Jlekcnyeckme aHanunsaTopsbl

INekcu4yeckmne aHanusaTopsbl (CKaHepbl). MPUHUMNBI NOCTPOEHUA
CKaHepoB

Ha3HauyeHue nekcu4yeckoro aHanusaropa

Hpex(;[e, (S HepeﬁTH K paCCMOTPCHUIO JICKCHUYCCKUX aHAIIU3aTOPOB, HCO6XOI[I/IMO JaThb
YCTKOC ONPCACIICHUC TOT'0, YTO K€ TAKOC JICKCEMA.

Jlexcema (nexcuueckas €IWHHUNA S3bIKa) — 3TO CTPYKTypHAs €IWHHUNA fA3bIKa, KOTOpas
COCTOUT U3 BJIEMEHTApHBIX CHUMBOJIOB $I3bIKA U HE COLCPKUT B CBOEM COCTaBe IPYrMX
CTPYKTYPHBIX €AVHHIL SI3bIKA.

JlekceMaMH SI3BIKOB €CTECTBEHHOI'O 06H1€HI/IH SABJISAKOTCA CJ'IOBal. JlekcemMaMu SI3BIKOB
MporpaMMUpPOBaHHUA ABJIAIOTCA I/IJIeHTI/I(bI/IKaTOpI)I, KOHCTaHThI, KJIIOUCBBIC CJIOBa sA3bIKa,
3HAKH onepaunﬁ " pasaCIuTeIIn. CocTaB BO3MOXKHBIX JIEKCEM KaXXJ10T0 KOHKPCTHOI'O SA3bIKa
MNporpaMMUPOBAHUS OIIPEACIIACTCA CUHTAKCUCOM 3TOT'O A3bIKA.

Jlexcuueckuii anaauzamop (WIA CKaHEP) — 3TO 4YacTh KOMIIWIIATOPA, KOTOpPAas YHTAET
HCXOAHYIO IIPOTPaMMy M BBIJCISIET B €€ TEKCTE JIEKCEMBbl BXOIHOTO s3blka. Ha BXon
JIEKCHYECKOTO aHaJM3aTopa IOCTYMaeT TEKCT MWCXOJHOM MporpaMMbl, a BBIXOJHAsS
nHopManus TmepenaeTrcs Uil JanbHeWInel oO0pabOTKM KOMITMJISITOPOM Ha  3Tare
CHHTaKCHYECKOT0 aHaJIu3a 1 pa3dopa.

Pe3ynpTaToM paboOThI JIEKCHYECKOTO aHAIM3aTopa SIBJSETCS MepeueHb BCEX HAMJICHHBIX B
TEKCTE UCXOHOU MPOTPAMMBI JIEKCEM. DTOT MEPEeUeHb JIEKCEM MOXKHO MPECTABUTh B BUJIE
TaOauIbl, Ha3bIBaeMoOW mabauyeli nexcem. KaxmoW JsekcemMe B TaOJMIE JIEKCEM
COOTBETCTBYET HEKUW YHUKAJIbHBIA YCIIOBHBIM KOJ, 3aBUCSIIMI OT THIA JIEKCEMBI, U
JIOTIOJIHUTENbHAs! ciry)keOHast nHpopmauus. Kpome Toro, mHGOpManus o HEKOTOPBIX THIAX
JIEKCeM, HAWJEHHBIX B HWCXOJHOW TMporpaMme, JIOJDKHA TIOMEHmaThCsl B TaOuuily
WICHTU(PHUKATOPOB (WX B ONHY M3 TaONUI WICHTH()HKATOPOB, €CIH KOMIIHIIATOD
MpeaycMaTpUBaeT pa3INdHbIe TAOIUIBI UICHTH(PHUKATOPOB IS Pa3IIUYHBIX TUIIOB JIGKCEM ).

BHUMAHUE
He cnegyet nytate Tabnuuy nekcem n tabnuuy naeHTUdMKaToOpoB — 3TO ABE
NpUHUMNMansLHO pasHble  Tabnuupbl, obpabaTbiBaemMble  NEKCUYECKUM
aHanunsaTopom.

Tabmuma JnekceM (akTHUECKH COAEPKUT BECh TEKCT HCXOOHOW  IPOTPaMMBI,
00pabOTaHHEIH JICKCHYECKAM aHAIU3aTOPOM. B Hee BXOIAT BCe BO3MOXKHEIE THIIBI JIGKCEM,

! B sa3bIKax ecTecTBEHHOIrO 06HI€HI/I$I JIeKCuKol Ha3bIBaCTCs CJ'IOBapHI:Iﬁ 3arac sA3bIKa.
Jlekcuduecknii cocTaB sI3bIKA n3y4acTcs JICKCHKOJIOTHEH H q)pa3eonomel71, a 3Ha4YCHUC
JICKCEM (CJ'IOB H3BIKa) - ceMacuoioruei. B s3pikax nporpaMMHupOBaHUA CJ'IOBapHI:Iﬁ 3ariac,
KOHEYHO, HE CTOJIb UHTCPECCH U CHGIIHaJ'ILHOfI HayKOﬁ HCE U3y4acTCH.

89



KpOMe TOTO, JTF00as IekceMa MOKET BCTPEUaThCsl B HEH 000e KoimmdecTBO pa3. Tabmmma
UIeHTU(HUKATOPOB COOEP>KUT TOJIBKO OIPEICIICHHBIC TUIIBI JIEKCEM — HACHTU(HUKATOPHI U
KOHCTaHTH. B Hee He momanmaroT Takue JIEKCeMBI, KaK KITI04eBHIe (CIry>KeOHBIE) CIOBa
BXOJHOTO $3bIKa, 3HAKM OIepamuii W pasgenutenn. Kpome Toro, kakmas IJeKceMa
(MmeHTH(UKATOP WIM KOHCTaHTa) MOXXET BCTpPEYaThCS B TaONUIE HIACHTH(UKATOPOB
TOJBKO ONWH pa3. Taxke MOXHO OTMETHTH, YTO JIEKCEMbI B TAaOJHIIE JIEKCEM 00s3aTeIbHO
pacronararoTcs B TOM JKe TOpsIKe, KaK U B UCXOJHOI mporpaMme (TOpsIIOK JIEKCEM B He
HE MEHsIEeTCs), a B TA0JHIE MICHTU(PHUKATOPOB JIEKCEMBI PAacIoIaraloTcs B JIIOOOM Mopsiike
Tak, 4YTOObI oOOecrme4nuTh yMOOCTBO MOMCKAa (METOABI  OpPraHU3allk  TaOJHI]
UIeHTU(HKATOPOB PACCMOTPEHBI B IIPENIBIAYILEH T1aBe).

B kauecTBe mpuMepa MOXXHO pPaccCMOTPETh HEKOTOPBIH (parMeHT MCXOJHOTO Koja Ha
s3pike Pascal u cooTBeTcTBYIOMIYIO €My TabIHIly JIeKCeM, IPEICTaBICHHYIO B Tabnuie 3.1:

begin

for I =1
fg := fg * 0.5

Ta6bnuua 3.1. JlekceMbl nporpaMmmel

Jlekcema Tun nekcembl 3HaveHune

begin KiroueBoe ciioBo X1

for KiroueBoe ciioBo X2

i Wnentuduxarop il

= 3HaK MPUCBAaNBaHUS S1

1 [enounciieHHass KOHCTaHTa 1

to KiroueBoe ciioBo X3

N Wnentuduxarop N:2

do Kirouesoe ciioBo X4

fg WnenTtudukarop fg:3

= 3HaK NpHUCBaUBaHUs S1

fg Wnentnduxarop fg:3

* 3Hak apupmernueckoit | Al
orepanu

0.5 BemecTBeHHas KOHCTaHTa 0.5

ITone «3nauenue» B Tabmuie 3.1 moapasymeBaeT HEKOe KOJAOBOE 3HAUEHHUE, KOTOpOoe OyaeT
MTOMEIICHO B HTOTOBYIO TAOJHILY JIEKCEM B PE3yJIbTaTe PabOTHI JICKCHIECKOTO aHAIM3aToPa.
KoneuHo, 3HaYEHHsI, KOTOPBIC 3allUCaHbI B IPUMEPE, SIBISIOTCS YCIOBHBIMH. KOHKpETHBIC
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KOl BBIOUpAIOTCS pa3pabOTYMKaMH TPH pealu3alid KOMIWIATOpa. BakHO OoTMETHTH
TaKXKe, YTO YCTaHABIMBAETCS CBSA3KAa TAOJNHIBI JIEKCeM ¢ TaOmuie MaeHTH(PHKATOpoB (B
IpHMepe 3TO OTPAXKEHO HEKOTOPBIM HHAEKCOM, CIEAYIOIINM II0CiIe MACHTU(HKATOpa 3a
3HaKOM :, @ B pEaJIbHOM KOMITWIIITOPE OIIPENeIsIeTCs ero peann3anueii).

MpYHUMNBI NOCTPOEHMUSA JIeKCUYEeCKUX aHanNu3aTopoB

C TeopeTHdecKkol TOUYKM 3PEHHUS JIEKCHUECKWI aHaIW3aTop HE SBIACTCS 00s3aTelbHOM
YacCTbO KOMITWJIATOpPA. Bce ero q)yHKL[I/II/I MOT'YT BBIINIOJHATHECA Ha 3TAIlC CUHTAKCUYECKOI'O
pa3bopa, MOCKOJIBKY IOJHOCTBIO PETJIAaMEHTHPOBAHbI CHHTAKCHCOM BXOJHOIO f3bIKA.
OfHaKo CyIIEeCTBYeT HECKOJBKO MNPHYUH, IO KOTOPBIM B COCTaB MPAaKTUYECKH BCEX
KOMITMJIITOPOB BKIIIOYAIOT JIEKCHUYESCKUI aHAIIN3:

® [IPUMCHCHHE JICKCHMYCCKOTO aHaaH3aTopa YIpoIlaeT padoTy ¢ TEKCTOM HCXOIHOU
MpOrpaMMBbI Ha 3Tare CHHTAKCHYIECKOro pa3bopa U cokpainaer 00beM o0pabaThiBaeMoi
nHpOpPMALNH;

® HCKOTOpBIC 3a/add, TPEOYIOIIHE HCIIOJIB30BAHUS CIIOXKHBIX  BBIYHCINTEIBHBIX
QITOPUTMOB HA JTale CHHTAaKCHYECKOTO aHajlH3a, MOTYT OBITh pemIeHsl OoJee
MPOCTHIMA METOAAMH Ha 3Tare JeKCHYECKOTo aHanu3a (HalpuMmep, 3a/1a4a pa3iIndeHus]
YHapHOTO MHHYCa M OMHAPHOM OIepaly BEIYUTAHUS, 0003HAYaEeMbIX OJHUM U TEM XKe
3HAKOM «-»);

® JIGKCHYECKHH aHalIM3aTop OTHENSAEeT CJIOXKHBIA IO KOHCTPYKIMM CHHTAKCHYECKHH
aHAITU3aToOP OT PabOTHI HETIOCPEACTBEHHO C TEKCTOM MCXOAHOM MpOorpaMMBl, CTPYKTypa
KOTOPOTO MOJKET BapbHUPOBATHCS B 3aBHCUMOCTH OT apPXUTEKTYPHI BBIUMCIHUTEIBHOU
CHCTEMBI, TJi¢ BBINMOJHACTCS KOMITHIIALUSA — IPH TaKOW KOHCTPYKIHMH KOMIIMJISTOPA
JUIA TIepexofia Ha PYTYI0 BEIYUCIUTEIBHYIO CUCTEMY JTOCTATOYHO TOJIBKO MEPECTPOUTH
OTHOCHTEJIFHO TIPOCTOM JICKCHUECKHI aHAN3aTop;

® B COBPEMEHHBIX CHCTEMaX IPOTPAMMHPOBAHUS JIEKCHYCCKHH aHAIHU3aTOpP MOXKET
BBINTOJTHATH 00Pa0OTKy TEKCTa MCXOMHOW MPOTpaMMBI MapajlIeIbHO C €T0 IMOATOTOBKOM
MOJIB30BATEIEM — 3TO JAeT CHCTEME IPOTPAMMHPOBAHUS TPUHIMITHAIEHO HOBBIE
BO3MOXKHOCTH, KOTOpBIC IO3BOJITIOT CHHU3UTH TPYAOEMKOCTH Pa3pabOTKH IPOrpaMM
(bomee  mompobHO 00 OTOM cKazaHo B TiaBe «COBpeMEHHBIE  CHCTEMBI
MIPOTPAMMHUPOBAHIID).

DyHKIHMH, BBIIOIHSEMbIE JIEKCUYECKUM aHAJIM3aTOPOM, U COCTaB TUIIOB JEKCEM, KOTOPHIE
OH BBIJENSET B TEKCT€ HCXOJHON MpOrpaMMbl, MOTYT MEHSATbCS B 3aBHCUMOCTH OT
peanmzanuu  KOMIWJIATOpa. To, Kakue QYHKIUH JOJKEH BBITIONHITh JIEKCHYECKUH
aHANMM3aToOp, a KaKhue OCTaBJsITh [UJIS OJTama CHHTAKCHYEeCKOro pa3dopa, perrarT
pa3pabOTYMKA KOMIHIATOpPa. B OCHOBHOM JIEKCHYECKHE aHAJIU3aTOPHI BBIMOJIHIIOT
UCKJIIOYEHHE W3 TEeKCTa UCXOAHOM MporpaMmbl KOMMEHTapuUeB M HE3Haual[uX CHUMBOJIOB
(poGeItoB, CUMBOJNIOB TaOYJSIMA M TEPEBOJA CTPOKU), a TAKXKE BBIICICHUE JICKCEM
CJICAYIONINX THIIOB: UICHTH(PHUKATOPOB, CTPOKOBBIX, CHUMBOJBHBIX U YHCIOBBIX KOHCTAaHT,
KITFOUEBBIX (CITyKEOHBIX) CIIOB BXOJTHOTO S3bIKa, 3HAKOB OIIEPAIUil M pa3/IeiuTeIeH.

Jlekcnueckuii aHANM3aTOp MMEET JIEJI0 C TakKMMH OOBEKTAaMM, KaK pasIMyHOrO poja
KOHCTaHTBl M WJICHTH(UKATOPH! (K MOCIETHUM OTHOCATCA M KIIOYEBBIE CIIOBa). SI3BIK
KOHCTaHT ¥ WACHTH()HUKATOPOB SBILETCS PETYSIPHBIM — TO €CTh MOXKET OBITh OITMCAH C
MOMOIIBIO  PETyJSPHBIX TpaMMaTuK. Pacmo3HaBaTenmsMH IS PETYISPHBIX  SI3BIKOB
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ABJISTIOTCSI KOHEUHbIE aBTOMAThl. CIIeJ0BaTEIbHO, OCHOBOW ISl peali3aliyl JIEKCHIECKUX
aHAIM3aTOPOB CIIy’KaT PETYIIPHbIC TPAMMATHKH M KOHEYHBIC aBTOMATBHI.

CyImecTBYIOT MpaBuia, ¢ MOMOIIBI0 KOTOPHIX IS JTF000# peryisipHoii TpaMMaTHKH MOKET
OBITh MMOCTPOEH KOHEYHBIA aBTOMAT, PACHO3HAOMIMH IEIOYKH S3bIKa, 3aJaHHOTO 3TOU
TpaMMAaTHKOH (3TH IpaBUIIa paCCMOTPEHBI Aajiee B 3TOM TJIaBe).

Koneunslii aBTOMaT AJI KakKI0Ml BXOJHOW LIETIOYKH S3BIKA JAE€T OTBET Ha BOIPOC O TOM,
MPUHAJICKUT WM HET LIeToYKa A3bIKY, 3aJJaHHOMY aBToMaToM. OaHako B oOuieM ciydae
3a/1aya JIEKCUYECKOr0 aHajJu3aTopa HECKOJBKO IIUpe, YeM MPOCTO MPOBEpPKa IEMOYKH
CHUMBOJIOB JICKCEMbI Ha COOTBCTCTBHUC BXOZ[HOMy H3I)IKy. KpOMe 9TOI0, OH JOOJIKCH
BBIIIOJIHUTH cne,uy}ouude [[Cf/iCTBI/ISII

® OIpPCACIUTh TPaHULbLI JICKCEM, KOTOPBIC B TCKCTEC I/ICXOI[HOﬁ IporpaMMbl SIBHO HE
YKa3aHbl;

® BBINOJIHUTG ACHCTBUSI sl COXpaHeHus HHpOopMaKu 00 00HAPYKEHHOU Jiekceme (HTu
BEIJIATh COOOIIEHHNE 00 OMMOKE, €CIN JIeKceMa HEBEPHA).

DT Z[eﬁCTBPI?[ CBsA3aHBbI C OIPEACICHHBIMU HpO6J’I€MaMI/I. I[anee pPacCMOTPCHO, KaK ITHU
l'IpO6J'IeMI>I PCHIAOTCA B JICKCHUYCCKUX aHAJIN3aTOpax.

I'Ipo6neMb| NOCTPOEHUA NNIeKCUu4eCKUX aHanm3atToposB

Onpep,eneHme rpaHnL nekcem
Brlaenenue rpaHull JeKCeM SIBISETCS HETPUBUAIBHOW 3anadeil. Benp B TEKCTE MCXOIHOHN
IIPOrpaMMBbl JIEKCEMBl HE OIPAHMYEHbl HUKAKMMM CHELUUAIBHBIMM CHMBOJaMmu. Eciu
TOBOPUTH B TEPMHHAX JIEKCUYECKOTO aHAIM3aTOPa, TO ONPENENEHUE TPAHULL JIEKCEM — 3TO
BBIJICJICHHE TeX CTPOK B OOIIEM IIOTOKE BXOJHBIX CHMBOJIOB, IJII KOTOPBIX HAaIo
BBIIIOJIHAThH PACIIO3HABAHUE.

WnmocTpanueii ciryuasi, Korja OnpefeleHne TPaHUL] JIEKCEMbl BBI3BIBAET OINpPECICHHbBIE
CIIO)KHOCTH, MOXKET CIY)KUTh NpHUMep omepaTtopa mporpamMMmbl Ha sizbike FORTRAN: mo
¢parmenty ncxoguoro koga DO 10 I=1 HEBO3MOXKHO ONPEAEIUTH THII ONIEPATOPa SI3BIKA
(a COOTBETCTBEHHO, W TpaHUIIBI JekceM). B ciydae DO 10 I=1.15 3T0 NpUCBOEHHE
BEIIECTBCHHON mepeMeHHOH DO10I 3HadeHHs KOHCTAaHTHI 1.15 (mpoOermsl B s3BIKE
FORNTAN urnopupytotcst), a B ciiyyae DO 10 I=1, 15— 3T0 IHKI C MEPCUUCICHHEM
oT 1 10 15 mo 1enoyuciaeHHon nepeMeHHon I 1o Metku 10.

Jpyroii wmmmroctpanueii MOXKET CIyXuTh oneparop s3bika C, wuMeromuii BuA:
k=i+++++7j;. CymecTByer TOIbKO OJHAa E€IUHCTBEHHO BEpHAas TPAKTOBKa JTOrO
omeparopa: k = i++ + ++7; (ecnau SBHO MOSCHUTH €€ C MOMOINBI0 CKOOOK, TO JaHHAS
KOHCTPYKIUS UMeeT BWA: k = (i++) + (++3);). OOHaKo HAWTH ee JEKCHYCCKUI
aHAIM3aTOP MOXKET, JIMIIbL NPOCMOTPEB BECh ONEpaTop JO KOHIA M NepedpaB Bce
BapUaHThl, NpPHYEM HEBEpHbIC BapHaHThl MOTYT ObITh OOHApYKEHBI TOJBKO Ha JTare
CEMaHTHUYECKOTO0 aHaim3a (Hampumep, BapuaHT k = (i++)++ + J;  sBisgercs
CHHTAKCHYECKH TPaBHJIBbHBIM, HO CEMaHTUKOH si3bika C He pomyckaercs). Koneuno, 4To0bl
3Ta KOHCTPYKIHMS ObUIa B MPHUHIMIIE TOIyCTHMA, BXOJSIINE B HEe OMepaHnasl k, i u j
JIOJDKHBI OBITH OIMCAHBI U JI0JDKHBI JIOITyCKaTh BHITTOJHEHHUE OTlepalvii a3bIKa ++ U +.

92



I[lostomy B  OONBIIMHCTBE  KOMIWIATOPOB  JIEKCHYECKHH W  CHHTaKCHYECKHUI
aHAIM3aTOPbl — 3TO B3aUMOCBS3aHHBIE YacTH. BO3MOXHBI JABa IPHUHIUIIHAIBEHO
pasIMYHBIX METOJa OpTaHW3aLMM B3aMMOCBS3M JIEKCHYECKOTO W CHHTaKCHYIECKOTO
aHaNM3a:

® [I0CJIEJOBATEIbHBIN,

® napajlenbHblit,

IIpu nmocnenoBatresbHOM BapUaHTE JEKCUUECKUH aHAIU3aTOpP MPOCMATPUBAET BECH TEKCT
UCXOAHOW MpOrpaMMbl OT Hayalla J0 KOHIA M Ipeoldpa3yeT ero B TaOJHIy JIEKCEM.
Tabnuua JiexceM 3amoNIHAETCS Cpa3y IOJHOCTHIO, KOMITWJISITOP HCIOJB3YeT ee ISt
MoCeayonux (a3 KOMIWIAIUK, HO B JalbHEilieM He wu3MeHseT. JlanbHeHIyro
00paboOTKy TaOJNHUIBl JIGKCEM BBIMOJNHAIOT CleAyromme (a3bl KOMIWIAIUH. Eciau B
mporecce pazdopa JIEKCHYSCKHI aHANMW3aTop HE CMOT NPABHIFHO OIPEACITHTH THII
JIEKCEMBI, TO CUATACTCS, YTO UCXOTHASI TPOTPaMMa COJCPIKUT OIIHOKY.

PaGora CHHTAKCHYCCKOI'O u JICKCUYECKOI'O AHAJIN3aTOPOB B BapuaHTC nux
noCJICJ0BAaTCIIBHOI'O BSaHMOﬂeﬁCTBHH H306pa>1<eHa B BUAC CXEMBI HA 3.1.

Hcxonnas Jlexcnueckuii Ta6mmma CHHgaKcuqecmu
aHaJIM3aTo a300p (aHaIM3
porpaMma Y eKceM p p ( )
(cxanep)
Unentudpuka HNudopmanms
TOPEI 0 TUIAaX
v v

Tabmmna nneHTH(GUKATOPOB (TAOIUIIA IMEH)

3.1 [TocnenoBatenbHOE B3aUMOICHCTBHE JIEKCHUECKOTO U CHHTAKCHUECKOTO AHaJIM3aTOpPOB

[Ipn mapamnensHOM BapHaHTE JIEKCHYSCKU aHAM3 TEKCTa HMCXOOHON IpOTrpamMMEI
BEIMIOJTHSACTCA IMO3TAITHO MO ImaraM. JIeKCHYecKWil aHamm3aTop BBIACISIET OYEPETHYIO
JIEKCeMy B HCXOJHOM KOJA€ M TepeldaeT €€ CHHTAaKCHYECKOMY aHalu3aTopy.
CHHTaKCHYECKHH aHAIU3aTOP, BHIIOJIHUB pa300p odepeHONH KOHCTPYKIMH S3bIKA, MOXKET
MOATBEPANUTL TIPABUJIIBHOCTH HaﬁHeHHOﬁ JICKCEMBI H 06paTI/ITI)C$I K JICKCUYECKOMY
aHANIM3aToOPy 3a CIIEAYIONEeH JIEKCEMOM, 00 ke OTBEPTHYTh HaiJIeHHYIO Jiekcemy. Bo
BTOPOM cTy4ae OH MOXKET MPOUH(POPMHUPOBATH JICKCHUECKUN aHATU3aTOp O TOM, YTO HAJ0
BEPHYTHCS HA3aI K YK€ IPOCMOTPEHHOMY paHee PparMeHTy HCXOTHOTO KOJa U COOOIINUTh
€My AOTOJHHUTENFHYI0O WH(POPMAIHIO O TOM, JIEKCEMY KaKOTO THIIA CJIEIyeT OXKHIATh.
B3aumopelicTByss Mexay coOod TakuM 00pa3oM, JIEKCHYeCKHH ¥ CHHTaKCHYCCKUEC
aHAITM3aTOPBl MOTYT IMepe0dpaTh HECKOIBKO BO3MOXKHBIX BAapHAHTOB JICKCEM, W €CIH HH

2 HapaﬂﬂeHBHLIﬁ METOA pa6OTBI JICKCUYECKOI'0 aHaIM3aTopa U CUHTAKCUYCCKOI'o pa360pa
BOBC€ H€ O3Ha4yac€T, YTO OHHU JOJI’KHBI 6y,Z[yT BBITIOJIHATBCA KaK I[apaijie/IbHbIC
B3aHMOH€ﬁCTByIOHIH€ IMpoueCChI. Taxoi BAapUAHT BO3MOXKCH, HO HE o0s3aresieH.
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OOMH W3 HUX HE IONOHAeT, OyNeT CUHMTAThCA, YTO HMCXOOHAS MHPOrpaMMa COIECPIKHT
ommoky. Tompko mociie TOro, Kak CHHTAaKCHYESCKMH aHAIW3aTOp YCIICIIHO BBIIOJHHT
pa3bop odepemHONW KOHCTPYKIHH HMCXOTHOTO s3bIKAa (OOBIYHO TaKOH KOHCTPYKIHEH
SBJISICTCSL ONEPAaTOp HCXOAHOTO SI3bIKa), JICKCHUSCKUIl aHAIM3aTOp MOMENIaeT HalJIeHHBIC
JIEKCEMBI B TAOJHUITY JIEKCEM U B TaOJIHIly HACHTU(UKATOPOB U MPOJOJDKAET pa3dop Jaibiie
B TOM JK€ TIOpSIJIKE.

Pabora CHHTaKCHYECKOTO M JICKCUYECKOTO aHAJIU3aTOPOB B BapUAHTE MX MapaUICIBHOTO
B3aUMOJICHCTBHS N300paKCHA B BUJIC CXEMBI Ha 3.2.

. Wnentuduka Tabmuua
HUcxonnas Jlexcnueckuii TOPBI UIEHTH(HUKATOPOB
IporpamMmma aHaIn3aTop (Tabnuna UMeH)
(cxanep)
A
Ouepennas | Obparenne
JeKcemMa I 33 JIeKCEMOU
I
|
\ 4 1
CI/IHTaKCI/IquKHﬁ\
pa3bop (aHamu3) <

3.2. HapannenLHoe B3aUMOJICHCTBHUE JICKCHUECKOTO ¥ CHHTAKCHYECKOTO aHaJIn3aTOpPOB

[locnenoBarenbHast  paboTa  JIEKCMYECKOTO W CHHTAaKCHMYECKOTO  aHAIM3aTOPOB,
nmpeAcTaBieHHas Ha 3.1, mpencraBiIser coOOW  caMBlif  MPOCTOH BapWaHT —UX
B3auMozeiicTust. OHa mpole B pealn3aluy U odecrednBaeT 0ojiee BBICOKYIO CKOPOCTb
pabOThl KOMIIIATOPA, YeM HX MNapajljiebHOE B3aUMOICHCTBHE, IOKa3aHHOEe Ha 3.2.
[TosTomMy pa3pabOTUMKKM KOMIHJISITOPOB CTPEMSTCS OPraHW30BaTh B3aMMOJICHCTBHE
JIEKCUYECKOTO M CHHTAKCHYECKOT0 aHAIM3aTOPOB MIMEHHO TaKMM 00pa3oMm.

s OONBIIMHCTBA SI3BIKOB IIPOTPAMMHUPOBAHMS TPAHMIBI JIEKCEM PpAcCIO3HAIOTCS I10
3aJlaHHBIM TEPMHUHAIBHBIM CHMBOJAM. OTH CHMBOJBI — IIPOOETBI, 3HAKU OIeparui,
CHMBOJIBI KOMMEHTAPHEB, a TAKOKE Pa3IeNnuTeNH (3amaThle, TOYKH ¢ 3anIToi u T. 11.). Habop
TaKUX TEPMUHAIBHBIX CHUMBOJIOB 3aBHCUT OT CHHTaKCHCAa BXOJHOTO s3blka. BaxHo
OTMETHUTb, YTO 3HAKU ONEpaluid U pa3felIuTeNHd CaMU TAKKe SIBISIOTCS JIEKCEMaMH, U
HEoOX0IMMO He NMPOIYCTUTh UX IPH PACHO3HABaHUH TEKCTA.

Ho anst MHOTHX S3BIKOB ITPOTPAaMMHPOBAHUS Ha JTaIle JICKCUIECKOTO aHAIH3a MOXKET OBITh
HEIOCTATOYHO WH(POPMALUU ISl OJJHO3HAYHOTO ONPEACIICHHUS THUIA M TPaHUIl OYepPEeIHON
nekcembl. OmHAKO Hake M TOrga pa3padOTYMKKA KOMITHIIATOPOB CTPEMSTCS H30ekKaTh
napajieIbHONW pabOThI JISKCHYECKOTO0 W CHHTAKCHYECKOTO aHaIM3aToOpoB. B psime ciaydaes
MOMOTAET IPHUHIIMIT BHIOOpA M3 BCEX BO3MOXKHBIX JICKCEM JIEKCEMBI HAWOOJBIICH IJIMHBIL:
OYEPEIHON CHMBOJI M3 BXOIHOTO ITOTOKA TAHHBIX H00aBISCTCS B JIGKCEMY BCErIa, KOTr1a OH
MOJKeT OBITh Tyaa m00aBseH. Kak TOJbKO CHMBOJI HE MOXET OBITh JOOABJICH B JIEKCEMY, TO
CUMTACTCs, YTO OH SIBJISICTCS TPAHHUICH JIEKCEMBl M HAYajJOM CIICAYIOIICH JICKCeMBI (eCiau
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CHMBOJI HE SIBISIETCSI ITyCTBIM DPa3JelHUTENeM — IPOOETOM, CHMBOJIOM TaOyJsIIUU WIH
MepeBO/Ia CTPOKH, 3HAKOM KOMMEHTapHsI).

Takolf mpHHUMII He Bcerna MO3BOJSIET MPABHIBHO ONPENENHTh I'PAHHULEBI JIEKCEM B TOM
cllydae, KOrja OHM HE pa3JelieHbl IIyCTHIMH CHUMBOJIAMH. Hampumep, IpHBeneHHas BBIIIE
cTpoka s3pika C k= i+++++7; Oyzmer pa3OuTa Ha JEKCEMBI CIEIYIOIIAM O0pa3oM:
k = i++ ++ + J; — u9T0 pasdbueHue HeBepHoe. Jlekcudecknii anamu3arop, pasoupast
CTPOKY M3 5 3HAKOB + JBaXJbI BEIOpAN JIEKCEMY HAaHOOMbIICH BO3MOXKHON JIMHBI — 3HAK
olepalii WHKpPeMeHTa (YBeNMYEHHs 3HAYeHUs IepeMeHHOM Ha 1) ++, XOTsd 3TO
HerpaBuibHO. KoMnmisitop oybkeH OyAeT BbLAATH MMOJIb30BaTENI0 coollIeHne 00 ommnoKe,
IIPY TOM, YTO IIPABUJIbHBIN BAPUAHT PacIO3HABAHMS 3TOM CTPOKH CYILECTBYET.

Pa3paboTurky KOMIHWJISITOPOB CO3HATENIFHO MIYT Ha TO, YTO OTCEKAl0T HEKOTOphIE
NpaBWIbHBIE, HO HE BIIOJIHE YHTAEMBIC BAPHAHTHl HCXOMHBIX NporpaMm. IlombiTku
YCIOXKHUTH JICKCHYECKHH paclio3HaBaTeNb HEM30€)KHO MPUBEIYT K HEOOXOIMMOCTH €To
B3aUMOCBSI3H C CHHTaKCHYeCKHM pa3bopoM. OTo moTpeOyeT OpraHu3aluu UX
HapauIeNIbHOM paboThl ¥ CHU3UT 3P PEKTUBHOCTH pabOTHI BCETO KOMIIIISITOpa. Bo3HnKIme
HaKJIaJHBIE pPacxXolpl HHUKAK HE ONpPaBIBIBAIOTCS  JOCTUTAEMbIM  3((PEeKTOM —
pacro3HaBaHMEM CTPOK C COMHHTENbHBIMH JIlekceMamH. JlocTaTodHO — 00s3aTh
MOJIB30BATENs SIBHO YKa3aTh C MOMOLIbIO MTPOOENIOB (MM APYTUX HE3HAYalluX CHMBOJIOB)
IPaHMIIBI JIEKCEM, Y4TO 3HAYMTENBHO TIpomie’,

He nns Bcex BXOAHBIX SI3bIKOB TaKOM MOAXOJ BO3MOXkeH. Hampumep, 1u1st pacCMOTPEHHOTO
Beinie npumepa ¢ sa3bika FORTRAN HEBO3MOXXHO NPHUMEHHTh YKa3aHHBIH METOJ —
pa3HHIa MEXy ONEepPaTOPOM LUKJIA U ONEPaTOPOM NPUCBAUBAHUS CIHMIIKOM CYIIECTBEHHA,
9TOOBI €0 MOXXHO OBUIO MpeHeOpedb. 31eCh MPHUACTCS MPUOCTHYTh K B3aUMOCBS3H C
CHHTAaKCHYEeCKHM pazbopom*. B TakoM cIyyae DNpPHXOJUTCA  OPTraHM30BHIBATH
MapajuieNIbHYI0 paboTy JEKCHYECKOTO M CHHTAKCHYECKOTO aHATH3aTOPOB.

O4YeBHIHO, YTO MOCJIEN0BATENbHBIM BAPHAHT OPTaHU3alUH B3aMMOIEHCTBHS JIEKCHIECKOTO
¥ CUHTaKCHYECKOTO aHAJIU3aTOPOB sABIAETCS Oosiee 3P (OEKTUBHBIM, TaK KaK OH HE TpeOyeT
OPraHU3alMU CJIOKHBIX MEXaHU3MOB OOMEHA JAHHBIMM U HE HYKIA€TCH B IOBTOPHOM
HPOUTEHUH YiKE Pa30OpaHHBIX JEKCEM. DTOT METOJ SBIAETCA M Oosiee IpocThiM. OqHAKO
HE IS BCEX A3BIKOB IMPOrPaMMHUPOBAHKS BO3MOXKHO OPraHM30BaTh TAKOE B3aMMOIEHCTBHE.
DT0 3aBUCUT B OCHOBHOM OT CHMHTAKCHCAa $3bIKa, 3aJaHHOTO €ro IPaMMATHKOIA.
BONBIIMHCTBO COBPEMEHHBIX HIMPOKO PACIPOCTPAHEHHBIX SI3bIKOB IIPOIPaMMUPOBAHUSA,
takux kak C, C++, Java um Object Pascal, Tem He MeHee, MO3BOJIAIOT MOCTPOHUTH
JIEKCUYECKUH aHAIM3 TI0 00JIEe TIPOCTOMY, MOCIEN0BATENLHOMY METOLY.

% YKenarorire MOTyT BOCIIONB30BATHCS JHOOBIM JOCTYHBIM KOMIHISATOpoM C U IIPOBEPUTS,
HaCKOJILKO OH CII0cO0eH pa3o0paTh NPUBEICHHBIN 3/1€Ch IPUMED.

4 Tpusenenusie 31ech aBa oneparopa Ha szbike FORTRAN, pasnuuaromuecss TONbKO Ha
OJIMH CHUMBOJI — «.» (TOYKa) WIHM «,» (3amsTasi) — NPEeACTaBIAIOT COOOH HE CTOJBKO
npobiieMy aisl KOMIMJISTOPA, CKOJNBKO /I IIPOrpaMMHECTa, ITOCKOJBKY ITO3BOJISIOT
JIOIIYCTUTh OYSHb HENPUATHYIO U TPYIHO OOHApy>KMBAaEeMYyI0 OMINOKY [6].
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BbinonHeHne gencTBuii, CBA3aHHbIX C NeKcemMmamm

Brimonnenue AecTBHII B Tpollecce pacro3HaBaHUS JIEKCeM MPEACTaBIAET I
JICKCMYCCKOTO aHaIM3aTopa TOpa30 MEHBIIYI0 MPOOJIeMy, 4YeM OINPEACICHUE TPaHUI]
nexkceM. DaKTUYECKH KOHEUYHBIM aBTOMAT, KOTOPBIA JIEKUT B OCHOBE JIEKCHUYECKOTO
aHaNIM3aTopa, JOJDKEH MMETh HE TOJIbKO BXOAHOHM f3BIK, HO M BBIXOAHOW. OH JOJKEH He
TOJILKO YMETh paclo3HaTh MPaBUIBHYIO JIEKCEMY Ha BXOJE, HO U MOPOJAUTH CBA3AHHYIO C
HEH IOCIIeIOBATEIbHOCTh CHMBOJIOB Ha BBIXOJE. B TakoW KOHQHUrypamuu KOHEYHBIH
aBTOMAT Tpeobpas3yercs B KOHEUHbIH ipeobpasosarens [3, 4 1.1, 5, 29, 34].

JUIs  TekcMYecKkoro  aHanmM3aTopa  JCWCTBUSA MO OOHApPYKEHHWIO JIEKCEMBI MOTYT
TPaKTOBAThCS HECKOJBKO IIHpPE, YeM TOJBKO MOPOXKACHUE HEMOYKH CHMBOJIOB BBIXOIHOTO
s3p1ka. OH JODKEH YMETh BBITIONHATH TaKue NEHCTBHS, KaK 3aIliiCh HAWICHHOW JICKCEMBI B
TaONMIy JIeKceM, MOMCK ee B Taliuie HISHTU(QHKATOPOB U 3alMCh HOBOW JIEKCEMBI B
Tabnuy uaeHTuukaropos. Habop neiicTBuil onpexaenseTcs peaau3alnueli KOMIHISTOPA.
OOBIYHO 3TH JICHCTBHUS BBITOIHIIOTCS CPa3y Ke MpU 00HAPYKCHHUH KOHIIA PACIIO3HABAEMON
JICKCEMBI.

B kxoHeuyHOM aBTOMaTe, JeXalleM B OCHOBE JIGKCHYECKOTO aHajIu3aTopa, 3TH JeHCcTBUA
MOXHO OTOOpPa3UTh JOCTATOYHO IPOCTO — JOCTAaTOYHO MMETh BO3MOXKHOCTH C KaXKIbIM
nepexogoM Ha rpade aBromata (WM B (YHKIMH IIEPEXOAOB aBTOMAara) CBs3aTh
BBITIOJTHEHHE HEKOTOpOil mpomsBonbHOW (yHKumu f(Q,a), rae 0 — TeKyliee COCTOSHHE
aBTOMara, 8 — TeKylmmuil BxomHOH cumBon. Oynkuus f(g,a) MoxkeT BBINOIHATH MOOBIC
JIEWCTBHS, IOCTYITHBIC JICKCHIECKOMY aHAIN3aTopYy:

® TIOMENIAaTh HOBYIO JIEKCEMY B TaOJHUILy JIEKCEM;
® TIpOBEPATH HAJIMYUE HAWAEHHOH JeKCceMbl B TaOJINIIE HIICHTH(PHUKATOPOB;
® 00aBIATH HOBYIO JIEKCEMY B TaOIHIly HICHTU(HUKATOPOB;

® BBIJaBaTh COOOIICHHS IMOJIL30BATENI0 O HAWIEHHBIX OMMOKAX W MpEeaynpexaeHus o0
0OHapy>KEHHBIX HETOYHOCTSIX B MIPOrpaMMe;

® [IpepbIBaTh NPOLECC KOMITUIISALMY.

Bo3MOXHBEI M Ipyrue AEHCTBUA, NPEAYCMOTPEHHbIE pealu3anueid KoMnuisaTopa. Takyro
¢yukuuro f(g,a), ecmu oHa ecTh, OOBIYHO 3aIMMCHIBAIOT HAa rpade Mepexom0B KOHEUHOTO
aBTOMAra IMoJ JyraMH, COeIMHIIONIMME cocTOsiHUS aBToMara. Dynkims f(0,a) MoxeT ObITh
IYCTOH (HE BBIMOJIHATH HUKAKHUX AEHCTBUIT), TOT/Ia COOTBETCTBYIONIAS 3aIIMCh OTCYTCTBYET.

Perynﬂprle A3bIKU U TPAMMaTUKN

Yr100BI HCpeﬁTI/I K [IpuMepaM peain3alun JCKCUICCKUX aHAJIN3aTOPOB, H€06XOI[I/IMO Oonee
HOHpOﬁHO PaCCMOTPETL PErYJIAPHBIC A3bIKHA U I'PAMMATUKH, JICKANIUE B UX OCHOBC.

Perynﬂprle N aBTOMaTHbIe rPpaMMaTUKu

Perynﬂprle rpamMmmMaTukmn

K perynspHbIM, Kak yke OBIIO CKa3aHO, OTHOCATCS JIBa THIIA IPaMMATHK: JICBOJIHHEHHbIE U
IIPABOJIMHEHEIE.
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Jlesonuueitapie rpammatukd G(VT,VN,P,S), V = VNUVT Mmoryt uMmeTp mpaBuia ABYX
Bua0B: A > By mm A — v, tie A,BeVN, veVT".

B cBoto ouepenp npaomuneiinsie rpammatukn G(VT,VN,P,S), V = VNUVT moryT umersh
npaBuia TaKxke AByX BujgoB: A — yB unu A — y, rae A,BeVN, yeVT".

JlokazaHo, 4To 3TH JBa Kijacca I'paMMaTHK SKBHBaJEeHTHBL. J[is 5000ro perymnspHoro
A3bIKa, 33JaHHOTO MPaBOJIMHEHHON rpaMMAaTHKOM, MOXET OBITh IOCTPOEHA JIEBOJIMHEHHAS
rpaMMaTHKa, OMNpPEACIIoNIas SKBHBAICHTHBIM S3BIK; M HAo0OpOT — I J0Ooro
PETYISpPHOTO SI3BIKA, 33JaHHOTO JIEBOJMHEHHOW IpaMMAaTHKOH, MOXXET OBITh IOCTpOECHA
MpaBOJIMHEHHAs TPaMMaTHKA, 3aJaf0l1ast 3KBUBAICHTHBIN S3bIK.

Pasnnna Mexnay IEBOIMHEHHBIMH M IPaBOJMHEMHBIMH IpaMMAaTHKaMH 3aKIIO4YaeTcs, B
OCHOBHOM, B TOM, B KaKOM IIOPSAJKE CTPOSTCs IPEIIOKEHUS sA3bIKA: CI€Ba HAIPaBO JIA
JICBOJIMHEHHBIX, JMOO CcIpaBa HAJIEBO U1 MPaBOJIMHEHHBIX. ITOCKONBKY NpemIokeHus
SI3BIKOB NIPOTrPaMMMPOBAHUS CTPOSITCS, KaK IPAaBWIIO, B IOPSJAKE CIEBAa HAIpPaBO, TO B
JanbHEHIIeM B paszielie peryJisipHbIX FPaMMaTHK OyIeT MITH pedb B MEPBYIO O4epelb O
JICBOJIMHENHBIX IPaMMaTHKaX.

ABTOMaTHbLIE rpaMmmMaTukn

Cpem/I BCCX PCTYJSPHBIX TPAMMATUK MOKHO BBIJACIHUTH OT,HCJ'ILHBII\/'I KJIacC — aBTOMATHBIC
T'paMMAaTHKH. OHu TaKxe MOryT OBITh JIEBOJIMHEHHBIMH U HpaBOHHHeﬁHbIMH.

JleBonuneiinbie aBromatubie rpammarukun G(VT,VN,P,S), V = VNUVT wmorytr umeTsb
npaBmia AByX BuAoB: A — Bt wm A — t, rne A BeVN, teVT.

IpaBonuneiinsie aBromataeie rpammarukd G(VT,VN,P,S), V = VNUVT wmoryr umersb
mpaBwia AByx Bua0B: A — 1B min A —> t, e A, BeVN, teVT.

PazHnma Mex 1y aBTOMaTHBIMU TPAMMATHKAMH U OOBIYHBIMH PETYJISPHBIMU TPAMMAaTHKAMH
3aKJII0YAETCs B CIEAYIONIEM: TaM, IJe B TpaBHiaX OOBIYHBIX PETYJSPHBIX TPaMMATHK
MOXKET MPHUCYTCTBOBATH IEMOYKa TEPMHHAIBHBIX CUMBOJIOB, B aBTOMATHBIX IPaMMaTHKaX
MOJKET IPUCYTCTBOBaTh TOJBKO OIMH TEPMUHAIBHBIA CcUMBOJ. JloOasi aBTOMAaTHas
rpaMMaTHKa SBIISIETCS PETYISIPHON, HO He HA000POT — HE BCAKAs perysisipHas rpaMMaTHKa
SIBJISIETCSI aBTOMATHOM.

Jloxa3aHo, YTO KJIACCHI OOBIUHBIX PETyNSAPHBIX TPaMMAaTHK M aBTOMATHBIX T'PaMMAaTHK
MOYTH 3KBHBAJIEHTHBI. JTO 3HAYMT, YTO JUIS JIIOOOTO SI3bIKA, KOTOPBIM 3a7aH PEryJisipHON
rpaMMaTHKOH, MOXHO IOCTPOUTh AaBTOMATHYH) IpaMMAaTHKy, ONPEAEISIONIYI0 HOYTH
SKBUBAJICHTHBIN 53bIK (0OpaTHOE YTBEPIK/IEHHE OYEBUJIHO).

YroOb! KJIacChl aBTOMATHBIX U PETYJISIPHBIX IPaMMAaTHK OBIIIM TIOJIHOCTHIO SKBUBAJICHTHBI, B
aBTOMATHBIX I'paMMaTHKaX pa3pelnaercs AONOJIHUTENILHOE MpaBWIo BUAAa S—A, Tae S —
LIeJIEBOM CMMBOJI TpaMMAaTHKH. [Ipy 3TOM CHMMBON S He JIOJDKEH BCTPEYaThCsl B IPaBBIX
YacTsIX APYTUX MPaBWI I'paMMaTuKy. Torna si3bIK, 3aJaHHBI aBTOMAaTHOW rpaMMaTnkon G,
MO>KET BKIIIOYATh B ce0st MycTyo nenouky: AeL(G).

ABTOMAaTHBIE TpPaMMATHKH, TaKKe KaKk OOBIYHBIC JICBOJIMHCHHBIC W IPABOJIMHCIHEIC
TpaMMAaTHKH, 3aJa10T PETYJIAPHBIC A3BIKU. HOCKOHBKy PCATBbHO HCIIOJIB3YEMBIC A3BIKH, KaK
MPaBUJIO0, HE COAEPIKAT MYCTYIO MEMOYKY CHMBOJIOB, PA3HHUIIA HA MYCTYIO HEMOYKY MEKIY
STHUMH JByMs TUIIAMH TpaMMaTHK 3HAuYCHHs HE MMEET, W MpaBHia BHUIAa S — A jmaiee
paccMmaTpuBaThCs He OymyT.
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CymiecTByeT anropuT™, KOTOPBIH MO3BOJISIET MPeoOpa3oBaTh MPOU3BOIBHYIO PETYIIPHYIO
rpaMMaTHKy K aBTOMaTHOMY BHIY — TO €CTh ITOCTPOUTH 3KBHBAJICHTHYIO €/ aBTOMATHYIO
rpaMMaTHKy. OTOT aJlfTOPUTM paccMOTpeH Hike. OH SBISIETCS HCKITIOYUTENHHO TOJIC3HBIM,
MOCKOJBKY TIO3BOJISIET CYIIECTBEHHO OOJIETYNTh IIOCTPOCHUE paclo3HaBaTesneil uis
PETYIAPHBIX PaMMAaTHK.

MpeobpasoBaHne perynsapHoi rpaMmmaTiki K aBTOMaTHOMY BUAY

Umeercss perymspras rpammatuka G(VT,VN,P,S), HeoOxomumo mpeoOpa3oBath ce B
MOYTH SKBUBAJICHTHYIO aBromaTHyio rpammatuky G'(VT,VN'P'S'). Kak yxe Obu10
CKa3aHO BbIIIE, OyAeM pacCMaTpHBATh JICBOJIMHEWHbBIC TPaMMAaTHKU (U IPaBOJIMHEHHBIX
rpaMMaTHK MOXKHO JIETKO OCTPOUTH AHATOTHYHBII aITOPHTM).

Anroput™m npeoOpazoBaHUS MPOCT U 3aKIFOYACTCS OH B CIEAYIOMICH ITOCIICIOBATEILHOCTH
JNIEUCTBUM:

Illaz 1. Bce HeTepMHUHAIBHBIC CUMBOJTBI M3 MHOKecTBa VN rpammatiki G mepeHOCsTCs BO
mHoxecTBo VN' rpammatuku G'.

lae 2. Heo6xoquMo npocMaTpHuBaTh BCe MHOXKECTBO npaBuil P rpammaruku G.

Ecmu BcTpewarores mpasuia Buga A — Bai, A,BeVN, a;:eVT wm Buga A — ai, AeVN,
a1€eVT, To oHH IIepeHocATCs BO MHOKecTBO P' mpaBmit rpammatuku G' 6e3 n3MeHeHHH.

Ecnu Bectpeuatorces npaBuia Buga A — Baidz...an, N> 1, A BeVN, vn>i>0: 3eVT, o
BO MHOXECTBO HeTepMHUHaIbHBbIX cuMBOJIOB VN' rpammatuku G' 100aBIistOTCS CHMBOJIBI
A1A,,...,An1, a BO MHOXKECTBO mipaBui P' rpammatiku G' m00aBIsIOTCS paBUiIa;

A —> Anflan

An1 — Anoana

Ay o> Alap
A1 > Ba;

Ecnu BetpevaroTes mpaBuia Buaa A — a18...an, N > 1, AeVN, Vn > i > 0: aie VT, 10 BO
MHOXXECTBO HeTepMHHAIBHBIX cUMBOJIOB VN' rpammartukn G' mo0aBisitoTCS CUMBOJIBI
A1A,,...,An1, a BO MHOKECTBO mipaBui P' rpaMmmatiku G' m00aBISIOTCS paBUiIa;

A —> Anflan

An1 > Anoana

Az —> Alaz
A1 — a1

Ecmu BctpewaroTcss mpapmna Buma A — B wim Buma A — A, TO OHH TNEPEHOCATCS BO
MHOecTBO npaBuil P' rpammaruku G' 63 n3MeHeHHH.
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Llae 3. TlpocmatpuBaeTcst MHOKecTBO mpaBmi P' rpammaruku G'. B HeM wmmyTcst mpaBmiia
Buga A — B wim Buga A — A.

Ecnu nHaxomurcs mpaBwino Bupa A — B, To mpocmarpuBaeTcss MHOXECTBO mpaBui P
rpammatuku G'. Ecnu B HeM mpucytcTByeT npaswia Buga B — C, B — Ca, B —» a wmn
B > A, To B Hero nobGapmsrorcs mpaBwia Buga A—>C, A—>Ca, A-a u AL
cootBerctBeHHo, VA,B,CeVN', VaeVT'. Ilpu »TOM criegyeTr y4YuTHIBaTh, YTO B
rpaMMaTHKE HE JIOJDKHO OBITh COBNAJAIOIIUX INPABWI, M €CIH KaKOe-TO IMPaBHIIO YXKe
NPUCYTCTBYET B rpaMMaTrke G', ToO MOBTOPHO €ro Tyna A00aBiATh He ciexyeT. [IpaBuio
A — B ynansercs u3 MHOecTBa mmpaBui P,

Ecnu Haxomutes mpaBmiio Buga A — A (i1 cuMBOI A He SIBIISIETCS [EJEBBIM CHMBOJIOM S),
TO TpOCMAaTpHUBaeTCs MHOXecTBO mpaBmi P' rpammaruku G'. Ecnu B HeM mpHCyTCTBYeT
npaBuia Buaa B — A nim B — Aa, To B Hero gobasisitoTes npasuia Buaa B > A u B — a
cootBercTBeHHO, VA,BeVN' VaeVT' (npu sToM Takxke ciieyeT y4YUTHIBaTh, YTO B
rpaMMaTHKe HE JOJDKHO OBITh COBHAMaroux mpaBui). [IpaBmio A — A ynansercs u3
MHOXecTBa IpaBui P'.

Ilae 4. Ecnu Ha mare 3 ObUIO HaiiieHO XOTst ObI 0/1HO TpaBwiIo Buga A — B win A — A Bo
MHOXecTBe mpaBui P' rpammarukun G', ToO Hago NMOBTOPUTH Wiar 3, MHA4Ye NEPEHTH K
mrary 5.

Llae 5. eneBbiM cumMBOJIOM S' rpamMatuku G' CTAHOBUTCS CUMBOJ S.

Hlarn 3 m 4 anroputMma, B HPHUHIMUIIE, MOXHO HE BBIIOJHATH, €CJIM TI'paMMaTHKa He
COJICPKUT IpaBui Buna A — B (Takue mpaBuia Ha3bpIBAIOTCS LIEMHBIMU) WIK Buaa A — A
(Takue mpaBuiia Ha3BIBAIOTCS A-TIpaBHJIaMH). PeanbHble peryispHble rpPaMMAaTHKH OOBIYHO
HE coJepKaT MpaBWJ TAaKOro BHIA. Torga aiaroputM NpeoOpa3oBaHWSl TPAMMAaTHKH K
aBTOMATHOMY BHJY CYIIECTBEHHO ymporuaercsi. Kpome Toro, 3T npaBmiia MOXHO OBUIO OBl
NpeBapUTEIbHO YCTPAHUTh C IIOMOIIBIO CIENHAIBHBIX aJTOPUTMOB HpPeoOpa3OBaHMs
rpaMMaTHK (3TH aJTOPUTMBI PACCMOTPEHHI B I1aBe «CHHTAKCHYECKUE aHATU3ATOPED»).

Mpumep npeobpasoBaHns perynsapHon rpammMaTvku K aBTOMaTHOMY BuAay
PaccMoTpuMm B KadecTBe NpHUMepa CIEAYIONIYI0 MPOCTEHINYI0 PEryJSIpHYIO I'PaMMaTHKy:
G({"ma", " (", """, """y, {s,C, K}, P,S) (cumBonst &, (, *, ), {, }
N3 MHOXECTBA TEPMUHAJIbHBIX CUMBOJIOB 'PaMMAaTUKU B3ATHI B KaBbIYKU, YTOOBI BBIACJINTH
uX cpeau GUTYPHBIX CKOOOK, 0003HAYAONIIX CAMO MHOKECTBO):

P:

S - C*) | K}

C—o> (* | Cal Cc{ [ C} | C(C]Cr]C)
K—> { | Ka | K( | K* | K) | K{

Ecnmu mpennonoxuTs, 94TO a 31ech — 3TO 000# andaBUTHO-ITUGPOBOH CHMBOJ, KpOMe
cuMBOJIOB (, *, ), {, }, TO 3Ta TrpaMMaTHKa OITMCHIBAET /IBA THIIAa KOMMEHTapHeB,
JOTYCTUMBIX B si3bIKe Tiporpammupoanust Borland Pascal. IIpeo6pasyem ee B aBTOMAaTHBIIH
BHU.

Llae 1. Tloctpoum MHOXECTBO VN' = {S, C, K}.

99



lae 2. HaunHaeM poCMaTpUBaTh MHOKECTBO IPaBWII P rpaMMaTHKH G.

Jns mpaBuna S — C*) BO MHOXecTBO VN' BKJIIOYaeM CHMBOJI Si, a CaMO MPaBHIO
pasbmBaeM Ha nmBa: S — Si) W S1 —> C*; BKIIOYaeM 3TH IPaBWIa BO MHOXECTBO
npaBun P'.

IIpaBuno S — K} mepeHOCHM BO MHOXKECTBO IpaBWI P' 6e3 n3MeHeHHH.

Jnst mpaBusia C —  (* BO MHOXeCTBO VN' BKIIIOYaeM cuMBOJI Ci, @ caMO IIPaBWIO
pa3buBaeM Ha nBa: C — Ci* u C; —> (; BKIIOYAeM ITH JIBa MpaBHJIa BO MHOXECTBO
npasun P'.

I[lpapuma C — Ca | C{ | C} | C( | C* | C) mepeHOCMM BO MHOXECTBO
npaBui P' 0e3 H3MEHCHH.

IlpaBumaK — { | Ka | K( | K* | K) | K{ mepeHOCUM BO MHOKECTBO IPaBUJI
P' 0Oe3 U3MEHEHMIA.

Llae 3. Mpaun Buga A—B i A—A Bo MHOXeCTBE TIpaBUI P' He COMEPIKUTCS.
Hlaz 4. Ilepexonum x mary 5.

Llaz 5. lleneBbIM CUMBOJIOM IpaMMAaTUKU G ' CTAHOBUTCA CUMBOJI S.

B utore nosnyyaem aBTOMaTHYIO rpaMMaTHKY:

G' ({"a","(","*",")","{","}"}, {S,Sl,c,cl,K},P',S) :

P':

S = S1) | K}

S;1 —> C*

C—>C* | Cal Cc{ | C} | C(I] C*|C)
Ci = (

K—> { | Ka | K( | K* | K) | K{

Orta TpaMMmaruKa, TaK JK€ KaK M pacCMOTPEHHas BbINE, OIMCHIBACT J(Ba THIIA
KOMMEHTapHeB, OIYCTUMBIX B s3bIKe MporpammupoBanus Borland Pascal.

KoHeuHble aBTOMaTLI

On peneneHmne KOHe4YHOro aBTomarta

Koneunvim aemomamom (KA) Ha3pIBarOT MATEPKY CIAEAYIONIETO BUIA:
M(Q, V, 3, do, F),

e

Q — KOHEYHOE MHOYKECTBO COCTOSIHHI aBTOMATa;

V — KOHEYHOE MHOXECTBO JOMYCTHMBIX BXOJIHBIX CUMBOJIOB (ali(haBUT aBTOMATA);
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0 — ¢dynkumsa nepexonoB, oTobpaxkaromias V*Q (IexkapToBO MPOU3BEACHUE MHOXECTB) BO
MHOKecTBO moamuoxkecTB Q: R(Q), To ects 5(a,q)=R, aeV, qeQ, RcQ;

(o — HavajmpHOE cocTosiHue aBToMara Q, JoeQ;
F — HemycToe MHOXECTBO KOHEUHBIX COCTOsIHUIT aBTOMara, FCQ, F # .

KA HaspIBaoT nonrocmuio OnpeaeﬂeHHblM, €CJIM B KaXXJAOM €ro COCTOsIHUH CYHICCTBYCT
cbyHKuI/I;I nepexosa Il BCEX BO3MOJKHBIX BXOIHBIX CHMBOJIOB, TO €CTh: YaeV, VQGQ
35(a,0)=R, RcQ.

Pabota kxoHE4HOro aBTOMaTa MpeACTaBIsIeT cOOOW IOCIeNOBATEIbHOCTh HIATOB (MM
TakToB). Ha Kax0M 1are paboThl aBTOMAT HAXOAUTCS B OJJHOM U3 CBOMX COCTOSIHUH (e Q
(B TekyleM COCTOSHHUH), Ha CIEAYIOIIEM IIare OH MOXeT HEepeHTH B APyroe COCTOSHHE
WM OCTaThCs B TEKYIEM cOCTOSHHH. TO, B Kakoe COCTOSHHE aBTOMAT IEpeiieT Ha
CJICJYIOIIEM IIare paboThl, onpeaeisieT GyHKIUA nepexoaoB O. OHa 3aBUCHT HE TOJBKO OT
TEKYIIEro COCTOSIHUSA (, HO M OT CUMBOJIA @ U3 andaBuTa V, NOAaHHOTO Ha BXOJ aBTOMATa.
Koraa ¢yHkius nepexo/ia A0MycKaeT HECKOJIBKO CIACIYIOIINX COCTOSHIN aBToMaTa, To KA
MOXET MepeiiTu B 1r000e 13 3THX COCTOsSHUN. B Hauane paboThl aBTOMAT BCET/1a HAXOIUTCS
B HavaJbHOM cocTosiHUH (o. Pabora KA mpojomkaercs 10 Tex Mop, [OKa Ha €ro BXO.
MOCTYMAIOT CHMBOJIBI U3 BXOIHOM 1Iemouku we V™,

Buano, uro koupurypammio KA Ha kaxaoM miare paboThl MOKHO ONPEACIUTH B BUC
(g,m,n), tae q — Tekymee cocTosiHUe aBToMaTa, JeQ; ® — IenovKka BXOIHBIX CHMBOJIOB,
weV*; n— mnomoxenue ykazatens B 1enouke cumBoioB, NeNuU{0}, n<jw| (N—
MHOXECTBO HATypasibHbIX unceln). KoHurypaius aBromara Ha CIEAyIOIEM Iare — 3T0
(9',0,n+1), ecnmu q'€d(a,q) u cumBoax acV HaxOAWUTCA B MO3MIUM N+1 [EMOUKH .
Hauanbnas konurypanus aBromara: (qo,®,0); 3aKiI04nTENbHAS KOHPHUTYpALUsi aBTOMATa!
(f,w,n), feQ, n=|w|, oHa sBIAETCSA KOHEUHOH KOHDUTypanuei, eciau feF.

A3bIK, 3a4aHHbIA KOHEYHBIM aBTOMaTOM

KA M(Q,V,5,q0,F) npunumaem yenouxy cumeonos ®eV?, ecnu, moiy4uB Ha BXOJ ITY
L[ETOYKY, OH M3 HAYaJbHOTO COCTOSHHS (o MOYKET MEPEHTH B OJTHO U3 KOHEYHBIX COCTOSHUIA
feF. B nporuaoM ciiyyae KA He mpuHUMAET 1IEMOYKY CUMBOJIOB.

Hzoix L(M), 3agannsnii KA M(Q,V,8,00,F) — 3T0 MHOXECTBO BCEX IIEMOYEK CHMBOJIOB,
KOTOPBIC MPUHUMAIOTCS THM aBTOMAaTOM.

Jea KA M u M' oskeusanenmmuvi, eciu OHM 3aJalOT OJUH M TOT K€ S3BIK:
M=M' < L(M)=L(M").

Bcee KA sBisitoTest pacrno3HaBaTes MU A7l PeryJISpHbIX s13b1KoB [4 T.1, 5, 15, 29].

pad nepexonoB KOHEYHOro aBTomara
KA gacTo mpencTaBisioT B BUAE AUarpaMMbl WK rpada nmepexogaoB aBToMara.
I'pag nepexooos KA — 510 HampaBieHHBI Trpad, BEpIIMHBI KOTOPOTO ITOMEYECHBI
cuMBonamu coctostauii KA, u B kotopoMm ectb ayra (p,q) p,€Q, noMedeHHass CHMBOJIOM

aeV, ecmu B KA onpenenena d(a,p) u qed(a,p). HauanbHoe W KOHEYHBIE COCTOSHHMS
aBTOMaTa Ha rpade COCTOSHHUM IMOMEYAroTCs CIEeIMalbHBIM 00pa3oM (B TaHHOM IOCOOHH
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Ha4YaJIbHOE COCTOSIHUE — JOIOJHUTEIbHON MyHKTUPHOHN JIMHUEHN, KOHEYHOE COCTOSIHUE —
JTOTIOTHATEIHHON CIUTONTHOMN JIMHUEH ).

PaccmoTrpum KOHEYHBINH aBTOMAT: M({H,A,B,S}, {a,b},8,H,{S}):
6: 8(H,b)=B, d(B,a)=A, d(A,b)={B,S}. Hmwke Ha 3.3 npusenen npumep rpada
COCTOSIHUH 11 3Toro KA

3.3. 'pad mepexo10B HECTEPMUHUPOBAHHOTO KOHEYHOTO aBTOMATa

Jns monmemuposanust pabotsl KA ero ymoOHO mpuBECTH K IOJHOCTBIO OIPEAEICHHOMY
BUJy, YTOOBI HCKIIIOYUTh CUTYallWH, U3 KOTOPHIX HET MEPEXOJO0B 110 BXOIHBIM CHMBOJAM.
Jns sroro B KA 100aBnsioT eme OfHO COCTOSHHE, KOTOPOE MOXKHO YCIOBHO Ha3BaTh
«omubka». Ha 3T0 cocTosiHNE 3aMBIKaIOT Bce HEONPEEICHHBIE IEPEXO0Ibl, a BCE MEPEXObI
U3 CaMOT0 COCTOSIHHSA «OLTMOKa) 3aMBIKAIOT HA HETO XKe.

Ecmu npeo6pazoBaTh mogoOHEIM 00pa30M pacCMOTPEHHBIN BEIIIE aBTOMAaT M, TO mMOITydum
MOJIHOCTBIO OIpeiesIeHHbI N aBTOMaAT: M({H,A,B,E,S}, {a,b},8,H,{S});
d: 0(H,a)=E, 6 (H,b) =B, 6(B,a)=A, 6(B,b)=E, 0(A,a)={E},
0(A,b)={B,S}, O(E,a)={E}, O(E,b)={E}, 06(S,a)={E}, O&(S,b)={E}.
CocrosiHue E xak pa3 COOTBETCTBYeT cOCTOSHHIO «ommOkay. I'pad mepexomor atoro KA
npejcTaBieH Ha 3.4.

b a b

3.4. I'padp mepexo10B MOIHOCTHIO ONPEIETIEHHOT0 HEACTEPMUHHPOBAHHOTO KOHEYHOTO aBTOMATa
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,ueTepMVIHVIpOBaHHbIe n HeaeTepMUHUpPOBaHHbLIE KOHe4YHble aBTOMaATbI

Onpe,qeneHme AeTepMnHNpoOBaHHOIO KOHEYHOro aBTomMarta

Koneunsiit aBromar M(Q,V,8,00,F) Ha3pBaroT OdemepmuHupo8aHHbIM — KOHEUHBIM
aemomamom (JAKA), ecliu B KaXJOM K3 €r0 COCTOSHHMA JUIS JIFOOOTO BXOJHOTO CHMBOJIA
(hyHKOMA Tepexoma CoAepKUT He Oonee omgHOro coctosHUA: VaeV, VQeQ: mubo
8(a,q)={r}, reQ, mbo 5(a,q)=J.

B IIPOTUBHOM CJiydae KOHEYHBIN aBTOMAT Ha3bIBAIOT HedemepMuHupoeaHHbm.

U3 sroro ompeneneHus BUAHO, YTO aBTOMATHI, MpejicTaBlieHHble paHee Ha 3.3 u 3.4
SBIIIOTCS HeAETepMUHUPOBaHHBIMU KA.

JKA MoxeT ObITh 3a1aH B BUJIC TISATCPKH:

M(Q, V, 8, qo, F),

rie

Q — KOHEYHOE MHOXKECTBO COCTOSTHHI aBTOMATa;

V — KOHEYHOE MHOXECTBO JOITYCTUMBIX BXOJHBIX CHMBOJIOB;

8 — dyHKIUs Mepexo10B, oTobpaxaroras V*Q B mHoxecTBo Q: 6(3,0)=r, aeV, q,reqQ;
Jo — HauajgbHOE cocTostHUe aBToMara Q, QoeQ;

F — HemycToe MHOXKECTBO KOHEUHBIX COCTOsIHMI aBToMarta, FCQ, F = .

Ecmm ¢ynkums mepexonoB JKA ompeneneHa Ui KakAOrO COCTOSHHS aBTOMATa, TO
aBTOMAT Ha3bIBACTCS noaHocmolo onpedenennvim JJKA: VaeV, VqeQ: 35(a,q)=r, reQ.

Jokazano, uyto i1 mroboro KA MOXHO TOCTpPOUTH SKBHBaJNCHTHBIH emy JIKA.
MopnemupoBate paboty JKA cymecTBeHHO mpome, 4eM paboTy mpou3BoibHOTO KA,
nmo3ToMy mpou3BoibHBIE KA cTpemsarcs mpeodOpasoBate B KA. Ilpu mocrpoeHnn
KOMITHJISITOPOB Yallle BCEr0 MCIONIB3YIOT TOJHOCTBIO ompeaeneHHbi [JKA.

MpeobpasoBaHue KOHEYHOro aBToMaTa K AeTEPMUHUPOBAHHOMY BUAY
Anroput™ mipeoOpaszoBanusi npousBosibHoro KA M(Q,V,8,q0,F) B SKBUBaJIEeHTHBINH €My
KA M'(Q'\V,8',q'0,F") 3akmoyaeTcs B CIeayIOMEM:

1. MuoxectBo cocrosHuid Q' aBromara M' cTpoWTCS W3 KOMOHWHAIIMIA BCEX COCTOSHHA
mHokecTBa Q aBromara M. Eciu q1,q2,...,0n, N>0 — cocrosiaus aBromata M, V0<i<n

0i€Q, to Bcero Gyzaer 2"-1 cocrosuuii aBromata M'. OGo3HauuM uX Tak: [(iQz...0Qm],
0<m<n.

2. ®Oynkums nepexonoB &' aBromata M' ctpomtes tak: 8'(a,[0102...Gm])=[rir2...r], rae
Vv 0< i< m 3 0<j< K Tak, 4ro ri€d(a,q:);

3. O6osznaunm q'o = [qo];

4. Mycre fi,fo,... fi, 1>0 — koneunsie cocrosiHus aBromara M, V0<i<l fieF, Torna
MHOXECTBO KOHEYHBIX COCTOSHHHM F' aBTOMaTa M' cTpowTtcs W3 BCEX COCTOSHHIA,
nMmeronux Bufx [...fi...], fieF.
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JlokazaHo, 4TO ONMCaHHBIMA Bbllle anroput™M crpout JKA, 3KBHBaNCHTHBIH 3aZaHHOMY
npoussosnsHOMY KA [4 1.1, 29].

Iocne moctpoenns n3 HoBoro JIKA HE0OX0AMMO yAaIHTh BCE HEAOCTHKIMEIC COCTOSTHUSI.

Cocrosiane JeQ B KA M(Q,V,5,q0,F) Ha3biBaeTCsl HEMOCTHXKUMBIM, €CITH HU TIPH KaKOH
BXOJHOU IIenouke ®eV* HEBO3MOXKEH MEepexo]] aBTOMATa U3 HAYAIbHOTO COCTOSHHUS (o B
cocrosiHHe (. IHaye cocTosHUE Ha3bIBACTCS JOCTHXKHMBIM.

Jns paboTel anropuT™Ma yAAJIeHUs HEJOCTHXXHMBIX COCTOSHHMH HCIIONB3YIOTCS JBa
MHO)KECTBA: MHOKECTBO JIOCTHDKMMBIX COCTOSHHH R M MHOXXECTBO TEKyIIMX aKTHBHBIX
COCTOSIHMH Ha KaXIoM Imare airopurma Pi. Pe3ynpraTrom paboThl anropurMa SIBISETCS
MOJTHOE MHOKECTBO JOCTHXKHMMBIX cocTossHMH R. Paccmorpum paboTy anroputma o
aram:

1. R:={qo}; i:=0; Po:={qo};

2. Pin:=;

3. VaeV, VqePi: Pi+1:=Pi:10d(a,q);
4

Eciu Pixi—R=, To BbImonHenue anroputma 3akoHueHo, uHaue R:=RUP;.1, i:=it]1 u
MepeiTH K mary 3.

Ilocae BBIMOJHEHUS JaHHOT'O ajJiropurMa U3 KA MOXHO HCKIIIOUHMTL BCE COCTOsAHHA, HC
BXOJAIINE B TOCTPOCHHOEC MHOXCECTBO R.

Paccmotpum paboty anroputma rnpeobpasoBanus npousBosibHoro KA B JIKA Ha npumepe
asromara M({H,A,B,S},{a,b},9d,H,{S}); 6: 8(H,b)=B, 0(B,a)=A4,
d(A,b)={B,S}. Bumno, 4yro 310 HemeTepMuHHpOBaHHBIH KA (u3 cocrosHus A
BO3MOXKHBI JIBa Pa3IMYHBIX Iepexoja Mo cuMBoiy b). I'pad mepexomoB s 3TOTO
aBTOMara ObUT M300paXkeH BbIle Ha 3.3.

[TocTporM MHOKECTBO COCTOSIHUI SKBUBasieHTHOTO JIKA:

Q'={[H], [A], [B], [S], [HA], [HB], [HS], [AB], [AS], [BS], [HAB], [HA
S1, [HBS], [ABS], [HABS]}.

IMoctpoum QyHKIHIO MepeXxoa0B 3KBUBaIeHTHOTO JIKA:
8' ([H],b)=[B]
3' ([A]l,Db)

Il
™
n

d' ([B],a)=[A]
o' ([HA],Db)

Il
w
n

8' ([HB],a)=[A]
d' ([HB],b)=[B]
8' ([HS],b)=[B]
3' ([AB],a)=[A]

d' ([AB],b)=[BS]
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d' ([AS],b)=[BS]
8' ([BS],a)=[A]
d' ([HAB],a)=[A]

d' ([HAB],b)=[BS]

d' ([HAS],b)=[BS]

' ([HBS],b)=[B]
' ([HBS],a)=[A]
' ([ABS],b)=[BS]
' ([ABS],a)=[A]
&' ([HABS],a)=[A]
d' ([HABS],b)=[BS]
HavansHoe coctosinue sxBuBaneHTHOrO JIKA:
Q' = [H]
MHO0X€eCTBO KOHEUHBIX COCTOSIHUM dKBHBaIeHTHOTO JIKA:
F' = {[S],[HS], [AS], [BS], [HAS], [HBS], [ABS], [HABS]}

[Tocne moctpoenus JIKA HCKIIOYUM  HEJAOCTHIKHMBIE COCTOSHHUS. MHOXKECTBO
JocTKUMBIX coctosiHuit JIKA Oynet cnenyromum R={ [H], [B], [A], [BS]}. B urore,
UCKJIFOYUB BCE HEJOCTHKIMEIC COCTOSTHUS, moydum JIKA:

M' ({[H], [B], [A], [BS]}, {a,b}, [H],{[BS]}),

d([H],b)=[B], d([B],a)=[A], O([A],b)=[BS], &([BS],a)=[A].
Huuero He uzmewnsis, nepeodo3naunm coctosiHust JKA. ITomydnm:

M'({H,B,A,S},{a,b},H,{S}),

d(H,b)=B, 8(B,a)=A, d(A,b)=S, d(S,a)=A.

I'pad nepexonos nomyuennoro AKA mzobpaken Ha 3.5.

3.5. I'pach mepexo 0B 1eTEpMUHIPOBAHHOTO KOHEYHOTO aBTOMATa
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OTOT aBTOMAaT MOXHO IpeoOpa30BaTh K MOTHOCTHIO OlpenesieHHoMy BuAy. [Tomydamm rpad
COCTOSIHUH, n300pakeHHbIH Ha 3.6 (cocTosiHME E — 3T0 cocTosiHME «OmmnOKay).

3.6. I'padh nepexo0B MOITHOCTHIO ONPEACICHHOTO IETEPMUHUPOBAHHOTO KOHEYHOI'O aBTOMATA

BHUMAHUE

Mpu noctpoeHnn pacrno3HaBaTenerm K BOMNPOCY O  HeobxooumocTu
npeobpasoeaHnsa KA B [OKA Hago noaxoauTb, OCHOBbIBasiCb Ha NpuUHUMNE
pasymHoln poctaToyHocTu. MogenupoBatb paboTty OKA cywlectBeHHO npouie,
YeM npon3BonbHOro KA, HO npuv BbINOMHEHUN NpeobpasoBaHNs YMCIO COCTOAHWIA
aBTOMaTa MOXET CYyLLEeCTBEHHO BO3pacTu M, B XyALlem crny4dae, coctaBut 2"-1,
rae N — KONM4yecTBo cocTosiHuM mexopgHoro KA. B aTom cnyyae 3atpatbl Ha
moaenupoBaHue KA okaxyTtcsa 6onblue, 4eM Ha MogenvpoBaHue ncxogHoro KA.

ITosToMy He Bcersna BBHINONHEHHE NpPeoOpa3oBaHMA aBTOMATa K JETEPMHUHHPOBAHHOMY
BUY SIBIIETCS 00S3aTEIbHBIM.

MunHMMM3aumnAa KOHeYHbIX aBTOMaToB

Muorue KA MoxHO MUHUMH3UpOBaTh. Munumuzayus KA 3akimodaeTcss B MOCTPOSHUHU
skBHBaJIeHTHOT0O KA ¢ MEHBIIUM YHCIOM COCTOSHHWM. B mporecce MuUHUMU3ANN
HEO0OXOJUMO TOCTPOUTH aBTOMAT C MHHHAMAJIBHO BO3MOXXHBIM YHCJIOM COCTOSIHHIA,
SKBHBAJICHTHBIN JaHHOMY KA.

Jisi MUHUMH3aMMA  aBTOMAara MCIOJB3YeTCs alTOPUTM IOCTPOCHHS HSKBUBAJICHTHBIX
cocrosiamii KA. J[Ba pasnuuHbIx cocrosiHus B kKoHeuHoM aBromare M(Q,V,8,q0,F) qeQ u
0'cQ Ha3bIBAIOTCSI N-3KBUBAJICHTHbIMU (n-HepasnuuummbiMu), n>0 neNu{0}, ecuu,
HaxosCh B OJTHOM M3 3THX COCTOSHUH W IOJYYHB Ha BXOJ JIFOOYIO IIENOYKY CHMBOJIOB .
®weV" |o| £ n, aBTOMAT MOXKET NEPENTH B OJIHO M TO JKE MHOKECTBO KOHEYHBIX COCTOSHHA.
OueBuHO, 4o 0-3KBHBAJIEHTHBIMHU cocTostHUsAME aBroMaTta M(Q,V,58,00,F) sBisitorcst 1Ba
MHOXecTBa ero coctosiHuii: F u Q—F. MHo)kecTBa SKBHBAJEHTHBIX COCTOSIHHM aBTOMara
Ha3bIBAIOT KJIACCAMH SKBHUBAJIIEHTHOCTH, & BCIO UX COBOKYITHOCTh — MHOXECTBOM KJIACCOB
skBuBanienTHoctH R(N), mpuuem: R(0) = {F,Q-F}.
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PaccMoTpuM paboTy anropuTMa IoCTPOSHHUS SKBHBAICHTHBIX COCTOSHHH I10 IaraM:
1. Ha mepsom mare n:=0, crpoum R(0);

2. Ha Bropom mrare n:=n+1, ctpoum R(n) Ha ocroBe R(n—1): R(n)={ri(n): {gijcQ: VaeV
d(a,gi)cri(n-1)} Vi,jeN}. To ecTh B Kiacchl 3KBUBAJICHTHOCTH Ha IIare n BXOJAT T
COCTOSIHHS, KOTOPBIC MO OJMHAKOBBHIM CHMBOJAM MNEPEXOAAT B N—1 IKBHBaJCHTHbIC
COCTOSIHHS.

3. Ecmm R(n)=R(n-1), To pabora anropurMma 3aKOHYEHA, HHaYe HEOOXOINMO BEPHYTHCS K
mary 2.

I[OKaBaHO, HUTO aJITOPUTM NOCTPOCHUA MHOIKECTBA KJIIACCOB 3KBUBAJICHTHOCTH 3aBCPIINUTCS
MAaKCUMYM UIA n=m—2, rame m— 061_uee KOJIMYECTBO COCTOSHUI aBTOMATA.

AnroputM MmuauMu3aiun KA 3axiogaercs B clIeIyromeM:
1. U3 aBTOMAaTa MCKIIIOYAIOTCS BCE HCIOCTUXKUMBIC COCTOSAHUS.
2. Crposrcst Kiacchl 5KBUBAICHTHOCTH aBTOMATa.

3. Kiacchl 3KBHMBaJCHTHOCTH COCTOSIHUH HMCXOAHOTO KA CTaHOBATCS COCTOSHHSIMHU
PE3YNBTUPYIONIET0 MUHUMHU3UPOBAaHHOTO KA.

4. ®yHKIMA nepexo]oB pe3yiabTupytomero KA odeBuIHBIM 00pa3oM CTPOUTCSA HAa OCHOBE
(hyHKIMH TIepexo10B HeXoaHoTo KA.

Jljist 3TOro alropuTMa JI0Ka3aHo: BO-MEPBBIX, YTO OH CTPOUT MUHUMH3HPOBaHHBIH KA,
JKBUBAJICHTHBIA 33J]AHHOMY; BO-BTOPBIX, 4TO OH CTPOUT KA ¢ MUHMMAIbHO BO3MOMKHBIM
YUCJIOM COCTOSIHHMH (MUHUMAaITbHBIN KA).

Paccmorpum mpumep: 3aman aBromar M({A,B,C,D,E,F,G},{0,1},6,A,{D,E}),
6: 8(A,0)={B}, o6(A,1)={C}, &(B,1)={D}, &(C,1)={E}, &(D,0)={C},
d(Db,1)={E}, o&(E,0)={B}, O&(E,1)={D}, &(F,0)={D}, &(F,1)={G},
0(G,0)={F}, 0(G,1)={F}; HEOOXOOUMO TIIOCTPOUTh HKBHUBAJICHTHBIH eMy
MuHUMaNbHBIH KA.

I'pad mepexo10B 3TOr0 aBTOMaTa NMpUBEACH Ha 3.7.

3.7. I'pa mepexo10B KOHEUHOT'O ABTOMATA JI0 €r0 MHHUMH3AIIUH

107



CocrosiHua F U G SBIAIOTCS HEAOCTIKUMBIMH, OHH OyIOyT MCKIFOUCHBI HA IIEPBOM IIare
anropurMa. [TocTpoum Kiaccsl 3KBUBaJIEHTHOCTH aBTOMATa!

R(0)={{A,B,C},{D,E}}, n=0;
R(1)={{A},{B,C},{D,E}}, n=1;
R(2)={{A}, {B,C},{D,E}}, n=2.

0O0603Ha9NM COOTBETCTBYIOIIUM 00pa30M COCTOSHHS MOJIYYCHHOTO MHHHManbHOro KA m
mocTponM asromar: M({A,BC,DE}, {0,1},8',A,{DE}), &': &' (A,0)={BC},
d'(A,1)={BC}, &' (BC,1)={DE}, &' (DE,0)={BC}, &' (DE,1)={DE}.

I'pad mepexomoB muanmansaOoro KA mpusenen Ha 3.8.

3.8. I'pa mepexo/10B KOHEUHOTO ABTOMATA MOCIIE €r0 MHHUMH3AIUU

MuHNMH3aIMsT KOHEYHBIX AaBTOMAaTOB IIO3BOJIIET TIPH IOCTPOEHHM pacIo3HaBaTeleH
MOJYYUTh aBTOMAaT C MHHHUMAJIBbHO BO3MOXKHBIM YHCIIOM COCTOSHUH M, TE€M CaMbIM, B
JATbHEHIINM yIIPOCTUTD (DYHKIIMOHHPOBAHUE PACIIO3HABATEIIS.

Pery.ﬂﬂprle MHOXeCTBa U perynspHbie BblpaXeHus

Onpep,eneHMe perynapHoro MHoxectea

OnpenenyM HaJ MHOXECTBAMM IIETIOYEK CHMBOJIOB U3 andaButa V omepanuu
KOHKaTEeHAIUU U UTEPaALMH CIELYIOUINM 00pa3oM:

PQ — xonkatenamus PeV*' u QeV": PQ = {pq VpeP, vqeQ};

P" — urepaus PeV™: P* = {p" VpeP, vn>0}.

Torma anst andasura V perynspHbIe MHOKECTBA OMPEIEISIOTCS PEKYPCHBHO:
1. & — peryisipHOE MHOXKECTBO;

2. {\} — perynspHOe MHOXECTBO;

3. {a} — peryaspuoe MHOXecTBO VaeV;

4

Eciu P u Q — npou3BOIIbHbIE PETYIIAPHBIE MHOXECTBA, TO MHOXecTBa PUQ, PQ u P”
TaKKe SIBISIFOTCS PEryJISIPHBIMUA MHOXKECTBAMHU;

5. Hwuuro npyroe He sBiIsSETCS PEryIsIpHBIM MHOKECTBOM.
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@akTHYECKH pETYJIApHBIE MHOXECTBA — O3TO MHOXKECTBA LEMOYEK CHMBOJIIOB HaJ
3aaHHBIM  aX(aBUTOM, IOCTPOCHHBIC OIPEIEeICHHBIM 00pa3oM (C HCIONBb30BaHUEM
orepanunii 00beAMHEHNSI, KOHKATCHAIINN U UTEPALIIH).

Bce perymsipHbie I36IKH MPEACTABISIOT COO0M peryisipHbie MHOKeCTBa [4 1.1, 29, 58].

PerynsapHble BblpaxkeHns. CBOWCTBA PerynsipHbIX BblpaXKeHWi
PeryﬂﬂpHLIe MHOX>XECTBa MOKHO 0603Ha‘IaTL C IMOMOLIBIO PETYIAPHBIX BLIpa)KeHHﬁ.

OtH 0003HAYCHUS BBOAATCS CIEAYIOIHUM 00pa3oM:

1. 0 — perynsipHoe BbIpaxkeHHe, oOo3Havarolee J;

2. A — peryisipHOE BhIpakeHue, 0603Havarolee {A};

3. a— perymsapHoe BeIpakeHue, obo3Havaroliee {a} vVaeV,
4

€CIM P ¥ (| — peryisapHble BhIPakKeHUs, 0003HAYAIOIINE PEryJIApHbIe MHOKecTBa P u
Q, T0 p+q, pq, p” — perynsApHbIE BLIPAKeHHs, 0003HAYAIONIUE PETYISpHbIE MHOXKECTBA
PUQ, PQ u P” cooTBeTcTBEHHO.

NMPUMEYAHUE

WHorga pna ymobcrtBa o6oO3HavyeHUn BBOOAT TaKkKe OMepauuto  HenycTon
utepauum, kotopas obosHavaeTca p* n anga nwboro perynsipHoro BbIPaXKeHUs P
crnpaBeanvBo: pr=pp'=p’p

[lBa perynsipHbIX BBIp@XeHHS O U [3 paBHBI ai=f3, eciii OHM 00O03HAYAIOT OJHO U TO XKe
MHOXECTBO.

Kaxnoe perymsipHoe BblpakeHHe 0003HAuaeT OJHO M TOJBKO OAHO PETryISIPHOE
MHOECTBO, HO ISl OJHOTO PEryJIIPHOTO MHOXKECTBA MOXKET CYILECTBOBATH CKOJb YTOJHO
MHOTO PETYJISIPHBIX BBIPAKEHHH, 0003HAYAIOLIHX 3TO MHOXECTBO.

[Ipu 3amuicu peryIsIpHBIX BBIpAKCHHN OyIyT MCIIONB30BATHCS KPYTJIbIe CKOOKH, KaK W IS
OOBIYHBIX  apU(PMETHYECKUX BBIpaKeHWH. [Ipum  OTCYTCTBHH CKOOOK  Omepariu
BBITIOJTHSIOTCS CJIEBa HAIlPaBO C YYETOM NPHOpHTETA. [IpHOpHTET A omepamuid MPUHST
CJICIYIOIIHIA: TIEPBOM BBIMOHACTCS UTEPAlUs (BBICIINN IPUOPUTET), 3aTEM KOHKATCHAIHS,
MOTOM — O0BEIMHEHNE MHOXKECTB (HU3IIUN TPUOPUTET).

Ecmm o, B u y — perynspHble BBIpaXEHHS, TO CBOHCTBA PETYIISPHBIX BBHIPAKCHUH MOKHO
3anMcaTh B BUAE CIEIYIOMHX (POPMYII:

1. A+aa"=A+a’a=a" (um, uro To x*e camoe: A + af = o)
2. a+B=B+a

3oat+t(B+y)=(a+p)+y

4. aB+y)=ap+oay

5. (B+ya=pa+ya

6. a(By) = (aB)y
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7. a+to=a

*

8. at+ta =a
9. A+ =a'+r=a

10.0" =2

11.0aa=a0=0

12.0+a=a+0=a

13. Aa=or=a

14. (o) = a"

Bce oTH cBOMCTBA MOXKHO JIETKO JI0KA3aTh, OCHOBBIBASACH Ha TEOPHMH MHOMKECTB, TaK Kak
PEryIsipHbIE BEIPAXKEHHS — 3TO TOJIBKO 0003HAYEHHMS IS COOTBETCTBYIOIINX MHOKECTB.

Crenyer Tarkke oOpaTHTh BHMMAaHHE HA TO, YTO CPEAU IIPOYHMX CBOMCTB OTCYTCTBYET
paBeHCTBO Of3 =0, TO ecTh omepanus KOHKAaTEHaIWHd HEe oOO0JIafaeT CBOMCTBOM
KOMMYTAaTHBHOCTH. OTO U HE YIUBHUTEIBHO, IMOCKOJBKY JUIsI 3TOHW OIeEpaluy BaxKeH
MOPSAJOK CII€JOBAHUSA CUMBOJIOB.

YpaBHeHUs € perynsipHbiMn KoadduumeHTamm
Ha ocHOBe peryispHbIX BBIP@XKEHUH MOXKHO IOCTPOUTH YPABHEHUS C PETYJSPHBIMU
kosddunmentamu [5, 15, 24]. Ipocreiiiiie ypaBHEHHS C PETYIIPHBIME KO3hUIIHEHTAMI
OyAyT BBITJISICTH CIACIYIOIINM 00pa3oMm:

X=aX+p,
X=Xa + B,
rae o, eV’ — perynsapusie BeIpaxkeHus Hag anpasuroM V, a mepemenHas X ¢ V.

PemennsmMu Takux ypaBHEHHMH OynyT peryssipHbIEé MHOXKECTBa. ODTO 3HAYHUT, YTO €CIIH
B3Th PEryJSIPHOE MHOXECTBO, SIBJISIOIICECS pEIICHHEM ypaBHEHHs, 0003HA4YUTh €ro B
BUJIE COOTBETCTBYIOLIETO PETrYNSIPHOrO BBIPAXKEHHA M MOJCTABUTh B ypaBHEHHE, TO
MOJIyYUM TOXJICCTBEHHOE PaBEHCTBO. J[Ba BHMIa 3amycu ypaBHEHHWiIl (IPaBOCTOPOHHSS U
JIEBOCTOPOHHSS 3aIMCh) CBA3aHBI C TEM, YTO JUIA PETYJSPHBIX BBIPRKEHHWH OIepanus
KOHKaTeHAIMN He 00J1alaeT CBOHCTBOM KOMMYTaTUBHOCTH, TO3TOMY KO3((HUINEHT MOXKHO
3amucaTh Kak CIpaBa, TaK M CleBa OT HNEPEMEHHOW, W MPH 3TOM IOJIydyaTcs Pa3IuyuHbIE
ypaBHeHus. O0e 3anycu paBHOIIPAaBHBI.

Pemennem IEPBOro ypaBHCHHUA ABJIACTCA MHOXKCCTBO, 0003HauYEHHOE PETYIAPHBIM
BoIpakeHreM o f. IIpoBepuM 5TO pelleHHE, IIOACTABUB €r0 B ypaBHEHHE BMECTO
nepeMeHHoi X:

X +B = o(0B) + =" (aa)B + B =1 (aa’)P + 2B =° (0 + 1)B =" @B = X

Hag 3nakamMm paBeHCTBa yKa3aHBl HOMEpa CBOWCTB PETYISPHBIX BBIPAXKCHHH, KOTOpPHIC
OBLIH MCTIOIE30BAHbI /I BBITIOTHEHUS TPeoOpa3oBaHUH.

PenlenneM BTOPOTO ypaBHEHHs SBJIAETCS MHOXKECTBO, OOO3HAYEHHOE PETYISPHBIM
BBIpKEHUEM B,
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Xa+B = (Bo Yo+ B =°Bloa) + = P(a’) + BA =* P(o'a + 4) =* Ba” = X

NMPUMEYAHUE

YKasaHHble pelleHns ypaBHEHU He Bcerga ABNSaTCs eaAMHCTBEeHHbIMU, OgHako
[JoKasaHo, YTo X = o' U X = fa’ — 3TO HaMMeHbLUME W3 BO3MOXHBIX PeLIeHUN
AN OaHHbIX OBYX YPaBHEHWW. O3TU pelleHus HasbiBalTCH HauMeHbLUEn
NoABMKHOW Touvkow [4 T.1, 15].

W3 ypaBHeHWil ¢ peryisipHbIMH KoddduiMeHTaMH MOXHO (OPMHUPOBATH CUCTEMY
ypaBHEHHI C perymsipHbiMH Koddduimenramu. Cucrema ypaBHEHHH C peryJsipHBIMU
k03¢ dunneHTaMH UMeeT BUJ (TTPaBOCTOPOHHSIS 3aIUCh):

X1 = oo + 01X + aXo + ...+ an Xy

Xo = ago + 021 X1 + aeXz + ...+ onXn

Xi=aio + aitXy + aiXo + ... + ainXn

Xn = ano + on1 Xy + a2Xz + ...+ onnXn

WA (JICBOCTOPOHHSIS 3aIIHCH):
X1 = aug + X101 + Xooz + ... + Xpoun

X2 = oo + X101 + Xoo22 + ... + Xpon

Xi = aio + Xy + Xootiz + ... + Xnllin

Xn = Ono + Xlanl + XzOL12 + ...+ Xnann

B cucreme ypaBHeHHWiH ¢ peryisipHbIMH Kod(QduUHeHTaMu Bce KOI(D(DUIMEHTHI OLjj
SBIISIIOTCS. PEryJSIPHBIMH BBIpOKCHUAMH Haja ajidaBuToM V, a IepeMEHHbIC HE BXOJAT B
andasur V: Vi XjgV. Oba BapuaHTa 3aIliCH PaBHOIMPABHBI, HO B OOIIEM CITy4ae MOTYT
UMETb Pa3INYHbIC PELICHHS IPH OAMHAKOBBIX KO(h(HIHMEHTaX MpU MepeMeHHbIX. YTOObI
PELINTh CHCTEMY YpPaBHEHHH C peryispHbIMH Kod()GdHUIHEHTaMH, HAI0 HAaHTH TakKue
peryisipHbie  MHOXecTBa X, NPH MOJCTAaHOBKE KOTOPHIX B CHCTEMY BCE ypaBHEHHS
NPEBPAIIAOTCSl B TOXK/ECTBA. VIHBIMM CIIOBaMHM, PEIIEHHEM CHCTEMBI SIBJISETCS HEKOTOpPOe
orobpaxenne f(X) mHOxecTBa mepemeHHbix ypaBHeHUs A = {Xi: n>i>0} Ha MHOXeCTBO
A3BIKOB HaJl anaButom V.

CucteMbl ypaBHEHHH C pPeryaspHBIMH  KO3(D(UIIMEHTaMH  pEImaloTcs METOJIOM
MOCJIEIOBATENBHBIX TIOJCTAHOBOK. PacCMOTpMM MeTOJ pemieHHus M NPaBOCTOPOHHEH
3amKCH. AJITOPUTM peIieHus paboTaeT ¢ MepeMEHHOW HoMepa Imarai W COCTOUT W3
CJICIYFOIIHX LIaroB!
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Hlaz 1. Ionoxwurs i:=1.

Illaz 2. Ecmu i=n, To mepeiTH K miary 4, WHaue 3alMcaTh I-0¢ ypaBHEHWE B BHIE:
Xi=oiXi+Bi, tae oi=cii, Pi=PiotPii+1Xi+1t...+PinXn. PemmTs ypaBHEHHE W TONXYYUTH
Xi=ai"Bi. 3aTeM Mg BceX ypaBHEHMIl ¢ IepEMEHHBIMH Xi+l, ..., Xn HOJACTABUTh B HHUX
Hal{IeHHOE pelIeHne BMeCTO Xi.

Illaz 3. Yeemmuuts i Ha 1 (1:=i+1) u BepHYTHCSA K MHATY 2.

Llaz 4. Tlocne Bcex MOJCTAHOBOK ypaBHeHUE ais Xn OymeT umerh BUI Xn=0nXntf, TIe
on=0tnn. IIpuuem B GyneT peryiasapHbIM BhIpaxkeHueM Haj andasuroM V' (He comepsKMT B
CBOEM COCTaBe IIEPEMEHHBIX CHCTeMBl ypaBHeHHU Xi). Torma MOXHO HaHTH
OKoHYaTensHOe pentenue 1 Xn: Xn=cin B. Ilepeiitu k mary 5.

Hlaz 5. Ymeubtmts 1 Ha 1 (i:=i—1). Ecnu i=0, To aXroput™ 3aBepliieH, HHAYe MEPSHTH K
mrary 6.

Lllaz 6. Bepem naiinennoe pemenue mia Xi=oiXi+Bi, rae ai=cii, Bi=Pio+Pii+1 Xis1+. .. +BinXn
Y TIO/ICTABIISIEM B HETO OKOHYATEIbHBIC PEIICHHS IS MIEPEMEHHBIX Xi+1, ..., Xn. [lomyqaem
OoKOHYaTenbHoe pemenne s X. [lepeittu k mary 5.

Jis  7eBOCTOpPOHHEW 3amuCH  CHCTEMBl ypaBHEHMH alropuTM pemeHus Oyner
AQHAJIOTUYHBIM, C Pa3HULEH TOJIBKO B MOPSAKE 3aHCH KO3 (HUIIMEHTOB.

Cuctema ypaBHEHHUI C PEryJsipHbIMH KOd((HIMEHTAMH BCErja MMEeT pelleHHe, HO ITO
pelIeHre He BCerja eIUHCTBEHHOe. {711 pacCMOTPEHHOTO aJTOpPUTMa PELICHUS CHCTEMBI
YpaBHEHHI C perysIpHBIMH KO3 (DUIIMEHTaMH JI0Ka3aHO, YTO OH BCET/a HAXOJUT PElICHHUe
f(X), koTopoe sBIIAETCS HAUMEHBIIIEH HEMOBHKHOW TOYKON CUCTEMBbI ypaBHeHH. TO eCTh
€CIi cylecTByer Jito0oe apyroe pemienre g(X), ro Becerma f(X)=g(X) [4 1.1, 15].

B xavecTBe mpuMepa pacCMOTPUM CHCTEMY YPaBHEHHHA C PEryIApHBIME K0d(DUITHeHTaMI
Hax andasurom V={"-","+", ., 0,1} (WA SACHOCTH 3aIHCH CHMBOJBI — H + B3STHl B
KaBBIYKH, UTOOBI HE MyTaTh UX CO 3HAKAMU OTIEPAIIHii):

Xe=("-"+"+"+2)

X2 = X1.(0 + 1) + Xa. + Xp(0 + 1)
X3=X1(0 +1) + X3(0 + 1)
Xe=Xo+ X3

PemmM 3Ty cucteMy ypaBHEHHH.
Hlac 1.
i=1
Llae 2.
HNmeem i=1 < 4.
Bepem ypaBaenue 1is i=1. Umeem X1 = (""" + "+" + A). D10 yxe U ecThb perieHne s X1.
Ioacrasnsiem ero B ipyrue ypaBHeHus. [lonydaem:

Xo = (" + "4 2).(0 + 1) + Xa. + Xo(0 + 1)
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Xa=("-"+"+"+2)(0+ 1) + X300 + 1)
Xs=Xz+ X3

Hlaz 3.

ii=i+l=2

Bosspamaemcs k mary 2.

Hlaz 2.

Nwmeem i=2 < 4.

Bepem ypaBuenwe s i=2. Hmeem Xo=("-"+"+"+A).(0+ 1)+ Xz +X(0+1).
IpeoGpasyem ypaBHeHue K Buay: Xz = Xo(0 +1) + (("—" +"+" + X).(0 + 1) + X3.). Toraa
o2=(0+1), B2 =(""+"+"+A).(0+ 1) + Xs., a permenuem mua Xz Oyzmer: Xz = Boo” =
(""" +"+"+ 0.0+ D)+ X )OO+ )" =(""+"+"+A).(0+1)(0+ )"+ Xa.(0 + 1)".

[oxcraBuM ero B apyrue ypaBHeHus. [lomydaem:
Xg=("-"+"+"+21)(0+1)+ X300 +1)
Xe=(""+"+"+2).0+ )0+ 1)+ X5.(0+ 1)" + X35
Llaz 3.

i=i+1=3

Bo3sspamaemcs k mrary 2.

Llae 2.

Nwmeem i=3 < 4.

Bepem ypaBuenue must i=3. Umeem Xz = ("—" +"+" + A)(0 + 1) + X3(0 + 1). [Ipeobpazyem
ypaBuenue Kk Bugy Xz = Xz(0 + 1) + (""" +"+" + 1)(0 + 1).

Torma oz = (0 + 1), Bz =("—"+"+" + 1)(0 + 1). Pemernem aus X3 Oyzer:
Xz =Bsos” = (""" +"+"+A)(0+ 1)(0 + 1)
IMoacraBuM ero B apyrue ypaBHeHus. [Toaydaem:

Xe=(""+"+"+ 0.0+ DO +1)" +("—"+"+"+1)(0+1)(0+1)".(0+ 1)
H( )0+ DO+ D)

Llae 3.

i=i+l=4

Bo3sepamaemcs k mary 2.

Llac 2.

Nwmeem i=4 = 4. [lepexoguM k mary 4.
Llaz 4.

ypaBHGHI/IG JIIs Xa TCIEPb UMCCT BUM:
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Xa= (" 4+ 4000 + 1)(0+ 1) + (" + "+ + 0)(0 + 1)(0 + 1).(0 + 1)*
H( )0+ DO+ D)

OHO He HyXJaeTcd B NpeoOpa3oBAHUSX U COJACPKUT OKOHYATENBHOE pelleHue it X4.
Ilepexoaum K wary 5.

Llae 5.

i:=i-1=3>0
Ilepexoaum K wary 6.
Hlaz 6.

Vpasuenue ana Xz umeer Bupg Xz = (""" +"+"+A)(0+1)(0 + 1)". OHo yke conepKuT
OKOHUaTeNIbHOE penienue 1ist Xs. [lepexoqum k mary 5.

Hlae 5.

ii=i-1=2>0
Ilepexoaum k miary 6.
Llacz 6.

Vpaeaenme min Xz wmmeer Bunm X = (" +"+"+2).(0+1)(0+ 1)" + X5.(0 + 1),
[ToncTaBuM B Hero OoKoHuaTenabHOE pelieHue A Xs. [loayunM OKOHUaTeNnbHOE pelieHue
g Xaoo Xo=(""+"+"+A).0+ DO+ D)+ (" +"+"+A)(0+1)(0+1).(0+ 1)
Ilepexonum k mary 5.

Llae 5.
i=i-1=1>0
Ilepexoaum K wary 6.

Hlac 6.

VYpasuenue s X1 umeer Bug X1 = ("-" +"+" + A). OHO yXe COAEPKUT OKOHUATEIBHOE
pemenue g Xi. [lepexoaum k mary 5.

1Llaz 5.
ii=i-1=0=0

AJTOpUTM 3aBEpIICH.
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B urore nonyunnu pemeHue:

Xe=("—"+"+"+2)

Xo = (""" 4 2).(0 + 1)(0+ 1)" + ("= + "+ + A)(0 + 1)(0 + 1).(0 + 1)*
Xg= (" + 74"+ 2)(0+ 1)(0 + 1)°

Xo=("-"+"+"+1).0+ )0+ 1) + (""" +"+"+A)(0 +1)(0 + 1)".(0 + 1)"
)0+ 10+ 1)

BEITIOIHUB HECTIOKHBIE HpeO6paSOBaHI/ISI, 9TO K€ PCHICHHUEC MOXHO MPEACTAaBUTL B 6omee
MNpOCTOM BHUJEL!:

X1 = (1 4+ )

Xo= (" + "+ + 0)((0+ 1) + (0 +1)7)(0 + 1)

Xg = (" + "+ + 1) (0 + 1)*

Xo= ("= + "+ )0+ 1) + 0+ 1)%. + (0 +1))(0 + 1)"

MOHO 3aMETHTb, UTO PETYIIPHOE BBIPAKEHHE JIJIS1 X4 OMHUCHIBACT SI3bIK TBOUYHBIX YHCEI
C IJIaBaIoIEl TOUKOM.

CBoOWCTBA perynsipHbIX A3bIKOB

OCHOBHbIE CBOWCTBA PEryNsPHbIX A3bIKOB

MHO0XEeCTBO Ha3BIBaeTCS 3aMKHYTBIM OTHOCHUTCJIIbLHO HGKOTOpOﬁ ornepanuy, cCin B
PE3yJbTaTC BBINIOJHCHUS 3TOM oriepanyu Hax JIFOOBIMH QJICMCHTAMHU, IMpPUHALJICKAIIUMHA
JAAaHHOMY MHOJKECTBY, I1OJIY4YacTCA HOBBII 9JICMECHT, HpI/IHaZ[J'Ie)KaH.[I/Iﬁ TOMY K€ MHOXKECTBY.

HaanMep, MHOKECTBO HEJIBIX YHCE]I 3aMKHYTO OTHOCHUTEIIBHO onepaunﬁ CJIOXKCHUA,
YMHOXCHUA U BbIYUTAHUA, HO OHO HE 3aMKHYTO OTHOCHUTCIIBHO ON€panun ACIICHUSA — TIPU
JACJICHUHU IBYX LEJIbIX YUCEJI HE BCET A IMOJIYYacTCa HEJI0€ YUCIIO.

PerymsipHpie MHOXKECTBa (M OJTHO3HAYHO CBSI3aHHBIE C HUMH PETYJISIPHBIC S3BIKH) 3aMKHYTHI
OTHOCUTEJILHO MHOT'MX OIl€palyii, KOTOpble IPUMEHUMBI K IEIIOYKAM CUMBOJIOB.

Hamnpumep, perynspHble s13bIKM 3aMKHYTbl OTHOCUTEJIBHO CIEAYIOLUX OIEepalnii:
® 1iepeceueHus;

® O00bEIUHEHHUS,

® JIOIIOJHEHNS;

® uTepaluy;

® KOHKaTEHAalluu;
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e romomoppusma (M3MEHEHHss HMEH CHMBOJOB M TMOJACTAHOBKH [EMOYEK BMECTO
CHMBOJIOB).

ITockonbKy perynsipHble MHOXECTBAa 3aMKHYTHI OTHOCHTENBHO OMNEpanuil MepecedeHus,
o0BemMHEHNST ¥ JOIONHEHHS, TO OHH MPEACTAaBIAIOT OyleBy ainre0py MHOMKECTB.
CymlecTBYIOT W IpyrHe OIIEpallid, OTHOCHUTEIBHO KOTOPBIX 3aMKHYTHI DEryJspHbIE
MHOXecTBa. BooOrie roBopsi, TakuX orepanuii J0CTaTOYHO MHOTO.

Mpobnemsbl, paspelimMble Ans perynspHbIX S3bIKOB

PerynspHble S3BIKM TIPEACTaBIAIOT cOOOH OYEeHb YHOOHBIH THH s3BIKOB. Jlms HHUX
pa3pemMbl MHOTHE POOJIEMbI, Hepa3peIIuMble AJISI APYTHX THUIIOB S3BIKOB.

HaHpI/IMCp, JAO0Ka3aHO, YTO pa3pCHIMMBbIMU SABJIAOTCA CICAYIOIINC HpO6J’IeMBII

® [Ipobnema osreusanenmuocmu. Jlaupl 1Ba peryiaspubix s3eika Li(V) u  Lo(V).
Heo0xoanmMo npoBepuTh, SIBISIOTCS JIK 3TH J1BA S3bIKa SKBUBAJICHTHBIMU.

® [Ipobnema npunaonedxcnocmu yenouxu A3viky. Jlan perynspusiii s3bik L(V) n nenouka
cuMBOIOB o€ V. Heo6X0MMMO IPOBEPHTSH, IPHUHAIJIEHKHUT JIM LIETIOYKa JTAHHOMY A3BIKY.

® [Ipobnema nycmomor sizvika. Jan perymapusiii s3pik L(V). Heobxomaumo mpoBepHTS,
SBIISICTCS JIA 3TOT S3BIK ITYCTHIM, TO €CTh HAWTH XOTS OBl OHY IETOYKY O # A, TAKYIO
gr0: ace L(V).

Otu nmpobieMsl pa3penMMbl BHE 3aBUCHMOCTH OT TOTO, KaKMM M3 TPeX CHOCOOOB 3ajaH
perynsapHeld s3bIK. ClleZOBaTeNbHO, 3TH NHPOOIEMBI paspelIMMbl Ui BCEX CHOCOOOB
MPEACTABJICHUSA PETYJSIPHBIX A3BIKOB: PETYISAPHBIX MHOXCECTB, PETYJIAPHBIX I'paMMaTUK U
KOHEYHBIX aBTOMaToB. Ha camoM Jene, 1OCTaTOYHO JOKa3aTh Pa3pelIMMOCTb JIFOOOH U3
O9THX npo6neM XO0TA 6BI JJIA OJJHOro H3 croco0oB NpeACTaBJICHUA A3bIKA, TOTAa HJIA
OCTalIbHBIX ~ CIOCOOOB  MOXKHO  BOCIOJIB30BATBCS ~ QITOPUTMaMH  NpeoOpa3oBaHMS,
PaccCMOTpPEHHBIMH BBIIIE.

Jnis perynspHBIX rpaMMaTHK TakXe paspelrnMa mpoOiemMa OZHO3HAYHOCTH — JO0Ka3aHo,
YTo U JIOOOW peryisipHOM TpaMMaTHKA MOXKHO IIOCTPOMTh OSKBHUBAJICHTHYIO eH
OJTHO3HAYHYIO PETYISPHYIO IPAaMMATHKY.

Jlemma o paspacTtaHuu ans perynsipHbix s3bIKOB

WHorpa GbiBaeT HEOOXOANMO JI0KA3aTh, SIBJISIETCS WIIM HET HEKOTOPBIN SI3BIK PETYJISIPHBIM.
CymectByeT croco0 NPOBEPKH, SBISETCS WIM HET 3aJaHHBIA S3BIK PEryJSIPHBIM. DTOT
METOJl OCHOBAH Ha IPOBEPKE TaK HA3bIBAEMOM JIEMMBI O pa3pacTaHMu s3blka. Jloka3aHo,
YTO €CJIM AN HEKOTOPOrO 3aJaHHOrO sI3bIKa BBIMONHAETCS JIEMMa O pa3pacTaHUH
pErymsipHOro s3bIKa, TO OTOT S3BbIK SBJSAETCS PETryJIApHBIM; €CIH K€ JIeMMa He
BBITIONTHSICTCS, TO U SI3BIK PETYISIPHBIM He siBisiercst [4 1.1].

Jlemma 0 pa3pacTaHHM IS PETYJSIPHBIX SI3BIKOB (OPMYIHPYETCS CIEAYIOIIUM 00pa3oM:
€CJIM JaH PETYJIAPHBINA SA3bIK U TOCTaTOYHO JUIMHHAS LENOUYKAa CUMBOJIOB, IPUHAJIEKAILAS
3TOMY A3BIKY, TO B 3TOM LIENIOYKE MOKHO HAaNTH HEIYCTYIO NOJLENOYKY, KOTOPYIO MOXKHO

5 BosmoxHBI 1 Apyrue CIIOCOOBI MpCACTAaBJICHUSA PEryJIAPHBIX MHOXKECTB, a I HUX
Ppa3peIInMOCTb YKa3aHHbIX HpO6J’I6M 6yﬂeT YK€ HC OUCBH/IHA.
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MOBTOPUTH CKOJIb YTOAHO MHOTO Pa3, M BCE MOJTYYEHHBIE TAKIM CIIOCOOOM HOBBIEC LIETIOUKH
OyIyT IPMHAIIEKATH TOMY HKE PETYIAPHOMY S3bIKY.S

dopManbHO 3Ty JIeMMy MOJKHO 3alMcarh Tak: eciM JaH s3bIKk L, To 3 koncranta p > 0,
Takas, 4To eciu o€l u |o > P, TO IEMOYKy O MOXKHO 3amucaTh B BUae o = Ofe, rme
0<|B|<purormaa =B a'el VI>0.

Hcmomnb3yst 1eMMy O pa3pacTaHHH PeTYISIPHBIX SI3BIKOB, MOKakeM, uto si3eik L = {a"b" |
N> 0} He ABJIAECTCA PETYISAPHBIM.

[pearnonokum, 9To STOT A3BIK PETYISPHBIN, TOTA U HETO JOJUKHA BBITIONHATHCS JIEMMa
0 paspactanui. Bo3zpMeM HEKOTOPYIO IIEMOYKY 3TOTO si3bIka o = a"b" u 3amuiiem ee B BUIE
o = 8Be. Ecnu Peat umu Beb*, To Torma mna i = 0 nenouka 8% = 8¢ me npunanzexuT
s3bIKy L, 9TO IPOTHBOPEUHUT YCIOBHUAM JIEMMBI; ecii ke ea‘h*, Torna ans i = 2 nemouka
8B% = OPPe ne mpunagnexut saspiky L. Taxum oOpasom, s3bk L He MOMET OBITH
PETYISIPHBIM SI3BIKOM.

MocTpoeHne nekcnyecknx aHanu3aTopoBs

Tpu cnoco6a 3apaHuA perynspHbIX A3bIKOB

Perynspusie (mpaBoMHENWHBIEC U JEBOJIMHEIHbIE) TpaMMaTHKH, KOHeUHbIe aBTOMaThl (KA)
U peryisipHble MHOXECTBa (PaBHO Kak W 0003HAYAIOININE WX PErYJSIPHBIC BBHIPAKCHHS) —
3TO TPU Pa3IMYHBIX CIIOCO0a, C MMOMOIIBIO KOTOPHIX MOXHO 33JaBaTh PETYJISIPHBIC SI3BIKH.
PerynspHble S3bIKH, B NPUHINIE, MOKHO ONPENEINATh U APYTHMH CIIOCOO0aMH, HO UMEHHO
TP YKa3aHHBIX CIIOCO0a MPEICTABIAIOT HAaNOOIBIINI HHTEPEC.

Jist 5THX Tpex croco0OB ONpEeAeIeHNs PETYISIPHBIX S3bIKOB MOXKHO 3aIMCaTh CIIEAYOIIHe
CTPOTHE YTBEPKICHHUS:

Ymeepoicoenue 1. SI3bIK sBIISIETCS PETYIAPHBIM MHOXECTBOM TOT/Ja M TOJIBKO TOT/A, KOTAA
OH 3aJIaH JIEBOJINHEHHOH (TIpaBOMHEHHON) rpaMMaTHKOM.

Ymeepoicoenue 2. SI3pik MOkeT ObITh 33JaH  JICBOJIMHEWHON  (IpaBONMHEWHOM)
rpaMMAaTHKOM TOT/1a M TOJIBKO TOT/A, KOTAa OH SIBJISIETCS PETyJIAPHBIM MHOKECTBOM.

Ymeepotcoenue 3. SI3bIK SABISICTCS PErYJIAPHBIM MHOXECTBOM TOTJIA U TOJIBKO TOT/Ia, KOTa
OH 3aJIaH C MIOMOIIIBI0 KOHEYHOI'0 aBTOMATa.

Vm@epmcdel—me 4. S3p1k Ppacno3HacTCd ¢ MOMOLIbIO KOHEYHOT'0 aBTOMATa TOTrAa U TOJIBKO
TOTAa, KOrJia OH SBJISICTCA PETYJISAPHBIM MHOXKECTBOM.

Bce Tpu crmocoba omnpeseneHHss PETyISPHBIX S3BIKOB  paBHOMpPaBHBI CyIECTBYIOT
QITOPUTMBI, KOTOPbIE TIO3BOJSIFOT JJIsl PErYJISIPHOTO S3bIKA, 3aJaHHOr0 OJHHM U3
YKa3aHHBIX CIIOCOOOB, MOCTPOUTH APYrO# Crocod, OMPeesIONIMiA TOT K€ CaMbIi SI3BIK.
D10 He Bcerjga CHOPABEUIMBO ISl APYTHX CHOCOOOB, KOTOPHIMH MOMHO OINpPEIEIUThH
peryisipasie s361ku [4 1.1, 15, 21, 29].

6 Ecimm HafI,HGHHyIO MOANCIIOYKY HNOBTOPATH HECKOJIBKO pa3, TO UCXOJHAs LETOYKa KaK ObI
«pa3pacTacTcsa» — OTCHOAAa U HAa3BAHUC «JIEMMa O pa3paCTaHNUU A3BIKOBY.
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M3 Bcex BO3MOXKHBIX TIPeOOpa3oBaHWW TPAKTUUECKHI WHTEpeC MPEACTABIAIOT IBa
npeoOpa3oBaHus:

® TIOCTPOCHHE PETYISPHOTO BBIPAKEHHSA, 3aJAIOIIETO SI3BIK, Ha OCHOBE pETyJSpHOMN
TrpaMMaTHKH;

® noctpoeHre KA Ha oCHOBE perysssipHON IpaMMaTUKH.

Hwxe paccMOTpPEHBI aITOPUTMBI, TIO3BOJISIOLINE BBITOJIHSATD 3TH ITPE0OPa30BaHUA.

MocTpoeHue perynspHoro BbipaxxeHusi Ans s3bika, 3afaHHOro
NeBONMHENHON rpaMMaTUKoOMn

lNocTaHoBKa 3agayn

Jlisg 11060T0 PerynsapHOro sA3bIKa, 3alaHHOTO PETYISIPHON IpaMMaTHKOM, MOKHO MOJyYUTh
peryJsipHOe BhIpaKEHHUE, OTIPEIENIAIONIee TOT JKe S3bIK.

3agaya GOpMyITHpYETCS CHEIYIOMUM 00pa3oM: HMEETCs JIeBOJIMHEWHAas TpaMMaThka
G(VT,VN,P,S), HeoOXxoaumMo HalTH peryisipHOe BbipaxkeHue Haj anpasurom VT,
omnpezensomiee si36ik L(G), 3aaaHHbIIH 3TOW rpaMMaTHKOM.

332[8.‘13 peuracTcd B iBa dTalia:

1. Ha ocuoBe rpammartuku G 3amaromieit s3pik L(G) crpoum cucremy ypaBHEHHH C
perynspHeIMA K03 duuerTamu.

2. PemraeM TMONydYeHHYIO CHCTEMY YpaBHEHHWil. PelieHue, MOIydeHHOE IS IIEIEBOTO
CHMBOJIa TPaMMAaTHKH S, OyJIeT NPEICTaBISATh COO0M NCKOMOE PEryJIsipHOE BBIpAXKEHHE,
omnpenernsiromiee 1361k L(G).

[TockoJbKy alXropuTM pElIeHHsS CHCTEMbl YpaBHEHUH C peryisipHbIMU KoddduuueHtamu
U3BECTEH, TO Janee OyAeT pacCMOTPEH TOJbKO alrOPUTM, MO3BOJAIONIMN Ha OCHOBE
rpammatukd  G(VT,VN,P,S) mnocrpouth cucreMy ypaBHEHHH C  pEryJSIPHBIMA
K03 puueHTaMu.

MocTpoeHne cUCTeMbI YpaBHEHWI C perynspHbIMK KoadduueHTaMm Ha OCHoBe
perynsipHoi rpammaTki

B nanHOM ciiyuae npeoOpa3oBaHME HE CTOJb JJIEMEHTapHO. BBIMOJHAETCS OHO
CIIEIYIOINM 00pa3oM:

1. O6Go3HaunM CcHUMBOJBI andaBuTa HETEPMUHANBHBIX CcHUMBOJIOB VN crienyrommm
obpazom: VN = {X3, Xo, ..., Xn}. Torna Bce npaBuia rpaMMaTiki OYAyT UMETh BU:
Xi=>Xjy, umn Xi—y Xi,XjeVN, yeVT"; uenesoMy cMMBOIY IDaAMMAaTHKH S OyjeT
COOTBETCTBOBATh HEKOTOPOE 0003HaUeHHE Xk.

2. Tloctpoum cucTeMy YypaBHEHHHA C pPETyJsIpHBIMA KO3(QQHUIHMECHTaMH Ha OCHOBE
nepeMeHHbIX X1,Xo,. .., Xn:

X1
X2

o1 + Xiour + Xooi1 + ... + Xpotng

o2 + Xiouz + Xooiz2 + ... + Xpotn2
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Xn = aon + X1oun + Xoon + ... + Xnolm
KO3 PHUIIUESHTHI Clo1, 0L, - . -, Olon BEBIOUPAIOTCS CIETYIONIIM 00pa3oM:
aoi = (y1+y2+ ... +vm),
eci BO MHOecTBe TipaBmit P rpamMaruku G cymiecTByroT mipasiiaa Xi—>yilyz|. . . [ym;
i = 9,
€CIIM NIPaBUJI TAKOTO BHJA HE CYILIECTBYET;
KO3 GUIHEHTBI 01, 2, ..., Ojn U1 HEKOTOPOTO | BHIOMPAIOTCS CICAYIOLIAM 00pa3oM:
i =(y1ty2+... +ym),
ecim Bo MHOkecTBe npaBuil P rpammaruku G cymectByroT mpasuia Xi— Xy Xiyz|. . .| Xjym;
aji = 9,
€CIIM NIPaBUJI TAKOTO BHUJA HE CYLIECTBYET.
3. Haxoaum pelieHne nmocTpoeHHOI CHCTEMbI ypaBHEHHH.

Jlokazano, uto peuienue it Xk, KOTOpoe 0003HAYACT IEJICBOM CUMBONI S rpammaruku G,
Oyzer mpencTaBiATH co0OW HMCKOMOE PETyISIPHOE BBIpaKEHHE, 0003Haualomee S3bIK,
3alaHHbI rpamMMaTukoit G.

OcrtayibHBIE pEelIeHHs CHCTEMbI OyIyT NpeNCTaBiIsATb COOOH pPETYISpHBIE BBIPAKEHHS,
0003HayaroNye NOHATHS TPAMMATHKH, COOTBETCTBYIOIINE €€ HETCPMHHAIBHBIM CHUMBOJIAM.

COBET

B npuHUune gna noucka perynsipHOro BblpaXeHusl, OOO3HavawLwero £s3biK,
3a[jaHHbIN TPAMMAaTUKOM, HE HY)XXHO MCKaTb BCE PELUEHUS — AO0CTaTOYHO HanTu
peweHne ansa Xk.

Mpumep NOCTPOEHUSI PErynsApHOro BbipaXkeHus NS A3blka, 3a4aHHOro
NEeBOSIMHENHON rpaMMaTmKon

Hanpumep, paccMoTpuM JIEBOJIMHENHYIO PETYJISAPHYIO IPAMMATHKY, ONPEIEISIONIYIO S3bIK
IBOUYHBIX YuCel C TIaBaroIen TOYKOH G({.,-,+,0,1},
{<BHaAK>, <OmpobOHoe>, <uejioe>, <uucjo>}, P, <umcio>):

P:
<3HaK> — —|+|A

<gpobHoe> —>
<3Hak>.0|<3HaK>.l|<uejoe>. |<gpobHoe>(0 |<mpobHoe>1

<uejioe> — <3Hak>0|<3Hak>1|<uesoe>0|<uejoe>1

<upciio> — <OpobHoe> |<uejoe>
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O003HaYUM CHMBOJIBI MHOKECTBA VN={<3Hax>,<apoOHOEe>,<1en0e>,<4HnCcI0>}
COOTBETCTBYIONMMHE TiepeMeHHbIMHA X, Tiosryanm: VN={X1,Xz,X3,X4}.

ITocTpoum cucteMy ypaBHEHHI Ha OCHOBE NPaBHJI IPaMMaTHKH G:

Xp=(""+"+"+1)

Xo= Xl.(0+1) + X3, + X2(0+1)

Xz = X1(0+1) + X3(0+1)

Xs=Xo+ X3

Ora cucTteMa ypaBHEHHH yxke Oblia pelieHa Bblle. B maHHOM ciyyae Hac HMHTEpecyeT

TOJIGKO pElIeHHe I X4, KOTOPOE COOTBETCTBYET LIEJIEBOMY CHMBOJIYy IpaMMaTHKH G
<ymcIo>.

Pemrenue miist X4 MOKET OBITH 3aIIMCAHO B BHUJE:

Xa= (=" 4"+ 2)((0+1) + (0+1)(0+1)". + (0+1))(0+1)"

TO €CTh:

<upmcgo> = ("=" + "4+" + A) (. (0+1) + (0+1) (0+1)*. +
(0+1)) (O+1) "~

OTO0 U eCTh PeryisapHOe BhIpakeHHUE, ONPEASIISIONIee SI3bIK ABOMUHBIX YHCEIl ¢ IIaBatoiel
TOUYKOM, 3aJJaHHBII TPAaMMaTUKON G.

MocTpoeHne KOHEYHOro aBToMaTa Ha OCHOBE NEBOJIMHENHOW rpaMMaTUKn

lNocTaHoBKa 3agaun

Ha ocHoBe nMeronieiicss peryyisspHOil rpaMMaTUKH MOKHO MOCTPOUTh SKBHUBAJICHTHBIN €l
KA, u, nHao6opoT, m1st 3aaaaHOro KA MOXHO MOCTPOUTH 3KBUBAJICHTHYIO MY PETYJISIPHYIO
rpaMMaTHKy.

OT0 OYeHb BaKHOE YTBEPKACHUE, TIOCKOIBKY PETYIISIPHBIE TPAMMATHKH HCIIONB3YIOTCS IS
OTIpeZIeTIeHUsI JISKCHYECKUX KOHCTPYKLHMH sA3bIKOB mHporpammuposanus. Co3maB KA Ha
OCHOBE H3BECTHOW TIpaMMAaTHKHM, MBI TOJy4aeM paclo3HaBaTelb sl JIEKCHYECKUX
KOHCTPYKLMH IaHHOTO s3bIKa. TakuMm o0Opa3oM, ymaeTcs pelmuTh 3amady pasbopa st
JIEKCUYECKUX KOHCTPYKIMH SI3bIKA, 33aHHBIX NPOU3BOJIBHONW PEry/sIpHOH I'paMMaTHKOM.
OOpartHoe yTBEpXICHHE TaKXKe II0JIE3HO, IOCKOJBbKY II03BOJISIET Y3HAaTh I'PaMMaTHKY,
LEMNOYKH 3bIKa KOTOPOH JOMYCKaeT 3aJaHHbII aBTOMAT.

Bce s3bp1ku porpaMMupOBaHus ONPEACIIIOT HOTALMIO 3alIUCH «CJIEBa HalpaBo». B Toi xe
HOTaIi paboTalOT W KOMIIIATOPHL. [loaToMy namee pacCMOTPEHBI ANTOPUTMBI IS
JICBOJIMHEHHBIX TpaMMaTHK. J[OKa3aHO, 4YTO AaHAJOTWYHBIE IIOCTPOCHHUS BO3MOXKHO
BBITTOJIHUTP U /71 IPABOIMHEHHBIX TPAMMATHK.

3amaga ¢GopMymupyeTcs CICAYIOIUM 00pa3oM: HWMEETCsl JIEBOJIMHEHHAas TpaMMaTHKa
G(VT,VN,P,S), sanmaromias s3eik L(G), HE0OXOIUMO MOCTPOUTH 3KBUBAJIEHTHBIN €M
koneunsiit aBTomat M(Q,V,8,00,F), 3amarommit Tot e s3ik: L(G) = L(M).

3&,&3‘13 peuiacTeA B IBa dTara:
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1. Ucxonmuyro neBonmHEHHY0 rpamMMaTuky G HE0OXOAMMO NPHBECTH K ABTOMAaTHOMY
Buny G'.

2. Ha ocHOBe moiydeHHO# aBTOMAaTHOW JeBoiuHeinHoM rpammaruku G'(VT,VN',P'.S)
ctpoutcs uckombiii asromat M(Q,V,5,0o,F).

Anroput™ npeoOpa3oBaHUs K aBTOMaTHOMY BHIY OBLI paCCMOTpPEH BBIIIE, IOTOMY 37ECh
PaccMOTpPUM TOJBKO alroput™M noctpoeHuss KA Ha OocHOBE aBTOMAaTHOMW JIEBOJIMHEHHOU
rpaMMaTHKH.

ANropuT™M NOCTPOEHUSA KOHEYHOro aBToMaTta Ha OCHOBE aBTOMAaTHOM
NeBONNHENHOW rpaMmaThKku

IMoctpoenne KA M(Q,V,8,00,F) Ha oCHOBe aBTOMATHOW JIEBOJUHEHHOW TIpaMMaTHKU
G(VT,VN,P,S) BbInosHsETCS 10 CICAYIOIIEMY aIrOPUTMY:

Hlaz 1. CtpouMm MHOXecTBO cocTosHHIT aBTomara Q. COCTOSHHUS aBTOMAara CTPOSTCA
TakuM 00pa3oM, dYTOOBI KaXKAOMY HETCpPMHHAIHHOMY CHMBONY m3 MHOxectBa VN
rpammaTiKd G COOTBETCTBOBAIO OIHO COCTOSHHE W3 MHOKecTBa Q aBTOoMata M. Kpome
TOTO, BO MHOXECTBO COCTOSIHUH aBTOMAaTa J00aBIIETCS e€Ile OJHO JOMOJHUTEIHHOE
cocTosiHue, Kotopoe Oyaem oOo3nadaTh H. CoxpaHsst 0003Ha4YeHUs] HETEPMHMHAIBHBIX
CHMBOJIOB Tpammatuk G, MoxHo 3anucats: Q = VNU{H}.

Hlae 2. BxomueiM andaBuTtoM aBTOoMara M SBISETCS MHOXECTBO TEPMUHAJIBHBIX
cuMBOJIOB Tpammaruku G: V = VT,

Llae 3. IIpocMaTpuBaeM BCe MHOXECTBO MPABUI UCXOAHOM IrpaMMaTHKH.

Ecmu Berpeuaercs npasmino suga A—teP, rme AeVN, teVT, 1o B QyHKINIO TIepexo10B
d(H,t) aBromara M mobGaeisiem cocrosiane A: Aed(H,t).

Ecmu BcTpewaercss mpaBmiio Buma A—BteP, rme ABeVN, teVT, 1o B dyHKIHIO
nepexozioB 3(B,t) aBromara M no6asnsiem cocrosinne A: Aed(B,t).

Illaz 4. HauanpHbIM cocTOsiTHUEM aBToMarta M sBnsieTcst coctostaure H: (o = H.

Hlaz 5. MHOX€ECTBO KOHEYHBIX COCTOSHMM aBTOMara M COCTOMT M3 OJHOI'O COCTOSIHHSL.
OTUM  COCTOSTHUEM SIBJIIETCS COCTOSIHHE, COOTBETCTBYIOIIEE IIEJI€BOMY CHMBOJY
rpammatuka G: F = {S}.

Ha sTtom NOCTPOCHUE aBTOMATAa 3aKaHYNBACTCA.

I'Ipwmep NOCTPOEHNA KOHEYHOIO aBToOMaTa Ha OCHOBe 3a4aHHOW NEBOSIMHENHOMN

rpaMmmMaTuKkmn
PaccmoTpum  rpammatuky G ({"a"," (","*",")","{","}"},{S,C,K},P,S)
(cumBoJBL @, (, *, ), {, } U3 MHOXECTBa TEpPMUHAIbHBIX CUMBOJIOB TPaMMaTHKH B35Thl B

KaBBIYKHM, 4YTOOBI BBIICIUTh WX Cpenu (GUrypHBIX CKOOOK, 0003HaYaromuX camo
MHOXKECTBO):

P:
S —»> C*) | K}
C—> (| Cal| Cc{ | Cc}y | C(] C*|C
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K-> { | Ka | K(I| K* | K) | K{

OTo neBoNMHEIHAS peryssipHas rpaMmmaTuka. [IpeoOpa3oBaHue ee K aBTOMATHOMY BHILY
y’ke OBUIO BBITIOJHEHO paHee (B pasjeine «PeryispHblec 1 aBTOMAaTHBIC TPAMMATHKID B 3TOH
TJ1aBe).

HOHyLH/IM ﬂeBOHHHeﬁHyIO ABTOMATHYIO rpaMMaTUuKy CJICAYIOLICTO BUaa:
el ({"a", " (vv, vv*u, u) vv, vv{u, vv}vv}, {S,Sl,C,Cl,K},P' ,S)

P':

S — S1) | K}

S > C*

C—>C* | Ca | C{ | C}y | C(]|]C*x | Q)
Ci = (

K—> { | Ka | K( | K* | K) | K{

Jns ynobctBa mepeo0O3HAUMM HETEpPMUHAIBHBIE CHUMBONBI C1 M S1 CHMBOJIAaMH D U E.
[Momyanm rpaMMaTHKY
G' ({"a","(","*",")","{","}"},{S,E,C,D,K},P',S):

P':

S —> E) | K}

E > C*

C—>D* | Ca | C{ | C} | C(] C* | C)
D - (

K—> { | Ka | K( | K* | K) | K{

Ioctpoum koueunsiit asromat M(Q,V,8,00,F), SKBUBaJICHTHBIH yKa3aHHOI rpaMMaTHKE.
Hlac 1.
CTpouM MHOKECTBO COCTOsIHMIA aBToMaTa. [Tomyuaem: Q=VNU{H}={S,E,C,D, K, H}.
Llac 2.

B kauecTBe andaBuTa BXOIHBIX CHMBOJOB aBTOMaTa OepeM MHOXECTBO TEPMHHAIBHBIX
CUMBOJIOB TpamMMaTHku. [lonyyaem: V={"a", " (", "*", ")", "{","}1"}.

Llae 3.
PaccmatpuBaeM MHOXKECTBO IPaBUI TPAMMATHKH.
Jns nmpaBunt S—>E) K} umeeM d (E, ") ")={S}; &(K,"}")={S}.

s npaBuiia E—>C* umeeM o (C, "*")={E}.
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Js MpaBuI CoD*|Ca|C{|C}|C(|]C*]|C) HMEEeM O(D,"*")={C};
d(C,"a")={C}; d(C,"{")={C}; d(C,"}")={C}; d(C,"(")={C};
d(C,"*")={E,C}; &(C,")")={C}.

Junst npaBuna D— ( umeem 8 (H, " (") ={D}.

Hdus mpaBun K—{ [Ka |K (|K*|K) |[K{ mmeem O (H, " {")={K}; O(K,"a")={K};
S(K," (")={K}; O(K,"*")={K}; O(K,")")={K}; O(K,"{")={K}.

Llaz 4.

HavanbHbIM COCTOSSHHEM aBTOMAaTa SBJISCTCS COCTOSHUE o = H.

Llac 5.

MHOKeCTBOM KOHEUHBIX COCTOSHUM aBTOMATa SIBJISCTCS MHOXKECTBO F = {S}.
BrimonHeHHe anropuT™Ma 3aKOHYEHO.

B UTOTE IoJIy4aeM aBTOMAT M({S,E,C,D,K,H},
{llall, " (n, ||*||, ||) ||, " { ||, " } " } ,S,H, {S}) C(byHKLII/IeI‘/'I HepeXO):[OB:

d(H,"{") = {K}
S(H," (") = {D}
d(K,"a") = {K}
(K, " (") = {K}
S(K,"*") = {K}
d(K,") ") = {K}
(K, "{") = {K}
d(K,"}") = {8}
d(D,"*") = {C}
d(C,"a") = {C}
d(c,"{"m = {C}
d(Cc,"t™) = {C}
d(C," (") = {C}
d(c,"*") = (E,C}
d(c,m™ = {C}
3(E,")") = {s}

I'pad nepexoznoB sToro aBromara u3odpaxer Ha 3.9.
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3.9. HenerepmunupoBannslii KA st si3pika komMeHTapueB B Borland Pascal

210 He,I[eTepMI/IHI/IpOBaHHHﬁ KOHCYHBIN aBTOMAT, ITOCKOJIbKY CYHICCTBYCT COCTOAHHUC, B
KOTOPOM MHOXKECTBO, MMOJIYy4acMOC € IMMOMOIIbBIO beHKLII/II/I Nepexoa0B 10 OAHOMY U TOMY
K€ CUMBOJYy, UMCCT Ooiee OIHOI'0 CICAYHOIICTO COCTOSHUA. 10 coctosiHre C U Q)yHKHI/IH

d(C,"*")={E,C}.

MogenupoBaTh HOBEAEHHE HeleTepMHUHHpOBaHHOTO KA — Hempocrtas 3ajmada, IO3TOMY
MO>XHO HOCTPOUTH SKBUBAJICHTHBIA eMy aerepMuHUpoBaHHBI KA. IlonydeHHbIN Takum
nyTteM KA MOXHO 3aTeM MUHUMH3HPOBATh.

B pesynbrare Bcex mpeobpazoBaHUil ModydyaeM JA€TEPMUHUPOBAHHBIA KOHEUHBIN aBTOMAT
Ml ({S,E,C,D,K,H}, {"a", " (", "*", ") ", "{", "}"},8! ’H’ {S}) C (byHKHHeI‘/’I
MEPEXO0JI0B:

' (H,"{") = {K}
' (H," (") = {D}
d' (K, "a") = {K}
' (K, " (") = {K}
3' (K, "*") = (K}
5'(K,"M)") = (K}
' (K, "{") = {K}
' (K,"}") = (S}
8'(D,"*") = {C}
d'(C,"a") = {C}
8'(C,"{") = {C}
5'(C,"}") = {C}
8'(C," (") = {C}
5'(c,m") = {C}
§'(C,"*") = {E}

124



5' (E,"a") = {C}

3' (E,"{") = {C}
3'(E,"}") = {C}
3'(E," (") = {C}
3'(E,"*") = (E}
3'(B,M)") = (S}

I'pad mepexos0B 3TOr0 aBTOMaTa u3oopaxkex na 3.10.

a(){}

3.10. JerepmunnpoBannbiii KA st s3e1ka koMmmeHTapueB B Borland Pascal

Ha ocHOBaHMM 3TOro aBTOMAaTa MOJXKHO JIETKO MOCTPOUTH paclo3HaBarelb. B naHHOM
CJIyqya€ MblI MOXEM IIOJYYWUTH pPACIO3HABATC/Ib JIsI JABYX THIIOB KOMMCHTApHCB A3bIKA
nporpammupoBanus Borland Pascal, ecmu ydects, YTO a MOXET O3HAa4aTh JFOOOM
angaBuUTHO-ITUPPOBON CUMBOJI, KpOME CUMBOJIOB (, *, ), {, }.

nOCTpOGHMe NEeBONMMHENHON rpamMmmMaTmkm Ha OCHOBE KOHEe4YHOIro aBTomMarta
3amaua Qopmynupyercs Tak: umMmeeTcs KoHeunbeld aromat M(Q,V,8,00,F), HeoOxoaumo
MOCTPOUTH KBUBAJICHTHYIO eMy JieBomHelHyto rpammatuky G(VT,VN,P,S).

ITocTpoeHue BBIIOIHAETCS 10 CIEAYIOLIEMY AJITOPUTMY

Ilaz 1. MHOXeCTBO TepMHHAIBHBIX CHMBOJIOB rpamMaTuku G cTpouTcs u3 andaButa
BXOJHBIX cMMBOJIOB aBTomMata M: VT = V.

Llaz 2. MHOXECTBO HETEPMHHAIBHBIX CHMBOJIOB TpaMMaTUKi G CTPOHMTCS HA OCHOBAHUH
MHOXXECTBAa COCTOsIHMI apromara M TakuM 00pa3oM, 4YTOOBI KaKAOMY COCTOSHHIO
aBTOMara, 3a HCKIIOYCHHEM  HA4albHOTO  COCTOSIHHS,  COOTBETCTBOBAN  OJMH
HetepMuHaNbHbIH cumBon rpammatiki: VN = Q\{do}.
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Llaz 3. TlpocmaTtpuBaeM (QYHKIWIO IepexofoB aBTomMata M i Bcex BO3MOKHBIX
COCTOSHHH N3 MHOXecTBa Q /I BceX BO3MOXKHBIX BXOJIHBIX CHMBOJIOB U3 MHOKeCTBa V.

Ecnu umeem 8(A,1)=J, To HUYETO HE BBHITIOTHSICM.

Ecmu umeem 3(A1)={B1,B,,...,Bn}, n>0, rme AcQ, Vn>i>0: BieQ, teV, torna mis Bcex
cocrosiauil Bi BBIMOIHSEM Clieayromiee:

® jo0aBisieM npaBmio Bi—t Bo MHOokecTBO P mpaBuit rpammaruku G, eciau A=(o;
® jo0aBisiem npaBmio Bi—At Bo mHOKecTBO P npaBun rpammatuku G, eciiu A=Qo.

laz 4. Ecnu MHOXECTBO KOHEYHBIX COCTOSIHUN F aBTOMara M cOIep»UT TOJNBKO OJHO
cocrosiuue F={Fi1}, To meneBbiMm cumBoiOM S rpamMmatuku G CTAHOBHTCS CHUMBOI
mHOKecTBa VN, COOTBETCTBYIOLIMH 3TOMY COCTOsSHHIO: S=Fi; WHaYe, €Cl MHOXECTBO
KOHEYHBIX cocTosiHuii F aBromata M conepskur 6onee oxHoro cocrosiaust F={Fq,Fo,....Fn},
n>1, Torma BO MHOXXECTBO HETepMHUHAIbHBIX cUMBOJOB VN rpammaruku G mobaBisiercs
HOBbI HeTepmuHanbHblii cuMBon  S: VN=VNU{S}, a Bo wmHOxecTBO mpaBun P
rpammatrku G nobasinsitores npaBuna: S—F1|F|...|F.

Ha sTtom NOCTPOCHUC T'PAMMATUKHN 3aKaHYUBACTCH.

Mpumepbl NOCTPOEHUS NTIEKCUYECKUX aHanM3aTopoB

Tenepb MOXXHO pacCMOTPETh MPAKTUYCCKYIO peain3aluio JICKCUYCCKUX aHAJIU3aTOPOB. B
MPUHIHUIIC KOMIIUJIATOP MOKET UMETh B CBOEM COCTABC HC OMH, @ HCCKOJILKO JICKCUYCCKUX
aHaJIN3aTOPOB, Ka)K,ZlLIﬁ U3 KOTOPBIX TIIpEeAHAa3HA4YCH UL BLI60pKI/I U HOPOBCPKHU
OIPCACIICHHOT'O THUIIA JICKCEM.

Takum oO0pa3oM, OOOOIIEHHBIH anrOpuUTM PabOTHl  MPOCTEHIIET0  JIEKCHYECKOTO
aHaJIM3aTOpa B KOMITMIIATOPE MOXKHO OITUCATh CIIECAYIOIUM 00pa3oM:

® 13 BXOJHOTO INOTOKA BHIOMpPAETCs] OYEepeAHOM CHMBOJ, B 3aBHCHMOCTH OT KOTOPOTO
3aIycKaeTcsl TOT UM WHON CKaHep (CHMBOJI MOKET OBITh TaK)Ke MPOUTHOPUPOBAH, THO0
MPU3HAH OMNOO0YHBIM);

° 3any111eHH1)1171 CKaHCP MOPOCMATPpUBACT BXOJHOM IIOTOK CHMBOJIOB IporpaMMbl  Ha
HCXOOHOM A3BIKEC, BBIIACIAA CHMBOJIBI, BXOJAIIHNEC B Tp€6yGMyIO JICKCEMY, 10
06Hapy>KeH1/m O4YepeaAHOro CMMBOJIA, KOTOpLIﬁ MOXKET OrpaHUYMBATh JICKCEMY, 6o a0
06Hapy)KeHI/I${ OIIHOOYHOTO CHMBOJIA,

® [Ipy YCHENIHOM pAaclioO3HaBaHMM HMH(GOPMAIMs O BBIICJICHHOW JIEKCEME 3aHOCHUTCSI B
TaONHIy JIEKCEM M TaOJUIy MAEHTH(UKATOPOB, ajJrOPUTM BO3BPAILAETCS K MEPBOMY
JTally M MpPOAOJIKAET PAacCMAaTpUBATh BXOAHOM IMOTOK CHMBOJIOB C TOIO MECTa, Ha
KOTOPOM OCTAaHOBHJICSI CKaHED;

® [IpH HEYCIEIIHOM pPAacHO3HAaBaHUM BBIAETCS cooOmeHne o0 ommoOke, a AaabHEHIme
JICWCTBHSI 3aBUCST OT pealu3alii CKaHepa — JHMOO ero BBIOJHEHHE MpeKpaiaeTcs,
100 JienaeTcsl MOMbITKAa PACHO3HATh CIEAYIOUIYIO JIeKceMy (MIET BO3BpaT K MEPBOMY
dTaIy aIrOPUTMA).

B menom TexHHMKa TOCTPOCHHSI CKaHEPOB OCHOBBIBACTCS HA MOJICIMPOBAHMU PabOTHI
JETEPMUHUPOBAHHBIX ¥  HeleTepMUHHMpOBaHHBIX KA ¢ gonomHeHneM  (yHKIUH
pacrio3HaBatesisi  BbI30BaMM  (DYHKLIMH  3amoyiHEeHWs TaONUI JIeKceM W TabiMi
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HICHTU(QHUKATOPOB, a Takke oOpaboTkm ommOOok. Takas TeXHWKAa HE TPeOyeT CII0KHOU
MaTeMaTH4ecko O0Opa0OTKM M NPHHUMIHAILHO BaKHBIX MpPeoOpa3’oBaHMil BXOIHBIX
rpaMmartik. [ pa3paboTINKOB CKaHepa BayKHO TOJBKO PEIHTb, TA¢ KOHYAIOTCS (QYHKIUH
CKaHepa W HauyMHAOTCI (QYHKUMM CHHTaKCcHM4Yeckoro pasbopa. Ilocie srtoro mporecc
HOCTPOCHHS CKaHepa JIETKO MOJaeTCsl aBTOMATH3ALNH.

Jlekcuueckun aHanna3aTop UEeJIO4YNCITIEHHbIX KOHCTaHT A3blka C

PaccMoTpuM mpumep aHanmm3a JIeKCeM, INPEACTABIAIOIINX CO0Oil  LeNoYnCICHHbBIC
KoHCTaHThl B (opmarte s3pika C. B cooTBeTcTBHM C TpeOOBaHMAMH SI3bIKA, TAaKHE
KOHCTaHTHl MOTYT OBITh ACCATHYHBIMH, BOCBMEPHYHBIMH HJIM LISCTHAIATCPHYHBIMH.
BocbMepH4HOIT KOHCTaHTOH CYMTASTCsl YHCIIO, HaunHatomeecs ¢ 0 U coleprkaniee UGphI
or 0 10 7; WecTHaAlaTepUYHasi KOHCTaHTa JIOJDKHA HAYMHATHCS C MOCIEA0BATEILHOCTH
CUMBOJIOB 0X W MOXeT cojepxarb 1upbl U OykBel oT a mo f. OcrainbHble YHCIa
CUUTAIOTCS JECATHYHBIMH (IpaBWJla WX 3alMCH HAIlOMHHATh, HAaBEpHOE, HE CTOMT).
KoHcTaHTa MOXXET HAYMHATHCS TAaKKe C OJHOTO M3 3HAKOB + WM —, a B KOHIE IHUQPBHI,
o0o3Hauarolel 3HaueHHe KOHCTAaHTHI, B si3bike C MOXeT clieoBaTh OyKBa WIN 1B OYKBBI,
sIBHO 0003Havaromiue ee tum (u, U — unsigned; h, H — short; 1, I — long).

IIpn nocrpoeHnu ckaHepa OyIeM y4YHTHIBATh, YTO KOHCTaHTHI BXOIAT B OOIIMH TEKCT
nporpammsbl Ha si3bike C. /Iyt n30exaHust MyTaHUIBl M COKpalleHuss 00beMa HHPOPMaIK
B IIpuMepe OylleM CUUTaTh, YTO BCE JIOMYCTHUMBIE OYKBBI SIBJISIOTCS CTPOYHBIMU (UUTATEIN
JIETKO CMOTYT CaMOCTOSITEJIHO PACIIMPHUTh MPUMED JJIS NPOMHUCHBIX OYKB, KOTOpPBIE SI3bIK
C B KOHCTaHTaX HE OTJIMYAET OT CTPOYHBIX).

PaccmoTpeHHbIe BBINIE MpaBUja MOTYT ObITh 3amucanbl B (opme bBakyca-Haypa B
rpaMMaTrKe eJ0YHCIACHHBIX KOHCTAHT s si3bika C.

G({s,w,u,L,v,D,G,%X,Q,2,N},{0...9,%x,a...£,u,1,h,1},P,S)

P:

S —>GL | zL | DL | oL | UL | L | VL | Wl

W — Lu | Vu | Ul | Uh

U—> Gu | Zu | Hu | Qu

L - Gl | z1 | HL | 01

V —> Gh | Zh | Hh | Qh

D—>1 12 314151611 71]8129]

N1 | N2 | N3 | N4 | N5 | N6 | N7 | N8 | N9 |

DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 |

z8 | 29 | Q08 | Q9

G —> X0 | X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8 | X9 |
Xa | Xb | Xc | Xd | Xe | Xf |

GO | G1 | G2 | G3 | G4 | G5 | G6 | G7 | G8 | G9 |
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Ga | Gb | Gc | Gd | Ge | Gf

X — Ix

Q —»> 20 | z1 | Z2 | 23 | z4 | Z5 | z6 | zZ7 |
Q0 | Q1 | Q2 | Q3 | Q4 | O5 | Q6 | Q7

Z = 0 | NO

N > + | -

OTa rpaMMaTHKa SIBJISIETCS JIEBOJIMHENHOM aBTOMATHOM perysipHOi rpamMatukoi. I1o Heit
MOXHO ToCTpouTh KA, KOTOpBIHi OyzeT pacro3HaBaTh IIEMOYKH BXOJHOTO SI3bIKa (CM.
pa3nen «Koneunsle aBTOMATHI»). I'pad mepexomoB storo aBromara mpuBencH Ha 3.10.
BumHO, 4TO TOCTPOEHHBIH aBTOMAT SBISETCS ACTEpPMHHHpPOBaHHBIM KA, mostomy B
JanbHEHIINX IpeoOpa3oBaHMAX OH HE HyKAaeTcs. HadanbHBIM COCTOSIHHEM aBTOMara
SIBJIICTCSL COCTOSIHUE H.

<03.cdr>

3.10. I'pad koHEUHOTO aBTOMATA JIJIS PACTIO3HABAHUS IIEJIOYUCIICHHBIX KOHCTAHT s13bIKa C

[lpuBeneM aBTOMAT K MOJHOCTBIO ONPEICICHHOMY BHIY — JOHOJHHM €ro HOBBIM
coCTOsIHHEM E, Ha KOTOpOe 3aMKHEM BCe Iyr'M HeolpeleleHHBIX nepexonoB. Ha rpade
aBTOMArTa JIyr'd, UAYIIHE B 3TO COCTOSHUE, HE HArPY)KEHbl CHMBOJIAMH — OHH 0003HA4al0T
GyHKIMIO Tiepexoja MO JII00OMY CHMBOJY, KPOME TeX CHMBOJIOB, KOTOPBIMH YK€
MOMEUEHbI JIPYTHe JYTd, BBIXOJISIIUE M3 TOM e BepIIMHBI rpada (Takoe coralieHue
MPUHATO, YTOOBI HE 3arpOMOXKIaTh OOO3HaueHHWsMH Tpadp aBromarta). Ha 3.10 3t0
COCTOSIHHE M CBSI3aHHBIC C HUM JIYTH NEPEX0I0B H300pakeHBI ITYHKTHPHBIMH JIMHUSIMHU.

ITpu moctpoennn KA 3nakom L Obuth 0003HAYEHBI JTIOOBIE CUMBOJIBI, KOTOPBIMH MOJKET
3aBepIIaThCsl LEeNOYNCIIeHHas KoHcTanTa si3pika C. OHaKko B peasibHOM mporpaMme 3ToT
CHMBOJI HE BCTpEYaeTCsl, NMOCKOJbKY TPAaHHUIIBI JIEKCEM B HEH SBHO He yKaszaHbl. [lpu
MmozenupoBann KA Hamo pemmts npoOiieMy ompeneseHus rpasul Jiekcem. Cremyer
NPUHATH BO BHUMAaHHWE, KAaKUMH pEJIbHBIMA CHMBOJAMH BXOJIHOTO S3bIKa MOXET
3aBepIIaThCA EJI0UYHCIICHHAs KOHCTaHTa sA3bika C.

B s3bIKE C B KQ4YE€CTBEC I'PaHUIIbI KOHCTAHTHI MOT'YT BBICTYIIATh:
® 3HAKU NpoOesoB, TAOYISAINH, TIEPEBOIA CTPOKH;

® pazgemurend (, ), [, 1, {,},,, 7,

® 3Haky omepauuii +, —, *, /, &, |, ?, ~, <, >, ", =, %,

Tenepsr MOXXHO HammcaTh MPOrPaMMy, MOJACIHMPYIOUIYI0 PabOTy yKa3aHHOTO aBTOMATa.
Huwxe mnpuBomutrcs TekeT GyHKIMH Ha s3bike Pascal, peanusyromied  gaHHbIH
pacmo3HaBareib. Pe3dynbraToM ()yHKIHH SIBIISETCS TEKyIIee MOJOKCHHUE CUUTHIBAFOIICH
TOJIOBKH aHAJIM3aTopa B TOTOKE BXOJHOW HWH(pOpPMAIUU TMOCIE 3aBepIICHUs pazbopa
JICKCEMBI TIPH YCIIEIIHOM pacIio3HaBaHMY, JIUO0 0 MPH HEYCIECNIHOM PACcIIO3HABAHHUHU (SCITU
JIeKCceMa COJIEPIKUT OLITHOKY).
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B mporpamme mepemeHHas 1iState oToOpakaeT TeKyllee COCTOSHHE aBTOMATa,
nepeMeHHasi 1 SBJISETCS CYETYMKOM CHMBOJIOB BXOJHOHW CTPOKH. B TekcT mporpaMmsl
BIHMCaHBl KOMMEHTapHUH B Te MecTa (YHKIUH, € BO3MOXKHO BHIIIOJHHUTH 3aIHCh
HaliICHHOH JIeKCEMBI B TaOJIUILy JIEKCEM M TaOJIMIy CHMBOJIOB, @ TaKKe BBLAATH COOOLICHHE
00 00HAPYKCHHOM OITHOKE.

function RunAuto (const sInput: string; iPos: integer):

integer;
(* sInput - BXOZOHas CTpOKa MCXOIHOTO TEKCTa;
iPos — Tekymee IMOJIOXEeHME CUMTHBAIEeN T'OJIOBKM BO BXOIHOM

CTPOKE MCXOHOHOT'O TeKCTa *)
type

TAutoState = (AUTO H, AUTO S, AUTO W, AUTO U, AUTO L,
AUTO V, AUTO D, AUTO G, AUTO X, AUTO Q, AUTO 7, AUTO N,
AUTO E);

const

AutoStop = [' ', #10, #13, #7, '(', "', '[', '"1', '"{'
R A e S TP PR AR
<, N>, A =t TR ],
var

iState : TAutoState;

i,iL : integer;

sOut : string;
begin

i := iPos;

iL := Length (sInput);

sOut := '";

istate := AUTO H;

repeat

case iState of
AUTO H:

case sInput[i] of

'+','-': iState := AUTO N;
'0': istate := AUTO Z;
"1'..'9': iState := AUTO D;
else istate := AUTO E;

end;
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AUTO N:

case sInput[i] of

'0': istate := AUTO Z;
'1'..'9': istate := AUTO D;
else istate := AUTO E;
end;
AUTO Z:

case sInput[i] of

'x': istate := AUTO X;
'0'.."'"7"': istate := AUTO Q;
'8','9': istate := AUTO D;
else

if sInput[i] in AutoStop then

iState := AUTO_S
else iState := AUTO E;
end;
AUTO X:

case sInput[i] of

'0o'..'9,
'a'..'f': iState := AUTO G;
else iState := AUTO E;
end;
AUTO Q:

case sInput[i] of

'0'.."'"7"': iState := AUTO Q;
'8','9': iState := AUTO D;
'u': istate := AUTO U;
'1': istate := AUTO L;
'h': iState := AUTO V;
else

if sInput[i] in AutoStop then

istate := AUTO_S

else iState := AUTO E;
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end;
AUTO_D:

case sInput[i] of

'0'..'9': istate := AUTO D;
'u': istate := AUTO U;
'1': istate := AUTO L;
'h': istate := AUTO V;
else

if sInput[i] in AutoStop then

iState := AUTO_S
else iState := AUTO E;
end;
AUTO G:

case sInput[i] of

'0'..'9',

'a'..'f': istate := AUTO G;
'u': istate := AUTO U;
"1 iState := AUTO L;
'h': istate := AUTO V;
else

if sInput[i] in AutoStop then

istate := AUTO_S
else iState := AUTO E;
end;
AUTO U:

case sInput[i] of

'1','h': istate := AUTO W;

else

if sInput[i] in AutoStop then

istate := AUTO_S
else iState := AUTO E;
end;

AUTO L:
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case sInput[i] of
'u': istate := AUTO W;
else
if sInput[i] in AutoStop then
iState := AUTO_S
else iState := AUTO E;
end;
AUTO V:
case sInput[i] of
'u': istate := AUTO W;
else
if sInput[i] in AutoStop then
iState := AUTO S
else iState := AUTO E;
end;
AUTO W:
if sInput[i] in AutoStop then
istate := AUTO S
else istate := AUTO E;
end {case};

if not (iState in [AUTO_E,AUTO S]) then

begin
sOut := sOut + sInputli];
i =1+ 1;

end;

until ((iState = AUTO E) or (iState = AUTO S)
or (i > iL));
if (istate = AUTO_S) or (i > iL) then
begin
{ Coma Hamo BCTaBUTL BHBOB OQYHKLMINM BaOoMUCH JekceMusl sOut }
RunAuto := 1i;
end

else
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begin

{ Coma HaIo BCTaABUTHL BH30B OQyHKUUM QOPMUPOBAHUSA COODUEHUS
06 oumbxe }

end; { RunAuto }

KoneuHo, paccMoTpeHHas mporpamma — 3TO BCETO JHUIIb HNpUMeEp I MOJCIUPOBAHUS
Takoro poja asromata. OHa TOCTPOEHA TakK, YTOOBI MOXHO OBLJIO YETKO OTCIEIAMTDH
COOTBETCTBUE MEXAY OJTOM mporpamMmod u mocTpoeHHeIM Ha 3.10 aBTOMarom.
KoHkpeTHBIH pacno3HaBaTenb OyIeT CYIIECTBEHHO 3aBHCETh OT TOTO, KaK OpPraHH30BaHO
€ro B3aMMOAEHCTBUE C OCTAIBHBIMHU YacTAMH KOMITMIIATOPA. DTO BIMAET HA BO3BpAIIaeMoe
¢yHKIMEH 3HAYEeHHE, a TaKKe Ha TO, KaK OHa JOJDKHA ACHCTBOBATH NMPH OOHAPYKCHHU
OIIMOKH U NPH 3aBEPIICHUHN PACIO3HABAHUS JICKCEMBI.

B nanHOM mpuMepe MpeIyCMOTPEHO, YTO OCHOBHASI YaCTh JIEKCHYECKOIO aHalH3aTropa
CHayaJia CUMTHIBACT B MaMsTh BECh TEKCT MCXOJHOW MPOrPaMMbI, a TIOTOM HAYHWHAET €ro
MOCJICI0BATENILHBINA IPOCMOTP. B 3aBHCUMOCTH OT TEKYIIETO CHMBOJIA BBI3BIBACTCS TOT MU
uHoi ckanep. [lo pe3ynpratam paboThl KaKAOTo ckaHepa paz0op MO0 MpoIoIIKaeTcs ¢
MO3WIIMK, KOTOPYIO BEpHyJa (QYHKIUS CKaHepa, JU0O0 MpephiBaeTcs, eciu (yHKIHS
Bo3Bpamaer 0.

Jlekcnyecknin aHanmMsaTop Afis nomcka CTPOoK B UICXO4HOM TeKCTe NporpamMmel,
HanucaHHomn Ha a3blke Pascal

HeﬁCTBHH, pemracMbi€ OTUM JICKCUYCCKUM aHAJIM3aTOPOM, BO3HHUKIIKM U3 peaJ’IBHOﬁ
HpaKTH‘ieCKOﬁ 3aJa4yu. OTa 3aa4a SBJIACTCA YAAYHBIM HOPUMEPOM IPAKTUYICCKOI'O
MNPUMCEHCHUA JICKCUYCCKUX aHAJIU3aTOpPOB, HNPUYEM B JAHHOM Cily4dae JICKCHYECKHI
AHAJIU3aTOp HE ABJACTCA YaCTbO KOMIWIATOPA, a BBICTYHNACT KaK CaMOCTOSATCIbHAsA
nporpaMMmHasl €JIMHUIIA. Taxwne NpUMEPLI NOBOJIBHO YaCTO BCTPEYANOTCA B peanLHoﬁ
JKM3HH, ITOCKOJIbKY, KaK YiXKE OBLIO OTMCUYCHO, JIEKCHYECKHI aHaIu3 HaXOJUT MPUMEHECHUEC
HC TOJIBKO B KOMITUJIAIIUH.

3a0aua: wMeercs WCXOIHBIA TEKCT MPOTPaMMbI, HANHMCaHHOW Ha s3bike Pascal,
HEOOXO0/IMMO HalTH B 3TOM TEKCTE BCE CTPOKOBBIE KOHCTAHTHI U 3aIMCaTh UX B OTACIbHBIN
(aiin.

NMPUMEYAHUE

Ha npaktvke Takas 3agada MOXET BO3HUKHYTb, Hanpumep, Ans nepesBoga
WHTEpdeca U TEKCTOBbIX COOBLLEHMI NporpaMmMbl C OQHOTO si3blka Ha ApYrow
(ckaxxeM, C pyccKOro Ha aHrnuinckun). B atom cnyyae BblibpaHHblE U3 UCXOAHOTO
TEeKCTa CTPOKM Hafo OTAATb NepeBOAYMKY, KOTOPOMY BECb WMCXOAHbIA TEKCT He
MHTepeceH (Ja 1 pa3bmpaTbCs B HEM OH HE CMOXET).

Hano OTMETUTH, YTO B AAaHHOM CJIy4da€ 3ajava JICKCUYCCKOro aHajim3daTopa 3HAYUTCIBHO

yKe, 4eM 3a1ada JICKCHUeCKOTo aHanu3artopa koMmmmwistopa Pascal. AnamuzaTop moinkeH
HalTH TOJILKO BCE CTPOKOBBIE KOHCTAHTBI, He OOparias HUKAaKoro BHUMaHUS Ha BCE
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ocranbHbIe JieKceMbl. Takke HeT HeOOXOMUMOCTH 3AMOJHSITh TaOJHIly JeKCEM U TaOIUIly
HICHTU(PHUKATOPOB — COIOCTABIICHHE JIEKCEM M AaibHENIIas 00paboTKa TEKCTa HE BXOIAT
B IMOCTAHOBKY 3afa4d. V, KOHEYHO e, HET HeOOXOJUMOCTH MPOBEPSATH MPABHIHHOCTH
MCXOHOW MPOrpaMMbl — 3TO HE 3a/a4a JEeKCHUECKOT0 aHATU3aTopa.

IMeHHO 1O NMpUYMHE HAIVIAIHOCTU U MPOCTOTHI PEIIAEMOM 3aJaud JaHHBIA JIEKCUYECKUI
aHaM3aTOpP BEIOpPAH B Ka4eCTBE YAAYHOTO IPHMEpA.

TocTpoeHre JEKCHYECKOrO aHalIn3aTopa HAUuHEM C MOCTPOCHHUS TPAMMATHKH HCXOTHOTO
A3bIKa. MICXOMHBIM SI3BIKOM SIBIISIETCS SA3BIK CTPOKOBBLIX KoHcTanT Pascal. Jlns mocrpoenus
€ro TPaMMaTHKHU CIIEAYET pa300paThes, UTO MPEACTABIAET COOON CTPOKOBAas KOHCTAHTA B
s3pike Pascal.

CrpokoBast KOHCTaHTa B s3bike Pascal mMokeT cocTosTh M3 OXHON WM Gojee yacTeid,
COEIMHEHHBIX MEX 1y co00if 3HaKoM +. Kaxast 4acTh CTPOKOBOI KOHCTaHTBI HAYMHACTCS C
cUMBOJa ‘(OJMHApHAas KaBbIYKa) M 3aKaHUMBACTCAd CHUMBOJIOM ‘(OJIMHAapHAas KaBblYKa). B
COCTaB CTPOKOBOM KOHCTAHTBI MOTYT BXOJAUTH JI0OBIE aihaBUTHO-IIM(POBBIE CHMBOJIBL, HO
eci B HEe HAaJ0 BKIIOYUTh OJMHAPHYIO KaBBIYKY, TO OHa JOJDKHA OBITH ITOBTOpPEHA
nBaxapl: . Taxke B CTPOKY MOTYT OBITH BKJIFOYEHBI KOABI CHMBOJOB. B s3pike Pascal
OHM 3allMCHIBAIOTCS BOCBMEPHYHBIMH LU(paMu, CIEAYIONMMH 3a 3HakoM #. Kousl
CHMBOJIOB BKJIIOYAIOTCSI B CTPOKY JIMOO Cpa3y HOCIe 3aBepLIaloIell OIMHAPHON KaBBIYKH,
au00 ¢ moMoupl0 3Haka +. JIJId JIeKCMYecKoro aHanu3aTopa CTPOKOBas KOHCTAaHTa
CUNTAETCS 3aKOHYECHHOM, €CIIM TI0CIIe OYepPEeTHOM €€ YacTH OH BCTPETHII JIF000H anaBUTHO-
dpoBoi CUMBOJI, KpOME 3HAKOB + M #, WM KoHell (aita. Bce cuMBoOIIBI, HE BXOSIINE B
CTPOKOBbIE KOHCTAHTHI, aHAIM3aTOPOM JOJKHBI HTHOPUPOBATHCSL.

Jnist mpocToThl M yno0CTBa paboThI Jajiee OyneM CUMBOJIOM b 0003Ha4YaTh Bce HE3HAUAIUe
CHUMBOJIBI sI3bIKa (TIpOOeNBl, 3HAKM TaOyNAIMM U MEepeBOAa CTPOKH), CUMBOJIOM d — BCE
JIOITyCTUMBIE BOChMepHYHble UQpH (0T 0 m0 7), a CHMBOIIOM & — BCE OCTalbHBIC
angaBUTHO-ITU(PPOBLIE CUMBOJIBI, KPOME CHMBOJIOB, 0003HAYEHHBIX Yepe3 b u d, a Takxke
CHUMBOJIOB ', + U #. CumBoiOM L Oymem 0603HadaTh KOHeI] (paiina.

Torma rpaMMaTHKy sI3bIKa CTPOKOBBIX KOHCTaHT Pascal MOXHO 3ammcarh CIEyROLIHM
obpazom: G1({a,b,d,',+#},{S1,52,53,54,D1,D,,D3,S},P,S), a ee npasuna P:

S1— ' S1a|Sib | Sid | Sut+ | Sa# | S2' | S4' | D'

S —> St

Sz — Sob | Ssb

Ss —> So+ | Sgt | Sab | Do+ | Dat+

D1 — #| Soft | St | Dott

D, — Dad | Dod

Ds — Dob | Dsb
S—a|b|d|+|S:a|Ssa|Ssa|Doa|DsalSxL|Ssl|DoL|Dsl

OTta TpaMMaTHKa YYHWUTBIBACT CTPYKTYPY BCEX BO3MOXKHBIX CTPOKOBBIX KOHCTAHT A3bIKa
Pascal, HO OHa HECAOCTATOYHA MJIA MOCTPOCHUA JICKCUYCCKOT'O aHaJIn3aTopa, NMOCKOJIbKY HE
YUYUTBIBAET KOMMEHTApPUHU, KOTOPBIC MOTYT BCTPEUYATHCA B TEKCTE HCXOIIHOﬁ IIpOoTrpaMMBlI.
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EcrecTBeHHO, aHamM3aToOp [ODKEH WIHOPHUPOBAaTH KOMMEHTapHH M BCE CTPOKOBBIC
KOHCTAHTBI, KOTOPBIE MOTYT OBITh BHYTPH KOMMEHTAPHEB.

S3eik Pascal mpemycmaTpuBaeT IBa HE3aBHCHMBIX BapHaHTa KOMMEHTapueB. I[lepBbrit
BapMaHT: KOMMEHTAapHil HAUMHAETCS IIOCIEIOBAaTEIbHOCTHIO CHMBOJIOB (* W
3aKaHYMBAETCS IIOCIIEOBAaTEIbHOCTHI0 CHMBOJIOB *), BTOPOH BapuaHT: KOMMEHTapuit
HAYMHACTCS C CHMBOJIA { W 3aKaHYMBACTCS CUMBOJIOM }. KoMMeHTapum MoryT comepkartb
Tr00bIe a1(aBUTHO-III(PPOBHIE CHUMBOJIBL.

Torza rpaMMaTHKy KOMMEHTapHeB s3b1ka Pascal MOKHO 3amucaTh CIeTyFOIEM 00pa3oM:
Gz({a,b,d,',+#,(,*,).{,.}}{C1,C2,C3,C4,S},P,S), a ee npasuna P:

C1— (] Cy(

Co— C1* | Caa | Cab | Cad | Co' | Cot | Cott | Ca | C2) | Cof | C2} | Caa | Cab | Cad | Cs' | Cat |
Caft | Ca(| Ca{ | Ca}

C3—>C2*|C3*
Ca— {|Ci{ | Csa| Cab | Cad | Ca' | Cat | Catt | Ca( | Ca* | Ca) | Cu{
S—alb|d|+]|*])|Cia|Cib|Cid]|Ci+|C1)|Cs)|Ca}

3nech a o0o3HauaerT yxke Bce an(aBUTHO-IU(POBbIE CHUMBOIBI, KPOME CHMBOJIOB,
0003HaYeHHBIX paHee uepe3 b u d, a Takke CUMBOJIOB Y, +, #, (, *, ), { U }.

NMPUMEYAHUE

OTa rpammartuvka nocTpoeHa Takum 00pas3om, 4YTOObl MrHOPUPOBATb WMCXOAHbLIN
TEKCT MPOrpaMmsbl, He BXOAALMIA B KOMMEHTapPUMW.

Ha ocHoBe nBYX mocTpoeHHBIX TpamMMaTHK Gi; u G2 MOXKHO peann30BaTh JIEKCHYECKUH
aHaM3aToOp, peIIAloNIMid 3aJady B JBa dTama (OH Kak OBl OyIeT COCTOSTh W3 IIBYX
JIEKCHMYECKUX aHann3aTopoB). Ha mepBoM 3Tame M3 MCXOMHOW MPOTPaMMBI HCKITFOUAIOTCS
BCe KOMMEHTAPHH aHAIIN3aTOPOM, Ha OCHOBE IpaMMatuku G, ¥ TOTYYCHHBINA B PE3yJIbTaTe
TEKCT 3alHMCHIBACTCS B MPOMEXYTOUHOE XpaHWiuIle NaHHbIX (¢aim). Ha Bropom sTame
WCXOAHBIA TEKCT M3 MPOMEXYTOUHOTO XpaHWIHMIA 0OpabaThiBaeTCs aHAIM3aTOPOM Ha
ocHoBe TpamMMaTHKH (Gi M B HEM HIIYTCS BCE CTPOKOBBIE KOHCTAHTHIL Ilomaydum
JIBYXTIPOXOJIHBIN JIEKCUIECKUI aHATTN3aTOpP.

OpnHako aHANIM3aTOp MOXKHO YIPOCTUTH, €CIM TOCTPOUTH TPAMMATHKY SI3bIKA, KOTOPBIH
OyzmeT BKIIOYATh B ceOsi U CTPOKOBBIE KOHCTAHTHI, 1 KOMMeHTapuu si3bika Pascal. Takyio
rpaMMaTHKy MOXHO TOCTpouTh Ha ocHOBe Gi1 m Gy. Hamo ToNBKO ydecTs, 9TO CTPOKH U
KOMMEHTapul MOTYT CJeJ0BaTh B TEKCTE HMCXOJHON MporpamMmbl Jpyr 3a JIpyroM B
IIPOU3BOJIBLHOM MOPSIIKE, a TAKXKE TO, YTO CUMBOJIBL, OTPAaHUYUBAIOIINE KOMMEHTApPUU — (,
*,), { ¥} — MOryT BXOQUTH B COCTAaB CTPOKH.

I'pamMmaTHKy CTPOKOBBIX KOHCTAaHT W KOMMEHTapueB s3blka Pascal MokHO 3ammcaTh
CIIEIYIOIINM 00pa3oM:

G({ab,d, +#(*).{}} {C1,C2Cs5C4,51,S2,53,54,D1,D2,D3,K1,K2,Kz,Kg,Ks,S}, P, S), a ee
npaBuia P:
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Ci— (| Cy(

Co—>Ci*|Coa|Cob|Cod | Co' | Cot | Cott | Co(| C2) | Co{ | C2} | Csa| Csb | Cad | Cs' | Cat |
Catt | Ca(| Ca{ | Ca}

Cs > Co* | Cs*

Co—> {|Co{|Caa|Cab|Cad | Cs' | Cat | Catt | Ca( | Ca* | Ca) | Cef
S1—'|Ki'|Ks'|S1a| Sib | Sid | Si+ | Sa#t | Sa( | Sa* | S1) | S1{ | S1} | S2'| S4' | D2' | Co'
S;—> S5

Ss— Sib | Sab

Sy —> Sp+ | Sy+ | Sub | Dot | Da+ | Kt

Dy —> #] St | Sa#t | Dot | Cuft | Kt | Kstt

D; — Dyd | Dod

D3 —> Dyb | Dsb

K1 — Sa( | Sa( | Sa( | D2( | Da( | Ks( | Ka( | Kb

Kz > Ki* | Koa | Kob | Kod | Ko' | Kot | Ko# | Ko( | K2) | Kof | Ko} | Ksa | Ksb | Kad | Ks' | Ka+
| Ka# | Ks( | Ks{ | Ks}

K3 —> Kz* | K3*

Ka = So{ | Ss{ | Sa{ | D2{ | Da{ | Ko | Ks{ | Kaa | Kab | Kad | Ka' [ Kat | Ka# | Ka( | Ka* | Ka)
| Ke{

K5 —> K3) | K4} | K5b

S—>a|b|d|+|*|)|C1a|Clb|C1d|C1+|Cl)|C3)|C4}|K1a|K1d|K1+|K1)|K5a|K5)
|Sza|52)|S3a|S3)|S4a|Dza|Dz)|D3a|D3)|52J_|83J_|D2J_|D3J_|K5J_

Ha ocHOBe 3TOl rpaMMaTHKU MOXHO CTPOUTbH OJHOIIPOXOJHBIM JIEKCUYECKUII aHAIU3aTOp,
BBITIOJTHSOIINI MOUCK CTPOKOBBIX KOHCTAHT B MCXOJHOI mporpamme Ha si3bike Pascal.
JlaHHBIN aHANU3aTOP UTHOPUPYET KOMMEHTapHH, & TAKXKE BECh OCTAJIbHOM TEKCT UCXOIHOM
IIPOrPaMMBbI, HE COJIEPKALIMM CTPOKOBBIX KOHCTAHT.

Ora TpamMmaThKa SBISETCS AaBTOMATHOM TIPaMMAaTHKOW, TII0O3TOMY Ha €€ OCHOBE
aJIeMeHTapHO mpocto moctpouth KA. OH Oymer uMeth 18 cocTosiHuit. MOXHO 3aMETHUTH,
yro moctpoeHHbIE KA Oyner JeTepMHHHUPOBAHHBIM, IIO9TOMY €ro Cpa3y MOXKHO
peanu3oBaTh B IPOrpaMMHOM KOJI€ JEKCUUYECKOI'0 aHAIIU3aToPa.

Jlekcnueckuii aHanmM3aTop, Mojenupylomuil pabory nanHoro KA, HaumHaer cBoe
(yHKIIMOHMPOBaHUE C Hayajla MPOCMOTPa MCXOAHOTO TekcTa nporpammel. Ilpm stom KA
HaXOJIUTCS B HA4aJbHOM COCTOSAHUHU. EcnM cUMBONI Ha BXOJE€ HE OTHOCUTCS HH K
KOMMEHTapHIO, HA K CTPOKOBOW KOHCTaHTE, TO aHAJM3ATOP MIPOCTO MPOITYCKAET €ro — IpPH
stoM KA cpa3y nmepexoanT B KOHEYHOE COCTOSIHHE, a TIOTOM aHAJIU3aTOpP JOJDKEH BEPHYTh
€ro B HavyaJIbHOE COCTOsHHE. ECIIM CHMBOJI OTHOCHTCSI K CTPOKOBOM KOHCTaHTe, To KA
HAYMHAET MEPEXOANTH MO BCEM COCTOSHUSAM, OTHOCSIIMMCS K CTPOKOBOI KOHCTaHTE (BCE
cocrostHus Si W Dj). Jlekcuyeckwil aHAIM3aTOP JOJDKEH IIPH JTOM 3allOMHUHATh BCE
CHUMBOJIBI KOHCTAHTHI (CTpoKy). Ecnm BcTpeuaeTcs kKoMMEHTapuil, He CIEIYIOUINHA IOoCie
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CTPOKOBOH KOHCTaHTHI, TO JIEKCHUECKHUI aHAIN3aTOP AOJDKEH MPOIMYCTHTh BCE CUMBOJIBI 1O
koHma komMenTapust (KA mpu stom Haxogures B coctosausax Ci). Ecnu mocne cTpoxoBoit
KOHCTAHTBI BCTPEYACTCs] KOMMEHTApUH, TO JIEKCHYECKHH aHaNIN3aTop JOJDKEH HPOITYyCTHTh
ero (KA mpu sTomM Haxomutcs B cocTosHISIX Kj), a 3aTeM 0XHIaTh THOO IPOJOIKEHHS
CTPOKOBOI KOHCTaHTHI, MO0 ee koHMa. Ilpm mepexome KA B koHe4HOe cocTosHHE S
aHaJIM3aTOP 3aMHChIBACT CTPOKY B pe3ynbTHpytomuii daiin, a KA Bo3Bpamiaer B HauaibHOE
COCTOSIHHE.

Takum obpazom, Tpad mepexomoB KA sexcndeckoro aHammzaTopa IOMCKa CTPOKOBBIX
KOHCTaHT s13bIKa Pascal 1ommkeH ObITh HarpykeH (QyHKIHAMH:

® CO3JaHueC HYCTOI>'I CTPOKH IJId 3alIUCH oqepe;[HOf/'I CTpOKOBOﬁ KOHCTAHTBI;
o ,HO6aBJ'IeHI/Ie CHMBOJIa WJIN NOACTPOKU B KOHCIL CTpOKOBOﬁ KOHCTAHTBI;

® 3a1KCh CTPOKOBOM KOHCTaHTHl B PE3YJBTHPYIOIIUH (aiiil M OYMCTKA CTPOKH IS
CIeAYIOIIEe CTPOKOBOM KOHCTAHTHI.

Harpy3us rpad mnepexomoB KA cooTBeTcTByrOmMMH (YHKIMSIMHU, MMOJYYUM KOHCUHBIH
npeoOpas3oBaTeib, MPeoOpa3yIoNMii HUCXOAHYI0 Nporpammy Ha s3bike Pascal B daiin
CTPOKOBBIX KOHCTAHT 3TO# MPOrpaMMBbI.

MoXHO 3aMeTuTh, 4TO MOCTpoeHHbIH KA He sBIseTCA MONHOCTBIO OINpEIeNICHHBIM. JTO
BBI3BAHO TEM, YTO CYIIECTBYIOT OIIMOKH, KOTOPBIE MOTYT OBITh OOHAPY>KEHBI C IIOMOIIBIO
JAHHOTO JICKCHYIECKOTO aHaIM3aTopa (XOTS 3TO M HE ABISIETCS €ro OCHOBHOM 3amadveii).
[IpumepoM Takoi OOHapYKMBaeMOW OMIMOKH SBIICTCS HE3aKPHITHI KOMMEHTAPHIA.
OOk MOXXHO 00O03HAYMTH OTACNIBHBIM «OIIMOOYHBIM» HETEPMUHAIBHBIM CHMBOJIOM
rpaMMaTHKd E W cooTBeTcTByIOmnM coctosiHueM KA. IlpaBuno oOHapykeHHs OmMOOK
MOJKHO 3aIIFCaTh B BHJIE:

E—}|Ci} | Ki}|Sod | So* | So} | Sad | Sa' | Sa# | Sa* | Sa} | Sad | Sat | Sa* | Sa) | Sa} | Ksd |
Ks* | Ks} | Dia| Dib | Di' | Dit [ Da# | Di( | Do* | D1) | Doif | Da} | D2* | D2} | Dsd | Ds' |
Da# | Ds* | D3} | C1L | Col | Cal | Cal | Kol | Kol | KaL | Kal | Sal | Sal

JlononHuB rpaMMaTuKy G 3THM IPaBHIOM, MOKHO MTOCTPOUTH HOJIHOCTBIO OIPEAEICHHbIH
nerepmuHupoBaHHbli KA. Jlyrm mepexoloB B cOCTOSIHME E 3TOro aBTOMaTa Haao
Harpy3uth (pyHKIMEH BBIAAYH MOIB30BATEII0 COOTBETCTBYIOMIETO COOOIIEHNS 00 OImmoOKe.

COBET

PekomeHayemM  uyuTatensam  CaMOCTOATENbHO — peanu3oBaTb  NEKCUYECcKUit
aHanu3aTop Ha OCHOBE MOCTPOEHHOW rpaMMaTuKU U MPOBEPUTL ero paboTy Ha
noBGOM MCXOAHOM TEeKCTe nporpammbl Ans s3bika Pascal.

I[aHHLIﬁ MNpUMEpP AOCTATOYHO HATrSIAHO WIUIFOCTPUPYET, KAK MOPOCTO MOKHO pelaTb

3ajaud JIEKCHMYECKOIO aHaln3a, HCIONb3ys MAaTEeMaTUYECKU! amnmaparT peryyspHbIX
rpammaTtuk 1 KA. Ilocne nmoctpoenuss KA 3amada paspaboTunka 3aKiroyaeTcsi TOJIBKO B
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MOJICIIMPOBAHHUH €T0 PabOTHI (UTO AIEMEHTAPHO MPOCTO) M PEATH3aINN BCEX HEOOXOIMMBIX
(ynxuuit npu nepexoge KA u3 ogHoro cocrosnus B apyroe’.

Hpyrue mpuMepsl MOCTPOSHHS JICKCHYIECKUX aHAIM3aTOPOB MOXKHO HAWTH B KHHUrax [42,
58].

ABTOMaTVISaLIVIH NMNOCTPOEeHUA NNeKCn4eCKnx aHanmsatTopoB (nporpamma
LEX)

Jlexcu4eckue pacrio3HaBaTeIH (CKaHEPbhI) — 3TO HE TOJIBKO BaXKHAsl YaCTh KOMIHJIATOPOB.
Kak 0OpuTO MOKa3aHO BBINIE HA IIPUMEPax, JEKCHYECKUH aHaJIN3 NPUMEHSIETCS BO MHOTHX
JIpYruX OONacTsAX, CBSI3aHHBIX C 00pabOTKOHW TEKCTOBOM MH(OpMAaIUK Ha KOMIIBIOTEpE.
[Ipexnae Bcero, ISKCHIECKOTO aHAIN3a TPEOYIOT BCE BO3MOXKHBIE KOMaH/IHBIE IPOLIECCOPHI
U YTUJINTBIL, IPeIyCMaTPUBAIONINE BBOJ KOMAaHIHBIX CTPOK M MapaMETPOB MOIb30BaTENEM.
Kpome Toro, xors Obl camblii NPUMHUTHBHBIA JIEKCHYECKUI aHaaM3 BBOJUMOIO TEKCTa
NPUMEHSIOT TPaKTHUYECKH BCE COBPEMEHHBIE TEKCTOBBIC PEJAKTOPhl U TEKCTOBBIE
npoueccopsl. [IpakTuuecku 000l Oosiee-MeHee cepbe3HbIN pa3paboTYHK MPOrpaMMHOTO
obecrieueHHss paHO MM MO3JHO CTAJIKUBAECTCS C HEOOXOAMMOCTBIO peIlaTh 3ajady
JlekcHueckoro aHanusa (pasbopa)®.

C oJHOU CTOPOHBI, 33/1a4H JICKCHYECKOTO aHaIN3a UMCIOT IIHPOKOE PACIIPOCTPAHCHHE, a C
JpYroil — JIOMyCKalT 4YeTKO (opMann30BaHHOE pEIICHHE HAa OCHOBE TEXHHUKU
mojenupoBanusi paboret KA. Bce 23T0 BMecTe mOpemonpeAennio  BO3MOXKHOCTh
ABTOMATH3AIMK PEIIeHNs] JaHHOW 3ajaun. M mporpamMMbl, OPHEHTHPOBAHHBbIE Ha €€
pellieHre, He 3aMEJUTHIIN MOSBUTHCS. [IpryeM, MOCKOIbKY MaTeMaTthdeckuii ammapar KA
M3BECTEH YK€ JIMUTEILHOE BPeMs, 1a U C 3a/[auaMK JIEKCHUECKOT0 aHAJIU3a MPOrPaAMMHCTBI
CTOJIKHYJIMCh JOBOJBHO JIAaBHO, TO M MPOrpaMMaM, MX DEIIAIOIUM, HACUMTHIBACTCS HE
OJIMH JIECSITOK JIET.

Jnst pelneHust 3a7a4 MOCTPOCHUS JIEKCUYECKHX aHAIM3aTOPOB CYLIECTBYIOT pPa3iMdHbIC
nporpamMmMbl. Hanbosee n3BecTHOH cpenu HUX aBiseTcsa nporpamma LEX.

LEX — mporpamma i TeHEpaluu CKaHepOB (JIEKCHMYECKUX aHalu3aTopoB). BxomHoit
S3BIK COAEPXKUT OINHCAHMA JIEKCEM B TEPMHHAX PETYISAPHBIX BBIpaXeHUH. Pe3ympTaTom
paborer LEX sBnsercs mporpamMma Ha HEKOTOPOM SI3bIKE MPOTPAMMHPOBAHHS, KOTOpas
YyuTaeT BXOXHOM (aisr (0OBIYHO 3TO CTaHAAPTHBIA BBOA) M BBIIENSET W3 HETO
MOCJIC/IOBATENILHOCTH CHMBOJIOB (JIEKCEMBbI), COOTBETCTBYIOIINE 3aaHHBIM PEryJIIPHBIM
BBIPA)KECHUSIM.

7 PaccMOTpEHHBII Bblllle MPUMEpP TPU Pealn3allid 0e3 MCMONb30BaHUS MAaTEMAaTHYECKOTO
ammapara JEeKCHYeCKOTO aHaji3a MpUBeJI K MHOTOYMCIEHHBIM OIIMOKaM pa3paboTumka, B
pe3yipTaTe MCHOPABICHUS KOTOPBIX M3HAYAJIBHO HECJIOXKHBIM TEKCT MpOrpaMMbl
NpEeBpaTHiICS B MyTaHUILY «3aIUIATOK», Pa300paThcsi B KOTOPHIX HE CMOT B KOHIIE KOHIIOB U
caM pa3pabOTUK.

8 C npyro#i cTOpOHBI, Jaieko He Kak/blii pa3paboTuMK, CTONKHYBINHMCH C 3TOW 3ajadve,
MOHUMAET, YTO OH MMEET JEJI0 UMEHHO C JIEKCMUECKUM aHanu3oM Tekcra. [loatomy He
BCEr/la TaKWe 33/1a4d pelIaroTcsl JOJDKHBIM 00pa3oM, B 4eM aBTOp MOT yOenuThCs Ha
COOCTBEHHOM OIBITE.
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HUcropus mporpammel LEX TecHO cBs3ana ¢ mcropuei onepannonHbeix cucreM truma UNIX.
Ora nporpamma nosieriack B cocrase yrwaut OC UNIX u B HacTosimiee BpeMsi BXOJIUT B
MOCTaBKy mHpakTudeckd Kaxknoid OC storo Tuma. OgHAKO ceddac CYIIECTBYIOT BEpPCHH
nporpamMbl  LEX mpaktmuecknm gms mo6oit OC, B TOM 4YHCIe [UIi  IIHPOKO
pacmpocrparernsix MS DOS u MS Windows Bcex BepcHid.

Mockompky LEX mosBumace B cpene OC UNIX, TO mepBoHaYambHO S3BIKOM
NPOTPAMMHUPOBAHKS, HAa KOTOPOM CTPOWIMCh MOPOXJAaeMble €I  JIGKCHYCCKHE
aHamu3aTopbl, OblT 136k C. Ho co Bpemenem mosiBuinch Bepcuu LEX, mopoxmaromrue
CKaHephl U Ha OCHOBE APYTHX SA3bIKOB MPOrPAaMMHPOBAHUs (HAIPUMEP, U3BECTHBI BEPCUH
quist si3pika Pascal).

COBET

[nsa noucka HyXHOW BepcuM nporpaMmbl nekcudeckoro aHanmsa LEX aBTop
CoBeTyeT 3aMHTepecoBaHHbIM NuLaM Mpexae BCero obpatnTbCs BO BCEMUPHYIO
ceTb NHTepHeT. B HacTosiee Bpems CyLLECTBYET OrPOMHOE MHOXECTBO BEPCUNA
3To M MoAoBHbIX el nporpamm aBTOMAaTU3auUMU MOCTPOEHUS MEeKCUYECKUX
aHanM3aTopos.

Hpuanun padotsr LEX mocratouno mpoct: Ha BXOA el momaercss TEKCTOBBIA (Qaifn,
CONICP AL OMICAaHUS HYXHBIX JICKCEM B TEPMHHAX PETYILIPHBIX BEIpAKCHHH, a Ha
BBIXO/I€ MoJiy4daeTcs (aii ¢ TeKCTOM HCXOJHOM MporpaMMbl CKaHepa Ha 3a/IaHHOM SI3bIKE
nporpammupoBanust (00614HO — Ha C). TekcT HCXOAHON MPOrpaMMBbl CKaHEpa MOXKET ObITh
JIOTIOJTHEH BBI30BaMU JIIOOBIX (QYHKIUN U3 JHOOBIX OMOIMOTEK, MOAICPKUBAEMBIX TaHHBIM
S3BIKOM M CHCTEMOMW IporpamMMmupoBaHus. Takum obpaszom, LEX mo3Bomnser 3HaUMTEIHHO
YOPOCTUTH Pa3pabOTKy JIEKCHYECKUX aHAJIM3aTOPOB, MPAKTUYECKH CBOAS 3Ty paboTy K
OIIMCaHMIO TPEOYEMBIX JICKCEM B TEPMHUHAX PETYISPHBIX BHIPAKCHUN.

Bonee moapobuyro mHbpopMarmro o padote ¢ mporpammoii LEX moxuo momyunts B [3, 9,
22, 31, 53, 55, 58, 62].

KOHTpOﬂbeIe BOMNpPOCHLI 1 3aga4yumn

Bonpochbl

1. Kakue rpaMMaTHKH OTHOCSTCS K PEryJisipHeIM rpammarukam? HasoBute aBa kiacca
PeryspHBIX rpaMMaTHK. Kak OHM COOTHOCSTCS MEXIY COO0i?

2. B d4eMm 3akimo4aeTcs OTIIMYHE AaBTOMATHBIX TpaMMaTHK OT JPYTHX PeryJISPHBIX
rpammaTuk? Beskas mu peryispHas rpaMMaTHKa SBISETCS aBTOMAaTHON? Bceskas im
peryinspHas rpaMMaTHKa MOKET OBITh IpeoOpa3oBaHa K aBTOMaTHOMY BUIY?

3. Ecnu s3bIK, 33JaHHBIA PEryNspHOW I'PaMMATHKOW, COJEPKUT IMYCTYIO IENOYKY, TO
MOJKET JIM OH OBITh 33JJaH aBTOMaTHOH IPaMMaTHKO?

4. MoxHO 11 rpa(b NepexXoa0B KOHEYHOT'O aBTOMATa HCIIOJIB30BaTh JId OJAHO3HAYHOTO
OIpCACIICHNA JaHHOT'O aBTOMAarTa (I/I €CJIM HECT — TO HOquy)?
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10.

11.

12.

Bcerna mm  HemerepmuHHMpoBaHHBIE KA  Moxer ObITb  mpeoOpazoBaH K
JIETEPMUHAPOBAHHOMY BHAY (€CJIM HET — TO B KaKHX CITydasx)?

Kakoe MakcuManbHOE KOJIMYECTBO COCTOSSHUM MoxeT conepxkateh KA mnocne
npeoOpa3oBanust W3 HegeTepMuHHpoBaHHOTO KA? Bceerma nm 3TO KOJIMYECTBO
COCTOSTHUH MOYKHO COKPaTHUTbH?

YeMm paznuuarorcsi Tabimma JiekceM M Tabnuia uaeHTudukaropo? B Kakyio u3 3THX
TaONMI, JIEKCMYEeCKUI aHalu3aTop HE JOJDKEH ITOMEIaTh KIFOYeBHIE —CIIOBA,
pasfenuTeNny U 3HaKy Oleparui?

SIBIAIOTCS 1M PETYIIIPHBIMUA MHOKECTBAMU CJICAYIOIIHE MHOKECTBA!

® MHOXKECTBO LIEJIbIX HATypalbHbIX YUCEL,

® MHOXKECTBO BELIECCTBECHHBIX YUCEL,

® MHOXECTBO BCEX CJIOB PYCCKOTO SI3bIKa;

® MHOXXECTBO BCEX BO3MOXKHBIX CTPOKOBBIX KOHCTAHT B si3bIke Pascal;
® MHOXECTBO UPPAllMOHAJIbHBIX YHCEL,

® MHOXXECTBO BCEX BO3MOXHBIX BEIIECTBEHHBIX KOHCTAHT si3b1ka C?

Ha ocHOBaHMM CBOWCTB PEryJISPHBIX BBIPAKEHHHA JOKAXKHUTE CIETYIOLIHE TOXKIECTBA
JUISL TIPOU3BOJIBHBIX PETYJISIPHBIX BBIpAXKEHUH o, B, ¥ 1 O:

1 (a+B)B+7)=0ad+ay+pd+Py
2. 8(ou+ B)y = day + 5Py

3. B+Ba+pa’=pa’

4. B+Boa” +Poaa” =P’

5. day0" + day + 8y = S’y

6. (0"+ oo +aoa”) =a"

Hcnone3ysa cBoiicTBa peryisipHbIX MHOXECTB, IMPOBEPHTE, SBISIOTCS JTH HCTHHHBIMH
CJIE/IYOLIME TOXKAECTBA JJIsl TPOU3BOJIBHBIX PETyJSIPHBIX BbIPaKEHHN oL U 3

L (a+p)=(aBY)

2. (op) =o'p’

3. (a+A)'=a"

4 o+ = OB

5 a'a"=a

[Touemy BO3MOXHEI J1B€ (GOPMEI 3aIIMCH YPABHEHHUH ¢ PEryISIPHBIMH KodhdunreHTamMn?
Kak oHM cooTHOCSTCS C IBYMsI KJIacCaMU PETYJISPHBIX TPAMMATHK?

MoxHO N JUId  S3bIKa, 3aaHHOTO JICBOJIMHEWHOH TIPaMMAaTHKOW, NOCTPOHUTH
MPaBOJIMHEHHYIO TPAMMAaTHKY, 3aJIafONYI0 SKBUBAJICHTHBIH S3bIK?
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13.

14.

15.

Besikas nm perynsipHas TpaMMaTtHKa SIBIsSeTCA OAHO3Ha4HOW? Ecim Her, To mpusenuTte
IIpUMEP HEOJHO3HAUYHOM PETYISIPHOM IPaMMAaTHKH.

Kakwue u3 crnenyiomux yTBep KIeHUH SBISIOTCS NCTHHHBIMU:

€CITH S3bIK 33/1aH PETySIPHBIM MHOXECTBOM, TO OH MOJKET OBITH 3a7aH IPaBOINHEHHOMN
rpaMMAaTHKOM;

ecnm 351K 3a1aH KA, To o MoxeT ObITh 3a1an KC-rpammatukoii;

ecnu s3bIK 3amaH KC-rpaMMaTukoi, TO i1 HEro MOXHO IOCTPOUTH pEryispHOe
BBIPAYKEHUE;

ecnu s13bIK 3a7aH KA, To 111 Hero MO>KHO NMOCTPOUTH PETYJISIPHOE BBIPasKEHHE.

MOo3KHO JI1 JUI IBYX JIEBOJIMHEHHBIX TPaMMaTHK JJ0Ka3aTh, YTO OHU 3aJ1al0T OJMH U TOT
JKe S3bIK? MOXKHO JIM BBIIOJIHUTEL TO K€ CaMO€ J0Ka3aTeIbCTBO JJIA JIEBOJMHEHHOM U
MPaBOJMHENHON TpaMMaTHK?

3apaum

Onpez[enHTe, KaKUC M3 NCPCUHCIICHHBIX HWIXC I'PAMMATHUK ABJIAIOTCA PCTYJIAPHBIMH,
HeBOHHHeﬁHLIMH, HpaBOJ’IHHeﬁHHMH, ABTOMATHBIMHU:

G ({".",+,-,0,1}, {<umcno>,<uactb>,<uudbpa>,<ocH>}, Py,
<4Umncyio>)

P;: <umcno> — +<ocH> | —-<ocH> | <ocH>
<OoCH> — <uacTb>.<uacTb> | <dyacTb>. | <yacTb>
<yacTb> — <umdpa> | <uacrTb><uudpa>

<umbppa> — 0 | 1

Gy ({".",+,—-,0,1}, {<umcno>,<uactn>,<ocH>}, Py, <umciso>)
P,: <umcno> — +<ocH> | —-<ocH> | <ocH>

<ocH> — <yacTb>. | <uyacTb> | <ocH>0 | <ocuH.>1

<yacte> — 0 | 1 | <uacTb>0 | <uacTtbp>1l
Gs({".",+,-,0,1}, {<umcyo>,<uacTb>,<0CH>}, P3, <umcyio>)
P3: <umcio> — +<ocH> | —-<ocH> | <ocH>

<ocH> - 0 | 1 | O.<uacrte> | l.<uactes> | O<ocH> | l1l<ocH>

<yacte> —> 0 | 1 | O<uactp> | 1l<uacTb>

Ga({".",+,-,0,1}, {<3Hak>,<umcyio>,<yacTb>}, Py, <umciso>)

P,: <umcnao> — <3Hak>0 | <3Hak>1l | <uacTe>. | <umcjgo>0 |
<upcyio>1

<yacTb> — <3Hak>0 | <s3Hak>1l | <uactp>0 | <uacTb>1
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<3HaAK> —> A | + | -

Gs({".",+,-,0,1}, {<BHak>,<umciuo>,<uacTtb>,<ocH>}, Ps,
<4UmcJio>)

Ps5: <umciyio> — <yacTtb>. | <ocH>0 | <ocH>1 | <uacTe>0 |
<uacTp>1

<ocH> — <yacTb>. | <ocu>0 | <ocu>1

<uacTte> — 0 | 1 | <sHak>0 | <3Hak>1 | <uvacrtes>0 | <uacTb>1

<3HaAK> — + | -
IIpeobpasyiiTe k aBTOMaTHOMY BUAy rpaMMaTiki Gz u G4 u3 3amaun Nel.

IMocrpoiite KA Ha ocHoBanuu rpammatuk G wnu Gs uz 3amaun Nel. IIpeoOpasyiite
IIOCTPOCHHBIN aBTOMAT K ACTEPMUHUPOBAHHOMY BUJY.

3aman KA: M({H,I,S,E,F,G}, {b,d}, o6, H, {S}), O(H,b)={I,S},
0(H,d)={E}, 6(I,b)={1,S}, 6(I,d)={1,S}, 0(E,b)={E,F},
0 (E,d)={E,F}, 0 (F,b)={E}, 0 (F,d)={E}, d(G,b)={F,S},
0 (G,d)={S}; MUHUMH3HPYWHTE €0 U MOCTPONTE SKBUBAICHTHBIN JIKA.

14

3aman KA: M({S,R,Z}, {a,b}, 9o, S, ({Z}), 06(S,a)={S,R},
0 (R,b)={R}, O&(R,a)={2Z}. IIpeobpa3syiiTe ero K ACTCPMHUHUPOBAHHOMY BUAY U
MUHUMU3UpYHTE noayueHHbIH KA.

[TocTpoiiTe W peuiuTe CUCTEMY YpaBHEHHI C peryisipHbIMH KodhduimMeHTaMu st
rpammaTuku Gs u3 3agaun Nel. Kakoii si3bIk 3a/1aeT 3ta rpaMMaTKa’?

Jlokaxute, 9TO ypaBHEHHE C peryJSApHBEIME Kodddumuentamu X=oX+p wuMeer
pemenne X=a'(B+y), rae y 0603HAYAET MPOM3BOJILHOE MHOXKECTBO, B TOM CJIy4ae,
KOrZJa MHOXECTBO, OOO3HAUYCHHOE BBIPAKCHHUEM O, COICPKHUT IYCTYH IIEHOYKY.
(Yxa3aHHe: OCKOJIBKY MHOXXECTBO, 0003HAUYCHHOE BBIPAKEHHEM L, COJICPIKHUT MYCTYHO
LIEMOUKY, TO BEIPAKEHHE O, MOMKHO TIPEJICTABUTE B BUJIE 0=8+A, PH 3TOM o =3").

Pemmre cucteMy ypaBHEHHH C pPETyISpHBIMH KO3(pQHUIMEHTaMH HaJ an(aBUTOM
VvV ={0,1}:

X1=0Xo+ 1X; + A

Xo=0X3+ 1X,
X3=0X; +1X3
9. B s3pike C++ BO3MOXHBI JBa THIIAa KOMMEHTapHEB: OOBIYHBIN KOMMEHTapuii,

OTPaHMUYEHHBI CHMBOJIAMH /* W */, M CTPOYHBIA KOMMEHTApHi, HAYMHAIOUIUIICI C
CHUMBOJIOB // Y 3aKaHYMBAIOLIUICS KOHIIOM CTpOKU. [locTpoiiTe rpaMMaTHKy Ui TOTO
SI3BIKa, PeoOpa3yiTe ee K aBTOMAaTHOMY BHILY.
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YnpaxHeHus

1. Joxaxwure (oObIM ciocodbom), uro rpammaruki Gz, G4 u Gs n3 3amaun Nel 3anaror
OJIVH U TOT K€ SI3bIK.

2. [TloctpoiiTe perymsipHyl0 TpaMMaTHKy, KoTopas OBl ONMCBIBaNA SI3BIK CTPOK,
LEJIOYHCIICHHBIX KOHCTAHT U CTPOKOBBIX KOHCTAHT si3bika Pascal. [Toctpoiite u pemmte
CHCTEMY ypaBHEHHH C PEryJIipHBIMU KO3()(HUIIMEHTaMH Ha OCHOBE 3TOM rpaMMaTHKH.

3. B s3pike C++ BO3MOXHBI JBa THUIIAa KOMMEHTapueB: OOBIYHBIH KOMMEHTapHH,
OTpaHUYEHHBIH CUMBOJIAMHU /* U */, U CTPOUYHBIM KOMMEHTapUi, HAUMHAIOLIUICS C
CHMBOJIOB // W 3aKaHYMBAIOIIMIICS KOHIIOM CTpokH. [locTpoiite ckaHep, KOTOPbIil ObI
HaXOAMJ ¥ HCKITIOYAJ U3 BXOJHOTO TEKCTa Bce KOMMEHTapHH si3bika C++,

4. C nmoMoupio JEMMBI O pa3pacTaHUd Ul PETYISIPHBIX SI3BIKOB JOKA)XHTE, YTO S3BIK
L:={a"b" | n > 2} ne sBnsercs perymsipHsiM, a s3pik Lo = {a'™ | n > 1, m> 2} —
SIBJISICTCSI PETYJISIPHBIM.

5. TloctpoliTe ckaHep, KOTOPBIHA BBIACTUT ObI M3 TEKCTa BXOIHOU MPOrpaMMbl Ha si3bike C
BCE COJICpIKAIlUeCs B HEH CTPOKOBBIC KOHCTAHTHI M 3alIUCHIBA X B OTICIbHBIN (Daii.
CTpOKOBBIE KOHCTAHTHI B si3bIKe C COCTOST M3 CTPOK, OJMHOYHBIX CHMBOJIOB M KOJOB
CUMBOJIOB. JUIMHHBIE CTPOKOBBIE KOHCTAaHThl MOIYT IIPOJOJDKATBCS HA HECKOJIBKUX
CTpOKax HCXOJHOW mporpammsl moapsan. CTpoku oOrpaHudeHbl cUMBOlamMu """
(ABOYiHBIE KaBBIYKH), OJIMHOYHBIE CUMBOJIBI - CUMBOJIaMH ' ' (OJJMHApHBIC KaBBIYKH), a
KOJIbI CUMBOJIOB HAYMHAOTCSA €O 3HAaKa \ (0OpaTHas Kocas uepTa) U coiepskar udps’.

% Crnenyer 3aMeTuTh, 4TO 3Ta 3a]a4a OTHIOAL HE TaK MPOCTA, KAK MOXET IOKA3aThCs.
[Iporpamma nomkHA YMETh HE TOJIBKO HaXOIWTh B HCXOIHOM TEKCTE CTPOKH M OOBEANHSITD
UX MEXIY CO00, HO M IPaBUIBHO UI'HOPUPOBATH KOMMeHTapuH (koTopsix B C aBa THa).
IMosTomy myumie cHayajma KOPPEKTHO ONHUCaThb IpaMMAaTHKy, a HOTOM Ha €€ OCHOBE
HOCTPOUTH aBTOMAT.
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