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Mapmpoinenko bopuc Koncmanmunosuu

PEI'YJISIPHBIE SI3bIKU U KC-I PAMMATHUKNAU

AHHOTALUA

Cy111eCTBYET MHOYKECTBO TEXHOJIOTHUYECKHX CPEICTB IIOCTPOEHUSI aHAIU3ATOPOB (hopMalib-
HBIX S3bIKOB, HCIIOJIb3YEMBIX IPH CO3TAHUU PA3HOT'O BUIIA TPAHCIIATOPOB S3bIKOB IPOrpaMMH-
poBanus. Bece ony, B KOHEYHOM cuéTe, ocHOBbIBatoTCcs Ha KC-rpaMMaTiKax ¢ TeMU MJIU UHBI-
MU OTPaHMYEHUSIMU, YACTHBIM CITy4aeM KOTOPBIX SIBJISIIOTCS peryJIsipHbIe (ABTOMATHBIE) PaM-
MaTuKu. Kak mpaBuiio, 3Tv TEXHOJIOTMUECKHE CPEICTBA O0ECTIEUMBAIOT JIUILB ITPOBEPKY COOT-
BETCTBYIOIIMX TPEOOBAHUI, IPEABABISEMBIX K IPAMMATHKE, 1 BBIAAYY JMArHOCTHYECKHX CO-
00111eHn 00 MX HAPYIIEHUSIX, TOTIa KaK CYLLIECTBYET MHOXKECTBO CIIOCOOOB SKBUBAIEHTHBIX
npeobpazoBanuii KC-rpaMmaTuk, KOTOpbIe MOT'YT OBbITh BBITOJIHEHbI AaBTOMATHUECKU M JATh
rpaMMaTHKH, YIOBJIETBOPSIOLINE TPeOOBAHMSAM METO/1a aHAIIN3A.

Llenb 3T0i CTaThU — ONMCATH CIIOCOO UCKIIIOUEHH S HECAMOBCTABJIEHHBIX HETEPMUHAJIOB
n3 KC-rpaMmatuk 3a cu€T BBEACHUS PEryJISIPHBIX BbIPAXKEHUH B IIPaBbIe YaCTH IPABHJI IPaM-
MaTUKU. B ipeniennbHOM cityyae Takast ipeoOpa3oBaHHAs TPaMMATHKa BKITIOYAET €IMHCTBEH-
HOE ITPABUJIO VISl HAYAJIbHOTO HETEPMHUHAIIA.

Kurouessble cioBa: KC-rpammaTika, peryisipHOe BbIpaXKeHHE, S5KBUBAJICHTHOE ITPE00-

pa3oBaHUe TPAMMATHKH.

1. BBEJIEHUE

Briepsoie KC-rpamMmmaTiku ObUTH UCTIONH-
30BaHbI JJIsI OTIMCAHUS CHHTAKCHCA AITOPUTMH-
YeCKHX s3bIKOB B [1]. Dopmann3m MeTaIuHT-
BUCTHUYECKMX (DOpMYJI, HA3BAHHBIN MO3/THEE
BNF-hopwmoti, B [2] ObU1 AOITOIHEH BO3MOYKHO-
CTBIO UCTIOJIL30BATh PETYIISIPHBIE BBIPAYKEHHUS
HaJ| TEPMUHATIAMH, HETEpMUHAJIAMU B TIPABBIX
YACTSX MPABUJ U TTOJIYYHII elI€ OJTHY OYKBY B
0003HayeHnH kitacca rpammaTik RBNF.

B 1970-x romax RBNF-rpammaTiku 6b01u
HCTOJTb30BAHBI B MPOEKTE PeaTU3aIINU SI3bIKA
nporpamMupoBanust Anrod 68 [3]. Heckoabko
ITo3Xke [4] B 3Ty MOJIEITb OIMCAHMS SI3BIKOB OBLIO
BBEJICHO MTOHSTHE OTIEPAIIMOHHON CpeIbl, a B
MpaBUjIa TPAMMATHKH — KOHTEKCTHBIE CHMBO-
JIbI (CEMaHTHKU U PE30JIbBEPHI) C UX MHTEPIIpe-
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Taluel B BUJIE CEMAHTHUECKUX MPOLENYP U
MIPEIMKATHBIX (DYHKIMIA. ITO HOBOBBE/ICHHE 1ATIO
BOBMOXKHOCTB UCTTONB30BaTh RBNF-rpammariku
B KQ4YeCTBE CPEICTBA OITUCAHUS TPAHCIISLIAMI, YU~
TBIBAIOIIETO KOHTEKCT KOHCTPYKIMIA BXOTHOTO
SI3bIKA TPAHCIISILIAN. DTa MOJIENTh OTIMCAHUS 1 Pe-
AIMM3aLUU TPAHCIISIII UCITOJIb30BATACH PU
peanu3anuu psaa HETPUBHATIBHBIX S3bIKOB
MPOTPAMMHUPOBAHUS, TAKUX KaK AJIroi 68 u
Ana. HeckoibpKo 1mo3»xe oHa OblTa BOILIOIIEHA
B TexHonormyeckoM komrurekce SYNTAX, ko-
TOPBIH B TEUEHHUE PsIIa JIET UCIIOTb30BAJICS B Ce-
MHHAPCKUX 3aHATHSX 110 TEXHOJIOTUH TPAHCIIS-
LI HA MATEMATHKO-MEXaHIMIECKOM (haKyIIbTe-
Te CaHkT-IlerepOyprckoro yHuBepcureTa.

TK SYNTAX BKITIOYa€eT Cpe/icTBa SKBHBA-
JICHTHBIX ITPeoOpa30BaHMIA Ha YpOBHE Ipag-cxeM
3a CU€T repeBoia HECAMOBCTABJIEHHBIX HETEP-
MHHAJIOB B Pa3psil BECIIOMOTATEIIbHBIX ITOHSTHH,
oTperiesIeHNs! KOTOPBIX ITOJICTABIISIOTCS BMECTO
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Peeynsapuvie sizviku u KC-epammamuru

MPUMEHEHHBIX BXOKICHUM TAKUX CHMBOJIOB B
MpaBbIe YACTH MPABIJI (METAIIOICTAHOBKH). B
ocrabHOM, TK SYNTAX TpeOyer rpaMmaTtik,
yoKe IIPUBEIEHHBIX K HY>KHOMY BUJTY, TAK )K€ KaK
OOJIBIIINHCTBO U3BECTHBIX TEXHOJIOTMYECKHUX
CHCTEM T€HepaIiy aHAT3aTOPOB.

K nacrosimemy Bpemenu B Teopuu Gop-
MaJIbLHBIX SI3IKOB HAKOIUIEHO JOCTATOYHO CITO-
COOOB SKBUBAJICHTHBIX IPEOOPA30BaAHUIM I'paM-
MaTuk. [[puMeHNTH X 1J1 aBTOMATUYECKOTO
npeasaputenbHoro npuseneHust KC-rpamma-
THK B COOTBETCTBUE C TPeOOBAHMSIMU UHCTPY-
MEHTAJIbHBIX CUCTEM ITOCTPOCHIS aHATTU3aTO-
OB IPEACTABIISAETCA AKTYAIBHOM U peabHON
3a1avei.

2. HEKOTOPBIE ITPEJIBAPUTEJ/IbHBIE
SKBUBAJIEHTHBIE ITPEOBPA3OBAHMA
KC-ITPAMMATUK

CuuTast, YTO OCHOBHBIE TOHATHUS U (PAKTHI
TEeOopUH POPMaITHLHBIX I3BIKOB U3BECTHBI UNTA-
TEJTF0, HEOOXOIMBIE ONPEICTIEHH S, AITOPUTMBI
1 YTBEPXKIICHUS, HA KOTOPBIX OHY OCHOBAHBI, &
TaKKe COOTBETCTBYIOIIIME 0003HAUCHUSI, OyIeM
HAITOMHMHATB IO XO/Ty U3TIOKEHMUSI.

Ilycts G =V, V;,P,S) —KC-rpammatu-
Ka, T V' — KOHEUHOE MHOKECTBO HETEPMHU-
HAJIOB, V.~ KOHEYHOE MHOKECTBO TEPMUHAJIOB
(Vy N V=), P — KOHEYHOE MHOXKECTBO
npaBunBugad - o, A € Vy, o€ V. 3nech
V" — 6eCKOHEUHOE MHOKECTBO BCEX IIETTOYEK
Hagandasurom V' =V U Vi, BKIouas v myc-
TYIO IIETIOYKY, 0003HAYAEMYIO CUMBOJIOM E.

[Mycte x = YAy, tHe ¥, 1, € "
A — ae P.Cunraercs, 4To 13 LEMOYKHI X He-
TTOCPEICTBEHHO BHIBOUTCS IIETTOYKA ) TIOCPE]T-
CTBOM YKa3aHHOTO MpaBujia X = ), €CiIu
Y=Ra,.

By/1eM HCIIONTb30BATh 0003HAUEHHE X = J
JUUIS1 BBIBOJIA IIETIOYKH ) U3 IIETIOYKH X 38 CUET
WCTOJIb30BaHM S HECKOJIBKUX ITPaBUII IpaMmMa-
THKH, TIPU 3TOM CUUTAETCS, UTO JIF00asI 11ernoy-
Ka X BBIBOJIMMA caMa 13 ce0si, ¥ IS 3TOTO He
TpeOyIOTCsI HUKAKHUE ITPaBUIA.

Torna L(G) = {w | we V;, S %w} — I3BIK,
MOPOXKAAEMBINA TPAMMATUKON G.

Jlaee paccMaTpuBarOTCs BCE SKBUBAJICHT-
Hble ITpeoOpaszoBanus KC-rpaMMaThk peryisip-
HOTO S13BbIKA, MPE/IIIECTBYIONINE TTOTyUEHUIO

PETYISPHOTO BBIPAKEHUS, €T0 MPEACTABIISIO-
LIETO.

D IMPOAYKTUBHOCTb HETEPMHMWHAJIOB

Ilyctes G =(Vy,V;, P,S) —Iipou3BoOIbHAS
KC-rpammartuka. Herepmunan A€ Vy, Ha3bl-
BACTCsI MPOOYKMUBHBIM, €CITH CYITIECTBYET BbI-
BOJI BUa A ? w, e we V.

W3zBectHO, uTO 110608t KC-s1361K MOdICem
o1 noposcoén KC-epammamukoti, kasicovlil
HemepMUHAa KOmopoti NPOOYKMUBEH.

s mosryueHus Takoi rpaMMaTHKHN HC-
MOJIB3YETCS CIEAYIOIIUI BCIOMOTATEIbHbIN
aJITOPHTM.

Aaroputm 1. ITpoBepka nmycTOTHI S3bI-
ka L(G)

Bxoo: G =(Vy,V;, P,S) —KC-rpammaruka.

Boixo0: L(G)=D.

Memoo:

ar 1. HauaTe noctpoeHne KOUIEKIUN
JIEPEBBEB BBIBOJIA C €AUHCTBEHHOIO JIEpEBA,
MPEACTABICHHOTO TOJILKO KOPHEM — y3JIOM C
METKOM S.

Iar 2. JTo6aBiIsSITh K 3TOM KOJIIEKITIH JTFO-
00€ IepeBo, KOTOPOE MOXKET OBITH ITOJTyUIEHO 13
JIEpeBa, y>Ke UMEIOIIEerocs B KOJIJIEKLIUU, T10-
CpeIICTBOM MPUMEHEHUS OJTHOTO ITPaBUIIA, TIPU
YCIIOBUH, UTO 00pa3ylolieecs 1epeBo He UMe-
€T HU OJIHOW BETBU JIJIMHHEE, YeM YHUCIIO He-
TEPMUHAJIOB JJAHHOU FPAMMATHKH.

Iar 3. Ecnmu B mocTpOeHHOM KOJUTEKITUN
€CTb XOTsI ObI OJTHO IEPEBO, IIPENICTABIISIONIEE
BBIBOJI TEPMUHATBHOM 1IEMOYKH, TO SI3bIK L(G)
He mycT. MHave — 1361k L(G) ImycCT.

Aaropur™ 2. VckimroueHue Hempo1yKTUB-
HBIX HETEPMUHAJIOB

Bxoo: G =(Vy,V;,P,S) —KC-rpammaruka.

Buixoo: Gi=(Vy,,V:, B, S), npuuém
L(Gy) = L(G).

Memoo: [Inaxaxaoro nerepmunanad € Vy
paccmoTpuM rpaMMatuky G, =(Vy, V., P, A).

Ecmu si3b1k L(G ) IyCT, TO MBI y1a7uM A 13
MHOKECTBA V), a TAKKE BCE IIPABMIIA, MCTIOIIb-
3yro1uMe A B IpaBoOM WIIM JIEBOM YACTH.

ITocne ynanenus n3 G Bcex TAaKUX HETEP-
MUHAJIOB Y MPABUJI MBI TIOJTY4YUM HOBYIO IPaM-
matuky G, = (Vy , V1, P, S), rae Vy u P, —oc-
TaBIIMECs HETEPMUHAIIBI U TIPABUJIA.

NHDOPMATHKA
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I JOCTNKNUMOCTb HETEPMHWHAJIOB

T'oBopsr, uto HETepMUHAT A € Vy, docmu-
HCUM,
S=a A,

G

€CIIM CYHIIECTBYET BBIBOJI BHUAA

JJIA HCKOTOPBIX  LECIIOYCK

a0,V

U3zBectHO, uTO 1106011 KC-5361K MOJICEM
oMb noposHcoén KC-2pammamuroti, Kaxcowli
HemepMUHa KOMopoi docmudxcum. J1is moiry-
YeHHsI TAKOW TPAMMAaTHKH MOKHO UCTIOJIb30-
BaTh CJIC/TYIOIINI AITOPUTM.

Aaroput™m 3. VICKTIOUEeHNE HETOCTIIKH-
MBIX HETEPMHHAJIOB

Bxoo: G, =(Vy,,V;, P, §) —KC-rpammaTi-
Ka, BCe HeTepMUHAJIBI KOTOPOW TPOAYKTUBHBI.

Boixoo: G, = (Vy,,Vy, P,,S) —5KBUBaAJICHT-
Hast KC-rpammaruka, Bce HeTepMHUHAITBI KOTO-
PO UCTIONB3YIOTCS B BBIBO/IAX LIETIOYEK SI3bIKA.

Menoo: M1 MoxeM 3(hGEKTUBHO TIOCTPO-
MTh MHOXECTBO V' BCEX HETEPMHHATIOB A, Ta-
KHX YTO CYIIECTBYET BBIBOJI BUA S ? o Aa,,
rae o, o, € V.

s Hauana momecTuM S B ICKOMOE MHO-
JKeCTBO. 3aTeM MOCIIeI0BATEILHO Oy/1eM T00aB-
JISITh K 3TOMY MHOXECTBY JIFO00M HETEPMUHATT,
KOTOPBIH MOSBIISIETCS B TPABOM YacTU JTFOO0TO
IpaBWiIa U3 P, ONPEIENAIONEro HETEPMUHAT,
YK€ IMEIOIIIUHACS B TOM MHOKECTBE.

IIporecc 3aBepiiaercs, KOraa HUKAKKe HO-
BBI€ 3JIEMEHTBI HE MOTYT OBIThH I00ABJICHBI K
VIIOMSIHYTOMY MHOKECTBY.

[Monoxum G, =(Vy,,Vr,P,,S), tne P, -
MHOECTBO TIPABHJI, OCTABIIMXCS TTOCIIE UC-
KJIFOUEHHS BCEX PABUII U3 P|, KOTOPbIE HCTIONb-
3YIOT CUMBOJIbI U3 VN1 \ VN2 BJIEBBIX WJIU ITpa-

BBIX YHaCTdX TIIpaBHII. qTo

L(G,) = L(G,).

I'paMMaTHKH, B KOTOPBIX BCE HETEPMHHA-
JI6I TPOTYKTUBHBIE U OCTHKUMbIE, HA3BIBAIOT-
cst npugedénnvimy. OHU XOPOLIH TEM, UTO He
cozepXaT HeTepMHUHAJIOB U MTPaBUJI, HE yua-
CTBYIOLIMX B [TOPOXKICHUN JAHHOT O SI3bIKA.

W3BecTHO,

III) HEITHBIE ITPABUJIA

N3BecTHO, UTO 110001l KOHMEKCMHO-C80-
OO0OMHbILL SA3bIK MOIHCEM DbIMb NOPOIHCOCH KOH-
MeKCMHO-C80000HOTI 2DAMMAMUKOT, He cooep-

JHrcawyeti YenHvlx npasut, Mo ecimv NPagut 8UOd
A — B, 20e A u B — nemepmunanbi.

Aaroput™ 4. MckitroueHre ENnHbIX Mpa-
BUT

Bxo0: G, =(Vy ,Vy, P,,S) —ipuBeaéHHast
KC-rpammaruxa.

Boixoo: Gy = (V. Vy, Ps,S) —KC-rpamma-
THKa 6€3 LEMHBIX MPABUJI, 3KBUBAJICHTHASI HC-
XOJTHOM.

M enoo: Mbl IOCTPOUM HOBOE MHOYKECTBO
npaBuil Py, PEK/IE BCETO BKIKOYUB B HETO BCE
HELENHBIE TPaBuiIa U3 P,. 3aTeM U3 KaXk10r0
LENHOro npasuia Buna A — B e P, o0pasyem
MHO>KECTBO HOBBIX HEIETHBIX MPaBUII BU/A
A — @, ecu CyIIEeCTBYET HELIEITHOE IIPABUIIO
B — o€ P,, M IOTIOJIHUM MHOKECTBO P; HO-
BBIMU HELIEMHBIMU [TPABUIIAMH, TTIOTYYEeHHBIMU
TAKUM ITyTEM.

BbIBOI OJTHO 1 TOM K€ LICIOYKU B TpaM-
MaTHKe P, KOpoye BbIBOJIA B TpaMMaTHKe P, Ha
YHCIIO TIPUMEHEHHBIX IETTHBIX ITPABUIT U3 P,

IV) CBOMICTBO CAMOBCTABJIEHHOCTH

Iycrs G = (Vy,V;, P,S) —KC-rpammarn-
ka. CumBoOI A€ V,, Ha3bIBACTCS CAMOBCIIAE-
JIeHHbIM, €CIH CYLIECTBYET BBIBOJA BHUIA
A= 0 A0, TIe 04 #€ U 0, # € BTPEONO-
KEHUH, YTO B IrpaMMATHUKE HC CYHICCTBYCT
€-TIpaBWII, U, KPOME TOTO, eciiu £€ L(G), T0 S
HE JIOJDKEH BCTPEYAThCs B IPABOM YaCTH HUKA-
KOT'0 MPABUJIA, ¥ ITyCTOE MPEITIOKEHHE TOPOXK-
JIA€TCs ©IMHCTBEHHBIM ITPABUIIOM BUIA S — €.

IMocnennee TpeboOBaHME MOXKHO JIETKO
YIOBJIETBOPUTH SKBUBAJIEHTHBIM ITPe0Opa3oBa-
HUEM I'PAMMATHUKH C TOMOIIBIO CIIEAYIOIIETO
IIrOpUTMA.

AaroputMm 5. MckimtoueHne Ha4ajabHOTO
HeTepMHUHAJIA S 13 MTPaBbIX YacTel MPaBIIT

Bxoo: G =(V,V;,P,S) —KC-rpammatu-
Ka.

Buvixoo: G'=V{,V,,P’,S") — KC-rpamma-
THKA, 3KBUBAJICHTHAS UCXOTHOM.

Memoo: Ilyctb S’ — cCMMBOJI, HE ITPUHAIjIe-
Karui HY an)aBUTY HETEPMUHAIOB, HU aJida-
BUTY TEPMHUHAJIOB.

[onoxum G'= (VU {S"}, V4, P/, S7), tne
P'=Pl{S—> e u{S'>alS—ae P.
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Peeynsapuvie sizviku u KC-epammamuru

3.IIOJYYEHME PEI'YJIAPHOI'O
BBIPA’KEHUA 110 KC-I'PAMMATUKE

W3BecTHO, UTO 110001l KOHMEKCMHO-C80-
000mb1L 513bIK, NOpodcoaemvlii KC-epamvmamu-
KOil 6e3 camoscmasiienull, 8Js1emcs pe2yJisp-
HbLM MHOJICECNBOM.

I'o cnencrBuro u3 Teopemsr C. K. Kimmau [ 5],
€CJIH SI3bIK PETrYJISPHBINA, TO OH MOXKET OBbITh
MIPEACTABIIEH PETYISIPHBIM BBIPAXKEHUEM, TO
€CTh KOHEYHOH (POPMYJTOif C TEpMUHATHBHBIMU
LIETTOYKaMHU B KQ4eCTBE OTIEPAHI0OB U OTlepa-
UMY KOHKameHayuu, 00veOUHeHus il 3aMbl-
KaHust, HA3bIBAEMBIX pe2yaapusivu. Hama 3a-
Jlaya — OTMCATh CIIOCO0 ero MOTyUeHUs], UCXO-
151 13 KC-rpaMMaTiku, Moy4eHHOH ¢ ToMo-
IO MPEIBAPUTEILHBIX MTPeoOpa3oBaHUN
(cMm. pazmen 2).

MuoxectBo npauit KC-rpaMmMatuku 6e3
CaMOBCTaBJICHUI MOHO pACCMATPUBATh KaK
CUCTEMY ypaBHEHHH ¢ KO3(ppUIIMEHTaAMU B
BH/IE TEPMUHAJILHBIX IIETI0YEK, B KOTOPOI He-
TEPMUHAJIBI UTPAIOT POJIb HEN3BECTHBIX. Perre-
HUE TAKOW CUCTEMBI 3aKJTFOYAETCS B HAXOXKIe-
HUU PETYJISIPHBIX BBIPAKEHUH, 3HAYEHUS KOTO-
PBIX IPEACTABIISIIOT MHOXKECTBA TEPMUHAIIBHBIX
LIEMOYEK, BEIBOAUMBIX U3 COOTBETCTBYIOITIX
HETEPMMHAJIOB FpaMMaTUKU. MeTo pellienus
TaKOW CUCTEMBI ITPABUJI TPAMMATHKY aHAJIOTU-
yeH Metoay [ aycca i muHeHbIX anredbpau-
4yecKHX ypaBHeHH. DaKkTHYecKn HaC MHTepe-
CyeT 3HauUeHUe PEryIsipHOTO BBIPAKEHUS 151
HAYaJIbHOI'O HETEPMUHAJIA TPAMMATHKU.

Adaroput™m 6. VIcktoueHHne HECAMOBCTAB-
JICHHBIX HETCPMUHAJIOB

Bxoo: G =Vy,V;,P,S) — npuBeaéHHAs
KC-rpammaturka 6€3 CaMOBCTaBIICHUI.

Boixo0: perynsipHOe BBIPOKEHHE, TPEICTAB-
Jstronniee si3bIk L(G).

Memoo: BBe1€M OTHOILICHUE 3a8UCUMOCIU
HETEPMUHAJIOB, orpefiessieMoe nmpaBuiamu KC-
rpaMMAaTHKH CJISTYIOITIM 00pa3oMm.

IMycts A — a,Ba,, tne A, B € Vy,
o, 0, € 7", ecTb MpaBUjIO rpaMMaTUkKu. bymem
CUUTAaTh, YTO HETEPMUHAIL A 3a6UcuUn1 OT HETep-
MUHIA B.

[ar 1. ITocTpoum rpad 3aBuCHMOCTEH
HETepMUHANIOB. B HEM OyeT CTOIbKO BEPILIMH,
CKOJIBKO HETEPMHHAJIOB B IPAMMATHUKE, 110 O/[I-
HOM Ha KaxIblil HeTepMUHall. BepinHebl cBs-

3bIBAIOTCS] OPUEHTHUPOBAHHBIMU AyTaAMU OT BEP-
IINHBI A K BEpIIMHE B B COOTBETCTBUH C OTHO-
[IEHHUEM 3aBUCUMOCTH, ONIPE/IENIEHHBIM BBILIIE.

[Tar 2. C nomMo1ipko TOMOJIOrHYecKoi cop-
THPOBKH [6] pacrpeaeiuM BepIIMHbBI Tpada
3aBUCHMOCTEN 110 ypoBHsIM. B pesyibrate Bep-
IMHA S OKKETCSl HA CAMOM BBICOKOM YPOBHE,
a BEpIIUHBI, HE 3aBUCAIIME OT APYrUX, — HA
caMOM HU3KOM ypOBHe (cu. puc. 1).

[ar 3. BeimoaHnM 1o/IcTaHOBKY 3HAYEHHIA
HETEPMHUHAJIOB B BUJIE PETYJISIPHBIX BHIPAXKEHUIA
B ITpaBble yacTu npaBui ucxoanoi KC-rpam-
MaTHKH B TOPSIJIKE OT MUHUMAJIbHOTO YPOBHS
(0) xk MakcuMasbHOMY (8) BIIOJIb YT B TPOTH-
BOTOJIOKHOM HATIPABJICHUH.

[Tpu 3TOM npesk/ie ueM BIMOIHSIETCS YIIO-
MSIHYTas BBILLE MOACTAHOBKA, JIEBOPEKYPCHUB-
HOE MPABUIIO, TO €CTh PABUIIO BUJIA

A: Ao B Q)

TIie O,  — peryJisipHbIC BEIPAXKEHUSI OTHOCH-
TEJIbHO TEPMHUHAIIOB, IPEOOpa3yeTcs K BULY

A4: B, (o) 2
aTIPaBOPEKYPCUBHOE MPABUIIO, TO €CTh ITPaBH-
JI0 BUIA

A:ad; B (3)
peoOpa3yeTcs K BUAY
A: (o)’ 4)

Iar 4. AjropuT™ 3aBepIaeTcs, Korua 00-
pasyercst perysipHOe BbIPayKEHHE TS HAUaJTb-
HOT'0 HeTepMUHAaa rpaMMaTuKu S. IMeHHO OHO
U SIBIISIETCS] BBIXO/IOM JIAHHOTO aJITOPUTMA.

3ameuanue 1. SIcHo, yTO 1WIAT 2 AITOpUTMA
6 BBITIOJTHUM, TOJILKO €CJTU B UCXOTHOM rpade
3aBHCUMOCTEN HETEPMUHAJIOB HE CYIIIECTBYET
LUKIIOB (¢M.[6]). OmHAaKO, HETIN JOYCTHUMBI.

3ameuanue 2. Ha rpade 3aBUcUMOCTEH He-
tepmuHanoB KC-rpammatuxu (cMm. puc. 1)
JIEBO-CTOPOHHSISI PEKYPCUsl OTPAXKAETCs B BUJIC
TIETIIH.

3ameuanue 3. Ha puc. 1 npoTHUB HETEPMU-
HAJIOB TTOKA3aHbI ITPaBbIe YACTH COOTBETCTBY-
IOIIUX TPABWII UCXOTHOM T'paMMaTHUKY 1/WITH
PE3YIBTATHI BBIIEYTIOMSIHY THIX ITOJICTAHOBOK C
y4ETOM UCKITIOYEHUSI IEBOCTOPOHHEH pEKyp-
CHH, €CITA TAKOBasI BCTPEUAETCsI, U IPYTUX Ove-
BUJIHBIX PETrYJISIPHBIX TOXAecTB [4: r71. 5], oA-
HaKo 0e3 OOBSICHEH! S, KaK BEIOMPATh U IIPUME-
HSITh PETYJISIPHBIE TOXKIECTBA.

NHDOPMATHKA
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IToxaxxeM Ha cleaylomeM IIpUMEpPe
(puc. 1) kak nmpeodpazoBats KC-rpamMmmatuky
YHCET SI3bIKA ITPOrpaMMUpoBaHust AJron 68 [3]
K PeryJIsipHOMY BbIpakeHuto. Paan kpaTtkocTH,

MOHATHS A3bIKa AJIron 68 (0HM yKa3aHbI B (hU-
TYPHBIX CKOOKax) 0003HaueHbl HETEPMUHATTb-
HBIMU CUMBOJIaMK A —A | 5. B pesyrbraTe Toro-
JIOTUUECKOW COPTUPOBKY HETEPMUHAITBI PACIIO-

VN = {A 15{number}’ A

IMpumep 1. 'pammaTrka gucen B si3pike Anrour 68.
Hana KC-rpammatuka G = (Vy,V;, P, S), r1e

A

1{plusminus}’ A2{plusminus option }° A 3{power of ten }* “~4{times ten to the power choice }°

S{exponent part}® “~ 6{stagnant part}*> “~ 7{floating point numeral}* “~ 8 {fractional part}* “~ 9{integral part}>
10{integral part option}* “~ 11{variable point numeral}*> “~ 12{digit cypher }*> “* 13{digit cypher sequence}°
l4{ﬁxedp0intnumeral} ’ 15°
:{VOI lll 12’ 13’ 7413 157, '6!7 |7V, |8V’ V9|, l.l’ l\ ’+’ }:d’
={ds Ay Ay 54, AlO Ay € As: “34"‘4'3-'
Ay Ay Ay /'11’4 Ag N\ e
Az Ay 54,5, 4, Ag LAy Ay Ay, Ay,
A 5 05 'Y '2', 30540556 7 '8 9 A Ay, A, Ay A e
. R DI B I |
%r@m%- ,%A4A“ A+
Ais=d"5d0 d5 (d5d 0, dD, (Vs e, [+, d) = | YpoBeHs 8
E‘\\ =(d";d, d), [V ), [+, d7]
AN
! \
A= (dde, dY, (Vs e, N dh YposeHs 7
i \
]
dg=dd 0, d \ VYpoBeHs 6
\\\\\ ' AN
- \
Feea \
! e g g VpoBseHb 5
:
]
]
As=(V;'e), [+; -], d° , A=Ay e=d";e=d VYposens 4
: / l
1
]
A=[Y; - d i Ag=<",d" 4e=d" Vposenb 3
)
]
]
v
YpoBeHb 2
A=+ AAB d; A d=d" VposeHs 1
'\ I’
A= A= e A—d VYposens 0
AT+ (]
Apsidi[d,], Ay A4, =

:d+;[d+] ||d+ (A14:A11) (v\v.v v) ((v+v. ' v.) A14)_

:d+;d* v|d+ (d+ 14 ”A14) (v\v U v) ((+v.vv)d+):
=d%d’, " ,d+,(d+,[d+], CLdh), (Ve ), (s - ),dT) =
=dn L 5 ), (Vs e, ([ A =
:(d+; d*, " v’ d+) (v\v ) ([ +v. " v]’ d+)]

Puc. 1. Pe3ynbpTat TONOIOrN4eCKOM COPTUPOBKU I'pada 3aBUCHMOCTH HETEPMUHATIOB
Y UTOTOBOE PETYIISIPHOE BHIPAKEHUE
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Peeynsapuvie sizviku u KC-epammamuru

JIATAIOTCS 110 YPOBHSIM B COOTBETCTBHUH C OTHO-
IIIEHUSIMHU 3aBUCUMOCTH, OTIPEICISIEMBIMH ITpa-
BWJIAMH IPaMMAaTHKH.

MwmenHo, eciu 4 — ... B ... — nmpaBuo,
rae A u B—HeTepMHUHAIIbI, TO COOTBETCTBYIO-
I1e BEPIITUHBI I'pada 3aBUCUMOCTEH CBSA3bIBA-
oTcd ayroi. [lpuduém ypoBeHb BepIIMHEI B
JIOJDKEH OBITH OOJBINIEe YPOBHS BEPIITUHBI A
(1a puc. 1 Ha ypoBHEe 0 HAXOAATCS BEPITUHBI
A,, Ay, A, Ha ypoBHE 1: Az’ A,5; HA ypOB-
He2: A, Ha ypoBHE 3: A4, Ag, Ay, ...; HA YPOB-
He 8: A4).

3aMeTHM, UTO Ha 0OHOM YPOBHE PAchnoid-
2a10Mmest HEMEPMUHATIBL, He 3a8UCUMbLE OPY2 OM
opyea. B 4acTHOCTH, HA CAMOM HU3KOM YPOB-
He (0) 9Ta HE3aBUCUMOCTD A0 COIIOMHASL — BCE
HETEPMUHAJIBI 3aBUCST OT PETYJISIPHBIX BBIPA-
JKEHW B TEpMUHAJIAX.

IToncraHOBKY 3HAYEHNIT HETEPMHUHAIIOB B
BHJIE PETYJISIPHBIX BRIPAXKEHUI B TIpaBbIC Yac-
Ty paBw1 ucxoHoN KC-rpaMMaTiKi pon3Bo-
JIATCS B IOPSIAKE OT MUHUMAITEHOTO YpOoBHS (0)
K MakcuMmajabHOMY (B mpumepe, 8). Ha puc. 1
MMPOTHB HETEPMHUHAJIOB TTOKA3aHbI IIPABBIE Uac-
TH COOTBETCTBYIOIIMX MPABUIT UICXO/THOM I'paM-
MATHKH WA Pe3yIbTAThI BBIIICYIIOMSHYTHIX
MIO/ICTAHOBOK C yYETOM UCKITIOUEHH S JIEBOCTO-
POHHEH peKypCHH, €CITA TAKOBasI BCTPEUaeTCsl.

Hanpumep, mpeobpazoBanue mpaBuia ist
A s MOXHO NPe/ICTaBUTh Kak Ha puc. 1. [Tpen-
T10JIATAETCSI, UYTO PETYIISIPHBIE OTIEpaLluU 00be-
Ounenust (;), konkamenayuu (,), peghiexcugro-
mMpau3umueHo20 samvikarus (38é3mouxa Kimu-
HH) U MPAH3UMUEHO20 3aMbIKaHus  (TUTIOC
Kimmnm) nepeuniciieHs! B OpsiiKe BO3pacTaHus
CTapIIMHCTBA, MPUYEM JBE MOCTIETHUX OTiepa-
1IU1 — YHAPHBIE, IMEIOT OJIMHAKOBOE CTAPIIIMH-
ctB0. CKOOKM KPYTJIbIE U KBaJIPATHBIE UCTIONTh-
3YIOTCSI, KaK OOBIUHO, /TSI SIBHOTO YKA3aHUS 1O~

PSIKA BEIYUCIICHHH, TIPUYIEM TIOIBBIPAYKEHUS B
KBaIpaTHBIX CKOOKaX TPAKTYIOTCS KaK HeoOs13a-
TeJIBHBIC YJICHBI PETYIISIPHOTO BEIPAXKESHHS, TO
€CTb COJIEPKAT ITYCThIE IITIOUKH.

3a cué€T CpeACTB ONTUMM3AIINN YIIPABJIS-
FOIIMX TaOIUIT aHAIN3aTOPa, UMEIOIINXCS B
TK SYNTAX, anamu3atop, HOCTPOEHHBIH 110
PeryIISIPHOMY BBIPa)KEHUIO B IIPEIBAPUTEITb-
HBIM BHJIE, TTOJIy9IaeTCs TaKOH Xe, KakK TOT,
KOTOPBIA CTPOUTCS IO «UBSTITHOMY» BUY, U
WICHTHYEH JCTEPMUHUPOBAHHOMY KOHEUHOMY
aBTOMATY, MUHUMAJTbHOMY T10 YHCITY COCTOSI-
Huii (oM. Tadm. 1).

3aMeTrM, 9TO IO ONTTUMU3UPOBAHHBIM YTI-
PABIISFOIIIM TaOIMIIAM MOKHO BOCCTAHOBUTD
ONTHUMHU3UPOBAHHYIO I'pad-cxeMy, a 1o Hell pe-
TYJISIPHOE BBIpaXKeHUE B «HM3sIIIIHOMY Bue. Ho
3TO yKe Apyras Tema.

4. 3AK/IIOYEHUE

Kak ormucano B [4], rexHomorns SYNTAX
OCHOBAHA Ha alMPOKCUMALH BXOIHBIX SI3bIKOB
KOHTEKCTHO UyBCTBUTEIIbHBIMU PETYJIIPHBIMU
CIUTalfHaMHM. DTO TTOHSATHE BBEACHO 11O aHAJIO-
TUU C TIOHATHUEM MTOJIMHOMUAJILHOT O CIUIAIHA B
BBIUMCIIUTENIbHOU MaTeMaTuke. Tam TepMuH
cnaatii 0603HaYaeT ANMPOKCUMAITHIO (PYHKIINH
Ha pa3HBIX yIacTKaX €€ 00IacTH ONpeIeIeHNS
Ppa3TUYHBIMU HOJIMHOMAaMU. B faHHO TEXHO-
JIOTUU TEPMUH pe2yisApHblil chiatin 0003Hada-
€T KYCOUHO-PEryJISIpHYIO AlMIPOKCUMAIUAIO
BXO/IHOTO SI3bIKa. DTO HAXOIUT CBOE OTpaXKe-
HUE U B TOM, YTO B KAUECTBE CPEJICTBA 3a/ITAHUS
SI3BIKOB HCIoIb3yIoTCs RBNF-rpammaruky,
MpaBUiIa KOTOPBIX ONPENECIISIIOT TEPMUHAIIbHBIC
MOPOKACHUST HETEPMUHAJIOB YEPE3 PETYJISIPHBIC
BBIPAXKEHUSI OTHOCUTEJIBHO CUMBOJIOB BCEX aJI-
(haBUTOB I'paMMaTHKH, U B TOM, YTO COOTBET-

Tao6u. 1
CocrosiHre Hudpa (d) . \ mm e + v — €
1 2 3
2 2 3 4 KOHEUHOE
3 5 7
4 6
5 5 4 KOHEYHOE
6 6 KOHEYHOE
7 6
VH®OOPMATHIKA 19



Mapmwinenxo b.K.

CTBYIOIIUM S3BIKOBOM IPOILIECCOP MO100eH
MHO>KECTBY KOHEYHBIX aBTOMATOB, KAXK/IbII U3
KOTOPBIX paCIlO3HAET CBOM ()parMEeHT BXOTHON
nenouku. KoHTekcTHAs 49yBCTBUTENBHOCTD
obecreunBaeTcsi TEM, YTO JIOTIOJIHUTENBHO K
andaBUTaM TEPMUHATIOB U HETEPMHUHAJIOB B
IrpaMMaTHKY BBOSTCS ali(haBUTHl KOHTEKCT-
HBIX — CEMAHTHUECKUX U PE30JIbBEPHBIX CUM-
BOJIOB.

B 1aHHOI CTaThe pacCMOTPEHBI HEKOTOPBIE
BU/IbI SKBUBAJICHTHBIX MPe0Opa30BaHUI TPaHC-
nsioHHBIX KC-rpaMMaTiK, B HACTOSIIEE Bpe-
M emié He peann3oBaHHbIX B TK SYNTAX.

JIutepatypa

OnmcaHHBIN BBIIIIE aITOPUTM 6 IIPUBEC-
Hus KC-rpaMMmaTHK K peryisipHoMy BbIpaske-
HUIO0 MOXHO 000011t Th. Ecin pa3nenmuts MHO-
JKECTBO BCEX CHMBOJIOB I'paMMaTHKH Ha Heca-
MOBCTABJICHHBIC HETEPMHUHAJIBI 1 BCE IPYTHE
(caMOBCTaBIICHHBIC HETEPMUHAITBI, TEPMIHAJIBI,
KOHTEKCTHBIE CAMBOJIBI) K 00paIaThCs C OC-
TaJIbHBIMHM CHMBOJIAMH KaK C TCPMUHATIAMH, TO
TTOCITE MCKJTFOUEHUSI BCEX HECAMOBCTABIIEHHBIX
HETEPMHUHAJIOB MBI ITOJTYYMM ITpaBHJIa I Ca-
MOBCTaBJICHHBIX HETEPMUHAJIOB, PABbIC Yac-
TH KOTOPBIX OYIyT PeryJIspPHBIMU BBIPaKCHIS-
MU OTHOCUTEITHHO BCEX APYTHX CAMBOJIOB TpaM-
MAaTHKH.
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Abstract

There is a variety of parser generators for formal languages being used during designing
compilers for programming languages of different types. All of them are based on the use of
context-free grammars with various restrictions, regular grammars being a special case. As a
rule, they only check the requirements imposed on grammar, and issue diagnostic messages in

case of their violation.

The purpose of this article is to describe the way of eliminating all nonterminals from the
non-self-embedding grammar that gives the equivalent regular expression as result.

Keywords: context-free grammar, regular expression, equivalent conversion of grammar.
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