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BBenenune

B nanHo# KypcoBoii paboTe moka3zaHO MPUMEHEHHE KOHEYHBIX aBTOMATOB JIJIs JIGKCHYECKOTO aHalIn3a
II0CJIEI0BATEIBHOCTH CUMBOJIOB. Pe3ynbTaToM paboThl SIBJISAETCS MpOrpamMMa, HalMCaHHAs Ha sA3bIKe
nporpammupoBanus Eiffel [1], koTopast npuHUMAaeT Ha BXOJ PEryJIIPHBIC BBIPAKEHUS, CTPOUT MO HUM
KOHEYHBI aBTOMAT M BBIJAET B KAa4eCTBE pPEe3yJbTaTa MCXOAHBIM KOJ JIEKCHYECKOTO aHaJIM3aTopa,
MCIIOJIb3YIOLIETO MOCTPOEHHBIN aBTOMAT.



1. IlocTaHoBKA 3a1auu

Henp nanHOil paboThl — CcO3aHHME TeHEpaTropa JIEKCHMYECKUX aHaau3aTopoB. Jlis TodHOM
(bOpMYITUPOBKY MOHATHS JIEKCUUECKOTO aHAIN3aTopa MPUBEIEM PsIT ONIpeIesieHu [2].

1.1. OcHoBHBIE onpeaeIeHust

bynem Ha3bIBaTh angasumom 1o00e KOHEUHOE MHOXKECTBO CUMBOJIOB, C1080M — MOCIIEA0BATEIHLHOCTD
CUMBOJIOB U3 andaBuTa, A36IKOM — MHOKECTBO c10B. CJI0BO HYJEBOMU JIMHBI Oy/1eM 0003HAaYaTh Kak €.

Bsenewm crenyromue onepanyu Ha A3bIKaMU:

® xomkameHnayusi S3bIKOB L u M — S3bIK, CJIOBa KOTOPOTO MOXHO 0O0pa3oBaTh IyTeM
JIOTIMCBIBaHUS JIIOOOTO clioBa U3 M K CIIOBY U3 L;

® oOveduneHue I3bIKOB L 1 M — s3BIK, TI000€ CIIOBO KOTOPOTO MPUHAISKUT b0 L, mubo M,
00 MepeceYeHNI0 MHOKECTB CJIOB SI3BIKOB L 1 M,

o 3amvikanue Knunu (umepayus) si3pika L — S3BIK, COCTOSIIIUN U3 BCEX CJIOB, KOTOPHIE MOXHO
0o0pa3oBaTh MMyTeM KOHKATCHAIIMH JTF00O0T0 YHCIIa CJIOB U3 L.

HazoBeM pecynsapuvivu cnenyromue S3bIKu:

® TIyCTOH S3BIK (HE CoMepKaluii B ceOe CIIOB), SI3bIK, COJIEPIKAINA €TUHCTBEHHOE CJIOBO — €, a
TaKXe S3bIKU, COJICPIKAIINE SIMHCTBEHHOE CIIOBO, SIBIISIFOIEECS] CHMBOJIOM an(aBuTa;

® S3BIKH, ABJIAIOMIUCCA KOHKATCHAIWAMU PETYIISIPHBIX SA3BIKOB;

® A3BIKH, ABJIAIOIIUCCA OG’bGI[I/IHeHI/IHMI/I PErYIAPHBIX A3BIKOB;

® A3BIKH, ABJIAOINUCCA 3aMbIKAaHUAMU Knunau PErYJIAPHBIX SA3BIKOB.

Jl1g 3a1aHus ¥ ONIMCAHUS PETYIISIPHBIX SA3BIKOB UCIIONIB3YIOTCS pecyisipHble 8blPA’CEeHU:

® IS IyCTOTO SI3bIKA PETYJISPHBIM BBIPKCHHUEM SBIISIETCS O

® JUJId A3bIKa, COACPKAIMICTO CAMHCTBCHHOC CJIOBO — &€, PCTYJIAPHBIM BBIPAXKCHUCM SABJISICTCA €

e Ui s3bIKA, COJAEPXKAIIEr0 EIMHCTBEHHOE CJIIOBO — CHMBOJ aj¢aBUTa, pPETYISPHBIM
BBIpKEHUEM SIBIISICTCS JaHHBIM CUMBOJ a(aBUTa;

® Uil KOHKATEHAllMU PETYJISPHBIX SA3BIKOB, HUMEIOLIUX PETYISAPHBIC BBIPAKECHUA O U [ —
() (B);

e I OOBEIMHECHHS PETYJSAPHBIX S3BIKOB, MMEIONINX PETyJspHbIe BeIpaxeHus o u B — (a) | (B);

e Juis1 3aMbIKaHUsI KIIMHU peryisipHOTO S3bIKa, HUMEIOIIET0 PeryisipHOe BeIpakeHue o — (o).

s Toro, 4yTtoObl YMEHBIIUTH YHUCIO CKOOOK B PErYyJSPHBIX BBIPAKEHHSIX, BBEAEM MPUOPUTETHI
onepanuii — HauBBICIIMI TPUOPUTET MPUCBOUM OIEPALIMU 3aMblKaHUs KITMHYM, MEHBIINI TPUOPUTET —
oncpanr KOHKaTCHAllUA U HauMEHbBIINU MMPUOPUTET — OlICpallun O6’b€I[I/IH€HI/I$I.

Jnist ynoOCTBa 3aMucH perysipHbIX BRIpaKEHUI BBEJIEM JIOTIOJIHUTENIbHBIE 0003HAYCHHUS:

e (x)? —DOKBHUBAJIECHTHO 3amucy ( () | €) H 03HAYaeT «HOJb WU OIUH pa3y;
e (o) + —DIKBHBAJIEGHTHO 3amucHu ( (o) (o) *) ¥ O3HAYAET «OauH U OoJiee pasy;
e [a—-c] — SKBHBAJICHTHO 3allMCH (a |b|c) miId 3amaHHOro Juarna3oHa CUMBOJIOB.



[IpuBeaemM nmpuMepbl PEryasIpHbBIX BbIPAKEHUM:

I. (0]1)*0 — peryiasipHOE BBIPA)KCHHE, OMUCHIBAIONIEE SA3BIK JBOMYHBIX 3AMUCEH YETHBIX
HaTypaJIbHbIX YUCEIL.

2. [a-z]*abbala-z]* - peryisipHOE BbIpa)KEHUE, ONMUCHIBAIOIIEE SA3BIK CIIOB, COCTOSIIIUX U3
CTPOYHBIX JJATUHCKUX OYKB M COJIEpXKaIuX B ceOe MOACTPOKyY abba.

1.2. Jlekcu4ecknii aHAJIU3ATOP

Jlexcuyeckuii aHanM3aTOp — NporpamMma, NPUHUMAIOIIAS Ha BXOJ TEKCT (MOCIEI0BATEILHOCTD
CHUMBOJIOB U3 anaBuTa) M pa3OMBarOIIas €ro Ha MOJCTPOKH (J1ekcembl) B COOTBETCTBHU ¢ HEKOTOPHIM
HA0OpPOM pETYISPHBIX BbIpaxeHHi. [locienoBaTeNnbHOCTh JIGKCEM TaKOBa, YTO KaKIas JieKcema
NPUHAIICKUT XOTS OBl OTHOMY M3 SI3bIKOB, 3371aBAEMBIX PETYIISIPHBIMH BBIPAKCHUSMHU.

1.3. KoHeuHblii aBTOMAT
JleTepmuHUpOBaHHBIN KOHeUHBbIN aBTOMaT (JIKA) — marepka {Q, =, &, g, F},rme

® (O — KOHEYHOE MHOYKECTBO COCTOSIHUII;
E — KOHEYHOE MHOXECTBO BXOJHBIX CHMBOJIOB;

e O — (byHKIHUS MTEPEXOI0B, APTYMEHTAMHU KOTOPOH SBISIOTCS TEKYILEe COCTOSHUE U BXOIHOM
CHMBOJI, a 3HAYEHUEM — HOBOE COCTOSIHUE;

® J — HAYAJIbHOE COCTOSIHUE;

F — MHOK€CTBO JIOIIyCKAIOIIUX COCTOSIHUM.

HenerepmunupoBanusiii koHeuHblid aBTomMaT (HKA) ornuuaercs or JIKA 3HaueHueMm QyHKIUU
Mepexoa0B, KOTOPOC ABIACTCA MHOXKCCTBOM COCTOHHHﬁ, a HC CAMHUYHBIM COCTOAHHUCM.

KoHneunplii aBTOMAT MOKHO MPEJCTABUTH B BUJIC OUASPAMMbL EPexo008, MPUMEP KOTOPOU N300paxeH
Ha puc. 1.

Puc. 1

Juarpamma nepexoioB — rpad, BEpIIMHBI KOTOPOTO COOTBETCTBYIOT COCTOSIHHSIM aBTOMaTa, a AyT'H —
nepexojaM M3 OJIHUX COCTOSIHUH B JIpyrue, omnpeaensemMbiM (yHKIuel mepexomoB o. Jlyra
MOANKCBIBAECTCS CHMBOJIOM, II0 KOTOPOMY OCYLIECTBISETCA Iepexoi. Takke Ha [auarpamme
OTMEYAIOTCS IOMYCKAIONINe COCTOSHUS U HaualbHOE COCTOSTHUE.

Hauunas paboty B HadanbHOM cocTtosiHuH, JIKA unuTaeT BXOJHYIO CTPOKY CHMBOJI 32 CHMBOJIOM U, Ha
OCHOBE (DYHKIIMU TIEPEXOJIOB, OMPEIEISIET COCTOSHUE, B KOTOPOEe HEOOXOAUMO MeperTu. ABTOMAT
JIOITYCKaeT CTPOKY, €CJIH MOCIJIe MPOUYTEHHSI BCEX €€ CHMBOJIOB HaXOUTCS B IOMYCKAIOIIEM COCTOSHUU.

B cnyqae HKA, aBroMar Ha KaxJoM I1are onpeaensieT MHOXKECTBO COCTOSHHUM, B KOTOPOE€ OH MOXKET
NepelTH, U BEIOMpAET JII000e U3 HUX I Mepexoaa. ABTOMAT JOMYCKAeT CTPOKY, €CIH CYIIECTBYET
MOCIIEI0BATEIHHOCTh BEIOOPOB COCTOSTHUI, MPUBOAIIAS K JOMYCKAIOIIEMY COCTOSHUIO.



Brenem cnenytomee pacmmpenue nonsatus HKA — e-HKA. Oto pacmmpenue otinuaercss ot HKA
¢yHKuMell mepexofoB, KOTOpas MOXET NPUHUMATh B KauyeCTBE apryMEeHTOB HeE TOJIBKO TMapy,
COCTOSIIIIYI0 W3 COCTOSIHMSI M CHMBOJIa andaBUTa, HO U Tapy, COCTOSIIYI0 U3 COCTOSHUA H
CIICHUaJIbHOI0 CMMBOJA E. B »Ttom CJIydac ropop4iar, 4TO aBTOMAT MOXKCT COBCPUIATHL CIIOHTAHHBIC €-
MEPEXO0/Ibl U3 OJJHOTO COCTOSIHUS B APYroe, He YUTas MPH 3TOM CIEAYIOUIUH CUMBOJ CTPOKH.

e-HKA mone3Hsl nmpu pacCMOTPEHUH BOIPOCA O TIOCTPOSHUU aBTOMATOB TI0 PETYJIIPHBIM BBIPAYKECHUAM
(pazm. 2.1).

1.4. I'enepaTop JieKCHYECKHX AHAJIM3ATOPOB

3amauell reHepaTopa JEKCHUECKHX aHAJIU3aTOPOB SBIISIETCS CO3JaHUE JIEKCUYECKOro aHajlu3aTopa Io
3aJJaHHOMY Ha0Opy peryJsipHbIX BbIPaKEHUH.

B nannoit pabore ucnonb3yercs aBTOMATHBIM MOAXOM K pealu3aluy JIEKCUYECKUX aHAIU3aTOPOB —
BCS JIOTMKA aHAJU3a CTPOKU HA HAJIMYME B HEM MCKOMBIX JIEKCEM COCPEIOTOYEHA B MOCTPOECHHOM
reHepaTopoM KOHeuHOM aBTomare. [Iporpamma, koTtopas sBiIsieTcs pe3yiabTaToM paboThl MPOrpaMMBbl-
reHepaTopa, SMyJIUpyeT paboTy MOCTPOCHHOTO aBTOMAaTa JJisi MOMCKAa JIEKCEM, COOTBETCTBYIOIIUX
PETYISIPHBIM BBIPA’KEHUSIM.

2. llpuHuun padorsl
PaboTa nporpaMMbI-TeHepaTopa COCTOUT U3 CIACAYIOMIMX ATAIoB.

1. TIpeoGpazoBanue perynsipHOro BeipaxkeHus B e-HKA.
2. TlpeobpazoBanue e-HKA B JIKA.
3. Munnmmzamus JIKA.

PaccMoTpuM KaXkablid U3 HUX.

2.1. IIpeoOpa3oBaHue PperyJsipHOro BbIPAKEHUS B HeJAeTEPMHUHUPOBAHHBIN
aBTOMAT

Ilepen wnauanom moctpoenuss &-HKA mnporpamma-reHeparop mpeoOpa3OBHIBAET PETYISIPHOE
BeIpakeHne B mocTtdukcHyo dopmy. [loctdhurcHas dopma mo3BoiseT M30eKaTh HCIOJIb30BAHUS
CKOOOK B BBIPKEHUU U YIPOIIAET MPOIECC MOCTPOSHUS aBTOMATA.

[IporpamMa 4yuTaeT peryasipHOE BBIPAXKCHHUE CIIEBA HAIIPABO MIOCHUMBOJIBHO U BBINOJIHAET CIEAYIOLIUE
IEUCTBUA:

® CCJIM MPOYUTAH CHUMBOJI alpaBUTa — MpOrpaMma CO3JaeT U pa3MeliacT B CTEKE aBTOMAT,
JONYCKAIOWUA CTPOKY JJIMHBI OJIMH, COJEpKallyl0 JaHHbIA CHMBOJI. OJTOT aBTOMAT
IIOKa3aH Ha puc. 2;




® ¢cCM MMPOYUTAH ONEpaTop KOHKATEHAIMH — IIPOrpaMMa BRIHMMAET U3 CTEeKa J[Ba aBTOMArTa,
KOHKAaTEHUPYET UX, KaK [TOKa3aHOo Ha pHC. 3, U pa3MeIlIaeT B CTEKE HOBBIN aBTOMAT;

|F~.BTDI‘u‘IaT1 | |ABTDM3T 2|

Puc. 3

®  eCIIM IPOYMUTAH ONepaTop 00beTUHEHUS — TPOrpaMMa BRIHUMAET U3 CTeKa J[Ba aBTOMATa,
00BbeIMHSCT X, KaK MTOKAa3aHo Ha pUC. 4, U pa3MelaeT B CTEKEe HOBBII aBTOMAT;

ABTOMAT 2

Puc. 4

® ¢eCM MPOYHUTAH OMepaTop UTEpallK — MPOrpaMMa BHIHUMAET U3 CTEKa aBTOMAT, U3MEHSIET
€ro, Kak MoKa3aHo Ha puc. 5, U pa3MeIlaeT B CTEKE HOBBIM aBTOMAT;

Puc. 5

® cCIM MPOYMTAH OlepaTop ? — IMporpamMMmMa BBIHMUMAeT W3 CTEKa JBa aBTOMAaTa, CTPOUT
HOBBIH, KaK IMOKa3aHO Ha puc. 6, U pa3MEILAET €ro B CTEKE;

Puc. 6

e cCiM MPOYHUTAH OMeparop + - MporpaMma BBIHUMAET M3 CTEKa JiBa aBTOMAaTa, CTPOUT
HOBBIW, KaK OKa3aHO Ha PUC. 7, U pa3MELIaeT €ro B CTEKE.



Puc. 7

ITocie 3aBCPUICHUA YTCHUSA PCTYJIIPHOTO BBLIPAKCHUSA, B CTCKC OCTACTCA GHHHCTBGHHBIﬁ JJIEMCHT —
noctpoeHHbii e-HKA.

2.2. IIpeoOpa3oBanue HeleTEPMUHUPOBAHHOIO aBTOMATA B AeTePMUHUPOBAHHBIN
aBTOMAT

Omnpenenum e-3amvikanue COCTOSHUS ( KaK MHOXECTBO COCTOSIHUHM, JOCTYIHBIX M3 J TOJIBKO IO &-
HEPEXOAAM.

JleTepMUHUPOBAHHBIM aBTOMAT, SKBUBAJICHTHBIA JAHHOMY HEACTEPMUHUPOBAHHOMY C £-IIEPEXOJaMHU,
CTPOMTCS CIEAYIOIINUM 00pa3oM:

® MHOXECTBO COCTOSIHUI — MHOYKECTBO BCEX IIOJIMHOKECTB COCTOSTHUN UCXOIHOTO aBTOMATa;

® MHOXKECTBO BXOJHBIX CUMBOJIOB TAKOE K€, KAK Y UICXOJHOI'0 aBTOMATa;

e (yHKIMS TEpPexXo0B INPUHUMAET B KadecTBE apryMEHTOB COCTOSHHE (MHOXECTBO
COCTOSIHUH HCXOJHOTO aBTOMaTa) ¢ M CHMBOJ andaBuTa C, 3HaueHHE (QYHKUUU —
COCTOSIHUE, COOTBETCTBYIOILEE CIEAYIONIEMY MHOXKECTBY COCTOSSHMM MCXOIHOTO aBTOMATa,
B KOTOPBIE MOXKHO IIEPEUTH 110 CUMBOJLY C U3 €-3aMBIKaHHsI MHOYKECTBA COCTOSIHUU T

e HAYAIBHOE COCTOSHME — E-3aMBIKAHHUE HAYaJIbHOI'O COCTOSIHUS UCXOAHOI'O aBTOMATA;

e JIONYCKAIOIIME COCTOSIHUA — BCE MHOXKECTBA COCTOSHUM HCXOJHOIO aBTOMATa,
coJiepaKaIlKe TONYyCKAIOIINE COCTOSHUS.

2.3. Munnmmzanus KA

B nporpamme peanuszoBan anroputM Xonkpodra [2] ans muanMuzamun JIKA.

AJNTOPUTM UTEPATUBHO CTPOUT pa3OHEHNE MHOKECTBA COCTOSIHHUM CIIEIYIONIM 00pa3oM.

nhw

[TepBoHauanbHOE pa30MEHHE MHOXKECTBA COCTOSIHUW — JIONMYCKAIOIIME COCTOSHUS W HE
nomyckaromue (aBa 670Ka).

Anroput™m momerniaer B odepens Bce mapel (B, ¢), rme B — 00k HaMMeHbIIEro pazMepa u3
JIBYX HadaJIbHBIX, C — CUMBOJ aji(paBUTA.

Janee, noka He ycTa ouepe/ib, AITOPUTM BBIIIOJIHAET 1.4 — 11.7.

N3 ouepenu uzBnekaercs mapa (B, c).

Bce 6moku Tekymiero pazOueHusi pazouBaroTcs Ha 2 O1o0ka (OJUH U3 KOTOPHIX MOXKET OBITh
MYCThIM) — T€ COCTOSIHUSI 0JI0Ka, KOTOPbIE 10 CUMBOITY C NEPEXOAAT B cOcTosiHME O10Ka B 1 te,
KOTOpBIE IO CUMBOJY C HE MEPEXOIST B COCTOsIHUE OM0Ka B.

Te Oyiokm, KOTOphIE pa3OMIMCh HA JBa HEMYCTHIX MOAOJIOKA, 3aMEHSIOTCS IMOJI0JIOKAaMHU B
pazOueHum.

Jna kaxpgoro Onoka B, pa3Ourtoro Ha /Ba HEMyCTHIX MOAOJIOKA, BBHIIOJIHSAETCS CIEAYIOIIUN
UKL 7T K&KIOT0 CHMBOJIA ¢ TIPOBEPSIETCsl, €CTh JI B ouepeau mapa (B, ¢). Eciu ecth, TO oHa
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3aMCHACTCA Ha ABC COOTBETCTBYIOINHUEC IIapbl AJIA HO,I[6J'IOKOB ¢ cuMBoaoM c¢. Ecim HET, TO B
oucpeab I[OGaBJBIeTCH rnapa, CoCcTosias u3 HOI[GHOKa HaMMCHBIICTO pa3MCpa U CUMBOJIA C.

ByneM roBoputh, UTO CTpOKa pa3juvaeT JBa COCTOSHMS, €CIU, HauaB IpolecC JOMyCcKa U3 OJHOTO
COCTOSIHUS, aBTOMAT JOIYCKaeT CTPOKY, a M3 JAPYroro — He Jomyckaer. Ha3oBem aBa cOCTOSHUSA
aBTOMATA IKEUBAIEHMHbIMU, €CITU HE CYHIECTBYET CTPOKH, KOTOPasi MOXKET UX Pa3IUUUTh.

bioku MMOJIY4YCHHOT'O p3.36I/IeHI/I$I SIBJISIFOTCS KJacCaMH SKBHBAJICHTHOCTH HAa MHOXKECTBE COCTOSHMI
aBToMara. COCTOHHI/IH, IMpHUHaJIC)KAIIUEC OTHOMY 6J'IOKy MOXHO O6’be,I[I/IHI/ITB B OAHO, HC U3MCHSIA IIPpHU
9TOM A3BIK, I[OHYCKaeMHﬁ JaHHBIM aBTOMaTOM.

3. Peanm3anusi reHepaTopa JJeKCHUYECKHX AHAJIN3aTOPOB

B nanHOM pasnene ocTaHOBUMCS MOJIPOOHEE HA MPOrpamMMe-reHepaTope JIEKCHUECKUX aHaIn3aTOPOB,
CO3JJaHHOU B JaHHOU padoTe.

3.1. SI3bIK MpOrpaMMMIpPOBaHUA

B kauecTBe s3bIKa MPOrPAaMMUPOBAHUS Ui IpOrpaMMbI-TeHepaTopa ObUl BBIOpaH OOBEKTHO-
OpUECHTHUPOBaHHBIN s3bIK  Eiffel. (OCOOCHHOCTBIO SI3BIKA SIBIISICTCSI BCTPOCHHAS — TOZJIEPIKKA
npoepammupoganus no koumpaxmy (Design by Contract) — nonxona K pa3paboTKe MPOrpaMMHOTO
obOecrieueHrsl, OCHOBAaHHOTO Ha TMPOCKTUPOBAHWU BEePUDUIMPYEMBIX HUHTEPPEHCOB  MEKIY
IPOTPaMMHBIMUA ~ KOMIIOHEHTaMHu. VICnoibp30BaHHWE JAaHHOTO TMOJXO/Aa TIO3BOJISIET YMEHBIIUTh
KOJIMYECTBO OIMMOOK B IPOTPaMMaXx M yYBEIHMUUTh HAIC)KHOCTh TIPUIIOKECHUH.

3.2. CTpyKTypa nporpamMmMmbi-reHepaTopa

[TporpamMmMa COCTOUT U3 CIEIYIOIIUX KIIACCOB:

e APPLICATION — KJIacc, COEpKaIlUKi CTApTOBYIO MIPOLIEAYPY IIPOTrPaMMBI;

e NFA — KJacc, ONMCHIBAIOIIMNA HEAECTEPMUHUPOBAHHBIN aBTOMAT;

e DFA — KJIacc, OMUCHIBAIOIINNA IETEPMUHUPOBAHHBIA aBTOMAT;

e STATE — Kjacc, ONUCHIBAIONINI COCTOSHIE aBTOMATa,

e STATES — KJIacC, ONMCHIBAIOIINMI XEIIUPYEMOE MHOXKECTBO COCTOSIHUM aBTOMATa;

e ID COUNTER — BCIIOMOraTelbHbIN KJIACC Ul HyMEPALUU COCTOSHUM;

e PARSER EXCEPTION — KJlacc, OIHMCHIBAIOMINN HH(OPMALIUIO 00 OIIHMOKE B IPOrpamMMme.

PesynbraTtoMm paboThl HporpaMMbI-TeHEepaTopa SBJSETCS NporpaMMa JIEKCHYECKOro aHajau3aTopa,
KOTOpPasi COCTOUT U3 CIEAYIOIUX KJIACCOB:

e APPLICATION — KJIacc, COAepKaIlUKi CTApTOBYIO MIPOLIEAYPY IIPOTrPaMMBI;
e LEX PARSER — KJacc, ONMCHIBAIONIMHA pabOTy JIEKCHYECKOT0 aHaIN3aTopa;
e LEXEME — Kjacc, OIUCHIBAIOIITHI JICKCEMY.

3.3. Uurepdeiic mporpaMmmpl JJEKCHYECKOT0 AaHAJIN3ATOPa

[Iporpamma JIeKCHYECKOTO aHATM3aTOpa UMEET TEKCTOBBIM MHTEpdeiic, MO3BOSIONIMNN M0JIb30BATEIIO
BBOJIUTh CTPOKH TEKCTA U BBIBOJAUTH HA HKPAH CIMCOK JIEKCEM WM MH(OpMaIHIO 00 OIunoKe.

HuTepdetic mporpaMMbl 1 puMep pabOTHI C HEM MPUBENICH Ha pUC. 8.
9



B D:\lexer\EIFGENs\lexer\W _code\lexer.exe -|O ﬂ

enter a string to parse Cor 'exit’ to exit):
239,

lexeme: <

tokens: TOKEN_OBRACKET

lexeme: 239

tokens: TOKEN_MUMEER

lexeme: .

tokens: TOKEW_COMMA

TOKEN_MWS
7
TOKEN_DIGIT TOKEW_MUMBER
tokens: TOKEW_CBRACKET
hadlexemne
lexeme :
tokens: LEX_ERROR
exit

Press Return to finish the execution..._

Puc. 8

4. Ilpumep MocTpoEeHU JEKCHIECKOT0 aHAJIN3aTOPA

PaCCMOTpI/IM IMOCTPOCHUC JICKCUYCCKOTO aHAJIN3aTopa I10 CJICAYIOIIUM BXOIAHBIM JTdHHBIM!

TOKEN WS [ 1~
TOKEN COMMA ,
TOKEN CDE [c-e]
TOKEN AB [ab]+

B nauane cBoeii pabotsl mporpamMmma-renepatop ctpoutT HKA as kaxaoro perynspHOro BeIpaKeHHSI.
Paccmotpum noctpoenne HKA i perynspHoro BelpakeHust [ab]+.

[Tporpamma mpeoOpa3zyeT BbIpaKeHHE, pacKpbiBas KJIAaCC CUMBOJIOB [ab] B BbIpaxkeHHE (a|b) u
MIEPEBO/IS 3aMUCh B TOCT(HUKCHYIO (hOpMYy:
ab |+

IIporpamma yutaer ab | * ciieBa HaPaBO U BBIIOJIHSAET CIECAYIOLIUE NCUCTBUSA:

1. Berperus a, nporpaMMa CTpOUT aBTOMAT Jisi pa30opa peryisipHOro BeIpakeHus a (puc. 9).

(O—Q

Puc. 9
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2. IlpouuntaB b, mporpamMma CTpOUT aBTOMAT I pa3dopa peryasipHoro Beipakenus b (puc. 10).

(O—=

Puc. 10

3. IIpoumtaB |, mporpamMma OOBEIUHIET aBTOMATHI W IOJIy4aeT aBTOMAT Ui BBIPAXKEHHS a | b
(puc. 11).

4. HpO‘-II/ITaB +, mporpamMma 3aMbIKaCT aBTOMAT U MMOJIYYaCT aBTOMAT JJIsI HCXOJAHOT'O BBIPAKCHUS
[ab]+ (puc. 12).

Puc. 12

[IpuBeneM aBTOMATHI 711 OCTAIBHBIX PETYISPHBIX BhIpaxeHUH (puc. 13).

’o eps, space @
eps

e [ 1* (puc.13).

Puc. 13
e , (puc.14).
Puc. 14
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e [c-e] (puc. 15).

Puc. 15

[Tocne mocTpoeHHs] aBTOMATOB JJisi PErYJSIPHBIX BBIPAXKEHHMI IporpamMma CTPOUT aBTOMAT JUIs
JICKCUYECKOTO aHamu3a, OOBEAUHSS BCE aBTOMAThl M IMOAMMCHIBAS 3aKIIOYUTEIHHBIC COCTOSHUS

(puc. 16).

eps, space

TTE

Puc. 16
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[Iporpamma npeodpasyet noxydenusiii HKA B JIKA u nosnyuaer aBromar (puc. 17).

TOKEN_CDE
Puc. 17

K nannomy JIKA mpumensiercs anroput™M XomkpodTa Uis MHHUMHU3ALUHN YHCIa COCTOSIHUNA. B
pe3yabpTaTe MoJIy4aeTcsl SKBUBAJICHTHBIN aBTOMAT (puc. 18).

O

|TOKEN_CDI‘H1I'H1F~., TOKEN_CDE

Puc. 18

13



3amMeTuM, 4TO, HECMOTpPSI Ha TO, YTO MOCIE€ MUHHMM3ALMU CTAJ0 HA OJHO COCTOSIHUE MEHBbIIIE,
MHUHUMU3UPOBAHHBIA  aBTOMAT HE MNOAXOAUT JUIA JIEKCMYECKOIO aHalIM3a, TaK Kak
COOTBETCTBYIOIIUH JIEKCHYECKUI aHAJIM3aTOP HE CMOXKET pasNU4uTh JeKceMbl TOKEN COMMA u
TOKEN CDE.

[TosTomMy mporpamMmMa-reHepaTop pealnu3yeT MOAU(PHIUPOBAHHBIA aNropuT™M XOMKpopTa — Ha
HOCJAEeIHEM Iare OJIOKM COCTOSIHUH CKHUMAIOTCA B COCTOSIHMS TaK, 4TOOBI 3aKJIIOYMTEIbHbIE
COCTOSIHUSI Pa3HBIX JIEKCEM HE CIMBAIUCH B OAHO. B 3TOM ciydae aBToMar Ha puc. 17 sBusercs
ONTHUMAJIBHBIM — YUCJIO €70 COCTOSHUNA MUHUMAJIBHO.

3aKJII0YeHHue

ABTOMAaTHBIN MOAXOJ K peaju3aliy JEKCUYECKHX aHaIM3aTOpOB, MPUMEHEHHBIH B JaHHOW paboTe,
3aBOCBAJI OOJIBIIYIO TOMYJISPHOCTh BCJICACTBUE HATISIHOCTH W OTHOCHUTEIBHOW TPOCTOTHI [2].
[loaTOoMy cCylIecTBYeT MHOXKECTBO TI'E€HEPATOPOB JIEKCMUECKUX AaHAJIU3aTOPOB, MHCIIONb3YIOINX
aBTOMAThI, HanpuMep, reaeparopsl Flex (http://flex.sourceforge.net), ANTLR (http://www.antlr.org).

Orta 005acTh, Hapsay C IMOCTPOEHHUEM IPOTOKOJIOB, Obla A0 MOCJIEIHEr0 BPEMEHH OCHOBHOM
00J1aCThI0, B KOTOPOH B MPOTPaMMUPOBAHUH HCIIOIB30BAIMCH aBTOMAThI. [IprMeHeHre aBTOMaTHOTO
nporpaMmmMupoBaHus [3] pe3ko yBenu4ymio cepy MpUMEHEHHH, B KOTOPHIX MCIOJIb30BaTh aBTOMATHI
[IpY IPOTPaMMHUPOBAHUH 1€JIeCO00Pa3HO.

HNCcTOUYHUKH

1.

A3zvik iporpammupoBanus Eiffel. www.eiffel.com;

2. Xonkpogm ]/[., Momeanu P., ¥Ynvman /|. BBenenrue B TEOPHUIO aBTOMATOB, SI36IKOB W BBIYHUCIICHUH.

3.

M.: Bunwsamc, 2002.
Ionuxapnosa H. U., lllaneimo A. A. ABTromaTHOe mporpammupoBanue. CI16.: [Tutep, 2009.

Hpuiaoxenue

Hcxonunie KOoOb!:

APPLICATION.e

class

APPLICATION
inherit

ARGUMENTS
create

make
feature

make

local

fin: PLAIN TEXT FILE
fcl, fout: PLAIN TEXT FILE
do
if argument count = 1 then
create fin.make (argument (1))
if fin.exists and fin.is readable then

14



create res.make (64)

fin.open read
fin.start
parse (fin)
fin.close

if res.count > 0 then
compute tables

create fcl.make ("lex parser.code")
if fcl.exists and fcl.is readable then
create fout.make create read write

("lex parser.e")

if fout.is writable then
fout.start
fcl.open read
fcl.start
fcl.copy to (fout)
fcl.close
write tables (fout)
fout.close

else
io.put string ("error: can't write
to lex parser.e%N")
end
else
io.put string ("error: can't read from
lex parser.code%N")
end
else
io.put string ("error: correct 'token regexp'
entries are not found%N")
end
else
io.put _string ("error: can't open/read input file%N")
end
else
io.put string ("error: invalid number of arguments3N")
end

end

feature {NONE }
res: HASH TABLE [NFA, STRING]

transitions: ARRAY [ARRAY [INTEGER]]
tokens: ARRAY [ARRAY [STRING]]

raise exc (msg: STRING)
do
(create {PARSER EXCEPTION}.make (msg)).raise
end

get exc: EXCEPTION

do
Result := (create {EXCEPTION MANAGER}) .last exception
end
handle exc
local
e: EXCEPTION
do
e := get exc
if e.message /= Void and then not e.message.is empty then
io.put string ("error: " + e.message + "SN");
end
end

15



parse (fin: PLAIN TEXT FILE)

local
token, regexp: STRING
fa: NFA
do
from
until fin.off
loop
fin.read word
token := fin.last string.twin

if not fin.off then
fin.read line
regexp := fin.last string.twin
trim whitespace (regexp)
if regexp.count /= 0 then

io.put string ("token: " + token + " regexp: "
+ regexp + "%N")
fa := compute fa (regexp);
if res.has (token) then
io.put string ("warning: token
redefinition%N")
end
res.force (fa, token)
else
raise exc ("invalid file entry (" + token +
") %N")
end
else
if token.count /= 0 then -- check if it's not last
empty line
raise exc ("invalid file entry (" + token +
") %N")
end
end
end
rescue
handle exc
retry
end

o\°

trim whitespace (str: STRING)

do
from
until
str.count = 0 or else str.at (1) /=
loop
str.remove (1)
end
end

write tables (fout: PLAIN TEXT FILE)

local
i, j: INTEGER
do
from
i =1
until
i > transitions.count
loop

fout.put string ("
<<")

16
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from

J =1
until
J > transitions[i].count
loop
fout.put integer (transitions([i].at (J))
if j /= transitions[i].count then
fout.put string (", ")
end
J o= 3 + 1
end

fout.put string (">>")
if i /= transitions.count then
fout.put string (",")

end
fout.put new line
i =1+ 1
end
fout.put string (" >>%N
tokens := <<%N")
from
i =1
until
i > tokens.count
loop
if tokens[i] /= Void then
fout.put string ("
<<n)
from
J =1
until
j > tokens[i].count
loop
fout.put character ('"')
fout.put string (tokens[i].at (Jj))
fout.put character ('"'")
if j /= tokens[i].count then
fout.put string(", ")
end
Jjo:=3 +1
end
fout.put string (">>")
else
fout.put string ("
Void"™)
end
if 1 /= tokens.count then
fout.put string (",")
end
fout.put new line
i =1+ 1
end
fout.put string (" >>%N
end%Nend%N")
end
compute tables
local
ffa: NFA
df: DFA
do

create ffa.make final (res)

create df.make (ffa)
df .minimize

17



end

compute fa
local

do

transitions := df.get transitions table
:= df.get tokens table

tokens

(regexp: STRING) :

NEA

st: DS LINKED STACK[NFA]
rxpand, rxp: STRING

c: CHARACTER
i: INTEGER
fa, fb: NFA
fc: NFA

rxpand

rxXp

:= prepare

(regexp)

convert to postfix (rxpand)

create st.make

= \*+2. |
from
i :=1
until
i > rxp.count
loop
Cc := rxp.at

inspect ¢

(1)

when '*' then
if st.count > 0 then

else

end

fa := st.item

st.remove

create fc.make star (fa)
st.force (fc)

raise exc ("malformed regexp")

when '+' then
if st.count > 0 then

else

end

fa := st.item

st.remove

create fc.make plus (fa)
st.force (fc)

raise exc ("malformed regexp")

when '?' then
if st.count > 0 then

fa := st.item

st.remove

create fc.make quest (fa)
st.force (fc)

else
raise exc ("malformed regexp")
end
when '.' then
if st.count > 1 then
fb := st.item
st.remove
fa := st.item

else

st.remove
create fc.make concat (fa, fb)
st.force (fc)

18



"I

rescue

end

raise exc ("malformed regexp")

end
when '|' then
if st.count > 1 then
fb := st.item
st.remove
fa := st.item
st.remove
create fc.make or (fa, fb)
st.force (fc)
else
raise exc ("malformed regexp")
end
when '\' then
c := rxp.at (1 + 1)
i :=1i+1

create fc.make character (c)
st.force (fc)

else
create fc.make character (c)
st.force (fc)
end
i =1+ 1
end
if st.count = 1 then
Result := st.item
else
raise exc ("malformed regexp")
end

handle exc

convert to postfix (regexp: STRING): STRING

A}

local

do

then

st: DS _LINKED STACK[CHARACTER]
c: CHARACTER
i: INTEGER

create st.make
create Result.make empty

from
i =1
until
i > regexp.count
loop
c := regexp.at (i)
inspect ¢
When Al l..l%ll, l,l, l_l, l/l"l>l,
-- readable except ()*+.2\]
Result.append character (c)
when ' (', '*', '4+', '?'" then
st.force (c)
when ')' then
from
until
st.count = 0 or else st.item
loop

= ("

Result.append character (st.item)

st.remove
end

19



if (st.count /= 0) then
st.remove

else
raise exc ("matching ( is not found")
end
when '|' then
from
until
st.count = 0 or else (st.item = '(' or st.item
— lll)
loop
Result.append character (st.item)
st.remove
end

st.force (c)
when '\' then
Result.append character (c)
Result.append character (regexp.at (i + 1))
i =1+ 1
when '.' then
from
until
st.count = 0 or else (st.item = '(' or st.item
= '"|'" or st.item = '.")
loop
Result.append character (st.item)
st.remove

end
st.force (c)
end
i =i+ 1
end
from
until
st.count = 0
loop
if st.item /= ' (' then
Result.append character (st.item)
st.remove
else
raise exc ("matching ) is not found")
end
end
rescue

handle exc
end

prepare (regexp: STRING): STRING
local
i, j: INTEGER
¢, last char: CHARACTER

do
create Result.make empty
from
i :=1
until
i > regexp.count
loop
c := regexp.at (i)
inspect ¢
Whel’l ] l.'l%ll, l,l, l_l, l/l"l>l, l@l"lZl,
tAr oL {", "}', '~' then -- readable except ()+*.2[\]]

Result.append character (c)
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(regexp.at (1 + 1)) then

(regexp.at (1 + 1)) then

(regexp.at (1 + 1)) then

1))

conc_character (regexp.at

(regexp.at (i + 1)) then

class _escape character
'\' then

Result.append character

(i + 1))

(regexp.at

if i < regexp.count and then conc character

Result.append character ('."')

end

when '.' then
Result.append character
Result.append character

( )
(c

\")
)

if 1 < regexp.count and then conc character

Result.append character ('.')

end
"\' then -— \ and () I*+[1\?
if i < regexp.count and then escape character

when

Result.append character (c)

Result.append character (regexp.at (i +

i i+1

if < regexp.count and then

then

Result.append character ('.')
end

else
raise _exc ("invalid escape sequence")
end

when ' (', then

Result.append character (c)

when ')', '+', '?' then

Result.append character (c)

Tkt
’

if i < regexp.count and then conc character

Result.append character ('."')

end
when ']' then

raise exc ("matching [ is not found")

when '[' then
last char '%/0/"
Result.append character

()

from
i=1+1
until
i > regexp.count or else regexp.at (i) =
loop
c := regexp.at (1)
inspect c
when '\' then
if 1 < regexp.count and then
(1 + 1)) then

if regexp.at (i + 1)

("\'")
21



end

Result.append character
(regexp.at (1 + 1))

Result.append character

()

last char := regexp.at
(1 + 1)
i:=1+1
else
raise_exc ("invalid
escape sequence inside symbol class")
end
when '-' then
if last char /= '%/0/' and
then (i + 1 < regexp.count and then (regexp.at (i + 1) /= ']' and regexp.at (i +
1) /= '-')) then
if regexp.at (1 + 1) =
'\'' then
if
class _escape character (regexp.at (i + 2)) then
i =1+ 2
else
raise_exc
("unknown escape sequence inside symbol class")
end
else
if regexp.at (i +
1) >= ' ' and regexp.at (i + 1) <= '~' then
i :=1i+1
else
raise_ exc
("invalid symbol inside symbol class")
end
end
if last char.code <=
regexp.at (i) .code then
from
3 =
last char.code + 1
until
3 >
regexp.at (i) .code
loop
c 1=
j.to _character 8
if c = "|"
or ¢ ="("orc=")"o0orc="* orc="+"90rc="."0rc="?"o0r c="\"' then
Result.append character ('\"')
end
Result.append character (c)
Result.append character ('|')
jo=3+1
end
else
raise exc
("malformed symbol range")
end
last char := '%/0/"'
else
raise_exc ("malformed

symbol range")
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end

else
if ¢ > "' ' and ¢ <= '~' then
- check if escape
sequence is needed
if c = "'"]" or ¢ = '"('
or c=")"orc="*"9orc="+"orc="'."0orc="?"or c="\' then
Result.append character ("\'")
end
Result.append character
(c)
Result.append character
("1
last char := ¢
else
raise_exc ("invalid
symbol inside symbol class")
end
end
i =1+ 1

end

if i1 <= regexp.count then
if Result.at (Result.count) = '|' then
Result.remove (Result.count)
end

Result.append character (')')

if i < regexp.count and then
conc_character (regexp.at (i + 1)) then
Result.append character ('.')
end
else
raise exc ("matching ] is not found")
end
else
raise exc ("invalid symbol")
end
i =1+ 1
end
rescue

handle exc
end

class _escape character (c: CHARACTER): BOOLEAN

do
inspect c
when '\', '-', ']' then
Result := TRUE
else
Result := FALSE
end
end

escape character (c: CHARACTER): BOOLEAN

do
inspect c
Whel’l I(l, l)l, lll, l*l, '+', l[l, l]l, l\l, l?l then
Result := TRUE



end

else
Result := FALS
end

E

conc_character (c: CHARACTER): BOOLEAN

end

DFA.e

class
DFA

create
make

feature
make

do
inspect c
when " '..' (', ','.0'>T,
Result := TRUE
else
Result := FALSE
end
end
(nf: NFA)
local
rt: HASH TABLE [STATE, STATES]
tokens: LINKED SET [STRING]
gs: DS LINKED QUEUE [STATES]
finls: LINKED SET [STATE]
1s: LINKED SET [STATE]
newinit, newstate, st: STATE
newsts, sts: STATES
c: CHARACTER
do

create ls.make

ls.force (nf.get init)

create sts.make set

(nf.eps_closure

create newinit.make (counter)
create finls.make
tokens := nf.get tokens(sts)

if not tokens.is empty then

newinit.set accept

newinit.add tokens

finls.force (newinit)

end

create rt.make (16)

rt.force (newinit, sts)

create gs.make
gs.force (sts)

from
until
gs.is_empty
loop
sts := gs.item
gs.remove
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st := rt @ sts

from
fe) — '
until
c > '~
loop
ls.wipe out
from
sts.start
until
sts.off
loop
if sts.item.get transition (c) /= Void then
ls.append (sts.item.get transition (c))
end
sts.forth
end
if not ls.is empty then
create newsts.make set (nf.eps closure(ls))
if rt.has (newsts) then
st.set transition (rt @ newsts, c)
else
create newstate.make (counter)
tokens := nf.get tokens (newsts)
if not tokens.is empty then
newstate.set accept
newstate.add tokens (tokens)
finls.force (newstate)
end
rt.force (newstate, newsts)
st.set transition (newstate, c)
gs.force (newsts)
end
end
c :=c + 1
end

end

create mystates.make

from
rt.start
until
rt.off
loop
mystates.force (rt.item for iteration)
rt.forth
end
init := newinit
fins := finls
end
get init: STATE
do
Result := init
end

get fins: LINKED SET [STATE]
do
Result := fins
end

get transitions table: ARRAY [ARRAY [INTEGER]]
25



local
c: CHARACTER
to: INTEGER
row: ARRAY [INTEGER]
do
create Result.make (1, mystates.count)

from

mystates.start
until

mystates.off
loop

create row.make (1, 95)
Result.put (row, mystates.item for iteration.get id)

from
c - v
until
c > '~!
loop
if mystates.item for iteration.get transition (c) /=
Void then
mystates.item for iteration.get transition
(c) .start

to 1=
mystates.item for iteration.get transition (c).item for iteration.get id

row.put (to, c.code - 31)
else

row.put (0, c.code - 31)
end
c :=c¢c + 1

end
mystates.forth
end
end

get tokens table: ARRAY [ARRAY [STRING]]

local
tokens: ARRAY [STRING]
i: INTEGER

do
create Result.make (1, mystates.count)
from

mystates.start

until
mystates.off
loop
if mystates.item for iteration.get tokens.count = 0 then
Result.put (Void, mystates.item for iteration.get id)
else
create tokens.make (1,
mystates.item for iteration.get tokens.count)
i:=1
from
mystates.item for iteration.get tokens.start
until
mystates.item for iteration.get tokens.off
loop
tokens.put
(mystates.item for iteration.get tokens.item for iteration, 1)
i:=1+1
mystates.item for iteration.get tokens.forth
end
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Result.put (tokens,
mystates.item for iteration.get id)
end
mystates.forth

end
end
minimize
local
qt: HASH TABLE [LINKED_SET [CHARACTER], STATES]
block, fblock, bblock, minblock: STATES
newblocks, blocks: LINKED SET [STATES]
ls: LINKED SET [CHARACTER]
1lst: LINKED SET [STATE]
c: CHARACTER
initblock: STATES
finblocks: LINKED SET [STATES]
minht: HASH TABLE [LINKED_SET [STATE], STATES]
st: LINKED_ SET [STATE]
do

create fblock.make
create bblock.make

from
mystates.start
until
mystates.off
loop
if mystates.item.accept then
fblock.put (mystates.item)
else
bblock.put (mystates.item)
end
mystates.forth
end

create blocks.make
if fblock.count /= mystates.count and fblock.count /=
then
blocks.put (fblock)
blocks.put (bblock)
if fblock.count < bblock.count then

minblock := fblock
else
minblock := bblock
end
else
fblock := create {STATES}.make set (mystates)
blocks.put (fblock)
minblock := fblock
end

create gt.make (256)
create ls.make
gt.put (ls, minblock)

from

c - v
until

c > '~!
loop

ls.put (c)

c :=c + 1
end
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from
until

loop

Void then

blocks.item.item.get transition

bblock.count /= 0 then

then gt.at (blocks.item) .has

= 0 then

gt.is empty

gt.start

block := gt.key for iteration

ls := gt.item for iteration

ls.start

c := ls.item

ls.remove

if ls.count =
gt.remove

0 then
(block)
end

create newblocks.make

from

blocks.start
until

blocks.off
loop

create bblock.make
create fblock.make
from

blocks.item.start
until

blocks.item.off

loop
if blocks.item.item.get transition (c) /=
1st 1=
(c)
lst.start
if block.has (lst.item) then
fblock.put (blocks.item.item)
else
bblock.put (blocks.item.item)
end
else
bblock.put (blocks.item.item)
end
blocks.item. forth
end
if bblock.count /= blocks.item.count and
newblocks.put (fblock)
newblocks.put (bblock)
if fblock.count < bblock.count then
minblock := fblock
else
minblock := bblock
end
from
c — 1
until
c > '~!
loop
if gt.has_ key (blocks.item) and
(c) then
gt.at (blocks.item) .prune (c)
if gt.at (blocks.item).count
gt.remove (blocks.item)
end
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[CHARACTER] } .make,

[CHARACTER] } .make,

(c)

{LINKED SET

(c)

fblock)

bblock)

[CHARACTER] } .make, minblock)

gt.put (create
gt.at (fblock) .put (c)
gt .put (create
gt.at (bblock) .put (c)
else
if gt.has key (minblock)
gt.at (minblock) .put
else
gt.put
gt.at (minblock) .put
end
end
c:=c+1
end
else
newblocks.put (blocks.item)
end
blocks.forth
end
blocks := newblocks

create finblocks.make
from
blocks.start

until
blocks.off
loop
if blocks.item.has (init) then
initblock := blocks.item
end
blocks.item.start
if fins.has (blocks.item.item) then
finblocks.put (blocks.item)
end
blocks.forth
end

create mystates.make
create minht.make (64)

st := merge(initblock)
minht.put (st, initblock)
mystates.append (st)

blocks.prune (initblock)

from
blocks.start

until
blocks.off

loop
st := merge(blocks.item)
minht.put (st, blocks.item)
mystates.append (st)
blocks.forth

end

minht.at (initblock) .start

init := minht.at (initblock).item
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create fins.make

from
finblocks.start
until
finblocks.off
loop
fins.append (minht.at (finblocks.item))
finblocks.forth
end

end

merge (block: STATES): LINKED SET [STATE]

local

myblock: STATES

c: CHARACTER

ls: LINKED SET [STATE]

newstate: STATE

skip, has: BOOLEAN

delstates: LINKED_ SET [STATE]
do

create Result.make

create myblock.make

create delstates.make

from
block.start
until
block.off
loop
myblock.put (block.item)
block.forth
end
from
until

myblock.is empty
loop
delstates.wipe out
create newstate.make (mincounter)

from

myblock.start
until

myblock.off
loop

skip := false
if myblock.item.accept then
if newstate.accept then

if myblock.item.get tokens.count /=
newstate.get tokens.count then
skip := true
else
from
myblock.item.get tokens.start
until
myblock.item.get tokens.off
loop
has := false
from
newstate.get tokens.start
until
newstate.get tokens.off
loop
if
newstate.get tokens.item.is equal (myblock.item.get tokens.item) then

has := true
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newstate.get tokens.forth

end

end
if not has then

skip := true

end

myblock.item.get tokens.forth

end

end
else

newstate.set accept
newstate.add tokens

(myblock.item.get tokens)
end
end

if not skip then
delstates.put

(myblock.item)

from
myblock.item.links.start
until
myblock.item.links.off
loop
c := myblock.item.links.key for iteration
1ls =
myblock.item.links.item for iteration
from
ls.start
until
ls.off
loop
ls.item.inlinks.at (c) .prune
(myblock.item)
newstate.set transition (ls.item,

.forth

myblock.item.links.forth

myblock.item.inlinks.start

myblock.item.inlinks.off

c)
1ls
end
end
from
until
loop
c
myblock.item.inlinks.key for iteration
1ls
myblock.item.inlinks.item for iteration
from
1ls.
until
1ls
loop
1ls
(myblock.item)
1ls
c)
1ls
end

start

.off

.item.links.at
.item.set transition

.forth

myblock.item.inlinks.forth

end
end
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myblock.forth

end
from
delstates.start
until
delstates.off
loop
myblock.prune (delstates.item)
delstates.forth
end
Result.put (newstate)
end
end
describe
do
io.put string ("init: ")
io.put _integer (init.get id)
io.put string (" fins: ")
from
fins.start
until
fins.off
loop
io.put integer (fins.item.get id)
io.put string (" ")
fins.forth
end
io.put new line
create described states.make
describe states (init)
end

feature {NONE}

init: STATE
fins: LINKED SET [STATE]
mystates: LINKED SET [STATE]

counter: ID COUNTER
once
create Result.make
end

mincounter: ID COUNTER
once
create Result.make
end

described states: LINKED SET [STATE]

describe states (st: STATE)
local
s: LINKED SET [STATE]
do
describe state (st)
described states.put (st)

s := get states (st)
from

s.start
until

s.off
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loop
if not described states.has (s.item) then
describe states (s.item)
end

s.forth
end
end

get states (st: STATE) : LINKED SET [STATE]
local
c: CHARACTER

do
create Result.make
from
c ="'
until
c > '~
loop
if st.get transition (c) /= Void then
Result.append (st.get transition (c))
end
c :=c + 1
end
end

describe state (st: STATE)
local
s: LINKED SET [STATE]
c: CHARACTER

do
io.put string ("state: ")
io.put _integer (st.get id)
io.put string (" accept: ")

io.put boolean (st.is accept)
io.put new line

if not st.get tokens.is empty then
io.put string ("tokens: ")

from
st.get tokens.start
until
st.get tokens.off
loop
io.put string (st.get tokens.item)
io.put string (" ")
st.get tokens.forth
end
io.put new line
end
io.put _string (" children: %N")
from
c ] 1
until
c > '~
loop
s := st.get transition (c)

if s /= Void then
io.put_string (" rmy
io.put character (c)
io.put string ("': ")
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end

NFA.e

class
NFA

create

make character, make star, make plus, make quest, make concat,

make final

feature

from

s.start
until
s.off
loop
io.put _integer (s.item.get id)
io.put string (" ")
s.forth
end
io.put new line
end
c:=c+1

end
io.put _new line
end

make character (c: CHARACTER)

do
create init.make (counter)
create fin.make (counter)
fin.set accept
init.set transition (fin, c)
end

make star (fa: NFA)

(1sf) .has

local
1lsi, 1sf: LINKED_ SET [STATE]
do
create lsi.make
lsi.force (fa.get init)
create lsf.make
lsf.force (fa.get fin)
if eps closure (lsi).has (fa.get fin) and then
(fa.get _init) then
init := fa.get init
fin := fa.get fin
elseif not fa.get fin.has outcome links then
init := fa.get fin
fin := fa.get fin
init.set transition (fa.get init, epsilon)
else
create init.make (counter)
fin := init
fin.set accept
fa.get fin.unset accept
fa.get fin.set transition (fin, epsilon)
init.set transition (fa.get init, epsilon)
end
end

make plus (fa: NFA)
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local
ls: LINKED SET [STATE]
do
init := fa.get init
fin := fa.get fin

create ls.make
ls.force (fa.get fin)
if not eps closure (ls).has (fa.get init) then
fin.set transition (init, epsilon)
end
end

make quest (fa: NFA)
local
ls: LINKED SET [STATE]

do
create ls.make
ls.force (fa.get init)
if not eps closure (ls).has (fa.get fin) then
if fa.get init.has income links then
create init.make (counter)
init.set transition (fa.get init, epsilon)
else
init := fa.get init
end
if fa.get fin.has outcome links then
create fin.make (counter)
fa.get fin.unset accept
fin.set accept
fa.get fin.set transition (fin, epsilon)
else
fin := fa.get fin
end
init.set transition (fin, epsilon)
else
init := fa.get init
fin := fa.get fin
end
end

make concat (left: NFA; right: NFA)
local
c: CHARACTER
1s: LINKED SET [STATE]

st: STATE
do
init := left.get init
fin := right.get fin
left.get fin.unset accept
if not (left.get fin.has outcome links and
right.get init.has_income links) then
from
left.get fin.links.start
until
left.get fin.links.off
loop
c := left.get fin.links.key for iteration
ls := left.get fin.links.item for iteration
from
ls.start
until
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(left.get fin)

end

local

do

ls.off
loop
(1s.item for iteration.inlinks @

ls.forth
end
right.get init.set transitions (ls, c)
left.get fin.links.forth

right.get init.has income links) then

(left.get init)

C) .prune

(not

C) .prune

end
from
left.get fin.inlinks.start
until
left.get fin.inlinks.off
loop
c := left.get fin.inlinks.key for iteration
ls := left.get fin.inlinks.item for iteration
from
ls.start
until
ls.off
loop
st := ls.item for iteration ;
(st.links @ c).prune (left.get fin)
st.set transition (right.get init, c)
ls.forth
end
left.get fin.inlinks.forth
end
if init = left.get fin then
init := right.get init
end
else
left.get fin.set transition(right.get init, epsilon)
end
make or (left: NFA; right: NFA)
c: CHARACTER
ls: LINKED SET [STATE]
st: STATE
if (not left.get init.has income links) and
from
left.get init.links.start
until
left.get init.links.off
loop
c := left.get init.links.key for iteration
ls := left.get init.links.item for iteration
from
ls.start
until
ls.off
loop
(l1s.item for iteration.inlinks @
ls.forth
end

right.get init.set transitions (ls, c)
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left.get init.links.forth

end
init := right.get init

elseif not left.get init.has income links then
init := left.get init

init.set transition (right.get init, epsilon)
elseif not right.get init.has income links then

init := right.get init

init.set transition (left.get init, epsilon)

right.get fin.has outcome links) then

end

make final
local

do

else
create init.make (counter)
init.set transition (left.get init, epsilon)
init.set transition (right.get init, epsilon)
end
if (not left.get fin.has outcome links) and
from
left.get fin.inlinks.start
until
left.get fin.inlinks.off
loop
c := left.get fin.inlinks.key for iteration
ls := left.get fin.inlinks.item for iteration
from
ls.start
until
ls.off
loop
st := ls.item for iteration ;
(st.links @ c).prune (left.get fin)
st.set transition (right.get fin, c)
ls.forth
end
left.get fin.inlinks.forth
end
fin := right.get fin
elseif not left.get fin.has outcome links then
fin := left.get fin

right.get fin.unset accept

right.get fin.set transition (fin, epsilon)
elseif not right.get fin.has outcome links then

fin := right.get fin

left.get fin.unset accept

left.get fin.set transition (fin, epsilon)

else
create fin.make (counter)
left.get fin.unset accept
left.get fin.set transition (fin, epsilon)
right.get fin.unset accept
right.get fin.set transition (fin, epsilon)
end

(ht: HASH TABLE [NFA, STRING])
cur_ fa: NFA

create init.make (counter)
create fin.make (counter)
fin.set accept

from
ht.start
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end

get tokens
do

end

until
ht.off

loop
cur fa := ht.item for iteration
cur_ fa.get fin.add token (ht.key for iteration)
init.set transition (cur_ fa.get init, epsilon)
cur_ fa.get fin.set transition (fin, epsilon)

ht.forth
end

(sts: STATES): LINKED SET [STRING]
create Result.make

from sts.start

until sts.off

loop
Result.append (sts.item.get tokens)
sts.forth

end

get init: STATE

do

end

Result init

get fin: STATE

do
end

eps_closure
local

do

Result

fin

(sts: LINKED SET [STATE]): LINKED SET [STATE]

gs: LINKED QUEUE [STATE]
seen: LINKED SET [STATE]
cur: LINKED SET [STATE]
s: STATE

create gs.make
create seen.make
create Result.make

gs.append (sts)
seen.append (sts)

from
until
gs.is_empty
loop
S := gs.item
gs.remove
Result.force (s)
seen.force (s)

if s.get transition (epsilon) /= Void then
cur := s.get transition (epsilon)
from cur.start
until cur.off
loop

if not seen.has (cur.item for iteration)
gs.force (cur.item for iteration)

end
cur.forth
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end
end
end
end

feature {NONE}
counter: ID COUNTER
once
create Result.make
end

init: STATE
fin: STATE

epsilon: CHARACTER is '%/0/'

end
STATE . e
class
STATE
inherit
HASHABLE
redefine
is equal
end
create
make
feature
make (counter: ID COUNTER)
do
id := counter.next id

create links.make (64)
create inlinks.make (64)
create tokens.make
unset accept

end

is_accept: BOOLEAN
do
Result

accept
end

set accept
do
accept := true

end

unset accept
do
accept := false
end

set transition (st: STATE; c: CHARACTER)
local
1s: LINKED_ SET [STATE]
do
if links.has (c) then
ls := links @ c
ls.force (st)
else
create ls.make
ls.force (st)
links.force (ls, c)
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end

if st.inlinks.has (c) then
ls := st.inlinks @ c¢
ls.force (current)

else
create ls.make
ls.force (current)
st.inlinks.force (1ls, c)
end

end

set transitions (ls: LINKED SET [STATE]; c: CHARACTER)

do
from
ls.start
until
ls.off
loop
set transition (ls.item for iteration, c)
ls.forth
end
end

get transition (c: CHARACTER): LINKED SET[STATE]

do
if links.has (c) then
Result := links @ c
else
Result := Void
end
end

get income links (c: CHARACTER): LINKED SET[STATE]

do
if links.has (c) then
Result := inlinks @ c
else
Result := Void
end
end

has income links: BOOLEAN
do
Result := not inlinks.is empty
end

has outcome links: BOOLEAN
do
Result

not links.is_ empty
end

get id: INTEGER
do
Result := id
end

add token (token: STRING)
do
tokens.force (token)
end

add tokens (tks: LINKED SET [STRING])
do
tokens.append (tks)
end

40



get tokens: LINKED SET [STRING]
do
Result := tokens
end

links: HASH TABLE [LINKED SET [STATE], CHARACTER]
inlinks: HASH TABLE [LINKED SET [STATE], CHARACTER]
tokens: LINKED SET [STRING]

accept: BOOLEAN
id: INTEGER

feature
hash code: INTEGER
do
Result := get id
end

is equal (other: STATE): BOOLEAN

do
Result := get id = other.get id
end
end
STATES . e
class
STATES
inherit
HASHABLE
redefine
is_equal
end
create
make, make set
feature
make
do
create sts.make
end

make set (ls: LINKED SET [STATE])
do
create sts.make
sts.copy (1ls)
end

force (st: STATE)
do
sts.force (st)
end

put (st: STATE)
do
sts.force (st)
end

count: INTEGER
do
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Result := sts.count
end

wipe out
do
sts.wipe out
end

has (st: STATE): BOOLEAN
do
Result := sts.has (st)
end

is_empty: BOOLEAN
do
Result := sts.is empty
end

prune (st: STATE)

do
sts.prune (st)
end
feature
hash code: INTEGER
do
Result := 1
from
sts.start
until
sts.off
loop
Result := Result * sts.item for iteration.get id \\ 100000
sts.forth
end
end

is equal (other: STATES): BOOLEAN
local
ids: LINKED_ SET [INTEGER]
do
if other.count = count then
Result := true

create ids.make
from
other.start
until
other.off
loop
ids.force (other.item.get id)
other.forth
end

from
start
until
off
loop
if not ids.has (item.get id) then
Result := false
end
forth
end

else
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Result := false

end
end
feature
start
do
sts.start
end

off: BOOLEAN

do
Result := sts.off
end
forth
do
sts.forth
end

item: STATE
do
Result := sts.item for iteration
end

feature {NONE}

sts: LINKED SET [STATE]
end

PARSER EXCEPTION.e

class PARSER EXCEPTION

inherit
DEVELOPER_EXCEPTION

create
make
feature
make (msg: STRING)
do
set message (msqg)
end
end

ID COUNTER.e

class
ID COUNTER
create
make
feature
make
do
count := 1
end
nextiid: INTEGER
do
Result := count
count := count + 1
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end

feature {NONE}

count: INTEGER
end
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