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BBeneHue

O yem aTa KHUra?

KommnproTepHast Hayka — o01acTh BecbMa IparmatudHasi. B najireko He
YyXKIO0i eif MaTeMaTHKe IO CHX IMOp CYIIECTBYeT (XOTS M BeChMa yCIOBHOE)
pasfeseHue Ha «4UCTYIO» U «TIPHKJIATHYI0» BeTBH. HacK0JbKO MHE H3BECTHO,
MHOTHE MaTeMaTHKN U IIOHBIHE 3aHUMAIOTCS JIULIb A0CTPAKTHBIMU MOJEJISIMH,
HE MMEKMKUMH BHIMMOrO NPUMEHEHHS B COBpeMEHHOM Mupe. Hekoroprie
W3 TaKuX, Ka3ajock Obl, aBCOMOTHO OECIIONE3HBIX KOHCTPYKIINH, U3YYEHHBIX
B MPOLJIOM, MPUIIIKCE BECbMa KCTaTH Ceifuac; apyrue Bce erie XKIyT CBOero
MOMEHTA, TPEThH, BEPOSTHO, HE OKAXYTCSI BOCTpeOOBAHHBIMU HHUKOITIA, OCTa~
BasICh He 0oJiee YeM 3aTeJINBHIMUA MHTEIEKTYIBHBIMA HIPYLIKAMHU.

KommpioTepHas HayKa He BUTaeT B 00J1aKax, a MpOYHO CTOUT Ha 3eMJie. 31ech
BCEraa AeiCTBYeT MapKCHCTCKUIA IIPUHIMUI «IIPAKTHKA — KPHUTEPHI HCTHHBI».
JIioboe, naxe camoe, Ha TEpBLIH B3MIAL, aOCTPAKTHOE MOHATHE MPU3BAHO
COIeCTBOBATh PEIIEeHUIO MpaKTHYeCKux 3agad. MHorma, BlipodeM, KOMITbIO-
TEPHBIE MOJENH MOTYT YBECTH JAJIEKO OT PeasbHOCTH; ObIBAIOT U CHUTYALUH,
KOIZla H3HAYaJIbHO HCKYCCTBEHHBIC KOHCTPYKIIMK BhI3BIBAIOT XXUBbIE aHATOIHHI
¢ ApoueccaMy, IPOUCXOAAIIMMY B Iipupoze. Torna KoMmnploTepHas Hayka, OTO-
PBaBLIUCH OT IPUBBIYHOrO XKOHIMTUPOBAHUS YMCIaMH, HAYUHAET IPETEHI0BATh
Ha poJIb MOIIHOIO MHCTPYMEHTA, ¢ MOMOMIBIO KOTOPOro MOXHO TIOTBITATHCS
7103HATh MHUP U Jaxe camux cebs. Taxk minu uHaue, M00ass MOIeENnb, J106as
YMO3pHUTEIbHAst KOHCTPYKIMS B KOHEYHOM HUTOre MOMICKHUT pealn3anui Ha
KOMIIBIOTEpPE U IIpOBEpPKe MpaKTHKOH. Torna cTaHOBUTCS SICHO, KaKHe HaeH
conepxart B cede 3apaBoe 3epHO, a KakKe SIBIISIOTCS. BCEro JIMIIb HeaaeKBATHON
pemaeMoi 3ajave Urpoil BOOOpaxXeHns.

KHura, KOTOpYyIO BH A€pXUTE B PYKaX, MOCBSAIIEHA OMHUCAHUIO TEOPETHIECKUX
OCHOB KOMIIBIOTEPHOI HayKH C YIIOPOM Ha MpaKTU4eCKue npuMepsl. B xsan-
HATHIX-TPUANATHIX ronax XX BeKa, Korna KOMIIBIOTEPOB el1ie He ObUIO, yIeHble
yXe pa3MBIIUISIM HaJ TAKUMK HETPUBUATIBHBIMU BOTIPOCAMH:

¢ Yro takoe anropurm?

+ [Toyemy onHy 3ana4y pelIUTh MPOCTO, IPYTYIO CIOXKHO, a TPETHIO BooOmie
HUKaK He ypaertcsi?

¢ Kak co3zaTe MallHHY, pelIAoMmyIo 3a1a4n’?



BeepeHue

JoctieHus: B aHANIU3€, B YACTHOCTH, 3THX T€M MPUBEIN K BOSHUKHOBEHHIO
COBpEMEHHOI MH(POPMaTUKK U €€ pa3[eia, Ha3hbIBAEMOIO meopuell ebi1ucie-
nuii. IToryTHO OBLTO paspaboTaHo 6OJBIIOE YNCIIO TONE3HEHITUX MOgeNel U
AJTOPUTMOB, KOTOPBIE MOXHO C YCIIEXOM KCIIOIb30BaTh B ITOBCETHEBHOM PO~
rpaMMHupoBaHMK. K coXalleHnIo, KHUIH IO TEOPHH BHIYUCIICHUI HA PYCCKOM
A3BIKE MIPAKTHYECKU HE U3aroTcsi. EQUHCTBEHHON MOMHOCTRIO peleBaHTHOH
KHUTOW Ha CErOAHSAIIHUNA IEHD S MOT'Y HAa3BaTh, MOXaIYH, JIMLIb KJIACCUUECKYIO
pabory JIxx. Xonkpodra, P. Morsanu u JIx. Yiemana «BBeneHue B TeOpHIO
aBTOMATOB, SI3bIKOB U BBHIYHUCIIEHHUI» (BTOpO€E H3naHKe). EcTp emie, KOHEUHO,
Pa3IMYHbIE METOOUYECKHUE TIOCOOH S, BRIITYCKAEMbIE YHUBEPCUTETAMH U1 CBOUX
CTYIEHTOB M CTaphl€ KHUI'M COBETCKHUX €€ BpeMeH, HO OyneM pealnucTaMH.
Eciu xnura pe npopaercs B lome Knuru na HoBom Apbate win Ha Hesckom
IPOCIIEKTE, €€ MOXXHO CUMTATh JTULIb YCIOBHO JOCTYITHON YUTATENO (B JPYTHX
ropoax, K CoXaJleHHUIO, CUTYallHsi HaBpsi 1K Oyzet JydJlue).

Kpome Toro, npakTu4ecky BCe KHHUIH MO TEOPUH BBIYUCIEHUH HMEIOT SIPKO
BBIPAXKEHHYIO TEOPETUIECKYIO OpUEHTALMIO. B HUX MHOTO (popMyI, TEOpeEM H
J0Ka3aTeNIbCTB, HO KpailHe MaJlo JIMCTUHIOB IIporpamM. besycnoBHo, 5 He cuu-
Tal0 MATEMATHU3UPOBAHHOCTE HEZOCTATKOM KHUTIH, HO CYIUECTBYIOMMNI IBHbIN
IIepekoc B CTOPOHY TEOPHH MHE He COBCeM MOHsTeH. M3yuenue anroputmMoB u
Mozieieil TEOpUH BBIYUCIEHUI, Ha MOK B3IUIsiH, OyaeT BeCbMa MOJIE3HO JI0ASM,
3aHUMAIOMMMCs B OOJNbLIEH CTENeH MpaKTHIECKUM MTporpaMmMupoBanueM. C
OJHOH CTOPOHBI, 3TO OTIMYHASA BO3MOXHOCTb PacCIiPUTh KPYro3op i yryOuThb
[OHUMAHKE OCHOBHBIX ITPHHUMIIOB U IIPODIIEM KOMITBIOTEPHOH HAYKH; C IpYyroi
CTOPOHBL, 3TO HE3aMEHUMBIH c110CcO0 MONONHUTE COOCTBEHHEBI HHCTPYMEHTA-
pui, IpeqHa3sHaYeHHbIH 11 €XXeaHEBHOIO NMpUMEHEHUS.

Pestomupys, s Mory copMyIHpoOBaTh OCHOBHYIO 3agady 3TOM KHUIH TaKk:
NO3HaKOMHUTD NPAKTUKOB C KOHCTPYKIUSAMHU, OOBIYHO OTHOCUMBIMM K TE€Ope-
TUYECKUM ACMEKTAM KOMIBIOTEPHOU HAyKH, 1eNast M0 BO3MOXHOCTH aKIICHT
Ha pean3yeMBI€ AITOPUTMEBL, 4 HE Ha (JOpMYJIbL i TEOPEMHI.

VckpeHHE HAZEIOCK, YTO KHUT'A, HA KOTOPYIO 51 TOTPATHII CTONIBKO BPEMEHH U CHI,
BaM rioHpasuTcs. Ilepen Tem, Kak mepeiiT K ceayomeMy pasieny, Xouy mobia-
IrOIapyTh 3a HeHHble 3ameyanus Ceprest KapakoBcKOro, KOTOpBIit Hallel BpeMs,
yTO0BI MPOYECTh PYKOMUCh KHUTH, A TAKXKE U31aTebcTBO «Hayka 1 TeXHHKa» B
e Mapka ©uHKoBa 32 0100peHIE MOMX HIEH U TIOCTOSIHHYIO TIOAIEPKKY.

O CTpYKType KHUIm

BeposTHO, IMIUE MepeBEPHYB MOCHENHIO CTPAaHUIlY, BBl CMOXETE CBS3aTh B
e/IMHYI0 Hellb Ha NEPBBI B3I MOYTH HE3aBUCHUMbBIE CBENCHUS U3 Pa3HbBIX
mas. OgHAKO yXe cefiyac MMeeT CMBICI OaTh B3IUISII HA KHHUTY «C BBICOTHI
ITHYBErO MOoJeTa», YTODHI MOCIen0BATEeIbHOCTL U3NOXEHHS HE Ka3alach co-
BCEM yXK 3arajgovHon. Tem yutaTelraM, KOTOphIe 3aX0TAT cellaTh YTeHue 6oee
MHTPUTYIOIIKM, S MOTY ITOCOBETOBATh PO YCTUTh 3TOT pa3ne, IpOCTOXYLUIHO
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PAacKpBIBAIOIIUI BCe TAWHBI ¥ JULIAIOIINN YIOBONLCTBUS CaAMOCTOSITENBHO
0OHApYXHUTh HEOXKHIAHHOE PONCTBO MEXIY CAMBIMH HEMOXOXHMH ApYTr Ha
Ipyra KOHIIEIHSIMH.

Hrak, B NlepBO# rImaBe NpOUCXOUT 3HAKOMCTBO C MOHSTHEM QOPMANbHO20
A3bIKA U 3a004aMU ONUCAHUA U DACNO3HABAHUS (POPMATIbHbLX A3bIKOE HA TIPU-
Mepe MPOCTEHINNX peeynsapHblx A3biKo6. Bbl yBunuTe, YTO 3a1aya pacno3Ha-
BaHHUs OYE€Hb YacCTO BCTPEYAETCs HA MPAKTHKE; I1aBa COOEPXUT HECKONBKO
MIOJIE3HBIX NIPUMEPOB UCMOJIb30BAHUSA PETYNSAPHHIX A3BIKOB (3a7aBaeMBIX C
TIOMOIIBIO PEe2YNAPHbIX GbIPAXKEHUI) B TIOBCEIHEBHOM MPOIPaMMHPOBaHMUH.
IIpu sToM Oyner MoOKa3aHo, YTO B XM3HHM BO3HUKAIOT CHTYalUH, KOTaa BO3-
MOXHOCTEH PEryiasipHBIX A3BIKOB YK€ HEJOCTATOYHO IJisl YIOBIETBOPEHUS
HaIIuX MOTpeOHOCTEN.

Bo Bropoii rase onucpBaeTCA MOHATHE KOHEUHO20 A6IMoMama, ¢ IOMOMIbIO
KOTOpOTrO 33129y pacliO3HABAHUS PETYAAPHOTrO S3bIKa YIACTCA PELIUTh IIPAKTH-

. 4eCKH (B IepBoit raBe BesA paboTa MepekagblBaeTcss Ha HEKYIO «BONIEeOHYIO
dyHKIMIO»). KoHeuHplit aBTOMAT MOXHO BOCTIpUHUMATh KaK CAMOCTOSITENbHOE
YCTPOMCTBO (MpOCTEHLIyI0 pa3HOBUIHOCTh KOMIBIOTEPA) WIH KaK aITOPUTM,
peanu3yeMplid Ha N0OOM S3bIKE IPOrpaMMHPOBAHHUS.

B tpeTheil rnaBe MeXny peryasipHEIME BEIDAXKEHUSIMY U KOHEYHBIMH aBTOMA-
TAMY{ YCTAHABNHMBAETCA MpOYHAsA B3auMOCBA3b. TlokassiBaercs, KakK mobomy
JAHHOMY PeryisipHOMY BBIPAXKEHHIO MOXKHO COMTOCTABHUTH OIUCHIBAIONIUI TOT
JKe caMBblif I3BIK KOHEYHHI aBTOMAT ¥ HA0BOpOT.

UeTrpepTtas IiaBa TOJHOCTHIO TMOCBSUIICHA TAK HA3BIBAEMOMY A@HMOMAMHOMY
npoepammuposanuro. CyTb 3TOI KOHIIEIIIUH B TOM, YTOOBI MHCAThH ANTOPHUTMEL,
[0 CBOEMY MOBEIEHHI0 HAITOMUHAIIIUE YCTPOHUCTBA, MOgOOHKE KOHEYHBIM
apromartaMm. Hagelocp, MHE ygacTesi mOKa3aTh, YTO aBTOMATHHIA MOIXO: B
HEKOTOPHBIX CNyYasix ABNseTcsl ynOOHBIM M €CTECTBEHHBIM JUISI pelIeHHs BO3-
HUKAIOMUX HA TIPAKTHKE 3a7ad.

B ngroii riaBe, HaKOHell, MBI BHIfIeM 32 PaMKH PErylsipHBIX S3BIKOB H pac-
cMOTpuM 0oJiee IHPOKUI KJIACC KOHMEKCMHO-C60000HbLX A3biK06. B TIepByIo
oyepeab MATask IJIaBa MOCBSMIEHA KOHIMEKCHIHO-C80000HbIM ePAMMAITU-
Kam — CpencTBy, MO3BOJAIONIEMY OMHUCATh JI0O0H KOHTEKCTHO-CBOOOIHBIM
A3BIK, HO He JaloeMy NpakKTU4ecKoro ajiropuTMa pelleHust 3a1a4y paclo3ya-
BaHUs. Bynet mokasauo, 4To perylspHbie sI3BIKH [PECTaBIsioT cO60M moz-
MHOXECTBO SI3BIKOB KOHTEKCTHO-CBOOOIHBIX. BBl MO3HAKOMHUTECh C HHTEpEC-
HBIM YaCTHBIM C/Iy4aeM KOHTeKCTHO-CBOOOIHON IpaMMAaTHKH — PperyJsspHOI
IpaMMAaTUKOH, KOTOPAsl MO BRIPA3UTENBHON MOIIIM B TOYHOCTH COOTBETCTBYET
peryisipHbIM BhIpaxeHusiM. B 9Toil ke riiaBe ycTaHaBAMBAETCS BaXHOE COOT-
BETCTBHE MEXIY PACIIO3HABAHNEM HEKOTOPOTO SI3bIKA U pelIeHHeM BbhIYHCIH-
TeNBHOM 3a1a4u ropasno 6onee obmero Buga. Takum o6pa3om, NOXYIHB TOT
WM MHOM pe3yapTaT [uist 3aJa4Yd paclno3HaBaHusA, MOXHO clejaTh ryboKue
BBIBOZIBI O BO3MOXKHOCTSAX PELIeHHUs] BRIYUCIUTENBHBIX 32124 BoOOmIe.
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BeepeHue

[MIecTasa rnaBa OOUCHIBaET agmOMamsl C MA2A3UHHOIL namanivrlo, OTHOCAUIN--
ecd K KOHTEeKCTHO-CBOOOMHBIM SI3BIKAM TakK Xe, Kak " OOBIMHBIE KOHEYHBIE
ABTOMATEHI K SA3bIKaM PEryJSIpHBIM. ABTOMATEl ¢ Mara3uHHON NaMAThIO MO-
3BOJIAIOT PEINUTE 3adavy pacClliO3HaBaHUA KOHTEKCTHO-CBOOOTHOTrO S3bIKa Ha
IIPpAaKTHKE.

CenpMas 1aBa pa3BMBaeT MIEI0 MCIONb3OBaHWA aBTOMATOB C Mara3wHHOMN
MaMsITBIO Ul pellieHus] 3a7aui Paclio3HaBaHUs KOHTEKCTHO-CBOOOIHEIX SI3b1-
K0oB. KOHTEeKCTHO-CBOOOIHEIE SI3BIKM SBJSIOTCS HOCTAaTOYHO MOLIHBIMH IS
TOr0, YTOOBI, HAIIpUMEP, HCTIOJIb30BATLCs] IS OMMCAHN CHHTAKCHCA SI3BIKOB
nporpaMMuposanns. [loaToMy BOIIpoCy ux pacrio3HaBaHMsI Ha IIPAKTHKE 0~
CBSINIIEHO MHOTO NyOJuKauui. B cebMOM raBe Ha YPOBHE MCXOMHOTO KOHa
OyzieT MOCTPOEH POCTOH aHaIN3aTOp OIMCEIBAEMOTO KOHTEKCTHO-CBOO OMHOM
rpaMMaTHKON $I3bIKa, OCHOBAHHBIM Ha MMHUTauUMM pabOTEHl aBTOMarTa ¢ mara-
3MHHOHW NaMSTBIO.

BocbMast m1aBa 3aBepraer pa3roBop 00 NCIIOIb30BaHUK (DOPMAJILHBIX SI3BIKOB
JUTSL OTTMCAHUSI M KOMIIMJISILMY KOMITBXOTEPHBIX aJIrOpUTMOB. YIIPOIIeHHbIE
MOZIeSIH M METOAVKH, IIPUBEleHHbIC B KHHUTE, HE MOT'YT CPAaBHHUTBCS C HHCTPY-
MeHTapreM pa3paboTIMKa KOMITHIATOPA MPOMBILUIEHHOro ypoBHA. g Toro
4To0B! JATh XOTh KAKOEe-TO MpeCTaBJIeHHe O TOM, KaK IIPOUCXOIUT CO3JaHue
KOMITWJISITOpA Ha TIPaKTHKe, s pelliI KpaTKO OIMCATh COBPEMEHHOE CPejCTBO
Coco/R, cnenmanpHO peqHa3HadyeHHOE 1S O0NerdeHusI Tpyaa pa3paboTyn-
KOB SI3BIKOB IIpOTPaMMUPOBaHH.

B meBsATOI rnaBe BB CMOXeTe HEMHOTO OTHOXHYTb M ITO3HAKOMHTBCS C CU-
cmemamu Jundenmaiiepa — OUYEHb HHTEPECHBIM U HHKAK He CBSA3aHHBIM
¢ KOMIIUJISATOpaM# NIpuMeHeHneM (popMabHBEIX A3BIKOB. BBl yBHIUTE, Kak
dopMasbHbIE SI3BIKM MOTYT OBITh MCIIONB30BaHBI TP OMTMCAHNH CIOXHBIX 00b-
eKTOB OKpyaiouiero Hac mMupa. He mcknoyeHo, yTO MaTepuas 3TOH I1aBbl
JacT XOPOILUMi MMITY/IbC BalleMy TBOPYECKOMY BOOOPaXEHHMIO.

Jecsras T1aBa CHOBa BO3BpamiaeT HAaC K IpobyeMe OrpaHnIeHHOCTH CPENCTB,
KOTOPBIMH MBI paciionaraeM. B miaBe OymeT 1moKaszaHo, 4TO CyILECTBYIOT (op-
MaJIbHBIE SI3BIKM, HE SBJISIONIMECS] KOHTEKCTHO-CBOOOMHEIMHA. JIIs1 onmucaHus
¥l pacrio3HaBaHUS TaKUX A3BIKOB [TOTpeOyroTcA 6oJiee MONIHEBIE CPENCTBA, YeM
KOHTEKCTHO-CBOOOIHEIE TDAMMAaTHKH M aBTOMATE! C MarasMHHOMA mamsreo. C
HECKOJIbKMMH Pa3HOBUIHOCTSIMM OXHOTO TAKOTO CpeACTBa — Mauiuroit Toero-
purea -—— ¥ 3HaKOMHMT 1aBa. K 0cO6eHHO MHTEpeCHBIM IIPaKTUYECKUM H (PHJIO-
co)CKMM BBIBOIAM IIPUBOIUT PACCMOTPEHHE YHUBEPCATbHOL MaluuHbl TblopuHea,
criocoOHOM UMHUTHpPOBATh padoTy M000H «OOBIYHON» MAaIIMHEl ThIOpHHTA.

Hamocnemok s1 ocraBui riaBy ¢ Haubonee cepbe3HbBIMHA DUIOCODCKUMHU
BRIBOZAMHM. 371€Ch pPacCMarpvBaloOTCd OTPaHUMYeHHOCTh MamuH TeopuHTra M
OrpaHUYEHHOCTh YeJI0BEYEeCKOTO MO3ra; ()eHOMEH CJOXHOCTH, OTHOCSNINN-
csl, MO-BUIAMOMY, K (DYHIaMeHTaJIbHBIM SBICHUAM NPUPOALL; CYTh TOHATHA
AIrOPUTMA ¥ MHOTHE NPYTHie He MEHEe WHTEePECHBIE Bellu.
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1 PerynsapHble 93bIKU

U peryngpHbie
BbIpaXXeHus

—-—| HayvanbHble NOHATUSA

PerynapHble BbipaXeHus
B Teopuu

PerynapHbie BbipaxXeHus
Ha npakTuke

PerynspHble BblpaXXeHus
B MPOrpamMmMHbIX NPOAYyKTax

o

KNACCHKA NMPOTNPAMMUPOBAKHKS:

PIPAKTWNECKUM NOOXGH.



[lpexne yeM TPHUCTYIIUTh K MaTe€pHany IJaBhl, s XOoTed OBl MPHUBECTH He-
CKOJIBKO IIPOCTHIX, He(OpMaNbHEIX ONIpefesIeHHH U3 MaTeMaTHKH, KOTOPhIE
HAaM ITOHao0sTC.

XoTts 3ta KHHUTa, KaK yxe TOBOPHIIOCH, HE ABIAETCS YUSOHUKOM IIO0 TEODHH
BLIYHCACHUH, M BCE U3JIHIIHUE MaTeEMaTHYeCKue ITOAPOOHOCTH OynyT OOXOIUTh-
cd Be31e, TIe 3TO TOABLKO BO3MOXKHO, coBCceM 0€3 MaTeMaTHKH He IOJYUUTCS.
Bce-taku Teopusl BRIMMCICHHI — IpeaMeT, CBSI3aHHBIA C MaTeMaTHKOH 1o
cpoeit npupoae. /la ¥ ecTb 1M CMBICH KaXIbH pa3 MOBTOPATH, K IIPUMeEpY,
«A3bIK, COOTBETCTBYIOIINH PETYAAPHOMY BHIPAXEHHUIO a», €CJIH MOXHO IIpO-
cro Harmmacatpb L(a)?!

1.1. HavyanbHbie NOHATUSRA

Angpagumom HazpIBaeTcs J000e KOHEYHOE MHOXKeCTBO HEKOTOPBIX CHMBOJIOB.
Hanpumep, muoxectso {1, 2} — 3To andaBuT, COCTOSINIMIA U3 eIUHHUIBI U
JBOMKM, MHOXeCTBO {A, B, ..., Z} npencrasnser co6oii aindaBuT 3ariaBHBIX
NaTHHCKUX OYKB, 2 MHOXECTBO {a,, a,, a;, a,} ONMMCHIBAaeT ajdaBuT U3 YeThl-
pex 371eMeHTOB, O IIPUPOE KOTOPhIX MBI MOXEM TOIBKO JOragbiBaThcs. Kak
npasuio, aidasut 0003HaYaeTCsI KaKOH-HUOYNb 3aIJIaBHON TpevyecKoii OyKBOii
(marpumep, X = {0, 1}).

W3 andaBUTHBIX CHMBOJIOB MOXHO €CTeCTBEHHBIM 00Pa30M COCTaBIATh CIMpPO-
ku. Ecim cTpoKa cocTaBieHa H3 CUMBOJIOB apaBHTA I, ee HA3BIBAIOT CIPOKOLL
Had angpasumom X. Hanpumep, 1001010111 — a10 crpoka Han andaBuTOM
{0, 1}, a computer — crpoka Hajg andaBUTOM JaTHHCKUX Oyks. [lycras
cTpoka (To ecThb CTPOKa, BooO1e He comepxkamasi CHMBOJIOB) OOBIYHO 0003Ha-
yaercst GYKBOM € («3ICUIOH»). [InvHa Takoit cTpokyu paBHa Hymo. [Toxanyi,
eIUHCTBEHHAs Ollepalys Hajl CTPOKAaMHU, KOTOpas HaM ITOHaZo0uTCI — 3TO
konkamenayus (IPANKACHIBAHWE OTHON CTPOKHM B XBOocT npyroif). Tak, ecin
a = «abcd», a b = «efg», To ab = «abcdefg».

! Boofiiie roBopsi, CMbICJ €CThb, SC/AH U3NATEeJbCTBO TUIATHT «32 KYGOMETPEI», HO ITOT BOIPOC
OCTaercs 3a PaMKaMU KHUTH.
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MHOXeCTBO BCeX CTpOK andasuta T uMeeT crenuaibHoe 0603HavYeHue: X'
Takum obpasom, ecmu £ = {0, 1}, To " = {¢, 10, 0, 000, 1010, 01110, ...}.

IMonstHO, 4TO Ham JMOOBIM, Haxe MPOCTHIM andaBUTOM, MOXHO COCTaBUTH
0EeCKOHEeYHO MHOTO CTpPOK. A 4TO €CJIH BbIOPaTh HE BCe, a JUIIb HEKOTOPhIE
CTPOKH 13 MHOXecTBa X' ? Torma MBI monyuyuM s3sik?. IHa1e roBopsi, I3pIK —
3710 N1I000€e MOIMHOXKECTBO MHOXKeCTBA CTPOK HajA MCHOJb3yeMbIM ajidpaBu-
toM. HatipuMmep, M3 BCeX BO3MOXHBIX CTPOK Hal an(aBUTOM, COCTOSIIIUM U3
nudp, TOUKN M 3HaKa «MUHYC», MOXKHO BBIOpaTh JMIIL T€, KOTOPLIE SIBJASIIOT-
Csl KOPPEKTHOI 3aliChi0 HEKOTOPOro BemecTBeHHoro yucna: L = {0, -1.5,
1002.12123, -3.100, 78, ...}.

B 60ibmMHCTBE CilydaeB SI3bIKM 0003HAYAKOT 3aI/IaBHBIMU JIATUHCKUMH OyK-
BaMHu. B oTianume oT MHOXeCTBA CTPOK, SI3BIK MOXET IIpelcTaBisTh coboit
KOHeyHoe MHOXecTBO. K mpumepy, ecnin L — 3710 s3bIK Halx ajdaBuTOM
{a, b}, B KOTOpBIt BXOIAT JIHIIb CTPOKH KOPOYe TpeX CHMBOJIOB, TO €0 dJjie-
MEHTaMM OKaXyTCsl BCero 7 cTpoK: €, a, b, aa, ab, ba u bb.

1.2. PerynsipHble BblpaXxeHust B Teopumn

ToMBKO YTO MBI 3aTPOHYJ/IN OHO M3 OCHOBHBIX IIOHSITHIA 3TOM KHUIM — TIOHSITHE
si3bika. ITpu paboTe ¢ MOOBIM KOHKPETHBIM SI3bIKOM IIEPBEIM 1€I0M BO3HHUKAET Ta-
Kast 3a7ava: IMOCKOJIBKY SI3bIK — 3TO HEKOTOPOe MHOXECTBO, TpeOyeTCst KaKnM-
TO 06pa30M yMeTb €T0 OIMCHIBAaTE. B pasrosBope c npusireneM, BO3MOXHO, CTo-
asTcst ¥ He(hopMaJbHBIE OTIpene/IeH st BPOe «BCe KOPPEKTHBIE TeHCTBUTEIIbHbIE
yucia», «1o0be BeO-T0KyMeHThl, yrosieTpopsiromue cranaapty HTML 4.0»,
«TEKCTBI porpaMM Ha I'Tackaine, peaausyrommye COPTUPOBKY IIy3bIDEKOM ¥ He
IPEBOCXOMSIINE TIPH 3TOM IBYX KWIOOAUT 1O pasMepy».

Ha npakTike cocraB TOro WM MHOTO S3bIKa NPUXOMUTCS «O0bICHATb» HE TOIBKO
IIPUSTEIIO, HO ¥ KOMIIBIOTEpY. 3/1eCh CUTYyalWs, €CTECTBEHHO, MEHSIETCs] KOPEH-
HBbIM 00pa3oM: J1000€e OIMUCaHUE 0053aTeIbHO JO/IKHO OBITh CTPOTO (hOpMasIbHBIM
BHE 3aBHCHMOCTH OT HalMx xXejaHuit. Ceityac Mbl pacCCMOTPHM OIMH ITONYJISP-
HBIH HHCTPYMEHT, 9aCTO MCIIONb3YIOMHUIACS 1U1st (pOPMabHOTO OITHCAHUS SI3bIKA!
peeynapHbie evipaxenus. Kaxmnoe peryiasipHoe BbIpaXeHHe IO CYTH SIBISETCS
11a0JIOHOM, OITHCBHIBAIOIIUM [€J10€ CeMeHCTBO (HepenKo 0€CKOHEUYHOE) CTPOK.

Wrak, monycrum, Tpedyercst onucaTh HEKOTOPEBIH s3BIK Ham andaBUTOM Z.
PerynsapHbeiMM BBIDAXEHHUSIMA Hall X sIBIAOTCSA JIXOObIE 3jeMeHTH ajdaBura
X, a TaKxe IIycras Crpoxa &:

¢ a, rIe a — 23TO J000it 21eMeHT aldasura Z;
* £

2 Jlna Bofblueit sCHOCTU HepeAKO TOBOPAT «(pOPMalbHBII A3BIK».
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[nasa 1. PerynapHboie 93blK1 1 PETYNSPHLIE BblDAXEHWS

MpumeuaHne.

Hepepako K perynspHsiM BotpaxeHuam 4o0aBasioT ewle NycToe MHOXECTBO J.

Taxxke B CBOIO Ouepelb PETYIspPHLIMH BLHIPaXXEHUSIMHU OyAyT SIBJIATHCS U pe-
3yAbTaThl OIlepalunii C peryaspHBIMU BLIpaXXeHUAMHI Haf X

aWwb),(ab)ua* rme a u b — m00ble peryasipHble BEIpAXEHUS HAN X
peryisip p

[Iycrs, k mpuMepy, T = {a, b, c}. JI1o00it HemocpenCTBeHHBI 1eMeHT ada-
BUTA SIBJISIETCS PETYIISIPHBIM BhlpaxKeHneM Hal HUM. [Tockonbky a mb — pe-
IyJIsipHblE BEIDAXXEHHsl Hall Z, U3 HUX MOXHO IIOCTPOUTH Gojiee CIIOXHOE BBI-
paxenne (ab), KoTopoe TaKXe ABIACTCSA PEryasPHBIM BLIPDAXXEHHEM; U3 Hero,
B CBOIO Ouepenb, onydyaeTcss KOHCTpyKims (ab)™ u Tak masee.

Jlpyrie npuMepE! peryisipHBIX BhIpaXeHnit Hax andaBuToM {a, b, c}: ((ac)a)*,
((((ab) L c)b)*c)*, ((a L b)(b L c)a).

Jlioboe «6a3oBOe» peryisipHoe BeIPaXeHHe, COCTOsIIee U3 eTUHCTBEHHOTO JJie-
MeHTa angaButa, OMUCHIBAET BCEIO OMHY CTPOKY, BKIIOYAOIIYIO B cebsl THIb
310T 351eMenT. K npuMepy, BeIpaskeHHMIO a COOTBETCTBYET CTpOKa «ax». Kerarw,
A3BIK, OITMCHIBAEMBIil PEryJIsIPHBIM BbIpaxKeHueM r, obosnavaercss L(r).

PerynsipHomy BripazkeHHio Buga (a U b) coOTBeTCTBYIOT BCe CTPOKH, 3ama-
BaeMble BHIpAXXE€HHEM a M BCce CTPOKH, 3ajaBaeMble BelpaxeHueM b. Takum
obpa3oM, eciu BBIPaXKEHWIO® a COOTBETCTBYIOT CTPOKH «a», «ab», «aaab»,
a BEIPAXEHNIO b — CTPOKH «baab» B «bbbbx», HTOroBasi KOHCTPYKUUS
(a U b) onMIIeT S3BIK, COCTOSIIMIT U3 BCeX MTepeuMCIeHHBIX MSATH CTPOK.
Wnave roBopsi, onepanusi U («0ObeIMHEHUE») CO3MAET SA3BIK, ABISIOUIUHCS
obbeTHEeHneM JABYX s13BIKOB-ONlepaHIoB. [1ocKOMbKY S13BIKH IO OIIpeIeNeHnIo
ABNAIOTCS. OOBIYHBIME MHOXECTBAMM, TEPMHUH «00BbEINHEHHE» HE HyXIaeTcs
B JIOTIOTHUTENBHBIX KOMMEHTaPHSIX.

PeryrspHomy Boipazkenuio (ab) coOTBETCTBYeT SI3bIK, COCTOSIIMIA U3 CTPOK BHIA
Xy, THe x — HeKOTopasi CTpOKa U3 sA3blka I.(a), ay — crpoka u3 siseika L(b).
To ecrp B 361K L((ab)) BxomsT Bce cTpOKH, KOTOPBIE MOXHO ITOTYYHTh ITyTeM
JONMCBIBaHMSI B XBOCT HEKOTOPOIA CTpOKe M3 sI3bka L(a) crpokm U3 sa3bika L(b).
Ora onieparyisi Ha3blBaeTCsl KOHKaTeHarwel. Ecim BOCIIonb30BaThCA IPUMEPOM
3 peblayiero nydkra, L((ab)) = {«abaab», «abbbb», «abbaab», «abbbbb»,
«aaabbaab», «aaabbbbb»}.

IlocnenHsas omepanus, a* (rak Ha3piBaemoe zameixanue Knunu) 3amaer
A3bIK, COCTOAIIMI M3 CTPOK &, Sy, $;Sy, $15,83, ..., THe §; — m0basd cTpoKa
u3 a3eika L(a). TTockonbky MBI yXe oOCyauan cMbIcT onepanuu (ab) mis
PeryJsipHBIX BbIpaXXe€HHMH, 3aMblKaHue KJMHM MOXHO OllpenenuTh MHave:
L(a*) = {g, a, (aa), ((aa)a), (((aa)a)a), ...}, TO ecTb, pouLe IOBOPS, HYJb

3 I/ICerHHe COXAJECID, YTO DPUXOIIATCA NUCTIOAL30OBATL CHOBO «BBIPAXEHUE» [TO TPH Ppa3a B KaxXJIOM

HPEIIOXKEHNAN. .. HO INMOHATHOCTD, YBbI, 3[IECH BaXHEE nnTepaTypHoﬁ KpacCOThbl.
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Knaccuka nporpaMmmmpoBaHus: Aropmntmel, Aabiku, ABTomaTtsl, Komnunsatopst

i 6osee noBropernuif a. [1ycts cHoBa L(a) = {«a», «ab», «<bbbb»}. Torna
L(a*) = {e, «a», «aaaaab», «ababbbbb», ... (1100b1e KOMOMHAIMHK, COCTAB-
JIEeHHBIE U3 IPOU3BOJLHOTO YHCIa HCXONHBIX CTPOK)}.

HerpynHo 3aMeTHTB?, YTO TPH COCTABIEHUHN CKOIBbKO-HUOYIb CIIOXKHBIX PEryJIsip-
HBIX BBIPAXXEHHii, MOXHO OYEHb JIETKO YTOHYTEL B 9TUX OECKOHEYHBIX OTKPLIBa-
IONINX ¥ 3aKphbiBaommx ckookax. IToaromy, XoTa B Teopun ogobueie BEmy He
TIPHUBETCTBYIOTCSA, OLITH BBEIEHB! IPUOPUTETE! oNepanyii. B mepByro odepens
BBITTOSIHSIeTCA 3aMblkanue Kumniy, 3aTeM KOHKaTeBays, ¥ JINILb 3aTeM — 00b-
enuuenue. TakuMm oOpa3oM, HET HYXIbBI THACATh EpErpyXXeHHOe CKOOKaMu
BEIpaxenue ( (ab)  (ba)) BMecTo Oonee IpocToro ab  ba.

ITopa3MbICIMB [Tapy MHUHYT, MOXHO MPUUTH TAKXKe K BBIBOLY, YTO ONepanuu
KOHKaTeHaluu ¥ oObeanHeHns 00/1agaloT CBONCTBOM aCCOUMATHBHOCTH, TO
ectb L((a ub)uc) =L(au (buc)) u L((ab)c) = L(a(bc)). Oror dakr
I103BOJIseT TaKxXe M30aBUTLCA OT JMIIHBHUX CKOOOK B BBIpAXEHHUSX BpoIe
a(b(cd)), 3aMeHss ux ynobounuTaeMoiM abcd.

BepreMcs Tereph K NepBOHRaYanbHOI 3aKave, paayu pereHns KOTOpOoil Mbl U
TIOrpy3WIINCh B NTyYHHY PeryjIspHBIX BBIpaXeHHi: TpedyeTcs OnmucaTh S3bIK,
TO eCTh HEKOTOpOe (BO3MOXHO, 6€CKOHeUH0e) MHOXECTBO CTPOK cTporo ¢hop-
MaJbHBIM CIIOCOOOM 151 AajbHEHIIero NCIoab30BaHNusI Ha IIPakTHKE.

PeryaspHble BEHIpaxXeHUs, HECOMHEHBHO, Tal0T HEKOMOopblti c1oco0 s 110-
MOOGHOTO ONUCAHMUS, HO INe rapaHTHs, YTO C BX IOMONIBIO yAacTcs OIHUCATh
10601 S13BIK, KOTOPBI MBI B COCTOAHHMH BbimyMaTb? Kak u ciemoBango oxu-
nare, rapaBTHil HeT; 6osee TOro, CyuecTByrOT MTOCTaTOYHO IIPOCTHIEe A3BIKH,
KOTOpEBIE 3aBelOMO Hejb3s ONHUCcaTh PerylIspHbIM BeipaxeHueM. K mpumepy,
TaKoi: «100ble CTPOKHM, B KOTOPHIX OyKBa “a” BCTpedaercsl CTONbKO Xe pas,
CKONBKO OyKBa “b”».

Mei eite BepHEMCS K 3TOMY IPYCTHOMY (akTy B ITOCIEAYIOMNX I1aBax; MoKa
Xe MOCTaTOYHO 3aIIOMHMTB, UTO JII000if A3BIK, KOTOPBIit MOXHO IIPHU XeTaHNH
OMHMCaTh PETYISIPHBIM BBIPAXEHUEM, CAM HA3BIBAETCS PEYAADHLIM.

ITpaxkTHuecKky NONE3HBIX PETYIAPHBIX S3bIKOB, C ONHO CTOPOHBI, OBITE MOXET,
He TaK MHOTO, HO C IPYrof — He TaK yx u mano. M, uro 6onee BaxHO, BCTpe-
yaroTcsa oHM yacto. Hanpnmep, m000i A3bIK, COCTOSIMIA U3 KOHEUHOT O YHucaa
CTPOK, 3aBeI0MO siBiIslercsl peryasipHbIM. Tak, s3bik L = {«abe», «aaa», «bab»,
«C»} OTMCHIBaeTCs peryispHbIM BEIpaXeHHeM abc U aaa U bab U c.

4 B maHHOM Cily4ae HCIOb3yI0 3TOT 060POT C YHUCTON COBECTHIO!
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Mmaga 1. PerynsipHble 936K 1 perynsipHsle BbipaXeHus

1.3. PerynsipHble Bblpa)XXeHns Ha nNpakTuke

He6onbluas npenioavs

(HUTAX TeOPETHUECKOro Xapakrepa OOBIYHO CHAayvaja pacCMarpHBaIoT He-
OpYIO 3alaqy B CIIocOObI ee pelleHus, a ye ITIOTOM, €CJIu ToBe3eT — BO-
DC O TOM, 3a4eM 3Ty 3alady penarb BoodOile ¥ KoMy 310 HyxHo. Cyry6o
IKJIaTHBIE KHUTH, KaK IPaBUJIo, MPONOBEAYIOT «IIPOOIEMHO-OPHEHTHPO-
[HBlf» TIOAXOM: CHaYaJjia pacCMOTPUM BOZHMKIIYIO Ha IIPAKTHKE CUTYaLMIO,
0TOM 00CYAMM ITYTH BBIXONA U3 HEe.

TOIf KHUTe, TTOCBALIEHHONW TEOPUH M NPAKTHKE OMHOBPEMEHHO, ABa OIH-
[HBEIX TIOAX0a IPUXOIUTCA KOMOUHKUPOBaTh. B Teopun m14a 61M3KOro 3Ha-
ICTBa C TTIOHATHEM DEryJISIPHBIX BBIPAXKeHMit TOCTATOYHO camMoro akTa cy-
CTBOBaHHUSI (POPMAJIBHBIX A3BIKOB, KOTOpBIE IPUXOIUTCS KaK-TO OIUCHIBATE.
NpakTHKe MMOJEe3HOCTh TeX X€ CaMBIX IOHATHII eme TpeOyeTcs moxasark.

CMOTPUM BIIOJIHE TpaxTudeckuit npumep. HpennonoxumM, B uurepdeiice
1Ieff HOBOM MporpaMMel TpedyeTcd 3alIpoCUTh Y MTOAb30BaTeNs BBOJ HEKHUX
igeIx. JI1o6as yBaxaromasa cedsd nporpaMMa TOAXHA UMETh «3alfuTy OT
)aKa», TO €CTh IPOBEPATh KOPPEKTHOCTE BBENEHHON NHpopMaumu. Takum
)a30M, IPUHUMAETCS PELIEHHE O TOOABJIEeHUH B IIporpaMMy (GpyHKUMH

ool isCorrect (string s),
Bpaliaomel true WiN false B 3aBUCUMOCTH OT KOPPEKTHOCTH CTPOKH S.

1 OT [10JIb30BATeJIA 3aPalINBaeTcs YTo-Inbo, UMeroee 0YeHb MPOCTYIO
YKTYPY, C HanucaHueM QyHKUMH IsCorrect () He OymeT HHUKaKux IIpo-
M. K mpuMmepy, npoBepka KOPPEeKTHOCTH BBOIMMOIO IBOWYHOIO YHCIA
IrPaAMMHUPYETCSI B 4€ThIPE CTPOKHU:

or(int i = 0; i < s.Length; i++)
if(s{i] !'= ‘0" && s[i] !'= ‘1")
return false;
eturn true;

1 BXOJHBIE JaHHbIE, HAIIPOTUB, UMEIOT CJIOXKHYIO CTPYKTYpY (K mpuMmepy,
0yercs] IPOBEPUTh, ABJISAETCA 1M CTPOKA S CUHTaKCHUECKH KOPPEeKTHOM Mpo-
MMol Ha [Tackaite), GyHKIMA IsCorrect () MOXET 0Ka3aTbcs 3anpenebHO
KHOH. IHTYHTHBHO SCHO, YTO BEPOATHOCTE TPETHEro CIy4dast, KOrna BXOMHbIe
IHbE BpOe OBl M HE CAMILKOM CIOXHDI, HO BCE K€ 3aMEeTHO XUTpee TBOMYHBIX
el (HarpuMep, KecATuYHbIe IpoOH ), He Tak yX U Maja.

{0XE€CTBO BCEX CTPOK, ABJIAIOMIMXCS KOPPEKTHBIMH BXOMHBIMH JTaHHBIMH,
OIpeNeIeHNIO €CTh HEKOTOPHIi A3bIK. A UTO €C/IN 3TOT A3BIK yIAaCTCS OIN-
b C IIOMOIIBIO Pery/sipHoro Belpaxenusa? Torma, HCoab3yst «BOMLEOHYIO
HKUHIO», IPMHUMAIOIMYIO B Ka4eCTBe [1apaMeTpoB TECTHPYEMYIO CTPOKY
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Knaccuvka nporpammmpoBanns: AnropnTmet, 936k, ABTomatsl, Komnunatopbl

S W PEryjsdpHOC BbIpaXEHHE, 3a)1axouiee A3bIK, MOXHO Y3HAThb, ABJSACTCA S
3JeMEHTOM f3biKa win Her. Ocrazoch JTO0aBUTh TOJABLKO IBA 3aMEYaHHUS:

+ «Bonmebnas GpyHKIMsI», 0 KOTOPOH TOJABKO YTO IIIa peyb, yXKe JaBHbIM-
JAaBHO HaIlMCaHa.

+ Bynyun moabMu mr000IBITHRIMY, MBI pACCMOTPHM IIPUHIIMI €€ yCTPoiicTBa
B Cleyouien riase.

Hrak, nepsoe Moje3Hoe CBOWCTBO peryispHBIX BbIPaXXeHWIl O4EBUIHO.
Eciu Hexkmil s3bIK SBASIETCS PerylsipHBIM, TO IIPOBEPHUTH JIOOYIO CTPOKY Ha
MPHUHAJIEXKHOCTb K 3TOMY SI3BIKY OYE€HbL MPOCTO (C IMOMOUIbIO «BOAIIE0HOH
byHKIHR» ).

ITepen TeM, Kak MepeitTH K geTajisM NPaKTUIeCKOro UCIOIb30BaHMS Peryisp-
HBIX BBIpaXEHNH, 00CynuM etre OAuH NpuMep.

51 ckavas MHOTrO-MHOTO CTPaHHMII C pa3iIM4HbIX uHTepHeT-GopyMmos. Temneps

MHe TpeOyeTcs IpoaHaIu3UPOBATh CKAYaHHBIE CTPAHUIIBI M CKOIIMPOBATh BCE

HalleHHbIe Ha HIX KOPPEKTHBIE aapeca JEeKTPOHHOM MOYTHI B OTHEILHBI
tr S

aitn’.

Ecin «Bce KoppekTHBIe afpeca 3JeKTPOHHOI MOUThl» ~—— 3TO SA3BIK (a 110
onpeneeHuio 11000e MHOXEeCTBO CTPOK €CTh f3bIK), TO 3afa4y MOXHO chop-
MYJIHPOBaTh TaK: HAATH B HEKOTOPOM TOKYMEHTE BCE CTPOKH HHTEPECyIouero
A3BIKA.

K coxanrennio, pemieHne 3Toif 3a1a4dl BHIXOINT 32 «I1peIeJIbl KOMIIETEHIHN»
CTaHIAPTHBIX PETYISPHBIX BHIPAXEHHUH, paCCMaTPUBAEMbIX B TEOPUM BHIYHCIIE-
Huit. [leso B TOM, 4TO TEOPETHUECKH Pery/sipHble BHIPaKeHMUS UCIIONb3YIOTCS
MMEHHO I OTIMCAHMS SI3bIKa — M, OIIATh XK€, B TEOPUH MX (DYHKIIHS 3THM,
B IpHHIMIIE, ¥ OrpaHnunBaeTcs. 3aqada xe BhIWICHEeHNs U3 BXOTHOU CTPOKH
HEKOTOPOi ITOACTPOKH, IIPHHAIIeXauiel I3bIKy, OOXOTUTCS MOTYaHUEM.

PaclunpeHHble perynapHble BhipaxeHuUs

JLi1g Toro 4To0ObI BCe~TakM BOCTIONIB30BATHCS HHCTPYMEHTOM PeryJIsIPHBIX BbI-
paxKeHMit B JTaHHOM ciy4ae (M B IPYrHX 3a1adax, KOTOPble Mbl pacCMOTPHM
1103Xe), ero npuaercs pacmmpuTs. Kpome Toro, eCTb CMBICI BBECTH KOe-KaKue
TOTIOTHUTEIbHBIE 3JTEMEHTHI B «0a30Byi0 KOH(MHUIYypAIUi0» HUCKIIOUYHUTETbHO
panu ynoobcrsa.

5 W He cnipainusaiite! 51 Bce PaBHO He MPU3HAIOCH, 3a4EM MHE ITO [TOHANOOMIOCH!
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HekoTopble anemeHTs! perynsipHbiX BoipaxeHusi 8 Microsoft .NET®

[naBa 1. PerynapHble 93bIk 1 perynspHbie BblpaXxeHns

Tabmya 1.1

InemeHT

Onucaxune

OJUHOYHbIE CUMBOJIbI,

B nporpaMmuposaHi Nog peryasapHbiMi BHpaXeHnamy nogpasymesactcs
peryfnspHeie Beipaxers wag andasurom ASCIl cumeosnor. (MoaTomy sloboit ogn-

KEOAM{? (1) +2\ HOMHbLIA CUIMBOST PErYISIPHOTO BEIPAXEHWA (KpOME NepeduCieHHbIX CKIIoMeHWUA)

: : onuchIBaeT COOTRETCTRYIOWMI cuMeon ASCII TabnuLibl

\r 0O603HavaeT cumeon ¢ kogom 0Dh (Boagpar kapeTku)

\n O6o3anadaeT cumpeon ¢ kogom 0Ah (Hoeas crpoka)

\CUMEGR 0O6o3nadaeT AarHbI CUMBOS, €C/li TONBKO coyeTanue He OTHOCUTCS K OTAENIbHO
obpabaTblBaemMomy caydalo {Takomy Kak \r uam \n)

N\ Cumeosn o6parHoro cnaula
Touka o603navaet N06GON cUMBOS, 3a UCKTIOMEHUEM HOBOW CTPOKK. dDaKTudeck
cooTBETCTRYET perynifpHoMy seipaxernio 0 U ... U9UAU .. vZuau..uzyU
(gpyrve ASCli-cumeontl). Takum 06pasoM, TodKa — TUMNYHBIA CUMBON, BBE-
[eHHbIR ans ynobetea. B Teopun xe MoXHO oBoiTUCE 663 Hee. Ecnin Tpebyetcs
yKasaTb camy To4KY (a we «mob6of CUMBOA, KpOMeE HOBOIM CTPOKW»), NpwaeTcs
BOCOML30OBATLCA 3aMNUChIO «\.»

(BbIpaXEeHne) Kpyribie ckoBki UcnonibayloTest 06biMHbIM OBpa3oM — Tak Xe, KakK W B TEopWUM.

| BepTukansras HepTa («an») cooTreTCTRYET 3HaKy obbeuHenus W

[eumBORLl] CooTBeTcTRYET MOGOMY U3 NMepedncienHbiX cumBonor, Tak, 3anuck [abcez] akeu-

(Hanpumep, [abcz]) BajnerTHa BolpaxeHuioo aubucu z

["eumBonbi
(Hanpumep, ["abcz])

CooTgeTcTRYeT IoGOMY cUMBOSY, He BXofsUieMy B Habop. Takum obpasoMm,
3anuch [“abcez] akeuBaneHTHa BelpakeHnio 0w ... W9 U AU ...vZudu.. Uy
w (gpyrve ASCIl-cumeosnbl). B Habopax cuMBONOB paspelllaeTcsl Takxe NCnofb-
30BaTh gManasoHsl BUaa [a-z]. K npuMepy, 3anvce [a-zA] o6o3HavaeT nlobyio
CTPOMRYIO aTUHCKYI0 BYKRY WK 3arnaBHylo A,

0O6o3HavaeT Nobol cumeon na Habopa [a-zA-Z_0-9]. CMbICA MOXET Heckoibko

\w BapbUpOBaTLCS B 3aBUCUMOCT OT KCNOTb3YEeMOro cTanaapTa peryaspHbiX Bbl-
paeHnit.

\W O6o3navaeT N060H CUMBON, He BXxoagWnhA B Habop \w.

\s Nio6oi npobBeibrblil cuMmeon (Npobes, Tabynauna, BO3BPAT KapeTku U T. 11.)

\S NMioBoi Henpobenbrblil CUMBOS.

\d Jhobas undpa.

\D Nio60oM cuMBof, He sBASIoLIMIACH UKbPON.

* 3amblkanue KnuHu (xagroe).

*? 3amblkaHue KJTuHW (lernioe),

N Enunvua wnw 6onlee NOBTOROR (xagHoe Nnosepewxne). 3anuck a+ aKeneaseHTHa
aa’*.

+? «JleHvBaIfl nmoc», 3armck a+? aKBUBANEHTHa aa™?.

e(n} PoBHO n noBTOpeHWi BHIpaxenua . Tak, e{3}, dakTniecku, o3HavyaeT cee.

e(n,) Kak MUHUMYM 1 FIOBTOPEHWA BaipaxeHus e (xagHoe nosefenne). Hanpumep,
e{3,) — 3710 ece+t.

e(n,)? Kak MUHUMYM 1 fIOBTOPEHWI BhlpaxenWs e (leHBoe noeegdenrne). Hanpumep,

e(3,}7 — 270 ecet?.

6

K coxanenuio, yesoeyecTso He OpULLIO elle K e[IMHOMY CTaHIAPTY pacClIMpEeHHOro CHHTaKcuca

perynapubix Bbipaxenunit. K ripumepy, peryiaphele BelpakeHua B asbike Perl ommmatores ot Tak
"aspieaemoro POSIX-cranpapra. B Tabimue nepeynciedsl 1iib Hanboilee HIMpoKO UCToNb3ye-
Mbi€ B Pa3JIMYHBIX CTAHIAPTaX 3/1EMEHTSI.
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lNpononxenue tabn. 1.1

AnemeHt Onucanvie
e{n,m} He meHee n 1 He Goflee M NOBTOPEHW BLIpakerns e (kagHoe norefeHue).
e(n,m)? He meHee n 1 He Gosflee m rNOBTOPEHUA BhIpakeHUs e (fleHnBOe NosedeHne).

OHO UNN KW OQHOTO BXOXIEHWUA BhipaXeHNs e (XagHoe noBegeHne). JkBmBa-
e? neHT 3anuck e{0,1). B tepmuHax «TeopeTnHecknx» peryifipHbix BuipaxkeHuii aTy
KOHCTPYKLIMIO MOXHO 3anncarhb Kak (e U ).

OAHO MU HU OJHOTO BXOXIEHNA BhIpaXeHUS e (leHnBoe nosegeHne}. Oxkeuga-

e??
neHT 3anucu e{0,1)?.

"o YKasbiBaeT, 4TO BhipaxeHue e JOIKHO ObITh HallgeHo f1nbo B8 Hasane daiina,
nmMeo B Hadane ouepegHol ero CTpOKMW.

% Yka3sblBaeT, 4TO BhipaxeHne e JOMKHO GblTh HallgeHo fiMBo B Koxue daina, inéo
B KoHLle 04epedHol ero CTpOKH.

\Ae Yka3sbiBaeT, 4TO BhpaxeHue e [OMKHO OblTh HalldeHo B Havane datina.

e\z YKasblBaeT, YTo BhlpaKeHne e [OMHKHO ObiTh HalldeHo B KoHue dalina.

\b Yka3sbiBaeT, 4TO B gaHHOM No3nLMK gosXHa HaxouThes rpannua cnosa (To ecTh
cumBon U3 Habopa \w cocefCTRYeT € CUMBONOM U3 HaBopa \W).

W3 nepeuncieHHbIX B TaOAUIE IEMEHTOB [T0-HACTOSIIEMY PACIIAPSIOT CTaH~
JApTHbBIE PeryjIspHble BhIpaKeHus UMb clienuduKanyu nosexeHus (KagHoe /
neHuBoe). Jpyrue BaxxHble pacIiipeHns Mbl OOCYAMM I1033K€, a [10Ka BEPHEeMCS
K IpUMepaM, M, IpeX/e BCero, K [IOUCKy aapecoB 3JeKTPOHHON OYTHI.

He BpaBasice B TOHKOCTH cnendUKanuil, agpec 3;J1eKTPOHHOI ITOUYThI MOX-
HO paccMaTpMBaTh Kak CTPOKY, COCTOSI(YIO W3 NPOU3BOJBLHOTO KOJIAYECTBa
CHMBOJIOB (HO He MeHee OfHOro) u3 Habopa [a-zA-Z0-9._-], 3a koTOpbIMH
cienyeT cUMBOJI (@ («cobaka»), 3aTeM OISITh UAYT 3JIeMeHTsl Habopa [a-zA-
Z0-9._-]. 3aMbIKarOT axpec TOUKa ¥ JOMEHHOE UMs] — [[Be, TPU WU YeThIpe
OykBBl JaTHHCKOTO ajidasuta. ITo cuacTIMBOMY CTE€UEHHIO OOCTOSITENbLCTB
TaKyl0 KOHCTPYKIIHIO MOXHO OIHMCATh C MOMOIIbIO PETyAsipHOTO BBIPAXKEHUs
(TO ecTb, BEIpaXasiCh I0-HAyYHOMY, 3bIK ZOIYCTHMBIX apeCOB 3J1eKTPOHHOM
[TOYTHI PETYJISIPEH ):
la-zA-Z0-9._-]+@[a-2zA-20-9._-1+\.[a-zA-2]{2,4}

OOpaTuTe BHUMaHHe, YTO TOUKY NPUXOAUTCA 3KpaHUPOBATh CUMBOJOM 00-

parHoro ciima, 00 MPOCTOl 3HAK «.» O3HAYaeT He TOUKY, a «T0O0H CHMBOI»
(oM. Tabiumy 1.1).

®opMajpHO ONHCAHUE A3BIKA Teliepb UMEETCS, HO Ha [PAKTHKE OHO BCe ele
HecoBepmieHHO. TlpennonoxuM, QyHKIMA TONCKA KOPPEKTHBIX afpecoB 00-
pabaTeiBaer BOT Taxkoil ¢aiii:

3a SIMM npomancshb!
C HaunyuymuMu TIoXenaHusMu, Mama IleTpoBa
(MAlIApetrova@pproducts. infoooo)

Axnpec Manm IlerpoBoit onipeneseHHO HEKOppekTeH. Bo-IiepBbIX, OH CONEpKHUT
OYKBBI KUPWUTHIIBL, & BO-BTOPBIX, UMt IOMEHA 3/1eCh COCTOMT U3 CeMH 3HaKOB. Tem
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Iagsa 1. PerynsipHsole s36IK1 1 perynsipHsie BuipaxeHus

He MeHee, (DYHKIIMS TIOMCKa BBIYIEHHUT NIOJICTPOKY petrovalpproducts.info
B KayecTRe KOPPeKTHOro ajpeca u Oymer nipasa.

K cyacreio, aTa mpobiema pemaercst nipocro. Hano sumb ykasaTe, 9410 mep-
Bblif CUMBOJI aIpeca 3JIEKTPOHHOM 1OYThI NPUXOAXUTCS HAa HA4aJI0 HEKOTOPOTo
C/I0Ba, @ MOC/JAeIHMI, COOTBETCTBEHHO — Ha KOHeLl:

\bla-zA-20-9._-]+@[a-zA-Z20-9._-]1+\.[a-zA-Z]{2,4}\b

Teneps pazbepemcsi, Kak pery/sipHbie BhIpaXeHus paboTaioT Ha ypOBHeE Kona
NpOrpaMMBl.

static void Main(string{] args)

{

// TIepBHH apryMeHT - uUM% obpabaTkBaemoro odaina
StreamReader sr = new StreamReader(args(0],
System.Text .Encoding.Default);
string text = sr.ReadToEnd();
// cUYATAThH BXOINHOM daMil B CTPOKY
sr.Close(); // BarpHThH datin

// co3maTh OoDBEeRT “perynsSpHOe BHpaxeHHe”
Regex r = new
RegeX ("\\b[a-zA-Z0-9._-]+@[a-zA-Z0-9._-1+\\. [a-zA-Z1{2,4}\\b") ;
MatchCollection mec = r.Matches (text);
// TIONY4YUTEH CIMCOK HaMOeHHHX alpecos

for(int i = 0; i < mc.Count; 1i++)
// W pacrniedaTaTk €TI0
Console.WriteLine(mc[i].Value);

PerynspHbie BpipakeHUs1 SIBJISIIOTCST 4acThio crienduKanyd HEKOTOPBIX T0-
NyJISPHBIX SI3BIKOB IPOTPaMMH poBaHusl, Takux Kak Perl u PHP, a Takxe rutat-
dopm Java u NET. s pyrux si3bIKOB, HAIIPsIMyIO He TIOJIEPXKUBaIOLINX
3TO NOHSITWE, CYIECTBYIOT HecTaHAapTHEIe OnOnuoTexkn. Ecnm ecTs cripoc, TO
nogABafioTCs ¥ npepioxenusi, Takue kak PCRE mnsa C/C++ nim TRegExp
ang Delphi. 9Ti 6ubinoreku MOXHO cBOOOJIHO CKayarb B MHTepHeTe U Ha-
CTAIMTHCSI BCEMU TIPEeUMYLIIeCTBAMHU Pery/IsipHBIX BbIpaxKeHuil. B 6onbimmHcTRe
Cnyyaes aBTOPBI NPeNOCTaB/IsIOT CXOAHble QYHKIMH, IO3ITOMY paboTta ¢ pe-
IVISPHBIMU BblpaKeHUsIMHA B C# Majio YeM NPHHIUIHAJIBHO OTINYaeTcsl OT
npuMeHeHus: onbmmorexku PHP.
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st ioMcKa KOPPEKTHBIX alpecoB JIEKTPOHHOM 1o4THl B gucTiHre 1.1 uc-
OMb3YIOTCA [IBa Kaacca: Regex U MatchCollection.

Dr3eMiutsap kinacca Regex B Microsoft NET ciyXuT mis XxpaHEHUsT OIUHOY-
HOTO peryyisipHoro BblpaxeHHUs. Mies XxpaHeHUs1 pery/isipHOTrO BbIpaXKeHMs
He TIPOCTO B KaKOM-TO CTPOKOBOM NEepeMeHHOH, a B 0Co00M CTPYKTypE, IO-
CTaTOYHO mony/sipHa’. [leno B ToM, YTO riepell UCIOab30BAHHEM PeryIsipHOe
BhIpaXKEeHME NPUXOIUTCS KOMIMIMPOBaThS. XpaHUTh B CTPOKOBOI TiepeMeH-
HO¥ MOXHO TOJIBKO HEKOMIIWJIMPOBAHHOE BhipaXeHue, II0TOMY IIPH KaxX 1o
onepanyu noMcka tpedyerca nepexkoMuuasiuysa. OObeKkT Regex, HalPOTHB,
XPaHUT yXe& OTKOMIMIMPOBAaHHYIO BEPCUIO, YTO IIPU MHOTOKPATHOM HCIIOJb-
30BaHUH JAET BEIMTPHII B CKOPOCTH palbOTHL.

C noMoupio MeTona Matches () MOXHO NOJYYUTb CCBUIKY Ha KOJLIEKLIMIO
HaiIEHHBIX CTPOK, COOTBETCTBYIOIIMX PETYISIPHOMY BbIpaxkeHu0. B kavecTpe
niapamMeTpa METOMY IepelaeTcsl CTPOKa, B KOTOPOit, COOCTBEHHO, U OCYLIECT-
BJISIETCSI TIOUCK.

OGparuTe BHUMaHHE, YTO BHYTPU CTPOK B C# (KakK M BO BCEX POICTBEHHBIX
SI3bIKaX) CUMBOJI 00PaTHOTO C/I3LIa JIOJIKEeH IyOgupoBaThCsl.

51 He ciyvaifHO ITOMECTWI peayd3anyio pelleHus 3a[adyi O IONCKe aJpecoB
3JIEKTPOHHOM IIOYTH] A0 POTPaMMBbl, IIPOBEPSIIONIER KOPPEKTHOCTL BXOJHBIX
JaHHBIX (TIOMHHTE 3TOT NPUMED C «3aMMTOR OT nypaka»?) Jego B TOM, 4TO
[IPOBEPKY CTPOKU Ha NPUHALIEKHOCTD SI3IKY MOXHO paccMaTpUBaTh BCEro
JIMIIb KaK YaCTHLIN CJIyYaid 3aga4ym [MOKMCKa: HalO JHIIb YKa3aTh B PEryIsIPHOM
BbIPaXEHHUH, YTO TIEPBbI CUMBOJI HAMIEHHONW CTPOKM JOJDKEH COBIIAIaTh C
HayaJIOM 1IpoBepsieMoro daiina, a mocaeHud — ¢ KOHIOM:

\A (BHpaxenue) \ z

Ecmu Merox Matches () mpu 2ToM HalJeT COOTBETCTBUE, MOXHO CHEIATh
BBIBOJ O KOPPEKTHOCTH BBeIEeHHOMI MHpOopMaLmu.

Yro06bl HOBECTH 3Ty MACIO O NMPAKTUYECKOrO BOIUIOMIEHMS, TIPEITIONIOXMUM,
YTO HaC MHTePECYeT KOPPEKTHBIM BBOJ, NE€HCTBUTEIbHBIX YKcel. HelcTBUTE b-
HOE YUCII0 TIPeACTaBIseT coboi HeoOsa3aTebHbII 3HaK «<MUHYC», 32 KOTOPBIM
CileAyeT HEKOTOpOe KOMU4YecTBO uudp, a 3a HUIMU — HeobsizaTeabHast 9acTh
U3 HeCATUYHOM TOYKM M emie OXHOM mocnenosatenbHOCTH nudp. Torna na
SI3bIKE PETYJIAPHBIX BHIPAXKEHMH (C y4eTOM yKa3aHus Havdala u KoHna daiiia)
JEeUCTBUTEIILHOE YUCIO MOXHO 3anMcaTh TakK:

\A-?[0-9]1+(.[0-9]1+)7?\z

7 B npuHimne, B 1aHHOM CIyYae MOXHO ObLTO Gbl BOCIONIB30BATLCS CTATHYECKMM METOLOM
Regex.Matches (), Ho 1pu 3ToM cpena .NET Bce paBHO co3naer HesBHbIN 00BEKT Regex.

§ KoHeyHo, npolecc KOMITUISLMN PETYIAPHOTO BHIPAXEHHSE OTINYAETCA OT KOMITWIIALMK TIPO-
rpammbl Ha C#, Tem He MeHee, UCIIONIB30BAHME 3TOr0 TEPMHUHA TNPUXHMIOCh. Ceifvuac rIaBHoOe
TO, YTO Tepell NPOoLecCOM TIOKUCKA TIPUXOIUTCS CHAuajla BBIMONHATE HEKOTOPHIA HOCTATOUHO
TPYLOEMKUIA AJTOPUTM.

22




Thasa 1. PerynspHbie A3bikn 1 perynsipHble BbipaxeHus

[Tporpamma, npuBenennas B ucrunre 1.2, nedataer True win False B 3ann-
CAMOCTH OT KOPPEKTHOCTH BBOJA. BrIxom — 10 BBOAY MycTOi CTpOKM.

string s
Regex r = new Regex ("\\A-?[0-9]+(.[0-9]1+)?\\z");

while((s = Console.ReadLine()) 1= “=)
Console.WritelLine (r.Matches (s).Count == 1);

JleHnBOe U XagHoOe rnoeegeHue

[lepen TeM Kak mepeiTH K APYriM NPUMEHEHHSIM PeTyISPHbIX BHIPaKeHHuit,
CTOUT YAEJUTb HEMHOTO BHUMAHHUs MIOHSATHSM Jenugozo (lazy) m xadunoeo
(greedy, eager) TOBe[eHHsI, CCHLIKM Ha KOTOPbIE YXe IIPHBOLHINCH B TabuL. 1.1,
Create 3TO 1pomIe BCETO C HOMOIMIBIO [BYX HECIOXHBIX TIPHMEPOB.

IIpumep 1. B HEKOTOpOM TeKCTOBOM JOKYMEHTE eCTh (OIHA H TOJBKO OlHa)
CEeKIUsI CO CHMICKOM JItoJied U uX TeseOHHBIX HOMEPOB:

1. ¥MBarHoB 123-45-67
2. NletpoB 234-56-78
3. CupmopoB 345-67-89

Tpebyercs HaneyaraTh Ha 9KpaHe 3Ty CEKIHIO.

[Ipumep 2. B Tom xe caMOM TOKyMeHTe aBTOP BbIIEMI GIOKH 0COBO BasKHOTO
TEKCTa MpH NOMOILH CBOMX COOCTBEHHBIX Teros [imp]...[/imp]:

3TOT TEKCT MOXeT OHTEL HUHTepeCHEM, M JaXe OYeHD.
Ho oH coBCeM He BaXeH.
[imp]A BOT 3TOT TeKCT Ha pPenKOCTE CKy4YeH; HO 4ToO

nogenaells — OH BaXeH! [/imp]
3eck UOeT CeKIUs oMopa. . .
[imp]A 3peck =~ NpPOTOKON zacenalus KoMuTeTa JX1321 oT

11.05.2004[/imp]
Tpebyercs HaneyaraTh Ha 3KpaHe COTEPKIMOE BCEX BaKHbIX GIOKOB.

Ha niepsprit B3risim, obe 3amaym npocter. B nepsoM ciyyae ceKuumio ¢ nupop-
Malueii O JIIOMSIX MOXKHO ONHMCATh C TIOMOMIBIO PETYISIPHOTO BHIPAK eHHSsI

NG andhdvd-\d\d-\d\d,
a 070Ky BaXKHOTO TEKCTa W3 BTOPOTO C/Iy4asi COOTBETCTBYET BHIPAKCHITE

\[impl . *\[/imp]
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)

B neiicTBuTENLHOCTH BCE HE TaK NpoCcTo. ONUCAHNIO «eINHMIA, TOUK], 3aTeM
CKOJILKO YTOJHO JIOOBIX CHMBOJIOB, 3aTeM TenedOHHbIA HOMep B ¢opmaTe
nnn-nn-nn» COOTBETCTBYET ¥ OyIoK 1. ¥MBaHoB 123-45-67. Hukakux 00n-
EKTUBHBIX TIPHYUH U151 TOTO, YTOOB! METOI Matches () TIPOMOJIKMII IIOMCK [0
CTPOKM O HaHHBIX CHIOPOBa, HET.

Orcrona BLIBOI: B HEKOTOPHIX Ciay4asix Tpebyercsi, yToObl MoBeleHne QyHK-
YU TIOKMCKa ObLIO XaIHbIM, TO €CTh 3aXBaThIBAJICS Obl KaK MOXHO GOJIBIIN
Yy4YaCTOK TEKCTa, COOTBETCTBYIOIUN PETYISPHOMY BhIpaXK€eHHIO.

Tak, MOXeT ObITh, XaJHO€E MOBEICHHE —— 3TO TO, YTO HYXHO Bcerga? Her.
Bo Bropom npumepe xaaHasi QyHKIHS TOMCKa BEPHET BECh TEKCT OT I1€PBO-
ro {imp] mo nocnentero [/imp]. Takum 06pa3om, B HEKOTOPBIX CIyYasix MBI,
Hao00POT, HYK1aeMCs1 B JICHUBOM INOBEICHUN — METOI Matches () IOJIXEH
BEPHYTb ITOICTPOKY HanMEHbINEH BO3MOXHOM JJIMHbL.

VI3MEHUTb TEKCT METOJIa Mat ches () HEJb3s, 3aTO MOXKHO HCIIOIb30BATh CIIe-
umduKanmy KaJHOTO M JICHUBOTO noBelcHus. To4yHee, XaaHOe MoBeaeHne
VICTIOJIB3YETCsI IO YMOMYaHHUIO (TI0O3TOMY PErYIsipPHOE BHIPaXKE€HME U3 TIEPBOTO
npuMepa MepeneabBaTh He HYXKHO), a U1 YKa3aHus NOBEICHUs JIEHUBOTO
NIPHIETCs1 1O0aBUTh BOIIPOCHTENbHBIH 3HaK (cM. Tabmuiny 1.1) nocie 3Be31049kn
BO BTOPOM IpUMeEDE:

\[imp} . *?\ [/imp]

W TOroBbIil KO NIPOrpaMMbl TIPUBOAUTCS B mcrudre 1.3.

StreamReader sr = new StreamReader (args{0],
System.Text .Encoding.Default) ;

string text = sr.ReadToEnd(); // cyUTaThk BXOAHOH daMi
// B CTPOKY
sr.Close(); // BakKpHThL damn

Regex rl = new Regex (“I\\..+\\d\\d\\d-\\d\\d-\\d\nd”,
RegexOptions.Singleline);

Regex r2 = new Regex (“\\[imp]l.*2\\[/impl”,
RegexOptions.Singleline);

Match m = rl.Match(text);

// Meronm Match(), aHamorumuHmN Matches ()
// BO3BpamaeT UL TIEPBYI0 HaWIEeHHY IIONCTPOKY
Console.WritelLine(m.Value);
Console.WriteLine();
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MatchCollection me = r2.Matches (text);
for{int 1 = 0; 1 < mc.Count; i++)
Console.Writeline (me i} .Value.Substring (5, mcli].Value.Length - 11));

Ocraercst nuib I00aBUTh HECKOJIBKO 3aMEYaHUN K TEME XATHOCTH U JICHU:

+ [To ymomuannio B8 .NET Touka cunTaercsi He «IOOBIM CHMBOJIOM», 2
«JIOOBIM CHMBOJIOM, KPOME CMMBOJIA HOBOW cTpoKm». ITockobKy st Hac
nogo6HOE TOBEIeHNe HeXeaTe/IbHO, TPUXOIUTCSI YCTaHaBIMBATh ISt pe-
TYJSIPHOTO BbIpaxeHusl 0coObId MapaMeTp RegexOptions.Singleline.
Teneps To4Ka ~— 3TO HEHUCTBUTENBHO JMIOGOH CHMBOIL

Meron Matches () BO3BpaIll@eT CIUCOK HeEIepeceKalomuXxcsl MOACTPOK,

YIOBJIETBOPSIOIIMX KPUTEPHIO Torcka. K nipuMepy, BbI30B Matches () Al

peryJsipHOrO BbIpaXXKeHHsl aaa U TECTUPYEMOM CTPOKM aaaa BEpPHET JIHIIb

OJIHY MOACTPOKY, HAIeHHYIO B CAaMOM HadaJle TeCTUPYEMOH CTPOKH.

+ Ilpy HaXOXIEHUH YYACTKOB «BaXKHOTO» TEKCTA Ha II€YaTh Hallo ObUIO BBI-
BOIMTBb HE BECh HAHIEHHBINA ¢parMeHT, a b MOACTPOKY BHYTPH TETOR
[imp]...[/imp]. B mporpamme 3TO cresiaHO He CaMbIM KPacHBBIM 00pa3oM:
OT CTPOKH MPOCTO OTPE3ATOCh MATh CUMBOJIOB CeBa U WEeCTh CMMBOJIOB
cipasa. OveHb CKOpPO MBI pazbepeMcsi, KaKk PEWnTh TaKylo 3ajady Oosee
HpaBUIBHO.

*>

pynnel, cCbUIKKU, NOACTAHOBKMN

CPITyZiIlI/]H, Koroa TpeﬁyeTcH HCIIOJIL30BaTh HE BCIO Haﬁ}IeHHYIO C IMOMOIIbIO
PETYIAPHOTQ BBIpAaXXE€HNs MOACTPOKY, a JIMUb HEKOTOPYIO €€ 9aCTh, LOBOJIbHO
YaCTO BCTpevaeTcs Ha IMpaKTHKeE:

+ B npuMepe ¢ KOHCTpYKLHei [imp)...[/imp] MONIE3HBIM TEKCTOM SIBJISLIACh
MWD MOACTPOKA MEXKAY TEramu;

* [IPH aHAM3e HAlJIEHHBIX aXPECOB 3JEKTPOHHOH MOYTH HAC BIIOIHE MOXET
YHTEPecoBaTh YacTOTa BCTPEUAEMOCTH TEX WM MHBIX JOMEHOB;

+ nipa paboTe ¢ THOTOPOJHUMH TeNeDOHHBIMU HOMEPAMH KO/l TOPOJia MOXET
OBITh TOJIE3€H KaK OTHEIbHOE IOJIE.

Jliobast peanm3aiiysi peryasipHBIX BBIPaXKeHUI MpeI0CTABISIET BOZMOKHOCTD
3AKTIOYMTD YaCTh BbIPaKEeHHMsl B epynny, YTOOBI 3aTeM obpanaThesi He KO Bceid
HallIeHHO! MOACTPOKe Cpa3y, a K J00o# ee rpynIe Mo OTAeJbHOCTH.

3agath IpynITy HECJIOXHO: IS 3TOTO TpeOyeTcs Juuib 3aKII0YNTb YacTb pe-
IYISPHOTO BBIPaKEHUs B Kpyrible ckoOku. K nipuMepy, ecim B ajpece aiek-
TPOHHOI TOYTHI MMsI MTONb30BaTeNsl (YacTh 10 «Co0aku»), Ha3BaHHE cepBepa
(1acTb nocie «cobakm») 1 TOMEHHOE uMsI (2-4 cuMBOJIa 32 TOCIeTHEH TOYKONH )
IPEACTAB/ISIIOT CaMOCTOSITE/IbHBIN HHTEPEC, 3TO MOXHO BBIPa3UTh Tak:

\b([a-zA-Z20-9._-1+)@([a-zA-Z20-9._~1+\. ([a-zA-Z]1{2,4}))\b
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O6parute BHUMaHHMe, YTO IPYNINbl MOTYT ObITh BIOXKEHHBIMH. Tax, rpynna go-
MEHHOTO MMEHH sIBJISIETCST YacThlO TPYNIbl Ha3BaHusl cepsepa. B Microsoft NET
rpynmb! MOTYT ObITh MIMEHOBaHHBIMA. JUIst TOTO YTOOBI 321aTh MMsI TPYMIIbL, CPa3y
nocJie OTKPBIBAOIIEH KPYDIol CKOOKM NPHIETCS NOCTABATh BONPOCHTEbHBIN
3HaK, a 32 HUIM — KMsI B YIJIOBBIX CKOOKax: (? <wMsi_rpynms!> ...) PeryiasipHoe
BbIpaKeHue, COOTBETCTBYIOIIEE aiPeCy 3NEKTPOHHOM NOYThI, C HCNOIb30BAHNUEM
VMEHOBAHHBIX TPYNI BBITJISIAT TaK:

\b(?<user>[a-zA-Z0-9._-]+)@
(?<serv>[a-zA-Z20-9._-1+\. (?<dom>[a-zA-Z]1{2,4}))\b

Ecnu peryisipHOe BbIpaXeHue JOCTaTOYHO CJIOXKHO M COJNEPXKUT MHOXECTBO
TpyIIl, HCNOJIb30BaHKUE MMEH MOXET clieJlaTh paboTy C HUM HaMHOTO ynoOHee
(pabotas ¢ uMeHaMu, TOpas3Io Jierye OPUEHTHPOBaTLCsI, Iie 4To. Kpome Toro,
nanee OymeT pacCMOTPEH MeXaHH3M CCBbLIOK, MCNOJb3YIOMmHUA MMeHa rpynn
JUIsl JOCTYMa K HUM).

MonyuuTs 10CTYN K TpynnaM HaijeHHOH NOACTpokH (00beKTa Match MM
3j1eMeHTa KOJIeKIUN MatchCollection) MOXHO NPU NOMOIY CBOWCTBa
Groups. Ecnu rpynna sBisieTCss IMEHOBAaHHOM, TO JOCTYN K Hel NPOH3BO-
JIATCs1, YTO JIOTUYHO, C NOMOIIbIO MMEHH!

MatchCollection mc = r.Matches(text);
// TIOJNY4YUTE CNXCOK HaMOeHHHX alpecoB
for(int i = 0; 1 < mc.Count; 1i++)
// ¥ pacredaraTk e€ro
console.Write(“umMsi={0} cepBep={1} pmomMen={2}\n",
mc[i] . .Groups[”user”].vValue,
mc[i].Groups[”serv”].Value,
mc[i].Groups[“dom”].Value);

B npoTuBHOM cly4ae IpHIeTCsl HCNOIb30BATh MOPSIIKOBbIA HOMED:

MatchCollection mc = r.Matches(text);
// TIONYyYMTE CHOMCOK HaMOeHHHX agpecoB
for(int i = 0; 1 < mc.Count; i++)
// ¥ pacrnedaTaTk eTo
Console.Write(“mMa={0} cepBep={1l} pmomMeH={2}\n”,
mc[i] .Groups[1l].Value,
mc[i].Groups[2].Value,
mc[i].Groups([3].Value);

I'pymrmbl HyMepylOTCsl O MOPsIIKY cieBa Hanpapo. CaMas jeBasi rpynna’
IMeeT TOPSIIKOBBI HoMep 1, 3aTeM ujeT rpynna 2 u T. 1. HyneBoit Homep
3ape3epBUPOBaH JUIsl BCe# NOACTPOKHM, COOTBETCTBYIOIIEH PETYIsIPHOMY Bbl-
paxeHuIo.

9 Touuee, Tpynmna, Yeil nepBblil CHMBOJI HAXOAWTCA JIEBEE T1EPBOrO CUMBOJIA JIOGOH APYrof IPyIbL,
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[haBa 1. PerynapHsie a3bikn 1 perynsipHbie BolpaskeHnsa

C rpynriaMu cBsi3aHa ete ofgHa TeMa — ceouiku (backreferences). Ee npocro
Heb3st O0OUTH CTOPOHOM, MOCKOABKY IPH UCIIONb30BaHMHM CChUIOK «PacIiu-
peHHbIe» (TO €CTb BBIXOZSIIIUE 32 PAMKH CTPOrOro MaTeMaTUYeCcKOro oripejie-
JieHWsI, TAHHOTO B HavaJle IJIaBbl) PETYJIsIPHBIE BbIPaXKeHHsI BBIXOIST JAJTEKO 32
PaMKH TOTO, YTO Ha3bIBAeTCsI PETY/ISIPHBIMH BBIPaXKEHUSIMUA B TEOPUHM, U 3TH
pasiuyusi HaJo [TOHUMATb.

CcbUIKM MO3BOJISIIOT HCHOJb30BATh B PEryjIsipHOM BbIPajKeHHH COXEpPKHMOE
yKe HalijeHHO#H rpynnbl. JJOornycTM, Hac MHTEPECYIOT CTPOKM aaa-aaa,
server-server, name-name U TOMY [1IOZX0OHBIE, B KOTOPBIX [1€pBasi 4acTh B
TOYHOCTH COBIIaJlaeT CO BTOPOH YaCTbIO 1 OTHEIeHA OT Hee 3HAKOM «MHUHYC».
Kak HaliT Tak¥e CTPOKH C [TOMOIIbIO PETYISIPHOTO BhIpaxkeHUsi? OTBET: ¢ no-
MOIBIO CCBUIOK. 3arnch \ HoMep BHYTPH PETYJISIPHOTO BBIPAXKEHUs O3HAYAET
HallIeHHYI0 CTPOKY, COOTBETCTBYIOLIYIO IPyIire ¢ HOMEPOM HOMep:

.*)-(\1)

JleBast 4acTh PEryyIsipPHOTO BbIPAXXKEHMsI HAXOIUT HEKOTOPYIO CTPOKY, 3aKaHYH-
BAIOIIYIOCS] MUHYCOM, 2 I1paBasi IPOBepsieT, COBMaZaeT JU HallleHHasl CTPOKa
C yY4aCTKOM TOM e IITMHBI CIIpaBa OT MHUHYCA.

B Microsoft NET ccbpuika Ha HMEHOBAHHYIO TPYNIY BBITASIUT Kak
\k<umsi_rpynne>. TakuMm o6pazom, BeIpaxkeHue (. *) =~ (\1) ¢ UCIHOab-
30BaHHEM CCBUIOK Ha MMEHOBAHHbBIE T'PYIIfibl BHITJISIIUT TaK:

(?<left>.*)- (\k<left>)

[IoHSTHO, YTO CCBUIKM — IIOJIE3HOE CPEeACTBO, YBEJUYMUBAIOMEE BBIPA3H-
TeJILHYIO CHJIY PeryjisipHbIX BblpaxeHwid. [IpobiemMa guiIb B TOM, YTO S3BIK,
ONHCBbIBaEMBIi [1PUBEIEHHBIM BbIPAKEHHEM, He AGNACICA peeyiapHbim. BepHee
CKa3aTb, HUKAKHUX ITpobseM B 3TOM (hakTe HeT; rpocTo HeOOXOIMMO OTMETHTD
yetkoe paznuyue. OrnpeneseHne peryIsipHOrO sI3blKa Kak sI3bIKa, KOTOPHIid
MOXeET OBITb OINKMCaH MPH MOMOIHU PETYJISPHOTO BbIPaXKE€HUs, HE OTHOCHTCS
K peryisspHbIM BelpaxeHusm Perl, Java win NET. OHO OTHOCHTCS JIMIIb K
TOMY MOHSITUIO, KOTOPOE OIMCAHO I0J] Ha3BaHHUEM PEeryJIsIPHBIX BhIPaXeHUil B
TIOCBSIIIEHHOM TEOPETUYECKHUM aclieKTaM YacTH 3ToH rmiaBbl. C MOMOMbIO XKe
«HACTOSIUX» PETYJSPHBIX BBHIPAXKEHMI, YIIOMHHAEMBIX B TIOOOM y4yeOHMKe
TI0 TeOPUM BBIYMCICHUH, ONHUCATD A3bIK, COCTOSIINN M3 CTPOK BUIA aaa-aaa,
server-server, name-narme, JielICTBUTEJIbHO HEIb3s.

[Ipu noMouin GOABIIMHCTBA ONYJISIPHBIX OMOJINOTEK, Pealn3yIomux pabory
C peryisipHBIMHU BBIPaXE€HUsIMU, MOXHO HE TOJBKO UCKAMb HEKOTOPbIE IO/~
CTPOKH, HO ¥ 3aMeHamp X Ha HOBble. lJIst 3TOro CIIyXKHUT, B YaCTHOCTH, Me-
10l Replace () KJIacca Regex ¥ MeXaHM3M nodcmarnogok. PopMaT BbI30Ba
MeTOJIa MPOCT:

Regex r = new Regex (per_BHpaxeHHe) ;
pesyneTaT = ¥.Replace (HcxomHas_cTpokKa, MNoAcTaHOBKA) ;
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Knaccuka nporpaMmnposanus: Anroputmsl, A3sixm, ABToMaTtsl, KoMAmMnsTopsl

B TpHBHAJNBHOM C/lyYyae mOACTAHOBKA — 3TO NPOCTO CTPOKA, HA KOTOPYIO
3aMeHsieTCs 100ast HalJeHHAs MOCIe0BATeNbHOCTh, COOTBETCTBYIOINAS pe-
ryIspHOMY BbIpaxeHuio. Tak, GparmMent

Regex r = new Regex(“[0-8]");
Console.WriteLine(r.Replace(”s xouy zapabaTeBarTe $10 000" +
"B MeCHH", 119”) );

3aMeHsieT JoOyIo HaiiAeHHYIO B TeKCTe [ubpy Ha IeBsITKY, TEM CaMbIM TieyaTast
Ha 9KpaHe ropasno 0osee noxoxwue Ha IPaBIy NOXeJaHusl.

B cTpoke nozcTanoBKa MOXHO UCIIONB30BaTh TaKXKe CrienyalbHbIe IabIoHbl
3aMeHbl (OTpaHUYUMCsI TpeMsl):

LiabnoHbl 3amensl B Microsoft NET Tabmmuya 1.2
a6non Onuncanue
$number 3ameHseTcs cogepXumslM rpynnbl number peryaspHoro BelpaxeHus.
${name} 3aMeHsIeTcs CoAepXUMbIM UMEHOBAHHOR MpyNMbl hame peryaspHoro BelpaxerHns.
$3$ 3amMeHseTcs 0AMHOYHBbIM 3HaKoM gosnapa.

PaccMoTpuM nipaKTHYECKHUii IPUMepP TIPUMEHEHH s MabJOHOB 3aMEHbI.

Hexuii sebMacrep noueMy-To HeJoIOOIMBAET JIIOAEH, N3BIEKaIOHINX aJpeca
3JIEKTPOHHOIM TIOYTHl C €r0 CTPaHHUI IIPH TIOMOIIY TIPOTPAMMBbl U3 JIMCTHH-
ra 1.1. YToOs OCIOXHATH UM XHU3Hb, OH PEIIACT 32aMEHHUTh B aI[pecax CHMBOJI
@ Ha CTPOKY « at », a TOYKY Iepel uMeHeM JOMeHa — Ha CTPOKY « dot ».
Yenosek, peHMBIIN{ HAIMCATh IIMCHMO, BCE PABHO JOralaeTcsl, YTO K 4eMy, a
BOT aBTOMATH4Y€CKO€ U3BJICYECHME aJPeCOB U3 MHTEPHET-CTPaHn4eK paboTaTh
IepecTaHer.

IMporpamma, apromMarusupyooinas paboTy 3Toro sebMacrepa, NPHUBOIKTCS B
Jymctunre 1.4,

// TIepBHE apryMeHT - uMsa obpadbarThBaeMoro darna
StreamReader sr = new StreamReader (args{0],
System.Text .Encoding.Default);
string text = sr.ReadToEnd();
// CUYnuTaTEkE BXOOHOW daMil B CTPOKY
sr.Close(); // 3BakpeTL damn

// HalTH U 3aMeHUTE
Regex ¥ = new Regex(“\\b(?<user>[a-zA-Z0-9_.-]1+)@" +
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[maBa 1. PerynapHbie a3biK1 1 perynsapHbie BhipaxeHus

“(?<server>{a-zA-Z0-9._-1+)" +
“\\. (?<domain>[a-zA~Z]{2,4})\\b");
string result = r.Replace(text, "S${user} at ${server} dot ${domain}”);

// 3anducaThk pes3’yabTUPYLUKE ball

StreamWriter sw = new StreamWriter (“new ” + args{0], false,
System.Text.Encoding.Default);

sw.Write(result);

sw.Close () ;

KommeHnTuposath 34ece 0cobo Heuero: agpec 3J1eKTPOHHOHN MOYTH, 3a-
MUCaHHBINA B CTaHAapTHOM (popmaTe, HaKTMIECKH TEPENMCHBAETCS B BHAE
{user} at {server} dot {domain}, roe {user}, {server} H
{domain} — comepxXKuMOe COOTBETCTBYIOIUUX IPYIIIL

1.4. PerynsipHble BblpaxeHusa
B MpOrpaMMHbIX NpoayKTax

Kak MBI y>Xe BBISICHI/IM, Ha IIPAKTHKE PETY/IsIpHblEe BbIPAKEeHHU s OOBIYHO TIpH-
MEHSIOTCsI IJIsI IOMCKa B TEKCTE YIaCTKOB, NOIXONSINIX MO 3alaHHoe (KaK pa3s
C IOMOMIBIO PEryaspHOTO BhipaxKeHusl) onmcanue. Cpasy ke X049y 3aMeTHUTh,
9TO ABTOPBI IIPOTPaMM, Tak WIM MHAYE CBsI3aHHBIX C IOMCKOM B JOKYMEHTAX,
yXe OLIeHVJIA MOIIb PETY/ISIPHBIX BolpakeHuH. Tax, Mo# moOuMBbIA (aiinosbiit
merenxkep Total Commander no3BosieT HaXonuTh Ha gUCKe (aiiibl ¢ uMe-
HAMH, COOTBETCTBYIONIMMH 3a1aBaeMOMY pery/IsipHbIM BhIpaXeHreM o0pasny.
Hanpumep, MOXHO BBIIEINTS JHIIb 3BYKO3ATINCH, HA3BaHHbIE B CTUJIE «HCTION-
HUTENNE — KOMIIO3UIUs.mp3». T1oq00HBIM Ha3BaHUSIM OyaeT COOTBETCTBOBATD
peryi1spHoe Bolpaxenue .* — . *\.mp3 (cM. puc. 1.1).

Total Commander 1io3BoJIsIeT MCKAaTh TaKXe NMOACTPOKY, 3aJaHHbIE PEryJsip-
HBIM BBHIpaKeHWeM, B colepxxuMmom daitnos. Kpome toro, ripexycMoTpeHo
- CPeICTBO NMAKETHOTO MeperMeHOBaHus GaiIoB, oA epKUBaloee peryisp-
Hbl€ BBIPAKEHMSI.

IlockoIBKY €MHOTO CTaHAapTa VISt CHHTAKCHCa PEryIsiPHBIX BBIDOKEHHH U
Habopa CpencTB, UMH IIPEIOCTaBAAEMBbIX, HET, B&M, K COXaJICHHIO, BPSIT JIH
yracrcst oOONUTHCH 6e3 YTeHusI JOKyMeHTaluH B OOJBIINHCTBE CIy4Yaes.

[lonckom ¥ 3aMeHOM MOACTPOK B COmepKUMOM (ailyioB 3aHUMaeTCsl U YTU-
mita PowerGREP, KoTOpy1o MOXHO CKa4yaTh C CafiTa www.powergrep.com.
[To npaBe roBopsi, OHa MHe KaXKeTCsl He OYeHb I0JIe3HOM B MOBCEIHEBHOM
UCIONB30BAHMHU (KPOMe TOTO, MpOrpaMMa CTOMT REHer), HO Uil H3y4YeHwusl
PErYASPHBIX BbIpaKeHUI ¥ HaISIAHOTO A€MOHCTPHUPOBAHHMS NX BO3MOXKHOCTEH
BeCbMa IIeHHa.

29




Knaccuka nporpammupoBaHus: ANroputMmbl, 93bikun, AsTomMaTtbl, Komnvngropsl

= |Total Commander 6.0 - Anniversary Edition
@a¥in  Bolasnenns  KonaHakl <CeTh Bua E,ondmrypaum Banycr
{system] 5 331 712 Kh u3 29 296224 Kb o A
1 = Nouck daiinos

=10
Cnpaska
| vildata} 3 UG5 192 KB ua 78 131 104 Kb cBot A 1

;@J
Qs Aapamerpe: l ﬂonommenhnnl 3arngb/CowpaHmb§
Habmu @atinsi mpg 3] i
MecTo noucka; id'\CD* ta bum\Dream Dance CO :J xg“CKM:_j Drrveria g
V. Fegby | S 2 - Chpaexs {

‘N Mcxaﬂ: TKHKS B apHuBal [rpome UCZ} :
" [Texkcrom: [ - ?j : o l

.\
i

PeaganaTbn noWcra

[HataeHo dafnoe - BE, katanorcs - 0]

d:A\CDs to burn\Dieam Dance COVALLURE - WHEM SHE LEFT .mp3

dA\CDs to bumiDream Dance CDVANDORA - BLADERUNNER . mip3

d:\CDs to burn'Dream Dance CDAVATB - HERO.mp3

d\CDs to burn\Dream Dance CDAATE - | WANNA CRY.mp3

d:ACDs to burn\Dream Dance CDVATE - WATEFALL 2003.mp3

d'\CD's ta bum\Dream Dance CDAATE - YOU & NOT ALONE airplap chill remis.mp3
d'\CD's ta burr\Dream Darnce COAVAYLA - LIEBE .mp3

i d \CD ta bum\Draam Dance ED\BAHJlDF— BPDTHCRS FLM £ mp3

| LT N O EC 1 ¥1 1171

[ipocmaTp i Hosbr fovice, Nepeiri K patiny &by Ha TIaHE Al ;
d:ACD s to burn\Die

F3 Mpocmorp

[HaMﬂ.BHO aknoe - EE KETENOFOB « D}

X

SearchT Replace ] File Finderz Collect} Sequence? Fiesults§ UndoHislowd o0 .
Search: | [A-Z0-9._-]+@[A-Z0-8_J+\[A-Z]+ “j ¥ Hegular expression

™ Dotmatches pewline
I Search binary fles
{™ Search archives

{7 Cade sensitive

-

Folder: iC \temp\powergrephpgE 1 __} Brayese. . % ™ Recurse subfolders
Fite mask: i Mj Sefector... i {rreert mask Search { i j

1_} Open Resubs = F Save Resuts & Print Besulls Open F|Ie o Wad wrap
FILE: - Cil\tenmphpovergreph pgExiEmalls. txt

Regular emsil address: jgBjgsoft.com

Address with mailto: mailto:jgligsoft.com

Double quotes: "jgljgsoft.com”

Hultilevel domain: somebody@site.server.domain.com
Other tlds: jg@editpad’.be Jjglregular-expressions. info
Special characters: test.person-5 S@some-domain. some-where.cc
comma-separated: mefyou.com, youflme.com, helshe.com

AwEt 1l addreas ar rthe and Af A fenrence mirh s datr ke SeRamanfr r‘ﬁwl_j

< ] ki

2 1~3 bon fn s 6 | [

Puc. 1.2. Yrunuta PowerGREP
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[naBa 1. PerynsipHsie A3bIK1 U perynspHble BelpaxeHna

HHrepdeiic mporpaMMel BIIOJNIHE CTaHAApTeH. Bel 3a1aeTe myTh K JOKYMEHTaM
U peryjsipHOe BbIpaxKeHue, cllyxaimee madJOHOM Ui ITOUCKa, a CUCTeMa
BBIIAET CIIMCOK HANAEHHBIX COBMNAIEHUN C MMOACBETKOMU, YTO AefCTBUTENBHO
HawsgHO (cM. puc. 1.2).

Utorm

+ PerynspHbie BeIpaXeHus (B TeOPUM) — 3TO UHCTPYMEHT, IIO3BOJISIONIMIA
CpaBHUTEJILHO MPOCTO OIMCATh HEKOe, BO3MOXKHO, OeCKOHeYHOe MHOXe-
CTBO CTPOK (SI3BIK).

+ Perynsipabie BeIpaxkeHMs HAIOT HaM BO3MOXHOCTb BBIIAEJUTD SI3bIKH, UMHU
onMcbIBaeMble, B OTAEJbHBINA KJIACC — KJIACC PEry/sipHBIX sI3bIKOB.

* Ha npakTrKe peryisipHble BbIPaXKe€HUsl HCIIONAb3YIOTCSl OOBIYHO IUISI T10-
ucka (M, BO3MOXHO, IOCENYIOHIEN 3aMEHBI) CTPOK PEerylsipHOro S3bIKa B
HEKOTOPOM TEKCTOBOM HOKYMEHTE.

+ IToBenenue GPyHKIMU MTOMCKA MOXeT OBITh JJEHUBBIM MM XaaHbM. ITpo-
IPaMMUCT MOXET SIBHO yKa3aTh TpebyeMoe noBeeHue B 11000M KOHKpET-
HOM CJlydae.

* OtmelibHBIE CPEACTBA PEryJsApPHBIX BelpaxeHuii mnardopmel NET, a tak-
K€ HEKOTOPBIX APYruX MHCTpyMeHTOB pa3pabotku (Perl, PHP, Java, ...),
NIO3BOJISIOT OINMCBHIBATL CTPOKM SI3BIKOB, CTPOFO IOBOPSI, He SIBJISIIOLINXCS
peryJIsipHBIMM.

+ OOpaTuTe TakXe BHMMaHME, YTO MBI [IOKA HE pacCMaTpUBajIu BOIPOC O
TOM, HacKOJIKO peryispHble BbIpaxXeHusl 3(p@GeKTUBHBL B aIropurMuye-
CKOM Il1aHe (MHade roBopsi, KaK ObICTpo OHM paboraior). B cnemyomeit
DJIaBe 3TOT HENOCTaTOK Oyner MCIIpaBieH.
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KoHe4yHble aBTOMAThI

[eTepMnHUpOBaHHble
KOHEeYHble aBTOMaTbl

HenerepMMHUpPOBaHHbIe
o KOHeYHble aBTOMaThbl

MpoekT JFLAP
N KOHeYHble aBTOMaTbl

KNACCHKA %“W{}é“@%m%?%ﬁpﬁﬁﬁﬁﬁﬁ:
Anroprrvasl, Hasikn, ABTOMaTH, KOMNWARTODSLL.

NPAKTAHECKMM NOAXOA.



Koneunvie aemomame — eJ1Ba JIM He caMasl MHTEpEeCHasl TeMa 3TON KHUTH.
KoneuHbie aBTOMATBI SIBJSAIOTCS UCKIIOUUTENRHO MOJE3HBIMU KaK B TEOPHU
KOMITBIOTEPHOM HAYKH, TaK U B PeaJbHOU MMPOrpaMMUCTCKOM IPAKTHKE.

B reopeTudeckux paboTax aBTOMAThI MCIOJb3YIOTCSA B KauecTBe CPENCTBA
orucaHusl GOPMaJIbHBIX SI3BIKOB, @ TaKXKe «MOAEAU BBIYMCIEHUS» (CMBICI
3TOTO BBIPAXXEHUSI CTaHeT sICeH M03Xce), a Ha NPAKTHKE OHM NpPEeACTABISIOT
cof0#i MOUHLIN ICUXONOFMYECKUi UHCTPYMEHT, ITOMOTalouiiii B HEKOTOPbIX
CIyyasix IHMCATh 1TPOCTbIE U HALEXHBIE ITPOrpaMMBbl.

B 310l rnaBe MBI MO3HAKOMUMCA C pa311006paszIMu BUIaMy KOHEYHDLIX
dBTOMAaTOB, PaCCMOTPUM DPAa3JUYHbIE aNlOPUTMBI, C HUMU CBA3aAHHBIC, U 00-
CyIuM NPpHMEHEHUE aBTOMATOB KdK B TEOPETUUECCKUX INOCTPOECHUAX, TaK H B
PEANIbHBLIX IpOTrpaMMax.

2.1. JeTepMUHUPOBAHHbIE
KOHe4YHblIe aBToOMaThbl

HedopmarnuHoe BBejeHVe

Haynen, Kak ¥ B Ipeablnymuuii pas, ¢ 3afa4u (opMaJbHOTO ONUCAHUSA SA3BIKA.
Kak MBI ye BBISICHUIIM, PEIYNAPHBIE BBIPAXKEHUS MMO3BOAAIOT PEIIUTb 3Ty 3a-
a4y, HO JIUIIb I HEKOTOPBIX, TaK HA3BIBAEMBIX PEry/SIpHbIX SI3BIKOB. YTO Xe
fenaTh, €C/IM MHTEPECYIOIMIA HAC A3bIK He spisiercs perynaspaeM? Ipunercs
H309perath Apyrue, 6onee MollHbie HHCTPYMeHTH. KpoMe Toro, perynspHble
BRIPAKEHUSA, KaK Mbl YK€ YIIOMUHAIN, aHAIM3UPYIOTCS Ha [IPAKTHKE «BOIICO-
noll pyHKLMEl»', Ube BHYTpeHHee YCTPOUCTBO IIOKA YTO OCTAETCS CKPBITHIM.

3anporpaMMupoBaTh NOZOOHYIO «BOJIIIEOHYIO QYHKIIMIO», a 3aTEM U BOBCE BbI-
PBATBCSE 32 IIPEJIe/Ib! PErYISIPHBIX SI3BIKOB HAM [TOMOTYT KOHEUHbBIE aBTOMATHI.
[lepsbiM B psity KOHEYHBIX aBTOMATOB SIBNISIETCSA TaK HA3BIBAEMBIN dentepmu-
HUpOGaHHbIL KOHeu bl agmomam {deterministic finite automaton).

10 Oupeaeﬂmm.ueﬁ, ABJIAETCA A MIEpeNaHnas CTpoKa 3JeMEHTOM A3bLIKA, 3a4aBACMOT0 PEryJISIPHBIM
BBIPAXKCHHEM.
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2, B—4
3.C— 1
5A—2
1,A—5
2.B—-1
1.C—1 . -
el e g ®

Puc. 2.1. [leTepMyuH1pOBaHHbI KOHeYHbIN aBToMar ( HarnsaHoe rnocobue)

ITocmoTpute Ha puc. 2.1. KBanpaTHelif ceprlif AMIMK CO MKaXOH M CTPEJIKON
Iocepeirne 1 eCTb MOAEAb IeTePMUHNPOBAHHOro KOHEYHOro aBToMara. 3a-
METBTE, 51 TOBOPIO O «MOJIENM», & He 00 «onpeneneHuu». Peus ceiiuac uuer oo
abCTPaKTHOM NOHATHH, 1 TIOOLIE KAPTUHKY MOTYT JIMIIb WIIIOCTPUPOBATD T
WM MHBIE ero 0co0eHHOCTH, HO HU OfiHa U3 HUX He B COCTOSIHMU NIPETEH0BATh
Ha UCTUHHOE OIIpe/e/IeHue.

Wrax, Ha Kakue 3MeMeHTH aBTOMAaTa Cleayer oopaTuth BHUMaHue? -

¢+ CaM o cebe aBTOMAT SIBJISIETCSI HEKUM «BHUPTYAJIbHBIM YCTPOHCTBOM»,
YMEIOINUM BBIMOMHATE ONpPeNeIeHHOro pofa pabory.

+ YV aBroMara ecTb [OJBIIKHAS «CTPEJIKa», YKA3BIBAOIIAS HA TO WM MHOE YHCIIO,
Ha3pIBaeMoe ero cocrmosnuem. Takum 00pa3oM, U300paKeHHbI Ha PUCYHKe
aBTOMAT B HACTOSIIIMIT MOMEHT HAXOMUTCS B COCTOSIHUU HOMEp TPHL.

+ CaMux COCTOSIHMI MOXeT OBITh CKOIb YTOIHO MHOTO, HO MX YUCJIO KOHEYHO
(mo3ToMy M aBTOMAT HA3LIBAETCSI KOHEYHBIM).

¢ Cpenu BCex COCTOSHMIT MOXKHO BBIIEIHUTDL «OCOOBIE»: 3TO, B IIEPBYIO OYe-
penb, HauanbHoe COCTOSHUE U OAHO uiM bonee donyckarousux (favorable)!
cocrosinuii. HayanbHOe COCTOSIHME — 3TO COCTOSIHUE aBTOMAaTa Ha MOMEHT
3arycka (TO eCThb I10Ka OH ere He BBIIOJIHWII HUKaKoi pabotsr). Jonycka-
IOIIME COCTOSIHUA HUYEM HE OTIMYAIOTCA OT OOBIYHBIX, IPOCTO MX Habop
OroBapHBaeTCs 3apaliee, 1 Mbl B JIODOI MOMEHT 3HaeM, KaKoe COCTOsIHHE
CUMTaeTCsA AOMYCKaloMmMM, a kKakoe — HeT. Ha pucyHke momyckaromme
COCTOSIHUS BbIIEIEHB KOHTYPHBIM WIPHPTOM (Takum o0pazoM, y Halllero
aBTOMarta BCero OIHO JOTycKauiee COCTOAHNE — HOMep iBa). onycka-
IoMe COCTOSHUS HYXXHBI [l AHANW3A pe3yibTaToB padoTs! aBTomaTa. B
32BMCHMOCTH OT TOTO, OTHOCHTCS JIH HA MOMEHT 3aBepuUleHUs BCeX JAeiCTBui
TeKyliee COCTOSTHUE K J0NYCKAIOIUM HIH He OTHOCHTCS, Mbl Oy1eM 1eiaTh
pa3iu4Hbie BLIBOABI O JAHHMLIX, NOCTYNAOMIHKX ABTOMATY HA BXO.

1 lonyckaoIme cocTosiHMS MHOTAA HAa3bIBAIOT elle 3araoqimensruimi (final), HO, Ha Mot B3DIs 1,
3ITO Ha3Banue He CIMUIKOM VAaMIIoe.
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+ Ha npaBoii cTeHKe aBToMara YCTaHOBJIEHO CUMTBIBAIOLIEE YCTPONHCTBO, yMe-
fojee obpadarbiBaTh OyMaxXHbIE IEHTHl KOHEYHON JUIMHBIL, pasrpacdieHHbe
Ha KJIeTKHU U COfepXaiiue B KaxJOi KJIeTKe HeKUil CUMBOII (pasyMmeercs,
IycTast KJIeTKa TOXe B U3BECTHOM CMBIC/IE MOXET CUMTAThCs CUMBOJIOM).
Jlenra B HamewM cnyvae cogepxur crpoky CAAB.

+ B mamsaru aBroMara (HapucoBaHa CJieBa BBEPXY ) HAXOXUTCSI KOHEYHAS «Ta-
OnmMua rpasut» (UM «Tabluia nepexodoe» ), CBEPASCh C KOTOPOH, aBTOMAT
OlpenesieT, 4To AejlaTh B TOM win UHOH curyaruu. Ilo cymiecrsy, Habop
ero feHCTBUI COCTOMT TONBKO U3 IEPEXONO0B B TO WJIM MHOE COCTOSIHUE (KaK
BUJHO U3 PUCYHKA, KpOME ITOABUXHOU CTPEJIKY Y aBTOMATa HeT HUKAaKUX
aKTUBHO NEHCTBYIOLIMX y3/I0B BPOIE BCTPOEHHOTO JIa3epHOIO NpHUHTEpa
W 60pTOBOH KpyNHOKaJINOEpHOH MyWKHU). DIAEMEHTHI TaOIUMLBI 1TpaBILI
CJIeYeT YUTATh TaK: «E€CJIM O4epenHOl BXOqHOM cuMBOoIl — B, a Tekymee
COCTOSIHUE — BTOPOE, TO IEPEXOAUM B COCTOSIHUE HOMEDP YEThIPE», «ECIH
odepenHOH BxogHOM cuMBoi — C, a TeKyIee COCTOsiHUE — TPEThE, TO
IIepeXOnMM B COCTOSSHUE HOMEP OHMH» U TaK Jajee.

+ INapa (Tekymiee coCcTOsiHUE, OUEPEHON BXOMHONU CUMBOJ) OJHO3HAYHBIM
obpa3om ornpenesieT UCNONb3yeMoe B TaHHOU CUTyaruy IpaBuiIo nepe-
xopa. IToaToMy aBTOMAT Ha3bIBaeTCA AETEPMUHUPOBAHHBIM.

Asromat paboraer mo cienymomiei nmpocroii cxeme. CHadajla CUUTBHIBAETCS
0YyepeaHON BXOQHO! CUMBOJI C JIEHTB], 3aT€M [IPOU3BOXUTCS [IEPEXO/L B HOBOE
COCTOsIHUE COIJIaCHO TabiMiie mpaBuil, 3aTeM LMK noBropsiercst. Pabora 3a-
KaHuYMBaeTcst OCE TOrO, KaK BXONHAst JIeHTa Oyxer obpaboraHa I1€IMKOM.
TaxuMm obpa3om, nmpounecc paboTht aBTOMaTa, U300pa’k€HHOro Ha puc. 2.1,
BHIVISIOUT TaK:

HayalbHOE COCTOsSHHe = 3

CUnTaTk CcuUMBON (pezynsrarT = C)

nepediTy K cocrogHuio 1 (npaBumo 3, C -> 1)
cYuTaThk CUMBOMN (pezynsTar = A)

nepelTy K cocTosHuio 5 (mopasuno 1, A -> 5)
cyyTaThk CHUMBON (pe3ynbrar = A)

nHepedTy K CoCTOsSHUI 2 (mpaBuno 5, A -> 2)
CUUTaTEH CHMBOI (pe3yneTaT = B)

nepedTH K CoCTofHu 4 (mpaBuno 2, B -> 4)
3aKOHYUTE paboTy

Ha momenT 3aBeplIeHUA pa60T1>1 TCKyImuM COCTOAHUEM aBTOMATA ABJIAETCA
COCTOSTHUE HOMEDP YETHIPE.

MpepacrasneHve geTepMUHUPOBAHHOIO
KOHe4YyHoro aBTomMara B Bue rpacga

flpencraBnsiTs KOHeuHbIe aBTOMATHI B BUjIe PUCYHKOB YIOOHO JIMIIb 1UIsi 00b-
ACHEHUSI IPUHIUNA UX AeicTBus. [ TOro xe, 4roObl yACHUTDH CTPYKTYPY
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TOrQ WIU MHOTO KOHKPETHOTO aBTOMATa, Topas3fo yanobHee U300pa3suTh ero B
BUJIE YepTeXa, COCTOSIIET0 U3 KPYXKOYKOB U CTPeJIOK (HarpasJeHHOro rpada).
DTOT crocod o4YeHb YaCTO UCNOIbL3YeTCst B KHUTaX 110 TEOPUU aBTOMATOB.

Paccmotpum (cM. puc. 2.2) rpad, cOOTBETCTBYIOMINUN yXXKe 3HAKOMOMY HaM T10
puc. 2.1 aBromary.

C %
—~ ¢ (3)
(\1 ) 3/
ARN:
.5 ;]—-)' ":7/"/\‘\} B -
A (‘&24/ \>(\ 4)

Puc. 2.2. peacrapBiieHie KOHEYHOIO aBTOMAaTa C NOMOLLbIO rpaga

Kak «uuraTb» Takoil yeprex? Kpyxouku (yzze: rpada) Npeacrasisiior coboi
COCTOSIHUSI KOHEeYHOro aproMaTa. Cpasy e BUIHO, YTO UX ISITh, ¥ 0003HAYEHBI
OHU € noMouibio yucen or 1 go S.

Honyckammee cocTosiHue (BTopoe) OTMeUeHO ABOMHOM I'paHuneil Kpyra.
Crpenxu (pe6pa rpada) HarasgHo u306paxaroT Tabluny NpaBu (Harpumep,
npasuio 3, C — 1 obosnavaercs pebpom, nomedeHHsM OykBoit C, KoTopoe
coeguHseT y3en 3 ¢ yanom 1). Crpenka, ugymast «43 HUOTKy[a», yKa3blBaeT
Ha HavyaJbHOE COCTOSTHNE aBTOMara (TpeTbe).

FAQ no KoHeyHbIM aBTOMaTaM (NepBas 4YacTb)

Bonpoc. IToueMy COCTOSIHUSL aBTOMATa NIOMEYEHbl YMCIaMH, a CUMBOJBI BXOA-
HOH leHThl — OyKBaMu JaTHUHCKOro andgasura?

Omegem. Ilpocro Tak. Bel MoXeTe BbIOMpPATh JIOO0H CII0COO yKazaHUS CO-
crosnuil (Hanpumep, q,, d,,..., 4y WIM StateOne, StateTwo,
LastState, InitState) U Kakye yrogHO 2JIEMEHTbl B KauecTse
JOMNYCTAMBIX CAMBOJIOB BXOXHOM JICHTHI.

Bonpoc. Moxer nu aBroMaT He UMeTh HadanbHoro cocrosinua? M kak nacuer
IOTyCKarMmux?

Omeem. HauansHoe cOCTOstHUE HOJDKHO ObITh yKa3aHo Bcerxa. Teopetiue-
CKH, B aBTOMaTe BooOIIe 6e3 JOMyCKaoNUX COCTOSTHUI HET HUYero
HeKOPPEKTHOro, HO MPAKTHYeCKast 1101b3a OT HEro BeCbMa COMHHU-
TeJIbHA.
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MnaBa 2. KoHeuHble agToMaThl

Bonpoc.

Omeem.

Bonpoc.

Omeem.

Bonpoc.

Omeem.

Boipoc.

MoxerT M aBTOMaT, HaXOASIIMIICI B JONYCKAKHIEM COCTOSHUM,
BhItiTH M3 Hero? Wy nepexox B TakOe COCTOSIHME O3HavyaeT KOHerl
pabotbi?

HuruposanHe caMoro cebss — IypHOH TOH, HO BCE-TaKU 3TOT BO-
IIPOC yXe ObUT OCBEICH B IMIaBE: « 10N YCKAIOUIUE COCTOSHNS HUYeM
He OT/IMYAIOTCs OT OOBIMHBIX, IPOCTO UX HAOOpP orosapuBaeTcs 3a-
paHee, U MBI B 110601l MOMEHT 3HaeM, KaKOe COCTOSIHME CUMTAeTCH
JOTyCKAIOMINM, & KaKoe — HeT».

A uto Oyner, eciin yka3arhb B TabMUe HECKOABKO IIPAaBUJI, IPOTUBO-
pevamux apyr apyry? Hampumep, 5, A>1u 5, A > 2? B kakoe
COCTOSIHHE TlepeiiieT aBTOMaT U3 COCTOSHUSI HOMEep IIsAThb, ecu Ha
BXOIE BCTPETUICSA CUMBON A7

Takue curyanuu 3anpemens. IToctpoeHHOe yeTpolCTBO MONpocty
He OyleT neTepMUHUPOBAHHBIM KOHEYHBIM aBTOMAaTOM.

A ecin npousoiner HemratHaa curyanus? IIpeamonoxum, Hail
agToMar (puc. 2.2) HaXOIUTCs B COCTOSIHUY HOMED [18a, @ Ha BXO[ [0~
crymut cumson C? Takoii BapuaHT He IpexycMOTpeH NpaBHiaMu!

A paa, 4TO BB CHPOCUIU — 3TO ACHCTBUTETBHO MMTEPECHBI ciy-
vail. B reopuu Takoro 6bITh He HOJXKHO. MHBIMY cii0Bamy, ciepyer
BCEIJ1a ITpellyCMaTPHBATh BCE BO3MOXHbIE cllydal. Hexoroprie aBTOpbI
JNeHCTBUTENbHO ¢ HPaHATUYHBIM YITOPCTBOM PUCYIOT B Ipacdax aBToO-
MaToB BCe MBICTMMBIE H HeMBbICIMMBIE pebpa. Ha mpakruke'? ciyyait
HCHANIEHHOro NpaBuia Nepexoia cilefyeT pacCMaTpUBaTh Kak 0CO-
Oyio curyanuio (aHaJOTUYHYIO, K IIpUMEpy, OLUOKe Tulla «baiin He
HaiiieH») CO BCeMU BBITEKAIOUIMMI OTCIOAA TOC/IeACTBUSIMMU.

Yro BbI Oyzlere penath, €CH OTKPBIBaeMBbIH BaeHd nporpaMmoii haiin
He "Hahned? Bam nanyt 3HaTh O BOZHMKHOBEHUM ITOH HEIUTATHOMU
CUTyal My, HO JMIIb BaM pellaTh, KakK IOCTYNUThL ganbiie. MOXHO
NpOCTO NPOUTHOPUPOBATh OIIMOKY (CKOpee BCero, HUYero XopoIero
13 3TOTO He BhIier). MOXHO BBIBECTH COOOICHME ITONB30BATEIO U
aBapHUiiHO 3aBePIIUTH BHITOJHEHHE NPOIeIyphl. A MOXHO U oTdop-
MaTHpOBaTh BUHYECTEDP A1 pasHoobpasus.

XM... eciu v Hac eCTb Ipasuio 1, A - 2, pucyem CTpesKy MeXy y3/a-
mu 1 1 2; ecu nobasnserca npasuio 1, B » 2, To crpesiok bymer yxe
nBe? A ecnu TpeOyercs 1epeiTH U3 NepBOro COCTOSHUE BO BTOpPOe
o oboit Bykse naTuHCKOro andasura, kpome Z? [orpedyercs 25
crpeaok?!

B 3jtech BBIPQXKEHHE «HA NPAKTUKE» O311aYdeT «HA YPOBHE peabHo paGoTaonieil nporpamMeb».

IIporpaMmHoil peanusaliveii aBTOMaTOB Mbl 3aiiMEMCA Uy Th ITO3XC.
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- A.Y N
(D)—(2)

Puc. 2.3. CokpatlleHHas1 3anuchb npaau nepexoaa

Omesem. Tlockonbky rpad KOHEYHOro aBToMmaTa npeaHa3HayeH JJisd YTeHUS
YeJI0BEKOM, a He KOMIBIOTEPOM, Pa3JUYHOIO BUAA COKPAIlEHHBIE
3anvcH MPUBETCTBYIOTCA. Kak cienyer NOCTYIIUTh B JAHHOM Clly4ae,
IOKa3aHo Ha puc. 2.3.

OnucaHue 93bIKa ¢ NoOMOoLLbLIO KOHeYHOor o agToMarta

BepHeMcst Tenepn K 3ajiate, KPaCHON HUTBIO IPOXOAAILE Yepe3 BeCh MaTePH-
an rnas — 3ajgave pOpMANTBHOTO ONUCAHHMS HEKOTOPOTo A3blKa. B KauecTse
3aTpaBKH Ipejlarald pacCMOTPETh yX€ U3yYeHHBIH HaMM SA3BIK, COCTOAIIUMA
U3 BCEX JOIYCTHUMBIX aJPeCOB 3J1€KTPOHHON MOYTH, U OOCYIUTh, KaK K€ €ro
MOXHO ONUCATh IpH IIOMOIIM KOHEYHOro aBTomara. B mpouuioii rmase Mul
OIpaHUYMIIMCh HECKOJIBKO YIPOLIEHHBIM PEACTaBIeHUEM O AOIyCTUMOM [10-
YTOBOM ajipece, KOTOPOMY COOTBETCTBYET pelylsipHOe BhIpaXeHue

[a-zA-20-9._-1+@{a-zA-Z0-9._-]+\.(a-z2A-Z1{(2,4}

Cefiuac 310 BBIpaXE€HUE, K COXaJleHUIO, IPAAETCS YIIPOCTUTD €11€ pa3, HHAIC
aBToMar MONYUYUTCH CIUIIKOM IrpOMO3OKUM!

[a-zA-Z0-9. -1+@[a-2zA-20-9_-1+(\.[la~-zA-20-9_-1+)+
XoTs Ha mepBBId B3rsiL KaXeTCsl, YTO BhIpAXEHHUe CTalo Haxe CIOXHee, B
b
HEeHCTBUTENBHOCTU ero CTPYKTypa yIpoCTHIACh™.

PaccmorpuM Teriepb paboTy KOHEYHOIO aBTOMaTa, u300pakeHHOro Ha puc. 2.4
Ha KOHKPETHBIX [IpHMEpax.

ITycth BxOmHAA JieHTa (CUUTAETCH, YTO Ha Hel MOTYT OBITh 3aIIMCAHBEl CUMBO-
Jbl a...z, A...Z, 0...9, Touka, 3HaK HUXHErO MOAICPKUBAHMS, a TaKXe 3HAKU
«MHUHYC» U «C0DaKa») CONepXHT CTPOKY zeus@olympus.

WM3HauanbHO aBTOMAT HAXOAUTCA B COCTOSIHUM 1. CYMTaB e PBHIY CUMBOJ JIeH-
THl (OYyKBY z), OH IlepeiifieT BO BTOpoe cocrosHue. OcraBuyecs Tpu CUMBOJIA
JIO «CODAKU» He U3MEHSAT TeKyuiero CocTosiHMsl aBToMmara, a cama «cobaka»

13 4] GONMMAIO, UTO HA HAHHOM OTarne 3TO COBCEM HEOYEBWANO, HO B OynyineMm, Haleich, CTaHeT
ACHO, HEM fIePBOE BHIPAXERNEe CAOKHEee BTOPOTs.
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Mnaga 2. KoHeuHbie aBTOMAThI

L ZOALLZ,
L9, -

[T V)

Puc. 2.4. KoHeyHbIVt aBTOMAET, pacrnosHaloLUnl KOPPEKTHLIE apeca 3N1eKTPOHHOM noyTsl

[epeBefieT ero B cOCTOsiHME HoMep 3. BykBa o 3acTaBUT aBTOMAT NepeuTy B
ocrosHue 4. OcraBmiuecs CUMBOJIBI HUYETO He U3MEHST, U B UTOTe I1OCHe
0paboTKu BCel JIEHTHI aBTOMAT TaK U OyxeT HaXOAMTHCS B COCTOSIHUM 4.

[enepb NTOCMOTPUM, YTO OyHeT, €Clid BXOXHAs JIEHTA CONEPKUT CTPOKY
eus@olympus . gov.

CMMBOJTBI 10 TOYKH, KaK MBI YK€ 3HaeM, 3aCTaBSIT aBTOMAT [ePEeUTH B COCTOS-
ue 4. Cama TOUKa IIepeBeeT ero B COCTOSIHUE 5, @ OCTaBLINECs CAMBOJIBI — B
octosiHue F, Ha yeM, paboTa aBToMaTa U 3aBePHIMTCS.

1 He Gy1y 3aHUMATBCSt CTPOTUM J0OKa3aTe/IbCTBOM, HO, Hafeloch, Ha Hepop-
MATLHOM YPOBHE BHIHO: aBTOMAT, U300paXeHHbll Ha puc. 2.4, 3aKaHYUBaeT
ab0Ty B 1OMYCKAIOMIEM COCTOSHUYU TOTJA U TOJBKO TOIHA, KOIga BXOmHAS
1eHTa CONEPXUT KOPPEKTHBIH agpec 3JIEKTPOHHOU MTOYTHI B COOTBETCTBUH C
IPUBEIEHHBIM BbIIIE PETY/ISIPHBIM BBIPAXKEHUEM.

Hemuoro Tepmunonoruu. I'opopsr, uto aBToMar donyckaem (accepts) CTpo-
Ky, eC/Id 3Ta CTPOKA IEPEeBOXUT €r0 B OXHO U3 TONYCKAIOMIMX COCTOSHUIM.
B npoTUBHOM Clly4ae TOBOPSIT, UTO aBTOMAT omeepeaem (rejects) CTpPOKY.
MroxecTBO Bcex CTPOK, IOIyCKaeMbIX JaHHBIX aBTOMATOM, 00pa3yeT A3bIK,
M PACRO3HABAEMbLIL.

HanoMHIO, 4TO MOX CTPOKOH NMOHMMAaeTcs 1erouKa CUMBOJIOB Haj HPOU3-
BOMbHLIM asi(paBUTOM, IIO3TOMY IHpudOp, aHaNIU3UPYIOMUI MocaeNoBaTeNb-
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1ocT 06bEKTOB JIOOOH MPUPOIBI, TAKKE MOXET OTHOCHTHCSA K KOHEUHBIM
aBTOMaram.

Hrak, nodas BxoaHas crpoka mbo nomnyckaercs, MO0 OTBepraeTcsl aBToMa-
toM. Hemmrrarable curyanuu («IpaBuio He HaliieHo»), Kak yxe ObUIO CKa3aHo,
MoryT 06pabaTeIBaThCs KaK YTOAHO, HO JOIYCKaTh CTPOKY, BBI3BABIIYIO COOIA,
aBTOMAaT yX TOUYHO HE JOJIKEeH.

JAeTepMUHUPOBaHHbLIA KOHEYHbLIA aBTOMAaT Ha a3blke C#

O6 asroMarax MOXHO CKa3aTb eie OUe€Hb MHOTO. MBI 1O CHX IOp TaK U He
OmnpeneNuIu caMo MOHATUE aBToMara Oosee CTporo, He pasobpanuch ¢ pas-
HOBHIHOCTSIMH aBTOMATOB, B3aMMOCBSA3SIMU MEXIY HMMH, HE BBISICHUJIM, UTO
POIHMT jieTepPMHHHPOBaHHbIE KOHEUHbIE ABTOMATHI C PeTYJISIPHBIMU BbIpaKe-
HusMu. TeM He MeHee, MHE KaXXeTcs, YTO [TOPA OCTAHOBUTBLCS U IPHBECTH
XOTh OOMH peanbHO paboraomuil Ha IIPAaKTHKE IIPUMED.

3ameuarenbHasi 0COOEHHOCTh NeTePMMHUPOBAHHOIO KOHEUHOIO aBTOMATa
COCTOMT B TOM, YTO, IJISIASl Ha ero rpad), MOXHO JIETKO, MEXaHUUeCKH HaIu-
caTh IMporpammy, 3TOT aBToMar peannsyomywo. bonee Toro, takyio padory
BITOJIHE PeabHO NOPYYUTh 1 KoMITbIoTepy. C TOUKH 3penns 3G PeKTUBHOCTH
Mojly4eHHas IporpamMma Oyaer onTUMalbHOM (IIPH HATHYMHU XOPOLIETO KOM-
nuIsTopa, Ho 00 aToM nosxe). Hetpyano Takxe Hanucate 4 «0000meHHbIH
aBTOMAT», ONEPUPYIOMNH B COOTBETCTBUM C IIPABUJIAMHU, CUUTHIBAEMBIMU U3
moboro 3aganHoro gaiina (rpasna, caelaTh Takylo [PpOrpaMMy CTOJb Xe
CKOpOCTHOI ClOXHee).

ITpennonoxum, MNOCTPOEH HEKOTOPHIA aBTOMAT, COCTOSAHUSI KOTOPOIro Ha-
3bIBAIOTCH S1, S2, ..., Sn (pu 3TOM S1 ABJISIETCA HavalbHbIM COCTOSIHHEM),
a CUMBOJIBI BXOIHOM JIeHThI 0003Havensl Kak C1, C2, ..., Cm. KpoMe Toro,
CyIECTBYET CHeNHalbHbIi cuMBON Cend, 00o3HayYamuil KOHE[ JIEHThI.

Ha IICEBHOKOAC, ITpOrpaMma, pealmsyromasn 3TOT ABTOMaT, BRITIAAMT TAK!

enum StateType {S1, S2, ..., Sn};
enum SymbolType {Cl, C2, ..., Cm, Cend};

StateType state = StateType.S1;
SymbolType symbol;

try

{

while ((symbol = CunmrarsCrnepyiomuiCuMBom/IeHTH () ) !
SymbolType.Cend)

switch(state)
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masa 2. KoHeuHble aBToOMaThH

{
case StateType.Sl:

obpaborka nparun Buna (S1, symbol -> Sk)

ecny IIpaBwiio He Ha¥neHo, throw new Exception();
case StateType.S2:

obpaborka mnparun Buma (S22, symbol -> Sk)

ecrny IIPaBWIO He HaMnmeHo, throw new Exception();

case StateType.Sn:
obpaboTKka mparun Bupa (Sn, symbol -> Skj)
ecny IIpaBUNIO He HadmeHo, throw new Exception();

IpeanprHUMaeM Kakue-To NeWCTBUS B 23aBUCHUMOCTH OT TOLO,
SBRISETCS X state OIyCcKawWyuM COCTOSHUEM

}

catch (Exception)

{
BBEEBON coobmeHus: o6 omubre <«HeOOIIyCTHUMHN BXOOHOW CHUMBOII»

}

Ocrasnock pasoOpaTbes onpoOHee ¢ TeM, YTO MOJApa3yMeBaeTcsl Mo «o0-
paboTko# mpaBil». ITOCKONLKY Kaxjoe MpaBWIO BCEero JHIUb YKa3bIBaeT, B
KaKoe COCTOsIHUE JOJIXKeH MepeiiTh aBTOMAT B TOU MJIM HHOI CUTyalluy, HaIla
3alaya CBOJUTCS K ITPOCTOMY U3MEHEHHUIO IEpEeMEHHO| st ate. Jonyctum, B
paccMaTpuBaEMOM aABTOMATE JUISA COCTOSTHUA S1 3ajlaHbl IpaBuia: S1,C2 > S1;
81,C5> 88 u S1,C3 > s2. Torma ¢parmenTt, ux oOpabareiBalomuii, Oyaer
UMETh BUI:

switch (symbol)
{
case SymbolType.C2: state = StateType.S1;

break;

case SymbolType.C5: state = StateType.S8;
break;

case SymbolType.C3: state = StateType.S2;
break;

default: throw new Exception();

}

Pasymeercst, He CTOUT BOCIIPHUHNMATL 3TH HAOGPOCKHU KaK HeOCTIOPHUMOE, eTUH-
CTBEHHO BO3MOXHO€ PYKOBOJCTBO K JEHCTBHIO B KaXJIOM BO3MOXHOM cilydae.
Hanpuwmep, B qucrunre 2.1, peayiusyionmeM Bce TOT Xe aBToMat ¢ puc. 2.4, g
HEMHOT'O U3MEHWI YIPaBJIIONe KOHCTPYKIINY, YTOObI COKPATUTh KOJ.
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static bool InMainRange (char c¢) // B muamnaszone [a-zA-Z0-9_-]

{

return (¢ >= 'a’ && ¢ <= ‘z') || (c >= A" && c <= 'Z") ||
(c >= "0’ && Cc <= '9') || (c == "_* || ¢ == ="y,

}
static void Main(string([] args)
{

string s = Console.ReadLine() + ‘\0’;

// cuMBon ‘\0’ — IIpH3HAK KOHIA

char state = '1’; // HaAYanpHOEe COCTOSHUe

int 1 = 0; // VHOEKC TeKyUero CUMBOJIa

char symbol; // TeKymu# CHUMBOJ

try

{

while ((symbol = s[i++]) != '\0")

// Toka «JleHTa» He KOHYUIIACH

switch(state) // oBBIYHAas Peann3arus
// KOHeYHOI'O aBToMaTa

case ‘1’': if(IrMainRange (symbol) || symbol == /,*)
state = '27;
else
throw new Exception();
break;

case '2': 1if (InMainRange(symbol) || symbol == ‘.*)
state = ‘27,
else if (symbol == '@")
state = 37,
else
throw new Exception();
break;

case ‘3': if{InMainRange {symbol))
state = 4';
else
throw new Exception();
break;
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case ‘4’: if (InMainRange (symbol))
state = 4"
else if (symbol
state = '5';
else
throw new Exception();
break;

i~

= I.I)

case ’'5’: if(InMainRange (symbol))
state = 'F’;
else
throw new Exception();
break;

case 'F’': if (InMainRange (symbol))
state = 'F’;
else if (symbol == *.")
state = 5/,
else
throw new Exception();
break;

}

// neyaraem True unm False B 3aBUCKMOCTHY TUIA
// cocrosaHUus state

Console.WriteLine(state == ‘F’);

}

catch (Exception) // <OpaBulio He HaNllleHo»
{

Console.WriteLine (“obHapyXeH HeHOIlyCTUMEIA CHMBON") ;

}

Ja yTO B IUCTHHIE CTOUT OOpaTUTL BHUMaHUEe? Bo-nepBhIX, MTOCKOALKY CHM-
O/Ibl BXOJTHOM JIEHTBI, PABHO KaK U METKH COCTOSIHHII aBTOMaTa, MOFYT ObITh
AUACAHBl B NIEPEMEHHBIE TUMA char, CO31aBaTh TUIBI JaHHBIX StateType
SymbolType He3adeM. BO-BTODBIX, UcIlONbp30BaHUE orepaTopa if B Iape
¢yukuueil InMainRange (} NO3BOJUIO C3KOHOMUTh HeMano Mecra. Eciu
ce felaTh «I10 HayKe», TO 00paboTKa IIpaBul, OTHOCSILIUXCS, K IIPUMEpPY, K
€pBOMY COCTOSTHUIO, BbluIsiiesia Obl Tak:

switch (symbol)
{

case ‘a’: state = ‘2'; break;
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case 'b’':
case ‘z’
case ‘A’
case ‘B’
case ‘72':
case ‘0';:
case ‘17':
cagse ‘9’
case ‘-':
case ‘_'
case ‘.’
default:

}

state

state

state

state

state

state

state

state -

state
state

state

throw

= '2':; break;
= '2"; break;
= 27, break;
= 2. break;

= ‘27, break;

1
N

; break;

= *2'; break;

: breakx;

= ‘27, break;

= 2" break;

= '2'; break;

new Exception();

Teneps MOXHO cKa3arh napy ci10B 00 3 PEKTHBHOCTH aBTOMara, peau3o-
BaHHOro TakuMm 06paszoM. ITockonbKy NOAaBISIONIYIO YaCTh KOJA COCTABJISIIOT
3JICMEHTHI KOHCTPYKUMU switch..case, CKOPOCTh paboThi IPOrpaMMBbl 3aBU-
CHT, B N1EPBYIO O4epelb, OT Ka4eCTBEHHON KOMITMISUUY 3TON KOHCTPYKIHH.

K cuacTeio, 60ILIINHCTBO COBPEMEHHBIX KOMITHISITOPOB, BCTPETHB UHCTPYK-
M0 switch, FeHEpHPYIOT TaK HasbiBaemylo Tabuuiy repexomos™ (jump
table). C ee momoLbIo OIpee/ieHUe BLITOIHAEMOrO case-0JJ0Ka MPOUCXOIUT
ITPaKTHYECKH MTHOBEHHO U, IaBHOE, 32 GUKCUPOBAHHBIN, He 3aBUCSIIMIA OT
o01ero KoJIM4YecTna case-0JJ0KOB HHTepBaJl BPCMEHH.

4 Huuero obniero ¢ Tabauneit PaBUA KOHEHHOIO aBTOMATa 1€ MMEKIIYIO.
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[maBa 2. KoHeyHble aBToMaTthl

Taxum obpaszom, Bpemsl pabOTBL IIPOTPaMMBbl PEAJIbHO OKA3LIBAETCS MPOITOp-
UMOHANBLHBIM JUTUHE BXOTHON CTPOKHU, TO €CTh NTPUBEXEHHbIN aJITOPUTM HIMECT
JUHELHYIO CTLOXKHOCMb.

Ewe HeMHOro Teopum

Yrobp1 HECKOJIBKO Pa3MBITOE MOHATHE TETEPMHUHUPOBAHHOTO KOHEYHOTO aB-
ToMaTa npuodpeso Haplexamyio GopMy, pacCCMOTPHM ero Ha DoJiee cTporomM
ypoBHe 3.

WUrak, B oObekTe, KOTOpbI Mbl Ha3biBaeM JETEPMUHUPOBAHHBIM KOHEYHBIM
aBTOMATOM, MOXKHO BBIIEJHTD 3JIE€MEHTHI:

+ Koneunoe MHOXecTBO cocTostHuit Q = {q, Gy -+, o)

+ KoHeuHoe MHOXECTBO CHMBOJIOB BXOTHOM JIEHTBL £ = {a,, @, ..., ;).

+ HavanbHoe cocrosiHue ¢, (TPOCTO HEKOTOPHI dseMeHT MHOXecTBa Q,
BELIEISIEMBII 0c000).

¢ MuoxectBo pomnyckalomux cocrosinuit F = {f}, f,, ..., f.}. DremenTn
MHOXecTBa F, KaK yXe roBopuJioCh paHee, — OOBIYHbIE COCTOSHUSA
KOHEYHOTO aBTOMATa, Bbli€JeHHbIe B CAMOCTOATENbHBIH HAOOp (TakuM
obpasom, F ects nogMHoxecTBo MHOXecTBa Q).

+ Qynxuua nepexonos 8(q;, a) = q,, conocTapaAomasn (B TEOPUA — JIO-
60oi1) mape Buia (cocTosHNEe, CAMBOI) HEKOTOPOE HOBOE cocTostHue. Takum
obpasoM, GyHKIHs & HopMUpyeT XOpOIIO U3BECTHYIO HaM Tabuiny nepe-
XOIIOB.

B KHUrax 4acTo MOXXHO BCTPETUTH OIpeielieHe aBToMaTa B BUJie CITUCKA IIATH
paccMOTpeHHbIX 3JemeHToB. Hanpumep: A = (Q, %, o, q,, F). Kaxum nmenno
06pa3oM Tako¥ aBTOMAT QYHKIUOHUPYET, MBI YK€ 00CYyXKAAIH.

MuHuMmusaumns neTepMMHUPOBAHHOIO KOHEYHOIo aBToMaTa

linHHaa 1 HedpPeKTUBHAA MPOrpaMMa BIIOJTHE MOXET BBIIOIHATH TY Xe
camylo pa0oTy, 9TO U Jpyrast — KOpOTKas U CKOpocTHaA. TOYHO TakK xe
HE MUCKJIIOYEHO, YTO ABA Pa3JUYHBIX aBTOMAaTa Paclo3HAIOT OgHH U TOT Xe
T3BIK. A «€CJIM HeT pa3HUIbl, 3a49eM IIaTUTh Oosblue?» 3a4eM UCIONb30BaTh
rPOMO3IKHUI, CITOXKHBI aBTOMAT BMECTO MaJEHbKOTO U MPOCTOro?

[Ipexge yeM oOCYyXnaTh 3Ty TeMy Hajbllle, CIPABEIIUBOCTH PAJXH CTOUT
OTMETUTE OTHO pa3jid4ie MEXAY «HEKOTOPO#l JaHHOH IIporpaMmoii» U mpo-
rpaMMHO peaju3anueli 1eTepMUHIPOBAHHOIO KOHEYHOTO aBTomaTa. Jleso B
TOM, YTO JIBE ITPOrPaMMBI, pealu3ylolue OqHY U Ty Xe PYHKILHOHAIbHOCTD,
MOTYT UMETb COBEpIUEHHO pa3jIMyYHble XapaKTepUCTUKH KaK IO CKOPOCTH

5 3aueM HyXeH «Gojiee CTPOrMH YpOBEeHb» B 3T10H Kuure? Xots Gbl 1 TOro, 4to0Bl y Bac He
6610 pofaeM CO CTaHAAPTHBIMH 0003HAUSHNSIMHU, HCITONB3YEMBIMH B IMTEPATYPE 110 TEOPUH
aBTOMATOB.
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padoThL, TaK U IO TPedyeMbiM pecypcaM. ABTOMATHl X€ BCerja 3aTpauuBaioT
Ha pabOTy BpeMs, MPOMOPHUOHANBHOE JUIMHE BXOJHOM JIGHThI, HE3aBHCUMO
OT CJIOXKHOCTH CcBoero ycrpoiictBa. [103TOMY eTMHCTBEHHBIM ITapaMeTpOM,
OTJIMYAIONNM Ooslee MpenoYTUTebHbI ABTOMAT OT MEHee MPelTOYTHTEN b
HOTO, SIBJIS€TCS KOJMYECTBO COCTOSIHUIA. [TOBATHO, 4TO aBTOMAT C MEHBIIUM
YUCJIOM COCTOSIHUU TpedyeT MeHbulero o0bemMa MaMsTH, a U YCTPOEH OH
OOBIYHO IpOTIIE.

ITo xako#f MpuyMHE HEKOTOPhIH paccMaTpUBaeMblif HAMH aBTOMAaT MOXeT
0Ka3aThCsl HEONTHMAIBLHBIM (TO €CTh COTepXamuM OoJblie COCTOSTHUM, YeM
HEOOXOAUMO IS PacliO3HABAHMA UHTEpecylouero A3bnka)? Bo-niepshix, pas-
pabaThiBasi aBTOMAT C [MOMOLUBIO KapaHJaiia ¥ Oymaru, Bl €CTeCTBeHHbIM
00pa3oM IyMaeTe O pPacrmo3HaBaeMOM A3bIKe, 4 He 0 MUHUMHU3aUU COCTOAHUI.
Bo-BTOpBIX, HEpenKH ciy4au (1 Mbl C HUMH ITO3HAKOMUMCS ), KOT/J1a KOHEYHBIH
ABTOMAT CO3Ja€eTCd, IIPOCTUTE 34 TABTOJOrAIO, aBTOMATUYECKH HEKOTOPON
KOMITBIOTEPHO mporpammoii. ITpu 3ToM mosny4eHHOe yCTPOHCTBO MOUTH
Bcerna Oyzer o4eHb AajJeKUM OT ONTHMAaJbHOro'".

K cyacTeio, cymecTByeT ajJrOpuT™, MO3BOJNAIONINI TONYIUTh OIITUMATBHBIR
aBTOMAT, 9KBUBAJICHTHBIX JAHHOMY (TO €CTb BHUITOJHAIOMHEA Ty Xe CaMylo
paboTy, HO UMEIOIMI NTPYU TOM MUHUMAJIBHO BO3MOXHOE KOJIUYECTBO CO-
cTOosTHUM ). PaccMOTpHUM 3TOT MONE3HBIH aJrOPUTM ITOAPOOHO.

ITpexne Bcero HaM NOTpeOYeTCA MOHATHE IKBUBANCHINHOCMU cocmoanuii. JIpa
COCTOSIHMS Ha3BIBAIOTCA SKBUBAJIEHTHBIMU (He BaBasCh B MaTeMaTHYECKHe
MTOTPOOHOCTH ), €CJH HajbHelilee OBeIeHue aBTOMATa B IIEPBOM COCTOSIHHH
COBITaJIaeT C TaJbHEUIIUM MOBeleHHeM aBTOMAaTa BO BTOPOM COCTOSTHHH.
Cka3zaHHOe WUTIOCTpUpyeT puc. 2.5.

SN A
(3) 4/
2 \
G ‘//Tw 7 ﬂ\\\\
\\‘// \\i )}
A v
(2)-2-(5)
NG \>

Puc. 2.5. SKkBNBafieHTHOCTb COCTOSTHNIA

¢ 3ameTbTe, 3/1€Ch PEUb HIET HE O MALUWHHOW FeHepaLMM TEKCTa TIPOrPaMMBL, PeasH3yIoero yxe
pa3paboTaHHbIi AaBTOMAT, @ O MPOCKTHPOBAHMM KOMUBIOTEPOM CAMOM KOHGbUIYPALIMU aBTOMATA.
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“oCTOsANMA 2 M 3 3KBHBaJIeHTHH. He uMMeeT 3Ha4YeHMA, B KAKOM M3 HUX Ha-
OIUTCS1 aBTOMAT B JIAHHBII MOMEHT BpeMEeHU — JI00ble BXOIHbLIE NaHHbIC
eHTH OyayT 06paboTaHBl OMMHAKOBLIM 00pa3oM.

:}'Tb MHHUMH3dUU WU COCTOUT B 00BeNMHEHNH 3KBHBAJICHTHBLIX COCTOAHWUI B
AUHCTBCHHOC HOBOC (KOHG‘{I{O, IpH 5TOM IpHACTCA ITOAIIPABHUTL U TaGJ’II/IIIy
[epexonos). Ha IICEBNOKOAE aJJFOPUTM MUHUMU3ALIUN BBIIIAAUT TaK:

YIaIUTE HeNOCTHUXUNMEE COCTOSIHUS M CBAB3AHHEE C HUMHU TIPABUIA;
co3zaTh TabNuily BCEBO3MOXHHX TIap COCTOSHUN BUDa (p, q);

OTMETHUTL Te mape, TOe OOHO M3 COCTOSHHUM SIBISIETCS OOIIY CKAWIUM,
a Lpyroe — HeT;

DO

found = false;
ECJIIA cyumecTRByeT HeoTMedeHHas napa (p, ), Takad,
4YTO OIS HEKOTOPOTC 3JeMeHTa BXONHOTO alldaBuTa a
napa (0(p, a), Olg, a)) cTMeueHa

OTMETUTE mapy (p, d);

found = true;

WHILE found // To ecT: oKa W3MeHeHUS NPOUCXOLST

2aMeHNTE KaxJoe MHOXEeCTBO ZKBUBANEHTHHX IPYTr OPVIY COCTOSHMHN
Ha enMHCTBEHHOE HOBOE; COOTBEeTCTBYLNUM oOpazoM U3IMEeHUTH
Tabnuy IrepexonoR;

KaueCTBE KOMMCHTApHUEB K 3TOMY aJlFOPUTMYy HYXHO CKa3aTh CJAEAYIOUIEE:

* B aBTomMaTe MOTYT CYIIECTBOBATh TaK Ha3bIBAEMBIE HEOO CIIUXKUMbBLE COCTO-
SIHYSA, TO €CTh COCTOSIHUSA, KOTOPBIC HE MOTYT OBITb TOCTUFHYTH HUKAKOM
NOCJIeIOBATEJIbHOCTBIO CHMBOJIOB BXOMHOM JIEHTH! (cM. puc. 2.6). Pasyme-
€TCe, HUKTO He OyJeT BHOCHTh B aBTOMAT MOJ00HYIO 0eCCMBICNILY, PHCYS
ero BpyuHylo. Ho ripu MalUMHHO¥ reHepauMy aBTOMAaTa HEJIOCTVXKHMMbIE
COCTOSTHHMS BITOJIHE MOTYT IOABUTLCA. AJIFOPUTM MIHUMH3ALIMH, OYEBHIHO,
JIOJIXEH YHUYTOXATh KaK BCE HEJJOCTHXUMBIE COCTOAHMS, TaK U IIpaBHia,
C HUMU CBSA3aHHBIC.

+ Kakoe uMenHo neiicTBHe CKpbIBaeTCd 33 CJIOBOM «OTMETHUTh»? I'me-To B
nporpaMMe KaxX /oM Iape COCTOSHUI IOJIKHO COMOCTAaBIATbCA HEKOTOPOE
OyieBo 3HaueHue (true = otMmeueHa / false = He oTMeueHa). «OTMETHTB»
O3HA4aeT YyCTAHOBMUTDL 3TO 3HAYEHHME B true.

¢ AJrOpuTM OTMEYAaeT T€ MM HHBIE NMaphl B COOTBETCTBMM CO BIIOJIHE
OTpeIeIeHHBIM KPUTEpUEM: 3JeMEHThl OTMEYaeMOMN Iapbl HE JOKHBI
ObITL 3KBHUBaJEHTHBIMU coctostHuamu. Mrtorosasa pens mmkiaa DO...
WHILE — ormetuts Bee Takue napbi. [Tocse aToro gomxH0 ObITh IOHAT-
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Puc. 2.6. [Tpumep HELOCTMXKUMOIO COCTOSIHINS B KOHEYHOM aBTOMaTe

HO, KaK MMeHHO paboTaeT airoputM. [TockonbKy HUKaKOe JOmycKaiiee
COCTOSIHME He MOXeT ObiTh OKBMBAJICHTHO KaKOMy-T60 OOBIMHOMY CO-
CTOSTHUIO, MBI MOXKEM CPa3y 3Xe OTMETUTh Naphbl, COCTOSIIHE 13 OOBIMHOTO
M IOIYCKAIolIero COCTosIHuU. Jlanee, IpemonoxuM, YTO B COOTBETCTBUU
¢ Tabimiielt MpaBiyI aBTOMAT MEPEXONHUT U3 HEKOTOPOTO COCTOSIHUS p B
COCTOSIHHE P’ II0 BXOTHOMY CUMBOJY a (TO €CTh CyIIeCTsyeT HpaBHiIo
(p, a) > p’). Honycrum, CylieCTByeT Taxxke aHaJOTUYHOE IPABIIO s
cocrosiuna q: (d, a) > g’ . Tora eciu CoCTOSIHNIA p' H ¢’ He ABISIOTCA
IKBHBAJEHTHBIMH, COCTOAHUS p U ¢ TAKXKe 3aBeIOMO HE3KBUBAJIEHTHEI.
Tak kak 3amucd 8(p,a) u 3(g, a) 0603HAYAIOT MpaBble YaCTH NPABHI
(p,a)>p’ ¥ (4, a)>q’, yCIOBHBIA oneparop, NPpUBEIEHHbI B IICEBIO-
KOle, IpeTBOpPsCT 3TY HIel0 B KI3Hb.

[Tpenronoxum, alropuT™ HallleJl HeKOTOPYIO HEOTMEUEHHYIO Tapy CocTo-
aHuit (p, g). Teneps ero 3agaya — nepedupars Bce BO3MOXKHDIE CHMBOJTBL
BXOJIHOU JIHTBI B ITOUCKax oTMedeHHO# mapwi (8(p, a), d(q, a)). A 4ro
OymeT, eciy I TeKYILero paccMaTpuBaeMoro CUMBOJIA COOTBETCTBYIOILETO
Tpasuia He 1peaycMoTpeHo? Brlllie Mbi yKe 00CyKgany NOTODHYIO CUTY-
anuio. HamoMHio, peanusanusa aBTomara Ha YpoBHE HpOrpaMMbl — He-
JacTelll Cay4ai, KOraa OTCYTCTBHE TOFO MJIM MHOTO Ipasuia JOBOJBHO
JIETKO CXO/UT € PyK (MOXKHO IPOCTO COOBIUTh 00 olmnbKe). AJITOPUTMBI,
paboTapomnie ¢ aBToMaTaMy, HePEIKO MpearoNaraioT, YTo IpaBlio BUxa
(p, a) > g cymecTByeT [UIst JIOOBIX AOMYCTUMBIX p U a. Ha ripakThEKe 3T0
HECKOJIbKO (XOTd M OTHIONb He (aTaibHO) YCIOXHAeT Xu3Hb. Crexyet
JIMIIbL BBECTH HOBOE HENOITYCKAIOI[ee COCTOSHUE B aBTOMAT M HaIpaBUTh
B Hero BCe JI0 3TOro MOMeHTa He IpexyCMoTpeHHble nepexont. [Ipexno-
JIOXMM, YTO AOMYCTUMBIMH CHMBOJAMH JIEHTBHI ISl aBTOMATa C pHc. 2.5
ABASIOTCA JaTuHckue O0yksol A, B u C. Torna nepen MuanMu3sanmey ero
NIpUIeTCs MOANPUUHPOBATH, KaK ITOKa3aHo Ha puc. 2.7.

ITocne Bemonuenua nukia DO...WHILE B Hamem pacnopsxeruu oxa-
3bIBAETCsl CIIMCOK NMap 3KBUBAJEGHTHBIX JPYr Apyry cocroguuil. Ho kax
3aMEeHUTDb KXl Kiacc axeugaiennHocmit (TO €CTh MHOXECTBO 3KBH-
BaJIEHTHBIX JIPYT APYTY COCTOSHHUIA} €IUHCTBeHHBIM cocrosinneM? Ecmm



Mmasa 2. KoneyHbie agToMaThbt
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Puc. 2.7. ABToMar ¢ NnoaHbIM HabopoM rpasni

COCTOSIHU S 0003HaYalOTCS LESJIBIMH YUCITaMUu (H]DGJIHO)IO}KI/IM 3TO), BLISIBUTH
KJACChl D3KBUBAJAE€HTHOCTHA NMOMOXET CJIeIIy!OHH/Iﬁ KOI:
LYKl 1:0 BCeM COCTOYIHUAM J
e_class{qgl]l = q;
UVKII 1o BCceM HeOoTMeYeHHbM IapaMm (p, J)
MK 110 BCeM COCTOJAHUAM S
ECIIM e_class(s] == p, TO e_classis] = g

MsHavanbHO Kaxjoe cOCTOSIHUE IpencTaBiisieT CBOI COOCTBEHHBIN KJacc
SKBUBAJIEHTHOCTH (e_class [g] = q). 3ateM, ecnu HaifeHa Kakas-i1u6o
napa 3KBUBAJIEHTHBIX COCTOSHMI (p, ), BCe INMpeaCcTaBUTeNU Kjacca co-
CTOAHUSA p «TePEITUChIBAIOTCS» B KJIACC COCTOSHUA g. B urore mia mo6oro
COCTOAIHMSE COOTBETCTBYIOHIEE 3HA4YeHMe MaccuBa e_class OyleT paBHO
HOMEDY KJ1acca SKBUBAJIEHTHOCTH, K KOTOPOMY 3TO COCTOSTHHE OTHOCHUTCSI.

K coxanenuio, aJropuTMbl TEOPHH aBTOMAaTOB — He CaMoe yBJeKaTelbHOe
yrenre. OHAKO MPONUTH MUMO HUX MPOCTO HENb3S; AyMAalo, HUKOTO He Haa0
ybeXxnaaTh B TOM, 9TO, K IpUMepY, MUHUMHU3a#sd aBTOMaTa — Bellb Ha pej-

KOCTb ItOJ1Ie3Has.

ITocko/IbKY 3Ta KHUTA OpHMEHTUPOBaHa CKopee Ha NMpaKTHKOB, MHE XO4eTcs
IOBECTH OOJBUIMHCTBO BaXHBIX AJITOPUTMOB 10 peasbHO paboTaloero koxa. C
IPYroif CTOPOHBI, 3arpOMOXKIATh KHUTY JIUCTHHIAMU HeXeNaTeIbHO, I03TOMY
peau3anusi OyIeT HECKOIbKO OFPaHUYEHHOM.

Bo-nepsbix, Mbl OyieM npennonaraTh, YTO BCE COCTOSIHUS aBTOMaTa 0003Hayva-
10TCS LEIBIMU, TOAPAA UIYIIUMH YUCIAMH, HAYMHAA ¢ e JMHUIBL Bo-BTOpHIX,
IOMYCTUMBIMU 3JIeMEHTaMH BXOJIHOM JIGHTBI CYMTAIOTCS TONBKO CTAHAAPTHBIE
cumonbl U3 Tabsauner ASCIL. B-Tperbux, B mesix 3KOHOMUU MeCTa MbI He
Oynem 3aHUMAThCA ydaJeHHueM HeJTOCTHXHUMBIX cocTosiHuil. B o0mux yeprax
VIQTEHNE HETOCTUXUMbIX COCTOSIHUIA MPOU3BOIUTCA JOCTATOYHO NPOCTO. s
3TOr0 HaJO 3aBECTH OvYepeiab ¥ cpa3y Xe N00aBUTh B HEE CTapTOBOE COCTO-
sHKe (KOTOpOe, eCTEeCTBEHHO, SIBIAeTCs JOCTHXUMbIM). Jlasee BHIOnHseTCs
ITOPUTM:
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MMOKA ocuepens HellycTa
U3 BJIeYp OYepenHOMW =JTeMeHT S;

[MOMETHUTE er0 KakK JOCTUXUMBIH;
BHeCTH B ouepenb BCe COCTOSHHUSA, B KOTOPRHE CYULeCTByeT
OpsaMOM TIepexon U3 S;

ITocne BbIinIONIHEHUS LIMKJIAa BCC HEAOCTUAKUMBIE COCTOAHNA OCTAHYTCA HEIO-
MEUECHHBIMUW; HX U BCE CBA3AHHBLIC C HUMMU IIpaBWIa CleayeT YAaJINTDb.

IMporpaMMa MMUHMMM3AIMM YUTAET BXOJAHBIE JaHHbIE (KOHOUIypauuio aBTo-
MaTa) ¢ KOHCOJIM B TaKOM opmare:

KONMUYeCTBO COCTOARUN

CIICOK CHMBOJIOB TIEHTH

CIIMCOK IOOITY CKAMUX COCTOSHUA
CTEpPTORBOS COCTUSHUE

IpaBunol

IpaBMiao2

rpaBuiToN
Takum oOpa3om, aBTOMATy, U300pakeHHOMY Ha pHucC. 2.7, COOTBETCTBYET
BBOI

7
ABC

6

1

1 a3

1 B2 s
1¢7

2 A5

2B 7

2C 7

3 A4

3B 7

3¢7

4 a7

4 B7

4 C 6

S a7 N

wn
(o]



Mmaga 2. KoHevHble apToOMaThl
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[ToCKOJIBKY BCE COCTOSIHMS JTOMXKHBI ObITh OO03HAYEHB! YUCIAMU, S 3aMEHMI
octosune F HomepoMm 6, a coctosinue E — HoMepom 7.

Tomubiil TEKCT MpOrpaMMbl MUHUMHU3ALMKM aBTOMaTa IpUBeIeH B JIUCTUH-
e 2.2,

struct Pair // mapa cocTosaHuM (p, d)

{

public int p, 4g;

public Pair (int thep, int theq) {(p = thep; g = theq;}

struct Leftside // meBasg 4YacTh OpaBuja - {(COCTOSHUE, CUMBOI)
{

public int state;

public char symbol;

public Leftside(int st, char sym) {state = st; symbol = sym;}

static void Main(string(] args)
(
// KOIMYeCTBO COCTOSHUU
int Nstates = Convert.ToInt32(Console.In.ReadLine());

string[] symstr = (Console.In.ReadLine()).Split (" ");
char{] symbols = new char[symstr.Length];
for(int 1 = 0; 1 < symstr.Length; i++)
// CUMBOJE BXOIIHOM JEHTH
symbols{i] = Convert.ToChar (symstr[i]);

// CIMCOK [IOIy CKaAnIUX COCTOSHUM
string([] Flist = (Console.In.ReadLine()).Split(‘’ *);

51




Knaccuka nporpaMMnMpoBaHiis: ANropuUTMel, A3b6ik1, ABTOMAaTh, KOMIMASITOPLI

bool[] favorable = new bool [Nstates + 1];

for{int 1 = 1; 1 <= Nstates; 1i++)
favorablel[i] = false;

foreach(string id in Flist)
favorable[Convert .ToInt32(id)] = true;

// CTapToBO& COCTOJHUE
int StartingState = Convert.ToInt32 (Console.In.ReadLine());

// TpaBulla XpPaHSITCHg Kak (JeBas 4acTh, COCTOSHUE)
Hashtable rules = new Hashtable();
Hashtable pairs = new Hashtable();

// CIKCOK Iap COCTOSHUMN
string s;
while((s = Console.In.ReadLine()) != “)

// cUYuTHBaHUE OPaBUN

{
string[] tr = s.Split(’ *);
rules.Add (new Leftside (Convert.ToInt32(tr[0]),
Convert.ToChar (tr{11)),
Convert.ToInt32(tr[2]));
}

// OTMETUTE Te mapsl, rhe OOHO M3 COCTOSHUN SBISETCS
// IOOoIlyCKalm¥M,a Ipyroe - HerT
for(int 1 = 1; 1 <= Nstates; i++)

for(int j = 1; j <= Nstates; j++)

{
bool Marked = ((favorablel[i] == true &&
favorable[j] == false) 1]
(favorable[i] == false &&
favorable(j] == true));
pairs.Add(new Pair (i, j), Marked);
}
bool found;
do
{

found = false;
for (IDictionaryEnumerator e = pailrs.GetEnumerator ();
e.MoveNext (); )
{
if ((bool)e.Value == false)
// HaulleHa HeoTMedYeHHas Iapa (p, d)
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foreach(char a in symbols)

{
int dl = (int)rules[new Leftside(((Pair)e.Xey).p, a)l;
int d2 (int)rulesnew Leftside(((Pair)e.Key) .q, a)l;

// HanmeHa oTMevyeHHas Hapa (d(p, a), dlg, a))

if ((bool)pairs[new Pair(dl, d2)] == true)

{

pairs[new Pair(((Pair)e.Key).p,
((Pair)e.Key).q)] = true;

found = true;
goto exit;
}
}
}
exit: ;
}
while (found) ;

// BHSBIEHME KJIACCCB DKBUBAJIEHTHOCTH

int{] e_class = new int[Nstates + 1];

for(int 1 = 1; 1 <= Nstates; i++)
e_class[i] = 1i;

for (IDictionaryEnumerator e = pairs.GetEnumerator();

e.MoveNext () ;)

if ((bool)e.Value == false)
for(int 1 = 1; i
if (e_class|i
e_class|

<= Nstates; 1++)
] == ((Pair)e.Key).p)
i} = ((Pair)e.Key).q;

bool{] StatePrinted = new bool [Nstates + 1];
for(int i = 1; 1 <= Nstates; 1i++)
StatePrinted(i] = false;
Console.Write (“CocrogHus: “); // BHEBOJI COCTOSHHN
for(int state = 1; state <= Nstates; state++)
if (!StatePrintedle_class{state]])

// €eclly COCTOsSHWE elle He

{ // BRIBEIEeHO Ha IIedyaTh
Console.Write(*{0} ", e_class(state]);
StatePrinted{e_class([state]] = true;

}

Console.WriteLine(); // BBEIBOI OCOBEX COCTOSIHWHI
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Console.WriteLine (“CTaproBoe cocToguue: (0}\n” +
"oty ckabmee cocTosguue: {1}”,
e_class([StartingState],
e_class([Convert.ToInt32(Flist[0])]);
Console.WriteLine(“llpaBuna:”) ; // BHBOJ IIpPaBUN
Hashtable RulePrinted = new Hashtable();
" for (IDictionaryEnumerator e = rules.GetEnumerator () ;
e.MoveNext () ;)

{
string rule = *(* + e _class[((Leftside)e.Key) .state] .ToString() +
“, " + ({(Leftside)e.Key) .symbol.ToString() +
“y -> " + e_class[({int)e.Value] .ToString() ;
if (RulePrinted.ContainsKey (rule) == false)
// ecnu mpaBuic eme He
{ // BHBEIEHO Ha IIedaTh
Console.WriteLine(rule);
RulePrinted[rule]l = true;

—

}

Pesyaprupyromuii asTomMar Ui NpUBEAEHHOTO0 IIpUMepa, NOCTPOeHHbIH Ipo-
rpamMMOil MUHUMH3ALNH, COSEPXKHUT BCETO HATh COCTOSHUIA:

Cocrostumsg: 1 3 5 6 7
CrapTroBoe cocTosHue: 1
Hommy cxapmee CcoCTOsHUEe: 6

IMpasuna:

(7, C) -> 17
(7, B) -> 7
(7, A) -> 17
(6, ¢) -» 17
(5, C) -> 6
(6, B) -> 7
(5, B) —> 7
(6, B) -» 7
(5, A) -> 17
(3, C) -> 17
(3, B) -> 17
(3, A) -> 5
(1, C) -» 17
(1, B) —> 3
(L, A) -> 3

I'pa¢ sTOro aBTomara npuseneH Ha puc. 2.8.
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Puc. 2.8. MuHnMnN3npoBaHHbiii aBToOMar

2.2. HepeTtepMunHNpoBaHHble
KOHEe4YHble aBTOMaThl

HNo6aBuM HeMHOIro Marmm

JeTepMHUHMPOBaHHBIN KOHEYHBI ABTOMAT — MONXONSUINI UHCTPYMEHT AJIs
pemieHUs 3afad BpOJE PacIiO3HABaHMSA KOPPEKTHBIX aJpecoB 3J1€KTPOHHOMN
noytel. Kasanoce 6b1, eciu B mporiecce pabOThl BCTPETHIACh «aBTOMATHAasI»
Ha BUI 3aja4a, 1eJ0 3a MajpIiM: 6epeM KapaHJaw U Oymary U 3a IATb MUHYT
usobperaeM aBTOMAT, ee pelualouIui. A fajblle yX Je10 TeXHUKH.

Ha camoM xe gmene y meTepMHHMpPOBaHHOrO aBromara (a eciu GbITh A0 KOH-
A YeCTHBIM, HE Y HEro, a y Hac) ecTb OJHa rnpobieMa: MOpol pa3paboTaTh
NOAXOASIIYIO KOHCTPYKUMIO I pelieHus JaHHOH (Bpome 6bl HEeCIOXHOI)
3a1ayy OKasbiBaercs BecbMa TpyaHo. [locae maru MuHyTt pasgymuit Ha Oymare
00HapyXMBaeTCs WITYK JECATh-IATHAALATD COCTOSHUM, BECbMa ITPHYYIJIUBBIM
obpazoM mexny coboil coeguHeHHbIX. HuTh paccyxpeHnuil 6e3HagexHO no-
TepsHa, ¥ Bce HadyMHaeTcs cHavana. lllaHcel Ha ycrieX mpu 3TOM OTHIONb He
BO3pPaCTalOT.

Ilepexon K HemeTepMHUHUPOBAHHBIM KOHEYHBIM aBTOMATaM He MO3BOJNUT HaAM
pewath Gosee CIOXHbBIE 3aJa4M, HO CaM MPOLECC ITOUCKA pelIeHUus MOXeT
3aMeTHO yrpoctutb. MTak, 4TO Xe Takoe HedemepMUHUPOBAHHYIIL KOHEYUHbLiL
asmomam (nondeterministic finite automaton)? Ecau B AByX cl10Bax, 3T0
YCTPOMCTBO, OYEHb MOX0Xee HA JeTePMUHUPOBAHHBII KOHEYHHI ABTOMAT, HO
Tellepb IIPOTHBOpeYalllie Apyr APyry NpaBuia pasperensl. K npumepy, y Bac
MOTYT OZHOBPEMEHHO CyllecTBOBaTh mpasuaa 5, A>3, 5 A>7u5 A 1.
Bonpoc B TOM, KaKk Takoit aBTOMaT MOXeT QYHKIIHOHHPOBATH.

B 1957 rony ¢usuk Xero Osepert (Hugh Everett) BeIgBUHYI HAE0 O TOM, 4YTO
moboe coOBITHE pa3bMBaeT HAaLl MUP HA HECKONBKO HOBBIX MHPOB, B KaXJOM H3
KOTOPBIX 3TO COOBITHE 3aKOHYMIOCH I0-CBoeMy. Harpumep, B O1HOM M3 MUDOB,
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napaJjuiebHbeIX HameMmy, cobopras Poccun Bce-Taku cTana 4eMIMOHOM MHpa
o ¢yréony (XoTst B 3TO M O4Y€Hb TPYyIHO HoBeputh). B apyrom — T'utnep
BBINTPaJI BTOPYIO MHUPOBYIO BOIHY. B Tperbem — HbloToH BMecTo u3ukn
3aHsJICcs OM3HECOM, U OTKPBITHE 3aKOHOB KJ1aCCHMYeCKO# MEXaHNKHU IPULLIOCH
OTJIOXHUTH JIeT Ha MATbAECAT. MUPBI HOSBASIOTCS JaXe B pPe3ybrare MeHee
3HAYHUTEIbHBIX COOBITHIA: HANIPUMEp, KOTa BhI, Iy 0 YIUIe, HA O4epeTHOM
HepekpecTke CBOpayMBaeTe HaJeBo, Ball MapaJje/ibHbli IBOWHUK B TOJBKO
YTO POAMBIIEMCS MUpPE pelIaeT OBEePHYTh HAIpPaBo.

51 He 6epychb 00CyXaarh 31€Ch TEOpUIO DBeperTa (XoTs PyTOOIbHBIA IpuMep
CBHETE/IbCTBYET SBHO HE B €€ I0JIb3y), HO B MHUpE HeleTepMHHIPOBaHHbIX
KOHEYHBIX aBTOMATOB OHA OKa3bIBAETCA 04€Hb yTOOHON MOJENbIO.

JlomycTuM, HAIl aBTOMAT CTOJKHYJCS C CHTyalMel, Koraa TP NpaBuJjia
(5,A>3;5 A>75 A> 1) onHOBpeMeHHO TPeOYIOT HEPEHTH B TPU PA3HBIX
cocTosiHuA. B «0OBMHOM» MHpe 3TO Obu10 OBl mpobsieMoil, HO JIST «MYIb-
TUMHpa» MOXOOHOE MONOXEeHNe BIOJHE B MOPSAKe Beuleil: MUP, B KOTOPOM
CyLIeCTBOBAJ KOHEYHBIl aBTOMAT, paclleIisieTcsl Ha TPU HOBBIX MHpa, B
KaXJOM M3 KOTOPBIX ObLIO PUHATO CBOE pelieHue. B nepsoM Mupe aBromar
Telepb HaXOOUTCS B COCTOSIHUM 3, BO BTOPOM MHp€ -— B COCTOSIHMH 7, a B
TperbeM — B COCTOSHHU 1.

YroOb1 CaenaTh KaKue-TO BbIBOABI U3 pabOThl aBTOMATA, CIEeIYET PACCMOTPETh
BC€ «MHPBI», TO €CTh M3y4YUTh JOOblEe BapHAHTHI BEIOOPA KOHMDIUKTYOMHUX
[paBuJ Ha Kax oM ware. [locne Toro, Kak Bcst BXoaHas JieHTa Oymer CUMTaHa,
B TPy BCTYyIaeT HOBOE COIVIAIIEHNe: MBI [10J1araeM, YTo HefleTepMUHUPOBaH-
HbIIf KOHEYHBI aBTOMAT JOIYCKaeT TaHHYIO CTPOKY JIEHTbI, €CJIM OH 3aBepLIMI
paboTy B TOMYCKAOIIEM COCTOSIHUH X0m A 0bl 6 O0HOM U3 MHOXECTBA «MHPOB».
CoOTBETCTBEHHO, aBTOMAT OTBEpraeT CTPOKY, €CJIH OH 3aBepLIny paboTy B
HEeTOIYCKAIONIEM COCTOSIHUY 6 KAKIOM «MUPE».

IToxanyit, nopa 10Ka3aTh MOJNE3HOCTh HEJETEPMUHHPOBAHHOIO MOBEIEHUS
Ha npakTuke. [TonpoOyiite, K NpUMepy, pelnTb TaKyIO 3a1a4y:

CKOHCTpYHpOBATh JE€TePMIUHIPOBAHHBI KOHEYHbI aBTOMAT, JONYCKAIOIIHI
BCE CTpPOKH, cogepxamme noactpoky ABC. BxogHbM anhaBUTOM CUHTATh
cumBosiel A, Bu C.

To ectp Bam aBTOMAT AOJXKEH pomyckaTh crpoku tuila ABAABCAA uan
AABCCC, orsepras npu stoM crpokn AABBCC n ABBBACC. ®pa3sa
«IONpOOYTE PEeLINTh TAKyIO 3a1a4dy» 03Ha4aeT UMEHHO TO, YTO OHA O3HAYa-
eT — OTJOXHUTE HEeHAN0/ro KHUTY M IOMbITalTeCh HAPUCOBATh TpeOyeMblit
aBToMaT Ha Oymare. 3TO OTHOCHTENbHO HECIOXHO; BaM BIIOJIHE XBaTHUT Ye-
ThIpEX COCTOSTHHIA.

K neTepMMHHpPOBaHHOMY aBTOMAaTy MBI €llle BepHeMCH, a 110Ka pacCMOTPUM
pelieHue, IoNy4eHHoe IIPU HCIOIb30BAHUI aBTOMATa HeleTe PMUHIPOBAHHOTO
(cMm. puc. 2.9).
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Puc. 2.9. Peiuetne 3agayy fipm MOMOLLM HeeTepMUHMPpOBaHHOro KOHEYHoro agToMara

Bo3smem B kauectBe npumepos crpoku AABBCC u AABCCC. Ilporecc
paboTe aBTOMaTa B 000UX cAyyasix nokasas Ha puc. 2.10.
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Puc. 2.10. O6paboTtka crpok AABBCC 1 AABCCC aBromarom

Pazbupast crpoky AABBCC, aBroMar yxe Ha IepBOM LIare CTajKUBAeTCs C
HeOOXOIMMOCTBIO BbIOOpA: IepeiiTH BO BTOpoe COCTOsTHME (IpaBmio 1, A - 2)
w octatbesd B epBoM (1, A » 1). ITockoabKy MBI YCIOBHIUCH A€MCTBOBATH
No NpaBUIAM «MYJIbTUMHUPA», IPUAETCS PacCMOTpers 06a BapHaHTa (COOT-
BETCTBYIOIIMX JBYM HOBBIM «MHPaM»).

ABTOMAT U3 TIEPBOTO OCTAeTCsI B HAYaIbHOM COCTOSTHUH (YTO BiedeT 3a coboii
HOBOE «paculeTUIEHHe» HAa BTOPOM Liare), B TO BpeMsi KaK aBTOMaT U3 BTOPOro
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MHpa [1epexoqT B COCTOSIHUE HOMEp 2, U 04epeHOl CHMBOJ BXOTHOM JEHTHI
(uM oka3biBaeTcsi A) BbI3bIBAaeT HEIITATHYIO CUTyauuio. Bripodyem, apyrue
BapHaHThI NTOBEJIEHHUS HA IIOBEPKY OKAa3bIBAIOTCA HUYYTh He Jyylle: aBTOMAaT
160 TaK M OCTAETCsI B CBOEM NepBOHAYAIbHOM COCTOSIHUH, TMOO IIPOUCXOIUT
HEIITaTHAsi CATyalns IpH CYNTBIBAHUY CUMBOJA B B cocrostHun HoMep 3.

AHaJIOrnyHHM 00pPa3oM aHAJIN3UPYs MOBEJEHHE aBTOMATa IIPU BXOMHOM
crpoke AABCCC, MOXHO NpHITH K BBIBOIY, YTO BhIOOp mpaBuia 1, A > 1
Ha IepBOM Iuare u npasunaa 1, A > 2 Ha 1are BTOPOM MPHBOIMT HAC MPAMO
K 1eJu (pacrno3HaBaHUIO CTPOKM).

Bo3MOXHO, BBI y3Xe 3aMETUJIH, 4TO CTPOUTh IOJIHBIH rpad BO3MOXHBIX Aeii-
CTBHII OOBIYHO HET HyXbl. EC/IM HAllA 11eJb — I10Ka3aTh, 4TO JAHHAS CTPOKA
MOXeT OBITh JOMNYIIeHAa aBTOMATOM, HOCTATOYHO (BO MHOrOM HMHTYUTHBHO)
OTBICKATH JI000H MapUIPYT, BeIyUlnii K JOMyCKaueMy coctossanio. Ocrans-
Hble BeTBH rpada Iipu 3TOM COBEpIIeHHO HeCYHIECTBEHHBI.

Pazymeercs, eciu cTOMT obpartHasd 3agaya — 10Kas3aTh, YTO CTPOKa HE J0-
IIyCKaeTCst aBTOMATOM, CUTyalisl 3aMETHO YCJIOXHAeTC (puaertcs ambo pac-
CMOTpeTh BCE€ BAPUAHTHI, JNOO MOCTPOUTh OOPATHBIN, «MHBEPTUPOBAHHBIN»
aBTOMAaT — HO OO 3TOM IO3XeE).

OT Mmarun — K peanbHOMY MUpY

HenerepMiUHHPOBAaHHBIN KOHEYHbI aBTOMAaT — HHCTPYMEHT, KOHEYHO, 3a-
MeyaTesbHbI. CMyHIaeT JHMb OJHA MeI0Yb: CBIMUTHPOBATh €r0 Ha PealbHOM
KOMIIBIOTEpE He YAACTCS, IIOCKOIbKY KOMIIBIOTED «XHBET» B OOBIYHOM, Hepac-
HIETLISIOIEeMCST MUpe.

C npyroil CTOpoHbBl, Aena 06CTOAT He TaK IUIOXO, KaK MOrian 6bl. Mbl ¢ Bamuy,
HAXOMSCh B OTHOM M TOM e MHpe ([IaxKe eCIM MUPBI PACHIIIISAIOTCS, MbI-TO B
KaXIblil MOMEHT BPEMEHH OCO3HAEM JIMLIb OIMH U3 HUX), BCE-TaKU CyMeJu Ipo-
aHAJIN3UPOBATh paboOTy HEeIEeTepMIUHUPOBAHHOTO ABTOMATA, IOCTPOUB rpad ero
BO3MOXHBIX aeiicTBuil. [loyemy Ob1 HE TOBEPHUTH 3Ty pabOTy KOMIIbIOTEPY?

B neiicTBUTEIBHOCTH CymIEeCTBYeT emie 6oJee Kpacusoe pewenue. JIoboii ne-
AeTepMHHHUPOBAHHbBIIA KOHEYHBIN ABTOMAT MOXHO IpeoOdpa3oBath B aBTOMAT
HeTepMUHUPOBAHHBIN (demepmMunu3uposams), BHIIOTHSAIOMIMIA Ty Xe CaMylo
pabory (unm, ropops 6onee GopManbHO, PACHIOZHAKOUINNA TOT X€ CaMbIii
361K ). [1epen TeM, Kak 3aHATbCA AJIFOPUTMOM NETEPMUHU3ALUH, PACCMOTPUM
MoJIe3HOE pacliupeHHe HeJxeTepMUHIUPOBAHHOIO KOHEYHOro aBTOMAara MOX
Ha3BaHUEM €-aBTOMaAT.

g-aBToMart

IIpencraBeTe cebe Takyl CUTyauuio. ¥ BaC €CThb aBTOMAT, PACHO3HAIOMIMNIA
HEKOTOPbIN A3bIK (HAIpPUMep, KOPPEKTHbIE afpeca 3JeKTPOHHOMU MOoyThl). Y
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BaC TaKXX€ €CTh aBTOMAT, PACIO3HAIOMNI KaKOU-TO IPYroi A3bIK (Harmpumep,
BCE YeTHBIE 11eJIbie unciaa). [1epBbrii aBTOMaT (A) B CHJLy KAKHX-TO KOHCTPYK-
TUBHBIX OCOOEHHOCTEI IMEET HECKOJBKO IOMNYCKAIOUIMX COCTOAHMUI (B 3TOM
Xe HEeT HUYEro IUIoXoro), a Bropoil (B) — omno. CxeMaTHYECKM CUTyalns
u3obpaxeHa Ha puc. 2.11.

A D B
O O ©
©

Puc. 2.11. Cxematndeckoe nsobpaxeHune agToMaroB 3afa4umn

Jagaua cOCTOUT B TOM, 4TOOBI pa3paboraTh aBTOMAT, AOMYCKAIOIHNA CTPOKH,
COCTOSIUINE M3 ABYX HOAPSA UAYIIMX apPecoB 3JAEKTPOHHON IOYTHI, 32 KOTO~
PBIMM CJIeIyeT YeTHOoe uenoe 4ucao'’. Co3maBaTh TaKoil aBTOMAT «C HYAS»,
KOHEYHO, COBCEM HET XEeJaHUs, HO BO3SMOXHO JIl TPAMOTHO COETUHUTD CymIe-
CTBYIOLLIME aBTOMATBI MeX Iy cO00ii, 9TOOBI HONYYUTh PELICHUE 3agaun?

CHOXHOCTB B TOM, 4TO J1060€ «COeMHEHNEe» (IO CYTH [elia ePeXo) JOKHO
OBITH MOMEYEHO KaKUM-JINO0 CHMBOJIOM BXOIHOrO ajihaBUTa, HO HAIIIM aBTOMAThl
yXe OTJIaXeHBl, U MOCJIe TOTO, KaK IPEabIAYIHi aBTOMAT 1EeMOYKH OTpabdoTan,
CIEAYIOWIN TOMXeH 3aIycKaThcs 6€30 BCAKMX IPOMEXYTOYHbBIX TEHCTBHMA.

Amest aBTOMATHE C COIUHCTBCHHbBIM JONYCKAIONIUM COCTOAHHUEM, €HIC MOXHO
HCXUTPHUTHCA, 06'136)]I/IHI/IB AONYCKAHIee COCTOAHUE NMPEAbIAYHIErO aBTOMAarTa
C HAYaJIbHBIM COCTOSAAHHEM CICAYIOMIETO, HO MHOXECCTBCHHBIC JOIIYCKAIONIUE
COCTOAHMA OE€NMAI0OT TAKOE MPOCTOEC PELMICHUE HEBO3MOXHbIM.

BrIxon 3aKJI09AETCS B BBEICHUHU [IOHATHSA €-Hepexodoe (M. puc. 2.12, utorooe
TONYCKAlOIIee COCTOSHIE OTMEYEHO IBYMSI BHYTPEHHUMU KOJIbUAMU).

N A (ﬁ"} 2 A O ~E | B
O 10 | 0 ©
OTe @ TE

Puc. 2.12. CoegunHeHne aBToOMaros fipy rMoOMOLUMN e-11ePex0408

7 TIoHMMAIO, [IpUMep HeCKOMIBKO HaAyMaHHBIH, HO Ceif4ac He XOUeTCsl OTBJIEKATLCS HA CePhe3Hble
3aavH.
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I0II€E COCTOSIHUE — IsToe. [103TOMY H0MyCKaMIMMHI COCTOSSHUSAMH HOBOTO
asromara Oynyt cocrostus {5}, {1, 5}, {2, 5}, {3, 5}, {4, 5}, {1, 2, 5}, {1, 3,
5}, 41,4,5},42,3,5},{2,4,5}, {3,4,5}, {1, 2, 3,5}, {1, 2, 4,5}, {1, 3, 4, 5},
{2,3,4,5} u{1,2,3,4,5}.

Tenepp MOXHO OIKCATh HA IICEBIOKOAE AalbHeilIne HIaru airopurMa je-
TePMUHU3AIINN.

0Jsl Kaxgoro cocrodHus {sl, ..., sn} cozgaBaeMoro apToMaTa
071 Kaxgor'o CHUMBOJA BXOOHOTI'O andarBuTa C
R = {};
IJIs1 KaXJoro mJeMeHTa S,
R=RUP (s, )
noBaBuTE B HOBHM aBToMaT IpaBwno {s,, ..., S,}, C >R;
ONTHIMMUZUPOBATE (MUHUMMZVMPOBATE) IIONYYeHHHN aBToMaT;

Taxum o6paszoM, AApO alropuTMa IO CYTH JeJjla OTBedaeT Ha CIeAyOHIHi
Boripoc. Jlano cocrosiuue {si, ..., s,}. B Kakue COCTOSIHUS MOXHO IOIACTh
[0 CUMBOJIY ¢ BXOJHOM JICHTHl M3 COCTOSIHMI UCXOZHOIO aBTOMATA Sy, ..., S,?
MHOXeCTBO HOJYYEeHHBIX COCTOSHHUM U OymeT oHnpemensitb e IMHCTBEHHOE
1eJeBOoe cocTosiHMEe R co3gaBaeMoro aBToMara, y4acTBYIOILIee B IpaBHJe
{8}, -y Su}, c > R.

PaccmorpuMm napy npuMmepoB /i aBToMarta, u3oOpaxeHHOro Ha puc. 2.13
(ronHoe ucciaegoBanme kaxgoro u3 2° — 1 = 31 cocrosHuit crnocobHo Ha-
BECTH TOCKY Ha KOrO YrOZHO).

BosbMmeM cocrosaue {1, 3} u Bxognoit cumson A. Tak kak P’(1, A) = {1, 2,
3,4,5},aP(3, A) = {5}, pesynbrupyomee cocrosiuue R = P’(1, A) u P’(3,
A) = {1, 2, 3, 4, 5}. Takum ob6paszom nonyyaem npasmio: {1, 3}, A > {1, 2,
3,4,5}.

Teneps pazbepem cuTyario ¢ cocrosiuneM {2, 3, 5} 1 BXOJZHBIM CHMBOJIOM
C. ITockoneky P’(2, C) = {}, P’(3, C) = {1, 2}, a P’(5, C) = {}, nony4aem
R=P(2,C)uP (3 C)uP(5C) = {1, 2} BHoBbil aBTOMaT 106aBIsIETCS
npasmio {2, 3, 5}, C» {1, 2}.

19 Kak yxe ynOMMHAJI0Ch BblIlE, €CIUM aBTOMAT HE COAEPKUT £-T1EPEXONOB, BMECTO MHOXecTBa P’
MOXHO UCIIOJb30BATL MHOXECTBO P (€10 MpoLle MoTyyuTs).
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[naea 2. KoHguHbie agTomaThl

HeTepMuHunsauns HefleTe pMUHUPOBAHHOI 0 aBTOMATA (npakTnka)

Kak ussecro, Gymaxuplit TUrp — He Iapa HaCTOSIIEMY, TO3TOMY AaBaiiTe
IOBENEM aJIFOPUTM AE€TEPMUHHU3ALMHU IO BOIUIOHICHHUS B IIPOTPAMMHOM KO[Ie.
Kax u1 B cllyyae ¢ anropuTMOM MUHIMH3ALNH, IPUAETCS IOHTH Ha HEKOTOpBIE
yerynku. Mpl cHOBa Gyiem c4uTaTh CHMBOJIAMH BXOIHOI JIEHTBI CTaHAAPTHEIE
ASCII-cuMBOIIBI, @ METKAMH COCTOSIHMN — HOAPAN UAYLIME Liejble YHCIa.
Kpome Toro, o6paboTka e-IepexonoB OCTaHEeTCs 3a NpeaeNaMi pean3any
(cunTaliTe NETEPMUHHM3ALMIO €£-aBTOMATA CAMOCTOSTENbHBIM yIIPAXHEHHEM).

AHFOPI/ITM ACTCPMHUHU3ANY TTPOUIE ITOSACHUTD 10 YacTsIM.

static ArraylList NewStates; // HOBHE COCTOSHNS

static string MakeStateName (string state)
// CO3OATE UMS COCTOSHUS
{ // TIO OBQUYHOH 3alllicH
string result = “({7;

for(int i = 0; 1 < state.Length; i++)
// emuHWIla TIpeRpamaeTcs

if(state[1] == 17) // B HOMEp COCTOSHUS
result += Convert.ToString(i + 1) + “ »;
result += #}”,;

return result;

static void GenerateNewStates (int depth, string s)
// CreHepUpoOBaTh

{ // Habop CocTOSHUHA
if(depth == Q) // HOBOTO aBTOMAaTa
NewsStates.Add (MakeStateName (s)) ;
else

{
GenerateNewStates (depth - 1, “0” + s);
GenerateNewStates (depth - 1, “1” + s);
1

Kak YXe OoTMEYAJIOCh, IeTepMHUHM3AllM HAaYMHAETCs C ITpouecca Co3gaHusa
(MKCKa COCTOSIHMU co3aaBaeMoro asromara. Eciu HCXOAHBIA aBTOMAT MMeEJI
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COCTOsIHUA, TIoMeYeHHble KakK 1, 2, ..., N, KaKoBbl OyAyT COCTOSTHUSA HOBOrO
aBTomata? MHBIMA C/IOBaMM, KaK ITOJIYYUTb BCE MOAMHOXECTBA MHOXECTBA
{1,2,..., N}?? 3necw ucrosnbayercs Takoi anroput™. Ilpencrasbre cebe crpo-
Ky n3 N Rmyseii u enyEnl. EnuHnia o3HavaeT «BKIIOYATH JAHHBIA 2IEMEHT B
ITOAMHOXECTBO», HyJlb — «HE BKJOYaTh». [Ipumepn mist N = 8§ mokasaHbl
HIXeE.

HCcxogHoe MHoxecTBO: (1, 2, 3, 4, 5, 6, 7, 8}

crpoka 1: 0 0 1 1 O O 1 O (mogMHOXecTBO {3, 4, 7})
crpoka 2: 1 1 0 0 1 0 0 1 (nomMHoxecTBO {1, 2, 5, 8})
crpogka 3: 0 0 0O O ©0 1 1 O (nmooMHoXecTBO {6, 71})

CrenepupoBaTh Bce BO3MOXHbIE CTPOKH M3 HYJIEU M eAMHULl QPaKTHUeCKHU
1 O3HAYaeT CreHepupoBaTh HHTEpPeCYllle Hac IIOAMHOXecTBa. Pekypcus-
Has QYyHKIUA GenerateNewStates () co3gaeT IMeHa HOBbIX COCTOSIHUMA
B aBa aTama. CHayaja reHepHpyeTCs YHHMKaJbHas CTPOYKA M3 HYJIed u
eIWHHUL, a 3aTeM oHa Ipeobpa3yercsa B 3alUChb B BHIE NMOAMBOXECTBA
IIPHA IIOMOINH BBI3OBA MakeStateName (). IlepBorauanbHo tpebyercs
BbI3BaTh GenerateNewStates () ¢ mapaMeTrpoM depth, paBHBIM N H
rnapaMerpoM s, paBHBIM NYCTON CTpOKe.

nmcmur 2.4 Aarepmnﬂuaaum xoneuuom as*romava

(ananna on.nnmx HanbbIX)

// CTPYKTYpPH, B3ATHEe U3 anTrOpUTMa MUHVMISAaLUK

struct Pair {...} // Tlapa COCTOSHUuM

struct Lefts lde {...} // 7leBag 4YacTh paBuila -
// (cocTogHue, CHMBO)

static void Main(string({] args)
{
int Nstates = Convert.ToInt32 (Console.In.ReadLine());
// KOI~-BO COCTOSHHUH
NewStates = new ArrayList();
GenerateNewStates (Nstates, ”");
// co3maTs Habop HOBBX COCTOSHUN
NewStates.RemovelAt (0); // cTUpaeM COCTOgHUEe, IIOMeYeHHOe
// TIYCTBEIM MHOXECTBOM

// (oHO — TIepBOe B CIIUCKEe)
// B3STO U3 IIPOTpaMMbl MUHVMUZALWN aBTOMATa
string(] symstr = (Console.In.ReadLine()).Split(‘ ’);

char([] symbols = new char[symstr.Length];
for(int i = 0; 1 < symstr.Length; i++)

® Knaccndeckas 3aJayka Uil CTaPLUEKJIACCHUKOB WM TIEPBOKYPCHHKOB.
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[naBa 2. KoHe4Hble agToMaThl

symbols[i] = Convert.ToChar (symstr[il);
// CHUMBOJIEI BXOOHOM¥ JI€HTE

// CIMCOXK OOIyCKanliX COCTOSHUH

string{] Flist = {(Console.In.ReadLine()).Split(’ *);
bool[] favorable = new bool [Nstates + 17;
for(int 1 = 1; i <= Nstates; i++)
favorablel[i] = false;
foreach(string id in Flist)
favorable[Convert.ToInt32 (id)] = true;

// cTapToOBO& COCTOsSHUEe
int StartingState =

Convert .ToInt32 (Console.In.Readline());
// THpouedypa CYMUTHBAHUA [IpaBwl MomuduUiiMpoBaHa
// (4TobB HegeTepMUHUPOBAHHLBE IIepeXOm
// obpabaTHBaNMCE KOPPEKTHO)
Hashtable rules = new Hashtable();
string s;
while((s = Console.In.ReadlLine()) != #*)

// CYWTEIBaHWE IIpaBUI

t

stringl] tr = s.Splitc(’ “);
Leftside ls = new Leftside (Convert.ToInt32(tr(0]),
Convert.ToChar (tr[11));
if(!rules.ContainsKey (1s))
rules.Add(ls, new SortedList());

// Tpamas 4acTh IIpaBuila - MHOXeCTBO COCTOIHUM,
// KyIa BejeT lepexon
((SortedList)rules(ls]).Add (Convert.ToInt32 (tr(2]), null);

// manee uOeT anTOpUTM OeTepMUHU3Ialluy

/7

Jlucrunr 2.4 npakTUYEeCKH MOJHOCTBIO HOBTOPSIET NMPOIIefy Py CUMThIBAHUS HC-
XOMHOrO aBTOMaTa B ajJropurMe MUHuMu3auuy. ExuHcTBeHHOE CcylileCTBCHHOE
pasau4ue COCTOMT B CYMTHIBAHUM IMPaBUI. MHOXeCTBO HeleTepMUHUPOBAH-

HBIX 1IpaBuUJ Buaa (s, ¢) > dy, (s, ¢) > d,, ..., (s, ¢) > d, B nporpamMMe MOXHO
3anucaTh B BUJE ORHOTO-€IMHCTBEHHOrO IMpaBuia, Mpasas 4acTh KOTOPOro
npeacTaBiasieT coboit crucok cocrosnuit d;, dy, ..., d;: (s, ¢) > (d;, d», ..., d,).
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Criicok peanmayercs Ipu OMOIH Kjacca SortedList (o6parure BHUMaHHE,
4YTO B TAKOM CIIMCKe XpaHATCS Maphl (KJIOY, 3HaYeHWe), HO HaM Tpebyercs
JMIIb KJTIOY — 3HaueHHe Be3je yCTaHaBJIMBaeTcs PaBHBIM null).

JincTuur 2,5, AeTOpMMHUSAUNS KOHEUHOTO aBTOMATa (OCHOBHAR 4aCTh) |

static void Main(stringl] args)

{
//

// aHanwuz HMCXOOHOT'O aBToMaTa 3aBeplieH

// BHBOO CTaApTOBOI'O COCTOSHMS
Console.Write (“CrapTroBoe coctosHMe: {{{0}}}\n” +
“JomycKaomile CoCTOSHUSA: “, StartingState);

// BBIBOO IOOIIYCKaRUX COCTOSIHUN
for (IEnumerator state = NewStates.GetEnumerator () ;
state.MovelNext () ;)
for(int i = 1; 1 <= Nstates; i++)
if (favorable[il)
// eCnH cocTogHue i -~ JgorycrKaoilee
{ // noboe cocTogHMEe HOBOI'O aBTOMAaTa,
// comepxamee 1 - Toxe OoMycKapmee
if(((string)state.Current).Index0Of(* “ +
Convert.ToString (i) + “ ) 1= -1)
Console.Write(state.Current + * “);
break;

}

Console.WriteLine (“\nllpaBuna:”);

// alTOpPUTM OeTepMUHIZ AU
for (IEnumerator state = NewStates.GetEnumerator ();
state.MoveNext () ;)

foreach(char ¢ in symbols)
// OIS Kakgoro COCTOAHWA State U cuMBONIa& C

Hashtable R = new Hashtable();
// BHYJIeHseM “3JeMeHTH” COCTaBHOTO
// cocrosHus {(S1, ..., Sn}

string[] state elems = ({string)state.Current).Split(’ ‘);
for(int 1 = 1; 1 < state_elems.Length - 1; i++)
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[naBa 2. KoHe4Hble aBTOMaTL

// OIS Kaxmoro »reMeHTa Si
int Si = Convert.ToInt32(state_elems[i]);
// €CHIM CymecTBYeT HpaBWIO C JIeBOoM HacTeo (Si, <)
// BannceiBaeM B R COCTOAHUSA, KylIa MOXHO
// momacTe M3 Si HO C .
if(rules.ContainsKey (new Leftside(Si, ¢)))
foreach(int r_state in
((SortedlList)rules
[new Leftside(Si, c¢)]).Keys)
Rlr_state] = 1;

if (R.Keys.Count > 0) // Ecnu R HemycToO

{
// dopMypyeM IpaByl 4acThk B BUAe CTPOKU
string right_side = “~;
foreach(int r_state in R.Keys)

right_side = Convert.ToString(r_state) + “ “ +
right_side;
right_side = "{“ + right_side + *}”;

// BEHBOIVM T'OTOBOE [IPaABWIO Ha 3Kpay
Console.WriteLine((string)state.Current +
“, " +c+ " -> " + right_side);

}

Heckonbko nepBbIx CTPOK JIMCTUHTA (0 BBIBOAA IIPABUJI) NIOCBSIIEHBI [Ie9aTh
JIOTIYCK AIOIIUX COCTOSTHUN. XOTsI BHEIHE 3TOT (PparMeHT BhIISIAUT HECKOJIBKO
IPOMO3AKO (IBa BJIOKEHHBIX [IUKJIA ¥ [BA BETBJICHUS), CYTh €ro IpocTa: eciim
HEKOTOpO€e COCTOSTHUE HOBOTC aBToMaTa B CBOEH 3aIlMCH COOePXKHUT XOTs Obl
OIHO IOMYCKAIOIEee COCTOSHUE UCXOMHOTO aBToMaTa, OHO CaMO CTaHOBUTCS
JOTIYCKAIOIIIM.

Hanpneiiye neficTBUS [IPOU3BOMSITCA B COOTBETCTBHU C ICEBIOKOAOM (5
nocrapajcs coxpaHutb Te xe obo3navenusy). [Tockoimbsky B NET ne npen-
YCMOTPEH KJIacc JUIsl IIpeAcTaBIeHUsI MHOXeCTBa (O04eHb ocafHOe YIIYIIEHHE),
mHOoxecTBO R xpanunrcs B xam-rabimuie.

Kimoun xom-1abmub! yHUKaIbHEL 103TOMy HAOOp KIIIO4eil (COOTBeTCTBYIONINe
UM 3Ha4YeHHS P 3TOM He BaXKHbl) MOXET MCHOJIb30BaThCA AN XpaHEHUs
MHOXECTB (XOTsI, KOHEUHO, 3TO He caMoe JJleraHTHoe penienue). OparmeHrt
nporpaMMel 10 CTpoKM if (R.Keys.Count > 0) QOpMHPYET MHOXECTBO
R B cOOTBETCTBMM C MCEeBIOKOAOM (TaK KaK €-IIEPEXOAbl HE PACCMaTPHUBAIOT-
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Cd, AOCTATOYHO [IpOaHaAU3UpPOBaTh JUUIE HEIIOCPEOCTBEHHO ITpaBbI€ YaCcTH
HpaBHJI). Hony‘{ermoe IIpaBuWJIO state, ¢ > R nobaBiasieTCsa B aBTOMAT.

Ternepb camoe BpeMsl [IPOBEPUTD 3TOT AJIrOPUTM B fejie, HallpuMep, B 3agaye
AeTepMHUHU3ALMH aBToMara, u300pakeHHoro Ha puc. 2.9. IlomeTus gomnycka-
IolIee cocTosiHue ucioM 4 (B opurunaie 6ol1a 6yksa F), monyuaem BxogHsie
TaHHBIE IS IIPOrPAMMBI:

N
w
9}

Owm o 0w

B W N e s T

W
N N S I VS I N QS R

[1eN

C
B npouecce nerepMHHM3aLMH CO30AETCST 1OCTATOMHO MHOTO rpasui (40 mTyk):

CrapToBoe cocTostHue: {1}

Homyckapmvie cocTostamsi: {4} {1 4} {2 4} {1 2 4} {3 4} {1 3 4}
{2 3 4} {12 3 4}

[IpaBuna:

{1}, & -> {1 2}

{1}, B -> {1}

{1y, ¢ -> {1}

{2}, B -> {3}

{1 2y, A -> {1 2}

{1 2}, B -> {1 3}

{1 2}, ¢ ~> {1}

{3y, € -> {4}

{1 3}, A -> {1 2}

{1 3}, B -» (1}

{1 3}, ¢ -> {1 4}

{2 3}, B -> {3}

{2 3}, C -> {4}

{1 2 3}, A -> {1 2}

{1 23y, B-> {1 3}

{1 2 3}, C -> {1 4}

{4}, A -> {4}

{4}, B - {4}
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{4}y, € -> {4}

(1
{1
{1

(1
{1
;3
{3
{1
{1
(1
{2
{2
(2
{1
{1

{1

4y, A -> {1 2 4)
4}, B -> {1 4}

4y, C -> {1 4}

4}, A -> {4)

4}, B -> {3 4)

4y, C -> {4}
24}, A -> {1 2 4}
24}, B -> {1 3 4}
2 4}, C -» (1 4)
4y, A -> (4}

4}, B -> {4}

4y, C -> (4}
34y, A -> {1 2 4)
34}, B -> {1 4)
34}, C -> {1 4)
34}, A -> (4)

34}, B -> (3 4)
34}, C -» {4)
234y, A > {12 4}
234), B -> {13 4)
234}, C -> {1 4}

Y MeHs HeT HHKaKOro XeJlaHHd pUCcOBaTb 3TOT MOHCTPOOOpA3HEIil arperaT
s kaure. OHaKo eciay Bbl IMpOSBUTE HEMHOro Teplenusl U HabpocaeTe ero
Ha Oymare, TOBOJBHO OBICTPO CTaHeT ACHO, YTO JIMIIb LECTb €ro COCTos-
mit — {1}, {1, 2}, {1, 3}, {1, 4}, {1, 2, 4} u {1, 3, 4} gBAT0TCH JOCTUXMU-
MbiMH. ECIu BBIMEpKHYTh He JOCTHXUMBIE COCTOSIHUA ¥ IIPaBUJIa, CBSI3aHHbIE
¢ HUMHM, U3 MIOJYYEeHHOro apToMaTta, a 3a0[HO M IepenMeHOBaTb COCTOSHUS
8 bonee ynoOHBIX oOo3HavyeHusx — 1, 2, 3, 4, 5 u 6, MBI IOIYYUM ropasgo
boree mpocToe ycTpoiicTso (cM. puc. 2.14).

Q B,C

fus
O

/’“ﬁ
(&) A
S
Puc. 2.14. [leTepMuHn3npoBaHHbid agToMar 6e3 HeOCTMXKUMBIX COCTOSIHNA
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Drot aBTOMAT yXe OJIM30K K ONTHUMAaJbHOMY, HO BCe ellle He onTuManeH. K
CYaCThIO, YX€ pPAacCMOTPEHHEbIH HaMU aJTOPUTM MHUHUMHU3AINNA MOXeT ero
yy4mnTs. Pe3yasraT MUHUMH3AUUK II0Ka3ad Ha puc. 2.15.

A
\,‘/\%1 YA\/”\ =
(1 el (3 )——(4)
B ./ C —

Punc. 2.15. [eTepMUHU3NPOBAHHbLIN 1 MUHUMWU3WPDOBAHHbLIVI aBTOMAT

Wrak, nonyyueHHblil aBTOMAT pellaeT Ty Xe caMylo 3a1aqy, 4To M apToMar Ha
puc. 2.9. Ilpu a3ToM on 061agaeT OIHUM HEMAJIOBAXHBIM [IPEUMYIIECTBOM: €ro
MOXHO HeNoCpeICTBeHHO 3alporpaMMHUpOBaTh Ha KOMIIbIOTepe. XOTs 3TOT
ABTOMAT COAEPXKHUT BCEro YeThlpe COCTOSIHUS, 51 IYMAIO, Bbl COTJIACHTEChH C TEM,
qT0 U300PECTH ero «C XOAy» COBCEeM He Tak IPOCTO, KaK 9KBUBAJIEHTHBIH eMy
HefeTepMUHUPOBaHHbIA. [1o3ToMy 0OBIYHO rOpa3 a0 MPOILe BOCIIOIb30BATHCS
BO3MOXHOCTSIMU HeleTePMUHIPOBAHHOTO MTOBEIeHNs [IPY IIPOEKTUPOBAHNH,
a 3ateM aBTOMaTHuecKd NpeoOpa3oBaTh CO3MAHHDIA aBTOMAT B JeTepMUHU-
POBaHHBI.

[Monyvdennoe B nociefHeM IpUMepe YCTPOHCTBO COXEPXHUT CTONLKO Xe CO-
CTOSIHUH, CKOJBKO M HCXORHOE, HO Ha IPAKTHKE AAJeKO He BCerna TaK Be3eT.
Kak yXe yHOMHHQJIOCh, B Xy[IlleM clyyae IIpH AeTepMUHHU3AUNH aBTOoMarta
KOJIMYECTBO COCTOsIHMI MoxeT Bbipacté ¢ N go 2N —1 (1o ectb BecbMa M
BecbMa IPIIAYHO).

HenocpepncreeHHas uMuTauus HejleTepMUHNPOBAHHOrO agToMara

CyiecTByeT BO3MOXHOCTh CBIMHTHPOBATh HeleTePMUHHPOBAHHBIIT aBTOMAT
Ha 0OBIMHOM KOMIIBIOTEPE, He TPATs IIPU 3TOM CIMIIKOM O0IbINX 00beMoB
namsti. Waesa axropurMa moCTarodHO IIpoCTa. ABTOMAT HMUTHpYyeTCH
NIpAMEPHO TAaK Xe, KaK ¥ JeTepMUHUPOBAaHHLIN, HO B JM060# cUTyauuw,
KOTIa NPOUCXOMHUT «pacliellyienle MUPOB», KOMIIBIOTEP AOJXEeH BhOpaTh
KaKOH-TO OTUH MHP ¥ [POmoKUTh paboTy B HeM. Eciim niocie cautwiBanust
BXOMHOW CTPOKH aBTOMAT OKa3aJICAd B HEeQONYCKAIIIEeM COCTOSHUM, MpH-
JeTcst BEPHYTbCS Ha3ad K MOMEHTY «pacllenieHus» U IMonpoOoBaTh MOUTH
f10 IpYro# BeTBU.
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[naga 2. KoHe4YHble aBToMAaTL

MHe He Xo4eTcst CIMMIKOM CHJIBHO YIIyOJIsiThCSt B TeXHUYECKHe deTalu 3To-
I0 aIrOpUTMa, IIOCKOJILKY B HEM HeT HHYEro MHTEPECHOTO C TOYKH 3PEHHUst
Teopuu aBromaroB. Ilepebop ¢ BozBparoM — oObluHast npoueaypa, npuMe-
HfeMast BO MHOTHX cutyauusx. K npumepy, aHaJorudHbM 0Opa3soM MOXHO
3arporpaMMHUpOBATh IOUCK BBIXOAA U3 JaOMpHHTA: HaXOMsICh B «KOPHUAOPE»
(rme MOXHO HBUTaThCsl JMIIbL BIIEpe] M Ha3an), IBUKEeMCs Bliepel; Ha BCTpe-
TUBLIEHCS pa3BUIKe BbIOMpaeM HeKQTOphIA NyTh U NPOAOIKaeM ABUXEHHe.
Ecim myTh Okaszalcs TYNMKOBBIM, BO3BpalllaeMCst K pa3BWIKe ¥ BelOHupaeM
Apyroe HalpasJIeHHe.

Pazymeercst, B UMHUTanNH HexeTepMHUHIPOBAHHOIO aBToMaTa €CTb CBOM TOH-
kocru. K npumepy, eciu mporpamMma Ha TeKylueM 1are BelOnpaer €-nepexox,
CYMTEIBATh OYepelHOH CHMBOJI BXOIHOH JieHThl He Tpebyercst. CunThIBaHUE
BCEX CHMBOQJIOB BXOIHOI JIGHTHI ellle He O3HavaeT 3aBepiieHust paboTsl aBToMa-
Ta. Benyiue U3 TeKyIIero COCTOSHMS e-TTePexoabl B JAHHOM CJlydae siBJISIOTCst
TOXe CBOEro poja ajbTepHaTHBaMU: aBTOMAaT MOXeT MO0 3aKOHIUTb pabory,
b0 MPOIOJDKUTE €€, BOCIOJb30BABIINCDH £-TIEPEXOACM.

Bornee cepbesnasi mpobiieMa COCTOUT B «3aLMKINBAHUN» ajroputma. Ecnm us
cocrostHust A B cocTosinue B Bener e-nepexon, u rakoii e nepexon Bener u3 B B
A, porpaMmMa MOXKeT 3aIPOCTO MepeKIOYaTbCsl MEXIY 3TUMH COCTOSIHUSIME 10
beckoneynocru. CrpaBUTBCS C TAKMM 3aTpYIHEHHEM MOXHO, HallpuMep, COXpa-
HAiS Ha KaKJ0M 1are napy (COCTOstHMe, HOMep_TeKyIlero_CHMBOJIA_Ha_JIeHTe).
Eciu B KaKOW-TO MOMEHT OKakeTCst, 4TO Mbl cOOMpaeMcst epefTH B COCTOSIHUE
3, CYuTaB MSTHII 10 CYETY CUMBOJI C JIEHTBI, HO TIPH 3TOM Takast CHTyauust yxe
BO3HHMKANA PaHbllle, MTOTOOHBIN 11epexon ClefyeT TyT Xe OTCeyb.

Cornacurech, He UMeeT HUKAKOTO 3HaUeHHsl, KAKUM 00pa3oM Mbl 0Ka3aJHCh B
TpeTbeM COCTOSIHMM T10C/Ie CUMTBIBAHMUS [ISITOTO CUMBOJIA JIEHTHL. BeITh MOXeT,
3TO Pe3yiabrar MsITH OObIYHBEIX II€PEXONOB, a OBITH MOXeT, NSITH OObIYHBIX H
necsiti e-nepexonoB. Ta xXe curyarnst BO3HHKAeT U B JIAOMPUHTAX: aJIFOPUTM
obxona JOJDKeH IoMedarb IIoCelleHHble JIOKAIUHU, 9Te0bl He MPOXOAUTbh HX
10 BTOPOMY (TpeTbeMy M Tak Jajiee) Kpyry.

DKOHOMUS TIaMSITH [IPU HEIIOCpeICTBEHHON MMHUTAIUHN HeleTe pPMUHHUPOBAH-

Horo aproMaTa obopadnBaercs 3HaYNTEIbHBIM BPeMEHEM BBLINOJIHEHUS, 0~

CKOJNBKY IIpOrpaMMe B XyALIeM ciydae IpUXOOUTCS He pa3 BO3BPAINATHCH K

yk€ pacCMOTPEHHBIM COCTOSIHHSIM M IIPHHAMATh MHOE pellleHHe NpHu BeIOope

ansTepHaTHBLL. [lepeOOopHBIT aIrOPUTM MOXET BBI3BATh SKCIIOHEHIMAJIbHbIM

POCT BpeMEHM paboThl IPOrPaMMBl, TOYHO Tak Xe Kak AeTePMHUHHU3ALUS IKC-
OHEHLMAILHO YBEJMYHNBACT PacXxon MaMsITH.

MHTepecHO OTMETUTD, YTO JeTepMUHHU3aNMst caMa 1o cebe Toxe TpebyeT aKc-
IOHEHIMAJIbHBIX 3aTpaT BpeMeHnu (11t N COCTOstHUM HeleTePMUHUPOBAaHHOIO
ABTOMATA [IPUAETCS HoCTpouTh 2N — 1 cocrosiHuit aBTroMara aeTepMHUHUPOBAH-
10r0). OMHAKO AeTepMHHHU3AIIMS! BLITIONHSETCSl BCero JMUIb OfMH pas, [ocie
{er0 Ml TIoydaeM OBICTPBIA (XOTSI M TPOMO3IKHIA) aBTOMAT.
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dopmanbHoe onpepesieHNe HeleTePMUHMPOBAHHOIO agToMara

MBI IpakTHYEeCKH 11a OXHOM AbIXaHUHM Ipo6GeXauch 0 HexeTepMUHUPOBaH-
HBIM M €£-aBTOMATaM, He 3aTparusasi ux ¢popmanbHoro ompeaenenus. K cuac-
TbiO, HEleTepPMUHUPOBAHHOE NOBEAeHHEe OUeHb MaJI0 MEHSeT OIpenesieHue
aBTOMara. ExMHCTBEHHBIH MYHKT, B KOTOPBIH ITPUAETCS BHECTH KOPPEKTUBBI,
Kacaercst yHKUMH 1iepexono. HamomHio, 4To B 1€TepMUHIPOBAHHOM Cilyyae
byHKIMS MepPexoa0B CONOCTaBIsET mape (COCTOSIHIE, CHMBOJI) € IMHCTBEHHOE
HOBOe cocTosHue: 8(q;, a) = Q.

Bsenenue e-nepexonoB GoOpMaJIbHO 03HAYAET JIMIUB TOIIYCTUMOCTBE CHMBQJIA
€ B KayecTse Broporo aprymenTta ¢yuknuu d(). Hexerepmunuposansoe mo-
BeJIeHHE MeHseT pesyjbraT QyHKIUU. BmecTo omHOro 1esieBoro cocTosiHus
MBI Teflepb ITOJMydaeM [neloc MHOXECTBO COCTOSIHMIA (B IIPOTpaMMe JeTepMHu-
HU3alUH IpaBuia NpeACTaB/sIIMCh UMEHHO TaKuM 00pa3oM — JIeBOi Yactu
IpaBuja COOTBETCTBOBAJ OTCOPTUPOBAHHBINA CHMCOK [€JI€BbIX COCTOSHHH ):

5((11, a) = {qua q/\27 ey qAn}'
FAQ no KoHe4YHbiM aBTOMaTaM (BTOpad 4YacTb)

Bonpoc. Byner nu B 5101t yactu FAQ X0Tb OfIMH BOIIpOC, OTBETa Ha KOTOPBIH
s He 3Ha10?

Omeem. Bpsn nu, xoTs Bce MoXeT ObITh. B Tekcre pasbpocaHo MHOTO MHTEpec-
HBIX CBeJIeHU, HO UCKAThb MX IO OTAEIbHOCTH YTOMHUTEIBHO; s AyMaIo,
YTO OHA IOMOJHUTEIbHAs CTpaHUYKA B KHUre — HeboJbIIas eHa
3a yIOBOJBCTBHE cOOpaTh UX BOEIMHO.

Bonpoc. Urtak, HeneTepMUHUpPOBaHHBIA aBTOMAT CJIYXUT JIMIIb [ICHXONOTHUYE
CKMM HHCTPYMEHTOM, KOTOPBII yITpoliaet XXu3Hb 4eJIOBeKa, ¢ KapaH-
JallIoM B pyKax pa3pabaTblBalONIero pacfio3HaBaTelb HEKOTOPOro
dopmanbHOro sa3bika?

Omegem. He cosceM. He TonbkO 4yenoBeky mpoImie He orpaHHMHUBaTh cebs
JeTepMUMHUPOBAHHBIME HE€pexogaM¥ — B paBHOH CTeHeHU 3TO
OTHOCHTCS ¥ K KoMmbloTepy. HekoTopble ajropuTMel 3aHUMAIOTCS
KOHCTpYMpOBaHMEM KOHEYHBIX aBTOMATOB, M HEPENKH CIydau, Koraa
TaKOH aJITOPUTM PeaNM3yercs Kyna npoIle, €Cjau He OrpaHuMHBaTh THIT
aproMarta JeTepMMHMPOBAHHBIM. PasymeeTcs, mony4eHHbI aBToMaT
BCE paBHO IpUJeTcs IeTepMHHHU3MPOBATE ¥ MUHMMU3MPOBATh, HO
3pech paboTtaet mMpUHIMI CBeIeHM K yXe pemreHHol 3agaye, 61aro
Oponenypbl MUHMMHU3AUMM M ZETEPMUHU3AUMH JABHO U3BECTHH H
peanu3oBaHbl.

Bonpoc. Ho Benp nerepmunmnzanus €e paercs napom? KoimuectBo cocrosi-
HUI TEOpPETHISCKH MOXET pactd HeIIOMEpPHBIMU TEeMITAMH, I3 M Ha
CKOpoCTH paboTel aBTOMATa 3T0, HABEPHO, OTpaXaercs?
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naea 2. KoHeuHble apToMaThl

Omsem. [a, teTepMUHU3ALMSA HE HACTCs NPOCTO TakK. JelCTBUTENBHO, BBOMNS
eNMHCTBEHHOE NOTIQIHUTEIBLHOE COCTOSIHIE B HeleTe PMUHAPOBAHHbIH
aBTOMar, Haao ObITb TOTOBBIM K TOMY, YTO KOJUYECTBO COCTOSTHUI
COOTBETCTBYIOIIETO €My NETePMHUHMPOBAHHOTO aBTOMaTa BHIPACTET
paBoe. CkazaHHOe WLTIOCTpUpyeT puc. 2.16.

11 u

—
n
<

—
(=]
Q

IS AU A W

Puc. 2.16. SKCroHeHUNanNbHbIV POCT YUCNa COCTOSIHU Npy 1€ TePMUHU3aLNYN

[Tonoruii HyXKHMI rpaduK yKasblBaeT KOJUYECTRO COCTOAHMIT HeleTepMu-
HUPOBaHHOTO aBTOMATa, B TO BpeMs KaK 0e3yNepXHO PacTyIiHi BepXHUK
ZaeT xopoiee npejacrapieHue o curyaiuu. C Ipyroit CTOPOHBL, HA PUCYHKE
n300paxeH HaUXyMIHUN ciydyait, fajexo He Bcerja HabaonaeMplil Ha ITpak-
TEKe (K MpUMepy, NeTepMHUHHU3alusa apToMara ¢ puc. 2.9 ¢ nocienymoniei
MUHHME3alleil TpuBesia K CO3JaHuIO BCeTo JUIb YeThIpeX COCTOSTHUM, XOTs
B Teopud UX Morjo 6mTh 2* — 1 = 15). C TouKHU 3peHuss cCKOpocTH paboTsl
zesto oberout ropasno aydwe. Jlro6oi neTepMUHUPOBAHHBIN aBTOMAT (He3a-
BICHMO OT YHCJ/Ia COCTOSIHMI) BBIITIOJHAET CTOIbKO IIATOB, CKOJBKO CUMBOJIOB
3aIHCaHO Ha BXOJHYIO JIEHTY («IMHEHHOe BpeMs» ).

Kaxk yxe oTMeuasnoch Bblllie, MOXXHO COKOHOMHUTb NaMATh, UMUTHPYA paboTy
HeIEeTePMIHHPOBAHHOTO aBTOMaTa HETIOCPCACTBEHHO, HO IIPH 3TOM CKOPOCTh
aHaJIM3a BXOJTHOI CTPOKH MOXEeT OKa3aThCsl IPOTOPIHOHAIbHON 3KCTIOHEHTe
0T ee JuMHBL. PaKTHYECKH MBI IOy4aeM Te Ke cambie rpaduku TMHEHHON u
nokazarejbHOM GYHKIMH, TOJBKO OTHOCATCS OHU YKE HE K PACXORY NaMsTH,
a K BpeMeHU paboThl aaropuTMa.

Bonpoc. Ecrts kKakue-HuOyab ocobble 3aMedaHud 110 MOBONY £-aBTOMATOB?

Omsem. Tloxanyii, Het. Ilepexonsl 10 1IyCTOH CTpOKe (€-TIePEXOipl) ~—— BCe-
o JIMUIb JOTIOJHUTEbHBIA yNOOHbI HHCTPYMEHT, KOTOPBII MOXeT
3MOPOBO TIPUTOAUTHCS B CAMBIX Pa3HbIX CHTYaLIMsIX.
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Bonpoc. XM... MBI Bce BpeMsi TOBOPIIH O A3bIKaX, COCTOSIINX U3 «IOMYCTHMBIX
asipecoB JIEKTPOHHOMN MOYTH» WIHM U3 «CTPOK, CofepXKalluX MOACTPO-
Ky ABC». A uro eciu TpebyeTcst pacniosHarh sI3biK, KOTOPHIA cocTouT
U3 JIHOGBIX CTPOK, KpOMe TOMYCTUMBIX aPeCOB 3JIEKTPOHHOM MOYTHI?
Wi, aHanornyHo, U3 JI0ObIX CTPOK, He coepxanmx noacrpoky ABC.
MOoXHO JI TOCTPOUTB TaKOH aBTOMAT?

Omesem. [a, s10 ormMuHas 3amava. K coxainenuio (Mnm K C4acThiO) Ha Io-
BEPKy 04eHb npocTras. Eciu HeKoTopbii 36K L MOXHO pacrnio3Hars
TIPU MOMOIIM aBTOMAra, «00paTHeiii» eMy si3bik £* \ L Toxe obnanaer
3TUM CBOWCTBOM. MHe KaxXeTcsl, YTO 4eJIOBEKY ropasfo Ipoiue 1y-
MaTh B TIO3UTUBHBIX TePMHUHAX: KOPPEKTHBIE ajpeca NOYThI; CTPOKH,
copepxaimue JaHHBle TIOACTPOKH... Eciam apToMmar mis A3wika L
yKe MOCTPOeH, MOoJIy4uTh aBToMar Ui * \ L HerpynHo: mis aToro
HeoOGXOMMMO JIMIIb CHeIaTh BCe ero MOMyCKalouye COCTOSHIS Helo-
MyCKAOIMMU 1 HaobopoT.

EnvHcTBEHHAd TOHKOCTB COCTOWUT B TOM, YTOOBI CHEjaTh aBTOMAT TIQJIHBIM
nepen mopuduKalLue, To eCTh ONpeae/uTh Bee BCe CHHTAKCUIEeCKU TOTYCTH~
Mbie nepexonel. [IpumepomM Moxet ciayxuth puc. 2.7. Eciu Bbl IOMHHUTE, TaM
MBI BBeJIU cocTosiHie E numib 1s Toro, 4To6sl n106ad napa Buna (cocrosiHue,
cUMBOJT) OBLIA JIEBOI 4acThIO KaKoro-anbo npasuia. 31ech xe curyaius bonee
cepbe3Has: Mocjie CMEHbI poJieil MOMYCKAIONMX U HeJOMyCKaloIUX COCTOSHUN
cocrossnue E craHer HOMyCcKAIONUM — U MO3TOMY «IIPOCTO 3a0BITh» O HEM
HUKaK HeJIb3sl.

2.3. MpoekT JFLAP 1 KOHeuYHble aBTOMaThl

B nese uzy4eHuss KOHEYHBIX aBTOMAaTOB BaM IOMOXET NMPEKPACHbIH UHCTPY-
MeHT JFLAP. XoTs aToT npoekT paspabaTeiBalics crienuaibHo 1ls o6ydeHust
PasIMYHBIM MOIEJISIM U3 TEOPUH BBIYHUCIIEHUH U CUNTATh €T0 Cepbe3HbIM POo-
JIYKTOM TIPOMBIILIEHHOTO YPOBHS BPSIN JIM MOXHO, MHOTO0Opasue peajiu3oBaH-
HelX B JFLAP Bo3MmoxnocTeil Bocxuraer. 5 emre He pas 6yny BO3Bpamarses
K JFLAP, 4to6Bl NponuIOCTpUpPOBATh pas3jnudHble MOJe N U aJropPUTMBb,
OLMCHIBa€MbI€ B KHUTE.

JFLAP siBiisiercst ¢cBOOOQHO pacnpocTpaHsIeMbiM HPOIYKTOM (emie ¥ B HC-
XOIHBIX Tekcrax). CkavyaTh nporpaMMy MoXHO Ha caiiTe

www.cs.duke.edu/~rodger/tools/jflap/

IMockonpky JFLAP Hanucad Ha Java, BaM Takxe NoTpe0yeTcs yCTaHOBUTh
Java Runtime Environment (JRE) ¢ BeGcalita www.java.sun.com.

Tak kak celiyac peyb MIET 0 KOHEYHBIX aBTOMAaTax, AaBaiiTe pasbepemcs,
kakuM obpaszom JFLAP MoxeTr HaM IPUTOMNATHCS Ha NaHHOM 3Tare.
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aga 2. KoHedHble aBTOMaThl

Ecau cpena Java ycTaHoBJI€HA KOPPEKTHO, TO MO NBOWHOMY IHEIYKY MO
baitny JFLAP jar nporpamma 3anyCTUTCS, M BBl YBUIUTE BHEIIHe BEChbMa He-
13blcKaHHOe, HO QYHKIMOHAJIbBHOE MEHIO, B KOTOPOM IIpejularaeTcs BoOparh
(U MHTEpeCcyomel Bac Moneau (M. puc. 2.17).

File Help

Finite Automaton

;' Pushdown Automaton

Turing Machine

Multi-Tape Turing Machine

Grammmar

L-System

; Regular Expression

Puc. 2.17. hasHoe meHio JFLAP

[ecth nMocite THUX MYHKTOB MBI ellje yereeM obCyuTh, a oKa 4to nepeiigeM
pexum Finite Automaton.

la 3kpane nosKHa NOABUTHCS pabovast 061acTe, B KOTOPO MOXHO TOBOJIBHO
erko CKOHCTPYMPOBATh KOHEYHBIH aBTOMAT JII060ro THIIa (HeIeTepPMUHUPO-
aHHBIC H E-TIEpeXopl qouyckalorcs ). Beibop 3Hauka State Creator Ha nanesnm
HCTPYMEHTOB (BTOPOH CJIeBda) O3HayaeT CO3MaHHMe HOBBIX COCTOSHHI aBTO-
aTa: Terneps JoBoH UIe90K MbIIBIO B paboyveit obnactu Gyier npuBonuTh
NOSIBJIEHUIO O9€PETHOTO COCTOSIHUSA (CM. puc. 2.18).

A IFLAPS mpafithedtS o T L T
File gt Test Convert Help

Puce. 2.18. KoHcTpynpoBaHue cOCTosIHU KoHeyHoro agromarta B JFLAP
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IMepeiina obparHo k pexumy Attribute Editor (¢ nomorpio Berbopa 3HauKa co
CTpeJIKO¥ Kypcopa —— ¢aMOTO JIEBOTO Ha NMaHeJsI) U IHeJIKHYB MPaBoH KHOTIKOH
10 JII0GOMY cO31aHHOMY COCTOAHMIO, MOXHO clesaTh ero HadabHbIM (Initial)
wim gonyckaommM (Final)?.

Pexum Transition Creator (3Ha40K cO CTpeJIKOit) MpeHa3Ha4eH ISl CO3MaHusl
nepexoxos. HaBenure MpIlIb Ha MCXOXHOE COCTOSIHUE, 3aT€M HaXKMHUTE JIEBYIO
KHOTIKY MBI U, yRepKUBas ee HaxaTol, YKaxXuTe nejleBoe cocrosiuue (1o
ecTh MeToroM drag and drop). ITocsie 3Toro Bam GyneT npensioxeHo BrIGpaTh
CUMBOJI, COOTBETCTBYIOIIUN NepeXony.

Eciu npocro Haxarte Enter, nojiyuntcs e-nepexod; npasaa, B JFLAP oun
Ha3bIBAIOTC A-TlepexonaMu: B KauecTBe METKH IYCTOU CTPOKH HUCTIONb3YeT s
cuMBoJl A. Ytobwl co3naTh mepexon U3 HEKOTOPOTO COCTOSIHUS B HETO Xe,
BaM TPUIETCS COBEPIUNTh HEXUTPBIN TPIOK: HaXaTh JIEBYIO KHOTIKY MbIIIH B
OHOM MECTE KPYXKOUYKa-COCTOSAHUS, a OTIYCTUTh 4yTh-4yTh NOOAAJb (HO TOXe
B IIpefesiax CoCTOsAHus, pasymeercs). ITepexonb! Heslb3s METUTh HECKOJIBKUMH
cuMBosiamu. Eciin HekoTophId Niepexon coBepriaeTcs o CUMBOJIaM a i b, Bam
npuzpercs co3xars ABe crpeliodkn. [Ipasga, JFLAP TyT Xe npaBWibHO OneHuT
CUTyanuIo U 0TO0pas’uT OXHY CTPEJIKY, TOMEYEeHHYIO ABYMS CHMBOJIAMH.

Takum o6pasoMm, HarpuUMep, MOXKHO CKOHCTPYHPOBATh yKe M3BECTHBIN HaM
HeeTepPMHUHHPOBANIHbI aBTOMAT [UIs1 pacllo3HaBaHMusA CTPOK Hag andaBuToOM
{a, b, c},coaepxXalux NOXCTPoKy abe (cM. puc. 2.9). Ero JFLAP-Bepcus
uzobpaxena Ha puc. 2.19.

ToToBbiii aBTOMAT (Raxe HeIEeTEPMUHMPOBAHHBIN) MOXHO IPOTECTHPOBATH,
3aaB KaKylo-JInbo CTPOKY B Ka4eCTBe COXEePKUMOTo BXOMHOI JIeHTHL. Brictpee
BCETO 3TO MOXHO CesiaTh ¢ IOMOINbIO NyHKTa MeHIO Input — Fast Run. Taxk,
3amaB B KayeCTBe BXoxa CTPOKY aaabcca, MBI IOAYIHM CoobIeHHE o ee 10~
nyckauuu (cM. puc. 2.20).

Kak BunHo n3 pucynka, JFLAP He Tosbko coobmaer o camoM dakre nomnycka-
HUS CTPOKH, HO U YKa3bIBA€T, KaKasd MIMEHHO TOCIeROBATEIbHOCTh TIePEeXON0B
MepeBOUT aBTOMAT B golyCKalomiee cocTosiue. Eciu cyecTByeT HecKosb-
KO TaKuX INOCIegoBaTeIbHOCTeH, X MOXHO BBIBECTH 0 O4Yepeny, HaxXuMasl
kHonky Keep looking. Iles4ok no xHonke I’'m done BepHeT ynpapiieHUE B
penaktop JFLAP.

Yro MOxXHO najibine gesarb ¢ HegeTePMUHUPOBAHHBIM aBToMaToM? Paszyme-
eTcs, feTepMUHU3UpOoBaTh! [l BRINOJIHEHUS 3TOTO KeHCTBUS NIpeaHa3HadYeH
nyHKT MeHI0 Convert — Convert to DFA.

ITockonbky JFLAP npenHa3HadaeTcs B OCHOBHOM Ml y4eGHBIX 1leell, B
HEro BCTPOEHO HEMAJIo CPelCTB MOLAroBOro M gaxke PydYHOIo MCTIOJNHEHUS

2 5 crapaiocs onucmBate uirepdeiic JFLAP no BosmoxHocT# Kpatko. Bmecte ¢ mpoexTom ro-
CTABAAECTCA NPUAMYHAS JOKYMEHTALIMs!, KOTOPYIO TIPOCTO HEeT CMBiCA AyOaupoBaTh.
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File lnpul Test Com:en Help

: Editor

&IFLAP : cuntitledd > ’ =40 )Qj
i
1

B 1
tKeep inoking ‘; immme O

Puc. 2.20. JonycKaHue agToMaroM cTpoku aaabcca

77



Knaccurka nporpaMmupoBans: Anroputvel, Asblkn, ABToMaTsl, KoMnuastopb!

fle input Test Convert Help

CEiie U NFATODFA

o

A Fa Y Complete; Done? ’

Puce. 2.21. Boino/iHeHne anropurma JeTepMuHN3aLmny KOHe4YHoro apromara

anropuTMoB. BripoueM, Bel MOXKeTe NIpocTO HaxaTh KHOUKY Complete, 4To651
cpasy HOJyYUTh AeTEPMUHUPOBAHHYIO BEPCHUIO aBTOMarta (CM. puc. 2.21).

K coxajienuio, nOCTpOeHHHBIH aBTOMAT IIOYTH BCeTaa «Bhljle3aer» 3a penelibl
BUAMMOM 00JIaCTH, ¥ HeT HUKAKOU NPYroi BO3MOXHOCTH «CXKaTh» KOHCTPYK-
LVI0, KPOME PyYHOTO fiepeTackuBaHus. Mejodb, HO...

IMocse mwemyka no kHOnkKe Done? roTosetit aproMaT Gyner nepeHeceH B HOBOE
OKHO.

Cuepyoumii mar — MHUHUMH3alUs aBTOMara — TOXe MpPeayCMOTpeH B
JFLAP. Ilpouenypa MUHUMHM3aUU 3allyCKaeTcsl IpHU BHIOOpE MyHKTa MEHIO
Convert — Minimize DFA.

EciM MUHUMM3HpYeMBIil aBTOMAaT HENOJOH (TO ecTh He BCe CMHTAKCHYeCKH
JOnycTUMBle Iepexons onpenesieHst), JFLAP aproMatudecky HCIPAaBUT 3TOT
HeTOCTaTOK, HallpaBJisgd HEXOCTAIONHe HePeXONtl K CHeHalIbHO CO3TaHHOMY
COCTOSIHUIO (3TOT AJITOPUTM OBUI VK€ NPOWLIIOCTPUPOBAH Ha puc. 2.7).

B namem ciiyqae HUKakuX TOTIOJHUTENBHBIX YCWIMI He TpeGyeTcs. AproMar
HOJIOH, ¥ MOXHO Cpa3y e NPUCTYIHUTh K MUHUMU3auuu. OnsaTh-Taky, B 00-
pasosaresibHbIX Hesax JELAP nmo3Bosiger BRIIOTHNTS MUHUMH3ALHIO [0 [a~
raM; eCJiv 3TOro He Tpebyercs, NpocTo INeJIKHUTE 110 KOPHIO IepeBa B IpaBOM
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File tnput Test Comvert Help

e
Winimization

Puc. 2.22. MuHumunsayms KOHeYHoro agromMara c nomolilsio JFLAP

‘:"jllﬂ:llP: <uhtitled?> P e e =181
File lnput Test Comvert Help

&
- ¢
!
H
:
5 #
; i :
ve . -

Puc. 2.23. MuHUMU3aLMs KOHEYHOO aBToMarta ¢ nomMolLbio JFLAP
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okHe U Haxxmurte KHonky Complete Subtree. Paznuunsie TepMuHanbHbBIE Y3JIbI
CreHepUPORAHHOrO JiepeBa OyNyT COOTBETCTBOBATD Pa3MYHBIM KIaccaM 3K-
BUBAJEHTHHX COCTOsIHUN (puc. 2.22).

Knonka Finish oTkprpiBaeT B HOBOM OKHe KPYXOYKHU, COOTBETCTBYIOUINE
COCTOSIHUSIM MUHUMM3UpOBaHHOro aBToMara. Ilepexomsl moka He BBIBOAST-
cd, nockoapky JFLAP eute pas npeanaraet Bam IpOBepuUTh COOCTBeHHBIE
3HAHUS W BHIIOTHUTH aNTOPUTM HaXOXJeHUS NMPaBUIbHBIX IePEeX0f0B BPYyY-
Hyio. Knonkoit Complete MoXxHO OBICTPO 3aKOHYHTH MOCTPOEHHE aBTOMara
(eM. puc. 2.23), 3areM HIeYKOM 110 KHONKe Done? mepeHecTn aBTOMAT B
HOBOE OKHO.

O6paTute BHUMAaHHe, YTO MOJYYeHHBIT aBTOMAT SIBJIsIeTCS TOYHOHW Komuei
apToMata, usobpaxeHHoro Ha pHuc. 2.15 (TakuM obpasom, 3alporpaMMHupo-
BaHHbIE HAMM Ipouenypsl paboTaioT Tak Xe, KaK u ux a"anoru uz JFLAP).

UTorn

¢ JleTepMHUHUPOBaHHHIA KOHEYHBI aBTOMAaT — 3TO BTOpoe (Tocne pery-
JISPHBIX BBIpaXXeHMIt) paccMaTpuBaeMoe HaMU CpeACTBO sl HopMaTbHOTO
OMUCAHHA S3bIKaA.

¢ JeTepMHHUPOBaHHBIM KOHEYHBIH aBTOMAT MOXKHO NPEJICTaBUTh Kak HeKQO-
TOpOe «KOMITbIOTepoofpasHoe» yCTpOUCTBO. Ero MOXHO ClIpOeKTHpOBaTh
Ha Oymare, a 3aTeM IOBOJBHO IIPOCTO NMpeobpasoBaTh B NPOrpaMMy, Bbl-
MOJNHAEMYIO peaNbHbIM KOMIBIOTEPOM.

* BBeneHune HeJeTepPMUHUPOBAHHOIO NIOBEIEHNs HE AaeT HUKAaKoro ycuie-
HUA BBIPasUTeNbHONW MOWIU, ONHAKO MO3BOJAET MIPOSKTUPOBATL TOpasno
6onee npoCcTHe aBTOMAaThL.

* «IIycreie» g-mepexonsl Takxke He JAlOT HAYETO HOBOIO B TePMHHAX MOIL-
HOCTH YCTPOMCTB, HO ABJSIOTCS TaKUM Xe IOJE3HBIM CpeICTBOM IPOeK-
THPOBILHKA, KaK U HelleTepMHHHPOBAHHOE [TOBEJieHHE.

¢ JleTepMHUHUPOBAHHBIY KOHEYHHI aBTOMAT MOXHO MHUHUMH3KPOBATh,
YMCHBIIMUB KOJIMYECTBO €ro cocTosAHNN 6e3 norepu GyHKIUOHANBHOCTH.

+ HegeTepMUHUPOBaHHHI KOHEYHBI aBTOMaT MOXHO BBHIOJHATH Ha KOM-
NBIOTEPE HEMOCPeNCTBEHHO, HO paboTa Takoro aaropuTMa «dIMyJIsiium»
MOXeT 3aHATh OY€Hb JUINTeNbHOe («3KCIIOHEHUAIBHOE» ) BpeMsl.

¢ HejierepMUHHPOBaHHBIA KOHEYHBIH aBTOMAT MOXKHO e TePMUHU3UPOBATD.
IIpu 3TOM KOIMYECTBO COCTOAHUNI MOXET Pe3KO BO3PACTH, 3aTO CKOPOCTh
paboTH rapaHTHpPOBaHHO OyneT JTMHEeHHOMH.
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CBS3b KOHEYHbIX

aBToMaToB
U PErynapHbIX
BbIpaXxeHun

MpeobpaszoBaHue perynspHoro
BblpaXXeHUS B KOHEYHbIN aBToMaT

Mpeobpa3oBaHue KOHEYHOrO aBToMaTa
B Pery/nsipHoe BbipaxeHue

MpakTuyeckme cneacrsus. Mowck
—4— NOACTPOK, YAOBNETBOPSIOWMX
330aHHOMY PErynsapHOMY BbIpaXeHUIo

—— OyHKUMM KOHBEPTMPOBaHMA B JFLAP

KAACCHKA NPOTPAMMUPORAHNKS:
AnropurTmbl, Haslku, AsTomartsl, KoMnunsTtopsl.

NPAKTUYECKUI NOAXOA.



B npenwinyieil rnape KOHEYHBIM apTOMAaT UCIIONL30BANCS HJsl ONIUCAHUS
SI3BIKA, COCTOSAIIETO U3 KOPPEKTHBIX anpecoB 3J1eKTPOHHOM NoYTh. C npyroi
CTOpPOHBI, €llle paHbIlle Mbl YIOTpeOUIM [ TOH Xe LeNu PeryaspHoe Bbl-
paxenue. TaMm Xe yKa3plBalOCh, YTO CYHMIECTBYIOT SI3bIKM HEpETYJsipHbIE, TO
€CTh He NpeNCTaBUMblE C IOMOUIBIO PETYISIPHOro BhIpaxkeHHs. KakoBa ke
BBIYHMCIUTENBHAS] MOIIb KOHEYHBIX aBTOMaTOB? MOXHO M ¢ UX TIOMOIIBIO
OTHCaTh HeperyJsIpHbIH A3bIK?

Tak BOT, OKa3pIBa€TCA, YTO ONHUCATEbHAS MOIL KOHEYHBIX 4aBTOMATOB U pe-~
TYJSpHBIX BRIpaxeHuit? abcomomno odunaxosa. IHbIMHU C1OBaMHU, KOHEeYHbIe
aBTOMATHl MOTYT CAYXHWTh IJs OMUCAHUS JIIOOBIX PETYISAPHBIX 53BIKOB, HO
NIpU 3TOM CHJa aBTOMATOB PEryjsipHBIMH S3bIKAMU M OIpaHUYUBaeTcs. 2TO
YTBEpXKIEHNE MOXHO NOKa3aTh KOHCTPYKTUBHO, pa3paboTas Nponenypbl KOH-
BePTUPOBAHUS PETYASAPHOTO BBIpaXKEHUS B KOHEYHbIII aBTOMAT U HAa00OpOoT,
YyeM MBI celivac U 3auMeMcs.

3.1. NMpeo6pa3zoBaHue perynsapHoro
Bblpa)XXeH!s B KOHE4YHbIi aBToOMarT

HanomHio onpepneseHye peryasipHbIX BRIpaXeHuii epBoii raasbl.

PerynspHpiMyu BeipaKeHUsIMU Hajg I SIBJISIIOTCS JIOOBIE 3J1eMEHTHl andasura
X, a TaKXKe IycTas CTpoKa €:

a, rae a — 3To Moboii seMeHT andapura X;
£.

Mpumeuanne.

Hepeako K perynsipHbiM Bhipaxehunsm goGaengioT elle NycToe MHOXeCTBO .

% Pazymeercsl, pedb UAET O CTAHAAPTHBIX («TeOpEeTNYECKNX») PETYISAPHBIX BBIDAXKEHHU X, He BRIIO-
yalomyx B cebs nonyaapHeie pacIUpeHNs BPOAe TIORIEPAKKH CCbLIOK.
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[nasa 3. CBA3b KOHEUHLIX aBTOMATOB U PEryNAPHLIX BbIpaXKeHNiA

KKe B CBOIO OU€pellb PETYISPHBIMU BhIpAXEHUSIMU OyAyT SIBISTBHCS U pe-
BLTAThl OIIEPALUil C peryJIsIPHBIMU BBIPAXXEHUSIMU Haf X:

aub), (ab) 1 a*, Tne a U b — mOOBIE PETYISIPHBIE BRIPAXEHUS HAL X
: perynAap Y

O/b3YsI TU «aTOMBI», MOXHO HOCTPOUTH JIIOOBIE, JJaXe CaMble CIOXHEIE
yasipHBle BRIpaXkeHus1. TakuM oOpa3oMm, /IS IPeBpaIleHUs! PEry/IsIPHOTO BbI-
KEHMsI B aBTOMAT HEOOXOTMMO HAyIUThCS IIPE/ICTABISITh B BUIE aBTOMATOB
| IpOCTeiiIINe, aTOMapHble KOHCTPYKIUHU. PaccMOTPHM HX 110 TIOPSIIKY.

» OIMHOYHBIA CUMBOI UCHONL3yeMOro aldasura a. ABTOMAT JIIS Paclio3Ha-
BaHUS CUMBOJIA CTPOUTCA JOBOJBLHO OYEBHUIHBIM 00pa3oM (cM. puc. 3.1).
3aMeHs1d Iepexoy] 110 a Ha e-1iepexo]], NoIyvyaeM aBTOMAaT, PacriO3HAIOIIHI
IYCTYIO CTPOKY €.

\ SN /ff—‘:{y
(\i) a @;})

Puc. 3.1. AsToMar, pacrosHaiouwmi OQuHOYHBIG CUMBOJT angaenTa

 OObeMHEHNE ABYX PETYISPHBIX BBIpakeHUi a u b (To ectb (a U b)).
[TpemonoxumM, 9To /I BEIPAKEHUH a U b yXXe IIOCTPOEHbl COOTBETCTBY-
fomue apToMatel A u B. 3agaua coctout B ToM, 4TOOBI UX IPaBUIIBHO 00'b-
equHUTh. PemeHne nokasaHo Ha puc. 3.2. 31ech yXe MOXHO (M HYXHO)
BOCHOJIb30BAaThCsl HEJETEPMUHUPOBAHHBIM NoBeneHueM. JlonmycruM, Ha
BXOJI aBTOMATa IIOCTYyHaeT peryisipHoe BbipakeHue b. Ilepswlil xe mar
pacIIervIsieT MUp Ha JBa HOBBIX. B 1mepBoM Mupe aBTOMAT IEPEXOIUT K
CTapTOBOMY COCTOSHHUIO 0JI0Ka A, BO BTOPOM — K CTapTOBOMY COCTOSI-
Huio Ooka B. Biiok A He pacio3HaeT BXOJHOe BhIpaXXeHue, U aBToMar B
IIeEPBOM MHUPE€ 3aKaH4YUBaeT paboTy B HEJONYyCKameM cocrosinuu. biok B
BO BTOPOM MUPE BXOJHOE BLIPAXEHME PACIIO3HAEeT, YTO B UTOTE O3HAYaeT
IOIYCKaHME BLIPAXXEHUS HeeTePMUHUPOBAHHLIM aBTOMATOM.

®
3 ON N
N ©

5]

v/» (F\I
K@ B ©

- ®

Puc. 3.2. ABTOMaT, pacriosHarowmit 06beanHeHNe ABYX PerynsipHbIX BbIPAXEHNH

83
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+ Konkatenauus soipaxeHuii (ab). ITockonabky B 3TOM ciydae aBTOMAaTy
TpeOyeTcst pacrio3HaTh [IBa MOAPST WIYIIUX BEIPAXKEHUS], CIeyeT Pacriono-
XkUTh 0;10K1 A 1 B nocnenosarenso (puc. 3.3). Jlonyckaomue cocTOsHUS
aBTOMaTa A COEIUHSIOTCS CO CTAPTOBBIM COCTOSIHMEM aBTOMara B.

5 ®
(s) B .=
- ®

Puc. 3.3. ABToMar, pacro3HaroLnit KOHKaTeHaUno ABYX PErynspPHbIX BblPaXeHU

+ AsroMar mis 3ambikanus Kimiau («3Be3ioukar») BRIISIAT, NOXayid, He-
CKOJIBKO 3KCTpaBarantsee npeabnyinux. ITockoeky 3amuchk a* o3Havaer
«HYJIb WK Gojiee IOBTOPEHNU», CTAPTOBOE COCTOSIHUAE aBTOMATa JOIKHO
OBITH jJomnycKaomUM. Ecin e Ha BXoj NOCTyIIHMIa Kakas-Tudo CTpoKa,
HNpUAeTCs ee UeIUKOM Pa3odpaTh, a 3aTeM CHOBA NEPEHTH K CTapTOBOMY
COCTOSIHMIO aBTOMara (cM. puc. 3.4).

£

Y .

F)
F

E&)>® A =
e Q"]
£

Puc. 3.4. ABTOMaT, COOTBETCTBYIOLLNY 3aMbikaHno Kum

Ecnu BCIIOMHUTH TEOPHIO PEryJSIPHBIX BBIpAaXEHMIA, M00ast KOHKaTEeHAIUs
i ob6beguHeHNe 00s3aTeNbHO 3aKmovdaercs B ckooku. ITosTomy Bcerna
MOXHO HalTU caMO€ BHyTPeHHee aTOMapHOEe IIOJBBIpaXKeHUE U npeodpaso-
BaTh €r0 B aBTOMAT. 3aTe€M MBI NIPOIOIKAEM KOHBE pTUPOBAaHUE JIUISI BHEIIHE-
rO TOABBIpAXkKEHHS M TaK jgajee. DTO OUEHb IIOXOXEe Ha mporecc pazbopa u
BBIYUCIICHUS 3HaY€HUS apU(hMETHIECKOTO BRIPaXXEHUS CO CKOOKAaMHU, TOJIBKO
BMECTO BHITIOJIHEHUST apu(dMETHUEeCKUX ONlePalUii Mbl IEPEBOIUM TEKCTOBBIE
KOHCTPYKIIMM B COCTOSIHUS M npapuia nepexona. Ha npakTuke peryiasipsoe
BBIpaXXeHue 00bIYHO HE NIeperpyxaercs CKoOKaMu, HO NPHOPUTETHI Onlepauuii
BCE€ PaBHO CYIIECTBYIOT, U IIPU XEJIaHUU HENOCTAIoNINe CKOOKI MOXHO pac-
CTaBUTh aBTOMAaTUYECKU.

Yr1oOb! OKOHYATEILHO Pa306PaThCs C POIECCOM KOHBEPTUPOBAHUS PErysip-
HOTO BHIPaXCHUS B KOHEYHBII aBTOMAT, UMEET CMBICT PACCMOTPETh IIPOCTOMH
npumep. ITocTpouM aBTOMAT, COOTBETCTBYIOMIMI BhIpaxeHHo (a U b)*c?
(oM. puc. 3.5).

# C TOuKM 3peHHs TEOPHH 3[eCh HENOCTaeT Ul BHEIHUX ckOOOK: ((a U b)*c).
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[hasa 3. CBA3b KOHEYHbIX aBTOMATOB U PEryNapHbIX BbipaxXeHui
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Puc. 3.5. KoucrpyuposaHue agromara 415 Beipaxeuys (a w b)*c

Hrak, KOHCTpYUpOBaHUE HauWHaeTcs C ABYX aTOMapHBIX aBTOMaTOB, pac-
NO3HAOMUX OJMHOYHBEIE CUMBOJRI a U b. Ha BTOpOM mare onu 00bequHs-
0TCS COMIACHO pHUC. 3.2, 4TOOBI HONYYUTh pacio3HaBaTenb O0bEeIUHEHUS
a U b. Crenyonmii 3Tann — nonydenue 3ambikanust Kmmuau (puc. 3.4). Ha
Nnoc/leHEM HIAre UCHONb3yeTcs MOCIe0BaTeIbHOE COeTUHEHNEe aBTOMATOB,
COOTBETCTBYIOIIEE KOHKATeHAIMHU BEpaxennit (a U b)* u c. Ilpu ocymecr-
BIEHMM HTOH Orlepanyy Mbl COeIMHSIeM JOMyCKalomue COCTOSHUS IepBOro
aBTOMaTa CO CTaPTOBLIM COCTOSIHMEM BTOPOTO, U TOT ¢akT, YTO AOMyCKaromee
COCTOSIHUME IepROIO aBTOMAaTa B JJAHHOM Ciydae sIBJISeTCS OJHOBPEMEHHO U
CTApPTOBBIM. fIC IIPAET HUKAKOI pOIH.

3.2. MpeoOpa3oBaHue KOHEYHOro aBToOMaTa
B peryaspHoe BbipaxeHue

[Ipoutecc mony4yeHus peryisipHOTO BHIPAaXeHUs, SKBUBAJIEHTHOTO JaHHOMY
aBTOMATy, He TaK HamJIsJIeH, HO Bce Xe J0ocTaTovHo npoct. [lepen TteM, kak
paccMOTpeTh ero HojapobHee, CTOUT cAenaTh fapy 3aMedaHuit 06 e-cTpokax:

+ Konkatesauus mo00ro KOJIUYIECTBA IyCTBIX CTPOK HpPECTaBiseT coOoit
MyCTYIO CTPOKY: €€...€ = E.

+ Konkarenaius nycroit CTPOKH € € HEIIYCTOI CTPOKOIf a €CTh CTPOKa a;
€a = a€ = a.

OTH CBOMCTBA MO3BONSIOT «CXUMATh» CTPOKH, COJEpXallue €-0JCTPOKY:
aacbececeedde = aabcedd.
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ABTOMAT, IPUTOJHBIN IS IepeBOJa B perylspHOe BhIpaxeHHe, J0JXeH 00-
J1ajaTh AByMs CBOMCTBAMU:

+ Hu onuH riepexo He NOTXeH BECTU B CTAPTOBOe cocTosiHue S. Ecnu aBTo-
MaT He yJOBJeTBOpsieT 3TOMY CBOMCTBY, CllelyeT BBECTU HOBOE CTapTOBOe
cocrogHue S’ U mobaBUTL NPaBUIO Hepexona S, € > S.

+ ABTOMAT JOJKEH COfepXaTh JIUIIb OTHO JOITYCKAaIOITee COCTOsTHUE, 3aripe-
IIAIOTCS ITePeXO/Tbl, UCXOMASINKe U3 TOIYCKAIOIero cocTosHus. Brinonse-
HUEe 3TOTO CBOMCTBA JOCTUrAeTCS aHAJIOTUIHBIM 00pasoM. [Ipenmonoxum,
F,, F,, ..., F, — pmonyckamolue COCTOsIHUSA aBTOMAaTa. BouepKHeM UX U3
CITUCKA JOIYCKAIONUX, BBeleM HoBoe cocrosiiue F, moMeueHHOe Kak J10-
nyckaoiee, a 3atem nobasum npasuna nepexona F, e > F, F,, e F, ..,
F,.,e>F.

O6parure BHUMaHUe, YTO IIePEXOJl, BeIYUIUN U3 COCTOSIHUS B HEro Xe, SIBJIs-
€TCsI OIHOBPEMEHHO BXOMSIIMM U UcxomsiuM. I103ToMy aBTOMAT C 11epexogoM
13 CTapTOBOTO COCTOSIHUS B CTAPTOBOE MM U3 TOIIYCKAIOIIETO B JOIYCKAIOIIee
TaKXe HyXjaeTcsl B TopaboTKe.

CyTb ajropurMa npeo0pa3oBaHUsi COCTOUT B TOM, 4TOOBI 110CJIe0BATEIbHO
3aMEHSTb COCTOSIHUSI COOTBETCTBYIOIIMMHU UM PeryJsipHBIMHU BhIpakeHUSIMH.
Ecnu B aBTOMaTe eCTh Hepexoy] U3 COCTOsIHNA A B cocTosiHue B,auz B — B
C, MoxHO 106aBUTh NpsAMoii epexon U3 A B C, IOMETUB ero peryiaspHbIM
BhIpaXXeHUEeM, NOJNyIeHHHM U3 nepexonoB A > B, B> Cu B > B, eciu on
cyutectsyeT (cM. puc. 3.6).

ITonydgenHnoe ycrpoiictBo $OpMaIbHO yXe Helb3sl Ha3BaTh «aBTOMATOM».
Ckopee 3T0 auarpaMma mepexojos, Ijie Iepexo MOXeT OCYIIeCTBIAThCS yxXe
He TOJILKO 110 OJIMHOYHBIM CUMBOJIaM, HO U I10 [eJILIM PeryaspHbIM BEHpaxe-
HusiM. Kak ToJIbKO B uarpamMme OCTaHEeTCs JIMNIb OJUH fepexoj, COoeaUuHs-
IOIUI CTapTOBOE COCTOSIHUE C JONYCKAIOIIUM, ero MeTKa U OyaeT UCKOMBIM
PeryIsipHBIM BhIpaXeHUEeM.

TTockoneky B niponecce paboTH alropuT™Ma Mbt OymeM paboraTts C mUarpam-
MO#t nepexonoB (110 CyTH jaena rpadom), UCXOMHBIN aBTOMAT TOXe ynoOHee
[peacTaBisTh B TEPMUHAX Y3JI0B U pebep, a He cocTOsIHUi U ripaBmwi. Takum

b
(A)=(8)(c)
iyt
(fj‘) ab*c ’@

Puc. 3.6. 3amMeHa COCTOSHUS PEryNsipHbIM BblpaXeHneMm
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Mmasa 3. CBA3b KOHEUHbIX aBTOMATOB U PEryisapHbiX BbipaXeHwui

Pa3’oM, BMECTO «CYIIECTBYIOT npaBuia A, a > B, A,b>Bu A, ¢ > B» a 6yny

BOpUTH «pebpo (A, B) nomeueHo CTpoKoit «a, b, o»»?,

TIepb MOXKHO TIPUBECTH aTOPUTM NpeoOpa3oBaHms NOJHOCTRIO (Ha IICEB-
KOZIE):
111 BCEX pebep arToMaTa

ECJIM MeTka pebpa paBHa a,, a,, ..., &,
3aMeHUTE MeTKy Ha (a, U a, U ... U a,)
d KA)KHOfO yzna guarpamMel K (KpoMe CcTapTOBOTO M [OIIycKawmero)
I KAXOOTO yz3na A (A # K)
ST KAKOOTO ysma B (B # K)
ECHIK cymecTBY®T pebpa (A, K) m (K, B)
M,, = MeTKa pebpa (A, K);

M, = MeTka pebpa (K, B);

ECM cymecTBYeT pebpo (K, K) (M, = MeTka pebpa (K, K))
M = MMy * M,

VHAYE
M = My

ECITM cymecTByeT pebpo (A, B) (M, = MeTka pebpa (A, B))

MeTka pebpa (A, B) = M, U M;
VHAYE
MeTka pebpa (A, B) = M;

KOHELl LUKIIA
KOHEL] LHAKIIA
YOAnuThe yzen K ¥ cBs3aHHBe ¢ HuM pebpa;

CHELl LIUKJIA

3nech BaXHO OTMETHTh, YTO HA AMArpamMme IMepexoioB He MOXeT CyINecTBOBaTh Tpex pedep
A, B). Eciu 13 01HOT0 COCTOSIHMS MOXHO TIOTIACTb B APYTOE 110 OHOMY U3 HECKOJILKUX CHMBOJIOB
XOIHOM JIEHTHI, CAEAYeT TIePeYHC/MTE ITH CHMBOJILI B METKE €IMHCTBEHHOTO pedpa.
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B urore GyayT ymajeHbl BCe y3J]bl, KpOMe CTAPTOBOTO M JIONYCKAIOIIETO, a
MeTKa eIUHCTBEHHOTO OcTaBulerocs pebpa u 6yner orsetoM. M3 monydeHHOTO
PEryIsipHOTO BhIPaXX€HUS Cpas3y Xe claeayeT UCKJIIOUUTh TIUNTHUE €-CUMBOIHL,

a 3aTeM 110 BO3MOXHOCTH YIIPOCTUTE.

ITomaroBoe BBHITOJIHEHUE aNTOPUTMA JJISI PE3YIbTUPYIOMIEr0 aBToMaTa Ha
puc. 3.5 (To ecThb porecc o6paTHOro KOHBEPTUPOBAHUS aBTOMaTa B pery-
JISIpPHOE BHIPaXXeHUE) MOKa3aHO Ha pHUcC. 3.7 (UCKMOYaeMble COCTOSIHUS 110-
MeUYEeHB! KPECTUKaMHU ). YIUTBIBAS, YTO CTAPTOBOE COCTOSIHUE aBTOMATA UMEET
BXOJISIIIUE [TEPEXO/BL, 51 1OOABUIJI HOBOE CTAPTOBOE COCTOSIHUE B COOTBETCTBUU

C nNpaBuiIaMH, ONTMCaHHBIMU BLIIIIEC.

Pesynerupyroimee B paxenue e(g(eae L ebe))*ec nmocie ynajieHUus U30bITOYHBIX

CHMBOJIOB € HpeBpAIaeTCs B yXe 3HaKOMoe HaM (a U b)*c.
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[nasa 3. CBsA3b KOHEYHbIX aBTOMATOB U PEryfsipHbIX BblpaxXeHui

3.3. Mpakrnyeckne cneancrTeus.
Mouck NoACTPOK, YAOBETBOPKIOLMNX
3a/laHHOMY perynsspHOMYy BbIPpa>XeHUIO

MocraHoBKa 3apaum

NPUHIUITE, HA 9TOM pa3/esl MOXHO ObLIO OBl U 3aKOHYUTE. ABTOMAT MOXHO
ne00pa3oBaTh B PeryaspHOe BhIpaXkeHHUe, a peryisipHoe BhIpaXeHue — B
;TOMat. AJITOPUTMBI (XOTS U HE TOBEJEHHbIE 10 YPOBHS IUCTUHIOB) OIMUCAHBbI,
IMEpBl PACCMOTPEHBI, PUCYHKH IIpuBeeHbl. OMHAaKO KOoe-KaKue IIpakTuye-
e aClIeKThI ATH aJITOPUTMBI He TPOACHAIOT. He Gepych paccyxnaTh 00 9Tux
eKTax CIUIIKOM MoapoOHO (TeMm Gojee 4To TeMa XOpOIIo pacCMOTpEHaA B
3BecTHOM Kuure Opumna®), Ho 00OHUTH UX CTOPOHOII TOXE He MOTY.

TEOPHU PeryJisipHbIe BBIPAXEHUsS CJyXKaT JJIsi ONMCAaHUS A3BIKa, TO eCTh
HoxecTBa CTPOK. Touka. DTO 3HAYUT, YTO peryispHoe BelpaxeHue (KIu
HEYHBIIT aBTOMAT) MOXKET OTBETUTD «JJa» UM «HET» Ha BOMPOC: «SBJIIETCS
1 JaHHAsl CTPOKA 2JeMeHTOM JaHHOTO fA3blKa?» Jlpyrue pyHKIIMM B 3TH
ICTPYMEHTHI IIOITPOCTY HE 3aJI0XEHBI.

[PaHUYMBASICH «T€OPETUUECKUM» [TIOHUMAHUEM PEryJIspHBIX BhlpaXXeHUH U
)HEYHBIX aBTOMATOB, MOXHO HAIIUCATh «BOMIEOHYIO DYHKIIMIO», O KOTOPOH
fa pedb B NpebIIyINeii I1aBe: peryispHoe BrpaxeHue «KOMIUIUPYeTCs»,
) eCTb KOHBepTHpYyeTcs B hopMy KOHeYHOro asTomara. KoHe4Hblif aBToMar
TePMUHU3UPYETCA® U MUHUMU3UPYETCH, a 3aTeM JubO dMyIUpyeTcs Ha
MIIbIOTEpE, TUOO MepeBOMUTCS B HENOCPEJCTBEHHO UCIOTHAEMBIH KOJI.
PUSATHOE CBOMCTBO CKOMITWIIMPOBAHHOTO TaKUM O0OpPa3oM PeryjlspHOro Bbl-
IXeHUsT — B CKOPOCTH ero paboTel. IIOCKONbKY KOHEUHBIN aBTOMAT OCTa~
BIMBAETCS 1IOCJIe CIMTHIBAHUS BCEX CUMBOJIOB JIEHTH, a Ha KaXJOM Hare
UTHIBAETCS. POBHO OJIMH CUMBOJ, BpeMs PacliO3HaBaHUs CTPOKH, 3aaHHON
TVISIPHBIM BBIPaXXKE€HUEM, IPONOPIMOHAIBHO e€ JUINHE.

a MpakTUKe HaMm xodercs 6onbmiero. Hanpumep, mupa Bo BceM mupe. Wiu
0061 KOMITLIOTE P He 3aBucait. Mitu, 1o KpaiiHeil Mepe, 9TOoO! 10 3a1aHHOMY
KOTOPBIM 00pa3oM mablIoHy MOXHO ObUIO OBl HANTH MHTEPECYIOMUE HAC
parMeHTHl BO BXOIHOU cTpoke. BepHeMcsd K aBTOMaTy, M300pakeHHOMY Ha
1c. 2.9. O MOXeT onpeseInTh, COAEPXUT JTU JaHHAasA CTPOKA HOACTPOKY
BC, HO He MOXeT COOBUIUTE, I7le UMEHHO HaiimeHo Bxoxpenue. C npyroi
OPOHBI, €CJTU BRIATH 34 Hpee/ibl TeOPeTHIeCKUX [IOCTPOeHHU, aBTOMAT ~—

0 POCTO AJITOPUTM, BHIIOJHSAEMBIA OOBIYHBEIM KOMIIbIOTEpOM. HuKTO HE
emaeT Jo6aBUThL HaM B 3TOT aJTOPUTM OJI0KH, OTCIEXKMBAIONINE TOACTPOKHU

x. ®puni. Perynspusle suipaxenus. CI6, ITurep, 2003.

HOCKOHbe B JAHHOM Cl1y4ae JeTePMUHMN3AUNA CBOANTCSA JIMUb K YAAJICHUIO E-TIEPEXO 0B, KO-
YECTBO COCTOSIHUN OOBIYHO HEHAMHOTO YBEJMYMBACTCH, @ TO U 1aK€ YMEHbLIACTCA.,
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BXO/IHOM CTPOKHM, KOTODBIE II€PEBENM aBTOMAT B JJOIyCKAIOIIEe COCTOSHUE
(4TO O3HaYaeT KOHEI[ [TOUCKa).

HTtak, 10cTaHOBKA 3aja4M 3BYYUT TAK: HAWTH HparMeHTH BXOJHON CTPOKH,
YIOBJIETBOPSIOMIUE 3aJaHHOMY PETYIsiPHOMY BhIpaxeHuio. Jlis Havgana pac-
CMOTPHUM IIpOIIeCcC MOUCKa OOBIYHON (TO €CTh KOHKPETHOH, He 3aJaHHOM
PETryJIsSIpHBIM BbIpakeHHeM) MOACTPOKH B CTPOKe. biaro, aBTomar ¢ puc. 2.9
U ero jeTepMUHUPOBAaHHAS Bepcus C puc. 2.15 UMEHHO 3TUM U 3aHUMAIOTCS.
Pa3bepem paboTy AETEpMHHUPOBAHHOIO aBTOMATa Ha IIPUMEpe BXOAHOM
crpoku AABCCC. I'me B Helt pacrionoxeHa noactpoka ABC? Tlocne 06-
pabOTKN MEepPBHIX TPEeX CUMBOJOB aBTOMAT OKaxercs B cocrosuuu 3. Ilocre
sroro cumBon C mepeBesieT ero B YeTBEepTOoe (JIOTIyCKAIOIIee) COCTOSTHUE.
Hrak, cumBon C — mocnenuuit cumBon Haiinennoi noncrpoku ABC. Tlpu
3TOM OH SIBJISIETCST YeTBEPThIM TI0 CUETY BO BXOAHOH JIEHTE, CIEA0BATEILHO,
TPETUIA ¥ BTOPOH CUMBOJBI — 3TO, COOTBETCTBEHHO, B 1 A, cocTaBisonue
HavyaJio UCKOMOH MOMCTPOKHU.

K cuacThio, Mpu noucKe KOHKPETHOI NOACTPOKY HaM BCerja M3BEeCTHa ee
JJTHHA, TI03TOMY, 3Hasl, II€ HalijieH KOHell, BCerja MOXHO BBIYUCITUTH, Te
HaxomuTca Havano. Ecim Xe mojgcTpoKa 3ajaHa BelpaxeHUeM Hamomobue
(ab)*c, HEMOHATHO, CKOJBKO CUMBOJIOB OHAa COAEPXUT — OAUH, TPH UIH
TpuauaTh Tpu. TakuM 00pa3oM, BOZHUKAET TIOBOJIBHO 3abaBHOE 3aTpy/HEHUE:!
MBI CPABHUTEJIBHO JIETKO MOXEM HaWTH KOJIUYeCTBO BXOXICHHUHA U yKa3aTh
[TO3UIMHU UX TIOCIEeTHUX CUMBOJIOB, HO B KaXJIOM Clly4yae HallTU «HA4ano
TOTO KOHIIa» — OT/e/ibHas HETPUBUANbHAS 3a1a4a. PemeHus npeaiaralnTcs
pasurle. Haubosee mpocToit MHE KaxXeTCsi Uiiesi UCTIONb30BaHUS 06PaUeHHO20
PETYJISIPHOTO BHIPAXEHUS.

MeTop o6paleHHOro peryfsipHoro sbipaxeHusi

Jonyctum, TpebyeTcst HAUTHU M0 CTPOKY, 3aJaHHYIO PETYISIPHBIM BhIpaXeHUEM
(ab)*c (ue Oynem XOMUTL IAEKO 3a IPUMEPAMH ) B CTPOKE aaababca. ABTO-
Mart, COOTBETCTBYIOIMIUI PEryIsipHOMY BRIPaXXeHUIO (ab)* ¢, HaXOmMUT NOCIeJHUI
CUMBOJT BXOX/IEHUSI MICKOMOH TIOJICTPOKH:

aaababca
ocnegHuyd CUMBON: ¢, IIO3MUIMS B cTpoKe: 7

Tereps IOCTPOUM aBTOMAT, PACIIO3HAIONIMIA SI3BIK, 33/IaHHBI «TIEPEeBEPHYTHIM»
(ob6pameHHBIM) peryisipHbIM BelpaxeHueM — c(ba)*?. ABromary Ha BXOn
TIO/IA€TCA Ta XK€ camasi CTpoka. TeKyIuM CUMBOJIOM CHUTAETCsI Cledyrowuii 3a

¥ DTO, KCTaTH, HETPYIHO CAEAATh, UMES aBTOMAT ISl HCXONHOTO BhIpaxeHus. TpebGyercs auliie no-
MEHSTh MECTaMH CTaPTOBOE M JIOTIyCKaIoIee COCTOSHUSA (CUMTAEM, YTO AOIYCKAIOmEe COCTOAHNE
e[MHCTBEHHO; eCIM HeT — 3TO JIeTKO MCIIPaBHUTh), 8 TaKKe M3MEHHMThb HAllpaBjleHHE KaXIO0ro
Tepexona Ha MpOTHBOTIONOXHOE.
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[masa 3. CB513b KOHEYHbIX aBTOMATOB U PEryNiPHbIX BbipaXeHuii

MOMBKO 4mo HalideHHsim (TO €CTh B HallleM IIpuMepe BocbMoii). Cam aBToMaT
npu 9ToM OyZeT aHaIU3UPOBaTh CTPOKY cnpasa Haneso. Kaxk TOIbKO aBTOMaT
OKaxeTcs B JONYCKAKIIEM COCTOSHUY, TEKYIIUNH CHMBOJ BXOJHOH JIEHTHI U
fyneT UICKOMBIM HA4YaJIOM:

aagbabca
(IBUXeMcs CIIPaBO HAaNeBO B IIOMCKax IONCTPORM c (ba)*)
HocTlegHu# CHUMBOM: &, IO3WIIMS B CTpoke: 3

Bot 1 Bce, HCKOMasi NOICTPOKA ababc Haifena B nozuuun 3. Tenepbs MOXHO
NPONOIXUTE aHANN3 CIEAYIOMEN YacTH BXOIHOH CTPOKH.

[Toka 9TO MBI He OTONIUIH JANEKO OT «TeOPEeTUIECKUX» PETYISIPHBIX BBHIpaxe-
anit. [Tonck moACTpOK, 3a/IaHHBIX PETYISIPHBIM BRIPAXKECHUEM, OCYIIECTBISETCS
¢ IIOMOIIBIO OOBIYHOrO KOHEYHOTO aBTOMATa (XOTS M C HEKOTOPBIMHI CJIOXKHO-
ctsMH, HO Bce-Taky). Hacrosimume «MHTepecHOCTH» HaYMHAIOTCS C BBEJIEHHEM
cneunUKALUA JJEHUBOTO 1 XaIHOTO ITOBEJICHUS.

OnucaHHBIH BHIIIIE aNTOPUTM 1IOMCKa, OCHOBAHHBIN Ha JeTe PMUHHPOBAHHOM
aproMate, Opuia HasbiBaeT «text-directed», TO ecTh ympaBisieMbIM BXOTHOMN
cTpokoit. CMBICIT 3TOrO TePMUHA B TOM, 4TO IPOIieypa pa3dopa JefdCTBUTEIbHO
NMOJHOCTBIO YIIPABJIsieTCs MOCTynauieid Ha Bxon uudopmanueir. OdepegHoit
CHMBOJI TIepPEeBOJIUT aBTOMAT B TO WIH UHOE COCTOSIHUE, U HaM OCTAaeTCs JIUIIb
XJIaTh, [IOKa CTPOKa He KOHYHUTCS MY ITOKA TeKYIIee COCTOSHHUE He OKaXeTCs
IomycKaomuM. BolbIIoi mwmoc Takoro anropuTMa — B €0 HellpeB30HAeH-
Hoit ckopocTy. IToporo gaxe KaxeTcs yIUBUTEIbHBIM, YTO HOUCK HOACTPOKU
10 CIOXHOMY IIa0NOHY MOXeT BBUIOMHATBCS 34 BPeMS, IIPOIOPLIOHANTBHOE
IMMHE BXOIHOH cTpoku. Jla 4To roBoputh 0 mabnoHax! JleBAHROCTO IIPOIIECHTOB
NpOrpaMMHMCTOB HAIMIIYT «B JIOO» MMOMCK OOBIYHON HOICTPOKY:

// S — BxXopguHas cTpoka, L(S) — ee gnuHa
// M — wucroMas HomcTpoka, L(M) — ee pgnuHa
for(i = 0; 1 < L(S) — L(M); i++)

// TpocMaTpUBRaeM BXOOHYI CTPOKY
for(j = 0; 3 < L(M); J++)
// cpapuuBaem L (M) cHMMBOIOB BO BXOOHOMW CTpOKe
{ // (HayuHas ¢ TO3UIMKM 1) co cTporoy M
bool found = true;

if(sii + 37 '= M[3))

{
found = false; // HecoBIageHHe. ..
break;

}

if (found)

// coobmUTsr © HafgeHHOW IIOACTPOKe B IO3MIMKM 1
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CxkopocTs paboThl TaKOH HPONENypHl B XyJAlIeM cilydae OymeT Iponopuuo-
HaJbHA KBajgpaTy JJIUHBI CTPOKH S, SIBHO IPOUTpPBIBasA JUHEHHOMY («aBTO-
MaTHOMY») QJITOPUTMY.

HenocTtaTok «yrpasiseMOro BXOJHOH CTPOKO#» IIOUCKA — B HEXBATKE
rubrocTU. B yacTHOCTH, C IOMOMIBIO MEXaHHU3Ma KOHEYHOTO aBTOMATA He
yAACTCSl 3allpOTPaMMUPOBATh CrielUbUKAIIUY JEHUBOTO/XKaqHOrO oBEeIe-
Hus. CranpgaprHoii (B cooTBercTBuM C onpenenenueM POSIX?) cuuraercs
peanusanys, B KOTOpOi 3arporpaMMipoBaHa XajHas [Iponeaypa rmoucka.
Auroput™, obpucoBaHHbIi Beime, ctangapty POSIX ne ymosnersopser,
HO IIepefeaTh ero JOBOJBHO MPOCTO (IIYCTh 3TO Oyner yIpakHEHUEM IS
UHTEPECYIOMIUXCS ).

«Regex-directed»- MmexaHUsm

YTOOHl pacHIUpUTh BO3MOXHOCTH PETYJISIPHBIX BbIPaXE€HUIA, IIPUACTCS MC-
nonb30BaTh «regex-directed» (ynpaBiisieMblil PeryjisipHbIM BhIpaXXeHUEM )
MexaHu3M. Ero ocHOBa — HEIIOCpeJCTBEeHHAsT UMHUTAIUS HeaeTepPMUHUPO-
BAHHOTO aBTOMATa, [10j00HOT0 U300paxeHHOMY Ha puc. 2.9. CrapTosoe co-
CTOSIHUE aBTOMaTa OOS3aTENIBHO COAEPKUT HEPEXOnbl O JI0OOMY CUMBOIY
BXO/THOM JIEHTHI B ce0s1. M3 cTapTOBOro COCTOSIHUA MOXHO TakXe I10IIacTh B
«OCHOBHYIO 9aCTh», PAaCIIO3HAIOMYIO PEryjaspHOe BhIPaXeHue (UMEHHO Tak
yCTPOEH aBTOMAT, pacriosHaomuil nogcrpoku ABC).

ITpu umurammu nogobHoro aBroMara (MBI yXe€ 00CyXaaiu UCIIONBh30BaHUE
nepebopa ¢ Bo3BpaToM) o6e rpo6aeMbl IPebIIYINero PemeHus: CHUMAIOTCS
camu coboii. Bo-1iepBhIX, Hali/TeHHAs CTPOKA IIOJHOCTBIO «JIOBUTCSI» B IIPOLIEC-
Ce IIepeBosa aBTOMaTa U3 CTAPTOBOrO COCTOSIHUA B JOIIyCKamee (r1onaraeM,
4TO CTAPTOBOE COCTOSIHUE HE UMeeT BXoasimux nepexonos). [Tosromy nozunus
HavaJjia HalineHHO! IOJCTPOKU U3BeCTHA —— TpebyeTcs JUMb IIOCMOTPETh,
KaKyIO 4acTh BXOJHOH CTPOKYU aHaJIM3UPOBaJ aBTOMAT, HAXO/ISICh B CTAPTOBOM
cocTossHUU. Bo-BTOpEIX, IIONHEIN ITepebdop, KaK U3BECTHO, BCETHA HAXOMUT
pelutenue 3agadu. B npomecce paboTel 6ynyT HANIEHBl KAK «JEHUBBIE», TAK U
«XaJHbIe» BXOXJEHUS — M HaM OCTAHETCS JIMMb BRIOpaTh UHTEPECYIOmUe
B KaXJIOM KOHKPETHOM CJIydae.

TIpo6nema Takoro noaxoaa yxe 0Obl1a ontucana. B xyauiem ciydae rouck 11o-
CTPOKM MOXET 3aHSITh BEChbMa JTOJIT0€ («3KCIIOHEHIINANBHOE» ) BPEeMS.

Ha npakTuke xopomue OUOTUOTERKH PEryJIspHBIX BBIPAXEHUI HEepeaKo
KOMOUHUPYIOT 06a pacCMOTPEHHBIX MeXaHU3Ma. Eciy uckomas ropcrpoka
OrlUCcaHa PeryjisipHbIM BHIpaX€HUEeM, He colepXaimuM crenudUranui mo-

# 5] cennaloch Ha cTaHzapthl, paszpabotanuete i OC UNIX, nockoneky Windows na yposne
API 6e3 1ononHMTEABHBIX OMOIMOTEK peryifpHble BbIpaXEHHUS He MOIAEPXKHUBaAeT.

92




[naga 3. CBS3b KOHEYHBLIX ABTOMATOR ¥ PEryNspHbIX BbipaXeH i

CICHUSL B IPYTHX PACIUMPEHUH, MOXHO HCIIOAb30BAaTh NEPBBIH NONXOH, B
POTUBHOM ciay4yae — BTOpoi. CocTaBieHne XOpOLIero peryaspHOro Bbl-
1KeHHsl (He NMPUBOAALIETO K HEeOlpeAeNeHHO JOJIrOMY IIOUCKY) — TOXe
30€r0 pojla HCKYCCTBO, OCHOBAMU KOTOpPOTIO MOXHO OBIaJeTh, IPOYUTAB
qury Opuana.

3.4. PyHkunm koiBepTuposavusa B JFLAP

acrajo BpeMs BepHyThcs K crapoMy nobpomy JFLAP’y n mocMoTpeTs, Kak
HeM pealn30BaHbl PYHKLUH NIPe0Opa3OBaHus PETYIsSPHOTO BBIPAXKEHHS B
HEYHBIH aBTOMAT 1 Hao0OPpOT.

03bMEM OINATh B KayecTBe IpuMepa aBToMar ¢ puc. 2.9. YToObl noayuuTh
BUBAICHTHOE €MY pPEeryaspHOe BbIpaXeHHE, TpeOyeTca BbIOpaTh B IMIaBHOM
Hi0 JELAP nynkt Finite Automaton, CKOHCTPYHpPOBaTh aBTOMAT (3TO MBI
Ke Jelalu), a 3aTeM BelOpaTh KoManay Convert — Convert FA to RE.

0Cie 3TOTO BaM B OYEPeIHON pa3 MpUAETCs CTONKHYTHCS ¢ HACTOUYUBBIMU
nbsitkamu JFELAP Hay4uTh Bac aJrOpUTMY IyTEM I1OIUATOBOTO €r0 BHITOJI-
HUS. B HBIHEIIHEM cily4ae NoTpebyeTcsl HECKONBKO pPa3 HaXaTh Ha KHOIKY
0 it, MoKa Ha 3KpaHe He nosBuTcs coobmenne “Generalized Transition
raph Finished!”. Ecin Bel Haxxmete Do it emmte pas, TO NOJy4HTE He CIMIIKOM
XAUBBI OoTBeT: “You're done. Go away.””

qonka Export OTKpeIBaeT roToBO€ peryIsipHOE BhIpa’Ke€HUE B HOBOM OKHE
M. puc. 3.8).

OpatiTe BHUMAaHHE, 9YTO CHHTAKCUC PETYISPHBIX Beipaxenuii B JFLAP or-
4aeTCs OT CTAaHAAPTHOTO. CHMBOJ «TULIOC» 0D03HAYAeT HE «OxHO UM bonee
BTOPEHHUI», a onepanuo odbenquHeHus: a+b B Horauuu JFLAP — »t10
J b B OoNlee NPUBBIYHOM CTHIIE.

KM 06pa3oM, TOCTPOEHHOE BhIpaXX€HUE MOXHO Iiepelnucarh B CTaHIapTHON
)pMe KaK

({{a U b) Wc)*)(label({la U b) wc)*))
@ndd TUIIHUE cKobku, roay4yaem emre 0ojlee o4eBUAHOE
(a U buc)*abc{a U buc)*

IMBOJI ITYCTOH CTPOKH (€ B Hamei HoTaunyu uiam A B Hotaumu JFLAP) B pe-
IAPHBIX BBIpAXXeHUAX 0003HAYAETCS C TOMOIIBIO BOCKINIATEIBHOTO 3HAKA.
AIpUMep, a+! — 3TO a U €.

SBnoe (1 He eAVHCTBEHHOE oKobHoe) cBrAeTeNbCTBO OecrmaTHoCTH iporpaMmut. [ToripoGosanu
Obt aBTOPB KOMMEPUECKOT O codTa BCTAaBUTb YTO-HUOYAL B TAKOM Jyxe!

93



nasa 4 KoHeuyHble aBTOMAThI
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KNACCUKA NPOTPANMIMUBPOBAHWYH:
AnropurtiMbl, Hasike, AgTomarst, Kommunstopn,

NPAKTHUHECKWA oaxXon.



Koneunble aBTOMaTHL, 110 CYTH, BHIMBIIUIEHHBIE YCTPOMCTBA, OKA3a/MCh Ha
PEeNKOCTB MOJe3HBIMU B NMTPAKTHYECKOM IporpaMMmupoBanun. Panee mbl non-
pobHO rOBOPUMIH OO MCIIOJL30BAHMM aBTOMATOB JUId pabOThl CO CTPOKAMHU
PEryIsAPHBIX SA3BIKOB. Y3Ke 3Ty BO3MOXHOCTh TPYAHO MepeoneHuTs. ITpeacraps-
Te, YTO BaM Tpebyercs Hamucatb NMPOTPAMMY, BBIUISHSIOUIYIO U3 BXOIHOTO

. TeKcra TBHBCI)OHHBIG HOMEDpa, axpeca 3HeKTpOHHOﬁ IIOYThI, BEHIECTBEHHBIE

wicia uin copepxnumoe HTML-reros. bes ucrions3oBanust peryasipHbIX Bbl-
paxeHHH (M CTOSIIMX 32 HUMM aBTOMAaTOB) I0g00Has 3amava NpeBpaTUIach
fbl B HACTOAIMI KOIIMap, a roToBas NporpaMma (OyaeM CUMTaTh, YTO BbI
BCE-TAKM CyMeJIH ee HaIliucarhb) OKa3aJach Obl COBEPIUEHHO 3arlyTaHHON U He
ropjaoLecsa gaxe MpOCTHIM MOTU(MUKAIUAM.

Onmnako pabora co cTpOKaMM U MOACTPOKaMH (B IOBCejHeBHOM IOHUMa-
HWH) — He eAMHCTBEHHasl 00JacTh, B KOTOPOH KOHeYHbl€ aBTOMAThl MOTYT
NpUHECTH MONB3y. CyLIECTBYIOT ITPOLECCH, YIOOHO NpeacTaBUMble B BUIE CO-
CTOAHMI ¥ TIEPEXONOB (3aMeThTe, He «ITpeCTaBUMBle ITPH OOIBLIIOM PBEHUN»,
a UMEHHO y0OOHO TIDECTaBUMBIE). '

4.1. MMpocTeilune aBToMaTHbie Moaenu

HarnspgHas mogens: nxdT
Onna u3 MoMX MOOMMBIX MIIMIOCTpanuit — pabora audra’.

B 1ByxaTasxHOM 31aHMM eCTh M(PT, «yYMEIIHi» pearnpoBaTh Ha KOMaH/bL:
«OTKPBITH IBEPH» (0), «3aKPHITh ABEPH» (C ), «CITYCTUTHCS Ha MepPBbI 3TaX»
(D), «momHATHCS Ha BTOPOH 3Tax» (U). M3HauanpHO 1udT HaXOOUTCS Ha
NEPBOM 3TaXe, ero JBepy OTKPHITHL. JINdT MOXKeT BBITOIHHUTD U «[TPOTPAMMY»,
HaNpuMep, TaKy10: cUo, YTO O3HAYaeT «3aKPBITh ABEPH, OAHATLCS Ha BTOPOR
3TAX ¥ OTKPHIT JBEPU».

¥ TlpuMep w3 MOeit Kruru «3anumaTenstoe nporpammuposanue» (CIT6, TTurep, 2004). He or-
Ka3biBATLCS XK€ OT XOPOMIEro NPHUMepa TONLKO NOTOMY, UTO Sl yXe HCIONb30Ba ero ORHaxXan?
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Hekoropeie nporpammer ans nudra OyxyT HekoppekTHbIME. K npumepy,
HEJb3sl JIBUTAThCA C OTKPHITBIMU JBEPSMU MM ITOJHUMATHCS Ha BTOPO# 9TaX,
KOraa Ju@T U TaK HAXOIMUTCH Ha BTOPOM 3Taxe. 3ajada 3aKJII0YAEeTCS B TOM,
4TOOBI CMOAEMMPOBATh MH(PT Ha KOMIBIOTEPE, TO €CTh HAUCATh IIPOrpamMMy,
KOTOpas Oyner yMeTh BBINOJIHATL KOMaH bl TH¢Ta (10O rOBOPHUTH, YTO KO-
MaHja HEKOPPEKTHA), & TaKXe BO3BpaIaTh ero TeKyliee COCTOsIHHE (ITaxX U
ITOJIOXEHNE NBepei ).

B npunnune, MOXHO cpa3sy NONBITATECA CECTh U HANIMCATh COOTBETCTBYIOIINE
Npoueayphl, HO AaBaTe NONpOOyeM CHavala B3LASAHYTh Ha 3ajady I0-Apy-
romy. JInpt — 37O YCTPOACTBO, KOTOPOE MOXET HMETh YeThIpe PasIHIHBIX
COCTOSIHHS: «II€PBHI 3TaX, ABEPU 3aKPHITHI (cD)»; «IepBBIil 3TaX, ABEPU
OTKPHITHI (0D)»; «BTOPOH 3TaX, IBEpHU 3aKPBITH (cU)» U «BTOPOIi 3TaX, ABe-
pH OTKpHITH (oU)». JIobast komaHga nepeBOauT TU(T U3 OJHOrO COCTOSIHUS
B Jpyroe: K Ipumepy, eciau audT 66U B COCTOAHMM cU, a HAa BXOJ NPHUILIA
KoMaHxa D, To udT nepeiaer B cocrosinue ¢D. Bee ati dakTht MOXHO n30-
Opas3uTe B BHIEe KOHEYHOro apromara (puc. 4.1).

Puc. 4.1. Cxema PyHKUMOHUPOBaHMS nudTa

IHocne necsaTkoB CTpaHuL, NOCBSALIEHHBIX KOHEYHBIM aBTOMATAM, 51 1yMAaI0, BAM
He COCTaBHT Tpy[a IepeBeCTH 3TOT aBTOMAT B TeKCT Ha A3bke C#. Bripouem,
muctuHr 4.1 Bce paBHO He Oyner JTHITHUM.

Nuctunr 4.1, MopenuposaHue nndra npy nom

enum StateType {oD, cD, cU, oU};

static void Main(string([] args)
{
string program = Console.ReadLine() + ’'\0Q’;
StateType State = StateType.oD;
int 1 = 0;
char symbol;
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}

try
{
while ( (symbol = program[i++]) != ‘\0’)
{
Console.WriteLine (“Texymee cocTosHre: {0}”, State);
switch(State)
{
case StateType.oD: switch(symbol)
{
case ‘c’: State = StateType.cD; break;
default: throw new Exception();
}
break;
case StateType.cD: switch(symbol)
{
case ‘0’: State = StateType.oD; break;
case ‘U’: State = StateType.cU; break;
default: throw new Exception{);
}
break;
case StateType.cU: switch(symbol)
{
case ‘D’: State = StateType.cD; break;
case 'o’: State = StateType.oU; break;
default: throw new Exception();
}
break;
case StateType.oU: switch(symbol)
{
case ‘c’: State = StateType.cU; break;
default: throw new Exception();
}
break;
}
}
Console.WriteLine (“Tekylee coctosiuue: {0}“, State);

}

catch(Exception)

{

Console.WritelLine (“HeponycTUMeYl IIepexon”) ;

Botock, 4TO OCMBICTIEHHO NPOKOMMEHTHPOBATh KO/, MAIIMHAIBHO CO3/{aHHBII
Ha ocHOBe rpada, st npocto He cymer. Kpome Toro, Msl yXe 3aHMMAaJIUCh
CO31aHUeM aBTOMATOB Ha f3bIKe pOrpaMMHPOBaHKs B Hayasle IMaBbl. A BOT
pe3ynbTaT paboThl MPOrPAaMMBbI TSI TUITMYHBIX BXOAHBIX NaHHBIX NPUBELY C
JIOBOJNBCTBUEM.
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c:\LiftAutomaton\bin\Debug>liftautomaton
cUocDo

Texymee cocTogHMe: OD

Texymee cocTogHMe: cD

Texymee coctTogHMe: cU

Texymee cocTossHMe: oU

Tekymee cocTosHue: cU

Texyumee cocTosiHMe: cD

Texymee coctTosHMe: oD

c:\LiftAutomaton\bin\Debug>1liftautomaton

cocUoco

Texymee cocTogHie: 0D

Tekymee cocTosHne: cD

Texyumee cocTogHMe: oD

Texymee cocTogHMe: cD

Texkymee cocTosHMe: cU

Texymee cocTogHMe: OU

Henoy cTUMEN HepeXol
ITepseiit BBOA COAEPKUT KOPPEKTHYIO MOCIe0BaTeNbHOCTh KOMaH . JludT no-
‘CIYITHO BBIMOJHSIET BCe IIECTh AeMCTBUM, TOCAE Yero IporpaMma 3akaH4nuBaer
pabory. Bo Bropom ciaydae mndT He MOXET BLIIIOTHHUTE MOC/IEIHIO KOMAH Ty
(«OTKpBITh ABEPH»), MOCKOJLKY JBEPH YX€ M TaK OTKPBITHI; B pe3yjbTare
reHepUpyeTcsl NCKIIYeHne.

Kodeittslit aBTOMAT

Hpyroit xopommnii npuMep — (QYHKIMOHUPOBAHNE aBTOMATA, MPOAAIOLIETO
xode. B nmpopesb onyckaercsi Ipou3BOIpHOE KONWYECTBO MOHET MI0OOTO 10~
CTOMHCTBA. ABTOMAT COAEPXUT TPY I'PYIIIBI KHOMOK:

«OOBIYHBIH KOd)e», «KaAMy4YnHO», «3CHPECCO», «KAKAO»,;
«C caxapoM», «De3 caxapa»,

«C MOJIOKOM», «De3 MOJIOKa»;

«CO CTAKAHOM», «De3 cTakaHa».

¢ ¢ 4+ 0

Haxnmas KHONKY B KaX0i IpyIIle, N0Ib30BaTeNb BpIONpaeT «koHdHurypa-
LMI0» HAMUTKA ¥ HaJIM4he CTaKaHa (TO eCTh [JOKEH M aBTOMAT CaM IOj-
CTABHTh KAPTOHHBIN CTAKAHYHMK MM IPefOCTABUTH Y€JIOBEKY BO3MOXHOCTB
UCIONb30BATh CBOIO Tapy). [IocnenHas KHONKA — «HAIUTb» — 3aAIyCKaeT
nporecc. ABTOMAT He TOJBKO HAaJIMBAaer HAMMTOK, HO M BbLgaeT cpavy (aas
IpPOCTOTHl MOXHO CYHTATh, YTO LIeHA MOOOH «KOHGUTIYypanuu» ONUHAKOBA,
TeM OoJee YTO ODBIYHO TAK OHO ¥ €CTh).

IToxoxum obpasoM MoxeT paboraTh TaKCO(hOH (€CIM OH MPHHUMAET MOHETHI).
OueBugHO, YTO MpeacTaBIeHNe MOXOOHBIX YCTPOHCTB C MOMOIIBIO KOHEYHBIX

100

’




Mmaga 4. KoHedHble aBTOMaThl Ha npakTuke

ABTOMATOB MOXXET 3aMETHO COKOHOMHTD HAIIH YCHIIUS 10 UX MOIETHPOBAHHMIO.
Mue TpyxHO CymuTh 00 MHXXKEHEPHBIX aCMeKTax pa3paboTKU peanbHbIX («oKenes-
HBIX») YCTPOMCTB Bpoje TakcodoHa 1l Ko efHoro apToMara, Ho, BEpOsSITHO,
BOIJIOTUTh KOHEYHBIH aBTOMAT B 3JeKTPOHHBIX CXeMaxX ropasio Ipolre, YeM
BCTABJISITH B K Kbl TAKCO(OH IMOJHOLEHHbII KOMIBIOTED NOJ YIIpaBIeHHEM
Windows, na eme u ¢ TpebyeMbIM NPOTpaMMHBIM 0OeCIIeYeHNEeM.

4.2. HemHoro 06 aBTomaTHOM
rnporpamMmmmnpoBaHumn

Heckonbko o6LInX CNoB

ToBopst 0 KOHEYHBIX aBTOMAaTaX, Heb3sl He 3aTPOHYTh ellle OXHY TeMy, IO0-
BOMIBHO IOMYISIPHYIO B MOCJIEHYUE FONbL: aBTOMaTHOe IIporpaMMupoBanue.
0bl He pUCKHYJI HAa3BaTh aBTOMAaTHOE IIpOrpaMMHUpOBAHYE OTHEIbHON napajaur-
MOIf, crons ke pa3BuTol, kak OOII nan CTpyKTYypHOE MpOorpaMMHUpOBaHUeE.
Ha Moit B3rasm, 310 CKOpee INCHXOJOTHYECKUI MHCTPYMEHT, B HEKOTOPBIX
cly4asx noMoralouMi HaTy Oojee mpocroe pelreHue 3ajxa4d. Brnpodew,
HAXONATCS SHTY3HACTHI (IIOPOIO HOCTATOYHO U3BECTHBIE JIIOIM ), HOXOISIINE B
csoeil JHOOBK K aBTOMATHOMY IpOrpaMMUPOBaHUIO X0 KpafiHocTefi. B oxnoi
CraThe MHE pa’Xe MOMascs MacCaX, KOTOPhIH, OMyCKas CTUIMCTHYECKHUe
H3BICKH, MOXXHO IepedopMyJINpOBaTh TaK: «3Ta IporpaMma IIoxa, MOoTOMY
Y10 OHA HE HaliCaHa B aBTOMATHOM CTHJIE».

ITosponuB cebe HebOMBINIOE MUPHYECKOE OTCTYIUIEHHE, 3aMedy, 4To, 0 MOeMy
ty0OKOMY yOeXKIeHHIO, HA OffHa MapaxurMa He MOXeT ObITh MOJHOCTBIO YHH-
sepcasibHOI. KoHe4HO, TeopeTndeckn KaxXablid 3bIK IPOTPaMMUPOBAHHUS OIU~
HAKOBO MPHUTOMEH ISl OMUCAHNUS JII000TO aIrOpUTMa (B TOM CMBICIIE, YTO BaM,
TaK WIM MHad4e, yracTCsl 9TO CHEIaTh); BOMPOC HEe B CaMOW BO3MOXKHOCTH KakK
TaKoBOH, a B yoOcTBe. ITpu XXeTaHUH MOKHO 3a0HUTh TBO31Ib MaccaTiKaMH (CaM
HEONHOKPATHO 3TO IENaj) WM NPUroTOBUTH SMYHMILY Ha yTIore (He IMpoboBan),
HO y4Ille BCe-TaK¥ BOCTOJIB30BaThCA 00j1€e MOAXONAIMMYU CPeICTBAMH.

Xopotnii s13bIK IPOrpaMMUPOBaHUS (M B 3TOM MOXHO MOJHOCTBIO COTTACHTh-
¢1 ¢ MHeHneM cosparenss C++ Begapua Crpaycrpyna) momkeH ObITh MYJIbTH-
napagurManbHeiM. He ciy4aiiHo 6ubnnoreka STL, Bo MHOroM n3mMeHuBILIAS
muo C+ +, nogmepKuBaeT CTHIb, Kyna 0osee OMM3KUHA K QYHKIMOHATBHOMY
MpOrpaMMHMPOBaHMIO (O KOTOPOM ellfe MOoNmeT pedb B KOHIE KHHUTH), YeM K
OOI1. ITosromy, roBopst 06 aBTOMAaTHOM NMPOTPaMMHUPOBAHUH, ST XOUY Mpex-
CTaBUTh €10 MMEHHO KaK HOBBIA OJIeCTSIU WHCTPYMEHT ISl Ballel KOJUIeK-
1M, HO He KaK YHuBepcCaabHblii MOIOTOK, KOTOPBI Haxo MPUMEHSTH Be3le
# scrony. BripodeM, Ha m00yIo XOpouylo HAE0 HalneTcs HEeNMpPUATHOCTh B
BHE CIMIUKOM PhSIHBIX MMOCAEHOBaTeIeH.
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Buaumo, paciuiplBYaTOE MOHSATHE «YI00CTBAa» MCHOIB30BAHUS TOH MM HHON
napagurMbl BO MHOTOM OMNpenensieTCs TMYHBIMU CKJIOHHOCTSIMH 1 00pa3oBa-
HueM («O3KrpayHI0M» ) IpOrpaMMHCTa. BroiHe BO3MOXHO, YTO MaTeMaTUKY
BCerja mpoue AymMaTh B TepMUHAX MPeauKaToB 1 GyHK LM, a UHXEHepy — B
TEPMUHAX aBTOMATOB.

YT10 Xe Takoe «<aBToOMaTHOe NporpamMmMupoBaHue»?

Hnest aBTOMaTHOTO NMpOrpaMMUPOBAHNS O4YEHb IIpOCTa: NONpodyiTe npea-
CTABUTh BHIIOJHEHUE aArOpUTMa B BUxe paboThl almapara, MOXOXero Ha
KOHEYHBIN aBTOMAT.

IToxr «aBTOMaTOM» B aBTOMaTHOM IPOTPaMMUPOBAHHMM MOHUMAETCsl Kyaa
foJslee MOITHOE YCTPOMCTBO, YeM KOHEYHBIH aBTOMAT U3 Mpenblayiieit IIaBsl.
OOnmx 4epT y HuX IBe:

+ aBTOMAT B JIO00I MOMEHT BPEMEHH HAXOIUTCs B HCKOTOPOM COCTOSTHHH;
+ B 3aBHCHUMOCTH OT BBIIIOJTHEHUA TOI'O WJIX WHOTI'O YCIOBHUSA aBTOMAT Ilepe-
XOAHUT B KAKOE-TO apyroe CoCrosgsHue.

Kak BHI, HazewCh, MOMHUTE, KOHEYHBIH aBTOMAT HMpelcTaBisieT COOOH oueHb
IIpOCTOE YCTPOHUCTBO, Ybsl €MMHCTBEHHAS CIIOCOOHOCTh COCTOUT B pearnpo-
BaHUM (IIyTE€M M3MEHEHMs TEKYLIEro COCTOSIHHUSA) Ha MOCIEN0OBATEeNbHOCTh
CHMBOJIOB, 3aIIUCAHHBIX Ha BXOAHYIO JeHTy. Kpome toro, s ¢ camoro Havana
IBITAICS OMUCATH €r0 KaK HEKOTOPHIH BIIOJIHE peaauCTHYHBIN MeXaHUu3M, [IPU
XKeJaHNH BOIUIOIIAeMBI B BHIE HACTOSINIETO, «XeJe3HOrO» anmapara.

Ceitgac pa3roBop ujaer 00 HHCTPyMEeHTe MporpaMMmucTa-npakTuka. IToatomy,
BO-IIEPBBIX, C CAMOT0 Havajta MOHSITHO, YTO MOJYYeHHbl aBTOMAT OyxeT B TOM
WM WHOM BHJ€ Peasn30BaH Ha OOBIYHOM si3bIKe MPOTPAMMUPOBAHUS, TAKOM
kak Pascal maun C#. A BO-BTOpBIX,

* [Ipu mepexoje aBTOMaTa U3 OJHOTO COCTOSIHHSI B JAPYrO€ MOXET BHIIOJ-
HSITHCSI CKOJTh YTOIHO CIOXHBIA pparMeHT Kojga Ha sI3bIKe MPOrpaMMHUpPO-
BaHUS;

+ oyepejHOE COCTOsSIHME aBTOMATa OMNpejessieTcsl C MOMOLIbIO BEIYHCIEHHS
Mo00it, CKOJTb YTOIHO CIOXHON QYHKUHN.

Takum 0Opa3zom, B MONyYEHHOM THOPHIHOM YCTPOHCTBE YHCTO aBTOMAaTHAsl
MOZeTh COYeTaeTcst C MPOM3BOJBHBIMU (hparMeHTaMu TeKCTa Ha OOBIYHOM
SI3bIKE IIPOrPaMMUPOBAHMS.

lMpakTuyeckoe NpuMeHeHne aBTOMaTHOro NPorpaMMmupPoBaHuns:
aBTOMAaTHOE ONUCaHNe KOMMBLIOTEPHO! Urpbl

[Moxanyif, 0 cyTH aBTOMATHOTO MPOTPaMMUPOBAHUsSI MHe cKa3aTh Oosiblire
Hevero. Hamxeroch, ero uaeonorust CTaHer sicHee U3 IPUMePOB.
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B npunnune, nepseiMu NpuMepaMu NpUMEHEHHsI aBTOMATHOTO MOXoa ObUIN
mozeu mudra u koderHoro aBromara. ITo 1oruke 3Tu NporpaMMbel MOKHO Ha-
3BaTh IIOJIHOCTHIO ABTOMATHBIMHU, XOTSl OHH M CJIMILKOM IPOCTHl — HAaM HHI/e
He NPHXOAMIOCh BBIXOAUTD 3a PAMKYM OOBIYHBIX KOHEYHBIX ABTOMATOB.

Haubonee ssBHBIMM KaHIMaTaAMH HA UCMONB30BaHNE ABTOMATHOTO IPOrpam-
MUPOBaHUs (eC/y He NpuAepXKuBaThCsl MHEHHSA O IOBCEMECTHOM €ro mnpume-
HeHMH) SIBJISIIOTCS. JIOTUYECKH CIOXKHBIE MOJENH, B KOTOPBIX MOXXHO BBIIETUTH
HECKOJIBKO YCTOMYMBBIX «COCTOSIHUM». C KaK/IbIM U3 TAKHX COCTOSIHMH CBSI3aH
CBO CODCTBEHHBIN aJITOPUTM MONEINPOBAHUSL.

PaccmorpuM 06miyio cxeMy paboTel THIHYHOH KOMIBIOTEPHOH urpel. Cpasy
fiocie 3arpy3KH MOJb30BaTelb MONAJaeT B [JTABHOE MEHIO:

HOBas urpa
3arpysKa WIphH
nEdopMalust ob aBToOpax
rabnuia nodera

BHIXOTT

CaMBle IPOCTEIE XEHCTBHSI CBA3AHHI C MYHKTAMU HEQOpMannsg of asTopax
(BBIBOIMTCSI CIHCOK aBTOPOB, MOCJIE Yero MpOM3BOIMUTCS BO3BPAT B IIABHOE
MeHI0), Tabnuia rnoyeTa (HmevaraeTcs TabiaMua rnodvera, 3aTeM yIpaBieHHe
BHOBb Iepegaercs B [JaBHOE MEHIO) M Buxon (paboTra mporpaMMhl 3aBep-
wmaercs).

[lynkT HOBast WTpa MEepeBOJMT MpPOrpaMMy B pexmuM urphl. To Xe camoe
NPOMCXOJUT U B pe3yabTare BBIOOPA MYyHKTA 3arpy3Ka HIPH, HO IIPU 3TOM
NOMb30BATENIO NpEIBapUTENbHO MpelUTaraeTcs ykasarth ¢aill, comepKammi
COXpaHEHHYIO UTpY.

Jlaxe TakuM MPOCTBIM HEHCTBUSM, KaK BRIBOJ TaOnuLbl noveTa uiau nHOOp-
Mariu 00 aBTOpax, MOTYT COOTBETCTBOBATB JIOBOJBHO CIOXKHBIE AITOPUTMHI,
NOCKOJIbKY MBI JKMBEM HE B Hayajle BOCBMHJIECATHIX, H HE YKPACHTh OOBIY-
HYIO TEKCTOBYIO paclevaTky Bcskumu rpadpudeckumu 3pdexTaMu U My3b-
Ko — MOBeTOH. Jla 1 py BRIXOAE U3 MPOTrPAMMEI TOXe OOBIYHO NMPUXOIUTCS
cHavasa OCBOOOXKIATh MaMsTh U 3aKPHIBATh OTKPHITHIE (haitipl.

Cama urpa Toxe 0OBIYHO HpeacTaBsier coO0i BechMa HETPUBUATBHYIO TPO-
uenypy, B KOTOpOH MOXHO BHIJIEJIUTh T€ WM HHEIE «COCTOsIHUS». Hanpumep,
00BIYHBIN XOI UIPEI MOXKET MPEPHIBATLCS «IIOABITPAMH», B KOTOPBIX BaM Mpe-
JaraeTcs, JOMYCTHM, IOAOOPaTh NapOab K KOMIBIOTEPY WM BRIUIPATh B 1aPTC
y boieiroro Ixxo. Kpome Toro, B urpe momxHO OBITE MPETYCMOTPEHO CBOE
cobcTBeHHOE MEHIO, BeI3bIBaemoe o0bryHo mo kiaasuine ESC. Kak nipasuio,
OHO CONEpKHUT, IO KpallHe! Mepe, clenyonie myHKTHL:
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BO3BpaT K HUIpe
coxXpaHeHue HTPH

BRIXOII B TI'JIaBHO& MeHB

B mo6oit urpe [OXHO ObITh, KAK MUHUMYM, IBE€ KOHIIOBKY: MO0 HIPOK MPO-
urpai (coobmaeM, 4To Game over ¥ BO3BpamaeMcs B INIABHOE MEHIO), Tubo
IOWeNn n0 KOHua (B 3TOM clly4ae cHadala HajJo Kak-TO MONpPUBETCTBOBATH
nofeauTesis, HO MOTOM BCE PaBHO MPOHM3BECTU NMEPEXO] B MMaBHOE MEHIO).

O6patnTe BHNMaHME, YTO BCe OMHCAHHBIE MPOHEXyPHl O49eHb cl1ab0 CBA3aHbI
Mexay coborw. Hanpumep, anroputMmy BblBoAa Tabnuupl MoveTa HUYEro He
HaJI0 3HaTh 00 Urpe, MOALIrPax U KOHOBKaX. TaKoi CHTyallun OTINYHO COOT-
BETCTBYET MOZEJIb COCTOSIHUM (BO3MOXHO, B JIAHHOM cllydae OOJbIIe MOAXOIUT

TEPMUH «PEXHMOB») U Nepexon0B MeXay HUMH (cM. puc. 4.2).

@

Tabnuna
nodéTa

HOYHKT

wnonia O «Tabnuna nodeTan

OYHKT {BEIXOL»

MYHET

~,
«urdopMannm KHonKa OTMEHa

uHbpopMal U
06 aBTopax

TNaBHOC MEHIO

Ty HicT

wronia OK -
«3arpy3Ka UrpH»

OYUKT
nymer «HOBAA HIpay
WBHIXOR B
rnaByuoe MEHION

h

EHIOIHEHHE
BATPYIKH

HHEANHANRIAUA

HIPOBOE MEHIO xuonxa ESC

HyHKT
«CORpaHe-
HHE UIPH

TONHTKA
JocTyna
¥ RAHHEIM

«BOSBPAT K HIPEH

AHATCT
COXRpAMEHRA

TyHIT BCTpeda c
«aarpysa Bomstmm Ixo
MIDEI nobega

HORBIrpa:
RapTc
3acTaBKa 3acTaBKa
wrobepan «HopaxeHHen

IopaxeHHe mopHrpa:
B3IOM Iapond

Puc. 4.2. ABTOMaTHOE ormcaHne nrpbi
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InaBsa 4. KoHeyHble aBTOMATbLI HA NPaKTUKe

lonyyeHHBI# aBTOMAT MOXHO MeXaHHYECKM mpeobpa3oBath B switch-case
OHCTPYKUMIO, KaK ObUIO ITOKAa3aHO paHee.

(1 Havyasa cienyeT CO31aTh MepedncieHye, OMUCHIBAIOLIEE BCE COCTOSHUS
TpBL:

enum TGameState

{MAIN_MENU, EXIT, LOAD_GAME, HISCORE_TABLE, ABOUT_AUTHORS,
INITIALIZATION, PERFORM_LOAD, GAME, GAME_MENU, SAVE_DIALOGUE,
DARTS_SUBGAME, PASS_SUBGAME, VICTORY, DEFEAT};

aKXe HaM noTpedyeTcs MIobaipHas repeMeHHasd CurrentGameState:
TGameState CurrentGameState;

ClIH Terlepb HaIMCaTh JUIA KaXkIOTO COCTOSIHMUS COOTBETCTBYIOUIYIO (DYHKIIMIO
ee IMEHEM MOXeT CIIyKHTb UMs COCTOSIHMA ¢ npedukcom fun_), To rnaBHbILH
MpaBJISIIONIMHA OJI0K MpOrpaMmbl IpHOGpeTaeT MPOCTOM M JIOTUYHBIN BUL:

CurrentGameState = TGameState.MAIN_MENU;
// M3RHAYANBHO BHBOIOUTCS IIaBHOE MeH®

while (CurrentGameState != TGameState.EXIT)
// TIOKa TeKymee cocTogHue He EXIT
switch(CurrentGameState)

{

case TGameState.MAIN MENU: fun_MAIN_MENU () ; break;
case TGameState.EXIT: fun EXIT{}; break;
case TGameState.LOAD_GAME: fun_LOAD_GAME () ; break;
case TGameState.HISCORE_TABLE: fun_HISCORE_TABLE({); break;
case TGameState.ABOUT AUTHORS: fun_ABOUT AUTHORS(); break;
case TGameState.INITIALIZATION: fun_ INITIALIZATION(); break;
case TGameState.PERFORM_LOAD: fun_PERFORM_LOAD(); break;
case TGameState.GAME: fun_GAME({) ; break;
case TGameState.GAME_MENU: fun_GAME_MENU () ; break;
case TGameState.SAVE_DIALOGUE: fun_SAVE_DIALOGUE () ; break;
case TGameState.DARTS_SUBGAME: fun_DARTS_SUBGAME () ; break;
case TGameState.PASS_SUBGAME: fun_PASS_SUBGAME(); break;
case TGameState.VICTORY: fun_PASS_VICTORY (); Dbreak;
case TGameState.DEFEAT: fun_DEFEAT () ; break;

}

[epexonbl MexXIy COCTOSIHMSIMM ITPOrPaMMMPYIOTCSI HEITOCPEICTBEHHO B
yHRUMAX fun_KMs (). YToOBI mepeliTi B cocTosiHMe MMSI_COCTOSHN S, no-
TaTOYHO JIMIIb U3MEHMTh 3HaUYeHMe ITepeMeHHON CurrentGameState

CurrentGameState = TGameState.WMA_COCTOAHUMI;

BEPHYTHCA B IJIABHAIN YIIpaBJIdomIMii OJI0K.
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YroOB! OKOHYATENBHO MPOSACHUTH CUTYAIUIO, UMEET CMBICH IIPUBECTH HEKO-
Topbie (PYHKIUM Ha ITceBAOKoae (MOXHO U BCce, HO MECTa XAaJKO):

void fun_MAIN_MENU()
{
// BHIBECTU TNaBHOe MeHK U OXMIAaTh BuOOpa INONbB3OBATENSA
/7
ECIIU BuOpaH IIyHKT <HOBas uUrpa»
CurrentGameState = TGameState.INITIALIZATION; return;
ECINY BrOpaH IIyHKT «3alpyz2Ka UIpbL»
CurrentGameState = TGameState.LOAD GAME; return;
ECJIIA BEOpaH IyHKT <«HHOOpMalus ob aBTopax»
CurrentGameState = TGameState.ABCUT_ AUTHORS; return;
ECIU BuOpaH OYHKT «Tabnuila rnouerTa»
CurrentGameState = TGameState.HISCORE_TABLE; return;
ECIIY BubpaH IIyHKT <BHXOI»
CurrentGameState = TGameState.EXIT; return;

void fun_LOAD_GAME ()
{

// BBIBECTH [HUAJNIOT 3arpy3KU UIPH

//
ECIIK nmonp3oBaTenk OTMEeHSEeT 3arpy3kKy
CurrentGameState = TGameState.MAIN_MENU; return;

// 3arpy3ka IIpoulna YycCIIelHOo
CurrentGameState = TGameState.PERFORM_LOAD;

void fun_HISCORE_TABLE ()
{

// BHBecTH Ha DKpaH Tabnully rnovera

7/
CurrentGameState = TGameState.MAIN_MENU;

void fun_ABOUT_AUTHORS ()
{

// BeBecTH Ha 3KpaH und¢opMalupw of arTopax

/7
CurrentGameState = TGameState.MAIN_ MENU;

/7
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volid fun_GAME ()

{
while(true) // OCHOBHOM ILHKN UTDH
{
// 2L0eck BHBOJI cllpaliToB, oOpaboTKa KIaBHaATYPH
// U Tak panee
ECIIM maxaTa KilaBuma ESC
CurrentGameState = TGameState.GAME_MENU; return;
ECIIY BcTpeTu¥ck C BompmuM X0
CurrentGameState = TGameState.DARTS_SUBGAME; return;
ECJIM momnsTanychs BOMUTU B KOMIILOTER
CurrentGameState = TGameState.PASS_SUBGAME; return;
ECHIY nobepusnu B uUrpe
CurrentGameState = TGameState.VICTORY; return;
ECIIM 2akoHYUNIKMCE BCe XU3HU
CurrentGameState = TGameState.DEFEAT; return;
}
}
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Jarort java.auwt.®:
Wport java,awt.event.®;
lmport java.util.Caler >

LWPOLE COM,X].ANYSTAtE

{ Normal Mode

sdic class ClockAppl

e VERLS
tlass EVENT_ESC (};
clase EVENT_SET (};
clzss EVENT UP (};
clazs EVENT_ALARM ()

private class Ticker
pub. v51d run()
iz ( trae )

Ty
£ar ( int 1
sleep{ 10C
1f ( tamer Renx
timer +=
updateCloc

}

3} ratch ( Inte
1t ( clockRunr
pracessTick(
’ B

i

)

[Beioreiitep
animator, repaint ()
Pt d i)

4 Beeiodisnror

- e e

)

]

1at alarmHour

anroalarnMimgte =

8
Pl "
Readv

Puc. 4.3. OkHO peaakTopa AnyStates




Knaccuvka nporpaMMupoBanus: AnropuTmbl, 9abixu, ABToMaTsl, KoMmnunatopb

AsTtomar Ha puc. 4.2 COCTOUT B OCHOBHOM U3 OY€Hb KPYITHBIX «CTPOUTEBHBIX
6J10KOB», TAKMX KaK OCHOBHAas NIpoLeAypa MIPhl WIM MOObITpa «xapTc». Be-
POSITHO, MX TOX€, B CBOI0 OY€peb, MOXHO IPEJCTABUTh B BUIE ABTOMATOB.
Hanpumep, TunmyHas nporexypa, OMchBaolas MoBeeHue OXpaHHUKA, pas-
OuBaeTcd Ha TPU peXUMA: «[IATPYIMPOBATb TEPPUTOPUIO» (ITO YMOTYAHUIO),
«bexaTh K MECTy IPOMCINECTBUsI» (€C/IM MOJaH CUTHAJI TPEBOIU) U «COMPO-
BOXIATh 00BEKT» (ecau OTAaH MPUKAa3 O 3alIMTe KOHKPETHOTO IepcoHaxa).

C npyroit CTOpOHBI, 04€Hb IPOCTHIE NECTBUSI BpPOJIe BBIBOAA TAaOIMIIbI [TOYETA
(6e3 rpaduyeckux 3¢phexToB) MOXHO 6e3 0coO0ro Bpena st MOXYJbHOCTU
BCTaBUTb MPSIMO B IIABHYIO YIPaBJIMIOUIYIO IPOUENYPY, TEM CAMBIM YIIPOIIAst
CXeMy aBTOMaTa.

Ha ocHoBe aBTOMaTHOTO MOAXOJA MOXHO Jaxe cO31aTh IMOJHOLEHHYIO Cpefy
paspaboTku. Hampumep, TakoBOil sIBIsieTCS UHCTPYMEHT AnyStates, BBI-
nymeHHblid (kcraTtu, poccuiickoif) kommanueit XJ Technologies. ITpencras-
JleHue O HeM JaeT puc. 4.3, Ha KOTOPOM BUIHO, YTO CO3JaBaeMast IporpaMma
IPENCTaBJISIeTCS B BUIE «BUPTYAJIbHOTO YCTPOMCTBA», BKIIOYAIOUIETO B ceOs
COCTOSIHUSL 1 ITEPEXOAbI MEX Y HUMM.

Utormn

+ Ilcuxonornyeckoe 3HaY€HUE aBTOMATOB O4YEHb BEJUKO. KoMmmnbioTepy Bce
paBHO, KaKylO IpPOTPaMMy BBIIIOJIHSATb. JIJIs1 HETO He CyIecTBYeT IPOCThIX
WM CJIOXHBIX JUIA MOHUMAaHUsA aJTOPUTMOB, HE CYLIECTBYET pasludust
MEXJIY 3JMEeTaHTHBIM U YPOMJIMBBIM KOZOM. YenoBeky ke HeOOXOIUMBI
abcTpakimu.

+ IIporpaMMupOBaTh Ha YpOBHE MAlIMHHOIO KOJA — 3aHsTUE Ha PeNKOCTh
TsoKeJIoe U yToMuTeslbHOe. /[ Toro 4todbl nqymath 3¢ @pexTuBHee, Ham
HYXHBI TIpOLEnypH U GbyHKImY, 00bekThl 1 MOnyaM. Konednbrit aBro-
MaT — emie ogHa abcTpakiMs, KOTOpast MOXeT IIOMOYb B3IISIHYTh Ha
3agady O-HOBOMY.

+ ABTOMaTHOe IPOTrpaMMMpOBaHNe — He «cepedpsiHast myJst», HO OHO MO-
XeT ObITh 0YEHB ITOJIE3HBIM BO MHOTHX CIy4asx (OCOOEHHO eC/In BBl Cpasy
BUIMTE, KaK ITPEACTABUTDL aJITOPUTM B BUIE COCTOSIHUI U IIEPEXONOB).
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Tema gopmansipix epammamux Bcerja Ka3alach MHE BecbMa TEOPETU3UPO-
BaHHOU M TpynHo# s nonnMaHusl. K coxanennio, 6e3 HeKoToporo obdbema
TEOpPHH BCe pABHO He OOOMTHCH 10 TOTO, KakK IePeiTH K pealbHbIM JIMCTHHIAM,
HO £ IOCTAPAKOCh CHAENATh UYTEHNE He CINIIKOM CKYYHBIM.

®opMajbHble PAMMATHKH CTOST TOTO, YTOOB ¢ HUMH O3HAaKOMHUTbCS. OHn
UCIIOJNbL3YIOTCS, HAIIpUMeEPp, AJIA ONMCAaHMA CHHTAaKCHCa A3LIKOB IIpOTpaM-
MMPOBAaHHS U IIPENJIOKEeHNH eCTeCTBEHHOTO A3bIKa™, a TaKXe IV 3aNaHMs
[paBia Pa3sBHTUS CHCTeM (TaKUX Kak cucrteMbl JImHIoeHMaiiepa, O KOTOPBIX
pedb I0MIeT B AeBATOM I1aBe).

Hoiinsa 1o npakTuieckux alropuTMOB, BbI [I0IIMeTe BCIO WX IMOJIE3HOCTH (Ha-
JeI0Ch, T0Je3HOCTh AaBTOMATOB MHE [0Ka3aTh yaaloch).

5.1. HeperynsipHbie g3bikn. JleMMa 0 Hakauke

Hrak, B ouepenHoii pa3 Bo3Bpaiiaemcs K 3agade onucanus GOPMaIbHOTO sI3bIKA.
Mel yXe BBIICHWIH, YTO JUISL HEKOTOPBIX SI3BIKOB, HA3LIBAEMBIX PE2YASPHbIMIL,
MOKHO MCTIONB30BATh KOHEUHBIE AaBTOMATHI M peryjisipHbie BeipaxeHust. B riase
O peryIsSiPHBIX BEIPAXKEHISIX yKe YKa3blBaJI0oCh, YTO HE Bee SI3BIKK perylsipHbL. B
JACTHOCTH, SI3bIK «JIIOOBIE CTPOKH, B KOTOPEIX OYKBa “a” BCTpedaeTcst CTOJNBKO
’Ke pa3, CKOJMIbKO 0ykBa “b”» He sIBsieTCs peryJIsipHBIM; CJIeIOBATENbHO, OH «HE

1o 3ybaM» KOHEYHBIM aBTOMATaM M PeryJIsiPHBIM BHIPAXKEeHHSIM.

[Tepen Tem, Kak niepeiiTn K 60j1ee MOIIHBIM CPEACTBAM OMMCAHMA (BB, BEPO-
SITHO, yXe NOTafaJliCh, YTO pedb NOUAET O KOHMEKCIMHO-C80000HbIX 2PAMMA-
mukax), pasbepeMcs, 4eM Xe «BHYTPEHHEee YCTPOHCTBO» PETYIAPHBIX SI3bIKOB
OTINYaeTCsl OT YCTPOMCTBA SI3bIKOB HeperylIspHbIX. B aToM Ham momoxeT
nemma o Hakauyke (pumping lemma).

IMycte L. — HeKOTOPHIN peTyIsipHBIA SI3bIK C 6€CKOHEYHBIM KOJIMYECTBOM
aneMeHTOB. Torna cymectsyeT 4nucio N, Takoe, 4To Jobast CTpoka si3bika L,
JUIMHA KOTOPO# paBHA WIN IPeBOCXoaUT N, MOXeT ObITh IpencTaBjleHa B BUie
TaKOH KOHKaTeHallHH TPeX CTPOK Xy z, YTO BBHITOJIHSIOTCS YCIOBHSL:

¢ 10CTpOKa y HenycTa (Y # €);
¢ JUIMHA IIOACTPOKM Xy He IPeBocXomuT N;
¢ CTPOKW XZ, XyZ, XyyZ, XyyyZ, ... IpUHajIexar s13bIky L.

WupiMu cioBamu, B JIr000# 1OCTATOYHO JJIMHHOM CTPOKe JIOOOT0 peryyisipHoro
SI3BIKA CYLIECTBYET MOACTPOKA, KOTOPYIO MOXHO TIOBTOPHUTE IIPOM3BOILHOE YHCTIO
pa3 (B TOM 4HCJIe HCKJIIOUNTD, TO €CTh «TIOBTOPHTL» HYIb pa3) — M IOJNydeHHast
CTpOKa BCe paBHO OYAET NpHHAAJIEXATh JAHHOMY PEryJIspHOMY S3BIKY.

3. D710 O4YeHb CIIOPHBIN CII0CO0, IMEIONIN, OQHAKO, HEMAJIO CTOPOHHHUKOB,
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Tagkum obpasom, nteMMa o HaKayke GOpMyaupyeT CBOHCTBO, IIpUCYIlee BCeM
PeryIsIPHBIM SI3BIKAM C GeCKOHEYHEBIM KONMUYeCTBOM 3jneMeHTOB®. Ob6paTu-
Te BHUMaHKe, YTO HeperyasIipHbil A3LIK TOXe MOXeT 00jJagarb CBOHCTBOM
«HaKa4YMBAEMOCTH», [IO3TOMY JleMMa O HakKayKe JaeT He TaK MHOTO st
onpeleseHNs! peryJisipHOCTH UHTepecyIoulero si3bika. Ecin crpokn s13bika He
«HAKAYMBAIOTCSI», TO SI3BIK He SIBISIETCSI perylIsipHbIM — M 3TO BCe, YTO MBI
BIpaBe yTBEPXKIATh (TO €CTh «HAKaYMBaeMOCTb» — HeOOXOmMMOe, HO He
IOCTaTOYHOE YCJIOBUE PEryIsipHOCTH A3BIKA).

C apyroit cTOpOHEIL, JileMMa IIO3BOJISIEeT JIETKO [OKa3aTh, YTO He JI000it S3bIK B
MUpe SIBJISIeTCsl peryasipHeM. YTOOB! 1a1eKo He XOXUTD 3a IIpUMepaMHt, paccMo-
TPUM YK€ 3HAKOMBIH SI3BIK, CTPOKH KOTOPOTO COCTOST U3 PABHOTO KOJHYeCTBa
Oyks “a” u “b”. IlockonbKy JleMMa qOJIKHA BHITOJIHATLCA [UIs1 11000i cTpoKn
He kopodye N cHMBOJIOB (3HaueHHe N HaM HEM3BECTHO), BO3bMEM CTPOKY
aa..abb..b, cocrosuyo n3 N O0ykB “a”, 3a koTopeIMH cienyioT N Oyks “b”.
TakuMm 0bpa3om, Bcero B 3TOH cTpoke npucyTcTByeT 2N cnMB0OJioB. 110 nemme
Hama CrpoKa MOXeT ObITh pa3buTa Ha MOACTPOKHU Xy z, IPUYEM AJIMHA IOI-
CTPOKM Xy HeE IIPeBOCXOANT N, ay — «HakaymBaemasi» nmoactpoka. C mpyroit
CTOPOHBI, MBI TOYHO 3HaeM, YTO IepBble N CHMBOJIOB CTPOKH — 3TO OYKBEHL
“a”. ITonyyaercst, YTO MOACTPOKA Y MOXeT COCTOSTh TOJBKO 13 6ykB “a”. Ho
mobast MOINbITKA «HAKaYKh» MPHUBeneT K TOMyY, 4T0O obiiee 4yncio OykB “a” B
CTPOKE M3MEHHTCH, a Yyncao O0ykB “b” ocraHercss mocTostHHBIM. B mrore mo-
Jy4aercst, YTO YyTBepXKIeHHe JEMMBI JIJIsI HALIeTO SI3pIKa He YIOBJIeTBOPsIeTCS,
U, CJIEAOBATEJbHO, OH He SIBJISIETCS PETYJISIPHBIM.

YTBepXaeHHe JeMMEL O HaKadyke C MepPBOrO B3TMJsAd BHITJISIAUT AOBOJBHO
cnenuduyecknM. Cpasy TpymAHO MOHSTE, [TOYEMY CTPOKHU PeryJisipHOTO sI3bIKa
NOMKHE 06J1anaTh Monqo6HEIM cBOCTBOM. IT03TOMY MHe KaXeTcsl pa3yMHBIM
YIENUTh HECKOJBKO MHUHYT OOCYXAEHHIO TOrO, OTKyAa 3Ta jJeMMa OepeTcs u
MoYeMy BBIIOJHSIETCS.

B nefictBrTEIBHOCTH BCe OOCTONUT q0CTaTto4YHO mpocto. Ecim L — perynsipHbiii
S3BIK, TO OH PacliO3HAeTCsi HeKOTOPHIM KOHeUHBM aBToMatoM. Ilycrs N — uncno
COCTOSIHMIT 3TOro aproMara. M3HayanpHO aBTOMAT HAXOMUTCSI B CTAPTOBOM CO-
crosiHuA. QYepenHON CHMMBOJ BXOIHO# JIEHTBI IIEPEBONMT aBTOMAT B KaKOe-TO
apyroe (w1 B TeKyuiee) cocrosiHue. B mobom cnyyae mocne cunteiBaHmnst N-1
CHMBOJIOB (@, BEPOSITHO, ¥ paHblIe) aBTOMAT 00s13aTeNIbHO OKaXeTcsi B KaKOM-
HUOYIb COCTOSIHAM S, B KOTOPOM OH yXe ObBai panplle. [Tonyyaercs:, 4ro HEKO-
TOpast IOACTPOKA BXOAHOI CTPOKH, paHee 0003HaYeHHAst HAMH Kak Y, IIepeBOIHT
aBTOMAT M3 COCTOSIHUA S CHOBA B COCTOsIHKE S (BO3MOXHO, ITO TOBOJILHO XUTPOMY
MapIIpyTy). A KOJH TaK, MBI MOXeM ITOBTOPUTH 3Ty MOACTPOKY Ji060e YHCio
pas, b0 BOODIIE NCKIIIOYNTD €€ — M TO HUKAK He OTPa3uTCsl Ha KOHEYHOM
pesyabTaTe paboThl aBTOMATA, YTO M YTBepXAAeTcs B 1eMMe O HaKauke.

% Kak yxe YNOMHHAJ0Ch, JH000M KOHEUHbIH S3bIK SBASETCS PETYISpHBIM, M103TOMY [POBOLUTDL
KaKHe~TO JONOJHATE IbHbIE UCCAEJOBAHHS Ul TAKKX SI3bIKOB HET Hal00HOCTH.
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5.2. 913bIKMU U 3a4,a4M; MoZeNn BblMMCIIEHUI

YXe ceifyac MOXHO IPECTYIIUTh K pACCMOTPEHMI0 (POpMabHBIX I'PAMMATHK,
HO s1 BCe-TakM cAeJalo elle OqHO HeOOJbIIOE OTCTYIUIEHHE, KpaifHe BaXHOE
11t TIOHMMaHMsI TEOPETUYECKON 1IEHHOCTH MCCIeN0BaHUsl TeM DTOM KHHIH.
IToroBoprM HEMHOTO O CBSI3U MEXAY A3blKaAMU W 3a0auamis.

ITon «3apaueii» (HedbopMmaIbHO, pa3yMeeTcs) MTOHNMAaeTCs OObIVHAs 3a1a4a, pe-
HIEHHE KOTOPOI MOXKHO ITONBITATHCS TOPYYATh KOMIBIOTEPY. ECTh HEKOTOPBIH
HabOp MCXOMHBIX JaHHBIX, HA OCHOBAHMM KOTOPOTO GOpPMHUpYETCs penieHHte,
fipeacTaBistolee cob0i Habop «BBIXOMHBIX» 3HadeHul. Hamprmep, BxogHEIMU
NaHHBIMM 3a/1aYM COPTHPOBKH («JIaHO») SIBJISIETCS] MACCUB 3HAYEHWIl, a BHI-
XOOHBIMH («HAHTH») — OTCOPTHPOBAHHBII MACCHB TeX Xe CaMbIX 3HAYeHH.
Penmts 3agauy «onpenenTb KOpeHb YypaBHeHUs X* + a = 10» 3HaYMT IOy YNTh
pesyIbTUpyIolllee 3HadeHre X 110 BXOAHOMY 3HAa4YEeHHIO [apaMeTpa a.

I'maBHBIA HHTEpeC ISt HAC IPEACTABIISIIOT ceYac 3a0a4i nPUHAMUSA peLleH Ll
(decision problems). Pe3ynbraTOM peleHHs Takoil 3a1aqy sIBJISIETCS OTBET
«Jla» WK «HeT». Takum obpa3oM, 3amadya COPTHPOBKHM He MpPHHALJIEXKHUT K
3aiayaM TMpUHATHA pelleHni, a 3aga4a IIpOBEPKU 1aHHOTO MAacCHBa Ha YI10-
PANOYEHHOCT — [IPHHAMLIEXKHT.

Ha nepBblil B3WIsiA KJIAcC 3a1a4 IPHHSATHs peIHEHNH KaxeTcs O4eHb Y3KUM, HO
B IEHCTBUTEIBHOCTH 3TO He coBceM Tak. YyTh Mo3xe Mbl 00CyaAnM Ki1acchudu-
KalHio BCeX 3a/1a4 110 UX CJIIOXHOCTH (YCIOBHO TOBOPSI, «IIPOCTBIE», «CPEIHEeH
CJIOXHOCTH», «CJIOXHBIE», «BOOOIIE He pelaeMbie»). Tak BOT, 3agaun Mpu-
HSITHs pellleHNs1 BCTpedarTcs B KaXKA0M M3 TaKMX KJlaccoB. Tak xe, Kak 300-
JIOTY HET HYXbI HCCIEJOBATh BCEX KOPOB B MHUPE, UTOOBI ITOHATh aHATOMUIO
KOPOBBI, CIIEIIHAIICTaM [0 TEOPHH BBIYUCIEHUI He Tpebyercs aHaJIN3NpOBaTh
BCE 33a4M JAHHOrO KJIacca, YToObl H3YUUTh UX 0c000 BaxkHbIE CBOICTBA.

3agauy OpuHATHA pelleHni HanbojIee MpOCTH 110 GOPMYJIHPOBKE, 1 TO3TOMY
J06MMBI YYEHBIMH B Ka4eCTBE «II0OMBITHOH KOpoBhl». Kpome Toro, npy xena-
HHAN MOXHO CBeCTH JI00YI0 3a1a4y, pasdpoc pe3yabTatoB pabOTh KOTOPOH He
HeckoHegeHn (a BO MHOTHX Clydasix TAaKO€ Ipe 00K eH)e caeNaTh MOXHO)
K Habopy 3aga4 NPUHSTHS pEeLIECHUI.

Hampumep, 3aa4a COpTHPOBKM MacchBa 3JeMeHTOoB (1, 3, 2) cBogutcs x mo-
ouepenHOil MpOBepKe YIOPSIIOYEHHOCTH BCeX MACCHBOB, COCTOSIIIMX M3 TeX
XK€ CaMbIX 3JIEMEHTOB;

ynopsnoden_nu (1, 3, 2}
ynopsagoden_nu (1, 2, 3}
yropsanodeH_nu (2, 1, 3}
yhnopdanodeH nu (2, 3, 1}

¥ MuBIME cOBaMH, pe3yibTaT paboThl KOTOPOH (YHCI0, MACCHB, CTPOKA...) SIBISETCS JIEMEHTOM
HEKOTOPOTo KOHEYHOTO MHOXKECTBA.
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yropsnodeH_nu (3, 1, 2)
yrnopsnoded_nu (3, 2, 1)

Kak TO/IBKO peleHue OKa3bplBAETCsl IMOJOXMTEIBHBIM («Ja, YIOPANL0YEH»),
MOXHO CKa3aTb, YTO MCXOQHAsl 3aJaya TOXE peuleHa, MOCKOJIbKY MBI 3HAeM
TOT MAcCCUB, MU KOTOPOTO BBI3OB yIopsimoueH_ny () najl YTBepPAUTENbHBIH
orset. CBeeHe COPTUPOBKM K IMPUHSITUIO PENIeHMsT 0Ka3aJ0Ch BO3MOXKHBIM,
MOCKOJIBKY pe3y/AbTaT paboThl aITOPUTMA COPTUPOBKY (MaccuB u3 yucen 1, 2
u 3) siBJIsieTCsl MpeIcTaBuTeNleM KOHeYHoro MHoxecTsa {(1, 2, 3), (1, 3, 2), (2,
1,3),(2,3,1), (3, 1,2), (3,2, 1)}. Ham ocraBanocs auis mpoaHaJIu3npoBaTh
BCE DJIEMEHTHI MHOXECTBA BO3MOXHBIX OTBETOB B ITOMCKaX MPaBUJIBHOTO.

PasymeeTcss, monoOHBINA METON pelleHUs 3alayd Helb3sl Ha3BaTb ONTUMAJb-
HBIM, HO B KaY€CTBE TEOPETHYECKOTO MHCTPYMEHTA UCCAeNOBAHUI CBOMCTB
3371a44 OH OBIBAEeT MOJIE3€EH.

Bepuemcs x 3amayam rpuHsiTus perteHnit. ObpaTure BHUMaHUE, YTO BXOIHBIE
JaHHBIE JIO0O0H 3amauM MOXHO 3aKOAMPOBATh B BUAE cTpPOoku®. Hampumep,
MaccuB yucel (10, 45, 1, 53) MOXHO 3aKOAMPOBATh KaK MOCIEI0BATENBHOCTD

mudp 1 mpobenos:
10 45 1 53

Taknm 06pa3zoMm, pelMTh 3a1a4y O3HAYaeT IMPOAHAIU3UPOBATH HEKOTOPYIO
CTPOKY ¥ BBIHECTU BEPIUKT: «1a» WIU «HET». BaMm 3TO HIYeTO He HANOMKHAET?
910 Xe 3a7aya pacro3HaBaHus si3bIKa!

XoTda Ha nepBbIﬂ B3DIAA 3a0a94 — 3TO 3aJa4H, a sSI3bIKM — 3TO SI3BIKU, ITPU
Bonee OJU3KOM pacCMOTPEHUM OKa3BIBAETCH, YTO SI3BIKM U 3aaYd ~— CYTh
0IHO ¥ TO xe. JlaBaiiTe mpoBeneM napavlesb MeXAY 3a1a4eil IPOBEPKM YITO-
PSIOYEHHOCTU MAcCUBA 1EJIbIX YMCEJl U COOTBETCTBYIOUIUM €l SI3BIKOM.

A3biK 3apgaua

MHoxecTBO Bcex cTpoK I* Hag andaBuToM £ | MHOXeCTBG BCcex cTpOK, COCTOALWMX U3 undp v npobenos

MoAMHOXeCTBO Tex CTPOK, B KOTOPBIX 3anucaHtl pasge-
labik L kak NoAMHOXeCTBO CTPOK ¥’ ’
honl poK = neHHbie npodenamu yessie Yucna 8 nopaake s03pactanuns

OnpegeneHve NpUHARNEXHOCTY AaHHOW

OripegeneHue yrnopsaoueHHOCTU AaHHOMo MaccuBa
CTPOKM A3bIKY L pen ynopaa A

YmeHue onpeaenunTs yriopsaodeHHOCTs Mo6oro MaccuBa,

Anropu acfo3HaBaHua 93bika L
pUTM P flepelaHHOIC B Ka4ecTBe fapameTpa

ToxmecTBeHHOCTh SI3BIKOB M 3a/1a4 IMOMOXET HaMm Ojguxe mogobpartscs K
OCHOBAHUSM KOMIIBIOTEPHOU Hayku. Cefyac y Hac €CTb KOMITBIOTEPEI, KOTO-

% Ha npakrtuke mo6as KOMIbIOTepHasi NIPOrpaMMa, CYATBLIBAIONIAS BXOAHbIE NaHHBIE U3 daiina,
NOJIyYaeT UX KakK pa3 B TAKOM BHIE.
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pble «Kak-TO» YMEIOT pemaTs 3agaun. Ho napaiite 3amymaemcst, BO-IIepBHX, O
TOM, KaK MOXHO peajbHO pa3paboTaTh «KeJe3HBli» MeXaHU3M, pelraonuii
3ajgady, a BO-BTOPHIX, KAKOBBI IIpeaesbl CJIOXHOCTH 3a/1a4, pelIaeMbIX 00bIy-
HBIM KOMITBIOTEPOM.

Tak xe, KaK ¥ TeMa pacro3HaBaHust GOPMaNbHEX SI3LIKOB, TeMa PeLIalONMX
3a[a4M YCTPOMCTB U UX MOUIHOCTH OyaeT ellle He pa3 MOJHUMATLCA B KHUTE.
Ceifyac HaM BCe paBHO IPUIETCs] OTPAHUYUTHLCSI MATEPUAIOM ITPEaBIAYIIUX
miaB. K TOMy Xe camoe MHTepecHOE MHe XO4eTCst OCTABUTH Ha IecepT.

Hrak, npeacraBeTe, YTO 3a4a4 Y HAC €CTh, 4 KOMITLIOTEPOB HeT. Kak MOXHO
CO3[aTh «KeJe3HOe» YCTPONCTBO, peniawoinee 3agady? Jlasee, npeanoaoxuM,
y HAC yXe eCTh MeXaHU3M, pemraromuil 3agaqy A. ITpoure wim cioxtee 6yner
CO3JaTh YCTPOMCTBO, peliatouiee 3agady B?

M1 yxe ob6cyxXaany CyleCTBOBAHME PETyIsSIPHBIX U HEPEeryJIsiPHBIX A3LIKOB.
PerynsipHbIi sI3BIK MOXeT OBITE PAClIO3HAH KOHEYHBIM aBTOMATOM, B TO BpeMs
" KaK ISt HEPETYJISIPHBIX sI3BIKOB MOIIY KOHEYHOTO aBTOMATa yxe HeqoCTaToy-
HO. Temeps MOXHO ITPOBECTH TY XK€ CaMYIO aHaJOTHIO 1ist 3a1a4. CylecTByOT
3a/1a4M, pa3pemuMble KOHEYHBIM aBTOMATOM, HAllpuMep, poBepKa TOTO, YTO
JaHHasi CTPOKA comepkuT OykBYy a. B TO Xe Bpemst «boJiee ClOXHEE» 3a1a4H,
OTIUCHBAEMEIE HEPETYJISIPHEIMU SI3bIKAMY, KOHEYHOMY aBTOMATy He IO CHJIaM.

C uHXeHepHOi TOYKY 3PeHUs 9TOT Pe3yNbTaT OueHb BaxXeH. KoHeuHbi aB-
TOMAaT - 3TO BeJb HE Kaxoe-TO abCTPaKTHOe YCTPOMCTBO, HO U CXeMa Npu-
TOMHOTO [/1s1 MPAKTUYECKOTO BOIUIONIEHMSI «B XeJe3e» MEXaHU3Ma, MOXHO
cKas3aTh, ITpocTeinlero xomnsoTepa. Ho BMecTe ¢ palOCTHOM MBICIBIO O TOM,
YTO MBI B CMJIaX CKOHCTPYMpPOBaTE KOPOOOUKY, pPACHO3HAIOIIYIO PeryIsiPHEIH
SI3BIK, IPUXOIUT COMHEHMeE: a yAACTCA JIU CO3AaTh YTO-TO B0JIee COBEPUIEHHOE,
HoAXOsIIIee ISl PacIIO3HABaHUSI HEPETYJISPHOTO sI3bIKa?

Jla u BooOIie, 4TO eCTk TaM, B MUpe HeperyIspHBX A3bKOB? BbITE MOXeT,
cpeau HUX TOXE e€CThb CBOSI MepapXusl, U, HAyUYUBHINChL PACIIO3HABATL OAHU
HepeTYJsIpHbIe SI3BIKM, MBI BCce emre 0yaeM NOJHOCTBIO OGeCCUNIEHBIMU Iepen
apyrumu? Kpome Toro, He 3abbiBaiiTe, 4TO 11 JTIOO0TO MHTEPECYIOLIETO SA3bI-
Ka MPUIETCsI CTPOUTD OTAeNbHbIH (pusuyeckuil aBToMAaT (3Ta HEOOXOIUMOCTh
TOXe He n00aBJsieT S3HTy3Uua3Ma).

Bripouem, Moe Hebosb1IOE OTCTYIIEHUE TIPEBPALAeTCs B OOJIBIIOE OTCTYILIe-
Hue. ITopa BepHYTbCa K GOPMANIBHBIM TPAMMATHKAM.

5.3. KOHTeKCTHO-CBOGOgHblE rPaMMaTUKUN

Kakum o6pa3om erre MOXHO onucaTh si3uIK? PaccMOTpUM OauH M3BeCTHBIH
cnioco6, Ha3eIBAEMEIN KOHIMEKCMHO-C80600HOT PAMMAMMUKOIL.
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A_N
YMHBIA
BEeXJIMBHHA
TJTY TIBIF
TOPOHYT
BoraTuH
KOT
BYpYHAYK
nec
Cele3eHb

Z22 2 2 P > wn
DR I N T S N R R 2

Vv

ATaTh 3Ty 3aIUCh CIeNyeT TakK: «S ecTb A_N36, rne A ecTb yMunit UIU Bex -
IBEIP WK TIIYTIEY WK rop st Wi Gorarhi, a N eCTh KoT WIM By pyHIOYK
1 [TeC WK ceneseHb». YeMy B UTOTe MOXeT ObITh paBHO 3HaUY€HHE CTPOKU
’ Hanipumep, «yMHBIA_KOT» (MaTpOCKHH) uin «OoraThlit_cene3eHb» (A1
kpyak). IToaHBIA cMcOK BceX BO3MOXHBIX 3HaYeHUH S GpopMHUpYeT SI3BIK,
JaBaeMbli IpaMMaTHKOMN.

3y4UM Telephb YyCTPOKCTBO KOHTEKCTHO-CBOOOJHON IrpaMMaTHKU NOOIMXKe.
AKH€ 27IeMEHTBI MOXKHO B Heil BBIIeUTh? Bo-niepBhIX, 3TO CTapTOBBIN CUMBOJ
3aal0MIMI BUJ CTPOK ONKCBIBAEMOTO S3bIKa Ha CaMOM BEpXHEM yposHe. Bo-
OPBIX, 3TO HeMepMUHANbHbLE CUME0b! (U, TIPOILE TOBOPS, IEPEMEHHEIE),
aIMUIMOHHO 0003HayaeMble 3arjaBHbIMU JTaTUHCKUMU OyKBamMu. B-TpeTbux,
0 MepMUHANbHbIE CUMEOAb. — 0a30BBIe, aTOMapHble 3JIEMEHTH S3bIKa,
OPMUPYIONIKE €ro aJl(paBur.

PMUHaJIbHBIE CUMBOJIBI OOBIYHO 3aIMCHIBAIOT B HUXHEM PETHCTPE, YTOGBI
JINYUTD UX OT lIEpEeMEeHHBIX. B-4eTBEPTHIX, 3TO COOCTBEHHO npasuia 666004,
X10€ U3 KOTOPBIX COIIOCTaBISET HEKOTOPOil TIepeMeHHOH*’ CTPOKy, COCTO-
1yl0 U3 KOHKATeHAM{ IPOU3BOJBHBIX TEPMHUHAIBHBIX U HETEPMUHATbHBIX
MBOJIOB.

ee GOpMaIbHO (HO MO CyTH COBEPLICHHO aHaJOTMYHO) KOHTEKCTHO-CBO-
[Has TpaMMaTHKa onpesiensercs Kak o0bvekT (X, V, R, S), rne & — mHOXe-
BO TE€PMHMHAJIbHBIX CUMBOJIOB (aa¢daBuUT), V — MHOXECTBO IEPEMEHHBIX,
— MHOXECTBO IpPaBUI, a S — CTapTOBHI cuMBoi. IIpu sToM npasuia
€I0T BUI A - ¢, rle A — nepeMeHHas, a ¢ — CTpoKa HaJl ajidaBuTOM
U V). Takag rpammaTuKa Ha3bIBa€TCsl KOHTEKCTHO-CBOOOIHOM ITOTOMY, YTO
aBUIIO A - C MOXET MPUMEHATHCS HE3aBUCUMO OT TOTO, B KAKOM KOHTEKCTe
TPeTUIACh TepeMeHHass A (TO ecTb He3aBUCHMO OT TOTO, KaKHe CHMBOJIBI
OKpYXaioT).

51 ucnonn3oBan 3Hak NOAYEPKUBAHUA BMECTO l'IpOGEJIbHOI‘O CUMBOJAa JUllIL 115 TOro, 4To0bBI
chenaTh ero fonee 3aMETHBIM.

Wnu crapToBOMY CHMBOJY, KOTODBI TOXE SIBJISETCA IEPEMEHHOIA.
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B HameMm ciy4ae TepMHUHaJIbHBIMU CUMBOJIAMU SBIAIOTCA CIOBA YMHEIR, BeX -
NUBHY, DIV, TOpALH, borareil, KoT, OYPYHAYK, ITeC U ceJjle3eHb, a
TaKXX€ CHMBOJI HUXHETO nofyepkupanus. IlepemeHHsie — cumBonsl A u N,
CTapTOBBINA cUMBOT — S. OOBIYHO CTAPTOBBI CUMBOJ TPaMMAaTUKH HE BbIjIE-
JISIOT SIBHBIM 00Pa3oM: IO YMOJYaHUIO CYUTAETCS, YTO IepeMEHHas B JIEBOU
YacTU CaMOTO NIEPBOTO IPaBUia U €CTh CTaPTOBBIM CUMBOI.

I'pamMaTuKy MOXHO 3anucaTh KOpode, IOJIb3ysICh BEPTUKANBHON 4epTOH 11
00BbeIMHEHUS NIPAaBUJI ¢ OMHAKOBOM JIEBOM YaCThIO:

S > AN
A 5 yMHEBYV | BexnuBHM | Tiaynsii | ropamit | SoraTuHit
N > koT | OypyHOyk | mec | ceneseHs

Takas 3anuch BRITASIUT YnTabenpHee, HO He 3a0biBaiiTe, 4TO 371eCh Bce PABHO
JOEeCATh IIPaBUJi, a HE JBa.

TonpKO 4TO 3aaHHBIHA [IPU TOMOIIY TPAMMATHKY SI3BIK SBJISIETCS KOHEYHbBIM,
a KaK Xe MOXHO OIucaTh GecKoHe4HbI! A3bIK? I[eHo# HEeKOTOPBIX YCUIMA.
Bo3sbpMeM, K IpUMepY, PeTYIApHBI SA3bIK U3 TIABbl O KOHEYHBIX aBTOMATax,
ONMCHIBAIOIHHA KOPPEKTHBIE ajfipeca 3JeKTPOHHOH nodrel. HanoMHio, OH
OTIMCBHIBAETCS PETYJISAPHBIM BEIPAXXEHUEM

la-zA-Z0-9._-]1+@[a-zA-Z0-9_-]1+(\. [a-ZA-Z0-9_-]+)+
BTOT Xe caMBlif A3bIK MOXHO 3aaTh ¥ KOHTEKCTHO-CBOOOIHON IpaMMaTHKOI:

S 5 HERT

H>C''H | C"”

B> C'B | C’

T > .BT | .B

c* > a | oozt AY o200 L9 -

crr 5> Ct
3anuch ¢ TOMOMIBIO TPAMMATHKY, Ha MO B3I, HE OTIMYaeTCs 0cOGO0# [o-
HSTHOCTBIO. PerynﬂpHme BHIpa’XeHUS YUTAIOTCA Kyaa jerye. Bopodem, paso-
OpaTbcs B TOM, IOYEMY IPUBEJIEHHAs TPaMMAaTUKA JEHCTBUTEIBHO OIUCHIBAET
ajipeca 3JeKTPOHHOU IIOYTH, BIIOJHE PEANbHO.

Hrak, xoppekTHHIA anpec (S) COCTOUT u3:

¢ «ronosel» (H), KOTOpO# COOTBETCTBYET PETYISpHOE BBIpaXXEHHE

[a-zA-20-9._-1+;
+ 3Haka @;
¢ «rena» (B), ONUCHIBAEMOTO BHIPAXKEHUEM [a-zA-Z0-9_-]+;
+ HauGosee CIOXKHOH YacT — «XBocTa» (T), KOTOpoMy COOTBETCTBYeT

perynsgpHoe BelpaxeHue (\.[a-zA-Z0~-9_-]1+)+.

Ha «HuxHeMm ypoBHe» — ypoBHE T€PMUHAJIbHBIX CUMBOJOB MH paboTaem
¢ mHoxecTtsoM C’, mpescTasisgomuM coboil oboi JonycTUMBIH CUMBOJ
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«TeNa» U «XBOCTa», a TAKKE C MHOXECTBOM JIONYCTUMBIX CUMBOJIOB «T'OJOBbI»
C”. DTO MHOXECTBO IOMUMO Bcex cUMBOJIOB U3 C’ BKJIIOYAET B ce0d TaKxe
CHMBOJI TOYKH.

Yro Takoe «ronoBax»? DTo JubO0 ONMHOYHHIA cuMBoJI Habopa C”, 1ubo cum-
Bon C”, 32 KOTOPBIM CJIeyeT KOPPEKTHAs «rol0Ba». [Togo6Hoe pekypcuBHoe
onpeneJeHIe MOXET 3JI0POBO 3amyTaTh, IO3TOMY JaBaiiTe pazbepeMcs Kak
cienyeT B TOM, YTO UMEHHO npoucxomut® (cm. puc. 5.1).

abc

T

&Y
N
)

c

a

Puc. 5.1. AHanus pa6orsi npasuna H-> C”’H | C”’

Hrak, H ectb C’H umu C”. BHOpaB BTOpy10 aJlbTepHATUBY, MBI CPa3y Xe
nojlyduM ONMHOYHBINA cuMmBoa u3 Habopa C” B kayecTse 3Havyenus H. ITo-
CKOJIKY 3TOT BapHaHT HEHHTEPECeH, BrOepeM nepsylo ansrepHatusy: H ects
C”"H. 3uayenue C” — 3TO IpOCTON CUMBOJI, JIONMYyCTUM, a. TakuM oOpasom,
Hecrs aH. Teneps HeoOXomuMo oripeienuTs, 4to Takoe H U3 npasoit yacru
nmpaBiia. 3/1€Ch y Hac ONAThH JIB€ BO3MOXHOCTHU, U OISITh Mbl BeiOepem C”H.
[ycre Ha ceit paz C” = b, orkyna H ects abH. Teneps, Hakone, Boibepem
sTopyio anpTepHaTuBy — H ects C”. YKazaB cuMBOJ ¢ B KadyecTBe 3HaYEHUS
C”, nonyyaem uTorosblii pesyaerar: H ectb abe.

3neck ymecTeH Bonpoc: a HTO Mbl BooOme aenaem? [Ieitaemcs nouaTs, ABis-
eTcs JIM JIaHHAasI CTPOKa KOPPEKTHBIM aJipecoM JIeKTPOHHON HOYTH! UM CaMHU
bopmupyeMm cTpoKy Ha ocHOBe rpamMaTuku? OTBET TakKoOB: BooOuie rosops,
rpaMMaTHKU MOTYT UCHOJb30BaTbCA KaK JUISl aHaJNM3a, TaK U IS TeHepaluu
cTpok. B maHHOM cilyYae s UCIIONb3YIO HanpaBjeHue OT IpaMMaTHKU K CTPOKe,
MOCKOJIBKY TaK Ipollle HOHATh NPUHIUI paboThl rpaMMaTUKU.

Bepremcs K pa3zbopy afpecos 3JeKTPOHHO OYTHL. «Tej0» ycTpOeHo Tak ke,
KaK U «TOJI0Ba», ¢ TOM JUIIb pa3sHUIeH, 4yTo BMecTo cuMBoia C” Ha ceit pa3

* Bor rae npurogutcst o6mmas KyJasTypa nporpaMMmupoBanust! Hurarenu, 3HaKoMble ¢ QYHKIIHO-
HAJTbHBIMUA M JIOTHYECKUMH S3bIKaMu, 0e3YCI0BHO, COYTYT ONpefeieHHe «IOJIOBbI» MPOCTHIM U
€CTECTBEHHbBIM.
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ucnonp3yercs C’. «XBOCT», B CBOXO OYepelb, COCTOMT U3 TOYKH, 3a KOTOPOWH
clieflyeT CTpOKa TOTO X€ BHAA, UTO U cTpoka B, cocTapnsmomas «Tejxo». 3atem
uget MO0 oyepeaHOMN CETMEHT «XBOCTa», JUOO HIMYETO, YTO O3HadYaeT KOHell
cTpoku. BoT 1 Bce.

BrpoueM, A3bK KOPPEKTHBIX aApeCcOB 3NEKTPOHHON MOYTHI perynsdped. A
KaK HacyeT HeperynspHBIX s3bIKOB? I1o KpaitHeit Mepe, SI3bIK, CTPOKH KOTO-
POro COCTOAT U3 MPOU3BOIBHOIO KOMMYecTBa OYKB a, 3a KOTOPBIMH CJAENYIOT
CTONBKO Xe OyKB b (ero HeperyJaspHOCTb yXe Oblia JOKa3aHa) OIMCHBaeTCs
C IOMOMIBIO KOHTEKCTHO-CBOOOTHON rpaMMaTHKU OYeHb IPOCTO:

S > asSh | ¢

5.4. PerynsipHbie rpaMmMaTuku

Y10 Takoe perynsipHbie rpaMMaTNKN: NOJib3a OorpaHNYeHHOCTU

Wrak, Mpl yOeauauce, 4TO KOHTEKCTHO-CBOOOHbIE TPaMMAaTUKU CIIOCOOHBI
OIMcath, IO KpauHel Mepe, OAUH PeryasapHbld I3bK U OJUH Hepery/spHbIM.
Ilepen TeMm, Kax 3aHATHCA UCKIIOYUTENIBHO HEPEryIsApHBIMU A3HKaMH, MHE
KaXeTCA YMECTHBIM IIpUBecTU oauH 3¢ ¢ eKTHHIA pesyasraT. Jeno B ToM, UTO,
HaJIOXUB HEKOTOPHIE OFpaHUYEHUs Ha JOMYCTUMBIE B TpaMMaTHKax IIpaBuia,
MOXHO HOMYYUTh TaK Ha3bIBAEMBIC pecynApHbLe 2DAMMAMUKU, TIPUTOIHBIE 15
onucaHus AIO0BIX PETYASPHBIX A3BIKOB, HO He Oonee TOro.

Perynsipuble TpaMMaTHKM JeATCS Ha npasonuneiinsie (right linear) u zeso-
nuneiinoe (left linear). B npaBonuHeHBIX rpaMMaTUKax pa3pelleHbl JUIIb
IpaBuia BUa

A > X,

A > XV,
B neBolMHEeHHX IPaMMaTHKAaX JeHCTBYIOT aHAIOIMYHBIE OrpaHUYeHus. 31ech
JOIyCTUMBI IIpaBuia -

A > X,

A > VX,
Ha Gonee mOHATHOM fA3BIKE 3T 3allUCH YUTAKOTCH TaK. B nmpaBOAMHEHHBIX

rpaMMaTHKax JOIIYCTUMB! JUIIb T¢ IIpaBujia, B KOTOPBIX nepeMeHHoﬁ cono-
CTaBJISACTCA:

¢ b0 cTPOKa U3 MPOU3BOJBHOIO KOJIUYECTBA CUMBOJIOB andasuTa’;
¢ 160 CTpOKa, COCTOAINAS U3 TIPOU3BOJBHOrO KONUYEeCTBAa CUMBOJIOB ajida-
BUTA, 32 KOTOPBIMU C/IeyeT OfHa (M TONBbKO Of(HA) NepeMeHHas.

¥ O6paruTe BHUMaHKUE, YTO IyCTas CTPOKA € TakXe JomycTuMa (g € ).
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AHaJOTMYHO, B JIEBOJUHENHBIX IPaMMaTUKaX JOILyCTUMBI JIUIIb Te TPaBUia,
B KOTOPHIX ITepeMEHHO CONOCTaBIAeTC:

* b0 CTPOKA U3 TPOU3BOILHOIO KOJIMYECTBA CUMBOJIOB aNdaBuTa;
+ b0 cTpoKa, cocrosdmlasg U3 IepeMeHHOMH, 32 KOTOPOH ClelyeT Npou3-
BOJIBHOE KOJTUYECTBO CUMBOJIOB aji(aBUTa.

Takum o6pasom, Haripumep, npaBuio A - abcN paspelleHo B IpaBOTUHEeHHOMN
rpaMMaTUKe, HO 3alipellleHo B JIeBOJIMHEHHO; mpaBuno A - abc paspelneHo,
anpasuio A - AN szanpemeHo B 00enx rpaMmMaTHKax.

Cnenys Tpaguuuy, 3aiiMeMcs CHayajla paBOJIUHEHHBIMHY IpaMMaTUKaMU.

CospaHne KOHeYHOro aBToMaTa N3 perynsapHoii rpaMmmaTnkm.

Kak xe mokasaTh, YTO IpaBojJMHeliHasd TPaMMaTUKa MOXET ONMCHIBATh
perynsipable sA3blku? PasymeeTcs, HOCTPOUTE PeTylspHOe BhlpaXeHue Wid
KOHEYHBIi aBTOMAT, COOTBETCTBYIOIIMI 3aJaHHOI rpaMMaTuKe. 3aliMeMcs
MOCTpOeHNEeM KOHEYHOIO aBTOMaTa. B IpuHuuIe, MOXHO HalMcaTh JBa
«00001IeHHbIX» TpaBuja, OOBACHAIOIINX, KaK CKOHCTPYUPOBaTh TpeOyeMblii
aBTOMAT, HO MHE KaXXeTcs, YTO TakKoe onucaHue OyleT MeHee IOHSATHBIM, 110~
3TOMY A IpejJiaraio MOTPaTUTh HEeMHOIo GOibile BpeMeHH U pa3o0paThcs B
npoyecce OCHOBaTeIbHee.

Wrak, HaM M3BecTHa HeKoTOpas rpaMmaruka. Kak Ha ee OCHOBe [TOCTPOUTD
KOHeuyHHlii aBToMaT? Bo-miepBBIX, HEOOXOAUMO CO3/aTh:

+ CrapToBoe COCTOSIHHE U IOMETUTh €I'0 CTapPTOBBIM CUMBOJIOM IPaMMATUKH.

+ Jlomyckamouiee cocTosiHMe (MeTKa He MMeeT 3HayeHus, rmycts Oyner Fin).

¢ [To omHOMY COCTOSIHWIO Ha KaX[blif HETEPMUHAIbHBIA CUMBOJ IpaMMa-
THKY W TIOMETUTh MX cOOTBeTcTByomMMU OykBamu. Hanmpumep, ecomn B
rpamMMatuKe Bcrpedarotrca HerepmuHaibl N, K u T, caexyer cospates Tpu
cocrosHus. [lepsoe Gyner nmomedeno 6yksoit N, Bropoe — Oyksoii K, a
TpeTbe — Oyksoii T.

9TH cocTOSAHUA 6y11yT He ¢JJUHCTBE€HHBIMMN B HallleM aBTOMATE, HO METKH
OCTaJIBHBIX HE UMEIOT 3HaYeHU.

3atem cienyer NpoaHaIu3upoOBaTh rpaMMaTUKY IIPABUJIO 3a NIPABUJIOM U HO-
0aBUTH B aBTOMAT COCTOSIHUA U epexonrl B COOTBETCTBUM C aJIFOpI/lTMOM4OZ

¢ Ecnu npasuno rpaMMaTUKu UMeer BUJI A - aB, nobaButh B aBTOMAT
nepexon A, a > B.

+ Ecsu npasuno umeer Bun A - a,a,...a,B, 114 Hayana 700aBUTh B aBTOMAT
n — 1 HOBBIX COCTOAHMIA (MX METKY He UMEIOT 3HaYeHus, g Oyay obpainars-

# Kak u paHslie, NponUcHble 6yKBbl 0603HAYAIOT tiePeMEHHBIE (HeTe PMUHAIIBI),
a CTPOYHbIE — CHMBOJIB AN(ABUTA.
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¢4 K HUM 1o HoMepaMm 1, 2, ..., n—1). 3areM no6aBuTh nepexomus! A, a, - 1;
1,a,»2;...; (n-2),a,, > (n~1) u (n-1),a,> B.
¢ Ecam npasuio umeer sug A > B, 106aBuTe B aBTOMAT riepexoq A, ¢ > B.
¢ Eciu npaBuio umeer BUI A > a,a,...a,, 100aBUTh COCTOSIHUS U TI€PEXOJIBI
KaK B IyHKTE 2, 3a MCKJIOYEHHEM IOCJIEHEero Nepexosa — OH OymeT
UMeThb BUJ a, - Fin.
Ecmm npasuio umeer Bul A - a, 100aBUTh B aBTOMAT nepexofi A, a - Fin.
Ecm npasuno umeer Bux A > g, 106aBUTh B aBTOMAT nepexon A, ¢ - Fin.

*

*

B 6osee HarnsapHOM BUle 3TU IpaBUja NOKa3aHbl Ha puc. 5.2.

; \ 7N
A— aB (A)5+(8)

L LT NN
_ | — ]._..y./ DU »—»( i { }
A — ayay...a.B (ﬁ’ ai__/ az\J) as 8n-1\/’]5:\\8 /

N TN
A—B ( A (\\B )
A o Ve o o alFin)
A — aqa....a, \A/;a1\ ,/}32\&\ 2 an 1(\ /an\\fi”;]/x
7N AN
A A=)
\ N
A—ce ( A\M(:Fm)

Puc. 5.2. lNpasuna nns npeobpa3oBaHust NpaBoOINHENHON rpamMmMaTki 8 asromar

PaccmoTpuM Kakoi-HMOynb npakKTudeckuii npumep. IIpasonuneiinas rpam-
MaTHKa

S>as | bA | ¢
A > DbA | ¢

OTipesieNAeT PEryIApHBIA A3bIK, COCTOSIIIUM U3 JT06Oro KOJUYeCTBa CUMBOJIOB
a, 3a KOTOPBIMH ceflyeT Jo60e KOJIMYECTBO CUMBOJIOB b (B TepMHUHAX pery-
JSAPHBIX BRIpaXeHUH — A3bIK a*b*). 3anuieM rpaMMaTHKy B pa3BepHyTOM
BUJIE:

S > asS
S > bA
S >¢
A 5> bA
A>e
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Mmasa 5. HeperynsipHble A3biK1 1 KOHTEKCTHO-CBOBOHbIE rpaMMaTHKA

B cOOTBeTCTBUM C aJTOPUTMOM CO3Jjae€M TPU COCTOSIHUS KOHCTPYyUPYEMOTo
apromata: S, A u Fin, rie S — craprosoe cocrosHue, a Fin — pomycka-
wowee. Terrepp nobaBisgeM nepexonsl, COOTBETCTBYIONIME KaXKIOMY H3 TISTH
IpaBWJI TPaMMAaTUKU:

S 5 aS: Inepexom S, a - S; .
S > bA: mepexonm S, b > A;
S > €: repexon S, € > Fin;
A > DbA: mepexom A, b > A;
A > g: nepexonm A, € > Fin.

[oToBEIIT aBTOMAT MOKA3aH Ha puc. 5.3.

///:\\Q\

{ )

\\\\\E'\;/;

\ & €
(s ) b
—

Puc. 5.3. ABToMaT, NOCTPOEHHBIV 411 JaHHOM NPaBONNHEIHOW rpammMarikm

Co3pgaHne perynsipHoii rpaMMaTiK N3 KOHe4YHOro agToMara

CFEHepI/IpOBaTb peryiasapHylo rpaMMaTtuKy Ha OCHOBE CYIIECTBYIOINEro aBTO-
MaTa eime npome:

+ O603HaYUTL BCE COCTOAHUA aBTOMATa 3arIaBHBIMU JATUHCKUMU OyKBaMU.
BeiOpare MeTKy CTapTOBOTO COCTOSIHUS ABTOMATA B Ka4eCTBE CTapTOBOro
CHMBOJIa KOHCTPYMpPYeMQii rpaMMaTHKH. YOeIUuThCs, YTO aBTOMAT COnep-
XUT JHUIIb OJHO JOMYCKAIomee COCTOsAHUE (MHOXECTBEHHBIE NOMmyCcKalo-
1€ COCTOSIHUA JIETKO 00BbeIUHSIOTCS B OJHO IIPU TIOMOLIM £-TIePEXOI0B;
3TOT METOJ] UCIONB30BAJICS B IIaBax 2 u 3).

+ Jlo6aButh B rpammaTuky npaswio F - ¢, rie F — MeTka monyckatomero
COCTOSAHUA aBTOMATA.

+ Jlna moboro nepexona A, ¢ -» B aBromara J06aBUTh B rpaMMaTUKy ITPaBIIIO
A > cB.

PaccmoTpumM aBTOMAT, KOTOPHIH NOMYCKAeT CTPOKH, COCTOSIIINE U3 CUMBOJIOB
a, b 1 ¢ u cozepxkamue NOACTPOKY abc. DTOT aBTOMAT yX€ NPUBOIWICA B
NpUMeEp B IIaBe O KOHEYHBIX ABTOMATaX, HO g MOBTOPIO €ro Ha puc. 5.4, YTo0bl
BaM He IIPUXOAMJIOCH JTMCTaTh KHUTY TyAa U oOpaTHO.
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Puc. 5.4. AsTromar g1 pacnosHasaHus sisbika (a w b w ¢)*abcfa w b u ¢c)*

I[eBHTI) TMIPaBUJI IEPEXOJOB aBTOMATa Hp606p8.3yIOTCH B J€BATH IIPABUJ BBIBOJA

[IPaBOJMHENHON TPaMMAaTUKU:
Astomar pammaruka
S,a>$S S->aS
S,b>S S > bsS
S,c»>S S->cS
S,a»A S > aA
A b>B A>bB
B,c>F B> cF
Fa>F F > aF
Fb>F F > bF
Fec>F F > cF
ITocnenuee NpaBuUjaO BBIBOAa Co3aeTcda IiaA JONYCKAKIMEro COCTOAHUA:

F > e. B urore nony4yaem rpaMMaTuKy:

S>aS | bS | ¢S | aA
A > aA
B > cF
F>aF | bF | cF | ¢

Ilpu cosmaHuM TpaMMaTHKK «B J06» KOJIMYECTBO MPaBWI BRIBOLA B Hell He
OyZeT MUHUMaIbHBIM, HO B JAHHOM Ciy4ae 3TO U Hac He UMeeT ocoboro
3HAYEHHS.

PerynsipHocTb neBonnHeMHbIX rpaMMaTnK

BepoATHO, Moe pelIeHne He BCeM MPUIETCA 1O BKYCy, HO s He Oy/y JOKas3bl-
BaThb PEryJIsIPHOCTD JEBOJMHEHHBIX rpaMMaTuK. B KOHIIE KOHIOB, YTO XOPOULIO
IU1S1 TEOPETUYECKOro yuyeOHUKa, He 0053aTEbHO XOPOIIO TSI KHUIH, CTOSIIEiH
CKOpee Ha CTHIKE TEOPUM U INPaKTHKH.
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[la, mo-xopolineMy Hem1oxo Obl Z0Ka3aTh, YTO JIEBOJMHENHAsA rpaMMaTHKa
MoxeT ObITh ipeoOpa3zoBaHa B KOHeUHbIH aBTOMAT U HaoOGopoT. MOXHO no-
npoboBaTh NOCTPOUTD JUIA 000N AeBOIMHEHONR TPAMMaTHKY 3KBUBAJIEHT-
HyI0 IpaBOJIUHENHYIO (U, OISITh Xe, HaoO6opoT). Ho B Les0M NeBoauHeliHas
rpaMMaTHKa OYeHb I0XO0Xa Ha NMpaBOJTMHEHHYIO (€CTeCTBeHHO, 3TO HUYEro
He JI0Ka3bIBaeT), U, HOBEpbTe MHE Ha CJI0BO, IIPOBECTH ISl Hee aHaJOTUYHBIE
paccyxXjeHHus He TakK CI0XHO. B HeKoTopbix yueOHMKAX 3Ta 3amaya BooOie
JaeTcsd KakK caMOCTOSITENbHOE YIIpaXHeHHe.

Mbl Xe myuille CKOHHEHTPUpPyeMcs Ha JaJbHeiIInX TeMaX, Ha MOU B3I,
Kyna 6oj1ee MHTEpECHBIX, YeM KOHBEPTUPOBAaHUE JIMHENHHbIX TPaMMATUK JPYT
B Jpyra.

Moppepxka perynsipHbiX rpaMmmaTtk B cncteme JFLAP

JFLAP yMmeeT Kak co3/laBaTh KOHEYHbIE aBTOMATHl Ha OCHOBE IIPaBOJUHENHBIX
rpaMMaTHK, Tak ¥ TeHepHUpoBaTh MPaBOJUHEHHYI0 TpaMMaTHKY 1O JaHHOMY
KOHeYHOMY aBTOMAaTy. PaccMOTpuM 3TH J€HCTBUA Ha NpuMepe BCe TOTO Xe
a3pIKa (a U b U c)*abc(a U b U ¢)*, KOTOPHBIA COCTOUT U3 CTPOK Hal ajgaBu-
roM {a, b, ¢}, comepXamux HoACTPOKy abc.

9100BI IpeoOpa3oBaTh ABTOMAT B IPaBOJMHEHHYIO TpaMMaTHKY, CIeLyeT
spi0paTh MyHKT Convert -» Convert to Grammar B OKHe ¢ aBTOMaTOM, a 3a-
reM HaXaTh KHONKY Show All, yT0o0OBI IpONYCTUTH MOIIATOBOE BHLIIOTHEHHE
AITOPUTMA.

Pe3yabTaT JJI1 aBTOMATa ¢ puc. 5.4 mokasaH Ha puc. 5.5.

TocTpoeHue apTOMaTa Ha OCHOBe TPaMMAaTHKU HUYEM He ciloxHee. [Tocne BbI-
yopa myHkTa Grammar B raBHoM MeHIO JFLAP oTKpoercs OKHO pemakropa
bopManbHON TPAMMAaTHKU.

leBbIii CUMBOJI caMOTO IepBOTO MpaBuwIa OyIeT CYUTaThCs cTapTOBBIM. Eciu
IpaByIO 4acCTh KaKOH-1MO0 CTPOKU OCTABUTh IYCTOH, BBl IOAY4YHUTE HPaBHIO
uia A - ¢ (B o6o3navenuax JFLAP A - L). B kaxnoit crpoke MOXHO 3a-
IUCATh JIUIIb OJHO IPABHIO (TaKUM 06pa3oM, BMecTo 3amucu A > Ab | Ac
aM MIPUIIETCS] BBECTH JIBe CTpoKM — A > Abu A » Ac).

laBaiiTe Ha ceil pa3 BbIOepeM paMMaTHKy MOINpPOILE, HAIPUMEP, ONUCHIBA-
OINYIO SI3BIK a*b*:

S>aS | bA | ¢
A > DbA | ¢

‘pamMaTuKa, HabpaHHas B penakrope JFLAP, nokasaHa Ha puc. 5.6.

TocTpoeHue apTomMaTa HayuHaetrcsl ¢ BeiOopa myHkTa MeHio Convert -
“onvert Right-Linear Grammar to FA. [lanee onate npueTcsa HaXath KHOHKy
how All 1191 3aBepiienus onepalvu.
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£ IFLAP  <untitledt 2> . . inix|
File Input Test Convert Help

L A b
{ f.f%sjégm Cnnvgnto ?rammar

| | What's Left? | Export

LLLLLLLL

e T

Puc. 5.5. [peobpasoBaHne KOHEYHOro aBTOMATa B NpaBOanHedHyo rpammaruky (JFLAP)

& FLAP:cuntitledt
File Input Convert Help

' Editor |
g
S > BA
5 —> A
£ — bA
£ —3 3

i
i
i
i

i

1
{
|

Puc. 5.6. Penakrop ¢popmanbHbIX rpammatnk cuctems JFLAP

ToroBbiit aBTOMaT (CM. puc. 5.7), KaK ¥ OXHUAAJ0Ch, ITOJHOCTHIO UIEHTUYEH
aBTOMAaTy, n3o0paXeHHOMY Ha puc. 5.3.

Ecnu BBeneHHas rpammatuka He Oyner npaponuseiiHoi, JFLAP susener
JUarHocTHUYeckoe coobimeHne 1 OTMEHUT KOHCTPYUPOBAaHUE aBTOMATa.
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Mmaga 5. HeperynsipHble S3bIKWU 1 KOHTEKCTHO-CBOBOAHbIE rPaMMaTKi

4 IFLAP ; Cunititled15>
Fife input Comwert Help

" Comvert to F;x' B

Puc. 5.7. llocTpoeHHs agTomaT (JFLAP)

Utorn

+ HanGonee obmuii Kjacc sI3bIKOB, M3BECTHBII HaM Ha JaHHBIH Mo-
MEHT — KJIACC KOHTEKCTHO-CBOOOAHBIX S3bIKOB. CylllecTBOBaHHME Hepe-
FYJISIPHBIX A3BIKOB HECJIOXKHO NOKa3aTh IIPU MOMOLUM JIEMMBI O HaKauke.

¢ [Ioka yTOo MBI INO3HAKOMUIUCHL JIMIIL C OJAHMM CPEIACTBOM, IPUFOTHBIM
1)1 OTMUCAHUA CTOJIb HEIPOCTHIX MHOXKECTB — C KOHTCKCTHO-CBOOOI-
HbIMM rpamMMardkamMu. OOpature BHUMaHKe, 4T0 KOHTEKCTHO-CBOOOIHbIE
rpaMMaTHKH caMy I0 ceOe He JaioT ajJropUTMa paclo3HaBaHMA A3bIKA,
MoZOGHOro KOHEeYHOMY aBroMaty. C UX IOMOIIBIO A3bIK MOXHO JIUIIb
OITHCATD.

¢+ IIpuHyauTenbHO OrpaHU4YMB HaOOp IONYCTUMBLIX IIpaBUJl KOHTEKCTHO-
CBOOOMHOI rpaMMaTHKH, MOXXHO NIPEBPATUTD €€ B PETyNApHYIO (JIEBO- U
NpaBoNNHEeHYIO). Pery/aspHele rpaMMaTUKy IPUTOMHEL JIAIIb AJIs ONUCA-
HUS PEryasapHbIX SI3BIKOB:

+ IleHOll HEKOTOpBIX YCUIMHU pErylsapHyI I'paMMaTHKy MOXKHO CKOHBEp-
THPOBATh B KOHEYHBI aBTOMAT U HaoOopoT. DTHU OBa 3aMeYaTeNbHBIX
anropuT™a (B COBOKYITHOCTH € alTOPUTMaMU TpeoOpa3oBaHU A KOHEYHOTrO
aBTOMAra B pETyIsapHOe BbIPAKEHME U HA000pOoT) NepedpachlBaloT MOCTHK
MEX]y peryJsipHbIMY FpaMMaTHKaMU, KOHEUHbBIMU aBTOMaTaMM U peryJsip-
HBIMJ BBIPAKCHUSAMU.
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OnuH M3 caMbIX ITTyOOKMX Pe3y/IbTaToOB: TOXIECTBEHHOCTb S3bIKOB M 33124
IpuHATUA pemenuil. Mul eme He pa3 OyaieM BO3BpaIaThes K 00CYKACHMIO
K 3T0# TeMbl. [ToKa 4T0 MOXKHO CKa3aTh, YTO MEXAY 3aAa4aMU CYIIECTBYET
IpAMePHO TaKas Xe Nepapxus, Kak 1 Mexny s3bikamu. Kak 11 pacnosHa-
BaHUs Pa3HBIX TUIIOB A3BIKOB TpeOyeTcst HHCTPYMEHT pa3HON MOIIHOCTH,
TaK U J14 PELICHUA OMHOM 3aauy MOXET OTpe6oBaThesl 0Jlee CIOXKHAII
MeXaHM3M, 4eM A1 peleHus Apyroil. «CIOXHOCTb» 3aa4M XapaKTepu-
3yeTcs, NPEXJEe BCETO, 3aTparaMu BpeMeHH. Tak, Mbl yXe yOeIuIucs,
YTO OHPEAEIUTH MPUHAMTIECKHOCTD 000! CTPOKM JaHHOMY PETYJISIPHOMY
SI3BIKY BIIOJIHE YAA€TCs 32 BpeMs, IPONOPLUOHATIBHOE ITMHE 3TOH CTPOKU
(«1uHelHOEe BpeMs» ). KoHeYHO, MOXKHO BO3Pa3HTh: €CJIM HEKOTOPOE KOH-
KPETHOE YCTPOMCTBO (KOHEYHbIN aBTOMAT) pelllaer 3a1ady 3a JHUHEHHOe
BpeMs, 3TO elle He 3HAYUT, YTO €€ HeNb3sl PEIIUTh OBICTpee C IIOMOMIBIO
Apyroro, 6osee coBepLIeHHOTO ycrpoiicTBa, ObcyxaeHre 3TOrO BOIpoca
TOXe TI0Ka OTKJIaAbIBaeTcs Ha Oyayiee.




ABTOMATHDI

C MarasmHHoOm
namMmsaTbio

; YCTPOMCTBO aBTOMarta C MarasuHHow
namsTblo

Mpeobpa3oBaHme KOHTEKCTHO-
CBOBOAHOW rpaMMaTUKK
B MarasuHHbliA aBToMaT

MpeobpasoBaHme MarasuHHOro
aBTOMaTa B KOHTEKCTHO-CBOBOHYIO
rpamMMartuky

[eTepMUHNUPOBaHHLIE W
HEAETEPMUHUPOBAHHLIE aBTOMaTbI
C MarasuMHHOW naMsaThbio:

ABe bonbline pasHuubl

ABTOMAaTHl C MarasvHHOM NMaMsaTbio
B JFLAP

Pacro3sHaBaHme AeTEPMUHUPOBAHHDBIX
KOHTEKCTHO-CBODOAHBIX S3bIKOB

KAACCHKA NPOIEas }
Anroputmbt, Hsnons, Apvo

NPAKTUMECKWW NOAXGA.

Bh, AOMONAYTODL



OO6cyxas peryasapHbIE BLIPAXKEHHU S, MHE TO U JeJI0 IPUXOAUIOCh YIIOMHHATD
HEKYIO «BOIEOHYIO (PYHKIMIO», IIPY TIOMOIIM KOTOPOii 1100YI0 CTPOKY MOXKHO
ObU10 OBl IPOBEPUTL HAa COOTBETCTBUE JAHHOMY PEryJspHOMY BBIPAXXKEHHMIO.
Yxe B cregyiomieil mase crajo SCHO, 4YTO KOHCUHbIE aBTOMAThl ABJIAIOTCA
MEXaHU3MOM, IIpH MOMOIIU KOTOPOTO 3Ta «BoJuIeOHas QYHKIMA» peanusy-
€TCs1 JOBOJILHO MPOCTO. PerynapHble rpaMMaTUKy, KaK yXe yIIOMHHAJIOCh,
camy 1o cebe He CofepXKaT aArOpPUTMa IOCTPOECHUS «BOJLIEOHON DYHKIIUN»,
HO, Oyayuy peryiaspHbIMH, MOTYT OBITh IIpe0Opa3oBaHLl B CTapble 100pble
KOHEYHBbIe aBTOMATHI.

C KOHTEKCTHO-CBOOOIHBIMM TPAMMATUKaMH CUTYarius ciroxHee. Moy Koney-
HBIX aBTOMATOB, TTOHATHO, HEOCTATOYHO JJIS1 pACIIO3HABAHUS HEPETYISIPHBIX
SI3BIKOB (KOMIMHU SIBSIIOTCS, K IIPUMeEPY, KOHTEKCTHO-CBOOOIHbIE s13bIKH ). Kakoe
Ke YCTPOWCTBO OKaXeTCs AOCTATOYHO COBEPLIEHHBIM?

B 3r0if maBe peub MOMAET O TaK HA3BIBAEMBIX A8IMOMAMAX C MALA3UHHOU nA~
mampio (pushdown automata). «Yuctbie» aBTOMaThl ¢ Mara3uHHOUN MAMSTBHIO
UMeIOT MeHbIlee 3HaYeHue, YeM OOBIYHble KOHEYHbIE aBTOMAThI, OMHAKO UX
YCTPOICTBO caMO 10 cebe MHTepEeCHO; KpOME TOTO, aBTOMAThl C Mara3MHHOM
MaMSTBIO 3AMOJTHSIOT IIPOOE B MapaX «OIMMCAHNE-MEXaHHU3M»:

* peryisipHOe BbIpakeHUe / pery/sipHas TPaMMaTHKa — KOHEYHBII aBTOMAT
¢ KOHTEKCTHO-CBOOOJHAS TpaMMaTHKa — aBTOMAT C MarasyHHON MaMSITbIO

B HEKOTOPBIX CNIy4adX UACONOTrs aBTOMATOB C Mara3yuHHOH ITaMsThIO YCIIENIHO
MNPpUMEHACTCA U HA IIPAKTUKE, HO 06 3TOM peYb MoumeT B cnenylomeﬁ TJ1aBe.

6.1. YcTpoicTBO aBToMarTa
C Mmara3mMHHON NnamMmsTbliO

OGune nonoXxeHuusd

ITo cyru, aBproMar ¢ MarasyuHHOM NMaMATBIO — 3TO HECKOJNbKO «gopaboTaH-
HBIi1» OGBIYHBIA KOHEUHBIN aBTOMAT. «/JopaboTKa» 3aKka04aeTcs B tobaBaeHUM
K aBTOMary mazasutuoi namamu. CIOBO «Mara3uHHBIM» B JaHHOM KOHTEK-
CTe, pasyMeeTcs, AOJKHO acCOIIMMpOBAaTLCA HE C TAaCTPOHOMOM, a, CKOpee,
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[naBa 6. ABTOMaTbl C MarasuHHol NaMaTbIo

3

C TATPOHHBIM MATAa3MHOM «KaJJAIHUKOBAa». B COBpeMEHHOI TepMUHONIOTUH
TAKOro POJa JIaMATb Ha3bIBA€TCS BCEM M3BECTHBIM (HAAEIOCh) CIOBOM CHIEK.
Takum obpazom, Hallla HbIHEIIHSAs 3aJa4a — pPacCMOTPEHHE aBTOMAaTOB CO
CTEKOBOM MaMaThIO.

HanmomHI0, 94TO cTeKOM Ha3pBaeTcs XpaHunumie (0OBIYHO OTHOPOI-
HBIX) AXHHBIX, JUIs1 OoOpallleHUs1 K KOTOPOMY CYIIECTBYIOT ABe ollepanuu®!
(cm. puc. 6.1):

¢ [IOJIOKUTh OOBEKT JaHHBLIX HA BepIUMHY creKa (ornepauus push);
¢ B35iTh OOBEKT JAHHBIX C BEPIIMHBI CTeKa (ONlepalus pop).

Crex aBTOMaTa cuuraercsi 06CKOHEUHBIM, [10TOMY NPOOIEMBI IIepeIlONHEH U
He so3umKaet. Ho uro cayunTcs, eclim B [Iponiecce paboTs aBTOMaTa MIPOH30if-
JleT NOMBITKA M3BJeYb M3 MYCTOTO CTeKa odepenHoe 3HavyeHue? Yto X, 310
HOBBIH [TPUMe P UCKIIOUYHTENbHOM CUTYall i, aHAJIOTMYHBIA IIONLITKE IlepeiTH
1o HecyllecTBYIONEMyY NpaBuity. Kak npasuiio, Takoe coOblTHe HOJKHO pac-
LEHMBATHCS 11IPOCTO KaK HeAOIIYCKaHHe BXOTHOM CTPOKMU.

I D N wa
A . \ A L N \ A K= 0 N
R pushiDj ) k= pop(;/, g pop / g
c Y c v c L c
3HaMeHue 3HaveHUe
k pasHo D k pasto A

Puc. 6.1. [putynn paboTbl cTeka

O1Tnyng aBTOMAaTOB ¢ Mara3suHHOW NamM{Tblo
OT OObIYHbIX KOHEYHbIX aBTOMATOB

ABTOMATHI C Mara3MHHON NaMSThIO BO MHOIOM TTIOXOXH Ha OOBLIYHBIC KOHEYHBIE
4BTOMAThI M3 BTOpOIUl raaspt. OTIUIus NMPpUBEACHBI B CITUCKE:

1. AproMat ¢ MarasMHHOM IaMATHIO BKJIIOYaeT B cebs cTeK, M3HAYaIbHO
nycToii. B creKe MOXHO XpaHHUTh JJIEMEHTHI, SBIAIOIMECT 31eMeHTaMu
«MHOXECTBA CT€KOBbIX CHMBOJIOB». DTO MHOXECTBO MBI BLIOMpAEM caMu
HCXOAS M3 KAKMX-TO JIMYHBIX COOOpaXKeHUI.

. IIpaBuna nepexoma o6bIYHOrO KOHEYHOTO aBTOMATa CONOCTABSIOT Nape
(cocTosiHUE, CUMBOJ) KaKoe-TO HOBOe cocrtosHue. IIpaBuna mepexoma
MarasuHHOTO aBTOMaTra HEMHOTo crnoxHee. Kaxnoi tpolike (cocrosinue,
CHMBOJI, CT€K) TeNepb COMOCTaBNsgeTcs Napa (cocrosiHue’, crek’). CMbICH
KOMIIOHEHTOB «COCTOSIHME», «CUMBOJI» U «COCTOSIHUE » — TOT XK€, YTO

o)

% BuocuTh B DTOT CIMCOK HEKOTOPBIE JONONAHEHNA He Bo30panseTcs. MarasuHHbit aBTOMaT caM
MCITO/Ib3YeT, CTPOroO TOBOPS, UYTh-4YTh MHBIE CPEACTBA YIIPAB/IeHHS CTEKOM.
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¥ paHbllle, IIPA ITOM Iepexonbl 0e3 CUMTHIBAaHUS OYepeIHOTO CHMBOJA
(e-mepexombl) CUMTAIOTCS AONYCTUMBIMU. KOMITOHEHT cTek Oolpenenser,
KaKue CUMBOJBI* JOJKHBI HAXOAUTHCS HA BEpPUINHE CTEKa B MaHHBINA MO-
MEHT (MHaye TeKylee [IPaBuIO [OIPOCTY HE TIOAXOAUT B ITOH CUTYaIIMH).
TIpu BEHIONHEHUM MTepeX0aa ITH CUMBOJIBI CHUMAIOTCS C BePUIUHBI CTEKA.
KomrioHeHT creK’ NIpaBoil yacTy Ipasuila oflpenelisier CUMBOJBI, KOTOPHIE
KJIaIyTCs HA BEPIIUHY CTEKa IPU BLIIOJIHEHMH Iepexoaa. Tak, npaBuo
1, c, a > 2, b 03HaYaer «eCaM TeKyllee COCTOSIHNE — IIepBOe, OYepeHOM
CUMBOJI BXOIHOM JIEHTBI paBeH ¢, 4 HA BEPIUMHE HAXOIUTCS TEMEHT &, TO
CHSITh & C BEPLIMHEI CTEKA, IIepeiTH B COCTOSHUE 2 U [TOJIOXHUTh CHMBOJ b
HA BepIIMHY cTeKa». CHMBOJ € B Ka4ecTBe KOMIIOHEHTA CTeK O3HaTaeT
«HUYEro He CHUMATh CO CTeKa» (MpU ITOM TEeKyllee COCTOSIHUE CTeKa He
Urpaer poiu; CIUTAETCS, YTO «ITyCTOH CUMBOJI» IIPUCYTCTBYET HA BEpILIUHE
BCerna). AHAJOrM4HO, € B pOJIH KOMIIOHEHTA CTeX ' O3HAYaeT «HUYero He
KJIaCcTh Ha creK». OOparute BHUMaHUE, YTO, BOOOIE roBOps, 3HAYEHUS
KOMIIOHEHTOB CTeK M CTek’' ~—— CTPOKH, a He OMMHOYHBIE CUMBOJIBL 1lpu
3TOM I[IEepBBIl CUMBOJI TAKOH CTPOKM CYMUTAETCS JICKANIMM HAa BEpIINHE
CTeKa, a IIOCHIeTHUM, COOTBETCTBEHHO, ~— JIeXallluM Hauboee «IIy0oKo»
(cm. puc. 6.2). Y

CTek notne
BbiNOJIHEHKUA lipaBuna

MCXOgHBIN CTEK ’
{1.a, AB) » (2, PQR}

AL
B
C

1
(o miol
i : .
[

i L

Puc. 6.2. Moangukayms cteka rpv BeIfIOAHEHU fipasus flepexoaa

3. B ommnuymne ot oOBIYHOTO KOHEYHOrO aBTOMATa, 3aBeplueHue paboThl
ABTOMATa C Mara3sMHHOM MaMSTHIO B JOMYCKAIOUIEM COCTOSHUM €llle He
O3HayaeT AOIYCKaHMs CTPOKH. 3[ech CyuIeCTBYET €IlIe BTOpOe YCIOBHE:
[IPY 3aBEPILECHUU pabOTHI CTEK MOMXKeH OBITh MycThiM*.

4. Mara3uHHBIi aBTOMAaT IO YMOJNYAHMIO CUMTAETCS HeleTepPMUHUPOBAH-
HbIM. [TpaBuia, npemnaramolye pasauyHble AeHCTBHUSA B OQHUX U TEX XKe
CUTYAIIUSAX, JOIYCTUMBI.

4 W3 MHOXeCTBA CTEKOBBIX CUMBOJIOB.

# Ho 370 11e ecth forMa. MOXHO CKOHCTPYHPOBATh aBTOMAT, ACIYCKAIOIIMI CTPOKY TONBKO «i10
AOITyCKAIOIeMy COCTOSHHIO» {II0C/e CUMTHIBAHKS CTPOKM ABTOMAT HAXOAMTCS B AOTIYCKAIOUlEM
COCTOSHUN) WK TOJIBKO «HO HYCTOMY Mara3uHy» (TNiOC/ie CUMTHIBAHMSA CTPOKH CTEK [IyCT).
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[naBa 6. ABTOMaTbl C Mara3nHHOM NamMsiTblo

[lpu usobpaxenuy Mara3uHHOIO aBToMaTa B BUe rpada nepexonbl oObIIHO
MersT Tpoiikamiu (c, S, €), rie ¢ — CUUTBHIBAeMBlif CUMBOJ BXOXHOM JICHTHI,
$ ~— U3BJICKAEMAY U3 CTEKa MOCeI0BATCIbHOCTD INEMEHTOB, a € — Hocle-
I0BATENbHOCTh 3JIEMEHTOB, NTOMEIaeMas Ha BepLIUHY CTEKa.

Mpumep aBTOMaTa, PACNO3HAIOW,Er0 HePerynapHbI A3bIK

Camoe BpeMs paccMOTpeTh aBTOMAT, PaCHO3HAIOMMUI KaKOH-HUOyIb He-
perynapHbil a3b6K. Hanmpumep, s3BIK, CTPOKM KOTOpPOTO COMEPXaT MPOuU3-
BOJBHOE KOJIMYECTBO OYKB a, 3@ KOTOPHIMH CIEIYET CTONBKO Xe OYKB b
(cM. puc. 6.3).

. a g a b, a, ¢

Puc. 6.3. Mara3uHHbIV aBTOMAT, PACIIO3HAIOWNA HeperynspHbii S3biK

[lockonpKy 3TO MepBbil 3aKOHYEHHBIN! Mara3syHHBINA aBTOMAT, KOTOPHIH Mbl
o0cyxIaem, st OTUILY €ro CTPYKTYpy noxpobHee.

+ AndaBUT COCTOUT U3 IBYX CUMBOJIOB: a U b.
+ CraproBoe cocrosiie — S.
+ Jlonyckaromee cocrostuue — F.
¢ MHOXECTBO CTEKOBBIX CUMBOJIOB COIEPXHUT T€ Xe JJEMEHTHI, UTO U ajl-
dasur.
¢ ABTOMAT BKJIIOYAET YETHIPE MPaBUIIA IIEpexXona:
S, a, £ > A, a
A, a, £€-> A, &
A, b, a>F, ¢
F, b, a>F, ¢

Paboraer aToT aBTOMAT O4YEeHb NpPOCTO. JJOMyCcTUM, BXOIHAS CTPOKA COREPKUT
N cuMBONOB a, 3a KoTopbIMU cnenyoT N cuMBosioB b. CUUTBIBAHHE CUMBO-
JOB & NPUBEIET K TOMY, YTO B cTeKe OKaxerca N 3]1eMEeHTOB, paBHBIX & (U
6onbie Huuero). Ilepsrlit xxe cuMBOI1 b MEpEeBOIUT aBTOMAT B JIOMyCKaOLIee
cocrosuue, Ho nmorpedyerca eme N -— 1 cuuThIBaHMA b, 4TOOB OYUCTUTH
crek. Takum obpasom, 1obad cTpoxa, copepxallas MHYIO KOH(UIypaluio
CUMBOJIOB, HE OymeT AoMylIeHa.
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JIOBOJIBHO JIETKO [TOKa3bIBaeTcs (monpolyiite!) creayromuii mojae3Hoiil ¢hakr:
€C/IM pa3peuIuTh B KaXXI0M MpaBUjIe YTCHUE/3aNUCh JIUIIb OTHOTO 3J1€MEHTa
CTEKa, 3TO HE OTPA3UTCA HA BHIPA3UTENBHON MOIIM Mara3uHHBIX aBTOMATOB.

Eure ogHo 3amevanue. MHorna BosHUKaeT HeoOXOAUMOCTh MPOBEPUTD CTEK Ha
nycroty. [ TaKoit onepauuy HUKaKoi 0co00if BO3MOXKHOCTH HE MPEAYyCMO-
TPEHO, TEM HE MEHee, BCerna MOXKHO Ha MEepBOM XKe IlIare MoJOXUTh B CTEK
«OCOObIN» CUMBOJI, CTyXalMii MPU3HAKOM JHA. 3aTEM YK€ MOXHO MPOBEPATh
9J€MEHT BEPUIMHBI CTEKAa HA PABEHCTBO 3TOMY OCOOOMY CUMBOIY.

6.2. Mpeo6Gpa3oBaHMe KOHTEKCTHO-CBOOOAHOM
rpaMmmMaTukKu B MarasmHHbI agTomMmar

ITocTpouTs Mara3uHHBIA aBTOMAaT HA OCHOBE CYIIECTBYIOIEH KOHTEKCTHO-
CBOOOZHON TPaMMAaTHKU HECIOXHO:

+ Co3spaiiTe 1Ba COCTOSIHUA aBTOMaTa (Ipyrux Boobme He Oyxer) — crap-
toBo¢ P u nomyckamomee F.

+ Cospaitre npasuio nepexona P, e, e > F, S, rne S — craproseiit cumson
rpaMMaTHKH.

+ JI7151 KaX0ro TepMUHAILHOTO CUMBOJIA TPAMMATHKY C CO3/1aMTE MpaBHIIO
F,c,c>F, e

¢ Jlna Kaxjgoro rpasuja TpaMMaTMKU A > X (Tne X — oObluHas npasasg
YacTh, TO €CTb CTPOKA M3 TEPMHUHAJIOB M HETEPMUHAJIOB) co3aaiiTe 1epe-
xox F, e, A > F, x. Crout 106aBUTH, YTO CTEKOBBIMU CUMBOJAMU TAKOI'O
aBTOMATa fBAZIOTCA BCE TEPMHUHAJBHBIC M HETCPMUHAJIBHBIC CHMBOJIBI
rpaMMaTHKH.
Ha nepBsblil B3r1s1 KaxXeTcs yAUBUTEIbHBIM, YTO OO0 KOHTEKCTHO-CBOOOI-
HBI A3BIK MOXKET OBITh PaCIO3HAH aBTOMATOM, COAEpPXKalIMM BCETO JIMIIb IBa
cocrosHug. OnHaKO NPexXae, YeM AeaTh BLIBOIbI, 1aBalire oOCyIuM aJropuT™
ero paboTHL.

Hauarts my4mie (Kak Bceraa) ¢ KOHKpETHOro npumepa. Bo3bMeM TOT Xe caMbii
SI3BIK

S > asSb
S > €

Jaxe He Oyny roBOpUTb, KAKOIO BUAA CTPOKU OH ONMCHIBAaeT! YK€ paccMmo-
TPEHHBIN aBTOMAT C pHC. 6.3 PACIIO3HAET TOT A3BIK, HO AaBalTe MOCTPOUM Te-
nepb HOBBIN ABTOMAT, MOJIb3YSCh YETHIPbMS YKa3aHHBIMU BBIIIE TpaBUIaMU.

Nrak, co3gaBaeMblii aBTOMAT COXEPKUT aBa cocTossHus — P (craprosoe) u
F (zonyckaromniee). Jlo6asum nepexon P, g, € > F, S (mpasuio 2).
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Hama rpaMMaTiKa couepXUT ABa TEPMUHANBHBIX CUMBoia — a M b. Cre-
JoBaTeJiEHO, TpebyeTcsa nobasuTh ABa nepexona (npasuno 3): F,a,a>F,en
F,b,b>F, e

Janee, npaBuio rpaMMatiky S > aSb nopoxnaer nepexox F, €, S > F, aSb,
anpasuno S > e — nepexon F, €, S 5 F, e. B utore nmosnyvaeM asromar, U30-
OpaxxenHbld Ha puc. 6.4.

g, S, asSh

€8 ¢

N
ip’}a £, S ”Fw

b, b, e

Puc. 6.4. [oToBbIi aBTOMAT

KoseyHo, 5TOT aBTOMAT CHJIBHO OTIMYaeTcs OT aBToMara ¢ puc. 6.3, Ho mo-
4eMy /IBa Pa3JHYHbIX AaBTOMATa He MOIYT Paclo3HaBaTh OAMH ¥ TOT Xe S3bIK?
Copcem apyroe neJo, 9TO aBTOMAT ¢ PUC. 6.3 ABIsAETCS AeTePMUHUPOBAHHBIM,
B 10 BpeMsI KaK HOBBIil aBTOMAT HCIONB3YeT HeAeTEPMUHIPOBAHHDBIE TIPaBUIA
(1 370, KAK MBI YBUIMM BITOCJEICTBHH, O4CHb BaXHO).

Ha scakmif cayyait ymoMsaHy SIBHO, UTO CMBIC «HEIETEPMUHHPOBAHHOCTH»
Mara3yHHOTro ABTOMAaTa TOYHO TAKOI Ke, KaK ¥ B clyvae C OObIYHbM KOHETHBIM
asreMaToM. Jlio6asi BO3MOXHOCTB [OCTYITUTb ABYMS uIM Oonee cmocobamMHu
NPUBOAMT K «Pa3bujIKe» B Mupax. Ecimi xoTs Obl B OHOM M3 MHUPOB BXOTHAs
crpoka Gbljia AOTYHIEHA, Mbl CIMTAEM €€ MPHHAMIeXalneH TaHHOMY S3bIKY.

Kcrary, wanmune onepanuit Ha cTeke MPUBOAMT K TOMY, UTO UCIIOIb30BAHUE
OIMHAKOBbIX CHMBOJOB BXO@HOTO andapHTa (OO 3HaKa €) B JIEBBIX YaCTAX
IPaB@UAa elle He o3HavyaeT HeJCTepMUHMPOBAHHOCTH aroMara. Hampumep,
 nepexonnl P,c,a> F,bu P, ¢, b 3 F, Kk He KOHDIHUKTYIOT, TOCKOJIBKY B OKOH-
' yareNbliOM BhIOOpE Nepexoja yuyacTByeT HE TOJIbKO CHMBOJ BXOTHOM CTPOKU
(c), HO M TeKylilasi BepIIMHA CTEKA, 4 OHA Pa3Hasi B KaxXA0OM U3 npasui. Takum
- Xe obpasom He KoH(uuKTYyIoT npaBuna P,e,a» F,buP,e,b> F, k.

- Toboit mocTpoerHblil MO NpHBeIEHHOMY BHIIIE aITOPUTMY aBTOMAT paboraer
NPUMCPHO IO TOMY K€ CLIEHApHIO, 4To ObUI OIHCaH IpH pa3bope KOPpeKT-
»HOCTH «T'OJIOBBI» aapeca 2eKTPOHHOM NOYTE (CM. IPEIBIAYHIYIO IJIaBy).
- Hanoaio, Mbl anajH3upoBajd B oCHOBHOM paboty npaswia H > C"H | C”,
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BbIOMpAs Ha KaX/OM IIare HEKOTOpYIO aJbTEpPHATUBY. ABTOMAT IOCTyIAeT
IpUMepHO Tak Xe. Ha mepBom mare B crek IOMEIaeTcst CTapTOBLIN CUMBOJL.
3areM BBUTOIHAETCS aJrOPUTM:

¢ Ecnu Ha BepIMHE CT€Ka HAaXOMUTCHA TEPMUHAIBHBIA CUMBOJ, M3BJIEUb
€ro U3 CreKa U CYUTATb OUEPEnHOIl CUMBOJ BXOIHON JeHTHl. Ecau sToT
«0YEepeHOH CUMBOJI» HE COBIANAET C TONBKO 4TO U3BJIEYEHHBIM, CTPOKA
HE JIONyCKaeTcs.

+ Ecnu Ha BepuiyHe CTeKa HAXOIUTCH HETEPMUHAJ, U3BJICYb €r0 U3 CTeKa,
3aMEHHUTD «ONpeeleHeM» (TO €CTh 3aMEHUTb TEPMUHAJ IIPaBOU 4aCThIO
mo6oro Noxxomsmiero Npasuia) u MOMECTUTh OOpaTHO B CTEK.

HenerepMuHIpOBaHHOE TIOBEIEHUE TI0 CBOECH CYyTH 3/1€Ch O3Ha4aeT BBIOOP TOi
WM MHOH aNbTepHATHBbI HA KaXX/I0M Liare, aHalordYHbii seidopy «H » C"H”
nmm H > C’» B nIpenbiayinei riase.

PaccMmoTpuM, K IIpuMepy, HOIYCKaHUE aBTOMATOM CTPOKHU aabb.

CHavana B CTeK TIoMeaeTcs cuMBoa S. 3aTeM y aBTomara ectb Beibop: Boc-
mostb3oBaThcs oo nepexonoM F, €, S » F, aSb, mubo nepexomom F, e, S> F, ¢
(MTO aHAJOrMYHO BHIOOPY OMHOrO M3 MpaBuI S > aSb unu S > € rpamMmaru-
ku). [1penmonoxuM, aBTOMaT OCTAHABIMBAETCS HA IIEPBOI anbTepHaTUBE*:
F,e, S > F, aSb. Tenepsp crex comepXuT rocieqoBaTeIbHOCTh a, S, b (a Ha
BEpIIMHE), H Npou3BoauTCs Nepexon F, a, a > F, € np¥ 317OM Takxe CYUTbI-
BaeTcs MepBelii CUMBOJN a BxomgHOH neHthl. Ilocne mepexoma crex comepXur
CUMBONEE S u b.

Teneps nepex aBTOMaTOM CTOUT yXe 3HaKoMbIi BbiOOD: F, €, S > F, aSb niu
F, e, S > F, e. [Ipepnonoxum, onars NpeAllOYTEH BapUAHT TIEPBOrO M3 3THX
npasul. TakuM o6pa3omM, CTEK Telepb COIepKUT CUMBOJEL a, S, b 1 b. ABTOMaT
BTOpPOIi pa3 nepexonuT nmo npasully F, a, a > F, e. Bropas a BXonHO# cTpoKU
CYMTAHA, CTEK COMEePKUT CUMBOJIBL S, b 1 b — u MBI B Tperuit pa3 nmonagaem
Ha «Pa3BUIIKY».

[Tycte Teneps BuiOpan nepexon F, €, S > F, €. B crexe nocse nepexona Haxo-
IATCS JIMIOb Ba CUMBOJA b. ABTOMAaTy OCTAa€TCA JUIUb CUMTATh OCTABIIYIOCS
vyacte BXonHOH crpoku (bb) n mapannenpHo onycrowutb crek. CTpoka 10-
nyneHa.

Pasymeercs, mobas gpyras Iocae10BaTeIbHOCTh BhIOOpa MpaBul HE IPUBOIUT

K TIOJIOKUTEIbHOMY PE3YJIbTATy, HO, KaK yX€ YIIOMUHAJIOCh, HAC YIOBJETBOPUT
ycIex gaxe B KaKOM-J1M00 e IMHCTBEHHOM MUpe.

4 I/DIH, B TepMuiiaX MHOMKECTBEHHBIX MUPDOB, «pPaCCMOTPUM MUDP, B KOTOPOM aBTOMaT nouesa no
NyTH NEPBOH a/lbTePHATUBEIY .
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6.3. MpeoOpa3oBaHne mara3sanHHOro aeTomara
B KOHTEKCTHO-CBOOOAHYIO rpaMMaTuKy

[lycTh 3aro0BOK He BBOIUT Bac B 3a0Uly>KAEHHE: 3Ta TeMa paccMaTpUBAThCs
B KHUre He Oymer. S nuiub XOTesn cKas3aTb, YTO TaKOHW aJIFOPUTM CYLIECTBYET,
i OH OKOHYaTeJbHO YCTaHABIUBAET TOXIECTBEHHOCTb MEXIY Mara3uHHbIMU
aproMaTaMy U KOHTEKCTHO-CBOOOAHBIMM rpammarukamu. ITpocro ero pac-
CMOTpEHHE YBOOUT HAac B CTOPOHY 0e3 0co6oit HagoGHOCTH. AJITOPUTM KOH-
BEPTHPOBAHMUsSI Mara3uHHOTO aBTOMaTa B PaMMAaTHKY JOCTATOYHO CJIOXKEH (C
nepeBOJIOM FpaMMaTHKU B aBTOMAT He CPABHUTBD ), a TPaKTUYECKast 0b3a OT
Hero COMHHTENIbHA, MHTEpeCyommuMcst XKe COBETYI0 00paTuThCst K JIo0oMy
cepbe3HOMY y4eOHUKY IO TEOPHH BbIYMCIEHHH. MBI Xe aydule repeineM K
6onee GIM3KUM K peaIbHOMY MUPY TEMaM.

6.4. leTepMUHUPOBaHHbDbIE
M HegeTepPMUHUPOBaHHbIE aBTOMaAThI
C Mara3suHHOU NaMsTblO:
nBse 6osibluve pa3Hulbl

Tenepp HacTano Bpemst COOOIUTb OJUH BecbMa HEMpUsITHINA (akrt. [leno B
TOM, YTO B OTIMYUE OT OOBIMHBIX KOHEYHBIX aBTOMATOB, 1eTePMUHUPOBAHHbBIC
i HeJIeTepMIUHUPOBaHHbIC aBTOMATHI C Mara3syHHOM MaMsITbIO UMEIOT PA3HYIO
soipasumensryio mouys. C TTIOMOHIBIO HEJEeTEPMUHHMPOBAHHOIO MarasuHHOIO
aBTOMATa MOXKHO OIMUCATH 000N KOHTEKCTHO-CBOOOMHEIN s13bIK. C MOMOILIBIO
IeTEPMUHUPOBAHHOTO Mara3MHHOTO aBTOMaTa yAAacTCsl OMUCATDh JIMIHb HEKO-
mopble KOHTEKCTHO-CBOOOMHBIE SI3BIKK (XOTsI ¥ IIOOBIE PETYJSIpHBIE).

Ho, 6eiTh MOXeT, paboTy HepeTepMUHUPOBAHHOIO Mara3syHHOIrO aBTOMaTa
MOXHO TIPOCTO CBIMUTHPOBATh Ha KOMITbIOTEpE? DTOT MOAXON ISl OOBIYHOTO
KOHEYHOrQ aBToMara yxe paccMmarpuBaics. K coxaneHuio, B o0meM ciayyae
31€Ch MBI CTAJIKMBaeMCsl C HOBOM rpoGieMoi.

[IpeactaBeTe cebe rpaMMaTHKYy, conepxaryio npaBui1o A > Ac. CooTBeTCTBY-
o eMy riepexon apromara umeeT BUA F, g, A > F, Ac. Yro npoucxoaur npu
BLINIOJIHEHUU TakKoro nepexona? C BepIIHHbI CTeKa CHUMAETCs1 CUMBOJL A (TIpH
3TOM HUKAKHMX CUMTHIBAHUI BXOXHOW JIEHTHl HE MPOU3BOAUTCS), @ 3aTE€M Ha
CTeK KJIaayTCsi CUMBOJIBL A M C, mpuyeM A CHOBa OKa3blBaeTCsl Ha BepIIUHE.
Tenepr HHYTO He MelllaeT aBTOMATY CHOBA BBIOPaTh 3TOT XKe CaMblil IIEPEXOX,
3aMmeHsist A Ha Ac Ha BepluuHe creka. « MrHOBeHHBII CHUMOK» OOBIYHOTO
KOHEYHOrO aBTOMAaTa OJHO3HAYHO OTpenessieTcs yKasaTesneM €ro TeKymero
COCTOSIHMSI I TEKYIIErO CUMBOJIa Ha BXOTHOM JIEHTE.

Jlnst MaraspHHOTO aBTOMaTa He MEHbIlee 3HaYeHUe MMeeT COIEePXUMOe CTeKa.
A TaKk KaK creK GecKOHEYeH, TO U Pa3JIMYHBbIX «CHUMKOB» MOXeT OblTbh Oec-
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KOHeYHOe MHOXeCTBO. B raBe 0 KOHEYHBIX aBTOMAaTax Mbl CTPOYUIU IePEBbSI,
OTpaXarolye BCe «Pa3sBUIKM», YTO BO3HMKAIOT B [TpOLIECCe aHalN3a CTPOKH.
OTH AepeBbsl MOIIM ObITb CKOJIb YTOIHO OONbIIUMM, HO KOHeuHbimu. Tenepsb
Ke JUIMHA KaXa0i BETKM TeOpeTHYEeCKH MOXET 0KazaThCst 0€CKOHEeYHOM.

Tak kax xe ObITb C KOHTEKCTHO-cBOOOnHBIMU si3bikamu? Hy, HanpnmMep, cront
3aMEeTHUTb, YTO UCIIONL30BaHUE aBTOMaTa C Mara3MHHOHM NaMAThIO —— 3TO He
eIMHCTBEHHBIH CII0cO0 pacno3HaTh KOHTEKCTHO-CBOOOMHbIA s13bIK. Takoe 3a-
MeYaHue BIIOJHe €CTECTBEHHO IPUBOIUT K BOIIPOCY: a 3ayeM Torma Boobuie
U3y4aTh MarasuHHble aBToMatbl? Ha 310 y MeHs ecTb OTBET: I€JI0 B TOM, UTO JaXKe
demepMunUposarnibie KOHTEKCTHO-CBOOOIHBIE A3bIKM (TO €CTb pacrio3HaBaeMble
JeTepMUHUPOBaHHBIM MarasuHHbIM aBTOMaTOM) MHTEPECHBI caMil 1TO cebe 1 3a-
CITy>XHMBaIOT HEKOTOPOrO BHUMaHys1. B 4aCTHOCTH, 1€TepMUHIPOBAHHBIMY SI3bIKa-
MM OIpaHM4MBAIOTCS] OPU ONMHCAHUU CMHTAKCHUCA SI3bIKOB IPOrpaMMHUpPOBAHMSL

Pa3yMHO ObIIO GBI CIIPOCUTD, @ KAKME UMEHHO SI3bIKHU SIBJISIIOTCST T€TEPMUHN-
posaHHbIMK? He coutnTe 32 H3meBaTebCTBO, HO 1eTe PMUHUPOBAHHBIE SI3BIKH
(110 OnpeneneHnIo) — 3TO SA3bIKM, paCHO3HaBaeMble NeTepMUHMPOBAHHBIM
aBTOMATOM C MarasyHHOH NaMsThlo. IIpi 3TOM aBTOMAT JOMIXEH MCIIONb30BaTh
JIOITyCKaHHe T10 JIOTMyCcKaoIeMy COCTOSIHUIO, TO €CTh COIepAKHMMOe CTeKa I1ocie
CUYMTBIBAHUS BXOTHON CTPOKM MTHOPHUPYeTCs; UMeeT 3HayeHue JIUIIb TeKyiuee
COCTOSIHME aBTOMara.

JU1st Here TepMHMHMPOBAaHHBIX aBTOMATOB KPUTEPHIA IOMTYCKaHUsI He UMeeT 0coboro
3HAYEHUSI, HO CYIIECTBEHHO BIIMSET Ha BBIPA3UTEbHYIO MOIb aBTOMATOB JIETEPMU-
HMpOBaHHbIX. TaK, 1eTepMUHUPOBAHHBIM aBTOMATaM, JTOMYCKAIOIIHMM I10 ITYCTOMY
MarasuHy, COOTBETCTByeT GOnee Y3KHMIi KITacC Pacrio3HaBACMbIX SI3bIKOB; aBTOMAaTtaM,
JIOIYCKAIOIHM I10 JOITYCKaIoIeMy COCTOSIHHIO — 0onee IMpOKUIL.

ITepen TeM, KaK NepelTH K geTepPMHHUPOBAHHBIM SI3bIKAM, s1 TIPUBEY pe-
aJbHBIA MTpUMep sI3blIKa HeJeTepMHHUPOBAHHOTO. TaKOBBIM, B 4aCTHOCTH,
SIBJISIETCSI SI3BIK, COCTOSIIIMIA M3 CTPOK BHUIa aa’, rae a —— Jodast cTpoka, a
a® — Ta Xe CTpOKa, TOJNbKO 3allMCaHHasl «3a/I0M Harepe».

6.5. ABTOMAaTbl C Mara3nHHOM NamMaTbiO
B JFLAP

Tenepb paccMOTpUM NOAJEPXKKY aBTOMATOB C Mara3uHHO NaMsIThIO B CUCTEME
JFLAP. Hac unTepecyioT n1Ba aaroputMa: nocTpoeHe KOHTEKCTHO-CBOOOXHOM
rpaMMAaTUKH M0 33JaHHOMY aBTOMATy U NnpeoOpa3oBaHHMe aBTOMaTa C Mara-
3MHHOH NaMsIThIO B KOHTEKCTHO-CBOOOIHYIO I'PaMMAaTHKy.

B JFLAP mara3usHble aBTOMAThI JOMYCKAIOT CTPOKY MCKIIOYUATENBHO T10 J0-
IycKammeMy COCTOsiHMIO. MIHade roBOpsl, eCiy 1OCie CYATHIBAHMUSI CTPOKH
aBTOMAT OKa3aJcsl B JONYCKalolieM COCTOSIHMM, cTpoKa OyaeT JonyuieHa He-
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338BUCMMO OT COAEPKMMOro cTeKa. [103TOMy aBTOMAThl M3 KHUTH MPUAETCS
HEMHOTO popaboTtarh mist ucnoiap3osanust B JFLAP: Mbi-to cuynranu, 410
CTpOKa JOITyCKaeTCsl JIMILb ITPU YCI0BUH NycToro creka. K cyacrsio, nopaborka
copceM npocta. B JFLAP usHayanbHO creK BCerna ComepKUT CrielnanbHbIi
«IpU3HaK gHa» — cumboa Z. [Toaromy npoBepKa Ha HaluyKe Z Ha BeplUIMHE
creka haKTUYECKU O3HavaeT IPOBEPKY Ha MyCToTy.

Takast mpoBepKa Ha IyCTOTY BCErAa MCIIONb3yeTCsl B aBTOMATax, CreHepupo-
BaHHbIX cUCTeMOH JELAP st 3a1aHHO# KOHTEKCTHO-CBOGOIHOM IrpaMMaTHK .
PaccMoTpuM, Hanpumep, NOCTPOEeHUe MarasMHHOTO aBTOMaTa [Jisi [paMMaTH-
KH, 3aja101eit Bce TOT XKe s3bIK {g, ab, aabb, aaabbb, ...}:

S > aSb
S > ¢

B rnasaom MeHio JFLAP BoiGepure nmyHkr Grammar u BBegure 00a npasu-
na rpaMMAaTUKKM B OTKphIBIIEMcst OKHe penakropa. Hanee, B MeHio Convert
MOXHO BbIOpaTh OOMH U3 OBYX aIropuTMOB IpeoOpaszosanust: Convert CFG
to PDA (LL) uma Convert CFG to PDA (LR). B niro6oMm ciiyyae Bbl OJIyYuTe
KOppEKTHOE YCTPOMCTBO, HO OT ce0st 3aMevy, 4TO B M1aBe ObL1 onucad LL-
anrropuT™ (TO eCThb, BBIOPAB ero, Bbl CreHepuUpyeTe aBToMar, Gojiee IMOXOXHIA
Ha TOT, 4TO n300paxeH Ha puc. 6.4).

M5 3aBepLIeHHs IIpollecca KOHCTPYHPOBAHKUS aBTOMATa B OTKPBIBLLIEMCsI OKHE
credyeT Haxarth KHOIKY Show All (cm. puc. 6.5).

£ IFLAP: cuntitledio oo __, =0y
File Input Comer{ Hel
feanr | Convertto PDA QLY

Craated &5 7y,

o

. Show Al Create Selecte

Puc. 6.5. KoHCcTpynpoBanye Mara3nHHoOro asTomara o 3aganHoi rpammaruke (JFLAP)
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K COXaJCHHUIO, ITONYYEHUE I'paMMAaTUKHU Ha OCHOBE JJaHHOI'O aBpToMarta yxe
HE CTOJb ITPOCTO.

Yro0b npeobpa3oBaTh aBTOMAT B KOHTEKCTHO-CBOOOIHYIO rpaMMaTHKy,
IIEPBbIM J€J0M TpebyeTcs IlepelTh B peXKM KOHCTPYHPOBaHHUSI aBTOMATOB C
MarasuHHoOM NamsaTeio (IyHKT Pushdown Automaton B rirasHoMm meHio JFLAP)
¥ HapucoBaTh HEOOXOMMMbIE COCTOSIHUSL H NTEPEXOIBL.

KoncrpynpoBanue mMara3MHHbBIX aBTOMAaTOB HE CAHIIKOM OT/IMYaeTcs OT
co3paHusg OOBIYHBIX KOHEYHHIX aBTOMATOB: IIPOCTO TIPH n106aBieHrnn HOBOTO
repexonaa BaM IIpUaeTcs 3aJaTh HE OJMH CUMBOJ B KayeCTBe METKH, a TpH:
CUMTBIBAEMBIH C JICHTH!, M3BJACKACMBIM M3 CTEKa M IMTOMEMAeMbI B CTEK.

Jlnst renepupoBaHusi rpaMmaTuky Beibepute nynkT Convert — Convert to
Grammar.

Ecau Bbl gymMaeTe, 4TO Tellepb C TOMOUIBIO TIaphl METYKOB MbIIIBIO CyMeeTe
MOJIYYMTb TPAMMATHUKY, TO, K COXaJleHHIo, riIy0oKo 3abnyxaaerecs. Bo-nep-
BBIX, Balll aBTOMAT JTOJKEH COlePKaTh JIMIIb OTHO JOIyCcKalomee COCTOsTHHUE.
Bo-BTOpBIX, €CIN y Bac eCTh Nepexoabl K JONYyCcKalomeMy COCTOSHUIO, B
KOTOPBIX CO CTeKa M3BJIEKAETCSI XOTb YTO-HUOYIb OTAMYHOE OT OMMHOYHOTO
cumpona Z, JFLAP ne ocrasur ceil daxr 6e3 BHUMaHUS, BBIBOAS COOOIIEHME:
«Transitions to final must pop only ‘Z’». Taxum obpa3zom, n06oii aBToMar,
He yIOBJEeTBOPSIOIMIA 3TOMY YCJIOBHIO, HyXnaeTcst B qopabotke. B-tperpux,
BcTpoeHHbll B JELAP anroputm npeo6pa3oBaHust Mara3syHHOrO aBTOMara B
KOHTEKCTHO-CBOOOJAHYIO rpaMMaTHKy paboTaeT JIMIIb I aBTOMATOB, B KO-
TOPBIX Ipu 11I000M Hepexoje:

* CO CTeKa CHMMAeTCa POBHO OJHMH CHMBOJI,
+ Ha Crek Kiajercs Jubo aBa CuMBOAa, Jnbo poobllie HUYero He KJIaaercs.

Boo0Ome roBops, 110600 aBTOMaT MOXHO NPHUBECTH K TpebyemoMmy BUAY
(cM. puc. 6.6, Ha KOTOPOM M300paxeH Ipeobpa30oBaHHbIi aBTOMAT C puc. 6.5),
HO YIOBOJIbCTBHE OT IIPOIECCa BECbMa COMHHUTEILHO.

Xyxe npyroe. [eHepupyeMasi rpaMMaTHKa OKa3bIBaeTCsl SIBHO M30bITOUHOI.
B nporiecce onpenenenust npasui rpaMmaTuki (kHonka Show All) JFLAP
UCTIONB3YeT BpeMeHHble nMeHa Bpoze (q1Sql) miun (q3Sq0) m1s HeTepMuUHATb-
HBIX CMMBOJIOB. TTony4nTh Xe rpaMmatuky B 6oJiee IPUBBIYHOM BHJE Bam,
CKOpee BCero, He yaacTcs.

TTo unee, kHonka Export Bel3biBaeT aJroputM IlepeuMeHoBaHust, HO, ITOCKOJ/Ib-
Ky BCe HeTepMHUHaJIbl MPeACTaBISIOTCS 3arfaBHbIMK JIATHHCKMMH OyKBaMu,
UX KOJIMYeCTBO He MOXeT rpesblatsh 26. TakuM oOpasoMm, B GOJIbIIMHCTBE
cnydaeB JFLAP nonpocry oTkaxercsi 3KCHOPTUPOBATh CreHEePUPOBAHHYIO
rpaMMaTuKy, COCJIaBIIUCh HA HEXBATKY CHUMBOJIOB.

Pasymeercs, Bbl TaKXe MoXeTe IIPOBEPUTh NPaBHIBHOCTL paboThi MOO0ro
Mara3MHHOTO aBTOMaTta C IIOMOIIBIO NyHKTa MeHo Input — Fast Run.
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£ JFLAP ¢ CantitledZ> =10ixi]
file Input Test Comvert Help
i :..‘fk. : Convert 1o Gramniar
Hint Show All - What's L eft?  Fxport
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Puc. 6.6. KoHcTpyrpoBaHne rpamMmatvikv o 3agaHHoMy marasuHHomy agtomary (JFLAP)

6.6. Pacno3HaBaHne neTepMUHNPOBaHHbIX
KOHTE@KCTHO-CBoOOAHDbIX 93bIKOB

Jajaya pacro3HaBaHUsI AETEPMUHIPOBAHHOIO KOHTEKCTHO-CBOOOXHOTO SI3bIKA
B KJIACCMYECKOH MOCTaHOBKE («IIPUHAIJIEKHUT JIM JAHHASI CTPOKA SI3BIKY») HC
CHIMIIKOM MHTepecHa. Ecnn B ciyyae peryispHBIX SI3bIKOB Mbl YAaCTO MOXeM
JOBOJIBCTBOBATBCA OTBETOM «I[a/HeT» Ha BOHpOC 0 KOppeKTHOCTVI BEUIECTBECH-
HOrO YucAa WIH agpeca DJIEKTPOHHOM MOYTH, TO OT KyAa Gonee MOUIHBIX
KOHTEKCTHO-CBOOOMHBIX S3bIKOB MBI I OXHUJAaeM OQOJIBIIErO.

3ajava onpeaeneHUs MPUHAIEXHOCTU CTPOKH SI3bIKY, B YaCTHOCTH, pelaer-
¢4 B Ipolecce curmakcu4eckoeo ananusa (parsing) crpoku. K coxanenuio,
ONMCaTh MOCTPOEHHE MarasMHHOTO aBTOMaTa IS JI€TepPMUHUP OBAHHOTO SI3bIKA
HEBO3MOXHO 6Ge3 00CyXIeHHS HEKOTOPBIX TE€M, OTHOCSIINXCS, cCKopee, K 3a-
Jlade CHHTAKCUYECKOrO aHajiu3a, a He K aBTOMaTaM.

CuHTaKCHYECKMH aHaJiM3 Xe paccMarpuBaercs B caexyiomeit riase. I1o-
ITOMyY JaBauTe noKa 4ro OTIOXKUM TEMY AE€TEPMHUHUPOBAHHBIX MAra3WHHBIX
aBTOMATOB (MBI ellle K Hei BepHeMcs) U nepeiaeM K obCyXaeHUIO 3alavu
CHHTAKCHYECKOI'O aHanusa.

139



Knaccuka nporpaMmMupoBanmns: Anropntmel, A3siki, ABTomaTtht, KoMnnnarops

UTorn

+ ABTOMaThl C MarasMHHOH (CTEKOBOH) NamsiThl0 IPEACTABATIOT cOOOM
YCTPOMCTBO, TOCTATOYHO MOWIHOE AJI PacliO3HaBaHUA JIOOBIX KOHTEK-
CTHO-CBOOONHBIX sI3bIKOB. I1p1 3TOM pacrnosHaBaTeibHast CUJIa Mara3uHHbIX
aBTOMATOB KOHTEKCTHO-CBOOOIHBIMH SI3bIKAMM W OTPaHIYMBAETCSI.

+ JloxaszaTebCTBa NPEABIAYLIUETO YTBEPKECHUST KOHCTPYKTUBHBE: CYLUECTBY-
10T @ITOPUTMbl KOHBEPTUPOBAHUSI KOHTEKCTHO-CBOOOIHOM rpaMMaTHKH B
Mara3sMHHbI aBTOMAaT ¥ Ha06OPOT.

+ HeneTepMuHUpPOBaHHbIE MarasyHHble aBTOMATH! JOBOJbHO TPYIHO 3MY-
JUpOBaTh Ha OOBIMHOM KOMITBIOTEDE.

+ JleTepMUHHPOBaHHbIE MArasUHHBIE aBTOMATBI CITIOCOOHBI Pacrio3HaTh JHILb
HEKOTOPOE NMTOAMHOXECTBO KOHTEKCTHO-CBOOOHBIX SI3BIKOB. SI3BIKM 3TOTO
NIOAMHOXECTBA Ha3bIBAIOTCS A€TEPMUHUPOBAHHBIMH (TIPH YCJIOBMH, YTO Ma-
rasyHHbIA aBTOMAT ITPUHUMAET CTPOKY I10 HOIYCKAIOUIEMY COCTOSIHHMIO).

+ JleTepMHHWPOBAHHbBIE Mara3WHHbBIE aBTOMATbl MOXHO (M HYXHO!) BbI-
MOJHSTE Ha KOMIbIOTepax. TolbKO cHavyana HeOOXOXMMO pazodpartbed,
KaK IIOCTPOMTb aBTOMAaT Ha OCHOBC IaHHOH rpamMmaruki. Kpome Toro,
HESICHO, KaKHe IpaMMaTUKH OINKCHIBAIOT NEeTEPMUHHUPOBAHHBIE SI3bIKH, A
Kakne — HeT. BpisiICHeHHeM 3THX BOIPOCOB Mbl 3aliMeMcd B ClieAyiomeil
I1aBe.
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nmapa 7 CuUHTaAKCU4YeCKUM

aHaJIn3

OpHO3HauHble M HEOAHO3HAYHbIE
rpaMMaTUKK

—¢3——— JleBblM BbIBOA, MpaBbilt BbIBOA

LL, LR n npo4yne TexHu4yeckmne
noapobHocTH

CWHTaKCMYeckuit aHanusarTop
ans LR(1) rpammaTuk

LR(1) aHanu3aTop u aBTOMaT
C Mara3uvHHOM NamaATbio

CUHTaKcHMyeckuit aHanmsartop ans
LL(1) rpammaTuk

CWHTaKCMYeckuit aHanusaTop
Ansg nobbIX KOHTEKCTHO-CBOBOAHbLIX
rpaMMaTmK

KRACCHUKA NPOIPAMMUWPOBANUER:
AnropuTeabl, Habiku, AsTomartel, KoMnuasropst,

NIPAKTUNECKWA NOOAXOL.



BepostHo, 3Ta maBa Oyner caMOi TpyIHOMH Ang 4TeHHUd. fI mocrapalics Kak
MOXHO MeHblI€e yriyOnsgTbCs B TEOPeTUYECKHe U TeXHUIECKHe TToxpoOHOCTH,
HO, KaK HH KPyTH, 0€3 MHHAMAaJIbHbIX (HO MOPOIO I'POMO3KUX ) TOCTPOEHUH He
oboiiruce. Bripodem, nouuTas mo0yI0 CKOIBKO-HUOY/1b CEPBE3HYIO KHUTY TTO
TEOPUHU KOMITHISIIUY, Bbl yOEIUTECD, YTO § 3aTParuBalo JUIIb CaMyIO BEPIIHHY
aToro HeoObATHOTrO aticbepra®.

Hrax, B nponuioil maBe Mbl OCTAaHOBHJIHMChH Ha TOM, YTO C KOHTEKCTHO-CBO-
OOMHBIX 3bIKOB COBEPILIEHHO UHOH CIIPOC, Y€M C SI3BIKOB peryisgpHbix. CtaH-
JIapTHOe (XOTS U He eNUHCTBEHHOe) NpUMeHene KOHTEKCTHO-CBOOOIHBIX
A3bIKOB — OINHKCaHHe CUHTAKCHCa 93bIKOB pOrpaMMHpoBaHug. PasyMeercs,
UCIIONB3YS IPaMMAaTHKY IJIS OMUCAaHHUS S3bIKa IPOrpaMMHPOBAHUS, MBI pac-
CUYUTBIBAEM He TOJBKO Ha MPHBBIYHYIO IO MPENBIAYIIUM I1aBaM «xa/HeT»
TIpOUEeAYPY, ONPENENFIOmMYO CUHTAKCUYECKYIO KOPPEKTHOCTD MTPOTPaMMBbl
(«TIpUHAAIEXUT JIM JaHHAS CTPOKa A3bIKY KOPPEKTHbIX ITporpaMM Ha ITacka-
Jie»), HO M Ha He4To Oosbllee. A HMEHHO: Mbl JOJKHBI HMETb BO3MOXHOCTD
OTIpeaeUTh TUTT TOH MJIM UHOH CHHTAaKCUYECKOH KOHCTPYKIINH, O0HapyKeHHOH
B MIpOrpaMMe, U MpeANpUHSTh B KaXIO0M Clydae Kakue-J1M00 JAeiCTBUS.

Takum 06pa3oM, Ui KOHTEKCTHO-CBOOOIHBIX S3bIKOB 3a1aua PacliO3HaBaHUS
(B KJ1aCCU4ECKOH «Ja/HeT» NMOCTaHOBKe) OObIYHO He paccmaTtpuBaeTcs. Bme-
CTO 3TOTO CTABUTCH 3a0a4d CUHMAKCUYECKO20 AHANU3A, PellleHneM KOTOPOu
SIBJISI€TCS TIOCTPOEHHOE 0epeso epammamu4ecko2o pasbopa (parse tree).

7.1. OnHO3Ha4YHbie U HeoOAHO3HauYHble
rpaMmmMarTmnkm

Bepuemcs K mpUMepy, ¢ KOTOPOTrO Mbl HaYMHaIM 3HAKOMCTBO C rpaMMarH-
KaMHu:

S > A_N
A > yMHBE | BeXJUBHM | Trayme# | ropmemt | BoraTwit
N - kor | BypyHnyk | mec | cemneseHb

Kaxk y3sHatb, 4TO CTPOKa yMHEM_KOT MPUHANIEXHUT H3bIKY, OTIUCHIBAEMOMY
aTo# rpamMatkoii? Hanpumep, MOXHO paccyxnarh Tak. Jliobag crpoka a3u1-

4 Knaccuyeckue MoHOrpaduu Kak 10 TeOPUH, TaK ¥ 11O NPAK IMKe KOMITWISIIMH HePeIKO COAePXKAT
700-1000 crpaHmuiL...
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aga 7. CUHTaKcU4ecKuii aHanus

xa (S) ecte A_N. Ho yto Takoe A? B 4acTHOCTHU, «YMHBIii», CIENIOBATENLHO,
S > ymusiit_N. A yro takoe N? B yactHOCTH, «KOT», CJI€A0BaTENbHO, S
yMHpli_KOT. [lonydaercs takas 1ernoyka BbIBOJA!

S > AN > yMHEYV_N - yMHEI_KOT

3T0T BbIBO MOXHO M300pa3uTh B BUJIE AePEBA, HA3bIBAEMOTO 1EPEBOM IpaM-
MaTHYeCcKoro (MJIM CUHTakcuuyeckoro) pasbopa (cM. puc. 7.1).

e \
(A ) l (N)
R ,»/ \‘-\_,_/
YMHbBIN KOT

Puc. 7.1. [lepeso pa3bopa CTPOKM yMHbIA_KOT

JIo6oii y3en gepesa, MOMEYEHHbIH HeTEPMUHAIbHBIM CUMBOJIOM, UMEET HEKO-
TOpO€ KOJMUECTBO MOTOMKOB, PaCKpPbIBAIOIIUX CYTh [IPHMEHEHHOTO ITpaBuJa.
Tpu nnoroMka y3aa S yKasblBaioT, YyTO ObUIO HCHOIB30BAHO MpaBuno S » A_N.
AHal0ruyHO, OTHOLICHUE «I1PEIOK/IIOTOMOKY» MEXAY y3J1aMH A U yMHBHR
CUTHATM3UPYET O HpPaBWIE A -> YMHBbIIL.

B npornecce BbIBOfa CTPOKY Y MHEIF_KOT MbI CHayaJia 3aMEeHWIH JIEBYIO ITepe-
MeHHyto rpasmwia S > A_N (10 ectb A) Ha TEPMUHA YMHE!, & IIOTOM IE€PELUTH
k nepemeHHoi N. Paszymeercsi, MOXHO nOCTYIIUTh HAOOOPOT: cCHayana MoxpcTa-
BUTDb CJIOBO KOT Ha MECTO NlepeMeHHOM N, a yxXe II0TOM 3aHsThCsl IEPeMEHHON
A. B atoM ciayyae 1€noyka BplBoga OyaeT UMETh HECKOAbKO MHOM BUIL:

S > A_N > A_KOT - yMHWHA_KOT

Tem ne meHee, Ha KoHGUTYpalIMIO AepeBa rPaMMaTH4ECKOTo pazbopa MopsiioK
IpYMEHEeHUs! TIpaBuA HUKaK He Biuser. OIHaKO 3TO CBOHCTBO BBIIOIHSAETCS
JaneKo He 1151 BCEX I'PaMMaTHK. PaccMOTpUM HEMHOTO HEYKIIOXYIO rpaMMa-
TUKY, OTTHCBHIBAIOMLYIO IIPOCTOM s13bIK a*b*:

S>2A | B | AB

A > an l ¢

B> DB | ¢
Kak yGeaurbes, 4ro CTpOKa aa sIBIAETCS KOPPEKTHOM CTPOKOH s13bIKa a*b*?
Hanpumep, nocrpous 11enoyky

S > A > ahA - aaA > aa
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HuueM He Xyxe U 1enovka
S > AB > aAB > aaAB > aaB » aa

CooTBeTCTBYIOIIME UM J€PEBLS TpaMMaTIIYecKoro pasbopa moxasansl Ha
puc. 7.2.

N N
( S R / \S/} o
f‘) A T TTE)
s A }ls 7‘/\/“ g
a/‘v N a \, £
/&J )\ = N
a (A oY
£
£

Puc. 7.2. Paznuunbie gepesbs pazbopa CTpokH aa

Taxoe nonoxeHue periei (11azsIBaeMoe HeooHo3HaHocmsio (ambiguity) epam-
Mmamuku), BOOOIE TOBOPSI, HU K Y€MY XOPOILEMY He TpuBOAUT. Ha HelHemHeM
aTane npobieMsl, BCPOSITHO, €iie He BUIHHI, HO JaBailTe 3ariAHEM 9yTb-4yTh
miyOxe. JlonycTuM, B HEKOTOPOH YaCTH ONHUCaHusI (C MOMOIIEI0 (POpMansHOR
rpaMMAaTHKH) CHHTAKCHUCa sI3bIKa IPOrpaMMHUPOBaHHUsI BCTPEYALTCSI 3aMNCh

KOHCTPYKUNSA > ONEPAIIMSA | KOMMEHTAPUI | KIIOYEBOE_CJIOBO

Yro OymeT, ec/id B mpoLecce CHHTAKCHYECKOrO aHa/N3a TeKCTA POTPAMMSI
B HEKOTOPOH CUTYAIMH YHACTCS ¢ OAYHAKOBBEIM YCIIEXOM IIPIIMEHUTH Kax
npasuwio KOHCTPYKIH A » OITEPAIIMA, tak u nmpasuno KOHCTPYK-
A » KOMMEHTAPHUMN? Takoit ucxox 03HaYaeT, 4To KOMITWISITOD He
B COCTOSIHUU ONPENEIUTH CMBICHT TEKYIero 3JI€MEHTa: sIBSIeTCsl I OH Ore-
panuen WiM HayajJoM KoMMeHTapusl. PazyMeercs, pa3paboTyuKu peaslbHbIX
SI3BIKOB [TPOrpaMMHUPOBaHHS MBITAIOTCSI U300peTaTh CHHTAKCHC, HCKITIOYaIO N
BO3HUKHOBEHME MONOOHBIX CUTYallMH, HO BCe X€e OT BO3MOXHONW HEOMHO3IHAY-
HOCTH HHUKTO He 3acTpaxoBaH. BoT kiaccuyeckuil npumep 1ist sizslka C:

// total — 1uenasg mepeMeHHas,

// n_elements_ptr — vyEKazaTens Ha Ijenoe

int result = total/*n_elements_ptr; // pazjenuTs total
// Ha *n_elements_ptr

ITpoGnema 3TOro pparMenTa B TOM, YTO 3aIUCE total/*n_elements_ptr
MOXeT OBbITh pacIO3HaHa HE TONBLKO KaK JesieHUe Yiciia Ha 3HayeHue, axpecy-
eMoe yKa3zaTelleM, HO U KaK 3aIluchk IepeMeHHo total, 32 KOTopoi cienyer
Hayano KoMMeHTapus /*. B a3pike C nmocienoBaTesHOCTb /* Bcerga cuura-
€TCS1 HayaJIOM KOMMEHTapHsl, HO3TOMY KIMIMIALMS (pparMeHTa 3aKOHYUTCS
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mara 7. CuHTaKCcH4eckuin aHanna

eyraveit (ObUIO OBI XyXe, eciit OBl Bce OTKOMITMIIMPOBANOCh, HO Bhl OB 11O~
VIHIM COBCEM He TO, Yero XOTeaH). K cyacThio, €cIM BBl MCIONb3yeTe He
aMbiii PEeBHUN pelaKkTop, MOACBETKA CHHTaKCHCa MOMEHTANLHO TONCKaXeT
mmoOKy. HenpaBuTh Ko AyHIne BCero ¢ NOMOIIBIO CKOOOK:

int result = total/(*n_elements_ptr); // paznenursr total
// Ha *n_elements_ptr

\HAJIOrUYHOE 3anyIIH€HI/I€ BO3HEKACT U B CIACAVIOIICM (bpal'MEHTe KO/Ja Ha
++:
tinclude <vector>

using namespace std;
struct MyType {};

vector<vector<MyType>> ¢

ITo Taxoe My Type>> c? JIubo npapas yacTs 3aNUCH BIOXCHHOTO mwabnoHa,
00 MOMBITKA BHI30BA OMEpalMy MOOGUTOBOTO CHBHUra Bpaso (a >> b). B
PUBEACHHON CUTYallUH Cpely KOMIUISATOPOB yX€ HEeT NPEeXHero eIuHoy-
mst. Tak, KOMIHAATOP gCC BHIIaeT OMMOKY, pasyMHO Npenjaras 3aMeHHUTh
>> Ha > > (TO €CTh BCTaBMTH Mpobes MeXy 3HaKaMH):

error: ‘>>’ should be ‘> >’ within a nested template argument list

Aoit mo6umetit Borland C+ + Builder noctynaer 6onee mubepanbHo, BEIaBas
MUIb TpeAyNpPeXIeHHUE:

[C++ Warning]: Use ‘> >’ for nested templates Instead of ’'>>'

{OMIIMIATOP BEIMKOLYIIHO NMPOIAET MHE 3Ty HETOYHOCTh, UL MSTKO,
0-IPYXECKY yKa3biBas Ha MOIO HEeNpaBoTy. 3a6aBHO, YTO B TPEThEH BEPCUN
>+ + Builder mMenno Tak Bee ¥ NPOUCXONUNO, a BOT B 1ECTOl Bepcun dpar-
€HT yXe MepecTan KOMIMIMPOBATLCS, XOTs Ipeaynpexnamnumee coodbmenne
cTanoch 6e3 u3MeHeHn*.

leonHo3HAaUHOCTL — 3T0, KaK NPaBWIO, NpobieMa UCIIONL3yeMOi rpaMMa-
VKN, a HE OMMCHIBAEeMOro a3nika. Tak, s3HK a*b* MoOXHO omucaTk M OmHO-
HAYHOW rpaMMAaTHKON:

S>as | bA | ¢
A>DbA | g

(ax GBI BBl HY CTapajnch, BaM He yIacTCsl IOCTPOUTH jBa Wi GoJiee pasHbIX
epeBa pa3bopa 1 060N KOHKPETHO! CTPOKHM A3bIKA MPU MCHONb30BaHMU
Toit rpaMMaTHKY. C [pyroii CTOPOHBL, CYINECTBYIOT A3BIKY, HEONHO3HAYHBIE
0 cBoeil mpupone. Kiaccuaeckim npuMepoM CIYXKMT SI3BIK, COCTOSIIIMI U3
CexX CTPOK BHuIa a"b"c™d™ u crpok Buza a"bmc™d", rue 3anuck BUaa sk o3Ha-

' BeposiTHO, pa3paboTunky npocro 3a6s1am u3mMeHnTs cratyc coobenus ¢ Warning ua Error.
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4aeT CTPOKY U3 k CHMBOJOB s (SS...5 — Bcero k pas). BTOT s3BIK sABISETCA
KOHTEKCTHO-CBOOONHBIM. [LjIs1 HEro CymlecTByIOT pa3jHyHble IpaMMAaTHKH, B
YacTHOCTH, TaKasi:

S > AB | C

A > aAb | ab
B > cBd | cd
C » aCd | abd
D 5> bDc | bc

HeonuozHauHOCTh MposBisieTcs], K [IpUMepy, [Ipy aHalu3e CTPOKH aabbccdd.
K xakomy Buny oHa npusaniaexur? K a’b’end™ wm k a"b™c"d" (n = m = 2)?
SI3BIKH, 11 KOTOPHIX HENb3sl HOCTPONTH OJIHO3HAYHYIO TPaMMaTHKY, HashblBa-
10TCSI cyuecmeerto Heodnosnaunsimu® (inherently ambiguous). K coxanennio,
"er obwero airopuTMa, KOTOPHIid Obl MOT BBISICHUTE, SIBJIAETCS M NaHHBIA
SI3HIK CYLIECTBEHHO HEOMHO3HAYHBIM Wiy HeT. Bosee Toro, B obmewm ciyvae
HeJIb3s1 OTIPELe/INTb, ABISIETCS JIM NaHHAs rpaMMaTHKa HEONHO3HAYHOM; TakxXe
HENb3s1 aBTOMAaTHYECKY HOIYyYNTh ONHO3HAYHYI0 IPaMMaTUKy MO NaHHOH He-
OIHO3HAUHOM, IaXe eC/TH U3BECTHO, UTO SI3BIK, ONMMCHIBAEMBIH €10, He sIBIsIeTcs
CYILECTBEHHO HEOMHO3HAYHbIM.

Hecmorpst Ha 3TH paszoyapoBhIBaloIMe NONPOOHOCTH, HAa IPaKTHKeE jena 00-
CTOAT HE Tak II0X0. Bo MHOrMX cirydasix MOXHO HaJOXHThL Ha IPaMMaTHKH
HEeKOTOpble OTpPaHMYeHHsI M TeM caMbIM YOPOCTUTH 3anady. Koneuno, orpa-
HUYEHHBIE TPaMMaTUKY He CYMEIOT OIUcaTh m0o00i KOHTEKCTHO-CBOOONHbIM
SI3BIK, HO 3TO He Tparenust. Mbl XKe ¢ yCrexoM UCIONb3yeM peryaspHbie BbI-
PaxkeHUsI, XOTSI OHH OIMCHBAIOT JUIIE PeryjsipHble S3bIKH.

7.2. JleBbil BbIBOA, MpPaBblil BbIBOA,...

ITopa nepelTi OT cKOopee TeOopeTUYecKHX BOIPOCOB K BechMa cBOeoOpa3Hoi
cMecH Teopuu M npaktuky. C TOYKy 3peHys TeOpHH Mbl yXXe paccMOTpeIH
KOHTEKCTHO-CBOOONHBIe rpaMMaTHKH M MX OCHOBHBIE cBOMicTBa. Teneph pas-
fepem nepBLii No-HacTOANEMY IpakKTHYeCKuii Bonpoc. PaccMoTpumM rpamma-
THKY, OIMNCHIBAIOMIYIO TIPOCTHIE apu(METHUYECKHME BHIPaXKeHUS:

E > EOE | O] 1| 19

O+ | =1 * 1 /|=
Bripaxenue (E) — 310 <BHIpaxenne> <onepauus> <sslpaxenne> (EOE),
mbo otnensHad nudpa. Onepauna (O) — 310 3HaK mMoOOTO U3 YeThipex

apudMeTHUECKHX NeicTBUi, THOO 3HaK «paBHO». Kak yOenuThcs, 4To cTpoKa

# ClOBO «CYUIECTBEHHO» B AAHHOM KOHTEKCTE CJIENyeT IOHUMATD KaK «I10 CBOEMY CYILECTBY», «TI0
cBoeii cyTi». TepMun, npsamMo ckaxeM. He 0c060 yaauHblif... «CyIecTBEHHO HeOMHO3HAYRbIH»
TepMul. YeM-TO HalOMUHAET «BIIOJHE HenpepbiBlible QYHKUMM» B MaTeMaTHKe.
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+2=4 mpuHAaIIEXKNT A3BIKY, OIMCHIBaeMOMY rpamMmatukoi? Hanpumep, ¢
OMOILBIO LIETIOYUKH

E > EOE 5 20E > 2+E 5 2+EOE 3> 2+420E > 2+2=E > 242=4

0T K€ pe3yJbTaT MOXHO MOJYYHUTh ¥ ¢ TOMOIIBIO PYroi Nociaen0BaTe bHO-
¥ IPUMEHEHUs] TPaBul (UTO NOKa3hIBAeT HEONHO3HAYHOCTh IPaMMAaTHKH )

E > EOE > EO4 > E=4 > EOE=4 5> E02=4 > E+2=4 > 2+2=4

epeBbsl IpaMMarTHdeckoro pasbopa aiag o0ouX ciyvyaeB moKa3aHbl Ha
ac. 7.3.

= =
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+ P — Ve — =
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Puc. 7.3. Hepesbs pasbopa cTpoky 2+2=4

OpaTUTE BHUMaHME, 4TO B KaX 10 NOCAeNoBaTeJbHOCTH BEIBOA MCIIOIb3Y-
Cq CBOSL HETJIacHasl AOTOBOPEHHOCTh. B nepBoM ciiyyae s Bcerna «pacKphl-
10» CaMbIi JIeBbil HeTepMuHal. Tak, nocie npuMedenus npasuna E > EOE
lecTo neBoro E nmopcrasnsercs ero onpenenenne. 3aTeM K moJIyuyeHHOMY
ipaxennio 20E npumenseTca 1o xe neficTBUe: HA ceit pa3 caMbIM JIEBbIM
TepMuHaIoM Oynet O.

) BTOPOM ci1yyae paboTaeT TOT Ke NPUHLIMIL, HO Teneph B HepBYyI0 ouepenh
pabaThiBaeTcs caMblit IpaBbi HEeTEPMUHA.

XHOJIOTHS ¢ 3aMEHON caMoro JIeBOro HeTepMHHaIa Ha KaX oM Liare Hashbl-
etcst 1egbim gbieodom™ (leftmost derivation); 3aMeHa XKe caMoOro mpaBoro He-
PMUHaJa, COOTBETCTBEHHO, — npasbim gbisodom (rightmost derivation).

CMenManbHo B35 HEONHO3HAYHYIO IPaMMAaTHKY, YTOOH clienaTh OueBHI-
IMA OTJAMYMS JIEBOTO ¥ MPaBOro BHBOXOB. PasymeeTcs, ecim rpaMMaTuka
HO3HAaYHa, 00a JepeBa OKaxXyTcs ONMHAKOBLIMHU, Pa3IUyYHBIM OYNeT JIHIIb
ouecc ux nonyyenusa. Ha npaxtuke moboit cHHTaKCHYeCKHit aHaIN3aTOP
IXeH UCIONB30BaTh KaKoe-TO KOHKpPEeTHOe MPaBUJIo, a He pacKpbIBaTh

Hy, 11010XuM, coueTaHue «eBbiit BHIBOA» ¥ MEHS TOXE aCCOLIMMPYETCS C YeM-TO COBEPLIEHHO
HE CBA3AHHBIM C TPaMMaTHKaMu. Bnpouem, xBaTUT KPUTUKOBAT.
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CAyJyaiiHO BHIOpaHHBEIN HeTepMHUHAI Ha KaX/JIoM uiare. BeITh MOXeT, MOKa
4TO MOCAENCTBYS TOTO WM HHOrO BHIOOpa KaXyTCsl HeCyIeCTBEHHBIMH (N eit-
CTBUTEJIBHO, KaKasl pasHMLa, JeBbl WIN NpaBblif HeTepPMUHAN PacKphHIBaTh
B MEPBYIO ovepenkb?), OMHAKO Ha CaMOM JeNle€ 3TO He TakK, B UeM MBl CKOpo
yBenumest.

7.3. LL, LR 1 npouyune TexHuyeckue
noapoobHOCTU

TrUnbl CUHTaKCHM4YeCKNX aHaIM3aTopoB (NapcepoB)

Tenepr napaiite NOMHOCTHIO NEPEKIIIOUUMCS Ha 3aady CHHTaKCHYECKOro pas-
Bopa co cTopoHH nporpamMM (IoKa 4To abCTpaKTHHIX), Ha IPaKTHKE BHIIOIH-
1ommx pa3bop. Ilepsoe npexnonoxeHune, KOTOpoe feaaeTcs NI TaKUX Ipo-
rpaMM, KacaeTcs IpoCcMOTpa aHaaM3upyeMon cTpokKu. CuuraeTcs, 4Tto CTpoKa
IPOCMAaTPHBAETCsI cJIeBa HalpaBo (JOCTAaTOUHO PasyMHOE MPeNoNoXeHue 11
3anmamHbx uBwIM3anuii®). Janee, npennonaraetcs, YTO aHaIU3aTOP Bcerna
ucnonb3yert b0 NeBHH, JU00 NpaBklii BHBOX NpH paboTe ¢ rpaMMaTHKAMM.
Hakouern, cuurtaercs, YT0 aHalIUu3aTOPy NOCTAaTOYHO 3HATh HE BCIO BXONHYIO
CTPOKY, a JIMIIb NOACTPOKY U3 K CHMBOJIOB, HAYWHAS C TEKYIIETO.

Hcxona us stux npepnonoxenuit, moxuao Beipneauts LL(k) n LR(k) ananu-
satopw, 3anuck LL(K) o3HavaeT «IpocMOTp ciieBa HallpaBo, JIEBHI BHBOL,
k cumBonos npennpocmotpa» (Left to right, Leftmost derivation, k symbols
lookahead). Ananornuno, samuck LR(K) unTaercs Kak «mpocMoTp cieBa Ha-
IpaBo, IpaBbiii BHBOL, k cuMBonos npentpocmoTpa» (Left to right, Rightmost
derivation, k symbols lookahead).

MpakTnyeckune acnekThbl

OHPEIIEJII/IBL[II/ICB C TUIIaMH CMHTAaKCUUYECKUX aHAIN3aTOPOB, IPUXOOUTCA pPe-
HIaTe HOBEIE, TENIEPh YK€ BOBCE HE TCOPETHYCCKUE, a YUCTO NpaKTUIYCCKUEL,
HaCyHIIHLIC BONPOCKHL:

+ Kakosa pomkHa OBITh KOHTEKCTHO-cBOOONHAsA rpaMMaThKa, YTOOH st
Hee ynanock noctpouts LR(k) (ay wm LL(k)) ananuzarop?

4 T'ne-TO ONMCHIBAICA Cllydaid, Korda 3anagdas dapManeBTideckas ¢upma pasmecTMIa B OXHOM
apabCKOM roCyJapCeTBe CBOM CTaHJapTHble pekjamHeie IUTH. Ha kaxjgom mure Ou11u u306pa-
keHbl (CeBa HAanparo): JeXawMii B mocTel GOAbHOI YenoBeK, 3TOT Xe 4elI0BEK, TPUHHUMAIO-
WIMIT JIEKAPCTBO, M, HAKOHELL, OH Xe, HO YXXe 340poBulid. Apabsl, BOCTIpUHMMas MHOOpMAIIHIO
©CTECTBEHHBIM U1 HUX 00pa3om (CripaBa HaleBO), BEPOSATHO, NPUXOAMAM B yxkac. Pexnamuas
KamrnaHus ¢upme ycnexa He npuHeca. .

50 CuHTaKCMUECKUI aHaIM3aTOp B HAILM JTHU BCE YALLE HA3HIBAIOT AHINOS3LIYHBIM TEPMUHOM napcep
(parser).
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+ Kakora momkua OpITE KOHTEKCTHO-CBOOONHAS rpaMMaTHKa, 4To0H aHa-
AU3aTOp OKAa3aJCsl MAKCUMATBHO NMPOCTHIM W OBICTPHIM, HE TpeOyIoIuM
my6okoro npennpocmorpa (LR(1) mmm LL(1))?

+ Kak Ha npakTHKe NOCTPOHTL CHHTAKCHYECKUI aHamm3aTop?

+ MoXHO 1M DOCTPOHThL CHHTaKCUYECKUN aHTH3aTOp, ywelomym paboTaTth
¢ MOOBIMU KOHTERCTHO-CBOOONHEIMHU SI3BIKAMU?

+ Kakoe OTHOIIEHHE BCE 3TO MMEET K aBTOMAaTaM C MarasuHHoi nams-
THIO?

ITo6bt HE OTXOMUTEH CAMUIIKOM NajJeKo OT OCHOBHBIX TEM KHHTH (B KOHLE
OHIIOB, MBI XK€ HE TCOPHEH KOMIMIALNMY 3aHMMaeMcs), s cpa3y Xe cHenaio
1eCKOJIBKO 3aMedaHuii.

PaMMaTHKH. Ing KOTOpHX cymecTsyeT LR(k) ananusaTop, HashBaTCA
R(k) rpammaTukamu. CooTBCTCTBEHHO, €CAM ISl HEKOTOPOH IpaMMaTHKU
ymecreyeT LL(k) anamazarop, ona ssiserca LL(k) rpammaTukoi.

(otst va mepsbid B3y LL(k) m LR(k) rpaMMaTuKy KaxyTcs NpaKTHYECKH
IMHAKOBBIMH, Ha caMoM fiesie 3To He tak. Jdaxe LR(1) rpammarnka Moxer
micaTh 110001 NeTepMAHUPOBanbId A3bK. B T0 xe Bpems um oana LL(k)
paMMaTHKa (TIpH J000M KOHEYHOM K) He B COCTOSTHMHM cnenaTsh 3roro. On-
aKo yBesmuenue 3aavenus napamerpa k wig LR-rpamMmaTiK He npuBoIuT K
cilernIo BeipasuTenapHocty. JJioosie LR(2), LR(3) u . 1. rpaMMaTHRR TOTHO
aK Xe OIMHICHIBAIOT NeTEPMUHUPOBalBbte A3bIKH, Xak 1 LR(1). K coxanennto,
€ CYUIeCTRYET aNropuT™Ma, no naddoi LL- nar LR-rpaMmaTrke crposiuero
R(1) rpaMmaTtuKy, KOTOpas OMUCHIBaIa OBl TOT ¥€ CaMBbIil S3BIK.

ITH pe3yALTaThl OYEHE BaXHBI, IO3TOMY 4 NNIOBTOPIO HUX B Tabnuie:

fpammatuka RA3nIK
PON3BONBLHANA KOHTEKCTHO-CcBOGOAHAaNA MoBoH KOHTEKCTHO-CBOBOAHBINA
LR(k) ana mo6oro koHedHoro k = 1 MmoBoi feTepMUHUPOBAHHLIN

HEeKOTOPOe NOAMHOXECTBO AeTepMUHNPOBAaHHLIX
A3LIKOB, 3aBucauUlee ot k

| L{k)

TONT OTMETUTH, YTO MOmHOCTh LL(K) rpaMMaTiky pacTeT ¢ yBEIMUEHUEM
. Tak, cugrakcuc g3bika C CIUIIKOM CIOXEH, YTOOB ero MOXHO OBUIO Obl
macath ¢ noMomkio LL(1) rpammariky. Onaako posmoxuocreit LI(2) rpam-
ATHKH [ onmucanns si3pika C yXe BIOJHE NOCTATOYHO.

Jefyomas 4acTh MaBhl OyneT MOCBAIIEHA TONBKO CaMbiM NMOJAE3HEIM (Ha
O MpenB3ATLIA B3MAAL) 3aflayaM ¥ anroputMam. Bo-nepsrix, Mbi Oynem
aHnMaTees Toabko LL(1) n LR(1) rpammaTkamMu, a Takke KOHTEKCTHO-
0OONHBIMY FpaMMaTHKaMu «00miero supa». LL(1) rpaMMaTHKY HHTEpPECHBI
eM, 4TO JUIS1 HUX CYILECTBYET MPOCTON U HIE€TaHTHBIM anropuT™ NOCTPOEeHMS
MHTAaKCHYECKOTO aHaIu3aTopa.
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IMockonsky LR(1) rpaMMaTiKy MOTYT Onucath J000M feTepMUHAPOBaHHbIH
SI3bIK, UX CBA3b C JeTe PMUHUPOBAHHBLIMU MarasMHHbIMM aBTOMAaTaMM OUEHb
BaxxHa. MI3y4uB 3TOT BOIPOC, Mbl CMOXKEM IOCTPOUTL CHHTaKCUYeCKHIA aHalu-
sarop n miaa LR(1) rpammatuk. Hakonen, obmuit anroputM pastopa noboi
KOHTEKCTHO-CBOOONHON rpaMMaTHKM g MPOCTO HE UMEI0 MOPaibHOro NMpasa
nponyctuTb. Cpady cKaxy, MOYeMY UM He IOb3YIOTCSA BO BCEX CUTYalMsX:
OH MeJUIITENICH, ! €CJTH eCTb BO3MOXHOCTb OMMCaTh A3bIK ¢ nomorbio LIL/LR
rpamMMaTHK, TOpas3fio Jyylle NPUMEHNTL CHelHalIu3npoBaHHbii (ObICTPbIA)
aJropuT™ pasbopa.

7.4. CUHTAaKCU4YecKu aHanusarop
ana LR(1) rpammaTtuk

Yrobbl OKOHYATENLHO HE 3a0blThb O Mara3uHHbBIX aBTOMaTax B pasroBopax o
CHHTaKCHYEeCKMX aHanu3aTopax, nasaiire HauHeM ¢ LR(1) rpammaruk. ITom-
HUTE pery/idapHble rpaMMaTuku? HaloXus HeXurpble OrpaHiyeHus Ha NCIoNb-
3yeMble TPaBHiIa, Mbl JIETKO IIOXYUYMIN KJIaCC TpaMMaTHK C HHTEepeCcylonInMH
Hac BO3MOXHOCTAMHU. Tak BOT, K COXaJeHHMIO (B KOTOPbIN pa3 f BHHYXIEH
a1o roBopurs!), s LL(1) n LR(1) rpaMMaTHK TaKOro NpOCTOro peuIeHUs
He cyuiecTByeT. MOXHO 3alIporpaMMHUpoBaTh ajlropuTM, KOTOpbii Obl aHa-
JIM3UPOBAT HEKOTOPYIO IPAMMATHKY M coobman, obnanaer au ona LL(1) nin
LR(1) ceoiictBamn. Ho Her MeTona, KOTophli T03BOJIMI Obl TOCHE NEPBOro
Ke B3DIsia Ha I'PaMMAaTHKY CKasaTb YTO-TO Bpole: «ara! 3xecb IPUMEHEHO
Takoe-TO MPaBUWIO, 3HAYNUT, TPAMMaTUKa He NpuHanIexuT tiny LR(1)».

Ha npaktike a Obl npocTo NOCOBEToBal IIpH paspaborke A3bIKa (€CIM Bbl
COUMHAETE IPaMMaTUKY IS cOOCTBEHHOrO A3bIKa) HE 3aKJIalblBaTh «4aco-
BbIX MHMH» BPOJie MociefoBaTebHocTelt /* unm >> B aspike C++. Ecnn xe
rpaMMaTHKa M3BECTHA 3apaHee, €€ MOXKHO IIPOCTO CKOPMUTb CHHTaKCHUECKOMY
aHaJIN3aTopy, U CoobIIeHNs O JM00bIX TPYRHOCTAX OYNYT HamedyaTaHbl BaM
He3aMe JUINTETLHO.

Jlo/oKeH npeaynpeanTsb, uto nporpamma LR(1) ananmsa, no-BuanMoMy, camast
CloxHasl Bo Beeil rase (a rmaBa — camas ciloxXHad B kaure). ITostomy Ha-
GepuTech TepleHus (WK YNTANTE O AMaroHa€n).

7.4.1. MpeaBapuTenbHblie 3aMe4yaHnsa

Ilepen Tem, Kak ITMCaTb NPOTrpaMMY, JaBaiTe NOTOBOPUMCH O BXOIHbIX JaHHbIX.
CunrakcuyecKkuii ananusarop Oyner cuntbiBath ¢ KoHconn LR(1) rpammatuky,
a TaKXe aHalIu3upyeMylo ctpoky. Ha Beixone oxunaercsa anbo coobwenne o
TOM, YTO rpaMMaTHKa He npuHapiexut suny LR(1), 1nbo, ecan rpamMmaTika
npurofHa 1is pasbopa, pe3yabTaT aHain3a cTpoku. B ciyyae orpunarensHoro
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oTBeTa (CTPOKA HE NPUHANJIEKUT A3BLIKY, ONMCHBAEMOMY I'PaMMATHKOIM) 10~
CTATOUHO IPOCTO cONDIINATE 00 3TOM; €CIM Xe CTpoKa pazobpaHa, npunercs
BHIBECTHM KaKYIO-TO HH(POPMANUIO, ITO3BOJSIONIYIO [TOIYUYNTh MOIHOE NEPEBO
pasbopa.

IpaMmaTHKa moJiKHA OBITH 3a1aHa B 0OBIYHOM BUJIE, TONHKO BMECTO CUMBONA
> Oymet ucnonk3oBaThCS Ipobet:

S Ac
A aA

Yrofp ynmpocTuTh paboTy ¢ rpaMMAaTHKON, CUHTAKCUC BAPUAHTOB, pa3neseH-
HbIX BepTHKANLHON YepToil, He monnepxkuBaercs. Tak, BMecto A >a | b | Ac
CiefyeT IUcaTh

A a
ADb
A Ac

HerepmuHanet (Bce-TakM yKaxy 3TO SIBHO) OynyT 0603HAYaTHCS 3arTaBHBIMU
JATMHCKMMM OyKBaMH, a TepMHHANBI — OykBaMH cTpouHbiMU. KpoMe Toro,
B KAQYeCTBE TEPMHHAJIOB NOMyCcKaeTcsl UCIIONL30BATh CHMBOJIBI OITepPaIlnii
(«nmoc», «MuHyCc» M T. 1.) CTapTOBHIM CHMBOJIOM rpaMMaTHKH Oyner cuu-
TaThcst OyKBa S (HE3aBHUCHMO OT TOrO, KaKO€ NPAaBMIO YKa3aHO NEepPBLIM B
cuncke).

Cremyromee 3amMeyaHue OTHOCHTCS K €-TIPaBWJIaM, TO €CTh ITpaBWIaM BHIA
A5 e. Bo-mepBbIX, BMECTO CHMBOJA € (KOTOPOro HET Ha KJIaBuaTtype), s1 Oyny
HCIONB30BATL CTPOYHYIO PYcCKYIO OyKBY «3» (IepBasi B CIOBE «3ICHIIOH»).
Bo-BTOpBIX, 3TOT CHMBOJI MOXKET HOSIBIATHCS TOABKO B €-TIPaBMIIaX (B IPYyrux
KOHTEKCTaX ero MCHoib30BaHHE JIMUIEHO CMBICIA).

[locnenusia peMapKa cBsizaHa cO BXONHOU cTpokoi. CHHTaKcHYecKMil aHaIu-
3aTOp NoJKeH OBITh B COCTOSIHAU ONTPENENINTh CUTYATIMIO, KOrJa BCE CUMBOJIBI
CTPOKH YK€ CUMTAHBI; TO €CTh, IONTPOCTY FOBOPSI, CTPOKY TpeOyeTrcst 3aKOHYHUTH
0COOBIM CUMBOJIOM — «IIPM3HAKOM KOHIIA». TpanuIMoHHO P ONUCAHUHN
LR-aHanmu3aTopoB miIst 3TOH 11e1M UCHOIB3YIOT CUMBOJ positapa ($).

PaspaGoTKy mporpaMMel MOXHO pasfeiuTh Ha CJeNyIoye STarb:

¢ CuuthiBaHKMe IpaMMaTHKK ¢ KoHconu. CaMblil IpocTol, HO BCe-TakH 3a-
CHYKUBAIOIMMN BHUMAHMA 3Tall.

¢+ Ynaneune u3 rpaMMatiky e-rrpasuil. [losBonseT ynpocTuTh BUI UCTIONb-
3yeMOH IpaMMAaTHKH, a CIENOBATENLHO, ¥ KOHCTPYKIIMIO caMOro aHaIu3a-
TOpa.

+ [IporpaMMupoBaHue IpoLexypsl CHHTAaKCHYECKOro aHaam3a. s paboTst
aHaIM3aTOpy MOTpeOyIoTCsl NOMONHUTENbHbIE TaOaMnbl JaHHAIX, 3a1ady
reHepaImu KOTOPHIX MbI TAKXKE PacCMOTPHM.
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7.4.2. CunrtbiBaHUE rpaMmmMmaTnkKkm

Ipasuna rpaMMaTHKY, TepMHUHAILHBIE U HETEPMUHANbHBIE CUMBOIB OyILyT
XPaHMUTHCS B COOTBETCTBYIOIMX MEPEMEHHBIX:

static ArrayList Grammar = new ArrayList();

// TpaBula TpaMMaTiKU
static string Terminals; // CIIUCOK TepMHUHATOB
static string Nonterminals; // CIMCOK HETEpPMUHATOB

Ipoueaypa cunTHIBaHUSA IPaMMaTHKH JOCTATOYHO MPOCTa:

static void ReadGrammar ()
{
string s;
Hashtable term = new Hashtable();
// BpeMeHHas Tabnuila TepMUHATOB
Hashtable nonterm = new Hashtable(); // ¥ HeTepMUHANOB

while((s = Console.In.ReadLine()) != ")
// CUYUTHBAHHUE IIpaBUN

Grammar .Add (s) ; // moBaBUTEL TIpaBMNC B I'paMMaTHKY

for(int 1 = 0; 1 < s.Length; i++)
// aHanuz BIeMeHTOB IIpaBulia

// eciy TeKyIU¥ CHMBON - TEepMIHAI,
// eme He pnobaBleHHHT B term
if (s{i] == s.ToLower () [1] && !term.ContainsKey(s[i]))
term.Add(s[i], null);

// @HaNOTU4YHO [A7s1 HeTepPMMHAOB
if(s[i] '= s.Tolower () [1] && !nonterm.ContainsKey(s[i]))
nonterm.Add(s{il, null);

// TIepeliucHBaeM TepMUHAaTh Y HeTepMUHATL

// B cTpoku Terminals u Nonterminals

for (IDictionaryFnumerator ¢ = term.GetEnumerator(); c.MoveNext ();)
Terminals += (char)c.Key;

for (IDictionaryEnumerator ¢ = nonterm.GetEnumerator () ;
c.MoveNext () ;)
Nonterminals += (char)c.Key;
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{a kKax[Oi UTepaUuK B rpaMMaTHKy N00aBasSETCS OYEepenHOe CUMTAHHOE
paBi10. CUMBOJIBI TPaMMAaTHKH (KaK TEPMUHANLL, TaK U HETEPMUHAB) 1O~
eIAIOTCS CHavyala B X3II-TabINIBI B KAYeCTBe KIouei (onb3yeMes TeM, 4To
JIOYM YHUKAJIBHEL, TIOTOMY (Ba pa3a OIMH M TOT X€ CUMBOJ B Tabnuny He
yIeT 3anucan). B nocnenHioro ouepens GOPMUPYIOTCS CTPOKM TEPMUHAIOB
erminals ¥ HETEpPMHUHANOB Nonterminals.

7.4.3. YpaneHuve c-npasuvn

[anee, M3 BXOXHOW rpaMMaTHKH CleAyeT UCKIIOYUThL €-TIPaBUIa, TO €cTh
paBuna BUaa A - ¢. He Mory ckasaTh, 4TO Hajguuue e-npasui QaTanbHO,
THAKO HeOOXONMMOCTh MX 00paboTKM Cephe3HO YCIOXHAET KOHCTPYKIIMIO
R-mapcepa. Ynaauth xe €-paBuIa HECIOXKHO:

[IOKA cymecTBYT £-IIpaBuiia
HalTu NOpaBuUIo BUZa A > €;
ons noboro mpasuila, cojepxamero A B HIpaBod dacTu (X —)uAB)
IoBaBUTE aHalloTH4YHoe OpaBuno, Ho 6es A: X >af;
YIanuThs mOpaBuiico A > €;
KOHEILl LIUKJIA

geck o ¥ B — JIOOBIe CTPOKM, B TOM uuciae nycthie. Hampumep, rpamma-
IKY

S > Ac
A > aA
A S €

0XHO 1pen0pa30BaTh ¢ MOMOIILIO NIPUBENCHHOTO aIrOPUTMa K BULY

S 2 Ac
S>> c
A > aA
A a

Hadasna noOaBIAIOTCS MpaBuiIa S >c U A > a, 3aTeM MCKII0YaeTcsl CTpoKa
> & McKiIIoYenye O HUX e-paBUJI MOXET IPUBECTH K 00pa30BaHyIO JPYTrHX.
anpuMep, €CaM rpaMMaTHKa cONEepXUT npabuiao X > N, Ipy UCKIIOYeHUH
Bofa N - € K Hell npunetcs nobasuth npasuno X > ¢. Ecan srmonnenue
ITOpUTMa UCKJIIOYEHM S E-TIPaBUJI IPUBOINUT K TaKMM pe3yabTaTaM, IPUAEeTCs
OBTOPUTE €r0 eIle pa3 (a, ObITh MOXKEeT, M HECKONBKO pas). I1osTtoMy BHermHmit
UK ¥ BHIIOJHSETCS [0 TeX MOp, NOKa CYIECTBYIOT -IpaBua.

M HETEPMHUHAJ, YIACTBYIOMMIA B npaBuie A - €, BCTpedaeTcs B IpaBoid
ACTH HEKOTOPOTO BHIBONA HECKONBKO pa3, IpUneTcs no0aBUTh MO OTHOMY
DBOMY MPaBUIY JUIST KaXA0H BO3ZMOXKHON KOMOMHALIMY, TIE T€ VJIM MHBIE CHUM-
Bl A BEIYepKHYTHL. Tak, Ipy MCKJIIOYEHNM npaBwia A - €, rpaMMaTHKa
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S > aAbAc
A > ¢

Opespamaercs B
S » aAbAc | abAc | aAbc | abc

Taxum o6pa3omM, ecii HeTepMUHaN BeTpeyaeTcss N pa3 B IpaBod YacTH BHI-
BONA, BH mojayuute 2N — 1 HOBBIX NpPaBUIL

EnuHcTBEHHAs CIOXHOCTh CBSI3aHa ¢ NMPaBUIOM S > €, Iie S — CTapTOBbIiA
CUMBOJI TPaMMaTUKHU (€cIM TaKoe NpaBWIo CYIIecTByeT M3HAYAILHO HIN
BO3HUKAET B MpOLEcce YNadeHUs €-BBIBONOB). YHaauB MpaBUIO S > €, MBI
yIycKaeM U3 BULY, YTO MycTast CTpOKa IPUHAUIEXHUT OMUCHIBAEMOMY SI3BIKY.
C TOYKM 3peHUs NpaKTUYECKOTro POrpaMMHUPOBAaHNUsA, KOHEUHO, NPo6IeMbl
B 9TOM HeT HUKakoi. Ecnm B onpeneneHuslii MOMEHT BpeMeHM NpoLenypa
UCKJIIOUEHUsI €-TIPaBUJI HATHIKAeTCS Ha MPaBWIO S > €, OHa IPOCTO NOIKHA
cienaTh IOMETKY: «IIycThie CTPOKM JOMYCKAaIOTCA». A YK IJISl TOTO, YTOOH
ONPeIeNUTh, YTO JaHHAsA CTpOoKa — IycTas, 0co00oro CHHTaKCHUeCKOro aHa-
J1u3a 1 He Tpebyercs.

IlepeitneM Kk paspabotke. BrITh MOXeT, B TaHHOM KOHKPETHOM cllydae MOX-
HO 3alporpaMMUpoBaTh Gosee crieUanU3upPOBaHHYIO IPOLERYPY, HO Y HAc
yKe ecTh IOTOBOE pelleHue Ul reHepanny pasanyHbX KOMOMHALMN HYIA U
enuunibl. HeGonbman Moguduranus Mo3BONUT [IPUMEHUTE 3TY NPOLeRypy
u ceifyac:

// CUMCOK HaWJIeHHBIX KOMDOUHALIMM
static ArrayList combinations = new ArrayList();

static void GenerateCombinations (int depth, string s)
{
if (depth == 0)
combinations.Add(s);
else

{
GenerateCombinations(depth - 1, *“0” + s);
GenerateCombinations(depth - 1, “1” + s);

}

I'poMosnxad cayxebuas dynkuus GenerateRulesWithout(A) cospaer cru-
COK IPaBHJ, B KOTOPBIX BHIUEPKHYT OnUH Mm 6ojee CMMBOJIOB A B IpaBoi
YacTH:

static ArrayList GenerateRulesWithout (char A)

{

ArrayList result = new ArraylList(); // WTOTOBHM CIHCOK
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// LUWKA [0 IpasBuiaM
for (IEnumerator rule = Grammar.GetEnumerator (); rule.MoveNext ();)
{
string current = (string)rule.Current;
// Texymee MIpaBUio,
string rhs = current.Substring(2);
// ero mpasas 4acThb,
string[] rhs_split = rhs.Split(A);
// oTaenbHHEe cerMeHTH rhs
int counter;

if(rhs.IndexOf (A) != -1)
// ecnu TpaBas YacTh COOEPXUT A

counter = 0; // TIOACYHTHBAEM KOJMYECTBO
// BXOXIZeHUN A
for(int 1 = 0; i < rhs.Length; 1i++)
if(rhs{i] == A)
counter++;

combinations.Clear();
GenerateCombinations (counter, “");
// TeHepauus KoMOUHAIMH

for (IEnumerator element = combinations.GetEnumerator () ;
element .MoveNext () ;)
if(((string)element.Current).IndexOf(*17) = -1)

// ecryu Texvias KOMOMHAIIMS COIePXUT XOThH OAUH
// BHYEPKUBAEMHM CHMBON (T.e. eIVHULY)

string combination = (string)element.Current;
string this_rhs = rhs_split[0];

// ecny Texkymud CHMBOJN KoMOMHALUK - eJUHUIa

// (BEMepKuUBaeM A), IPOCTO COoedUHsSeM CeI'ME&HTEH

// TIpaBo¥M YacTu IpaBuila, HWHaude BCTaBJIsSeM

// HOTIONMHUTEeNBHBM CUMBON A

for(int i = 0; 1 < combination.Length; i++)

this_rhs += (combination([i} == ‘0° ?

A.ToString() : “7) +
rhs_split[i + 17;

result.Add(current{0] + “ * + this_rhs);
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return result;

}

I'maBHas xe npoueaypa yAaleHus €-TpaBUi Ternepb OKa3bIBAETCH JOBOJIBHO
NPOCTOM U NPAMOIHHEAHOHU:

static bool AcceptEmptyString; // HOOMIycKaThk JIH MNYCTYK CTPOKY

static void RemoveEpsilonRules ()
{
AcceptEmptyString = false;
bool EpsilonRulesExist;

do
{
EpsilonRulesExist = false;
for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)
if (((string)rule.Current) [2] == ‘5’)
// HaWIW BIICUIOHE-TIpasBuyio

// TIPUHUMaeM IIyCTYH CTPOKY, €cilM JeBas YacThb
// TIpaBWia COHNEPXUT CTapPTOBHH CHMBOII
char A = ((string)rule.Current)[0];
if(A == *g") :
AcceptEmptyString = true;

// nmobaBrsieM Bce HOBHe HIpaBwla [l HeTepMMREana A
Grammar .AddRange (GenerateRulesWithout (A))
Grammar .Remove (rule.Current);

// ynansieM 3MCHIOH-TIPaBHIO
EpsilonRulesExist = true;
break;

}
while (EpsilonRulesExist);
// TIOKa CYWecTBYOT 3MICHIOH-TIpaBula

}

Kaxk yxe ykasplBanoch BbILIE, Cly4aii yCTOH CTpPOKH OyleT paccMaTpUBAThCS
oTxenbHO. Il03TOMY nepeMeHHas AcceptEmnptyString COmepXHUT ¢ar
MPUHAMJIEXHOCTH NYCTOH CTPOKU OMUCBIBAEMOMY SI3BIKY.
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7.4.4. CnuTakcuyecknin ananna

Ta6nuupbt ACTION u GOTO

Crenylonumii mar rnocnie yaaneHus e-npasun — cosnaHue tabmm ACTION
1GOTO (BMecTe cocTaBiIsAOUIMX TaK HaspiBaeMylo LR(1)-tabuumy). Boobue
[OBOPSI, 3TO He 3ajada CHMHTAKCH4YeCKOoro aHanmusatopa. CHHTAKCHYeCKHit
|AHAU3ATOp JIMIIb PACMO3HAET BXOAHYIO CTPOKY C IOMOUIBIO 3apaHee CreHe-
PUPOBAHHBIX Ta0IHII.

Tenepanuns xe camux Tabmuy ACTION u GOTO — nenp paboTth nporpam-
MBI, 0OBIYHO HA3bIBAEMOIl «[€HEPATOPOM IapcepoB» (parser generator) win
«KOMITMJIATOPOM KOMMIHIATOPoB» (compiler compiler). Mneonornueckn LR(1)
AHAM3ATOP MpeicTasisieT codoi aBTOMAT C Mara3uHHON namsaTeio. Tak BOT,
rabmarel ACTION u GOTO onucelBaloT KOHCTPYKIIAIO aBToMaTa (MHBIMH
CIOBAMH, PacriO3HaBAEMBIH SI3bIK), @ MPOrpaMMa, UIMUTHpYIOLILast ero paboty
¢ IOMOMIBIO FOTOBBIX TaOJIUIL, H €CTh IIapcep KaK TAKOBOH.

TpaanunonHo B nMTepaType CHadajla OMMCHIBAIOT, Kak paboTaer CHHTAaKCH-
YeCKMH aHaIM3aToOp «caM Mo cebe» (To eCTh NPH HaJIHYMHM IOTOBBIX TaOJiIy
ACTION u GOTO). 3areM yxe pa3OuparoT 3anady CO3TaHMUs 3THX TabHIIL.
BeposiTHO, HapymaTh TpagUIMIO HE CTOMT; KPOMeE TOT0, TOBOJIBHO TPYIHO I0-
soputh o cospanuu Tabmn ACTION u GOTO (a npouenypa, ckaxeM NpsiMo,
IOBOABHO CIOXHas,, CM. IyHKT 7.4.5), He 0OBSACHUB HaXe X Ha3HAYEHUS.

Tabnuna ACTION conocrasiser nape (COCTOsiHUE, CUMBON) ONHY U3 Tpex
KOMaHI:

+ shift (cocrosiHuE’)
+ reduce (IpaBHJIO IPaMMATHKH)
+ accept

OneMeHT cocTosinMe B nape (COCTOsiHHE, CHMBOJM) 03HA4aeT HOMep COCTO-
HAA MarasgHHOro aBToMaTta (OymeM CUHTaTh, YTO COCTOSHUS 0OO3HAYEHBI
yucr1aMu). BIEMeHT CUMBOJI — 3TO HEKOTOPBIH TePMMHAIBHbIA CHMBOJ
TPaMMAaTHKH.

Tabmira GOTO conocrabisieT TaKOU Xe nape (COCTosIHMe, CUMBOJ) (TOJIBKO
Ha 3TOT pa3 cvMBON OyAeT HEeTePMHHAIOM) HOMEP HEKOTOPOIo COCTOSHUS
aBTOMaTa:

GOTO{cocTOogHMEe, CHMBOQJ] = COCTOSHHE'

Curyauus, Korma HeKOTopoil nape (cocTosiHue, CUMBOM) BOOOIIE HUYEro He
COMOCTaBjIeHo (KJieTKa Tabauupl MycTa), ToxXe He HCKIoYeHa.

157



Knaccuka nporpammmpoBaHig: Anropuimet, Aasbiki, ABTomMatsl, KOMAIMASTOp

NMpouegypa cMHTaKCUYECKOro aHannsa

Hepen TEM, KdK 3aIIyCKaTh NNpOnecc CHHTAKCUYECKOI'O aHaJIn3a, B 'PaMMAaTUKY
BHOCHUTC €lI€ IBa INPOCTHIX U3MCHCHUSA!

+ Jlo6apnsercs HOBBIA HerepMuHan I, KOTOpEIA Tenepb OyneT CTapTOBBIM
CUMBOJIOM I'PaMMAaTHKH, U co3fgaercs npasuio 11 S.
+ JloGaBisiercsa HOBBIA TepMHHAT $ (MPU3HAK KOHLA).

Tenepp camoe BpeMs IpoBEPUTH, NycTa JM BXOAHas cTpoka. Ecau ma, to
peurenye (IOMyCTUTh WM He NONYCTUTh) MPUHUMAETCSI Ha QCHOBE II€peMEH-
HOH AcceptEmptyString. Ecnu xe cTpoka Henycra, IpuaeTCs BBIIIOJHUTD
NOJHBIA aHAIN3.

[Tponecc aHanu3a npeacrasaseT coO0 UMUTALUIO paboThl HEMHOIO nopabo-
TAaHHOTO Mara3dHHOIO aBroMara:

IIOMECTUTE B CTeK HOMED CTapToBOI'C COCTOSHUS aBTOMATA;
[TUKII

S = 4YHCJO Ha BepuuHe CTera;

a = Texylul CHMBOJI BXOOHOM CTPOKH;

action = ACTION[s, a]l;

ECNIM action = shift s-’
TIOMEeCTUTEL B CTeK a;
TIOMeCTHUTE B CTeK s’ ;
rmepediTy K clenyobimeMy CHUMBOJY BXOIHOUW CTPOKH;

ECIIA action = reduce "A o”
M3BJIeYh M3 cTera 2 * AnuHa (0) 2J1eMeHTOB;
s’ = 4YMCIIO Ha BeplrHe CTeXKa;
[IOMeCTUTL B CTeK A;
MIOMEeCTUTE B CTeK 3HadeHWe GOTO[s’, A];
BHIBeCTH Ha BKpaH npasuno “A ~> o";

ECNIM action = accept
coobmUTEh © MOOIYyCKaHUM CTPOKHK, BHUTHU U3 LIUKIA;
KOHEI] LUKIIA

Hdymaio, mapa KoOMMeHTapues He noMeuraer. Ilepsoe, uto Gpocaercs B ria-
3a —— 3TO OTCYTCTBHE BBIXONA M3 LIMKJA, KPOMe KaK [0 KOMaHIe accept.
Bropoii ciyyaii BRIXOXA MPOUCXOIUT IIPU FeHepaluy UCKIIOYeHUs B CTPOKE

action = ACTION[s, a]

€ciu 3JeMeHT Tabauub (s, a) He cymecTsyeT. BoO3HMKHOBeHUEe MCKITIOYEeHUs
pacleHUBaeTCsl KaK «Heyclex» (TO eCThb BXOXHAsi CTPOKa He JONYyIIeHa), O
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YeM U CJIeyeT cOOOWMUTh MOoJb30BaTeli0. BeposaTHO, cYuTaTh HENpUHSTHE
CTPOKHM aBTOMATOM «MCKJTIOYUTENBHON CUTYALIue» UAE0IOTHIECKH HE COBCEM
NPaBWIBHO, HO B IAaHHOM CJIy4yae ynpornaeT IporpaMMUpOBaHue.

Komanae! Tabmuubl ACTION uMeoT U ycTOSABIINECS PYCCKHE Ha3BaHHSL
Tax, xoMaHy shift B PYCCKOA3BIYHON JHTEPAType UMEHYIOT «CABUIOM»,
areduce — «CBepTKO». Komanny accept, Ha MOH B3INIA, Jyyllie BCero
NepeBECTH Kak «IOIYCK» (XOTsi MHE BCTPEYalMCh U APYrue BapUaHThl, HAMPH-
Mep, «BBOI» MJIH JaXe «IIPUEM»).

[TapameTpom KOMaHIB reduce siBasieTcs JNOG0OE KOPPEKTHOE MPAaBHIO
IpaMMaTHKH. B mncesnokome ¢ moMoulbio cuMBoJIa o 0003HAaYeHa CTPOKa,
ABJIAIONIASICS €ro Npasoil yacTeio. Takum obpasomM, miwHa(e) ~— 3TO Hpo-
CTO [UIMHA CTPOKH B cuMmbojax. Komanna reduce ocobeHHO UHTepecHa TeM,
YTO NPHA €€ BHIIIOJIHEHUHU IeJAeTCA BBIBOI O NPHUMEHEHHH TOro WIH MHOTO
npasuia rpamMmaTuri. Iledatas ovepenHOe HCIIONB3yeMoOe IIPABUIO, MOXHO
NOJHOCTBIO BOCCTAHOBHThL IEPEBO CHHTAKCUYECKOro pa3bopa, a Belb UMEHHO
B €TO OIpede/ieHuM U COCTOUT paboTa mapcepa.

MporpammMupoBaHne CUHTAKCUYECKOTO aHaNn3aa

Yro X, mopa OT NCeBROKONA NepelTH K peasbHOMY Kony. Jis Havana Ham
notpedyercs CTpYKTypa, yrpomamomas XocTyn K xaur-trabmmuam’ ACTION
u GOTO:

struct Tablekey // wiod Tabnuu ACTION m GOTO

{
public int I;
public char J;

public Tablekey (int i, char j) (I = 1i; J = j;}
) .

Tenmeps B mporpaMMe MOXHO HMCIOJB30BaTh KOHCTPYKLUHUHU Bpone
ACTION [new Tablekey (s, a)].Torosmii ananmusatop (6e3 reHepauuu
1a0/IM11) MMOKa3aH Ha JucTuHre 7.1.

' Peanuzauns TabnMIL AaHANM3ATOPA C HCTIOAB30BAHMEM KJjacca Hashtable MHE 110Ka3a/1ach Hau-
bosee 1npocToi.
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static void Main(string[] args)

{

ReadGrammar () ;
RemoveEpsilonRules () ;

Grammayr .Add(“Il S"); // HOINONHUTEL I'paMMATHKY IIPaBWIOM Il -
Nonterminals += “II";
Terminals += “$";

Console.WriteLine (“IlpaBuna:”);
for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)
Console.WritelLine (rule.Current);

Console . WritelLine (“TepMmunansl: “ + Terminals);
Console.Writeline (“HerepMuHans: “ + Nonterminals);
Console.WriteLine (“ "y,

// 3Oect b6ymer redepauus LR(1) Tabnuis
//

// CHUHTaKCUYeCKHM aHalus
string input = Console.In.ReadLine() + »$”;

// CcuUMTaTh BXOOHYI CTPOKY
if (input.Equals(“$”)) // cny4dal ilycro#l CTPOKU

Console.WriteLine (AcceptEmptyString ?
“CTpoka Jonyumexa”
"CTpoka oTBeprHyTa”);

return;
}
Stack stack = new Stack(); // cTek aBToOMara
stack.Push(“0"); // IOMEeCTUTHL CTapToBoe

// (Hynemoe) cocTogHUE

try
{

for(;;)

{

int s = Convert.TolInt32((string)stack.Peek());

// BeplMHa CcTeka
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char a = input{0]; // BXOOHOM CUMBOJI
string action = (string)ACTION{new Tablekey(s, a)l;
// DNeMenT
/ /ACTION-Tab ULk
if (action{0] == ’s’) // shift
{
stack.Push(a.ToString(}); // NOMECTHTE B CTek a
stack.Push(action.Substring(2));
// TIOMeCTUTL B CTeK s’
input = input.Substring(1):
// TepedTH K ClenyoieMy
// CHUMBOJNY CTPOKH

}
else if(action(0] == ‘r’) // reduce
{
// rule[l] = A, rule(2] = alpha
string{] rule = action.Split(’ *);
// ynamuTe 2 * Length(alpha) »1eMeHTOB cTeKa
for(int 1 = 0; 1 < 2 * rule{2].Length; i++)
stack.Pop() ;
// BepuUHnHa creka
int state = Convert.ToInt32((string)stack.Peek());
// TIOMEecCTHTL B CTeK A u GOTO([state, A)
stack.Push(rule{l]);
stack.Push( (GOTO [new Tablekey (state,
rule(11(01)]).ToString());
// BEHIBECTH IIpaBUJIO
Console.WritelLine (rulefl] + ” ~> “* + rulel2]);
}
else if(action{0] == ’'a‘) // accept
break;

}
Console.WriteLine ("CTpoxra pollymeHa”);
\

J

catch (Exception)

{

Console.WriteLine ("CTpoka oTBepTHyTa”);

KadeCTBe 3JIEMEHTOB CTeKa 5 IJIs MPOCTOTHE UCIIOIB3YIO OOBIYHBIE CTpOKH.
pU HalIO6HOC’I‘I/I H3BJICKAEMO€ U3 CTEKA 3HaYeHHE KOHBEPTUPYETCA B 11€J10€e
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quciao. Snementamy ACTION-Ta6mupl TakXe SIBISIOTCH CTPOKH. [lepBii
CUMBOJI TAaKOM CTPOKM — s, ¥ MJIM a — 3ajnaet Tum onepauui (shift / reduce
/ accept). Hanee yepes npobes 3anMCHIBAIOTCS ee rapaMeTpHl (y olepanuu
accept napamerpos HeT). Hanpumep, onepanus «shift 5» 6yaer npencrasiena
Kak s 5, a «reduce A > abc» — Kak r A abc.

O6patute BHUMaHKE, 4TO MeTox Peek() Bo3Bparmaer alleMeHT, HAXOXAIIHHACS
Ha BeplIMHE CTeKa, He M3BJeKas ero. YToObl U3BJIeYb 2JIeMeHT, Tpebyercs
BbI30B MeTona Pop().

Takxe O6paTI/ITe BHHUMAHME, YTO B CaMOM Ha4ajle Ha CTeK KJIaleTCs HYJIeBOe
COCTOSHHE B Ka4Y€CTBE CTApTOBOTO. Pa3ymeeTC51, YTOOBI HYJIEBOEC COCTOsSIHHE
0OK43aJI0Ch CTAPTOBBIM, Tpe6yeTCﬂ NPUIOXHUTE HEKOTOPBIE NONOJHUTEIEHBIE
ycnins; 31€Ch XKe s HpoCTo HOO6€IHBIO, YTO B HTOre TaK OHO U OKaXeTcCs.

7.4.5. TeHepauua Tabnuy ACTION n GOTO

Teneps 3aliMemcs cCaMOl TPyROEMKOH YaCTbIO NPOrpaMMbl ~— «KOMIUJIAIIHEH
KOMOMISTOpa», To ecth co3fanvem tabmnu ACTION u GOTO. Ho cHaua-
Jla — HEKOTOpble npeaBapHTelbHbIe TOCTPOESHH L.

Muoxectra FIRST

IlepBas nom3agaua — cospanue mHOXecTB FIRST. MuoxectBo FIRST s
m1060# KoMOMHALME CUMBOJIOB rpaMMaTHKH o (06o3Havaemoe kak FIRST(x))
npeacTaBiseT codoil Habop TePMUHAIBHBIX CHMBOIOB, C KOTOPBIX HAYHHAKOT-
Cs1 CTPOKH, BBIBOAUMBIE M3 O C HOMOIIBIO NPABHI IPAMMATHKH (BO3MOXHO,
II0CJIe TOOYEPENHOrO BHINOIHEHUS HEeIoro psaa npasun). [Ipy BeraucieHnu
mHOXecTB FIRST cpasy BuIHO, Kak MOryT HCHOPTUTH XU3Hb £-TIPAaBUIA.

[Tpenmnonoxum, rpaMMaTiKa cogepXuT rpasuna X > aNCu Y » KTb. Kakue
TepMuHab! nonanyT Bo MHoxecTBo FIRST(X)? A Bo mHOX)ecTBOo FIRST(Y)?
W3 X HenocpenaCTBeHHO BHIBOJUTCH CTPOKA aNC. YTo OBl HM BHIBOAUIOCH K3
nepeMeHHbX N i C, IOHATHO, YTO TEPMUHATBHBIN CUMBOJ a Bcerma 6ymer
HA4aioM 3Toi CTpokH. Takum o0 pa3oM, a 3aBeoMO HoNasaeT BO MHOXECTBO
FIRST(X). Curyamus ¢ mHOoXectBoM FIRST(Y) obcrout cnoxHee.

ITonanxaer yiu B HEro TepMuHal b? OTO 3aBMCUT JUIIb OT HAIMYHUS E-NIPABHIL.
Ecnu ux Her, To cpasy Xe MOXHO Clle1aTh BhiBOIL: b He nonanaet B FIRST(Y),
nockonpKy nepemennbie K u T He MoryT OBITh BpeBpaIeHbl B NYCTHIE CTPOKH
110 npaBUIaM rpaMmatiky. Ecim Xe JonycTUTh HaMu4Ke e-paBul, NPUAETCS
3aHMMAaThCs JOTOJTHUTETbHBIMI NPOBEPKaMH «3aHyIsieMocti» K u T.

Ynpomennaa npouenypa onpefenenuss MmHoxects FIRST nuasa xaxngoro
CHMBOJIA IpaMMaTUKH (npe/ronaramomas OTCyTCTBHE £-TIPaBMIl) IIpPHUBeNeHa
Ha JICEBIOKOE:
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g noboro TepMuHAaNa C

FIRST[c] = {c};
ans noboro HeTepMuHalna X

FIRST([X] = {};
[IOKA BHoCATCS H3MeHeHUs

01 KaxXgoro IpaBwia IpaMMaTHRU X > Y Y,...Y,

VIS KaXgoro TepMUMHAaILHOT'O CUMBOJa a
ECNIU mHOXecTBO FIRST[Y,] comepxur a
nobaBuTe, a B FIRST(X] (ecnu ero TaM eme HeT) ;
KOHEL] ITHKJIA

Ha C# Bce BBITJIIAAUT HEHAMHOTO CIIOXHEE:

static Hashtable FirstSets = new Hashtable();
// Habop MHOxXecTB First

static void ComputeFirstsSets()

{
for(int 1 = 0; i < Terminals.Length; 1++)
// FIRST[c] = {c}
FirstSets[Terminals[i]] = Terminals[i].ToString();

for(int 1 = 0; i < Nonterminals.Length; i++)
// FIRST[X] = #~*
FirstSets([Nonterminals(i]] = “~;

bool changes;
do
{

changes = false;

for (IEnumerator rule = Grammar.GetEnumerator ();
rule.MoveNext () ;)

// AN Kaxporo mpaBuwira X -> YOY1l...¥n
char X = ((string)rule.Current) [0];
string Y = ((string)rule.Current) . Substring(2);

for(int k = 0; k < Terminals.Length; k++)
{

char a = Terminals{k]; // pmis Bcex TepMHHAJIOB a
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/] a TpuHamiexuT First[Y0)

. if(((string)FirstSets[Y[0]])).Index0Of(a) '= -1)
Cone if(((string)FirstSets[X]).Index0Of (a) == -1)
S IR {

// mobaBuThk a B FirstSets[X]
FirstSets[X] = (string)FirstSets|[X] + a;
changes = true;

}
while(changes); // TI0OKa BHOCSTCS U3MEHEHHS

}

JU1s TpOCTOTH B KaYeCTBE TUIMA JaHHBIX «MHOXECTBO» UCIOJB3YIOTCS CTPOKH,
MOCKOJIBKY 3JIEMEHTAMHU MHOXECTB ABJIA0TCSL 00b1uHbIe ASCII-CUMBOJIBL.

BTOT ArOPUTM MO3BOJISIET NMONYYUTh KoJUTeKnuio MHOXecTB FIRST mis Bcex
OJIMHOYHBLIX CUMBOJIOB I'PaMMATUKH, HO HaM NoTpedyercs ele onpeneneHue
FIRST mna crpok. K cyacThio, MCKIIOYUB €-IIPABHMJIA, MBI [TOJIy4aeM O4€Hb
IpOCTOE OIlpelieIeHHe:

FIRST (X,X,...X,) = FIRST(X,)

n

st yno6CTBa MOXHO BBECTH IB€ yAOOHBIE GYHKIMU JOCTYIIA KO MHOXECTBAM
FIRST:

" static string First(char X)
{

return (string)FirstSets([X];

static string First (string X)
{
return First (X[01);

MHo>xecTBO cUTyaumil u ero 3amsikaHmne

Tenepr (HpaBUTCH HaM 3TO WJIM HET) NPUIETCA BBECTH €lle OJHO MOHS-
THEe — mnoHsaTHe cumyayuy. CATyalnsl XapakTepHU3yeT TEKYIlee COCTOSHUE
rpolecca aHajlu3a CTPOKH aBTOMATOM. 3aHUCh CUTYALMH BBIDISIIAT TOYHO
TaK Xe, KaK 3aMUch 00ObIYHOrO MpaBMJjia IPAMMATHKH, HO IIPHM 3TOM B MIPaBOi
4acTu OTMeYeHa «aHaJlM3upyemas nosuuus». Kpome Toro, B cCUTyauuu xos-
XeH OHITh yKa3aH TepMHUHAJIBHBIH CUMBOJI, CIEAYIOMMA 3a aHAIU3UPYEMbIM
CHUMBOJIOM I'PAMMAaTHKH.
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Hanpumep, ecim IT > S — «crapToBoe» npaBUIo rpaMMaTHKH, aBTOMAT Ha-
ypHaet pabory ¢ curyauuu [1 - -S, $. Toukoit 0603HaYaeTCs TEKyIasa NO3UIUA
(aBTOMaT cobupaercs NpoaHAJIU3UPOBATh CUMBOI S), a nocje o6pabotku S
oxunaercst KOHell cTpokH ($). B nanbHeiimeM HaM npHeTcst paboTaTh TONbKO
€0 MHOXECTBAMU CUTYallMif, @ He ¢ OTAEJbHBIMH CUTYAIIUSIMU.

Jambikanue (closure) MHOXeCTBa CUTyalHMil peIcTaBiseT coboil HOBOE MHO-
XeCTBO CUTyal{dli, B KOTOPOM IIOMHUMO HCXOJIHBIX 3J€MEHTOB HAXOUSATCH [O-
CTIKMMBIE U3 HHX I10 NPaBU/IaM BXOJHOM I'PaMMAaTUKH cUTyauuu. Onpenenuts
3aMBIKAHME MHOKECTBA CUTYALUH MOXHO C OMOIBIO aJIrOPUTMA:

// 1 — BXOOHOE MHOXECTBO CHTYAalIUH
// R — =3zaMelkaHue I (M3Ha4YaNpHO IIyCTOe)

106aBUTE B R BCce arneMeHTH I;
[TOKA BHOCHTCH U3MeHeHUH
IS RaXOTo 3jieMeHTa R (MMeomero sunm A »>o-Bf, a)s?
o711 KaxIoro IIpapyiia TpaMMaTHK{ BUIa B >Y
JUIS RAXIOTO ®reMenTa b uz MHoxecTBa FIRST (PBa)

ncbaBuTs B R sneMeHT B 5 'Y, b (ecnu ero eme HeT B R);

KOHEL] LMKIJIA

AJNTOPUTM yTBEpPXKJIaeT T0CTaATOYHO NpocToi dakT. Ecnu Texymas cutyanus
umeeT Bua A - oBp, a, To, HayaB aHaJIU3 HeTepMUHala B, apromMar nonanet
B cuTyauuio A > -y, b, rme b ~— nepsBbll CUMBON HEKOTOPOl CTPOKH, BHIBO-
1Mot n3 Pa.

Kak obprano, pasoOpaBIIUChL ¢ HIeeil, nepexoauM K peanusauuu. Kaxmgas
cutyanus y Hac OyaeTr mpeicraBjieHa CTPOKOM, B KOTOPOH B KadyecTse Map-
Kepa MO3HIUM HCNOAb3yeTCsl TOYKA, a B KaYeCTBE PA3JIeNUTeNsl —— 3arsras
(MOHSATHO, YTO TOYKA M 3aNsTas TeNnephb 3ape3epBUPOBAHKI; HCIIONL30BaTh UX
KaK CUMBOJIBI TPAMMaTHKH HE CTOMT):

A (x.BB,a

MuroxecTBo cHTyaluil (KaK U ero 3aMblKaHHE) B IIPOrPaMMe OIMCBIBAETCS C
toMomplo cnucka (ArrayList) cTpok. B uenom nporpamMma [oBOTBHO TOYHO
OTPAXaeT CMBICI MCEBIOKONA; BOT TOJLKO HEOOXOAMMOCTh BBIWICHSThL MOJ-
(TPOKM M3 CHUTyallM#l JeJIaeT €e HEMHOTO pasayToi: ‘

static ArraylList Closure(ArrayList I)
{

¢

ArrayList result = new ArrayList();

Kax 1 paHbiue, crpoku o 4 § MOryT ObITh ITyCThIMl; B — ofs13aTesHO HeTepMUHAIL
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// nobapnsieM BCe 3IeMeHTH I B 3aMbKanHue
for (IEnumerator item = I.GetEnumerator(); item.MoveNext ();)
result.Add(item.Current);

bool changes;
do
{

changes = false;

// o5 RKaxXnoro »yeMeHTa R
for (IEnumerator item = result.GetEnumerator();
item.MoveNext () ;)

{
// A -> alpha.Bbeta,a
string itvalue = (string)item.Current;
int Bidx = itvalue.IndexOf(’.’) + 1;
char B = itvalue([Bidx]; // B
if(Nonterminals.IndexOf (B) == -1)
continue;

string beta = itvalue.Substring(Bidx + 1);
beta = beta.Substring(0, beta.length - 2); // beta
char a = itvalue[itvalue.Length - 17]; // a

// Ong Kaxpgoro mpasuna B -> gamma
for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)
if(((string)rule.Current) [0] == B)
// B -> gamma

string gamma = ((string)rule.Current).
Substring(2); // gamma
string first_betaa = First(beta + a);

// ong Kaxnoro b us FIRST (betaa)
for{int 1 = 0; 1 < first_betaa.Lengtn; 1i++)
(
char b = first_betaalil; // b
string newitem = B + “ ,” + gamma + “,” + b;

// nobapuTy mnemMeHT B -> .gamma,b
if(lresult.Contains (newitem))
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Mmaga 7. CUHTakcu4eckuii aHanna

result.Add (newitem);
changes = true;
goto breakloop;

}
breakloop:;
}

while (changes);

return result;

®dyHkuma GoTo U nocnenoBaTenbHocTb C

~ It nanpHedmx noctpoeHuid Ham norpebyercs byukima GoTo() (He myTaTh
¢ rabmueit GOTO!) B kuurax ona oObIYHO Ha3bBaeTcst goto(), HO MOCKONBKY
3T0 CIIOBO 3ape3ePBUPOBAHO, I HEMHOTO H3MEeHW1 HalHCaHuUe.

?

Oynrumst GoTo(l, X), rme I — MHOXecTBO cUTyanuit, a X — HeKOTOPBIM
CHMBOJI TPAaMMAaTHUKH, BO3BPAIaeT MHOXKECTBO, OMpeleisseMoe 110 aIropUTMy:

J =

nycroe MHOXeCTBO

Wi Bcex cuTyauuil suna A > 0-XB, a mz I

nobasure B J curyammo A »>0oX-B, a;

return Closure (J);

Ha C# tekct GyHKLMHM BBITISIAUT HEMHOTUM CJIOXKHee:

static ArrayList GoTo(ArrayList I, char X)

{

ArrayList J = new ArrayList();

// Ons Bcex cuUTyauu¥ us I
for (IEnumerator item = I.GetEnumerator(); item.MoveNext ():)
{

string itvalue = (string)item.Current;

string[]) parts itvalue.Splitc(’.");

{

i

if ((parts[1]1)[0] = X)
continue;
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// ecnu cuTyaurs nMeeT sBun A alpha.Xbeta,a
J.add(parts[0] + X + “.” + parts[l].Substring(l));

return Closure(J);

}

OauH U3 KJIIOUYEBBIX MOMEHTOB IreHepanuyd CHHTAKCHYeCKOro AHAU34aTo-
pa — CO3JaHHE TaK Ha3bIBaeMOIl KAHOHMYECKOMH [MOCNen0BaTeIbHOCTU MHO-
xkecTB cutyauuil C. ITocienoBaTeIbHOCTL C COCTOMT U3 HEKOTOPOTO KO/IHUYe-
cTBa 31eMeHToB Iy, 1, ..., I, rae xaXxnelii djleMeHT npeacrasisieT coboif yxe
3HAKOMOE HaM MHOXEeCTBO cuTyanuil. CTpoHUTcs C ¢ HOMOIbBIO CPABHUTEIBHO
HECJIOXHLIX JEeHCTBUMA:

I, = Closure({“ll .S5,$"})
[IOKA B C BHOCHTCSH N3MeHeHUd
Ong KaxOor'o CHUMBOJNA TpaMMaTHRKM X
V1S KaxOoTro »ieMeHTa I; u3 mocrnepoparensHocTd C

ECIHM mMuoxecTno GoTo(I;, X) HEIyCTO M OHO eme He BrRIIodeHO B C
nobapuTs MHOxecTBO GOTo(I;, X)
B XBOCT IocnenoparensHocTtu C

KOHEL LHKJIA

Cwmpicn nocnenosatebHOCTH C ¥ pyHkIuM GoTo() cOCTOUT B HemoCpeACTBEHHOM
MOCTPOEHUH aBTOMara. MITOroselil aBTOMAaT OyjeT conepXaTh CTOJIBKO COCTOSI-
HHH, CKOJIbKO JIEMEHTOB B ITOC/IEOBATEIbHOCTH C (IIOKA YTO MOXKHO [TOMETHTh
KaXIoe COCTOSIHHE MMEHEM COOTBETCTBYIoniero MHoxecrsa — ). @yHkuus xe
GoTo(l, X) ompenenser nepexon aBToMaTa U3 cocrosiHus I no cumsony X,

ITponenypa noiny4eHus MoOCAeIOBATEIbHOCTH C CONEPXKUT JIMMIb OJHO He-
TpPHUBHAbHOE JEeHCTBHE (3aclyXuBalouee OTAeIbHOH QyHKUUHN): mpoBepKa
Toro, yTo MHOXecTBOo GoTo(l, X) eme He BrmoveHo B C. [Lng Havana Ham
notpebyercss PyHKUMS, ONPeeNsIonast paBeHCTBO JBYX JaHHBIX MHOXECTB:

static bool SetsEqual (ArrayList lhs, ArrayList rhs)
{
string[] lhsArr = new string{lhs.Count];
// TpeobpazoBaHue CIMCKa
lhs.CopyTo (1lhsArr) ; // B Maccus
Array.Sort (lhsArr); // W ero copTHPOBKAa

stringl] rhsArr = new stringl[rhs.Count];
// TO XKe HOIs BTOPOTO
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Maga 7. CUHTakKcU4eckuin aranns

rhs.CopyTo (rhsArr) ; // MHOXeCTBa
Array.Sort (rhsArr);

if (1lhsArr.Length != rhsArr.Length) // ecnn pasMep He paBHEI
return false; // MHOXecTBa TOYHO
// He paBHH

for(int 1 = 0; 1 < rhsArr.Length; i++)
// ecnu Xe pasMeph paBHEH

1f({1lhsArr(i].Equals(rhsArr[il]))
// TpoBepsieM IO 3JeMeHTaM

return false;

return true;
}

J1a Hadana oba MHOXECTBa [IpeobpasyloTcsa B COPTUPOBAHHBIE MACCUBHI.
3aTeM 3TN MaCCUBBI CPaBHUBAIOTCS MOJJEMEHTHO, U ecli XOTs Obl B OIHOM
cliy4ae COOTBETCTBYIOIIME JeMEHThl OKa3a/IUCh HEPABHbI, JAEJIa€TCS BBIBOX O
HEPaBEHCTBE MHOXECTB.

Oyukuus Set sEqual() ucnonbs3yercs: GyHKHel Contains(), onpegensio-
men, sIBJISETCS JIM MHOXECTBO g 3JIEMEHTOM CIIHCKa C:

static bool Contains(ArrayList €, ArrayList g)
{

for (IEnumerator item = C.GetEnumerator{); item.MoveNext{);)
if (SetsEqual ( (ArrayList)item.Current, g))
return true;

return false;
}
Tereps MOXHO 3ampOrpaMMHPOBATbh OCHOBHYIO OYHKIHUIO reHepauuu Mo-
cregoBaTelbHOCTH C. B Oynymem naM Oyaetr ynoOnee oOpamaThest K OTAENb-
HBIM 3JIeMEHTaM C, eclId OHa XpaHUTCH B BUjae Maccuba. IToaTomy uTOorosoe
BO3BpaiiaeMoe 3HavueHHe MpejcTasliseT co00i MHAEKCHUPOBAHHBIA MACCHUB
MHOXeCTB (ArrayList [] CArray).

static ArrayList[] CreateCArray()
{

string Symbols = Terminals + Nonterminals;
// BCe CHMBOIH I'paMMaTHUKU

ArrayList C = new ArrayList{);

// DoBaBury snemeHT 10 = Closure({”I .S5,$"})
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C.Add (Closure (new ArrayList (new Object []{"O .S,$"})));

bool modified;
do
{

modified = false;

for(int 1 = 0; 1 < Symbols.Length; i++)

// OYS RKaxgor'o CHMRBOIA
{ // TPaMMaTHEMN X
char X = Symbols[il];

// 078 RaxgoI'o 3JeMeHTa lociernoBaTensHocTn C
for (IEnumerator item = C.GetEnumerator();
item.MoveNext () ;)

ArrayList g = GoTo({ArrayList)item.Current, X);
// GoTo(Ii, X)

// eciy MHOXeCTBO g HellyCTO W eme He BKIYeHO B C
if (g.Count != 0 && !Contains(C, g))
{C.Add(g); modified = true; break;}

}

while (modified); // NoKa BHOCATCS HN3MEeHeHNS

ArrayList[] CArray = new ArrayList[C.Count];
// tpeobpasopanue
C.CopyTo (CArray) ; // cmucka C B Maccus

return CArray;

}

ObpaTnTe BHUMaHUeE, YTO HAYAJbHEBIA 3JIEMEHT ITOCHEeI0BATEALHOCTH
(CArray [0]) OBI co3gaH Ha OCHOBe cTapToBOU cutyanuu I1 - -S, §.
HimenHo 1Mo 3TOM mpUYHHE HyJleBO€ COCTOSIHUE MTOrOBOro aBToMara Oyier
CTapTOBBIM.

Anroputm cozpganung Taébnuy ACTION n GOTO

YTo X, MBI BRIXOJMM Ha pUHHUITHYIO Npsmyo. MUMes mocnegosaTensHocTs C,
MOXHO 0e3 ocobbIx npobiem co3paTh Tabauasl ACTION u GOTO, yeM mbl
He3aMeIJIuTeJbHO ¥ 3aHMeMCs.
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Anroput™ renepauuu Tabaumst ACTION HeckonbKO rpoMo3I0K, HO 110 cBoel
CyTH HECJIOXEeH:

myere C = {I;, I,, ..., I,};

FOR 1 = 0 TO n

OIS Kaxgo¥ CUTyalunM S N2 MHOXKeCcTRa Ii

—  TepMUHAaN) U

:Ij

ECIH s mMeeT BUn A >0-af, b (rme a
cymecTsyeT dreMeéHT I, Tako#, HUTO GoTo(I,, a)

ACTION[i, a] = shift 7;

ECIIM s nMeeT BuIO A 20-, &a U A He gBNZeTCH
CTapTOBLEM CHUMBOROM (A # II)
ACTIONI[i, a] = reduce A >a;

ECIIM s paBuO [ 2 S-, S
ACTION{i, *$’] = accept;
END FOR
Ecim npu nonbiTke 3anucu B ACTION-Tabnuny okasblBaeTcst, YTo B JaHHOMH
MO3ULHMK YKe CYMECTBYeT ApYyras 3alUch>, aIrOpUTM JOIKEH COOOmUThb O
HerpurogHocTH rpaMmaTuku (He LR(1) Bun).
Yro6nl HEMHOTO COKPATUTh [IPOrpaMMy, s BbiaeauI 3anuch ateMenta ACTION-
T20041Ibl B OTAENLHY HECIOXHYK PYHKIIHIO:

static bool WriteActiconTableValue (Hashtable ACTION, int I,
char J, string action)

Tablekey Key = new Tablekey (I, J);

if (ACTION.Contains (Key) && !'ACTION{[Key].Equals(action))
return false; // me LR(1l) Bun

ACTION[Key] = action;
return true;

)
OcnosHas npounenypa 3anonderus ACTION-Tabmmiubl, peanusyomas airo-
pUTM, IPUBEJEHHBIH HA IICEBAOKOIE, BRILISIAMT TaK:

static Hashtable CreateActionTable (ArrayList[] CArray)

{
Hashtable ACTION = new Hashtable();

3 «[lpyras» o3Hauaer «OTAHYHAA OT TeKyIueli». B npollecce paboTsl npolienypa MOXeT NOMBITaThCs
3anucath B HeKoTopy1o Kiaerky ACTION-rabauibl OJHY M TY ke KOMaHAY HECKOLKO pa3, B 4eM

Her HAYEero CTPalHoro.
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for(int 1 = 0; 1 < CArray.Length; i++)
// VRN TIo 3neMmenHTaMm C

// Ins KaXpo¥ cUTyauuu U3 MHoxecTBa CArray[i]
for (IEnumerator item = CArrayl[i].GetEnumerator () ;
item.MoveNext () ;)

{
string itvalue = (string)item.Current;
// curyauus
char a = itvaluef{itvalue.IndexOf(‘.’) + 1];

// CUMBON 3a TOYKOH

// Ecmum cuTyaiuusa uMeeT Bun “A alpha.abeta,b”
if (Terminals.Index0Of(a) != -1)
// ecmu a - TepMuHal
for{int j = 0; j < CArray.Length; Jj++)
if (SetsEqual (GoTo (CArray(i], a),
CArray(il))

// cymecTpyeT 3neMeHT CArray|[j], Taxoii,
// 4To GoTo(CArray(il, a) == CArray[j]

// zarumces ACTION[i, a] = shift j
if (WriteActionTableValue (ACTICN, i, a,
s 7 + ) == false)
return null;
// TpaMMaTura He LR(1)
break;

// Ecnu curyauus uUMeer BuUn “A alpha.,a”
if(itvaluelitvalue.IndexOf(*.’) + 1] == *,")
// 3a TOYKOH 3aisdTas
{ // ollpemenurTs 3HaAYEHUE a
a = itvaluel[itvalue.lLength -11;
string alpha = itvalue.Split(‘.")[0].
Substring(2); // u alpha

if (itvalue[0] = '1I‘)
// ecnu nepas YacTh He pabBHa II

// ACTION([i, a}l = reduce A -> alpha

if (WriteActionTableValue (ACTION, i, a,
“r * + itvalue(0] + “ ” + alpha) == false)
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return null; // rpaMMaTuKa He LR (1)

// Ecnm cuTyauus uMeeT BUn “II S.,$”
if (itvalue.Equals (“II S.,$"})

{
// ACTION[i, *$’] = accept

if (WriteActionTableValue (ACTION, i, ‘$’7, “a")
== false)
return null; // TpammaTuka He LR (1)

return ACTION;
}

Tabnmuna GOTO renepupyeTcs mo 6onee mpocromy aaroputmy. Ha Beiciem
ypoBHe abCTpAaKuUyU Bce BOOOIIE BEIPaXKAeTCsl OMHOH CTPOKOIA:

ecin GoTo(I;, A) = I;, To GOTOIli, A] = J
Ecnn cnycTUTBCS HEMHOTO HUXE, BBHITIONHSIEMbIE JEHCTBUS IPUMYT ClIeIyIOo-
WHA BUJI:

0JI1 Kaxnoro HeTepMyHala A

IJIsl Kaxnon napw sneMeHTOB (I;, I;) #3 nocnegosaTentHocTH C

ECIMA GoTo(I;, A) = I,
GOTO(1, Al = j

Hakonen, Ha ypopHe koja C# GyHKuHS CreateGotoTable () BHIJISIIHT
TaK:

static Hashtable CreateGotoTable (ArrayList[] CArray)

{
Hashtable GOTO = new Hashtable();

for(int ¢ = 0; ¢ < Nonterminals.Length; c++)
// OnsS KaxIoro HeTepMUHala A
for(int 1 = 0; i < CArray.Length; i++)
// ONng Kaxnoro zieMenHTa Ii us C

Arraylist g = GoTo(CArrayl[i], Nonterminalslc]l);
// g = GoTo{Ili, A]
for(int j = 0; j < CArray.Length; j++)
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// ecim B8 C ecTs I = g
if(SetsEqual(g, CArray([il))
// GOTO[i, Al = j
GOTO [new Tablekey (i, Nonterminals[c])} = j;

return GOTO;

FeHepauns LR(1)-Tabnnupbi

Ocranoch Beero JUIIb TPAaMOTHO BRI3BATh TOJIBKO YTO CO3XAHHBIE QYHKIIUH 13
tena Main(). Cogepxumoe nucThHra 7.2 BCTaBiseTcsl B IUCTHHT 7.1 BMeCTo

KOMMeEHTapust

// 3Ilecys OylerT reHepauus LR{1) TabGmuim

(cm. mucrunr 7.1).

Nuctunr 7.2. Tenepaums LR-Ta6nuy

ComputeFirstSets(); // BHYUCHIUTE MHOXKecTBa FIRST

ArrayList[] CArray = CreateCArray{);
// co3paThk mocHenoBaTeNbHOCTE C

Hashtable ACTION = CreateActionTable(CArray);
// cozpaTrs ACTION Tabnuily
if (ACTION == null)
{Console.WriteLine ("I'pamvaTuka He sapnsercss LR(1)”); return;}

Hashtable GOTO = CreateGotoTable(CArray);
// coszpars GOTO rTabnuily

// pacmnevdaraTs conepxuMoe ACTION u GOTO Tabmun .
for (IDictionaryEnumerator ¢ = ACTION.GetEnumerator{); c¢.MovelNext ():)
Console.WriteLine (”“ACTION[” + ((Tablekey)c.Key).I + “, * +

((Tablekey)c.Key).J + *1 = “ + c¢.Value);

for (IDictionaryEnumerator ¢ = GOTO.GetEnumerator(); ¢.MovelNext () ;)

Console.WriteLine(”GOTO[” + ((Tablekey)c.Key).I + “, * +
((Tablekeylc.Key).J + “] = 7 + ¢c.Value);
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Teneps MHe OCTaeTCs JMIUL MO3XPaBUThL ce0s U Bac (B PaBHOM CTENEHH) ¢
OKOHYAHMEM 3TOI HempocToi nmporpaMMsl. B crenyiomux riaBax HU4ero
paBHOro eii Mo MacluTadby He IUIaHUpYeTCs.

7.4.6. Tecnnpoeal-me roToBOro aHanun3aropa

JaBaiite HacnagUMCs pe3ysabTaTaMy paboThl HAIEro MPUIOXEHHs], CKOPMUB
eMy KaKyl0-HUOynbh rpaMmaTuky. HauneMm ¢ yero-Hubyap 0ueHb OpocToro, Ha-
fpUMep, C yXe HCIIONL30BABIIEHICS Uil ONMCAHUS SI3bIKA a*b* rpaMMaTHKy

S>> asS | bA | ¢
A-> DA | g

Wrax, Ha BXOA OporpaMMbl NOCTYHACT NOCAENOBATENBHOCTL CTPOK

>}

as
o)\
3
ba
3

o U W U

ITepBBIM I€JIOM NMPOUCXOAUT UCKIIOYEHHUE e-TIPaBui U foOaBjieHue BHIBOLA
{15 S; B pesysabrare Mbl Nojly4aeM npeoOpa3oBaHHyIO rPaMMaTHKY:

flpapuna:

S as

bA

bA

a

b

b

s

TepMyHAaNE: 2abs
HeTepMunane: SAI

W v 3w

=

Conepxumoe tadaun ACTION ¥ GOTO BB MOXETE U3YUUTh CaMOCTOSTEILHO;
celiyac Oonee uHTepecHa KoH@Urypanus nepesa pasdbopa. Heckonbko npu-
MEpOB HOMYCKAeMbIX CTPOK W IPONEcC UX BHIBOJA U3 TIPaBUJ IPaMMAaTHKHU
noxaszago B radbnuie:
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Knaccuka rnporpammmnposaHius: Aroputmsl, A3biku, ABToMaTsl, KoMnvasTops!

KoppekrHas cTpoka Mpouecc ebiBopa

a S->a
S->b
S->a8
A->b
A->DbA
A->bA
S->bA
S-»a8
S ->»a8

ab

aabbbb

Yro6b1 BOCCTAHOBHUTS, IOIYCTUM, I€PEBO pa3bopa CTPOKHU aabbbb € TOMOIIBIO
reJaraeMol aHanu3aTopoM HHQpOpMaiy, PUIETCs PACCMOTPETH BHIBOIIMBIC
npaBuia CHM3y BBepX. llociensee BriBemeHHOe npaBuiao S > aS ykaseiBaer
Ha KopeHp nepesa. Crnenyioniee mpasmio (omsiTe S - aS) oOwsicHsieT, Kak
PACKPBITh IEPEMEHHYIO S, SIBASIIOUIYIOCsI IPaBbIM ITOTOMKOM KOPHEBOIO y37a
nepesa. Ilpomonkas nmpouecc NpUMEHEHNs MPaBUi CHU3Y BBEpX, NolydaeMm

roroBoe nepeBo (cM. puc. 7.4).

Puc. 7.4. [lepeso pasbopa cTpoku aabbbb
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PasymeeTcs1, NpuBeleHHAS rpAaMMAaTHKa OYeHb pocTa. HaBaite paccMOTpuM
Kakoii-HuOyIb TipuMep rmocnoxHee. HarpuMep, «KJIACCHKY» —— rpaMMaTHKY,
OHHCLIBaIOU.IYIO apI/I(I)MeTH‘IeCKOC Bpra)KeHI/Ie CcO CK06KaMI/IZ
> B

> T+E | T*E | T

salblcl (E) i

o w

B nponecce aBanu3a BXOXHOI CTPOKH a+b+c* (a+k) mporpamMma BbIIaeT
npaBuia’t: '

i

T -> a
T-»Db
T ->c
T -> a
T->Db
E->T
E -> T+E
T ~-> (E)
E->T
E -> T*E
E -> T+E
E -> T+E
S -> E
g
3

(T) + Uﬂ
=
Y
b

Puc. 7.5. fepeso pasbopa cTpoku a+tb+c*(a+b)

% ObpariTe BHUMAHHE: HEKOTOPHIE TpaBUia ObLIN CreHePUPOBaHbl HECKOMBLKO pas3. TTo-xopoweMy
Ay6aMKaThI C1E10BAN0 Obl yIAIUTh, HO X [IPUCYTCTBHE HE NOKHO HapYUIMTh NPaBHIbHOrO X04a
padoThl TPOrpaMMsl.
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HerepmuBans! B mpaBmiax paccMaTpuBalOTCs clpaBa HajieBo (B oblieM, Bce
KaK MOJOXEeHO — CHpaBa HajleBo, cHU3y Beepx). B mepsom mpasuie S > BN
HIPUCYTCTBYET TOALKO OIMH HeTepMHUHaA — LK, H03TOMY BO3MOXHOCTH BhIOO-
pa Her. CMoTpuM crepyloniee npasuno: E > T+E. 3xeck yXxe npucyrcrsyior
nsa Herepmunana — T u E. Ovepenroe nmpaBuio packpeiBaer onpeaeiieHue
npasoro Hetepmusana (E): E > T+E u tak panee.

Y10 nenarth ¢ OAYYEHHBIM IEPEBOM — yXe, KaK FOBOPHUTCS, BOIIPOC BTOPOI.
BBIuMCIaT NojydeHHbIe BRIPAXEHU S WM TPaHCAUPOBATh IIPONECC UX BHIYMC-
J€HMSI B TOCEA0BATENbHOCTh MAILMHHBIX KOMAaHA — YyXe 3ajia4ya UHTephpe-
TaTopa MM KOMIOUWIATOPA, HO HHKAK HEe CUHTAKCMYeCKOTO aHaM3aTopa.

Pa3yMmeercs, He BCe rpaMMaTUKU TaK ynavyHo aHanusupyiorca. Hampumep,
HOMBITKA aHAIN3a IIPOCTON Ha BUJ, HO HEOXHO3HAYHON IpaMMaTHKHU

S S+5S
S a

IPUBOIUT K HE CAMOMY PafOCTHOMY Pe3yJbraTy:

I'paMmaT¥Ka He gaBnugercs LR (1)

7.5. LR(1) aHanunsatop v aBTomMar
C MarasvHHOM NamMmsATblio

Hymaio, Her HanoOHOCTU JOKa3bIBaTh, YTO MOCcTpoeHHbt LR (1) apanusatop
(cM. 1. 7.4) oveHb OXOX Ha aBTOMAT C MarasuHHoi namareo. Ilpu 3ToM on
BCe-TaKH HECKOJIBKO OTJIMYAETCS OT KJIaCCU4eCKOro MarasyHHoro apromara. 5
He Oyny IOCKOHAIbHO OMKMCHIBATE IPOLEAYPY IMOCTPOEHUS «CTPOroro» aBTo-
mata no pasHeiM Tabaunam ACTION u GOTO (3710 ¢BSI3aHO ¢ HEKOTOPHIMU
CJIOKHOCTSIMH, [ia U IIONB3a YUCTO TEOpPEeTUYEeCKas), HO HEKOTOphle UjieH Bee-
Taku 0003HAYUTE HE ITOMeEIIaeT.

Urak, KaKue acleKThl FOTOBOIO aHAAN3aTOpa OTAMYAIOT €r0 OT Mara3uHHOTO
asromara? Mx He Tak MHOrO:

+ CuHTaKkcuyecKnii ananusarop paboTaer ¢ nepeMeHHbIMH, 3aNHCAHHBIMHU
B Tagmupt ACTION u GOTO. I'ne xe 31ech 3apanee olpesieieHHbIe CO-
CTOSIHUSA U TNIePEeXONnt?

Ha camowm nene 3pavenus:, 3aucanusie B Tabauisl ACTION U GOTO, SIBASAIOTCS
KoHcTaHTaMu. He 3a0niBaiite, uro renepauus Tabavin — 3agaya KOMIWJIA-
TOpa KOMIIMJISITOPOB, @ He CUHTAKCHYEeCKOro aHanu3aropa. CunTakcuveckui
aHAJIM3aTOp UCIONB3YET TOTOBHIE, 3apaHee OmpelesieHHble Tabaunbl — U B
ITOM CMBIC/IE OH HE OTIUYAETCA OT aBToMara ¢ PUKCUPOBaHHBIMU COCTOSHU-

AMM U HIepexonamu.
]
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+ MarasuHHblil aBTOMAT MOXeT NPOAHANH3IUPOBATH OYEPEITHOW CHUMBOJ
BXOJIHOM CTPOKH, JIMIIb CYUTHIBAA €r0 U Nepexons K caenyiomemy. Kpome
TOro, aBTOMAT MOXET UCIOIL30BaTh B paboTe 3HAYCHMUS, JexXalllue Ha cTe-
Ke, JIMILbL CHUMAS uX ¢ Bepuuas! creka. Ham LR(1) ananuzaTop BeiGupaer
oyepeHOe JelCTBHE Ha OCHOBE TEKyLIero CMMBOJA BXOTHON CTPOKH U
BEpILMHBI CTE€Ka, HO He BCerja HepexoauT K PaCCMOTPEHUIO OCTaBIIeNCsT
4aCTH CTPOKHU U He BCErja CHUMAET BepXHUIT 3JIEMEHT CO CTeKa.

Mara3unsbIi aBTOMAT BHIOHPAET TOT WIIH UHOI ITepexo]] Ha OCHOBE OYePeTHO-
IO CYUTHIBAEMOTO CUMBOJIA BXOIHOM JIEHTHI M COMEPKUMOro BeplIMHBI CTeKa.
MoxHO ¥ HUYEro He CYMTHIBATEL CO CTEKA / C JIGHTHI, €C/IU 3TO He Hapyuiaer
perepMunN3Ma. Ho cyuTaB areMeHT, BOCITONL30BAThCS UM YIACTCS BCEro JMIb
OIMH pa3: Heab3sl CYUTATh CUMBON CTPOKH, MepelTH B Jpyroe COCTOsSHUE, a
3aTeM y3HaTh, KAKOB OBUI TEKYIUH CUMBOJ B IPEIbIAYIIEM COCTOSTHUM.

Pasymeercs, co3maBars cebe Kakue-TO MCKYCCTBEHHBIE OrpaHUYEHUS B IPO-
Lecce HaImUcaHus mapeepa npocto miyno. Ho rae rapantus, uyro o6xom 3tux
OrpaHM YeHMIt He BBIBOIMT HAC 32 IpeJieibl MOUIHOCTY Mara3uHHBIX aBTOMaToB?
B neficTBUTENBHOCTH MOXHO HAIMUCATh ITapcep U He PACHIUPSIS KJIACCHYeCKOro
onpegeneHus aBroMarta. it 9Toro mpumeTcss HEMHOTO CXUTPHUTh CO CTEKOM.

JaMeThTe, YTO aBTOMAT BCerna MOXeT CUUTATh JMEMEHT CO CTeKa, He CHUMAas
€ro ¢ BepIMHLL: S, a, p > §’, p. YToOsI 3TOT Nepexox cpaboTall, Ha BeplIuHE
CTeKa JOJIKEH HaXomuThes dieMeHT p. Ho nipu Bemonnenuu mepexoxa p He
TOABKO CHHMaercs, HO ¥ KJIafaeTcsl 00paTHO Ha CTek!

AHANOTMYHO MOXKHO IOCTYITUTh U CO BXOIHBIM CUMBOJIOM. K10 MemaeT Hayath
paboty aBroMaTta ¢ mepexona, nomobHoro P, a, €, > S, a? 5 Gepy ovepenHoit
CHMBOJ CTPOKM U 3aIIMCLIBAIO ero B cTek. Jlanee, eciy js ouepegHoro nei-
cTBHS TpebyeTcs CUMTaTh CIeAyLIMA 31eMeHT BX04a, OH 3aMeHUT coboll
CTApBIt 91eMEHT Ha creke. Ecnu ke CuuThIBaTh HUYEro He Tpedyercs, ais
ABTOMATa 3TO O3HauaeT €-1IePexo, 2 PellleHe 0 BhIbope KOHKPETHOTO ITepe-
X0Ia IPUHUMAETCs Ha OCHOBE COMepXUMOTo CTeKa (Ijie, B YaCTHOCTH, JEXKUT
1 CYUMTAHHBIN paHee CUMBOJ BXOJHOHN CTPOKH).

¢ B marasuHHOM aBTOMAaTe He MpPeNyCMOTPEeHbI IeHCTBHS BPOIE «CYHTATD
2 * quuHa(o) 2/0eMeHTOB CTeKa».

[la, 3T0 TaK, HO mpobiaema pemaercs. Bo-rmepBeIx, 3aMeTsTe, YTO JIIHHA CTPO-
Ki 00 — 3apaHee U3BecTHasd KOHCTaHTa. TakuMm 00pa3oM, CUUTaTh CO CTeKa
rpedyercss He IPOCTO CKONLKO-TO, & U3BECTHOE Ha MOMEHT CO3aHUs aBTOMaTa
KOIUYeCTBO CUMBOJIOB. BO-BTOpLIX, He 3a0bIBaliTe, YTO MHOXKECTBO CTEKOBBIX
CUMBOJIOB KOHEYHO, ITO3TOMY HECJIOXHO CreHepUpoBaTh 6ce BO3IMOXHBIE
CTPOKY 33aHHOM JUIMHEL, COCTOSILIME U3 ero 31eMeHTOB. YTo 3HAYUT «CHATH
IPY CUMBOJIA CO CTeKa» ? IECim Ha CTeKe MOTYT JieXaTh JIMIIb CUMBOIBI A U B,
ITC 3HAUUT, YTO B KayeCTBe CHUMAeMOM MocaefoBaTeNbHOCTH OyaeT yKka3aHa
100ast U3 CTPOK
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ARA
AAB
ABA
BAA
ABB
BAB
BBA
BBB

Takum obpazom, noTpedyercsa BOCeMb PA3NHYHBIX IIEPEXONOB IS «KOPPEKT-
HO¥» UMUTALMU 3TOTO HECHOXHOro AeicrBus. B Gonee Oau3KuX K peanb-
HOCTH CJIy4asix KOIMYeCTBO IepexoloB OyleT IpocTO OrPOMHBIM, HO HUKTO
Xe He 3acTaBjsieT Hac MucaTh MporpaMMbl MMEHHO TakuM obpasom! ImaBHoe
ceifyac, YTO CBEJCHME aHANM3aTOpa K aBTOMAaTy TeopeTuyecKu BO3MOXHO, a
paboTaronias Ha IIpakTUKe MPOrpaMMma yxe HalicaHa.

O6partuTte BHUMAHUE, YTO B cllyyae KoMaHIb! reduce norpedyercs oTnenpHbIi
fepexol U st KaXAoro 3HaveHus aeMedTa GOTO[s’, Al

Bcee. IMonarato, Met 1 Taxk yaenwnd LR(1) aHanu3y cIMImKkoM MHOTO BpeMEBH.
[lopa nmepexomuTs K OpyruM TeMam.

7.6. CUHTaKcuyeckuit aHannsarop
anga LL(1) rpammaTuk

MpammMmaTukn NnpuroaHblie n HenpuroaHsie ans LL(1) aHnannsatopoB

Texnonorun LR-aBanu3a Ha3biBaioT eue pasbopom cuusy eeepx (bottom-up
parsing). HazgaHue oTpaxaeTt TOT ¢axT, 4TO aHaIN3aTOp CHAYala CIyCKaeTcs
Ha caMble HUXHUE YPOBHM HepeBa pa3bopa, a moToM yxe oObeauHsSIeT OT-
e IbHbBIE BETBU B LiejibHble moniepeBbst. I1oaromy craproBoe nmpasuio I1- S, §
BCerma OKa3biBajloch B caMOM KOHIIe pacreydaTki.

MOXHO NOCTYHUTh ¥ HO-APYroMy: HauuHasg cO CTapTOBOIO IpaBuia, Io-
clleoBaTeNbHO PACKPhIBATh ONpeleieHue KaXIOoro HeTepMuHaia, IoKa
BCA cTpoKa He OymeT pa3obpasa. Ilpu 3T0M Ha KaXxaoM Iare IpuHUMAETCs
yeTKOe pelleHue 00 Ucmonb3yeMoM mpasuiie. Takoit Bun pasbopa, Kax He-
TPYIHO HOTrafaThCsl, HAa3blBaeTCsl pasbopom ceepxy énu3 (top-down parsing)
uwmu LL-aganu3oMm.

Kak s yxe ropopui, Mougocts LL-napcepa 3aBUCHT OT KOAMYECTBA MPO-
CMaTpUBAEMBIX BIepell CUMBONOB BXONHOM cTpoku. HauMenee MOIHbBIM (HO
CaMBIM IPOCTBIM U NPU 3TOM JOCTATOYHO MHTepecHBHIM) siBagercsa LL(1)
aHaJIM3aTOP, OOCYXIeHUEM KOTOPOrO Mbl ceuac u 3aiMeMcs.
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Pa36op ceepxy BHU3 MoxeT paboTaTs ¢ Dosiee y3KUM KJ1acCOM I'paMMaTUK, 4eM
paszbop cuu3y BBepx, a wis LL(1) ananusa 1o tem 6onee sepro. Hanpuwmep,
YCIEIIHO MCIOJAb30BaHHAS TOABKO YTO rpaMMaTuKa I apupMETH4ECKuX
BEIpPAXKECHUHT

S > E
E->T+E | T*E | T
T>al bl cl (E)

ne o cunam LL(1)-ananu3atopy. Ha mepboM iuare apain3aTop NpUMEHSET
npasusio S > E. Ho kakoe npasuno UCHoiab30BaTh Ha CleaywineMm mare?
E5T+E, E> T*E wnmu E > T? KoneuHo, MOXHO CIIyCTUTBCS HUXE U MO~
CMOTpETh, K YeMy mpuBesieT BROOp TOro UM UHOIO {IpaBuia, HO Takas Tex-
nuka yxe He Oymer LL(1)-aHanu3om. CMbICT KaK pa3 B TOM, 4TO Tpebyemoe
NpaBUJIO ONpEEssIeTCsl Cpa3dy Ke; MAKCHUMYM, YTO MOXHO cIenaTb — 3TO
CYMTaTL OYEPETHON CUMBOJI BXOIHONW CTPOKH.

K c4acrelo, B JaHHOM KOHKPETHOM CJy4yae IPaMMaTHKY HECIOXHO Mmpeob-
pa3oBatb TaK, 4ToObl oHa okasanack npuroxHo# miasg LL(1) pa3bopa. Beenem
HOBBIA HeTepMUHAI F 1 HECKOIBKO ImpaBuil 1 ero OlpeneneHus:

F>+E | *E | ¢
Tenepw ocraBuIMecs mpaBuia rpaMMaTUKK MOXHO TNepenvcaTtsh ¢ yyeroM F:

S > E
E-> TF
T>a | b | c | (E)

Hogas rpammatuka yxe ropasno npoie. Ha mepsowm mare pazbopa npume-
nercst npasuiio S > E, 3arem — E > TF. {anee na ocHoBanuu ciaeayomero
CUMBOJIA BXOJHO# CTPOKM BuIOmpaercst oaHo u3 npasuwi T >a | b | c | (E).
Toyno Tak xe packpeiBaercs onpeesieHue F: ecau ciienyomuii cuMBOI BXOJ(-
HOMf CTpOKH €CThb 3HAK «+», Beibupaerca npasujio F > +E, ecin «*» — mnpa-
Bwio F > *E; B 0CTaAbHBIX CUTYANMAX cyutaercs, yto F - €.

NMuwem napcep ans LL(1)-rpammarunkm

MMapcep ans LL(1) rpaMMaTuKy HamucaTh OY€Hb MPOCTO. J{JIsT KaX0r0 He-
TePMUHAILHOTO CUMBOJIA CO3/1aeTCA OpHOouMeHHas QyHKnus (TaK, QyHKnus,
pasbupatommas HerepMuHaia A, 6yneT HasnBateCsa A()). Teno kaxnoit Takoit
GYHKUME BBIIONHSIET MTOXOXUH airopuTm:

Ha OCHOBAHWY CHEAYKIETO CHMBOIA BXOIJHOM CTPOKH BHOpPATE IPAaBUIIO;
HarlevyaTaThk BHOpaHHOE IIPaBUIIO;
UKl rmo cuMmBonaMm IIpaBo¥ HaCTH IIpaBUiIa

ECJI cuMBOT ~ HeTepMHUHA,
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BE3BATE COOTBETCTBYLIYI GYHKIMD;

ECNH cuMBON — TepMUHAN, CYATATH €ro ¥ IepelTu
K CrenyoleMy CHMBOJIY BXOIHOH CTPOKY;

KOHEIl LIUKIIA

Ecnu B Kakoif-TO MOMEHT BpeMEHH OKaXeTcs, YTO TeKYIIMi CUMBOJI BXOTHON
CTPOKM He COOTBETCTBYET OXMIAHUAM, CTpOKa oTBepraercs. Eciu xe Qynkuus
s() orpabateiBaeT Oe3 npobiem, a TEKYIIUA CUMBON PaBeH IIPU3HAKY KOHUA,
CTpOKa jlomyckaeTcs. 3azada xe QyHKuun Main() — mnpocroi Ber3os S()%.
IMpu3nak KOHNA HyXeH Uil TOTO, 4T0o0bI yOeUThCs, UTO CTPOKa HpOYUTaHa
HONHOCTLIO. Tak, rpaMMaTuKe

S 2 aa

COOTBETCTBYET JIMLIb CTPOKA aa; TeM He MeHee, QyHKusa S() 3aBepluTCs
YCIIELITHO U IIPU BXOHOM CTpOKe aaaaa. Ilepsrle gBa CUMBOJIA BXOJIHOM CTPO-
K# OyIyT MpOaHANTN3UPOBAHB, a Kajlblle NporpaMMa MorpocCTy He 3arisgHerT.

Kak 370 BuirnaanT Ha npakTuke (Ha xapakrepHoM npumepe)

Jymaio, B KayecTBe IpuMepa JOCTaTOYHO MOCTPOUTh aHanu3arop maasg LL(1)
rpaMMaTiKy, 3afaoleil apudMeTuuecKye Brpaxenus (IpuBely ee ele pas):

S > E

E > TF

F > +E | *E
T>a !l b |

[MporpaMma o4eHs IPOCTA U NOHATHA NMPAKTUYECKU 0€3 KOMMEHTapues
(cM. nucTuHr 7.3).

Nucruur 7.3. LL(1) ananusa

static string input; // BXOHOHAS CTpPOKa

static char NextChar() // odepeIHOU CHMBOJ BXOIHOM
// CTpoKU

return input[0];

55 OnucaHHAas TeXHMKA Ha3bIBAETCH PEKYPCUBHBIM HUCXOASIUUM CHHTAKCHYECKMM aHATU3OM WK
CUHTAKCHYECKUM aHalnu30M METONOM PeKYPCHBHOro crycka (recursive descent parsing).

182




naga 7. CvHTakcu4eckmii aHanms

static void AdvancePointer () // mepefdTH K CHeIVHIEMY CUMBOJIY

{
input = input.Substring(l);

statlic void S{) // 8 > E
{
Console.WriteLine(“S -> E“);
E();
}
static void E{() // B -> TF

{
Console.WriteLine(“E -> TF”);

TO: F();
}
static void F () //F > +E | *E | >
{
string rule;
if (NextChar() == ’'+') rule = "+E";
// BrbOp anpTepHaTUBL
else 1f (NextChar() == **7) rule = “*E";
else rule = "3”;
Console.WriteLine (”F ~-> “ + rule);
switch(rule)
{
case “+E”: AdvancePointer(); E(); break; // F -> +E
case “*E”: AdvancePointer(); E(); break; // F -> *E
case ”"»”: break; // F -> 5
}
1
static void T () // T ->al bl cl| (E)

{

string rule;

if (NextChar() == ‘a’) rule = "a”;
// BHOOpD anbTepHaTUBH
else 1f (NextChar() == ‘b’) rule = "b*;
else if(NextChar() == ’'c¢’) rule = "c”;
else if (NextChar() == (') rule = " (E)“;
else throw new Exception();
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Console.WriteLine(“T -> * + rule);
switch(rule)

{

case "a": AdvancePointer(); break; // T -> a
case "b”: AdvancePointer(); break; // T ->b
case “c”: AdvancePointer (); break; // T -> ¢
case *(E)": AdvancePointer(); // T -> (E)
E();
if (NextChar() != “)’) throw new Exception();
AdvancePointer () ;
break;

static vold Main(string[} args)

{

}

input = Console.ReadLine() + "$”;
try
{
50);
Console.WritelLine ( (NextChar () ==

1) 2

"Crpoka IpuHsITa”
“"CtpoKa OTBeprHyTa”);

}

catch (Exception)

{

Console.WriteLine (“Crpoka oTBepTrHYyTa”);

I'pammartuka, ucrionb3yeMas Ha cef pa3, HEeMHOIO ciioxHee csoero LR-aHa-
nora. ITostomy pesynpTupyiomuii BeiBOx (U xepeBo pa3bopa) /ist CTPOKU
a+b+c* (a+b) OymeTr cioxHee BbIBON2 U depeBa, nmpousdBonumbix LR(1)
aHAIU3ATOPOM:!

e B e B B ea B s B = B w5 I 05
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-> TF
-> (E)
-> TF
a

~-> +E
-> TF
-> b

W3 oE o oS3t A3
|
v

-> 3
F->

ObpaTtuTe BHUMaHHe, YTO Tellepb BBIBOA IIPOM3BOIXMUTCS HEe CHU3Y BBEPX, a Kak
nonaraeTcs, CBepxy BHu3. JlepeBo pa3bopa NokasaHO Ha pHC. 7.6.

>

Puc. 7.6. [epeso pazbopa cTpoku a+b+c*(a+b), cayyait LL( 1) roammarvikn

MpaBnna, nomoralouine nNpuBecTy rpaMmmatky K LL(1) suay

3akoHunTh Temy LL(1) pa36opa npemnaraio o0CyXAeHHEM ABYX IPOCTHIX
NMPaBWI, ITOMOTAIOIIMX BO MHOTMX CIy4asix IpuBecTH rpamMmaruky kK LL(1)-
BUIY.

IlpaBuno nepsoe. Beisonsr Bua
A>oaf | oy, ;e a2 €g, a Py

Hapymator LL(1) ¢opmy. JlelicTBUTeNBHO, €CIH ABe pa3Hble NpaBble YacTH
HAYMHAIOTCS C OMMHAKOBBIX CHUMBOJIOB, CHHTaKCHYECKHIl aHaJIN3aTOp He CyMeer
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IpaBUWIbHO BHIOpaTh anbrepHaTUBY. UTOOBI 136aBUTHCS OT MONOOHBIX IIPABHIL,
JIOCTATOYHO BBECTH HOBYIO ItepeMeHHYIO B u 3ameHnTs A > off | oy Ha

A > 0B
B>B | vy

ITpasuno sTOpoe. Buisonsl Bua
A->2aB | a, rue B #E

takxke Hapymaior LL(1) dopmy (3 mpaBuna ele Ha3bIBAIOT HEIOCPEACTBEH-
HOI JIeBO# pekypcueit). 3xecs npobaema apyrast: pyHkuus A() 6yaer nepBuiM
XKe JeJOM BBI3BIBaTh CaMa cels, 1oKa cTek He 3akoH4uTCs. M36aBuThCsA OT
HEIOCPeCTBEeHHOH J€BOI peKypCHH MOXHO OISATh-TaKU C IIOMOIIBIO HOBOM
rnepeMeHHOMN:

A > 0B
B->pBB | ¢

Bro npeobpa3oBaHHe HE CIUIIKOM OYEBUIHO; 51 COBETYIO NPOBEPHUTHL €0
Ha Iape IpPOCTbIX IIPHMEPOB, YTOObI yOEeTUTLCS B TOM, 4TO OHO paboraer

KOppekTHO. Boisee mpocroii cnyvyait — npasuna Buaa A > A (11opomo Bo3-
HUKAIOHMUE IIPH MEXaHUIECKOM BBIIIOJHEHHM TOrO WJIM HHOTO alropuTMma
rnpeobpa3oBaHus) ~— MOXKHO IIPOCTO YAAIHTb 6€3 Bpena IUlsl rpaMMaTKH.
Ecnu B npaBuie CymecTBYIOT APYIue JIEBOPEKYpCUBHbIE MpaBble 4acTu (TO
€CTh BBIBOILI UMEIOT BUIX A > AB | o, | o, | ... | o), IprmeTcs co3marth 1o
OTIEebHOMY IpaBmly A KaXI0# CTpOKH o

A > o,B

A > o,B

A > oB

B> PBB | ¢

Hacrosinue npo6neMpl HaYHHAIOTCA C BOSHHKHOBEHUEM JIEBOH peKypCHH
«obuiero BUIa», TO €CThb CHTYaUUH, KOIAa CTPOKYy AP MOXHO IOJY4YUThH U3
A nyTeM NpHMEHEHHUS UEJ0H MOCNeIoBaTeNLHOCTH IIPaBUjl TpaMMaTHKH.
K coxaneHuo, B 3TOM Cj1ydae IPOCTLIX PELUENTOB PEIICHUsT He CYHIeCTBYET.
A pesynpratom paGotsl LL(1) mapcepa Gyzer Bce TO Xe NEeperonHeHHe CTeKa
B IIPOLECCE BBINONHEHN OeCKOHEYHOH HENpAMOH peKypCHu.

CyniecTByeT ajaropuTy™, ollpeAessIoui, IpHHaUIeXKHT JIX JaHHAs rpaMMa-
tika K LL(1) Buny (oH Tpebyer BBIUMCIEHHS YXe 3HAKOMOIO MHOXECTBA
FIRST u npyrux, He MeHee «3aHMMaTesbHbIX» Benlel), Ho s He Oyny Ha HeM
ocraHaBnuBaThcs. MHTEpecytomue 6e3 Tpyaa HalinyT ero B 11060# Xopoluei
KHHUTE 110 TEOPHU U IIPAKTHKE KOMITHJIALIMA.
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7.7. CUHTaKcuM4yeckuit aHanusartop O1s noobix
KOHTEKCTHO-CBOOOOHbIX rpaMMaTUK

Wtak, mosaan ocranucek vactele crydau LR(1) u LL(1) mapcepos. I[Topa npu-
BECTH aJrOPUTM, CIIOCOOHBIN ONpeeuTh NPUHAUIEKHOCT CTPOKH K SI3BIKY,
ONMCAaHHOMY KOHTEKCTHO-CBOOOTHOM IpaMMaTUKOi obuiero Buaa.

HanoMHIO, B KOHTEKCTHO-CBOOOIHBIX IPAMMaTHKax AOIMYCKAOTCS MpPaBuia,
COMOCTABISIONINE HETEPMUHAJIBHOMY CUMBOJY JTIO0YIO CTPOKY, COCTOSIIIYIO
3 TEePMUHAJIOB U HETEPMUHAIOB, 1160 nmycryio cTpoky. Ho, npexze 4em mo-
3HAKOMUTBCSI C 3TUM aJITOPUTMOM, U3BECTHBIM KakK aneopumm Koka-Hneepa-
Kacamu (Cocke-Younger-Kasami, CYK), npunercs pazoOpartbcs ¢ mOHsTHEM
nopmansroti popmet Xomckoeo (Chomsky normal form, CNF).

7.7.1. HopmanbHasa ¢popma XomMmckoro

MpaBuna, cocrasnsiowne HopmMmasnbHylo popMy XoMckoro

H3o6pereHne popMaabHBIX FPaMMATHK — 3aciyra aMepPUKaHCKOIO JTUHTBHUCTA
(n m3pectHoro aHapxucra) Haoma Xomckoro (Noam Chomsky™). Emy xe
NPUHAUIEKVT «HOpPMaibHast (hopMar, NPeACTABASIOMAS CO00H MUHUMATLHBII
Habop BAPHAHTOB MPaBW, NO3BOISIOIUX OMUCATH JW000H KOHTEKCTHO-CBO-
DoaHbIA SA3BIK, He COMepIKAMMUEA MycThIX cTpoK. Kak s yxe oTMevaj, nmycras
CTPOKA ~— TPUBHMAJIBHBIA CIyYail, X BRIHECTH €r0 B OTACABHYIO NPOBEPKY
(oAHa CTpOYKa KOJa) HETPYIHO.

BGPOHTHO, 3TO KaXETCsI HEMOCTUKUMbBIM, HO IJI51 ONMUMCAHUS 11000ro KOHTEK-
CTHO-CBO6OI[HOI’O A3bIKa JOCTATOYHO BCEro ABYX THUIIOB IIpaBUI:

a4 > BC, rme Bu C — nepemeHHbIe
1

> a, 1€ a — TEPMUHAILHBIA CUMBOJI

* Oreunt Haoma Yusbsam Xomckuii amurpupoBal us Poccuu eine ao pepomouuu. B Amepuke ero
damuimsa npespatunack B «Chomsky», v Ha ceroaHsIIHUI AeHb OOJIBIIMHCTBO 3apy0eXHbBIX yue-
HBIX (BKJIIOYAst, CKOpee Beero, caMoro Haoma) npousHocaT ee Kak «YoMcku». B pyccKoa3bIvHONM
auTeparType MoYTH BCerAa UCTIONb3YIOT OPUTMHANBHOE HAlTUCaHUe.
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Anropntm npeo6pa3oBaHua B HoOpManbHylo popmy XoMcKoro

IIpeobpazoBanue B HOpMaJlbHYIO GopMy XOMCKOTO NMPOU3BOIUTCS B TPH
JTamna:

1. Ynaneune npaBuia Buaa A - €.
M@l yXe pemany 3Ty 3agady, Korna 3aHMMatuce nocrpoeHuem LR(1) mapeepa.
[epeunrtaiite pasnen «YnaleHue e-nmpaBHl».

2. Ynanenue npaBui suaa A > B.
DTta mpouenypa, B IpUHLHUIIE, aHAJOTHYHA NpeaAbIAYyILIE:

[IOKA cyllecTBYOT IIpaBuia BUla A B
HaiiTu IIpaBUIIO BUna A - B;
st moboro mpaBWiIa BUma B S0 (rne o — nobasi cTpoxa,
KpoMe ORUHOYHOTO HeTepMUHAaIa)
noBaBUTE IPaABUIO A >0
YIanuTes Ipasuno A > B;
KOHEIl IMUKIIA

3. IIpeobpazoBanue NpaBuI BHAa A > 0, €cIH CTPOKA O JJIHHHEE OJHOTO
CHMBOJIa. DTOT aJIrTOpUTM IpOMO3INO0K, HO HE OUCHb CJIOXEH LI npo-
rpaMMUPOBaHUS:

npeobpaszoBanue IpasBuia A > BOBL...Bk (rae Bi — oguHOYHHE CUMBOJI

TpaMMaTUKH )

no6aBuUThE B TpaMMATHKY IIpaBuila

A > XBOXBlA“Bk
XBIA ..Bk > XBlXBZA ..Bk
XB2A ..Bk = XB2XB3A ..Bk

K1 > Ko 1%k
cobmiomasi corylallenus: eciM Bi — HeTepMuHaN,
BMeCTO X;; HCIIONB30BaTH Bi
ecnu Bl — TepMuHan,
no6aBUTE IpaBWiIo X > Bi
YOalIuTE MCXOHHOE IIpaBUIo

HewmHoro tpynabie a5 9reHUs 0003HaUeHUS X, 0 IPEACTABISIOT COOOM
HOBbIE HETePMHUHAJIbHbIE CUMBOJIBL. Kax bl TakOoi HeTepMHHAIL OIpeeNisieTCsI
¢ momoipio npasuina suaa A > BC, rne C — 0auH 13 HOBLIX HETEPMHHAJIOB,
a B — nu00 onuH U3 MCXOMHBIX HETEPMHHANOB, JIN00 HeTepMHUHAJ, 32 OJHO
JefiCTBUE IMpeBpamaouics B TePMUHANBHBIA CUMBOL.

Kaxpoe npaBuno B MOCTPOEHHOM LEII0YKe «OTheXaeT» OXMH CHUMBOJ HC-
xonHOro npasuia A > BOB1...Bk, u, B KOHue KOHIOB, IPABUJIO LIETUKOM
OyzmeT pasoOpaHo Ha cocrasisomue. IToHAT CMBICI IPOUCXOIAINETO AOKEH
noMmoyb npumMep. Paccmorpum npeobpasosanue npasuna S > FabDFG:
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2 FXabDFG
abDFG K4 XaXbDFG
bDFG - XbXDFG
DFG K4 DXFG

e > FG

. > a

» > b

JorpaMMnpoBaHue npeoGpasosaHns B HOpManbHylo opmy Xomckoro

IporpaMMHUPOBaTh NpeobpasoBaHie IpaMMaTHKU B HOpMaJbHYIO popmy
MCKOTO He OYeHb CJIOXHO, TeM He MeHee, IyMalo, peajlbHO paboraiomast
yrpaMma Jiy4lie JoObIX ricep10ko10B. K coxanennio, ondga npobnema He-
OrO OTPaBJISIET XU3Hb: HHAEKCHPOBaHUE HOBBIX HeTepMuHanoB. ITockoneky
obo3HayaeM HETePMHUHAJIbI 3aIMIaBHBIMH OyKBamu (H TOJNBKO HMH), 3aIIUCH
e X,oprG, KOHEYHO, He YAacTCs HCIONb30BaTh.

Ipellaralo Takoe pellieHHe: KaK TOJbKO HaM IMOHAaJOOHTCsS HOBBIA HEeTep-
Han, OyleM HCIOJIb30BaTh B €rO KaYeCTBe O4Yepe/HYIO (HaunHas ¢ «A»)
By KHpHJUIHYecKoro andasura. PazyMmeercs, yepes 33 HeTepMuHaia Bce
Bbl HCUEPIaIOTCsl; pasyMeeTcsA, MHOrHe OyKBbl KMPMJUIMLBI ITOXOXH Ha
BBl TATHHALBI («A», «E», «T», ...}, HO... 60I0Cb, HHOTO BBIXO/1a HET {€eCI’
be3HO He YCJOXHSATh nmporpaMMmy). Kpome Toro, nns y4ebHbIX tieneit
JTHE CTOJUTCS.

HKIMIO, CYMTBIBAIOIYIO TPaMMaTHKY, @ TaKXe KO, pealu3ylomuil nepsoii
n (ynaneHue €-MpaBuil) s MPOCTO CKOMUPOBAI M3 Npeablayei mporpam-
(3Halo, Tak jeaTh Helb3sl, HO CO3/1aBaTh cefyac Kakue-To obmue MOIynu
cynTalio uenecoodpasddniM). Takum obpasoM, GyHKumr ReadGrammar (),
erateCombinations (), GenerateRulesWithout () ¥ RemoveFpsilonRules ()
pOrpaMMe yKe NPHCYTCTBYIOT.

iepb 106aBuM QYHKUUIO RemoveAtoBRules(), yrarsdomyo npasuia
aA > B:

~atic void RemoveAtoBRules () // ynanenue rpasuwl A -> B
// apanoTHU4YHO YIaneHMo
// SHICUNOH-TIpaBUII
bool AtoBRulesExist;

do // TioKa TipaBuiaa A -> B
// CymecTBYIOT

AtoBRulesExist = false;
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for (IEnumerator rule = Grammar.GetEnumerator ();
rule.MoveNext () ;)
if(((string)rule.Current).Length == 3 &&
// wawnu A -> B mpaBuio
Nonterminals.IndexOf (((string)rule.
Current) [2]) != -1)

char 1lhs

i

1]

((string)rule.Current) [0];
// neBasi 4yacTi (A)
((string)rule.Current) [2];
// TipaBasl 4yacThb (B

i

char rhs

ArrayList newrules = new ArrayList();
// nobaBnsieMble IIpaBUa

// nnst noboro mpasuna Buna (B -> alpha)
for (IEnumerator ruleBA = Grammar.GetEnumerator(};
ruleBA.MoveNext () ;)

char new_lhs = ((string)ruleBA.Current) [0];
// Nemas yacThb (B)
// lpaBast 4acThb (alpha)
string new_rhs = ((string)ruleBA.Current).
Substring(2);

// ecnu alpha — He HeTepMUHAaN
if(new_lhs == rhs && ! (new_rhs.Length == &&
Nonterminals.IndexOf (new_rhs([0]) != -1})
newrules.Add(lhs + “ “ + new_rhs);
// noGaBUTE IPaBUIIO

Grammar .Remove (rule.Current) ;

// ymansgem A -> B IpaBumio
Gramnar . AddRange (newrules) ;

// nobaBnsieM HOBhe IIpaBuiia
AtoBRulesExist = true;
break;

}

while (AtoBRulesExist); // TIOKa CyumeCTBYOT
// A -> B -IpaBula
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(ak BauTe, GyHKUMA N0 GopMe CIOXHEE MCEBIOKO/A, HO 10 CYTH NPSIMO CO-
TBETCTBYET €MY. YUHUTBIBAS, YTO TENEPh AyONUPYIOUIHECS IPaBWIa MOTYT Ce-
bE3HO pa3fyTh IPaMMaTHKY, £ Hamucaa QyHKUMUIO yAaneHus 1y0aInKaToB:

static void KillDuplicates()
{
// BCTaBIseM BCe TpaBwila B X3m-Tabnuily B KadecTBe KIouen
Hashtable rules = new Hashtable();
for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)
rules| (string)rule.Current] = true;

// BalongseM CcriMcoX Grammar Kimodamu Tabnulpl rules
Grammar.Clear () ;
for(IDictionaryEnumerator ¢ = rules.GetEnumerator();

c.MoveNext () ;)
Grammar.Add ( (string)c.Key);
}

Ines atoro ajroputMa yxe npuMeHsanach. Mzl KjiageM BCE 3JIEeMEHThI KOJI-
CKIIUHM B X31H'T3.6J'[I/II_1y B Ka4yecTBE KJIIOYel, HONb3ysACh TE€M, YTO KIIOYH
HUKATbHBL. 3aTeM NpoCTO IIpOXOAUM IO BCEM KJIIOYaM H 3aNOJIHAEM HMH
E3YILTHPYIOUIYIO KOJJICKUUIO.

peruit 3Tan (KOHBEPTHPOBAHHE MPABIU) IPOrpaMMHUPYETCsl, KaK HEeTPYIHO
OraiaThCsi, HE TaK MPSIMOJIMHENHO. DTOT aNrOPXTM JIy4lle IPUBECTH CHavaja
a NCEeBIOKOE:

NewV = pyccras ‘A’

s nedoro mparpuia BUma A >0, Ione mumHa (o) > 1
[IOMECTHUTE A > (0 B CIIMCOK YIalsieMbX;
L = A;

[TOKA pmuHa (o) >= 2
= GetNewVar (o [0
= (pgnuea(l) ==

)

X ]
Y 2) ? GetNewVar(o[l]) : NewV;

oMeCcTUTE mpaBuwio L > XY B CTIIMCOK noOaBrisieMblx ;

o = o.Substring(l)
L = NewV++;

KOHEL LUKIA
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YIAIUTE K3 IpaMMaTUKU [paBwila, [omijexamye YIaleHUn;
no6GaBUTE HOBHE TpaBulla B I'paMMaTUKY;

char GetNewVar (char OldvVar)
ECIIM OldVar — HeTepMHUHaJd, BepHYTE OldVar;

NewVar = NewV++;
nobGaBUThL IpaBuUno NewVar - 0OldVar;
BepHYTs NewVar;

Ilepemenuas NewV XpaHUT 3HadyeHHe O4YEPEIHOrO HETepMHUHAala, KOTOpHIi
OyneT HCIONb30BaThCs, KaK TONBKO B HEM IOSABUTCS IOTPeOHOCTb. A mo-
TpeOHOCTD ITOSIBSIETCS B IBYX Cly4dasiX. Bo-nepBbIX, IpH KOHBEPTUPOBAHHU
moboro puuHoro npasuna suaa A > BUB1...Bn B A » XgyX,,0cr TEPEMEHHAS
Xywoer — 3@BEIOMO HOBasl. BO-BTOpBIX, nepeMenHas Xy MOXeT OBITh Kak
HOBOWH, TaKk ¥ «CTapoii», TO eCTb PaBHOM OAHOMY U3 HETEPMUHAJIOB UCXOIHON
rpaMMarTHKH.

Oyukuusa GetNewvar() olpenenser, CO3AaBarh Jn HOBYIO IIEPEMEHHYIO BO
BTOpOM ciayyae. Ecmi llepenaHHblii el TapaMeTp ABJIsIETCA HeTePMHUHAIOM (MC-
XOJIHOI rpaMMaTyKy ), OH Bo3Bpalnaercs 0e3 u3aMeHeHnil. Eciv xXe 3Hadyenue
01dVar npejacrabisieT co00i TepMUHAIBHBI CUMBOJI, BO3BpaIaeTCsT HOBbII,
co3aHHbl QyHKIHeil HeTepMHUHal NewVar. KpoMe Toro, B rpaMMaTuky A0-
6asnsercs npasuno NewVar » OldVar. Ilocnenuee aeiictere COOTBETCTBYET
CTpOKe

ecny Bi — repMmumHan, poBaBUTE TIpaBUNo X, - Bi
IICEeBI0KO4d.

OCHOBHO#1 aNrOPUTM CO3/Ia€T HOBBIE [IpaBuia caeayroimuMm obpaszom. Hs-
BeCTHO, uTO fobapisemoe npasuio umeer sun L > XY, rae L uzHavansHo
paBHO A, a 3Hauenust X 1 Y ente Haxo onpeneants. Ilepemennas X 3aBesomo
paBHa GetNewVar (a[0]) (mpeobpasyem Xg; B Bi unu nobasnsieM npasuio
Xg; » Bi). Co 3Ha4enmeM Y gen0 o6CrouT He Tak npocto. Ecnu o npeacrasnser
c000if OMMHOYHBIA CUMBOJ, TO pabora anropurMa NMpakTHIecKy 3aKOH4YeHa:
0CTaj0Ch NG BBIITONHUTD ITPUCBauBaHue Y = GetNewVar (o) U 100aBUTDH
B rpaMMaTuKy rocnennee nmpasuno L > XY. B nporusHoM cnydae npuaercs
BBECTU HOBBII HeTepMuHan Y = NewV, no6asuts npasuio L » XY u no-
BTOpPUTH aJITOPUTM [UIs1 HOBOM sieBOHl YacTi L. = Y M ykOopo4eHHOIl npasoit
qacty o = o, Substring(1l).

ToToBblif anroput™ mpeobpa3soBaHusl MPaBWI BMeCTE C NMPOCTOil GyHKuue
Main() npuBeneH B IuCTUHTe 7.4.
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:4. Monyyenne tiopmansHoil Gopm

static char NewV = ‘A’; // pycckas A
static ArrayList newrules = new ArrayList();

static char GetNewVar (char Oldvar)
// TONYYUTE CUMBOJI U3 HOBOTO
// TOpaBuna
( // IO NaHHOMY CHMBOJIY CTapoTo
char Newvar;

if (Nonterminals.IndexOf (Oldvar) 1= -1)
// ecCny¥ CHUMBON — HeTepMUHAN
NewVar = OldVar; // OH IIEPeXOmUT B HOBOE MHpPaBUIo
else // 6e3 usMmeHenuy
{
NewVar = NewV++; // €ecny Xe CUMBOJ — TepMUuHan
newrules.Add (Newvar + “ “ + Oldvar);
// nobaBuTh mpaBuno supa X -> a
} // ¥ BEepHYTE HOBHA HeTepmuHan X

return NewVar;

static void ConvertRules ()
{
ArrayList todel = new ArrayList():
// CIHCOK ynamnsieMuX IIpaBUl

// nnst noeboro mpaBuna Buga A -> alpha, Tne nnuma alpha > 1
for (IEnumerator rule = Grammar .GetEnumerator () ;
rule.MoveNext () ;)
if(((string)rule.Current).Length > 3)
{

char L = ((string)rule.Current) [0];
// TeBasi W IpaBasg 4acTH
string alpha = ((string)rule.Current).Substring(Z);

todel.aAdd(rule.Current) ;
// TIOMeCTHUTE [pPaBUIIO B CINCOK
// ynamnseMmmx
while(alpha.Length >= 2)
// [OKa IpaBUIO LEeNUKOM He
// pazobparo
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// TeHepauus HOBOTO IIpaBwla BUIa L -> XY
// cHauana nonydaeMm X 1o alphal0]
char X = GetNewVar (alpha([0]);

// eclM B HUCXOINHOM IIpaBHJIe OCTalloCk BCETO

// cUMBoJa, IHoJlydaeM 3HaueHHe Y C IIOMOWEBL

// BrIzOBa GetNewVar () uHade 6epeM HOBHH

// HeTepMUHall U3 CIUCKa

char Y = (alpha.Length == 2) ?
GetNewVar (alpha[l]) : NewV;

// nobaBuTe mpaBuno L -> XY
newrulesg.Add(L + “ * + X + Y);
alpha = alpha.Substring(1l);

// YRKoOpaduBaeM MCXOOHOE IIpaBMIo

L, = NewV++;
// ©epeM HoOBHU HeTepMHUHAal
// W3 COUCKa
}
}
for (IEnumerator rule = todel.GetEnumerator (); rule.MoveNext();)

Grammar .Remove ( (string)rule.Current);

Grammar .AddRange {(newrules) ;

static void Main(stringl] args)
{
ReadGrammar () ;
RemoveEpsilonRules () ;
RemoveAtoBRules () ;
KillDuplicates () ;
ConvertRules () ;

Console.WriteLine (“IlpaBuna:”);
for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)
Console.WritelLine(rule.Current);
Console.WriteLine (“I[IpyHMMATE IIYCTYIO CTPOKY :
“ + AcceptEmptyString);

}

B xauecrBe nmpuMepa Ipeiaraio NMpoIyCTUTb CKBO3b aJrOPUTM IIPaBUJIO
S > FabDFG (tem Goiee 4TO NpaBMWILHEI OTBET HaM M3BECTEH):

[
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S FabDFG
[lpasuna:
S FA

E a

A BB

I'b

Brh

I DE

E FG

1 cnennanpHO BBIOpaJl B Ka4eCTBe HeTEPMUHAIOB UCXOMHOM rpaMMAaTHKU CHM-
ONIBL, He TIOXOXHE HU Ha OflHy OyKBY pPycCKOro ajigasuTa, II03TOMY Iy TaHUIIbI
 0003HaUYeHNSIX He BO3HUKHET. Ecin conoctaButs X,prg = A, X, = b, Xipeg
=B, X, =T, Xprg = 21, @ Xgg = E, 1O pacnieyaTtka, BEIJaHHAS IIPOrPaMMOi,
{IeHTHYHA [TIOCTPOEHHOMY BPYUYHYIO I1IpeoOpa3oBaHUIO (CM. BBILIE).

HopmansHas dopma Xomckoro B JFLAP

Topmanery0 GopMy XOMCKOrO MOXHO IIONYYUTh Takxke ¢ noMomipio JFLAP
pexum Grammar, nysxT Convert — Transform Grammar).

Anroputm Koka-AHrepa-Kacamun

)TOT aJrOPUTM, MO3BOJSIOIHUIA ONpeNe/]uTh IPUHAIEXKHOCTE CTPOKHU K
3bIKY, OITUCBIBAEMOMY IIPON3BOJILHON KOHTEKCTHO-CBOOOTHOM IpaMMaTHKOM,
pebyeT, 4TOOBI BXOHasi TpaMMaTHKa Oblla 3anKcaHa B HOpMaabHOU hopme
(OMCKOTO.

effyac, KOraa ajiropuTM IIOCTPOEHUsT HOpMalbHOU GOPMBI yXe 3al1porpam-
(MPOBAaH, MOXHO IepelTH HeIoCPeACTBEHHO K npouenype Koka-SHrepa-
lacamu. Cpa3y Xe HAIlOMHIO, YTO CIydal IyCTON CTPOKH MOJKeH paccMa-
pUBATBCS OTENBHO.

 [ICeB/IOKO/IE MCIIONB3YIOTCSl 0003HAYEeHHS:

N — mnMHA BXOMHOM CTPOKH a;
S — crapToBEBIil CUMBOJI TPAMMAaTHUKH;
V — RByMepHBII MacCHB, Kax/plii aJeMeHT V([i, j] KoToporo sisercs

MHOXECTBOM HETCPMUHANOB.

\ BOT ¥ caM IICeBJOKON (B HanboJee NPOCTOH BapHaLIMM):
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for 1 = 1 to N
V({i, 1] = MHOXeCTBO IlepeMeHHHX A, TakKux,
YyTO cyllecTsyeT mpasuio A S>aflil¥;

for j = 2 to N

for i =1 to N - J + 1
V{i, j] = mycroe MHOXECTBO;
for k =1toj - 1
vIii, 31 = Vi, j] U MHOXeCTBO HEeTEPMWHAIOB A,

TAKUX, YTO CyHecTsyeT IIpaBUIIO
A > BC, roe BconepxurcasVii, k],
a C copepxurcs 8 V{i+k, j—k]

ECIIA S copmepxurcsa 8 V[1, N}, DoIycTuTs CTPOKY;
uHade OTBEPIHYTh;

[Tonsate paboTy 3TOro ajropurma Mpolle Bcero Ha npumepe. PaccMoTpum
rpaMMaTHKy B HOpMajbHON popme XOMCKOro:

165}

b
b
a
a
AS
b
BN
b
IN

OHa nosnyyeHa U3 IpOCTOH rpaMMaTUKH

nNHEZwn»nZz

S = asS | bN | ¢
N — bN | e,

3amaiel si3BIK a*b* (IycTas CTPOKA HOBOW IpaMMAaTUKON HE TpUHMMAET-
cs1, HO, KaK yxKe OTMEYaJioch, 3TO OTAeNbHbI cnyyaii). [Ipu pasbope ctpoku
aabb anroput™ CYK crpont tabauny V (em. puc. 7.7).

Knetku nesoro cronbua tabnunst (3nements! V[1, 1] — V[4, 1}) conepxat
HETEPMUHANB, U3 KOTOPBIX MOXHO MOJYUHMTh COOTBETCTBYIOU[ME CTPOKH
eNMHNYHON JTMHBL (TO eCTh OT/Je/bHbIe CUMBOJB BXOMHOI cTpokn). M3 S u
A MOXHO nnonyuurs a, i3 S, N, Bu J1 — b.

57 B auTepartype OOLIYHO HAYMHAIOT HHAEKCUPOBaHHe © eMHHLIL. TakuM obpasoM, a[l] — cammiii
nepBblid CUMBOJ1 BXOIHOH CTPOKH.
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7 17 7
/7 / /|
als Al s s
17 17
SN/ /|
b 12NN, s
B.AL,
b IS Ny
B. A

Puc. 7.7. CYK-Tabnnua ans cTpoku aabb

eIYIOUIMIA CTOJIOEN COMEPXUT HETEPMHUHAJIBI, 13 KOTOPBIX MOXHO I10JTy4YUTh
OKH JIIMHOM yXe B JBa cuMBoJa. Tak, BepxHss KJIeTKa BTOpPOro CTojodna
ePXKHT HEeTePMUHA, 13 KOTOPOTO BHIBOJIUTCS CTPOKA aa. CTpoka ab Toxe
BOIUTCS U3 HETEPMUHANA S, a BOT CTPOKA b MoXeT OBITh YCIIeIIHO BBI-
eHa Kak ux HerepMuHaia N, Tak U U3 HeTepMUHaja S.

ofoJIXasi IOCTpOeHHe CTONONOB, ronyyaeM B kjeTke V[1, NJ crcok ne-
MIHAJIOB, K3 KOTOPBIX MOXeT OBITh BEIBE/IEHA BCA BXOJHAs CTpoka. Eciu
TOM CIIMCKE IIPUCYTCTBYeT CTapTOBBIM CUMBOJ I'PaMMaTUKH, CTPOKA J0-
KaeTcsl.

Ta0iune V MOXHO IIOCTPOUThL M AepeBo pazbopa. Mel He OyneM 5TuM
MMaThCs, IIOCKOJIBKY 3ajlaya He Tak 1pocTa, Kak B ciaydae LL(1) u LR(1)
cepos. [Ipu BemoaHenun aaropurma CYK, Boobuie rosops, rojnydaercs
1asl KOJLJIEKNUsI AepeBbeB: He 3a0bIBaiiTe, YTO rpaMMaTHKa MOXET OBITh
IHO3HAYHOMH, U BRIBECTH ONMHY M Ty Xe CTPOKY MOXHO COBEpLIEHHO pas-
IHBIME NTyTSIMU. B nponiecce noctpoenus Tabiauibl MOXHO HANTH UX BCe.

'0Bast porpaMma (Io4YTH OJHO3HAYHO COOTBETCTBYIOILAs I1CEBAOKOIY)
IBeJeHa B jJucTuHre 7.5.

cTunr 7.5. Anroputm Koka-SiHrepa-Kacamm

tatic ArrayList Grammar = new ArrayList();
// TIpaBuna I'paMMaTHKHA

tatic void ReadGrammar ()
string s;

while((s = Console.In.ReadLine()) != 77)
// CUYUTHBAHUE MIpaBuil
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Grammar.Add(s) ; // DobaBuTh TIPaBUNO B I'paMMaTUKY

static ArrayList FindA_aiRules(char a)
// HauTu npasuna suna A -> a

{
ArrayList result = new ArrayList();
for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)
{
string cur_rule = (string)rule.Current;
// mobasuTh NeBY HacTh HaVneHHOTO IIpaBuiia
// B COomMcox result
if(cur_rule.Length == 3 && cur_rule[2] == a)
result.Add (cur_rule(0]);
}
return result;
}

// HauTu npasuna Bupma A -> BC, rme B uz BSet, a C us CSet
static ArrayList FindA_BCRules(ArrayList BSet, ArrayList CSet)

{
ArrayList result = new ArrayList();

for (IEnumerator rule = Grammar.GetEnumerator();
rule.MoveNext () ;)

string cur_rule = (string)rule.Current;

// mobaBUTh HalleHHOe [IPABUNIO B CIIHUCOK Yresult
if(cur_rule.Length == 4 && BSet.Contains(cur_rule(2])
&& CSet.Contains(cur_rule(3]))
Cresult.Add(cur_rule(0]);

return result;

} N
static void Main(string{] args)

{

ReadGrammar () ;
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Masa 7. CuHTakCcU4Yeckuit aHanua

string input = Console.ReadLine();
// BXomHasl cTpoKa
int N = input.Length;

ArrayList[,] V = new ArrayList[N + 1, N + 1];
// Tabnuua V

for(int i = 1; 1 <= N; 1i++)
//3arnonHseM JNeBHI cTonbelr

V[i, 1] = FindA_aiRules(input[i - 11);

for(int j = 2; j <= N; j++)// OCHOBHasg 4acThb
for(int 1 = 1; 1 <= N - J + 1; i++)
{
Vv[i, j] = new ArrayList();
/7 VIi, 31 = {}
for(int k = 1; k <= 3 - 1; k++)
v[i, jl.AddRange (FindA_BCRules(V[i, k],
VIi + k, J - k1)),

Console . WritelLine (“CTpoka NpUHAONIEXUT S3HKY: “+
V[1l, N].Contains(’S*));

ockosibKy anroput™ Koka-urepa-KacaMu cogepxuT TpH BIOXEHHBIX IHK-
, KaXKIBIH U3 KOTOPBIX BBITOJHSET IPSIMO NIPONIOpIMOHaIbHOE N KOJIUYECTBO
epanuii, pacxoayeMoe IIporpaMMoif BPeMsI B UTOTE€ IIPOIOPIIMOHANBHO N3,
qUTAETCS, YTO JIs 3aa91 PacIIO3HABAHMS KOHTEKCTHO-CBOOOMHOIO sA3bIKa
/ouyeckasi CJIOXHOCTE — IIpuU3HaK 0obloit 3 PEKTUBHOCTY aITOPHUTMA.

OHEYHO, B JacTHeIX ciaydasx LL u LR rpaMMaruk emy gajieko no crenua-
(3UPOBAHHBIX MIPOIEAYP, MMEOIIMX JMHEHHYIO CI0XHOCTE. Boobwe eciu
BOPUTH O IIPAKTHKE, I10XATY i, HauboJiee MOIyJIsIPHBI HA CETOMHALIHUIA JeHp
K Ha3piBaeMple LALR-ananusaropel. Ouu paborator nogodbno LR-napce-
M, HO HCTIONIB3YIOT Oosiee orpanudenHble LALR-rpammaruku, ACTION- u
OTO-rabauupl KOTOPEIX TPeOYIOT TOPa3i0 MEHBIIETO 0ObEMA.
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HUTtorun

+ 3a7a4a CHHTAKCHMYECKOro aHaIy3a COCTOUT B IIOCTPOCHUH JIEpeEBa pa360pa
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JUIst 000 CTPOKM A3bIKa WK BbIBONA COOOUIEHMS O TOM, YTO CTPOKa
A3bIKY HE IpHHamiexuT. Takum o0pa3oM, 3aJava paclio3HaBaHMS sI3blKa
SIBJISIETCS] YACTHBIM CITy4aeM 3a/1aui CHHTAKCHUECKOro aHanu3a.

3amava CHHTaKCHYECKOro aHanu3a paspeliuma s JFOObIX KOHTEKCTHO-
CBOOOAHBIX S3BIKOB. JIs1 paclio3sHaBaHUsI KOHTEKCTHO-CBOOOTHOTO S3bIKA
TpebyeTcst Molb HeJIeTePMUHUPOBAHHOIO aBTOMATa C MATa3uHHOM IaMsi-
TBIO.

ITocKkonbKy Ha IIPAKTHKE HEETEPMMHIPOBAHHbIE YCTPONCTBA HETOCTYIIHBI,
MOKHO BOCIIONb30BaThcs anroputMoM Koka-SIurepa-Kacamu.
JleTepMUHUPOBAHHBI MarasMHHBIN aBTOMAT MOXET PacIO3HATh JHUIIb
JeTepMUHUPOBAHHDII KOHTEKCTHO-CBOOOIHBIN s13bIK. [TocTpOeHH I Hamu
LR(1) ananusarop, “tMUTHDPYS pabOTy Mara3uHHOTO aBTOMAaTa, PacHo3HAET
000 SA3BIK, 3allMCaHHBIN C ITOMONIBIO Tak HasbiBaeMod LR(1) rpamma-
KU, JIokazano, yro ¢ noMomplo LR(1) rpaMMatiku MOXKHO OIHCAThH
M000i1 JeTEPMUHUPOBAHHBIN S3BIK.

LL(1) ananusatop — 37O War HEMHOro B cropoHy. IIporpamma LL(1)
aHan3a ucnoss3yet bonee orpanuyennsle L1(1) a3biku, HO cama Hpest ee
CO3/1aHMsl OUEHb IIPOCTa U JIOOOMBITHA, ITO3TOMY S HE PELIHJICA TIPONTH
MIMO Hee.

Anroputv Koxka-SuHrepa-Kacamu, rpenHasuadeHHbI st pasbopa Jio-
00ro KOHTEKCTHO-CBOOOIHOrO SI3bIKA, BBIIONHSCT Nopsinka N* onepatmi
IIpY aHa/M3€e CTPOKK NIMHON N CUMBOJIOB. AHAJIM3aTOP, OCHOBAHHBII Ha
LR(1) rpammatukax, paboraet ropaszno Onicrpee (uHelHOE BpeMsl), HO
KOHTEKCTHO-CBOOOJHBIE SI3bIKM, BBIXOISIIME 32 PAMKHU JETEPMHUHUPOBAH-
HBIX, €My He II0 CHUJIaM.
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8.1. OCHOBHbIE NOHATUSA

TpaHCcAsSTOpPbl, KOMNUNSITOPb!, MHTEpNPeTaTopbl

[Tocne pasroBopa O CHHTAaKCHYECKOM aHaJu3e MMeeT CMBICI 3aTPOHYTh U
TeMy reHepalni KOMIIIISTOPOB. X0Ts napceprl MOTyT MCIOIB30BATHCS I
pasHBIX [1€JIed, HET COMHEHN, YTO B IIEPBYIO OYepeib UX BCE-TAKH CBSI3BIBAIOT
C 3aj1a4yeii KOMITIJISIIIUY.

He nymaro, 4To KTO-HHOYAL U3 YNTATEIeli 3aBTpa Xe BO3bMETCS 3a HallMCaHue
HOBOTO SI3HIKA IPOrpPaMMHPOBAHMS OOILEro Ha3Ha4YeHHs], TAKOro Kak Pascal,
C# wmu Java. C qpyroii CTOpOHEI, €CJIM pedb UET O BHIIIOJHEHHUH HEKOTOPOH
I1OCIeIOBATEIBHOCTH KOMaHA AJIs1 BelYepuynBanus GUIyp Ha 3KpaHe, ylipas-
JEHHH KaKUMHU-TTH00 00beKTaMHU B KOMITBIOTEPHOM UIPE MM BHIYHCIEHUN He-
CJIOXHEIX MAaTEMAaTHYECKUX (PYHKIINI], TO CUTyarMsi CTAHOBUTCS yXe He CTOJIb
Janexoi oT peajJbHOCTH.

B konue koHoB, o0lIas 3ajaya CO3JaHMUsI KOMIIMIATOpPA 3aKII04aeTcs B
pacrno3sHaBaHUU HEKOTOPHIX YIPaBJSIOIIUAX KOHCTPYKIUNA M axeKBaTHOM
HA HUX peardpOBAaHMUH, a He B IIOIBITKAX IeperulionyTs Microsoft uan Sun
Microsystems.

31eCh MOXXHO HEMHOTO ITOPACCyXAaTh TAKXE O TEPMHHE «KOMITMJISATOP». S
HCIIONB3YIO €ro JHIIb HOTOMY, YTO MHCTPYMEHT, C KOTOPHM MH OyxeM UMeTb
J€e0 Ha NPOTAXEHHH IJaBhl, OTHOCHTCS K KJACCy IPOrpPaMM, Ha3blBaeMBIX
«KOMIHISITOPaMH KOMIIHIsTOpoB» (compiler compilers)®®. Ecan uacTpyMeHT
SIBJISIETCS] KOMITMJISITOPOM KOMITHJISITOPOB, TO Pe3y/IbTaToOM ero paboTh ROKeH
OBITH, COOTBETCTBEHHO, KOMITHIISITOP.

Ha camom nejte ¢ mOMOIIBIO TAKOTO CPEACTBA BBl MOXETe CO3/aTh KaK KOM-
HOUJISITOP, TaK U MHTEPIIPeTaTop, TPAHCISATOP MM BOOOIIe IPOCTO CHHTAK-
cU4ecKuil aHain3aTop Oe3 KaKHX-JIn00 HONOJHUTENRHEIX GyHKIui. YToOH
He MyTaThCsl B TePMUHOJIOTHH, MMEET CMEBIC] HAallOMHHUTH, 9YTO OOBIYHO IO~
pasyMmesBaroT 1101 HHTEePIIPeTaTOPOM, TPAHCIATOPOM U KOMITHISTOPOM.

% Ecau [IOMHHTE, 3TO COUYCTAHUE YXE€ YITOMUHATOCEH B JIABC O CHHTAKCHYCCKOM aHAJIH3e.
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+ TpancasTop — 3TO0 nIporpaMma, rmepepoJsmiast TE€KCT, HANHCAHHBIH Ha
OHOM s3bIKe NPOrpaMMHPOBAaHMUs, B TEKCT Ha npyrom s3bike. Hanpumep,
nporpammy Ha Ilackane B nporpammy Ha C. Miu Texcr ¢ si3pika C B TekCr
Ha si3pIKe AccemOiepa.

+ Komnuisitop — 310 nporpamma, npeodpasyoniasi TeKCT, HamMCaHHBIH
Ha KaKoM-Tu0o s3bIKe NpOrpaMMHpPOBaHMs, B NPOrpamMMy B MallMHHBIX
Komax. TakuM 0Opa3oM, KOMIIWISITOP SIBJISIETCS TPAHCAATOPOM C SI3BIKA
BBICOKOTO YPOBHSI Ha SI3bIK MAIIMHHBEIX KOJOB.

+ UnrepnperaTop — 3T0 nporpamma, HenocpeacTBeHHo (KoMaHja 3a Ko-
MaH0¥) BBIMOJHSIOMASA TEKCT Ha KaKoM-1u00 si3bIKe HpOrpaMMHpOBa-
HHSL.

9ra knaccuduKkamnus AOCTaTOYHO YCJIOBHA, NOCKOJIBKY B PA3JIMYHEIX CHUTY-
anusiX OJHU M Te Xe JelCTBUS MOTYT PacieHUBaThCA Io-pasHoMmy. K Tomy
Xe peaju3anysi KOHKPeTHOrO MHCTPyMeHTa paspaborduka (He Oymy 3mech
ynorpeGisTh HU OJMH M3 TPeX paccMarpuBaeMEBIX TEPMUHOB!) MOXET COCTO-
AT U3 KOMOMHANMHK KOMIIWISATOPA M TPAHCIATOPA (WM MaXe HeCKOJIbKHX
TPAHCIATOPOB).

HanpuMep, siBiisieTcst 1M KOMITHISTOPOM TPAHCISTOP, IIpeobpasyomuii npo-
rpamMMy Ha beiicuke B nporpammy Ha C#? Kak npasuio, HeT. A eciu «poj-
HBIM» SI3BIKOM IIporieccopa sipisiercsi C# (TeopeTHdecKy TaKOe BO3MOXHO)?
Torna koneyHo. Cam 110 cebe mporeccop B U3BECTHOM CMBICIIE BCerja siBJisi-
eTCsI HHTEePIPETATOPOM, NOCKOJIBKY OH MO ILIaraM BHIIIOJHSIET MHCTPYKIIHH,
3aNMCaHHble B MALIMHHOM KOJI€.

Unrepnperarop Toxe HepeaKko cHavajla IpeoOpasyeT UCXOMHYIO IPOrpaMmy
B HEKOTOPOE IIPOMEXYTOYHOE IIPEACTaBIeHre, TAK KaK MHTEPIPETUPYEMbIH
S3BIK HPOrPaAMMMPOBAHUS MOXET OBITH CIAMIIKOM CiOXeH JJis Hellocpes-
CTBEHHOTO IIOMIAroBOTO BHIIOJHEHUs (0CO0eHHO eciu pedb UjeT O SI3HKe
BBICOKOTO YPOBHSI).

Coznareiii «HACTOSIIUX» (TO €CTh PeajbHO IpeobpasyrIluX IPOrpaMMy B
MAIIMHHEN KOM) KOMIIMJISTOPOB TOXE MOTYT yIPOCTUTE cebe 3amady, eciu
BCIIOMHSIT, YTO XOPOIIUEe KOMIMJISTOPH mist AcceMOiepa i, ckaxem, C
JaBHBIM-JTABHO CO3JIaHHI.

Tak, nepssie KoMIunsTops C+ + npeoOpa3oBhBaIM BXOTHYIO IIPOrpaMMy
Ha C++ B 9KBUBaJeHTHYIO IporpaMMy Ha C, a 3aTeM BBI3BIBAJIU TOTOBBIH
komnuigtop C. Cpena nporpammuposanus Borland C++ 3.1, ¢ xoTopoii s
Korga-To paborai, yMeeT POU3BOAUTE TPaHCIANHMIO Koga Ha C++ B acceM-
OnepHeni TekcT. Ero, B cBOIO ovepenp, I10JaraeTcsi KOMIMJIKPOBATh IIpHU 110~
moiM Tasm, nocsie gero nojydaeTcs HOJTHOUEHHBN exe-baiii. IonyasapHerii
(B y3kMx Kpyrax yobureJeii) komnuistop si3eka Ada GNAT nepesoaur 1po-
rpamMmy Ha Ada B nporpammy Ha C, a 3ateM so3bBaer GCC miia reepanuu
UCIIOJIHSEMOro KOJa.
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MNpoekT Coco/R

OO0rryHO B KauyecTsBe MHCTPYMEHTOB pa3paboTyMKa KOMIMJISATOPOB Ipexje
BCEro yIIOMHMHAIOT Kjaccuyeckue rporpamMmel YACC u Bison, yxe He nnepsoe
JecsATHIeTHe ClyXaiye IporpaMMUCTaM.

O3HaKOMMBILUCH C COBPEMEHHBIMHM aHAJIOraMHM, s1 PEIIN OCTAHOBUTLCS Ha
redeparope koMmnuisitopos Coco/R¥, HenasHO pa3paGoTaHHOM B YHUBEp-
curere T. Jlunua (Asctpusi). B ominuue ot ocHoBaHHbIX Ha s3bike C YACC
u Bison, Coco/R ucronb3yer B KayecTse 6a3oBoro s3eika C# (4ro mis Hac,
HECOMHEHHO, siBisiercs mmocoM). Kpome toro, Coco/R mocratouHo npoct
B UCIIOJB30BAHUH, €CJIM CJIOBO «IIPOCTOTa» BOOOIE NPUMEHMMO K 3amaye
CO3/1aHMU s KOMITUJISATOPA.

3Jror reHepaTop MOXHO CKa4aThk CO CTPAHUIIBI
http://www.ssw.uni-linz.ac.at/Research/Projects/Coco/

Tam HaxoauTCA KaK yxe cKoMITuinposanHtas sepcusi Coco/R, Tak ¥ KOMILIEKT
MCXOHBIX TEKCTOB. JJIs 3alycKa IIpOrpaMMbl B TEKYIIEM KaTajore JOJXHBI
HaxonuThcs TpH daitia:

Coco.exe
Parser. frame
Scanner. frame

C VAOBOJABCTBUEM 3aMEYY, UTO BMECTE C nporpaMMoﬁ IIoCTaBjasIeTCss JOBOIALHO
NpuiIvuvYHas JOKyMeHTaluus: Kparkasa 1 BIIOJHE yurTabebHas.

Upeonorus komnunsatopa

TlonnoLEeHHEI KOMIIUIATOP (X BOOOIIE, JI000H TPAaHCAATOP) COCTOMT, I10
KpaiiHeil Mepe, U3 TpeX MOAYyJeH: JIEKCUYECKOro aHajIu3aTopa, CMHTaKcuye-
CKOrO aHajlu3aTopa U reHeparopa Koja.

ITepsas u, moxanyi, caMast HeCJI0XHasi YacTh — JeKCHYeCKHil aHaIH3aTop —
3aHHMaeTcs MpeodpasoBaHHeM HCXOJHOTO TEKCTa HPOrpaMMbl B ITOCIE0BA-
TeJIBHOCTh CHEUHAIbHBIX CHMBOI0B — mokenog. Ha Husiiem yposHe jobas
nporpaMma coctouT 13 00erdHEIX ASCII cMMBOIOB, HO BOCIPHHIMATS, HAIIPU-
Mep, KJIo4eBoe cJoBo for A3pKa C# Kak II0C/ieI0BaTeIbHOCTh TpeX OYKB £,
O M r Ha 3Talle CUHTAaKCHYEeCKOro aHaju3a 6ecCMBICIEeHHO.

Kinouesrnle ciioBa, Takue Kak for, while M using, ABJISIOTCA OMUHOYHBIMU
CHMBOJaMH, «TOKEHaMH» MPOrpaMMbI B TOM CMBIC]Ie, YTO MX TeOPETUYEeCKU
BO3MOXHOE Pa3JIOXEHHMEe Ha CHMMBOJIBI Oojiee HU3KOTO YPOBHS He JaeT HaM
HUKaKUX HOBBIX 3HaHUIl 0 nporpamme. To Xe caMoe MOXHO CKa3aTbh 00 orre-

3 Bce ByKBHI B HA3BAHUU JIATUHCKME, FIO3TOMY YMTaTh, BUAUMO, CllelyeT «KOKO» (BO BCAKOM Cllyuae,
HE «COCO»).
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palusix 1 TPoYnx 0003HaYeHUSIX S3bIKa, COCTOAIIMX U3 ABYX uin 6osnee ASCII
CHMBOJIOB, HO (baKTUUECKH NpeiCTaBIsIoOmuUX co00i eMHYyI0 KOHCTPYKUMIO.
HanpuMep, nocienoBaTelbHOCTD /* O3HAYaeT CUMBOJI Havyaja KOMMEHTapHs,
10 CMBIC/Iy HUKaK He BBIBOIAIIMIACA U3 3HAKOB IEJIEHUs U YMHOXEHUS.

To xe camMOe MOXHO CKa3aThb U O TAKWX dJIeMEHTax IpOorpaMMbl, KaK UieH-
TH(HKATOPBI M KOHCTAHTLL. JIeKCUYeCKHil aHanu3aTop, ¢ ONHOH CTOPOHEI, He
005132l OMpeneNaTh, dBisercsa Ju MyId 123 uMeHeM Kjacca, NePEMEHHON
Wi GYHKIMM; C IPYTOil 2Xe CTOPOHBI, OH HOJXKeH H30aBUTh CUHTAKCUYECKUI
aHaJIM33TOP OT HEOOXOMMMOCTH pacrosHaBaTh nabop cumeonos M, y, I, d, _,
1,2, 3 KaK HeKyIO eINHYIO KOHCTPYKUHIO, SBIAIIWYIOCH WAEHTU(DUKATOPOM.

[Ipeobpa3oBaHne CHMBOJIBHOI TTOCAEI0BATeIbHOCTH -1.232 B KOMMYecTBeHHOe
3HaYeHMe — 3alaya JEeKCHYeCKOro aHalu3aTopa, UCHOJb30BaHME HONyIeH-
HOTO 3HaYEHUS €r0 yXe He HOKHO 3a00TUTh.

B0o3MOXHO, BB YK€ 3aMETUIH, YTO pacro3HaBaHue UIeHTUPUKATOPOB, KIIIO-
4eBbIX CJIOB ¥ KOHCTAHT ~— 3TO 3ajaua, peliaeMasi Ipu MOMOIIHK PeryaspHbIX
pelpaxkeHuit. Ha nmpakTukKe KOHCTPYMPOBAaHME JIEKCMYECKOTO aHalIu3aTopa
POMCXOOUT CreaylomuM obpazom. Bel mpenocrapisere cneuuaibHOM Mpo-
rpaMMe-reHepaTopy JeKCHMUecKUX aHalu3aTOPOB CHeUU(pUKALHIO TOKEHOR
g3bIKa (C TTOMOIIBIO HEKOTOPOIL Pa3HOBUAHOCTH PEryIsipHBIX BRIpaXKeHuil), a
nporpaMma rnedaraer JMCTHHT JIEKCUYECKOTO aHajn3aTopa, BLIITOJHAIONIEro
pacroszHagaHue TpedyeMbiXx TOKEHOB.

Kak n3BeCTHO, eClIi HEeKOTOPasi CTPOKA 3a7aeTcs peryIsipHbIM BhIpaXXeHueM,
pacno3HaTh ee MpoIle BCero ¢ NOMOMBIO COOTBETCTRYIONIErO KOHEYHOIO aB-
roMara. OOBIYHO reHepaTophl JIEKCUYECKUX aHaIN3aTOPOB TaK U MOCTYNAIoT:
OKHMHYB B3IJISLZIOM TOJyYeHHbIH JIMCTUHT aHAIM3aTOpa, Bbl 0€3 TpyJa 3aMeTuTe
B HEeM XapaKTepHble IS KOHEUHBIX aBTOMAaTOR KOHCTPYKUHH.

FenepaTop eKCHYECKHX aHAIM3ATOPOB MOXKET ObITh OTAENLHOIT IPOrpaMmoii
(k1accuyeckuit npumep — Lex), a MOKeT U BCTPAMBATLCA B KOMIHJAATOD
Komnuasitopos, kak B ciydae Coco/R. Enuncreennoe zameuanne: B Coco/R
JIeKCHYEeCKWil aHanu3aTop Ha3blBaeTcsi ckanepom (scanner).

YeTpoitcTBO CHMHTAKCMUECKOIO aHajJM3aTopa B KHUTE yXe 00CYyXIalocCh.
CHuHTaKCHUC $13blIKa OMHUCHIBAETCs € MOMOINbIO HEKOTOPOil PasHOBUIHOCTHU
KOHTEKCTHO-CBOOOIHOM rpaMMaTiKH, Ha OCHOBAHMH KOTOPO# napcep MOXeT
OBITb CreHepupOBaH aBToMaTHYecky. Yem OoJiblie OrpaHUYeHni B IIpaBu/Iax
rpaMMATHKH, TEM TIPOIiLe ¥ ObICTpee CHHTAKCUYEeCKHit aHAIN3aTop, HO TeM yxXe
KPYI CUHTaKCHM4eCKHMX CPEICTR, 3TOM rpaMMaTUKON BbIpa3UMBIX.

ObpartuTe BHUMaHUE, YTO NMpH 0OCYXNEHUU NapcepoB Mbl BOOOIIE HE pac-
CMaTpVBRaJy 3a7avy JeKCHYECKOTo aHalu3a: KaX (bl CUMBOJI BXOIHOMK CTPOKH
BCETMIa CUMTAJICS OTAENbHBIM TOKEHOM.
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HanoMmH1o, 4TO 00bIYHBIN MOAXON K PEleBuiO 3aadyl CHHTaKCHYECKOr0 aHa-
JIM33 COCTOMT B UMUTAIUU pabOThl JeTEPMUHUPOBAHHOIO Mara3uHHOrO aBTo-
mara. Anroputm CYK 714 peanbHbIX KOMOMISTOPOB OKa3bIBAETCS CIUIIKOM
MeIUIeHHbIM, a peKypcusHblil LI(1)-aHanu3arop — CIUNIKOM OrpaHHYEHHBIM.
[Tpoexr Coco/R, ognako, ucnonedyer umesso LL(1)-noxxon. ITpu atom B
rpaMMaTUKy BHOCSITCSI JOTIONHUTENIbHblE BO3MOXHOCTHY, Ha MpPaKTHKe pac-
MMPSIONINE KJIacC pacro3HaBaeMerx A3bIK0B 10 LL(k).

[pexnonxoxum, 4T0 CHHTAKCUYeCKUit aHanu3arop co3aad. Yro paneime? Kmo-
YeBbIM ACMEKTOM CMHTaKCHYeCKOro aHanau3aTopa s Obl Ha3Baj BO3MOXHOCTD
HE TOJIbKO NMPUHUMATL/OTBEPraTh BXOXHYIO CTPOKY, HO U B KaXIblif MOMEHT
BpEMEeHU OMpeeNsTh HCIONb3yeMOoe NPaBWIO BeIBOa (O1aronaps 4eMy MOXHO
MIOCTPOUTD IepeBo pa3bopa). Panee npu OnpejneleHUH TEKYIIETO MpaBuia
BbIBOIa MbI HpOCTO rieyaran €ro Ha 3KpaHe, " 2TO Ha3bIBAJIOCL «CHHTAKCHU~
YeCKHMM aHaJIM30M». Ho Ipn XenaHuM Ha Kaxaoe NPaBUJIO BbIBOJA MOXHO
«HABECHUTh» CBOE CODCTBEHHOE jeiicTBHE.

Hanpumep, eciu npu 0OOGHapyXeHWH CTPOKM a : Integer; BbIBOIUTH B
BBIXOMHOM (paiyl CTpOKY int a;, Mbl IONYYUM NPOLENYPY, BXONALLYIO B
tpa"cnsTop Pascal » C. Eciu, pacnosHaB ynpasisiionlylo KOHCTPYKIMIO,
HeMeUICHHO €€ BbIMOIHUTb, Napcep MPeBPATHTCS B KJIACCHUECKHUI MHTEp-
npetatop. Ecnm ®e nmepeBomuth KaxXaylo aHAIH3HPYEMYIO HHCTPYKIIMIO BO
(hparMeHT MaMMHHOIO KONa, MOMyuyuTCd KOMOUIATOP.

Jlig onucanusi TOKeHOB UCNONB3YIOTCA perysipHble BeIpakeHus, ISt Onpese-
JIEHUs! CHHTAKCHUYECKHUX KOHCTPYKIMi — ¢OpMalbHble TpAMMATHKH. A Kakoe
CPENCTBO, KAKOM A3bIK IPUTOIeH /151 COCTABIEeHNA NeENCTBUHN, COOTBETCTBYIO-
IIMX TEM WK UHBIM Pacro3HaBaeMbIM KOHCTPYKLMAM?

OTBer, BO3MOXHO, OJHOBPEMEHHO OUEBUIEH M HeOxXMIaHeH. Kakoii a3bIK
UCTONb3yeTcs s onucasgus aeitcrsuit? Hanpumep, coptuposku? Koneuno,
mo0oit 00bIYHbIH 93bIK NporpaMmupoBanus! JIo60i KOMIUISATOp KOMIU-
JIATOPOB JOJIKEH NPeAoCcTaBIsaTh pa3paboTUUKy BO3ZMOXKHOCTb BCTABJSATH B
omnpeneNeHHple YIacTKH OMUCaHMA A3blKa (JpAarMEHTHl HA HEKOTOPOM SI3bIKE
nporpammuposanus. B Coco/R takuMm s3eikom sissiercs C#. Mmenno 310 s
oz pa3’yMeBal, B YaCTHOCTH, Koraa Ha3pan C# «0a30sbiM» sg3b1koM Coco/RéL
Kpome Toro, roToBblii KOMIRIATOP, CreHepupoBaHHblil npoekToM Coco/R,
Oyner nONydYeH B BHIe JuUCTUHra Ha C#.

% Kotopble HaM, BIIpOYEM, He NOTpedyoTCs.
9 CyIuecrByloT, NpaBia, BEPCHH U JUIst APYTUX SI3BIKOB, HO HAC OHHU ceifyac He UHTEePECyIOT.
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8.2. [NpaKkTuyeckun npumep: TPaHCIATOp
npocrenwero s13blka nporpaMmMmMpoBaHuns

HMaBaiite Tenepb nonpodyem HanucaThb XoTs OBl caMBlif IPOCTONR NIPOEKT C
nomorbio uHCTpyMeHTa Coco/R.

S npemiaralo co3gaTh TPAHCIATOP NPOCTENINETO A3bIKa NPOrPaMMUPOBAHUS
B Habop OoJsiee CTPOTMX MO CHHTAaKCHCY Omnepanuii, KOTOpsle 3aTeM MHTep-
IPETUPYIOTCS.

BEITE MOXKET, BHIOOp KOHCTPYKLMI A3BIKa NTOKAXKETCs BaM HECKOJIBKO CTpaH-

HbIM; Ha CaMOM JeJie OH HaBesiH yCTPOHUCTBOM CJYXeOHOro s3bIKa OJHOTO
IPOEKTa, Hajl KOTOPBIM MHE OBeJOCh paboTaTh napy Jet Ha3asl.

BblOOp KOHCTPYKLMI A3bIKA

B s3BIKe npenycMOTpeHo ABa BU/a NepeMeBHbIX: nesble 1 Oys1eBbl. 3Hauenus ue-
JIBIX TIEpEMEHHBIX BCer[a OrpaHMyeHnl, 1 3TOT (PakT OTpaxKaercst B ONUCAHUU:

VarName: integer (Min..Max) := IntValue;

Hanpumep, onucanue nepemMenBoii a, 3HaU€HUE KOTOPOH JIEXKUT B IPOMEKYTKE
[-5...10] 1 paBHO M3HAYANBHO 3, BHIIISANT TaK:

a: integer(-5..10) := 3;

Bce aeMenTH! 3TOM 3amucu 0ba3aTeNbHH. Ecim B poliecce paboTe porpam-
Mbl 3HadeHMe NEePEeMEHHOM BBHIXOMUT 3a MpeAeb! YKa3aBHOTo MPOMEeXyTKa,
coobrraercs 06 omubKe BpeMeHN BHITIOIHEHUSI.

Ommcanue OyaeBoit NepeMeNHON BHITIAIUT MpoLIe:
VarName: boolean := BoolValue;

B kayecTBe HauaJIbHOTO 3HaYeHus OyJeBoii IepeMeHHON UCIoIb3yeTcs OfaHa
13 Ipefionpe eJIeEHBIX KOHCTanT true wim false.

ITporpamma odopmirsiercs B cTIIE, TOXOXKeM Ha NMacKaJleBCKUMA:

program HazpauuellporpaMMEl.
var // omuCaHWs IIepeMeHHBX
//
begin
// HUHCTPYKLWM
!/
end.

KoMMeHTapuu HaYMHAIOTCS C MOCIEM0BATENbHOCTH // M 3aKaHYMBAKOTCS
CHMBOJIOM KOHHa cTpoku. JIroOsle npobesnbHble CHMBOJIB UPHOPUPYIOTCH,
pacnosiaraTh MHCTPYKIIMM MOXKHO CBOOOJHO (XOTh MO AECSTh IITYK Ha OJHOIM

CTPOKE).
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B Hauem s3pixke OyzeT Bcero Tpu ynpasisiouue KOHCTPYKIME: TIPUCBAHBAHHE,
BETBJIEHHE M OE3yCIOBHBIN Nepexoyl.

JlonyckaoTca Tpu pasandHble hOpMbl IPUCBANBAHUSL.

1. mpocroe npucsamsanue: let a := b; (118 JOOBIX EPEMEHHBIX);

2. mpucsauBaHue C omepamueii not: let a := not b; (TOMBKO a1s 6y-
JIEBBIX NIEPEMEHHBIX);

3. mpucsauBanue ¢ OMHapHOM onepamueit: let a := b op c; (e op ecTh
«+» WK «~» JUIS 1IeJIbIX IepeMEHHBIX, «and» WM «or» I Oy/1eBbIX).

Bertsienue npencrasiser co60i 0OBIYHYI0 HHCTPYKUKIO if ¢ HeobOs3aTelb-
HOH YacCThiO else:

if a ifop b goto Merkal; [else goto MeTkal; ]
3mech B KauecTse ifop MOFYT HUCTIONB30BATLCS OMEPALHUU «=», «<>», «<»,
«<=», «>» M «>=». [lns OyJieBbIX 3HaYEHN TOMYCTHMBI JUIIb ONEpPAUK
«=» 0 «<>»,

besycnosHbIif nepexon uMeeT camblit GECXUTPOCTHBIA CHHTAKCHC:

goto MeTKa;

Jliobast MHCTPyKIMa MOXeT OBITh Npe/BapeHa MEeTKOM, MCoNL3yeMoit B if- u
goto-kOHCTpyKuusix. CTpoka end. He CUMTAETCS MHCTPYKLMEH M He MOXeT
OBITH IIOMEUeHa.

Takum obpasom, Hanpumep, cOCUUTATL CymMmy umcen 1, 2, 3, 4, 5 MOXHO Tipu
TIOMONIY CIeAlyIonIei MporpaMmal:

rrogram CountSum.

var s: integer(0..100) := 0; // cyMMa
b: integer(l..6) := 1; // CYeTYyuK
begin
loop: let s := s + b;
let b := b + 1;

if b < 6 goto loop;
end.

OrnepaTopos nevatn He NpenycMOTpeno. PesyabraTsl paboThl IIpOrpaMMbl
MOXKHO OyeT y3HaTh MO COIEPXKUMOMY MEPEMEHHBIX.

BepositHo, y Bac yxe BO3HUK BOMIPOC: IOYEMy ONepamust IpUCBanBanus Tpedyer
yKa3aHus KMo4esoro ¢josa let? [ToyeMy BMecto let s := s +b; Heaw3d
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jamucaTh MPOCTO s := s + b;? JleJo B TOM, YTO HCKJIIOYEHHe CI0Ba let
npusenieT K npobiremam ¢ LL(1) dopmoit. Hanomuio, npu LI(1) pasbope cun-
TBIBAHUST OJIHOTO-€MIMHCTBEHHOIO TOKeHa Ha KaXJoM 3Tamne pazbopa mHONIXHO
OLITH XOCTATOYHO VIS IPUHSTUS NMPABWILHOIO PELICHUs O eTO CMbICIIE.

[IpennmonoxuM, B Havajae OYepeaHOH HHCTPYKLHH CUHTAKCHYECKUI aHau-
3aTOp BCTPETWII TOKEH, IpecTaBnsiomuit coboit unentuduxarop. Ecam pas-
pelwITh IpHCBaMBaHue 0e3 let, TO HEMENIEHHO BO3HMKAET 3aTpylHEeHHE!
YeM ABJISIETCS DTOT MASHTUQMHUKATOP — METKOM MHCTPYKIIMH WKW HMeHeM
nepeMeHHO# B JeBOi yacTu npucsausanua? Kaxk g yxe rosopuiu, Coco/R
BKJIIOYAET MEXaHU3MbI JUIF pa3pelienus NOROOHbIX HEONHO3HAYHOCTell, HO
3a4eM HaM cO371aBaTth ceOe JUIIHNe NpoOIeMbl B TAKOM IIPOCTOM A3bIKe?

BbiGOp NPOMEXYTOYHOI O NPeACTaBNeHUst

XoTs MHCTPYKIMK Hallero si3pika (HazoseM ero TinyCode) MOXHO BBIIONHATH
1 HeOCPeNCTBEHHO, BCe-TaKy Npouje cHavyasla npeodpa3oBaTh UX B HEKOTOpPOe
«IPOMEXYTOYHOE TIpejiCTaBlieHue». B oTinyne oT NMoJHOCTBIO TEKCTOBOTO
HCXOMHOTO OMHUCAHUS MPOrpaMMbl, IPOMEXYTOYHOe NpencTaBieHue Oyuer
COCTOSATH U3 TPEX Pa3TUYHbIX 2JIeMEHTOB!

1. xou-rabiuupl, corepxkamei NepeMeHHble TPOrpaMMBI;

2. yIpOuIEHHOTO JIUCTHHTA MPOrPaMMEB], B KOTOPOM OTCYTCTBYIOT ONUCAHUS
TepeMeHHbIX U METKH, a KaX/as MHCTPYKLHUS 3anucaHa Ha OTHelbHOR
CTPOKe; '

3. X3UI-TabIUIb], COMOCTaBIAIoONEe CAMBOJIMYECKIM HMEHaM MeTOK HoMepa
COOTBETCTBYIOUIMX CTPOK YIMPOWIEHHOTrO JTUCTHHTA.

Ha conepxuMoM ynpoueHHoro JUCTUHTa MporpaMMbl HIMeeT CMBICTT OCTaHO~
BUTLCS HEMHOTO Nonpo6Hee. MoXHO, KOHEYHO, NPOCTO HCKJIIOYUTh METKHU U
pasbpocaTb UHCTPYKIIUMU 10 OTAEAbHLIM CTPOKaM, HO MHE KaXeTCsl, YTO B
UHCTPYKLWH NopnaeTcs JajlbHellieMy yIIpOLIeHHIO:

1. 3ammucs BUa let a := b; npeBpamaercsd B asgn a b.
2. 3anmece BUZA let a := not b, IpesBpamaeics B asgn a not b.
3. [IpucsauBanne ¢ OMHApHOM onepaimelt let a := b op c; 3alMUCH-

BaerTcd KaK asgn a b op c.

4. B npoctoM BetBJIeHHH if x ifop y goto label; ypansercs TOYKa
czangroit: if x ifop vy goto label.

5. TTonnoe BetBnenue (celse) if x ifop y goto labell; else goto
label2; mpespamaerca s if x ifop y goto labell elsegoto
label2.

6. B xoner nporpaMmbl 1o6asisierca KoManna end.

HemasoBaxXHO OTMETHTb, YTO COCTaBJSIONINE YIPOUIEHHBIX HHCTPYKIIHIA
scerfda pasyiesieHbl pOBHO OZHMM IIpobeoMm.
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8.3. leHepauus IeKCUYECKOro u
CUHTaKCUYECKOro aHaaum3artopos

OcHoBHble NpaBuna onucaHus siablka B Coco/R

Kaxk yxe ormeuanocs, Coco/R resepupyer Kak JISKCU4eCKUH, TaK X CHHTaK-
CHYeCKMi aHaIM3aTOphl MO 3aJaHHOMY ONMUCAHMIO A3plKa. OnMcanue npen-
craBisier co0oi OOBRIYHBIA TEKCTOBBIN (aiin ¢ pacuiMpenueM atg (B HanleMm
clyvyae pa3yMHO Ha3BaTh €ro tinycode.atg), comepXammii HHCTPYKLIMH,
pacrioznaBaemble liporpammor Coco/R.

Onucanue s36IKa HAYUMHAETCH C yKazanug ero Ha3BaHus BCJIE] 3a KIIOYeBbIM
CcJIOBOM COMPILER: '

COMPILER TinyCode

Jaiee niocne pupekTussl CHARACTERS MOXHO yKa3aTh HMeHa, 0003Haqaue
JI000H CUMBOI U3 XaHHOro Babopa:

CHARACTERS
letter = “ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijkl
. mnopgrstuvwxyz”.
digit = “0123456785".

DTy olipeseieBUst II03BOJIAIOT Telieph MCIIOIb30BaTh CI0Ba letter mdigit
BMECTO SIBHOIO IIepeuncIenus COOTBETCTBYIOUMX HabOpOB CUMBOJIOB.

Terieps MOXHO yKa3aTh CIIMCOK TOKEHOB, pacliO3HaBaeMbIX JTIeKCUYeCKUM aHa-
mizatopoM. Kak yxe roBOpHIOCh BHIIIE, TOKEHb! ONUCHIBAIOTCS TPU OMOLIN
HEKOTOpO# pasHOBUIHOCTU peryiasipHbiX Belpaxenuit. B Coco/R npusstH
cllenyioiye CormanleHus:

+ BripaxeHnue, 3aKTI04€BHOE B GUT'yPHbIE CKOOKH, MOXeT ITOBTOPSITHCST HyJlb
i Gonee pas (3amplkanne Kimnn).

+ BeprukansHas uepTra 0003HayaeT alpTepHaTHBY (0OBEAMHEHNE B TEPMU-
Hax PeryJsipHbIX BHIPaKeHMIt).

+ B xBagparnsle CKOOKH 3aKogaeTcss HeoOg3aTe/lbHas 4acTh: 3aluch [a]
9KBUBJICHTHA a U € B CTAHAAPTHON HOTALIMH.

+ Kaxjas 3allUCh 3aBepUIAETCS TOYKOK.

Taxum obpaszom, upentuduxarop (Identifier) — 3710 6ykBa, 32 KOTOPOIt Ciexy-
eT moboe KomuecTBo OykB wim uudp. Yuciao (Number) coctour u3 Heobsiza-
TEJIbHOrO 3HaKa «MHHYC» U IOOOTO He MEHBIIEro eIMHULBI KOnYecTBa uudp.
Tokensl true u false onpenensioTcss COOTBETCTBYIOLIMMH CTPOKAMMU:

TOKENS
Identifier = letter {letter | digit}.
Number = [‘-'] digit {digit}.
true = “true”.
false = “false”.
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CrpoKOBBIE KOHCTAHTBL BpOJIe true uiM false HeobsA3aTeIbHO epeyncisTh
B CTIICKE TOKEHOB. S cpean 370 JMIIb OTOMY, YTO B najJbHeHIieM Ha 3TH
KOHCTaHTBI IPUIETCA CChUIATBCA, IO KpaiiHeil Mepe, nBa pasa. B aToM ciyyae
NprCBOCHHE HMEH MHe KaXercsd pa3yMHbIM. A BooOue Coco/R aBTromaru-
YecKH Npeodpasyer B HEMMEHOBAHHBINH TOKEH JIO0YIO IOCHEN0BaTeIbHOCTD
CHMBOJIOB, 3aKJIOUEHHYIO B KaBbIUKH.

ITocne CEeKUMHM TOKCHOB MOXHO 3a/1aTh CHHTAaKCUC KOMMEHTapues 1 MHOXECTBO
HTHOPpUPYEMBIX CHUMBOJIOB:

COMMENTS FROM “//" TO ‘\n’

IGNCORE ‘\r’ + ’'\n’ + ‘\t’
KommeHTapin cunTalorcst BAXKHBIM 3JIeMeHTOM JII000ro 3K a, rosromy Coco/R
BBIEJISIET MX B OTHEJIbHBIN 6JIOK (KpOMe TOTO, BJIOXEHHbIE KOMMEHTapHu He-
BO3MOXHO 33/1aTh € [IOMOLIBLIO PEryJIsipHEIX BeIpaxeHuil). Ctpoka COMMENTS
FROM “//" TO ‘\n’ yKa3biBaeT, YTO KOMMEHTAapHH S3bIKa HaYWHAIOTCH ¢
nocaenoBaTebHOCTH “//” M 3aKaHYMBAIOTCSl CUMBOJIOM KOHIa CTPOKH “\n’.

MHOX)ecTBO CUMBOJIOB, 3alIMCAHHOE TIOCJIE KJIFOUEeBOro ¢oBa IGNORE, 0003Ha-
YaeT MpOITyCKaeMble CHMBOJIBL, HE HECYUIMe CMBICTIOBOI HAarpy3Ku B ONMCHIBA-
eMoMm si3pIke. ITpoOen Bcerna cunraercst HeCcyniecTseHHbBIM. KpoMe ripobena st
f00aBHJI K CIIMCKY HE3HaYal[MX CHMBOJIOB ITIEPEeBOJl CTPOKH, BO3BPAT KapETKH
1 CUMBOJI TaOYJISIUMH.

Teneps MOXHO IPHUCTYIUTh K ONMCAHUIO IIPaBill BHIBOJA A3BbIKa C TOMOLIBIO
dhopManbHO# rpaMmaTuKi. B npaBoit yactu mioboro npaBuia rpaMMaTuKh
MOXHO MCIIOIB30BaTh HETEPMHUHAJBI, TOKEHBI, CTPOKOBBIE KOHCTAHTHI, & TakXe
Te K€ CUMBOJIBI [UIS1 BhIeIeHnst HeoOs3arelbHBIX (DparMeHTOB, IIOBTOPEHUI! U
AIBTEPHATUB, YTO MCIOIb30BAIKUCEH IIPH ONpeneleHnu TOKeHOB. JleBas yacTh
npaBiiia OyneT HpeacTasiaarh co00i HEKOTOPBIN HETEPMUHAI; UM CTaPTOBOTO
CHMBOJIa TPaMMAaTHKH COBNafder ¢ Ha3BaHHeM KOHCTPYMPYEMOIo TPaHCISATOpa.
Jioboe ripaBuIIO 3aBepIIaeTcs TOUKOM.

He coscem nonsarHo? He Gecniokoiirech, cefiuac Bce IPOSICHUTCS.

CuHTakcu4yeckue IpaBHJia ONMCHIBAIOTCA MOCje KJIOUYEBOro CJI0Ba
PRODUCTIONS. B niepBy10o o4yepenb MOXHO 3aaTh IIpaBuIo, ColepKaniee
B 1€BOH 4aCTH CTapTOBHI CHMBOJ TinyCode (CoBHamarommil ¢ Ha3BaHUEM
HAIIETO TPAaHCIATOPA):

TinyCode = “program” Identifier “.” ProgramBody.
Wrax, nporpamma Ha fA3bKe TinyCode COCTOMT M3 CTPOKHM “program”, 3a
KOTOpOW cienyeT HeKOTOpHI uaeHTnuKarop (TokeH Identifier), Touka
1 HeTepMHuHaJI ProgramBody.

Teno riporpaMmsl (ProgramBody ) onpeaensiercs CIenylomuM odpasom:

ProgramBody = [“var” DeclareVar {DeclareVar}]
"begin” {Statement} “end.”.
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ITo-pyccku 3Ty 3alTHCh MOXHO cHOpPMYINPOBATL TakK. T€10 COCTONUT U3 Heobs-
3aTeJIbHON CEeKIMM var, COCTOsALIeH U3 CJlI0Ba var ¥ POM3BOJILHOrO (HO He
MEHBIIIero eMHHMLILI ) KOJIMUecTBa OIIUCaHnil tepeMenHbIX (Declarevar) . 3a
CexIMel lepeMeHntLIX cenyer cJOBO begin, MOO0e KOTHUYECTBO HHCTPYKIMA
M MapKep KOHIa IporpaMmsl «end . ».

C ceKuueﬁ OIMUCaHN ITIePpEMEHHbIX CBA3aHbI Ba HETEPMUHAIA — DeclarevVar
U DeclarevarBody:
DeclareVar = Identifier “:” DeclareVarBody.
DeclareVarBody = “integer” ”“(” Number “..“ Number “)~”¢.="
Number “;*| “boolean” “:=" (true | false) “;".

3a uMeHeM 00O TepeMeHH Ol cllelyeT «TeI0 OlMcaHus» DeclarevVarBody,
pas3inyuHoe IS LENbIX U Qs OyJIeBHX epeMeHHbIX.

HMuctpykimd (Statement ) COCTOUT U3 HEOOA3aTEILHOW METKH M COOCTBEHHO
HUHCTPYKIINH, ABJAIOIIENCSH IIpACBanBaHUEM, BETBIICHUEM WM TTEPEXOTOM!

Statement = [Identifier “:”] StatementBody.
StatementBody = Assignment | Branching | Goto.

ITpoime Bcero omucarth, KOHEUHO, Iepexon. JTO BCero JHib CI0BO goto, 3a
KOTOPBIM cliefiyeT HIeHTU()UKATOp METKH M 3HAK «TOYKa C 3alSITON»:

Goto = *“goto” Identifier ~;”.

C mpucsanBaHueM 1 BeTBIeHHEM jiesla 00CTOAT HEeCKOJIBKO ciloxHee. B npucsa-
MBAaHMUHU MBI, BO-TIEPBbIX, BCTpeYaeMcs C TpeMs pa3InIHbIMA CHHTaKCHCAMH:

Agsignment = “let” LValue *:=" (RValue [0OP RValuel |
“not” RValue) 7;”.
OP = 1y l 1 __ 7 | uandn | ”Or".

Bo-sropuix, 3neck NOABAAIOTCS MOBATUA LValue (JleBad 4acTb HHCTPYKLUHN
IIpUCBaNMBaHNs, Mpencrapisaomas coboi nepeMesHylo) U RValue (mpaBas
4acTh MHCTPYKLMH, ABIFIOMAaAcs Ju00 riepeMeHHoH, 100 3HaueHneMm):

LValue = Identifier. )
RValue = Identifier | Number | true | false.

i

Berpienue BecKONBKO Ipollle IPHCBANBaHU:

Branching = “if” CompareExpr “goto” Identifier ”;”
["else” “goto” Identifier *;”].
CompareExpr = RValue CompareOp RValue.

="

CompareOp = =’ | "<>" | ‘<’ | “<=" | ‘'5r | =,
OnucaHue si3piKa 3aKaHunBaercs nupexrnsoit END:

END TinyCode.
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Monxoe onncaxnume s3bika TinyCode B ctanpgapte Coco/R

Urax, cuHTakcuvyeckuii ananu3atop mis sa3plka TinyCode moaHOCTRIO rOTOB!
Bepunee, roroso ucxonnoe onucanue TinyCode mas Coco/R (monssiit rexer
daitra tinycode.atg mokasaH B qucTUHre 8.2).

COMPILER TinyCode

CHARACTERS
letter = “ABCDEFGHIJKLMNCPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz”.
digit = #0123456789~.

TOKENS
Identifier = letter {letter | digit}.
Number = [‘-'] digit {digit}.
true = “true”.
false = “false”.

COMMENTS FROM “//% TO ‘\n’
IGNORE ‘\r’ + ‘A\n‘ + ‘\t’

PRCDUCTIONS
TinyCode = “program” Identifier “.” ProgramBody.
ProgramBody = [“var” Declarevar {DeclarevVar}] “begin”
{Statement} “end.”.
DeclarevVar = Identifier “:“ DeclareVarBody.
DeclareVarBody = “integer” “(” Number “..” Number “)”
"oz Number # : ”
| "boolean” ":=" (true | false) *,".
Statement = [Identifier “:”] StatementBody.

StatementBody = Assignment | Branching | Goto.

Goto = “goto” Identifier «;".

Assignment = “let” LValue ”“:=" (RValue [OP RvValue] |
“not” RValue) “;".

OP = 141 | i | ”and" | ”Ol’”.

Lvalue = Identifier.
Rvalue = Identifier | Number | true | false.
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Branching = “if” CompareExpr “goto” Identifier ~#;”

[“else” “goto” Identifier “;”].
CompareExXpr = RValue CompareOp RValue.
CompareOp = ‘=’ | “<>" | ‘<’ | #<=" | ‘>' | #>=",

END TinyCode.

I'eHepau,vm N KOMIMUNALINSE CUHTaAKCUYeCKOoro aHannsaropa

CrenepupoBaTb HCXOAHBIA KOI CHHTAKCHYECKOrO aHaJIM3aTopa Terepb MOXKHO
¢ noMorkio Be3oBa Coco/R:

coco.exXe tinycode.atg

Ecnm Be npousoiiner Huuero HeOXHUIABHOIO, BH YBUIHUTE Ha DKpaHe CO-
obreHne 06 ycrielmnoM CO3JaHUH JIEKCUUYeCKOTO U CUHTAKCUUECKOro aHallu-
3aTOpOB!

Coco/R (Oct.27, 2004)
checking

parser + scanner generated
0 errors detected

B texymem kartanore nosBarcs Asa ¢aiyia: Scanner.cs (JIEKCUUECKUR
aHaJu3aTop) M Parser.cs (CHHTaKCuyeckuit anaausarop). [lepex Tem, kak
KOMIIWINPOBATH NMOJHOLEHHBIH exe-¢Gali, NpUaeTcs eule BpyYHYIO CO30aTh
IJIaBHBIH KNIACC MPOrpamMmul (ero onpenejesne MOXKHO NOMECTUTh, Halpu-
Mmep, B ail Compiler.cs). B npocreiimem BapuanTe OH 3aliMeT BCero
HECKOJIbKO CTpOK:

using System;

public class Compiler
{
public static void Main(string[] arg)
{
Scanner.Init (arg(0]);
// BalyCcK JIEKCHYECKOTO aHaluzaTopa

Parser.Parse(); // BalyCcK CHHTaKCHU4YECKOTO
// aHamuzaTopa
Console.WriteLine (“Omubok: ” + Errors.count);

// KomudecTso ommbok

}

IMpeanonaraercsd, 4YTO MM BXOLHOro (aHaiusupyemoro) daiia nepenaercs
B KauyeCTBe NepBOro apryMenTa KOMaHaHO# cTpoku. ITporpaMma BhINONHSET
CHayaJa JIEKCMYECKMH aHalu3, 3aTeM CUHTaKCHYeCKHUil aHaldu3 ¥ revyaTaer
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coobmeHue 0 KouudecTse HalaeHHbIX omnboxk. Ecnu omubku obHapyxarcs,
UX OMUCAHUS OYIyT BBIBEAEHBI CHHTAKCMYECKUM aHAIU3aTOPOM aBTOMaruye-
CKIL.

Tenepp MOXHO 3anycTuTh KoMmuisTop C# s cO3AaHuUsT UCIOIHSIEMOro
haitna mpoekTa®:

csc.exe compiler.cs scanner.cs parser.cs
TECTVIpOBaHVIe CUHTaAKCu4YeCKOIro aHayimsaTtopa

Ecnu nomatek Ha BXOJ MOTyYEHHOMY UCTIOIHsIeMoMy dailty compiler.exe npo-
IpaMMy [OACYETa CYMMBI YHces (CM. TUCTHHT 8.1), MbI HONTYYUM OXUIaeMbIil
OTBET O €€ CUHTAKCUYeCKOIl KOPPEKTHOCTH!

Ommbox: 0

Mo:xHO onpoboBaTh HAMEPEHHO BHECTU B [TPOrPaMMY [1apy CUHTAKCHYeCKUX
omunboK, YToOH yOequThCs B afeKBATHOU peakiy rnapcepa:

var s: integer(0..) := 0; // yOanunu BepxHee YUCIO
// npomMexyTka 0..100

loop: let s := s + b // YIOanuny 3aBepllapillyio TOUYKY
// C RansTon

Tenepr cuHTaKCHMUYeCKUil aHAaIM3aTOP, KaK U OXHUIaJOCh, BHIBOIUT 1Ba CO-
00mIEHN ST O HalIeHHbIX OUTN0KaX:

-- line 3 col 19: Number expected
-- line 8 col 7: *;" expected
Oomboxr: 2

8.4. Co3iaHme NpoMeXyTo4HOro
npencrassieHNda NporpamMmmesl

MNpepBapuTenksHbie 3amMmeyaHus

Hony4eHHBIN «TpaHCHATOP» compiler.exe elle, KOHEYHO, He SIBJISETCS
tpaHcasTopoM. Ha janHbI MOMEHT y HacC eCThb JIMLIb CBSI3KA U3 JIEKCHYECKOTO
H CHHT2KCUYECKOT'0 aHaJIKU3aTOPOB, YMEKIIasa onpeneindaTs CHHTAKCHIECKYIo
KOPPEKTHOCTH BBEIEHHOI HPOTrpaMMEL.

® Ecau nyTh K KOMIUAATOPY CSC.eXe He MpornucaH B nepeMennoi PATH, MOXHO SIBHO BOC-
NOAb30BATLCA MONHBIM NyTeM. HanmpuMep, Ha MOell MalllMHe NPOEKT KOMIIMIUPYETCS NpH
TIOMOIUM KOMaHIbl C: \WINDOWS\Microsoft .NET\Framework\v1l.1.4322\csc.exe
compiler.cs scanner.cs parser.cs.
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HanoMmHI0, 4TO UTOroBOE NPUIOKEHUE JOKHO COCTOSITh U3 TONBKO YTO Cre-
HepUpOBaHHBIX aHAJIM3aTOPOB, FeHepaTopa MPOMEXYTOYHOrO NpeacTaBIeHMs!
U MHTEepIperaropa.

Hcxonnas nporpamma Ha TinyCode nocTynaer Ha Bxon aHaiu3zatopaM (CHa-
Yaja JIeKCHYeCcKOMY, a 3aTeM U CHHTakcuyeckomy). CreruaibHble KOMaH/IBL,
BHEJIpeHHbIe B KOl CHHTAKCHUYECKOro aHau3aropa (Mbl HX ellle He HaluCcan),
CO3JaI0T MPOMEXYTOYHOE NpeNCTaBlieHye, SKBUBAJICHTHOe UCXONHON Mpo-
rpaMMe. 3aTeM MHTEpPIPETaTOP BHITOIHSIET ero Hiar 3a LIarom.

HeiicTBus, orBevaioliue 3a reHepanuio NpoOMeXyTOYHOIO NpelCcTaBIeHus
NpOTrpaMMbl, BCTABJISIOTCS NPAMO B ONUCAHUE IPAMMAaTHKH SI3bIKa MEXTY
ckoOKaMHM «(.» U «.)». B KaxnoM TakoM 6ioke (3anucaHHoM Ha sizpike C#)
NpOrpaMMHUCTY AOCTYIEH O0BEKT t TUna Token, npenocrasiseMbiii Coco/R.
Hawm norpebyercs TOIBLKO ONHO ero noje val, XxpaHsiiee 3HaYeHue NocjenHe-
IO pacrlio3HaHHOIO TOKEHa (BUAMMO, aBTOpaM ObUIO 10 HEBO3MOXHOCTH JIEHD
JonucaTh aBe OyKBbI, YTOOBI OJYYUTH OCMBLICTIEHHOE UMA value).

Kpome peiictBuil, 3anucbiBaeMbBIX BHYTpH OJoKa (. ... .), B obractu Mexay
KJI0YeBbIMU CI0BaMU COMPILER M CHARACTERS MOXHO OMNUCBIBAaTh JIIO-
Onie QyHKuuM U raobanpuble nepemeHtble: Coco/R npocTo ckonupyer ux B
omnpenesieHle Kjacca CHHTaKCMYEeCKOTo aHanu3aropa. B camom Havane ¢aitna
tinycode.atg (go cioa COMPILER) paspemaercss noMecTUTh CIIMCOK
JTUPEKTUB using.

MporpammMupoBaHue reHepaTopa npoMeXyToyHoro koga

ITpucTynuM K CO3/1aHHIO TeHepaTopa NPOMeXyTOYHOro Koja. Jl1s Hayana nam
norpebyeTcst onucaTh HECKOJIbKO I1100aTbHbIX NepeMEeHHBIX:

using System.Collections;
COMPILER TinyCode

static Hashtable bools = new Hashtable();

// ByTneBH NepeMeHHbe OPOoIPaMMbl
static Hashtable ints = new Hashtable();

// Lenble IepeMeHHbe IPOTpPaMMb
static ArrayList program = new ArrayList ();

// NpOMeXyTOUHOe IIpelcTaBleHUe
static Hashtable labels = new Hashtable();

// MeTKHU
static int StatementNo = 0;

// HOMep TeKyled WHCTPYKLNK
static string comd; // TepeMeHHas LA QOpMUPOBaHUS

// Teryiel KOMaHIH
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atic string VarName; // UMS TeKyllel pacCMaTpPUBaeMOU
// HnepeMeHHOU

atic string ProgName; // HazBaHUE OPOTIpPaMMEl

{ARACTERS

/

epb MoxXHO Tnepeiiti B cekuutio PRODUCTIONS u no6aButh geiictBus,
eqalolllye 32 TeHePaLMIo NPOMEXYTOYHOrO KoJa:

X0DUCTIONS

/

nyCode = “program” Identifier (. ProgName = t.val; .)
", " ProgramBody.

ogramBody = [”"var” DeclareVar {DeclareVar}] “begin”
{Statement} “end.” (. program.Add(”end”); .)

THeHHe NPaBWIbHBIX JEUCTBHI — 3alaya I0CTaTOYHO TPYHOEeMKas U Ype-
19 ominbGkamu. [losToMy OyneM NpOABUraTLCS MEIJIEHHO, IIar 3a LIaroM.

rpamma Ha sizbike TinyCode cocTOMT U3 KJIIOYEeBOro CJIoBa prograi, 3a KO-
M CJTe/yeT Ha3paHue (TOKeH Identifier), TOUKa U Teso (ProgramBody).
TOJIBKO Ha3BaHUeE NPOrpaMMBI PACTIO3HAHO, MbI MOXKEM U3BJIeYb €ro U3 riepe-
HOW t . val M 3anucath B ProgName. [lasee, nocie aHain3a Teia nporpamMmei.,
Hell JTMCTHHIA [IPOMEXYTOYHOro NpeAcTaBIeHus 100apsercst KoManaa end
TpyKUMs program. Add (“end”) ;).

OnucaHmnsg nNepemMeHHbIX

1ICaHMsI [IEPEMECHHBIX COAEPXKAT OoJibiie HHTEPECYIONINX HAaC TOKCHOB!

clareVar = Identifier (. VarName = t.val; .)
“." DeclarevVarBody.
clareVarBody = “integer”
7 (* Number (. int LBound = Convert.ToInt32(t.val); .)
“.." Number (. int UBound = Convert.ToInt32(t.val); .)
#ye o= Number (. int Value = Convert.ToInt32(t.val); .)
“." (. if (Value < LBound {| Value > UBound)
throw new Exception (”Buxon 3a OguarasoH!”);
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ints.Add (VarName,
new IntVar (LBound, UBound, Value)); .)
| "boolean”
“:=" (true | false) (. bool Value = Convert.ToBoolean(t.val); .)
“.7 (, bools.Add(VarName, new Boolvar (Value)); .)

’

OO0mas unes odpaboTku onucaHus 10b0N NmepeMeHHOl TakoBa. CHavara
CUMTHIBaeTCS UAEHTU(UKATOP [epeMeHHON U 3amuchkiBaeTcsi B VarName.
3areM BHINONHSIETCS AITOPHUTM, celM(PUIHbLINA st TUIla nepeMeHHOH. Ecmu
OonuchIBaeMas llepeMeHHass — Iielasi, CYUTHIBAIOTCA BEPXH S U HUXKHSA Tpa-
HUUB JONYCTUMOIO JWala3oHa, a TakKe HadaIbHOe 3HaueHHe.

O6patuTte BHUMaHHe, YTO 3HaY€HHE t .val HMeeT CTPOKOBHIN THI, TOITO-
My OPHXOIUTCS BBIIOJHSTL ero npeobpaszoBanue B yucio. Eciau omucauue
KOPPEKTHO, NepeMeHHas 100aBiseTcss B COOTBETCTBYIOINYIO X3UI-Tabmuy.
Amnanoruyisie AEACTBUS NPOU3BOIATCS U B Clly4yae OyneBOro 3HaYeHus.

ITepeMenHbie XpaHATCS B Buae 00beKTOB, NPUHAMIEXAIMX TUIaM IntVar 1
BoolVar, ONMCAHHBIM CIEeAYIOIUM 06pa3oM (He 3a0bIBaiiTe, YTO ONMUCAHUS
TUIOB MOOKHBI pacnonaratbest 1o cekuuun CHARACTERS):

struct Intvar // Uenas IepeMeHHasa

{
public int LBound, UBound, Value;

public Intvar (int 1lb, int ub, int v)
{LBound = lb; UBound = ub; value = v;}

struct BoolVar // O6yrneBa NnepeMeHHAas

{
public bool Value;
public Boolvar(bool v) {Value = v;}

}

I1pu ananu3e MHCTPYKUMI S3bIKA HEJIb3s1 320BBATH 32aHOCUTh METKH B Ta0IHILy
labels:

Statement = [Identifier (. labels.Add(t.val, StatementNo); .)
“:n] StatementBody.

Mepexoabl, NpucsanBaHng u BeTBJIEHUS

3anporpamMMupyeM Ternepb o6paboTKy INepexonoB, NPUCBAUBAHUI U BeTBJe-
Huil. [lepexony cooTBeTCTByeT KOMaHIa goto MeTKa MPOMEeXyTOYHOTrO
NpeACTaBJIeHUS:
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Goto = “goto” Identifier (. program.Add(“goto ” + t.val);
StatementNo++; .)

".,n
’

pucBauBaHue npeobpasyercss B KOMaHIy asgn:

Assignment = “let” LValue (. cmd = “asgn " + t.val + » »; )
“:=" (RValue (. cmd += t.val; .)
[OoP (. cmd += * “ + t.val; .)
RValue (. cmd += * * + t.val; )
]
|
not (. ecmd += “not *; )
RvValue (. cmd += t.val; .)

)y (. program.Add(cmd); StatementNo++; .)

CTaj0Ch BHECTH U3MEHECHU A B OIIMCAHUE MHCTPYKIIMK BETBICHUSI:

Branching = “if~ (. cmd@ = *if “; )
CompareEXpr
"goto” (. cmd += " goto *; .)
Identifier (. cmd += t.val; .)
[“else” "goto” (. cmd += “ elsegoto *; .)
Identifier (. cmd += t.val; .)

a.my (. program.Add(cmd); StatementNo++; .)

CompareExXpr = RValue (. cmd += t.val; .)
CompareOp (. cmd += ” * + t.val + * *; .)
Rvalue (. cmd += t.val; .)

BuiBog npomexyrouHdoro koga

0cjie KOMITWISAIMKY H3MeHeHHoro ¢aiila tinycode.atg OOIXKHO noay-
ITHCS IIPHIOKEHHE, COXpaHsIoliee epeMeHHble 1 MeTKU B X3II-Tabuiax,
raKKe TeHepupylollee MPOMeKyTOYHBIA KO/ BXOMHOM NPOrpaMMBl Ha SI3bIKE
nyCode. ITpo6ieMa aumbs B TOM, YTO Pe3yjabTaThl 3TOH paboTHI MOKa 4YTO
BO3MOXHO yBUIeTb. BripoueMm, nopaGoTaTts Hall TpaHCIATOP HECJIOXHO.
1IepBbIX, 106aBUM B (aiin t inycode . atg ONMCaHUe HECJIOXKHOIO MeToa
nProgram(), BRIBOASIIIErO Ha 3KpaH CTeHepUPOBAHHOE NPOMEXYTOYHOE
IICAHUE:
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public static void RunProgram()

{
Console.WriteLine (“variables:”);
// ByTneBH NepeMeHHHe
for (IDictionaryEnumerator e = bools.GetEnumerator () ;
e.MoveNext (); )

— u

Console.WriteLine(“bool: ” + e.Key + * = +
((BoolVar)e.vValue) .Value) ;
// UenbHe NepeMeHHHEe

for (IDictionaryEnumerator e = ints.GetEnumerator();
e.MovelNext (); )

{
IntVar v = (IntVar)e.Value;
Console.WriteLine(”int(” + v.LBound + “..”" +
v.UBound + “): “ + e.Key +
“ = + v.Value);
}
Console.WriteLine(“\nlabels:”); // MeTKK

for (IDictionaryEnumerator e = labels.GetEnumerator ();
e.MoveNext (); )

Console.WriteLine(e.Key + ": “ + e.Value);

Console.WriteLine (“\nintermediate code:");
// HOpoMeXyTOUHHM KoI

for(int 1 = 0; i1 < program.Count; i++)
Console.WriteLine(program[il);
}
Bo-BTophiX, 106aBUM BBI30B RunProgram() B onucaHue Merona Main()
Kjacca Compiler (¢ain Compiler.cs):

public static void Main(string([] arg)
{
Scanner.Init (arg(01);
Parser.Parse () ;
if (Errors.count > 0)
Console.WriteLine (“Omubok: “ + Errors.count);

else
Parser.RunProgram() ;

}

Teneps npu aHanu3e NporpaMMbl noacyera CyMMsl (JIUCTHHT 8.1) Oyner BeI-
BejieHa Takasl uHopManus O IIPOMEXYTOYHOM Koze:

variables:
int (0..100): s =0
int(1..6): b =1
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labels:
loop: 0O

intermediate code:
asgn s s + b

asgn b b + 1

if b <« 6 goto loop
end

letke 1oop cooTseTcTBYeT YMcio 0, MOCKONLKY MHCTPYKIIMK Y HAC HYMepy-
)TCS, HaYuHas ¢ Hyjas. Takum oOpa3oM, MHCTPYKIUS asgn s s + b —
yneBas 1o cyeTy.

UTorosoe onucaHne reHepartopa npomMexyroyHoro koga

[epent TeM, KaK mepeiTu K cleiyiolmemy pasjelly, s XoTel Obl NOJTHOCTHIO
pusectu conepxumoe cexknuu PRODUCTIONS onucaHus Hamero Tpasc-
aropa (cM. uctyr 8.3). bonbine oHO M3MeHAThCs He Oyrer.

TinyCode = “program” Identifier (. ProgName = t.val; .)
* . " ProgramBody .
ProgramBody = [“var” DeclarevVar {DeclarevVar}] “begin” {Statement}
"end.” (. program.Add (”end”); .)
DeclareVar = Identifier (. VarName = t.val; .)
“:” DeclareVarBody.

DeclareVarBody = “integer”

“ (" Number (. int LBound = Convert.ToInt32(t.val); .)

“ . ." Number int UBound = Convert.ToInt32(t.val); .)

(.
“)y" =" Number (. int Value = Convert.ToInt32(t.val); .)
(. if(value < LBound || Value > UBound)
throw new Exception(“value is
out of bounds!”);
ints.Add{varName,
new IntVar (LBound, UBound, Value));

| "boolean”
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“;=" (true | false) (. bool Value = Convert.ToBoolean (t.val); .)
“on (. bools.Add (vVarName, new BoolVar (Value)); .)

Statement = [Identifier (. labels.Add(t.val, StatementNo); .)
“:"] StatementBody.

StatementBody = Assignment | Branching | Goto.

Goto = "goto” Identifier (. program.Add(”goto ” + t.val);
StatementNo++; .) *;”.
Assignment = *let” LvValue (. cmd = “asgn “ + t.val + “ *; )
“;=" (RValue (. cmd += t.val; L)
[oP (. cmd += “ * + t.val; .)
Rvalue (. cmd += “ * + t.val; .)

]

|

not (. cmd += “not *; .)

RValue (. cmd += t.val; )

y o (. program.Add(cmd); StatementNo++;

Identifier.

Lvalue =
Rvalue = Identifier | Number | true | false.
OP = l+l ‘ R | ”and" l ”Or".
Branching = *if” (. ecmd = “if #; .)
ComparekExpr
“goto” (. cmd += “ goto “*; .)
Identifier (. cmd += t.val; .)
["else” "goto” (. cmd += “ elsegoto “; .)
Identifier (. cmd += t.val; .)
w.ry (. program.Add(cmd); StatementNo++; .)
CompareExpr = RValue (. cmd += t.val; .)
CompareOp (. cmd += # “ + t.val + “ *; )
Rvalue (. omd += t.val; .)
Compareop - =1 | ll<>ll I I<I | l:<:n | [>l , l/>:ll .
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8.5. UHTepnpeTauusa NPoOMeXyTo4YHOro Kona

3amMeyaHmq 0 KayecTBe CUHTaAKCUYEeCKOro aHanusaropa

30T MBI 1 ZOOpaIHCh A0 NOCIeAHEro MOAYIsl Hallero poeKTa — HMHTephpeTa-
opa MpoMeXyTo4yHoro Kona. HaBepHo, BBl yxxe 0Opartiuin BHUMaHKe, YTO BMe-
TO TeHepalMu NPOMeXyTOYHOTO KOMa MOXHO ObLIO Ot JIerko npeodpasoBarth
iporpammy Ha TinyCode B mporpammy Ha ITackaine wiu C, TeM caMbIM OTyYUB
10jiHOnieHHbIH TpaHcaarop TinyCode. MHe, onHako, XOTeJIOCh pealn3OBarTh
I0JIHOLIEHHYIO CPely, BRIMOMHsIomYyo mobyio nporpammy Ha TinyCode. Yyu-
BIBasl, YTO CAMOE CJIOKHOE yXe BCe PaBHO 1033/, NOTPATUTE ellle HECKOIBKO
(MHYT Ha UHTepIpeTarop — He CIMIIKOM OosplIas XKeprsa.

lepen TeM, KaK MepeiiTu K MHTEPIPeTaTopy, 1 Obl XOTelI CKa3ath ellle Napy CJIOB
10 HOBOAY TOJIBKO YTO CO3JaHHOTO reHepaTopa MPOMEXYTOYHOTO KOJa.

laxe ecyii OCTaBUTPh B CTOPOHe O0CYXneHHe MHOTOYUCTIEHHBIX HETOCTATKOB
spika TinyCode, cuHTakCHYeCKUil aHAIN3aTOP TOXe MOXHO MOKPUTHKOBATE.
IprTasick yMeHBIIUTE pa3Mep aHaIU3aTopPa, S HAMEPEHHO YIPOCTUI ero GpyHK-
mu. Hanpumep, nporpamMmma

program MyProg.

var s: integer(0..100) := 0;
b: boolean := true;
begin
let s := Db;
end.

yIeT YCHemHO CKOMIMJINPOBaHa, XOTs pUCBauBaHKe 1eJI0i NepeMeHHO
YIeBOrO 3HAaYeHHsT He UMeeT cMbicia. DTa omunbka OyneT BrisBIeHa JULIb Ha
Tare BBIMOJHEHUsI mporpaMMbl. TOYHO Takke OMMOKOI BpeMeH! BBIIOTHe-
ust OyneT CYUTATHCS Mepexon M0 HeaOnyCTUMO MeTKe, XOTsd, B IPUHIHUIE,
MHTAKCUYeCKMI aHanmu3aTop MOT OBl TaKyI0 CUTYaIMIO OTIOBUTh, HO MpPO-
paMMUPpOBaHUE 3TUX JENCTBUI, KOHEYHO, TPeOyeT OTHEeNbHEIX YCHIIHIL.

Jo0011e roBopsi, 4yeM Gospule OMIKUOOK NEepeHOCATCS ¢ 3Tana BHEIOTHEeHUs
@ 9Tan KOMIWIALMY, TeM JTy4nie. B 4ucTo MHTepNpEeTUPYEMBIX IPOrpaMMax
pocTeliliNe CHHTaKCHJyecKue OLIMOKM MOTYT HeaeNIsIMKH OCTaBaThCsl HEBBI-
BJIEHHBIMH, €CJIU CofepXallluif UX KO He BLI3LIBAETCH.

MNporpaMmmMupoBaHue uHTepnpeTaTopa

11 nHTepOpeTaluy NporpaMMbl HaM noTpedyeTcsi BBECTH HOBYIO I006aib-
VIO epeMeHHYIO

static int InstructionPtr = 0; // YKazaTenb BHIIOMHSeMOHN
// VHCTPYKLUU
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1 100aBUTH HECKOJIBKO CTPOK B KOHer MeToia RunProgram():

public static void RunProgram()
{
/...
// TIOKa Tekyllasi MHCTPYKIMS He ”“end”,
// TpOOONIXaTh BHIIONHEHME
Console.WriteLine (“\nRunning ” + ProgName);
while((string)program{InstructionPtr] != “end")
ExecuteStatement () ;

// pacreuvaTaTh 3HAUYEHUS BCeX [IepeMeHHBIX
// mocne paboTe OpOorpaMMEl
Console.WriteLine(“\nvariables:”);
for (IDictionaryEnumerator e = bools.GetEnumerator();
e.MovelNext (); )
Console.WriteLine(“bool: “ + e.Key + “ = “ 4
((BoolVar)e.Value) .Value);
for (IDictionaryEnumerator e = ints.GetEnumerator();
e.MoveNext (}; )

{
Intvar v = (Intvar)e.value;
Console.WriteLine(”int (* + v.LBound + ”..” + v.UBound +
ll): " + e.Key + " = " + V.Value),‘
}

}

Ocrasiyecs MeTOIbI HHTEPIpeTaTopa NoKa3aHsl B TUCTHHrE 8.4.

static Object GetRValue(string value)
{

if (bools.ContainsKey (value))
// ecnu value -~ 6yneBa NepeMeHHas
return bools[valuel; '
if (ints.ContainsKey (value))
// ecrnu value ~— 11e7las IepeMeHHasa
return ints(value]l;

// ecmu value - 6yneBa KOHCTaHTa
if (value == “true” || value == “false”)
return new BoolVar (Convert . ToBoolean (value));

// uHade value — 11enas KOHCTaHTa
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int v = Convert.TolInt32(value);
return new IntVar(v - 1, v + 1, v);

BHIIONHUTE OUHapHy® olepalivin rvaluel op rvalue?
tic Object PerformOperation (Object rvaluel,
Object rvalue2, string op)

ortepalii and ¥ or paboTawT TONBKO N9 OyJeBLX TIepeMeHHEX
if(op == "and”)
return new BoolVar (( (BoolVar)rvaluel) .Value &&
({BoolVar)rvalue2) .Value) ;
if(op == “or”)
return new BoolVar ({(BoolVar)rvaluel) .Value ||
({BoolVar)rvalue2) .Value);

int value = 0;
// ollepanvul + U - paboTawT, COOTBETCTBEHHO,
// TOJIBKO IONHA IIeNhX TepeMeHHHX
if(op == "+") .

value = ((IntVar)rvaluel).Value + ((IntVar)rvalue2).Value;
if(op == "-")
(

value = ((IntVar)rvaluel).Value - ((Intvar)rvalue?).Value;

return new IntVar(value - 1, value + 1, value);

BRIIOJIHUTE Ollepalup IIpUCBaAWBaHUSA: Ha BXOJ IOCTYIIaeT CTpPoKa
KOMaHfe, pazburas Ha 3neMeHTH (cM. MeTon ExecuteStatement ())
tic void ExecuteAssignment (string(]l v)

1f(v[2] == “not”) // NOT-TipvcBauBaHuWe (asgn x not y)
{ // v[0] = *"asgn”, v(1] = x,
// v(2] = *“not”, vI[3] = vy
BoolVar rvalue = (BoolVar)GetRValue(v(3]);
// TIONYYUTH 3HadyeHue y

rvalue.Value = !rvalue.Value;
// BHIIONHUTHL OTpUllaHUe
bools[v(3]] = rvalue;

// BalicaTh HOBOe 3IHaudeHue
else // asgn x y [op z]
{ // v([0] = "asgn”, v(1] = x, v[2] =vVy
Object rvaluel = GetRValue(v([2]);

// TIONYYUTE 3Ha4YeHUe Yy

if(v.Length > 3) // 4acTs Op Z IIPUCYTCTRYET
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1

Object rvalue2 = GetRvValue(v[4]);
// TIONYYHUTE 3HadYeHHe Z

// BHIIONHUTSH ollepalrv y op Z
rvaluel = PerformOperation (rvaluel, rvalue2, v[3]};

}

if (bools.ContainsKey(vI[1]))
// BHIIONHUTE IIpHCBauWBaHue X := rvaluel
bools(vI[1]] = rvaluel;
// anropuTM 3aBHCUT OT THIla IIepeMeHHOM X
if(ints.ContainsKey(v[1])) :

{
IntVar val = (Intvar)ints[v[1]];
int newvalue = ((IntVar)rvaluel).Value;
if (newvalue < val.LBound || newvalue > wval.UBound)
throw new Exception(“value is out of bounds!”);
ints[v[1]] = new IntVar(val.LBound, val.UBound,
newvalue) ;
}
}
InstructionPtr++; // TIepedTH K crnepywiel WHCTPYKIMU

}
static void ExecuteBranching (string[] v)
// BHIIONMHUTL OlIlepaljvuio BeTBJIeHUS

{

Object lhs = GetRValue(v[1]); /7 vI0] = #if", v([1] = x
Object rhs = GetRValue(v[3]); // vIi2] = op, vI[3] =y
string op = v[2]; // vid] = *goto”, v[5] = merTral

bool result = false; // v[6] = "elsegoto”, v[7] = MeTra?2

// Ons OyneBbx 3Ha4YeHu¥ pesynsTaT ollpelereH
// TONBKO ONsA Oolepanyvd = U <>

if(lhs is BoolVar)

{

bool 1 = ((BoolVvar)lhs).Value, r = ((BoolVar)rhs) .Value;
result = (op == “=" && 1 == 1) || (op == “<>" && 1 '= r);
}
else // ONSA 11efAbX OOIIYCTUME BCe ollepaliyuu
{
int 1 = ((Intvar)lhs).vValue, v = ((IntVar)rhs).Value;
result = (op == “<” & 1l < 1r) || (op == “>" & 1 > 1) ||
(op == “<=" && 1 <= 1) 1| (op == “>=" && 1 >= r) |
(Op - #=n S&& l e r) ‘l (Op P n<>n && l !: r);
}
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if (result == true) // BULIONHAEeM HepexOond IO MeTKe
InstructionPtr = Convert.ToInt32 (labels{v(5]]};

else if (v.Length > 6) // ecnu YacTh elsegoto IPHUCYTCTBYET
InstructionPtr = Convert.ToInt32 (labels(v[7]]);

else // TOPOCTO BHIIONHAEM IIepeXOol K cilenyllell CTpOoKe
InstructionPtr++;

ratic void ExecuteStatement ()
// BHIIONHUTH OYepemgHyk HHCTPYKLKD

// pazbuBaeM VHCTPYRIKL Ha 3JIeMeHTH
// (mpoben aArnsgeTcs pazgenuTreneM)

string(] v = ((string)program(InstructionPtr]).Split(’ *);
switch(vI[0]) // B 3aBUCUMOCTH OT THIa& HHCTPYKIIMUU
{

case "asgn”: ExecuteAssignment (v); break;
// BHIIOJIHSeM IIpHCBAaMBaHUE

case “if”: ExecuteBranching(v); Dbreak;
// BHIIONHSEM BeTRIIeHUe
case "goto”: InstructionPtr =
// BHIIOTHSAEM IIepexol
Convert.ToInt32(labels[v(1]]); break;

1€10Ch, IOTIOJIHUTEIbHEIE KOMMEHTapUH K IUCTUHTY He TpelyroTes. Kpome
0, MHTEPIIPeTalus IPOMEXYTOYHOr0 KoJa BCe-TAKUM HE MMEET IIPSIMOro
OIIEHUS! K TeMe TJIaBhl, U 51 HE XOTes Obl yAeNsTh el CIMIIKOM MHOro
IMaHuSs1.

Cie KOMITMAWPOBaHU A [TPOEKTa MOXHO HOHpOGOBaTB 3anyCTUTh IIporpaMmmy
IUCJICHU s CYMMEBL YUCeJIL:

ompiler.exe countsum.txt

e3yJIbTaTe CIOXEeHMs yuce oT 1 10 5 3HaYeHue NepeMeHHOU S JOJKHO
13aTbCcs paBHBIM 15. PacnieyaTka nmoaTBepxaaeT MpaBMIbHOCTL pabOThI
rpaMMBbl:

ariables:
nt (0..100): s = 0
nt(1..6): b = 1
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labels:
loop: 0

intermediate code:
asgn s s + Db

asgn b b + 1

if b < 6 goto loop
end

Running CountSum
variables:

int(0..100): s = 15
int(1..6): b = 6

Urtorn

+ Kiraccuueckue criocoObl pa3zpaboTKi KOMITHISITOPOB CBSI3aHbI ¢ UCTIOAL30~
BAHUEM YK€ U3BECTHBIX HaM MOZeJIeil, TAKMX KAK PeTyisIPHBIE BRpaXeHHs],
KOHEYHBIE aBTOMATHI, POpMaNbHbIE FPAMMATUKHY, aBTOMATHI C Mara3suHHOI
IaMSITBIO U PEKyPCUBHBE CHHTAKCUYECKHE aHANM3aTOPBL.

* Takue BaxXHbIE YacTH KOMIWISTOPA, KAK JEKCHYECKHI U CUHTAaKCUYeCKui
AHAIM3aTOPbl, MOTYT OBITH CreHepUpOBaHbI aBTOMATUYECKH Ha OCHOBe
HEKOTOPOr0O BHICOKOYPOBHEBOTO OIHCAHMS.

* JI1s1 IeKCHYECKOTO aHAMM3aTOpa BHICOKOYPOBHEBOE OIIMCAHUE MTPENCTABIIsT
eT coO0M Ty WM HHYIO PA3HOBUAHOCTEL HAbOpa PeryaspHLIX BLHIPaXeHul,
3ajaroiyio Habop TOKEHOB s13bKa nporpaMMuposanust. Co3laHHbIA B aB-
TOMATHUYECKOM peXUMe JeKCUYECKHH aHAIN3aTop OOBIYHO OCHOBLIBAETCA
Ha UIEONOI'uu AeTePMMHUPOBAHHOrO KOHEYHOro aBToMara.

* JInsl CHHTaKCHYECKOTO aHaIN3aTOpa (PYHKIIO BLICOKOYPOBHEBOIO SI3bIKa
OmnucaHui BHIIOMHAET Kakas-~mbo ¢opmanbHas rpamMaruxa. Crenepu-
POBaHHBII CHHTAaKCHYECKMIi aHAIN3aTop UCIIONb3YyeT B KadecTse 06a30Boil
MOJE/TH aBTOMAT C Mara3MHHOM MAMSITBIO, MM PEKYPCUBHHIH mapcep.

+ AnropurMHYecKHe AEHCTBHSL, IIpeBpaIlaioIiie CHHTAKCUYECKHil aHamm3a-
TOp B TPAHCASTOP, MHTEPIIPETATOP W KOMIIMASTOP, OOBIYHO 3AIIMCHBA-
I0TCST HA KaKoM-TIn00 s13bIKe o0iero HazHayeHus1. B ocHOBe Kilaccuyeckux
HHCTPYMEHTOB DPa3paboTynKa KOMOMIATOPOB OOLIYHO aexuT s3biK C.
CpenctBo Coco/R ucnonssyer B KayecTBe 6a30Boro sisbika C#.
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Ina

Cucrtemsl

JinHpeHmaunepa
(L-cucrembsl)

[paMMaTUKM Kak Cpeacrso
MOpPOXAEHUS CTPOK

Ipacdmueckas MHTeprnpeTauusi CTpoK

——— BHyTpeHHee yCTpoiCTBO L-cucTem

| UIHCTpyMeHTbl BU3yanuaauun L-cuctem

®pakTanbHbie y30pbl

PazHOBMAHOCTU N AOMNOAHUTENbHbIE
BO3MOXHOCTK L-cucrem

KNACCHKA NPOIPAMMUPOBAHWA:!
Anropurmabl, Habiku, AsTomare, KoMnuasTopt.

NPAKTUHECKUA NOAXOA.



HagepHsika nocie pacCyXaeHHI O CHHTAKCH4YeCKOM aHajlu3e BaM MOXeT II0-
Ka3aThcsl, yTo opMaibHble rPAMMATUKK HCIIONL3YIOTCS! TONBKO B KOMITHIISI-
TOpax, rmapcepax, CUCTeMax IIPOBEPKHM CUHTaKCUCa U TOMY IOJOOHBIX Bellax.
Ora rnaBa npusBaHa yOegUTh, YTO xeA0 OOCTOMT BOBCe HE TaK yX ILIOXO.
Cucremsl JIuHgeHMaiiepa npeacTaBisioT COOOM OTAMYHBIA TPUMeD TPUMeHe-
Husl GOpPManbHBIX paMMaTHK B 3ajade, HE MMEIOIEH HUKAKOro OTHOLIEHUS
K CHHTaKCHYeCKOMY aHaju3y.

L-cucreMbl Ha3BaHb! TaK B YECTh CBOEro M300peTartessl, BeaCKOro GoraHyuka
Apucrnna JInHneHMaiiepa, CyMeBIIEro OKa3arh, 4T0 CTPYKTYpa pacTeHMii MOXeT
OBITH OYEHb TOYHO CMOAEAMPOBAHA IIPY IOMOIY HOPMAIbHBIX IPaAMMaTHK®

Pasymeercs, 3aech 51 MOTy BCero Aullb 3aTPoHYTh TeMy L-cuctem. Hanewocs,
3HAKOMCTBO C HUMM gOCTaBUT BaM yanoBonbcTBHe. [Ipu xenanun naiitu Gonee
OCHOBaTebHbIE MaTepUabl, TOCBSIEHHbIe cucTeMaM JIMHaeHMaiiepa, He Tak
VX U TPYIHO.

9.1. lpaMmmaTuku
KaK cpeACcTBO NOPOXAEHUNA CTPOK

Ecnu BB MOMHUTE, B IPEAbIAyIUX IMaBaxX Mbl MCIOAbL30BAJIU IPaMMaTHKH
UCKIIOYNTEALHO AJI51 pacliO3HaBaHMsl CTPOK. THIIMYHas 3axa4da 3Bydaia Tak.
Haercs rpamMmaTka G u crpoka str. TpeOyercs onpeneanTb, BBIBOZUTCS U
CTPOKa sty C IIOMOUIBIO MPaBu rpaMMaTiky G, U eciiu 1a, TOCTPOMUTD 1€PEBO
pa3bopa. Pasymeercs, 370 Kak pa3 TO, 4TO HaM HYXHO, eClIM pedb uaer ob
aHaAu3e KaKoi-1Mbo KOMIIBIOTEPHOI IIPOrpaMMbl WM IIPOCTO CTPOKH, BO3-
MOXHO, TIpUHaANeXalleil TOMy UM HHOMY MHTEPECHOMY SI3BLIKY.

OnHaxo, B MPUHIUIIE, ITPOLECC MOXHO M Pa3BEPHYTh: HA4aB CO CTapTOBOrO
CHUMBOJa I'PAMMATUKH, ONAYYUTh HEKOTOPYIO KOPPEKTHYIO CTPOKY sI3BIKA.
PaccMoTpuM, HaripuMep, yxe 3HaKOMYIO TPaMMAaTUKYy, OIMCBHIBAOINYIO apud-
MeTHYEeCKHE BhIPaXeHUS:

E>EOE | 0| 1| t 9
o>+ -0 *1 /1=

¢ P, Prusinkiewicz, A. Lindenmayer. The Algorithmic Beauty of Plants. Springer-Verlag, NY, USA,
1990.
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IaBe O CHHTAKCHMYEeCKOM aHaiM3e I10Ka3plBajaOCh, KAK MOXHO C ee [TOMO-
10 yOeauThCsl, UTO BrIpaXeHue Bpoje 2+2=4 nelfiCTBUTENBHO ABJISETCS
1bMeTHYeCKAM BolpaxeHueM. JlaBaliTe rerepb pasBepHeM mpouecc B 00-
THYIO CTOPOHY.

HayaJbHO y Hac uMeercst crapToBbtii cuMBod E. M3 Hero MOXHO BrIBECTH
Oyto 1udpy 1 3aKOHYMTH Ha 3TOM, MO0 BeiOpaTh GoNee UHTEpECHBII Y Th,
ponus ctpoky EOE:

. > EOCE

poka EOE mpenocrasnsier Kyna 6onbile npocropa aast danrazuu. Ecim
3a1aBaThCsl LEABIO CreHEPUPOBaTh Yero-Hubyap MONAMHHEE, MOXHO IIPO-
) 3ameHuTh JeBoe E Ha 2, O Ha 3HaK YMHOXeHus, a mpaBoe E — cHoBa
EOE:

OE > 2*EOCE

IEHUM Terepsb B IoAydeHHol crpoke neBoe E Ha 3, O Ha 3HaK paBeHCTBa,
paBoe E — Ha 7:

*EQCE » 2*3=7

HeyHO, 2*3 He paBHO 7, HO JaHHOe BBIPaXXeHME SIBJSICTCS] CUHTAKCHYECKH
)PEKTHBIM, a €ro CeMaHTH4YecKast (CMBICIOBasi) Harpy3ka yXe He B KOMIIe-
A CHHTAKCHYECKOro aHaAN3aTopa.

9.2. Nlpadpmnyeckast HTepnpeTayns CTPokK

TBIINHCTBY JIIOREH CTPOKM Bpone «2*2=4» wiIu «BOCXHTHTEIbHOE KIy6-
{HOE MOPOXEHOe» KaXyTCs! OCMBICAEHHBIMH; 3TOrO He CKaXelllb O CTPOKax
badfaa» unu «patippon — 310 GpaHaMayap». B neficTBUTenbHOCTH, KOHEY-
CTPOKHM caMu 110 cebe SIBASIIOTCs! AULIb TeM, YeM OHU SIBsIOTCs: HabopaMu
e0BaTeNbHO 3aIIMCAHHBIX CUMBOJIOB. B cl10Be «MOpOXeHOe» HeT HUYEro,
) HATOMUHANO Obl 0 XOJNOAHOM JAKOMCTBE; CUMBON «2» 0003HavaeT ABOKUKY
b IOTOMY, YTO MBI CaMU TaK MeXIy cO0O0H TOrOBOPHMIKCS.

11 CTPOKM MOXHO MUHTEPIPEeTUPOBAaTh KaK YKCAa MU KaK MPONYKThI [IMTa-
1, I0YeMy B BUJE€ CTPOKH HeNb3s 3aKOXUPOBaTh, CKaXeM, pUcyHOk? Peun
T, KOHEYHO, He O KaKOi-TO pa3MeIToif GOPMyAUpPOBKe Bpone «pUKYC B
1IIKe Ha ITOXOKOHHUKE», 3 O KOHKPETHBIX KOMaHJlaX PUCOBaHUsI Ha rpa-
4eCKOM JHCILIEE.

» ujes Oblna BOIIOLIEHA NaBHBIM-JABHO B BUJE TaK Ha3bIBaeMOM uepena-
i epaguxu, Yepenauibio rpaduky HanpsaMyio noagepxusaet s3pik LOGO,
AKXKe crapele Bepcuu beiicuka (AMuHO MHe 3Ta KOHpemnnus U3BeCTHA CO
MeH beiicuka xomnbslotepa BK).
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OO6bIuHO TpaduuecKue MPUMUTUBEI (TOYKH, IMHUY, TPSIMOYTONBHUKHU) PUCYIOT
¢ TOMOMIBIO BBI30BOB COOTBETCTBYOIIMX (yHKnMiA. TakuMm oOpasom, 4ToOB!
HAPHUCOBATh «IOMHUK» M3 MPSIMOYTOAbHUKA M ABYX OTPE3KOB, (OPMHUPYIONIMX
KPBIILy, BAM IPHIETCS HAMUCATh KOJ HAMono0ue 3Toro (B MpenmnoioxeHun,
4TO OCh OPJUHAT HANPAaBJieHA BHU3):

mpsMmoyronsHuk (0, 200, 100, 100); // (X1, Y1, X2, Y2)
oTpezok (0, 100, 50, 50);
oTpezok (50, 50, 100, 100);

ANbTepHATUBHBIH MOAXO] COCTOMT B COCTABIEHUM ITPOTPAMMBI AJIs1 «4epe-
HAIIKH», KOTOPast NON3AET M0 3KPaHy U PUCYeT JNUHUH.

Enunoro crangapta SI3sika [Tporpammuposanust Yepernauiek, Mo-BUguMoMy,
He cymecTByeT. Hampumep, B Belicuke depenamka MOHUMAeET Cleayomue
OCHOBHBIE KOMaHJIbl (Ha caMoM jaeje ux Oosble, HO HAC 3TO CEHYac He UH-
TepecyeT):

KomaHpa OnuvcaHue
MNepeaBUHYTL Yepenatllky B NO3UUMIO X, ¥ Ha akpaHe. Ecnu nepefn yucnamu, o6o3Havao-
Mx WUMWU KOOPAUHATHI, CTOAT 3HAKKU + unn — (Hanpumep, «M-10,+5»), BMecTo abconoTHBIX
Y KOOPAWHAT aKpaHa 6yayT UCMONb30BaTLCH KOOPANHATEI OTHOCUTENBHO NpeabiayLiero no-
NOXEHUN Yepenallkn
Un MepedBUHYTL YepenallKy Ha h Toyek BBepX
Dn MepenBuHYTL Yepenaulky Ha N TOYeK BHU3
Ln MepenBUHYTL Yepenaulky Ha h Toyek BneBo
Rn MepenBUHYTE Yepenallky Ha h Touek Bnpaso
MoBepHyTh Yepenaluky Ha h rpadycoB NpoTUB YacoBol cTpenku. Tak, ecnu BEINOAHUTL NO-
TAn cnegoBarensHocTs TASOU10, yepenatlka 6ygeT nepedBUHYTa Ha OecATh TOYEK BNEBO, @ He
BBEPX
He puUcOBaTh RPW BLINOAHEHNW cledyolelt koMaHab!. [BUrance, yepenatlka ocrasnser 3a
B cobolr cnen. KomaHaa B BpeMeHHO OTMeHNeT pycoBaHue, Hanpumep, nocnenoBareibHoOCTb
BU10R10 o3HayaeT: cOBUHYTLCA (He pUcys) Ha JeCaTb ToYeK BBEPX, 38TEM CABUHYTLCS
(pUcys) Ha 0ecaTh ToYeK BRPABO

Hcronb3yst KOMaHIb! Yepenanlky, st MOTy HapucoBaTh Ha Belicuke mpuseneH-
HBIN BBIIE «JOMHMK» CAENyomuM oOpasoM:

DRAW “BM0O,100R100D100L100U100M+50,-50M+50,+50"

Ceityac 51, HaBepHO, Ha3Baj OBl TAKYIO TOCAENOBATENBHOCTh KOMAH 1 «CKPHII-
TOM>.

BepHewmcst, 01HaKO, K TPaMMaTHKaM.
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9.3. BHyTpeHHee ycTpoincTBo L-cucrtem

9.3.1. Bonouua o6 bLEKTOB

Kax s1 yxxe ynomsiHyn Beie, L-cucteMbl mo BHeIIHeMYy BUNY HANOMHUHAIOT
00brgHEIE OpMANbHBIE FPAMMATHUKY, HO PaboTaloT OHHM MHAYe.

[lockonrky M3HavanbHO L-cucteMbl ObUTH TTpeiHA3HAYEHB! 1151 MOJIEIMPOBAHUS
pacTeHMH, TPAXULMOHHO UX U3ydeHUe HAYUHAIOT C PUCOBAHMS KaKMX-HUOYIb

NPOCTHIX KYCTUKOB (TyCTh JaXe M BeCbMa yCJIOBHBIX). 5
TOXe pellyI He Hapylarth 910 tpamunuu. [Ipencrasbre
cebe, YTO pacTeHHe COCTOUT U3 3JEMEHTOB TPEX BUIJOB:
yyacrok crBona (1), neswiit nuer (L) 1 mpasbiit aucr
(R). Torna mpocrefillyio KOHPUTYpPanu, COCTOSIIYIO
13 KOPOTKOrO CcTBOJIA (CM. pHC. 9.1), Ha KOTOPOM PacTyT
IBa JICTa, MOXHO 3amucaTh B uge crpoku ILR. Puc. 9.1. Kycr ILR

ObpaTure BHUMaHHMe: 51 HE yTBEPKAAI0, 4TO CYLIECTBYeT KOMIbIOTE PHAS ITPO-
rpaMMa, PUCYIOLasl NIPUBENEHHYI0 KapPTUHKY IO 3anaHHoi crpoke ILR. 5
BCEro JMLIb FOBOPIO, YTO mociaenosareabHocTs ILR MOXHO TpakToBaTh Kak
KyCT, y KOTOPOTO €CTh CTBOJI U Mapa JIUCThEB.

IlonsitHO, UTO 3ajaHHE CKOJBLKO-HHUOYIb CHOXKHOW CHCTEMBI TAKHM CTIOCO-
bom — neno secbMa tpygoeMkoe. Ho mpupona toxe He co3paer MOJIHO-
IeHHbIE€ OPraHuU3MBl B OJHO MTHOBEHHE: U AyObl KOra-To ObUIH KeTyIsiMU.
VuureiBast 310, cucTeMnl JIMHeHMaiiepa MO3BOMSIIOT 3a7aBaTh MPaBUIa pas-
BUTHSI KOHQUrypamuu B BUjie

npenok -» IOTOMOK

HUcnosnpayst aTy 3aluUCh, 51 IETKO MOTY «BBIPAac-
THTH» KycT Mobo#l BeICOTH. JJoGaBuM K ommuca-
HUIO KyCTa HOBBLIA 3J1IeMEHT ~— «KOpeHb» (A) U
yKaXeM cnoco® ero pa3BUTHUSL:

A > AILR

WsHayanpHO HaW KycT Oymer COCTOSITH BCEro
mmb U3 ogHOro xopHs. ITocne tpexkparHo-
ro MpUMEHEHUsI MPABHUIA POCTA MOXHO I10O-
1Y4UTh KYCT, COCTOSIIMI U3 TPeX CErMEeHTOB
(eM. puc. 9.2):

A > AILR »> AILRILR - AILRILRILR

Puc. 9.2. Kycr AILRILRILR
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Ha pucyHxe Hukak He 0003Ha4YeH KOpPeHb. DTO He OIH0Ka, MOCKOIbKY MH He
00s13aHB! COMTOCTAB/SITh KAaXA0MY CUMBOJLY Bpoae A kaxoU-1m60 OCMBICIeHHBIA
rpagudeckuii 3JeMeHT. MOXHO CUUTATh, YTO KOpPeHb IIpeAcTaBisieT coboi
BCETro OJHY TOUYKY 0e/IoTO 11BeTa WK gaxe BooOLIe HUYero He IpeaCTaBsieT
C TOYKM 3peHUs! FPaPUKH.

9.3.2. NopoxpeHne n BMN3yann3auna cTtpok

C toukm 3peHus JOTUKM 31 OBt pasngenu] PYHKHUOHHMpOBaHUe L-cucteM Ha
1Ba He3aBMCHUMBIX acrnexrta. C ogHO cTOpOHBI, L-cucTeMBbl mpeacTaBisior
co0oif MEXaHM3M TeHepanuM CTPOK Ha OCHOBe HayaJbHOM CTpOKM (Ha3blBae-
MO axcuomoiil) 1 HeKOTOPOH pasHOBUAHOCTH GOpMabHOM rpamMMatuku. C
JpYToOil CTOPOHBIL, [10Jy4eHHAas! B UTOTE CTPOKA LOJXKHA KakKUM-TO 00pa3oM
HHTEPIIPETUPOBATLCH IMOACUCTEMOM BU3yalu3anuu, 4YTOOL HAa 3KpaHe IIO-
SIBUJICS OCMBICJIEHHBIA PUCYHOK.

IfopoxpeHue cTpok

MexaHu3M BLIBOZA CTPOK HUYEro He 3HaeT O rpa)uyeckoM BBIBOLE; HA 3TOM
aTane Mbl BCErO JMIIL MOACTABAsEM Ha MeCTO OTAEIbHBIX CMMBOJIOB T€ HJIH
UHbIE CTPOKH B COOTBETCTBHUM C IIPaBU/IaMH I'PaMMAaTHKH. 31€Ch BaXXKHO CAe/IaTh
OnHO 3aMevYaHue. B orimyune ot OGLIYHON rpaMMaTHKH, TIe HA KaX/OM luare
NPUMEHSUIOCH JIMIIb ONHO MIpaBuiIo, B L-cucreMax 0qHOBpEMEHHO MTPOUCXOIUT
3aMeHa BceX CMMBOJIOB, /151 KOTOPHIX CYMIECTBYIOT NPaBUia Pa3BUTHA (XOTs
OBI MOTOMY, YTO BCe YAaCTH PACTEHHs! Pa3BHBAIOTCS! ONHOBPEMEHHO, a HE IO
odepenn).

PaccmorpuM, HanpuMep, 3BOMIOLMIO AKCHOMBI g B IIpPOHECCE IIPUMEHEHMS
npasmia g > g[+g][-g):
mar 0: g

mar 1: gl+g] [-g]
war 2: gl+gll-gll+gl+gl[-g]ll[-gl+gl[-g]]

TaKI/IM O6pa3OM, Ha KaXa0M uiare Mbl 3aMeHsIeEM .TIIOGOe BXOX11eHUe CUMBOJIA
g Ha crpoky g[+g][-g].

JT1OT Ipolecc MOXHO MpOROJXKaTh 6ecKOHeYHO. B peaJbHOCTH UHTEPECHO
6eraeT .TII/IGO HpOCHeILI/ITb IBOJIIONUIO aKCUOMBI Ha HpOTH)KeHI/II/I HeKOTOpOFO

KOHEYHOrO YHucC/a IIaros, Ju60 MOMNpPOCTY BLIIOJHUTL 3apaHee H3BECTHOe
KOIMYEeCTBO MONCTAHOBOK M BU3YaJU3UPOBATH IONYYEHHYIO CTPOKY.
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Busyanusauus cTpok

Mgl enre BepHEMcS K IPUHELMIIAM pabOThl MEXaHM3MA CTPOKOBOTO BBHIBOIA, 4
NIOKa TIEPEKIIOYUMCSI HA MOLYJIb BU3yaIU3aluN.

3mech He cymecTByeT eIUHOTO craHmapTta. K coxaineHuio, pasHble BU3yajl-
3aTOPBI UCIOJIB3YIOT pa3Hble Habopbl KoMaHI. EcTb, onHako, npeicrapieHue
00 06X DpUHNMIAX pabOThl OACUCTEMbI IpaUUecKOoro BbIBOIA, a TaKXKe
HEKOEM «IKEHTJIIbMEHCKOM Habope» KOMaHI.

ba3oBbIX IPUHIMIIOB BCETO ABA:

+ BuU3yauu3atop GyHKUUOHHPYET IO MpUHLUIY Yepenanibeil rpapuky;
+ BCe HEpacHO3HaHHbIE KOMAHIbI UTHOPUPYIOTCSI.

Jobast cucrema BU3yanu3anvy JOJIKHA IIPEIOCTABIIATH CRENYIOHINE KOMaH bl
(CI/IHTaKCI/IC MOQOXKET OTJINYATbCA, HO CMbBICJI OCTAeTCA HCI/IBMCHHLIM)Z

Komanpga OnucaHune

gvnu F% | Hapucoeats o0Tpesok anvHbl distance no HanpaBReHWo BUXKEeHUS YepenaLikm

+ MoBepHYTL Yepenatiky no YacoBol CTpenke Ha yron angle

- MoBepHyTL Yepenallky NPOTUB YaCoBOW CTpeNku Ha yron angle

HauaTb HOBYIO BeTBb (B TeKyllel TouKe co3JaeTcs HoBas Yepenauika, 1 ynpaeneHue nepe-
paetcs en)

3aKoHUMTL BETBb (Yepenatika CHUMaeTCs © aKpaHa, yripasnesne nepeJaeTcs akTUBHoOM
paHee Yepenatuke)

JHaueHus nmapaMeTpoB distance M angle OOLIYHO 3aJalOTCs IIe-TO B Ha-
CTPOMKAX BU3YyalIn3aTopa.

[TocMOTpUM Teriepb, KaKO PUCYHOK (CM. puc. 9.3) COOTBETCTBYET yXKe 3HAKO-
MOIT HaM CHCTeMe, COCTOSIIIEl U3 aKCUOMBI g U MpaBuia BuiBoAa g > g[+g][-g].
M3HavanpHO Yepemnalika HaXOOUTCS B cepelMHEe 3KpaHa U CMOTPUT BBEpX;
distance = 15 (Touek), angle = 20 (rpazycos).

Ha HyZeBOM 1iare Bce IIPOCTO: KOMaHJAa g O3HaYaeT pUCOBaHHE eIUHCTBEH-
Horo otpe3ka. [lepBrlil mar yxe uaTepecHee. CaMblii JeBbIii CUMBOJ g, KaK
1 paHblie, pUCYeT OTPE30K. 3aTeM HAYMHAETCs BeTBb: B TEKyLIEH MO3UIIUU
c0372€TCsI HOBAsI Yepernalika, 3aTeM OHa TIOBOpa4yMBaeTcsl Ha angle IpaaycoB
HanpaBo (CUMBOJ «+») U pUcyeT OTpe3oK (KoMaHza g). ITocne 3Toro Bersp
3aKaHIMBAETCS, U YIIPaBJIeHUe NTepeIaeTcsi UCXOOHOM yepenalke. 3aTeM aHa-
TOrMYHBIM 00pa3oM pucyeTcs JeBasi BeTBb KycTHKa. Ha Bropom miare cHavana
IPOUCXONUT PUCOBAHUE YK€ U3BECTHOrO HaM ¢parmenTa gf +g][-g], mociue gero
pucyetcst Gosiee cioxHasi Beructas crpykrypa [+g[+g]l-g]l[-g[+gll-g]]

* B ofHMX peanu3allsx — g, B APYruX — F.
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gl+g1C-9]

gl+910-g10+gC+q1[-911L-90+g1[-91] V

war 6

Puc. 9.3. Busyanunzauyus npocroi L-cucremsl

O6paruTe BHUMaHMe, YTO C AJTOPUTMUYECKON TOUKH 3peHUs NpUBeJeHHas
cucTeMa HeOIITUMaJlbHA, IIOCKOJbKY MHOTHe YYAacCTKU JiepeBa IlepepucOBbI-
BalOTCSl MHOTOKPAaTHO. YT06bl U30aBUTHLCS OT 3TOTO HEZOCTATKA, CUCTEMY
HeCJIOXHO gpopaborarth:

Akcuoma: A
[lpaBWIO BHBOZA: A > g[+A] [-A]

CMmblcT cHMBOJIA A MOXHO CPaBHUTH C MMOYKO# qepeBa. OTHBIHE pa3BUTUE Ha
MIOCJIeNYIOMUX [Iarax MPOUCXOMUT He B KaXaoM dparmeHTe gepeBa (TO eCTh
He B CIMBOJIaX ¢ ), & TOJIbKO B «IIOYKAX»:

mar 0: A

mar 1: g[+A][-A]

mar 2: g[+gl[+A] [-A]l][-gl[+A][-A]]

mar 3: gl+g[+g[+A] [-A]1] [-g[+A] [-A]]1]1[-gl+g[+A]l[-A]] [-g[+A]l[-A]]]

9.4. MHCTDYMEHTBI BuU3dyanun3aumm L-cuctem

Kosb ckopo Mbl 1o6panuch 10 MpakKTUYeCKON Bu3yaauszanuu L-cucrem, mopa
yIeauTh BHUMAaHUE CYILECTBYIOUIUM IIPOrPAMMHBIM HHCTpYyMeHTaM. YTo0bl He
TpaTUTh BpeMsi Ha 0030p BO3MOXHOCTell TexX UM UHBIX YTUIUT (BO3MOXHO,
3TO MHTEpPEeCHO YUTaTh, HO HAa PEIKOCTb CKYYHO OIMCHIBAThH), si BOCIOJb3Y-
I0Ch yXe 3HaKoMbIM BaM uHcTpyMmeHToM JFLAP. lomkeH cka3ath, YTO IS
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paboTsl ¢ L-cucteMaMu CcymecTBYIOT U Kyia 6osiee COBepIIeHHbIe IIPOr PaMMEl,
IoCTaBJIsIEMBIE, K TOMY Xe, C MHOXEeCTBOM HUHTepecHelIuxX npuMepos. Ha ux
pore JFLLAP BoIDIAZUT AOCTaTOUHO OJIeIHO; TEM He MeHee, KakK s yXe cKa3all,
NOJTHOLIEHHBII 0030p ITporpaMum B HalllY IUIaHEI ceifuac He BxonuT. Ecimm y Bac
OymeT BpeMsi U XejlaHUe, UCCTelyiiTe UX CAMOCTOSATEIbHO:

+ LS Sketchbook: http://coco.ccu.uniovi.es/malva/sketchbook/
+ LSystem: http://severinghaus.org/projects/Isystem/

+ Fractint: http://spanky.triumf.ca/www/fractint/fractint.html
+ L-studio: http://algorithmicbotany.org/lstudio/index.html

Wrak, mnst ucciaenopanus L-cucteMsl npex e BCero cienyeT BoIOpaTh B IJ1aB-
HoM MeHI0 iporpamMmel JFLAP nyHKT L-system (yro noruuno). Ha skpane
NOSIBUTCSI TIPOCTON peJaKTop, MO3BONSIIOMUN BBECTU aKCUOMY CUCTEMBI U
moboe KOIMYECTBO MpaBUi BeiBona (CM. puc. 9.4). Huxnssa yacts pegakropa
npeHA3HAYEHA JUIS ITepeornpeiesie HUs 3HaUeHU 10 YMOJIYaHUIO I100ajb HbIX
llapaMeTpOB BpoJe distance UM angle.

Obpatute BHUMaHUE, YTO B MPaBUJIAX BbIBOIA BCe OAMHOYHbIE CUMBOJIBI He-
0bxomuMO paszesisaTh npobeamMu, eCJi Bl XOTUTe, YTOOBI cUcTeMa paboTana
npaBuIbHO. HeckonpKko pasmpaxkaeT, HO MOAEeNaTh C 3TUM HUYEro HeJib3s.

Botopas nyHkT Input — Render System, MOXHO mepeiiTu B OKHO BU3YajU-
3auuu (cM. puc. 9.5). YucnoBoe noje cnpapa InpeflHa3sHaueHO IS Belbopa
otobpaxaeMoro 11ara (Tak, Ha pUCyHKe u3o0paxeH war N23). CieBa oT Hero
II0Ka3aHa BU3yaJlu3upyeMasi CTPOKa, eCjld OHa TOJBKO He CIMUIKOM JJIMHHA.
Koopnunatsl cHU3Y MO3BOJISIOT BpamaTh PUCYHOK B TPEXMEPHOM IIPOCTPaH-

£.IFLAP; cuntitled?>
Fite Input Heip

!

xiom: A

H ULRIAL

Puc. 9.4. Penaktop L-cucremsi (JFLAP)
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£ IFLAP: Cuntitled? > |
File Input Help

=loix

[ Renderwé

pees B

gl AL AN O AT A ot e Al D 3k

Lo vaw [

Puc. 9.5. Ox+o Buayanuzaunn L-cuctems: (JFLAP)

crBe. YToOBl BEPHYTHCS Ha3al K pelakTopy, HEOOXOIUMO BHIOpATh MYHKT
MeHio File — Dismiss Tab.

Bor u Bce.

Ha puc. 9.6 mokazansl nBa Oonee cioxHBIX Npumepa L-cuctem®. Hanerocs,
OHM JalyT MpeNCTaBJIeHUE O BBIPA3UTENHHON MOLIU 3TOTO MHCTPYMEHTA.

9.5. PpaKTanbHble y30pbl

L-cucreMbl OY€Hb XOPOWIO MOAXOAT U IJISI PUCOBAHUS TaK Ha3bIBaeMBIX
¢dpakTanbHbIX y30pos. Ilo onpenenenuo benya Manznens6pora (4JenoBeka,
C YbUM UMEHEM OOBIYHO CBSA3BIBAIOT pOXAEeHUE (PaKTaJIbHON reoMeTpui ),
¢pakTal — 3TO CTPYKTypa, COCTOSIAss U3 YacTeil, KOTopble B KaKOM-TO
CMBICTIE TTONOOHBI LIEIOMY.

Koneuno, 370 oflpenieienye JOCTaTOYHO pa3MbITO, HO C €r0 MOMOIIBIO MOXHO
YJIOBUTh CaMy CyTh (ppakTajnoB. Te KycTbl, YTO MBI PUCOBAIU B IPEIbLIYIEM

% ApTop — AnpuaH MapuaHo.
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arcuoma: ++++g
% mpapuno: §— gg-[-g+z+e]+[+2-g-2]

ARCIHOMA X
mpapmia: X - g [+ X]g[-X]+X
g g

Puc. 9.6. lpumepst L-cuctem

=

S
"

haszfesie, BIOJHE MOAXONAT MO onpeneseHue ¢pakranos. JedcTBUTEIBHO,
<aaasi BETKAa «B KAKOM-TO CMbICJIe» NTOTOOHA BCeMy KYCTy.

PlCOBaHME TIPUPOIHBIX OOBCKTOB — OIHO M3 CaMbIX MOMYJISPHBIX IPH-
feHeHUil HpaKTaNIoOB Ha ceromHSIIHUN neHb. PpakTajbHble KYCTbl, BOJHEL,
'eKCTYPBI 3aHSUIH TTPOYHOE MECTO B KOMIIBIOTEPHOM rpaduke.

31ech s XO4Y IPOAEMOHCTPUPOBATh BU3yanU3alMio C MOMOIbI0 L-cucrem
IBYX KJIaCCHY€CKUX, INMPOKO U3BECTHBIX (PpaKkTaJbHBIX OOBEKTOB — KPUBOM
{oxa u TpeyronpHHUKa CeprmHCcKoro. He MeHee U3BeCTHBI, CKaXeM, KpHUBasi
‘wipbepTa WM IPaKOHOBA JIOMaHasi, HO BCero, KOHeYHO, He OXBATHIIb.

{puBast Koxa cOCTOHT U3 HEKOTOPOrO YMCjIa OTPE3KOB OXMHAKOBOI [UTMHBE®
Ha HYJIEBOM Illare — M3 OJHOTO oTpe3ka). Ha ouepenHOM Miare KaxXIbli
'aKOM OTPE30K 3aMeHsieTcs H300paxeHHo Ha puc. 9.7 ¢purypoii u3 yerslpex
)AaBHBIX OTPE3KOB.

JanucaTth onpenejieHue KpuBoi Koxa ¢ moMoumpio rpaMMaTHKXA HECIOXKHO.
Torpebyercst Bcero OHO MPaBUJIO BHIBOJA!

g>g+9g - -9g+g

DTpe30K NpSIMOi (g) 3aMeHsIeTcs OCIegOBAaTeIbHOCTbIO: OTPE30K, IIOBOPOT
1aripaBO (CErMEHT PHUCyeTcs ClpaBa HajleBO), BTOPOit OTPe30K, IBa OBOPOTa

* Uctunnoii GppakTanbHOM KpuBoii (a He JIOMaHOR) OHa CTAHOBUTCS JKILBL Nocae HecKOHeYHOro
4KCIa 1aros.
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Puc. 9.7. CermeHT kpunso# Koxa

HaNEeBO, TPETHUI OTPE30K, IOBOPOT HANIPaBOo, YeTBEPThIit OTpe30K. UToObI IpH
BBIBOZIE€ IMTONYYUJIACh IIPABUJIbHAS JIOMAaHas, HEOOXOAUMO elle YCTAaHOBMTh
3HaYeHUe napamerpa angle pasHbIM 60%7.

Kpusas Koxa nocie Tpetbero mara nokaszaHa Ha puc. 9.8.

Tpeyronpruk CeplHMHCKOTO 3alIpOrpaMMHUpPOBATh HECKOJLKO CIOXHEE. JTa
uHTepecHas ¢urypa mnojydaercs crexyomuM obpasom. TpeyroibHuk Hyne-

£ INAP: contitledz 5
File input Help

L-SRender |

; : , *3‘“}8ufﬁce’(obsay, quite lang. j

Puc. 9.8. Kpusasi Koxa Tperbero ropsifika

& B nose Name pesakropa cUCTeMbl 3aNuChiBaeTCst CTpoka angle, a B rone Parameter — uucio 60.
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BOrO MOPsNIKa NpeacTaBisieT co0oit camblit 0OBIKHOBEHHbIIT pABHOCTOPOHHUI
TpeyrojibHUK. [ monyyeHus: TpeyrojibHUKA NePBOTro NopsigKka TpeyroabHIK
HyJI€BOrO NMOPpsiiKa pasjelsiercs Ha YeTblpe paBHble yacTu (cM. puc. 9.9).

Puc. 9.9. NocTpoeHne tpeyronbHnka CeprmHCcKoro

[lenTpanbHas yacts GUrypsl «uspiaexaercs». MHoraa usBpnekaemyio oGnacrtp
pacKpaluuBaloT B IPYroi 1BeT, HO 3TO Heobs3areabHO. [ 1aBHoe, 4TO Ha cie-
TIYIOIIMX LIarax pasjgejieHue OyneT NpoNoKeHO TONLKO /ISl Heu3BIeYe HHbIX
yyacTKOB. Pa3nensis ocraBlumecs nocie Ipeaplayliero mara TpeyrojibHuKHY,
MOKHO TOJIYYUTh TPeYronbHUK CeprinHcKOro 04epenHoro nopsiaka.

[paMMaTHKa, COOTBETCTBYIOIASI TAKOMY Npeo0pa3oBaHUIo, OyneT BBINIALETD
IOBOJIBHO XUTPO.

AKCMOMa CHCTEeMbl COOTBETCTBYeT PABHOCTOPOHHEMY TPEYrOJNIbHUKY:
y X g--gg--gg Ecm cuurath, YTO yroa KaxXaoro NoBopoTa paBeH IecTuie-
“ATU TPAfycaM, Mbl J€HCTBUTENIBHO NOJYYUM TPEYroibHUK (cM. puc. 9.10).

CiMBOJT X TIOMedaeT IO3UIMIO, U3 KOTOPOi OyAYyT UCXOAUTh pa3mesisiomue
'peyroibHUK JIMHUU.

JT00pl NOMyuUuTH GUrYPY CAEAYIOLIEro 1no-
1Ka, HaM NoTpedyeTcs HamucaTy NpaBUjo
3BIBONIA, Pa3mesIsIonee 3TOT TPEeYrojabHUK

YQ

e

peyrojibHUKa IOJKE€H 00pa30BaThest HOBbII
I0JHOLEHHBI TPEYTOJIbHUK, B cepenuHe
)IHOH M3 CTOPOH KOTOPOTO TakXe 3aIlucaH
uMBoJl X. [l 3TOro HaM NoOIpocCTy He
(BaTaeT MeCTa: IJIMHA KaXAOW JMHUU pa3-
)MBKM NONXHA COCTaBUTb 2*g, B TO BpeMs

(aK ceifyac 5TO 3HaYeHUe PaBHO BCEro JIMIIb

;. McripaBuTh cuTyalnio npocTo: Jjist 3TOTO Puc. 9. 10. AKCHOMA 45 MO
I[pUeTCsl Ha OYepenHOM Luare yBeJIu4uTh TpeYronbHKa CeprMHCKOro

o
1a yeTelpe yacty. OnHAKO MPOCTO TaK pas- )
IeIUTh €T0 Hejb3s1. Jleslo B TOM, YTO BHYTPHU %
g\
A

(JC/
{[o]
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/ KaXIYI0 CTOPOHY TpeyroipHUKa Basoe. Takomy
/ JIEeNCTBUIO COOTBETCTBYET IPABUJIO

/ \X g>949g
/ l \ ) Temnepb HyXHO 3aIpOIPaMMUPOBATh TAaKOe
S X - X npasuno mis X, 9TOGHL U3 TPEYTOIbHUKA, U30-
{ . 6paxeHHOro Ha puc. 9.10, monyyanace durypa

X c puc. 9.11.

Puc. 9.11. Beisof
oYepenHoro wara

3pech CIOXHO coo0pa3uTh, noyemy Hopasl ¢urypa rnomydyaercs U3 crapoi
UMEHHO TaKuM 00pa3oM; UMesl Xe IPaBUIO B rpaduyeckoM BUIE, 3arucaTh
BBIBOJ IPAMMATUKHU yXe He TaK TSXeJo:

X>--gXg++gXg++gXg- -

Bor u Bce. ToToBBIIT TpeyrojibHUK MOKa3aH Ha puc. 9.12.

& IFLAP 1 (sierpilf)
 File Input Help

Suffice to say, guite long.

{Edtar /LS Render |

S

A
A

A
JAVA AV
ANA
JAVAVAVAVAVAVAVA

Puc. 9.12. TpeyronsHnk CeprinHCKOro 4yeTsepToro rnopsaka
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9.6. PazHOBMAHOCTU U AONOJIHUTEJIbHbIE
BO3MOXHOCTU L-cucrem

(OHC‘{HO, MBI IT0Jb30BAJIUCh TOJIBKO CaMbIMU HpOCTbIMI/I I/IHCprMeHTaMI/I nu3
eX, YTO OOBIYHO TpeROCTaBaAOT L-cucreMbl. YTOOBI faTh OOJee MONHOE
IpeficTaBjleHue O MOIIY Cepbe3HOro aHaIM3aTopa/Busyanu3aropa L-cucrewm,
] KpaTKO OIMMINY BO3MOXKHOCTH, He MOTpeOOBaBIINeCs HAaM Ha MPOTSIXKEeHUU
1aBBI%S,

CroxacTuyeckue L-cuctembl

’accMaTpUBaeMble HaMM CUCTeMbl paboTanu COBepIIEHHO JeTe pMUHUPOBAH-
ibiM 06pasoM. Ha ocHoBe 3agaHHOI aKCMOMbBI reHepUpPOBaJIaCh CTPOKA IIePBO-
o wara. Ha ocHOBe 3TOii CTpOKH, B CBOIO OYepeib, OMHO3HAYHBIM O00pa3oM
031aBajach CTPOKA BTOPOTO Iliara U Tak gajee.

“ToXacTudeckue L-cucTeMbl TTO3BOJISIIOT BHECTH HEKOTOPOe pa3HooOpasue B
TOT IIPOLIECC, pa3pellasl UCTIONb30BaHUe KOHKYPUPYIOIIMX TIPaBUJl BLIBOIA.
lanpumep, u3 mouxu (A) BeipactaeT Oesblit BeTOK (W). BT0 MOXHO 3anucarhb
 TIOMOILIBIO TIPaBUIIA

A>W

\ 9TO Jes1aTh, €CIM U3 MOYKN MOXKeT BblpacTu Kak Oejibiid, Tak U KpacHblil (R)
BeTOK? B TakOM cilyyae Ha IOMOIIb MPUXOIUT MeXaHU3M KOHKYPHUPYIOIMIUX
[PaBUL:

(0.6) A > W
(0.4) A >R

(aXOMYy U3 TaKUX [PaBUJ HEKOTOPHIM OOpAa30M CONOCTABJISETCS] BePOAT-
OCTh €r0 UCIMOJb30BaHUA. Tak, BCTPeTUB CUMBOJ A, UHTEPIpeTaTop Ha
fefylomieM 1are 3aMeHUT ero u6o Ha W (¢ BeposarHocTtsio 0.6), 6o Ha R
C BepOSITHOCTBIO 0.4).

)4eHb UHTepeCHO ObIBaeT 3aImyCTUTh HECKOIBKO pa3 TaKOW CTOXaCTUYECKUid
eHepaTop, TiepegaBasl eMy OIHY U Ty Xe aKcUOMY. PUCYHKHU, KOHEYHO, NO-
yyarcsl pas3Hble, HO UX POACTBO OyneT 3aMETHO HEeBOOPYKEHHBIM B3IJISIIOM.
lanpumep, gBaXAbl MOZEJIUPYSI Pa3BUTHE 1IBETKA PO3Bl, Bbl MOJYYUTE JIBE
asHble PO3Bl, HO HUKAK He PO3y U TIOJbIIAH.

KoHTekcTHO-3aBMCHMMBbIE MpaBuna

aCCMOTpHUM Terlepb Ipyrylo cuTyanuio. M3 mouku (A) BblpacTaeT LBETOK
W), eci psimoM ¢ TOYKOil yXe ecTh ABa uBeTKa. Ecin Xe psimoM ¢ moykoii

Pasymeercs, naneko He BCe U3 HUX NOANEPXUBAIOTCs nporpaMmoit JFLAP.
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pacnonararoorcs aBa nucta (L), TO U3 IOYKHU TakXe BbIpacTaer NUCT. DTU
IIpaBUjIa MOXHO 3alucaTh TaK:

2 WAW > W
2 LAL 5 L

JIBoiika yKa3plBaeT Ha NOPSIAKOBBIA HOMEp CUMBOJNA, K KOTOPOMY OTHOCHTCS
npaBuio (BTOPOif cnesa, To ectb A). CUMBOIBI clipaBa u ciieBa oT A dopmu-
PYIOT KOHTEKCT, B KOTOPOM IIPABUJIO CPabaTHIBaeT.

Hanndyue nogo6HLIX npaBuil COOTBETCTBYeT TAK Ha3blBaeMOI KOHTEKCTHO-3a-
BUCHUMOH rpaMMaTHKe, O KOTOPOH s elle YIIOMAHY B JallbHeHIIeM.

Mepenada YUCNEHHBLIX NapaMeTpoB

B mpuBeneHHbIX BhIIE npuMepax n1000i cuMBon 0b03HaYall HEKOTOPBIA
TIONTHOCTBIO OmpenienieHHblit 00beKT. LIBeTok nubo ecthb, nubO ero HET; B TO
ke BpeMs Bce LIBeTKH, 3aKONMPOBaHHble KAKUM-HUOYAb CUMBOJIOM (CKaXeM,
W), BBINJILIAT U BEAYT ce0Ost COBEPIIEHHO OIMHAKOBO. B TO Xe BpeMs uccie-
JOBaTelb BCerja HalifieT pa3yMHblil HA0Op mapaMeTpoB, KOTOPBIi IpU Xena-
HUM MOXHO TIPUITACATH TOMY UM MHOMY 00bekTy. Hanpumep, BeTke MOXeT
COOTBETCTBOBATH TONIUHA, HBETKY — BO3pacT U pa3Mmep, MOYKe — HEKUH
3amac «XU3HEHHOM cuiibl» U TaK JAaliee. JHaYEHUs MMapaMeTpOB MOTIH Obl
YYUTHIBATHCS KaK B MPaBUax pa3BUTHUSA, TaK U KOMaHIaX yepemnalki.

HOMHI/ITC, MbI HA4YVHAIN U3YyYCHUE L-cucrem ¢ BblpamyBaHUA KycTHUKa C 110~
MONIbIO IIPOCTOrO IIpaBuia:

A > AILR

[TocneroBaTeNibHO MIPUMEHSIST 3TO NMPABUIIO, MOXKHO TIONYYUTh KYCTUK CKOJb
yroaHo 0onbLIoi BeICOTHI. Mcnionb3ys mapameTpsl, MOXHO co31aTh Goliee pe-
aMICTUYHYIO KapTuHy. LIS Havana nepenuieM MpaBUiO HECKOJIBKO MHAYE:

A > ILRA

Tenepp A — 3TO He «KOPeHb», U3 KOTOPOrO pacTeT KYycT, a «[I0YKa» Ha Bep-
LLIMHE yXe Pa3BUTOro cermMeHTa. Teneps nobaBuM napamerp, obozHavaronui
«KU3HEHHYIO CUITY»:

akcuoMa: A{(50)I(50)L(50)R({50)
IIpaBUJIO BEBoOOAa: A(x) > I(0.8*X)L(0.8*x)R(0.8*x)A(0.8*x)

Ecnu Ha sTamne pucoBaHus TPaKTOBaTh 3HaYeHUe MapaMeTpa Kak pa3Mmep, TO
MBI TIONIYYHUM KYCT, B KOTOPOM 0Ooliee BBICOKO PacloONOXEeHHbIE BETBU U JUC-
Thbs1 OKaXyTCsl MeHbllle TIO pasMepy, YeM BeTBU U JIUCTbS, PACIIONOXEHHbIe
HUXe. ’
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Inasa 9. Cuctemsl lnHaeHmaitepa (L-cuctemsl)

OTaeneHne Norukun ot rpadpukmn

C onucanueM 00BeKTOB 1IpH rmomMowmu L-cucreMm cBsi3aHa oIHa CIOXHOCTS,
Ha KOTOPYIO Bbl, BO3MOXHO, yXe 00paTH/IM BHUMaHHe: ITPUXOIUTCS OJHOBpe-
MEHHO JyMaTb KaK O CMBICJIOBOM Harpy3ke Kaxnaoro ¢gparmenra, Tak 4 0 eTo
rpaguyecKkoi uHTepriperaunu. bouto 661 IpUATHO 0003HAYUTD 1IBETOK OTHOMI
6yksoit (Hanipumep, W) 1 CITOKO#HO IHcaTh MpaBUIa ero pa3BUTHS; OOHAKO
IpU TOTBITKE BU3YyallM3allMM Ha JKpaHe HUYEro He IOSIBUTCS, ITOCKONILKY
komaHna W He MMeeT CMbIC/Ia JJIS Yeperlaliku.

HEKOTOpre IporpaMMBbl ITO3BONAIOT BBOAUTDH OIIpeieIeHUA BUIa
W: g+g+g+g

Hepen Bn3yann3aune171 CTPOKH Ha MECTO KaXIoro OornpeaeaeHHoro TakumMm 06-
pa3soM CUMBOJIa ITOACTABJIAECTCA TEKCT OINPEACICHHUA:

W-W > g+g+g+g-g+g+g+g
Jlue mocie 3Toro crpoka Oymer mepenaHa NMOACUCTEME BU3YaIU3aliH.

TpexmepHas Buayanusauus

Ecin wepenramika pacrosHaeT KOMaHIBI TOBOPOTa BJIEBO U BIIPaBo, YTO HaM
MemaeT 100aBUTh HHCTPYKLIMH JUIS IBUXKEHUS] B TPEXMEPHOM I1pOCTpaHCTBe?
AbcomorHo HIuero. Ecnu npencTaButhb, 4To yepernalika Benet cebs Kak camo-
JIeT B BO3/yXe, TO KOMaHaaM + 1 — OyayT COOTBETCTBOBATb ITOBOPOTHI BIEBO
¥ BIIpaBo, a KoManaaM ~ u & (o commamenusm JFLAP) — kabpuposanue
(ntypBan Ha ce0s1) M MuKMpoBaHue (WTYpBal oT cebs).

AononHutensHble rpadnyeckue KoMaHabl

31ech GaHTa3UIO aBTOPOB YK€ HUKTO He MOXeT orpaHnuuTh. Camoe IpocToe,
YTO MOXeT IMPUNTH B TOJOBY — 3TO IIOBOPOTBHI HA ITPOU3BOJIBHBIA YIOT U
nepexolbl Ha IIPOU3BONIbHBIE PACCTOSIHUS; CMEHA PHUCYIOIIETO [1BeTa; ePexon
6e3 pucoBaHus; IMHaAMHUUECKasl YCTAHOBKa TEKYIIMX [1apaMeTPOB CHCTEMBI
(uBeT, IIMpUHa ¥ JUIMHA PUCYIOILETO OTPe3Ka, BEJMYUHBI YIIOB) HA OCHOBE
TeKymuX (HarpuMep, «yBeJIMIUTh TEKYIMiA yTo1 moBopoTa Ha 10 rpanycos»);
pucOBaHME MHOTOYTOIbHUKOB.
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Utorm

+ Cucrems! Jlunnenmaiiepa npencrasisioT coboii NpeKpacHblil IIpuMep uc-
NOJIb30BaHKs (POpMaNIbHBIX TpaMMaTUK B 3aave, He IMelolleil HUKaKkoro
OTHOLIEHNS K CHHTaKCHYE€CKOMY aHAJIU3y.

+ B cuHTakcmueckux aHanu3aTopax rpaMMaTHKU clyXaT Ul OIIpeneIeHuUs
MPUHAUIEXHOCTH KaKOU-TMO0 CTPOKU MHTEpecymoleMy Hac s3biKy. B L-
cHcTeMax IIpolLecc pa3BepHyYT Ha CTO BOCEMBAECT PalycOB: HCIONb3YS
NpaBUjia BBIBOJA pPaMMAaTHKM, MBI CAMH CO3Ja€M KOPpPEKTHbIE CTPOKHU
SI3bIKa, B35B 32 OCHOBY HEKOTOPYIO «HAuaJbHYIO CTPOKY», Ha3bplBaeMyIO
aKCHOMOM.

+ CreHepupOBaHHbIE CTPOKM MOXHO paccMaTpUBaTh Kak I0CIe10BaTeIbHO-
CTH KOMaH[ JUTsI TIOJICUCTEMBI BU3yalu3anuy («uepenamku» ). C moMomsio
JyepenallkKy HeBpa3yMuTeIbHBI HA00Op CUMBOJIOB MOXET IPE€BPaTUTHCS B
KpaCHBBIil KyCTHK MM BO QpaKTalbHBLIA PUCYHOK.

+ Ceiluac cymecTByeT JOCTaTOYHO IIPOTpaMM, MO3BOISIOIMUX CO31aBaTh CBOU
cobersenssie L-cucrempl. Kaxnas Takas nporpamMma MOXeT IperocTas-
JIATh pa3iMvHbIE PacIlMPEHUs Kak B JIOTUKE CHCTeM, TaK MU B KOMaHAax
BU3YaIU3AIIH.
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MawuHbl TelOpyHra

3a npeaenamm KOHTEKCTHO-CBOOOAHBIX
A3bIKOB

MauwinHa TblopuHra.
[leTepMUHMpOBaHHas MawuHa
ThlopuHra

MawuHa TelopuHra 1 3agava
pacro3HaBaHus

dopManbvHoe onpeaenenne MalluHbl
TblopuHra

3MynsTOp MawuHbl ThlOpUHra

lNporpamMMupoBaHue MallunHbl
TblopUHra

& HepetepMuHupoBaHHaa MatluHa
ThlopuHra

{

Bapuauuu MainHbl ThlOpUHra

KoaupoBaHue MalnH 1 yHuBepcanbHas
MalinHa TblopUHra ‘

KNACCUHKA NPOrPAMMMPOBAHKH:
Anropuribi, fabiky, AsTomatsl, KOMOUARTODbI.

NPAKTUHECKUN NOAXOH.



10.1. OrnapbiBasicb Ha3an

JasaiiTe B 0uepenHoi pa3 OKUHEM B3IVISAIOM TEKYIYIO CUTYalMIO, YTOObI He
IOTEPTh HUTh PacCyXKIeHMIMA,

Ha npoTskennn Bcex m1aB Mbl paccMaTpHUBali yCTPOMCTBa, yMEIOLe pacrio-
3HaBaTb T€ WIU UHbIE GOopMabHbIE SI3bIKU. I1epBBbIM TaKUM ycTpORCTBOM ObLT
KOHEUHbIH aBTOMaT. MBI onpo6HO pazbupanu npuHIHAI pabOTHl KOHEYHOTO
aBTOMaTa, alTOPUTMbI, C HUM CBsI3aHHbIE, a TaKXe NPUMEHEHHE KOHEUHbIX
aBTOMaTOB Ha mnpakTuke. Jlanee, Mbl yOeIMINCh, YTO KOHEYHBIE aBTOMATHI
yMEIOT pellaTth 3a/avy paclio3HaBaHMsI HEKOTOPBIX GOpMabHBIX A3bIKOB.

B uactHOCTH, A3bIK, CTPOKH KOTOPOTO COCTOSIT U3 IIPOU3BOILHOTO KOJNMYECTBA
OykB a U b (TO ecTb 3aaBaeMblii peryaspHbIM BbipaxeHuem (a U b)+), Mo-
KeT OBITh paclio3HaH KOHEYHBIM aBTOMaToOM. B TO Xe Bpems npyrue s3blku
(HarpuMmep, s3bIK, COCTOSIIMI U3 KOPPEKTHBIX apu(PMETHUECKUX BbIpaKeHHi
co ckobKaM1) KOHeYHOMY aBTOMarTy yXke He 1o cuiaM. Takum obpazom, XoTs
106011 GopMabHBIiL A3BIK 110 ONPEAEIEHHIO TTpencTaBaseT coboi obbraHoe
(RoHEYHOE MM GECKOHEYHOE) MHOXKECTBO CTPOK, pa3iW4HbIe SI3bIKK B HE-
KOTOPOM CMBbICJIE CHJIBHO OTIMYAIOTCS APYT OT Apyra.

Koneunble apToMaTbl yMEIOT paclio3HaBaTh JIMIIb CaMbl€ «IIPOCTHIE» SI3BIKH,
Ha3bIBaEMBbI€ PEryIsIpHBIMU. [IJ1s1 HEperyIspHBIX SA3BIKOB IIPUXOAUTCS n300pe-
Tatb 6oj1ee Mowuble yerpoiicrsa. Tak, 1eTepMUHUPOBaHHbIE A3BIKH (BKIIOYAIO-
e B ce6s1 Bce perynsipHble i HEKOTOpbie HePETY/ISIPHbIE A3bIKU) MOT'YT OBITH
pacrio3HaHbl 1€TepPMUHUPOBAHHBIM aBTOMATOM C MarasMHHOM IIaMATBIO.

OueHb BaXHO OTMETHTb, UYTO yCTPOMCTBA BpPOI€ KOHEYHOTO aBTOMaTa MIH
JIeTepMUHUPOBAHHOTO aBTOMAaTa He SIBJISIOTCS] KAKUMU-TO NaeKUMHU OT KU3HH
abcrpaknuaMu. C HEKOTOPBIMH JOITYINEHUSAMHU UX BIIOJIHE MOXHO BOIIJIOTUTD
«B XeJe3e», TO ecTb CKOHCTPYHPOBaTh MalllMHY, Ha IIPaKTHKE penaroiylo
3aJlaqy paclo3HaBaHUsl KaKOTO-IM00 sA3biKa. Ecnu cyvyau perynsipHbix U ge-
TEPMUHUPOBaHHBIX SI3BIKOB yXe€ IOHATHbI, bonee obmii Kj1acc KOHTEKCTHO-
CBOOOIHBIX A3BIKOB ITOKa HE IIO1Aa€TCs HEMOCPEICTBEHHOMY nepesony B TO
WM MHOE «KEeJIe3HOe» YCTPOICTBO.

Cnyuait HegeTe pMUHMPOBAaHHOTO Mara3MHHOTO aBToMara B pacuer e 6epem:
CKOHCTPYHMPOBATh arapaTt, UMUTHPYIOLIUH HexeTepMUHHUPOBAHHOE I10BeIe-
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Hue, — 3ajavya He U3 jerkux. KoHeuHo, n1s pacnozHaBaHUsl KOHTEKCTHO-
cBOOOIHBIX SI3BIKOB MOXHO HCITONB30BaTh OOBIYHBIA KOMITBIOTEP (aJTOpUTM
Koka-Slarepa-Kacamu 270 HatIsIIHO IEMOHCTPUPYET), HO yCTPOMCTBO «00ObIY-
HBII KOMITbIOTEp» II0Ka YTO He BIIMCHIBAETCS B HAllly M€papXMIO ariapaToB-
pacrio3HaBaTenen.

3agava pacrio3HaBaHUs S3BIKOB ME€PEXOJUT COBEPIIEHHO B HHYIO IUIOCKOCTD,
KaK TOJIBKO CTaHOBHUTCSI SICHO, UTO Jio6ast 3aada NpUHATUS peleHus (To ecTb
Tpedyromast BoiBoa B opMmarte «aa/HeT» B OTBET Ha MHOXECTBO BXOIHBIX
fapaMeTpoB) MOXeT OBbITh CBEI€HA K Paclo3HaBaHMIO HEKOTOPOTO A3bika. B
KOHLIE KOHLIOB, TaK YK JIM BaXXHO IIJIS1 HAC YMEHUE paclio3HaBaTh T€ WIN UHbIE
s3pIkM? BeposiTHO, 12, HO He Bce C 3TUM comtacarcs. A BOT 32124y IPUHSITUS
pelieHus1 — COBCEM MHOM ciyyvaif.

B Hameit xu3HM 00HapyXHBaeTcsl OTPOMHOE KOTHYECTBO TaKUX 3ajad, Hauu-
Hasi OT YMCTO BHIYUCIUTENbHBIX — «OTCOPTUPOBaH JIU JIaHHBIN TeJlepOHHbIi
CIIPAaBOYHUK I10 andaBUTy?», «CYIIECTBYET JH BBIMTPHIIHLIA aATOPUTM IS
Urpbl B KPECTUKU-HOMMKHU?», U 3aKaHUYMBasl HETPUBHMAIbHLIMU BOIPOCUKaMHU
B CTMJI€ «CTOMT JH JIKOHY XeHUTbcs Ha Dnu3aber?» WM «BpeIHBbl U raM-
byprepst 1151 310pOBbA?»

3amauy NPUHATHSI PElIeHNs!, KOHEUHO, IpeICTaBIsIoT cob0# UL y3KHH
KJacc cpeny 3aa4 o0uiero suma («0TcopTUpoBaTh CIIPAaBOYHUK IO an(aBuTy»,
«HalTH MOIXOASIIYIO HEBECTY 111 JIXKOHa»); TeM He MEHee, OHU BCTpevaloTcs
BO BCEX M3BECTHBIX HaM «KJjaccax cloXHoctu». MHaue rosops, npeacrasbre,
YTO IUIS1 pelleHusi HeKOTOpoii 3agaun obuiero suna Tpedyercst yerpoicrso X.
Tak BOT, Bceraa MOXHO M300pecTy 3aady NPUHATUS PelleHus, Hepa3peln-
MyIO ycTpoiicTBaMH ciabee (B cMbIC/e BHIYUCIUTENbHOM Momn), yem X.

Takum o6pa3zom, pazpabarbiBast yCTpOMCTBa /151 paCliO3HaBaHUS SI3bIKOB, MBI
KOHCTpYMpYeM «MalllMHbI-pernaTein» (oKa He MOTY Ha3BaTb UX HAaCTOSIIUMU
kommbloTepamu). Kpome Toro, Mbl T€NEph He MPOCTO MHTYUTHUBHO IIOHUMAEM,
4TO 3aaY¥ OTJIMYAIOTCS APYT OT ApyTa IO CIOXHOCTH, HO U MOXEM Hero-
CPEIICTBEHHO OLIEHUTb Pa3sHULY MEXIY «MalllHHAMU-PelIaTeIsIMU», II0 CYyTH
ieJ1a OTpeneNsAIomylo UX BEIYHCIUTEbHYIO CHUITY.

10.2. 3a npegenamu
KOHTEKCTHO-CBOOOOHbIX 13bIKOB

Pa3zyMeeTcs, KOHTEKCTHO-CBOOOIHBIE SA3bIKM HE OXBATHIBAIOT BCEX BO3MOXHBIX
cnydaes (GOpMaibHBIX SI3BIKOB, KOTOPBIE MBI B COCTOSHMHU BooOpasuts. Cy-
mectByoT GopManbHbIE SI3BIKH, HE OIMMCBIBAEMBIE KOHTEKCTHO-CBOOOIHBIMHU
rpammatukaMy. Hampumep, K TaKOBBIM OTHOCATCS SI3BIKU KOHIMEKCIMHO-3a-
gucumble.
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HarnomHto, npapiyla KOHTEKCTHO-CBOOOIHBIX TPaMMAaTHK UMEIOT BUI A 5 C,
rme A — mepeMeHHas, a C — CTpoka Han aingasutoM (Z U V). B coorser-
cTByIOLIEH D1aBe TaKXe OOBSICHSUIOCh, YTO TEPMUH «KOHTEKCTHO-CBOOOIHBII»
O3HauaeT MPUMEHUMOCTD MpaBUla HE3aBUCUMO OT KOHTEKCTa, B KOTOPOM
BCTpeTHIAch nepeMenHas A. B cryrae Konmekcmuo-sagucumbix (context-sen-
sitive) epammamux npasuia NpuobpeTaoT HECKOJIBKO YCIOXKHEHHbU U

o2 > acP

Kak u panbine, 31ech HeTepMHUHal A 3aMeHsieTCs CTPOKOH ¢, cocTosieil u3
TEpPMHHAJIOB U HET€PMUHAJIOB, HO Terepb IpaBHIo IIPUMEHSIETCs! JIMIIb TOTHa,
KOTIa nepemeHHasi A OKpyXeHa cTpoKaMu (Hax ajidasutom £ U V) o u B.
Crpoku o 1 $ (HO He ¢) MOTYT ObITh ycThIMU. [IpaBuno S » € (tne S — crap-
TOBBI! CUMBOJT) JIOIIYCTHMO, TOJILKO €CIIH S He BCTPEeUYaeTcsl B IPaBbIX YacTsX
NpaBuJL.

Mp! yxe paccMaTpUBaaM KOHTEKCTHO-CBOOOIHBIH s13bIK {a"b"}, cocTosmuit u3
CTpok e, ab, aabb, aaabbb U Tak ngaiee. Jlo6aBUB 271eMeHT C", MBI noJjy-
YMM KOHTEeKCTHO-3aBUCHUMBII s13bIK {a"b’c"} = {e, abc, aabbce, aaabbbcecc, ...}
Bo3MOXHO, B 3TO TPYAHO IOBEPHUTDL Cpa3y, HO S3bIK {a"h"c"} Henb3s 3amaTh
KOHTEeKCTHO-CBOOOIHOI rpaMmarikoil. B To Xe BpeMst MOITHOCTH KOHTEKCTHO-
3aBUCUMOM IpaMMaTHKH yXe TOCTaTOYHO JJIsl €r0 ONMUCaHUS:

S>P | ¢
P > aPBc | abc
cB » Bc
bB > bb

B xauecTBe mpuMepa MOXHO NpHUBe-
cTtd gepeBo pa3zbopa cTpOKM aabbcc
(cm. puc. 10.1).

Ho 1 KOHTeKCTHO-3aBUCUMBlE TPAMMAaTHKH
He pelualoT 3a7avdy ONnMcaHus (GpopMab-
HBIX SI3BIKOB IMOJHOCTBIO. CyliecTByioT
eme 60Jee CIOXHBIE SI3bIKU, HE ITOAnA-
IOLHecs] OITMCAHUIO C IIOMOIIBIO KOHTeK-
CTHO-32BUCHMBIX FPAMMATHK.

Puc. 10.1. Jepeso pa3bopa crpoku aabbcc

% Taxkum o6pa3oM, KOHTEKCTHO-CBOGOIHAA rpaMMAaTHKA SBISETCH YaCTHBIM CAy4aeM KOHTEKCTHO-
3aBMCHMOM IPaMMATHKH.
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10.3. MawuuHa TeilopuHra.
AdeTepMrnHupoBaHHaa mawuuHa TelOpuHra

ITosHakoMuMCs Tenepb ¢ HOBBIM YCTPOMCTBOM, KOTOPO€ CyMeeT YMHOXUTh
HalI¥ yCTeXH B Jeie pacro3HaBaHUsl (POPMasbHBIX SI3BIKOB U pelieHus 3a-
a4 — c mawunoil Teiopurea (Turing machine). Haunem ¢ MamuHBl Kak
TaKOBOH, @ yXe€ 3aTeM paccCMOTPUM NOApPoOHEe ee HCTOPHIO, BO3MOXHOCTH U
MECTO B COBPEMEHHOI KOMIIbIOTEPHOH! HayKe.

Cpasy orosopiock: onpeneneHus: MaliuHbl ThIOPHHTa U3 Pa3HbIX KHUT MOTYT
MMETh CyllecTBeHHble oTanuusA. Bee nmonyuaemsle ycrpoiictsa O6yayT umersb
OIMHAKOBYIO BBIYUCIUTEIBHYIO MOILb, HO Pa3IM4aTbCs TOHKOCTSIMU apXUTeK-
TYypsl ¥ yI0OCTBOM KOHCTPYMPOBaHHUS.

ITo cBoemy ycrpoiicTBy maminHa ThiopHHIa ITOX0Xa Ha KOHEYHBLA aBTOMaT.
Cpasuure puc. 10.2 ¢ Mogenbio KOHEYHOTO aBTOMara U3 BTOPOiA TnaBbl.

Mamuna ThiopuHra TakXe B KaXIblii MOMEHT BPEMEHM HaXOAMTCS B HEKO-
TOPOM COCTOSIHMH, NpUyYeM obiree KONMu4ecTBo COCTOSIHUI KoHe4yHo. Pabory
MalllfHa HaunHaeT B (KaK HETPYAHO JOTajnaTbcsl) HavaJbHOM COCTOSIHMH, a
3aKaH4YMBaeT Moo B IOIMycKaomeM (Ha pucyHKe 0603HaueHHOM Kak Y ), 6o
B orsepratomeM (N) cocrosanun. Takum o6pa3oM, B OTIMYME OT KOHEYHOTO
apTOMara, rae moboe cocTosiHUe, He SBIAIONIEecs] IOIyCKAIOIIUM, CUNTAETCS
HEJOMyCKaIOIMM, B MalrHe ThiopuHTa IBHBIM 06pa3oM IpexycMOTPEHO 10~
yCKalolllee U OTBEPralomee CoCTOsHMS.

(1,>)— (N, >,R)
@, P)y—01,>R)
(4,>)— (3, >,R)
(3, A)— (1, C, R)
(3, )—(Y,C.R)

®© g ©®
Rt

DIC|IC|B|BIA|IC|_|.]|.

Puc. 10.2. MatumHa TbiopuHra (HarnsgHoe rnocobue)
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JApyroe oTnm4ue OT KOHEYHOIO aBTOMaTa COCTOUT B TOM, YTO y MaIIMHBI
TriopuHra €cTs CYMTHIBAIONIAs/3aIIUChIBAIOLIAsl FONIOBKA, criocobHas mepe-
MeraThcs 110 BXOAHOH JeHTe B mobyio cropoHy. KoHeuHslil aBToMaT Moxer
aHaJM3UpOBaTh CUMBOJIbL BXOJHOM JIEHTHI JIMIIb [1OCIENI0BAaTENbHO, NPYT 3a
apyroM. Mamuna Teiopunra He cBsi3aHa 11o106HbIMEU orpaHuYeHusMu. Kpome
TOro (¥ 3TO OYEeHb BaXHO), MalMHa TbhlOpHHra crroco6Ha He TOMbKO CIUTHIBATh
UH(bOpPMANHIO C BXOXHOMN JIEHTHI, HO ¥ IIPOU3BOIUTH 3aIIUCh Ha Hee.

Bxonnas nenra orpannyeHa ciesa (TO €CTb y HE€ eCTb «Havyajlo»), UMesl IIpU
3TOM IOTEHHANLHO O6eCKOHEeUHYyIO JUIMHY. B Kax bt MOMEHT BpeMeHH JIeHTa
COIEPKUT KOHEYHOE YMCIO CUMBOJIOB, HO FOJIOBKAa MallMHBl ThIOpUHTa MO-
XKeT rmepeMelnarhes BIipaso Ha moboe TpebyeMoe KonuuecTso sueek. [lepsas
(camas neBast) s4YeHKa JI€HTbl COIEPKUT CIIeIUaTbHBI CUMBOI D>, coTyXaiuit
NPU3HAaKOM Kpast IeHThl. [lanee pacronaraloTcst CUMBOJBL, (hOpMHUPYIOLIHE
BXOJHbIE JaHHBIE (TaK Xe, KaK ¥ B CIydae KOHe4JHoro asromara). [lycrere
SIYeMKH 3allONIHSIOTCS TPOOEIbHBIM CUMBOJIOM ..

IMpaBuna nepexomos st MamMHH ThIOpUHTa (110 CMBICTY aHaJIOrHMYHbIE
IpaBMIaM JUIsl KOHEYHBIX aBTOMATOB) COMOCTaBISIOT pa3IMYHBIM ITapaM BUIa
(cocTosiHMe, cUMBOI) TPOMKH BUAA (COCTOSIHME ’, CUMBOJ ', KOMaHLa).
Kak u panbine, napa (cocTostHre, CUMBOJI) OITUCBIBAET TEKYIIYIO CUTYALIHUIO:
COCTOsIHME, B KOTOPOM HaXOIUTCs1 yCTPOMUCTBO ILIIOC paccMaTpUBaeMBblil B 1aH-
HBIi MOMEHT CUMBOJI BXOAHOM CTPOKH (B Cly4ae MalluHbl ThiopHra — CHUM-
BOJI, HAXOISIIUICS MO CYMTBHIBAIOEH FoNoBKO#). B pesynbrare nepexona
MallliHa OKa3hlBaeTCsl B COCTOSHUM COCTOsIHME ', a Ha JIeHTy (B S4YelKy,
HaxOsLIyIOCs 110]] FOJIOBKOM) 3allichiBaeTcst cuMBoN cumioi’ . Kpome Toro,
rOJIOBKa CIBUIa€TCsl B COOTBETCTBUHM C KOMIIOHEHTOM XKoMaHzma. PasauyHBIX
KOMaHJ] BCEro TpH:

¢ L: cnBuHYTH FOJIOBKY Ha OJHY SIY€iKy BJIEBO;
+ R: ciBuHYTH I'OJIOBKY Ha OJHY SIY€HKY BIIPaBO;
+ H: ocraBuTh TeKyuiee MOJIOKEHHE TOJIOBKH 0€3 U3MEHEeHMIA.

ITockobKy KOHEYHBIE aBTOMATHI aHATM3UPYIOT BXOIHYIO CTPOKY ITOCHMBOJb-
HO — CII€PBOTO M JI0 MTOCIEIHEr0 3JIeMeHTa IO MIOPSIIKY — IOCTe €€ CUUTHL-
BaHUA paboTa aBTOMaTa 3aBepllaeTcs,  Mbl MOXKEM OLI€HUTh Pe3yIbTaThl.

MarmmmHa TriopHHra ClIocoOHa «YIISITh» IO CTPOKE CKOJIBKO YIOIMHO, U 110 3TOH
IIpMYMHE [IPU3HAKOM 3aBepILIeHUs paboThl MOXET CIYKUTh JIMIIb IIE€Pexol B
JoIIycKalomee 1100 B oTBepraiomee cocrosiHue. MoxXHO CKOHCTPYHPOBaTh
MaiuHy TrelopuHra, BooOme HUKOrIa He 3akaHuuBaomylo pabory. Obpartu-
T€ BHUMaHME Ha BaXHYIO N€Talb: 3aivKJMBaHMe MalllUHbl BCerja O3Havaer
HeIOINyCKaHWe BXOIHOH CTPOKM (KaK OIpeneauTb, 4TO MalllMHa 3anUKIu-
J1achb —— yXe BOIIPOC BTOpOH).

IToka uTo MBI GyIeM 3aHMMaTbCS 1€TEPMUHIPOBaHHBIMY MalinHamu ThiOpHH-
ra, He copepXalllMMH KOH(UIMKTYIOLHUX IIPaBUIl I1€PEX0I0B.
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a/b, R

Puc. 10.3. lpaguyeckoe naobpaxeHue rnepexonos MallinHbl TeiopyHra

Tak xe, Kak ¥ KOHe4HbI# aBTOMaT, MalliHY ThlIOpUHTa HETPYAHO U300pa3uTh
¢ nmoMmonipio rpaga. Pebpa rpada moMedaioTcss UCXOIHBIM U 3aMEHSIEMBIM
CHMBOJIaMH JIEHTBI, a Takxke KomaHno# s ronosku (L, R umu H). Ckazannoe
wimoctpupyer puc. 10.3, Ha KOTOpoM H300paxeH nepexon

(1, a) > (2, b, R)

10.4. MawuuHa TeiopuHra u 3apava
pacno3HaBaHug

PaccMoTpum reneps (hyHKIMOHMpOBaHKME MalIMHbI ThlopuUHTa Ha IIpUMepax.

PacnosHaBaHue perynapHoro A3bika

HayHeM c caMoro mpocToro cinydass — C paclio3HaBaHMs PeryIIsSIpPHOTO sI3bIKa
a*b*. ITockonbKy TaKo# A3BIK MOXET ObITh pacro3HaH naxe oObIYHBIM KOHEU-
HbIM aBTOMATOM, HUKAKUX OCOOBIX U30HIPEHHOCTEH OT MallluHbl ThlopuHTa He
norpedyercs. [oroBoe ycrpoiicTBo 6yner conepxartb Bcero Tpu cocrostHus (1,
2, 3) u 19Thb NEepexoIoB:

(t, a) » {1, a, R)
(l, ) o> (3, L0 H)
(x, b) > (2, b, R)
(2, b) > (2, b, R)
(2, ) > (3, .. H)
CraproBoe cocrostHie — IepBOe, norycKaonee — Ttperbe. Tak Xe, Kak

B cIy4ae KOHEYHBIX aBTOMATOB, 31€Ch MOXET BCTPETUTLCS «HEIITaTHasl CUTY-
allisl», IUIsl KOTOPO# He IPeaycMOTPeHO Iepexona (HallpiuMep, CYUThIBaHHE
CUMBOJIA a C JICHTBI, KOIl1a MallliHa HaXOAMTCs BO BTOPOM COCTOSIHUM). 311€Ch
¥ jajee B [JJaB€ BOSHMKHOBEHME HeLITaTHOM cuTyanuu Oyner o3Havarthb IIpo-
CTO€ HEIIONYCKaHUe CTPOKH.

CkoHcTpyupOBaHHas MalllyHa B Buze pacda mnokasaHa Ha puc. 10.4.
PacnosHaBaHue KOHTEKCTHO-CBOGOAHOIo A3blKa

Tereps nonpobyeM 1ocTpouTsh MalMHY THIOpUHTa, pacllo3Halnyo Oonee
CITOXHBIN (KOHTEKCTHO-CBOOOIHBIN) A3bIK {a"b"}, cocTosmuit u3 CTpoK e,
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a/a, R b/, R

Puc. 10.4. MawunHa TeiopuHra, pacrnosHaiowas a3eik a*b™

ab, aabb, aaabbb u Tak gajiee. Kak yxe ObUI0 10Ka3aHO, 3TOT SI3BIK MOXET
ObITb pacriO3HaH aBTOMAaTOM C Mara3MHHOH NMaMsaThio. Y mamnHbl TohiopuHra
HeT Mara3siHHOM MaMsITH, 3aTO €CTb JIEHTa, Ha KOTOPYIO MOXHO OCYLIECTBIISTh
3aIHUCh.

MoXHO npuIyMaTh HECKOJIBLKO pa3iM4HbIX aJITOPUTMOB pacrio3HaBaHus. Ha-
IIpUMep, TakoM:

€CNM JIeHTa MalMHb ThpUHTAa IIyCTa, [OOIYCTHUThL CTPOKY ;

€CNM TIEPBLE HenmpobenpHHM CUMBOJ JIEHTH — a, a INOCIeIHWHd — b,
3aMEeHMT: oba 3TUX CHUMBOJa Ha Npoberns; B IPOTHMBHOM Cllydae
OTBEPTHYTL CTPOKY ;

IEPeUTH K IIepBOMY ATy ;

IIpusenenHas nmpouenypa Ha KaXIOM IIare ynansieT KpaiiHHe CHMBOJIBI
BXOIIHOH CTPOKH, €CTM OHU paBHbI a U b cooTBercrseHHo. Eciu B urore no-
JAy4miachk IycTasl CTpOKa, 3TO 3HA4YMT, YTO MCXOIHAs CTpOKa NpHHamIexana
s3piky {a"b"}. Ecam ke B nporecce paboThl Ha J€HTE OKa3ajach CTPOKa, He
nmeromas 1o KpasiM CUMBOJIOB & M b, 3TO 03HadaeT, YTo ee clenyeT oTBep-
rHyTb. [lepen TeM, Kak rnepesecTd alropuUT™ B (popMy MalIMHBL, S 3aldily
ero 6oiee nogpoOHo:

ecny TeKyUMi CHUMBOJI JIEHTH — npobes, OOIyCTUTL CTPOKY (JeHTa
nycra) ;

ecyny TeKymUM CUMBOJI JIEHTH — He a, OTBEepPTHYTL CTPOKY;
3aMeHUTL a Ha npobei;

OBUTraTheCsi BIOPpaBO OO NEPBOTO HpO6eHLHOI'O CHUMBOJI& JIeHTEHl, 2aTeM
COBMHYTECH Ha H‘{eﬁKy BJIEBO;

eCnM TEeKYWWH CUMBOJI JIGHTH — HE D, OTBEPTHYTL CTDPOKY;
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3aMeHUTEL b Ha pobern;

OBUTATLCS BIEBO [0 MNepBOrO MpobelLHOoOro CUMBONA JEeHTH, 3aTeM
CIOBUHYTLCS Ha SiYeMKy BIPABO;

IepedTH K IIepBoMy Lary;

Tenepb MOXHO HENOCPEACTBEHHO MOCTPOUTH MAamMHY ThOpUHra (CM.
puc. 10.5).

a/a, R a/a, L.
b/b, R b/b, L

1o
A
W

\ a/_ R /L b/_, L
> > R o

/., H

' 3

&

Puc. 10.5. Mawuunna ToiopyHra 415 pacriosHasaHmns siabika {a™b"}

Pacno3sHaBaHue KOHTEKCTHO-3aBUCUMbIX i3bIKOB

Hrax, mammna Teiopurra obnagaet TOCTaTOYHOM MOIIIBIO UTST PACIIO3HABAHUS,
o KpaiiHeil Mepe, HEKOTOPBIX KOHTEKCTHO-CBOOOIHBIX SI3bIKOB.

Crenyiomuii mar — paclo3HaBaHUe S3bIKa, He SIBJISIOMET0Cs KOHTEKCTHO-
csoboaHbIM. Kak yxXe yIIOMUHANOCh, IPUMEPOM TaKOTO SI3bIKa MOXeET CIIy-
XuTh A3bIK {a"b"c"}, cocrosmyit U3 CTPOK €, abc, aabbcc, aaabbbccc U
TaK Janee.

A npeiarao UCNONB30BaTh, OBITH MOXET, HEe CAMBIf KOPOTKHUH, 3aTO MPOCTON
¥ NOHATHBIN anroput™. CHavana KOHeIl CTPOKU MOMeYaeTcs ClenuanbHbIM
cumBonoMm < (MHave roBopst, epBblit IpoOGebHbli CHMBOI JICHTHI 3aMEeHSIETCSI
Ha <]). 3aTeM BBINOIHSIOTCS OIePaIH:

eCcIM JIeHTa IIyCTa (IIepBHi HempobennHHI cuMBon pasen <),
OOMyCTUTEL CTPOKY ;

HaliTy Ha JeHTe IepBHNM CUMBOJ a; 3aMeHUThL ero Ha npo6en;

Jajlee Ha JeHTe (HauyuHas ¢ TeKyllel IO3MUMU) HAaNTU IIepBHH
CUMBOJN D ¥ 3aMeHuThL ero Ha Ipoben;
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Ha oOCTaBIeNCs 4YacTU JIEHTH HaluTU [IepBBM CUMBOJ C U TaKxe
3aMeHUTEL ero Ha poben;

IepedTy K IIepBOMY Niary;

Ecnu B nponecce paboTel 4TO-TO MPOUCXOAUT HE TaK, KaKk OXHpaercs (Ha-
npuMep, ouepeHoN CUMBOJ b He yaaeTcs HaiTH), BXOOHYIO CTPOKY cllemxyeT
OTBEprHYTh.

ANTOpUTM NOCIe0BaTeNbHO 3aMeHAeT HalileHHbIe YT 3a IPYrOM CHUMBOJB
a, b 1 ¢ Ha npobensl. Eciy B onpeneneHHbI MOMEHT JIEHTa OKaXeTcs MyCTOH,
3TO O3HAyaeT, 9YTO UCXOMHAS CTPOKA NPUHAIIEXHUT PACTIO3HABAEMOMY SI3BIKY
U nomxHa ObTh momymeHa. Ecin ogHa M3 omnepanyit IOMCKa 3aBepIIUiIach
HeyaavyHo JM00 Ha BXome 0OHapyXWics HenpeaBUIeHHbIH CUMBOI", CTpOKa
OTBepraercs.

PaccMoTpuM Terieph, Kak M B NpeablnyIluil pas, 6onaee nogpobHyio Bepcuio
aIrOpUTMa:
ITOMeTUTE KOHeIl CTpoXU cuMBoioM <] (TO eCTE 2aMeHUTE I1epBBbIl
MpobeneHbll CUMBON NeHTH Ha <) ;
LUKIT

ecny IepBHil HempobelbHB CUMBOJ JeHTH paBeH <],
IOIYyCTUTE CTPOKY;

eCJU ITepBuil HenpoOeNntHHI CUMBOMN JIeHTH He paBeH a,
OTBePIHYTE CTPOKY ;

3aMEHUTE a Ha mnpobern;

IBUTCAaTLCS BIIPaBO, [ToKa TEKyNU#l CUMBOJ paBeH IIpobeiy UAM a;
ecny Tekymu#! CUMBOJ JI@HTH He paBeH b, OTBeprHYTEH CTPOKY;
3aMeHMUTEs b Ha npobern;

IBUTCATLCS BIIpaBO, ITOKa TEKYNMM CUMBOJ paBeH pobeny unu b;
ecnu Tekymu¥ CHUMBOJ JIeHTH He paBeH ¢, OTBeprHyTh CTPOKY;
3aMeHUTE ¢ Ha mnpoben;

IBUCATLCS BIIPABO, ITOKa TEKYINMI CUMBOJ paBeH pobeny unu c;
ecnm TeKymWud cuMBoN He paBeH <], OTBEePrHYTEL CTPOKY;
IBUCATLECS BJIEBO O Hayasna JeHTH;

KOHEL LUKIJIA

" TTpoben cunraercs clyxeGHbIM CUMBOIOM. ByaeM rosarath, 4TO HU OfHA BXOAHAs CTPOKA He
COHEPXKMUT IIpoheoB BHYTPH.
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Urobp1 OKOHYATENLHO MPOSICHATH XOX paboThl alrOPUTMa, B3LISHHTE HA
COCTOSTHUE JIEHTHI MAaIIUHb! BO BpeMs IOCAEI0BATENLHOIO BLITOJIHEHHUS ero

Iaros B MpOIecce aHaau3a CTPOKU aaabbbecc:

Daaabbbcce
Daaabbbeeed
D _aabbbcccd]
P>_aa_bbcced
D_aa_bb_ccd
>_.avbb_cc<
> a. b.cc<

s S

Dabcﬂ

[T PR g W)

> <

[STE Ty ...u

oroBast MamuHa TbiopuHra nokasasa Ha puc. 10.6.

3aKHO OTMETUTbH, 4TO, KaK ¥ J000 KOHEeYHBIH aBTOMAT, Kaxaas MalunHa
[hIOpHHIa MpeHa3HaYeHa Ui pelleHus Kakoi-1ubo onHoit 3agaun. ITosTomy
s PACIIO3HABAHMS Pa3MUYHBIX SI3BIKOB IPUAETCH M300peTaTh pas3jnyHbIe
falHbl THIOPUHTA (YeM MbI, COOCTBEHHO, yXe 3aHMMAJIUCh).

af’a R b/b, R

1.41.43

a/ ,R \47
N /<. L />R Q< H o/c, R
2 3 6
OyO- 6 () (s) Jilw

V<, L
a/a, R a/a, L /,R D/ R /
a/a, L

b/b, R b/b, L o
c/e, R c/c, L 7 b/b, L
c/c L

10.6. MawmHa TeiopuHra A1 pacrio3HaBaHys 3sika {a"b"c’}

e

Puc.
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10.5. dopmanbHOe onpegesnieHne
MaLUHbl ThIOpUHIra

ITocite nopgpobHoro pasdopa IpuMepos Hosiee CTPOroe onpeneieHne MarHHbL
ThiOpHrHIra He JOJKHO BBI3HIBATL OCOOBIX 3aTPyAHEHUH (K TOMY Xe, OHO HO-
XOXe Ha ONpencieHue KOHEYHOro aBToMara).

I/ITaK, B MalllnHE TI:IOpI/IHFa BBIICTAKT CACAYIOMUEC IEMEHTHI!

1. Koneynoe MHoxectBO coctosiuuit Q = {q;, Qs «+., ot

2. KoHeYyHOe MHOXECTBO CHMBOJIOB JIEHTH X = {ay, @y, ..., @, }.

3. Oyukuus nepexomnos 8(q;, a) = (q,, b, C) conocrapismomas nape Buia
(cocrosiHue, CUMBOJ) TPOUKY BUIa (COCTOsIHUME', CUMBOJ , KOMaH/a).

4. HavuanbHoe COCTOsIHEE .

5. Jlomyckaroliee COCTOSHUE (y,, U OTBEPTAIOMIEe qy,. .

B KHurax Hepeako MCMOMb3YIOT 3amuch suiaa «A = (Q, Z, 8, o, Gyess Guno)»- B
TakKoM 0003HaYeHMM HeT HUYEro IJIOXOro, HO BOT KOIAa IMUIIYT YTO-TO BPO-
ne «MamuHa ThIOpHHra — 3TO KOPTeX M3 IIEeCTH 37IeMEHTOB», Y MEHs 3TO
BBI3BIBaeT HengoyMeHue’!. B koHue KOH1OB, rpad — 3TO He mpocro Habop
YyepToYyeK U TOYeK; TOYHO TaK JKe ONMCaHNe MAIluHbl ThIOpUHra He OrpaHu-
YHBAETCS «<KOPTEXKEM BJIEMEHTOB».

besycnosro, u3 GopMaIbHOrO ONUCAHMS MBIl CPa3y MOXeM IOJIYyYUTh Maccy
nH@OpMalLIUK O COCTOSAHUAX U MepexXofax, HO KOPTeX He 00bCHAeT CaMoro
npotiecca padorsl MamnHbl ThiopuHra. Jlaxe uMest Ha pyKax oauyio Tabinny
COCTOSIHUI ¥ TIePEXO0B, HALO YMETh €10 BOCIONAB30BATHCH NPABMIBHO.

10.6. AMynaTOP MawunHbl ThiOpUHra

[lepen TeM, KaK MPOIOIKUTh U3yYeHUE BO3MOXHOCTeH MamuHbl ThIOPUHYa,
naBaiiTe Co3JasMM ITPOrpaMMy, IMHTHPYIOLIYIO ee pabory. Jlymalo, Takast npo-
rpamMMa okaxeT OOJIbINYIO ITOMOHIb B HAlUIUX AajibHEUIINX IKCIEePUMEHTAX.

Paborate smyasrop Oyner caenyomunm obpazom. CHayaa ¢ KJaBRaTypsl BBO-
ISTCA TPU YUCHA -— HOMEpa CTaPTOBOrO, JONYCKAKIIEro ¥ OTBEpPraloimero
COCTOSIHMI"?. 3aTeM rporpaMMa CYMTHIBaeT Ha4albHOE CONEPKUMOE TEHTHI 1
Ha0op npasui, Kax10€e U3 KOTOPBIX COCTOUT U3 FISITH JIEMEHTOB, 3allMCaHHBIX
yepes npode:

COCTOSIHUE CHUMBOJ COCTOAHUEe' CUMBO' KOMaHUa

7 Ha camom Hesie ¥ Kysa foiee spkue YyBCTBa, Hy /1a J1adHoO.
2 TlpeanosnaraeTcs, UTO COCTOSHMUS 0003HAYAIOTCH LICIBIMM YHCIAMH.
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‘aK, 3aMUch
3 c4d _ R

3Ha4YaeT nepexoxn (3, ¢) » (4, ., R); mpobenbHblit cUMBOI 1eHTH 0603HaYaeTCs
HMBOJIOM HUXHErO NMOAYePKUBAHHUS.

15 XpaHEHUS MPaBUJI B TIAMATH MOJIE3HO BBECTH JIBE CIIyXeOHBle CTPYKTyphI
AHHBIX — JIEBYIO M IIPAByIO YacTH:

struct LeftSide // J7eBasi 4acTb
{
public int state; // cocTosHUe
public char symbol; // CUMBOJN JI€HTH

public LeftSide(int st, char sym)
{state = st; symbol = sym;}
}

struct RightSide // TOpaBas 4acTb
{
public int state; // CocCTosHUue
public char symbol, command; // CUMBOJ JeHTH U KoMaHOa

public Rightsidekint st, char sym, char c)
{state = st; symbol = gsym; command = c¢;}

}

a00Ty ManHbl ThIOPUHIa MOXHO NMPOUUTIOCTPHPOBATE C MOMOMLIBIO TIPO-
'Oro TCeBA0KOA!

cYnuTaTh KOHOUIYpallln MAaNWHE ¢ KJlaBUaTYPH;
State = (g,

Tapeldx = 1;

[IOKA State != (.. && State != g,

eCJId IoNb3oBavTellk: Haxalnl npoben, npepBaTh paboTy MamlMHH;

HANTU IpaBU/IO ¥ ¢ JeBo#t dacThb (State, JNEHTA[Tapeldx]);

IIYCTh (CocTossHWE' , CHMBOJI', KoMaHza) — HpaBas 4acThb I;

ecsll IIpaBuJlo He HaljeHo, OTBepIHYTh CTPOKY;

State = cocTogHUe' ;

JNIEHTA [Tapeldx] = cumBon';

U3MeHUTE Tapeldx B COOTBETCTBUM C KOMaHIOM M3 IIpaBoM 4YacTH;
KCHEL LUKIA

ecnu State == (.., DONycTUTE CTPOKY, HHayie OTBEPIHYTH;
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ITockonpky Maruvna TerOprHra MoxeT paboraTb 6eCKOHEYHO, CleayeT rnpe-
YCMOTPETDb BO3MOXHOCTD NPEPBIBAHUS SMYJISIIIMY N0 HAXATUIO KJAaBuIuy (Ha-
npumMep, npobena). [Ipoie Bcero Tekyinee COCTOSHUE TOM WM VHOM KIaBUIIK
MOXHO BBIACHUTH ¢ nomomibio GpyHKimMu WINAPI GetKeyState (). [ns ee
VICTIOIB30BaHUs, BO-NIEPBBIX, TpebyeTcs no0aBUTh eIle OnHY USing-1upekTUBY
B Havajo IIPOrpaMMBbl:

using System.Runtime.InteropServices;

Bo-BTOpHIX, B ONpeaeieHye IMaBHOrO KJIacca IpUI0XEeHUS IPUAeTcst 100aBUTh
obbsaBIeHMEe MeTona GetKeyState():

[DllImport (“user32.d1l1”, EntryPoint = “GetKeyState”)]
public static extern short GetKeyState(int nVirtKey);

Eme onHa TOHKOCTH CBsi3aHa ¢ TeM, YTO MamuHa ThlOpuHra paboraer ¢
OeckoHeyHOM NeHTOH. Pasymeercs, co3narb OECKOHEYHYIO CTPOKY B MaMSTU
HENIb34, HO MOXHO OTCJIeXKMBATh 3HaveHMe NMepeMeHHOU Tapeldx, 4, eClu
FOJIOBKa OKaXeTCA 33 NPEAeIaMU JICHTBL, JIeHTY HETPYIHO paciiputh (61aro,
roJI0BKa MalllMHbI Ha KaXIOM 1Hare CIBUraeTcs He 00jlee 4eM Ha OHY STYeHKy
BIIPaBo).

Tenepb MOXHO NPUBECTY TOIHBI TEKCT OCHOBHON MPOLEAYPHI IMYISATOpA
MarHbl ThiopuHra (cM. macrunr 10.1).

int Sstate = Convert.ToInt32(Console.In.ReadLine());
// CTapTOBOE COCTOSHHE
Convert .ToInt32 (Console.In.ReadlLine());
// YES-cocTosHue
int Nstate = Convert.ToInt32Z(Console.In.ReadLine());
// NO-coCTOosiHUe
string Tape = “>" 4+ (string)Console.In.ReadLine() + “_";
// TeHTa MallyHbl

|

int Ystate

Hashtable rules = new Hashtable();

string s;

while((s = Console.In.ReadLine()) != #")
// CUHUTHRBAHUE IPABUI

stringl] tr = s.Split(’ *);
// state symbol state’ symbol’ command
rules.Add (new LeftSide(Convert.ToInt32(tr(0]),
Convert.ToChar(tr{l])),
new RightSide(Convert.ToInt32 (tr{2]),
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Convert.ToChar (tr{3]),
- Convert.ToChar (tr{4])));

int State = Sstate; . // Teryliee COCTOSHUE
int Tapeldx = 1; // Teryllasi IOo3ULUS Ha JeHTe
const int VK_SPACE = 0x20; // Kom KlaBumU Ipobern

try
{
while(State != Ystate && State = Nstate)
// OCHOBHOM LIMKJI

if (((int)GetKeyState (VK_SPACE) & 0x8000) != 0)
// ecnu HaxaT Ipobeln
{Console.WritelLine (“Pabora mpepmaHa”); return;}

// W2BIeKaeM IpaByw 4YacTh IPaBUila IO U3BECTHON JIeBOM
// ecny IpaBUiO He HalgeHO, TeHepUupyeTcs UHCKIInYeHUe

Right&ide r = (RightSide)rulesnew LeftSide(State,
Tape [Tapeldx])];
State = r.state; // OBOHOBRJISsIeM TeKylee COCTOSHUe
// ¥ neHTy
Tape = (Tape.Remove (Tapeldx, 1)) .Insert (TapeIdx,

r.symbol.ToString());

if (r.command == ‘L’) // COBUI' IOJIOBKH MallWHEI
Tapeldx--;

else if(r.command == ‘R’)
TapeIldx++;

if (Tapeldx >= Tape.Length)
// ecny IoJIOBKA BHIUTA 3a Kpal JIeHTH

Tape += “_": // PpacHiupUTL JIHTY

}

Console.WriteLine(State == Ystate ? “CTpora polymeHa”
“CTpoxa oTBepruyTa”’);

}

catch (Exception)

{

Console.WriteLine(”CTpora OTBepTHYyTa") ;

Console.WritelLine (”JledTa: “ + Tape);
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Jlymalo, HeCKOIbKO KOMMEHTapHeB K TeKCTY 3MYIATOPA JUIIHUMHU He OyayT.

1.

2.

Kak Bbl, BEpOsITHO, yXe [OraJaiichb, B KaueCTBe Mapkepa Kpasi JIeHTbI
MCIOJIb3YETCS] CUMBOJ >.

Oyukuus GetKeyState() B KayecTBe apryMeHTa IpHHUMAeT TaK Ha-
3bIBae€Mblif BUPTyaIbHBIH KO KJIaBUIIK, COCTOSHUE KOTOpOH Tpebyetcs
nposeputs. Kox npofena pasen 20 (mecrHannaTepuvyHoMYy), TO3TOMY
1Tt ICHOCTH 51 ONIPENe isio KOHCTAHTY:

const int VK_SPACE = 0x20; // Kom Kiasumu mnpoben

Eciau byHkuus GetKeyState() BO3BpallaeT YHCIO C YCTAHOBJIEHHBIM
crapwiuM 6uToM”™, 3TO O3HAYaeT, YTO NpoBepsieMast KJIaBUIIA B JaHHbIA
MOMeHT HaxaTa. ITOoCKOJIbKY BO3Bpaliaemoe 3HauyeHHe 3aHUMaeT aBa
Haitra (cornacHo cneuubukanuu GyHKuHH GetKeyState()), Mbl TOJIKHBI
MpPOBEpPUTb COCTOsIHUE MATHamuaroro 6uTa (Maamiuuil OUT — HyIeBOH,
cTapiuuil — nsaTHanpUAThIf). ECAKM BHIMOIHUTL ONepanuio noOHTOBO-
ro M nnsa sposppamiaemoro QyHKuHMeil 3HAaYeHMs M IBOMYHOrO YKCha
1000 0000 0000 0000 (8000 mecTHaKUATEPUTHOE ), MBI IOTYIUM HY/Ib, ECJIH
NATHAMUATHIA OUT pesynbraTa GetKeyState() cOpoleH, n HeHyieBOe
3HauYeHMe B IIPOTUBHOM Cllyyae.

. B C# Henb3s Tak NpOCTO H3MEHUTb IIPOU3BOJILHBIN CHMBOJ CTPOKHU. BBITh

MOXKeT, Ha TIePBbli B3I/ 3TO KaXeTCst CTPaHHbIM, HO IIpUMEHEHHE Olle-
pauuu [] K cTpoke NMO3BO/SIET JHINb Y3HATb, HO He U3MEHUTb 3HAYeHHe,
3aIIMCAHHOE B JAHHOW MO3UIUU:

string s = *abc”;
char ¢ = s[l]; // OpaBUABHO: C = ‘a’
s{1] = 'b’; // HeNpaBUIIBHO: ONUDBK& KOMIMUJISIIUU

Tak NPOHCXOMUT TIOTOMY, 4T0 B C# BCe CTPOKM ABJAIOTCA HEU3MEH e MbIMH.
Brmonnenune m1060# onepaurH, npuBonsiiei K MoaudUKanuy CTPOKH, Ha
CaMOM JeJie IPUBOIUT K TeHepUPOBAaHUIO HOBOM cTpokK. [Ipome Beero no-
OUTbHCA XKeTaeMOro pe3yibraTra C IOMOMBIO METOIOB Kjlacca String MOXHO
B aBa geiicreus. Ilpegnmonoxum, TpeOyeTcs 3aMeHUTh CUMBOJ CTPOKH s,
PACIIONIOXEHHbIA B NMO3UIUKN 1dx, HA cuMBOI c. JJIst 2Toro cHavana cie-
IyeT yIaJIuTb CHMBON s [1dx] C OMOIIBIO BbI30BA s . Remove (), a 3aTeM
BCTaBUTb B MO3UIHUIO idX CHUMBOI C, HCIIOIB3YysI METON s . Insert (). Ha
YPOBHE KOAA 3MYJIATOpa 3Ta ONepauyst BuIITISIIUT TAK:

Tape = (Tape.Remove (Tapeldx, 1)) .Insert(Tapeldx,
r.symbol.ToString());

" Jla, pabora ¢ WinAPI Bcerna Tpe6oBana olpeieiicHHONC XaKepekoro Ioaxona.
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B KauecTBe xoporiero npumepa BXOAHBIX JaHHBIX MOXHO IepeiaTh IMYAATOPY
Kox MamuHbl Thiopunra c puc. 10.6:
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CocrosHue | sgBasieTCst CTapTOBBIM, COCTOsAHMe 8 — pomyckaomuM. [To-
CKOJIbKY SIBHOTO OTBEPralolIero COCTOSIHUS B 3TOH MalllMHe He NpeaycMo-
TpeHo, s BeOpan ans Hero HoMep (, HUrnE Janee B OnpesesleHNH MAalllHbL
HEe UCTIONb3yIoIunics. st BXOAHOM CTpOKM aaabbbccc MporpaMMa BHIAAET
BIIOJIHE OXHIaeMBbIi pe3yibTar:

Crpoka HolyimeHa
JleHTra: >_ <

Ecnu xe Ha BxOJ Hepenarb, HaIpUMep, CTPOKY aabbbccc, MallUHA €€ OT-
BEpPrHET:

CTpoKa OTBEepTrHYTa
JeHTa: >_. b__c«
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10.7. MporpammupoBaHne MmawmnHbl TbIOPUHra

ITo cpaBHEHHIO ¢ KOHEYHBbIMH aBTOMaTaMH MalliHa TbIOpHHra uMeeT ONHY
COBepIIIeHHO HOBYIO BO3MOXHOCTb. [ToMuMO nepexoda B fonyckatoee/oTsep-
ramliee cocTosHMEe MalrHa ThIOpHHra H3MEHsIeT CONepKUMOe CBOeH JIeHTbI.
B nansHeimeM MbI MOXXEM MCHOJIb30BaTh 3TO COAEPKUMOE B KaUeCTBE «BbI-
XOJHBIX JJAHHBIX», YTO CYILECTBEHHO pacluipseT chepy NpUMeHeHH S MaIlIHHbI
TeropuHra, BbIBOAA €€ 3a Npefielibl 3a1ayd NpuHATHA pemenuit’. Harpumep,
MOXHO CO3/1aTh MalInHy ThIOpHHra, BbIMOIHSAIOMYIO CIOXeHHe ABYX Yucel.
Bxonnas nenTa Oyner comepxath 1Ba 4Kcila, pa3feneHHble npodenamu. Ma-
IIMHA B TIpouecce pabOoThl BLIYHCIUT UX CYMMY, 3allHIIET pe3yabTaT Ha JeHTy
U TIepeiieT B AOIycKalollee COCTOSTHHE.

HaBaiiTe pacCMOTPHM HECKOJBKO MalIuH ThIOpHHra, yMewmux pemaTs 1o-
noOHbIe 3aKayn.

Onpepenexdve pa3HocTU LenbixXx Yncen

HayneMm, noxanyi, ¢ BoiunTaHus. I1ycTh JIeHTa MalllUHbI CONEPXKHUT /1BA 1€~
nbix yucna. [locie nepexoga MammHb! B ZONYyCKaloIlee COCTOsIHIE Ha JIEHTe
OOMKHA OBITh 3allHCaHa pa3sHOCTb UCXOOHBIX YHCElL.

s npocTore! OyneM c4YuTaTh, YTO YHCA 3alIMCAaHBl B YHAPHOM Kozie™, To
ecTh moboe 3HauYeHue MpecTaBleHo ¢ MOMOMBIO PaBHOIO eMy KOJIH4YecTBa
CHMBONOB (HarpuMep, Touek). Jlanee, orpaHUYUMCS cilydaem, KOrma nojayvae-
Mast pa3HOCTb HeoTpunareabHa. Hakonen, Heo6xonuMo BeIOpaTh KOHKPETHBINA
dopMmaT 3anucy BXOAHBIX naHHbIX. Hanpumep, Takoi:

YMeHEBIaeMoe-BrYuTaeMoe=

(TO €CcTh pa3neTUTeNAMH YHCeJl CIYKAT CHMBOJIBI «<MMHYC» H «PaBHO»). Takum
obpa3oM, BoipaxeHHe «5 — 2» OyaeT 3alHCcaHO Ha JIEHTe Kak

AIIFOpI/ITM BBIMUTaHUS JOCTATOYHO MpPOCT:
HUKII
HalTU Ha JIeHTEe CHMBOJI «pPaBHO»;

ecnu eMy HIpellecTBYeT CHUMBOJI «MUHYC»,
cTepeTh CIyXebHBEe CUMBONE U IONYCTUTE CTPOKY ;

™ CnpaBeJIMBOCTH Pald OTMEHY, Y4TO NAMSATh MAra3MHHOTO aBTOMATa TOXE MOMIa Obl UCMIOABL3O-
BaThCA aHAJOrMYHBEIM 00pa3oM, HO s Pl He PasBUBATh ITy TeMy.

% Xopouee, Hayk0o00pa3HOoe CI0BO A1 0603HauEHUS NPOCTON WITYKH, U3BECTHON MOGomy co
BpEeMEH CUeTHBIX [aJ04ekK, He npasaa an?
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Tnaea 10. MawmHbl TelopyHra

CIBUHYTE CHUMBOJI «pPaBHO» Ha IIO3UIINK BIEBO;
3aMeHUTh TIOCHemHME CHVMBON yMeHbIlaeMoTro Ha rnpobern;
KOHEIl IUKIIA

B npouecce BeIuMCaeHUsT BEIpaXeHus «5 — 2» JIeHTa MEeHsIeTCS TakK:

T o

Puc. 10.7. Mawmta ToropuHra, Haxogsiiasi pa3HoCTb ABYX YUcen

OcTajioch NUIIb IIpUBECTU TEKCTOBOE NIPEACTABICHUAE MAlINUHBI, IIPUTOAHOE
11 BBIIOJTHEHU S SMYNIATOPOM, U BBIBOIMMBIN pPe3yIabTAaT:

5

0

1 _ 1 _R
1.1 R
1 -1-R
1 =2 _ L
2-5_1L
2 .3 =1L
2.3 L
3 -4 -1
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Crpoka OollylleHa
JleHTa: >...

AybénupoBaHune BXOAHON CTPOKU

Crnenyowuaii npumep — AyOJMpoBaHue CTPOKHM, COTepXaleics Ha BXOJ-
HOI NleHTe (eCnM BXOIHAsl CTPOKa paBHA aabba, TO Ha BBIXOHE OXHUIAeTCs
aabbaaabba). 15 IpOCTOTHL OylieM CUUTaTh, YTO BXOIHOM al(paBUT COCTOUT
JIMIIBb U3 CUMBOJIOB a U b.

He npeTeHays Ha ONTHMaNbHOCTB, IpEiaraio TakKOi allOpUTM yIBaUBaHUA
CTPOKM:

TIOKA BXOOHas CTPOKA COLEPXUT XOTs OB OOWH CHMBOII
B HHXHEeM perucTpe

HalTH MepBHM CHUMBOJ CTPOKH, 3allMCaHHBY B HHXHeM perucTpe;
ECIIY »TOoT cuMMBOI — a
3aMeHMTE eI'o Ha A ¥ JorucaTk A B KOHel CTPOKU;
UHAYE
3aMeHUTEL eTO Ha B M pgonMcaThk B B KOHel] CTPOKH;
KOHEL LMKJIA
3aMeHMTEh BCe 3arjaBHbe OYKBH Ha CTPOYHHE;
CooTtBeTcTBYIOIIAs Malinda ThiopuHra noxkasasa Ha puc. 10.8.

Koa mns amynaropa ¢ npuMepoM JIaHHBIX JIEHTHI IIPUBEEH HUXE.

1

6

0

aabba

1 a3AR
1 D2 BR
121AR
1 B1BR
1 _5_0L
2az2aR
2b2bR
2 A2 AR
2B 2BR
2 4 B L
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TpOoKa LoIylieHa
leHTa: >aabbaaabba_

Ala, L

- a/a, R
N \TJMH A/A R
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A/A R P \<4
B/B, R a/a, R Qz ”ﬁ
AJA. RQ -
b/b, R
B/B, R J

a/a, L
A/AL
b/b, L
B/B, L

Puc. 10.8. MawuHa Teropurra ans gybnmpoBaHus BXOAHOM CTPOKM
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CopTupoBKa AlaHHbIX

[Tocenuuit npuMep IEMOHCTPUPYET peau3almio POCTOro alropuTMa cop-
TUPOBKM NaHHHIX JEHTH. IIyCThb JleHTa, KaK M B MPOIJIBIA pa3, COZEPKUT
CTPOKY, COCTOSILIYIO U3 CUMBOJIOB a 1 b. TpebyeTcs nepeHecTu BCe 31€MEeHTH
a B HayaJo CTPOKHM, a 2IEMEHTH b — B €e KoHen (TakK, babbbab npespaiua-
eTcst B aabbbbb).

Aunroput™ A5 TaKOH CeuManu3sMpOBaHHON COPTUPOBKH BBITJISIIMT TaK:

[IOKA cTpoOKa He OTCOpTHUpOBaHa (B CTpOKe ecTh IIOACTPOKa ba)
HaliTu B CTPOKe TIepBOe BXOXMeHMe CHMBOAa D;
3aMeHHTL el'0 Ha a;
HallTM B CTpPOKe IoclielHee BXOXOeHUWe CHMBOJAa a;
3aMeHUThH ero Ha b;

KOHEL UMKIIA

Mammuna (cm. puc. 10.9) paboTaer B TOYHOM COOTBETCTBHH C @JI'OPUTMOM.
IlepBble 1Ba COCTOSHHSI OTBETCTBEHHHI 32 NPOBEPKY YIIOPSIIOYEHHOCTH e~
MeHTOB. Ecii cTpOKa OKa3bIBaeTCs €1le HE OTCOPTUPOBAHH O, cOCTOSIHU ST 3-7
MEHSIOT MECTaMHU IEPBYIO b U IIOCHEIHIO a CTPOKH.

Puc. 10.9. Mawmna TeropuHra, BoifTONHSOWas COpTMpPOBKY
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Maga 10. MawmHe! TelopuHra

Kak 00BIYHO, ONMCaHMe MalliHbl 3aKaHYUBAET BXOMXHON Ha0Op MaHHBIX 1S
SMYJIATOPA Y pe3ynpTaT €ro paboThL:

1

8

0

babbbab
1b2DbR
lalanR
1 _8 _H
2b2DbR
2 _8 _H
2a3al
3al3al
3 b3 b L
3 >4 >R
4 a4 aRr
4 b5 aR
5ab5aR
5b 5 bR
5 _6 _L
6 b 6 bl
6 a’7blL
7TaT7al
7b 7 b L
7>1 >R

CTpoKa [OoIIymeHa
llenTa: >aabbbbb_

10.8. HepetepMuHupoBaHHas
MailuHa TelOpUHTa

Kak u nmpenpigyniye yCTpoiCTBa, ONMCaHHble B KHHUIre, MalvHa ThOpHHIa
MOXeT OBITh HeZEeTEPMUHHUPOBAHHONI. OTO 03HaYaeT, UTO B OIpenesieHuH
MauIMHBL MOT'YT BCTPEYATHCS NpaBuia C OMHAKOBBIMY JIEBBIMH, HO Pa3HBIMU
NpaBBIMH YaCTAMM:

(1, b) > (2, b, R)
(1, b) % (3, ¢, H)

Mzl yxe obcyxnanu npuHuunsl paboTel HexeTepMUHUPOBAHHBIX YCTPOCTB,
NI03TOMY ceif4ac He Oyay oCTaHaBJIMBAaThCS Ha HMX Noxapodno. Jlioboit He-
IEeTePMHUHU3M, N100asd BOZMOXHOCTb BbIOOpa Kak OBl pacuieniseT MUp HA
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HECKOJIBKO MapasjlebHBIX, B KaXJI0M M3 KOTOPHIX NMPUHUMAETCSI OZHO U3
JIOITYCTUMBIX PEIIeHMI.

M=l npocnexuBaeM HefCTBUS MaliMHBI B KaXIOM U3 3THX MUPOB (1160 B
HEKOTOPBIX, 0c000 Hac MHTepecywouux). Ecnu xots OB B OMHOM M3 MHUPOB
mamuHa ThIOpHHIa OMyCcKaeT BXOJHYIO CTPOKY (ComepKUMOe JIEHTH B pac-
4eT He TIPUHUMAeTCs1), UTOTOBBIM OTBETOM OyZeT «IOMyCTUTh», B IPOTUBHOM
clyyae — «OTBEPrHYTbH».

Ecnu 3anacTuch TeprieHueM, MOXHO nonpoboBaTh HanmucaTh IMYJSITOP He-
JIeTEPMUHHAPOBaHHOU MamiH bl ThiopuHra. Bo3aMoXHasa uaeonorusi nogo0HbIX
nporpamm (XoTst 1 6e3 moxpobHOCTeH) yxxe npenaranacs. OMyIATOp MOXET
BBHITOJNHSATE NepeGop ¢ Bo3BpaToM. [IBuxXeMcst 10 MepBOoil «pasBWIKU», fajee
BEIOMpaeM J11060# BO3MOXHBIA MyTh (3aroMuHas ero). Eciau MamnHa 3aBep-
ma paboTy, Bo3BpauiaeMcs Ha Onmxalinyio passuiky M BeIOMpaeM Apyroe
HarnpaBJeHHeE.

ITockonbKy 3Ta KHUI'a UMeeT CKopee NPakKTUYeCKyIO HalipaBJieHHOCTb, 51 XOTeJl
Obl cienaTh akKIeHT He Ha TOHKOCTAX ONpPEReNeHUs WM KOHCTPYUPOBaHU
He/leTe pMUHUPOBAHHBIX MaliuH THIOpMHra, a Ha UX NPMMEHEHUH B KOMITHIO-
TEPHOU HayKe.

Bo3M0oXHO, OCHOBHAs IIeHHOCTh HeeTepPMUHUPOBAaHHBIX MailluH ThiOpUHra
BBITEKaeT U3 Toro ¢akTa, 4TO JeTepMUHUPOBaHHAs U HeJleTepMUHUPOBaHHas
MAIMHBl UMEIOT OMHAKOBYIO BEIYMCIUTENBHYIO Moub’®. TToka MEl He GyneM
pa3dupaThCsl, KakKMe MMEHHO SI3BIKM CITOCOOHa pacro3HaBaTh MalminHa 1bIo-
pHHra; ceifyac BaXXHO JIpyroe: MHOXECTBO $I3BIKOB, pacliO3HaBaeMbIX JieTep-
MHHHMPOBaHHO MamnHoi ThIOpHHIa, TONHOCTBIO COBIIATAET C MHOXECTBOM
3BIKOB, pacIIO3HaBaeMBIX HeJleTepPMHHUPOBAHHOM MamuHoi TriopuHra’.

B nporpamMMucTckoil npaktuke rnocrpoenue a06oi (HeBaXHO, I1eTepMHHH-
POBaHHO! WIM HeneTepMMHUPOBAHHOM) MamiuHel TeriopuHra penko ObiBaeT
noJie3HbIM. 3aTo ecnu TpebyeTcsa onpenenuTh, cocobHa gu MamuHa Thio-
pUHIa pemuTh Ty MM HHYIO 3amavy’s, oObYHO ObIBaeT ropasino nmpouie rno-
CTPOMTH HeJlleTe pMUHUPOBaHHYIO MallMHY, a 3aTeM NPOCTO BOCIIONB30BATHCS
B PacCyXJeHHUsX SKBHMBaJEHTHOCTHIO BBIYHCIUTENbHON Mo 06enx Bepcuit
MalliHBL

ITpuMmep: MOXeT i MauiiHa THIOpHHIa ONPeIeUTh, IBJIeTCs 11 BBEJIeHHOe
(3armucaHHOE Ha JIeHTe) YMCI0 COCTaBHBIM (TO €CTh meisaummcd 6e3 ocraTtka
Ha Kakoe-n100 4HCco, OTAMYHOe OT cebs U OT eMHUIIbI)?

6 Peyp ceifyac uaeT o caMoM (hakTe pacnosHaBaHUs A3bIKa (pacro3HaeT — He PacTio3HaeT), HO
He O BpeMeHH, 3aTPayMBaeMOM HA pellieHHe OQHOM U TOM Xe 3amayu.

" 3710T hakT NOKA3LIBAETCA B YYeOHUKAX 110 TEOPHU BBIYUCIIEHHUIA.
B gajbHeiillieM CTaHeT NOHSATHO, No4eMy 3TOT BOMPOC MOXET KOro-Inbo WHTEpecoBarTh.
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Kone4HO, MOXHO IOMNBITATBCHA PeaNu30BaTh OOBIYHBIN ajJrOpUTM IPOBEPKU
ToC/IeI0BaTEIbHBIM [ICJICHUEM Ha 1eJIble Yucha (yMaio, MHOIHE 13 Bac He pa3s
AeNaJM TO, M3y4asi IIPOrpaMMHUPOBaHKE) C TOMOIIBIO JeTePMUHMPOBAHHON
Maras! ThiopuHra, HO 1ogobHoe 3aaHne SIBHO He u3 nerkux. Ecte u Gonee
NpOCTOe peleHHe.

JIns Hayana gaBaiiTe TOroBOPHMMCH, YTO BCe YMC/A Ha JieHTe 3allMCHBAIOTCA
B yHapHOM Kole (KakK B npumepe c BeuuTaHueM). Janee, noBeprre MHe Ha
coBO (IIPOCTO He XO4eTCHd TepSATh HA 3TO BPeMsl; €CIH eCTh XKejaHue, Ipo-
BEpETE CaMM), YTO He TaK CJIO0XHO Halucarh GparMeHT Mauunsl ThOpuHra,
HaXONAMMI MPOU3BEICHNE IBYX YHCET.

Terniepr cozgaauM IpoOCTOi MOAYIL HelleTe PMUHUPOBAHHOM MaIIMHBI, FeHe-
pUpyIOmMiA HeKoTopoe ueioe yucno (cM. puc. 10.10).

_fo~}1
Puc. 10.10. feHepaTop uenbix yncesn

B kaxmom U3 MupoB Oyer 3alucaHo pasiuyHOe KOJNYeCTBO TOUeK, Ipexe
4eM MalluHa repeiaer B Caelyloniee COCTOsSHuE,

Teneps TpebyeTcst Bcero JIUIIb CO3AaTh MAILMHY, AHCTBYIONIYIO 110 AITOPUTMY:

creHepUpoBaTh Ha JeHTe IBa 4YNCHa;
TepPeMHOXUTE MX U 3anydcaThk pesynbeTaT;

eciyi pes3ynkTaTl CoBIazaeT C [IPoBepseMbM YUCIIOM, IepelTu B
IOITy cKawplee cOCTOSHUE;

BeposTHo, nogo6Has uies NpoBepKH UMCiIa Ha HeJIUMOCTh Ha IepBBIi B3ITISII
MOXeT 110Ka3aTbCs COBepLIeHHO Oe3yMHOM; TeM He MeHee, TeOPEeTUIECKH
Bce BepHO. Eciu npoBepsieMoe YHCIO SBISETCSl COCTABHBEIM, B OJIHOM H3
MHPOB HeJeTepMUHUPOBaHHAas MaliyHa CYMEET CreHepupoBaTh Ba YHUCHa,
IIpOU3BeleHue KOTOPBIX OKaXeTCs PaBHBIM IpoBepseMoMy (IIocie Yero Mel
HeMeJIJIEHHO TONyYMM YTBEepPAMTEIbHBIH OTBET).

Ecnu xe npoBepsieMoe 4HMCIIO SBIISIETCS IPOCTHIM, TO MaminHa ThiopHHra
OyneT GecKoHe4HO IpOmoaXKaTh NepebupaTh BapuaHTH B IIOUCKax ero He-
CYHIECTBYIOUIErO pas3sIoKeHust Ha MHOXuTenu. HeMHOro ycioXHMB MaliuHy,
MOXHO OPaHHYHTh BEJIMYMHBI [eHePUPYEMBIX €10 yHces. TeM CaMBIM yracTest
32 KOHEYHOe BpeMs HalTH Pa3ioxXeHHe YACHa Ha MHOXUTENU WIH OIPEEINTh,
4TO €ro He CYLIECTBYeT.
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IMockonbky HeneTepMUHMPOBAHHOE NOBeJleHNe He YBeJMYMBACT BBIYHCIIHU-
TeJbHOM MOUIM MalivHbl ThIOPHHIA, MOXHO CIeNaTh BBIBOJ O TOM, YTO pac-
cMaTpuBaeMasi 3aava MOXeT ObiTh pelleHa ¢ ITOMOLBIO OOBIYHOM, AeTepMH-
HUPOBAHHOHN MallMHBIL.

10.9. Bapmauun maiumnHbel TelOpUHra

B xHurax o4yenp 4acTo paccMaTpHBAaIOT HEKOTOpPHle PaCIIMPEHUsT MaluMHbI
Trropunra, BO MHOTUX CAYYasix ynpomamouye Ipouecc MOCTPOeHU ST MAIHMHbI
IUIS1 pelieH s TeX WIM UHBIX KOHKpeTHBIX 3amady. OpHako HeoOXomuMo OTMe-
TUATh, YTO HU OAHO M3 3THX pacliMpeHUil He YBeAUIMUBAET BBIYHCIMTEIBLHOM
MOWIM MaliUHB THIOPMHIA, TO €CTh He paclivpsieT MHOXECTBO pacIio3HaBae-
MBIX SI3BIKOB. 5 pelim BKpaTiie olucaTh Haubonee MonyasipHble paciivipeHus,
YTOOBI BCTPEYa C JMOOBIM U3 HUX He Oblna I Bac CIOPIIPU3OM.

BeckoHeuyHas JieHTa

Haubonee npocroe pacuimpenne COCTOUT B TOM, YTOOBI IPOXO/IKUTE JIEHTY
He TOJIBKO BIPaBO, HO 4 BieBo (cM. puc. 10.11). TakuM oOpa3oM, gBuXeHue
rOJIOBKM MALLUMHBI BIeBO OOJbille He MOXeT IPUBECTH K HeMITaTHON CUTYalluM.
Tenepr Henb3si cKa3aTh, YTO BXOAHBIE JaHHBIE PACIIONOXEHBI BO BTOPOIf MK
TpeTbel srueike JIEHTHI (IIOCKONBKY JIEHTa OeCKOHeyHa B 00e CTOPOHBI); MOX-
HO, OIHaKO, yKa3aTh, YTO CTPOKA HayMHaeTCsI IPSIMO 10/ TOJOBKOM MaIINHBI
UJH, CKaXeM, Ha OfIHY STYeiiKy JieBee.

MHoromepHasn fieHTa

MT

e =] Tlujrfin]g].

Puc. 10.11. MawnHa Totopyrra ¢ 6@CKOHe4HOV (B 06 CTOPOHbI) JIEHTO

Kaxpas sveitka neHTH cTaHmapTHON MamwuHbl ThIOpUHTa MOXeT comep-
XaTh MWL OnuH cumBOi. [Todemy ObI He crenath sTYefKH MHOTOMEPHBIMU
(cm. puc. 10.12)? Ha kax10M nepexojie MalufHa CINTHIBAET MHOXECTBO CUM-
BOJIOB, COIEPXAIMXCS B TeKylielt s9eifke U, COOTBETCTBEHHO, 3aliChIBaeT Ha
UX MECTO MHOXECTBO JPYIMX CUMBOJIOB:

(cocTosiHMEe, CHMBOJIB) > (COCTOSHM¢« ', CHMBOMR’', KOMaHOa)
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fhaea 10. MawwuHel TelopuHra

Hnsa k-mepuoii eHTH 110001 NHepexo MOXHO 3aIlUcaTh B BUIE

(cocTosiHUe, <S;, S,, .., S>) > (cocrosmme’, <«s.', s, .., 8§, >, XOoMaH#a)

1 MT

Tlujr{1nig]|...
Mlajclh]inle]..

Puc. 10.12. MawvHa Tblopytra ¢ 4ByMEpHON IeHTOM

Heckonbko ronoBok

Cnenmyomee pacmiupeHue — mp00aBUTH B MAIIUHY THIOPUHIa HECKOJIBKO J10-
TIOJIHUTENBHBIX TOJIOBOK (cM. puc. 10.13). Mi3HayanpHO Bce roNl0BKHM Pacmioso-
XeHBl Hall ONHON KJIeTKOM JleHTh. Kaxneiil iepexon Tenepb cONOCTaBJIsET
nape (cocTosHue, CHUMBOJI) YE€TBEPKY (CocTosHHe' , HOMep_TOJIOB-
KM, cuMBOJ', kKomaHIa).HOBbll a7eMEHT HOMED_rogOBKHU yKa3biBaer, ¢
KaKO# roNOBKOM DpOU3BOAUTCS onlepanusl. Takum obpa3om, KaxXIbiii mepexon
UMeeT Hesio JIMIOb ¢ OXHOM rOJIOBKOH, HO HE ¢ HECKOJIBKMMH OJHOBPEMEHHO.

MT

g
[PIA[1]a[n] ] TIulr]iln]g]..

Puc. 10.13. MawuHa TbiopyHra ¢ TpemMs rosioBkamu

HecKosibKo fieHT

Ilocnegnee U3 paclimpeHUit, KOTOpOe Mbl OOCYIUM, CBSI3aHO ¢ Ko0aBieHueM
JONONHUTENBHBIX JeHT (cM. puc. 10.14). Ecnu MamMHa MOXeT UMeTb He-
CKOJIBKO rOJIOBOK, Mo4YeMy Obl He BBLAENUTH KaXIoH rojoBKe OTHeJbHYIO
beckoneunyio neHty? Ha ceil pa3 medicTBUSI CO BCEMU TOJIOBKaMU MPOM3BO-
JATCS OMHOBPEMEHHO, TO €CTh JII000M ePEeXOoH 3aTparuBaer Kaxaylo rojoBKy
1 KaXIyIO JIEHTY:

(cocTosiHMe, CHMBOJIH) - (CcoCcTCsHMEe', CHMBOJIH’, KOMAaHIIH)
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Jist k TONOBOK/JIEHT BO BpeMs o00ro nepexona CUMTHIBAETCS/3aMTHCHIBALT-
cs k CUMBOJIOB, IIOCJIE Yero Kaxmaasi roJloBKa CABHIaeTCs B COOTBETCTBUU C
cobcTBeHHON KOMaHOM:

(COCTOSHME, <S,, Sy, w, S>) >
(cocrosinve’', <s;', 8, , ., S'>, <Cy, Cy, ., C>)

Koneyno, mobsie pacmupeHus MOXHO KOMOMHUPOBATh MeXay coboii, no-
aydast ene Gosee M30LIPEHHBIE BapHALMY MalluHbl ThiopuHra.

MT

—

(PITulr i [nlgl.

[PIMafelhlifnfel..

Puc. 10.14. Maumna TelopyHra ¢ ABYMS IeHramu . |

UmuTauns mawnubt TelopuHra cuctemoit JFLAP |

Hecomuenso, asTopei JFLAP He mMornu o0oMTH CTOpOHOM CTONR BaXHYIO
MoaeNlb, KaKoBoil sBistercss mammmHa Teiopunra. Cucrema JFLAP nommep-
KUBaeT KakK CTaHAapTHYIO MalIMHY C OXHOM JeHTOH, TakK U MHOTOJIEHTOYHbIE
Mogenu. I1ockoneky B KHUTe IpUBeAeHBI OCMBICIEHHBIE IIPUMEPBI UL A1
MalliMH C OIHOM JIeHTOH, s1 He Oyny ocTaHaBauBaThbesl Ha pabote B JFLAP ¢
APYTMMH Pa3HOBUIHOCTSIMH.

IIpuctynuTh K co3nanuio HOBOW MamMHel ThiOpUHra MOXHO, BHIOpaB B I71aB-
HoM Men1o JFLAP nyuxt Turing Machine. Ilpouecc pegakTuposanus npouc-
XOIuT a0COMOTHO TaKuM Xe 00pa3oM, KaK U B Cllyyae KOHEYHbIX/Mara3MHHbIX
aBTOMartoB. Ilepexoms! (BIIOAHE OXMAAEMO) ITOMEYAIOTCS TPEMS CUMBONAMHU:
CYMTHIBAEMBII1 CUMBOJI, 3aIIMCBHIBAEMBIN CUMBOJ B KOMaH/a mepexona.

Otnnunil y Toit Bapuauuu MamuHel TrIOpUHra, KOTOpasi HCHIONb3YeTCs B
JFLAP, ot mogenn, BeiGpaHHO! B KHure, He TaK MHOTO!

+ jieHTa moboit mawmuel B JFLAP GeckoHeuHa B 06e CTOPOHHT;

+ B Ka4eCTBE KOMAaHJIbI FOJIOBKHU «OCTaBAThCSI HA MECTE» HCIIONBb3YeTCsI CUM-
BOX S;

+ MalyHa He uMeeT CIeMaNbHBIX Yes- M NO-COCTOSIHUIA: MalllHa 3aBepluaeT
paboTy B MONYCKAIOIIEM COCTOSIHUMU, a Pe3yJIbTaThl (CTpOKA MpPHUHATA/OT-
BEprHyTa) IpeAnoaaraeTcsl XpaHUTh Ha JICHTE;

¢ HUYero He copepxamas siyeifka BXOXHOM JIEHTH 0003Ha4aeTcst MyCThIM
KBaJpaTOM.
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Mmaea 10. Mawunrbl Teropukra

AYECTBE MIPUMEPa MOXKHO MPUBECTH BBIYMATAIOMIYIO MAILKHY, N300paKeH-
» Ha puc. 10.7 (JFLAP-sepcus nokasana Ha puc. 10.15).

Puc. 10.15. MaumHa TelopuHra, Haxogsuas pasHocTs AByX yncen (JFLAP)

KOJIbKY MCIOJIb30BABIIASICS paHEe TOYKA Ha 3KpPaHe JOBOJBHO IUIOXO 32~
Ha, 51 3AMEHII €€ 3amaBHOHN OyKBOi 0.

yabTaT padorsl MamuHb (Input — Fast Run) nias BxoxHo# cTpoku
00-00= noka3aH Ha puc. 10.16.

10.10. KoanpoeaHune mawumH
M YHUBepcanbHaa mawuuHa TelopuHra

IPOTS>KEHUH BCell KHUTH (M 9Ta IIaBa He MCKJIIOYeHHe) paccMaTpruBaeMble
OICTBA He UMM HUKAKOI'0 OTHOUIEH!S K aHaIM3UPyEMbIM CTPOKAM JaH-
. JeficTBUTENBHO, YCTPOHCTBO -— 3TO HEKOTOPHIH annapat, XapaKTepu3sy-
1ICSl COCTOSIHUSIMH, IepexojaMy, TOH WIM MHON OpraHu3alueil MaMsTy.
XOJHBIE JaHHBIE — 3TO IIPOCTO CTPOKAa CHUMBOJIOB, TakKasl KaK aaabbca
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Accepting configuration Found! ,} _?;(j
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Puc. 10.16. Pe3ynerar Bell10/IHEHUS [TPOLEAYPLI BbIYUTAHNS

win zeus@olympus .gov. Ho uro Oyzer, ecin MalIMHy camy NpPeACTaBUTh
B BUAE CTPOKHU CUMBOJIOB?

Ha camoMm zmene MblI yXe BBIIOJHSUIM IOXOOHOE KOXUPOBAHME, IPOCTO S HE
AKLEHTUPOBAJ] BHHMAaHME Ha TOM, YTO ONpeNeleHre MallMHbl He3aMeTHO
MPEeBPAILAETCS B NIOCAEZOBATENLHOCTL OYKB ¥ 1udp. B KOHUE KOHILOB, YEM
ABJIsIETCS oNpeneaenye Malmrabl ThioprHra Bposie

1
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Mmaga 10. MawnHbl TelopurHra

2 -5 _ L
2 . 3 =1L
3 .3 . L

-4 -5 /
4 4 _ L /"/
4 1 R

st Hawero amyasitopa? Ilycrs Bac He cMyIaer, 4To oONucaHye MallyHb! 3a-
IMAET HECKOJILKO CTpOK. CHMBOJ BO3BpaTa KapeTKH / llepeBoaa CTPOKY HU-
Th He JIy4Ile U He XyXe JI000ro Apyroro cuMBoa. TeMa IepeBoja MaliiHbl
JJOPUHTa (BMECTE CO BXODHBIMU JAHHBIMU) B CTPOKOBOE IIpeacTaBieHue He
KeTcsl MHe 0co00 ciioxHOi. Jlymaio, MHOTHE U3 Bac cymeroT 6e3 npobiem
MAyMaTh COOCTBEHHbIE CXCMBbI XpaHEHHs, He YCTYNalollue HaesM aBTOPOB
ACCHYECKUX YYEOHMKOB.

KHHTaX Yallle BCEro OMKCBIBAIOT CBOETO POAA «OKOHYATENBHBI» aJTOpPHUTM,
OCOOHBII 3aKOAUPOBATH J00YI0 MaliKiy ThIOpHHTa B CTPOKY, COCTOSIIIYIO
JIbKO M3 HyJelt n eaqunuil. C Apyroii cTOpoHsl, MHE XOYETCS penylpeauTh
Y00T0 MHTEpecyollerocs n3odbpereHuem cBoei COOCTBEHHOM CXeMbl XpaHe-
151 YHOBJIETBOPUTEIBHOE TEOPETUIECKOEe pellieHre 3TON 3a a4y 1HECKOJIBKO
OXHee TOM MpOoIeayphl, YTO OblIa peain3oBaHa B IPOrpaMMe 3MYJIATOpA.

peasibHOM 3MYJISITOPE Mbl BCET/A JeJIaeM KaKre-1100 «pa3yMHble» IIpello-
»xeHyst. Hanmpumep, 4To HOMep COCTOSIHHUSI He TIPEBOCXOAUT MAaK CUMAaIbHOTO
ayeHUs1, KOTOpOe MOXeT ObITh TIOMEILEHO B NEPeMEHHYIO THTIA int, WK 4TO
€MEHTB! BXOIHOM JIEHTHI 1EeJMKOM cocTosiT U3 cuMBooB ASCII-nabopa. B
OpVH Bb HE JOJDKHBI eJaTh HUKAKKX NPeAIIONOXeHuit 0 KOIWIecTBe coCTo-
(M KOXUPYEeMOU MallliHBI, ee TaOINIe NepeXOmoB UM CUMBOJIAX JIEHTHL.

M HHTEepecHa MaliHa ThiopuHra, peodpa3oBanHas B CTPOKY AaHHBIX? Pas-
(eeTCsl, TEM, UTO €€ Tellepb MOXHO aHAJIU3UPOBATH C IOMOIIBLIO HEKOTOPOTO
YTOro YCTPOUCTBA, HAIIpUMEP, C IOMONIBIO APYroil MaliyHb! ThiOpHHTa WIu
Xe ¢ ITIOMOUIbIO CaMoit cels.

AIKHe UMEHHO CBOWCTBA MalIMHBI ThIOpHMHIa MOTYT OBITH MHTEPECHB! ISt
ann3a? OO0 3TOM MBI elue NOTOBOPHUM B jajibHelilieM, a Moka o0CcyauM,
3MOXKHO, CAMyIO0 OYEBHAHYIO 3a4a4y: HMesi CTPDOKOBOE ONHMCAHUE MAllIMHBI
IOPYHTA U CONEPAKUMOE JIEHTBI, CMOJEJIMPOBATh MIpoliecc ee paboThl.

)OCTBEHHO, peyb UAET, KOHeYHO Xe, O HAlIMCAHUHM YHHBEPCAJbHOTO 3MY-
ropa MamiuH ThlOpHHra — 0 3ajave, pellieHHEeM KOTODOit (C MOMOIIBIO
MITLIOTEPA) MBI YXe BpOje Kak 3aHMMasiuck. Ceifuac s BO3BpaIlaoch K
nave IMyJISIUK YX€ Ha HOBOM ypoBHe. JIeJO B TOM, 4TO ISl €€ PeLieHUs
[OJIHE JOCTATOYHO BBIYUCAMTENbHOW Moy mamuuel Triopunra! Muave
BOPST, MOXHO CO31aTh MallMHy ThIOpHHTa, KOTOpAS:

¢ [IpMHYMaeT B Ka4eCTBE BXOAHOM CTPOKM 3aKOAUPOBAHHOE OIMCaHUe He-
KOTOPO#t MalIMHE ThIOpUHTA C €€ BXOIHON CTPOKOIH;
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+ uMuTHpYyeT paboTy 3aKOnUpOBAHHOM MamuHbI ThIOpHHTA 70 TEX MOD,
OKa Ta He mepeiizer B HOMyckaioulee (OTBepraioiiee) CoCTostHue (eciu
SMyJIMpyeMast MalllMHa 3aLUKIMBAETCS, MAIIMHA-OMYJSITOD TOXE HMeeT
IIPaBO 3AIHKJINTLCSA);

+ revyaTaer Ha JICHTe Pe3y/bTar paboThl IMYIMPYEMOi MaIlMHbI (IOMIyILeHa
JUIM OTBEPTHYyTa €e BXOJHAA CTPOKA) U COHEePXKHMOE €€ JICHThI HA MOMEHT
OCTaHOBA.

Taxkoil 3MyJNATOD HA3BIBAETCS YHUGEPCAALHOU MmauiuHol Tviopunea
(oM. puc. 10.17).

YMT

l DT KON BEIYUTAOMER MalMHEL l ..... ~. =J
Sy

Puc. 10.17. YHueepcaneHas MallnHa TelopuHra

YuauBepcanbHOI ManiHe ThiOpHHTa Ha BXO[ MOXHO IOAATb U 3aKOAMPOBAH-
Hoe ompejelsicHue ee camoil. Ilpu 3TOM, KOHEYHO, BXOAHAS JIeHTa BTOpOH
MAaIMHbI JOJKHA COACPXKATh KaKoe-HuOyab pasyMHOe OllpeaesieHye, Halpu-
Mep, ollpenesieHue enie OxHO MaiuHbl ThIOpHUHTa — AJIs1 BBIYUTAHUS YHCeN
(cm. puc. 10.18). MOXHO CKONBKO YTOQHO Pa3 «HAHU3BIBATh» YHHUBEPCANbHbIE
mawmyHbl ThIOpHHTA APYT Ha pyra; 3TO MOXOXe Ha 3aIyCK 3MYJIATOpa Bpone
Virtual PC uin VMware Workstation B yxe amynupyemMoit cucreme.

YMT

[> KOfl YHUBEPCANLHOH MAlIMHE l Kop BRYHTAIOmER MalIHHE [ ..... - .= J

Il
[

Puc. 10.18. SMynsauvs yHUBEPCAILHOM MaLLIHbl YHUBERCanbHOW MalinHol TeiopuHra
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Masa 10. MatuunHbl ThiopuHra

Utormn

+ Mamusa ThlOpyUHTa — HOBOE YCTPOWCTBO, IO CBOEH BBIYMCINTENbHOM
MOUIHOCTH MPEBOCXOAsIIee KaK OOBIYHbIE KOHEYHBIE aBTOMATbI, TaK U
aBTOMAThI C MATA3UHHOI MaMSTBIO. 3TO OUEBUIHO JaXe U3 CaMOro yCTpoit-
crBa MaIMHb! ThIOpHHTa: HAMEPEHHO OrpaHNYMBast CBOOONY AecTBUil mpu
COCTABJIEHMH Ta0JMLIBI [IEPEX0/I0B, MOXHO MPEBPATUTL MAIIMHY ThlOpHHTa
B J11000€ U3 PaCCMOTPEHHBIX paHee YCTPOHCTB.

+ MamyHa TeiopyHTa yMeeT paclo3HaBaTh, 10 KpaliHeil Mepe, HEKOTOphIe
SI3BIKU, HE SIBJASIOIMECS] KOHTEKCTHO-CBOOOIHBIMU (HANpUMED, SI3bIK
{a"b"c"}).

¢+ ManmHa Teiopunra (KaK ¥ gpyrue aBTOMaTbl) MOXET ObITh HEAETEPMU-
HUPOBAHHOI (YTO, BIIPOYEM, HE YBENHYMBAET €€ BEIYUCINTEIbHOU MOIIN ).
HeperepmunupoBanHas MamnHa ThIOpHHIa UMeeT B OCHOBHOM TE€OPETH-
4YeCcKOoe 3Ha4YeHUe; C €€ MOMOIIBIO Topa3 o MpoIle MOKa3aTh, PACIIO3HABAEM
JM HEKOTOPBII SA3bIK CpeicTBaMM MallvHbl ThIOpHUHTa.

+ B aurepatype 4acTo OMHUCHIBAIOTCS HEKOTOPbIE pacupeHust MaluH Thio-
punra. HanpuMep, MOXHO cieslaTh TEHTY OECKOHEYHOI B 00e CTOPOHbI”,
NpeBpaTUTh OMHOMEPHBIE STYEHKKM B MHOTOMEPHBIE, JOOABUTh HECKONBKO
JOTICJTHUTENBHBIX CYUTHIBAIOUINX FOJIOBOK WM JIEHT (C OTAEIbHOU IOJIoB-
KOt AJIs1 KaX A0 NeHTh). DTH PacCHIMPEHUs CIyXaT JHIIb A1 yroOcTBa
KOHCTPYHPOBaHUs MaIIKH ThIOpHHETA; HA BRIYUCIUTENBHYIO MOLIb HU OJHO
U3 pacliipeHui He BIuUseT.

¢ Mammsa ThlOpHHTa JOCTATOYHO MOIIHA, YTOOB! PELUUTD 33434y SMYJIAINN
npyroit Mamvisl Treiopunra. Takum 06pa3oM, MOXKHO CO34aTh YHUBEPCAIb-
Hy!O MallMHy ThIOpUHTa, KOTOpAs NPUHUMAET Ha JIEHTE B KauecTBe BXOJ-
HBIX JAHHBIX 3aKOAUPOBAHHOE OMMCaHKE HEKOTOPOH MallMHbI ThIOpHHTa
(BMecTe C OINHCAHUEM COAEPXUMOTO €€ JIEHTHl), UMUTUDYET IepeXojbl
nepesaHHON MalMHBI U [I€4aTaeT Ha JIEHTE Pe3yJbTaTel €€ padoThL.

? Jra BEpCHs HEPENKO UCNOJb3YeTcs B KauyecTse 6a30BOM.
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11 PaspewunmocTb

N CNOXHOCTDb

Pa3pewmnmMocTb 1 HepaspewnMocTb
A3bIKOB

—#& —— [lpobnema octaHoBa

—&——1 MawwuHa TblopuHra 1 paspeLmnMocTb

— Y10 Takoe anroputm?

MalwwuHa ThlopuHra 1 nepcoHanbHbiv
KOMNbOTEP

—§ — Mpobnema ocTaHoOBa ¥ NPOrpaMMuUCTbI

N ®opmanm3m Yepua u QyHKUMOHaNbHoe
‘ NporpaMMmMpoBaHune
¢ —— CrnoXHOCTb 3aay ¥ CNOXHOCTb CUCTEM

KBACCHKA NPOIPAMMUKPOBAKWY:
AnropuTrssl, Habiki, ABToMAaTE, KOMIUASTORL,

NPAKTUHECKUY NOOXOH.



11.1. PaspewummMmocCTb
N Hepas3pelwMMOCTb A3bIKOB

B mpenpinyiueit iaBe s He CTaj aKIIEHTHPOBATh BHUMAaHHME Ha KJIacce si3bl-
KOB, paCIIO3HaBaeMbIX MAaIMHOM ThIOpHHTa. DTOT BOIPOC CAMIIKOM CE€Pbe3eH
UL TOTO, YTOOB! YIIOMSIHYTB €ro JIMIIb BCKOJb3b. Celiuac, KOrna ycrpoicTBO
MamuHbl ThIOPUHTAa ¥ NPUHIMIBI ee (QYHKIMOHUPOBAHYS IOHATHBI, MOXHO
CKOHLEHTPHPOBATHCS Ha SI3bIKAX, C HEIO CBA3AHHbIX.

Hrax, s3bIK, mJiss KOTOPOro MalnHa ThIOpHMHIa MOXET ONHO3HAYHO PELINThb
3a7ady OPUHANIEXHOCTH (TO €CTh ONpPENENUTh, IPUHAIIEXHUT JaHHAas CTPOKa
SI3BIKY HUIM HET, IEPEXONs B COCTOSTHUE s MU ,, COOTBETCTBEHHO), HAa3bIBa-
eTcst pekypcusupim (recursive) wim paspewumsim (decidable).

Ecnyn e 3apady IPUHAMIJIEXHOCTH MOXHO PELIUTD JIMILL 115 CTPOK, BXOMSIIUX
B A3bIK (MaliyHa ThIOpUHIa NEePexXonuT B COCTOSIHUE (., €CIM CTPOKA MIpH-
HAIJIEXUT SI3bIKY; B IPOTHBHOM C/lyyae MaliuHa MO0 NepeineT B COCTOsTHUE
(ue» JTUOO HHUKOIZA HE 3aBEpLIMT PabOTY), TO SI3BIK HA3BIBAETCS PEKYPCUBHO
nepewucaumvim (recursively enumerable) win wacmuuno paspewiumsin (par-
tially decidable).

TepMUHBI «Pa3peliuMbIii» ¥ «4aCTHYHO PAa3PENIMMEBIit» HAPAMYIO CBA3AHbI
¢ MamuHOi TriopuHra. XoTs1 B NPONUION TlaBe sl HCTIOIb30BaJ TEPMUHBI U3
TEOpUU aBTOMATOB, CHUTYAIMsI ¢ MAaUIMHON ThIOpPHMHIa HECKOJLKO CIOXHEE,
NOCKONbKY NOMUMO NEPEX0a B JOMyCKaloMee Wil OTBEPraloiee CoCTOsTHIE
OHA MOXET [TONPOCTY «3aBUCHYThH», 4Er0 HUKOTIAa He CIYy4aJoCh C KOHEYHBIM
AaBTOMATOM.

[ToaToMy nprMEHUTENHHO K MamuHe ThiopHHra 0ObIYHO TOBOPAT «pa3penia-
er» (decides), ecau nmogpasymeBaeTCs, 4YTO 3a7ay4a NPVHANJIEXRHOCTA peria-
eTCs MOMHOCTBIO (TO €CTh BXOTHOM sI3bIK peKypcuBeH). TepMHH «1omycKaeT»
(accepts) ynoTpedusieTcs ¥ sl PEKYPCUBHO MEPEYNCIMMBIX SI3bIKOB.

JeiicTBUTENHHO, UCIIOAB30BAHKE 3TOTO TEPMHUHA HEe NPOTHBOPEYNAT JOTHKeE,
NOCKOJIBKY ManinHa ThIOpHHTa TOMYCKAaeT KAXyI0 CTPOKY s3bIKA, B TO BpeMst
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KaK J1100as He NpHHAAJIeXAanast eMy CTpoKa Oymer 3aBenoMo OTBEpPTHyTa, 1100
MaIlfHA NepeineT B OECKOHEYHbIH LIUKIL.

Terepb MOXHO IIEPEYHCIIUTh BCE THIIBE SI3BIKOB, 00CYXKIaeMble B KHHTE (HOBBIX
SI3BIKOB YXKe He Oymer): :

Asbik YcTpoWcTBO ANS pacno3HaRaHKA
PerynsipHoii KOHEYHbIN aBTOMaT
JeTepMHUpoBaHHbIA [EeTepMMHUPOBaHHbIA aBToMar ¢ MarasmHHOM NamsTbio
KOHTeKCTHO-CBOGOAHBIA HeeTEPMUHUPOBaHHLIN aBTOMaT C MarasmHHOM NaMsTeio
KOHTEKCTHO-3aBUCUMBIN MalumHa TelopuHra ¢ orpaHnyeHHol neHToird?
PexypCuBHbIN MalliHa TolopuHra ¢ 6eCcKOHEYHOW NeHTOR
PEKYPCUBHO Nepeyncimmbli MatumHa ThtopuHra ¢ 6eCKOHeYHOR NeHTo
Hepaspelinmbiii Heun3BeCTHO

B nureparype TakxXe 4acTO YHIOMHUHAETCsl HepapxXust XOMCKOTro, B KOTOpOi
HepeyncIeHbt SI36IKH U COOTBETCTBYIOINE UM HOPMaTbHbIE TPAMMATUKH!

Asbik Fpammatuka pna onucaHus
PerynsipHbivi MR 3: perynsipHas
KoHTexcTHO-cBOGOAHBLIN TUR 2: KOHTeKCTHo-cBoBoaHasn
KOHTEKCTHO-3aBUCUMBbITA MR 1! KOHTEKCTHO-3aBUCUMast
PEKYRCUBHO NepeqnciuMbli ™n 0: 6e3 orpaHuueHn®!

Jlapaiire He OyneM OTBJEKATbCS Ha IeTany, a lepelineM cpaly K raasHomy. Ha-
Ie10Ch, BbI yXe 00paTiiy BHHMaHUe Ha [TOSIBleHKe HOBOTO KJiacca — KJacca
Hepaspewumsix (undecidable) sS3bIKOB.

IToCcKOBbKY MOCAEIHUM PACCMOTPEHHBIM YCTPOHCTBOM, MPUTOMHBIM IS pac-
MO3HABAHUSI SI3bIKOB, Oblia MalIMHA ThIOpUHTa, TEPMHUH «HEpa3PELINMBbIil»
03HayaeT «Hepacro3HaBaeMblil ¢ IOMONbIO MalIUHb! ThHIOpUHTA».

¥ [ns onpenesieHns PUHAUIEXHOCTH CTPOKM KOHTEKCTHO-3aBUCHMOMY SI3BIKY IOCTATOYHO JIEHTH,
COCTOSLIEN M3 IPONOPLIMOHAILHOIC NJIMHE CTPOKM YUCIA SYEeK.

8 B rpammaTyKe He3 orpaHMeHNIt A0y CKaloTCs JIODbIE MTPaBiila BUAA p > g, Iae p U q — Jobble
CTPOKH, COCTOSIINE U3 TEPMUHAJIOB H HETEPMUHAJIOB,
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11.2. Mpo6Gnema ocTtaHoBa

Kakne xe si3piku He MOryT ObITh paciio3Hansl MamuHoM Teiopunra? Kiac-
CHYECKUI 1TpUMeD CBSI3aH ¢ aHAIU30M CBOMCTB MamuH ThopuHTa, 3aKOAU-
POBaHHBIX B TEKCTOBBIX CTPOKax. B mpeapiayiueil riaBe Mbl yxKe o0cyXiuas,
KaK MOXHO IpeACcTaBUTh MalHy ThiopHHTa B BUIE TEKCTOBOMH cTpoki. Tam
xe OpLIO CKazaHo, 4TO MOXHO HAmMcaTh dMYJISTOD, UMUTHpYIONU padoTy
3aKOAMPOBAHHOMN MaliuHbl ThiopHUHra, NepefaBaeMoi 3MyJIATOPY B KadecTse
BXOOHbBIX JAHHBIX.

BMyJISIUST — CpaBHUTENBHO NpocTas 3agada. MMes 3akomupoBaHHYIO Ma-
muHy ThIOpUHTa, MOXHO NMPUAYMATh MHOTO HETPUBUAJNBHBIX BOITPOCOB O
ee cpoiicrBax. PaccMoTpuM, K npuMepy, 3HAMEHUTYIO HPOOieMy OCHaHO8a
(halting problem):

Mo 3a7aHHOMY CTPOKOBOMY IIpencTaBieHHi MallHe ThiopuHTAa (C
IAHHBMY €e BXOIHOMH INeHTH) 38 KOHeYHOe BpeMs OIpenefiuTh,
3aKaHYMBAET JIM OHa CBob paboTy UM IMNPONONXaeT BHYKCICHUS
BecroHeuHo .

C ar0it 3agayeit cBA3aH A3BIKY, 04€Hb NPOCTO HOPMYIUPYEMBIA HA PYCCKOM
S3BIKE, HO HEJOCTYNHBII MU pa3penienna MamnHoli TriopuHra:

3aKOOUPOBAHHEE B BHIE CTpPOK MANMHH TLIOPMHIA, IIepexonsmue
(paHO WK TIO3[OHO) B COCTOSHME (., MK d,,

Jokazarb, YTO HEKOTOPHIH SI3BIK pa3pemumM, O0bIYHO ObIBA€T CPABHUTENBHO
POCTO: AJIsT 3TOTO TPeOyeTCsl JUIUb IIOCTPOUTh COOTBETCTBYIONIYIO MalldHY
Teiopunra. C Hepa3pelUMOCThIO eJI0 0OOBIYHO OOCTOUT cnoxHee. OgHaKo
AOKAa3aTeJIbCTBO Hepa3pelIMMOCTH 33aa4d OCTaHOBA JAKOHUYHO H IIPH 3TOM
OCTPOYMHO, MO3TOMY S PELIMICS €ro 3€Ch BKPATIIE€ OMHUCATh.

[Tpeanonoxum, yro mamuHa ThlopuHra, pemamoias 3ajady oCTaHOBa, Cy-
mectByeT. Orta MalnHa (ob6o3naunm ee H(m, s)) ananusupyer 3aKogupoBaH-
HYI0 MALIMHY m C COAePKUMBIM ee JieHTh! s. Ecin mammHa m 3akaHuuBaeT
padory Ha jnenrte s¥, mamuna H nepexomur B COCTOAHME (; B IPOTUBHOM
ciydae OymeT MPOM3BeNeH Mepexol B COCTOsIHUE (,, (OOpaTuTe BHUMAaHHe,
yro mamnna H Bcerga 3akanuuBaer padoty). Tenepb CKOHCTpyHpyeM apyryio
mamuHy TriopuHra T (str) (comepXUMOE €e JIEHTBI OOO3HAYEHO Yepe3 str),
BHITOTHSIONIYIO HEXUTPBIA airopuTM:

# Hapelock, Bbl TIOMHUTE 06 3KBMBAJEHTHOCTH 3a1a4 U A3bIKOB?

£ Pasymeercs, 3a/a4a OCTaHOBA PELIAETCS JUISt HEKOTOPOH maunHbl ThIOPHHTA M TeX MM MHBIX
MaHHLIX ee jeHThl. OnHA M Ta Xe MallMHA MOXeT 3aKaHuMBaTh PabOTy MM MepexomuTh B Hec-
KOHEUHBI LIHKJ B 3aBUCUMOCTH OT BXOIHbBIX JaHHbIX.
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VMATUPOBATL paboTy MamuHe H(str, str);

ECJIA B pesynrTaTe MamuHa H lepemyia B COCTOSHUE (.
epelT B COCTOSIHUE (..;

WHAYE BHIIONHATEL OECKOHEYHHM LIUWKI;

Takum oOpa3om, mamuua T 3akaHuMBaeT paboTy, eciu nepesaHHas el B
BUe CTPOKM MallliHa Str «3aBucaer.* B npotusHom cayyae T nepexonur B
OecKOHEeYHbII IIMKJI CaMa.

«3aBucaeT» U MamunHa T(t) (rme t — 3aKOAMpOBAHHOE HpencTaBiAeHNe
mamunb! T)?

Ipeanonoxum, 410 7a. DTO O3HAYAET, YTO BHITOTHEHHE AITOPUTMA IIOILIO 110
et MTHAYE, urto, B cBOIO OYepenb, BO3MOXHO, ecny H(t, t) 3akaHYMUBaeT
paboTy B cOCTOAHMM (. 110 Onpenenennio Mamunsl H 310 nepeBonurcs kax
«MalllMHa t ¢ IeHTOol t He 3aBucaeT». [lonyyaercs, yro MaminHa T He 3aBucaer!
Mp1 npuIUIy K IPOTHBOPEYHIO.

PaccmoTpuM Terneps BTOPYIO aidbTepHaTHBY: MalumHa T(t) 3akaHuMBaeT
pabory. D10 03Havaer, yro mammua H(t, t) nepexonut B cocrosiHue q,,, TO
eCTh «MalllMHa t ¢ JIEHTOH t He 3akaHuMBaeT paboty (3aBucaeT)». IIpotuBo-
peune!

HpOTI/IBOpe‘H/IH B paCCy kK a€HUAX BOSHUKIA [IOTOMY, 9TO ObL10 [penIto0XKEeHO
CymeCTBOBaHNE MalIMHbI H. CJICIIOBaTeJIbHO, MaIllNHbI, peLHaIOHIeﬁ 3aiaqy
OCTaHOBA, HE CYII€CTBYECT.

11.3. MawuHa TelopuHra n paspewmmocTb

Maimvna TeiopuHra — He nepBoOe yCTPOHCTBO, KOTOPOMY He 110 3y6am Te nin
VHBIE A3BIKM, HO Ha ceit pa3 npobiaema HEeXBATKU BHIMHCIUTENLHON MOmHM B
KOpPHE OTJINYaeTcsl OT [NOXOXero HejoCTaTKa KOHeYHBIX WM MaTa3MHHbIX aBTO-
MaToB. JIeno B TOM, 9yTo MamuHa ThiopHHra npencTrapisgeT coboi camoe MOrgHoe
BBIYUC/IMTENbHOE YCTPONCTBO, KOrna-1160 n300peTeHHOe YeI0BEKOM.

Anan ThIOpHHT OTHIODb HE MBITAJICS N300pECTH KaKylo-TO abCTpakTHYIO Ma-
HIMHY, HajgeJleHHYI0 HEU3BECTHO OTKyJa B3sBLIEWCS (YHKIHOHAILHOCTHIO.
Hnes Triopunra 6bu1a B 1300peTeHN MEXaHN3Ma, B HEKOTOPOH CTENEHH UMH-
TUpYoero pabory yenopeka, 3aHMMAIOIIErocs pellieHueM BhIYUCANTENLHON
3agauu. Ipu sTom ThIOpHUHT NONBITANCS BBIOENNUTh ATOMapHbIE NEUCTBUA, K
KOTODBIM TEOPETHYECKHU YIACTCSI CBECTH BCE OCTajlbHBbIE,

8 KOoHEYHO, 3TO 0YEBHUAHO, HO BCE-TakKM 00PAaTHTE BHUMaHUE, UTO BhIPAKEHUS «3aBHCAET» H «3aKaH-
4yuBaeT paboTy» NPOTHBONOAOXKHBI 110 CMBICAY (I10pOI0 BOIHMKAET HEOXMIaHHAs MYTaHULIA).
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B UTOTe YCTPOHCTBO, Ha3biBaeMmoe cefiyac MamuHoi Tropudra, 66110 OnmucaHo
3 crathe 1936 rona «On Computable Numbers, with an Application to the
“ntscheidungsproblem». Yepes aBeHaxuarts Jiet (yxe Inocie u300peTeHus
COMITbI0TEPOB) ThIOpHHT IHIIET: «MOXHO BOCIIPOU3BECTU PE3YJILTAT PAGOTHI
SBIIMCJINTENIbHON MAILIMHBL, €CJIU 3aIIMCaTh MHOXECTBO I1PaBUJI, COCTaBJLTIIOIIUX
1pOUeNyPY, U IIOIIPOCUTDL YeNloBeKa UX BBUIONHUTE. Takoe coyeTaHue denoBe-
(a ¢ MICbMEHHBIMHA UHCTPYKIIUAMHI MOXKHO Ha3BaThb «OyMaxKHOH MaIMHOMH».
{enosex ¢ Oymaroii, KapaHIalUIOM U NACTUKOM IIPH YCIAOBHH CTPOTOM THCIIH-
IIMHUPOBAHHOCTH NPEACTABIIAET COOOH YHUBEPCANbHYIO MalIHHY» 5

J1a nepBBI B3MNAX, COBpEMEHHBIE KOMIIBIOTEPHl YMEIOT IEJaTh ropasio
yonbie, yeM mMamuHa Teiopunra. Ha camom Xxe pene 310 He Tak. MOXHO
10Ka3aTh, 4TO Ha 0a30BOM YpOBHE M00asg UHCTPYKIUS KOMIIbIOTEpPA MOXET
)BITh CHIMUTHPOBaHA HA MaluHe ThiopuHra.

’azymeercst, peyb UAET JIHMIIb O BhIUMCIUTENbHBIX 3anadax. He coscem mnpa-
SHIBHO YKa3bIBaTh Ha OTCYTCTBUE y MAIUMHL ThIOPUHTa XOPOIIEro MOHUTOPA
11X 3BYKOBOM KapThl, IOCKONBKY pelIeHHE HACTOSIEH BLIYHCIUTENbHOM
aa4yd BCEerna MOXHO CBECTH K MOJIYYEHHIO HEKOTOPOro Habopa gucel (pe-
yIBTaTOB) Ha OCHOBE APYyroro Habopa yucen (BXOMHBIX JaHHLIX). BOT npeob-
)a3oBaHKe OYepeHON NOPLHU AAHHBIX cKaToro pu nomom MPEG4 daiina
3 Habop 13 1024 x 768 = 786432 yncen, npeacTaBasAOMINX cOO0H BEIBOLUMEBIE
1a MOHUTOP TOYKH, BIIONHE BIUCBIBAETCA B (POPMYIMPOBKY BHIYHCIUTEIbHOH
azadun.

[or axT, 4yTO MBI 33 IIOCNEAHNE CEMbIECSIT JieT He CyMeJI PUAYMaTh HUYEro
)Ojie€ MOIUHOTO, YeM MamuHa ThIOpHHTa, ONpenesieHHO CBUIETENbCTBYET B
10JIb3Y HEBEPOSATHO CHJILHOTO, HO 11O Cei JeHb TaK U He JOKa3aHHOTO (U He
IPOBEPTHYTOTO, Pa3yMeETCs) YTBEPKAEHMs, H3BECTHOTO KaK Te3uc Yepua-
'bropunra (Church-Turing thesis):

Jobas meopemuvecKu paspeliumas sulMUCIUMENbHAsL 3a0a4a
Mmoxem Gbimb peuiena npu nomouyu mawunst Telopunea.

laxM 06pa3oM, Tesuc Yepya-TropuHra He TONBKO yTBEpKIAET TOT (HAKT, YTO
raumHa ThiopuHra Ha CerofHSIMHUNA NEHb SBISETCS CAMBIM COBEPIIEHHBIM
BIYHCIUTENBHBIM YCTPOHCTBOM, HO M BhIpaXaeT NpeliONoXeHUe, YTO HUYEro
)ONIee MOIHHOTO HE MOXET OBITh M300peTeHO B IIPUHIIUIIE.

' «Intelligent Machinery» (1948); nepeson ¢parmesra Moil.
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11.4. Y10 Takoe anropntm?

Uctopuueckas nepcriekruea

3ajaun HEOT/ENUMEI OT allrOPUTMOB pelleHust. [ToHsATHE anropuTMa B HayKe
JAalIeK0 HEe HOBOe, HO Aub B XX Beke Obina npeannpussTa (Ha CeroaHsmHui
JI€Hb KaXYyIascs yAa4yHOIii) MOmbITKa ero ¢opmanusoraTtb. Bur Oynere cme-
ATbCA, HO peYb OISATh MOKAeT O MamuHe ThIopHHTra.

CropaBeIMBOCTH pafu s 00g43aTeNbHO XO4y OTMETUTH BKJAX U IpPYrux
yYEeHBIX B OCHOBHI TeOpHuU BeryucieHus. Kak oTo Hepeako OrniBaer, ecnu 3a-
Jaya [O-HaCTOSIEMY Ha3pena, cpa3y HECKOJbKO CIEUNANUCTOR MPUMEPHO
B OJTHO M TO XK€ BpeMs HaXOmAT uHTepecuslie pewenus. [Toxxon TeopuHra,
BEPOSITHO, 0Ka3ancs Haubonee NpOLYKTUBHBIM 1JisT pA3BUTUS KOMITBIOTEPHOU
Haykd (MHE KaxXeTcs, He B [TIOCIEAHION OYepenb OTOMY, 4TO caM ThopuHT
OYeHb aKTUBHO pabOTall ¢ BBIYMCAMTENbHBIMY MAUIMHAMH U [TPaKTUUECKIMU
3ajjadaM¥, B TO BPEMS KaK APYTHE y4YEHBIE HEPEAKO pPacCMaTpUBaNH CBOMU
UCCHEeIOBAHUA CKOpee ¢ TOYKM 3pEHMSA MaTeMaTUMKH uiny aoruku). Tem He
MEHee, [IPUMEPHO B T€ XK€ TOJbpl Pa3AuyHble MOZenH Ans popMmanu3anuu
BEIYUCHAUTENBHBIX NIPOUEAYP Ipeaoxunu ANoH30 Yepu (Ube UMS yxe
YIOMUHANOCh U €emi€ BCTPeTUTCA B JaipHeHmem), Omuns ITocr, Asapei
MapkoB u apyrue yueHble€. bbuio IOKasaHo, YTO BCE 3TU MOJENHU MOTYT OBITh

CBENIEHBI JIPYT K IPYTY.

HedopManbHas MHCTPYKUMS KaK aliroOpuUTM

Bepuewmcs, onHako, K anroputMam. Kag 00bI9HO OnpenensiioT NOHATHE alro-
pYTMa, HalpuMmep, B wkone? OOBYHO rOBOPAT YTO-TO O CIOCO0E peleBus
3a71a4M, NPeACTARISAIONIEM cO0OH TOYHYIO MHCTPYKIMIO 1A NORY4YEHUS pe-
3ynbTaTa Ha OCHOBE MCXOAHBIX JaHHbIX. KOHEUHO, 3TO OllpefeneHUe XOPOUIo
TEM, YTO OHO MO3BONSET HaM (Donee UnK MEHee) Ierko HOHATh, O YeM BooDiue
uretT pedb — OO MHCTPYKUMY [ pellleHus 3aa44 1y o OyTeuike kegupa. C
ApPYroii CTOpOHBI, MOXKHO JErkO MPUAPATHCA K COUETAHUIO «TOYHASI HHCTPYK-
tust». HackonbpKo Takass HHCTPYKLIMS JONXHA ObITh TOUHA?

KoMy u3 Hac He noniaganuck KHuru Hanogobue «100 cnocobos noxynern»
(ecnu x0T Ob1 OxuH paboTaeT XOpoWo, 3a4eM ocTasUInecs 997), «kak craTh
YCHEWHbIM 9€JTOBEKOM» UM «KaK HOOHUTLCSA AYLIEBHOTO CHOKOHCTBUSI»?
Benp peuentst H3 3TUX KHUT — IO CYTHM CBOEH aJrOPUTMbI, HO YPOBEHb UX
onucaHus 0e3HaeXHO BbICOK 10 CPAaBHEHHIO C YPOBHEM TOHU K€ MalIMHbI
Trropusra unu s3eika Pascal. SI cam BrnonHe mOry u3ofpectu reHManbHbIi
«aNTrOPUTM» (BIIOJHE YETKYIO MOMAroBYI0 HHCTPYKITUIO ), TO3BONSIOIIEH 110~
0ol KOMaHJie cTaTb YeMIIMOHOM MHUpa 110 QyTOONy, BRIMTPhIBASA BCE MATYH
MOAPSI:
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[IOKA BpeMs MaTda HEe UCTEKIO
ECJIM M¥a4 Yy COIIepHUKa
IepexBaTUTh M4, II0Ka HaM He zabuwiu roi;
2abuUTh I'OJI COIEPHUKY ;
KOHEL| LIUKIIA

MauwuHa TelopyHra Kak anroputm

Tenepbs MOXHO HepelTH OT HEYETKOTO OIpedeleHust anrOpuTMa Kak «HH-
CTPYKIMM» K COBEPIIEHHO (HPOpManbHOMY NIpEACTaBIEHUIO 00 anropuTMe Kak
0 HEKOTOPOM YCTPOHcTBe (IYCTh 3TO AaKe Ha IepBbIM B3MISLO KakeTcs No-
BOJIBHO cTpaHHbIM). ITo cyTi Aena, mamuba TriopuHra — 3TO HE YCTPOMCTBO,
BLIIONHSIOIee HEKOTOPDIN anropuT™; 310 I €CMb CAM AIeOpUmM,

[TomauTE, KakuM 00pa3OM pelllanich 3aady U3 rnasbl 0 Malmuae Tropunra?
Hmesa popmynupoOBKY 3aladu, MBI MTBITAIUCHL TOCTPOUTh MalTuHy ThiopuHra,
TpebyeMbIM 00pa3oM IIpeobpa3yIoyO BXOXHEE NaHHbIE B BEIXONHbIE. A BENb
NOCTPOEHME TAKOW MAalllMHbl U O3Ha4aeT MOCTPOEHHE ainroputMa peureHus!
CpaBHuTe, HallpUMep, TaKue YTBEPXKIeHUS:

CymecTBYeT ajlropuTM DelleHusd 3aladld COPTHUPOBKM MacCHUBAa.
CymecTByeT MammHa ThOpHUHTA, COPTHPYDLIas MacCHUB.

Jns kaxnoi 3aga4u Tpedyercsa cBosi cobcTBeHHas MamuHa TeopuHra, Tou-
HO TaK Xe, KaK U [ peleHus TOH Ui MHOH 3ama4du TpedyeTcsi OTAENbHBIH
arroput™. EnuncreeHHOe cepbe3Hoe BO3paXKeHUe CBS3aHO ¢ OrpaHiHYeHHbIMU
BO3MOXHOCTSIMU MamuHbl Thiopunra. Bee-Taku NOA anropuTMoM IIOHUMAETCSE
HeKast HHCTPYKUHS, KOTOPYIO MOXXHO BBIIIONHUTD B IPUHIAIIE, & HE BapHaLUs
KaKoro-To (BO3MOXHO, HEJOCTaTOYHO MOIIHOI0) YCTPOHCTBA, YMEIOMIETO
pemaTh NHUIIb 3aBEAOMO HeNOJHbIN Habop 3amay. IIpuHsaTUe Ha Bepy Te3uca
Yepua-Trropunra® cuumaer 3T0 BO3paxeHHue, YCTAaHABIUBAS HONHYIO IKBU-
BANN€CHTHOCTL MEXAY INOHATUAMHA alropuTMa U MalllHbI Tb}OpI/IHFa.

Ecnu anropurm u MammiHa ThiOpUHra — 3TO OOHO U TO X€, MOXHO TPOBECTH
ellle HeCKONbKO MHTEPECHBIX Mapanienei.

MaturHa TblopPMHra v 93biKKM NporpaMMupoBaHus

Hanmcanue KoMIIbIOTEpHOI POrpaMMBbl Ha NIOOOM SI3BIKE ITPOrpaMMUPOBAHUIO
9KBHBANEHTHO co3faHuio MammHbl Triopunra®’ nns penexunst KOHKpeTHOMH 3a-
naqyu. ITockonbky Ha moOOM, faxe caMOM MPOCTOM SA3BIKE MOXHO HaIHCaTh

¥ KoHeuHO, B HayKe HUUero Helb3s IPUHUMATb Ha Bepy, HO CeMbIecAT J1eT Oe3yCrelHbIX MOTMBITOK
u300pectu xoTa Obl 01HO Bonee MOLUIHOE YCTPOHCTBO, HECBOIMMOE K MalinHe ThlopuHra, roBopsT
cami 3a cebs.

¥ TouHee, 3aKOAMPOBAHHOI B cTPOKY MaluuHbl Thioputra. K coxaneHnio, B npolecce KOMITMIALIMK
NIpOrpamMMbl HACTOALLAA Xej1e3Has MallMHa Ha CTOj1e CKOHCTPYMPOBaH2 He OyneT.
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3MYNATOP MaMHbl ThIOpUHra, C TOUKY 3PEHHsI TEOPUU BHIMUCIICHNI BCE S3bIKH
IIpOrpaMMHUPOBAaHIS OXNMHAKOBO MOMIHEL. KOHEYHO, OXHH S3bIKN MOTYT OBITD
ynoOHee APYTrux ¢ TOYKH 3PEHHS ITPOTPaMMICTa, HO yA00CTBO He fo0arisier
HUYEro K BbIPasuTeNbHOM Momu. To Xe camoe MOXKHO CKa3aTh O JOTOJNHHU-
TeJIbHBIX BO3MOXHOCTAX Bpoae noaxepxku padotel ¢ COM obbexTaMu vim
ymeHus regepuporats DLL-Monynu: 6e3 HUX TpyaHO cebe NMpencTaBuTh Co-
BpeMEHHOE NIPOrPaMMUPOBAHIUE, HO K PELICHUIO BEIYUCIUTENBHEIX 32124 BCe
3TO HE MMEET HUKAKOTO OTHOLICHHS.

YTtobbl 0KOHYATENBHO YOEAUTH BAC B TOM, YTO JIOOON S3BIK HPOrpPaMMHPO-
BAHUS HE JIydllie MauMHbl ThiopuHra (B CMbICIE BBIpa3UTEIbHONM MOMIH, pas-
yMeeTcst), S IPUBEAY BEPCUIO HOKA3aTENbCTBA HEPA3PEIIUMOCTU TPOOIEMDI
ocTaHoBa Js a3bika C#.

Hrax, npeinonoxuM, 94To CymecTyeT QyHKIUS
bool Halts(string func, string param),
MIpUHMMAlONIast [Ba napaMerpa:

1. TexkcroBoe I1pencTaBieHre func HEKOTOPOM KOPpPEeKTHON YyHKINY, 3a-
mucanHol Ha C#. HanpumMep, func = “void myprint(string s)
{Console.WriteLine (s);}”. OyHKUUA, 3alMCaHHast B [1€PEMEHHOM
func, JOJKHA NMPUHUMATL €IUHCTBEHHBIA apryMmeHT, IpUHaieXaimui
THIY string.

2. TexcToBblif apryMeHT param, nepexaomicss Ha Bxon GQyHKUuM func.

Oyuruusg Halts () Bo3BpaiaeT true, eclu PyHKIHUSI fullc 3aKaHYUBAET
paboTy Ha BXOIHBIX JIaHHBIX param (3HaueHue false BO3BpaIaeTCsA B MPo-
TUBHOM CJIy4ae).

PaccmoTpum QyHKRIuUIO Test ():

void Test (string str)
{
if (Halts(str, str))
for(;;) ;

}

Tenepp pazdepemcst, YTo MPOUCXOMUT IPU BBI30BE Test (S), eCU s COREPKUT TEKCT
ysryU Test () (ToecTb s = “void Test (string str) {if (Halts(str,
str)) for(;;) ;}”). Ecmu Test (s) s3aBepiuaer paboTy, 3TO O3HAYaeT, 4TO
3HaueHue Halts (s, s) paBHO false, TO €CTh Test (s) «3aBUCAET»; MOMYYWIH
npotuBopeyne. Ecmu Test (s) He 3aBepiuaet paboTy, To 3HaueHne Halts (s, s)
PaBHO true, UTO, B CBOIO OYEpelb, O3HAYAET, UTO Test (s) He «3aBucaet». Orsrh
nporusopeydue. Takum obpasom, dyHKuMsI Halt s () He MOXeT CYLLECTBORATE.

B teopuu Boryncienuit u3sectHa Teopema Paiica, kKoTopast macut, 9ro mobas 3a-
la4a, CBSA3aHHAsl C BLIABJIEHUEM KaKOTO-TM00 «HETPUBUATLHOTO» CEMAHTUIECKOrO
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ficTBa MalMHbl ThiopuHTa (Hy WK KOMITBIOTEPHOIH IPOTpaMMBl ), HEpa3 peru-

HepaszpeummMocTs 1pobneMbl OCTaHOBA — OY€Hb MONIHBIA PE3yNbTaT, NO-
TSIOMI BO MHOTHX CITy4asiX CyANTb O Pa3pelInMOCTU WM Hepa3peluMOCTU
WM MHOH 33a4H, TIOCKOJIbKY MHOTUE CeMaHTHYecKue CBOMCTBA MOTYT OBbITh
KO CBeJEHBI K 3anave octaHoBa. Jonyctum, nmeercs GyHKLuSA

bid £()
// BOecCh uIeT HeKOTOPBIU Ko

Console.WriteLine(“hello, world!”);

>KHO JIM OIPEXENNTh, BBUTONHUTCS JM KOTna-HUOYIb CTPOKA, BBIBOASIIIAS
skpan “hello, world!”? Ecim nepenucats IporpamMmy B Buje

bid ho)

// HEKOTODHH: KO

»id £()

h);
Console.WriteLine(”“hello, world!”);

HOBHUTCS SICHO, YTO I1€YaTh CTPOKH 3aBUCHT OT TOTO, 3aKaHYNBAET N1 PYHK-
' h() cBowo pabory unu HeT. B obmem Buxe 3agadta HepaspeuMa (XOTs
HEKOTOPBIX YaCTHBIX CJy4YaeB pelieHHue CYIIECTBYeT), TO3TOMY MOXHO
1aTh BBIBOJ O HEPa3pemIMMOCTH UCXOXHOM 3a1ayu.

11.5. MawmHa TelOpuHra
" NepCcoOHaNbHbI KOMNbLIOTEP

M KOMITbIOTEpHAs IIporpamMMa IpeacTasisieT coboi (B HEKOTOPOM Hpu-
KeHun) Kox Mammubl TelopuHTa, TO NEepCOHANbHBIH KOMITBIOTED BIIONHE
KHO Ha3BaTh YHUBEpCcaNbHOM MaumHO# TriopuHra, yMeoniel UIMUTUPOBaTh
OTY APYTHX 3aKOXMPOBAHHBIX MallUH.

camMOM jene OObIYHBIA KOMIBIOTEP B HOPMaNIbHBIX YCIOBUSX Jaxe cnabee
1Hbl Thiopunra. /leno B ToM, 4To MaminHa Thiopunra obnagaer 6ecKkoHed-
[ JIEHTOH, B TO BpeMs KaK IaMsATh KOMIIpIOTepa (MJIM [1aMAThb, UCIIONb3ye-
TOH MJIM UHOM KOHKPETHOMU IporpaMMoli) KoneuHna. MMes BO3MOXHOCTD
KJNI0YaTh AOIOJNHUTENBHYIO HEOTpaHUYEHHYIO NaMsaTh (HarnpuMmep, Ha
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CD-RW HocHTENAX), MOXHO HONYUUTh «HACTOSIIYIO» MalUHY ThIOpUHTa;
XOTSI, KOHEYHO, 9TO CKOpee TEOPETUYECKOe 3aMeYaHue.

3nmech s x04y 0OpaTUTh Ballle BHUMAHHUE Ha TO, YTO IpobiieMa OCTaHOBA TEO-
peTUYECKH MOXET ObITh pelleHa JUis IPOrpaMMHL, OIIEpPUPYIOINEH KOHEYHOH
IaMATHIO (XOTS Ha MpaKTUKE 3TO pellleHUEe BCe PAaBHO HE OXMUTCSA U3-3a He-
IpUeMJIeMBIX TpeOOBaHUH K NaMATU U BPEMEHH).

Hasajite o6CyauM pelleHure 3afayu OCTaHOBa JJiA CaMOro MPOCTOro ciuyyas.
ITycTb ananuzupyemas mporpamMma B rpoiecce paboThl MONUMULIIUPYET KOHEY-
HOE, 3apaHee U3BECTHOE KOMUYECTBO OrpaHUYEHHBIX A4e€K NaMaTu®® (Ha30By
UX «[1€PEMEHHBIMU» ).

Ilycts Vi, V,, ..., V. — 3Ha4u€HHS BCEX IIEPEMEHHBIX IIporpamMmel, a N — HoO-
Mep TeKyiieil (BBIIONHAEMON) CTPOKHU. JIOIyCTUM TakXe, YTO UX HavaJibHbIE
3HauYeHus NepeMeHHbIX (llepe] TeM, KakK IIporpamma 3alycKaercs Ha Bhl-
IOJNIHEHHE) 3apaHee onpeneieHsl. Torna BeJIMYMHE BCEX 3TUX MapaMeTPoOB B
COBOKYIIHOCTU OXHO3HAYHO ONPEJENsIOT TEKYEE COCTOAHUE IIPOrPAMMEL, TO
€CTb, 3HaA UX 3HaYE€HUSA B HEKOTOPBI MOMEHT BPEMEHH, MOXHO OJHO3HAYHO
MpenckKasarb, B KAKOM COCTOSIHUHU MPOrpaMMa OKaXeTcsd I110CHe BhIIIONHEHNS
OYEPEAHON UHCTPYKIIUHU.

Henousaruo? PacemoTpum npoctoil mpumep:

int 1 =1, j = 1;
1: 1 =
2: 3 =

w

’

~J

HavanbHoe cocTosiHAE 3TOM MaJONONE3HON IIPOTrPaMMBbl, COCTOSIIIEN U3 IBYX
CTPOK (HlaBaiTe He OyNeM CYMTATh CEKUMIO OIUCAHUs HAYaibHBIX 3HAYEHUH

IIEPEMEHHBIX OTAENbHOU CTPOKOI), MOXET OBITh 3aKOXUPOBAHO NeEpevuciie-
HUEeM 3HaYeHUI BCEX €€ IepEeMEHHBIX:

i=1, =1, N=1

To ecTb 3HaYeHue i paBHO €IMHMIIE, 3HAUEHUE | PAaBHO €IMHMIIE, TEKyuIas
(BBIIIONHSAEMAsA) CTPOKa — IepBas. B Kakoe cocTosiHue porpamma nepeier
IIOCJE BLIIONHEHUA OYepeaHOi cTpokH? KOHEUHO Xe, B COCTOSIHUE

i=5, 3=1, N=2

Hanee, obnamas mims uHGOpMaHHUed O TEKyleM COCTOSHUU (HEBAXKHO,
KaKuM IyTEM IpOrpamMma B HEro nomnaja), MOXHO NpeayrafaTh cleayioiee
COCTOSHUE:

i=5,3=7,N=3

¥ To ectb OTAeNbHAA AYEHKa NaMATH MOXET CONepXaTh OAMH, AB2 WIN XOTb AecaTb 6aitT utdop-
MalUH, HO He DeCKOHEYHBIH 00beEM.
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JCNie BLINONHEHUS KOHeYHOTO YHCHA IIAroB aHaNu3a COCTOSHI Mbl 160
leM 0 KOHIA MpOrpaMMel (3TO O3HAYAET, YTO IporpaMMa 3asepuiaer
60TY), GO BepHeMcH K ORHOMY U3 yXe paHee BCTPETUBIIMXCSE COCTOSIHUIA,
O HABOAUT Ha MBICIb O DECKOHEYHOM [UKJIE B UCXOZHOMH IporpamMe,

YUMepBl 00euX CUTYauMil MOKazaHbl HuXe (nucturru 11.1 u 11.2,
c. 11.1).

int i = 0;
for(i = 0; 1 < 3; {i++)
Conscle.WritelLine (i)

’

int 1 = 0;

L: for(i = 0; i < 3; i+4)
{

K Console.WriteLine(i);

3 if(i == 2)

}: i=1;

1:0,N=q-»| =0 N=2 l-—-—» i=1,N:1—/]——>‘ |:1,i\1:2 l
t:S,KOHELFJ«,:Q,N:Q‘]«LFQ,N:T’

\l i=0,N=1 ]-,l i=0,N=2 ]_-,‘_i:o,mﬂ»»t::mf:ﬂ
li=2,lN=2 ]«-l =2 N=1 I«-‘_ﬁ:yN:ﬂ«-‘ =1 N=2 l

l =2 N-3 l”’L'ZQ'N:Z’ [

Puc. 11.1. fuarpammel cocrosHuii o6emx nporpamm
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11.6. Mpo6nema ocTaHOBa 1 NPOrPaMMMUCTbI

YenoeeK NpoTuUB KoMMblotepa

S1 e peuruncsa OOOHTH BHUMaHUEM 3TOT NONYIAPHBIA Bompoc: «A pasBe
4elNOBeK He MOXET peluTh NpobieMy octaHoba? YTo CTOUT ONBITHOMY PO~
IPAaMMUCTY, BHUMATEIbHO W3YUNB TEKCT PYHKIIUM, ONIPEAEIUTD, 3aBEPIIUT JIX
OHa paboTy WIN «3aBUCHET» B OECKOHEYHOM LIUKIE?»

Huxe g eme BepHyCh K HeCKOJNBKO Oonee cunbHOM QOpMyNHpPOBKE Te3Hca
Yepua-TriopuHra, a I1oKa 0TBe4y KpaTko: 110 Bcel BUIUMOCTH, He MoxeT. [Tpo-
IPaMMHUCT MOXET HaWTHU OTBET B IIPOCTHIX Cly4asx Haropobue NMOKa3aHHOro
ua nucrtunre 11.2. BripoyeM, B TaKOl CUTyallMd XOPOIIMI KOMITUNATOP TOXeE
COOBHIUT O HENOCTHKUMOCTH CTPOK, CIHEAYIOIMHUX 32 6ECKOHEUHBIM LIMKJIOM.

IMpumepamu, MOBCEMECTHO LIUTUPYEMBIMHE, SBISIOTCS MOUCK HEYETHBHIX CO-
BEPIIEHHBIX YMCEN H MOUCK ypaBHEHHMS, TpoTUBOpevamero reopeme depma.
ITockonbky Teopema Mepma Obliia JOKA3aHA B AEBSHOCTBIX rOAAX IPOILIOro
BEKA, ST OCTAHOBIIOCH HA IIEPBOM NpUMEDE.

CoBeplieHHbIM HA3bIBaeTCSA YHMCJO, paBHOE CYMMe CBOHUX NENUTENEH:
6=1+2+3;28=1+4+2+4+ 7+ 14. Ha cerogusmrauit 1eHp HEU3BECTHO,
CYIIECTBYET U XOTS Obl OJHO HEYETHOE COBEPUIEHHOE YHCIO.

Ternepb cKaxXuTe, «3aBUCAET» M CAEAYIOMAS IpOrpaMma:
static bool IsPerfect({int k) // onpenenser, SBALeTCS U

// 4yucno kK coBepleHHHM

int & = 0;
for(int 1 = 1; i <=k / 2; i++)

if(k %1 == 0)
s += 1 // Ha¥UTU cyMMy penurened k
return s == k;

static void Main(stringl(] args)
{

int num = 1;

for(;;)
{
if (IsPerfect (num)) // ecnu Tekyllee YUCJIO COBEPNEHHO
break; // BHUTY U3 IPOIDAMME
num += 2; // IepedTu K clenyblieMy HeYeTHOMY YUCIY
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JonsTHO, UTO pe3ynbrar ee pabOThHl 3aBUCHT OT TOTO, CYIIECTBYET JIX XOTS Obl
JIHO HEYETHOE COBEPLIEHHOE YUCHIO0, HO BPSAT I XOTh OAUH NPOTPAMMUCT B
(Mpe 3HaeT 3TO HaBEPHSIKA.

3rpoveM, eCii IIPUBEJEHHYIO IIPOrpaMMy paccMaTpuBaTh He Kak abCTpakT-
Blif AJITOPUTM, @ KaK pealbHyIo IporpamMmy Ha C#, MMEIOIyIO AeJ0 C OrpaHu-
[eHHbBIMY [TIepEMEHHBIMH, PE3YABTAT PAOOTHI IIPeIcKa3aTh Kak pa3 HeCHOKHO:
Ce 3aKOHYUTCSA TepeloHeHueM num.

CunbHast Bepcus tesuca Yepya-ThlopuHra

CIY IOBECTH CKa3aHHOe O 33ajade OCTaHOBa JO JIOTMYECKOTO 3aBeplICHUS,
(OXHO NPUUTH K CWIbHOM Bepcuu te3uca Yepua-Tropunra:

Teopemuuecxu KOMRbIOMeEp MOXem cdenams ece,
UMo MoxXem coenams 4eni0eek.

[iryrOo MHe 1Tono6Hast HIes coBCceM He KaxeTcs auKoi. OCHOBHBIE BO3paxe-
Mt Tak WU MHA4e CBOISTCA K pelIMruOo3HOMY B3DIAAy HA YeJIoBeKa Kak Ha
VIIeCcTBO, oOnanawniee dyuioii. Mbl, B CBOIO 04epenb, HECIIOCOOHE! BLOXHYThH
YIIy B yCTPOMCTBO U3 KPEMHUS, IUIacCTMAcChl U MeTaa. Jlyma xe (4 TONbKO
Ha) 0ONazaeT MHOTUMU HHTEPECHBIMU CBOMCTBaMH, TAKUMH KaK TBOpYECKOE
1a4aJio WK cB0oboa Boy; 0e3 3TUX Ka4yeCTB HUKAKOU pa3ym, HUKAKOe caMo-
03HaHUE HE MOXET CYIIECTBOBATh, U, CIEJOBATENbHO, KOMIIBIOTED ITPUHIIHA-
[MaNlbHO HUKOIa HE JOCTUTHET yPOBHS YelloBeKa.

‘em, KTO 06e30roBOpPOYHO BepuT B NOROOHYIO (KaHHY0 bBorom # He BOCIpo-
3BOAMMYIO YeJIOBEKOM) WJIel0 XYLIW, NPUBOAMTEL apryMeHThl DecIone3Ho.
151 Bcex oCTaNbHBIX MOT'Y MOPEKOMEHJOBaTh OTMEHHOE, YBIeKaTeNbHOE
Tenue®. 3xech MUIIL CKaxXy, YTO, IO MOEMY MHEHHIO, CO3/IaTh Pa3yMHYIO
OMITBIOTEPHYIO ITporpaMMmy BIoNHe Bo3MOXHO. Ho, ckopee Bcero, Mbl camu
le cymeeM NOHATL, KaK 0HA, cobcTBeHHo, paboTraeT. MHadye roBops, BIOXHUB
 KOMIIBIOTEP HEKMe HadallbHbple NpaBuia U IYCTHB IIPOLIeCC HA CAMOTEK, MBI
[0TepsieM He TOJXBKO KOHTPOIb HaJ IIPOUCXOISIIUM, HO M yTPaTUM COOCTBEH-
0e IOHUMAHHUE CUTYaruu.

) TOM, KaK MOXHO HOJHOCTHK) OCO3HaBaTh NMpaBuiia, JeXaiue B OCHOBE
NCTEMBI, HO IIpY 3TOM ObiTh HE B COCTOSIHUM IIPEACKA3bIBaTh €e I0BeJIeH e,
)e4b NOWAET B KOHIIE IVIABhI.

" A. M. Turing. Computing Machinery and Intelligence. MIND vol. 59, 1950.
H. Jenuerr, J. Xogwranrep. I'na3 pasyma. baxpax, 2003.
A. Xopwraarep. Fenens, Biuiep, Bax: ata Geckonednas rupnauna. baxpax, 2001.
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11.7. Popmannam Yepua
n yHKUMOHaIbHOE NporpaMMupoBaHne

11.7.1. AnlbTepPHaATUBHbIE MOAESIN BbIYUCIIEHUS

JIymaio, BBI YK€ 3aMeTIIH, YTO ManinHa ThIOPUHTa 110 CBOEH UAEONIOrUH OUeHb
II0X0Xa Ha OOBIYHBIN KOMIIBIOTED (XOTS U ¢ KpaliHe OTpaHHYeHHBIM Hab0pOM
xomaHn). KoHerpyxuun 00BIYHOr0 uMIiepaTuBHOIO” s3blKa IIporpaMMupoBa-
HUS TOXE B M3BECTHOM CMBIC/I€ HAIIOMUHAIOT BBIITOJHEHUE OTePAlIMil MaTli-
Hbl ThIOPUHTa: MBI CYUTHIBAEM U 3allUChIRAEM IepeMEHHbIe, HaXOASIUecs B
OllepaTUBHOH naMsTu (CPAaBHHUTE CO CUUTHIBAHUEM U 3aIUCHIO COAEPKHUMOTO
sTY€eK JIEHTBI), BBI3bIBAEM pa3JIM4HbIe IPOUEAYPHI (3TO IOXOXe Ha IePeXon
K COCTOSIHHIO, HAaYHHAIOWeMy JorudeckKuil Monyab Mamusbl Teiopunra®'),
IPOrpaMMUPYEM YCIOBHS U HUKJIBL. COIaCHTEeCh, IICEBAOKON, OMUCHIBAIOIIUN
paboTy Tol win nHON ManuHel ThIOPUHIa U3 NpeNbIAYyHIEd MVIARbl, BCErga ObLl
ITOXOX HA IICeBNOKON OOBIYHOM MPOTrpaMMBl.

Hy pasymeercs, a pa3se unade Ovigaer? HarepHo, aj1st MHOTUX 2TO OyneT He-
OXHUIAHHOCTBIO, HO ObIsaeT. [TonynaspHble ceronHs 3Ky IpOrpaMMUPOBAHUS
OCHOBaHBI HAa MOJIEJIM BBIYUCIUTEILHOrO Ipotiecca, npenjoxennon Teopun-
romM — 3amucath / cTepeTs / mepeiT K 60Ky Ipu BbINOJIHEHU HEKOTOPOTO
ycnoBust. TeM He MeHee, CYIECTBYIOT SI3BIKH, OCHOBAHHbBIE Ha aJIbTEPHATHBHON
MOJIEJIM BBIMUCIEH NS, TPeAJIoXeHHOH AIoH30 YepueM — Ha Tak Ha3biBaEMOM
JIsMOa-UCUUCIEHUY.

IMonoGHble A3BIKU HA3BIBAOTCS QYHKUUOHAbHbiMU. CaMble U3BECTHDIE TIPES-
cTasuTe N ceMelcTra QYHKIIMOHANBHBIX s3bIKOB — Standard ML (SML),
Haskell u LISP?2. ITporpaMmMupyst Ha (PyHKIIMOHAIBHOM SI3bIKe, IPUXOIUTCS
MBICJIUTb COBEPIIEHHO MHBbIME KaTeropusamu. He 6epyck cynuThb, CTOUT Jiu HaM
OXunaTh B OJKaiiiivie Toxbl pacuseTa QyHKIIMOHAXBHOTO IIPOrpaMMHUPOBRa-
Hust (Y4UTBIBAS €ro JOCTOMHCTBA M HENOCTATKM), HO MO3HAKOMUTBCS C HUM
panu o0mero pasBuTtusi, 6€3ycJIOBHO, CTOUT®.

% K uMmrieparrBHBIM OTHOCATCS BCE CaMple TIONYJIAPHBIE Ha CerofHs A3sIkM Bpone Basic, Pascal,
C/C++, Java, C# u Bce ocTaibHBIE A3BIKM CO CXOXel Guaocodmell KOMMPOBAHNUA ANTOPUT-
MOB.

' TpyaHO Ha3BaTh MalMHy ThIOpHUHIra HHCTPYMEHTOM LISt CTPYKTYPHOrO APOrpaMMKUpOBaHI S, HO
BCe Xe MOXHO 00BecT! KapaHnaalloM HECKOIbKO COCTOSHMIA M Ha CI0BAX OIMCaTh, YTO KOHKPETHO
3T& 4acTh MalIKHB! (MOZY/Ib) Jesaer.

%2 $I3pik LISP TakXe CONEPXUT HEKOTOPBIE BOSMOXHOCTH, BLIXOSLIME 32 PaMKK (DYHKIIMOHA/ILHOrO
TpOr paMMHU POBaHMA.

% Tpoly NpOLEHKS, YTO IKCKYPC B (hYHKIIMOHAILHOE NPOrpaMMUPOBAHME OKA3aJICH BHYTPH BpOIe
0wl He OTHOCAUIENCs K HeMy r1asbl. Ho Bbienars 3Ty TeMy B OTIeNbHYIO [VIABY MHE COBCEM He
Xo4ercs.
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11.7.2. CoBCeM 4yTb-4yThb O I9IMOAa-UCHUUCTIEHUMN

AeknapaTtuBHbIA NOAXOA K NPOrpamMmM1UpoBaHuio

OO0cyxHeHue 3TOH TeMbl, KOHEYHO, BRIXOMUT JaNeKO 3a PAMKM KHUIH. S nanmb
KpaTKO OIMINY UIeH, MONOXEHHLIE B OCHOBY A-MCUUCHEHUS U NIPUBENY NPO-
creifiye npuMeps GyHKIMOHANBHEIX TporpamMuM. Bee-taku Mogenyu Beraucnu-
TeABHOTO MPOLecca BIUCHBAIOTCS B O0lIee HallpaBaeHue HAUIero pas3rosopa,
a A-MCUYMCHeHe ~— MOJE/Nb BeChMa U3BECTHAS U K TOMY XK€ MMEeIOoMIasl Maccy
MMOKJIOHHUKOB.

OcHopoli xoHuenuu Yepya sSBAACTCS PYHKYUA B TOM CMBICAE, B KaKOM €€
IIOHUMAIOT MaTeMaTuky. Yem QYHKIMA B MaTeMaTUKE OTAMYAETCS OT (PYHKITUM
B UMIIEPAaTUBHOM sI3BIKEe TporpamMmupoBaiua? MyHKIMS B MaTeMaTUKE 110
KaKOMY-TO [IpaBUily COOCTaBAsIeT HaOOPy 3HAYEHMIT apryMEHTOB HEKOTOpoe
pesyapTUpyolee sHaueHue. Y Oonpuie Hudero. Hanpumep, GyHkuus sin
COTIOCTABJISICT apryMEHTY, paBHOMY 7/2, 3Havyerue 1.

Ha nepsnit B3risan, GyHKnus B MOOOM S3bIKe NMPOrpaMMUpOBaHUS AeNaet
abCOMOTHO TO X€ CaMoe, HO 3TO He CoBceM Tak. ITOCKONBKY Mpy BHITONHE-
HUM [TPOTPaMMHOr0 KOa MOTYT BO3HMKATh MOOOUHbIe 3P PeKTH (M3MeHeHue
I00aNbHBIX IEPEMEHHBIX, CYMTHIBAHKME JAHHBIX C KJIaBUaTyPhHl WK U3 ¢aiina),
MOXEM JT MBI PacCUMTHIBATh, YTO MMOBTOPHBIA BHI30B HEKOTOPOIl GyHKIUHU
JUTST OHOTO ¥ TOTO Xe Habopa BXOAHBIX NapaMeTPOB PUBEAET K MONYYCHUIO
TOTO XK€ caMoro pe3yssrata? B Maremarnke 3amuch sin(n/2) Bceraa MOXeT uc-
MOMB30BATHCS KaK CUHOHUM uucna 1. Moxem nu MBI B IpOrpaMMupOBaHuH,
OTHAXJbI 3aMUCaAB

v = MyFunction(5, 15);

Be3fie BMECTO V MpUMeHsTh KoHeTpykLuio MyFunction(5, 15)? Bpsaa nu. Bo-
nepBbIX, BTopoil BrzoB MyFunction() MOXeT BepHYTb COBEPLICHHO APYroi
pe3yabTaT, a BO-BTOPHIX, JIOOOI IPOrpaMMUCT CKaXeT, YTO BHI3BIBATL OOUH U
TOT € aJrOPUTM HECKONBKO pa3 MonpocTy HedPdeKTHBHO.

B xayectBe npumepa GYHKIMH, BO3BPAINAOIICH PA3HbIl PE3YALTAT YIPH O~
HHMX ¥ TeX XK€ apryMeHTax, npoiue scero yrkasars Meton Console.ReadLine().
[Tonygast KaxXABIH pa3 oycToi HaOOp apryMeHTOB, 3TOT METOA BO3Bpariaer
pasaMuHbie 3HAYECHUs], BBOAUMEBIE NIOAb3OBaTeneM ¢ KnapuaTypo.™ Hacuer
3 (HEeKTUBHOCTH MOXHO 3aMeTUTh, YTO B MaTeMaTHKe 3amuch QyHKLMM HE
nofpa3yMeBaeT Kakoro-nubo «BH30Ba Ha BHITONHEHME». 3armickBag v = k2,

% PelueHue BBIMUCIUTEILHON 3alauM TI0PA3YyMEBAET [TOIyYeHHe Pe3y/IbTaTOB HA OCHOBE BXOJHBIX
naHHbIX. CUMTbIBAHUME MO/1b30BATENBCKOrO BBO/A GOPMANLHO HE SBJISETCA BbIUMCIUTENbHON
3a7ia4yei, MOITOMY € NOMOILBIO «HHUCTOF0» (DYHKLIMOHAMBLHOIO ITOIXO0NA PElUIMTh €e He YIACTCA.
C npyroit CTOPOHBI, TEOPUHN TEOPHUSIMH, @ HA MPAKTUKE, KOHEYHO, HUKOMY HE HYXeH f3bIK, He
yMeiouuit paborath ¢ ailioBoi crcTeMOl MM KOHCOIbIO. IT03TOMY Bee (DYHKIIMOHAIIbHBIE A3BIKK
cozlepXaT [LOMOJHUTEIbHBIE CPEICTBA /U1 pelieHHUs MOLOOHBIX PYyTHHHBIX 3a/1ady.
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s He TOBOPIO: «BBHIYMCIUTE 3HaYeHue k? ¥ IPUCBOUTD TTONyYeHHbII pe3ynabraT
repeMeHHOH y»; 51 BCero MMUib X04y CKa3aTh, 4TO 3HauyeHue y paBHO k, BO3-
BeJeHHOMY B Kazapar. [Ipu yem 3pech 3peKTUBHOCTD?

ITo cytu gena 3mech CTaJKUBaeTCs MOAXOA, OOnee eCTeCTBeHHBIN 1A Ma-
TEMATHKOB, C «IIOIArOBOi MHCTPYKLMeH» MMpUBEpXKeHIeB UMIIepaTUBHOrO
IporpaMMUpOBaHus.

ITporpaMMuCT yKa3pIBaeT YETKYI0 WHCTPYKIHIO, TO3BONSIONYIO BEIYHCIUTD
3HavYeHus TpeOyeMbIX MepeMeHHbIX. MaTreMaTiK Xe 3aliChiBaeT C TOMOIIBIO
dbopMyn, Kak UHTEpECYIOUMHE HaC pe3ynbTaT Moxer OHTh BhIBeneH U3 He-
usBecTHrIX. [Ipennonoxum, Tpebyercs pemmts ypapHenue 10*x + 5 = 25.
ITporpaMMucT (MMIIepaTUBHMK) COCTaBISICT UHCTPYKIIMIO:

BHYECTE 5 u3 25
pa3nenuTs pesynsTar Ha 10
HaleyaTaTh NoJIydeHHOe 3HaYeHUe

MareMaTHK [IPOCTO yTBEPXAaeT, 4To 3HaueHue X pasHo (25 — 5)/10. Takum
obpa3soM, ogxom, OPUHSTHI B MaTeMaTHKe, CKOHIICHTPUPOBaH MpeXx e BCero
Ha TOM, 4YeM SBJISIOTCS. pe3ynbTarhl, a He Ha cnocole ux nonydyeHus. Musmvmu
CIOBaMHU, TaK¥e BBIKJIAAKYU 0eKAapamueHsl: Mbl yKa3blBaeM, YTO U3 4ero Moxer
OBITh BHIBEJEHO, a B KAKOM MOPSIAKE BCE 3TO CNeAYeT BRIYUCIAT ~ npobiema
KOMIuiIsSTOpa (MM MHTEpIIpeTaTopa, Tak KakK OONBITUHCTBO (QYHKIMOHATb"
HBIX $13BIKOB PeaM3yIoTCsl UMEHHO B TaKoM Buae). Pasymeercs, B KOHEYHOM
cyere noOble onucaHust OyayT nepeseneHbl B UMIIepaTuBHble UHCTPYKIUH,
BBITOJIHSIEMBIE TPOIECCOPOM, HO BbIBeJEHUE WHCTPYKLIMIA U3 MAaTeMaTHIECKUX
OMUCAHUI OMSTHL-TAKU JIOKUTCS Ha IJIeYM Cpenl, a He nmporpamMmucra.”

Onucanus CTONb BEICOKOTO YPOBHS U30aBJieHEl OT yTevek MaMsTH, 3aTUpaHus
00 ANbHBIX TepeMeHHbIX ¥ OIUO0K, CBS3aHHBIX ¢ MHOTOMOTOYHBIM JOCTYIIOM.
AbcTparuposaHue OT gerajeif (3T0 OTHOCUTCS K MO00H napagurme nporpam-
MUPOBaHH) IO3BONSIET CO3AaBaTh OoJee NeraHTHLIE U HaJeXHble IIPOTPaMMBI
¢ MeHbIMMHU yeuwnusmu. Kpome Toro, ucnonb3yst QyHKIUOHaNLHBIA TOXXOH,
npomie co33aBaTh HOBble QYHKIMM (M maxe HeJble MpOorpaMMbl) Ha OCHOBE
yXe CYIIeCTByIOIMX.

Ienoii 3a uzbaBneHne NPOrpaMMMUCTa OT U3JUIIHUX feTaliel, Kak 0OBIYHO,
craHoBUTCS 3¢ dexTUuBHOCTL. Bripodem, Hepeako uHTepnperaTop QyHKIMO-
HaJLHOTO A3BIKa MOXET BBUTONHUTE ONTUMM3AIMIO, HEBO3MOXHYIO B N000OM
UMIIEPATUBHOM s3bIKe. Hanpumep, NOCKONbKY 3HadeHue QyHKUMM BCeraa
OMHO3HAYHO COOTBETCTBYET Habopy 3HaueHWH apryMeHToB, MOBTOPHOE BBI-
qucneHue QYyHKIMM BCerga MOXHO 3aMEeHUTh CUMTHIBAaHUEM M3 K3lla paHee
BBIUMCIECHHOTO (M 3alIOMHEHHOTO) 3HAYEHMS.

% K COXaNEeHHUIO, MOIHOCTBIO M30ABUTLCS! OT Pa3MBILNIEHNUI O TOM, KAK KOHKPETHO OY/IET BhIYUC/IATh-
cs Ta WK Mnas GyHKUKs, He YIaCTCs, eC/I MBI XOTUM CO3/1aBaTh 3¢ EKTUBHbIE MTPOFPAMMBL.
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OcHoBaHug ¢popmanusma Hepua

BepHemcs k paboram Yepua. Ecin yHKIMOHANBHOE IPOTPAMMHUPOBAHHE
OCHOBaHO Ha CTaHAAPTHOM IIOAXOJ€ MAaT€MaTHKOB K PEICHHIO 3aj1ad, NpH
4eM 35eCh AIMOfa-HeuncieHue ?

MaremaTH4ecKye 3arucy HEAOCTATOMHO (GOPMATBHBI TS IOCTPOEHNS MOENH BbI-
qucneHHst. MBI Bcerga HesIBHO MCIIONb3YEM MHOIO Pa3iHYHbIX ONYIIEHHI, YiTast
maremarnyeckue popmynsl. Hanpumep, uro takoe £ (x) ? BeposiThHo, HekoTOpas
¢ynkums. A uro takoe f (x,) ? Crkopee Bcero, uncno®. OObIYHO NepeMeHHas
6e3 MHaeKca CyMTaeTcs cBOOORHOM; OHa JIMINIb YKa3b[BaeT MECTO, NpeaHa3Ha-
YeHHOE /LTSI TIOACTAaHOBKH HEKOTOPO KOHKPETHO! BennduHbL. Jatee, 4ro takoe
flg(x, + 5))? Komnosunusa pyskumit? A Moxer, g — He UMsl (DYHKITHH, a
obvraHast nepemenHasi? Torza 3HaueHne £ onpemessieTcss B TOUKE g* (X, + 5).

3acayra Yepua cocrout B pa3paboTke popMaabHBIX NPaBU 3anucu QYHKIUN
¥ onlepanuii Hax HUMU. Ecnu He yrnyOasgThes B feTany, CyTh COCTOHT B pabore
C TaK Ha3bIBAEMBIMH A-bIPAKEHUAMU W NPABUNIOM PEOYKIULL.

JIam6,a-BbipaXxeHus

JsmOna-BeIpaKeHNe MOXHO 3aIUCaTh C NTOMOIIBI0 KOHTEKCTHO-CBOOOIHOM
IPaMMaTHKH:

E>IV (AT . E) | (EFE

3peck E — 3TO A-BHIpAXEHHE, a I — HEKOTOpHU HaeHTHHKATOp (TlepeMeH-
HasT) 1100 KOHCTaHTa. KOHCTAHTH OTHOCATCS K paclllipeHHsIM A\-UCUNCHEHHS,
NOAAEPXKMBAEMBIM QYHKIIMOHATIBHBIMA SI3BIKaMH NTporpaMmMupoBannsl. Takxke
Ha MpPaKkTHKE AONYCKAETCs HCIONb30BaHUe B NsiMOna-BRIpaXEHUSIX apHbMe-
THueckux onepauuil. Beipaxenne suna (M. E) cnyxur ans popmansHoro
onpegenenust Gynkuun. [Ipedpukc Al . ykaspiBaeT Ha TO, 4TO NEepeMEHHAs
I — aprymedT QyHKuMH, 3agaBaeMo BoipaxenueM E. Hanpumep, dynkuns
f(x) = 5*x B HOBBHIX 0003HaYeHHUsIX OYAET 3aMUCAHA TaK:

f= (Ax . 5*x)

B nambpa-ncqucnennn 1oboe \-BrIpaXeHue OnuceBaeT QyHKUIMIO, MMEIOIYIO
OIMH apryMeHT. OTOT apryMeHT, KaKk M Bo3Bpamjaemoe QyHKuHel 3HaueHue,
caM 1o cebe SBASETCS A-BHIPaXKEHHEM.

OyHKIHHA OT ABYX U O0Jiee apryMEHTOB MOXHO OIUCATh C IOMOUIBIO IIENOYKHI
A-eipaxenuit. Tak, dynkuns £(x, y) = 5*x + y Oyxer BHIJSIETh Kak

f= (Ax . (Ay . 5*x + v))

% B mMaTemaTHKe, KAK U B IIPOrPaMMHUPOBAHUM, 3HAYeHHEM (DYHKIHMH MOXeT ObITh HE TOJbKO
00BIYHOE YHUCI0, HO U «0ODBEKT», TAKOH KaK MaTpuia WM BexTop. B dyHKUMOHAILHOM NMpo-
rPaMMHUPOBAHHUN BO3MOXHOCTb YKa3aTh B KaueCTBE BO3BPALIAEMOro 3HAYEHHU CIOXHBIK TUIT
JAHHBIX TOXE MPeLyCMOTPEHA.
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MpaBuno pegykuum

[Tpasuiio peayKuuu 3aKmodaercs s nipeobpasosanuu 3anucu siga (A 1. E) E)
B A-BbIpaxXeHue, ojyyaeMoe 3aMeHOl KaxXgoro cuMsoia I BblpakeHus E Ha
BeIpaxeHue E’. Hanpumep:

((Ax . 5%*x) 3) = 5*3

TakuM 06pa3oM, IPaBIIO PEAYKUAH TO3BOISET MMOACTABAATH DaKTHIECKHE
3HAYEHUS ApPT'YMEHTOB, YTOOBI NOTYYUTh 3HaUeHne PyHKIMN B HHTEPECYIOTIE
Touke. JIng QyHKuu ABYX apryMeHTOB IOJACTAHOBKA BBIVISLAUT TaK:

((Ax . (Ay . 5*x +y)) (12)) = ((Ay . 5*L +y) 2) = 5% + 2

Ecnu s pe3yiabTaTe NOoACTAHOBKM TOAYyYaeTCs apn(bMemquKoe BbIpaXCHHUE,
cocrodmee Anib U3 U3BECTHLIX BEIMYNH, Cpeaa IporpaMMIIpOBatsl MOXET
€ro BbIYUCIUTD.

O6paTure BHUMAHUE, 9YTO PYHKUMS OT ABYX apryMeHTOB IpeACTaBaseT coboi
KOMNO3UUKI0 PyHKUUH, TO €CTh QYHKHIO, apryMEHTOM KOTOPOH SBisieTcs

apyrast pyHruus!

[TporpamMmMupoBaHne Ha «4UCTOM» ASAMOJA-UCYUCIIEHUH, BEPOSTHO, ObLTO OB
3anpenensHo caoxHbIM. K cuacTsio, QyHKuMOHANbHBIE S3bIKU IPEXOCTABISIOT
nporpaMMucTy Gosee yRoOHBIA (HO 110 CMBICTY CXOXHBIN) CHHTAKCUC.

11.7.3. Mpumepbl GYHKLUMOHANBbHBIX NpOrpamMm

MpocTeiilunii npumep: BbluucIieHne pakTopmuana

Tenepp g X04y NPUBECTH HECKONBKO MPOCTHIX IPUMEPOB Ha HACTOSILEM
byHKLKMOHATBHOM f3bIKe NporpammuposaHus Standard ML (s seibpan ero
AMIIB YIOTOMY, YTO 3HAIO €ro JyYIle APYruX A3BbIKOB).

Hausem ¢ dyHkuuu BeraucieHns ¢akropuana, Kotopass Ha SML Beirasgut
IOYTH TaK X€, KaK U Ha UMIIEPATHBHBIX S3bIKAX:

fun factorial 0 = 1
! factorial n = n*factorial(n — 1)

B onmcaHnn QyHKuuu pakropuana nepevdncieHsl 1sa pakra:

1. daxropuan Hyiq ecTb €ANHNUIIA;
2. ¢dakropuan Yucia n €cTh I, YMHOXeHHoe Ha QpakTopuai n — 1.

3arpysus onpexeieHne GyHKunu B UHTepnperaTop SML, MoxHo nomnpo-
00BaTh 3a/aTh HECKOAbKO Bompocos. Hanpumep, MOXHO IIOCMOTPETH, YTO
npeacrasaseT coboll unentTudukarop factorial:

- factorial;
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yepa SML oTBETUT:
/al it = fn : int -> int

€Cb CKa3aHo, YTo pakTopuan — 3710 Gyukuus (fn), nepesoasimas aprymexr
I1a int B 3HaYEHME, TakKxXe umemnomee T int. OTKyaa B3SUIMCh THIIEL?
DOaHANHM3UPOBaB onucanue QyHkuuu, cpera SML onpenenuna, 4To MBI
NOJIb3yeM BXOJHON apryMEeHT B apu@dMeTHYeCKOM BBIPAaXXEHUH, O3TOMY
O THII OBLT PACIIO3HAH KaK YMCHOBOHM. Pe3ynbraT BEIYMCIEHUS BEIPAXEHUS,
TEPXKALIEro YMCIOBblE NaHHbIE, TAKXKE SBISETCS YUCIOM.

DU KeJJaHUM TUIH apryMEHTOB MOXHO YKa3biBaTh U BPYYHYIO, HO MCIONb-
BaHKe OECTUIIOBHIX MEPEMEHHBIX NIOPOIO NO3BOJNMET MUCATh YHUBEPCANbHbIE
HKLMU. JlonycTuM, TpedyeTcs oTcopriposath Maccus. Kakas pasHuna, 4ro 3a
BEKTHI OH COAEPKUT? JIOCTaTOYHO 3HATD, YTO NIEMEHTH MAaCCHBa MOTYT OBITh
OPSIIOYEHBI C IOMOIIBIO0 KaKOW-HUMOYAL cnyXeOHoH QYHKIIUM CPaBHEHHA.

YcnoBHasg onepauuns. CoKkpalieHHas cxemMa BbluUcieHuin

CCMOTPUM TeNeph olipeneneHue GYHKIUH, BO3BpaImawiei 6onpiiee u3
yX YMCeN:

un max{x, y) = if x > y then x else y

a r1pocTas QyHKIMS WLTIOCTPUPYET Cpa3y ABe HOBBIX KOHCTPYKImu. ITepras
HUX — yCioBHas onepaims i £. OOpaTuTe BHMMaHUe, YTO KOHCTPYKLUS 1 f
3pike SML He MMeeT HUYero o0IIETO ¢ BETBAECHUEM B MMITIEPATUBHBIX SI3BIKAX.
TOBHAs orlepanus paboTaeT aHaJIOTHYHO onepaimu (ycnosue ? X @ y) si3bika
£: eCIU YCIOBKE BHINIOTHAETCS, TO Pe3ysbTaToM OyneT 3HaveHue x, HHave — .
00Bl OKOHYATENbHO yOEAUTH BAC, YTO UCIIONb30BaHUE YCIOBHOM Onepanuu
IIPOTUBOPEYMT [IPUHIMITAM QYHKIIMOHANBHOTO IPOTPAaMMUPOBaHUSL, MOXHO
pernucarh yCJIOBHYIO ollepanyio B popMe 0OBIMHON (QyHKIMH:

un my_if(true, %X, y) = X
my_if(false, x, yv) =y

K, Ha 3a0poc my_1f(1 < 5, 1, 5); cucrema SML mmiaacr orser
al it = 1 : int

KHBIM OTJIMYHMEM CTaHAAPTHOM oNepanuu if A3bika SML or dyHKunun
_1f aBngercsa Mcnonab3yeMas ey COKpallleHHas cxeMa pbryucneHus. Kak
OUCXOAUT BHIYMCIEHUE, HAIpUMED, BhIpaXxeHUd 1f n <> 0 then
0 div n else 07?77 CHavana onpenensieTcs, BHIIIOJHSIETCS U YCIOBUE
<> 0. Ecau ycnosue BHITONHSAETCS, BEIYMCISIETCS ¥ BO3BPAIIAETCsl 3HAYEHUE
0 div n; B IPOTHBHOM Clyyae Bo3ppainaercs 3Hadenue 0. Takum obpasom,

Beipaxenue a div b o3navaer llenouncienHoe fiefienne a Ha b.
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U3 Tpex BhIPaXXEHUH, yJacTBYIOIMX B Ollepauui i f, Bcerna BEYUMCsieTCs Ui
IBa: yCJIOBUE ¥ BBIpaXeHue, Kotopoe GopMupyeT Bo3BpaniaeMoe 3HaYeHHE.

ITpu BbuMCIEHUH pe3yabrata QYHKIUM my 1 £ 3HaYeHUs BCeX Tpex apryMeH-
TOB OYAYT onpeneastbcs B KaXAoM cayvae. [lo3ToMy BBI30OB, Kazajock OH,
3KBUBAAEHTHOU QyHKuyMM my _1if(n <> 0, 100 div n, 0) AN 3HAYEHUS
n, PaBHOTO HYJIO, IpUBEET K OIIUOKe HeaeHust Ha Hyap’.

BTopasx HOBast KOHCTPYKMA, UCTIONIE30BAaHHAA B TEKCTE q;)yHKHHH max, CTaHO-
BUTCA BHMGTHOﬁ, €CJM BHIBECTHU Ha 3KpaH OMUCAHUC HHEHTHQDHK&TOP& max:

- max;
val it = fn : int * int -> int

O6parute BHUMaHUE, YTO QYHKIMUS IPUHUMAET JIMITb oquH aprymeHt. Kpome
TOTO, TUM apryMEHTa Ha TEePBBI B3 BRI IUT HeoObyHO — int * int. Tot
(axrt, uro nobasg GyHKIM S NPUHAMAET JUIIb OMMH apryMEHT, HEYIVUBUTEIEH:
UMEHHO TaK ¥ JOJXHO OBITh, €CAU CAEHCOBATH MPUHUUNAM A-MCYUCACHUS.
Ilepeyucnus vepes 3alsSTYI0 ABa apryMeHTa B KPYTABX CKOOKax, Mbl, Qak-
THYECKM, OMUCANH TOABKO OMMH apryMeHT, SBISIONIMICS Kopmexem U3 ABYX
LeNbIX epeMeHHsIX (int * int).

¢’YHKI.|,VWI BbICLUMX NOpPAAKOB

Eciu BB mOMHUTE, B A-MCUMCIEHUU MOXHO 3amucaTh QyHKUUMIO OT ABYX
ApPTYMEHTOB B BUIE LEMOYKM ABYX OFHOAPTYMEHTHHX OYHKuMM. H3pk SML
TOXE MOJAEPKUBAET 3TY BO3MOXHOCTb, [I03TOMY (PYHKIMUIO maX () AOMYCTUMO
TaKXe OlpeaeauTh Kak

fun max x y = if X > y then x else vy

Ha nepsbiif B3rs1, NOYTH HUYETO HE U3MEHMIOCh, HO TOCMOTPHUTE HAa HOBOE
omnucaHue max B cpexe SML:

val it = fn : int -> int -> int
EHHHCTBCHHOMY LHEeAOYUCACHHOMY apI‘YMCHTy beHKIIHH max Tenepb COQTBET-
CTBYET BO3BpalLIaEMOE 3HAUEHUE, CaMO gBigtonieecst GyHKume. DTa GyHKIu,

B CBOIO Oyepeab, NEPEeBOIUT nenasit AprYMECHT B UCHOC 3HAYCHHC. (DyHKIIHIO
max MOXHO UCTIOAB30BATE TEM XE CHOC060M, YTO U paHbIIC:

- max 2 5;
val it = 5 : int

MoxHO TakXe B SBHOM BUj€ TMOAYYUTH QYHKUHUIO, KOTOpas SBASETCS BO3-
BpalaeMbM 3HaYeHHEM max Mocie MOACTAaHOBKY KaKoro-HUOyab 3HaYeHUs
apryMeHTa, Halpumep, 5:

fun p_max x = max 5 X

% 9ro BepHo nias SML, Ho He oTHOcuTCs K A3bikam Bpore Haskell, noagepXuBaiomum Tak Ha-
3blBaembie JieHuBbie BhluKMcaeHua (lazy evaluations).
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TIePb MOXXHO CPaBHUBATH NI000E IMCIIO C MATEPKOU, BBI3bIBAS D_max:

- p_max 3;
val it = 5 : int
- p_max 10;
val it = 10 : int

Onepauuu co cnuckaMmu
ANOCHENOK AaBaiiTe 06CyAuM paboTy CO CIIUCKaMU.

TMCOK — 3TO CTaHZapTHOe NS (PYHKIUOHATIHHOTO IPOrpaMMMpPOBaHMS
eCTaBNeH)E TOCNEN0BATENbHOCTH 3IEMEHTOB (moboro uma). Criucky, 3a-
BaeMBbIE KaK 3aKJIIOYEHHbIE B KBaAPaTHbIE CKOOKY HabOOpHI NIepeaucIeHHbIX
pe3 3arsTyIo 3NEMEHTOB, HAIPSAMYIO NOAREpXUBaloTes s13pikoM SML. Huxe
Ka3aH guanor ¢ cucremoil SML, coobmaiomuil o ToM, yTo 06BekT [1, 2, 3]
NSIETCS CITUCKOM IIeNbIX YMCen:

- [1, 2, 31;

ral it = [1,2,3] : int list

11 00BABIECHHS CIIMCKOBOTO aPTyMEHTa QYHKLMY UCITOIB3YETCS CHENUATb-
1 CUHTAaKCUC: ,

¢ 3armuch [] obo3navaer HyCToﬁ CITMCOK;

¢ 3aMUCh €, :: €, w 11o€, i e, O003HayaeT CIUCOK U3 3je-
MEHTOB €4, €, .. en, 33 KOTOPBIMYU CHEAYeT CIUCOK €, («XBOCT») U3 BCeX
OCTAJBHBIX 3JIEMEHTOB.

DOCTEUINUM MPUMEPOM aNropuT™Ma, paboTaomere ¢o COUCKOM, MOXET
ykuTh QyHKIUS member, KOTOpas onpenensieT, sIBASLETCS JUM 3NEMEHT e
€HOM JaHHOI'O CITHCKA:

un member (e, []) = false
| member (e, h::tail) = if e = h then true else member (e, tail)

L PYCCKMIA 5I3BIK 3TO OMUCAHME IePEeBOAUTCS TaK:

l. aMeMEHT € He ABJAeTCS WIEHOM IyCTOro crmcka (KakuM Obl HU ObLI €);

2. 3NIEMEHT € ABJNAETCS WIEHOM CIIMCKA, eCTIM OH PaBEH NEPBOMY 3E€MEHTY
CIMCKA; B IPOTUBHOM CIIy4ae 3aa4a CBOAMTCS K ONIpeAesIeHUIO, SABIIAETCS
JIA e 3JIEMEHTOM XBOCTa MCXOZHOIO CIIMCKA.

K BUIMTE, B QYHKLMOHANLHOM IIPOTPaMMUPOBAaHUM HET HU IIPUCBAUBaHuUl,
TIepEeMEeHHBIX, HU IMKIOB”. EAMHCTBEHHbIN C11I0CO0 OpraHUu30BaTh MHOTO-
aTHOE BBIIIOJIHEHKME HEKOTOPOW ONEpanyuy COCTOMT B CO3JaHUM PEKYPCUB-
7 QyHKIUNA.

51 rOBOPIO O «HUCTOM» (HYHKLIMOHAILHOM MpOrpaMMUpoBaHvy. JIi060if pa3BUTHIA A3BIK Mpeao-
CTaBJIeT KaKHe-TO BO3MOXHOCTH, BHIXONAMIME 32 3TH paMKU.
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CopTupoBKa cnucka

Teneps nasaifre paccMorpuM Ooee MHTEPECHBHH NIpUMEP — COPTHPOBKY
CIICKa YHCel. 3anporpaMMHpOBaTh €€ MOXHO, KOHEYHO, Io-pasHomy. S
mpejuiaralo cienyoumit noaxon. Jonycruym, PyHKIUs rotate npeobpasyer
CIUCOK TaKUM 00pa3oM, 4T0 ero MUHUMAJBHBIA 31€MEHT OKa3bIBACTCA B Ca-
MOM Havale. [Janee, ycth CUCOK (nh::ntail) roayvyaercs B pe3ysbrare
IPUMEHEHUS rotate K UCXORHOMY CIIUCKY. Toraa MOXHO NOAyYUTh OTCOPTU-
POBaHHLIM UCXOLHBIM CMIMCOK, €CNU MIPUCOEAUHUTE nh K OTCOPTUPOBAHHOMY
XBoCTy ntail. Bor u Bce.

MHe Kaxercs, YTO peKypCUBHbIE KOHCTPYKIIMHU Ha S3bIKE IIPOrpaMMUPOBAHUS
BBITVISAIST MIOHSITHEE, IO3TOMY ITPUCTYIMM K pabore. Jns Hayana HaM roTpe-
Oytorcst nee cayxeOHble QyHKUuU. [Tepas HaXOMUT MUHUMABHBIA 37eMEHT
B 33/1aHHOM CITHCKE:

fun listmin (e::nil) = e
| listmin (h::tail) = if h < listmin tail then h else listmin tail

MuHUMaBHBIM 3€MEHTOM OHO3NEMEHTHOTO CITHCKa (e::nil) (3ape3epBupo-
BaHHOE CJIOBO nil 0003HAYaeT MyCTOH XBOCT) SIBISETCS €10 eMHCTBEHHBIN 31e-
Mexr. Ecny Xe B CIIUCKe TPUCYTCTBYET O0/iee ONHOTO 3NeMEHTa, CIeAYyeT BEPHYTh
MEHBIIIEe U3 JIBYX YKCEN: I'OJOBHI CITMCKA ¥ MUHMMAILHOTO 3JIeMEHTa XBOCTa.

Bropas dyuknus so6asisieT HOBOE YMCIO B KOHelr CIIMCKa!

fun append (e, []) = (e::nil)
[ append (e, h::tail) = (h::append(e, tail))

HJo6aBuTh YUCAO B HAYaJlO CHUCKA OYEHBb IIPOCTO. EcCiau AaH 3neMeHT e u
CIUMCOK (h::tail), IOCTATOYHO BCErQ JWMIIL BOCHOAB30BATHCS 3aIMCHI0
(e::h::tail). JobaBuTh 4T0-AMOO0 B KOHEI[ VX€ CHOXHEee: YIDUAECTCS CHa-
Jada JOUTH OO0 KOHI[A CIIMCKA, a yXe [MOTOM BHOCUTH M3MEHEHMS.

Teneps onpeaenum QyHKUMIO rotate:

fun rotate {] = []
| rotate (h::tail) = if h = listmin (h::tail) then (h::tail)
else rotate (append(h, tail))

Ecnau BxomHO# crnivcok myct, npeoOpa3oBaHus He Tpebylotcs. Ecm nepsolit
3M€MEHT CIIUMCKA SBASETCS OAHOBPEMEHHO €r0 MMHUMAJbHBIM 31EMEHTOM,
HUYEro MEHSTh TOXE He HaAo. B MpOTUBHOM cllydae NPUeTCcs pacCMOTPETh
CIMCOK, B KOTOPOM T'OJIOBHOI1 3NeMeHT NepeHeceH B cambiil KoHen. [Tocmo-
TpUM, K IIpUMepy, Kak npeobpasyercst crucox (2, 3, 1, 5] B mponecce BuIYUc-
neHust PyHKLUYU rotate:

[2, 3, 1, 5]: ycrnoBue h = listmin (h::tail) He BuIONHSETCS;
BH3LBaeM rotate mns crmcxa [3, 1, 5, 2]
(3, 1, 5, 2]1: 70 Xe camMoe, BH3HBaeM rotate [1, 5, 2, 3]
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[, 5, 2, 31: roynosa CIVCKa paBHa eT0 HalMeHLlleMy 3JIeMeHTY,
3aKaHdYlBaeM paboTy

JcTasioch JUIb HanucaTh QYHKUMIO sort, KOTOpas BHIIARe A OBl COBCEM
IPOCTO, ecnu OBl He MPHUINJIOCH UCTIOAB30BaTh AOMONHUTENbHBIE ClyKeOHble
1oBa SML:

fun sort [] = []
| sort (h::tail) =
let val (nh::ntail) = rotate (h::tail) in

(nh: :sort (ntail))
end

leppas 4acTh onmcaHud, AyMaro, MOHATHA: COPTUPOBAHHAS BEPCUS MTyCTOrO
NMCKa NPeAcTasseT coboi mycroit cnucok. Bropas vacts (Ha cMecu pyc-
xoro 1 ML) 3ByuuT Tak:

sort (h::tail) = (nh::sort(ntail)), rme (nh::ntail) = rotate (h::tail)

Jarch val (nh::ntall) = rotate (h::taill) He sBJgETCA IpUCBaNBa-
weM. OHa ITnib no3BosisgeT oOpataThes K pe3yIsTaTy, Bo3gpaimaeMoMy QyHK-
MEH rotate, Kak K HaCTOSEMY CIIMCKY, y KOTOPOI'O eCTh ronoBsa ¥ XBOCT.

Fenepb MOXHO yBUAETH PE3yJbTaT COPTUPOBKU CIIMCKaA!

- sort [5,1,2,3,4,0,7,3,4};

val it = [0,1,2,3,3,4,4,5,7] : int list
\aK BIANTE, TOJBKO YTO CO3RXaHHas QyHKUUS COPTUPOBKM paboTaer Kak u
peboBasoch, HO HacKOJAbKO OHa 3¢ dekTuBHa? OnpenesieHue OvepeTHOTO
JIEMEHTA COPTHPOBAHHOTO CIKCKa TpedyeT (BO3MOXHO, MHOIOKPATHOIO) «IIpO-
pyurBaHus» ero xsocTa. ITo cymv mesa, orMCcaHHblil arOPUTM MPEACTABJIAET
0060¥ Pa3HOBUIHOCTH COPTUPOBKH 0OMEHOM, KOTAA OUepeHON DJIEMEHT CITUCKA
 LMKJIE MEHAETCST MECTAMM C HAMMEHBIIIMM 3JIEMEHTOM XBOCTa. TakuM abpa3oM,
allla IPoNIEAyPa He CIUIIKOM-TO 3 deKTUBHA: IJIs1 COPTUPOBKY ClMcKa u3 N
JIEMEHTOB €I oTpebyeTcst BHITOIHUTE nopsinka N? onepauuit. B To e Bpems
aK HasblBaeMast «OBICTpast COPTUPOBKa» TpebyeT B cpeXHEM BCeTO JUUIb M0-
saka N * log N onepaliyii A1 cCOpTHPOBKY CIIMCKA TOTO Xe pa3Mepa.

f0XHO CKOJNBKO YIOXHO rOBOPUTH O AEKIAPATHBHOCTH (pyHKUMOHAIBHOIO
[POrpaMMMPOBAHUS: B 3TOM CMBICIIE JTI000e oTpeie/ieH|e QyHKIIUM COPTUPOB-
U OMMHAKOBO Xopouio. OXHAKO 3a0bIBATE O NPOLEOYPHOM 3HaUeHUU QYHKLI-
HaJIbHOI TporpaMMel (TO €CTh O TOM, KakK OHa PeaJbHO OyReT BBITOJIHATHCS)
oxe HeJb3s. BrnipoyeM, Kak mUIET O CXOXel mpobiieMe meKIapaTUBHOTO
3bika Prolog MBan BpaTko, «MHOTMe MpOrpaMMHUCTHI PUAEPKUBAIOTCS
3NISIAOB, YTO JIy4yllle MMETh B pPOrpaMMe XOTh KAaKOE-TO AeKJIapaTUBHOE
HaueHue, 4eM BOoOIe HUKaKoro».%

° 1. Bratko. Prolog Programming for Artificial Intelligence, 3rd Ed. Pearson Education Limited,
2001. Umeerca pycckuit nepeson: M. BpaTko. AIropuTMEI MCKYCCTBEHHOTO MHTE/LIEKTA HA A3bIKe
Prolog, Tpetbe usganue. Mockga, «Buibamces, 2004,
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Komnoauuuu pyHKuMiA

CaMeiit mocneAHUMN pUMeEp MPU3BaH NPOUUIIOCTPUPOBATD, HACKOABKO JEerKO B
SML M0xHO KOMOMHUPOBATH PYHKIIMKA MEXAY COOOM Ag MONYYEHUS HOBBIX
aJIrOpPUTMOB.

®yHkMs map npuMersieT GyHKuuio f K KaXX oMy 3AeMEHTY UCXOTHOTO CITHCKA
(e, €5 ..., €,], GOpMUPYS pe3yabTUpYIOIMIT CTMCOK [f(e;), f(e,), ..., f(e,)]:

fun map £ [] = []
| map £ (h::tail) = (f h)::(map f tail)

Teneps MOXHO TlepenaTh Ha BXOA map 1100yI0 QYHKUMIO, TaK MJIU WHade
npeobpasyomyn OTAeAbHBE MeMEHTHL:

fun square x = X*X .
- map square [1,2,3,4,5];
val it = [1,4,9,16,25] : int list

MoxHo gaxe OTCOpTHUPOBATH OTACABHBIE 3JIEMEHTHI CTIUCKA, €CJIM OHU CaMU
o cebe SIBASIOTCS CIIMCKaMU:

—

- map sort [[1,2,0,31, [7,3,4,5]
val it = [[0,1,2,31,13,4,5,7]1,10

11.8. C/I0OXXKHOCTb 32434 U CNNOXHOCTb CUCTEM

ITocne npocTpaHHOro OTCTYILIEHU S, TOCBsieHHoro Gopmanusmy Yepua, mopa
BEPHYTHCS K OCHOBHBIM T€MaM IJIaBhl.

HeT coMHeHuit, 0O4eHb BAaXHO MPOBECTH 3TOT BOXOpPa3fen: 34€Ch 3axavy,
KOTOpPBIE MBI MOXeM PEeIUTH (XOTst OBl B TEOPUH ), @ BOT 34eCh 3a1a4M HEpa3-
pemmmble. TeM He MeHee, MUP HE COCTOMT JMIIb U3 Y€PHOTO U O€10r0o; MIOMHUMO
JIBYX KpafiHOCTe# — pa3s’peiuMBbIX ¥ Hepa3pelluMbIX 3a1a4 MOXHO BBIIETUTD
33Javy perraeMble, HO MMeIOIMe Pa3IuyuHYIO CTelleHb CIOXHOCTH.

PaccmaTpuBas pasauuHble SI3bIKH, Mbl, KOHEYHO, YXKe CTaJIKUBAIMCh C pas3aud-
HBIMH CTETEHSIMY CTOXHOCTH 3a7a4 (eure pa3 HaOMHIO 00 3KBUBAJIEHTHOCTH
3afa4 ¥ A3LIKOB). Tak, peryasipHbId S3BIK B HEKOTOPOM CMBICHE TIPOLIe KOH-
TEKCTHO-CBOOOAHOr0 X0Ta OBl TOTOMY, YTO 14 €0 pacno3HasaHus Tpedyercs
MEHee MOUIHOE yCTPOUCTBO.

C apyroit CTOpOHH, B MOAABASAOLIEM OONBINMHCTBE CRydaes pa3dpaboTKa
pEaibHEIX AIFOPUTMOB TpeOyeT MOIMHOCTH MAIMHB ThIOpMHTA, TO3TOMY
KiaccuduKanus I36IKOB, [10J1e3Has 1py pa3paboTKe KOMIMAATOPOB ¥ Oubiu-
OTeK aHaW3a PeryisipHBX BRIpaKeHUH, OKa3bIBaeTCs yXe He CTOAb BaXHOM.
ITpakTUvecKH BCe pa3pelmuMble 3afa4vy, BCTAIOLUE NEPe IPOrpaMMHUCTaMU,
cpa3y Xe NoNafaloT B KJIaCC PEKYPCUBHBIX.
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TakuM 00pazoM, BHYTPH MHOXECTBA pa3peliuMbIX ( peKYPCUBHBIX) 3a1a4 Cy-
IECTBYET CBOsI COOCTBEHHAST KJIACCU(UKALIHS CIIOKHOCTH, U3ydaeMast meopueii
cnoxHocmu svimucaenuil (complexity theory).

11.8.1. Knaccbl P u NP

Onpepenenne knaccoie P u NP. 3agaun us knacca P

3HauuTeNbHAs 9YaCTh COBPEMEHHON TEOPHH CIOXHOCTH TaK WY NHAYE CBSI3aHA
C U3Y4YeHHEM TaK Ha3bIBaeMbIX Kjaccos P u NP (MBI Apyrumu 3aHuMathcs U
He OyzmeM, XOTsl, KOHEYHO, IBYMs KJIacCaMH NPEACTaBICHHE O CIOXHOCTH 3a-
Ja4 He MCYepIbIBAeTCs).

PacinposriBaroTcs 3TH HazBaHusA 10BOnbHO npocto. K xnaccy P npunan-
Jexar 3aj1avud, pelmaeMsie 3a noaMaomMuansroe (P) BpeMs ¢ moMombo 0O~
Ho# (meTepmMuHupoBaHHO) Mawnael Triopunra. K knaccy NP npunagnexar
3amavy, pellaeMele 3a MOJIMHOMMaNbHOE (omATh Xe P) BpeMs ¢ momomisio
HegeTepMUHUpOBaHHOK (N) MammHbl ThIOpHHTA.

Yro 3HAUMT «pelIaeMble 3a NONMHOMMANbHOE BpeMs»? IlycTe BXoaHble maH-
Hble, 3aUCAaHHbIe HA JIGHTY MawuHel TriopuHra, ymemaoTcs: B N sgdeek.
Torma aT0 ycnoBue o3HayvaeT, 4ro 1 MoAy4YeH!sI OTBeTa MalllMHEe JOCTaTOUYHO
coBepiuuth He 6onee T(N) nepexonos, rae T(N) — HEKOTOpHI MHOTOUIEH
orgocuTensHO N.

BosrMeM, HanpuMmep, Mamuay TriopuHra, paciosHaomyio si3sik {a"brc} (s
3Hal0, 4TO 3T0 OBUIO TABHO, HO JaBaliTe monpobyeM BCIIOMHUTE). DTa MalIy-
Ha IoC/e0BaTeNbHO 3aMEHsIeT B HCXOOHON CTPOKE MAyIIUe APYT 3a APYroM
CHMBOJEHI a, b u ¢ Ha pobenrl. CTpoKa, B UTOre OKa3bIBAOIIASICS NOJHOCTHIO
3areproil mpobenamu, gonmyckaercst. CKONBKO Xe IepexomoB TpebyeT mo-
nobueiil anroput™? [laBaiite nonpoOyeM NpUKUHYTh. Xyamui (Haunbonee
TPYIOEMKHMIi) ciyqaii BO3HUKaeT IPH aHallu3e CTPOKHU, MPUHAAIEeXAIeH SI3bIKY
{a"b"c"}, MOCKOJNBKY MalllMHE MPH 3TOM MPUXOAUTCS MONHOCTHIO 3aMEHSTh ee
npobenamu.

Ecnu xe cTpoka He npuHAANECKHAT TAHHOMY SI3BIKY, 3TOT ¢dakT OyneT obHapy-
XeH padblle, U paboTa MaIIMHbI 3aBepIINTCs. Ecnu nnuaa BXOXHON CTPOKM
(Buma {a"b"c"}) paBHa N, To aiMHA KaXaoi U3 MOACTPOK aa...a, bb...bucc...c
pasua N / 3. Orcroza cnenyet, 4To A1 3aTUPaHUs BCeil CTpoKM nmpodenaMu
mamuHa TrIOpHHTa JOXHA NporynAaThest no Hell posHo N/ 3 pa3!®. Kaxnas
Takas nporyika tpebyer BrimonaHeHUsi N melcTBUI, MOCKOABKY MCXOXHAS
CTpoKa conepkuT N cuMBOIOB. MOXHO B3IMISIHYTh Ha MamuHy ThiopHHra U 1o-

101 Boob1ue-To, eciy Bbl IOMHUTE, lTepe HayajloM paboThl OCHOBHOTO 610Ka MalIMHbI BLHTOIHAETCSH
elle OJUH peia No CTpoKe — YToOBl MOCTABUTh B €€ KOHell ciayxeOustit cumeon <l. Bnpouew,
Ha Pe3yJIbTaThi HAUIErO aHAJIM3a 3TO HMKAK HE BIHSeT.
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CYUTATh TOYHO, BO CKOJILKO II€PEXOI0B obxogurcs moboe IEeUCTBUE, HO B 3TOM
HeT ocoboit Ha[[O6HOCTI/I, TdK KdK HAC MHTEPECYECT JINIUb IMOJJMHOMHUAJIBHOCTh
3aTpavYuBA€MOro KOJIMYECTBa IIEPEXONOB, d HE €ro KOHKPETHOE 3HAUYCHUE.

TakuMm obpasoM nonydaercs, 4ToO 3ama4dd pEIIaercst ¢ MOMOIIBIO MOPSIKa
N * N/ 3 nepexonos. Bonmue6ras ¢pasa «mopsiika CTONbKUX-TO OMepauii»
03HavyaeT, YTO T€ MJIM MHbIE KOHCTAHThl HECYIIECTBEHHBI, JOCTATOYHO YKa3aTh
Juib o0 Bua nonyvaiomeiicss pyakumu. ITosTomy Beipaxenne N * N /3
MOXHO emle ynpocTuTh xo N?. B urore MoXHO crmenaTh BBIBOH, 4TO 3aqava
pacro3HaBaHus si3bIka {a"b"c"} mpHHaAmNEeXHT Kaaccy P, MOCKOABKY mis
ee pemexnst Mamnae Toiopuara norpedyercst O(N?) onepaunit, a N? ects
MHorowied oT N.

Yrobel cobmocTr (popMaNBHOCTH C YKa3aHHEM KOJMYEeCTBa I1€PEXOAoB, Ha-
noMHI0, 4To 3anuck O(N?) MOXHO IpovyecTh TaKxke KaK «He Oonpme K*N?2
nepexonos, rae K — koHcranTar. Tak 4ro obumee KONMYECTBO MEPEXOn0B
JEeHCTBUTENBHO BBIPAXaeTcss MHOrOWIeHOM oT N.

Yto npuMeHnMo K MammnaaM TrIOpHHTa, IPUMEHUMO U K OOBIYHBIM KOMIIBIO-
TepHBIM IporpamMmam. Ecim HekoTopast 3agada pemaercs 3a HOJTMHOMHAJIEHOE
BpeMs MAIIMHON THIOpUHTra, MOXHO HAIIMCATE IIPOrpaMMy, PeHIaroiyio 3agady
TaKXe 3a NoJMHoMHuansHoe Bpemst. KomnpioTepHas mporpaMma MOXeT OBITh
HaMmHoro 3¢ dexrtubdee. Hanpumep, 4ToOBl CUUTaTE HEKOTOPHIA 3/71eMEHT ¢
JIeHTHI, MalIvHe THIOPUHTA NPUXOMUTCS OBUraTh B LMKJE CUHTHIBAIOLIYIO
TOJIOBKY; B IIpOrpaMMe oOBIYHO MOXHO 3a OZHO AEHCTBHE OOPaTHTHCS K JHO-
6oif naTepecyoueil Hac sveiike maMaTH. OMHAKO 3TH YIYYIIEHUs] HUKAK He
BJIMSIOT Ha NPUHALAEKHOCTE 3a1a4M K Kiaccy P.

‘Ecnn mammna ThiopuHra, K OIpUMepy, pemaer 3agavy 3a Bpemsa O(N?), a
KOMIIBIOTEpHAsA MporpaMma penaer 37o, 3arpaunsas O(N?) uan gaxe O(N)
JelCTBUii, Bce PaBHO MTOrOBOE BPEMsI OCTAHETCsl MONMHOMUANBHBIM. Jlaxe
BBIDOXJIEHHHI Clydail «OgHOIIAroBoi» 3axavm, pemaeMoii 3a Bpems O(1),
NpUHALIEXHUT Kinaccy P, n6o KoHCTaHTa Toxe (GOPMANbHO SIBASETCSI MHOTO-
qieHoM oT N (B KoTopoM cTeness npu N paBHa HYMO).

Takum 06pazom, 4TOOBI 1OKa3aTh IPUHAIIEKHOCTE HEKOTOPOI 331349 KJ1accy
P, nocraroudo uzobpecru n060ii (IycTh gaxe U He caMbiit 9¢pGeKTHBHBIN )
MOJMHOMHUANIBHBIA aJATOPUTM €€ pelIeHusl.

B uenoM cumraercs, 4To 3amady u3 knacca P TpeOyioT mpHeMIeMOoro KOJM-
4ecTBa omepanuii 1s pemednsi. CymecTByeT MHOTO IOMYISIPHBIX, C YCIIEXOM
TIPUMEHSTIONMXCST aJITOPUTMOB, nMeomux ciaoxHocts O(N?) mimn O(N?). Bonee
TOro, Nopapisouiee 6OABIUHCTBO (eciu He abCOMOTHO Bee) MPOLEAYPHL,
KOTOpbIe OOGBIYHBIH IPOrPaMMHUCT UCTIONB3YeT B MOBCEIHEBHOH MpakKTHKE,
Takxe uMeioTr P-cnoxdocts. KoHeuro, ecnmn anroput™y tpebyeTcst BhIION-
HUTh nopsiaka N3 wnn N'® onepauwuii, ero TpymHo Ha3BaTh PHEMJIEMbIM, HO
¢opMansHO OH BCe paBHO NIPHHALNEXKUT Kjaaccy P.
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[Tepeiinem Teneps K kn1accy NP (3agaum, pelraeMbie 3a MONTMHOMHANBHOE
BpeMsl HeeTepMUHUPOBAHHON MawmnHo# Trropuara). st Hauana cTOUT 3a-
METUTh, YTO BCe 3aJa4M U3 Kj1acca P, oueBUHO, MOTYT OBITh C He MEHBIINM
yCTIeXOM pelleHbl U HeJleTepPMUHMPOBAHHON MAalUMHOM, MO3TOMY BCE OHU
TakXxe npuaamiexar kiraccy NP. Teneps nocraBuM oGpaTHEBIN BOTIPOC: CYIIIe-
CTBYIOT JIM 3aJa4H, pellaeMble HeneTepMHUHUPOBAHHOM MamuHoi Trlopudra
32 MONMHOMHANBHOE BpeMsl, HO He pelllaeMble 32 MOJMHOMUANBHOE BpeMs
OOBIYHOH, JeTepMUHUPOBAHHON MaluHON? MHave roBopsi, COBMagaT AU
xnaccel P u NP?

ITnoxast HOBOCTh 3aKJIIOYaeTCsI B TOM, YTO HUKTO B MUpE MTOKa 4TO 3TOrO He
3HaeT. OxHaKo (M 3TO XOpoluast HOBOCTE) BBl MOXeTe PEeIluMTh 3Ty 3axavy
U MOJNy4YUTh TIPU3 B MUJUIMOH JOJIapOB, OOeaHHbIl MaTeMaTHIeCKUM HH-
cruryroM Kunas (Clay Mathematics Institute). Ecnin roBoputs cepbesso, To
OONBIIMHCTBO CMELMANMCTOB MOATaloT, YTO BCe-TaKU CYIECTBYIOT 3a1a4H,
npuHamiexamue kjiaccy NP u B TO xxe BpeMsl He MpHHAIIEXanue KJIaccy
P. CyniecTByioT 1OBOJIBHO CHUJILHBIE CBUIETENBCTBA B MMOJNb3Y TAKOTO MHEHUS
(mocTaTo4YHO B3MISAHYTh HA TaK Ha3bBaeMele NP-mionHbIe 3a1a4H), OXHAKO, MO~
BTOPIOCH, CTPOrUX HOKA3aTENbCTB HA CErOOHAIHNN IeHb elle He HalIeHo.

Takum oOpa3oM, yaile Bcero Kjacc P cunTaroT mogMHOXecTBOM Kiacca NP

(cm. puc. 11.2).
)i

N

Puc. 11.2. Knaccol P u NP

Kakwme xe 3amavm momagaoT B Kiace NP, Ho, Mo Bceil BUGUMOCTH, He IOTa-
naroT B kj1acc P? Ux ouens Muoro. IlpuBeny nuilh HECKOMBKO KIACCHYECKUX
[IpUMEPOB.

3adaua evinoanumocmu (satisfiability problem). Jlaetcs 6yaeBO BbIpaxeHue,
cocTosAuiee U3 nepeMeHHkbIxX, 3HakoB onepaumii (M, HJIM, HE) n cko6ok.
Tpebyercst onpenenuTs, BLITONTHUMO JU BhIPAXEHUE, TO €CTh CYNIeCTBYeT
M TaKoH Habop 3HaYeHU MepeMEeHHBIX, IPU KOTOPOM 3HAYEHHE BCErO BBI-
paxenust ucruaHo. Hanmpumep, Beipaxenne (x MJIM y) Y z Brmonanmo: ero
3HaUYeHHMe UCTHHHO, HalIpHUMep, eCH X = true, y = true, z = true. HanpoTus,
seipaxenue X M (HE x) He BermonauMo.

3adaua kommugoaxepa (traveling salesman problem). KommuBoszKep monkeH
obbexatb N ropoioB, He TOCETHB HU OTHOTO U3 HUX IBAXKIbI, 4 3aTeM BEPHYTh-
cs1 Ha3ana. TpebyeTcst onmpeneauTs CaMblii JelleBhIi MaplIpPyT, eCId U3BeCTHA
CTOMMOCTh TIPOe31a MeXay JIOOBIMH ABYMsI TOPOJaMHU.
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3adaua o prox3saxe (knapsack problem). B xomuate nexat N npeameros. [Ins
KaXIOTo MpeaMeTa M3BeCTHA €ro Macca U CTOUMocCTh. TpebGyeTcst 3aronHuTh
PIOK3aK MPeaMeTaMi, MAKCHMHU3HUPYst UX CYMMAapHYIO CTOUMOCTb, IIPH YCJIOBUM,
4qTO 001ast Macca B3SITHIX IIPEIMETOB HE MOXET NPEeBHIIATh 3axaHHoro K.

Pemuts mo0yio 13 3THX 33134 32 HOJTHHOMUAILHOE BPeMsi C IOMOIIbBIO HEe-
TEepMHUHHPOBAHHON MalmHbl ThiopuHra gocratroydo npocro. K npumepy, ecnu
MPENNONOXHUTE, YTO CTOUMOCTD JIIOOOTO IMpenMeTa SIBISIETCS LENBIM YHCIOM,
OrpaHMYE€HHBIM HEKOTOPOUM KOHCTAHTOM (3TO OrpAaHUYEHNE HUKAK HE BIUSIET
Ha CJIOXKHOCTB), TO aATOPUTM pelleHUs 3a1a4YM O PIOK3aKe Ha ICEBIOKOIE
MOXKET BBILISIAETH TAK:

WUTOrOBAsl_CTOMMOCTE = CyMMa CTOHMMOCTeN BceX IIpenMeTOB
B KOMHAaTe;
LUK
HENETEPMWHUPOBAHHKEN BHIOK
Macca = 0, cromMocThs = 0;
HUKA .
BHHTY_MIM_He_BHMTH K3 LIHUKIA;
B3STH IOpenMeT M3 KOMHAaTH U IIOMeCTUTH el'0 B POK3akK;
Macca += Macca IpelMerTa;
CTOUMOCTDL += CTOMMOCTBH IIpeamMeTa;
ecny KOMHAaTa IIycTa, BRUMTH U3 LUUKNA;
KOHE]L] HMKIA

ECHM cToMMOCTL == HUTOlOBAasS_CTOMMOCTHL U Macca <= K
HaneyaTaThk MHOXECTBO IIpeqMeTOB plK3aka
B KadecTBe OTBeTa;

3aBepHUTL paboTy BcCel MpOTpaMMEH;
KOHE]] BJIOKA
YMEHBIUTE 3HadeHUe IepeMeHHON MTOTroBasl_CTOUMOCTD
Ha eNUHUIY ;

[IOKA uUTOrOBasi_CTOUMOCTE >= {
COOBUHTEL, YTO pPelleHUsT He CcylieCcTBYeT

Beposrao, HegerepMUHUPOBaHHAST KOMIBIOTEPHAA NMPOrPaMMa BBIMISIIUT
CIIMIIKOM CBO€OOPa3HO, YTOOBI OCTABIIATE €€ 6€3 KOMMEHTApHEB.

O6mas nupes pewerus TakoBa. CTOMMOCTb IPEIMETOB, IOMEIIEHHBIX B PIOK-
3aK, HE MOXET MPEBHILATh CTOMMOCTH BCeX NPeaMeToB B KoMHare. I1oaTomy
CTOUMOCTb IIPEIMETOB, KOTOpHEIE B UTOre COPMHUPYIOT PEIIECHUE 3aJa4H,
MOXHO OII€HHUTb CBEPXY 3THM 4HCIOM. Jlanee BHIMONHAETCS UKL
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[IUKIT
HaWTU pelleHre 3afadd CO CTOUMOCTLBIO HTOTOBasi_CTOMMOCTE;
ecnu pelleHUe HapneHo, HaledaTaThb eT'o M BHHATHU U3 IIporpamMMel;

UTOTOBASsI_CTOUMOCTE = UTOTOBAasl_CTOUMOCTE — 1;
KOHELl LHKKIIA
CcooBWUTE O TOM, YTO PelleHHs He CylieCcTBYyeT;

ITockonbKy CTOMMOCTB KaXKJOTO MpeaMeTa (a clemgoBaTeNbHO, U CyMMap-
Hasi CTOMMOCTb MPEAMETOB B PIOK3aKe) SIBJSETCS LeNbIM THCIOM, MOXHO
TMOMBITaThCSI TI0 ovYepenu nepedpaTh Bce BO3ZMOXHBEIC 3HAYCHUS CTOMMOCTH
UTOTOBOTO pEUIeHMsT — Ha4duHasi ¢ Hanbosee ONTUMUCTUIHOMH OLIEHKH | 3a-
KaH4YMBAsI HYJEM.

Teneps HEOOXOAMMO HanMcaTh GJ0K, ONMpeaeIoNui, MOXHO 1 HAUTH Ha-
Oop npeaMeToB, CyMMapHas CTOMMOCTb KOTOPHIX Obu1a 61 paBHA 32 1aHHOMY
3HaYEHMIO UTOTOBAsI_CTOMMOCTE, a Macca He npesocxoauia 6xr K.

3meck MBI BIIEPBBEIE BCTpEYaeMcsi ¢ HeneTepPMUHHPOBAHHBIM [TOBEIEHHUEM B
CTpOKe

BHATH. _MNY_He_BHUTH U3 LIUKNA;

B cOOTBETCTBHM C MOJIEIBIO BBEPET’I‘a 39TO CnenyeT YUTATh TakK: B OQHOM MHpE
TMPOUCXOOUT BBIXOQ M3 IUKJIA, B TO BpeMs KAK B APYroM BBIIIOJIHCHHE Teaa
HKJIa [TPOOOJIXKACTCH.

Hanee, 9To 03HaYaeT gelcTBUE «B3ATh MpEeAMET U3 KOMHATE»? Kakoit npen-
meT? JIro6oit. DTa MHCTPpYKUMS TaKXe SBJsSETCs HeaeTepMUHUPOBAHHONM:
BMECTO OIHOTO MMPa MBI MOJIy UMM CTOJBKO MUPOB, CKOJBKO CBOOOMHEBIX Mpe-
METOB OCTaJoCh B KOMHaTe. B KaxaoM M3 3THX MHUpOB OymeT cmeiaH CBO
cOOCTBEHHBII BLIGOP.

[ToHsTHO, 4TO €cny pelleHue ¢ 3aAaHHON CTOMMOCTBIO CYIIECTBYET, TO XOTS
OBl B OIHOM U3 BO3MOXHBIX MUPOB OyaeT cienaH MpaBUIBHHIN BEIOOP MHO-
K€eCTBa MPEeAMETOB, a 3aTeM IMPOU30MAIeT BHIXOx U3 MKIIA. 3aTeM Iporpamma
pacrieyaTtaeT OTBET M HEMEIJICHHO 3aBEpIINT BHIIOIHCHHUE.

Tenepr maBaiite oueHuUM BpeMst paboTs anropurma. Ha kax oM 1mare BHy-
TPEeHHEro HMKia n1ubo ouepemHOd MpeaMeT MoMemaercss B PoK3ak, aubo
BHIMOTHEHHE LIMKJIA MTpeKpamaeTcs. Takum obpasoMm, gaxe B XyallleM ciydae
nocne N urepaunii npoueaypa 6yaer IMOJHOCTBIO 3aBEpIIeHa.

C BHEUWIHUM LUKIIOM €0 0OCTOUT HECKONBKO xuTpee. ITocKoneky MBI go-
TOBOPHUJIMCh, YTO CTOMMOCTh KaXJOTO MpeaMeTa OrpaHMYeHa HEKOTOpOH
KOHCTaHTOH (HasoBeM ee C), cyMmapHasi CTOUMOCTb BCEX MpEAMETOB 3aBe-
nomo He npeBocxomuT C*N. Ilonydaercst, 4To BHEWIHMI LUK IIPOrPaMMBI
BrinonHaeTcsa He 6onee C*N pas.
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HWrtoroBas CNOXHOCTh aJrOPUTMa, TaKUM 0OPa30M, OKa3bIBAE€TCS ITOJMHOMH-
anpHOi — pasHoit O(C*N?) mn npocto O(N?).

PeweHne NP-3a3gay Ha npakTuke

JlaBaiiTe Tenepb BepHEMCs OT HEAETEPMUHHPOBAHHBIX MAIINH K peatbHOMY
MHUpY. 3mech CKJIaablBAaeTCs JOBOJMBHO yapyJaromas curyauus. Equacrsennoe
M3BECTHOE pellleHHe 3a1a4u O PIoK3aKe'" 3aKII0Yaercs B MCCACMOBAHUM BCEX
BO3MOXHBIX HaOOPOB MpeaMeToB U3 KoMHaThl. Ecnin B KoMHare nexutr N
NpeaMETOB, TO YUCIIO TaKUX HabOpOB (10 CyTH MOAMHOXECTB MHOXeCTBa {1,
2,...,N}) pasno 2N — 1. TakuM 06pa3oM, IporpamMMe IPHUAETCS BBITOJIHHTD
O(2N) omnepauwnii, YTO 0O3Ha4YaeT 3KCOHEHIMANbHYIO CIOXHOCTD.

B miase 06 aBromarax g yxe npuBOxui rpaguk 3Toit 10 06MIHOrO GBICTPO
pacrymei pyHKUUH; TeM He MeHee, HalIOMHIO eme pa3 o TOM, YTO Takoe
3KCIIOHEHUUANbHBIA pocT. IIpenrnonoxuM nas NpocTOTH, YTO MPOTpaMMa,
pelammas 3agady O PIOK3ake, BhIIONHET pOBHO 2N aTOMapHbIX Oneparuil.

HonycruM, Monb3oBaTeNst yIOBAETBOPSIET BpeMs], 3aTpayuBaeMoe Ha pelleHne
3agayu npu N = 18, Ho yxe npu N = 19 nporpammy UCNOb30BaTh HE MIpea-
CTaBISIeTCST BO3MOXHBIM. Tak BOT, 4TOOk 0O6paboTraTh 3a pasymMHoe Bpems
AEBSATHAANATh IIPEIMETOB, BaM MPUIETCS YCKOPUTD BBINOTHEHHUE TPOTrPaMMEL
BIBOE; [UIS1 IBALaTH MTPeIMeTOB MporpaMMa Jo/kHa paboTaTh yXe B YeThIpe,
a s OBagLaTH OMHOIO IpeaMeTa — B BOCeMb pa3 ObicTpee!

CripaBe/iMBOCTH pagi ClexyeT OTMETHTD, YTO CYIIECTBYIOT IIPHUEMbl OIITUMH-
3a11H, TO3BOJITIONIUE TOBOJILHO OBICTPO OTCeYb COMUIHYIO YacTh Hecrepcriek-
TMBHBIX HaNpaBJIeHUN NpH TIOUCKe pelleHns (TaK Ha3bIBaeMBbIii MeTOI BeTBei
U rpaHui). OTH MpUEMBI MOMOTAIOT HECKONbKO OTOABHHYTh MAaKCHMAaJIbHOE
3HayeHue N, IpU KOTOPOM TOMBITKA HAWTH pellieHne eme nMeeT cMuIch. Muoraa
3TOro OKa3bIBAETCS JOCTATOYHO (IOMYCTUM, KOMMHUBOSIKED U3 381398 KOMMHU-
BOsIK€pa M3 MPUHLMIIA He 00be3xaeT Oonblle ABaAaTH TOPOAOB 32 pa3). Tem
HE MEHee, UTOroBasi CIOXHOCTE BCE PABHO OCTAETCsT 3KCIIOHEHIIUAIBHOM.

EnuncrBeHHbId N3BECTHBIA CIOCO6 pelIeHNs MPUBEIEHHbIX 3a1a4 U1 GONIBbIINX
N cOCTOMT B UCIIONB30BaHUM NPUONMKEHHBIX aJITOPUTMOB. Tak, pelleHune 3a-
Ja4i KOMMHUBOsKepa ¢ oluMOKoi, He npesbinaiommeit 50% (To ecTs nonydeHHOE
peweHne GymeT OTIMYaThCs OT ONTHMAJBLHOrO He 6osee YeM Ha 50%) MOXHO
HaiiTn ¢ nomorkio nonnaoMuansHoro (O(N?)) anropurma Kpucrodpuneca.

Kcrary, HenmeTepMUHUPOBAHHBINA aTOPUTM peIUEHUs 33[JaYi O PIOK3aKe HJI-
JOCTPUPYET ONWH BaXHbIA (aKT: HanGosnee TpyaoeMKas ero 4actb — BHY-
TPEeHHUH MKJI, COOCTBeHHO, TPEeOYIOMUil 3KCIIOHEHINATBHOIO BPEMEHH Ha
JAeTepMUHUPOBAHHON MalllMHE, B AEHCTBUTEIbHOCTH pemiaeT 3agavy mpH-

192 AHaJIOTMMHBIMM 110 CyTH (TO eCTb MepeGOpPHBIMK) aJIrOPUTMAMHU PelIAIOTCS U APYTHE OIMCaHHbIe
B pa3fie/ie 3aa4d — 3ajava BBIMOJHUMOCTH M 33aua KOMMHBOSIKEpa.
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HSTHsST pellleHus (na/HeT-3agady — IMOMHMTE Takue?) DTo B OYepenHoii pa3
IOKa3bIBAET, YTO 3aJa4YH NMPUHSATUS PEIIEHUI MOTYT BCTPETUTLCS B MIOOOM
KJIacce CJI0XHOCTH.

11.8.2. NP-TpyaHbie u NP-nosHbie 3apaun

Hrtax, MBl yXe BBIICHUIH, YTO Bce P-3amauym nmpunamnexat xknaccy NP, HO
manexo He Bce NP-3amaum MOIyT OBITH pelueHbl 3a MOJUHOMHUANBHOE BpeMs
Ha AeTepMHUHUpOBaHHON MamnHe Triopuara. YTo6s Kiaccudukanms npuod-
pena 6Gonee 3aKOHYEHHBII BUI, NpuaeTcs 106aBuTh B Hee eme NP-TpynHble
u NP-mionsasle 3axaqy.

[Tpexxne Bcero moroBOpUM HEMHOIO O ceederuy 3aday. ECTh cTapeiii-nipe-
CTaphI¥ aHEKIOT:

3adaua 1. Jlan nycmoii uaiinux. Tpebyemca eckunamums 600y.
O®uzuk: HabpaTe B yallHUK BO#Y, IOCTaBUTh HA IIIUTY.
MaremaTuk: Habparth B yaliHUK BOAY, HOCTaBHTh HA ILIUTY.
3adaua 2. Jan wainux ¢ xono0Hoi eodoil. Tpebyemcsa eckunamume ¢ody.
Owuzuk: [TocraBuTh YaliHUK HA TUTUTY.

MaremaTtuk: BelinTe Boay M3 waiiHuka. 3agaya 2 cBeleHa K yxe
pelneHHoi 3anayve 1.

ViMes pelleHHYIO 3a1a4y WIM 3aIpOTPAaMMUPOBAHHBEIA alrOpUTM, HAM CO-
BEpIIEHHO CIIPABEIINBO XOYETCs MOJIb30BATLCA HJOCTUTHYTHIM PE3y/lbTaTOM
KaK MoxHO vanie. [Ipeanonoxum, HEKOTOPH KOHEYHBIH aBTOMAT 3a0aH IPH
MOMOIIM MAabnulyb. TIEPEXOI0B (CTPOKA 3aJaeT UCXOMHOE COCTOsSIHME, CTOJ-
0er — CHMBOJ BXOZHOTO andaBuTa; Ha EPECEYEHNH CTPOKH M CTON0IAa MOX-
HO MPOYeCTh nejeBoe cocTossHue). 3ajava COCTOUT B paspabOTKe anropurma
ero MUHUMHM3auuH. Jlanee, eciu y MEHs yX€ eCTh MpouUeaypa MUHMMHU3AI UK
KOHEYHOr0 aBTOMAara, NpMHHMMAionIas ONUCAHUEe aBTOMaTa B BHUIE CHUCKA
nepexonoB (Habopa TpoeK BHOa (COCTOSIHUE, CUMBOJI, HOBOE_COCTOSHUE)), g
MpeanoyTy HamucaTh NOAIporpaMMmy npeobpa3oBadust TaONULILL B CIIUCOK H
BOCIOJIb30BaThCsl TOTOBBIM AITOPUTMOM MMHMMH3ALIMM, 4 HE HAYMHATh BCE
C HyJIA.

PazymeeTcs, He Bcskoe cBeeHue onpasaado. K npumepy, mouck MUHUMAb-
HOTO 2JIeMEHTa MacCHUBa MOXET OBITh CBEIEH K COPTHPOBKE: OTCOPTHPYEM
MacCCHUB, 3aTeM BhIOEpeM ero HMepBHH 3JIeMEHT — OH, OYeBHJHO, U Oyaer
muanMansHbeIM. COpTHpOBKA MaccuBa — 3anada bonee TpymoeMmkas, U ee
UCIIONB30BaHNeE 34eCh MOX0XE Ha CTpenbdy M3 MYIIKH MO BOPOOBSIM.

He cnenyer 3a6rBaTh, 4TO CaM Hpoiecc CBEAEHUSI TOXe TPeOyeT BpEMEHH.
YT106H BOCIONB30BaThCsT TOTOBBIM AJITOPUTMOM MHUHUMU3ALMH, TPUXOTUTCS
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TPaTUTh HOTIONHUTENbHEIE YCUINsS Ha TpeoOpa3oBaHNe BXOTHBIX MapaMeTpOB
13 TaOANYHON 3aNKUCH B CIIMCOK.

B Teopuu CIOXHOCTH CyIIeCTByeT CHELUAJbHBIA TEPMUH, KOTOPHI HaM B
JanbHEHNIIeM TIPUTOAUTCS: NOMUHOMUAAbHOE ceedenue. 3aqada A CBOIHUTCS
K 3agade B 3a monmuHommanbHOE BpeMs (MHa4e roBoOpsi, CymecTByeT Moju-
HOMHAJIbHOE CBeaeHne A K B), ecan ¢ moMOmbio HEKOTOPOro aaropuTMa U3
KJacca P MOXHO npeoOpa3oBaTh BXOAHbIE MapPaMeTPH 331a4l A BO BXOIHBIE
nmapameTpHl Uist 3agaun B. 3aTeM pe3ynsTaT, MONy4YeHHBIH P pellleHny 3a-
nadu B, omsiTh-TaK¥ MOTMHOMHAIBHO CBOIUTCS K PELICHHIO 3a7a4u A.

3apmava, K KOTOPOi MOXHO MOJUHOMHUANBHO CBeCTH niobyio NP-3zamauy, Ha-
3nBaercst NP-mpyonoii (NP-hard). Takum 006pa3om, nMest anTOPUTM PellleHHs
NP-TpynHoii 331241, MOXHO petnTh 100yio NP-3agauy. NP-TtpynHas 3amaqa
MOXeT NmpuHamiexarTs knaccy NP, a MoxeT u He npuHagnexars. Hanpu-
Mep, K NP-TpyZHEIM OTHOCHTCSI, KaK MBI yX€ 3HaeM, Hepaspellumas 3azada
ocranoBa. K NP-TpyaabM OTHOCSTCSI TaKXe 3a7ada BBITTOJIHUMOCTH, 3a/1a4a
KOMMHUBOSDKEPa ¥ 3a/1a4a O PIoK3aKe (TaKuM 00pa3oM, Jo0yIo B3 HUX MOXHO
MOTMHOMUANBHO CBECTH K JI000H apyroi).

3agaya, NpuHALIexaniast oTHOBpeMeHHO K kiaccaM NP u NP-tpynsbIx 3amay,
HaswBaercst NP-noanoii (NP-complete). 3agada o prok3ake, 3aJ1a4a KOMMHBO-
sDKepa M 3amava BHIMonHuMocTn — NP-monskwe.

He yrnyb6asisick B TeopeTuieckue BOMPOCH, 1 XOYY JHIIL OTMETUThH OIUH
uaTepecHril ¢akr, cnenyomuii n3 onpenenenns NP-nonsore. Eciu xors
6n1 s ogHoM NP-monHOM 3amayu yoacresi pa3paboTaTh MONMHOMMANbHBIMA
AITOPUTM pellleHusT, 3TO aBTOMATHIeCKH OyneT 03Ha4aTh COBIIaJEHUE KJIACCOB
P u NP.

11.8.3. DeHOMEH CJI0XKHOCTH

Y UCTOKOB CJI0XXHOCTU

Takoe yAMBUTENBHOE COCENCTBO 3a4a4 — TMPOCTHIX, CIOXHBIX M BOoOIIe He
MO AAIOIIHXCS PEIeHUIO (U 3TO MPH COBCEM HEXUTPHIX (POPMyNHpOBKax!) —
HaBEBAET MBICIN 00 HCTOKAaX CaMoro (eHoMeHa CIOXXKHOCTH — CJIOXHOCTH HE
TONBKO SI3BIKOB M 3a1a4, HO U CHCTeM, SIBJIeHUH OKPYXaromero HaC Mupa.

Koneuno, o6cyxmars ycTpoiicTso BeenenHott u, Tem Oonee, nenars Kakue-1uoo
BBIBOOH — 3aJayva CIOXHAS M HebnarogapHasi. 34ecCh s IUIIb X041y 03BYIHUTh
HEKOTOPHIe TTOKA3aBIINECs MHE NHTEPEeCHBIMU HIeHU, BEICKa3aHHble'® n3gect-
e ¢pusukoM CruseHoM Bonsdpamom, aBTopom nakera Mathematica.

103 B kuure «A New Kind of Science» (uzpatenscreo Wolfram Media, 2002 r.; pycckoro nepesona,
K COXaJICHMIO, 1T0Ka HeT).
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OcHoBHOM TIOCTYNAT 3BYYHT TaK: JAXE €CIM HEYTO YCTPOEHO OYE€HB MPOCTO,
OHO MOXeT BeCTH ce0st 3apenebHO CI0XHO. DT0 HAbIIOIEHHEe MOXHO PO~
BepUTh ¥ HA HEMPEPHIBHLIX CUCTEMax, OOBIYHO BCTPEYaoIIUXCcsi B IIpUpone,
HO, TIOXanyil, CaMblM TTPOCTHM M HAITSIAHEIM IPUMEPOM MOXET CIYXKHUTh TakK
Ha3bkIBAeMBIN KJIeTOYHLIA aBTOMAT.

OAHOMEpPHbIi KNIETOYHbI agTOMaT

B npocreiiiieM, OTHOMEPHOM Cly4ae aBTOMAT MOXHO ONMUCATh CIeXyIOIuM
obpaszom. Ilpeacrasbre cebe KIeTYATYIO EHTY, OECKOHEUHYIO B 00€ CTOPOHHL.
Kaxpgasa knetka ned Tl MOXeET OBITE OO mycTOH, b0 3aKkpamteHHoN. CMBICT
paboTH aBTOMATAa 3aK/II0YAETCs B IOIIAarOBOM U3MEHEHHH COOePXHUMOro JieH-
Tel. B cBOIO o4epens, TeKyilee conepKUMOe JICHTH OOQHO3HAYHO ONpeaesseTcst
ee ComepXUMbIM Ha MpeablayIneM Imare (ec/d BE 3HAKOMBI ¢ UTpoit «2Ku3Hb»
Ixona Kony3as, To 3TO KaK pa3 OTIMIHBIA IpUMEpP ABYMEPHOIO KJeTOYHOIO
aBromara). IlpaBuna, mo KOTOPhIM MPOUCXOAUT U3MEHEHHUE JICHTH, ONpee-
ASTI0TCST pa3paboTuYNKOM aBTOMAaTa. MBI OrpaHMYHMMCH TIPOCTHIM Cly4aeM,
IIpH KOTOPOM LBeT J11000H KIeTKY JICHTH Ha OYEpPeNHOM lIare onpeaensercs
ee LIBETOM M LIBETOM O0EMX COCegHUX C Hell K1eToK (cneBa ¥ cnpapa) Ha
NIpebIIYIIEM Lare.

ITockoneKy UBET KJIETKH ONpenensieTcs BeTaMu TpexX KJIeTOK MpeablayLIero
mara, obizee KOMHIECTBO MpaBuJl B aBTomMare OyxeT paBHO BockMu. PaccMmo-
TpUM, K puMepy, HabOp MpaBuJl, MOKa3aHHLA Ha puc. 11.3.

Kaxnslif psim 13 Tpex KJIeTOK YKa3hBaeT CUTYaluio, B KOTOPOH MpuUMeHseT-
Cs MPABHJIO, @ KJIETKA CHU3Y — Pe3yNbTaT €ro npuMeHeHus (TO ecTh mBeT
LUeHTpanbHOH KJIeTKH Ha ciexyiomeM mare). Hanmpumep, B cutyaumsax «Tpu
noapsx uaymue Oeible KAeTKu» WIH «IBe Oejible KIeTKH ¥ OfHa YepHash»
LIEHTpaJibHAas KJ1eTKa Ha CleqylomeM Iare OKaxercs He3akpallleHHoHu. 3a-
KpalleHHast Xe KJIeTKa, OKPyXeHHas AByMs He3aKpalleHHBIMH, COXPaHUT
CBOJl CTAaTyC U MOCIE BHIMOTHEHHUA UTEPAIIH.

Puc. 11.3. lNMpaBuna knetoqyHoro agromara.; Habop Nel
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[Ipennonoxum Teneps, YTO Ha IEPBOM 1are MOIEINPOBAHMS JICHTA COIEPKHUT
JUINb OHY 3aKpalmieHHyo k1eTky. Kak 6ymer Bectu cebs asromar? Uro X,
B Clydae MpUBeneHHOro Habopa mpaBuj MOBeeHNe aBToMara MpencKa3arh
HeTpYyIHO: JIeHTa BooO1e He OyneT n3MeHATheA. Ecnn n306pasuth n3MeHeHHe
JIeHTHI Ha rpaduKe, MONYIUTCS NpsiMast TMHUA (cM. puc. 11.4).

NneHTa

A
v

BpeMs

A\ J

Puc. 11.4. [paguk CHUMKOB NIeHTHI Ha Pa3HbIX Larax Mo4ennposaHins
(Habop npasun Nel)

Tenepr maBaiiTe monpobyeM HEMHOTO U3MEHUTE Ha0OP NMPHUMEHSIEMBIX TIPABHI
(cM. puc. 11.5).

I'pachuk CHUMKOB JIEHTH 3TOrO ABTOMATA BAC MPUATHO yaUBUT (CM. puc. 11.6;
sl yMeHBIIN MaciTad, YTOObI 3aXBaTUTh KaK MOXHO OOJbIIE 11aroB).

Kaxk Bugute, ManeHbKOe U3MEHEHNE B [TPABUIAX PUBOIUT K 3HAYUTENbHBIM
usMmenedusiM. [lonyuusimniicss aBromaT reHepupyeT HEOXUIAHHO KPacHBhIH,
peryasipHbIA y30p, He UMEIOIUH Hu4Yero obmero ¢ mpocToToi oObIYHON MpsI-
MOU JIMHUH.

HO3KC1’I€pI/IM€HTI/IpOBaB C IpaBuJIaMu, MOXHO HaUTH €1e HECKOJBKO aBTOMA-
TOB, CO3MAIOIUX KpaCHUBbI€ Y30PhI Harnonooue IMPpUBEOCHHOTIO.

LT CEid LT [

Puc. 11.5. Mpasnna kneroyHoro agromara: Habop Ne2
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Puc. 11.6. [paguk cHUMKOB neHTbI (Habop ripasun Ne2)

OZIHaKO BO3MOXHOCTH KJICTOYHBIX aBTOMATOB HE OI'PpaHNYNBAIOTCS pUCOBA-
HUEM DEryJIsipHBIX Y30pDOB. B koHue KOHIIOB, OHU KPacCHuBbI, HO AOCTAaTOYHO
IIpOCTHI U NPEICKa3yeMbl.

CoBceM MHO PHCYHOK IONYYUTCSI B pe3y/ibTaTe MPUMEHEHUS TaK Ha3blBae-
Moro «npasuia Ne30» (cm. puc. 11.7).

«ITpaBuno N230» npHHaANeXUT K YUCAY CaMbIX HHTePEeCHBIX HaxoNoK Boib-
¢dbpama. Xors Ha nepsriit B3l puc. 11.7 cMoTpHTest KyZla MEHee CTETUYHO
1o cpaBHeHMIO ¢ pHc. 11.6, B HeM ecTh CBOSI U3IOMMHKA.

JleBast yacTh pucyHKa NpeacTasisieT coboi TOBOIBHO NMPOCTON y30p, YEM-TO
HarnoMuHaMMI BsA3aHue KprodkoM. B nmpaBoit yacTi HaGmogaeTcst XxaoTude-
CKO€e HarpoMoXeHue OebIX TPeyroJlbHUKOB Pa3HbIX Pa3MePOB; COINACUTECH,

0 O O 6
O 8 O

0 O
o o ad

2 T >
..
L

Puc. 11.7. Peaynstar npyumerenuns ripasuna Ne30
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BO3HUKHOBEHHUE Xa0Ca U3 BOCHMU ITPOCTEHIIIMX MTPABUI ~— YK€ SIBJICHUE UH-
tepecHoe. Ho camoe unTepecHoe B 9Toi hurype — rioBeeHUE LIEHTPaNbHOI
KJIETKH JICHTBI. »

Ecnu nocnemoBaTenbHO 3alMCHIBATh 3HAUSHHE 1IBETA LIEHTPATIbHOM KIIETKHU Ha
KaX/IOM II1are, Mbl ITOJIyYMM KaKyIO-TO TI0CJIeI0BATENLHOCT U3 HYJIEH U eTMHULL
(uynb 03Havaer, 4To KJIETKA He 3aKpallleHa, eMHNIa — 3akpaliena). MoxHo
7M1 HaliTH B OTOH NOCIEeN0BaTeIbHOCTU XOTh KaKyo0-HUOY1b 3aKOHOME PHOCTh?
Taxk BOT, yAUBUTENBHO, HO COITIACHO JOOBIM CTATUCTUYECKMM TECTAM MTOCTPO-
€HHas1 1T0CTIe10BaTENbHOCTD KJIacCUDUUMPYETCST KaK ClyJdaiiHasl.

Takum ob6pa3oM, MOBeIEHUE aBTOMATa OKa3blBAETCSI CTONb CHAOXHBIM, 4TO
MBI YK€ He B COCTOSIHMM OIPEAEINUTD, IO KAaKOMY IPUHIMITY IMOCTPOEH Npu-
BeeHHBIH pucyHOK. TecTsl Ha cly4JalHOCTh gaxe yoeamwnu Bonsdpama Boc-
ronb3oBaTthest npaBuiioM NO30 B KauecTBe OCHOBBI IreHepaTropa CiydYalHbIX
gucen anst cucreMbl Mathematica (BOT BaM U rpakTHYeCcKoe NpUMEHEeHUe
KJIETOYHBIX aBTOMATOB).

W3 stix HabmoneHnit MOXHO CIElaTh JIBa WHTEPECHBIX BhIBOIA:

+ OQueHbp CIOXHOE, TOYTH HEIMOCTHXXKUMOE MTIOBEIEHNE CUCTEMBI MOXET OBITh
pe3ynbpTaToM pabOTh! OYEHb HpPOCTHIX HpaBui. JloOysce MpudyIIuBO
HU30THYTOH PAKOBMHOM MOJIIIOCKA UM BOCXMHIASICH KPacOTOH CHEXXMHKH,
MB! 1101araeM, 4TO MX CO3IaHUEM YIpPaBJsIET KaKOU-TO OYeHb CIIOXHBIHA
MexaHu3m. Ha caMoM Xe aene BrionHe MOXET OKa3aThCsl, UTO BCE ropasio
Ipouie.

+ HaGnmonast BHemiHee MOBEeAEHUE CUCTEMBI, ITPAKTHYECKH HEBO3MOXHO
MOCTUYb MIpMHUMIIEL, €10 ynpasasiomue. Ilonpo®yiite, HarpuMep, 1o
puc. 11.7 puiBecTu Bua ripasuna Ne30. Bo3aMoXHO, eTMHCTBEHHBII Criocod
cocTouT B norajke (GopMynpoBaHuy TMIIOTe3kl) 06 ob11eil uaee mpaBud,
yIPaBJSIFONIMX CUCTEMOH, C MoCReAyonnM nepedopoM BapuasToB — TO
€CTh NPUMEHEHHEM MEeToAA Npod U omuboK. K coxanenuro, 3To yTBE pX-
I€HMe OTHOCHUTCSI HE TOJBKO K KJIETOYHBIM aBTOMaTaM, HO U KO MHOTMM
cUCTeMaM pealbHOro MHUpa. JTO HOXOXKe Ha JNIOOUMBI aHUMaTopaMu
IpyeM: MaBHBIH repoit MynbTOHIBMA TyraeTcst OrpOMHOM HaBUCIIEH Hal
HUM TEHH, a IOTOM OKa3bIBAETCsI, YTO TE€Hb NPUHAJIEXUT KaKoH-HUOY b
MEJIKOU MITHYKE MM MBIILIKE. YBbI, CJMIIKOM YacTO CYIUTh O MTPHUPOAHOM
SIBIGHUY Mbl MOXEM JIUIIb 10 €I0 «TeHH».

I'Ipvmuun BblUUC/IUTEJIBHON HECBOAUMOCTHU

Euie onno 3aMeyvanue CBSI3aHO C HPUHUUNOM BbIHUCAUMENbHOI Hec80OUMO-
cmu. TlpearnonoxXuM, BaM HY>XKHO CIOXWUTh JBa Gonpmmx yucna. Craxem,
12345 u 67890. Koneuyno, MoxHo B yukiae ot 1 no 67890 ypenuuuats 12345
Ha eIUMHHULLY, HO TOpasio Ay4YIllle BOCMONb30BATLCS AITOPUTMOM CIOXEHUS B
CTONOUK. JTOT NPUMEP WITIOCTPUPYET, YTO HEKOTOPBII TPYIOEMKUI IPO1ECC
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Mnasa 11. Pa3pelimoCTs ¥ CNOXHOCTL

(MHOTOKpaTHOe NpubaBlIeHne eMHHULIB) TOPOIO MOXET OBITh CBE/IEH K Ipyroi,
ropasao Gojiee MpocToil B CMBIC/IE 3aTpaT BPeMeHH Tpoieaype.

Ho Bcerna nu 3to Tak? ITo-Bunumomy, Her. HanpuMep (XoTst 310 He n0Ka-
3aHO), IMHCTBEHHBI CITOCOO MONYYUTh COCTOSIHME JIEHThl aBTOMATa rocje
CTOKPAaTHOTrO nMpuMeHeHUs npaBuia N230 coCcTOMT B MOAENMPOBAHUH CTA
WaroB pabOTL! aBTOMATA.

B03MOXHOCTH UCIIONB30BATh TY WM MHYIO MAaTeMaTH4YecKyo GopMyly Ast
pelieH st 3a1a4i B U3BECTHOM CMBICTIE KaK pa3 U 03HAYaeT CBEJCHUE CIOKHOI0
npouecca K IpocroMy. Tak, 4To6b! y3HATE, KOITa Xe Mbl, HAKOHELI, TTONaneM
Ha Javy, pacronoXeHHyo B 30 KUJIOMETpax OT roOpoja, ABUTasiCh CO cpeiHel
ckopocThio 60 KM/4, HeT HEOOXOIUMOCTH MOJIENIMPOBATh MOBEEHIUE ABTOMO-
Omnst (cnoXHbIH mponecc). JlocTaTOYHO BCIIOMHUTD, YTO BpeMsi paBHO pac-
CTOSIHUIO, IEJICHHOMY Ha CKOpocTb (rpocroit npouecc). To e camoe kacaercst
Npe/CcKa3aHusi COJIHeYHBIX 3aTMEHMH, TTOCalkl KOCMHYECKOro arapara Ha
Mapc unu Ha JIyHy ¥ ToMy 1ono0OHbIx Beweif. Ilonyyaercs:, 4o paccyuTarhb
TPAEeKTOPHIO IIAHETh! UM KOCMUYECKOTO KopalJist Mpoiile, 9YeM MOHSITh Mo~
BeieHUe MIPOCTOrO KJIeTOYHOro aBromaral

BeposiTHO, B OKpyXaionieM Hac MUpe MOXHO HalTH 04eHb MHOTO ITPUMEpPOB
HECBOIMMBIX BeIYMCIeHn . MoxKeT OKa3aThest, YTO MojieIMpOBaHue Npoecca
«B J0O» OKaxXeTcst MO0 Jyyile NMpUMEHEHU s TI00bIX 1uddepeHnranbHbIX
ypaBHenuil (BonbdpaM jokasslBaer 910 Ha NpuMepax), 1160 BooOiie eauH-
CTBEHHBIM CIIOCOOOM IOJYyYEHHsI OTBeTa.

K coxanenuio, Marematuku u Gpu3uky (1o KpalHeil Mepe, OYeHb MHOTUE
M3BECTHBIE MHE JTMYHOCTH) CKJIOHHB! 3aHUMAThCSI 3a1a9aMu, MOCUIIbLHBIMU
COBpEeMEeHHOMY MAaTEeMAaTHYECKOMY arlfaparty, He 0co00 3a00TsCh O MpaKThyde-~
CKOM CMBICJIE CBOMX pe3ynsTaToB. IHBIMU CIOBaMHM, MEI IIPOCTO pellaeM To,
4TO MBI yMeeM pellaTh CerofHs. 3agayd Xe Harmogo0ue aHann3a rnope/ieHust
KJIETOYHOI'O aBTOMATa Cpa3y Xe OOBLSIBISIIOTCS] «HeMHTEepecHBIMI». Boole,
HaYMHAIONIMHA Mccnenopare/b HAMTOMUHAET MHE MypaBbs (Tipocture!), CTosI-
IIET0 Y BXOAa B U3PBLITHIA TOHHENSIMU MypaBeilHUK. ToHHeNell oueHb MHOTO,
a XKax/beli U3 HUX y6ok M u3suaMcr. M, BMecTo Toro, 94To6b! MOCMOTPETh
BOKDPYT U yBUETh OTPOMHOE KOJIMYECTBO HHTEPECHOIO Ha IIOBEPXHOCTH, HAII
Mypageit (TO eCTh MCCIeqoBaTeNb) NpearIoYnuTaeT BEIOpaTh OAUH U3 MPOTO-
PeHHBIX MapIUpyTOB, 3aT€M JOJIIO U YINOPHO JABUIATLCS 11O HEMY, MoKa caM
NpOLEeCC ABUXKEHUS U PHIThs HE CTAHET LENbIO pabOThl.

[Toaapnsioniee GONBIIMHCTBO HAYYHBIX KHUT OMUCBHIBAIOT TO, YTO MBI YMEEM
Aenatb. MHe RaXeTcCst, YTO CTOWIO OBl MOOONBINE MUCATh O SBJIEHUSX, HAC
OKPY:KAIOIIMX ¥ KaXIOMy U3BECTHBIX, HO MOYTH HE U3yYEHHBIX.
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+ Kak u moboe npyroe ycTpoHCTBO, ONUCAHHOE B KHHre, MamuHa Thio-
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pYHra umeer csou orpannyenus. CyniecTByOT 3a/1a4d, He pelllaeMble C
NOMOMIbI0 MamMHb ThiopuHra. B YacTHOCTH, K HUM OTHOCHTCS IIPO-
OJemMa ocraHoBa.

B romribioTepHO# HayKe 0OBIYHO ITOJIAraloT CripaBeuIMBEIM Te3uc Yepua-
ThIOpHHra, YTBePKIAIOIIHIA HEBO3MOXHOCTD NOCTPOUTH BHIYUCIUTENHHYIO
MAIIIMHY, TPEBOCXOSIIYIO 10 MoUIHOCTH MammiHy Triopunra. Orcrona ciie-
JyeT olpefeNleHre alropuTMa Kak MaluHel ThIOPUHTa: eCIM CYIECTBYET
AJNTOPUTM pelieHus 3a1a4u (B HeopMalbHOM CMBICIE), TO CYHIECTBYET U
MallliHa, ero BOIUIOMIAAsi, U HA00OPOT.

ITo-BunuMoMy, 4€JI0BEK TOXe HECIIOCOOEH PelUTh HepaspellnMyo (Ma-
muHoi ThiopHHra) 3ajady, B 4acCTHOCTH, Ipo0Oiemy ocraHoBa. M3 orux
HaOMOneHuit MOXKHO chopMyTUpoBaTh CHIBHYIO Bepcuio Te3uca Yepua-
TriOpyHra 0 paBeHCTBE BBIYMCIUTENBHOM MONIM MalUHB ThIOpUHra u
YeJOBe4eCcKOro Mo3ra.

Mammumnsa ThropuHra — He eWHCTBEHHBII MHCTPYMEHT JUISL OINMCAHUS
anroputmos. CymiecTByioT U ipyrue umIiepatusnble (MammHa ITocra) u
nexIapaTuBHble (JIAMOMa-UCIUCIEHUE) MOIEIIH.

Haxe ecnu 3ajava pa3pelnima, OHa MOXeT UMeThb ITPUHAIUIEXKATh K TOMY
WIM MHOMY KJIaccy cioxXHocTd. HambGonee BaXHBIMHM KJIaccaMH B Halle
BpeMst CYMTAIOTCSI Kiacchl P (3amaum, pelaempie HeTepMHUHUPOBAHHOM
MmamiHo# ThropuHra 3a nonruHoMuadbHoe Bpems) 1 NP (3agavu, permna-
eMble HeeTePMUHMPOBAHHON MalInHON ThIOpUHra 3a MOJMHOMUANTBHOE
BpeMs).

Cuuraercs, uro Ki1acc P nenukom nexur BHyTpu Knacca NP, Xors 310 He
nokasaHo. Ilo-uammomy, IIPOCTPAaHCTBO, NpuHaexamee kiaccy NP,
HO He NpUHajexaniee kKiaccy P, 3aHsTo tak HaspiBaembiMu NP-ionHbI-
MU 3alayamu. B Hacrosiiee BpeMst M3BECTHBI JHIIb SKCIIOHEHIIMAIbHbIE
JITOPUTMBI UX pellleHKs] Ha eTePMUHUPOBaHHOM MarmHe TriopuHra (1o
CYTH jiel1a BBUITOJNHSIONME OOBIYHBIH ITepeGop BapUAHTOB).

Kak nokasplBaloT HaONIOAEHNs, CIOXKHOCTD BOOOIIE NPUCYINA CUCTEMAM
Haulero Mupa. Jlaxxe OCHOBAHHBIM Ha OYeHb ITPOCTHIX IIPUHIHUIIAX MeXa-
HU3M MOXKET BeCTH ce0sl 3arpeenbHO CIOXKHO.



NMocnecnoeune

JIro0oit yenosexk, 3aHUMAaOUIUICA MPOrpaMMHUPOBaHUEM U30 AHS B 1€Hb, TIPH-
MEPHO MpeAcTaBIgeT cede, KaKoro poaa 3ajgadd CTaBUT Iepe HuM rnpodec-
CHS U B ODLIMX 4YepTax 3HAET, B KaKOW IUTeparype MoXHO HalTU OTBETH Ha
UHTepecyoe Borpocsl. Ho moMUMO XKNM3HEHHO BaXXHBIX 3HAHUN U HABBIKOB
CYIIECTBYET eni€ TaKoe MoHATHUE, KaK 00mag KyJpTypa NporpaMMIpoBaHUsl.

OObI4Has1 KU3Hb, TOBCEIHEBHOE OOLIEHHE, BEPOATHO, He TPeOYIOT OT YeNoBeKa
KaKUX-TO 0COOEHHBIX NOo3HaHMI (110 KpaliHell Mepe, CyObEeKThl, MU He OTSro-
MEHHBIE, HO TIPU OTOM IPEKPAcHO BHIKHUBAWOIIME, BCTPEYAIOTCA C 3aBUIHOI
perysipHocThio). Ho o6mas KynsTypHast o0pa3oBaHHOCTH CIIOCOOHA cAeNaTh
Hamy XM3Hb €CIIU He ITPOIIE, TO 3aMETHO HHTepecHee U borade. Ecny Bo BpeMs
MIPOryJIKHU Irae-HUOyab B UICTOPUYECKUX KBapTallaXx Topoja y Bac rnepej rjlasa-
MH BO3HMKAIOT XUBBIE KapTHUHBI U3 IPOLIIOro, eCIU eXeIHEBHBIE CUTYaIuu
aCCONUMUPYIOTCA C COOBITUAMM U3 JIOOMMBIX JIUTEpaTyPHBIX NPOU3BEACHUH,
TeM caMbIM O00peTas HOBBbIE APKUE KPacKH, eC/Id BBl yIbIOaeTeCh, CAYIas 1o-
JTUTHYECKUX AeATENel, TOTOMY YTO TBEPAO 3HaeTe, KTO M KOorja yXe roBOpHUI
rnofioGHoe MHOTo NIEeT Ha3ajd — YBepeH, Takoe, OoJlee rly00Koe NMoHUMaHNe
IPOUCXOAAIIETO BOKPYT KOIAA-HUOYAb COCNYKUT BAM XOPOIIYIO CHyXOy.

TouHo Tak XKe U oOmas KylbTypa NporpaMMUpOBadNs, He MpH3BaHHas Co-
AeCTBOBATh AOCTHXKEHUIO KAaKMUX-IM00 KOHKPETHBIX IeNlel, NoAHUMAET 110~
HYMaHUE TTPOrpaMMUPOBAHUS KaK BHAA TBOPYECTBA Ha KAa4eCTBEHHO HOBBIM
ypoBeHb. B34Th, K mpuMepy, TaKyIO NOMYJIAPHYIO HBIHYE UAEI0 KaK MaTTepHel
IpOrpaMMHMPOBAHH — BBICOKOYPOBHEBBIE KOHCTPYKIIMY, BRIpakKamlue oome-
NPUHATHINM TTOAXO0A K PEIEHUIO TON MM MHOU THIIMYHOM 3aaa4n. HadyrnBaommi -
IpOrpaMMUCT 6€3 Tpyda MOMMET KakayIo OTAENbHYIO HHCTPYKIHMIO, BXOAAILY IO
B aJTOPUTM-TIaTTEPH, HO 00mas apXUTEKTypa OCTAHETCA AJIA HEro HesICHOMU.
[peacraBbre, YTO, IIAAA HA 3arOPOAHBIA AOMUK, Mbl Obl HE BUJEIM OKOH,
CTeH M KPBILIY, a MOHUMAIIHA OBl UG, 4YTO OH COCTOUT M3 KUpIHYel, CTeka
1 yeperunbl. HeMbiciMO B peafbHOH XHU3HHU, HO BIIOJIHE OOBLIKHOBEHHO B
nporpaMMMpoBaHUM.

OTa KHHra, cofepxKariasi MHOXECTBO JOBEAEHHBIX 10 pealu3anud aaropMr-
MOB, TEM HE MeHee IOCBSIIEeHA «uH(MPACTPYKType» KOMIIBIOTEPHOM HayKH,
CKPBITOM 32 SIPKUMM (acagaMu U MPUBJIEKAIOIIMMI BHIMAHUE J1e KOPATUBHBIMU
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aneMeHTaMu. XOPOUIUH IIpAMep MOAb3bl OOIIEH KyAbTYPH 3/1€Ch yXKe MNpUBO-
auncst: GyHKIMOHANIBHOE ITporpaMMupoBanne. Jymamo, 4TO IMOfaBIsIomee
GONBIIMHCTBO YMTATENICH HUKOTAA He UCTIONb30BaJIH si3biKU Hanogooue Haskell
wix Standard ML u Bpsin nu koraa-nubo Oyayt sTo nenarb. Tem He meHee,
UIEONOrnio 0600IEHHOTO MpOorpaMMIpoBaHust Boooiue 1 oubnuoreku STL (¢
KOTOPOH, HaBepHSIKA, CTaNKABAJICSI KaXK bl BTOPOH ) MMOHSITh TOpa3fo TpyaHee,
He 3Hast OCHOB (QYHKIIMOHANILHON Mapajnrmbl.

Taxkum ob6pazom, sT UCKpeHHe crapalcsi He TONBKO MPUBECTH HECKONIBKO HIO-
JIE3HBIX PELErNTOB HAa KaXAbld AeHb, HO U 1IOMOYb PACHIMPUATH MTOHUMAaHUE
HEKOTOPBIX MPUHUMUITOB, JIEXKAIIUX B OCHOBE COBPEMEHHOI KOMITBIOTEPHON
HayKd. YJaJoch 14 MHe CAENaTh 3TO XOTh ¢ KaKOH-TO CTereHpIo ycrexa Wil
HET — CYAUTh BaM. byAy pad oTkJIMKaM, NPeAIOKEeHUsIM U KOHCTPYKTHUBHON
KpuTHKe. Aflpec Moell 2N1eKTPOHHOH NoYThl — maxim_mozgovoy@hotbox.ru.

Maxcum Moseosoil,
maii 2005 e.
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