3alOMUHAHNE 3HAYEHUN U3 CTEKa B JIOKAJTHHBIX TEPEMEHHBIX,
06paboTKa MaCCHUBOB,

yIOpaBJeHNe CTEKOM,

apudMeTnIecKne KOMAaHIbI,

JIOTUYeCKUe KOMAHIBI,

Ipeodpa3oBaHus THIIOB,

nepeaava yupaBieHus,

BO3BpaT U3 (DYHKIINH,

TaOIUIHBIN TIepPexo,

obpaboTrka moseit 00bEKTOB,

BBI3OB METO/IA,

06pabOTKA UCKITIOYNTENBHBIX CUTYAIIUIA,

MpOYNe ONepaIui HAJ OObEKTAMU,

MOHUTOPBI,

OTJIAIKA.

PaccvoTpuM HEKOTOpBIE KOMAaHIBI TTOAPOOHEE.
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HOMeIJ_[eHI/Ie JIOKAJIbHbBIX IMepeMeHHbIX Ha CTeK

Komanga iload — 3arpy3urhb Iea0€ u3 JOKAJBHOM IepeMeH-
Hoii. OmepanoM FABJISIETCS CMEIIEHUE TIEPEeMEHHOM B obyracTu
JIOKAJIbHBIX TTEPEeMEHHBIX. Y Ka3bIBaeMOe 3HAUYEHNE KOTTUPYETCS
HA BEPXYINKY cTeka omepaimii. iMerorcs mogobHble KOMAHIbI
JJIA TIOMEIEHN A IJIaBAIOIINX, TBOMHBIX IEJIbIX, IBOWHBIX I/~
BaIOIIUX U T.[I.

Komanma istore — coXpaHuTh Ie0€ B JIOKAJIBHON mepe-
MeHHOH. OnepangioM omepanuu aBJIsSeTCs CMEIIeHUe epeMeH-
HO# B 00J1aCTH JIOKAJIBHBIX TIEPEMEHHBIX. SHAUEHNE C BEPXYIITKU
CTEeKa Olepalnii Konupyercs B yKa3bIBAEMYI0 00J1aCTh JIOKAb-
HBIX HepeMeHHbIX. VMmeorcs momobHble KOMAHIBL JJIs TOME-
MIeHN TIABAIOIINX, JBOUHBIX EJbIX, JIBONHbBIX IJIaBAIOIINX U
T.JI.

BsizoB meroga

Komanna invokevirtual.

Ilpn rtpancadimun OOBEKTHO-OPHEHTUPOBAHHBIX  S3BIKOB
LPOIPAMMUPOBAHUS U3-3a BO3MOXKHOCTH HEPEKPbITHS BUPTY-
AJBHBIX METOMIOB, BOOOIIE TOBOps, HENb3s CTATHYECKH TPO-
TPAHCJIMPOBATH BBI30B METOJa O00beKTa. DTO CBA3AHO C TeM,
YTO €CJTH METOJ IEPEKPHIT B IIPON3BOAHOM KJIACCE, W BBI3BIBA-
eTcss MEeTON O0bEKTa-IePEMEHHOM, TO CTATHYECKN HEH3BECTHO,
00'beKT KAKOro Kjacca (6a30BOI0 UM IPOM3BOAHOIO) XPAHUT-
cst B mepeMeHHOM. T103TOMY ¢ KasKIpIM 00bEKTOM CBSI3bIBAETCS
TabJINIA BCEX er0 BUPTYATIbHBIX METOIOB: IS KayKI0T0 METO-
JIa TaM IIOMEIAeTCsI YKA3ATe b Ha ero PeajM3alliio B COOTBET-
CTBHH C IIPUHAIIEKHOCTHIO CAMOIO OObEKTa KIacCy B Hepap-
XHMHU KJIACCOB.

B aspike Java pasiudHble KJIACCHL MOIYT PEajIn30BBIBATDH
onuH ¥ TOT ke nHTepdeiic. Ecin obbspieHa nepeMeHHas WK
napamMerp THMa WHTepdeiic, TO AMHAMUYECKH HENb3s ONpe/ie-
JIUTH O0BEKT KAKOIO KJIACCA MPUCBOEH MIEPEMEHHOI:

interface I;
class C1 implements I;
class C2 implements I;
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I 0;
C1 01;
C2 02;

0=01;

0=02;

B sr0it Touke mporpaMmbr, BOOOIIE TOBOPsI, HEJIB35 CKA3aTh,
KaKOTO THIIa 3HAYCHHE XPAHUTCA B mepementoii 0. Kpowme Toro,
npu paboTe IPOrpaMMbl Ha sI3bIKE Java nMeercs BO3MOXKHOCTh
HCIIOJIb30BAHUST METOIOB U3 APYrux nakeros. s peasusanuun
3TOT0 MeXaHW3Ma B Java-MallinHe UCMOTb3YeT s JUHAMUIeCKOe
CBA3BbIBAHUE.

IIpennonaraercst, 9TO CTEK ONMEPAHIOB COMEpPXKUT handle
0ObeKTa WM MAaCCHBA W HEKOTOPOE KOJHUYIECTBO apryMEHTOB.
Onepanz, OmepaIu UCIOAb3yeTCsd [Jis KOHCTPYHUPOBAHUS WH-
JIeKca B 00JIACTH KOHCTAHT TEKYIIEro KIacca. JIeMEHT O ITO-
My HWHIEKCY B OOJIACTH KOHCTAHT COAEPIKUT TOJHYI CUTHATY-
py merona. CUrHATypa MeTOa ONUCHIBAET THUIBI TAPAMETPOB
¥ BO3BpaIaeMoro 3uadennsa. V13 handle o0ObeKTa HM3BIEKACT-
¢ yKa3aredab Ha TabIuIy MeToaoB obbekTa. IIpocMaTpuBaer-
cd CUTHATYDA MeToAa B Tabnuie Meronos. Pe3ymbraToMm 3TOro
[IPOCMOTPA ABJIAETCH MHAEKC B TADJINILY METOLOB MMEHOBAHHO-
ro KJIacca, Ijisg KOTOPOro HAMIEeH yKa3aTesnb Ha OJIOK METOIa.
BJiok MeTona yka3biBaeT THI MeTOAa (native, synchronized
U T.JI.) U 9HCJIO APTyMEHTOB, OXKUIAEMbIX HA CTEKE OIIEPAHJIOB.

Ecam meron momeden kak synchronized, 3amyckaeTcs MO-
HHUTOP, CBsA3aHHBIN ¢ handle. Basnc maccruBa TOKaIbHBIX TIEpe-
MEHHBIX [IJis HOBOI'O CTeK-(peiiMa yCTaHABIMBAETCH TAK, UTO
OH yKa3biBaeT Ha handle Ha creke. OnpenensieTcs obIiee nc-
JIO JIOKQJIBHBIX IIEPEMEHHBIX, UCIOJIb3YEMBIX METOA0OM, 1 IIOCIIe
TOTO, KAK OTBEIEHO HEOOXOAMMOE MECTO JIJIsl IOKAJIBHBIX TIepe-
MEHHBIX, OKPYKEHNE HCIIOJIHEHNsI HOBOrO (bpeiima momeniaer-
ca Ha cTeK. Da3a creka OMEpaHOB /sl TOTO BBI30BA METOIA
yCTaHABJIUBAETCA Ha 1IePBOE CJI0BO 110C/I€ OKPY2KeHUs UCIIOJIHEe-
Husi. 3aTeM UCIOJTHEHNE TTPOIOKAETCS ¢ TePBOM WHCTPYKITUU
BBI3BAHHOTO METOJA.
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ObpaboTka NCKJIIIOYATEIBHBIX CUTYAIUN

Komanma athrow — BO30yIUTh UCKIIOYUTETBHYIO CUTYAIHIO.

C KaKIBIM METOIOM CBSI3aH CITMCOK OMEPATOpPOB catch.
Kaxkmprit omepatrop catch onmuchiBaeT AUana3oH WHCTPYKIIWH,
JUISE KOTOPBIX OH aKTWUBEH, TUI UCKIIOUYEHNs, KOTOPhIA OH 00-
pabarsBaer. Kpome Toro, ¢ omeparopom cBg3aH HAaOOp WH-
cTpyKunii, KOTOpble ero peann3yoor. Ilpu BO3HUKHOBEHUN HC-
KJIIOYUATEIbHON CUTYyaluu [IPOCMATPUBAETCs CIUCOK OIEPATO-
poB catch, ¥TOOBI YyCTAHOBUTH COOTBETCTBHE. VICKIIOUUTE TH-
Has CUTYallusd COOTBETCTBYET OMepaTopy catch, ecim HHCTPYK-
[Msi, BBI3BABINAS HMCKJIIOYATETHHYIO CATYAIWIO, HAXOINUTCI B
COOTBETCTBYIOIIEM MANA30HE W WCKJIOYUTENbHAS CUTYAIIUs
[IPUHAJIEKUT IOATUIY TUIA CATYALINU, KOTOPbIe 00padarbiBa-
er omeparop catch. Ecnn coorBercTBytomnuit oneparop catch
HalifeH, ynpasienne meperaérca obpaboruuky. Ecim mer, Te-
Kyl cTek-QppeiiM yaaadercs, U UCKIIOUUTETbHAS CUTYAIIUsT
BO30YKIAETCSA BHOBbD.

ITopsamok onepaTopos catch B ciucke BaykeH. HTeprnipera-
TOp TIepeIaéT YIpaBJeHNe MePBOMY TOIXOISIIEMY OTEPATOPY
catch.

8.5. Oprasamsanusa maHpOpPMAIIN B Te-
HepaTope Koaa

CuHTaKCHYeCKOe ePEBO B YHMCTOM BUJE HECET TOJBKO WH-
dopmarmio 0 cTpyKType nporpammbl. Ha camom mese B mpo-
1ecce TeHepauy KOaa Tpedyercsa TakrKe MHMOPMAIUs O Iepe-
MeHHbIX (HApUMep, UX ajpeca), npoueaypax (Takxke ajpeca,
YDPOBHMU ), METKax u T.1. JIj1s mpeacrapaenus 3Toit uadopMarmn
BO3MOXKHBI pa3jnudHble pemrenusi. Hanbosee pacnpocTpaHeHbl
JBa:

— nadopMaIa XPAHUTCA B TAOIUIIAX TEHEPATOPa KOA;
— uH(OPMAINS XPAHUTCA B COOTBETCTBYIOIMIMX BEPIIUHAX JI€-
peBa.

Paccvorpum, HampuMep, CTPYKTYPY TabJIHIl, KOTOPBIE MO-
ryT OBITH UCIOIBL30BAHBI B COUETAHWY C JIUAep-mpeacTaBieHm-
em. [Tockonbky Jlumep-npenacrapienue He COMEPKUT UHPOPMA-
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uu 06 aapecax MePeMeHHBIX, 3HAYUT, ITY WHMOPMAIHIO HY K-
HO cobmpaTh B mporecce 06paboOTKN OODbABIEHNA U XPAHUTD B
TabauIAaX. DTO KACAETCA ¥ ONUCAHUN MAaCCUBOB, 3allKCell U T.1.
Kpowme Toro, B Tabuiiax TakzKke J0IKHA CONEPKATHCI HHPOP-
Malys O TpoNeaypax (aapeca, YPOBHU, MOIYIH, B KOTOPHIX
OPOLEAYPHI OMUCAHBI, U T.11.).

IIpu BxOMIE B MpOIIEAYyPY B TAO/IWIE yPOBHEH MPOIEnyp 3a-
BOIUTCS HOBBIN BXOJ — yKa3aTesb Ha Tadauily onucanunii. [Ipu
BBIXOJIE YKA3aTeJlh BOCCTAHABJIMBAETCS HA CTAPOE 3HAYEHUE.
Ecnu npomerkyrodHoe mpeacraBeHne — IepeBo, TO WHMOP-
Malus MOXKET XPAHUTHCA B BEPIIHHAX CAMOTO JEepPEeBa.

8.6. YpoBeHb MPOMEXKYTOUHOTO ITPE]I-
CTaBJIEHUS

Kak BumHO U3 mpuBeAEHHBIX MPUMEDPOB, MPOMEXKYTOTHOE
MIPEICTABJIEHNE TTPOTPAMMBI MOXKET B PA3IUYHON CTenenu ObITh
Oau3kUM OO0 K MCXOAHOHN mporpamme, ambo K mamnae. Ha-
[IpUMeEpD, MPOMEAKYTOUYHOE IPEJCTABJIEHAE MOYKET COLEPKATH
azpeca TEPEeMeHHbBIX, W TOTJA OHO YK€ He MOXKET OBITH Tepe-
HECeHO Ha Apyryio Mammuy. C Apyroil CTOPOHBIL, TPOMEXKYTOU-
HOE TIPE/ICTABJICHNE MOXKET COMEPKATH PA3/eJ OMUCAHUN TPO-
rPaMMBbl, ¥ TOTA3 HHAPOPMAIMIO 00 aapecax MOXKHO W3BJICUD
n3 obpaboTku ommcanunii. B TO Ke Bpems SICHO, 9TO IIEPBOE
6onee 3dpdexkturHo, yem BTOpoe. ONEpaTopsbl yIPABIEHUS B
MPOMEXKYTOIHOM MPEIACTABIEHUN MOTYT OBITh TPEICTABJIEHDI
B HCXOJIHOM Bu/Ie (B BHJIE ONEPATOPOB 3bika if, for, while u
T.J.), & MOIYT COIEPXKATHCS B BUJIE IEPEXOA0B. B nepsom ciry-
Jae HeKOTOpasd HHGPOPMAIINA MOKET ObITh N3BJICUYEHA U3 CAMOI
cTpyKTypbl (Hanpumep, s oneparopa for — undopmanus o
MEPEMEHHON IWKJIa, KOTOPYIO, MOXKET ObITh, PA3YMHO XPAHUTh
HA PErucTpe, IJjs Olneparopa case — wHbOpMalus o Tabyim-
e Merok ¥ T.J.). Bo Bropom ciydae mpeicraBieHue mpole u
YHADUIINPOBAHHEH.

Hexoropsie ¢GopMbl  TPOMEXKYTOTHONO — IPEICTABICHUST
yAOOHBL A1 PA3JIMYHOIO POAA ONTHMHU3ALUI, HEKOTOPbIE —
Her (HampuMep, KOCBEHHbIE TPOHKM, B OTJIHYUE OT MpeduKc-
HOIt 3amucu, No3BOAI0T IMDEKTUBHOE MEPEMEIIEHUE KOJIA).



I'maBa 9.

I'enepanuga koja

3amada reHepaTopa Koia — TOCTPOEHHE JJIs MPOrpaMMbl
HA BXOJHOM S$I3bIKE IKBHUBAJEHTHOU MAIMWHHON TPOTPAMMBI.
OOBIYHO B KAYECTBE BXOMA JJIs TEHEPATOPA KO/, CJIYKUT HEKO-
TOPOE MPOMEXKYTOYHOE TPEACTABIEHNE TPOTPAMMBI.

leneparus koma BKJIOYAET psifi cienupUIecKuX, OTHOCH-
TEJIbHO HE3aBUCUMBIX MO3aJa4: paclpejeseHne namard (B
YACTHOCTH, PACIPEIeJICHHe PEruCTPOB), BBHIOOD KOMAaH[, re-
Hepauuio 0ObeKTHOrO (Wi 3arpy304HOro) ModyJs. KounedHo,
HE3ABUCUMOCTh ITUX MOA33JAY OTHOCUTEIHHA: HAIPUMED, TTPU
BBIOOpPE KOMAH/I HEJIb3sT HE YUUTHIBATH CXEMY DaCIIPeIe/IeHust
naMATH, ¥, HA0OOPOT, CXeMa PACIpele/ieHus naMsarTu (peru-
CTPOB, B YACTHOCTH) BEAET K IeHEPAlMU TOW WM MHON 1O-
cnepoBarenbaocTH KoMaua. OHaKO yIoOHO U TPAKTUYHO 9TH
3a/1a41 BCE JKe Pa3lesaTb, oOpamas [Ipyu 3TOM BHUMAHUE HA
WX B3aUMOJEUCTBUE.

B kaxkoii-To Mepe cxema reHeparopa KOma 3aBHCUT OT (hop-
MBI TIPOMEYKYTOUYHOTO TIPEICTaBIeHUsA. ZICHO, UTO TeHeparust
KOJa W3 JiepeBa OTJIMYaercs OT TeHepalyuy KOoia M3 TPOeK, a
reHepanus Kojaa u3 npedUKCHON 3aMncH OTINYIAETCS OT T'eHe-
pamnuy KoJaa u3 OPUEHTHPOBAHHOIO rpada. B To ke Bpems Bce
TEHEPATOPHI KO/IA NUMEIOT MHOTO OOIIEro, 1 OCHOBHBIE IPUMEH -
€Mbl€ AJITOPUTMbI OTJIMYAIOTCSH, KAK IIPABHUJIO, TOJIbKO B JI€Ta~
JISIX, CBA3AHHBIX C UCIOJb3YEMBIM MTPOMEXKYTOYHBIM TTPEICTAB-
JIEHUEM.
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B nasbrelinmeM B Ka4ecTBE TPOMEXKYTOUHOTO MPEICTABIIE-
HUsI MBI HYIeM UCIOTB30BATh MPeGUKCHYI0 HOTAIIUIO. A MMeH-
HO, AJTOPUTMBI TeHEPAITHH Koma Oy/1eM u3JaraTh B BUIE aTPHU-
OyTHBIX CXEM CO BXOJIHBIM S3bIKOM Jluzaep.

9.1. Moaenp MaIImHBI

IIpn wu3nOXKeHHUM aNrOPUTMOB TeHEPAINKd KOZAA MbI Oy-
JeM CIe0BATh HEKOTOPON MOIEJN MAIINHBI, B OCHOBY KOTO-
poit ToNOXKeHa cuUCTeMa KOMaH; MHUKpomporeccopa Motorola
MC68020. B MukpompoIeccope nMeercss perucrp — CUYETIHK
komann PC, 8 perucTpoB JaHHBIX U 8 aJIPECHBIX PETUCTPOB.

B cucreme KoMaHT HCIIONB3YIOTCS CASAYIONINE CIIOCOOBI al-
pecanuu:

ABS — abcomoTHAas: UCTIOTHUTEIBHBIM AJPECOM SBJISeTCS
3HAYEHHUE aJPECHOTO BbIPAXKEHUA.

IMM — HeNmOCpeIaCTBEHHBIN OMEPAHI: ONePpaHAOM KOMAaHJIbI
SBJIAETCA KOHCTAHTA, 34/IaHHAA B aJPECHOM BBIDA’KEHUH.

D — npamasd ajpecauud dyepe3 PerucTp JaHHbIX, 3allMChIBa-
eTcd Kak Xn, OllepaH HAXOOUTCA B PEerucrpe Xn.

A — npamad aapecanud d4epes aJpPeCHbI PerucTp, 3amnuchbl-
Baercd Kak An, onepanj HaxoaurTcd B perucrpe An.

INDIRECT — 3ammchiBaerca kak (An), agpec omnepaHma Ha-
XOAUTCA B aJJpecHOM perucrpe An.

POST — moCcT-uHKpEMEHTHAA aJpecalns, 3alUChIBAETCA KakK
(An) +, HCIIOMTHUTE/IBHBIN 3peC eCTh 3HAYEHHUE ATPECHOTO pPe-
rucTpa An u mocse MCIONHEHU:d KOMaH/bl 3HaYEeHHUE ITOIO pe-
TUCTPA YBEJIMUNBAETCS HA JIJINHY OMEpPaHIA.

PRE — mnpe-wmHKpEMEHTHAadA aJIpecalnd, 3alUCbIBACTCA KakK
-(An): mepes UCIOTHEHNEM OTEPAIMH COAEPKUMOE aIPECHOTO
perucTpa An yMeHBINaeTCs Ha AJINHY ONEPaHIa, NCTIOJTHUTEIb-
HBII aJIpec paBeH HOBOMY COJNEPXKUMOMY aJIPECHOTO PETUCTPA.

INDISP — koCBeHHAad ajpecanus CO CMEIEHUEeM, 3allUChbIBa-
ercsd kKak (bd,An), UCHOTHUTEIBHBIA AIPEC BBIUUCIAETCS KaK
(An)+d — cozmepskumoe An mtoc d.

INDEX — KOCBeHHas ajpecanud ¢ MHIEKCOM, 3allUCblBaeT-
¢ Kak (bd,An, Xn*sc), HCIOTHATEILHBIA aapec BHIUUCISCT-
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¢ kKak (An)+bd+(Xn)*sc — COmEPKUMOE AIPECHOTO PETUCTPA
+ aJpecHoe CMeIIeHnue + COAEPXKUMOe MHACKCHOIO Permucrpa,
YMHOZKEHHOE HA SC.

INDIRPC — KocBeHHast 4epe3 PC (CUéTumk KOMaH[I), 3amu-
coiBaercs Kak (bd, PC), NCIIOMHATEIBHBIN aIPEC OIPEeaeIsIeTCs
BeIpazkennem (PC)-+bd.

INDEXPC — kocBenHnasi depe3 PC co cmemenuem, 3ammchi-
Baercsa kKak (bd,PC, Xn*sc), HCIOMHATEIbLHBIA aapec ompeae-
nsercs poipaxkenueMm (PC)+bd+(Xn)*sc.

INDPRE — mpe-kocBeHHada Yepes3 NaMATh, 3allUCbIBACTCA KaK
([bd,An,sc*Xn], od) (cxema BbIYUCIAEHUS AJAPECOB JIJIA HTOrO
U TPEX NOCIEAYIOUX CIOCOBOB aJIPecalluy IPUBEIEHa HUXKE).

INDPOST — IIOCT-KOCBEHHAA uepes aMAThb:
([bd,An],sc*Xn,od).
INDPREPC — Ipe-KOCBEHHAA qepes PC:

([bd,PC,sc*Xn] ,od).

INDPOSTPC — mocT-KocBeHHast uepe3 PC: ([bd,PC] ,Xn,od).

3naeck bd — 910 16- man 32-6uTHAST KOHCTAHTA, HA3BIBAEMAST
cmeusenuem, od — 16- nian 32-6burHast TUTEPATbHAST KOHCTAHTA,
HA3bIBAEMAST GHEUWHUM CMEUEHUEM. DT CIIOCOOBT aJIPecaInm
MOTYT HUCIOJB30BATHCA B YIPOMEHHBIX popMax 6e3 cMernenuit
bd I/I/I/IJII/I od u 6e3 peructpos An usn Xn. Creayromiye mpuMepb
WILTIOCTPUPYIOT KOCBEHHYIO MMOCTUHAEKCHYIO aJIPECAITNIO:

MOVE DO, ([A0])

MOVE DO, ([4,A01)

MOVE DO, ([AO],6)

MOVE DO, ([A0],D3)

MOVE DO, ([A0],D4,12)

MOVE DO, ([$12345678,A0],D4,$FF000000)

Nunexcupiii perucrp Xn Moxker MacimrabupoBarbes (yMHO-
karbest) Ha 2,4,8, 4To 3anuchiBaeTcd Kak sc*Xn. Hanpumep, B
ucnonHuTesbHoM aapece ([24,A0, 4+¥D0]) coxep:kumoe KBaJI-
PATHBIX CKOOOK BBIUHCIAsIeTCs Kak [AQ] + 4 + [DO] + 24.

D1u crocobbl ampecanuy paboOTAIOT CAEAYIOMUM 06pa30OM.
Kazkapiit ucrnosHUTEIbHBIA aJ[PEC CONEPIKUT APy KBAAPAT-
HBIX CKOOOK [...] BHyTpu maphl KpyrJbIX CKODOK, TO €CTh
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([...], ... ). Cuauanma BBIYHCISIETCS COIEPIKUMOE KBAI-
PaTHBIX CKOOOK, B PE3yJIbTATE UEro MOaydaercs 32-OmTHbIN
ykazarenb. Hampumep, ecin MCHOIB3yercs MOCTHHIEKCHAS
dopwma [20,A2], To ucosiaATENBHBIR agpec — 310 20 + [A2].
Awnayoruyno, njisi mpenHaekcHol dhopmbl [12,A4,D5] ucmos-
HUTENbHBIN agpec — 310 12 + [A4] + [D5].

Vkazaresnb, chOPMUPOBAHHBIN COMEPKUMBIM KB IPATHBIX
CKODOK, MCIONB3YyeTcs s MOCTYNa B HaMATh, YTOOBI MOJIY-
YUTh HOBBIH yKasaresib (OTCIOIA TEPMHH KOCBEHHAs aIPeca-
uus Yepe3 namsarh). K 9ToMy HOBOMY yKazareso no0aBsier-
CA COMEPKMMOE BHEITHUX KPYIVIBIX CKOOOK M TakuMm 0Opazom
dbopMuUpyeTcss NCIOIHUTEIbHBIH a/IpeC OIEPAH/IA.

B nanbreiiniem n3moxkennn OyAyT MCIONB30BAHBI CIIEIYIO-
e KOMauabl (B 4aCTHOCTH, PACCMATPUBAIOTCA TOIBKO apud-
MeTUYeCKue KOMaH/ bl C LeJbIMU OllepaH/laMi, HO He C IlJIaBa-
OIIUMH ) :

MOVEA WA, A — 3arpy3uThb COACPZKHUMOE IO UCHOTHUTEIIb-
HOMY ajfpecy WA Ha anpecHBI peructp A.

MOVE UA1l, MA2 — comepKMMOE MO MCHOJHUTEJIbHOMY aJl-
pecy A1l nepenucarhb O UCHOJHUTEIbHOMY aapecy NA2.

MOVEM cmomcox_perucTpoB, A — COXpPaHUTH yKa3aHHBIE
perucTpbl B NaMATH, HauuHag ¢ aapeca A (perucrpbr yka-
3BIBAIOTCS MACKOH B CAMOIl KOMaHJIE).

MOVEM A, cHOMCOK_permcTpoB — BOCCTAHOBUTH YKAa3aH-
HbIE DErHCTPbI M3 NaMsdATH, HauuHag ¢ aapeca A (perucrpsi
YKA3bIBAIOTCH MACKOH B CAMON KOMAaHJIE).

LEA VA, A — 3arpy3uTb UCIOJHUTEJbHBIN aapec UA HA aa-
pecHbrit peructp A.

MUL VA, D — yMHOXHUTBH COOEPKHUMOE II0 UCIOJHUTEIBHO-
My aapecy A Ha cogepKuMoe perucrpa Janubix D u pesyabrar
pasmecturh B D (Ha caMoM jiesie B cucreMe KOMaHJ, UMETCs
aBe pas3anyHble kKoMaHAbI MULS u MULU ang yncen co 3HAKOM
n uuces 06e3 3HAKA COOTBETCTBEHHO; JIJIs YIPOIIEHHUS Mbl HE
Oy/JIeM IPUHUMATH BO BHUMAHUE 3TO PA3JIUUKE).

DIV NA, D — pa3femTh COAEPIKUMOE DErucTpa JAaHHBIX D
Ha COOEPKHMOE II0 HCMOJIHUTENBLHOMY aapecy MA m pesyabrar
pasMecTtuthb B D.

ADD HA, D — CJIOXKUTBH CONEPKUMOE II0 UCTIOJTHUTEIbHOMY
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azpecy UA ¢ comepzKUMBIM PErncCTpa JAHHBIX D W pe3ybTar
pasmecTurs B D.

SUB A, D — BBIYECTH COAEPIKUMOE IO UCIOJIHUTEIbHOMY
azpecy VA u3 COmEep:KMMOr0 perucTpa JaHHBIX D u pe3yiprar
pasMecTuThb B D.

Komanasr CMP u TST (opMUDYIOT pa3psiIbl PErucTpa Co-
crosuwmii. Becero nmeerca 4 paspsina: Z — TPU3HAK HYJIEBOTO
pesynbrata, N — npu3HAK OTPUIATEIBHOTO pe3yibrara, V —
npusnak nepenosnerus, C — IpU3HAK IEPEHOCA.

CMP VA, D — W3 COmEpzKUMOIrO PErucTpa JAHHBIX D BbIYM-
TaeTCd COJACPZKUMOE M0 UCIIOAHUTEIbHOMY aJipecy UA, mpu 3ToM
dbopMuUpyeTcst BCe pa3psAabl PETUCTPA COCTOSTHUMN, HO COIEPIKU-
Moe perucrpa D He MeHdercd.

TST VA — BBIpaboTaTh pa3psan Z PErucTpa COCTOSHUI I10
3HAYEHNIO, HAXOOAIIEMYCS IO UCIIOJTHATEIbHOMY aapecy HA.

BNE HA — ycioBHBLH niepexo 1o npusnaky Z = 1 (ke pas-
HO) 110 UCLIOJHUTEJNbHOMY aupecy HA.

BEQ MA — ycsoBHblii nepexoz 1o npusnaky Z = 0 (paBHO)
10 UCHOJIHUTEJIbHOMY ajpecy HA.

BLE HA — ycuoBHbIH nepexo no npusuaky N or Z (Memblie
WJIA PABHO) 10 UCIIOJHUTEJLHOMY ajipecy HA.

BGT UA — ycsoBHbIH nepexo no npushaky not N (Gosbiie)
O UCHOJHUTEIbHOMY ajpecy HA.

BLT WA — ycsioBHbIH nepexo o npusnaky N (MeHbiie) 1o
HUCMIOTHUTENAbHOMY aapecy HA.

BRA UA — 6e3ycioBHBIN mepexor o aapecy KA.

JMP UA — 06e3yCJIOBHBIH MEPEXO MO UCIOJHUTEIbHOMY aJI-
pecy.

RTD pasMep_JjlOKalbHHX — BO3BPAT M3 IOANPOIDAMMBI C
YKa3aHUEeM pa3Mepa JIOKAJIbHBIX.

LINK A, pasMep_JOKalbHHX — B CTEKE COXPaHACTCA 3Ha-
YeHUue perucrpa A, B perucTp A 3aHOCUTCA yKa3aTellb Ha ITO
MECTO B CTEKE H yKa3aTelIb CTEKa MPOJIBUTACTCA Ha Pa3Mep J10-
KAJIbHBIX.

UNLK A — crek cokpaljaercd Ha pa3Mmep JIOKAJbHBbIX U pe-
TUCTP A BOCCTAHABIUBAETCA U3 CTEKA.
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9.2. JImnamudveckasi opraHu3anus
NaMATHN

JuraMudeckass OPraHu3allisd HaMsITH - ITO OPTaHW3AIWsT
MAMSATH IePUOJA UCHOIHeHns nporpaMmbl. OneparuBHas na-
MATH TPOTPAMMBI OOBIYHO COCTOMUT W3 HECKOJBKUX OCHOB-
HBIX Da3J/e/oB: cTeK (Marasuf), Kyda, 00JIaCTh CTATHUYECKUX
JAHHBIX (MHUIMATU3UPOBAHHBIX U HEMHUIIMATIM3UPOBAHHbIX)
Hawnbonee cnoxmoit siBagerca pabora co crekoM. Boobime ro-
BOpsI, CTEK MEPUOHA HCHOTHEHUs HEOOXOMUM i MPOrpaMM
HE Ha, BCEX sA3bIKAX MPOrpaMMupoBanus. Hanpumep, B paHHUX
Bepcusix PopTpanHa HET PEKYPCUH, TAK YTO TPOrPAMMA MOYKET
UCTIONTHATHCA 6e3 creka. C Apyroit CTOPOHBI, UCIIOTHEHNE TTPO-
TPaMMBI C peKypcueii MoXkeT OBITh Pean30BaHO W 0e3 CTEKa
(Toro xe 3ddexTa MOKHO JOCTHYD, HAIIPUMED, U C TIOMOLIBIO
CIIUCKOBBLIX CTPYKTYDP). Omnako, mas adhdexTusHoil peannsa-
AU TIOJIB3YIOTCH CTEKOM, KOTOPbIM, KAK MTPABUIIO, TONIEPIKU-
BAETCS HA, YPOBHE MAITMHHBIX KOMAH],.

PaccmorpumM cxemy opraHH3anyuyM Mara3wHa MEPUOJIA BbI-
HOJIHEHUd i npocTeiiniero caydas (Kak, HallPUMED, B S3bIKe
IMackanb), Korjga Bce nepemeHsuble B Maraszute (Qakruueckue
NapaMeTphl U JIOKATbHBIE IEPEMEHHbIE) UMEIOT U3BECTHDIE [TPU
TPAHCASAIMN CMerenns. Marasus CJIyKUT JiJisi XpAaHEHUs JIO-
KAJIbHBIX TIEPEMEHHBIX (M IapaMeTpoB) U ODpalleHus K HUM B
SABBIKAX, MOMYCKAIOMINX PEKYPCUBHBIE BBI3OBBI porieayp. Kmé
OfHON 3ajatieil, KOTOPYI HEODXOAMMO PEeNIaTh IPU TPAHCIS-
AU S3BIKOB € OJIOYMHON CTPYKTYpOil — obecriedeHne peain3a-
A MEXAHW3MOB CTATHYECKOU BJIOKeHHOCTH. [lycTh mmeercs
cnenyromuii pparment nporpaMmmvbr HA [lackase:

procedure P1;
var V1;
procedure P2;
var V2;
begin
P2;
Vi:=...
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V2:=...
end;
begin
P2;

end;

B npouecce BbImosHEHNs 3TOI OTPOrPAMMBI, HAXOJACH B
nporeaype P2, MBI JIOMKHBI UMETH JOCTYT K TIOCTETHEMY K-
3eMIUIAPY 3HAYEHUH IepeMeHHBIX IpOleayphl P2 M K 3K3eM-
MJISIPY 3HAYEHUN MEPEMEHHBIX MpOoNenypol P11, u3 KOTOpOit Obl-
Ja BbI3BaHa P2. Kpome Toro, HeoOX0anMO 0OecneInTh BOCCTa-
HOBJIEHHE COCTOAHMUA HPOI'PAMMBI IIPU 3aBEPIICHUM BBIIOJIHE-
HUA IPOLE/LYPBL.

MbI paccMOTPHUM JBE€ BO3MOYKHDBIE CXE€MbI JUHAMUYIECKOM
OpraHu3alluy MaMATH: CXeMY CO CTATHYeCKOH IENOYKOi u C
JUCILIEEM B aMATH. B mepBoM ciiyvyae BCe CTaTUYeCKHe KOH-
TEKCThbl CBA3aHbI B CIUCOK, KOTOPbBIM HA3LIBAETCA CMaMUYe-
cxol uenouwkol; B KaKJON 3ammcn AJid TPOLEIyphl B Mara-
3UHE XPAHUTCHA YKa3aTesb Ha 3aIUCh CTATUYECKH OXBATHIBAIO-
et mpoteaypsbl (MOMUMO, KOHEUHO, YKA3aTe s JUHAMUYCCKOT
yenouku — ykasarend Ha «0a3y» IUHAMWYECKH MPEIbIIyIIeH
upoueaypsl). Bo Bropom cirydae jiiis XxpaHeHus CCbIJIOK HA CTa-
THYECKHE KOHTEKCThI UCIOIb3YETC s MACCUB, HA3BIBAEMBbI duc-
naeem. Vlcmonb3oBanue TOM WA WHON CXEMBI ONpPEIesseTcs,
TIOMHUMO TIPOYUX YCJIOBUM, IIPeXkK e BCET'O YUCIIOM aJIPECHBIX pe-
TUCTPOB.

9.2.1. OpraHmsanusa Mara3mHa CO CTaTHYe-
CKOM IIEIIOYKOI1

Wrak, B ciydyae CTATHYECKON IENOYKH MAara3wH OPraHm30-
BaH, KaK 3TO M300paxkeno Ha puc. 9.1.

Takum 00pa3oM, Ha 3amKCh TEKyIeil MpoIeaypbl B Mara-
sune ykasbiBaer perucrp BP (Base Pointer), ¢ koroporo na-
YUHAETCH JUHAMAYECKAS IMenodka. Ha cTaTuveckyro Menouxy
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Munumansnonl aopec

CoXpaHeHHbIE PErUCTPBI
(BKJt04ast LP)

JlokanbHble apamMeTpbl Ob6mnacte

rocieaHei
— Ipenpiaymuii BP <«——BP | Bb3BaHHOI

HpoLeIypbl

Texymmit
CTaTHYECKUi
YPOBEHb

Touxka Bo3Bpara

®dakTHyeckue TapaMeTpbl

COXpaHCHHBIC PETUCTPBI

+«— LP

IIpenpiayumii LP

Mpenpiaymuii
CTaTUYeCKuit
YPOBEHb

JloxanbHble mapamMeTphl Delta

IIpenpiayumii BP

Maxcumanvhbiil adpec

Puc. 9.1.

ykazbiBaer perucrp LP (Link Pointer). B kauecrse perucrpos
BP u LP B pa3/IM4YHbIX CUCTEMAX KOMAaHI MOT'YT UCIOJIb30BATHCA
VHUBEPCATHHDBIE, AJIPECHBbIE WJIH CIelnalbHble PErucTphl. J1o-
KaJIbHBIE IIePEMEHHBbIE OTCUUTHIBAIOTCA OT perucrpa BP BBepx,
dakTrvecKkne mapamMeTpbl — BHU3 € YIETOM NMAMATH, 3AHATON
TOYKOM BO3BpaTa U CAMUM COXPAHEHHBIM perucrpom BP.
Bu3oB moamporpamMM pasgUIHOTO CTATHYIECKOTO YDPOBHS
TIPOU3BOJNTCS HECKOIBbKO To-paszHoMy. [Ipm BBIBOBE mOAIpO-
TPaMMBI TOT'O K€ CTaTUYECKOTI'O YPOBHS, UYTO U BBI3BIBAIOIIALA
nozanporpamMma (HaNpUMep, PEKYPCUBHbBIN BBI30B TOMH Ke ca-
MO NOANPOrPaMMBI), BBIIOJIHAIOTCH CJIELYIOUIAE KOMAHIbL:

3aHeceHne (QaKTHIECKHUX IIapaMeTpPOB B Mara3WH
JSR A
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Komanma JSR A npoasuraet ykazarenab SP, 3anocut PC Ha
BEpPXYINKY MAara3wHa W OCYIIECTBJISET MEPEXO/ 1O ajapecy A.
Ilocsie BhIMOTHEHWSA STHX KOMAH] COCTOSHUE MAara3WHa CTAHO-
BHUTCsI TAKUM, KAK TO u300pazkeHo Ha puc. 9.2. Sanecenue BP,
OTBeJIeHIe JIOKAJIbHBIX, COXPAHEHNE PErNCTPOB JiejlaeT BBI3bI-
BaeMast IIOAIporpaMma (CM. HUKE).

Texyumit
CTaTUYECKUIA
YPOBEHb

Touka Bo3Bpara +«——5SP

DakTHYECKUE apaMeTpbl

CoxpaHEeHHbIE PETHCTPhI
(Bkmrogast LP)

JloxabHBIe TapaMeTpsl

— Tpensiayiumii BP +«—BP

Touxa Bo3Bpara

DakTHYECKHE TapaMeTPhl

CoxpaHEeHHBIE PETUCTPhI

[penbrymuii LP «——1LP

Tpenpiaymmii
CTaTUYECKHH
YPOBEHb

JlokanbHbIE TapaMeTpsl

IIpenbiaymmii BP

Puc. 9.2.

[Ipu BBI30BE JIOKAJTBHON TOAIPOTrPAMMBI HEOOXOIUMO YCTa-
HOBUTH yKa3aTe/lb CTATUUECKOIO YPOBHA Ha TEKYUIYIO MOJIIPO-
rpaMMy, a IIPY BBIXO/E — BOCCTAHOBUTH €I'0 Ha CTapoe 3Ha4YeHue
(oxBarbiBatOwEll TEKY1YI0). [liist 9T0r0 UCHONHAIOTCH CELy 10
e KOMaHIbI:
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3aHeceHNe QaKTHYECKHX IIapaMeTpoB B MarasuH
MOVE BP, LP

SUB Delta, LP

JSR A

3rneck Delta — pa3mep JIOKAJIbHBIX BBI3BIBAOIIEH MOAIPO-
rpaMMbl IUTIOC JIBOfHAs JJIMHA CJIOBA. MaraswH 1ocje 3Toro
NPUHUMAET COCTOsHUE, m300parkénnoe Ha puc. 9.3. Ilpemxmno-
Jaraercsd, 9To perucTp LP y>Ke coXpaHEH cpeau COXpaHSIeMbIX
PerucTpoB, NpuyYéM CaMbIM EPBLIM (CPa3y HOCJE JIOKAJIbHbIX
MepEeMEHHBIX ).

[oce BBIXOMA U3 TOANPOrPAMMBI B BBI3BIBAIOIIEN MOMIPO-
rpaMMe BBINOTHSIETCS KOMAHIA,

MOVE (LP), LP

KOTOpasd BOCCTAHABIUBACT CTapoe 3HAYEHUE CTATHUYeCKOl Iie-
nouku. Ec/m BbIXOM OCYLIECTBJISICA M3 IOAIPOrpaMMbl 1-10
YPOBHS, 3Ty KOMaHY BBINOJHATH HE HAJI0, TTOCKOIbKY g 1-
'O YPOBHA HET CTATHUYECKOI IEeNOYKH.

IIpwu BBI30BE MOATPOrPAMMBI MEHBIIIETO, IEM BHI3HIBAIOIIAS,
YDPOBHA BBIIOIHAIOTCA CAEAYIONNE KOMaH/IbI:

3aHecenne GaKTHYECKHX IIapaMeTpoOB B Maras3WH

MOVE (LP), LP /* cTombko pa3s, KaKoBa PasHOCTH
ypoBHe¥ BH3HBawueil u BH3HBaemo# I */

JSR A

Tem caMbIM yCTAHABINBAETCS CTATHIECKUN YPOBEHD BBI3bI-
BaeMmoii noanporpammbr. Ilocse BbIxo1a 3 mOAIIPOrpPaMMbl Bbi-
TIOJTHSAETCST KOMAH/Ia,

MOVE -Delta(BP), LP

BOCCTAHABJIMBAIOIIAA CTATUYECKUH YPOBEHD BBI3BIBAIOIIEH IO -
TTPOTPAMMBI.
Temo mogmporpaMMbl HATHHAETCST CO CAEIYIONINX KOMAHI:

LINK BP , -pasMep_loKalbHHX
MOVEM - (SP)
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Texymmuit Touka Bo3BpaTa +«——SP
CTaTUYECKHI
YPOBEHbL dakTHYECKHE TapaMeTphl

CoxpaHEHHBIE PETUCTPhI

<+«— LP
Mpenpimymuii LP [F==—5
l_lpellbmymnfl JloKaJIbHBIE MapaMeTPhI Delta
CTAaTHYECKUH
YPOBEHb .
[Mpensr, i BP  |-----
peaAbIAYI BP

Puc. 9.3.

Komanma LINK BP, pasMep_llOKAIbHHX 3JKBUBAJIEHTHA
TPEM KOMaHJIAM:

MOVE BP, -(SP)
MOVE SP, BP
ADD -pasMep_JioKalbHHX, SP

Komamza MOVEM coxpamHsieT B Mara3uHe PerucTphbI.

B pesysiprare BbINOSHEHUS ITHX KOMAaHZ MAara3wH puod-
peraer Buj, u300paskéHHbIi Ha puc. 9.1.

Brixon 3 moanporpaMMbl OCYIIEeCTBIISIETCS CIeAYIONEN mo-
CJ1e/I0BATEJIbHOCTBIO KOMAH/I:

MOVEM (SP)+
UNLK BP
RTD pasMep_oakTUIeCKUX

Komanma MOVEM BOCCTAHABIWBAET PETUCTPHI U3 Mara3mHa.
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Komana UNLK BP 3KBHBaJIEGHTHA TaKOIl MOC/I€I0BATETLHOCTH
KOMaHJI:

MOVE BP,SP
MOVE (SP),BP
ADD #4, SP /* 4 - pasmep cmoBa */

Komanna RTD pasMep_¢paKTHIecKHX, B CBOIO OUepelb, K-
BHBAJICHTHA, OC/ICI0BATCILHOCTH

ADD pasmMep_odakTuueckux+4, SP
JMP -pazsmep_tarkTuueckux-4(SP)

ITocnie eé BbINOTHEHUsT Mara3uH BOCCTAHABJIMBAETCS 10 COCTO-
SHUST, KOTOPOe OBLIO 10 BBI30BA.

B zaBucumMocTu T HANMYNS JIOKAJBHBIX TEPEMEHHBIX, (haK-
THYECKUX MMAPAMETPOB W HEOOXOIMMOCTH COXPAHEHUS Peru-
CTPOB KaxKaad U3 3TUX KOMaHI MOZKET OTCYTCTBOBATb.

9.2.2. OpraHmsanus Mara3mHa C JIUCILJIEEM

Paccmorpum Ternepb OpraHM3alMio Mara3uHa C JUCILIEEM.
Hucnneii — sro maccus (DISPLAY) , i-ii 2/1eMeHT KOTOPOrO
npeacTapiaser coboil ykazarenab Ha O0JACTh AKTHBAIIAN IT0-
ciaenHell BbI3BAHHON MOIIPOrPAMMBI {-I'0 CTATHYECKOI'O0 YDPOB-
Hsi. JlocTyn K mepeMeHHBIM CaMOil BHYTPEHHEH TOIITPOrPaMMBbI
ocyimecTsisiercs depe3 peructp BP. Jlucmeit moxker ObITH pe-
agu30BaH aub0 Yepe3 PErucTpbl (€Cau UX JOCTATOYHO), Jubo
Jepe3 MACCHUB B IIAMSITH.

ITpu BbI30BE OPOUEAYPHI CIAEAYIOMEro (MO OTHOIIEHUIO
K BbI3bIBAIOLIEHT) YPOBHS B JIMCIIEE OTBOJUTCH OYEPEIHOMN
sjemenT. Eciu BRI3BIBAOINASA TPOIEIyPA MMEET CTATAIECKUI
YPOBEHbD %, TO TTPU BBHI30BE TTPOIEIYPHI YPOBHA § < ¢ 3JI€MEHTHI
JUACILIES J, ..., 1 JOJKHBI ObITH CKONMUPOBAHbI (OGLIYHO B CTEK
BBI3LIBAIOIIEH NPOLELYPhI), TEKYIUMM YPOBHEM CTAHOBUTCS j
u B DISPLAY[j] 3amocurcs ykazarenab Ha 0OJIACTb aKTUBAIUU
BBI3bIBAEMOl mponenypsl. [Io okomuanwu pabOTHI BHI3BIBAE-
MOl IPOLEyPhI COAEPKUMOE [IHUCILIEs] BOCCTAHABIMBAETCS U3
CTEKa.
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WHor/a ucnonb3yerca KOMOMHUPOBAHHAS CXeMa, — JTUCILIeH
B Marazune. Jucreil XpaHuTcs B 00JaCTH AKTUBAIMH KK IO
nporteaypbl. PopMHUPOBAHUE ITUCIIIEs [T TPOIELY Pl OCYIIIe-
CTBJISIETCS. B COOTBETCTBUY C IIPABUJIAMH, OIIMCAHHBIMY BbILIIE.

OtnenbHOTO paccMOTpenus TpebyeT BOMPOC O TEXHUKE TIe-
pemadan dakTudeckux mapamerpoB. KoredHo, B caydae mpo-
CTBIX TIAPAMETPOB (HANPUMED, Yucest) NpobieM He BO3HUKAET.
O1HaKO mepegada MacCUBOB 0 3HAYEHUIO — ONMEPAITU TOBOJIb-
HO J0pOrasi, TO3TOMY € TOYKM 3PEHUs SKOHOMUH TAMSITH IIe-
Jiecoobpa3Hee CHAYaIa B MOANPOTPAMMY TIepeJaTh aapec Mac-
CUBa, a 3aTeM yKe U3 TOJAIMPOrpaMMbl 10 &JIPECy MEpenaTh B
MarazwH caMm MaccuB. B cBs3u ¢ mepemadeil mapaMeTrpoB ciie-
JIyeT YIOMSAHYTh €€ OHO 0OCTOSITETHCTBO.

Paccmorpennast cxemMa OpraHu3alldd Mara3wHa, JOMyCTH-
Ma TOJBKO JJIsT SI3BIKOB CO CTATUYECKW M3BECTHBIMU Da3Mepa-
Mu QakTHIecKuxX napamerpon. OIHAKO, HAIPUMED, B SI3BIKE
Momyna-2 mo 3HaYeHUI0 MOXKET ObITh Mepegan THOKU MacCuB,
U B 9TOM CJIy4ae HEJb3f CTATUYECKH PACIPEICUTh HaMsTh
Jist mapaMerpoB. OOBIYHO B TAKUX CJIYUYASAX 3aBOJST TAK Ha-
3BIBAEMBIH «ITACTIOPT» MACCUBA, B KOTOPOM XPAHUTCA BCsT HEOO-
xoauMast HHGOpMaIHs, a CaM MACCUB PA3MEINAeTCs B Mara3une
B paboueii 06J1aCTH BBIMIE COXPAHEHHBIX PETUCTPOB.

9.3. HasnadueHue ajapecoB

Hasznauenue aapecoB NEpEeMEHHBIM, TApaMETPaM U TOJISTM
3anuceil TPOUCXOAUT TPH 00pabOTKe COOTBETCTBYIOMIUX O0b-
sipyieHuil. B OMHOMPOXOIHOM TPAHCIATOPE ITO MOXKET MPOU3-
BOJIUTHCS BMECTE € TIOCTPOEHHEM OCHOBHON TabJIUIBI CUMBO-
JIOB ¥ COOTBETCTBYIOLIME ajpeca (MM CMELIeHUs ) MOIYT Xpa-
HUTHCS B 9TOM Ke Tabuiie. B mpoMesxkyTOUHOM TTpeICTaBICHIH
Jluyep oObsIBICHNST COXPAHEHBI, YTO JEIaeT 3TO MPOMEKYTOY-
HOE MPEJICTABJICHNE MAITHHHO-HE3ABUCUMbBIM. HamoMuuM, 910
B Jlujep-nipecTaBieHny KaxKJIOMy OMHMCAHUIO COOTBETCTBYET
HEKOTOPBI HOMep. B mporiecce paboTh! rerepaTopa KOIOB mo/I-
aepxkuBaerca Tabsuna Table, B KOTOPOH MO 3TOMY HOMEPY
(BXOY) CONEPYKUTCA CIEAYIOAs WHMDOPMAIIHSL:
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— JAJIs THNIA: €ro pasMep;

— I IEPEMEHHOM: CMellienne B 00IacTh nponenypsr (uin
riobanbHOM obacTn);

— JIJIs TIOJ1A 3aIlUCH: CMellleHue BHYTPH 3alliCH;

— JAJId IPOLeNyPhI: PA3MeED JIOKAJIbHBIX IApaMeTpPOB;

— JJId MAaCCUBa: Pa3MeEP MacCuBa, pa3Mep IeMeHTa, 3Hade-
HUE JIEBOU U IIpABON I'DAHUIIBL.

Dyukuusa IncTab BeipabarbiBaeT ykazaresb (BXoi) Ha HO-
BBII 371€EMEHT TAOJIUIbI, TPOBEPss IPU ITOM HaJn4dnue CBOOOI-
HOM maMsATH.

1715 BBIYHCITEHMST IPECOB ONPEIETUM IJTd KAXKI0T0 00bsIB-
JIEHUsS [Ba CHHTE3UpyeMbIX arpubyTta: DISP 6yaer 0b603HaYIATD
CMEIIEHUE BHYTPU OOJACTH TPOUEAYDHI (MM €AUHUIBI KOM-
nusiiun), a SIZE — pasmep. Torma ceMaHTHKa NpaBUIa st
CIIUCKa, OObSABIEHUN IPUHIMAET BUJ,

RULE
DeclPart ::= ( Decl )
SEMANTICS
Disp<1>=0;
1A: Disp<1>=Disp<1>+Size<1>;
Size<0>=Disp<1>.

Bce o0bsiBienusi, kpoMme 00bsBIEHNH TEPEMEHHBIX, HMEIOT
HyJeBO#t pasmep. Pa3mep o0baBIeHNsT TEPEMEHHON OIpeaes-
eTCsA CIIEYIONUM TTPABUIIOM:

RULE

Decl ::= ’VAR’ TypeDes

SEMANTICS

Tablentry Entry;

0: Entry=IncTab;
Size<0>=((Table[VAL<2>]+1) / 2)%2;
// BHpaBHUBaHWe Ha TpPaHUIy CIOBAa
Table [Entry]=Disp<0>+Size<0>.

B kadecTBe mpuMmepa TPAHCIAIUYN OIPEICTICHNS THIIA PAC-
CMOTPUM 0DPAOOTKY OMUCAHUS 3AIMUCH:
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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;
// BHpaBHUBaHWEe Ha TPaHUIy CIOBa
}

Table[Entry<0>]=Disp.

9.4. TpaHcasanusa nepeMeHHbIX

Ilepementble OTparkaioT BCE MHOr00Opa3Me MEXAHU3MOB
jgocryna B sa3bike. [lepemenHast nvMeeT CHHTE3UPOBAHHBIN aTpu-
O6yT ADDRESS — 3TO 3amuch, OMUCHIBAIONIAS ATPEC B KOMAH-
me MC68020. Dror arpubyT COMOCTABASETCS BCEM HETEp-
MWHAJIaM, TPEJCTABJIAIONINM 3HadYeHus. B cucreme KOMaHT
MC68020 muOro crmocobOB afpecanuu, W OHU OTPAYKEHBI B
CcTpyKType 3Hadenua arpudOyrta ADDRESS, mMEIOIEro ciaemyro-
mIuii TUT:

enum Register
{po0,D1,D2,D3,D4,D5,D6,D7,
AO,A1,A2,A3,A4,A5,A6,5P,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;

};
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3uagenne perucrpa NO O3HAYAET, 9TO COOTBETCTBYIOIIWI
PErucTp B aapecanyy He NCIONb3YyeTCd.

JocTym K mepeMeHHBIM OCYIIECTBIISAETCH B 3ABUCHMOCTHU OT
WX YPOBHS: IJI00AJBHBIE TIEPEMEHHBIE APECYIOTCS ¢ TIOMOIIBIO
abCOTIOTHOI aapecarnuu; IepeMeHHble B MPOIEIyPe TeKYIIEero
YPOBHS aJPecyrTcst uepe3 peructp 0a3nl A6.

Ecin crek oprann3oBaH C MOMOIIBIO CTATHYECKON IEMOY-
KM, TO IIEPEMEHHBIE IPEABLIYIIErO CTATHIECKOrO YPOBHA aape-
CYIOTCS Uepe3 PETUCTD CTATHYECKOU 1enovykn Ab; mepeMeHHbIe
OCTAJIbHBIX YPOBHEH aIpecyroTcs «MpoberaHueM» 0 CTaTHYIe-
CKOM IENOYKe ¢ UCIOIb30BAHNEM BCIIOMOTIATEIBHOI'O PETUCTPA.
Anpec nepemenHoii dopMupyercs Ipu 00pabOTKe CTPYKTY-
DBI IEPEMEHHOI CIEBa HAIIPABO U MEPEIAETCA CHAYAIA CBEPXY
BHU3 KaK HaCaeayeMblil arpubyT HerepmuHasia VarTail, a 3a-
TeM TeperaéTcs CHU3y-BBEPX KAK TIOOATBHBIN aTpubyT HETED-
vunanaa Variable. Takum 06pa3oMm, mpaBuio jis OOpaIieHust
K mepeMeHHO# umeer Buj (mepBoe BXoxkjeHnue Number B mpa-
BYIO 9aCTh — 3TO YPOBEHBb MEPEMEHHOM, Bropoe — eé Jlumep-
HOMeED):

RULE
Variable ::= VarMode Number Number VarTail
SEMANTICS
int Temp;
struct AddrType AddrTmpl, AddrTmp2;
3: if (Val<2>==0) // T'mobanbHag IepeMeHHad
{Address<4>.AddrMode=Abs;
Address<4>.AddrDisp=0;
}
else // JlokanbHas IepeMeHHAd
{Address<4>.AddrMode=Index;
if (Val<2>==Level<Block>) // llepevennas
// Tekyumero ypoBHS
Address<4>.AddrReg=A6;
else if (Val<2>==Level<Block>-1)
// TlepeMeHHas HIpemHAYWErO YPOBHSI
Address<4>.AddrReg=A5;
else
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{Address<4>.Addreg=
GetFree (RegSet<Block>) ;
AddrTmpl.AddrMode=Indirect;
AddrTmpl.AddrReg=A5;
Emit2 (MOVEA,AddrTmpl,
Address<4>.AddrReg) ;
AddrTmp1l.AddrReg=Address<4>.AddrReg;
AddrTmp2.AddrMode=A;
AddrTmp2.AddrReg=Address<4>.AddrReg;
for (Temp=Level<Block>-Val<2>;
Temp>=2; Temp--)
Emit2(MOVEA, AddrTmpl,AddrTmp2) ;
}
if (Val<2>==Level<Block>)
Address<4>.AddrDisp=Table[Val<3>];
else
Address<4>.AddrDisp=
Table[Val<3>]+Table[LevelTab[Val<2>]1];

}.

Oyuknusi GetFree BbIOMpaeT odepeqHON CBOOOIHBIN pe-
ructp (AubO PErucTp JAAHHBIX, JUOO AIAPECHBIN PETUCTD) U OT-
MEeYaeT ero Kak HCIOIb30BaHHLIN B arpubyre RegSet Herep-
muHasTa Block. IIponenypa Emit2 renepupyer ABYXaJIpeCHYIO
KoMaH#ay. IlepBblit mapaMeTp 9TOM MPOIEaypPbl — KO KOMaH-
AbI, BTOPO# n Tpernii napaMerpsl uMetoT Tull AddrType u ciry-
KAT OMEePAHIAMU KOMAHIbI. CMeIleHne MePEeMEHHOM TeKYIIero
YPOBHS OTCUUTBIBAETC OT 6a3bl (AB), a APYrUxX ypOBHEH — OT
VKa3aTeNsd CTATAYICCKOU HEMOYKHU, IOITOMY OHO ONPEIeJIaeT-
cd Kak anrebpamvecKas CyMMa Pa3Mepa JIOKATBHBIX MapaMer-
POB U BeJWYWHBI CMeIeHus rnepementoii. Tabmuna LevelTab
— 9710 Tabsinua ypoBHEN NPOLELY D, COJepKalIAsl YKA3ATE U HA
TOCJIEIOBATEIBHO BJIOKEHHBIE TPOLIENYPHI.

Ecan crex opraHn3oBaH ¢ TOMOIIBIO AUCILIES, TO TPAHCIIS-
[HsT JITst TOCTYTIA K MEPEMEHHBIM MOXKEeT OBITH OCYIIECTBJIEHA
CIeIYIONNM OOPA3OM:

RULE
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Variable ::= VarMode Number Number VarTail
SEMANTICS
int Temp;
3: if (Val<2>==0) // T'mobanbHag IepeMeHHad
{Address<4>.AddrMode=Abs;
Address<4>.AddrDisp=0;
}
else // llokambHasd IepeMeHHAd
{Address<4>.AddrMode=Index;
if (Val<2>=Level<Block>) // llepemMenHas
// Tekymero ypoBHS
{Address<4>.AddrReg=A6;
Address<4>.AddrDisp=Table[Val<3>];
}
else
{Address<4>.AddrMode=IndPost;
Address<4>.AddrReg=N0O;
Address<4>.IndexReg=N0;
Address<4>.AddrDisp=Display[Val<2>];
Address<4>.IndexDisp=Table[Val<3>];
}
.

Paccmorpum Tpancisinuio jgoctyna K nosiaM 3anucu. OHa
onuceiBaercs ciuemyrommmM npasuioM (Number — 370 Jlumep-
HOMEp OIUCAHUS [10J1s):

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=



9.5. TpaHCasIUs eJIbIX BBIPAXKEHHIT 215

Address<0>.AddrDisp+Table[Val<2>];
else
Address<3>.IndexDisp=
Address<0>.IndexDisp+Table[Val<2>];

9.5. TpaHcasgnus HeabIX BbIPAXKEHU

TpaHCaAIUsA BHIPAXKEHUI PA3TUIHBIX THUIIOB YIPABISIETCS
CUHTAKCUYECKH OJarofapsa HAJUYHIO yKa3arTess TUIA Tepes
Kaxk g0 omeparnueii. MbI paccMOTpUM HEKOTOpBIe Hanbosiee Xa-
PakTepHbIe MPOOIEMBbI TeHEPAIIMK KOJA JTs BBIPAYKEHUH.

Cucrema komang MC68020 obsragaer nByMsi OCOOEHHOCTS-
MH, CKa3bIBAIOIIUMHUCS HA TEHEpaIy KoJa JJisi apudmMerude-
CKUX BbIpaXKeHuii (TO »Ke MOXXHO CKa3aTh U O PEHEPAlUU KO
ISl BBIDAXKEHUH TUIIA «MHOXKECTBAY ):

1) oauH w3 onepaHgoB BhIpayKeHust (MPaBbIi) JONKEH IPU
BBINOTHEHUN OTIEPAIIIN HAXOAUTHCS HA PETHUCTPE, MOITOMY €C-
nu oba omepaHja He HA PErucTpax, TO TepPel BBIIOTHEHHEM
OTEpAIlNN OJIMH W3 HUX HAJO 3arPy3UTh HA PETHUCTD;

2) cucrema KOMaH/1 JJOBOJIBHO «CUMMETPHYHA», TO €CTb HET
CTIEITUAJIBHBIX TPEOOBAHMI K PETUCTPAM TIPU BBITIOJTHEHUHN OTIe-
panuii (Takux, HAIPUMEP, KAK apbl PErUCTPOB WK TPeboBa-
HUST Y6THOCTH W T.11.).

ITosToMy BBIOOP KOMAHI IPU MeHEPAIINH APUPMETHIECKIX
BBIPAXKEHUI OTPEJIEIACTCA JAOBOIBHO IIPOCTBIMUA TAOIUIIAMHE
perenwit. Hanmpumep, s MEJIOYNCIEHHOTO CJIOYKEHUST TaKast
TabanIa TpuBeaeHa Ha, puc. 9.4.

31echk uMeeTcs B BuLy, 9T0 R — omepan Ha peructpe, V —
nepeMeHHast WU KOHCTaHTa. Takasa Tabiuiia perenuit JomKHa,
TaK’Ke YUYUTHIBATH KOMMYTATHBHOCTD OMEPAITHi.

RULE

IntExpr ::= ’PLUS’ IntExpr IntExpr

SEMANTICS

if (Address<2>.AddrMode!=D) &%
(Address<3>.AddrMode!=D)
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IIpaswrit ontepanm A2

R v
JleBnrit R | ADD A1,A2 | ADD A2, A1
oTepaHs,
Al

V | ADD A1, A2 | MOVE A1, R
ADD A2, R

Puc. 9.4.

{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>);
3.

9.6. Tpancnamuma  apudMeTHIECKNX
BBIPaKEHU

OpHoit u3 BakHeMIIMX 3a7a4 OPHA DPEHEpPaAlMKM KOLA sB-
JISETCST pacipele/ieHne PeruncTpos. PaccMoTpuM Xoporro mu3-
BECTHYI0 TEXHWKY DACIIPEIe/IeHUs] PEruCTPOB TIPU TPAHCIIS-
1y apuMETHIECKUX BhIPAYKEHNIT, HA3BIBAEMYIO AJITOPUTMOM
Ceru-Ynbmana. (3amenwanue: B 1essx Gosblieil HAMISIHOCTH,
B JAHHOM maparpade Mbl HEMHOTO OTCTYIAEM OT CEMAHTHKH
apudmerngeckux komang MC68020 u npeanonaraem, 9T0 KO-
MaHIa,

Op Argl, Arg2
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BBINIONTHsAET jeficTere Arg2:=Argl Op Arg2.)

IIycTs cucrema KOMAaHI MAIMIMHBI UMEET HEOrPAHUIEHHOEe
9UCI0 YHUBEPCAIBHBIX PETUCTPOB, B KOTOPBIX BBIMOJHIOTCS
apudmerndecKkue KOMaHabpl. PaccMoTpuM, KaK MOXKHO CreHe-
PUPOBATH KOJI, UCITOMB3Ys JJIsl TAaHHOTO apru(METHIECKOTO BbI-
pasKeHNs MUHIMAJIBHOE YHCIIO PETUCTPOB.

Puc. 9.5.

ITycTs nMeeTcs CHHTAKCUYECKOR JIEPEBO Bhiparkenusi. [1pen-
MOJIOYKUM CHadaJja, YTO paclpeiesieHHe PerucTpoB OCyIlie-
CTBJAETCH TI0 NPOCTENIIE cXeMe CBEPXY-BHU3 CIE€Ba-HAIIPABO,
KakK m300paxkeno ua puc. 9.5. Torma Kk MOMEHTY reHepanun Ko-
aa g nogaepea LR 3amaro n peructpos. Ilycrs moamepeBo
L tpebyet n; peructpos, a noaaepeBo R — n, perucrpos. Eciu
Ny = N,, TO TIpHU BbluucIeHnn L OymerT WCIoNb30BaHO N Peru-
CTPOB U 1o, pe3ybrar Oyxer 3auar (n + 1)-ii perucrp. Emgé
n,(= n;) permcTpoB GYAET MCIOIB30BAHO TP BBIYACIEHNA R.
Takum o6pazom, 0bIree IUC/I0 NCIOIB30BAHHBIX PETUCTPOB Oy-
JeT paBHO N + ny + 1.

Eciu n; > n,, To npu Beruuciaenun L Oymer wcmosb3o-
BaHO M peructpoB. llpu Bhramcaenuun R Oyner uCHOIb30Ba-
HO M, < N PErUCTPOB, U BCETO OYIET MCIOJB30BAHO He Oosee
qeM n + n; perucrpos. Ecau n; < n,, TO TOC/TE BBIAUCTEHUS
L nopn pesyabrar Gyjer 3aHar ogun perucrp (IpeaionoKumM,
(n + 1)-it) 1 n, perucTpoB GYIET MCIOTB30BAHO ISl BBIYHUCIIE-
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uusi R. Beero 6ymer ucnonp3oBano n + n,. + 1 peructpos.

Bumro, 9uTO A/1s1 1epeBbEB, COBMAIAOIINX C TOYHOCTHIO O
MOPSIIKA TIOTOMKOB KaXK/I0M BepINUHBL, MUHUMAJIHLHOE YHCIO
PErUCTPOB TIPU PACTPEIEEHAN UX CJIEBA-HAIPABO JTOCTUTAETCS
Ha JepeBe, y KOTOPOrO B KAXKIOI BEPIIWHE CIeBa PACIIOIONKEe-
Ho Hosee «CIOXKHOE» TOAAEPEBO, TPeOyIoInee OOBIIEro Inucaa
perucrpoB. TakuMm 0Opa3oMm, €Cin JAePEeBO TAKOBO, UTO B KarK-
JIOH BHYTDEHHEU BepIinHE MPABOE MOAAEPEBO TPEOYET MEHb-
IIIero 4ucjaa PEerucTpoB, deM JieBoe, TO, 0OX0Js JepeBo CJIeBa
HAIIPABO, MOXKHO ONTUMAJILHO PACIPEIEUTh PerucTphl. bes
MIEPECTPOMKY IePEBa ITO O3HAYAET, YTO ECJIU B HEKOTOPOI Bep-
LINHE JePeBa ClIPaBa PACIIOIOKEHO Dosiee CII0XKHOE TO/IIEPEBO,
TO CHAYaJIa CTeHEPUPYEM KOJI JJIsT HETO, a 3aTeM yiKe JJIst Jie-
BOI'O TIOJIIEPEBA.

Anropurm paboraer crenyonmm obpazom. Cradasia ocy-
MIECTBISETCS PA3METKA CUHTAKCHIECKOTO TEPEBa, MO CIIEIYIo-
UM TTPABUIIAM.

IIpaBuma pa3merku:

1) ecsim BepIMHA — MPABBIA JUCT WM JEPEBO COCTOUT U3
€IMHCTBEHHOH BEPIIMHBI, TIOMEYIAEM 3Ty BEPIIAHY YUCIOM 1,
ecsy BepIIMHA — JieBblil Jjuct, nomedaem eé 0 (puc. 9.6).

Puc. 9.6.

2) eciy BEPIIMHA UMEET NPAMbIX HOTOMKOB C METKaMU {1 U
l2, TO B KauecTBe METKM TOI BEPIIMHbBI BIOMpPaeM HauboJIbLee
u3 aucen i wnu lo ubo gucsio I + 1, ecm Iy = lo (puc. 9.6.).
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R| 2 R 11 R l1+1
op op op
R+1/71 1o\ R R 14 INR+1 R+ A 12N R

a) I <y 6) 1 > 1 B) 1 =19
Puc. 9.7.

OTa pasMeTKa IO3BOJISIET OIPEAe/IUTh, KAKOE 13 IOIIepe-
BbeB Tpedyer OOMBIIEro KOJMMIECTBA PETHCTPOB JIJIsi CBOEI'O BbI-
quciaenus. Jlajgee ocymecTBAseTCss pacupenesieHne PerucTpoB
JUIST PE3YJIBTATOB OMEpAInil IO CJIEIYIOIINM TPABUIAM:

1) KopHio Ha3HAYAETCs EPBbIH PETUCTD.

2) Eciu merka JIeBOro oTOMKa, MEHbIIE METKHU IPABOIO, TO
JIEBOMY MOTOMKY HA3HAYAETCsl PECUCTP HA €AUHUILY OOJIbIINii,
9eM MpPEIKY, a MPaBoOMy — C Te€M Ke HOMEPOM (CHAYa/Ia BbI-
YUCASAETCH MPABOE MOMAAEPEBO U €r0 Pe3yJIbTaT MOMEIIAETCsS B
peructp R), Tak 9TO PErUCTPbI 3aHUMAIOTCS [OCIEI0BATE b
Ho. Ecm ke MeTka j1eBoro moToMkKa G0IbIE W PABHA METKE
IPaBOro MOTOMKA, TO HA0OOPOT, TPABOMY IMOTOMKY HA3HAYAET-
Csl PETUCTD HA €IVHUIY OOJBIMNI, YeM TIPEIKY, & JIEBOMY — C
TEeM Ke HOMEPOM (CHAYAJIa BBIYUCASETCS JIEBOE MOIJIEPEBO U
€ro pesyJsbTaT MOMeIaeTcs B perucrp R — puc. 9.7).

[Tocye aToro dpopMupyercss KO Mo CASAYIOIMINM TTPABUIIAM

1) ecau Bepumna — npasbiii jucr ¢ Merkoit 1, To eii coor-
BETCTBYET KOJI,

MOVE X, R

rge R — perucrp, nHazHadeHHBIH 3TOH BepuimHe, a X — aapec
LIepEeMEeHHOM, CBA3aHHON ¢ BepuuHoii (puc. 9.8, 6);

2) eciiv BEpUIMHA BHYTPEHHsA U €€ JIeBbIi IOTOMOK — JIUCT
¢ MeTKoi#t 0, TO €t COOTBETCTBYET KO/

Kon mpasoro mopmmepeBa
Op X, R

rae R — perucrp, Ha3HA4YeHHBIN 3TON BepuinHe, X — agpec me-
DPEMEeHHOM, ¢BaA3aHHOI ¢ BepmnHOil, a Op — onepanusa, npuMe-
HéHHag B Bepumne (puc. 9.8, a);
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M
M

(©) &

Puc. 9.8.

3) ec/u HEOCPEJICTBEHHBIE IIOTOMKYU BEPILUHbLI HE JIUCThS
¥ METKA MPAaBOY BEPIIMHBI DOJIBINE UJIH PABHA METKW JIEBOH, TO
BepIIHMHE COOTBETCTBYET KO/

Kon mpaBoro mopgzmepesa
Koxm neBoro mommepesBa
Op R+1, R

rae R — perucrp, Ha3HAYCHHLIH BHYTDEHHEH BEpIIMHE, U OIe-
panus Op, BooOIIe roBops, He KoMmMmyTaTusHas (puc. 9.9, 6);

Puc. 9.9.

4) €C/IN HEeImoCPpEACTBEHHbIE IIOTOMKH BEPIOIMHBI HE JIUCTbA
1 ME€TKa HpaBOfI BEPIIHUHBI MEHBIIIE METKU JIEBOIt BEPIIUHBI, TO
BepImuHe COOTBETCTBYET KO/

Kon meBoro monmmepeBa
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Kon mpaBoro mopzepeBa
Op R, R+1
MOVE R+1, R

Tlocnennsisi KOMaHIA TEHEPUPYETCH IJIsi TOTO, 9TOOBI MO YUTh
Pe3yJbTAT B HYXKHOM perucrpe (B cly4ae KOMMYTATHBHOMN ome-
pamuu €€ OomepaHIbl MOXKHO IIOMEHSITh MECTAMU U H30eXKAaTh
JIOTIOTHUTEIBHOM mepechik — puc. 9.9, a).

Paccmorpum arpubyTHYIO cxeMy, peasu3yIOIIyI0 9TH Mpa-
BUJIa TeHepanuu Koia (nyis Gosibliell HArJISIHOCTU BXOJHAS
rPAMMATHKA COOTBETCTBYET OObIYHOM MH(MUKCHON 3aMUCH, & He
Jlunep-nupeacrapienuio). B a1oi cxeme renepanus Koma npo-
MCXOIUT He HEMOCPeACTBEHHO B Tpoliecce 00Xoma nepena, Kak
paHblle, a u3-3a HEOOXOAUMOCTH MEPEeCTaBJIATH IOJJIEPEBhs
KOJl CTPOUTCS B BHJIE TEKCTa, C ITOMOIIBIO OMEPAINH KOHKATE-
namnuu. [IpakTudeckn, KOHETHO, 3TO HEleaecoobpa3Ho: pa3yM-
Hee YIPAaBJIATH 0OX0I0M JAePeBa HEMOCPEACTBEHHO, OMHAKO JIJIs
IIPOCTOTHI MbL Oy/IeM [IOJIB30BATHCHA KOHKATEHALIMEH.

RULE

Expr ::= IntExpr

SEMANTICS

Reg<1>=1; Code<0>=Code<1>; Left<1>=true.

RULE
IntExpr ::= IntExpr Op IntExpr
SEMANTICS
Left<i>=true; Left<3>=false;
Label<0>=(Label<1>==Label<3>)
7?7 Label<1>+1
: Max(Label<1>,Label<3>);
Reg<1>=(Label<1> <= Label<3>)
? Reg<0>+1
: Reg<0>;
Reg<3>=(Label<1> <= Label<3>)
? Reg<0>
: Reg<O>+1;
Code<0>=(Label<1>==0)
? Code<3> + Code<2>
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+ Code<1> + "," + Reg<0>
(Label<1> < Label<3>)
? Code<3> + Code<1> + Code<2> +

(Reg<0>+1) + "," + Reg<O>
: 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>) 7 0 : 1;
Code<0>=(!Left<0>)
? "MOVE" + Reg<0> + "," + Val<1>
: Val<i>.

RULE

IntExpr ::= ’(’ IntExpr ’)’
SEMANTICS
Label<0>=Label<2>;
Reg<2>=Reg<0>;
Code<0>=Code<2>.

RULE
Op ::=’+?
SEMANTICS

Code<0>="ADD".

RULE
Op ::= -7
SEMANTICS

Code<0>="SUB".

RULE
Op ::= %’
SEMANTICS

Code<0>="MUL".



9.6. Tpancasaius apupMeTuIecKuX BbIPAXKEHHIT 223

RULE
Op ::= /7
SEMANTICS

Code<0>="DIV".

Expr
|
label =2
Intlli'xpr reg=1
/ Op\
label = 1
uucg, =1 I"tExI”’ IntExpr l‘é’;l
Op Op
label =0 label =1 label =0
reg=2 reg=1 reg=3 tabel— 1
IntExpr IntExpr IntExpr IntExpr r';gg:;
( )
Ident Ident Ident
(4) (B) (C) IntExpr Zg‘lz'
/ op\
label =0 label = 1
ar:g: 3 IntExpr IntExpr ra 3 e:
Ident Ident
(D) (E)
Puc. 9.10.

ATpubyTupoBaHHOe AepeBO i BbIparkeHus AxB+Cx (D+E)
npuseneno Ha puc. 9.10. IIpu 3Tom Oyzer cremepupoBan ciie-
AYIOMINAHN KOJ;:

MOVE B, R1
MUL A, R1
MOVE E, R2
ADD D, R2
MUL C, R2
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ADD R1, R2
MOVE R2, R1

ITpuBenénnas arpubyTHas cxema TpedyeT JABYX MTPOXOIOB
0 JepeBY BhIpaXKeHUs. PacCMOTPUM Termepsb JAPYryio arpulyT-
HYIO CXeMY, B KOTOPO# JOCTATOYHO OJTHOIO 00X0/1a JIJIsi TeHepa-
IUsI TIPOTPAMMBI JIJTsl BHIPAYKEHUH € ONTUMATBHBIM PACIPEIe-
JIeHueM peructpos [9].

[Iycth MBI IpOM3BEJN Pa3MeTKy JepeBa pa3dopa Tak ke,
KaK "M B IpeabayiieM aaropurme. Haznadgenue peructpos Oy-
JIeEM TIPOM3BOANTH CJEAYIOMIUM 00pa3oM.

JleBoMy HOTOMKY BCEra HA3HAYAETCd PETUCTD, PABHBIHA €ro
MeTKe, & TPABOMY — €ro MeTKe, eCjii OHa He PaBHA METKe ero
JieBoro Opara, u Metke + 1, eciim MeTKu paBHBI. [1OCKOMBKY
Gosiee CJIOZKHOE TOJIJIEPEBO BCETJA BBIMUCISETCS DaHbIile 00-
Jiee TIPOCTOTO, €r0 PErUCTP Pe3yabTaTa UMeeT OONbIIH HOMED,
geM JIO00H PErucTp, UCHOIB3YeMblll MpU BBIYUCIEHUN Gosee
[IPOCTOTO TOMJIEPEBA, UITO TAPAHTUPYET MPABUIBHOCTD UCHOb-
30BAHUST PETUCTPOB.

IIpuBenéumbie cooOparKeHUs PEANU3IYIOTCA —CJIEAYIOMeH
aTpubyTHOH CXeMOii:

RULE

Expr ::= IntExpr

SEMANTICS

Code<0>=Code<1>; Left<i>=true.

RULE
IntExpr ::= IntExpr Op IntExpr
SEMANTICS
Left<1>=true; Left<3>=false;
Label<0>=(Label<1>==Label<3>)

7 Label<1>+1

: Max(Label<1>,Label<3>);

Code<0>=(Label<3> > Label<1>)

? (Label<1>==0)

? Code<3> + Code<2> + Code<1>
+ "," + Label<3>
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: Code<3> + Code<1> + Code<2> +
Label<1> + "," + Label<3>
(Label<3> < Label<1>)
? Code<1> + Code<3> + Code<2> +
Label<1> + "," + Label<3> +
"MOVE" + Label<3> + "," + Label<1>
: // MeTRU paBHH
Code<3> + "MOVE" + Label<3> +
"," + Label<3>+1 + Code<1> +

Code<2> + Label<1> + ", " +
Label<1>+1.

RULE

IntExpr ::= Ident

SEMANTICS

Label<0>=(Left<0>) 7 0 : 1;
Code<0>=(Left<0>) 7 Val<i>
"MOVE" + Val<1> + "R1".

RULE

IntExpr ::= ’(’ IntExpr ’)’
SEMANTICS
Label<0>=Label<2>;
Code<0>=Code<2>.

RULE
Op ::= 7+’
SEMANTICS

Code<0>="ADD".

RULE

Op ::= -7
SEMANTICS
Code<0>="SUB".

RULE
Op ::= 7%’
SEMANTICS

225
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Code<0>="MUL".

RULE
Op ::= /7
SEMANTICS

Code<0>="DIV".

Komanapr mepechlaku TpeOYIOTCsT 15T COTTIACOBAHUA HOME-
POB PErUCTPOB, B KOTOPBIX OCYLIECTBJIAECTCA BBITOJIHEHHUE OIle-
pamnuu, ¢ perucTpamu, B KOTOPBIX JOJKEH ObITh BBIJAH pe-
3yJNbTAT. ITO UMEET CMBICJ, KOTIA 3TU PErUCTPhI pasubie. [1o-
JYHYUTHCA 3TO MOZKET W3-3a TOro, ITO IO HpI/IBe,ILéHHOIL/'I cxXeMme
PE3yJabTaT BBLINTOJTHEHUA Ol€pallui BCErJJa HaXOIUTCA B peru-
CcTpe C HOMEPOM MEeTKH, & METKH JIEBOI'O M IIPABOrO MOIAepe-
BbEB MOT'YT COBIIaJATh.

s Boipaskenusi A*B+C* (D+E) OyaeT cCreHepupOBaH CIIey-
FOIIUI KOJI:

MOVE E, R1
ADD D, R1
MUL C, R1
MOVE R1, R2
MOVE B, R1
MUL A, R1
ADD R1, R2

B npubenéunbx aTpubyTHBIX CXEMAX MPEANOIArAI0CH, IT0
PETHUCTPOB OCTATOWHO JIJIsT TPAHCISIINY JTHOOOTO BhIPAYKEHMWSI.
Ecan 970 He Tak, MPUXOAUTCS YCAMKHATH CXEMY TPAHCIIAIINAN
U TIpU HEOOXOAMMOCTH COPACBIBATH COJIEPIKHMOE DErMCTPOB B
namATh (MM MAarasuH).

9.7. TpaHcagnus JOTUYECKUX BbIpa-
JKEeHU

Jloruueckue BbIPpazK€HHU A, BK/IIIOYa0IMUe JIOTHIECKOE YMHO-
KeHue, JIOrn4eCKoe CJIIOXKeHHEe W OTpuIaHue, MOXKHO BBIYUC-
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JISTh KaK HEITOCPEICTBEHHO, UCIIOIb3Ys TAOIUII UCTUHHOCTH,
TaK U C TIOMOIIBIO0 YCIIOBHBIX BBIPAYKEHUN, OCHOBAHHBIX HA CJIe-
JYIOIIUX TTPOCTHIX MPABHUIAX:

A AND B skBuBasienTHO if A then B else False,

A OR B skBuBaJeHTHO 1f A then True else B.

Ecan B KadecTBe KOMIIOHEHT BBIPDAXKEHWI MOTYT BXOJUTH
dbysaKIMT ¢ T0009HBIM 3P dHEKTOM, TO, BOOOIIE TOBOPSI, PE3Y b
TAT BBIYUCIEHUS MOXKET 3aBUCETH OT Crocoba Bbruncaenus. B
HEKOTOPBIX sI3bIKAX TPOrPAMMUPOBAHNS HE OTOBAPUBAETCS, Ka-
KHM CIOCOOOM JIOJIZKHBI BEITUCIATHCA JTOTHIECKHAE BHIPAYKEHU S
(nanpumep, B [ackase), B HeKoTOpbIX Tpebyercs, 4TOObI BbI-
YUCJIEHHs] [IPOM3BOAUIKMCH TEM HJIM UHBIM criocoboM (Hanpu-
Mep, B Moayne-2 Tpebyercsi, 9T0OBI BBIPAXKEHU ST BBIUACISINCH
10 OPUBEIEHHBIM (HOPMYJIaM), B HEKOTOPBIX s3bIKAX €CTh BO3-
MOXKHOCTH $IBHO 33/]aTh crocob Bbraucienns (Cu, Aga). Boi-
YUCTEHUE JIOTHIECKUX BIPAXKEHU T HEIIOCPEICTBEHHO 110 TabJTH-
1AM UCTHHHOCTH AHAJIOTMYHO BBIYHCIEHUIO apU(MMETHIECKUX
BBIPAYKEHMUI, TOITOMY MBI HE Oy/IeM UX PACCMATPUBATH OTIEITh-
Ho. Pacemorpum monpobHee ¢mocod BBIUHUCIEHUS ¢ TTOMOIIBIO
npuBeIEHHBIX Bbime GopMys (6yJeM Ha3bIBATH €ro «BBHIYUC-
JIEHHEM C YCJIOBHBIMHU mHepexojgamu»). VHorna takoil crocob
pPacCMaTPUBAIOT KAK ONTHUMU3AINUIO BBIYHUCICHUSA JOTHIECKUX
BbIDAKCHUMN.

Paccvorpum crnemyroIryio arpuOyTHYIO TPAMMATHKY CO
BXOJIHBIM SI3BIKOM JIOTMYECKUX BBIPAYKEHUH:

RULE

Expr ::= BoolExpr

SEMANTICS

FalseLab<1>=False; TrueLab<1>=True;
Code<0>=Code<1>.

RULE

BoolExpr ::= BoolExpr ’AND’ BoolExpr

SEMANTICS

FalselLab<1>=FalselLab<0>; TrueLab<1>=NodelLab<3>;
FalselLab<3>=FalselLab<0>; TrueLab<3>=TruelLab<0>;
Code<0>=NodeLab<0> + ":" + Code<1> + Code<3>.



228 I'maBa 9. I'eHeparusi Kona

RULE

BoolExpr ::= BoolExpr ’0R’ BoolExpr

SEMANTICS

FalseLab<1>=NodeLab<3>; TrueLab<1>=TrueLab<0>;
FalseLab<3>=FalseLab<0>; TrueLab<3>=TrueLab<0>;

Code<0>=NodeLab<0> + ":" + Code<1> + Code<3>.
RULE

BoolExpr ::=F

SEMANTICS

Code<0>=NodeLab<0> + ":" + "GOTO" + FalseLab<0O>.
RULE

BoolExpr ::=T

SEMANTICS

Code<0>=NodeLab<0> + ":" + "GOTO" + TrueLab<0>.

3/ech TpeAoaaraeTcs, 9TO BCE BEPIIUHBI JEPEBa 3aHyMe-
POBaHbI U HOMED BepiuHbl JaéT arpudyT NodeLab. MeTku Bep-
IIIUH TIePEIAOTCs, KAK 3TO W300pazkeHo Ha puc. 9.11.

TrueLab FalseLab
FalseLab \ TrueLab \
/ AND\ TrueLab / OR FalseLab
FalseLab FalseLab TrueLab TrueLab
TrueLab ¢—————————— NodeLab FalseLab ¢——————————— NodeLab
Puc. 9.11.

Takum 0OpazoM, KaxKIOMY aTpubyTHPOBAHHOMY EPEBY B
9TOi aTpubyTHON IPAMMATHKE COMOCTABIIAETCSA KO, TIOJTYeH-
HBIH B pe3yaprare 00X0/a JIepeBa CBEPXY-BHU3 CIIEBA-HAIIPABO
caenyomum obpazom. Ilpu Bxone B Bepiimay BoolExpr rene-
pupyeTcsa eé HOMep, B BeplnHe F reHepupyerca Tekct GOTO
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snavenue ampubyma FalseLab<0>, B Bepiimre T — GOTO 3wHa-
yenue ampubyma TrueLab<0>. Hanpumep, 1/ BhIparxKeHus

FOR(CFANDTAND T ) OR T

MOYyYIUM  aTpuOyTHPOBAHHOE [I€PEBO, M300pParKEHHOE HA
puc. 9.12, u Koz,

Expr

TrueLab = True
BoolExpr FalseLab = False

/ NodeLab =1
TrueLab = True TrueLab = True

FalseLab =2 FalseLab = False
NodeLab =7 Boa|lExpr /Bo ale :
F TrueLab = True TrueLab = True
BoolExpr FalseLab=3 BoolExpr  FalseLab = False
/ \ NodeLab=8 NodeLab = 3
( )
TrueLab = True T

BoolExpr FalseLab =3

| NodeLab =4
/4/\’1\
TrueLab =5 TrueLab = True

FalseLab =3 ) —
NodeLab—9 BoolExpr BMIlExP i3
/4N l\
F TrueLab =6 TrueLab = True
BoolExpr FalseLab =3 BoolExpr FalseLab =3
NodeLab =10 | NodeLab =6
T T
Puc. 9.12.
1:7: GOTO 2
2:8:4:9: GOTO 3
5:10: GOTO 6
6: GOTO True
3: GOTO True
True: ...
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DTy JIMHEAPW3OBAHHYI) 3aMUCh MOXKHO TPAKTOBATH KaK
IPOrPaMMYy BBbIUUC/IEHUA JOTHYECKOI'O 3HAYeHMs: KaxK/1ad
CTPOKA MOKET OBITH MMOMEYEHA HOMEPOM BEDPIIUHBI W COAED-
2KaTh 00 mepexos Ha APYyTryIo CTPOKY, Jubo mepexon Ha True
nnu False, 9TO COOTBETCTBYeT 3HAYEHMIO BBIDAKEHUA true
mwm false. Bynem roBOpUTE, YTO MOTYYEHHAS TPOTPAMMA 6bi-
wucasem (WM unmepnpemupyem ) 3SHa4eHUe BbIPAKEHUS, €CJIU
B pe3yJibTare €€ BbIIOJIHeHUs (OT IepPBOil CTPOKH) Mbl IPUIAEM
K cTpoke, coaepzkamein GOTO True mau GOTO False.

YrBepxmerue 9.1. B pesyavmame uHmMepnpemayuy
noddepesa ¢  HEKOMOPHIMU  SHAYEHUAMU  AMPUOYMOS
FalseLab u TrueLab 6 €20 kopHe GHINOAHAETNCA KOMAHOG
GOTO Truelab, ecau 3Hauerue GLPAHCEHUA UCTUNHO,
u xomanda GOTO Falselab, ecau 3Hauenue 6wupactceHus
AOHCHO.

Hokazarenscrso. lIpruMeHM WHAYKIIAIO IO BBICOTE IEpe-
Ba. s mepeBbeB BBHICOTHI 1, COOTBETCTBYIONINX MIPABUIAM

BoolExpr ::= F wu BoolExpr ::=T,
CIIPABE/IJIMBOCTD yTBEPAKIEHUS Clle/lyeT U3 COOTBETCTBYIONINX
atpubyTHHIX npasui. [lycts nepeso mmeer BbicoTy 1 > 1. 3a-
BHCHUMOCTb aTPUOYTOB JJIsl TUIBIOHKIIUN U KOHBIOHKIIUH [PU-
BeZleHa Ha puc. 9.13.

Ecian pis KOHDBIOHKIINY 3HAYEHWE JIEBOTO MOJIIEPEBA, JIOXK-
HO ¥ [0 MHJAYKIHMU BBIYUCJIEHUE JIEBOI'O II0J/IePEBA 3aBepIia-
erca koMaHnoit GOTO FalselLab<1>, ToO nmomyvaem, YTO BBI-
HUCACHAE BCErO JIEePEeBa 3aBepIIaeTCd KOMAHOOU Iepexona
GOTO FalseLab<0> (= FalseLab<1>). Eciu e 3nadeHne je-
BOI'O MOJiIepeBa HMCTHUHHO, TO €r0 BBIYUCJIEHHE 3aBEpIIaeT-
ca komaHmoil nepexoma GOTO TrueLab<l> (= NodeLab<3>).
Ecin 3navyenue npaBoro mnomjiepesa JIOXKHO, TO BBIYUCJIEHUE
BCEro JiepeBa 3aBepinaercs KomMauaoii GOTO FalseLab<0> (=
FalseLab<3>). Eciu e OHO MCTHHHO, BBIYHCJIEHNE BCETO Jie-
peBa 3aBepiiiaercsd KoMaHaol nepexona GOTO TrueLab<0> (=
TrueLab<3>). Anpanoruyno — 119 IM3BIOHKIINAA. |

YrBepxnerue 9.2. Jasa 41006020 102UNECKO20 8LLPANCEHUA,
COCTNOAULE20 U3 KOHCMAHT, NPOLPAMMG, NOAYYEHHAA 6 Pe-
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FalseLab<0>
TrueLab<0>

FalseLab<3> = FalseLab<0>
TrueLab<3> = TrueLab<0>

FalseLab<1> = FalseLab<0>
TrueLab<1> = NodeLab<3>

FalseLab<0>
TrueLab<0>

FalseLab<3> = FalseLab<0>
TrueLab<3> = TrueLab<0>

FalseLab<1> = NodeLab<3>
TrueLab<1> = TrueLab<0>

Puc. 9.13.

ayavmame obxoda depesa 2MO20 GHIPANCEHUA, 3ABEPUIA-
eMCA CO BHAYECHUEM AO2UNECKO20 GbLPANCEHUA 6 00b1uHot
UHMEPNPEMAUUY, O eCTNb OCYULECTNBALCTNCA NEPETod Ha,
True 0aa 3HAuEHUA, PABHO20 LTue, U Neperod Ha MemKy
False dasa snavenusa false.

JokazareqpcTBO. DTO YTBEPKIAECHNUE SIBISETCS] 9aCTHBIM
caydaeM npeapiiyiiero. Ero cipaseimBocTs cieayer u3 Toro,
4YTO METKH KOPHf JepeBa paBHLI COOTBETCTBEHHO Truelab —
True u FalselLab = False. [ ]

HobaBuM Tereph HOBOE IPABUJIO B MPEIBIAYIIYIO TPaMMa-
THKY:

RULE

BoolExpr ::= Ident

SEMANTICS

Code<0>=NodeLab<0> + ":" + "if (" + Val<1l> +

"==T) GOTO" + TrueLab<0> + "else GOTO" +
FalseLab<0>.
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Torma, manpumep, st Boipaxkenwss A OR (B AND C AND
D) OR E momy4mM CIeAyIONIyIO MPOrPaMMYy:

1:7: if (A==T) GOTO True else GOTO 2
2:8:4:9: if (B==T) GOTO 5 else GOTO 3

5:10: if (C==T) GOTO 6 else GOTO 3

6: if (D==T) GOTO True else GOTO 3

3: if (E==T) GOTO True else GOTO False
True:

False:

IIpu ka;kI0M KOHKpPETHOM HaboOpe JAHHBLIX 3Ta MIPOrpaM-
Ma TPEBPAIAETCS B MPOTIPAMMY BBIUHUCICHUST JIOTHIECKOTO
3HAYEHUS.

VrBepxzmernue 9.3. B xaorcdoti cmpoxe npozpasmovl, chop-
Mmuposarnoli npedwdyuseti ampubymmoli cxemot, odha u3
MEMOK BHYMPU, YCAOBHO20 ONEPATNOPA COBNATAEM € MEM-
Kot caedyroueti cmporu.

JlokazarenpcTBo. elicTBUTETBHO, TTO TPABUIAM HACTIEIO-
Bauusi arpubyTosB Truelab u FalseLab, B mpaBujax JJist Tu3b-
IOHKIAYA U KOHBIOHKINHU b0 arpubyt FalseLab, nmubo arpu-
O6yT TrueLab mpuHUMAaeT 3HAYEHHE METKHU CJIEAYIOMEro MOAae-
peBa. Kpome Toro, kak 3uadenne FalselLab, Tak u 3HaYUEHNE
TruelLab, mepearoTcst B TpaBoe TOIEPEBO OT TIpeaka. Takum
06pa3oM, caMblii MPaBbIil MOTOMOK BCErIa UMEET OIHY W3 Me-
TOK TrueLab myu FalseLab, paBHyIO MeTKe MpaBoro 6para, co-
OTBETCTBYIOIETO HOIIEPEBA. Y YUTHIBAS MOPAJIOK TeHEePaIuu
KOMAaH/I, IOJIy49aeM CHPaBeIJIMBOCTE YTBEDPXKICHUA. [ |

JononuuM Tenepb aTpubyTHYI0 TPAMMATHKY CJI€LYIOINM
0bpazoM:

RULE

Expr ::= BoolExpr

SEMANTICS

FalselLab<1>=False; TrueLab<1>=True;
Sign<i>=false;
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Code<0>=Code<1>.

RULE

BoolExpr ::= BoolExpr ’AND’ BoolExpr

SEMANTICS

FalseLab<1>=FalseLab<0>; TrueLab<1>=NodeLab<3>;
FalselLab<3>=FalseLab<0>; TrueLab<3>=TrueLab<0>;
Sign<l>=false; S5ign<3>=3ign<0>;

Code<0>=NodeLab<0> + ":" + Code<1> + Code<3>.
RULE

BoolExpr ::= BoolExpr ’0R’ BoolExpr
SEMANTICS

FalseLab<1>=NodeLab<3>; TrueLab<1>=TrueLab<0>;
FalselLab<3>=FalseLab<0>; TrueLab<3>=TrueLab<0>;
Sign<i>=true; Sign<3>=8ign<0>;

Code<0>=NodeLab<0> + ":" + Code<1> + Code<3>.
RULE

BoolExpr ::= ’NOT’ BoolExpr

SEMANTICS

FalseLab<2>=TrueLab<0>; TrueLab<2>=FalseLab<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> + ":" + "GOTO" + TrueLab<O0>.
RULE

BoolExpr ::= Ident

SEMANTICS

233
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Code<0>=NodeLab<0> + ":" + "if (" + Val<1> +
"==T) GOTO" + TruelLab<0> + "else GOTO" +
FalseLab<0>.

IlpaBuna wacmemoBanus arpudOyTa Sign NOpWBEAEHBI HA
puc. 9.14.

Sign Sign Sign<0>
A ND\ OR \ NOT

Sign = false Sign Sign = true Sign Sign<2> = not Sign<0>

Puc. 9.14.

IIporpammy xkesmarenbHO CPOPMUPOBATH TAKHM 00pPa3oM,
4TOOBI else-MeTKa ObLIa KaK pa3 MEeTKOH CJIeIyIoNeil Bepim-
Hbl. Kak 370 MOXKHO CIe/aTh, CAeAyeT U3 CAEAYIOIEro yTBep-
K JIEHUS.

YrBepxmerue 9.4. B wxaowcdoll mepmunasvholi sepuwiute,
memxa bauscatiuezo npasozo 0AA Heé noddepesa pasna
snauenuro ampubyma Falselab 2amot eepuwunss, mozda
U MoAbKO mozda, Koz2da 3navenue ampubyma Sign smot
8EPUUHDL PASHO true, U Haobopom, Mmemra bauxcatiwezo
npaeozo das Heé moddepesa PaBHG 3HAMEHUINO GMPUOYMA
Truelab asmotl eepuwuns, moada U MoAbKO Mmoz20a, Koz20a
anauenue ampubyma Sign paswo false.

Jokazarenscrso. HeiictBuTenbHo, ecnu Oauskaiieir 006-
melt BepmuHO# ABagerca AND, TO B J1€BOTO IOTOMKA Iepena-
érca NodeLab mpasoro nmoromka B kauectBe TruelLab u omHO-
BPEMEHHO Sign mpaBoOro moToMka paseH true. Fcam xe 6sn-
2Kajfimet obeit BepmmHOi sBisgercda OR, TO B JIEBOrO OTOMKA,
nepenaérca NodeLab mpaBoro moTromka B KadecTBe FalseLab
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M OIHOBpEMeHHO Sign mpaporo moTomka pasen false. Bo Bce
2Ke IIpaBble ITIOTOMKU 3HaueHnd Truelab, FalseLab u Sign me-
pejaiorcd u3 npeaka (3a ucksodeHueM npasuia jga NOT, B
kKoropoM Truelab u Falselab mMenarwrca mecraMu, HO OJHO-
BPEMEHHO Ha [TPOTHBONOIOXKHBIA MeHseTcs W Sign). u

DTtu npa yreepkaeHns (3 u 4) MO3BOMSIOT 3aMEHNTH MO-
CIeHee IPABIIIO ATPUOYTHON IPAMMATHKY CJIEIYIOMUM 00pa-
30M:

RULE
BoolExpr ::= Ident
SEMANTICS
Code<0>=NodeLab<0> + ":" +
(Sign<0>
7 "if (" + Val<i> + "==T) GOTO" + TrueLab<0>
"if (" + Val<1> + "==F) GOTO" + FalseLab<0>).

B cBoo ovepennb, Mpu reHepanui MaIlTUHHBIX KOMaHI 3TO
NIPABUJIO MOXKHO 3aMEHUTDb Ha ClIeyIollee:

RULE

BoolExpr ::= Ident

SEMANTICS

Code<0>=NodeLab<0> + ":" + "TST" + Val<1l> +

(Sign<0>
? "BNE" + TrueLab<0>
"BEQ" + FalseLab<0>).

Takum obpaszom, mast Bbipakenmss A OR (B AND C AND
D) OR E moiyuwmM Clemayromuii KOJ Ha KOMAHIAX TEPEeX0/a:

1:7: TST A
BNE True

2:8:4:9: TST B
BEQ 3

5:10: TST C
BEQ 3

6: TST D
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BNE True
3: TST E

BEQ False
True: ...
False: ...

Eciu ameMeHTOM TOrMYecKoro BHIPAXKEHUs sIBJISIETCST CPAB-
HEHUE, TO TeHePUPYeTCs KOMAHIA, COOTBETCTBYIONAS 3HAKY
cpaBuenus (BEQ gnst =, BNE ggia <>, BGE mig >= u T.1.), €c-
s aTpudyT Sign COOTBETCTBYIOINIEH BEPIINHBI UMEET 3HAYECHHE
true, u orpunanue (BNE g =, BEQ gz <>, BLT qyid >= 1 1.1.),
ecan arpubyT Sign nmeer 3uauenue false.

9.8. Brpigesgenue obmmx MmoaBBIPaXke-
HUIA

Brorgenenne obmux MOABLIPAYKEHUT OTHOCUTCS K ODJIACTH
onTuMu3anuu nporpammM. B obmiem ciayuae TpyaHO (Miam ma-
JKe HeBO3MOXKHO) [POBECTH I'DAHUILY MEXK/y ONTHMHU3auueil u
«KA4eCTBEHHOW TpaHcssueiis. OnruMusanus — 9T0 U eCTb
KadecTBeHHASA TpaHCasus. OObIYHO TEPMUH <«ONTUMU3ALINS>
ynoTpebJIsitoT, KOr/ia /jisl TOBBINIEHUsS KAaYecTBa, MPOTrPAMMBbI
HCIIONL3YIOT €€ ryboKme mpeobpa3oBaHusa TaKne, HAIIPHUMED,
Kak mepeBo, B TpadoByi0 (DOPMY [T M3y UeHUsT HETPUBHATb-
HBIX CBOHCTB IPOIPAMMBI.

B sTom cmbicsie BhimemeHne OOMUX TOIBBIPAXKEHUH — OJI-
Ha m3 mpocTefimux onTuMu3annii. as e€ ocylecTBIeHus
TpebyeTca HEKOTOpPOe MpeodpasoBaHUE MPOTPAMMBI, 8 WMEH-
HO MOCTPOEHHUE OPUEHTHUPOBAHHOIO ALUMKJIMIECKOro rpada, o
KOTOPOM TOBOPUJIOCH B TJIABE, MOCBSAIIEHHON TPOMEXKYTOUHBIM
MIPEICTABIEHUSIM.

Junetinpili yuacmox — TO MOCIEAOBATEIBHOCTH OIIEPATO-
POB, B KOTODPYIO YIPABJIEHVE BXOAWT B HAYAJE U BBIXOIUT B
KOHITEe 663 OCTAHOBKY U TIEPEX0/1a U3HYTPHU.

Paccmorpum fepeBo JUHEHHOrO ydacTKa, B KOTOPOM Bep-
[IMHAMY CITYZKAT OIEPAIUY, a IIOTOMKAMHU — orepanipl. Byjaem
TOBOPHUTh, UTO JBE BEPIITUHBI 00PA3YIOT obujee nodeviparcerue,
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€CJIN TIOJIEPEBbS I HAX COBITQAIOT, TO €CTh UMEIOT OINHAKO-
BYIO CTPYKTYDPY U, COOTBETCTBEHHO, OJNHAKOBbBIE Ollepalliy BO
BHYTPDEHHHUX BEPIINHAX W OJWHAKOBbIE OIEPAaHIbl B JIUCTbAX.
Brigesnenne o0iux 1noaBbIpazkeHuil IO3BOJIAET MEHEPUPOBATH
JJIs1 HAX KO/, OWH Pa3, XOTA MOKEeT MPUBECTH U K HEKOTOPHIM
TPYIHOCTSAM, O 9€M BKPATIE OyIeT CKa3aHO HUXKE.

Brinenenne obmux moaBbIpaXkeHuil MpOBOAUTCA HA JIHHEH-
HOM y4YaCTKe M OCHOBBLIBAECTCA HA JBYX MOJOXKEHUAX.

1. TlockonbKy Ha JHHEHHOM YYaCTKE MEPEeMEHHON MOXKET
OBITH HECKOJIBKO MPUCBAWBAHWM, TO TPU BBIIETEHUU OOIIAX
MOIBBIPAYKEHWH HEOOXOIMMO PA3INYIATh BXOXKIEHUS TTEePEeMeH-
HBIX JI0 W TIOC/Ie MTpUcBanmBanusd. s 3TOro KaxKas rnepeMen-
Has CHaOKaeTCs CIETINKOM. BHagane cIéTInKy BCeX epeMeH-
HbIX ycranaBiauBaoTca pasabivu 0. [Ipn kaxkmom npucsamsa-
HUU IIEPEMEHHOI €€ CYETUYMK yBeJInYuBaeTcs Ha 1.

2. Boimenenve obImux mOABBIPAYKEHUMA OCYINIECTBIISIETCS TIPU
00xoze nepeBa BBIPDAXKEHWsI CHU3Y BBEPX CIeBa Hampaso. [lpu
JIOCTHXKEHUU OYEPEIHON BEepIIUHbI (MIyCTh ONEpalUs, IPUME-
HEHHAs B 9TOI BEPINHUHE, 6CTh OMHAPHAS Op; B CJIydae YHAPHOM
ollepauyy PaccyKJeHUs Te 2Ke) IpocMarpuBaeM O0Iue noi-
BBIPaXKeHUsI, CBSI3aHHBIE C 0p. FCM mMeeTcst BhIpayKeHue, CBs-
3aHHOE C 0p U TaKOoe, UTO ero JIeBbLi onepaH ecThb obiiee 1mo/I-
BBIpaKEHHE C JIEBBIM OIEPaHJOM HOBOI'O BbIpaXKeHWd, a Ipa-
BBIH OTepaHs - 00Iee MOABBIPAKEHNE C TPABBIM OMEPAHIOM
HOBOT'O BBIPAKEHUSI, TO O0bABIAEM HOBOE BBIPAKEHHE OOIIIM
C HallJIeHHbIM UM B HOBOM BBIDAa;KEHUM 3aIIOMUHAEM yKa3areJb
Ha HalizenHnoe obiee BhIpazkeHue. Baznucom mocTpoenus Cry-
KWUT TIEPEMEHHAs: €CIM ONepaHIaMu 000UX BBIPAYKEHUN SBJIs-
IOTCS OIMHAKOBDLIE TIEPEMEHHDBIE C OJIMHAKOBBIMH CUETINKAMU,
TO OHU SABJIAIOTCA OOIUMU TIOBbIparKenusiMu. FKcin Bhipake-
HUe He BBbIJEJIEHO KaK 00Iee, OHO 3aHOCUTCS B CIIMCOK OIEPa-
Ui, CBA3aHHBIX C OP.

PaccvoTrpum Temepb peanu3anuio aJropuTMa BbIIETEHUS
obrmx  monBbipaxkenuit. [logmepuBaroTcs caeaymoOmme riio-
OaJIbHbIE TIEPEMEHHbBIE:

Table — TabanIa MEepeMEHHBIX; I/ KayKIOH mepeMeHHOi
xpanutcs eé cuéruuk (Count) u ykazaresb HA BEPLIUHY JE€PEBA
BBIpaKEHMI1, B KOTOPOH ITepeMeHHas BCTPEeTUIacCh B MTOCTIeTHUH
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pa3 B npaBoii yacru (Last);

OpTable — Tabumua cuuckos (tuna LisType) obmux noj-
BBIpazKeHMi, CBA3AHHBIX € KaxKao# omeparmeii. Kaxkapiit dme-
MEHT CHHUCKa XPAHUT YyKAa3aTesJb Ha BEPIIMHY nepesa (mose
Addr) u npomomxkeHue crucka (mone List).

C KakI0il BepIIMHON IepeBa BBHIPAYKEHUST CBI3aHA, 3AIIHCH
trna NodeType, €O CclreayOIAMA TOJAAMUA:

Left — seBblii IOTOMOK BEPUINHBI,

Right — mpaBblit TOTOMOK BEpIIWHBI,

Comm — yKa3zaTeJsib Ha MpeJplayIiee o0Iee MoABbIpaKeHue,

Flag — npusHak, fBJsSeTCs JU 0/1ePEBO ODIIMM IIO/IBbI-
DaxkKeHueM,

Varbl — npusHak, gBad4eTcd JIU BePLUIMHA IIEPEeMEeHHOH,

VarCount — CYETYUK TepeMeHHO.

Boiesienve obnmx 1moiBbIpazkKeHul U MOCTPOEHUE JIEPEBa OCY-
IMECTBAAIOTCS MPUBEIEHHBIMU HUXKEe TpaBuiaaMu. Arpubyr
Entry merepMmmHasa Variable maéT yKasaTeslb HA TepeMeEH-
Hyio B Tabnune Table. Arpubyr Val cumBosna Op maér ko
omepamuu. Atpubyt Node cumBomoB IntExpr w Assignment
JAET yKas3aTelb Ha 3anuch Tuna NodeType COOTBETCTBYIOLIErO
HETEPMUHAJIA..

RULE

Assignment ::= Variable IntExpr

SEMANTICS
Table[Entry<1>].Count=Table[Entry<1>].Count+1.
// YBemmuuTh CUETUMK NPUCBAMBaHUE IepeMeHHOR

RULE
IntExpr ::= Variable
SEMANTICS
if ((Table[Entry<1>].Last!=NULL)

// TlepeMeHHas yXe OHIa MCOONb30BAaHA

&& (Table[Entry<1>].Last->VarCount

== Table[Entry<1>].Count ))

// C Tex mop HepeMeHHOH He O6HUIO NPHUCBAUBAHUA

{Node<0>->Flag=true;

// TlepeMennas - ofljee TOIBHpaxeHWe
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Node<0>->Comm= Table[Entry<1>].Last;
// VrazaTenp Ha oblLjee HOIBHpaxeHWe
}

else Node<0>->Flag=false;

Table[Entry<1>].Last=Node<0>;

// YrasaTenb Ha IOCIefHEee WCIONb3OBAaHWE IE€PEMEeHHOH
Node<0>->VarCount= Table[Entry<1>].Count;

// HoMep umCHONB30BaHUA IIEpPEMEHHOMI
Node<0>->Varbl=true.

// BhpaxeHue - IepeMeHHas

RULE

IntExpr ::= Op IntExpr IntExpr

SEMANTICS

LisType * L; //Tun cuuckoB omeparuu

if ((Node<2>->Flag) && (Node<3>->Flag))
// W cupaBa, um cieBa - obmye HNOIBHpPaXeHHU:
{L=0pTable[Val<1i>];
// Hadamo cmmcka obmux NOABHpAaXeHUH IJd OIepaIyun
while (L!=NULL)

if ((Node<2>==L->Left)
&& (Node<3>==L->Right))
// JleBoe m mpaBoe IOLLEPEBbS COBIALAKNT
break;
else L=L->List;// Cuenmyoumii smeMeHT cIuCKa
}
else L=NULL; //He obmee momBhpaxeHnue

Node<0>->Varbl=false; // He mepeMenHas
Node<0>->Comm=L;

// VxasaTens Ha Tpempyllee obljee TOMBHpPaXeHUe
// wunm NULL

if (L!=NULL)
{Node<0>->Flag=true; //06mee momBHpaxeHUe
Node<0>->Left=Node<2>;
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// VrasaTenp Ha JeBoe IOLILEPEBO
Node<0>->Right=Node<3>;
// VrazaTesp Ha IpaBoe IOLLEPEBO
}
else {Node<0>->Flag=false;
// [aHHOe BHpaxeHWe He MOXET PaCCMATPUBATHCS
// xak obumee. Ecimm ofumero momBHpaxeHWs C
// DaHHEM He 6HJIO, BKJINYNTH NAaHHOE B CIHCOK
// mns oneparmu
L=alloc(sizeof (struct LisType));
L->Addr=Node<0>;
L->List=0pTable[Val<1>];
OpTable[Val<1>]=L;
}.

PaccvoTrpuM Teneph HEKOTOPBIE IIPOCTHIE MPABUIA PACIPE-
JeJIeHNs PErUCTPOB MPY HAIWYNK OOIMNX MOABBIpaxkenmii. Ec-
JIM 9HCJIO PETHCTPOB OIPAHUYEHO, MOYKHO BBIOPATH OHWH W3
CITeTYIOIINX JIBYyX BApUAHTOB.

1. llpu obHapy>keHUU ODINErO MOABBIPAYKEHUSI C TOIBBIPA-
JKEHUEM B YK€ MPOCMOTDEHHON [YacTu gepesa (U, 3HAYUT, C
y¥Ke PACHPEeIeEHHBIMY DErUCTPAMHU) IPOBEPAEM, PACIONOKE-
HO JIM ero 3HadeHwe Ha peructpe. Ecim ga, m ecnm peructp
MOCJIE TOTO HE MEHJICH, 3aMEHAEM BbIYUCJIEHUE TTO/IJIEPEBA HA
3HaYeHUEe B perucrpe. Ecam perucrp MeHsICsi, TO BHIYUCIAEM
TIOJIBBIPAKEHNE 3aHOBO.

2. Beomauwm emé oaun npoxon. Ha mepBoMm mpoxose pacrpe-
nesisieM perucTpbl. Ecium B HEKOTODO# BepIiiuHe 00HAPYKUBA~
ercs, 9TO €8 MOAepeBo 00IIIee ¢ yKe BBIYNCIEHHBIM paHee, HO
3HAUEHHE PErucTpa MOTEPSHO, TO B TAKOW BEPIIHWHE HA BTO-
POM TIPOX0/ie HEOOXOINMO CreHepUPOBATh KOMaHIy cbpoca pe-
TUCTPa B pabOUyI0 TaMsTh. BeIUTphIit B Koge 6yaeT, eciv cTo-
MMOCTb KOMAHIBI ¢OPOCa PErucIpa + AOCTYH K MAMITH B TI0-
BTOPHOM HCIIOJIB30BAHUU ITOH NMaMATH He MPEBOCXOJIUT CTOU-
MOCTH 3aMeHAeMoro nogaepena. [IocKoIbKy CTOMMOCTD KOMaH-
bl MOVE wm3BecTHa, MOXKHO CPABHUTL CTOMMOCTH W IPUHATH
OITUMAJIbHOE PELIEHUe: [IOMETUTD IPEbLILYILYI0 BEPIIUHY /15
cOpoca OO BBHIYUCISTE TOAAEPEBO TIOTHOCTHIO.
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9.9. Tpancaauma o00BHEKTHO-OPUEHTU-
POBAaHHBIX CBOWCTB SI3BIKOB TIPO-
rpaMMUPOBaHUSI

B atom pazgaene 6yayT paccCMOTPEHBI MEXaHU3MbI TPAHCIIS-
1u H6A30BBIX KOHCTPYKITHH OObEKTHO-OPUEHTUPOBAHHBIX S3bI-
KOB IIPOTPaAMMUPOBAHASA, & UMEHHO HACIEJOBAHUSA U BUPTYaJlb-
HbIX (PYHKIMIT Ha npuMepe a3bika C++.

9.9.1. BupryanbHble 6a30BbIe KJIACCHI

K omucarenio 6a30B0ro Kiaacca MOXKHO J0OABUTEL KIIOUEBOE
cnoBo virtual. B arom ciyyae eqMHCTBEHHBIN MOTO0HEKT BUP-
TYaJbHOrO 0a30BOrO KJACCA PA3AEIAETCS KaKIBIM 0Oa30BbIM
KJIACCOM, B KOTOPOM TOT, MCXOIHBIN, OA30BBIf KJIacc ompese-
JIEH KaK BUPTYaJIbHbIH.

[TycTs MBI UMeeM CAEAYIONIY0 HePAPXUI0 HACTEIOBAHMUS:

class L {...}

class A : public virtual L {...}
class B : public virtual L {...}
class C : public A, public B {...}

DTO MOXKHO N300PA3UTH CIEAYIONIEH THarpaMMOil KJTacCOB:

L

C

Puc. 9.15. Inarpamma KJ1accos.

Kaxapiit o6bekt A unu obbexkT B 6yner coaepxarb L, HO
B 06bekTe C Oyuer CylecrBOBarTh JUllb OJUH OO0bEKT KJacca
L. Acuo, uTo nmpencraBiaerHne 00bEKTa BUPTYATHHOTO HA30BOTO
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Kyaacca L He MOXKeT ObITh B OIHOM M TOH Ke MMO3UIAN OTHOCH-
renbHo U A, u B 1714 Bcex 00bekToB. CleI0BaTeIbHO, BO BCEX
00bEKTAX KJIACCOB, KOTOPBIE BKIIOYAIOT Kjaacc L Kak BHUPTY-
JIbHBIH 0A30BBII KJIACC, JO/DKEH XPAHUTHCs yKasaresab Ha L.
Peanuzamust A, B u C 06beKTOB MOr1a Obl BHITJISIIETE CIETY-
TOIMIM 00pa3oM:

A* aptr = new A; apir - T ap—

YHacrs L

* — : >
B* aptr = new B; bptr Yacre B

YHacrs L

C* aptr = new C -
cptr Yacte A

Yacrs B
Yacrs C
Hacrs L

Puc. 9.16. Peammsanua A, B u C' 06beKTOB.

9.9.2. MHo>KeCTBEHHOE HacCJIeJOBaHUEe

NMmesn nBa xsacca
class A {...af (int);}
class B {...Dbf (int); }
MOXKHO OOBABHTH TPETUH KJACC C 3TUMH JIBYMSA B KA9ECTBE
0a30BbBIX:
class C : public A, public B {...}

O6mbekT knacca C' MOXKeT OBITh PA3MEIIEH KaK HEpPEpPbhIB-
HBI O0OBLEKT BUIA:

Yacts A
Hacts B
Yacts C

Puc. 9.17.
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Kakus crydae ¢ eIMHUYIHBIM Hac/JaeJOBaHueM, 371eCh He T'a-
PaHTUDPYETCA NOPAAOK BbIACJICHUA ITaMATH OJIA 0a30BbIX KJIaC-
COB, IIOTOMY obbekT knacca C' Moxker BBITJIAOETH 1 TaK:

YHacty B
Yacte C
Yacts A

Puc. 9.18.

Hocryn K wieny kiaacca A, B win C peajausyerca B TOYHO-
CTU TAK 2Ke, KAK ¥ Ui eIMHUIHOIO HACJICIOBAHUS: KOMITHIISI-
TOP 3HAET MOJIOKEHNEe B 00HEKTE KaKIOTO UIeHa U TIOPOXK IaeT
COOTBETCTBYIOIINI KOI.

Ecnm ob6bekT pa3Mmemién B MaMsaTH B COOTBETCTBUH C IEP-
BOH JguarpaMmoii: cHadasa dacrb A 00beKTa, a 3aTeM YacTH
B u C, 1o BbI30B dyukiuu - wieHa kiacca A wiu C 6ynger
TAKWM JKe, KK BbI30B (DYHKIINU-UJIEHA TP eIMHIIHOM HACTIe-
noBanuu. Bei3oB (pyHKIMH-41eHa Kaacca B mas obbekTa, 3a-
JaHHoro ykasarenaem Ha C, peanm3yercs HECKOIBKO CIOXKHEe.
Paccmorpum

C* pc = new C;
pe — bi(2);

®yukuus B :: bf() ecrecrBenno npeanonaraer, 4To eé mapa-
Merp this sieyisiercs ykazareiem Ha B. UTobBI monyunTh yKa-
3aresib Ha 9acTh B obbekra C, ciieyeT 106aBUTH K YKA3ATETIO
pc evertienne B orHocuTenbao C' - KOHCTAHTY BPEMEHH KOMITH-
Jsnuu, KoTopyto Mbl 6yaem HassiBarh delta(B). CoorHomenue
yKazareJisi pc U ykasareJsi this, nepegapaemoro B B::bf, noka-
3aHO HUKE.

pc >

Yacts A i Delta(B)
this gna B::bf -

Yacts B

Yacrs C

Puc. 9.19.



244 I'maBa 9. I'eHeparusi Kona

9.9.3. EnmnmvyHOe HacCJIeOOBaHWE W BUPTY-
ajapHbIe PYHKIINN

Ecaun xmacce base conep:KuT BUpPTyaabHyo GyHKIMO vf, a
kJace derived, TOPOKAEHHBIN 110 KJIacCy base, TakkKe COmep-
KT QYHKOMIO vf TOro »Ke THIa, TO obpamieHne K vf g
obbekTa Kiaacca derived Boi3biBaer derived :: vf ngaxke npu
JIOCTyTIe Yepe3 yKasaTesdh MW CChIIKY Ha base. B Takom ciy-
qae TOBOPAT, YTO (DYHKIKS MPOM3BOIHOTO KJIACCA TOAMEHSET
(override) dbyukuuio 6azoBoro kjaacca. Eciu, 0JHaKO, THIIbI
9TuX (PYHKIUHE PasIudHbl, TO (GYHKIUA CUATAIOTCA PA3IAU-
HBIMHU U MEXaHW3M BHPTYaJIbHOCTH HE BKIIOIAETCS.

Bupryanbubie GyHKINNT MOXKHO PEATU30BATH TIPU TTOMOIITH
Tabauubl yKasareneil Ha BupryaabHble ¢yskiuu vibl. B cioy-
4ae eMHUYHOTO HACJIEIOBAHUS TabJIUIIa BUPTYAIbHBIX (DYHK-
muil Kjaacca Oymer comep:KaTh CCHLIKM Ha COOTBETCTBYIONIHE
dbyHRUMA, a KAKIBIH 00bEeKT TAHHOTO KJiacca OyaeT comep-
2KaThb yKazaresb Ha Tabsuiy vtbl.

class A {
public:
int a;
virtual void f(int);
virtual void g(int);
virtual void h(int);
b
class B : public A {
public:
int b;
void g(int);
b
class C : public B {
public:
int c;
void h(int);
J&

O6mbekT kmacca C Oymer BBINISAAETH TPUMEPHO TaK:
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int a; &A:: f
vptr &B g
int b &C ::h
int ¢

Puc. 9.20.

9.9.4. MHO>XKeCTBEHHO€E HAaCJIEJOBAHNE U BUP-
TyaJibHbIe (DYHKIIUN

IIpu MHOXKECTBEHHOM HACJEIOBAHUHU BUPTYyaJIbHBIE (DYHK-
MY Peau3yI0TCsa HECKOJIBKO CJIOKHee. Paccmorpum ciemyro-
mue o0bABICHNA:

class A {
public:
virtual void f(int);
};

class B : {
public:
virtual void f(int);
virtual void g(int);
};
class C : public A, public B {
public:
void f();
b

ITockonbky Kiacc A mopoxkaéH 1o KnaccaMm A u B, KaxKapiii
u3 caenyoomux Ber3oBos Gyaer obpamareea kK C' :: f() (camras,
9TO KaXKJbIH M3 TPEX yKasaresaeidl CMOTPUT HA OODBEKT KJIACCA

C):

pa — f()
pb— £()
pe— f()
Paccmorpum, nis npumepa, Boi3oB pb — f(). Ilpr Bxome

B C :: f ykazarenb this no/zkeH yKasblBaTrb HA HAYAI0 00b-
ekta C, a He Ha yacTh B B HéM. Bo BpeMsi KOMOUJIAIMU BO-
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o0111e TOBOps HE U3BECTHO, yKasbiBaer jin pb Ha dacts B B C.
Hanpuwmep, n3-3a T0r0, 910 pb MOKET OBITH MPHUCBOEH IIPOCTO
ykazarenb Ha 00bekT B. Tak uro Benmymna delta(B), ymoums-
HyTag BbIILIE, MOXKET ObITb PA3JUYHON /s PA3HBIX 0OBEKTOB
B 3aBMCUMOCTH OT CTPYKTYPBI KJIACCOR, TIOPOKIACMBIX U3 B 1
JTONIZKHA TJe-TO XPAHUTCS BO BPEMS BBLITOJHEHUS.

Caenosarenbuo, delta(B) I0MKHO rue-TO XPAHUTbCA U
OBITH JOCTYIHO BO BpeM# HCIIOMHEHHsA. IIOCKOIBKY 3TO CMe-
HIEHHE HYXKHO TOJBKO [JIS BUPTYAJBbHOrO BBI30Ba (DYHKUMH,
JIOTUIHO XPAHUThL €ro B TabJIUIE BUPTYATHHBIX (DyHKITHIA.

Vkazarennb this, mepenaBaeMmblii BUPTyaabHOM (yHKINH,
MOKET OBITh BBIYMCICH MyTEM BLIYUTAHWUS CMEIEHUs 00beK-
Ta, JJIs KOTOPOro ObLIa ONpefeseHa BAPTyadbHas (DyHKIHUA,
U3 CMemeHns O0bEeKTa, AJid KOTOPOrO OHA BBI3BAHA, 8 3aT€M
BBIYMTAHUS 3TOM PA3HOCTH W3 YKAZATEIS, NCTIONB3yEeMOTO TIPH
BbI30Be. 3nech 3navenue delta(B) Gymer HeoOXOAUMO IS 110~
ucka Hadasa oobekra (B Hamem caydae C), comepxaiiero B,
no ykazaremo Ha B. CrenepnpoBaHHBIN KO BLIYTET 3HAYCHUE
delta(B) u3 3HaueHns yKa3aresid, Tak 9TO XPAHUTCH CMEIeHUe
co 3uakoM munyc, -delta(B). O6bekr kiacca C Oyaer Bblruis-
JIeTh CJIEIYIONTAM 0Opa30M:

vtbl nna A s C

delta(Bl i ————{ &C: f] 0 |

| uwactp A
pb vptr — vtbl g B B C
qacTte B
gacte C' &C :: f] -delta(B
&B:g| 0
Puc. 9.21.

Tabnuia eupryanbubix dyukimit vthl nng B B8 C orauya-
ercs ot vtbl gnst ormenbHo pasmernénnoro B. Kaxxmas komOu-
HaIus 6A30BOTO M MPOU3BOLHOTO KJIACCOB UMEET CBOIO TAOINILY
vtbl. B obuiem ciaydae 00bEeKT IPOM3BOJHOIO Kjacca Tpebyer
tabiuuy vtbl s KaxkI0ro 6a30BOr0 KJACCa IJIOC TabJiuily
JUISL TIPOM3BOAHOrO KJIACCA, HE CUMTAs TOrO, YTO IPOU3BOIHBIN
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KJIACC MOYKeT pa3nesisith Tabsuily vtbl co cBouM mepBbiM 6a30-
BbIM KjaaccoMm. Takum obpaszom, mjist obbekTa Tumna C' B 9TOM
npumepe tpebyerca ape Tabmauupl vtbl (tabmuua g A B C
obbenunena ¢ tabsmueil gua C' 00bekTa u emé oaHa Tabanna
HyxKHa 11 B obbexra B C).

9.9.5. BupryanabHbie 6a30BbI€ KJIACCHI C BUP-
TyaJbHBIMI (PYHKITUIMU

[Mpu Hanwuum BUPTYATBHBIX DA30BBIX KJIACCOB MOCTPOEHUE
TabJInI 7151 BHI3OBOB BHPTYAJIbHBIX (DYHKIINH CTAHOBUTCS OO-
Jiee CJI0XKHBIM. PaceMoTpuM ciaeayioniue O0bsaBIeHA:

class W {
public:

virtual void f();

0
virtual void g();
virtual void h();
virtual void k()

b
class MW : public virtual W {
public:
void g();
b
class BW : public virtual W {
public:
void f();
b
class BMW : public BW, public MW | public virtual W {
public:
void h();
b
OrHollleHre HACTEAOBAHUS [IJIsi HTOTO TPUMEPA MOXKET
ObITh M300PAKEHO B BUJIE AIMKIXIECKOro rpada Takum 00-
pazom:
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W{f,g,h, k}

Iy

BWA{f} MW{g}

BMW {h}

Puc. 9.22.

Oyuknun-4ienbl kgacca BMW wmoryT wucnonb30BaThCs,
HaIIPUMED, TaK:

void g(BMW*pbmw)

{pbmw — f(); // pei3biBaer BW :: f()
pbmw — ¢(); // se3bBaer MW :: g()
pbmw — h(); // BbzeiBaer BMW :: h()

}

PaccvoTpum  Temepb  CIEAYIONINYT  BBI3OB BUPTYAILHOMN

bysxmmm f():

void h(BMW*pbmuw)
{MW*pmw = pbmuw;
pmw — f(); // seeiBaer BW :: f(), moromy, uto

// pbmw yxaswiBaer na BMW | mjst kotoporo f Gepércs
u3 BW!

b

Bupryanbublii BbI30B GYHKIHY [0 OHOMY IIyTH B CTPYKTY-
D€ HACJIeTOBAHNA MOYKET MPUBECTH K O0pAIleHuio K QyHKINH,
[IepeONpeIesIEHHON Ha IPYTOM IIyTH.

Crpykrypa 00bekToB Kiacca BMW u ero tabuuu BuptTy-
anbHBIX QYHKINH vtbl MOTYT BBITISIAETH CIEAYIOIIAM 0OPA30OM:
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vtbl nist BW 8 BMW
&BW:f |0
&MW:g |0+ delta(MW)
&BMW ::h| 0+ delta(BMW)

vptr ———— &W ik 0+ delta(W)
ac, BW vtbl as MW 5 BMW
vptr - —

gacte MW &BWf 0— delta(JWW)

wacts BMW| &MW:g |0
— &BMW ::h| deltaBMW ) —deltaQIW)

qacts W &W:k delta(W') — delta(MW)
vtbl nss W B8 BMW

&BW:f |0 —delta(W)

&MW g | delta(MW) — delta(W)

&BMW ::h| delta(BMW) — delta(W)

&W :k 0

Puc. 9.23.

Bupryanbuoit GyHKINKT T0IKEH OBITH TEPEIAH YKA3ATED
this Ha 00BEKT KJIaCCa, B KOTOPOM 3Ta (PYHKIUs ommucana. I1o-
TOMY CJI€/IyeT XPAHUTh CMEIIEHHE [IJisi KAXKJOTO YKA3aTesis
dbyuruym u3 vtbl. Korma 06beKT pa3Menién B MaMsITH TaK, KaK
970 n300paXKEHO BBIIIE, CMEIIEHVWEe, XPAHUMOE C yKa3aTeJaeM
BUPTYaJbHON (DYHKIMHU, NCUUCIISIETCS BRITUTAHUEM CMEIIEHUsT
KJlacca, JJj1s KOTOPOro 3ta tabauia vthl co3gaHa, U3 CMeIeHus:
KJIACCA, MOCTABJAIONEro 3Ty dyHKImo. PaccmorpuM mpumep:

void callvirt(w*pw)

{ pw — f():

1

main ()

{ callvirt(new BMW);

}

B dyukmun main Be130B callvirt ¢ ykazarenem ua BMW
TpebyeT mpuBeAeHUd K ykazaremao Ha W, mockombky hyHK-
uust callvirt oxxupaer napamerp tuna W*. Tak kak dyHkuus
callvirt poeBaer f() (depes ykazarenp Ha BM W, npeobpa-
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30BaHHBIHA K ykazareno na W), 6yier ucnonb3osana tabanua
vtbl knacca W (B BMW), rue yka3aHo, 4T0 9K3eMILIAPOM BUP-
ryasbHOll dyakiuu f(), KOTOPYIO HY?KHO BBI3BaTh, ABJISAETCSH
BW :: f(). Yro06sbr nepenars dynkuun BW :: f() ykasarenb
this ma BW, ykaszarenb pw I0/KeH OBITH BHOBb TPUBEIEH
K ykazareno na BMW (Boramranuem cmernenus s W), a
3areM K ykazaremno Ha BW (nobasienuem cmemenus BW B
obberre BMW). 3nadenue cvemenns BW B obbekre BMW
vunayc cmerernne W B obbekre BMW u ecth cMmerienune, xpa-
HuMOe B cTpoke Tabsuibt vthl ans w 8 BMW nna dyukiun
BW :: f().

9.10. T'enepamus ONTUMAJILHOTO KO-
Ja MeTOOaMu CUHTAKCUYECKOTrO
aHa/JIn3a

9.10.1. ComnocraBjieHnEe 00pa3IOB

Texnnka reHepaluu KoJa, PACCMOTPEHHAsT BBINIE, OCHOBbI-
BAJIACh HA OJHO3HAYHOM COOTBETCTBUHU CTPYKTYPBI MPOMEXKY-
TOYHOTO MPEACTABJIEHUS U OIMUCHIBAIONIEN 9TO MPEICTABJIEHNE
rpammaruku. HegoctarkoMm Takoro «»KECTKOr0» TOIXO0/Ia, ABJIsA-
€TCs TO, 9YTO KaK [IPABUJIO OJIHY U TY K€ IPOrPAMMY HA IPOMe-
2KYTOYHOM A3bIKE MOXKHO PEaIM30BATh MHOTUMHU PA3JINYHBIMUA
crrocobaMu B CHCTEMe KOMAHJ MAIHHBI. JTH DA3HbIE PEAJH-
3alyUy MOTYT MMETh PA3JINYHYIO JIJINHY, BPEMS BBITOJHEHUST U
apyrue xapakTepuctuku. it reneparum 60ee Ka4eCcTBEHHO-
T'0 KOJIa MOXKET ObITh TPUMEHEH TOIXO0/1, W3JIOKEHHBIH B HACTO-
el raaBe.

DTOT MOAXO] OCHOBAH Ha, MOHATUHU «COTIOCTABJIEHUsT 0Opa3-
IIOB»: KOMAHIAM MAITUHBI COMOCTABJISAIOTCS HEKOTOPBIE «00-
Pa3Ubl», BXOXKIEHUS KOTOPBIX WIMYyTCS B MPOMEKYTOIHOM
MIPEICTABJIEHUH TTPOTPAMMBI, W JEJIAETCS TOMBITKA «TOKPBITH»
MIPOMEXYTOUYHYIO IPOrpaMMy TakuMu obpasmamu. Ecam 310
yAaércs, TO 10 00pa3iaM BOCCTAHABJIMBAESTCS IIPOIDAMMA y2Ke
B komax. Kaxjoe Takoe MOKDPBITHE COOTBETCTBYET HEKOTO-
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po#l mporpamMMe, peaju3yolleid OJHO U TO YKe IIPOMEXKYTOIHOe
opeacraBaeHue.

+

AN

const (a) const (x) @ const (5)

|

+
/\ |
const (b) const (y) +

N

const (i) const (z)

Puc. 9.24.

Ha puc. 9.24 nmokazaHO TPOMEKYTOTHOE AEPEBO IS Ole-
paropa a = b[i] + 5, rme a, b, i — JIOKATBHBIE MEPEMEHHBIE,
XPaHUMBIE CO CMEIIEHUSAMHA T, Y, Z COOTBETCTBEHHO B 0DIACTIX
JAHHBIX C OTHOMMEHHBIMH 3/IpECAMU.

DyIeMeHT MaccuBa b 3aHUMAET TaMATh B OTHY MAaIIAHHYIO
enuanly. (0-MecTHas onepanus const BO3BpAIIAeT 3HAYMEHHE
aTpubyTa COOTBETCTBYIOIIEH BEPIIWHBI TPOMEKYTOTHOTO JIe-
peBa, YKA3aHHOIO HA PHUCYHKE B CKOOKAX IMOCJE OMepaTopa.
OHoMecTHas onepariis @ 03HAYAET KOCBEHHYTO aIPECAIAI0 U
BO3BPAIIIAET COJAEPKUMOE PETUCTPA UM sSTIHKHN MaMATH, TMe-
OLIEeH agpec, 3aJaBaeMblil apIyMEHTOM OIEPaIUn.

Ha pwuc. 9.25 nmokazan npuMep COMOCTaBJIEHU: OOPA3IOB
MAalIMHHBIM KOMaHjgaM. [IpuBeneHbl gsa BapuaHTa 3aJaHUs
obpasna: B BHAE NepeBa ¥ B BHUIE NPABUIA KOHTEKCTHO-
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Ne O6pasen [IpaBuiIo rppaMMaTHKK Komanna / croumocts
Reg
1 | Reg — const MOVE #const, R 2
const
R
2 +  Reg(j) | Stat - '=''+' Reg const Reg MOVE Rj, const(Ri)| 4
Reg (i)  const
@ Reg(j)
3 + Reg — '@ '+ Reg const MOVE const (Ri), Rj| 4
Reg (i)  const
+ Reg
4 /\ Reg — '+' Reg const ADD f#const,R 3
Reg const
+ Reg (i)
5 /\ Reg — '+ Reg Reg ADD Rj,Ri 2
Reg () Reg(j)
/+\R€g (@)
Reg() @
6 | Reg — '+' Reg'@' '+' Reg const | ADD const (Rj) ,Ri 4
+
Reg (j) const
@ Reg(i)
7 | Reg — '@ Reg MOVE (Rj),Ri 5
Reg (/)
Puc. 9.25.

cBOOOIHON rpaMMaruku. g Kaxkaoro obpasna yKa3aHa Ma-
IMMUHHAST KOMAHIa, PEATU3YIONIAasi TOT 0Opas3ell, U CTOMMOCTh
3TOU KOMaHBbI.

B xazkmom gepese-o0pasiie KOPEHb HN JINCT MOXKET OBITh
LOMEYEH TEPMUHAJbHBIM U /UM HETEPMUHAJBHBIM CUMBOJIOM.
BuyTrpennue BepimvHBI TOMEUYEHBI TEPMUHAJBHBIMU CAMBOJIA-
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Mu — 3Hakamu oneparuit. [Ipu HamokeHnn 00pa3Ia Ha Jdepe-
BO BBIPAXKEHWsI, BO-MEPBBIX, TEPMUHAIBHBIA CHMBOI 00pa3ma
JIOM2KEH COOTBETCTBOBATH TEPMUHAJIBHOMY CUMBOJY JEPEBa, U,
BO-BTOPBIX, 00Pa3Lbl JOIKHBI «CKJIEUBATHCA» [10 TUIY HETEP-
MUHAJBHOTO CUMBOJIA, TO €CTh THII KOPHS 00PAa3Ia JIOMYKEH COB-
MaJaTh C TUIIOM BEPIIUHBI, B KOTOPYIO 00pa3el] MOICTABIAeTCsT
kopueM. JlommycKaeTcs: NCIOMb30BAHNE «IIEMHBIX» 00PAa3IoB, TO
ecTb 00OPAa3IOB, KOPHIO KOTOPBIX HE COOTBETCTBYET TEPMHUHAIb-
HBIA CUMBOJI, © MMECIOUIMX €JIMHCTBEHHBIA 3JICMEHT B HPaBON
qacTtu. llennbie mpaBuia CIyXKaT IJisi TPUBEJICHUsST BEPIIWH K
onHOMy Tuity. Hampumep, B paccMaTpuBaeMoii CHCTEME KOMAHT
OJIHW ¥ T€ K€ PErucTPhl UCIOJIb3YIOTCH KaK JJIsi Iejeil aape-
canuu, TaK U [Jisi Bhrunciaenuit. K Obl B cucreMe KOMaHTT
JUISL 3TUX TeJIell UCIOIb30BAINCH PA3HBIE I'PYIIIBI PETUCTPOB,
TO B IPAMMATHKE KOMAHI MOTJIM ObI MCIOMb30BATHCS PA3HBIE
HETEPMWHAJIBI, & I TIEePECHUIKN U3 aPECHOrO PETUCTPA B pe-
TUCTD JAHHBIX MOIJIA OblI HCIOIb30BATHCS COOTBETCTBYIOIIAS
KOMaHOa u obpaser,.

Herepmunasnbr Reg Ha 00pa3iax MOryT ObITH TOMEYeHbI HH-
zekcoM (i mim 7), 9ro (HedOpMasbHO) COOTBETCTBYET HOMEPY
PErucTpa u CJIYXKUT JIUIIb JJIsi TOSICHEHUS CMBIC/IA UCIIOTH30-
Bauusa perucTpoB. OTMETHM, YTO TPHU TEHEPAIUH KOIA pac-
CMAaTPUBAEMBIM METO/IOM HE OCYIIECTBIISAETCH DACIIPEIeSIEHNE
PETUCTPOB. DTO SBJISIETCS OTAENBHOM 33, Ta9€i.

CTouMOCTD MOXKET OMPEIeIaThCs PA3MTUIHBIMUA CHOCODA-
MH, HAIIPUMEP YHUCIOM OOPAINeHMi K IMMaMsITH P BBIOOPKE
¥ WCIOJHEHUU KOMAaH[bl. 3/IeCh Mbl HE PACCMATPHUBAEM 3TO-
ro Bompoca. Ha puc. 9.26 mpuBeéH mpuMep TOKPBITHST TTPO-
MEeXKYTOYHOTO nepeBa puc. 9.24 obpasnamu puc. 9.25. B pam-
KU 3aKJI0YeHbl (DPArMeHThI JePeBa, COMOCTABIEHHBbIE 00pa3-
Iy PaBUJIa, HOMED KOTOPOTrO YKA3BIBAETCS B JIEBOM BEPXHEM
yoiy pamku. B kBagparapix CKOOKax yKa3aHBI PE3YIBTUPYIO-
IITUe BEPINUHBL.

ITpuBenénnoe MOKpbBITHE MAET TAKYIO TOCIEIOBATEIBHOCTD
KOMAHIT;

1 MOVE #b,Rb
4 ADD #y,Rb
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TI'enepanust koma

[ Stat ]

2 =

+
[ Reg(Ra) ] const (x)
'
const (a)
[ Reg(Rb) |
4 +
N o
[ Reg(Rb) ]
7 @
[ Reg(Rb) ]
6 +
[ Reg(Rb) ] @
4 + |

+

[1 Reg|(Rb) ] const (y) [ Reg(Ri) |
1
const (b) [ com[t (i) —‘

N

const (z)

Puc. 9.26.

MOVE #i,Ri

ADD #z(Ri),Rb
MOVE (Rb),Rb
ADD #5,Rb

SN o=
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1 MOVE #a,Ra
2  MOVE Rb,#x(Ra)

OcHOBHAA HIest MOAXOA 3AKTIOUACTCS B TOM, UTO KaXKJIasi
KOMaH/a MAaIlWHbBI ONKUCLIBAETCS B BAJE TAKOTO obpasna. Pas-
JINYHBIE MOKPBITHA JEPEBa TMPOMEKYTOIHOrO MPEICTABICHUS
COOTBETCTBYIOT PA3IMYHBIM IIOCIIEI0BATENBHOCTIM MANIAHHBIX
KOMaHI. 3a71a4ya BBIOOpA KOMAHI COCTOUT B TOM, UYTOOBI BbI-
OpaTh HAUTYYIIWH CIOCOd peayn3aliyy TOr0 WJIH WHOTO Aeii-
CTBHUSI WJIN MOCIEOBATEILHOCTH ACHCTBHI, TO €CTh BHIOPATH B
HEKOTOPOM CMBICTIE OIITUMAJBLHOE MOKPBITHE.

st BBIOOpA ONITUMAJIBHOTO MOKPBITHA OBLIO MPEII0KEHO
HECKOJIBKO MHTEPECHBIX aJTOPUTMOB, B YACTHOCTH HCIIO/Ib3Y-
IOIMX THHAMUYecKoe nporpamMuposanve [14, 16]. Mbr 31ech
paccMoTpuM anropuT™ [15], KOMOHHUDYIOIHHA BO3MOXKHOCTH
CUHTAaKCHYIECKOTO aHAIN3a U JUHAMUIECKOTO TPOTPAMMHAPOBAa-
HUA. B OCHOBY 3TOro anropmrMa TOJIOKEeH CHHTAKCHYECKUit
AHAJIM3 HEOJHO3HAYHBIX IPAMMATHK (MOAMMDUIUPOBAHHBIN aJ1-
ropurm Koka, furepa u Kacamu [18, 19]), sdpdexrusubiii B
PeaTbHBIX TPUIOKEHUAX., DTOT Ke METOJ MOXKET OBITh TpH-
MEHEH M TOTJA, KOTJA B KAYeCTBE MPOMEXKYTOTHOTO TIPECTAB-
JIEHWST ACTIONB3YETCA IEPEBO.

9.10.2. CunHtakcumueckuii amaan3 qgag T-
rpaMMaTuK

OOBIYHO KO TEHEPUPYETCsT U3 HEKOTOPOTO MPOMEXKY TOUHO-
r'O g3BIKA € JOBOJBHO KECTKON cTpyKTypoii. B wactHoCTH, M5
KaKJIOil Olepalnuy U3BeCTHA €8 Pa3MepHOCTb, TO €CTh YUCIIO
onepaHaon, bonbimee wan pasroe 0. Omepainm 3a1a10TCsT Tep-
MWHAJBHBIMEA CUMBOJIAMH, U HA00OPOT — OyIeM CUUTATh BCE
TepMUHAJIbHBIE CUMBO/IBI 3HAKaMu oneparmii. Ha3oBém rpam-
MAaTHKY, YIOBJIETBOPAIOIIAE ITUM OrpAaHUYeHusIM, T-2pamma-
mukamu. IlpaBas 9acTh Kaxkaoil npoayknuu B T-rpaMmaTi-
Ke eCTh IIPABUJIbHOE MPEMUKCHOE BBIPAKEHHE, KOTOPOE MOKET
OBITH 33IAHO CJIEIYIOIINM OIPEIEIEHUEM:



256 I'maBa 9. I'eHeparusi Kona

(1) Onepamusa paszmeprocTu 0 SBJSETCS NPABAJBHBIM IIPE-
bpHUKCHBIM BBIpazKeHnEeM;

(2) Herepmunasn sBJisieTcsi NPAaBUIbHBIM MTPEPUKCHBIM BbI-
DPaKeHHueM;

(3) IlpedukcHoe BbipaxkeHue, HAYMHAIOIIEEC CO 3HAKA OIe-
panuu pazmepHocTu 1 > 0, ABJISIETCA IPABUIBLHBIM, €CIH
MoCJIe 3HAKA, OTepaluy CJIEAYeT 1 TPABUIILHBIX TTPEedUKC-
HBIX BBIPDAZKEHUIL;

(4) Huuro apyroe He sBAAETCS NPABUILHBIM MPE(OUKCHBIM
BBIpaKEHUEM.

O06pa3sIbl, COOTBETCTBYIOITUE MAITMHHBIM KOMAHIAM, 33,13~
I0TCsl TIPABUJIAMU TPAMMATUKU (BOOOIIE IOBOPsl, HEOJAHO3HAY-
Hoit). Teneparop koma ananusupyer BxoaHOe npedUKCHOE BbI-
pakeHWe W CTPOUT OMHOBPEMEHHO BCE BO3MOXKHBIE I€PEBbs
pasbopa. Ilocme okoHuUaHWs Paszbopa BHIOMPAETCS TEPEBO C
HAMMEHBINEH CTOMMOCTBIO. 3aTeM M0 3TOMY €IUHCTBEHHOMY
ONTUMAJBLHOMY JI€PEBY T€HEPUPYETCS KOI.

Hms T-rpaMMaTuk BCe TENOYKH, BBIBOAMMBIE U3 JIIOOOTO
HerepmuHaga A, ABIAIOTCA TPePUKCHBIMU BBIPAYKEHUSME C
bUKCHPOBAHHON apHOCTHIO omepanuil. /ITuHbI BCeX BbIpazKe-
HUN W3 BXOIHOW IMENOYKU a7 ...d, MOXKHO MPEIBAPUTETHHO
BBIUUCIUTH (IO JJIMHON BLIPAYKEHWs MMEETCS BBUIY JJIAHA
MOJICTPOKH, HAYMHAIOMIEHCS ¢ CHMBOJIA KOJIA ONEPAIUU U 3a-
KAHIUBAIOIIEH S TOCTEHAM CHMBOJIOM, BXO/ISIINM B BhIParKe-
Hue Jyis 310l onepauuu). ITosroMy MOXKHO LIPOBEPUTD, COLO-
CTABUMO JIM HEKOTOPOE TIPABUIIO ¢ TIOIIEIIOUKOM a; . . . A BXOI-
HOH TETIOYKU aj ... Ap, MPOXOIsS CJIEBA-HAIPABO IO a; ... dk.
B npomecce mpoxosa Mo menoydke mpeaBapuTeIbHO BBIYUCIEH-
HBIE JJTMHBI TPEePUKCHBIX BHIPAXKEHUH UCIOIB3YIOTCS JJIs TOTO,
9T00BI IEPEHTH OT OJHOIO TEPMUHAJA K CJIEIYIONEMY TEPMU-
HAJLy, MPOMYCKAasl TMOIIENOYKH, COOTBETCTBYIOIINE HETEPMUHA~
JaM MIpaBoH 4acTU NpaBuia.

Henube mpaBwuia He 3aBUCST OT OMEPAIUil, C/IEIOBATEhb-
HO, UX HEOOXOAWMO MPOBEPATH OTAEIbHO. IIpmMenenne omHO-
IO MIEMHOTO MPABWUIIA MOYKET 3aBUCETH OT IIPUMEHEHUsT TPYTOTro
nensoro npasusa. CiegoBaTesibHO, IIPUMEHEHHUE [EIHbIX IPa-
BUJI HEOOXOIUMO MPOBEPSATH JI0 TEX TIOP, MMOKA HEJb3s MPUMe-
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HATb HU OJIHO W3 IEMHBLIX MpaBuia. MbI mpeamonaraeM, 910 B
rpaMMATHKE HET NWKJIOB B MPUMEHEHWU LEMHbIX mpasui. 1lo-
CTPOEHWe BCEX BAPMAHTOB aHAIN3A [JIsi |-IPAMMATHKH JTAHO
nuzxke B agropurme 9.1. Tun Titem B anropurme 9.1 nmxe
CJIy?KUT JJIsl ONMCAHUS CUTYalmii (TO €CTh NPABUJ BBIBOJIA U
no3unyy BHYTpH npauia). Tun Tterminal — 970 TN TepMU-
HAJIBHOI'O CHMBOJIA IPAMMATUKH, TUII Tproduction — Tum amna
IIpaBua BLIBOJIA.

AaropurMm 9.1

Tterminal al[n];
setofTproduction r[n];
int 1[n]l; // 1[i] - pnuma ali]-BHpaxernus
Titem h; // HUCHONb3yeTCs NIpPW NOUCKE IIPaBUil,
// COMOCTaBUMBIX C TeKyliell IOAIeIoYKOR

// llpenBapuTesbHEHE BHUUCICHUS
Jna xaxmoll MO3WIMK 1 BHYMCIUTD OJIUHY
ali] -Bupaxenua 1[i];
// PacnoszaBaHme BXOIHOH IIEIIOYKH
for (int i=n-1;i>=0;i--){
for (xaxmoro mpaBmma A -> ali] y ums P){
j=i+1;
if (1[i1>D
// TepBu# TepMumuan al[i] yxe ycmeumro
// comocTaBnen
{h=[A->ali].y];
do
// wmattu alily, comocTaBuMoe
// ¢ alil..al[i+1[i]1-1]
{llycte h==[A->u.Xv];
if (X in T)
if (X==aljl) j=j+1; else break;
else // X in N
if (mmeetca X->w in r[jl) j=j+1[jl;
else break;
h=[A->uX.v];
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//mepefiTy K crenybueMy CHMBOIY

while (j!=i+1[il);
Y // 1Lil>1
if (j==i+1[i]) rl[il=r[i] + { (A->alily) }
} // for mo mpaBummam A -> ali] y
// ComocTaBWThH IenHbe IpaBUia
while (cywmecTByeT mpaBummo C->A us P Takoe, dTo
vMeeTcsa HEKOTOpHi sieMerT (A->w) B r[il
u HeT smemenTa (C->A) B r[il)
r[il=r[i] + { (C->A) };
} // for mo i
[lpoBeputs, mpuHammexuT au (S->w) MHOXecTBY r[0];

Muoxectsa r[i] mmetor pasmep O(|P|). MokHO mokazaTs,
9TO AJTOPUTM WMEET BPEMEHHYI0 W EMKOCTHYIO CIOXKHOCTh
O(n).

Paccmorpum BHOBB mipumep puc. 9.24. B npedurcHoii 3a-
MIACU IPHUBEAEHHBIN (DPATMEHT MPOrPAMMbI 3AITUCHIBAETCS CJIE-
AyrormM 006pa3oM:

=+ax+Q@++byQ@+1izb

Ha puc. 9.27 npusenén pesyaprar padorsr anropurMma. [Ipa-
BHUJIA BBIYUCJIEHUs] CTOMMOCTH IIPUBEIEHBL B CJEIYIOLIEM Pa3-
nene. Bee BO3MOXKHBIE BBIBOABI BXOAHOH HEMOYKH (BKIOYAA
ONTUMAJIBHBIN ) MOXKHO [OCTPOUTh, UCIIOABL3Yst TabauILy 1 JJTuH
npedUKCHBIX BhIPAYKEHU U TAOJIUIY T TPUMEHUMBIX TIPABILI.

IMycrs G — 310 T-rpammaruka. JIjisa Kaxkao#h UENOYKH 2z
3 L(G) MOXKHO HOCTPOUTH abCTPAKTHOE CHHTAKCHYIECKOE Jie-
PeBO COOTBETCTBYOLIEro Bhipaxkenus (puc. 9.24). Mbr moxxem
[IEPENNCATH AJTOPUTM TaK, YTOOBI OH MPUHUMAJ HA BXOJe ab-
CTPAKTHOE CUHTAKCHYIECKOE JEPEBO BRIPAYKEHUS, a He IEMOUKY.
DTOT BAPHUAHT AJITOPUTMA TPUBEIEH HUKe. B 3TOM anropurme
JIEPEBO BBIPDAXKEHUsT O0OXOIUTCS CBEPXY BHU3 W B HEM WHIMYT-
Cd TOJJIEPEBbs, CONOCTABUMBIE C MPABBIMU YACTAMH ITPABUI
u3 G. O6xox mepesa ocyiecrBiagercsd nporeaypoii PARSE. Tlo-
cie 006X0/1a MOAAEPEBa AAHHON BEPIINHBL B HEHl MPUMEHSIETCS
nporenypa MATCHED, xoTopasi mbITAeTCH HAWTH BCe 00Pa3IHI,
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Onepanus | Jawnaa | Ipaswmia (crommMocTs)

= 5| 222
+ 3 4(5)  5(6)
a 1|12
x 1|12
+ 11| 4(16) 5(17)
@ 9 | 7(11)
+ 8 | 5013 6(11)
+ 3 4(5)  5(6)
b 1|12
y 1 1(2)
@ 4 (7)) 3(6)
+ 3 4(5)  5(6)
i 1|12
z 1|12
5 1|12

Puc. 9.27.
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COTIOCTABUMBIE TIOIEPEBY AAHHON BepmuHbI. st 3TOr0 KaxK-
J0e TIpaBuiao-obpaszer] pa3OnBaeTcss Ha KOMIIOHEHTHI B COOTBET-
CTBHH C BCTPEYAIONIMMUCS B HEM omnepauusamu. lepeBo obOxo-
AUTCA CIIpaBa HAJEBO TOJBKO OJId TOT'O, LITO6I)I UMETHb COOTBET-

CTBHE C MOPSIKOM BbluncieHusa B ajropurme 9.1. OdeBumano,

9TO MOXKHO ODXOIWTD JIEPEBO BHIBOJAA M CJIEBA HAIPABO.

CrpyKTypa MaHHBIX, MPEICTABISIONIAS BEPIITUHY JIE€PEBAa,

AMeEeT CJIEeAYIONIYIo (PopMy:

struct Tnode {

Tterminal op;

Tnode * son[MaxArity];
setofTproduction RULEs;
I

B komMMeHTapusAX yKa3aHbI COOTBETCTBYIOIIHNE (DPArMEHTHI

anropurMma 9.1.
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Anropurm 9.2
Tnode * root;

bool MATCHED(Tnode * n, Titem h)
{ bool matching;
mycts h==Xv, v== v_1 v_2 ... v_m, m=Arity(X);
if (X in T)// comocTaBieHme npaBuIa
if (m==0) // if 1[il==
if (X==n->op) //if X==al[j]
return(true) ;
else
return(false);
else // if 1[il>1
if (X==n->op) //if X==al[j]
{matching=true;
for (i=1;i<=m;i++) //j=j+1[j]
matching=matching && // while (j==i+1[i])
MATCHED (n->sonl[i-1],v_1i);
return(matching); //h=[A->uX.v]
}
else
return(false);
else // X in N momck IOIBHBOIA
if (8 n~.RULEs uMeeTCsd IpaBHIIO
¢ newoit wacTbio X)
return(true) ;
else
return(false);

}

void PARSE(Tnode * n)
{
for (i=Arity(m->op);i>=1;i--)
// for (i=n; i>=1;i--)
PARSE(n->sonl[i-11);
n->RULEs=EMPTY;
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for (xaxmoro mpasmma A->bu ums P Takoro,
uTo b==n->op)
if (MATCHED(n,bw)) // if (j==i+1[il)
n->RULEs=n->RULEs+{(A->bu) };
// ComocTaBieHWe NENHHX IPaBUI
while (cymectByeT mpaBmimo C->A m3 P Takoe, dTO
HeroTOphil ameMenT (A->w) B n->RULEs
u et »snemenTta (C->A) B n->RULEs)
n->RULEs=n->RULEs+{(C->A)};

OcHoBHas ImporpaMMa

//TlpenBapuTesnbHNE BHYUACICHUA
[locTpOUTE HepeBO BHpaXeHWs s BXOIHOM IEIOYKU Z;
root = yxasaTenb HepeBa BhHpPaXECHN;

//PacnosHaTh BXOLHYL ILENOYKY
PARSE(root) ;
[lpoBepuTs, BXOOUT U BOo MHOXecTBO root->RULEs
IpaBHUIO C JEBOH YacTbo S;

Brixomom asropurMa sABASETCS JEPEBO BHIPAXKEHU JJIA 2,
BEPITHHAM KOTOPOTO COTOCTABJIEHBI TPUMEHUMBIE TTpaBuia. C
TIOMOIIBI0 TAKOTO JA€peBa MOXKHO TOCTPOUTH BCE BBIBOIbL s
HCXOIHOTO MPEe(UKCHOTO BHIPAXKEHUS.

9.10.3. Brnibop aepeBa BbIBOJAA HAUMEHBITIEH
CTOUMOCTH

T-rpaMMaTHKH, ONUCHIBAIOIIAE CHCTEMbl KOMAaHZ, OOBIYHO
SABJSIOTCH HEOJHO3HAYHBIMH. UTOOBI Cr€HEPUPOBATH KO, J1JIf
HEKOTOPOH BXOAHOM TEHno4YKu, HeOOXOAUMO BBIOPATb OIHO H3
BO3MOKHBIX JIEPEBbEB BHIBOAA. DTO JIEPEBO JOJIKHO TPEICTAB-
JIATD YKeJaeMoe KadeCTBO KO/ia, HAPpHMep pasMep KojJa U/ Wil
BpeMs BbIIIOJIHEHNS.

st BeIbOpa mepeBa M3 MHOMKECTBA BCEX MOCTPOEHHBIX JIe-
PEBBEB BBLIBOJA MOXKHO HCIOJIb30BaTh arpuOyTbl CTOMMOCTH,
aTpubyTHBIE (DOPMYJIbI, BHIYUCASIONINE UX 3HAYEHUS, U KPUTE-
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PHUU CTOMMOCTHU, KOTOPbIE OCTABJIAIOT /118 KayK/IOT'O HeTepMUHAa-
Jla eJIMHCTBEHHOE TTPUMEHNMOE IPABUIO0. ATpUOYTHI CTOMMOCTH
COTIOCTABJIAIOTCS BCEM HETEPMHUHAIAM, ATPUOyTHBIE (DOPMYJIIBI
— BceM upasuiiaMm T-rpaMMaTuky.

[Ipenmonoxkum, 9TO JJisT BEPUIAHBI 1 OOHAPYKEHO TPUME-
HUMO€E IIPABUJIO

p:A— 20X121 ... Xp2g,

rme z; €T mn 0 < i< kuX; € N gl <j <k Bep-
IIIUHA 7 UMEET TTOTOMKOB N1, . . . , Nk, KOTOPBIE COOTBETCTBYIOT
HerepMuHagaM Xi, ..., Xi. 3HAUeHUsT aTpuOyTOB CTOMMOCTH
BBIMUC/IAIOTCA 00X0/s 1epeBo CHu3y BBepx. Buauasie aTtpuby-
THI CTOMMOCTH WHAIUAJIUIUPYIOTCST HEOMPe e IEHHBIM 3HATCHH-
eMm UndefinedValue. IlpeamnomoxumM, 94T0 3HAMEHAA aTPUOYTOB
CTOMMOCTH [IjIsI BCEX IOTOMKOB 71, . . . , N BEPIINHBI 1 BBIYUC-
Jienbl. Ecu mpaBuity p cOmocTaBjieHa (popMysia

a(A) = f(b(X;),e(X;5),...) pma 1 < 4,5 <k,

TO MPOM3BOIUTCSA BBIYUCIEHNWE 3HAYEHUS aTpubyTa a HeTep-
vunana A B BepmmHe n. Jlisi BCEX NPUMEHEHHBIX MPABUJI
MIIETCS Takoe, KOTOPoe JaéT MUHUMAIhHOe 3HAYEHNE CTOMMO-
cru. OrcyTcTBHE TPUMEHEHHBIX TMPABUJI ODO3HAYAETCS UYepe3
Undefined, 3HaueHre KOTOPOTO MMOJATaeTCss OOIBITUM JTFOOOTO
ONPEESIEHHOIO 3HAYEHNS.

Hobasum B asroputm 9.2 peanusamnuio arpudyTOB CTOMMO-
crtr, (hOpMYJT UX BBIYMCIEHUs U Kputepues orbopa. M3 amro-
PUTMA MOYKHO UCKJIIOUUTH MTOUCK TIOIBBIBOIOB, COOTBETCTBYIO-
IIUX TTPABUIAM, JIJIsi KOTOPBIX 3HAYEHWE aTPUOYyTa CTOMMOCTH
ue omnpeneneHo. CTPyKTypa JAHHBIX, NPEJICTABIAIONIAS Bep-
IIUHY JepeBa, TPUHUMAET CIeYIOMNUH BUI:

struct Tnode {
Tterminal op;
Tnode * son[MaxArity];
struct * { unsigned CostAttr;
Tproduction Production;
} nonterm [Tnonterminall;
OperatorAttributes ...
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Teno mponenypbl PARSE nmpuauMaeT BUI
void PARSE(Tnode *n)

{for (i=Arity(n->op);i>=1;i--)
PARSE(n->son[il);
for (xaxmoro A m3 N)
{n->nonterm[A] .CostAttr=UndefinedValue;
n->nonterm[A] . production=Undefined; }
for (xaxmoro mpaBmma A->bu us P
Takoro, 4ro b==n->op)
if (MATCHED(n,bu))
{BoazcianTeATpubytHCronMocTrua(A,n, (A->bu));
[IpoBepursKpurepuiiflns (4,
n->nonterm[A].CostAttr) ;
if ((A->bu) myuwe,
yeM paHee obpaboTanHoe IpaBwio mus A)
{Mogmpunmpoars (n->nonterm[A] . CostAttr) ;
n->nonterm[A] .production=(A->bu); }
}
// ComocTaBHUTbH IleNHHE IpaBHUia
while (cymecTByeT mpaBmio C->A m3 P, KoTopoe
gyumwe, 4eM paHee obpaboTaHHOoe IpaBmio Oug A)
{BuazcaurbATpubytaCronMocTulna(C,n, (C->4)) ;
IpoepursKpuTtepuiiflnsa (C,n->nonterm[C] .CostAttr) ;
if ((C->A) myuwe)
{Mopupunmporats (n->nonterm(C] .CostAttr);
n->nonterm[C] .production=(C->4); }

IMpouenypa BorauciurbArpubyroiCronmocruldns (A, n,
(A — bu)) BEIMUCISET CTOMMOCTD TPUMEHEHNS TIPABUIIA B JIAH-
HOll BepIIMHE 1718 JAHHOTO HETEPMUHAJIA.

IMpouenypa IposepursKpurepuii/Ina(C, n — nonterm[C].
CostAttr) onpenessieT HAUIyUIee TIPABUIIO.

Mpouenypa Momudummposats(n — nonterm|[C].CostAttr)
HO3BOJIAET XPAHATD 3TO HAUIYYIIEE 3SHAYEHAE B BAPHAHTE.

Hepeso naumenvwedi cmoumocmu, OIIPEIENAercs Kak Ie-
PEBO, COOTBETCTBYIONEEe MEHUMAIBLHON CTOMMOCTH KOpHsL. Ko-
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Ia BBIOPAHO JEPEBO BHIBOIA HAMMEHBIIEH CTOMMOCTH, BBITHC-
JIAIOTCH 3HAYEeHNUs aTpUOyTOB, COMOCTABIEHHBIX BEPIIUHAM Je-
peBa BBIBOIA, U '€HEPUPYIOTCS COOTBETCTBYIOLIUE MAIUHHBIE
KOMaH/Ibl. Bbluucienne 3HadeHuil arpubyToB, reHepanys Ko-
JIa, OCYIIECTBJISIOTCS B Iporecce 00X0Ia BBIOPAHHOTO JIEPEBa
BBIBOJIA CBEpXy BHU3, cjeBa Hampaso. OOxom BHIOpAHHOTO fe-
pPeBa, BBIBOLA BBIMOJIHAETCS HPOLEAYPOl BLIYUCIATENA aTpPU-
OyTOB, Ha BXOJ, KOTOPOH IIOCTYIIAIOT KOPEHBb JI€PEBA, BbIParKe-
HUsl 1 aKCHOMa rpaMmaTuku. IIpouenypa uciosib3yer mpaBuio
A — zX121 ... Xg2k, CBA3aHHOE C YKA3aHHOW BEPIMHON N,
U 3aJ[aHHBI HeTepMUHAT A, 9TO0BI ONPEIEJUTh COOTBETCTBY-
TOIIME WM BEpPITUHBI N1, ..., N W HeTePMUHAIBI X1, ..., Xk.
3areM BBIUHCIUTEIb PEKYPCHUBHO ODXOIUT KAXKAYI0 BEPIIUHY
n;, UMes Ha BXOae HerepMuHaa X;.

9.10.4. ArpubyTHag cxema AJs ajJropmrMa
COTIOCTaBJIEHNS 00pa3moB

Anroputmbr 9.1 1 9.2 ABISAIOTCST «YHUBEPCATBLHBIMUS B TOM
CMBICJIe, YTO KOHKDETHBIE TDAMMATHUKN BBIPAXKEHUU U 00pas-
OB SABJIAIOTCH, TTO-CYIIECTBY, MApaMETPAMU 3TUX aJTOPUTMOB.
B To0 ke Bpems, O/ KaXKa0i KOHKPETHON IpaMMaTHKH MOXK-
HO HAINCATL CBOIH AJrOpUTM mHomcKa obpasmos. Hampumep, B
caydae Hallell TPAMMATUKH BBIPAXKEHUU M IIPUBEIEHHBIX HA
puc. 9.25 obpazios agroput™m 9.2 MoxkeT ObITh TPENCTABIEH
aTpubyTHON TPAMMATUKON, TPUBEIEHHON HUYKE.

Hacnenyewmsrit atpubyt Match COmEpPKUT yIOPSAOYEHHBIH
crucoK (BeKTOp) 06pa3loB Jjisl COMOCTABICHUS B MOJIEDEBE
JAHHO BepImuHbl. KaxX ab1it 13 00pa3noB uMeeT B, U000 <op
op-list> (op — onepauua B HaHHON BepiuuHe, a op—list —
CIIUCOK €€ oriepanios), aubo npeacrapiser coboil HeTepMUHAIL
N. B nepBoM ciry4dae op—list «pacnpeaensieTcsss mo MOTOMKAM
BEPIUHLL /I JaJdbHEHITero conoctaBienus. Bo BTopoMm ciy-
Jae COMOCTABJIEHNE CIUTAETCH YCIEMHBIM, eCIH €CTh IIPABUIO
N — op {Pat;}, rme w cocrout m3 0Opa3MOB, YCIENIHO CO-
MTOCTABJIEHHBIX MOTOMKAM [IAHHON BEPIIWHBI. B 3TOM Ciydvae
[I0 IIOTOMKAM B Ka4decTBe 00DPA3I0B PACIPEEsIOTC JIEMEH-
THI TPABOI YACTH MPABUIA. DTH ABA MHOXKECTBA 00PA3IOB MO-
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ryT nepecekarbcsd. Cunre3upyemblii arpudyT Pattern — Bek-
TOP JIOTHYECKUX 3HAYEHUH, Ja8T PEe3yIbTaT COMOCTABIEHUST 110
BEKTOpPy-00pa3iy Match.

Takum o00pa3oM, OpU COHNOCTABJIEHHH OOPA3IOB MOLYT
BCTPETUTHCS JIBA CIIyHast:

1. Bekrop 06pasuos comepxutr obpasen, <op {Pat;}>, rae
0op — omepalus, MpUMEHEHHAs B JAHHOMI BepInmHe. Torma
pacopenensieM obpasnpl Pat; Mo TOTOMKAM M COIIOCTAB-
JIEHUE 10 JAHHOMY O0pa3ly CUUTaeM YCHelIHbIM (MCTHH-
HBIM), €CJIM YCHEIHbI COMOCTABICHUS 3JIEMEHTOB 3TOTO
obpasia 1mo BceM MOTOMKAM.

2. Ob6pasmnom sasasiercs HerepmuHaa N. Torma paccMmarpu-
BaeM BCe mpaewia Buga N — op {Pat;}. BHOBB pac-
npenensem obpasnsl Pat; 1o TOTOMKAM B COIIOCTABIICHIE
CYUTAEM YCHEUIHbIM (MCTUHHBIM), €CJIM YCIIELIHbI CONO-
CTaBJIEHWS IO BCeM TMOTOMKaM. B obmem ciydae ycmer-
HBIM MOYKeT OBbITH COMOCTABJIEHHE IO HECKOIBLKUM 0Opa3-
M.

Ormerum, 9T0 B OOIIEM CIy4Yae B MOTOMKH OJHOBPEMEHHO
repesasTcsa HECKOJIBKO 00Da3I0B 118 COIOCTABJIEHUS.

B npuBenénmoit HUXKe arpubyTHONH CXeMe He PacCMaTpH-
BAIOTCs MPABUJIA, BHIOOPA MOKPBLITHS HANMEHBIEH CTOMMOCTH
(cMm. mpenpraymumit pasaen). Boibop onTuMa bHOrO IMOKPBITUS
MOKEeT OBITH CIEJAH EIIé OJHUM IIPOXOIOM TI0 JIE€PEBY, AHAIIO-
TUYHO TOMY, KaK 3T0 Ob110 caesnano Boine. Hanpumep, B npasu-
Jie ¢ ’+? mMeeTcs HeCKOIbKO 00pa3noB /it [Reg, HO peasbHOro
BBRIOOpA OJHOrO W3 HUX HE OCyIecTBiasiercs. Kpome Toro, He
YTOYHEHBI HEKOTOPbBIE IeTaIu peaju3anuu. B 9acTHOCTH, KOH-
KpeTHBIH cr1ocod popMupoBaHus BeKTOpoB Match u Pattern.
B rtekcre ymorpebisierca TepMuH «I00ABUTH», YTO O3HATAET
JobaBIeHne K BEKTOPY OOpa3ioB OUepeqHOro djaemMenTa. Bek-
TOPBI 0OPA3IIOB 3AMUCAHBI B YTJIOBBIX CKOOKAX.

RULE
Stat ::= ’=’ Reg Reg

SEMANTICS
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Match<2>=<’+’ Reg Const>;
Match<3>=<Reg>;
Pattern<0>[1]=Pattern<2>[1]&Pattern<3>[1].

DTOMy TIPaBUIY COOTBETCTBYyeT ofmH obpazen 2. IlosTtomy B
KadecTBe 00PA3IIOB MOTOMKOB Yepe3 ux arpudyTsl Match mepe-
JAIOTCsI, COOTBETCTBEHHO,

<+’ Reg Const> m <Reg>.

RULE
Reg ::= ’+’ Reg Reg

SEMANTICS
if (Match<0> cogmepxuT Reg B mosmuumm i)
{Match<2>=<Reg,Reg,Reg>;
Match<3>=<Const,Reg,<’@’ ’+’ Reg Const>>;
}
if (Match<0> cogzepxutT obpasern <’+’ Reg Const>
B mosuumu j)
{zobaBurs Reg x Match<2> B HeroTopoil mosumuu k;
JobaBuTs Const k Match<3> B HekoTopo#l mosmmum k;
}
if (Match<0> cogzepxutT obpasern <’+’ Reg Const>
B mosuumu j)
Pattern<0>[j]l=Pattern<2>[k]&Pattern<3>[k];
if (Match[0] comepxur Reg B i-# noswuuum)
Pattern<0>[i]=(Pattern<2>[1]&Pattern<3>[1])
| (Pattern<2>[2]&Pattern<3>[2])
| (Pattern<2>[3]&Pattern<3>[3]).

O06pastibl, COOTBETCTBYIOIIHE STOMY MTPABHUILY, CJIEIYIOIIHIe:

(4) Reg — ’+’ Reg Const,

(5) Reg — ’+’ Reg Reg,

(6) Reg — "+’ Reg '@ ’+’ Reg Const.
Arpubyram Match BTOpOTO M TPETHETO CUMBOJOB B KAYECTBE
06pa3IoB MPH CONOCTABICHUN MOTYT OBITH TEPEIAHBI BEKTOPDI
<Reg, Reg, Reg> m <Const, Reg, <’@’ ’+’ Reg Const>>,
coorBercTBeHHO. I13 ananmu3a APyrux paBuil MOKHO 3aKJIIO-
YUTb, YTO MPU COMOCTABJIEHIH O0OPA3IOB MPEJIKOB JIEBOI YacTH
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JIAHHOTO TIpaBwia arpudyTy Match cuMBOJIa JEBOH 9acTU MO-

ket ObITh nepenan obpazen <’+’ Reg Const> (u3 06pa3uos 2,
3, 6) wiu obpaszen Reg.

Stat
M=<<'+'Reg Const>> M=<Reg>
Reg p-<i> p=<t> Reg
+ +
- S M=<Const, Reg
M=<Reg> M=<Const>  M=<Reg,Reg, Reg> C (Reg,
pocis’ Reg Reg p—ci> P:<t,E:t>g g Reg Reg <'e''+'Reg Const>>
pP=<t,t,f>
| @ ||
Const  Const Me<<'t'Reg Const>, Reg Const
Reg>
P=<f, t> +
M=<Const, Reg,
M=<Reg, Reg, Reg, Reg> S04 Reg Consts,
P=<t,t,t,t> Reg

Reg const>

+ P=<f,t,t,£>
M=<Reg, Reg, Reg> M=<<'+'Reg Const>,

M=<Const,Reg, Re
P=<t,t,t> Reg Reg <1g711Reg Const>> Reg <'g:Reg Const>>

p=<t,t,f> -
7\P <t,t,t>
M=<Const, Reg,

Const Const M=<Reg, Reg, Reg, R R <'@''+'Reg Const>,
Req, Reg> eg €8 Const,Const>
P=<t,t,t,t,t> P=<t,t,f,t,t>

Const Const

Puc. 9.28.

RULE
Reg ::= ’@’° Reg

SEMANTICS

if (Match<0> comepxut Reg B i-# moswumum)
Match<2>=<<’+’ Reg Const>,Reg>;

if (Match<0> comepxut <’@’ ’+’ Reg Const>

B j-U moswiun)

Jo6aBuTk K Match<2> <’+’ Reg Const> B k mosunum;

if (Match<0> cogmepxur Reg B i-# mosuuum)
Pattern<0>[i]=Pattern<2>[1] |Pattern<2>[2];
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if (Match<0> comepxuT <’Q’ ’+’ Reg Const>
B j-0 moswuimn)
Pattern<0>[j]l=Pattern<2>[k].

O6pa3ipl, COOTBETCTBYIONINE ITOMY TPABIILY, CJIEAYIOINE:

(3) Reg — ’Q" +’ Reg Const,

(7) Reg — ’Q’ Reg.
CooreercrBenno, atpubyry Match BTOpOro cmmBosia B Ka-
YecTBe OOPA3IOB MPH COMOCTABIEHHH MOTYT OBITH ITepe-
JaHbl <’+’ Reg Const> (obpasern; 3) mim <Reg> (obpaser
7). U3 ananuza Apyrux HOPaBUJl MOXKHO 3aKJIOYUTH, UTO
[IPHU COMOCTABIEHNU OOPA3IOB MPEIKOB JIEBOil YaCTH JTaHHO-
ro npaswmwia arpubyTy Match MoryT OBITH mepegaHbl 0OPA3IbI
<’Q@” ’+’ Reg Comst> (m3 ob6pasua 6) u Reg.

RULE
Reg ::= Const
SEMANTICS

if (Pattern<0> cogepxur Const B j-# moswium)
Pattern<0>[jl=true;

if (Pattern<0> comepxur Reg B i-#i mosumumun)
Pattern<0>[i]l=true.

s nepesa puc. 9.24 noxyydumM 3Ha4YeHUA aTPUOYTOB, IPU-
Benéunble Ha puc. 9.28. 3xece M obosnadaer Match, P —
Pattern, C — Const, R — Reg.



I'masa 10.

CucreMbl
AaBTOMATU3AI[AN
IIOCTPOEHMSI
TPAHCJISITOPOB

CucreMbl  aBTOMATHU3AIUN  TOCTPOEHUST TPAHCIATOPOB
(CAIIT) npegnasHadeHbl Jjid aBTOMATHU3AIMHU  [IPOIECCA
pazpaborku TpaHcaaTopoB. O4YeBUIHO, UTO [JIsT TOTO, YTOGBI
OIUCATh TPAHCAATOP, HEOOXOAMMO HMETh (POPMAIU3IM /IS
omucanus. ITOT (POPMATU3M 3aTEM PEATU3yeTcsi B BUIE
pxonuoro aspika CAIIT. Kax npasuio, GpOpMaA3Mbl OCHO-
BaHbI Ha aTPUOYTHBIX rpaMMaTuKax. Huske onmucanbl e
CAIIT, nonyuusuine pacupocrpanenue: CYIIEP [4] u Yacc.
B ocuoBy nepsoit cucrembl nosoxenbt LL(1)-rpamvaruku u
L-arpubyruble Bbruuciaurenu, B ocHoBy sropoit — LALR(1)-
rpaMMaTHKK U S-aTpUOYTHBIE BHIYUCIATEIIH.
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10.1. Cucrema CVYIIEP

ITporpamma na Bxoauom sizbike CYIIEP («meranporpam-
Ma» ) COCTOUT U3 CJELYIOMIUX PA3IAETIOB:

— 3aro/ioBoK;

— Paspmen xoHcTaHT;

— Paznen tumnos;

— Andasur;

— Pasnmen ¢aitnos;

— Paznen 6ubmmoreku;

— ArpubyrHas cxema.

3aroioBoK OIpeIessseT UM ATPUOY THOM IPAMMATHKH, TI€P-
BbIe TPU OYKBBI UMEHH 33/Ia0T PACIINPEHNE WMEHH BXOIHOTO
daitna niisi peanu3yeMoro TPaHCIsTOPa.

Paznen KOHCTAHT CONEPXKUT ONUCAHUE KOHCTAHT, Pa3/Ies
THUIIOB — ONUCAHUE TUIIOB.

AndaBur comepKUT MepedncIeHIe HeTePMUHAIBHBIX CHM-
BOJIOB U KJIACCOB JIEKCEM, a Takxke arpubyroB (M UX THUIIOB),
COTIOCTABJIEHHBIX 9TUM CHMBOJIaM. KJ1acchl JilekceM SBIISTIOTCS
TepMUHAIBHBIMY CUMBOJIAMHU C TOYKHU 3PEHUS] CHHTAKCHIECKOTO
AHAJIN3a, HO MOT'YT UMETb ATPUOYTHI, BEIYUCISEMBIE B ITPOIECCE
Jnekcrdeckoro anamm3a. Onupenenenne Kiacca JEeKCeM COCTOUT
B 3aJIAaHWY UMEHM KJIACCa, UMEH aTPUOYTOB [IJIsT 3TOrO KJIACCA
U THUTIOB 3TUX aTPUOYTOR.

B pasmene omperenennsi HETEPMUHAJIBHBIX CHMBOJIOB CO-
JIEPKUTCS TIEPEIUCTEHNIE ITUX CUMBOJIOB C YKA3aHUEM TPUIIH-
CAHHBIX UM aTPUOYTOB U UX THUIIOB. AKCHOMA I'PAMMATHKY YKa-
3BIBAETCS TEPBBIM CHMBOJIOM B CIIUCKE HETEPMUHAJIOB.

Pasnen Oubiamoreku COAEPXKUT 3arojOBKM MPOLEAYD WU
byHKUMA, UCTONB3YeMBbIX B (GoOpMyJsiax aTpubyTHON IpamMMa-
THKH.

Pazzen daitnos comepxut onucanue haioBbIX IEPEeMEH-
HBIX, HCIOJb3YeMbIX B (DOPMyJax ATPUOYTHONH TPAMMATHUKHU.
DaiiyioBbIE TIEPEMEHHBIE MOXKHO PACCMATPUBATHL KaK aTpudy-
THI AKCHOMBI.

ArpubyTHadg cxemMa COCTOMT M3 CIHCKA CHHTAKCHIECKUX
MPABUJI U COIIOCTABJIEHHBIX UM CEMaHTHUIeCKUX mpaBuit. s
ONMCAHUS CHUHTAKCUCA s3bIKA HCIOJIb3YEeTCs PACITUPEHHAs
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dopwma bakyca-Haypa. TepMunasbHable CHMBOJIBI B TPABOH Ya-
CTH 3aKJIIOYAIOTCS B KABBIYKH, KJIACCHI IEKCEM ¥ HETEPMUHAIIBI
3amaioTcd ux uMenamu. g 3aganmsa B MpaBoil 9acTH HeoDsI-
3aTe/bHBIX CHMBOJIOB UCIOIB3YIOTCs CKOOKY [ ], m7s1 3amanus
MOBTOPSIIOIMIUXCS KOHCTPYKIHI mcmonb3yorest ckobku (). B
9TOM CJIydae MOKET ObITh YKa3aH Pa3ieauTe b CUMBOJIOB (110~
cie /). Hanpuwmep,

A::=B[C]J (D) (CE/ )

IlepBBIM IPABUIOM B aTPpHOYTHOM CXeMe JOIXKHO OBITH IIpa-
BHJIO [IJTsl AKCHOMBI.

KaxkmoMy cHHTAKCHYeCKOMY TPaBHIy MOTYT ObITH COMO-
cTaB/IeHbl ceMaHTH4eckue jeiictsusi. Kaxkmoe takoe neficteue
— 3T0 OmepaTop, KOTOPBI MOMXKET HCIOIb30BATH ATPUOYTHI
KaK CUMBOJIOB JJAHHOIO NpaBuiia (JOKAJIbHbIE aTpUOyThI), Tak
U CUMBOJIOB, MOI'YUIIMX ObITb HPEAKAMH (JAMHAMUYECKU) CHUM-
BOJIA, JIGBOH YACTH JAHHOTO MpaBUia B Aepese pas3bopa (Tiio-
Ganbable arpubyrol). JIas CCbUIKM Ha JIOKAJIbHBIE aTpubyThl
CHMBOJIBL JAHHOIO TIPABUJIA, (KAK TEPMUHAJIbHbIE, TAK U HETEP-
MHHAJIbHBIE) HyMepytoTcd oT 0 (71 CHMBOMIA JIEBOH HYacTH).
Ilpu ccpiike Ha raobanbHbIE aTpuOYTHI HAJA0 WMETH B BHIY,
9TO arpubyTHI UMET OOJIACTH BUAMMOCTHU Ha Iepere pasbo-
pa. O61acTbI0 BUANMOCTH ATPUOYTA BEPINUHBI, TOMEYEHHOH N,
SABJIsteTCs BCE NojepeBo N, 3a HCKIIOUEHUEM ero MOJIJIEPEBhEB,
TaKzKe IIOMEeYeHHBIX N.

Ucnonuenne omepaTopoB CEMAHTUYECKOW YACTH IIPABUIIA,
TIPUBSI3BIBACTCS K 00XOY JlepeBa pa3dbopa CBepXy BHH3 CJIeBa
Hanpapo. /11 3Toro KaxKaplil oriepaTop MoxKeT ObITh OMeUueH
METKOM, COCTOAINE! 13 HOMEPA BETBH IIPABUJIA, K BBIIOJIHEHHIO
KOTOPOit TOMKeH ObITh MPUBSI3AH OMEPATOP, U, BO3MOKHO, O/I-
Horo u3 cyddukcos A, B, E, M.

Cydbdurc A 3amaéT BLINOTHEHHE OIEPATOPA TEPEN KAXK-
JIBIM BXOXKIEHHEM CHHTAKCHIECKOU KOHCTPYKIHH, 3aKTFOUEH-
noit B ckoOku mosropenuit ( ). Cyddukc B 3amaér Bwimos-
HEHEE OIepaTopa TMOCTe KaXKI0TO BXOXKICHUS CHHTAKCHIeCKO
KOHCTPYKINU, 3aKJI09€HHO0# B ckoOKu nosropenunii (). Cyd-
dukc M 331381 BBINTOJHEHNWE OMEPATOPA MEKIY BXOXKIEHUSIMU
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CHHTAKCUYIECKOH KOHCTPYKITUH, 3aK/TI0IEHHON B CKOOKM TIOBTO-
perwuit ( ). Cydduxc E 331a8T BBINOTHEHHE OMEPATOPA B TOM
caydae, KOrIa KOHCTPYKIIN, 3aKII096HHasT B CKOOKu [ ], oT-
CYTCTBYET.

[Tpumep ucmonb30BaHNE METOK ATPUOYTHBIX (hOPMYI:

D ::= °d’ =>
$0.y:=$0.x+1.
A ::=B (C) [D] =>
$2.x:=1;
2M: $2.x:=$2.x+1;
$3.x:=$2.%;

3E: $3.y:=$3.x;
3: writeln($3.y).

IIpouenypa writeln HamedaTaeT IUCIO BXOKICHUN CUMBO-
na C B C-crincok, ecan D onyteno. B mpoTtusHOM ciy4ae Harme-
JaTaHHOE YUCJI0 OyIeT HA eIUHHUILY DOJbIIe.

10.2. Cucrema YACC

B ocuoBy cucrembr YACC mosmokeH CHHTAKCHYIECKUI aHa-
smzarop tuna LALR(1), renepupyemblii 10 BxoaHoit (Mera)
MPOrpaMMe. DTa MPOTPAMMa COCTOUT M3 TPEX JacTeii:

W

Cu-TercT

ht

%token CImCOK MMEH JeKceM
W

Concor NOpaBUIl TpaHCIAIUA
W

Crnyxebnre CH-IIOAIPOTPAaMME

Cu-TekcT (KOTODBI BMeCTe ¢ OKDPYXKAIOIMMH CKOOKa-
mu %{ u %} moxer orcyrcrBoBarh) 06bdHO comepxkuT Cu-
00bsiBienus (Briouad #include u #define), ucnosib3yemble B
rexcre HuzKe. DT0T CU-TEKCT MOXKET CONEPIKATH U O0'bsBIIEHUA
(nnm npenoGbsiBnenus) GYHKIHA.
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Coucok MMEH JIEKCEM CONEPIKUT MMEHA, KOTOpbIE Ipeot-
pasytorcs YACC-mpenporieccopom B OObsIBIEHUA KOHCTAHT
(#define). Kak npaBuiio, 3T UMeHa UCIIOIB3YIOTCA KAK UME-
Ha KJACCOB JIEKCEM U CJIY2KAT JjIsl ONPEIeeHus MHTePeiica ¢
JIEKCUIECKAM AHAJIA3ATOPOM.

Kasx0e mpaBuio TpaHCIsAIHA HMEeT BUJ,

JleBasi_vacTh : anbTepHaTuBa_l
{cemarTHYeckue_gelicTBua_1}
| ampTepmaTmBa_2 {ceMamTuHYeckue_gelicTBuA_2}
| ampreprHaTwBa_n {ceMaETHYecKume_pmeHcTBHUA_n}

B

Kaxnoe cemanTm9eckoe IeHCTBUE — 3TO MTOCTEI0BATE b~
HocTh oneparopoB Cu. IIpu 9TOM KaxKIOMy HETEPMHUHALY MO-
KeT OBITH COMOCTABJIEH OIWH CHHTe3Wpyemblii arpubyT. Ha
aTpubyT HETEPMHWHAJA JIEBOM YaCTH CCHLIKA OCYIIECTBJISETCS
mocpencTBOM 3Hauka $$, HA aTpubOyTHI CHMBOJIOB MPABOM Ya-
CTH — MOCPeACTBOM 3HAYKOB $1, $2 , ..., $n, npwuém HOMEp
COOTBETCTBYET TOPSAKY JEMEHTOB MPABON YACTH, BKIIOYA
ceMaHTH4yecKue neiicrusd. Kaxkimoe ceMaHTHYIECKOe IeiicTBue
MOKET BBIPAOATHIBATH 3HAYEHHE B PE3YJIbTATE BHITOJIHEHUS
npucBausanus $$=Brpaxenne. Vcnosnenne Takoro oneparopa
B TIOCJIETHEM CEMAHTHUYIECKOM JEHCTBUM OMPEeisaeT 3HAUCHUE
aTpubyTa CHMBOJIA JIEBOM YACTH.

B HeKOTOpBIX CiIyduasX JOMYyCKAETCs MCIOJb30BAHUE IPaM-
MaTuK, uUMenmx KoHGIUKTH. [Ipm 3TOM cuHTaKCcHYecKuit
AHAIM3ATOP Pa3pernaeT KOHMINKTHI CIeIYIOIIM 00pa30M:

— KOHMDIUKTBL THNA CBEPTKA/CBEPTKA PA3PEIIAIOTCs BbIOO-
POM TIPABUJIA, TPEIIIECTBYIOIIETO BO BXOIHONH METATPOTPAMME;

— KOH(IIMKTHI THIIA CIBUT/CBEPTKA PA3PEITAIOTCS MPEINo-
ureHneM ¢ABuTa. [IOCKOMBbKY 9TUX TPABUI HE BCETIA TOCTATOU-
HO JIjTs TIPABUJIBHOTO OIPEIEJIEHNsT aHAIN3ATOPA, JOITYCKAETCS
OTIPe/IesIEHNE CTAPIIMHCTBA U ACCOIMMATUBHOCTH TEPMUHAJIOB.

Hamnpumep, obbsasmenne

Yleft 2+ 2=
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onpeensieT + 1 —, UMEIONTIMU OTUHAKOBBIN IPUOPUTET U UMe-
IOIIUMH JIEBYIO aCCOLMATUBHOCTH. Onepamuio MOXKHO OIIpee-
JIUTHh KaK MPABOACCONMATHUBHYIO B Pe3yIbTaTe OODbIBICHHUS:

Yright ’~7

Bunapuyio onepanuio MOXKHO ONPEAEJUTh KaK HeacCcolua-
TUBHYIO (TO €CTh HE JIOIMYCKAIOIIYIO IOBJICHUs OObeIuHeHN s
JBYX MOAPSA]] UAYIIAX 3HAKOB OIEPALIINH):

Y%nonassoc ’<?

CuMBOJIBI, TIEPEYUCIEHHBIE B OJHOM OObSIBJIEHUH, UMEIOT
OIMHAKOBOE CTAPIUHCTBO. CTAPIIMHCTBO BBIIIE JJIs KAXKIOTO
TTOCTIeAYIOIEro oObsaBiIeHnsI. KOHMIUKTHI Pa3pernaTcs my-
TEM IPUCBAMBAHUS CTAPIIMHCTBA M ACCOUUATUBHOCTH KasKI0-
My TPABUJIY TPAMMATHUKH W KAXKJIOMY TEPMUHAJY, YIaCTBYIO-
M B KoHGukTe. Keimm HeobXommMo BeIOpATH MKy CIBU-
rOM BXOJIHOIO CHMBOJIA S U CBEPTKON mo mpasuiny A — w,
CBEPTKA [EJIAeTCs, eC/IU CTAPLUIMHCTBO MpaBuia OoJblle CTap-
LIMHCTBA, § MJIM €CJIM CTAPIIUHCTBO OAMHAKOBO, & IIPABUJIO JIe-
BOACCOLMATUBHO. B IIPOTUBHOM Cilydae He/iaeTcs CABUL.

OOBIYHO 38 CTAPLIMHCTEO [IPABU/IA IPUHUMAETCs CTAPLIMH-
CTBO CAMOT0 TTPABOTO TEPMUHAJA MpaBuja. B rex ciydasx, Ko-
T3 CAMBIHM MPAaBbIil TEPMWHAJ HE JAET HYKHOTO TPUOPUTETA,
3TOT IPUOPUTET MOKHO HAZHAYUTD CIAEHYIOIINM OObABICHUEM:

%prec TepMuHAD

CTapiIuHCTBO W aCCOIMATHBHOCTH MTPABUJIA B 9TOM Clydae Oy-
JIYT TAKUMU 3Ke, KaK Y YKa3aHHOrO TePMUHAIA.

YACC me coobimaer 0 KOHMIUKTAX, PA3PELIAEMbIX ¢ IIOMO-
IILI0 ACCOLMATUBHOCTH U IIPHOPUTETOB. BoccTanosienue nocie
omuboK yIPaBIAETCA MOMB30BATEIEM € IIOMOINBIO BBEACHUA B
IPAMMATHKY <«IIPABUJ OMUOKH» BUOA,

A — error w.
3neck error — kiwoueboe cioBo YACC. Korma scrpedaer-
¢ CHHTAKCHYIECKasd OIIMOKA, aHAIU3aTOD TPAKTYET COCTOAHUE,
HADOP CUTYAIUH JJIsT KOTOPOTO COMEPIKUT MPABUIIO JIJIsl erYoT,
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HEKOTOPBIM CIIEIUAIBHBIM 00PAa30M: CUMBOJIbI U3 CTEKA BBITAJI-
KHMBAIOTCsI 10 TEX TIOP, TIOKa HA BEPXYIIKE CTeKa He Oymer obHa-
PY?KEHO COCTOSHWE, JJisi KOTOPOTrO HabOp CUTYaInil COmEePKUT
curyanuio uga [A — .error w]. ITocne yero B crek HpUKTUB-
HO TIOMEITAeTCsI CHMBOJI €Xror, Kak ecyii Obl OH BCTPETHUJIICS BO
BXOJIHOI CTPOKE.

Ecnm w nmycro, menaercst ceéprka. Ilocme aToro amanmsa-
TOP TPOMYCKAET BXOIHBIE CUMBOJIBI, TIOKA HE HAWIET Takoil, ¢
KOTOPBIM MOYKHO MPOJIOJIKAUTH HOPMAJIbHBIA pa3bop.

Ecan w nve mycro, mpocMaTpuBaeTcst BXOHAST CTPOKA U Je-
JlaeTcs MONbITKA CBEPHYTH w. Kcjin w coCToUT TOMBKO U3 Tep-
MHUHAJIOB, 9T CTPOKA HINETCS BO BXOJIHOM ITOTOKE.



ITpunoxenme A.

CeMaHTHKA
KOHTEKCTHO-CBOOOJTHBIX
A3BIKOB

1.9, Knym!
California Institute of Technology

Haittu «3navenunes nenouku KC-si3bIKa MOXKHO, BBITHC/INB
B KaXKJOM y3Je JepeBa €€ BBIBOJA TAK HA3BIBAEMBIE <«aATPHU-
OyThbl». ATpuOYTHl BHIYHCIAIOTCS C IOMOIIBI0 QYHKIUH, COIo-
CTABJICHHBIX CHHTAKCHYECKUM IIPABUJIAM rpaMMaTuku. B cra-
The U3YUAETCA BOMPOC O TOM, KaK BBITJISIUT TTPOIECC BHIYUCTIE-
HUsT ATPUOYTOB, KOT/Ia HEKOTOPHIE aTPUOYTHI SABJISIOTCS «CHUH-
TE3WPOBAHHBIME >, T.€. 3ABUCAT TOJbKO OT aTPUOYTOB 10TMOM-
K06 PACCMATPUBAEMOrO HETEPMUHAJIA, a APYIHUe - «YHACTIEeN0-

IKnuth D.E. Semantics of Context-Free Languages, Mathematical
Systems Theory, 2, 2, 1968, 127-146.
Knuth D.E. Semantics of Context-Free Languages: Correction,
Mathematical Systems Theory, 5, 1, 1971, 179.

B niepBOHAYaJBHOM TEKCTE AJIrOPUTM TEOPEMBI O IIPOBEPKE 3aLUKJIEHHO-
cTu OBLJI HEBEPHBIM, U MO3{HEE aBTOD JAJ APYTOi ero BapuanTt. IIpuBegéu-
HBI B HACTOAIIEH KHUTe TEKCT CKOMIUINPOBAH U3 JBYX BBINIEYKA3AHHBIX
crareii. — IIpum. pex. (B.M. Kypouxuna)
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BAHHBIMU Y, T.€. 3ABUCST OT aTpUOYTOB Npedkoe TaHHOTO HETEP-
vunana. IlpeacraBien amropuTM, MPOBEPAIONIHl, HE MPUBO-
J4T U CEMaHTHUYeCKue MPaBuja K IUKINYECKOMY OIIpe/iese-
HUIO0 HEKOTOPbIX arpudyTos. [Ipusenén npumep npocToro s3pi-
Ka MpPOTrPaMMUPOBAHUSA, B ONpeJesleHuH KOTOPOTO yYaCTBYIOT
KAK CHHTE3UPOBAHHBIE, TAK U yHACTEIOBAHHBIE aTpUOyThI. Me-
TOZ, OTIPE/IETIEHN T, OCHOBAHHBIN HA UCIOIb30BAHUN ATPUOYTOB,
CPaBHUBAETCHA C JAPYTUMHU MeToAaMu (HOPMATBHOTO ONMUCAHUST
CeMaHTUKN, UMEIOIIMMUCA B JINTEepaType.

A.1. Bsenenune

HomyctuMm, 9T0 HAM HY?KHO JaTh TOTHOE OIPEIETeHNE TBO-
WYHOI CUCTEeMbI 3aIlUCU YUCE]I. STO MOXKHO CIeJIaTh MHOTI'H-
Mu cmocobamMu. B maHHOM pasmesne Mbl pACCMOTDHM METO,
KOTOprﬁ MOZKET 6BITI) UCTIOJIB30BAaH W OJd JIPYTUX CUCTEM
cunciaennsa. B caydae IBOWYHOM CHCTEMBI 3TOT METO., CBOINT-
Csd K ONpPEJIeJIEHUI0, OCHOBAHHOMY HAa CJIEAYIOIIEH KOHTEKCTHO-
ceobogroii (KC) rpammaruke.

B—0 B—1
L — B L — LB (1.1)
N — L N — L.L

31eck TEPMUHAJBHBIMU CUMBOJAMU ABJISIOTCS «.», «0» u
«1», merepmuraabubivu — B, L u N, obo3nadaromime coor-
BETCTBEHHO OWT, CIMCOK OMTOB M 49uCa0. JIBOMYIHBIM YUCIOM
OyZieM CUUTATh JIOOYI0 MENOYKY TEPMUHAIBHBIX CUMBOJIOB, BbI-
BoguMyto u3 N upu nomouu npasua (1.1). dra rpammarTuka
B JIE€HCTBUTEILHOCTH BHIPAYKAET TOT (DAKT, UTO JTBOMIHOE UMC-
JIO TIpeJCTaBjsieT coOOil 1MOCIeI0BaATENBLHOCTD U3 OIHOTO WJIU
Oosiee HyJiell W €IVWHWIL, 33 KOTOPOH MOYKET CJIeJ0BATh TOU-
Ka U eIé OHA TOCJIeI0BATEIbHOCTD Hyseil u eaunuil. Kpome
TOrO, TPAMMATHUKA, IPUMUCHIBAET KAXKIOMY [TBOUYHOMY UHCITY
OIIPeIeJIEHHY IO IPEBOBHIHYIO CIPYKTYPy. Hanpumep, nenoyka
1101.01 nonygaeT CAEAYIONIYIO CTPYKTYPY:
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N

/’\
2 . L
L B L/\B
N | b |
/\B ‘0 ‘0
b ! (1.2)
!

EcrecTBeHHO OmMpeessiTh 3HaUeHe nBonYHOM 3amucu (1.1)
¢ TIOMOIIBI0 HEKOTOPOTO TIOTIATOBOTO MTPOIECCa, COMOCTABIIEH-
Horo eé crpykrype (1.2); 3HadeHwe Bceli NBOMYHON 3amucu
CTPOUTCS M3 3HAYEHMH OTIHEILHBIX 4acTell. DTO MOXKHO Cie-
JIaTh, IPANMCAE KAyKJAOMY HETEPMUHAILY amMpubymol CIEmLyT0-
M 00pa3oM:

V 6um B umMmeer UeIOYHCIEHHBIH aTpubyT <«3HGuYEHUE,
oboszHadaemblii v(B).

V cnucox 6umos L uMeer LeJIOYUCIEHHBIA arpubyT «dau-
Ha», obozHawaemerit [(L). V cnucor 6umoe L mveer memoanc-
JIEHHBIH arpubyT «3nauerues», obo3nadaembrit v(L).

V yucao N umeer aTpubyT «3HaveHUEe>, SBISIONANACST pa-
[MOHABHBIM YHCIOM U 0003HadaeMbrit v(N).

(Bamerum, 9TO Y BCEX HeTepMUHAJIOB L 10 aBa arpubyTa;
BOOGIIIE TOBOPSA, KAZKAOMY HETEPMUHALY MOYKHO TPUITACHIBATH
mo6oe xKesnaeMoe 4uciao arpubyTos).

Ipammaruky (1.1) MOXHO Temeph paclIMpPUTh TaK, YTO-
OBl KaXKJIOMY CHHTAKCUYECKOMY TPABUJIY OTBEYATH CEMAHTH-
YECKUE MPABUIIA.

B—0 v(B)=0

B—1 v(B) =1 (1.3)
L— B v(L) = v(B), I(L)y=1

L1 — L2B U(Ll) = 2U(L2) + ’U(B), Z(Ll) = Z(LQ) + 1
N—L v(N) =wv(L)

N — Li.Ly  v(N) =wv(Ly) + v(Ly) /2" 2)

(Mngekcbl B YeTBEPTOM W IMECTOM TPABUJIAX MPUMEHS-
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10TCsL JJIsI TOrO, YTOObI Pa3/NYdaTh BXOXKJIEHUs OJHOUMEHHBIX
HeTepMUHAJIOB.). B 5TUX ceMaHTHYeCKUX MpaBUIaX 3HAYEHUS
aTpuOyTOB BCEX HETEPMUHAJIOB OIPE/IETSIOTCS YepPe3 3HAUEHU s
arpubyTOB UX HEIOCPEJCTBEHHbIX IIOTOMKOB, TaK YTO OKOHYa-
TeJIbHDbIE 3HAYMEHUs ONpeesIeHbl /11t BeeX aTpubyTos. [Ipeano-
JIATaeTCs, YTO CMbBICT 0DO3HAYMEHUI, HCIIOIB30BAHHBIX s 3a-
MUCH CEMAHTUIECKHUX TMPABU, NoHATeH. OTMeTHM, HATTPUMED,
9o cumBOa «0» B cemanTmaeckoM npasmie v(B) = 0 nonwm-
Maercs He TaK, KaK CUMBOJ «0» B CHHTAKCUYECKOM IIDaBUJIE
B — 0. B neprom ciaydae «0» obDO3HAUaeT MaTeMaTHUeCKOe
MOHSITHE, & UMEHHO YHCJIO HYJIb, BO BTOPOM — HEKOTODBIH CHUM-
BOJI, UMEIOIIHH JIUnTH4YecKyio ¢opmMy. B KakoMm-TO cMmbicie,
TO, YTO 3TH JIBa CHMBOJIA BBIIVISIJIST OJMHAKOBO, — He Dosee
YEM [IPOCTOE COBIIA/IEHUE.

Crpykrypy (1.2) MOXKHO PACIIUPUTD, BLIIUCAB SBHO aTpPU-
OyThHI IPY BCEX y3JaxX.

N(v=13.25)

L(u=1M1, 1=2)

L(v=6,1=3) (v=1) L(v=0,1=1) B(v=1)

L(U—3,l{2)}v—0) ‘1 B(v=0) |
o= 1=1) Bloet) b b (1.4

B(v‘ 1) ‘1

I
1

Takum obpazom, «1101.01» oboznagaer 13.25 (B aecsaTud-
HOIt 3anucn).

Takoit ciocob onpenenenns cemantku KC-a3b1K0B B Cy1II-
HOCTH XOPOIIO K3BECTEH, TaK KAK OH YK€ HCIIOJb30BAJICS
HeCKOTbKUMU aBTopamu. OIHAKO CYIIECTBYET BAXKHOE PACIIIH-
perue 3Toro Merona. UMeHHO 9T0O pacIiupeHre U MPeICTABIsIeT
JUIS HAC MHTEPEC.

IIpeamonoxkum, HATTPUMED, YTO MBI XOTUM OMPEIETUTH Ce-
MaHTHKY OBOMYHON 3aIMCH APYTUM CIOCODOM, Dosee OJIU3KUM
K HameMy oObraHOMY €€ nonumanwuto. Ilepsas ennnnna B 3amnu-
cu «1101.01» Ha camoM Jesie 03Ha4YaeT 8, XOTd B COOTBETCTBUU
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¢ (1.4) eit mpunuceiBaercst 3HadeHwe 1. Bo3aMoxkHO, mosTOMY
OyeT JydIne ONpeaessaTh CEMAaHTUKY TaKuM 00pa3oM, ITOOBI
MECTOITOIOKEHNE CUMBOJIA TOXKE UTPAJIO ONPENeIEHHYIO POb.
MoxKHO BBECTH C/IeAyIONe aTPUOyThHL:

V cumeon B umeer aTpubyT «3HGUEHUE >, TBISTIONTHICT pa-
[MOHAJIBHBIM YHCIOM B 0003HadaeMblil v(B).

V cumeon B mmMeeT memI0UNCIEHHDBINR aTPUOYT «MaAcwmab »,
oGosnavaeMblii s(B).

V cumeon L umeer arpubyT «3HaUEHUE >, ABJISIOIIMIICS Pa-
[IMOHABHBIM YHCIOM 1 0003HavaeMbrit v(L).

V cumeoa L umeer ea09nCIeHHbIi aTpudby T «daunay, 000-
3HagaeMblii [(L).

V cumeon L nmeeT MeI09nCIeHHBIH aTPpUOyT «Macuwmad »,
oGosuadaembrit s(L).

V cumeon N mmeeT aTpudyT «3HaueHUEe», TPUHUMAIOIIAN
B KaJ4eCTBE 3HAYEHUIH DAIMOHATIBHBIE YNCTa U 0003HAYAEMBIit
v(N).

O1u aTpubyThl MOXKHO OIPEIETUTD CACAYIONIM 00pa3oM:

Cunrax- CemanTuaeckue

CUYIECKHe [IpaBUIIA

MpaBUIIA

B—0 v(B) =

B—1 v(B) = 25(B)

L— B v(L) =v(B), s(B)=s(L), (1.5)
(L)=1

L1 — LQB U(L ) = (LQ) (B), S(B) = .S(Ll)7
s(Le) =s(L1)+1, U(L1)=1L2)+1

N-—L v(N)=wv(L), s(L)=0

N — Li.Ly v(N)= U(Ll) +v(Ly), s(L1) =0,

3/ech TpU 3AIKMCH CEMAHTHYECKUX MPABUJI IPUHATO CJIe-
IYIOIee coramenne. [Ipagast 9acTh KaxKI0TO MPABHWIA, MTPE]-
craBiser coboil ompeaenreHre JEBORH YaCTH, TAKUM 00pasoM,
s(B) = s(L) o3Ha4aer, 9T0 CHAYaIa JOIXKHO ObITh BBIMHCIEHO
s(L), a 3areM MOIyYeHHOe 3HAUEHHE CJIE/lyeT TPUCBONTH S(B).
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Baskubim cBoiicTtBom rpammaruku (1.5) sBijsierca To, 4To
HEKOTOPBIE U3 aTpuOyTOB, KOTOPHIM HPHCBAMBAIOTCA 3HAYE-
HEA, IPUITACAHBI HETEPMUHAJIAM, CTOAIIMM B IIPABOI YaCTH CO-
OTBETCTBYIOIIErO CHHTAKCHYECKOrO IPABU/IA, B TO BPEMA KaK
B (1.3) arpubyTbl JEBLIX YaCTEll CEMAHTHYECKUX MPABUJI OT-
HOCHJIUCH TOJMBKO K HETEPMMHAJAM, CTOANIMM B JIEBOH 4acTu
CHHTAKCHYECKOTO MPAaBUIA. 3J6Ch MbI UCHONb3YeM KAK CUH-
mesuposarHbie ampubymo, (BBIYUCTSAEMBIE [YEDE3 aTPHU-
GyThl MOTOMKOB JAHHOTO HETEPMUHAJA), TAK W YHACAEOO-
sannbie ampubymot (BHIYUCIIEMbIE Y€Pe3 aTPUOYThI TIPEI-
KOB). CUHTE3UPOBaHHbBIE ATPUGYTHI BLIYUC/ISIOTCH B IPEBOBUI-
HOIl CTPYKTYype CHU3Y BBEPX, & YHACIEIOBAHHBIE — CBEPXY
Buu3. 'pammaruka (1.5) BkiItoyaer cMHTE3UPOBAHHBIE aTPUGY-
o1 v(B), v(L), (L), v(N) u yracregopannbie arpaOyTel $(B)
u s(L), Tak 9TO MPU UX BBLIYUCIEHUM HEOOXOAUMO MPOXOAUTH
10 IepeBY B 000MX HANDABJEHUSX. BhIUUC/IEHHE HA CTPYKTYPE,
coorBercTBytomei nenoyuke 1101.01, nmeer Bua:

N(v=13.25)
L(v=13, =4, s=0) L(v=.25,1=2, s=-2)

L(v=12,1=3, s=1) B(v=1, s:OQ(UZO, l:‘l, s=-1) B(v:.‘25, 5=-2)
L(v=12,1=2,s=2) B(v=0,s=1) 1 Bﬁv:O7 s=-1) 1
L(v=8,T=1, s=3) B(v=4, s=2) 0 0 (1.6)
B(vzl‘, s=3) ‘1

‘1

MoXKHO 3aMeTHUTh, UTO ATPUOYTHI <« ITMHA» CUMBOJIOB L,
CTOSIIIUX CIPABA OT TOYKH, JOJKHBI ObITh BBIYUCIEHBI CHU3Y
BBEPX JI0 TOTO, Kak OYIyT BHIYUCIEHDI (CBEPXY BHU3) aTpUOyTh
«MacmTad» u arpubyThl «3HAUYEHUE»> (CHU3Y BBEDX).

Fpammaruka (1.5), BEPOATHO, HE SBJSETCS <HAWJIYYIIEH
BO3MOXKHOW» T'PDAMMATUKON I CUCTEMbI JTBOWYHON 3alnCH,
HO TIOXOKE, YTO OHA JIy4Ille COIJIaCyeTCs ¢ Hallell MHTYUIUEN,
gem rpammaruka (1.3). (I'pammaruka, koropast Gojee TOYHO
COOTBETCTBYET HAIIEMY TPAJMIMOHHOMY TOJIKOBAHUIO JIBOUY-
HO# HOTAIMH, COAEPKUT IPYroe MHOXKECTBO MPABUI BBIBOJIA.
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DTH TPaBUJIA COMOCTABISAIOT IEMOYKe OMTOB CIpaBa OT TOY-
KN UHYIO CTPYKTYDPY, BCJIEACTBUE Yero arpudyT <«IJIUHA», HE
UIPAIOIHI IPUHIMIUAIBHON POJIU, CTAHOBUTCS HEHYKHbIM. )

Ham unrepec x rpammatuke (1.5) BbI3BaH He Te€M, 9TO OHA
MIPECTABJISIET COOOM MIEANTBHOE OIPee/IeHAE TBOMIHON CUCTe-
MBI 3aIUCH, 8 TEM, UYTO OHA JEMOHCTPUDPYET B3aWMOIEHCTBUE
YHACTEIOBAHHBIX U CHHTE3UPOBAHHBIX arpubyTos. Tor daxr,
9TO CEMAHTUYECKHUE MTPABUIIA, M0700HbIe npasuaam B (1.5), He
MPUBOAAT K 3AIUKJIEHHOCTH ONpeIeseHnsds arpubyTOB, HE siB-
JISIeTCSI OYEeBUIHBIM, TOCKOJIBKY 3/1ECH ATPUDYTHI BBITUCIAIOT-
Cs HE [IPY OIHOKPATHOM OOXO/I€ /IEPEBA B OJ(HOM HAIIPABJICHUH.
AnropuT™, TPOBEPSIIOMINI CEeMAHTUYIECKUE TTPABIIIA, Ha, 3aIIUK-
JIBHHOCTb, OyZIeT OMUCAH HUXKeE.

BaskHOCTH yHACTEIOBAHHBIX ATPUOYTOB COCTOUT B TOM,
YTO OHU €CTECTBEHHO BO3HUKAKT B MPAKTUKE W B OYEBUIHOM
CMDBICJIE «/IBOWCTBEHHBI» CHHTE3WPOBAHHBIM aTpubyTam. XOo-
TS A/ ONPEIESEeHUS CMBICJIA JBOUYHON 3aIMUCH JTOCTATOYHO
TOJIBKO CHHTE3WPOBAHHBIX aTPUOYTOB, CYILIECTBYET P H3bI-
KOB, IJIs1 KOTOPBIX TAKOE OTPAHUYEHNE MIPUBOIUT K HEYKJITIOXKE-
My ¥ HEECTECTBEHHOMY ONpeaeneHuio ceManTuku. Curyammu,
KOTJIa BCTPEYAIOTCS U YHAC/IEIOBAHHBIE, U CHHTE3UPOBAHHBIE
aTpubyThl, MPEACTABIAIOT COOOH Te caMble CIydUad, KOTOPHIE
B IIPEAIIECTBYOMINX ONPEIEIEHNAX CEMAHTUKN BBI3bIBAJIU CE-
PBHE3HBIE TPYIHOCTH.

A.2. ®opmaJsbHBIE CBOICTBA

Ipugaaum Terneps ujaee UCIOMb30BAHUS CUHTE3UPOBAHHBIX
¥ YHACJEIOBAHHBIX aTpubyTOB OO/Tee TOUHYIO U OOjee ODITYIO
dopwmy.

IMycrs umeerca KC-rpammaruka G = (V, N, S, P), rue
V' — (koneunblit) andaBuT TEPMUHATLHBIX U HETEPMUHAIBHBIX
cuMBonioB; N C V — MHOKECTBO HETEPMHHAJIBHBIX CAMBOJIOB;
S € N — «HauaJbHbIH» CUMBOJI, HE BXOJAINN B IPABbIE YaCTH
npaBmwi, U P — MHOKECTBO MpPaBHJI.

Cemanruveckue npasuiia, gononasior G creayonmm obpa-
30M. C KaxKIapIM cUMBOJIOM X € V CBA3BIBAETCS KOHEUHOE MHO-
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skectBo aTpubyroB A(X). A(X) pasbuBaercs Ha 1Ba Herepece-
KAIOIIXCS MHOKECTBA: MHOMKECTBO CHHTE3NPOBAHHBIX aTPHUOy-
0B Ag(X) m MHOXKECTBO yHACTEHOBAHHBIX aTpubyTos Aj(X).
Muoxecreo Aj(S) momxuO GBITH yCTBIM (TO €CTH HAYAIb-
HBIH CUMBOJT S HE JIOMKEH UMETh YHACIEIOBAHHBIX ATPUOYTOB);
aHaJOrnIHO, MHOKecTBO Ao (X) mycro, ecin X — TepMuHaIb-
meri cuvBor. Kaxkmerit arpubyt o w3 muoxkectsa A(X) nmeer
(BO3MOKHO, BECKOHEYHOE) MHOKECTBO 3HaueHuil V. s kax-
J10r0 BXOKIeHnst X B JIEPEBO BBIBOJA CEMAHTHYECKHUE MTPABUIIA
MO3BOJISIOT ONPEIETUTE OJHO 3HAUCHUE U3 MHOXKECTBA Vi, I
COOTBETCTBYIOIIErO aTpubyTa.

ITycts P cocTouT U3 m MpaBuil, ¥ MyCTh P-€ IPABUJIO UMEET
BH/,

XpO — Xplng Xpn,,a (21)
rtme ny, =2 0, X0 € Nu X, € Vpnal < j < ny.
CeMaHTHIeCKNMY TTPABWJIAMI HA3BIBAIOTCA DYHKIUT  fpja,
onpesenénnnle qag eex 1 < p < m, 0 < j < np u HEKOTO-
poix o € Ao(Xp;), ecmn j =0, umu o € A1(X,;), ecm j > 0.
Kaxgas takas yHKII MpeacTaBasgeT coboi oTobparkeHne u3
Vo, XV, X ... XV, B V,, ana mexkoroporo ¢ = t(p, j, a) > 0, Tne
Bce @; = o;(p, j, @) aBnAOTCA arpubyTaMu HEKOTOPBIX Xpk,,
opu 0 < k; = ki(p,j,a) < np, 1 < 4 < t. dpyrumu ciio-
BAMU, KAKJI0€ CEMaHTHIECKOE IPABUIIO 0TOODaXKAET 3HAYEHU S
HEKOTOPBIX aTpuOyTOB CUMBOIOB Xp,, Xp,, ..., Xpp, 1 3HAUE-
HHE HEeKOTOPOro arpudyTa cumBosia Xp, .

Ppammaruka (1.5), Hanpumep, NPENCTABILETCS B BUIE
G = ({0,1,«»,B,L, N}, {B,L,N},N,{B — 0, B — 1,
L—-B,L—-LB, N— L, N— LL}).

Arpubyramu 371€Ch SABISIOTCA

Ao(B) = {v}, A1(B) = {s},
AO(L) = {U7 1}7 AI(L) = {5}7
Ao(N) = {v}, A(N) =2

u Ag(z) = Ay(z) =@

ms x € {0,1,.}. MuoxkectBamm 3HadeHnit arpubyToB OyayT

V, = {panuonasusuvle uncaalt, Vi = V; = {nensie uncnal. Tu-
)

HUYHBIM IIPUMEPOM IPABHUJI BBIBOAA, CIIy2KUT YE€TBEPTOE NIPABU-

JIO X40 — X41X42, rae ng = 2, X40 = X41 = L7 X42 = B. Tak
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JK€ TUIUYHO M CEMAaHTUYECKOe NPABUJIO f404, COOTBETCTBYIO-
mee 3ToMy mpasuiy BeiBoma. OHO ompenenser v(Xy) gepes
Apyrue arpubyThl; B JAHHOM Ciay4ae fi0, oToOpaxkaer V,, x V,,
B V, cormacuo dopmyne fio,(x,y) =z +y. (10 ecTh HE UTO
unoe, Kak mpapuio v(Li) = v(Lg) + v(B) u3 (1.5); ucnonb3ys
JIOBOJILHO I'POMO3IKYIO 3alUCh, BBEISHHYIO B IIPEAbIAYIIEM ab-
3ane, MOy IuM:

t(47 Oa U) = 27 051(4a 07 U) = 052(4a 07 U) =0,
k1(4,0,v) =1, ky(4,0,0) =2).

CemaHTHYECKHE TPABUIA UCIONB3YIOTCA JJIsT CONOCTABIIE-
mng menoukaM KC g3bIKa, «3HAUEHHS» CIeqy oMM obpasoM?,
st mo60ro BLIBO/IA TEPMUHAIBLHON HENOYKH ¢ u3 S Ipu moMo-
I CHHTAKCUYECKUX TTPABUJT TOCTPOUM OOBIYHOE JTEPEBO BHIBO-
na. A umenno, KopaeM jepesa Oyaer S, a KaxKIblil y3eJ1 moMe-
4aeTcsa MO0 TEPMUHATBHBIM CHMBOJIOM, JTAOO HETEPMUHATIOM
Xpo, COOTBETCTBYIONIMM IPAMEHEHHIO P-TO IPABUIA JIJIA HEKO-
TOPOrO P; B HOCTEAHEM CIy4ae y ITOro ysia Oyaer m, Hero-
CPEJICTBEHHBIX TTIOTOMKOR.

Xpo
(2.2)

Xp1 X2 Xpm,

IIycrs Temeps X — MeTKa HEKOTOPOTO Y3713, AEPEBa, U MyCTh
a € A(X) — arpubyr cumposa X. Ecm a € Ap(X), To
X = X0 ana mekoroporo p, ecau xe « € A1(X), ro X = X,
JUIsT HEKOTOPBIX j u p. B obonx ciaydasx mepeBo «B paiioHes
aToro ysna uMmeer suj (2.2). Io onpenesenuio arpubyr o ume-
€T B 3TOM y3Jie 3HAYEHNE VU, €CJIM B COOTBETCTBYIONIEM CEMaH-
THYECKOM TPABUJIE

fpja i Vay X oo x Vo, = Vy (2.3)

2Ha camoMm fesie 3HAMEHME 37€Ch TIPHINCHIBAETCS JEPEBY BHIBOJA, Tie-
MOYKH, a He el camoit. Eciu rpaMMaTiKa HeOJHO3HAYHA, 3TO HE OJHO U
TO k€ (CM. IOCIeAHIOI CTPAHULY CTAThu). — lIpEM. mepes.
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BCE aTPHOYTBL V1, ..., iy YK€ ONPENENeHbl U HMEOT B y3JaX
¢ meTRaMu Xpk,, ..., Xpk, 3HAYEHUH V1, ... , Uy COOTBETCTBEH-
HO, &V = fpja(v1, ..., v;). IIponecc Borancnenuna arpuGyToB HA

JIepeBe IIPOJOJIZKACTCSA JI0 TeX 110D, MOKa HEIb3sd OyJeT BhIYuC-
JIUTH GONBINE HA OMHOTO aTpubyTa. BLIMHCICHALBIE B pesyIbTa-
Te arpuOyTHI KOPHS ACPEBa MPEICTABISIOT CODOH «3HAMCHHES,
COOTBETCTBYIOIIEE JAHHOMY nepeBy BbiBoga (1.6).

EcrecrBenno morpeboBaTh, ITOOB CEMAHTHIECKNE TTPABIIIA,
JTaBAITH BO3MOXKHOCTD BBIYUCJIATH BCE ATPUOYTHI MPOU3BOIBHO-
TO y37a B JI0OOM fmepere BBIBOMA. FKcin 3To yeroBue BHITIONHS-
ercst, OyJeM TOBOPHTb, UTO CEMAaHTHYECKHE MPABUJIA 3a0aHbL
xoppexmuno>. TIoCKOMbKY JepeBbeB BBIBO/A, BOOOIIE TOBODH,
GECKOHEYHO MHOTO, BAYKHO yMETh ONPEIeIATh [0 CaMOi rpaM-
MaTHKe, SIBJISAIOTCA JTH KOPPEKTHBIMHU €€ CeMaHTHYIECKUe mpa-
BuJa. AJITOPUTM [IPOBEPKU ITOIO CBOUCTBA IPUBEIEH B Pa3/l.

A3

OTMernM, YTO ITOT METO ONpEe/IeeHns] CEMAHTHKN 00J1a-
JaeT TaKOU »Ke MOIIHOCTBIO, KaK W BCAKHUI APYrod BO3MOXK-
HBII METOHd, B TOM CMBICIE, 9TO 3HadeHune Joboro arpuby-
Ta B JIOOOM y371€ MOXKET MTPOU3BOJBHBIM OOpPA30M 3aBHUCETH
OT CTPYKTYPhI BCEro mepena. [IpemamoaokuM, HAMPpUMED, UTO
B KC rpammaTrke BceM CHMBOJaM, KpoMme S, TPHUIUCAHO TIO
JIBA YHACAEI0BAHHBIX aTpubyTa: | («mosoxenues) u ¢ («uepe-
BO» ), & BCEM HETEPMUHAJIAM, KPOME TOrO, 110 OJHOMY CUHTE3M-
poBanuoMy arpubyry s («mopzepeBo»). 3uadenusivu | OyayT
KOHEYHBIE MIOCJIEI0BATEBHOCTH IOJOKUTETbHBIX HEJIbIX YACE
{ay -ag - ... ai}, oupenensONMe MECTOHAXOXKICHUE Y3714 B Je-
peBe B COOTBETCTBHH C cucTeMoit obosnavenus JIptoun (cMm. [§],
crp. 388-389)*. ATpmOyTLI t M s TIPeACTABIAIOT COGOM MHO-
JKECTBO ynopsaouenubix map (I, X), rme | — momnoxkenune y3-
aa, a X — CUMBOJ IPaMMATUKN, ODO3HAYAIOMIMI METKY y3/1a
¢ mostoxkerneMm . CeMaHTUIECKUMY TTPABUIAMU JJIsT KAXKIOTO
CHHTaKCH9IecKoro npasuia (2.1) ciayxkar

3B opurunane well defined. — Ilpum. pes.

4HesnaxoMbIM ¢ 3TOH cucTeMoif 0603HAYEHUH He 00sS3aTENHLHO 06Da-
MATHCA 33 CIPABKON MO YKA3AHHOMY AJIPECy: IPHUHIUI CHCTEMBI JIETKO
yemarpusaercsa u3 dopmya (2.4). — Ipum. pen.
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) = UXpo) -7, ecn  Xpo # 5
l(XPJ) - { _] ) eCcin XpO = S’ (2 4)
I(X,,) = t(Xpo) » et Xpo # S; :
P s(Xpo) ectn Xpo = S
(Xp0) = {(U(X0), Xp0) X0 # 83U U {6(X5) X5 € N).
j=1

Canenosareibo, aias gepesa (1.2), Hampumep, Mbl UMeEM
s(N) = {(17 L),(2,),3, L),
(1.1, L), (1.2, B), (3.1, L), (3.2, B),
(1.1.1, L), (1.1.2, B), (1.2.1, 1), (3.1.1, B), (3.2.1, 1),
(1.1.1.1, L), (1.1.1.2, B), (1.1.2.1, 0), (3.1.1.1, 0),
(1.1.1.1.1, B), (1.1.1.2.1, 1), (1.1.1.1.2.1, 1)}

fcro, 9To 3TA 3aMNCH COMEPKUT BCIO MH(MOPMAIIHIO O JTepe-
Be BbiBoAa. CornacHo cemanTuyeckum npasuinam (2.4), arpu-
6yT ¢t BO Beex y3nax (KpOMe KODHs) IPEACTABIAeT OO0 MHO-
2KECTBO, XapaKTepusylolee BCE IEPEBO BBIBOAA; arpubyT |
OTIPeNIeTISIET MECTOHAXOXK IeHNe 3THX y3m0B. OTcoa cpasy cie-
Jyer, 9To Jbas MplcauMas (hyHKIUs, ONpeaesiéHHAs HA Je-
peBe BBIBOJA, MOMKET OBbITh MPEJICTABIEHA KaK aTpuOyT Mpo-
M3BOJIBHOTO Y3J14, MOCKOMBKY 3Ta (hyHknma umeer sug f(t, 1),
JJI HeKOoToporo f. AHAaJOrMYHO, MOXKHO IIOKA3aTh, 9TO JJId
OTIpEIeNeHUs 3HAUYCHUS, CBSI3AHHOTO C TPOM3BOJIBHBIM Jepe-
BOM BBIBOJIA, JOCTATOYHO TOJBKO CUHTE3UPOBAHHBIX aTPUOY-
TOB, MOCKOJIbKY CHHTE3MPOBAHHBIA ATPUOYT W, BHIMACTAEMbII
o opmyae

w(Xp0) = {(0, Xp0)} U (J{G -, X) |
j=1

(o, X) € w(X,;), Xpj € N}H2.5)
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B KOpHe JepeBa MOJHOCTLIO OIpenedeT BCE Aepeso’. Kaxk-
JI0e CEMAHTHYECKOe MPABUIIO, ONPEIETISTEMOe METOIAMH 3TOrO
pasmena, MOXXHO PACCMaTPUBATH KakK (DYHKIHIO 3TOTO ATPH-
Oyra w. CienoBare/ibHO, OLUCAHHBIA OOLIMI MeTO/ 110 Cylie-
cTBy He DOJiee MOIIEH, YeM METOJ, BOBCE HE HCIOMb3YIONIUi
HACIE0BAHHBIX aTpudyToB. [IpaBma, 310 yTBEp:KI€HNE HE CIe-
JIyeT TOHUMATH KaK MPAKTHYIECKYIO PEKOMEHIAINIO, TTOCKOIb-
Ky CEMAHTUYECKUE TMPABUIIA, HE UCIONb3YIOIINEe YHACIEIOBAH-
HBIX aTpubyTOB, OyAyT 3a4acTyio ropas3ao 6osee CIOKHBIMU
(a TakyKe MeHee MOHUMAEMBIMY W TIPAKTHYHBIME), UM TIPABHU-
Jia, BRJIIQUAIONHE aTpubyThl 000X TUNOB. KCium [OmycTUTh,
4TOOBI aTpubyTh! B KarKJIOM y3JIe JIepeBa MOIJIM 3aBHCETH OT
BCErO JIEPEBA, TO CEMAHTUYECKHE MPABUIA YACTO MOTYT CTATh
mpoire u 6yayT Jydilie COOTBETCTBOBATH HAIIEMY TOHUMAHHIO
MPOIIECCA BBIUUCIIEHUS.

A.3. IIpoBepka Ha 3allMKJIEHHOCTh

PaccmorpumM Temeph airopuTM, MPOBEPSIIONINN, SBJISETCS
JIM KOPPEKTHON CHCTEMa CEMAHTHYECKUX MPABUII, OMPEIeIEH-
Hasi B OpeAbLayIieM paszaerne. JIpyruMu cIoBaMu, Mbl XOTHM
3HATH, KOTJIa CEMAHTUYECKNE MPABUIA, MTO3BOISIOT BHIYUCIUTD
3HaUeHHe JI000ro arpubyTa JI0O0r0 y3/1a MPOU3BOIBHOTO Je-
peBa BBIBOJA. MOKHO CIUTATH, 9TO IPAMMATHKA HE COMEPIKUT
«BecnoIe3HbIXy MPABUJ BBIBOJA, TO €CTh UTO KAXKIOE MPABU-
70 u3 P yuacrByer B BbIBOZE XOTs ObI OMHON TEPMUHAIBHON
HEMOYKH.

Ilycts T' — mpoW3BOABLHOE AEPEBO BBIBOIA, COOTBETCTBY-
I0I[ee TAHHOMW TPaMMATHUKE; METKAMU KOHIIEBBIX Y3JI0B MOTYT
OBITH TOJBKO TEPMUHAJIBLHBIE CHMBOJIBI, KOPHIO YK€ Pa3peImM
MMETHh METKOH He TOJIbLKO aKCHOMY, HO W Jii000H cuMBOT u3 V.
Torma MOXKHO onpeAenuTs opuentuposanubiii rpad D(T), co-
orBeTcTBYyIONMi T') B34B B KAYECTBE €r0 y3JI0B YIIOPSII0YEHHBIE
napsl (X, a), rne X — y3en gepesa T, a @ — arpubyT cUMBO-
na, cryxkamero Metkoit yama X. Jdyra u3 (X1, 1) B (Xa, ag)

5B  mpapoit wacTm OpPMYAH HYXKHO JOGABHTL  eImIé  uiIeH
n .
U;2:{(G-0,2) | = ¢ N}. — Hpum. pex.
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MPOBOJINTCS B TOM W TOJIBKO B TOM CJIy4ae, KOTIa CeMAHTHIE-
CKOE TIPABUJIO, BBIYUCIAIONEE ATPUDYT (o, HEMOCPEICTBEHHO
WCIIONB3yeT 3HaUeHne arpudyTa o1 . Hampumep, ecaun T — nepe-
BO (1.2), a B KauecTBe CEMAHTUYECKUX [IPABUIL B3AThl [IPABUJIA
(1.5), To oprpad D(T) 6yaer umers Takoil BU:

ou(N)

S Y
v(L)el(L)es(L) o@o s(B) ev(L)el(L)es(L) @o s(B)
!
v(L) e l(L) e s( ov(B)e s(B) *v(B) ¢ s(B)
(3.1)
v(L) e l(L)e s(Ly—~ev(B)es(B)

~_
0(B)¢'s(B)

eo—>eo —>0 —>o

Jpyrumu cnosamu, ysnamu rpada D(T) ciyxar arpuby-
THI, 3HAYEHUS KOTOPBIX HYKHO BHIYUCINUTE, & JyTH ONPEIesi-
0T 3aBUCAMOCTH, TIOAPA3YMEBAOIIUE, KAKUE ATPUOYTHI BHIUWC-
JIAIOTCA paHblile, a Kakue nosxe (1.6).

fIcHO, 9T0 CeMaHTHYECKHE [TPABUIIA, SIBISIOTCSI KOPPEKTHDI-
MU TOTJIa ¥ TOJBKO TOrJA, KOrja HU oqun u3 oprpados D(T)
He COJEPIKUT OPUEHTHPOBAHHOrO TWKa. Jlemo B ToM, 910 ec-
Ju B rpade HET OPUEHTUPOBAHHBIX [IHKJIOB, TO MOYKHO MTPUME-
HUTH XOPOIIIO M3BECTHYIO MPOIEAYPY, HO3BOILIONIYIO TPUCBO-
UTHh 3HadeHud BceM arpubyram (cMm. [8], crp. 465-466). Eciau
ke B HekoTopoM rpade D(T) ecTh OPUEHTUPOBAHHBIH UKL,
TO BBHJY TOrO YTO I'PAMMATHKA HE COMEPIKUT OECITOJE3HBIX
MPABUIT, MOYKHO yTBEPYKIATh, UTO CYNIECTBYET OPUEHTUPOBAH-
HBIH MK B HEKOTOpoM Tpade D(T), y KoToporo MeTkoii Kop-
us gepesa T’ cayxur S. Ina takoro mepesa T Bce arpubyThbl
BBIUUCIUTDL HE ymaércsi. Takum obpasom, 3ama4da «ABagiorcs
JIM CEMaHTUYECKHUE TPABUIIA KOPPEKTHBIM?» CBOJIUTCS K 3314496
«Conepxar jiu oprpadsr D(T') opueHTHDOBAHHDIE TUKJIBIT>

Kaxgprit oprpad D(T) MOXKHO PaccCMATPHBATH KakK Cy-
HEepIO3UIHI0 MEeHbINX oprpados D), COOTBETCTBYIOIUX MIPa-
Bunam Xpo — Xp1 -+ Xpy, rpammarusm, 1 < p < m. B
ofo3uadennsx paszx. 2 oprpad D, umeer yanwl (X,;, o) s
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o O

IN N
[

| < np, a € A(X,;) u nyrm u3 (Xpk,, @) B (Xpj, o) gns
< np, a € Ag(Xpj), ecm j = 0,0 € Ai(X),), ecn
Jj >0, ki = ki(p7j7 Oé), QG = ai(paja Oé),l <t < t(p7j7a)'
Hpyrumu ciaosamu, D), orpazkaer ¢BA3H, KOTOPBIE IIOPOXKIAIOT
BCE CEMAaHTUYECKUE IIPABUIA, COOTBETCTBYIOIINE P-MY CHHTAK-
CUYecKOMy mpasuiy. Hampuwmep, mectn paBujiaM TPaMMAaTH-
ku (1.5) COOTBETCTBYIOT 1IECTD CIEAYIONMX OPrpadoB:

D1 : eu(B) e 5(B) Ds : $o(B)% s(B) (3.9)

D3 : f’u(L) ol(L)es(L) / L})‘%
ov(B) ¢'s(B) v(La) @ l(L2) @s(L2) v(B) e s(B

Ds :ev(N)el(L)es(L) Deg : ey(N)

T

ov(L)el(L)es(L) ev(Li)el(Li)es(Ly)euv(La)el( L2) e s(L2)

Oprpad (3.1) monyuaercs B pe3yabrare «O0bEIUHEHUS >
takux noarpadgos. Boobe, ecnn T mMeer B KadeCcTBE METKH
kopus repuunarn, D(T') me comepxur ayr. Ecim kopersb mnepesa
T nomedeH HETEPMUHAIBHBIM CUMBOJIOM, 1 uMeer B/

Xpo
(3.3)

T1 TQ e Tnp

JI8 HEKOTOpoTo p, rae 1 — JepeBo BBIBOAA, y KOTOPOTO KO-
peHb moMedeH cuMBonIoM X,;, rme 1 < j < n,. B mepsom
ciaydae roBopsaT, aro 1 — jgepeBo BbiBOma Tuma (), BO BTO-
pom caydae T HazbiBaercsi depesom ewmeoda muna p. B
COOTBETCTBIH C 3TUM OTpeJeSIeHNeM JJIst TOTo, YToOBI Mo D),
D(Ty), ..., D(T,,) nocrpours D(T), myxHOo nna Beex j, 1 <
Jj < Ny, COBMECTHTH Y3JIbl, COOTBETCTBYIOIIYE aTPUOyTaM CHUM-
Bosta Xp; rpada D), ¢ COOTBETCIBYOIMMHE y31aMu (OTBEYaIO-
wyMu TeM ke arpubyram xkopua aepesa 1) B rpade D(T}).
Hns nposepku Toro, conepxxut au rpad D(T) opuenTrpo-
BAHHBIN IUKJI, HAM TOHAIO0UTCS et oaHo nousTue. [lycrs p —
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HOMeD Ipasuia BbiBona. Obo3na4uuM depe3 Gj IPOU3BONIBHBILH
oprpad (1 < j < np), MHOKECTBO Y3JI0B KOTOPOTO ABJIAETCH
noaMHOZKeCTBOM MHOMKecTBa A(X),;) arpubyTos cnmBona Xp;.
Ilycrs

D,[G, ..., G| (3.4)

oprpad, nomygennerit u3 D, nobapieHWeM IyT, HIYIIUX U3
(Xpj, @) B (Xpj,@’), ecm B rpade G ectb nyra u3 o B o'
Hampumep, ecin
l
sh i -y
~— | e

S
[

G, =

u eciin Dy — opuenTupoBanubiii rpad n3 (3.2), ro Dy(G1, G2)
MMEEeT BH[

Dy :ev(Ly)el(Ly)es(L)

-[(Lz) : z(ﬁm@- s(B)

Tenepb MOXKHO BOCIIOJIB30BATHCS CAELY IOMIAM AJITOPUTMOM.
Haa moboro X € V' .S(X) 6yaer HEKOTOPHIM MHOYKECTBOM OPH-
eHTUpoBaHHbIX rpados ¢ y3namu u3z A(X). Cuagana mug Beex
X € N S(X) nycro, a ma X ¢ N S(X) cocroutr u3 enuH-
cTBeHHOTO Tpada ¢ MAOKeCTBOM y3108B A(X ) n He comeprxkarme-
ro ayr. Bymem go6asnars k maozkecrsam S(X) HOBBIE Oprpa-
Bl TpU TTOMOIIHN CIIEYIOMIE TPOIEAYPHI O TEX TIOP, MOKA, B
S(X) e mepecraHyT MOSIBIATHCA HOBBIE JIEMEHTHI. Briepem
negoe p, 1 < p < m n aaa xaxgoro j, 1 < j < nyp, oibe-
pem oprpad D} € S(X;). Barem noGasum B S(Xp0) oprpad
¢ MuHOXKECTBOM y310B A(X,,), obnasamommii TeM CBOHCTBOM,
4TO B HEM Jyra OT & K &' MJAET TOrJa U TOJIBKO TOI/IA, KOrIa B
oprpacde

DD}, ..., D,

Tlp]

(3.5)

cywecrByer opuentuposaunbii nyth u3 (Xpo, ) B (Xpo, @).
SIcHO, YTO 3TOT MPOIECC PAHO WX MO3IHO 3AKOHYUTCA U HOBBIE
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oprpadbl HepecTanyT NOPOXKAATHCS, MOCKOIbKY BOODIIE CyIIe-
CTBYeT JIMNIb KOHEYHOE 9HC/I0 OPUEHTUPOBAHHBIX TpadOB.

B cayuae rpamMaruku (1.5) aaropuTM mOCTPOUT CIEILYTO-
mpe MHOYKECTBA:

soo={ 7 }s - sw= {7

s ={ " s =sm=1
oy

IIycre T — nepeso BbiBOgA ¢ KopaeM X, u mycrs D'(T) —
OpHEHTUPOBAHHBIH Ipad ¢ MHOKecTBOM Y3108 A(X), y KOTO-
POTO €CTh AyTa U3 & B &' TOrma u TOALKO Toraa, Koraa B D(T)
CYIIECTBYeT OpueHTHpOBanHbIH myTh u3 (X, a) B (X, o). To-
KazKeM, 9TO TIOCIE OKOHIAHNS PAGOTHI OMMMCAHHOTO BHIIIE AJITO-
putma ansBeex X € V S(X) — amo mnoocecmeo scex: D' (T ),
rine T — nepeBo BbIBOIA ¢ KopHeM X 8. JleficTBuTeNnbHO, MOCTPO-
enue He nobasssger kK S(X) HOBBIX OPUEHTUPOBAHHBIX TPAdOB,
ue spasomuxcs D' (T). Aaropurm MOKHO Jazke JIerko 0606-
AT Tak, 9T00bI ana kaxkzaoro rpada w3 S(X) om mewaran
Ha BBIXO/E COOTBETCTBYOIIEE AepeBo BbiBoaa 1. ObparHo, ec-
mm T — JepeBo BBIBOZA, MBI MOYKEM TOKA3ATh WHIYKIWEH 1O
qucity ysnaos gepesa 1, aro D'(T) npuHasieskur HEKOTOPO-
My muO)KecTBy S(X). B nporusaoM ciaydae T J0JIKHO UMETh
suz (3.3) u D(T) «cocrasnen» u3z D,D(Ty), ..., D(T,,). Ilo
MHAYKIUE U BCJIEACTBHE TOro, 4ro npu j # j' u3 D(Tj) B
D(Tj) ne npoxogur ayr sae Dy, nyru B D(T1), ..., D(T),,),
COCTABJIAIONIEH paccMaTpuBaeMblii myTh rpada D(T'), MoxKHO

3aMEHHUTBb COOTBeTCTBYIomUME ayramu B Dy[D'1, .., D;Lp], roe
D € S(Xp;), 1 < j < ny. Hosromy opuenruposanmubiii rpad,
BKyouaemptit B S(Xpo) na 6ase Dy[D'1, ..., Dy, |, mpocto cos-

nagaer ¢ D'(T).

SEcnm, xak ONpeenasoCh BhINE, KOHIEBbLIME y3aamu T MoryT GeiTh
TOJILKO TepMUHAJbHbBIE CUMBOIBL, T0 S(X) 6yner codepacams Bee D'(T),
a ne cosnadamv co MHOX)ecTBOM BCex D'(T). UTOGHI HE BHOCHTEH B IIO-
CJIeIyIOIMe MMOCTPOEHUsI HECYIIECTBEHHBIX MCIPABIEHWUH, IPOIIe B 3TOM
ab3ane cuntarh T MIOGBIM 1€PEeBOM BBIBOJA ¢ KopHeM X (TO eCTh He 00s1-
3aTeJbHO IPOMOJIKEHHBIM 40 TEPMHHAJIOB). — LIpmM. pen.
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BrrimenpusesHHBIN anTOPUTM pEIaeT 331a9y, TOCTABIEH-
HYIO B 3TOM pa3Jiejie.

Teopema. Cemanmuueckue npasuia, 000a6AEHHBIE K 2DAM-
MAMUKE MAK, KAK MO COAGHO 8 Pa3d. 2, AGAAIOMCA KOP-
PEXKMHBLMU 0200 U MOALKO Mo2da, Kozda Hu 00U U3 0pU-
enmuposannn zpagos (3.5) nu npu kaxom ewbope p u
Dy € S(Xp), ..., Dy, € S(Xn,) ne codepocum opuenmu-
DOBAHHBLL UUKAOG.

Zlokazarespcrso. Eciu (3.5) comep:kur opueHTHpPOBAHHbIH
WK, TO, KAK OBLIO TOKa3aHo Bbime, rekoTopwit D(T) co-
JepKUT opueHTupoBaHHbIM mukia. Haobopor, ecnu T — ne-
PEBO C HAWMEHBITMM BO3MOXKHBIM UHCIOM YJIOB, TAKOe, UTO
D(T) coneput OpUEHTUPOBAHHBIA LUK, TO T NOIAKHO UMETh
Buzn (3.3), a D(T) «cocrapnaercas w3 Dy; D(Th), ..., D(T),,).
W3 vunumanbrocTu T cjiemyer, YTO OPHEHTHUPOBAHHBIN UK
BKJII0YaeT 10 MeHbleit Mepe onny oyry rpada D), u, cregosa-
TeJbHO, MOYKHO, PACCYXK/1as1, KaK BBIIIE, BCe JyTH, 00pa3yronine
3TOT MUK U Jexkamue B onsoM u3 rpacdos D(T1), ..., D(Ty,),
3aMeHUTH gyramu rpada (3.5). |

A.4. IIpocToit 93bIK HNpPOrpaMMHIPOBa-
HUs

Ceityac MBI IPOIEMOHCTPUPYEM, KAK OTTMCAHHBIN BBIIIE Me-
TOJ, CEMAHTHYECKOTO ONPEIEeHUsT MOKHO MPUMEHSTD K $I3bl-
KaM IporpammupoBanus. st mpocTorst u3yuum (gopmMasibHoe
ornpeseerne HeOOIBINOTO A3bIKA, OMMCHIBAIONIETO TPOrPAMMBI
a7t MamuH T bIopUHTa.

Marmura ThiopuHTa (B KJIACCHIECKOM CMBICTE) paboTaer ¢
6GeCKOHEYHOI JIEHTO, KOTOPYIO MOXKHO [IPEICTaBIATh cebe pas-
nenéunoit Ha kJerku. Marmna MOMKeT CUUTBIBATH WJIM 3alld-
CBIBATh CUMBOJIBI HEKOTOPOrO KOHEYHOrO aidaBuTa B 00603pe-
BAEMYIO B HEKOTODBI MOMEHT KJIETKY, & TaKKe C/IBUTATH YNTa~
0Iee YCTPORCTBO HA OJIHY KJIETKY Bipaso uiu Bieso. Cruemy-
I0IT[asT TPOTPaMMa, HATIPUMED, TPUOABISET SIUHUILY K HEJIOMY
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YHUCITY, IPEJCTABJICHHOMY B JBOUYHOM BHJE, U II€9ATAET TOUYKY
cmpaBa OT 3TOro umcia. lIpemmonaraercs, 9T0 B HaYajge W B
KOHIIE PAbOTHI IPOrPAMMBI YHUTAOIIEE YCTPOUCTBO HAXOIUTCS
HA IIEepBOU IIYCTOH KJlEeTKE CIIPaBa OT YHUC/IA.

Andasur npobes, edununya, HYAb, TOYKG;

medaTaTh <«Moyka»; IEPEHTH HA 8uNOAHUMD;

mecm: eCJau CUMBOJI HA JIEHTE «eJUuHUYGY», TO

{mevaraTh «HyAb»; (4.1)
EbINOAHUMD: CABUHYTHCS BJIEBO HA OJHY KJIIETKY;
nepeiitn Ha mecm};

mevyaTaTh <« eduHuyas;

6036pam. CABUHYTHCS BIIPABO Ha OJIHY KJIETKY;

€CJIM CMMBOJI Ha JIEHTE «HYAb», TO TePeldTn Ha 6036pam.

Yurarenab, I0-BUANMOMY, HAUIET 9TOT sA3BIK MPOIPAMMUPO-
BAaHUSA JOCTATOYHO MPO3PAYHBIM JIJIsI TOTO, YTOOBI MOHATDH €ro,
npexae deM OyJeT JAaHO Kakoe-mnbo (popMaIbHOE Ompenese-
HHE, XOTsI 9TO U He obsa3arenpHO. IIpuBeaéHHas BbIIIEe IPO-
rpaMMa He SBJSIETCS TPUMEPOM HMCKYCHOTO TTPOTPAMMHUPOBA-
uwusi. OHA JIUNIb WATIOCTPUPYET HEKOTODPBIE Ye€PThI TPOCTOrO
SIBBIKA, PACCMATPUBAEMOTO B HACTOAIIEM pa3/Iese.

ITockonbKy KasKIbIi A3bIK MPOrPAMMIPOBAHUS HYKHO KaK-
TO HA3BIBATH, HA30BEM HAIM s3bIK ThopuHTONIOM. Begkas mpa-
BUJIbHASA mporpaMMa Ha ThIOPUHTOE OMpPEeIessieT TporpaMmy
Jutst MamuHbl ThIOpUHTA; OyIeM TOBOPUTD, UTO MPOTPAMMA, JIJI5T
MarmuHbl THIOPUHTa COCTOUT W3:

MHOXKECTBA «COCTOSTHUI» Q,

MHOYKECTBA «CUMBOJIOBY X,

«HAYAJIBHOIO COCTOsiHUSY o € @),

«KOHEYHOI'O COCTOSIHUSI> (oo € @,

1 «PYHKIMM IIePEX0OH0B» 0, OTODparkalolieil MHOXKECTBO
(Q—{do ) xEBEX{-1,0,+1}xQ. Eciu §(q, s) = (s', k', ¢'),
TO ITO O3HAYAET, UTO €CJIM MAIIWHA HAXOIUTCA B COCTOSTHUU (
u 0003peBaeT CUMBOJ S, TO OHA MEYATACT CHMBOJ S, CABHIACT
YUTAIONIEe YCTPONHCTBO HA Kk KJIETOK BHPABO (CABUTY HA OI-
Hy KJIETKY BJIEBO COOTBETCTByer ciydaii k = 1) u nepexomur
B cocrosnue ¢'. PopMasbHO IporpaMMa MalidHbl TbHopuHra
OTpPEeNesisieT BBIYUCJIEHUE Jis JIEHTHI C <«JTIOOBIM HAYAJIBHBIM
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COIEPKUMBIM», TO €CTh JJIs1 JTI000i OECKOHEIHO# B 00e CTOpO-
HbI ITOCJIE€J0BATEIIbHOCTH

"'7a’—37a—27a—17a07a1aa27a33"' (42)

371eMeHTOB ajdaBuTa Y CIeAynmM obpa3oM. B mponsposb-
HBI{l MOMEHT BBIYKCJEHUS CYIIECTBYET «TEKYINEee COCTOSHUE>
q € @ W TEMOYNCTeHHAs] BEJIHINHA <«ITOJOXKEHUE YHUTAIONIEr0
ycrpoiicrBay p. Brauase ¢ = qo u p = 0. Eciin ¢ # oo 1 ec-
mu 0(q, ap) = (', k', ¢'), T0 ceayOmuM WArOM BBIMUCIEHHS
Oyzer 3amena 3uavenus p Ha p+ k, ¢ Ha ¢’ u a, Ha §'. Ecm
g = (o0, BbIUKC/IEHUE 3aKaHIuBaeTcs. (Bbraucienne MOXKeT He
BaKOHYMThLCs; Jiyis nporpammbl (4.1) 310 npomsoiigér rorma u
TOJILKO TOTJa, KOIJa ;= «EeOUHUNA» [ Beex J < 0.)

Tenepb, KOTIa y HAC UMEETCs TOYHOE ONPEIETeHUe MPO-
rpaMm MaiiuH ThIOPUHTA, Mbl XOTUM OIPEAETUTh TPOIPAMMY
MarmuHbl THIOPUHTA, COOTBETCTBYIOIIYIO TPOU3BOJBHON TPO-
rpamme Ha ThiopuHrone (U OIHOBPEMEHHO ONpPEIEJUTh CHUH-
rakcuc Twiopunrona). dis 9roro ya06HO NPUHATH HEKOTOPOE
corarenne o GpopMe 3aImCH.

(1) CemanTHYecKOe HPABUIO <«BKJIOYATH X B By, cBa-
3aHHOE C CHHTAKCUYECKUM MTPABUJIOM, O3HAYAET, UTO & JTOJIXKEH
CTaTh EMEHTOM MHOXKeCTBa B, Tie B — arpubyT akcuOMBL S
rpaMMaTUKU. 3HAYeHNeM B OyaeT MHOXKECTBO BCEX I, IJIsd KO-
TOPBIX CYIIECTBYET TAKOE CEMAHTUIECKOE MTPABHUIIO, CBI3AHHOE
€ KaXK/IbIM MIPUMEHEHUEM COOTBETCTBYIOIIETO CHHTAKCHIECKOTO
NPaBUJIA B JEPEBE BBIBOAA. (DTO MPABUIO MOKHO PACCMATPH-
BATh KAK COKPAIIEHHYIO 3aIUCh CEMAHTUYECKOrO TTPABUIIA

B (Xp) = B (Xp;) U (4.3)
j=1
U {2 | «BxirounTsb = B B> CBA3aHO C P-M TIPABUIIOM |,

CBA3AHHOTO C KAYXKJIBIM CHHTAKCUYECKUM [TPABUIIOM. 371ech B —
CUHTE3UPOBAHHBIN aTPUOYT, MMEIONTUIC y BCEX HETEPMUHATb-
HBIX CUMBOJIOB. J1j1g TEpMUHAILHBIX CUMBOJIOB B () mycro. fc-
HO, UTO 9TH TPABUJIA MO3BOJISIOT MOIYIUTh HyKHOe B(S5).)



A.4. Ipocroii 361K OPOrpaMMUPOBAHHST 295

(2) CemanTuueckoe mpasujio <onpegenurb f(x) = y»,
CBS3aHHOE C CHHTAKCHYIECKUM MPABUJIOM, O3HAMAET, 9TO 3HAa-
yenue GyHKIuy [ B TOUYKe T Oyger paBHO ¥; 3uech [ — arpu-
6yT akcuombl S rpammaruku. Ecam Berpedaercs asa npasunia,
3agaomux 3Hadenne f(x) A OMHOTO U TOrO ¥Ke 3HAYECHUS X,
TO BO3HHUKAET CUTYAIUs OIMIMOKY, 8 JEPEBO BBIBOJA, B KOTOPOM
OHA BO3HHUKJIA, HA3BIBACTCA HENpasusbhuim. Hamee, K PyHK-
nuu f MOKHO OOpAIaThCA B IPYTAX CEMAHTHIECKHX TIPABHIIAX
npu ycaoBun, 4To f(x) 6yaer mcnosb30BaThCA TOJIBKO TOIJA,
KOrJa 3HadYeHwe (bYHKIINN s apTyMeHTa & onpeaeaeHo. Jlwo-
6o€e IepeBo BBIBOJA, s KOTOPOTO BCTPETHIOCH OOPAIeHIe K
HeornpeIe/IEHHON Besmuune f(T), HA3BIBACTCA HENPAGUALHBLM.
(IIpaBuiia TakoOro THIA BAXKHBI, HAIPUMED, TOLJA, KOIJIA HYXK-
HO ODECIIeYMTH COOTBETCTBHE MEXK/y OINUCAHMEM W HCIIOJb-
30BaHUEeM WACHTH(MUKATOPOR. B MPUBEIEHHOM HUKe TIpUMe-
P€ B COOTBETCTBUU C 3TUM COTJIAIECHUEM HENpPaBUILHBIMEA OY-
JIyT MPOTPAMMBI, B KOTOPBIX OJWH W TOT YK€ UICHTU(DHKATOD
JIBAZKIbI BCTPEYAETCA B KAYECTBE METKH, MM B OIIEPATODE Te-
pexoma MCHomb3yercsa uaeHTH(MUKATOP, He ABJSIONAICT MeT-
KOl oneparopa. B cymmHocTH, 3TO IPaBUIO MOXKHO IIPEACTAB-
JaTh cebe, ananornuno (1), Kak «BKIWOYATH (T, y) B [», eciau
paccMarpuBaTh f KaK MHOYKECTBO YIOPSITOUEHHBIX MMap; Heob-
XOIMMO COOTBETCTBEHHO BBECTH JOMOJHUTEIHHBIE MPOBEPKU
HA 3aIMKJIEHHOCTH. [IpU3HAK «IPABUJIBHO WM HENMPABUIBHO»
MOXKHO CuuTarh arpubyroMm akcuombl S. [Tocrpoenne coorser-
CTBYIOIIAX CEMAHTUYECKUX TIPABUIL, AHAJIOTUIHBIX (4.3), KOTO-
pble aKKyPaTHO OMPEIe/dIOT 3aliCh «OnpeaejuTsb f(z) = y»,
HECJIOKHO U NIPENOCTABJIAETCH YUTATEIIO. )

(3) DyHKIMs «<HOBCUMBOJ», B KAKOM Obl IIPABUJIE OHA HU
BCTPETUIACK, OyaeT BbIpabaThIBATH HEKUil aOCTPAKTHBIN 06b-
€KT, IPAYEM TIPU KAXKJOM OODAINEHUH K «HOBCUMBOJI» 3TOT
00HEKT OyIET OTIIMYEH OT BCEX TIOJIYUEHHBIX TTPYU TPEIIIECTRO-
BaBIIUX OOpalleHUAX K HOBCUMBOJI. (DTy (DYHKIMIO JIErKO
BBIPA3UTH MU TIOMOIIMYM JAPYTUX CEMAHTHYECKUX MTPABUJI, Ha-
npuMep uenosib3yd arpubyrel | u3 (2.3), npuHUMaloue B pas-
HBIX BEPIIWHAX JAEPeBa pasHble 3HavdeHus. DyHKIUA HOBCHM-
BOJI CJIY2KUT IIOAXO/SIIMM UCTOYHUKOM «ChIPbsi» JIJIsl TOCTPO-
eHUsT MHOKECTB. )
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Mub1 Bugesin, uro cornamenus (1), (2) u (3) MoxkHO 3ame-
HHUTH JPYTEMHU CEMAHTUICCKUMM KOHCTPYKIUSAMH, HE UCIOTb-
3YIOIIAMH TAKHUX COIVIAIIECHHI, CII€I0BATENBHO, OHY HE ABJIAIOT-
¢ «0a3MCHBIMMY Jig CeMaHTHKU. HO OHM 4pes3BbIYaifHO 110-
JIE3HBI, TAK KAK COOTBETCTBYIOT MOHSTHAM, KOTOPBIMH YaCTO
MOTB3YIOTCS, TOSTOMY WX MOYKHO CIUTATH NMPUHIANHATHHBIME
JLIS METOJIA, OTTMCAHUS CEMAHTHKY, TPEACTABICHHOIO B HACTOS-
et ctatbe. JPdEKT OT BBEIEHNs TAKUX COTJIAIIEHNH COCTOUT
B TOM, 9TO yMEHBINAETCA OBIIee KOMNIeCTBO aTpUOyTOB, ABHO
MPUCYTCTBYIOIIAX B MPABUJIAX, U B TOM, 9TO YIAETCA OGOUTHCEH
6€3 HEOPABIAHHO JTJIUHHBIX TPABILI.

Temeps y»ke HECIOXKHO IaTh (OPMATHHOE ONMPEICTCHUES
CUHTAKCHCA W CeMAHTUKN T hIOpUHTOMIA.

HemepMunaabHoe cumeonst:

P (mporpamma), S (omeparop), L (cuucok oneparopos), I
(unentudukarop), O (manpasienue), A (cumson andasura),
D (onucanue).

TepMuHAALHBLE CUMBONbL:
abcdefghijklmnopgrstuvwzyz.,:; " {}
andaBUT HepeiiTH HA eYaTaTh ecJId CMMBOJI Ha JIeH-

Te TO CABMHYTbCS Ha OOHY KJIETKY BJIEBO BIIPABO

Havaavnodi cumeon: p

ATpubyThr:
Nma | Tun 3nagenus Ilenn BBemeHusA
arpu-
OyTa
Q MHuoxkecTBO CocrostHus TTPOrPaMMBbI
by MuozkecTBO CHUMBOJIBI TPOIPAMMBI
Qo Quement muokecTBa () | HauanbHoe cocrosinue
(oo Daement muokecTBa () | Koneuroe cocrostume
) Oyuknusa, orobpazkaio- | DyHKIMsT TepexogoB
was (Q — {gu}) X 3
BY X{-1,0,+1} x Q
veTka | Dyaknwms, orobpaxkaro-| Tabmuia cocrosiHmit  mjis
masi TenovYkd OYKB B |OMEepaTOPHBIX METOK
3JIEMEHTHI MH-Ba, ()
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Nmsa | Tun 3nagenus Ilenw BBEIEHUS

cuM- | Dynxims, orobpazkaro- | Tabmuia  CHUMBOJIOB 171

BOJI masd [enoYKu OYKB B |CHUMBOJIOBE JIEHTBI

3JIEMEHTBI MHOXKECTBA, 2

creny- | Qumement MuokecTBa () | CocTosiHIE, HEIOCPEICTBEH-

o1ee HO CJIeAyIOLIEE 3a OIIepaTo-
POM HJIM CIIMCKOM OIIEpaTo-
pOB

d +1 Hampapmaenwne

tekcr |lemouka 6yks N nentudurarop

Haua- |duement mHOxkecrBa () | CocTosiHMe B Hadaje Bbl-

JIO [IOJIHEHUsI OIEpPaTopa WU
CTIUCKA OMeparopoB  (yHa-
CIIeJIOBAHHBIH aTpulyT).

Cunrakcudeckue U CeMAaHTHYIECKNe MPABUIA CM. B Tabm. 1.

Tabnuma 1.

Kom- Ne | Cunmax- | IIpumep Cemanmuueckoe npasuno
MeHma- cuvecKoe
pul nPABUNLO
Bykest 1.1 |A—a a rekcr (A) = a
...(Tak xe | s Bcex OyKB)
126 | A — z z tekcr (A) = z
Unentn-2.1 | — A m tekct (I) = Texcr (A)
duxaro-|2.2 |I — IA |mariyn |rexcr (I) = texcr(I) Texcr
i (4)
Onuca- |3.1 |D—anda- andasur |onpenenmrb CHMBOJT
HUS BuT | marilyn | (texcr (I)) = HoBcumBoOT;
BKJIIOYUTDH CHMBOJI (TEKCT
1) 5=
3.2. |D— D,I |andasur |onpenenurs CUMBOJI
marilyn, | (rexct (I)) = HOBCcUMBOT;
Jjayne, BKJIIOYUTH CUMBOJI (TEKCT
brigitta M) s X
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Omnepa- |4.1 |S—mneua- |nmevarars |onpegenurs O (Ha9aI0
TOp TaTh «jaynes | (S), s)= cumson(rekcr (I)),
eI «I» 0, cmemyrommuit (S)) ans
BCEX S € X
crepyomuit (S) = HOB-
CHMBOJI; BKJIIOYUTh CJle-
ayomuii (S) B Q.
Omnepa- (4.2 |S—caBu- |cABUHYTbronpeaeauTb O (HAIAJIO0
TOp HyTbCca |ca Baeso|(S), s) = (s, d(0), cremyro-
CIBHTA, (0} Ha|Ha ofaHYy |mwii (S) g Bcex s € X;
onHY KJeTKy |chemyomuii (S) =
KJIETKY HOBCUMBOJL;
BKJIFOUUTDH cJIe Ly Ionil
(S) B Q.
4.2.1| O—BJIeBO| BJIEBO d(0) = -1.
4.2.2/0— supaso |d(O) = +1.
BIIPaBO
Onepa- |4.3 |S — mne-|mepeiitn |onpenesurs J (HA9AIO
TOp petitu Ha |Ha boston | (S), s)= (s, 0, meTka(TexcT
nepe- I (I)) mns Bcex s € X; cie-
X012 ayiomuit (S) = HOBCHM-
BOJI; BKJIIOYHUTH CJIEIYyIO-
muit (S) B Q.
Iycroii (4.4 |S — cnemytommii (S) = mawaso
omepa- (S).
TOp
Yenos- |5.1 |Sy — | eciin onpemesuth 0 (HATAIO
HBI ecan cumBoa | (S1), s)= (s, 0, merka (cie-
omepa- cuMBoO | Ha JieHTe | ayomuii (S2)) mus Bcex s
TOp Ha JieHTe | «marilyns,| € ¥ — cumson (rekcr (I));
«I», TO0 S2 | TO ne- |onpeneaurs 0§ (Ha4asIo0
gararb | (S1), s)= (s, 0, meTka (cie-
«jaynes |myromuit (S2)) mam s =
cumsou (rekcr (I)); nagaso
(S2) = HOBcuMBOI; cie-
ayommit (S1) = cuemyro-
wuii (S2); BKIIOYUTH Ha-
gaso (S2) B Q.
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ITome- |5.2 |Si— «I»:|boston: onpenennTb MeTKa (TEKCT
aeH- Sa caBunyTht (1))= magamo (S1): Hagamo
HbI csi BJieBo | (S2)=mnawamno (Si); cmemy-
omepa- Ha oauy omwmit (S1)= cremgyommii
TOp Kiaetky |(S2).
Cocras- |5.3 |S —{L} |(ueuarars |Hauasno (L)=navasmo (S);
HO «jayne» |caemyommuii (S) = ciemyro-
orepa- nepetitn | mwii (L).
TOp Ha boston
Cromcox (6.1 |L — S neuarars | Hauaso (L)=nauaso (S);
omepa- «jayney | cmemyrommii (L) = cremyro-
TOpPOB wuit (S).

6.2 |Li—Ls; S |meuarars |magano (Lz)=mawamo (Li1);

«jayney  |magamo (S) = cnemyommit

nepeiitu | (L2).
Ha boston | cnepyomuit (L1) = cremy-

fouuit (S).
IIpor- |7 P —D; L |andaBur |q=HOBCHMBOT;
pamMma marilyn, |BKMOYUTH qo B Q;
jayne, nagaso (L)=qo;
birgitta Goo= cnemytommuii (L).
mevaTtaTb
«jayne»

OrMerum, 9T0 KaxKJIOMY oneparopy S COOTBETCTBYET J1BA
cocrostaus: Hadaao (S) — COCTOsSHUE, COOTBETCTBYIONIEE TEP-
BOI KOMaH/Ie, BXOJSIIEH B oneparop (ecau TakoBas UMeercs),
ABIAIOIIEECH YHACTCIOBAHHBIM aTpUOyTOM CHMBOJA S, U CiIe-
aymomee (S) — cocrosgHme, «CIeAyIomees 33 OepaTopoOM, Ui
COCTOAHHE, B KOTOPOE IIONAJAET MALIMHA, IIOCIE HOPMAJIBHOTO
BBLIIOJTHEHUSI OTIEpaTopa. B ciydae oneparopa nepexoa, oaHa-
KO, IIpOrpaMMa He TONaIET B cocTogHue ciaenyoree (S), mo-
CKOJIbKY JICHCTBHE OIIEPATOPA COCTOUT B IEPEIAUe yIPABJIEHUs
B IPYTO€ MECTO; O COCTOAHMHA caemyiomee (S) MOKHO CKa3aTh,
YTO OHO CIEAYET 3a OIIEPATOPOM «CTATHIECKH» HJIHM <«TEKCTY-
AJBHO», & HE «JAMHAMUYECKU> B XOJIE BBIMOJTHEHUS TIPOTPAMMBL.

B rmabn. 1 caexytomee (S) aBagercs CUHTE3HPOBAHHBIM
arpubyTOM; MOXKHO COCTABUTH QHAJOIMYHLIE CEMAHTUYECKUE
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OpaBuia, B KOTOPbIX arpubyr cremyioiiee (S) Oymer yHacae-
JOoBaHHBIM. [Ipu 3TOM, TIpaB/a, IPOrpaMMBbI, BKIIOUAIOIINE Y-
CThie OIepaTopsl, OyIyT HeCKOIbKO MeHee 3ddexkTuBHbI (CM.
npasuno 4.4). Auanornano, oba arpubyTa Hagamo (S) u cie-
ayioree (S) MOryT 6bITh CAeIaHbl CHHTE3UPOBAHHBIMU, HO 9TO
OyJleT CTOUTD JIOMOMHUTENBHBIX HHCTPYKIHA B TPOrpaMMe Ma-
bl ThHIOpUHTa IPU PEATH3AIAN CITUCKA OIIEPATOPOB.

Hamr nmpumep mor ObI ObITH TIpoIe, e€ciau Obl MBI HC-
MOJIB30BAJIH MEHee TPAIUIUOHHYI0 (DOPMY MHCTPYKIUN MAaIlln-
ubl Teiopunra. [IpuasToe Hamu onpenenenue Tpebyer, UTO-
OBl KasKJasi WHCTPYKIMST BKJIIOYAJa JIeHCTBUS UTEHUs, Ie-
YaTH W CABUTA IUTAONIETO ycrpoiicTtBa. Mammua Tboopuara
MPEJICTABISETCA TPH ITOM B BHJE HEKOEH OIHO-TLITIOC-OTHO-
3/IPECHON BBIYUCIUTEbHON MAIIWHBI, B KOTOPOU KaXk/1ad WH-
CTPYKIIUA OMPEAETIAET MECTOMOJIOKEHNE (COCTOSHUE) CIEAYIO-
meilt MHCTPYKUMK. MeTo onpenesneHnsi CeMaHTHIECKUX TTPa-
BWJI, WCTIONIb30BAHHBIA B 9TOM TIpUMepe, I'le arpubyT Creny-
fomee (S) sABIAETCA CHHTE3WPOBAHHBIM, a Hadano (S) — yHa-
CJIeTOBAHHBIM, TOIUTCS U JIJIs1 BHITHCIUTEIHHON MAITHHBI UITH
aBTOMaTa, B KOTOPOM N + 1-f MHCTPYKIWMS BbIIOJIHAETCS O~
ciie n-ii. B arom caygae (crenytomee (S) — nagaso (S)) ectb
YUCTIO WHCTPYKIMH, «CKOMITHIUPOBAHHBIX> /IS OMEPATOPA, S.

Coznaércs BedaTsieHne, YTO TaKOe ompeaesenne TbiopuH-
rona npubAMMKAeT HAC K YKEJAHHON IEeau: TPUIATH TOYHBIH
CMBICST TeM MOHSITUAM, KOTOPBIE BCTPEYAOTCs B HEPOPMATb-
HOM PYKOBOJCTBE TIO SI3BIKY [IJIs TPOTPAMMHUCTA, TPUUEM ClIe-
JIaTh 3TO HYKHO COBEPIITEHHO (POPMATBHO U OTHO3ZHAUHO. [Ipy-
FUMH CJIOBaMU, 3TO OIpPeJIeJIeHre, BO3MOKHO, OTBEYaeT Hallle-
My o0Opa3y MbIIIeHns Tpu u3ydennn a3bika. Onpenenenune
4.1 oneparopa nevaru, HaAlPUMepP, MOXKHO JIET'KO TIEPEBECTH HA
€CTECTBEHHBIN SA3bIK, HALIUCAB

Omneparop MOXKeT UMETh BUI: HedaTaTh «I»

rae I — unerTudukaTop. ITO 03HAYAET, 9TO BCAKUU pa3 mpu
BBIMOJTHEHUH TOTO OIIEPATOPA CUMBOJ HA 0003PeBaeMO KIIeT-
Ke JIEHTBHI OyIeT 3aMeHEH CHMBOJIOM, o00o3Ha4ueHHbIM [, 6e30T-
HOCHUTE/IbHO K TOMY, KAKOI CHMBOJI HAXOIUTCs B 0003peBaeMoii
kJteTke. [locie 9TOro BBIMTOIHEHNE TPOTPAMMBI TTPOIOJIZKUTCS ¢
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HOBOI MHCTDYKIMHU, KOTOpasd ONPENesieTcs (APyruMu MpaBu-
JIAMU) KaK CJeIYIoNasi 33 JAHHBIM OIePATOPOM».

A.5. O6cyxnaenune

Wnest onpesieienns CEMAHTUKY C TOMOIIBIO CHHTE3HPOBAH-
HBIX aTpUOYTOB, CBA3aHHBIX C KAZK/IBIM HETEDMUHAJBHBIM CHM-
BOJIOM ¥ CEeMAHTHYECKHUX IPABUJ, COMOCTABIEHHBIX KAXKIOMY
npaBUIIy BBIBOJIA, IPpUHAJIEXKUT Altponcy [6, 7]. Ilepponagasb-
HO KaXK/Iblil HETEPMUHAJIBHBIN CHMBOJI IMEJI POBHO OJINH aTPU-
OyT, HA3BIBABIIUICS €ro «TPaHCAIIuei». JTa ujes UuCIoab30-
Bajach ARPOHCOM U MO3¥KE APYTUMHU aBTOpaMu, 0cobeHHo Ma-
KJIFOpOM [14] mpy MOCTPOEHUN «CHHTAKCHYECKH YIIPABIISEMBIX
KOMIUJIATOPOBY, TIEPEBOIUBIINAX A3BIKU TPOrPAMMHUPOBAHUS B
MAaIIAHHBIA KO,

Kak mbl Bumenu B pasm. 2, CHHTE3WPOBAHHBIX aTPUOYTOB
JIOCTATOYHO (B IPUHLMIE) JJIs OlpeAesIeHus 000 (yHKIMY
Ha Jepese BbIBOA. Ho Ha mpakTuke mpuMeHeHre HAPAAY C CUH-
TE3VPOBAHHBIMK ¥ yHACIEIOBAHHBIX aTPUOYTOB, KAK OIKMCAHO
B JAHHOM CTaThe, TPUBOAUT K 3HAYUTENHLHBIM YIIPOIIEHUSIM.
Omnpenenenne TrIOPUHTOMA, HATPUMED, MOKAIBIBAET, 9TO JIET-
KO YIHUTHIBAETCSH COTJIACOBAHHOCTH OMMMCAHWM M UCIIOIH30BAHUN
CHMBOJIOB, & TaKKe MeXK/Iy MeTKaMu u omeparopamu. JIpyroi
00111el T 0COOEHHOCTDBIO S3BIKOB MIPOTPAMMHUPOBAHUS, OIPeIese-
HUEe KOTOPOI 3HAUYNTEIHHO YIPOIIAETCS B PE3YJIBTATE TIPUMEHE-
HUsT YHACTEIOBAHHBLIX aTPUOYTOB, ABJASETCA «OJI0YHAS CTPYK-
Typar. Boobitie roBops, yHaciemoBaHHbBIE aTPUOYTHI TTOJIE3HbI
BCAKHH pa3, KOTJA 4YacTh 3HAYEHUU HEKOTOPOU KOHCTPYKIIMHA
OTIpenessieTCs KOHTEKCTOM, B KOTOPOM HAXOIWUTCS ITA KOH-
crpykius. Meros, npuBe€HHBIN a pa3md. 2, IOKA3bIBAET,

KaK MOXKHO (POPMAJIbHO ONUCHIBATH YHACIEIOBAHHBIE M
CHHTE3WPOBAHHBIE ATPUOYTHI, & B Pa3f. 3 MOKA3aHO, YTO MOXK-
HO HE IIPUHUMATH BO BHUMAHUE IPOO/IEMY 3aLUKICHHOCTH (5B~
JISTFOIIYIOCS TIOTEHIIMAIBHBIM UCTOYHUKOM TPYIHOCTEH IPY UC-
HOJIb30BAHUN ATPUOYTOB PABHBLIX TUIIOB).

ABTOpY K HACTOANIEMY BPEMEHH H3BECTHO HECKOJBKO Pa-
60T, BHECITUX MPUHIUIHAAILHBIA BKJIAJ B PeIIeHHe 3a0adu
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dOPMATHLHOTO ONMUCAHUS CEMAHTUKH SI3BIKOB IMPOTPAMMUDOBA-
Hus. JT1o onpenenenve Asrona 60 cpeacTBaMu PACITHPEHHOTO
asropurma Mapkosa, nannoe ebakkepom [1], onpeznenenue
Aurosta 60 ¢ HOMOIIBIO A-MCYKMC/IeHUs, HIpUuHaiexkaiee JlaH-
muHy [9, 10, 11] (cMm. Takke Béwm [2, 3], onpenenenwe Mukpo-
Asrosia ¢ OMOIIBIO PEKYPCUBHBIX (DYHKITHH, MTPUMEHIEMBIX K
MPOrpaMMe U K «BEKTOPAM COCTOSTHU» , puHaiexkaiee Mak-
kapty [12] (cM. takxke Makkapru u IIsunrep [13]; onpenene-
HUE sI3bIKa, DUIEep CpeicTBAMU CEMAaHTUYECKUX HPABUJI, MPU-
MEHSIEMBIX BO BPEMsI CUHTAKCHYECKOrO AHAJIN3a MPOrPAMMBI,
npenokertoe Buprom u Bebepou [16], n onpegenenne si3bika
PL/I, naanoe Benckoii nadoparopueii dbupmol IBM u ocho-
BamHoe Ha papore Makkapru u Jlangnna, a Tak:Ke HA TOHATUU
abcTpakTHON MammHbl, BBeaéHHOM dirorom [4, 5]. Haubosee
CYUIECTBEHHAS PA3HUIA MEYKIY TPEAIITECTBYIOIUMYI METOTAMY
U onucaHueM s3bika ThIOPUHroJI, TpUBEIEHHBIM B Taba. 1, co-
CTOWUT B TOM, YTO OCTAJbHBIE

OTIPEJICJICHUsT MPEICTABISAIOT CO0OH JIOBOIBHO CJIOXKHBIE
MPOIIECCHI, IPUMEHsIEMbIE KO BCell TporpaMmMe; MOXKHO CKa3aTh,
YTO YEJI0BEK, IPEXK/IE 9eM OH MOWMET ONUCAHUE A3BIKA, TOKEH
OyJer MOHAThb, KAK YCTPOEH €ro KOMIUJISATOD. DTa TPYIHOCTD
0cobeHHO oryTuMa B pabore Jlebakkepa, Ompeaesioniero Ma-
IUHY, T0J00HYI0 MapKOBCKUM ajirOpUTMaM, HO 3HAYUTETHHO
Gostee CIOXKHYIO. DTa MalmHa uMeeT okono 800 xkomanzg. Ha
KAKJIOM IIIare BBIYUCJICHWSA MAIUHBI HY?KHO BBIIOIHATH TO-
CJIEJTHIOO PUMEHUMYIO0 KOMAHY, TAK 9TO Mbl HE MOXKEM IIPO-
BEPUTDL, HYKHO JIM BLITOJTHUTL KoMauay Homep 100, 10 Tex
op, TOKa He ybemumcst, 9T0 ocTajibabie 700 KOMAHI HETpUME-
nuMbl. KpoMe Toro, B mporiecce paboThl MAITHHBI CIIHCOK TIO-
MOJTHSIETCS HOBBIMU KOMAHAAMU. $ICHO, 9YTO 9UTATEII0 Ype3Bbi-
YaiiHO TPYIAHO MOHATH PAbOTy TaKOW MAaIWHBI Win (GOPMATh-
HO JIOKa3aTh €€ OCHOBHBIE cBoiicTBa. Omnumcanme Thiopunroma,
HANPOTUB, ONPEIENSET KAKIYI0 KOHCTPYKIHMIO A3BIKA, TONBKO
uepes e€ «HemoCPeJCTBEHHOE OKPYKEHUE» , CBOJISI TEM CAMBIM K
MHUHAMYMY B3aHUMOCBSI3U MEXK/y ONpPEIEeTeHUsSIMI PA3HBIX Ya-
creil s3pika. OnpesiesieHne COCTABHBIX OIEPATOPOB, OIepaTO-
POB [epexoJia u T.J. He BJNLET CYHIECTBEHHO HA OIPE/IEIEHUE
omeparopa medarn; HampuMmep, oboe u3 npasua 4.1, 4.2, 4.3,
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4.4, 5.1, 5.3 MOKHO BBIODOCUTDH, W MOJYIUTCS CTPOTOE OIpe-
JeIeHne IPYroro a3bika. Takas JIOKAIu3amus W Pa3IesIeHue
CEMAHTHUYECKUX

IPaBUJI IIOMOTAET CACJIAaTh OIIpeaeIeHue 60ﬂee IIOHATHBIM U
KPAaTKUAM.

XoTs onpeiesieHns OCTaIbHBIX aBTOPOB, VIIOMAHYTHIE BbI-
e, He TakK CJIOXKHBI, Kak onpenenenne lebakkepa, B nx pado-
Tax BCE-TakKu TIPpUCYTCTBYIOT OTHOCUTEJIBHO CIO2KHLIC 3aBUCH-
MOCTHU MeXKAY OTACIBHBIMU YaCTAMU ONPEICJICHUA. PaCCl\/IOT—
pum, Hanpumep, GOPMATBHOE OIPEIETIEHNE I3bIKA JUIIEp, TaH-
Hoe Buprom u Bebepom [16]. D10 Kparkoe onucanue BecbMma
CJTOZKHOIO S3BIKA W IIOTOMY, O€3yCIOBHO, OHO SIBJISIETCS OIHUAM
u3 HanboOJee yIadHbIX (DOpMAIbHBIX onpemenenuii. U BCé xe,
HECMOTPs Ha TO, uT0 BupT u Bebep nposepuin cBoé ompenesne-
HHE C IIOMOIIbIO MOJEIUPOBAHNA Ha BBIYACJIUTEIHLHON MaIlllnHe,
BECbMa BEPOATHO, YTO HEKOTOPbIE YePTHI Dilepa yIAUBAT €ro
cozparesneit. Caepyiomas nporpaMma Ha Jijepe CHHTAKCHYE-
CKI U CEMaHTHUYECKH IIpaBUJIbHA, XOTA IIOCJIE METKH L HUrIe
HE BCTPEUAIOTCS IBOCTOUHUS:

1 begin label L; new A; A «0;

if false then goto L else L;

out 1; L; A — A+ 1; out 2;

if false then go to L else

if A < 2 then go to L else out 3; L end L

Pesyabrarom paborsr 3Toit nmporpaMmmber Oyzer 1, 2, 2, 3!
ITpomaxu Takoro poza He sIBISIOTCS HEOXKUJAHHOCTHIO IPU ATl-
TOPUTMUIECKOM OTIPE/ICTICHUH A3bIKa. [1pr HCIoab30BaHuN Me-
TOMOB pas3z. 4 momobHbie OmuOKN MEHEee BEePOITHBI.

Ecrb ocHOBaHUs yTBEpXKIAATH, YTO HU OJHA M3 MPEIbLIY-
mux cxeM (POpMAaTbHOTO ONpENeIeHNsI CEMAHTHKHI) HE B CO-
CTOSIHUM JATh TAKOTrO XK€ KPATKOTO W MPOCTOrO JJIsi MOHWMAa-
Hust onpenenenns ThIOPUHTO/IA, KAK TO, KOTOPOE MPEICTABIEHO
Boiie. Kpome toro (xors gerasu OKOHYATEIBHO HE MPOpabo-
TaHbl), OKasbiBaercd, 4ro Asron 60, Ditnep, Mukpo-Asron u
PL/1 tak:Ke MOXKHO OIDPEAEIUTb METOJAMHU Pa3fl. 4, IpUIEM
BCE TIPEMMYIIECTBA M0 CPABHEHWIO C OCTAJbHBIMU METOIAMHU
coxpamsttorca. [Ipasaa, 31ech aBTOp He MOKET OBITH Oecrnpu-
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CTPACTHBIM CYIbEil, TOITOMY il MOATBEPKIEHUS TAKON TOU-
KU 3perust Tpebyercs HEKOTOPBIH JOMOTHUTEIHLHBIN OMBIT.

OTMeTnM, 9YTO CEMAHTUYECKHE TTPABUIA B TOM BUJIE, B KOTO-
POM OHU JTaHBI B HACTOSIIEHN CTAThHE, HE 3ABUCAT OT KOHKPETHO
BBIOPAHHOI'O METOAA CHHTAKCHIeCKOro ananan3a. Ha camom me-
Jie OHW TIPUBSA3AHBI JayKe K KOHKPETHBIM (hOPMAM CHHTAKCHUCA.
EuHCcTBEHHOE OT Y€ro 3aBUCST CEMAHTUYECKUE TPABUIIA — ITO
UMs HETEPMUHAJIA B JIEBOU YACTH CUHTAKCHYIECKOTO NMPABUJIA U
MMEHU HETEPMWHAJIOB B MPaBOil ero 9actu. KKOHKpeTHbIE 3HA-
KU TyHKTYAIUH W TOPSJOK, B KOTOPOM HETEPMUHAJBI PACIO-
JIATAIOTCS B MPABBIX YaCTAX MMPABHUJI, HECYIIECTBEHHBI ¢ TOYKHU
3peHnusA CEMAHTUYIeCKNX MpaBui. Takum 00pa3oM, paccMarpu-
BAEMO€e 37eCh OMpeIeseHre CEMAHTUKHU XOPOIINO COYETAETCS C
uneeit Makkaptu o6 «abcTpakTHOM cuHTaKCcHCe» [12, 13].

Korna cuarakcuce HEOJHO3HAYEH B TOM CMbICJIE, YTO HEKO-
TOpBIE MEMOYKY sI3bIKA MMEIT DOJiee OMHOTO JEepeBa BBIBOJA,
CeMAHTUYECKNE MPABUJIA JAI0T JJIsd KaXK/I0TO IePeBa BBIBOIA
cBOE «3HaueHues. [IpeamonokumM, HAIPUMED, YTO K TpaMMa-
tuke (1.3) mobasieHsI IpaBUIa

Ly — BLo,
v(Ly) = 2!E2)y(B) 4 V(Ly),
(L) =1(Ly) + 1.

IpaMMaTHKa B pe3yabTaTe CTAHOBATCHA CHHTAKCHYECKH
HEOTHO3HAYHOM, HO OCTAETCA MO-TIPEXKHEMY CEMAHTHICCKH Of-
HOBHAYHOH, HOCKOJIBKY aTpuOyT v (V) HIMeeT OIHO U TO 2Ke 3Ha-
YeHme 718 BCeX JepeBbeB Bbioga. C npyroil CTOPOHBI, eciu
U3MEHHUTH TpaBusio 5.2 onpeaesenus Triopunrona ¢ S — [ : .S
Ha S — S : I, rpaMMaTHKa CTaHeT HEOTHO3HAYHON KaK CHUH-
TAKCHYCCKH, TAK U CEMAHTHIECKH.
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I1pnnoxkenne B.

ATpubyTHbIE
rpaMMaTHKNI

B.1. Bseaenwne

Cpenn Bcex (HOPMANBHBIX METOIOB ONHUCAHUS SI3BIKOB
MPOTPAMMUPOBAHNS ATPUOYTHBIE TPAMMATHKYU MOy IUIIH, TI0-
BUIMMOMY, HAMOOJBIINYI0 H3BECTHOCTb W PACIPOCTPAHEHUE.
IIpuunnO# 3TOrO ABIAETCA TO, UYTO (POPMATN3M ATPUOYTHBIX
rPaMMATHK OCHOBBIBAETCS Ha JiepeBe pasdbopa MporpamMmbl B
KC-rpamvaruke, 9To cOMMKAET €r0 ¢ XOpOIIO paspaboTaH-
HOH Teopwell W MPAKTHUKON MOCTPOEHUsI TPAHCIATOPOB. Bme-
CT€ C TEeM BBISCHHUJIOCh, UTO PEATU3ANNS BBIYUCTUTENEH it
aTpubyTHBIX TPAMMATHK ODIIMETr0 BHA CTAJIKHUBAETCS € OOIb-
IIIUMY TPYAHOCTAMU. B ¢BsA3U € 5THUM OBLIO CAETAHO MHOXKECTBO
MOTMBITOK PACCMATPUBATH T€ WJIW WHBIE KJIACCHI ATPUOYTHBIX
IPAMMATHUK, 00JIATAFOIIMMEI «XOPOmuMuy ceoiicTBavu. K amc-
JIy TAKUX CBOMCTB OTHOCHATCS, MPEXKJIE BCETO, MPOCTOTA, AJITO-
pUTMa TPOBEPKU ATPUOYTHOM IPAMMATHUKY HA, 3AITUKJIEHHOCTD
¥ TIPOCTOTA AJMTOPUTMA BBIYUCICHUS ATPUOYTOB /1Jisi aTpubyT-
HBIX TPAMMATUK JIAHHOIO KJacca. B npemaraemoii crarbe na-
ércst 0030p paboT, MOCBAIMIEHHLIX STHM BOIPOCAM.
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B.2. Omnpenenenne arpndyTHBIX rpaM-
MaTHUK

IMyctb G — KC-rpammvaruka: G = (T,N,P,Z), rae
T, N, P, Z, cOOTBETCTBEHHO, MHOXKE€CTBO TEPMUHAJIBHBIX CHM-
BOJIOB, HETEPMHUHAIBHBIX CHMBOJIOB, MHOKECTBO TIPABHJI BBIBO-
Ia m akcnoMa rpamMmMaTuii. [paenma seeoga KC-rpaMvaTnkn
OyIeM 3aMUChIBATH B BUJIE

p:Xo— X1... X, (p)

u Oymem mpeamonararb, 4ro G — penynupoBanuas KC-
IrpaMMaTHKa, TO €CTh B Hell HET HEeTEPMHUHAJBHBIX CUMBOJIOB,
JJIS KOTOPBIX HE CYIIECTBYET TIOJHOTO NEPEBa BBIBOIA, B KOTO-
poe Bxomut 3ToT HerepMmuna. C kaxkapiM cuMmBoioMm X € NUT
cesizkeM MHOKecTBO A(X) arpubyros cumpona X . Hekoropsre
n3 MEOKeCTB A(2) MOryT 6BITH MycTHI. 3amuck a(X ) o3HAUAeT,
aro a € A(X).

C KasKIbIM TPABUJIOM BBIBOAA P € P CBSKEM MHOMKECTBO
F' ceMaHTUUECKUX MPABUWJI, UMEIOIIUX CICAYIONyIo (hopmy:

ag(io) = fpao(io)(a(ir), ..., a; (i;)),
rae i € [0, ny] — HOMEDP cuMBONA TpaBmUaa P, a ak(ix) — arpu-
Gyt cumBomna Xik, To ectb ag(ix) € A(Xig).

B TakoMm ciyuae OyaeM TOBOPHUTH, 9TO ap<ig> <«3aBU-
cut» ot a1(%1), ..., a;(i;) mam 910 ap(ip) «BBIUUCTICTCS HO>
ai(i1), ..., a;(i;). B gacrHoM ciiy4ae j MOKeT GbITH PABHO Hy-
JII0, TOrAa OyJeM FOBOPHUTH, UYTO aTpubyT ag(ig) «momydaer B
KA4YEeCTBE 3HAYEHUST KOHCTAHTY ».

KC-rpaMMaruKy, KaxJIoMy CAMBOJIY KOTOPOH COHNOCTaBJIe-
HO MHOXKECTBO aTpubyTOB, & KaXKJIOMY IIDABUJY BbIBOAA —
MHOKECTBO CEMaHTHYECKUX IPABUI, OyJeM Ha3bIBATH ATPH-
GyTHo# TpaMmaTukoii (AG).

Hazosém arpubyr a(X() CHHTE3UDYEMbBIM, €CIHM OJHOMY
U3 mpapua BeBOAA p : Xg — Xp..Xn, comocrapieHO
cemanTuueckoe npasusio a(0) = fa(0)(...). Hazoeém arpu-
Oyt a(X;) HACTETyeMBIM, €CIM OIHOMY W3 NDABUI BBIBOIA
p: Xo — Xi...Xn, comocTaBlIeHO CEMaHTHYIECKOE IPABHUIIO
a(@i) = fa(i)(...), I € [1,np,]. Muoxecrso cuHTE3UPYEMBIX
arpubyros cumsosia X oboznaumm depes S(X), HacaemyeMbIx
arpubyro — gepe3 I(X).
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ITycts npasmiy BbIBoma p : Xg — X ... Xn, npunucazo
ceManTHYeCKOe IpaBuwio ag(io) = fpao(io)(ai(ir), ..., a;(i;)).
Bes camxenus obmuocTa OymeM cauTaTh, 910 ay (ix) € 1(Xo)U
np, = 15(X,), k € [1,j] To ectb arpubyr MOXKET 3aBUCETH
TOIBKO OT HACIEeLyeMbIX aTpHOYyTOB CHMBOJA, JIEBOH Y9acTH 1
CUHTE3UPYEMBIX ATPUOYTOB CUMBOJIOB MPABOH dactu (ycaosme
Bouvana). Kpome Toro, 6ygem cuutarh, 9TO 3HAYEHUE ATPU-
OyTOB TEPMUHAJILHLIX CUMBOJIOB — KOHCTAHTbI, TO €CTh UX 3Ha-
YeHMsl OLPE/e/IeHbl, HO AJisd HUX HeT CeMaHTHUYeCKUX IIPaBUII,
oTpe/iesIedIoNINX UX 3HAUEHUS.

B.3. ArpubyrupoBaHHOEe JiepeBO pa3-
b6opa

Ecau nama arpubyrhHas rpamvaruka AG u 1enodka, mpu-
HAJIJIEKAINAS A3bIKY, onpeaeaseMomy GG, TO MOXKHO TOCTPOUTD
nepeBo pasbopa 3Toil nenoyku B rpammaruke G. B srom je-
peBe KakJas BEpIUHA MOMEYeHa CHUMBOJIOM rpamMMmaruka G.
IlpunumeM Temeph Kaka0il BEpIMHE MHOXKECTBO aTPpuOyTOB,
COTIOCTABJIEHHBIX CHMBOJIY, KOTOPBIM TIOMEUYEHA 3Ta, BEPINHUHA.
ATpubyThI, COOCTABIEHHBIE BXOXKJIEHUSAM CUMBOJIOB B JIEPEBO
pasbopa, OymeM Ha3bIBATh BXOXKICHWAME aTPUOYTOB B Iepe-
BO pas3bopa, a AEepeBO € CONOCTABICHHBIMU KaXKIOW BEPIIUHE
arpubyramMun — aTpubyTHPOBAHHBIM JEPEBOM pasbopa.

Mexkay BXOXKIEHUSMEU aTPUOYTOB B TepeBO pas3dbopa cyIie-
CTBYIOT 3aBUCHMOCTH, ONPEIeNseMble CEMAHTUIECKUMU IIPa-
BUJIAMY, COOTBETCTBYIONAMU TPUMEHEHHBIM CHHTAKCUIECKIM
MPABUIIAM.

17151 KayKI0T0 CHHTAaKCUYIeCKOTOo MpaBuia p € P ornpegennm
D(p) — rpad 3aBucumocTeil arpubyToB CUMBO/IOB, BXOASIIAX
B TIPABUJIO P, KAK OPUEHTUPOBAHHBIN Ipad, BEPUIHHAMU KOTO-
poro ciayzkar arpubyThl CUMBOJIOB, BXOIAIINX B MPABUIO P, U
B KOTOPOM HZET myra u3 BepmuHbl b(i) B Bepmuny aj) Toraa
U TOJIBKO TOI/IA, KONJA CHHTAKCUYECKOMY IIPABUILY P COLOCTAB-
JIEHO CEeMaHTHYeCKOe ITPABHJIO

a(j) = fpa(G)(...; b(i), ...), i, j € [0, n].
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Ipad 3aBucumocreii D(t) nepesa pasbopa t 1enouku, mpu-
HaJJIEKAIEH a3bIKy TpaMMaruku G, onpeaesnM KakK OpUeHTH-
POBaHHBIH Tpad, MOTYyIeHHDBIH 00beguHeHneM IpadOB 3aBUCH-
MOCTeH BCeX MPUMEHEHHDIX B { CHHTAKCUYIECKUX [IPABHIL.

B.4. He3auukjeHHbie aTpubyTHBIE
rpaMMaTUKN

ArpubyTHag rpaMMaTHKa HA3BIBACTCA HE3AIUKICHHOM, ec-
s Tpadbl 3aBUCAMOCTE IEPEBLEB BCEX IIEIOYEK, MPHHAIIC-
JKAIMX A3BIKY, OIIPEIEIAEMOMY IPAMMATUKON G, HE COmepzKaT
IIUKJIOB, W 3AIAKJICHHOMH, €CIM CyIIECTBYeT XOTsA OBl OJHA, TIe-
NOYKa, IPUHAMJIEKAIAs A3bIKY, 1Jid AepeBa pa3bopa KOTOpoil
rpacd D(t) conepKuT OpUEHTHPOBAHHBINA UK.

TeopeMa B.1. 3adava onpedesenus moz0, ABAAEMCA AU
danHas ampubymHas 2pamMMamuKae 3auuxientot, umeem
IKCNOHEHUUANDHYIO BPEMEHHYIO CAONCHOCTVB, MO ECTNL CY-
weemeyem xoucmanma ¢ > 0 makaa, wmo 060t anzo-
PUMM, NPOBEPANOULUT HA 3AUUKACHHOCTID NPOU3EOALHYIO
ampubymmyI0 2pamMmamuKy pasmepa n, dosdxcen pabomamso
Goaee, wem 2cnflog n wazo6 na GeckoneuHo GOALUWOM HUC-
ae epammamux [1, 2J.

KuyTowm [3] 6b1 nipeiiozkes ajaropuTs poBepKu arpuby-
HBbIX FPAMMATHK Ha 3aIUKJIEHHOCTD.

IMycrs D(p) — rpad 3aBucumMocTeil arpubyToB MpaBUa
BBIBOAA P, a (G; — TIPOM3BONBHBIN OPUEHTHPOBAHHLIN rpad,
BEPIIMHAMY KOTOPOTO CIyKAT arpubyThl CUMBOJIA X; IPaBOil
gacTu npapuiaa BeiBoza p. O6osmaumm D,[Gh, ..., Gy, | opu-
€HTUPOBAHHLI rpad, nomydeHnsii n3 D(p) mobaBieHneM ayr,
unymux u3 b(i) B a(i), ecmu B rpade G; ecth nyra us b B a. Ye-
pe3 ' 0bo3HaunM MHOKECTBO OPHEHTHPOBAHHBIX TPadOB C Bep-
nmHaMu — arpubytamu cumBona X, wepes Dy[Gy, ..., Gy | —
OPHEHTHPOBAHHBIN rpad, BEPIIMHAMK KOTOPOTO CIy?KAT ATPH-
6yTel cuMmBosa X B mpasuie BbBoga p 1 Xo — Xi ... Xn, u B
KOTOPOM MJIET /1yTa U3 BEPIIUHBL b B BEPIIUHY ¢ TOIJIA U TOJbKO
roraa, korga B Dy[G, ..., Gy, | ects myrs 13 b(0) B a(0).
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Anaropurm B.1. (Auropurm KayTta). IIpoBepka arpu-
OyTHOIN rpaMMaTUKN HA 3aIAKIEHHOCTb.
begin
for X €e NdoT, :=0 end;
for X e T do T, := {A(X)} end;
{A(X) — rpad co MHOKECTBOM BEPIITMH-MHOMKECTBOM
arpubyToB cuMBOIA X U OYCTHIM MHOYKECTBOM JIyT }
finish := false; cycle := false;
while (not finish) and (not cycle) do
it(3p: Xo— X1...Xpnp) &3 Gi €Ty, i €[0,ny)])
takue, 910 Dp[G1 ... Gnp) cOmepKUT MUK
then cycle := true
elseif (I p: Xo— X1... Xpp) &3 Gi(Ty, i € [0,n,))
takue, 910 Dp[Gy ... Gny) € Ty
then FxO = FwO {Dp[Gl G?’Lp]}
else finish := true
end end
end end.

Teopema B.2. Ampubymuas zpammamurae AG wesauux-
AeHa mozda u moavko mozda, kKozda Hu 00un U3 2pagdos
D,[Gy ... Gny] ne codepoicum opuenmuposants 4uk08,
mo ecmo Ko20a anszopumm B.1. saxanvwueaemcs co anave-
nuem cycle = false.

Teopema B.3. Auazopumm Knyma npogepku Ha 3auuxier-
HOCTb AMPUOYMHOT 2PAMMATUKY Pa3mepa 1 mpebyem 6
obwem cayuae exp(cn?) wazos.

B.5. BruraucianreabHBIE rnocJieJ0Ba-
TEJBHOCT "W  KOPPEKTHOCTh.
OnpegeneHne BU3NTA

HazoBéMm BblunciuTe IbHOM MOCIEI0BATENBHOCTBIO [4] muis
nmepesa BEIBOIA t B AG moCIe10BaTeIbHOCTD BAIA:

Cs = (nla Al)(n27 AZ)(’”’QJ AQ) (nT'v A’f‘)?
rae 1) n; — BHYTpeHHsIA BepInuHa ¢ (B YaCTHOCTH, KODEHB);
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2) ecmm n;#n; + 1, To n; + 1 — oren, coi uim Opat nj;

3) A; — aub0 HOIMHOXKECTBO CHHTE3UPYEMbIX aTpubyToB
1, OO MOAMHOMKECTBO HACIELyeMbIX aTpubyToB (TO €CTh Jn-
6o mbo A; € S(Xn;)); A; € S(Xn;));

4) n; = n, — KOPEHb JepeBa;

5) atpubyTsl A; He 3asucsar ot A; aist i > j;

6) paccMOTPUM KaKyI0-1ub0 BHYTPEHHIOK BEPIIUHY 1 Jepe-
Ba t. Torma BEMUCIUTENLHYIO MOCIEA0BATEIBLHOCT Cs MOMKHO
3aMUCATH B CIEIYIOMEeM BUIE:

¢s = ur(n, By)ua(n, Ba) ... (n, Bp)upi1,

/1€ TOAMOCTEAOBATENBHOCTH U7 ... Ujp4+1 HE COAEPIKAT SJTEMEH-
toB Buga (n, A). Torma

a) B; < I(X,,), ecan j veuérHo;

6) B; < S(Xy), ecan j uérno; B) U; € [1,n]; B = A(X,,)
— BBIYHUCIAIOTCA BCE aTPAOYTHI KaXKJI0TO CUMBOIA X ;

r) BN B; =0, ecu i#j — Bce aTpUOyTHI BBINUCIISIOTCS
[0 OJJHOMY pa3y.

I) OyCTh ¢ = Cs1<n, Bj><ng, Ay ><ng, Aa>..<n, Bj 11>
Cs2; €CIM j HeI€THO (I€THO), TO N; — BEPIINHBI HOIIEPEBA C
KOpHeM 1 (BepIUuHbI ¢ BHE MOJJIEPEBa C KOPHEM N).

Takum 06pa3om npu BXOJE «BHU3» B MOJJEPEBO BBIMUCIS-
IOTCA HEKOTOPbIE HACTEAyeMBbIe aTpuOYyTHI KOPHA TIOIAACpERa,
IIPY BO3BPATE U3 MOJACPEBA BEITUCISIOTCA HEKOTOPHIE CHHTE-
3UpyeMbIe aTPUOYTHI KOPHSA MMOAEPEBA.

HazoBéM  He3aluKJICHHYIO AaTPUOYTHYIO TIPAMMATHKY
KOPPEKTHOMN, ECIM JJI BCAKOTO €€ arpuby THPOBAHHOTO JEPEBA,
CYIIECTBYET BbIYUCIUTENBHAS [TOCIE0BATENLHOCTD.

Teopema B.4. Hezauukiennas ampubymuas 2pammami-
Ka Koppexmma moada u moavko moezda, xo2da 0Aa Kaxcdozo
npasuaa p : Xo — X1...Xn, ecau a € 1(X;),1 € [1,ny),
MO UMEEMCA 6 MOYHOCTNU 00HO CEMANMUYECKOE NPAGUAO,
conocmasaennoe p u onpedeasowee snauenue a(X;), u ec-
aua € S(Xo), mo umeemecs 6 MoOYHOCMU 00HO CEMAHMU-
YECKOe NPAGUAD, CONOCTMABACHHOE P U ONPedeatIouLee 3Ha-
wenue a(Xo).
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Teopema B.5. Caooichocmv  nposepku  He3QUUKAECHHOU
ampubymmoti 2paMMAMUKY Ha KOPPEKMHOCMY  AuHelHa
n0 pasmepy ampubymmot 2pammaemuK.

IlycTs t — mepeBo BBIBOJA U N — €r0 BHYTPEHHSIST BEPIIIH-
Ha. PaccMOTpUM BBIYUCTUTENBHYIO TTOCTEI0BATEBHOCTD IJis T
BHA

Cs = Cs1<n, B1>cso<n, Ba>cgs,

IJI€ N BXOJHWT B Cg1 YETHOE YHCIIO Pa3, U HE BXOIUT B Cgo. 110-
CIe1I0BATENILHOCTD Cgo ODXOMUT TOIIEPEBO ¢ KOPpHEM N. Byaem
TOBOPHUTH, 9TO <N, B1>cso<n, By> omnpenenser BUSHT B MOI-
JIEPEBO C KOPHEM M W 9UTO BEPIIUHA N B PE3YJIbLTATE ITOrO BU-
3uTa mocemaerca oauH pa3. Takum 0Opa3oM, ecanm n BXOOUT B
cs 2h pas, To n nocemaerca h pas.

B.6. Ywucrbie MHOTOBU3WTHBIE TI'DaM-
MaTUKN

Bynem rosopurb, UTO aTpuOyTHpPOBAHHOE JAepeBO k-
BU3UTHO, €CJIM CYIIECTBYET BBIMUCIUTE]bHAS OCIEI0BATETb-
HOCTB Cg JIJIsl © TaKasl, YTO HUKAaKasd BepIIUHA N u3 ¢ HE Ioce-
maercst bosee k pas.

ArpubyTHas rpaMMaTHKa HA3bIBAETCS YHCTON Kk-BH3UTHOM
(PMYV), ecin kaskmoe aTpuOyTHPOBAHHOE NEPEBO BHIBOAA T B
AG k-Busurno [5, 7.

Teopema B.6. Jlaa ecakxoli woppexmuoti ampubymHot
2PAMMATUKY cyulecmeyem k maxoe, 4mo 2pamMmMamura
asaaemca vucmot k-eusummod.

Ha camom gese 310 k He MPEBOCXOAUT MAKCUMAIBHOTO IO
BCEM CHMBOJIAM T'PAMMATHKH YUCJIA CHHTE3UPYEMBIX WM Ha-
CIeIyeMbIX aTPUOYTOB.

CrieiIcTBIEM TOTO SIBJISIIOTCS JIBE CJIE/LYIOIINE TEOPEMBL.

Teopema B.7. Caoosicnocms 3adawu onpedesenus mozo,
ABAAEMCA AU NPOUSEONLHAA GMPUOYMHAL 2PAMMEMUKG
yucmott k-eusummnoti das kaxozo-nubyde k > 0, axcnonen-
YUGALHA.
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DTa 337139 TPOCTO COBIMAMAET C 33/1a9eil ONpe1e/TeHus KOp-
PEKTHOCTH aTpUOYTHON IPaMMATHKH.

Teopema B.8. Cuoosicnocms 3adawu onpedesenus mozo,
ACAAEMCA AU NPOUBEOABHEA GMPUOYMHAL 2PAMMAITIUKG
yucmoti k-eusumnoti das durcuposannozo k maxoce aKc-
NOHEHUUAALHA.

ArpubyThl BCIKOrO JepeBa t 9yucToil k-BU3UTHOI arpulbyT-
HOW TPAMMATHKU MOXKHO BBIYUCIUTE C MOMOINBIO CJIEIYIONIETO
aJrOpUTMAa;

Agropurm B.2. Borumcienme arpubyToB dmcToit k-
BU3UTHOH aTpUOyTHOH IpaMMATHKH

procedure Bu3uT _B_1100A€peBO (1, 1);

{n — kopens nommepena;
i — HOMEp BM3WTA B 3TO TOJIEPERO }

{IIpeanonaraercs, 9To B BEPIIMHE 7
PUMEHEHO TIPABUJIO BLIBOIA P}

begin BLIYACINTL HEKOTOPHIE HACICIyEeMbIe aTpuoyThl X n;

{3ru arpubyrsl oupegensitorcs <nji, A> ajsg Havana i-ro
BH3UTA B COOTBETCTBYIOMIEI BBIYUCIUTEIBHOU
[OC/IeJOBATEILHOCTH }

BU3UT _B_ TOAEPEBO (N, 1);

{Xn;; — cuMBOI IpaBoO# JACTH IIPABUIIA P}

Bu3nT _B_noamepeso (njl, ijl);
BBIYHCINTD HEKOTOPBIE CHHTE3UPYEMBIE aTPUOyThl X1
end;
begin for j := 1 to k do Buzur_B_monmepero(r, j)
{r — xopeHs gepena}
end end.

B 3aBucumMocTu oT TOTO, KaKMe OrpaHnyueHus OyayT HAKIa-
JIBIBATHCSA HA MOPAJO0K TOCEIIEHNs BEPIITUH W BBHIOOD arpuly-
TOB, BBIYHC/ISEMbIX HA TOM WJIA HHOM BU3HUTE, Oy/LyT [1OJIy4aTh-
Cs Te€ WIN WHBIE KJIACCHI aTPUOYTHBIX TPDAMMATHK.
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B.7. AO6coaroTHO He3alnKJIEHHbIE
aTpubyTHBIE IPAMMATUKU

O6o3uaunm [Ox opreHTUPOBAHHBIH rpad, BEPITHHAMU KO-
TOPOTO ABJSIOTCS aTPUOYTHI CUMBOJIa X U U3 BEPIIUHBI b maéT
JIyra B BEPINUHY G TOTJA U TOJIBKO TOI/A, KOrJIa B aTpubyTHON
rpammaruke AG cylecTByeT Takoe HOAIEPEBO ¢ KopHeM X,
49T0 B rpade 3aBUCHMOCTEH 3TOT0 TOIEPEBa CYIIECTBYET MY Th
u3 b B a. Yepes D obosnauum rpad D,[[OX, ..., IOXn,].

ArpubyTHasi TpaMMaTHKa HA3LIBAETCS abCONIOTHO HEe3a-
nukaennoii (ANC), eciu vu onun u3 rpados D He comepxKuT
OPHMEHTUPOBAHHBIX IIUKJIOB [6].

AGconoTHO He3alMKJIeHHbIE aTpPUOyTHBIE TPAMMAaTHKA 00-
pasyroT cOBCTBEHHBIN TOKIIACC HE3AIMKICHHBIX ATPUOYTHBIX
rpaMMaTHK.

ITpumep B.1. Hezanukiennas arpubyTHas IpAMMATHKA,
He SIBJIAIOIIAsICS abCOMOTHO He3aluKIeHHo# (puc. B.1.).

S S 10: abzxy
Aab Aab
avey avry D:abzxy
b b b
Puc. B.1.

DTa rpaMMAaTHKA, TOPOXKIAET BCEro aBa citoBa b m bb. Kax-
JI0e W3 JBYX [I€PEBbEB IOPOXKIAET HE3AMMKICHHBbIE I'padb
3aBUCUMOCTEl, OJHAKO IPDAMMATHKA HE HABJISAETCs abCOTIOTHO
Hezauuksiennoit. IIpoucxogur 310 OT TOrO, YTO 3aBHMCUMOCTH,
peanmn3yeMbie B PA3HBIX JI€PEBbSIX, «HAKIAIBIBAIOTCS> HA OJUH
rpad 10.

s nocrpoenns rpadgos 10 uMeeTcss IPOCTOi MOTHHOMU-
AJIBHBINA AJITOPUTM:

Aaropurm B.3. Ilocrpoenune rpados IO arpubyrHoii
rpammaTuku AG.
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begin Monoxuts 10z := {A(X)}
qast kaxkgoro X € N; {rpad Ge3 ayr}
while nMeeTcss TPaBUIIO P € JIEBOH 9acTbio X TaKOe, YTO B
Dy ectp nyrb w3 i B 8, i € [(X),
s € S(X),noB IOx ner gyru u3 i B §
do nobasuts 31y ayry B 10z
end end.

ITockompKy 3TOT AJIrOPUTM NOJUHOMHUAJIEH U 331394 OIpe-
JIeJIEHUsl HAJIM9usl OPUEHTHPOBAHHBIX HUKJIOB B I'pade TakKe
NOIUHOMUAJBHA, CIPABEIINBA CIeIYIONIAs TeOpeMa:

TeopeMa B.9. 3adawa onpedesenusn, ABAAEMCA AU O0GH-
HAA AMPUOYMHAA 2DAMMAMUKE GOCOMOMHO HE3AUUKAEH-
HOTl, NONUHOMUAALHG NO JAUNE ampubymmol 2pammamu-
K.

ABCOMIOTHO HE3AIMK/IEHHBIE ATPUOYTHBIE TPAMMATUKY WH-
TEPECHBI TeM, 9TO JIjisd HUX UMEETCs TOJUHOMUAJbHBIA aJro-
PUTM ILIAHUPOBAHUS BU3UTOB.

O6o3naunm uepes A(p) MHOKECTBO aTpubyTOB CUMBOJIOB
CHHTAKCHYIECKOTO MpaBuia p. PaccMorpuM arpubyTupoBamHOE
nepeBo t B AG m HEKOTOPYIO €ro BHYTPEHHIOK BEPIIHHY 77,
B KOTOpPOH MPHMEHEHO MPAaBUJIO BBIBOZA pP. B KaxKablili MO-
MEHT BPEMEHH B NPOIECCe BBIYMC/IEHUs ATPUOYTOB Jepesa t
KaKUM-T160 aJIrOPUTMOM BBIUMC/IEHUS KAKUE-TO ATPUOYTHI U3
A(p) Bbramciiensr, a Kakue-To HeT. HazoBéM cocTosiHMeM Tpa-
BHJIA, IPUMEHEHHOTO B JIEPEBE BBIBOIA, MHOKECTBO BBIUCIIEH-
HBIX aTpuGyTOB CHMBOJIOB, BXOAAMNX B 9TO Ipapmio. Hauams-
HbIM COCTOSTHHEM /sl KA2K/JIOIO IPABUJIA SABJISETCS MHOXKECTBO
{a<k>| X, € T}.

IMnan — 3TO TOCIEIOBATENHHOCTh WHCTPYKIMHA BUAA
fpa<k> wmu VISIT (k,I), tme I C I(Xy), eciu k — Ho-
Mep CHMBOJIA MpaBoil yactu npasuaa p. I HA3BIBAETCS BXOI-
HBIM MHOYKECTBOM. ILTaH BCerjma 3aBepIraeTcs MHCTPYKIWE
S(A), A C A(p) — nepesectr npapuiao p B cocroaume A. Nn-
crpykuusa fpa<k> pprauciger arpubyr a<k>, VISIT(k,I)
OCYIIECTBJISIET BU3UT B IOIJEPEBO k-TO CHMBOJIA NPaBOi da-
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CTH CO 3HAYEHUSIMU HACTEAYyEeMBIX aTpubyTos I 3T0ro cumMBoIa,
WHCTPYKIIUS S U3MEHSIET COCTOSTHUE MTPABUIIA.

0O603naunm Dpa<k> — MHOXKECTBO apryMEHTOB CEMaHTH-
geckoro npaswia fpa<k>. Bymem roBopuTh, 9TO CeMaHTHYE-
CKO€ PABUIIO f rOTOBO K BBIMUCIEHUIO B COCTOsiHUM A npasuia
p, ecu a<k> ¢ A, vo Dpa<k> C A.

Ecm p: Xo — X1 ... Xnp ¥ mpaBUIIO p HAXOANUTCA B COCTO-
suuu A, To pesysbraroM k-ro mopzepesa, k € [1,n,], Gynem
Ha3BIBATD MHOXKECTBO {a<k>| a<k> ¢ A, a € S(X}) u ana
KaXKJI0ro ¢<j>, mjigd KOTOPOTO ecTh ayra u3 (<j> B a<k> B
10X}, i<j> € A} (upemnonaraercs, 9TO y KaxKJOTO HETEP-
MUHAJIA €CTh XOTs Obl OJIUH CUHTE3UPYEMBIi aTpudyT).

[InanupoBatne OCYIIECTBISAETCS HUYKECTEAYIOMUM aJro-
putmoMm. Pesymbprar paboThl airopuTMa 3aHOCUTCS B JIBYMEp-
ubiit MmaccuB FVAL, onHUM BXOJOM B KOTOPBIH CIAYKUT COCTO-
sSIHUE TPaBWiIa, IPYyruM — BXoAHOe MHOXKecTBO. CTpoka — 310
CTPOKA MHCTPYKIMI STU — BEKTOD COCTOSHHII IIPABUIL, OH IIe-
pemaércst kKak apryment mporenype PLAN | sarem nybmupyer-
ca sayTpu nponenaypbl PLAN u obpamenue Kk PLAN menser
3HAYEHUE CBOErO apryMEeHTa B TOYKE BbI30oBa (4T0 0003HaUe-
HO 3HAKOM var mepej napamerpom Stv npouenypst PLAN).
Eciau nja vekoroporo snementa tabauusl FVAL B npouenype
PLAN Ha4aTO IOCTPOEHHE ILIAHA, TO ITOT JIEMEHT METHUTCS
3HaYKOM @, qT0OBI M30ekaTh GeckoHeuHO# pekypcun. Byaem
TOBOPHUTH, 9TO (PYHKIHs f TOTOBA K BHIYHCICHUIO, €C/TUH BCe €8
apryMeHTbhI OMPEIeNeHbl, HO ATPUOYT, KOTOPBIH OHA BLIYUCIISI-
eT, He OPeJIEIEH.

AgropurMm B.4. [locTpoenne mIaHOB st KaXKI0TO BO3-
MOYKHOT'O COCTOSTHHS KAYKIOTO TPABUIIA.

var EVAL : array[cocTosiHue, BXOIHOE MHOXKeCTBO| 0f cTpoKa,;
St : array [1 .. P] of cocrosinmue;
{P — 4MCJI0 CMHTAKCHYECKNX TTPABUIT }
procedure PLAN( p; I; var Stv);
{p — HOMep CHHTAKCHYECKOrO MpaBuia, [ — BXOIHOe
MHOYKECTBO; Sty — BEKTOD COCTOSTHMUST IPAaBHJ }
var S : crpoka {cTpostmuiics nmiaH};
LStv : array [1 .. p] of cocrosinue;
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{TOKAJIBHBIN BEKTOP COCTOSTHMST MPABHI }
A : set of arpubyT;{cocroanue npasuna p}
stop: boolean;
begin
if (EVAL [Stv[p], I] mycr)
then
A = TUStu[p]; s:= nycro; LStv:= Stv;
stop := false; EVAL [Stu[p], I] :='" @;

repeat
if (3 fpa<k> roroBas K BEMMHCIECHHUIO)
then
s:=s|| fpa<k>; A:= A+ a<k>
else
if (3 nonuepeso k, pesyabrar Y KoTOporo se mycr)
then

s:=s||VISIT(k,I(X;)NA); A:=AUY;
for p; : X — u do
PLAN (p;, I(Xy) N A, LStv)
{B 3r0it TOUuKe MeHsteTcst 3Hauenne LStulp;]}
end
else stop := true
end end
until stop;
EVAL [Stv[p], I] := s || st(A); Stv:= A
{Stv[p] mensierca B TOUKE BBHI3OBA}

end end;

{reno nmporpammsr} begin for I := 1 to p do
St[i] ;== MHOXKeCTBO aTpuOyTOB TEPMUHAJIOB TIPABHJIA, i;
PLAN({}, {}, 5t)

end end.

Brrancmenue arpudbyToB HaA mepeBe t 3aKI0YAETCS B BBITION-
HEHUU NOCTPOEHHBIX IIJIAHOB B COOTBETCTBUU C U3MEHEHUAMU
COCTOAHUI MPABUJI U OCYLIECTBAACTCH CACAYIOUICH IIporpaM-
MOii:

begin kaxkm0e TPABUJIO AepeBa t rmepeBecTH

B Ha49aJIbHOE COCTOAHHE,

OTIPEeJIeJISIEMOe MHOXKECTBOM ATpHOYyTOB TEPMUHAJTIOB;

VISIT (xopeus, {})

end.
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B.8. IIpocTtble MHOTOBU3UTHBIE ATPU-
OyTHBIE TPAMMATUKHA

ATpubyTHast rpaMMaTHKa ~ HA3bIBAETCA  HPOCTOH k-
BU3UTHOM, €Ciau i Kazkaoro Herepmmuasa X € V cyme-
crByer pazbuenne Ay (X),..., Ap(X) MHOKecTBa arpubyTos
A(X), tne m € [1,k] mw m moxker 3aBucerb or X, TO €CThb
m = m(X), Takoe, 9T0 maA MOGOTO AEpeBa BHIBOIA © CIOBA
n3 G CyIIECTBYET BBIYMCIUTENBHAS MOCTEA0BATENBHOCTE, TPH
KOTOPO# st mioboro sxoxaennsa X B ¢t Bee arpubyrsr A;(X)
BBIYHCISIIOTCST TIPU BBIMOJHEHNN j-TO BU3UTA B TOJJIEPEBO C
kopHeMm X st Beex j € [1, m(X)] [7].

ATpubyTHas rpaMMaTHKA HA3BIBAETCS MPOCTON MHOTOBU-
surnoil (SMV'), eciiu oHa siBageTcs NpocToil k-BU3UTHOMN Jjist
Kakoro-uubyap k.

CymectByior abCOMIOTHO HE3AIMKJIEHHbIE aTPUOyTHBIE
rPaAMMAaTHKW, HE SIBJISTFONTHECST IPOCTHIMA MHOTOBU3UTHBIMHU.

IMpumep B.2. 3aech arpubyTsl ¢ u b cumsona A Jero-
rO TOJIAEPEBa BBIYUCISIOTCS Ha TIEPBOM BU3UTE, 8 T U Y —
Ha BrOpoM. s cuMmBona A mpasoro mogaepeBa Hao0OPOT —
arpubyTHI & W Y BBIMUCISIOTCA HA MIEPBOM BH3UTE, a4 1 b — Ha
Bropom (puc. B.2).

S
abxyB Cabzxy

abry A Aabzxy
Puc. B.2.

Teopema B.10. Beakas npocmas k-eusumues epemma-
MUKE AGAAEMCA abCOAOMHO Hedayuraennol [7].

Teopema B.11. 3adaua onpedesenus mozo, ABAAEMCA AU
NPOUIBONLHAAL GMPUOYMNGH 2PEMMEMUKE NPOCTOT MHO-
206usumnoti, NP-noana [7]. Maso mozo, N P-noana da-
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orce 3adana onpedesenus npocmoti 2-susummnocmuy [7]. Ec-
AU OAS Ka2HCA020 CUMBOAG dano pasbueHue e20 ampubymos
N0 BUSUMAM, TNO GA2ODUIMM EWYUCAEHUS AMPUbymMos de-
PEBA NPUHUMAET, CACOYOUUT 6Ud:

AgaropurMm B.5. Berancienne atpubyToB B IMPOCTOH MHO-
TOBU3UTHON IpaMMaTHKe.
procedure BusuT _B_nojuepeso(n, i);
begin BHIYUCIUTD HACTAeAyeMble aTpuOyTh! (X n);
Bu3uT _B_nongepeso (njl,ijl);

BU3UT _B_ mojzepeso (njm,ijm);

BBIYMCJIUTH CHHTE3UpYyeMble arpuGyThl S(Xn)
end,
beginforj := 1tok(Xr)do

BU3UT _B_ moagepero (1, j){r — kopens }
end.

B.9. OpgHoBU3uTHBIE aTpubyTHBIE
rpaMMaTUKN

WMarepecHblit 9acTHBIA CAydail MPOCTBIX MHOTOBH3WUT-
HBIX TPAMMATHUK TPEICTABJISIOT OJHOBU3UTHBIE TDAMMATHKHU
(V8.

I'padom BG 6parbes npasuia p OyjeM HasbiBaTh rpad,
BEPIIHHAMHU KOTOPOT'O ABJISIOTCS CUMBOIBI TPABOI YaCTH TPa-
Buna p : Xo — Xi..Xn, n w3 X; B X; unér gyra torna n
TOJBKO TOTIA, KOra Kakwe-mupo memenTsr I (X ;) 3ABHCST OT
kaknx-mbo snementos S(X;), 4,7 € [1, n].

TeopeMa B.12. Ampubymnas 2pammamura A6ALEMCA 00-
Hoeu3uMHOl moz2da u Moavko moada, Kozda Hu 00uUH U3
epapos Opamves BGp ne codeporcum opueHmuposaHHbLT
yukaoe [9].
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13 310l TeopeMbI HENOCPEICTBEHHO CIIEAyeT

Teopema B.13. 3adaua onpedesenus moz0, ABAACMCA AU
NPOUZBONLHGA AMPUOYMHAL 2PAMMAMUKE 00HOBUZUMHOT,
NOAUHOMUGAHA.

Sagada IIAHUPOBAHUS BU3UTOB JijIs OJJHOBU3UTHBIX ['PAM-
MAaTHK CBOJUTCS K HAXOXKIEHUIO KAKOrO-HUOYIb JIMHEHHOTO
nopsiaKa OparbeB KaxKJIOro IPAaBUJIA, YIOBJIETBOPSIONIEro Ya-
CTUYHOMY IMOPSAJIKY, onpeaenseMomy rpadpom 6parbes BGp.

Anropur™m BBIUMCIeHUST aTPUOYTOB JIJIsI ONHOBH3UTHBIX
rPaMMAaTHK BBIDJISIAT CACLYIONUM O0pa30oM:

Anropurm B.6. Borancnenue arpuGyToB B OIHOBH3UTHO#
rpaMMAaTHKE.
procedure BU3UT _B_TIOAJEPEBO (1);
begin BbraucauTh HacaesyeMble arpubyror 1(X);
B COOTBETCTBUY ¢ JMHEHHBIM MOPAIKOM CHMBOJIOB
IpaBoO# YacTy NMpaBuJa
do BusuT_B_momxgepeso (n);
BBIYUCIUTH CHHTE3UpyeMble arpuGyThr S(X)
end,
begin Bu3ur_B_mommepeso(r) {r — kopens}
end.

B.10. MHoromnpoxoaHble TPaMMAaTHKN

[Iycrs HA TOCTEMIOBATENBHOCTh BU3UTOB HAJOMXKEHO TAKOE
orpanwdeHune, YTobbl OHM 00pPa30BaNIM MOCIEI0BATEIbHBIE 00-
XOIBI 1epeBa, pa3bopa b0 CBEPXY-BHU3 CIEBA-HAIPABO, OO
CBEPXY-BHU3 CIIPABA-HAJIEBO.

ArpubyTHass ~rpaMMaTHKa ~— HA3bIBAeTCs  9ucTOM k-
MPOXOIHONW B OOOWX HANMPABJIEHUSIX, €CJU CYIIECTBYET TaKasi
HOCIeI0BATeIbHOCTL u3 k obxomoB <di ... d;> (kaxzaoe d;
— snbo crpaBa-HAIeBO, JUbO CJIEBA-HAIPABO), YTO aTPUOYTHI
JII06Oro JIEpeBa BBIBOJA MOIYT ObITh BBIYUCIECHBL B PE3YJIBTATE
BBITIOJTHEHUST 3TOI MOCIIEI0BATENHEHOCTH 00X010B [5].
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ArpubyTHas rpaMMaTHKa HA3BIBAETCS YUCTONH MHOTOMPO-
xomHoOll B oGomx mHampasnenusx (PBD), eciun OHa sBser-
cg 4ucToil k-npoxogHoi B 00OMX HAIPaBJIEHHAX OIS KAKOrO-
Hubyb k.

IMpumep B.3. CymecrByor arpubyTHBIE TPAMMATAKHI, HE
SIBJIAIONUMUCSH YACTHIMA MHOTOTPOXOJAHBIMA HU JJI KAKOTO K

(Puc. B.3).

S
A
xyzA Bzxyz
a Azyz
rzyz A Bzxyz
a Azyz
a
Puc. B.3.

Yucio HeOOXOMUMBIX MPOXOJI0B B 9TOM IIPUMEPE 3aBUCUT
OT TJIyOWHBI JEPEBa U MOMKET OBITH CKOJIh YTOMHO OOJIBITHM.

OueBuHO, 9YTO rpaMMaTuKa TpuMepa B.1 He spisgercsa du-
CTOI MHOTONPOXOIHON M HETPYIHO BHAETH, UYTO T'PAMMATHKA
npumepa B.1 aBstercst abcomOTHO HE3AINKIIEHHOMN.

Teopema B.14. 3adaua onpedesenus moz0, ABAAEMCA Al
NPOUZBONLHAA GMPUOYMHATL 2PAMMATUKE YUCMOT MHO20-
NPOTOIHOT 6 000UL HANPABAEHUAL, 3GE8UCUM IKCTIOHEHUU-
AABHO O PASMEPL AMPUOYMHOT 2PEMMEMUKY.
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ArpubyTHas ~rpamMMaTHKa ~— Ha3bIBaeTCs — 9ucTol k-
MIPOXOTHOM CIEBa-HAMIPABO, €CIH ATPUOYTHI JIOOOr0 IepeBa
BBIBOJIA, B Heill MOU'YT OBITh BBIYHCIIEHBI 3a k 00X0I0B JepeBa
BBIBOJIA CJIEBA-HAIPABO [2, 5].

ArpubyTHas rpaMMmaTuKa HA3BIBAETCS YUCTONH MHOTOIPO-
XOmHOM crepa-Hanpaso (PLR), ecnu OHa ABIdeTca 9UCTOH k-
IIPOXOJIHOM CJIEBA-HAIIPABO Ui KAKOrO-HUOy b k.

Teopema B.15. 3adaua onpedesenus moz0, ABAAEMCA AU
NPOUZBONLHAHA GMPUOYMHASL 2PAMMATMUKE YUCMOT MHO20-
NPOTOOHOT CAEBA-HANPABO, 3ABUCUN. IKCTIOHEHUUAADHO O
pazmepa ampubymmot 2pamMMmMamuKy.

IMpumep B.4. CymecrBytor arpubyTHBIE TpDaMMATHKH,
BBIUUCIISAIONIAECs] B 000UX HAIPABIECHUIX, HO HE BHIYUCIISIOIIN-
ecst B omHoM (puc. B.4).

)

xy A Baxy
b

Puc. B.4.

ArpubyTHas rpaMMaTHKa ~Ha3bIBAETCs  NMpOCTOH k-
TPOXOIHONW B 0OOWX HANPABJIEHUSX, €CTH CYIIECTBYeT TaKas
MTOCIeI0OBATEILHOCTh OOXOMOB M Takoe pa3dmenne aTpubyTOB
A1(X), ..., Apn(X), m=m(X), m € [1, k], kaxaoro campo-
J1a, 4TO BCe aTpuOyThl M3 MHOKeCTBa A;(X) BBIYMCIAIOTC HA
i-OM TIpoxojie nepeea [5].
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ArpubyTHasi rpaMMaTHKA HA3BIBAETCSA MTPOCTOU MHOTOIPO-
xomHON B obomx Hampasneruax (SBD), ecim oHa siBIsieTcs
npocroii k-npoxogHoi B 0O0OMX HAIPABJIEHUAX IJIsi KAKOrO-
Hubyb k.

I'pammaruka mpumepa 9.2 ABasieTcss TPOCTOH MHOTOMPO-
XOIMHOM B 00OMX HAMPABIEHUAX, HO He SBJSETCS YUCTON MHO-
TOMPOXOTHOM ciieBa-HAMpPaBo. I'pammarnka npumMepa 9.3 saBis-
€TCd YUCTOW MHOTOIIPOXOAHOHN CJIeBa-HAIIPAaBO, HO HE ABJIAECT-
¢ IPOCTOI MHOTOIIPOXOIHOMN B 00OMX HAaIpaBaeHusX. Tak 9To
Mexay kiaccamu PLR u SBD Her OTHONIEHUS BKJIIOYEHUS .

Teopema B.16. 3adaua nposepku moz20, ABAAEMCH AU
NPOUIBOALHAA GIMPUOYTIHAA 2DAMMAMUKA Tpocmot k-
nPoxodnoti 6 060UT HANPABAEHUAT, NOAUHOMUGAIOHO CAONHC-

na [5].

IIpumep B.5. CyiecrByioT rpaMMaTuKu, SBJISIONUECS
YUCTBIMA MHOTOIPOXOIHBIMU, HO HE SIBJISIONIAECS MPOCTHIMHU
MHOTOIpOxXoaHbIMY (puc. B.5).

S
Azxy
/\
zy A Bzy
AN
a TyA Czxy

a c
Puc. B.5.

ATpubyTHas rpaMMaTHKa ~ HA3bIBAETCA  HPOCTOH k-
OPOXOJHON CJIeBa-HANPABO, €CJAU CYILIECTBYeT TAKOe pas-
Ouenne arpubyroB kKaxkaoro cumsona Ap(X), .., An(X),
m = m(X), m € [1,k], aro Bce aTpubyTHl W3 MHOXKeCTBA
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A;(X) BbruucagioTcs Ha -0M 06X07€e JepeBa CJIeBa-HAIPABO
CBEPXY-BHU3.

ArpubyTHag rpaMMaTHKa HA3BIBAETCA TTPOCTOH MHOTOIPO-
X0auo# cesa-Hanpaso (SLR), eciu oHa gBaserca mpocroi k-
MTPOXOIHOM CJIEBA-HAMPABO [JIsT KAKOTO-HUOYIb k.

ITpumep B.6. DT1a rpaMmaruka SBISETCS MPOCTOH OIHO-
MPOXOJHON CIpaBa-HAJEBO, HO HE ABJAAETCH MPOCTONH OTHOIIPO-
XOZHO cieBa-Hanpaso (puc. B.6).

a a

Puc. B.6.

Bynem roeopurb, 4ro Mexay arpudbyramu a u b mmeer
MECTO OTHOIIEHUE Prec, eCjau CYIIECTBYeT HPABUIIO BBIBOJA
p : Xo — Xi..Xn, c BXOKIEHUAMN aTPUOYyTOB a<j> 7
b<k> rakoe, 4TO a<j> HCIOJB3YETCsI B KAYEeCTBE apryMeHTa
MIPY BBIYUCTCHUN BXOXKIeHus b<k>.

Mexkny arpubyramu a u b uMeer Mecto oTHoueHue L, ecin
aprecb n nst KaxkI0ro mpasuia BeBoma p : Xo — Xp ... Xny
¢ BXOXKJEHUAMU arpubyToB a<j> u b<k> takumu, uro b<k>
3aBUCHAT OT a<j>, HMeeT MecTo j<k.

I'padom LR-npemmecrpoBanus giusa AG HazopéMm rpad,
BEPIIUHAME KOTOPOTO ABJIAIOTCA aTPUOYTHI BeceX cuMBOoB AG
¥ U3 BEPIIMHBI @ B BEPIIUHY b UAET 1yTa, TONAA U TOIHKO TO-
113, KOrja uMeer mecro orsomenue aprech. Eciu umeer mecro
orHotenwe aLb, To ayra (a, b) momedeHa mMeTKoi L, nHade oHa
nomeueHa Merkoi L. [TpuseséM anropuT™ OpOBEPKH MTPUHA/I-
JexkHocTu Kiaaccy SLR, KOTOpbIii OZHOBPEMEHHO IIPOU3BOIUT
pasbuenue (eciau 5T0 BO3MOXKHO) aTpubyToOB KaxKI0r0 CUMBOJIA,
110 00X0aM.

AaroputMm B.7.

* Tlocrpoenue pyHKIUE IPOXOAOB pass(a) arpubyTos cuM-
BOJIOB,
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nmaroriei mubo MUHUMAJIBHBIA HOMED MPOXOJA, Ha KOTO-
pom aTpubyT

MOKeT ObITH BBIYUCIEH, JTHOO HEOPEIe/IeHO,
ecau arpubyT HE MOXKET OBITH 3aHECEH HHU B

onua u3 snemenToB pasbuerna A(X), aA(X).

begin crpoum rpad LR npemmecrsosatus s AG,
IMonaraem COST(a) HeonpeeEHHOM 1Jis BCEX BEPIIUH a;
m := —1; repeat m :=m + 1;
IMonoxkurs COST(a) paBHOil m 1 BCEX BEPINUH,
s koropbix COST(a) meonpenesneno;
repeat s Bepiimsbl a Takoil, uro COST(a) = m
nonoxurs COST(a) neonpenenéHubiv;
Ecnu cymecrsyer Bepmmna b u ayra (b, a) takue, 4ro
(COST(b) = m) and (B, a) nmeer merky L)
or (COST(b) meonpenenero)
until HeaB3sT HAITH TAKOIN BEPIIMHBL A,
gro COST(a) MOKHO CIeaTh HEONPEIENEHHBIM;
until mbo ga Beex a COST(a) BerumceHa,
b0 He CyINeCTBYeT BEPIIUHBI b TaKOi,
aro COST(b) = m; ang Beex a € A
if (COST(a) onpeneneno)
then pass(a) := COST(a) + 1
else pass(a) := HeompeeneHo
end
end.

DTOT AJTOPUTM JIErKO 0000IAETCA HA, IIPOCThIE MHOTOIIPO-

XOJHbIE B 000MX HAIPABIEHUAX aTPUOYTHBIE TPAMMATHKH [5].

CoBceM TTPOCTBIM YACTHBIM CiydaeM LR MHOTOMPOXOIHBIX

aTpUOYTHBIX MPAMMATHK SIBASIOTCS OIHOIPOXO/IHBIE ATPUOYT-
HbIE TPAMMATUKH.

Teopema B.17. Ampubymuas 2pamMmemurae AAACMCA
LR odnonpozodnoti mozda u moavko moeada, xKo2da Hu odun
u3 2paos bpamves das npasus 6weoda He codepacum dye
u3 X 6 X daai > 7.
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Takum 00pa3zoM Mex 1y pacCMOTPEHHBIMH KJIACCAMY ATPHU-
OYTHBIX TPAMMATHUK UMEET MEeCTO BKJIOYEHHE, NOKA3aHHOe Ha
puc. B.T:

S

SMV PLR

v SLR

Puc. B.7.
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ITpnaoxenune C.

3ajiadum; 1o pasjejiam
KHUTH

C.2. 43bIku m X nMpeacTaBI€HUE

C.2.1. AndaBurhl, ENOYKNA U A3BIKI

2.1.1. ycte A = {ab, ¢} u B = {¢, ca} — npa HopmanbHBIX
st3pika Hag andasutom {a, b, c}. Haittu cienyromune dhopmans-
HBIE A3LIKH:

a) AU B; 6) A\ B; B) A?;
r) A%\ B? n) AB.

C.2.2. IlpexncraBiieHue si3bIKOB

2.2.1. Ans s3eika L = {z € {a, b}* | |z|, — uéTHOE |, |2|p —
HEYIETHOE} TOCTPOTE
a) JlerepMUHUPOBAHHBINA KOHEYHDIH aBTOMAT;
6) Ilo HeMy — peryJisipHOe BbIDAsKEHUE;
B) I10 3TOMY BBIPA’KEHMIO — TPAMMATHKY;
r) ITo nosyuennoit rpammaruke nepeiigure 1o GN-reopeme K
N-aBromary.
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C.2.3. TI'pammaruknu

2.3.1. Ilpunapmexur u nemnodka r = abaababb s3biky, no-
POXK/IAEMOMY I'DAMMATHUKON C IPABHJIAMU:

S — SaSb|e

2.3.2. Mpunagnexur ju nenouka x = (()())() sA3bIKy, mo-
POXKIAEMOMY IPAMMATHKON € IPABUJIAMMU:

S—SA|A

A= (8510

2.3.3. Ilpunagmesxxut au nenodka x = 00011011 a3wiky, mo-
POXK/IAaEMOMY T'PAMMATUKON C MPABUIAMU:

S—85|A

A—0A1|S |01

2.3.4. llpunagnexut au nenodka = 0111000 a3bIky, mo-
POKITAEMOMY TPAMMATHUKON € TTPABUJIAMU:

S — A0B ‘ B1A

A— BB|0

B— AA|1

2.3.5. Bepuo sm coornomenune a*ch* € L(G) nus crnemyto-
meit rpammaTuku G7

S — Bab|aDa; A— Dc|cA; B — Sb|b;

D — AB | aD.

2.3.6. BepHo sn coorromenne ab*c* € L(G) pna crnenyto-
mieit rpammaruka G7

S—SAS|A; A— Ac|Da|b; B — DaD;

D — ABD | AB.

2.3.7. Bepno su coornomenue ca*b* € L(G) mna cuemyio-
el rpammarukun G7

S —beD |aB; A— Db|cA; B —bS|e;

D — BA | ¢D.

2.3.8. Bepuo qm coornomenue c*ab* € L(G) nna cnenyro-
mieit rpammaruka G7

S—ASS|A;, A—c|Ab|aD; B — aDD;

D — AB | BaB.

2.3.9. [lycts rpammaruka (G ONpeneIsieTcs TPABUIAMY
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S — AB; AB — CBb; (CB — ABB,;

A—a; aB—a.
Kakomy knaccy (mo XoMCKOMY) OHA NPUHAIIEKUT?
Topoxmaercs mu L(G) rpamvaTukoii 6omee y3Koro Kiacca?

2.3.10. ITycts rpammaruka G OIpeeagercs MpaBUIaMy

S — aAbB; AbB — aAbB; bBb—0bb; A —e.
Kakomy kiaccy (mo XoMCKOMY) OHA NPUHAIIEKUT?
Topoxgaerca mu L(G) rpaMMarnkoii 6omee y3Koro kaacca?

2.3.11. Ilycts rpammaruka G OIpeeagercs MpaBUIaMu

S — AaB; AaB — aAaBb; aBb— abb; A —e.
Kakomy kmnaccy (1o XoMCKOMY) OHA IPUHAIJIEKUT?
Mopoxaaercs nmu L(G) rpaMMaTukoii 6osee y3Koro kaacca?

2.3.12. Ilycrb rpammaruka G OIpeeasercs IpaBruIaMu
S — AB; AB — aDB; DB — ABB; B — b
Ab —b.
Kakomy knaccy (110 Xomckomy) ona upunajjiexur?
Mopoxaaercs gu L(G) rpaMMarukoii 6osee y3koro kaacca?

2.3.13. Kakomy knaccy mo XOMCKOMY TTPUHAJIEIKNT:
a) I'pammaruka ¢ npasuiamu:
S—AS|e; A—alb.

6) d3bik, nOpoKAAEMBIl STON IPAMMATUKON !

2.3.14. Kakomy kiaccy mo XOMCKOMY MPUHAIIEKUT:
a) 'pammaruka ¢ upasuiamu:
S — AB; AB —aABB; B—b; A—a;

6) f3biK, NOPOXKAEHHBI ITON IPAMMATUKON?

2.3.15. Kakomy kiaccy mo XOMCKOMY MPUHAJIEKUT:
a) I'paMMaTvKa ¢ IpaBUIaMu:
S— ASB|BSA; A—a; B-—ble; SB—g

6) Z3biK, HOPOXKAEHHBI ITON I'PAMMATUKON?

2.3.16. Kakomy kiaccy mo XOMCKOMY IPUHAJIEKUT:
a) I'paMMaTvka ¢ npaBUIaMu:
S — AcBs; A— AcA|B; B —alb

6) Z3bIK, NOPOXKIEHHBIN ITOH IPAMMATUKOMN?
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2.3.17. CKOJBKO CyIIECTBYET Pa3JMYHBIX BBIBOJIOB HEIOH-
ku baaaab, mpuHamTEXKAIIEH A3BIKY, TOPOXKIAEMOMY T'paMMa-
THKOH C IIPaBUJIAMMU:

S —bAb; A— AA|a

2.3.18. IlocTponTs npaBoNMHEHHBIE TPAMMATHAKA I8 A3bI-
KOB, COCTOSAMINX U3:
a) uneHTuUKATOPOB IIPOU3BOILHOM JJIMHBL, HAYMHAIOIIUXCS C
OYKBBI;
6) uaenTudUKATOPOB, cojepxkammx or 1 10 6 CuMBOJIOB 1 Ha-
gnHaomuxcsd ¢ oyks I, J, K, L, M, N;
B) BEIIECTBEHHBIX KOHCTAHT;
') BCEeX IENOYEK U3 HyJIel U eIUHUI, UMEIOIIHX:

— YETHOE YUCTO HyJeil U 46THOe YNCIO €IMHUIL;

— b0 HEIETHOE YNUCI0 HyJAeH W HEeIETHOE IUCIO0 eANHUII.

2.3.19. Tocrpours KC-rpaMmmaruku mjis  CIeLyOMNX
SI3BIKOB:
a) {0"1" : n > 1}
6) {ww? : w e {a,b}"}
B) Bee menmouky w3 Hyseil n eIMHNIL ¢ OMHAKOBBIM YHCJIOM TEX
U IPyTUX
r) {{a,b}" \ {a™b"a™b"} : m,n > 1};
1) {{a,b}" \ {a®*"a®™b"} : m,n > 1} ;
e) {{a,b}" \ {a™b"a™} : m,n >1};
x) {{a,0}" \ {ww} : we{a,b"};
3) {{a,b}* \ {a"b"a"} : n > 1};

2.3.20. Onpenenurs KC-rpaMMaTiku, KOTOpbIE TOPOXK A~
Jii OBl CIELYIOIIe A3BIKH:
1) Bce cTpokm — 3amemenThr MHOXKecTBa {0, 1}* Takme, ato B
KasKJIOH M3 HUX HENOCPEICTBEHHO CIIPaBa OT KazKI0r0 CHMBOJIA,
0 crout cumson 1.
2) BCe cTpoKHM — snmemeHTHI MHOXKecTBa {0, 1}* Takme, uTo pe-
3YJIBTATBL YTEHUS ITUX CTPOK CJIEBA HAIIPABO U CIIPABA HAJIEBO
COBTIAIATOT;
3) Bce cTpokm — 3memenTbl MaOKecTBa {0, 1}*, KOTOpBIE CO-
JIeprKaT CAMBOJIOB (0 BABOE GOJIBINE, YeM CHUMBOJOE 1;
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4) Bce cTpoKM — 3nMeMeHThl MHOKeCTBa, {0, 1}* ) KoTOpBIE NME-
0T OJWHAKOBOE INCTIO cMMBOIOB 0 1 1;

5) BCe cTpoKM — 3memMeHTh MEOKeCTBA {0, 1}*, KOTOpBIE NMe-
IOT YETHOE YHCI0 CUMBOJIOB () M HEYETHOE YMCIO CHMBOJIOB 1;
6) Bce crpokm — smemenThl MHOKecTBa {0, 1}*, B KOTOpBIX
CKOOKH PACCTaBJICHBI IIPABUIIBHO.

2.3.21. Tlocrpours KC-rpammarvku, MOPOXKIAIONINE
SA3BIKH:
a) {a™b"c? | m+n+p=0(mod 2); m,n,p>0};
6) {aPbic" | p+q > r;p,q,r = 0};
B) {z|z € {a,b}", |z]a = [x]s};
r) {z |z €{a,b}", |zl > |2[p};
1) nocrpoutsb 0dnoznaunyto KC-rpaMmaruky (0QHO3HAYHOCTD
JoskHa ObITh dokasana) ang a3pika {x | © € {a, b}, |z|, =
|x|p, m mna V w,v : = = wv, |u| # 0, |v| # 0 BeIONHEHO
[tla > [ulo}.

2.3.22. Tlocrpours KC-rpaMMaTuky, HOPOKIAIONIYIO A3bIK
a) {a"cb"} U {b"ac"}; n=0
6) {x | € {a, b} \ e,z # yy™}

2.3.23. TMocrpoutrs HC-rpamMmaTvky Ajid  CJI€IYIONMX
S3BIKOB:
) {w € {a,b,c}*, |w|e = |wlp = |w|.} (Bunerper)
6) {w € {a, b, c}*, 3lw|, = 5|w|p, = 7|w|.} (Bunerper 2)
{a"p"r™} : n > 1} (TpI/I MYIIKeTépa)
{a™b"a™b™ : m,n > 1} (dpe xason)

B

—~

\_/\/\/

1) {a®™b"a™b" : m,n > 1} (Kamonm 2)
e) {a™b"c* : m>=n>k>1} (Topka)
x) {a™b"ck 1 2m >3n >k > 1} (Topka 2)

{a‘n | n> 1} (Bor mobur Tpouy)

W
~—

0 a7 0> 1)

K) {a” > 1} (Ksamparubie umcna)
ﬂ) {an —571+1 “n 2 5}

M) {a npn’ > 1} (Jama ¢ cobaakoii)

{d" *3”+2h" cn>1}

{a" : n=1,2,3,5,8,13,...} (Yncaa Pubbonaun)

{a™ : n=1,3,6,10,15,...} (Tpeyroabuble uucia, a, =
2)

I 50x
S22 =
3
_|_
N
\
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p) {a" : n =1,5,12,22,..} (IIaTHYroaBHBIE YUCHA, Gy =
n + 3n(n — 1)/2. TlaruyromsHOE IUCIO MOKET GBITH PA3OHTO
HA TPU TPEYTOJIbHBIX + 7 TOYEK)

c) {ww : w e {a,b}*} (Hpa nebens)

) {a” : n>1} (Kybnueckue uncria)

Y {F et s

d) {a™ 1 n=1,2,6,24, ..., k!} (Pakropuan)

x) {012...0"11"0"~1..120 | n > 1} (ITupammaa Xeorca)

1) {012...0" 71171707~ 1..120 | n > 1} (Hupamuaer maiis)

m) {a3" 0" a" | n> 1}

m) {{a}*\a” : n > 1} ([as cryseHToB ¢ HCCIENOBATE b
CKOH 2KUJIKOIA).

2.3.24. TTocrpouts KC-rpaMMaTuku, TOPOXK AAIOIIHE ST3BIKH
a) {zey v #y; @,y € {a,b}"};
6) {a’bic* | i, j, k> 1}\ {a™b"c | n > 1};
B) {a,b,c}* \ {a™b"c" | n > 0}.

2.3.25. Ilycte G — rpaMMaTuka ¢ TPABUIAMU:

S—CD C—aCA|bCB|e AD — aD
BD — bD Aa — aA Ab — bA
Ba — aB Bb — bB D —e¢

Toxkazare, uto L(G) = {zz | x € {a,b}*}.

2.3.26. IlocTponTh TpaMMaTHKY, TOPOXKIAIONIYIO TAHHBIHA
SI3BIK:

{a"cb™a™cb" | n > 0}.

2.3.27. IlocTpouTh pPEryJASIpHYI0 TPAMMATHKY, TTOPOKIAIO-
iyt nenodku B andasure (a,b), B KOTOPOM CHMBOJI a4 He
BCTPEYAETCS IBA PA3a TMOAPSI.

2.3.28. IlocTponTh rpaMMaTHKY, TIOPOKTAIOIIY O COATAHCH-
POBAHHBIE OTHOCUTEJILHO KPYIJIBIX CKODOK TEmoYKkd B ajda-
sute {a, (,), L}. COanancupoBaHHyO LEMOUKY (¢ ONPEACTIUM
PEKKYPEHTHO: IMENoYKa v COATAHCUPOBAHA, €CIIH:

a) @ He COIEPKUT CKOOOK,
0) a = (1) WM @ = i, TIIE (] U (v COATAHCUPOBAHDL.
9
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2.3.29 Ilokazarn, gro mHagunune B KC-rpaMMmaTnke mpaBuil
BHA

a)A— AA|a 6) A— AaA | B) A— aA|AB] 7,
rae o, 3,7 € (VU Vp)* A € Vy, aenaer eé HeoQHO3HAYHOI.
MoxKHO i TpeodPa30BATHL ITU IPABHIIA, TAKUM 0OPA30M, UTO-
OBI TTOTYUeHHAsT IKBUBAJIEHTHAS IPAMMATHUKA, ObLIa OTHO3HAY-
HO#?

2.3.30. TTokazarh, gTo rpammaruka G HEOJHO3HATHA.

G:S—abC|aB B—bc; bC — be
2.3.31. Jana KC-rpammaruka G = (Vp, Vi, P, S). Tlpen-

JIOZKUTH aJITOPUTM IIOCTPOEHUA MHOXKECTBa

X:{AGVN|A—> 6}.

2.3.32. JInsi npouwsBosbrOil KC-rpammaruku G mpeso-
JKWTB AJITOPUTM, ONpemensomuii, myct gu a3eik L(G).

2.3.33. OquHaKOBBIE JU A3BbIKH MOPOXKTAIOT TPAMMATUKH U3

a), 6), B)?

a) S — adb A — BB B—ab|Alsg
6) S — aAb A — AaAb | g

B) S — aB B — aBB | b.

2.3.34. DKBUBAJICHTHBI JIM I'PAMMATHKU C PABUIAMHE
S—AB; B—Bb|A; A— Aa|B; C—ec

u
S —e.

2.3.35. DKBUBATIEHTHBI JI IPAMMATHKU C IPABUIAMHE
A— AB; B —bC; A—aAc|Sa; C—c]|Ca.

u

S— As|Be; B— Ac|ceS; A—Bd; C—ec

C.3. Jlekcumueckmii aHaJJIN3
C.3.1. Perynaspuble MHOXXECTBA U BbIpake-
HUSA

3.1.1. Tloka3arb, YTO MHOXKECTBA, COOTBETCTBYIOIIHE /IBYM
JAHHBIM PETY/ISPHBIM BLIPAYKEHUSM, COBITAIATOT,
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1) (a*b)c u a*(be); 2) a*b u b+ aa*b;
3) b(b+ab)*a u b(b*ab)*b*a; 4) b(ab+b)* u bb*a(bb*a)*.

3.1.2. 3aMeHUTDb KaXKI0€e U3 CAEAYIONINX BhIPAYKEHUH IKBU-
BaJIGHTHBIM, B KOTOPOM He UCIOJIb3YIoTCst 3HaK "+
1) (a+b)";
2) (a+ bb+ ba)*;
3) (a+ (bb+ ab)*)*.

3.1.3. Haiiru perynsipuble BblpakeHus, O0O3HAYAIOIIUE
SI3BIKH, BCE CJIOBA KOTOPBIX — 3eMeHThl MHOXKecTBa {0, 1}
1) okanumBatomuecs na 011, 101, 110;

2) naaunaroumecs ¢ 110, 101 wau 011;

3) v KOTOpBIX KaxKIblil Tperuil cuMBOJI ecTh 0 WM KarK/blil
BTOpOIT — 1;

4) e comepKawme Hu 0O u3 noxcrpok 011 u 101;

5) comepsKaIme Kaxaywo u3 nogctpok 011 u 101;

6) nauunaroumecs ¢ 011 u okamuusaronmecs Ha 110 wiu 101;
7) naaunarommecs ¢ 011 nwau 110 u okanuusaromuecs ua 101;
8) maunnatommecs ¢ 011 u comepkaiye BXOXKICHUsI OACTPOKU
110;

9) {017 | n > 1};

10) {01"0 | n > 0};

11) {0™1™ | n,m > 1};

12) {a € {0,1}* : |a|/3 — menoe HEOTPHIATENLHOE UNCIO};
13) {aa | a € {0,1}T, a € {0,1}, a BxomUT B };

14) {(010)™ | n > 0};

15) {0™ | m > 2} wm {1 | n > 0};

16) {(01)™(10)" | m > 0,n > 0};

17) comepxkaiee yerHoe yucsio cuMBosioB ) ¥ HEYETHOE YHCIIO
CUMBOJIOB 1;

18) comepzkaliiee 4€THOE YUCIO CUMBOIOB ) UJIH YETHOE YUCJIO
CcuUMBOJIOB 1.

3.1.4. dpnsercs nm a3bIK, COCTOSIINN U3 BCEX IEMOYEK U3
0 u 1, me conepxkamux noarnenodku 010, peryaspabiv?

3.1.5. dBnserca i A3bIK, COCTOSIIUN W3 BCEX IENOYeK M3
0 u 1, comepxxamux 4érHoe unciao () m HeuérHOE — 1, pery-
JISPHBIM?
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3.1.6. dBnsiercsa Ju A3BIK, COCTOSIINAN U3 BCEX EMOYEK YET-
HO mymEbr B andasure {a, b, ¢}, perynapabiv?

3.1.7. Peryasipen sn
a) s3pik dopmyn suga A*(B), tne A, B € {a, b} "7
6) s3pik opmyn Buga (A1.4z), tae nus i = 1,2 A; ects mu60o
cnoso B andasure {a, b}, mubo, B cBOK ovepenn, dbopmyna?
B) a3bIK opmya suaa (A + B), rae A, B € {a,b}"?
r) a3bik (opmya Buga (Ag)As, rae aust i = 1,2 A; ectb ubo
cnoso B andasure {a, b}, mibo, B cBOKO ovepens, dbopmyna?

3.1.8. OupenenuTs si3bIK, COCTOSIIININ U3 BCeX UAeHTUDUKA-
TOPOB, C IOMOIIBIO:
a) PeryJisiPHOrO BbIPAXKEHUSL;
6) seBONIMHENHON rPAMMATUKIN;
B) KOHEYHOT'O aBTOMATA;
') IPaBOJMHERHON IPaMMATUKU.

3.1.9. Byzner sm perynspabm si3bik L = {z € {a, b}* : |2|,4
9eTHO U |z, Hewerno}?

3.1.10. ITocTpouTh TPABOJUHEHHYIO TPAMMATHKY, TOPO-
JKIAOMYI0 si3bIK L Beex cnor B andarute {0, 1}, comepkammx
96THOE YUCIIO0 eIMHULL U HeYETHOE Yucyio Hyseit. Bymer nu ona
OIOHO3HAYHOI?

R

3.1.11. TlocTpouTsh perysasapHOe BbIpazkeHue i s3bika L,

rae L — si3bIk Beex cioB B andasure {0, 1}, comepkarmux 4ér-
HOE YHCJIO eVHUIl U HEIETHOE YUCIO HYyJei.

C.3.2. Kouneunnie aBTOMAaTHI

3.2.1. Kakoit A3bIK JOMyCKAETCs KOHEYHBIM aBTOMATOM
M = ({q0}7 {a’7 b}7 9, qo, {QO})?

3.2.2. TlocTpouTh HEAETEPMUHUPOBAHHBIN KOHEUHBIH aBTO-
Mar, momyckaromuit menoukn B andasure {1,2}, y KOTOpBIX
TOCTIeTHUH CUMBOJI LIENOYKHU Yy2Ke IMOABJIAJCA B Hell paHbIIe.
TlocTpouTh KBMBAJIEHTHBIH J€TEPMUHHPOBAHHBIN KOHEUHBIMH
aBromar. IlocrponTs aHaIOrMYHbBIE KOHEYHBIE ABTOMATBL B aJI-

dasure {1, 2, 3}.
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3.2.3. llocTpouTh KOHEIHDBIN aBTOMAT, TOTYCKAIOTTIH T3BIK
{zy} U {yz}, tmez e {a}*\g ye{b}*\e.

3.2.4. Tloctpouth demepmunuposarnviti KOHEIHBIN ABTO-
MarT, gonyckaomuii 36k L Beex cinos B andasure {0, 1}, co-
JeprKallluX YETHOE YHUCIO0 €INHUI U HEYETHOE YUCTIO HYJI€El;

C.3.3. AaropuTmbl IIOCTPOEHUHA KOHEUHBIX
aBTOMAaTOB

3.3.1. /lnst peryasipHOTO BhIpasKeHUs HaJ ajgdasurom 1 =
{a,b} mocTpouTh IKBUBAJEHTHLIA JETEPMUHUPOBAHHBIN KO-
HEYHBI aBTOMAT:

a) b(ba | b)* | b 6) (ab | b)*ba | ab
B) (a | b)*ba(a | b) r) (a | b)*ab(a | b)*
n) a(ab | b)* | ba e) (ba | b)*ab | ba
x) (a"b)*ab"a 3) (a|b)*(a|b)(a]|bla]D)

C.3.4. PeryngpHbie MHOX>KECTBA U WX IIPEI-
CTaBJIEHUS

3.4.1. Byner i peryaapHbIM sI3bIK
L ={x € {a, b} | x me conepxkwut moanenouxnu aba}?

3.4.2. Bo3MOXKHO /I TOCTPOUTH PEryIAPHYIO IPAMMATHKY,
IIOPOXKJAIONLY IO SA3bIK, BKIAOYAIOMUY B ce0sl BCe HEILYCTHIE 1ie-
mouku u3 0 u 1, He comepxkarue Tpéx 1 moapsm?

C.3.5. Auarebpamdyeckue CBOIiCTBA peryJsip-
HBIX MHOX>KecTB. JlemMma o pa3spacra-
HUMU.

3.5.1. Byayr siu pery/igapHbIME CJIE€AYIOIIUE S3bIKH B ajida-
sute {a}:
a) L1 ={{a® 5} u{a™},n=0,1,..}
6) Ly = {{a®* "} n{a™ )} n=0,1,..};
B) L3 = {{a"*5},n=0,1,...,n # 5(modl1)};
) La

m) Ly ={a, n=0,1,
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3.5.2. ByayT su peryisipHbIME CJeYIONHe S3bIKH B ajida-
Bute X = {a, b}:
a) a3blk L1 u3 Beex ciioB ¥*, cozepKainux nouciosa a7b;
6) a3bik Lo U3 Bcex ¢10B L°, He cojepxKallux AByX b 1oapsii;

B) 36K L3 U3 Beex cioB L*, He npunaiiexamux Ly uau Lo;
r) Ly = {{a®"t507" 4} n=0,1,...}7

3.5.3. Bamaercs mm s3pix {a™b™ | n > m > 1} perymsapHbIM
BbIpaKeHueM !

3.5.4. dBngerca au rpaMMaTHUKa ¢ TTPABUIAMU:
S —aA|bB|C; B —bB|b|e
A—aAlaleg C — ¢SC.

[IPaBOJUHEAHON rPaMMATHKON?

C.4. CuHTakCcUYecKuUil aHaJJIn3

C.4.1. KC-rpammaruku u MII-aBTOMaThI

4.1.1. IIycts G — rpaMMaTHKa C IPaBUIAMHU:
S — SbS | SeS |a

Haiitu 2 pasin4HBIX AepeBa BbIBOJA JJId LENOoYku abaca.

4.1.2. Jlanma ogposmaunas KC-rpammarmka G =
(N, T,P,S) u nenouka w € L(G). Konuuecrso 3nemen-
ToB BO MHOXKecTBax N, T, P paBHO N1, Na, N3 COOTBETCTBEHHO,
a |w| = [. HaliTh HMKHIOW W BEPXHIOK TPAHUILY A THCTA
JiepeBbeB paszbopa w B G.

4.1.3. dmngroTcs MU OTHO3HAYHLIMU CJIETYVIONINE TPaMMa-
THKN?
a)S—al|C; C—AB; A—aA|Ba|a; B— abB;
6) S— BA; A— Aa|bAle; B— BblaB |
B)S—=b|C; C—aC|AC; A—aA|Aa]a;
r)S—AB; A—aA|bA|a; B— Ba|Bb]|e¢;
nS—A|B;, A—AAla; B—aB|b|C; C— cC,
)S —aA|bB; A—aAl|alb; B—bB|b]e¢
k) S —aAc|bS; A—ad|Aa|es
3) S —aAl|b; A— abA|abAch; B — ¢
u)S—aB|cA; A— BaA|la;, B— Ala
K) S— ABS|e; A—abA|a; B — Ba|Bab]e.

@]
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4.1.4. dBngerca Am OMHO3HAYHONH TpPaMMAaTHWKa, C TTPABU-
JIaMu:
a)S—A|B;, B—aB|b|C; A—AAla; C— cC,
6) S — aAc|bS; A—aA|Aalc

) S —aA|b; A— abA|abAcb; B — ¢
r)S—aB|cA; A— BaA|a; B— Alb
n)S—a|lC; C—AB; A—aA|Ba|a; B — aB;
e) S— BA; A— Aa|bA|e; B — Bb|aB|b;
x®)S—b|C; C—aC|AC; A—aA|Aa|a
3) S— AB; A—aA|bAla; B — Ba|DBb|e.

=

4.1.5. llycts G1 — rpaMMaTHKa, UMEIOIIas TPOAYKITHN:
S—bA|ab; A—al|aS|bAA; B—0b|bS|aBB,
a G — rpaMMaTHKa, ONPEIeNTeMast TPOLYKIMAMU:
S —aB|aBS|bAS|bA; A —bAA|a; B —bBB]|b.
Ilokazarsk, 9TO
1) G; — HeOmHO3HAYHAS IPAMMATHUKA;

2) G2 — onHO3HAYHAS IPAMMATHKA;
3) L(G1) = L(G2).

4.1.6. Kakoii s3bIK AONYCKAETCS aBTOMATOM C MAara3wHHOM
TaMATHIO

P = ({q}, {a, b}, {20}, 9, 90, 20, {e0}) ?

4.1.7. llocrpours MII-aBromarsl, OIpesessitonue a3bIKu
a) {ww? : we {a, b} };
) sI3bIK BCEX IEN0YeK U3 HyJell ¥ eUHUL C OJMHAKOBBIM YHC-
JIOM T€X U APYTHUX
B) {{a,b}" \ {a™b"a™b"} : m,n >1};
r) {{a,b}" \ {a™b"a™} : m,n >1};
1) {{a,b}" \ {ww} : we {a,b]"}.
4.1.8. IlocTpouTs aBTOMAT C MAra3WHHON MAMSTHIO, JIOIYC-
KONt SI3bIK:
8) ({a"bme™ | m,m > 1) U ({a™b"e" | nym > 1});
6) {a"ckb™ | k,n > 1};
B) {a™b"c? | m +n+p = 0(mod2); m,n,p =0}
r) {aPbic" |p+q>1; p,qr =0}
) {z |z ef{a, b}, |zla = [xlp};
e) {z |z €{a,b}", [zfa > [alp};
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#) {2 |7 € {a,0)", [elo = |ol, mams ¥ w,v 7= o, [u] £
0, |v] # 0 BemomEenO |U|q > |ulp}.

4.1.9. Tlyerb A — marasunnbiil apromat. IlocTpoutsh Ma-
Ta3uHHBbIN aBroMaTl B, Jomyckaiomuil Bce NpedUKChHl A3bIKA
L(A), To ectb s3bIK

L(B) = {z [ zy € L(A)}.

4.1.10. Iloctpoutb naerepmunupoBannbie MII-aBTromMarsr,
OTIPEMIEIISIONTNE A3BIKU:
a) {wew® : w € {a,b}*};
6) {0"1" : n > 1}
) {weaxltycy | z,y € {a, b}*}.

4.1.11. dpnsercs mu a3pik L = {xcx® | x € (a*b*)*} nerep-
muanpoBanHbiM? OGOCHOBATH OTBET C MOMOIILIO MAra3HHHOIO
aBTOMATa, MTOIMYCKAIIIEro 36k L.

4.1.12. dBnserca mm OeTEPMUHUPOBAHHBIM CJIEIYIOIIII
SIBBIK:
a) L ={zBcx |z € (a*b*)*};
6) L = {zczf | z € (b*a*)*};
8) L = {zcz® | z € b*(a*)*}.

4.1.13. Jokazarp, 9ro giua moboit KC-rpammarnka G’ cy-
mecTByer xpuBasienTHast eii KC rpammaruka G, mMmerormast
JIVIIITB TIPABUJIA BUIA

A—BC; A—a,rme A B,CeVy, acVp.

4.1.14. Jokazars, uro ecniu Ly — KC-sa3bik, 10 s3bik L,
COCTOAMMNM 13 BCeX cjioB L1 derHnoit aymmapl — KC-s3bIK, TO
€CThb

L={X|Xel, |[X|=2K, K=0,1,...,} — KC-a3bIk.

4.1.15. JTokazars, uro qua KC-rpammaruku G cyIiecTByeT
Heykopadupaiomag KC-rpaMmmaruka G, mopoxkIaomasa a3bIK

L(G") = L(G) \ {e}.

4.1.16. IlpuBectu amropuT™, NO3BONAIOMIAN y3HATH, IPHU-
HAJIEXKUT Jiu Jannoe ciaoBo ganHomy KC-a3biky u J10Ka3aTh
€ro TMPaBUIbLHOCTD.
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4.1.17. KC-rpaMMaTKa HA3bIBACTCHA A€6000H03HAYHOU, €C-
JIM KaXKJ0€ CJIOBO TMOPOKIAEMOrO €10 A3bIKA MMEET €TUHCTBEH-
HBI Ae6bili BBIBOA. AHAJOIMYHO ONPENENAeTcs NpPasoodHo-
3navwras rpammaruka. llocrponts npumMep JI€BOOLHO3HAYMHOM,
HO He mpaBooaHo3HauYHONH KC-rpaMmaruky.

C.4.2. Anarebpamyeckue cBolicTBa KC-
g3bIKOB. JlemMMa o paspacTraHum.

4.2.1. llycts Ly, Ly — KC-s3biku. Jlokaxkure:
1) L1 U Ly — KC-a3bIkK;
2) L1Ly — KC-a3bIK.

4.2.2. Ilycts L — KC-a3bik. JlokaxnTe:
1) L* — KC-s13bIK;
2) L — KC-a3pik.

4.2.3. Jlokazars, uto me cymectByer KC-rpammaruk, mo-
DPOXKIAIOIINX A3BIKA

a) {a™b"c"} : n>1}; 6) {ww : w € {a,b}*};
B) {a"2 tn= 1}; r) {a"s tn= 1}.

4.2.4. BoIICHUTD, KaKNe W3 MPUBEIEHHBIX HUXKE ST3BIKOB He
sipyistiorcst KC-a3bikamu:
1) {a'bc¥ |0<i<j<kl;
2) {a'bick |0 <i=j=k};
3) {a'WcF |0<i=34,k>0,i+#k};
4) {a’¥c* |0 <i=j,k >0}

4.2.5. Tlokazarh, uTo a3bik {a"b"c" | n>1} me aBmserca
KC-s3p1x0M.

4.2.6. densaerca qm azeik {a"b™a"b™ |n > 1, m > 1} KC-
AZBIKOM 7

4.2.7. dsnserca mu s3pik {ab™b"a™ | n > 1,m > 1} KC-
SI3BIKOM 7

4.2.8. deagerca mu s3pik {aP | p — npocroe wmcno} KC-
SABBIKOM !
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4.2.9. Senstercs mm 361k {a"b" | n € N} KC-si3bikom?

4.2.10. Oupenenurb, 3aMKHYTO i1 MHOXKeCTBO KC-s13b1KOB
OTHOCHUTENHHO JOTTOTHEHUST !

4.2.11. BamMruyTO 71 MHOXKeCTBO KC-513bIKOB OTHOCUTETHHO
obpawenua? (naue rosopst, Bepuo Jm, 4ro eciu L — KC-
a3p1k, 70 LT — 1owe KC-a301K).

C.4.3. IlIpeobpazosanua KC-rpammaruk

4.3.1. YKa3arb MHOXKECTBO OCCIONE3HLIX CHUMBOJIOB IS
rpaMMaTUKHU:

S—A|B;, B—aB|b|C; A—AA|a; C —cC.

4.3.2. Yka3arp MHOKECTBO OECIIOIE3HBIX CUMBOJIOB B IDaM-
maruke G = ({S, A, B, C}, {a,b, c}, P, S), rme P cocrout us

S — aSb| Abb | e B — AB

A — aBCb | bAb C—alec

4.3.3. YKa3aTh MHOKECTBO OECIIONE3HBIX CHMBOJIOB B IPaM-
maruke G = ({S, A, B, C},{a,b,c}, P,S), tae P cocrout u3

S— A|B A—aB|bS|b

B — AB| Ba C— AS|b.

4.3.4. YKa3aTb MHOXKECTBO OECITIONE3HBIX CHMBOJIOB B IPaM-

maruke G=({S, A, B, C, D}, {a, b, c}, P, S}, tae P cocrout u3

S — aBb | aCb A — Dc|cA
B—aS|b C — AB | aD
D — AB | ¢Da.

4.3.5. YKa3aTb MHOXKECTBO DECITIOIE3HBIX CUMBOJIOB B IPaM-
maruke G = ({S, A, B,C},{0,1,2}, P,S), rme P cocrout u3

S—S8S5|A A—0A1|C |0

B—0C|1 C — BC|CS.

4.3.6. fBnsaroTcs u cieayIoNye rPAMMATHKY [TPUBEIEHHBI-

Mu? YKasaTb Jjisl KaxKAO0H IPpaMMaTHUKK MHOXKECTBA HEJIOCTH-
KUMBIX, OCCIJIOTHBIX W OECTIONE3HBIX CUMBOJIOB:
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a)S—alC
C — AB
A—aA|Bala
B — aB;

B)S—0b|C
C —aC | AC
A—aA|Aa| g

n) S—A|B
A— AAla
B—aB|b|C
C — cC,

K) S — aAc|bS
A—aA| Aa|e;

u) S—aB|cA
A — BaAla
B— Ala;

4.3.7. ITocTponTh MPUBEAEHABIE TPAMMATUKHU, SKBUBAJICHT-
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6) S — BA
A— Aa|bA|e
B — Bb| aB | b;

r)S— AB
A—aAlbA]a
B — Ba | Bb | ¢

e) S —aA|bB
A—aAlal|bd
B—bB|b|e

3) S —aAlb
A — abA | abAcd
B —g¢

k) S — ABS | ¢
A—abA|a
B — Ba | Bab | ¢.

HbIE CIICOYIOIIUM I'DaMMaTHKaM:

a)S—A|B
C—Slale
6) S — AB

4.3.8. TTocrpouts e-ceobomubie KC-rpaMmaruku, S5KBUBA-

A—C|D
D—S|b
A — Aa | bB

JICHTHBIE CJICAYIOIIUM T'DaMMaTUKaM:

1) S— AB
A—C|ab
C—cle
B — aAa;

3) S — aSbS
S — bSaS | ¢;

2) S — ABC
A— BB e
B—CC|e
C— AA |

4) S — AB
A— SA| BB |bB
B —b|aA]|e.

B—D|E
E—S|cleg;
B —a| Sb.
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4.3.9. lokazars, uro ana kaxkaoit KC-rpammaruku cymie-
cTByeT 3KBUBajeHTHAs eif npuBegennas KC-rpammaruka.

4.3.10. IIpuBecTy anrOpuUTM OCTPOSHU S MHOYKECTBA JTOCTHU-
KUMBIX CHMBOJIOB U JI0KA33aTh €r0 MPaBUIbHOCTD

4.3.11. Jdokazarb, uto s kaxaoi KC-rpammaruku cyie-
crByer sxpuBasienTHas efi KC-rpamuvaruka, He sIBASIONIASCS

JIEBOPEKYPCUBHOMN

C.4.4. IlpenckaswiBarormuii pa3bop cBepxy-

BHU3

4.4.1. TMocrpoutrs muokecrBa FIRST w FOLLOW nnsa
KarKJIOr0 HETEPMUHAJIA TPAMMATHKI

a) S —adAB | B
A—aAla
B— BS|A|b;

B) S—>S+T
S—T
T—a
T — S[S];

n) S — aB | bA
A—aS|bAA|a
B —bS|aBB | b

x) S — (SbS)
S — (T)
S—a
T—TS
T — S,

u) A— aACd|b
C—cle.

6) S — aAB | BA
A— BBB|a
B — AS | b;

r) S — ABC
A— BB e
B—CCla
C— AA | b

e) S — Ba | Ab
A— Sa| AAb|a
B — Sb| BBa | b;

3) B — begin D; S end
B—s

D—D;d
D—d
S—S; B
S — B;

4.4.2. densgercs qu caenyomas rpamMaruka LL(1)?7 Hc-
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nosb3oBark kpurepnit LL(1).
S —aAb; A—0; A— adA.

4.4.3. JIns rpaMMaTHKK HAIUCATh SKBHBaseHTHYIO LL(1)-
rpaMMaTHKY

a) S —aS | a;

6) S —ba| A A —a| Aab| Ab;
B) S — aaS | abA A — e Aa| Ab;

r) S — baaA | babA A — e Aa| Ab;

n) S — abaA | abbA A —e| Aa| Ab;
e) S — ab|baA A — e | Aab | Ab.

4.4.4. Ing caeayionmx TPaMMATUK OMPEIeTUTh, SBIISIOT-
cst s oun LL(k) rpamMmarvkamMy W Ha#TH TOYHOE 3HAUEHHE
k. Aua LL(1)-rpaMMaTuK 0OCTPOUTH IETEPMUHUPOBAHHBL Jie-
BBIIl aHAJIU3aTOP:

a) S —aAS|b A — a|bSA;
6) S— A|B A—aAb|0O B — aBbb | 1;
B) S — ¢ | abA A — Saa | b;
r) S —aS|a;
n) S — aAaa | bAba A—b|e;
e) S — Sal|b;
x®) S — TE'; E' — +TE'|e T —FT
T — *xFT' | e F—(9)]a.

4.4.5. OnpenenuTh, IBJISIFOTCS JIN CJIEAYIOIIHE TPAMMATHKH
LL(k)-rpammarnkaMi, U yKa3aTh TOYHOE 3HAYeHWE k:

a) S — Ab A — Aa | a;

6)S — Ab A — aA | a;

B) S — aAb A — BB B—ab|Aleg
r) S —aAb A — AaAb | g

n) S —aB B — aBB | b.

4.4.6. TIpeobpasosars rpaMmaruky K LL(1)-Bugy n nocrpo-
uth mis weé LL(1)-rabmuiy
a) S — Ab A —aA| a;
6) S — aB B — aBB|b.
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4.4.7. Cxonbko takToB cuenaer LL(1)-amanmsarop s
rpaMmaTuk G C IpaBUIAMU:

S—aAB A—-bC B— SS|le C— Ale
npu pasdope nenodku T = ab?

4.4.8. densierca qm rpamvaruka S — Sa | b LL(2)-
rpaMMaTHKOR?

4.4.9. dBngerca MU A3bIK, COCTOSAIINN U3 BCEX HETbIX THCET
6e3 3raka n 6e3 mesHavanmx wyaei, LL(1)-a3pkom?

4.4.10. dBnsierca au 93bIK, COCTOAIINI W3 BCEX MEMOYEK U3
0 u 1, e cogepxamux noguenouku 010, LL(1)-a3pikom?

4.4.11. dBngerca au A3bIK, COCTOANINN U3 BCEX HEMYCTBIX
nermodyek u3 0 u 1, He comepxamux tpex 1 moxpsia, LL(1)-
SBBIKOM !

4.4.12. CymiectByer Ju KOHTEKCTHO-CBOOOIHAS IpDaMMa-
tuka, LL(1)-rabauna mjig KOTOPO#H HE CONEPKUT SJIEMEHTOB
«ommbKa» 7

4.4.13. Cdopmynupyiite HEOOXOTUMBIE U JOCTATOYHBIE
yenopug Toro, yto KC-rpaMmarnka ects LL(1)-rpaMMarnka.
Jlokaxkure HEOOXOANMOCTD U JOCTATOIHOCTD.

C.4.5. Pasz6op cHuU3y-BBEepX THUNA CIBUT-
CBEpTKa

4.5.1. Tlocrpouts Bee cocrosaust s LR(0)-amanusa rpam-
MaTuru G:

S —aAb; A—e A— adA.
Bypner su G LR(0)-rpamvaruroii? A LR(1)?

4.5.2. dBasercsa v TpaMMaTHKA ¢ TTPABUJIAMU:
S—A|B; B—aB|b|C; A—AA|a; C—cC
LR(0)-rpammarukoii?

4.5.3. Cxonbko muoxkecrs LR(0)-curyanuii B KaHOHHYE-
ckoii cucreme LR(0)-curyauuit rpammaruku G ¢ IpaBaiaMu
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a) S —aA|laB A—bA|c B — bB|d;
6) S~ A0|F1 A—SO0|Bl B —Al|F0 F — B0|S1;
B) E—(L)|]la L—EL|E.

4.5.4. Ckonbko LR(0)-Tabiaui; uMeeT rpaMMaTHKa C TDaBU-
JIAMMU:

S — Aa|Bb; B—b; A—ab

4.5.5. TlocrponTts Bee cocrogang LR(1)-ananusa s rpam-
MaTUKMU:

S —aAb; A —e|adA.

4.5.6. Crompko MHOKecTB LR(1)-curyanmii B KaHOHHYe-
ckoii cucreme LR(1)-curyauuit rpammaruku G ¢ npaBuaiaMu
a) S — aSb | ab;

6) S — aAc|b A — aSc | b.

4.5.7. OnpenenuTsb, ABIACTCA JIU FPAMMATHKA C IPUBEIECH-
HbIM Habopom npasui LR(1)-rpaMMarukoii:

a) A— aAB|b B—b]|eg
6) S — SaS S — a;
B) S — Abb | Bba A—a B — a;
r)S—alla L—Lb|b.

4.5.8. TlocrponTh Bce cocroguma aHammsa (K = 1) gna
rpAMMATHKA

S — Si; S1 — S157; S1 — a.
Bypaer siu ata rpamvarika LR(1)?

4.5.9. Tlocrpouts Bee cocrosinug LR(1) ananusa g rpam-
MATHKU:

S —aBc; B—b, B — bBb.
Mpumenus kpurepuit LR(K), onpemenuth, Oymer Ju 3TO
LR(1)-rpamMmmaruka.

4.5.10. BrigcuauTh, ABAAIOTCA U CASAYIONTHE IPAMMATHKA
LR(k)-rpammarukavu. Hafitu TouHOe 3HaUEHNE k U IIOCTPOUTD
JeTEePMUHUPOBAHHBINA NIPABbIA aHAJIN3aTOP:

a) S — SaSh | g
6) S — Sa | a;
B)S—=C|d C—Ac|b D—aD]|c



C.4. Cunrakcudeckuil aHaus 349

r)S—Ab|Bc A— Aale B — Balcg;

0SS —AB A—a B —-CD|aE C — ab D — bb
E — bba;

e)S—AB A—0Al|e B—1B|1.

4.5.11. dpngerca M HUXKEIPUBEIEHHAS TIPAMMATHUKA
LR(k), n ecnu ma, TO ONpeseJuTh MUHAMAJIBHOE K.

a) S — aAc A —aSc S—b A — b
6) S — 51 S1— 5151 S1— a;

B) S — aBc B—b B — bBb;

r) S — adc S—b A —aSc A — b
n) S — aAb A—0 A — aaA;

e) S — adb A—e A — adA.

4.5.12. densrorca mm cnepyromme rpamvarakn LR(k)-
rpaMMaTHKaMu?! YKa3aTh TOYHOE 3HAYEHHE k U MOCTPOUTH CO-
OTBETCTBYIOIUA JeTepMUHUPOBAHHDII IPABLII aHAIU3ATOD.

a) S — Ab A — Aa| a;

6) S — Ab A — aA| a;

B) S — aAb A— BB B—ab|Als;
r) S — aAb A — AaAb | g

n) S —aB B — aBB | b.

4.5.13. I rpaMMaTuKu
S—Ab|Bc A— Aale B— Bale

HATUCATh 9KBuUBaNeHTHYIO L R(0)-rpammaruky.

4.5.14. CkonpKo CBepTOK W mepeHocoB caenaer LR(1)-
anasmsarop mis rpamvaruka G = ({5, A}, {a}, P, S) ¢ npa-
putavu = S — A A — Aa|a 1pm amammse nenoukn al%0?

4.5.15. Crombko SLR(1)-rabmum mMeeT rpaMMaTHKA € Ipa-
BUJIAME:

S — Aaa|Bb|C B—aa A—aa C — cAc|cBd.

4.5.16. Cxonbko TakTos cuenaer LALR(1)-ananuzarop mis
IPAMMATHKHA C TIPABUJIAMH:

S—A|BC B—a A—a C—AAAS
npu pasdope menodyku aaaaa?



350 IIprnoxenne C. 3amaun mo pasgeaaM KHHTH

4.5.17. Bemucarh OEeMOYKY MWHUMAJIbLHONU IJTWHBLI, Ha KO-
topoit sumabl ormmana LARL(1) n LR(1)-aramu3aTopos mis
TPAMMATHKHU C TIPABUIAMHU:

S—Aa|Bb|C B—aa A—aa C — cAc|cBd.

4.5.18. Ilycrb G = (N,T,P,S) — LR(1l)-rpaMmmaTuka,
w € T*. B kakux ciaydasx (B 3asucumocru or G u w) LR(1)-
aHAJIM3ATOP NP AHAIM3E LENOYKH W HE CIEJNAET HHU OJHOIO
caBuTa?

4.5.19. llycrs G = (N, T, P, S) — LR(1)-rpammaruka; w ¢
L(G), |w| = n. llycts k — umcno capuros, nenaembix LR(1)-
aHAJM3aTOPOM TIPH aHAIM3E Nenovukn w. [IpuBecTn HUKHION
U BEPXHIOIO OLEHKY JJIdA InCaa k.

4.5.20. Mycts G = (N,T,P,S) — LR(1)-rpamMmmaruxa,
[Pl =m > 1; w € L(G), |w| = n. Ilycts k — uncio ceep-
TOK, nenaeMbix LR(1)-aHaju3aropoM Opu aHan3e HEnoYKu
w. IIpuBecTr HUKHIOIO ONEHKY M1d 9ucia k.

4.521. IIyctb G = (N,T,P,S) — LR(1)-rpaMmaruka,
[Pl =m > 1; w ¢ L(GQ), |w| = n. lycrs k — umcno ceep-
TOK, nenaeMblx LR(1)-aHaju3aropoM Opu aHaIn3e HEnoYKu
w. [IpuBecTu HIKHIOIO OIEHKY [Jis 9uciaa k.

4.5.22. Cymecreyer mm LR(1)-rpaMmaTnka, mias KOTOPOIt
dynkuua peiictuit LR(1)-Tabaumpl He COTEPKHAT JIEMEHTOB
«ommbkay 7

4.5.23. Hana KC-rpammaruka G = (N, T, P, S). Haiitu
BepXHIOO onenky uucaa LR(1)-curyammii masa G.

4.5.24. Tana LR(1)-rpammaruka 6e3 e-npasun G u nenod-
ka w € L(G). B mepese pasbopa w — njy JUCTHEB U No BHY-
rpennux BepmuH. CKOMBKO CABUIOB U CBepTOK caenaer LR(1)-
anayuzaTop g G Ipu aHanIu3e Henouku w?
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C.5. DJyeMeHTBhI TEOPHUU IIEPEBOIA

C.5.3. ATpubyTHbIE rPAMMATUKHI

5.3.1. Jononuurs rpammaruky S — 0511, S — 1500,
S — € g0 arpubyTHOH Tak, ITOOBI BRIMUCIAIACH MAKCAMAIb-
Hasl JJIMHA HEIPEPBIBHON NOC/AEI0BATEIBHOCTH €UHUIL B I10-
DO JIEHHOM CJTOBE.

5.3.2. Hononuuts rpammaruky S — AA, A — 0A4,
A — 1A, A — ¢ go arpubyTHOH TaK, 9TOOBI BHIMHCIAIACD
MAaKCUMAJIbHAS JJIMHA HEHPEPbIBHOW MOC/IEI0BATEIbHOCTH U3
1 B IOPOXKJEHHOM CJIOBE.

5.3.3. Hononuuts rpammaruky S — AA, A — A0,
A — Al, A — ¢ go arpubyTHOH TaK, 9TOOBI BHIMHCIIAIOCH
qncao codetannit 01 B MOPOXKIEHHOM CJIORE.

5.3.4. B rpamvaruke [memoe] — dC, C — dC | e Tep-
munan d umeer arpubyt 0 wian 1. Onpegennts arpubyThl Tax,
9100bI HeTepMuHaAT [menoe] mMen arpubyT, PaBHBIM BOCHME-
PUYHOMY 3HAYEHUIO BBHIBOJAMMOTO UHCIIA.

5.3.5. IlocTpouts arpubyTHBIE TPAMMATHUKHA JJIs CJIEIYIO-
X TEPEBOJIOB:

a) {(z, z) [z € {a, b}"}; 6) {(z, ™) | = € {a,b}"};
B) {(z, zz) | z € {a, b}*}; r) {(a"b", a™b"c™) | n > 1}.

5.3.6. [IpuBectu npumep aTpubyTHON rPaAMMATHKH C HEKOD-
PEKTHO 33JlaHHBIMU CEeMaHTHUYEeCKUMU MPaBUJIaMU

5.3.7. IlpuBectu npumep arpubyTHONU rPAMMATUKH, BBIUUC-
JieHue aTpubyTOB JJIst KOTOPOH HEJb3sl BLIMOIHNTD MTAPAJLIesTb-
Ho ¢ LL(1)-ananuzom.

5.3.8. IIpuBectu npumMep aTpubyTHON rPAMMATUKH, BBIUHC-
JieHue aTpubyTOB JJIsk KOTOPOH HEJIb3sl BBIIOJHUTD [1APAJLIEI b=
Ho ¢ LR(1)-anammuzom.
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C.9. T'enepammsa koma

C.9.1. Tpaucagauna apudmMeTndeCKnX BbIpa-
JKeHUi

9.1.1. s caepyonmx apudMeTHIeCKuX BbIPAXKEHUH C M0~
Mortbio anropurma Cern-YabMaHa CreHepUPOBATH TPOrPAMMY
7 n306pa3uTh arpudy THPOBAHHOE JIEPEBO:

a) A*B+C*(D+ E)*F, 6) A*(B+C)*(D+ E)*F;
B) A+ B+ C*D + E*F, r) A+ B*C*D*E + F;
n) A+ B*(C*D + E*F).

C.9.2. Tpancaguug JOTMY€CKUX BbIPaKEHMUIT

9.2.1. /Ins cregyromux JIOTUIeCKUX BbIPDAYKEHUH CreHepu-
poBaTh KO/ Ha KOMaHJaX Mepexoia U M300pasuTh arpubyTu-
POBaHHOE JIEPEBO
a) Aandnot (B or C)or (D and E);

6) A and B and C or not (D or E);

B) A and (B or not (C and D) and E);
r) not (A and B or C or D) and E;

n) Aand B or C or D andnot E.

C.9.3. T'enepamusa onTuMaJIbHOTO KOJAA METO-
JaMHn CMHTAKCHUYECKOI'O aHaJIn3a
9.3.1. Jns cnemyromux OINEPATOPOB MPUCBAWBAHUS Cre-

HEpUpOBaATH OIITHIMaJbHBINA KOJ METOAOM COIIOCTaBJICHUA
00pasIoB:

a) a = bli] + J; 6) a = b[i+5]; B) a = b[i] + ¢[2];
r) a = bli+2-+j]; n) a=02+cl); ) a=0bli+jl;
K) a=0bli+2]+3; 3)a=j+0bi+3]; u)a=0>bli+j+1];

K) a = bli+j] + 1.
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lecturer at Moscow State University.
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Dmitry R.Gonchar - research scientist of the branch
«CAD of Real-time Systems», Computing Center, Russian Ac.
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Mathematics and Cybernetics) and Moscow Institute of
Physics and Technology (Department of Control and Applied
Mathematics) in 1991-2004.

The book includes the «classical» parts of Programming
languages theory: lexical and syntactical analysis, computer
memory organization (tables of symbols) and period of
execution (magazine), code generation.

The tools of the automatic compiler design processes are
considered, such as LEX, YACC, SUPER.

The optimal code generation methods are also studied.

The authors attempted to describe the whole process of the
compiler design using common «attributives approach.

The problems dealing with the textbook sections are given
in the appendix.
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