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AnemeHTbI Teopuu hopManbHbIX A3bIKOB U rPaMMaTUK

BBepneHue

B aTOM pasznene u3noxkeHbl HEKOTOPBIE acTeKThl TEOpUU (POPMANIBHBIX SI3bIKOB, CYIIIECTBEH-
HBIC C TOYKHU 3pCHHUA TPAHCIIALN. 3I[CCI> BBCACHBI 0a30BLIC OHATHS U JaHbI OIIPCACIICHUA, CBA3aH-
HBIE C OJTHUM W3 OCHOBHBIX MEXaHH3MOB OIPEAENEHUS S3bIKOB — IpaMMAaTHUKaMH, PUBEJCHA Hau-
Oosiee pacnpocTpaHeHHas kinaccudukamnms rpamMmatuk (mo Xomckomy). Ocoboe BHUMaHUE YIeIs-
€TCsl KOHTEKCTHO-CBOOOJTHBIM U PETYJSIPHBIM TpaMMaTHKaM. ['paMMaTUKKU 3THX KJIACCOB IIUPOKO
HCIOJIb3YIOTCS MPU TPAHCIALMU A3BIKOB IpOrpaMMHpoBaHusi. B mocobun He mpuBOIATCS AOKa3a-
TENbCTBA KOPPEKTHOCTU AITOPUTMOB U OOJIBUIMHCTBA C(HOPMYIUPOBAHHBIX (DaKTOB, CBOMCTB, yT-
BEPXKICHUH; UX MOKHO HAUTH B KHUI'aX, YKa3aHHBIX B CIIMCKE JIUTEPATYPBHI.

OCHOBHbIE MOHATUA U onpeanesreHusA

Onpenenenue: angasum — 3T0 KOHEUHOE MHOKECTBO CUMBOJIOB.

HpCI[HOHaFaGTCSI, 4TO TCPMUH «KCUMBOJI» UMCCT JOCTATOYHO SICHBIHA I/IHTYI/ITI/IBHI)II\/JI CMBICII U
HC HYXKIACTCA B ,I[aJ'ILHeﬁIHeM YTOYHCHUH.

OnpenesieHue: yenoukou cumM8on08 6 aigasume V Ha3bpIBaeTCs Mr00ast KOHEYHAs MOCIENO0-
BaTEJIbHOCTh CUMBOJIOB 3TOTO andaBuTa.

Omnpeaenenue: 1eM04Ka, KOTOpas HE COAEPKHUT HU OJHOIO CUMBOJIA, HA3BIBACTCS NYCMOU
yenouxou. J1ns ee 0003HaueHUs OyZieM UCIOJIb30BaTh IPEUECKYIO OYKBY €.

[Ipennonaraercs, yto cama OykBa € B aihaBUT V' HE BXOAMT; OHA JIUIIb IIOMOraeT 0003Ha-
YHUTH MYCTYIO MOCIIEIOBATEIHLHOCTh CHMBOJIOB.

Onpenenenue: eciu o ¥ 3 — LEMOYKH, TO LIETIOYKa Olf} (pe3yNbTar MPUMTUCHIBAHUS IIETIOYKH [3
B KOHEII IIETIOYKHU OL), HA3BIBACTCS KOHKameHayuetl (W cyenienuem ) nenouek o u 3. Konkarenaiuio

MO>KHO CUHTATh JBYMECTHOH Omeparnuei Haa nenoykamu: o3 = of.
Hanpuwmep, ecnu oo =ab u = cd, To o = abcd.
JInst 10001 LIETTOYKH 0L CIIPaBEUIMBBI PABEHCTBA: OL°E = £°0L = QL.

Jlns mo0ObIX 1enovek o, P, y cnpaBeanuBo (a-f)+y = o (B+y) = afy (cBoicTBO acconuaTus-
HOCTH OTIEpaIlii KOHKATCHALINH ).

Onpenenenue: oopawenuem (WM pegepcom) LETIOUKH O HA3bIBAETCS LENOYKA, CUMBOJIbBI
KOTOPOH 3amucaHbl B 00paTHOM HOPSIZIKE.

O6palieHne LEeouKH o 6y1eM 0003HaYaTh o .
Hanpumep, eciu o = abedef, 0 of = fedcba.

Jnst mycTol NEenoyKku: f=¢.

) n
OnpeneneHue: n-oii cTENEHBIO EMOYKH o (OyaeM 0003HAaUaTh O ) HA3bIBACTCS] KOHKATEHA-

n
o 7 OCIO4YECK OL: o =00 ... aoa .
)
n
o n n—1 n—1
CBOJICTBA CTEIIEHU: OLO =&, a4 =0d = o
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Onpeneneﬂne: OnuUHA YenodykKu — 9TO YHCJIO0 COCTaBJIAIOINIUX €€ CUMBOJIOB (I/IJ'II/I JJINHA I10-
CJI€A0BATCIIbHOCTH CI/IMBOJIOB).

Hanpuwmep, ecnu o = abbcaad, To nnvnHa o paBHa 7.

Jnuny nienodyku o Oynem obo3Hauath | o | JnuHa € pasha 0.

Onpenenenue: yepes | o [y 0003HAYAIOT YUCTO 6X0JHCOeHUl CAMBOJIA S B IIETIOYKY Ol.
Hanpuwmep, | babb |,= 1, | babb |,= 3, | babb |.= 0.

*
Onpenenenue: 0003HaYNM 4yepe3 V' MHOMKECTBO, COAEprKallee Bce IETOYKH B andaBute
V, BKITIOYAst MyCTYIO LIENOYKY €.

Hamnpumep, ecmu V' = {0, 1}, To V* ={g,0,1,00, 11,01, 10, 000, 001, O11, ... }.

Onpenenenne: 0603Ha4nM uepe3 V" MHOXKECTBO, cojiepkaliee Bce LENoYKu B andasure V,
HCKIII0Yasi MyCTYIO LIETIOYKY €.

*
CnenoBarensto, V=V U {e}.

Onpenenenue: s3vik B andaBure ) — 3TO MOIMHOKECTBO MHOXKECTBAa BCEX IIETIOYEK B
*
atoMm andasute. [y modoro s3bika L cripaBeniuBo L < V.

N3BecTHBI pa3nuuHble CrOCOOBI onmucaHus s3bIKOB [3]. KoHEUHBIN S3BIK MOXXHO OINHUCATh
MIPOCTHIM TNEepeYrciIeHHEeM ero nenoyek. [1ockoabKy (GopManbHBINA S3bIK MOXKET ObITh U OEeCKOHEY-
HBbIM, TpPeOYIOTCS MEXaHHM3MbI, MO3BOJIAIONIME KOHEYHBIM OOpa3oM MpeACTaBIsATh OECKOHEUYHBIE
SI3BIKM. MOKHO BBIJICTIUTH JBA OCHOBHBIX IMOAXO0JA JII TAKOTO MPEICTABICHUS: MEXaHU3M PacIio-
3HaBaHUS U MEXaHU3M TIOPOXKICHUS (TCHEPALIHH ).

MexaHu3M pacro3HaBaHus (pacnosnasamens), IO CyTH, SIBISETCS MPOLEAYPON criennaib-
HOTO BUJA, KOTOpas 0 3aJaHHOW LIENIOYKE OIPENEsAeT, MIPUHAAISKUT U OHa A3bIKYy. Ecin npu-
HAJJIEKUT, TO MPOLEAypa OCTAaHABIMBAETCS C OTBETOM «Ja», T. €. OOnyckaem UENOYKYy; WHAUE —
OCTaHABJIMBAETCSI C OTBETOM «HET» WM 3allMKIMBAaeTCA. SI3BIK, ONpenesieMblii paclo3HaBaTe-
JIEM — 3TO MHOXECTBO BCEX LIENOYEK, KOTOPBIE OH JOIYCKAET.

[Tpumepsl pacrno3HaBaTenei:

= Mammuna Teropunara (MT). SI3bIk, KOTOPBIH MOXHO 3a1aTh ¢ moMoIsi0o MT, Ha3bpIBaeTCs
1
PEKYPCUBHO NepeduCIUMbIM. ) BMecto MT MOXHO HCIIONB30BATh KBHBATCHTHBIC AJIr0-
PUTMHUYECKHE CXEMBI: HOpMaJIbHBIN anroput™M Mapkosa (HAM), mamuny Ilocta u mp.

» Jluneitno orpanmdeHHbid aBTomat (JIOA). Ilpencrasnsier coboit MT, B kKoTOpO# JeHTa
9 2
He GECKOHEYHA, a OrPaHMYCHA JUIMHOM BXOIHOTO cloBa’). OIpeesieT KOHmeKCmHo-
3asucumble SI3bIKH.

D TepMUH «peKypCUBHO TEPEUHCIUMBIN MPOUCXOTUT U3 TEOPUN PEKYyPCHUBHBIX (DYHKIHWH, SBISIOMICHCS, TaKXkKe Kak
HAM u MT, onHol u3 (hopManu3ariuii MOHATHSI BEIYHCIUMOCTH (asiroput™Ma). CMBICIT OCTaIbHBIX HA3BAHHM, Xapak-
TEPU3YIOIINX PacIio3HaBaeMbIe A3BIKU, OyIET MOSICHEH HIXKE.

JIOA sBnsiercsi HeAETEPMUHUPOBAHHOW MAIIMHOW: B KaKOH-TO MOMEHT BhIUMCIEeHUs (Bo BpeMs pabotsl JIOA Han
3aJJaHHOM IIETIOYKOI1) MOKET BOZHUKHYTh CHUTYAIlHs, KOT/Ia €CTh JBE WK 0oJiee TMOAXOIIIINE I UCIIOTHEHUS KO-
MAaH/IbI, TO €CTh BHIOOP HCIIONHAEMON KOMaHIBl HE JAeTepMUHHPOBaH. C 3TOro MOMEHTa BO3HUKAIOT ABE WM OoJee
kormn JIOA, cOOTBETCTBYOIINE KAXKJOMY BO3MOKHOMY BBIOOPY; STH KOITMH IPOIOIDKAIOT BEIYUCIICHHUS HE3aBHCH-
Mo (mapamutensHo). OtBeT «1a» JIOA maer, eciam XOTst OBl OHO M3 BBIYMCIICHHUH yCIIEIHO 3aBepmaercs. V3BecTeH
ITOPUTM, TIO3BOJIIONTHH 110 JTF000# HepeTepMuHIpoBaHHOW MT MOCTPOUTH SKBUBAIEHTHYIO I€TEPMUHHPOBAHHYIO

2)
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= ABTOMar ¢ MarasuHHOW (BHemrHel) mamsaTeio (MII-aBTomar). B otnuume ot JIOA, ro-
JIOBKA HE MOXKET U3MEHSATh BXOJHOE CIIOBO U HE MOXKET CIABUTATHCS BJIEBO; UMEETCS JI0-
MIOJTHUTENIbHAsE O€CKOHEYHAsl aMsATh (Maea3uH, WIA CTEK), paboTaromas mo JUCITUTIINHE
LIFO. Onpenensier konmexcmuo-c80000Hbie I3bIKH.

= Koneunsiit aBroMar (KA). Otnuuaercs ot MIl-aBTomara oTcytcTBuem marasuna. Orpe-
NeINAET pe2yisApHble T3bIKU.

OcHOBHO# C1IOCO0 peanu3aii MEXaHu3Ma MOPOXKIEHUSI — UCIOIB30BaHUE TTOPOKIAIOIIIX
rpaMMaTHK, KOTOpbIE HHOTA HA3bIBAIOT IpaMMaTHKaMi XOMCKOTO. Ha M3yueHuH mopoKmaaroninx
TrpaMMAaTHUK MBI 1 OCTaHOBUMCH HOI[pO6HO, 1 UMEHHO 2TOT CHOC06 OIIMCAaHUA A3BIKOB Halll€ BCECTO
OyZleM KCII0Ib30BaTh B JATbHEHIIIEM.

OTmMeTuM, 4TO HE Kbl (hOpMaJIbHBIN SI3bIK MOKHO 33/1aTh C MOMOIIbIO KOHEYHOT'O OIH-
canus. JleiCTBUTENHHO, CAMO ONMCAHKE MOKHO PacCMAaTPHBATh KaK IETIOYKY B HEKOTOPOM PACIIIH-
perHoM andasure. CieqoBaTeNbHO, MHOXKECTBO OMHCAHUHN S3BIKOB CUETHO, TaK KaK MHOXKECTBO
BCEX IIeTIoYeK B 3aJaHHOM andasure cuéTHO. Kaxkapiii popmanbHbIi S3bIK B andaBute V sBiseTcs
TOIMHOKECTBOM CHETHOrO MHOKecTBa V. U3 TEOPHUU MHOXECTB M3BECTHO, YTO MHOXKECTBO BCEX
MOJIMHOXECTB CYETHOTO MHOKECTBA SIBJICTCS HECUETHBIM. TakuM 00pa3oM, MOIITHOCT MHOXECTBA
(OpMaNbHBIX S3BIKOB OOJBIIE MOITHOCTH MHOXKECTBA KOHEUHBIX ONMCAHUH W, CIICIOBATEIFHO, HE
KaX/IbIH S3bIK IPEACTaBUM B BHJIE KOHEYHOTO OIMCAHUSI.

Onpenenenue: dekapmoguvim npoussedenuem A x B MHOXeCTB A U B Ha3bIBae€TCS MHOXKE-
ctBO { (a,b)|laec A,b e B}.

Onpenesenue: nopoocoarwasn cpaumamuxka G — 1o uetBepka ( T, N, P, S ), rie
» 7 — andaBuUT TEPMUHAIBHBIX CHMBOJIOB ( TEPMUHAJIOB );
* N — andaBuT HETEPMHUHAIBHBIX CHMBOJIOB (HeTepMuHaioB), T N N = ;

» P — xoHeuHoe NoJAMHOkecTBO MHOXkecTBa (T U N)' x (T'U N)*; aneMeHT (a, ) MHOXe-
cTBa P Ha3pIBaeTcs npasujiom 6616004 U 3aIIUCHLIBAETCS B BUJIC A — B, Ol HA3bIBACTCHA Jie-
801l wacmvio IpaBUia, 3 — npasou yacmuio; IeBas 4acTh JIIOO0TO TpaBmia u3 P 00s13anHa
COJZIepKATh XOTsI ObI OJTMH HETCPMUHAI;

* S — HavanbHBIN CUMBOI (11€71b) TPAMMATHKH, S € N.
J1J1s1 3amucy mpaBwIl BBIBOJIA C OJMHAKOBBIMU JICBBIMU YaCTSIMU
a—pB a—=p .. a—P,

OyJ1eM IOJIhb30BaThCS COKPAIIEHHOM 3aMiChI0

o0 = Bi| B2 || Bn-

Kaxnoe B; (i=1, 2, ..., n) OyIem Ha3bIBaTh aibmepHamusoll paBuia BHIBOJA U3 IIETIOYKH OL.
IIpumep rpamMMaTuku:

Goxample =10, 1}, {4, S}, P, S ), riae P cocTouT U3 mpaBHiL:

MT. OpHako 10 cuX MOp OTKPHIT BOMPOC, CymiecTByeT ju s mo06oro JIOA 3KBHBAIIEHTHBIA €My JETEPMHHHUPO-
BaHHBIHN JIOA.
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S — 041
04 — 0041
A — ¢

Onpenesienue: nenouka f € (7 U N )»= HENnocpeoCmeeHHO B8bl80OUMA W3 TICTIOUKU O €
(TUN)' Brpammaruxe G = ( T, N, P, S') (oGo3HauaeTcs o — . B), ecu o = §1v&;, B =E108,, rme

* +
€1, E,0e(TUN),ye (T'UN) wu npaBuio BbiBojna y — O coaepxkurcsa B P. Unaeke G B 000-
3HAYEHUU —  OOBIYHO OIYCKAIOT, ECIIU TIOHATHO, O KAKOH IPaMMATHKE UJIET PEYb.

Hanpuwmep, nenouxa 00411 menocpencreenno BeiBoguma u3 041 B rpammatuke Gecample :
041 — 00411. 3nech nenouka 04, moguepKHyTask JBOMHON YEPTOU, UTPAET POJIb MOJLEIIOUKHU Y U3
onpexaeneHus, nernovka 0041 urpaer pons noaenoyku o, &= ¢, &= 1.

*
Omnpenesienue: [eMoYKa Be(TUN) 861600UMA u3 HEMOYKHU
+
a € (T'VN) Brpammaruke G =(T, N, P, §') (obo3Hauaercs o = . f3), eciu CyIIECTBYIOT LeNoY-
KA Yo, Y1, - Yp (m = 0), Takue, 4T0 @ = Y9 — Y1 — ... — Y,= P. IlocnemoBaTenbHOCTD
Y0, V15 - Yn HA3bIBACTCS 6616000M Onunbl n. VIHaeke G B 0003HAYEHUH = . OIYCKAIOT, €CIIH I10-

HATHO, KaKasa rpaMMaTHKa ImoApa3dyMeBacTC.

Hanpumep, S = 0004111 B rpammatuke Geygmple (CM. IPUMED BBILIE), T.K. CYHIECTBYET BbI-
Bog S — 041 — 00411 — 0004111. [InuHa BeIBOAA paBHA 3.

Onpenenenue: s3vikom, noposxcoaemvim epammamuxou G=(T, N, P, S), Ha3bIBaeTcs
*
MHOXKecTBO L(G)={a e T |S= a}.

Hpyrumu cnoBamu, L(G) — 3To Bce nenouyku B andasBute 7, KOTOPbIE BHIBOJUMBI U3 S C
nomoieio npapun P. Hanpumep, L(Gexampie) = {Onln |n>0}.
* o o
Onpenesenue: nenouka o € (77U N) , 1 KOTOpoid S = o, HA3BIBACTCS CEHMEHYUANbHOU
¢opmoi B rpammaruke G=( T, N, P, S ).

Takum oOpa3oM, s3BIK, TOPOKIAAEMBIA TPAMMATHUKOM, MOYKHO OTPENICTUTh KaK MHOYKECTBO
TEPMUHAIBHBIX CEHTCHLIUAIBHBIX (OPM.

Onpenenenne: rpamMmmatukn G u G,  Ha3bIBAIOTCS  IKBUBANEHMHBLIMU,  €CIU
L(Gy) = L(Gy).
[Tpumep. I'pammaruxu G = ({0,1}, {4,S}, P1,S) u G»=({0,1}, {S}, P>, S) c npaBunamu

Pll Pzi
S  — 041 S — 08101
04 — 0041
A —o¢

SKBHBAJICHTHEL, T. K. 00¢ mopoxaatoT 36k L(G1) = L(Gy) = {0"1" | n > 0}.

Omnpenesienue: rpaMMaTHKH Gy u G, noumu IKBUBATICHMHDL, eclim
L(G)) U {e} = L(Gy) U {¢g}.

JlpyruMu clIoBaMH, TPaMMATHUKH MOYTH DKBUBAJCHTHBI, €CIH SI3BIKH, UMHU MOPOXKIaeMEbIE,
OTJIMYAIOTCA He 0oJjiee, UeM Ha €.

HaHpI/IMep, IMOYTH SKBUBAJICHTHBI I'PaMMAaTUKH

G1=(10,1}, {4, S}, P1, S) u G>=({0, 1}, {S}, P, S) c npaBwiamu
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Pll Pz:
S — 041 S —0S1|¢
04 — 0041
A —¢

2

Tak kak L(Gy) = {0"1" | n> 0}, a L(Gy) = {0"1" | n > 0}, T. e. L(G2) COCTOMT M3 BCEX IENOYEK S3bI-
ka L(G)) v mycToM 1enovku, kotopas B L(G)) He BXOIHT.

Knaccudmxauvm rpaMmMmaTukK m A3bIKOB MO XOMCKOMy

OrnpenenuM ¢ MOMOLIBI0O OTPAaHUYEHUN Ha BHUJ MpaBUJI BBIBOJA YETHIPE THIIA T'PAMMATHK:
. 3
tun 0, Tun 1, Tun 2, tun 3. Kaxagomy TUy rpaMMaThK COOTBETCTBYET CBOM KJIaccC ) s3p1x0B. Ecin
SI3BIK TOpOXkAaeTcs rpaMMatukont Tuna i (uist i = 0, 1, 2, 3), TO OH SIBASETCS A3BIKOM THIIA i.

Tun O

JIroOas mopoxaaromias rpaMMaTrKa SBJISIETCS rpaMMaTukon muna (). Ha Bux npaBui rpam-
MaTHUK 3TOTO TUIIA HE HAKIIAJbIBACTCS HUKAKUX JOMOIHUTENbHBIX orpaHndyeHuii. Kimacc si3pikoB TH-
na 0 coBnasaer ¢ KJ1accoM peKypPCUBHO MEPEUNCIUMBIX SI3bIKOB.

[[pamMMaTUKM C OrpaHNYEeHNSIMU Ha BUA NpaBun BbiBOAA

Twun 1

I'pammaruka G = ( T, N, P, S') Ha3bIBaeTCsl Heykopauusaioujell, €Cy Mpapast 4aCTh KaXKI0ro
npaBuia U3 P He Kopoue JIeBoi JacTH (T. €. JJIs II000ro mpaBmia oo — 3 € P BBIOMHSAETCS Hepa-
BeHCTBO | o | < | B | ). B Buae uckimoueHuss B HEyKOpAuUBAIOIIEH TpaMMaTHKE TOMYCKAETCsl HaJu-
yue npaBuia S — €, NPH yCIOBUM, 4TO S (Ha4aJbHBI CUMBOJI) HE BCTpPEUYAeTCs B MPABBIX YaCTIX
MIPaBUIL.

I'pammartukoit muna I OyaeM Ha3bIBaTh HEYKOPAUMBAIOUIYIO IPAMMATHUKY .

Tun 1 B HCKOTOPBIX MUCTOYHUKAX OHNPCACIAIOT C MOMOIIBIO TAK HA3BIBACMBIX KOHTCKCTHO-
3aBHCHUMBIX I'paMMAaTHK.

I'pammatuka G =( 7, N, P, S) Ha3zpiBaeTcss kommekcmuo-3asucumou (K3), ecnmm Kaxmoe
npasuiIo u3 P umeer Bug oo — B, rae o= E14E, B=E1vErp, A e N,ye (TUN) , &, E e (TU N)*.
B Bune uckimouenus B K3-rpaMmartuke AomycKaeTcsl HaJuuuMe MpaBuiIa ¢ MyCTOW MPaBOW YacThIO
S — &, Ipu yCII0BUH, YTO S (HaYaJIbHBIM CUMBOJI) HE BCTPEYAETCs B IIPaBbIX YaCTAX MPaBUIIL.

Ilenouky &; Ha3bIBAIOT J1e6bIM KOHMEKCMOM, LETOUKY &) Ha3bIBAIOT NPAGLIM KOHMEK-
cmom. SI3bIK, MOpPOXKIAaeMbIi KOHTEKCTHO-3aBHCUMOM I'DaMMAaTHKOM, HAa3bIBAECTCS KOHMEKCMHO-
3Q6UCUMBIM SI3BIKOM.

3amMeuanmne

W3 onpeneneHuil ciemyer, YTO €CIU SI3bIK, MOPOKAAEMBIA KOHTEKCTHO-3aBUCHMOM WM HEyKOpaudu-
Batoieil rpammatukoil G = T, N, P, S'), COIEp HT MyCTYIO IEMOYKY, TO 3Ta ICMOYKa BRIBOIUTCI B G
3a OJIMH IIIar ¢ MOMOIIBIO MpaBuia S — €. J[pyrux BBIBOJIOB JUId € He cymiecTByeT. Eciu cpeau mpaBui
P ner nmpaBmia S — €&, TO MOPoKAaEMbIi KOHTEKCTHO-3aBUCHUMOM WIIM HEyKOpauMBaroIiel rpaMMaTH-
Kol G SI3BIK HE COAEPIKUT IyCTYIO LIETIOUKY €.

3
) Kiaccom 00BIMHO HA3BIBAOT MHOXXECTBO, 3JIECMEHTBI KOTOPOT'0 CaMH SIBJIAIOTCA MHOYXKECTBAMU.
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YrBep:knenue 1. [Tycts L — dopmanbhbiii s3b1K. ClieyIoNIue YTBEPKACHUS YIKBHBAICHT-
HBI:
1) cymiecTByeT KOHTEKCTHO-3aBUCUMas rpamMartuka Gy, Takas uro L = L(G);

2) cylecTByeT HeyKopauuBaromias rpammaruka G, Takast 4to L = L(Gy).

OueBunHo, uto U3 (1) cnemyet (2): mobasi KOHTEKCTHO-3aBUCHMasi TpaMMaTHKa YIOBIETBO-
pseT OrpaHWYCHUSIM HEYKOPAYMBAIOIICH rpaMMaTHKH (CM. ompenernceHus). J[okasarenbcTBo B 00-
paTHYI0 CTOPOHY OCHOBBIBAE€TCS HAa TOM, YTO MOXHO Ka)/JI0€ HEYKOpauyMBalollee MPaBUIIO 3aMe-
HUTb SKBUBAJICHTHOMN ceprell KOHTEKCTHO-3aBUCUMBIX MTPAaBHIL.

N3 ytBepxkaeHus 1 cienyer, 4To S3bIK, MOPOKIAEMbIA HEYKOpPAUMBAIOIIEH IpaMMATHKOM,
KOHTEKCTHO-3aBUCHM. Takum oOpa3om, HeykopauuBarome u K3-rpaMmmMaTuku onpeaensor OAHH |
TOT € KJIacC S3bIKOB.

Twun 2

I'pammatuka G=(T, N, P, S') Ha3piBaeTcsi koHmexcmuo-c60600nou (KC), ecnu kaxmgoe
npaBuio u3 Pumeer Bun 4 — B, rned € N,B e (T U N)*.

3ametuM, uto B KC-rpaMMaTrkax JOMyCcKarOTCs MpaBuUiia ¢ MyCTHIMU IPAaBbIMU YaCTSAMHU.

SI3bIK, TMOPOXKAAaeMbIii KOHTEKCTHO-CBOOOJHOM TI'paMMAaTHUKOMN, Ha3bIBACTCS KOHMEKCHMHO-
C80000HBIM S3BIKOM.

I'pammatukoit muna 2 OyneM Ha3bIBaTh KOHTEKCTHO-CBOOOHYIO TPAMMATHKY .

KC-rpammaruka MOXET SIBISITHCS HEYKOPAuMBAIOLIEH, T.€. yAOBJIETBOPSATh OIPaHUYECHUSIM
HEYKOpayuBaroIei rpaMMaTHKH.

YrBep:xknenue 2. s moboii KC-rpammatuku G cymiecTByeT HeykopauuBaromas KC-
rpammatuka G', Takas uro L(G) = L(G").

CornacHo yTBepkIeHHUIO 2, 1000 KOHTEKCTHO-CBOOOTHBIN S3bIK MOPOXKAACTCS HEYKOpa-
YUBAIOIIEH KOHTEKCTHO-CBOOOAHOW rpammaTtukoi. Kak criemyer w3 omnpenenenuii, takas KC-
rpaMMaTHKa MOXKET COJIepKaTh He OoJiee OJHOTO MpaBHIIA C IMyCTOW MPaBOM YacThIO, MPUIEM ITO
MpaBWIO UMEET BUA S — €, Tlie S — HavyaJbHBIA CHMBOJI, U MIPU 3TOM HUKAKOE€ MPaBUiIO U3 P He
COJIEPKUT S B CBOEH MPaBOil YaCTH.

B paznene «IIpeobpa3zoBanus rpaMMaTuk» OyJIeT MPUBEACH alTOPUTM, MO3BOJISIONINI yCT-
panuTh U3 mo60it KC-rpammaTuku Bce MpaBuiia ¢ MyCTHIMU MIPABBIMHU YaCTAMHU (B MOJIYUUBIIEHCS
rpaMMaTUKe MOXET OBITh MpaBUjIo S — € B Cllydae, €CiH IMycTas IenoYKa MPUHAANIEKUT S3bIKY,
P TOM HaYaJIbHBIN CUMBOJ S HE OyAET BXOJIUTH B MPaBbIC YAaCTH TMPABUI).

Tun 3

I'pammatuka G = (T, N, P, S) Ha3bIBaeTCsA npasoiuHelHou, eClii KaKI0e MpaBuwio u3 P
sk
nmeer Bug A —> wB mubo A—w, tned,Be N, we T .

I'pammatuka G =( T, N, P, S ) Ha3bIBaeTCSA J1€80IUHEUHOU, €CTH KAKI0€ TIPABUIIO U3 P nMe-
*
erBug A— Bw mi6o A—w, tned,Be Nywe T .

YrBep:xknenue 3. [lycts L — dopmanbHblil s3bik. Clienyroniye 18a yTBEP)KICHUS SKBHUBA-
JICHTHBI:

* CyIIECTBYET NpaBoJMHENHHas rpaMMaThka Gy, Takas uto L = L(G));

* CyNIECTBYET JIEBONIMHEIHAs TpaMMaThka G, Takas 4to L = L(Gy).
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N3 ytBepkaeHus: 3 ciemayeT, YToO MPaBOJUHEHHBIE U JIEBOJIMHEWHBIE TPAMMATUKU OMpeJIe-
JMMKOT OAUH U TOT K€ KJIaCC A3BIKOB. Takue SI3BIKH HA3BIBAIOTCS peCYIAPHbIMU. HpaBo- n JICBOJIU-
HeHHbIe TPaMMaTUKU TakKe OyZieM Ha3bIBaTh PETYISIPHBIMU.

Perynspnast rpaMMaTtrKa gBIIS€TCS TPaMMaTUKON muna 3.

Asmomamuoui TPaMMAaTUKOW HA3bIBACTCS IPaBOJIMHEHHAs (JICBOJIMHEWHAs) TpaMMaTHKa,
Takas, 9YTO KaXKI0e MPAaBWJIO C HEIyCTOW MpaBOil 4acThio UMeeT BUA: 4 — a 1mbo A — aB (s
JICBOJIMHEMHOM, COOTBETCTBEHHO, 4 — a b0 A — Ba), tne A,Be€ N, a € T. 4

ABTOMaTHasi rpaMMaTHKa sBJsieTcs Ooiee mpocToit GopMoit perysipHoil rpammatuku. Cy-
LIECTBYET AJTOPUTM, IMO3BOJISIOUINI MO PETYJIIpHON (IIpaBo- WK JIEBOJIMHENHOM) rpaMMaTHKE I0-
CTPOUTH COOTBETCTBYIOIYIO aBTOMATHYIO IpaMMaTuKy. TakuM o6pa3oM, Jr000i peryssipHblil S3bIK
MOJKET OBITh MOPOXKICH aBTOMATHON rpammaTtukoil. Kpome TOro, CymecTByeT aiaroputM, M03BO-
JSOIIANA YCTPAHUTh U3 PETYJISIPHONM (aBTOMATHOW) rpaMMaTHKH Bce e-TipaBuia (kpome S — € B
cllyyae, eCly IycTasl LeloYKa MPUHAUIEKHT A3bIKY; IPU 3TOM S He OyzeT BCTpeuaThCsl B MPaBbIX
qacTsx npasi) ). [T09TOMY CIpaBe UIHBO:

Yr1Bepxnaenune 4. J[ns1 mo0o0ii perynspHoit (aBToMaTHOI) rpaMMaTHKi G CYIIECTBYET He-
yKOpauuBarouias peryjspHas (aBTromatHas) rpammaruka G', takas uto L(G) = L(G).

Nepapxna XOMCKOro

YrBepxkaenue S. CripaBeIUBbI CIEAYIOINE COOTHOLICHMS:

» Jr00ast peryisipHas rpamMMmaruka ssisercss KC-rpaMMmaTukoii;

» nro0ast HeykopauuBatomas KC-rpammaruka siBisiercss K3-rpammaTukoi;
» r00ast HeyKopayuBarollas rpaMMaTHKa sBIIseTcs rpaMMaTHKon Tumna 0.

YTBepKAeHHUE 5 CleAyeT HEMOCPEACTBEHHO U3 ONPEICIICHUMN.

PaccmarpuBasi TONBKO HEyKOpauMBalOIIME peryjisipHble M HeykopauuBawomme KC-
rpaMMaTUKH, YTO COTJIaCHO YTBEPKIACHHUSM 2 M 4 HE OrpaHMYMBAET KJIACCHI COOTBETCTBYIOILIUX
SI3BIKOB, ITOJTy4aeM CJIEIYIOIYI0 HePapXHI0 KJIAaCCOB TPaMMAaTHK:

Heykopauusarouue Pezynapuvie  neykopauusarowue KC c K3 < Tun 0
(3amucek A — B o3HauaeT, uTo A ABJISETCS COOCTBEHHBIM MOIKIAcCOM Kiacca B.)

Bwmecto knacca K3-rpaMMaTk B JaHHOW MepapXuM MOXHO yKa3aTh OoJjiee HIMPOKHIA Ki1acce
HEYKOpPaYMBAIOIIMX I'PAMMATUK, KOTOPBIE, KaK M3BECTHO, MOPOXKAAIOT T€ K€ A3BIKH, 4yTO U K3-
IPAMMAaTHUKH.

Y B pasnene «Pa300p 1o peryyspHbIM rpaMMaTHKaM» OyAeT pacCMOTPEH aJTOPUTM IOCTPOCHUS 110 KOHEYHOMY aB-
TOMaTy SKBUBAJICHTHOH rpaMMaTHKH. [locTpoeHHas alropuTMOM TpaMMaTiKa OyaeT aBTOMaTHOM.

2 ANTOpUTM YCTpaHEeHHS MPaBWJI ¢ MycTol mpaBoit yacTeio 1 KC-rpammartuk, npuBeneHHbIN B pasnene «lIpeobpa-
30BaHUS TPaMMAaTHKY, IPUTOJICH TAKXKe U JJIs1 YCTPAHEHHUS €-TIPABIII U3 PETYILIPHBIX U aBTOMATHBIX TPAMMATHK.
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YrBepaxaenue 6. CripaBesivBbI CICTYIONINE COOTHOLICHHUS:
*  KaxAbli perynspHblil sS3bIK sBIgeTcs KC-a3b1koM, HO cyniecTBYIOT KC-s13bIKH, KOTOpBIE
HE SABJIAIOTCA PETYIIPHBIMU, HAIIPUMED:
nqn
L={a b |n>0};

» kaxaplii KC-s3bik  siBisercst K3-s3bikoM, HO cymiectBytoT K3-s3bIkH, KOTOpbIE
He sBastoTcs KC-s3p1kamu, Hanpumep:

L={a"b"c" |n>0};

» kaxabelil K3-s3bIk siBiisseTcst si3pikoM TUTA 0 (T. €. PEKYPCUBHO MEPEUYHCIUMBIM SI3BIKOM ),
HO CYILECTBYIOT sA3bIkM THHa 0, koTOpble HE sABIsAtOTCA K3-g3pIKamu, Hanmpumep: A3bIK,
COCTOSAIIMN U3 3aMKMCEel CaMONIPUMEHHUMBIX aJITOPUTMOB MapkoBa B HEKOTOPOM alihaBu-

6)
Te.

N3 yTBepxaeHus 6 cienyer nepapxusi KIaccoB SI3bIKOB:
Tun 3 (Peeynapusie) < Tun 2 (KC) < Tun 1 (K3) < Tun 0

perynsipHble

KOnTekcTHO-crOBOAM®

KOHTekcTHO-3aBNCMMBIC

3 \6\
>/ Tuna o (PekypcuBHO nepeuncIvM®

Puc. 1. Wepapxus knaccoB S3bIKOB.

Ha puc. 1 nepapxuss XoMCKOTO A KJIACCOB S3BIKOB M300pakeHa B BUAC JUarpaMmbl BeH-
Ha. Knaccel BrimagsiBatoTcest Apyr B apyra. Camblil MpoKuid kiacc s3bIKoB (Tuna 0) comepxuT B
cebe Bce ocTabHbIE KIIACCHI.

VYrBepxkaenue 7. Ilpobnema «MOXHO 1M SI3bIK, ONUCAHHBIA TpPaMMATUKOW THUNA k
(k=0, 1, 2), onucatk rpaMMaTHKOMN THNA k + 1?7)» SBIsSETCA aNTOPUTMUYECKUA HEPA3PEITUMOIA.

3ameTuM, uto s k=1, 2, 3 s3bIK THUNA k SBIISETCS TaK)Ke W SA3BIKOM THMA kK — 1 (cormacHo
uepapXxuu Ha puc.l, Kiacc s3bIKOB THIIA Kk SBISETCS TOJKIACCOM Kilacca si3bIkoB Tumna k — 1). He-
CMOTpSI Ha TO, YTO HET aJTOPUTMA, MO3BOJIIONIETO MO 33JaHHOMY OMUCAHUIO s3bIKa L (Hampumep,
10 TpaMMaTHKe), OTPEACTUTh MAaKCUMAIIbHOE k, TaKoe 4TO L SBIseTCS S3bIKOM THUIMA k, IPH OTBETE
Ha Borpoc «Kakoro tumna 3amaHHbpiil 361K L?7» B mpUMepax U 3agadax OyJeM yKa3bIBaThb, €CIU HE
OTOBOPEHO MHOE, MaKCUMalbHO Bo3MOxHOe k (0, 1, 2, unu 3) ans 3agaHHOro A3bIKa L.

Paccmotpum, Hanpumep, s13bIK L, , = {a, b}, cocTosumii U3 AByX OAHOOYKBEHHBIX LIETIOYEK.
Kakoro tuna s3sik L,;? OtBeT: Tuma 3, Tak Kak, BO-IIEPBBIX, OH MOPOXAAETCA TPaMMaTHKOU

6
) Tonstue sanucy HOpMaIIbHOTO anroputMa MapkoBa ompenensetcs B [10].
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S — a | b Tuna 3; BO-BTOPBIX, HE CYLIECTBYET IPaMMaTUKH TUMA k > 3, KoTopas Obl moposxaana L,
(T. €. 3 — 3TO0 MaKCUMAaJILHO BO3MOKHOE k, TaKo€, 4TO L, 5 SIBJIAETCS SA3BIKOM TUIA k).

OTMeTUM, YTO COTJIACHO HMEpPapXUU SI3BIKOB, CIECIYIOLIME YTBEPKACHUS TAKXKE CIpaBEIJIH-
BBI: «L, ; ABISETCA SI3BIKOM THUIA 2%, «L, j, ABIAETCS A3BIKOM TUNA 1», «L, 5 ABIAETCA S3BIKOM THIIA
0». Ho, ¢ yueTom BbIIIECKAa3aHHOTO, 3TH YTBEPKACHHUS HE CUUTAIOTCSA UCUEPIBIBAIOIIMMU OTBETAMHU
Ha Bonpoc «Kakoro tuna s3sik L, ,?».

CorjaieHue: B mpuMepax W 3a7adax Jijisi KpaTKOCTH BMeCTO MmojHoU deTBepku G =( T, N,
P, S') 6yaem mHOTAa BHIMKUCHIBATH TOJNBKO TaK HA3BIBAEMYIO «CXEMY» IPaMMATUKH — MPaBHUIIA BbI-
BOJa P, cuuTas, 4To 60J'H>I_HI/IC JJATUHCKHEC 6yKBI>I 0603Ha‘-IaIOT HCTCPMUHAJIbHBIC CUMBOJIbI, HA4YaJIb-
HBIM cUMBOJ (11€J1b) TPaMMaTHKU 0043aTeNIbHO CTOUT B JIEBOM YacTH MEPBOTo MpaBMila, € — IyCTas
L[ENOYKa, BCE OCTaJIbHbIE CUMBOIIBI — TEPMHUHAIILHBIE.

3agaua.
Hanst rpammatuku Gy u Gy:
G Gyt
S — 041 S —aSh|e
A — 040
A —¢
(1) Kakoro tumna si3bix L(G1)? (2) Kakoro tumna si3b1k L(G3)?
Pewenue

1) IIpaBuiia rpammaTuku G yAOBIETBOPSIOT OrpaHUYEHUsIM Ha npasuia KC-rpamMmmaTuk, HO
HE yJOBJIETBOPSET OTPaHUUYEHUSIM PEryJIsIpHbIX TPaMMAaTHK, T. €. 3TO TpaMMaTHKa TuMna 2, ¥ Mo3To-
My L(G) aBisieTcst sI3bIKOM THNa 2 (clie10oBaTeIbHO, 3TO A3bIK M TUna 1, u tumna (). 3ameTum, 4to
L(G)) = {00"0"1 | n>0} = {0(2“1)1 | n>0} ¥ 3TOT SA3BIK SABISAETCS TAKXKE S3BIKOM THIIA 3, TO-
CKOJIBKY OMMCBIBAETCS CIEAYIONIEH PErYyJISIPHOM rpaMMaTUKOM:

S —04
A —0B|1
B — 04

Hrak, makcumanbsHoe k, 17151 KoToporo L((G)) sSBIsieTCs A3bIKOM THMA k, paBHO 3.

2) Ilo Buny npasun G, sIBIsSETCS TPaMMaTUKOM TUNA 2 U HE SBJISIETCS TpaMMaTHKON THma 3.
CrnenoBatenbHo, L(G,) sBasiercs si3pikoM THNA 2. SBmsiercs nu L(Gy) s3pikom Ttuma 3?7 OTBeT Ha
3TOT BONPOC OTPULIATEIBHBIHN, TaK KaK HE CYIIECTBYET PEryJIipHOM IrpaMMaTHKH (T. €. TpaMMAaTUKU

THIa 3), mopoxaromieit s3Ik L(Go) = {a"'b" | n > 0}7.

Wtak, makcumanbHoe k, 1151 KoToporo L(Gs) SBAseTCs sI3bIKOM TUna k, paBHO 2.

Mpumepbl rpaMMaTUK U A3LIKOB

[TpuMepbl TpaMMaTUK U S3bIKOB, MJUTIOCTPUPYIOLINE KJIACCHI MEpapXUU XOMCKOTro, IpHUBE-
JIEM B MOPsiIKE, 00paTHOM Kilaccu(pUKaluu, T. €. OyJAeM UIATH OT MPOCTOrO K CI0KHOMY.

7
) Heperymsiprocts si3sika {a"b"| n > 0} Oyner mokazana B pasmeie «Pa3bop mo peryispHbpIM TpaMMaTHKaM».
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PerynsapHbie

1) 'pammatuka S — aS | @ sBIAETCA NMPABOIMHEHHON (HEyKOpaunBarouiei) rpaMMaTUKOM.
o n o
OnHa mopoXxmaeT perysipHbId 36K {a@ |7 > 0}. DTOT SI3BIK MOXKET OBITH TIOPOXKICH U JICBOJIMHECH-
HOM TpaMMaTukoii: S — Sa | a. 3ameTuM, uTo 00€ 3TH TPAMMATHKH SBJISIOTCS aBTOMATHBIMHU.

2) I'pammatuka S — aS | €  sABIsIETCS NPABOJMHEWHONW W TOPOXKAACT PETYJISPHBIA SI3bIK
n
{a | n>0}. dng 1000r0 peryisspHOTO s3bIKa CYIIECTBYET HEYKOpAauMBAaIOLIasl peryssipHasl Tpam-
MaTuka (cM. yrBepkaeHue 4). IloctpouM HeykopauMBarollyl0 PEryJIsIpHYI0 I'paMMaTUKy AJIs JaH-
HOTO sI3bIKA!

S —ad|ale
A —alad

B camom zere, mpaBmiio ¢ MyCTON MPaBOM YaCcThIO MOXKET MPUMEHSTHCS TOJIBKO OJUH pa3 U
TOJIKO Ha MEPBOM IlIare BBIBOJA; OCTAJIbHBIC MTPaBUIa TAKOBBI, UTO UX MpaBas 4acTh HE KOpoUe Jie-
BOMH, T. €. FpaMMaTHKa HEyKOpaYMBAIOIIIAsl.

3) I'pammatuka

S —> AL|BL

A —alBa

B — b |Bb|Ab
JICBOJIMHEIHAS; OHA TMOPOXKIAET PETYJSAPHBIA S3BIK, COCTOSIIMN M3 BCEX HEMyCTBHIX IEMOYEK
B andaBuTe {a, b}, 3aKaHIMBAIOIINUXCS CUMBOJIOM | (MapKkep KOHIIA) ¥ HE COJCPIKAITUX MOAIETOY-
Ky aa. To ecTh B IETIOYKaX ATOTO SI3bIKa CUMBOJ @ HE MOXKET BCTPEUAThCS JIBA pa3a MOAPSI, XOTS
OBI OJTMH CUMBOJI b 00s13aTE€TLHO MIPUCYTCTBYET MEX Ty JHOOBIMHU ABYMs a. C MOMOIIBIO TEOPETHKO-
MHOKECTBEHHOM (pOPMYJIbI JAHHBIHA A3BIK OIUCHIBACTCS TaK: {0l |® € {a, b}, aa ¢ o }.

KOHTEKCTHO-CBODOOAHbIE

4) I'pammaTuka
S — aQb | acch
Q0 —caSc
ABJISIETCA KOHTEKCTHO-CBOOOJHOMN (HeykopaunBaromieil) u mopoxnaer KC-a3pik {(ac)” (cb)" | n >

o o n;n
0}, KOTOPBIH, KaK U BCTPEUABLIMICSA HAM paHee si3bIK {a b | n > 0}, He ABISETCS PETYIISAPHBIM, T. €.
HE MOXXET ObITh TOPOX/IECH HU OJHOW PETYJISIPHON IpaMMAaTHKOM.

5) 'pammaTtuka
S — aSa|bSh|e

%
nopoxaer KC-sm3bik {xx*, xe{a, b} . Jlannbiii 13bIK He ABIACTCA PEryIspHbIM. |'paMMaTHKa He
YIIOBJIETBOPSIET OIPEIEICHUIO HEYKOPauYNBAIOIIeH, HO JUIsl Hee CYIIECTBYET SKBUBAJICHTHAsI HEYKO-
pauunBaronias rpamMmmaruka (cM. yreepkaeHue 2). [IpuBenem takyro rpaMMaTHKY:
S —Ale
A — ada | bAb | aa | bb
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HeykopayumBawLMe U KOHTEKCTHO-3aBUCUMbIE

6) 'pammaruka:

S  —aSBC|abC
CB — BC
bB — bb
bC — bc

cC — cc

HeyKOpauMBamoas ¥ nopoxaaer s3uik {a"b"c” |n >0}, KoTopblil ABIsSETCA A3BIKOM TUMA 1, HO HeE

SIBIISICTCS I3BIKOM THIA 2 (3TOT (haKT JOKA3BIBACTCS C MOMOIIBIO «JIEMMBI O pa3pacTaHUH IETIOYCK
KC-s3pikay [3, 1.1]).

[IpaBuno CB — BC He ynonetBopsieT onpenenenuto K3-rpammartuku. OaHako, 3aMEHUB
3T0 mpaBuwio Tpems HoBbiMu CB— CD, CD — BD, BD — BC (noGaBisieM HOBBIH cuMBOI D B
MHOKECTBO HETEPMHUHAJIOB NN ), Mbl IOJYYUM SKBUBAJIIEHTHYIO CEPHUI0O KOHTEKCTHO-3aBUCHUMBIX IIpa-
BUJI, KOTOpBIE MEHSIOT MecTaMu cuMBOJIbl C 1 B. Takum oOpa3oM, rosryyaem 3KBUBaNEeHTHYI0 K3-
rpaMMaTHUKYy:

S —aSBC|abC
CB — CD
CD — BD
BD — BC
bB — bb
bC — bc
cC — cc

Bes orpaHnyeHunn Ha sua npasun (tun 0)

7) B rpammatuke tuna 0
S -85
S§S — ¢
BTOPOE MPABUJIO HE YJOBJIETBOPSAET OTPAaHMUEHUSIM HEyKOpaunBarolel rpamMmmaTiki. CylecTByeT
0ECKOHEYHO MHOTO BBIBOJIOB B JaHHOUN I'paMMaTHKE, OJHAKO MOPOKIAeMbI S3bIK KOHEYEH U CO-
CTOUT U3 €AMHCTBEHHOM IETIOYKH: {€}.

Crnenmyromasi TpaMMaTHKa TaKKe HE SBJSICTCS HEYKOPAYMBAIOMICH WM TOPOXKIACT ITyCTOU
SI3BIK, TaK KaK HU OJHA TEepMUHAJIbHAs IIEMOYKa HE BBIBOAUTCA U3 S (A7 0003HAUEHUS IMyCTOTO
SI3BIKA MCIIOJIB3YeTCs & — 3HAK MTyCTOrO MHOXKECTBA):
S -85
S§S — SalS

3ameTum, 4To 3bIKU L= {€} U Lg=J (ycTOH S3bIK) MOTYT OBITH OIUCAHBI FTPAMMAaTH-

kamu Tumna 3. Kpome Toro, ormetum, 4to L. # Ly, Tak Kak Lg HE COACPKUT IeTOYeK BOOOIIe, a L,
— SI3BIK, COCTOSIIUIN U3 OJHOM LIEMOYKH (IycTas LIETIoYKa € MO ONpPEIEICHUIO paBHOIIPaBHA C OC-
TaJbHBIMU IIETIOYKaMU B aji(aBUTE).

8) ConepkaTelibHble MPUMEpPHl TpaMMAaTHK, MOPOKIAIOLIUX S3bIKM, HE MpUHAIJIEKAIINe
KJIacCy KOHTEKCTHO-3aBHUCUMBIX (TUN 1), HE MPUBOIATCS M3-32 UX TpoMo3akocTH. Hirke obcyxa-
€TCS1 JIMILIb BO3MOKHOCTb ITOCTPOEHUS TAKOW IPaMMaTUKH ISl OJTHOTO si3bIKa THmna 0.

Kak n3BecTHO, s13b1kH THIA 0 (PEKypCUBHO IEPEUUCIMMbIE MHOXKECTBA) MOXKHO 33]1aBaTh C
nomouipto pacnosHasateneii: HAM win MT. CymecTtByroT anroputmsl, nossossitomue no HAM
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OnemeHTbI TEopUM (hopMaribHbIX SA3bIKOB 1 FpaMMAaTHK / Mpumeps! rpaMMaTyik 1 S3bIkoB

ni MT nocTpouThs 3KBUBAJICHTHYIO IpaMMaTUKy Tumna 0, 3aJalOniyro TOT e SI3bIK, YTO U UCXOJ-
HBII paclO3HaBaTeNb.

ITycts 3aman HekoTOpBIN andaBuT. M3 TeOpuH alropuTMOB M3BECTHO, YTO MOXKHO IOCTPO-
uth HAM A4, Ha BXOJ KOTOpOMY TOAaeTcsl 3amuch Jirodoro anroputma (HAM) X B 3aganHoM anda-
BUTE, U AITOPUTM A 3MyJupyeT paboTy anroputrma X B MpUMEHEHHH K 3anucu X. MOXHO Taxxke
JOOUTHCS, 4TOOBI A 3aLUKIUBAJICS, €CIIM €My MOAANU Ha BXOJ| LIENOYKY, HE SIBJISIIOIIYIOCS MPaBUIb-
HOM 3aIUChI0 KaKOro-Inbo anroputma. Takum oOpa3oM, anropuT™ 4 OCTaHABIMBAETCS TOJBKO Ha
3alUCsAX CaMOIPUMEHUMBIX aJITOPUTMOB, & Ha BCEX JPYTHX BXOJax — 3alukiauBaercs. pyrumu
CIIOBaMH, A 3alaeT A3BIK 3aIMCEH CaMONPUMEHHMMBIX AITOPUTMOB, — 0003HAYUM JTOT A3BIK L.

CrienoBarenbHo, Lgejs MOXHO ONUCATH C OMOIIBIO rpaMMaTHKHU THmna 0.

ITokaxkeM, 4TO HE CyHIECTBYET IPAaMMATHKU THIA 1, KOTOpas MOPOXKIAET A3BIK Lgeyr . M3-
BECTHO, 4TO NpoOjeMa pacro3HaBaHUs Ui TpaMMaTHK TUMA 1 aaropuTMHUYecKd paspemmma. To
€CTh CYyIIECTBYET AJITOPUTM, KOTOPBIA ONpEAEseT, NPUHAMICKUT U 3aJaHHAs LENOYKa S3BIKY,
MOpOKIaeMoOMy IrpammaTukoil. IIpennonoxum, cymecTByeT rpaMMaTuka Tuna 1, moposkaaromas
A3BIK Lgejr. TOrI@ arOPUT™M PacIio3HaBaHuUs Ja€T OTBET Ul JIOOOM LIETMOYKH, SBIAETCS JIM OHA 3a-
MUCBhIO CaMOIIPUMEHUMOI'0 aIropuTMa win HeT. ViMeem mpoTHBOpeuHe C M3BECTHBIM (pakToM 00
QITOPUTMUYECKON HEepa3pelrMocTy MpobiaemMbl camonpuMeHuMocTd. Cie1oBaTenbHO, rpaMMaTH-

KU THIA |, MOPOXKIAOIIEH A3BIK Lgejr, HE CYLIECTBYET.

3ameyaHue 0 CBA3U Mexay SI3bIKOM 1 rpaMMaTUKON

B npuBencHHBIX paHee NMPUMEPAX Mbl YTBEPXKAAIHU, YTO 3aJaHHAs I'PaMMaTHKa MOPOKIACT
OIPEIIEICHHBIN SA3BIK UCXOMAS U3 HECTPOTUX PACCYXkKACHUM, UHTYUTUBHO, I10 COBOKYITHOCTHU IIPABUII
BbIBOJIa. BooO1ie roBops, cieayeT JoKa3blBaTh, YTO 3a/laHHAsl IpaMMaTHKa MOPOXKAAeT HY>KHBIN
a3bIK. J{71s1 3TOrO TpebyeTcs JoKa3aTh, 4TO B JAHHOM IpaMMaTHKe:

1) BoIBOmUTCA MH00as LEMOYKA, TPUHAAISKAIIAS SA3BIKY,
II ) HE BBIBOASITCS HUKAKUE IPYTHUE LIETIOUKH.

3amaua.
Jlokaszath, yTo TpaMmaTika (G C IpaBWJIaMH BBIBOJIA:

(1,2) § — aSBC|abC

3 CB — BC
@ bB — bb
3 bC — bc

© cC —cc
nopoxaer a3bIk L(G) = { a" b" " | n > 1}.

(B cko0Okax cieBa mpuBeeHa HyMepalusi 1Jis1 y100CTBa CChUIOK Ha MPaBUia).

Pewenue

nsn n
I') [IpuBeneM cxembl MOPOXKACHUS LIENIOYEK BUga a b ¢, n > 1 ¢ ykazaHueM Homepa Ipa-
BHJIa HAa KaXXA0M 1IIarc¢ BbIBOJAA.

Husin=1:S— 2 abC — (5yabc.
Jist n>1: S —(1, aSBC —(1) aaSBCBC — ... -y a" 'S(BC)" ' =, a"bC(BC)' ' -,
O aann_ ICn —4) anban_ZCn —> ... —>(4)anan" —>(5)a"bnch_ ! —(6) anbncccﬂ_z e 4
n;n n
6)a bec.
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OnemeHTbI TeEopuM thopMarbHbIX S3bIKOB 1 FpaMMaTHK / Pastop Lienouek

IT) Y3 mpaBwi cnenyer:

1. Hossle cumBodbI @, [b | B] u C MOSBISIOTCS TONBKO TIpH TpuMeHeHnu npasui (1), (2) B
paBHBIX  KOJMYeCcTBaX, T.€. B 000  ceHTeHUWanbHOM  (opme  Bcerna
paBHoe KoJu4ecTBO , [b | Bl u [c | C].

2. CumBoi B 3aMmeHseTcsa ToJbKo Ha b, a C — TOJBKO Ha cC.

3. TlosBHBIIMCH, TEPMHUHAIbHBIE CHUMBOJIBI YK€ HE MEHSIOT CBOEH IMO3UIMHU, T.€. B
000 CEHTeHIMATBHOU (hopMe CUMBOI @ Bcer/a JeBee Moowix [b | Bl u [c | C].

4. TlepBblii CHMBOJ b MOSBIISAETCS TOJIBKO MOCIIC TPUMEHEHHUS MpaBuia (2).

5. CumBon B 3amensiercs Ha b, TONBKO €clu cieBa OT B CTOUT b, T.e. BTOpOHU
CUMBOJ b TIOSBIAETCS TOJBKO HEMOCPEACTBEHHO CIpaBa OT TEpPBOro b, TpeTHid
b — HemocpeACTBeHHO cmpaBa oT BToporo b u T.a. IlpaBuno (5) mpumensercs
TOJILKO IIOCJIE TOr0, Kak HCYepliaHa BO3MOXHOCTb MPUMEHATH (3), HHaue
BbIBOA ~ He  OyneT  3aBeplleH  M3-3a  HalIW4Ms  NOJAUENOYkKH c¢B B
CEHTEHIIMAJIBLHOUN opMme.

W3 nyskToB 3, 4 u 5 cnenyer, uTo 000N CHUMBOJI b pacroiokeH Bcerjaa Jepee JH00ro
[c| C]. CnenoBarenbHO, B 11000W BEIBOAUMOM IIEMOYKE PaBHOE KOJIMYECTBO @, b U ¢; a Bceraa cTo-
WT JieBee, ueM b u ¢, b Bcerna CTOWT JieBee, 4eM ¢, T. €. JIFobasi [ernouka umeeT Bux a b'c”, uro u
TpeOOBAJIOCH JJOKA3ATh.

Pa36op uenoyek

Ilenouka B andasure 7 MPUHAIUICKUT S3BIKY, TOpoxkaaeMomy rpammatukou ( 7, N, P, S'),
TOJILKO B TOM CIJIydae, €ClIi CYIIECTBYET €€ BBIBOJ M3 HAYAJIILHOTO CHMBOJIA S 3TOW rpaMMaTHKH.
[Tpomuecc mocTpoeHus: TAKOTO BBIBOAA (@, CIIEAOBATENBHO, ¥ ONPEICICHHS TPUHAUICKHOCTH 11eTI0Y-
KI SI3BIKY) HasbiBaeTcs pasbopom v, TToCTpoeHHe BHIBOIA MOKHO OCYIIECTBIATE U B 0OPATHOM ITO-
psIIKEe: B HCXOIHOM IIETIOYKE MIIIEM BXOXK/ICHHE TIPaBOM YaCTH HEKOTOPOTO TpaBHiIa U 3aMEHSIEM €ro
Ha JIEBYIO YacTh (3TO HAa3bIBACTCSI CBEPTKOI), B PE3yJIbTaTe MCXOIHAS LEMOYKA «CBOPAYUBACTCS» K
HEKOTOPO# CEHTEHIMaTbHOW (hopMe, 3aTeM HJET CeyIollas CBepTKa M T. 1., IOKa He MPHIEM K
uenu rpaMmmatuku — S [Iporiecc pazdbopa Ha3bIBAIOT TAKKE AHATUZOM.

C mpakTHYECKOW TOYKH 3pEHUSI HauOOJBIINI MHTEPEC MPEICTABIACT Pa3dop M0 KOHTEKCT-
HO-CBOOOTHBIM rpaMMaTukaM. /X mopoxaaroieil MOIIHOCTH JOCTATOYHO JUIsl OMUCAHUs 00JIb-
IIEH YaCTH CUHTAKCHUYECKOW CTPYKTYPHI SI3bIKOB IIPOIrPAMMHUPOBAHMS, IS PA3JIMYHBIX MTOAKIACCOB
KC-rpammatuk uMEIOTCS XOpOIIO pa3pabOTaHHbIE MPAKTHUECKHU MPUEMIIEMbIE CIIOCOOBI PEIICHUS
3a1a4uu pazoopa.

PaccMOTpuM OCHOBHBIE TOHSTHSL W OIpeneieHMs, CBs3aHHble ¢ pazbopom no KC-
rpaMMaTHKe.

*
Onpenenenne:  BoiBOA  uenouku P e T m SeN B KC-rpammaruke

G=(T, N, P, §), Ha3pIBaeTCS J1e8bIM (1€60CMOPOHHUM), €CITA B ITOM BBIBOJIC KaXKIas ouepeHas
CEHTCHIIMAIbHAs (hopMa MOTydaeTCs U3 MPEAbIIYIICH 3aMEHOM CaMOro JIEBOTO HETEPMUHAIA.

8 o
) Pa3z0opom Takxke HA3bIBAIOT U PE3yJbTAT ATOTO MPOILECCA, T. €. BBIBOJ LIEMOYKH, MPEICTABICHHbIH (3a(uKCHpOBaH-
HBIN) KaKUM-HHUOYIb CIIOCOOOM.
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OnemeHTbI TeEopuM hopMaribHbIX S3bIKOB 1 FpamMMaTyK / Pasbop Lenoyek

%
Onpenenenue:  BeBOA  1memodku e T m SeN B KC-rpammaruke

G=(T, N, P, S ), Ha3bIBaeTCs npasvim (NpasocmopoHHUM), €CIIA B 3TOM BBIBOJIC KaXKIasi OYepe]i-
Hasl CCHTCHIIMAIbHAs (hopMa MoJTydaeTcs U3 MpeAbLIyIIel 3aMEHO caMoro MpaBoro HeTepMUHAIA.

B rpaMMaTukKe IJisd OI[HOf/i U TOM XKe OCIMOYKHU MOXKET OBITE HECKOJIBKO BBIBOJAOB, 3KBHUBA-
JICHTHBIX B TOM CMBICJIC, YTO B HUX B OJHUX U TCX KC MCCTAX MMPUMCHAKOTCA OJHU U TC KC IIPpaBUJIa
BbIBOJIa, HO B Pa3/JIM4YHOM ITOPSAAKE.

Hanpumep, nis nenouku a + b + a B rpaMMaTuke:
Gopr=(1a,b, +}, {S, T}, {S>T|T+S8;T—alb},S)

MOKHO ITOCTPOUTH BLIBOJBI:

1 S>T+S—>T+T+S—>T+T+T—a+T+T—a+b+T—a+b+a
2 S»>T+S—»a+S—-a+T+S—a+b+S—a+b+T—a+b+a
3 S»>T+S>T+T+S—>T+T+T—>T+T+a—>T+b+a—a+b+a

3nech (2) — 1eBOCTOPOHHMI BBIBOA, (3) — MpaBOCTOPOHHMM, a (1) HE ABISAETCS HU JIEBO-
CTOPOHHHUM, HH TPaBOCTOPOHHHM, HO BCE 3TH BBIBOJBI SIBJISIOTCS KBHBAJICHTHBIMU B YKa3aHHOM
BBIIIIE CMBICTIE.

Jnst KC-rpaMMaTk MOXKHO BBECTH yJ00HOE rpad)ndyecKkoe MpeACTaBICHNE BBIBOJAA, HA3bI-
BaeMO€ JEPEBOM BBIBOJIA, IPHYEM JJISl BCEX IKBHBAJICHTHBIX BHIBOJIOB JE€PEBbsS BBIBOJIA COBITAIAIOT.

Onpejenenne: OPHEHTUPOBAHHOE YIOPAJOUCHHOE  IEPEBO HA3bIBACTCH 0epesoM 6bl600d

(ummu oepesom pasdopa) ¢ KC-epammamuxe G =T, N, P, S ), eciu BbIIIOJHEHbI CIEAYIOIINE YCIIO-
BUS:

(1) xaxxmas BeplIMHA JAepeBa MOMeUeHa CHMBOJIOM M3 MHOKecTBa N U T U {g}, pu 3TOM
KOPEHb JIepeBa MOMEYEH CUMBOJIOM S; TUCThS — cUMBoaMu U3 7'V {e};

(2) ecnu BepiMHA iepeBa IOMEYEHA CUMBOJIOM A, @ €€ HENTOCPECTBEHHbIE IOTOMKH —

CUMBOJIaMHU a1, Ay, ..., Ay, TOE Kaxknaoe a; € T U N, To A — a,a;...a,, — TPaBUIO BBIBOAA
B 3TOM rpaMMAaTHKE;

(3) ecnu BepiIMHA JepeBa MOMEYEHA CUMBOJIOM A, a €€ HETOCPEACTBEHHBIN MOTOMOK I10-
MEYEH CUMBOJIOM €, TO 3TOT MOTOMOK €IMHCTBEHHBI U A — € — MpaBWJIO BHIBOJA B
9TOM rpaMMaTHKe.

Ha pucynke 2 n300paxeH npumMep AepeBa i LUENOYKH a + b + a B rpamMatuke Gy,

Onpenenenne: KC-rpammarruka G Ha3bIBA€TCS HEOOHO3HAUHOU, €CITH CYILIECTBYET XOTS Obl
onHa 1ienouka o € L(G), 1u1st KOTOpOH MOXET OBITh TOCTPOEHO JBa WK 00JIee Pa3IMIHBIX JICPEBh-
€B BBIBOJIA.

B npoTuBHOM ciiyyae rpaMMaTHKa Ha3bIBAETCSI OOHO3HAUHOU.

9
) VYHops10ueHHOCTh 03HAYAET, YTO MOPSAOK PACHOIOKEHUS IIOTOMKOB BEpIIMHEI cyliecTBeH. Hanpumep, nepeBbs

aﬂb N bRa

CHUTAIOTCS Pa3INIHBIMH.
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OnemeHTbI TeEopuM thopMarbHbIX S3bIKOB 1 FpaMMaTHK / Pastop Lienouek

Hannumne aByx nnum Gosiee epeBbEB BHIBOIa SKBUBAJICHTHO TOMY, UTO IIETIOYKA OL UMEET JBa
niu 0oJiee pa3HbIX JTEBOCTOPOHHUX (MM MPABOCTOPOHHKX ) BBIBOJIOB.

Puc. 2. Mpumep fepesa BbIBOAA B rpamMmaTiike Gexpr.

Onpenenenue: s3bIK, TOPOKIACMBIN TPAMMATHKOM, HA3BIBAETCS HEOOHO3HAYHLIM, €CITU OH
HE MOXET OBITh TOPOXK/ICH HUKAKOW OJTHO3HAYHON TPaMMAaTHKOM.

IIpumep HEOTHO3HAYHON TPAMMATHUKU:
Gif—then = <{if; thena elsea Cl, b}’ {S}’ Pa S >)

rne P={S — if bthen Selse S |if bthen S| a}.

B sroit rpammatuke s nienouku if b then if b then a else a MOXHO TIOCTPOUTH JIBa pa3-
JMYHBIX JepeBa BbIBOJIa, H300pakeHHBIX Ha pUCYHKE 3 (a, 0).

Onnako 310 He 03HAYAET, 4TO A3BIK L(Gjfspen) 00A3TENBHO HEOMHO3HAYHBIN. OOHApYKEH-

Has B Gjf.pen HEOAHO3HAYHOCTH — 3TO CBOMCTBO I'PAMMATHKH, & HE A3bIKA. J[JI HEKOTOPHIX HEOJ-
HO3HAYHBIX TPAMMAaTHK CYIIECTBYIOT SKBUBAJICHTHBIC UM OJHO3HAYHBIC TPAMMATHKH.

Ecnu rpamMmarrka WCIONB3yeTcs JUIS ONpeAClieHUS s3bIKa MPOTrPaMMHPOBAHHS, TO OHA
IOJDKHA OBITH OJTHO3HAYHOIA.

B mpuBeneHHOM BBIIIIE PUMEPE pa3HbBIE AEPEBbs BHIBOAA MPEATNOIAraloT COOTBETCTBUE else
pasHbIM then. Eciin TOTOBOPUTHCS, UTO else JOHKHO COOTBETCTBOBATH OJMKalIIeMy K HEMY then, U

HOANPABUTE TPAMMATHKY Gt shen, TO HEOMHO3HAYHOCTH OyIET yCTPaHEHA!

S —ifbthenS

if b then S' else S | a

S" —ifbthen S'elseS'| a

Puc. 3. [lepeBbs BbiBoga and «if b then if b then a else a» B rpammatiike Git.then.
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YrBep:knenue 8. [IpobGnema, mopoxkaaet nu nanHas KC-rpamMmMarvka OJHO3HAYHBIN SI3BIK
(T.e. CYHICCTBYCT JIM SKBUBAJICHTHAA el OJHO3Ha4dYHasa FpaMMaTI/IKa), ABJISICTCS aJITOPUTMUYCCKU HC-
pa3penmmMon.

bonee TOro, CIIpaBCAJIMBO CJICAYIOLICC.

Yr1Bep:kaenue 9. IIpoGnema, sBusercs nu ganHas KC-rpammaTtuka OZHO3HAYHOM, anro-
PUTMHUYECKH HEpa3pelnma.

ITonck oTBeTa Ha BONPOC, HEOJHO3HAUYHA WMJIM OJHO3HAYHA 3aJaHHas rpaMMaTHKa — 3TO
HCKYCCTBO MOMCKA IIETIOYKH C JBYMsI PA3JIMYHBIMU AEPEBbSIMU BBIBOJA, MM JI0KA3aTeIbCTBO TOTO,
YTO TAaKHUX IIETI0YEK HE CYIIECTBYET. YHHUBEPCAJIBHOIO CIIOCO0a pEIIeHHs 3TOW 3aqauu, K coxale-
HUIO, HET.

O)IHaKO MOKHO YyKa3aTb HCKOTOPLIC BHUBI IIPpaBUJI BbIBOAA, KOTOPBIC IMPUBOJAAT K HCOAHO-
10 o
3HAa4YHOCTH (HpI/I YCJIOBUH, YTO 3TH IPaBUJIda HEC ABJIAKOTCA TYIIMKOBBIMU ), T. €. JCUCTBUTCIIbHO HC-
IIOJIB3YIOTCA Ha KaKOM-HI/I6yI[I) miare BeIBOJAa TGpMHH&J’IBHOﬁ LOCIMOYKH U3 HAa4YaJIbHOT'O CI/IMBOJ’Ia)Z

B MIPUBOJIUMBIX cxemax o, B,y € (TU N )*

(1) 4> A4 |«

(2) A—AoAd|p

(3) A— ad|AP |y (3mech x0Ts Gbl 0/1HA U3 LIETIOYEK OL MK B HE MyCTa)
(4) A—ad|odpA ]|y

OTmeTHM, 4TO 3TO BCETO JIMIIL HEKOTOPHIC MA0IOHBL. Bee cuTyanuu, mpuBoasIne K HEO-
HO3HAYHOCTH, NIEPEUNCIUTh HEBO3MOKHO B CHITy YTBEpKJIeHUs 9.

IIpumep HeogHo3HauHOro KC-s13b1Ka:

L={a'b/c"|i,j,k>0,i=jwnmj=k}.

NHTYUTHBHO HEOJHO3HAYHOCTh L OOBSICHSIETCS TEM, YTO LEMOYKU C [ = JOJKHBI TTOPOXK-
JaThCsl TPYIION MpaBUil BBIBOJIA, OTJIMYHBIX OT MPaBUJI, MOPOKAAIOIINX IIeNoYku ¢ j = k. Ho Torna,
1o KpaifHel mMepe, HEKOTOphIEe U3 LETOUeK C i =/ = k OyayT MOpOXKAaThCsl 00EUMHU TpyIIIaMu Tpa-
BWI W, CJIEIOBATENbHO, OyIyT MMETh IO J[Ba pa3HBIX JepeBa BbIBOjAA. JloKa3aTeabCTBO TOTO, UYTO
KC-s13b1k L HEOIHO3HAuHBIN, puBeneHo B [3, T.1, ctp. 235-236].

O,I[Ha U3 I'paMMaTuK, NOPOKAA0OIIUX L, TaKOBa.

S — AB|DC
A —ad|e
B — bBc|e
C —cCle
D —aDb|¢

Ona HeOHO3HAYHA; OJTHO3HAYHBIX TPAaMMATHUK JUid L HE CyIIecTBYeT.
JlepeBo BBIBOJIa MOKHO CTPOUTH HUCXOOAWUM JTHOO 80CX00SAUUM CTIOCOOOM.

ITpu HuCXOAsIIEM pa3bope epeBo BbIBOJAa (POPMHUPYETCS OT KOPHS K JIMCThSIM; HA KaXKAOM
uiare JJis BEpILKHBI, TIOMEUYEHHON HETEPMHHAJIBHBIM CUMBOJIOM, MBITAIOTCS HAMTH TaKoe€ MPaBUIIO

10
) Kak n36aButhCs oT NIPaBWJI, HE yYacTBYIOUIMX B IIOCTPOCHHH BBIBOJOB, ITOKa3aHO B paszgene «IIpeobpasoBanms
rpaMMaTHK».
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BBIBO/Ia, YTOOBI UMEIOIUECS B HEM TEPMHUHAIBHBIE CUMBOJIBI IPOCLUPOBAIUCH HA CUMBOJIBI HCXO/I-
HOM (aHANM3UPYEMON) HETIOYKH.

Meroa Bocxosiero pazbopa OCHOBaH Ha OOpPaTHOM IMMOCTPOCHHH BBIBOJA C MOMOIIBIO
CBEPTOK OT MCXOJHOM IIEMOYKH K Iesid rpaMmMaTuke . [Ipu 3TOM JepeBo pacTeT CHU3Y BBEPX —
OT JIMCThEB (CHMBOJIOB aHAIM3UPYEMOM 1IEMOYKH) K KOpHIO S. Eciu rpaMmaTrka ofHO3HAYHAS, TO
MIpH TF0OOM CIIOCO0E MOCTPOEHUS OYAET MOIyYeHO OJHO U TO XKe IEPEeBO pa3dopa.

NMpeobpa3oBaHusa rpaMmmaTmk

B nekoroprix crnydasx KC-rpamMMaTtnka MOXET COAEpKaTh OECIOJIE3HbIE CUMBOJIBI, KOTO-
pble HE yYacTBYIOT B TIOPOXKJICHHH IIETIOUEK SI3bIKA M TIOATOMY MOTYT OBITh YJaJIeHbl U3 TpPaMMaTH-
KH.

Onpenesiende: cuMBOI x € U N Ha3bIBaeTCA HeOOCMUIICUMbIM B TPaMMAaTHKE
G=(T, N, P,S), ecnu OH He MOSBJISIETCS HU B OJHON CEHTEHIMAJIBHON OpMe ITON rpaMMaTHKH.

ANropmnt™M yganeHms HeaoCTUXKUMbIX CMMBOJIOB
Bxon: KC-rpammaruka G =(T, N, P, S),

Breixoa: KC-rpammaruka G'= (T", N', P', S'), He cofepxalas HEIOCTH>KUMBIX CHMBOJIOB,
1t kotopoit L(G) = L(G).

Merton:

LVy={S};i=1

2.Vi=Vi_yuix|xeTUN, A—oxBeP, AecV,_, 0,Be(TUN)}.

Ecmu V;#V;_|,10 i:=i+1 unepexomum K mary 2, usaue N':=V;nN; T =V,nT;
P’ cocrouT wu3 TmpaBUI MHOXECTBa P, cojaepXaluxX TOJBKO CHUMBOJBI H3 V;;
G :=(T",N,P',S).

Onpenenenne: cumBonl A € N HaspIBaeTcsl  OecnioowbiM B~ TpaMMaTUKe
%k
G=(T,N,P,S), ectu MmHOXecTBO {00 € T | A = o} mmycro.

Anroputm yaanenusa 6ecnnoaHbiX CUMBOJIOB

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

Brixon: KC-rpammatuka G'= (T, N', P', S), He coneprkaimias OeCIIOMHBIX CUMBOJIOB, IS
kotopoit L(G) = L(G").

Meton:

Crpoum mHO)ecTBa Ny, Ny, ...

1.Ny:=3,i:=1.

2Nj=N, jU{d| A—>aeP noaec®N,_,uT) ).

Ecau N;#N;_ |, 101 :=1i+ 1 u nepexoaum k mary 2, usaue N’ := N;; P' cOCTOUT U3 NpaBuI
MHOXeCTBa P, coepkamux Tojbko cumBodibl i3 N' U T; G':=(T, N', P', S').

Onpenenenue: KC-rpammatuka G Ha3bIBaeTCS npusedeHHoll, €cii B HEW HET HEeJIOCTH-
SKUMBIX U O€CIUIOIHBIX CUMBOJIOB.
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ANroputM NpmMBeaeHNs rpaMmMmaTmnku

1. O6Hapy>XHUBaIOTCS U YAAISIOTCS BCE OECTIIOIHBIE HETEPMHUHAJIBL.
2. OGHapyXUBaIOTCS U YAAISAIOTCA BCE HEAOCTH)KUMbIE CUMBOJIBL.

VY aneHne CUMMBOJIOB CONPOBOXKAACTCSA YAAJIECHUEM MPABUJ BBIBOJA, COACPIKAIIMNX 3TU CUM-
11)

BOJIBI.
3ameuanue

Ecnu B 3TOM anroputme npuBeneHHUs MOMEHATh MecTaMu Imard (1) u (2), To He Bcerjga pe3ysbTaToM

6yneT IMMpUBCJICHHAA r'paMMaTrKa.

JIns onmcaHus CHUHTAaKCHCA SA3BIKOB IPOTPAMMUPOBAHUS CTAPAOTCA HMCIIOIB30BaTh OJHO-
3HauHble IpuBeaeHHbIe KC-rpamMmmaTuki.

Hekotopsie nmpuMeHsieMble Ha TPAaKTUKE alropuT™Mbl pazdoopa no KC-rpammarukam Ttpedy-
10T, YTOOBI B FPaMMAaTHKaX HE OBLIO MPaBHII C MyCTOM MpaBoOi YacThio, T. €. uTo0bl KC-rpamMmaTuka
Obu1a HeykopouuBatomie. [Ins o060t KC-rpaMMaTuky CyniecTByeT 3KBUBAJEHTHas HEYKOpadu-
Barolas (CM. yTBepxKaeHue 2).

Hwxe mpuBoauTcst anroputM, Mo3BOJsioNmui mpeobpa3oBath mo0yio KC-rpammatuky B
HeyKopaunBarlly. Ha mepBoM miare anropurma CTpOUTCS MHOXKECTBO X, COCTOSIIEE U3 HETEp-
MMHAJIOB I'PaMMAaTHKH, U3 KOTOPBIX BBIBOJAMMA ITycTas Lernodka. [loctpoeHue 3Toro mMHoxkecTBa
MOXHO TPOBECTH MO AaHAJIOTHHM C IaraMd aJropuTMa yJaJleHHs OECIUIOAHBIX CHMBOJIOB:

%
Xy ={A4|(Ad—e)eP};i=2; Q)X;j={A|(Ad—a)e Pua e X;_; } UX;_. Janee, noka
X; # X;_ | yBenuuuBaeM [ Ha equHUILy U nioBTopsiem (2). Ilocnennee X; — muckoMoe MHOXKECTBO X.

ANroput™M yCTpaHeHusa npasuil ¢ NyCTOW NpaBon YaCTbi

Bxon: KC-rpammatuka G =( T, N, P, S).
Breixon: KC-rpammatuka G'=( T, N', P, §"), G' — neykopauuBatomas, L(G") = L(G).

Meron:
1. IToctpouth MHOXKECTBO X = {4 € N|A =€} ; N:=N.
2. Iloctpouts P', ynanus U3 MHOKECTBA IpaBUi P Bce IpaBuila ¢ IMyCTOM IIpaBOi 4acThIO.
3. Ecou § € X, To BBeCTH HOBBIM HayaJabHBIA CUMBOII S’, 100aBUB €ro B V', 1 B MHOKECTBO
npaBwiI P’ no6aButh npaBuiio S'— S | €. Hade npocTo nepenmenoBats S B S
4. N3menuts P’ CJIEIYIOLUM o0pazom. Kaxnoe IIPaBUIIO BHJIA
B — ay410045...0,4,0, , ,tie A; e Xmnai=1,...,n, 0 € (N -X) U T)>k msii=1,.,n+1(T. e
0L; — IETI0YKa, He COJEpIKaIasi CUMBOJIOB U3 X ), 3aMEHHTb 2" MpaBUIAMH, COOTBETCTBYIOIIIMU
BCEM BO3MO>XHBIM KOMOMHAIIMSIM BXOXKJIECHUN A; MEXKITY O ;:
B — oq0...00,00, ,
B = 040,...00,4,0, ,

B = 0004...0,4,0,
B — o1d1004;...00,A4 00, 4

" Ecnu HauanbHblil cHUMBON S — GecronesHblil B rpaMMaTHKe, TO TPAMMATHKA MOPOXK/IAET MyCTOH A3bIK. MHOXKECTBO
P niocne nmpuBeneHns Tako TpaMMaTHKA OyAeT IMyCTBIM, OTHAKO S HE CIeqyeT YOalusaTh u3 IV, Tak Kak andaBut N He
MOXET OBITh ITyCTBIM U Ha MOCJIEAHEM MECTE B YETBEPKE, 3aal0IIEH TPaMMATHKY, JOJKEH CTOSTh HETEPMHUHAI —
Ha4YalbHbIA CUMBOJL.
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| BeepeHue

3ameuanue
Ecnmn o;=¢ g Beex i=1, ..., n+ 1, To mony4uBIIeecs: Ha JAHHOM Iare MpaBujio B — & He BKJIIO-

YyaTh B MHOKECTBO P’

5. Ypanuth GecriioHble U HEOCTHKUMbIE CUMBOJIBI U TIpaBuiIa, ux coxaepxkamue. (Kpome
M3HA4YaJIbHO UMEIOMIMXCS (B HEMPUBEACHHOW IpaMMaTHKeE), OECII0Ie3HbIE CUMBOJIBI MOTYT BO3HHK-
HYTb B pe3yJIbTaTe 1aros 2—4).

3amMeuanmne

Ecnu npruMeHHUTh NaHHBIN alTOPUTM K PEryJisipHON (aBTOMAaTHOM) rpaMMaTHKe, TO pe3ysbTaToM Oyner
HEYKOpauyMBaIoIias peryssipHasi (aBToMaTHast) TpaMMaTHKa.

Hanee Be3ae, ecny HE OTOBOPEHO MHOE, OyaeM paccMaTpHBATh TOJBKO MPHUBEACHHBIE TPaM-
MaTHKH.

AnNeMeHTbI Teopuun TpaHcnsaumnmn

BBepneHue

B stom pazgene OyayT paccMOTpEeHbI HEKOTOPBIE alTOPUTMBbI U TEXHUUECKHUE PUEMBI, MTPH-
MEHsIEMbIE IIPU TIOCTPOEHUU TPaHCAATOPOB. [IpakTHuecku Bo Bcex TpaHCIATOpax (M B KOMIIMIATO-
pax, ¥ B UHTEpIpeTaTopax) B TOM WJIM MHOM BUJE NMPUCYTCTBYET OOJbIIAsl YaCTh NMEPEUUCICHHBIX
HUXKE MPOLIECCOB!

* JIGKCHYCSCKHI aHaJIN3,

* CHHTaKCHYCCKHU aHaJIHu3,

* CEeMaHTHYECKUM aHaIu3,

* TeHepanus BHyTPEHHETO MPECTABICHUS TPOTPAMMBI,
*  ONTHMH3AINA,

* TeHepanus O0BEKTHON POTrPAMMBI.

B KOHKpeTHBIX KOMOWIATOpaX MOPSIOK 3THUX IMPOIECCOB MOXKET OBITh HECKOJIBKO HMHBIM,
KaKHe-TO U3 HUX MOTYT OOBEAMHATHCA B OJHY (a3y, Apyrue MOTYT BBINOJHATHCS B T€UEHUE BCETO
npouecca KOMIWIALKMY. B nHTEepnpeTraTopax U MpU CMEIMIAHHOW CTpaTErny TPAHCISLUHN YaCTh ITUX
MIPOLIECCOB MOXET BOOOIIE OTCYTCTBOBATh.

B nanHOM pasznene Mbl paCCMOTPUM HEKOTOPBIE METOABI, UCIIOJIb3YyEMBIE ISl IOCTPOCHUS
aHAIN3aTOPOB (JIEKCMYECKOI'O, CHUHTAKCUYECKOIO U CEMAHTUYECKOI0), SI3bIK MPOMEKYTOUHOIO
MPEJCTAaBICHUS MTPOrPaMMBI, CIIOCOO TeHEepaluy MPOMEKYTOUHOM MTPOrpaMMBbl, €€ HHTEPIPETALIHIO.
N3naraemsle alropuTMbl U METO/IbI MIUTIOCTPUPYIOTCS Ha IPUMEPE MOJICIBHOTO MacKaIeno100HOro
sa3bika (M-s3p1ka). [IpuBonuTCs peanu3zanus B Buje nporpammsl Ha Cu++.

WNudopmanuio o Ipyrux METoAax, alfOPUTMaxX M MpUeMax, HCIIOJIb3YEMbIX MPU CO3TaHHH
TPaHCIATOPOB, MOKHO HaiTu B [1, 2, 3,4, 5, §].
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Pa36op no perynsipHbIM rpaMmmMaTukam

PaccmoTpuM MeTOABI M cpesicTBa, KOTOPbIE OOBIYHO UCIOMB3YIOTCS IPU OCTPOEHUH JIEKCH-
YECKUX AHAJIM3aTOPOB. B OCHOBE TaKMX aHAJIM3aTOPOB JIEKAT PETYJSAPHBIE IPAMMATUKH, [103TOMY
pPaccCMOTPHUM TpaMMAaTHUKH 3TOTO Kiiacca 0oJiee moapoOHO.

Coriaimenue: B JaJbHEHIIIEM, €CIM 0CO00 HE OTOBOPEHO, IO/ PETYJSIPHON TpaMMaTHKON
OyzaeM MOHUMATh JIEBOJMHEWHYIO aBTOMaTHYI0 rpaMMatuky G = (7, N, P, S') 6e3 mycThIX paBbIX
gacreii'”. HarmoMHIM, 9TO B TaKOit rpaMMaTHKe Kaxjaoe npaBuio u3 P umeer Bun A — Bt nubo
A—t, tnedA,BeN, teT.

Cornamenue: npeanooKUM, YTO aHAIM3UPYEMas LIENIOYKA 3aKaHYMBACTCS CIICHUATbHBIM
CUMBOJIOM | — NpU3HAKoM KOHYA YenouKu.

JUig TpaMMaTHK 3TOTO THUIMA CYIIECTBYET AJITOPUTM OIPEAEIEHUS TOTO, NMPUHAMIEKUT JIH
aHaIM3upyeMas Lenovka s3bIKy, IOPOKAAEMOMY 3TOM rpaMMAaTUKOH (areopumm pazbopa):

(1) mepBbIif CUMBOJ MCXOIHOW LIETIOUKH dd)...d, L 3aMEHsSeM HETEPMHUHAIOM A, ISl KOTO-
poro B rpaMMaTHKE €CTh IpPaBWJIO BbIBOJAa A — a; (IpyrMMH CJIOBaMH, NMPOU3BOJIUM
CBEPTKY TEPMHHAJIA @ K HETEPMUHAILY A )

(2) 3aTem MHOTOKpATHO (70 T€X MOp, MOKa He CYMTAEM MPU3HAK KOHIIA [[ENOYKH) BHITIOIHSI-
€M CIIeJYIOlIue IIark: MoJy4eHHbIN Ha MpeIblIyIleM I1are HeTepMuHal A U pacrioo-

JKEHHBI HEMOCPEACTBEHHO CIIPaBa OT HETO OYEPEAHON TEPMUHAI d; UCXOIHOU IENOYKHU
3aMEHSIEM HETEPMHUHAJIOM B, sl KOTOPOro B rpaMMAaTHKE €CTh IIPABUIIO BbIBOAA B —

Aa; (i=2,3, .., n);
DTO SKBUBAJICHTHO TMOCTPOCHUIO JiepeBa pa3dopa METOJOM CHHU3Y-BBEpX: Ha KaXKIOM IIare
JITOPUTMa CTPOUM OJIH U3 YPOBHEH B JiepeBe pa30opa, MOJHUMASICh OT JIUCTHEB K KOPHIO.
[Tpu paboTe 3TOro anropuT™Ma BO3MOXKHBI CIEAYIONINE CUTYAIIUN:

(1) mpouwnTaHa BCS IETMOYKA; HA KAXKIOM IlIare HaXOUJIach €MHCTBEHHAS HY)KHAsl CBEPTKa;
Ha TIOCJICTHEM IIare CBEpPTKa MPOU30IIa K CUMBOIY S. DTO O3HA4YaeT, 4TO MCXOHAS
Hernovka aid...a, L € L(G).

(2) mpouwnTaHa BCS IEMOYKA; HA KAKIOM IIIare HaXOWJIach SIUHCTBCHHAS HY)KHAsI CBEPTKA;
Ha MOCJEIHEM IIare CBepTKa MPOU30ILIa K CHMBOIY, OTJIMYHOMY OT S. DTO O3HAyaerT,
YTO UCXOIHAS [ETIoYKa ads...a, L ¢ L(G).

(3) Ha HEKOTOpPOM IlIare He HAIUIOCh HYXKHOW CBEPTKH, T. €. JIsl TIOJYyYEHHOTO Ha IMpebl-
IyIIeM Iare HeTepMuHala 4 M PacroOKEHHOTO HEIOCPEICTBEHHO CIpaBa OT HETO
OUYEPETHOTO TePMHUHAJIA ¢; UICXOJHOH IETTOYKH HE HANUIOCh HETePMUHANIA B, I KOTO-
poro B rpaMMaTHKe OBUIO OBI IPaBUIIO BBIBOJA B — Aa;. DTO 03HAYAET, YTO UCXOIHAS
nenoyka ajas...a,l ¢ L(G).

(4) Ha HEeKOTOpOM IIare paboThl ANTOPUTMA OKA3AJIOCh, UTO €CTh 00JIee OAHON MOIXOAIIeH
CBEPTKH, T. €. B TPAaMMAaTHKE Pa3HbIC HETCPMUHAIBI UMEIOT MPaBHJIa BBEIBOJIA C OJIMHA-
KOBBIMH TPABbIMH YacCTSMHU, M MOATOMY HEMOHSATHO, K KaKOMY M3 HHX MPOU3BOIHUTH
CBEPTKY. DTO TOBOPUT O HeOemepMUHUPOBAHHOCMU pa3bopa. AHAIN3 3TOW CUTyalluu
OyIeT aH HILKe.

JlonmycTuMm, 4To pa3z0oop Ha KaXkJJOM Il1are JeTepMUHUPOBAHHBII.

2 Mommoe OTCYTCTBHUE E-TIPABHJ B TPAMMATHKE HE ITO3BOJISCT OMUCHIBATH S3BIKH, COJIEPKAIIUE ITyCTYIO IEMOUKy. J{is
HAIKX [eJiel B JaHHOM pa3fielie 3TO OrPaHMYCHUE OMPABAaHO — MBI Oy/IeM MPHUMEHSTh aBTOMATHBIC IPAMMATHKH
JUTS ONMCAHUS U pa3dopa JEKCHYECKUX eIUHMI (JIEKCEM) S3BIKOB MPOrpaMMHUpOBaHMA. JIekceMbl HE MOTYT OBITh
MYCTBIMH.
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Jlyist Toro, 9TOOBI OBICTPEE HAXOIUTH MPABWIIO C MOIXOAIICH MPaBOi 4acThio, 3apuKCHPY-
€M BCE BO3MOXHBIE CBEPTKH (ITO OMPEAEIIeTCs TOJIbKO IPAMMATUKOW M HE 3aBHCHT OT BHJAa aHa-
am3upyeMoit 1ernoukn). ChaenaemM 3To B B BHJE TaONHIBI, CTPOKA KOTOPOW IMOMEUYEHBI HETCPMHU-
HaJIbHBIMH CUMBOJIaMU T'paMMATHUKHU, CTOHGLU:I — TCPMUHAJIbHBIMU. 3Hauenue KaXa0ro 3JICMCHTAa
TaOJHIBI — 3TO HETEPMHHAIBHBIH CHMBOJ, K KOTOPOMY MOXXHO CBEPHYTh Mapy «HETCPMHHA-
TEPMHHAI, KOTOPBIMH ITOMEYEHBI COOTBETCTBYIOIINE CTPOKA U CTOJIOETI.

Hanpumep, s neBonunenno rpammatiku G = ({a, b, L}, {S, 4, B, C}, P, §), rne

P:
S —>CL
C — Ab|Ba
A —a|Ca
B —>b|Ch,
Takas Tabnuia OyaeT BHITIISACTh CICAYONMM 00pa3oM:
a b L
C A B S
A — C —
B C — —
Ky _ _ _

3HaK «—» CTaBUTCS B TOM Clly4ae, €Cliv ISl Mapbl «KHETEPMUHAI-TEPMHUHAID) CBEPTKU HET.
Ho damie mHbopMaiuio o BO3MOXKHBIX CBEPTKaxX MPEICTaBISIIOT B BHIE Oudepammvl Co-
cmosanuil ([{C) — HEyTOPSTIOYCHHOTO OPUEHTHPOBAHHOTO MTOMEYCHHOTO Tpada, KOTOPBIA CTPOUTCS
CIEeYIOIINM 00pa3zoM:
(1) crpoum BepinHbI rpada, MOMeUeHHbIE HETEPMUHAIAMU TPaMMaTUKHU (I KaK0T0 He-
TEPMHHAJIa — OJHY BEpILUHY), U €€ OJHY BEpIINHY, IOMEUYEHHYI0 CHUMBOJIOM, OT-
JUYHBIM OT HETEPMHUHAIBHBIX, HarlpuMep, H. DT BepiiuHbl Oy/1eM Ha3blBaTh COCMOs-
Huamu. H — HadalbHOE COCTOSIHUE.
(2) coenuHsIEM 3TH COCTOSHUS JyTaMH I10 CJICAYIOIIMM MPaBUIIaAM:
a) JUIsl KQKJIOTO MpaBuiia rpaMMaTUKe Bujga W — ¢ coeuHsieM Iyrou cocrosiuus H
u W (ot Hx W) 1 noMedaeM Ayry CUMBOJIOM f;

0) ans kaxxaoro npasuna W — Vit coequnsiem ayroit coctosinust Vu W (ot Vk W) n
rnomeyaeM JyTy CUMBOJIOM f;

JluarpamMma coCTOSIHU#M st rpaMMaTHKU G (CM. IIPUMED BBINIE) N300paXkeHa Ha puc.4:

Puc. 4. lnarpamma cocTosHWIA Ans rpammaTiki Gieit.
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Anroputm pasbopa no auarpamme CoOCTOAHUN

(1) oOBsBIsSIEM TEKYIIMM Ha4YaJbHOE COCTOsSIHUE H,

(2) 3arem MHOTOKpaTHO (710 T€X MOp, MOKA HE CYMTAEM MPU3HAK KOHIIA IIETIOYKH ) BBITIOJIHS-
M CJICAYIOIUC maru: CYUTbIBaACM OqepeI[HOfI CHUMBOIJI HCXOI[HOﬁ LCIMMOYKH U ICPLCXO-
JIIM U3 TEKYIIETO COCTOSHHS B APYT0€ COCTOSIHUE TI0 IyTe, IOMEUYSHHON 3TUM CHUMBO-
JIOM. COCTOHHI/Ie, B KOTOPOC MBI ITPpH 9TOM IIOTTala€M, CTAHOBUTCSA TCKYILIIUM.

[Ipu paboTe 3TOro anropuT™Ma BO3MOKHBI CIEAYIOUINE CUTYaIMH (aHATOTHYHBIE CUTYalHsIM,
KOTOpPBIE BO3HUKAIOT IPU paz0ope HEMOCPEICTBEHHO 110 PETYJIAPHON IPAMMATHKE):

1) HpquTaHa BCA ICIIOYKA, HA KaXJOM IIarc¢ HaxoaujaaCb CAMHCTBCHHAA nyra, IIOMCUCH-
Has OYEPETHBIM CUMBOJIOM aHAJTU3UPYEMOU IIEMOYKH; B Pe3yJIbTaTe MOCIICTHETO mepe-
X0JIa OKA3aJIMCh B COCTOSIHMH S. DTO O3HAYAET, YTO MCXOJHAs LEMOYKa MPUHAIICHKHUT
L(G).

2) IIpounTanHa BCs IEMOYKA; HA KAXKIOM IIare HaXoWIach SIMHCTBCHHAS «HY)KHAs» AyTa,
B pe3ynLTaTe IOCJIICAHECTO 1IIara oKka3aJliCb B COCTOSIHHUH, OTIIMYHOM OT S 9TO O3Ha4acT,
YTO UCXOJIHAS IeTIouka He puHAIeKUT L(G).

3) Ha HekoTopoM mIare He HAILIOCH JAYTH, BBIXOISIIEH U3 TEKYIIETO COCTOSHUS M TIOME-
YEeHHOU OYCPCAHLIM aHAJIM3UPYCMBIM CUMBOJIOM. 310 O3Ha4yacT, 4TO UCXOJHAasd ICIIOYKa
He npuHaIexKuT L(G).

4) Ha HexkoTopoM mare paboThl aIrOpPUTMa 0Ka3ajloCh, YTO €CTh HECKOJIBKO YT, BHIXOMS-
IIUX W3 TEKYIIEro COCTOSIHHS, MOMEUYEHHBIX OYEpPEIHBbIM aHATU3UPYEMBIM CHMBOJIOM,
HO BEIYIIUX B pa3Hble COCTOSHUS. DTO TOBOPHUT O HedemepMUHUPOSAHHOCMU pa3oopa.
AHanm3 3Tol cutyaruu OyAeT MPUBEICH HUXKE.

JluarpaMMma COCTOSIHMM OIIpElEesieT KOHEUHBIM aBTOMAT, IIOCTPOCHHBIM IIO PETYJISIPHOU
IPaMMaTHKE, KOTOPBIHA JOIyCKAaeT MHOYKECTBO LIETIOUEK, COCTABIIAIOIINX S3bIK, ONPEACIAEMBbIN dTOM
rpammatukoil. Cocrostaus u nyru JIC — 310 rpaduueckoe u3odpaxeHne GpyHKIUH Iepexo10B KO-
HEYHOI'0 aBTOMATa U3 COCTOSHUS B COCTOSIHHUE IIPU YCIIOBUH, YTO OYEPEIHOU AHATU3UPYEMBIM CHM-
BOJI COBMAJIA€T C CUMBOJIOM-METKOM nyru. Cpeau BceX COCTOSHHUM BBIIENIAETCS HadalbHOE (CUMTa-
€TCsl, UTO B Ha4aJbHBbIH MOMEHT CBOEH pabOThl aBTOMAT HAXOAUTCS B 3TOM COCTOSIHMM) U 3aKJIFOUU-
TeJIbHOE (EC/IM aBTOMAT 3aBeplIaeT paboTy MEepPexoJOoM B 3TO COCTOSHHE, TO aHAJIU3Upyemas Ie-
nouka uM gomyckaercs). Ha JIC aTu cocTosiHMsI 0OTMEYaroTCs KOPOTKMMHU BXOJSLIEH U COOTBETCT-
BEHHO UCXOJALIEH CTPEJIKAMM, HE COEJUHEHHBIMU C IPYTUMH BEPLIIMHAMM.

Onpenenenue: oemepmunupogannwiii koneunviti asmomam ([{KA) — 3to narepka ( K, 7, 9,
H, S), rne

K — KOHEYHOE MHOKECTBO COCTOSHHIA;

T — KOHEYHOE MHOYKECTBO JIOIyCTUMBIX BXOJHBIX CHMBOJIOB;

d — oroOpaxenue MHOkecTBa K x T B K, ompenensioliee MoBeJeHUE aBTOMATa;

H € K — HaganpHOE COCTOSHIUE;

S € K — 3aKII0uMUTeNbHOE COCTOSIHUE (JIMOO0 MHOXKECTBO 3aKIIOUYUTEIBHBIX COCTOSHUM

ScK).
3ameyaHunsa kK onpeaenenunio KA:

(1) 3akmrountensHbix cocTostHU B JIKA MOXeT ObITH OOJiee OHOTO, OJHAKO IS JTF0O0TO
PEryJISIPHOTO SI3bIKa, BCE LIEMOYKH KOTOPOTO 3aKaHYMBAIOTCS MapKepoMm KoHua (Ll), cy-
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mectByeT [IKA ¢ eIMHCTBEHHBIM 3aKJIIOYUTEIBbHBIM COCTOSHUEM. 3AMETUM TaKXe, 4TO
JAKA, mocTpoeHHBI N0 PEryJsipHOM IrpaMMaTHKE PAacCCMOTPEHHBIM BBIIIE CIIOCOOOM,
Bceraa OyJIeT UMETh €AMHCTBEHHOE 3aKJIFOYUTEIIBHOE COCTOSTHHE S. 13)

(2) Orobpaxenue o: K x T — K Ha3pIBaOT (hyrkyueli nepexooos JIKA. d(4, t) = B o3Hada-
€T, YTO U3 COCTOSIHUA 4 TI0 BXOJAHOMY CUMBOJY { TPOUCXOAMT MEPEXO] B COCTOsSHUE B.
WNHuorma & ompenensiroT Jmims Ha moaMHOkecTBe K x T (wactmuHas (yHKuus). Ecmu

3HaueHue O(A, ) He ONpPEEICHO, TO aBTOMAT HE MOYKET JajbIIe MPOI0JKATh paboTy U
OCTaHABIIMBACTCS B COCTOSIHUU «OITHOKAY.

Onpenenenune: [IKA donyckaem yenouxy aa;...a,, eciu o (H, ay) = A1; 0 (41, a2) = A4z ...

;0 Ap-2an-1)=A4p-1:0A-,ap)=S,tnea;el,4;eK,j=1,2,...,n-1;i=1,2,..,n, H—
HayajJbHOE COCTOSTHUE, S — 3aKIIOYUTEILHOE COCTOSHUE.

Onpenenenue: MHOXXECTBO LieToYeK, aonmyckaembix JIKA, cocTaBiseT onpenenseMblii uM

A3bIK.

Jlna 6onee yaoOHOIM paboThl ¢ AUarpaMMaMy COCTOSTHUI BBEJEM HECKOJIBKO COTJIAIICHMIA:

* €CJM M3 OJHOTO COCTOSIHUSI B JIPYro€ BBIXOJUT HECKOJIBKO YT, HOMEUYEHHBIX Pa3HBIMU
CUMBOJIaMH, TO Oy/ieM H300paXkaTh OJIHY AyTYy, IOMEYas €€ CIUCKOM M3 BCEX TaKUX CHM-
BOJIOB;

" HCIOMCYCHHAaA Ayra 6y,[[eT COOTBCTCTBOBATH IIEPEXOAY IIPpU JIF000M CHUMBOIJIC, KPOMC TCX,
KOTOPBIMH TOMCYCHBI APYIUC OAYT'U, BBIXOOAIUC U3 3TOI'O COCTOAHUAA,

* BBEJEM COCTOsIHME OIMOKH (ER); mepexo.l B 3T0 COCTOsIHUE OyAET 03HayaTh, UTO UCXOJ-
Has LIETI0YKa S3bIKY HE MPUHAJUICHKHUT.

[To nuarpammMe COCTOSHMH JIETKO HANMCAaTh aHAIU3AaTOp ISl PEryJisspHOM rpamMmatuku. Ha-

npumep, i rpaMmatiku Grq = {a, b, 1}, {S, 4, B, C}, P, S ) ¢ npasunamu

P:
S —=CL
C — Ab|Ba
A —a|Ca
B —b|Cb

aHanmu3aTop OyJIeT TaKuM:

#include <iostream>
using namespace std;
char c; // Tekyuwmi cumBon

void gc ) { cin >> c; } // cuntaTb o4yepepAHO CMUMBON W3 BXOAHOM LENOYKM

bool scan_G ()

{

enum state { H, A, B, C, S, ER }; // MHOXeCTBO COCTOSIHWN

HetpynHo yka3ath 1 0OpaTHbIH c11oco0 — MOCTPOSHUSI IPaMMaTHKHU 110 TUarpaMMe COCTOSHUI aBToMara, — IpH-
4eM IOJIydHBIIascs TpaMMartika Oyner aBromaTHOW. Kakmoil ayre u3 HadanbHOTrOo coctosHust H B cocrosiHue W,
TIOMEUEHHOW CHMBOJIOM £, OyJIET COOTBETCTBOBATh MPABWIO W — f; KaXKJOH Ayre u3 coctossHus V' B coctosiaue W,
TIOMEUEHHOH CHMBOJIOM #, OyZIeT COOTBETCTBOBAThH NMpaBwiIo W — Vt. 3akiIrounTeNbHOE COCTOSIHUE S 00BSIBIISIETCS
HadaJIbHBIM CHMBOJIOM TPaMMAaTHKH.

Ecnu B BepmmHy H BXOIUT HEKOTOpas ayra (3TO BO3MOXKHO B IPOM3BOJBHO ITOCTPOSHHOM aBTOMATe), TO ajro-
pPUTM MOIOM(PUIUPYETCS TaK: KaXKJOU MyTre M3 HAYaIbHOTO COCTOSHUS H B COCTOsSHUE WV, TOMEUYEHHON CHMBOJIOM
t, Oy#eT COOTBETCTBOBAThH IpaBmio W —Ht, U B TpaMMaTHKy OOOaBIIeTCS MpaBmiIo H—¢; 3aTeM K MOCTPOSHHOM
rpaMMaTHKe IPUMEHSETCS AJITOPUTM YAAIEHHs PABUII C IIyCTBIMHU NPABBIMU YaCTAMH.
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[Mpumep pasdbopa Lenoyku

Paccmorpum paboty ananmuzaropa s rpamMmatuku G Ha mipumepe nenodku abbal. Tlpu
aHaJIM3e JaHHOW IENOYKH MOJIyYHUM CIIEeIYIONIYI0 MOCIeA0BaTeIbHOCTh iepexo 108 B JIC:

H—*>s4-—-tsC—tsBp—+35Cc—2L38

BcenomunM, uto kaxablil nepexon B JIC o3HavaeT CBEpTKY CEHTEHLIUANBHOM (POPMBI IyTeM 3aMEeHbI
B HEHl mapbl «HETEepMHUHAI-TepMUHaM» Nt Ha HeTepMuHal L, rae L — Nf mpaBUiio BbIBOJA B Ipam-
MaTHke. Takoe MpuMeHeHUe MpaBuiia B 00paTHYIO CTOPOHY OyJIeM 3alHChIBaTh C MIOMOIIbIO 00paT-
HOU cTpenku Nt «— L (oOpamieHue mpaBwia BbIBOJA). Torga MmoiyduM CIAEAYIONIYIO TOCIIEI0Ba-
TENBHOCTh CBEPTOK, COOTBETCTBYIOLLYIO iepexoaam B JIC:

abbal < Abbal < Cbal <~ Bal <~ CL « S

OTa nocnea0BaTeabHOCTh HE YTO HHOE, KaK oOpalieHue (IIpaBoro) BbIBOJA LEMOYKU abbal B rpaM-
MaTHke G. OHa COOTBETCTBYET IOCTPOCHHUIO JiepeBa CHU3Y BBEPX (CM. pHC. 5).

Puc. 5. MNMocTpoeHune aepeBa BbIBO4A CHU3Y BBEPX.

Pa3bop no npaBonNMHENHOW rpamMmmaTnke

[To quarpamMme coctosiHui (CM. puc. 4) MOCTPOUM TPABOJMHEHHYIO aBTOMATHYIO TpaMMaTH-
KY Ghighy CTEIYIONIUM CIIOCOOOM:

» HerepMuHasnamu OynyT coctosnus u3z JIC (kpome S );

* Ka)JIOH Jyre U3 COCTOSHUSA V' B 3aKITIOYUTENHEHOE COCTOSHUE S (MOMEUEHHON MPU3HAKOM
KOHIIa 1) Oy/eT COOTBETCTBOBATH MpaBujio V — 1;

* Ka)JIOH JyTre U3 COCTOSIHUSA V' B cOoCcTOsIHHE W, TOMEUEHHOW CUMBOJIOM f, OyIeT COOTBET-

CTBOBaTh IpaBwio V — tW;

14
* HayaJbHOE COCTOAHUE H 00BIBISETCS HaYaIbHBIM CUMBOJIOM rpaMMaTHKH ).

14 .~ oy .
) HerpynHo onmcaTs u 0OpaTHBIN anrOpUTM AJIS MPABOJIMHEIHONH aBTOMAaTHOW TPaMMAaTHKH, €CJIM BCE ee MpaBmia ¢
OJTHOCHMBOJIFHOH TIpaBo#i yacThio uMeroT BUR V' — L. Cocrosamsamu JIC OynyT HeTepMHUHAIIBI TPAMMATHKU H €Il
OJTHO CITEIHAJIbHOE 3aKII0UYUTENIFHOE COCTOSIHHE S, B KOTOPOE IS KaXKI0To ImpaBmiia Buaa V' — L mpoBoauTCs ayra
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Gright:< {aa ba J—}a {HaAa Ba C}9P3H>

P:
H — ad|bB
A —bC
C —>bBlad|L
B —aC

3ameTuM, 4T0 L(Gyign) = L(Gpepi), Tak KaK TpaMMaTUKK Giigpy B Gl COOTBETCTBYIOT OJIHOM U TOM
xe JIC (cm. puc. 4).

Paccmotpum paszbop nenouku abbal mo npaBoaMHENHON rpamMMmaTHKE G Ilocnemosa-
TEeNBbHOCTh Nepexo10B B JIC y1st 3TOM 1EMOYKH TaKOBa:

b b 1
H—> 4 >C >B—>C )
Ka)K)IHﬁ nepexoz[, 3a HCKIIOYCHUEM IIOCICOAHEIO, O3HA4YacT Tenepb 3aMeHy B CGHTGHHHaHBHOfI
(dhopme HeTepMUHAJIA HA TIAPYy «TEPMHUHAI-HETEPMHUHAI) C MOMOIIBI0 HEKOTOPOTO MpaBHJia BEIBOIA

rpaMMaTuky G,g,. B pe3ynbTaTe momydaem ciemyromuii (JIEBbIA) BBIBOJ, KOTOPBIA COOTBETCTBYET
[OCJEe10BaTENbHOCTH NIepexonoB B JIC:

H— aA — abC — abbB — abbaC — abbal
Takoi# BEIBOJ OTpa)kaeT MOCTPOCHHE JIEPEBA BHIBOJIA CBEPXY BHU3 (CM. pucC. 6).

Puc. 6. MocTpoeHue aepesa BbIBOAA CBEPXY BHU3.

O HepeTepMUHUPOBAHHOM pasbope

IIpu aHanu3e 1Mo JIEBOJIMHENHON TPaMMAaTHKE MOXKET OKa3aTbCsl, YTO HECKOJIBKO HETEPMHUHA-
JIOB UMEIOT OJIMHAKOBBIE IIPABbI€ YACTH, U MTO3TOMY HESICHO, K KAKOMY M3 HUX JIeJIaTh CBEPTKY (CM.
cuTyauuto 4 B onucanuu anroputma). [Ipu ananuse 1o npaBoJIMHENHOW IpaMMAaTHUKE MOXKET OKa-

u3 V, nomeueHHas npuzHakoMm koHua L. /lns xaxnoro npasuna Buaa ¥ — ¢ W npoBogutcs nyra uz V B W, nome-
YyeHHask CUMBOJIOM ¢. HaganbHbeiM cocTosiHueM B JIC OyneT HavanbHbBIH cuMBon H.
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3aThCsl, YTO HETEPMHUHAJI UMEET ABE MPABbIC YAaCTH ¢ OJUHAKOBBIMU TEPMUHAIIBHBIMU CUMBOJIAMH U
II0TOMY HESICHO, Ha KaKyl0 aJlbTEpHAaTUBY 3aMECHHUTh HETEPMHUHAI. B TepMuHax auarpammsl cO-
CTOSIHUM TH CHTYyallMM O3HAYaroT, YTO U3 OJHOTO COCTOSIHMS BBIXOAMT HECKOJBKO IYT, BEIYIIUX B
pa3HbIE COCTOSIHUS, HO IOMEYEHHBIX OJIHUM U TEM K€ CUMBOJIOM.

Hanpumep, nns rpammaruku G = ({a, b, 1}, {S, 4, B}, P, S ), rne

P:
S — AL
A —a|Bb
B —b|Bb

pazbop OyneT HeAeTePMUHUPOBAHHBIM (T.K. y HETEpMUHAIOB A U B €cTh OJMHAKOBBIE MTPaBbIC Yac-
™ — Bb).

Takoit rpamMaTike OyeT COOTBETCTBOBATh HEJACTEPMUHUPOBAHHBIN KOHEUHBIH aBTOMAT.

Onpenenenue: HedemepmMunuposanuvii Koneunwiii asmomam (HKA) — ato nistepka ( K, T,
d,H,S), rue

K — xoHEYHOE MHOKECTBO COCTOSHHM;

T — KOHEYHOE MHOYXECTBO JOIYCTUMBIX BXOJAHBIX CUMBOJIOB;

O — otoOpaxeHne MHOKecTBa K x T'B MHOKECTBO TIOJJMHOKECTB K

H c K — KOHE4YHOE MHOKECTBO HAa4aJIbHBIX COCTOSIHUN;

S © K — KOHEYHOE MHOKECTBO 3aKITHOYUTEIbHBIX COCTOSHUMN.

o(4, t) = {B1, Ba,..., B,} 03Ha4aeT, 4T0 U3 COCTOSIHUS A MO BXOJHOMY CHMBOIY ! MOXHO OCYIIECT-

BUTH Tepexo] B 0boe u3 cocrosHuil By, i = 1, 2, ..., n. Taxxke kak u KA, mr060it HKA MoxHO
MIPEICTaBUTh B BUE TaOIHIIbI (B OAHOM sueiike TaKOM TaOJIUIBI MOYKHO YKa3bIBaTh Cpa3y HECKOJb-
KO COCTOSIHUHM, B KOTOPbIE BO3MOKEH MEPEX0]l U3 33J]aHHOTO COCTOSIHUSI IO TEKYIIEMY CHMBOJIY)
nnu B Buae quarpammbl coctosiHui (J1C). B JIC kaxaoMy cOCTOSTHUIO M3 MHOXKECTBa K COOTBETCT-
ByeT BEpIIMHA;, U3 BEPIIMHBI A B BepIIMHY B BeneT ayra, MOMEYCHHAas CHUMBOJIOM f, €CIH
B €6 (4, 1. (B HKA u3 ogHOI BepmIMHBI MOTYT UCXOJIUTh HECKOJIBKO YT C OJIMHAKOBOW IMOMET-
KoM). Vcnewnviti nyms — 3T0O MyTh U3 HAYabHOW BEPUINHBI B 3aKIIOYUTENBHYIO; HOMEMKA nymu
— 3TO NOCJIEA0BATENBHOCTh TIOMETOK €ro OyT. A3wuik, ponyckaemsld HKA, — 310 MHOXkeCTBO mo-
METOK BCEX yCHEUIHBIX MyTeH.

Ecnu nauanpHoe coctosinue aBromata (HKA wunu JIKA) ogHOBpeMEHHO SBISIETCS U 3aKITIO-
YUTEJIBHBIM, TO ABTOMAT JIOMyCKAET MyCTYIO IIETOUKY €.

3ameuanue
ABTOMAT, IOCTPOEHHEBIH 10 PETYISIPHON rpaMMaTHKe 0€3 MyCTHIX MPABBIX YaCTeH, He JOITyCKAeT €.

Jlna moctpoenust pazdopa MO PEryJsIpHON rpaMMaTUKe B HEIETEPMHHUPOBAHHOM CiIydae
MOJKHO TIPEIJIOKHUTh aJITOPUTM, KOTOPBIH OyJer mepeduparh Bce BO3MOXKHbBIE BapUaHTBI CBEPTOK
(mepexo10B) OJMH 3a IPYTUM; €CIH LeNOoYKa MPUHAMIEKUT S3bIKY, TO OyneT HalJieH yCIeluIHbIN
IIyTh; €CIU KaXKJbIil U3 MPOCMOTPEHHBIX BAPUAHTOB 3aBEPIIUTCS HEyJaudel, TO LENOYKa SA3bIKYy HE
npuHaIeKUT. OHAKO TaKOM aJroOpUTM MPaKTHUYECKU HEeTpUeMIIeM, OCKOIbKY MpH nepedope Ba-
PHAHTOB MBI, CKOpPEE BCEro, CHOBA OKaXeMcs Tepesl MpooieMoil BIOOpa U, clie1oBaTeIbHO, Oyaem
HUMETh «JIEPEBO OTIIOKEHHBIX BAPUAHTOBY U IKCIIOHEHIIUATIBHBIA POCT CIOKHOCTHU pa3dopa.

OpauH u3 HauboJ1ee BasKHbIX PE€3yJbTAaTOB TEOPUH KOHCYHBIX aBTOMATOB COCTOUT B TOM,
4TO KJIACC A3BIKOB, ONPCACIACMBIX HCACTCPMUHUPOBAHHBIMU KOHCYHBIMU aBTOMATaMH, COBIAAacT
C KJIAaCCOM S3BIKOB, OIIPEACTIACMBIX JCTCPMHUHUPOBAHHBIMHY KOHCYHBIMHA aBTOMAaTaMHU.
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YrBep:knenue 10. Ilycts L — Qopmanpublii s3eik. Clienyromue yTBEpKIACHUS SKBHBa-
JICHTHBI:

(1) L mnopoxnaercs peryispHON rpaMMaTHKOM;

(2) L nomyckaercsa JIKA;

(3) L nomnyckaercsa HKA.

DOKBUBAICHTHOCTHh MyHKTOB (1) u (2) crieayer w3 pacCMOTPEHHBIX BHINIE AITOPUTMOB IO-
CTpOEHHSI KOHEUHOTO aBTOMATa IO PETyJISIpHON rpaMMaTHKe U 0OpaTHO — IrpaMMAaTUKH 10 aBTOMa-
Ty. OueBuaHO, uto U3 (2) ciemyer (3): MOCTaTOYHO 3amUcaTh BMECTO Kaxaoro mepexoma [IKA
O(C, a) = b sxBuBanienTHbIN emy mnepexon B HKA o(C, a) = {b}, nHauansHoe coctosiaue JIKA mo-
MECTUTh B MHOXKECTBO HauanbHBIX cocTtosiHuil HKA, a 3axmountensHoe coctosue JIKA momec-

TUTh B MHOXKECTBO 3aKI0UUTENbHBIX cocTossHui HKA. IIpuBoauMblil HUXKeE alropuT™M MOCTPOCHUS
JKA, sksuBanentHoro HKA, o6ocHOBBIBaeT 10, uto u3 (3) cneayer (2).

Anroputm noctpoeHna KA no HKA
Bxonx: HKAM=(K, T,6,H,S) .

Beixon: IKA M, = (K, T, 61, H,, S1), AOMyCKAIOIINI TOT e s3bIK, YTO M aBTOMAT M :

L(M) = L(M)).

Merton:

1. Dnementamu K, T. €. cocrossausiMu B JIKA, OyayT HEKOTOpBIE TIOJIMHOXKECTBA MHOKECT-
Ba cocrosinuii HKA. 3amerum, 4To B CHIIy KOHEYHOCTH MHOXecTBa K, MHOXKECTBO K| Takke KO-
HEYHO ¥ MMeeT He Gojiee 2’ SIIeMEHTOB, T7Ie § — MOMIHOCTD K.

[MogmuoxectBO {4, A2, ..., Ay} cocrosiHui U3 K Oyaem Il KpaTKOCTH 3alHChIBaTh Kak
A14,...4,. MuOXecTBO K| M TIepeXo/bl, onpeaesiomue GyHKau o), OyJaeM CTpOUTh, HAUWHAs C

cocrosinus Hy: Hy:= A14>...4,, tne Ay, Aa, ..., A, € H. [Ipyrumu ciioBamu, BCe HayaJbHbIE COCTOS-
aust HKA M obGwenunsitorcs B ogHo coctostaue H mms JIKA M. Jlo6aBisem B MHOKeCTBO K T10-
CTpPOEHHOE HavyallbHOE COCTOSsIHHME /| M TTOKa CYMTAaeM €ro HEPaACCMOTPEHHBIM (Ha BTOPOM IIIare OHO
paccMaTpuBaeTCs M CTPOSITCS OCTAIILHBIC COCTOSHUS MHOXKECTBA K|, a TaKyKe TIEPEeXOIbI O .)

2. Iloka B K| ecTh HEpaCCMOTPEHHBIN 3MeMEHT A A4>...A,,, «paccCMaTPUBAEM» €TI0 U BBITIOJ-
HSIEM JUISl KOKI0ro ¢ € T cneayromue 1eCcTBUs:
= Ilomaraem 0, ( 414>...4,, t) = B1B>...By, rne mna 1 <j <k 8 HKA 6 (4;, ) = B; nns Heko-
Topeix 1 <i<m. [lpyrumu cnoBamu, BiB...By — 3TO MHOXECTBO BCEX COCTOSHUN B
HKA, xyna M0oXHO TIEpeiTH 10 CUMBOIY f U3 MHOXXECTBA COCTOSHUN A1A4>...A,,. B KA
M, nonyvaercs N€TEPMUHUPOBAHHBIN MEPEXOA 10 CUMBOIY ¢ U3 COCTOSIHUS A1A4>...A,, B

cocrosiaue B1Bs...By. (Ecau k=0, To momaraem O ( A14z... Ay, t)=D).

= JloGaBusem B K| HOBoe cocTosiHue B1B;...By.

[Iar 2 3aBepiraercsi, MOCKOIbKY MHOKECTBO HOBBIX COCTOSIHUM K| KOHEYHO.

3. 3aKIIOYUTENBHBIME COCTOSIHUSIMU TTOCTpoeHHOTO JIKA M| 0OBSABISAIOTCS BCE COCTOSTHUS,
comepkamie B cebe XoTs Obl onHO 3akmountenbHoe cocrossane HKA M: Sy := {4,45.. 4, |
A1A4>... Ay € Ky, A; € S niis HekoTopsix 1 <i<m}.
3ameuanne

MmuosxecTtBo S| moctpoenHoro JIKA MoxeT cocTosTs Ooliee, 4yeM U3 oJHOTo 3eMeHTa. He mis Bcex pe-
TYJISIPHBIX 513bIKOB cyiiecTByeT JIKA ¢ eaMHCTBEHHBIM 3aKIIOYUTEIbHBIM COCTOSIHHEM (IPUMEp: SI3bIK
BCeX Liernouek B andasute {a, b}, comepxauux He Oojee IBYX CUMBOJIOB b). OfHAKO [UIs peann3anun

30



ONEeMEHTbI TEOPUM TPAHCNSALMM | Pasbop no perynsapHbIM rpaMmaTikam

aNrOpUTMa JICTEPMUHUPOBAHHOTO Pa300pa 3aKIIOUUTEIBHOE COCTOSHHUE JIOJDKHO OBITh €IMHCTBEHHBIM.
B TakoMm ciyuae W3MEHSIIOT BXOJIHOM SI3bIK, J00ABIIsisl MapKep L B KOHEI[ KXI0H 1ernoYKH (Ha IpaKTHKe
B pOJIM MapKepa KOHI[A LIEMOYKMA | MOXKET BBICTYNaTh NMPHU3HAK KOHIA (aiiia, CUMBOJ KOHIIA CTPOKU
WK Apyrue pazjaenurenu). BBoauTcs HOBoe cocTosiHE S, U Ul KaXI0T0 COCTOsIHUSL ) U3 MHOXKECTBa
S no6assiercst nepexo no cumBoiy L: 8y (Q, 1) = S. CocrosiHusi u3 Sy 60blie HE CUMTAIOTCS 3aKITIO-
YUTCJIbHBIMHU, a S OGBHBHXETCH CAUHCTBCHHBIM 3aKJIHOYUTCIBHBIM COCTOSHHEM. Tenepb 0 TakoMy
JIKA MOXHO MOCTPOUTH aBTOMATHYIO IPaMMAaTHKY, JOIMYCKAOIIYIO ICTEPMUHUPOBAHHBINA pa30op.

[TponmmocTpupyeM paboTy aJlrOpUTMa Ha IPUMEpax.
Ipumep 1. 3anan HKA M=({ H,A,B, S}, {0,1},0, {H }, {S} ), rne

O(H, 1)={B}
(4, 1)={B, S}
3(B,0)=1{4}

LM)={1001)"|n>1}. Junarpamma ans M u300paxeHa Ha puc.7.

Puc. 7. 1C onsa aBTomata M.

I'pammaruka, cooTBeTcTBYIOIAs M:

S — Al
A — B0
B —Al]l

[Moctpoum JIKA mo HKA, nonb3yschk MpeiokKeHHBIM alropuTMoM. HavallbHBIM COCTOSTHH-
eMm Oyner H.

01(H,1)=B
01(B,0)=4
o1(4, 1) =BS
01(BS, 0)=4

3aKII04YUTEIbHBIM COCTOSIHUEM NocTpoeHHoro JIKA sBnsiercst cocrosiHue BS.

Takxum obpazom, M, =( {H, B, 4, BS }, {0, 1}, 61, H, BS ). Jlnsg yno6cTBa nmepeuMeHyeM co-
crostHust B M, : BS obo3HavaeTcs Temeph Kak S, a B OTHOOYKBEHHBIX UMEHAX COCTOSIHUI BMECTO
MoAYepKUBaHUs ucnonb3yercs uHaekc 1. Torma M, ={ {H,, By, 41, Si}, {0, 1}, { d:1(H1, 1)=By;
81(B1, 0) = A1; 61(41, 1) = 815 81(S1, 0) = 41}, Hy, Sh).

I'pammaruka, cooTBeTCTBYIOMIAS M:

S1 —)All
A1 — 80| B0
Bl — 1

[TocTpoum nuarpammy cocrosiauii (puc. 8).
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Puc. 8. uarpamma coctostHuin M.

IIpumep 2. lana perynsapnas rpammaruka G=( 7T, N, P, S')
P:
S — Sh|Ada|a
A — Aa|Sb|b,
koTtopoit coorBercTBYeT HKA. C nomomsio npeodpazosanust HKA B JIKA noctpouts rpaMMartuxy,
110 KOTOPOH BO3MOXEH JACTEPMUHUPOBAHHBIN pa3oop.

Pewenue

[Toctpoum Pynkiuro mepexonos HKA:

O(H, a) = {S}
O(H, b) = {4}
34, a)= {4, S}
3(S, b)= {4, S}

[Tpouecc moctpoenus ¢pyukuuu nepexonos JAKA yao6HO n300pa3uTh B BUIE TaONIUIIbI, Ha-
YyaB €€ 3aM0JIHCHHE C HAYaJIbHOTO COCTOSHMS H, 100aBisisi CTPOKH ISl BHOBB MOSIBIISIFOIIMXCS CO-
CTOSTHUU:

CHUMBOJI a b
cocrosHme ~~__ | | | MOSIBUJINCH co-
& | TostHms Swu A,
H S A OHH paccMaTpu-
BalOTCI B  Clle-
S %) AS JYIOIINX CTPOKax
A AS % TaOJINALIBI
A4S AS AS
[Tepexonsr IKA:
Si(H,a)=S
Sl(ﬂa b) = 4
01 (S, b) =4S
01(4, a) = AS
61(@: a) = 14_S
61(14_55 b) = Iﬁ
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[Tepeobo3nauum cotostnusi: 4 —= A4, H = H, AS = Y, S = X. ]IBa 3aKI0unTEIBHBIX
coctosiHUs X W Y cBeleM B OJJHO 3aKJIFOUYUTEIBHOE COCTOSHUE S, HCIOJIB3Ysl MapKep KOHIA LIENoY-
ku L. [Tocne Takoit Mogudukanuu nonydaem JIKA ¢ eAMHCTBEHHBIM 3aKIHOYUTEIbHBIM COCTOSHU-
eM S u QyHKUuEH nepexooB:

oi(H,a)=X
Si1(H, b)=4
01X, b) =Y
o1(X, L) =S
di(4,a)=Y
i(Y,a)=Y
5i(Y,b)=Y
di(Y,L)=S8

ITo IKA ctpoum rpammatuky G, MO3BOJISIONIYIO BOCIIOIB30BATHCS aITOPUTMOM JCTEPMH-
HUPOBAHHOTO pazbopa:

G1I
— X1 | YL
— Ya|Yb|Aa | Xb

— a

Ao~

— b

B 3akmroueHue pasaciia O pEeryjisipHbIX A3bIKaX IMPUBCIACM IMPUMCP UCIOJL30BaAHUA aBTOMaA-
TOB B pCHICHUHN TCOPCTUYICCKUX 3aa4.

3anaua.

) n;n
JloKa3aTh, 4TO KOHTEKCTHO-CBOOOHBIN 136K L = { @' b | n >0} Heperynspen.

Hokazamenvbcmeo (OT MPOTUBHOTO).

[Ipennonoxum, uto 536k L perynspeH. Toraa cymectByeT koHneunblit aBromat ( JIKA wm
HKA) 4=(K,X,0,1,F), nonyckatomuii 5361k L: L(A)=L . ( Cormacuo yrBepxzacHuto 10, sro-
OO0l peryssipHbIi A3bIK MOKET OBbITh 33J1aH KOHEUHBbIM aBTOMAaToM). IIycTh uncio coctosHUi aBTO-
Mata A paBHO k (k> 0). PaccmoTpum 1ienouky d'b* e L. Tax xax L =L (4), dber (4). OT0 03Ha-
4aeT, 4TO B aBTOMare 4 €CThb yCHEIIHbIN MyTh 1 ¢ IOMETKOU a'p*
a a a a b N b b

)2 > P > > Py > Pr > Pis2 > > Doy > Poksi s

rne p, € Konai=1,...,2k +1. Tak xak B aBromMate 4 BCEro k COCTOSHHUIA, CPEMU P1, P2, ..., Pk + 1

HaiinyTea xoTs Obl 1Ba OJMHAKOBBIX. VIHBIMU cllOBaMHM, CYILECTBYIOT i, j, 1 <i<j <k, Takue uTto

a a
pi =pj. Takum obpa3om, y4acTox p; > > P; nytu T siBasiercst nukioM. Ilycrs nmHa
3TOro LUKJIa paBHa m (m > 0, Tak KaK LUKI — 3TO HEMyCTOM MyTh). PaccMOTpuM ycrnemHslil myTh
T', xoTopblii oTIMYaeTest 0T 7' TeM, YTO UMKIMIECKUH YYaCTOK p, ——>-++ ——> P, TIPUCYTCTBYET

B HEM ABaX/bl:

a a a

a a a — Nooo N Noeoo b cee
p——p——>——(p,=p;)—> PP, > P~ Pt
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k+mbk

[Tometkoit mytu T' siBisercs memouka ( . Ilockonbky 7' — yCHELIHBIA MYTbh,

a“""b* € L(A). Tax xax a“"b* ¢L, nonyuaem, uro L # L(A) . Dto nporusopeunt paseHct-

By L = L(A) . CnenoparenbHo, Ipeanonoxkenue o ToM, uto L perynspen, HeepHO [

PerynsipHole BblpaXXeHus

Kpome peryisipHbIX rpaMMaTHK M KOHEYHBIX ABTOMATOB, CYILIECTBYET €UIE OJUH LIUPOKO
UCMOJIb3YEMBI B MaTeMaTHUECKUX TEOPHSIX U MPHUIOKEHUAX GOPMATIN3M, 3a1al0LIUNA PEryIsipHbIe
SI3BIKM. DTO peryJssipHble BbIpakeHUs. OHM MO3BOJISIIOT OMMCATh JHOO0N pEryJsipHbIN SI3bIK HAJl 3a-

JAHHBIM an(aBUTOM, UCIIOJIB3Yys TPH BUAA omepanuii: + (oObeauHeHue), * (KOHKaTeHAIUs), *
(utepaums). )

Onpenenenue. [lycts L, L, L, — s3b1ku Hap andasutoM X. Toraa Oynem Ha3bIBaTh SI3bIK

Ly UL, ob6veounenuem sA3bIKOB Ly v Loy s3bIKk  Li*Lr= {o*y| ¢ € Ly, y € Ly} — xonkamena-
yueti (cyennenuem) sI3bIKOB L) U L, (COOEPKUT BCEBO3MOKHBIE IIETIOYKH, MOJIyYEHHBIE CLEIIIICHU-

.. i i—1
eM IenoveK u3 L ¢ uenoukamu u3 Ly); i-oti cmenenvio si3blka L Ha3oBeM si3bIKk L = L - L
. 0 * * L” .
s >0, L= {e}. 3ok L =), _, Ha30BEM umepayueti s3bIKa L.

Onpenenenue. [lycte X — andasuTt, HE copepKaluil CHMBOJIOB *, +, €, &, (, ). Onpene-
JM PEKYPCUBHO pezyisipHoe @vipadxcerue Y Haa alipaBUTOM X | PETyJISIpHBIN sI3bIK L(Y), 3a1aBac-
MBI ATUM BBIPOKCHUECM:

1) ae Xy {e D} ectb perymsipHoe Belpakenue; L(a) = {a} nnaa € T U {&}; L(D)=;

2) ecnu o U 3 — peryJsipHble BBIPAXKEHUS, TO:

a) (o) + (B) — perynspHoe BEIPaKEHHE; L(()+(PB))=L(a) UL(P);
6) (a)(B) — perymspHOe BbIpaKCHHE; L(()(B))=L(@)LP);
B) (B) — perymspHoe BhIpaKeHie; L(BH=(LP)):

3) Bce peryJsipHble BEIpRXKEHUS KOHCTPYUPYIOTCS TOJIBKO € TIOMOIIbIO IyHKTOB 1 1 2.

Ecnau cunrate, 4TO omepanus «+» MUMEET CaMbli HU3KUU IPUOPUTET, & ONEPALMS «*) —
HaUBBICIINH, TO B PETYJISIPHBIX BBIPAKEHUSIX MOXHO OITyCKaTh JIMITHUE CKOOKH.

IIpumepsI perynsipHbIX BhIpaXeHUil Haj andaBuToMm {a, b}:
a+b, (a+b),  (aa(ab)bb).

COOTBCTCTBYIOH_[I/IC SA3BIKU.
L(a+b)=1{a} U {b}={a b}

15) Onepanuio uTepaluy Ha3bIBAIOT TAKXKe 3Be3404K0i KiuHM, B 4eCTh yUeHOro, MpeaoxKUBIIEro PeryJisipHble BbIpa-
JKEHHS IS ONHCAHUS PETYIIPHBIX S3BIKOB. «PerysipHOCT» B Ha3BaHHU 3TOTO KIJIACCA S3BIKOB O3HAYAET IOBTO-
psIeMOCTh HEKOTOPBIX (h)parMeHTOB Iierodyek. Ha mpumepe auarpaMM KOHEYHBIX aBTOMATOB BHJHO, YTO ITOBTOpSsie-
MOCTh ()parMeHTOB OOYCJIOBIICHA HAIMYUEM IIMKJIOB B JAUarpamme.
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L((@+b))=1ab},
L( (aa (ab)*bb)*) = {eYU{ aax;bbaaxybb... x;pb | k> 1,x;€ {(ab)" | n>0} mnai=1, .., k}.

Cy11ecTBYIOT aJITOPUTMBl [TOCTPOCHUSI PETYJIIPHOTO BBIPAXKEHUSI MO PETyJISIPHOM rpaMMa-
THUKC WJIM KOHCYHOMY aBTOMATY U O6paTHI>I€ AJITOPUTMBI, ITO3BOJIAIOIINC Hp606pa30BaTI: BBIpaXKEC-
HHE B SKBUBAJICHTHYIO FPaMMATHUKy WJIM aBToMat [3].

Perynsipuble BbIpa)KeHHsI HCIIONB3YIOTCS AJISl OMHMCAaHUS JIEKCEM S3BIKOB IMPOrpaMMHUpPOBa-
HUS, B 3a7]a4ax PeNaKTUPOBaHHUS M 0OpabOTKM TEKCTOB; MOAXOMAST JJIsi MHOTHX 3a/lad CPaBHCHUS
M300paXKeHU W aBTOMAaTUYECKOTO MpeoOpa3oBanus. Pacmmpennbsie ux crnerudukanuu (dKBHBa-
JICHTHBIE TI0 OMHCATEeNIbHOW cujie, HO Ooiyiee ynoOHBbIEe ISl MPAKTUKK) BXOJSAT B MPOMBIIUICHHBINA
CTaHJApT OTKPBITHIX ONMEpanuoOHHBIX cucteM POSIX m B cocTtaB 0a30BBIX CPEACTB SI3bIKA MPO-
rpammupoBanus Perl.

3apgayum nekcmvyeckoro aHanusa

Jexcuueckuu ananuz (JIA) — 3T0 mepBwIid 3Tan mpoiecca Komnuisaiuu. Ha atom srare nu-
TEPBI, COCTABJIAIOIINE UCXOAHYIO IIPOrpaMMy, TPYIIIUPYIOTCS B OTAEIBHBIE JIEKCUYECKUE DIIEMEH-
ThI, HA3bIBAEMBIE JIeKCEMAMU.

Jlexkcndeckuil aHaIU3 Ba)KeH IJI IIponecca KOMIMIIIIHUU 110 HECKOJIBKHUM IIPUYNHAM!

a) 3aMeHa B porpaMMme HJIEeHTU(UKATOPOB, KOHCTAHT, OTPAHUYHUTENEH U CITY>KEOHBIX CIIOB
JIEKCeMaMHU JIeJlaeT MpeACTaBICHUE porpamMMbl Oosiee YI0OHBIM JUTsl TajibHEeHIen 00-
paboTku;

0) JeKCUYeCKUH aHalIM3 yMEHbILIAET JUIMHY IPOrpaMMBbl, YCTPaHAS U3 €€ UCXOJHOro Mpe-
CTaBJICHUS HECYIIIECTBEHHBIC MTPOOEIIbHBIE CUMBOJIBI U KOMMEHTAPHH;

B) eciu OyaeT u3MeHeHa KOAUPOBKA B UCXOIHOM IPEICTaBICHUH POrpaMMBbI, TO 3TO OT-
pa3uTCs TOJIBKO HA JIEKCUYECKOM aHaIU3aTopeE.
Bri6op xoHCTpyKIuii, KOTOpble OYIyT BBIACHATHCS KaK OTICIbHBIC JIEKCEMBI, 3aBUCHT OT
A3bIKa U OT TOUKH 3pEHUS pa3paboTYUKOB KOMOMWIATOPA. OOBIYHO MPUHATO BBIIEIATH CIEIyIOIIHE
THUIBI JIEKCeM: UICHTH(PHUKATOPBI, CITy>KEOHbIE CIIOBa, KOHCTAHThI U orpaHuyuTeny. Kaxmnoi nekce-
M€ CONOCTABJISIETCS Napa:

( mun_nexcemol, ykazameib_HA_UHDOPMAYUIO_O_Hell ).

Coryamenue: 5Ty napy Toxke OyZieM Ha3bIBaTbh JEKCEMOM, €ClIM 9TO He OyeT BbI3bIBATh He-
JIOpa3yMeHUM.

Takum 06pa3zoM, JEKCHUECKUI aHAIM3aTOp — 3TO TPAHCIATOP, BXOAOM KOTOPOTO CIIY>KUT
LIETI0YKA CUMBOJIOB, IIPEACTABIISIIONIUX UCXOAHYIO IIPOrpamMMy, a BBIXOJAOM — IIOCJIEI0OBATEIbHOCTb
JIEKCEM.

OueBUAHO, YTO JIEKCEMBI NEPEUUCIICHHBIX BBILIE TUIIOB MOXHO OMHUCATh C MOMOILBIO Pery-
JSPHBIX rpaMMaTuK. [I0CKONBKY JIEKCEMBI HE IMMyCThl, I OMUCAHMS JIEKCHYECKOT0 COCTaBa JI000ro
S3bIKa IPOrPAMMUPOBAHMSI JOCTATOYHO aBTOMATHBIX IPaMMaTHK 0e3 e-TpaBuJl.

Hanpumep, naenarudukarop (/ ) onuceiBaeTcs Tak:

35



ONEeMEHTbI TEOPUM TPAHCNSALMM | 3aaaum NeKcyeckoro aHanuaa

I—al|b|..|z|la|lb|..|Iz|I0]|I1]...|I9
Ilenmoe 6e3 3Haka (N):
N—O|1|..]9|NO|N1|..|N9 wurT. o

Jlnist rpaMMaTHK 3TOTO KJlacca, Kak MbI YK€ BUJEINH, CYLIECTBYET IPOCTOH U 3 HEKTUBHBII
QITOPUTM aHAJIN3a TOTO, NMPUHAMIEKUT JIM 3aJaHHasl LIETN0YKa SA3bIKY, IOPOKIAEMOMY dTOU IpaMm-
MaTuKol. OJTHaKO Mepe] JIEKCHUECKUM aHaIM3aTOpOM CTOUT OoJiee CIoXKHas 3a1aya:

* OH JIOJKEH CaM BBIJIEIUTH B UCXOJHOM TEKCTE LENIOYKY CUMBOJIOB, IIPEACTABIISAIOLLYIO

JIEKCEMY, U IPOBEPUTH NIPABUIIBHOCTD €€ 3aIHCH;
* 3a(UKCUPOBATH B CIIELUAIBHBIX TaOIUIAX AJIS XPAHEHUs pa3HbIX TUIIOB JeKceM (akT
MIOSIBJIEHHS COOTBETCTBYIOIIMX JIEKCEM B aHAJIU3UPYEMOM TEKCTE;

* peoOpazoBaTh LENOYKY CUMBOJIOB, IPEACTABIISIOIIUX JEKCEMY, B Mapy { mun_jaexcemul,

yKazamenb_HA_UH@opmayuio_o_Hel ),

*  YIaJUTh NPOOETbHBIC TUTEPHl 1 KOMMEHTAPHH.

JIy1st TOro 4TOOBI PEMIUTD 3TY 33]1a4y, OMUPAsCh HA CITOCOO aHaIU3a C MOMOIIBIO JUATPAMMBbI
COCTOSIHMI, BBE/IEM Ha Jyrax JOINOJHUTENIbHbINA BUJ IOMETOK — MOMETKHU-AEUCTBUS. Tenepp Kax-
nast nyra B JIC MOXeT BBITTISIAETh TaK:

@ H, bh,..1, :@
Dy; Da;...;Dy

CMBICI ¢; TPEKHUMN: €CJIH B COCTOSIHUU A 0YEPEAHON aHATM3UPYEMbI CUMBOJI COBMAAET C /;
JUTSE Kakoro-Jinbo i = 1, 2, ..., n, TO OCYIIECTBISICTCS TIEPEX0] B COCTOSIHUE B, TIPH 3TOM HEOOXOIH-
MO BBIIIOJIHUTG AekicTBusd Dy, Ds, ..., D,,.

3agauya. Ilo 3amaHHOI perynsipHO rpaMMaTKe, ONMUCHIBIOIICH Ie0e Yucio 0e3 3Haka, mo-
CTPOUTH JUATPaMMY C JCHCTBUSAMH IO HAXOXKECHHUIO U MeYaTH KBaJpara JaHHOTO YHCIIa.

S—NL
N—O|1|..]9]NO|N1|.|N9

Pewenue

[lepeBos uncia BO BHyTpeHHE MpecTaBieHne (MepeMeHHas n TUMa int) OyaeM OCyIeCTB-
JSTh MO cxeme ['opHepa: pacro3HaB ouepenHyro IUQpy YKcia, YMHOKAEM TEKyIlee 3HAUCHUUE 1
Ha 10 u qobGaBiisieM YHCIIOBOE 3HAYCHHE TEKYIIEH UMPHI (TEKYIIHH CUMBOJ XpPaHUTCS B TIEPEMEH-
HOW ¢ Tuna char). BctpeTuB Mapkep KOHIIA, TeyaTaeM KBajpaT yucia 7.

1

» S

cout << n*n;

n=n*¥10+c-"0%
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Jlekcnyeckum aHanusaTtop anga M-a3bika

OnncaHme moaenbHOro A3blka

P — program Dy; BL
D, — varD {,D}

D — 1{,1I}:[int| bool |
B — begin S {;S} end

S  — [:=FE|ifEthen S else S| while Edo S| B | read (I) | write (E)
E —E[=|<|>|!=]E|E

Er > T{+]|-|or]T}

T —F{[*|/|and]F}

F —I|N|L|notF|(E)

L — true| false

I — C|IC|IR

N — R|NR

C —>al|b|..|z|A|B|..|Z

R —0[1|2]...]9

3amevaHus K rpaMmmMmaTuke MoaesibHOro A3blka.

a)
6)

B)

3alKCh BHJA {0} O3HAYAET UTEPAIUIO LEMOYKH O, T. €. B MOPOKIAEMOMN IEMOYKE B
9TOM MECTE MOXKET HaXOAUThCS TN00 €, THOO o, TU00 oo, TUOO0 OLoLCL U T. 1.;

3anmuch BUAA [0 | B] o3HAYaeT, 4TO B MOPOKIAEMOM IIEMOYKE B 3TOM MECTE MOXKET Ha-
XOJIUThCS MO0 o, b0 [3;

P — 1nenb rpaMMaTUKY; CUMBOJI | — MapKep KOHIIa TeKCTa MPOrpaMMBl.

KOHTEKCTHbIE yCnoBuA:

Jlro60e uMs, HCIoNIBb3yeMOe B IPOrpaMMe, JOKHO OBITh OMMCAHO U TOJIBKO OJIUH pa3s.
B onepartope npucBanBaHus TUIIBI IEPEMEHHON U BBIPAKEHUS TOJKHBI COBIIAAATh.

B YCJIIOBHOM OIICpaTOpC U B ONCPATOPC HUKIIA B KAYCCTBC YCJIIOBHUA BO3MOKHO TOJIBKO
JIOTUYCCKOC BBIPAXKCHUC.

OnepaHnH onepanr OTHOIICHWA OOJI)KHEBI OBITH OCJIOYUCICHHBIMH.

Tun BeIpa’keHUS U COBMECTHMOCTb THUIIOB OIIEPAHAOB B BBIPAKEHUU OIPEACIAIOTCS IO
OOBIYHBIM MpaBUJIaM; CTAPIIMHCTBO ONEPAIMii 33 JaHO CHHTAKCUCOM.

B mo6omM mMecTe mporpaMmebl, KpoMe UASHTH(PHUKATOPOB, CIIY>)KEOHBIX CJIIOB U YUCEI, MOXKET
HaxOJIUTHCSI TPOU3BOJIBLHOE YHCIO TMPOOETIOB M KOMMEHTapHeB B (UTYPHBIX CKOOKax BUIa {
( 1r00bBIE CUMBONIBL, KPOME «}» U «L» ) }.

true, false, read u write — cimyxeOHble CIOBa (MX HENB3S NMEPEONPEACTATh, TaKKEe Kak
cTaHgapTHeie uaeHTudukarops! B [lackane).

Paznenurenu Mexny WACHTU(DUKATOPAMHU, YUCIAMH U CIYKEOHBIMU CIIOBAMHU YHOTPEOIIs-
I0TCS TaK ke, Kak B [lackane.
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[Tepeiinem kK MOCTPOEHUIO JIEKCHUYECKOTO aHAIM3ATOPa.

Bxon nmekcnyeckoro aHaim3aTopa — CUMBOJIBI HCXOJHOM MPOrpamMMbl Ha M-s3bIKe; pe3yJib-
TaT pabOTHl — MCXOHAs MPOrpaMMa B BUJE MOCIEOBATEIBHOCTH JEKCeM (MX BHYTPEHHETO Ipe-
CTaBJieHUs). B Hamem ciydae JieKCcMuecKUid aHanu3atop OyleT BBI3BIBATHCS, KOrja moTpedyercs
ouepeHas JeKCeMa NCXOIHOM MPOrpaMMBbl, IIO3TOMY PE3YJIbTaTOM PadOThI IEKCHUECKOTO aHAIN3a-
Topa OyJeT ouepeaHas JeKceMa aHAJIM3UPYEeMOl MporpaMmbl Ha M-s3bIKe.

Jlexcuyeckuil aHanuzaTop Ui MOJENIBHOTO s3blKa OyJeM co3daBaTh MO3TAMHO: CHaydaja
onuiieM Ha si3pike CH++ Kiacchl 00BEKTOB, KOTOpbIe OyIyT MCMOIb30BaThC MpH JIA, 3aTeM mo-
ctpoum JIC ¢ neHCTBUSMU JUIsl paclio3HaBaHUS U (POPMUPOBAHUS BHYTPEHHETO MPEICTABICHUS
nekceM, a 3ateM 1o JIC nanumeMm nporpammy JIA. OTMeTum, 4To MBI OyJIeM paccMaTpuBaTh OAHMH
13 BO3MOYKHBIX CIIOCOOOB NMPOEKTHPOBaHUS U peanu3auuu nporpammel JIA  Ha Cu++, ObITH MO-
JKET, HE CAMBI JIyUIIUH.

I'IpoeKTMpOBaHme KriaccoBou CTPYKTYpPbI NNEKCUYHECKOIo aHarnmaaTtopa

IIpencTaBpiaeHUE JEKCEM: BBLACIMM CIICAYIOIINEC TUIIBI JICKCEM, BBCAA CJIGI[yIOH_II/Iﬁ nepeyuc-
JIMMBIA THUTI JaHHBIX:

enum type_of_lex

! { !
§ LEX_NULL, // 0 §
! LEX_AND, LEX_BEGIN, .. LEX_WRITE, // 18 !
; LEX_FIN, // 19 ;
5 LEX_SEMICOLON, LEX_COMMA, .. LEX_GEQ, // 35 5
i LEX_NUM, // 36 i
i LEX_ID, // 37 i
! POLIZ_LABEL, // 38 !
§ POLIZ_ADDRESS, // 39 §
! POLIZ_GO, // 40 !
! POLIZ_FGO // 41 !
! 3 !

CopepxaTtenbHO BHYTPEHHEE IPEJCTaBICHUE JIEKCEM — 3TO Mapa (mun_jekcemsvl, 3HaAUe-
Hue_jiekcemyl). 3HAYEHUE JIEKCEMbl — 3TO HOMEpP CTPOKU B TaOJMIIE JEKCEM COOTBETCTBYIOIIETO
KJlacca, cojepikaiieil nHPOpMalrio O JEeKCeMe, MM HEMOCPEICTBEHHOEe 3HaueHHEe, HalpHMep, B
Clly4ae LEeJbIX YUCEel.

Corantegre 00 MCIIOIB3YEMBIX TA0INIAX JIEKCEM:

TW — Tabnuna ciayxeOHbIX c10B M-s3bIKa;
TD — tabnuna orpannyuTeneit M-s3bika;
TID — Tabnmia uieHTUPUKATOPOB AHATUZUPYEMOU TIPOTPAMMBI;

Tabmuuer TW u TD 3anonsstoTes 3apaHee, T. K. KX COACPKUMOE HE 3aBUCUT OT MCXOJHOMU
nporpammbl; TID dhopmupyertcs B mporecce aHanus3a.

Heo6xonumble TabIUIBl MOKHO TPEACTABUTH B BHJIE OOBEKTOB, KOHKPETHBINM BUJI KOTOPBIX
MBI pPACCMOTPHUM UyTh M03KE, UM B BUAE MAaCCUBOB CTPOK, HAIPUMED, ISl CITY>KEOHBIX CIIOB.

Knacc Lex:
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class Lex
{
type_of_lex t_lex;
int v_lex;
pubTic:
Lex ( type_of_lex t = LEX_NULL, int v = 0)
{

t_lex = t; v_lex = v;

type_of_lex get_type () { return t_Tlex; }
int get_value () { return v_lex; }
friend ostream& operator << ( ostream &s, Lex 1 )

}

{
s << "(" << 1.t dex << ', << T.ov_lex << ") ",
return s;
}
3
Knacc Ident:
class Ident
{
char * name;
bool declare;
type_of_lex type;
bool assign;
int value;
public:
Ident ()
{
declare = false;
assign = false;
}
char *get_name ()
{
return name;
}
void put_name (const char *n)
{
name = new char [ strlen(n) + 1 1;
strcpy ( name, n );
}
bool get_declare ()
{
return declare;
}

void put_declare ()

{

declare = true;
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type_of_lex get_type ()

E { return type;

E 3oid put_type ( kind_of_Tlex t )
i type = t;

! }

i bool get_assign ()

E { return assign;

E 3oid put_assign ()

i { assign = true;

E %nt get_value QO

E { return value;

E 3oid put_value (int v)
E { value = v;

}

class tabl_ident

{
ident ¥ p;
int size;
int top;
public:
tabl_ident ( int max_size )
{
p = new ident[size=max_size];
top = 1;
}
~tabl_ident ()
{
delete [Ip;
}
ident& operator[] ( int k )
{
return p[k];
}
int put ( const char *buf );
b

int tabl_ident::put ( const char *buf )
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| for ( int j=1; j<top; ++j )
i if ( !strcmp(buf, p[jl.get_name()) )
| return j;

! p[top].put_name(buf);
| ++top;

| return top-1;

class Scanner

{
enum state { H, IDENT, NUMB, COM, ALE, DELIM, NEQ };
static char * TW[];
static type_of_Tlex words[];
static char * TD[];
static type_of_Tlex dims[];
state cs;
FILE * fp;
char C;
char buf[80];
int buf_top;
void clear ()
{
buf_top = 0;
for (int j =0; j < 80; ++j )
buf[j] = '\0';
}
void add ()
{
buf [ buf_top ++ ] = c;
}
int look ( const char *buf, char **1ist )
{
int i = 0;
while ( Tist[i] )
{
if ( !stremp(buf, Tist[i]) )
return i;
+41;
}
return 0;
}
void gc O
{
c = fgetc (fp);
}
public

41



ONEeMEHTbI TEOPUM TPAHCNSALMM | 3aaaum NeKcyeckoro aHanuaa

Lex get_Tlex Q;

Scanner ( const char * program )

{
fp = fopen ( program, "r" );
clear(Q);
9cQ;

}

| CS = H;

char * Sscanner::Tw[] =

{
" // 0 no3uuusa 0 He ucnonb3yeTcs
"and", // 1
"begin", // 2
"boo1", // 3
"do", // 4
"else", // 5
"end", // 6
"if", /] 7
"false", // 8
"int", // 9
"not", // 10
"or", // 11
"program", // 12
"read", // 13
"then",
"true", // 15
"var", // 16
"while", // 17
"write", // 18
NULL

b

char * Scanner:: TD[] =

{
" // 0 no3uumsa 0 He ucnonb3yeTcs
// 1
‘e, /]2
”1”1 // 3
// 4
/15
(" /6
", /] 7
// 8
< /]9
s // 10
" // 11
n-ny // 12
NN // 13
A // 14
"e=", // 15

_________________________________________________________________________________________________________________________

42



ONEeMEHTbI TEOPUM TPAHCNSALMM | 3ajja4n NeKcUYecKoro aHanuaa

tI=t, // 16
>=", /] 17
NULL

b
tabl_ident TID(100);

type_of_lex Scanner::words[] =

{
LEX_NULL,
LEX_AND,
LEX_BEGIN,
LEX_BOOL,
LEX_DO,
LEX_ELSE,
LEX_END,
LEX_IF,
LEX_FALSE,
LEX_INT,
LEX_NOT,
LEX_OR,
LEX_PROGRAM,
LEX_READ,
LEX_THEN,
LEX_TRUE,
LEX_VAR,

LEX_WHILE,
LEX_WRITE,
LEX_NULL

b

type_of_lex Scanner::dims[] =

{
LEX_NULL,
LEX_FIN,
LEX_SEMICOLON,
LEX_COMMA,
LEX_COLON,
LEX_ASSIGN,
LEX_LPAREN,
LEX_RPAREN,
LEX_EQ,
LEX_LSS,
LEX_GTR,
LEX_PLUS,
LEX_MINUS,
LEX_TIMES,
LEX_SLASH,
LEX_LEQ,
LEX_NEQ,
LEX_GEQ,
LEX_NULL

_________________________________________________________________________________________________________________________
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44

gc0);

i

—p——— P

>

S )
A
\__Ovkea v
clear(); add(); gc(); Jj= I?Ok(buf, ™), Lex(words[j],j);‘
unu j = TID.put(buf); Lex(LEX ID, j);
d=d*10+ (c="0"); ge();
unchna
" y
N\ uona »( NUMB ]
d: C—'O,; gc()’ U Lex(LEX_NUM d),
gc();
‘
N : COM ; ' /
gc(); ge();
J_
/\ 4
N =.<.> > ALE Y,
clear(); add(); gc(); Jj=look(buf, TD); Lex(dims[j], );
A
— /
add(); gc(); j=look(buf, TD); Lex(dimsl[J], j); 4
L > »
‘/\ Lex(LEX FIN); y
Y
! NEQ Y
&c(); 2c() ; Lex(LEX_NEQ);
\_ +,—,%,/,,,5,(,),= )

DELIM
v clear(); add(); gc();

J=look(buf, TD); Lex(dImsl[j], j);

Puc. 9. [1C ang MoaenbHOro A3blka.
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Ha puc. 9 npuBenena auarpamma COCTOSIHUM 111 MOAEIBHOTO S3bIKa. JIeKCMUueckui aHaimus
MOXET HpOBOIlI/ITBCSI HC3aBUCUMO OT HOCHCILYIOH_II/IX J9TaIlioB TpaHCJIHL[I/II/I. B 3TOM cnyqae HCXO,Z[HLIﬁ
(haiis ¢ TEKCTOM MPOTpaMMBbI MPEeoOpa3yeTcst B MOCIEIOBATEIHPHOCTD JICKCEM BO BHYTPEHHEM IpE/I-
cTaBJieHUU coryiacHo noctpoeHHoi [{C; 3areM 3Ta mocneoBaTeIbHOCTh MOJAETCs Ha BXOJl CUHTAK-
CHYECKOMY aHAJIU3aTOPYy.

Mpbl peaninzyeM Apyroi moaxoAd: JIEKCUYECKUH aHAIU3aTop BBIJAET OUYEPEIHYIO JIEKCEMY MO
TpeOOBAaHUIO CHHTAKCUYECKOTO aHAIIM3aTOpa M 3aTEM «3aMHUpPaeT», IOKa K HeMy He oOpaTsaTcs 3a
cnenytromei gekcemou. [Ipu takom moaxone aeiicteue Lex(k, [); B JIC o3nauaer return Lex(k, [);.
Kpome Toro, BMecTo mepexona B coctosinue omubku ER reHepupyeTcst HCKITIOYeHHE ¢ YKa3aHHEeM
CHUMBOJIa, KOTOPbIM MpuBEN K omnOo4yHON cutyauuu. [lepexBarbiBaThCsi U 00pabaThIBaTHCS HC-
KIIFOUeHHs OyyT HE B JIGKCHUECKOM aHAIM3aTOPe, a B OCHOBHOM Mporpamme, coaeprKaliell aHaiu-
3arop. OOpaboTKa UCKITFOYCHHUS COCTOUT B BBIBOJIC COOOIICHHS 00 OMMOKE M KOPPEKTHOM 3aBep-
HICHUH TIPOTPAMMBI.

Henocpencrsenno peanusyer JIA nmo IC ¢yukuus get lex():

Lex Scanner::get_lex ()

else if ( c == '@" )
return Lex(LEX_FIN);

o q
| int d, j; |
CS = H;
do
| { |
! switch ( ¢S )

! { i
i case H: i
| if Cc=="" 1] c="\n" || c=="\r" || c =="\t") |
E gc O; ;
| else if ( isalpha(c) ) |
| { !
! clear ); E
| add O; |
! gc O; !
; CS = IDENT; 5
! } !
; else if ( isdigit(c) ) |
| { |
| d=c-"'0"; !
| gc O; |
5 CS = NUMB; |
! } !
; else if (c== "{' ) ;
! { !
E gc O3 ;
! CS = COM; i
| } !
E else if (c== ":" || c== "<' || c== ">") i
5 { !
i clear O; |
; add O; i
; gc O3 !
; CS = ALE; !
| ) |
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else if (c=="1")
{

clear QO;

add O;

gc O;

CS = NEQ;
}
else

CS = DELIM;
break;

case IDENT:
if ( isalpha(c) || isdigit(c) )
{
add O;
gc O
}
else
if ( j = Took (buf, Tw) )
return Lex (words[j], j);
else
{
j = TID.put(buf);
return Lex (LEX_ID, j);
}
break;
case NUMB:
if ( isdigit(c) )
{
d=d*10+ (c - '0");
9cQ;
}
else
return Lex ( LEX_NUM, d );
break;
case COM:
if (c=="1}")
{
gc Qs
CS = H;
}
else if (c == '@" || c == "{" )
throw c;
else
gc Qs
break;
case ALE:
if (c=="=")
{
add O;
gc Q;
j = look ( buf, TD );
return Lex ( dims[j], j );

_________________________________________________________________________________________________________________________
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j = look (buf, TD);
return Lex ( dims[j1, j );

while ( true );

! } !
! break; |
| case NEQ: |
i if (c=="=") i
! { !
| add Q; |
| gc O; |
| j = look ( buf, TD ); ;
| return Lex ( LEX_NEQ, j J; i
! } !
! else !
i throw '!'; i
i break; i
; case DELIM: ;
| clear (; |
! add Q; ;
| if ( j = look(buf, TD) ) |
! { !
| gc O; ;
i return Lex ( dims[j], j ); i
: } :
i else i
| throw c; !
| break; |
! } // end switch !

CuHTaKkcu4yeckmm aHanus

Ha »Tane cuHTakCMYeCKOIro aHanm3a HYXXHO:

1) ycTaHOBUTH, UMEET JIH IEMOYKa JIEKCEM CTPYKTYPY, 3aJ1aHHYI0 CUHTAaKCUCOM SI3bI-
Ka, 1

2) 3aUKCUPOBATH ATY CTPYKTYPY.

CrnenoBarenbHO, CHOBA HAJ0 pelaTh 3a7ady paz0opa: AaHa Lenoyka JeKceM, U Hajo omnpe-
JIeJINTh, BBIBOAMMA JIM OHA B TpPaMMAaTHKE, ONpeAesIoneil cuHTakcuc si3pika. Eciu na, To nmoctpo-
UTh BBIBOJ] 3TOM LIENOYKHU WM AEPeBO BbIBOJA. OHAKO CTPYKTypa TaKUX KOHCTPYKLUI Kak BbIpa-
KEHHE, OMMCaHMe, ONepaTop U T.I., Oojee CIOXKHAsA, YeM CTPYKTypa WACHTU(PHUKATOPOB U YHCEIN.
[TosTOMy U1 ONUCAHUS CUHTAKCUCA S3bIKOB IPOrPAMMUPOBAHMS HYKHBI 00Jie€ MOIIHBIE FPaMMa-
THKH, 4eM peryiisipabie. OOBIYHO 1t 3TOro Ucnoib3yoT KC-rpaMmaTuky, npaBuia KOTOPBIX UMe-
orBund —o,rae4d e Nyae (TUN )*. I'pammaTuku 3TOrO Kjtacca, ¢ OHOM CTOPOHBI, II03BOJIS-
10T BIIOJIHE aJIeKBAaTHO OMHUCATh CUHTAKCHUC PEATbHBIX S3bIKOB IPOrpPaMMHMPOBAHUS; C IPYrOM CTO-
POHBI, TS pa3HbIX nmojakiaccoB KC-rpaMMaTHK MOCTPOEHBI JOCTATOYHO A(PPEKTHBHBIE AITOPHUTMEI
pazbopa.
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W3 Teopun CMHTaKCMYECKOTrO aHajn3a M3BECTHO, YTO CYLIECTBYET ajrOPUTM, KOTOPBIM IO
mro6oi nanHoi KC-rpaMmaruke ¥ TaHHOW IETOYKE BBISICHSET, MPUHAJICKHUT JIH 1IETI0YKa SI3bIKY,
MOPOXKIAEMOMY 3TOM rpammaTukoi. Ho BpemMs paboThl Takoro aaroputMa (CHHTaKCHYECKOTO aHa-
JU3a ¢ BO3BpaTamMu) 3KCIMOHEHIUAJIBHO 3aBUCUT OT JJIMHBI LEMOYKH, YTO C MPAKTUYECKON TOUKHU
3peHUsl COBEPIIEHHO HEMPUEMIIEMO.

CymiecTBytoT TabmuuHbie MeToAbl aHanu3a ([3]), mpumeHuMble KO Bcemy kiaccy KC-
rpaMMaTuK U Tpelyromue Uit pa3dopa menouek AauHbl 7 Bpemenu Cn” (anroputm Koka-SHrepa-
Kacamn), rie C — koHcTaHTa, 160 Cn’ (amropurt™ Dpiu). VX pa3syMHO IPHMEHSITh TOIBKO B TOM
cllydae, €ClH JUIsl MHTEPECYIOIIEro Hac S3bIKa HE CYILECTBYET IPAMMATUKH, [10 KOTOPOH MOKHO I10-
CTPOUTDH AHAJIU3ATOP C JIMHEHHON BPEMEHHOM 3aBUCUMOCTBIO OT JUTMHBI IIEMOYKH (TAaKUMHU SI3bIKAMU
MOTYT OBITh, HATIPUMEP, MOJMHOKECTBA E€CTECTBEHHOTO S3BIKA).

IIpu pa3paboTke SA3BIKOB MPOrpaMMHUPOBAHUS MX CHUHTAaKCHC OOBIYHO CTaparoTCs CHeNaTh
TaKUM, YTOOBI BpeMsl Ha aHAIM3 OBLIO MPSMO MPOMOPIHOHAIBHO JUIMHE MPOTPaMMbl. AJTOPUTMBI
aHau3a, pacXoAyIoue Ha 00pabOTKy BXOAHOM LEMOYKH JIMHEHHOEe BpeMsl, IPUMEHUMBI TOJIBKO K
HEKOTOphIM moakJaccam KC-rpaMmMatuk.

Pa3znuyHble METOJBI CHHTAKCUYECKOTO aHajau3a, WM pa300pa, OCHOBBIBAIOTCS Ha Pa3HbIX
NPUHIUNAX, U HCIOJB3YIOT pa3iM4Hble TEXHUKU MOCTPOEHHUs JepeBa BbiBoAa. Kaxawlii meron
MIpeIoJiaraeT CBOM crnocod MOCTPOEHUs M0 rpaMMaTHKE MPOrpaMMbl-aHAJIN3aToOpa, KOTopas OyaeT
OCYILECTBIIATh pa30op nenodek. KoppekTHbIN aHanu3aTop 3aBepliaeT CBOIO paboTy ais o000
BXOJIHOM IIEMOYKM M BbBLAAET BEPHBII OTBET O MPUHAJIEKHOCTH LIETIOUKH S3bIKY. AHANU3aTOp He-
KOppeKmeH, eCllu:

" HC paCIlO3HACT XOTA OBI OZIHY LCIIOYKY, MPUHAJICIKANIY O SA3bIKY,
" pacno3HacT XOTiA OBI OZIHY LCIIOYKY, A3BIKY HC IMPUHAJICIKAILY O,
" 3alMKJIMBACTCA Ha KaKo#-1100 OCIIOYKCE.

['oBopsIT, UTO METOl aHANU3a npUMeHM K JaHHON rpaMMaTUKe, €ClIM aHaJIu3aTop, MOCTPO-
€HHBIN B COOTBETCTBUH C 3TUM METOAOM, KOPPEKTEH.

PaccMoTpuMm onmH U3 (QyHIaMEHTANBHBIX METOJOB pa3dopa, MPUMEHHMBIH K HEKOTOPOMY
noaxiaccy KC-rpammaTuk.

MeToa pekypCMBHOIO Crycka

IIpumep: nycts gana rpammatuka Gy = {a, b, ¢, d}, {S, A, B}, P, S ) ,rne

P:
S — ABd
A —alcd
B — b4

Y HaJI0 OTIPEJIEIINTh, IPUHAMICKUT JIH 1ieriouka cabad s3biky L(G1). TlocTponm J€BBIi BBIBOI ATOM
uenouku: S — ABd — cABd — caBd — cabAd — cabad.

CrnenoBarenbHO, ienodka cabad npuHauiexkuT 36Ky L(Gh).

HOCTpOGHI/Ie JICBOI'0 BbIBOJIa S3KBUBAJICHTHO IMOCTPOCHUIO JACPCBA BbIBOJAa MCTOJAOM CBCPXY-
BHU3 (HUCXOJSIIIUM METOJIOM), IIPH KOTOPOM Ha OYEPETHOM IIare pacKpbIBAETCS CaMbIid JICBBIN He-
TEPMHHAJ B YaCTUYHO TIOCTpOeHHOM Jiepee ( puc. 10):
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Puc. 10. MocTpoenne nesoro BbiBoga.

Meton pexypcuBHoro ciycka (PC-meton) peanusyer pa30op cBepXy-BHHU3 U JIENAET ITO C
MTOMOIIBIO CUCTEMBI PEKYPCUBHBIX TPOLIEAYD.

JI1s1 Ka:KI0ro HeTepMHUHAJIA TPAMMATUKU CO3JAETCsl CBOSI MPOIIeaypa, HOCAIIAsl ero uMsi;
ee 3a/1aua — Ha4YMHas ¢ YKa3aHHOTO MeCTa MCXOAHOU IETIOYKH HANTH MOAIETIOUKY, KOTOpasi BHIBO-
JUTCSL U3 3TOT0 HETEpMUHAJA.

Ecnu Takyio mojuenouky HaWTH HE yJaeTcs, TO MPOLEeaAypa 3aBepiIaeT CBO padoTy, CUr-
Hanu3upys 00 ommdke. DTO 0O3HAYAET, YTO [EMOYKA HE MPUHAIICIKHUT SA3bIKY; pa300op ocTaHaBJIMBa-
eTcsl.

Ecnu moparenouky ynanoch HalTH, TO padoTa MpOLEAYpbl CUMTACTCS HOPMAIbHO 3aBEp-
LICHHOM U OCYILECTBIISAETCS BO3BPAT B TOUKY BBI30BA.

Teno kaxmo¥ TakoW MPOIEAYPhI MUIIETCS HEMOCPEACTBEHHO T10 TIpaBuiIaM BbIBOAA (TI0 alb-
TepHaTI/IBaM) COOTBCTCTBYIOIICTO HCTCpMUHAJIA: IJIA HpaBOfI YaCTH KaXXA0TO IMpaBHJia OCYIICCTBIIA-
€TCs MOUCK MOAIECIMOYKH, BHIBOAMMON M3 ATON mpaBod yacTu. lIpm 3TOM TepmuHaimbl U3 MpaBou
YaCTH Paclo3HAIOTCS caMOM MpOLEaypoH, a HETEPMHUHAJIBI COOTBETCTBYIOT BbI30BaM MpPOLIETYP, HO-
cammx ux uMmeHa. Ilocne pacno3HaBaHMs KaKJOTO0 TEPMHUHAJA MPOLIEAYpa CUUTHIBAET CIIETYIOIINN
CHUMBOJI U3 MCXOJHOW LIETIOYKH, KOTOPBIM CTAHOBUTCS TEKYIIUM AHAIU3UPYEMBIM CUMBOJIOM. BEI-
00p HyXHOH allbTEPHATHUBBI OCYILECTBISIETCS MPOLEAYPOM MO MEepBOMY CHUMBOJY W3 €lle Hepac-
CMOTPEHHOW YaCTH UCXOJHOM LIEMOYKH (T. €. 10 TEKYLIEMY CUMBOILY ).

Pabota cuctemsl nporeayp HaunHaeTcs ¢ TiiaBHOW pyHKiuu main(). OHa CUNTHIBAET TEP-
BBIIl CHMBOJI MUCXO/HOH IIEMOYKY (3aJaHHON BO BXOJAHOM IOTOKE Stdin) W BBI3BIBAET mporenypy S(),
KOTOpasi MPOBEPSET, BIBOAUTCSA JIM BXOAHAS LIEMOYKA U3 HaYaJIbHOTO cUMBoJIa S (B oOlIeM citydae
9TO JIeNIaeTcs C y4acTUeM APYTUX MPOLEayp, KOTOPbIE, B CBOIO OUYEpelb, PEKYPCUBHO MOTYT BBI3bI-
BaTh U camy S() s aHanu3a pparMeHTa UCXOAHOM LIENOUKH). byneM nojarate, 4TO B KOHIIE JIIO-
60ii aHATM3MPYEMOH LIEMOYKH BCEra MPUCYTCTBYET CHMBON L (IPH3HAK KOHIA Iermodkn)'®, Tak
YTO B 3a/1a4y main( ) BXOJUT TaKKe pacrio3HaBaHUE cUMBOJIA L. MOXHO cuuTarh, yTo main() cooT-

BETCTBYET JOOABIIEHHOMY B IpaMMaTuKy npaBwity M — S1, rae M — HOBBIM HadyaldbHbIN CUMBOIL.

16 Y
) Ha MIPAKTHKE ATUM IIPU3HAKOM MOXET OBITh CHUTYalUs «KOHEIl (haiiiay WIN «KOHEIl CTPOKI.
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IIpumep. CoBOKYMHOCTbH MPOLEAYP PEKYPCUBHOIO CITyCKa JJIsl TPaMMaTHKU

Gli
S — ABd
A —alcA
B — b4

OyJzleT TaKkou:

#include <iostream>
using namespace std;

int c; // TeKyWwui aHanu3upyembin CUMBON
void A ();
void B ();
void gc O
{
cin >> c¢; // cuuTaTb OYepeaHOW CMMBON
}
void s
{
cout << "S-->ABd, "; // npumeHsieMoe npaBWiO BbIBOAA
AQ;
BO;
if (c!l="d")
throw c;
gc O;
}
void A O
{
if (c=="a'")
{
cout << "A-->a, ";
gc O;
}
else if (c =="c')
{
cout << "A-->cA, ";
gc O;
A Q;
}
else
throw c;
}
void B )
{
if (c=="b")
{
cout << "B-->bA, ";
gc O;
A Q;
}

_________________________________________________________________________________________________________________________
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| else |
! throw c; !
i } ;
| int main O |
O |
a try a
! { !
! gc O; !
| S O; |
| if (cl="1") |
| throw c; |
! cout << "SUCCESS !!'!" << endl; !
! return 0; !
| } |
; catch ( int c ) |
! { !
! cout << "ERROR on Texeme" << c << endl; !
i return 1; i
i } !
| } |

JI1st ienoyku, BHIBOAUMOM U3 S, mporpamma HaredaraeTr (IOMUMO COOOIIeHus: 00 ycrexe)
MOCJICIOBATEIPHOCTh TPABWII, TIPUMECHSIEMBIX MPH HUCXOJSIIEM IOCTPOCHUH JepeBa BBIBOJA IS
JAHHOM LIETIOYKH (9Ta K€ MOCIeI0BATEILHOCTh TOJUTCS JIs TIOCTPOCHUS JIEBOTO BbIBO/AA). BMecTo
MeYaTH MPUMEHSIEMBIX TPABUJI MOKHO BCTABUTh JICHCTBHS 1O OPMUPOBAHUIO JIePEBa B TUHAMUYC-
CKOH MaMsITH B BUJIC y3JI0B, CBSI3aHHBIX YKa3aTelsIMU. Takoe IepeBO MOXKET UCIOJIb30BAThCS Ha T10-
CJICAYIOIIHMX 3Tanax TPaHCIISAIUH.

3aMeTuM, 4TO Jake eClIM CHEeIHalbHO He (PUKCUPOBATH CTPYKTYPY aHATH3UPYEMOM IEnoy-
KM, CHCT€Ma PEKYPCHUBHBIX MPOILEIYP BCE PAaBHO HESBHO OOXOIHUT JEPEBO BBIBOJA ITOM IETIOUKH.
JlelicTBUTENBHO, pacrlio3HaBaHUE TepMUHANA b mporenypoir B() COOTBETCTBYET B JIepeBE BbIBOIA
BCTBU zB’ a BbI3OB Mpotienypsl A() w3 nmporieaypsl B() COOTBETCTBYET BETBU BN . Jlo6aBuB B mporieny-

b A

pbl aHanau3a JOIOJHUTENIBHBIE JIEWCTBHS, MOXKHO Hapsay C IPOBEPKOM CHUHTAKCHCA ONPEIEIATH
CMBICJT (CEMaHTHKY) BXOJHOH Iernouku. Hanpumep, cMBICIIOM apuMETHIECKOTO BBIPAKCHUS SBJISI-
€TCs ero 3Ha4eHUE, 1 OHO MOYKET OBITh BBIYMCIICHO B MPOIIECCE HESIBHOTO 00X0/1a JepeBa MpH pas-
00pe ATOTO BBIPAKCHUSI CUCTEMOM PEKYPCHBHBIX MPOLICIY].

Br100p Hy>XHOM anbTepHATUBBI MPU aHAJIN3€ METOJOM PEKYpPCHUBHOI'O CIIyCKa JIETKO OCYIlle-
CTBUM, €CJIM BCE aJbTEPHATHUBbl HAYMHAIOTCS C IMOMAPHO PA3IUYHBIX TEPMHUHAIBHBIX CHMBOJIOB.
Cdhopmynupyem JOCTATOUHOE YCIO0BHE NPUMEHUMOCTH METOAA PEKYPCUBHOTO CITyCKa.

[loctaTo4Hoe ycnosue npMMeHNMoCTn MeToda pekypCmMBHOIO CryCKa

JlJis IpUMEHUMOCTH METO0/1a PEKYPCHUBHOTO CITyCKa JIOCTaTOYHO, YTOOBI Ka)KJ0€ MPABUIIO B
rpaMMaTHKE yAOBJIETBOPSAIO OAHOMY U3 IBYX BUIOB:

(a X—a,
*
rae o € (TU N) u3TO €AUHCTBEHHOE MIPABUIJIO BBIBOJA JIJIsI STOTO HETEPMHUHAIIA,

(6) X — ajoy | arap | | a;Qy,
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*
rnea; € Tnnaseex i=1,2,.,n,a;#a; wia i#j,a; € (TOUN) , T. e ecnu 1 He-
TepMuHasa X MpaBWI BBIBOAA HECKOJBKO, TO OHU JOJDKHBI HAYMHATHCS C TEPMHUHA-
JIOB, an/Iqu BCC OTHU TepMI/IHaHLI JOJIXKHBI 6LITB HOHapHO pa3JII/I‘-IHBIMI/I;

OTO ycloBUE HE SIBISETCS HEOOXOAMMBIM. I'paMMaTHKy, YAOBJIETBOPSIOLIYIO JaHHOMY YCJIOBHIO,
Ha3bIBAIOT S-2PAMMAMUKOU.

Metoa peKypCHBHOTO CITyCKa SIBIISIETCS OAHON M3 BO3MOXKHBIX pealTU3allfii HUCXOISIIETO
aHali3a ¢ MPOTHO3MPYEMbIM BBIOOPOM anbTepHATUB. IIporHo3upyemsblil BBIOOp O3HAYaeT, 4To MO
rpaMMaTHKe MOXXHO 3apaHee IMpe/cKa3aTh, KaKylo albTepHATHBY HYKHO OyaeT BBIOpaTh Ha odYe-
pE€AHOM Hare BbIBOAA B COOTBCTCTBUU C TCKYIIUM CHUMBOJIOM (T.e. IEPBBIM CUMBOJIOM H3 CHIC HC
MMPOYUTAHHOW YaCTH BXOJHOM 1enouku). [lanee Mbl moApoOHO pacCMOTPHUM 3TOT MOAXOA U cop-
MYJIMPYEM KPUTEPUH €TI0 IPUMEHUMOCTH.

Hucxogsauwimn aHanna ¢ nporHo3npyemMbiM BbIDOPOM anbTepHaTMB

B nporuiecce moctpoeHus 1€BOro BbIBOIa AJIsi POU3BOIBHON LEMOYKH B IpaMMaTHKe

Gli
S — ABd
A —alcA
B — b4

MOXHO OTMETHTh CIIEIyIOLIee:
(1) nro6oii BEIBOJ HAUMHAETCS ¢ IPUMEHEHU npaBuia S — ABd ;

(2) ecnmu Ha o4epeqHOM IIAre CCHTCHIUaNbHas (opma umeer Bua wBa, tme w € T " Ha-
4ajo0 aHAIM3UPYEMOM IEMOYKHU, HETEpPMHUHAN B — caMblil JE€BbIA B CEHTCHIIMAIbHON
¢dopme, TO A MPOIOJKEHUS BBIBOJIA €r0 HYXKHO 3aMEHUTh Ha bA (Apyrux ajapTepHa-
THB HET);

(3) ecnu Ha ouepeHOM IIare ceHTeHUualbHas Gopma umeer B wAa, rne w € T " — Ha-
YaJjo aHaJIM3HPYEMOM IIETIOUKH, TO BHIOOp HY)KHOW allbTepHATUBBI JJIsl 3aMEHBI A MOX-
HO OJJTHO3HA4YHO INpPE/CKa3aTh 0 TOMY, KAKOW CUMBOJ B aHAJIU3UPYEMOH LIENIOUYKE Clie-
IyeT 3a HayaJIbHOM IMOALIETIOUYKOW W: €CIIM CHUMBOJI @, TO NPUMEHSETCS ajlbTepHATHBA
A — a, eclii CUMBOJI ¢, TO ajnbTepHaThuBa A — cA; €ClIM KaKOW-TO WHOW CUMBOJ —
¢dukcupyercs ommOKa: aHaTM3UpyeMasi IIerovka He MPUHaUIeKHT s3bIKy L(G));

(4) ecnu Ha KakOM-TO LIare MOJYyYHJIach CEHTEHIMaJIbHAs (opMa BUAA W, OTIMYHAS OT
(2) u (3), rie w — MaKCHUMaJIbHO JJIMHHOE HAayaylo, COCTOSIIEE TONbKO U3 TEPMHUHAJIOB,
TO €CJM ¢ IyCTa U W COBIAJAET C aHAJIM3UPYEMOM LEMOYKOH, MpoIecC BHIBOJA YCIIel-
HO 3aBeplIaeTcs, HHaue (UKCHPYETCs OIIMOKA: aHAIM3MpyeMas LeNoYKa He MPHUHA[-
nexuT s3b1ky L(Gh).

OtmeueHHbIe (PAaKTHI IO TOBOAY BbIOOpa HYXKHOH aJlbTepHATHBEI HA OYE€PEIHOM IIare BHIBO-
Ja B rpamMmaTtuke (| NpeACTaBUM B BUJAE TaK Ha3blBaeMOW TaOJIMIIBI MPOTHO30B (MM TaOJIUIBI
MpeiCKa3aHmil):

a b c d
S S—ABd S—ABd | S—ABd S— ABd
A A—a A—cA
B B — bA

Nwmes takyro Tabauiy nporuo3oB (nmpenackasanuit) s KC-rpammatuku G, MOXXHO Npeasio-
KHTb CJICAYIOUIMNA alrOPUTM HUCXOSIIEr0 aHajau3a (IOCTPOSHHUE JIEBOTO BHIBOJA):
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1. Hauate mocTpoeHue BBIBOJA C CEHTCHIIMAIIBHONW (DOPMBI, COCTOSIIECH U3 OJJHOTO Havallb-
HOr'0o cuMBoa S.

2. Iloka He Oymer moiyueHa IIETOYKA, COBMAJAIONIAS C aHAIM3UPYEMOU, TIOBTOPSTH Clie-
JYIOIIHE TEUCTBUS:

ITycte wYo — ouepenHas ceHTeHUManbHas ¢opma, rae w e T " Ecian w He
COBIAJAET C HAYaJIOM aHAJIU3UPYEMOH LIETIOYKH, TO PEKPATUTH TOCTPOECHUE BBIBOJIA
1 cooOumTh 00 ommoKe: nenoyka He npuHapiexkut L(G). B ciydae, koraa w coBma-
JlaeT C HayajloM, U CJIEIYIOIUM M0CIe W CUMBOJIOM B aHAJU3UPYEMOM LIENOYKE SIB-
JSI€TCSI CUMBOJI z, 3aMEHUTh HETEpMHUHAJ Y Ha MpaBylo 4acTh IIpaBHJia, KOTOPOE Ha-
XOAMTCS B siueiike TaOIMIbl MPOrHO30B HA NIepeceueHnH CTpoKu Y u ctondua z. Ecnu
yKa3aHHas siueika MycTa, IPEeKpaTUTh OCTPOEHUE BBIBOJIA U COOOIIMUTH 00 OIIMOKeE:
1enoyka He npuHaIekuT L(G).

Kax Mbl BUzenu BbILLE, OJUH U3 CIIOCOOOB peanu30BaTh MpPOrpamMMy-aHAJIU3aToOp JJIsl HUC-
XOJISIIIETO aHAJIM3a C MTPOTHO3UPYEMbIM BBIOOPOM aJIbTEPHATUB 3aKIIOYAETCS B MOCTPOSHUU CUCTE-
1
MbI PEKYPCHBHBIX IIPOIIEAYP' . DTO METO] PeKYPCHBHOTO CITYCKA.

TexHuka MOCTpOEHUsI pEKypCUBHBIX IPOLEAYpP YK€ Oblla pacCMOTpPEHa U MPOJAEMOHCTPH-
pOBaHa Ha MpUMEPe, HO OCTAJICSA OTKPBITHIM BOMPOC: Kak B OOIIEM CIIydae «3amporpaMMHUpPOBATH
MpoLeaypy Ha BBIOOp HYKHOM anbTepHATHUBBI MO TEKYILEMY CUMBONIY. OTBET Tenepb U3BECTEH —
WCIONIb30BaTh TaOJIMILy TPOTHO30B.

K coxanenuto, ne g kaxaor KC-rpamMmmaTuky cymiecTByeT TaOiuIa ¢ OJHO3HAUYHBIMH
MPOTHO3aMH, TO3BOJISIONIAs O€30IIMO0YHO OCYIIECTBUTh BHIOOP albTEPHATHUBBI HA KAXKIOM Ilare
BbIBOJIa. B HEKOTOPBIX ciyyasx 3apaHee CHpPOTHO3UPOBATH BHIOOP albTEPHATHUBHI HEBO3MOXKHO:
MOXET OKa3aThCsl, UTO MOAXOASIIUMH B JAaHHOM CUTYyallUH SIBJSIIOTCS Cpa3y HECKOJBKO allbTepHa-

. 18
TUB (HEOJHO3HAUHBIN MPOTHO3) ),

Takum 00pa3zoM, HUCXOASILIMM aHAIU3 C MPOTHO3MPYEMBIM BBIOOPOM albTEPHATUB MPUTO-
JIeH JUIIb 1Sl HeKoToporo nojkiacca KC-rpammartuxk.

MeTo1 peKypCHBHOIO CITyCKa IIPUMEHKMM K TPaMMaTHKE, €CIIU IS HEE CYNIECTBYET TabiuIa
OJIHO3HAYHBIX MPOTHO30B.

O npMeHNMOCTM MeToda PEKYPCUBHOIO Crnycka

O4YeBHUIHO, YTO METOJ PEKYPCHUBHOTO CiiycKa (6e3 BO3BPATOB) HEMPUMEHUM K HEOIHO3HAY-
HbIM rpaMMartukaM. Hampumep, no rpammaruke

Gzi
S —ad|B|d
A —d|ad
B —adla

17 Jpyroii criocob, ¢ SBHEIM HCIIOIB30BAHUEM CTEKA IS XpaHEHHS HETEPMHUHABHON YacTH CEHTEHIHATHHON (hOPMBEL,
n3BecTeH Kak LL(1)-ananu3zarop.

18) O06001meHne paccMaTpUBaeMOro METoJla — PEKYPCUBHBIN CITYCK C BO3BpaTaMH — «IIPOOYyeT» IO OYepean BCe BO3-
MOXHBIE aJIbTEPHATHBBI B CIydae HEOAHO3HAYHOTO IPOTHO3a; O HEylade cOOoOIIaeTcs TOJNBKO B TOM CIIydae, eClli
HH OJlHa U3 aJbTEpHATUB HE IIpHBeJa K ycrexy. Ecim rpaMMaTnka HEOHO3HaYHA, 0OO0OIIEHHBIH METO MOCTPOUT
BCE BO3MOXHBIEC JEPEBbS BBIBOJOB. MBI HE paccMaTpuBacM MOJAPOOHO PEKYPCHUBHBIM CIyCK C BO3BpaTaMH, IO-
CKOJIBKY BpEMsl, 3aTpauyMBaeMO€ Ha aHAJIN3 MPH TaKOM IIOJIXOJE, MOXKET 3KCIOHEHIUAIbHO 3aBUCETh OT [UIMHBI
BXOJIHOH IIETIOYKH.
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HEeJB3sl 1aTh OJIHO3HAYHBIN MPOTHO3, YTO JENaTh HAa MEPBOM IAre Mpy aHAIHM3E IEMOYKH, HAYH-
HaIOH.[eI>ic51 C CUMBOIJIa a, T.C. 110 TeKyH_ICMy CI/IMBOJIy a HECBO3MOKHO CACJIaTh OI[HO3H3‘IHBII>'I BBbI-
oop: S—ad wiu S — B.

Kaxk moka3bIBaeT cieayroruii mpumMep, TpaMMaTHKa MOXKET ObITh OJTHO3HAYHOM, OHAKO OJ1-
HO3HAYHBIX MMPOTHO30B JIJIsl HEE TaKKE HE CYIIECTBYET:

G3Z
S —>A4|B
A —ad|d
B —aB|b

JleificTBUTENBHO, KaXK1asl LIeTI0UKa, BIBOAUMAs B (53 U3 S, OKaHYMBAETCs MO0 CUMBOJIOM b,
a100 CUMBOJIOM d, U UMEET €JMHCTBEHHOE JepeBO BbIBOJIAa. HO HEBO3MOXKHO Mpe/cKa3aTh, ¢ Kakon
anprepHatuBbl (S — A4 wiu S — B ) HauMHATH BBIBOJ, HE IPOCMOTPEB BCIO LIETIOYKY /10 KOHIA U
HE YBUJEB MOCIIEIHUI CUMBOIL.

Hanuuune B rpammaTuke HerepmuHana X c¢ npasuinamu Buga X — o U X — 3, U3 IpaBbIX
yacTel KOTOPBIX BBIBOJSATCS LIETIOYKH, HAUMHAIOUIMECS OJHUM MU TEM K€ TEPMUHAIOM a, T. €.
o=>aa’ U = af’, AemaeT HEONHO3HAYHBIM IPOTHO3 IO CUMBOJY @. Tak 4TO HUCXOASAIIMK aHa-
JH3 C MPOTHO3UPYEMBIM BBIOOPOM alIbTEpPHATHB HEBO3MOXKEH I10 TaKOH rpaMMaTHKE, U METOH pe-
KypCHUBHOTO citycka HernpumeHnM. CopMyrupyem 310 ycinoBue 6osee hopMaibHO.

Onpenenenue: mHodxcecmso first (o) — 3TO MHOKECTBO TEPMHUHAIBHBIX CHMBOJIOB, KOTO-
pBIMM  HAYMHAIOTCS  LIETIOYKH,  BBIBOAMMBIE M3  IEMOYKK O B TpaMMaTHKe
%
G=(T,N,P,S),1.e. first(a)={aeT|a=ad,tneac(TUN), o/ e(TUN) }.

Hanpumep, mns anprepHatuB mnpaBuina S— A |B B rpammaruke G3 HMeeM:
first(A)={a,d}, first(B)={a,b}. [Tepeceuenue ITUX MHOECTB HEITyCTO:
first (A) N first (B) = { a } # &, 1 103TOMY METOJ] PEKYPCUBHOIO CITycKa K (3 HEIPUMEHUM.

Htak, Hanmu4uue B rpaMMaTHKe NMpaBHia ¢ ajdbTepHaTHBaMH X — o | B, TAKHMH YTO
first (o) N first (B) # D, nenaer MeToa peKyPCHBHOIO CITyCKa HEMNPUMEHHMBbIM.

PaccmorpuM npumepsl rpaMMAaTHK C €-IPaBHIIAMU.

Ga: firsttad)={a}, firstBDc)=1{b,c};
S — ad |BDc .
A — BAa|aB|b first(BAa)={ a, b}, firsttaB)={a}, firsb)=1{b};
B —¢ first(e) = G
D —B|b first(B) = O, first(b)=1{b}.

MeTon  pEeKypCHMBHOIO  CIyCKa HENPHMMEHHM K  rpammaruke Gy, Tak  Kak
first (BAa) N first (aB)={a } # Q.

Crenyromuil npuMep MOKa3bIBaeT €€ OJTHO CBOMCTBO IPaMMATHK, HAJIMYHE KOTOPOTO Je-
naet PC-meron HEnpUMEHHMBIM.

GsZ
S —ad
A — BC|B
C —ble
B —¢
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[Tepeceyenne MHOXKECTB first TyCTO JUIsl JIFOOOM Maphl albTePHATUB TpaMMaTHKU (s, O/THA-
KO HaJIM4Me JBYX Pa3MYHBIX aJIbTEPHATUB, U3 KOTOPHIX BBIBOJUTCA IycCTas IENOYKa, JeaeT JaH-
HYIO IpaMMaTUKy HEOJHO3HAYHOM M, CIIEOBATEIbHO, METOJ PEKYPCUBHOIO CITyCKa K HEH HEINpu-
menuM. [elictBurensno, BC = ¢ u B = €. llenouka a uMeeT JBa pa3auyHbIX JAepeBa BHIBOJA :

Takum 00Opa3oM, ecjim B rpaMMaTuke Uil mpaBuwia X — o | B BHINOJIHAIOTCSH COOTHO-
HIeHUst 00 = € U B = &, TO METOJ PeKYPCHBHOIO CIYCKA HeNPHMEHHUM.

Ocranocs BBIICHUTDB, KaK o0cTosT Aclia C IPUMCHUMOCTBIO METOZA, €CIIN IAJId KAXKAOT'O HE-
TEPMHHAJIA TPAMMATHKH CYIIIECTBYET HE 00Jiee OJTHOW albTePHATHBEI, U3 KOTOPOU BBIBOJUTCS €.

Gﬁ:
S —cdd|d
A —ad|e

first (cAd)={c}, first(d)=1{d};

OnHo3HAYHBIE TTPOTHO3BI JUIsl BHIOOpA aIbTEPHATHUBBI HETEPMHUHANIA S CYIIECTBYIOT, TaK KaK
first (cAd) M first (d ) =D.

Br16op anbrepHaTHBBI 7151 A B TaHHOM TpaMMAaTHKE TaKKE MOKHO OJIHO3HAYHO CIIPOTHO3M-
pOBaTh: €CIU TEKYIIUM CHUMBOJIOM SIBISICTCS d, MPUMEHSETCS TpaBuio 4 — aA, WHaue TPaBHIO
A — €. DTO BO3MOXKHO Oyarofapsi ToMy, 4TO 3a JI000N MOJIENOYKON, BRIBOAUMON U3 A, cleayeT
CUMBOII d, KOTOPBI caMm B ATy MOJLENOUKY He BxonuT. [Iponienypa 4A( ) npu BeiOOpe aabTepHATHBBI
A — & TpOCTO BO3BpaIacT yIPABJICHUE B TOYKY BHI30Ba, HE CUUTHIBAS CIEAYIONINI CHMBOJ BXO/-
Hoit nenouku. [Ipouenypa S(), monyuuB ynpasieHue mocie Bbi3oBa A( ), IPOBEPSET, YTO TEKYIIUM
CUMBOJIOM siBIIsieTcst d. Ecim 3To He Tak, pukcupyercs ommoOka. KoHewHo, TpoBepKy cuMBoya d
(6e3 cunThIBaHUS CIEAYIONIEr0 CUMBOJIA U3 BXOJHOM LIETIOUKH) Morjia Obl cienath u cama A( ), HO
9TO M3JMINHE, TaKk Kak S( ) Bce paBHO OyneT MpoBepsTh d, U €Cid BMECTO d OOHApYXUT APYron
CUMBOII, omrnoOka Oyaet 3aduxcupoBana. Tabnuua nporuosoB s Ge:

a c d
S S — cAd S—d
A A—aAd A—¢ A—¢

Wrak, myst rpammatuku Gg, UIMEIOIICH IS KQXI0T0 HETepMUHaIa He 0oJiee OTHOM ajabTep-
HATUBBI, U3 KOTOPO! BBIBOJUTCA IIyCTas LENOYKa, METOJ PEKYPCHUBHOIO CIIycka mpumeHuM. [Ipo-
nenypa A() mist HeTepMHUHAIA A, WMEIOIIETO MyCTYIO aJbTEPHATHBY B rpammaTtuke Gg, peanusy-
eTCsl TaK:

void A O

{
if (c=="a")
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{
cout << "A->aA, ";
gc Q;
A Q;
}
else
{
cout << "A->epsilon, "; // cnep. CUMBOM He CUYMUTHIBAETCSH
}

Crnenyomuil nmpuMep MOKa3bIBAET, YTO HAJIMYHME AJIbTEPHATUBBI O, TAKOW YTO OL = €, BCE
KE MOXKET CIIeNaTh METO/l PEKYPCHUBHOTO CITyCKa HEMPUMEHUMBIM.

G7I
S — Bd
B —cdala
A —ad|e

first(cAa)={c}, first(a)={a};

VY HetepmuHana S mpaBas 4acTh €AMHCTBEHHA U MpobiieMa BbIOOpa anbTepHATHUBBI I S HE
crout. s BeIOOpa ambTEpHATHMBBI HETEPMUHANA B CyNIECTBYIOT OJHO3HAYHBIE MPOTHO3BI, TMO-
CKONBKY first (cAa) M first (a) =D .

OpnHako 1715 HeTepMUHana 4 TPOTHO3 MO CUMBOJY @ HEOJHO3HaueH. /[eno B TOM, 4To JIto-
00if BBIBOJI, conepxkammii A, umeet Bua: S — Bd — cAad — ... — ca...aAad. TlooToMy anbrepHa-
TUBY A — €& cleayeT NPUMEHATh TOJbKO TOTJa, KOTJa TEKYIIMM CHMBOJOM SIBISETCA da,
a CJICNYIONIMI 32 HUIM CUMBOJI OTJIMYEH OT a (Hanpumep, d). Ecnu Texymmii — a u cienyromui 3a
HUM CHMBOJ — TOX€ d, TO BbiOMpaeTcs anbTepHaTuBa 4 — aA. Ho caenaTh oqHO3HAYHBINH BBIOOD
TOJILKO TIO TEKYIIEMY CHMBOJIy B IIOJIb3y KaKOH-TO OJHOW M3 J3THUX AIbTEPHATHB HEBO3MOXKHO,
TaK KaK aHaJM3aTop HE yMEEeT 3ariibIBaTh Brepea (B HEMPOUYUTAHHYIO YacTh aHAIU3HPYEMOH Iie-
TIOYKH).

Kak BumuM, B G7 CyIIECTBYET CEHTCHIMAIbHAs opMma, Harpumep cAad, B KOTOPOH mocie
HeTepMUHajla A, UMEIOLIET0 B TpaMMaTHKE MyCTYIO albT€pHATHBY, CTOUT CUMBOJ d, C KOTOPOTO
TaK)Ke HAUMHACTCA W HelycTas anbTepHaThBa i A. B Takom ciydae mponenypa A() HE CMOXeT
MPABWJIBHO OMPEENIUTh M0 TEKYIIEMY CUMBOJY @, CUATHIBATD JIU CIAEAYIOLUIUI CUMBOJI U BBI3bIBATH
A() (1. e. mpuMeHsATh TpaBUIo A — aA) Win BO3BpaliaTh yIpaBiieHHE 0€3 CUMTHIBAHHUS CHMBOJIA
(mpaBmio A — ¢€). OnuiieM 3Ty cuTyanuro 6osee GopMabHO.

Onpenenenue: mroxcecmeso follow(A) — 3T0 MHOKECTBO TEPMUHAIBHBIX CUMBOJIOB, KOTO-
pBIe MOTYT TOSBIATHCSA B CEHTEHIUANBHBIX (hopmax rpammatiku G = (T, N, P, S ) HemocpeIcTBEH-
HO crpaBa OT A (WJIM OT IIETOYEK, BBIBOJUMBIX U3 A4), T.€.

follow(A)={aeT|S=adB,B=ay, A €N, a,B,ye(TuN)*}.

Torma, ecam B rpaMMaTHkKe ecThb mnpaBuiIo X — o |, Takoe 4ro =g,
first(a) N follow(X) # &, To MeTO] PEKYPCHBHOI0 CIIyCKAa HEeNMPHMEHUM K JIaHHOW rpamMMaTH-
Ke.

Wtak, Ha mpumepax Mbl pacCMOTpPENU BCE CIIydau, KOT/1a MOYKHO HMOCTPOMUTH OJIHO3HAYHBIE
MPOTHO3BI 1O rpammartuke. [1oAbITOXRUB UX, cHOpMyTHUpyeM KpPUTepuii MPUMEHUMOCTH METO/a
PEKYPCUBHOTI'O CITyCKa.
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Yreep:kaenne 11. Ilycts G — KC-rpammarika. MeTo peKypCHBHOTO CITyCKa MPUMEHHM

K G, eClli U TOJBKO €CJH JUI 000 napel anbTepHaTuB X — o | 3 BBIMOIHSAIOTCS CIEIYIOLIHE YC-
JIOBUSL:

(1) first(o) N first (B) =D ;
(2) cmpaBemuBo He OoJsiee YeM OJHO U3 ABYX COOTHOIICHHI: O = €, § = € ;
(3) ecnmu B = g, 1o first(a) N follow( X)) = Q.

PaccmoTpum rpammartuky

Ggi

— BDC

— Bd

— aB|d

— bB | ¢

first(aB)={a}, first(d)=1{d};

Sirst bB)={b },

follow (B) ={a, b, d}, Tax KaK BO3MOXHBI CJIEIyIOIINe CEHTEeHIUanbHbie (hopmbl: BdC,

BaBbd ) Tockonsky first (bB) N follow (B) = { b } # &, MeTO PEKyPCHBHOTO CITyCKa HEIPHME-
HUM K JJaHHOH rpaMMaTHKeE.

Sellw e W

EcTtecTBeHHO 3a1aThCsl BOIIPOCOM: €CJIM I'PaMMaTHKa HE YJOBJIETBOPAET KPUTEPUIO NpUME-
HHUMOCTH METOJIa PEKYPCHBHOIO CITyCKa, TO €CTh JM BO3MOXXHOCThb ITOCTPOUTH JKBHBAJICHTHYIO
IPaMMATHKY, K KOTOPOM JaHHBIA METO IPHUMECHHM.

YrBepaxaenue 12. He cymectByeT aiiroput™ma, onpeaesstomero A npousBoiabHon KC-
TpaMMaTHKU, CYIICCTBYCT JIK IJId HEC SKBUBAJICHTHAA I'paMMaTHUKa, K KOTOpOfI MCTO PCKYPCUBHO-

. 20
TO CIyCKa MPHMEHKM (T. €. 9TO aIrOPUTMIYECKH Hepaspeumas npobdaema’”).

MocTpoeHne Tabnuupbl NPOrHO30B

Ecnan xpurepuil IpUMEHMMOCTH METOAA PEKYPCHBHOI'O CIIyCKa BBIITOJIHAETCS JUIsl TpaMMa-
TUKU G, TO Ta0nMily M OHO3HAYHBIX TPOrHO30B MOXKHO IOCTPOUTH CIIEAYIOIINUM 00pa3oMm:

1. JInst xaxmoro mpaBmia X — o ¥ AJIA KaXI0Tro TepMUHaNa a € first(o) momeniaeM X — o
B siueliky M [X, a];

2. Jlnsa kaxporo nmpaBwia X — o, TaKOro 4to o0 = €, nomemiaeM X — o BO BCE HE3aIoJ-
HEHHbIE HA |-M 1mare sueku cTpoku X.

3. dns xaxnporo mpaBmwia X — Y, rae € N, Y[} — enuHCTBEHHas anbTepHATHBA JUIA X,
nomemniaeM X — Y[} BO Bce He3anmoiaHEHHbIE HA 1-M W 2-M marax suedku cTpoku X.

Ha 2-M mrare MoryT OBITh 3alOJHEHBI SYCHKH JIJISl TSPMUHAIIOB, HE BXOMSIIMX B MHOXE-
cTBO follow(X), TO €CThb COOTBETCTBYIOIIMX ONIMOOYHBIM CHTyarusM. Tak kak mpu anamuse PC-

) B nammx MpUMepax Mbl BeIUUCIsAEM first U follow «MHTYUTHBHOY, OIHPASCh HA ONpPENeNIeHNs. AJTOPUTMBI BbI-
YHCJICHUAST MHOXECTB first u follow MoxxHO HaliTh B JuTepaType (Hampumep, B [3]) WM MOCTPOUTH MX CAMOCTOS-
TEJILHO.

20) HamoMHuM, 4TO anropuTMUUecKas HEPa3pelInMOCTh O3HAYAeT HE TO, YTO JAHHYIO 33j1a4y HEJb3sl PEIIUTh JUIs Ka-

KIOM KOHKPETHOH IrpaMMAaTHKH, a TO, YTO HET YHHBEPCAIBFHOTO CII0C00a peIIeH s, PUTOIHOTO sl BCEX TpaMMa-
THK.
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METOJIOM CUUTBIBAHHUSA CJIEAYIOUIEr0 CUMBOJA B ciaydyae X => € HE MPOUCXOAMUT, OIIUOKa B TEKY-
el Mo3UIUU OOHAPYKUTCS UyTh MO3KE, — TOW MPOIEAypol, KOTOpas aHaIH3UpPyeT TEeKYIIHi
CHMBOJL.

Ha 3-M mare 3amonHSIOTCS si9eUMKH U1 TEPMUHAIOB, HE BXOISAIIUX B first(X), 4TO TaKxke
COOTBETCTBYET OIIMOOYHBIM CUTyalUsIM. [[0CKOJIbKY CUMTBIBAHUS CJIEIYIONIETO CUMBOJIA B Clydae
€MHCTBEHHOI anbTepHaTHBBl X — Yoo B mpoueaype X He MPOUCXOIUT, OOHApY)KEHUE OIIHUOKU
MPOU30MIET MO3XKE, — B MPOLEAYPE, aHATUZUPYIOLIEN TEKYIIHI CUMBOIJL.

MoxxHO MOAM(DHUIIMPOBATH MOCTPOCHHUE TAOTHUIIBI MPOTHO30B: TPETUN IIar HE BBIMOTHSTH
BOBCE (T.K. BBIOOp €IMHCTBEHHOM albTepHATHUBBI YK€ OCYLIECTBJIEH Ha I1are 1), Ha BTOpPOM Iiare
KaxkJioe npaBuiio X — o, TaKO€ YTO 0L => €, NMOMeNIaTh B siueiiky M [X, a] 11 KaKa0oro TepMuHa-
na a € follow(X) 2D . HesamonHeHHbIC Ha 1-M M 2-M LIarax sYeHKH CTPOKH X OCTaBUTh IyCTBHIMH.
DTO0 MO3BOJMT paHblle OOHAPYKUBATh OIMMOKM B UCXOAHOM LIETIOYKE, OJHAKO YCIOXKHHUT MOBEe-
HHE CaMUX IPOLEAYP, TAK KAK UM MPUIETCS AENaTh JOMOJHHUTEIbHBIE TPOBEPKH.

Ipumep. [Toctporm Tabauily IpOrHO30B JIs TPaMMaTHKH

Ggi
S — A|BS|cS
B —bB|d
A —ad|E|¢
E —e

Brruncianm HeoOX0AUMBIE JUISl 3TOI0 MHOKECTBA:

first(A)={a, e}, first(BS)={b,d}, first(cS)={c};

Sirst (bB)={ b}, first(d) ={d};

first(aAd)=1{a}, first(E)={e}, follow(4d)=,

first (e)={e}.
Kak BuiHO, MHOXECTBA first aiisi TF0OOM Maphl aIbTEPHATHB HE MEPECEKAIOTCs, a JUIsl HeTepMHUHA-
Ja ¢ TMyCTOH allbTepHATUBOM crnpaBemuBo first (A) M follow (A) = . I'pammatuka yJ10BJI€TBOPSI-

€T KPUTEPHUIO MPUMEHUMOCTH METOJIa PEKYPCHUBHOIO CIyCKa, U MOKHO IOCTPOUTH TaOJIHILy OJHO-
3HAYHBIX MPOTHO30B:

a b c d e
S S— A4 S— BS S—cS S— BS S— 4
A| A—aAd A—¢ A—e A—e A—FE
B B — bB B—d
E E—e

IToctpoum ans Gy aHaNM3aTOP B BUJAE CUCTEMbI PEKYpPCUBHBIX npouenyp. [loBenenue npo-
LeAyp OIpenesseTcs MoTyYeHHON Tabauleil mporHo3oB. 3aMeTHM, YTO IIPU BHIOOPE aJIbTEPHATUBSI,
HA4YMHAIOIIEHCSl C HETEPMHUHANA, HOBBII CUMBOJI CO BXOJA HE CUMTHIBAETCS, a Cpa3y BbI3bIBACTCS
IpolLeaypa, COOTBETCTBYIOIIAsI STOMY HETEPMUHATY.

#include <iostream>
using namespace std;

21 .
) Muosectso follow(X) HOIKHO B 3TOM Cilydae COAEpKaTh XOTSA OBl OAWH CUMBOJI, — JISL 3TOTO IIPEAIOIaracTcs,
YTO B KOHIIE KaXKJI0M BXOJHOM LIEMOYKH s3bIKa €CTh Mapkep L.
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int c;
void s ();
void A Q;
void B ();
void E Q;
void gc O
{
cin >> ¢; // cuuTaTb O4YepeaHOW CUMBON
}
void s O
{
if (c=="a"||] c=="e")
cout << "S-->A, "; // npumeHsemoe npaBuNO BbIBOJAA
// gc () He Bbi3biBAETCH,TEKYWMA CUMMBOA byaeT pacno3HaH npoueaypov A()
A Q;
}
?1se if (c=="b" || c =="d")
cout << "S-->BS, ";
// gc () He Bbi3biBAETCH;
B Q;
S O;
else if ( c =='c")
{
cout << "S-->cs, ";
gc O; // cumBon 'c' pacno3HaH npoueaypon S(), CUMTbIBAEM CleAyHWui
S Q;
}
else
throw c; // HemonyCTWMbIA CUMBON
}
void A )
if (c=="a")
{ n "
cout << "A-->aA, ";
gc O;
A Q;
else if (c =="e' )
{
cout << "A-->E, ";
// gc () He Bbi3biBAETCSH;
EQ;
}
else
{ // gc (O He Bbi3bIBaeTCA;
cout << "A->epsilon, ";
}
void B ()
{

if (c=="b")



ONEMEHTbI TEOPUM TPAHCNSALMM | CuHTaKCHYECKI aHanu3

{
cout << "B-->bB, ";
gc Q;
B O;
}
else if (c =="'d" )
{
cout << "B-->d, ";
gc Q;
}
else
throw c;
}
void E )
{
if (c=="e")
{
cout << "E-->e, ";
gc Q;
}
else
throw c;
}
int main O
{
try
{
gc Q;
S O;
if Cc!="1")
throw c;
cout << "SUCCESS !!!" << endl;
return 0;
}
catch ( int c )
{
cout << "ERROR on Texeme" << c << endl;
return 1;
}
}

PekypcuBHbIN criyck 6e3 nocTpoeHns NporHo3os

Brigenum mojkiace rpaMMaTHK, MO KOTOPBIM MOKHO CTPOUTH CUCTEMY PEKYPCHUBHBIX MPO-
LeIyp, MUHYS TTIOCTPOEHUE TAOJIUIIBI TTPOTHO30B.

bynem rosoputs, uro mpasuna KC-rpammaruku umeror xaxonuveckuti (s PC-metona)
6U0, €CIIU KaXkJasi TpyMIa MpaBu ¢ OJUHAKOBBIM HETEPMUHAJIOM B JIEBOM YaCTU OTHOCHUTCA K OJI-
HOMY M3 NEPEUUCICHHBIX HI)KE BUI0B U BBIMOIHAIOTCS IOMOJIHUTENIBHBIE YCIOBHUS:
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a) X—a,
*
rae o € (T U N) W 3TO eqMHCTBEHHOE TPABWIIO BHIBOJIA JIJISI 9TOTO HETEPMHHAJA,

6) X— aoy | a0y | | a,a, ,

%
rne aqjeT mascexi=1,2,..,n; a;#za;uai#j, o0; € (TUN) ,T. €. ecnu s He-
TepMI/IHaJIa X HpaBI/IH BBIBOJAa HECKOJBKO, TO OHU JOJDKHBI HAYMHATHCA C TepMI/IHaHOB,
MIPHYEM BCE 3T TEPMHUHAJIBI TIOMTAPHO Pa3IMYHBI,

B) X—ao|a|..|a0,]¢, .
rnea; € T'mnaseexi=1,2,.,n; aj#a; jna i#j,0;, € (TUN) ,u
first (X) N follow (X)) = &.

Ecnu mpaBuiia BBIBOJa HMEIOT TaKOM BHI, TO PEKYPCUBHBIH CITyCK MOXET OBITh pean30BaH
0€3 TMPOMEXYTOYHOT'O MOCTPOSHHSI TIPOTHO30B: JUIS MPABHII C HECKOJIBKUMH aJbTEPHATHBAMHU BBI-
Oupaercsi ajlbTepHATUBA @; Ol;, €CIM TEKYIIMH CHMBOJ COBMAJAeT C «;, MHa4Ye BBIOMpACTCSA &-
JIbTEPHATHBA, €CJIM OHA MPUCYTCTBYET; €CIM HET COBIAIECHHS TEKYILEro CUMBOJIA HU C OJTHUM U3 d;
U HET €-albTEePHATHBBI — (PUKCUPYETCS OMIMOKA.

Kanonnyeckuii B NpaBHJ TPaMMAaTHKH JIA€T IOCTaTOYHOE, HO HE HEOOXOAUMOE YCIIOBHUE
npumenumoct PC-merona.

I'pammaTuKy ¢ npaBUIaMHd KaHOHUYECKOTO BHUJA HA3BIBAIOT g-epammamukou. PaccMoTpeH-
HBIE BBIIIE S-TPAMMATUKHU SABIIAIOTCA g-TpaMMaTUKaMH, 00OpaTHOE HEBEPHO.

Ntepaummn B KC-rpammatumkax

IIpu onncanuy cMHTaKCUCa SA3bIKOB IPOrPAMMMPOBAHMSI 4YaCTO BCTPEUYAIOTCS NIPaBUIIa, OIU-
CBIBAIOIIME ITOCJIEN0BATEIBHOCT OAHOTUIIHBIX KOHCTPYKIMM, OTAEIEHHBIX IPYr OT Apyra KakuM-
a100 3HAKOM-pa3JenuTeseM (HanmpuMmep, CIMCOK UIAEHTU(UKATOPOB MPH ONUCAHUU NEPEMEHHBIX,
CTIHCOK TMapaMeTpOB MPHU BBI30BE Mpouenyp U GyHKIMA U T. 11.). Takue mpaBmiia 0OBIYHO MMEIOT
Bung: L —ala,L

Bmecto oOprunbix mpasun KC-rpaMMaTuk A1l ONMCaHUs CUHTAKCHCA SI3bIKOB MPOTpaMMHU-
POBaHUST HEPEAKO MCIOJB3YIOT MX Moaudukanmu, Hanpumep BHD *»_ B BH®, B 4acTHOCTH, J0-
MyCKAIOTCs KOHCTPYKLMH BUJA {0}, I7ie GUTypHbIE CKOOKHM — 3TO CIELCUMBOJIBI sl BBIAEICHUS
¢parmeHTa o, KOTOPbI MOXKET OTCYTCTBOBATh MJIM MOBTOPSATHCS MPOU3BOJILHOE YUCIO pa3. Hazbl-
BaIOT TaKyl0 KOHCTPYKUUIO umepayueu.

C moMo1pIo UTepanuu rpaMMaTiuky L — a | a, L MOoxHO miepernucartb Tak: L — a {, a}.
Haobopor, ecnu B rpaMMaTuKe ecTh nmpaBwio Bupa X — o{B}y, comepxaliee nTepanuio
{B}, TO €ro MOXHO 3aMEHUTH CEpUEH IKBUBAJICHTHBIX NIPABMII 0€3 uTepanuu {f}:
X —aly
Y —BY]e,
r7e Y — HOBbII HETEpPMUHAJIbHBIN CUMBOJ, 100aBIsEMbIH B al(aBUT HETEPMUHAJIOB TPAaMMAaTHKH.
YroObl NPUMEHUTH METOJ PEKYPCUBHOIO CITyCKa JUlsl TpaMMaTuku L — a {, a}, npeoOpasy-
€M 3Ty I'paMMAaTUKy B SKBUBAJICHTHYIO 0€3 UTepaluu:
L —-aM
M — ,aM|e

22) Bokyca-Haypa dhopmyna.
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Merto IpMMEHHM K JIaHHOM IpaMMatHKe, Tak Kak first (, a ) M follow (M) = O.

MOHO HOCTPOUTH CUCTEMY PEKYPCHBHBIX IIPOLEyp IO MpeoOpa3oBaHHON rpaMMaTUKE, HO
Jydiire, yoequBIIHCh, YTO JUIs MPeoOpa3soBaHHONW rPaMMAaTHKA METOJ IPUMEHHM, BEPHYTHCS K Ha-
YJaJIbHOMY BapUaHTy C UTE€paLUei.

PeanuzoBath urepammto {B} (rae f=5bP', b € T) ynobHO ¢ MOMOIIBIO IUKIA: «IIOKA TEKY-
U CHMBOJI paBeH b, CYMTATh CO BXOJIa CJICTYIOIIUNA CUMBOJI U TIPOAHATM3UPOBATH IIETIOUKY [3'».

Jns mpaBuna ¢ urepauueit L — a {, a} mpolenypa-aHaau3aTop peaau3yeTcs Tak:

void L O
{
if (cl="a")
throw c;
gc O;
while ( c==",")
{
gc Qs
if (c!='a")
throw c;
else
gc Q;

PaccMoTpum npumep elie 0JHON rpaMMaTHKH.
Gsequence:

S — LBlL

L —a{ a}

B —.,b

Ecnu st 5T0# rpaMMaTHKH cpa3y HamucaTh aHAJIM3aTop, He yOeAUBIINCH B IPUMEHUMOCTH
MeToJla K mpeoOpa3oBaHHOM (0e3 uTepalnu) rpaMMaTtuke, TO LieToYKa a,a,a,b Oyaer mpu3HaHa
TaKUM aHAJU3aTOPOM OIIMOOYHOM, XOTs B JEHCTBUTEIBHOCTH d,d,d,b TPUHAIJICKHUT TOPOXKIAc-
MOMY Giequence I3BIKY. ITO MPOU3OMIET IIOTOMY, YTO HpoUeaypa L( ) 3aXBaTUT HyXKyHO 3alATyIO —
TY, UTO BBIBOJUTCA U3 B, U najnee He 0OHAPYKUB CUMBOJ d, COOOIIUT 00 omuoKe.

Crnenyer cHauana MpoBEPUTh MPUMEHUMOCTb METO/1a, UCKJIIOUYMB U3 TPAMMATUKU UTEPALTUIO
PacCMOTPEHHBIM BBIIIIE CIIOCOOOM:

S — LB1

L —-aM

M — aM|¢

B — b
Kak Bunum, first (, a) N follow (M) ={,}# < ¥ M0o3TOMy METOJ PEeKypPCUBHOIO CITyCKa HENpH-
MeHHM 2. MOXKHO MONBITATHCS TTIOUCKATD APYTYIO SKBHBAICHTHYIO IPAMMATHKY, K KOTOPOH METON
npuMeHUM. HeKoTopble TOIe3HBIE ISl TOTO SKBUBAJICHTHBIE TPEOOPa30BaHUs TPAMMATHK OyIyT

23
) Ecnu 6ot B Gsequence IOCTIENIOBATENLHOCTD TEPMUHATIOB, TIEPEYUCIIAEMBIX YEPE3 3AIATYIO, 3aBEPIIANACH OTIMYHBIM
OT 3allsATOW CUMBOJIOM (HAIIPUMEDP, TOUYKOU C 3aMATON), KaK 3TO OOBIYHO U OBIBAECT B PEATBHBIX S3BIKAX MPOTPAMMH-
POBaHMs1, TO METOJ] PEKYPCUBHOTO CITyCKa ObLIT ObI HIPUMEHHM.
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paccmoTpensl HUxke. OgHAKO, Kak CIeIyeT U3 YTBEpKACHUs 12, ycrnex B MOMCKE YKBUBAJICHTHOM
IPaMMATHKH, ISl KOTOPOW METO,] IPUMEHNM, HE FapAaHTHPOBAH.

[MpeobpasoBaHus rpaMMaTmK

Ecan IrpaMMaTHKa HE YAOBJICTBOPSACT TpC6OBaHI/I${M NPpUMCHUMOCTH METOJAa PECKYPCHUBHOI'O
CIIyCKa, TO MOYXHO MNOIBITAaThCA l'lp606pa30BaTl) €C, T. €. IOJIYYUTHb DKBHUBAJICHTHYIO I'PaAMMATUKY,
NPpUTOJHYHO UIS aHAaJIM3a 3TUM METOJOM.

(1) Ecnu B rpaMMaTuke €CTh HETEPMUHAIBI, TTpaBUila BHIBOIA KOTOPHIX HEMOCPEICTBEHHO
JIEBOPEKYPCHUBHBI, T. €. UMEIOT BU/:

A— Aoy | ...| Aoy | Bi] - | B
rae o; € (TV N)Jr mai=1,2,..,n B e (T N)* s j=1,2, ..., m, TO B TAKOM ClIy4ae Inpume-
HSTh METOJ PEKYpPCHBHOTO CITyCKa HEJb3sl, IOCKOJBKY first(Ao;) M first(Aay) # & Ui HEKOTOPBIX
i # k, umu ;= € n1g HekoToporo j u first (Aa;) N follow (A) # D nnai=1,2, ..., n.
JleBy1o pekypcuio Bcerja MOXHO 3aMEHUTh MPABOIA:
A = B A" ... | Bnd
A = ad|..|o,4A | €
Bbyner momydeHa rpamMMmaTHKa, SKBUBAJCHTHAs IaHHOW, T.K. W3 HeTepMHuHana A To-
IPEKHEMY BBIBOIATCA LENOYKU Buga B; {o;f, tnei=1,2,..,n;, j=1,2,.. m.

(2) Eciu B rpaMMaTHKE €CTb HETCPMHUHAIL, Y KOTOPOT'O HCCKOJIBKO ITPaBHUJI BBIBOJId HAYNHA-
I0TCd OAUHAKOBBIMU TEPMUHAJBHBIMHA CUMBOJIAMHU, T. €. UMCIOT BU/]
A= aoy |ads | ...| ac | Bi| - |Bms

rneacT;a;pBe(TV N)*, B; He Haumnaerca c a, i = 1,2,..,n, j=1,2,.,m, T0 HEMOCPEICT-
BEHHO MPUMCHSITh METOJI PEKYPCUBHOTO CITyCKa HENB3s, T. K. first(aa,) M first(aok) # & nns i # k.
MoxHO mpeoOpa3oBaTh MpaBuiia BbIBOJA JaHHOIO HETEPMHHANA, OOBEAUHHUB MPaBUia ¢ OOIIUMHE
HayvajJaMu B OJTHO TIPABUIIO:

A4 = ad"|Bi]...|Bm
A = ologl..|a,

By,Z[CT MOoJIyuyCHa rpaMMaTHKa, DKBUBAJICHTHAA JAHHOM.

(3) Eciiu B rpaMMaTuKe €CTh HETEPMUHAI, Y KOTOPOI'O HECKOJIBKO MPaBUIl BbIBOJAA, U CPENU
HUX €CTh IIPABUJIA, HAYHHAKOIIHECS] HeTEPMHHAJIbHBIMH CHMBOJIAMH, T. €. UMEIOT BUJL:

4 — Bioy | |B,10Ln | Cl]B] | | amBm
Br =yl Iy

Bn — Ynl | |ana

*
rne Bie N;aje T, o, Bj, vj € (TUN) , TO MOXKHO 3aMEHHMTh BXOXIEHHS HETEPMUHAJIOB

B; ux mpaBuiiaMu BbIBOJIa B HAJEK/E, UTO MpaBUila HETepPMHUHANA A CTaHYT YJOBJIETBOPAThH yCIOBU-
M MIPUMEHUMOCTH METO/Ia PEKYPCUBHOTO CITyCKa:

A— Y1101 ‘ |’Y1k0(,1 ’ ‘ Yn10y | "anO(,n ‘ alBl ‘ | amBm
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(4) Ecnu ecth npaBuiia ¢ MyCTOW aabTEPHATUBOM BUAA:

A—-aA|...|o,A|Bi|..|Bmle

B — aA4p
u first(A) N follow(A) # & (u3-3a BXOXIEHUS A B TIpaBWia BbIBOJA TSl B), TO MOXKHO TIOCTPOHTH
TaKyl0 TPaMMaTHKY:

B—ad’

A" —oud'| ..oy A" [ Bif ... | BuB | B

[TomrydeHnHas rpaMMaTka OyAeT SKBUBAJICHTHA MCXOIHOMU, T. K. U3 B MO-TIPEKHEMY BBIBO-
JATCSA UENOYKM Buja o {o,} ;B mbo a {a;} B.

OpHaKo TPABHWIIO BBIBOJA I HETEPMUHAIBHOTO CHMBOJIa A’ OyJeT UMETh ajlbTePHATHBBI,
HAYMHAIOIINUECS OJMHAKOBBIMH TEPMHUHATBHBIMU CUMBOJIAMU (T. K. first(A) M follow(A) # &); cne-
JOBAaTEILHO, TOTPEOYIOTCS JaTbHEUIIHE MPEOoOPa30BaHUS, U YCIIEX HE FapaHTUPOBaH.

ITpumep. Paccmorpum rpaMMatuky Goygin:
Gorigin

S — fASd |

A — Aa|Ab|dB|f

B — beB ¢

first(Aa) = first(Ab) = {d, [}
first(bcB) = {b}, follow(B)={a,b, d, [}

VenoBus NPUMEHUMOCTH METOJIA PEKYPCHBHOIO CIIyCKa HE BBINONHAIOTCA VI Gopigin. C
MIOMOILBIO ITPe0Opa30BaHUI PUBEAEM ITY I'PAaMMATUKY K KAHOHUYECKOMY BUAY AJISl PEKYPCUBHOTO
cnycka. byaem nomuepkuBaTh HE YAOBJIETBOPSIOIIME KAHOHMYECKOMY BMJy IIpaBWJIa U IpU
HepexoJie K HOBOM rpaMMaTHKe yKa3bIBaTb HOMEP IPHUMEHEHHOI0 IPE00pa3oBaHus =), | <i <4 :

Gori gin- Gtransform 1 :
S — f4Sd|e S — f48d|e
A — Aa|Ab|dB|f =) A — dBA'| fA' =)
B —beB|e A" > ad'|bA'| &
B — bceBle

first(S)y={ [}, follow(S)=1{d},  first(S) N follow(S) =,
first(A") = {a, b}, follow(A")={f,d}, first(4") N follow(4") =,
first(B) ={b}, follow(B)={a, b, f,d }, first(B) N follow(B) ={b}# C.

Gtransform > . Gtransform 3 :
S — fASd | e S — fASd|e
A —dB'|fA’ A —dB'|fA’
= =
@ B' —bcB'| 4’ © B — beB'|ad' | bA'|
A" —ad'|bA’ | & A" = ad'|bA' | &
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Gtransforrn4: Gobject:
S — fASd| e j - Zl’fBlé"Glleﬁ
A —dB'|fA’ —
:> :> ’ !
@ B'" —bClad' | ® lé *bg \| aill \| ZA |
C —cB'|A — cB'|ad’ "| €
A" —ad'|bA’| ¢ A" —ad'|bA'| €

first(B") ={a, b}, follow(B") ={f, d}; first(B") N follow(B') = &,
first(4") ={a, b}, follow(4") = {f, d}; first(A") N follow(4") = &,
first(C) ={a, b, c}, follow(C) ={f, d}; first(C) N follow(C) = D.

T. €. MOTYYHIH SKBUBAICHTHYIO IPAMMATHKY Gpjecs, K KOTOPOH IPHMEHHM METOJ PEKYPCHBHOTO

ciycka. Gopjee; yAOOHA JUIA IIOCTPOCHHS CUCTEMBI PEKYPCHBHBIX HPOLEMYD, TaK KaK €e¢ MpaBuila
UMEIOT KAHOHUYECKUM BUI.

3agadva pasbopa Ansa HeoaHO3HAaYHbIX rpaMMaTUK

Jnst HeogHO3HAYHBIX TpaMMAaTHK 3a/ladya CMHTAKCHYECKOTO aHayiu3a (3amada pazbopa) mo-
XKeT OBITh IMOCTABJICHA JABYMSI OCHOBHBIMH CIIOCOOAMH.

(1) Janvr KC-epammamuxa G u yenouxa x. Tpebyemca nposepums: x € L(G)? Ecau oa, mo
nocmpoums 6ce 0epegwsi 6b1600a 015 X (UNU BCe Jiegble 6bI800bL OJIAL X, UTU 6CE NPAsble 8bl800bI OJiA
X

Jlist perieHust 3TOM 3aa4l MOXXHO OO0OOITUTH METO/ PEKYPCHUBHOTO CITyCKa, YTOOBI OH pa-
60TaJ ¢ BO3BpaTaMu, Npo0ys pa3IuvHbIe MOIXOAIIINE aTbTEPHATUBBI.

(2) Aanvr KC-epammamura G u yenouka x. Tpebyemcs nposepums: x € L(G)? Ecau oa, mo
nocmpoums 00HO 0epeBo 8bl800A 0 X (803MONCHO, HAUDOIee NOOX00sAUee 8 HEKOMOPOM CMbLCIE).

[Tpu Takoii mocTaHOBKE [UISI HEKOTOPHIX HEOAHO3HAYHBIX TPAMMATHK yIAeTCs MOIUPUIIH-
poBathk 00bIuHBIN PC-MeTOn 0€3 BO3BpaTOB TakK, YTO MOIY4YaeMblid aHAINU3aTOp KOPPEKTEH, U CTPO-
UT Han0boJee NOXOAAIIee B HEKOTOPOM CMBICIIE JEPERBO.

HenpruMeHnMocTs MeToAa PeKypCHBHOIO CIyCKa B «YMCTOM» BHUJAE AJII HEOIHO3HAYHBIX
rpaMMaTUK O0YCJIOBJIE€HAa HEBO3MOXHOCTBIO OJIHO3HAYHO CIIPOrHO3UPOBATh BHIOOP albTE€PHATHBBI
IpH pa3dbope UENOYKH (IPOTHO3 MOKET COCTOATh M3 HECKOJIBKUX MOAXOJSAIINX albTepHATUB). Mo-
auduKanys MeToJa COCTOUT B CIEAYyILEM: OJHAa U3 aJbTepHATUB OOBABISIETCS «Haubosee Moaxo-
JSIIeii», ¥ IpoIielypa aHaIu3a BCeria BRIOMPAET 3Ty allbTepPHATHBY, HTHOPUPYS APYyTHE.

PaccMoTpuM npumep, WUTIOCTPUPYIOIUN CUTYaLUIO C YCIOBHBIMU (TIOJHBIM U COKpALIEH-
HBIM) oriepaTopamMu B si3bike [lackaib.

Gitthen = ( {if, then, else, a, b}, {S }, P, S, S"),

rne P={S— ifbthenSS |a;S — else S| }. Boroii rpammaruke nporuos3 mis S’ no else He-
OJTHO3HAYCH, TaK Kak first(else S) M follow(S") ={else}# . [Insa nenouxu if b then if b then a else a
MOXHO ITOCTPOUTH JIBAa PA3IMYHBIX JEpPEeBa BbIBOIA, TOKa3aHHBIX Ha puc. 101 (a, 0).

Ecnu npu nmoctpoeHnn aHanuzaTopa OTAATh NPEANOYTCHUE HEMYCTON allbTepHATUBE i S,
TO TaKOW aHAJIM3aTOp MOCTPOUT JAEPEeBO, M300paxkeHHoe Ha puc. 101 (a), B koTopoM else coOTHO-
CUTCS ¢ ONMMKalIuM (Ha €ro ypoBHE BJIOXKEHHOCTH) if, UTO COOTBETCTBYET IPaBUJIaM, IPUHSTHIM B

24 Y
) I_[enqua B HECOJHO3HAYHOU I'PaMMATHUKE MOXKET UMETh U OECKOHEYHO MHOI'O JCPEBLEB BBIBOJA. B takom clrydae
MOXHO OTPAHUYUTHCA IMOCTPOCHUEM BCEX NE€PEBHEB, BHICOTA KOTOPBIX HE IMTPEBOCXOAUT HeKOTOpOﬁ KOHCTaHTBhI.
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s3pike [lackanp mpu paspenieHnu moJoOHBIX HEOTHO3HAYHOCTEH B KOMOMHAIIMAX YCIOBHBIX OIepa-
TOPOB.

Wtak, mbl Mmomudunmposanu PC-meron s JaHHOTO MpUMepa HEOAHO3HAYHOU TpaMMaTH-
KH, OTJIaB TIPEIIOYTCHUE OJTHON U3 aIbTEPHATHB (U MOJTYYUB TEM CaMbIM MOAXOMASAIICE ISl CEMaH-
TUKH s13b1ka [lackans nepeBo pa3zdoopa).

Hetpynno yOGeamThes, 9TO MOMydYaeMbId 1JIs TPAMMATHKH Gifge, AHAIM3aTOP KOPPEKTEH:
OH HE 3aIlMKJIMBACTCSI, PACIIO3HAET MPABUIBHBIC IIETIOYKH M OTBEPTracT HEMPABUIIbHBIC.

OtmetnM, 4to momoOHas moaudukanus PC-MeTona He Bcerja MPHUBOIUT K MOCTPOCHHIO
KOPPEKTHOro aHanu3aropa. KoppekTHOCTh He0OX0IUMO TOTIOTHUTENHHO MPOBEPSTH.

Puc. 10. [epeBbs BbiBoga Ans uenoykk if b then if b then a else a.

O gpyrmx metogax pacno3HaBaHua KC-ga3bIkoB

Metoa peKypCHUBHOIO CIyCKa MPUMEHUM K IOCTaTOYHO y3KoMy nojakiaccy KC-rpammaruk.
W3BectHBI Oonee mmpokue nonkiaaccbl KC-rpaMMaTk, Asi KOTOPBIX CYHIECTBYIOT 3(h(eKTHBHBIC
aHaJIM3aToOPbI, 00JIAAA0IIIE TEM Ke CBOHCTBOM, UTO U aHAJIN3ATOP, TOCTPOCHHBIH METOZIOM PEKYp-
CHBHOTO CITyCKa, — BXOJHAs IEMOYKa CYMTHIBACTCS OJUH pa3 clieBa HAIPaBO M Ipolecc pasdopa
MIOJTHOCTBIO JIETEPMUHHMPOBAH, B pe3yJibTaTe Ha 00pabOTKy LIEMIOYKU JAJIUHBI 71 pACXOIyeTCs BpeMs
cn. K Takum rpamMmmatukam otHocstcs LL(k)-rpaMMaTHKH, IO KOTOPBIM, KaK IPaBUIIO, pealu3yercs
aHaJiu3 CBEPXY-BHU3 — HUCXOMAMN; LR(k)-rpaMMaTiKy, rpaMMaTHKH MPEIIECTBOBAHUS, MO KO-
TOpPBIM, KaK MpPaBWJIO, PEaTU3yeTCs aHaJIU3 CHU3Y-BBEPX — BOCXOMSILUN; U HEKOTOpBIE OPyrue
(cwm., manpumep, [2], [3]).
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Ananmuzarop s LL(k)-rpaMMaTUK MpoCMaTpUBaeT BXOJIHYIO IIETIOYKY CJIEBa HApaBO U
OCYHICCTBIIACT HCTGpMHHHpOBﬁHHBII’I JICBBIN BBIBO/JI, TIPUHHMMAA BO BHUMAHHUC k BXOAHBIX CUMBOIJIOB,
PacCIIOJIOKEHHBIX CTpaBa OT TEKyUIeH MO3UIUH. BhIOOp anbTepHATUBBI OCYIIECTBISETCS HA OCHOBE
3apaHee COCTaBJICHHON TaOIHIIBI IPOTHO30B.

Anammzatop st LR(k)-rpaMMaTuK TMpOCMaTPHUBAET BXOJHYIO IIETIOYKY CJI€Ba HAMpaBO U
OCYUIECTBIISIET ACTEPMUHUPOBAHHBIN MPaBbli BBHIBOJ, MPUHUMAas BO BHUMaHUE k BXOJHBIX CHMBO-
JIOB, PACIIOJNIOKEHHBIX CIIpaBa OT TEKYIEH MO3UIHUU. BBIBOJ CTPOUTCS METOIOM CBEPTOK, KaK MpH
pazbope 1Mo JIeBOJMHEWHOW aBTOMaTHOW rpammaruke. [IpenBaputensHo 1o LR(k)-rpamMmartuke
CTpOUTCS TaONIMIA, KOTOpas Ha KaKJIOM IIare BHIBOJA MO3BOJSET aHAIM3aTOPY OJHO3HAYHO BBI-
OpaTh HY>HYIO CBEPTKY.

AHanu3aTop IS TpaMMAaTHK MPEIIICCTBOBAHUS MMPOCMATPUBACT BXOJHYIO IIEMIOYKY CIICBA
HAMpPaBO M OCYUIECTBISET IETEPMUHUPOBAHHBIN MPaBbI BBIBOJI, YUUTHIBASL TOJIBKO HEKOTOPBIE OT-
HOIIICHUS MEX]Ty TIapaMHU CMEKHBIX CHMBOJIOB BBIBOJIUMOM IICTIOYKH.

Yacto ogna u ta )xe KC-rpammarrka MOXeT OBbITh OTHECEHAa HE K OJJHOMY, a Cpa3y K He-
CKOJIbKMM KJlaccaM TpaMMaTukK (Hampumep, mrobas LL-rpammaTuka siBisiercs LR-TpaMMaTHKOM,
o0paTHOE HEBEPHO), OMYCKAIOIINX MOCTPOEHUE JIMHEHHBIX MO BPEMEHHOM CII0)KHOCTHU pacrlo3Ha-
Bateneil. Ho, Ha Bompoc, Kakoi JTydilie pacrio3HaBaTelb BIOPAaTh, HUCXOAALIUI WU BOCXOISIINMN,
HET OJJTHO3HAYHOT'O OTBETA.

Hucxondmmii CHHTaKCHUYECKUIA aHaIU3 MPEANOYTUTENIEH ¢ TOYKH 3PEHHUS MPOIECca TPAHC-
JSIUMU, TTIOCKOJIBKY Ha €ro OCHOBE JIETYe€ OPraHU30BaTh MPOLECC MOPOKIACHUS LETOYEK PE3yIbTH-
PYIOLICTO A3bIKA. BOCXOI[)IHII/If/'I CUHTAKCUYECKHAI aHaIn3 MPHUBJICKATCIIBHEC TEM, YTO 4YaCTO IJId
JAHHOTO $I3bIKa MPOTPAaMMHUPOBAHUS JIETY€ NOCTPOUTH LR-TpaMMAaTHUKy, MOCKOJIbKY OTpaHUYECHHS
Ha npaBuia ciadee, yeM g LL-rpaMMaTuk.

KOHerTHBIfI BI)I60p 3aBUCUT OT KOHKPCTHOI'O KOMITHMJIATOpPA, OT CJIOXHOCTH I'PaMMATUKH
BXOOHOI'O A3bIKa HNPOTrpaMMHPOBAHUA U OT TOI'O, KaK 6y,Hy'T HCIIOJIb30BAaHbl PE3YJIbTAThI pa6OTBI
pacrio3HaBaTeIisd.

CuHTakcuyeckum aHanusaTtop anga M-a3bika

byneM cunrtarh, 4TO CHHTAKCUYECKUH U JIEKCUYECKUHN aHAIM3aTOPbl B3AUMOIEHUCTBYIOT ClIe-
JOYIOLUMM 00pa3oM: aHaJN3 UCXOJHOW MPOrpaMMBbl UAET MO YIPABICHUEM CHUHTaKCHYECKOro aHa-
JM3aTOpa; €CJIX Ul POJOJDKEHUS aHAJIN3a €My Hy’KHA OYepeIHas JCKCeMa, TO OH 3aIPalIUBacT €€
y JIEKCHUYECKOr'0 aHajau3aTopa; TOT BBIJAET OJHY JEKCEMY M «3aMHUpaeT» 10 TeX IOp, IOKa CHHTAK-
CUYECKUN aHAIIM3AaTOP HE 3alIPOCUT CIEAYIOLIYIO JIEKCEMY.

Coraamenus:

* Hall JICKCUYECKUHA aHaIM3aTop — AT0 GyHKIMsI-ueH gel lex( ) Kinacca Scanner, KoTopas
B Ka4eCTBE pe3yJsibTaTa BbIIaeT JeKceMbl Tuma (class) Lex;

* B IIEpPEMEHHOU curr lex Thna Lex OyaeM XpaHUTh TEKYIIYIO JIEKCEMY, BBIAaHHYIO JIEKCH-
YEeCKMM aHAJIM3aTOPOM, a B IEPEMEHHOM ¢_val — ee 3HaueHue.

AHaIM3aTop METOJIOM PEKYPCHUBHOrO cmycka st M-s3bika peanin3dyeM B Bujie Ha Cu++ B
Buae Kiacca Parser . KpomMe CHHTaKCHMYECKOTO aHajiH3a, IpoIleaypbl JAHHOTO KIacca OCYIIeCTB-
JSAOT JIEUCTBUS MO CEMAHTUYECKOMY KOHTPOJIKO M MEPEBOJY NPOrpaMMbl BO BHYTPEHHEE MpeEn-
ctaBieHue. OObsICHEHNE STUX AOMOJHUTENbHBIX ACHCTBUI U BCIIOMOTATENbHBIX OOBEKTOB OyjaeT
JAaHO B CJIEAYIOIIMX pa3jenax.
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class Parser
{
Lex curr_lex; // Tekywas nekcema
type_of_lex c_type;
int c_val;
Scanner scan;
Stack < int, 100 > st_int;
Stack < type_of_lex, 100 > st_lex;

void P(); // npoueaypbl PC-meToaa
void D1();
void DQ);
void BQ);
void SQ;
void EQ;
void E1Q);
void TQ;
void FQ;

void dec ( type_of_lex type); // ceMaHTMuMecCKue AeNCTBUA
void check_id Q;

void check_op Q;

void check_not ();

void eq_type Q;

void eq_bool Q;

void check_id_in_read ();

{
curr_lex = scan.get_lex();
c_type = curr_lex.get_type(Q);
c_val = curr_lex.get_value(Q);

}

pubTic:
Poliz prog; // BHyTpeHHee npeAcTaB/ieHWe NPOrpammbl

Parser ( const char *program) : scan (program), prog (1000) {}

void analyze(); // aHanu3aTop C AENCTBUAMU

b

void Parser::analyze ()

{

gl O;

PQO;

prog.print();

cout << end] << "yes!!!" << endl;
}

void Parser::P ()

{

i void g1 (O // nonyuuTb oyepeiHyl nekcemy
if ( c_type == LEX_PROGRAM )
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throw curr_lex;
D1 O;
if ( c_type == LEX_SEMICOLON )
gl O;
else
throw curr_lex;
B O;
if ( c_type != LEX_FIN )
throw curr_lex;

}
void Parser::D1 ()
{
if ( c_type == LEX_VAR )
{
gl O;
D O;
while ( c_type == LEX_COMMA )
{ 910;
DQO);
}
}
else
throw curr_lex;
}

i void Parser::D ()

! {

| st_int.reset();

; if ( c_type != LEX_ID )
! throw curr_lex;

else
{
st_int.push ( c_val );
gl O;
while ( c_type == LEX_COMMA )
{
910;

if (c_type != LEX_ID)

throw curr_lex;
else {

st_int.push ( c_val ); ¢10;
}

}

if ( c_type != LEX_COLON )
throw curr_lex;

else
{
gl O;
if ( c_type == LEX_INT )
{
dec ( LEX_INT );
910;
}
else
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if ( c_type == LEX_BOOL )

{
dec ( LEX_BOOL );
910;
}
else
throw curr_lex;
}
}
}
void Parser::B ()
{
if ( c_type == LEX_BEGIN )
{
910;
SQ;
while ( c_type == LEX_SEMICOLON )
{
910;
SQ;
}
if ( c_type == LEX_END )
910;
else
throw curr_lex;
}
throw curr_lex;
}

void Parser::s (O

{
int pl10, pl1l, pl2, pl3;

if ( c_type == LEX_IF )
{
910;
EQ;
eq_boo1Q);
pl12 = prog.get_free ();
prog.blank();
prog.put_lex (Lex(POLIZ_FGO));
if ( c_type == LEX_THEN )
{

910;

SO;
p13 = prog.get_free();
prog.blank();
prog.put_lex (Lex(POLIZ_GO));
prog.put_lex (Lex(POLIZ_LABEL, prog.get_free()),pl2);
if (c_type == LEX_ELSE)
{
910;
SQ;

i else
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prog.put_lex(Lex(POLIZ_LABEL,prog.get_free()),pl3);

else

throw curr_lex;
}
else

throw curr_lex;

} //end if

else

if ( c_type == LEX_WHILE )

{
p10 = prog.get_free();
910;
EQ;
eq_boo1Q);
pll = prog.get_free();
prog.blank();
prog.put_lex (Lex(POLIZ_FGO));
if ( c_type == LEX_DO )

{

910;

SQ;

prog.put_lex (Lex (POLIZ_LABEL, pl10));

prog.put_lex (Lex ( POLIZ_GO));

prog.put_lex (Lex(POLIZ_LABEL, prog.get_free()),pll);
}
else

i throw curr_lex;
! } //end while

else
if ( c_type == LEX_READ )
{
g10;
if ( c_type == LEX_LPAREN )
{
g10;
if ( c_type == LEX_ID )
check_id_in_read();
prog.put_lex (Lex ( POLIZ_ADDRESS, c_val) );
g10;
}
else
throw curr_lex;
if ( c_type == LEX_RPAREN )
{
g10;
prog.put_lex (Lex (LEX_READ));
}
else
throw curr_lex;
}
else

throw curr_lex;
} //end read
else
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if ( c_type == LEX_WRITE )

{
g10;
if ( c_type == LEX_LPAREN )
{
g10;
EQ;
if ( c_type == LEX_RPAREN )
{
g10;
prog.put_lex (Lex(LEX_WRITE));
else
throw curr_lex;
}
else

E throw curr_lex;

| } //end write

i else

i if ( c_type == LEX_ID )

! {

| check_id O;

i prog.put_lex (Lex(POLIZ_ADDRESS,c_val));
! 910;

! if ( c_type == LEX_ASSIGN )

a {

i 910;

! EQ; eq_type(Q;
| prog.put_lex (Lex (LEX_ASSIGN) );

else
throw curr_lex;
} //assign-end

else B();
}
void Parser::E ()
{
E1Q;
if ( c_type == LEX_EQ || c_type == LEX_LSS || c_type == LEX_GTR ||
C_type == LEX_LEQ || c_type == LEX_GEQ || c_type == LEX_NEQ )
{
st_lex.push (c_type);
g10;
E1Q;
check_opQ);
}
}

void Parser::El ()

{
TO;
while ( c_type==LEX_PLUS || c_type==LEX_MINUS || c_type==LEX_OR )

{
st_lex.push (c_type);
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TO;
check_opQ;
}
}
void Parser::T ()
{
FO;
while ( c_type==LEX_TIMES || c_type==LEX_SLASH || c_type==LEX_AND )
{
st_lex.push (c_type);
910;
FO;
check_opQ;
}
}

void Parser::F (O

i {

| if ( c_type == LEX_ID )

i {

| check_idQ;

i prog.put_lex (Lex (LEX_ID, c_val));
! 910;

| }

; else

| if ( c_type == LEX_NUM )

i {

! st_lex.push ( LEX_INT );

| prog.put_lex ( curr_lex );
| g10;

| }

; else

| if ( c_type == LEX_TRUE )

i {

! st_Tex.push ( LEX_BOOL );
! prog.put_lex (Lex (LEX_TRUE, 1) );
| g10;

; }

; else

! if ( c_type == LEX_FALSE )

i {

i st_lex.push ( LEX_BOOL );
! prog.put_lex (Lex (LEX_FALSE, 0) );
| 910;

; }

: else

| if ( c_type == LEX_NOT )

| {

| 910;

i FO;

| check_not();

g }

: else

| if ( c_type == LEX_LPAREN )

! {
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! 910; !
| EQ; |
! if ( c_type == LEX_RPAREN) !
| 910; |
| else |
throw curr_lex;
i } i
; else ;

CemaHTnyeckmm aHanusatop ang M-a3bika

KoHTeKkcTHBIE yCIIOBHS, BBIIIOJIHEHHE KOTOPBIX HaM HAaJ0 KOHTPOJMPOBATh B MpPOrpaMmax
Ha M-s3BIKE, TAKOBEL:

1. Jlroboe uMs, HCIOIB3yeMOE B IPOrpaMMe, JOIKHO ObITh OIMCAHO U TOJIBKO OJUH pas.
2. B omnepatope npucBauBaHus TUIbI IEPEMEHHOMN U BBIPAYKEHUS JOJKHBI COBIAAATh.

3. B yciioBHOM omepaTope U B ONEPATOpE LIMKJIA B KAaYECTBE YCJIOBUS BO3MOXHO TOJIBKO
JIOTUYECKOE BBIpAXKEHHE.

4, OHCpaHI[BI onepanr OTHOIICHU NOJIKHbBI OBITh OCJI04YUCICHHBIMU.

5. Tun BbIpaXXCHUSI U COBMECTHMOCTh THIIOB OINEPAHIIOB B BHIPAKCHUH OMPEICISIOTCS 110
oObIuHBIM MpaBuiIaM (Kak B [Tackaie).

IIpoBepKy KOHTEKCTHBIX YCJIIOBUM COBMECTUM C CHUHTAKCUYECKMM aHanu3oM. [l 3Toro B
CHUHTAaKCHYECKHE IIpaBHa BCTABUM BBI30BBI NIPOLELYP, OCYLIECTBISIOMIMX HEOOXOIUMBIH KOH-
TPOJIb, @ 3aTE€M IIEPEHECEM UX B IIPOLELYPbl PEKYPCUBHOIO CITyCKa.

Jlist peanu3anuy CEeMaHTHYECKOTO aHaiu3a OyJIeM HCIIOIb30BaTh CIASAYIOIIMKA 1M1a0I0HHBIN
Knacc Stack:
template <class T, int max_size > class Stack
{
T s[max_size];
int top;
public:
Stack(Q{top = 0;}
void reset() { top = 0; }
void push(T i);
T pop();
bool is_empty(){ return top == 0; }
bool is_full() { return top == max_size; }

};

template <class T, int max_size >

void Stack <T, max_size >::push(T i)

{
if ( lis_fullQ )
{
s[top] = 1;
++top;
}
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throw "stack_is_full";
}

template <class T, int max_size >

T Stack <T, max_size >::pop()

{
if ( lis_empty() )
{
--top;
return s[top];
}
else
throw "Stack_is_empty";
}

O6paboTka onucaHum

HJ'IH KOHTPOJISI COIJIAaCOBAHHOCTHU TUIIOB B BBIPAKCHUAX U TUIIOB Bpra)KeHI/Iﬁ B OIieparopax,
HGO6XOI[I/IMO 3HATb THUIIbI IICPEMCHHBIX, BXOAAIIUX B OTU BBIPAKCHUA. KpOMe TOIr0, HYKHO ITPOBC-
PATh, HET JIM TIOBTOPHBIX OIMMCaHUM I/I,Z[eHTI/ICI)I/IKaTOpOB. Ota I/IH(I)OpMaI_[I/IH CTaHOBUTCS U3BECTHOU B
TOT MOMCHT, KOT'1a CHHTAKCUYECKUMN aHajaM3aTop O6pa6aTI)IBa€T OIIMCaHHA. CJ'ICI[OB&TCJ'II)HO, B CHH-
TAKCUYCCKUC IIpaBUJia IJIsL OIMMCAHUN HY>KHO BCTaBUTb HCﬁCTBHH, C MMOMOLIBIO KOTOPBIX 6yz[eM 3a-
IIOMHHATDb THUIIbI ICPEMCHHBIX U KOHTPOJIUPOBATE CAUHCTBCHHOCTD UX OITMCAaHMUSI.

Jlexcrueckuil aHamM3aTOp 3alOMHUIII B Tabuuie uaeHTudukaropoB 77D Bce mueHTH(]UKA-
TOPBI-JIEKCEMBI, KOTOpPbIE ObUIM UM OOHApY’KEHbl B TEKCTE UCXOAHOM mporpammsl. MHGopmanus o
THUIE IEPEMEHHBIX U O HATMYMHU MX OMUCAHUS 3aHOCUTCS B Ty e TaOJHILy.

i-ast cTpoka Tabnuisl 77D cOOTBETCTBYET UACHTUHUKATOpY-Tekceme Buna (LEX ID, i ).

Jlexcuueckuil aHamM3aTOp 3aNOJIHUI NOJIE name; 3Ha4YEHUs Nojel declare u type Oyaem 3a-
MOJIHATH Ha 3TAIle CEMaHTUYECKOTIO aHaJIM3a.

Pa3nen onucanuii UMeeT BHUL
D — I {, I}: [int| bool],

T. €. UMeHU Tuna (int umu bool) npeAmecTByeT CIUCOK UACHTH(PHUKATOPOB. DTH HACHTU(DUKATOPHI
(BepHee, HOMepa COOTBETCTBYIOMIMX MM cTpok Tadbmuubl TID) Hamo 3amomuHaTh (MBI OyZeM UX 3a-
MIOMHUHATh B CTEKE LENbIX unucen Stack<int, 100> st _int), a korjna 0yJ1eT NpoaHaIU3UPOBAHO UMSI TH-
1a, HaJI0 3aTlOJIHUTh N0 declare M type B 3THX CTPOKaXx.

Oyukuus void Parser::dec (type of lex type) cunThIBaeT U3 CTEKa HOMEPA CTPOK TAOJIMIIBI
TID, 3aHOCHUT B HUX MH(POPMAIUIO O THIIE COOTBETCTBYIOIIUX MEPEMEHHBIX, O HATHYMUU MX OIKCa-
HUI 1 KOHTPOJHMPYET OBTOPHOE OMMCAHHUE IEPEMEHHBIX.

void Parser::dec ( type_of_lex type )
{

int i;
while ( !st_int.is_empty())

{
i = st_int.pop(Q);

if ( TID[i].get_declare() )
throw "twice";
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TID[1].put_declare();
TID[i].put_type(type);

C yderom umeromuxcs (GyHKIUN MPaBUIIO BBIBOJA C ACHCTBHUSIMHE 171 00pabOTKH OMHMCaHUN
OyJzleT TaKuM:

D — (st intreset() ) I{ st int.push (c _val))
{, I{st_int.push (c_val)) }:
[int ( dec (LEX INT) ) |bool { dec (LEX BOOL)) ]

KOHTpOJ’Ib KOHTEKCTHbIX yCJ'IOBl/II7I B BblIpa>XeHNn
Tuner onepan1oB 1 0003HAYEHUE OTEepaIuii Mbl Oy/IeM XpaHUTh B cTeke Stack (type of lex,
100) st_lex.

Ecnu B BBIpaXEHUH BCTpEYaeTCsl JISKCEMa IeJI0€ YHCIIO WIIM JIOTUYECKHE KOHCTAHTHI frue
niu false, To COOTBETCTBYIOILIUI TUII CPa3y 3aHOCUTCS B CTEK.

Eciu onepana — JICKCEMa-IICpeMECHHAasd, TO HGO6XOI{I/IMO OpOBCPUTH, OIIMCaHa JIM OHA, CCJIN
OIIMCaHa, TO €€ TUIl HaJ0 3aHECTU B CTCK. OTH JEHCTBHUSI MOKHO BBITIOJIHUTH C IIOMOIIBIO (1)}’HKI_[I/II/I

void parser::check_id()

{
if ( TID[c_val].get_declare() )
st_lex.push(TID[c_val].get_type());
else
throw "not declared";
N A
Torma nmst KOHTPOJS KOHTEKCTHBIX YCIOBHH Ka)XJIOW TPOWKH — (ONEepaH;I — Oomnepanus —

orepan) (U1 MPOBEPKH COOTBETCTBHS TUIIOB OINIEPAHIIOB JaHHOW BYMECTHOM oreparun) Oyaem
UCNOJb30BaTh GyHKUUIO check op():

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

void Parser::check_op ()
{
type_of_lex tl, t2, op, t = LEX_INT, r = LEX_BOOL;
t2 = st_lex.pop(Q);
op = st_lex.pop(Q);
tl = st_lex.pop(Q);

if ( op==LEX_PLUS || op==LEX_MINUS || op==LEX_TIMES || op==LEX_SLASH )
r = LEX_INT;
if ( op == LEX_OR || op == LEX_AND )
t = LEX_BOOL;
if (tl==1t28&& tl ==1t)
st_lex.push(r);
else
throw "wrong types are in operation";
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JInst KOHTPOJISL 3a TUIIOM OIEpaHia OJHOMECTHOH omepanud not OyaeM HCIOJIb30BaTh
byukuio check not():

void Parser::check_not ()

{
if (st_Tex.pop() != LEX_BOOL)
throw "wrong type is in not";
else
{
st_lex.push (LEX_BOOL);
}
}

Teneps raaBHBIN BONPOC: KOT/A BRI3BIBATH 3TH PYyHKIIUN?

B rpammarnke MOIEIBHOTO SI3bIKA 33J]JaHO CTAPIIMHCTBO OTEPAINi: HAMBBICIIUN TIPUOPUTET
MMEeT Olepalusl OTPUIIAHUS, 3aTEM B MOPSAIKE yObIBaHUS MPUOPHUTETa — TPYyIa ONepauuil yMHO-
xenus (*, /, and), Tpynmna onepanuii cjaoxeHus (+, —, or), oneparuyu OTHOIICHUSI.

E—E|E[=]|<|>]E
Ei,—>T{[+|-|or]T}
T—>F{[*|/|and]F}
F—I|N|| true| false | | not I’ | (E)

NMeHHO 3TO CBOWCTBO I'paMMAaTHKM IO3BOJMUT IMPOBECTH CHUHTAKCHUYECKHU-YNPABISIEMbIN
KOHTPOJIb KOHTEKCTHBIX yCJIOBHM.

Ynpaxnenne. CpaBHUTE I'paMMaTHKH, ONUCHIBAIOIINE BBIPAKEHUS, COCTOSIINE U3 CHMBO-
JIOB +, *, (, ), I

G1I G4 .

E —E+FE|E*xE|(E)|I E —>T|E+T
' - F|T*F
Ga: F—il(E)
E —>E+T|E+*T|T
T —i|(E)
Gs: Gs:
E —>T+E|T*E|T E —>T|T+E
I —i|(E) T —>F|FxT
F—i[(E)
OneHuTe, HACKOJIBKO OHM yIOOHBI JJIsi TPAHCISALMH BBIPAXKEHUH METOJIOM PEKYPCHBHOTO
cnycka (G| — HeogHO3HauyHas, IeBopeKkypcuBHas;, G, Gy, G3 — HE YUYNUTHIBAETCS MPUOPUTET OIe-
pauuii; Gs, Gs — yuuTbIBaeTCsl npUopuUTeT omnepauuil, G, G4 — JIEBOPEKYPCUBHBIE, ONEpalUH

TPYIIIHUPYIOTCS CJIE€Ba HANpPaBoO, KaK MPHUHATO B Maremartuke, G3, Gs — ONepanuy IpyImupyIOTCs
CIpaBa HaJEBO).
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IIpaBuiia BbIBOAA BBIPA)KEHUI MOJAEIBHOTO SI3bIKA C JEHCTBUSMH AJI KOHTPOJS KOHTEKCT-
HBIX YCJIOBMIA:

E  — E||Ei[=]<]|>]{st_lex.push(c_type) ) Ei{check op())
Er — T{[+|-|or]{st_lex.push (c_type)) T{check op())}
T — F{[*]|/]|and] st lex.push (c_type) ) F{check op() )}

F — I{check id())| N (st lex (LEX INT)) || true | false ]
(st_lex.push (LEX BOOL) ) | not F { check not() )| (E)

KOHTpOnb KOHTEKCTHbIX YCITOBUI B onepaTopax
S— I:=FE|if E then S else S | while E do S | B | read (I) | write (E)

1. Onepartop npucBanBaHus
I:=E

KonTekcTHOE ycinoBue: B oniepaTope MPUCBAUBAHUS THUIIBI IEPEMEHHON [ U BBIpAKEHUS E
JOJI’KHBI COBIIaAAaTh.

B pesyinbrare KOHTPOJIS KOHTEKCTHBIX YCIOBUM BBIPDAKEHUS £ B CTEKE OCTAHETCS THUII ITO-
ro BhIpa)KeHHUs (KaK TUI pe3yJibTaTa MOCIeAHeH onepalyn); eciau Mpyu aHanuse uaeHtupukaropa 1
IIPOBEPUTH, OMMCAH JM OH, U 3aHECTU €r0 THUIl B TOT K€ CTEK (UIsI TOrO MOKHO HCIIOJIb30BATh
dbyukauro check id() ), To noctaTto4HO OyAET B HY>KHBIA MOMEHT CUMTATh U3 CTEKA JIBa DJIEMEHTA U
CPaBHUTH UX:

void Parser::eq_type ()
{

if ( st_Tex.pop() != st_lex.pop() ) throw "wrong types are in :=";

CnenoBatenbHO, MPaBUJIO I OlepaTopa NPUCBAauBaHUSA:

I{check id()) :=E (eq type())
2. YCJIOBHBIH ONIEPaTOpP U ONEPATOP HHKJIA

if E then S else S | while E do S
KoHTekcTHBIC YCIIOBUS: B YCIOBHOM OIEPaTOPEe U B ONEPATOPE IUKJIA B KAYECTBE YCIOBUS
BO3MOJKHBI TOJIBKO JIOTHYECKUE BBIPAKCHUS.

B pe3yibrare KOHTPOJISI KOHTEKCTHBIX YCIOBHUI BhIpaXeHUs £ B CTEKE OCTAHETCS TUI ATOTO
BBIpa)KEHUS (KaK TUI pe3ysbTaTa MOCJIEIHEN onepalyn); ClIeJ0BaTeIbHO, TIOCTATOYHO U3BJIEYb €r0
U3 CTEKa U IPOBEPUTH:

void Parser::eq_bool ()

{
if ( st_lex.pop() != LEX_BOOL )
throw "expression is not boolean";

78



ONEeMEHTbI TEOPUM TPAHCISALMM | CuHTaKCUYeCKMil aHanua

Toraa npaBuia it YCIOBHOTO OMEPaTOpa U oreparopa IUKIIa Oy IyT TAKUMH:
if E (eq bool())then S else S | while E (eq_bool()) do S

3. Jlns moBepku omepaHzia omeparopa BBoAa read(l) MOXHO HCHOJB30BATH CIIEAYIOIIYIO
(GyHKIHIO:

void Parser::check_id_in_read ()
{

if ( !'TiD [c_val].get_declare() )
throw "not declared";

[paBuito a5 orieparopa BBoja Oy IeT TAKKHM:
read (I { check id in_read())) .
B wurore momydaem mporeayphl IS CHHTAKCHYECKOTO aHaIM3a METOJOM PEKYPCHBHOIO

CITyCKa C CUHTAKCUYCCKU-YTIPABIACMBIM KOHTPOJIEM KOHTCKCTHBIX yCHOBHﬁ, KOTOPELIC JICTKO HAIlU-
CaThb I10 IMpaBuJIaM rpaMMaTuKHU C HeﬁCTBHﬂMH.

Knacc Parser c JOITIOJIHUTCIIbHBIMHU ITOJIIMHU U METOJaMH IJIA CEMAaHTHYCCKOI'O aHaJIM3a BbI-
TIIAOUT TaK:

class Parser
{
Lex curr_lex;
type_of_lex c_type;
int c_val;
Scanner scan;
Stack < int, 100 > st_int;
Stack < type_of_lex, 100 > st_lex;

void P(); void D1(); void D(); void B(); void sO;
void EQ); void E1(); void TQ; void FQ;

void dec ( type_of_lex type);
void check_id Q;

void check_op Q;

void check_not (;

void eq_type (;

void eq_bool ();

void check_id_in_read ;

void g1 O

{
curr_lex = scan.get_lex();
c_type = curr_lex.get_type(Q);
c_val = curr_lex.get_valueQ);

}

public:
Parser ( const char *program) : scan (program) {}
void analyze(Q);
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| iE |
i void Parser::analyze () i
i { i
| g1 O; i
! P O;

i cout << endl << "ves!!!" << endl; |
i } i

void Parser::D ()
{
st_int.reset();
if (c_type != LEX_ID)
throw curr_lex;

else
{
st_int.push ( c_val );
910;
while (c_type == LEX_COMMA)
{
910;

if (c_type !'= LEX_ID)
throw curr_lex;
else

{
st_int.push ( c_val );

g10;
}
}
if (c_type != LEX_COLON)
throw curr_lex;

else
{
g10;
if (c_type == LEX_INT)
{
dec ( LEX_INT );
g10;
}
else
if (c_type == LEX_BOOL)
{
dec ( LEX_BOOL );
g10;
}
else throw curr_lex;
}
}
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FeHepauus BHyTpeHHero npeacTaBneHnsa Nporpamm

Pe3synbpTatom paboThl CHHTAKCHUYECKOTO aHAIM3AaTOPa JAO0JKHO ObITh HEKOTOPOE BHYTPEHHEE
MPEACTABICHUE MCXOJHOM LIEMOYKH JIEKCEM, KOTOPOE OTPaXaeT €€ CHUHTAKCUYECKYIO CTPYKTYpY.
[IporpamMma B TakoMm BHJI€ B JajbHEHIIEM MOKET JIMOO TPAHCIUPOBATHCS B OOBEKTHBIN KO/, JTHOO
WHTEPIPETUPOBATHCS.

A3bIK BHYTPEHHErO NpeAcTaBneHns NporpamMmmbl

OCHOBHBIE CBOWCTBA sI3bIKa BHYTPEHHETO MPEICTABICHUS POTPaMM:

a) OH MO3BOJSET (PUKCUPOBATH CHHTAKCHUYECKYIO CTPYKTYPY MCXOIHOU MPOTPaMMBI;

0) TEKCT Ha HEM MO>KHO aBTOMAaTUYE€CKH T€HEPHPOBATH BO BPEMsI CHHTAKCHUECKOTO aHAIIU-
3a;

B) €ro KOHCTPYKLHUH JIOJDKHBI OTHOCHTEIBHO MPOCTO TPAHCIUPOBATHCS B OOBEKTHBIN KOJ
100 10CcTaTOYHO 3(PPEKTUBHO MHTEPIIPETUPOBATHCS.

Hexotopeie o0menpuHAThIe CIOCOOBI BHYTPEHHETO TPEACTABICHHUS TIPOTPAMM:
a) TOCTUKCHAS 3aINCh;

0) mnpeduKcHas 3aIuCh;

B) MHOTO3JPECHBIN KOJI C SBHO HMEHYEMBbIMH PE3yJIbTaTaMH;

I) MHOTOAIPECHBIN KOJ C HESIBHO MMEHYEMBIMHU PE3yJIbTaTaAMU;

1) CBSI3HBIC CITUCOYHBIC CTPYKTYPHI, IPEACTABISIONINE CHHTAKCHUECKOE JEPERBO.

B ocHOBe Ka70r0 U3 3TUX CMOCOOOB JICKUT HEKOTOPBHIM METOJ] MPECTABICHUS CHHTAKCH-
YECKOI'o JIepeBa.

3amMeuanmne

Yaie Bcero CHHTaKCU4YECKUM JEPEBOM HA3bIBAIOT JIEPEBO BBIBOAA UCXOIHOM LIENIOYKU, B KOTOPOM yJia-
JICHBI BEpIIMHBI, COOTBETCTBYIOIINE IIEHBIM ITpaBuiaM Buna A — B, rne 4, B € N.

BriOepeM B kauecTBe si3bIKa ISl MPEICTABICHUS IPOMEXKYTOYHOM MPOrpaMMbl ROCH huKc-
Hy10 3anuce (ee Taxke Ha3biBatOT TIOJ/IHU3 — nonibCcKasi MTHBEPCHAS 3aITUCh).

[TOJIN3 upaeaneH A BHyTPEHHETO MPEICTABICHUS UHTEPIPETUPYEMBIX SI3BIKOB MPOTPaM-
MHPOBaHs, KOTOpBIE, KaK MpaBuio, yao0Ho nepeBoaarcs B [I0JIN3 u nerko HHTEpIpeTUPyOTCS.

B T1OJIN3e omepanabl BHIMUCAHBI CJ€Ba HANPABO B MOPSAKE WX CIEJOBAHHS B HCXOJHOM
TeKCTe. 3HAKH ONEpPAlUid CTOAT TaKMM O0pa3oM, YTO 3HAKY OINEpAIMH HEMOCPEACTBECHHO IMpe/lie-
CTBYIOT €€ OTICpPaH/IBbI.

Ilpocmeim OyneM Ha3bIBaTh BBIPAKCHUE, COCTOSAIIECE U3 OJHOW KOHCTAHTHI WJIM UMCHHU Iie-
pemenHoi. Taxue Boipakenus B [1OJIM3e ocratorcst 6e3 m3menenuid. Ilpu nepesoge B I1IOJIN3
CJIOKHBIX BBIPAKCHHN BA)KHO MPABWIBLHO OINPEIENATh TPAHUIIBI MTOIBBIPAKECHUH, SBIISIOIINXCS JIe-
BBIMH ¥ TIPaBBIMU OTlepaHaaMu OWHapHBIX ornepanwid. [Ipo0iem He BO3HUKAET, €CIIN CIIOKHBIC ITO/I-
BBIPA)KEHUS SIBHO OTpaHUYEHBbI cCKoOKamu. Hampumep, B BepaxkeHuu (a + b) * ¢ JIEBBIM ONEPaHIOM
oTiepaIy * SIBISIETCS TMOJBBIPAXKCHHUE a + b, a MpaBbIM — MPOCTOE BhIpakeHue c¢. Korma ckoOku
SIBHO HE PaCCTaBJICHBI, KaK B Cllydasix @ + b * ¢ u a — b + ¢, BAXHO YYUTBIBATh npuopumem ornepa-
UK, a TaKKE ACCOYUAMUBHOCMb OTIEPAITH OJIMHAKOBOTO MPHOPHUTETA. Y MHOKECHUE UMEET 00JIb-
IIUI IPUOPUTET, YeM CIIOKEHHE, TIO9TOMY B BBIPAXKECHUU a + b * ¢ omepaH] b OTHOCHUTCS K orepa-
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MM YMHOKEHUS W KBUBAJICHTHOE BBIpAKEHHE CO CKOOKamu OyneT TakuM: a + (b * ¢). B Beipaxe-
HUM a —b + ¢ onepana b OTHOCUTCS K JIEBOW Omepalyi, T. €. K «KMUHYCY», a HE K «ILTIOCY» (B CHUILY
JIEBOM aCCOLIMAaTUBHOCTH ONEpaluil + U —, UMEIOLIUX OJMHAKOBBIM IPUOPUTET), U ITO BBIPAKECHUE
SKBHMBAJIEHTHO BBIpaXXeHUIO (a —b) + c. JleBo-acconMaTuBHbBIE ONepanuy IPyNIUpyOTCs ¢ IMOMO-
1I6I0 CKOOOK clieBa HanpaBo: @ —b + ¢ —d »kBuBaneHnTHo ((a —b)+c¢) —d.
Tenepp MOxeM (OpMaIbLHO ONpPEAETUTh NOCTGPUKCHYIO 3alIUCh BbIPAKEHMIT TaKUM 00pa-
30M:
1) ecnu E sBngercs npocThiM BelpakeHHeM, To IIOJIN3 Bbipaxenuss E — 3TO caMo BbI-
paxenue E;
2) TIOJI13om Beipaxenus E; 0 E», tie 6 — 3Hak OuHapHOi onepanyu, £ u £, onepaHabl
s 0, sisercs 3amuch £ Ey' 6, roe E)' u E;' — [1OJIN3 Beipakennit £} u E; cooT-
BETCTBEHHO;

3) TIIOJIN3om Beipaxenus 0 E, rae 0 — 3Hak yHapHOil onepanuu, a £ — onepana 0, sB-
nsiercst 3anuch E' 0, tne £’ — T1OJIN3 Beipakenus E;
4) T10JI1M30m Beipakenus (E) sasnsercs [10JIN3 Beipaxkenus E.

IIpumep. [1OJIN30M Beipaxenus a + b + ¢ saBasercs a b + ¢ +, Ho He a b ¢ + +. [locnennss
3ammuch sBisercs [IOJIM3om s Beipaxenus a + (b + c).

Anroputm [enkctpbl nepesoga B NOJIN3 BeipaxkeHuin

Bynem cuutate, uro [1OJIN3 Beipaxkenus OyaeT GOPMHPOBATHCS B MACCHUBE, COJIEPIKAILIEM
nexkcembl — aneMeHTsl [10JIM3a, u npu nepeoae B [10OJIMN3 OGyner ucnonb3oBaThecs BCIOMOTa-
TEJBHBIN CTEK, Takxke coaepxamiuii smeMmentsl [10JIM3a (oneparuu, nmeHa GyHKIMA) U KPYTIIbIE
CKOOKHU.

1. BelpaskeHHe mpocMaTpuBaeTCsi OJJUH pa3 clieBa HaIlpaBo.
2. [loka ecTb HEMPOUUTAHHBIE JIEKCEMbBI BXOJHOI'O BBIPAYKEHUS, BHIIIOJIHAEM JEHCTBUSL:

a) UurtaeM ouepenHyIO JIEKCEMY.
0) Ecnu nexcema siBsieTCsl YUCIOM WK TIepeMeHHoM, nob6asmnsiem ee B [IOJIM3-maccus.
B) Ecnu nexcema siBisieTcst CMMBOJIOM (DyHKIIMH, TIOMEIIAEM €€ B CTEK.

r) Ecnu nexcema siBisiercs pa3aenuTeneM apryMeHTOB (QyHKIMM (HampuMmep, 3amsras),
TO JIO T€X TOp, TOKAa BEPXHUM DIIEMEHTOM CTE€Ka HE CTaHET OTKPBIBAIOIIasics CKOOKa,
BBbITAJIKMBaeM 3eMeHThl u3 creka B [10JIN3-maccuB. Ecnu oTkpbiBaromascs ckoOka
HE BCTPETUIIACH, 3TO O3HAYAET, YTO B BBIPAKCHUU JINOO HEBEPHO IOCTABJIEH pa3jie-
JIUTENb, TMO0 HE COTIacoBaHbl CKOOKH.

n) Ecnm nexcema siBnsieTcs onepanueii 0, Toraa:

* [I0Ka MPHOPUTET O MeHblIe TUO0 paBeH MPUOPUTETY OMepaluu, HaXoAsIencs Ha
BEpIIMHE CTeKa (151 IeBO-aCCOLMATUBHBIX OMEpaIyii), Wik IPUOPUTET O CTPOro
MEHbIIE MPUOPUTETA ONEPALIUU, HAXOASILEHCS Ha BEPIIMHE cTeKa (Uil MpaBo-
ACCOIIMATUBHBIX Olepaluii), BEITAIKUBaeM BepxHUE deMeHTh cteka B [1OJIN3-
MacCCUB;

* TIOMEIaeM onepanuio 0 B CTeK.

e) Ecau nexcema siBasercs OTKpHBaI-OH_Ieﬁ CKO6KOI>1, nmoMemacMm €€ B CTCK.
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k) Eciin nexcema sIBIsIETCS 3aKphIBAIOIIECH CKOOKOMW, BBITAIKUBAEM JJIEMEHTHI U3 CTEKa

B [IOJIN3-maccuB 10 TEX MOp, MOKA HA BEPIINHE CTEKA HE OKAYKETCS OTKPHIBAIOLLAS
ckoOka. [Ipu a3ToM oTKphIBaromas ckoOka ymansercs u3 creka, Ho B [I0OJIN3-maccus
He no6asnsercsa. Ecnu mocne sToro mara Ha BEpIIMHE CTeKa OKa3bIBAETCS CHMBOJI
¢dbyukuun, BeiTankuBaeM ero B [10JIM3-maccuB. Ecim B mpoliecce BBITaTKUBaHUS
OTKPBIBAIOLIEH CKOOKHM HE HAIUIOCh U CTEK ITyCT, 3TO O3HAYAET, YTO B BHIPAKEHUH HE
COTJIacOBaHbl CKOOKHU.

3. Kor;[a HpOCMOTp BXOJHOT'O BI:Ipa)KeHI/ISI 3aBep1ueH, BBITAJIKNBAEM BCC OCTABIIIHUCCAIA B CTC-
ke cumBoutbl B [1IOJIN3-maccuB. (B creke mOmKHBI OBUTH OCTaBATHCS TOJIBKO CHMBOJIBI ONIEPAIIHiA;

€CJIU 3TO HE TAK, 3HAYUT B BBIPAKCHUH HC COIJIACOBAHbI CKO6KI/I.)

Hanpumep, 06b1yHOM (MHPUKCHOI) 3aMUCH BBIPAKCHHUS
a*(b+c)y—(d-e)/f
COOTBETCTBYET TaKas MOCT(UKCHAs 3aIHCh:

abc+*xde—f/ -

3ameuanue

O6parure BHUMaHKue Ha TO, 4To B [TIOJIM3e mopsmok onepaHaoB OCTAJICS TaKUM XKe, KaKk U B HHPHUKC-
HOW 3aITUCH, YYTEHO CTapIIMHCTBO ONEpaLnii, a CKOOKH MCUYE3IH.

3anuck BeIpakeHUs B Takoi (hopMe OYeHb y100Ha AJIs MOCIEaYIOMEH HHTepIIpeTauH (T. €.

BBIYHCIJICHHUA 3HAYCHUS DTOI'O BBIpa}KeHI/ISI) C IIOMOIIIbIO CTECKA.

AnNropuTM BblYNCNEHNS BblipaXeHui, 3anncaHHbix B [NOJTA3e

1) BeipaxeHnue npocMaTpuBaeTCsl OMH pa3 CJIeBa HAMPaBO U JJIS KaXKJIOTO 3JIEMEHTA BbI-

nostHsroTes mard (2) wiu (3);

2) Ecnu ouepennoii anement [10JI13a — onepana, To ero 3HaYeHUE 3aHOCUTCS B CTEK;

3) Ecnu ouepennoii anement [10JIM3a — oneparus, To Ha BepXyIlKe CTEKa ceiiuac Haxo-
nsTcs ee onepanabl (3To cineayet u3 onpenenenus [10JIN3a u npeamecTByomux neu-
CTBHMH aJlrOpUTMa); OHU U3BJIEKAIOTCS M3 CTeKa, HaJl HUMH BBIIIOJHIETCS ONeparus, pe-

3yJIbTAaT CHOBA 3aHOCUTCA B CTCK;

4) Korna Beipaxkenue, 3anucantoe B [10JIM3e, npountaHo, B CTEKE OCTaHETCS OJIUH dJie-

MCHT — 3TO 3HAYCHUEC BCCT'O BBIPAXKCHUSA, T. €. pC3yJIbTAaT BEIYUCIICHH.

3ameuanue

1. dns waTepriperanym, kKpome [10JIN3a BepakeHus, HEOOXOANMA TOTIONHUTEIbHAS WHPOPMALUsI 00
olepaHax, XpaHs;Iascs B TaOINIaX.

2. MoXeT oka3aTbCsl TaK, YTO 3HaK OMHApHOW OIepalyy 10 HAIMCAHHWIO COBIAJAET CO 3HAKOM YHap-
HOM; HallpuMep, 3HaK «—» B OOJIBIIMHCTBE S3bIKOB IPOrPaMMHUPOBAHUs 03HaYaeT U OMHAPHYIO OIEpalUI0 BHIYHU-
TaHUsA, U YHApHYIO OICpallio U3SMCHCHHA 3HaKa. B stom CJIydac BO BpEeMsA MHTEPIIPECTALNU OIE€paAllUU «—» BO3-
HUKHET HEOIHO3HAYHOCTb: CKOJIBKO OTEPaH/I0B HAJ0 U3BJIEKATh U3 CTEKA U KaKyl0 OIEpalio BHIIOIHATH. YCT-
PaHNTH HEOJAHO3HAYHOCTH MOXHO, 10 KpaifHeil Mepe, IByMsI ClIoco0amu:

® 3aMEHHUThH YHApPHYIO ONEPAINI0 OMHAPHOMH, T. €. CINTATh, 4TO —a o3HadaeT 0 — a;

® ;1u00 BBECTH CIIEIMAIBHBII 3HAK JUIS 0003HAUCHHUSI YHAPHOH Olepalvu; HaupuMep, —a 3aMEeHHUTh Ha
&a. BaxxHO OTMETHTH, UTO 3TO U3MEHEHHUE KacaeTcs TOJbKO BHYTPEHHET O MPEACTaBIEHHUS MPO-
rpaMMBbI ¥ He TpeOyeT U3MEHEHHUS BXOJJHOTO SI3bIKA.
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Omnepartop npucBanBaHus

I1=F
B [1OJIM13e Oynet 3amucan Kak

1E =

TJE «:=» — 3TO JABYXMECTHas omnepauusi, a / u E — ee onepaHapl; NOAYEPKHYTOE _[ O3HAYAET,
YTO OMEPAHAOM OMEPALUU «:=» SABJISIETCA aJIpeC MEPEMEHHON [, a HE €€ 3HAYCHHUE.

Omnepartop nepexoga B tepmunax [10JIN3a o3HayaeT, 4TO MpoIecC MHTEPHPETALUA HAT0
NpoAOJKUTH ¢ TOoro annemenTa [10JIM3a, KoTophIil yKa3aH Kak ONepaH/ onepalyu nepexoa.

UtoOb1 MOKHO OBLTO cchtaThes Ha AneMmeHTsl [I0JIN3a, OymeM cunTath, 4TO BCE OHM TIEpe-
HYMCpPOBAaHbI, HaUYWHaA C 1 (,Z[OHyCTI/IM, 3aHCCCHBI B IOCICAOBATCIBHBIC 3JICMCHTBI OAHOMCPHOTO
MacCHBa).

[Tycts I[IOJIN3 oneparopa, MOMEYEHHOTO METKOW L, HAUMHAETCSI C HOMEpA p, TOT1a Ornepa-
Top nepexona goto L B IIOJIM3e MoxkHO 3anmucaTh Kak
p!
rae «!» — omneparus Beioopa anementa [10JIM3a, Homep KOTOporo paBeH p.

Hemuoro cnoxnee okaxercsa 3anuchk B [10JIM3e yc10BHBIX 0nepaTopoB H ONEPaTOpPOB
HUKJIA.

Hanpuwmep, ecnu paccMmatpuBath onepatop if B then S else S, kak 00bIYHYIO TPEXMECTHYIO
orepauuio ¢ onepanaamu B, Si, S», To [IOJIU3 Takoro oneparopa JOMKEH BBIMVIAAETh IPUMEPHO
tak: B' S\ Sy’ if, rne B’ — I1OJINU3 ycnosus, S," S," — I[NOJINU3 onepatopoB Si, 7, if — 0603Haue-
Hue ycioBHoOM omnepanuu. Ho Torma mpu untepnperauuu [10JIM3a o6e BetBu S, S, 3apaHee BbI-
YUCIISIOTCSI, HE3aBUCUMO OT YCIIOBUS B, UTO He COOTBETCTBYET CeMAaHTHKe YCIOBHOIO OIepaTopa.
Jlia koppektHo#t peanuzanuu B [I0OJIN3e ynpasnstomux KoHCTpYKUUil if, while v T. 1., uX cHavyana
3aMEHSIOT SKBUBAJIECHTHBIMU (hparMeHTaMu IpH MOMOLIH ONepaTopoB mnepexona. Beenem Bcriomo-
raTejbHyI0 OIEepalli0 — YCIOBHBIM EPEXO0/ «II0 JKU» C CEMAaHTUKOM

if (IB) goto L

OT0 NIByXMecTHas omnepainus ¢ onepanaamu B u L. O6o3naunm ee !F, torna B [10JIM3e ona
OyJIleT 3amucana Kak
B'pF,
IZie p — HOMep 3JIeMeHTa, ¢ KoToporo HaunHaercs [11OJIM3 oneparopa, moMeueHHOro METKON L,
B"— I10JIN3 noruveckoro BbIpakeHus B.
CemaHTHKa yCJIOBHOTO OnepaTopa

if E then S else S,

C MCIIOJIb30BAaHUEM BBEICHHOMW OIMEpaiui MOXET ObITh OTIMCaHa TaK:
if (! E) goto Ly; Si; goto Ls; Ly: Sy; Ls: ...

Torga I1OJIN3 ycinoBHOTrOo onepaTopa OyAeT TakuM (TIOPSI0K OTEPaHI0B — MPEKHUI!):
E'pz !FSl'p3 ! Sz' ceey

I7ie p; — HOMeEp 3JIeMeHTa, ¢ koToporo HaunHaerca [1OJIM3 oneparopa, HOMEYEHHOIO METKOM L,
i=23, E' — IIOJIN3 nornueckoro BbIpakeHUs E. 3aMeTHM, YTO pacCIOJIOKEHHE BHYTPEHHHUX
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KOHCTPYKUHUA — ycioBusA £ U onepatopoB S| , S2 — OTHOCHUTENBHO APYT Apyra He U3MEHUJIOCH.
310 o0s3aTenbHOE TpeboBanue k [10JIN3y ynpaBisonmx KOHCTPYKLIUH.

CemanTtuka oneparopa nukiaa while E do S moxer ObITh OnTMCcaHa Tak:
Lo: if (! E) goto Ly; S; goto Lo; Ly: ... .
Torma [1OJIN3 onepatopa 1ukna while 6yaer Takum (IOPSAOK ONEPaHIOB — MPEKHUN!):
E'pi'FSpo! ..,

IZie p; — HOMeEp 2JIeMeHTa, ¢ Kotoporo HaunHaerca [1OJIM3 oneparopa, nOMEYEHHOIO METKOU L,
i=0,1, E"— I1OJI13 noruyeckoro BbipaxeHus £E.

OnepaTopI)I BBOJAa U BbIBOJAA M-s13BIKa SIBIISIOTCS OJHOMCCTHBIMU OIICpalIuAMU.
Omnepatop BBOJA read (1) B I1OJIN3e Oyner 3anucan kak [ read,

Oneparop BeiBoga write (E) B [10JI13e Oyxaer 3anucan kak E' write, tne E' — [10JIN3
BbIpaxeHus E.

ITocT¢ukcHas monbckas 3amuch ONEpaTopoB 00J1aJaeT BCEMU CBOWCTBAMM, XapaKTEPHBIMHU
JUIsl TOCT(OUKCHOM TOJIBCKOM 3alMCU BBIPAKEHUH, TO3TOMY QJIFOPUTM MHTEPIIPETALIMU BhIPAKEHUN
MIPUTOJICH JJIsi MHTEpIpeTalu Bceil mporpammsl, 3anucanioi B [10JIM3e (HyHO TOJIBKO paciiu-
puTH HAOOp omepaluii; KPOME TOro, BHIIIOJIHEHNE HEKOTOPHIX U3 HUX HE OyJeT JaBaTh pe3yJibTaTa,
3aIMUCBHIBAEMOrO B CTEK).

[TocTdukcHas monbckas 3alyuch MOXKET HCIOJIb30BAThCA HE TOJNBKO Ui MHTEpHpeTaluu
MIPOMEXYTOYHON IPOrpaMMbl, HO U JJI F€HEpaluu M0 HeW O0OBbEKTHOM MporpaMmsbl. Jlas 3Toro B
QITOPUTME UHTEPIIPETALUN BMECTO BBINOJIHEHMS ONEpallMM HYXHO I€HEPHUPOBATH COOTBETCTBYIO-
1[1e KOMaH/bl 00BEKTHOM MPOrpaMMBl.

CuHTaKkcm4ecku ynpaBnsembln nepesoa

Ha IIPaKTUKEC CHHTaKCquCKHﬁ, CEMaHTHYCCKHH aHaln3 | reaepanusa BHYTPECHHCTO IMPEI-
CTaBJICHUA NPOIrpaMMBbl 4aCTO OCYHICCTBIIAKOTCA OAHOBPCMCHHO.

Cy1iecTByeT HECKOIBKO CIIOCOO0B OCTPOEHUSI POMEXKYTOUHOM nporpammbl. OMH U3 HUX,
Ha3bIBa€Mblil CUHTAKCUYECKU YIPaBIIIEMbIM EPEBOIOM, 0COOEHHO NpocT U 3 deKkTrBeH.

B ocHOBe cHHTakCHUYECKH yNpaBiiieMOro MepeBoa JIEXKHUT y)Ke U3BECTHAsi HaM I'paMMaTHKa
C JeHCTBUAMH (CM. pa3zies 0 KOHTPOJIE KOHTEKCTHBIX ycioBuil). Teneps, napamieabHO ¢ aHAIU30M
HCXO/IHOM LIETIOYKHU JIeKCeM, OyJIeM BBIIOJIHATH ACHCTBUS MO F€HEpalui BHYTPEHHETO MpeICTaBIe-
HUs ITPpOrpaMMBbI. I[J'I?I 9TOIr0 AOIMOJIHUM I'paMMATUKy BbI3OBAMU COOTBCTCTBYIOILIUX MPOLUCAYP I'CHEC-
paumu.

CopepxatenpHblil MpUMEp — IeHepalus BHYTPEHHETO MPEACTABIEHUS IPOrpaMmbl Juist M-
SI3bIKa — TPHUBEJCH HIDKE, a 3/1€Ch B KAUECTBE MILTIOCTPAIIMH PACCMOTPHUM 00JIee IPOCTON IpUMED.

[TycTh ecTh TpaMMaTHKa, OMUCHIBAIONIAS IPOCTEHIIIEe apu(hMETHIECKOE BHIPAKEHHE.

Gexpr:
E —>T{+T}
T —F{xF)
F —alb|(E)

Torna rpaMmmMaTHKa ¢ AEWCTBUSAMHU 110 nepeBoay 3Toro Beipaxenus B [IOJIN3 Oyxaer Takoi.
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Gexpr - polish-
E  — T{+T{cout <<'+) }
T — F {xF{cout<<'#";)}
F —a(cout<<'a",)|b{cout<<'b)|(E)

B mporiecce ananm3za MeToAOM PEKyPCHBHOTO CITyCKa BXOIHOM IETIOYKHU a + b * ¢ 10 TpaM-
MaTHKE Gy polish B BHIXOIHOM IOTOK OyZIET BBIBEAEHA LIENIOUKA @ b ¢ * +, ABIAIOMWIAACS MOJIbCKOM
3aMMChbI0 UCXOAHOM 1enouku. Takum 00pa3oM, JaHHAsS TpaMMaTHKa C JEHCTBUSMU KaKIOU IIeT0Y-
Ke si3bIKa apu(METUYECKHX BBIPAKCHHH CTaBUT B COOTBETCTBHE IMOIXOJAIIYIO IIEMOYKY SI3bIKA
MOJIbCKUX 3amucell apu(MeTHdecKkux BblpakeHUil. MHbIMH clioBamMH, Takas rpaMMaTHKa 3aJaeT
nepesod W3 OHOTO (POPMATBLHOTO S3bIKA B IPYTOM.

Onpenenenue: [lycte 7; u T, — andaButbl. Popmanvhsiii nepegod T — ITO MOIMHOKECT-
BO MHOJKECTBA BCEBO3MOXKHBIX nap uenovek B andasurax 71u 1ot < (T 1* x T 2*).

HazoBeM 6xo0nwbim s1361KOM TiepeBoaa T A3bIK Lg(T) = {oo | 3 B: (a, B) € T}.

HazoBeM yenesvim (M 6bixo0nbiM) sI3BIKOM NepeBoa T sA3bIK L, (1) = {B | T a: (a, B) € 1}.

* *
IlepeBon T HeooHo3Hnauen, ecnu 1y HeKOoTopbIX oL € Ty, B,y eTr , B#y, (A, B) et n
(,y) et
PaccmoTpennast Bbiie rpaMMatika Gy, polish 330a€T OJHO3HAYHBIA NEPEBOJ: KAXKIOMY BbI-
PaKEHUIO CTaBUTCS B COOTBETCTBUE C€JMHCTBEHHAs ITOJIbCKas 3amuch. HeoqHO3HauHBIE TIEPEBO/IBI

MOTYT OBITH HHTCPCCHBI IMPU U3YUYCHHUU MOI[GJ'IGfI CCTCCTBCHHBIX A3BIKOB; JJISI TPAHCIALIUMH A3BIKOB
nporpaMMHUpOBaHUsA UCIIOJIB3YIOTCS OAHO3HAYHBIC IICPECBOBI.

3amMeTuM, 4TO IS IBYX 3aJlaHHBIX SI3BIKOB L U L) CyIIeCTByeT OECKOHEYHO MHOTO (op-
25
MaJIbHBIX TIEPEBOIOB ). Yto6bI 3aaaTh nepeBod U3 L; B Ly, BAJKHO TOYHO yKa3aTb 3aKOH COOMeEen-
cmeusa MeXAy uenoukamMu Ly u L.

Hpumep. ITycts L, = {0"1" | n >0, m >0} — BxomHOii s13bIK, Lo = {a" b" |n >0, m>0} —
BBIXOJIHOM SI3BIK W TIEPEBOJ T OMpeneisercs Tak: g Joobix n>0, m>0 nenouke
0"1"e L, coorBerctByer menouka o b"e L), MOXHO 3amucaTh T C HOMOIIBIO TEOPETHKO-
MHOKecTBeHHOM popmyisr: T={ (0"1",a"b") | n>0,m >0}, Ly (t) =L, L,(t) =L, .

3anaua.

n{m myn ) 9
PeanuszoBats nepeBon t1={ (01 ,a b )|n=>0,m >0} rpaMMaTuKoi C NEHCTBUAMHU.

Pewenue
S3BIK L1 MOXKHO OIMCAaTh TPAMMATUKOM:
S — 05|14
A —14|¢
BcTraBum neicTBUs MO MepeBOy LENMOYEK BHIA 0"1" B COOTBETCTBYIOIIIUE LIETIOYKU BHUJIA
a"b":
S — 0S{cout << 'b%)| 1 {cout << 'a’y A
A — 1{cout<<'a"yA|¢

25) IIpu ycinoBuu, uto XOTs Obl omuH u3 s3bikoB Ly, Lo Geckoweuen. [leiictaurensho, nycts Ly = {a" | n >0},
Ly ={b, c¢}. Cymectsyer Geckoneuno muoro mepesonoB T; = {(a', b)} U {(d", ¢) |n#i, i>0}, rue
Lgx(Ti) = Ll, Lu(’t,‘) = Lz.
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Tenepp npu aHanM3e METOAOM PEKYPCHUBHOIO CITyCKa LEMOYEK si3blka L ¢ TOMOIIBIO JEH-
CTBH OYyIyT MOPOXXIAThCS COOTBETCTBYIOIINE IIETIOUKHU S3bIKa L.

[[eHepaTop BHYTPEHHErO NpeacTaBaeHma nporpaMmmel Ha M-a3blike

Kaxnprit snement B [IOJIM3e — 310 nexcema, T. €. mapa Buaa { mun_jekcemvl, 3HaAUe-
Hue_nexcemsl ). Ilpu renepanuu [10JIN3a Oyaem KCMONb30BaTh AOMOJHUTENBHBIE THIBI JIEKCEM
(1711 BHYTPEHHETO NPEACTABIEHUS ONIEPaTOPOB):

» POLIZ GO — «!»;
» POLIZ FGO — «!Fy;
» POLIZ LABEL — nns ccbuiok Ha Homepa 3nemenToB 110J113a;

= POLIZ ADDRESS — s o603HaueHus onepanaoB-aapecos (Hampumep, B [10JI13e
oreparopa MprUCBanBaHUsA).

ByneM cuutath, 4TO reHepupyemas ImporpamMma pasMmelaercs B oObeKTe prog — Kiacca
Poliz, 3am1aHHOM OIIMCAaHUEM:

Poliz prog (1000);

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

class Poliz
{
Tex *p;
int size;
int free;
public:
Poliz ( int max_size )
{
new Lex [size = max_sizel;
0;

p
free

}s
~Po1iz() { delete [1p; };
void put_Tex(Lex 1) { p[freel=1; ++free; };
void put_lex(Lex 1, 1int place) { pl[placel=1; };
void blank() { ++free; };
int get_free() { return free; };
Tex& operator[] ( int index )
{
if (index > size)
throw "POLIZ:out of array";
else
if ( index > free )
throw "POLIZ:indefinite element of array";
else
return p[index];

};

void print()
{
for (int I =0; i < free; ++i )
cout << p[i]l;
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OObeKkT prog UId XpaHEHUs BHYTPEHHEIO IPEJCTABICHHS MPOrpaMMbl pa3MECTHM B OT-
KpBITOM yacTu Kiacca Parser:

class Parser

{
Lex curr_lex;
public:
Poliz prog;
Parser (const char *program ) : scan (program),prog (1000) {}
void analyze();
};

['enepartiyisi BHyTpEHHETO MPECTABICHUS IPOrpaMMbl OYJET MPOXOIUTh BO BpEeMs CUHTAK-
CHUYECKOI0 aHalIn3a NapajyieIbHO ¢ KOHTPOJEM KOHTEKCTHBIX YCJIOBHM, MO3TOMY /Jisi T€HEpaluu
MO>KHO HCHOJIb30BaTh MHGOpMaIKIO, COOPaHHYI0 CUHTAKCMYECKUM U CEMaHTHYECKHM aHalu3aTo-
pamu; Hanpumep, npu reHeparuu [10JIM3a BeipakeHUN MOXKHO BOCIOJIB30BAaTHCA COACPKUMBIM
CTeKa, C KOTOpPbIM paboTaeT ceMaHTH4Yeckuil aHanuzarop. Kpome Toro, Mo>xHO JOMOJHUTH (PyHK-
MU CEMAHTUYECKOTO aHaJIu3a JACUCTBUSIMU 10 TE€HEPALIUU.

JloGaBum B koHer Tena GyHKuuu check op() omeparop prog.put lex (Lex (op) ); 3amu-
ceiBatomuii B [1OJIN3 3Hak omepanuu op, a B kKoHell pyHKIuu check not() noGaBUM orepaTop
prog.put_lex (Lex (LEX NOT) ); 3anuchIBaronIuii iekcemy not (BoO BHyTpEHHEM IPEICTABICHUH) B
[1OJINS.

Torma rpammaruka, coaepxanias ASMCTBUS 10 KOHTPOJIO KOHTEKCTHBIX YCIOBUM U MEPEBO-
Iy BBIpa)KeHUI MoJenbHOTO s3bika B [IOJIN3, Oyaer Takoii:

E —E/|E [=]|<|>]{st lex.push (c type)) E;{ check op())

Ey = T{[+|-|or]{st lex.push(c_type)) T{check op())}

T — F{[*]|/|and]{st lex.push (c type)) F{check op())}

F — I{check id (), prog.put lex ( curr lex);) |
N (st_lex.push (LEX INT), prog.put lex ( curr lex); ) |
[ true | false | { st_lex.push (LEX BOOL); prog.put lex ( curr_lex); ) |
not F { check not(); ) | (E)

JleficTBUS, KOTOPHIMU HYHO JTOTIOJIHUTH MPaBUJIO BBIBOJIA OTIEpaTOpa MPUCBAaMBAHUSA, TaK-
’K€ TOCTATOYHO OYEBHIHBI:

S — I{check _id(); prog.put lex ( Lex (POLIZ ADDRESS, c val));) :=
E (eqtype (); prog.put lex ( Lex (LEX ASSIGN)); )

[Tpu renepanuu [10JIM3a BeipaskeHuil 1 oneparopa NPUCBAUBAHUS AIEMEHTHI 00bEKTa prog
3aIIOJIHSINCE IOCJIEIOBATEIIBHO. CeManTuHKa YCJIOBHOTO omeparopa
if E then S else S, TakoBa, 4TO 3HaYCHUS ONEPAHIOB Ui ONepaluii 0€3yCIOBHOTO Mepexo/a u me-
pexoJia «Io JHKM» B MOMEHT T€HEepalliy ONepaluii enie HEM3BECTHBI:

if (\E) goto b»; S1; goto I35 . Sy; I5:...
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[ToaTomMy mnpuaercss OCTaBisATh COOTBETCTBYIOIIHME 3TUM OIEpaHIaM 3JIEMEHThl O0bEeKTa
Prog HEe3anoJHEHHBIMU U 3alIOMUHATh UX HOMEpA, a 3aTeM, KOTJla CTaHYT U3BECTHBI MX 3HAUCHUS,
3aMOHSTH MPOIYIIEHHOE.

Tornma rpammaTuka, coaepskaiiasi 1eCTBU O KOHTPOIIO KOHTEKCTHBIX YCIOBUU U MEPEBO-
Iy YCIIOBHOTO omneparopa MmojeibHoro s3bika B [IOJIN3, OyneT Takoi:

S — if E{eqbool(); pl, = prog.get_free(); prog.blank();
prog.put_lex ( Lex (POLIZ FGO));)
then S, { pls = prog.get free(); prog.blank();
prog.put lex ( Lex (POLIZ GO));
prog.put_lex ( Lex (POLIZ LABEL, prog.get free() ), ph); )
else S, { prog.put lex ( Lex (POLIZ LABEL, prog.get free() ), pl3); )

CemanTuka onepartopa uukna while E do S onuceiBaercs Tak:
Lo: if (\E) goto ; S; goto ly; I ...,

a rpaMMaruKa ¢ JICHCTBUSIMH [0 KOHTPOJIIO KOHTEKCTHBIX YCJIOBHUI M MEPEBOJIY ONEpaTopa LUKIIA B
[1OJIN3 6yneT Takow:
S — while { ply=prog.get firee ();)y E { eqbool ();
pli =prog.get_free (); prog.blank ();
prog.put_lex (Lex (POLIZ FGO));)
do S prog.put lex (Lex (POLIZ LABEL, ply);
prog.put lex (Lex (POLIZ GO));
prog.put_lex (Lex (POLIZ LABEL, prog.get free() ), pl1); )

3amMeuanmne

[epemennsie pl; (i =0, 1, 2, 3) NOIKHBI OBITH JIOKAJTM30BaHbI B IpoLieAype S, HHaYe BOSHUKHET OILINOKa
pu 00pabOTKE BIOKEHHBIX OIIEPATOPOB.

Haxkoser, 3anuieM cOOTBETCTBYIOIINE ACHCTBHS IS OTIEPATOPOB BBOJIA M BBIBOJIA:
S — read (I{check id in read();
prog.put lex ( Lex (POLIZ ADDRESS, c val));))
( prog.put_lex ( Lex (LEX READ));)

S — write (E){prog.put_lex ( Lex (LEX WRITE));)

NutepnpeTaTtop NOJIN3a ang moaoenbHOro ga3bika

[Tonbckast nHBepCHasl 3anuch Oblla BhIOpaHa HAMM B KauyecTBE SI3bIKa BHYTPEHHErO Mpe.-
CTaBJICHUS TPOTPAMMBI, B YaCTHOCTH, IIOTOMY, YTO 3alMCAaHHAs TaKUM 00pa3oM mporpaMma MOXKET
OBITh JIETKO MPOUHTEPIPETUPOBAHA.

Wnes anroputma ovens npocta: npocMmarpuaeM [TOJIM3 crneBa HampaBo; €ciiv BCTpeyaeM
OMepaHJl, TO 3alMChIBAEM €r0 B CTEK; €CJIM BCTPETWIM 3HAK ONEpallid, TO MU3BJIEKAeM M3 CTEKa
HY>KHO€ KOJIMYECTBO ONEPAHIOB U BBINOJHIEM OIEpAIUIO, PE3yJbTaT (€CIu OH €CTh) 3aHOCUM B
CTEK U T. J.

Wrak, 3anucannas B [I0JIM3e nporpamma XpaHUTCA B BUJE MOCIEA0BATEIBHOCTH JIEKCEM B
o0bekTe prog knacca Poliz. JlekceMbl MOTYT OBITH CIAEAYIOIIHE: JTEKCEMbI-KOHCTAHTHI (YHCIa, frue,
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false), nexcembl-MeTkn [10JIM3a, nmekcembi-onepanuu (BKIIOYasi JOMOJHHUTEIBHO BBEACHHBIC B
[10JIN3e) n nexcembl-iepeMeHHbIe (UX 3HAUYCHHS WM aipeca — HoMepa CTPoK B Tabmuie 77D).

B nporpamme-unTepnperarope OyneM HCIOIb30BaTh HEKOTOPbIE MEPEMEHHbIE U (YHKIINH,
BBEICHHBIE HAMU paHee.

class Executer
{
Lex pc_el;
pubTic:
void execute ( Poliz& prog );
5
void Executer::execute ( Poliz& prog )
{
Stack < int, 100 > args;
int i, j, index = 0, size = prog.get_free();

while ( index < size )

{
pc_el = prog [ index ];

switch ( pc_el.get_type O )
{
case LEX_TRUE:
case LEX_FALSE:
case LEX_NUM:
case POLIZ_ADDRESS:
case POLIZ_LABEL:
args.push ( pc_el.get_value O );
break;
case LEX_ID:
i = pc_el.get_value (;
if ( TID[i].get_assign () )

{
args.push ( TiD[i].get_value () );
break;

}

else

throw "POLIZ: indefinite identifier";
case LEX_NOT:
args.push( largs.pop() );
break;
case LEX_OR:
i =args.popQ);
args.push ( args.popQ || i );
break;
case LEX_AND:
i = args.popQ);
args.push ( args.pop() && i );
break;
case POLIZ_GO:
index = args.pop() - 1;
break;
case POLIZ_FGO:
i = args.popQ);

if ( largs.pop() )
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""""""""""""""""""""""""" Tndex = 3 - QT
break;
case LEX_WRITE:
cout << args.pop () << endl;

break;
case LEX_READ:
{
int k;
i =args.pop O;
if ( TID[i].get_type () == LEX_INT )
{
cout << "Input int value for";
cout << TID[i].get_name () << endl;
cin > k;
}
else
{
char j[20];
rep:
cout << "Input boolean value;
cout << (true or false) for";
cout << TID[i].get_name() << endl;
cin >> j;
if ( !stremp(j, "true™) )
k = 1;
else if ( !strcmp(j, "false") )
k = 0;
{
cout << "Error in input:true/false";
cout << endl;
goto rep;
}
}

TID[i].put_value (k);
TID[i].put_assign Q;
break;}
case LEX_PLUS:
args.push ( args.pop() + args.pop(Q) );
break;
case LEX_TIMES:
args.push ( args.pop() * args.pop() );
break;
case LEX_MINUS:
i = args.popQ);
args.push ( args.pop() - 1 );
break;
case LEX_SLASH:
i = args.popQ);
if (1)
{
args.push ( args.popQ) / i );
break;
}
else throw "POLIZ:divide by zero";
case LEX_EQ:

i else
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args.push ( args.pop() == args.pop(Q) );

break;
case LEX_LSS:
i = args.popQ);
args.push ( args.pop() < 1);
break;
case LEX_GTR:
i = args.popQ);
args.push ( args.pop(Q) > 1 );
break;
case LEX_LEQ:
i =args.popQ);
args.push ( args.pop(Q) <=1 );
break;
case LEX_GEQ:
i = args.popQ);
args.push ( args.pop() >= 1 );
break;
case LEX_NEQ:
i = args.popQ);

i args.push ( args.pop(Q !=1);
| break;

i case LEX_ASSIGN:

! i = args.popQ);

! j = args.popQ;

! TID[j].put_value(i);

i TID[j].put_assign();

break;
default:
throw "POLIZ: unexpected elem";
} // end of switch
++index;
}; //end of while

cout << "Finish of executing!!!" << endl;

}

class Interpretator

{ Parser pars;
Executer E;

pubTic:
Interpretator ( char* program ): pars (program) {};
void interpretation Q;

5
void Interpretator::interpretation ()
{
pars.analyze ();
E.execute ( pars.prog );
}

int main Q
{
try
{ Interpretator I ( "program.txt" );
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[ 1. TpammaTtukm n s3bikn. Knacoudmkaums no XoMcKkoMmy

I.interpretation ();

catch ( const char *source )
{ cout << source << endl;
return 1;

i return 0; i
| } |
| catch ( char ¢ ) |
! { !
; cout << "unexpected symbol " << c << endl; ;
| return 1; |
i } !
| catch ( Lex 1) !
! { !
! cout << "unexpected Texeme"; |
| cout << 1; |
! return 1; !
: } :

3agauu

I. FpammaTuku u asbikn. Knaccudumkauma no Xomckomy

1. Mansl rpammaTHKa U 1enodka. [IocTpouTs BeIBOA 3a1aHHOM LIETIOUKH.

a) S—>T|T+S| T-S b) S — aSBC | abC
T— F|FxT CB — BC
F—>alb bB — bb

Hemouka: a—b*a+b bC — bc
cC— cc

enouka: aaabbbccc

2. HOCTpOI/ITL BCC CCHTCHIIMAJIbHBIC (1)0pr1 AJI1 TpaMMAaTUKU € IIpaBUJIaMHU:

S—> A+B | B+4
A—>a
B—>b

3. K xakomy tumy no XOMCKOMY OTHOCHUTCS JaHHas rpamMartuka? Kakoil s3Ik OHa MOpoxaaer?
KaxoB tun s3p1ka? Yka3aTb MakCUMaJIbHO BO3MOXHBI HOMEp THUIIA FPAMMATKH U S3bIKA.

a) S— APA b) S—>A4|S4|SB
P—+]- A—>a
A—alb B—>b
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c)

e)

g)

k)

S— 1B
B—>B0|1

S—a|Ba
B—>Bb|b

S— 041101
04 — 0041
A4— 01

S—>A4|B
A—adb|0
B—aBbb |1

S—0S|S0|D
D—>DD|14|¢
A—>0B|¢
B—04]0

m) S — SS| 4

0)

t)

A—>a|bb

S—>aBA|¢e
B — bSA4
AA —> ¢

. S>> KF
K— KB|CB
C—> CA|DA
DA — aAD
Aa — aA
DB — bBD

R R

. S—>DC

AC — aC
BC — bC
Aa —> aA

I

S — adc
aA - aaBbC | ab

Bb — bb | abbbc | aDbbbcc

C—o>c
D —ab

D —> aDA | bDB | a4 |bB

d)

h)

)

)

p)

10.
11.

0 0 =N

w

S— aQb|e
0 — cSc

S—>A4b
A — Aa| ba

S— AB
AB — BA
A—>a
B—>b

S— 0418
A—>04]|1B
B—>0B|1B|L

S—>04]1S|¢
A—14|0B
B—0S|1B

S—> AB1
A—alcA
B — bA

S—4b|c
A — Ba
B —cS

Bb — bB
Ab — bA
DF > E
BE — Eb
AE — Ea
bE —> b

Ba — aB
Ab — bA
Bb — bB
C—e

S— 041

04— 0B1|0

B1 > 0C11]01
C—>0D|00D1]|0
D — 01
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4. ITocTpouTh TPAMMAaTUKY, TOPOKIAONIYIO 3aIJaHHBIN s3bIK L. KakoB THN MOCTPOECHHOW rpaMmma-
Tuku? KakoB Ty s3pika’?

a) L={a"b" |n,m>1};

b) L={acBcyc|a,B,ye {a,b}* (T.€. 0, B, Y — MoObIe Lenouku u3 a u b) };
Ol={aa..a,a,..aya|a; €{0,1}, n>1};

d) L={0"1"| n>1};

e) L=1{ca"ch"c"| n>0, m>0};

) L={a"b" |n# m;n,m>0};

O L={o|oc {01}, oo} (re. sce nenouxu us 0 u 1 ¢ xepasmbm uciom 0 1 1);

h) L={oa|a e {ab}"};

)L ={o|oe {0}, o= V xye {0,1}* co=xy = |xli £ |xlo}

T.e. BCE HENYCThIC LIECMOYKH, COJAep Kalue paBHOe KoiauuecTBO O m 1, mpuueMm Jr00as MOALIENOYKa,
y p p p
B3sTasl C JIEBOTO KOHIIA, COJEPIKUT €NUHUI] He OOJIbIIE, YEM Hyneﬁ) ;
i) L={®w..0,|n20, o;e{a®b"| m>1} mm1<i<n};
3"+
KNL={a L1in=1}
nz
) L={a" |nx1}
3
n +1
myL={a ' |nx1}.
5. K kakomy Ty mo XoMCKOMY OTHOCHUTCS JaHHAs rpaMMaThKa (yKa3aTb MaKCUMaJIbHO BO3MOXK-

HbIl HoMep)? Kakoi s13bIk oHa nopoxaaeT? KakoB Tun s3bika? Beinucats NoaATBEpKAAOUIYIO OT-
BET I'PaMMAaTHKYy, B COCTaB KOTOPOM BXOJUT TOJILKO OJMH HETEPMUHAT — LI€JIb TPAMMAaTHKH.

a) S— AB| ASB b) S — 140
A—>a 14 — 1140 | 01
aB—b
bB — bb

6. DKBHUBaJICHTHBI JI TPAMMaTUKH C TTPaBUJIAMMU:

a) S— AB u S—> AS|SB|AB
A—alAa A—>a
B—b|Bb B—>b

b) S—aSL|aL u S — aSBc | abc
L — Kc cB — Bc
cK — Kc bB — bb
K—b
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7. IlToctpoutrs KC-rpamMmMaTiky, 3KBUBAJCHTHYIO ITPAMMATHKE C MMPAaBUJIAMU:

a) S—adb b) S—> AB|ABS
aAd — aaAb AB — BA
A—c¢ BA —> AB

A—>a
B—>b

8. IlocTpouTh perysipHyto rpaMMaTHKY, S3KBUBAJEHTHYIO IpPaMMaTHKE C IpaBUIaMU:

a) S—>A4|AS b) S—>A4.4
A—>a|bb A— B|BA
B—0]1

9. TlpuBecTu npuMep rpaMMaTHKH, KaKJI0€ MPABUIIO KOTOPOW OTHOCUTCS K OJTHOMY M3 TPEX BH-
OB A — Bt, abo A — B, 6o A — t, ANIA KOTOpPOH HE CYIIECTBYET
SKBUBAJICHTHOM PETyJIAPHON I'PaMMATHKHU.

10. /loka3atb, 4TO rpaMMaTHKa C MPaBUIaMU:
S — aSBC | abC

CB — BC
bB — bb
bC — bc
cC — cc

noposxaaet a3bik L = {a"b"c" | n > 1}.

Jlnst 5TOTO MOKa3aTh, 4TO B TAHHOW rpaMMaTHKeE:
nyn n
1) BeIBOgMTCS NF0Oas nenouka Bugaa b ¢ (n>1)n
I1) He BBIBOAATCS HUKAKHE OPYTHE IIETIOYKH.

11. lana rpaMmaTuka ¢ mpaBUJIaMH:

a) S—S0|S1|D0|Dl b) S—>if BthenS|B=FE
D—H. E—>B|B+E
H—>0]1|HO|HI1 B—al|b

[TocTpouTh BOCXOMSAIIMM U HUCXOISIIIIAM METOJIAMH JIEPEBO BBIBOJA JUTSI IETIOYKH:

a) 10.1001 b) ifathen b=a+b+b

12. Onpenenuts TUN TpaMMaTuKu. OnucaTh A3bIK, TOPOXKIAEMbIH 3TOM rpammatukoil. [loctponuts
1t atoro a3bika KC-rpammaTuky.

S—PL
P—>1P1|0PO|T
T— 021 |120R
R1 —> OR
RO — 1

Ri—> 11
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13. IlocTtpouthb peryasapHyl0 TpaMMaTHKy, TOPOXKIAOIIYI0 IIEMOYKH B ajdaBHTE
{a, b}, B KOTOPBIX CHMBOJI @ HE BCTpEUaeTcs JIBa pa3a MOJpSI.

14. Iloctpouts KC-rpammaruky [uist si3plka L, OCTPOUTH JAE€PEBO BBIBOAA U JIEBOCTOPOHHUII BBI-
BOJ JUIA enouku aabbbceccc.

L=1{d"b" \m=n+k m>1}.

15. IocTpouTh rpaMMaTHKY, TIOPOXKIAIONIYIO COAaTaHCUPOBAHHBIE OTHOCHTEIBHO KPYTIIBIX CKOOOK
Lenoyky B andasure { a, (,), L }. COanaHCUpOBaHHYIO LEMOYKY O ONPEICIUM PEKypCUBHO: lie-
noyka o cOalaHCUpPOBaHa, €CIH

a) O HE COJIEPKHUT CKOOOK,
b) o = (o) uim o = oy, TIIE O] ¥ O cOaTaHCUPOBAHBI.

16. Iloctpouts KC-rpamMmmaTuKy, HOpOXKIAIOUIYIO SI3bIK L, ¥ BBIBOA JUIA LIETIOYKU aacbbbcaa B
ATOM rpaMMaTHKE.

L={a"ch"ca" | n,m> 0}.
17. Hoctpouts KC-rpammaTuky, nmopoxxaaronryto si3bik L, u BeiBoa misa nenoukd 110000111 B
ATOM rpaMMaTHKE.
L={1"0"1"|n+p>m;n, p, m>0}.

18. Man sseix L = {172 0" | n>0}. Onpenenuts ero THII, MOCTPOHTH IPAMMATHKY, TOPOXKIAIO-

uryto L. IlocTpouTh 1€BOCTOPOHHUI U MPaBOCTOPOHHUI BBIBOJIBI, IEPEBO paz0dopa Uil LENOYKU
1111111100.

19. Haiitu o6mue anroputmsl noctpoenust mo naHHbiM KC-rpammatukam G u G,, OpOXKIato-
M si3blku Ly u Ly, KC-rpammatuku nis

a) LiuL, ;
b) L1 . L2 )
C) Ll* .

3ameuanue

L =L, -Ly— 510 KOHKaTeHauus s3bIKOB L 1 Ly, T.e. L={ a-B|a e L, B € L,}; L= Ll* — 3TO UTEpa-
1y s3bIKa Ly, T.e. oobenunaenue {e} U L U L-L; U L-L-L; U ...

20. IMoctpours KC-rpammartiky it L= {®; 2 041" | i € N, @;= (i), — XBOMYHOE [PEACTABICHHE
arcia i (Ge3 He3Hawamux Hyseil), ®° — obparenue nernoukn o). [loctpouts KC-rpaMmaruky
I 361K L (oM. 3ameuanue k 3azaue 19).

21. Iloka3aTp, 4TO rpaMMaTHKa
E—>FE+E|ExE|(E)|i

HeoJHO3HaYHa. Kak onucarh 3TOT e SI3bIK C MOMOIIBIO OJHO3HAYHOW rpaMMaTUKK?
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22. IlokazaTp, yTo Hanu4ue B npuBegeHHoM KC-rpammaruke npaBui BUa
a) A—>AA|a
b) A — Aad | P
c) A—>ad|AB]y,

rae o, B,y € (TUN)", A € N, nenaet ee Heo{HO3HAUYHON. MOKHO JI PeoOPa30BaTh 3TU IIPaBUIA
TaKiUM 00pa3oM, YTOOBI MMOTyUYEHHAasl SKBUBAJICHTHAs TpaMMaTHKa Obliia OJHO3HAYHON?

23. Iloka3zatb, uto rpaMMmaTuka G HeoHO3HauHa. Kakoil sS3bIk OHA mopoxkaaeT? SBiaseTcs v 3TOT
SI3bIK OJIHO3HAYHBIM ?
G: S —>adc|aB
B — bc
A—>Db
24. Jlana KC-rpammatuka G = (7, N, P, S'). IIpeu1okuTh aaropuTM MocTpOEeHUs] MHOKECTBA

X={4deN|Ad=¢).

25. Jlna npousBosbHOM KC-rpammaruku G NpeyioRKUTh aITOPUTM, ONPENEISIIOIIMM, IMyCT JIN
s3pIKk L(G).

26. ITocTpouTh NpUBEAECHHYIO IPaMMAaTHKY, SKBUBaJICHTHYIO JaHHON KC-rpammMaruke.

a) S— adBS|bCACd b) S—>adB|E
A —> bAB | cSA | cCC A—>dDA | e
B — bAB | ¢SB B—>bE|f
C—o>cSlc C—cAB|dSD |a
D —eAd
E—f4lg

27. Iloctpouts Heykopauuparoulyto KC-rpaMMaTiKy, S5KBUBAJEHTHYIO AAHHOW, MPUMEHUB ajro-
PUTM YCTpAaHEHHUs IPABUJI C IIyCTOM MpaBOi YacTbIO.

S—aS| Sa|C
C—>CC|bA|e
A—>aB|¢
B—ad|a

28. SI3bIK Ha3bIBAETCSl PACIO3HABAEMBIM, €CIIH CYIIECTBYET allTOPUTM, KOTOPBII 32 KOHEUHOE YHC-
JIO IIaroB IMO3BOJIACT MOJYYUTHb OTBCT O MPUHALJICIKHOCTH JIIO6OI>'I LCTIOYKH 3TOMY A3BIKY. Ecmu
YHCIIO IIaroB 3aBHCUT OT JUIMHBI LEMNOYKU U MOXET ObITh OIIEHEHO 10 BBINOJIHEHUS alrOpUTMA,
SI3bIK HA3bIBAETCS JIETKO pacro3HaBaeMbIM. [[okazaTh, 4TO SI3bIK, MOPOXKAAEMbIA HEYKOPayMBaIO-
e rPaMMATHKOM, JIETKO Paclio3HaBaeM.

29. Jlokasatb, 4TO JTH0O0H KOHEUHBIH S3BIK SIBIISETCS PETYJISPHBIM SI3BIKOM.

30. Jlokazatp, uro Heuuknnyeckas KC-rpammaruka nopoxaaeT KOHECUHBIH SI3bIK.

3ameuanune
Herepmunaneheiid cumBoil 4 € N — IUKIMYECKUH, €CIUM B I'pPaMMaTHKE CYIIECTBYET BBIBOA A =
£14E&,. KC-rpammaTrka Ha3pIBaeTCs UUKIMYECKOH, €CITM B HEH MMEETCsl XOTS OBl OAWH IMUKITHYECKHA
CHMBOJL

98



3agaun / Il. PerynspHble rppaMMaTyki, KOHeuHble aBToMaTbl, pasbop no 1C

31. IToka3arth, 4TO yCIIOBHE IMKIMYHOCTH I'PaMMATHUKH (cM. 3agauy 29) HE SIBIISICTCS JOCTAaTOYHBIM
> y
YCIIOBUEM OECKOHEUYHOCTH TOPOKAACMOT'O €10 A3bIKaA.

32. Jlokasarb, 4TO SI3BIK, MOPOKIAEMBIN IUKIWYecKor mnpuBeneHHoit KC-rpammarukoit, coaep-
xKaren XoTs 661 0uH 3PPEKTUBHBIN HUKINIECKUI CUMBOJ, OECKOHEYEH.

3amMeuanmne

[ukimueckuid CUMBOJI Ha3biBaeTcst 3¢ GeKTUBHbIM, eciiu A = o4f, rae |aAf| > 1; nHaue nUKInYecKui
CHUMBOJI Ha3bIBaeTCsl (PUKTUBHBIM.

Il. PerynsipHble rpammaTuKn, KOHe4YHble aBTOMaThl, pa3bop no [1C

1. ana perynsipHas rpaMMaTHKa C IpaBUIaMHU:

S—S0|S1|PO|PI1
P — N.
N—>O0|1|NO|NI1

[Toctpouts mo He#t amarpammy coctosinuii ([C) u umcnonw3oBath JC ans pazdopa 1emnoyex:
11.010, 0.1, 01., 100. Kakoii s13bIKk MOpOXKAAET 3Ta rpaMMaTHKa?

2. Jlana JIC.

a) OcymectBuTh pazoop uenovek 1011.L, 10+011L u 0—-101+1L.
b) BoccTaHOBUTH pErysIpHYIO rpaMMaTHKY, IO KOTOpoM Obuta moctpoena nanHas J[C.
c¢) Kakoli s3bIK IOpOK1aeT NOTyUYeHHAasl TpaMMaTuKa?

3. [lycTth nmeeTcs nepeMeHHast ¢ U QyHKIHs gc(), CYUTHIBAIOIIAS B ¢ OUEPEIHON CUMBOJ aHAIN3H-
pyemoii nenouku. ana JIC ¢ geiicTBusiMu:

printf("%d”,b);

ge():
b=c—"0";gc();

ge(); b=2%b+c—-"0";gc();

a) Omnpenenutp, uTro OyJAeT BBJAHO Ha [e4yaTb MNpu  pa3dope  LIETOYKHU
1+101//p114+++1000/5L.
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b) Hamucare Ha Cu++ ananu3zartop no 3toi J[C.

4. TlocTpouTh peryisipHyt0 (aBTOMAaTHYIO) JICBOJUHEHHYIO TPaMMATHUKY JUIsl 3aJaHHOTO S3bIKa, IO
neit noctpouts [IC, ano JIC — Hamucath nmporpaMMy aHaIH3aTOpa:

a)L = {xay L | ae{xy}'};
L= {C) L|n21};
o)L= {(abb)" L] k>1};

d)L={ol|w e {0,1}", roe 3a kaxoii 1 HenmocpencTsenHo cneayer 0} ;

e)L={loll|we {0,1}", rae Bce noapsax uaymue 0 — IOALENOYKY HEUETHON UTHHEI} .
5. lana peryJisipHasi rpaMMaTHKa:

S—> AL
A—>Ab|Bb|b
B — Aa

Onpenenuts SI3bIK, KOTOPBIKA OHA opoxaaeT; noctpouts JC; Hanucats Ha Cu++ aHanuzaTop.

6. IToctpouts JIC, mo KOTOpO# B 3aJaHHOM TEKCTE, OKAHYMBAIOIIEMCS Ha L, BBIABIISIFOTCS BCE Hap-
Hble KOMOMHAIIMK <>, <= U >= U MNOJCYUTBLIBAETCS UX 00IIee KOJIUIECTBO.

7. Hamucatp Ha Cu++ aHaiM3aTOp, BBIACISIONINI M3 TEKCTA BEIIECTBEHHBIC Yyncia 06e3 3Haka (OHU
ompezeneHsl kak B [lackane) u mpeoOpa3yronuii UX U3 CHMBOJIBHOTO MPEACTABICHUS B YUCIOBOE.

8. Harucatp Ha Cu++ aHanu3atop, BBIACISAIOUINNA U3 TEKCTa BEIIECTBEHHbBIC Yyuciia 06e3 3HaKka (OHU
omnpeeneHsl kak B [Tackane) u npeoOpasyomuii UX U3 CUMBOJIBHOIO MPEACTABICHUS B UUCIIOBOE.

9. Hansbl nBe rpammatuku G u Go.

Gi: S—0C|1B Gy S—>0D|1B
B—0B|1C|¢ B—0C|1C
C—0C|1C C—>0D|1D|¢

D—0D|1D

Ilycts Ly = L(Gy), Ly = L(Gy). Iloctpouth peryisipHyio (aBTOMAaTHYIO) IpaMMaTHKy
JUISL:
a) L]ULQ

b) LinL
©) L \{g
d) L\ {g)
e) Li-L,

Ecnu pa30op no Hell oka3ancst HeIeTepMHUHHUPOBAHHBIM, IIOCTPOUTh YKBUBAJIECHTHYIO €l rpamMma-
TUKY, IOy CKAIOIYI0 JETEPMUHUPOBAHHBINA pa3zoop.
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10. ITocTpouTh JE€BOMMHEWHYIO PETYJISAPHYIO TPAMMATUKY, SKBUBAJICHTHYIO JTAHHOW MPAaBOJIMHEMN-
HOM, IOMyCKAIOIIYIO AETEPMUHUPOBAHHBIN pa3oop.

a) S—>05|0B b) S— 0B
B—>1B|1C B—>1C|1S
Co>1C|1L C—> 1L

c) S—>ab
B—aC|aD|dB
C—>aB
D—1

11. Jlns naHHOM rpaMMaTUKHU

a) OMpEIETUTh €€ THII;

b) ompenenuTh NOPOKIAEMBIH €10 S3BIK;

C) MOCTPOUTH SKBHBAJCHTHYIO aBTOMATHYIO TPAMMATHKY;
d) moctpouts JIC u ananuzarop Ha Cu++.

S—0S|S0|D
D—>DD|14 ¢
A—0B|¢
B— 040

12. TToctpouts JIC, COOTBETCTBYIOIIYIO 33/IaHHOM JICBOJIMHEMHOW aBTOMATHOM rpammaruke. Ecin
JC 3anaer HKA, To noctpouts 3xBuBaneHTHbIN emy KA, ucnons3yst anroputm. s nomayues-
Horo JIKA nmoctpouts ananm3zarop. [loctpouts coorBecTByronryto JIKA rpammartuky.

a) S—>Sa|A4b|b b) S—>Sb|Aa|a
A—>Ab|Sa|a A—>Sb|a|b

C) S—>CL d) S—> AL
C—>A41|B1|1 A—>Bb|a
A—>A1]1CO|0 B—>Bb|b
B—>C0|0

e) S—B0|CO f) S—Bb|Cc
B—>B0|0 B — Bb| Ab
C— Cl1|41 C— Cc|A4b
4—-0 A—a

g) S— 81140 h) S—>Sa|Cc|a
A—Bl|Cl C— Bb
B — A0 B—>Sala
C—>C0|0
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i)

k)

S—>CL
C—>Al1|B1|1
A—>A1|CO|0
B—>C01|0

S—>CL
B—B1|0|DO0
C—-Bl|(Cl
D—D0|0

S — A0
A—>A0|S1|0

S—>A0|A1|B1|0]1
A—>Al|Bl1]1
B —>A0

S—>Sh|Aa|alb
A—>Aa|Sb|a

3

D

p)

S—> AL
A—>Bb|a
B—>Bb|b

S— CL

C —> Bl
B—0|D0
D — Bl

S—>B0|0
B—>B0|C1|0]1
C— B0

S—>S0|41|0]1
A—>A1|B0 |01
B — A0

13. I'pammatuka G onpenenseT s3bik L =L UL, ipudeM LML, =J. [TocTpouTh peryaspHyo (aB-
TOMAaTHYI0) TpaMMaTHKy (|, KOTOpas MOPOKAAeT A3bIK L;-L (cm. 3ameuanue k 3anaue 19 pasnena I). s

Hee noctpouts JIC 1 aHanu3aTop.

S—> AL

A— 40| A1| Bl
B—>B0|CO|0

C>Cl|1

14. Jlanbl 1Be rpammatuku Gy u Gz, NOPOXKAAIOIINE A3bIKU L1 U L.

Gi: S— S1]40

A—>A1]0

Gy: S—>A1|BO|EI
A—S1
B—> C1|D1
C—>0
D — Bl
E—>E0|1

[TocTpouts perymnsipHbie (aBTOMATHBIE) TPaMMATUKH TS SI3bIKOB
a) L1 |\ Lz ;

b) L]ﬂLz;

C) L] 'Lz

(cMm. 3ameuanue k 3anaue 19 paspenal) .

Jns momydenHou rpammaTtuku noctpouts JC u ananuzarop.
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15. [lo nanHo# rpammartrke G NOCTPOUTH PETYISIPHYIO rpaMMaTuKy G Uit s3bIKa Li+L; (cm. 3ame-
vanue k 3anaue 19 pasnena 1), rae Ly = L(Gy); no rpammatuke G, noctpouts AC u ananuzarop.
Gi: S—>S51]41
A—>A40|0

16. I[TocTpouts nekcuueckuit 6110k (mpeodpazoBaTenb) aist kojga Mop3se. Bxogom ciyxut nocineso-
BaTEJIBHOCTh «TOUYEK», KTUPE» U «Iay3» (Hampumep, ..——. .— ...— L1). BBIX00M SBIISIOTCS COOTBET-
CTBYIOLIME OYKBbI, IU(PPHl U 3HAKM NMyHKTyauuu. Oco0oe BHUMAaHUE OOpaTUTh HAa OPraHU3AIHIO
TaOJINIIBL.

lll. MeToa pekypcuBHoro cnycka. KC-rpammaTtukm ¢ aeMcTBUAMU

1. Onpenenuts, npuMmenum au PC-metox k rpammaruke. OTBeT 000CHOBATh.

a) S—>cA|B|d b) S —aAdbc| A
A—abA|c|e A — bB | cBc
B — bSc | adb B—>bcBlale

c) S — aSB | bAf | € d) S — aSB | b4
A — bAc| cS A—>aS|cAd|¢e
B—cB|d B—>bB|d

e) S — bABCbH | d f) S—>adb|cC
A—aAd|cB|e A—a{bab}
B — Sc B—cAc|aB|¢
C — a {bb} C— Bb

g) S — ad{xx} h) S—aSc|bA|e
A—>bA|cBx|¢ A — cS{da}bA | d
B — bSc

1) S—> bS|aAB 7) S — aASb | cfAd
A—>bcA|ccA | € A—>bA|c|e
B—cbB ¢

k) S—>A4|B 1) S—>AS|B
A—>bA| ¢ A—>b|c
B—>cB|b|e B—>dB|ale

2. Ilycth mMeeTcs aHaIM3aTOp B BHJE CHCTEMBI PEKYPCUBHBIX MPOIETYP, TOCTPOSHHBIX MO HEKO-
TOPOW TpaMMAaTHKE B COOTBETCTBHU C METOJOM PEKYyPCHUBHOTO cITycka ( S — HadaJbHBI CHMBOII
rpaMMaTHKH).
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#include <iostream>
using namespace std;

int c; // Tekywun cumBon

void S();// obbaBneHua npouenyp, COOTBETCTBYWUWMX HeTepMUHAnam rpammaTuKu
void AQ;

void gc() {cin >> c;} // cuntaTtb ovyepegHON CUMBO/
void sQ { .} // peanusauus npoueayp PC-meToaa

void AQQ { ..}

int main(Q) {

try {
gcQ; sQ; if Cc!="1") throw c;
cout << "SUCCESS !!!" << endl;
return O;

}

catch (int o) {
cout << "ERROR on lexeme
return 1;

n

<< € << endl;

}

BoccranoBuTh rpaMmaTtuky Mo (QYHKIMSIM, pealu3yloIIUM CUHTAaKCUYECKUN aHaJu3 METOJIO0M pe-
KYPCHUBHOI'O CITyCKa. Y JOBJICTBOPSIET JIM IIOJIyYEHHasl IPaMMAaTUKa KPUTEPUIO IPUMEHUMOCTH Me-
TOJa PEKYPCUBHOIO CITycKa?

8 ,
: void sQ { AQ; if (c!="'d") throwc; }
void AQ { BQO; while (¢ == 'a") { gcO; BO; } }
void BO { if C c == "b" ) gcO; }
O
ZOid o lﬁse if EE _ :E:g % gzg%i gg%i i else throw c;

void AQ { if (c==c’) {gc(); sC); }}
void BQ) { while Cc==",") { gc(); if (c != 'b’) throw c; gcQ; }
}
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'a') { 9c0; sO; if (c =

void s OO { if (c ==

'b") gc);

else throw c;}

else AQ;

O {if (c ==

while (c == 'b") gcQ;

O {AQ; if (c = 'd") throw c; }
O {BO); while ( ¢ ==
O {if Cc=="b") gcO; }

'a' ] c=="b" ) { AQ; sO;}

O {if (c==

else if (c=="d") BO;

O {if (c=

else if ( c ==

'a')  gcQ);

void B O { while ( c == 'c'" ) { gcQ; BO;

'a' ) { 9cQ;

'b') gc(); else throw c;

BO; } BO; }

b)) { gcO; BO; }

b}

3. 3amana KC-rpammatuka G =( T, N, P, S'). Ilo Heli HarMcaTh CHHTAKCUYECKHIA aHATTU3aTop, pea-
musytomuii PC-meton, npeasaputenpHO peoOpa3oBaB 3aJaHHYI0 TPaMMAaTHKY, €CJIA 3TO TpeOyeT-

cs uist npuMmeHnumoctu PC-meTona u eciim 3T0 BO3MOXKHO.

a) S— bS|aAdB
A—>bcA|ccA e

B —cbB | ¢

b)

S— Sa|Sbb|fAc
A—>aB|d
B — abB | Sb

d)

S>EL f)
E->QOELED A
A—alb

S — aASb | cfAd
A—>bAd|c|e

S — cAd
A — Aa | bB
B —>abB|¢

S—>P:=E|if Ethen S |
if Ethen S else S

P—>I|I(E)

E—>T{T}

T— F {xF}

F—>P|(E)

I—>alb

105



3agaun / 11l. Metop pekypcusHoro cnycka. KC-rpaMmaTiki ¢ AeicTersaMm

g) F — function [(I) S; I'=E end h) S — SaAb | Sb | bABa

S—;I[=ES|e A—acAb|cA | ¢
E—Ex[|E+I|1 B—bB|¢

i) S — Ac | dBea 7) S—>fASd | €
A — Aa | Ab| daBc A—>Aa|Ab|dB|f
B—>cBle B —>bcB| e

4. Kaxoil #A3bIK 3ajaeT JAaHHas TIpamMMmMatuka c jedctBusMu? IIpoBecTn aHamu3 LENOUYKH

(a,(b,a),(a,(b)),b)L.

S>k=0EL
E— A|({k=k+1;if (k==3) ERROR(); ) E {,E}) (k=k-1)
A—alb

3ameuanue
Oyukius ERROR() coobmiaer 00 onmbKe 1 3aBepiiactT padboTy mporpamMMel.

5. EcTh rpaMmaruka, onrchiBaromias 1nenodku B andasure {0, 1, 2, L}:
S—>A41
A—>04|14|24 |¢

I[OHOJIHI/ITL 3Ty FpaMMaTI/IKy I[CﬁCTBPISIMH, HUCKIIIOYAIMINMHU U3 A3bIKa BCC LICIIOYKH, conepxcamne
nonuemnoyku 002.

6. Jlana rpaMMaTHKa, OMMCHIBAIONIAs 1IETIOYKU B andasute {a, b, ¢, L}:
S—>AL
A—>aAd|bA|cA|e

I[OHOJIHI/ITL 9Ty I'paMMAaTuKy IIGfICTBHSIMPI, HCKIIIOYAI0MMMU U3 A3bIKa BCC LCIIOYKHU, B KOTOPBIX HEC
BBIIIOJTHAETCS XOTS OBl OJJHO U3 YCHOBI/Iﬁl

® B IICTIOYKY JOJDKHO BXOJUTH HE MEHEe TpeX OyKB C ;
®  ©CIIM BCTPEYAIOTCS MOAPST ABE OYKBHI ¢, TO HETIOCPEICTBEHHO 32 HUMH 00S3aTCIILHO JTOJIXK-
Ha uaTu OykBa b.

7. EcTb rpaMmaTHiKa, OMUChIBaroas 1enovku B andasure {0, 1}:

S—0S|1S]|¢

JIONOJMHUTE 3Ty TPaMMaTHKY ACHCTBUSAMH, UCKITIOUYAIOIIMMU U3 SI3bIKA JIIOObIE LEMOYKH, CoepxkKa-
e noauenouky 101.

8. IToctpouth KC-rpamMmaTuKy ¢ I€MCTBUSIMU ISl TOPOKICHUS
L= {ambnck|m + k=n mabo m — k=n}.
9. Iloctpouts KC-rpammaTuKy ¢ JEMCTBUSMHU JUIsl IOPOXKACHUS

L={1"0"1"|n+p>m, m=0}.
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10. lana rpaMmaTHKa C CEMAHTUYECKUMU JEHCTBUSIMH:
S—>(A=0;B=0)L {L} (if (A>5) ERROR()) L
L—>a(A=A4+1)|b{(B=B+1;if (B>2) ERROR()) |

c(if (B==1) ERROR() )

Kaxoit si3p1k ONMCHIBAET 3Ta rpaMMaTrKa? (cm. 3amMeuanue K 3anade 4)
11. Jlana rpammatuka:

S—>EL
E->QOIE{EY A
A—>al|b

BceraButh B 3alaHHYI0 TPAMMATHKY JEHCTBUSI, KOHTPOIUPYIOIIHE COOIIOCHUE CIEAYIONUX yCIIO-
BHI:
® YpPOBEHB BIOKEHHOCTH CKOOOK HE OOJIbIIIEC YETHIPEX;

® Ha KAXIOM YPOBHC BJIOXKCHHOCTHU IMPOUCXOAUT YCPCAOBAHHNC CKOOOYHBIX ¥ 0€CCKOOOYHBIX
9JICMCHTOB.

12. BkiouuTh B MpaBuiia BbIBOJA JEUCTBUS, MPOBEPSIONINE BHITOJIHEHUE CIEAYIOIIUX KOHTEKCT-
HBIX YCJIOBHI:

a) HyCTL B s3BIKE L €CTh MNEPEMCHHBIC U KOHCTAHTHI 1IEJI0TI0, BCIICCTBCHHOTI'O U JIOTHUYCCKOI'O THU-
II0B, 4 TaKK€ €CTh OIICpaTop LMHUKIIA

S —forI=FEstep EtoEdoS
BxitounTs B 9TO IpaBMIIO BBIBOJA JACHCTBUS, MIPOBEPSIIONINE BHITIOJHEHUE CIEAYIONIMX OrpaHUYe-
HUM:
e Tun / ¥ BCEX BXOXKIEHUN E NOKEH OBITH OJUHAKOBLIM;
® [IepeMEHHas JIOTUYECKOTO TUIa HEAOMYCTUMA B KaUeCTBE MapaMeTpa UK.

Jnst kaka0i KCIIOJIb3yEMOW MPOLEIyPhl MPUBECTU €€ TEKCT Ha Chu++.

b) JaHn ¢parmeHT rpaMMaTUKU
P — program D; begin S {; S } end
D — ...|label L{,L} |...
S>L{,L}:5§
S'"—> ..|goto L|..
L—>1
rae [ — uaeHTUUKATOP.
BcTaBuTh B rpaMMaTHKY €HCTBUS, KOHTPOJIUPYIONIHE BHIIIOTHEHUE CIIEAYIOINX YCIOBHMI:

® KaXKJas METKa, UCIIOJIb3yeMas B MPOTpaMMe, JOJKHA OBITh OMUCAaHA U TOJBKO OJMH pa3;

® HE JOJDKHO OBITh OJJMHAKOBBIX METOK y Pa3JIMYHBIX OTICPATOPOB;

® CCJIM METKA MCIOJIb3YETCs B OTIEPATOPE goto, TO 00sA3aTEIIbHO JOJIKEH OBITh OTIEPaTOp, MO-
MEUYEHHBIM TAKOH METKOM.

JUist KaX10M UCTIONIb3yeMOl poLeypbl IPUBECTH €€ TeKCT Ha Cu++.
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IV. CuHTakcmnyecku ynpaBnsieMmbin nepeBsos

1. ITocTpouTs rpaMMaTUKy apu(pMETHUECKOTO BBIPAXKEHUS, UCIIOIb3YIOLIEr0 ONepauuu +, —, *, / u
KpYTIJble CKOOKHM (IPUOPHUTET oNepauuil CTaHIapTHBIN), MPOCThIe apryMEHThl ONepaluii — mepe-
MeHHbIE g U b, Hanpumep: a+(b—a)*b/a+b. Ilpennonaras, 4To aHaIU3 TPaMMATHKH OyJeT Ipo-
n3BoauThCs PC-MeTo1oM, BCTaBUTh B Hee ACUCTBUS BHIA cout << 'cumeon’ IO MEPEBOIY TaKUX
BeIpaxkeHuii B [IOJIN3.

2. Jlana rpaMMatuKa si3bIka L, B KOTOPYIO BCTaBJIEHbI JEHCTBUS 110 NEPEBOY LIENOYeK A3blka L; B
LIETIOYKU si3bIKa L. Onpenenuts S3blku Ly U L.

a) S—>a(a=1;b=0;)A4 1
A—a(if(a){cout<<'a';a=0;} else a++;) A |
bAIf(b) {cout<<'b';b=0; } else b++; ) | €

b) S—>(a=0;)EL(cout<<'l";)
E—>a(a=1;)E{cout<<'a)|
b{if(a==0) cout<<'b";) E{cout<<'b';)| ¢

3. ITocTpouTh rpaMMaTuKy [Uisl si3bika L. BcTaBUTh B Hee IEWCTBUA MO TeHEPALIMU 1IETIOUEK S3bIKa
L, B mpoliecce aHaau3a MeTOI0OM PEKYPCUBHOTO cmycka. CoOOTBETCTBHE MEXKIy LIETIOYKAMH 3a-
naetcst  (hopManmbHBIM MEPEeBOAOM T. B KauecTBe AEMCTBHII MOXKHO HCIOIb30BATh TOJIBKO OIepa-
TOPBI BUAA cout << 'cumson'.

a)  Li={d""b"| n=0, m=1}, Ly={01%]i>0, k>i},
t={(a"c"b", 0"1"") | n 20, m=1 };

b)  Li=foc"|a € {ab) ,n>1), Ly={a"c" |n>1,m>0"},

*
t={(ac", a"¢")|a € {a,b} , n>1, m =|al, (re. m — KonmMUECTBO CHMBOIOB a B
LenouKe o ) };

©) L= {ab’, L= {10/]i=1,j>0;i>},

t={ (0, 1""0") |® € {a,b}", n=|0l, m= o] };
d  Li={ab’, [,={2"a|n>20,a¢€ {a,b}"},

1={(0,2"o")| o € {ab}’, n=|o|, (31ecr ©o* — pepepc nenouxn ©) };
&) L= {1"0"1"0" |m,n>0}, Ly=1{10"k>i>0},

’E={(1n0m1m0n, 1m0n+m)’ m,n>0 };

f) Li={o0...0,L | n>1,a; € {ab,ba} nna 1<i<n}, L={ol|®€ {a,b}"},

t={(ady...0,L, PBiP2...BnL)| n=l; mua 1<i<n a; € {ab,ba}, B; = b,
ecm o; = ab, B;= a,ecimm o; =ba };
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4. IlocTpouTh rpaMMAaTHKY 1715 si3bIKa L. BcTaBUTh B HEe AEHCTBUS 10 T'€HEPALMU LETIOYEK S3bIKa
L, B mpoiiecce aHaInu3a METOA0M PEKYPCUBHOrO cmycka. COOTBETCTBHE MEXKAY LIETTOYKAMHU 3a-
naetcsi  (OpMalIbHBIM MEPEBOJOM T. B KauecTBe MEeHCTBHII MOKHO HCIIOIB30BaTh JIFOOBIE Onepa-
TOPBI.

a)  Li={1"0"|n, m>0}, Ly={1" k>01 U {0'] i>0} U {g},
t={ (170", 1" Y I m>n>0 30 { (170", 0" ) [n>m>0}U{(170", &) | m=n};

b) Li={o; | i2 0, o; =(i); (Te. ® — 5T0 ABOMYHOE Mpe]CcTaBjieHue uucaa i € N 6e3
He3HAYAIMX BELyIUX HyJei) },

Ly = {(0)® ] i21, 0=(i)2 (@* — obpamenue nenouxn o) },
t={ (o (0x1)") 20, w;=(D), wi=(i+1) };
) Li={oal|ae{ab)}, L={b'BL|n>0,pec {ab} },

%
T={ (oL, bnOLRJ_)|0L € {a,b} , n =la|, ( n — xommuectBO cuUMBONOB @ B

R .
LETouKe o, o — peBepc LEMoUKH o) };

d  L={ol|oc{abt), L={a'b"i k=0, i+k>0},

t={ (oL, d" D" |0 € {a,b}", n=|ol, m =0l };

&) Li={ol|oe{abl'), L={a'b"i k20, i+k>0},

t={ (oL, d" IRy 1o € {a,b}F, n= |0, m =0l };

f) Li={oLl | 0e{0,1}", ® = (i), i >0 (1. e. ® — pesepc apomumoii sammcn wena i) },

L={"1n20}, t={(oL, |')|0e{0,1}*, ®=()" i20}.

5. IlocTpouTh rpaMMaTHKY, ONUCHIBAIOIIYIO LIEble ABOMYHbIE uncaa (koaudyecTBO 0 u 1 veTHoO,
JOTYCKAIOTCS HE3Haualue Hyiau). BcTaBuTh B Hee AEHCTBUS MO TEPEBOJY ITHUX IETBIX YHCET B
YETBEPUUHYIO CUCTEMY CUMCIICHUSI.

6. ITocTpouThs rpaMMaTuKy AJs BBIpAXKEHUH, COAEPIKALMX IEPEMEHHBIE, 3HAKH ONepaluil +, —, *,
/, ** 1 CKOOKH ( ) ¢ OOBIYHBIM MPUOPUTETOM OIEpaIuidi U CKOOOK. BKITIOUNTH B 3Ty TpaMMaTHKy
JIeMCTBUS N0 MEPEBOY BBIPAKEHHUH B NMPEPUKCHYIO 3alUCh (ONepaluy MpeIIecTBYIOT OlepaH-
nam). [Ipennoxuts uHTEpIpeTaTop NpehUKCHON 3aITUCH BBIPAKECHUH.

7. B rpaMMaTuKy, OMMCHIBAIONIYIO BBIPAXKEHUS, BKIIOUYNTh JEUCTBUS IO MEPEBOAY BBIPAXKEHUN U3
nH(pUKCHON (HOpMBI (Omeparus MexXIy onepanaamMmu) B QyHKIMOHATBHYIO 3aMUCh.
Hanpuwmep, a+b = +(a,b),

a+bxc = +(a, *(b, )).

V. NOJIN3G, nepeop B NOJIU3

1. IIpencraButs B ITOJIMN3e cnenyromue BhIpaKeHUS:

a) a+b—c b) a*b+c/a
c) al(b+c)*a d) (a+b)/(c+a*b)
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e) aandborc f) notaorbanda
g) x+y=x/y h) (x*x+y*y<1) and (x>0)

2. s cnenyromux Beipaxkenuit B [I0JIN3e nath 00bdHY0 HHPUKCHYIO 3aITUCh:

a) ab*c+ b) abc*/ c) ab+c*
d) ab+bc—/a+ e) anotbandnot f) abca and or and
g) 2x+2x*<
3. Ucnonb3ys cTeK, BBIYUCIUTD clieayroniue Boipaxenus B [10JI13e:
a) xXy*xy/+ mpu x =8,y =2,
b) a?2+b/ b 4x+ nmpua=4,b=3;
c) a b not and a or not npu a = b = true;

d) xy*0>y2x—<and mpux=y=1.
4. ITepesectu B IIOJIM3 Pparment nporpammsl Ha Cu:
a) S=0; i=1; while (i < 10) { S = S*(i+i); i++; }
b) i ((x+1)>(2%y) ) x = y; else y = (x+y)*2;
c) i=1;8=0;while (i<10&& S<40) { S=S+0); ++i; }
d) if (z<x*p+5) a = x<y, z = (x+6)/(a—y); else z = y << 2;
e) a=x+y<z¥(t+x)?—(a+b)(c—d)*2 : ++x+5;
f) S=x+y;i=1; for (j=0;j <n; j++) { S= S+ i*j*S; i = i*x; }
g) i=1;8=0;while (i <10 && $§<40) { S=S+ i), ++i; }
h) if (z<x*y+5) a = x<y, z = (x+6)/(a—y); else z = y<<2;
1) do {x =y;y="2%y;} while (x < k);
1) S=0; for(i=1;i<=kyi=i+1) S+= i*i;

k) switch (k) {
case 1: a=not a; break;
case?2: b=uaornotb;
case3:. a=b;

3ameuanue

[TOJIN3 ympassrommx onepaTtopoB s3bika Cu cocraBmsiercs anamoruano [TOJIM3y omeparopoB M-
si3pika U [lackans. [Ipu mepeBoae B IIOJIN3 ci10KHBIX OIEpaTOPOB MOPSAOK BHYTPEHHUX KOHCTPYK-
Uil (0mepaTopoB M BEIPAXKEHUH) OTHOCUTENBHO IpyT Apyra coxpansercsa. Hanpumep, B [TOJIN3e mns
onepatopa uukia Buaa for (exprl; expr2; expr3) {body} TIOJIN3 expr3 noinkeH npealIecTBOBATh
[1OJIN3y body.

B s3pike Cu mpucBauBaHHE SIBISIETCS OIEpalMeil, a He ONepaTopoM, MOATOMY IPH HHTEPIpPETalHu
[NIOJIN3a mpucBOEHHOE 3HAYEHHE COXpaHAETCS B CTEeKe (Kak pe3ynpTaT omeparnuu). YToOBl ynanmnuTh
HEHY)KHOE 3HaueHHE C BEpIIMHBI CTeKa (TaKue 3HAYEHHs OCTAIOTCS B CTEKE, HAIPUMeEp, MOCIe MCHOJI-
HeHus oneparopa-Beipakerns), B [I0JIN3e s3p1ka Cu ucnonb3yercst oneparst ;"
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UroObl OTIMYHUTE NMPEe(UKCHBIE ONepalud ++ M —— OT NMOCT(HUKCHBIX, Mpe(pHKCHbIE 0003HAYAIOT B
[MOJIN3e xak +# u —#, a mocTHUKCHBIE KaK #+ U #— COOTBETCTBEHHO.

[TOJIN3 BBIZ0OBa (yHKIMHU MpeACTaBIseT cO00M mocienoBarebHOCTh ee aprymentoB B [10JIM3e, 3a
KOTOpBIMH ciiefiyeT uMsi pyHkunu. [ GyHKIMH ¢ IepeMEeHHBIM YUCIIOM MapaMeTpoB Iepesl HMEeHeM
¢ynkun B [TIOJIN3 BeTaBisieTcss TOMOJHUTENBHBIA apryMEeHT — KOJIMYECTBO (DAKTHYECKUX ITapamer-
POB B JIaHHOM BbI30Be (pyHKUMH. [Ipy MHTEpIpeTanny cHayaja U3 CTEKa M3BJICKAETCS ITOT JOMOJIHH-
TEJILHBII apIyMEHT, a 3aTeM — COOTBETCTBYIOIIEE eMy YHCIIO (PaKTHYECKUX ITapaMeTPOB.

5. ITo 3apannomy [TOJIN3y BeIpaxkeHus 3amucatb ero B HMH(pukcHOM popme (Ha Cn).
a) xyzaxS5y/+*xz6+8% —===; b) xaxzy/+*z6a—*+=

6. ABnsercs nu 3anuch
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
(e fsf=]s alxafofefolsfufefe]-]*]a]

[1OJIN3
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npaBwiIbHOM 3amuchio B [TOJIN3e cnemyromero gpparmenta nporpammsel Ha Cu (cuuTaem, 9To dJe-
MenTsl [10JIN3a nymepytotcs ¢ 1): y=15; do {x =x*(a—b*(c/2+1))—a; y =y-2;} while (y >10);
Ecnu He sBnsercs, o0bsicHUTE movyemy, U npemioxute cBor Bapuant [1OJIN3a mis sTtoro dpar-
MEHTa MPOTrPaMMBI.

7. SIBnseTcs N 3aMuCh
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
if =l ifnf<]s3fFlalafo[+]1t][-]x]y]

[10JIN3 ‘

npaBwiIbHOM 3anuckio B [TIOJIN3e cnenyromero pparmenrta nporpammsel Ha Cu:

for (i=1;i<n;i=i+2) a=(a+b-1)*(x—y/(y+2))+5;
Ecnu e sBnsierca, oObscHUTE modeMy U mpenioxute cBoil Bapuant [1OJIM3a mns storo ¢par-
MEHTa MPOTPaMMBI.

8. a) nepesectu B IIOJIN3 pparment nporpammsl Ha Cu:
i=1;5=0;while (i<10 && s<40) {s=s+fi); ++i; };
c¢) Beipakenue B I10JIM3e 3anucats B nHuKcHOMN dhopme (Ha Cu).

xyzaxS5y/+*z6+8*% —===

9. a) nepesectu B [10JIN3 ¢pparment nporpammel Ha Cu:
if (z<x*y+5)a=x<y,z=(x+6)/(a—y); else z =y <<2;
b) Beipaxxenue B [I0JIN3e 3anucare B uHpukcHOU popme (Ha Cn).

xaxzy/+*z6a—*+=
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3apgaum / V. NONU3, nepesop s MOJN3

10. Ilpenmoxute [TOJIN3 aJist cienyronmx onepaTropos:

a) if (E)Si; 8583
CemaHTHKa 3TOTO OIEpaTopa TaKOBa: BBIUMCISETCS 3HAUCHHUE BhIpAXKEHHUA E; eclii ero 3HaueHue
MeHb1Ie 0, TO BBIMOJHAETCS onepaTop S ; eciii paBHO 0 — omneparop S,, uHaue — onepaTtop Ss .

b) choice ( Si; S2; S3), E
CeMaHTHKa: BBIUUCISCTCS 3HAUCHUE BBIpAKEHUsS E; €Cy ero 3Ha4eHHe PaBHO i, TO BBITIONHSAETCS
omepatop S; mns i =1, 2, 3; uHade onepatop choice IKBUBATICHTEH ITyCTOMY OIEPATOPY .

c)cycle ( Ey; Ex; E3), S
CeMaHTHKa 3TOTO OIepaTtopa OTIMYaeTCs OT CEMAaHTHKHU orneparopa for B sizbike CH TOJBKO TEM,
YTO omepaTop S BBINOIHAETCS, IO KpailHell Mepe, OAuH pa3 (T.e. TOCJe BHIYUCICHHS BBIPAKEHUS
E,\ cpa3y BeIMONHSETCS onepaTop S, 3aTeM BbIUUCIsIeTCS 3HaueHue £3, moToM — 3HaueHue £, Ko-
TOPOE MCHOJIb3YETCs ISl KOHTPOJS 3a KOJMYECTBOM MOBTOPEHMM IMKIJIA TAKXKE, KaK M B LIUKIIE

for).

11. IlocTpouTs rpaMMaTUKY AJIsl BBIPAKEHUH, coAepKaIUX IEpEMEHHbIE, 3HaKU ONepalui +, —, *,
/ 1 ckoOk# (). 'paMmartrka JOKHA OTPaKaTh OMHAKOBBIM IPHOPUTET U JICBO-aCCOITMATUBHOCTD
BCEX ueThlpex onepauuii. OnpeaennTs AEUCTBUSA 110 IEpeBOAY TakuX BbipaxkeHuil B [IOJIN3.

12. VI3MeHUTh NPUOPUTET ONepanuii OTHOLIEHUSI B M-s3bIke — clenath ero HauBbicmiuM. [lo-
CTPOUTH COOTBETCTBYIOILYIO I'PAMMATHKY, OTPAKAIOLIYI0 ATOT puopuTeT. Hanucars cuHTaKcuye-
CKHI aHaJIM3aTop, 00ECIIeYnTh KOHTPOJIb TUIIOB, 3a11aTh niepeBoa B [IOJIN3.

13. IToctpouts KC-rpaMmMaTuky, aHaJOTHYHYIO JAHHOM,

E—>T{+T}

T — F {*F}

F—(E)|i
C TOW JIMIIb Pa3HUIICH, YTO B HOBOM SI3bIKE TEPe] MACHTHPHUKATOPOM OYAET MOIMyCKAThCS yHap-
HBI MUHYC, UMEIOIINI HAUBBICIINN MPUOPUTET (HANIPUMEp, a*—b+—C JOMYyCKAeTCs U O3HAYAET

a*(—b)+(—c). B co3maHHyI0 rpaMMaTHKy BCTAaBUTH JCHCTBHS 110 EPEBOJYy TAKOTO BBIPAKECHUS B
[TOJIN3. Jlna kaxa0#l UCIonab3yeMou mpoleaypbl IpuBecTH €€ TeKCT Ha Cru++.

14. I[aHa rpaMMaTHKa, OIMChIBAKOIIAA BBIPAKCHUA:

E— TE' E'>+TE'|¢
T—FT' T' >« FT' | &
F— PF' F' >"PF'|¢e
P> (E)|i

BxnrounTs B 3Ty rpaMMaTHKy A€MCTBHS MO nepeBoAy 3Tux BbipakeHud B ITOJIN3. [lnsa xaxnoi
HCTOJIb3yEMOM MPOLEAYPHI IPUBECTHU €€ TEKCT Ha Cu++.
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