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I'maBa 1.

BBenenue

1.1. MecTo KOMOUJIATOPA
B IIPOrPAaMMHOM ObOecrnedeHnn

KoMmuisiTopbl COCTABASIOT CYIIECTBEHHYI) YaCTh MTPOTPAMMHOTO O0ECTIeueHust
9BM. 9710 CBA3aHO C T€M, YTO S3BIKU BHICOKOTO YPOBHS CTAJIM OCHOBHBIM CPEJI-
cTBOM paspaborku nporpamm. ToJbKO O9eHb HE3HAYUTETbHAS YACTH TPOrPAMM-
HOTO obecmedenusi, Tpebyromas 0cob0i 3PPEKTUBHOCTH, TPOIPAMMUPYETCS C
MOMOIIBIO acceMbepoB. B Hacrosiee BpeMst pacipoCTPaHEHO JTOBOJIBLHO MHOTO
SI3BIKOB MpOrpaMMupoBanus. Hapsay ¢ TpaIunoOHHBIMY S3bIKAMHT, TAKAMU, KAK
DopTpaH, MIUPOKOE PACITIPOCTPAHEHNE MOJIY YUIN TAK HA3BIBAEMBIE ‘YHUBED CAJTh-
ubie” a3biku ([Tackanb, Cu, Moayna-2, Axa u apyrue), a Tak»Ke HEKOTOPbBIE CIie-
UMaJIM3UPOBaHHbIe (HAIIPUMED, A3bIK OOPAbOTKM CIIMCOYHBIX CTPYKTYD Jluc).
Kpowme Toro, 60mbIinoe pacnpocTpaHeHHe MOy YU sI3bIKU, CBI3AHHBIE C Y3KH-
MU MPEIMETHBIMU O0JIACTSMU, TAKHAE, KAK BXOIHBIE ST3bIKU TTAKETOB MPUKJIATHBIX
MPOTPAMM.

st psiia I36IKOB MMEeTCs JTOBOJIBHO MHOrO peanuianuii. Tak, peanu3aiuii
Mackans, Moayner-2 wimm Cu giusg 9BM ruma IBM PC na poiake necsarku.

C mpyroit CTOPOHBI, TTOCTOSHHO PACTYIIAS MOTPEOHOCTH B HOBBIX KOMITHJIS-
TOpax CBsizaHa C OypHbIM pazBuTueM apxurektyp IBM. Dr1o passurue maer
[0 Pa3JndHbIM HampasieHusM. COBEPIIEHCTBYIOTCA CTAPbIe apXUTEKTYPbI KaK
B KOHIEMTYAJHHOM OTHOINEHWM, TAK U IO OTIETbHBIM, KOHKPETHBIM JIHHUSIM.
ODTO MOXKHO TPOWJLIIOCTPUPOBATHL Ha MpuMepe MuKpornpoieccopa Intel-80X86.
TlocnemoBarenbHble Bepcuu 3TOTO MUK porporieccopa 8086, 80186, 80286, 80386,
80486, 80586 ornmyaroTCd HE TOTBKO TEXHUIECKUMHU XapAKTEPUCTAKAMH, HO U,
410 6oJIee BazKHO, HOBBIMU BO3MOXKHOCTSMU M, 3HAYUT, U3MEHEeHHeM (paciiupe-
HHMEM) cUCTeMbl KoMaH . EcrecrBeHHO, 3T0 Tpebyer HOBbIX KOMIUJIATOPOB (1iu
moaudukanuu crapbix). To ke MOXKHO cKa3aTh 0 MUKpompoueccopax Motorola
68010, 68020, 68030, 68040.

B pamkax TpaJuIHOHHBIX TOCIEIOBATEIbHBIX MAIIUH BO3HUKAET OOJIBIIOE
YUCITO PA3TUIHBIX HAPABICHUH apxuTekTyp. [IpuMepaMu MOryT CIy:KUTh ap-
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xurekTypbl CISC, RISC. Takue Bemyiue dpupmbl, kak Intel, Motorola, Sun, na-
YUHAIOT TepexXoauTh Ha Bhimyck marmma ¢ RISC-apxurekrypamu. EcrectBenno,
JJI KaKI0M HOBOI CHCTEMBI KOMAaHI, TPeOYeTCs TOMHBIN HAOOP HOBBIX KOMIIH-
JISTOPOB C PACIPOCTPAHEHHBIX SI3BIKOB.

Haxkomerr, 6ypHO pa3BUBAIOTCS PA3THYHbBIE TAPAJLIEIbHbIE apXuTeKTyphl. Cpe-
JId HEX OTMETUM BEKTOPHBIE, MHOTONPOIIECCOPHbBIE, € IMUPOKUM KOMAHIHBIM CJIO-
BOM (BapMaHTOM KOTODBIX dABJIAOTCH cynepckasapubie 9BM). Ha poiake yzxe
umerorcs gecatku tumoB IBM ¢ mapasiiensHOM apXUTEKTYypO#, HAYWHAS OT
cynep-9BM (Cray, CDC u apyrue), 4epe3 paboune cranuuu (nanpumep, IBM
RS/6000) u konuasi nepcoHabHbIMU (HAOIPUMED, HA OCHOBE MUKPOIIPOLIECCOPa,
[-860). EcrecrBenno, Jijisi KayK/10i M3 MAIUH CO3JAI0TCH HOBbIE KOMIMJIATODbI
JIJIsT MHOTUX $I3BIKOB MPOTPAMMUPOBAHUS. 31€Ch HEOOXOAMMO TAKKE OTMETHUTD,
YTO HOBBIE APXUTEKTYPHI TPEOYIOT Pa3pabOTKU COBEPINEHHO HOBBIX MOIXOIOB
K CO3JIQHUI0 KOMIIHJISTOPOB, TAK YTO HAPSAY C COOCTBEHHO pa3pabOTKOil KOM-
MUJISITOPOB BEIETCS W OOMbINAas HAay9IHass paboTa MO CO3MAHUI0 HOBBIX METOIOB
TPAHCIISAINN.

1.2. CrpykTypa KOMITUJIATOPA

O06006IeHHas CTPYKTYPa KOMITHIATOPA, U OCHOBHBIE (ha3bl KOMITUJISIIIUN TOKA3a-
HBI Ha puc. 1..1.

Ha daze smekcuyeckoro anamnsa BXOAHAS TPOrPaMMa, MPEJICTABISIONA CO-
Goit moTOK JMTep, pa3buBaETCS HA JIGKCEMBI — CJIOBa B COOTBETCTBHUH C OIpPE-
nemeHusaMu s3bika. OCHOBHBIME (DOPMATHM3IMAMU, JIEIKAIIMM B OCHOBE Peajin3a-
[IAY JIEKCUYECKUX QHAJMU3ATOPOB, SIBJISTIOTCS KOHEUHbIE aBTOMATHI M PETYJISTPHBIE
BbIpakeHusi. JIeKCHIecKuil aHATIU3aTOp MOXKeT paboTaTh B JBYX OCHOBHBIX De-
JKUMAX: 00 KAaK TOAIPOrpaMMa, BbI3bIBAEMast CAHTAKCHIECKUM AHAJTU3ATOPOM
[Tl TIOJTyYEHUs OYEPeIHOM JIeKCeMbI, JINDO KaK TOTHBINA MPOXOJ, Pe3yJIbTaToOM
KOTOPOTO SIBJISIETCST (DANIT JIEKCEM.

B mportiecce BoieneHust JeKCeM JTEKCHIECKUN aHATH3aTOD MOXKET KAK CaMO-
CTOSITEJIbHO CTPOUTH TabJ/Ulbl O0HEKTOB (UAeHTH(MUKATOPOB, CTPOK, YUCEJ U
T.J.), TAK U BBLIABATH 3HAYEHUsI JJisl KAXKIOM JIEKCEMbI [IPU OYEPEJHOM K HEMY
obpamenuu. B aTom cirydae Tabauibl 00bEKTOB CTPOSTCS B MOCIEAYIONHX (ha-
3ax (HAIpPUMEp, B MPOIECCE CHHTAKCUIECKOTO AHAIN3A).

Ha stane siekcuyeckoro aHasmsa OOHAPYKUBAIOTCS HEKOTOpbIE (IpocTeii-
mme) omubKu (HEZOIyCTUMbIE CUMBOJIBI, HENPABU/IbHAS 3AIMCh YUCEI, WJIEH-
TUHUKATOPOB U JIP.).

OcHoBHast 33/1a9a CHHTAKCHYIECKOTO aHAII3a — PA300p CTPYKTYPhI TPOrpaM-
Mbl. Kak mpaBuiio, mof, crpyKTypoii MOHUMAETCs I€PEBO, COOTBETCTBYIOIIEE pa3-
60OpPYy B KOHTEKCTHO-CBOOOIHON TpaMMaTHUKe 3bIKa. B HACTOsIIee BpeMs Jallle
Bcero ucnosbayercs gubo LL(1)-anamu3 (u ero Bapuant — peKypCUBHBIN CIYCK ),
6o LR(1)-ananm3 u ero sapuantst (LR(0), SLR(1), LALR(1) u apyrue). Pe-
KYPCHUBHBIH CIIYCK YaIlle UCIOTL3YETCs P PYIHOM TPOrPAMMUPOBAHIY CHHTAK-
cuyeckoro anasusaropa, LR (1) — npu ucnosnbp3oBanuu cucTeM aBroMaruieckoro
[MOCTPOEHHUsI CHHTAKCUIECKUX AHATIM3ATOPOB.
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PesynbraToM CHHTAKCHYECKOTO AHATI3A ABISIETCS CHHTAKCHIECKOE JEPEBO CO
ccpTKaMu Ha Tabsuibl 00beKTOB. B miporecce CHHTAKCHYECKOTO aHAIN3a, TAKXKe
OGHADY KUBAIOTCS OIMIMOKY, CBSI3AHHBIE CO CTPYKTYPO TPOrPAMMABI.

Ha s7ame KOHTEKCTHOTO aHAJIN3a BBIABIISIIOTCS 3aBUCUMOCTH MEXK Ty JaCTAMU
MPOTPAMMBbI, KOTOPBIE HE MOT'YT OBITh OMUCAHBI KOHTEKCTHO-CBOOOIHBIM CHHTAK-
CHCOM. DTO B OCHOBHOM CBSI3H “ONUCAHUE-UCIOIH30BAHUE” ) B YACTHOCTH, AHAJIN3
TUIIOB OOBEKTOB, aHAIN3 00IACTEH BUJIMMOCTH, COOTBETCTBHUE [TAPAMETPOB, MET-
KN u apyrue. B mporecce KOHTEKCTHOTO aHAIN3a TaOJHUIBI OObEKTOB MOIOJTHS-
forcst naopMalmeii 06 onmcanusx (CBOfCTBaX) 0GHEKTOB.

OcHoBHBIM (HOPMATUBZMOM, HCIOIL3YIOMUMCS PU KOHTEKCTHOM AHAJIu3e,
SIBJISETCST AIMaparT aTPpUOYTHBIX IPAMMATHK. Pe3yIbTaTroM KOHTEKCTHOTO aHa-
JIN3a, ABJISIETCS aTPUOYTHPOBAHHOE IepeBo mporpammbl. MHdopmalms 06 00b-
eKTaX MOYKeT ObITh KAK PACCPEIOTOUYEHA B CAMOM JIEPEBE, TAK U COCPEIOTOYCHA B
OTHEIBLHBIX TabINUIAX 00HEKTOB. B mpoliecce KOHTEKCTHOTO aHAIN3a TaKyKe MO-
CyT OBITH OOHAPYKEHBI OMUOKH, CBA3aHHBIE C HEMPABUIBHBIM HUCIOIH30BAHUEM
00BEKTOB.

Barem mporpaMMa MOKeT ObITh [EPEBe/IEHA BO BHYTPEHHEE MPEeICTaBIeHNUE.
Oro menaercs nis ueseil onruMu3anuyu U/ uin yaobersa renepaiyun Kozia. Eie
OJTHOM TEJTBI0 TPeoOPA30BAHUS TPOrPAMMBI BO BHYTPEHHEE MIPE/ICTABICHHE SIB-
JISTETCS YKeJIAHWE WMETh MePEeHOCUMBIN KOMIHUIATOP. TOraa TOMBKO MOCTETHSIS
daza (remepanus Koja) ABIIETCA MANTUHHO-3aBUCUMOlL. B KauecTBe BHYTpeHHE-
PO MpPeJICTABJIEHUsT MOYKET HCIOIb30BATHCs MPeUKCHAS WM MOCT(MUKCHAS 3a-
[UCh, OPUEHTUPOBAHHBIN Ipad, TPONKH, YeTBEPKHU U JPYTHE.

®a3 onTUMH3AIMA MOXKET ObITh HEeCKONbKO. Onrummsanum OOBIYHO IEIAT
HA MAaIlTMHHO-33BUCUMbIE W MAITHHHO-HE3ABUCUMbIE, JIOKAJbHBIE U TJIODAIbHBIE.
YacTbh MAMIMHHO-3aBUCHMOI ONTUMU3AIMY BHIMOMHSAETCS HA (a3e TeHepaun
koza. [mobasbHas ONTUMU3AIUs THITAETCA MPUHITH BO BHUMAHUE CTPYKTYPY
BCeil MporpaMMbl, JIOKAJIbHASA — TOJIBKO HEOOMbINX ee ¢dpparMeHToB. [mobasb-
Hasl ONTUMU3AINST OCHOBBIBAETCS HA TIIODATBLHOM IOTOKOBOM AHAIW3€, KOTOPbII
BBIMIOJTHAETCS HA IPade MPOrpaMMbl U IPEJCTABISET MO CYMIECTBY MPeodbpa3oBa-
Hue 31oro rpada. [Ipu 3TOM MOTryT yUUTHIBATHCS TaK¥e CBONCTBA MPOrPAMMEBI,
KaK MEKITPOIEIyPHBIM aHAIN3, MEKMO/IYJIbHBIN aAHAIN3, AHAJIN3 00J1aCTel Ku3-
HU [TEPEMEHHBIX ¥ T.JI.

Haxomer, remepamnusa Koma — mocaeaass pa3a TpaHcadmun. Pe3yabraTom ee
saBjsercd aubo acceMOIEPHbI MOJYJIb, Jub0 OObEKTHbINH (MU 3arpy304HbIii)
MOIy/Ib. B mporecce reneparuu KOma MOTYT BBINOMHSITHCS HEKOTOPBIE JIOKAJIb-
HBIE ONTUMU3AINY, TAKNE KAK PACIPEIE/IEHNE PEruCTPOB, BHIOOD IIMHHBIX JTH
KOPOTKHUX MMEPEXO/I0B, YUeT CTOMMOCTHA KOMAHJI MPHU BHIOOPE KOHKPETHOH TO-
cieoBarenbHOCTH KOMaH/. [lJis reHepanuu Kojaa pa3paboTanbl pA3InIHbIE Me-
TOJMbI, TAKME KAK TAOJIUIBI PEIIeHHUil, COMOCTaBIeHre 00PA3IoB, BKIIOYAIOIIES
IUHAMAYIECKOE TTPOTPAMMUPOBAHNE, PA3IMIHBIE CHHTAKCUIECKUE METOIHI.

Komeuno, Te win wable (pa3bl TPAHCISATOPA MOTYT JIHOO OTCYTCTBOBATH CO-
BCceM, JTub0 00beNMHATHC. B mpocTeiinem ciryyuae OTHOMPOXOIHOTO TPAHCISATO-
pa Her ABHOH (pa3bl PEHEPAIUU TPOMEXKYTOYHOrO MPEJICTABICHUS U OMTUMU3A-
U, OCTAJIbHBIE (DAa3bl OObEJIUHEHBI B OJIHY, IPUYEM HET U sIBHO MOCTPOEHHOTO
CHHTAKCUYIECKOTO JIEPEBA.



I'masa 2.

3pIkm 1 nx IpejiacCraB/JI€EHUE

2.1. AndaBurhl, 1MENOYKN U SA3BIKI

Angasum, nam cA06apb — ITO KOHETHOE MHOXKECTBO CuM6E0.406. s obo3Ha-
YeHUsT CUMBOJIOB MBI Oy€M TOJIb30BATHCA UG paMU, JATUHCKAMUA OyKBAMU U
CTIenMaIhHBIMU JUTEpaMn Tuna #, $.

IMycrs V — andasur. Ilenowka 6 aspasume V — 310 mrodasi CTPOKA KOHEIHOM
JUJTHHBI, COCTABJIEHHAS U3 cUMBOJIOB asidasura V. CHHOHUMOM HENOYKH SBJIS-
1oTCa npedaodcenue, cmpora u cao6o. [lycras nenouka (obo3Hauaercs €) — 310
[IEMIOYKA, B KOTOPYIO HE BXOIUT HU OJWH CHMBOJI.

Konxamenayued nemovek T 1 y HA3LIBAETCS HEMOYKA Y. 3aMETHM, UTO Te =
exr = x 11 JII0OOI LENOYKHu .

Ilycrs z, y, 2z — mpoW3BONBHBIE NENMOYKNA B HEKOTOpOoM asdasure. Llemouka y
Ha3bIBAETCA Nodyenowkot nenodku ryz. llenodkn  u y HA3BIBAIOTCS, COOTBET-
CTBEHHO, npedurcom u cyPdurcom NENoIKn Ty. 3aMeTuM, 910 JTH000it mpedurc
uin cyhOUKC MEMOYKH SBJISIETCS TOIIENOYKOM 310l nenouku. Kpome toro, my-
cTasi TMernovka, saBjsiercs npedukcoM, cyddOUKCOM U MOIIENOYKON 1Tt 000
[ETIOYKH.

[lpumep 2.1. das nenouku abbba npedukcom sBasercs odas EIOYKa U3 MHO-
xecrBa L1 = {e, a, ab, abb, abbb, abbba}, cyddurcom sBagercs mobaa menouka wu3
muOX)ecTBa Ly = {e, a, ba, bba, bbba, abbba}, moauenoukoit sipssiercs mobasi menovIka
n3 MHOXKecTBa Ly U L.

Jaunoti uenouku w (06o3nauaercs |w|) Ha3bIBAETCH YUCIIO CUMBOJIOB B HEIl.
Hanpuwmep, |abababal =7, a |e| = 0.

Ssvik 6 aagasume V — 3T0 HEKOTOPOE MHOYKECTBO Ienovek B asdasure V.

IIpumep 2.2. Ilycrs gau andasur V = {a, b}. Bor HekoTopble #3bIKH B aindasu-
Te V:

a) L1 = & — mycToii A3bIK;

6) L» = {e} — a13bIK, cogepykamuii TOIBKO ILyCTYIO IEMOUKY

(3amermm, aro L1 m Ly — pa3nuamble A3bIKH);

12
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B) L3 = {e,a,b,aa,ab, ba,bb} — a3bik, comepxkammii menouku u3 a u b, mmHA
KOTOPEIX He ITPeBOCXOIUT 2;

r) L4 — 3bIK, BKJIIOYAIONIWI BCEBO3MOKHBIE TIETIOYKH U3 @ U b, coepKaime 9eTHOe
YUCI0 @ U 9eTHOEe Yucyo b;

2
1) Ls = {a™ |n > 0} — #3bIK menovex u3 a, JJIMHBI KOTOPBIX IIPEJCTABIAIOT OGO
KBa/IPAThl HATYPAJIBHBIX YHCEJL.

JBa mocieIHUX A3bIKa COIEpPKaT OECKOHEYHOE YKCJIO0 IEIOYeK.

Bsenem obozmnadenme V* 11 MHOYKECTBA BCEX IIENMOYEK B ajipaBute V, BKIIO-
qag nmycryio nenouky. Kaxkawrit a3k B andasure V sBasgeTCs MOAMHOKECTBOM
V*. IIna obo3uadeHnss MHOXKECTBA BCEX IeNoYeK B ajsipasute V, Kpome IIyCcToit
Henouky, 6yaeM HCmonb308aTh V7,

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

Bgemem mHekoTopbIe omepanyy HAJI sI3BIKAMH.

Ilycts Ly u Ly — a3wiku B andasure V. Konkamenayueti s3bikoB L1 u Lo
Ha3bIBaeTca a3bik Ly Ly = {zy|x € L1,y € La}.

IIycts L — si3uik B andasute V. Umepayueti si3bika, L Ha3bIBaeTCA A3bIK L*
OonpesiesIsieMblil CJIEIYIONIM 00Pa30M:

(1) L% = {e};
(2) L" = LL" ', n > 1;

3) L* = @ .,

llpumep 2.4. Ilycts Ly = {aa,bb} u Ly = {e, a, bb}. Torna
L, L, = {aa, bb, aaa, bba, aabb, bbbb}, n
L} = {e, aa, bb, aaaa, aabb, bbaa, bbbb, aaaaaa, ...}

BonbmuHCTBO SA3BIKOB, TPEAICTABISIONINX WHTEPEC, COIEPXKAT OECKOHETHOE
qucso nernodek. 1Ipu 3T0M BOZHUKAIOT TPU BAXKHBIX BOIPOCA.

Bo-uepsbix, Kak npedcmasums s3bIK (T.€. crenudUIUpPOBaTh BXOJLIINE B
Hero uenodku)? Eciau si3bIK COAEPKUT TOIBKO KOHEYHOE MHOXKECTBO LIEIOYEK,
oTBeT npocT. MOKHO MPOCTO MEPEUUCTUTh €r0 NEMOYKY. FKciin a3hIKk OeCKOHEYEeH,
HEOOXOINMO HANUTH [1J1sT HETO KOHETHOE MPE/ICTABJIEHNE. DTO KOHEYHOE TTPEICTaB-
JIeHWe, B CBOIO OYepeh, Oy/1eT CTPOKON CHMBOJIOB HA/T HEKOTOPBHIM aidaBUTOM
BMECTE C HEKOTOPOI MHTepIPeTalluell, CBA3bIBAIOIIEN 3TO NIPeACTaABIECHUE C A3bI-
KOM.

Bo-BTOpBIX, 715 1I000TO JiM S3BIKA CYIIECTBYET KOHEYHOE MpEICTaBjeHue?
MoxKHO TIpEOIOKUTH, YTO OTBET OTpuIaTejaeH. Mbl yBUANM, YTO MHOXKECTBO
BCEX IEMoYeK HaJl ajaBUTOM CYETHO. A3BIK — 3TO J11060€ TTOAMHOXKECTBO TIETO-
gek. VI3 Teopun MHO2KECTB M3BECTHO, YTO MHOXKECTBO BCEX IMOAMHOXKECTB CYeT-
HOT'O MHOKECTBA HECYETHO. XOTs MbI X HE [TAJI1 CTPOrOro ONPE/IeIEHUS TOrO, YTO
SIBJISIETCsl KOHEIHBIM [TPE/ICTABJICHUEM, HHTYUTUBHO SICHO, 9TO JII0OOE Pa3yMHOe
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OIpe/iejleHre KOHEYHOTO MPE/ICTABIEHNS BEJIeT TOJBKO K CHETHOMY MHOXKECTBY
KOHEYHBIX MPEICTABJIEHN, TTOCKOJBKY HYXKHO UMETh BO3MOXKHOCTH 3aIlHCATh
TaKOe KOHEYHOEe TIPE/ICTABIEHNE B BUE CTPOKK CUMBOJIOB KOHEYHOM /1yinHbL. [[o-
9TOMY sI3bIKOB 3HAUUTEIHHO OOJBINE, YeM KOHEYHBIX MPEICTABICHMUIA.

B-Tperbux, MOXKHO CIIPOCUTH, KAKOBA CMPYKMYPa TEX KJTACCOB A3BIKOB, I
KOTOPBIX CYIIECTBYET KOHETHOE IPE/ICTABICHIE?

2.2. IlpencraBjienue sI3bIKOB

Ilpouedypa — 3TO KOHEUHAS TTOCJIEI0BATEILHOCTD WHCTPYKIUI, KOTOPHIE MOTYT
OBITH MEXAHUYECKH BBIMOJTHEHbI. [IpruMepoM MOXKeT CIIy:KUTh MAIUHHAS MTPO-
rpamma. IIporeaypa, KOoTopasi BCerJa 3aKaHIUBAETCS, HA3BIBAETCSI G.A20PUM-
MOM.

OpuH U3 coCcODOB MPEICTABIEHNS SI3bIKA — IATh AJITOPUTM, OMPEeIeISIOIINiA,
MPUHAJIEKAT JIU [EMOYKA sI3bIKY. Bosee o0mumit crmocod COCTOUT B TOM, ITOOBI
JIaTh MPOIEIYPY, KOTOPasi OCTAHABINBALTCS C OTBETOM “ma” [JTsi IETOYeK, MpU-
HAJTEKAIINAX sI3bIKY, U JIHOO OCTAHABINBAETCS C OTBETOM “HET”’, THOO BOODIIE He
OCTAHABJIMBAETCS IS EMOYEK, He MPUHAIEKANNX 3bIKy. [OBOPSIT, 4TO TaKas
MPOILEAYyPa UM AJTOPUTM PACNO3HAEM S3bIK.

Takoit MerTom TMpEICTABISAET s3bIK C TOYKHA 3PEHUST PACIO3HABAHUS.
SI3BIK MOYKHO TaK3Ke MPEICTABUTH METOIOM MOPOXKICHWS. A MMEHHO, MOYKHO
JIaTh TPOIEAYPY, KOTOpas CUCTEMATHIECKH Nopostcdaem B OMPEIETEHHOM IT0-
pAJIKE HEMOYKH sI3bIKA.

Ecnu Mbr Mmo2keM pacro3HaTh HEMOYKH si3bIKa HaL asidasuroMm V aubo ¢ mo-
MOIIBIO MPOIEAYPHI, TUOO C TOMOIIBIO AJTOPUTMA, TO MBI MOXKEM U M€HEPUPO-
BATh SI3BIK, MOCKOJILKY MBI MOYKEM CHCTEMATHYECKN MeHEepUPOBATH BCE IEMOYKHU
u3 V*, mpoBepsaTh KaXKIyIO MEMOYKY Ha MPUHAIEKHOCTH SI3bIKY U BBIIABATH
CITHCOK TOJIBLKO Iernovek s3bika. Ho ecim mpoueaypa He Beerja 3aKaHIuBAETCS
[P TPOBEPKE [ENOYKHU, Mbl HE CABHHEMCS JIAJIbINE MEPBO# MEIOYKY, HAa KOTOPOit
MPOIIEIyPa HE 3aKAHIUBALTCS. DTy TPODIEMY MOKHO ODOWUTH, OPTaHIM30BaB TPO-
BEPKY TakKuM 00Opa30M, 9TODBI MPOIELYPa HUKOTIA HE MPOIOIKAJIA, TPOBEPITH
OIIHY IIENOYKY OeCKOHedHO. /IJIs 9TOrO BBEIEM CIIEAYIONLYI0 KOHCTPYKIIHIO.

IIpeamnonoxum, aro V mmeer p cumBOIOB. MBI MOXKEM pacCMaTpuUBaThH Iie-
modku m3 V* Kak 4dmcia, MpeCTaB/IeHHble B Ha3uce P, IJIIOC IIyCTas MEMOYKA
e. Mo>xHO 3aHYyMepOBaTh MEMOYKHU B MOPSIKE BO3PACTAHUS JJIMHBI U B ‘‘9UCII0-
BOM’ TTOPSIZIKE JIJIST [EMOYEK OJNHAKOBOM MIUHBI. Takas HyMepalus JjIs [MemoYeK
s3bIKa {a, b, c}* npusenena wa puc. 2..1, a.

IIycrs P — mpomemypa a1 npoBepKH MPUHALIEKHOCTH MEMOYKH SI3bIKYy L.
IIpeamonoxum, aro P MoXKeT OBITH MpEeICTABICHA NUCKPETHBIME IIATaMu, TaK
9TO UMEET CMBICJI TOBOPUTH 00 §-OM Iare mpoleaypbl s J000H JTaHHOM 1ie-
mouku. [Ipexke ueM JaTh TPOLEAypPy MEPEUNCIEHNS [EMOYeK sA3biKa L, 1aamm
MPOIEIYPY HYMEPAIWH Map MOJIOKUTEIBHBIX YUCE]T.

Bce ynopsizouentbie napbl MOJI0KUTEIbHBIX YUCel (T, Y) MOXKHO

0TOOPA3UTH HA MHOYKECTBO MOJOKUTETHHBIX YHCEN Gy IOmeil (popMyJToii:

z=(z+y—-D(xz+y—2)/2+y
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ITapbr neabIX MONOKUTENBHBIX YUCEJ MOXKHO YIOPSIOYATHh B COOTBETCTBHU
co 3uavenuem z (puc. 2..1, 6).

1 e
2 a Y
3 b
4 ¢ |1 2 3 4 5
5 aa 1/]1 3 6 10 15
6 ab 212 5 9 14
7 ac z 3|4 8 13
8 ba 417 12
9 bb 5111 z2(z,y)
a 7]
Puc. 2..1:

Temepb MOXKHO JaTh MPOLEAYyPY nepeuncienus nenodek L. Hymepyem yimo-
PAIOYEHHbIE Taphl IEJIbIX ToNoX)uTeNbHbIX uncen — (1,1), (2,1), (1,2), (3,1),
(2,2), ... . ITpu mymepaiuu naps! (i, j) reHEpUPYeM 4-10 Ueno4Ky u3 V* u npume-
HsE€M K [ENOYKe TepBble j maros mponeaypbl P. Kak Tosbko MbI onpemennu,
9TO CreHEPUPOBAHHAS [IENOYKA TPUHAIEKUT L, 100aBiisieM ernodky K CIUCKY
snementoB L. Eciu nenodka ¢ mpunagnexur L, ato 6ymer onpenenero P 3a j
LIAr0B /I HEKOTOPOro Koueunoro j. Ilpu nepeuncaenuu (i, j) Gymer crenepu-
pOBaHA IErnoYKa ¢ HOMepoM . JIerko BUIETh, UTO dTa MPOIEAypa MepeIUCIsieT
BCe nemouku L.

Ecnu Mbr mMeem mponeaypy reHepanuy HermoveK si3bIKa, TO MbI BCEIZa MO-
2KeM IOCTPOUTH IIPONEYPY PaClO3HABAHUA IIPE/IJIO2KEeHUl A3bIKa, HO HE BCerja
aaroput™. {1 ompeeseHnst TOro, MpUHAIJIEKUT JTU T A3bIKY L, TPOCTO HyMe-
pyem mpeioKenus L v CpaBHWBAEM T C KaXKJIbIM TpejjtoxKenneM. Eciam crene-
PUPOBAHO X, MIPOIEIYPA OCTAHABINBAETCS, PACTIO3HAB, UYTO & MPUHAIIEKUT L.
Koneuno, eciiu ¢ ve npunaurexxut L, mporeaypa HAKOTIA HE 3aKOHIUTCS.

4I3bIK, mpeIoKeHns KOTOPOrO MOTYT ObITh CreHePUPOBAHBI ITPOIE/TY PO,
Ha3BbIBAETCS PEKYPCUBHO NEPEUUCAUMBIM. SI3BIK PEKYPCUBHO TIEPEINCTUM, €CTTU
WMeeTCd TPOIEeIypa, PACTIO3HAIONIAS TIPEI0OKEHNS A3bIKa. [ OBOPAT, UTO SI3BIK
PeKYpcuseH, eCIM CyIIeCTBYET aJrOPUTM JIJI pacro3HaBanus s3bika. Kiace pe-
KYPCUBHBIX SI3bIKOB SIBJISIETCS COOCTBEHHBIM ITOIMHOXKECTBOM KJIACCA PEKYPCHUB-
HO TMEPEYUCIUMbBIX sI3bIKOB. Masio TOro, CymecTByIOT S3bIKW, HE SBJISIONIHECS
JaxKe PEKYPCUBHO MEPEINCTAMBIMHU.
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2.3. I'pammaTukm

2.3.1. ®dPopmaabHOE OIpeaeJeHNEe IPAMMATUKNI

st HAaC HAMOOJBINNY WHTEPEC TPEJICTABISET OIHA W3 CUCTEM TE€HEPAIUU s3bI-
KOB — 2pammamuru. IloHATHEe TPAMMATHKN U3HAYAIBHO OBLIO (POPMATH30BAHO
JINHTBUCTAMU TPHU U3yYEHUH €CTECTBEHHBIX S3bIKOB. lIpeamonaranocs, 9To 310
MOZKeT MOMOYb TIPU UX aBTOMATHIECKON Tpanciasuuu. OIHAKO, HAMIYYIIne pe-
3yJIBTATHI B 9TOM HANPABJIEHUN JOCTUTHYTHI MPU OMUCAHUUA HE €CTECTBEHHBIX
SI3BIKOB, & 3BIKOB MMPOrPAMMUPOBAHUs. [l puMepoM MOXKET CIIyKUTH CIIOCO0 0T~
CaHWsT CHHTAKCHUCA SI3BIKOB MporpammupoBanus npu momomu BH® — dopmbr
Bakyca-Haypa.

Onpegnenenue. ['pammarura — 310 wersepka G = (N, T, P, S), rue
(1) N — andaBuT HemepMuHAALHOLEL CUMBEON0E;
(2) T — andasur mepmunasvhox cumsoaros, N NT = &;

(3) P — KoHEUHOE MHOKECTBO npasusBuaa a — [, rae a € (NUT)*N(NUT)*,
pe(NUT)

(4) S € N — navarvruodi cumeos (MM aKCUOMG) TPAMMATHKH.

Mpbt 6ymeM UCIIOTB30BATH OOIBININE JATHHCKAE OYKBBI /1711 0003HAUEHIST HETEP-
MUHAJIBHBIX CHMBOJIOB, MAJIbIE JIATHHCKIE OYKBBI U3 HAYAJIA aJIdaBuTa Jj1s 000-
3HAYEHUS] TEPMUHAJBHBIX CUMBOJIOB, MAJIbIE JIATUHCKUE OYKBBI U3 KOHIA ajida-
BUTA JJIsT 0OO3HAYEHUS IIenoveK u3 1™ u, HAKOHEIl, MaJIble IpeuecKue OyKBbI IJIs
obo3navenus nenodek u3 (N UT)*.

Bynem mcrmonp30BaTh TakyKe COKpAIIEHHYIO 3amnuch A — aj|az| ... |a, mis
obo3Havenust rpynmbl mpaBuia A — a1, A = as, ..., A = ap.

Ounpeznennm va MEOXKecTBe (N UT)* GHHAPHOE OTHOLICHUE 86i600UMOCTIY =
crenyomum obpaszom: eciu D — v € P, o aDf = avyf nua Beex a, f € (N U
T)*. Eciu a; = 2, TO TOBOPAT, YTO IEMOYKA (ta HENOCPEICTNEEHHO 6bl800UMA
n3 .

Mpbr 6ymeM HCIOIb30BATh TakKKe pedIeKCUBHO-TPAH3UTUBHOE U TPAH3UTUB-
HOE 3aMbIKaHWs OTHOIIEHWS =, & TakyKe ero cremenb k > 0 (obo3HagaeMbie
coorserctenro =%, =1 u =F). Eemr a1 =* as (o =1 s, a1 =F as), 10
FOBODSIT, YTO LIEIOYKA (X2 6b600UMa (HEMPUBUAALHO 6b16800UMA, BBLEOOUMA 3G
k wazo08) u3 a;.

Ecm o =% 8 (k > 0), To cymecTByeT mocIe0BaTeIbHOCTH MAT0B

Yo = V1= V2 = o = V-1 = Vk

rie @ = Y u S = vg. [locaemoBarebHOCTh HETMOYEK Yo, V1, Y2, --- » Yk B ITOM
CIydae Ha3bIBAIOT 6ueodom 3 U3 a.

Cenmenyuarvnoti popmoti rpamMmaTuk G HAZBIBAETCS MEMOYKA, BHIBOUMAS
U3 ee Ha49aJIbHOrO CUMBOJIA.
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Asvikom, nopooscdaemuim epammamurot G (obosnadaercs L(G)), HaspiBa-
€TCsl MHOXKECTBO BCEX €€ TEPMUHAJIbHBIX CEHTEHIMANbHBIX (DOPM, T.€.

L(G) = {wlweT* S =1 w}

Ipavmaruku G u G2 HA3BIBAIOTCS HKGUEAAEHMHBLMU, €CTIA OHU TIOPOXK TAIOT
OJIMH ¥ TOT e s3bIK, T.e. L(G1) = L(G2).

llpumep 2.5. I'pammarwmka G = ({S, B, C}, {a, b, c}, P, S), tne
P ={S - aSBC,S — aBC,CB — BC,aB — ab,bB — bb,bC — bc,cC — cc},
nopoxgaer 36k L(G) = {a"b"c"|n > 0}.

JeiicrBurensro, mpuMenseM n — 1 pas mpasumo 1 u momygaem a™ ' S(BC)" ™1,
3aTeM oAuH pa3 npasmio 2 u noaydaem a” (BC)", 3arem n(n — 1)/2 pa3 npasuio 3 u
nosygaem a" B"C™.

Barem mcmomp3yem mpamio 4 u momygaem a"bB"'C™. 3arem mpumensem n — 1
pa3 mpasuio 5 u nostydaem a” b C™. 3arem mpuMeHsieM mpaBusio 6 u n—1 pa3 mpaBuio
7 u nonyaaem a"b"c". MoxHo nokasars, 9410 a3blK L((G) COCTOUT U3 LIENOYEK TOIBKO
TAKOTO BHJIA.

[lpumep 2.6. Paccmorpum rpammaruky G = ({S}, {0, 1}, {S — 051, S — 01}, S).
Jlerko Buaersh, uto mernouka 000111 € L(G), Tak Kak CymecTByeT BBIBOT

S = 051 = 00511 = 000111
HerpyaHo moka3aTs, 9ro rpaMMaTuka nopoxiaer s3eik L(G) = {0"1"|n > 0}.

llpumep 2.7. Paccmorpum rpammaruky G = ({5, A}, {0,1},{S — 0S5

S = 0A,A - 1A, A — 1}, S). Herpyano moka3arh, 9TO TPAMMATHUKA IIOPOXKIAET
sa3bik L(G) = {0"1™|n, m > 0}.

2.3.2. Twunsl rpaMMaTHK U UX CBOiicTBa

Paccemorpum knaccudukanumio rpammaTuk (npeaioxkennyio H. XoMckum), 0CHO-
BaHHYIO HA BUJE WX TPABUJI.

Onpegnenenue. Ilycts mana rpammaruka G = (N, T, P, S). Torza

(1) ecsin mpaBusia rpaMMATUKK HE YAOBJIETBOPSIIOT HUKAKUM OIDAHUYEHUSM,
TO ee HA3bIBAIOT rpaMMaTuKoi Tuma 0, uim rpaMMaTHKON 6e3 ozpanuye-
HUl.

(2) ecum
a) Kaxk70e MPaBUJIO IPAMMATUKY, KpoMe S — e, uMeer Bug a — 3, vie
lal < |8, m
6) B TOM ciryuae, Korga S — e € P, cumBos S He BCTpEYaeTcs B IPABbIX

qacTdaX IPaBUIL,

TO rPAMMATHKY HA3BIBAIOT IPAMMATHKON THna 1, mimm Heykopauusaoued
Wi Koumercmuo-zasucumoti (K3-zpammamuroti) wiu Kowmexemno - 4ye-
cmeumenvnoti (K U-2pammamurot).
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(3) ecam kaxkgoe npaBuiio rpamMmaruku umeer Bug A — 3, rne A € N,
B € (NUT)*, ro ee HA3LIBAIOT IPAMMATUKON THIA 2, UK KOHIMEKCMHO-
c60600n0t (KC-rpammarnkoi).

(4) ecnm KaXkJ0e MPaBUIIO TPAMMATHKHA MMeeT Bui jmbo A — xB, nmbo A —
z,rne A,B € N, x € T* 10 ee Ha3bIBAIOT I'PAMMATHKON THUIA 3, WU
npasosuHetHol.

Jlerko BMAETH, ITO rpaMMaTHKa B TpUMepe 2.5 — HeyKOpavnBaloIiast, B pH-
Mepe 2.6 — KOHTEeKCTHO-CBODOIHAS, B puMepe 2.7 — MpaBOIMHEHAS .

431K, MOPOZK1aeMbIit TPAMMATHAKON TUTIA §, HA3BIBAIOT sI3BIKOM THUMA ¢. 3BIK
trma 0 Ha3bIBAIOT TAKIKE sI3HIKOM 0e3 OrpaHnYIeHnil, 36K THIA 1 — KOHTEKCTHO-
sapucnmbiM (K3), s3b1K THMA 2 — KOHTEKCTHO-cBOoGOAHBIM (KC), a3bIK THIA 3 —
MTPABOJIMHEHBIM.

Teopema 2.1. Kaowcduii xoHmekcmuo-c60600noill A3viK Moscem Obimsd 10-
PodHCOEH HEYKOPANUBaIOULelt KOHMEKCMHO-C80000H0T 2paMMamuKot.

JlokazarenbcrBo. Ilycth L — KOHTEKCTHO-CBOOOMHBIHM A3BIK. TOrIa CyIIecTBy-
eT KOHTeKCTHO-cBoboaHas rpammaruka G = (N, T, P, S), nopoxnatomas L.

IMocrpoum HoByio rpammaruky G' = (N', T, P',S") crenyionmum o6pasom:

1. Ecmz B P ects mpasuio suga A — agBiag ... Brag, tne k >0, B; =1 e
g 1 <4 < k, u uun u3 oxuoit nenoukn «; (0 < j < k) He BBIBOgUTCA €, TO
BKJIIOUNTH B P’ Bce mpaBmia (kpome A — e) Buga

A— apXi0q ... Xpay

roe X; — 3to aubo B;, aubo e.

2. Ecnim S =7 e, ro sxmounrs B P’ npasuna S’ — S, S’ — e u nonoxuth
N'"= N U{S'}. B uporusaom ciyuae nonoxurs N' =N u S' = S.

IMopoxgaer Jiu TpaMMaTHKa MyCTYIO HEMNOYKY MOYKHO yCTAHOBHUTD CJIE/LYTO-
HIAM IIPOCTBIM AJTOPHTMOM:

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

ITar 2. Crpoum muO)ectBO N; = N;_; U{N|N — a,a € {N;_1}*}

Tar 3. Eciu N; = N;_1, nepeiiTn K 1mary 4, naade mar 2.

[Mlar 4. Ecnu S € N;, 3nauur S —* e.

Jlerko BuzmeTh, uro G' — HEyKOpaduBaomas rpaMMaTuka. MoKHO NOKA3aTh
no unaykm, 9ro L(G') = L(G).

]

IIycts K; — kmacc Bcex s3bIKOB THNA §. /I0Ka3aHO, UTO CIPABEITUBO CIAETY-
owee (crporoe) Bratouenune: K3 C Ko C K1 C K.

SameruM, YTO eCiu sI3bIK TMOPOXKIAETCS HEKOTOPON TPAMMATHKOM, 3TO HE
O3HAYaeT, 9TO OH HE MOXKET ObITh TOPOXKIEH IPAMMATHKON ¢ 6Oee CUIbHBIMA
OrpaHUYEHHUSAMHU HA TpaBuia. [I[pUBOIUMBII HUXKE TPUMED UILTIOCTPUPYET STOT
daxr.
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IlpuMep 2.8. Paccmorpum rpammaruky G = ({5, 4, B},{0,1},{S — AB,
A — 0A)A - 0,B — 1B, B — 1}, 5). Ora rpaMMaTnka sBIA€TCH KOHTEKCTHO-
cBoGoHOM. Jlerko mokazars, uto L(G) = {0"1™|n, m > 0}. Oxnako, B mpumepe 2.7
OpUBeIeHa TPABOIUHENHAS TPAMMATHUKA, ITIOPOXKIAIONIAsd TOT XKe SI3bIK.

2.4. Mamwusasl Thopunra

®opmasbuo Mamuna Teiopunra (Tm) - 310 Tm = (Q, T, X, D, qo, F), vae

() - KOHEYHOE MHOYKECTBO COCTOSIHUA;

F C @ - MHOXKECTBO 3aKJIIOUUTETbHBIX COCTOSTHUIL;

I’ - MHOXKECTBO JIOIYCTUMBIX JIEHTOYHBIX CUMBOJIOB;

OIWH U3 HUX, OOBITHO 0003HaTaeMblit B, - nycmoti cuMBOI

Y — MHOXKECTBO BXOJIHBIX CHMBOJIOB, TIOJIMHOXKeCTBO ', He BRIOYawInee B,

D — dyukums nepexonos, orobpaxenne 3 (Q — F)x I' - Q x T’ x {L, R};
JIJISI HEKOTOPBIX apryMeHToB (pyHKIus DD MoxKeT OBITH He OIpeeieHa.

Qo - HAYAJIHLHOE COCTOSIHUE.

Koneunoe
yIpaBJIeHUe

Puc. 2.2. Mammna Trropumra

Tak onpenenénnas mammHa THIOPUHTA HA3BIBACTCS JeMePMUHUPOSAHHOU.
Hedemepmunuposannas mammvna Teiopunra st kaxkiaoit napsl (Q — F) x T
MOYKET UMETh HECKOJHKO BO3MOXKHBIX MEPEXOI0B. B Havase n a4eeK JIeHTHI CO-
nepxar Bxox w € (I' — {B})*, ocrasbHast 4acTh JIEHTHI COAEPIKUT MYCTHIE CHM-
Bosbl. O603HaunM KoHdurypanuio Mammibl Thiopunra Kak (¢, w, i), rae q € Q
- TEKYIIee COCTOSHUE, | - BIAEJIEHHBIN JIEMEHT CTPOKH, TTOJ0KEHNE TOTOBKH,
W - TEKyIEe COMEPIKUMOE 3aHATOrO YYaCTKa JIEHTBL. FC/IM TOJTOBKA CIABUTAET-
cs ¢ A49eiiKd, MalllMHa JOJIKHA 3aMUCATh B HEE CUMBOJI, TAK YTO JIGHTA BCETIA
COCTOUT M3 yYACTKA, COCTOAIIEr0 M3 KOHEYHOTO YUC/IA, HEMYCTHIX CUMBOJIOB U
GECKOHEYHOTO KOJIMUECTBA IYCThIX CHMBOJIOB.

[Tar T'm onpenenuM CIeayIONIAM 0OPA3OM.

IMycts (q, A1, Az, ... Ap, i) — xoudwurypamus T'm, tne 1 < i <n+ 1.

Ecmn 1 <i<nuD(q,4;) = (p, A, R),

o A# Bmu

(¢, A1 A ... A, D) Frm (P, A1As o Aj 1 AAipy o Ay i+ 1),
T.e. T'm neuyaraer cuMBoJI A ¥ nepeaBUraeTcs BIIPABO.
Eciu 2 <i<nwu D(q,4;) =(p, A, L),

TO eciu 1 = n, To monycrumo A=B u
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(q, A1A2 An, ’L)l—Tm (p, A1A2 AiflAAH»l An, i — 1)
T'm nedaraer A u nepeaBUraeTCs BJIEBO, HO He 34 KOHEIl JIEHTHI.

Ecmm ¢ = n + 1, ronoBKa mpocMaTpuBaeT mycToi cuMBON B.

0o A#Bwu

(q, AlAQ An: n + l)l_Tm (p, A1A2 AnA, n + 2)

Ecmu D(q, B) = (p, A, L), To gonyctumo A=B u

(q, A1A2 An, n + ]-)l_Tm (p, A1A2 AnA, TL)

Ecan nBe KoHUrypannu CBA3aHbI OTHOIIEHUEM |7y, TO MBI TOBOPHUM, UTO
BTOpas TOJIyYaeTCs U3 TEPBOil 3a oauH mar. Kcim BTOpasi TOIyvYaeTcs u3 mep-
BOIl 3a KOHEYHOE, BKJIIOYas HOJIb, YHCJO IAroB, TO TAKOE OTHOIIEHHE Oyaem
0603HAYATD 7 -

3k, momyckaemsbrit T'm, 3TO MHOXKECTBO TaKuX CJIOB u3 1™, KOTOpBIE Oy-
JIy9d PACIOIOXKEHBI B JIEBOM KOHIIE JIEHTHI MEPEBOIAT 11 W3 HAYAJIHLHOTO CO-
CTOSTHUS (o C HAYAJIbHBIM TOJIOKEHUEM TOJIOBKU B CAMOM JIEBOM KOHIIE JIEHTHI B
KOoHedHOe cocrosinne. PopManbHO, sI3bIK, JOIMycKaeMit 1'm, 3To

L=A{w]|w € X* n (q,w, 1)Frm« (¢, u, ) 215 HEKOTOPHIX

q € F, u €T uuemoro i}.

Ecmu T'm pacnozuaer L, To T'm ocTaHaBJINBAETC, T.€. HE UMEET IIEPEXOI0B
MOCJTE TOTO, KAK CJIOBO JaomytieHo. OIHaKO, eC/Iu CJIOBO HE OMYIIEHO, BO3MOXKHO,
4uto T'm He OCTaHABIMBAETCS.

3bIk, momyckaeMblii HEKOTOPOU 7'M, HA3BIBAETCS PEKYPCUSHO NEPEUUCAU-
Mmoem. Ecmu T'm octaHaBImBaeTCs HA BCEX BXOMAX, TO TOBOPSAT, UTo 1'm 3a7aer
AJTOPUTM U S3bIK HA3BIBAETCS PEKYPCUBHBLM.

CymectByer mamnua ThOpHUHTA, KOTOPAsi MO HEKOTOPOMY OMUCAHWIO MTPO-
U3BOILHOM 1 ¥ KOAWPOBAHUIO CJIOBA T MOIEINPYeT moBeaeHue 1'1m cO BXOIOM
x. Takas mammna ThIOpUHTa HA3BIBAETCI YHUBEPCAALHOU MawuHOT Tbropunea.

2.4.1. Hepa3zpemnmumocTh nMpodJIeMbl OCTAHOBA

IIpobiema ocTamoBa Ayt MAIMUHbI ThiopuHTa (GDOPMYIUPYETCsT CACTYIOIIUM 00-
pPa30M: MOXKHO JIM OINPEIEIUTh MO JAHHON MarmwHe ThIOpUHTa B TPOW3BOJIb-
HOM KOH(MUTYpaIUK CO CTPOKON KOHEYHOM [IJIMHBI HEITYCTHIX CUMBOJIOB HA, JIEHTE
ocranoBuTcst i oHa? TOBOpAT, 4TO 3Ta MPOOIEMA PEKYPCUBHO HEPA3PEULUME,
9TO O3HAYAET, 9TO HE CYIIECTBYeT aJITOPUTMa, KOTOPbIN Ajs jt0boi 1T'm B mpo-
M3BOJHHOM KOH(MUTYPAITUU OIPEIEIsiT ObI OCTAHOBUTCS JIM B KOHIE KOHIIOB 1'm.

[Tepenymepyem Bce manuubl ThIOpUHTA U BCE BO3MOXKHBIE BXOIBI HAJ, a1ha-
BUTOM Y. PaccMOTpuM g3bIK

L, = {z; | z; we nonyckaerca T;}

fcno, uro L1 me momyckaercsa HWKakoit 1T'm. JlomycTuM, 9TO 3TO HE TaK.
IIycrs Ly gonyckaercsa 1. Torma x; € Ly Torma m TOJIbKO TOTIa, KOTAa T; He
nonyckaerca 1. Ho mockompky T momyckaet Ly, x; € Ly Torga n TOIBKO TOTA,
Korma gonyckaercs 1}, - mporusopedne. Tak 9to L; - He ABAgeTCA PEKyPCHBHO
[EPEYUCTUMBIM MHO2KECTBOM.
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ITpeanosoxkum, 4o Mbl uMeeM ajroputsm (r.e. mamnuny Throputra, Koropas
BCEr/ia OCTAHABJIMBAETCS) Jisl OIPEJIesIeHNsl, OCTAHOBUTCs Jii MaliuHa Thiopu-
ra B jgaHHOIl KoHGurypamuu. Torma caemayionmM oOpa3oM MOXKHO TTOCTPOUTH
Marmuny Twiopwunara T', mnomyckaionryio Lj.

1. Ecau nano cyioBo x, T nepeduncyser cjioBa i, Tz, ... IOKA He OyIeT T; = .

2. T remepupyeT KOAMPOBKY MammnHbl Thiopumra T;.

3. YmupaBienue mepesaercs TUNOTEeTUYECKOH MAaIlnHe, KOTOPAas OMpPeIesisier
ocraHaBJmMBaercs jin 1; HA BXOZAE ;.

4. Ecan BeIsIcHsieTcsT, 9TO T; He OCTaHABIMBAETCA HA BXOME X;, TO 1’ ocTaHaB-
JINBAETCS U JIOMYCKALT T;.

5. Ecmu Berscasiercst, uto T; OCTaHABIWMBAETCS Ha, BXOJE X;, TO yMpaBJe-
HUE TIepelaeTcs yHUBEPCAJIbHONW Mammuae [bhopuHra, Koropas mozeaupyer 1;
Ha Bxoze z;. [lockonbky T; B KOHIIE KOHIIOB OCTAHABJINBAETCS, YHUBEPCAIbHAS
MarmnHa, ThIOPWHTA B KOHIE KOHIIOB OCTAHABIUBAETCS U OMPEIENISeT JOMYCKAET
au T; ciaoBo x;.

B mrobom cyuae T ocTaHaBIMBAETCsT, JOMYCKAsA T; B TOM Caydae, Korma 1;
OTBEPraeT T;, U OTBepras &;, Koraa 1; JOIMyCKaeT ;.

Takum 06pa30oM, 13 HAIIErO MPEANOIOKEHNS, 9TO CYIECTBYeT MAITnHa, Thio-
pHUHTa, KOTOPasi Ompezeiser, OCTAHABINBAETCS JIU IPOU3BOIbHAA MamuHa Thio-
puHra, ciemyer, uto L momyckaercs HeKOTOpoil mammuoil Thiopunra, a 31O
MPOTUBOPEYHT JOKA3AHHOMY BBIIIE. JTO, B CBOIO OYEPE/Ib, TAET TEOPEMY:

Teopema 2.2. He cywecmeyem anrzopumma 0aa onpedesenus mozo, 0cma-
HOBUMCA AU NPOU3BOALHAA Mawuna Tworopunza 6 NpoudsosbHotll Konpuay-
PAYUY.

2.4.2. Kunacc peKypCUBHBIX MHOYKECTB

Termeps MOXKHO TTOKA3aTh, YTO KJIACC PEKYPCUBHBIX MHOXKECTB SIBJISETCS COD-
CTBEHHbBIM IIOAKJIACCOM KJIACCA PEKYPCUBHO IIEPEeYnCIuMbIX MHOXKecTB. T.e. cy-
LIECTBYET MHOKECTBO, CJIOBA KOTOPOrO MOI'YT ObITh pacno3HaHbl MartuHoi Thio-
pUHIa, KOTOpas He OCTAHABJIUBAETCS Ha HEKOTOPBIX CJI0BAX, HE PUHAIIEXKAIIUX
MHOXKECTBY, HO HE MOYKET OBITh PACITIO3HAHO HIKAKOM MarmuHoit ThiopuHra, KOTO-
past OCTAHABINBAETCS HA BCEX CJIOBAX. [IpmMepoM TaKOTO MHOYXKECTBA, SABJISIETCS
nonosnenue K L.

Jlemma 2.1. Ecau mMHooCeCMB0 PEKYPCUBHO, MO U €20 JONoAHeHUue PeKyp-
CUBHO.

JlokazarenscrBo. Ecnu L - pekypcuBHOe MHOXKecTBO, L C T, TO CyImecTBy-
er T'm momyckaorias L u rapaHTHPOBAHHO OCTaHABIHBaioMasgca. MoXKHO cuam-
TaTh, YTO TOCTE AomycKa T'm He memaer 6osbire maros. [loctpoum T'my o T'm,
100aBWB HOBOE COCTOSTHUE ¢ KaK €JMHCTBEHHOE MOTTyCKaloliee cocTosiHue 1'my.
IIpaBmma T'm; BKmOWalOT Bce mpasuia 1'm, Tak 4to T'm; cumymupyer T'm.
Kpowme Toro, mjist Kaxkn0it mapbl, COCTABIEHHON W3 HEJOITYCKAIOIIEr0 COCTOSHUS
1 JIEHTOYHOTO CHMBOJA 1T'm, mjisa KoTopbix y 1'm mepexom He omnpemeneH, 1'my
[IEPEXOUT B COCTOSTHUE ¢ U 3aTE€M OCTAHABJIMBAETCS.
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T.o. Tm; cumynupyer T'm BIioTh 10 octanoBku. Eciu T'm octaHaBinBaeT-
cs B OJHOM U3 JOIYCKAOMIUX cOCTOsHui, T'm, ocraHaBiImBaeTcs 06e3 JI0MmycKa.
Ecmu T'm ocranaBIuBaeTcs B OJTHOM U3 HEJIOIYCKAKOIIMX COCTOSHUMN, 3HAYUT HE
nonyckaet Bxoz. Torma T'my enaeT eire OJuH Tepexol B COCTOSTHUE ¢ U JIOTIYC-

kaet. flcuo, uro T'my momyckaer 1T \ L. [ |
Jemma 2.2. Ilycmv x1, T, ... — HYMEPAUUA BCEX CAO8 HEKOMOPO20 KOHEM-
Hno20 aagasuma X u Ty, Ts, ... — nymepayus ecex mowur TvropuHza ¢ sek-

MOYHBMU CUMEOAAMU, EBLOPAHHBIMU U3 HEKOTNOPO20 KOHEUH020 aAdasuma,
skaouarowezo Y. Iyemo Ly = {x; | x; donyckaemes T;}. Ly - pexypcuho
TEPEUUCAUMOE MHOACECTNE0, OOTONHEHUE KOTOPO20 HE PEKYPCUGHO TLEPEUUC-
AUMO.

oxkazarensctBo. CioBa Lo momyckaiorcs HeKOTopoit 1'm, paboTarormeii cie-
npytorum oopasom. Orvernm, ato T'm He 00432 TEIHHO OCTAHABINBALTCS HA CJIO-
Bax He u3 Ls.

1. Eciim mawo x, T'm mepeducisier mpeajioKeHust Ty, Tz, ... MOKA HE HalgeT
Z; = T, OIPeJIesisisi TeM CaMbIM, 9TO X - ITO i-€ CJIOBO B IIEPEYUNCTICHHUH.

2. Tm remepupyer T'm; u mepenaer ynpaBjieHHE yHUBEPCAJILHOU MAIIAHE
Twropunra, koTopasi camyaupyer 1'm; co BXOIOM T.

3. Ecim T'm; ocTtaHaBJIMBaETCS CO BXOJOM T; W JIOMycKaeT, 1'm OCTaHaBIH-
BAETCS W JIOMYCKAET; ecau 1'm,; OCTAaHABJIMUBAETCS U OTBEPraeT &;, To 1'm ocra-
HABJIMBAETCSA U OTBepraeTr ;. Hakowern, eciu 1T'm; He ocTaHaBaIWBaeTcs, To 1T'm
HE OCTAHABJINBAECTCH.

4. T.o. Ly peKypCHBHO MEPEIUCTUMO, MOCKOTBKY Lo - 3TO MHOXKECTBO I10-
nyckaemoe T'm. Ho nmonosnuenue Kk Lo(~Lo) HEe MOXKeT ObITh PEKYPCUBHO Ie-
pedncyauMo, nockoiasky ecan 1 - mammna Teiopunra, momyckamomas ~Lo, To
x; € ~Ly TOrma W TOMIBKO TOTZIA, KOTAa Z; He JomyckaeTcs 1'm;. 9To MpOTHBO-
PEYAT yTBEPXKACHHIO, 9TO ~ Ly - 3T0 A3BIK, JOIMycKaeMbri 1. [ |

Teopema 2.3. Cywecmeyem pexypcusHo NEPetUCAUMOE MHOHCECMEO,
HE ABAANULEECA PEKYDCUBHBIM.

JlokazarenbctBo. JlokazarenbcTBo. 1o memme 2.2 Ly - peKypCUBHO TIEpeYnC-
JIUMOE MHOXKECTBO, JONOJHEHHE KOTOPOTrO HE PEKYPCUBHO Mepeducaumo. Eciu
Ob1 Ly OBLTO peKypcuBHO, O jeMMe 1 ~Lo ObL10 ObI PEKYPCHUBHO, B CJI€I0BA-
TEJIHHO PEKYPCUBHO TIEPEUUCTUMO, YTO TPOTHBOPEUNUT BTOPO# TIOJIOBUHE JIEMMBbI
2.2. [ |

2.5. CBasp mamuH ThopmHTa
1 rpaMMaTuk tumna 0
Jokazkem, 9TO sI3bIK PACIIO3HAECTCSA MAITHHON THIOpPUHTa TOTIa U TOTBKO TOTA,

KOrJa OH reHepupyercs rpammvarukoir tuna 0. s mokazarenbcrBa dacTu “ec-
i’ MBI TIOCTPOUM HEIETEPMUHUPOBAHHYIO MaInHy TbIOpHMHTa, KOTOpas Oymaer
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HEJIETEPMUHUPOBAHHO BBIOMPATH BHIBOIBI B IPAMMATHKE U CMOTPETH, SABJISIETCS
JI1 BBIBOJ, BXOIOM. Ecimu na, Mammnaa qomycaer BXO/I.

st NOKa3aTebCTBa YaCTH ""TOMBKO €C/ii" Mbl IOCTPOUM IPAMMATHKY, KOTO-
pasi HeJeTEPMUHUPOBAHHO T€HEPUPYET MPEICTABICHUS] TEPMUHAIHLHONU CTPOKU U
3areM cuMysmpyer mMaiuay Thpunra Ha 310l cTpoke. Ecau cTpoka gomyckaer-
cs1 HeKOTopoit Tm, CTPOKA KOHBEPTUPYETCSA B TEPMUHAIBHBIE CHMBOJIBI, KOTOPbIE
OH& MPEJICTABIISET.

Teopema 2.4. Ecau L eenepupyemcsa epammamuroti muna 0,
mo L pacnosunaemcsa mawunot Toropunza.

JlokaszarennctBo. llyers G = (N, X, P, S) - rpammaruka tuna 0 u L = L(G).
Omnuriem HebOpMAIBLHO HeIeTEPMUHUPOBAHHYIO Matuuy Twiopunra T'm, gomyc-
Karotyo L.

Tm=(Q,%,T,D,qy, F)

rne [ =NUXU{B,#,X}.

IIpenmnonaraercs, aro mociaenuue Tpu cuMBosa uHe Bxomar B N U Y. Mbr e
HyMepyeM COCTOSHUSI U3 (), HO pa3/InYaeM HEKOTOPBIE, €CIIM 3TO HEOOXOIUMO.
Ecnu weobxomumo, T'm Oyzer medarars B.

Buauajsie T'm comep:XKuT Ha BXOAHOM jJeHTe w € X*. T'm BCcTaBiaseT # mnepen,
w, CABUras BCe CUMBOJIBL W HA OIHY A4YelKy BIPaBoO, U #S# mocie w, Tak 4To
COZIEP?KUMBIM JIEHTBI CTAHOBUTCS FHWHSH.

Teneps T'm HeIeTepMUHUPOBAHHO CUMYJIUPYeT BbIBOA, B (G, HauwHas C S.
Kaxnas cenrennuaibias (popMa BHIBOIA MOSBIISIETCS TIO MOPSIAKY MEXKJY MO-
cinenauMu aByMs #. Eciu HeKOTOpbIit BEIOOD TEpexoI0B BeAET K TepMUHAIBHON
CTpPOKe, OHa cpaBHuBaercd ¢ w. Eciau onu coBmanator, 1'm I0IyCKAeT.

®opmasbHO, mycTh 1'm uMmeer Ha jedTe #w#H A1 As ... Ap#. T'm nepensuraer
HEJETePMUHUPOBAHHO rOJIOBKY 110 A1 Ay ... Ay, BbIOMpAas MO3UIMIO § M KOHCTAHTY
r Mexay 1 U MaKCHMAJILHOW [IJIMHON JIEBON YacTH JI0O0ro MpaBWJIa, BHIBOJA B
P. Barem T'm niposepsier moactpokut A; A1 ... Ajyp—1. Bem Aj Ay oo Ajra
- JleBas 4aCThb HEKOTOPOI'O IIPaBUJa BLIBOAA U3 P, OHA MOXKeT ObITb 3aMEHEeHa
Ha OpaByio 9acTh. T'm moxer caBubyTb Ay A1,y ... A #F mubo BreBO, TUHO
BIIPABO, OCBOOOXK/Iasl UJIM 3AIOJIHAS MECTO, €C/IH IpaBas 4aCTb UMEET IJIHHY,
OTJINYHYIO OT T

W3 sToii mpocToit cuMyssiiui BHIBOAOB B (G BUAHO, uTo T'm mnedartaer Ha
JIEHTe CTPOKY BUIA #WHYF#, y € V* B Tounoctn, ecnmn S =g+,. Ecmn y = w,
T'm nomyckaer. [ |

Teopema 2.5. Ecau L pacnosnaemcs nexomopoti mawunoti Toropunza,
mo L zenepupyemca zpammamuroti muna 0.

JlokaszarenbctBo. Ilycrs L momyckaerca Tm = (Q, X, T, D, qq, F). Tloctpo-
uM rpammaruky (G, KOTOpas HEeJePMUHUPOBAHHO TE€HEPUPYET IBE KOMUU TPEI-
CTaBJIEHUs HEKOTOPOTO CJIOBA M3 X* W 3aTeM CHMYyJIMpyeT moBemeHne Tm Ha
onuoi u3 konuit. Eciu T'm momyckaer cioBo, To G TpaHC(hOPMUPYET BTOPYIO
KOIHUIO B TEPMHUHAILHYIO CTpOoKy. Eciu T He momyckaer, TO BBIBOJ, HHKOT/IA HE
MIPUBOJIAT K TEPMUHAJIBHON CTPOKe.
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®opmaabHO, MyCTh

G=(N,X,P A1), tme N = ([TU{e}] xT)UQU{A1, As, A3}
IIponyxkmmm P TaKOBbI:

LAy = qoAs.

. Ay — [a,a]lAs nus kaxzgoro a € X.

. Ay — As.

. A3 — [e, B]As.

.Ag — e

Ot = W N =

6. ¢la, C] — [a, E]p ana kaxmoro a € ¥ U {e} n kaxxgoro g € Qu C € T
takoro, uyro D(q,C) = (p, E, R).

7. b, Ilq[a, C] — p[b, I][a, J] nnsa xaxmoro C, J, I uz ', anbuz LU {e} u ¢
u3 @ takux, aro D(q,C) = (p, J, L).

8. [a, Clqg — qagq, qla,C] — qaq,q — e nna kaxzaoro a € L U {e}, C € T,
q€F.

Ucnonp3ysa nmpasmia 1 u 2

Ay =7 qolar, ai][az; as] ... [an, an] A2,
rIe a; € X And HeKoToporo ¢. [IpeanonoxkuM, uto T'm AOMYyCKaeT CTPOKY A1G2 ..
... ap. Torma mnsg sekoroporo m T'm mcrnonb3yer He Dosiee, 9eM M T9IEeK CIpaBa
ot Bxoga. Mcnonbyst npasuio 3, 3aTeM mpasuio 4 m pa3, W HAKOHEI, PABUIIO
5, IMeeM

Ay =7 qolar, a][az, az] ... [an, a,][e, B]™

Haunnast ¢ 3T0ro MoMeHTa, MOryT OBITH MCIOJIB30BAHBI TOJIBKO NMpaBmia 6
u 7, TIOKa HE CreHEepUPYeTcs AOomycKaiomee cocrosaune. OTMeTnM, 9TO IepBbIe

KOMIIOHEHTBI JIEHTOUHbIX cHMBOJIOB B (¥ U {e}) x I' uukorna e mensiorcs. Vu-
IyKupeil o anciy maros 7'm MOXKHO MOKa3aTh, YTO €CIH

(QO, a10a3 ... Gp, ]-) l_Tm* (Q; X1 Xo ... X, T‘),

TO

qola1, a1][az, az] ... [an, an]le, B]™ =qu

[0,1, Xl][a2; XQ] [ar—la Xr—l]‘][a'ra Xr] [an—i-ma Xn-l—m]a
Tae ai, az, ... Gy TPAHATIIEKAT X, Qpt1 = Apg2 = - Gptm = €, X1, X2, ... Xptm
mpuHagnexar I' m Xop = Xgyo = ... Xy = B.

[Ipennonoxenve WHAYKIUA TPUBHAJIBHO I HYyJs 1maroB. IIpeamomoxmm,
49TO OHO crpaBemmeo s k — 1 mraros. [lycts

(g0, @1a2 ... an, 1) Frm= (g1, X1 X2 .. Xoy J1) Frm (2, Y1Y2 .. Y5, )
3a k maros. I[lo nmpeamomoKennio WHIYKITUN

Qolai, a1][az, az] ... [an, an][e, B]™ =g~

=a+ (a1, Xi][az, Xo] ... [ar—1, Xp—1]q[aji, Xj1] - [@ntm, Xntm]-
Ilycte E = L,ecnu jo = j1 — 1 u E = R, eciint jo = j1 + 1.

B srom cayuae D(q1, Xj1) = (¢2, Yj1, E).
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ITo 6) nnn 7)

qila + 31, Xj1] = [aj1, Yjilge

um

[aji—1, Xj1-1lqifaji, Xjn] = galaji1, Xji-1, Xji-1]laji, Vi,
B 3aBUCUMOCTH OT TOTO, paBHO Ju F 3navenuio R wan L. Teneps X; = Y; ana
BCEX 1#]1.

T.0. qola1, a1]az, as] ... [an, ay)le, B]™ = G*[al, Y1]g2[a 2, Yjol ... [antm, Yotm],s
YTO JIOKA3BIBAET IIPEIIIONOKEHNE WHLYKIHH.

ITo 8), eciu g € F, j1erko noKa3arh, 9TO

[aly Xl] Q[aj; XJ] [an+m, Xn+m] =% a1az ... ap.

T.o. G MOXeT reHepupoOBaTh (1G32 ... Ap, €CIAU Q142 -.. Ay JOTyCKaeTcs T'm.
T.o. L(G) Bratouaer Bce cIoBa, momyckaemere T'm.

11 3aBepUIeHUsT JOKA3ATEIBCTBA HEOOXOAMMO TIOKA3aTh, 9YTO BCE CJIOBA W3
L(G) monyckarorcs T'm. Manykimeit qoka3siBaercs, 9ro A1 =g+ w TOIBKO €cin
w momyckaercs T'm. [

2.6. JIuneiiHO-OrpaHMYE€HHbIE ABTOMATHI
1 UX CBSA3b C KOHTEKCTHO-3aBUCUMbBIMU I'PaM-
MaTUKaAMU

Kaxapiit K34 saBnsiercs pekypcuBHBIM, HO oOpaTHOe He BepHO. [Tokazkem 4ro
CYHIECTBYET aJATOPUTM, MO3BOJIAIONIMH A5t pou3BoibHOro K3-sa3bika L B asn-
dapure T, 1 TPOU3BOILHON HEMOYKN w € T* ONpeaesuTh, TPUHAIICIKAT JIU W
A3BIKY L.

Teopema 2.6. Kaotcdvili KOHMEKCMHO-306UCUMDLT A3DLK ABAALMCA PEKYP-
CUBHDIM A3DIKOM.

JlokazarenbctBo. Ilycth L — KOHTEKCTHO-3aBUCHUMBIH si3bIK. Torma cyrtie-
CTByeT HEKOTOpas HeyKopauuBamwlas rpammaruka G = (N, T, P, S), nopoxaa-
omast L.

MMycrs w € T* u |w| = n. Eciu n = 0, 1.e. w = e, T0 npUHAJIEKHOCTh W € L
IPOBEPSIeTCSA TPUBUAIBLHBIM 0Opa3oM. Tak 4ro Oyaem npeamnosararhb, 9to n > 0.

Onpenenmnm MHOKeCTBO T, KaK MHOKECTBO CTpOK u € (N U T)T mnunst
He Oojiee m TaKWX, 9TO BBIBOJA S =* u umeer He Gosee m 1maros. ZcHo, 9TO
To = {S}.

Jlerko mokazaThb, 9TO 1), MOYKHO MOJYIUTH U3 1),_1 TPOCMATPUBAs, KAKUE
CTPOKM C JJWHOM, MEHbINe#l MM paBHON 1 MOYKHO BBIBECTH U3 CTPOK u3 1), _1
[PUMEHEHUEM OIHOTO TPABUIA, T.€.

T = Tim—1U{u| v = u ansa nekoroporo v € Tp,_1,rue |u| < n}.
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Ecmn S =* w un |u] < n, ro u € Ty, ana wekoroporo m. Ecim u3z S He
BBIBOAMUTCH U UK |u| > N, TO u HE NpUHAI/IEXRUT Ty, HU JJisi KAKOTO M.

OueBugno, 9T0 T}y O Thy—1 71 Becex m > 1. Tlockonbky T, 3aBUCUT TOJTHKO
or Ty—1, ecma Ty = Ty—1, 10 Ty = Ty1 = Tog2 = ... . Ilpouenypa 6yzer
Buraucastb 11, 1o, T3, ...10Ka 11 HEKOTOPOro m He okaxKercs Ty, = Ty 1.
Ecimn w we npunagnexur T,, 1o #e npunamiexkur u L(G), TOCKONbKY st
J > m Bemomsaeno 1 = T,,. Ecm w € Ty, To S =™ w.

ITokazxkem, uTo cymectByeT Takoe m, 910 Ty, = T, 1. IlockombKy ayis1 Kax-
goro i > 1 cupaseggmeo T; D T;_1, 1o ecnu T; # T;_1, TO YNCIO 371€MeHTOB B T}
o Kpaiineii Mepe Ha, 1 OOJIbIIIE, qeM B Ti_1- IIyctn
INUT| = k. Torma wncno crpok B (N UT)" amwabl MeHbIIeH WM paBHOM
n paBHO k + k% + ... + k" < nk™. TobKO 3TH CTPOKH MOryT ObITH B 060M Tj.
Buauwur, Ty, = T),—1 Ansa #Hekoroporo m < nk". Takum oGpazom, mpoteaypa,
Berancisiomas 1; ams Bcex ¢ > 1 10 Tex mop, moka He OyayT HaiIeHbI 1Ba
PaBHBIX MHOYKECTBA, TAPAHTUPOBAHHO 3aKAHIUBAETCS, 3HAYUT, ITO AJTOPUTM. B

Junetino-ozpanuyvennonti aemomam (JIOA) - 910 HereTEPMUHUPOBAHHAS Ma-
mmHa Thiopunra ¢ OxHOIT JIEHTOH, KOTOpast HUKOIJA HE BBIXOJUT 3a [IPeesibl |w|
sg49eeK, rae w — Bxoa. PopMasIbHO, JIMHEHHO-OIPAHUYIEHHBIN aBTOMAT 0003HAYA-
erca kak M = (Q, X, T, D, qo, F). Obo3Ha4Yennss UMEIOT TOT YK€ CMBIC/, 9TO U
st MamuH ThiopuHra. () - 910 MHOXKeCTBO cocrosawuii, F' C () - MHOXKECTBO
3aKIIOYATETLHBIX COCTOAHHUMA, I - MHOXKECTBO JIEHTOYHBIX CHMBOJIOB, > C I -
MHOKECTBO BXOJIHBIX CHMBOJIOB, gg € () - Ha"abHOE cocrosinue, D- orobpaske-
ure 3 ) x I' B moqmuoxectBo @ x I' x {L, R}.

Y COmEPKUT JBa CHENUATbLHBIX CHMBOMA, OObIMHO Obo3HAaYaeMbix (© um $, -
JIEBBIl ¥ OPaBBIl KOHIIEBBIE MAPKEPhI, COOTBETCTBEHHO. JTU CHUMBOJIBI PACIIO-
JIArar0TCs CHAYAJIA MO KOHIAM BXOJA U UX (DYHKIHS - MPEIOTBPATUTH TEPEXO.T
COJTOBKU 33, TIPEIEIbI 00JIACTH, B KOTOPOH PACIOIOKEH BXOI.

Koudwuryparnus M u orHomenue M, cBs3biBaomee aBe KOHMUrypanum,
€CJIM BTOPasi MOXKEeT OBITH TOIyYeHa U3 TepBOi mpuMeHenneM D, onpeaessioTcs
Tak ke, Kak u 1y mamud Teiopuara. Koudurypanus M obo3HAUaeTCT KAK
(q, A1, Aoy ooy Apyi), e q € Q, Ay, As, ...y Ay € T, 4 - nesioe or 1 no n. Ipea-
nosioxkum, uro (p, A, L) € D(q, A;) u i > 1. Byaem rosopurb, 4ro

(q, Al, A2 An, Z)l—M(p, Al, AQ Ai—lAAi+1 An, i — 1)

Ecmu (p, A, R) € D(q, A;) u i < n, 6yieM TOBOPUTH, YTO

(q, Al, AQ, ery An, Z)l—M(p, Al, A2 AiflAAiJrl An, 1+ ].)

To ecrb M neuaraer A mosepx A;, MEHsIET COCTOSIHUAE HA P K IIEPEIBUIAET
POJIOBKY BJIEBO WJIM BIIPABO, HO HE 3a MPeJebl 00JaCTH, B KOTOPON CHMBOJIBI
pacriomaraanchk ncxoauo. Kak oObIMHO, ONpeesnM OTHONIEHNE %) Kak

(q7 a, Z)l_ *M (qv a, Z) u

ecut (g1, o, 01) | *ar (g2, a2, 42) ¥ (go, a2, i2) |- * (g3, a3, i3),

10 (q1, o1, i1) | *ar (g3, a3, 43).

dA3pik, gomyckaembit M - sro {w|w € (E\ { ©, $§ } )* u (g0, Qw$, 1)|- %
(¢, v, i) mag mekoroporo q € F', a € I'* u uenoro i}.
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Byunem naspiBars M demepmunuposanmvim, eciiu D(q, A) conepxut ne 60-
Jlee OIHOTO 3dmeMeHTa s moobix ¢ € (), A € T'. He u3BectHO, coBnagaer ju
KJIACC MHOXKECTB, [IOMYCKAEMbIX HEJETEPMUHUPOBAHHBIMY U HEJAETEMUHUPOBAH-
weivMu JIOA. fcHo, uTo J11060€ MHOXKECTBO, JOMyCKaeMOe HeIeTePMUHUPOBAH-
wbiM JIOA, momyckaercst HeKoTOpoi#i merepmunupoBantoit MT. OupHnako, dncio
sA9eeK JIEHTHI, TpebyemMoit 3Toit MT, MOoXKeT 3KCIIOHEHIATHHO 3aBUCETH OT JIJIH-
HBI BXOJIA.

Kunace muoxkectr, monmyckaembrx JIOA, B TOYHOCTH COBMAZAET C KJIACCOM
KOHTEKCTHO - 3aBUCHMBIX S3BIKOB.

TeopeMa 2.7. Ecau L - xonmexcmno-3asucumsil a3oik, mo L donyckaemea
JIOA.

JlokaszarennctBo. Ilyers G = (Vy, Vi, P, S) - KOHTE€KCTHO-3aBUCAMAsA TPAM-
maruka. [Tocrpoum JIOA M rakoit, uro on nonyckaer a3bik L(G). He BaaBascn
B JieTaym noctpoenust M, TOCKOJIBbKY OH JOBOMBLHO CJIOXKEH, PACCMOTPUM CXe-
My ero paborsl. B KauecTBe JIEHTOYHBIX CUMBOJIOB OYIeM PAcCMATPUBATDH TAPhI
sh,s?, tmes) € $,8 =Vpu{Q,$},s? € I, T = VpUVyU{B}. B nauaabHoii KOH-
durypanuu nenra cogepxur (@, B), (a1, B), ... (an, B), ($, B), rae aj ...ap = w -
BXO/iHad nenovka, n=|w|. [lenouky cumBosios si...s. 6ynem naspBaTh "nepBbiM
tpekom", s2...52 - "propuiv Tpexom". TlepBblit Tpek GyeT comepxKaTh BXOIHYIO
CTPOKY % C KOHIEBBIME Mapkepamu. BTopoit Tpek OyJeT UCIOoNb30BATHCS I
Beranciaenuii. Ha mepBom mare M momeraer CuMBOJI S B caMoil JIeBOil siaeiike
BTOPOTO Tpeka. 3areM M BBIMOIHSET MPOIEAyPY TeHEPAIMi B COOTBETCTBUH CO
CJIETY FOIIUMU [IATAMHU:

1. TIponemypa BBIOMpaeT MOJACTPOKY CHMBOJIOB (X M3 BTOPOTO TPEKa TaKYyIo,
aro o — 3 € P.

2. TomcTpoka « 3amensieTcss Ha (3, mepeMerasi, eciim HeoOXOIMMO, BIIPABO
CHMBOJIBI cripaBa OT <. Eciu 3ta onepanust Moryia Obl IPUBECTH K MEPEME-
IIIEHNIO0 CUMBOJIA 3a TPaBbIil KoHIEeBo Mapkep, JIOA ocranaBiuBaercs.

3. IIporenypa HEIETEPMUHUPOBAHHO BLIOMPAET TepeiTn Ha mar 1 uam 3a-
BEPIUIUTHCH.

Ha BbIxo/e 13 mpomeypbl epBhIil TPEK BCE eIIe COAEPKUT CTPOKY T, & BTO-
POii TPEK COHNEPXKHUT CTPOKY 7y Takylio, 4ro S =% . JIOA cpaBHuBaeT cHMBOJIbI
MEPBOTO TPEKA C COOTBETCTBYIOIMIMME CHMBOJIAME BTOPOro Tpeka. Kciu cpaBhe-
HHE HEYCHEINTHO, CTPOKU CUMBOJIOB TIEPBOTO M BTOPOTO TPEKOB HE OJUHAKOBBI U
JIOA ocranaeiausaercs 6e3 gomycka. Ecau crpoku ogurakosbr, JIOA ocramas-
JIUBAETCS U JIOMYCKAET.

Ecmu x € L(G), To cymecTByer HEKOTOpas MOCIEI0BATEILHOCTD [I1aroB, Ha
koropoit JIOA crpout x Ha BTOPOM Tpeke U JOMyCKAET BXOI. AHAJOTUYHO, IJIs
roro, urobnl JIOA monycTun z, JOMKHA CyIIECTBOBATE MTOCIEI0BATEIHHOCTD MIa-
OB TakKas, 9TO & MOXKeT OBITH HMOCTPOEH Ha BTOpoM Tpeke. T.o. momkeH ObITh
BeiBOA, = u3 S B G. [ |
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OTMeruM CXOXKEeCTh ITUX PACCYKJIEHUN U PACCYKIEHWN B Cydae MPOH3-
BOJILHON TpaMMaTHKA. TOTga MPOMEKYTOYHBIE CEHTEHITHAIbHBIE (DOPMbBI MOT-
JIM UMETh JIJTHHY, TIPOMU3BOJILHO OOJBIIYIO IO CPABHEHUIO ¢ JTHHON Bxoma. Kak
ciencreue, TpebOBaIACh BCS MOIIL MammuH Thiopuara. B caydae KOHTEKCTHO-
3aBUCUMbBIX TPaAMMATUK TPOMEXKYTOYHBIE CEHTEHIUAJJIHHBIC (bOprI HE MOTYyT
ObITH JJIMHHEE BXOJA.

Teopema 2.8. Fcau L donyckaemces JIOA, mo L - xowmexcmuo - 3a6ucu-
MO A3BUEK.

HoxkaszareanscrBo. Koucrpykiuss K3T' o JIOA amasornyHa KOHCTPYKIHH
rpammaruku tuma, 0, Momenupytormei mamuuay Twiopunra. Pasmwawme 3akiio-
garcsd B TOM, 9TO HerepmuHAJIbl K3I' 10/KHBI yKA3bIBATH HE TOJIBKO TEKYIIIEE
U UCXOIHOE comepxkumoe ssdeek JieHTbl JIOA, HO u TO, sABJIsIeTCs U A9eiiKa Co-
ceiHell cipaBa Uid CIeBa ¢ KOHIEBbIM MapkepoM. Kpome Toro, cocrosaue JIOA
JIOTIXKHO KOMOMHUPOBATHCSA C CHMBOJIOM MO/ TOJTOBKOM, mockonbKy K3I' He mo-
KEeT UMEeTh Pa3Je/bHbIe CUMBOJIBI JIJIsI KOHIEBLIX MapKepoB U cocTosuus JIOA,
TaK KaK dTH CHMBOJIBI JOJKHBI ObIIN ObI OBITH 3aMEHEHBI Ha €, KOrJa CTPOKa,
[PEBPAIAETCS B TEPMHUHAJILHYIO. [

Teopema 2.9. Cywecmeytom pexypcusHble MHONMCECTNEA, HE ABAANOULUECH
KOHMEKCMHO - 3a468UCUMLMU.

JlokazaresnbcrBo. Bee crpoku B {0, 1}* moxHo 3anymepoBats. Ilycrs x; — i-
oe cJ10BO. MBI MOKeM 3aHyMEPOBATh BCe TpaMMaTuku Tuna 0, TEpMUHAIBHBIMA
CUMBOJIAMU KOTOPBIX sBJisitoTcst O u 1. IIockoIbKy nMeHa mepeMeHHbBIX He BayKHBI
U KaXKJasl TPAMMAaTHAKA UMEET KOHEYHOE MX UUCJIO0, MOYKHO MPEIMOJIOKNUTE, ITO
CYIIECTBET CIETHOE YHCIIO [MEePEMEHHBIX.

IIpeacraBuM mepemeHHbIe B IBOWYHONW KogupoBKe Kak 01, 011, 0111, 01111
u T.1. [Ipeamonoxum, aro 01 Bcerma sBJsIETCS CTAPTOBBIM cuMBOjIOM. Kpome
TOrO, B 9TOi KOnupoBke Tepmunas 0 Oyaer npeacraBaaThbes kKak 00, a TepmuHa
1 xak 001. CumBos “—” npejcrapisiercs kak 0011, a 3angras kak 00111. Jlro6as
rpammaruka ¢ repmuHagamu 0 u 1 moxkeT ObITH MPEe/ICTaBIeHA CTPOKON TPaBUI,
ucnonb3yoreit crpenky (0011) nys pasgenenus JeBoii U npasoil yacreii, u 3a-
ngaroii (00111) nya pasnenenus npasusi. CTPOKU, MPENCTABIIAIONINE CUMBOJIBL,
HCIOMb3yeMble B TpaBmmax, - 31o 00, 001 u 01% ms ¢ = 1,2, ... MHOXecTBO
HCIOJIb3YEMbIX ePEMEHHBIX OMPEIEIAeTCs HEeSBHO TPABUIAMH.

Ormerum, 9ro He Bce cTpoku 3 0 u 1 MpemCTaBJIsIOT MPAMMATHKY, W HE
obsizarenpao K3I. Omxmnako, mo maHHON CTpOKe JIEMrKO MOYKHO CKa3aTh, MPE.-
crapiasier jiu oHa K3I. i-10 rpaMMaTiKy MOXKHO HAWTH, T€HEPUPYs IBOHMYHbBIE
CTPOKH B OIKMCAHHOM IOPSI/IKE TOKA HE CTEHEPUPYETCs -5 CTPOKA, SIBJIAIONIAACS
K3 IMockonbky umeercs Geckonednoe ducio K3, ux MOXKHO 3aHyMepoBaTh B
HEeKOTOpOoM mopsiake G, Go, ...

Ounpenermnum L = {x;|z; ¢ L(G;)}. L pekypcusno. ITo crpoke z; JIerKo MOXKHO
ompesenuTh i u 3arem omnpeaeautb G;. Ilo reopeme 2.6. mMeercss aaropurm,
oupeesiomuii s ©; npunaaiexur au on L(G;), nockonbky G; K3I'. Takum
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06pazoM MMeeTCsT ANTOPUTM [IJIsl OTPEJIEIHUs JI7Ist JTI0O0T0 & MPUHAIEKUAT JIN
ou G.

IMokaskem Tenepb, aro L He rerepupyercs aukakoit K3T. IIpeamnonoxum, 910
L renepupyercs K3I' G;. Bo-nepeoix, npeanonoxum, uro x; € L. ITockonbky
L(G;) = L, z; € L(G;). Ho Torna no onpenesnennio z; ¢ L(G;) - nporuBopeumne.
T.o. npeamonoxnm, uro z; ¢ L. Tlockonsky L(G;) = L, z; ¢ L(G;). Ho torga
no ompenenenuto z; € L(G;) - cHoBa nporuBopeure. 13 4ero MOKHO 3aKJIro-
quTh, 910 L He renepupyercs G;. I[TockoabKy NPUBEIEHHBIN BBINIE apryMeHT
crpaseuB s kKaxaoit K3I' G; B mepevnciiennu, u mMOCKOJBKY TIEPEUNCTIEHNE
comepxkut Bce K3I, moxxuo 3akmtounth, uto L ne K34. Tlosromy L - pexyp-
CHBHOE MHOXKECTBO, HE SIBJIAIONIEECS KOHTEKCTHO-3ABUCUMBIM. ]



I'masa 3.

Jlekcnmyeckuit aHajins

OcHoBHAs 337a9a JIEKCHIECKOTO aHAIN3a — PA30UTh BXOIHOM TEKCT, COCTOSTIINIH
U3 MOCTIEeOBATEIbHOCTH OJIMHOYHBIX CHMBOJIOB, HA TOCJEJ0BATEIHLHOCTD CJIOB,
WU JIEKCEM, T.e. BBLIEJIUTH 3TU CJIOBA U3 HENPEPBIBHOM MOCIEI0BATETHHOCTH
CUMBOJIOB. Bce crMBOJIBI BXOIHOM MOCTIEIOBATEILHOCTH C TOM TOYKU 3PEHUS
Pa3IeISIOTCS Ha, CUMBOJIBI, TPUHAIJIEXKAIINE KAKUM-TH00 JIEKCEMaM, U CHMBOJIBI,
pas3IesIoye JeKceMbl (pa3aenuTenn). B HeKOTOPDhIX CIydasx MexXKIy JTeKceMar-
MU MOXKET U He ObITh pazjenureneii. C Ipyroi CTOPOHBI, B HEKOTOPBIX SIZBIKAX
JIEKCEMbBI MOI'YT COZIEPKATH HE3HAYALIME CUMBOJIbI (HAIIPUMED, CUMBOJL IPObesia
B ®oprpane). B Cu pazuenuresnbHoe 3HaYeHHE CUMBOJIOB-PA3IEIUTENEH MOKET
6okupoBarbkest (“\” B KoHue crpokn BHyTpH "...").

OO6BIYHO BCe JIEKCeMbl JeNsaTCsd Ha KIacchl. [IpuMepaMu TaKuX KJIACCOB sIB-
Jsrorcs ducia (1esble, BOCbMepUYHbIe, NIECTHAIATHPUYHbIE, 1efCTBUTEIbHbIE
u T.1.), uaeHrudurkaTopbl, crpoku. OTAENbHO BBIAEIAIOTCS KJIOYEBbIE CIO0BA
U CUMBOJIbI IIyHKTyanuu (MHOTIA WX HA3BIBAIOT CUMBOJIbI-OrpannanTenn). Kak
MPABUJIO, KJIFOUYEBBIE CJIOBA — 3TO HEKOTOPOE KOHETHOE TOIMHOXKECTBO UISHTHU-
duraropos. B mekoropbix sa3bikax (Hanpumep, I1JI/1) cMmbici jgekceMbl MOXKET
3aBHCETH OT e KOHTEKCTA M HEBO3MOXKHO ITPOBECTH JIEKCHYECKU AHAJU3 B OT-
PBIBE OT CHHTAKCHYIECKOTO.

C ToukmM 3peHus HATbHEAmuxX (a3 aHaJIn3a JIEKCHUYECKUH aHAJIN3ATOD BhI-
naet na(OPMAINIO JIBYX COPTOB: JIJII CHHTAKCHIECKOTO aHAJIN3ATOPA, PADOTAI0-
[IEro BCJIE 3 JIEKCHYIECKIM, CYIIECTBEHHA HH(OPMAIIU O MOCIEI0BATETHHOCTH
KJIACCOB JIEKCEM, OTPAHUYUTENEH U KIIOYEBBIX CJIOB, A JIJIsi KOHTEKCTHOT'O AHAJIH-
3a, PaDOTAOIIErO BCJIE T 33, CHHTAKCHIECKIM, BayKHA, HH(MOPMAIWSA O KOHKPETHBIX
3HAYEHUAX OTAEIBHBIX JIEKCeM (UAeHTU(DUKATOPOB, YUCEJ U T.1I.).

Takum obpazom, obOmAast cxemMa padOThI JEKCHIECKOTO AHATN3ATOPA TaKO-
Ba. CHauasa BbLAE/IIeTCs OTAeIbHAs JeKceMa (BO3MOXKHO, UCIIOb3Y sl CUMBOJIbI-
pazaenurenn). Kirodesbie clioBa pacino3HaioTcs Jubo ABHLIM BbIIEJICHAEM HEIIO-
CPEJCTBEHHO W3 TEKCTA, JUOO CHAYAJIA BBIIEISETCS HICHTU(PUKATOP, & 3aTeM
JIeJTAETCS TTPOBEPKA HA MPUHAIJIEKHOCTH €r0 MHOYKECTBY KJIFOUEBBIX CJIOB.

Eciu Bblaesennast jekceMa siBIsSeTCst OPPAHUYUTENEM, TO OH (TOYHee, HEeKO-
TOPBII €ro NPU3HAK) BbIAAETCS KAK PE3YJIbTaT JEKCUIeCKoro anaau3a. Eciu Bbi-

30
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JIeJIeHHAS JIEKCEMA, SBJISETCS KIIOYEBBIM CJIOBOM, TO BBIJAETCS TIPU3HAK COOTBET-
CTBYIOIIEr0 KII0YEBOro cyioBa. Eciu BbieieHHAS TeKceMa ABIeTCs uaeHTugu-
KATOPOM — BBIJAETCs MPU3HAK UICHTU(DUKATOPA, a CaM HJIEHTU(DUKATOD COXPa-
HsIeTCS OTAeIbHO. HakoHeIl, ecin BhIIeIeHHAS JIEKCEMA TTPUHAIJIEIKUT KAKOMY-
Jiub0 U3 IPYTUX KJIACCOB JIEKCeM (HAPUMED, JIEKCEeMa MPEICTABIIAeT CODOM amc-
JIO, CTPOKY ¥ T.JI.), TO BBLAAETCsI IIPU3HAK COOTBETCTBYIOIIEIO KJIACCA, & 3HAYEHHE
JIEKCEMbBI COXPAHSAETCS OTIETBHO.

Jlekcuyeckuit anam3aTop MOXKeT ObITh KAK CAMOCTOSITEIbHON (ha30ii TpaHC-
JIAIAN, TAK W MOJIPOTPAMMOM, padoTaroiieil Mo mpuHIUNY “mail jgexcemy”’. B
nepsoM ciaydae (puc. 3..1, a) BBIXOJOM aHAIU3ATOPA ABJsteTcs (ails 1ekcem, BO
BrOpOoM (puc. 3..1, 6) JeKceMa BLIIAETCS MPH KaXKIOM OOPALEHUN K aHAJIA3ATO-
py (Ipu TOM, KaK NMPaBUJIO, NMPU3HAK KJIACCA JIEKCEMbI BO3BDAIIAETCA KaK pe-
3yAbTAT PYHKIUN “TTEKCHIECKUH aHATIN3ATOP”, 8 3HAYEHNE JIEKCEMbI [TePEIAeTC s
gyepe3 r06ajabHyIo 1epemennyio). C Touku 3peHusi 06pabOTKK 3HAYEHUIT JIeK-
CEeM, aHAJIM3ATOP MOXKET JINOO TMTPOCTO BHIIABATH 3HAUEHNE KAXKIOU JIEKCEMBI, U
B 9TOM CJIy4ae MOCTPOeHue Tabyul, 00beKTOB (MAeHTU(MUKATOPOB, CTPOK, YHUCET
U T.JI.) TIEPEHOCUTCs Ha Gosee nmosauue Gas3bl, JUO0 OH MOXKET CAMOCTOATEIb-
HO cTpouTh Tabsuibl 00beKTOB. B 3TOM Ciiydyae B KadecTBe 3HAYEHUS JIEKCEMbI
BBIJIAETCS YKA3ATEIb HA BXOI B COOTBETCTBYIOILYIO TAOIHILY.

Tun, 3naueHue CHHT. aHaU3aTop D
A
Tun
JIeKCEMEL 3HaueHue
A
A
Tabmnuma Jlekc. aHanu3aTop
a o
Puc. 3..1:

Paborta nekcuyveckoro anajan3aTopa 3aJaeTcsi HEKOTOPHIM KOHEYHBIM aBTO-
maroMm. OJHAKO, HEMOCPEICTBEHHOE ONMUCAHNE KOHEYHOTO aBTOMATA HEYI00HO ¢
MpaKTU4IecKoil Touku 3penusi. [losromy s 3a/1aHus JEKCHIeCKOrO aHAJIN3ATO-
pa, KaK MPaBUJIO, UCTIONH3YETCs JHO0 PEeryssipHoe BbIpaykeHne, Ju00 MPaBOIH-
Helinag rpamMMaTuka. Bee Tpu hopMannzMa (KOHEIHBIX aBTOMATOB, PETYJISTPHBIX
BBIPDAYKEHUI U TPABOJUHEHHBIX TPAMMATHK) UMEIOT OJUHAKOBYIO BHIPA3UTE b
HYIO MOIIHOCTb. B 9acTHOCTH, TIO PEryJIiDHOMY BBIPAXKEHUIO WJIU IIPABOJIHHE-
HOW rpaMMaTHKe MOXKHO CKOHCTPYHUPOBATh KOHEYHBI aBTOMAT, PACIIO3HAIOLINIA
TOT K€ A3bIK.
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3.1. Peryaspuble MHOXKECTBA 1 BbIPpaXKeHUA

BremeM NOHATHE pe2yaapH020 MHOHCECTNEA, UTPAIOIIErO BAYKHYIO POJIb B TEOPUHU
POpMATHHBIX A3BIKOB.

Pezyaapnoe mrooicecmeo B andasure T onpenesercs peKypCUBHO CIIEIYIO-
UM 00Pa30M:

1) @ (mycroe MHOXKECTBO) — PEryJIIPHOE MHOXKECTBO B ajdasure T

(1)
(2) {e} — peryasipnoe MHOXecTBO B asndasute T (e — mycras 1eNOvYKa);

(3) {a} — perynsiproe MHO)KecTBO B andasure T mjst Kaxkaoro a € T

(4) eciiu P u ) — perynsipuble MHOXKecTBa B asasure T, TO peryispHbIMU

ABJIAIOTCA 1 MHOXKECTBa

(a) PUQ (obbennuenue),
(6) PQ (xonkarenauusi, T.e. MmHoxkectso {pq|p € P,q € Q}),

o0
(B) P* (wrepamms: P* = |J P™);
=0

(5) HUYTO ApYroe He sABJSETCs PEryJsiPHbIM MHOXKecTBOM B ajdasute T

Nrak, MHOXKecTBO B aidapure T perysipHO TOTJA W TOJIBKO TOT/A, KOTIA
ono smbo @, oubo {e}, nmubo {a} mus mekoroporo a € T, nmubo ero MOKHO
[OJIyYUTh W3 ITHX MHOXKECTB IPHMEHEHUEM KOHEYHOIO YUCHIA Onepamuii 06b-
e/IMHEHNST, KOHKATEHAIMY U UTEDALIH.

IIpuBesenHOE BBIIE ONPEJETEHUE PETYNAPHOIO MHOXKECTBA MO3BONSIET BBE-
CTH CJIELYIONIYIO YAOOHYIO (POPMY €ro 3alicH, Ha3BIBAEMYIO PEYAAPHbIM 6biPa-
oHCENUEM.

Pezyaaproe evpasicenue B andasure T’ 1 0603HATAECMOE UM PETYIISAPHOE MHO-
KecTBO B asidpaBure T’ OIpeAeNIOTCs PEKYPCUBHO CASAYIONIM 06pa3oM:

1) @ — perynsipHOe BbIpazkeHne, 0003HAYAIOIIEe MHOKECTBO J;

(1)

(2) e — peryssipHoe BbIpazkeHue, 0603HAYAIOIIEe MHOXKECTBO {e};
(3) a — peryasipHoe BbIparkeHWe, 0003HAYAIOIIEE MHOKECTBO {a};
(4)

4) ecnv p M q — PEryJISIPHBIE BBIPAXKEHUsI, 0O03HAYAIOIINE PETYJISIPHBIE MHO-

xecTBa, P u () COOTBETCTBEHHO, TO
(a) (plg) — perynsipHoe BbIpasKeHHe, O0DO3HAYAOIIEE PEryJIsIpHOE
MHO)KecTBO P U (),

(6) (pq) — perysspHOe BbIpaxkeHue, 0603HAYAIOIIEE PEryJISPHOE MHOXKE-
crBo PQ,

(B) (p*) — peryssipuoe BbipakeHue, 0H03HAYAIOIIEE PEryJISPHOE MHOXKE-
ctBO P*;
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(5) HUYTO ApPYyTOE HE SABJSIETCs PEryJsiPHbIM Bbipaxkenuem B asdasure T

Mpubr 6yﬂeM ONyCKaTh JIUIITHUE CKO6KI/I B PETYJAPHBIX BBIPpAZKEHUAX, TOTOBO-
PUBHINCH O TOM, YTO ONEpaAllud UTEPAIIUN NMEET HANBBICIITNI OPUOPUTET, 3aTEM
HWAEeT OIepalui KOHKATEHAIINN, HAKOHEIl, ONepaInsa O0beINHeHNs NMeeT HaM-
MEHBIIUNA TPUOPUTET.

Kpome ToTO, MBI GyaeM HOIL30BATLCA 3amuchio pt a1a obo3HadeHus pp*.
Taxum obpasom, 3armuck (al((ba)(a*))) sxeuBanenTna alba™.

Hakouer, Mbl GyzeM UCOONIb30BATH 3anuch L(r) s peryJspHOrO MHOMKe-
cTBa, 0003HAYAEMOTO PETYIAPHBIM BBIPAKEHUEM T

[lpumep 3.1. Heckonbko IPUMEPOB Pery/sPHBIX BBIPAXKEHUN 1 0003HAYUAEMBIX
UMM PEryJasapPHBbIX MHOXKECTB:

a) a(e|a)|b — o6osmauaer muoxecrso {a,b, aa};

6) a(a|b)” — oGo3HAUAET MHOXKECTBO BCEBO3MOYKHBIX IETIOYEK, COCTOSIINX U3 a U b,
HAYUHAIOMIUXCA C a;

B) (a]b)*(alb)(a|b)* — o6o3HAUAET MHOMXKECTBO BCEX HEIYCTHIX IENOUEK, COCTOSIIINX
u3 a u b, T.e. MmuoxecTso {a, b}";

r) ((0]1)(0]1)(0]|1))* — o6o3HAUAET MHOXKECTBO BCEX LEMOYEK, COCTOSIINX U3 HyJei
¥ eIVHUI], JJIUHBI KOTOPBIX JeJAATCT Ha 3.

4o, 9TO A9 KayKI0TO PETYAIPHOTO MHOYKECTBA MOYKHO HAUTHU PETYIIPHOE
BBIDAZKEANE, 0003HAYAIOIIEE 3TO MHOXKECTBO, U HA060poT. Bosee Toro, s kax-
JIOTO PEryJasipHOrO0 MHOYKECTBa CYIIECTBYeT OECKOHETHO MHOTO OOO3HAYAIOIIUX
€ro peryJisipHbIX BbIPaKeHUil.

BysieM roBOpPHTH, YTO DEryJispHbIE BLIPDAXKEHUS PAGHbL WM IKEUGAAEHTHDL
(=), eciu oM 0603HAYAIOT OJHO U TO YK€ PErYJISPHOE MHOXKECTBO.

CymecTByeT psj anrebpamdecKuX 3aKOHOB, TO3BOJSIONAX OCYIIECTBIISTH
9KBHUBAJIEHTHOE ITPE00PA30BAHNE PETYIAPHBIX BbIPAXKEHMUIA.

Jlemma. ITycmo p, g uT — peayarapuvie evpasicerus. Tozda cnpasedausol cae-
dyrousue COOMHOWEHUR:

(1) plg=qlp; (7)  pe=ep=p;
(2) o =e¢; (8) op=po=a;
(3) plglr) = (pl@)|r; 9)  p*=plp*

(4) plgr) = (pg)r; (10) (p*)* =p*;
(5) p(q|r) = pqlpr; (1) plp=p;

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

CnenctBue. /lasa 1100020 PE2YAAPHO20 BVIPANHCEHUA CYULECTNEYEM IKEUBAH-
AEHIMHOE PE2YAAPHOE BBIPANHCEHUE, KOMOPoe Aub0 ecmv &, aubo He codep-
otcum 6 ceoeli 3anucu J.

B nambaeiiniem 6yaemM pacCMATpPUBATH TOJIBKO PETYJISIPHBIE BHIPAXKEHUs, HE
coJiepzKallye B CBOel 3anucu &.

IIpu mpaxTH9ecKOM OMUCAHWE JIEKCHIECKHX CTPYKTYP OBIBAET IOIE3HO COITO-
CTaBJIATH PETYIAPHBIM BBIPAXKEHUAM HEKOTOPbBIE MMEHA, M CChIIATHCA Ha HUX MO
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aTUM nMeHaMm. [l ompeesieHns TaKUX WMEH MBI OyeM MCIOIb30BATh 3AIIMCh
BHIA

d1 =T

d2 =T2

d, =1,
rae d; — pa3IuYHbIE HUMEHA, a KarXKJI0€ 7; — PETYISAPHOE BLIPAYKEHUE HaJ, CHMBO-
aamu T'U{d;, ds, ..., d;—1 }, T.e. cumBONaMu OCHOBHOTO asihaBUTa 1 PAHEE OIpe-

JleIeHHBIMEU cuMBosiaMu (umenamu). Takum o6pa3oM, AJist T1060ro r; MOYKHO TIO-
CTPOUTDH PEryadpHOe BbIpazKEHNE Hal T, TOBTOPHO 3aMeHAA NMEHaA PEryJIdPpHbIX
Bpra}KeHI/Iﬁ Ha O603Ha}laeMbIe MU PETYIAPHbIC BbIDaXKEHUA.

[lpumep 3.2. lcnomb30BaHue MMEH [JIsT PETYJISIPHBIX BBHIPAYKEHMIA.

a) PerynsipHoe BBIpaskeHme IIsi MHOXKECTBA UIeHTH()UKATOPOB.
Letter = alb|| ... |z|y|z
Digit = 0[1] ... |9
Identifier = Letter(Letter|Digit)*
6) PerynspHoe BbIpazKeHHE /sl MHOYKECTBA YHUCEJ B IECATUIHON 3aIUCH.
Digit = 0[1] ... |9
Integer = Digit™
Fraction = .Integerle
Exponent = (E(+]| — |e)Integer)|e
Number = Integer Fraction Exponent

3.2. KoHeuyHnble aBTOMATHI

Perymnsipuble BbhIparkeHus, BBeJIEHHbIE DaHee, CAYXKaT [JIsI ONUCGHUA PETYJIIsp-
HBIX MHOXKECTB. LI pacnosnasanus PEryaspHbIX MHOMKECTB CIIYKAT KOHEUHBLE
a8MOMAMbL.

Hedemepmunuposanmwviii xonewnviti asmomam (HKA) — sro narepka M =

(Q7 T7 D7 qo, F)7 raoe
(1) @ — KOHEUHOEe MHOXKECTBO cocmosnu;

(2) T — KOHEYHOE MHOYKECTBO JOIYCTUMBIX 6LOOHBIL CUMB0406 (BXOTHOM aJI-

dasur);

(3) D — ¢pynryus nepexodos (orobpazxkaromas muozkectso QX (T'U{e}) Bo muo-
JKECTBO IIOJMHOKECTB MHOKECTBA ()), ONPEesIOmAsT TOBEICHAE YIIPAB-
JIAIOMIErO YCTPONUCTBA;

(4) qo € Q — HauaavHOE cocmoAHue YIPABISIONIErO YCTPOHCTRA,
(5) F C ) — MHOXKECTBO 3aKAOUUMEALHBT COCTNOAHUL.

Pabora konedHOro aBTOMAaTa MPEACTABIAET COOOH HEKOTOPYIO IOCIEI0BA-
TEJLHOCTD [IAr0B, WJIA TAKTOB. TaKT ONpeIessieTcs TeKYIUM COCTOSTHUEM YIIPAB-
JISIIOIIEro yCTPORCTBA U BXOJHBIM CHMBOJIOM, 0003DEBAEMBIM B JIAHHBIH MOMEHT
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Cocrostane

A

IIpounTanHas yacTb Texymuit HenpouuTannas yactb
BXOJHOM LIEMMOYKHU BXOJIHOM BXOJIHOM IIEMOYKHU
CHMBOJI

Puc. 3..2:

BXOZHOI TOM0BKOH. CaM 1mar COCTONT M3 W3MEHEHWs! COCTOSIHUS W, BO3MOYKHO,
C/IBUTA BXOJHOW I'OJIOBKU HA OJHY sueiiky Bupaso (puc. 3..2).

HenerepMuHN3M aBTOMATA 3aKII0YAETCA B TOM, 9TO, BO-TIEPBBIX, HAXOAACH B
HEKOTOPOM COCTOSTHMM M 0603peBast TeKyIuii CUMBOJI, ABTOMAT MOYKET TepeiTH
B OJIHO U3, BOOOIIE TOBOPS, HECKOAbKUL BO3MOXKHBIX COCTOSHUIL, U BO-BTOPBIX,
aBTOMAT MOYKET JEJIATh TEPexXOIbl TO e.

MMycrs M =(Q, T, D, qo, F) - HKA. Kongueypayueti asromara M nasbia-
erca napa (¢, w) € @ x T*, rue ¢ — TeKyuee COCTOSHUE yIIPABJISIOLIErO yCTPOIi-
CTBa, & W — IEMOYKA CUMBOJIOB Ha BXOJHON JIEHTE, COCTOAIIAS U3 CUMBOJIA IO
rOJIOBKOII M BCEX CHMBOJIOB crpaBa orT Hero. Kordurypamus (go, w) Ha3biBa-
erca nauaabhol, a koudurypamus (g, e), rae ¢ € F — saxamovumenvroti (wim
donycrarouet).

Mycrs M = (Q,T, D, qo, F) — HKA. Taxmom asromara M na3biBaercs
OMHAPHOE OTHOIIIEHHE -, onpeaeeHHoe HA KoHpurypamuax M caemyommuM 00-
pasom: ecint p € D(q, a), toe a € T U {e}, 1o (¢, aw) F (p, w) nns Bcex w € T™*.

Bynem o6osmauarh cumsogoMm Tt (F*) rtpamsurusnoe (pediekcuBHo-
TPAH3UTUBHOE) 3aMbIKAHNE OTHOIICHUS |

Tosopsit, yro aBromar M donyckaem uenouky w, eciu (go, w) H* (g, ) mis
HekoToporo ¢ € F. d3bikom, donyckaembvim (pacnosmnasaemoim, onpedessemoiim)
apromarom M, (obosuauaercs L(M)), Ha3biBaeTCsi MHOXKECTBO BXOJHBIX LETIO-
4Jek, JomyckaeMmbrx aromarom M. T.e.

L(M) ={wjweT* u (go,w) " (g,€e) nnst mexkoroporo q € F'}.

BasKHBIM 9aCTHBIM CIIydaeM HEIeTEPMUHWPOBAHHOTO KOHEIHOTO ABTOMATA,
ABJIACTCS JeMEPMUHUPOSAHHBIT KOHEWHbLT A6MOMAIM, KOTOPBIH HA KAYKIOM TaK-
Te pabOThI UMEET BO3MOXKHOCTD TIepeiiTu He 0oJiee YeM B OJHO COCTOSHUE U HE
MOXKET JIeJaTh HePEXOIbI 110 €.

Mycrs M = (Q,T, D, qo, F) —HKA. Bynem nasvisars M demepmunuposan-
HoLm KoHewHbm agmomamonm (JIKA), ecnu BBITOTHEHBI CIEAYIOMAE ABA yCIIO-
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BU4Ad:
(1) D(q,e) = & nua awboro q € Q, u
(2) D(q, a) comepxkut ne 6ojee OAHOTO djIeMeHTa, i JI00ObiX ¢ € Q u a € T'.

Tak kak Gpyukuus nepexonos KA coxep:xkur He 6Gojiee OIHOIO 3JIEMEHTA
ajs o060l nmapbl aprymedTos, s JIKA Mbl OyaeM [MOIb30BATHCA 3aIlUChHIO
D(q, a) = p Bmecto D(q, a) = {p}.

Koneunsrit aBromMmar MoxkeT ObITH W300parkeH rpaduyecku B BUIE duazpam-
Mbl, TIPEJICTABJISAIONIEH cOO0I OpUEHTUPOBAHHBIN rpad), B KOTOPOM KayKIOMY CO-
CTOSIHMIO COOTBETCTBYET BEPINUHA, & Jyra, loMedeHHas cuMBoiom a € T U {e},
COoeJlMHsIeT JBe BEpUIUHbL P U ¢, eciau p € D(q, a). Ha nquarpamme BbLaesigorcs
HAYAJIbLHOE U 3aKJII0YUTE]bHbIE COCTOAHMs (B IIPUMEPAX HUXKE, COOTBETCTBEHHO,
BXOJIAIIE CTPENIKOI 1 ABOMHBIM KOHTYPOM).

Ilpumep 3.3. Iycts L = L(r), rme r = (a|b)*a(a|b)(ald).
a) Henerepmuruposannblii KoHewHbINH aBromar M, momyckaommii 36k L:
M = {{1, 2,3, 4}, {a, b}, D, 1, {4}},
rae dyuknus mepexonos D ompemenseTcs Tak:
D(1,a) ={1,2}, D(3,a)={4},
D(2,a) = {3},  D(@3,b) = {4},
D(2,b) = {3}.
unarpamMmma aBToMaTa OpHBEAEHA HA puc. 3..3, a.

6) derepMuHUPOBAHHBLINA KOHEYIHBIH aBromar M, nomyckamommit a3bk L:
M = {{17 27 37 4) 5) 67 77 8}7 {a7 b}i D7 ]‘i {3i 57 67 8}}7
rae dyuknus mepexonos D ompenensieTcs Tak:

D(17 b) =1, .D(57 b) =6,
D(27a): ) D(67a):27
D(?, b) =17, D(G, b) =1,
D(3, a) =3, D(7, a) =38,
D(3ab):57 D(77b):67
D(47 a) =3, D(87 a):47

JurarpamMmma aBroMaTa OpHBeneHa Ha puc. 3..3, 0.

[lpumep 3.4. dumarpamma JJKA, 10omycKaromero MHOXKECTBO YHCEs B I€CATUIHON
3ammcu, mpuBeeHa Ha puc. 3..4.

llpumep 3.5. Amanu3 memnouex.

a) Ilpm amanm3e nenoukm w = ababa aBTOMaT W3 mpumepa 3.3, &, MOXKET CIEIATH
CIEIYIONLY IO TIOCIEI0BATETLHOCTh TAKTOB:
(1, ababa) F (1, baba) F (1, aba) F (2,ba) F (3,a) - (4, ¢€).
Cocrosuue 4 gaBigeTcs 3aKJIIOUYATENHHBIM, CJIEJOBATEIHLHO, TENOYKa W JIOIYyCKa-
€TCsl 9TUM aBTOMATOM.
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f
LOHOHO

Puc. 3..3:

6) Ilpm amanmmse nenouku w = ababab aBTomat m3 mpuvepa 3.3, 6, JOMKEH CAEIATD
CJIEAYIONIYIO MOC/IEI0BATEILHOCTh TAKTOB!

(1, ababab) F (2, babab) F (7, abab) I (8, bab) F (7, ab) F (8,b) F (7, €).

Tak kak cocrostHre 7 HE ABJIIETCI 3aKJII0YUTE/NbHbIM, HETIOYKa W HE JOIIYCKAETCA
9THUM aBTOMATOM.
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3.3. Aaroputmsbl IOCTPOEHUS
KOHEYHBIX aBTOMATOB

3.3.1. IlocTpoeHue HegeTEPMUHNUPOBAHHOTO KOHEYHOTO
aBTOMATA TI0 PETYJIAPHOMY BbIPAYKEHUIO

PaCCMOTpI/IM AJITOPUTM TOCTPOEHUSA MO PETYJIAPHOMY BBIDAKEHUIO HEIETEPMU-
HUPOBAHHOTO KOHEYHOTO aBTOMAaTa, JOMYCKAIOIIETO TOT Ke A3bIK.

AnroputMm 3.1. [locTpoenue HegeTEPMUHHPOBAHHOIO KOHEYHOIO aBTOMATA
[0 PEryJIsipHOMY BBIPAYKEHUTO.

Bzxo0. Perynsipnoe Bbipaxkenue r B ajadasure 1.

Boizod. HKA M, rakoit uro L(M) = L(r).

Memod. ABromar i BBIpAXKEHUS CTPOUTCS KOMIIO3UIUEH U3 aBTOMATOB,
COOTBETCTBYIOIINX MOABbIpakeHnsiM. Ha KaxK/IoM I1rare mocTpOeHUsT CTPOSIIIHI-
Csl AaBTOMAT MMEEeT B TOYHOCTH OJHO 3aKJIIOUUTEIHHOE COCTOSHNE, B HAYAIHHOE
COCTOSTHHE HET MePEeXOJI0B M3 IPYTHUX COCTOSTHUN M HET TIePeXO/I0B M3 3aKII0YN-
TEJILHOTO COCTOSIHUS B JAPYTHE.

1. s BeIpazKeHus e CTPOUTCS aBTOMAT

—-(O—0

Puc. 3..5:

2. nsa seipazkennst a (a € T') cTpouTest aBromMar

—-(O—0

Puc. 3..6:

3. Mycrs M(s) u M(t) — HKA misa peryisipHbIX BbIpasKeHWd § U ¢ COOTBET-
CTBEHHO.

a) Hua soipaxkenus s|t aromar M(s|t) crpouTcsi KaK II0KA3aHO HA
puc. 3..7. 31ech ¢ — HOBOE HAYAJILHOE COCTOSHWE W f — HOBOE 3a-
KJIOUNTEIbHOE COCTOSTHUE. 3aMEeTHM, YTO MMEET MeCTO TEPeXoJ IO
e u3 | B HavYaIbHbIe cocroauus M (s) u M (t) u nepexon mo e u3 3a-
KJounTesbHbIX cocrosiuuii M (s) u M (t) B f. HauanbHoe u 3akitoun-
TesbHOE cocTosnus aBroMaroB M (s) u M (t) He sSBAAIOTCH TAKOBBIME
s asromara M (s|t).
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Hauanbuoe cocrosune M (S) CTAHOBUTCS HAYAIBHBIM /71 HOBOTO aB-
TOMaTa, a 3aKJI4YuTeIbHoe cocrosinue M (1) cTraHOBUTCH 3aKJIIOYU-
TeJIbHBIM /I HOBOrO aBroMara. HauambHoe coctosinue M (t) u 3a-
KJIIOUNTEIhHOE cocTostnne M (s) camBaioTCs, T.e. BCE TEPEXOIbl U3
HAYAJIBHOTO cocTostHust M (t) CTAaHOBSTCSA TNepexoJaMu W3 3aKJII0UN-
resbHOro cocrosuus M (s). B HoBoMm aBrOomMaTe 310 06beAMHEHHOE
COCTOSIHWE HE SIBJIAETCA HU HAYATbHBIM, HH 3aK/II0UUTEIbHBIM.

B) st Beipaxkenus s* apromar M (s*) crpourcs ciemyionmmM o6pa3om:

Puc. 3..9:
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31ech i — HOBOE HaYaIbHOE COCTOSHIE, & f — HOBOE 3aKJIIOYUTETHHOE
COCTOSIHUE.

3.3.2. llocTpoeHme AeTEPMUHUPOBAHHOTO KOHEYHOTO
aBTOMATA 10 HEAETEPMUHUPOBAHHOMY

PaCCMOTpI/IM AJITOPUTM TTOCTPOEHUA IO HEACTECPMUHUPOBAHHOMY KOHEYHOMY aB-
TOMATy JETePMUHUPOBAHHOTO KOHEYHOT'O aBTOMATa, JOITYCKAKIIETO TOT 2Ke A3bIK.

Anropurwm 3.2. IlocTpoenne 1eTepMUHIPOBAHHOTO KOHEYHOT'O ABTOMATA ITO
HEeJIETEPMUHUPOBAHHOMY.

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

Buwizod. KA M' = (Q', T, D', ¢}, F'), rakoit uro L(M) = L(M").

Memoo. Kaxoe cocrostaue pesyabrupyioriero JJKA — 310 HekoTopoe MHO-
KeCTBO cocTosHmit ncxognoro HKA.

B anropurme 6yayT HCIOMB30BATHCS CAEAyIONTE (DyHKITIH:

e-closure(R) (R C @) — mHO)kecTBO cocrosianiit HKA,| mocTnRuMbIX 3 co-
CTOSTHUH, BXOAANMX B R, TOCPEICTBOM TOJIBKO MEPEXOIOB IO €, T.e. MHOYKECTBO

s =l e)F (ve)}

qgER

move(R, a) (R C Q) — muoxkectso cocrosiauit HKA | B koTopbie ecTb mepexo/,
Ha BXOJE @ IJIst COCTOSHUH 3 R, T.e. MHOXKECTBO

S = J{plp € D(g, )}

qER
Bragane Q' u D' mycrobl. BemomauTs marm 1-4:
(1) Ompenenurs g} = e-closure({qo})-
(2) Hobasuth g B Q' KaK HEMOMEYEHHOE COCTOSTHHUE.

(3) BBINOMHUTD CIELYIONIYIO MPOIELYPY:
while (8 Q' ecTp HemomeuenHoe cocTosume R){

noMeTuTh R;
for (xaxmoro Bxommoro cumsona a € 1T){

S = e-closure(move(R, a));

if (S #@){

if (S¢Q"
nobaBuTth S B ()’ KaK HemoMedYeHHOE COCTOSHUE;

onpegenuts D'(R,a) = S;
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}
(4) Onpenemurs F' = {S|S € Q',SNF # @}.

[lpumep 3.6. Pesysnprar npumenenus anropurMa 3.2 npuseneH Ha puc. 3..10.

Puc. 3..10:

3.3.3. IlocTpoeHue geTepMHUHHUPOBAHHOTO KOHEYHOIO
aBTOMATA TI0 PETYJIAPHOMY BBIPAXKEHUIO

[TpuBenem Temepsh aJrOPUTM TOCTPOEHUS 10 PETYISPHOMY BBIPDAYKEHUIO TETEP-
MHUHUPOBAHHOIO KOHEYHOI'O ABTOMATA, JOILYyCKAIOIIEro TOT ke a3bik [10].

[Iycts mamo peryasproe Bbipazkenue r B andasure 1. K perymsipaomy Bbipa-
JKenuio r nobasum mapkep konua: (r)#. Takoe peryisipHoe Bbipazkenue Gyem
Ha3BIBATH NONoAHeHHbLM. B mporecce cBoei pabOThI alIroOpuT™M OyIeT UCIOIb30-
BATh MOMOTHEHHOE PETyJISPHOE BHIPAYKEHUE.

Anropurm Oyer onepupoBaTh ¢ CHHTAKCHYECKUM JIEPEBOM JIJTsT IIOMOTHEHHO-
'O PeryJispHOro Bbipazkenus (7)# , KAXK bl JUCT KOTOPOIO IIOMEYEH CUMBOJIOM
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a € TU{e,#}, a xkaxxnas BHyTPeHHss BEpIIMHA IOMEYEHA 3HAKOM OJIHOI u3
onepauwuii: - (KoHkarenaiys), | (o0beaunenune), * (urepauus).

Kaxgomy smcry nepeBa (Kpome e-1MCThEB) IPUIIMIIEM YHUKAJbHBIA HO-
Mep, Ha3bIBAEMbIH nosuyuet, n OygeM HUCIOIb30BATH €r0, C OJHOIM CTOPOHHI,
JIJIsl CCHLIKU Ha JINCT B JEPEBE, W, C JPYTOil CTOPOHBI, IJIsl CCHIIKH Ha, CHM-
BOJI, COOTBETCTBYIOIINH 3TOMY JIUCTY. 3aMETUM, UTO €CJIM HEKOTOPBIH CHMBOJI
HCIOJIB3YETCS B PErYJISSPHOM BBIPAYKEHUU HECKOJIBKO Pa3, OH UMEET HECKOJIbKO
TTO3UITHAMA.

Temepnb, 06xoms aepeBo T CHU3Y-BBEPX CIEBA-HAIIPABO, BHIYUCIHM YETHIPE
dbyuxnuu: nullable, firstpos, lastpos u followpos. @yukuunu nullable, firstpos
u lastpos onpeneneHsl Ha, y3jax aepesa, a followpos — Ha MHOXKECTBE TO3U-
nuit. 3navennemM Bcex QyHKmil, kpome nullable, SBasgeTCs MHOKECTBO MO3UITHH.
Oyukuusa followpos BuIYUC/IsETCS Yepe3 TPU OCTaIbHbIE (DyHKIUH.

Dyukuus firstpos(n) s KazxKA0ro ysjia n CHHTAKCUYECKOIO JE€PEBa PEry-
JISIPHOTO BBIPAYKEHUsI JIAET MHOXKECTBO MO3UIUI, KOTOPbIE COOTBETCTBYIOT HEp-
BBIM CHMBOJIAM B TIOJIEMOYKAX, TEHEPUPYEMBIX MOABLIPAYKEHUEM C BEPITHHOMN
B n. Anamoruuno, lastpos(n) Haer MHOKECTBO MO3UIMHA, KOTOPBIM COOTBET-
CTBYIOT TMOCJIEIHUE CUMBOJIBI B TMOIIEIIOYKAX, PEHEPUPYEMBIX TOABBIPAYKEHUS-
mu ¢ BepmmHOi n. js y3na m, nomnepeBbs KOTOpOro (T.e. J€peBbs, Y KO-
TOPBIX y3€Jl N SBJSETCS KOPHEM) MOIYT MOPOJAUTH IIyCTOE CJIOBO, OIPEIEIUM
nullable(n) = true, a nas ocranpubix y3iaos nullable(n) = false.

Tabauna mis serauciaenus dyukiuit nullable, firstpos v lastpos npusenena
Ha puc. 3..11.

y3ea n | nullable(n) firstpos(n) lastpos(n)
JIACT e true 7] &
JICT § false {i} {i}
(ue e)
| nullable(u)
/\ or firstpos(u) U firstpos(v) | lastpos(u) U lastpos(v)
uwv | nullable(v)
: nullable(u) if nullable(u) then if nullable(v) then
/\ and firstpos(u) U firstpos(v) | lastpos(u) U lastpos(v)
uwv | nullable(v) else firstpos(u) else lastpos(v)
*
| true firstpos(v) lastpos(v)
v
Puc. 3..11:

llpumMep 3.7. CuHTAKCHYECKOE AEPEBO [1Jisl IOIOJHEHHOIO PEry isipHOTO BhIpazKe-
mug (alb)*abb# c pesysnbraTom Bhramcnenus bynkuuii firstpos u lastpos npuseneno
Ha puc. 3..12. CieBa 0T KaxkI0ro y3ja PACIOIOXKEHO 3HaueHue firstpos, cmpaBa OT
y3na — 3nadenue lastpos. 3ameruM, 94T0 3T PyHKIUU MOTYT ObITH BEIYUCJIEHBI 33 OJIUH
00Xx0, JepeBa.
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{1.2,3} =« {3} {4} b {4}

{1.2} * {1.2} {3}a {3}

~

1,2} 1 {1,2}

{1} af{l} {2} b{2}

Puc. 3..12:

no3unus | followpos
1 {1, 2, 3}

{1, 2, 3}

{4}

{5}

{6}

%)

SO W N

Puc. 3..13:

Ecan i — nosunus, 1o followpos(i) ectb MHOXKECTBO NO3ULMA j TAKUX, YTO
CYIIIECTBYET HEKOTOPAS CTPOKA, ... cd ..., BXOJISAIIAS B sI3bIK, OMUCHIBAEMBIH pery-
JISPHBIM BBIPAYKEHNEM, TaKasi, UYTO TO3UIHS | COOTBETCTBYET STOMY BXOXKIEHHUIO
¢, & TIO3UIA j — BXOXKIEHUIO d.

Oyukuus followpos mozkeT ObITH BBIYKCIEHA TaKKe 33 OAMH 00X0/ JepeBa
CHU3Y-BBEPX [0 CJIEIYIOMIUAM JIBYM ITPABUIAM.

1. ITycth n — BHyTpeHHHUiT y3es ¢ oneparmedi - (KOHKATEHAIMA), U U U — €r0
noromku. Torma s KaxKI0i no3unuu 4, Bxoadieil B lastpos(u), mobasisem K
MHOXKeCTBY 3Hauenuii followpos(i) muaoxectso firstpos(v).

2. Ilycrb n — BHyTpenHwuii y3es ¢ onepanueii * (urepauus), & — ero HOTOMOK.
Torma n1st Kaxk n0it no3unuu i, Bxozsweii B lastpos(u), 1obaBiiseM K MHOXKECTBY
suavenuii followpos(i) muoxkecrBo firstpos(u).

[lpumep 3.8. Pesyabrar Boraucienus Gyaruuu followpos njs peryaspHOro Bbi-
paXKeHHs W3 OpeIbIIyIIero mpuMepa npuBeleH Ha puc. 3..13.

Aaropurm 3.3. [Ipamoe nocrpoenne JIKA 1o perysisipHoOMy BbIPpaKeHHIO.
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Bzxo0. Perynsipnoe Bbipaxkenue r B ajadasure 1.

Buxod. IKA M = (Q,T, D, qq, F), Takoii uro L(M) = L(r).
Memod. Cocrosinusa JIKA cOOTBETCTBYIOT MHOXKECTBAM TIO3UIIHIA.
Buauvazne () u D nyctol. BoimoauuTs marn 1-6:

(1) TTocTponTh CHHTAKCHYECKOE JEPEBO IS TIOTIOJIHEHHOTO PEryJIsipPHOTO BbI-
paxenus (1)7.

(2) O6Gxomst CUHTAKCHYECKOE J€PEeBO, BLIUUCIUTH 3HAueHUs DyHKIM
nullable, firstpos, lastpos u followpos.

(3) Ompenenuts qo = firstpos(root), Tae root — KOpeHb CHUHTAKCHYIECKOTO
JIepeBa.

(4) Hobasuth gp B () KAK HEIIOMEUYEHHOE COCTOSTHUE.

(5) BBINOMHUTD CIELYIONIYIO MTPOIEAYPY:
while (8 () ecTs mHemomeuemmoe cocTosHue R){
noMeTuTh R;
for (xaxzmoro Bxommoro cumsoma a € T , Takoro, 4TO
B R uMeeTcsa moszumnus, XKOTOpo#t cooTBeTCTByeT a){

IyCTh CHMBOJI a B R COOTBETCTBYET IIO3UIUAM

Diy-eyPn, mwuycts S= |J followpos(p;);
1<i<n

if (S #o){
if (S¢Q)
,ZLOﬁaBI/ITB S B Q KaK HeIIOMeYeHHOEe COCTOdHHE,

onpenenuts D(R,a) = S;

(6) Onpenesiurh F' Kak MHOXKECTBO BCEX COCTOAHUIN U3 (), COAEPIKALIUX 103U~
MU, CBSI3AHHBIE C CUMBOJIOM #.

[lpumep 3.9. Pesynbrar mpuMeHeHHS aJropuT™a 3.3 IJIs PEryJIsSPHOTO BhIpayke-
uus (a|b)*abb npusenen Ha puc. 3..14.
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— 5 {1,2,3} »| {1,2,3,4} > {1,2,3,5} » {1,2,3,6}
vt U ”
b a
Puc. 3..14:

3.3.4. llocTpoeHme AeTEPMUHNUPOBAHHOTO KOHEYHOIO
aBTOMAaTa C MUHUMAJbHBIM YUCJIOM COCTOSHUIA

Paccmorpum Teneps asiropurm nocrpoenus JIKA ¢ MuUHMMAIbLHBIM YHCIOM CO-
crosinuii, skBuBaJjenTHoro gannomy JKA [10].

Mycres M = (Q, T, D, qo, F) — IKA. Byznem nasvisats M 6ctody onpedeaeh-
Houm, ecin D(q,a) # S nsiBecex g € Qua € T.

Jlemva. ITyemv M = (Q,T, D, qo, F) — AKA, ne asasowuiica 6crody onpe-
deaennvm. Cyuwecmeyem ecrody onpedeaennviti JKA M', maxot wmo L(M) =
L(M").

JlokazarenscrBo. Pacemorpum asromar M' = (QU {¢'}, T, D', qo, F), tne ¢' ¢
Q) — HEKOTOpOEe HOBOE cocToAHme, a (GyHKIHa D' ompenenderca CeTylomnmM
obpa3zowMm:

(1) dua scex ¢ € Q u a € T, rakux uro D(q, a) # &, onpenenurs D'(q, a) =
D(q,a).

(2) Hus Bcex ¢ € Q u a € T, rakux yro D(q, a) = &, onpeneaurs D'(q, a) =
q.

(3) dnsa Bcex a € T oupenenuts D'(¢',a) = ¢'.
Jlerko mokasarsb, uTo apromar M' momyckaer TOT ke A3BIK, 9TO B M. ]

[IpuBegeHHBINT HUZKE AJTOPUTM MOJIYYAET HA BXOJE BCIOIY OMPEIeIEHHBIH
aBromar. Eciu aBroMar He siBJIsSIeTCs BCIOIY ONpeIeIeHHbIM, €10 MOXKHO C/IeTaTh
TAaKOBBIM Ha OCHOBAHHUM TOJBKO UTO MPUBEIEHHON JTEMMBI.

Anropurm 3.4. Tlocrpoenne /IKA ¢ MUHUMAIBHBIM YHCIIOM COCTOSTHUH.

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

Bwzod. KA M' = (Q',T,D’, ¢, F'), takoit uro L(M) = L(M') u M’
COJIEPXKUT HANMEHBIIIEE BO3MO2KHOE UUCIO COCTOAHUMN.

Memod. BeimonauTs maru 1-5:
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(1) Hocrpours HauasbHOe pasbuenue I MuoKeCTBA COCTOSIHUTT U3 ABYX TPYIILL:
BaKJIIOUUTENbHBIE COCTOsiHMs () u octanbubie Q — F, 1.e. II = {F,Q—F'}.

(2) Hpumenurs k II ciegyromyo npoueaypy u IOJyYduTh HOBOE pasbueHue
Mhew:
for (xaxgmoi rpymms G B II){
pasbuts (G Ha HOLTPYIIH Tak, YTOGH
cocTosgHua s u t us (G oxasaiucks
B OOHOM MOATpPyIIe TOrZa W TOIBKO TOTHA,
KOTZa LS KaXAOr'o BXOLHOTO CHMBOJA @
COCTOSHHUSA § U | MMelT Iepexoms IO a

B COCTOHHHS U3 OLHON u Toi xe rpymms B II;

samennTs G B Il,.w Ha MHOXecTBO Bcex
TIOJIyYeHHHX IOATPYIII;

}

(3) Ecau ey = I, nonaraem Il = I u nepexopum K mary 4, uaade noBro-
pstem mar 2 ¢ Il := ey

(4) Mycre s = {G, ... , Gp }. Onpenenum:

[ .
Q - {G17 7Gn}7
g, = G, rae rpynna G € Q' TakoBa, 4to gy € G}
F'={GIGeQ uGNF #a};

! ! — A —_ / !
D'(p'sa) = ¢, ectu D(p,a) =q, raepep uqeq.

Takum obpas3om, kKaxkmgas rpynmna B Iles CTAHOBUTCS COCTOSTHHEM HO-
Boro apromara M'. Ecau rpynma cOmepKHT Ha9aJbHOE COCTOSHHE aBTO-
mara M, 3Ta Tpynma CTAHOBATCA HAYAJILHBIM COCTOAHHMEM apromata M.
Ecnu rpynma comepKuT 3aKII0UUTEIFHOE COCTOsiHue M, OHA CTAHOBUTCS
3aKIIOUATENbHBIM cocTostamemM M'. OTmermM, 910 Kaxkmas Tpymma Iles

OO COCTOUT TOJBKO U3 COcTOsiHmi u3 F', mubo He nmeer cocrosumii u3 F.
[Tepexompl OIpeaesioTcss OIeBHIHBIM 00PA30M.

(5) Eciu M' umeer “meprBoe”’ COCTOSIHUE, T.€. COCTOSHUE, KOTOPOE HE ABJISTETCS
JIOIYCKAIOIIUM U U3 KOTOPOrO HET MyTeil B JIOIyCKAIOIIUEe, YIAJIUTH ero U
CBA3aHHBIE C HUM nepexoabl u3 M. Ynamurs u3 M’ rakke BCe COCTOSHUS,
HEOCTUKUMbIE U3 HAYATHHOTO.

[lpumep 3.10. Pesysbrar npumenenus agropurma 3.4 npuseseH Ha puc. 3..15.
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Puc. 3..15:

3.4. CBA3b peryJsspHbBIX MHOXKECTB, KOHEYHBIX
aBTOMATOB U PETryJIIPHbIX I'PaAMMaTUK

B paznene 3.3.3 npuBeneH aJropuTM MOCTPOEHUS JTeTEPMUHUPOBAHHOTO KOHEY-
HOTO aBTOMAaTa IO PETYJIIPHOMY BhIpaxKenuio. PaccMoTpuM Temeph Kak 10 OTH-
CAHUIO KOHETHOIO aBTOMATa MOCTPOUTH PEryJIsSpPHOE MHOKECTBO, COBIIAIAIOIIEE
C S3BIKOM, JOMYCKAEMBbIM KOHEIHBIM aBTOMATOM.

Teopema 3.1. fswik, donyckaemoili demMePpMUHUPOSAHHBIM KOHEYHBLM GETNO-
MAMOM, ABAAEMCA PERYNAPHBIM MHOHCECTNEOM.

HokazareanpctBo. Ilycts L — A3bIK IOMYCKAEMBIH JeTEPMUHUPOBAHHBIM KO-
HeunbiM aBromatroM M = ({q1, ..., qn},T, D, q1, F). Beenem D¢ — pacurmpen-
uyio GyHkImo nepexonos asromara M: D¢(q,w) = p, tne w € T*, Torma u
TOJBKO TOrga, Koraa (¢, w) F* (p, e).

O6o3naunM Rfj MHOXKECTBO BCeX CJIOB & Takux, I10 D°(¢;, ) = ¢; u ecin
D¢(q;,y) = gs nns m0060# nenodku y — npeduKca T, OTIUIHOTO OT L U €, TO
s < k.

Nubmvu cioBamu, Rfj €CTh MHOYKECTBO BCEX CJIOB, KOTOPBIE TIEPEBOAAT KO-
HEYHbI aBTOMAT U3 COCTOAHHA ¢; B COCTOAHUE (j, HE IIPOXOJA HU Yepe3 KAKOEe
cocrosiuue ¢s ajisi s > k. Opnako, i U j MOryT ObIThH GoJbINe k.

Rfj MOXKET OBITH OMPEIEIEHO PEKYPCUBHO CIEAYIOmUM 00pa3oM:

RY; ={ala € T, D(gi, a) = q;},
Rl = R U R (R R me 1<k <o

Takum obpazom, onpezesenne Rfj 03HAYAET, YTO JJid BXOTHOM IENOYKH W,
nepesongameit M n3 g; B q; 06e3 mepexona depes COCTOSHHA ¢ HOMepaMH, O0Tb-
muMu k, CpaBejinBO POBHO OIHO U3 CJEAYIOIINX ABYX YTBEDIKICHUN:

1. Hemouka w npUHAIIEKUT Rfj_l, T.e. IPDU aHAINU3€ IENOYKU W aBTOMAT
HUKOT/IA HE JOCTUTAET COCTOSHUN C HOMepaMu, OOIBITUMU WU PABHBIMU

k.
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2. llemouka w wMoXKeT OBITH TIPEACTABICHA B BHIE W = WiWaW3,
rme w; € Rfkfl (mopuenouka wp, mnepepomur M cHauasa B qk),
wy € (RE)* (mommenoura we mepesoaut M m3 qj, 06paTHO B gk, He TPO-
XOJIsl 9epe3 COCTOAHUS ¢ HOMEpaMu, OOIBITUME WU PABHBIME k), U w3 €
R,’jj_l (nommemouka w3 mepesoauT M u3 cocTosHuA g B ¢;) — puc. 3..16.

Puc. 3..16:
Torma L= | R’fj. Nuayknueit mo k MOXKHO TTOKA3aTh, 9TO 3TO MHOXKECTBO
q; €F
SABJISIETCST PErYJISIPHBIM. [ |

Taxum 06pa3oM, I BCAKOTO PETYJISIPHOTO MHOXKECTBA MMEETCA KOHEUHBIH
aBTOMAT, JIOMYCKAIOMIMI B TOYHOCTH 3TO PETYJIAPHOE MHOYKECTBO, U HA0OOPOT —
A3DBIK, JOMyCKAEMBbIH KOHEYHLIM aBTOMATOM €CTh PeryIapHOe MHOKECTBO.

PaccMOTpPEM Temeph COOTHOIIEHHe MeXKIY A3LIKAMH, MTOPOXKIAEMBIMH Ipa-
BONMMHEHHBIMI TPAMMATHKAMHA ¥ JIOMYCKAeMBIMI KOHEIHLIMH ABTOMATAMH.

IMpasonuueitnas rpamvaruka G = (N, T, P, S) nazsizaercs pezyaaphot, ec-
i

(1) kaxzoe ee npasuo, Kpome S — e, umeer Buj, inbo A — aB, mubo A — a,
rne A,BE N,a€T,

(2) B ToM cayuae, Korma S — e € P, HAUaJIbHbIA CUMBOI S HE BCTpEYAeTCs B
NPABBIX YACTAX MPABHIL.

Temva. ITyemo G — npasosuneiinas epammamura. Cyuecmsyem pezyiap-
nas epammamurae G maxas, wmo L(G) = L(G').

JlokazarenbcTBo. IlpenocraBisiercss YNTATETIO B KAYECTBE yIparKHeHns. MW

Teopema 3.2. IIyemv G = (N,T,P,S) — npasosuneiinas zpammamura.

Tozda cywecmeyem xoneunwnti asmomamn M = (Q, T, D, qo, F) das xomo-
pozo L(M) = L(G).
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JlokazarenpcTBo. Ha ocHOBaHWYT IPpUBEIEHHON BBIIIE JIEMMBI, 0€3 OrpaHmde-
HUsl OOIIHOCTH MOYKHO CYHUTATh, 9T0 (G — peryjspHas TpaMMATHKA.

IlocTponMm HemeTepMUHHUPOBAHHBIN KOHEYHBIN aBToMar M cleayoomuM 00-
pazom:

1. cocrosausivu M Oyayr nerepmuHaibl G mIoc HOBoe cocrosiaue R, He
npunaaexamee N. Tak uro @ = N U {R};

2. B KQueCTBe HAYAJIHLHOTO cocTostHus M mpumem S, T.e. go = S;

3. eciu P copepxur npasuio S — e, o F = {S, R}, unauve F = {R}.
Hamomuamm, aTo S HE BCTpedYaeTca B MPaBBIX 9aCTAX OPABHII, €CIH S —
e € P;

4. cocrosuue R € D(A, a), eciu A — a € P. Kpome Toro, D(A, a) cogep:kur
Bce B takwe, uro A — aB € P. D(R,a) = @ pns kaxjgoro a € T

M, aurtas BXOZ w, MOAeaupyeT BoIBOJ w B rpammaruke G. ITokaxkewm, 4To

L(M) = L(G). llycts w = a1a3 ... an, € L(G), n > 1. Torpa
S=aid = ... >a1ar...ap-14n_1 = a1as ... ap—1a,

JIJIsE HEKOTOPOI [IOCJ/I€I0BATEIbHOCTH HeTepMUHAI0B A1, As, ..., A, 1. Ilo ompe-
nesnenuto, D(S, a1) conepxur Ay, D(A1, as) comepxur Ao, u 1.1., D(A,_1, ay)
comepxkutr R. Tak uro w € L(M), nockosbky D€(S, w) conepxur R, a R € F.
Ecim e € L(G), 10 S € F, mak uro e € L(M).

Awnamoruuno, ecm w = a1as ... a, € L(M), n > 1, To cymecTByeT nocieno-
BaTeIbHOCTL cocrosauit S, Ay, Aa, ..., Ap—1, R makas, uro D(S, a1) comepxkut
A1, D(A1, a2) conepxut As, u 1.a. Ilosromy

S = a1Al = a1a242 = ... = ai1as...ap_1An_1 = a109 ...ap_10y,

—BoBoA, B G ux € L(G). Ecw e € L(M), 70 S € F, tak uto S — e € P u
e € L(QG). ]

Teopema 3.3. Jlaa xaoicdozo woneunoeo aemomama M = (Q,T,D, qo, F)
cywecmeyem npasoaunetinan epammamure G = (N, T, P, S) maxas, wmo
L(G)=L(M).

JlokazarenpcTBo. Be3 moTepn OOITHOCTH MOXKHO CIMTATh, 9TO aBTOMAT M —
nerepMuHUpOBaHHbIil. Onpegenum rpammaruky G CiesyromuM 06pa3oM:

1. merepmunamamu rpamvaruku G OyayT cocrosuusi aBromara M. Tak aTo

N =Q;

2. B KaYecTBe HAYAJHHOIO CHMBOjA rpammaruku (G mpuMmeMm ¢,
r.e. S = qo;

3. A—» aB € P, eciu D(A,a) = B;
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4. A—»a€ P,eciu D(A,a)=Bu B€ F;
5. 8 > e€ P, ecnu qo € F.

JokazarenbcTBO TOro, 4ro S =% w TOrJa W TOIBKO TOTJA, KOIIa
D¢(qo, w) € F, aHaJIOTUYHO JIOKA3ATEIHCTBY TEOPEMBI 3.2. [ |

B HEKOTOPBIX CIIyYasdaX OJd ONPEIACJICHUA TOTO, ABJIACTCA JIU A3BIK PETYJIAP-
HBIM, MOYKET OBITH MOJIE3HBIM HEOOXOINMOE YCIOBHE, KOTOPOE HA3BIBAETCS JIEM-
moii OrzieHa 0 pa3pacTanuu.

TeopeMa 3.4. (AemMMa O PA3PACMAHUU OAA PELYAAPHOT mHodicecma) [Tycmob
L - pezynaaproe mmootcecmao. Cyuecmeyem maxas xoncmanma k, wmo ec-
auw € L u|w| >k, mo yenouky w moscho npedcmasums 6 eude Tyz, 20e
0<|y| <k wuxy'z € L dna scexi > 0.

JlokazarenbcrBo. Ilycrs M = (Q, X, D, qo, F') - KoHeuHblil aBToMaT, JOILyC-
katommii L, r.e. L(M) = L u k = |Q|. Hycrs w € L u |w| > k. Paccmorpum
MOC/TE0BATENBLHOCTE KOH(DUTY PAIHif, KOTOPBIE MPOXOAUT aBTomMat M, momyckas
menouky w. Tak Kak B Heil o Kpaiiueit mepe k+ 1 koudurypaims, T0 Cpeau nep-
BbIX k + 1 KoH(UTypamnn HALyTCa IBE C ONMHAKOBBIMHA COCTOSHUAME. Taxmm
00pa3oM, MoIy9aeM CyIeCTBOBAHIE TAKON MOCIEI0BATEILHOCTH TAKTOB, UTO

(q(): atyz) l_* (ql: yz) l_r (ql: Z) l_* (Q2, 6)

JIJIst HEKOTOPBIX q1 € @, ¢2 € F nu 0 < r < k. Orcrioma 0 < |y| < n. Ho rorzma
s moboro ¢ > 0 aBTroMaTr MOXKET HPOJIeTaTh MOCIeI0BATETbHOCTh TAKTOB

(q(): atyz) l_* (ql: ylz) |_+ (ql: yi_lz) |_+ (ql: yz) |_+ (ql: Z) l_* (q2a 6)

Takum obpaszoM, zy’z € L aaa scex § > 1. Cayuait 4 = 0 Te. zy € L Takxe
OYEBUIECH. -

C moMoIIpIo IEMMBI O Pa3pacTaHUK MOXKHO MOKa3aTh, UYTO HE SBJSETCS pe-
ry/IgpHBIM MHOXKeCTBOM st3bik L = {0"1" |n > 1} .

Homycruwm, aro L peryasapen. Torna mist goctarouno 6omabmoro n 071" mox-
HO TIPeJICTABUThL B BUIE TyZ, IpudeM y # e n xy'z € L naa scex i > 0. Ecm
y €0t umy €1t o xz =2y°2 ¢ L. Ecim y € 0111 10 2yyz ¢ L. Honyunn
mpotuBopeune. CiaegoBaTenbHo, L He MOXKET OBITH PErYISPHBIM MHOYKECTBOM.

3.5. IIporpammupoBaHmE JIEKCUIECKOTO
aHaJIn3a
Kak yzke ormeuasiocs panee, ekcudeckuii ananuzarop (JIA) moxer 6bith 0opopm-

JileH Kak mozanporpavmma. Ilpu obpamenun Kk JIA, BoipaGaThiBalOTCS KAK MUHH-
MyM J[B& P€3yJIbTaTa: TUII BLIOPAHHOI JIEKCEMbL U € 3HavYeHue (eCu OHO eCTh).
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Ecnu JTIA cam dopmupyer tabiuiibl 0ObEKTOB, OH BBIJIAET THI JIEKCEMbI U
yKasarejb Ha COOTBETCTBYIOIMIA BX0oA B Tabuinie oObekToB. Ecim xe JIA ne
pabotaer ¢ TabiuaMu 00bEKTOB, OH BBIIAET THUII JIEKCEMBI, & ee 3HAUCHHE TIepe-
JAeTCsI, HATPUMED, Yepe3 HEKOTOPYI0 TI00aibHyI0 epeMennyto. [lomumo 3HA-
YeHUsT JIEKCEMBI, 9Ta TJI00AIbHAS TEPEMEHHAS MOYKET CO/IePKATh HEKOTOPYIO J10-
MOJTHUTETHHYT0 HH(OPMAIIHMIO: HOMED TEKYIIeH CTPOKH, HOMEDP CUMBOJIA B CTPOKE
U T.J1. JTa nH(OpMAIHsT MOXKET UCIOIb30BATHCS B PA3THIHBIX [EJIsIX, HAPUMED,
JIJTsl THATHOCTUKH.

B ocuore JIA jexur muarpaMMa MepexoIoB COOTBETCTBYIOMIEN0 KOHETHOTO
aBromara. OraepHas mpodiemMa 37eCh — aHAJIN3 KJII04YeBbiX cJIoB. Kak mpaBmio,
KJIIOYEBbBIE CJIOBA — 3TO BBIIEIEHHBIE HACHTU(MUKATOPDI. [[03TOMY BO3MOXKHBI IBa,
OCHOBHBIX CIIOCODA PACIIO3HABAHUS KIIOYEBBIX CJIOB: JIMOO OYepejiHas JIEKCeMa
CHAYAA TUATHOCTUPYETCS HA COBIAJIEHUE C KAKIM-JTUOO KJTFOYEBBIM CJIOBOM W B
CIIydae HeyClexa, JeIaeTCs MOMbITKA, BBIIEIUTh JJEKCEMY U3 KAKOTO-IH00 KJtacca,
b0, HA0DOPOT, TTOC/IEe BHIOOPKY JIEKCEMbI WICHTH(UKATOPA MTPOUCXOIUT 00pa-
meHne K TabjnIe KIIYEeBBIX CJIOB Ha MpeaMeT cpaBHenwus. ITogpobHee o Mexa-
HU3MAaX IIOUCKa B Tabiuuax Oyaer ckazano Huxe (1. 7), 371eCb OTMETHM TOJIbKO,
9TO TOUCK KJIFOYEBBIX CJIOB MOYKET BECTHUCH TUOO B OCHOBHOU TaD/IUIE UMEH U
B 9TOM cJiydae B Hee Ji0 Hadasa paborbr JIA 3arpyKaiorcs KIOYEBbIE CIIOBA,
aubo B ormenbHON Tabmmie. IIpn mepBoM crmocobe Bce KITI0YeBLIE CIOBA HEIo-
CPEJCTBEHHO BCTPAWBAIOTCS B KOHEUHBIN aBTOMAT JIEKCHYECKOrO aHAJIM3ATOPA,
BO BTOPOM KOHEYHBIl aBTOMAT COJIEPKUT TOJBKO Pa3bop UAeHTH(HUKATOPOB.

B nekoropbix si3bikax (manpumep, I1JI/1 uau @oprpan) KiodeBbie CI0Ba
MOTYT HCIIOJIb30BATHCSA B KAYECTBE OOBIYHBIX HACHTU(MUKATOPOB. B 3ToM cirydae
pabora JIA He MOXKeET WATH HE3ABUCUMO OT PAOOTHI CHHTAKCUYIECKOTO AHAIN3a-
topa. B ®oprpane BO3MOKHBI, HATPUMED, CJEIYIOIINE CTPOKM:

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

B mepBoMm ciiyuae cTpoka — 3TO 3arojoBOK IuKJja DO, BO BTOpOM — oOmepa-
TOp mpucBauBaHus. [103TOMY, MpeXKae 9eM MOXKHO OYIET BBIIEIUTH JIEKCEMY,
JIEKCUYIECKUI AHAIN3ATOP JIO0JIKEH 3arJISHYTh JOBOJIHHO JAJIEKO.

Ewe cioxnee neso 8 I1JI/1. 3nech BO3MOXKHBI TaAKHE OIEPATOPDI:

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

U TOJBKO B 3aBHCUMOCTH OT TOrO, UTO CTOWUT TOCTe “)”, MOXKHO ONpEIeIuTh,
sapysiercst 1 DECLARE KJTIOUeBBIM CJIOBOM MJIM WAEHTH(DUKATOPOM. JITnHa Takoit
CTPOKH MOKeT ObITh CKOJIb YTOITHO OOJBIMON U y2Ke HEBO3MOXKHO OTHAENUTE (ha3y
CHHTAKCUYIECKOTO aHAJIN3a OT (DA3bl JIEKCHIECKOrO aHAIM3A.

Paccmorpum HecKoTbKO NOApobHEE BOpock mporpaMvuposanus JIA. Ocaos-
HAs OMEPAINS JIEKCHIECKOTO AHAJIN3ATOPA, HA KOTOPYIO YXOAUT OOJIbIIas YaCTh
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BPEMEHU ero PaboThl — 3TO B3ATHE OYE€PETHOTO CHMBOJIA U TPOBEPKA HA TPUHA/I-
JIEZKHOCTB €r0 HeKOTopomy auana3ony. Hampumep, oCHOBHOM 1TUKJI pu BHIOOPKE
9HCIA B TPOCTEHIEM CJIydae MOXKET BbITJISIeTh CJIEIYIONNM 00pa30M:

while (Insym<=’9’ && Insym>=’0’)
{...3%

ITporpaMmMy MOXKHO 3HAYMTEJILHO YIIYUIIATE CIeayionmmM oopasoum [4]. Ilycrs
LETTER, DIGIT, BLANK — 3j1eMeHTbI MepedncJInMOoro tuma. Beegem maccus map,
BXO/IaMHU KOTOPOTO OyAyT CHMBOJIbI, 3HAYEHUSIMHA — THIThI CUMBOJIOB. HUIIMAN-
3UpyeM MACCHB map CJIeLYIONUM 00pa3oM:

map[’a’]=LETTER;
map[’z’]=LETTER;
map[’0’]=DIGIT;
map[’9’]=DIGIT;
map[’ ’]=BLANK;

Torna mpuBemEeHHBIN BBIIIE UK IPUMET CJAEIYIOIIY0 hopMy:

while (map[Insym]==DIGIT)
{ ...}

Boienenne KIIOYEBbIX CI0B MOYKET OCYIIECTBISTHCS MIOCTE BbIIETCHUS HIEH-
rudpuraropos. JIA paboraer ObICTpEe, €CIIU KITIOUYEBIE CIIOBA, BHIIEIAIOTCS HETO-
CPE/ICTBEHHO.

it 3TOr0 CTPOUTCS KOHEYHBIM ABTOMAT, OMUCHIBAOIIHMI MHOXKECTBO KJIIO-
geBbIx c10B. Ha puc. 3..17 npusenen dparmMenT Takoro aBromara. Paccmorpum
IpUMep MPOrPAMMHUPOBAHUS HTOMO KOHEYHOI'O aBTOMAaTa Ha s3bike Cu, mpuBe-
JeHHbIH B [14]:

case ’i’:

if (cpl0l==f’ &&!(maplcpl[1]] & (DIGIT | LETTER)))
{cp++; return IF;}

if (cpl[0]l==’n’ && cpll]l=="¢’

&&! (map[cp[2]] & (DIGIT | LETTER)))

{cpt=2; return INT;}

{ obpaboTka umenTHPUKaTOpa

3ech cp — yKazareab TeKyIIero CMMBoa. B MaccuBe map KJIacchl CHMBOJIOB
KOIMPYIOTCs OUTaMU.
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£ D He 6yxsa u ne yugpa

| bykea unu yugpa

=| Knrouesoe cnoso if |

He f unen

>| Hoenmugpuramop |
A A A

He t

byrea unu yughpa

He 6yxsa u ne yugpa

Kniouesoe cnoso int |

Puc. 3..17:

93

IMockonbky JIA amammsupyer KaxKIblii CHMBOJI BXOZHOTO MOTOKA, €r0 CKO-
POCTH CYIIECTBEHHO 3aBUCUT OT CKOPOCTH BBIOOPKH OYEPETHOTO CHMBOJIA BXOJI-
HOrO MOTOKa. B CBOIO 04epe/ib, 3Ta CKOPOCTh BO MHOI'OM ONPEIEJISIeTCS CXeMOi
oy depusamnuu. Paccmorpum Bo3MoxkHbIE 3 dheKTUBHBIE cxeMbl Oydepu3anun.

Bynmem ucnons3oBars 6ydep, COCTOANNN W3 ABYX OQWHAKOBBIX YACTEH -
el N (puc. 3..18, a), rne N — pasmep 6i10ka obmena (manpumep, 1024, 2048 u

T.J0.).

N N N
| ; | || Teofl
IIponsmxenue IIponsmxenue
Hauano Hauano
a o

Puc. 3..18:

YT00bl HE YNTATH KAXKIBI CUMBOJI OTAENBHO, B KAXKAYIO U3 TOJOBUH Oy-
depa moodyepeaHo OTHON KOMAHIOH YTeHHs CUYNThIBaeTcss N CHMBOJOB. Ecian
HA BXOJI€ OCTAJIOCH MeHbIie N CHUMBOJIOB, B Oydep TMOMEIAeTcsi CrernaJIbHbIi
cumBo (eof). Ha Gydep ykasbBaioT JBa yKazarTesist: Npodeusicerue u Hauao.
Me:xay yka3aTeasMu pa3MenaeTcs TeKyas jekcema. Baagase onn 06a yKa3bl-
BaIOT HA TEPBbIA CUMBOJ BblIenseMoi gekcembl. OnuH U3 HUX, npodeudcerue,
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MPOJIBUTAETCs BIIEPE], TTOKA He OyJ/IeT BbIIEIEeHA JIeKCeMa, U yCTAHABJIUBAETCS
Ha ee kKoHer. [locime o6paboTKM JeKCeMbl 00a yKa3aTess yCTAHABIMBAIOTCS HA
CHMBOJI, CTIeIyIOImii 3a jekceMoit. Ecmu ykazarenb npodeusicenue Nepexour ce-
penuny Oydepa, TpaBasi MOJOBUHA, 3aMOMHsIeTCss HOBbiMU N cuMBosamu. Ecan
yKa3areb npodeuscerue MePeXoIuT MPaBy rpaHully Oydepa, JeBas moJOBU-
Ha 3anoiHsieTcs N CUMBOJIAME U YKA3aTeh NPO06UNCEHUE YCTAHABITHBACTCS HA,
Hagaso oydepa.

IMpu kazKI0M OPOJABUMKEHUN yKAa3aTeIs HEOOXOIUMO MPOBEPSITH, HE TOCTHI-

JIM JIA MBI TPAHUILI OMHON M3 mogoBuH Oydepa. s BCceX CHMBOJIOB, KpOMeE

JIEXKAIUX B KOHIIE TOJOBHH Oydepa, TpedyioTcs ABe MpoBEepKH. UHCIO MpoBe-

POK MOXKHO CBECTHM K OHOMU, €CJIM B KOHIIE KaXKJIOH TOJIOBWHBI TIOMECTUTH IO~
)

MOJHATEIBHBIN “CTOPOKEBOIH CUMBOJ, B KA9eCTBE KOTOPOTO JIOTUYHO B3ATH eof
(puc. 3..18, 0).

B sToMm citydae mouTH A1 BCeX CUMBOJIOB JEIAeTCS €INHCTBEHHAs MPOBEPKA
Ha coBMaJeHne ¢ eof M TOJHKO B CIy4Yae COBMAJEHUSA HYXKHO JOTMOTHUTETHHO
[IPOBEPUTD, JOCTUIJIN JIA Mbl CEPEJIMHBI UJIX IPABOrO KOHIA.

3.6. KoOHCTpYyKTOp JiIeKCMYeCKNX aHaJIN3aTOPOB
LEX

st aBTOMATH3AIME Pa3pabOTKU JEKCHIECKUX AHAIN3ATOPOB OBLIO pa3pado-
TAQHO JOBOJBHO MHOTO CpeacTB. Kak mpaBmiio, BXOIHBIM SI3BIKOM IJIsT HUX CJIY-
KaT OO0 TTPABOIMHENHBIE TPAMMATHKY, JTHOO S3bIK PEryJISIPHBIX BBIPAYKEHUIN.
Opmoit m3 Hamboaee pacupoCTpaHEeHHBIX cucTeM siaserca LEX, pabdorarormmit
C pacCHIMPeHHBIMH PeryaspHbIME BbipakeHusMu. LEX-mporpamma cocrout u3
Tpex 4JacTei:

06baBieHuda

Dot

[lpaBuna TpaHCIAIUI
hoth

BcomomoraTenbHEe IIOAIIPOT PaMMbL

Cekiust OObSABICHAN BKIIOYALT O0bIBICHUS IEPEMEHHBIX, KOHCTAHT U OIIPe-
JIeJTeHus PeryJisipHbIX Bbipaxkenuii. [Ipu onpeneneHnn perysisipHbIX BbIPAXKEHUH
MOI'YT UCIIOJIb30BaTbhCA CIeAyIolye KOHCTPYKIUU:
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[abc] - mubo a, mubo b, MubO c;
[a-z] - Amama3oH CHMBOJIOB;
R — 0 mwm 6oJiee TIOBTOPEHMI PETryJIsiPHOTO BhIpakenus R;
R+ — 1 nwim Gosiee TOBTOPEHMI PETYJIsIPHOTO BhIparkenus R;
R1/R2 - Ry, ecnm 3a nuwm ciaeayer Ra;
R1|R2 - qgubo Ry, mubo Rs;
R? — ecsim ecTh R, BBIOpaTh €ro;
R$ — BeiOparh R, ecsin OHO TIOCJIEIHEE B CTPOKE;
“R — BeiOpaTh R, eciiu OHO MepPBOE B CTPOKE;
[~R] — nomnosinenue K R;
R{n,m} - moBropenme R oT n 1m0 m pas;
{uma} — uMEHOBAHHOE PEryJIsIPHOE BBIPDAYKEHUE;
(R) — IPYIIIAPOBKA.

IIpasuna Tpancramun LEX mporpaMM nmMeroT BUI

p_1 { mefictBue_1 }
p_2 { metictBme_2 }

p_n { mefictBme_n }

re KaXKIoe p_i — peryiasapHOe BbhIpakKeHue, a KaxKjoe melfictBme_i — dpar-
MEHT IIPOI'PaMMBbl, ONUCHIBAIONINI, KaKoe JeficTBUe HO/IKEH CHeaTb JieKCude-
CKUil aHaJIM3aTOp, KOrma obpaser p_i comocrasisiercs jekceme. B LEX meii-
cTBUs 3anucbiBaiorcs Ha Cu.

Tperbs cekiusi COIEPIKUT BCIIOMOTATEIbHBIE IPOEILYPbl, HEOOXOIUMBIE JIJIsT
JIeficTBUil. DTU NPOUELYPhl MOTYT TPAHCIUPOBATHCS PA3IEIBHO U 3arPyKAThCS
C JIEKCUYECKUM aHAJIU3ATOPOM.

Jlekcwaeckuit ananmnsarop, crenepupoBannblii LEX, B3anMozeiicTByer ¢ cun-
TAKCUYIECKUM aHAJIN3aTOPOM Cleayonmm obpa3om. Ilpu BhI30Be ero cuHTaK-
CAYECKAM AHAJIU3ATOPOM JIEKCUICCKUIT aHAJIU3ATOP MOCUMBOJIBHO YUTAECT OCTa-
TOK BXOJa, ITOKA HE HAXOIUT CAMBIH JJIUHHBIA TpedUKC, KOTOPBIt MOXKET ObITh
COIIOCTABJIEH OJHOMY W3 PEryJIsipHBIX BbIpayKeHuil p_i. 3aTeM OH BBIMOJHSIET
IetictBue_i. Kak mpaBuio, meficTBue_i BO3BpalllaeT yIpaBIeHUe CHHTAKCHIE-
CKOMY aHaJu3aropy. Ecam 310 He Tak, T.e. B COOTBETCTBYIOIEM JIEHCTBUN HET
BO3BpaTa, TO JEKCUICCKUN aHAJIU3ATOD MPOJOIZKAECT MOUCK JICKCEM JI0 TeX, MOKa,
[eficTBUe He BEPHET YNPAaBJIEHWE CHHTAKCHIECKOMY aHam3aropy. [loBropmbrit
[IOUCK JIEKCEM BILIOTH JIO0 ABHOIl Ilepeadn yIpaBJIeHUSA I103BOJAET JIEKCUIeCKO-
My aHAJIM3ATOPY MPABUIBHO 00pabaThiBaTh TPOOETbl U KoMMeHTapun. CrHTAK-
CAYECKOMY QHAJIM3ATOPY JEKCUIECKUl aHAJIN3aTOD BO3BPAIACT €IUHCTBEHHOE
3HAYEHNE — TUTT JIeKceMbl. [[1s mepenadn nHOOPMAIIUU O TUTIE JIEKCEMbI UCTIOTb-
3yercs riobasibHas nepeMentas yylval. TekcTroBoe mpencTaBieHne BbIIeJIeHHON
JIeKCeMbl XPaHUTCA B IIePEeMEeHHO yytext, a ee qjnHA B IepeMEHHOR yylen.

[lpumep 3.11. LEX-uporpamma qus JIA, obpabarsiBaroniero uieHTHOHIKATOPHI,
9nCIa, KIo49eBbe ¢10Ba if, then, else n 3HAKM JIOTUYECKAX ONMEPAIAIL.

%{ /*ompenenenus koucramr LT,LE,EQ,NE,GT,
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GE,IF,THEN,ELSE,ID,NUMBER,RELOP, mHampumep,
yepes DEFINE wmnu cramapemii Tum*/ %}
/*perynspHse ompelneneHUs*/

delim [ \t\n]
ws {delim}+

letter [A-Za-z]

digit [0-9]

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

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

{ws} {/* pelicTBuii u BosBpaTa HeT */}

if {return(IF);}

then {return(THEN) ; }

else {return(ELSE) ; }

{id} {yylval=install_id(); return(ID);}
{number} {yylval=install_num(); return(NUMBER);}
nen {yylval=LT; return(RELOP);}

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

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

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

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

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

Wh

install_id()

{/*nozmporpamma, koTopas moMemaeT JEeKCEMY,
Ha TepBHI CUMBON KoTopo#l ykasHBaeT yytext,
IuHa KOoTopo#t paBHa yylen, B Tabmuimy
CHUMBOJIOB U BO3BpamaeT yKasaTelb Ha Hee*/

}

install_num()

{/*ananoruynas mommporpaMMa Ijd pasMelleHUS

NeKceMn uucnax/

}

B pazzenie oObsiBiennii, 3aKI049€eHHOM B CKOOKM %{ m %}, mepedunciieHbl KOHCTaH-
THI, UCTIOJIb3YEeMble TPABIJIAMHY TPAHCIAIMH. Bce, 9T0 3aKJII09€HO B 3TN CKOOKM, HEITO-
CPEICTBEHHO KONMPYETCS B MPOTPAMMY JIEKCHYECKOTO AHAIM3ATOpA lex.yy.c u He
paccMaTpuBaeTCs KaK 4acThb PEry/IsiPHBIX ONPeeIeHu Win IPaBu TpaHcaanun. 1o
7K€ KaCAeTCs W BCIOMOTATEJILHBIX MOAIPOrpaMM TpeTheil cekumu. B manHoM mpumepe
3TO momIporpaMMsbl install_id u install_num.

B cexuio onpereieHmit BXOASAT TaKyKe HEKOTOPbIE PeryJIsipHble onpeesenns. Kax-
JI0€ TaKOe OIpe/iesIeHIe COCTOUT U3 UMEHU U PeryasPHOr0 BhIPAarXkKeHust, 0003HaTaeMOoro
3TuM mMmeHeM. Hampmmep, mepBoe ompeneseHHoe mmsi — 310 delim. Omo o6Go3nawa-
er kyacc cuMBoioB { \t\n\}, T.e. ;060it M3 Tpex CUMBOJIOB: IPOGE, TAOYJIAINS NN
HOBas cTpoka. Bropoe onpejiesienue — pa3aemresb, 0003HadaeMblii umeneM ws. Pa3ne-
JINTENIh — TO JI06as TOC/IeI0BATEIHLHOCTD OTHOTO MJIN 60JIee CHMBOJIOB-PA3/1e/INTEIEeH.
CnoBo delim fOMKHO OBITH 3AKJIIOUEHO B CKOOKM, 9TOOBI OTJIMYUTH €ro 0T 06pasra,
COCTOMAIIETr0 U3 NATA CUMBOJIOB delim.

B ompenmenenvu letter wmcmonb3yercs kKiaace cuMmBosioB.  CokpamieHue
[A-Za-z] o3mauaer a00yI0 M3 HPOMHCHBIX OYKB OT A A0 Z WManM CTPOYHBIX OYKB OT
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a 710 z. B marom onpenenenunn juis id Jyis IPYNNUPOBKYU UCIOJIB3YIOTCH CKOOKU, sB-
nsrommecs MeracumBonamMu LEX. Amasmormdso, BepTHKa/IbHAsg de€PTa — METaCHMBOJ
LEX, o6o3nauarommii 06beInHEHTE.

B mocnemmem perynsipHoMm ompemesienwm number cumBon “+” mMCmomb3yeTcs Kak
MEeTacCUMBOJI “OqHO MK OoJiee BXOXKIAEHWI', cuMBOJ “?” KaK METAaCHMBOJI “HOJIb WJIU
oxmo Bxoxkaerue”. ObpaTHas “epTa UCIOIB3YETCs IJIsl TOTO, UTOOBI IPUIATH OOBITHBII
CMBICTI CUMBOJLY, uctosb3yiomemycs B LEX kak metacumsost. B wactaocTn, necaruvunas
TOYKA B OompejeseHnn number obo3HadaeTcs Kak “\.”; MOCKOJIBKY TOYKA cama 1o cede
TIPE/ICTABJISIET KJIACC, COCTOSIINI M3 BCEX CMMBOJIOB, 32 MCKJIIOYE€HNEM CHMBOJIA HOBOM
crpoku. B kmacce cumBonos [+\] obpaTHas depra mepes MUHYCOM CTOUT MIOTOMY, ITO
3HAK MUHYC UCIOJIb3yeTCd KaK CUMBOJI JUara3ona, kKak B [A-Z].

Ecnm cuMBOI MMeeT CMBICST METACHMBOJIA, TO IIPUIATH €My OOBITHBINH CMBICJ MOYKHO
U TIO-JIPYTOMY, 3aK/II0YUB €r0 B KaBbIYKU. Tak, B CEKIUU IIPABUJI TPAHC/IANUMA NIECTh
orepanuii OTHONIEHHs 3aKJIIOYEHbI B KABBIIKU.

Paccmorpum mpaBusia TpaHCISINN, CIEIYIONTE 33 TepBhIM %4%. CoryracHo mepBomy
NpaBUily, ecau ODHAPYXKEHO WS, T.e. MaKCHMaJibHas IOCIeJ0BATEILHOCTh IPODEJIOB,
TalyJIAUni U HOBBIX CTPOK, HUKAKMX AeHCTBUl He mpousBoguTca. B gacTtHOCTH, HE
OCYIIECTBJISIETCS] BO3BPAT B CHHTAKCUIECKUI aHAJIN3ATOD.

CorslacHO BTOPOMY TIpaBUJLy, €C/ii O0HAPYKEHA I0CJIEI0BATEIBHOCTD OYKB “if”,
HYKHO BEpHYTb 3HadeHue IF, KOTOpOe OIpeiesieH0 KaK Iiejiasi KOHCTaHTa, IIOHUMae-
Masi CHHTAKCHYECKUM aHAJIM3aTOPOM Kak JiekceMa “if”. AHasorndHo 06pabaThiBarOTCst
KJIIOU€eBbIe CJI0BA “then” m “else” B ABYX C/IeIymINX MPABUIAX.

B neiicTBum, cBa3aHHOM C IpaBUyIoM A4 id, nBa omeparopa. Ilepemennoit yylval
IIPUCBAWBAETCS 3HAUEHUE, BO3BpallaeMoe mpoueaypoit install_id. Ilepemernnaga yyl-
val ompezmenena B mporpamme lex.yy.c, Boixome LEX, u ona moctymna cuaTakcudae-
CKOMY aHAJIM3ATOPy. yylval XpaHWT BO3BPANIAEMOE JIEKCHIECKOE 3HAYMEHNE, TTOCKOIIb-
Ky BTODOi1 ortepaTop B aeiicTBum, return(ID), MOXKeT TOJHKO BO3BPATHUTH KO KJIACCA
nekceM. Oyuknus install_id 3aH0CHT UAEHTHUMOUKATOPHI B TAOIHUILy CHUMBOJIOB.

Amnasormano 06pabaTHBAIOTC YUCIA B CJIEAYIONEM TpaBuie. B nocieaaux mectn
npasuiaax yylval mcHoap3yeTcs AJ1sl BO3BPATA KOA OMEPAIlN OTHOIIEHUsI, BO3BPAIIa-
emoe ke (yHKIMel 3HaYeHne — 3T0 KOJI JIeKCeMbl relop.

Eciu, Hampumep, B TEKy Uil MOMEHT JIEKCUYECKI aHAIN3aTOP 00pabaThIBAET JIEK-
cemy “if”, To 9TOI JIEKCEME COOTBETCTBYIOT ABa 0Opa3na: “if” u {id} u Gosee mmHHOM
CTPOKH, COOTBETCTBYIoMIEell 00pa3ity, Het. Ilockonbky obpaser “if” mpeamecTByeT 00-
pasiy s uaeHTHGUKATOPa, KOHQJIVKT PA3pemaeTcs B MoIb3y KIUYeBOro CIoBa. Ta-
Kasl CTpATerusl pa3penreHnst KOH(MINKTOB TO3BOJISIET JIETKO PE3€PBUPOBATH KJIIOUEBHIE
coBa.

Ecmm ma BxOAe BcTpedaeTcs “<=") TO mepBOMy CHMBOJLY COOTBETCTBYeT obpaszery “<”,
HO 3TO HE CaMbIil JJIMHHBIN 00pa3er], KOTOPHIi COOTBeTCTBYeT Tipedpukcy Bxoma. Ctpa-
Terus BbIOOPA caMOro JJIMHHOTO IpedUKCa JIerKo pa3peniaeT TakKoro po/ia KOHMIMKTHI.



I'masa 4.

CHuHTAKCNYEeCKHUI aHaJIn3

4.1. KC-rpammaruku nu MII-aBTomaThbl

IMycts G = (N, T, P, S) — KOHTEKCTHO-CBOOOHAS TPAMMATHKA. BBEIEM HECKOJIb-
KO BAYKHBIX TIOHATHUN U OTIPEIEIEHUIA.

BwiBozm, B KOTOpPOM B J1I000i1 CEHTEHIMAIBHON (hOpMe Ha KAXKIOM IIare JeJia-
eTCsl TMOJICTAHOBKA CAMOT0O JIEBOTO HETEPMUHAJA, HABBIBAECTCS AEE0CMOPOHHUM.
Ecmu S =* u B npormecce JIEBOCTOPOHHETO BBIBOJIA, TO U — A€6AA CEHMEHUUAND-
HaA Hopma. AHATOTUYIHO ONpeNesieTcs: NPasocmopoHHutl BeIBOA. Byaem 060-
3HAYATH ITATH JIEBOTO (MPABOTO) BHIBOJA MOCPEICTBOM = (= ).

Ynopadouennom epagom unasvsaerca napa (V, E), rme V ecTb MHOKECTBO
BepivH, a F — MHOXKECTBO JTHHEHHO YNOPsIIOYEHHBIX CIMCKOB JIyT, KAXKJIbIA
snmeMeHT Kortoporo umeer Buz ((v,v1), (v,v2), ..., (v,vy)). DTOT IEMEHT yKa-
3BIBAET, YTO U3 BEPIINUHBI ¥ BBIXOJAT N JIyT, IPUYEM MEPBOIl W3 HUX CYUTAETCS
JIyra, BXOIAIIAS B BEPIIWHY V1, BTOPOI — IyTa, BXOISIIAS B BEPIIUHY Vs, U T.].

Ynopadouernroim nomeueHHbM Jepesom HA3BIBAETCSA YIOPSI0YEHHBINH rpad
(V, E), ocHOBOIi KOTOPOTO SIBJIETCS IEPEBO U JJIsi KOTOPOTO OMpee/iena GhyHK-
wus f: V — F (byHnkuusa pasmerku) Jjisi HEKOTOPOro Muoxecrsa F'.

Yuopsiouennoe nmomedennoe jgepeso D HasbiBaercs depesom 6u600a (uiiu
depesom pasbopa) uenouku w B KC-rpammaruke G = (N, T, P, S), eciu BbINOJ-
HEHBI CJIEAYIOIINE YCIOBUS:

(1) xopenb gepesa D nomeven S;

(2) xaxzprit uct momeuen gubo a € T, mubo e;

(3) kaxkzias BHyTPEHHssl BepIIMHA IIOMeYeHa HerepMunasioMm A € N;

(4) ectu X — HerepMuHAJ, KOTODPBHIM [OMEUEHA BHYTPEHHss BEpIINHA U
X1, ..., X, — METKM ee MpsAMBIX MOTOMKOB B YKa3aHHOM MOpsAIKe, To X —

X1 ... X} — mpaBuio u3 MHOXKeCTBa P}

(5) Hemnouka, cocraBieHHas U3 BLINUCAHHBIX CJIEBA HAIIPABO METOK JIUCTHEB,
paBHa w.

58
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IIpouecc onpenenenns TOro, NPUHAILJIEKAT JTH JAHHAS CTPOKA A3BIKY, IOPO-
KIAEMOMY JAHHOI IpaMMAaTHKOR, W €ClIH 13, TO IOCTPOEHHe IepeBa pasbopa
JIJISL 9TOM CTPOKH, HA3BIBACTCA CUHMAKCUMECKUM AHAAU3OM. MOKHO TOBOPHTH O
BOCCTAHOBJICHUM JIEPEBA BBIBOJA (B 4aCTHOCTHU, MPABOCTOPOHHETO UJIU JIEBOCTO-
POHHETO) Jjisi CTPOKU, IpUHAIeYKAIel s3bIKy. 110 BOCCTAHOBJIEHHOMY BBIBOLY
MOKHO CTPOHUTH IEPEBO pasbopa.

I'pammaruka G Ha3bIBaeTCA HEOOHO3HAYHOU, €CIM CyIIECTBYET LEIOYKa W,
JIJIsE KOTOPOM MMeeTCsl Ba Wi 0oJiee pas/IndHbIX /I€peBbeB BbIBoJa B (.

I'pammaruka G HA3LIBACTCS A€60PEKYPCUGHOL, €CIN B HEl MMEETCsT HeTep-
muHAT A Takoi, uro cymectsyeT BeBOA A =1 Aq g4 HekoTOpoil memouKm
a.

Asmomam ¢ wmazasunnot namamero (MIl-aBromar) — 3710 cemepka

M= (Q:TvFvaqo,ZmF): rae

(1) @ — KOHEYHOE MHOYKECTBO COCMOAHUL, TPEICTABISIONINX BCEBO3MOXKHbIE
COCTOAHUSA YTIPABJIAIONIETO yCTPOICTBA;

(2) T — xoneunsrit 6xodnoti andapur;
(3) T — koHeunblit anbaBUT MA2A3UHHBLE CUMBOAOS;

(4) D — orobpaxenue muoxkecrsa @ X (T'U {e}) x [' B MHOKECTBO KOHEUHBIX
noaMmuOxKecTB () X I'*, HazpiBaemoe Pyrkyueti nepexrodos;

(5) qo € Q — HauasvHOE cOCMOANHUE YIPABJIAIONIErO yCTPOHCTBA;

(6) Zy € T' — cumBOIN, HAXOIAIINICA B Mara3uHe B HAYAJbHBIH MOMEHT (Ha-
YANLHOLT CUMBON MAZAZUNA);

(7) F C @Q — MHOXKECTBO 3aKA0O%UNEALHHLL COCTOSHUA.
Kongueypayueii MII-apromara nasbiBaercs Tpoiika (¢, w, u), rae

(1) ¢ € Q — TeKyIIEe COCTOAHUE YIIPABJISIONIETO YCTPOHRCTBA;

(2) w € T* — HenpouKMTaHHAS YACTb BXOJIHON LEIOYKM; MEPBbIi CUMBOJI Le-
IIOYKU W HAXOJUTCH I10JI BXOJHOI I'OJIOBKOIi; ecjii w = e, TO CYUTAETCH,
9TO BCA BXOJIHAsA JIEHTA MPOYNTAHA;

(3) u € T'* — conepkuMOe Mara3uHa; caMblii JeBblii CUMBOJI LEIOYKHU U CYM-
TAETCS BEPXHUM CHMBOJIOM MAara3wHa; eCH U = €, TO Mara3wH CIATAETCS
MyCTHIM.

Taxm pabomwr MII-apromara M OymeMm HpencTaBisTh B BHIAE OHHAPHOTO
oTHOIEeHus -, onpeneneHHoro Ha Koudurypamnusax. bygem mucarn

(¢, aw, Zu) F (p, w, vu),

ecau muoxkectso D(q, a, Z) conepxur (p,v), rue ¢, p € @, a € TU{e}, w € T,
Z €T uu,v €™ (BepxyllKka Mara3uHa cjiesa).



60 I'maBa 4.0. Cunrakcudeckuii aHaJns3

Havaavnoti xougdueypayueti MII-apromara M nHasbiBaeTcs KOHQUIYpaLUs
Buga (o, w, Zg), rae w € T*, 1.e. ynpasisioiiee yCTPONRCTBO HAXOAUTCS B Ha-
YaJBHOM COCTOSIHUHU, BXOJIHASI JIEHTA, COJIEPKUT ETOYKY, KOTOPYIO HYKHO IIPO-
aHaIM3UPOBATH, & B Mara3uHe HAXOAWTCS TOJHKO HAYAJIBHBIN CUMBOJ Zg.

3axmovumenvras KonPuaypayus — 310 KouUrypauus suga (g, e, u), rie
q € F, u € I'*, 1.e. ynpassroiee yCTPOICTBO HAXOIUTCS B OHOM W3 3aKJIIOYH-
TEJILHBIX COCTOSTHUIM, & BXO/IHAS [EMOYKA [ETUKOM MTPOYUTAHA.

BremeMm TpauzuTuBHOE M PEIEKCUBHO-TPAH3UTHBHOE 3aMBIKAHUE OTHOIIIE-
Hus b, a Taxxke ero cremenb k > 0 (obozmagaembie T, F* u F¥ coorsercTren-
HO).

loopsit, uro menouka w donyckaemcsa MIl-aBromatom M, ecnu
(qo, w, Zo) F* (g, e, u) nus vekoropbix ¢ € F u u € T*.

A3bik, donycraemoili (pacnosnasaemorii, onpedeasemuiidi) aromarom M (06o-
suagaerca L(M)) — 970 MHOKECTBO BCEX IENOYEK, JOMYyCKAeMbIX aBToMaroM M.

[lpumep 4.1. Paccmorpum MII-aBromar

M= ({q07 q1, q2}7 {a7 b}: {27 a, b}: D, q, Z, {Q2}),

y KOTOpPOTO (PyHKIWS mepexonoB D COMEp:KUT CIEIYIONNE 3JIEMEHTHL:

D(qo, a, Z) ={(qo,a2)},
D(qoab Z) {(q07bz)}7
D(qo, a,a) = {(qo, aa), {q1, €)},
D(qoaa b) {(q07ab)}7
D(q07b7 a) = {(q07ba)}7
D(qo,b, b) = {(q07 bb) (q17 6)}7
D(qlaa7a) {(QI, )}:
D(qlab7 b) - {(q17e)}7
D(Q1, €, Z) = {(qQa 6)}

Herpyamo mokazats, uro L(M) = {ww®|w € {a,b} "}, rme w®™ o6osmauaer o6pa-
menne (“nepeBopavnBanue”’) MEMOYKH W.

WHorga JOMyCTHMOCTD ONPEAeIAIOT HECKOJBLKO WHAYe: IETOYKa W JOTYCKa-
ercss MIT-asromarom M, ecnu (qo, w, Zg) F* (¢, e, €) mna nekoroporo ¢ € (). B
TAKOM CJIydae TOBOPAT, YTO aBTOMAT JIOMYCKAET HEeMOYKY ONnYyCmoULeHUEM Ma2a-
suna. DTU onpeje/leHns SKBUBAJIEHTHLI, UO0 CIpaBejinBa

Teopema 4.1. 3wk donyckaemcs maza3urHbLM GEMOMAMOM MO200 U MOND-
K0 mozda, koz2da on donycrkaemcs (HeKomopvim JpY2uM GEMOMAMOM) ONY-
CMOWEHUEM MA2A3UHG.

JlokazarenbcrBo. llycrs L = L(M) pns uekoroporo MII-asromara M =
(Q,T,T, D, qo, Zo, F). llocrpoum noswiii MIT-asromar M', momyckaiouiuii ToT
JKe 3BIK OIMyCTOITeHNEeM MAara3nHa.

Iycrs M' = (QU{q}, qe}, T, T U{Z}}, D', qp, Z}, @), tae byHKms mepexo-
nos D’ onpenenena ciepyromuM obpasom:
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1. Bern (r,u) € D(ga, ), 10 (r,u) € D'(q,a,Z) ana neex q € Q, a €
TU{e} u Z € T (monenuposanue M);

2. D'(q}, e, Z§) = {(qo, ZoZ})} (magano paborsr);

3. Hnsi Bcex ¢ € Fu Z € TU{Z}} muoxkecto D'(q, e, Z) conepkut (g, €)
(mepexo B COCTOSTHME COKPAIIECHNS MAra3uHa 6e3 TPOJIBUYKEHHNS );

4. D'(ge,e,Z) = {(qe, €)} nnsa Bcex Z € T U{Z[}}.

(cokpallieHre Mara3uHa)

Apromar crawana mepexoaur B KoHbuUrypanmio (go,w, ZoZ)) B COOTBET-
creum ¢ onpenenennem D' B n.2, 3arem B (¢,€,Y: .. Y3 Z}), ¢ € F B coor-
BercrBuu ¢ 0.1, 3arem B (g, e€,Y] ... Yy Z}), ¢ € F B coorBercrBuu c 1.3, 3a-
teM B (ge, €, €) B coorserctBuu ¢ m.4. HerpyaHo nokazaTh mo WHIYKIWH, 9TO
(q0, w, Zo) +T (q,e,u) (rae ¢ € F) wumonnserca aas apromata M Torma u
TONMBKO TOTAA, Korma (gh, w, Zy) =T (ge, e, €) Bomomuserca mist apromara M'.
IMosromy L(M) = L', rae L' — a3bik, gonyckaembiii apromarom M' omycroie-
HHEM MarasuHa.

O6parno, mycts M = (Q, T, T, D, qo, Zy, &) — MII-aBrOMaT, A0y CKAIOIITI
omycromenneM MarasnuHa si3bik L. TTocTtponmm aromar M', momyckaiommuii ToT
K€ SA3BbIK 110 3aKI0YATETHHOMY COCTOSHUIO.

Mycrs M' = (Q U{q, ar}, T, T U{Zy}, D', a4, Zo, {ar}), rae D' oupenens-
eTCsl CIEIYIOMIM 00Pa30M:

1. D'(qq, e, Z) = {(qo, ZoZ})} — mepexon B “pexxum M”;

2. Hns kaxaoro ¢ € @, a € T U {e}, u Z € T onpeuenum D'(q,a,Z) =
D(q,a, Z) — pabora B “pexxumve M”;

3. Ons Becex ¢ € Q, (gf,e) € D'(q,e, Z)) — mepexon B 3aKIIOUUTETHHOE
cocTogHHE.

Herpynmo nokasars no naaykiwan, aro L = L(M'). ]

OpHYUM W3 BaXKHEUIIIUX PE3YIHTATOB TEOPUU KOHTEKCTHO-CBOOOIHBIX SI3BIKOB
SIBJISETCS JT0KA3aTebCTBO SKkBuBasieHTHOCTH MII-aBTomaroB u KC-rpammaTuk.

TeopeMa 4.2. f3bik AGAAECMCA KOHMEKCMHO-CB0000HBILM M020a U MOADKO
moeda, Ko2da on JONYCKAEMCEA MA2A3UHHBIM ABTNOMATIOM.

Jlokazarenbcrso. llyere G = (N, T, P, S) — KC-rpammaruka. ITocrpoum
MII-aBromar M, nonyckarouwmii a3bik L(G) omycroinenuem mara3uHa.

MMycts M = ({¢},T,NUT,D,q,S,2), tne D onpeznensiercs cieryiomum
obpa3zoMm:

1. Eciu A — u € P, 1o (q,u) € D(g, e, A);

2. D(q,a,a) ={(q,e)} nasg Bcex a € T
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QakTraecku, 37oT MII-aBTOMAT B TOYHOCTH MOJENTHPYET BCE BO3MOXKHBIE
BbIBOIBI B rpamMMaruke (. HerpyaHo mokasarb 10 MHAYKIMH, 9TO IJjis JH00O0M
nenoukn w € T* BeBox S =1 w B rpammaTuke G CyIecTByeT TOTAA U TOMb-
KO TOTJIa, KOT/Ia CyIIeCTByeT MocjenoBaTebHOCTh TakToB (g, w, S) FT (g, e, €)
aBToMaTa M.

O6paruo, nycte M = (Q, T, T, D, qo, Zo, ¥) — MII-aBTOMaT, 10IyCKAIOIIHT
omycromenneM MarazuHa a3ulk L. IToctpomM rpammarnky G, TOPOXKIAIONIYIO
A3BIK L.

Iyers G = ({ [¢Z7] | q,7 € Q,Z € T}U{S}, T, P, S), rme P cocrout w3
TTPaBUJI CIEAYIOIIETO BAIA:

1. S = [qoZoq] € P nnsi Beex q € Q.
2. Eciu (r,e) € D(q,a,Z), 10 [qZr] = a € P, a € T U {e};
3. Ecau (r, X1 ... Xx) € D(q,a,Z), k> 1, 10
[¢Zsi] = a[rXis1][s1X2s2] ... [Sk—1XkSk]
JJIsL JII000ro Habopa S1, S92, ... , Sg COCTOSHUN U3 (]

HerepMuHabI 1 TpaBUIa BHIBOA TPAMMATHKH OMPee/IeHbl TaK, 9T0 paboTe
aBromara M mpu 0O6paboTKe MEMOYKN W COOTBETCTBYET JIEBOCTOPOHHUI BBIBO
w B rpammaruke G.

Wuaykmueit mo 4mcIy 1maros BbIBoAa B (G WM 9MCITy TaKTOB M HETpYIHO
nokaszatb, 9to (g, w, A) F* (p, e, €) Torma u TombKoO TOrMA, Koraa [gAp] =T w.

Torma, ecmn w € L(G), 10 S = [g0Z0q] =T w mns mexoroporo ¢ € Q.
Caenosarenno, (qo,w, Zo) F+ (g, e,e) u nostomy w € L. Ananoruyno, ecian
w € L, o (qo,w, Zg) FT (q,e,e). Bnauur, S = [goZoq] =T w, u nosromy
w € L(G).

|

MTII-asromar M = (Q, T, T, D, qo, Zo, F') Ha3bIBaETCS 0eMEPMUHUPOCHHHBLM
(IMII-aBTOMATOM), €C/IM BBIMOJHEHDI CIEIYIOIIUE /IBA YCIOBUL:

(1) MuoxectBo D(q, a, Z) coneput re 6ojiee 0AHOrO 3I€MEHTA sl JH0ObIX
g€Q,acTU{e}, Z €T,

(2) Ecmu D(q,e,Z) # &, 10 D(q,a,Z) = & nns scex a € T.

3bik, monyckaembrii JIMII-aBToMaToM, HA3BIBAETCS 0EMEPMUHUPOSAHHIM
KC-s3bikoMm.

Tak kak dynkmusa nepexomos JIMII-aBromaTa comep:kuT He Oojiee OIHOTO
9JIEMEHTa, [IJTst JII0DOH TPOKKM apryMeHTOB, MbI OYJEeM TOIb30BATHCS 3AIMUCHIO
D(q,a,Z) = (p,u) nna obozuavenus D(q,a, Z) = {(p,u)}.
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[lpumep 4.2. Paccmorpum JIMII-aBromar

= ({qoﬂ q17 qz}’ {a7 b’ C}7 {Z’ a’ b}7 D’ q07 Z’ {q2})’

¥y KOTOpPOTO (hbYHKIMS TIEPEXOI0B OMPEIeJISIeTCs CJIeLYIOMNM 00pa30oM:

D(q07X Y) = (q07XY): Xe {a7b}: Ye {Z: a7b}:
D(q07c Y) (q17Y)7 Ye {a: b}7

D(q17X X) (q176)7 Xe {a7b}:

D(q17e Z) (QQ,E).

Herpynno nokazars, 9To 3T0T merepmuunpoBanubiii MII-aBTomar gomyckaeT sa3b1k
L = {wcw®|w € {a, b} }.

K coxanernuto, JIMII-aBToMaThl IMEIOT MEHBIITYIO PACIIO3HABATEILHYIO CITO-
cobrnocth, yem MII-aBromarsr. Jlokazano, B yacraoctu, 4to cymecrsyor KC-
SI3BIKU, HE ABJSIONMECs geTepMuanpoBanubiMu KC-sa3bikaMu (TAKOBBIM, HATIPH-
Mep, ABJISETCA A3BIK U3 npumMepa 4.1).

Paccmorpum emmie ogay BaxKuyio padnoBuaHocTh MII-aBTomaTa.

Pacwupennvim aBTOMATOM ¢ MAra3wHHON MAMATHIO Ha30BeM ceMepKy M =
(Q,T,T, D, qq, Zoy, F), vae cMBICI BCEX CUMBOJIOB TOT K€, 9TO W JJIA OOBIYHO-
ro MII-aBromatra, kpome D, TpeACTaBIISIONIErO COO0i 0TOOpAXKEHNE KOHETHOTO
noxmuoKkecTBa MHOKecTBa ) X (T'U {e}) X I'* Bo MHOKeCTBO KOHEYHBIX TO-
mHOXKecTB MHOXKecrBa () X I'*. Bee ocranbhbie onpenesnenus (KoHdurypauuu,
TaKTa, JOMYCTUMOCTH) Jjia paciumpentoro MII-aBromara OCTalOTCS TAKUMHU Ke,
KaK JIJIsT OOBIYHOTO.

Teopema 4.3. IIyemv M = (Q,T,T, D, qo, Zo, F) — pacwupennoiii MII-
asmomam. Tozda cywecmeyem maxot MII-aemomam M', wmo L(M') =
L(M).

Pacumpennstit MIT-asromar M = (Q, T, T, D, qo, Zo, F) nazvisaercs demep-
MUHUPOSANHDLM, €CITH BLITOTHEHDI CJICIYOIMIUE YCIOBU:

(1) MuoxecrBo D(q, a,u) comep:kur He Gosiee OZHOIO IEMEHTA I JIOOBIX
q€EQ,aceTU{e}, Z el

(2) Ecmu D(q,a,u) # &, D(q,a,v) # @ u u # v, TO He CYIIECTBYET HENOYKU
X TAKOM, UTO U = VX WIH U = UL;

(3) Ecmu D(q, a,u) # &, D(q,e,v) # &, TO HE CYIECTBYET NEMOYKU & TAKOI,
9TO ¥ = VT WIA U = UT.

Teopema 4.4. IIyemv M = (Q,T,T, D, qo, Zo, F) — pacwupennoii JMII-
asmomam. Tozda cywecmeyem maxoti JMIT-asmomam M', wmo L(M') =
L(M).

JIMII-aBromar u pacmupennbiit JIIMII-aBromar mexkaT B OCHOBE pacCMaTpH-
BaeMbIX Jlajiee B 3Toit ritase, coorBercrsento, LL u LR-anamuzaropos.
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Oupenenenue. [oBopst, uro KC-rpammaTika HAXOAUTCs B HOPMaJIbHO# (hop-
Me XOMCKOro, €C/In KazK/10€ MIPABUJIO HMEET BUL:

(1) 60 A — BC, A, B, C - HerepMuHaIbl;

(2) 6o A — a, a - TepMuUHAT;

(3) mubo S — e m B 3TOM ciydae S - He BCTPEUAETCS B MPABBIX 9aCTIX
TIPaBAJI.

YrBepxmerue. Jobyo KC-zpammamury moocno npeobpasosams 6 sK6u6a-
AEHMHYI0 eli 8 HOPMaALHOT Popme XomcKozo.

YrBepxmenue. [Tycmov KC-zpammamura waxodumcs 6 HOPpmasvHol popme
Xomcxozo. Tozda dasn arbotli yenouru «, ecau a € L(G) u m - swcoma
depesa eweoda ¢ kponoti a, mo |al < 2m~1,

Teopema 4.5. (Jlemma 0 paspacmanuu OAf KOHMEKCTHO-CE0O0OHBIT A3bl-
%06). [aa A106020 KOHMEKCMHO-c60000M020 Asvika L cyuecmeyrom marue
yeavie | u k, wmo awbas uenouxa a € L, |a] > 1, npedcmasuma 6 eude
a = uvwzy, 2de

(1) hwz| < k

(2) vz #e

(3) ww'wzly € L daa arobozo i > 0.

JlokaszarennctBo. llyers L = L(G), tne G = (N, X, P, S) - KOHTEKCTHO-
cBOOOIHAST TPAMMATHKA B HOpMaJbHOM popme Xomckoro. Obo3HaumM depes n
YUCI0 HeTePMUHAOB, T.e. n = |N|, u paccmorpum [ = 271 u k = 2",

s nokasarenbcTBa TOTO, 9TO | W Kk yAOBIETBOPSIOT YCJIOBHUIO TEOPEMBI,
PacCMOTPUM TIPOM3BOMbHYIO 1enouky « € L, mansa xotopoit |a| > 1 = 2771 B
cuty YTBEp:KIEHUs MOJIyIaeM, 9TO BHICOTA JEPEBA C KPOHOU v OOJIBIE 71 U €CTh
myTh 1o JgepeBy (obo3uaunm ero yepe3 P) mpoxoaut Gosee uem uepes n + 1 Bep-
muH. OTCI0Ia O ONPEeIeIeHNIO IEPEBA BBIBOIA WMeeM, 910 P comepxkut Gosee
7 BEPIINH, TIOMEYEHHBIX HeTepMuHaIaMu. TakuM 00pa3oM, CymecTByer HeTep-
muHas A € N, KoTopbiit MeTuT He Menee aByX Bepiua mytu P. O6o3nadnm ux
qepe3 p u ¢, Tae p - OmKe K KOPHIO, 9eM ¢, W TPEJICTABUM KPOHY (. B BHJIE
UVWTY, TOe W - KPOHA ToaepeBa D1 ¢ KOpHEM ¢ W vwT — KPOHA ToIepeBa, Dy
C KOpHEM .

Slcno, uro BoicoTa nepesa Dq He npesbiiiaer n+ 1 u Takum obpasom |vwzx| >
2" = k.

Takke O9EBUJIHO, 9TO VIFF€, MOCKOIbKY B CHJIYy ONPeIeseHrs HOpMATbHON
dopmbl XOMCKOTO p MMeeT ABYX CHIHOBEH, MOMEUYEHHBIX HETEPMUHAJIAMU, U3
KOTOPBIX HE BHIBOIUTCS MYCTast IEMOYKA.

Kpowme toro, S =* udy =* uwwAzy =* uvvwzy, atakxke A =* vAzr =" vwz.
Orciona momysaem A =* viwz® ans Beex @ > 0 u S =* wv'wzly nna Beex
i > 0. |

llpumep. Iokaxem, uro a3bik L = {a"b"c" | n > 1} me aBiserca KOHTEKCTHO-
CBOOOIHBIM SA3BIKOM.

Ecsn 651 0H 6B/ KOHTEKCTHO-CBOOOIHBIM sI3BIKOM, TO MBI B3s/IM Obl KOHCTAHTY kK,
KOTOPAas OIPeIeSIsIeTCs B JeMMe O pa3pacTtanuu. [lycts z = a®b*c* Torma z = UVWTY.
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Tak kak |vwz| < k, TO B menodke vwer HE MOTYT OBITH BXOXK/IEHUs KAXKIOTO U3 CAM-
BOOB a,b m c¢. Takum oOpa3om, memovyka uwy, KOTOpPas IO JIEMME O PAa3PACTAHUM
npuHaAnexut L, comepxkut gmb0o k cuMmBOIOB a, b0 k cumBosioB ¢. Ho oma mHe mo-
KeT mMeTh Kk BXOXKIEHWH KaxKI0ro W3 CHMBOJIOB a,b m ¢, moromy, [aro |uwy| < 3k.
3HauuT, BXOXKAEHUI KAKOT0-TO U3 STUX CUMBOJIOB B uwYy GOJIbIE, YeM APYroro u, cJie-
JpoBaresibHO, uwy ¢ L. IonydeHHOe IPOTUBOpEYNe TO3BOJISET 3aKJII0YUTh, 9T0 L - He
KC-a3bIK.

4.2. IIpeobpazoBanusa KC-rpammaruk

Paccmorpum  psim mpeoOpa3oBaHwmii, TO3BOSIOMNAX — “yAydmuTh’  BUJ
KOHTEKCTHO-CBOOOIHOM TpaMMaTuku, 6€3 U3MEHEHNUs MOPOXKIAEMOTO €0 SI3bIKa.

Hazosem cumBonn X € (N UT) nedocmustcumoim B KC-rpammaruke G =
(N, T, P, S), eciu X He nosiBJisieTCsi HU B OJHOMN BBIBOAMMOIl LENIOYKE 3TO¥ Irpam-
varuku. MabiMu cioBamu, cuMBOa X SIBJIS€TCS HEJIOCTHXKUMBIM, ecid B G He
cymecTByer BbiBoga S =* aX § uu nya kakux «, 3 € (N UT)*.

AugropurMm 4.1. YeTpanenne HEeIOCTHKUMBIX CAMBOJIOB.

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

Buixod. KC-rpammaruka G' = (N', T', P', S) 6e3 He1oCTUKUMbBIX CUMBOJIOB,
takas, aro L(G') = L(G).

Memod. Bumoauuts maru 1-4:

(1) HMomoxnrs Vo ={S} ui=1.
(2) Tonoxurs V; = {X |BPecrb A 5 aXBuAdeV, 1}UV; ;.

(3) Eciu V; # Vi1, nonoxuts ¢ = i + 1 u nepeiiru x mary 2. B nporusaom
ciy4dae niepeiitu K mary 4.

(4) Honoxkure N' =V, NN, T' =V;NT. Bkatouurs 8 P’ Bce npasuna u3s P,
COZIEPIKAIITE TOJTBKO CHMBOJIBL U3 V.

Hazosem cumson X € (NUT) becnosestoim 8 KC-rpammaruke G=(N,T,P,
S), eciu B Heil He cyuiecTByer BbiBOZa Buja S =* Xy =* zwy, rue w, ¢, y
npunaaexkar 1*. O4eBuIHO, YTO KasKIBIA HEJIOCTHKUMBIA CHMBOJ SABJISIETCS
6eCITOIe3HBIM.

Anropurm 4.2. Ycrpanenune 6eCrioNe3HbIX CHMBOJIOB.

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

Buxod. KC-rpammaruka G' = (N',T', P!, S) 6e3 6ecnosie3Hbix CUMBOJIOB,
rakasg, 1ro L(G') = L(G).

Memod. BemomauTs marn 1-5:

(1) Tonoxuts Ng =& u i = 1.

(2) Honoxurs N; ={A|[A—va€Punaec (N1 UT) }UN;_;.
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(3) Eciiu N; # N;_1, nonoxurs ¢ = i + 1 u nepeiitu K mwary 2. B nporusaom
ciaydae monoxuTb N, = N; u nepeiitu K mary 4.

(4) Momnoxurs G1 = ((N N N) U{S}, T, P, S), tae P cOCTONT M3 MpPaBUI
MHOKecTBa P, comepzKarmux ToabKo cuMBoaibl u3 N, U T,

(5) Hpumenus ¥ G ajgropurm 4.1, monyunrs G' = (N', T', P', S).

KC-rpamvarunka 6e3 6eCOIe3HbIX CUMBOJIOB HA3BIBAETCS npueedennot. Jler-
KO BUJIETH, 9TO 15 11000 KC-rpaMmMaTuku CymecTByeT SKBUBAJIEHTHAS TPUBE-
nennas. B gasnpHeitem OyaeM mpeanoaraTh, 9TO BCE PACCMATPUBAMBIE TDAM-
MAaTHKH — IIPpUBEJECHHDIE.

4.2.1. Augaropurm Koka-Aurepa-Kacamn

ToBopsaT, 94To rpaMMaTHKa 3aJaHa B HOPMaAbHOT Popme Xomckozo, ecnm Bee
IIPABUJIA, 3TOH IPAMMATHKH UMEIOT BUIL

A— BC

A—=a

S—e

YrBepxnerue. Jlaa a060l KC-2pamMmamury umeemcs IK6UBAAEHMHASL 6
HOpMasvHoti popme Xomcrozo.

[MpuBeném aaropuT™M CHHTAKCHYIECKOTO AHAJN3A, MPUMEHUMBIH JJIs JIF000H
rpaMMaTHKU B HOPMaJIbHOI dpopme XOMCKOTO

Asropurm Koka-Aurepa-Kacamm

Bzod. KC-rpammaruka G = (N, T, P, S) B nopmasbuoit popme XomMckoro u
BXOJIHAS [EMOYKA W = a1as ... Gy € TT.

Buixod. Tabnuua pazdopa Tab ana w takas, yro A € t;; TOrAa U TOIBKO
roraa, korma A =1 a1 ... aiyj—1.

Memod. 1) Tonoxurs t;; = {A|A — a; € P} nua xaxmoro i. Tak uro,
ecm A € 1, T0 A =T a;.

2) Iycto ¢ Berameneno gy 1 <4 <nwul < j < j. Honoxum t;; = {A |ana
uexoroporo 1 < k < j mpasmio A — BC € P, B € ty,, C € tivp j—k}-

Takkak 1 <k < j,mok < jmj—k < j. Tak 9T0 t;}, W ¢}k, j—k BBIUNCIAAIOTCH
pamblie, 4eM t;;. Ecim A € t;5, To

A= BC =7 @; ... aiJrk,lC =+ aq oo Qjy k—1Qj4k -+ Qjpj—1-

3) IloBTopsTH 2) MO TEX IOP, TOKA HE CTAHYT U3BECTHBI ¢;; A Bcex 1 <i<n
nl<j<n-—i+1.

AnropurMm HaxoXK/JeHUs JeBOro pasbopa mo tabsuie pasbopa Tab.

Bzod. KC-rpammaruka G = (N, T, P, S) B nopmaiubHoii (popme XoMCKOro ¢
OpaBUJIAME 3aHYMEPOBAHHBIME OT 1 110 p, BXOJHAA MEIOYKA W = 4102 ... Gy €
Tt u rabnuna paszdopa Tab.
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Buwizod. JleBblit pazbop MENOYKYU W WA CUTHAJ OIMIUOKA.

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

1) Ecou j=1u A — a; = py,, BbLIATH M.

2) Iycrs 5 > 1 u k - naumenbiuee u3 uucen or 1 no j — 1, miig KOTOPBIX
cymectsyer B € t;, C € tiyp j—r u npasuio p, = A = BC. Boizars m u
BbinosHuTh gen(i, k, B), 3artem gen(i + k, j — k, C).

Bemonants gen(1l, n, S), ecmu S € t ,, uHAYE OIIKOKA.

4.3. IlpeackasbiBarominii pa3doop cBepxy-BHU3

4.3.1. AnaropuTMm pa3bopa cBepXy-BHU3

IMycts gana KC-rpammaruka G = (N, T, P, S). PaccmoTrpum npedckasvieaousuti
pasbop (wnu pasbop ceepry-e6nu3) ays rpammaruku G.

OcHOBHAS 337294 TTPEICKA3BIBAIOIIETO pa3b0pa — OTpeIeIeHne TIPABWIIA BhI-
BOJIa, KOTOPOe Hy»KHO IIPUMEHUTE K HeTepMuHay. [Ipolecce npeickasniBalomero
pasbopa ¢ TOYKHU 3peHusl IOCTPOEHHA JlepeBa pa3topa IPOUJLIIOCTPUPOBAH Ha,
puc. 4..1.

S /N
/1 2 /1 |2
/ /
/1N /N
a see $ g seseesces § G seseessec h sesee §

Puc. 4..1:

DparmMeHThl HEJOCTPOEHHOTO JEPEBA COOTBETCTBYIOT CEHTEHITUATBLHBIM (hop-
MaMm. BHagasie JepeBo COCTOUT TOTBKO U3 OJHON BEPINWHBI, COOTBETCTBYIOMIEH
akcuome S. B 3TOT MOMEHT O TIEPBOMY CHUMBOJIY BXOHOM IEMOYKHU TIPEICKA-
3BIBAIOIIHH aHAIN3ATOD JIOJIKEH OTNpeenTh mpaBuio S — X1Xs ... , KOTOpoe
IOMIXKHO OBITH MpUMEHEeHO K S. 3aTeM HeoOXOAWMO OMpeiesuTh MPABUIIO, KO-
TOPOE JIOJKHO ObITh TpuMeHeHO K X7, W T.[., 0 TeX HOpP, HOKa B TPOIECCe
TAKOTO MOCTPOEHUST CEHTEHITUATIBHOM (POPMBI, COOTBETCTBYTOIIEH JIEBOMY BBIBO-
1y, He Oy1eT IPUMEHEHO MPABUIO0 Y — @ ... . DTOT MPOIECC 3aTEM MPUMEHSIETC s
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JITsl CJIEJYIOIIEro CAMOTO JIEBOTO HETEPMHHAJIBHOIO CHMBOJIA CEHTEHIHATBLHON
dopMBI.

Ha puc. 4..2 npuBegena cTpyKTypa NPeACKA3bIBAIOIIEI0 aHAJIA3ATOPA, KO-
TOPBIH ONPEIENIAET OU9ePeTHOE MPABUIO C TOMOIIBI0 TabauIbl. Takyto Tabauiy
MOKHO TIOCTPOUTH HEMOCPEICTBEHHO IO IPAMMATHKE.

Bxox a |+ |b |$
Marazun T Brixox
X e ITporpaMma npeacka3bIBarOIIEro
aHanM3aTopa

!

Tabmuma ananm3aTopa

#N| ~

Puc. 4..2:

TabsuaHO-yIpaBAAEeMbIil MPEJCKA3BIBAIOIINNI AHAIM3ATOD MMEET BXOIHYIO
JIEHTY, yIpaBJsiollee yCTPOUCTBO (Hporpammy), TabJuily aHaau3a, Mara-
3uH (CTEK) U BBIXOAHYIO JICHTY.

BxoaHast ieHTa CONEPKUT AHATUZUPYEMYTO CTPOKY, 3aKAHIUBAIOILY FOCS CUM-
BOJIOM $ — MapKepPOM KOHIIA CTPOKHU. BBIXOIHAS JIEHTA COIEPAKUT MOCJIET0BATETb-
HOCTH TTPUMEHEHHBIX MTPABUJI BHIBOIA.

Tabsnna ananansza — 310 AByMepHBIit Maccue M[A, a], raie A — HerepmuHa,
u a — repMuHAT win cumBon $. 3Hauennem M[A, a] MoXKeT OBITH HEKOTOPOE
MPaBUJIO TPAMMATHKH WM dJIEMEHT “ommnoKa’”.

Mara3uH MOXKeT COIEepXKaTh MOCIEI0BATETFHOCT CHMBOJIOB IPAMMATHUKA C
$ ma ame. B HagaIbHBINH MOMEHT MAra3wH COAEPKUT TOJHKO HAYAIBHBIN CHMBOJI
PPAMMATHKH Ha BEpXYIIKe U $ Ha JTHE.

Awanmzarop paboraer ciemyommmM o6pa3om. Bradare aHaIm3aTop HAXOINT-
cs1 B KOH(UTYPAIUH, B KOTOPOH Mara3us cogepkut S$, Ha BXoaHON JenTe w$
(w — aHasM3MpyeMasi UeNovKa), BbIXOAHAs JieHTa nycra. Ha kaxkioMm takre aHa-
nu3aTop paccmarpuBaer X — CHMBOJ HA BEPXYIIKE MAra3wHa U G — TEKYIIUH
BXOIHOM CHMBOJI. DTH JIBa CHMBOJIA OMPEICIAIOT JeiicTBIsS aHaan3aropa. mve-
IOTCsI CJIEIYIOIIE BO3MOYKHOCTH.

1. Ecmm X = a = $, aHamm3aTop OCTaHABIUBAETCS, COOOIAET 00 yCIeITHOM
OKOHYAHUY PA300pa M BHIJAET COAEPIKMMOE BBIXOTHOMN JIEHTHI.

2. Ecmm X = a # $, ananm3arop yzanser X W3 Mara3wHa W MPOJBUTAET
yKa3aTesab BXO/Ia HA CIIEAYIONNAI BXOIHON CHUMBOJI.

3. Ecm X — repvunan, u X # a, TO aHAJIM3ATOP OCTAHABIUBAETCS U COOD-
[I[AE€T O TOM, YTO BXO[HAS IEMOYKA He MPUHAITIEKUT S3bIKY.

4. Ecim X — merepmunas, anaju3arop 3arigiasisaer B tabmuuny M[X, a].
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BosmozkubI 1Ba cydasi:

a) 3uauenmeM M[X, a] aBasercs mpasmwio qns X. B sToM ciydae ananmsa-
TOPp 3aMeHdeT X ma BEPXYUIKE Mara3nia Ha TPaByYIlO 9aCTh JAHHOTO Tpa-
BHUJIA, & CAMO MPABUJIO ITOMEIIAeT HA BBIXOIHYIO JIEHTY. ¥ Ka3aTesb BXOA
HE nIepeaBUraeTcd.

6) 3uauenmem M[X, a] siBasiercs “omm6Oka”. B aTOM ciyvae aHanm3aTop ocra-
HaBJIUBaeTCd U COO6HIaeT O TOM, YTO BXOJHAad IEIIOYKa HE IIPUHAIJICZKUT
SA3BIKY.

Pabora amasm3aTopa MOXKeT OBITH 33JaHa CJIEIYIOIIEH TPOrPAMMOIA:

do
{X=BepxHuii cuMBON MarasuHa;
if (X - Tepmuman || X=="$")
if (X==InSym)
{ymamurs X u3 MarasuHza;
InSym=ouepenHo#l cHMBOJ;
}
else error();
else /*X - HeTepmumam*/
if (MIX,InSym]=="X->Y1Y2...Yk")
{ymamurs X u3 MarasuHza;
nomMecTuTh Yk,Yk-1,...Y1l B Marasun
(Y1 Ha Bepxyuxy) ;
BHBecTH mpaBuio X->Y1Y2...Yk;
}
else error(); /*Bxozm Tabmums M mycT*/
}

while (X!=$) /#*Marasum mycT*/

[lpumep 4.3. Paccmorpum rPaMMaTHKY apudMeTuIeCKuX BbIPaXKeHUHN

G={E,E,T,T' F},{id, +,% (,)}, P, E) c mpaBunamn:

E - TF' T — xFT'
E' — +TFE' T —e

E —e F — (E)
T — FT' F —id

Tabnuna npeacKa3blBAIONIEr0 aHAJIM3ATOPA JJjid ITON IPAMMATUKU IIPUBEIEHA HA
puc. 4..3. Ilycrele k1eTKu TAOIUIBI COOTBETCTBYIOT I€MEHTY ‘omnOKa’.

IIpu paz6ope BxoaHOIM nenouku ¢d—+id*id$ aHATIN3ATOD COBEPIIAET TOCIEOBATEb-
HOCTb HIAroB, n300pakeHHyio Ha puc. 4..4. 3ameTum, 94TO aHATU3ATOP OCYLIECTBIIAET
B TOYHOCTH JIEBBIH BhIBOA. Ecian 3a yke mIpOCMOTPEHHBIMU BXOJHBIMUA CHMBOJIAMHU II0-
MECTUTH CUMBOJIBI TPAMMATUKHA B Mara3wHe, TO MOXKHO IOJIyYUTh B TOYHOCTH JIEBBIE
ceHTeHIuaIbHbIe (OpMBbI BbBoAA. JlepeBo paszbopa ijisi 3TON 1ENOYKU ITPUBEIEHO Ha
puc. 4..5.
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Herepvunan Bxoxamoit cumBoa
id + * ( ) $
E E—TFE E—>TFE
E E' - +TFE E' - e|E —e
T T — FT' T — FT'
T T —we |T'— xFT' T —we|T —e
F F —id F — (E)
Puc. 4..3:
Marazwn | Bxon Brixon
E$ id + id x id$
TE'$ id+id*id$ | E — TFE'
FT'E'$ id+id*id$ | T — FT'
idT'E'$ |id+id=id$ | F — id
T'E'$ +id x id$
E'$ +id * id$ T —e
+TE'$ +id * id$ E' - +TE
TE'$ id *id$
FT'E'$ id *id$ T — FT'
idT'E'$ | id*id$ F —id
T'E'$ *id$
«F'T'E'$ | xid$ T — xFT'
FT'E'$ id$
idT'E'$ | id$ F —id
T'E'$ $
E'$ $ T —e
$ $ E —e
Puc. 4..4:
4.3.2. @Dywukuuu FIRST u FOLLOW

ITpu mocTpoeHun TabJIUIBI TTPEICKA3BLIBAIONIETO AHAJIM3ATOPA HAM MOTPE0YI0TCs
ase dyukmun — FIRST v FOLLOW.

MMycrs G = (N, T, P, S) — KC-rpammaruka. lyis o — npou3BOJIbHOMN LENOYKY,
cocrosiiell U3 CUMBOJIOB rpaMMaruku, onpeaeiaum FIRST(a) kak MHOXKECTBO
TEPMHUHAJIOB, C KOTOPBIX HAYMHAIOTCS CTPOKH, BBHIBOAMMBIE U3 . Ecmm o =* e,
To e Takxke npunamexur FIRST («).

Omnpenenmum FOLLOW (A) nis HerepMunana A Kak MHOXKECTBO TEPMUHA-
JIOB @, KOTOPBIE MOTYT TOSIBUTHLCS HEMOCPEICTBEHHO CripaBa 0T A B HEKOTOPOIt
CeHTEHIMATBHON (POPME TPAMMATHKH, T.€. MHOZKECTBO TEPMUHAJOB (4 TAKUX, 9TO
cyuiecrByer BbiBOJ Buia S =* adaf nis HekoTopbiX «, f € (NUT)*. Bamerum,
9TO MEXK/y A M a4 B IPOLECCE BBIBOJA MOT'YT HAXOAUTHCS HETEPMUHAIBHBIE CHM-
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2"
SN

F T'
S \\
id e F T' e
| / \
id * 1|: T
|
id e

Puc. 4..5:

BOJIBI, 13 KOTOPBIX BEIBOAUTCS €. Kciin A MOKeT OBITh CaMbIM TTPABBIM CUMBOJIOM
HEKOTOPOIl cenTenimanbuoil popmbl, To $ Takzke npunamiexxur FOLLOW (A).
Paccmorpum ajaropurmser Berauciaenus byuknun FIRST.

Anroputm 4.3. Beraucienne FIRST njisi CAMBOJIOB TPAMMATHKH.
Bzod. KC-rpammaruka G = (N, T, P, S).

Buizod. Muoxectso FIRST (X)) nst kaxgoro cuvBona X € (N UT).
Memod. BemomauTs marn 1-3:

(1) Ecam X — repmunai, o monoxurh FIRST(X) = {X};
eciim X — HerepMuHaa, nonoxuts FIRST(X) = @.

(2) Ecam B P umeercs npapuiio X — e, ro no6aBnth € K FIRST(X).

(3) TIoka nu k xkakomy muoxkecrBy FIRST(X) Hesbssa yxke Oyner n06aBuTh
HOBBI€ 3JIEMEHTBI, BBIIOTHATD:

ecin X — HETEPMWHAJ W WMeeTcst TpaBuo BeiBoga X — YiYs ... Yy, To
BrimounTh a B FIRST(X), ecin a € FIRST(Y;) nasi HEKOTODPOro i,
1 < i < k, u e npunamiexur secem FIRST(Y:), ..., FIRST(Y;_1), To
ectb Y7 ...Y;1 =* e. Ecau e npunannexur FIRST(Y;) nns Bcex j =
1,2,..., k, o nobasuts ¢ Kk FIRST (X).

Aaropurm 4.4. Boraucienne FIRST njist uenodxu.
Bzod. KC-rpammaruka G = (N, T, P, S).

Boizod. MuoxectBo FIRST (X1 X5 ... Xp), X; € (NUT).
Memod. Bemomants maru 1-3:

(1) TIpu nomoiu npeapiayiiero anropurma Borauciurb FIRST (X)) nis kax-
qoro X € (NUT).
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(2) HMonoxurs FIRST (X1 X5 ... X,) = 2.

(3) dobasurs k FIRST(X1X, ... X,,) Bce He e-anementst u3 FIRST(X;).
Hobasuth K Hemy Takxke Bce He e-nemenTbl u3 FIRST(X5), eciu e €
FIRST(X1), ue e-anementsl n3 FIRST(X3), ecin e IPUHAJIEXKUT KaK
FIRST(X1), tak u FIRST (X3), n T.1. Hakoner, 106aBUTh 1EMOYKY € K
FIRST(X1Xs...X,), ecin e € FIRST (X;) nnsi BCex 4.

Paccmorpum anropurm Boraucienus (pyukuun FOLLOW.

Anropurm 4.5. Beraucienne FOLLOW njs HET€pMUHAJIOB IPAMMATHKH.
Bzod. KC-rpammaruka G = (N, T, P, S).

Boizod. MuoxectBo FOLLOW (X)) nns xaxzgoro cumsosna X € N.

Memod. Bumoauuts maru 1-4:

(1) Honoxnrs FOLLOW (X) = @ ana xaxzaoro cumsona X € N.
(2) dobasutsh $ k FOLLOW (S).

(3) Eciu B P ects npasusio BeiBoga A — aBf, rue o, 8 € (N UT)* 10 BCE
snementsl u3 FIRST((), 3a uckimouenuem e, nobasuts Kk FOLLOW (B).

(4) Tloka wwvero Hesmb3si OymeT [00ABUTH HU K KAKOMY MHOMKECTBY
FOLLOW (X), BBINOIHATS:

eciu B P ecth npasuno A — aB wiu A — aBf, a,8 € (NUT)*, rue
FIRST(p) conepxur e (r.e. f =* e), To Bce anements u3 FOLLOW (A)
nobasurs kK FOLLOW (B).

llpumep 4.4. Paccmorpum rpammaTuky m3 npumepa 4.3. s mee

FIRST(E) = FIRST(T) = FIRST(F) = {(, id}
FIRST(E') = {+, ¢}

FIRST(T') = {*, e}

FOLLOW (E) = FOLLOW (E') = { ), $}
FOLLOW (T) = FOLLOW (T") = {+,), $}
FOLLOW (F) = {+,*,),$}

Hanpumep, id u seBas ckobka mobasastorca k FIRST(F) na mare 3 npu ¢ = 1,
mockosbky FIRST(id) = {id} u FIRST(" (") = {"(”} B coorBercTBun ¢ marom 1.
Ha mare 3 mpu ¢ = 1, B cooTBeTcTBUU C TipaBusioM BeBoga T — FT' x FIRST(T)
nobassistioTcs Takke id u nesas ckoOka. Ha mare 2 8 FIRST(E') Bxitouaercs e.

IIpu Beraucnenun muoxects FOLLOW na ware 2 8 FOLLOW (E) Brmouaercst
$. Ha ware 3, na ocuosauuu upasuna F — (E), Kk FOLLOW (E) nobasisiercsi Takx&e
mpaBas ckobka. Ha mare 4, mpumenennom x mpasuny E — TE', 8 FOLLOW (E')
BKTO9atoTca $ 1 mpapas ckoOka. Ilockombky E' = e, oHmM Tak:Ke IOmagaloT U BO
muoxkecrso FOLLOW (T). B coorsercrsuu ¢ npasusiom bisoga E — TE'| na mare
3 8 FOLLOW (T) Bxmogaiorca u Bee memenTst w3 FIRST(E'), otmmansie oT e.
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4.3.3. KoucTpynpoBaHue TabJAIbl IPEACKA3HIBAIOMIETO
a”HaJm3aTopa

17151 KOHCTPYMUPOBAHUS TaOJMIIBI MTPEICKA3HIBAIOIIETO aHAIN3aTOPA TI0 IPaMMa-
ke G MOXKeT ObITh MCIOIb30BAH AJITOPUTM, OCHOBAHHBIN HA CJIEJyIOIIel nee.
IIpeanosoxum, uro A — a — npasuso BbiBoga rpamMaruku u a € FIRST («).
Torga aHATU3ATOP IETAET PA3BEPTKY A MO (v, €CITU BXOIHBIM CHMBOJIOM SIBJISI-
ercs a. TpynHOCTh BO3HUKAET, KOTJA v = € W & =" e. B 3TOM ciryuae Hy>KHO
pa3BepuyTh A B (v, eciiu TeKyImii BXOAHOH cuMmBost npunaexut FOLLOW (A)
win ecin gocturayT $ u $ € FOLLOW (A).

Asropurm 4.6. [Tocrpoenne TabINIIBI TPEICKA3BIBAIOIIETO AHAJIN3ATOPA.

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

Buixod. Tabmuua M[A, a] npenckassiBaomero ananusaropa, A € N, a €
TU{$}.

Memood. JIns kaxxmoro mpaBuja BbIBOIA A — « rpaMMaTHK¥ BBIMOJHUTD
maru 1 u 2. [locyie 3TOTo BHITOIHUTH MIar 3.

(1) Ons kaxgoro repmunana a u3 FIRST (a) nobasuts A — a x M[A, al.

(2) Ecm e € FIRST (), nobasurb A — o Kk M[A,b] nnst kaxxzmoro rep-
vunana b w3 FOLLOW (A). Kpome toro, eciu ¢ € FIRST(a) u $ €
FOLLOW (A), nobasurs A — o k M[A, $].

(3) TIosoxkuTh BCe HEONPEAEIEHHbIE BXO/IbI PABHbIME “Onimbka’.

[lpumep 4.5. IIpumennm axropurm 4.6 k rpamvarrke u3 npumepa 4.3. ITockors-
ky FIRST(TE') = FIRST(T) = {(,id }, B COOTBETCTBMU C TPABUJIOM BHIBOJIA
E - TE' sxomet M[E, (] uw M[E, id | cranosarca pasubivu E — TE'.

B coorsercTsum ¢ mpasusiom seiBoga E' — +TE' snauerue M[E', +] pasuo E' —
+TE'. B cooTBercTBHM ¢ mpaBuioM BeBoga E' — e smauenns M([E',) u M[E',$]
pasubt B’ — e, nockonbky FOLLOW (E') ={), $}.

Tabauma aHaan3a, MOCTPOEHHAS AJIropuTMOM 4.6 [y 9TOM rpaMMATHKY, IPUBe-
nena Ha puc. 4..3.

4.3.4. LL(1)-rpamMaTuku

Agnropurm 4.6 mj1st mocTpoeHusi TabJNIBI TPEICKA3BIBAIOIIEr0 aHAIN3aTOPa MO-
xeT ObITh puMeneH K 1000t KC-rpamvarnke. OgHAKO 1 HEKOTOPBIX IDaM-
MATHK [MOCTPOEHHAs TADJIUIA MOXKET UMETh HEOJHO3HAYHO OIIPE/IETIEHHBIE BXO-
nbi. Herpysno nokasarh, HaIpWMep, 9TO €CJIH MPAMMATHKA JIEBOPEKYPCUBHA
WU HEOTHO3HAYHA, TabauIa Oy 1er uMeTh Mo KpaiiHeil Mepe OiH HEOJHOZHATHO
onpeaeeHHbI BXO.

'pammaTvky, 11 KOTOPBIX TAOIUIA MPEICKA3BIBAIONIETO AHAJIN3ATOPA HE
UMEET HEOZAHO3HAYHO OIIPEIEIEHHbIX BX0/0B, HasbiBaloTca LL(1)-rpammarukamu.
ITpenckasbiBaromumii anaau3arop, mocrpoendsiii gy LL(1)-rpammaruku, Hasbi-
Baerca LL(1)-anamuzaropom. Ilepsas Gyksa L B Ha3Banuu cBA3aHO C T€M, 4TO
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BXOZHAs IIENOYKA YUTAETCS CJIeBa HAIPABO, BTOpasd L O3HAYAEeT, 9TO CTPOUT-
Cs1 JIEBBIHA BBIBOJ BXOZHOW HEMOYKHM, 1 — 9TO HA KAXKJOM INATe /i TPUHATHS
PEIIeHns UCTIONB3YETCS OJMH CHMBOJI HEIPOUYNTAHHONW IaCTH BXOJHON TEMOYKH.

Hoxazano, uro amroput™ 4.6 mua xaxmpoit LL(1)-rpammaruku G cTpouT
TabJMIly TPEICKA3BIBAIONIEr0 AHAIM3ATOPA, PACHO3HAIOIIEr0 BCE IIEMOYKU U3
L(G) u Tombko 11 nenouku. HerpynHo jgokasars takxke, yro ecimn G — LL(1)-
rpammaruka, 10 L(G) — nerepmunuposanubiii KC-a3bIk.

Cupaseyus Takxke cieaytomuii kpurepuii LL(1)-rpammaruku. I'pamvaruka
G = (N,T, P, S) asnsierca LL(1)-rpaMMaTuKoii TOT/Ia U TOJIBKO TOT/A, KOTIA
s Kaxkoi napol npasun A — o, A — 8 u3 P (T.e. mpaBus ¢ OJUHAKOBOIL
JIEBO# YaCThIO) BBIMOJHSIOTCA CICAYIONHE 2 YCIAOBUA:

(1) FIRST(a) N FIRST(B) = &;
(2) Ecim e € FIRST (o), To FIRST ()N FOLLOW (A) = @.

A3k, aysi KoToporo cyiecrByer nopoxaawomas ero LL(1)-rpammaruka,
nasbiBaior LL(1)-a3bikoM. JJokazano, 410 npobsieMa OnpejesieHus Toro, mopo-
KJaer Jau rpaMMaTuka LL-g3bIK, SBIsgeTcs alrOpUTMIYECKH HEPA3PETuMOi.

[lpumep 4.6. Heommosmaunas rpammaruka He asmsgerca LL(1). Ilpumepom mo-
KeT CIyKuTh crnenyomada rpamvaruka G = ({S, E}, {if, then, else, a, b}, P, S) c npa-
BHUJIAMU:

S —if Ethen S |if E then Selse S |a
E—b
Dra rpaMMaTUKa SBJISeTCH HEOJQHO3HAYHOM, 4T0 UILIIOCTPUpyeTcs Ha puc. 4..6.

S S
/AT N
if E  then if E then else S

b JfEthen]S’elseT b //\\ a

| it E  then S
b a a | |

b a

Puc. 4..6:

4.3.5. VYmajgeHue JIeBOl peKypcuu

OcHOBHast TPYAHOCTH IPU HUCIOIL30BAHUH IIPEACKA3BIBAIOIIEr0 aHAIN3a — ITO
HaXOyKJeHWe TaKOW TPAaMMATUKU AJi BXOJHOTO A3bIKA, IO KOTOPOH MOYKHO TIO-
CTPOUTDH TADJIUILY AHAIN3A C OJHO3HAYHO OMpeIeeHHBIME BXodaMmu. Horma c
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MOMOIIBIO HEKOTOPBIX MPOCTHIX TPeoOpa30oBaHuil TPAMMATHKY, He SBJISIONLYTO-
cs LL(1), moxkuo mpuBectn K sksBuBajieHTHON LL(1)-rpammaruke. Cpean atux
npeobpazoBanuit Hanbomee 3(hHEKTUBHBIMU SIBJASIOTCS JTeBasg (PAKTOPU3AIU 1
yaaJleHue JIeBOil peKypcuu. 3/1ech HeOOXOIMMO CeJaTh JBa 3amedanus. Bo-
TIEPBBIX, HE BCAKAs FPAMMATHKA, OCJIE 9TUX peodpazosanuii cranosurcs LL(1),
¥, BO-BTOPBIX, MOCJIE TAKUX MPEOOPA30BAHUN MOTYYAIOMAACS TPAMMATAKA MO-
JKeT CTaTh MeHee IOHUMAaeMOil.

Hemnocpencreennyio J€By0 peKypPCHIO, T.e. PEKypcuio Buga A — Aq, MOKHO
yAamuTh caegyommM crnocobom. Crauana rpynnupyeMm A-npapunia;

A—)AOé1|AOéQ| |Aam|ﬂ1|62| |Bn,

rJle HUKaKas W3 CTPOK [3; He HaumnHaercs ¢ A. 3arem 3ameHsieM 10T HAOOD
MIPaBUJI HA

! ! !
A" 5 A asA| | and' e
roe A’ — HOBBIA HeTepMuHAJ. 13 HeTepMuHAIa A MOXKHO BHIBECTH T€ K€ IEII0Y-
KW, 9TO U PaHbIIE, HO Tenephb HeT JeBoii pekypcun. C IIOMOMIBIO 3TOH TPOnesyphl
VAAJAIOTCS BCE HETIOCPEICTBEHHBIE JIEBbIE DEKYDPCUU, HO HE YIAJIAETCS JIEBAS Pe-

KypCUusi, BKJIIOYAIOIIasi 1Ba wiu 6osee mara. [lpuBemeHusiii Huke anroputm 4.7
TIO3BOJISIET YAAJUTDH BCE JIEBbIE PEKYPCUHU M3 TPAMMATHKY.

Anropurm 4.7. Yianenue jieBOil peKypCcuu.

Bzod. KC-rpammvarnka G 6e3 e-npasmit (mpaeui Buga A — e).
Buzod. KC-rpammarnka G' 6e3 neBoil pexypcnu, SKkBuBanenTHas G.
Memod. Buimonauts maru 1 u 2.

(1) YuoopsimouuTh HEeTEpMUHAIBI 'PAMMATUKK (G B IPOM3BOJIBHOM MOPSIKE.

(2) BBINOMHUTSH CJIEIYIONIYIO TIPOIELYPY:
for (i=1;i<=n;i++){

for (j=1;j<=i-1;j++){
aycts A; — [ | P2 ] ... | B - Bce Tekymme mpaBuma gns A;;
samMeHnT: BCe mpaBmia Buma A; — Aja
Ha mpasuna A; — fia | fa| ... | fras

}

yoanuTh mpasBuia Buma A; — A;;

yAanuTh HENOCPeNCTBEHHYD JIeBYH PEKypCHo B IpaBmuax i A;;

}

IMocane (i — 1)-it urepauuu BHENIHErO UUMKJIA Ha mare 2 /s J000ro npaBusia
Buna Arp — Asa, roe k < i, Beimosingercs s > k. B pesyabrare Ha ciemyro-
wieit urepanuu (110 i) BHyTpeHHUI 1MKI (10 J) IIOCIEI0BATENBHO YBEJIUIUBAET
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HMXKHIOIO TpaHully 0 m B jobom npasuie A; — A,,a, noka ne oyger m > i.
3arem, mocse yIaieHuss HeOCPeICTBEHHON JeBoil pekypceuu s A;-npasui, m
CTAHOBUTCS OOJIBIIIE §.

Anropur™ 4.7 mpuMeHUM, €CIM TPAMMATHUKA, HE UMEET e-TIPaBUJI (IIPABUJI BU-
ga A — e). lmeomuecs B rpaMMAaTHKE e-ITPABUIA MOTYT OBbITh YIAJICHBI MPEI-
BaputesbHO. [lonydaromasica rpammaruka 6e3 JeBoil PEKyPCUH MOXKET UMeTh
e-TIpaBUIIA.

4.3.6. JleBau dakTopu3aiusa

OcHoBHast ujes J1eBo# (GhaKTOPU3AIUE B TOM, YTO B TOM CJIydae, KOrJa HEsSCHO,
KaKyI0 W3 JBYX aJbTEPHATHUB HA0 UCIOJIB30BATE I PA3BEPTKU HETEPMUHAJIA,
A, HYKHO M3MEHUTH A-TipaBujIa Tak, YTOOBI OTJIOKUTEH PEIIeHNe 0 TeX TOp,
moka He Oy/1eT JOCTATOYHO WH(MDOPMAIUY /sl IPUHATHS TPABUILHOTO PEIEHMSI.

Ecim A — afy | afs — aBa A-npaBuia u BXOAHAs LEIOYKA HAYMHAETCS C
HEIYCTOM CTPOKHU, BHIBOAMMON U3 (¢, MbI HE 3HAEM, PA3BOPAUMBATH JIU IO TEPBO-
My TIPABUILY WU TTO BTOPOMY. MOKHO OTJIOKHUTH perienne, pa3sepays A — aA’.
Tora Tocie aHAIN3a, TOTO, YTO BHIBOIMNMO U3 @, MOXKHO pa3BepHyTh mo A’ — 51
nmm o A’ — B5. JlepodakTOpU3OBaHHbBIE MTPABAJIA TPUHAMAIOT BUT,

A— ad
A" — B | B2

Anropurm 4.8. Jlepast paxkTopmusamms rpaMMaTHKH.

Bzoo. KC-rpammarura G.

Buzod. Jlesodakropmzosannas KC-rpammarnka G', sksusanentnas G.

Memod. dns kaxxaoro HerepmuHasia A vineMm caMblii JJIMHHBIA 1peduke «,
obmmit mms aByx wam Gosee ero ambTepHaTHB. Ecim a # e, T.e. CymecTByer
HETPUBUAJIBHBIN 001t mpeduke, 3aMeHseM Bce A-TpaBuia

A= af|afs| ... |abn |z,

rie z 0603HaYaeT BCe AJLTEPHATHBLI, HEe HAYMHAIONIMECHd C , Ha
A= ad|z
A =Bl Bl o | Bn

roe A’ — HOBBIH HeTepMuHA. IIOBTOPHO IPUMEHAEM 3TO MPEOOPA3OBAHKE, TOKA
HUKAKHUE JB€ aJbTEPHATUBLI He OyIyT mMeTh obirero mpedukca.

llpumep 4.7. PaccMOTpUM BHOBb I'DAMMATHKY YCJIOBHBIX ONEPATOPOB M3 IIPUMe-
pa 4.6:
S —if Ethen S |if E then Selse S |a
E—b
ITocne nesoit pakToOpu3anuy rpaMMaTHKa, TPUHAMAET B/
S —if Ethen SS' | a
S —elseS|e
E—=b
K coxasieHno, rpaMMaTiKa OCTAETCs HEOJAHO3HAYHOM, a 3Haunt, u He LL(1).
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4.3.7. PexypcuBHBIil CIIyCK

Boimme 6611 paccMoTpeH TabIMIHO-YIIPABIIEMbIii BAPDHAHT IIPEICKA3BIBAIOIIETO
aHaIM3a, KOrJIa MAra3uH SBHO UCIOJIb30BAJICS B MIPOIECCe PAOOTHI AHAJIU3ATOPA.
MoKHO TIPe/ITIOKUTH APYTOil BAPUAHT TPEACKA3HIBAIOIIETO aHAIN3a, B KOTOPOM
KasKJIOMy HETePMUHAJTY COMOCTABJIAETCS TPOIeLypa (BOOOIIE rOBOPS, PEKYPCHUB-
Has), ¥ Mara3ud o0pa3yeTcs HesiBHO MPU BbI30BAX TAKUX Mpoueayp. IIpouemsypobt
PEKYPCUBHOIO CIYCKA MOTYT ObITH 3aMUCAHBI, KAK TOKA3aHO HUKE.

B mpouenype A mist ciydasi, KOTJa WMeeTcss mpaBuio A — u;, Takoe, 9To
u; =* e (HAMOMHUM, 4TO HEe MOXKET OBITH GOJIBINE OJHOTO MPABUIA, U3 KOTOPOIO
BBIBOIUTCS €), npuBeienbl nsa Bapuanta 1.1 u 1.2. B Bapuanre 1.1 nemaercs
OPOBEPKA, IPUHAJJIEKUT Jiu cieayonuii Bxoauoii cumsost FOLLOW (A). Eciu
HET — BBIZAeTCs omubdKa. Bo BTOpOM BapuaHTe ITOrO He JeIaerTcs, TaK 9TO
AHAJIN3 OIMMOKN OTKJIQIBIBAETCS HA TPOIEAYPY, BHI3BABIIYIO A.

void AO{ // A= uy |us| ... | u
if (InSym € FIRST (u;)) // Tombkro onHoMy!
if (parse(u;))
result("A — u;");
else error();
else
//BapuanT 1:
if (umeercsa mpaBuno A — u; Takoe, 4TO U; = €)
//BapuanT 1.1
if (InSym € FOLLOW (A))
result("A — u;");
else error();
//Kouen; BapmanTa 1.1
//BapuanTt 1.2:
result("A — u;");
//Kouen; BapumanTa 1.2
//Korern BapuanTa 1
//BapuanT 2:
if (metr mpaBuna A — u; Takoro, 4TO U; = €)
error();
//Kouen; BapumanTa 2

boolean parse(u){ // u3 u He BuHBomUTCH e€!
v =u;
while (w#e){ // v=Xz
if (X - Tepmunan a)
if (UnSym # a)
return(false);
else InSym = getInsym();
else // X - setepvunman B



78 I'maBa 4.0. Cunrakcum4deckuii aHaJins

BQO;

v =2z;
}
return(true) ;

}

4.3.8. BoccraHoB/IeHUE T10C/Ie CMHTAKCUYECKNX OIINOOK

B npuBemeHHBIX TIPOrpaMMax PEKYpPCHUBHOTO CITyCKa MCIOJIb30BAIACH MTPOIIEIY-
pa peakmnuu Ha CHMHTaKCcHueckue omubku error (). B mpocreiimmem ciydae sta
MPOIEeIyPa BbIIAET IUATHOCTUKY U 3aBepInaer pabory anagu3zaropa. Ho MoxkHO
MOIBITATHCST HEKOTOPBIM Pa3yMHBIM 00pa30M MPOAOIKATL paboTy. s paszdopa
CBEPXY BHU3 MOXKHO MPEJJIOXKUTH CJIEIYIONUN MPOCTOM AJIrOPUTM.

Ecnu B MoMeHT OOHApy»KeHUs OIMMUOKKM Ha BEPXYIIKE MAra3WHA OKA3AJICS
HETEePMUHAJIBHBIN CUMBOJI A U JIJIsT HErO HET MPABUIIA, COOTBETCTBYIOIIErO BXO/I-
HOMY CHMBOJTY, TO CKAHEPYEM BXOJ JIO T€X TOP, MOKa He BCTPETUM CHMBOIT JIHOO
u3z FIRST(A), au6o us FOLLOW (A). B nepsowm cityuae pazsopadusaem A 1o
COOTBETCTBYIOIIEMY MPABUILY, BO BTOPOM — yaajseM A u3 marasuxa.

Ecnun wa Bepxyiike Mara3wHa TEPMUHAJIBHBIN CHUMBOJI, TO MOXKHO Y/IAJUTh
BCE TEPMUHAJIbHbBIE CUMBOJIBL C BEPXYIIKY MAra3uHa BILIOTH JI0 II€PBOIO (CBEPXY )
HETEPMHUHAJIBHOIO CUMBOJIA U TPOJOJIZKATH TAK, KAK 9TO ObLIO OMUCAHO BHIIIE.

4.4. Pa360p cHU3y-BBepX THUIMA CABUT-CBEPTKA

4.4.1. OcHoBa

B nporiecce pa3bopa CHU3Y-BBEPX THUIIA, CIIBUT-CBEPTKA CTPOUTCS IEPEBO pa3bopa
BXO/IHO# LIEMIOYKHU, HAUYUHAS C JUCTHEeB (CHU3Y) K KOPHIO (BBEPX). DTOT OpoLecc
MOKHO PACCMaTPUBATh KaK “‘CBEPTKY’ IMEMOYKA W K HAYATHHOMY CHMBOJY TPaM-
maruku. Ha KaKI0M mare CBEPTKH IOIIENOYKA, KOTOPYH MOXKHO COIIOCTABUTD
NpaBoil YaCTH HEKOTOPOTO MPAaBUJIA BHIBOJA, 3AMEHAETCS CUMBOJIOM JIEBOI da-
CTH 3TOrO MPABUJIA BHIBOJA, U €CJIU HA KAYKIOM IIAre BLIOMPAETCS MPABUIbHA
HOZIENOYKA, TO B OOPATHOM MOPSAIKE MPOCIEKUBACTCA MPABOCTOPOHHHNA BbI-
Boz, (puc. 4..7). 31ecb KO BXOJHOI IIeNIOYKe, TaK Ke Kak u npu aHammse LL(1)-
rpaMMaTHK, IIPUIECAH KOHIEBOH Mapkep $.

IMoauenouka ceHTEHIMANLHON (DOPMBI, KOTOpask MOXKET ObITh COMNOCTABIE-
HA MPaBOil YaCTH HEKOTOPOT'O MPABUJIA BHIBOJA, CBEPTKA MO KOTOPOMY K JIEBOI
9aCTU MPABHUJIA COOTBETCTBYET OJHOMY IIATY B OOPAIIEHUH MPABOCTOPOHHETO
BBIBOJIA, HA3BIBAETCA 0cHO60( ermouku. CaMas J1eBast MOAUENO9Ka, KOTOPast COo-
MOCTAB/IAETCS MPABOl YaCTH HEKOTOPOro MpaBuja BuIBOAa A — vy, He 00s3a-
TEJIHO SIBJISIETCS OCHOBOM, TIOCKOJIbKY CBEPTKA MO MpaBuiy A — v MOXKET JaTh
[ENnoYKy, KOTOpasi He MOXKET OBITh CBEJIEHA K aKCHOME.

DopmMaIbHO, OCHOBA IPABOI CEHTEHIMATBHON (DOPMBI 2 — ITO IPABHUIIO BHIBO-
na A — 7 ¥ no3unus B 2, B KOTOPO# MOXKET ObITH HAlIEHA HENOYKa, Y TAKHE, 9TO
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Puc. 4..7:

B pe3yJIbTaTe 3aMeHbI Y Ha A momydaercs mpeaplaymias CeHTeHImanbaas Gpop-
Ma B IPABOCTOPOHHEM BBIBOZE 2. Takum obpaszom, eciu S =7 aAfS =, a3, o
A — v B mo3umnm, creayiomei 3a a, 3o ocHoBa tenoukn ayf. Iloguenouka [
CTIpaBa OT OCHOBBI COIEPKUT TOJBKO TEPMUHAIBLHBIE CUMBOJIBI.

Boobr1tie roBOps, rpaMMaTHKA MOYKET OBITH HEOJHO3HATHOI, TOITOMY HE €/IMH-
CTBEHHBIM MOXKET ObITH MPABOCTOPOHHUI BBIBOJ, vy} ¥ HE €IMHCTBEHHOU MOXKET
ObITH OCHOBa. Ec/in rpaMMaTiKa OQHO3HAYHA, TO KaXK/1asl [IPaBasi CeHTEHIMAIb-
Hag (GopMa rpaMMaTUKUA MMeeT B TOYHOCTU OIHY OCHOBY. 3aMe€Ha OCHOBBLI B
CEeHTEHITNAJIBHON (pOpMe HA HETEPMUHAJ JIEBON YACTU HABBIBAETCS OMCEUEHUEM
ocuoBbl. QOpailrenre NMpaBOCTOPOHHETO BBIBOJA MOXKET OBITH TOJIYYEHO C MO-
MOIIHIO TTOBTOPHOTO MPUMEHEHHUsI OTCEYEHNsT OCHOBBI, HAUMHAST C MCXOIHOMN IIe-
nouyku w. Eciam w — cJI0BO B paccMaTpuBaeMoil IPaMMAaTHKE, TO W = O, TIE
Qp — M-s IpaBas CeHTeHIMasbHasg (hopMa ellle HEHM3BECTHOIO IIPABOr0 BLIBOJA
S =0y = a1 =y ... > Qu_1 >y @y = W.

Y100BbI BOCCTAHOBUTDH 3TOT BBIBOJ B OOPATHOM TIOPSIIKE, BBIAEISEM OCHOBY
Yn B Qi U 3aMEHSIEM 7Y, Ha JIEBYIO YaCTh HEKOTOPOTO MPAaBUJIA BHIBOAA A, — Yp,
nosydas (n — 1)-10 OpaByIO CeHTEHUUATIbHYIO POPMY (1. 3aTEM IIOBTOPSiEM
3TOT NIPOIECC, T.€. BbLIEJIAEM OCHOBY Yp_1 B Op_] U CBOPAYUBAEM 3Ty OCHOBY,
MOy 9ast IPABYI0 CEHTEHIINATBHYTO POPMY (yy . ECiH, TOBTOPSIS 9TOT MPOIIECE,
MBI TIOJIYYaeM MPaBYI0 CEHTEHIINAIBHYIO (hOPMY, COCTOSIIIYIO TOJBKO U3 HAYAIb-
HOTO CHMBOJIA S, TO OCTAHABIUBAEMCS W COOOIaeM 00 yCIIEITHOM 3aBEPIIEHUN
pasbopa. Obpalenue TmoCIeI0BATETbHOCTH TPABUII, UCIOJIb30BAHHBIX B CBEPT-
KaX, eCTb IIPAaBblil BBIBOJ, BXOJHOU CTPOKHU.

Takum 06pa3oM, raBHAs 337a49a aHAJIU3ATOPA THUIA CABUT-CBEPTKA — ITO
BbBI/IEJIEHUE W OTCEYEeHUE OCHOBBI.
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4.4.2. LR(1)-ananu3aTopsl

B nassanuu LR(1) cumBon L ykasbiBaer Ha 10, 9T0 BXOAHAS LENOYKA IUTACTCS
cieBa-Hapaso, R — Ha TO, 4TO CTpOUTCS NPAaBLIH BLIBOJ, HAKOHEI, 1 yKa3bIBAET
HA TO, YTO AHAJIU3ATOP BUAUT OJUH CHMBOJ HEIPOYUTAHHON YACTH BXOJHOM
LETOYKU.

LR(1)-ananu3 npuB/jieKaTeJeH MO0 HECKOJbKUM TIPUYHHAM:

— LR(1)-ananu3 — naubosiee MOIIHBIH MeTOJ aHaIN3a 0€3 BO3BPATOB THUIA
C/IBUT-CBEPTKA;

— LR(1)-ananu3 Moxker ObITH peATU30BaH JOBOJIBHO 3 deKTuBHO;

— LR(1)-ananuzaTopbl MOryT GbITh IOCTPOEHBI JLJisl IIPAKTUYECKU BCEX KOH-
CTPYKIUil S3BIKOB MIPOTPAMMUPOBAHUS;

— KJIACC TPAMMAaTWK, KOTOPbIE MOTYT OBITH  TPOAHAIUZUPOBAHBI
LR(1)-meromom, cTporo BKII0YAET KJIACC FPAMMATUK, KOTOPbIE MOI'YT ObITh
IPOAHAIU3UPOBAHDI IPEJICKA3bIBAIOIIMMYI AHAIM3ATOPAME (CBEPXY-BHU3
tuna LL(1)).

Cxemaruuecku crpykrypa LR(1)-amanuszaropa uzobparkena na puc. 4..8.
AHanM3aTOp COCTOUT W3 BXOMHON JIEHTBI, BBIXOJHOMN JIEHTBI, MATA3MHA, yIIPAB-
nstomeit mporpaMmbl 1 tabmmup anamsa (LR(1)-rabmuner), Koropas nMmeer Jpe
gacru — ynryuio deticmeuti (Action) u dynryuro neperodos (Goto). Yupasis-
I0Iast TPOrpaMMa, OIHa, U Ta ke ig Beex LR(1)-anamu3aropos, pa3Hbe aHAIu-
3aTOPHI OTIMIAIOTCA TOIBKO TAOIWIIAMA AHATIA3A.

ITporpamma aHaIM3aTOPa YATAET CUMBOJIBI HA BXOJHOM JIEHTE ITO OJHOMY 34
nrar. B mponecce ananu3a UCHIOMB3yeTcs MATA3WH, B KOTOPOM XPAHATCA CTPOKH
Buzna So X151 X255 ... X0nSm (Sm — Bepxyiuka Marazuna). Kaxapiit X; — cumBon
rpaMMaTUKU (TEPMUHAILHBIA UM HETEPMUHAJIBHBIN), a S; — CUMBOJ COCMOSA-
HUA.

BamMerum, 9TO CUMBOJIBI 'PAMMATUKY (JIMOO CUMBOJIBI COCTOSTHU) He 00s3a-
TEJBHO JIOJIZKHBI Pa3MeIaThcs B Marasuie. OIHAKO, UX MCIIOIb30BaHKUE O0Jer-
gaer noHumanue nosegenns LR-ananu3zaropa.

Duaement dyukuuu aeiicreuit Action[Sy,, a;] mia cumsoma cocrosuus Sy, u
Bxoma a; € T'U {$}, MOXKeT UMeThb OJHO U3 YeTbIpeX 3HAYECHU:

1) shift S (capur), rae S — CHMBOJI COCTOSTHUS,

2) reduce A — v (cBepTKa MO npaBuily rpamMmmaruku A — ),
3) accept (momyck),

4) error (owmbka).

Dnement dbyukumu nepexonos Goto[Sy,, A] ans cuMBoia cOCTOSIHUS Sy, W
BxoHa A € N, MOXKeT UMeTh OJIHO U3 ABYX 3HAYEHUIL:

1) S, rae S — cumBoOA cocrosiHus,
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Bxon |a1|...|a,-|...|a,, $ |
A
Marazun Bhixon
S, e LR
aHAIA3aTOP

Xon
Sm-]
Xm-] li—l
: S . Action Goto

0

Puc. 4..8:

2) error (owmbKa).

Kongueypayueti LR(1)-ananuzaTopa Ha3bIBAETCs NAPA, EPBas KOMIOHEHTA
KOTOPOIi — COIEPKNUMOE MAra3uHa, & BTOpas — HEMTPOCMOTPEHHBIN BXOJ;:

(SoXlleQSQ XmSm, A;iQi4q .. an$)
O1a KOH(MUTypaIKsi COOTBETCTBYET MPABOI CEHTEHITHAIBHOM (hopme
X1X2 Xmal-a,qu e Qp

IMpeduKchl MPaBLIX CEHTEHIUAIBHBIX (POPM, KOTOPBIE MOTYT TOSBUTHCS B
Mara3zwHe aHaJIn3aTopa, Ha3hIBAIOTCA akmueHsimu Tpedukcamu. OcHoOBa ceH-
TEHIUATBHON (OPMBI BCErJia PACIOJATAETCS HA BEPXYIIKe Mara3wHa. Takum
00pa3oM, aKTHUBHBIN TpedUKC — 3TO TaKO# HpedUKC MPaBOil CEHTEHITHATbLHOI
GOpPMBI, KOTOPBIH HE MEPEXOIUT MPABYI0 TPAHUILY OCHOBBI 3TOM (POPMBL.

B mauasne paboThl anajam3aTopa B Mara3mHe HAXOAWTCS TOJIHKO CHMBOJ Ha-
YaJIbHOTO COCTOSIHUS Sy, HA BXOAHO JIEHTE — aHAJIM3WpyeMas MerovYKa ¢ Map-
KEPOM KOHIA.

OuepeiHOM MIAT AHAJIU3ATOPA OMPEIEAETCS TEKYIIUM BXOIHBIM CHMBOJIOM
G; ¥ CUMBOJIOM COCTOSIHWSI HA BEPXYIIKE MAarasuHa Sy, CJIeyonuM 00pa3om.

IMycts LR(1)-ananu3aTrop HAXOAUTCA B KOHMUIYpAIUN

(50X151X252 XmSma A;iQi41 --- an$)
AHaHI/ISaTOp MOZKET IIpoaesaTb OAWH U3 CIEAYIONUX IIaroB:

1. Ecim Action[Sy,, a;] = shift S, To aHaaM3aTOp BHITIOIHSET CABWUT, TI€pe-
XO/IsT B KOH(DUTYPAIIHIO

(50X151X252 XmSmaiS, (78 an$)
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Takum 06pa3oM, B Mara3uH IOMEIIAIOTCA BXOMIHOM CHMBOJ G; B CAMBOJI CO-
crosinus S, onpezensiembrii Action[Sy,, a;]. Tekymum BXOAHBIM CUMBOIOM
CTAHOBUTCS (i y1.

. Ecim Action[Sp,, a;] = reduce A — v, TO aHAIN3ATOD BHITIOJIHSIET CBEPT-

Ky, nepexoad B KOH(l)I/II‘ypaILI/IIO
(SUX151X252 Xm,TSm,TAS, AiQi41 .- an$)

rae S = Goto[Sy,—r, A] u T — mumMHA Y, IPABOI YACTH IIPABUJIA BHIBOJA.

Ananuzarop cHauasia yaasaser u3 Mara3uHa 2r CUMBOJIOB (' CHMBOJIOB CO-
CTOSIHWSI U T CUMBOJIOB IPAMMATHKM), TAK YTO HA BEPXYIIKE OKA3bIBAET-
CA COCTOSAHME Sp,_,. 3aTeM aHAIM3aTOp NOMENIAeT B Mara3uH A — Jie-
BYIO0 9aCTh NPaBUJA BBIBOJA, U S — CHMBOJ COCTOSHHS, ONPEIEIIEMBbIA
Goto[S;—r, A]. Ha mware cepTku TeKyliuii BXOAHON CUMBOJI HE MEHSET-
ca. dnsg LR(1)-ananuzaropo X, py1 ... Xy — 00CI€10BATEIHLHOCTD CHM-
BOJIOB TPAMMATHKW, yAAIAEMBIX U3 MATA3WHA, BCETIA COOTBETCTBYET 7y —
MpaBOi YaCTH TMPABWJIA BHIBOJA, TTI0 KOTOPOMY JEJIA€TCSA CBEPTKA.

Ilocie  ocyimecrBiieHus — mara  CBEPTKH  TE€HEPUPYETCS  BBIXOJ
LR(1)-anasuzaropa, T.e. UCHOJIHAIOTCH CEMAHTUYECKUE IeHiCTBUS, CBA3aH-
HBIE ¢ TPABUJIOM, TIO KOTOPOMY /JIeJIaeTCd CBEPTKA, HATTPUMED, TI€UATAIOTCSA
HOMEpA TPaBUJ, TI0 KOTOPBIM JIEJIA€TCS CBEPTKA.

Samernm, aro hyHKIHS Goto TaOMUIBI AHAIN3A, TOCTPOEHHAS TI0 TPAMMa-
tuke (G, PaKTUIECKH MPeICTaBIsIeT cODOH (DYHKIMIO TEPEXOI0B JIeTePMU-
HHPOBAHHOIO KOHEYHOT'O ABTOMATA, PACHO3HAIONIEI0 aKTUBHbIE NpeduK-

col (5.

. Ecim Action[Sy,, a;] = accept, T0 pa3bop yCHeIHO 3aBepIIeH.

. Eciu Action[S,,, a;] = error, To anaju3aTop oOGHADYKUII OMKUOKY, U Bbl-

IIOTHAIOTCA ﬂeﬁCTBHH II0 JHATHOCTHUKE U BOCCTAHOBJICHHIO.

[lpumep 4.8. Paccmorpum TpPaMMATHKY apudMeTHIeCKUX  BbIPAYKEHU

G=({E,T, F},{id,+, *}, P, E) c npaBunamu:

(1) E-E+T
(2) E=T
3 T—=TxF
4) T->F
(5) F—id

Ha puc. 4..9 nzobpaxenst dyunkumu Action m Goto, obpasyomue LR(1)-Tabmmmy

st 3roit rpammaruku. Qs Ddnement Si dyukuum Action o3HAaYaeT CABUT U MTOME-
[IeHNWe B Mara3uH COCTOSHUS C HOMEPOM ¢, Rj — CBEpPTKY IO IMpaBHUy HOMEp j, acc —
JIOIIYCK, IIycTast KjieTka — omwuoOKy. Jng dyukmpm Goto cuMBOI 1 03HAYAET HOMEIeHre

B MAara3uH COCTOSIHHS C HOMEPOM %, IIyCTas KJIETKA — OMIHIOKY.

Ha Bxone ¢d + id * id mocjemoBaTeIbHOCTh COCTOSIHIAN Mara3nHa U BXOJHOM JIEHThI

mokazansl Ha puc. 4..10. Hanpumep, B mepsoit crpoke LR-amanmzarop maxomurcs B

HYJIEBOM COCTOSIHWH ¥ “BHANT’ TePBBIA Bxomuoil cumBos td. elictBue S6 B HyJseBOit
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cTpoke u crosbue id B mone Action (puc. 4..9) 03HAYAET CABAT U MOMENIEHUE CHMBOJIA
cocTosinus 6 Ha BEPXYIIKY Mara3wHa. DTO U M300ParKEHO BO BTOPOI CTPOKE: IePBbIi
CHUMBOJI id ¥ CHMBOJI COCTOSTHUS 6 ITOMENIAIOTCST B Mara3wH, a id yJaJsieTCst CO BXOTHOM

JIEHTBHI.
Cocrosinus 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 R5 R Rb
7 S6 8
8 R3 R3 R3
Puc. 4..9:
AkTuBHBII Marazun Bxon HeiicrBue
npeduKc
0 id + id % id$ | casur
id 0id6 +idxid$ | F —id
F 0F3 +idxid$ | T — F
T 0T 2 +idxid$ | E—>T
E 0OF1 +id x id$ | caBur
E+ OF1+4 id % 1d$ | casur
E+1d 0F1+4+4id6 x1d$ | F —id
E+ F OF14+4F3 xid$ | T - F
E+T OFE1+4+4T5 id$ | coBur
E + T OFE1+4T 57 id$ | coBur
E+Txid | OE1+4T 5%714d6 $ | F—id
E+T«F |OE1+4T5+«x7F8 $ | T ->TxF
E+T 0E1+4T5 $ | E~>E+T
E 0E1 JOIYCK
Puc. 4..10:

TexyumM BXOAHBIM CHMBOJIOM CTAHOBUTCS +, U TEUCTBUEM B COCTOSHUU 6 HA BXO,
+ aBnserca ceeprka no F' — id. VI3 marasmnaa yaangaioTca 1Ba CUMBOJIA (OUH CUMBOJI
COCTOSTHUSI ¥ OTMH CHMBOJI TPAMMATHKH). 3aT€M AHAJU3UPYETCT HYJIEBOE COCTOSHUE.
ITockonpky Goto B HysneBoM cocrosauu 1o cumBoiny F — s1o 3, F' u 3 nomenaiorcs B
mara3us. Tenepb numeem KOHGMUTYPALUAIO, COOTBETCTBYIOINLYIO TPeTheii crpoke. Ocralib-
HBIE TIATU OTNPEIEISTIOTC aHAJIOTUIHO.
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4.4.3. Koucrpyunposanue LR(1)-Tabaumpl

Paccmorpum Terneps ajaropuTM KOHCTpyupoBanus tabauupsl, ynpasisiomeii LR(1)
- aHAJTM3aTOPOM.

Mycts G = (N, T, P, S) — KC-rpammaruka. [lonoanennoti rpaMMaTuKOdi st
mauHOM rpammaruku G HasbiBaercs KC-rpammarnka

G =(NU{S'},T,PU{S"— S}, 5",

T.€. SKBUBAJIEHTHAS IPAMMATHUKA, B KOTOPOH BBEJIEH HOBBIH HAYAIbHBINA CAMBOJI
S’ u moBOE mpaBuyIo BEIBOJA S’ — S.

OTO JOMOTHATEIHLHOE TPABUJIO BBOIUTCS JJIs1 TOTO, 9TOOBI ONMPEIEIATh, KO-
I/1a aHAJTHM3ATOD JOJKEH OCTAHOBUTH Pas’bop m 3apUKCHPOBATH JOMYCK BXOA.
Takum 06pa30oM, JOIMYyCK IMEET MECTO TOTJA M TOIBKO TOTA, KOT/Ia AaHATH3ATOD
rOTOB OCYIIECTBUTH CBEPTKY Ho mpasmiy S’ — S.

LR(1)-cumyayuet na3pBaercs napa [A — «.f,al, rne A — aff — npasmio
rpaMMAaTHKH, G - TEPMUHAJ WM MPAaBbIi KOHIEBOH mMapkep $. Bropas kommo-
HEHTA CUTYAIMU HA3BIBAETCS G8GHUENOUKOU.

Bynem rosoputh, uro LR(1)-curyauus [A — «.f3, a] donycmuma nyist aKTHB-
HOro TpedbuKca §, eCau CymEeCTBYeT BLIBOL S =% YAw =, yafw, rme 0 = ya n
b0 a — MepBbIit CAMBOI W, TUOO W = e u a = $.

Byzmem roBopuTh, 9TO CHTyaIms donycmuma, €CIM OHA, JOTYCTAMA, IJIT KAKOTO-
b0 aKTUBHOTO TTpedUKCA.

[lpumep 4.9. Paccmorpum rpammvaruky G = ({S, B}, {a, b}, P, S) ¢ npaBunamun
S —+ BB
B —aB|b
Cymecrsyer mpasocTopouuuii BeiBoxL S =, aaBab =, aaaBab. Jlerko Bumers,
aro curyamusa [B — a.B,a] nonycruma nns akrmerOrO mpedukca 0 = aaa, ecau B
OIIPEJIE/ICHUN BBIIIE MOJIOXKUTH ¥ = aa, A = B, w = ab, « = a, B = B. CymecrBy-
eT TaK¥Ke TPaBOCTOpOHHWI BbBOL S =, BaB =, BaaB. Ilo3ToMy IjIsi aKTUBHOTO
npedukca Baa nomycruma curyanus [B — a.B, $].

HenTpanbHast uaes METOIa 3aKII0YAETCS B TOM, UTO MO IPAMMATHKE CTPO-
ATCH JIETEPMUHUPOBAHHBIN KOHEYHBINT aBTOMAT, PACIIO3HAIOIINNA aKTUBHbBIE IIpe-
dukcel. s 3T0Or0 cuTyanun rpynmupyoTcsa BO MHOXKECTBA, KOTOPbIE n obpa-
3ytor cocrosiius apromara. CUTyanuu MOXKHO PaCCMATPUBATH KAK COCTOSTHUSE
HEJETePMUHUPOBAHHOTO KOHEYHOT'O aBTOMATA, PACIO3HAIOIIEN0 aKTUBHBIE TTDPE-
bUKCHI, 8 WX TPYIIUPOBKA HA CAMOM J€JI€ €CTh MPOIECC MTOCTPOCHUS JETEePMU-
HUPOBAHHOIO KOHEYHOI'O ABTOMATA U3 HEIETEPMUHUPOBAHHOTO.

Ananuzarop, paboraionuyii clIeBa-HAIPABO IO THUILY CABU-CBEPTKA, JOTKEH
yMETh PACIIO3HABATH OCHOBBI HA BepXyIike Mara3uHa. COCTOsSIHME aBTOMATA TO-
CJIe TIPOYTEHUs COMAEP’KUMOTO MAra3WHA W TEKYIMUI BXOIHONW CHMBOJI OIIPEIe-
JIAIOT OuYepemHoe meficTBue aBromara. @yHKIHEH MepexoJ0oB ITON0 KOHEYHOT'O
aBromara gBisiercs pyukius mepexonos LR-anamm3zaropa. Yrobsr He mpocmar-
pUBaTH Mara3uH HA KAXK/IOM IIare aHAJInu3a, Ha BEPXYIIKEe Mara3wHa BCErIa XPa-
HUTCS TO COCTOsiHWE, B KOTOPOM JOJI?KEH OKA3aThCH ITOT KOHEYHBIH ABTOMAT
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mocJie TOr0, KAaK OH TMPOYUTAJ CUMBOJIBI TPAMMATHKY B Mara3wHe OT JIHA K Bep-
XYIIIKe.

Paccemorpum curyauuio Buga [A — a.Bf, a] u3 MHOxkecTBa curyaumii, jio-
MYCTUMBIX JIJIsT HEKOTOPOTO aKTUBHOTO mpedukca z. Torma CyIiecTByeT mpaBo-
cropornmii BeiBOL S = yAar =, yaBfazx, toe z = ya. llpeamonoxum, 410
u3 Sar BBIBOJUTCS TepMUHAIbHAs cTpoka bw. Torma mis HEKOTOPOro mpaBuia
BbIBOZA BuIa B — ¢ umeercs BeBOn S =% zBbw =, zgbw. Takum obpazom
[B — .q, b] Takke monmyctuma s z u curyauus [A — aB.f, a] nonycruma s
akTuBHOrO mpedukca zB. 3neck mub0 b MOKET OBITH TEPBBIM TEPMUHAJIOM, BbI-
BOIUMBIM 3 3, mubo U3 [ BBIBOAUTCA € B BBIBOZAE [Sax = bw u Torma b paBHo
a. T.e. b mpunagexkur FIRST (Bax). [loctpoenue BeeXx TaKUX CATyaIWil Jjist
JIAHHOTO MHOYKECTBA, CUTYAIIUil, T.e. €r0 3aMbIKAHKE, IEJIAeT IPUBEICHHAS HIKE
dyHKIHa closure.

Cucrema muoxkects gomyctuMbix LR(1)-curyanuit mjisg BCEBO3MOKHBIX aK-
TUBHBIX TPE(UKCOB MOTIOJIHEHHON IPAMMATHKN HA3BIBACTCS KAHOHUYECKOT CU-
cmemoti MEOKeCTB fomycTuMbiX LR (1)-curyanuii. AJIropuTM mocTpoeHus KaHo-
HUYECKON CHCTEeMbI MHOYKECTB [PUBEIECH HIXKE.

AnropurMm 4.9. KoHcrpyupoBanue KAHOHUYIECKON CHCTEMbI MHOXKECTB J10-
nyctuMbix LR(1)-curyarmit.

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

Bwizod. Kanonngeckas cucrema C' MuOKecTB gonycrumbix LR(1)-curyanuit
it rpaMMaTuke G.

Memod. 3akmo4yaercss B BBINOJHEHUW s TIOMOJHEHHONH rpammaruku G
pOIEIyphl items, KOTOpas MCHOIb3yeT DYHKIMKA closure u goto.

function closure(I){ /* I - mMHOXecTBO cuTyamuii */
dof{
for (xaxgpoit curyamuu [A — «.Bf,a] us I,
Kaxmoro mpasuia BhBoza B — v ms G,
kaxzoro Tepmusana b us FIRST(fa),
Takoro, uro [B — .y,b] mer B I)
nobasurs [B — .y,b] x I;

}
while (x [ MoxHO Ho6aBUTHL HOBYH CUTYAIWb) ;
return I;

}

function goto([,X){ /* I - mHOXecTBO cuTyanuii;
X - cumBoxn rpamMMaTuru */
Iycts J ={[A = aX.f,a]|[A = a.XB,a] € I};
return closure(J);

}

procedure items(G'){ /* G' - momomnenHas rpammaTuka */

Iy = closure({[S' — .S, $]});
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C={l};
doA{
for (xaxmoro mmoxecTBa curyamuii [ us cuctems C,
Kax[oro CHUMBOJIa IpaMMaTuKu X Takoro,
uyto goto(l, X) me mycTo u He mpunaznexut C)
no6asuts goto(l, X) x cucreme C';
}

while (x C' MoxHO H06aBUTH HOBOEe MHOXECTBO CUTyauui) ;

Ecnu I — MHOXeCTBO cuTyaluii, JOMyCTUMBIX JJis HEKOTOPOTO AKTHBHOTO
mpedukca §, 10 goto(I, X) — MHONKECTBO CUTYaIHil, JOMYCTUMBIX JJIsi AKTUB-
Horo mpedukca 60X .

Pabora anropurma mocrpoenus cucrembl C' MHOKecTB ponyctuMbix LR(1)-
cUTyanuii HAYMHAETCsT ¢ TOro, 9ro B C TOMEIaeTcs Ha4%a.AbHOoe MHOXKECTBO
curyarmit Iy = closure({[S’ — .S, $]}). Barem ¢ nomompo byHKINN goto
BBIYHUCIISIIOTCST HOBBIE MHOYKecTBa cutyaruiit u Braogaorcess B C. Ilo-cymecTsy,
goto(I, X)) — mepexoj; KOHEYHOrO aBTOMAaTa U3 cocTostHust I mo cumBomy X .

Paccmorpum Tenepn, kak 1o cucreme muoxkecrs LR(1)-curyauuii crpourcs
LR(1)-tabauma, T.e. dyHkmn geiicreuii n nepexonor LR(1)-ananm3aropa.

Agaropurm 4.10. ITocrpoernne LR(1)-rabiuisr.

Bxood. Kanounveckas cucrema C = {Iy, I1, ..., I} MHOXKeCTB IOMyCTHMBIX
LR(1)-curyaunii nist rpammarukn G.

Buwixod. ®yuxuuu Action u Goto, cocrapnsitomue LR(1)-rabiuny mis rpam-
Maruku G.

Memod. das kaxxaoro cocrosiuus ¢ dyukimn Action[i, a] u Gotoli, X] crpo-
SATCS IO MHOYXKECTBY cuTyanwuii I;:

(1) Buauenwnst byuxupn neficreust (Action) 1Jis COCTOSIHUS § ONPEIEIISIOTCS
CIeYIONUM 00Pa30M:

a) ecnn [A — a.aB,b] € I; (a — repmunan) u goto(l;,a) = I;, To
nonaraeM Action[i, a] = shift j;

6) ecm [A — ., a] € I;, mpuaem A # S', ro nonaraem Actionli,a] =
reduce A — q;

B) eciu [S" — S.,$] € I;, To nomaraem Action[i, $] = accept.
(3) Buavyenus QyHKUUM [EPEXOUOB [Ijisi COCTOSIHUS i ONPENENSIOTCA CJELy-

fomuM obpasom: ecnu goto(l;, A) = I;, To Gotoli, A] = j (3mecp A —
HeTEepMUHAT).

(4) Bce Bxoupl B Action u Goto, He onpejesieHHbIe WaraMu 2 U 3, [oJIaraeM
PABHBIMH €rTor.

(5) HavajbHOE COCTOSIHUE AHAIU3ATOPA CTPOUTCH U3 MHOYKECTBA, COJIePIKAlle-
ro curyamumio [S' — .S, $].
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Tabsuna wa ocHoBe ¢yukimit Action u Goto, TOIYyYEeHHBIX B PE3yIbTATE
paborsr anropur™a 4.10, maseiBaercs xanonuueckoli LR(1)-rabmuneit. LR(1)-
aHaJmM3aTop, paborarouuii ¢ 3Toil Tabuuueil, HasbiBaercs kanonuveckum LR(1)-
aHaJIM3aTOPOM.

[lpumep 4.10. PaccmoTpmM cjieAyIonIyo rpaMMATHKY, SIBJISIONIYIOCS TOIIOTHEH-
HOI 1719 rpPaMMAaTHKH U3 mpumMmepa 4.8:

(0) E'>E
(1) E-E+T
(2) E->T
3) T»TxF
(4 T—F
(5) F—id

MHOXKeCTBa CHTyanmii ¥ Mepexoabl IO goto I STON TPAMMATHKY TIPUBEICHBI HA
puc. 4..11. LR(1)-rabmmua misa 3T0l rpaMMaTHKU IPUBEJIEHA HA PuC. 4..9.

4.4.4. LR(1)-rpamMmmaTuku

Ecmu pia KC-rpammaruku G dyaknust Action, nomydeHnHasi B pe3yJibrare pa-
6orer amropurma 4.10, He COmEPKUT HEOAHOZHATHO OINPEIEIEHHBIX BXOJIOB, TO
rpammarnka HaspiBaercs LR(1)-rpammaTukoii.

dA3pik L nasbiBaercss LR(1)-s3bIKOM, ecii OH MOXKeT OBITh HOPOK/IEH HEKO-
ropoii LR(1)-rpammarukoii.

Nnorna ucnosb3yerca apyroe onpexesnenue LR(1)-rpammaruku. I'pammaru-
ka HazbiBaercsa LR(1), ecan u3 ycnouit

1. 8" =% vAw =, wow,

2. 8" =% zBzx =, uvy,

3. FIRST (w) = FIRST (y)
crenyer, yto uAy = zBx (te. u=2, A= Bux=y).

CorytacHO 3TOMY OIpPEEIeHUI0, eCITU YVW U YUY — TPABOBBIBOIUMBIE [IEMI0Y-
KU MOMOJIHEHHOH rpamMaruku, y Koropbix FIRST (w) = FIRST(y)u A — v —
MOCJIe/IHee MPABHIIO, NCIOIB30BAHHOE B TTPABOM BBIBOJIE TIETIOYMKHU UVW, TO MPa-
BUIO A — v JIOKHO TPUMEHSITHCS W B TPABOM pa3bope Mpu CBEpTKe uvy K
uAy. Tak kak A maer v mezaBucumo or w, to LR(1)-ycioBue ozuadaer, 4ro
B FIRST (w) comepxKurcst undOpMalys, J0CTATOYHA JJisl OIPEIEJIeHUs] TOrO,
9TO Uv 33 OJWH mmrar BeiBoguTcs u3 uA. [loaroMmy HUKOTIA HE MOXKET BOSHUKHY Th
COMHEHWIT OTHOCUTEILHO TOTO, KAK CBEPHYTh OYEPEIHYIO TPABOBBIBOINMYIO I1e-
MOYKY MOMOTHEHHON rPaMMAaTHKH.

MoKHO TOKa3aTh, YTO 3TU JABA ONPEIEICHNUsT IKBUBAJICHTHBI.

Ecin rpammaruka He siBasiercst LR(1), To aHamm3aTop THIA CIBUD-CBEPTKA,
MpHU aHajn3e HEeKOTOPOH MENMOYKH MOYKeT JOCTUTHYTHh KOHMHUTrypamnun, B KOTO-
poii OH, 3HAA COIMEPKUMOE Mara3uHa U CIeAYIOMUIl BXOTHONW CUMBOJ, HE MOKET
PelIuThb, JeNaTh JHU CABUI WM CBEPTKY (KOHMJIMKT CIABUI/CBEPTKA), WJIU HE
MOKET PellUTh, KAKYIO U3 HECKOJbKHUX CBEPTOK NPUMEHUTH (KOHMIUKT cBEpT-
Ka/CBEpTKA).
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I, I, I
[E'"— E,$] E [E'>E,S$] + [E—E+T,$]
[E— E+T 8] M[E—>E+T,$] "[E— E+ T, +]
[E—> T 8] [E— E +T, +] [T— T*F,$]
[T— T*F,$] [T— F,$]
[T— F,$] [T— T*F,+]
[F— id, $] I [T— F,+]
[E— E+T,+] [E—>T,$] [F— id, $]
[E—> T, +] T [T— T *F,$] [F— id, +]
[T— T*F,+] M[E>T, +] [T — T*F,*]
[T— F, +] [T— T*F, +] [T— F,*
[T— T*F,*] [T— T *F, *| [F —> id, *]
[T— F, *]

[F— id, *]
[F— id, +]
F F
id * T id
A A4 A4 A4
I; I I;
[T— T*F,$] [T—>F,S$] [E— E+T,$]
[T— T*F,+] [T F,+] [E— E+T, +]
[T— T*F,*] [T—F,* [T— T*F,$]
[F—> id,$] [T— T *F, +]
[F— id,+] | * [T— T*F, *]
[F— id, *]
id
F
A A 4
I I

[T— T*F,$] [F—id,+]

[T— T*F, +] [F—>id,*] [*

[T— T*F, *] [F—id,$]

A
Puc. 4..11:

B wactHOCTH, HEOMHO3HAYHAS TpaMMaTUKa He MOxkeT ObiTh LR(1). s mo-
Ka3aTeIbCTBA PACCMOTPHUM JIBA PA3IUYHBIX TIPABBIX BBHIBOZA

(1) S=,up = . = Uy =, w, H

(2) S =, v1 = oo =0 Uy = WL
Herpyano 3amerurs, uro LR(1) - ycsioBue (cornacHo BTOPOMY OIIPEI€JIEHUIO
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LR(1)-rpaMMaruku) Hapymaercs JJisi HAUMEHBIIEro U3 YHUCeJl 4, JJisd KOTOPBIX
Up—i 7£ Um—i-

llpumep 4.11. PaccmorpuM BHOBB IDAMMATHKY yCIOBHBIX OIIEPATOPOB:

S —if Ethen S|if Ethen Selse S |a
E—b

Ecmm anmamm3aTop Tuna CABUT-CBEPTKA HAXOAWUTCH B KOH(MUTYpALMM, TaKOW HYTO
HeoOpaboTaHHas YACTh BXOIHOM IEITOYKH uMeeT B else ... $, a B Mara3wHe HaXOIUTCs
...if E then S, To menn3sa onpenenutnb, saBasgercda au if E then S ocuoBoii, BHe
3aBUCUMOCTH OT TOTO, YTO JIEXKUT B Mara3uHe HuUXkKe. DTO KOHMIUKT CABUT/CBepTKa. B
3aBUCUMOCTH OT TOTO, YTO CJIEAyeT Ha BXOJe 3a else, IPaBUIbHON MOXKET ObITH CBEPTKA
1o S — if E then S wnu casur else, a 3aTem pa36op apyroro S u 3aBepiieHre OCHOBBI
if Ethen S else S. Takum 06pa3oM HeJIb3s CKa3aTh, HY’KHO JIX B 9TOM CJIydae J1e/1aTh
C/IBUT WM CBEPTKY, TAK 9TO rpamMMarnka He aBiagerca LR(1).

Orta rpammaTuka MOKeT 6bTh mpeobpasosana k LR(1)-Buay ciegyomum 06pa3om:

S—>M|U

M —if Ethen M else M | a

U—if Ethen S |if E then M else U
E—=b

OcuoBrast pasuuia Mexay LL(1)- u LR(1)-rpaMMaTinkaMu 3aKII0YAETCS B
caenytomem. Utober rpammaTrka 6buia LR(1), HeobxoauMo pacno3HaBaTh BXO-
JKJIEHWE TPABON 4YaCcTH TPABUJIA BBIBOJA, MTPOCMOTPEB BCE, YTO BBIBEJIECHO W3
9TOM MpaBOil YaCTH W TEKYNIUIl CHMBOJI BXOJIHOM IIEMOYKH. DTO TpeOOBAHUE
CYIIIECTBEHHO ME€Hee CTporoe, dyem Tpebosanue ajus LL(1)-rpamMmmaruku, Korga
HEOOXOIUMO OTIPEIeSINTh MPUMEHUMOE TIPABUIIO, BU/ISI TOJILKO TIEPBBIH CHMBOII,
BBIBOAMMBIA u3 ero mnpasoii wactu. Takum obpasom, kiacc LL(1)-rpammaruk
ABJIseTCs COOCTBEHHBIM mozK1accoM Kiaacca LR(1)-rpammaruk.

CripaBeIMBBI TAK¥Ke CIIEIYIONINEe YTBEPKIeHNs [2].

Teopema 4.6. Kaowcduii LR(1)-asvk asasemes demepmunuposarhvim KC-
AZDUKOM.

Teopema 4.7. FEcau L — demepmunuposannnti KC-a3vk, mo cyuecmeyem
LR(1)-epammamura, noposicoarowasn L.

4.4.5. BoccraHOBJIeHUE IIOCJIe CUHTAKCUYECKNX OIINOOK

OnHEM #3 TPOCTEHINX METOIOB BOCCTAHOBJEHHs nocie ommbku npu LR(1)-
anajm3e sgpjgercs ciaemytommii. [Ipu cuHTaKCHYECKOi OmubKe TPOCMATPUBAEM
Mara3wH OT BEPXYIIKH, TOKA He HaliIeM COCTOSTHUE S C TIEPEXOJIOM Ha BBIIEJIEH-
HBI HeTepMUHAT A. 3aTeM CKAHUPYIOTCS BXOIHbIE CHMBOJIBI, TTOKA He Gy1eT Haii-
JIEH TaKOil, KOTOPHIit momyctum nocie A. B aToM ciyvae Ha BEpXyIIKy Mara3mHa
nomeraercs cocrositue Goto[s, A] u paz6op npompoikaerca. s nerepmunasa
A MOXKeT UMeTbCsi HECKOJIBKO TaKuX BapuanToB. OObI9HO A — 370 HETEpMUHAI,
MPECTABIAIONIUI O/IHY U3 OCHOBHBIX KOHCTPYKIHI sI3bIKa, HATIPUMED OIEepaTop.
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IIpu 6onee meranbHO TPOPAOOTKE PEAKITNN HA OMMOKHA MOXKHO B KazKI0% 1y-
CTOM KJIeTKE aHAJIN3ATOPA MOCTABUTEL OOpalleHue K cBoeit moanporpamme. Takas
MO/ITPOrPAMMA MOYKET BCTABJIATH WJIH YIAIATH BXOIHBIE CHMBOJIBI WU CUMBOJIBI
Mara3wHa, MEHSTh MOPSI0K BXOJHBIX CHMBOJIOB.

4.4.6. Bapuanatel LR-ananu3aTopoB

Yacto nocrpoenrbie Tabauibl 1t LR(1)-ananuzaropa 0Ka3bIBAIOTCS JTOBOJBHO
6osbimMu. [1o9TOMY Py TIPAKTUYECKON PEATU3AINT UCTIOTH3YI0TCS PA3THIHBIE
MeToabl uX cxkarus. C ApyToit CTOPOHBI, YACTO OKA3BIBAECTCH, YTO TIPU TOCTPO-
€HHMH JJIs S3BbIKA CHHTAKCHIECKOIO aHAIM3aTOpa THIA “CABUT-CBEPTKA’ JOCTa-
TOYHO OoJiee MPOCTHIX MeTO/I0B. HeKoTophle M3 3TUX MeTOMOB 0Ga3MpyIOTCs Ha
ocuose LR(1)-ananuzaTopos.

OxunM 13 cnocoGoB Takoro yrpornenus sieasiercs LR(0)-aHann3 — yacTHBII
caydasa LR-amanuza, korga HA npu mocTpoeHww TAOJIUIl, HU NPHA AHAJINA3E HE
YUHUTHIBAETCS ABAHIIEIIOYKA.

Eme oxuum Bapuantom LR-aHanmsa siBasioTcss Tak HasbiBaemble SLR(1)-
anasm3aropsl (Simple LR(1)). Ouu crpostces ciemyomum ofpasom. Ilycrsb
C ={ly, I, ..., I,} — mabop muoxkectB monycruMbix LR(0)-curyaumii. Cocrosi-
HUS aHAJIA3ATOPA COOTBETCTBYIOT [;. DYHKIME JAeHCTBUI ¥ MEPEeXO[I0B AHAJIN-
3aTOPa OMPEETAIOTCS CIeLYIOMIM 00Pa30M.

1. Ecin [A — w.av] € I; u goto(l;,a) = I;, To ompenemum Action[i,a] =
shift j.

2. Ecnu [A — u.] € I;, 1o onpenennm Actionli, a] = reduce A — u a1 Beex

a € FOLLOW(A), A#S".
Ecmn [S" — S\ € I;, o oupenenum Action[i, $] = accept.
Ecnu goto(l;, A) = I;, rme A € N, ro onpenennm Gotoli, A] = j.

Ocranbabie Bxoabl aist pyukuuii Action u Goto oupenenum Kak error.

ISR A R o

HauanbHOe COCTOSIHME COOTBETCTBYET MHOYKECTBY CUTYAILHil, COEPIKALIE-
My curyanmio [T — .S].

Pacnpocrpanennsivm Bapuantom LR(1)-ananusa asiasercsa rakke LALR(1)-
axanu3. OH OCHOBaH Ha OObenuHeHNH (CIUAHNEN) HEKOTOPbIX Tabnun. Hasosem
Adpom MHOXKecTBa LR(1)-curyanuii MHOXKECTBO HX HEPBBIX KOMIOHEHT (T.e. BO
MHOYKECTBE CHTYAIMil HE YUINTHIBAIOTCS aBAHIENouKn). OObeInHNM BCe MHOMKE-
CTBA CHTyaIlMil C OZWHAKOBLIMH fIPDAMH, & B KA4eCTBE ABAHIIEIIOYEK BO3bMEM
obbemuuenue apannenoyuek. Oyukmuu Action u Goto CTPOATCS OYEBUITHBIM 00-
pasom. Ecin dynkuus Action takum 006pa3oM IIOCTPOEHHOI'O aHAJIM3ATOPa HE
nMeer KOHGMIUKTOB, T0 oH HasbiBaercs LALR(1)-amammsaropom (LookAhead
LR(1)).



I'maBa 5.

DJIeMEeHTbl TeOpUU IIepeBo/ia

Jlo cux op MBI paCCMATPUBAJIN IPOIECC CHHTAKCUYECKOTO aHAJII3a TOIHKO KaK
[POIECC aHAIM3a JOMYCTUMOCTHA BXOAHOH memnouku. OJHAKO, B KOMIUISITOPE
CHHTAKCUYIECKHH aHAJIN3 CJIy?KUT OCHOBOH €Ille OHOTO BAXKHOTO IIAra — MOCTPO-
eHus JepeBa CHHTAKCHYIECKOro ananu3a. B mpumepax 4.3 u 4.8 npembiayiieit
TJIaBBI B IPOIECCE CHHTAKCHIECKOTO AHAIN3a B KAYECTBE BLIXO/IA BBIIABAIACH TTO-
CJIeI0BATEILHOCTD MPUMEHEHHBIX MTPABUJI, HA, OCHOBE KOTOPOI 1 MOXKET OBITH TI0-
crpoeno gepeso. [TocTrpoenue fepeBa CHHTAKCHYIECKOTO aHAJIN3A SIBJISETCS IIPO-
CTEHMIIUM JACTHBIM CIIy9aeM nepesoda — IPOIecca mpeobpas3oBaHust HEKOTOPOit
BXOJIHO# IIENIOYKN B HEKOTOPYIO BBIXOIHYIO.

Oupegpenenue. [lycrs T — Bxomuoit andasur, a II — Beixomuoit amxdasur.
Iepesodom (nmu mpancasyuets) ¢ a3vika Ly C T* ua a3k Ly C I1* Hasbl-
Baercs orobpaxenue 7 : Ly — Lo. Eciiu y = 7(x), T0 uemnouka y Ha3piBaercs
6Bx000M IJIA LIEIOYKA L.

Msbr paccMOTPUM HECKOJIBKO (OPMATU3MOB [jIsi OIIPE/IeSIEHUs TEPEBOIOB:
peodpPa3oBaTENN C MAra3WHHON MaMATHIO, CXEMbl CHHTAKCHYIECKH YIIPABIIAEMO-
ro mepeBoa U aTpuOyTHbIE IPAMMATHKH.

5.1. IIpeobpa3oBaresin ¢ Mara3mHHOI MAMATHIO

PaccvoTrpum BazKHBIM Kace aOCTPAKTHBIX YCTPOMCTB, HA3BIBAEMBIX IIPEOOPA30-
BaTEJISIMA C Mara3uHHON MaMAThI0. DTH TMPeodPa30BATETHN MOLYIAIOTC U3 aB-
TOMATOB C MAra3wWHHON MaMsTHIO, €CIN K HUM T0DABUTH BBIXOJ W MO3BOJIUTH HA
KaXKJIOM IIare BBIIABATH BHIXOAHYIO [EMOYKY.

Ipeobpasosamenrem ¢ mazasunnot namsmoro (MII-mpeobpas3oBarerem) Ha-
seiBaercs BocbMepka P = (Q, T, T, 11, D, qo, Zo, F'), rie BCe CAMBOJIBI KIMEIOT TOT
2Ke CMBICIT, 9TO U B onpenenenun MII-apromara, 3a uckaodennemM Toro, 9ro 11 —
KOHEYHbIH BbIXOAHON asidasur, a D — orobpazkenue muoxecrsa @ X (I'U{e}) xT'
B MHOXKECTBO KOHEYHbBIX IIOAMHOXKECTB MHOXKecTBa () X '™ x II*.
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Oupenenum xongueypayuto npeobpasosarens P kak udersepky (¢, T, u,y),
rae q € Q — cocrosiame, © € T* — nenoyka Ha BXOJHOI jente, u € ['* — comep-
JKUMOe Marasuna, y € [I* — nenovka Ha BBIXOJHOM JIEHTE, BBIIAHHAS BILIOTH JI0
HACTOSIIETO MOMEHTA.

Ecnu muoxkecrso D(q, a, Z) comepKut saeMent (r,u, z), TO OyJeM IHuCATh
(¢, ax, Zw,y) b (r, z,uw, yz) pua mobbix z € T*, w € T* u y € II*. Peduiek-
CHUBHO - TPAH3UTUBHOE 3aMbIKaHME OTHOIEeHus F Oyaem obo3HagaTh H*.

Henouky y nasosem ewxodom mis x, eciu (qo, T, Zo, €) F* (g, e,u,y) mis
HEKOTOPBIX ¢ € F u u € T*. Ilepesodom (wnu mpancasyuedi), onpenensieMbiM
MII-npeo6paszosarenem P (o6o3uauaercs 7(P)), HA30B€M MHOKECTBO

{(z,v) | (g0, z, Zo,€) F* (g, e, u,y) nas Hexkoropbix ¢ € F uu € T}

Byuem rosoputsb, yro MII-upeobpaszosarens P sBiisieTcs demepmuHuposat-
wowm (JIMIT-ipeoOpasoBaTesiem), eC/iv BBIMOIHSIIOTCS CIEAYIONUE YCIOBHUSL:

1) musa secex ¢ € Q, a € TU{e} u Z € T muoxecrso D(q, a, Z) conepxkur He
0oJ1ee OTHOTO 3JIEMEHTA,

2) eciu D(q,e,Z) # @, 10 D(q,a,Z) = & nna seex a € T.

llpumep 5.1. PaccmorpuMm mepeBom 7, OTOOpAXKAOUMN —KAXKIYIO IETIOYKY
z € {a,b}"$, B KOTOPOI UNCIIO BXOKJEHUIH CUMBOJIA @ PABHO YHUCILy BXOXKJEHUH CUMBO-
sa b, B menouxy y = (ab)™, rme n — ducnao BxoxaeHuil a wim b B nenouky x. Hanpumep,
7(abbaab$) = ababab.

IShvel TEepeBol  MOXKET OBITH peamuzoBan  JIMII-ipeo6pa3oBaresem

P = ({q0,qr}, {a,b,8},{Z, a,b},{a, b}, D, qo, Z,{qs}) ¢ dyukuueit nepexonos:

D(qo, X, Z) = {(q0, XZ, €)}, X € {a, b},

D(q07 $7 Z) = {(qf7 Z7 6)}7

D(qo, X, X) = {(q0, XX, e)}, X € {a, b},

D(qoa X, Y) = {(QO; e:ab)}7 Xe {a: b}7 Ye {a7b}: X#Y.

5.2. CuHTakCUYeCKW yTpaBJISeMbIii TepPEeBO/I

pyrum (hopMasn3MoM, UCTIOIB3YEMbIM JIJIsT ONPEIeJIeHNsT TEPEBOIOB, SIBJISET-
C CX€Ma CHHTAKCUYECKM YIPABJIAEMOro mepeBona. @akTUIeCKu, Takas CXeMa
npezacrasisger coboit KC-rpaMMaTuky, B KOTOPO# K KaXKJIOMY MNPABUILY JT00AB-
JIEH 3JIEMEHT TIepeBoJia. Besakuil pa3, Korga MpaBujio yYacTBYeT B BBIBOJE BXOJI-
HOM TIETIOYKH, C MOMOIIBIO JEMEHTA TEePEBO/IA BBIYUCISIETCS 9aCTh BBIXOTHON
[IETTOYKY, COOTBETCTBYIONIAS YACTH BXOTHON IIEMTOYKY, TOPOKIEHHON STUM Mpa-
BUJIOM.

5.2.1. Cxembl CHHTAKCUYECKH yMPaBJIIEMOrO IMEPEBOAA

Oupegnenenue. CTemoli CUNMAKCUYECKY YNPABAAEMO20 NePe60da (UK TPAHC-
Janun, cokpamenno: CY-cxemoit) nassisaercs nsarepka I'r = (N, T, II, R, S),
rje
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(1) N — KOHeYHOE MHOKECTBO HETEPMUHAIBHBIX CHMBOJIOB;
(2) T — xoneunblit BxoHOI asidaBurt;

(3) II — KoHeuHBIH BBIXOAHOM andaBuT;

(4) R — KOHEUHOE MHOXKECTBO Npasui nepe6oda BUIA

A= uv

rme u € (NUT)*, v € (NUII)* u BXOXKIeHUS HETEPMUHAJIOB B LEIOYKY
v 06pa3yIoT NEPECTAHOBKY BXOXKIEHMH HETEPMHHAJIOB B LENOYKY U, TAK
9TO KazKIOMY BXOXKIEHHIO HETEDMUHANA B B LENOUKy U COOTBETCTBYET
HEKOTOPOE BXOXKJIEHHE HTOrO JKe HETEPMUHAJA B IENOUKY U; €CJIH HeTep-
muHaj B BcTpeuaercs 6oee OHOTO pasa, A YKA3AHUSI COOTBETCTBHUS
UCIOJIB3YIOTCS BEPXHUE [EJIOUNCIEHHbIE NHIIEKCHI;

(5) S — HavaNbHBINA CUMBOJI, BbIJIEJIEHHBI HerepMuHas u3 N.

Omnpenenum ewv60dumyto napy B cxeme 1T caemayomum 006pa3om:

(1) (S,S) — BbIBomuMas mapa, B KOTOPO# CUMBOJIBI S COOTBETCTBYIOT JAPYI
APYry;

(2) ecom (zAy, 2’ Ay') — BeIBOAMMast Tapa, B MEMOYKAX KOTOPOil BXOK IeHus A
COOTBETCTBYIOT IPYT Apyry, u A — u, v — npasuio u3 R, to (zuy, z'vy’) —
BBIBOJMMAsA napa. g 0603HAYEHNs] TAKOTO BBIBOJIA OHON MAPHI U3 IPY-
roit 6ysem 1nosib3oBaTbesa oboznavenuem =: (zAy, ' Ay') = (zuy, z'vy’).
PednekcuBno-rpan3uTuBHOE 3aMbIKAHIE OTHOIIEHUE = 0003HAYUM =>*.

Hepesodom 7(T'r), onpedeasemom CY-cxemoti Tr, HA30BEM MHOKECTBO T1ap
{91 (S,8) =" (z,y), z€T", yeI"}

Ecnu gepe3 P 0603Ha9IUTh MHOYKECTBO BXOJHBIX IPABUI BHIBOJA BCEX TIPABUII
nepesona, To G = (N, T, P, S) 6yner exoduoti epammamuroti nus T'r.

CV¥-cxema Tr = (N, T,1II, R, S) uasviBaercss npocmoti, €C/iu sl KazKI0TO
npasuwia A — u, v u3 R COOTBETCTBYIOIIME APYT APYTY BXOXKICHUS HETEPMUHA-
JIOB BCTPEYAIOTCSA B U U U B OJHOM U TOM YK€ TIOPSIIKE.

[Tepeson, onpezgensiembrii mpocroit CY-cxemoil, HA3bIBAETCS NPOCMbLM CUH-
maxcuuecky ynpasasemvim nepesodom (npocrbim CY-1epeBogom).

[lpumep 5.2. Ilepesox apudmernaeckux Boipaxkennii B [I0JIN3 (mombckyro wH-
BEPCHYIO 3AITACh) MOYKHO OCYIECTBATH pocToit CY-cxemoii ¢ mpaBmiaMmu

E— E+T, ET+

E—T, T
T—>T+F, TF+
T F, F
F - id, id

F—(E), E
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Haiinem Boixox cxembr muia Bxona id * (id +id). Herpyauo Buaers, 9ro cymecTByeT
OC/IeJ0BATE/IHHOCTD TIAr0B BHIBOJA

(E,E) = (I,T) = (T« F,TF%) = (F % F,FFx) = (id % F,id F*) = (zd *
(E),idEx) = (id* (E+T),idET +*) = (id* (T +T),idT T+ %) = (id * (F
T),idFT+ %) = (id+ (id+T),ididT + %) = (id* (id + F),ididF + * ) =
(id * (id + id), id id id + *),
TIePEBOIAMIAs ITY HMENOYKY B 1enodKy id id id + *.

PaccmoTpuM cBsi3h Mexkay mepesomamu, onpegensieMbivu CVY-cxemamu u
ocymectrisiembiMu MII-ipeoGpasoBarensvu [2].

Teopema 5.1. IIycmw P — MII-npeobpasosamens. Cywecmsyem maxas npo-
cmaa CY-cxema Tr, wmo 7(Tr) = 7(P).

Teopema 5.2. ITycms Tr — npocmas CY-crema. Cywecmeyem maxoii MII-
npeobpazosamenv P, wmo 7(P) = 1(Tr).

Takum 00pa3oM, KJIACC TEPEBOIOB, ONPEIETIIEMbIX MATA3WHHBIME TTPEOOpPa-
30BaTesIMH, COBIAAAET C Kj1accoM npocThix CVY-1epeBoos.

Paccmorpum renepp cBsasb mexay CY-nepesBosaMu U AeT€pPMUHUPOBAHHbI-
vu MII-ipeobpazoBaTeissMu, BBITOMHAOMMMA HUCXOIAIINAN WIH BOCXOISIITAN
pasz6op [2].

Teopema 5.3. Ilycmw Tr = (N, T,II, R, S) - npocmasa CY-cxema, 6100-
noti zpammamuroti Komopoti cayowcum LL(1)-epammamura. Tozda nepesod
{28, y)|(z,y) € 7(TT)} Mmoorcno ocyuecmeums demepmunuposanmoim MII-
npeobpasosamenem.

Cymecrryior npoctbie CVY-CxeMbl, IMEIOINEe B KA9eCTBE BXOIHBIX TPaMMa-
tuk LR (1)-rpaMmaruku u He peanusyemble Hu Ha KakoM JIMII-npeoGpasosarelie.

llpumep 5.3. Paccmorpum npocryio CY-cxemy ¢ mpaBuiaMu

S — Sa, aSa
S — Sb, bSb
S —e, e

Bxommaa rpammarmka asaserca LR(1)-rpammarukoii, Ho me cymectsyer JIMII-
npeobpaszoBarens, onpeaensiomero nepesox {(z$, y)|(z,y) € 7(Tr)}.

Hazosem C¥-cxemy T'r = (N, T,11, R, S) nocmgurcnot, ecin kaxkuoe mpa-
Buwio u3 R mmeer Bug A — u,v, rae v € N*II*. Unbivu cinoBamu, KaxKIbiit
3JIEMEHT TIePEeBO/IA TIPEJICTABISET OO0 1EeTOYKY U3 HETEPMUHAJOB, 38 KOTOPBI-
MU CJIEIYeT IENOYKA BBIXOJHBIX CUMBOJIOB.

Teopema 5.4. Ilycmo Tr — npocmas nocmeurcras CY-crema, 6xrodnas
epammamura das komopot seassemcs LR(1). Tozda nepesod

{8, y)l(z,y) € 7(Tr)}

MOXHCHO Ocyuecmeums demepmuruposartom MII-npeobpasosamenem.
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5.2.2. (O6006mIeHHBIE CXEMBI CHHTAKCUYECKN YIIPABISIEMOTO
nepesoga

Pacimmpum onpenenenne CY-cxembl, ¢ TéeM 9TOOBI BBITOTHATH GoJiee MUPOKUit
KJIaCC mepeBoioB. Bo-mepBhIx, MO3BOINM UMETh B KAXKI0M BEPIIWHE 1€PEBA Pa3-
6opa HecKombKO TiepeBoioB. Kak n B 06branoit CVY-cxeme, KaxKIbIil TepeBoJ 3a-
BHCHT OT TPSMBIX IOTOMKOB COOTBETCTBYIOIIEH BEPINWHBI epeBa. Bo-BTOPHIX,
[O3BOJIUM 3JIEMEHTAM IIEPEBO/IA ObITh IPOU3BOJHHBIME MEMOYKAME BBIXOIHBIX
CHMBOJIOB W CHMBOJIOB, TIPEJCTABISIONINX IEPEBO/IbI B TIOTOMKaX. Takum obpa-
30M, CUMBOJIBI TIEPEBO/IA MOT'YT MOBTOPATHCSA UM BOOOIIE OTCYTCTBOBATH.

Oupenenenue. 0606wennoti cremoti CUHMAKCUNECKYU YNPABAAEMO20 Nepe-
60da (unu tpauncisuuu, cokpaienno: OCY-cxemoit) Ha3bIBaeTCs 1IECTEPKA
Tr=(N,T,1I,T, R, S), rie Bce CUMBOJIBI UMEIOT TOT K€ CMBICJI, 9TO U JJIsi
CVY-cxeMbl, 38 UCKIIOYEHUEM TOTO, UTO

(1) T — KOHEYHOE MHOYKECTBO CUME0.406 nepeeoda Buna A;, rme A € N u i —
HeJjioe 4ucio;

(2) R — KOHEYHOe MHOYKECTBO NPasuL Nepecods BUIA
A= u, Al =vy, ..., Ap = U,

VIOBJIETBOPSIONINX CJIEIYIONIAM YCIOBUSIM:

(a) A; eT qma 1 < j < m,

(6) KaxKIBIl CUMBOJI, BXOAANIMA B U1, - .., Umm, JuO0 npuHajexRuT 11,
nubo asastercss By, € T’y rme B BxoautT B u,

(B) ecisiu u uMeer Gosiee OIHOIO BXOXKAEHUsI CUMBOJIA B, TO KaxKaplii cum-
Boa By, BO Bcex v cooTHeceH (BEPXHMM HMHIEKCOM) C KOHKPETHBIM
BXOKIeHueM B.

A — u HA3BIBAIOT 6L00HbBIM NPABUAOM BBIBOLA, A; — nepesodom HerepMuHa-
na A, A; = v; — saemernmom IEPeBOIA, CBA3AHHBIM C 3THM TTPABUJIOM MEPEBOIA.
Ecm B OCY-cxeme HET ABYX OPaBHI IEPEBOIA ¢ OJUHAKOBBIM BXOIHBIM IIPABH-
JIOM BBIBOZA, TO €€ HA3LIBAIOT CeMAHMUYECKU 00HO3HAYHOTU.

Buwizod OCY-cxembr onpegenum cHu3y BBepx. C Kaxk 10l BHyTPeHHEH BepIiu-
HOi1 1 iepeBa pa3bopa, (BO BXOAHON IpaMMATHKE), TOMEUEHHON A, CBSIKEM OJHY
HENnoYKy JJIA KaKaoro A;. DTa 1ernodka Ha3bIBAETC 3haueHueMm (AU TepeBo-
nom) cumBona A; B Bepuiune n. Kaxkioe 3HaueHre BbIYUCISETCS TTOICTAHOBKO
3HAYEHMI CHMBOJIOB IIEPEBOIA JAHHOTO JIeMeHTa mepesoga A; = v;, onpenenen-
HBIX B IIPAMBIX IIOTOMKAX BEPIIHHEL 1.

Hepesodom 7(T'r), onpedessemoum OCY-cxemoti Tr, HA30BEM MHOKECTBO
{(z,y) |  nmeer nepeBo pazbopa BO BXOHON rpaMmaTuke st T'r v y — 3HAYe-
HUe BBIIEJIEHHOrO CHMBOJIA TIepeBosia Sy, B KOPHE 3TOrO JepeBa}.

[lpumep 5.4. Paccmorpum dbopmanbaoe muddepeHnpoBaHie BHIPAXKEHHT, BKIIIO-
qafomux KOHCTaHTHI () 1 1, mepemenuyo z, GyHKIuN Sin U COS , a TAKKe OIEPALUN *
u +. Takue BbIpaXKeHUs IOPOXKIAET IPAMMATHKA
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E—-E+T|T
T>T+F|F
F— (E)| sin(E)| cos(E)|z|0]1

Ceaxem ¢ kaxxabiM w3 E, T u F nBa nepeBona, 0603HaYeHHBIX WHIeKCOM 1 u 2. UH-
Jekc 1 yka3pIBaeT Ha TO, UTO BhIpazkeHue He IudHepeHnmnpoBaHo, 2 — 9TO BhIPAKEHNE
npomuddepennuposano. PopmanbHas npoussBogHas — 310 Fa. Sakonst quddepenmm-
pOBaHUs TAKOBBI:

d(f(z) + g(z)) = df (z) + dg(=)

d(f(z) * g(z)) = f(z )*dg( )+ g(z) * df (z)
dsin (f(z)) = cos (f(z)) * df ()

dcos (f(z)) = —sin (f(z))df (z)

de =1

do=0

dl=0

OTH 3aKOHBI MOYKHO pean3oBaTh ciaemyromeit OCY-cxemoii:

E—-FE+T FEFi=FE1+T)

Ey,=E,+T»
E—-T Ei=T
By, =T,

T—TxF T, =T x [
To =T x Fs +T5 x F}

T — F T, = F
Ty = F>

F — (E) = (El)
F, = (E»)

F —sin (E) Fi =sin (Ev)
F> =cos (E1) * (E»)

F — cos (E) Fi =cos(E1)
F, = —sin (E1) * (E2)

F =z FL=x
Fr=1
F—0 Fi =0
Fr=0
F—1 =1
Fr=0

JlepeBo BBIBOzA Auta sin (cos (r)) + x mpuseneno ma puc. 5..1.



CuHTaKCHY€CKH YTIPaBJIseMbIii TEPEBO,
yap

E,= cos(cos(x))*(-sin(x)*(1)) E

Puc. 5..1:

E;=sin(cos(x)) +x
E,= cos(cos(x))*(-sin(x)*(1)) +1

E1= sin(cos(x)) /| \ T,=x

T,=1
T,= sin(cos(x)) ‘ Fo=
T,= cos(cos(x))*(-sin(x)*(1)) T F F1_)16
=
F;= sin(cos(x))
F,= cos(cos(¥))*(-sin(x)*(1)) g
// \\ E1= cos(x)
sin ( E E,= -sin(x)*(1)
‘ T1= cos(x)
T 1= sin) (1)
‘ Fi= cos(x)
F F,= -sin(x)*(1)
cos ( E ) lEg;)lc
T,=x
T 7=
Fi=x
Fop_
X
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5.3. ATpubyTHble TPAMMATHUKN

Cpean Beex hOpMATbHBIX METO/IOB OMUCAHUS S3bIKOB TPOIPAMMUPOBAHNS ATPHU-
OyTHble rpammaTuky (Begennbie Kuyrom [6]) mosmy4wiiu, nmo-Buaumomy, Hau-
OOJIBINYI0 W3BECTHOCTh W PACIpPOCTPaHeHne. [[puInHOil 3TOrO sABISETCS TO, UTO
dopmam3M aTpubyTHBIX TPAMMATHK OCHOBBIBAETCS HA J€peBe pas3dbopa mpo-
rpammbl B KC-rpammaTuke, 910 COMMNKAET €0 C XOPOIIO pa3pabOTaHHON Teo-
pueil 1 TPaKTUKOU MOCTPOEHUA TPAHCIATOPOB.

5.3.1. Omnpenenenne aTpubyTHBIX I'PAMMAaTUK

Ampubymmnoti epammamuroti nazpiBaercs dersepka AG = (G, Ag, Ar, R), rue

(1) G=(N,T,P,S) — upusenennas KC-rpammaruka,;

(2) Ag — KOHEYHOE MHOXKECTBO CUHMEZUPYEMBLY aMPUOYMOS;

(3) A; — KOHEYHOE MHOXKECTBO Hacaedyemvx ampubymos, As N Af = &;
(4) R — KOHEYHOE MHOMKECTBO CEMAHMUYECKUT NPAGUA.

Arpubyrnas rpammaruka AG conocrapiser kKaxaomy cumony X uz3 N U T
muOXKecTBO Ag(X) cunresupyeMbix arpubyToB u muokecrBo Ar(X) macmemy-
eMbIX aTpudyTOB. MHOXKECTBO BCEX CHHTE3MPYEMBIX aTPUOYTOB BCEX CHMBOJIOB
u3 N U T obosnagaercs Ag, Haciemyembix — Ay. ATpubyThl pazHbIX CHMBOJIOB
ABJISIIOTCS PA3MUIHLIME arpubdbyTamu. Byaem obo3madars arpudbyT a cumBoaa X
kak a(X). 3uauenust arpubyTOB MOI'YT ObITH IIPOU3BOJILHBIX THUIIOB, HALIPUMED,
MPEICTABIATH CODON YMCIa, CTPOKH, aAPeCca MaMsThH U T.1.

ITycts mpasusio p uz P umeer sug Xg — X1 Xs ... X,,. ATpubyTHast rpamma-
ruka AG CONMOCTABIAET KarxKIOMy MpaBuiy p u3 P koneunoe MHOKeCTBO R(p)
CEMAHTUYECKUX MTPABHUI BUAIA

a(Xi) = f(b(X;), c(Xk), .., d( X))

rne 0 < 4, k,...,m < n, npuuem 1 < i < n, eam a(X;) € Ar(X;) (Te. a(X;) —
Hacemyemblii arpubyr), u ¢ = 0, ecmn a(X;) € As(X;) (re. a(X;) — cunresu-
pyewmbirii arpubyr).

Takum 0Opa3oM, CEMaHTHYIECKOE MTPABHIIO OMpeIesisieT 3HaYeHne arpudyTa a
cnMBOTa X; Ha OCHOBE 3HaJeHwmit aTrpnudyTos b, c, ..., d cumsomos X, Xy, ...,
X, COOTBETCTBEHHO.

B wacrHOM cityuae myinHA N IPAaBO YACTH MPABUIIA MOXKET ObITH PABHA HY-
JIf0, TOrAa OyJAeM FOBOPHUTH, UITO aTpHOYT a cHMBOIA X; “MOIydaeT B KAIECTBE
3HAYEHNsT KOHCTAHTY .

B nanpueiiinem O0yzeM CYUTATh, 9YTO aTpUOyTHAS IPAMMATHKA HE COMEPIKHUT
CEMAHTUYIECKNX MPABUJI JJIsT BEIYUCIEHNs ATPUOYTOB TEPMUHATIHHBIX CHMBOJIOB.
IIpeamonaraercs, 910 aTpudOyThHI TEPMUHAIBHBIX CHMBOJIOB — JTHOO MPEIOIpeIe-
JIEHHBIE KOHCTAHTBI, JIUOO JTOCTYIHBI KAK PE3yJIbTAT PAOOTHI JIEKCUIECKOTO aHA~
JIA3ATOPA.
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Ilpumep 5.5. Paccmorpum aTpmbyTHYIO rPAMMATHKY, IIO3BOJIAIONIY IO BBITIHC/IATH
3HAYEHUE BEIIECTBEHHOIO YHUC/IA, IIPEJCTABIEHHOIO B JeCATUYHOM 3anucu. 3xech N =
{Num, Int, Frac}, T = {digit,.}, S = Nwm, a upasuia BbIBOJAa ¥ CEMAaHTHUIECKUE
TIPaBUJIA ONPEENAIOTCA CIeAyIommUM 06pa30M (BEPXHME MHIEKCHI UCIIOIb3YIOTCA IS
CCBUIKM HA PA3HbIE BXOXK/IEHUs OJHOTO W TOTO K€ HETEPMHUHAJIA):

Num — Int . Frac v(Num) = v(Int) + v(Frac)
p(Frac) =1

Int —e v(Int) =0
p(Int) =0

Int' = digit Int® v(Int') = v(digit) * 10°Un%) 4 v(Int?)
p(Int') = p(Int®) + 1

Frac—e v(Frac) =0

Fract — digit Frac® v(Fract) = v(digit) 10 P(Frae’) 4 v(Frac®)
p(Frac?®) = p(Frac') + 1

ns aToit rpaMmMaTuKA

As(Num) = {v}, Ar(Num)=9,
As(Int) ={v,p}, Ar(Int) =2,
As(Frac) = {v}, Ar(Frac)={p}.

IMycts gana arpubyTHas rpamMmMaTika AG u 1enodka, TpuHaIIeKAaIas sS3bl-
Ky, onpezesseMomy coorsercreyomeit G = (N, T, P, S). Conocrasum 3T0i 1e-
mouke “3Hadenune”’ cremyomum obpasom. Iloctponm mepeso paztopa T aToit 1ie-
nouku B rpammaruke G. Kaxaprit BHyTpeHHHUIT y3es 3TOro JepeBa momMedaercs
HeTepMuHaJIOM X, COOTBETCTBYIOIINM IIPUMEHEHHUIO P-T'0 MPABUIA TPAMMATHKY;
TaKUM 06Pa30M, y ITOrO y3J1a OyIeT 71 HEMOCPEICTBEHHBIX TIOTOMKOB (puc. 5..2).

Xo
Xi Xy eee Xy
Puc. 5..2:

IIycts Temepr X — MeTKa HEKOTOPOTO y3Jia JEPEeBa W MyCTh G — ATPUOYT
cumBosia X. Eciu a — cunre3upyemsrii atpubyt, 7o X = X 118 HEKOTOPOTO
p € P; ecmn ke a — Hacneayembrit arpudyT, T0 X = X; A714 HEKOTOPBIX p € P
nul < 7 < n. B oboux ciydgasx mepeBo “B paiioHe”’ 3TOro y3jia MMeeT BU/I,
npuBenennabiii HA puc. 5..2. Ilo ompenenennio, arpubyT a wMeer B ITOM y3Jjie
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3HA4Y€HHUE VU, €CJIH B COOTBETCTBYIOIIEM CEMaHTUIE€CKOM IIDABHJIE
a(Xi) = f(b(X;), o(Xi), o s d(Xm))

Bce aTpudyTeL b, ¢, ..., d yXKe ONpeIesIeHbl I UMEIOT B y3jax ¢ metkamu X j, X,

., X 3HAYEHUS Vj, Vg, ..., Uy COOTBETCTBEHHO, a U = f(v1, V2, ... , Up,). IIpo-
[IECC BBIYUCIEHUS aTPUOYTOB HA JIEPEBE MPOI0IZKAETCS JIO TeX MOP, MOKA HEJIb3si
OyIeT BBIYHUCINTH OOJbINE HU OMHOTO aTpuOyTa. BbramcieHHble B pe3ybTraTe
aTpubyTHl KOPHS JepeBa MPEICTABJISAIOT €000 “3HaueHne”’, COOTBETCTBYIOIIEE
IIAaHHOMY JIePEBY BBIBOA.

SamMeruM, 9YTO 3HAYEHUE CHHTE3UPYEMOTO aTpudyTa CUMBOJIA B y3Ji€ CHHTAK-
CHYECKOrO JIEPEBa BLIYUCIACTCSA IO aTPUOyTAM CHMBOJIOB B TIOTOMKAX 9TOTO y3-
J1a; 3HaYeHne HACIEIyeMOro arpudyTa BBITUCISIETCS O arpudyTam ‘pomuresis’
u “coceneir”.

ATpubyThi, comocTaBIeHHbIE BXOXKICHUSIM CHMBOJIOB B IEPEBO pa3bopa, 0y-
IeM HA3bIBATh GTOJCOEHUAMU ATPUOYTOB B IEpeBo pa3bopa, a IepeBo C COMO-
CTABJICHHBIMU KasKJIOW BepIIMHE aTPUOyTaAMu — ampubymuposartvim depesom
pasbopa.

[lpuMep 5.6. ArpubyrupoBaHHOE IEPEBO I TPAMMATHKN W3 MPEIBIIYIIErO IPHU-
Mepa u nernoukn w = 12.34 moka3zaHo Ha puc. 5..3.

Int V=12 . Frac ,_
p=2
d/ \ e dléé\F v=10.04
Vigllt Int p=1 s rac ,—,
/ \ / \ e
digit Int V:(()) djigjt Frac =3
- -
v=2 ‘
€ (S
Puc. 5..3:

Byaem roBoputh, 94T0 ceMaHTHYECKHUE TPABUIIA 3a0aHbL KOPPEKMHO, €CITA OHU
TTO3BOJISIOT BBIYUCIUTH BCE aTPUOYTHI TTPOU3BOJILHOTO y3ja B JIOOOM JepeBe
BBIBOJIA.

Mexay BXOXKIEHUSMY aTPUOYTOB B JEPEBO pa300pa CyIIECTBYIOT 3aBUCUMO-
CTH, ONpeJeisieMble CEMAHTHIECKUME TIPABUIAMHU, COOTBETCTBYIOIIUMU TTPUME-
HEHHBIM CHHTAKCHYECKUM MPABUIAM. DTH 3aBUCHMOCTH MOTYT OBITH IPE/ICTAB-
JIEHBI B BHJIE OPHEHTUPOBAHHOIO rpada CIEAYIOMIM 00pa30M.
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IMycts T — nepeBo pazbopa. ComoctaBum 3TOMY J€pEBY OPUEHTUPOBAHHBIN
rpad D(T'), yanamu KOTOPOro siBjisioTcs napsi (n, a), rue n — y3exa gepesa T', a —
arpubyT CUMBOJIA, CIIy2KAIIEro MeTkoil ysia n. I'pad conepxur ayry us (nq, ap)
B (N2, a2) TOrIA U TOIBLKO TOT/A, KOTJa CEMAHTUIECKOE MTPABUIIO, BHIYUCIIAIONIEE
aTpubyT a9, HEMOCPEJICTBEHHO MCIOIB3yeT 3HAYeHNe aTpudyTa a1. Takum obpa-
30M, y3samu rpada D(T') spisiorcst arpubyThl, KOTOPbIE HY?KHO BBIYUCIUTH, 8
JIyTH ONPEEJISIIOT 3aBUCHMOCTH, TOIPA3yMeBAIOIINe, KAKUe aTPUOyThl BBIYUC-
JISIIOTCSL PAHBIIE, & KAKUAE TTO3Ke.

Ilpumep 5.7. I'pad 3aBucumocTeit arpubyToB Ays gepeBa pa3bopa U3 IpeabLay-
1ero mpuMepa ToKa3aH Ha puc. H..4.

v (Num) p (Num)

TSI

v (Int) p (Inf) v (Int) p (Inf)

[N\ NN

v(digity v (Int) p(nf) v (digity v(nt) p(Int)

NN NN

v(digit) v(Int) p(Int) v (digity v(Int) p (In?)
Puc. 5..4:

MOo>KHO TOKa3aTh, 9TO CEMAHTHYECKUE TIPABUIIA TBIAIOTCS KOPPEKTHBIMHA TO-
rJa U TOJBKO TOTIA, KOTJA JJist JII000ro JepeBa BbiBoga 1 COOTBETCTBYIOMIMA
rpad D(T') ue copep:Kut UUKIIOB (T.€. sIBJISETCS OPUEHTUPOBAHHBIM ALMKJIIAYe-
ckum rpadom).

5.3.2. Kuaccel arpubyTHBIX rpaMMaTUK U WX peaim3armns

B obmem Bume peasm3aliusi BHIYUCIUTEEH IjI aTPUOYTHBIX TPAMMATHUK BbI-
3BIBAET 3HAYUTESbHBIE TPYIHOCTH. DTO CBIA3AHO C TEM, YTO MHOXKECTBO 3HAUE-
Hull aTpuUbyTOB, CBA3AHHBIX C JAHHBIM JIEPEBOM, IPUXOIUTCS BHIYUCIATH B COOT-
BETCTBUHU C 3aBUCHUMOCTSIMHU ATPUOYTOB, KOTOPBbIE 00PA3YIOT OPUEHTUPOBAHHBIH
anukndecknii rpad. Ha mpakTuke cTaparoTcss OCyIIECTBIATH MPOIECC BHIUKC-
JIeHUsT aTpUOYTOB, MPUBA3BIBAS €r0 K TOMY WJIK WHOMY CITOCODY 00X0/1a IepeBa.
PaccmarpuBaior MHOrOBU3UTHBIE, MHOTOIIPOXOAHBIE U APYrue aTpPUOyTHHIE BbI-
YUCTUTENU. DTO, KAK [PABUJIO, BEJET K OPPAHWYEHUIO JIOMYCTUMBIX 3aBHCHMO-
creit MeXxIy aTpudbyTaMu, MOIIEPKUBAEMBIX BHIYUCIUTEIEM.
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[Mpocredimumu mogKIacCAMU aTPUOYTHBIX TPAMMATHK, BBIYHCIEHUS BCEX
aTpubyTOB 71T KOTOPBIX MOYKET OBITh OCYIIECTBJIECHO OJHOBPEMEHHO ¢ CHHTAK-
CHYECKUM aHATU30M, SBJSIOTCA S-aTpuOyTHBIE U L-aTpubyTHbIE rPAMMATHKHY.

Ompenmenenue. ATpuOyTHasi TpaMMaTHKA HA3BIBAETCS S-aTPUOYTHOMH, €CiIu
OHa COAEPKUT TOJHLKO CUHTE3UpPYyeMble aTPUOYTHI.

Herpyano Buzgerb, 9ro i S-arpubyTHON IPAMMATHKU Ha JIIOOOM JIepeBe
pa3bopa Bce arpubyThl MOTYT OBITH BBIYHUCIEHBI 3& OIUH OOXOI JIepeBa CHUBY
BBepX. Takum 0Opa30oM, BHIYUCIEHUE ATPUOYTOB MOXKHO [I€/IATh TAPAJIIETHLHO C
BOCXOJISAIIUM CHHTAKCUYECKUM aHaIu30M, Hanpumep, LR(1)-anamuzom.

[lpumep 5.8. Paccmorpum S-arpubyTHyO rpaMMaTHKY Ijis HepeBoja apudme-
traeckux Bbipaxkenuit B IIOJIV3. 3xech aTpubyT v MMeeT CTPOKOBBI T, || — 060-
3HAYAET ONepanuio KoHkareHauuu. [IpaBuia BbIBOZA U CEMAHTUIECKHE [IPABUIIA OIIPe-
MeNII0OTCS CIIeIyomuM 00pa3oM

E' 5 E*4+T o(E') =v(E? ||o(T) |+
E—>T v(E) =v(T)

T5TxF o(T') = o(T?) || v(F) || '+

T—>F v(T) = v(F)
F —id v(F) = v(id)
F — (E) v(F) =v(E)

Ompenenenue. ATpubyTHasi TpaMMaTHKa, Ha3bIBaeTCs L-aTpubyTHON, eciu
mobo# HacmemyeMbrit aTpnbyT JII000T0 CMMBOA X W3 TIPABON JacTH KarK-
noro npapuia Xg — X1 X5 ... X, TpaMMaTuK# 3aBUCHT TOJBKO OT

(1) arpubyros cumBomoB X1, Xo, ..., X;_1, HAXOAAMUXCS B IPABHUIE CIIEBA
or X;, m

(2) nacuemyembix arpubyroB cumBoaa Xg.

Bamernm, 9T0 Kaxkgasd S-aTpulyTHAs TpaMMaTuKa sBisercs L-aTpubyTHOi.
Bce arpubyth Ha st000M nepeBe st L-aTpubyTHOM rpaMMaTHKU MOTYT OBIThH
BBIYUCIIEHBI 32 OAWH 0DXOJT /IepeBa CBEPXY-BHMU3 cjeBa-HampaBo. Takum obpa-
30M, BBIYUCJIEHHE ATPUOYTOB MOXKHO OCYIIECTBJISATH MAPAJIIETHHO C HUCXOJSA-
LIMM CHHTAKCHYECKUM aHaJsu3oM, Hanpumep, LL(1)-ananu3oMm wiu pekypcus-
HBIM CIIYCKOM.

B cnyuae pekypCHBHOTO Cmycka B KaxKaoil (byHKINW, COOTBETCTBYIOIIEH
HETEPMUHAJIY, HAIO OMpenennTh (hOpMajbHBIE TAPAMETPHI, TepeIaBaeMble MO
3HAYEHUIO, NJI HACAEAyeMbIX ATpHOyTOB, U (hOPMATHHBIE TAPAMETDHI, Mepe-
JlaBAeMbIe IO CCBLIKE, Jjisi CHHTe3WpyeMbIX arpudyToB. B KadecTBe mpumepa
PacCMOTPUM peayn3auuio arpuby THON rpaMMaTUKK U3 npumepa 5.5 (HeTpyaHo
BUZETH, YTO IPAMMATUKA fABJgercd L-arpubyTHOIR).
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void int_part(float * VO, int * PO)
{if (Map[InSym]l==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=I*exp(-PO*1n(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;

5.3.3. 43bIk onmcaHudg aTpubyTHBIX I'PaMMaTUK

Dopmasn3M aTPUOYTHBIX FPAMMATHK OKA3aJICsi OU€HD YI0OHBIM CPEICTBOM JIJIst
OIMCAaHUsI CEMAaHTUKHU S3bIKOB IPOrPAMMUPOBaHKs. BMecTe ¢ TeM BbIsSCHUIIOCH,
YTO peajr3alus BblYucauTesieil 1y arpuOy THBIX IPaMMATHK OOIIEero B 1a CTaJl-
KWUBAETCs C OOJIBIIMMY TPYIHOCTSAME. B CBsA3U ¢ 3THM OBLIO CIEIAHO MHOYKECTBO
TMOTBITOK PACCMATPUBATH T€ WJIM WHBIE KJIACCHI ATPUOYTHBIX TPAMMATHK, 001~
marormux “xoporumu’ cBoiictBaMu. K uncity Takux CBONCTB OTHOCSITCS TIPEXKIE
BCEro IIPOCTOTA AJATOPUTMA IIPOBEPKH aTpPUOyTHON IpaMMATHKKM HA 3allAKJIEH-
HOCTb M IIPOCTOTA AJICOPUTMA BBIYUCJIEHHS aTPUOYyTOB /i aTpUOYTHBLIX IPaM-
MaTHUK JAHHOI'O KJIACCA.
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ArpubyTHble TPAMMATHKY UCIOIH30BATUCH JJIs ONMCAHUSI CEMAHTUKHU sI3bi-
KOB TIPOrPAMMUPOBaHWs U OBbLIO CO3JAHO HECKOJBKO CHCTEM ABTOMATHU3AINN
pa3paboTKH TPAHCIITOPOB, OCHOBAHHBIX Ha (popMan3Me arpuOyTHHIX TPaMMa-
TuK. OUBIT WX UCTOIB30BAHNS TTOKA3AJI, 9TO “9UCTHIH’ aTpudyTHBIN (hOpMaATU3M
MOXKET OBITH YCIEITHO MTPUMEHEH JIJIsi ONMUCAHUS CEMAHTUKU SI3bIKA, HO €r0 HC-
MOJIb30BAHUE BBIZBIBAET TPYIHOCTH TIPU CO3AAHUE TPAHCIATOPA. DTU TPYIHOCTH
CBSI3aHBI KAK ¢ cAMUM (DOPMATUZMOM, TAK U ¢ HEKOTOPBHIMU TEXHOJIOIHIECKUMHI
npobsiemamu. K TpyIHOCTAM TEPBOTO POA MOYKHO OTHECTH HECOOTBETCTBHUE YH-
cT0 PYHKIMOHAIBHOM TPUPOILI ATPUOYTHOTO BHIYUCIUTE/ISI ¥ CBI3AHHON C Hell
HEyTIOPAI0YEHHOCTHIO TIPOIECCa BBIYUCIEHUS ATPUOYTOB (9TO B 3HAYUTETHHOMN
CTENeHN SIBJIAETCS MPEUMYIIECTBOM 3TOr0 (DOPMAIU3MA) U YIOPAIOIEHHOCTHIO
3JIEMEHTOB MPOTrPAMMBL. TO HECOOTBETCTBHE BEJET K TOMY, 9TO MIPUXOJAUTCS W/I-
TU Ha MCKYCCTBEHHBIE IPUEMbI JIJTsl UX coderanus. TeXHOIOrnaecKue TpyIHOCTH
CBsi3aHBI C 3(MGHEKTUBHOCTHIO TPAHCISITOPOB, MOJYYEHHBIX C TIOMOIIBIO ATPHU-
OyTHBIX cucTeM. Kak mpaBuIo, KAIeCTBO TAKUX TPAHCISITOPOB JTOBOJIBHO HI3KO
u3-3a OOJIBIITUX PACXOIOB MaMATH, HEI(DMDEKTUBHOCTA UCKYCCTBEHHBIX TPUEMOB,
0 KOTOPBIX OBLIO CKA3AHO BHIIIIE.

Y4aurbiBasi 370, MbI OyZieM BeCTH JAJbHEIIIee U3I0KEHHe Ha, s3bIKe, COYe-
TAIOIIEM OCODEHHOCTH aTPUOYTHOTO (pOpMATU3Ma U OOBITHOIO S3BIKA, IIPOTPAM-
MUPOBAHUS, B KOTOPOM TPEIIIOIATAETCS HAJIMYNE OMEPATOPOB, 8 3HAYNT, U BO3-
MOXKHOCTDH yIIPABJIEHNS TTOPSIIKOM UCIOJHEHHS OMEePaTOPOB. DTOT MOPSIOK MO-
KeT OBbITh TPUBA3AH K 00XOLY aTpUOyTUPOBAHHOIO JepeBa pa3b0pa CBEpXy BHU3
ciieBa HampaBo. UTo Kacaercs IpaMMATHKH BXOIHOTO si3bIKA, TO MBI He Oy1em
OpPEeANnoIaraTh NPUHA/JIEXKHOCTb ee OornpejeseHHoMy Kiaccy (uampumep, LL(1)
wi LR(1)). Byzem cuurars, 4ro nepeBo pa3bopa BXOIHON MPOrpaMMbl YIKe 110~
CTPOEHO KAK PEe3YJIbTAT CHHTAKCHYECKOTO AHAJIN3a, U ATPUOYTHBIE BHIYUCICHUS
OCYIINECTBJIAIOTCS B pe3yIbTaTe 00X0a 3TOro aepesa. Takum 00pa3oM, BXOmgHAS
PPAMMATHKA ATPUOYTHOTO BHITUCIUTEIS MOYXKET ObITh JayKe HEOJIHO3HATHOM, 9TO
HE BJIMSIET HA, MMPOIECC ATPUOYTHHIX BBIYUCICHUIA.

ITpu 3anucu cuaTaKCHCA MBI OYIEM UCIOIB30BaTh pacimuperayo BH®. Je-
MEHT MPAaBOil YaCTH CHHTAKCHYECKOTO MPAaBUJIA, 3aK/IIOYEHHBIH B CKOOKu [ ],
MOXKET OTCYTCTBOBATH. DJIEMEHT MPABOI YaCTH CHHTAKCHIECKOTO TTPABUIIA, 3a-
KJIIOYEHHBIN B CKOOKHU (), 0O3HAYAET BO3MOYKHOCTh TTOBTOPEHUS OJIWH WJIA DOJIee
pa3. DIeMeHT MPaBoil 9acTH CHHTAKCHYECKOrO MPABUIIA, 3AKIIOYEHHBIR B CKOO-
ku [()], o3HaTaeT BO3MOXKHOCTH MOBTOPEHUSA HOMb Wian Oomee pa3. B ckobkax
[ 1 wau [(O] moxkeT yKa3bIBATHCSA PA3AEIUTENb KOHCTPYKIIAN.

Huske naH CMHTAKCHUC SI3BIKA OMUCAHUS aTPUOYTHBIX rpaMMaTuk. [Ipusenex
TOJIBKO CHHTAKCHC KOHCTPYKIIHi, COOCTBEHHO OMMCHIBAIONINX ATPUOYTHHIE BbI-
guciierns. CHHTAKCUC OOBIYHBIX BBIPAYKEHUH U OMEPATOPOB HE TPUBOIUTCS — OH
ocuoBbiBaercs ua Cu.

ArpubyTHas rpaMMaTumka ::= ’ALPHABET’
( OmucanuveHerepmunana ) ( IpaBuio )
OnmucamuneHeTepMurana ::= UmaHeTepmurana
’::? [( OumcarmmeATpubytos / ’;’)] 2.’
OnucanueATpubyroB ::= Tun ( UmaArpubyra / ’,’)
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llpaBuno ::= ’RULE’ CumrTarcuc ’SEMANTICS’ CemamTmka ’.’
CurTakcuc ::= lIMaHeTrepmMurana ’::=’ IlpaBagYacTse
llpaBagYacts ::= [( dmementllpaBoiiiactu )]
OnemenTllpaBoitiacTu ::= lMaHeTepMuHana

| Tepmuman

| >’ Herepmuuan [ ’/’ Tepmumuan ] ’)°’

| °[’ Herepmunman ’]’

| >°[(° Herepmuman [ °’/’ Tepmuman ] ’)]1’

CemanTuka ::= [(JlokansrHoeO6baBmenue / ’;7)]
[( CemamTuueckoelleficteue / ’;’)]
CemanTuueckoe/leiicTBue ::= [IpucBavBaHUe
| [ Merka ] Oumepatop
[lpucBauBanme ::= llepeMeHHasa ’:=’ BupaxeHue
[lepemennas ::= JlokanbHadgllepeMeHHasa
|  ATpubyt
AtpubyT ::= JloKanbHHEATPUOYT
| T'nobambeHEATPUGYT
JlokanbHHAATPUOGYT ::= HUmaATpubyTa ’<’ Homep ’>’
TnobanpuEATPU6YT ::= UMaATpubyTa ’<’ HeTepMmumam ’>’
MeTra ::= llemoe ’:’
| Lemoe ’E? 2:?
| Lemoe A 2:?
OnepaTop ::= YCIOBHHM
| OnepaTopllpolenypsl
|  luxalloMEOXeCTBY
| Tpocroiillukn
I

HuraCVcnoBueMOroHIaHUSA

Onucanue aTpubyTHON TPAMMATHKA COCTOUT U3 pasjesia OMUucaHus arpudy-
TOB ¥ pasjesna npasui. Paznen onucanus arpubyTOB OnpezessieT COCTaB aTPh-
OyTOB [IJIsT KAXKIOTO CHMBOJIA TPAMMATHKHU M THUI KayKI0T0 arpudyTa. [IpaBuia
COCTOAIT W3 CHHTAKCUYECKON M CEMAHTUYECKO JacTu. B cuHTaKCHYecKoil yacTu
ucnonb3yercsa pacmupentas BH®. CemanTnyeckast 9acTh MPaBUIa COCTOUT W3
JIOKaJIbHBIX OObABJICHUI U cemMaHTH4YecKux geiicrsuil. B kauecTBe cemanTuye-
CKUX JefiCTBUII AOMYCKAIOTCs KAK aTPUOYTHBIE ITPUCBANBAHNS, TAK U COCTABHBIE
OINepaTopHI.

Merka B CeMaHTHYECKOW YACTH MPABUJIA MPUBS3BIBAET BLIMOJIHEHUE OIle-
paTopa K 00XOmy JepeBa pas3bopa CBepXy-BHU3 cjeBa Hampanro. KoHcTpykius
i : omepaTop 03HAYAET, UYTO OMEPATOD JOJKEH OBITH BBIMOJHEH CPa3y IMOCHe
obxona -t KoMmoHeHThI mpaBoit yactn. Koncrpykuus i E : omepaTop o3Ha-
9aer, 9TO OIMepaTop JOJIKEH OBITh BBINOJIHEH, TOJBKO €CJIU TOPOXKIeHue i-it
KOMIIOHEHTBI MPaBoit dactu mycto. KoHcTpykims i A : omepaTop O3HAYaeT,
9TO OMEPATOP JAOKEH OBITh BBINOJIHEH HOCIe Pa3dopa Kazk/I0r0 IOBTOPEHus i-it
KOMITOHEHTBI IPABOI YacTy (MMEeTCs B BUIY KOHCTDPYKIIHs OBTOPEHNUA).

Kazkioe npaBuio MOKeT UMETh JIOKAJIbHbBIE ONPeIesieHusl (TUIOB U II€PEMEH-
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Hbix). B ¢dopmynax ucnonb3yorcs Kak arpuOyThl CUMBOJIOB JAHHOTO NPABHUJIA
(n0xasvHble ATPUOYTHI) U B 3TOM CJIydae COOTBETCTBYIOIIME CUMBOJIbI yKA3bIBA~
10Tcs HoMepamu B npasusie (0 — st cumBosia JieBoit dactu, 1 — jyis nepBoro
CUMBOJIa TIPABOI YacTu, 2 — Jjisi BTOPOrO CUMBOJIA MPABON 9acTH U T.I.), TaK
U aTpudyThI CUMBOJIOB MIPEKOB JIEBOH YacTh NpaBuia (2406a4bHbe AaTPUOYTHI).
B stom cirygae cooTBeTCTBYOMINY CHMBOJI YKA3bIBAETCS MMEHEM HETEPMUHAJIA.
Takum obpazom, Ha gepeBe 0O6pa3yIOTCss 00JIACTH BUIUMOCTH aTPUOYTOB: aTPH-
OyT cuMBOJia WMeeT O0JIACTD BUAUMOCTH, COCTOSAIIYIO W3 MPABUJIA, B KOTOPOE
CHMBOJI BXOJWT B TPABYI0 YaCTh, TJIIOC BCE MOJJIEPEBO, KOPHEM KOTOPOTO SIB-
JISTETCS CUMBOJI, 33, NCKJIFOUEHUEM TIOIEPEBLEB — MMOTOMKOB TOTO YK€ CHMBOJIA, B
9TOM MOJJIepeRe.

3HaueHre TEPMUHAJIBHOIO CHMBOJIA JIOCTYIHO 4depe3 arpubyTt VAL coorBert-
CTBYIOIIErO THUIIA.

[lpumMep 5.9. ArpubyrHas rpaMmaTHKa U3 IpUMepa b.) 3alHCHIBAETCH CIIELyT0-
M 06pa3oMm:

ALPHABET

Num :: float V.

Int :: float V3
int P.

Frac :: float V;
int P.

digit :: int VAL.

RULE

Num ::= Int ’.’ Frac

SEMANTICS

V<0>=V<1>+V<3>; P<3>=1.

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<O0>=P<2>+1.

RULE

Frac ::= e
SEMANTICS
V<0>=0.

RULE

Frac ::= digit Frac

SEMANTICS

V<O0>=VAL<1>*10%#* (-P<0>) +V<2>; P<2>=P<0>+1.
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IlpoBepka KOHTEKCTHBIX
YCJIOBUI

6.1. Omnucanue obJjiacTeii BUIUMOCTU
1 OJIOYHOII CTPYKTYPbI

3ajadeit KOHTEKCTHOTO AHAJIN3A ABJSETCS YCTAHOBJIEHWE CBOHCTB OOBEKTOB U
ux ucnosb3oBanus. Hanbosee gacto permaemoii 3aa4eil siBJIsieTCst OTPe/IeTIeHue
CyIIEeCTBOBaHUST O0OBbEKTA M COOTBETCTBHUSI €r0 WCIOJb30BAHUS KOHTEKCTY, UTO
OCYIIIECTBJISIETCS C TMOMOINBI0 aHaan3a Tuna o0bekTa. 1o KOHTEKCTOM 3Iech
[OHUMAETCS BCsl COBOKYITHOCTD CBOMCTB TEKYINEH TOYKH MIPOTPAMMbI, HATIPUMED
MHOKECTBO JIOCTYITHBIX OObEKTOB, TUIl BHIPAXKEHUS U T./I.

Takum 0bpazom, HEOOXOANMO XPAHUTH OOBEKTHI M UX TUIIBI, YMETh HAXOIUTh
9T OOBEKTHI U ONMPEIEIATh UX THUIIBI, ONPEIEISITh XaPAKTEPUCTUKN KOHTEKCTA.
COBOKYITHOCTH JIOCTYIHBIX B JIAHHON TOYKEe 00HLEKTOB Oyj1eM Ha3bIBATEH cpedot.
OO0BITHO Cpea TPOrPaMMBbI COCTOUT U3 YACTUIHO YIOPSII0UEHHOTO HAOOPA KOM-
MOHEHT

E={DS;,DS,,...,DS,}

Kaxkgast KOMIOHEHTa — 3TO MHOXKECTBO OOLABIEHUIA, TPEICTABIAIONINX CO-
Goii mapbl (uMs, THI):

DS; = {(ums;, tum;) | 1 < j < ks}

rIe MO TUMOM OyZeM MOApasyMeBATHh MOJIHOE OMUCAHWE CBOWCTB OOBEKTA
(00BEKTOM, B 4ACTHOCTH, MOXKET OBbITH CAMO ONUCAHUE THIIA).

KoMmoreRThr 06pa3yioT JepeBo, COOTBETCTBYIOIIEE 3TOMY YACTHIHOMY MO-
paaky. YacTuyHblil HOPAJOK MeK/y KOMIOHEHTAME OOLIYHO ONpeIe/seTcsa CTa-
THYECKON BJIO?KEHHOCTBIO KOMIIOHEHT B IIPOTPAMME. IJTa BIIOKEHHOCTH MOXKET
COOTBETCTBOBATH DJIOKAM, IIPOLELypaM WM Kjaccam nporpammbl (puc. 6..1).
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Kopuesas
KOMIIOHEHTA
(mporpamma)

v

nporeaypa mporeaypa mporeaypa
(610K) (610K) (610K)

Puc. 6..1:

KowmmoneHnTbI cpeibl MOTYT OBITH UMEHOBaHbBI. 110MCK B cpejie OOBITHO BEIETCS C
Y9eTOM yTOpsiIo9eHHOCTH KOMTIOHeHT. Cpejia MOYXKeT BKJII0YATh B ce0st KAK KOM-
MMOHEHTHI, TTOJIYYE€HHBIE NP TPAHCJISANNN “TEKYIIero’ TeKCTa MPOTPAMMBI, TaK U
“puernHue”’ (HampuMep, pPa3AeabHO KOMIUJINPOBAHHBIE) KOMIOHEHTHIL.

st 0603HaYEeHNs YIACTKOB POTPAMMBI, B KOTOPBIX JIOCTYITHBI T€ WJIA UHBIE
OMMCAHUS, UCTOIB3YIOTCS TIOHATHS 00AGCTNU Jeticmeus U 00AaCMU 8UIUMOCTIIU.
Ob61acTbio JeiicTBrsl OnucaHus ABJgeTCs npoueaypa (6JI0K), coaeprKalnast Omu-
caHue, CO BCEMH BXOIANIMMHA B Hee (MOAYUHEHHBIMHU 110 JIEPEBY) MPOLEILYPAMU
(6okamu). O6nACTHIO BUANMOCTH ONUCAHHUS HA3BIBAETCS 4acTh O0ONACTH Jeii-
CTBUsI, U3 KOTOPOIl MCKJIIOYEHBI Te T0A00JIACTH, B KOTOPHIX TI0 TE€M WJIA UHBIM
MPUYMHAM OMHUCAHWE HEJOCTYIHO, HATPUMEP, OHO TEPEKPHITO JIPYTUM ONUCA-
Huem. B pasHbIX s3bIKaX MOHATHS OOJACTH IEHCTBUS W O0JACTH BUIUMOCTH
YTOUHSIIOTCS TIO-PA3HOMY.

OOBIYHBIME OTIEPAIUSIME TPU PAOOTE CO CPEIoi ABISIOTCSI:
— BKJIIOYHUTH OOBEKT B KOMIIOHEHTY CPE/IbI;
— HaWTH OOBEKT B CPEJIE W MOJIYUUTh JOCTYI K €r0 OMUCAHWIO;

— 0Opa30BaTh B CPe/le HOBYIO KOMIIOHEHTY, OIPEIeIeHHBIM 00PAa30M CBA3aH-
HYIO C OCTAJIbHBIMU;

— YJaJIUTH KOMTIOHEHTY U3 CPEeObI.

Cpeia COCTOUT U3 OTJEJbHBIX OOBEKTOB, PEAIN3yeMbIX KaK 3a01CH (B JaJib-
HEHIeM ONMMCAHUU MBI OyJeM HUCIOIb30BaTh nMsi TElement Jjid WMEHUW THIIA
stoit 3anucu). Cocras noseii 3anucu, BOOOIIE TOBOPS, 3aBUCAT OT OIMUCHIBAEMO-
ro obbekTa (THll, IEpEMEHHAs M T.J.), HO €CThb IOJis, BXOAAUIUE B 3ANUCH JJisd
06010 0ObHLEKTA:

TObject Object — kareropus 0O0bEKTa (THUII, IEPEMEHHASs, TPOLELYPA U T.11. );
TMode Mode — BuI OOBEKTA: TEJbI, MACCUB, 3AIUCH U T.J.;
TName Name — MMsI OOHEKTa;

TType Type — yka3aresb Ha ONUCAHWUE THUIIA.
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6.2. 3aHeceHHe B CpeJy U MOUCK OO0HEKTOB

Paccvorpum cxemy peanm3aruu mMpOCTO# OJOYHON CTPYKTYPbI, aHAJOTHIHOMN
npoueaypam B [Tackame wim 610kam B Cu. Kaxkaprit 6510k MOxKeT uMeTh CBOit
Habop omucanwuii. [IporpamMmma cocTonT M3 OCHOBHOTO MMEHOBAHHOTO OJIOKA, B KO-
TOPOM MMEIOTCsI OMTUCAHUS U onepaTopbl. OTHCaHNs COCTOAT W3 OMUCAHUI THTTOB
7 00bsIBIEHUH TIepeMeHHbIX. B KavuecTBe THIIA MOXKET MCIOIH30BATHCS HEJI0UNC-
JIEHHBIH Tun u Tun MaccuBa. JIpa Tuma T1 m T2 CUMTAIOTCSA SKBUBAJECHTHBIMU,
ecau umeercs onucanue T1=T2 (unu T2=T1). Oneparopamu CIyzKaT ONEPaTOPbLI
npucBanBanus Buia [lepemennasil=Illepemennas? u 6soku. Ilepemennas — 310
b0 mPOCTO MAEHTU(DUKATOD, JTUOO BBIOOPKA 13 MaccuBa. Omeparop mpucBan-
BaHUS CUYNTAETCA MTPABUIBLHBIM, €CJIN TUITHI TIEPDEMEHHBIX JIEBOH U TPaBOil YaCTH
SKBUBAJIEHTHBI. [IprMepoM npaBmIbHON TPOrPaAMMBI MOXKET CIy2KHUTh

program Example
begin
type Tl=array 100 of array 200 of integer;
T2=T1;
var V1:T1;
V2:T2;
begin
V1=V2;
v2[1]=vi[2];
begin
type T3=array 300 of Ti;
var V3:T3;
V3[50]1=V1;
end
end
end.

PaccmarpuBaeMoe NOJIMHOXKECTBO A3BIKA MOKET OBITH TIOPOKJICHO CJIEILYT0-
wieit rpammaTrkoii (3anuck B pacumupentoit BHD):

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, )

Statement ::= Block ’;?

Statement ::= Variable ’=’ Variable ’;’

Variable ::= Ident Access
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Access ::= ’[’> Expression ’]’ Access
Access ::=

st peasuzanuu HEKOTOPBIX aTpubyToB (B YACTHOCTHU CPEJIbl, CIUCKA UIEH-
TudUKATOPOB ¥ T.J.) B KAYECTBE THUIOB JAHHBIX MbI OyJI€M UCIOIB30BATH Pa3-
JINYHBIE MHOYKECTBA. MHOXKECTBO MOXKET OBITh YIOPSI0YEHHBIM WIN HEYTIOPSII0-
YEHHBIM, KJIIOYEBBIM WU TPOCTHIM. DJIEMEHTOM KJIIOUEBOTO MHOXKECTBA MOYKET
OBITH 3AIUCH, OJTHUM U3 TI0JIeil KOTOPOii SBJISI€TCH KJTIOY:

SETOF T — mpocToe HEYIOPSA0UIeHHOEe MHOXKECTBO O0BEKTOB Tuma T;

KEY K SETOF T — KJII09YeBO€ HEeyTIOPsITI0UeHHOE MHOXKECTBO 00HEKTOB THTIA
T ¢ xmaouoMm tuna K;

LISTOF T — mpocToe yHopsiIOUeHHOe MHOKECTBO OOBEKTOB THMa T;

KEY K LISTOF T — K/II0Y€BOE YHOPSI0UEHHOE MHOKECTBO OOBEKTOB THIIA
T ¢ xkiroyom tuna K;

Hap obbektamu Trma MHOYKECTBA OIPEIETIEHbl CIeIYOIIIe Onepalin:
Init(S) — co31aTh U TPOMHUIINATIU3NPOBATH IEPEMEHHYIO S;

Include(V,S) — BKIIOYNTH 00BHEKT V B MHOMKECTBO S; €CJIM MHOXKECTBO
YIOPSI0YEHHOE, TO BKJIOYEHUE OCYILECTBJISETCS B KAYeCTBe IIOCIEIHErO
SJIeMEHTa,;

Find(K,S) — BBIIATh yKa3areab HA OOBEKT C KJOYOM K BO MHOXKecTBe S
u NIL, ecmii OOBEKT C TAKAM KJIIOUOM He HalIeH.

Nwmeercst cienma bHbIN ONEPaToOp MUKJIA, TPOOErafoyil SJIeMeHThI MHOXKe-
cTBa:

for (V in S) Omepatop;

IIepemernnas V mpoberaer Bce 3HATEHUSA MHOXKECTBA. T MHOXKECTBO yIIOPsI-
JIOYEHO, TO JIEMEHTHI TTPOOETAIOTCS B 9TOM MOPSIIKE, €CJIN HET — B TPOU3BOILHOM
TTOpSA/IKE.

Cpena npeicraBisger coboi KIYEBOe MHOYKECTBO € KITIOYOM — UMEHEM 00b-
ekta. Unenruduraropsr umeror tun TName. Ob6o3nadenne <HeTepMuHan> B mMo-
3UIWK TUIIA — JTO yKa3areib Ha BepiiuHy Tumna Herepmuman. OGo3HadeHue
<HeTepMunam> B BRIPAYKEHUN — ITO B3sATHE 3HAUECHUS YKA3ATEJIS HA OIMKANIITY O
BEpIIIHHY BBEPX IO JIEPEBY pa3dopa, MOMEYEHHYI0 COOTBETCTBYIONIAM HETEPMU-
HAJIOM.

JImst peanmm3anuu cpeabl KaxKIblii HerepMmuHAJ Block mmeer aTrpubyTt Env.
s obecrieveHuss BO3MOXKHOCTH MTPOCMATPUBATHL KOMIIOHEHTHI CPEAbI B COOT-
BETCTBUM C BJIOYKEHHOCTHIO OJIOKOB KaxKIbIii HeTepMuHAJ Block mmeer arpu-
Oyt Pred — yka3arenb Ha OxBarThBammumii 0ji0k. Kpome toro, cpema 0OJ0Ka
KOpHs JiepeBa (HerepMuHas Prog) CONEPKUT BCE MPEIONpPEIeIeHHbIe OMUca-
aus (puc. 6..2). Dro 3anonnenue peanusyercs npouenypoii PreDefine. Arpubyr
Pred 6/10Ka KOPHEBOiT KOMIIOHEHTHI nMeeT 3Haderne NULL.

ArpubyTHasi peasu3alius BbINISIAT CIEIYONUM OOPA30M.
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n

Env
Env Env

|Env||EnV| |Env||EnV|

Puc. 6..2:

// QOuucanue aTpubyToB
ALPHABET

Prog:: KEY TName SETOF TElement Env.

// KOpHeBaH KOMIIOHEHTa, coepxXallad IIpenoIlpeneJieHHbe OIINCAaHUuA.

Block:: KEY TName SETOF TElement Env;
<Block> Pred.

Ident_List:: SETOF TName Ident_Set.
// Ident_Set - CIMCOK HIEHTHPUKATOPOB

Type_Defin, Type_Use, Access, Expression:: TType ElementType.

// ElementType - ykasaTenb Ha OIUCAHWE TUIA
Declaration, Var_Decl, Type_Decl::.

Ident:: TName Val.

Index:: int Val.

// OnucaHue CHHTaKCUYECKUX ¥ CEMAaHTUYECKUX IIPaBUI
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){
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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");

// UpenTudmraTop yXe 06bABIEH B 6GIOKe

// B mowboM cnydae 3aHOCHUTCS HOBOE ONHCAaHUE

V.Name=Val<1>;

V.0bject=TypelObject;

V.Type=ElementType<3>;

Include (V,Env<Block>) .

RULE

Type_Defin ::= ’ARRAY’ Index ’0F’ Type_Defin
SEMANTICS

ElementType<0>=ArrayType (ElementType<4>,Val<2>) .

RULE

Type_Defin ::= Type_Use
SEMANTICS
ElementType<0>=ElementType<i>.

RULE

Type_Use ::= Ident

SEMANTICS

TElement * PV;

PV=FindObject (Val<1>,<Block>,Typelbject,<Prog>);

If (PV!=NULL)

ElementType<0>=PV->Type.

// B >ToM mpaBulle aHANU3WPYETCs MCHONb3yWUAs IIO3ULUSA
// upeHTHduURaTOpa THUHA.

RULE

Declaration ::= ’var’ ( Var_Decl ).

RULE

Var_Decl ::= Ident_List ’:’ Type_Use ’;°’
SEMANTICS

TElement V;
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TName N;
for (N in Ident_Set<1>){
// lukn mo (HeymOpsALOYEHHOMYy) CIMCKY HUOEHTHUUKATOPOB

if (Find(N,Env<Block>) !=NULL)

Error("Identifier declared twice");

// UpeuTudumraTop yke 06bABIEH B 6IiOKe
// B moboM ciydae 3aHOCHUTCS HOBOE ONNCAHUE

V.Name=N;

V.0Object=VarObject;

V.Type=ElementType<3>;

Include(V,Env<Block>) ;
}.
// N - pabouas mepeMeHHas [Js SJEMEHTOB CIMCKa. JlId KaxZoro
// umeHTU}WKaTOpa M3 MHOXeCTBa HAeHTHUOUKaTOopoB ldent_Set<1>
// chopMupoBaTh 06bEKT-IIEpEMEHHYD B TeKylledl KOMIOHEHTE CpeXl
// c COOTBETCTByOWWME XapaKTepPUCTUKAMH.

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=FindObject (Val<1>,<Block>,VarObject,<Prog>);

if (PV==NULL){
Error("Identifier used is not declared");
ElementType<2>=NULL ;

}

else ElementType<2>=PV->Type.
RULE

Access ::= ’[’> Expression ’]’ Access
SEMANTICS

ElementType<4>=ArrayElementType(ElementType<0>, ElementType<2>).
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RULE

Access ::=

SEMANTICS
ElementType<Variable>=ElementType<0>.

Ilonck B cpene ocymecTBasieTcs caeayiomeii ¢yHKITHei:

TElement * FindObject(TName Ident, <Block> BlockPointer,
TObject Object, <Prog> Prog)
{ TElement * ElementPointer;
// TomyuuTh ykasaTenb Ha 6nuxaiimmii oxBaTHBawWUA GIOK
doA{
ElementPointer=Find(Ident, BlockPointer->Env) ;
BlockPointer=BlockPointer->Pred;
}
while (ElementPointer==NULL)&& (BlockPointer!=NULL) ;
// UcraTs mo MoMeHTa, Korja aubo HaliieM HYXHHI UIEHTUGUKATOP,
// nubo moiimeM IO KOPHEBON KOMIOHEHTH
if (ElementPointer==NULL)&& (BlockPointer==NULL)
// [owmu mo KOpHEBON KOMIOHEHTH W elle He HAWlM HAeHTHPUKaTOpa
// HaliTu o6berT cpemu IpenoNnpelmeieHHbX
ElementPointer=Find(Ident, Prog->Env);
if (ElementPointer!=NULL)
// Hammu o6beKT C NaHHHM HAEHTUPUKATOPOM
// nmbo B odepenmHoM 6ioKe, JNUOO Cpemu IIPeLONpeLeileHHHX
if (ElementPointer->0bject!=0bject){
// TpoBepuTh, WMeeT nu HaliIeHHHNE O06BHEKT
// HyXHyD KaTeropun
Error("Object of specified category is not found");
ElementPointer=NULL;
}
else // 06berT He HalimeH
Error("Object is not found");
return ElementPointer;

}

ITepemennas BlockPointer — ykasarenb Ha OMMKANIIMI OXBATHIBAIOIIUI
onok. Ilepexomst ot 610Ka K OJIOKY, UIeM OOBEKT B ero cpene. Eciau He HAmm,
TO HEPeXOJUM K OXBaTbIBaoleMy 0y10ky. Eciu gomwmm 10 KopHeBO# KOMIIOHEeH-
TBI, IBLITAEMCS HANTH OOBEKT CPEIN MPEIONpeIeTeHHbIX 00beKTOB. Ecin o0bekT
HAIILIN, HA/JI0 yOeIUTHCs, 9YTO OH UMEEeT HYXKHYIO KATeropuio.

Oynukiys ArrayElementType (TType EntryType, TType ExprType) ocyiie-
CTBJIAET NPOBEPKY JONYyCTHMOCTH IDUMEHEHUA ONEPAllny B3ATHA WHIEKCA K TIe-
PEMEeHHOI 1 BO3BpalllaeT TUII JIeMEeHTa MaCCHUBA.

Oyukuyst ArrayType(TType EntryType, int Val) Bo3Bpamaer onucanue
THUIIa — MACCUBa C TUIIOM 3neMeHTa EntryType m nmanaszonom maaekca Val.
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Opranuzanust TaOJINIL
CIIMBOJIOB

B mporecce paboThl KOMIUIATOP XPAHAT HHQPOPMAIINIO 00 00 HEKTaX TTPOrpaM-
MBI B CIIEIUAJIBHBIX TAOIUIIAX CUMBOJIOB. Kak mpasuiio, nadopMalius 0 KazKI0M
OObEKTE COCTOUT U3 JABYX OCHOBHBIX 3JIEMEHTOB: MMEHU O0BEKTa W OIHMCAHUS
oobekTa. Madopmannsa 06 00beKTax MpOrpaMMbl JOJIKHA OBITh OPTaHU30BAHA
TaKuM 0OPa30oM, 9TOOBI ITOMCK €€ OBLT 0 BO3MOXKHOCTHU ObICTpee, a Tpebyemast
MaMsTh 1T0 BO3MOXKHOCTU MEHbIIIE.

Kpowme Toro, co cTOpoHBI sI3bIKA TPOrPAMMHUPOBAHNS MOT'YT OBIThH JIOTIOTHHU-
TenbHbIe TpebOBaHuA K opranu3anuu nHdopmanun. Mena MOryT uMeTh ompe-
JeJIeHHYI0 00J1acTh BUAUMOCTH. Hampumep, mojie 3ammcu JI0JKHO OBITH YHU-
KAJIbHO B MIPEJEJIaX CTPYKTYPhI (UJIM YPOBHS CTPYKTYPHI), HO MOYKET COBIAIATh
¢ uMeHeM OObEKTa BHE 3amucu (WU Jpyroro ypoBHs 3armmcu). B To ke Bpemsi
UMsl TIOJIsT MOYKET OTKPBIBATHCSI ONEPATOPOM MPUCOEIMHEHUsI, U TOTJA MOXKET
BO3HUKHYTh KOH(MDJIMKT UMEH (UJIM HEOJHO3HAYHOCTb B TPAKTOBKE umenu). Ec-
JIW sI3BIK UMeeT OJIOUHYIO CTPYKTYPY, TO HEOOXOAIMO OOECIIeINTh TaKOi crocob
XpaHeHust UHGOPMAIWMH, YTOOBI, BO-TIEPBBIX, TOIIEPKUBATH OJOYHBII MEXAHU3M
BUIWMOCTH, 3 BO-BTOPHIX — 3P HEKTUBHO OCBOOOKIATH MTAMSATh MPYU BBIXOJE U3
6uoka. B Hekoropbix s3bikax (Hanpumep, Aze) ogHOBpeMeHHO (B 0iHOM BJI0Ke)
MOrYT OBITH BHUIUMBI HECKOJIBKO OOBEKTOB C OHWM HUMEHEM, B JIPYTUX TaKas
CUTYaIMsT HEJIOMYCTHMA.

MbI paccMOTPUM HEKOTOPBIE OCHOBHBIE CITOCOOBI OPTaHU3AIUN TAOJIHI] CHM-
BOJIOB B KOMIIJISATOPE: TaOIUIBI UACHTH(DUKATOPOB, TAOTHUIIBI PACCTAHOBKH, JIBO-
UYHbBIE JIEPEBb M PEATU3AIKUIO OJIOYHON CTPYKTYPHI.

7.1. Tabmauipl naeHTN(PUKATOPOB

Kaxk y»xke 061710 cka3aH0, HHGOPMAIHIIO 00 00beKTe OOBITHO MOYKHO Pa3Ie/UuTh Ha
e gactu: ums (upenrudurarop) u onucanue. Eciu nnuna upenrudukaropa
orpanuveHa (M UMs UIEHTUDUIUPYETCS N0 OrPAHUYEHHOMY UHCILY IIEPBBIX

115



116 I'maBa 7.0. Opraau3aimst TabJIHI CHMBOJIOB

CHMBOJIOB HJIeHTU(MDUKATOPA), TO TabJIMLIA CUMBOJIOB MOXKET ObITh OPraHU30BAHA
B BH/JIE TIPOCTOTO MACCHBA CTPOK (DUKCUPOBAHHON JJTUHBI, KAK 9TO H300pPAKEHO
ua puc. 7..1. HekoTopsre BXOAbl MOTyT OBITH 3aHITHI, HEKOTOPbIE — CBOOOIHBI.

HUms ob6vexma Onucanue obvexma

s| o | r|t

Puc. 7..1:

Onucanue obvekma

s|o|r| t |EoS| al|EoS| r|e|al|d|E0S| 1 [EOS| ees

Puc. 7..2:

dcHo, 9TO, BO-TIEPBBIX, pa3Mep MACCHUBA JOJIZKEH ObITh HE MEHBIIE YHCIA
uneHTH(DUKATOPOB, KOTOPBIE MOTYT PEAIHHO TOSBUTHCA B Nporpamme (B mpo-
TUBHOM CJIy4ae BO3HUKAET IeperojHeHre TabiIuiibl); BO-BTOPHIX, KAK MPABUIIO,
MOTEHIIUATBHOE YUCII0 PA3IUYHBIX UIACHTU(DUKATOPOB CYIIECTBEHHO OOIIBIIE Pa3-
Mepa, TaOJIUIIBL.
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3ameTum, 9TO B GOJBIIHHCTBE S3bIKOB IPOTPAMMUPOBAHUS CHMBOJILHOE IIPE/I-
cTaBJieHre UAEHTU(DUKATOPA MOXKET WMeTh MPOuU3BOIbHYIO maymHy. Kpome Toro,
pasnmanable OOBEKTHI B OJHON WM B PA3HBIX 0OJIACTAX BUAUMOCTH MOTYT UMETh
OIMHAKOBBIE MMEHA, W HET OOJIBIIOrO CMbBICIA 3AHUMAThH MAMATH JJIs TTOBTOD-
HOTO XpaHeHus uaeHTudUKATOpa. TakuM 00pa3oM, yI00HO uMs 0OHEKTA U ero
ONUCAHNE XPAHUTD O OT/IEJHBHOCTH.

B sTom caywae naeHTH(OUKATOPHI XPAHITCA B OTAEJIBHOM Tabuie — mabau-
ye udenmugduramopos. B Tabiniie CHMBOJIOB K€ XPAHUTCSA yKA3aTelb HA COOT-
BETCTBYIOIIUI BXO B Tabauily naeHTndukaropos. Tabauiy naeHTHdUKATOPOB
MO2KHO OPraHU30BaTh, HAPUMED, B BU/IE CIJIOMIHOTO MaccuBa. U nentudukarop
B MaCCHBE 3aKAHIMBACTCS KAKAM-JINOO0 CHenuanbHbIM cuMBonoM EOS (puc. 7..2).
Bropoit Bo3MOXKHBII BAPUAHT — B KAYECTBE IEPBOIO CUMBOJIA UIACHTUPUKATOPA
B MaCCHUB 3aHOCUTCS €ro JJINHA.

7.2. Tabaunpl paccTaHOBKUT

OauM u3 3 HEKTUBHBIX CTOCOOOB OPraHU3AINN TADIHUIIBI CHMBOJIOB SIBJISI€TCS
mabauya paccmanosry (um rew-mabauya). Ilouck B Takoii tabiuue Moxer
OBITH OPraHW30BAH METOJIOM MOBTOPHON paccTanoBKU. CyTh €ro 3aKII09aeTCs B
CJIE/TY IOTIIEM .

Tabmuma cuMBOIOB TpeacTaBIsier coDoi MaccuB (PUKCHPOBAHHOTO Pa3MeEpPa
N. U neatndukaropbl MOT'YT XPAHUTHCSA KaK B CAMOH TAOIUIE CAMBOJIOB, TAK U
B OT/EJIbHOI Tad/mIle HAeHTH(MDUKATOPOB.

Oupenenum HekoTopyto byHkmo hy (nepsuwhylo GyHKYLIO Paccmanosku),
ONPEJIIEHHYI0 HA MHOYXKECTBE HAEHTH(DUKATOPOB U MPUHUMAIOIIYI0 3HAYEHUS
or 0 o N — 1 (re. 0 < hy1(id) < N — 1, rue id — cuMBOJIBHOE MPeEJCTABIIE-
aue unentudukaropa). Takum o6pa3oM, HYHKIUA PACCTAHOBKU COMOCTABJIAET
uaeHTH(OUKATOPY HEKOTOPbIH aJpec B TaOJIUIE CHMBOJIOB.

IIycrs Mbr XOoTHM HaliTé B Tabmune uaentudukarop id. Ecmu smement ta-
Gunet ¢ HomepoM hy (id) He 3alOoIHEeH, TO 3TO 03HAYAET, YTO MAEHTU(UKATOPA
B Tabsuiie Her. Ecum ke 3aHAT, TO 3TO €Ile He O3HAYAET, YTO UACHTH(OUKATOD
id B TabJUIly 3aHECEH, MOCKOILKY (BOOOIIE rOBOps) MHOIO WAEHTU(DUKATOPOB
MOTYT UMETh OIHO M TO Ke 3HadeHne PyHKIUNH PACCTAHOBKH. JIJisT TOro ITo0BI
OIPEJIEJIUTh, HAIILIN JIX MbI HY>KHBIH uIeHTH(GUKATOD, CPABHUBAEM id C ITIEeMEH-
roMm Tabsmupl hy(id). Eciu onun pasubl — unentudukarop HaiileH, eciu Her —
HAJ0 MPOIOJIYKATH MOUCK JAJIBIIIE.

Huig sToro Belamcisierca emopuykas Pynkyus paccmanosku ho(h) (3nade-
HMEM KOTODOM ONfATH TAKM sIBJSETCS HEKOTOPBIA aJapec B Tabiule CHMBOJIOB).
Bo3MOKHBI 4eThIpe BapHAHTA:

— 371eMeHT TabJIuLbl He 3a10/HeH (T.e. uaeHTu(GUKATOPa B TADJIUIE HET),

— uaeHTUUKATOD JIeMeHTa Tab/IUIbl COBIANAET ¢ UCKOMBIM (T.€. UICHTH-
dbuxarop naiigen),

— a/ipec JIeMEHTA COBIANAET C yKe IPOCMOTPEHHbIM (T.€. Tabsiuna BCs Ipo-
cMoTpeHa u uaeHTuduKaTOpa Her)
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— OpeplIyIue BAPUAHTHI He BBIMOJIHAIOTCS, TAK 9TO HEOOXOIUMO MPOIOI-
JKATh MOUCK.

st poI0IKe s TOUCKA TPUMEHSIETCS CJIeIyTotast (pyHKIUs PACCTAHOBKH
hs(h2), ha(hs) u .x. Kak npasuno, h; = hy a4 4 > 2. AprymenTom byHKIMN
ho aBasiercs nenoe B quanasone [0, N — 1] u oHa MoXKeT GBITH OBITH yCTPOEHA
no-pazuomy. [IpuBemem Tpu BapuaHTa.

1) ho(i) = (i + 1) mod N.

Bepercsa cnenyromuii (HUKIMYECKn) SJEMEHT MACCUBA. DTOT BAPUAHT IJIOX
TeM, 9TO 3aHATHIE SJIEMEHTHI “TPYIIUPYIOTCS’, 00Pa3yIOT MOCIEI0BATEIHHBIE 3a-
HATBIE YYACTKYA W B MPEIEIaX ITOTO YyUACTKA TIOUCK CTAHOBUTCS TO-CYIIECTBY
JVUHENHBIM.

2) ho(i) = (i + k) mod N, rne k u N B3auMHO mpOCTBHI.

[To-cymecTBy 9T0 IpeAbIAYIIHUH BAPUAHT, HO SJIEMEHTHI HAKAILIUBAIOTCS HE
B MOCJIETIOBATEILHBIX 3JIEMEHTAX, & “Das3HOCATCS .

3) ha(i) = (a*1i + ¢) mod N — “nceBmociydaiiias mocjie10BaTeIbHOCTD .

3neck ¢ u N 1OMKHBI OBITH B3aUMHO MPOCTHI, b = ¢ — 1 KpaTHO p AJ15 JII000T0
npocroro p, apidierocs geiurenem N, b kparuo 4, eciu N kparso 4 [5].

ITonck B TabmIe paccTAaHOBKU MOXKHO OMMCATH CJELYTOIIeil (pyHKImeii:

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;
}
else H=h2(H);
if (H==HO)
{*Yes=false;
*Point=NULL;
return;

}

Oyukmus IdComp(H,Id) cpaBHUBAET 3/7€MeHT TabJUIBI HA BXOze H ¢ uaeH-
Tudukaropom u BbipabareBaer 0, ecin o paBubl. Pyukius Empty (H) BbIpa-
oarwBaer NULL, eciu Bxox H myct. @yHKInsg Search mpucBamBaeT mapaMerpam
Yes u Pointer cOOTBETCTBEHHO CieAyIOIIUe 3HAYEHUA :

true, P — ecsim Hamm TpebyeMblit naeHTHHUKATOP, Tae P — ykazarenb Ha
COOTBETCTBYIOIIHI 3TOMY HIAEHTH(MUKATOPY BXO B TaOJIHIIE,
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false, NULL — ecit HICKOMBIH HAeHTH(UKATOD He HalIeH, IpuIeM B TaOInIe
HET CBOOOIHOTO MecTa, u

false, P — ecim mCKOMBIIT maeHTH(DUKATOP HE HaiiaeH, HO B TabJHIE eCThb
CcBOOOIHBIH BXO, P.

SaHecenue 3/1eMEHTA B TAOJIUILY MOXKHO OCYIIECTBUTD CJIeAyIOMeHt hyHKImeii:

int Insert(String Id)
{boolean Yes;

int Point=-1;

Search(Id,&Yes,&Point);

if (!'Yes && (Point!=NULL)) InsertId(Point,Id);
return(Point) ;

}

3nech pyukmuysa InsertId(Point,Id) 3anocut umentudukaTop 1d s BXo-
na Point Tabsunpbl.

7.3. Tabiauubl paccTaHOBKHU CO CITUCKAMMU

TosbKO 9TO ONHUCAHHAS CXeMa CTPAIAET OJHUM HEJOCTATKOM — BO3MO2KHOCTBHIO
mepenoHeHns: Tabaunbl. PaccMoTpuM ee MOAM(UKAIIMIO, KOTIa BCE DJIEMEHTHI,
UMEIOLIKE OJUHAKOBOE 3HaYeHus (IIePBUYHOIT) PYHKIIMU PACCTAHOBKU, CBA3bIBA-
I0TCA B CIUCOK (PU 3TOM OTTAJAET HEOOXOIUMOCTH MCIOIL30BaHMs (hyHKIM
h; nst @ > 2). Tabauna pacCTAaHOBKHU CO CIIUCKAMHA — 9TO MACCUB yKa3areseil Ha
CITHCKHM 3JIeMEeHTOB (puc. 7..3).

Buauasie tabsiuna paccraHoBKY mmycTa (Bce 3j1ieMeHThl uMeloT 3nadenue NULL).
IIpu noucke maentudukaropa Id Beramciaserca GpyHKIUs paccTraHoBku h(Id)
U MPOCMATPUBAETCS COOTBETCTBYIOIIWI JIMHEHHBIH crucok. [lonck B Tabmuie
MOXKET OBITh OMUCAH CJEAyIoNeil dbyHKIMen:

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;

}

}
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0
9 — > | > | X
. l ykaszarenb Ha i ykaszarenb Ha i
20 B — | X
. yKasaTenb Ha I
32 > > > X
| i |
: l yKaszarens Ha i yKaszarenb Ha i yKazaresnb Ha i
N-1
Puc. 7..3:
/\_/
H
—» — | " X
— | X
o
Puc. 7..4:

3aHeceHue as1eMeHTa B TAOJIUILy MOYKHO OCYIIECTBUTD CJIeIytomeit hyHKImeit:

struct Element * Insert(String Id)
{struct Element * P,H;
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P=Search(Id);
if (P!=NULL) return(P);
else {H=H(Id);
P=alloc(sizeof (struct Element));
P->Next=T[H];
T[H]=P;
P->IdentP=Include(Id);
}
return(P) ;

}

IIpouemxypa Include 3aHoCHT MAEHTH(PHUKATOP B TAOIAIY HIACHTH(PHUKATO-
poB. AJIrOPUTM MILTIOCTPUPYETCs pHUC. 7..4.

7.4. OYHKIIUU pACCTAHOBKU

Muoro BHUMAaHUS WCCIEIOBATENISIMA OBLIO Y/I€JIEHO TOMY, KAKOW [TOJI2KHA, OBITH
(nepBuunas) dyskuusa paccranoBku. OcHoBHbIe TpeOOBaHUSA K HEll OYE€BUIHBL:
OHA, JIOJIPKHA JIETKO BBIYMCIAATHCA W PACIPEIeTATh papHoMepHo. OnuH U3 BO3-
MOXKHBIX TIOXOJ/IOB 3/I€Ch 3AKJIIOUAETCS B CJIEIYOIIEM.

1. ITo cumBOIaM CTPOKHU § ONMpeIessieM TOJoKuTebHoe 1enoe H. IIpeo6-
pa30BaHue OIMHOYHBIX CHMBOJIOB B II€JIbIe OOBITHO MOYKHO CI€JIATH CPEJICTBAMU
si3pika peanusaruu. B [lackase mist aroro ciayxut ¢yaknus ord, 8 Cu pu BbI-
noHeHnn apudMETHIECKUX OIePAIiil CMMBOJIbHBIE 3HAYEHUsT TPAKTYIOTCA KAK
TeJIbIe.

2. IIpeobpasyem H, BEIYUCJIEHHOE BBIIIE, B HOMED 3JIEMEHTA, T.€. IIeJI0€ MEK-
ay 0w N — 1, tne N — pa3mep TabJuIbl pAaCCTAHOBKH, HANPUMED, B3SATHEM
ocrarka npu genennun H wa N.

OyHKIMY PACCTAHOBKH, YIUTHIBAIOIINE BCE CUMBOJIBI CTPOKHU, PACIIPE/IEISIOT
Jrydrre, yeM (PYHKINY, YIUTHIBAIOIINE TOJIHKO HECKOJIBKO CHMBOJIOB, HATTPUMED,
B KOHIIE WU cepeanne cTpoku. Ho takne GpyHKINN TPeOYIOT OOJIbINE BHIYUCTIE-
HUIA.

IIpocreitmuit crmocob Bbramcmennss H — cmoxkenwe KOJOB cuMBOJOB. Ilepes,
CJIOYKEHHWEM C OYePEeHBIM CHMBOJIOM MOXKHO YMHOXKHUTH crapoe 3uadenwe H Ha
koucTaHTy ¢. T.e. momaraem Ho =0, H; = ¢*H; 1 +c¢; nna 1 <1 < k, k — nymna
crpoku. Ilpn ¢ = 1 momydaem mpocToe cyo¥KeHne CUMBOJIOB. BMecTo cioxkeHns
MOYKHO BBITIONHATH CJIOXKEHWE ¢; n ¢ * H;_1 mo momymo 2. Ilepenosrenne mpn
BBITIOJTHEHUH apudMeTHIeCKuX ONepannii MOXKHO UTHOPUPOBAThH.

Dyukuus Hashpjw, npusenennas nuxe [10], Borancisercs, nauunas c H = 0
(mpe/ionaraeTcs, 4TO UCHOIb3yI0TCs 32-6uroBbie uesbie). g KaxKaoro cum-
BOJIa ¢ caBuraeM OuThbl H Ha 4 MO3UIME BJIEBO U T00ABISEM OYePEIHON CHUMBOI.
Ecnn kakoii-unbyap 3 gerbipex craprmux out H pasen 1, caBuraem 3tu 4 duta
Ha 24 pa3psiza BIpaBO, 3aTeM CKJIAIBIBAEM M0 MOIY/ 0 2 ¢ H u ycranaBauBaem
B (0 KaXKIbIil U3 YeTbIpex CTapinux OuT, PaBHBIX 1.

#define PRIME 211
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#define EOS ’\0’
int Hashpjw(char *s)
{char *p;
unsigned H=0, g;
for (p=s; *p!=E0S; p=p+1)
{H=(H<<4)+(*p) 3
if (g=H&0x£0000000)
{H=H" (g>>24) ;
H=H"g;
} }
return H/,PRIME;
}

7.5. Tabauier Ha JTepeBbAX

Paccmorpum erme ogus cocob opraHu3anuy TabJIUI] CHMBOJIOB C UCTIOIB30BAHY-
eM d8ouuHbIL depe6bes.

OpueHTUPOBAHHOE JIEPEBO HA3BIBAETCS J60UYHbIM, €CTIH Y HETO B KAXKIYIO
BEPIIUHY, KPOME OJHON (K0pHA), BXOJAUT ONHA JyTa, W U3 KAXKJIOH BEPIIUHBI
BBIXOAWUT He Gosee nByx nyr. Bemewto nepeBa HA3BIBAETCS TOJIEPEBO, COCTOsI-
mee U3 HEKOTOPO# JIyrW JAHHOIO JAepeBa, €€ HAYaJabHON U KOHEYHOU BEPIIWH, &
TAK2Ke BCEX BEPINUH U YT, JEXKAINAX HA BCEX IMyTAX, BHIXOIAIINX U3 KOHEIHON
BEPIIWHBI 3TOM 1yru. Boicomoti nepeBa Ha3bIBAETCS MAKCUMAJIbHAS JJINHA Ty TH
B 9TOM J€peBe OT KOPHsS 10 JINCTA.

IMyctsh Ha MHOXKECTBE UACHTH(MUKATOPOB 33/IaH HEKOTODLIN JUHEHHbIH (Ha-
pUMep, JIEKCUKOrpaduaeckuii) mopsaaoK <, T.e. HEKOTOPOE TPAH3UTUBHOE, aH-
THCUMMETPUIHOE U aHTHpPedIeKCUBHOE OTHOIEHne. TakuM 06pa3oM, s TIpo-
M3BOJILHON TAPhI HACHTH(MUKATOPOB id; U idy b0 idy < ids, mubo idy < idy,
aubo id; coBnasaer ¢ ids.

TP ————Pp | | — 1 » IdentP
Left Right
Puc. 7..5:

Kaxkoii Bepimmee IBOMYHOTO JEpera, TPEeACTABIAIONIErO TabauIly CHMBO-
JioB, conocraBuM uzpentudukarop. IIpu sTom, eciu Bepmmua (KOTOpPO# comno-
craBJieH id) uMeer JIeBOro moToMKa (KOTOpoMy comocrasiiet idy,), To id, < id;
ecau uMeer 1paBoro noroMka (idg), 1o id < idg. DaemenTt Tabauubl uzobpa-
2KeH Ha, puc. 7..5.

ITonck B Takoit Tabauie MOXKeT OBITH OMUCAH Caeayomeil (pyHKITneit:
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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;

TJIe CTPYKTYPA I IS 9JIEMEHTA JIepeBa UMeeT BUJ

struct TreeElement
{String IdentP;
struct TreeElement * Left, * Right;
}s

3anecenne B TaOIUILY OCYIIECTBIIsieTCsS (DYHKIMEH

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));

}

Kak nokazano B pabore [8], cpeatee Bpems 11oucKa B Tabsune pasmepa n, op-
TaHW30BAHHOW B BUJE JBOMYHOTO JIEPEBA, DU PABHOM BEPOSITHOCTH TOSBIICHUS
Kaxk 1010 o6bekta pasao (21n2)logan + O(1). Opnako, Ha MpakTUKE CIydail
PaBHOH BEpPOSITHOCTH TIOSIBJIEHWsT 0ObEKTOB BCTPEUAETCS JOBOIHHO peako. Io-
3TOMY B JiepeBe TIOsIBISIOTCs Dosiee AIMHHBIE 1 60Jiee KODOTKME BETBHU, U CPEIHEE
BpPEMsI TIOMCKA, YBETUINBACTCS.

Yro6bl yMEHBIUTH CPEIHEE BPEMsi TOUCKA B JIBOUYHOM JIEPEBE, MOXKHO B
MPOIIECCE TIOCTPOEHUST IEPEBA CIIEIUTD 3a TeM, YTOOBI OHO BCE BPEMsi OCTABATIOCH
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A (-2, n+3) B (0, n+2)

B (-1, n+2) C(n)

D (n+1) E (n)

I

Hoesas sepuiuna

Puc. 7..6:

4 (-2, nt3) E (0, n+2)

B (1, nt2) C(n) B (0, n+1)

E (-1, ntl)

G (n-1)

!

Hoesas sepuiuna

Puc. 7..7:

cOaTaHCUPOBAHHBIM. A MMEHHO, HA30BEM JIEPEBO COAAAGHCUPOSAHHBLM, €CTTH HU
J1JIs1 KAKOW BEPIITUHBI BHICOTA BBHIXOSAIIEH U3 Hee TTPABO BETBU HE OTJIMIAETCH OT
BBICOTHI JIEBO#T Oostee uem Ha 1. [lj1st TOro, 9T00b! JOCTHYH COAJTAHCHPOBAHHOCTH,
B TIporiecce 100aBIeHNs HOBBIX BEPIIWH JEPEBO MOYKHO CJIETKA TIEPECTPAUBATH
caenyomum obpaszom [1].

Onpenenum s KaxK 0N BEPIIUHBI JePeBa XaPAKTEPUCTUKY, PABHYIO PA3HO-
CTH BBICOT BBIXOIAIINX M3 Hee TIPaBOi m JIeBoit BeTweil. B cOasancupoBanHOM
JepeBe XapaKTePUCTUKA BEPIIWHBI MOXKET ObITh paBHoi —1, 0 u 1, a1 ucThEB
oHa pasHa 0.

IIyctb Mbr onpegesnin MecToO HOBOM BepInuHbl B fgepese. Ee xapakrepuctuka
pasua 0. HazoBem myTh, Beaymiumii OT KOpHsSI K HOBOU BEpIIUHE, 6bl0eseHHbLM.
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4 (-2, nt3) E (0, nt2)

B (1, nt+2) C(n)

E (1, ntl)

G (n)

I

Hoesas eepuwuna

a 1)
Puc. 7..8:
4(-2,2) E (0, 1)
B(1,1) /\
B (0, 0) A4(0,0)
E (0, 0)

I

Hosas eepuuna

a 6

Puc. 7..9:

IIpu mobaBsieHvy HOBOII BEPINUHBI MOTYT M3MEHHUTHCH XaPAKTEPUCTUKHU TOIb-
KO TeX BEPIIWH, KOTOPhIE JIe?KAT HA BBIIEJEHHOM IIyTH. PaccMoTpuM 3ax.ato-
YUMeAbHbLT OTPE30K BBIIEJEHHOTO TyTH, TaKOH, ITO /10 TOOABIEHUST BEPITHHBI
XapaKTEPUCTUKU BCEX BepiinH Ha HeM ObLan pasHbl (. Ecam BepxHUM KOHIIOM
3TOTO OTPEe3Ka ABJISETCA CaM KOPEHb, TO JIEPEBO EPECTPANBATDL HE HAJ0, JOCTA-
TOYHO JIUIIb U3MEHUTHh XaPAKTEPUCTUKHU BEPIIUH HA 3TOM IyTr Ha 1 mam —1, B
3aBUCHUMOCTHU OT TOTO, BJIEBO WJIM BIPABO MPUCTPOEHA HOBAas BEPIIUHA.

ITycts BepxHUil KOHEI 3aKII0YUTETHLHOIO OTPe3Ka — He KOpeHb. PaccMoTpum
pepumHy A — “poauresis”’ BepXHEro KOHIA 3aKJIOYUTENbHOrO orpeska. Ilepen
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nobaBJIeHrEeM HOBOM BepIIMHbI XapakTepuctuka A Obuia pasaa +1. Eciim A ume-
sa xapakrepuctuky 1 (—1) u HoBasi BepumnHa gobaBisercsd B jeBy0 (IpaByio)
BETBb, TO XAPAKTEPUCTUKA BEPIIUHBI A craHOBUTCs paBHOIi 0, a BBICOTA TTO/IEPE-
Ba ¢ KopHeM B A He mensiercsa. Tak 4To U B 9TOM CJIydae I€PeBO MEPECTPANBATH
HE HAIO.

ITycts renepnr xapakTepuctuka A 10 mepecrpamBanusi 6blIia paBHa —1 u
HOBas BepiimHa Job6aBiieHa K JieBoit BerBu A (aHasormvno — ajis ciaydas 1 u
nobassienus K npasoit Bersu). Paccmorpum Bepiuny B — jeBoro noromka A.
Bo3MOXKHBI ClteIyIONIe BAPUAHTHI.

Ecinu xapaxkrepuctuka B mocie 100aBjeHws HOBOi BepIiwHbl B D cTaja pas-
Ha —1, TO IEpPEBO UMeEeT CTPYKTYPY, n300parKeHHyIo Ha puc. 7..6, a. Ilepectpoun
JIEPEBO TaK, KAK 3TO M300parkeHo Ha puc. 7..6, 6, MmbI q00beMcs cOaTaHCuPOBAH-
HocTH (B CKOOKAX yKa3aHbl XapAKTEPUCTUKU BEPIIKH, [JI€ ITO CYLIECTBEHHO, U
COOTHOIIIEHUS BBICOT TIOC/IE TOOABJICHNUS ).

Ecnu xapakrepucrtuka Beprmnabl B mocite g00aBieHnsT HOBOI BEpIWHBI B F
cTaja paBHa 1, TO HAJO OTAENHHO PACCMOTPETDH CJIyYau, KOT/Ia XapaKTepUCTHKA
BepiuHbl F, ciexyiomeil 3a B Ha BblaeneHHoM nyTu, craga pasia —1, 1 u 0 (B
nocienHeM ciydae Bepumta F — nosast). Buj nepesa 10 u mocsie nepecrpoitku
JIJIS 3TUX CJIydaeB MOKAa3aH COOTBETCTBEHHO HA puc. 7..7, 7.8 u 7..9.

7.6. Peamm3arus 6JI09HON CTPYKTYPHI

C Touku 3peHus CTPYKTYpbl OporpamMMbl 60Ky (u/uim npoueaypsl) oGpasy-
10T gepeBo. Kaskaoil BepiiiHe IepeBa 3TOr0 MpeICTABIeHNs, COOTBETCTRY IO
6JI0KY, MOYKHO COIIOCTABUTH CBOIO TabJIMILy CUMBOJIOB (U, BO3MOYKHO, OIHY OOLLYIO
rabuuny ugearudukaropos). Pabory ¢ rabiuuamu 6110KOB MOKHO OPraHU30BaTh
B Mara3mHHOM PEXKMMe: MPU BXOJe B OJIOK CO31aBaTh TaOIUIY CUMBOJIOB, [IPU
BBIXOJIE — YHUYTOXKATh. [Ipu 3TOM caMu TabIIUIbI JTOIKHBL OBITH CBSI3aHBI B YIIO-
PAIOYEHHBIH CIHUCOK, YTOOBI MOKHO OBLIO MPOCMATPUBATH UX B TIOPSIKE BJIO-
JKEHHOCTH. Eciu TabIuIbl OPraHu30BaHbl C TIOMONILI0 (DYHKINN PACCTAHOBKH,
9TO O3HAYAET, U4TO I KaryKIOi TabOINIIBI JOIKHA OBITH CO3JaHa CBOST TADJINIIA,
PACCTAHOBKH.

7.7. CpaBHeHHE METOJI0B PeaJIM3aun TaOJINI]

PaccMmorpuM npenmyinecTBa ¥ HEJOCTATKH PACCMOTPEHHBIX METOJIOB Peajid3a-
Uy TabJIKIL, ¢ TOYKK 3PEHMs] TEXHUKU MCIIOIb30BAHUS IIAMITH.

Wcnonb3oBanne TUHAMAYECKON MaMATH, KaK MPABUJIO, JOBOJILHO IOPOTast
omepailys, MOCKOJbKY MEXaHU3MBbI MOJIep:KaHUus PAOOTHI C JUHAMUYIECKOH Ta-
MSITBHIO MOTYT OBITH JOCTATOYHO CI0KHBI. HeobXoamMo momaep:KuBarTh CIUCKU
CBOOOIHOI 1 3aHATON MAMITH, BHIONPATH HANOOIEe TTOAXOAIINI KyCOK MAMATH
[PU 3aIpoce, BKIYATh OCBOOOMMBIIMUICH KYCOK B CIHUCOK CBOOOIHOM IaMATH
U, BO3MOXKHO, CKJIEMBATb KYCKU CBODOIHONM IaMATH B CIIHCKE.
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C apyroii CTOPOHBL, UCIIOIL30BAHKE MACCUBA TPEOYET OTBEAEHNS 3apaHee J10-
BOJIBHO OOJIBITION MaMSTH, & 9TO 03HAYAET, ITO 3HAYUTETbHAS TaMATh BOOOIIIE He
OyIeT MCIoIb30BaThCsA. Kpome Toro, 9acTo MPUXOINTCS 3AMOIHITH HE BCE djIe-
MEHTBI MaccuBa (Hampumep, B Tab/uie uaeHTU(DUKATOPOB U B TE€X CJydasX,
KOT1a B MacCUBe (PAKTHUECKH XPAHATCS 3AIMCH TIePEeMEHHON IJINHBI, HATIPUMED,
€CTA B TAOJINTIE CUMBOJIOB 3AIUCH IS PA3TUIHBIX 00bEKTOB UMEIOT PA3THIHbII
cocras noseit). O6palieHre K 3J1eMeHTaM MaCCUBa MOYKET O3HAYATH UCIIOIb30Ba-
HEe ONEpPAINK YMHOXKEHNs IPU BBIYUCIEHUN WHEKCOB, 9TO MOXKET 3aMeTUTH
WCTIOJTHEHNE.

Hawnnyurmmm, mo-BuIuMOMYy, sIBJISIETCST MEXQHU3M JOCTYIIA M0 YKA3ATEIIM U
MCIIOIL30BaHNe (paKTa MAra3uHHON OPTaHW3AINK TAMATH B KOMOUIATope. JLst
9TOrO TPOIEAypPa BBIIETCHHUS MAMITH BBIIAET HEOOXOMAMMBIH KYCOK M3 TIOIPSIT
HOyIei MaMsTH, a IPHA BBIXOJE M3 MPOIEAYPHI BCS MAaMATh, CBA3aHHAS C ITOI
MPOIIELy POit, 0CBOOOXK TAETCs MPOCTOI MEPECTAHOBKOI yKa3aTeisi CBOOOTHOI Ta-
MSTH B COCTOSIHHE TEepeJ, Ha9aJoM 00pabOTKM mpoleayphbl. B uucTtom Buae 310
He BCerJa, OJIHAKO, BO3MOKHO. Hampumep, JoKa bHBI MOTYTH B Moayae-2 Mo-
KeT IKCIOPTUPOBATH HEKOTOPbIE O0BEKTHI HAPYXKY. IIpm aToMm cxemy peasnn3a-
AW IPUXOIUTCS “TIOATOHSATD’ MO, MEXAHI3M PACIIPeIeIeHns IaMsaTh. B 1anHom
caydae, HAIpUMep, HEOOXOTUMO SKCIOPTHPOBAHHBIE OOBEKTHI BHIHECTH B CPEIY
OXBATBIBAIOIIETO OJIOKA ¥ CBEPHYTH OJIOK JIOKAJIBHHOTO MOJLYJIS.
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IlpomexxkyTounoe
IIpe/icTaBjeHe TPporpaMMbl

B nporiecce TpaHCASAINNT KOMIAISTOP YaCTO UCIOIB3YIOT TPOMEKYTOYHOE TTPEI-
crasienne (TIT1) mcxomHON MPOTrpaMMbI, NPEIHAZHAYEHHOE TIPEXKIE BCEro IJist
y106CTBA reHepaluy KOAa 1/ 1 IPOBeeHNs Pa3JndHbIxX onTuMu3anuii. Cama
dopwma IIII 3aBucut oT 1M€7T€H €r0 NCITOTL30BAHUS.

Haubonee gacro ucmonb3dyembivmu (opmavu 111 sBisiercst opueHTHpOBaH-
Hbiil Tpad (B yacTHOCTH, AOCTPAKTHOE CUHTAKCHYECKOE JIEPEBO, B TOM YHCJIE
arpubyTUPOBAHHOE), TPEXAIPECHbIi Kox (B BUIE TPOEK HJIM YETBEPOK), Mpe-
dukcHAS 1 TOCTHUKCHAS 3AMUCH.

8.1. IlpencraBiieHue B BUje
OpPWEHTUPOBAHHOTO Tpada

IIpocreiimeit popmoit TPOMEKYTOTHOTO MPEICTABICHUS SABJISIETCSI CHHTAKCHIE-
CKOe JepeBo mporpaMmbl. Ty ke camyro WHQOPMAINWIO O BXOIHOI Mporpamme,
HO B 0Ojiee KOMMAaKTHOM (hOpMe JaeT OPUEHTHPOBAHHBIN AlUKINYECKUil rpad
(OAT), B KOTOPOM B OJHY BEpIIUHY OObEIMHEHBI BEPIIUHBI CHHTAKCUYIECKOTO
JepeBa, MpecTaBIdolpe obiue moasbipaxKkenus. CHHTAKCHIECKOE TePEeBO U
OAT nys omeparopa MpUCBAWBAHUS

a:=bx—c+bx—c
puBeJeHbl Ha puc. 8..1.

Ha pwuc. 8..2 mpuBemeHbl IBa MpPEIACTABIEHNUS B MAMATH CHHTAKCUYECKOTO
nepesa Ha puc. 8..1, a. Kaxkgas BeprmmHa KOAUPYETCS 3aMUCHIO C TTOJEM st
OIepaIy U THOJSAME I yKasareneil Ha moromMkoB. Ha puc. 8..2, 6, BepIIHHbI
pa3MelleHbl B MACCUBE 3aluceil U WHIEKC (MM BXOJ) BEPIIMHBL CILyXKUT yKa3a-
TeJeM Ha Hee.
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a + a +
b - b - b -
C C C
a o
Puc. 8..1:

|

0| id b
v
a 1 id c
ENE N
L [ F— s oz
v v 4 id b
* * 5 id c
v v 6 _ 5
il M '
v v P 3
9 id a
v v
lia]ec lia]ec o =109°18
a 6

Puc. 8..2:

8.2. TpexaapecHBIl KO

TpexaapecHblit KOJI — 3TO MOCIEIOBATEIHHOCTH OMEPATOPOB BHJA & = Y Op Z,
rJie &, Y U 2 — IMEeHA, KOHCTAHTBI WJIH CTEHEPUPOBAHHBIE KOMIUIATOPOM BPEMEH-
HbIE 0OOBEKTBI. 37€Ch Op — IByMECTHAasl ONepaliis, HAPUMED OTePAIUsl TLIABAT0-
el nin GUKCHPOBAHHOM aprMeTHKH, JJOrndeckas i moburosas. B mpasyio
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YacTh MOXKET BXOJUTh TOJLKO OJUH 3HAK OLEPAIIUH.

CocraBHble BbIpaXKeHUs JOJIXKHBI ObITH pPa30UTHI HA I[OABLIPAXKEHUS, LIPU
5TOM MOI'YT NOSABUTHCs BpeMeHHbIe uMena (nepemenubie). CMbICI TepMUHA “TPex-
aJpecHbIit KO’ B TOM, UTO KaXKIBII OmepaTop OOLIYHO MMEET TPpH aJpeca: IBa
JJIS OTIEPAHIOB W OJWH JJIs Pe3yJIbTaTa. 1 pexaapecHbiit KOI — 9TO JUHEAPU30-
BaHHOE IIpeJCcTaB/eHne cuaTakcundeckoro gepesa uin OAT, B KoropoMm BpeMmeH-
HbI€ UMEHa COOTBETCTBYIOT BHYTPEHHMM BepliuHaM Jepesa uiau rpada. Hampu-
Mep, BhIPaxKeHHUe T+1*2z MOKeT ObITh IIPOTPAHCIUPOBAHO B IIOCIEI0BATEIbHOCTD
OTIIepaToOpPOB

t1
t2 :

y*z
x + tl

rae t1 m t2 — nMeHa, CreHepupOBAHHBIE KOMITUIATOPOM.

B Bue TpexaapecHoro Koma mpeICTaBsIOTCS He TOJIBKO JIByMECTHBIE OTlepa-
[[UU, BXOJMAIINE B BhIPAKEHUS. B TAKOM »Ke BHU/I€ MPEICTABJIAIOTCS OMEPATOPHI
yOpaBJeHwus MPOrPAMMBI U OJHOMECTHbIE omeparuu. B 3ToM ciydyae HEKOTO-
pble U3 KOMIIOHEHT TPeXaIPEeCHOr0 KOJA MOTYT HE MCIOIh30Barhcs. Hampumep,
YCJIOBHBIIT OmepaTop

if A > B then S1 else S2
MOXKET OBITh TIPEICTABJIEH CJIELYIOMINM KOIOM:

t := A -B
JGT t, S2

3mech JGT — IByMeCTHast Omepalst yCJIOBHOTO TIepeX0/ia, He BhIPabATHIBAIOIIA
pe3ysbTaTa.

Pazbuenne apudmMeTniecknx BbIPAXKEHNUH U OIIEPATOPOB YIIPABICHUS I€TAET
TPEXAIPECHBIN KOJT yI00HBIM TPY TEHEPAITUH MAITHHHOTO KO/ U ONTHMU3AIINN.
Wcnonp30Banne nMEH MPOMEXKYTOUHBIX 3HAYEHU, BBIUUCISIEMBIX B TTPOTPAMME,
TO3BOJISIET JIETKO MEPEYTOPSI0YNBATH TPEXAIPECHBIH KO/I.

tl := -c tl := -c
t2 = b x t1 t2 := b * ti
t3 := -c th 1= t2 + t2
t4d := b * t3 a := tb
th = t2 + t4
a := tb

a 0

Puc. &8..3:

IIpexncraBnenus cunrakcuyeckoro nepesa u rpada puc. 8..1 B Buae Tpex-
aJpecHOro Koza jJano Ha puc. 8..3, a, u 8..3, 6, COOTBETCTBEHHO.
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Tpexaapecublit Kog — 370 abcTpakTHas GoOpMa MPOMEKYTOIHOrO Koma. B
pPean3aIuu TPEXAIPECHBIN KO/ MOXKET ObITh MPEICTABJIEH 3alUCIMU C TOJISIMHA
JIJTsl OTIEPAIMY W ONEPAHI0B. PaccMOTPUM Tpu criocoba pean3aliui TPEXaIpec-
HOTO KOJIa: Y€TBEPKH, TPOUKH U KOCBEHHBIE TPOIKMH.

Yemeepra — 3TO 3aMUCH C YETHIPbMsI TIOJISIMHU, KOTOPbIE Oy 1€M HA3BIBATDH Op,
argl, arg2 u result. Ilone op comepkuT Koz omepanun. B omeparopax ¢ yHap-
HBIMU ONEPANUIAMEU TUNA T := —Y WIH T := Y TOJe arg2 He WCnoiab3yercsd. B
HEKOTOPBIX onepanusx (Tuna “nepejarb napamerp’) MOryT He UCHOJIb30BATbCS
Hu arg2, au result. YciaoBHbie u 6e3yCIOBHBIE MTEPEXO/IbI TIOMEMIAIOT B result
MeTKy mepexoga. Ha puc. 8..4, a, MpuUBENEHBI YETBEPKU I OTIEPATOPa TPHU-

cBamBaHug a := b *x —c + b x —c. OHE TOTyYeHbI U3 TPEXAIPECHOTO KOIA HA
puc. 8..3, a.
op | argl | arg2 | result op | argl | arg?2
0) | - c t1 ) | - c
(1) | =* b t1 t2 (1) | = b (0)
(2) | - c t3 (2) c
(3) | * b t3 t4 (3) | * b (2)
(4) £2 t4 t5 ) |+ | (1 (3)
(5) | :=| tb& a (3) | := a (4)
@) 9eTBEPKU 6) Tpoiiku
Puc. 8..4:

O6braHO comepkumMoe nosieit argl, arg2 u result — 310 ykazaTenu HA BXOJIbI
TaOJIUIBI CUMBOJIOB JJIs WMEH, TPEICTABISEMBIX ITHUMU MOJsIMUA. BpeMeHHbIe
UMEHA BHOCATCS B TADJIWILy CUMBOJIOB TI0 MEPE WX N€HEPAIWH.

Yr00bI n30€2KATh BHECEHHUST HOBBIX UMEH B TAOJIUILy CUMBOJIOB, HA BDEMEHHOE
3HAYEHNE MOYKHO CChLIATHCS, UCIOIb3Y s MO3UINIO BHIYUCIISIONIETO €0 OMEPATO-
pa. B sTom ciygae TpexapecHbie OmepaTopbl MOTYT OBITH TPEACTABIEHBI 3AIIH-
CSIMU TOJIBKO C TPEMsi NoJisiMu: op, argl u arg2, Kak 3To moka3aHo Ha puc. 8..3, 6.
IMonsa argl u arg2 — 310 MUOO yKazare u Ha TAOJUILY CUMBOJIOB (/711 MMEH, OlIpe-
JIEJIEHHBIX TIPOrPAMMHUCTOM, WUJIM KOHCTAHT), JU0O yKa3aTeau Ha Tpoiku (s
BpeMeHHBIX 3Hauenuii). Takoii cmocod mpeacraBieHns TPEXaIPecHOro KOIa Ha-
3pIBAIOT Mpotikamu. TPOiiKE COOTBETCTBYIOT MPEACTABIEHUI0 CHHTAKCHIECKOTO
nepesa wim QAT ¢ moMOIIbIO MACCHBA BEPIIUH.

Yucsa B ckOOKAX — 9TO yKa3aTesid HA TPOUKHU, & UMEHA — 3TO YKA3ATEJH HA
Tabsuiy cumBosioB. Ha mpakTuke wH(bOpMaIus, HEOOXOAUMAS I HHTEPIIPE-
TAMK PA3JIMIHOTO THIA, BXOIOB B MO argl w arg2, Komupyercs B TOE Op
U JTOTIOJTHATEIHHBIX MOjsX. Tpoiiku puc. 8..4, 6, COOTBETCTBYIOT U€TBEPKAM
puc. 8.4, a.

Hus npencraBiennsi TpoKaMu TPEXMECTHOMN orepauuu tuna i := y Tpe-
Oyercs aBa BXO/a, KAK 3TO [IOKA3aHO HA puc. 8.5, a, npejcrasienue x = yli]
JIByMSsI OTIepaIusiMu IIOKa3aHOo Ha puc. 8..5, 6.

TpexaapecHbiit KOx MOXKET ObITH IIPEICTABIEH HE CIUCKOM TPOEK, a CIIUC-
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op | argl | arg?2 op | argl | arg2
(0) | [1=] x i (0) | =[] y i
W] =101y M :=1=x | (9
a) il ==y 0) = = yli]
Puc. 8..5:

KOM ykaszareseit Ha Hux. Takas peajm3aius OOBIYHO HA3BIBAETCS KOCEEHHbLMU
mpotixamu. Hampumep, Tpoiiku puc. 8..4, 6, MOTyT OBITH pEATN30BAHBI TAK, KAK
310 m306parkeno uHa puc. 8..6.

onepaTop op | argl | arg?2
(0) (14) (14) | - | <
(1) (15) (15) | =* b (14)
(2) (16) (16) | - | <
(3) (17) (17) | =* b (16)
(4) (18) (18) | + | (15) | (A7)
(5) (19) (19) | :=| a (18)

Puc. 8..6

ITpu remepammm 06HLEKTHOTO KOIa KarK a0 TepeMeHHOM, KaK BPEMEHHOi, Tak
¥ ompedesIeHHON B MCXOJHOM mporpaMMe, Ha3HAIAeTCd TaMATh MEPUOAA UCIIOI-
HEHWsI, aIPeC KOTOPOi 0OBIYHO XPAHUTCA B TabsmIe reneparopa kKoga. Ilpu uc-
TO/TH30BAHUY YETBEPOK ITOT AJIPEC JIETKO TOJYIUTH Y€PE3 Ty TAOJIUILY.

Bonee cyiecTBeHHO MPEUMYIIECTBO Y€TBEPOK MPOSIBIISETCS B ONMTUMUBUDY-
IOIIUX KOMTHUJIATOPAX, KOTJa MOXKET BOSHUKHYTH HeO6XO,ZI;I/IMOCTL nepeMeniaTb
onepaTopsl. Ecim mepemeniaeTcst oneparop, BIYUCISIONHI &, He TpedyeTcst u3-
MEHEHUi B olepaTope, UCHOIb3yIoneM z. B 3amnucu ke Tpoilkamu nepemeriie-
HUe OIIepaTOopa, ONPEJIEISIIOIIEer0 BpEMEHHOE 3HaUeHNe, TPeOyeT U3MEHEHHST BCeX
CCBIJIOK HA 3TOT omepaTop B MaccuBax argl n arg2. 1I3-3a sToro Tpoiiku TpyiHO
NCIOJIb30BaTh B ONTUMU3NPYIOMINX KOMIIUJIATOPAX.

B ciiyuae npuMeHeHusi KOCBEHHBIX TPOEK OMEPATOP MOKET ObITh MEPEMEIIeH
nepeynopsaI0YMBAHAEM CIIUCKA OMeparTopoB. IIpu 3TOM He HAJ0 MEHATH yKa3a-
TeM HA Op, argl m arg2. TuM KOCBEHHbIE TPOHNKK MOXOKHK Ha, 9eTBepKu. Kpome
TOTO, 3TH [Ba CHOCODa TPebyIoT MPUMEPHO OAMHAKOBOM maMmaTn. Kak u B CIIy-
9ae MPOCTHIX TPOEK, IPU UCIOJb30BAHUM KOCBEHHBIX TPOEK BDLIICJICHUE MaMATH
JIJI1 BDEMEHHBIX 3HAYEHUH MOXKET OBbITh OTJIOKEHO Ha TAIl reHepaiuu Koaa. I1o
CPABHEHHUIO C YETBEPKAMHU TIPU UCIOIb30BAHUE KOCBEHHBIX TPOEK MOYKHO CIKO-
HOMUTB TAMATH, CITH OJHO M TO K€ BPEMEHHOE 3HAYEHHE MCIOIb3yercsa Dosee
oxuoro pasza. Hanpumep, ua puc. 8..6 moxxkuo obbeauuursb crpoku (14) u (16),
[OCTIE 9ero MOXKHO 0ObeauanTh crpoku (15) u (17).
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8.3. JluHeapu3oBaHHbIE ITPECTABJIEHUSA

B kauecTBe TPOMEKYTOUHBIX MPEACTABIECHUN BeCbMa PACITPOCTPAHEHbBI JIMHEA-
pU30BaHHbBIE IPEJICTABJIECHUS JePEBbeB. JIMHeapu30BAHHOE MPE/ICTABICHUE T103-
BOJISIET OTHOCHUTEJIBHO JIEMKO XPAHUTH MPOMEXKYTOYHOE TPEICTABIEHUE BO BHEIII-
Hell mamaTi n obpabarsiBaTh ero. Hanbosee pacmpocrpanertoit popMoii JTnuHe-
apU30BAHHOrO MPEJCTABICHUS SBJIAETCA NOALCKASA 3anuch — npedukcHas (mps-
Mast) uin nocrdukcHas (obpaTHasi).

[MocrdukcHas 3amuch — TO CIUCOK BEPIIWH I€PEBA, B KOTOPOM KaXK1ast BEP-
mmHa, caenyer (Ipu 00X0[e CHU3Y-BBEPX CJIEBA-HAMPABO) HEMOCPEICTBEHHO 34
cBoumu moromkamu. Jlepeso Ha puc. 8.1, a, B mMOCTHUKCHON 3aMuChu MOMKET
OBITH MPEICTABICHO CAEIYIONINM 0DPa30M:

abc-*xbc- %+ :=

B nocrdukchoil 3amucu BePIIMHBI CHHTAKCHYIECKOTO JIEPEeBA sIBHO HE IIPU-
cyrcTByOT. OHU MOTYT OBITH BOCCTAHOBIIEHBI M3 MOPSIKA, B KOTOPOM CJI€TyIOT
BEpIINHBI U U3 YHUCIA OIEPAHIOB COOTBETCTBYIOMMX omeparuii. Boccranosie-
HHe BepINUH aHAJOTHYHO BBIYUCIEHUIO BBIPAYKEHUs B MOCT(MHUKCHONW 3aMUCH C
HCIIOIBb30BAHUEM CTEKA.

B npedukcHoit 3anucnu cHavaia yKa3bIBaAeTCs ONEpAIsi, a 3aTeM ee OTepaH-
nel. Hampumep, 171 TPpUBEIEHHOTO BBINIE BHIPAYKEHUST TMEEM

:=a+*b-cx*xb-c

Paccmorpum feranbHee onHy w3 peanusaruii npeduKCHOrO npecTaBieHus
— Jlunep [9]. Jlunep — sro ab6bpesuarypa or “JIMneapusosannoe JTEPeBo”. o
MaIllMHHO-He3aBucnMas npedukcHas 3anuch. B Jlumepe coxpansamoTcs Bce 00b-
SIBJIGHUS W KAXK/IOMY U3 HUX IIPUCBANBAETCS CBOM YHUKAJIbHBIN HOMED, KOTOPBIi
UCTOJIb3YEeTCs IS CChLIKU Ha 00bsBieHne. PaccMorpum npumep.

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.

Oror dparMedT umeer ciaeayoiuit oopa3 B Jlugepe.

program ‘M’
var int
var int
var int
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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

Paccmorpum ero 6osiee geTaabHO:

program ‘M’
var int

var int

var int
procbody proc
int int end
int

var int
begin
assign

var 1 7 end
int

int mi

par 1 5 end
par 1 6 end
result O
int

var 1 7 end
return

end

begin
assign

var 0 3 end
int

icall 0 4
int var O 1 end
int var 0 2 end
end

end

Wms Momysisi HY2KHO It PEJAKTOPA CBA3EM.
910 0bpa3 nepemenubix X, Y, Z;
nepeMeHHbIM X, Y, Z IPUCBAUBAIOTCA HOMEPA
1, 2, 3 na yposwue 0.

OObsiBIIeHNE TIPOTIETYPHI € ABYMS

LEJIBIMU TIAPAMETPAME, BO3BPAIIAIONIEN IEIT0e.
IIpouenypa momyvaer aHomep 4 Ha yposae 0 u
mapaMeTpbl UMeT HoMepa 9, 6 Ha ypoBHe 1.
Ilepemennas R umeer Homep 7 Ha ypoBHE 1.
Hawamo Tena mporneayphl.

Omneparop npuCBAUBAHUS.

JleBast wacts npucsansauug (R).

Tun npucBamBaeMoro 3Ha4YeHUsA.

Ilesoe BeIUMTaHTE.

Yuennrraemoe (A).

Boruurtaemoe (B).

Pezynbrat nporeaypsr yposus 0.

PesysnbraT mmeer uesibrii Tui.
PesynabraT — mepemennas R.

Omnepatop BO3BpaTa.

Komern Tena mporeaypol.

Hagamo tena momyns.

Omneparop npuCBAUBAHUS.

JleBast 9acTh — MepeMeHHas Z.

Tun npucBanBaeMOro 3HAYEHUS.

Br3oB nokampHOI mponeaypnl DIF.
QakTriecKkue mapamerpsl X

nY.

Komnen Boi3oBa.

Kowern Tena momyns.
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8.4. BuptyaabHada manmimuHa Java

IIporpaMmmbl Ha sA3bIKe Java TPaHCIUPYIOTCA B CHENUATIBHOE MPOMEXKYTOUYHOE
[peJICTABJIEHUE, KOTOPOE 3aTeM WHTEPIPETUPYETCS TaAK HA3BIBAEMOI “BUPTYaAIIb-
wo#t mammuuoit Java”. Bupryanbuas mammna Java mpeacrasisier coboil cTeko-
BYIO MAIIUHY: OHA HE WMEET HAMSITH MPIMOro JO0CTYHA, BCE ONEpPAIMK BBINOJI-
HSIIOTCS HaJ OMEPAHIAMH, PACIOIOKEHHBIMI HA BEPXYINKE CTeKA. 1TOOBI, Ha-
MPUMED, BBIMOJIHUTH OMEPAINIO C YIACTHEM KOHCTAHTHI WJIW TIEPEMEHHON, mMX
[IpeIBApUTETHFHO HEOOXOJUMO 3arpy3uTh HA BEpXyInKy creka. Koa oneparuun
— Bcerga oaue Oaiit. Eciu onepanusi mMeer onepaHibl, OHU PACIOJATAIOTCS B
caeaytonmux dairax.

K sjemeHTapHBIM THIAM JAHHBIX, C KOTOPHIMEA PAOOTAET MAIITHHA, OTHOCSTCS
short, integer, long, float, double (Bce 3HAKOBbIE).

8.4.1. Opranmn3anus MamMaTH

Marmmuna nMeeT ClIeIyIoIIe PETUCTPHI:

pC — CHETYUK KOMAaH/;

optop — yKa3aTejb BEPIIMHBI CTEKA ONEPalnii;

frame — ykazaresb Ha CTEK-(pPeiiM HUCIOTHIEMOTO METOIA;

vars — ykKasaTesb Ha 0-10 TepeMeHHYI0 UCTIOJTHAEMOT0 MeTo/Ia.

Bce perucrper 32-paspsiaabie. Crek-dpeiivm uMeeT TP KOMIOHEHTBI: JIOKAb-
HbIE TIePEMEHHDIE, CPE/Iy UCIIOTHEHNS, CTEK OIEPAHI0B. JIOKAIbHbIE IEPEMEHHbIE
OTCYMTBIBAIOTCS OT ajpeca B peructpe vars. Cpeja MCHOTHEHUs CITYKUT J1s0
o/ AepkaHus camoro creka. OHa BKIIIOYAET yKa3aTe b Ha TPeabIAyIuil (hpeiim,
yKazaTesb Ha COOCTBEHHBIE JIOKAJIbHBIE TIepeMEHHbIe, HA 0a3y cTeKa Onepannii u
Ha BEPXYIIKY cTeKa. Kpome Toro, 3/1eCh K€ XPAHUTCS HEKOTOPas JOMOJTHUTETb-
Hast HHGOPMAIHs, HATPUMED, I OTJIATIUKA.

Kyua cOopku Mycopa COepKUT FK3EMILIAPhI 00HEKTOB, KOTOPHIE CO3/IAI0TCsI
¥ YHUYTOXKAIOTCA aBromMarndecku. O01acTh METOIOB COMEPKUT KOJIBI, TAOIUITHI
CHUMBOJIOB U T.I.

C KaxXKIbIM KJIACCOM CBsI3aHA 00J1acTh KOHCTAHT. OHA CONEPKUT WMEHA TO-
J1efi, METOJIOB M APYTYIO TOZ0OHYI0 NHMOPMAIINIO, KOTOPasi UCTIOIh3YETCs METO-
JIAMHU.

8.4.2. Hab6op KomaHJ BUPTyaJbHOII MaIlIuHbBI

Bupryanbuas Java-mamnmmaa nmeer ciaeayromne KOMaHIbI:

IIOMeNnieHne KOHCTaHT Ha CTEK,

IIOMENIECHNE JIOKAJIbHBIX IIEPEMEHHBIX Ha CTEK,

3aIllOMIHAHTE 3HAYCHAN U3 CTEKA B JIOKAJbHBIX nepeMeHHbIX,
00pabOTKa, MACCUBOB,

yHOpaBJieHUE CTEKOM,

apudMeTHIeCKrne KOMaHIbI,

JIOTHYIE€CKHEe KOMaH/bI,
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peoObpa3OBaHMs THIIOB,

nepejada, yupaBIeHusd,

BO3BpaT u3 QyHKIWH,

TaONIMIHBII TIEPEXO/T,

00paboTKa moseil 00HEKTOB,

BBI30B METO/IA,

00pabOTKa UCKIIOUATETbHBIX CATYAIIHI,
mpouwne onepanuu HaJ OObeKTaMu,
MOHHUTOPBI,

OTJIAJIKA.

PaccMoTprM HEKOTOpBIE KOMAHILI TOApoOHee.

HOMeIJ_[eHI/Ie JIOKAQJIbHBIX IMepeMeHHbIX Ha CTeK

Komanga iload — 3arpy3uTh Iesioe u3 JIOKAJIbHOM mepemennoit. Onepasmom
SIBJISIETCsl CMEI[eHUe MMEePEMEHHON B 00JIACTH JIOKAJIbHBIX MMEPEMEHHBIX. ¥ Ka3bi-
BaeMOe 3HaYeHWe KOIUPYeTCs Ha BEPXYINKYy creka omepamnwmii. Vmerorcs ana-
JOTUYHBIE KOMAHIBI /11 TOMEIIEHNS IJIABAIONINX, JBOHHBIX IIEJIBIX, JIBOWHBIX
TMJIaBAIOIMINX U T.JI.

Komanga istore — coXpaHuTh I1€JI0€ B JJOKAJILHOM mTepeMerHoit. OnepanmoM
ONePAINN SBJISIETCS CMEIEHUE TIePEeMEeHHON B 00J1aCTH JIOKATbHBIX [IePEMEHHbIX.
3HadveHue ¢ BEPXYIIKU CTEKA OTIEPAIINil KOMUPYETCsl B yKA3bIBAEMYTO O0JIACTD JI0-
KaJIbHBIX TIePeMeHHbBIX. IMeoTcs aHaIoru9HbIe KOMAH/IbI [IJIsl TIOMEIIEHUS 113~
BAIONIINAX, JBONHBIX IIEJBIX, JBOMHBIX IJIABAIONINAX U T.J.

BroizoB meToma

Kowmanga invokevirtual.

ITpu Tpancasmmm 06bEeKTHO-OPUEHTHPOBAHHBIX I3BIKOB MPOTPAMMUPOBAHMS
W3-3a BO3MOXKHOCTH TIEPEKPBITHS BUPTYAIbHBIX METOIOB, BOOOIIE TOBOPS, HEIb3S
CTATHYECKHU IPOTPAHCIUPOBATDH BbI30B METO/1a 00bEKTA. JTO CBA3AHO C TEM, YTO
€CJIM METOJ, TIEPEKPHIT B MPOU3BOTHOM KJIACCE, W BBI3BIBACTCS METOH 00heKTa-
MIEPEMEHHOM, TO CTATUYECKH HEU3BECTHO, OOBEKT KAKOro Kjacca (6a30BOro mim
MTPOM3BOJHOTO) XPAHUTCA B MEpeMeHHON. [103TOMY ¢ KaxKIbiM OOBHEKTOM CBs-
3BIBAETCS TAOJIHUIA BCEX €r0 BUPTYAJbHBIX METOOB: /s KaKIOTO METOIA TaM
TIOMEIIAETCs YKA3aTelb HA €r0 Pean3alluio B COOTBETCTBUU C ITPUHAIIEIKHO-
CTBIO CAMOTO OOBEKTA KJIACCY B MEPAPXHUHU KIACCOB.

B sa3pike Java pasiudHble KJIACCHI MOTYT DPEAJM30OBBIBATH OJWH W TOT IKe
narepdeiic. Ecim o0baBIeHa mepeMeHHast WiIn mapaMeTp Tumna natepdeic, To
IWHAMAYIECKN HEIb3sT OMPEIEINThH O0bEKT KAKOTO KJIaCCa TPHUCBOCH TIEPEMEHHOI:

interface I;

class C1 implements I
class C2 implements I
I 0;

we

we
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C1 01;
C2 02;

B s10it TOuke mporpammbl, BOOOIE TOBOPs, HEJIb3sl CKA3aTh, KAKOTO THUIIA
3HaueHne xpanurcs B nepemennoit 0. Kpome Toro, mpu pabore mporpaMMbl HA
A3bIKE Java nMeeTcst BO3MOYKHOCTH UCTIOJIH30BAHUS METO/IO0B U3 JIPYTUX TTAaKETOB.
JLTs peanu3aiuy 3TOTo MeXaHu3Ma, B Java-MarmHe UCIOIb3yeTCs TUHAMITIECKOe
CBA3BbIBAHUE.

IIpeamonaraercs, 9TO CTEK OMEPAHIOB COAEPKUT handle 0ObHEKTA MM MaC-
CHBa, U HEKOTOPOE KOJIMYECTBO aprymMeHTOB. OmepaH Omepalun UCIoJIb3yeTcs
LISl KOHCTPYUPOBAHMUS WHJIEKCA B 0DJIACTH KOHCTAHT TEKYIIErO KJIACCA. DJIEMEHT
[0 3TOMY HH/IEKCY B 00JIACTH KOHCTAHT COAEPXKUT TOJIHYIO CUTHATYPY METO/a.
Curnarypa MeToJja OMUCHIBAET THUIIBI MAPAMETPOB U BO3BPAIIAEMOrO 3HAYEHUS.
M3 handle 0O0beKkTa U3BJIEKAETCS YKA3ATE b HA TAOIUIly METOI0B 00bekTa. [Ipo-
CMATPUBAETCS CUTHATYPA METOa B Tab/mMIEe MeTOA0B. Pe3yrbraToM 3TOro mpo-
CMOTpAa SBJISIETCS WHIEKC B TAOJIUILy METOI0B MMEHOBAHHOTO KJIACCA, JJI KOTO-
poro HaiineH yka3zaresib Ha 00K Meroza. Biok merona yka3piBaer THI METOIA
(native, synchronized u T.1.) U YUCJIO API'YyMEHTOB, OXKHUIAEMbIX Ha CTEKE OIIe-
PaHIOB.

Ecnu meroz nmomeden kak synchronized, 3amyckaercs MOHUTOD, CBSI3aHHBIH
¢ handle. Ba3uc MaccuBa JIOKAJTBHBIX MMEPEMEHHBIX IJIs HOBOTO CTeK-(peiima
YCTAHABJIMBAETCSA TAK, YTO OH yKasbiBaeT Ha handle ma creke. Omnpenensercs
00I1ee 9MCII0 JTOKAJBHBIX MEPEMEHHBIX, UCIOIb3YEMbIX METOIOM, U MOCJIE TOTO,
KaK OTBEIEHO HEOOXOIMMOE MECTO JJjIs JIOKAJIBHBIX TTEPEMEHHBIX, OKPYIKEHUE
HCIOJIHEHUST HOBOrO (bpeiiMa MOMeIIaeTcss Ha CTeK. ba3a creka onepaHioB s
3TOr'0 BBI30Ba METOMA YCTAHABIUBAECTCH HA IEePBOE CJIOBO IIOCTE OKPYZKEHUdA HC-
MOJTHEHUsI. 3aTeM MCIOJHEHNE POIOJIPKAETCS C IEPBOM HHCTPYKIIUU BBI3BAHHOTO
METOJIA.

O6paboTKa UCKIIOYUTEIbHBIX CUTYalTuii

Komanna athrow — Bo30yiuTh HCKIIOUATETBLHYIO CATYAIHIO.

C KaXXIpIM METOIOM CBSI3aH CITMCOK omeparopoB catch. Kaxkawrit omepa-
TOp catch ommchIBaeT AMANA30H WHCTPYKIUM, /1Jisi KOTOPBIX OH AKTHBEH, THUI
HCKJTIOYeHHsI, KOTOPBIii oH obpabareiBaeT. Kpome Toro, ¢ omeparopom cBsi3aH
HAOOp MHCTPYKIWi, KOTOpPbIE ero peaju3yior. IIpn BO3BHUKHOBEHWN HCKJIIOUH-
TEJIbHOU CUTYaIliu MPOCMATPUBAETCS CIHUCOK OMEepaTropoB catch, 4ToObI ycTa-
HOBUTH COOTBeTcTBHE. VICKII0YNTEIbHAS CUTYyalldsi COOTBETCTBYET OIEPATOPY
catch, eciu MHCTPYKIMs, BbI3BABINAS UCKIIOYUTEIbLHYIO CHTYAIMIO, HAXOIUT-
Cs1 B COOTBETCTBYIOIIEM JIMATIA30HE U UCKTIOYATETbHAS CUTYAIUS IPUHAJICIKUT
MOATHUITY THIA CATYaIlnH, KOTOpbIe oOpabdarbiBaer omeparop catch. Ecau coor-
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BETCTBYIOIHK# orneparop catch HaiimeH, ynpasjieHne nepeaaercs oopaboTauKy.
Eciu mer, Texymuit crek-dpeiiM ynansgercs, 1 UCKIIOYUTETbHAS CATYAINS BO3-
Oy»K/1aeTCs BHOBb.

ITopsimok omeparopos catch B criucke Baken. lnrepnperarop mepesaer yn-
paBJleHHe IePBOMY IIOJXO/IAIIEMY onepaTopy catch.

8.5. Oprasam3anus nHPOPMAIAA
B TeHepaTope KoJa

CHHTAKCHYECKOe JIEPEBO B YMCTOM BH/IE HECET TOJIHKO MHMOPMAIUIO O CTPYKTY-
pe mporpamMbl. Ha camMoM Jefle B mpolecce TeHepaIun Kofa TpebyeTcsa TaKKe
uHdOPMAIKs O MEPEMEHHDbIX (HAPUMED, UX aJpPeca), IponeIypax (TakKe aiape-
ca, ypOBHH), MeTKaxX u T.J. JIjisi mpeacTaBaeHus 3Toi uHMOPMALUE BO3MOXKHBI
pasauunble permenusa. Hanbosee pacnpocTpaHensl IBa:

— mHOpMAINA XPAHUTCSA B TAOINIAX TEHEPATOPA KOA;
— uHdOpMaIHsa XPAHUTCS B COOTBETCTBYIOINIMX BEPIIHHAX JIEPEBA.

Paccmorpum, HampuMep, CTPYKTYpPY TabJINIL, KOTOPHIE MOTYT OBITH UCIIOJIb-
30BaHBI B coueTanuu ¢ JIumep-npencrasaenuem. [lockonbky Jlumep - mpeacras-
JIEHUE He COMEPKUT HHGMOPMAIY 00 aIpecax MepeMeHHbIX, 3HAYUT, 3Ty WHMOP-
MaIAIo HYKHO (DOPMHUPOBATH B Iporecce 06pabOTKU OODbABICHUI U XPAHUTH B
TabMax. JTO KAcaercs W OMMCAHWN MacCuBOB, 3amuceit u T.1. Kpome toro,
B TabJIMIAX TAK¥Ke JIONKHA COAep:karhcsa undopmanus o npoueaypax (agpeca,
YPOBHU, MOJLYJ/IH, B KOTOPDLIX MPOIEYPHI OMUCAHBI, U T.1I.).

IIpu BxOZE B mporeaypy B Tabiauie ypoBHEH MpOIEIyp 3aBOIUTCSA HOBBIN
BXO[l — yKa3aTesb Ha Tabsuily omucanuii. [Ipu BbIXO#e yKa3aTeabr BOCCTAHABIIN-
BaeTCs Ha cTapoe 3HadeHne. Ecim mpoMeskyTodHOoe MpeICTaBIeHne — IEPEBO, TO
uH(MOPMAIIS MOXKET XPAHUTHCSA B BEPIIHHAX CAMOIO JIEPEBA.

8.6. YpoBeHb ITPOMEKYTOYHOTIO MpPeICTABICHUS

Kak BUIHO W3 MPUBEIEHHBIX MPUMEPOB, MTPOMEKYTOYHOE TIPEICTABJIEHNE TTPO-
rpaMMbl MOYKET B PA3JIMYHON CTemeHn OBITh OJM3KMM JTHOO K WMCXOJHON TPO-
rpamme, ubO K MarmuHe. Hampumep, TpOMeKyTOYHOE TPEACTABIECHUE MOYKET
COJIEPIKATD aJpeca MePeMeHHbIX, U TOTJA OHO yKe HEe MOXKET OBbITh MePEHECeHO
Ha apyryio Mamudy. C Apyroit CTOpOHbBI, MPOMEXKYTOYHOE MPEJACTABIEHUE MO-
JKeT Co/Iep’KaTh Pa3zesl OMUCAHW TTPOrPAMMbI, U TOTIa HHMOPMAIMIO 00 ajgpe-
cax MOYKHO W3BJIedh U3 00pabOTKY onucanuii. B TO yKe BpeMmsi siCHO, YTO MEPBOE
6omnee acpderTuBHO, dem BTOpoe. OMEpaToOphl yIPABJIEHNUS B MPOMEXKYTOUYHOM
OPEACTABJIEHUU MOI'YT ObITh NPEACTABJIEHBI B UCXOJHOM Buze (B BUIE Omepa-
TopoB #3bika if, for, while u T.4.), & MOIYT CONEPKATHCs B BUJE IIEPEXOJIOB.
B mepBoMm ciaydae mekoTopas mHGOPMAIHSS MOKET OBITH M3BIEUECHA M3 CaMOIt
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CTPYKTYDbI (Hampumep, Jyis oneparopa for — undopmalys O epeMeHHOl HuK-
J1a, KOTOPYIO, MOXKET ObITh, PA3yMHO XPAHUTh HA PETUCTPE, JJIs OEPATOPA case
— undopmanusi 0 Tabiuie MeToK u T.1.). Bo BTopoM ciiydyae npezicraBjieHue mpo-
me v yHupuIupoBaHHei.

HexoTopsre hopMbI TPOMEKYTOUHOTO MPEICTABIEHIS yIOOHBI IJIs PA3IHI-
HOI'O POJIa ONTUMU3ALUIL, HEKOTOPbIE — HeT (Hampumep, KOCBEHHble TPOHKHU, B
oTauYane OT HPe@UKCHON 3aIlNCH, TMO3BOJIIOT d3PPEKTUBHOE TEepEMEIEeHne KO-

Ia).



I'maBa 9.

I'enepamnuga koja

3amada reHepaTropa Koma — TMOCTPOEHWE IJjIs TPOTPAMMBI HA BXOIHOM S3BIKE
9KBUBAJIEHTHON MAITUHHOW TporpaMmbl. OOBIYHO B KAYECTBE BXOJA IS TEHe-
paTopa KOJa CIYKUT HEKOTOPOe MPOMEKYTOUYHOE TPEeJCTaBIeHNEe TPOTPAMMBI.

lenepamnus koma BkiIO4Yaer psif crienuUIeCKUX, OTHOCUTEIHHO HE3ABUCH-
MBIX TIOJ33/1a4: PACTpeIeIeHre TaMaTh (B YaCTHOCTH, DPACIPEICTICHUE Peru-
CTPOB), BBIOOP KOMAHI, TEHEPAINI0 OOBEKTHOrO (WU 3arpy309HOT0) MOIYJIS.
Komeuyno, HE3aBUCHMOCTD TUX MOA33a9 OTHOCUTEIbHA: HATIPUMED, TIPHU BBHIOO-
pe KOMaH/ HeJib3sl He YYUTHIBATH CXEMY PACIPEeIeHNs MaMsITh, W, Ha000POT,
cxeMma pacnpejesieHusi namaru (PerucTpoB, B YaCTHOCTH) BEAET K IeHepaluu
TOI WM WHOI MOC/Iem0BaTeIbHOCTH KOMaH . OIHAKO yI00HO U MPAKTUYHO ITHU
3a/Ia9¥ BCE XKe PABIEJIATH, 00paIas Tpu 9TOM BHUMAHUE HA UX B3aUMOIEHCTBHE.

B kakoii-To Mepe cxema reHepaTopa Koja 3aBUCUT OT (DOPMBI ITPOMEKYTOY-
HOTO TIpe/ICTaBIeHus. ZICHO, 9YTO reHepanns KOJa U3 IePeBa OTJINYaeTCs OT TeHe-
panuu KOzia u3 TPOeK, & reHepanns Ko1a u3 NPeOUKCHON 3aMUCh OTINIAETC OT
TPeHepaInu KOMIa, U3 OPUEHTUPOBAHHOIO Tpada. B To ke Bpemst Bce reHepaTophl
KOJIa UMEIOT MHOTO ODITEr0, i OCHOBHBIE TPUMEHSIEMbIE AJITOPUTMbBI OTJIMIAIOTCS,
KaK MPaBUJIO, TOJBKO B JETAJIAX, CBA3AHHBIX C UCITOIB3yEMbIM TPOMEKY TOTHBIM
MIPE/ICTABJICHUEM.

B manbmreiiiem B KadecTBe MPOME:KYTOYHOTO MPEICTABIEHUsT MbI Oy/1eM UC-
MOJIL30BATH MPEMUKCHYIO HOTAIUIO. A UMEHHO, aJITOPUTMbI TeHEPAIN KOIa 0y-
JIeM U3JIaraTh B BUIE aTPUOYTHBIX CXEM CO BXOIHBIM SI3BIKOM Jlmmaep.

9.1. Mozaeap MaIIIHBI

[Tpu u3I0KeHNY AJTOPUTMOB TEHEPAIMY KOJA MBI OYIeM CIeI0BATH HEKOTOPO
MOJIEJTM MAIIUHBI, B OCHOBY KOTOPOM MOJIOKEHA, CHCTEMA KOMAH MUKPOITPOIIEC-
copa Motorola MC68020. B Mukpomnporeccope nMeercsi perucTp — CIeTIuK KO-
mang PC, 8 perucTpoB JaHHBIX U 8 aJIPECHBIX PErHCTPOB.

B cucreme KOMaH HCIOIB3YIOTCS CIEAYIONIAE CIIOCOOBI aIPeCaIn:

140
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ABS — abconfoTHAs: HCIIOTHUTETbHBIM 8 IPECOM SBJISETCS 3HAYEHHUE aIPECHO-
IO BBbIParKeHU4.

IMM — HenmOCpPeACTBEHHBIN ONEPAH/I: OIEPAHAOM KOMAHbI ABIAETCA KOHCTAH-
Ta, 3a/JaHHAd B aJPECHOM BbIDAXKEHUU.

D — mpaMas ajipecaliis depe3 PervucTp JTaHHBIX, 3aNUChIBaeTCA Kak Xn, ore-
paH HaxoAuTcd B perucrpe Xn.

A — mpamaa agpecanus depe3 aJIPeCHBbIN PErucTp, 3alnuChIBaeTCad Kak An,
omepaH1, HAaXOAUTCA B perucrpe An.

INDIRECT — 3ammchiBaercst Kak (An), aJapec onepania HaXOAUTCS B aIPECHOM
perucrtpe An.

POST — mocT-mHKpPEMEHTHAas aIpecalius, 3aluchiBaeTcd Kak (An)+, wcrom-
HUTEJBHBIN aJpec eCcTh 3HaUYeHHe aJPecHOTO perucTpa An m rmocjie MCIOTHEHUST
KOMAaH/IbI 3HAYEHNE ITOTO PETUCTPA YBEINUNBAETCA HA JJIMHY OTMEPaH/Ia.

PRE — mpe-MHKPEMEeHTHAas aIpecalinsi, 3amuchiBaercsd Kak - (An): mepen uc-
MTOJTHEHUEM OIEepAIN COMIEPKMMOe aJPECHOTO PerncTpa An yMeHBITIAeTcsa Ha
JJUHY OTlepaHa, MCIOTHUTENIBHBIN aJpec paBEH HOBOMY COIEPKUMOMY aJpec-
HOI'O perucrpa.

INDISP — KOCBEHHAS aJIPECAINsT CO CMEIeHneM, 3anucbiBaercs Kak (bd,An),
MCIIOJTHUTEIHLHBIN aJpec Bhrauciasercss Kak (An)+d — comepkumoe An maioc d.

INDEX — KOCBeHHas aJpecannsi ¢ WHIEKCOM, 3amuchbiBaercss kKak (bd,An,
Xn*sc), UCIOJHUTENBHBIN aapec Bbraucasercs kKak (An)+bd+(Xn)*sc — comep-
2KMMOE aJIPEeCHOI0 Perucrpa -+ aJpecHoe CMellleHue + COAepKUMOoe UHIEKCHOrO
perucrpa, yMHOXKeHHOe Ha ScC.

INDIRPC — KocBeHHast uepe3 PC (cuerynk KoMaH), 3amuckiBaercs Kak (bd,
PC), HCIIOTHUTEIBHBIA aJpec onpenensercs Bbipaxkernem (PC)+bd.

INDEXPC — kocBernHas yepe3 PC co cmemennem, 3anuchiBaercst kKak (bd,PC,
Xn*sc), NCIIOJTHUTEIBHBIN apec onpeaesnsiercs BbipaxkenuneM (PC)+bd+(Xn)*sc.

INDPRE — mpe-KOCBEHHAasI Yepe3 MmaMsTh, 3anucbiBaercs kKak ([bd,An,sc*Xn],
od) (cxema BBIYMCIIEHUS 8JIPECOB JJIsl 3TOTO U TPEX MOCIEAYIOIUX CIIOCO00B a,I-
pecalyu OpUBEIeHa HUKE).

INDPOST — mocT-KocBeHHas depe3 mamsaTh: ([bd,An],sc*Xn,od).

INDPREPC — mpe-kocennas depe3 PC: ([bd,PC,sc*Xn],od).

INDPOSTPC — moct-KocBerHas gepe3 PC: ([bd,PC],Xn,o0d).

3mech bd — 310 16- mm 32-O6uTHas KOHCTAHTA, HA3bIBaeMast cmeuweHuem, od
— 16- nian 32-OurHas IUTEpAIbHAS KOHCTAHTA, HA3BIBAEMAS GHEWHUM CMEU,E-
HUEM. DTU CIOCODBI AJPECAIIUU MOTYT UCIOIB30BATHCSA B YIIPOUIEHHBIX (hopMax
6e3 cmernenuii bd u/unu od u 6e3 perucrpos An wiu Xn. Cienyiomue npuMepbt
WITIOCTPUPYIOT KOCBEHHYIO TMTOCTUH/IEKCHYIO aJIPECaIInio:

MOVE DO, ([A0])

MOVE DO, ([4,A0])

MOVE DO, ([A0],6)

MOVE DO, ([A0],D3)

MOVE DO, ([AO0],D4,12)

MOVE DO, ([$12345678,A0],D4,$FF000000)
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Nuuexcubiii peructp Xn moxker maciirabupoBarbes (yMHOXKATbCs) HA 2,4,8,
970 3anuchkiBaeTcd kKak scxXn. Hanpumep, B ncnomuuressaom aapece ([24,A0,
4xD0] ) comepKUMOe KBaIPaTHLIX CKOOOK BhIuucasgercsd kak [AO] + 4 * [DO] +
24.

DT crocobbl aapecanuu paboTaioT ciaemyoomuM obpasom. Kaxkawrit ucmos-
HATEJIbHBIA aJpec COMEPKUT Hapy KBAAPATHBIX CKOOOK [...] BHyTpm mapsl
Kpyriabix ckobok, .e. ([...], ... ). CHadana BoIYUCISIETCS COAEPIKUMOE KBAJI-
PaTHBIX CKODOK, B Pe3yJIbTare Yero moiaydaercs 32-OuTHbIil yka3zaresnb. Hampu-
Mep, eC/Ii UCIOJIb3YyeTCs MocTuHIeKCHas (opma [20,A2], TO UCMOTHUTENBHBII
azpec — 3to 20 + [A2]. Amajoruuno, mjist mpenHaekcHo# ¢dpopmbr [12,A4,D5]
UCTIOJTHUTENIbHBIN agpec — 310 12 + [A4] + [D5].

Ykazarenb, chOPMUPOBAHHBIN COAEPKUMBIM KBaIPATHBIX CKOOOK, MCIIO/Ib-
3yercs JJid JOCTYIIa B IaMATh, 9YTO0bI IOy YUTh HOBBIH yKa3aTeib (0TCiona Tep-
MUH KOCBEHHAs aPECallis Yepe3 maMsaTh). K 9ToMy HOBOMY yKa3aTesro 100aB-
JISTETCS COAEPKMMOE BHEIITHUX KPYTJIBIX CKOOOK M TaKUM 00pa3oM (hopMupyercs
HACIOJTHUTEJIbHBIN aJIpec OonepaH/ia.

B nasbHeitimem uzsiokenuu Gy/yT UCIIONB30BAHbBL CIEAYIOIME KOMAaH/bI (B
YaCTHOCTH, PACCMATPUBAIOTCS TOJHKO apudMeTudecKne KOMAHIbI C EeIbIMU
OllepaH/IaMU, HO He C ILIABAIOIIUMH):

MOVEA MA, A — 3arpy3uThb COJEpKHMOE IO MCIOJHUTEIBHOMY anapecy A HA
aJIpecHbIit perucTtp A.

MOVE [A1, HA2 - comepzKuMOe II0 UCIIOJIHUTEJIbHOMY aJpecy A1 nepenucarb
10 UCHOJIHUTEJIbHOMY ajpecy UA2.

MOVEM croucok_perucTpoB, A — COXpAHATb yKa3aHHBIE PErACTPBHI B aMdA-
TH, HaUMHAs ¢ agpeca A (perucTpbl yKa3bIBAIOTCA MACKONW B CAMO KOMAaHJIE).

MOVEM MA, cOmcoK_permucTpoB— BOCCTAHOBATDH YKA3AHHBIC PETUCTPHI U3 Ma-
MATH, HaUnHAsA ¢ agpeca VA (perucTpbl yKa3bIBAIOTCS MACKOH B CaMOi KOMaH-
ze).

LEA A, A - 3arpy3uThb UCIIOJHUTEIbHBIN ajipec A Ha agpecHbId peructp A.

MUL HA, D — yMHOXKHUTBb COJEP:KHUMOE€ II0 MCHOJHUTEeJbHOMY ajapecy A Ha
COZIEPKUMOE PEruCTpa JAHHBIX D U pe3yabrar pa3mecTurb B D (Ha camMoM mere
B CHUCTeMe KOMaHJ MMEIOTCA JBe pa3janvdabie KoMaHabl MULS u MULU gnsa ducen
€O 3HAKOM W 4uces 0e3 3HaKa COOTBETCTBEHHO; [JIs YIPOIIEHUsI Mbl He Oyaem
OPUHUMATH BO BHUMAHUE 3TO PA3/IHyue).

DIV A, D — pa3zenuThb COAEPKUMOE PEerucrpa JaHHbIX D Ha colepzKkumoe
M0 UCHOJHUTEJILHOMY aJpecy A m pe3ysabTaT pa3MecTuThb B D.

ADD MA, D — CJIOXKUTBH COJEPKUMOE IO UCHOJHUTEJIBHOMY anpecy HA ¢ co-
IEepPKUMBIM PerucTpa JAHHBIX D U pe3yabTaT pa3MecTuTh B D.

SUB VA, D — BBIYECTHb COAEPKUMOE IO UCIOJHUTEJAbHOMY ajpecy A u3 co-
JIEPKUMOTO PerucTpa JaHHbIX D u pesynbrar pasMecTuTb B D.

Kowmarmger CMP 1 TST bOpMUDYIOT pa3psiabl PETUCTPa COCTOsTHIH. Beero mme-
erca 4 pa3psiia: Z — NpU3HAK HYJIEBOTO pe3yabTata, N — Tpu3HaAK OTPHUIATETh-
HOTO pe3ynbTara, V — mpu3Hak nepenojHenvs, C — MpU3HAK MEPEHOCA.

CMP A, D — u3 COIEPKUMOTO PETUCTPa JAHHBIX D BbIYATAETCA COAEPKUMOE
10 UCHOJHUTEIHLHOMY apecy YA, mpu 3ToM GOpMuUpPyeTcsi BCe Pa3Psiabl PErUCTPA
COCTOAHUI, HO COJIep2KUMOe perucrtpa D He MeHsgeTcd.
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TST UA — BBIpAOOTATL Pa3psAnd Z PErucTpa COCTOSHUI MO 3HATEHUIO, HAXO-
JAmeMycd N0 UCIOJHATEJIbHOMY ajipecy HA.

BNE [A — ycsoBHBIH nepexos 1o npusHaky Z = 1 (He paBHO) [0 MCHOJIHU-
TeabHOMY azapecy HA.

BEQ UA — ycsoBHBIH mepexo, no npusnaky Z = 0 (paBHO) MO WCIOTHUTEb-
HOMY aJzpecy HA.

BLE UA — ycioBHBIH mepexos 110 npusnaky N or Z (MeHbIe Uiy paBHO) O
ACIOJIHUTEIBHOMY aapecy HA.

BGT UA — yC/IOBHBII mepexo/ o npusHaky not N (6osbiiie) 1o uCIoIHATE b
HOMY azapecy UA.

BLT A — ycsioBHBIi iepexoz o npu3Haky N (MeHbIle) 110 UCHOJIHUTETbHOMY
aapecy HA.

BRA A — 6Ge3ycIoBHBIN TEPEXOT o agapecy HA.

JMP A — 6e3yC/IOBHBII Iepexo, M0 UCIOTHATEILHOMY aapecy.

RTD pasMep_loKalbHEX — BO3BPAT U3 NOAIIPOrPAMMEI C YKa3aHUEM pa3Mepa
JIOKAJIbHBIX.

LINK A, pa3sMep_IOKaNbHHX — B CTE€Ke COXPAHAETCA 3HAUEHHE perucrpa A,
B DETrUCTP A 3aHOCHTCA yKa3aTe/lIb HA 3TO MECTO B CTEKEe W yKa3aTelIb CTEKa
[IPOJIBUTAETCA Ha Pa3Mep JIOKAIbHbBIX.

UNLK A - crek cOkpalaeTcd Ha pa3Mep JIOKAJAbHBbIX U PerucTp A BoccTtaHnas-
JINBAETCs U3 CTEKA.

9.2. JImHamMwudeckasi OpraHu3aIus MaMsaTh

JlnHaMudeckass OPTAHU3AMMS TAMSITH - 9TO OPTrAHU3AINS TMAMSITH TEPUOIA WC-
nosHenust TporpaMmbl. OnepaTuBHAS TAMTH TPOrPAMMBI OOBITHO COCTOUT U3
HECKOJIbKUX OCHOBHbIX Pa3/eJioB: CTeK (MarasuH), Kyda, 00JIAaCTh CTATHYECKUX
JAHHbIX (MHULMAJIM3UPOBAHHBIX M HEMHUIMAIu3upoBanubix). Haubosee ciox-
HOW sIBJsleTcst pabora co crekoM. Boobie roBopsi, cTek nepuosa MCIOTHEHUsI
HEOOXOIVMM JIJTs IPOTPAMM HE Ha, BCEX s3bIKaX MporpammupoBanus. Hampumep,
B panuux Bepcusx QoprpaHa HET PEKyPCHH, TAK YTO OPOrPAMMA MOXKET WC-
nonHAThCs 6e3 creka. C Apyroit CTOPOHBI, HCIOTHEHUE TTPOrPAMMBL C PEKYPCH-
eii Moxker ObITh peasu30BaHO U Oe3 creka (Toro xe sbdekra MOKHO JOCTHYb,
HANPAMEP, U C TIOMOIIBIO CIUCKOBBIX CTPYKTYP). Omuako, mis sbdexkTuBHoi
pean3aIiu MOIb3YIOTCS CTEKOM, KOTOPbIH, KAK MPABUJIO, MOIIEPKUBACTCA HA
YPOBHE MAIMHHBIX KOMAH].

Paccmorpum cxemy opraHu3anuy Mara3wHa, MEPUO/IA BHITOJTHEHUS IS MPO-
creiiero ciydas (Kak, Hanpumep, B a3bike [lackasb), Korga Bce epeMeHHble B
marasue (pakTudecKue napaMerpbl U JIOKAJIbHBIE IEPEMEHHBIE) UMEIOT U3BECT-
HBIE TIPU TPAHCJIANNN CMEIeHust. Mara3ua CIyKUT [1JIsT XPAHEHUs JIOKAJThHBIX
NepeMeHHbIX (M mapaMeTpoB) W ODpAIIEHWs K HUM B A3bIKAX, JOMYCKAIONMX
PEKypPCHUBHBIE BBI30BBI mporeayp. Eine omHoit 3amadeil, KOTOPYHO HEOOXOIUMO
pelaTh mMpyu TPAHCISANNN S3BIKOB ¢ OJOYHON CTPYKTYpOil — obecredenue pea-
JIN3AIUIU MEXaHU3MOB CTATUYIECKON BioKeHHOCTH. [lycTh nmeercs ciemyrontuit
dparment nporpammbl Ha [Tackaste:
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procedure P1;
var V1;
procedure P2;
var V2;
begin

P2;

end;
begin

P2;
end;

B mporecce BuImomHEeHUS 3TOi MPOrpaMMbl, HAXOASACH B Tporeaype P2, Mbl
JOJI?KHBI UMETh JOCTYTI K TIOCTeTHEMY 3K3eMILIAPY 3HAUYEHUH TTepeMeHHBIX MTPO-
neayphl P2 u K 9K3eMIIIAPY 3HAUEHUH MepeMEeHHBIX Npoueaypsl P1, n3 KOoTopoit
6nL1a BhI3BaHa P2. Kpome Toro, Heo6X0anMo 00ecrevnTh BOCCTAHOBIEHUE COCTO-
AHUA IPOTrPAMMBbI IIPU 3aBEPIIEHUN BBIIIOTHEHUA IPOLETY PhL.

Ms1 paccMoTpuM /1Be BO3MO2KHBIE CXEMbI JUHAMUAYECKONH OPTaHU3AINH TTaMsi-
TH: CXE€MY CO CTATUYECKON LEMOYKOIl U C AUCILIeeM B maMsaTu. B mepBom ciaydae
BCE CTaTHYECKHe KOHTEKCTHI CBA3aHbI B CITMCOK, KOTOPBINT HA3BIBAETCA CMAMU-
yeckotl yenoywkol; B KaXKJOI 3aNNCH 71 MPOIELYPhI B MAara3nHe XpPaHUTCA yKa-
3aTelib Ha 3alUCh CTATUYECKU OXBATHIBAIOLIEH IPOUELYPbl (HOMUMO, KOHEYHO,
yKazaresist uHaMU%eckot yenouky — yKasare s Ha “06a3y” IMHAMUYECKH [IPE/Ibl-
nyuieil npouenypbl). Bo Bropom citydae jjisi XpaHEHUsl CChLIIOK Ha CTATHYECKHE
KOHTEKCTHI MCITOIb3yeTCsl MACcCUB, Ha3bIBaeMblil ducnaeem. Vcnonp3oBanne Toi
WJIM WHOM CXeMBbI OIPeJIesIgeT s, TOMUMO MPOYNX yCJIOBUM, TpeXK e BCEro Umc-
JIOM a/IPECHBIX PETuCTPOB.

9.2.1. OpraHm3anuns Mara3mHa CO CTATHYECKOI IeIOYKOii

Wrak, B cIydae CTATUYECKON [EMOYKU MATa3WH OPTaHU30BAH, KAK 9TO M300pa-
KeHo Ha puc. 9..1.

Takum 00pa3om, HA 3aMUCH TEKYIIEH MPOIEAYPhl B Mara3uHe yYKa3bIBAET pe-
ructp BP (Base Pointer), ¢ koroporo nauunaercs nuHamMuveckas uenodka. Ha
craruveckyo uenodky ykasbiBaer perucrp LP (Link Pointer). B kauecrse pe-
rucTpoB BP u LP B pa3/IM4YHLIX CACTEMaX KOMAaHJ MOLYT HCIOJIb30BATLCA YHU-
BepCaJIbHbIE, aJIPECHbIE WU CIEeNUaIbHbIe PErUCTPHI. JIOKAIhHBIE TTepeMeHHbIe
OTCYUTHIBAIOTCS OT perucTpa BP BBepx, (DaKTHIECKUE MapaMeTPhl — BHU3 C yUe-
TOM IMMaMATH, 3aHATOI TOYKOIl BO3BPATa U CAMUM COXPaHEHHBIM peructpom BP.

B30 nogmporpaMm pa3indHOro CTATHYIECKOrO YPOBHS [IPOM3BOIUTCS HEC-
KOJIBKO mo-pasuomy. [Ipu BbI30Be moamporpaMMbr TOTO 2Ke CTATHIECKOrO YPOBHS,
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Munumanvholii adpec

CoxpaHEeHHBIE PETUCTPHI A
(Bxirovast LP)
) JloxanbHBIE TAPAMETPEI 061acTh
Texymuit . rocneaHei
CTaTHICCKUM [pensiayiumii BP «—BP BBI3BAHHOU
YpOBEHb npoTIeypEI
Touka Bo3BpaTa
DaKTHUECKUE NTapaMeTphbl
4
CoxpaHeHHBIE PErUCTPHI
. «—— LP
[pensinynmit LP --—-
Hpem’mymﬂ\f/l JlokaibHBIC TTapaMeTpPbl Delta
CTaTUYECKHit
YPOBEHb . .
l > penpinynmii BP~ |-----

MaxkcumanvHulii adpec

Puc. 9..1:

YTO W BBI3BIBAIONIAS MOANPOrpaMma, (HAIPUMED, PEKYPCUBHBIH BBI3OB TOM K€
caMoii MOPOrPaMMBbI), BBITIOIHAIOTCS CJIELYIOIINEe KOMAHIbL:

3aHeceHre QakTHYECKHX IIapaMeTpOB B Maras3uH
JSR A

Komanma JSR A mpoasuraer ykazateab SP, 3anocuT PC Ha BEpXyIIKYy Mara-
3WHA W OCYIIECTBJsET mepexom 1o azapecy A. Ilociie BBITOMHEHUS STHX KOMAH/T
COCTOSTHUE MAara3wHa CTAHOBUTCS TAKUM, KaK 3TO m300pazkeHo Ha puc. 9..2. 3a-
HeceHue BP, OTBEIEHNE JIOKAJIbHBIX, COXPAaHEHHUE PETUCTPOB J€J1a€T BbI3bIBaeMasd
noanporpamMmMa (CM. HIKeE).

[Tpu BBI30BE JIOKATBHOI MOAMPOrPAMMBI HEOOXOIUMO YCTAHOBUTH YKA3ATEb
CTATUYECKOI'0 YPOBHA HA TEKYILYIO IOAIIPOrpaMMy, a IIPU BBIXOHE — BOCCTAHO-
BUTH €ro Ha cTapoe 3Hadenue (OXBaTbIBAOLIEH TeKylly0). s 31oro ucnosnns-
IOTCA CJIeIyIonue KOMaH/Ibl:

3aneceHue (l)aKTI/I‘-IeCKI/IX IIapaMeTpOB B Maras3WH
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Texymuit . Touka Bo3BpaTa «——SP
CTaTH4eCKHI
YPOBEHb
dakTHyecKue napamMmeTpsl
CoxpaHEeHHbIE PETHUCTPHI
(BKIrouas LP)
JlokanpHble MapamMeTpsl
[penpinymuii BP «—BP
Touka Bo3BpaTa
DakTHUECKUE NTaPAMETPHI
CoxpaHeHHBIE PErUCTPHI
IIpenpixynmii LP «+«——1LP
Hpez[bmymnvn JlokanbHBIE TapaMeTphl
CTaTHIECKHI
YPOBEHb _ .
l > IIpenpinynmii BP
Puc. 9..2:
MOVE BP, LP
SUB Delta, LP

JSR A

31ech Delta — pa3Mep JIOKATbHBIX BBI3BIBAIOIIEH OIITPOrPAMMABI ILITIOC JBO-
Hagd [UirHA C0Ba. Mara3uH mocsie 3Toro NpuHUMAET COCTOSHUE, N300PaKeHHOe
Ha puc. 9..3. Ilpenmonaraercst, 9To peructp LP yKe COXpaHEH CPEIN COXPAHS-
€MBIX PETUCTPOB, MPUYEM CAMBIM MEPBLIM (Cpa3y TOCJE JIOKAIbHBIX MEPEeMEH-
HBIX).

ITocste BBIXOZA U3 TOAIPOrPAMMBI B BBI3BIBAIOIIEH TOAIPOrPAMME BbITIOJIHSI-
eTcd KOMaHIa

MOVE (LP), LP

KOTOpas BOCCTAHAB/IMBAET CTAPOE 3HAYEHUE CTATUIECKON 1ernovyku. Eciau Bhixos
OCYIIECTBJISACA U3 MOANPOTPAMMBI 1-TO YPOBHS, 3Ty KOMAH/Iy BBIIOIHATL HE
HAa/10, TIOCKOJIBKY AJd 1-TO yPOBHS HET CTATUYIECKON IEMOYKH.
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Texyruwit Touka Bo3BpaTa +«—SP
CTaTUYECKUH
YPOBEHb

DaKTHUECKUE NTapaMeTphbl

CoxpaHEHHBIE PETUCTPbL

[penpinynmii LP - |F=——5

[penpigymmit
CTaTHYECKUMN
YpOBEHb

JloxanbHble TapaMeTphl Delta

[penpinyumii BP~ |----7

Puc. 9..3:

IIpu BBI30BE MOAIPOrPAMMBI MEHBIIIET0, Y€M BbI3bIBAIOIIAs, YPOBHS BBITIOJ-

HAIOTCS CJeIYIONINe KOMaHIbI:

BaHeceHne QaKTHUYIECKUX NapaMeTpoB B Mara3uH
MOVE (LP), LP /* cTombkO pas, KakoBa pasHOCTH

ypoBHell Bh3HBabumel u Bu3bBaeMoi IIII */
JSR A

Tem cambiMm yCTaHaBJINBACTCA CTaTUYIeCKUit YPOBEHDH BBI3BIBAEMOM IOAIIPO-

rpaMMBI. ITocne BbIXOZa U3 IOAIIPOrPaMMbl BBIIIOJTHAECTCA KOMaHIa

MOVE -Delta(BP), LP

BOCCTaHABJIMBAIONIAA CTATUYECKUH YPOBEHD BBI3BIBAIOIIEH TTOAIIPOrPAMMBIL.

Temo moamporpaMMbl HAUMHAETCSA CO CTAETYIONTNX KOMAaH/I:

LINK BP , -pa3Mep_JiOKalbHHX
MOVEM -(SP)

Komanga LINK BP, pa3Mep_loKalbHHX SKBUBAJEHTHA TPEM KOMAHIAM:

MOVE BP, -(SP)
MOVE SP, BP
ADD -pasMep_inoKalbHHX, SP
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Komanga MOVEM coxpaHsieT B Mara3wHe PErucTpPhbI.

B pesynbrare BBIMOTHEHHS 3TUX KOMAHI MAara3wH MpHOOpETaeT BHUI, W300-
pazkeHHBIN HA puc. 9..1.

Brixom m3 moamporpaMMbl OCYIIECTBIISETCS CJEAYIONIeH MOCIeI0BaATeIhHO-
CTHIO0 KOMAH/I;

MOVEM (SP)+
UNLK BP
RTD pasMep_o¢arkTuiecKux

Kowmanma MOVEM BoccTaHaBINBAET perucTphbl u3 Mara3mnna. Komanga UNLK BP
SKBUBAJEHTHA TAKOU TOCJEI0BATETLHOCTH KOMAHI:

MOVE BP,SP
MOVE (SP),BP
ADD #4, SP /* 4 - pasMep cmoBa */

Kowmanma RTD pasMep_¢akTudeckKux, B CBOIO O9€DE/Ib, SIKBUBAJIEHTHA OCIIE-
JI0BATEIBbHOCTH

ADD pasmep_darTmueckux+4, SP
JMP -pasmep_odarTugeckux-4 (SP)

[Tocste ee BBITIOHEHNST MAra3nH BOCCTAHABINBAETCS 10 COCTOSTHHUS, KOTOPOE ObI-
JIO IO BBI30OBA.

B 3aBucumocTu OT HANMYUs JIOKAJIBHBIX EPEMEHHBIX, (DAKTUIECKUX Tapa-
MEeTPOB U HEOOXOIMMOCTHU COXPAHEHHUs PErUCTPOB KAXKIAsl U3 ITUX KOMAaHI MO-
2KET OTCYTCTBOBATb.

9.2.2. OpraHm3anuns Mara3mHa C JUCILJIEEM

Paccmorpum Temepb oprarm3anmio Mara3uta ¢ guciieeM. Jlucmieit — 31o Maccun
(DISPLAY) , i-if 3;leMEHT KOTOPOrO MPEICTABJIAET CODON yKa3aTelb Ha 00/1acThb
AKTUBAIINHU TIOC/IEIHENH BBI3BAHHONW MOAMPOTPAMMBI §-I'0 CTATHYECKOTO YPOBHS.
JocTyt K nepeMeHHbIM CaMOil BHY TPEHHEH TOAIPOrpAMMbL OCY IIIECTBIISIETCS Ye-
pe3 peructp BP. ducnuieit Moxer 6biTh peasu3oBad 1ubo yepe3 perucrpbl (eciu
UX JIOCTATOYHO), JUDO Yepe3 MACCUB B IIAMSITH.

ITpu BBI30BE MPOLEYPHI CIIELYIOMEro (10 OTHOIIEHHUIO K BHI3BIBAIONIEH) YPOB-
HsI B JUCILIEE OTBOAMUTCS OYEPEIHON 31eMeHT. KCiin BBI3BIBAIOINAS MPOIEIyPa
HUMEEeT CTATHIECKUH YPOBEHB ¢, TO ITPU BHI3OBE MPOIEIYPhI YPOBHS j < § DJIEMEH-
ThI JUCILIES J, ... , % JOJIKHBI ObITh CKONUPOBAHbI (OOBIYHO B CTEK BbI3bIBAIOLIEH
npoueiLypbl), TeKyuM ypoBHeMm cranoBurcs j u B DISPLAY[j] 3anocurcs yka-
3aTesh Ha 00JIACTh AKTUBAIMY BHI3BIBAEMOM mpoteayphl. 1o okoHuaHnn padboTh
BBI3BIBAEMOII TIPOIIEIYPhI COIEPKUMOE JUCILIES BOCCTAHABIMBAETCS W3 CTEKA.

WNuorma ucmoap3yercst KOMOMHIUPOBAHHAS CXeMa — IuCIIeil B marasuue. luc-
et XpaHuTCs B 00JIACTH AKTUBAIMK KaXK 101 npoueaypbl. DopMupoBaHue muc-
est sk TPOIEAYPbI OCYIMIECTBISAETCS B COOTBETCTBUU C TMPABUIIAMHE, OMHCAH-
HBIMY BBIIIIE.
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OresbHOrO paccMoTpeHust TpedyeT BOIPOC O TEXHHKE Hepenadn (paxkTude-
ckux napamerpos. Koneuno, B ciryyae npocrbix napamerpos (Hanmpumep, 4uced)
npobJieM He Bo3HuKaeT. QIHAKO Iepesada MACCHBOB 110 3HAYEHUIO — OIepPallus
JOBOJIBHO TOPOTast, TIO3TOMY C TOYKH 3PEHNsT SKOHOMUH TIAMSTH IIeJIECO00pa3Hee
CHAYAJIA B MOAMPOTPAMMY TEDPEIATh 3IPEC MACCHBA, & 3aTEM y¥Ke€ U3 TOIIPO-
rpaMMbl IO aJpecy IepeiaThb B MarasuH caM MaccuB. B cBa3u ¢ nepenadeil
[IapaMeTpoB CJIeAyeT YIIOMSIHYTb €Ile 0JHO OOCTOATEIHLCTBO.

Paccvmorpennast cxema OpraHu3aluyd Mara3uHa JOMYCTAMA TOJIBKO s si3bI-
KOB CO CTATUYECKM M3BECTHLIMHU pa3Mepamu (pakTuyeckux mapamerpos. OmgHa-
KO, HaIIpuMep, B s3bike Momyra-2 mo 3HAYEHHI0 MOXKeT ObITh MepeaaH THOKuit
MAaCCHB, H B 9TOM CJIy4ae Hejlb3s CTATUYECKHM PaCIPEIe/INTh HaMATh s [apa-
MeTpoB. OOBIYHO B TAKUX CIyYasix 3aBOIAT TaK HA3BIBAEMBIN “IACTOPT’ MACCHU-
Ba, B KOTOPOM XPAaHUTCSA BCSA HEOOXOauMass MH(MOPMAIHS, 8 CaM MACCHB pa3Me-
AaeTCsd B MarasuHe B pabodeil 00J1aCTH BbIIIE COXPAHEHHDBIX PErUCTPOB.

9.3. Ha3nadueHne aapecoB

Haznauenmne azipecoB mepeMeHHBIM, TapaMeTpaM U TOISAM 3aTmuceil TTPOUCXOIUT
mpu 00pabOTKe COOTBETCTBYIONNX OObsABICHU. B OJHOMTPOXOIHOM TPAHCISATO-
pe 3TO MOYKET MPOM3BOAUTHLCS BMECTE C TOCTPOEHHEM OCHOBHOM TAOJIUIIBI CUM-
BOJIOB U COOTBETCTBYMOLIME anpeca (MM CMeleHus) MOI'YT XPAHUTLCH B ITOMN
ke tabmune. B npomexyroanom npencrasienuu JIugep oObsBIIeHMs COXpaHe-
HBI, YTO JeJIaeT 3TO INPOMEKYTOYHOE IIPEJICTaBIeHUEe MAIINHHO-HE3aBUCUMBIM.
Hamomuwmm, uto B JIugep-mpeacTaBIeHNN KaxKIOMY OMUCAHUIO COOTBETCTBYET
HEKOTOPBIH HOMep. B mporecce paboThl reHepaTopa KOIOB MOIIEP:KUBAETCS Ta-
6imna Table, B KOTOPOi 1O 3TOMYy HOMEPY (BXOZY) COHEPIKHUTCH CJIELyIOIast
nHMOPMAIHAS:

— JIJId TUTIA: er0 Pa3Mep;

— JJIs TIEPEMEHHO#T: CMeleHne B 00JIaCTH TPOLeAyphl (Mo rIo0agbHOi 00-
JIACTH);

— JJIS TIOJIS 3aIMCH: CMeIlleHne BHYTPH 3alTiCH;

— JJId IPOLELyPhl: pa3Mep JIOKAJIbHBIX IapaMeTpOB;

— JJId MacCuBa: pa3Mep MacCuBa, pa3Mep djeMeHTa, 3HadeHue JIEBOi U mpa-
BOW I'paHULBI.

Dynkuus IncTab BbipabaThiBaeT yKazaresb (BXOI) Ha HOBBIA JEMEHT Ta-
O/IMIIBbI, TPOBEPSs IPU ITOM HAJIWYHUE CBOOOIHON MAMSITH.

J171s BLIYUCIEHUS aIPECOB OMPEIEIUM JIJIsT KAYKI0TO O0bSABJIEHNS 1B, CHHTE-
3upyembIx arpudyTa: DISP Oymer 0603HaYATh CMEIeHne BHYTPpH OOTACTH IIPOTIe-
JLypbl (MM e IMHULBL KOMIUIIsAnun ), a SIZE — pasmep. Torga ceMmanTuka npaBuiia
LTSI CITUCKA OO'bSABJICHUIT IPUHUMAET BHU/TL

RULE
DeclPart ::= ( Decl )
SEMANTICS

Disp<1>=0;
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1A: Disp<1>=Disp<1>+Size<1>;
Size<0>=Disp<1>.

Bce 06bsaBienus, Kpome 0ObABIEHNH TIEPEMEHHBIX, IMEIOT HYJIeBOi pa3mep.
Pasmep o6bsiBeHns TEpeMEHHON ONPeIeseTcs CAeIyOUM TPABAIOM:

RULE

Decl ::= VAR’ TypeDes

SEMANTICS

Tablentry Entry;

0: Entry=IncTab;
Size<0>=((Table[VAL<2>]+1) / 2)%2;
// BHpaBHWBaHZe Ha TPaHUIy CJIOBa
Table [Entry]=Disp<0>+Size<0>.

B kadecTBe mprMepa TPAHCISINN ONPeIeIeHIs TUIIA PACCMOTPHM 00paboT-
Ky OMUCAHUS 3AMUCH:

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;
// BHpaBHWBaHZe Ha TpPaHUILy CJIOBa
}

Table[Entry<0>]=Disp.

9.4. Tpaucadaiusa nepeMeHHBIX

Ilepemernbie 0TparkaioT BCe MHOIOOOpa3ue MEXaHM3MOB JOCTYIa B s3bike. Ile-
pEeMeHHasT IMeeT CHHTEe3UPOBAHHbIH aTpuOyT ADDRESS — 3TO 3amlMCh, OMUCHIBAIO-
mas agapec B komauge MC68020. 9Tor aTpubyT COMOCTABISETCS BCEM HETEPMU-
HaJaM, MpeACTaBIAONMM 3Hadenns. B cucreme komana MC68020 mMHOrO Crio-
cODOB aJpecalnu, U OHU OTPAKEeHbI B CTPYKType 3Hadenus arpudyra ADDRESS,
HUMEIOIIEro CJIe Ty IO THIIL:

enum Register
{p0,D1,D2,D3,D4,D5,D6,D7,A0,A1,A2,A3,A4,A5,A6,SP,NOY};

enum AddrMode
{D,A,Post,Pre,Indirect,IndPre,IndPost,IndirPC,
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IndPrePC, IndPostPC, InDisp, Index, IndexPC, Abs,Imm};

struct AddrTyped{
Register AddrReg,IndexReg;
int IndexDisp,AddrDisp;
short Scale;

};

3navenne perncrpa NO o3HAYAET, YTO COOTBETCTBYIOIIHI PETUCTD B aapeca-
AW HE WCIIOJIB3YEeTCs.

JIoCTym K TEpEMEHHBIM OCYIIECTBJISETCS B 3aBUCUMOCTH OT WX YPOBHS: TJIO-
6aJsbHbIE TTePEMEeHHbIE a/IPECYIOTCST C MMOMOIIBIO A0COMIOTHOM aIpecalnu; mepe-
MEHHBIE B MPOIEyPe TEKYIIEro yPOBHS aAPECYIOTCs Yepe3 peructp 6a3nl A6.

Ecnu crek opranm3oBaH ¢ TIOMOIIBIO CTATUYIECKON IETIOYKU, TO MEPEMEHHBIE
MPEILIAYIIEr0 CTATUYECKOTO YPOBHSI aIPECYIOTCS Yepe3 PErucTp CTaTHYECKOI
mernovukn A5; mepeMeHHbIE OCTATbLHBIX YPOBHEH aapecyiorcs ‘mpoberanmem’ IO
CTATUYECKON TENOYKe ¢ UCIOJb30BAHUEM BCIIOMOTATEIBHOrO perucrpa. Ajapec
mepeMeHHoi Gopmupyercss mpu 06pabOTKe CTPYKTYPhI IMEPEMEHHON CIeBa Ha-
MPaBO ¥ TIEPEIAETCs CHAYAJIA CBEPXY BHU3 KAK HACIEIyeMBbIH aTpuOyT HETep-
vuHaja VarTail, a 3arTeM mepemsaeTcs CHU3Y-BBEPX KaK TVIODAIbHBIN aTpuOyT
merepmunasa Variable. Takum obpa3om, mpaBuiio s 0OpaIeHus K IepeMeH-
HOit umeer Bux (nepsoe BxOxkK/eHue Number B NpPaByIO 4acThb — 3TO yPOBEHb
nepeMenHoil, Bropoe — ee Jluaep-nomep):

RULE
Variable ::= VarMode Number Number VarTail
SEMANTICS
int Temp;
struct AddrType AddrTmpl, AddrTmp2;
3: if (Val<2>==0) // TmobanbHas IepeMeHHas
{Address<4>.AddrMode=Abs;
Address<4>.AddrDisp=0;
}
else // llokanbHas IepeMeHHAS
{Address<4>.AddrMode=Index;
if (Val<2>==Level<Block>) // llepeMeHHas TeKywWero ypOBHL
Address<4>.AddrReg=A6;
else if (Val<2>==Level<Block>-1)
// TlepeMeHHas NpeHAYLETO YPOBHA
Address<4>.AddrReg=A5;
else
{Address<4>.Addreg=GetFree (RegSet<Block>) ;
AddrTmp1.AddrMode=Indirect;
AddrTmpl.AddrReg=A5;
Emit2(MOVEA,AddrTmpl,Address<4>.AddrReg) ;
AddrTmpl.AddrReg=Address<4>.AddrReg;
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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>]];
}.

Dyukius GetFree BoiOupaer ouepeaHoil cBOOOIHbIH perucTp (Jubo perucTp
JIAHHBIX, JTUOO aIPECHBIH PErUCTP) U OTMEYAET €ro KaK MCIOIb30BAHHbIH B aTPH-
OyTe RegSet nerepmunana Block. Ilponenypa Emit2 remepupyer AByXaapecHyI0
romany. IlepBbrit mapameTp 3TO#H MPOIEayPHI — KO KOMAHIbI, BTOPOi U TpeTuii
mapamerpsl umetorT tun AddrType u ciykaT omepanmamu Komauabl. CMemnrenne
MIEPEMEHHOM TEKYIEero YPOBHs OTCUUTHIBACTCS OT 6a3bl (A6), a APYTUX ypOBHEH
— OT yKa3aTejd CTaTHYECKOHW IENOYKH, IMTOITOMY OHO OIpeIesdaeTcs KakK ajre-
Opandeckass CyMMa pa3Mepa JIOKAJbHBIX MAPAMETPOB W BEJMIMHBI CMEIIEHUS
nepementoit. Tabmuma LevelTab — 310 Tabauia ypoBHEH TPOIEayP, COmepKa-
mad yKa3aTesjau Ha IOCIe/I0BATe/IbHO BJIOYKEHHbBIE ITPOIIE/1yPhI.

Eciu crexk oprann3oBaH € MOMOIIBIO AUCILIEs, TO TPAHCIAINUS I JOCTYIIA
K TI€PEMEHHBIM MOXKET OBITH OCYIIECTBJIEHA CJIEIYIOIUM 00Pa30M:

RULE
Variable ::= VarMode Number Number VarTail
SEMANTICS
int Temp;
3: if (Val<2>==0) // T'mobanbHas IepeMeHHas
{Address<4>.AddrMode=Abs;
Address<4>.AddrDisp=0;
}
else // llokanbHas IepeMeHHAS
{Address<4>.AddrMode=Index;
if (Val<2>=Level<Block>) // llepeMeHHas TeKymWero 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>];
}
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Paccmorpum Tpancssnuio gocryna K moiaM 3anucu. OHa OMUCBIBAETCS CIie-
aytomum npasuiom (Number — sro Jlugep-HoMep onucanus mosis):

RULE
VarTail ::= ’FIL’ Number VarTail
SEMANTICS
if (Address<0>.AddrMode==Abs)
{Address<3>.AddrMode=Abs;
Address<3>.AddrDisp=Address<0>.AddrDisp+Table[Val<2>];
}
else
{Address<3>=Address<0>;
if (Address<0>.AddrMode==Index)
Address<3>.AddrDisp=Address<0>.AddrDisp+Table[Val<2>];
else
Address<3>.IndexDisp=Address<0>.IndexDisp+Table[Val<2>];

9.5. TpaHcagnus 1eJbIX BbIpakKeHnii

TpaHCadus BHIPAKEHUI PA3IUIHBIX TUIIOB YIIPABJISETCS CHHTAKCHIECKN OJIa-
roJaps HAJIMYWUIO YKA3aTe sl TUIA, Tepe Kaxkaoi onepamueii. Mbr paccMoTpum
HEKOTOpPbIe HauboJIee XapaKTepHbIe IIPODJIeMbl IeHepalui KOIa, /il BEIPayKeHu.

Cucrema komang MC68020 obamaer n1ByMs 0COOEHHOCTSIMU, CKA3BIBAIOIIIH-
MUCS HA IEeHepalyu Koia /isd apudMernvecKux BbIpazkeHuil (TO Ke MOXKHO
CKa3aTh ¥ O MeHepalluK KOZA JJisl BbIpasKeHuil Tuma “mMHoxkecTBa’):

1) onun u3 onepanOB BbIpaKeHUs ([IPABbBII) I0JKEH [IPU BbIIOIHEHUH OIIe-
panyy HAXOIUThCSA Ha PErucTpe, IO3TOMY eciau 00a olnepaHa He Ha PErncrpax,
TO Tepe]T BBIMOJHEHNEM OMEPAIMY OIUH W3 HUX HAIO0 3arPy3UTh HA PETHUCTD;

2) cucreMa KOMaH[ JOBOJIBHO “CUMMETPUYHA”, T.€. HET CIIEIUAILHBIX TPEGO-
BaHUil K PErUCTPAM TIPU BBINOJHEHUM ONEepaluii (TakuX, HAPUMED, KAK Mapbl
PErucTpOB UM TPEOOBAHUS YETHOCTH W T.JI.).

ITosToMy BBIOOD KOMAHI IIpY Fe€HEPAINT aPU(PDMETHIECKUX BHIPAYKEHUH OTIpe-
JIeJISIeTCS TOBOJILHO TTPOCTHIME TabJIUIaMu perennii. Hampumep, s memodc-
JIEHHOTO CJIOYKeHUs Takas Tabsinia npuBeaena na puc. 9..4.

[IpaBsrit omepamn A2

R \Y
JleBbrit R | ADD A1,A2 | ADD A2, A1l
onepaH.I
Al

V | ADD A1, A2 | MOVE A1, R
ADD A2, R

Puc. 9..4:
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31ech umeercs B BUAY, 9TO R — omepan Ha peructpe, V — mepeMeHHass Win
KoHCTaHTa. Takasi TabauIA PemeHuil JOMKHA TAKXKE yIUTHIBATH KOMMYTATUB-
HOCTB OIepaluii.

RULE
IntExpr ::= ’PLUS’ IntExpr IntExpr
SEMANTICS
if (Address<2>.AddrMode!=D) && (Address<3>.AddrMode!=D)
{Address<0>.AddrMode=D;
Address<0>.Addreg=GetFree (RegSet<Block>);
Emit2(MOVE,Address<2>,Address<0>);
Emit2(ADD,Address<2>,Address<0>) ;
}
else
if (Address<2>.AddrMode==D)
{Emit2 (ADD,Address<3>,Address<2>);
Address<0>:=Address<2>) ;
}
else {Emit2(ADD,Address<2>,Address<3>);
Address<0>:=Address<3>);
1.

9.6. Tpancagamusa apudMeTUIeCKNX BbIPaXKeHUIA

OpHoit 3 BasKHEUITUX 3339 TTPU TEHEPAINH KOJIa SABJISIETCS PACIPeIe/IeHne pe-
rucTpoB. PaccMoTpuM XOPOIO W3BECTHYIO TEXHUWKY PACIPeIesieHusi PETUCTPOB
[IPU TPAHCIAINY aPU(OMETHIECKUX BhIPAXKeHU i, Ha3zbiBaeMyto ajropurmMom Cern-
Ynbmana. (Bameuanue: B nensx OGOMbIned HATIAIHOCTH, B JaHHOM maparpade
MBI HEMHOT'O OTCTYTaeM OT ceMaHTuku apudmernydeckunx komaung MC68020 u
MpenoIaraeM, ITo KOMaHIa

Op Argl, Arg2
BBITIONHSAET feficTBue Arg2:=Argl Op Arg2.)

IIycTb cucrema KOMaH I MAIIMHBI UMEET HEOTPDAHUIEHHOE YHUCIIO YHUBEDCAIb-
HBIX PEIUCTPOB, B KOTOPBIX BBIMOIHAIOTCH apudmernyieckue komaunasl. Paccmor-
PUM, KAK MOYKHO CT€HEPUPOBATH KOJI, HCIOJIb3Ys I JAHHOTO apudMeTHIecKO-
r'O BBIpAKEHUS MUHUMAJIHHOE YHUCIIO PETUCTPOB.

IIycth mMeeTcss CMHTAKCHYECKOE JIEpeBO BhIpazKenws. [Ipemmonokum cHa-
9Yaja, 9TO paclpe/iesleHne PErucTPOB OCYIIECTBIISIETCS N0 MPOCTEHIeil cxeme
CBEPXY-BHHU3 CJIEBA-HAINPABO, KAK m3o0Opaxkeno ua puc. 9..5. Torma Kk momenTy
remepanuu Koma s nomaaepeBa LR 3anaTo n peructpos. IlycTs mommepeso L
TpebyeT n; perucTposn, a mnomaepero R — n, peructpos. Ecau n; = n,, T0 npn
BbraucaeHuu L OyIeT UCIoIb30BaHO 1y PECUCTPOB U MO/ PE3YJIbTAT OyIeT 3aHAT
(n+ 1)-it perucrp. Eme n,.(= n;) perucrpos GyseT UCHOIB30BAHO IIPU BHIYUCIIE-
uun R. Takum obpaszom, obiee YucI0 NCIOIb30BAHHBIX PECUCTPOB OyaeT PABHO
n+n; + 1.



Tpaucasnus apupMEeTHIECKIX BBIPAYKEHITIT 155

R,

Puc. 9..5:

Ecau n; > n,, To npu Bbranciennu L OyaeT UCIOIB30BAHO 7 PETHCTPOB.
IIpu Berauciennn R Oymer mcmoab30BaHo N, < My PETHCTPOB, U BCero Oyaer uc-
OJIL30BAHO He Gostee yeM n—+n; peructpos. Eciu ny < n,., TO mOC/Ie BRIYUCTEHUSs
L nopx, pesynbrar Oyzer 3aHaT oauH peructp (npeamosioxkum, (n + 1)-i) u n,
pPerucTpoB OyIeT UCIOIBL30BAHO 15 Bhruucaenus: R. Beero 6ymer ucnoan308aHo
n + n, + 1 peructpos.

Busro, 9To mist AepeBbeB, COBIAAOIIMX C TOYHOCTHIO JI0 TTOPSIIKA MOTOM-
KOB KaXKOW BEPIIMHBI, MUHUMAJIFHOE YUCJIO PETUCTPOB MPU PACIPEIETIEHUN UX
CJIeBa-HAMPABO IOCTUTAETCS HA JepeBe, y KOTOPOro B KaXK/IO# BEpPINWHE CJIeBa
pacmoiokeHo bosee “CA0KHOE” TOAAEepeBO, Tpedyioiee OOMBINEro 9ucia Peru-
crpoB. Takum 06pazoM, eciid JIEPeBO TAKOBO, YTO B KaXKJIOW BHYTPEHHEH Bep-
[IMHE [TPABOE MOJAEPEBO TPEOYET MEHBIIEro YUC/Ia PEruCTPOB, YeM JIEBOE, TO,
00XO/sT IEepeBO CJIeBA HAMPABO, MOXKHO ONTUMAJIBHO PACIPEIE/IUTh PErUCTPHI.
Bes nepecrpoiiku nepeBa 9TO 03HAYAELT, YTO €CJIM B HEKOTOPOIT BEPIITHHE I€PEBa,
CIIpaBa PACIOIOKEHO OoJlee CI0XKHOe TIOIEPEBO, TO CHAYMAIA CTeHEPUPYEeM KOJ
ISl HETO, a 3aTeM y¥Ke JIJs JIEBOTO MOJJIePeBa.

Agnropurm paboraer caemyiomumM obpaszom. CHavasa OCYIIECTBISIETCS pa3-
METKa CHHTAKCHYECKOTO IE€PEBA, MO CJIEIYIONIUM TPABUIIAM.

IIpaBura pazmerku:

1) eciiu BepiuHa — MPABBIil JIUCT WK JEPEBO COCTOUT U3 eIUHCTBEHHON Bep-
[ITUHBI, IOMEYAEM 3Ty BEPIIUHY YHCIOM 1, eC/Ii BEpIINHA — JIEBBIH JINCT, TTOME-
gaem ee 0 (puc. 9..6).

2) eciiu BeplUIMHA MMEeT [PAMbIX IOTOMKOB ¢ MeTkaMu [; u [y, TO B KauecrBe
METKHU 3TOH BEPIUHBI BEIOMpaeM HauOOJIbINee U3 duces [; uan [y audo 9mcio
Iy +1, ecmu Iy = Iz (puc. 9..7).

Dra pazMerKa MO3BOJSIET ONPeIeTUuTh, KAKOe U3 HOJAepeBbeB Tpedyer 60b-
[Iero KOJUYECTBA PErUCTPOB JJisi CBOErO BhIUucjeHus. Jlamee oCymecTBiasercs
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op op

o
—

Puc. 9..6:

a) l]<12 6) 11>12

Puc. 9..7:

pacrpe/ieJieHre PETUCTPOB I PE3YJIBTATOB ONEPANHil 1O CIEIYIONIAM MIPABH-
JaM:

1) KopHio nHazHagaeTcsa nepBblil PErucTp.

2) Eciu MeTKa, JIEBOr0 TIOTOMKA MEHBIIIE METKHU MPABOrO, TO JIEBOMY MOTOM-
Ky HA3HAYAETCS DErUCTP HA €IWHWILY OOJBINHi, YeM MPEIKy, & MpaBoOMy — C
TEM K€ HOMepOM (CHAYasa BBIYUCJSETCH MPABOE IOANEPEBO U €r0 Pe3yJsibTaT
nomeriaercsd B perucrp R), Tak 9TO PErucTpbl 3aHUMAIOTCs [OCIEJ0BATEIBHO.
Ecnn e MeTKa j1eBOro moToMKa 60IIbINe HJIM paBHA METKE MTPABOr0 MOTOMKA, TO
HA00OPOT, TTPABOMY MOTOMKY HA3HAYAETCS PECUCTP HA €IWHUILY OOJIBINHL, Yem
OpPEZIKY, & JIEBOMY — C T€M YKe HOMEPOM (CHAYAJIa, BBIYUCIIAETCS JIEBOE MOIIEPEBO
U ero pesyJibTar IoMelaercs B perucrp R — puc. 9..7).

ITocme aToro popMupyercss Koz, o CIeAYIONINM TPABUIAM:

1) ecau Bepiuna — npaBblil JucT ¢ METKOH 1, TO eii cooTBeTCTBYeT KO/

MOVE X, R

rae R — perncrp, Ha3HAYEHHBINH 3TOI BepmmHe, a X — aJpec MepeMeHHOH, CBA-
3aHHO# ¢ BepimHOit (puc. 9..8, 6);

2) ecsiu BeplIMHA BHYTPEHH#AS U €€ JIeBbIil MOTOMOK — JIUCT ¢ MeTKoii 0, To
el COOTBETCTBYET KOJ,
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op op

(0 6]

Puc. 9..8:

Kogn mpaBoro momzmepeBa
Op X, R

rae R — perucrp, Ha3HAYEHHBIN 3TOW BepiinHe, X — a/Ipec IepeMeHHO, CBA3aHHOMI
¢ BepuuHOii, a Op — onepauus, npuMeHeHHas B Bepiiune (puc. 9..8, a);

3) ecu HernoCpeCTBEHHbIE IOTOMKY BEPILIUHbI HE JIMCThs U METKA MPaBOil
BEpIIHHBI OOJBINE VI PABHA METKW JIEBOM, TO BEPIIUHE COOTBETCTBYET KO

Koz mpaBoro mozmmepeBa
Koz meBoro mozmepesa
Op R+1, R

rae R — perucrtp, Ha3HAYEHHBIH BHYTpEeHHeH Bepiiuie, n onepaius 0p, Boobie
roBopsi, He kommyTarusHag (puc. 9..9, 6);

op op
R R+1 R+1 R

Puc. 9..9:

4) eciu HENOCPEJCTBEHHbIE IIOTOMKHU BEPIIMHBI HE JIMCThs U METKA IPABOM
BEPIINHBI MEHbIIIE NI PABHA MeTKe JIeBOIl BePIINHbI, TO BEPIIMHE COOTBETCTBY-
eT KOJI

Koz meBoro mozmepeBa
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Kogn mpaBoro momzmepeBa
Op R, R+1
MOVE R+1, R

[Moceguasisi KOMaH a TEHEPUPYETCs JIJIsi TOrO, 9TOOBI MOJYYUTh PE3YILTAT B
HY>KHOM perucrpe (B caydae KOMMYTATHBHON OMEpaIy €€ ONepaHIbl MOXKHO
MOMEHATH MECTAMHU U U30€KATh JIOMOJTHUTEILHON Tiepechliku — puc. 9.9, a).

Paccmorpum arpubyTHYIO CXeMy, PEATTU3YIOILY 0 9TH IPABUIIA TeHEPAIUN KO-
g2 (st Gosbliell HATJISHOCTH BXO/AHAs IPAMMATUKA COOTBETCTBYET OOBIYHOM
unduKCcHOII 3anucu, a ve Jluaep-npeacrasienuio). B 31oil cxeme renepanus Ko-
Jla TPOMCXOUT He HEMOCPEICTBEHHO B TIpoliecce 00X0Ja IepeBa, Kak paHbIile,
a 13-3a HEOOXOAMMOCTH TIEPECTABIATH TOIIEPEBbS KO CTPOUTCS B BUIE TEKCTA
C TIOMOIIBIO OMEpAIMK KOHKaTeHauu. [IpakTrndecku, KOHEYHO, STO HEIEIeCO-
00pa3Ho: pa3yMHee yIpaBJisaTh 00X0I0M JePeBa HEMOCPEJICTBEHHO, OJHAKO JJIsd
MPOCTOTHI MBI OY/IeM MOTb30BATHCS KOHKATEHAIHEHH.

RULE

Expr ::= IntExpr

SEMANTICS

Reg<1>=1; 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>);
Reg<1>=(Label<1> < Label<3>)
? Reg<0>+1
: Reg<0>;
Reg<3>=(Label<1> < Label<3>)
? Reg<0>
: Reg<0>+1;
Code<0>=(Label<1>==0)
? Code<3> + Code<2>
+ Code<1> + ", " + Reg<0>
(Label<1> < Label<3>)
? Code<3> + Code<1> + Code<2> +

(Reg<0>+1) + "," + Reg<0>
: Code<1> + Code<3> + Code<2> +
Reg<0> + "," + (Reg<0>+1)
+ "MOVE" + (Reg<O>+1) + "," + Reg<O>.
RULE
IntExpr ::= Ident

SEMANTICS
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Label<0>=(Left<0>) 7 0 : 1;
Code<0>=(!Left<0>)

? "MOVE" + Reg<0O> + "," + Val<1>
: Val<i>.

RULE

IntExpr ::= ’(’ IntExpr ’)’

SEMANTICS

Label<0>=Label<2>;
Reg<2>=Reg<0>;
Code<0>=Code<2>.

RULE
Op ::= 4’
SEMANTICS

Code<0>="ADD".

RULE

Op ::= -7
SEMANTICS
Code<0>="SUB".

RULE
Op ::= %)
SEMANTICS

Code<0>="MUL".

RULE
Op ::=°/?
SEMANTICS

Code<0>="DIV".

ArpubyrupoBantnoe IepeBo IJjisi Bhipaxkenusi A*B+Cx(D+E) mpuBemeHo Ha
puc. 9..10. Ilpu 3T0M OyIeT CreHepUpPOBAH CIEAYIONIUN KOI;

MOVE B, R1
MUL A, R1
MOVE E, R2
ADD D, R2
MUL C, R2
ADD R1, R2
MOVE R2, R1

IMpusenennas arpubyTHas cxeMa TpeOyeT ABYX MPOXOIOB TIO IE€PEBY BHIPA-
>kenus. PaccMoTpuM Teneph Ipyryio aTpuGyTHYIO CXeMY, B KOTOPOH TOCTATOYHO
OIHOro 00XOMa /i TeHepalysd IPOrPAMMBI s BBIPAXKEHHH ¢ ONTUMAIbLHBIM
pacupe/ieieHueM perucrTpos [7].
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Expr
I
label =2
IntExpr é;;l
I
/ Op\
label = 1 label = 1
reg =1 Indhpr Inﬂhpr z; )
label = ()/ \abel =1 label = (/ \
reg=2 reg=1 reg=3 label - 1
IntExpr IntExpr IntExpr IntExpr ;%i;
N
( )
Ident Ident Ident
(4) (B) (C) IniEpr el 1
label =0 label = 1
reg =3 IntExpr IntExpr rog—2
Ident Ident
(D) (E)
Puc. 9..10:

ITycTb MBI TPpOM3BENM PA3METKY JAepeBa Pa3dopa Tak Ke, KAK U B MPEIbIIy-
meM agropurme. Ha3Hadenwe perucTpoB OyaeM MPOU3BOIUTH CIIEIYIOMHAM O0-
pas3om.

JleBOMy MOTOMKY BCerja Ha3HAYAETCS PETMCTD, PABHBIN €ro MeTKe, a Ipa-
BOMY — €ro MeTKe, ec/ii OHA He PaBHA METKe ero JIeBoro Opara, u merke + 1,
ecnu MeTKU paBHBL. [10CKOIBKY 0OJTEe CI0KHOE MOIIEPEBO BCETIA BBITUC/ISIETCS
panbIre 60jiee MPOCTOrO, €r0 PEruCTpP Pe3y/aIbTaTa MMeeT OOJBINN HOMEp, YeM
JII000it PEerucTp, MCIOMb3YEeMbIil MPH BBIYHCICHHH OOJee MPOCTOro MOIIePeBa,
YTO rapaHTUpPyeT IPaBUILHOCTb UCHOJIb30BAHUA PETACTPOB.

[TpuBenermbie COOOPaAKEHUS PEATUIYIOTCS CIEAYIONE aTpuOyTHOM CXeMOii:

RULE

Expr ::= IntExpr

SEMANTICS

Code<0>=Code<1>; Left<l>=true.

RULE
IntExpr ::= IntExpr Op IntExpr



Tpaucasnus apupMEeTHIECKIX BBIPAYKEHITIT

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>
: 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>) ? 0 : 1;
Code<0>=(Left<0>) 7 Val<i>
"MOVE" + Val<i1> + "R1".

RULE

IntExpr ::= ’(’ IntExpr ’)’
SEMANTICS
Label<0>=Label<2>;
Code<0>=Code<2>.

RULE
Op ::= 4’
SEMANTICS

Code<0>="ADD".

RULE

Op ::= -2
SEMANTICS
Code<0>="SUB".

161
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SEMANTICS
Code<0>="MUL".

RULE
Op ::=°/?
SEMANTICS

Code<0>="DIV".

Komauapr nepecbLiku TpedyOTCs s COTJIACOBAHUS HOMEPOB PETHCTPOB, B
KOTOPBIX OCYIIECTBJISIETCS] BBINOJHEHUE ONMEPAIUU, C PErUCTPAMHU, B KOTOPBIX
JOMXKeH ObITh BBIIAH PE3YJIbTAT. ITO UMEET CMbBICII, KOTJA 3TU PETUCTPHI Pa3-
#bie. [1oyInThCs 9TO MOXKET M3-3a TOTO, YTO 10 MPUBEJIEHHON CXeMe Pe3y/IbTaT
BBITIOJTHEH ST OTIEPAIINH BCETIA HAXOIUTCS B PETUCTPE C HOMEPOM METKH, a METKHU
JIEBOTO U TPABOTO TOJIEPEBHEB MOT'YT COBIIAIATH.

Jlmst Beipazkennsi AxB+C* (D+E) Oyzer creHepupoBaH CIIEAYOMHi KO

MOVE E, R1
ADD D, R1
MUL C, R1
MOVE R1, R2
MOVE B, R1
MUL A, R1
ADD R1, R2

B npuBeneHHBIX aTpEOYTHBIX CXeMaxX TPEeAIIOIATalIoCh, 9TO PETUCTPOB II0-
CTATOYHO JIJIS TPAHC/ISAIMU JTI000r0 BbIpaxKeHusd. Eciau 3To He Tak, HPUXOJAUTCS
YCIOXKHATH CXeMy TPAHCISLIUU U IPU HeoDXOAUMOCTHU COPACLIBATD COIEPIKIMOE
PErucTpOB B MAMATh (UJIM Mara3uH).

9.7. TpaHcangamuma JOTUIECKUX BbIPa>KEHUI

Jlornyeckue BBIpAXKEHUsI, BKJIIOYAMOIINE JIOTHIECKOE YMHOYKEHHE, JIOTHIECKOe
CJIOYKEHWE W OTPHUIAHUE, MOYKHO BBIUUCIATH KAK HEMOCPEICTBEHHO, MCIOJb3Ys
TaOJIUIBI UCTUHHOCTU, TAK U C ITOMOIIHIO yCJIOBHBIX BBIPAXKEHUN, OCHOBAHHBIX
HA CJIeIYIONIUX MTPOCTBHIX MPABUIIAX:

A AND B »skBuBajenTHO 1if A then B else False,

A OR B skBuBajJieHTHO 1f A then True else B.

Ecnu B kKagecTBe KOMIIOHEHT BBIPAKEHHUIT MOTYT BXOAUTH (PYHKITHN C MOOOU-
HBIM 3(PEeKTOM, TO, BOOOIIE TOBOPsI, PE3YIbTAT BEIYUCIEHN MOXKET 3aBHCETH OT
crocoba BBIYUC/IEHUsT. B HEKOTOPBIX sI3bIKAX MPOrPAMMUPOBAHUS HE OTOBAPUBA-
eTCsl, KAKUM CIIOCOOOM JOJIZKHBI BBIYUCIATHCS JIOTMIECKUE BhIPAKEHUsT (HAPH-
Mmep, B Ilackase), B HEKOTOPBIX TPEOYeTCsi, YTOOBI BHIYUCICHUs TPOU3BOIUIINCH
TeM MU UHBIM criocobom (Hanpumep, B Momyie-2 rpebyercs, 4ToObl BBIDAZKEHM st
BBIUUC/ISJIUCD 110 IPUBEIEHHBIM (DOPMYJIaMm), B HEKOTOPBIX A3bIKAX €CTh BO3MOXK-
HOCTb #BHO 33Jarb crnocob Boruucienus (Cu, Azna). Beruucnenue sormueckux
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BBIPAXKEHUH HEMOCPEJICTBEHHO 1O TAOJUIAM UCTHHHOCTH AHAJOTHYHO BBIYHCIIE-
HUIO apu(PMETHIECKUX BBIPAKEHUHN, TTOITOMY MblI HE OyJIeM UX PACCMATPUBATH
otaenbHO. PaccMorpuM moapobHee Crocod BBIYHUCIEHHUs ¢ MTOMOIIHIO TPUBEIEH-
HBIX BbIe Gopmyst (OyaeM HA3LIBATEL €r0 “BLIYUCIEHUEM C YCIOBHBIMU TI€PEX0-
namu”). UHorma taxoil crmocob paccCMaTpUBAIOT KAK ONTUMU3AIUIO BLIUUCICHUS
JIOTUYECKUX BBIPAYKEHUIA.

Paccmorpum crenyromniyo arpuOyTHYI0 TPAMMATHKY CO BXOIHBIM S3BIKOM
JIOTHYIECKUX BBIPAYKEHUI:

RULE

Expr ::= BoolExpr

SEMANTICS

FalselLab<1>=False; TrueLab<1>=True;
Code<0>=Code<1>.

RULE

BoolExpr ::= BoolExpr ’AND’ BoolExpr

SEMANTICS

FalseLab<1>=FalselLab<0>; TrueLab<1>=NodeLab<3>;
FalselLab<3>=FalselLab<0>; TrueLab<3>=TrueLab<0>;

Code<0>=NodeLab<0> + ":" + Code<1> + Code<3>.
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<O0>.
RULE

BoolExpr ::=T

SEMANTICS

Code<0>=NodeLab<0> + ":" + "GOTO" + TrueLab<0>.

31ech mpeanoIaraeTCs, 9TO BCE BEPIIUHBI JIEPEBA 3aHYMEPOBAHBI U HOMED
BepImuHbl 1aer arpudyT NodeLab. MeTku BepIinH mepesaroTcs, KaK 3TO H300-
pakeHo Ha puc. 9..11.

Takum 00pa3oM, KayKIOMY ATpHOyTHPOBAHHOMY [IE€PEBY B ITOH aTpuOyT-
HO# rpaMMATHKe COIOCTABJISETCS KOJ, IMOJIy9eHHbI B pe3yJsbraTe obXoma jie-
peBa CBepxXy-BHHU3 CJIeBa-HANPaBO ciemyiomumM obpaszom. IIpu Bxome B Bepiu-
Hy BoolExpr remepupyerca ee Homep, B Bepmune F remepupyerca texct GOTO
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TrueLab FalseLab
FalseLab \ TrueLab
/ AND\ TrueLab / OR \ FalseLab
FalseLab FalseLab TrueLab TrueLab
TrueLab ¢ NodeLab FalseLab ¢ NodeLab
Puc. 9..11:

anavenue ampubyma FalseLab<0>, B Bepruue T — GOTO 3unauenue ampubyma
TrueLab<0>. Hanmpuwmep, A71a BbIpazKeHust

FOR(CFANDTANDT ) OR T

MOJIYYUM aTpUOyTHPOBAHHOE IEPEBO, M300parkenHoe Ha puc. 9..12, u Koz

1:7: GOTO 2
2:8:4:9: GOTO 3
5:10: GOTO 6

6: GOTO True
3: GOTO True
True:

False:

DTy NMHEAPU30BAHHYIO 3aIMCh MOYKHO TPAKTOBATH KAK MTPOTPAMMY BBIYHUC-
JIEHUsI JIOTHYIECKOT'0 3HAYEHMS: KAXK/1ast CTPOKA MOXKeT ObITh TOMedeHa HOMEPOM
BEPIIIUHBL U COAEPKATH JTUOO Mepexo] Ha APYTYI0 CTPOKY, aubo mepexosn Ha True
niu False, 9TO COOTBETCTBYET 3HAUEHUIO BhIpaXKeHus true man false. Byaem
FOBOPUTDH, YTO MOJAy4YeHHAs MPOrpaMMa ebiuucadem (WM uwmepnpemupyem,)
3HAYEHNE BLIPAYKEHUsI, €CIM B PE3YJIbTATE €€ BBLIMOJIHEHUs (OT MepBOil CTPOKM)
MBI IPUJEM K CTpOKe, comepzkaiieil GOTO0 True mim GOTO False.

VrBepxzenue 9.1. B pesyavmame unmepnpemayuu noddepesa ¢ Hexkomo-
PuMU 3HaveHUAMU ampubymos FalseLab u TruelLab 6 ez2o kopHe 6binoa-
Hnaemes xomanda GOTO Truelab, ecau 3HAUEHUE 6BIPANCEHUA UCTNIUHHO, U
xomanda GOTO Falselab, ecau 3HaueHUue 6bLpaANCEHUS NOACHO.

JlokazarenbcTBo. IlpuMennM WHIYKIMIO TIO BBICOTE fepeBa. Iaa mepeBben
BBICOTHI 1, COOTBETCTBYIONINX TTPABUIAM

BoolExpr ::= F wu BoolExpr ::=T,
CIIPABETUBOCTD YTBEPXKAEHUsI CIeAyeT U3 COOTBETCTBYOMIMX ATPUOY THBHIX IPa-
Buii. [lycrs mepeBo mmeer BoicoTy n > 1. 3aBUCHUMOCTH ATPUOYTOB JJIsl U3~
IOHKIIMY ¥ KOHBIOHKIIUK ITPUBEJIeHa Ha puc. 9..13.
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Expr

| TrueLab = True
BoolExpr FalseLab = False

| NodeLab =1
OR
TrueLab = True TrueLab = True
FalseLab =2 B -
0olExpr BoolExpr FalseLab = False
NodeLab =7 P | P NodeLab =2
/ OR\
F TrueLab = True TrueLab = True
BoolExpr FalseLab =3 BoolExpr FalseLab = False
/ \ NodeLab =8 NodeLab = 3
( )
TrueLab = True T
BoolExpr FalseLab =3
I NodeLab =4
AND
1{: 2 'l‘;eLLaabb = ; TrueLab = True
~2  BoolExpr BoolExpr FalseLab= 3
NodeLab =9 P | Pr NodeLab=5
/4ND\
F TrueLab =6 TrueLab = True
BoolExpr FalseLab =3 BoolExpr FalseLab=3
NodeLab =10 NodeLab =6
T T
Puc. 9..12:

Ecnm a1g KOHBIOHKIMY 3HAYEHUE JIEBOTO TIO/IIEPEBA JIOXKHO U TI0 WHIYKITUH
BBIUMCJIEHNE JIEBOTO TOAIepeBa 3aBepinaerca kKoMana0it GOTO0 FalseLab<1>, To
rojiy4aeM, 4TO BBIYMC/IEHUE BCEro JepeBa 3aBepliaeTcsd KOMaHJO Ilepexoia
GOTO FalseLab<0> (= FalseLab<1>). Eciu ke 3HaueHue JieBOro 1o/ iepesa uc-
TUHHO, TO €r0 BbIYHUCJIEHHE 3aBepinaeTcd Komanaoi nepexoga GOTO TrueLab<1>
(= NodeLab<3>). Eciin 3HaueHne mpaBoro MmojijiepeBa JIO¥KHO, TO BBIYUCIEHHE
BCEro Jepesa 3apepinaercs KoManaoit GOT0 FalseLab<0> (= FalseLab<3>). Ec-
JIW 7K€ OHO MCTHHHO, BBIYNCIIEHNE BCErO epeBa 3aBepIIaeTcd KOMaHIO0! nepexo-
na GOTO TrueLab<0> (: TrueLab<3>). Ananoru4no — UId U3 BIOHKINAMN. |

YrBepxmerue 9.2. /Jlaa 2106020 A02UMECK020 6bIPAINCEHUA, COCTNOAULE20 U3
KOHCMAHM, NPO2PAMMA, NOAYYEHHAA 6 pe3yabmame 0bxoda depesa 3mozo
BHLPANCEHUA, 3A6EPULEEMNCA CO 3HAYEHUEM AO2UYECKO20 GBIPANCEHUSA 6 00bLY-
HOU uHMepnpemayuy, m.e. ocyuecmensemcsa nepexod na True das 3nave-
HUA, Pa6HO20 true, u nepexod na memry False das snauenusn false.

JokazaresbcTBO. TO yTBEPK/ICHUE SBISIETCS YACTHBIM CJIyIaeM IIPE/IbIILy-
mero. Ero cnpasemsmmBocTs ciemyer u3 TOro, YTO METKU KOPHS JI€PeBa PABHDI
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FalseLab<0>
TrueLab<0>

FalseLab<1> = FalseLab<0>
TrueLab<1> = NodeLab<3>

FalseLab<3> = FalseLab<0>
TrueLab<3> = TrueLab<0>

FalseLab<0>
TrueLab<0>

FalseLab<1> = NodeLab<3>
TrueLab<1> = TrueLab<0>

FalseLab<3> = FalseLab<0>
TrueLab<3> = TrueLab<0>

Puc. 9..13:

coorBeTcTBeHHO TruelLab = True m FalselLab = False. |

JobaBum Tereph HOBOE MPABUJIO B MPEIbLAYIILYI0 TPAMMATUKY:

RULE

BoolExpr ::= Ident

SEMANTICS

Code<0>=NodeLab<0> + ":" + "if (" + Val<1> + "==T) GOTO" +

TrueLab<0> + "else GOTO" + FalseLab<0>.

Tornma, nanpumep, s Buipaxkerus A OR ( B AND C AND D ) OR E momy-
9UM CJIEAYIONIYIO TIPOTPAMMY:

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 GOTOD 3

6: if (D==T) GOTO True else GOTD 3

3: if (E==T) GOTO True else GOTOD False
True:

False:

IIpu kak10M KOHKPETHOM HAOOPe MAHHBIX 3TA MPOrPaMMa IPEBPAIIAETC B
[IPOrpPaMMy BBIYUC/IEHUSA JIOTUYECKOIO 3HAYEHU.

VrBepxmenue 9.3. B xaorcdoti cmpoke npozpammot, chHopmuposannoti npe-
dudyweti ampubymmoti cremoti, 00na U3 MEMOK SHYMPU YCA08H020 ONEPa-
mopa cosnadaem ¢ memrot caedyrowet cmpoxu.
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JlokazarenbcTBo. elicTBUTENHHO, 10 TPABUJIAM HACTEIOBAHUS aTPHOYTOB
TrueLab u FalseLab, B mpaBuiax /i AU3bIOHKIINA U KOHBIOHKIINH JTHOO aTPH-
Oyt FalseLab, mu6o aTrpubyTt TruelLab npwHHMAaeT 3HAYEHHE METKHU CJIeIyTOIIe-
ro moamepeBa. Kpome Toro, kak 3Hadenne FalseLab, Tak u 3Hadenne Truelab,
TIepealoTCs B TMPaBOe MOAAEPEBO OT TMpeaKa. TakuMm oOpa3oM, camblil TTpaBbIi
NOTOMOK BCerjia mMmeer OJHy u3 MeTOK Truelab mau Falselab, paBHyio MeTKe
MpaBoro 6para COOTBETCTBYIONIETO MO/IEPEBA. ¥ YNTHIBAs MOPAIOK T'€HEPAIUU
KOMaHJI, IOJIy4aeM CIPaBeJINBOCTb yTBEPXKICHUS. [ |

JlonoTHUM Teneph aTpuOyTHYIO TPAMMATHUKY CAEIYIOMNUM 00pa3oM:

RULE

Expr ::= BoolExpr

SEMANTICS

FalselLab<1>=False; TrueLab<1>=True;
Sign<i>=false;

Code<0>=Code<1>.

RULE

BoolExpr ::= BoolExpr ’AND’ BoolExpr

SEMANTICS

FalseLab<1>=FalseLab<0>; TrueLab<1>=NodeLab<3>;
FalseLab<3>=FalseLab<0>; TrueLab<3>=TrueLab<0>;
Sign<i>=false; Sign<3>=5ign<0>;

Code<0>=NodeLab<0> + ":" + Code<1> + Code<3>.
RULE

BoolExpr ::= BoolExpr ’0R’ BoolExpr
SEMANTICS

FalseLab<1>=NodeLab<3>; TrueLab<1>=TrueLab<0>;
FalseLab<3>=FalseLab<0>; TrueLab<3>=TrueLab<0>;
Sign<l>=true; Sign<3>=Sign<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>.
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RULE

BoolExpr ::=T

SEMANTICS

Code<0>=NodeLab<0> + ":" + "GOTO0" + TrueLab<0>.

RULE

BoolExpr ::= Ident

SEMANTICS

Code<0>=NodeLab<0> + ":" + "if (" + Val<i> + "==T) GOTO"

+ TrueLab<0> + "else GOTO" + FalseLab<0>.

[IpaBusna nacimenoBanus arpubyra Sign mpuBeaeHbl 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 kenarenbHO cHOPMUPOBATH TAKUM 00pA30M, 4TOOBI else-MeTKa
ObLIa KAK Pa3 MeTKOH ciemyiorieil Bepimuabl. Kak 970 MOXKHO CIeIaTh, CJIEAyeT
U3 CJIELYTOIIEro yTBEPIK ICHNUs.

VrBepxmenue 9.4. B xaosrcdoli mepmunasvrot sepuumne, memra baustcati-
We20 NPaso2o 0is Hee noddepesa pasHa 3Havenuro ampubyma FalseLab
amot eepwunsb, mozda u Moavko mozda, Kozda 3navwenue ampubyma Sign
amotl sepwuHblL PaHO true, U Haobopom, memra bausicatiuezo npasozo Oif
Hee noddepesa pasHa 3naveHuro ampubyma Truelab smotl eepwuns,, mozda
U MOoAbKO mozda, Kozda 3navenue ampubyma Sign pasno false.

JlokazarenncTBo. [eicTBUTEIHHO, eCin OansKaiimeii oOIeil BepImHOi sB-
nsgerca AND, To B jseBoro moromka mepemaercs NodeLab mpaporo moromka B
kadecrBe Truelab u OgHOBpPEMEHHO Sign MpPaBoOro MOTOMKa paseH true. Ecian
e Omskaiineit obIeit BepimHoi aBisercsa 0R, TO B JIEBOTO MOTOMKA TepeIa-
erca NodeLab mpaBoro moromMka B Kadectse FalselLab m ogHOBpeMeHHO Sign
MpaBoro NOTOMKa, paBeH false. Bo Bce ke mpaBbie moromMku 3Ha4deHus Truelab,
FalseLab u Sign nepejaiorcs u3 npejka (3a uckJrouenueM npasuia nis NOT,
B KOTOpOoM TruelLab u FalseLab Mendrorcd Mmecramu, HO OJHOBPEMEHHO HA MPO-
TUBOIOJIOKHBII MeHsercd u Sign). [ |
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Ortu nBa yrBepxienus (3 u 4) NO3BOJISIOT 3aMEHUTH HOCJIEIHEE PABUIO
aTpuOyTHON IPAMMATHKH CIEIYIONIAM 00Pa30M:

RULE

BoolExpr ::= Ident
SEMANTICS
Code<0>=NodeLab<0> + ":" +

(Sign<0>
? "if (" + Val<1> + "==T) GOTO" + TrueLab<0>
"if (" + Val<1> + "==F) GOTQ" + FalseLab<0>).

B cBoio ovepenp, npu remepanuyu MAMIAHHBIX KOMAaHJ 3TO MPABUIO MOXKHO
3aMEHUTb Ha CJeyIoIlee:

RULE

BoolExpr ::= Ident

SEMANTICS

Code<0>=NodeLab<0> + ":" + "TST" + Val<1> +

(Sign<0>
7 "BNE" + TrueLab<0>
"BEQ" + FalseLab<0>).

Taxum obpazom, s Boipakenusi A OR ( B AND C AND D ) OR E momyuum
CJIeTyTOIINi KOJT HA KOMAH/IaX Mepexo/Ia:

1:7: TST A
BNE True

2:8:4:9: TST B
BEQ 3

5:10: TST C
BEQ 3

6: TST D
BNE True

3: TST E
BEQ False

True:

False:

Ecnm 3jeMeHTOM JIOTHUeCKOTO BBIPAKEHUS SIBJSIETCS CDAaBHEHHUE, TO TE€HEPH-
pyeTcs KOMaHIa, COOTBETCTBYIONAs 3HaKy cpasHenus (BEQ s =, BNE mus <>,
BGE 111 >= ¥ T.1.), €ciu aTpuOyT Sign COOTBETCTBYIOMIEH BEPIIUHBI UMEET 3Ha-
yenue true, u orpunanue (BNE mus =, BEQ qys <>, BLT musg >= u T.1.), eciu
arpubyT Sign mmeer 3navenue false.

9.8. BrpigeseHue obmx MOABBIPAXKEHMIA

Boroenenne oOIuX MOABBIPAYKEHUI OTHOCUTCS K OOJIACTH ONTHMHU3AIUN TIPO-
rpamMm. B obuiem ciyuyae TpyaHo (MM gazke HEBO3MOXKHO) NPOBECTH I'DAHUILY
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MezK/ly ONTUMHU3anueil u “KadecTBeHHON TpaHcasuueidr”. OuruMusanys - 370 U
ecThb KauecTBeHHas Tpancsainus. OObI9HO TepMUH “OnTUMu3aIusa”’ yrIoTPeOIsIoT,
KOT/Ia JIJIsi TIOBBIIIEHNST KAYeCTBA TPOrPAMMBI UCIOIL3YIOT €€ TUIyOOKue mIpeod-
pa30BaHUs TaKWe, HAIPUMED, KaK 1mepeBo B rpadoByio ¢dopmy mjisa u3ydeHus
HETPUBUAJBHBIX CBONCTB MTPOTPAMMBI.

B sTom cmbicsie Boigesienre OOIUX TOABBIPAXKEHUN — OHA W3 MPOCTENIITIX
ontuMmu3anuii. /Insa ee ocymecTBieHns TPeOyeTCss HEKOTOPOE MPeodpPa3oBaHMe
[IPOTrPaMMbl, & UMEHHO TOCTPOEHNE OPUEHTUPOBAHHOIO AIUKJINIECKOTO Tpada, 0
KOTOPOM MOBOPUJIOCH B TJIaBe, MOCBSAIIEHHON TPOMEXKYTOUHBIM IIPEICTABICHISIM .

Jlunetinoiti ywacmokx — 3TO MOCIEIOBATEILHOCTH OTEPATOPOB, B KOTOPYIO
yOpaBJjIeHre BXOIUT B HAYAJE W BBIXOJWT B KOHIE 0€3 OCTAHOBKHU W MEPEXOJIa
U3HYTPH.

Paccmorpum nepeBo MHEHHOrO y49acTKa, B KOTOPOM BEPIIMHAME CJIy2KAT
omepaIuu, a MOTOMKAME — ONEPAHIbI. ByaeM TOBOPUTH, UTO [IBE BEPIITHHBI 00-
pas3yIoT obuiee nodeupasrcenue, eCliu MOAIEPEeBbs JIJI HUX COBIIAIAIOT, T.€. HMe-
0T OIMHAKOBYIO CTPYKTYPY U, COOTBETCTBEHHO, OJIMHAKOBBIE OMIEPAIIAN BO BHY-
TPEHHUX BepINIWHAX W OJWHAKOBBIE OMEPAH/bI B JIUCTbiAX. Bbizerenne obOmmx
[IO/IBBIPAYKEHUIT TIO3BOJISIET T€HePUPOBATD /il HUX KO OJWH Pa3, XOTS MOMKET
[IPUBECTH U K HEKOTOPBIM TPYAHOCTSIM, O YeM BKPATIE OYIeT CKA3AHO HIKE.

Broigenenve oOmMUX MOABBIPAYKEHWI MTPOBOAUTCS HA, JIMHEHHOM yYaCTKE W
OCHOBBIBAETCS HA JBYX MOJIOKEHUSX.

1. ITockonpbKy HA JMHEHHOM ydYacTKe ITEPEMEHHONW MOXKET ObITh HECKOJIBKO
[IPUCBAUBAHUI, TO MPU BBIIETEHUN OOIIUX MOABBIPAKEHUI HEOOXOAUMO PA3JIU-
9aTh BXOXK/IEHUS [IEPEMEHHBIX J0 U [T0CJIe nprucBanBanusi. JLs 3Toro Kaxas me-
peMeHHasT CHADKAETCS CYETINKOM. BHAUAIe CIeTIYNKN BCEX MEPEMEHHBIX yCTa-
HaBauBaOTCa paBHbiMu 0. [Ipu KaxK10M MPUCBANBAHNN IEPEMEHHOI €€ CUeTINK
yBenundIuBaeTcd Ha 1.

2. Boigemenne oOmmxX MOABLIPAKEHUIT OCYIIECTBISETCS Mpu 0OX0mae mepe-
Ba BbIpaXKEHUs CHU3Y BBEPX cieBa Hampaso. IIpu mocrmxkenun odepesHoii Bep-
skl (IIycTh Omepanus, NPUMEHEHHas B 9TON BepIIuHe, ecTh ODMHAPHAs Op; B
Cly4uae yHApHOIT ONepaluu pacCy 2K ICHUS Te JKe) MPOCMATPUBAEM ODIIUE MOIBbI-
paXKeHusi, CBI3aHHbIE C op. Kciim mMeeTcs: BrIpaXKeHne, CBI3aHHOE C Op U TaKOe,
YTO ero JIeBbIi OMePaH I eCTh O0IIee NOIBbIPAYKEHNE C JIEBbIM OIEPAHIOM HOBOTO
BBIPAYKEHMUsI, & IPABBII OMEPAH/T - 00IIee TOABBIPAYKEHNE C MIPABBIM OIMEPAHIOM
HOBOT'O BBIPAXKEHUsI, TO OODbSIBIIsIEM HOBOE BbIPAKEHHME ODIIUM C HANIEHHBIM U
B HOBOM BBIDAXKEHUH 3AMOMUHAEM yKA3aTeIb HA HAIEHHOe 00IIee BHIPAXKEHHE.
Bazucom mocTpoeHus CIy>KAT TEepeMeHHas: €CIN ONepaHIaMu 00OUX BBIpaKe-
HUI SIBJISIOTCSA OJWHAKOBBIE MEPEMEHHBIE C OJNHAKOBBIMU CUETIYUKAMU, TO OHU
SABJIAIOTCS OOIMMU TOBbIpaKeHnsiMu. Eciin BhIpakeHrne He BBIAETIEHO KaK 00-
1ee, OHO 3aHOCUTCS B CIIMCOK ONepAaIuii, CBSI3aHHBIX C Op.

Paccmorpum Temeph peasm3aliuio aaropuTMa BBIAEIEHUsT OOIINX MOIBBIPA-
xennii. [lonmepkuBarorcs cieayomme riodaJIbHbIe IepeMeHHbIE:

Table — TabaUIA TEPEMEHHBIX; I KasKIOH MepeMeHHON XpaHUTCSA ee CIeT-
quk (Count) u ykazaresb Ha BEPIIUHY J€PEBA BbIPAXKEHUIA, B KOTOPOii nepeMeH-
Has BCTPETHJIACH B MOCJIe/Huii pa3 B npaBoii yactu (Last);

OpTable — Tabsuua cinuckos (tuna LisType) oOwmx IOABbIPAYKEHUIA, CBsi-
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3aHHBIX C KaXK7I0# omeparmeit. Kaxkaplit a;mieMeHT CIncka XpaHUT yKa3aTeab Ha
BepuinHy gepesa (mose Addr) u npoaoskenue crucka (nose List).

C xaxk7oit BepIMHOI JepeBa BhIparkeHHUsl cBsi3aHa 3amuch Tuna NodeType,
CO CITeAyOIMUAMHA TOJIAMM:

Left — jIeBBIil MOTOMOK BEPIINHEI,

Right — mpapblif IOTOMOK BEpIINHEI,

Comm — yKa3aTesh Ha MpeabIayInee o0Iee MoIBbIpAKEHNe,

Flag — npu3sHakK, sBJSETCs JU MOAAEPEBO OOIIUM MOIBLIPAKEHUEM,

Varbl — npusHak, ABIAETCA JIU BEPIINHA IIePEMEHHOI,

VarCount — cH4eTYHK NEPEMEHHOMN.
Boimenenne obIux MoABbIPaYKEHU 1 MOCTPOEHHUE JIEPEBA OCYIIECTBIISIOTCS TTPHU-
BEJICHHBIMU HUXKe npauiamu. Arpubyr Entry serepmunana Variable maer
yKazaresb Ha mepemennyio B Tabmune Table. Arpubyr Val cumsosa Op maer
Koz, onepanuu. Arpubyr Node cumBomoB IntExpr u Assignment gaer yka3a-
TeJIb Ha 3anmuch Tuna NodeType COOTBETCTBYIOIIErO HETEPMUHAIA.

RULE

Assignment ::= Variable IntExpr

SEMANTICS
Table[Entry<1>].Count=Table[Entry<1>].Count+1.
// YBeNWYUTH CUETYUK NPUCBAUBAHWUN IepeMeHHOH

RULE
IntExpr ::= Variable
SEMANTICS
if ((Table[Entry<1>].Last!=NULL)
// TlepeMeHHas yXe 6bJa MCIOIb30BaHa
&& (Table[Entry<1>].Last->VarCount
== Table[Entry<1>].Count ))
// C Tex mop IepeMeHHO} He OHJIO IPUCBAWBAHUSA
{Node<0>->Flag=true;
// TepeMenHas - obllee IOIBHpaXeHUe
Node<0>->Comm= Table[Entry<i>].Last;
// YkasaTenb Ha obljee IOIBHpaxeHHe

X
else Node<0>->Flag=false;

Table[Entry<1>] .Last=Node<0>;

// YkasaTenb Ha NOCIefHee HCIOIb30BAHUE II€pEMEHHOH
Node<0>->VarCount= Table[Entry<i>].Count;

// HoMep mcmonb30BaHNSA NepeMeHHOR
Node<0>->Varbl=true.

// BhpaxeHue - IepeMeHHas

RULE
IntExpr ::= Op IntExpr IntExpr
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SEMANTICS
LisType * L; //Tun cunmckoB omepanuu
if ((Node<2>->Flag) && (Node<3>->Flag))
// N cupaBa, u cneBa - obuye NOABHpPaXEHUS
{L=0pTable[Val<1>];
// Hadamo cmucka obwux NOLBHPAXEHWH s OIepaluu
while (L!=NULL)
if ((Node<2>==L->Left)
&& (Node<3>==L->Right))
// JleBoe u mpaBoe HIOLLEpPEeBbs COBIALALT
break;
else L=L->List;// Cunemyoumii sJeMeHT CHHCKA
}
else L=NULL; //He obumee momBHpaxeHUe

Node<0>->Varbl=false; // He mepeMeHnHas
Node<0>->Comm=L;
//Ykasatens Ha mpensnnyumee obumee monshpaxenue mau NULL

if (L!=NULL)
{Node<0>->Flag=true; //06umee mogBHpaxeHUE
Node<0>->Left=Node<2>;
// VrasaTenb Ha JeBOe IOLIEPEBO
Node<0>->Right=Node<3>;
// YrasaTenb Ha IpaBoe NOILEPEBO
}
else {Node<0>->Flag=false;
// [laHHOe BhHpaxeHWe He MOXeT pacCMaTpUBAThCHA Kak obljee
// Ecmm obmero moIBHpaXeHUS C LAHHHM He OHUIO,
// BRIOYATH NAaHHOE B CIHMCOK [Js ONepalyu
L=alloc(sizeof (struct LisType));
L->Addr=Node<0>;
L->List=0pTable[Val<1>];
OpTable[Val<1>]=L;

Paccmorpum Temeps HEKOTOPBIE MPOCTHIE MPABUIIA, PACIPEIETIEHUS PETHCTPOB
[IPU HAJIMYUA OOIIUX MOABBIPAYKEHH. KC/Ii 9ucIo perncTpoB OrpaHuIeHo, MOXK-
HO BBIOPATH OIWH U3 CIECAYIONNX IBYX BAPUAHTOB.

1. [Ipu obHApPYKEHUHU ODIIErO TIOABBIPAYKEHNS C TIOABBIPAYKEHUEM B yIKe MPO-
CMOTDEHHO JacTu jepeBa (M, 3HAYWUT, C y¥Ke PACIPENETCHHBIMU PErUCTPAMH)
[IpOBepsieM, PACIOIIOXKEHO JIM ero 3HadeHnue Ha perucrpe. Ecau ga, u ecnm pe-
PHCTP HOCJIE ITOrO HE MEHSIJICs, 3aMEHsIeM BBIYHCIEHNE MOIIePEBa HA 3HAUCHUE
B perucrpe. Eciu peructp MeHsiIcs, TO BBIYUCIIEM MOABLIPAKEHUE 3aHOBO.

2. Beoauwm ere onuu mpoxos. Ha mepBoM mpoxoze pacupeseisieM perucTphbl.
Ecnu B HekoTopoii BepiinHe 0OHAPYKUBAECTCS, ITO €e IMOIIEPEBO ODIIee ¢ yKe
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BBIYHMCJIEHHBIM paHee, HO 3HA4YeHUE PEerucTpa IMOTEPAHO, TO B TaKOH BeplInHE
Ha BTOPOM TIPOXOJ/i€e HEOOXOAWMO CreHEPHUPOBATH KOMAaHIy cOpoca permcrpa B
pabodyo mamMsaTh. BBIUTPHINT B Koae OyJeT, eciu CTOMMOCTh KOMAaHIbI cOpoca
perucTpa + JOCTYI K MaMATH B TTOBTOPHOM HCIOJIb30BAHUM 3TOH TMaMATH He
MTPEBOCXOJIUT CTOMMOCTH 3aMEHAEMOTO TojaepeBa. 110CKOIbKY CTOMMOCTH KO-
maHabl MOVE m3BeCTHA, MOXKHO CPABHUTH CTOMMOCTU W IPUHATH ONTUMAJIbBHOE
pelllenre: TOMETUTDb MIPEAbIAYILYI0 BEPIIUHY Jjisd cOpoca Jub0 BBIYUCIAATD MO/
JIEPEBO MOJHOCTBIO.

9.9. TpaHcadausa 06bEKTHO-OPUEHTUPOBAHHBIX
CBOICTB A3bIKOB MPOTrPaMMUPOBAaHUS

B srom pasmene 6yayT paccMOTPEHBI MEXAHU3MBI TPAHCIANINANA OA30BBIX KOH-
CTPYKIHiT 00bEKTHO-OPUEHTUPOBAHHBIX S3BIKOB MPOrPAMMUPOBAHUS, & UMEHHO
HAC/IEIOBAHUS ¥ BUPTYAJbHBIX (DYHKIHMI Ha npuMepe s3bika, C+4-.

9.9.1. BupryaabHble 6a30BbI€ KJIaCChHI

K omumcarenio 6a3oBoro kiaacca MOXKHO 100aBUTH KitodesBoe ciioBo virtual. B
9TOM CJIy4ae eqUMHCTBEHHbIA H0J00bEeKT BUPTYaJbHOrO 6A30BOr0 KIacCa pa3ie-
JIeTC KaxK/IbIM 0a30BbIM KJIACCOM, B KOTOPOM TOT, UCXOIHBIH, 6a30BbIHA Kacc
OIpe/IesIeH KaK BAPTYaJbHBIN.

ITycTb MBI UMEEM CIIEIYIOIIYI0 HEPAPXIIO HACTIEIOBAHUS:

class L {...}

class A : public virtual L {...}
class B : public virtual L {...}
class C : public A, public B {...}

DTO MOXKHO W300pPA3UTH CIEAYIONIEH TrnarpaMMOil KJIacCcoB:

L

Puc. 9.14.1: InarpamMmma KJ1accoB

Kaxapriit oobekr A win obbekt B Oyaer comepxkarb L, Ho B 00bekTe C
OyeT CyIecTBOBATH JIUIbL OAWH 00bekT Kmacca L. ZcHo, 910 mpeacTapienne
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00bEeKTa BHPTYAJTHLHOTO 0A30BOTO Kjaacca L He MOXKeT ObITh B OJHON M TOM Ke
no3uruy oTHOcuTesbHO U A, u B s Bcex 00bekToB. Cle10BaATEIbHO, BO BCEX
00BbeKTAaX KJIACCOB, KOTOPBIE BKJIOYAOT KJacC L KaK BUPTyaJ bHbBIH 0Aa30BBIi
KJIACC, JOJKEH XPaHUThCs ykazareiab Ha L. Peamusamusa A, B u C' 06bekTOB
MOTJTa, OBbI BBITISAETH CJIEIYIONIM 00pa30M:

A* aptr = new A;
aptr Yacte A

Hacts L

B* aptr = new B;
bptr Yacts B

Hacts L

C* aptr = new C;
cptr Yacts A

Yacts B
Yacts C
Hacts L

Puc. 9.14.2: Peamuzanusa A, B u C' 06beKTOB.

9.9.2. MHo>KeCcTBEHHOE HACJeI0BaHNIE

Nmea nBa xnacca

class A {...af (int);}
class B {...bf(int); }

MOKHO OObABUTH TpeTI/Iﬁ KJIaCC C 9TUMU ABYMA B Ka49€CTBE 0a30BbBIX:
class C : public A, public B {...}

O6mbekT kimacca C' MOXKeT ObITh pa3MelIeH KaK HemPEePbIBHBIN 00bEKT BUIA:

Yacte A
Yacts B
Yacts C

Puc 9.14.3:

Kak u B ciiyuae ¢ e fuHUYIHBIM HACJIEIOBAHUEM, 3[€Ch HE TAPAHTUPYETCs T0-
PAMOK BBIJETEHHs] TAMATH it 0A30BBIX KJIACCOB, TO3TOMY 0ObekT Kiacca C'
MOZKeT BBIIVIANETDb U TaK:
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Yacts B
Yacts C
Yacts A

Puc 9.14.4:

Hoctyn K uneny kiaacca A, B nin C peanusyercs B TOYHOCTU TaK 2Ke, KaK
U JJIs €JIMHUYHOIO HACAEJOBAHMSA: KOMIIMJIATODP 3HAET IOJIOXKEHUE B OObeKTe
KazKJ0r0 4IEeHa U IOPOXKIAET COOTBETCTBYOIIMMA KOJI.

Ecin o6bekT pa3Mmeres B MaMATH B COOTBETCTBHUM C TIEPBOI JAuarpamMMoii:
cHagaja JacTh A obbekTa, a 3arem yact B u C, TO BbI30B (DYHKIUH - UJIEHA
knacca A wim C OyZeT TakuM ¥Ke, KaK BbI30B (DYHKIMHU-YJIEHA TPU €IUHUY-
HOM HacaeaoBaHnn. Bei3oB pyHKIMU-1IeHa KIacca B s oObekTa, 3a1aHHOTO
ykazarejeMm Ha C, peanu3yercs HECKOJIbKO caoxHee. PaccMorpum

C* pc = new ()
pc — bf(2);

Dyukuus B :: bf() ecrecrBenno npexnnosnaraer, 4ro ee napamerp this ssiis-
ercst ykazareiaeM Ha B. UYToObl mosyunTh ykasaresih Ha dacTth B obbekTta C,
cienyer mOOABUTH K yKa3arTemio pc cMerenne B ornocutenbHo C' - KOHCTAHTY
BPEMEHU KOMTIMJIALUY, KOTOPYIO Mbl OyaeM Hasbisarh delta(B). Coornomenne
yKasarejisi pc 1 yKasarens this, nepegasaemMoro B B::bf, nokazano nmxe.

pc

Yacts A l Delta(B)
this gz B::bf

Yacts B

Yacte C

Puc. 9.14.5:

9.9.3. EauHuM4YHOE HacjieJOBaHUE
U BUPTYyaJbHBbIE (DYHKIIUU

Ecin knacc base comepzkutT BUpTyasbHyto ¢pyHKuuio vf, a knacc derived, mo-
POXKIEHHBIH 110 Kytaccy base, Takyke cOIAep:KUT GyHKIHO v f TOrO Ke TUTA, TO
obpamienre K vf s o0bekTa Kaacca derived Bbi3biBaer derived :: vf naxke
TIPM JIOCTYTIE Yepe3 yKa3aTesbh WM CChUIKY Ha base. B takom ciyvae ToBOpST,
uto byHKIMS TPOU3BOAHOIO Kacca nmoamenseT (override) dbyHkImio 6a30B0OT0
kiacca. Ecim, oiHako, TUIBL TUX (DYHKIUN PA3IUIHbI, TO QYHKIMHA CIUTATOTCS
PA3JUYHBIMEA U MEXAHU3M BUPTYAJIHHOCTH HE BKJIFOYAETCS.

Bupryanbable QyHKIIMHT MOXKHO PEATH30BATHL MPHU TIOMOIIN TAOJAIBI yKa-
3aresieit Ha BUpPTyanbHbIe GyHKIHU vibl. B ciydae emHUYHOrO HACTEIOBAHUSA
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TabIUIA BUPTYAJbHBIX (PYHKIHHA K1acca OyIeT COmepKaTh CChLIKKA HA COOTBET-
cTByfomre (PYHKIINK, & KaXKIbIH 00bEKT JAHHOTO KJIacCa OyIeT comepKaTh yKa-
3arenb Ha Tabauiy vibl.

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);
h
class C : public B {
public:
int c;
void h(int);
h

O6mbexT kimacca C Oymer BbINISAETh TPUMEPHO TaK:

int a; &A:: f
vptr &B:: g
int b &C i h
int ¢

Puc 9.14.6:

9.9.4. MHo>KeCTBEHHOE HAaCJIeJOBaHUE
U BUPTYyaJbHbIEe (DYHKIINN

IIpu MHOXKECTBEHHOM HACTEIOBAHNN BUPTYATbHbIE (DYHKIINN PEATU3YIOTCS HECKOTb-
KO cjoxkHee. PaccMoTpuM crepyromiue 00bsIBIEHNUS:

class A {
public:
virtual void f(int);
};

class B : {
public:
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virtual void f(int);
virtual void g(int);
b
class C : public A, public B {
public:
void £();
b

IMockonbky Kimace A mopoxaen mo Kixaccam A w B, KaXXIblii W3 CIeAYOIINX
BBI30BOB Oyer obpamarhes K C :: f() (cumras, uTo KaxkAblil U3 Tpex yKasareseit
cMoTpuT Ha 06beKT Kiracca C):

pa — f()
pb— ()
pc— f()

Paccmorpum, gys npumepa, Boi3os pb — f(). Ilpu Bxome B8 C :: f ykasa-
Tenb this JO/KEH yKa3bIBATh HA HAYaI0 00bekTa C', a He HA YacTh B B HeM.
Bo Bpems koMnusiiium BOOOIIE TOBOPS HE W3BECTHO, YKA3BIBAET JiX pb HA 9aCTh
B B C. Hanpuwmep, uz-3a T0oro, 910 pb MOXKeT ObITH TPUCBOEH MPOCTO yKa3a-
resib Ha obbekT B. Tak uro Besmuuna delta(B), ynoMsHyTas BbIlIE, MOMKET
OBITH PA3IUYHOMN [IJIsT PA3HBIX OOBEKTOB B 3aBUCUMOCTHU OT CTPYKTYPBI KJIACCOB,
MOPOKIAEMBIX U3 B 1 HOIKHA T/1e-TO XPAHUTCS BO BPEMSI BBIMOJTHEHUSA.

Caenosaresnbho, delta(B) mMOMKHO rae-T0 XPaHUTHCH U ObITHb JOCTYIHO BO
BpeMs ucnoHennsi. [I0CKOIbKY 3TO CMEIeH e HY?KHO TOIBKO JIJI BUPTYAJIBHO-
rO BBI30BA (DYHKIMH, JOTUYHO XPAHUTDH €r0 B TAOJIUIE BUPTYATbHBIX (DYHKITHH.

Ykazarens this, mepenaBaeMblii BUPTYaJIbHOU (DYHKINUA, MOXKET ObITH BbI-
YUCJIEH TyTeM BBIYUTAHUS CMEIEHNsT O0bEKTA, JIJIT KOTOPOTO ObLIa OMpeIeseHa
BUpTyaJibHAasT (DYHKIUsI, U3 CMEIEHNs OObEKTa, Ijid KOTOPOrO OHA BHI3BAHA,
a 3aTeM BBIYMTAHUs ITON PA3HOCTH U3 yKA3ATeJisl, UCIOIb3yeMOro TP BbI30-
Be. 3zech 3navenue delta(B) Gymer HeoOXOAMMO i MOMCKA Hadasna oObekTa
(B mamem caygae (), comepxamero B, no ykaszaremo Ha B. CrenepupoBas-
HbIi Ko7 BhIuTeT 3Hauenue delta(B) u3 3HaveHus yKazaTesist, TAK 9TO XPAHUTCS
cMernenue co 3HakoM muHyc, -delta(B). O6bekT knacca C OyAeT BBIMIAIETH
CIIeIYIOMIM 00Pa30M:

vtbl nna A B C

delta(B) vptr &C:=f |0
l qacts A
pb vptr vtbl gna B B C
JacTs B
gacth C &C: f | -delta(B)

&B:g 0
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Puc 9.14.7:

Tabsmua BupTyanbubix byuknuit vtbl nas B B8 C otnnyaercs ot vthl nis
oTIesbHO pasMemntennoro B. Kaxknas koMmOuHaimsi 6a30BOT0 W MPOU3BOIHOTO
KJIACCOB UMeEET CBOO Tabsuiry vtbl. B obmem ciiyuae 00beKT TPOM3BOIHOTO KJTaC-
ca Tpedyer Tabuity vibl ny1s Kazkoro 6a30BOro Kaacca ILIoC TaOINILy 1 TTPO-
U3BOJHOIO KJIACCa, He CYUTAasi TOIO, YTO IIPOU3BOJHbIN KJIACC MOXKET Pa3/IeJisiTh
tabmauiy vibl co cBoMM TEpBBIM 0A30BBIM KJyaccoMm. Takum obpaz3om, st 00b-
exta Tuna C' B 9TOM mpumepe Tpedyercs ase Tabiaunbl vtbl (tabmuua mna A B
C obbenunena ¢ tabmureit s C 00beKTa U erle OJHA TaDJIUIEA HyXKHA 11 B
obbekra B C).

9.9.5. BupryanbHble 6a30BbI€ KJIACCHI
C BUPTYAJIbHBIMH (DYHKIUSIMU

[Tpu Hamunm BUPTyaIbHBIX 0A30BBIX KJIACCOB MOCTPOEHUE TaOJIUIL J1si BBI30OBOB
BHPTYAJIbHBIX (PYHKIHIT CTAHOBUTCS OOJIee CI0KHBIM. PaccMOTpuM CIemayTornme
O0ObSIBIICHUSI:

class W {
public:

virtual void f();

0
virtual void g();
virtual void h();
virtual void k()

};
class MW : public virtual W {
public:
void g();
};
class BW : public virtual W {
public:
void f();
};
class BMW : public BW, public MW, public virtual W {
public:
void h();

|8

OrHoleHNe HACTEIOBAHUS [IJIs 3TOrO IIPUMEPaA MOXKeT ObITh H300PasKeHo B
BHIE AIUKIHIECKOro rpada TAKUM 00Pa30M:



Tpaucasnus OO-CBOHCTB sI3bIKOB MPOTPAMMHDOBAHUST

WA{f, g, h k}

BW{f}

MW{g}

BMW{h}

Puc 9.14.8:

dbyuruuu-unensl kiacca BMW MOryT ucmosib30BaThCst, HAIPUMED, TaK:

void g(BMW*pbmw)

{pbmw — f(); // BozeiBaer BW :: f()
pbmw — ¢(); // Bo3bBaer MW :: g()
pbmw — h(); // BbzeiBaer BMW :: h()

}

Paccmorpum renepsb caepyromuil BbI30B BUpTYaibHOil dyrkiumu f():

void h(BMW *pbmw)
{MW*pmw = pbmuw;

pmw — f(); // BbzeiBaer BW :: f(), moromy, uro

// pbmw ykaswiBaer Ha BM W, nyist xotoporo f Gepércs uz BW!

}
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Bupryanbubiit BbI30B (DYHKINK TIO OZHOMY MyTH B CTPYKType HACIEeI0Ba-
HHUST MOYKeT TPUBECTH K OOpaIrennio K byHKINH, TTePeoTpeiesieHHON Ha IPYyTOM

Iy TH.

Crpykrypa obbekToB kiacca BMW u ero tabnui BUPTYadbHBIX (DYHKIHI

vtbl MOTYT BBITTISAIETDH CIAEIYIONIAM OOPA3OM:
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vtbl myis BW 8 BMW

&BW :: f 0
&EMW ::g | 0+ delta(MW)
&BMW :: h| 0+ delta(BMW)
vptr &W :: k 0+delta(W)
qacth BW vtbl gna MW 8 BMW
vptr
wacts MW &BW :: f 0 — delta(MW)
qacte BMW LMW = g 0
vptr &BMW :: h| delta(BMW) — delta(MW)
qacts W &W :: k delta(W) — delta(MW)
vtbl myigs W B BMW
&BW :: f 0 — delta(W)
&MW g | delta(MW) — delta(W)
&BMW :: h| delta(BMW) — delta(W)
&W : k 0
Puc. 9.14.9:

BupryanbHoit ¢pyHKINN D0/IXKEH OBITH IEepeIaH yKas3arenb this Ha 0ObeKT
KJIacCa, B KOTOPOM 3Ta, (pyHKIUs onucana. [losromy ciaemgyer XpaHuTh CMENIeHne
IIJIsT KaXKI0ro ykasaress ¢yukiun u3 vibl. Korna o0bexT pa3melnen B maMsaTu
TaK, KAK 3TO N300PAKEHO BBIIIE, CMEIIEHNE, XPAHUMOE C YKA3ATEJIEM BUPTYAJIb-
HOU (DYHKIMU, HCIUCTSIETCS] BBITUTAHUEM CMEIIEHUs KJIACCA, JIJIsT KOTOPOTO 3T
rabauna vthl co3mama, W3 CMEIEHHsT KJIACCA, MOCTABIAIONIErO 3Ty (DyHKIHIO.
Paccmorpum mpumep:

void callvirt(w*pw)
{pw— £0);

}

main ()

{ callvirt(new BMW);
}

B dyuruumun main w308 callvirt ¢ ykazaremem na BMW tpebyer npusee-
HUS K yKazareaio Ha W, nockonbKy dbyHKIus callvirt oxkugaer mapamerp TH-
na W*. Tak xak dbyukuus callvirt BessiBaer f() (4epes ykaszarens na BMW,
npeobpa30BaHHbIN K yKazaTeso Ha W), Oyaer ucnonb3osana tabauna vtbl kimac-
ca W (8 BMW), rae yka3aHo, 4TO 9K3eMIUISPOM BupTyasibHoi dyukiuu f(),
KOTOPYIO HYXKHO BbI3BaTh, spigercas BW :: f(). Urobbl nepenarb byHkumuu
BW :: f() yxazarens this ua BW, yka3areib pw 10/2KeH ObITh BHOBb IPUBEIEH
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K ykazareso Ha BMW (Bbrautanuem cMerenus st W), a 3areM K yKa3aTesio
na BW (nob6asienuem cvemenuss BW B o6bexkre BMW). 3uauenue cmelenus
BW B oobekre BMW wmunyc cmernenne W B o6bekte BMW u ectb cMerienue,
XpaHuMoe B crpoke tabaunst vtbl mus w 8 BMW ana dyakuuun BW :: f().

9.10. TI'enepaiusi OIITIMAJIBHOTO KOJA METOJaMM
CUHTAKCHUYE€CKOI'0 aHaJIn3a

9.10.1. ComnocraBjieHue 00pa3IOB

Texnnka reHepanuy KOIa, PACCMOTPEHHAs BBIIE, OCHOBBIBAIACH HA OJHO3HAY-
HOM COOTBETCTBUU CTPYKTYPbI IPOMEXKYTOYHOTO MPEICTABIEHUS] U ONUCHIBAIO-
meit 3To mpeacTaBieHne rpaMMaTuKi. HeroctaTkoMm TaKoro “»KecTKoro” moaxona,
SIBJISETCST TO, YTO KAK MPABUJIO OJHY W Ty K€ MPOTrpaMMy Ha MPOMEXKYTOUHOM
SA3BIKE MOXKHO PEAN30BATH MHOTUMH PA3JIUIHBIMHU CIIOCOOAMU B CHCTEME KO-
MaH] MaIIWHbI. DTU PA3HBIE PEATTU3AINNA MOTYT UMETh PA3IUIHYIO JJINHY, Bpe-
M3l BBINOJHEHUS U Apyrue xapakrepuctuku. st reHepaiuu 60jee KadecTBeH-
HOT'O KOJIa MOXKeT ObITh IPUMEHEH OIXO0/I, W3JI02KEHHBIN B HACTOSAIIEH IyIaBe.

OTOT TOIXO OCHOBAH HA TIOHATHH “‘COMOCTABJICHHS OOpAa3IOB’: KOMaHIaM
MAIlWHBI COMOCTABJISIOTCS HEKOTOPBIE “00pa3ibl’, BXOXKIEHUS KOTOPBIX HIILyT-
Cs B IPOMEXKYTOYHOM MPEACTABIEHUN TPOIPAMMBI, W J€JAeTCs MOMBITKA “mo-
KPBITH’ MPOMEKYTOUHYIO IIPOrpaMMy TaKuMH obpasmamu. Ecmam aTo ymaercs,
TO 10 06pa3maM BOCCTAHABIMBAETCH IMporpamma yxke B Komax. Karkmoe takoe
MOKPBITHE COOTBETCTBYET HEKOTOPOIl MpOrpaMMe, PeAJU3yIoeil OqHO U TO Ke
MPOMEXKYTOYHOE MPEICTABICHHUE.

Ha puc. 9..15 nokazaHo npoMexyTO4HOe AepeBo i oneparopa a = b[i] +
5, rae a, b, i — JOKaJbHBIE ITEPEMEHHbIE, XPAHUMBbIE CO CMEIIEHUSAMHU T, Y, Z
COOTBETCTBEHHO B 00JIACTSAX JAHHBIX C OJHOUMEHHBIMU AJIPECAMU.

DuieMeHT MaccuBa b 3aHUMAET MAMATH B OJHY MAIIMHHYO e AuHuILy. 0-MecTHas
omepaius const BO3BpAIAeT 3HAYEHNE ATPUOYTa COOTBETCTBYIOIIEH BEPIITHHBI
MIPOMEKYTOYHOTO /IePeBa, YKA3AHHOIO HA PUCYHKE B CKOOKAX IOCJE OMEPATO-
pa. OgaomecTHas omepalus @ 03HAYAET KOCBEHHYIO aIPECALINI0 U BO3BPAIIAET
COZIEPKUMOE PETHCTpa WM AYefiKN NMaMATH, UMeIolei agpec, 3a/1aBaeMblil ap-
CYMEHTOM OTIEPAIINH.

Ha puc. 9..16 moka3an mpuMep CONOCTaBJIEHWS OOPA3IOB MAIIUHHBIM KO-
MargaM. [IpuBeseHbl 1Ba BapuaHTa 3aJaHus 00pa3la: B BUIE JE€PEBA U B BUIE
MPaBUIA KOHTEKCTHO-CBOOOMHOI rpaMMaTuku. it Kaskaoro obpasia yKas3aHa,
MaIlMHHAS KOMaHa, PEAJTH3YIONAs ITOT 00PA3el], U CTOMMOCTh ITON KOMaH/IbI.

B kazkmom mepese-obpasie KOpeHb WIH JINCT MOXKET ObITh MOMEYEeH TePMHU-
HAJIBHBIM 1 /WM HETEPMUHAJBHBIM CHMBOJIOM. BHYTpEHHHME BEPIIHHBI TIOMeYe-
HBI TEDMWHAJIBHBIMY CHMBOJIAMY — 3HaKaMu onepannii. [Ipu Hamoxxernnn obpasna
HA IEPEBO BHIPAYKEHUST, BO-TIEPBBIX, TEDMUHAIBHBIN CUMBOJI 00pA3Ia JOJIKEH CO-
OTBETCTBOBATH TEPMUHAIBLHOMY CUMBOJIY [I€EPEBA, U, BO-BTOPDIX, 00PA3IIBI JOJIK-
HBI “CKJIEMBATHCA IO THIy HETEPMUHAJILHOTO CHMBOJIA, T.€. THII KOPHS 00pas3a
JIOT2KEH COBIIA/IATh C THUIIOM BEPIIUHBI, B KOTOPYIO 00pa3el] MOACTABIAETCS KOP-
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/\

+ +
/\ /\
const (a) const (x) @ const (5)
+
/\

Y @
/\
const (b) const (y) l
/\
const (i) const (2)

Puc. 9..15:

meM. JlomyckaeTcs MCMOIb30BaHNE “HEenHbIX’ 00pa3IoB, T.e. 00PA3IOB, KOPHIO
KOTOPBIX HE COOTBETCTBYET TEPMHUHAIBHBIN CHMBOJI, 1 HMEIOIINX €IMHCTBEHHbII
37IEMEHT B mpaBoit gacTu. llemHbie MpaBuia CIyKaT A/ MPUBEICHNS BEPIIUH K
onaomy Tuity. Hampumep, B paccmMaTpuBaemMoil cucremMe KOMAaHI OJTHU U Te Ke
PErUCTPBI UCITOIB3YIOTCA KaK I [eIeil aapecalun, TaK W JJIsi BbIYUCIEHUI.
Ecnu 661 B cucTeMe KOMAH[I [IJIsT THX IIeJIell MCIOIh30BAJINCH PA3HBIE TPYIIIHI
PErucTPOB, TO B IPAMMATHKE KOMAH I, MOTJIA ObI HCIIOIb30BATLCS PA3HBIE HETEP-
MWHAJIbI, & [JI MEPECHIIKH U3 aPECHOr0 PErHCTPa B PECHUCTP JTAHHBIX MOTJIA
OBI NCIIOIB30BATHCS COOTBETCTBYIONIAS KOMAHIA U 0Opa3err.

Herepmunasbt Reg Ha 06pa3nax MOTyT ObITh MOMEYEHbI MHIEKCOM (4 Ui j),
4910 (HEehOPMATHHO) COOTBETCTBYET HOMEDY PErMCTPA U CIYYKUT JIUIIh JJIs 110~
SICHEHUSI CMBICJIA, UCITOJIH30BAHUsT PErucTpoB. OTMETHM, UTO MPU TEHEPAIMH KO-
713, paCCMaTPUBAEMbBIM METOIOM HE OCYIIECTB/IAETCS PACIPEIeIeHNE PEruCTPOB.
OTO ABIAETCA OTIEIBHON 3a5a9€ii.

CToMMOCTb MOXKET OIPEAE/IATHCA PA3IUYHbIMU CIOCODAME, HAIPUMED YHC-
JIOM ODpAaIleHuii K MaMsaTH MPU BBIOOPKE W WCIOJTHEHUN KOMAHIBI. 3€Ch MbI
He paccMaTpuBaeM 3Toro Bompoca. Ha puc. 9..17 npuBeeH mpuMep MOKPBITHST
MPOMEXKYTOYHOTO JAepesa puc. 9..15 obpasznamu puc. 9..16. B pamkun 3akioqe-
HBI (PparMeHThI JepeBa, COMOCTABIEHHBIE O00pa3Ily MpaBma, HOMEDP KOTOPOTO
YKAa3bIBAETCs B JIEBOM BEPXHEM YIJIy PaMKH. B KBaJapaTHBIX CKOOKAX yKa3aHbI
Pe3yABLTUPYIONINE BEPIINHBI.
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Ne O6pasen IIpaBmIIO rPaMMATHKY Komanpa / cronmocts
Reg
1 | Reg —> const MOVE #const, R 2
const
A
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 #const,R 3
Reg const
+ Reg (i)
5 /\ Reg — '+ Reg Reg ADD Rj,Ri 2
Reg (i)  Reg(j)
/+\Reg @
Reg()) @
6 | Reg — '+' Reg'@''+' Reg const | ADD const (Rj),Ri 4
+
Reg (j) const
@ Reg(i)
7 | Reg — '@' Reg MOVE (Rj),Ri 2
Reg (j)
Puc. 9..16:

IIpuBemerHOE TOKPHITHE TA€T TAKYIO MOCIEIOBATETHHOCTD KOMAHI;

(o2 J =Y S

MOVE #b,Rb
ADD #y,Rb
MOVE #i,Ri

ADD #z(Ri),Rb
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[ Stat ]
+
[ Reg(Ra) ] const (x)
1
const (a)
[ Reg(Rb) ]
4 +
Mt (5)
[ Reg(Rb) ]
7 @
[ Reg(RD) ]
6 +
[ Reg(Rb) ]——— @
4 + |
/\ /\
EReg(Rb )] const () [ Reg(Ri) ] const (2)
1
const (b) const (i)
Puc. 9..17:

7  MOVE (Rb),Rb
4 ADD #5,Rb
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1 MOVE #a,Ra
2  MOVE Rb,#x(Ra)

OcHoBHAST UAesT TOAX0/Ia 3AKIIOYAETCS B TOM, UTO KaXK/Iasd KOMAH/Ia MAITH-
HBI OMIUCHIBAETCS B BUJIE TAKOTO 00pasta. Pa3manbie MOKPHITHS 1€PEBa, TPOME-
JKYTOYHOTO TIPE/ICTABJIEHNS COOTBETCTBYIOT PA3JIMYHBIM TIOCIEI0BATETHHOCTIM
MAITUHHBIX KOMaHJ,. 3ajada BbIOOpA KOMAaHJ, COCTOUT B TOM, YTOOBI BHIOPATH
HAWTY Y9I COCO0 pean3alui TOro Wik WHOTO AeHCTBUST WU TOCIEI0BATE b=
HOCTH JIeHCTBHUIA, T. €. BHIOPATh B HEKOTOPOM CMBICIE ONITUMAJILHOE TIOKPHITHE.

s BEIOOpaA ONTHMATBHOTO TOKPBITHsST OBLIO MPE/IOKEHO HECKOIbKO MH-
TEPECHBIX AJTOPUTMOB, B YACTHOCTH MCHOJIb3YIOMUX TUHAMUYIECKOE MPOTPAM-
muposanue [11, 13]. Mbi 3nech paccmorpum asnropurm [12], komGuHUpYOLIMiT
BO3MOXKHOCTU CHHTAKCUIECKOTO AHAJIN3A, U IUMHAMUIECKOTO TTPOTPAMMHUPOBAHUSI.
B ocHOBY 3TOro ajaropurMa moJIOXKEH CHHTAKCUYECKUN aHAIN3 HEOTHO3ZHATHBIX
rpammaruk (Mogudunuposanubit anropurm Koka, durepa u Kacamu [15, 16]),
3¢ HEKTUBHDBIN B PEATIBHBIX MPUIOKEHUIX. DTOT KE METOJ MOYKET ObITH ITPUMe-
HEH U TOr/Ia, KOTJIa B KAYeCTBE TPOMEXKYTOYHOTO MPEICTABIEHUS UCIOIb3YeTCst
JIEPEBO.

9.10.2. CunTtakcmyeckuii anaau3 ajisga T-rpamMMmaTuk

OOBIYHO KO/ TEHEPUPYETCsT U3 HEKOTOPOTO TIPOMEXKYTOUHOTO S3bIKA C JJOBOJIBHO
KECTKOU CTPYKTypoii. B "acTHOCTH, A4 KaxKIO¥ Omeparum W3BECTHA €e pa3-
MEPHOCTH, TO CTh YNCJIO OTIEPAHI0B, bosbinee nin pasuoe 0. Omepannn 3a1a10T-
CA TEpMUHAJIbHBIMHU CUMBOJIAMHA, U HaO60pOT - 6y;[eM CUYUTATh BCE TEPMUHAJIb-
HbIE CHMBOJIBI 3HAKaMu omeparumii. HazoBem rpamMMaTwku, yaI0BJIETBOPSIOININE
3TUM orpanmdeHusM, T-zpammaemuramu. IIpaBas 9acTb KaxKaA0# MPOIYKIINA B
T-rpammMaTuke eCTh TPABUILHOE MPEeMUKCHOE BHIPAZKEHNE, KOTOPOE MOYKET ObIThH
3aJaHO CJICAYIOMIUM OMPEIeICHACM:

(1) Onepaius pasmeprocTr ) ABJISIETCA MPABUIBHBIM MTPEPUKCHBIM BHIPAKE-
HUEM;

(2) HerepmuHnam siBIsSETCA PABUIBHBIM TPE(DUKCHBIM BbIPAYKEHUEM;

(3) IIpedukcHoe BbIpazkeHHe, HAYUHAIOLIEECS CO 3HAKA OIEPAIMU PA3MEPHO-
ctu n > 0, apigeTcsS TPaBUIHLHBIM, €CJIM MOC/Ie 3HAKA OMEPAIud CIeyeT
7 IPABUJIBHBIX TMTPEMUKCHBIX BHIPAXKEHUIL;

(4) Huuro apyroe He siBJisieTcCsi HPABUILHBIM OPEMUKCHBIM BbIPAKEHUEM.

O06pa3Iibl, COOTBETCTBYIOIIE MAITHHHBIM KOMAHIAM, 33/IaI0TCs TPABUIAMA
rpaMMaTuKu (BOOOIIE rOBOPsI, HEOAHO3HAYHOM). [eHepaTop Koja aHaIu3upyeT
BXOIHOE TTPe(UKCHOE BBHIPAXKEHNE W CTPOUT OJHOBPEMEHHO BCE BO3MOYKHBIE 16~
peBbs pasbopa. ITocte okonuanus pa3zdopa BHIOMPAETCS AEPEeBO C HANMEHbIIeit
CTOMMOCTBIO. 3aTeM M0 STOMY €JUHCTBEHHOMY OIITHMAJILHOMY JI€PEBY IeHepu-
pyercs KO,
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s T-rpaMMaThK Bee HEIOYKHU, BEIBOAMMbIE U3 JII000ro HerepMuHasia A, siB-
JIAI0TCsT TPePUKCHBIMEU BbIPAXKEHUsIMU C (DUKCHPOBAHHON APHOCTHIO ONEPAIUi.
JlTMHbI BCEX BBIPAYKEHUI U3 BXOMHON ENOYKH a1 ... Ay, MOXKHO TIPEABAPUTETHHO
BBIUUCTUTD (II0J] JJIUHOM BHIPAYKEHUS UMEETCsl BBULY JJIMHA TIOACTPOKHU, HAUNHA-
forIeiica ¢ CMMBOJIA KOJA OTIEPAIINY 1 3aKAHUYMBAIOIIEHCS MOCTIeTHUM CUMBOJIOM,
BXOJIAIIMM B BbIPaxKeHue s 31oit onepauun). [Tosromy MOxKHO npoBepuTh, co-
MIOCTABUMO JIM HEKOTOPOE MPABUJIO C MOIUENOYKOU @; ... A BXOTHON IEMOYKHU
ajp ... @y, TPOXOJIsi CJIEBA-HAINPABO 1O @; ... A. B mpoIecce mpoxo/ia Mo MEnoYKe
TPEIBAPUTEIBHO BBIUUCIEHHBIE IJINHBI TTPEMUKCHBIX BHIPAYKEHUH UCIOIb3YIOT-
Cs IJIst TOTO, ITOOBI IEPEHTH OT OJHOTO TEPMUHAJIA K CIEAYIONIEMY TEPMUHAJLY,
MTPOITyCKas MOJIENOYKH, COOTBETCTBYIONINE HETEPMUHAIAM TTPABO YacTH Tpa-
BHUJIA.

ennpre mpaBuIa He 3aBUCAT OT OMEPAIWii, CIEI0BATEIBHO, UX HEOOXOINMO
IPOBEPSATH OTAEIbHO. [IpuMeHeHre OHOTO MEMHOro MPAaBUJIA MOXKET 3aBHCETh
OT MpUMEHeHHsI IPYToro menHoro npasuia. CregoBarenbHo, IPUMEHEHHE Terl-
HBIX MPABUI HEOOXOIUMO TMPOBEPSTH 0 TEX MOP, MOKA HEJIb3si MPUMEHUTH HU
OTHO W3 TEMHBIX TpaBuj. MBI MpeamosaraeM, 9To0 B FpaMMaTHKe HET IUKJIOB
B MpUMEHEHWN MemHbIX mpaBui. [locTpoenmne Bcex BapmaHTOB aHaan3a Jjs -
rpammarTuku Jano Huke B amropurme 9.1, Tunm Titem B amropurme 9.1 Huxe
CJL?KUT JiJisi ONUCAHUA CUTYaUuil (T.e. IPABUJI BBIBOAA M IIO3UIMU BHYTPHU OpPa-
Busa). Tun Tterminal — 570 THII TEPMUHAJIBHOIO CUMBOJIA IPAMMATHKH, THI
Tproduction — Tun 14 NpaBujia BBIBOJA.

Asaropurm 9.1

Tterminal aln];
setofTproduction r[n];
int 1[nl; // 1[i] - gmnuma alil-BHpaxexus
Titem h; // WCHIoNb3yeTCsd NpU IIOWCKE IIPaBHUI,
// comocTaBHUMHX C TeKyueH IoAIenodkoi

// TlpenBapuTenbHHE BHYUCICHUS
lna xaxmoll mosummu i BeaucnuTh nuuHy ali]-Bopaxemwms 1[i];
// PacnosHaBaHHWe BXOIHOHN I[EIOYKH
for (int i=n-1;i>=0;i--){
for (xaxpmoro mpaBmma A -> al[i] y us P){
j=i+l;
if (1[i1>1)
// TepBuii TepMuran al[i] yxe ycmemwno comocTaBieH
{h=[A->ali].y];
do // maiitum alily, comoctaBumoe c al[i]..al[i+1[i]-1]
{llycte h==[A->u.Xv];
if (X in T)
if (X==alj]) j=j+1; else break;
else // X in N
if (umeerca X->w in r[jl) j=j+1[j]; else break;
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h=[A->uX.v];
//nepeliTu K cilenywomeMy CHMBOIY

while (j!=i+1[i]);
Y /7 1[il>1
if (j==i+1[i]) rlil=r[i] + { (A->alily) }
} // for mo mpaBumam A -> alil y
// ComOCTaBUTH IlelHbHE IIpaBUiIa
while (cymecTtByetr mpaBuno C->A u3s P Takoe, 4ToO
nMeeTcsa HeROTOpH# smeMeHT (A->w) B r[i]
u HeT smeMeHTa (C->A) B r[il)
rl[il=r[i] + { (C->A) };
} // for mo i
[lpoBepuTh, npuHammexuT juu (S->w) MHOXecTBY r[0];

MHuoxecrsa 7[i] umeior pasmep O(|P|). MoXHO mokas3arb, 9TO AITOPHTM
MMeeT BDEMEHHYIO U €eMKOCTHYIO CJI0KHOCTb O(n).

Paccmorpum BHOBS pumep puc. 9..15. B npedukchoit 3ammcu npuseieHHbII
dpparMeHT mporpaMMbl 3aMUCHIBAETCS CIEIYIONINM 00Pa30M:

=+ax+Q@++by0@+1izbH

Ha puc. 9..18 npuBeaen pesyabrar paboTs asroputMma. lIpaBusia Berauncie-
HUsI CTOUMOCTH TPHUBEJEHBI B CJEAyIoeM pasjese. Bece BO3MOXKHBIE BBIBOJIBI
BXOJIHO# HEMOUKY (BKJIIOYAS ONTUMAJIBHBIN) MOXKHO MOCTPOUTD, MCIOAb3YS Ta-
Oonuiy 1 aiuH TpedUKCHBIX BHIPAXKEHUN ¥ TAOIUIly T MPUMEHUMBIX MTPABUIL.

Onepauus | Huuua | IpaBuia (croumocts)
= 15| 2(22)
+ 3 4(5)  5(6)
a 1|12
x 1|12
+ 11| 4(16) 5(17)
Q@ 9 7(11)
+ 8 5(13) 6(11)
+ 3 4(5)  5(6)
b 1|12
y 1| 1)
@ 4 7(7)  3(6)
+ 3 4(5)  5(6)
i 1|12
2 1|12
5 1|12

Puc. 9..18:
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IMycts G — sro T-rpammaruka. s kaxkaoit uenouku z uz L(G) MOXKHO
MOCTPOUTH aOCTPAKTHOE CHHTAKCHYIECKOE JIE€PEBO COOTBETCTBYIOIIETO BBIPAaXKe-
aus (puc. 9..15). Mbl MOXKeM nepenucarb ajropur™ Tak, 4TOObl OH HPUHH-
MaJI Ha, BXO/le€ aOCTPAKTHOE CHHTAKCHYIECKOE JIEPEBO BHIPAXKEHUs, a HE IIETOYKY.
OTOT BApMAHT AJTOPUTMA MPUBEIEH HUXKe. B 3TOM ajropmrMe IepeBO BbIpa-
KeHus 00XOAWTCs CBEPXY BHU3 U B HEM HIILYTCs IO/IEPEBbsi, COMMOCTABUMBIE C
npaBbiMu dacTsiMu npasui u3 G. O6Xo7 gepeBa OCyIEeCTBISeTCs MPOIELy Poit
PARSE. Iloce obxoma momaepeBa JAHHOW BEPINUHLI B HEil TPUMEHSAETCS TIPOIIe-
nypa MATCHED, KoTOpas TBITA€TCS HANUTH BCE OOPA3IhI, COMTOCTABUMBIE TIOIIE-
pPeBY MaHHOW BepImwHbBI. JIJIsi 3TOro Kaskaoe MpaBHIO-00pa3elr pa3duBaeTcs Ha,
KOMTIOHEHTHI B COOTBETCTBUM C BCTPEYAIONINMUCSA B HEM omneparnusaMu. JlepeBo
00XOUTCS CrpaBa HAJEBO TOJIBKO JJIsi TOrO, 9TOOBI MMETh COOTBETCTBHUE C IIO-
psaakoM Beraucyienus B asropurme 9.1. O4eBUIHO, ITO MOXKHO OOXOAUTH JEPEBO
BBIBOJIA W CJIEBA HAIPABO.

CrpyKTypa JaHHBIX, IIPEICTABISIONIAS BEPIIUHY I€PEBa, HMEET CJIELY OO

dbopwmy:

struct Tnode {

Tterminal op;

Tnode * son[MaxArity];
setofTproduction RULEs;
3

B koMmMmeHTapusax yka3aHbI COOTBETCTBYIOIINE (pparMeHThl aaropurma 9.1
Anropurm 9.2
Tnode * root;

bool MATCHED(Tnode * n, Titem h)
{ bool matching;
mycts h==[A->u.Xvyl, v==v_1 v_2 ... v_m, m=Arity(X);
if (X in T)// comocTaBieHue mpaBHIa
if (m==0) // if 1[il==
if (X==n->op) //if X==alj]
return(true) ;
else
return(false);
else // if 1[il>1
if (X==n->op) //if X==aljl
{matching=true;
for (i=1;i<=m;i++) //j=j+1[j]
matching=matching && //while (j==i+1[i])
MATCHED (n->son[i-1], [A->uXv’.v_i v"y]l);
return(matching); //h=[A->uX.v] }
else
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return(false);
else // X in N momck moIBHBOZA
if (B n~.RULEs mMeeTcs mpaBmio C JeBOH dYacTbo X)
return(true) ;
else
return(false);

void PARSE(Tnode * n)
{
for (i=Arity(n->op);i>=1;i--)
// for (i=n; i>=1;i--)
PARSE (n->son[i-11);
n->RULEs=EMPTY;
for (xaxmoro mpaBmia A->bu ms P Taxoro, uro b==n->op)
if (MATCHED(n, [A->.bul)) //if (j==i+1[il)
n->RULEs=n->RULEs+{ (A->bu) };
// ComocTaBieHHEe LEIHHX NPaBUI
while (cymectByeT mpaBmio C->A u3 P Taroe, 9TO
HekoToph# saemeHT (A->w) B n->RULEs
u HeT »sxeMeHTta (C->A) B n->RULEs)
n->RULEs=n->RULEs+{(C->A)};

OcHOBHad IporpamMMa

// TlpenBapuTenbHEE BHYUCIEHUS
[locTpouTh LepeBO BHpaXeHUS LA BXOLHOM I[€NIOYKH Z;
root = yKasaTelb JepeBa BHpPaXeHHS;

// PacmosHaTh BXOIHYKH LENOYKY
PARSE(root) ;
[IpoBepuTh, BXOOUT U BO MHOXecTBO root->RULEs
IpaBWJIO C JEeBOH YacTeb S;

BbIXO,Z[OM AJITOPUTMa ABJIAETCA JE€PEBO BhIPAXKEHUA IJId 2, BEPIMIUHAM KOTO-
POro COonoCTaBJ€HbI IDUMEHUMBIE IIDABHJIA. C IIOMOIIBIO TaKOr'o JepeBa MOXKHO
IIOCTPOUTDH BCE€ BBIBOABI JJId MCXOJHOTO Hpe(l)I/IKCHOI‘O BbIDaKE€HUA.

9.10.3. BriOop gepeBa BBIBOJIa HAUMEHBIIIEH CTOMMOCTH

T-rpaMMaTHKU, OMUCHIBAIOIINE CUCTEMBI KOMAHI, OOBIYHO SIBJISIOTCS HEOIHO-
3HAYHBIMA. UTOOBI CreHepUPOBATH KO I HEKOTOPOH BXOIHON IEmoYKu, Heob-
XOJMMO BbIOPATH OIHO M3 BO3MOXKHBIX JIEPEBHEB BBHIBOA. DTO JIEPEBO JOJXKHO
OPEACTABIIATH YKEJAEMOe Ka4ecTBO KO/a, HAIIPUMED Pa3Mep KOoJa U/ujid BpeMs
BBITIOJTHEHU .

Jlmst BBIOOpA JepeBa M3 MHOXKECTBA BCEX IMOCTPOEHHBIX JIEPEBLEB BBIBOIA
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MO2KHO HCIIOIB30BATH ATPUOYTHI CTOUMOCTH, aTPUOyTHBIE (DOPMYJIbI, BHIYUCIIS-
fOIllMe WX 3HAYEHUsI, U KPUTEPUHU CTOMMOCTH, KOTOPbIE OCTABJISIOT [IJTsi KAXK/I0TO
HETEPMUHAJA €JUHCTBEHHOE MPUMEHUMOE MPABUIO0. ATPUOYTHI CTOMMOCTH CO-
TOCTABJISIIOTCST BCEM HETEPMUHAJAM, aTpuOyTHBIE (DOPMYJIBI — BCEM TPABUIAM
T-rpamMmmaTukw.

IIpeamnonoxum, 910 171 BEPIIWHBI 1 OOHAPYKEHO MPUMEHUMOE TTPABUIIO

p:A— 2X121 ... Xp2k,

rme z; € T gma 0 < i < kwnw X; € N gna 1l < j < k. Bepmmnaa n nme-
€T TOTOMKOB N7, ... , Nk, KOTOPbIE COOTBETCTBYIOT HETEPMHUHAIAM X1, ..., Xf.
SHnaveHusi aTpubyTOB CTOMMOCTH BBIYHCIAIOTCS O0OXO/sl JePEeBO CHHU3Y BBEpX.
Brauasie arpubyThl CTOMMOCTH WHUUAIUUPYIOTCH HEOIPEIETEHHBIM 3HAYEHU-
eMm UndefinedValue. [Ipeamnosoxum, 9T0 3HAYEHUST ATPUOYTOB CTOUMOCTHU JJIst
BCEX TIOTOMKOB 71, ... , N BEPITUHBI N BerYucaeHbl. Ecim mpaBury p comocTas-
JneHa gpopmyia

a(4) = F(X), (X)), ..) a1 < i,j <k,

TO MMPOM3BOJUTCS BHIUUC/ICHUE 3HAYSHUST ATPUOYTa @ HeTepMuHAIa A B BepInHe
n. g Bcex MPUMEHEHHBIX MPABUJ MINETCS TAKOe, KOTOPOe JTaeT MUHUMATIHLHOE
3HaueHne cTouMOCTH. OTCyTCTBHE MPUMEHEHHBIX MPABUJI 0D03HAYAETCS depe3
Undefined, 3HatMeHNEe KOTOPOrO MOJATAETCS OOMBITNAM JIIOO0OT0 OIPeaeTeHHOTO
3HaYEHUS.

JlobaBum B ajroput™ 9.2 peajm3aiuio arpudyTOB CTOUMOCTH, (DOPMYJ UX
BBIYHCIEHUS U KpuTepues orbopa. /I3 asropurma MOKHO HCKITIOYUTH TOUCK TO/I-
BBIBOJIOB, COOTBETCTBYIOIIUX [IPABUJIAM, I KOTOPHIX 3HAYEHHE aTPUOyTa CTOU-
Mocru He onpezenero. CTpyKTypa JaHHBIX, TPEICTABIISIONIAS BEPIIUHY 1epeBa,
MPUHAMAET CJIEIYIONINA BUI;

struct Tnode {
Tterminal op;
Tnode * son[MaxArity];
struct * { unsigned CostAttr;
Tproduction Production;
} nonterm [Tnonterminall;
OperatorAttributes ...

Temo mponexypsl PARSE MpUHUMAET BHT,
void PARSE(Tnode *n)

{for (i=Arity(n->op);i>=1;i--)
PARSE(n->son[i]);
for (xaxmoro A u3 N)
{n->nonterm[A] .CostAttr=UndefinedValue;
n->nonterm[A] .production=Undefined; }
for (xaxpmoro mpaBmma A->bu us P
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TaKoro, 9To b==n->op)
if (MATCHED(n, [A->.bul))
{Boraucnurs ArpubyrhCronmoctulua (A,n, (A->bu)) ;
IlpoBeputsKpuTepuiilna (A,n->nonterm[A] .CostAttr) ;
if ((A->bu) myuwe,
yeM paHee ob6paboTaHHOe IpaBuio mus A)
{MogupurmposaTs (n->nonterm[A] . CostAttr) ;
n->nonterm[A] .production=(A->bu); }
}
// ComocTaBUTH IjeNHHE IpaBHUIa
while (cymecTByeT mpaBumio C->A us P, koTopoe
Iydme, YeM paHee obpaboTaHHOe IpaBmiO Aus A)
{BoraucaursATpubyTHCTomocTtullna (C,n, (C->A)) ;
IlpoBepursKpurepuiiflng (C,n->nonterm[C] . CostAttr) ;
if ((C->A) mywme)
{Mogupurmposats (n->nonterm[C] .CostAttr) ;
n->nonterm[C] .production=(C->A); }

Ipouenypa Boraucaurs ArpubyreiCroumocrulns (A, n, (A — bu)) Bbruuc-
JIsleT CTOMMOCTH NMPUMEHEHUsI MPABUJIA B JAHHOW BEPIIMHE /I JAHHOTO HETep-
MUHAJIA.

ITpouenypa IposepursKpurepuii/lns(C, n — nonterm|[C].CostAttr) onpe-
IIEJISeT HAMJIYYIIee MpaBuio.

Ipouenypa Momunduumposars(n —nonterm|[C].CostAttr) mo3sossier xpa-
HUTH 3TO HAWJIydIee 3HAYCHUE B BApUAHTE.

Zepeso naumenvuedi cmoumocmu OpeeseTcs KaK JepeBo, COOTBETCTBY 0
1ee MUHUMAJIBHOM CTOMMOCTH KOPHsI. Koraa BRIOPAHO JePEeBO BHIBOJA HAMMEHb-
nIeii CrOMMOCTH, BBIYUCISIIOTCS 3HAMEHUS ATPUOYTOB, COMOCTABIEHHBIX BEPIIHU-
HAM JIEPEBa BBIBOJA, W TEHEPUPYIOTCS COOTBETCTBYIOIINE MAITMHHBIE KOMAHIHI.
Berancienne smavennii arpubyTOB, TEHEPALINSA KOA OCYIIECTBIAIOTCA B TPOIEC-
ce 06x0/1a BHIOPAHHOTO IEPeBa BHIBOJA CBEPXY BHU3, CIeBa Hamparo. O6Xom BbI-
OGpPaHHOrO IEPeBa BBIBOJIA BBIIONHSETCS MPONELYyPOi BHIYACIATENS ATPUOYTOB,
HA BXOJ, KOTOPO# MOCTYTAIOT KOPEHD JIEPEBA BBIPAXKEHNs M AKCHOMA, IPAMMATH-
ku. [Ipouenypa ucnons3yer apasuino A — 20 X121 ... Xy 2, CBI3aHHOE C yKa3aH-
HOW BEPITMHOM 7, U 33JaHHBIH HeTepMuHaAJI A, 4TOOLI ONPENEIUTh COOTBETCTRY -
IOIIAE UM BEPITUAHBI N1, ... , M) W HETEPMUHAIBI X1, ... , Xf. 3aTEM BBIYUCIATEH
PEKyPCUBHO OOXOIUT KaXKYI0 BEPUIMHY M;, UMesl Ha BXOJEe HeTepMHHAT X ;.

9.10.4. ArpubyTHada cxeMma AJjs aJropuTMa
COIIOCTaBJIEHUS 00pa3IoB

Anropurmbr 9.1 u 9.2 gBasgorcs “yHUBEPCATBHBIMU® B TOM CMBIC/IE, 9TO KOH-
KpeTHbIE IPAMMATHKY BBIPAXKEHUH U 00PA3IOB SBIAIOTCS, MO-CYIIECTBY, Tapa-
METPaMHU ITUX AJTOPUTMOB. B TO Ke BpeMmsi, 1Jisi KaxKI0i KOHKPETHOH rpamMmma-
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TUKHW MOYXKHO HANKMCATHL CBOU aJrOpuTM HOuCKa obpasnos. Hanpumep, B caydae
HaIell TPAMMATHKY BbIPAYKEHWI U TPUBEIEHHBIX HA puc. 9..16 obpa3os aaro-
purm 9.2 mMoxkeT ObITh NMPeICTABIEH aTPUOYTHONH IPAMMATUKON, MPUBEIEHHON
HUKE.

Hacnenyemblit arpubyr Match conepKuT ynopsiZioueHHbIi CIUCOK (BEKTOP)
00pa3IoB [IJIsT COMOCTABJIEHUS B MOIIEPEBe JAHHOW BepimnHbl. KaxKabrii n3 00-
pasioB umeer Bui b0 <op op-list> (op — omepanus B JAHHON BEpIIUHE, a
op-list — cMCOK ee omepanIoB), MO0 TpeacTaBaser coboil nerepmunan N. B
mepBoM ciaydae op—list “pacmpemensiercss’ MO TOTOMKAM BEPIIHHBI [ JATbHE-
I[IIero COMOCTaB/IeHNs. BO BTOPOM Cily4ae COMOCTABJIEHNE CUMTACTCH YCIIEITHBIM,
ecau ecrb npaswio N — op {Pat;}, raue w cocrour u3 06pasuoB, YCIEIIHO
COTIOCTABJIEHHBIX OTOMKAM JIAHHOW BEPIIWHBI. B 3TOM Cy9ae mo MOTOMKAM B
KadeCcTBE 00PA3IOB PACITPEIEISIOTCS YJIEMEHTHI TPABOM YACTH MPABUIIA. DTU IBA,
MHOKECTBa 00pa3ioB MoryT mnepecekarbes. Cunre3upyembiii arpubyT Pattern
— BEKTOD JIOTMYECKUX 3HAYEHWU, JAeT Pe3yJIbTAT COMOCTABJIEHUS IO BEKTOPY-
obpa3iy Match.

Takum obpa3oM, IpU COMOCTABIEHNN OOPA3IIOB MOTYT BCTPETUTHCS B, CIIy-
qasi:

1. Bekrop o6pa3mor comepxkut obpasen <op {Pat;}>, rme op — oneparus,
npuMeHeHHasd B JAaHHOW BeprmmHe. Torma pacmpemenseMm obpasibl Pat;
[0 MOTOMKAM U COMOCTABJICHHE TI0 JAHHOMY O0Pa3Ily CUUTAEM YCHElTHbIM
(MCTHHHBIM), €CJIU YCIEIIHbI CONOCTABJIEHUS IEMEHTOB 3TOr0 06pa3ia mo
BCEM TTOTOMKAM.

2. Obpazmnom sBiasercsa nerepmunana N. Torma paccMarpruBaeM BCe MPaBHUIA
Buna N — op {Pat;}. BHoBb pacnpezessiem ob6pasupl Pat; MO MOTOMKAM
U COMOCTABJIEHUE CYMTAEM YCIIEIIHBbIM (MCTUHHBIM), €CJIM YCHEIHbI COMO-
CTaBJIEHUs IO BCEM MOTOMKaM. B obiieM ciydae yCIemHbIM MOXKeT ObITh
COTIOCTABJICHHUE IO HECKOJILKUM 00pa3IaM.

OrmMeruM, 94T0 B 0OIIEM CIydae B HOTOMKH OJTHOBPEMEHHO TIePeIAETCs HECKO-
JIBKO 00PAa3IoB [IJTsi COTIOCTABICHUSI.

B npuBeennoil HIZKE aTpUOYTHOI CXeMe HEe PACCMATPUBAIOTCS TPABUIIA BbI-
6opa IOKPbITUA HAUMEHbINeH crouMocTu (CM. mpeabiayimili paszaen). Boibop
ONTHMABLHOIO MOKPBITHST MOXKET ObITh CIETAH eIle OJHUM IIPOXOIOM MO Jepe-
BY, QHAJIOTMYHO TOMY, KaK 3TO OBLIO caeIano Beire. Hanpumep, B mpasue ¢ *+2
MMeeTcsi HeCKOJIbKO 00pa3iioB st Reg, HO peasbHOTO BHIOOpPA OHOTO M3 HUX
HE OCyIIecTB sieTcs. Kpome TOro, He yTOYHEHBI HEKOTOPBIE JETAN PEATMIAINN.
B gacrHOCTH, KOHKpPETHBIH c1ocod ¢hopMupoBaHus BeKTOpoB Match u Pattern.
B Tekcre ymorpebaserca TepMuH “100aBUTH’, 9TO O3HAYAET A00ABIEHHE K BEK-
TOPY 00PA3IOB 0YepPeIHOrO IeMeHTa. BeKTophl 06pa3iioB 3amicaHbl B yTIIOBBIX
CKODKaxX.

RULE
Stat ::= ’=’ Reg Reg
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SEMANTICS

Match<2>=<’+’ Reg Const>;

Match<3>=<Reg>;
Pattern<0>[1]=Pattern<2>[1]&Pattern<3>[1].

DToMy mpaBmily cOOTBETCTBYeT oauH obpaserr 2. [Toaromy B KadecTBe 06pPA3IOB
MOTOMKOB 4epe3 ux aTpubyThl Match mepegarTcsi, COOTBETCTBEHHO,
<’+’ Reg Const> u <Reg>.

RULE
Reg ::= ’+’ Reg Reg

SEMANTICS
if (Match<0> cogmepxur Reg B mosmummum i)
{Match<2>=<Reg,Reg,Reg>;
Match<3>=<Const,Reg,<’@’ ’+’ Reg Const>>;
3
if (Match<0> cogmepxut obpasern <’+’ Reg Const> B mosmmum j)
{zo6aButs Reg x Match<2> B HexroTopol mosumuu k;
nobaBuTh Const k Match<3> B HeKoTOpoi mo3unuu k;
3
if (Match<0> comepxut obpasern <’+’ Reg Const> B mosumuu j)
Pattern<0>[j]l=Pattern<2>[k]&Pattern<3>[k];
if (Match[0] comepxur Reg B i-Ii moswmuum)
Pattern<0>[i]=(Pattern<2>[1]&Pattern<3>[1])
| (Pattern<2>[2]&Pattern<3>[2])
| (Pattern<2>[3]&Pattern<3>[3]).

O06pa3Iibl, COOTBETCTBYIOIINE STOMY TPABUILY, CJIEIYONINe:

(4) Reg — '+’ Reg Const,

(5) Reg — '+’ Reg Reg,

(6) Reg — '+’ Reg ’@Q’ '+’ Reg Const.
Arpubyram Match Broporo u Tperbero CAiMBOJIOB B KAYECTBE OOPA3IOB IIPH COIO-
CTaBJIEHUU MOFyT‘6BHI)HepeﬂaHbIBeKTOpr<Reg, Reg, Reg> u <Const, Reg,
<’@’ ’+’ Reg Const>>, coorBercTBeHHO. /13 ananm3a Ipyrux TpaBWI MOXKHO
3aKJIIOYNUTh, 9TO TIPYW COMOCTABIEHUU O00PA3IOB MPEIKOB JIEBOW YACTH TAHHOTO
npaBuia aTpudyTy Match cuMBOIa JIEBOI YACTH MOXKET OBITH MepegaH odbpaserr
<’+’ Reg Const> (u3 obpa3suos 2, 3, 6) unu obpaser Reg.

RULE
Reg ::= 70’ Reg

SEMANTICS

if (Match<0> comepxut Reg B i-ii mosmmwmu)
Match<2>=<<’+’ Reg Const>,Reg>;

if (Match<0> cogmepxur <’Q’ ’+’ Reg Const> B j-# moswium)
Io6aBuTh K Match<2> <’+’ Reg Const> B k mosumumu;
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Stat
M=<<'+'Reg Const>> M=<Reg>
Reg  p—ct> P=<t> Reg
+7\ +7\

_ - _ M=<Const, Reg
M=<Reg> M=<Const> M=<Reg, Reg, Reg> ! !
p—<t> Reg Reg p—cc> P=<t, t,t> Reg Reg <'@''+'Reg Const>>

‘ ‘ /‘ ‘ T
gt
Const  Const M=<<'t'Reg Const>, Reg Const
Reg>
P=<f, t> +

M=<Const,Reg,
Mi<Reg,Reg,Reg,Reg> R <'@''+'Reg Const>,
P=<t,t,t,t> eg Reg Const>

+7\ @/\ p=<f,t,t, >
M=<<'+'Reg Const>
M=<Reg, Reg, Reg> M=<Const, Reg, 9 !

Reg,
p=<t, t, t> Reg Reg <ieviivReg Const>> Reg <'%'Reg Const>>

P=<t,t, f> +7\P:<t,t,t>
M=<Const,Reg,

Const Const M=<Reg, Reg, Reg, <'@''+'Reg Const>
Reg, Reg> Reg Reg Const,Const> ’

P=<t,t,t,t,t> ‘ P=<t,t,f,t,t>

Const Const

Puc. 9..19:

if (Match<0> comepxuT Reg B i-i mos3mmmu)
Pattern<0>[i]=Pattern<2>[1] |Pattern<2>[2];

if (Match<0> comepxut <’@’ ’+’ Reg Const> B j-ii mosurun)
Pattern<0>[j]=Pattern<2>[k].

O6pa3sipl, COOTBETCTBYIONINE STOMY IIPABIILY, CIEAYIOIINE:

(3) Reg — ’Q’ '+’ Reg Const,

(7) Reg — ’Q’ Reg.
CoorsercrBenno, arpubyTy Match BTOPOro CHMBOJIA B KA4eCTBE 0OPA3IOB MPU
COIIOCTABJIEHUU MOr'YT ObITh epeanbl <’+’ Reg Const> (obpasen 3) uiu <Reg>
(obpazen 7). U3 anasmsa qpyrux npaBuil MOKHO 3aKJIIOYUTh, YTO IIPU COIOCTAB-
JIEHUW 00pAa3I0B MPEIKOB JIEBOH YaCTH JAHHOTO MpaBusia arpudyty Match moryT
OBITH eperanbl 06pasipl <’@° ’+? Reg Const> (u3 obpasua 6) u Reg.

RULE
Reg ::= Const
SEMANTICS
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if (Pattern<0> comepxut Const B j-# mosuiumn)
Pattern<0>[j]=true;

if (Pattern<0> comepxut Reg B i-# mosummun)
Pattern<0>[i]=true.

st nepesa puc. 9..15 nosyunm 3nadenns arpuOyTOB, IpuBeAeHHbe HA puc. 9..19.
3mech M oboznagaer Match, P — Pattern, C — Const, R — Reg.



I'maBa 10.

CucreMbl aBTOMATU3AIUN
IIOCTPOEHUSI TPAHCIASITOPOB

Cucrembl apromaruzanuu nocrpoenus TpancasTopos (CAIIT) npennasnauennbt
JIJIsT @BTOMATH3AIMK TPOIecca pa3paboTKu TpaHcasaTopoB. OYeBUIHO, UTO A
TOrO, YTOOBI OMUCATH TPAHCIATOP, HEOOXOAUMO UMETH (DOPMAIU3M It OMUCA-
HUs. DTOT HOPMATIU3M 3aTeM peaausyercs B Buzie BxoaHoro s3bika CATIT. Kak
mpaBmIo0, (popMaTu3Mbl OCHOBAHBI HA aTPUOYTHHIX rpaMMarnkax. Huske omuca-
ubl age CAIIT, nonyuusmue pacnpocrpanenue: CYIIEP [3] u Yacc. B ocuosy
nepBoii cucreMbl nmojioxkensbl LL(1)-rpammaruku u L-arpuly THbIe BRIYUCIATEH,
B ocHOBY BTOpOit — LALR(1)-rpamMmaruku u S-aTpubyTHbIE BHIYUCIATEIH.

10.1. Cucrema CVYIIEP

ITporpamuma ua BxomuoM a3bike CYITEP (“meramporpamma’) coCTOUT U3 Cliemy-
FOIIAX PA3/IeIOB:

- 3arosoBoK;

- Pa3men komcrant;

- Pazgen Tumnos;

- Andasur;

- Pasmen ¢aitnos;

- Pazmen 6ubanorekn;

- ArpubyrHas cxema.

3aroIoBOK Ompeessier uMsi aTpudyTHOW TPAMMATUKU, TEPBbIE TpU OYKBbBI
UMEHU 33JaI0T PACITUPEHNE UMEHHU BXOIHOrO (paifjia [ peagn3yeMoro TpaHc-
JISITOPA.

Pa3men KOHCTAHT CONEPYKUT OMUCAHME KOHCTAHT, PA3/e] THUTIOB — OMMMCAHNE
TUIIOB.

AndaBur comep:KUT mepedyuc/ieHne HeTePMUHAJIbHBIX CHMBOJIOB U KJIACCOB
JIeKCeM, a Takxke arpubyToB (M UX THIIOB), CONOCTABJIEHHBIX STUM CHUMBOJIAM.
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Kunacceel nekcem sBISIIOTCSI TEDMUHAJTBHBIMA CUMBOJIAME C TOYKU 3DEHUS CHH-
TAKCUYECKOTO AHAJIN3a, HO MOTYT UMETh aTPUOYThI, BEIYUCIAEMbIE B TPOIECCE
Jekcrgeckoro ananu3a. Oupenenenne Kaacca JeKCeM COCTOUT B 3aaHUU UMEHU
KJIACCa, UMEH aTPUOYTOB IS STOT0 KJIACCA W TUIIOB STUX aTPUOYyTOB.

B pazzaese ompenenenus HETEPMUHAJILHBIX CHMBOJIOB COIEPKUTCS TTEPEUUC-
JIEHHE 9THX CHMBOJIOB C YKA3aHHEM MPUIHCAHHBIX UM ATPUOYTOB W WX THIIOB.
Akcroma rpaMMaTHKH YKA3bIBAETCs MEPBBIM CHUMBOJIOM B CIOUCKE HETEPMUHA-
JIOB.

Pa3znesr 6ubamoTeky COmEp:KUT 3ar0JIOBKY MPOIEAYp U DYHKIWIA, UCIOIb3Y-
eMbIX B (hOpMyJIax arpudyTHOW MPAMMATHKH.

Paznen daiiioB comepxkut onumcanue (haiioBbIX MEPEMEHHBIX, WCIOIb3Ye-
MBIX B (opMmynax arpuOyTHOl rpamMvaruku. PailaoBble MepeMeHHbIE MOKHO
paccMaTpuBaTh KaK arpudyThl AKCHOMBI.

ATpubyTHasi cxeMa COCTOUT U3 CIIUCKA CHHTAKCHYECKUX MMPABUJ U COMOCTAB-
JIEHHBIX UM CEeMAHTUYECKUX MPABUI. [IJIs ONMMCaHUs CHHTAKCHCA, SI3BIKA UCIIOJIb-
3yercs pacimmpennas popma Bakyca-Haypa. TepmunaIbHbIE CHMBOJIBI B TPABO#L
YACTH 3aKJII0YAOTCS B KABBIYKY, KJIACCHI JIEKCEM U HETEPMUHAIBI 33JAI0TC UX
umenamu. [Ijist 3aaHUs B TPABOM 9acTH HEOOSA3ATENBHBIX CUMBOJIOB UCIOTB3Y-
forcsa ckoOku [ ], a1 3amaHus TOBTOPSIONIAXCSA KOHCTPYKIUI HCIOMb3YOTCS
ckoOku ( ). B arom ciyuae MOxkKeT ObITh yKa3aH pa3leuTeIh CUMBOJIOB (1O-
cie /). Hampuwmep,

A::=B[C]1T (D) CE/ )

IIepBbIM mpaBmIOM B aTpHOYTHON CXeMe TOKHO OBIThH IIPABUIIO /5T AKCHO-
MBI.

KazkmoMy CHHTAKCHYIECKOMY MPABUIIY MOTYT OBITH COTOCTABJIEHBI CEMAHTH-
geckne neiicTBug. Kakoe Takoe IeiCTBHE — 3TO OMEepaTop, KOTOPBI MOMKeT
UCIOJIb30BATh ATPUOYTHL KAK CUMBOJIOB JIAHHOI'O IPaBuJia (J0KajbHbIe aTpuby-
ThI), TAK U CUMBOJIOB, MOT'YIIUX ObITh OPeAKAMHU (JMHAMUYECKH) CUMBOJIA JIEBOI
YaCcTU JAHHOIO MpaBuiia B aepese pa3bopa (riobaababie arpubyror). diis cebui-
KU HA JIOKAJIbHbIE ATPUOYTHI CHMBOJIBI JAHHOIO MpaBuja (KaK TepMUHAJIbHBIE,
TaK W HETepMUHAJbHBIE) Hymepyorcs or 0 (mis cumsosa seBoit yactu). Ilpu
CCBUIKE Ha rI00aTbHbIE aTpUDYTHI HAJI0 UMETh B BUY, YTO ATPUOYTHI UMEOT
0bJ1acTH BUIUMOCTH Ha JepeBe pasdopa. O6macThio BUIUMOCTH aTpUOyTa Bep-
IIWHBI, TOMeYeHHOU N, aBadercd Bce nojaaepeBo N, 3a UCKIIOYEHUEeM ero Iojije-
PEBBEB, TAKKE TTOMEYEHHBIX N.

Wcnonrenre omepaTopoB CEMaHTUYIECKON YACTH MPABUJIA MPUBI3BIBAETCS K
00xomy mepeBa pa3dopa CBepXy BHU3 CJIEBA HAMPABO. [lJisi 9TOr0 KaxKIbIil orme-
paTOp MOXKET ObITH MOMEYEH METKOM, COCTOsINeH U3 HOMEPA BETBU MPABUIA, K
BBIMIOJTHEHUIO KOTOPOI JOKEH ObITh PUBSI3aH OMEPATOP, U, BO3MOXKHO, OJJHOTO
u3 cyddukcos A, B, E, M.

Cydbdurc A 3amaer BBIMOJHEHWE OMEPATOPA MEPE] KAYKIBIM BXOXKIEHUEM
CHHTAKCUYIECKOM KOHCTPYKIINU, 3aKJII0U9eHHOM B ckoOKHU moBTopenuit ( ). Cyd-
dukc B 3a/aer BBIMOTHEHHE OHEPATOPA TIOCTe KAXKIOTO BXOXKIEHUS CUHTAKCHU-
YeCKOM KOHCTPYKIMH, 3aKTI09eH 0 B cKoOKE nmoBropenuit ( ). Cyddurc M 3a-
JIaeT BBIMOJIHEHUE ONepaTOpa MeXK/Ty BXOXKIEHUSIME CHHTAKCUIECKON KOHCTPYK-
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nuu, 3aKka049ennoi B ckobku nosropenuit ( ). Cyddukc E 3agaer BoinoIHEHTE
oIepaTopa B TOM CJIydae, KOrga KOHCTPYKINs, 3aKIi049eHHas B ckooku [ 1, or-
CYTCTBYET.

[Tpumep ucmosb30BaHNE METOK ATPUOYTHBIX (DOPMY.T:

D ::=7°d° =>
$0.y:=$0.x+1.
A ::=B (C) [D] =>
$2.x:=1;
2M: $2.x:=$2.x+1;
$3.x:=%2.x;

3E: $3.y:=$3.x;
3: writeln($3.y).

IMpouenypa writeln HameyaTaeT YUCIO BXOXKIEHWN cUMBOJA C B C-CIHCOK,
ecqiu D onyieno. B mpoTuBHOM cilyyae HameuaTaHHOE YUCII0 OyIeT Ha eIUHUILY
DOJIbIIIE.

10.2. Cucrema Yacc

B ocuoBy cucrembr Yacc mosioxen cunrakcuueckuii anamusarop Tuna LALR(1),
reHepupyeMblil 10 BXOAHOH (Mera) mporpamme. 9Ta IporpaMMa COCTOUT U3 TPEX
qacTeii:

A

Cu-TekcT

ht

%token Cnucor WMeH IeKceM
hh

COMCOK IpaBWI TPAHCISIWUA
hh

Cnyxebrbie Cu-IoAIporpaMMsl

Cu-rekcT (KOTOPBI BMECTe C OKpyzKarommMu ckoOkamu %{ u %} mMoxer or-
CYTCTBOBATH) 00b149HO copep:kut Cu-00basienns (Bkiovuasa #include u #define),
HCIIOJIb3yeMbIe B TeKcTe HuKe. IToT CH-TEKCT MOKET COIEPKATH U OObABIEHUS
(unu npenobbsisiaenus) dyHKIMIA.

Crnivcok MMeH JIeKCeM COIEepKUT NMeHa, KOTopbIie Tpeobpa3yfoTcs Yace - mpe-
MPOIECCOPOM B 00bsiBIIeHNsT KOHCTAHT (#define). Kak mpaBmiio, 5T nMeHa mc-
MOJIL3YIOTCST KAK MMEeHa KJIACCOB JIEKCeM W CIIy:KaT JJIsT OTpe/iesennst nHTepdeii-
Ca C JIEKCUYECKUM AHAJIU3ATOPOM.

Kaxkmoe npaBusio TpaHCasiuu UMEeT BUT

JleBas_vacTp : anbTepHaTuBa_l {cemanTmueckue_geiicTBua_1}
| ampTepuaTuBa_2 {ceMamTHuYeckue_nelicTBua_2}

| amprepraTumBa_n {ceMamTHueckrue_nelicTBusa_n}

2
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Kaxoe cemanTuyeckoe JeWCTBHE — 3TO MOCIEI0BATENHHOCTH OMEPATOPOB
Cu. Tlpu 3TOM Ka)KJIOMYy HETEPMUHAJY MOXKET ObITh COMOCTABIEH OJWH CHH-
re3upyembiii arpudbyT. Ha arpubyTr HerepMuHAaIa JIEBOM TaCTH CCBHLIKA, OCYIIe-
CTBJISIETCST TTOCPEACTBOM 3HaUKa $$, HA aTpuOyTHI CHMBOJIOB MPABOM YaCTH —
mocpencTBoM 3HAYKOB $1, $2 | ... $n, mpuyem HOMED COOTBETCTBYET MOPSIIKY
9JIEMEHTOB MPABOil YacTh, BKIIOYas ceManTudeckue aeficrBusi. Kaxkmoe ceman-
TUYECKOE JIEHCTBHUE MOXKET BHIPAOATHIBATH 3HAYEHUE B PE3YJIHTATE BBITOTHEHUS
npucBanBanus $$=Brpaxenue. Vcronnenrne TeKOro oneparopa B MOCIETHEM Ce-
MaHTHYIECKOM JIEHCTBUN OMpPEIe/seT 3HAUEeHNe aTPUOyTa, CUMBOJIA, JIEBOI JACTH.

B HEKOTOpPBIX Caydasix JAOMYyCKAETCS UCIOIb30BAHIE MPAMMATHK, WMEIOIIIX
KOHQMMKTHI. [Ipu 9TOM CHHTAKCHYIECKHUII aHAIN3ATOP Pa3pemraeT KOHQMIUKTHI
CeYOMUM 00Pa30M:

— KOHMIMKTHI THITA CBEPTKA/ CBEPTKA PA3PENIAIOTCS BHIOGOPOM ITPABUIIA, TPEJI-
[IECTBYIOIIEr0 BO BXOAHON METAIIPOrpaMMe;

— KOH(IIMKTBI THIA CABUL/CBEPTKA PA3PENIAIOTCS IIPEANOYTEHUEM CIBUIA.
[MockosbKy 3THX TPaBUJ HE BCErIA JOCTATOYHO [JIs MPABUIBLHOTO OMPEIese-
HUS AHAJA3ATOPA, JOMYCKALTCS OIPE/IETIEHNE CTAPIIHHCTBA U ACCOIUATUBHOCTH
TEPMWHAJIOB.

Hampuwmep, obbsiBenue

Yleft 2+ 2=

ompejendger + U —, UMEIOIIUMHI OJMHAKOBBINA IIPUOPUTET U UMEIOIIUMHU JIEBYIO
acconuaTuBHOCTb. ONEpaInio MOKHO OMPEIEeTUTh KAK MPABOACCOIMATUBHYIO B
pe3yJsibrare OObABICHUS:

hright >~

Bunapmyio onepanuio MOXKHO OPEIEUTh KAK HeaCCONUATUBHYIO (T.€. He /10-
[YCKAIOILY O IOsIBJIEHMs OObeJIMHEH s IBYX IOAPSIL UILYIMX 3HAKOB OLEPALMH ):

%nonassoc ’<’

CuMBOJIIBI, IEPEYUCTICHHBIE B OTHOM OObSBJICHUH, NUMEIOT OJUHAKOBOE CTap-
mrHCTBO. CTAPIITUHCTBO BBIIIE TS KAYKIOTO MOCTeIYIOMero o0bsiBiaenns. Kon-
GbIIMKTHI PA3PEITAIOTCS MTyTEM TPUCBAMBAHNS CTAPIIAHCTBA U ACCOIUATHBHOCTH
KazKJOMY IIPABUIy IPAMMATHKH M KasKIOMY TEPMHHAJY, YIaCTBYIOIIUM B KOH-
¢dmukre. Ecnn HeobXxoamMo BBIOPATH MEXKIY CABUTOM BXOIHOIO CHUMBOJA S U
CBEpPTKOii 1o nmpasuily A — w, cBepTKa [e1aercs, €C/Ii CTAPLIMHCTBO [IPaBUIIA
OOJIBITIe CTAPIIMHCTBA § WJIM €CJIA CTAPIIMHCTBO OJWHAKOBO, a TMPABUJIO JIEBOAC-
COMATHUBHO. B MPOTUBHOM CJIy9ae [eIaeTcs CIBUT.

OO6BIYHO 38 CTAPIINHCTBO TTPABUJIA MPUHUMAETCS CTAPIITHHCTBO CAMOTO TTPa-
BOrO TEPMHUHAJIA MpaBwja. B Tex ciydasx, KOTIa CAMBIH TPaBBIii T€PMUHAJ
HE [IaeT HY?KHOI'O IIPUOPHUTETA, 3TOT IPUOPUTET MOKHO HA3HAYHUTD CJIELY FOIIIM
OObSIBJIEHUEM:

Jprec TepMuHAI



200 I'masa 10.0. Cucrembl aBTOMATH3AIHH TIOCTPOCHUST TPAHCISITOPOB

CTapIimHCTBO M aCCOMMATHBHOCTh MPABUJIA B 9TOM ClIydae OyIyT TAKUMHU Ke,
KaK y yKa3aHHOTO TEPMHUHAJIA.

Yacc me coobmaer 0 KOHMIUKTAX, PA3PEIIaeMbIX C MIOMOIIbI0 ACCOIIMATHB-
HOCTHU ¥ TPUOPUTETOB. BOCCTaHOBJIEHIE TIOCTIE OIMMOOK YIIPABISETCS TOIB30BA-
TeJIEM C MOMOIIBIO BBEIEHUS B IPAMMATHUKY “TPABUJI OMUOKW’ BUIA

A — error w.
31ech error — Kiro4eBoe cJ10BO Yacc. Koraa BcTpeyaercst CHHTAKCUYeCKas OLIuo-
Ka, AaHAJIN3ATOP TPAKTYET COCTOSHIE, HADOP CUTYALnil JJis KOTOPOTO COAEPKUAT
MPABUJIO [IJIsi €XTOr, HEKOTOPBIM CIEIHAJIHHBIM 00PA30M: CHMBOJIBI U3 CTEKA, BbI-
TAJIKUBAIOTCS IO TEX TIOP, MOKA HA BEPXYIIIKE CTEKa He OyIeT 0OHAPYKEHO COCTO-
sTHUe, JJIst KOTOPOTo HAbOP CHTYaIii CONEPKUT CATyanuio Buja [A — .error w].
ITocse gero B cTek (PUKTHBHO TOMEIAETCST CAMBOJT eXrror, KaK eCiin ObI OH BCTPe-
TUJICA BO BXOJHOU CTPOKeE.

Ecnmu w mycro, memaercs cBeptka. [locie 3TOro aHaam3aTop MPOIMYCKAET
BXO/IHBIE CUMBOJIBI, TIOKA, HE HANIET TAKOM, C KOTOPBIM MOXKHO TTPOIOIKUATEH HOP-
MaJIbHBII pPa3dop.

Ecnu w #we mycro, mpocMarpuBaercsi BXOAHAS CTPOKA M JEJIAETCs MOIMBITKA
cBepuyTh w. Eciam w cocTtouT TOABKO M3 TEPMHUHAJIOB, T4 CTPOKA HINETCS BO
BXO/IHOM TIOTOKE.



ITpunoxxenme A

CeMmaHTHKA
KOHTEKCTHO-CBOOOJTHBIX
A3BIKOB

J.9. Knym !
California Institute of Technology

Al. Bsenenue

HomycTuM, 9T0 HaM HYXKHO JaTh TOYHOE OIMpPE/IE/IEHre ABONIHON CHCTEMBI 3a-
MUACH YHCEJI. ITO MOKHO CIeJIaTh MHOTUMHU crocobamu. B manHOM paszesne Mbl
PaCCMOTPUM METO, KOTOPBI MOYKET ObITh MCIIOIL30BAH U IJIS APYTUX CHCTEM
cunciaenus. B ciyvae IBOMYHON CHCTEMBI 3TOT METOJ, CBOIUTCS K ONPEJIEJIEHHIO,
OCHOBAHHOMY Ha cieyromeil koncrekcruo-ceobonnoit (KC) rpammaruke.

B—=0 B—=1
L— B L— LB (1.1)
N = L N = L.L
(3mech TepMUHAIBHBIME CUMBOJIAMU saBisiorcs ) “0” u “1”, HerepMuHaJIb-

vbiMu - B, L u N, 0003Ha49aloIe COOTBETCTBEHHO OUT, CIIUCOK DUTOB U YHCIIO.
JIBOMYHBIM YNCIOM OYIEM CUNTATH JIFOOYIO IENOYKY TEPMUHAIBHBIX CHMBOJIOB,
BeIBOAMMYIO W3 N mpu momonw mpasua (1.1).). DTa rpaMMmaTika B JeifiCTBH-
TEIBHOCTH BBIPAZKAET TOT (PAKT, 9TO JBOMYHOE YHUCIO MPECTABIAET COOOH mo-
C/IEZI0BATENBHOCTD M3 ONHOrO miau Gosee Hyneil W eIMHHL, 38 KOTOPOH MOXKeT

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 mepBOoHAYAIBLHOM TEKCTE AJITOPUTM TEOPEMBI O IPOBEPKE 3AIUKJIEHHOCTH OBl HEBEPHBIM,
¥ T03JHEe aBTOp AaJl JApyroit ero BapuanT. TekcT, NpuBeIEHHBIN B HACTOsEM COOpPHUKE,
CKOMIIUJIMPOBAH M3 JIByX BBINIEyKa3aHHBIX ctareil.- [Ipum. pen. (B.M. Kypoukuna)
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CJIeIOBATh TOYKA W €I€ O/HA IIOCJIEI0BATEIbHOCTh Hysell u emmnani. Kpome
TOro, rPAMMATHUKA MPUIUCHIBACT KAXK/IOMY ABOMYHOMY UHCIY OIPEIEIEHHYTO
npeBoBuAHYIO cTPYKTYpy. Hampumep, menodka 1101.01 mosygaer ciaemyromryio
CTPYKTYDY:

N

/’\
(1.2) I ! L
L/\? 1 1|5’ 1

]|9 0 0

——y h>
—_

EcrecrBenHo onpeesars 3nadenue qonynoii 3anucu (1.1) ¢ nomolbo Hexo-
TOPOI'O TIOLIArOBOIO IIPOLIECCA, COIOCTaBIeHHOrO eé crpykType (1.2); 3HaueHune
BCeil ABOMYHON 3aNMCH CTPOUTCS M3 3HAUYCHUI OTAEIBHBIX YacTel. ITO MOXKHO
C/IeJIATh, TPUIICAB KayKJIOMY HETEDMHUHAILY AMPubymst CIeayoIiuM 00pa3oM:

V 6um B uMeer ue09uCIeH bR aTpudy T “3navenue”’, obo3nadaempiii v(B).

Y cnucok 6umos L uMeer e 09ucieHHblil arpudy T “ dauna”, 0603HATAEMBIi
I(B). VY cnucox bumos L umeer uenouucienubiii arpubyr “suavenue”’, 0603ua-
vqaewmbrii v(L).

YV wucao N umeer aTpudyr “snavenue”’, siBIAOMUNACT PAUOHAIBHBIM 9UC-
JioM u obozHadaembiii v(N).

(3amerum, 9To y Bcex HerepmuHaiaoB L mo nsa arpubyra; Booblie roBopsi,
KaKJIOMY HETEPMUHAJY MOXKHO IPHUIUCHIBATDH JIOD0OE 2KEIaeMOe UHCI0 aTpudy-
TOB).

Ipammaruky (1.1) MOXKHO Tenepb PaclIMPUTh TaK, 4TOObI KAXKIOMY CHHTAK-
CHYECKOMY MPABUJIY OTBEYAJId CEMAHTAIECKUE MMPABUIIA.

B—0 v(B) =0

B —1 v(B) =1

L— B  wv(L)=v(B), (L) =1 (1.3)
L— LB (L) =2(Ls)+v(B), (L) =1(Ls)+1

N —> L v(N) =wv(L)

N = L.L v(N)=uv(L) + v(Ly)/2!F2)

(MHmekchl B 9eTBEPTOM U IIECTOM TPABUJIAX TPUMEHAIOTCS JIJIA TOrO, Y4TO-
Obl pa3/JnYaTh BXOXKICHUS OJHOMMEHHBIX HETEPMUHAJIOB.). B aTux cemanTude-
CKHUX MPAaBUJIaX 3HAYEHUS ATPUOYTOB BCEX HETEPMUHAJIOB OIPEIEISIIOTCS Yepe3
3HAYEHUsS ATPUOYTOB WX HEMOCPEICTBEHHBIX MOTOMKOB, TAK YTO OKOHYATEIb-
HbIE 3HAYEHUS OIpeeseHbl /i Bcex arpudbyros. IIpemnonaraercs, 910 CMBICT
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0003HAYECHMI, UCTIOH30BAHHBIX JIJIsl 3AMUCH CEMAHTHYECKUX [PABUJI, MTOHATEH.
Ormerum, Hanpumep, uro cumsoi “0” B cemanTudeckom npasusie v(B) = 0 no-
HUMAaeTCs He TaK, Kak cuMmBoi “(0” B cuaTakcudeckoMm npasuie B — 0. B mepBom
ciaydae “0” 0003HAYAET MATEMATHYECKOE MOHSATHE, 8 UMEHHO YHCJIO HYJb, BO
BTOPOM - HEKOTODBI CUMBOJI, UMEIONIUH /IunTudeckyio (opmy. B kakom-To
CMBICTIE, TO, 9TO ITH JABA CUMBOJIA BBINJISIAT OAMHAKOBO,- HE OOJIee 4eM IIPOCTOe
COBIIAJICHUE.

CrpykTypy (1.2) MOXKHO PACHIMPUTDL, BLINUCAB SIBHO aTPUOYTHI TIPU BCEX
y3J1ax.

N(v=13.25)
(1.4) Lw=13]1=4) | L(v=1,1=2)
L(v=6,1=3) B(v=1) L(v=0,i=1)  B(v=1)
L(v=3,=2) B@=0) 1 |B(v:0) |1
Lw=1,1=1) Bl=1) (|) |o
oty ]
1

Taxum obpazom, “1101.01” ob6o3nagaer 13.25 (B JecATHIHON 3amucH).

Takoit ciocob ompenesenns ceManTuku KC-s3bIKOB B CYIITHOCTH XOPOIIO W3-
BECTEH, TAK KAK OH y2Ke UCIOIb30BAJICSI HECKOIbKUME aBropamu. OIHAKO CyIIe-
CTBYeT BajKHOE PaCIIUPEeHre 3TOro Meroqa. IMeHHO 3TO paciiupeHue u mpe/i-
CTaBJISIET [IJIsI HAC WHTEPEC.

[IpeanonoxkumM, HATPUMED, YTO MBI XOTHM ONPEJIEIUTH CEMAHTHUKY JIBOUIHOMN
3AIMCH IPYTUM CIOCODOM, Oosee OIM3KUM K HAIIEMy OOBITHOMY €€ IIOHUMAHWUIO.
IlepBas equuuia B 3amucu “1101.01” Ha camMoM zejie 03HATAET 8, XOTS B COOTBET-
cruu ¢ (1.4) eii npunuceBaerca 3uadenue 1. Bo3aMoKHO, TO3TOMY Oy AT JIydIine
ONIPEIENSATH CEMAHTUKY TAKUM 00Pa30M, YTOOBI MECTOMOJIOKEHNE CUMBOJIA, TOXKE
UrPATIO OMPEIEIEHHYI0 posib. MOXKHO BBECTH CJIEIYIONIHE ATPUOYThI:

Y cumeon B umeer atpudyT “3sHaueHue”’, ABISIONANCST PAIMOHAIBHBIM JHC-
JioM u obozHadaembiit v(B).

YV cumsos B wmeer memoduciieHHBIN aTpubyT “macwmab”’, 0603HAIAEMBII
s(B).

YV cumson L umeer arpudyT “snauenue”’, ABISIOMMIACT PAMOHAIBHBIM JHC-
JioM u oboznauaemblit v(L).

V' cumeon L mmeer nenouncieHHbrii arpubyr “dauna”’, o6o3naqaemsrii [(L).

YV cumeon L wmmeer 1eNOUNCIEHHBIN aTpudyT “Mmacwmad’, 0603HAIAEMBII
s(L).

YV cumsos N umeer arpubyT “sHauenue”’, IPUHUMAIONINN B KAYECTBE 3HAYTE-
HUIl palMoHAIbHbIE YNCIIa 1 0bo3HaUYaeMblii v(N).

Oru aTpubyThI MOYKHO ONPEIETUTD CJIELYONIM 00pa3oM:
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Cunmarcuveckue Cemanmuueckue

npasuaa npasuna
B0 v(B) =0 (1.5)
B—1 v(B) = 25(B)
LB o(L) = v(B), s(B) = s(L), U(L)=1
L, —» LyB v 2) +v(B), s(B) = s(Ly),

(B

(
(L1) =v(L
s(L2) = s(L1) + 1, s(Ly) =S(Ly) +1
N =L v(N) = v(L), s(L)=0

N — Lq.Ls v(N) =v(L1) +v(La), s(L1)=0, s(La)=—I(Ls)

(3mech TpW 3amUCH CEMAHTHYECKWUX TTPABUJI TIPUHATO CJIEYIOIIEe COrJIalie-
uue. IIpaBast 4acTh KaskI0TO TPaBHJIA TIPEJICTABISAeT cO00il OmpeieeHne JIeBoi
yacTu, TakuM obpasom, s(B) = s(L) o3nadaer, 4T0 CHAYAJIA JIOJZKHO ObIThH BbI-
qucsieno (L), a 3aTeM 10JyYeHHOe 3HAUEHUE CJleyeT IpucBouThb s(B).)

BaskubiM cBoiicTBOM rpamvaruku (1.5) siBIsleTCS TO, YTO HEKOTODBIE W3
arpubyToB, KOTOPHIM TPHCBAWBAIOTCS 3HAYEHWs, TPUINCAHBI HETEPMWHAJIAM,
CTOSIIIIM B MPABOM YaCTH COOTBETCTBYIOIIETNO CHHTAKCHYECKOTO MPABUJIA, B TO
BpeMs Kak B (1.3) arpuOyThl JIEBBIX YacTell CEMAHTHYECKHX I[IPABHUI OTHOCH-
JIECH TOJBKO K HETEPMUHAJIAM, CTOSIIMM B JIEBOH YaCTH CHHTAKCHYIECKOTO Mpa-
BUJIA. 3/1€Ch MBI HCIOIb3yEM KaK CUHIME3UPOBAHHBIE AaMPUbYMbl (BHITHCIIs-
eMbIe Yepe3 aTpUOyThI TOTOMKOB JAHHOTO HETEPMUHAJIA), TAK U YHACAE08AH-
Hote ampubymat (Bbraucagembe depe3 arpudbyTsl npeakos). CuHTe3UpOBaH-
HbIe aTPUOY T BBIYUCISIOTCS B JPEBOBHUIHON CTPYKTYPe CHU3Y BBEDX, & YHACTIE-
JIOBaHHBIE - cBepXy BHU3. ['pammaruka (1.5) BKIOYaeT CHHTE3UPOBAHHbIE ATPU-
6yrst v(B), v(L), (L), v(N) u ynacienosauubie arpudbyTot s(B) u s(L), Tak 4ro
MPY WX BBIYUCIEHNH HEOOXOIMMO MTPOXOUT 110 JIEPEBY B 000MX HAITPABIIEHHSIX.
Borancienne Ha cTpyKType, coorBeTcTBYyOINIEel nmemouke 1101.01, mmeer BuI:

N(v=13.25)
(1.6) L(v=13,1=4, s=0) . L(v=.25,1=2,s=—2)
L(v=12,1=3,s=1) B(v=I,s= OKL v=0, 1= 1 3_/)%.25,32—2)

L(v=12,1=2,s=2) B(v=0,s=1) B(v 0,s=-1) 1

N

’ |
L(v:8,|l:1, s=3) B 1|):4, 5=2) 0 0

B(v:1,| 5=3) 1
1

Mo:KHO 3aMETHUTh, YTO aTPUOYTHI “AanHA” CUMBOJIOB L, CTOSIIIUX CIIPABA OT
TOYKHY, JOJKHBI ObITH BHIYUCJIEHBI CHU3Y BBEDX 0 TOTO, KaK OYAYyT BHIYUCICHDBI
(cBepxy BHE3) aTpubyThI “MacuiTad”’ u anI/I6yTbI “suavenue’ (CHU3Y BBEDX).

x99

Ipammaruka (1.5), BEposiTHO, He sBJAETCs “HAUIydlIell BO3MOXKHOI rpam-
MaTHUKOH’ JIJIA CUCTEeMBbl JIBOMYHOM 3alllCH, HO IIOXO0XKE, YTO OHA JIy4Ille COIJIacy-
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ercs ¢ Hameill uaryunueii, yem rpammaruka (1.3). (Ipammaruka, koropas 6osiee
TOYHO COOTBETCTBYET HAIIEMY TPAIUIIHOHHOMY TOJKOBAHUIO TBOMYHOM HOTAIUH,
COJIEPKUT JIPYTOe MHOXKECTBO MPABUJ BBIBOJIA. DTH TPABUIA COMOCTABJIAIOT 116~
MoYKe OUTOB CIIpaBa OT TOYKH WHYIO CTPYKTYPY, BCICJACTBIE Y€ro arpudyT “min-
Ha”, HE UTPAOIIUI MTPUHIMIUAIBLHON POJIU, CTAHOBUTCS HEHY?KHBIM. )

Ham unrepec Kk rpammaruke (1.5) BbI3BaH HE TeM, 4TO OHA HPEICTABIIS-
er coboil uaeasbHOE ONMpeeIeHUe JIBOUYHON CHCTEMbl 3AIUCH, & TeM, 9TO OHa
JIEMOHCTPUPYET B3aMMOJIEHCTBUE YHACTEIOBAHHBIX W CHHTE3MPOBAHHBIX ATPH-
6yTos. Tor akT, 4TO cCeMaHTHYECKKE IPABUIIA, NOA00HbIE TpaBusiaM B (1.5), He
MPUBOIAT K 3AIMKJIEHHOCTHU ONPEIEIEHUs ATPUOYTOB, HE SIBJISETCS OYE€BHUIHBIM,
MMOCKOJIBKY 371€Ch ATPUOYTHI BHIYUCISAIOTCS HE TIPU OJHOKPATHOM 00X0/1€e IepeBa,
B OJIHOM HAINPABIEHUU. AJITOPUTM, TPOBEPSAIONTUI CEMAHTUYICCKUE TPABUIIA HA
3AIlUKJIEHHOCTh, OyJeT OIMCAH HUXKE.

BaxHOCTB yHACTIEIOBAHHBIX ATPUOYTOB COCTOUT B TOM, YTO OHU €CTECTBEHHO
BO3HMKAIOT B MPAKTHUKE W B OUYEBUIHOM CMBICTE “ABORCTBEHHBI’ CHHTE3NPOBAH-
HBIM aTpuUOyTaM. XOTsI JJIsi OMPEIEIEHUs CMBICIA, JBOMYIHON 3aMUCH JOCTATOIHO
TOJIbKO CHHTE3UPOBAHHBIX ATPUOYTOB, CYIIECTBYET Psiji SI3BIKOB, IS KOTOPBIX
TAKOE OrPAHMYEHHE IPUBOIUT K HEYKJIIOKEMY U HEeCTECTBEHHOMY OIPEIEIEHUIO
cemanTuku. CuUTyanuu, KOrJa BCTPEYAIOTCS U YHACTEJIOBAHHBIE, ¥ CHHTE3UPO-
BAHHBIE ATPUOYTHI, TPEICTABIAIOT COOOI T€ CaMble CIy9au, KOTOPBIE B TPEIIe-
CTBYOIIUX OMPEIEJIEHNAX CEMAHTUKN BBI3bIBAIN CEPbE3HBIE TPYIHOCTH.

A2. @opmaJjibHBIE CBOMCTBA

IMpugaaum Tenepsb uaee UCIOIb30BAHUSA CUHTE3MPOBAHHBIX U yYHACICIOBAHHBIX
aTpubyToB Oostee TOUHYIO U Oomee obIryo dpopmy.

IMycrs umeerca KC-rpammaruka G = (V, N, S, P),
rae V - (koneunblii) andaBUT TePMUHAJIBHBIX U HETEPMUHAJIBHBIX CHMBOJIOB;

N CV - MHOXeCTBO HETEPMUHAJIBLHBIX CHMBOJIOB;

S € N - “HavgaJIbHBIIN’ CUMBOJI, HE BXOJANINI B MPABbIE YACTH MPABUJ, U

P - MHOXeCTBO TTPaBWI.

Cemanrnueckue npapuiia gononasior G caenyrommm obpaszoMm. C KazKIbIM
cumBosiom X € V cBsasbiBaercst KoHedHoe MHOXKecTBO arpubyros A(X).A(X)
pa3buUBaeTCs Ha [IBA HENEPECEKAIONINXCS MHOMKECTBA: MHOXKECTBO CHHTE3UDO-
BaHHBIX aTpubyToB Ag(X) M MHOXKECTBO yHacIeIO0BaHHBIX aTpubyToB Ap(X).
MHuoxkectBo A1 (S) mOMKHO OBITH MYCTHIM (T.e. HAYAJIBHBIA CUMBOI S HE I0J-
JKEH MMETb yHACJIEAOBAHHbIX aTpubyToB); aHAJIOrUIHO, MHOKeCTBO Ag(X) my-
cro, eciu X - TepMUHAIBHBII cuMBoil. Kaxkaplit arpubyT « u3 muoxecrsa A(X)
uMeer (BOZMOXKHO, OECKOHEYHOE) MHOXKeCTBO 3HadeHuil Va. s Kak10ro BXo-
Kaeuuss X B JIEPEBO BBIBOJA CEMAHTUYECKUE MPABUJIA MO3BOJIAIOT OMPEIE/TUTh
OJIHO 3HAUEHME U3 MHOXKECTBA V (v I COOTBETCTBYIOIIEr0 aTpudyTa.

ITycts G cocronT M3 m IpaBUI, U MyCTh P-€ MPABUIO UMEET BUT,

(21) Xpo — XplXp2...Xpnp,

rnen, >0, Xp0 € Nu Xy €V anal <j <np. Cemanrudeckumu npaBuiamu
HazbIBatoTca dynknnn F ;. , onpegenénnsie gmda eex 1 <p <m, 0<j < n,
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1 HEeKOTOPBIX & € Ag(Xp;), ecnu j = 0, unu o € Aq(X,;), ecomm j > 0. Kazknas
Takasg (pyHKIUS mpencTaBasger coboii orobpaxkenne u3 VajxVasx... X Vay B
Va anst nekoroporo t = t(p, j, a) > 0, rae Bece a; = a;(p, j, @) sABAAOTCS aTPU-
GytaMu HeKOTOPLIX X pk;, mpu 0 < k; = ki(p, j, @) < np, 1 < i < t. Opyrumu
CJIOBAMY, KaXKI0E CEMAHTHYECKOE MPABUJIO OTOOPAsKAET 3HAYEHUS HEKOTOPBIX

arpubyToB cuMBOJIOB Xp0, Xpi, ..., Xpp B 3HAUEHHE HEKOTOPOIO aTpubyTa CHM-
Boma X,;.
Ipammaruka (1.5), nanpumep, npeacrasisierca B suge G = ({0, 1, ., B, L,

N}, {B,L,N},N,{B—0,B—~1,L—+B,L—-LB,N— L, N— L.L}).
Arpubyramu 31€CH HBJ’IHIOTCH
Ao(B) = {v}, A(B) =
AO(L) = {U, l}v ( )
Ao(N) = {v}, Ai(N)
st x € {0,1,"."}. MuoskectBamu 3Hadenuit arpubyros oyayr V, = {paumno-
Hasbhble unciaa}l, Vs = Vi = {uensle yncna}. Tunuunbiv npuMepoM npaBuil
BBIBOJA CIYKUT deTBEpTOE MPaBuiio Xq9 — X41X42, e ng = 2, Xy = X41 =
L, X5 = B. Tak ke TUOUYHO U CEMAHTHYECKOE IPABUJIO f10,, COOTBETCTBY-
omee 3ToMy mpasuiy BbiBoga. OuO ompenensier v(Xy0) 4Yepes Apyrue aTpu-
OyThI; B JAHHOM CIaydae fio, OTOOpazkaer V, x V, B V, cormacuo dopmyse
faov(z,y) =z +y. (10 ecrb He uTo UHOE, Kak mpasuio v(L1) = v(Lsy) + v(B)
u3 (1.5); ucnonb3ys JOBOJIBHO MPOMO3/KYIO 3AIKUChH, BBEASHHYIO B IIPE/IbILYIIEM
a63aue, IOy IUM:

(4,0,v) =2, a1(4,0,v) = a2(4,0,v) = v, k1(4,0,v) =1, k2(4,0,v) = 2).

CeMaHTHYECKHE MTPABIIIA UCIOIL3YIOTCS JJIsi comocTapienus nenoukam KC
A3BIKA, “3HAMEHnT” CIeIYIOMIM 006pa3oM 2. JIja mo60ro BEIBOIA TepMUHATILHOM
HEMOYKY ¢ 13 S TPHU MOMOIIU CHHTAKCHYECKUX MPABUII MOCTPOUM OOBIYHOE Jie-
peBo BbIBOIA. A MMEHHO, KOpHeM jepeBa Oyjer S, a KayKIblil y3es MOMedaeTcs
00 TepMUHAIBHBIM CHMBOJIOM, MO0 HETEPMUHATIOM X0, COOTBETCTBYIOIINM
MPUMEHEHUIO P-T'0 MPABUJIA JJIsi HEKOTOPOTO P; B MOCIEIHEM CIydae y 9TOr0 y3JIa,
OyIer n, HemoCpeICTBEHHBIX TTOTOMKOB.

(2) XpO

{s}h
{s}
0

Xpl ng Xpnp

ITycrs Teneppr X - merka Hekoroporo ysia aepesa u nycrb a € A(X) -
arpubyT cumsona X. Ecmn a € Ag(X), to X = X0 I HEKOTOPOrO P, eCn
xe a € A1(X), to X = X,,; nst HeKOTOpBIX j U p. B oboux ciyuasx mepeso

2Ha camomM Jiesie 3HAYEHHE 37€Ch IPUIICHBAETCS JePEeBy BHIBOAA LEMOUKH, a He el CaMoi.
Ecnu rpaMmaTuka HEOTHO3HAYHA, 3TO HE OJHO U TO Ke. [IpuMm. mepes.
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“g paiione” 3roro yzna umeer suz (2.2). Ilo onpenesenuto arpubyr a umeer B
3TOM y3JI€ 3HAYEHHUE U, €CJIH B COOTBETCTBYIOMIEM CEMAHTHYECKOM IPABUIIE

(2.3) fpja:Vay x..xVa = Va

BCE aTPUOYTHI (1, ..., Ay YKe ONMPEIEJEHBI M UMEIOT B y3jax ¢ Merkamu X pki,
.., Xpk;, 3HaYEHUS V1, ..., V; COOTBETCTBEHHO, & U = fpiq(V1, ..., v¢). IIporecc
BBIYUC/IEHUST ATPUOYTOB HA JEPEBE IIPOIOIKAETCS 10 T€X HOP, MOKA HeJb3sl 0y-
JIeT BBIYUCIUTH OOMBIIE HU OHOTO ATpudyTa. BhIducieHHbIE B Pe3yIbTaTe aTph-
OyTbI KOPHS JEPEeBa, MIPEICTABIAIOT COOOH “3HATEHIE”’, COOTBETCTBYIOIIEE JAHHO-
My zepeBy BbiBoga (1.6).

EcrecrBenno moTpeboBaTh, YTOOBI CEMAHTHIECKUE TTPABUIIA JABAJINA BO3ZMOK-
HOCTH BBIYHCIUTH BCE ATPUOYTHI MIPOU3BOIBHOTO Y3714 B JIIOOOM JEPEBE BHIBOIA.
Ecmu sro ycinoBue Bbinomasgercs, Oy/IeM TOBOPUTH, 9TO CEMAHTUYECKUE MPABH-
na, 3adans Koppexmuo °. ITIOCKOIBKY JIepeBbeB BLIBOJA, BOODIIE FOBOPH, OECKO-
HEYHO MHOTO, BAXKHO yMETh OMPEIEIATh MO CAMON IDAMMATHKE, SBJISIOTCS JIN
KOPPEKTHBIMHU €€ CEMaHTHYECKHUe TPaBUJIa. AJITOPUTM IPOBEPKH 3TOTO CBOWCTBA,
MPpUBEJEH B pa3m. 3.

OrMeruM, 9TO ITOT METOJ, OMpPEETeHUs] CEMAHTUKU ODIAJAaeT TAaKOH Ke
MOIIHOCTBIO, KAK U BCAKHI JIPYTOii BO3MOXKHBII METOH, B TOM CMBICJIe, YTO 3Ha-
geHue JII000r0 aTpudyTa B JTIOOOM Y3J1€ MOYKET MIPOU3BOIHLHBIM 00Pa30M 3aBUCETH
OT CTPYKTYpHI Bcero aepesa. Ilpeamonoxkum, wanpumep, aro B KC rpammvaru-
Ke BCEM CHMBOJIAM, KpOMe S, TPUIUCAHO 10 JIBa, YHACIEIOBAHHBIX aTpudyTa: [
(“nonoxkenune’) u t (“aepeso”), a BCeM HETEPMHUHAJIAM, KPOME TOIO, 110 OIHOMY
cunTe3upoBanHomy arpubyry s (“nomumepeso’). 3nadenusmu [ 6ymyT KOHEUHbIE
[OCJIEe/I0BATEIbHOCTH IIOJIOKUTEJIbHBIX HEJIbIX YUcesl {ay - as-...-ay }, Olpenesiso-
I[I[e MECTOHAXOXKIEHNE Y318 B JePEeBe B COOTBETCTBUU C CHCTEMOI 0DO3HAUEHUS
Ipion (cm. [8], crp. 388-389) 4 ). ArpubyThl t U s MpeACTABAAIOT COOOI MHO-
kecTBO ynopsiaouenubix nap (I, X), rue | - nmonoxenue y3na, a X - cuMBOI
rpaMMATHKH, 0DO3HAYAIOMMN MeTKy y37ia ¢ nonoxenuem [. CeMaHTUIECKUMEU
OpaBUJIAME LIS KAXKI0rO CHHTaKCu4YecKoro npasuia (2.1) ciayxar

L UXp0) g, ecau  Xpo # S;
(24) UXp) = { 7, ecau Xpo = S;
1(X,,) = t(Xp0), coan Xpo 7 5;

PV s(Xpo), ecau  Xpo = S;

np

s (%0) = { (1 (X50)) + X0) | Xp0 £ S} U U {5 (Xp) | X5 € N}.
Jj=1

CaenoBaresnbho, mis gepesa (1.2), HanpumMep, Mbl UMeeM

s(N)={1,L),(2,-),(3,L),

(11, 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),

3B opurunane well defined. - TIpum. pes.
4HesnakoMBIM € 3TOH cucTemoit 0603HaueHnii He 06a3aTebHO 0GPAIATHCS 33 CIPABKON 110
YKa3aHHOMY aJIpecy: IPHUHIUI CUCTEMBI JIETKO ycMaTpuBaeTcs u3 dopmyn (2.4). - IIpum. pex.
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(1.1.1.1.1, B), (1.1.1.2.1,1), (1.1.1.1.2.1, 1)}

flcHo, 91O 3Ta 3anUCh COAEPIKUT BCIO WHGOPMAIUIO 0 jgepese BbiBoga. Co-
[JIACHO ceMaHTudeckuM npasuiaam (2.4), arpubyrt ¢t BO BCex y3aax (KpoMe Kop-
H) TPEACTABJsIET COOON MHOXKECTBO, XapaKTEePU3YIOUIEe BCE JIEPEBO BHIBOJA;
arpubyT | ompemesseT MEeCTOHAXOXKIeHWe 3TUX y3j0B. OTCIOma cpa3y Ciaemy-
eT, 94To Jrobas MbICTHMAast (DYHKIMs, ONpeIeéHHas Ha JIePEBe BbIBOIA, MOXKET
OBITH MPEACTABIEHA KaK aTrpuOyT MPOM3BOIBHOTO Y3714, MOCKOIbKY 3Ta (PyHK-
uus umeer Buz f(t,1), s sHekoroporo f. AHAJIOIMYHO, MOXKHO IIOKA3aTh, YTO
IIJIS OTIPEIe/ICHNST 3HAUEHUsI, CBA3ZAHHOTO C MIPOU3BOILHBIM JI€PEBOM BBIBOJIA, 10~
CTATOYHO TOJHKO CHHTE3MPOBAHHBIX aTPUOYTOB, MOCKOILKY CHHTE3UPOBAHHBIHN
aTpubyT W, BRITUCIIEMBI 0 (POpMyIe

(2.5) w(Xp0) = {(0, Xpo)} U {(G -, X) | o, X) € w(Xyj), Xpj € N}

B KOpHE JepeBa IIOTHOCTBIO OmpenensdeT Beé mepeso 0. Kaxkmoe cemanTHIecKoe
[PABUIIO, ONPEIENSIEMOe METOJAME ITOTO PA3/IEsa, MOXKHO PACCMATPUBATH KAK
dyukipo sroro arpudyTa w. CieoBaTeIbHO, OMUCAHHBIN OOIIHMH METO, TI0 CY-
IIeCTBY He DOJiee MOIIEH, €M MEeTOJI, BOBCE He MCIONb3YIOMINH HACTeJOBAHHBIX
arpudbyToB. IIpaBaa, 3T0 yTBepKIEHUE HE CIeIyeT MOHUMATh KaK MPaKTHYIe-
CKYIO0 PEKOMEHIAIUIO, TOCKOIbKY CEMAHTHYECKHE MPABUIA, HE MCIOIb3YTONINe
YHACJIIOBAHHBIX ATPUOYTOB, OY/LyT 3a4acTyi0 ropa3/io 6oJiee CJI0KHbIMU (a TaK-
JK€ MEHee IIOHUMAEMbIMU U IPAKTUYHBIMHU), YeM IPABUJIA, BKIIOYAIOLIME ATPU-
OyThr 06omx TuMOB. Ecan A0mycTuTh, 9TOOBI aTpUOYTHI B KAXKIOM y3JIe IepPeBa,
MOTJIF 33aBHCETh OT BCETO JEPEBA, TO CEMAHTHIECKIE TPABUIIA 9aCTO MOTYT CTaTh
npoire u OyayT JIydIiie COOTBETCTBOBATH HAIIEMY MOHUMAHHUIO MPOIECCa BHIYUC-
JIEHUS.

A3. IlpoBepka Ha 3aIMKJIEHHOCTD

Paccmorpum Tenephb aaropuTM, MpOBEPSIOIIHil, SIBISETCS JIU KOPPEKTHOM CHCTE-
Ma, CeMAHTHYECKUX MPABUJI, OMPEIE/IEHHAS B MPEIbIAyIIeM paszaese. JIpyrumu
CJIOBaMU, MBI XOTUM 3HATH, KOIJA CEMAHTHYECKHE MPABUIIA [TO3BOJISIIOT BHIUHC-
JIUTH 3HAYEHne JTF0O60ro arpudyTa J000ro y3/1a MPOU3BOILHOIO IePeBa BHIBOJA.
MoKHO CIATATH, YTO TPAMMATHKA HE COMEPIKUT “OeCIoNe3HbIX”’ TPABUT BIBOIA,
T.e. 9TO KAXK/I0€ MPABUJIO u3 P yJ4acTByeT B BBIBOJIE XOTs ObI OTHON TePMUHAIH-
HOM IIEMMOYKH.

IIycrs /1 - mpou3BosibHOE AEPEBO BBHIBOA, COOTBETCTBYIOIIEE TAHHOM rpaMmMa-
THKE; METKAMU KOHIIEBBIX y3JI0B MOIYT OBbITH TOJBKO TEPMHUHAJILHBIE CHMBOJIBI,
KODHIO YK€ pa3pelnM UMETh METKOI He TOJHKO aKCHOMY, HO W JII000i CHMBOJI
u3 V. Torga MOXKHO onpeenurh opueaTupoBanubiii rpad D (1), cooTsercTBy-
fonmii [, B3gB B Ka4ecTBe ero ysJjoB ynopsizodennbie mapbl (X, «), rme X -
y3en nepesa I, a a - arpubyT cuMBOMa, CayzKaiero Merkoit y3maa X. yra u3
(X1, 1) B (X5, @) IpoBOAMTCA B TOM M TOJIKO B TOM CJly4ae, KOIJA CEeMaH-
TUYECKOE TPABUJIO, BBIUUCSIONEE aATPUOYT (o, HEMOCPEICTBEHHO WCIOJIb3yeT

5B npasoit wactu dopMymb HyX)HO A06aBuTh emé wiren U{(j -0, ) |z ¢ N}. TIpum. pes.
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snauenue arpubyra ;. Hanpumep, ecsu 1 - nepeso (1.2), a B kKauecTBe ceman-
TUYECKUX OpaBuil B3aThl npasuia (1.5), To oprpad D() Gyzer umers Takoit

BHJI: (V)

Hpyrumu cinosamu, yznamu rpada D (/1) ciayxar arpubyTsl, 3Ha4€HUss KOTO-
PBIX HYKHO BBIYUCJIUTH, 8 IyTH ONPEIEISIOT 3aBUCUMOCTH, TIOAPA3YMEBAIOIINE,
KaKue arpubyThl BHIYUCIAIOTCS paHbie, a Kakue noszxe (1.6).

flcHO, UTO cCeMaHTUYECKUE MPABUJIA, ABJIAIOTCSA KOPPEKTHBIMU TOTJIA W TOJTHKO
Toraa, Koraa uu oxus u3 oprpados D(J1) He colepKUT OPUEHTUPOBAHHOIO LUK~
na. Jleno B Tom, 9T0 ecyid B rpade HET OPUEHTUPOBAHHBIX IUKJIOB, TO MOYKHO
OPUMEHUTH XOPOIIO U3BECTHYIO MPOELYPY, MO3BOISAIONLYI0 TPUCBOUTH 3HAUE-
Hust BceMm arpubyram (cM. [8], crp. 465-6). Ecin ke B Hekoropom rpade D (/1)
€CTh OPHUEHTUPOBAHHBIN [WUKJI, TO BBUIY TOTO YTO TPAMMATHKA, HE COIEPIKUT
6eCroIe3HbIX MPABUIL, MOXKHO YTBEPXK/IATh, 9TO CYIIECTBYET OPUEHTHPOBAHHBIH
uuks B HekoTopom rpade D(/I), y koroporo merkoil Kophs nepesa I ciyxur
S. Hnsa takoro aepesa [1 Bce arpubyThl BHIYUCIUTH HE yaaércs. Takum obpa-
30M, 3372493 “ABISAIOTCS JIH CEMAHTUIECKWE MPABUIA KOPPEKTHBIM?’ CBOIUTCS
K 3aga4e “Conepxar ju oprpadsr D(/]) opueHTHpOBaHHbIE MUKJIBI?”

Kaxpiii oprpad D(/1) MOXKHO paccMaTpUBATh KaK CYINEPIIO3UIUI0 MEHb-
mux oprpacdos Dp, coorsercraytomux npasuinam Xpo — Xpp -+ - Xp,, rpaMmma-
tukn, 1 < p < m. B obosnavenusx pasa. 2 oprpad Dp umeer yzusr (X5, a)
s 0 < j < np,a € AX(p;j) u nyru u3 (Xpk;, o) B (Xpj,a) qma 0 < j <
np, & € Ao X (pj), ecmu j = 0,0 € A1 X (pj), ecnm §j > 0,k; = ki(p, j, o), oy =
a;(p, j, a), 1 <i < t(p,j,a). Apyrumu croBamu, Dp oTpaxkaer CBA3H, KOTOPBIE
MOPOXK/IAIOT BCE CEMAHTHIECKHUE TTPABUIIA, COOTBETCTBYOIINE P-My CHHTAKCHIE-
ckomy npasuiy. Hanpumep, mecru npasusiam rpammaruku (1.5) coorBercrByoT
[IECTh CJIEAYIOMUX OPrPadoB:

(3.2)
D, : ev(B) e s(B) Dy : ov(B) e s(B)
ou(B) ¢ 5(B) ov/(L2 el(Ly) e's(Ly) “ewv(B)es(B)
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D5 :ev(N)el(L)es(L) Dg : ev(N)
D)o UD)es(D) ST l(Le) s SETw L) KLY e (L)

Oprpad (3.1) nonyuaercs B pe3ynabrare “o0beauHeHUs’” TAKUX TOATPadOB.
Boobuie, eciu [ umeer B kauecrBe MeTku KopHs Tepmunast, D (/1) ne conepur
ayr. Ecnm kopenns nepesa /I moMeden HeTepMUHAIBHBIM CUMBOJIOM, JI mMeer Bu,

(3.3) X0

i Ho Jn,

JIJIsl HeKOTOporo p, rje lj - pepeBo BbIBO/IA, Y KOTOPOTO KOPEHb TIOMEYEH CHM-
BosioM Xpj, rne 1 < j < n,. B nepsom citygae rosopar, uro [l - 1epeBo BeIBOIA
tumna 0, Bo BTopoM ciydvae /| Ha3piBaeTcs depesom euvieoda muna p. B coor-
BETCTBUM C STUM OIPEIeTIeHHeM i TOro, 4tobsl mo Dp, D(T1), ..., D(1ny)
nocrpouts D(/I), myxuO0 1y Bcex j,1 < j < n, COBMECTHTDH y3JIBI, COOTBET-
crByiomue arpudbyram cumBoiaa X pj rpada Dp ¢ COOTBETCTBYIOMUMEA y3TaAMI
(orBevaromumu TeMm ke arpubyram Kophs gepesa /1j) B rpade D(j).

s npoBepku Toro, copepkut ju rpad D (/1) opueHTUpOBaHHBIN UKL, HAM
MOHAIO0OUTCH emé oxuo mousitue. [lycts p- HoMep npaBuia BeiBoga. Obo3HaTMM
uepe3 () mpomssombublii oprpad (1 < j < np), MHOKECTBO Y37I0B KOTOPOTO
saBJsercd noaMuoxkecrsom Muoxkecrsa A(Xpj) arpubyros cumsosa X pj. [lycrs

(3.4) Dp[Gy, ..., Gny)
oprpad, nonydennbiii u3z Dp nobasienuem ayr, unyuwmx u3 (Xpj, a) B (Xpj, '),
ecim B rpade G ecth ayra u3 a B .

Hampumep, ecrmun
v 1l s v s
e o o Go= o °

hd N

u eciu Dy - opuentupoBansbiii rpad u3 (3.2), o Dy(G1, G2) umeer Buj

Gy =

Dy :ev(Ly)el(Ly)es(Ly)

oy(Lo)el(Ly)es(Ly) “ew(B)es(B)
N

Temepb MOKHO BOCIIOIB30BATHCS ey FOIuM aaropurmom. st moboro X €
V' S(X) 6yser HEKOTOPBIM MHOXKECTBOM OPMEHTHPOBAHHBIX IpadoB € y3jamu

u3 A(X). Cuagana s Becex X € N S(X) nycro, a nia X ¢ N S(X) cocronr
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u3 equHcTBeHHOrO rpada ¢ MuoxkecTBoM y3s0B A(X) u He comepzKaliero ayr.
Bynem nobasnsts K muoxkecrsam S(X) HOBble oprpadbl mpu mOMOLIU CJIeLy-
[oLIell PoLeayPbl 10 Tex nop, noka B S(X) He nepecranyT NOsBJISATHCH HOBbIE
ssmeMeHTHI. Beibepem memoe p, 1 < p < m u ana kaxzgoro j, 1 < j < ny,, BEIGEpeM
oprpad D'j € S(Xpj). 3arem nobasum B S(X,0) oprpad ¢ MHOXKECTBOM y3JI0B
A(Xpo), obmagatomuit TeM CBOHCTBOM, 9TO B HEM Jyra oT « K @' naér torjga u
TOBKO TOTIA, KOrJIa B oprpade

(3.5) Dp[D'1, ..., D'n,|
CYIIECTBYET OPHEHTHPOBAHHEIN myTh U3 (X0, &) B (Xpg, a'). dAcuo, uro sror
MPOIECC PAHO WM MO3THO 3aKOHYWTCA W HOBBIE Oprpadbl MEpecTaHyT TOpo-
JKIATHCSA, TOCKOMBKY BOOOIIE CyNIECTBYET JIMIIb KOHEYHOE YUCI0 OPUEHTHUPO-
BAHHBIX IrpadoB.

B cayuae rpamvaruku (1.5) ajaropuTm mOCTPOUT CJIEAYIOLINE MHOMKECTBA:

soo={ " sm= {1}

sm={ "1 so=sn-0.

vy e

IMycts 1 - mepeso BbIBOJA ¢ KopHeM X, u mycth D'(/I) - opueHTHpOBaH-
ubiil rpad ¢ MuoxkecrsoM y35108 A(X), y KoToporo ecth ayra u3 a B o' TOrza
U TOJBLKO Torza, Koraa B D(/I) cymecrByer opuentupoBanubiii myTh u3 (X, )
B (X, a'). ITokaxkeM, 4ro nocie OKOHYaHHs PAOOTHI ONUCAHHOIO BBIIIE AJIIO-
purma st Bcex X € V S(X)—  amo mnoorcecmeo scex D' (), rne JI-nepeso
BBIBOMA ¢ Koprem X 6 ). Jleitcteurennro, mocrpoenne e mobasiser kK S(X)
HOBBIX OPUEHTUPOBAHHBLIX rpados, He sapigomuxca D'(/1). Aaropurm MOXKHO
JlazKe JIerko oboOIUTh Tak, 4Tobbl mis Kaxkaoro rpada uz S(X) on megarasn
Ha BBIXOJIE COOTBETCTBYIOMIEe aepeso BoiBoga . ObparHo, eciu I-1epeBo Bbi-
BOZIa, MBI MOYKEM MOKA3aTh MHIAYKIWEH mo wucay y3aos aepesa I, ato D'(I)
NPUHAIJIEKAT HEKOTOpoMy MHOKecTBY S(X ). B mporushom ciyuae JI 1o1KHO
umers Buz (3.3) u D(M) “cocrasnen” uz DpD([;), ..., D(An,). Ilo nuxykimun
u BeiencTBre Toro, uro npu j # j' w3 D(H;) B D([;) He mpoxoauT Iyr BHE
Dp, nyru 8 D(My), ..., D(dn,), cocraBnsiiomneii paccMarpuBaeMblii yTh rpada
D([), moxkHO 3aMeHNTH cooTBercrByomuMu ayramu B Dp[D'1, ..., D'ny|, tae
D'j € S(Xp),1 < j < ny. llosroMmy opuenrupoBanmbii rpad, BKIOUAEMBIi B
S(Xpo) ma 6a3e Dp[D'1, ..., D'n,], mpocro cosmazaer ¢ D'(II).

BeImmrenpuBeqEHHBIN AJTOPUTM PENIaeT 3aJady, MOCTABIEHHYIO B 3TOM pas-
zere.

Teopema. Cemanmuueckue npasusa, 0o6asAeHHbLE K 2DAMMAMUKE MAK,
Kax 9mo cleaaro 6 pasd. 2, AGAAOMCA KOPPEKMHOMYU M020¢ U MOALKO Mo20da,
K020a HU 00UH U3 OPUEHMUPOSAHHLIT 2pados (3.5) Hu npu Kakom 6blOOPeE P U
D} € S(Xp1), ..., D'ny € S(Xnp) ne codepotcum opuenmuposantvit Yukios.

SEcnu, Kak onpeena1och BEIIe, KOHIEBBIMHI y31aMu JI MOryT 6BITh TONBKO TepMHUHAILHLIE
cumBodtbl, T0 S(X) Gyaer codepocamsv Bee D' (1), a ne cosnadams co muoxecrsom scex D’ (11).
Y065 He BHOCHTH B IIOCTeIYIONIHE TOCTPOSHUA HECYeCTBeHHEIX HCIPABIEHHH, IPOTe B 3TOM
abzane caurars /1 106bIM 1€peBOM BbIBOAA ¢ KOpHeM X (T.e. He 0053aTeIbHO NPOJOPKEHHBIM
10 TepMUHATOB).- IIpum. pes.
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JHoxazameavcmeo. Eciu (3.5) conepkuT OpUEeHTHPOBAHHbIA LUKJI, TO, KaK
ObLIO NOKA3aHO Bbie, HeKoropbiii D(/) coaepKuT OpUEHTUPOBAHHBINA IIUKJI.
Hao6opor, ecin [I-mepeBo ¢ HAMMEHBIINM BO3MOXKHBIM YHCJIOM YJIOB, TAKOE,
uto D(/I) comepuT OpUeHTUPOBAHHBIN TUKJI, TO JI mokHO uMeTh Bz (3.3), a
D(I) “cocrasnsercst” u3 Dp; D(y), ..., D(Onp). N3 munumamsaocTa I ciexy-
€T, 9TO OPMEHTUPOBAHHBIA MK/ BKJIIOYAET [0 MEHBbIIEH Mepe OfHy Jayry rpada
Dp, u, cnepoBaTesbHO, MOXKHO, PACCY2K/1as1, KAK BBIIIE, BCE Iyru, 0Opasytomue
STOT LUKJI ¥ Jiexkarine B ogHoM u3 rpados D([y), ..., D(/In,), 3amMeHuTs gyramn
rpada (3.5).

A4. TlIpocToit 93bIK ITPOrpaMMUPOBAHUHA

Ceitgac MBI IPOJEMOHCTPUPYEM, KaK OMUCAHHBIN BBIIIE METOJ CEMAHTUYECKO-
rO OIpeJesIeHus MOXKHO INPHMEHATH K A3bIKAM IpOrpaMMupoBanud. s mpo-
CTOTHI U3y4nM (bOpMaJIbHOE ONpeeeHne HeOOBIIOrO A3bIKA, OMUCHIBAIONIETO
IPOrpaMMBbI Jjist MamuH ThOpUHTa.

Mamuna Twiopunra (B Kiaccuyeckom cmbiciie) paboraer ¢ GeCKOHEIHOI JIeH-
TOM, KOTOPYIO MOYKHO IIPEJICTABIATH cebe pa3/esléHHOI Ha KieTKu. MamuHa
MOKET CUATBHIBATH UJIXA 3AMUCHIBATH CHMBOJIBI HEKOTOPOT'O KOHEYHOrO ajIhpaBUTa
B 0003peBaEMyI0 B HEKOTODBII MOMEHT KJIETKY, & TaKxKe CIBHIATh YUTAIONIee
YCTPOHCTBO Ha OAHY KJIeTKy Bnpaso unu Bieo. Cremyromast nporpamma, Ha-
npuMep, IpubaBiIsieT eAUHUIY K HEI0MY HHCILY, IPEJCTABIEHHOMY B [BOUYHOM
BUJZE, U [IeYaTaeT TOUYKY CIpasa OT roro uucia. IIpeamonaraercs, 4ro B Hava-
Jle ¥ B KOHIIe paOOThI IPOrPAMMBI YHATAIOIIEe YCTPOICTBO HAXOJUTCS HA NEepPBOi
IIyCTOHM KJIETKE CIIpaBa OT YACIIA.

AndaBur npoben, eduHuYua, HYAL, TOYKG;

medaraTb ‘movka”’; MeperTH Ha 6bNOAHUMD;

mecm: ecJIi CUMBOJI Ha JIeHTe “edunuya’ TO

(4.1) {meuarars “nyav”;

BbINOAHUMD: CABUHYTHCS BJIEBO HA OAHY KJIETKY;

nepeiitu Ha mecm};

mevaTarhb “edunuya’; 6036pam: COBUHYThCS BIPaBO HAa OJHY KJIETKY;
ecJIl CHMBOJI Ha JIEHTE “Hyab’ TO MEepPerTH Ha 6036pam.

(Yuraresnb, mo-BUAMMOMY, HAHAET STOT A3bIK IPOrPAMMHUPOBAHUS JI0CTATOY-
HO TPO3PAYHBIM JJIS TOTO, 9TODBI MMOHSATH €ro, MPeXKIe YeM OyIeT JAHO KaKOe-
b0 popMaTILHOE OMpEIesIeHIe, XOTs 9TO U He 0bsi3aresibHo. IIpuBeaénnas BbI-
e mporpaMMa He SBJISIeTCS MPUMEPOM HCKYCHOTO mporpammupoBanus. Ona
JIAITb WITIOCTPUPYET HEKOTOPhIE YePThI MPOCTOTO si3bIKA, PACCMATPUBAEMOTO B
HACTOSILEM DPa3Jerie.)

ITockoabKY KaxKIpIil A3bIK MPOTPAMMUPOBAHUS HYKHO KAK-TO HA3BIBATH, HA~
30BéM HaIm S3bIK ThiopuHTOMTOM. Besikas mpaBuabHas mporpamma Ha THopuH-
rojie ONpEeeIsieT MporpaMMy Ijis MamuHbl ThiopuHTa; OyIeM TOBOPUTH, UTO
pOrpaMMa, [ijisi MAIUHbI T hbIOPUHTA COCTOUT U3:

® MHOXKeCTBa “cocrogauit’” Q,

® MHOXKECTBa “CHMBOIOB” X,
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e “HadanbHOro cocroauus’ gy € @,

e “KOHEYHOTO COCTOSHUST (oo € @,

e u “yunkuuu nepexonos” §, orobpaxkatoieii MHOKeCTBO (@ — {goo}) X X
BY X {-1,0,41} x Q. Ecimm 6(q,s) = (s', k', ¢'), To 370 03mamaer, ato ecnim
MAIINHA, HAXOAUTCS B COCTOSIHUM ¢ U 0DO3PEBAET CUMBOJI S, TO OHA TleYaTaer
CUMBOJI §', CABUTAeT YUTAIONIEe YCTPOHCTBO Ha k KJIETOK BOPaBO (CABUTY Ha
OZIHY KJIETKY BJIEBO COOTBETCTBYET Ciydail k = 1) U mepexomur B COCTOsHHE
q'. PopmanbHO MpOrpaMMa MANIMHbLI THIOPUHTA ONPEAENSeT BBIYUCIEHUE IS
JIEHTBI C “JTI00BIM HAYAJIBHBIM COIEPKUMBIM , T.e. Jjis 000 OECKOHEeIHO# B
006€e CTOPOHBI MOCTIEIOBATETHLHOCTH

(42) ey @_3,0_2,0_1,00, 01, A2, A3, ...

371eMeHTOB adaBuTa Y. CIEAYIONAM 00pa3oM. B mMpOM3BOMbHBIN MOMEHT BbI-
YUCIEHNs CYIIECTBYET “TeKyIee cocTosgumne”’ ¢ € () U MeJTOYNCTCHHAS BETNINHA
“oJTOzKEeHre YUTAIoNIero ycrpoicrsa’ p. Buadane ¢ = qo u p = 0. Ecm ¢ # ¢
u ecnu 0(q, ap) = (s', k', ¢'), To crenyomuM marom BEIMHCIEHUS OyIeT 3aMeHa
3madeHus p Ha p+k, ¢ Ha ¢’ 1 ap Ha s’. Eenn ¢ = oo, BBIUACTEHNE 3aKAHINBACT-
cs. (Boruucienune MoKeT He 3aKOHUUTHC; 11 TporpaMMbl (4.1) 310 mpou3oiasT
TOIIA U TOJIBKO TOTJA, KOUma a; =‘emuuura”’ myst Beex j < 0.)

Terneps, KOra y HAC MMEETCsT TOTHOE OIMpeesIeHre MTPOrpaMM MaIuH Thio-
PHUHTA, MbI XOTUM OIPEIEJIUTh TPOTPAMMY MAITUHBI T HIOPUHTA, COOTBETCTBYIO-
ILyIO0 MPOM3BOJILHOM mporpamme Ha Thiopunrosne (U OJHOBPEMEHHO OMpPEIe/IUTh
cunraxkcuc Twropunrona). Jiisg 910ro ya06HO IPUHATH HEKOTOPOE COIJIAILIEHHUE O
dopwme 3amucu.

(1) CemanTHyecKoe MPaBUIIO “BKIOYUATDL X B B”, CBsi3aHHOE ¢ CHHTaKCHYe-
CKHMM [PABHUJIOM, O3HAYAET, YTO X JOJKEH CTATH JEMEHTOM MHOXKecTBa B, rie
B-arpubyT akcuombl S TpaMMaTuKku. 3HadeHueM B Gyer MHOXKECTBO BCeX T,
JIJIsT KOTOPBIX CYIIECTBYET TAKOE CEMAHTHIECKOE MIPABUIIO, CBA3AHHOE ¢ KAXKIBIM
MPUMEHEHUEM COOTBETCTBYIOIIEr0 CHHTAKCHIECKOTO TTPABHUIA B JEPEBE BHIBOJIA.
(9T0 mpaBWJIO MOXKHO PACCMATPUBATH KAK COKPANIEHHYIO 3allUCh CEMAHTHYE-
CKOT'O MTPaBHJIa

(43) B (Xy0) = U B (X,) U

U {2z | "BrirouuTs & B B” cBsA3aHO ¢ p-M IpaBUIOM },

CBSI3AHHOTO C KAXKJIBIM CHHTAKCUYECKUM MPABUIOM. 37ech B - cuHTe3upOBaH-
HBI aTpUOy T, UMEIOIIUNCS Y BCEX HETEPMUHAIBHBIX CUMBOJIOB. JLJis TepMUHAb-
HBIX cUMBOJIOB B(x) mycro. flcuo, 9410 911 NpaBUiia MO3BOJILIOT IOy YUTh HY K-
Hoe B(S).)

(2) Cemanruyeckoe npapuso “onpenenutsb f(x) = y”, CBA3aHHOE C CUHTAKCH-
YECKUM MPABUIIOM, O3HAYAET, 94TO 3HaUeHHe (DYHKIUU [ B TOYKe T OyJeT paBHO
y; 37ech f - arpubyT akcuoMbl S rpaMMaTuku. Ecim BeTpedaeTcs 1Ba MpaBuia,
3ajaomux 3Hauenne f () IJist OJHOTO ¥ TOTO ¥Ke 3HAUEHUS L, TO BO3HUKAET CH-
Tyalus OIUOKH, & JePEBO BBIBOIA, B KOTOPOM OHA BO3HUKJIA, HA3BIBAETCS HENPA-
suavhoLm. Janee, K GyHKIuU f MOXKHO 00palnaThbCs B APYTUX CEMAHTHYECKUX
npaBuiax npu yciaosuu, 9to f(z) Gyser MCIoIb30BATHCHA TOJBLKO TOTAA, KO,
3Havenne MYHKIUA Jisi apIyMEeHTa T ompejesieHo. JIroboe mepeBo BbIBOJA, s
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KOTOPOI'0 BCTPETHJIOCH OOpAlleHne K HeolnpeaeJeHHoil Bennuune f (), Ha3biBa-
erca nenpasusvhvuim. ([IpaBuiia Takoro Tuna BayKHbI, HAIIPUMED, TOTAA, KOLIA
HY2KHO ODECIIEYUTHh COOTBETCTBUE MEXKJY OIMHCAHHEM U HCIIOIb30BAHUEM WJIEH-
T(UKATOPOB. B MpuBeIEHHOM HUXKe IPUMEpPE B COOTBETCTBUU C ITUM COTJIAIIE-
HHEM HEMPaBWILHBIMU OYIyT MPOTPAMMbI, B KOTOPBIX OJUH W TOT YK€ WIEHTHU-
duKaTOp IBAKIBI BCTPEYACTCA B KAYECTBE METKH, WM B ONEPATOPE Hepexoma
UCIIOIB3YeTCsl UACHTU(DUKATOD, HE SBIAIONUICT METKOM omeparopa. B cymimo-
CTH, TO [IPABUIIO MOXKHO IIPEJICTABIATH cebe, anagorudto (1), Kak “BKIIIOYATH
(z,y) B f”, eciu paccMaTpuBarh f KaK MHOYKECTBO YIODPSIJIOUEHHBIX Tap; HEOO-
XOJIMMO COOTBETCTBEHHO BBECTH JIOMOJHUTEHHBIE IPOBEPKU HA, 3AIIUKJIEHHOCTD.
[TpusHak “mpaBUIBHO WM HEMPABUIHLHO MOYKHO CYUTATH ATPUOYTOM AKCHOMBI
S. ITocrpoenue COOTBETCTBYIOMIUX CEMAHTHYECKUX TIPABUIL, AHAJIOrUIHbIX (4.3),
KOTOpbIe aKKyPaTHO OIPEeAENIAIOT 3anuch “oupenenursb F(x) = y”, Heciaoxkuo u
NPEIOCTABJIAETCS IUTATEIIO. )

(3) @yukuusa “HOBCUMBOJI”, B KAKOM ObI TIPABUJIE OHA HA BCTPETUIACH, OY-
JIeT BBIPAOATHIBATHL HEKHMI aOCTPAKTHBIN OOBLEKT, MPUUYEM TpPH KaykKIOM obpa-
[MEHAN K “HOBCHMBOJT’ 3TOT OOBEKT OyAeT OTIWYEH OT BCeX MOJYyUIEHHDBIX HIPH
OPEAIECTBOBABIIMX 00PALIEHUAX K HOBCUMBOJL. (D1y (DYHKIMIO JIETKO BbIpa-
3UTH [PU MTOMOIIY JAPYTHX CEMAHTUIECKUX [IPABWII, HAIIPUMED UCIOIB3Ys ATPHU-
OyTbl [ u3 (2.3), NPUHUMAIOIINE B PA3HBIX BEPIINHAX JEPEBa, PA3HBIC 3HAYCHUS.
QYHKIWSA HOBCUMBOJI CJIYKUT TOIXOISIINM UCTOYHUKOM “ChIPphs’ IS MOCTPOE-
HUsI MHOXKECTB.)

Mer Buzenu, gro cornamenns (1), (2) u (3) MOXKHO 3aMEHATH JPYTUMHA Ce-
MAHTHYECKUME KOHCTPYKIUSMU, HE UCIONb3YIOMUMHA TAKUX COTJIAIICHWI, CJIe-
JIOBATEIHLHO, OHU HE SIBIASIOTCS “Oa3MCHBIMEI’ 11 ceMaHTHKH. HO OHM Ype3BhI-
YaHO MOJIE3HBI, TAK KAK COOTBETCTBYIOT MOHSTHSAM, KOTOPBIMHU YACTO IMOJIB3Y-
IOTCS, TIO9TOMY UX MOYKHO CUUTATH TMPUHIUMHAIBLHBIMY JIJIST METOA OMUCAHUS
CEeMAHTHUKM, [PEJICTABIEHHOrO B HACTOMAIIEH crarbe. DPD@EKT OT BBEJEHUs Ta-
KHUX COMJIAIIEHUI COCTOUT B TOM, YTO YMEHBIIAETCs 0DIIee KOJIMIeCTBO aTpuidy-
TOB, SIBHO MPUCYTCTBYIOIIUX B MPABUJIAX, U B TOM, 4TO yaaércs oboiTuch 6e3
HEOMPABIAHHO JIMHHBIX MTPABHUII.

Terepsb y2Ke HECTIOKHO HATH (POPMAIHHOE OMPEIEIeHIe CHHTAKCUCA, U CEMaH-
tuku ThopuHroIa.

Hemepmunarvrole cumseov:

P (mporpamma), S (oneparop), L (ciiucok oneparopos), I (uaeatudukarop),
O (mampasinenue), A (cumBon andasura), D onucaxme).

TepMUHAALHbLE CUMBOADL:
abcdefghijklmnopgrstuovwzyz.,:;’ {}andasur nepeiitu
Ha [MeYyaTaTh €CJIM CHMMBOJI HA JIEHTe TO CABUHYTHCS Ha OJAHY KJETKY
BJIEBO BIIPaBO

Havarvrodi cumson: p



IIpocToii 361K MPOTrPaAMMHDPOBAHHIS

215

ATpubyThr:
Nms Tun 3nagenus Ilens BBEmenus
aTpu-
OyTa
Q MmuozxecTBO Cocrostausi IPOrpaMMBbI
by MHuoxkecTBO CHuMBOJIBI TTPOTPAMMBI
Qo DJIeMEeHT MHOXKeCTBa () HauvasibHoe cocTosinue
Qoo DJIeMEHT MHOXKEeCTBa, () Koneunoe cocrosimme
) Oyuknusa,  orobpaxkaomas | OyHKINS TePexoa0B
(Q—{a}) xS
Ex{-1,0,+1} x @
MeTKa OyHKIWHSA, oTobpazkaomas | Tabauma cocTosiHmit 11 OTe-
[EMOYKH OYKB B 3J€MEHTHI | PATOPHBIX METOK
MHOXKeCTBa ()
cumBon | DyHKIWMS, orobpazkaromast | Tabauia CHMBOJIOB IJIsT CHMBO-
[ETOYKH OYKB B 3J€MEHTHI | JIOB JIEHTHI
MHOXKECTBA X
Claenyo- | DJIeMeHT MHOKeCTBa, () Cocrosinve, HENOCPEICTBEHHO
1ee cIIeytonee  3a  OlepaTopoM
WU CIUCKOM OMEPATOPOB
d +1 Hanpasnenne
TEKCT Ilenouka OykB N aentudurarop
HAYAJI0 | DJEMEHT MHOKECTBa () Cocrosinve B HadYaJj€ BBIMTOJ-
HEHHSI ONepaTopa WK CIUCKA
oneparopos (yHacJeJ10BaHHbBI
arpudyr).

CuHTaKCHYeCKHE U CeMAHTUYECKUe MPaBuia cM. B 1abm. 1.

Tabauna

Kom- | N Cunmax- | Ilpumep Cemanmuueckoe npasuno
Menmar CUYECKOE
put nPasULO
Bykeoi| 1.1 | A—a a (amasio- | rekcr (A) = a

THYHO BCeX OYKB)

12 | A—z JUISt 2) Teker (A) =z
Unenry-2.1 | I - A m rekcr (I) = rekcr (A)
dburarg- I—-1A marilyn rekcr (I) = rekcr(I) reker (A)
phI
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Omnuca- 3.1 | D—anda- | andasur | onpenenurs cumson (reker I)) =
HUA 3.2. | BuT marilyn HOBCUMBOJT;

I andapuT | BKIOUYATH cuMBOJ (Teker I)) B X
D— D, I | marilyn, | ompenenants cumson (Tekcr I)) =
jayne, HOBCHMBOT,;
brigitta BkyounTh cumsoi (tekcr 1)) B X
Omnepa- 4.1 | S—meua- | mewarars | onpegenuts ¢ (Hagano (S), s)=
TOp TaTh ‘jayne’ cumBo(reker 1)), 0, ciemyrommuii
neda- ‘T (S)) mna Beex s € X;
™0 ciegyonmii (S)=HOBCHMBOI;
BKJIIOUATH caegyiomuit (S) B Q.
Omnepa- 4.2 | S—casu- | casunyThed onpegenutsb ¢ (Hauano (S), s) =
TOp 4.2.1| myreca O | BreBo Ha | (s, d(0), caegyrommit (S) mns
capu- | 4.2.2| ma ouHy | OOHY BCeX S € X;
ra KJIETKY KJIETKY crepyomuii (S) = HOBCUMBOI;
O— Bie- | BaeBO BKJIOUATH caeayiommii (S) B Q.
BO . d(0) = -1.
O0— BIIPABO d(0) = +1.
BIIPABO
Omnepa-| 4.3 | S — mne- | nepeiitu | onpexenurs ¢ (Hagano (S), s)=
TOp peiitu Ha | ma boston | (s, 0, merka(rexkcr 1)) mna Bcex
epe- | 5 €3
X014, caepyomuii (S)=HOBCUMBOUI;
BKJIOUATH caeayrommii (S) B Q.
ITyctoi 4.4 | S — cieytommit (S) = nagaso (S).
omepa-
TOp
Venos-| 5.1 | Sy —ecu | ecnu onpenemuts ¢ (Hadano (Sq), s)=
HbIi CHMBO CHMBOI (s, 0, merka(cremyrommuii (Sz))
omepa- HA JIEHTE | HA JIEHTe | ;g BCeX § € Y- CHMBOJ
TOp “I”, 10 S9 | “marlyn”, | (rekcr(I));
TO ne- | onpeaenauts ¢ (Hauamno (S1), s)=
4aTaTh (s, 0, merka(cmemyromuit (Ss))
“jayne” mis s = cumBoda (reker(I));
Hadaso (Sz)=HOBCHMBOI,
caepyrommii(Sy ) =cruenyroumii(Ss);
BKJIOUATH Ha4daso (S2) B Q.
ITome- | 5.2 | Si—“I" : | boston: OIIPEIEJINTh MeTKa (rekcr
“eH- Sa casunytbed (I))= wmagamo (S1): Hagamo
HBIi BieBo Ha | (Sy)=mauano (Sp); ciaemyrommii
omnepa- OfIHY (S1)= cnemyioumii (Ss).
TOp KJIETKY
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Cocrast 5.3 | S—=L (meuarars | nauano (L)=nagano (S);
HO “jayne” caenyrommii (S) = cuenyromuit
omepa- mepeiiTn (L).
TOp Ha
boston)
Cmucog 6.1 | L— S nedatars | Hadazno (L)=mnauamno (S);
omepa-| 6.2 | Li—Ly; S | “jayne” crepyromuit (S) = ciaenyromuit
TOpPOB negarare | (L).
“jayne” nauaso (Lo)=nauaso (Lq);
nepeiitu caenyromumii (S) = cuenyromuit

ua boston | (Ls).
crepyromuit (L) = ciaenyrommuit

(S)-

IIpor- | 7 P —»D; L | andasur | q—=HOBCHUMBOI;
paMma marilyn, BKJIIOYUTD (g B ();
jayne, nadano (L)=qq;
birgitta Goo= cnenyiommii (L).
MeYaTaTh
‘Jayne”

OrmeTnM, 9TO KaZKIOMY OMEPATOPY S COOTBETCTBYET ABA COCTOSTHUS: HAYA-
g0 (S) - cocrosiume, COOTBETCTBYIOIIEE MEPBOH KOMAH/IE, BXOJAIIEH B OMEpaTop
(ecmu TakOBask MMEETCs), SABJIAIONIEECS YHACICIOBAHHBIM ATPUOYTOM CHMBOJIA
S, u caenyrotuee (S) - cocrosinue, “cienyiomee’ 3a ONEPATOPOM, UM COCTOSTHUE,
B KOTOPOE TOMAJAET MAIIUHA [MOCJIe HOPMAJIBHOIO BBINOJHEHUs orneparopa. B
cllydae omepaTopa Mepexoia, OAHAKO, IPOrpaMMa He HOMAJET B COCTOSHUE CJIe-
nytomee (S), TTOCKOIBKY JeHCTBIE OMEpaTopa COCTOUT B IEPEIAue yIPABICHUS
B JIPYrO€ MECTO; O COCTOAHUU cyieaytoiee (S) MOKHO CKAa3aTh, 9TO OHO CJIELYeT
3a OmepaTopoM ‘“‘CTarwdecku’ WIN “TEKCTYyaJbHO', a He “IuHAMWYECKH B XOIe
BBIMIOJTHEHUST TPOTPAMMBL.

B rabu. 1 crenyrouee (S) siBisiercs CHHTE3UPOBAHHBIM aTPUOYTOM; MOXKHO
COCTABUTH AHAJIOTUIHBIE CEMAHTUIECKUE TIPABUIIA, B KOTOPBIX ATPHOYT CIIEIYI0-
miee (S) Oyaer yHaciaegoBanubiM. [Ipu 9TOM, IpaBaa, TPOrPAMMbI, BKIIOYAIONIIE
MyCThIe OMEPATOPbI, OYAyT HECKOIbKO MeHee 3hdeKTuBHbI (cM. TpaBuyo 4.4).
Awnamoruuno, oba arpubyra nadasno (S) u ciaexyiomee (S) MOryT GBITH cuera-
HbI CHHTE3UPOBAHHBIMU, HO 3TO Oy/IET CTOUTH JOMOJHUTETHHBIX HHCTPYKIHH B
nporpaMmve MamuHbl ThIOPHUHTA TIPH PeATH3aliK CIIHCKA OIIEPATOPOB.

Hamr mpumep mor 661 ObITH TIpoOIlEe, €Cau ObI MBI UCIOML30BAIN MEHEe Tpa-
IUIHOHHYIO0 (hopMy MHCTPYKIMHA Marnuabl Thiopunra. [IpunsaToe HamMu onpeze-
Jienue TpebyeT, ITOOBI KasKaas WHCTPYKIUS BKJIIOYAJIA AEHCTBUS UTEHUS, TIe-
YaTU W CABUTA YUTAIONIEro ycrpoiicrBa. Mammua ThiopuHra mpeacTaBiisieTcs
IIPU 3TOM B BHJIE HEKOEN OJHO-IJIIOC-OAHO-3JPECHON BBIYUCINTEIbHON Malllu-
HbBI, B KOTOPOIl KaXK/1asi HHCTPYKIHUS OIPEIESIseT MECTOIONIOXKEeHUE (COCTOSHIE)
crenyromeil uHeTpyKimu. Meros onpe/ieieHns CeMAHTHIECKUX TTPABUIT, HCIIOTb-
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30BaHHBI B 9TOM mpuMepe, rae arpubyT cieyoiee (S) sBJsieTcsi CHHTE3UPO-
BaHHBIM, a Hadaso (S) - yHACJEIOBAHHBIM, MOAMUTCI W JJIsi BHIYUCIUTEIbHON
MAalllMHbl WU aBTOMATa, B KOTOPOM N + 1-s MHCTPYKIMs BBINOJHAETCS TOCTE
n-it. B arom ciayuae (cremyromee (S)- magamo (S)) ecTb YMCIO MHCTPYKIWMIA,
“CKOMNUIMPOBAHHBIX [IJIs1 OMEPATOPa, S.

Co3zmaérest BegaryieHune, 9T0 Takoe onpezesiedne ThIOpUHToIa NpudInKaer
HAC K >KeJJaHHOI oean: Ipuaarb TOYHBIII CMBICJI TEM IMOHATHAM, KOTOPbIE BCTpe-
qa0Tcsa B HeOPMATHLHOM PYKOBOJICTBE IO SI3BIKY JIJIsT MPOrPAMMICTA, TPHIEM
CIIEJIATh 3TO HYYKHO COBEPIIEHHO (POPMAIBHO U OJHO3HAYHO. [IpyruMu croBaMu,
9TO OMpeJe/IeHne, BO3MOKHO, OTBEYAET HAIIeMy 00pa3y MbIILJICHUS [PH U3Y-
gennn a3bika. Ompenenenne 4.1 omeparopa medary, HAIPUMED, MOYKHO JIETKO
nepeBecTu Ha eCTeCTBEeHHBIHN A3bIK, HaIlCaB

“Omeparop MOXKET UMEeTh BHI,
medaratb “I”’

rae I - uneaTrduKaATOP. ITO O3HAUALT, UTO BCAKUN Pa3 MPHU BBHIMOTHEHUH 3TOTO
orepaTopa CHMBOJI Ha 0003peBaeMoil KJIeTKe JIEHTHI OyAeT 3aMeHEH CHMBOJIOM,
0003HavYeHHbIM I, 6E30THOCUTENHHO K TOMY, KAKOH CHMBOJ HAXOANTCS B 0003pe-
BaeMoil kierke. [loce 9TOro BBIMOJHEHWE MPOTPAMMBI IPOJIOJIKUTCA ¢ HOBOI
UHCTPYKLUH, KOTOPas ONPeAeseTcs (IPyruMu NPaBUIaMU) KaK CJIEAyIoas 3a
TAHHBIM OMEPATOPOM’.

A5. O6cyxnaeHne

Wnest onpenesieHnst CEMAHTUKHU C MOMOIIBIO CHHTE3UPOBAHHBIX ATPUOYTOB, CBsI-
3aHHBIX C KAXKIBIM HETEPMUHAJIHHBIM CHMBOJIOM W CEMAHTHYIECKUX MMPABUII, CO-
MOCTABJIEHHBIX KaXK/IOMY TIPABHIIY BBIBOJA, IpHHAAIEXKUT Afiponcy [6, 7]. ITep-
BOHAYAIIBHO KAXKbI HETEPMUHAIBHBINH CUMBOJI HMEJT POBHO OJUH ATpUOyT, Ha-
3BIBABIIUICS €ro “Tpanciadnueil”’. dta ujest HCIOTb30BaIaACh AUPOHCOM U MO3Ke
apyrumu apropamu, ocobenno Maksopom [14] npu nocrpoenuu “cunTakcuye-
CKU YTIPABJISEMBIX KOMIUISTOPOB”, MEPEBOAUBIINX SI3bIKHM TPOTPAMMUDPOBAHUST
B MAIIIUHHBINA KOJ.

Kak mbl Buzenu B pa3z. 2, CHHTE3UPOBAHHBIX aTPUOyTOB JOCTATOYHO (B
OPUHLIUIE) JIJs OlpeaesieHus 1oboil hbyHKimu Ha nepese BbiBoga. Ho Ha npak-
TUKe TPUMEHEHWe HapPsIy C CHUHTE3UPOBAHHBIMU U YHACIEIOBAHHBIX ATPHUOY-
TOB, KaK OIMHUCAHO B JAHHON CTATHE, TPUBOJUT K 3HAUUTEHHBIM YIIPOIIEHWSIM.
Omnpenenenne ThIOpUHTOA, HANPUMED, MOKA3BIBAET, UTO JIETKO YUIUTHIBAETCS
COTJIACOBAHHOCTH OMHUCAHUN U UCIOJb30BAHUI CUMBOJIOB, & TAKXKE MEXKIY MET-
KaMu u omeparopamu. /Ipyroi obimeir 0COOEHHOCTHIO I3BIKOB IIPOrPaMMEPOBA-
HUs, ONpeesieHrne KOTOPOH 3HAYUTEIBLHO YIPOMIAETCS B PE3yIbTaTe MpUMeHe-
HUsI YHACIEIOBAHHBIX aTpUOyTOB, ABJsieTcs “OouHas cTpykTypa’. Boobime ro-
BOpPsI, YHACIEIOBAHHBIE ATPUOYTHI TOE€3HBI BCAKUI a3, KOTIA JACTh 3HAYEHUH
HEKOTOPOI KOHCTPYKITUU OMPEIEISIeTCsT KOHTEKCTOM, B KOTOPOM HAXOIWUTCS 3TA
KOHCTPYKIus. Meros, npuBeIEHHBIA a pa3. 2, TOKa3bIBAET, KAK MOXKHO (op-
MAJIbHO OIKUCHIBATH YHACIEJIOBAHHBIE U CUHTE3UPOBAHHBIE ATPUOYTHI, & B Pa3.
3 MOKa3aHO, YTO MOKHO HEe TPUHUMATH BO BHUMAHUE IPOBIEMY 3aIUKICHHOCTH
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(SABJISIOIIYIOCH NOTEHUMAJIBHBIM MCTOYHUKOM TPY/IHOCTEH IPU UCIIOIb30BAHUY
arpubyTOB PA3HbIX TUIIOB).

ABTOpy K HaCTOAIIEMY BPEMEHU U3BECTHO HECKOIHKO PABOT, BHECITUX TPUH-
IUNUAILHBIA BKJIAJ B perieHne 3amadn (POPMAaJbHOTO ONMUCAHWS CEMAHTUKU
SA3BIKOB IIPOrPAMMUPOBAHNSA. DTO onpeesaenue Ajyrosna 60 cpeacrBamMu paciiy-
pensoro asropurma Mapkosa, nannoe lebakkepom [1], onpexpenenue Ajrona
60 ¢ momowIpIo A\-ucuncienus, npunaexamee Jlanauny [9, 10, 11] (cMm. Takxke
Béwm [2, 3], onpenenenue Mukpo-Asrona ¢ noMompio pekypcuBHbIX byHKIHI,
MPUMEHSIEMBIX K MTPOTPaMMe U K “BEKTOPaM COCTOsTHUI”, mpuHaaiexaiinee Mak-
kaptu [12] (cm. Takxke Makkapru n ITsunrep [13]; onpenenenne si3bika Ditnep
CpeJCTBaMU CEMAHTHIECKUX MTPABUJI, IPUMEHSIEMBIX BO BPEMsI CHHTAKCHIECKOTO
aHaJM3a MPorpaMMbl, npesoxennoe Buprom u Bebepowm [16], u onpexnesnenue
a3bika, PL/I, naunnoe Benckoii sraboparopueii dbupmbr IBM u ocrHoBannoe Ha
pabore MakkapTn u JlaHauma, a TakyKe Ha TOHATHA AOCTPAKTHON MAIITHHBI,
BBeEHHOM DiirotoM [4, 5]. Hanbosee cyiiecTBeHHAST PA3HUIA MEKILY TIpeIie-
CTBYIOIIMMH METOJAMHU W OMMCAHUEM si3bIKA THIOPUHTOJ, TPUBEAEHHBIM B TAOJI.
1, cocTouT B TOM, YTO OCTATIBHBIE OMPEIETCHNS TPEICTABISIOT COOOH TOBOIBLHO
CJIOXKHBIE MPOIECCHI, TPUMEHSEMbIE KO BCel MporpamMme; MOXKHO CKa3aTh, 9TO
YeJIOBEK, MPEXKJIEe 9eM OH TONMET ONMHMCAHUE SI3BIKA, JIOJIKEH OY/eT MOHITH, KaK
YCTPOEH €ro KOMITUJISITOP. JTa TPYIHOCTH OCODEHHO olryTuMa B pabdbore [le-
0akKepa, OMPEIEeISIONero MAIUHY, Mom00HYI0 MapKOBCKHM aJrOpuTMaM, HO
3HAYUTEHHO Dosiee CIOXKHYT0. Dta Maimaa umeer okoiao 800 komana. Ha kax-
JIOM IIare BBIYUCIEHUs] MAIIWHBI HY?KHO BBIMTOIHATH MOCIEIHION TPUMEHUMYTO
KOMAH/Iy, TAK 9TO Mbl HE MOYKEM MPOBEPHUTH, HYKHO JIH BBIMOJHUATH KOMAHLY
momep 100, 10 Tex mop, moka He yOeamMcest, 9To ocTajbHbie 700 KOMaHI HEMpu-
MeHuMbl. Kpome Toro, B mporecce pabOThl MAIUHBI CIIUCOK MOTOIHSETCS HO-
BBIMYM KOMAHJIAMU. ZICHO, UTO UUTATENI0 UPE3BBIYANHO TPYIHO MOHATH pabOTy
TAKON MAaluHbl Wik (POPMAJIBHO [TOKA3aTh €& OCHOBHbIE cBoiicTBa. Onucanue
ThiopuHrosia, HAIPOTHUB, OMPEIETSIeT KAKIYI0 KOHCTPYKIMIO S3bIKA TOJBKO de-
pe3 eé “HemocpeICTBEHHOE OKPYKEHHe’, CBOIA TEM CAMBIM K MUHAMYMY B3aHMO-
CBSI3U MEXKJIy ONMpEeIeIeHNsIMY PA3HBIX dacTeil si3bika. OnpeneieHne COCTABHBIX
OTepaToOpPOB, OMEPATOPOB MEPEXO/IA U T.JI. HE BJIUSIET CYIIECTBEHHO HA OMpPeIeie-
HUE OMeparopa mevyarw; Hampumep, jodoe u3 npasut 4.1, 4.2, 4.3, 4.4., 5.1, 5.3
MOKHO BBIOPOCHTH, ¥ TOJIYIUTCSI CTPOTOE ONMPEESIEHUE JIPYTOro S3bIKa. Takas
JIOKAJTU3AIUS U Pa3e/IeHue CeMAaHTHIECKUX MPABUII IOMOTAET CJIEJIATH OMPee-
JieHue 0OoJTee MOHATHBIM W KPATKUM.

XoTs onpenesieHns OCTAJbHBIX ABTOPOB, YIIOMSIHYTHIE BBIIIE, HE TaK CJIOXK-
HBI, KaK onpenenenne /lebakkepa, B nx paboTax BCE-TAKYM MPUCYTCTBYIOT OTHO-
CUTEJIHHO CJIOYKHBIE 3aBHCUMOCTH MEXK/y OTAETbHBIMH YACTIMU OIIPE/IeIeHUs .
Paccmorpum, Hanpumep, dhopMaabHOE OnpeeneHne ss3bika Jitnep, nannoe Bup-
oM 1 Bebepom [16]. To KpaTkoe omucaHne BeChbMa CIOKHOIO sI3bIKA U TOTOMY,
0e3yCJIOBHO, OHO SIBJISIETCS OJHUM W3 HAUDOJIEe yIAUHBIX (POPMATHHBIX OPEIe-
nenwit. I Bcé ke, HecMOTps Ha TO, uTo BupTt m Bebep mpoBepuan cBoé omnpe-
JIeJIEHHE C TIOMOIIBIO0 MOJIETTUPOBAHNS HA BBIYUCIUTEIHLHON MAIIMHE, BECHMA, Be-
POSITHO, YTO HEKOTOPbIE 4epThl ditnepa yauBsar ero cosmareneit. Craemyromas
nporpaMMa Ha Diijiepe CHHTAKCUYIECKH U CEMAHTUYIECKU MPABUIbHA, XOTS MTOCIIEe
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MeTKH L HUr€ He BCTPEYIAIOTCA ABOCTOYIHUA:

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

PesyabpraTom pabotst 3Toit nporpammbt 6yzer 1, 2, 2, 3! IIpomaxu rakoro po-
J1a He SIBJIAIOTCS HEOXKMJAHHOCTHIO TIPU AJITOPUTMHUIECKOM OTIPEIEIEHUH S3bIKA.
[Ipn ucronnb30BaHUM METOIOB pa3l. 4 mMo00HbIE OMMOKNA MEeHee BepOsITHBI.

Ecth ocHOBaHus yTBEPXKIATH, YTO HU OJHA U3 HpeAbLAyIIux cxeMm (dop-
MAaJIbHOIO OIPEJIeJIeHUs] CEMAHTUKHU) HE B COCTOSHHMU JATh TAKOIO Ke KPaTKO-
0 W TPOCTOrO JJjis TMOHWMAHUs OIpejesieHnsi ThIOPUHTOIA, KAK TO, KOTOPOE
npecrasieHo Beime. Kpome Toro (xoTs gerajgyu OKOHYATEIHHO He mpopaboTa-
HBI), OKa3bIiBaercs, uto Asron 60, Diinep, Mukpo-Anron u PL/1 Takke MOXK-
HO OMpPeNeSuTh METOJaMU pas3f. 4, TpudéM Bce TPENMYIIECTBA 0 CPABHEHUIO
C OCTaJIbHBIMU MeTOZaMu coxpaHsiorcs. IIpasaa, 3mecy aBTop He MOXKeT ObITh
OecpuCTPACTHBIM CyABEN, TOITOMY JJis TOATBEPXK/IEHUsI TAKOW TOYKU 3PEHUS
TpeOyeTcsi HEKOTOPBIH TOMOTHATEIbHBIH OIBIT.

OrmMernM, 9TO CEMAaHTUYECKNE TTPABUJIA B TOM BHJIE, B KOTOPDOM OHH JIAHBI B
HacTosMIeH CTaThe, He 3aBUCAT OT KOHKPETHO BHIOPAHHOTO METO/a CHHTAKCHe-
ckoro ananu3a. Ha camom fesie oHm puBsS3aHbI 1aKe K KOHKPETHBIM (hopMam
cuHTaKcuca. EAMHCTBEHHOE OT 9€ro 3aBUCAT CEMAHTUYECKHE MTPABUIIA - ITO UM
HETEPMWHAJIA B JIEBOH 9aCTH CHHTAKCHMYECKOrO NMPABUJIA W UMEHU HETEPMUHA-
JIOB B TpaBoii ero yactu. KOHKpeTHbIE 3HAKY MYHKTYAINN W MOPSI0K, B KOTO-
POM HETEPMHUHAJBI PACTIONATAIOTCS B MPABBIX YaCTSAX MPABUJI, HECYIIECTBEHHBI
C TOYKM 3PEHWsT CeMAHTHYeCKMX mpaBmi. Takum 00pa3omM, paccMaTpuBaemoe
3/IeCh OmpeeeHne CEMaHTHKU XOPOIIO codeTaeTcs ¢ uaeeir MakkapTu o6 “ab-
crpakTHOM cuHTakcuce” [12, 13].

Korpa cuntakcuc mHeoHO3HAYEH B TOM CMBICIE, 9TO HEKOTOPBIE IEMOYKH
sA3bIKa UMEIOT 60JTee OHOTO JIepeBa BHIBOJA, CEMAHTHIECKHE MTPABHUIIA JAIOT JIJIsI
KayKJIOTO JIepeBa BBIBOAA CBOE “3nauenwue’. Ilpeamosoxkum, Hampumep, 9TO K
rpammaruke (1.3) mobGaByieHbI IpaBUIA

Li — BLy  v(Ly) =2"52)y(B) + V(Ls), I(Ly) = 1(Lsy) + 1.

I'pammaTyKa B pe3yiabTaTe CTAHOBUTCS CHHTAKCHYECKHW HEOIHO3HAUHOM, HO
OCTAéTCs MO-TMIPEsKHEMY CEMAHTUYECKHU OJHO3HAYHOM, MOCKOIBKY arpudyT v(N)
VMeeT OJHO W TO Ke 3HadeHme Jjis Bcex nepeBbeB BbiBoma. C apyroit cTtopo-
HBI, €CJTM U3MEHUTh NpaBuio 5.2 onpegenerus Twiopunrosa ¢ S — I : S na
S — S : I, rpaMMaTuKa CTaHET HEOJHO3HAYHONW KAK CHHTAKCUYECKHU, TAK U Ce-
MaHTUYIECKH.
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IIpnioxxenne B

ATpubOyTHBIE TPAMMATUKA

B1l. Bsenenne

Cpenn Bcex (hOpMATTBHBIX METOIOB OMUCAHUS A3bIKOB MPOTPAMMUDOBAHIS ATPH-
OyTHBIE TPAMMATHKH TIOJTY YUJIH, TIO-BUAUMOMY, HAUOOJIBIIY 10 U3BECTHOCTH U PAC-
npocrpanenne. [IpuanHOit 3TOTO ABAETCA TO, YTO (POPMATU3M ATPUOYTHBIX
rpaMMaTHK OCHOBBIBAETCS HA mepeBe pa3bopa nmporpaMmbl B KC - rpammaruke,
9TO COIMAKAET €ro ¢ XOPOIIO pa3pabOTaHHOi Teopueil n MPAKTUKOMN TOCTPOEHUS
TPAHCAATOPOB. BMecTe ¢ TeM BBISCHUIOCH, YTO PEAU3AIHS BHIYUCTUTEEH I
aTpubyTHBIX MPAMMATHK OOIIEro BUA CTAIKUBAETCS € OOIBITMME TPY/THOCTIMHU.
B cBsi3u ¢ 3THM OBLIO CIETTAHO MHOXKECTBO TOMBITOK PACCMATPUBATH T€ WJIA WHBIE
KJIACCHL aTpUOYTHBIX I'PaMMAaTHK, obsagamomuMu "xopommumu' ceoiicrBamu. K
YUCTy TAKUX CBONCTB OTHOCSITCS, TIPEXK /1€ BCETO, TPOCTOTA AJTOPUTMA TPOBEPKHU
aTpuOYTHON IPAMMATHKN HA 3AIUKJIEHHOCTb W MPOCTOTA AJTOPUTMA BBIYUCIIE-
HEA aTpUOYyTOB JjisI aTPUOYTHBIX TPAMMATHK JAHHOTO Kjaacca. B mpemnaraemoii
cTaThe JaeTcs 0030p paboT, MOCBANIEHHBIX STUM BOIPOCAM.

B2. Omnpenenenne arpmOyTHBIX TPaAMMaTUK

IMycts G - KC-rpammatuka: G = (T, N, P, Z), rne T, N, P, Z, COOTBETCTBEHHO,
MHOKECTBO TEPMUHAIBHBIX CHMBOJIOB, HETEPMUHATBHBIX CHMBOJIOB, MHOYKECTBO
IpaBWJ BBIBOJIA U akcuoMa rpammaruku. [Ipasuna seisoga KC-rpamvaTuku Oy-
JIEM 3aIUChIBATh B BUJIE

p:XO - X1 ...X, (p)
u Oyzem mpeanosnarath, 9to (G - peayuuposannas KC-rpammaruka, T.€. B Heil
HET HEeTEePMUHAJIBLHBIX CHMBOJIOB, /IJIsi KOTOPBIX HE CYIIECTBYET TIOJTHOTO JIepeBa
BBIBOJIA, B KOTOPOE BXOAUT 3TOT HetepMmuHaa. C kaxapim cumBosiom X € NUT
csizkem MuoxkectBo A(X) arpubyros cumsona X. Hekoropblie u3 mHOxKecTB
A(x) moryt 6brTh mycrsl. 3anucek a(X) osnagaer, uro a € A(X).

C KaxK/JIbIM MTPABHUJIOM BBIBOJIA P € P cBsixKeM MHOXKeCTBO F' ceMaHTHIeCKUX
[PABUII, UMEOIIUX CJIEAYIONYI0 (hopmy:
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ao(io) = fpao(io)(ai(ir), ..., a;(i;)),
rae iy € [0,n,] - HOMep cuMBONA mpaBuia p, a ay(iy) - arpubyT cumBona Xiy,
T.€. ak(ik) S A(sz)

B taxoM ciydae GyeM rOBOPHUTD, 9TO ag<ig> "3aBucut"otT ai(i1), ..., a;(i;)
unu 9o ag(ig) "Borauciasgercsa no" aq (i1), ..., a;(i;). B gacTHOM citywae j Moxker
ObITh PABHO HYJIIO, TOTJa OyJeM IOBOPUTH, YTO arpubyT ag(ig) "monydaer B
KauyecTBe 3HAYEHHsI KOHCTAHTY'" .

KC-rpamMMaTuKy, Kazk0My CHMBOJLY KOTOPO# COMOCTABIEHO MHOKECTBO aTPH-
OyTOB, & KayKJIOMY MPABUIY BHIBOJA - MHOMKECTBO CEMAHTHYECKUX MPABUJL, Oy-
JleM Ha3blBaTh aTpuOyTHOH rpammaTnkoil (AG).

Hazosem arpubyT a(Xo) CUHTE€3UPYEMBIM, €CJIA OJHOMY U3 MPABHJ BHIBOJIA
p: Xo = Xi ... Xn, conocraBneno cemantudeckoe npasuno a(0) = fa(0)(...).
Hazosem arpubyr a(X;) HaciemyembiM, €CaM OJHOMY U3 NPABHJ BBIBOJA P :
Xo — Xi..Xn, comocraBmeno cemantmdeckoe mpasmwio a(i) = fa(i)(...),
I € [1,np]. MHOXKeCTBO CHHTE3UPYEMBIX aTpuOyTOB cuMBONA X 0003HAUNM
gepe3 S(X), nacaemyembx arpubyTos - depe3 I1(X).

IIycts nmpasumny BeBoma p : Xo — X .. Xn, npunmcano ceManTH4YecKoe
npaBuio ao(io) = fpao(io)(ai(i1), ..., a;(i;)). Be3 cumxenns obumoctn Oymem
caurarh, 4to ay(iy) € I(Xo) Unp, = 15(X,), k € [1, j] r.e. arpubyr moxker
3aBUCETH TOJBKO OT HACIEAYEMBIX aTPUOYTOB CUMBOJIA JIEBOH YaCTU U CUHTE3W-
pPyeMbIX aTpubyTOB CUMBOJIOB IpaBoil uactu (yciaosue Bomvana). Kpome roro,
OyZieM CYUTATH, 9TO 3HAYEHHE ATPUOYTOB TEPMUHAJIBHBIX CUMBOJIOB - KOHCTAH-
TBI, T.€. X 3HAYEHUS ONPEJEJEHBI, HO JJIsi HUX HET CEMAHTHYECKUX NPABUIL,
OTIPEIENESIOINX UX 3HATCHUSI.

B3. ArpubyrupoBaHHOE nepeBo pa3bopa

Ecnu nana arpubyrtHast rpamMaTuka AG U 1enovka, TPUHAIEKAINAs SI3BIKY,
onpenensemomy (G, TO MOXKHO TIOCTPOHUTH JIEPEBO pa3bopa 3TOi METOYKN B TpaM-
MaTUKE G B 9TOM JJ€peEBE KazKJasd BEPIIINHA ITOME€YEeHAa CUMBOJIOM I'DAMMATUKHA
G. TlpunumieM Tenepb KaxKJOi BepIIUHE MHOXKECTBO aTPUOYTOB, COMOCTABJIEH-
HBIX CHMBOJIy, KOTOPBIM IIOME4Y€Ha 3Ta BepuiuHa. ATpuOyThbl, COIOCTABJIEHHbBIE
BXOKIEHUSIM CHMBOJIOB B IEpEBO pa3bopa, Oy1eM Ha3bIBATh BXOXKICHUAMHI ATPH-
OyTOB B 1epeBO pa3bopa, a IepeBO € COTIOCTABIEHHBIMA KAXKIOH BEpIINHE aTPHU-
OyTamu - aTpubyTHPOBAHHBIM JIEPEBOM pa30opa.

Mex 1y BXOXKIEHUSIMY aTPUOYTOB B JEPEBO pa3b0pa CyIIeCTBYIOT 3aBUCHMO-
CTH, Olpe/eseMble CEeMAHTHIeCKUMU TPaBUIaM#, COOTBETCTBYIOIIUMU TTPUME-
HEHHbIM CHHTAKCHYECKHUM IIDaBHUJIaAM.

g KaxK10r0 CHHTAKCHYeCKOro mpasuia p € P oupemenum D(p) - rpad
3aBUCUMOCTEl aTpuOyTOB CHMBOJIOB, BXOISIIUX B MPABUJIO P, KAK OPUEHTHPO-
BAHHBIN rpad, BEPITHHAMEA KOTOPOTO CIYKAT ATPUOYTHI CUMBOJIOB, BXOISIINX B
OpaBWJIO P, U B KOTOPOM mIeT Jyra u3 Bepimutbl b(i) B Bepiuny a(j) Torma u
TOJIBKO TOT'la, KOT'Jda CHHTaAaKCUIE€CKOMY IIPpAaBUJIY P COIIOCTABJIE€HO CEMaHTUYIECKOEe

npasuio a(j) = fpa(j)(..., b(i), -..), 1,5 € [0, 7).
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I'pad 3aBucumocreit D(t) nepesa pasbopa t 1enovku, mpuHaiexKaiiel a3bl-
Ky rpammaruku (G, OnpeieuM Kak OPUEeHTHPOBAHHBIH Tpad, TOTy9eHHbIH 00b-
eauHeHueM rpadoB 3aBUCHMOCTEN BCEX TPUMEHEHHBIX B § CHHTAKCHYECKUX MDA~
BUWI.

B4. HezanukjgeHHbIe aTPUOyTHBIE TPAMMATUKN

ArpubyTHasi rpaMMaTHKA HA3BIBAETCS HE3AIUKIIEHHOM, eci rpadbl 3aBUCHMO-
creil lepeBbeB Beex IeNoveK, IPUHAJJIeXKaluX a43bIKYy, Olpe/ie/igeMOMY I'paMMa-
TuKON (G, HE COMEPIKAT IIUKJIOB, W 3AIMKJIEHHON, €C/IU CyIIeCTBYeT XOTs Obl OTHA
[ENoYKa, MpUHAIIeXKalas SA3bIKy, s Jepesa pa3topa KoTopoii rpad D(t) co-
JEPKUT OPUEHTUPOBAHHBIHN ITUKJI.

Teopema 2.1. 3adaua onpedeseHus mozo, ABAAEMCA AU JGHHAA aMPUOYM-
HAA 2PAMMATIUKG 3AUUKAEHHOT, UMEETN IKCNOHEHUUAALHYIO BPEMEHHYIO CAO-
orcHOCMb, M.e. cywecmeyem kowcmawma ¢ > 0 makas, wmo 11000t an-
20pumm, NPosepawuli Ha 3AUUKAEHHOCNb NPOUZCOALHYIO AMPUOYMHYIO
2pamMmamury pazmepa n, doasicen pabomamov Goaee, wem 2cn/log n wazos
Ha beckonewno 6oavwom wucae epammamus [1, 2].

KuyTom [3] ObIT MpemioXkeH aJrOpuTM MPOBEPKHM aTPUOYTHBIX TPAMMATHK
Ha 3alIKJIEHHOCTb.

IMycts D(p) - rpad 3aBucumocTeii arpubyToB NMpaBuia BeIBOAA p, a G; -
[IPOU3BOJIbHBIN OPUEHTUPOBAHHBIN rpad, BEPIIMHAME KOTOPOTO CJIyXKAT ATPHU-
6yTer cumBosia X; npasoii yactu npasuia BeiBojaa p. O6osnaunm Dy[Gy, ..., Gy ]
OpUeHTUPOBaHHbBIN Tpad, mosyuenusiii u3 D(p) mobaBieHueM Ayr, WIAyLIUMX U3
b(i) B a(i), eciu B rpade G; ecrb ayra u3 b B a. Yepes I' obo3HaunM MHOKE-
CTBO OPMEHTHPOBAHHBIX IPadOB ¢ BepIIMHAMY - ATPpUOyTaMn CUMBOMIa X , depe3
Dy[Gy, ..., Gy,] - opHenTUpPOBAHHLI TPad, BEPITHHAMI KOTOPOTO CIIY?KaT aTPH-
OyTer cumBosia X B mpasmile BbBoga p @ Xo — X ... Xn, U B KOTOPOM HIET
JyTa U3 BePIIMHBL b B BEPIIMHY @ TOIJA U TOJILKO TOrAa, Korjaa s Dp[G, ..., Gy, ]
ects myTh u3 b(0) B a(0).

Agropurm 2.1 (anropurm KuyTa)
IIpoBepka aTpubyTHOM IpaMMaTUKU HA 3alUKJIEHHOCTb.
begin
for X € NdoT', :=0 end;
for X e T do T, := {A(X)} end;
{A(X) - rpad> co MHOXKECTBOM BEPIIHH-MHOXKECTBOM
arpubyToB cuMBOJa X ¥ IIyCThIM MHOYKECTBOM JIyT}
finish := false; cycle := false;
while (not finish) and (not cycle) do
if (El p: XO — X1 an) & (El Gz € ina 1€ [O,np])
rakue, 910 Dp[Gy ... Gny] COOEPKAT UK
then cycle := true
elseif (3 p: Xo = X1 ... Xpp) & (3 Gi(T'z, 7 € [0, np))
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takue, 910 Dp[Gy ... Gny] € Ty
then on = on {_Dp[G1 G’I’lp]}
else finish := true
end end
end end.

Teopema 2.2. Ampubymuas epammamura AG nezayursena mozda u monb-
K0 mozda, xKozda wu odun u3 epagos Dy[G1 ... Gny| ne codeporcum opuenmu-
PDOBAHHBLL YUKA0E, T.€. K020a anzopumm 2.1. 3aKaGHUUBAEMCA CO 3HAMEHUEM
cycle = false.

Teopema 2.3. Aunzopumm Knyma nposepru na 36UuKALCHHOCTD amMPubym-
noti epammamury pazmepa n mpebyem 6 obwem cayuae exp(cn?) wazos.

B5. BroruncanTenbHBIE IIOCTIEJ0BATEIHBHOCTH
1 KOPPEeKTHOCTh. OnpeaejieHne BU3NTA

HazoBeMm BblYmMCIUTENBHON NOCIE0BATENBHOCTDIO [4] 115 nepeBa BbIBOJA t B
AG nocnenoBaTebHOCTD BUIA!

Cs = (n17 Al)(”?a AQ)(”?a AQ) (n’r‘a A’I")a
rae 1) n; - BHyTpeHHss BepiuHa ¢ (B TaCTHOCTH, KODEHb);

2) ecmu nj#n; + 1, To n; + 1 - orerw, cbiH unn 6par n;;

3) A; - 16O MOOMHOXKECTBO CHHTE3UPYEMBIX aTpuUOyTOB N, JHOO IOIMHO-
JKECTBO HacseyeMbIx arpubyros (r.e. mbo mubo A; € S(Xn;)); A; € S(Xn;));

4) n1 = N, - KOPEHb JIEPEBA;

5) aTpubyTsl A; He 3aBucar or A; ans i > j;

6) paccMOTpUM KaKyio-1ub0 BHYTPEHHIO BEpInuHy 1 jgepesa t. Torna Bbl-
YUCIUTEIBHYIO TTOCIEI0BATEIHHOCTh C; MOYKHO 3aMUCATh B CJIEAYIOIIEM BUIE:

cs = up(n, By)us(n, By) ... (n, Bp)upt1,

IJIe TIOANOC/IEI0BATELHOCTH Uy ... Upt+1 HE COIEPIKAT JIEMEHTOB Buia (n, A).
Torna

a) Bj < I(Xy,), ecnu j HedeTHO;

6) B; < S(X,), ecu j 1gerno; B) U; € [1,n]; B = A(Xy,) - BLIMHCIAIOTCS
BCE aTPUOYTHI KayKIOr0 CUMBOJIA, X ;

r) B;NB; =0, ecnu i#j - Bce aTpubyThl BHIYUCISIOTCS IO OTHOMY Pasy.

II) LyCTb C5 = Cg1<M, B;j><n1, A1><no, As>...<n, Bj11>¢4; €CU j HETET-
HO (YI€THO), TO N; - BEPIUINHLI TOJIEPEBA ¢ KOPHEM 7 (BEPIINHLI ¢ BHE [OIIEPeBa
C KOpHEM n).

TakuMm obpasom mpu Bxoue "BHU3"B MOAAEPEBO BBIYHMC/ISIOTCI HEKOTOPLIE
HacJeayeMble aTpuOyThl KOPHS TOIIEPERa, TPU BO3BPATE U3 MOIIEPEBa BHIUNC-
JITIOTCST HEKOTOPBIE CHHTE3UPYEMble ATPpHOYTHI KOPHS MOIIEPERa.

HazoBem mHe3anmkieHHy0 aTpuOyTHYIO IPAMMATHKY KOPPEKTHOH, €CJIU s
BCSKOTO €e aTpulyTHPOBAHHOTO JIEPEBa CYIIECTBYET BBIUYUCIUTETLHAS MOCTEI0-
BaTENIBHOCTD.
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Teopema 2.4. Heszayuwsennas ampubymnas 2pammamura KOppexmma mo-
2da u moavko mozda, Ko2da dasa Kasxcdozo npasuaa p : Xo = Xq..Xnp
ecau a € 1(X;),i € [1,np], mo umeemca 6 MowHOCTU 00HO CEMAHMUYE-
CKOE MPABUN0, CONOCTNAGAEHHOE P U onpedeastowee snavenue a(X;), u ecau
a € S(Xg), mo umeemca 8 MOUHOCTU OOHO CEMAHMUNECKOE NPABUNO, COTO-
cmasaennoe p u onpedeasrousee 3navenue a(Xo).

Teopema 2.5. Caootcnocms nposepru Hezayuksennot ampubymmoti epam-
MAMUKY HE KOPPEKMHOCTL AUHeTHa NO pa3mepy ampubymuoti 2pammamu-
KU.

IIycts ¢t - mepeBoO BBIBOJA W 7T - €0 BHYTPEHHsis BepmnHa. PaccMoTpum
BBIYHUC/IUTEBHYIO TTOCIEI0BATETHHOCTD /ISt T BUIA

Cs = Cs1<n, By >cgo<n, By>cy3,
TI€ 1 BXOINUT B Cg1 YETHOE YNCJIO pa3, W HE BXOIUT B Cgo. I110CTIEIOBATEIHHOCTD
Cs2 OOXOIUT TOMIEPEBO C KOPpHEM 7. Byzem ropoputh, 910 <n, By >cg<n, Bo>
OTIpEIEJIsIeT BU3UT B MO/IIEPEBO C KOPHEM 71 ¥ UTO BEPIIIUHA 71 B PE3YJILTATE STOTO
BHU3HTA IOCEINaeTcs oauH pas. T.0. eciiu n BXoguT B ¢ 2h pa3, TO n mocemaercs
h pas.

B6. Ywucrble MHOTOBU3UTHBIE I'PAMMATHUKN

Bynmem roBoputh, uTO arpubyTHPOBAHHOE IEPEBO k-BU3WTHO, ECJIA CYIIECTBYET
BBIUUCIUTETbHAS TOCTEI0BATEILHOCTD Cg JIJIsA ¢ TaKasl, YTO HUKAKAS BEPIITUHA N
u3 t He mocemaerca bosmee k pas.

ArpubyrHas rpammaruka HasbiBaercd 4ducroii k-susurnoit (PMV'), eciu
KasKJI0e aTpHOyTHPOBAHHOE JepeBo BbiBoza t B AG k-susurHo [5, 7).

Teopema 2.6. /Jasa scakoll Koppexmuotl ampubdbymHotl epaMMATMUKY CYuLe-
cmeyem k makxoe, 4mo 2pammamura aeasemcsa wucmod k-euszummot.

Ha camom gesne 3To k HE mpeBOCXOOWT MAKCHMAJIHLHOTO MO BCEM CHMBOJIAM
FPAMMATHKY 9UACIA CHHTE3UPYEMbIX WJIA HACIEIYEMbIX aTPUOYTOB.
CrieIcTBUEM 3TOTO SABJISIOTCS JIBE CIIEAYIOIINE TEOPEMBbI.

Teopema 2.7. Caootcrocms 3adayu onpedesenus mozo, ABAAELMCA AU NPO-
UBBOALHAA GMPUOYMHAR 2pamMmamuKa wucmoti k-eusummnott dra Kaxozo-
Hubyds k > 0, sxcnonenyuasvra.

Ora 337a9a TPOCTO COBMATALT C 331a4eli ONpeIeIeHnsT KOPPEKTHOCTH ATPH-
Oy THOI TPaMMAaTHKH.

Teopema 2.8. Caootcnocms 3adayu onpedesenus mozo, ABAAELMCA AU NPO-
UBBOALHAA AMPUOYMHAA 2pammamuka wucmot k-eusumnot das durcupo-
6aHH020 k MaKHCE IKCNOHEHUUAALHE.
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AT1pubyThl Begkoro gepesa t yucToil k-BU3UTHON aTpuOyTHOH IpaMMaTHKQ
MOKHO BBIYHCIUTD ¢ TIOMOIIBIO CJIEYIOMIErO AJITOPUTMA

Asaroputrm 2.2. Beraucienne arpubyToB UnUCTONH k-BU3UTHON aTpubyTHOM
CPAMMATHKH

procedure BU3UT _B_TIOAIEPEBO (1,1);

{n-KopeHb NomIepeBa; i-HOMep BU3UTA B 9TO MOJIEPEBO }
{TIpemnonaraercsi, 9T0 B BEPIIAHE 1

IPUMEHEHO TIPABHJIO BBIBOJA P}

begin BBIYUCIUTHL HEKOTOPHIE HACICIyeMble aTpUOyTHI X n;
{sn arpubyTh onpenensoTca <njy, A>

JIJIs HadaJia $-To BU3HUTA,

B COOTBETCTBYIOMIEH BRIYUCIUTENBHOMN MOCIIEI0BATETHHOCTH
BU3UT _B_ TOJAIEPEBO (1, 1);

{Xn;; - cumBOM npaBoil HacTH mpaBuIa p}

Busur_B_ nozpuepeso (njl, ijl);

BBIYUCJIATH HEKOTOPBIE CHHTE3NPYEMBIE ATPUOYTHI X N

end;

begin for j := 1 to k do Busur_B_moxaepeso(r, j)

{r-kopenb nepesa}

end end.

B 3aBucHMMOCTH OT TOrO, KAKKWE OTpAaHUYEHUs Oy/IyT HAK/IIbIBATHCS Ha, MO
PSITOK MOCEIEHNs BEPIIAH U BHIOOD ATPHOYTOB, BBIYHUCASEMBIX HA TOM WJIT HHOM
Bu3uTE, OyIyT NONYYATHCA T€ WIN WHBIE KJACCHI ATPUOYTHBIX TPAMMATHK.

B7. A®GcoaoTHO He3aIuKJIeHHbIe
aTpudyTHBIE TPAMMATUKN

O6o3uaunm IOz OpueHTHPOBAHHBIN Tpad, BEPIITHHAMEA KOTOPOTO SABJISTIOTCS aTPHU-
OyTbl cuMBOIa X ¥ U3 BePUIUHBI b UIET Jyra B BEPIIUHY  TOT/A U TOJBKO TOT/IA,
Korjia B aTpubyTHON rpammaruke AG cyliecTByeT Takoe MOJIEPEBO ¢ KOPHEM
X, uaro B rpade 3aBHCUMOCTEIl ITOTO TOAIEPEBa CYIIECTBYET MyTh U3 b B a.
Yepes D;; obosraunm rpad Dy[IOX, ..., [0Xny).

ArpubyrHas rpammaruka Ha3blBaeTcs abconorHo Hezauukienuoi (ANC),
ecsin HU oJH 13 rpadoB D He COMEPKUT OPHEHTHPOBAHHBIX IIUKJIOB [6].

ABComOTHO HE3AlMKJIEHHbIE aTpUOYTHBIE IPAMMATUKHI 00Pa3yoT cOOCTBEH-
HBII MMOKIACC HE3AIMKIIEHHBIX aTPUOYTHBIX TPDAMMATHK.

IIpumep 2.1. Hezanukaennas arpuOyTHasT TPAMMATHKA, HE SBJISIONIAICS
abCoMoTHO He3auuKIeHHoi (puc. 1.).
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9 S I10: abxy
Aabzy Aabzy
D:abxy
b b b
Puc. 1.

DTa rpaMMaTHKA TOPOKIAET BCEro aBa cyioBa b u bb. Kaxkmoe u3 aByx me-
PEBLER TIOPOKIAET HE3AIMKIICHHBIE TpAadbl 3aBUCUMOCTEH, OTHAKO TPAMMATHKA,
HE SBJIAETCSA aOCOMIOTHO HE3ANUKJIEHHONH. [IpomcxoauT 310 OT TOro, 910 3aBH-
CUMOCTH, peaju3yeMble B Pa3HbIX JepeBbdaX, "HakjaapiBaiorTca" Ha oauH rpad

10.

st mocrpoenns rpados IO nMeercs: MpoCTOi MOINHOMUAAIBLHBIA aJITOPUTM:
Anropurm 2.3. Tlocrpoenue rpados 10 arpubyrtroii rpammaruku AG.

begin Iomoxkurs [0z := {A(X)}
s kaxkgoro X € N; {rpad 6e3 ayr}
while nMeercss MPaBUIO P C JIeBO# 9acThio X Takoe, 9TO B
D; ects myth w3 i B 5, i € I(X),
s € S(X), no B IOx ner ayru u3z i B §
do nobasuts 31y ayry B 10z
end end.

ITockoabKy 3TOT arOPUTM MOJVHOMHUAJIEH U 33,1294 ONPE/IeIeHUS HAJTHINS
OPUEHTUPOBAHHBIX IUKJIOB B Ipade TAKXKe NOJINHOMHUAIBHA, CIIPABEJINBA CJie-
ayioliad Teopema:

Teopema 2.9. 3adaua onpedesenus, ABAACMCA AU AHHAA GMPUOYMHAA 2DAM-
MATUKG GOCONNOMHO HE3AUUKAEHHOT, NOAUHOMUGALHAE L0 OAUHE GMPUOYM-
HOU 2PAMMAMUKUY.

AbcomorHO HE3ANUKIIEHHBIE ATPHOY THbIE TPAMMATHKA HWHTEPECHBI T€M, 9TO
JIJIST HUX WMEETCsT TIOIMHOMMAJIBHBIH aJITOPUTM TIIAHUPOBAHWS BH3UTOB.

O6o3uaunm depe3 A(p) MHOXKECTBO aTpuOyTOB CUMBOJIOB CHHTAKCUYECKOTO
npasusa p. PaccMorpum arpubytupoBanHoe nepeBo t B AG W HEKOTOPYIO ero
BHYTPEHHIOIO BEPIIUHY 7, B KOTOPOI MPUMEHEHO MPABUJIO BBIBOAA p. B KaxKIbIil
MOMEHT BPEMEHHU B IIPOIECCE BHIUUCIEHNS ATPUOYTOB AePeBa t KAKUM-IH00 aIro-
PUTMOM BBIYHC/ICHUS KAKUE-TO aTpubyThl u3 A(p) BHIYUCICHBI, & KAKUE-TO HET.
HazoBem cocrostHueM mpaBuiia, MPUMEHEHHOTO B JIepeBe BBIBOZA, MHOYKECTBO
BBIYHCIEHHBIX aTPUOYTOB CUMBOJIOB, BXOAAIINX B 3TO NpaBuio. HavaapHbIM co-
CTOsIHMEM il KAyKJIOr0 MpaBuiia sBJisgercd Muoxkecrso {a<k> | X € T'}.

IInan - 3To mociienoBaTeILHOCTL UHCTPYKUMA Buma fpa<k> wm VISIT
(k,I), rue I C I(X}), ecniu k - HoMep cuMBOsIa TIPaBoOil YacTu npasuia p. [
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HA3bIBAETCs BXOJHBIM MHOXKeCTBOM. IlnaH Bcerpa 3aBepiaercs WHCTPYKIHER
S(A), A C A(p) - nepeBectu npasuiio p B cocrositue A. Uncrpykuusa fpa<k>
Bbrunciser arpubyr a<k>, VISIT(k,I) ocywecrBisier BU3UT B 110JAEPEBO k-
O CHMBOJIa, TIPABOM YACTH CO 3HAYEHUSMU HACIEIyeMbIX aTpuOyTOB I 3TOTO
CHUMBOJIa, WHCTPYKIWS S U3MEHSET COCTOSTHUE TPABUIIA.

O6o3naunm Dpa<k> - MHOXKECTBO apryMEHTOB CEMAHTHYECKOTO MPABUIA
fpa<k>. Bynmem roBOpUTH, 9TO CEMAHTHYECKOE MPABUIO f TOTOBO K BBIYUCTIE-
Huio B cocrosiiun A npasuna p, ecin a<k> ¢ A, vo Dpa<k> C A.

Ecma p : Xo — X1 ... X'np, u npaBmwio p HaAXOAUTCA B cocTOAHUU A, TO pe-
3yabraToM k-ro moxmepesa, k € [1,n,], OyaeMm HasbBaTL MHOXKECTBO {a<k> |
a<k>¢ A, a € S(X) m mst KazkI0ro §<j>, IJisi KOTOPOTO eCcTh Ayra u3 i<j>
B a<k> B IOX}, i<j> € A} (upemnonaraercs, 4To y KaxKJOrO HETEPMUHAIA
ecTb XOTs Obl OJJMH CUHTE3UPYEMbIil arpubyT).

[TnanupoBanme OCyIIECTBIISIETCS HUXKECIEIYIONNM aJrOpUTMOM. Pe3yabrar
paboThl AJITOPUTMa, 3AHOCUTCS B IBYMepHbIH Maccus EVAL, omHuM BXOIOM B
KOTOPBIN CIYKUT COCTOSTHUE TPABUJIA, IPYTUM - BXOJHOE MHOXKECTBO. CTpOKa
- 3TO CTPOKA UHCTPYKIW Sty - BEKTOP COCTOSHUN TIPABUI; OH MEPEIAETCs KAK
apryment npouenype PLAN, 3arem nybaupyercs suyTpu npouenypbl PLAN u
obpatienne K PLAN MeHsier 3HaYeHHE CBOErO apryMeHTa B TOYKE BbI30Ba (4TO
0003HAUEHO 3HAKOM var nepes mapamerpoM Stv npouenypst PLAN). Eciau st
HEKOTOpOTO djeMenTa tadbaunbl EVAL B npouenype PLAN HadaTo mocTpoeHue
IJIAHA, TO 3TOT 3JEMEHT MEeTHTCS 3HadykoM @, urobbl m30ekaTh OeCKOHEeYHOH
pexypcun. Bynem roBoputh, 4To (ByHKIUsS f rOTOBA K BBIYUCIEHUIO, €CITH BCE
ee apryMeHTbI OIPE/IEIeHbI, HO ATPUOYT, KOTOPBIH OHA BBIYUCIISET HE OMPEIeIeH.

Anropurm 2.4. IlocTpoeHne NIaHOB [IJIsT KA¥KIOTO BO3MOXKHOIO COCTOSTHUS
KaKJIOTO MPABUIIA.
var EVAL : array[cocrosinue, BXOJHOE MHOXKECTBO| of cTpOKa;
St : array [1.. P] of cocrosinue;
{P-41CJI0 CUHTAKCUYECKUX [IPABUII }
procedure PLAN( p; I; var Stv);
{p-HOMED CHHTAKCHYECKOrO TpaBuia, I-BXOIHOE MHOMKECTBO;
Stv-BEKTOD COCTOSIHUSI [IPABHII }
var S : crpoka {crpogiuuiics 1iaH };
LStv : array [1 .. p] of cocrosinue;
{TOKAIBHBIN BEKTOD COCTOSTHWS TIPABILI }
A : set of arpubyT;{cocrosinie npasuna p}
stop: boolean;
begin
if (EVAL [Stv[p], I] mycr)
then
A = TUStu[p]; s:=mycro; LStv:= Stu;
stop := false; EVAL [Stv[p], I] :=" @,
repeat
if (3 fpa<k> roroBas K BBIYHCJIEHHIO)
then
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s:=s|| fpa<k>; A:= A+ a<k>
else
if (3 momzmepeso k, pesyabrar Y KOTOPOro HE MycCT)
then
s:=s||VISIT(k,I(X;)NA); A:=AUY;
for p; : X, = u do
PLAN (p;, I(Xy) N A, LStv)
{B 910ii TOUKe MeHserca 3nadeHne LStv[p;]}
end
else stop := true
end end
until stop;
EVAL [Stv[p], I] := s || st(A); Stv:= A

{Stv[p] mensiercst B TOUKe BBI3OBA}

end end;

{reno nporpammer} begin for I := 1 to p do
St[i] := MHOXKecTBO aTpubyTOB TEPMHUHAJIOB TIPABUIIA i;
PLAN({}, {}. 51)

end end.

Borancienne arpubyToB Ha JepeBe t 3aKII09AETCsI B BHITIOIHEHUH TTOCTPOEH-
HBIX IIJIAHOB B COOTBETCTBUU C U3MEHEHUAMH COCTOSHHUMA IpaBUJI U OCYIIECTBJIA-
eTcd CIeayIomeil mporpaMMoii:

begin kaxkj0e TPABUJIO AepeBa ¢ nepeBecTu

B Ha4YaJIbHOE COCTOAHHUE,

OIpeie/IsieMOe MHOXKECTBOM aTPUOYTOB TEPMUHAJIOB;

VISIT (xopeus, {})

end.

B8. IIpocThie MHOTOBU3UTHBIE ATPUOYTHHIE I'PAM-
MaTUKU

ArpubyTHas rpaMMaTHKa HA3BIBAETCS MPOCTON k-BU3UTHOMN, €CIIU s KaxK 10~
ro nerepmunana X € V cywecrsyer pasbuenue Aj(X), ..., A, (X) muoxkecTBA
arpubyros A(X), rae m € [1, k] u m moxer 3aBucers or X, 1.e. m = m(X), Ta-
KOe, 9TO JIJIst JTF000T0 /lepeBa BhIBOIA ¢ ¢7I0Ba 13 (G CYIIECTBYET BHIYUCIUTEIHHAS
TOC/IeIOBATETIHLHOCTD, TIPH KOTOPOI /1711 J1I000Tr0 BXOXKAeHUsT X B t BCe aTpuOyThHI
A;(X) BBIUHCTAIOTCSA NPH BBIIOIHEHHN j-IO BU3UTA B MOALEPEBO ¢ KOpHeM X
ans Beex j € [1, m(X)] [7].

ArpubyrHas rpaMMaTUKa Ha3bIBAETCs MPOCTOil MuoroBusuTHoi (SMV), ec-
JIM OHA SIBJISIETCST IPOCTO# k-BU3UTHOM I/1sT KAKOTO-HUOYIb k.

CyecTByor abCOTIOTHO HE3AIUKIIEHHbIE ATPUOY THBIE TPAMMATUHKHI, HE sB-
JISIIOIIMECS TIPOCTBIMUA MHOTOBU3UTHBIMHE.

IIpumep 2.2. 3xech arpubyrbl a u b cumBoiIa A JeBOro mojjepeBa Bbi-
YUCITSIOTCSA HA MEPBOM BU3WTE, & T U Y - HA BTopoM. [isi cumBona A mpaBoro
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MO IEPEBa HAOOOPOT - aTPpUOYTHI T ¥ Y BBHIYUCISAIOTCSA HA TIEPBOM BHU3UTE, @ U b
- Ha BTOpOM (puc. 2).

S
abzxyB Cabxy

abzy A Aabzxy
Puc. 2.

TeopeMa 2.10. Beakasa npocman k-6usummnas epammamure A6AAEMCs ab-
contommo nezayuraennoti [7].

Teopema 2.11. 3adaua onpedeserus mozo, AGAACMCA AU NPOUSBONOHASA G-
pubymuas epammamura npocmot muozosusummuol, NP-noana [7]. Mano
mozo, N P-noana dasice 3adaua onpedenenus npocmoti 2-eusummocmu [7].
Ecau das xastcdozo cumeoaa dano pasbuenue e2o ampubymos no eu3umanm,
MO AN20PUMM BBNUCAEHUA AMPUOYMOE 0EPESA NPUHUMAEM CALIYOULUT 6U0:

AsaroputMm 2.5. Borauncienne atpuOyTOB B IPOCTOH MHOTOBU3UTHOM T'paM-
MATHKE.
procedure Bu3UT _B_11011€peBO(n, 1);
begin BbraucauThL Hacaeyemble aTpubyTol 1(Xn);
Bu3nT _B_nomzepeso (njl,ij1);

BU3UT B _HOAJepeBo (njm,ijm);

BLIUUC/IUTH CUHTE3UpyeMbie arpubyThl S(Xn)
end,
beginforj := 1tok(Xr)do

BusuT_B_nozuepeso (1, j){r-kopeus }
end.

B9. OgaoBu3uTHBIE aTPUOYTHBIE TPAMMATUKN

WHuTepecHbIit YaCTHBIN CJIy4aii MPOCTHIX MHOTOBU3UTHBIX TPAMMATHK TIPEICTAB-
JA0T onHOBM3UTHBIE TpaMMmaTuku (IV)[8].

I'padom BG Gparbes mpaBuia p Oyaem HA3bIBATH rpadd, BEPIIMHAMA KOTO-
pOro ABJAIOTCA CHMBOJIBI IpaBoil yactu npasuna p : Xo — Xj..Xn, u u3s
X; B X uzmer ayra Torna u TOIBKO TOTAA, KOIIa Kakue-u00 ameMeHTs I (X))
3aBUCAT OT KaKuX-7m00 amementos S(X;), 4,7 € [1,n].
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Teopema 2.12. Ampubymnas 2pammamura A6AAELMCS 00HOBUSUMHOT MOo-
2da u moavko mozda, Ko020a Hu 0dun u3 2pagos bpamves BGp ne codepotcum
OPUEHTUPOBAHHHLT UuK.A08 [I].

W3 3710i1 TEOpEMBbI HEMTOCPEICTBEHHO CJIE/IyeT

Teopema 2.13. 3adaua onpedeserus mozo, AGAAECMCA AU POUSBONOHASA G-
PUOYMHAA 2DAMMATIUKG 00HOBUSUMHOU, TOAUHOMUGADHA.

3ajava TIAHUPOBAHUS BU3UTOB JJIs OJHOBU3UTHBIX TPAMMATHUK CBOIWTCS
K HaXOXK/IEHHUI0 KAKOIro-HUOYIb JUMHEHHOro mopsiaka OpaTbeB KazKIOro IIPaBH-
Jia, yI0BJIETBOPAOIIEro YaCTUYHOMY IOPIKY, OIpeaeasseMoMy rpad oM OpaTbes
BdGp.

Ajropur™m BbhIYmMC/IeHUs aTPUOYTOB /i OJHOBU3UTHBLIX I'PAMMATHUK BbILJIs-
JAT CAeIYIONNUM 00pa3oM:

Asaroputm 2.6. Boruncienne atpuOyToB B OJHOBU3UTHON IPaAMMAaTHKE.
procedure Bu3uT _B_nopjepeso (n);
begin BerauCIUTHL HacHeLyembie aTpubyTsr 1(X);
B COOTBETCTBHUM C JINHEHHBIM TIOPSAIKOM CHMBOJIOB
NpaBoil 4acTu MpPaBUIIA
do BusuT _B_11011€pEBo (n);
BBIYUCIATH CHHTE3NpyeMble arpuoyThl S(X)
end,
begin Buzur_B_noguepeso(r) {r-kopeus }
end.

B10. MuoronpoxoaHbie TpPaMMaTUKNT

IIycTh HA mOC/IEI0BATEILHOCTD BU3UTOB HAJIOKEHO TAKOE OrpaHUuYeHHre, ITOOLI
OHHI 00pa30BaJIH MOCIEI0BATETbHBIE 00XObI JepeBa pa3bopa aubo CBepXy-BHUA3
CJIeBA-HAMPABO, JIUOO CBEPXY-BHU3 CITPABA-HAJIEBO.

ArpubyTHas rpaMMaTHKa HA3bIBAETCS YUCTOH k-IIPOXOAHOM B 000MX HALIPAB-
JIEHHSIX, €CTTH CYIIECTBYET TaKasl MOCIeI0BATETLHOCTD n3 k 00x0omoB <dy ... d;>
(kaxkmoe d; - mubo crpaBa-HAJIEBO, JUOO CIEBA-HANPABO), YTO ATPUOYTHI JIIO-
00ro JIepeBa BBIBOMA MOTYT OBITh BBIYHMCIEHBI B PE3YJIbTATE BBIMOJHEHUS ITOM
[OCTIEI0BATEIBHOCTH 00X0108B [5].

ArpubyTHasi rpaMMaTHKa, Ha3bIBAETCS YUCTONW MHOTOMPOXOJHON B 0OOMXHA-
npasyieausx (PBD), eciu oHa sBJISIETCA YUCTON k-TIPOXOAHON B 0OOUX HANDPAB-
JIEHUSIX 711 KAKOTO-HuOYIb k.

IIpumep 2.3. CymiecrByor arpubyTHbIE MPAMMATHKH, HE SBJISIONUMEICS
YUCTHIMU MHOTOIIPOXOAHBbIME HU Jjisi kKakoro k (Puc. 3).
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Yucmo HeobXOAMMBIX IIPOXOI0B B 9TOM IPUMEPE 3aBUCHUT OT TJIyOWHBI IepeBa
¥ MOKeT OBITH CKOJIb YTOJHO OOBIIM.

OueBnaHO, 9T0 TpaMMaTHKa npuMmepa 2.1 He ABISETCS YUCTOW MHOTOMPO-
XOHOM ¥ HETPY/IHO BUJIETH, 9TO TPAMMATHKA puMepa 2.1 siBjsieTcss abCOTIOTHO
He3aIUKJICHHON.

Teopema 2.14. 3adavua onpedeserus mozo, AGAAECMCA AU POUSBONOHASA G-
PUOYMHAA 2PAMMATUKG YUCTOT MHO20NPOTOIHOT 68 000U HANPAEAEHUAT,
3a8UCUM IKCNOHEHUAABHO OM PA3MEPA GMPUOYMHOT 2PAMMAMUK.

ATpubyTHas rpaMMaTHKa HA3LIBAETCHA YUCTON k-IIPOXOHON CJieBa-HAIIPaBo,
ecnn aTpuOyTHI JII0OOOTO JiepeBa BHIBOJA B Hell MOTYT OBITh BBIYHUCIEHBI 32 K
00X0JIOB JiepeBa BHIBOJIA CJIEBA-HATIPABO [2, 5].

ArpubyTHasi rpaMMaTHKa HA3BIBAETCS YUCTON MHOTOITPOXOIHOMN CIeBa - Ha-
nmpaBo (PLR), ecnn OHa sIBJIsieTCst YMCTON Kk-TIDOXOZIHOM CJieBa-HAMIPABO [IJIst
Kakoro-unoyan k.

Teopema 2.15. 3adaua onpedenenus moz2o, AGAAECMCA AU NPOU3BONLHAS AM-
PUBYMHAA 2PAMMAMUKG NUCTNOT MHOLONPOLOOHOT CAEBA-HANPABO, 3A6UCUM,
IKCNOHEHUUAALHO OM PA3MEPa amPUOYMHot 2pammamuKy.
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IIpumep 2.4. CymecTByioT aTpuOyTHBIE TPAMMATHKY, BBIYUCIAIONIHECT B
000MX HAIIPABJIEHUSX, HO HE BbIUYUCJILAIOIIUECH B 0iHOM (puc. 4).

S
/f<
zy A Bzy b
a b
Puc. 4.

ATpubyTHasi TpaMMaTHKa HA3BIBAETCS TMPOCTOl K-TIPOXOMHON B 0OOWMX Ha-
MPABJIEHUSIX, €CJIU CYIIECTBYET TaKasl MOCIEI0BATETHHOCTD 0OX00B U TAKOE Pa3-
6uenue arpubyroB A; (X), ..., An(X), m = m(X), m € [1, k], xaxmoro cum-
BOJIA, YTO BCe arpubyThl U3 MHO)KecTBa A;(X) BbIUUCIAIOTCH HA -OM MPOXOJIE
nepesa [5].

ATpubyTHas TpaMMaTHKa Ha3BIBAETCS MPOCTON MHOTOMPOXOIHON B 06OMX
nanpasyenuax (SBD), eciu oHa ABIAETCS MPOCTOH k-MPOXOAHON B 000MX Ha-
paBJIEHUIX I KAKOrO-HUOYIb K.

I'pammaruka npuMepa 9.2 sBJsgeTCS IPOCTON MHOTOIPOXOTHON B 00OMX Ha-
[IpaBJIeHUIX, HO He SBJISEeTCS TUCTOM MHOTOIPOXOIHON ClieBa-HAImpaBo. I'pam-
MaTUKa npumepa 9.3 gaBjsgercs 4ucToil MHOTOIPOXOIHOM ClieBa-HAIPaBO, HO HE
SIBJISETCST TIPOCTON MHOTOIPOXOIHON B 000MX HANPABIEHUSX. TaK 9TO MEXKIY
kyaccamu PLR u SBD wer OTHOINEHUS BKJIIOUCHUSI.

TeopeMa 2.16. 3adaua nposepru moz0, AGAALMCA AU NPOUSEOALHAA GMPU-
6ymmnaa epammamura npocmot k-nporoduoti 6 060UT HANPABACHUAT, NOAU-
HOMUAALHO CA0ICHA [5].

IIpumep 2.5. CyiecTByioT IpaMMaTHKK, SBJISIONHECS YUCTHIMA MHOIO-
OPOXOJIHBIME, HO HE ABJIMIOLUIMECs IIPOCTHIMU MHOMOOPOXOAHbIMY (pHUC. 5).



Mmuoronpoxoaapie rpaMMaTHKH 235

S
8

<
=
Q
8

<

Puc. 5.

ArpubyTHasi rpaMMaTHKA HA3BIBAETCS IPOCTON k-TIPOXOIHOMN ClIeBa-HATIPABO,
eci CyLIecTByerT Takoe pasbuenue arpubyroB Kaxkiaoro cumsosna Ap(X), ...
Ap(X), m = m(X), m € [1,k], aro Bce arpubyTsl u3 MHO)KecTBa A;(X)
BBIUUCIIAIOTCS Ha $-OM 00X0JIe JepeBa CjIeBa-HAIPaBO CBEPXY-BHU3.

ArpubyTHas rpaMMaTrKa HA3BIBAETCS TPOCTON MHOTONPOXOIHOI CJIeBa - Ha-
mpaso (SLR), eciu OHa SABAAETCS MPOCTOH k-TIPOXOIHOMN CJIeBa-HATIPABO IJIst
KaKOTro-HUOY b K.

IIpumep 2.6. DTa rpaMMaTHKA, SIBJISETCS IPOCTOM OJHOIPOXOIHON CIIpaBa-
HAJIEBO, HO HE SIBJISIETCS TPOCTOH OJHOMPOXOIHOM cieBa-HANpaBo (puc. 6).

S

Puc. 6.

Bynmem roBoputh, uTo Mexkay arpubyramu ¢ u b WMeer MEeCTO OTHOIIEHUE
prec, ecan CyIeCTByeT MpaBujio BuiBoga p : Xg — X ... X'np ¢ BXOXKIEHUAMI
arpubyToB a<j> u b<k> Takoe, 4T0 4.<j> HCIOIb3YeTCs B KAYECTBE aPIyMEHTA
[PU BBIYUC/IEHUH BXOXKIeHus b<k>.

Me:xnay arpubytamu a u b mMmeerT mecTto oTHomenue L, ecou aprech m mis
KaxKJoro mpasuia Bemona p : Xo — X ... Xn, ¢ Bxoxnenuamu arpubyToB
a<j> u b<k> takumu, uro b<k> 3aBucur ot a<j>, umeer mecto j<k.
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I'padom LR -npemmecrBoBanus s AG HazoBeM rpad, BepIinHAMA KOTO-
poro siBisgroTcst arpubyThl Bcex cuMmBoioB AG w U3 BepIIWHBI a B BEpIIHWHY b
HJIET JIyra, TOTJA U TOJIBKO TOTA, KO MMeeT MecTo oTHoIrenue aprech. Eciu
umeer Mecto orHomenue aLb, 1o ayra (a,b) momedena merkoil L, unaue ona
momevena Metkoit L. IIpuBemem anropuTm mpOBEpKH MPUHAIEKHOCTH KJIAC-
cy SLR, KoTopblii 0JJHOBPEMEHHO NPOM3BOAUT pa3bueHue (€cau 5TO BO3MOXKHO)
aTpuOyTOB KasK/IOr0 CHMBOJIA IO 0OX0IaM.

Anropunt™m 2.7.
* Tlocrpoenue dbyHKIMU IPOX0A0B pass(a) arpubyToB CUMBOJIOB,
* natomedi ub0 MUHUMAJIBHDIA HOMED TIPOX0a, Ha KOTOPOM aTpubyT
* MOzKeT OBITh BBIYUCJIEH, TUOO HEOIPEIEIeHO,
* ecim aTpubyT HE MOXKET OBbITh 3aHECEH HU B
* onun u3 asementoB pasbuenus A(X), aA(X).
begin crpoum rpad LR upemmecrBoBanus misi AG;
IMonaraem COST(a) Heompee/IeHHOI 1Jist BCeX BEPIIUH a;
m := —1; repeat m :=m + 1;
IMonoxurs COST(a) paBHO m /1Jig BCEX BEPINUH,
st koropeix COST(a) neonpenesienos;
repeat aya sepmunbl ¢ Takoit, aro COST(a) = m
nosnoxuth COST(a) HeonpeeneHHbIM;
Ecnu cymecrsyer Bepmuna b u gyra (b, a) takue, 9To
(COST(b) = m) and (B, a) umeer meTrky L)
or (COST(b) neonpezeneno)
until Henb3s HAWTYH TAKOM BEPIIUHBI @,
g1o COST(a) MOXKHO cenaTh HeONpeAeIeHHbIM;
until m6o mns Beex a COST(a) BbunCeHa,
nub0 He CyIIeCTBYeT BEPIIUHBI b TaKoii,
uro COST(b) = m; nyia Bcex a € A
if (COST(a) onpeneneno)
then pass(a) := COST(a) + 1
else pass(a) := HeonpeneneHo
end
end.

DTOT AJTOPUTM JIErKo 0DOBIIAETCsT HA MPOCTHIE MHOTOMPOXOIHBIE B 000UX
HanpaBJleHUsIX arpubyTHbIE rpaMMaTuku [5].

CoBceM TPOCTHIM YACTHBIM CIy4uaeM L R MHOTOTIPOXOIHBIX ATPUOYTHBIX TPaM-
MATHK SBJISIOTCST OJHOMPOXO/IHBIE ATPUOYTHBIE TPAMMATHKH.

Teopema 2.17. Ampubymnas 2pammamura aeasemes LR odnonpoxrodnot
moz2da u MoAvKo Mozda, K02da Hu 00uH U3 2paghos Opambves 04 NPABUN
ev60da He codepocum dyz ud X 6 X das i > j.

Takum 06pa3oM MeKIy PACCMOTPEHHBIMH KJIACCAMH aTPHOYTHBIX I'pamMMa-
TUK WMEeT MECTO BKJIOYEHHUE, TOKA3aHHOe HA PUC. T:
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ITpnaoxkenune C

3aJiadm 1Mo pa3jaejaM KHUTH

C1l. Bsenenume

C2. 43pikm m Ux peiCTABJIEHTE

C2.1. AndaBurhl, NENOYKN U A3BIKHA

2.1.1. Ilycrp A = {ab,c} u B = {c, ca} - nsa GpopmasbHbIX A3bIKA HAJL ajdaBu-
tom {a, b, c}. Haiitn cienyiomme dbopmanbHble sI3bIKH:

a) AU B; 6) A\ B; B) A%

r) A*\ B 1) AB;

C2.2. [IlpencraBjieHue A3bIKOB

2.2.1. Ona s3eika L = {z € {a,b}* | |z|a = |z|p} mocTpoiire

a) JleTepMUHUPOBAHHBIN KOHEYHBIH ABTOMAT;

6) Ilo Hemy - peryJisipHOE BbIparXKEHUE;

B) ITo 3TOMY BBIPAYKEHUIO - PAMMATHUKY;

r) ITo nonyyennoii rpammaruke nepeiigure 1o GN-teopeme Kk N-aBromary.

C2.3. TI'pammarukn

2.3.1. Ilpunagmnexut u nenovyka xr = abaababb a3bIKy, TOPOK TAEMOMY
rPAMMATHUKO € MPABUIAMU:

S — SaSh| e

2.3.2. Ilpunagnexxur mu nenodka x = (()())() A3bIKy, mOPOXKIAEMOMY
IrPAMMATHKON C MPABUIAMU:

S SA|A
A= (910

238
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2.3.3. llpunagnexutr sm nenodka © = 00011011 s#3bIKy, mOPOKIAEMOMY

rpaMMaTHKON C IpaBUIAMU:

S—SS|A
A= 0A41]S |01

2.3.4. llpunagmexur mu nenodka £ = 0111000 a3bIKy, TOPOKIAEMOMY

rpaMMaTHKON C IpaBUIAMU:

G?

G?

G?

S — AOB | B14
A—-BB|0
B— AA |1

2.3.5. Bepno s coorHomenue a*cb* € L(G) nns ciepyomeil rpaMMaTuKy
S — Bab|aDa; A — Dc|cA; B—Sb|b, D— AB|aD.

2.3.6. Bepno s coornomenue ab*c* € L(G) ans cienyomeil rpaMMaTuKy
S—+SAS|A; A—> Ac|Da|b; B— DaD; D — ABD | AB.

2.3.7. Bepno siu coornouienue ca*b* € L(G) ans caempyiomeil rpaMMaTuKu
S —bcD |aB; A—Db|cA; B—bS|e; D— BA|cD.

2.3.8. Bepno siu coornouienue c*ab* € L(G) ans caempyiomeil rpaMMaTuKu

S—ASS|A; A—>c|AblaD; B —aDD; D — AB| BaB.

2.3.9. [lycrb rpammaruka G onpezeisieTcs: IpaBuIaMu
S —~AB; AB —»CBb; CB — ABB; A—a;, aB —a.

Kakomy kiaccy (mo XoMCKOMY) OHA MPUHAIJIEKUT?
IMopox naercs su L(G) rpammarukoii 6osee y3koro xiacca?

2.3.10. IIycrs rpammaruka G OIpeIessieTcs MpaBuIaMu
S — aAbB; AbB — aAbB; bBb—bb; A —e.

Kakomy kiaccy (no XoMCKOMY) OHA NPUHANJIEKUT?
IMopox naercs s L(G) rpammarukoii 6osee y3koro xiacca?

2.3.11. IIycrs rpammaruka G OMpeIessieTcs MpaBUIaMu
S — AaB; AaB — aAaBb; aBb— abb; A —e.

Kakomy kiaccy (no XoMCKOMY) OHA NPUHANJIEKUT?
IMopoxgaerca nu L(G) rpamMarukoii 6osee y3koro kiaacca?

2.3.12. IIycrs rpammaruka G ONpPEIENseTcs TPaBIIAME

S — AB; AB —aDB; DB — ABB; B —b; Ab—b.
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Kakomy kmnaccy (o XoMcKOMy) OHA MPUHAJIEKUT?
IMopoxaercs su L(G) rpammarukoii Gosiee y3koro kiaacca?

2.3.13. Kakomy kmaccy mo XOMCKOMY NPHUHAIJIEKUT
a) rpaMMaTHKa C [IPABUJIAMU:

S — AS | e A—alb.

6) Z3bik, HOpOXKAAEMBIl ITOI IPAMMATHKON?

2.3.14. Kakomy kmaccy mo XOMCKOMY MPUHAIIEIKHUT:
a) I'pammaruka ¢ npasuiaMu:
S —~ AB; AB —aABB; B —b;, A—a

6) A3bIK, NOPOXKAEHHBIH STON IPAMMATUKON?

2.3.15. Kakomy xmaccy mo XOMCKOMY NMPUHAJIEKUT:
a) I'pammaruka ¢ npasuiamu:
S — ASB | BSA; A — a; B—ob]e SB —¢;

6) Z3bIK, NOPOXKAEHHBII STON IPAMMATUKON?

2.3.16. Kakomy xmaccy mo XOMCKOMY MPUHAJIEKUT:
a) I'pammaruka ¢ npasuiamu:
S — AcBs; A — AcA | B; B —a|b;

6) Z3bIK, NOPOXKAEHHBII STON IPAMMATUKOMN?

2.3.17. CKOIHKO CyIIECTBYET PA3INIHBIX BHIBOJOB LEMOYKHU baaaab,
OpUHAIIEZKAINEH A3bIKY, IOPOKIAEMOMY MPAMMATUKON C IPABUJIAMHE:

S bAb;  A— AAla

2.3.18. I[TocTpouTs mpaBoIMHENRHBIE FPAMMATHKHY [IJIs] I3bIKOB, COCTOSIIINX U3:

a) uaeHTUUKATOPOB POU3BOILHON IJIMHbBI, HAUUHAIOIINXCS C OYKBBI;
6) uaeHTUOUKATOPOB, COAEPKAIIUX OT 1 10 6 CMMBOJIOB M HAYMHAIOIIUXCS C
oyks I, J, K, L, M, N;
B) BELIECTBEHHbIX KOHCTAHT;
) BCEX IEMOYEK U3 HyJIeH U €IUHUII, UMEOIIUX:
- 9ETHOE YHCJIO HyJIeil U YETHOE YNCJIO €IUHUIL;
- b0 HEYETHOE YNCIIO HYJIeH W HEeY8THOe YHCIIO eINHUII.

2.3.19. ITocrpouts KC-rpaMMaTuku 71 CAEAYIOMIAX S3BIKOB:

a) {0"1"™ : n > 1}

6) {wwf : w e {a,b}"}

) Bee menouku u3 HyJiell U eIUHUIL ¢ OJUHAKOBLIM YUCIOM TeX U JAPYTUX
) {{a,b}" \ {a™b"a™b"} : m,n > 1};

1) {{a,b}" \ {a™b"a™} : m,n > 1};

=

r
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e) {{a,b}" \ {ww} : we {a,b]"};
x) {{a,b}" \ {a"b"a"} : n > 1};

2.3.20. Onpenemurs KC-rpaMMaTuky, KOTOpbIE MOPOXK AN ObI CJI€IyTOIINe
ST3BIKH:

1) Bce cTpoku - anemenTsl MuOKecTBa {0, 1}* Takme, 4T0 B KaxKI0# U3 HUX
HEMOCPEICTBEHHO CIIPaBa OT KAayKJI0TO cuMBoja 0 ctonT cuMBoar 1.

2) BCe CTPOKH - 37ieMeHThI MHOKecTBa {0, 1}* Takne, 9To pe3yabTaThl YTEHNs]
9TUX CTPOK CJIEBA HANPABO U CIIPABA HAJIEBO COBIAIAIOT;

3) Bce cTpoku - stemenThl MHOXKecTBa {0, 1}*, KOTOpBIE CO/EPKAT CUMBOJIOB
0 BaBoe GosibIlie, YeM CUMBOJIOB 1;

4) Bce cTpoKU - sneMenTbl MuOKecTBa {0, 1}*, KOTOpBIE UMEIOT OJAUHAKOBOE
qncao cumBosioB 0 u 1;

5) BCe CTPOKM - 37eMeHThl MHOKecTBa {0, 1}*, KOTOpBIE NMEIOT YeTHOEe
9UCI0 CUMBOJIOB () U HEYETHOE YUCIIO CUMBOJIOB 1;

6) Bce crpoku - anemenThl Muoxkecrsa {0, 1}*, B KOTOpbIX CKOOKU
PACCTABJIEHBI MTPABUILHO.

2.3.21. ITocrpouts KC-rpaMMaTuku, TOPOXKIAIOIIHE SI3bIKH:

a) {a™b"c? | m+n+p=0(mod 2); m,n,p>0};

6) {a?bic" |p+q>r;p,q,r >0}

B) {z |z € {a,b}", |z]a = |z };

r) {z |z €{a,b}", |x]a > [z[s};

1) mocTpouTh 0dHosnaywhyto KC-rpaMMaruky (0JHO3HAYHOCTD JOKHA ObIThH
doxazana) nns s3bika {z | € {a,b}*, |z|o = |Z|p, u A ¥V uw,v : = = uw,
|u] # 0, |v| # 0 BbImONHEHO |u|q > |ulp}.

2.3.22. ITocrpouts KC-rpaMmMaTuky, MOPOKIAIOIIYIO S3BIK
a) {a"cd"} U {b"ac"}; n>0
6) {z |z € {a,0}" \ &,z # yy™}

2.3.23. TTocrpours HC-rpaMMaTuku [1Jist CJIEAYIOMIUX sI3BIKOB:
a) {a™p"r"} : n > 1} (Tpu mymikerépa)

6) {w € {a, b, c}*, |w|, = |w|p = |w|.} (Bumerper)

B) {a™b"a™b" : m,n > 1} (e kasoun)

) {a™b"c* : m >n >k >1} (Topka)

o) {ww : w € {a,b}*} (dpa nebens)

e) {a”2 : n>1} (Ksagparublie uucia)

x) {am’ 5L p > 5)

3) {a”bn2 :n>1} (Jama c cobadukoii)

u) {a”3 :n > 1} (Kybuueckue 4yucia)

r
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x) {{a}*\a"" : n>1}
1) {a®" | n> 1} (Bor moGut Tpowy)
M) {a” : n=1,2,3,5,8,13,...} (Yucna ®uG6oHAUN)
{a" : n=1,3,6,10,15,...} (Tpeyrombusie uncra, a, = n(n + 1)/2)
o) {a" : n=1,5,12,22, ...} (IlaTuyronbHble yucIa, a, = n+ 3n(n —1)/2.
IIATHYTOMBHOE IUCTIO MOKET GBITH PA30UTO HA TPU TPEYTONBHBIX + 7 TOYUEK)
n) {012...0"~1170"~=1...1%0 | n > 1} (Ilupamuga Xeormca)

=
~—

2.3.24. Tloctpouts KC-rpaMmaTvky, MOPOKIAIONINE SI3BIKU
a) {zey |z #y; z,y € {a,b}"};

6) {a'bick | i, j, k> 1} \ {a™b"c" | n > 1};

B) {a,b,c}* \ {a"b"c" | n > 0}.

2.3.25. Ilycte G - rpaMMaTHKa C MPABUIAMU:

S—CD C —aCA|bCB|e AD — aD
BD — bD Aa — aA Ab — bA
Ba — aB Bb — bB D —e

Iokaszatk, uro L(G) = {zz | z € {a,b}*}.

2.3.26. IlocTpouTh TpaMMATHUKY, TTOPOKIAIOIIYIO JAHHBIN S3BIK:
{a"cba"cb™ | n > 0}.

2.3.27. IlocTponTh PEryaspHYIO TPAMMATHKY, MTOPOXKJAIOIIYIO IETIOYKH B aJl-
dasure (a,b), B KOTOPOM CUMBOJI ¢ HE BCTPEUAETCS JBA PA3a TOAPSII.

2.3.28. TlocTponTh rpaMMaTHKY, MOPOXKIAIONIYI0 COATAHCUPOBAHHBIE OTHO-
CUTEJIbHO KPYIUIbIX CKOGOK 1enouku B anadasure {a, (,), L}. Cbanancuposan-
HYIO [IENOYKY (¢ OIIPEAETUM PEKKYPEHTHO: HEeNnoduka ¢ cOanancupoBaHa, eCm:

a) @ He CONEPKHUT CKODOK,
6) a = (1) wm @ = qaz, TAe @ ¥ a COAIAHCUPOBAHBDI.

2.3.29 Tlokazarb, uro Hanunuue B KC-rpaMmmaruke npaBusi BUIA

a) A— AA |« 6) A— AaA | B) A= ad| AB | v,

rae «, 8,7 € (VN UVp)* A € Vi, nenaer eé neomHo3HagHONW. MOXKHO Jiu mpe-
00pa30BaTh ITH MPABHUIA TAKAM 00Pa30M, ITOOBI MOJIYUEeHHAs IKBUBAJEHTHAS
rpaMMATHKA ObLIA OJHO3HAYHOM?

2.3.30. ITokazarb, uro rpammaruka G HEOTHO3HATHA.
G :S—abC|aB B — bc; bC — be

2.3.31. Jana KC-rpammaruka G = (Vp, Vi, P, S). Ilpennoxurs ajaropurm
HOCTPOEHUSA MHOMKECTBA
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X={AeVy|A> e}

2.3.32. s nponssosabuoit KC-rpamvaruku G IpeaaoskuTh aJITOPUTM, OTIpe-
Jenstronuit, mycr au 36k L(G).

2.3.33. OuHAKOBBIE M SI3bIKH TOPOXKAAIOT rpammaruka u3 (a), (b), (¢)?

(a) S — aAb, A — BB, B —ab|A|e.
(b) S — aAb, A — AaAb | €.
(c) S —aB, B — aBB | b.

2.3.34. DKBUBAJICHTHBI JIU 'PAMMATHUKY C [TPABUIAMHA
S — AB; B — Bb| 4 A — Aa| B; C —e.
u

S —e.

2.3.35. DKBUBAJIEHTHBI JIU TPAMMATUKHU C MPABUIAMHA

A — AB; B — bC A — aAc| Sa; C —c|Ca.
n

S — As | Bg; B — Ac|cS; A — Bd; C—=ec.

C3. Jlekcuyeckuili aHaJIN3

C3.1. PeryagpHble MHO>KE€CTBA U BBIPA>KEHUSA

3.1.1. ITokazaThb, YTO MHOYKECTBA, COOTBETCTBYIOIINE IBYM JAHHBIM PETYJISAPHBIM
BBIPAYKEHUIM, COBITQ IAIOT,

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. 3aMeHUTH KaXKI0e U3 CJACYIONINX BbIPAYKEHU IKBUBAJIEHTHBIM, B KO-
TOPOM HE HMCIIOIb3YIoTCa 3HaK "+":

1) (a+b)*;
2) (a + bb + ba)*;
3) (a+ (bb + ab)*)*.

3.1.3. Haiitu perynsipuble BbIpakeHus, 0003HAYAIOIINE S3bIKU, BCE CJIOBA
KOTODBIX - 3yIeMeHThl MHOXKecTBa {0, 1}*.

1) okamuuBaromuecs na 011, 101, 110;

2) mauunatonmecs ¢ 110, 101 wmu 011;

3) y KOTOPBIX KarKblil TPETHili CUMBOJI €CTh () WM KarKIbIM BTODPOW - 1;
)

4) He copepxkalye HU OHOM 13 noacTtpok 011 u 101;
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5) comepxaiue Kaxaywo u3 nogcrpok 011 u 101;

6) nayunatommecs ¢ 011 u okanuusarommecs Ha 110 wiu 101;

7) naunnarommecst ¢ 011 uau 110 u okanuusarommecs ua 101;

8) maymnatommecs ¢ 011 u comepzkaiyue BXOXKIeHus noacTpoku 110;

9) {01™ | n > 1};

10) {010 | n > 0};

11) {0™1™ | n,m > 1};

12) {a € {0,1}* : |a|/3 - mesoe HEOTPHLIATELHOE YHCIIO };

13) {aa | a € {0,1}", a € {0,1}, a BxomUT B };

14) {(010)™ | n > 0};

15) {0™ | m > 2} wim {1" | n > 0};

16) {(01)™(10)" | m > 0,n > 0};

17) comepzkaliee 4eTHOE YUCIO CUMBOJIOB (0 M HEUETHOE YUCIO CUMBOJIOB 1;
)

18) comep:kalree 9eTHOE YUCIO CUMBOJIOB () UJIM Y€THOE YMCJIO CHMBOJIOB 1.

3.1.4. dBnsiercss MU A3bIK, COCTOSAIINM U3 Bcex 1ernodek u3 0 u 1, He comep-
xkamwmx noanenodku 010, peryasspabiv?

3.1.5. dBasercsa nu A3bIK, cocTosiuil n3 Beex nemodek u3 0 u 1,
comepKamux 9éraoe ancio 0 u HedérHoe - 1, peryasapHbIM?

3.1.6. dBnasercsa nu S3bIK, COCTOAIIMA M3 BCEX IEMOYEK UETHOW IJIWHBI B
andasure {a, b, c}, peryusapubim?

3.1.7. Perynspen iu

a) s3pik bopmyn suga A*(B), tne A, B € {a,b}*?

6) a3vik dopmyn suga (Aq.As), tae gua ¢ = 1,2 A; ecrb b0 CIOBO B
andapure {a, b}, mbo, B cBOIO OUepenn, popmya?

B) a3bik Gopmyit Buja (A + B), tne A, B € {a, b} 7

r) a3bik dopmyn Buna (Ap)As, rue mua ¢ = 1,2 A; ecrb 1ubo cjioBO B
andasure {a, b}, mmbo, B cBo0O ouepesnb, popmyia’?

3.1.8. OnpenennTh A3bIK, COCTOAIINHA N3 BCEX HACHTH(MUKATOPOB, C TOMOIILIO
® DEryJIIPHOTO BBIPAYKEHUT,;

® JICBOJIMHENHOI rpaMMaTHKH;

® KOHETHOTO aBTOMATA;

® [IPABOJIMHEIHON I'PaAMMaTUKU.

3.1.9. Byner su perynsipusim s36ik L = {z € {a,b}* : |z|, werHO U |Z|p
HevyerHo }?
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3.1.10. ITocTpouTh NMpPABONIMHEHHYIO I'PAMMATHKY, MOPOXKIAIOIIYIO0 sA3bIK L
Beex cioB B andasure {0, 1}, comeprkamux 4éTHOE YUCIIO €QUHULL U HEYETHOE
yucao HyJeil. Byger sm ona ogHO3HAYHOH?

3.1.11. ITocrpours perynsphoe BbIpazkenne s asbika LT, roe L - aseik
Beex cioB B andasure {0, 1}, comepkaiux 4€THOE YUCIIO €IMHULL U HEYETHOE
YUCIO HYJIEH.

C3.2. KoHeu”rnlie aBTOMATHI

3.2.1. Kakoii s3bIK 0MyCKAeTCs KOHEIHBIM aBTOMATOM

M = ({qo}, {a, b}; w: qo, {qO})?

3.2.2. TlocTpouTh HEIETEPMUHUPOBAHHBLIN KOHEUHBIM aBTOMAT, IOTYCKAIO-
i nenouku B andasure {1, 2}, y KOTOPHIX TOCIEIHUH CHMBOJ HEMOYKHN YIKE
MOSIBJISANICS B Hell panbire. [locTponTh SKBUBAIEHTHBIN JeTEPMUHUPOBAHHBINA KO-
HeuyHblii aBromar. [TocTpouTs anajgoruvHble KOHEYHbIE AaBTOMATHI B aihaBUTE

{1,2,3}.
3.2.3. ITocTpouTh KOHEYHBIIT ABTOMAT, JOITYCKAIOIINN S3bIK

{zy} U {yz}, rtmexz € {a}*\e; ye{b}*\e.

3.2.4. Tlocrpourb demepmunuposartsbiti KOHEIHBIH ABTOMAT, JOITYCKAIOIIAH
a3bik L Becex cnos B asndasure {0, 1}, conepxkammx 48THOE IUCIIO
€/INHUIL U HEYETHOE YHCIIO HYJIeH;

C3.3. AaropuTMbl IIOCTPOEHUS KOHEYHBIX aBTOMAaTOB

3.3.1. ns peryasipuoro Bbipazkenus naj audasurom T = {a,b} nocrpoursb
SKBUBAJIEHTHDBIA JeTePMUHUPOBAHHbBINA KOHEYHbIA aBTOMAT:

a) b(ba | b)* | b 6) (ab| b)*ba | ab

5) (a | b)*ba(a | b ) (a] b)*abla | b

n) a(ab | b)* | ba e) (ba | b)*ab | ba

k) (a*b)*ab*a 3) (a | b)*(a]|b)(a|bla]|b)

C3.4. PeryagpHble MHO>KECTBA U UX HPEACTABJICHUSI

3.4.1. Byner in peryasgpHbIM sA3bIK

L ={z € {a,b} | z ue conepxkur noauenouxku aba}?

3.4.2. BO3MOKHO /I TTOCTPOUTH PEryJIsiPHYIO IPAMMATHKY, TOPOXK TAOILYTIO
A3bIK, BKJIIOYaomuil B cebs Bce HemycTbie nemodkn u3 0 u 1, He comepakaiine
Tpéx 1 moapsans?
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C3.5. CasoiicTBa (asrebpanyeckue) peryasipHbIX MHOXKECTB.
Jlemma o pa3zpacTaHum.

3.5.1. ByayT in perysisipHbIMHA cieayromiue s3biku B andasure {a}
(a) Ly = {{a™ "} u{a™"},n=0,1,..};
(6) Ly = {{a*"}n{a™*},n=0,1,..};

(B) Lz = {{a""5},n = 0,1, ....,n # 5(mod11)};

(m)

n) Ly = {a”z, n=20,1, }

3.5.2. ByayT in perysisipHbIMHU CIIeyIonume s36iKku B andasure ¥ = {a, b}?
® a3bIK Ly U3 BCEX CJIOB X, COIEpXKalIuX MOACI0Ba afb;

® 36K Lo U3 BCEX CJIOB X*, HE COMEpIKAIMX ABYX b MOaps;

e a3bIK L3 3 BCex cioB X*, He mpuHamexRammx Ly nim Lo;

oL, = {{a®"p 1} n=0,1,...}.

3.5.3. Bamaercs qu a3bk {a"b™ | n > m > 1} perynasgpHbiM BbIpazkeHuem?

3.5.4. dBaserca au rpaMMaTHKa C TPABUJIAMH:
S —aA|bB | C, B - bB|b|¢;
A—aAlale; C — ¢SC.

MPABOJIMHENHHON IPAMMATHKON?

C4. CuHTAKCHYeCKHUM aHaJIN3

C4.1. KC-rpammaruku u MII-aBromaThl

4.1.1. Tlycrs G - rpaMMaTHKA C MPABUIAME:
S — SbS|ScS |a

Haiitn 2 pa3anvHbIX gepeBa BBIBOIA, MIJIS Ienoukn abaca.

4.1.2. Jana oguosnaunas KC-rpammaruka G = (N, T, P, S) u nenouka w €
L(G). Konuuectso snemenTos Bo Mmuoxkectsax N, T, P paBHO 11, na, 13 COOTBET-
crBerHo, a |w| = [. HaiiTu HUXKHIOIO U BEPXHIOIO DAHUILY JIJIsl YUCIIA JI€PEBLEB
pazbopa w B G.

4.1.3. dBnsgiorcs Jin ONHO3HAYHBIMY CJIEAYOMINE IPAMMATUKA ]
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a)S—alC C — AB; A—aA|Ba|a; B —aB
6) S — BA; A Aa|bA|e; B Bb|aB|b

B) S —>b|C, C —aC | AC, A—aAlAa]a

r) S — AB; A — aA|bA | a; B — Ba|Bb|e

o) S— A|B; A— AA| B—aB|b|C; C —cC
e) S — aAd|bB; A—aAlalb B —>bB|b|e

X)) S — aAc | bS; A—aAlAale

3) S — aA | b A — abA | abAch; B —c

u) S — aB | c4; A — BaA| a; B—Ala

K) S = ABS | g A — abA | a; B — Ba | Bab | €

4.1.4. dBasiercs U OAHO3HATHON TPAMMATHKA, C IIPABUTAMUT:

a) S — A|B; B —aB|b|C; A— AA| @ C —cC
6) S = aAc | bS; A—aAlAalc

B) S » ad|b; A — abA | abAch; B —c¢

r) S — aB | c4; A — BaA| a; B— A|b

o) S —alC; C — AB; A—aA|Ba|a; B —aB
e) S — BA; A — Aa|bA g B— Bb|aB|b

X)) S —=b|C; C —aC | AC, A—aAlAala

3) S — AB; A —aA|bA]a; B — Ba|Bb|¢€

4.1.5. Ilycrs G - rpaMMaTHKA, UMEIOINAs TPOILYKITUH:

S — bA | ab; A—a|aS|bAA,; B —b|bS|aBB,
a (G - rpaMMaTHKa, OTpee/IsieMast POy KIIMAMMT:

S — aB |aBS | bAS | bA; A — bAA | q; B —-bBB|b
ITokazark, 910

1) G; - HeopHO3HAYHAS MPAMMATHUKA,

2) G5 - opHO3HAYHAS IPAMMATHUKA;

3) L(G1) = L(G>).

4.1.6. Kakoit A3bIK IOMyCKaeTCsd aBTOMATOM C MAra3MHHON MaMATHIO

P = ({q0},{a, b}, {20}, 0, 90, 20, {q0}) ?

4.1.7. ITocrpours MII-aBTOMaTHI, ONPEIEIIAIONTNE A3BIKT

a) {wwf : we {a,b}"}

6) ZI3bIK BCEX IEMOYEK U3 HyJeil W eIUHUI[ C OJUHAKOBLIM YHUCIOM T€X U
ApyTHX

B) {{a,b}" \ {a™b"a™b"} : m,n > 1};

r) {{a,b}" \ {a™b"a™} : m,n >1};
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m) {{a, b} \ {ww} : w € {a, ]}

4.1.8. TIocTPOUTH aBTOMAT ¢ MATA3WHHON MAMSATBIO, JOIYCKAIOMINE S3BIK
a) ({a"b"c™ | n,m > 1}) U ({a™b"c™ | n,m > 1});

6) {a"ckb" | k,n > 1};

B) {a™b"c? | m +n+ p =0(mod2); m,n,p > 0};

r) {aPbic" |p+q>r; p,gr >0}

n) {z |z € {a,b}*, |z|o = |z|p};

e) {z |z €{a,b}", |z]a > [z[p};

K) {z | z € {a,b}*, |z|a = |2|p, m mna ¥V w,v : = uv, |u| #0, |v] #0
BBIIIOJTHEHO |U|q > |u]p}.

4.1.9. ITycrs A - marazunnbit aBromar. [loctpours Mara3uHHbI aBroMar B,
nonyckamomuit Bece npedukcsl s3bika L(A), T.e. g3bIK

L(B)={z|zy € L(A)}.

4.1.10. I[ToctpouTs merepmunnpoBanabie MII-aBTOMATHI, ONTpEIENIAIONINE S3bI-
KU:

a) {wew® : w € {a, b}*};
6) {0717 : n > 1}
B) {zcaycy™ | z,y € {a,b}*}

4.1.11. dpasercss mn s3uik L = {wex® | x € (a*b*)*} nerepmunnpoBanubv?
O6GocHOBATH OTBET € HOMOIILIO MArA3HHHOIO ABTOMATA, JOILYCKAOLIEro s3bIK L.

4.1.12. dBnsercsa mu 1eTepMUHUPOBAHHBIM CJIEIYOIIHA S3bIK:
a) L = {zBczx | x € (a*b*)*}
6) L = {zcz® |z € (b*a*)*}
B) L = {zcz® | z € b*(a*)*}

4.1.13. Jokazars, uro s mo60it KC-rpammarukun G cymecrsyer sxkBuBa-
snentHast et KC rpammaruka G, uMeromias JUIIb TPABIIA BHUJIA

A—BC; A—a,rne A B,CeVy, a€ Vp.

4.1.14. Joka3arb, uto eciau L1 - KC-a3bIk, TO s3biK L, cocrosmuii u3 BCex
cnos Ly gernoit pymnbl - KC-a3bIK, T.€.

L={X|XeL, |X|=2K, K=0,1,...,} - KC-13pIK.

4.1.15. Joka3arb, uro giasa KC-rpammaruku G CyIIecTByeT HEyKOPAIUBAIO-
maa KC-rpamvaruka G', TOpoKgaiomas a3bIK

L(G") = L(G) \ {}
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4.1.16. IlpuBecTu asropuT™, MO3BOJILIONNI Y3HATh, IPUHAIJIEKAT JTU TAH-
Hoe cnoBo jganaoMmy KC-g3bIKy U JI0Ka3aTh €ro NpaBUIbHOCTD.

4.1.17. KC-rpamMMaTuKa Ha3bIBAETCS AE6000HO3HAYHOU, €CIIA KAXKJOe CJI0-
BO MOPOXKIAEMOTO €I0 SI3bIKA UMEET eJUHCTBEHHBIN 4e6biti BHIBOI. AHATIOIHIHO
ONIPEJIENISIETCS NPA800JHO3HAYHAA TpaMMaTuKa. [TocTpouTh mpuMep JIeBOOIHO-
3HAYHOM, HO He MpaBooaHO3HAUHONH KC-rpaMmaTk.

C4.2. CsoiicrBa (anrebpaundeckune) KC-a3bIKOB.
JlemMa o paspacTaHumn.

4.2.1. Tlycrs Ly, Ly - KC-a3biku. Jokaxkure:

1) Ly U Ly - KC-a3bik;
2) Ly Ly - KC-a3bIk.

4.2.2. Tlycrs L - KC-a3bik. Jokaxkure:

1) L* - KC-s3bIK;
2) LT - KC-s311%.

4.2.3. Jloka3ars, uto He cymecrByer KC-rpamMMaTik, mOPOXKIAIOMINX S3bIKH
a) {a"b"c"} : n > 1}; 6) {ww : w € {a,b}*}
B) {a”z :nZl} r) {a”3 :nZl}

4.2.4. BIICHUTD, KAKWE W3 MPUBEICHHBIX HUXKE A3BIKOB HE SIBISIIOTCS
KC-s3bikamu:

1) {a'bck |0 <i<j <k}

2) {aibick |0 <i=j=k};

3) {a'V/ck |0<i=3jk>0,i#k};
4) {a’bick |0 <i=j,k>0};

4.2.5. ITokazars, 4ro 36K {a"b"c™ | n>1} we asnserca KC-a3bikoM.
4.2.6. densiercst mm a3u1k {a™0™a™d™ | n > 1, m > 1} KC-a3bikom?
4.2.7. densiercst mm a3u1k {a™0™b"a™ | n > 1, m > 1} KC-a3bikomM?
4.2.8. dsnsiercs mm a3k {a? | p -upocroe unciao} KC-a3pikom?

4.2.9. dBnsiercs mu A3BIK {a”b"2 | n € N} KC-s3pikOM?
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4.2.10. OnpenenuTb, 3aMKHYTO Jit MHOXKeCTBO KC-513bIKOB OTHOCHTEIBHO J10-
[IOJTHEHM A !

4.2.11. 3amkuyTo 1 MHO)KeCTBO KC-A3bIKOB OTHOCHTEIHLHO 00paujerus?
(Mnage roops, Bepro g, 910 ecin L-KC-a3pik, 1o L¥- toxke KC-A3bIK. )

C4.3. IlIpeobpazoBanusa KC-rpammaTuk
4.3.1. YKa3aTh MHOXKECTBO DECIIOJIE3HBIX CUMBOJIOB JIJIsi TPDAMMATHKHN:

S — A| B; B—aB|b|C; A— AA | a; C —cC.

4.3.2. YKa3aTh MHOXKECTBO OECIOJIE3HBIX CUMBOJIOB B IPAMMATHKE

G=({S, A, B,C},{a,b,c}, P,S), rue P cocrour u3

S —aSh| Abb | € B —+ AB
A — aBCb | bADb C—alc

4.3.3. YKazaThb MHOXKECTBO OECIIOIE3HBIX CUMBOJIOB B IPAMMATHKE
G=({S,A,B,C}{a,b,c}, P, S), rue P cocrour u3

S—A|B A—aB|bS|b

B — AB | Ba C— AS|b

4.3.4. Yka3arh MHOXKECTBO 0OECIOIe3HbIX CUMBOJIOB B IPAMMATHKE

G=({S,A,B,C,D},{a,b,c}, P,S}, rue P cocrour u3

S — aBb | aCb A — Dc|cA
B—aS|b C = AB | aD
D — AB | cDa

4.3.5. Yka3arh MHOYXKECTBO 0OeCroIe3HbIX CHMBOJIOB B PAMMATHKE

G=({SA,B,C}{0,1,2}, P, S), rue P cocrour u3

S—SS|A A—0A1|C |0
B—-0C|1 C—-BC|CS

4.3.6. dBasrorcst v CIeAyONUe TPAMMATHKY TIPUBETEHHBIME
VYKazars Ay KaxK/I0i IPAMMATHKA MHOXKECTBA HEAOCTUKUMbIX,
OecryIOAHBIX U OECITOIE3HBIX CHMBOJIOB:
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a)S—al|lC 6) S — BA
C - AB A— Aa|bA e
A—aA|Bala B— BblaB|b
B — aB
B)S—=b|C r)S— AB
C —aC | AC A—aA|bAla
A—aA|Aa|a B — Ba|Bb|¢
1) S—A|B e)S—aA|bB
A— AAla A—aAlalb
B—aB|b|C B—bB|b|e
C —cC
K) S = aAc|bS 3) S—ad|b
A—aA|Aal|e A — abA | abAch
B—=c

u) S —aB|cA
A — BaAla
B—Ala

K) S — ABS | e
A —abA|a
B — Ba | Bab | ¢

4.3.7. TlocTponTh MPUBEIEHHBIE TPAMMATUKHN, SKBUBAJEHTHBIE CJIETYIONTAM
rpaMMaTHUKAM:

a) S — A| B; A— C|D;

B — D | E;
C—S|als; D — S| b; E—S|c|e
6) S - AB A — Aa | bB B —al|Sh

4.3.8. Ilocrpouts £€—cBoboaubie KC-rpaMMaTnKky, 3KBUBAJIEHTHBIE CIIETYO-
UM TPAMMAaTHAKAM:

1) S — AB 2) S - ABC
A—C|ab A— BB |¢
C—cle B—(CC|e
B — aAa C — AA|D,

3) S — aSbhS; 4)S — AB
S —bSaS | e

A— SA|BB|bB
B—blaA|e

4.3.9. Jokazars, aro mist kKaxk a0t KC-rpaMMaTuku cymecTByer SKBUBAIEHT-
Has eit npusenennas KC-rpamMmaruka.

4.3.10. IIpuBecTu anropuT™ MOCTPOEHUS MHOXKECTBA JOCTHKUMBIX CHMBOJIOB
U [I0KA3aTh €ro MpaBUIbHOCTH

4.3.11. Joka3arb, uto mist kaxkaoi KC-rpaMMaTwKy CyIIecTByeT SKBUBA-
snentnas et KC-rpammvarika, He SBIISIONIASCS JIEBOPEKYPCUBHOM
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C4.4. IlpeackasbpiBamoinnii pa3dbop cBEpPXy-BHU3

4.4.1. TTocrpouts MuOkecTBa FIRST n FOLLOW nns KaskI0r0o HeTePpMIHAJIA,

rpaMMaTHKA

a) S —»aAB| B 6) S — aAB| BA
A—adAla A— BBB |a
B—BS|A|b B— AS|b

B)S—=S+T r) S — ABC
ST A— BB |e
T—a B—-CCla
T — S[S] C— AA|Db

n) S — aB|bA e) S — Ba| Ab

A—aS|bAA|a
B—bS|aBB|b

A— Sa|AAb|a
B — Sb|BBa|b

k) S — (SbS) 3) B — begin D; S end
S —=(T) B—s
S—a D — D;d
T—-TS D —d
T—S S—S; B
S—B

w) A — aACd | b
C—cle

4.4.2. SIsnsiercst n caeyromas rpamvarnka LL(1)7
Ucnonws3osats kpurepmii LL(1).

S — aAb; A— 0 A — aadA

4.4.3. JIns rpaMMaTUKU HanucaTh sKBuBasienTyio LL(1)-rpammaruky

a) S —aS|q

6) S — ba | A; A—a|Aab| Ab
B) S — aaS | abA A—e|Aal Ab
r) S — baaA | babA A—e|Aal Ab
1) S — abaA | abbA A—e|Aal Ab

e) S —ab|baA A—e| Aab| Ab

4.4.4. [Ina cienyommx rpaMMaTHK ONPeNeuTh, saBidorcs jau ouu LL(k)
rpaMMaTuKamMu U Haiftu Tounoe 3uadenue k. Jusa LL(1)-rpaMMaTuk n0CTpouTh
JeTepMUHUPOBAHHBIN JIEBbI aHAJIU3ATOP:
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a) S —aAS|b A—al|bSA
6)S—+A|B A—adb|0 B — aBbb|1
B) S — ¢ | abA A— Saa|b
r)S—aS|a
o) S = aAaa | bAba A—b|e
e)S— Sal|b
x) S — TE E' - 4+TE'|¢e T — FT'
T — «FT' | e F—(S)]|a

4.4.5. Oupenenurs, aBisiorcs ju ciaepytomue rpamvaruku LL(k) - rpamma-
TUKAMH, U YKA3aTh TOYHOE 3HadeHue k:

a) S — Ab, A — Aa]a.

6)S — Ab, A —ad]a.

B) S — aAb, A — BB, B —ab|Ale.
r) S — aAb, A — AaAb |e.

o) S — aB, B - aBB | b.

4.4.6. Ipeobpazosarh rpamMaruky kK LL(1)-sumy
u nocrpouth 1y weé LL(1)-rabnumy

a) S — Ab, A —ad]a.

6) S — aB, B — aBB | b.

4.4.7. Cronbko takTos caenaer LL(1)-anamusarop
IJIA TPaMMaTUKHA G C MMpaBUJIaMMU:

S — aAB A —bC B —; 5SS |e C—,Ale

npu pazbope menouku r = ab; ab,b ?

4.4.8. dBnsgercsa au rpaMmaTHKA
S — Sal|b

LL(2)-rpamMarukoii?

4.4.9. fBasercsa au A3bIK, COCTOAIINN W3 BCEX MEJIBIX dnces Oe3 3HAKA
u 6e3 nesnavamux Hyseit, LL(1)-sa3bikom?

4.4.10. dBasdercsa nmu A3bIK, COCTOSIINI U3 Beex mnenovek u3 0 u 1, He comep-
skampx nomanenodku 010, LL(1)-assikom?

4.4.11. dBnsiercsd mu A3bIK, COCTOSAIIII U3 BCEX HEMyCThIX menodek u3 0 u 1,
He comepxamux tpex 1 moapsiz, LL(1)-a3bikom?

4.4.12. CywecrByer Jiu KOHTEKCTHO-CBOGoAHAs rpamMaruka, LL(1)-rabauna
JIJIsE KOTOPOH He COIEPXKUT 3JIEMEHTOB “omunbxa’”?
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4.4.13. Cdopmynupyiire HEOOXOAUMbIE U JOCTATOYHbBIE YCJOBUS TOTO, 9TO
KC-rpammaruka ects LL(1)-rpammaruka. JJokazkure HeOOXOAMMOCTh U JI0OCTA-
TOYHOCTb.

C4.5. Pa3zbop cHu3y-BBEpX THUIIA CABUT-CBEPTKA

4.5.1. Iocrpouts Bee cocrosaus mus LR(0)-ananusa rpammaruku G-
S — aAb A—eg A — aaA
Byner mu G LR(0)-rpammvarukoii? A LR(1)?

4.5.2. fBnsierca o rpaMMaTHKA C TIPABUJIAMHE:
S — A|B; B—aB|b|C A— AA | a; C—cC

LR(0)-rpaMmMaTKOii?

4.5.3. Cronbko MHOKecTB LR(0)-curyanuii B KAHOHWYIECKOI CrHcTeMe
LR(0)-curyauuit rpammaruku G ¢ npaBuiaMu

a)S—ad|aB A—=bA|c B—bB|d
6) S—>A0|F1 A—S0|Bl B— Al|FO F— B0|S1
B)E— (L)]a L—EL|FE

4.5.4. Ckonbro LR(0)-rabanm mMeeT rpaMMaTHKA C IPABIIAMHA:

S — Aa | Bb; B—b A — ab

4.5.5. Ilocrpouts Bee cocroguust LR(1)-ananusa s rpaMMaTHKIL:

S — aAb; A—elaaA

4.5.6. Ckonbpko MHOXKecTB LR(1)-curyanuii B KAHOHWYIECKOI crucTeMe
LR(1)-curyauuit rpammaruku G ¢ mpaBuiaMu

a) S — aSb|ab
6) S — adc|b A —aSc|b

4.5.7. OupeenuTh, ABISETCA JTU FPAMMATHKA C IPUBEIEHHBIM HAOOPOM
npasun LR(1)-rpamMarukoii:

a) A—aAB|b B—>b|e

6) S — SaS S—=a

B) S — Abb | Bba A—a B —a
r)S—al|a L—Lb|b

4.5.8. TloctponTs Bece cocrosinust anann3a (K = 1) mis rpaMmaTnky
S-)Sl; 51—)5151; Sl—>a
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Byner s rpammaruka LR(1)?

4.5.9. TloctponTh Bee cocrostinsi LR(1) anammsa 1jist TpaMMATHKH:

S — aBe B—b B — bBb.

IMpumenus kpurepuii LR(K), onpenenurb, 6yner su 310 LR(1) - rpamma-
THKA.

4.5.10. Boigcuurs, sBisiorcs au ciegytomue rpaMvaruku LR(k) - rpamma-
rukavu. Haiitu Touroe 3Hadenne k u MOCTPOUTDH JT€TEPMUHUPOBAHHBIN MPABBIi
aHaJIn3aTop:

a) S — SaSh | e
6) S— Sala
B) S—>C|d C—Ac|b D—aD]|c
r)S— Ab|Bc A— Aale B — Bale

n) S — AB A—=a B—-CD|aE C—ab D—bb E — bba
e) S— AB A—0Al|le B—1B|1

4.5.11. densiercsa au nuxkenpusenennas rpammaruka LR(k), u ecau ga, o
ONPEJIEJIUTH MUHUMAJIBHOE K.

a) S — adc; A — aSc S — b; A—=b
6) S — Si; S1 — S151; S1 — a.

B) S — aBec; B — b B — bBb.

r) S — aAc; S = b; A — aSgc; A—=b
n) S — aAb; A= 0; A — aadA

e) S — aAb; A =g A — aadA

4.5.12. ddenatorcsa mu ciegyionme rpammaruku L R(k)—rpamvarukamu? Yka-
3aTh TOYHOE 3HAYMEHWe k W MOCTPOUTH COOTBETCTBYIONUIUI /1€ T€PMUHIPOBAHHBIN
NIPaBbIil AHAIN3ATOP.

a) S — Ab, A — Aa | a.

6) S — Ab, A —aA|a.

B) S — aAb, A — BB, B—ab|Ale.
r) S — aAb, A — AaAb |e.

o) S — aB, B — aBB | b.

4.5.13. Ina rpaMMaTuKu

S — Ab| Be A— Aa|e B — Ba|e

Hanucarhb kBuBasenTHyo LR(0)-rpamMaruky.

4.5.14. CxrosnbKo cBepTOK 1 nepenocos caesnaer LR(1)-ananu3arop miis rpam-
marukn G = ({S, A}, {a}, P, S) ¢ nupaBunamu
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S—A A— Aala

npu anajmse menouxu g'%0?

4.5.15. Ckonbko SLR(1)-1abiuil vMeeT rpaMMaTUKa C TPABUIAMU:

S — Aaa | Bb | C; B — aa A = ag; C — cAc| cBd

4.5.16. Cromnbko TakToB caenaer LALR(1)-ananu3arop zjis rpaMMaTUKK €
MTPaBUIAMUT:

S — A| BC; B — a; A—a; C— AAAS

npu paszbope HMenoYKn aaaaa?

4.5.17. Bemucarh HEMOYKY MHHUMAJIBHON JUIMHBI, HA KOTOPOH BUIHBI OTJIH-
unsgs LARL(1) u LR(1)-aHann3aTopoB ajsi FpaMMaTHKK C MPABUIAMH:

S — Aa| Bb| C; B — aaq; A = aa; C — cAc| cBd

4.5.18. llycrs G = (N, T, P,S) — LR(1)-rpammaruka, w € T*. B rakux
cayuasx (B 3apucumoctu o1 G u w) LR(1)-ananu3arop npu aHaause HenoYKu
W HE CIeTaeT HU OJHOTO CIBHIa?

4.5.19. Ilycrs G = (N, T, P, S) — LR(1)-rpammaruka; w ¢ L(G), |[w| = n.
Iycrs k - aucno capuros, genaembix LR(1)-ananu3aTopoM Opu aHam3e Henod-
ki w. IIpuBeCTH HMYKHIOIO U BEPXHIOIO OLEHKY s Yuciaa k.

4.5.20. Ilycts G = (N, T, P,S) — LR(1)-rpamvaruka, |P| = m > 1, w €
L(G), |w| = n. Iycrs k - uncio ceepTok, nenaembix LR(1)—anaan3aropom mpn
aHaNM3e MEMOYKN W. IIpHBECTH HUKHIOI ONEHKY s 9UCIa k.

4.5.21. Ilycts G = (N, T, P,S) — LR(1)-rpamvaruka, |P| = m > 1; w ¢
L(G), |w| = n. Ilycrs k - ancno ceeprok, gemaembix LR(1)-aHanmn3aropom npu
aHanam3e HenovYku W. IIpuBecTr HUKHIOI OLEHKY [ 9ucaa k.

4.5.22. Cywecrsyer su LR(1)-rpamMmmaruka, Jjisi KOTOpOi (byHKuus eii-
creuit LR(1)-rabnuupl He COAEPIKHUT IEMEHTOB “omunoKa’”?

4.5.23. Hana KC-rpammaruka G = (N, T, P, S). Haiitu BepxHIOIO OLEHKY
uncia LR(1)-curyaunii qis G.

4.5.24. Tana LR(1)-rpammaruka 6e3 e-npasun G u nenouka w € L(G). B
nepese pa3dbopa w — 1y JUCTHEB U Ny BHYTpeHHUX BepinuH. CKOIBKO CIBUTOB U
ceeprok caenaer LR(1)-anamusarop qyst G npu aHaju3e NEmOYKy w?
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C5. DaeMeHTHI Teopum IIepPeBOJIA

C5.1. IIpeobpa3oBaTesin ¢ Mara3mHHON MTaMATHIO
C5.2. CuHTaKCMYeCKU YNPaBJIAEMbIl TEPEBO/I

C5.3. ATpubyTHBIE TPAMMATUKHA

5.3.1. Jdomomuauts rpammaruky S — 0S11, S — 1500, S — ¢ mo arpubyT-
HOM TaK, 9TOOBI BBIYHCIAIACH MAKCAMAJIbHASA JJINHA HENPEPBIBHON MOCIEI0BA-
TETHHOCTH €IUHHIL B MTOPOKJIEHHOM CJIOBE.

5.3.2. lononuuth rpammaruky S — AA, A - 04, A —> 14, A — ¢
JIO aTpuOyTHOR TAK, YTOOBI BLIYUC/ISIACH MAKCHMAJIBHASA JIJIMHA HEMPEPBIBHOM
HOC/TEIOBATENBLHOCTH U3 1 B MOPOXKIEHHOM CJIOBE.

5.3.3. omonuurh rpammaruky S — AA, A — A0, A — Al, A — ¢
JI0 aTpuOyTHOHN Tak, 9TOOBI BEIUUCIAIOCH YUCTO codetannii 01 B MOPOKIEHHOM
CITOBe.

5.3.4. B rpammaruke [memoe]l — dC, C — dC | & repmunan d nmeer
arpudyT 0 wm 1. Oupenenurs arpubyThl TaK, YTOOBI HeTepMuHa [1enoe] nmen
arpubyT, PABHBIH BOCBMEPUIHOMY 3HAYEHUIO BBIBOJUMOrO YUCIA.

5.3.5. ITocTpouTh aTpubyTHBIE TPAMMATHKY [IJIST CJIEIYIONINX TTEPEBOIOB:

a) {(z, z) [« € {a, b}"}; 6) {(z, 2") | = € {a, b}*};
B) {(2, zz) | © € {a, b}"}; r) {(a"d", a™b"c") | n>1};

5.3.6. IlpuBecTn mpumep aTpubyTHOM IPAMMATHKY C HEKOPPEKTHO 33 TaHHBI-
MU CEMaHTUYECKUMU TTPABUIAMHA

5.3.7. IlpuBecTn mpuMep aTpUOYTHON IPAMMATUKH, BBIUUCIECHUE ATPUOYTOB
JIJIsi KOTOPO#i HEeNIb3s1 BHIMOIHUTE mapasiienbio ¢ LL(1)-ananuzom.

5.3.8. IlpuBectu npumep aTrpudyTHON TPAMMATHKHU, BHIYUCICHIE ATPUOYTOB
JJIsl KOTOPO#i HEJIb3sl BBINOJIHUTH napasuiesnbuo ¢ LR(1)-ananu3om.
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C6. IIpoBepKa KOHTEKCTHBIX yCJIOBUIi
C7. Opraamsaiug TadbJINUI CUMBOJIOB
C8. IIpomexxyTodHOE TTPEJICTABJIEHNE TPOTPAMMBI

C9. TI'enepamnusa Koaa

C9.1. Tpaacaganua apudMeTnIeCKnX BbIPA>KEHUIT

9.1.1. Husa cregyomux apudMeTndecKuX BBIPAXKEHUI C MOMOIIBIO AJITOPUTMA
Cern-YabMaHa CreHepHpoBaTH MPOrPaAMMy U HM300pa3UTh ATPUOYTHPOBAHHOE
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)

C9.2. TpaHCcaganug JIOTUYECKUX BBIPAYKEHUI

9.2.1. szt crienyonmx JIOTM9eCKUX BhIPAYKEHUIT CreHepUPOBATh KO/ Ha, KOMAaH-
JIaxX Mepexoa U m300pa3uTh aTPUOYTHPOBAHHOE IEPEBO

a) Aandnot (Bor C)or (D andE)
6) A and B and C or not (D or E)

B) A and (B or not (C and D) and E)
r) not (Aand B or C or D) and E

n) Aand B or Cor Dandnot E

C9.3. Temepanusa onTUMAaJIBbHOTO KOJA
MeTOlaMU CUHTAKCUYIECKOI'o aHaIu3a

9.3.1. Ins caeayionnux OnepaTopoB MPHUCBAWBAHUSA CTeHEPUPOBATH ONMTHUMAJIh-
HBIH KOJ, METOIOM COITOCTABJIEHUs 0OPA3IOB:

a) a=>bli]+j 6) a = b[i+5] B) a = b[i] + ¢[2]
r) a = b[i+2+j] 1) a = b[2+c[1]] e) a = bli+j]
K) bli+2] + 3 3) a = j + b[i+3] u) a = b[i+j+1]

a =
K) a = b[i+j] +1
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