MUWHUMAINbHAA MOOUD®UKALINA ABTOMATHbBLIX MPOrPAMM...

YIK 004.4'242
MHUHHUMAJIBHASA MOJUDPUKALIUA ABTOMATHBIX ITPOT'PAMM

MNP NBMEHEHUU CLIIEHAPUEB UX PABOTbI
A.B. lllectakoB

Ipennaraercs MeTon MOAU(UKALMY aBTOMATHBIX ITPOTrpaMM ITPU W3MEHEHUH CLIEHapHeB UX paboTsl. MeTon, B oTiinYue OT
pa3paboTaHHBIX paHee, He HCIIONb3YeT DBOJIOLHOHHBIE aTOPUTMBL. Ero BaskHOW 0COOCHHOCTBIO sIBIISICTCS] TpeOOBAaHUE MH-
HUMAaJIbHOCTH M3MEHEHHs NporpaMMel. MeTon Mo>keT ObITh MPHUMEHEH ISl MOCTPOEHHs aBTOMATHBIX NMPOTrpaMM Ha OCHOBE
Habopa cueHapueB. Ero cyTh 3aKiouaeTcs B CBEICHUH MCXOIHON 3a1auu K 3aj1aue MOMCKa KpaTJalIlero MmyTH B al[UKIMYe-
CKOM B3BEIICHHOM rpadye, IOCTPOSHHOM 0 HCXOJHOMY aBTOMATy U J00aBIseMOMY CLIEHAPHIO PaOOTHI.

KuroueBble cj10Ba: aBTOMaTHOE IPOTpaMMHPOBaHUE, CLICHapUil paboTel, aBToMaT Mypa.

BBenenue

OpmHUM U3 MOJXOJ0B K MPOTrpaMMHUPOBAHUIO 00BEKTOB CO CIIOKHBIM IOBEICHUEM SIBISETCS MCIOJIb30Ba-
HHE MapaJnTMbl aBTOMAaTHOTO TIPOrpaMMHUPOBaHUS [ 1] MM «ITporpaMMHUpPOBAHHMS C SIBHBIM BBIJICIICHUEM COCTOS-
Huid» [2]. TIpr UCoab30BaHUK ATOTO MOJX0/a TOBEACHHUE MPOTPAMMBI 33a€TCS B BHUAC YIPABIISIOMINX KOHEY-
HBIX aBTOMATOB. COCTOSIHUSI KaXIOT0 aBTOMATa COOTBETCTBYIOT COCTOSIHUSIM YIIPABIISIEMOTO 00BhEKTa, a epexo-
JIbl M@Ky COCTOSIHUSIMU OCYUIECTBIISIFOTCS IPH BBIMIOJHEHUH 33/[AaHHBIX YCIOBHIA.

ABTOMaTHOE MPOrpaMMHUPOBAHUE XOPOILIO MOJXOIUT JUIS CO3aHHs COOBITUIHO-OPHEHTUPOBAHHBIX MPH-
noxenuit [3, 4]. ITo kaxx1IoMy COOBITHIO aBTOMAT B 3aBUCHMOCTH OT COCTOSIHHS T€HEPUPYET OINPEAeIEHHOE BbI-
XOJIHO€ BO3JICUCTBHE, & MOCIIEC0BATEIBHOCTh COOBITHI MOPOXKIACT MOCIEI0BATEIBHOCTh BBIXOHBIX BO3/CHCT-
Buii. Takas nenovka nap «coObITHE — BO3/ICHCTBIE)» Ha3bIBACTCS CLIEHApUEM PabOThl aBTOMATHON MTPOTPaMMBI.

V3meHneHue cueHapueB padoOThl TpeOyeT MOIM(HKALMKM aBTOMAaTHOW NporpaMmbl. MeTos, TpenioxKeH-
HBII B HACTOSIIEH paboTe, MO3BOJISET M3MEHHUTH MIPOTPaMMy B COOTBETCTBHHU C HOBBIMH CLICHApHsAMH. Mcnons-
30BaHME HTOTO METOJa TAKXKE TapaHTUPyeT MUHUMAIBLHOCTh N3MeHEHHH. CyIecTBYIOT METO/IBI, ITO3BOJISIOIINE
MIOCTPOUTH aBTOMAT HAa OCHOBE ONPEJICIICHHOTO MHOKECTBA CLICHAPHUEB, HAIPUMEDP, C IOMOIIBIO TeHETHYECKUX
anroput™oB [5]. Ilpeanaraemblii METO/, B OTJIMYKE OT pa3pabOTaHHBIX paHee, HE UCIOJb3YEeT IBOJIOIUOHHBIC
QJITOPUTMBI.

Takum 00pa3zoM, MOCTAaHOBKA 3a[add PabOTHI COCTOHT B ciemyromeM. Tpedyercs Moau(UIupoBaTh aB-
TOMaTHYIO MPOTpaMMy TaKHM 00pa3oM, YTOOBI MOJIyYeHHAas MPOorpaMma YIOBIETBOPsUIa K3MEHEHHOMY Habopy
crieHapueB paboThl. JIONONHUTENBEHBIM TPEOOBAaHHUEM SBJISIETCS MUHUMAIILHOCTh OTJIMYUS MOJIU(PHUIMPOBAHHOM
nporpamMMbl OoT ucxonHoi. Crioco0 ornpeseseHus] KoJIudecTBa U3MEHEHH mpuBesieH B paszerne «Haxoxnenue
KpaT4aiIero myTm».

IIpeamerHas odaacTh

Jlorrka aBTOMaTHOM HPOTpaMMBI 3aJae€TCsl C IIOMOINBIO AETEPMUHHUPOBAHHOTO KOHEYHOTO aBToMata. B
paboTe B KauecTBE aBTOMATHON MOJENH HCIOJIB3yeTcss aBToMaT Mypa Broporo pona [2]. Ucnonp3yemyro Mo-
JIeTIb aBTOMaTa MOXKHO MPE/ICTaBUTH B BUJIE Tpada Imepexo1oB, B KOTOPOM IIPH BXOJIE B KaXK/10€ COCTOSIHUE T'eHe-
pHUpyeTcsl BEIXOTHOE BO3ACHUCTBHE, MTEPEXOIbl OCYIIECTBIISTIOTCS IO COOBITHAM M ONMPEICIICHO CTAPTOBOE COCTOS-
HUE, a TAK)Ke OTHO MM HECKOJIBKO KOHEUHBIX.

CuenapueM paboTHI B HACTOSIIEH paboTe Ha3hIBACTCS CIMCOK Map <e, z>, TAe e — COOBITHE, Z — BRIXOIHOE
Bo3neiictBue. CueHapuii paboThI ONpeIessieT MOBEACHHE MPOrPaMMbl MIPU MOSBJICHUH OIPEISICHHON Mocie0-
BaTEJIbHOCTH COOBITHH.

ITox pabounm MHOXKECTBOM B pabOTe MOHMMAETCS MHOXKECTBO CLIEHAPHEB, ONPEAEICHHOE I10JIb30BaTe-
JieM, MIPUYEM aBTOMAT JIOJDKEH YOBJIETBOPSTH CIIEHAPHUSIM M3 3TOro MHOKecTBa. ClieHapusM, HE MpHUHaJJIeKa-
MM paboyeMy MHOXKECTBY, aBTOMAT MOJKET, KaK y/IOBJIETBOPSTh, TAK M HE yIOBJIECTBOPSITH.

Pabouee MHOXXECTBO MOXKET OBITh H3MEHEHO HECKOJILKMMH CIIOCO0aMu:

— no0aBieHue CICHApUS;
— YyhaneHwe CICHAPHS,
— H3MEHEHHE CYIIECTBYIOIETO CIIeHapHsL.

[Ipu ynanennu cueHapuii youpaercss u3 pabodero MHOXKECTBA, a aBTOMAT MOXKHO HE M3MEHSATh. [Ipn mo-
OaBlIeHUH CIIEHAPHUS MOXET BO3HUKHYTH CUTyarus KoHQIHUKTa. KOHQIMKTOM Ha3bIBaeTCs CHTyanus, KOTAa Tpe-
Oyetcst 10OABUTH IEPEXO/I U3 3aJJAHHOTO COCTOSHISI II0 COOBITHIO € B COCTOSIHIE C BRIXOJHBIM BO3JICHCTBHEM Ha
BXOJI€ Z|, HO YK€ CYIIECTBYET IepeX0/l B COCTOSHHE C BO3JEHCTBHEM Ha BXOE Z;.

Jlo6aBuTh clieHapuil, KOHQIUKTYIOMMNA ¢ XOTs OBl OJHUM CLiEHapueM H3 pabod4ero MHOXKECTBa, HEBO3-
MoxHO. OJiHaKO, ecinu T00aBIsIeMbI ClIEHApUil KOH(QIIMKTYET C aBTOMAaTOM, HO HE KOH()IMKTYET CO CLEeHApusi-
MH pabouero MHOXECTBA, TO €ro J00aBlieHHE BO3MOXKHO C IMOMOIIBLIO IIPEIBAPUTEIHHOTO H3MEHEHHs aBTOMaTa
nipu noMouiu pedakropunra [6]. JlobaBieHue creHapus IpU yCIOBHH KOH(IIMKTA ¢ aBTOMAaTOM MOJIpoOHO pac-
cMoTpeHo B pabote [7]. B ciyuae oTCyTCTBHsI KOHGIMKTOB CIICHAPUH ClenyeT J00aBUTh ¢ MUHHUMAJIbHBIM H3-
MEHEHHEM aBTOMATHOW MPOTrpaMMBbl IIPH HOMOIIN M3JI0KEHHOTO Jjajiee allroprTMa.
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JobaByienne cueHapust

CyTh aJTOpHTMA 3aKIFOYAETCS B CBEICHUH MCXOIHOHN 3a1adu MOMUGHUKAIIMA aBTOMATa K XOpPOIIO H3Y-
YeHHOM 3a71aue TIOMCKa Kpardaifmero myTd B rpade. [lepex Hagamom paboTsl anroputMa Tpedyercs yoenuThes,
YTO CliEHApH He KOHQIUKTYET C UCXOIHBIM aBTOMaTOM. B ciydae oOHapyxeHus: KOH(IMKTA ero CieayeT ycT-
PAHUTH C TIOMOIMIBIO METOa, OIMCAHHOTO B padoTe [7]. AITOPUTM BBISBICHUS KOH(DIMKTA MIPEICTAaBICH HIDKE.

1. Ilycts HE0OX0aMMO NOOABHUTH cLieHApuil sc={e;, z;};-1_,. Te€KyIIee cocTosiHue currentState=startState (ctap-
TOBOE COCTOSTHHE), HOMEP PACCMaTPUBAEMOI0 dJIeMeHTa cleHapus pairNum=1.

2. Ecnu pairNum coBnanaer ¢ JUIMHO# CIIeHapusl 71 M TEKYIlee COCTOSIHUE BBIJIENICHO Kak KOHEYHOE, TO aBTOMAT
YK€ YIIOBIETBOPSICT CIICHAPHUIO, T00ABICHUE CIICHAPHUS HE TPEeOyeTCs.

3. Ecnu pairNum coBnagaet ¢ JUIMHOM CLIEHApHs 7 U TEKYIee COCTOSTHUE HE SIBJISETCS KOHEUHBIM, TO CLIEHapU
SIBIIICTCS IPE(HUKCOM PYTOTO CIICHAPHS.

4. EcnM CyIeCTBYeT HCXOALIMH nepexos U3 currentState 0 COOBITHIO €Ny B COCTOSHUE State ¢ BO3JIEHCT-
BUEM HA BXOJIE Zpgirnum> TO currentState=state, pairNum=pairNum+1. Ilepexon k wmary 3.

5. Ecnu cymecTByeT UCXOAAIIMI NEPEX0 U3 currentState 10 COOBITHIO €p4i\ym B COCTOSIHUE Sfafe ¢ BO3JeHCT-
BHEM Ha BXOJIE Z£ZpqirNum» TO OOHAPYIKEH KOH(IIHKT.

6. Ecnm He cymiecTByeT MCXOASIIErO IeEpexoja M3 currentState O COOBITHIO €,4inum, TO KOHQIUKTA HET, U
MOJKHO JO0aBIISTh CLICHAPHIL.

Pe3ynbTaToM MpoBepKHU SIBISETCS JIMOO COOOIIEHUE O TOM, YTO CLEHApUil B aBTOMAT JT0OABHUThH HENb3S,
1100 XBOCT UCXOAHOTO cueHapus subSc={e;, z;} -, 1 COCTOSIHUE S, U3 KOTOPOTo TpeOyeTcs 3TOT OCTATOK J0-
0aBuTh B aBTOMaT. J{1s ynoOcTBa nayiee OyeM CYMTaTh, YTO 3a/la4a COCTOUT B J00ABIICHUH B aBTOMAT CLICHAPHS
subSc, mapbl KOTOPOTO TIEPECHYMEPOBAHbI, HAUMHAS C equHHUIBL. ClienoBatenbHo, subSc=1{e;, z;} ;-1 p.m» @ CTAPTO-
BBIM COCTOSIHEM CUHTAETCS COCTOSTHHE S.

IHocTpoenne rpada mo aBToMaTy M ClIeHApHIO

s cBeneHns NCXOMHOM 3a/1aud K 3a7aue HaXOXKACHUS KPaTYalIero IMyTH CTPOUTCS B3BEIICHHBIH Tpad.
Kpargaitmmii myts B 3TOM rpade OyIoer cOOTBETCTBOBATH TAKOMY MHUHHMAIBHOMY M3MEHEHHIO aBTOMAaTa, 4To
MOJTy4EHHBIN aBTOMAT OYZET collepKaTh TpeOyeMblid CLIeHaApHH.

Jnst moctpoenust rpada paccMaTpHBaeTCs CIIMCOK BO3ACUCTBHHN {z;};-1 , M0OaBisieMoro cueHapus. Kax-
JIOMY BO3JIEHCTBHIO Z; COIIOCTABISAETCS CIIMCOK COCTOSIHUN aBTOMAaTa, MPU BXOJE B KOTOPBIC BBIMOJIHAETCS 3TO
BO3ICHCTBHE: Z— {5{,55,...}. Jlajiee CIHCOK COCTOSIHMIA, COOTBETCTBYIOIIMH i-My BO3/EHCTBHIO CLICHAPHS, Ha-
3bIBaeTCA i-M cioeM. i Toro 4toObl J0OABHUTH ClIEHAPHi, HEOOXOAMMO MOCTPOUTH HEMPOTHBOPCUYMBEII MyTh
4yepe3 3TU CJIOH, MPUYEM Pa3peliaeTcsl UCOIb30BaTh TOJIBKO OJHO COCTOSIHUE U3 CIIOSL.

Jist peanu3anuy KaXa0ro BO3AEHCTBUSL MOXKET MCIIOJIb30BAThCA HE TOIBKO COCTOSIHHE U3 aBTOMAaTa, HO U
HOBOE COCTOSIHUE, JOOABICHHOE B aBTOMAT,. J[Ist TOrO 4TOOBI M30eKaTh CUTYalldH, KOTJa IS Peali3aliy BO3-
JICHCTBUS HEBO3MOXKHO BBIOpPATh COCTOSTHUE M3 CIIACKA, B KAXKIBIH CIIUCOK T00ABISIeTCS kK HOBBIX COCTOSIHUM, TC
k — gucio pa3, Korza napa z;,e; BCTpeyanach B cLieHapuu. Takum 06pa30M, eciu <z;e;> =<z, ¢;>, TO:

- zi—{s1, s2,...,n81'};
- z,—»{slj, §9,...nsi, nszj}.

31ech BepxHHiT MHAEKC 0603HAYAET HOMEp CIOf, a HIKHHI — HOMEp cocTosHus. Ilpu stom nsy u ns,’
YKa3bIBAIOT HA OJHO U TO )K€ COCTOSIHUE, XOTSI HAXOAATCS B Pa3HBIX CIOAX.

[TocTpoeHHBIE CTUCKU COCTOSHUM MCIONB3YIOTCS TS ocTpoeHus rpada. Kakapiii cimcok paccMarpuBa-
€TCsl KaK MHOKECTBO BEPIIUH, KAXJOW M3 KOTOPBIX COOTBETCTBYET JIMOO COCTOSHKE aBTOMATa, JTUOO HOBOE CO-
CTOSIHUE, KOTOPOE, BO3MOXKHO, TpUAETCS T00aBUTh B aBTOMAT. B rpad mo0aBiseTcs BepiInHa, COOTBETCTBYIO-
asi CTapTOBOMY COCTOSIHUIO, ITOTydCHHOMY Ha JTarle BBIABICHUS KOH(IUKTA.

s noGasmenust pedep B rpad paccMaTpuBaeTcs Kaxkaas BepirnHa v. [IycTh 3Tol BEpIIMHE COOTBETCTBY-
€T COCTOSTHHE § MICXOTHOTO aBToMara. PeOpa J0OaBISIOTCS MO CIIECIYIONINM MIPABHIAM:

— €CJIK § — CTapTOBOC COCTOAHUE, TO HAIO )IO6aBI/ITI:- pe6pa M3 v BO BCE€ BCPUIMHEBI IEPBOT'O CJIOA. Bec kaxmoro
pe6pa YCTaHABJIMBACTCS paBHbIM CANHULIC,

— €CIIH BepIlHHA V JISKHUT B i-M CIIO€ U Y COCTOSIHUSA § CYIIECTBYET UCXOAAINN MEPEXO S—>€;+1—>Si11, TIC S+
— HEKOTOPOE COCTOSTHHE C BO3JCUCTBUEM z;:| HA BXOJE, TO HEOOXOIUMO J00aBUTh pedpo v—w, TAe W — Bep-
mHa U3 (i+1)-ro ClIosl, COOTBETCTBYIOIIAS COCTOSIHUIO S,;41. BEC 3TOro pedpa yCcTaHABJIMBACTCS PAaBHBIM HY-
JI10;

— €CIIM BepLINHA V JISKUT B i-M CJIO€ ¥ Y COCTOSHUA § CYIIECTBYET HUCXOISIIUN TEPEXOLl S—>€;4—>S.y, TAC Soy —
HEKOTOPOE COCTOSIHUC C BO3JCHCTBUCM z#Z;.| Ha BXOJE, TO peOpo He 1o0aBIseTcs;

— ©CIIM BEpIINHA V JISKUT B i-M CJIO€ M Y COCTOSHHS § HET MCXOJAIIETo Mepexoaa 1mo COOBITHIO €;41, TO J00aB-
JSIOTCs pedpa U3 v BO BCe BEPILUHBI CIEAYIONIEro cliosi. Bec pedep ycTaHaBIMBAaeTCS PAaBHBIM EAMHHUIIE;

— €CIIM BepILMHA V JISKHUT B i-M CIJIO€, € COOTBETCTBYET HOBOE COCTOSIHHE /S, HE TIPEICTaBICHHOE B NCXOIHOM aB-
TOMare, TO JOOaBILIOTCS pedpa W3 v BO BCe BEPIIMHBI CIEAYIOMIEro cinosd. Bec pebep ycranaBmiBaercst B 1+
rae W — Bec nobaBiieHHs1 HOBOTO cOCTOsIHUS. Bec nobGaBneHust HOBOTro pedpa CYUTaeTCs paBHBIM SAMHHLIC.
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Tak Kak BO3MOXKHO, 9YTO HE M3 BCEX BEpIIHH rpada ObuH qo0aBIIeHBI HCXOAAIIHe pedpa, TO HeOOXOIIMO
yIAIUTh BCE BEPIUMHBI, U3 KOTOPBIX HEJOCTIDKMMA XOTS OBl OZHA M3 BEPLIMH, COOTBETCTBYIOIINX KOHEYHBIM
COCTOSIHHSIM HUCXOAHOTO aBToMarta. CiemyeT 3aMeTHTh, YTO, HCXOII U3 MOCTPOCHUs, B Irpadye HET BepLIMH, He-
JOCTIKHMBIX M3 CTApTOBOI BEpIIMHBI (B KQKIAOM CJIO€ CYLIECTBYET XOTs OBl OJHA BEpLIMHA, U3 KOTOPOil moc-
THYKHM BECh CICIYyIONuii cioif). [Ipumep mocTpoeHHOro rpada MpUBEICH HAa PUCYHKE.

P T A T s sy AR

sizr 8212, si/zy

B

PucyHok. lobaBneHne B aBTOMaT CLEHapus € z, € Z> € z1: UCXO4HbIV aBToMar (a); aBTomaT nocne gobasneHus
TpebyeMmoro cueHapusi (0); rpad, MOCTPOEHHbIN MO UCXOAHOMY aBTOMaTy 1 f4obaBnsieMomMy cueHapuio (B)

Jlo6aBisieMslit clieHapuil e z;, e z; e z; YK€ YaCTUYHO IPHUCYTCTBYET B aBTOMATe, MO3TOMY J00aBiseTcs
€ro OCTaToK e z, e z;. CTapTOBBIM COCTOSIHHEM S CUMUTAETCs COCTOsIHME S,. HaliieHHbIid B rpade kpardaiinumii
IyTb S, S, §1 (Ha PUCYHKE OTMEUCH IIyHKTHPOM) UMeeT Bec ABa. COOTBETCTBYIOIIUE eMy IIepeX0.Ibl JOOABIISIOTCS
B UCXOJIHBII aBTOMAT.

HaxoxneHue kpaTyaiiuero myTu

3anaya 1o0aBiIeHNsT HOBOTO CLIEHApHs CBEIACh K 3ajade IMOMCKa KpaTJaiIero myTH B IOCTPOSHHOM Ipa-
(be. Ha pucyHke Takoi myTh IMoMe4eH IMyHKTHpOM. B HacTosieit paboTe MeTprka U3MEHEHHSI aBTOMATa 3aJ1acT-
cs kKak u=E+W-S, rne E — uncno n06aBIeHHBIX MEPEeX0I0B; S — YUCII0 N100aBICHHBIX COCTOSIHUI; W — Bec 1o-
OapneHust coctossHMs. Ecnm KpaTdaliimmii myTh HaWIEeH, TO OCTaeTCsl NOOABUTH B aBTOMAT HOBBIE COCTOSHHSA,
COOTBETCTBYIOIINE BEPIINHAM, Yepe3 KOTOPHIE MPOXOAUT MyTh, M MEPEXObl, COOTBETCTBYIONINE pedpaM MyTH
HEHYJICBOTO Beca.

[IpoGnema, 13-3a KOTOPOI HENb3sl HANPSAMYIO MPUMEHSTh ONMCAHHBIA B paboTe [8] MeTon moucka Kpat-
YafIero MyTH JUIsl alUKINYECKUX B3BELICHHBIX I'pa)oB, COCTOUT B TOM, YTO BEC M CYILECTBOBaHHE pedpa 3aBH-
CSIT OT YK€ IPONIEHHOTO My TH:

— ecnu OBUI COBEpLICH Iepexo] Mo pedpy u—e—v, TO CICAYIOMUI Nepexoa 1Mo pedpy u—e—V UMeeT Bec
HOJIb;

— eciu OBIT COBEPIIICH TIEPEXO0.I IO pedpy u—e—v, TO JAFHEHIITHIA epeXo/ Mo pedpy u—e—w HEBO3MOKCH;

— IIyCTh U COOTBETCTBYET HOBOMY COCTOSIHHIO, KOTOPOTO €Ille HET B aBTOMATe, Torjaa pedpo u—>e—V UMEEeT BeC
1+W, onHako cnenyromuii nepexon u—e;—w OyaeT UMeTh BEC, paBHbIH €INHMIIE, TOTOMY YTO COCTOSHHE U
YK€ CO3/1aHO.

IlepBBIe ABE CUTyaIM BO3MOXKHBI TOJIBKO B TOM CIy4ae, KOTrJa B 100aBIsIEMOM CLCHAPUH SC={€;, Z;}i=1.»
CYIIECTBYIOT MTOBTOPSIIOILIHECS MapHI z; €;.1. PeOpa, MpoxoskAeHNe M0 KOTOPBIM N3MEHSET rpad, OyeM Ha3bIBaTh
criopHbIMH. CUTyalusi TPETbEro TUMA BO3MOXKHA NPU MOBTOPEHUM B CLIEHAPUU OTIAENBHBIX BO3JIEHCTBUH U He
3aBUCHUT OT COOBITHII cieHapus. B kauecTBe npuMepa paccMOTpuM rpad Ha pucyHke. B nobasnsemom crieHapuu
€ z, € z; e z; eCTb IIOBTOPEHHE Maphl z; e. [IyTh U3 BepIINHbL S B BEPUIMHY F HE MOXKET IIPOXOJUTH Yepe3 BEpILU-
HBI S, §3 51, TaK KaK W3-3a HATMYUSI pedpa s;—e—s; peOdpo s;—>e—S; CTAHOBUTCS HEAOITYCTUMBIM.
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[Monck kpaTdaifliero mMyTH B ONMKCAHHBIX YCIOBHSAX PEAM3yeTcs ¢ MOMOIIBI0 (DYHKIIMU TOCIOHHON pe-
Jakcanuu pedep, KOTopast peKypCHBHO BBI3BIBACT ce0s IPH MPOXOXKACHUH Yepe3 criopHoe pedpo. CienoBarenb-
HO, QpyHKIUS PUKCUPYET COPHOE pedpo U UILET KpaTJaiiuii myTh B rpade ¢ y4eTOM MPOiIeHHOTO ITyTH.

[lycTh B KaXK/10ii BepUIMHE XpaHUTCS MHGOPMAIMS O MPEIKe dTON BEPIIUHBI B KpaT4yalllieM IyTH U ee
PacCTOsIHUM IO CTApTOBOW BEPIIHMHBI (O Hadana paboThl BCE PaCcCTOSHUS CYMTAIOTCS OECKOHEYHBIMH). Mexmy
JIBYMsI CIIOSMH Tpada MOryT OBITh Kak CIIOpPHBIE, TaK M OOBIYHBIE TIEPEXO/bI, TOITOMY BO3HHMKAeT IpodiemMa:
(YHKIMS MOXKET 0CIa0uTh 00BIYHOE pedpo, OOHOBHB PAacCTOSIHUE B BEPLIMHE V, 3aT€M JUISl CIEAYIOIIETO CIIop-
HOTO pedpa BbI3BaTh Ce0sl pEKYPCUBHO M CHOBA OOHOBHTH PacCTOSHHE B BEPILUHE V, HO YK€ C yYETOM CIIOPHOTO
pebpa, 4To He Bcerja NMPUBOAUT K KOPPEKTHOMY pe3ynbTary. [Ipeanmaraercs At KaXI0ro CJiosl cHavdaja 3alryc-
KaTh PEKypCUBHO (YHKIIMH ISl KaXKJIOTO CIOPHOTO pedpa, a 3aTeM MpOJIODKaTh peslaKCcaIliio OOBIYHBIX pedep.
Taroke xakaas GyHKIOMS JOJDKHA XPAHUTD, KaKHe U3 BEPIINH CICAYIOIIETO CII0s TOCTYITHBI U3 TEKYIIEro, HHaue
BO3MO)KHO HEKOPPEKTHOE IOCTPOEHHE KpaTdaiiiero mytu. Kpome Toro, koppekTHas penakcamus pedpa u—v
3aTpyAHEHA TeM, YTO TeKyllell (yHKIMM HEM3BECTHO, KTO 3aaJl BEpILIMHE V €€ TeKyIee PacCTOsIHUE 10 CTapTo-
BOH BEpLIMHBI, TaK KaK 3TO MOIJa clenath U Apyras ¢yHkuus. TakuMm oOpa3oM, y Kaxaoi (GyHKINUHM NOJDKEH
OBITH CBOI HACHTU(UKATOP, KOTOPBIH MO3BOJISLT ObI ONPEACIUT, MOYKHO JIM OCJIa0UThL pedpo.

Ecnu B HeKOoTOpBIit MOMEHT BpeMeHH (DyHKIIUSI HAXOAUTCS B BEPIIMHE V, TO U3 BEPILUHBI V YK€ H3BECTCH
KpaT4adIlvi MyTh 10 CTAPTOBOM BEPIIMHBL. DTa WH(OpMALUS MO3BOJSIET ONPEACIUTh, OBUIO JIU yXKE CO3JaHO
COCTOSIHHE, COOTBETCTBYIOIIEE V.

[TycTp y Kakq0# BepImHHBI Tpada ecTh CIIEAYOIIHE TIOJIS:

1. parent — IpeJlOK BEPIINHBI B KpaTJaieM myTH;

2. distance — paccTosHHE /10 CTAPTOBOI BEPIINHBI;

3. createdStates — MHOXECTBO COCTOSIHWH, CO3JAHHBIX TPH HMPOXOXKICHUH MO KpaTJalIeMy IyTH K 3TOH Bep-
IIMHE;

4. lastModified — nnenTudukaTop QyHKIIUHN, KOTOpas MOCIeTHEH OOHOBIISIIA IO BEPIITUHEL.

Tornma ncesnokoj ocnabnenus: pedpa u—v ¢ BecoM w (QpyHKIHEH ¢ MICHTHPUKATOPOM funC BBITIISAUT
CIEIYIOUINM 00pa3oM:

IF(lastModified != func OR u.distance + w < v.distance)

v.distance = u.distance + w

v.parent = u

v.lastModified = func

v.createdStates = u.createdStates

IF(u cooTBeTCTBYyEeT HOBOMYy COCTOSHMD)
v.createdStates.add (u)

[TpuBenem nceBnokox GYHKIMN HAXOKACHHUS KPATUYANIIETo My TH:

Bxox: craproBast BepIInHa Sfart, MHOXECTBO CCTAHHBIX CIIOPHBIX IEPEXOA0B E.

Beixon: kpaTuaiimmii myTs P.

1. Ilyctp P — xpardaiiiuii myTh U3 start, P=0.
2. Ilyctp Q — MHOXECTBO BEPILUUH TEKyIIETo cios, O={start}.
3. Tloxa Q#0:

1. Q'=0 — BepIIMHBI CIIEAYIONIETO CJIOs, JOCTYNHBIE W3 TeKymiero. J[Is Bcex CHOPHBIX pedep
u—V, TaKUX, 9TO ¥ TIPHHALICKHUT (:
1. Ecmm u—v npuHamiexut E, To ocnadnsercss pedpo u—v, BEC CUMTACTCS PaBHBIM HYy-
a10. Q'=0' B 00beIUHECHHH C {V}.
2. Ecmm u—v He npuHauiexut E, To ocnadisercs pedpo u—v. PekypcuBHO BbI3bIBaET-
s QyHKIMA U3 BEPLIMHBI V C YIETOM CIENaHHOTO CIIOpHOro nepexona. OGHOBIsAETCS
yTh P, €Cli MyTh, BO3BPAILEHHBIH BHI3BAaHHOW (YHKIIHEH, KOpoye.
3. Tlpomyctuth pedpo, eciu mepexo Mo HeMy HEBO3MOXKEH M3-3a COBEPILEHHBIX paHee
CIIOPHBIX IEPEXOI0B.
2. Jlna Bcex oOBIYHBIX pebep u—V, TaKuX, 4TO ¥ MPUHAUISKUT ( , ocnabuTh pedpo u—v. Q'=Q’
B 00BCTMHEHUH C {V}.
3.0=0"
4. Ecnm xoHEYHas BepIIMHA ObLIa TOCTUTHYTA IO OOBIYHEIM pedpaM M pacCTOSHUE A0 Hee MEHBINe, 4YeM ITHHA
P, T0 0OHOBHUTE P.
[o HalimeHHOMY KpaT4aimeMy IMyTH J00aBISIOTCS HEOOXOAMMbIe pedpa M COCTOSHIS B UCXOTHBIN aBTO-
Mar. B aBToMare nosiBisieTcst MyTh, COOTBETCTBYIOLINI T0OABISIEMOMY CLIEHAPHIO.

3akaouenue

B pabote uccienosana npodiemMa H3MEHEHUS! aBTOMATHOW IIPOrpaMMBI IPH MOJIU(HKAITNH MHOXKECTBA €€
crieHapueB pabotsl. [locTaBneHa 3aqada JOCTIKEHNS! MUHAMAJIBLHOTO M3MEHEHUSI aBTOMATHOH NPOrpaMMBI TIPH
J00aBJICHUH ClieHapHs B paboyee MHOXKECTBO. J[iIs peleHns MpeuioKeH METO ], KOTOPBIH TakKe MOXET OBITh
WCTIONIB30BAaH VI TIOCTPOCHNUS aBTOMATa 110 Habopy crieHapHeB paboTHL.
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