YoBJjieTBOpeHe OrpaHUYeHUl 1
IIporpaMMUpoOBaHie B OrpaHNIYEeHUAX "

O. A. Illepbuna

B crarbe mpencraBiien 0630p OCHOBHBIX HAIIPABJICHUI yI0BJIE-
TBopenus orpanndenuii (YO) v IporpaMMUpPOBAHUSA B OrPAHUICHHU-
sax. [enpro 3amaun YO siBJisieTcsi HAX0XKIeHNe 3HAYEHU 1iepeMeH-
HBIX, YIOBJIETBOPSIONINX OIPEIEIEHHBIM OrpAHNYeHnsAM. B uckyc-
CTBEHHOM HHTeJUIeKTe napaaurma ¥ (O npusHaHa B KadecTse yi00-
HOTO 1 3(HEKTUBHOIO CIIOCODa MOIEIMPOBAHUS U PEIIEHUs] MHO-
IUX MPUKJIAIHBIX KOMOMHATOPHBIX 3aj1a4. BaykHasl 3a/1a9a OlEHKN
KOH'BIOHKTHBHBIX 3aIIPOCOB B T€OPUU 6a3 JAHHBIX MOXKET PACCMAT-
puBaThcsa Kak 3amada YO. Kpowme Toro, 3amaun YO npusiekaior
00JIbIIIOE BHUMAHIE B TEOPHUU CJIOXKHOCTH, TaK KaK Pa3/IndHbIE BEp-
cuu 3ay1a9 YO HaAXOJATCA B CepeiiHe MHOTHX CTaHIAPTHBIX KJIac-
COB CJIOXKHOCTH, U IIOCKOJIbKY Y HUX MMeeTCsl TeHJIEHIUsI He UMETh
IIPOMEXKYTOIHOM CJIO?KHOCTH, TO €CTh OHU OBIBAIOT JIMOO JIETKO Pa3-
peluMbIME, JIUOO TOJHBIMUA JIJIsi CTAHIAPTHBIX KJIACCOB CJIOYXKHO-
cru. [IporpamMmupoBanue B OrpaHUYIEHUSX SBJISETCS 1APAIATMOM
IPOrPaMMUPOBAHUSI JIJIsl JEKJIAPATUBHOIO ONucaHus U 3pdeKTus-
HOT'O pellleHns KOMOMHATOPHBIX 33189, TECHO CBI3aHHOW ¢ Teopueil
YO. Paccmorpenbl IpuMepbl UCTIOIb30BaHus Mojeeii YO u KOoH-
KPEeTHbBIE TIPUJIOKEHMUSI.

KurouyeBbie ciioBa: yI0BIETBOPEHUE OIPAHAYIEHUN, IIPOrPaM-
MHUPOBaHUE B OIPAHUYEHUSIX, CJIOKHOCTh, KOMOMHATOPHbBIE 33/ 1a4N.

*Pabora BbinonHeHa npu (UHAHCOBOM MoOjep)KKe aBcrpuiickoro donma FWE,
rpaaTt No. P20900-N13
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1. BBenenue

1.1. YpoBJjieTBOpeHUE OrpaHUYeHUA

Vcrob3oBanne MOAX0I0B U AJIFOPUTMOB UCKYCCTBEHHOI'O MHTEJLICK-
ra (M) mosBosisier permarh MHOIME NPUKJIAJHBIE 3aJ[@4d, TaKhe, Kak
3aJ/1a4n TeOpUHU pacuucaHuii [45], 3a/a4u NIPOEKTUPOBAHUS IKCIIEPTHBIX
CHUCTEM W CHCTEM IOJJIEPXKKH IIPUHATUs peleHuil [13], 1okazareabeTBo
TeopeM, 3aJladl TeCTUPOBAHUS JEKTPOHHBIX CXeM, 00paboTKa M300pa-
skenuiit. OOl M3 BaxKHbIX 3aja4 VU gBjisieTcst 3aada yJI0BJIETBOPEHUST
orpannvennii (YO) (constraint satisfaction problem) [142], [171], [364].

Teopust YO mnpejyiaraer ya00HBINH ammapaT U TPOCTY (POPMATbHYO
cXeMy JIIS TPEJCTABICHUS W PENICHUs KOMOMHATOPHBIX 3aJad HCKYC-
CTBEHHOro MHTe/IeKkTa. Llenbio pemenus 3agaun YO sBIseTCS HAXOMXK-
JIeHe 3HAYCHWH ITePEeMEHHBIX, YAOBJIETBOPSAIOIINX OIPEICJTCHHBIM OIpa-
nndenusaM. [lapajgurma YO siBiisieTcst 000OIIEHIEM IPOIIO3UIIMOHAILHOM
JIOTUKH, B KOTOPOil MEPEMEHHBIM MOTYT OBbITH IIPUCBOCHBI 3HAYCHUS W3
MHOYKECTBa JIIOOOTO YUCJIa IEPEMEHHBIX, a HE TOJBKO «UCTHHA» U «JI0Kb»
[138]. IIpobiiema cymmecrBoBanust pemennii 3agaan YO spisiercst NP-mosi-
HO1A.

B uckyccrBenHoM mHTe/TeKTe Hapajurma YO NIpusHaHA B KadeCTBE
ymobHOro u 3¢pdPEeKTUBHOrO crocoda MOICTUPOBAHUS U PEIICHUS MHO-
I'UX IPUKJIHBIX 33/ad, TAKUX Kak IuiaHupoBanue [240| u kajeHmgapHoe
wianuposanue [343], [166], [74], [49], [308], [321], [357], samaun HasHa-
gyeHnst 4acToThl [157], 0bpaborka nzobpazkennii [289], npu TrecrupoBaHum
ceepxbosbinx uaTerpaasHbix cxem CBUC (VLSI) [211], ananus s3bi-
KOB IIporpaMMupoBanus [294]| 1 HOHUMaHUs ecTeCTBEHHOIO si3bIKa [31]. B
Teopun 6a3 JAHHBIX MOKA3aHO, YTO KJIOUYEBas 3aJ1a9a OIECHKH KOHbIOHK-
TUBHBIX 3aIIPOCOB MOXKET paccMaTpuBarbes Kak 3asada YO [196], [247].
Kpome Toro, HeKoTOpbIe IeHTpajIbHbIe 3aa9i KOMOMHATOPHOMH ONTHMU-
3aIuy MOIYT ObITH IpeJcTaBiaeHsl B BHje 3amad YO [125], [161], [225],
[241]. OubiT npuMeneHus HETOOMPEICICHHBIX MOJIEJICH K UCCIIe0BAH-
sim 9KoHOMUKHN Poccun siBisiercst Briosine obuaexkusatonum [9]. [Tommmo
91010, 3aa4u YO npuBIekaioT 60JIbII0e BHUMAHUE B TEOPUH CJIOKHOCTH,
Tak KakK pasjudnble Bepcun 3ajad YO HaxXousTes B CepeliHe MHOTUX
CTaHJIAPTHBIX KJIACCOB CJIOKHOCTH, ¥ TAaK KAK y HUX UMEETCsl TeHICHIUsT
He UMeTh [IPOMEXKYTOIHO CJIOXKHOCTH, TO €CTh OHU OBIBAIOT JINOO JIEIKO
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pa3penuMbIMi, JINOO MOJIHBIMU I CTAHIAPTHBIX KJIACCOB CJIOKHOCTH
[76], [77], [89], [94], [95], [125], [161], [234], [244], [314]. TIporpammupo-
BaHUE B OTPAHUYEHUSX SIBJISIETCS MAPaUrMON MPOTPAMMUDPOBAHUS JIJIsT
JIEKJIAPATUBHOTO ornucanust 1 3PPEeKTUBHOrO pelnrennss KOMOMHATOPHDBIX
3aJ1a4, TeCHO cBs3aHHOI ¢ Teopueit YO (cm. [19], [266], [322], [377]).

YO saBiisiercst MOIIHOM IapaurMoii, 03BOJISIONIEH aJIeKBATHO MOJIe-
JIMPOBATH MHOrHEe KoMOuHaTopHble 3aga4au [125], [263], [266], [364].

Muorwue kaaccudeckne KOMOMHATOPHBIE 381, TAKHE KAK M3BECTHAS
reopema Pepma, 3azada bnosanmoctu (SAT) u3 nponosunmoHaIbHOM
JIOTMKH, 3ajada packpacku rpada u 3ajada umzoMmopdusma rpados u3
teopun rpados, 3agada BANDWIDTH wus uccienoBanus omeparuii Mo-
ryT dhopmyarpoBarbes B Buje 3agad YO (3YO0). OcranoBumcst moapo6-
Hee Ha OJIHOW W3 JIABHO ITOCTABJIEHHBIX 33/[a1 B MaTeMaTHKe — 3aJiade O
packpacke rpada (packpacka KapTbl — YaCTHBIN CIydail 9Toil 3a/1a4mu).
Cornacuo JanmeiM, npuseJeHHbIM B (Biggs et al., 1986) [67|, rumoresy
0 dYeThIpex IBeTax (B COOTBETCTBUU C KOTOPOI Jit060i mIaHapHBIA rpad
MOXKHO PACKPACUTH C IIOMOIIBIO YeThIPEX MJIM MEHBIIEro KOJUIECTBA 11Be-
ToB) Brepsbie BoBuHY T Ppencuc ['yrpu B 1852 roxy. Dra 3amada He M0J1-
JlaBaJIach PEIICHHIO JI0 TeX M0P, MOKa JIOKA3ATELCTBO HE OBLIO TOJTYYeHO
¢ nomornpio Kommbiorepa B (Appel € Haken, 1977) [33|. ®opmynuposka
3a/1a4M 0 packpacke B Buje 3aj1a9n YO CTaBUT B COOTBETCTBUE BePIITMHAM
packparmBaemMoro rpada mepeMeHHbIe, BO3MOXKHDBIE 1TBETA MPEICTABIIS-
10T cob0ii oMeHbI (061aCTH ONpe/Ie/IeH sl) IIEPEMEHHBIX, & OlDAHIYEeHN s~
HEPABEHCTBA MEXKJIy CMEKHBIMU BEPITHHAMU SIBJISTFOTCST OTPaHUIEHUSIME
3aTat.

Bonee cmoxkubiv, Ho m 6ojiee peaMCTUYECKUM MTPUMEPOM DacIpe-
JTEJICHUsT PECYPCOB SIBJISICTCS 3aJ1a9a PA3MEIIEHUsT BBIXOJOB B adPOIOpP-
Ty. OOBIYHO HEOOXOMMO PACCMATPUBATH KaK (PU3HIECKHIE OI'PAHUIEHUSI
(HampEMep, TeJIeTpaIlbl OIPEJIEJIEHHOTO BHJIA MOIYT IOJIXOJUTH TOJIBKO
JIsl OLPEJIEJIEHHBIX THUIIOB CAMOJIETOB), TaK M II0Jb30BATEJIbCKUE IPEJI-
nouTeHus (HaIpUMep, PasjnuHble aBUATMHUU IIPEIIOYUTAIOT ITADKOBKY
B ONpPEJIEJIEHHBIX YacTsX aspornopra). OnucanHas 3ajada MOXKET ObITb
npejicrapjiena B Buje 3aaau YO.

Crenuasbabie Kiraccebl 3a7ad YO paccMaTpUBAJIMCh HA TPOTSKEHUH
Beeit uctopun pazpurus uHbopMmaruku. OJHUM U3 CAMBIX IIEPBBIX [TPUME-
pOB peleHnst Takux 3aja4 Oblaa cucrema Sketchpad (Sutherland, 1963)
[356], koTopasi pemiasa reoMerpuUecKne OrpaHUYEHUsI Ha dYepTe:kax ’
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OblyIa Ipe/IIeCTBeHHUIEH COBPEMEHHBIX IIPOrPAMM PUCOBAHUS ¥ HHCTDY-
MeHTa/IbHBIX cpejacTB CAITP.

Crmcok npusoxkennit YO U mporpaMMUPOBaHHs B OIPAHIYEHUAX J10-
craroqno obmmpen. 3ech n BepositHoctHble cetn (belief maintenance)
((de Kleer, 1989) [130]; (Dechter, 1987) [131]; (Dechter & Dechter, 1988)
[132]; (Doyle, 1979) [152]; (McDermott, 1991) [272]), kpoccBopast ((Nadel,
1989) [293|), Temuopasnbubiii BeBOs ((Allen, 1984) |30]; (Rit, 1986) [319];
(Tsang, 1987) [363]), rpadosbie 3amaqau (( Bruynooghe, 1985) [87]; (Fowler
& Haralick, 1983) [165]; (McGregor, 1979) [273]; (Ullman, 1976) [366]),
3aJ1a4M [IPONO3UIMOHANIBbHO BeiosiHuMocTH ((Ginsberg € McAllester,
1994) [190]; (Zabih & McAllester, 1988) [387|), sornueckoe mporpam-
mupoBanue ((Borning et al., 1989) [79]; (van Hentenryck, 1989) [368]),
uMuTAIOHHOe MojiesiupoBanue cucreM ((Kuipers, 1994) [254]; (Miguel
€9 Shen, 1998) |282]; (Shen & Leitch, 1993) [341]), ananus 3/1€eKTPOHHBIX
cxeM ((Stallman € Sussman, 1977) [355]), 06paboTKa €CTeCTBEHHOIO $I3bl-
Ka [277|, npoekrupoBanue skcrepTHIX cucreM (Bartak, 1997) [51].

B nocsiesinee Bpemst MeTosibl rpadoBOil JIEKOMIIO3UIUME U aJIlOPUTMBbI
pacHpoCTpaHeHHsl OrpaHUYeHNUii ObLIM TaKyKe UCIOJIb30BaHbI U IS 3a-
a1 YO ¢ menpepbiBibiMu nepemennsivu (73], [117], [331] u gt 3ama4 ¢
orpaHnveHusiMu B BuJIe jnddepeHIaibHbX ypasaennii [148].

B smrreparype MOXKHO HANTH HECKOJIBKO XOPOIINX 0030POB C ONUCAHU-
eM MeToj10B perternst 3aja4 YO, Biouast (Kumar, 1992) [255], (Dechter
€ Frost, 1999) [138], (Bartak, 2001) [46], [278], [284], a Takxke craTbi B 9H-
nukJoneuueckux cbopunkax (Dechter, 1992) [135], [214] u (Mackworth,
1992) [263).

K coxasennio 0630poB Ha PYCCKOM sI3bIKe, IIOCBSAIIEHHBIX IPOGIeMaM
reopun YO, B HaCTOsIIIEE BpEMsI HET, XOTsI MMEIOTCsI ITyOJIMKAIAN, TOCBSI-
mennsle oraenbusiM acekram YO [1], [5], [6], [8], [7], [10], [11], [14], [15],
[16], [17], [18], [20], [22], [24].

Pasymeercsi, B paMKax JJAHHON 0G30PHOI CTATHY HEBO3MOXKHO IIOJPO6-
HO OIIMCATh BCE ACIEKTHI U HAIPABJICHHUSI TEOPUH YJOBJIETBOPEHUS OIPa-
HUYEHUH ¥ IPOrpaMMUPOBaHNsl B OPPAHUYEHUSIX, TI09TOMY GoJIee TIOJIHY 0
nHQOPMAIIIO MOXKHO HajiTn B MoHorpadusx [34], [142], [176], [266], [324],
[368], [371], [374], [376].

K gmciy nepeBoHbIX MOHOIpaduil, B KOTOPBIX OCBEIAIOTCS BOIPO-
cot YO moxkuo ornectu Kuury Paccen C., Hopeur I1. UckyccrBenHbrit
MHTEJIJIEKT: COBPEMEHHbIH 1moaxo/. 2e m3i.: Ilep. ¢ anrn. M.: Buibswc,
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2006. 1408 c. [12]. O630p OCHOBHBIX HAIIPABJIEHUI MPOrPAMMEUPOBAHUS B
orpanmdenusx 1o 2000 r. ¢aenan B pabore [19].

Hacrositiast ctarhsi npu3BaHa 3all0JHATh yKa3aHHBIH 1Tpobes U 1aTh
HAIEMY YHUTATEII0 IPeICTaB/ieHne 00 OCHOBHBIX HAIPABJIEHUSX TEOPUU
YO u nuporpaMMUpOBaHUsI B OIPDAHUIEHUSIX.

Kocuemcs BHaUasie TepMUHOJOTUNA U UCTOPUHM BO3HUKHOBEHUSI METO-
noB YO. Monta-nari |289] npemnoxun ucnoibzoBars Mojgean YO st
ONMCAHUS Psijia KOMOMHATOPHBIX 3aJ1a1, BOSHUKAIOIIMX [TPU KOMITBIOTEP-
HOIT 06paboTKe M300pakeHuil, U Ha3Baj 3TU 3aua9n YO «cemamu o2pa-
nuvernut» (networks of constraints). Dro cBsizaHo ¢ TeM, YTO cHCTEMY
OrpaHUYeHHT MOXKHO ITPEJICTABUTh B BUJIe HEOPUEHTUPOBAHHOTO rpada ¢
BEPIITHHAMU-TTEPEMEHHBIMU U peOpaMU, COOTBETCTBYOIUMA ONPAHUIEHNU-
SIM MeXKJLy JByMsi 1iepeMerHbiMu. [1o muenuto Dechter [142], cetu orpa-
HUYIEHUH SIBJISTFOTCsT TPAMOBBIM MIPECTABIEHUEM, UCIIOJIb3yEeMbIM JIJIsI 10~
ucKa crparernii pernenust 3agad ¥YO.

JlocTaTouno OBICTPO ITOT HOAXO OBLT UCIOIB30BAH [IJIsT PEIIEHUS T'O-
pa3mo 6oJiee MIUPOKOrO Kjacca 3ajad. B jimreparype ucnoib3yorcs 06a
9TUX TEPMUHA — CEMU 02PAHUYENUT T 3a0a4U YOOBAEMBOPEHUA 02PAHU-
wenuli (Mackworth [263]).

1.2. O cBa3m 3aga4 YO c apyrumMm MaTeMaTU4eCKUMU
MeTodaMu

Hekoropble n3 NPUKJIAIHBIX 33/a4, PEllaeMblX € IIOMOIIBI0 METOJIOB
YO, MoryT OBITH TaK>Ke PENIeHbI C ITOMOIIBI0 METOJIOB UCCJIEIOBAHMST OIle-
pammit: YO mpejyiaraer oOIHOCTb, THOKOCTD, CPEy MOJIEIUPOBAHNS BbI-
COKOT'O yPOBHSI, YIIPABJIEHNE [IOUCKOM, KOMIAKTHOCTD IIPEJICTABIICHUS] 32~
JIadu, PACIPOCTPaHEeHNE OrPAHUIEeHHIH, BBICTPbIE METO bl HAXOXK IEHHsI Pe-
IIEHNs], B TO BpeMsI KaK HCCJIEJOBAHNE ONEPAIHI NHOL/IA SIBJISIETCS €JIMH-
CTBEHHBIM CIIOCOOOM IIONCKa ONTHMAaIbHOro perenus [194|. CrenoBaresb-
HO, Pa3yMHO HONBITATHCS B3ATH JIyUIlee Y KayK 10l N3 yKa3aHHBIX TEXHO-
JIOTHii, TlyTeM CO3/IaHHsi THOPUIHBIX CHCTEM, HCIOJIB3YIONIX 00€ TeXHO-
JIOTUH JIIst perntenust 3ajaqn [212], [213]. Dror moaxos yzke NCIOIb30BAH
B HEKOTODBIX cHcTeMax, Takux kak 2LP [270], [271], a Takxke B pabo-
Te |127], B KOTOPOit 9TOT THOPUIHBIN [O/IX0JT MCIOJIB30BAH /IS PEIIeHHST
KOHKPETHBIX TEJICKOMMYHHUKAIMOHHBIX 3a,/1ad.
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3aMeTnuM, 9TO perieHne ONTUMHU3AINOHHON 3a/1a9i MOXKET OBITH CBe-
JIEHO K pEIeHuo TocjeoBaTe/bHoCTH 3a0ad9 YO ciepyonmmM 00pasoMm.
Haxomurcest romyctumMoe perieHne, mocjie 1ero 100aByIsieTcs: OrpaHnIeHue,
COOTBETCTBYIOIIEE TEJIEBOH (DYHKINNA, KOTOPOE BBIPAXKAET YCJIOBHE, UTO
3HaveHue IeeBON (DYHKIINU JIOJXKHO OBITH JIydIlle, YeM JJIsi 9TOr0 pe-
menus. [TocemoBarebHbIe KOPPEKTUPOBKH ITOTO MTOPOTOBOTO 3HAMECHMS,
HPOU3BOAMMEIE JIO TEX II0P, HOKa 3aJa4a He CTAHET Hepa3PeIIrMMoii, 103-
BOJISIIOT HaWlTHU OIITUMAaJIbLHOE pelrireHue.

1.2.1. 3agavm BBIIIOJHUMOCTU U yJIOBJIETBOpPEHUE OrpaHm4e-
HUN

Sagata YO moxker ObITH Ipeobpa3oBaHa B 3a/@dy BBIITOJTHUMOCTH
SAT neckonmprnmu criocobamu ( Walsh, 2000) [382]. Oppum n3 HIX sABIs-
ercs psMoe otobpazkenne. s nannoit 3YO P =< V, D, C >' nocrpo-
M 3aaqy BbinosaanMoctr SAT ciemytonum obpasom. Beegem |V - | D]
IIepeMeHHbIX Z; ;. IlepeMeHHBIe X; j NIDUHIMAIOT 3HAYEHNE <HCTUHA» TO-
IJIa U TOJILKO TOTJa, KOrjia mepemMeHHoil V; npucBoeno 3uadenue j. st
KaXKJIOW TIepeMeHHON 1100aB/sgeM KJiay3bl (,[LI/IS”bIOHKTbI) ZTij V Xy M
BCEX IAap 3HAYEHUH OHOIN U TOI 2Ke MEePEMEHHOM’, YTOOBI rapaHTUPOBATD
HEBO3MOYKHOCTH OJIHOBPEMEHHOIO MPUHATHA MEPEMEHHON JBYX pasind-
HBIX 3HadeHnit. /lobaBisieM MU3BIOHKT (X0 V i1 V ... %), ITOOBI ra-
PAHTUPOBATD, YTO EPEMEHHOI ITPUCBOEHO XOTsI OBl OJIHO 3HAYEHUE.

1.2.2. IIpumepsnt

IIpuBeieM psiji IPUMEPOB, MUTIOCTPUPYIONIUX OCTAHOBKH 3a1ad YO
B JIpyrux 0o0JIacTsX MareMaTnkn [253].

IIpumep 1. Haubosiee TpuBHAIBHBIM ajJredpaniecKuM IIPUMEPOM 3a/a-
qn YO sBisiercst 3ajiada pelieHns: cucteMbl ypaBHenuit. lana cucrema
JINHEHHBIX ypaBHEHWIT HaJi KOHe4HbIM mosieM F'. Vmeer jm oma perre-
uue? fcHo, 9TO B 9TOM IpuUMepe KaxKJ0e OTJIEJbHOE YPaBHEHUE SBJISIET-
cs1 OTpaHWYEHUEM, TPUYEM TIepeEMEHHbBIE YPABHEHUsT 00pa3yIoT JUAA30H,
a MHOYKECTBO BCEX KOPTEXKel, COOTBETCTBYIONINX PEIEHUSIM yPaBHEHMWS,
obpa3yer OTHOIIEHNE OTPAHUICHUA.

1
V = {z1,...,zn} — MHOXKecTBO nepemennbix, D = {D1,...,D,} — MHOXeCTBO
nomenos nepemennbix, C = {C1,...,Cpm} — MHOXKECTBO OrpAHUYEHHH.
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IIpumep 2. 3amadua craggapTHON IPOIO3UIMOHAJILHON 3-BBITOIHIMOCTH
(3-SAT) [3], [300] oupenensiercst 3amanmnem GhOPMYJIbI IPOIO3UIMOHAI b
HOWM JIOTUKU, COCTOAIINEH M3 KOHBIOHKIMUA AU BIOHKTOB, IPUYEM KazK/JIbII
JIU3BIOHKT COJEPXKUT 3 JiuTepasia (JinTepasl — 9TO [epeMeHHasl W ee
OTPHIIAHNE), ¥ OTBETOM Ha BOIPOC, MMEIOTCS JIM 3HAUYEHUsI TI€PEMEHHbBIX,
KOTODBIE JIeJ1aI0T (POPMYJy UCTHHHOII.

IIycte ® = 1 A -+ A, — Takas dbopmyiia, Ijie @; — JUIbIOHKTHI.
3aj1a4a BBIIOJIHUMOCTH it P MOXKeT ObITh BhIparkeHa B Bujie 3asa49u YO
(V,{0,1},C), tae V — MHO)KeCTBO BCeX MEepEeMEHHBIX B dhopmye, a C —
MHOYKeCTBO orpanudeHuil {(si,p1),...,(Sn,Pn)}, Te Kazkaoe orpannde-
Hue (S, px) TOCTPOCHO CJIEYIOMIUM 0OPA30M: S — CIIUCOK II€PEMEHHBIX,
BXOJIATIAX B (P, & Pk COCTOUT U3 BCEX KOPTEXKEH, KOTOPBIE JIEIAIOT T3 b-
I0HKT @ uctuaabiM (k = 1,...,n). Pemenus sroii 3amaun YO — npu-
CBOEHMS 3HAYEHUI IIepeMeHHbIM, KOTOpLIE AesaioT popMyy $ HCTHHHOIA.
Buaunt, jgr06ast 3a/1a49a 3-BLIIOJIHUMOCTH MOYKET OLIThL BhIParKeHa B BUIE
samaan YO.

Ilpumep 3. Jlrobast koHKpeTHas 3amada YO MOXKeT ObITh BhIDayKeHa B
sioruteckoit popme. JleficTBUTEIBHO, UCIIOB3Ys CTAHIAPTHOE COOTBET-
CTBUE MEKJy OTHONICHUSAMHI U TIPEIUKATAMEI, MOYXKHO IIEPEIUCATD 3aady
YO B Buge dbopMmyisl mepBoro mopsiaka pi1(si) A -« A pg(sq), tae pi —
npeaukaTsl Ha D u p;(s;) 03HAYaeT npeuKaT p;, IPUMEHEHHbI K KOopTe-
Ky §; nepemennbix (1 < i < ). Borpoc cocront B TOM, SIBJISIETCsT JIU 9Ta
dbopmysia BeimosHIMOI [332].

Dra 3aja4a 00BIYHO HMCHOJb3yeTcss B Teopun 6a3 ganubix (B/1), mo-
CKOJIbKY OHa COOTBETCTBYET OIlEHKe KOHbIOHKTHBHOIO 3ampoca [247], kak
MOKA3AHO B CJIEIYIONIEM TIPUMEPE.

IIpumep 4. Pengamuonnas B/l MoxkeT ObITH paccMOTpeHa KaK KOHETHOE
MHOXKecTBO Tabsmr,. Tabiuia cocTonT u3 cXeMbl U KOHKPETHBIX JIAHHBIX,
IJie cXeMa — KOHEYHOe MHOXKECTBO ampubymos, IpuIeM KaxKIblil arpubyr
FIMEeT COOTBETCTBYIOIEE €My MHOYKECTBO BOBMOKHBIX 3HAUEHNIT, HA3BIBa-
emoe domerom. KOHKpeTHBIE TaHHbIE — 9TO KOHETHOE MHOXKECTBO CTPOK,
e KayK/iasi CTpOKa — OTOOparkeHne, CTaBsIee B COOTBETCTBHE KazKJ10-
My aTpuOyTy CXeMbl 3HadeHne u3 ee jomena. CrangaprHoil 3a1adeil st
pessaronablx B siBisieTcst 3a/1aua ONEHKN KOHBIOHKTHBHOI'O 3alpoca
[196], [247], B KOTOPOIt CHpaIInBaeTCsi, NMEET JIi PElleHre KOHbIOHKTHB-
HBIIl 3aIIPOC, TO €CThb 3aIpoC BHIA p1 A - -+ A pg, TIE p1, ..., Pq — aTOMap-
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Hble Gopmysibl. KOHBIOHKTUBHBIN 3arpoc HaJ pessnuonHoir BJI coor-
BETCTBYET KOHKPETHOMY TpuMepy 3ajadu YO, 9TO JIOCTUTraeTCst TPOCTOM
3aMEHO! TEPMUHOB: «aTPHUOYTBI» 3aMEHSIOTCA Ha «IIepPEeMEHHDbIE», «Tab-
JINIbI» — Ha «O'PaHUYCHUA», «CXeMa» — Ha <«JHalla30H», «KOHKPETHbIE
JaHHBIE» — Ha «OTHOIICHNE OT'PAHUYCHUA», & «CTPOKN» — Ha «KOPTEXKU».
BHauNT, KOHBIOHKTUBHBIN 3alIPOC SKBUBAJIEHTEH KOHKPETHOMY IIPUMEPY
sajjaan YO, miepeMeHHble KOTOPO# — 9T0 aTpubyThl 3ampoca. Jjis Kax-
J10it aTomapHOit OpPMYJIBI p; B 3aIlpoce Haiijiercsi orpannydenne C' Takoe,
9TO Juana3oH orpanudeHust C' — 9TO CIUCOK MEPEMEHHBIX (DOPMYJIBI p;
U OTHOIleHne orpanndenusi C' — 3TO MHOXKECTBO MOJIEJei p;.

Ilpumep 5. [pyroit BaxkHoit mepedopMyIupoBKoii B Buje 3agauun YO
SIBJISIETCS 340a%0 0 20MOMOPPHU3ME, COCTOSIIAS B OTBETE HA BOIPOC, CY-
IECTBYET JI FOMOMOPMhU3M MEXK/LY JIBYMsl CTPYKTYPaMU OTHOIIEHU (CM.
[161], [197], |247]). Iycrs T = (Ry,..., Rk) — curaarypa, To ecTb CIIH-
COK MMEH OTHOIICHUl ¢ (PUKCUPOBAHHONW apPHOCTHIO, IMPUITHCAHHON KarK-
nomy nmenn. Ilyers A = (A; R‘f,...,R?) u B = (B; R{B,...,RE) —
CTPYKTYPBI OTHOIeHWH n3 curaarypbl 7. Orobpaxkenue h : A — B
HasbIBaeTcsa romomopdusmoMm u3 A B B, ecom gus Beex 1 < i <k,
(h(a1),...,h(am)) € RP Beaxmit pas, xorma (ay,...,an) € RA. B stom
caydae Mbl 3amucebiBaeM h @ A — B. Utobbl ybeanThes, 9TO 3a7a49a O
roMoMopu3Me cBouTCs K 3amade YO, mpegcraBuM 3JeMeHThl A B Bujie
MEePEMEHHBIX, JIEMEHTHI B B BUJIe 3HAYEHUI, KOPTEXKU B OTHOIIEHUIX A
B BUJIE JIMAIIA30HOB OI'PAHUYECHUIl, a OTHOIIEHUsI U3 B — B BU/I€ OTHOIIIE-
Huit orpanndennit. OueBuIHO, UTO pertenus 31oi 3agadn YO B TOUHOCTH
COOTBETCTBYIOT ToMoMOpdm3Mam u3 A B 5.

Ilpumep 6. Unreppasbabie 3agaun YO. Ogaum u3 BujoM 3aiad YO ¢
OECKOHEYTHBIM YHMC/IOM 3HAYEHUN, MHTEHCUBHO n3y4daeMbix B VIU, sBistroT-
ca 3agatu YO, B KOTOPBIX 3HAYEHHUsI, TPUHUMAECMbIE TEPEMEHHBIMY, STB-
JISIIOTCSl MHTEPBAJIAMU JICHCTBUTEIBHON MPsIMOfl. DTU 3a8J]a9U UCIIOJIB3Y-
IOTCsI JIJIsE MOJICJINPOBAHMS TIOBEJIEHUSI BO BPEMEHU CUCTEM, TJie UHTEpPBa-
JIBI TIPEJICTABJISIOT WHTEPBAJIbI BDEMEHHU, B TEUEHUE KOTOPBIX ITPOUCXO/IAT
cobbiTust. HanboJtee mormyiisipuoit bopMasIbHOM CTPYKTYPOH TAKOro pojia
SIBJIsIeTCsI HHTepBasibHast anrebpa Asutena (MIAA), Besiennas B [29], onn-
ChIBAOIAs OMHAPHDBIE KavYeCTBEHHBIE OTHOIIEHUS MEXKJYy MHTEPBAJIAMHU.
NAA conepxut 13 6a30BBIX OTHOIIEHUH, COOTBETCTBYONUX 13 pasand-
HBIM CII0CODaM, COIVIACHO KOTOPBIM MOT'YT COOTHOCHUTBCS J[Ba MHTEPBAJIA.
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[Mosnnasi cucrema orHomennit 8 IAA cocrour uz 213 = 8192 Bozmoxk-
HBIX 00beuHeHnii 6a30BbIX oTHOIIeHn. MHTepBaibHas ajredpa AjlieHa
UMeeT TPHU OIlepalluid HaJ OTHOIIEHUSIMU: KOMIIO3HIIUS, IlepeceveHrue u
MHBEPCHSI.

IIpumep 7. Moneab y/10BJIETBOPEHUS OTPAHUYEHUI JIJIs 3aIaYU
«SEND MORE MONEY »

CTyIeHT TOCBLIAET JOMOM 3aKOIUPOBAHHYIO TEJIEIPAMMY:

SEND
+ MORE
MONEY

3ajiaua COCTOUT B HAXOXKJIEHUU 8 PA3JIMYHBIX UMD, 3aKOIUPOBAHHBIX
8 OyKBaMu, UCHOJIB30BAHHBIMEU B TeJerpaMMe, TaK, UTODBI IOJIYYaJICs
apruMETUIeCKU TPABUILHBII PE3yJIbTaT.

3aMeTnM, YTO ITa 3aja4a MOXKET ObITh 3alKcaHa C IOMOIIBI0 MOJIe-
s testogrcaeHsoro nporpamvuposanust (LIIT), Ho oHa comepKuT 0K0JIO
COTHH TIEJIOUUC/ICHHBIX TIEPEMEHHBIX, puveM 3ta Mojiesib LI mpyana jmist
PEIIeHns ¢ TIOMOIIBIO Kaaccudeckux moaxoaoB LI, takux, kak ajaropur-
Mbl BeTBeil U rpaHull.

B To ke BpeMst jlornuecKuil aHa M3 3a/a9d IO3BOJISIET HAWTHU ee pe-
menne. Tax, 3ametast, ato un S, #Hu M He MOTYT ObITH HYJISIMHU, TTOJTY IUM:
S £ 0, M # 0. Jlayiee, e JMHCTBEHHOW BO3MOXKHOCTBIO Jijist M sIBJIst€TCSI
suadenue 1, To ectb M = 1. 3arem, us paBercrBa M = 1 mosydaem, 9To
S MOXKeT OBITH PaBHO TOJBKO 9. MoXKHO TOKaz3aTh, 910 cuMBOIY O COOT-
BerctByeT 1udpa 0, To ectb O = 0. [lasee, nepexosst K corasim, u3 O = 0
u yciaoBus, uto F u N jnomkubt ObITh pasudabiMu, moayaum N = E + 1.
IIpomomkast aHAJIOTUIHO JOTHUIECKUI aHAIN3 OrpaHUYeHni, HallieM pe-
menwne 3agaun: B =5 N =6, D =7, R =28, Y = 2. OcHoBHas
CJIOYKHOCTh 3TOH 3aJ[a9l COCTOUT B HEOOXOJMMOCTU ydeTa OI'PAaHUIEHUSI
«Bce 1udpBl pa3IndHbl» (Tak Has3blBaeMoe IobaabHoe orpanndenue all-
different).

3amuiieM OrpaHuvueHus 3a/a4u.

IlepBasi dbopmyupoBKa.

[Tepemennsie: {S, E,N,D,M,O,R,Y}
Howmensr: {0,1,...,9}
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Orpanunvenusi:

Cl: Vax,ye {S,E,N,D,M,O,R, Y}, x#y

C2: M=0or M =1

C3: (1000xS+100x E+10x N+D)+(1000x M +100x O+10x R+FE) =
= (10000 x M +1000 x O +100 x N +10 x E+Y)

Bropas dopmynupoBka.
[Tepemennste: {S,E,N,D,M,0O,R, Y} +{C1,C2,C3}
Howmennr: Ve € S, E,N, D, M,O, R, Y, D, =0,...,9
vy € {C1,C2,C3},D, =0,1
Orpanuyenusi:
Cl:Vz,y € {S,E,N,D,M,O,R,Y},x #y
C2:M=0o0orM=1
C3:D4+FE=10xC1+Y
Ci:N+R+C1=10xC2+ FE
C5:E+0+C2=10xC3+ N
C6:5S4+M+C3=10xM+0
Hwuke, B pasjene 5, mpuBeeHa MpOrpaMMa PEIIeHUs ITON 339l Ha

a3pike PROLOG.

IIpumep 8. 3amaua o N depzax.
Sasaga o N depssax cocrout B pasmerternnu N depseil Ha MaxMaTHOM
nocke N X N tak, 94To0bl OHUM HE YyIPOXKaIHM APy Apyry (cMm. puc. 1).
Moyiesb yJIOBJIETBOPEHUST OTpaHUIEHMIA:
bepsu B BepruKaabHbIX crosbnax: Vi r(i) € {1,...,N}
OTCYTCTBHE KOH(JINKTOB:
Vi # j, v(i) £ 7(j) & li — jl # Ir(6) — 1)
OfHUM U3 IPUMEPOB KCIHOJIb30BaHus YO sIBJISIETCS PeIleHne KPOCc-
BOP/IOB.

IIpumep 9. IIpumep cocTaBJieHUss KPOCCBOP/Ia.

Pacemorpum npumep cocrasiiennst KpoceBopia u3 [142]. Bagaga co-
CTOUT B BEPTUKAJTHLHON WM TOPU3OHTAJILHON 3aIllMCU CJIOB U3 33JaHHOTO
MHOYKECTBa CJIOB (cjioBapsi) B TabJIMILy ¢ y9IeTOM HEKOTOPBIX OIDaHUYe-
Huit. Eciin paspereno BCTaBIATL KaXKJ0e CJIOBO HA IIYCTOE MECTO COOT-
BETCTBYIOIIEH JJIUHBI, BO3MOXKHAsT (DOPMYJIUPOBKA 3aJ[a4U O KPOCCBOP/IE
B BuJie 3a1adu YO BBINVISIIUT CJIeIyIonuM obpaszoM. st KaxKioro KBa/i-
paTa KpOCCBOD/Ia BBOJIUTCS IIEPEMEHHAs, TPUHUMAIONIAsT OyKBEHHbIE 3HA-
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Puc. 1. Onno us perennit 3aiaqu o 8 ¢ep3six.

63

qeHus u3 ajipaBuTa, IPUIEM MOTYT ObITH 33/ IaHBI BO3MOXKHbBIC 3HAYCHUS

JJIA TPYHIT CME?KHbBIX IIEPEMEHHDbIX.

10

11

12

13

Puc. 2. Kpoccsopg.

[IpuBenem dopmaiibayo (GOPMYIUPOBKY 33/1a11 O KPOCCBOPJIE B TEP-
MHUHaX orpanmdenuii. Kaxkaomy KBaJpaTy ¢ KPOCCBOP/ia, KOTOPBIN TOJI-
JKeH OBbITh 3all0JIHEH (CM. PHC. 2) IIOCTABUM B COOTBETCTBHE MEPEMEHHYIO
x; (i =1,...,13). Ilepemennbie x1,...,213 B KA4eCTBE JIOMEHOB MMEIOT
OyKBBI ajipaBuTa, B KAYECTBE OI'PAHUYEHUI CJIy»KAT JOMYCTUMBIE CJIO-
Ba. Hampumep, orpanudenusi MOryT ObITh 3aJIaHbI CJICILYIONUM 00pa3oM

[142]:
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Ri2345 = {(H,0,S,E,S),(L,A,S,E,S), (S,H,E,ET),
(S,N,A,I,L),(S,T,E.E,R)},
R36912 = {(A,L,S,0),(E,A,RN),(H,IK,E),(I,RO,N),(S,A,M,E)},
Rs711 = {(E,AT),(L,ET),(RUN),(S,UN),(T,E,N),(Y,E,S)},

Rg 910,11 = R36.9,12,
Rias = {(B,E), (I,T), (N,0), (U,S)},

Ri2.13 = Ri0,13-

IIpumep 10. 3agaya cocTaBjeHHUsI pacCOUCAHUS.

BaxkHoit Jij1s paKTUYeCKUX MPUIOYKEHHUH ABJIAETCS 3aa9a COCTaBIIE-
HUsI PACIIMCAHUsI, COCTOSINAsI B yrnopsiodeHnn Habopa 3aganuii (pabor).
B sroit 3ay1aue 3a1aHBI CIUCOK 3aJIAHUM W OrpaHUYECHUs, KaKue 3a/1a-
91 MOT'YT OBITH BBIITOJIHEHBI OJIHOBPEMEHHO, BBINOJHEHHE KAKUX 3aJaHIi
JIOJIZKHO TIPEJIITIIECTBOBATDH BBITTOJIHEHUIO JIDYTUX U T. .

Jutst pertieHust 9To# 3a/1a9M HY2KHO HAWTH Ha3HAYEHWE BPEMEH HadaJl
paboT 3aaHUsIM TaK, YTOOBI BCe OrPAHUYECHUS YIOBJIETBOPSINCH [367].

PaccMorpuM 3a7a9y cocTaBJIEHUS] PACIUCAHUS JJIsT NSATH 3aJaHUN
T1, T2, T3, T4, T5, xaxkj0e n3 KOTOPHIX MOXKET OBbITh BBIIIOJJIHEHO 33
omuH 4ac. 3ajanusi MoryT HadwmHaThcst B 1:00, 2:00 mim 3:00. JIroObie
PabOTHI MOT'YT BBINIOJIHATHCS OJTHOBPEMEHHO, YIUTHIBas OUPDAHUYEHUs Ha,
TO, uTo 1T'1 MOXKeT HaunmHaThCs 1ocye 1’3, T'3 MmoxkeT HaunHATBHCs J10 1'4
u nocsie 15, T'2 He MOXKET HaYMHATHCA B TO ke BpeMs, 9To 1'1 nam T4,
T'4 ne moxkeT HaunHaThCd B 2:00.

Mo2KHO TOCTPOUTH MOJIEJIb COCTaBJIeHUs TI'paduka, BBEId IIATL IIe-
PEMEHHBIX, COOTBETCTBYOIUX 3aanusaM ¢ jomenamu {1:00,2:00,3:00}.
CootsercrBytonuii rpad orpaHrYeHnit MOKa3aH HA PUC. 3.

IIpumep 11. PazmeTrka n3obpakeHuii.

Basata pasMeTKn n300parkenuii [384| siBiisiercst, MO-BUINMOMY, OJHOI
u3 1epBbIx dopmannzoBaHubx 3a0ad YO. esnp sroit 3agadu cocront B
PACIO3HABAHUHN OOBEKTOB 3-MEPHOIO M300parkKeHusi C IOMOIIBIO HHTEP-
IpeTaryn JIMHAN Ha 2-MepHBbIX pHCYHKaX. JImHunm wmwim pebpa J0JIZKHBI
OBITH [TOMEYEHBI, TO €CTh OHH PA30UTHI HA HECKOJIBKO THUIIOB, & MMEHHO
Ha BBIOYKJbe (), BorHyThle (-) M 3ambIkaiomue pebpa (<). B Gosee
CJIOZKHBIX CHCTEMAX PACIO3HAETCs TaKyKe TeHEBOi Kpail.
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BI/IHapHLIe OI'paHUYCHUA

@ VYuaproe orpannyenue Dry={(1:00, 3:00)}.

Rra,ri={(1:00, 2:00), (1:00, 3:00), (2:00, 1:00),
(2:00, 3:00), (3:00, 1:00), (3:00, 2:00)},

@ @ Rea,14={(1:00, 2:00), (1:00, 3:00), (2:00, 1:00),

(2:00, 3:00), (3:00, 1:00), (3:00, 2:00)},
Rry,r3={(2:00, 1:00), (3:00, 1:00), (3:00, 2:00)},

A Rus.14={(1:00, 2:00), (1:00, 3:00), (3:00, 2:00)},
@ @ Rus15={(2:00, 1:00), (3:00, 1:00), (3:00, 2:00)}.

Puc. 3. I'pad orpanudennit u OTHOIIEHUS 3a/1a9K COCTABJICHUS Ipaduka.

Puc. 4. Pazmerka uzobpazkeHuii.

Nmeercst MHOTO crioco6oB pasmerkn m3obpazkeHust (B Tounoctu 3",
rje n — 9ucyo pebep), HO TOJBKO HEMHOTHME M3 HUX MMEIOT CMBIC IS
TpexmMepHoro nzobpazkenus. mesa perenunst 9Toli KOMOMHATOPHON 3a/1a-
YU COCTOUT B HAXOXKIEHUU JOIIYCTUMBIX METOK JIJII TOUEK IePECeueHMsI,
VIOBJIETBOPSIONINX OTPAHUYEHUSIM, YTO PEOPO MMEeT Ty K€ MeTKy Ha
000MX KOHIIAX. DTO HAMHOIO CHHUKaeT I1epebop, TaK KaK UMEETCS JIUIIh
OT'PAHUYEHHOE YHUCJIO JIOIYCTUMBIX METOK JIJIsT TOUYEK IepEeCedeHus .

OcHOBHBIE aJITOPUTMBI DEIeHUsT ONMUCAHHOM 3a1aun (TOJ06HO aj-
ropurmy pasmerkun Waltz [384|) orHOCATCS K JIOCTHIKEHHIO HEKOTOPBIX
¢dOpM COBMECTHMOCTH.
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Puc. 5. lonmyctuMmble BapraHThl pa3MeTKH IPU COEINHEHUN B BEPIINHE.

Hpyrue mupaxtudeckue upuioxkenns YO ©U IPOrpaMMHUPOBAHUS B
OT'PAHUYEHUSX IIPUBEJICHBI HUXKE, B pa3jesie b.

2. OcHOBHbBIE MIOHSITUS TEOPUM YyIOBJIETBOPEHUS
OrpaHUYEHUN

2.1. BazoBble moHATHUSA
2.1.1. 3amava yaoBJIETBOPEHUsI OTPAHUIEHUI

B nannoii crarbe paccmarpuBaiores 3agadu YO ¢ JUCKPETHBIME I1e-
peMentbiMu. 3ajaun YO npocreiinero Bujia XapakKTepu3yoTcst TeM, 9TO
B HUX UCIOJIB3YIOTCA QUCKPEMHbLE TIEPEMEHHBIE, KOTOPBIE UMEIOT KOHEU-
nole domenwr (0bsacTu onpeesenus). K takomy By OTHOCHTCS 3aja4a
PACKpaCKH KapThl. 3ajada ¢ BOCEMbIO (hep3siMU, OlUCaHHasl B Tiase 1,
TaKyKe MOXKET PacCMaTpuBaThCs Kak 3ajada YO ¢ KOHEYHOH 06/1acThio
olpeJieJIeHNsI, TJle HepeMeHHble (1, ..., (s IPeICTaBIAoT cobOi 1103u-
UK KazKJ0ro (ep3si Ha cTosidnax 1,...,8, a KaxK/jas MepeMeHHas UMeeT
obsactb onpesenenus {1,2,3,4,5,6,7,8}. Ilo onenke Bartak [47], Bepo-
siTHO, Oostee 95% npuitoxkernii YO UCIONB3YIOT KOHEYHBIE JIOMEHDI.

Eciin MakcuMaIbHBIA pa3Mep JOMEHOB IepeMeHHbIX B 3ajade YO pa-
BeH d, TO KOJMYECTBO BO3MOYKHBIX IOJIHBIX [IPUCBAMBAHUN 3HAYEHU T1e-
peMeHHBbIM u3Mepsiercst Besuaunoit O(D™), To ecTh 3aBUCHT IKCIIOHEHIIN-
aJIbHO OT KoJimvyecTBa rnepeMeHHbix. K kareropuu 3a1ad YO ¢ KOHEIHOI
006JIaCTBIO OTpeJIe/IeHUsT OTHOCATCST 6yaesvt 3adauu YO, B KOTOPBIX Iepe-
MeHHbIE MOI'YT UMeTh 3HAYeHUs JTUOO ucmuna, Tubo A0owcs. Bynesbl 3a1a-
qu YO BKJIIOYAIOT B KAYeCTBE YaCTHBIX CJIydaeB HeKoTopble NP-1mosmbie
3aJ1a9M, TaKKie Kak 3aJa9u 3-Boinognumoct 3SAT.
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JluckperHble IIepeMeHHbIE MOT'YT UMeTh OEeCKOHEYHbIe 00JIacTH OIpe-
JIeJIGHVsI, HAIIPUMEp, TaKue, KaK MHOYKECTBO BCEX IIEJIbIX UUCET UJIU MHO-
2KECTBO Bcex CTpoK. B mccireioBanuu ormeparuii 9acTo BCTPEIAIOTCS 3a-
maan YO ¢ HelpepbIBHBIME OOJIACTSIME OlpejiesieHnsi. B gacTHOCTH, TIpH
KaJICH/IAPHOM IIJIAHUPOBAHUY CTPOUTEIBHBIX PADOT J1aTa Havua I8 KaxkK10i
paboThI TIpejicTaB/isieT coOOi IepeMeHHYIO, & €6 BO3MOXKHBIMU 3HAYUCHU I
MU SIBJISIOTCS IEJTOYUCICHHbIE NHTEPBAJIBI BPDEMEHU B CYyTKAaX, OTCUUTDI-
BaeMble OT TekyIeil aarol. [Ipu pemrenun 3a/1a4 ¢ 6eCKOHEIHBIMU 00J1a-
CTSIMHU OTIpeJiesieHus O0JIbIIle HET BO3MOXKHOCTH OIUCHIBATL OTPAHUYICHUSI,
[IEPEYNC/IfsT BCE NOMyCTUMbIe KOMOMHAIUN 3Ha4YeHnit. BMecTo 3Toro moJi-
2KEH UCIOJIL30BATHCS CHEIUAILHBIN A3k oeparuverut. Hanpumep, ecin
pabora Job; KoTopast 3aHUMAET ISATh AHEH, TOIKHA, IPEIIIeCTBOBATE Pa-
6ore Jobs, TO 111 ONMCAHNs TOTO YCJIOBUSA MOTPEOyeTCs SI3bIK OrpaHuve-
HUI, [IPeJICTaBJISIONINi 5T yeaoBust B Buge StartJoby + 5 < StartJobs.
Kpowme Toro, y»ke HET BO3MOXKHOCTH pelIaTh TaKUe OIPAHUIEHHs, [IPOCTO
[IEPEYNC/IAs BCE BO3MOXKHBIE IIPUCBAUBAaHUsI, ITOCKOJIbKY MMeeTCsi OeCKo-
HEYHO MHOT'O BO3MOXKHBIX HpucBamBauuii. st aunetinwr ozpanudernuts
C TeJIOYNC/IEHHBIMU [TE€PEMEHHBIMU CYIIECTBYIOT CIENUaIbHBIE aJlOPHUT-
MBI TIOMCKa pelteHnii. B HEKOTOPBIX CiIydasx 3a/Jad9u C [IeJJOUNCTEHHBIMEI
OTPAHUYEHUSIMI MOYKHO CBECTH K 3aJ1a9aM ¢ KOHEYHOI 06/1aCcThIO Ollpe/ie-
JIEHWsI, YCTaHABIUBasI Ipeesbl 3HAUEHN 9TUX IepeMeHHbIx. Hampumep,
B 3aJlade IJIAHKPOBAHUS MOXKHO YCTAHOBUTH BEPXHMIl Ipejes, pPaBHBII
o0111eit TPOIOIKUTETLHOCTH BCEX 3allJIAHUPOBAHHBIX PabOT.

Cerb orpanuyeHuil win 3aja4a yjoBjieTBopenns: orpanudenuit (YO)
COCTOWT U3 MHOXKeCTBa nepeMeHHbIX V = {x1,...,z,}, MHOXKecTBa J10Me-
HOB 3HadeHuil D; /Jisi KaXKJI0¥ MEePEeMEHHON T;, 1 MHOXKECTBA OrPaHUIe-
HUil 1 oTHOIMeHn#. Kaxkaplit moMeH 3HAYeHU SBJISETCS] KOHEUHBIM MHO-
2KECTBOM 3HAYEHUI, KOTOPbIE MOYXKET IMPUHUMATHL COTBETCTBYIOIIAS TIepe-
MenHasi. Orpanndenne Rg Hay S C X — 9T0 LOJIMHOMXKECTBO JIEKAPTOBa,

[POU3BeJIeHUs JIOMEeHOB nepeMenHbix B S. Ecimm S = {x;,,...,2;.}, 10
Rs C D x --+ x D;,. S nasbiBaercs duanasonom (Scope) orpaHude-
Hust Rg.

B 6unapnoit ceru orpaHWYeHMT BCe OIDAHUYCHUS 3aJIaHBI HAJ Ia-
pamu 1epeMeHHbIX. ['pad orpaHuYeHuit CTaBUT B COOTBETCTBUE KAXKJION
[EPEeMEHHON BEPINUHY, IPUYEM JIB€ BEPIIUHBI COC/IMHAIOTCS PeOPOM, ec-
JI COOTBETCTBYIOIINE IEPEMEHHBbIE MMEIOTCH B JUAITA30HE KAKOr0-JIHOO
OI'PaHUYEHUS.



68 O. A. Ilep6una

HpI/I 3alaHN1 OFpaHI/I‘{eHI/Iﬁ HCIIOJIB3YIOTCA OTMHOWEHUA.

Onpepesenne. [ljist JaHHBIX MHOXKeCTBA llepeMeHHbIX V = {z1,..., 2, }
U COOTBETCTBYIOIUX UX objacreit 3uadenuii Dy, ..., D, omuowenuem R
HA MHOXKECTBE MEPEMEHHBIX HA3BIBACTCS JII0DOE TTOIMHOYKECTBO JIEKAPTO-
Ba MpOU3BeJIcHUsT UX obJiacTeil 3HadeHnit. MHOXKECTBO MepeMeHHBIX, Ha
KOTOPOM OIIpeJIeJIeHO OoTHoIeHne R, HasbiBaeTcs Juana3onom OTHOIIIE-
Hust 1 obosHadaercs scope(R).

Ecmm R = Dy X ... X Dy, To R Ha3bIBaeTCId YHUBEPCAADHDIM OTHO-
WEHUEM.

OTHOINIEHUST MOTYT 3aJIaBATHCS C ITOMOIIBI0 TabJINIL, OMUCHIBAIOIIIX
JIOIIYCTUMbIE COUETAHUS 3HAYCHUI TepPEMEHHBIX.

Omnpepenenne. 3agaua YO (3YO) onpesiessiercsi MHOXKECTBOM JIMCKPET-
HBIX mepeMeHHbIX V = {z1,...,Z,}, I KaXJOfl U3 KOTOPBIX 3a/aHa
06/1aCTh OlpeiesIeHns: U JoMeH Dj = {dg.l), . ,dg.pj)} (j=1,...,n),u
MHOKeCTBOM orpanndenuii. Oepanuuenuem HasbiBaercs napa (R, S), e
R — orHomenue, onpejenennoe Ha guarazone S. 3Y0O moxeT paccMmar-
puBarbest Kak tpoiika (V,D,C), tne V = {x1,...,2,} — MHO)KecTBO
nepemensbix, D = {Dy,...,D,} — MHOXeCTBO JIOMEHOB II€DEMEHHBIX,
C ={C,...,Cp} — MHOXKecTBO orpannuenuii. Pewenuem 3YO Ha3bI-
BaeTCA IPUCBOCHNE 3HAYCHUIT BCEM NMEPEMEHHBIM, KOTOPOE YOBIETBOPS-
er BceM orpanndenusiM. Ileavto pemenus 3YO MoxXKeT ObITh HAXOXKICHHUE
OJIHOI'O WJIM BCEX PEILICHUIA.

2.1.2. [leiicTBusi HaJ OTHOIIEHUSAMU

IIycts Ry, Ro — jBa OTHOIIEHUS C OJWHAKOBBIM JTHAa30HOM. Tora
nepecevenuem 1 N Ry Ha3bIBaeTCsl OTHOIIEHNE, ColeprKalilee Bce HabOPhI
3HaYEHUI epeMEHHbBIX, KOTOPbIE NMEIOTCsT OJIHOBPEMEHHO B 0OOMX OTHO-
mreHugax R u Ro.

Obsedunernue R1 U Ry — oTHOIIEHNE, cojiepsKalliee Bce HabOPhI 3Hade-
HII TIepEMEHHBIX, KOTOpPbIe UMeoTcd Jinbo B Ry, mmbo B Re, nian B 0boux
OTHOIIIEHUSIX.

Pasnocmwvio Ry — Ro Ha3bIBaeTCsl OTHOIIEHHUE, coieprKaliee HabOPbI
3HaYEHUI MepeMeHHbIX, cojep:Kaluecs B 1, HO He comepxKaruecs: B Ro.

IIpoexyusn Iy (R) ornomenust R Ha MHOXKeCTBO mepeMeHHbIX Y C
scope(R) siBisieTcsi OTHOIIIEHUEM, COJICPKAIIUM HaOOPbI 3HAYEHUN TOJIh-
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KO TIEPEMEHHBIX, cojiepxKaluxcsd B Y. B TabiuvaHoM 1pejicTaB/IeHun OTHO-
MIEHUH MPOEKIINs BLIOMPAET MOIMHOYKECTBO CTOJIOIOB, COOTBETCTBYIOIINX
MHOXKeCTBY Y.

Coedunenue omnowenut. Oneparop coeaunenust Rg I R u3 1ByxX
orHomennii Rg ¢ muanaszonoM S u Rp ¢ auamasonom 1 cTpouT HOBOE
OTHOIIIEHHUE, COCTOLINee U3 ux obux nepeMeHunix B S u 1. Habop r us
coequnenusi Rg > Ry oTHomenuit Rg 1 Ry MOXKHO ITOCTPOUTH, UCIIOIb-
3yst caeayrormue maru: (1) B3saTh Habop s u3 Rg; (2) BiOpars HAOOD t U3
R Takoii, 9T0 KOMIIOHEHTBI S U t COIVIACYIOTCS 110 ntepeMeHHbM u3 S N7,
obmmm st Rg u Ryp; (3) obpasoBarh HOBBIT HAOOD T, KOMOUHUDPYST KOM-
IMOHEHTHI § U t, COXPaHAA JIUIIb OJUH U3 IOJIYIeHHBIX OJMHAKOBBIX HabO-
poB. Jlnamazon nosygatomnierocst otuomtenuss — S UT. Coenuaenne JByx
OTHOIIEHUI C OJMHAKOBLIMU JIUANA30HAME SKBHBAJEHTHO II€PECEUECHHIO
3TUX OTHOIIEHUI.

2.2. Buapbr orpanndeHumii

Paccmorpum pasmuanbie Buibl orpanudenuii. [Ipocreiimmm Tumom
OTpaHUYEHUST SIBJISIETCST YHGPHOe OTPaHUYEHHe, KOTOPOe OIPAHUIUBAa-
eT 3HadYeHue OJHOU mepemeHHo#. Jli06oe yHapHOE OrpaHUYEHHE MOXK-
HO YCTPAHUTH, BBINOJHAS MPEIBAPUTE/ILHYI0 00pabOTKy 00J1acTH OIpe-
JIeJIEHUsSI COOTBETCTBYIONIEH EePEeMEHHOMN, YTOObI VAAJMTh 3HAUEHUSA, Ha-
pyIIaoniue 3To0 orpaHuydeHne. bunaproe OrpaHUveHne CBI3BIBACT MEXK-
ny coboit jBe mepemennbie. Hampumep, OMHAPHBIM OrDAHUYCHUEM sIB-
Jgsiercst ¢ # y. bunaproit 3amadeit YO HasbBaercs: 3a@ada, B KOTOPOI
UMEIOTCsT TOJIbKO OMHAPHBIE OIPDAHMYEHUs; OHA MOXKET OBbITH IIPeJICTaB-
JieHa B Bujie rpada orpaHuveHuii. B orpaHnYeHusIX BBICOKOI'O MOPSIIKA
YYIACTBYIOT TPHU WU 60JIbIe TepeMeHHBIX. OIHUM U3 W3BECTHBIX IIPH-
MEPOB TaKNX 33J1a4 SBJSIOTCT KPUNMOGPUPMEMUYECKUE TOTOBOTIOMKH,
Ha3bIBaEMble TaKKe dncjIoBbIME pebycamu (cum. pasmes 1). O6blaHO Ha-
KJIQJIbIBAETCs TpeboBaHme, YTOObI Kaxk/as OyKBa B KpUirroapudmeTntie-
CKOIl TNOJIOBOJIOMKE IIpeJICTaB/Isiia OT/esbHyI0 nudpy. B ciaydae 3a1aun
SEND+MORE=MONEY wu3 npumepa 7 pazzena 1, Takoe TpeboBamme
MOZKET OBITh BBIPAXKEHO C ITOMOIIBIO OI'PAHUIEHUS C BOCEMbIO TIePEMEHHBI-
mu all —dif ferent(S, E,N,D,M,O, R,Y). Uubim 06pa3om 310 TpeboBa-
HUE MOXET OBITb IIPEJICTABICHO B BUJie HADOpa OMHAPHBIX OI'PAHUYCHUIA,
Takux Kak S # E.
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2.2.1. I'mo6GasbHbIE OrpaHUYEHUS

Psan uccnemoBanuii mo ya0BIETBOPEHUIO OIPDAHUYEHUN C KOHETHBIMU
JIOMEHAMU UCIHOJIB3YeT 2.400aivhbie o2panudenus [325]. Tlonsrue riaobasib-
HOT'O OIPAHUYEHUsI COCTOUT B CJICAYIOIIEM: UMEIOTCSA CJIydau, KOT/Ia Ha-
JIMYKEe OJHOrO GOJIbIINEro OrpaHudeHus (110 YMCIIy [EePEeMEeHHBIX B HeM )
MOXKeT ObIThb JIydIlle, YeM HAJUINE MHOXKECTBA MEHBIINX OTPAHUICHU.
TunuaabIM TPUMEPOM CJTYKAT MHOZKECTBO OI'DAaHUYCHU-HEePABEHCTB, KO-
TOpOE PEJIKO IO3BOJISIET IIPUMEHUTDH YCIEITHOE PaCIpPOCTPAHEHUE Orpa-
Hudenuii. B mogobHBIX ciiydasx HeOOXOIUMO UCIOJIb30BATD MOJHBIN T10-
UCK II0 JIOMEHAM BCEX IEPEMEHHDLIX JJIsi HAXOXKJIEHUS OIHOTO DPEeIeHUS.
MoxkHO n36ekaTh ITOro HECIIOIE3HOrO MOUCKA, NCIIOJb3Ysl OIPAHTYEHUE
«all-different», B koTopoe BxomgaT Bce nepemennbie. JleficTBUTEIHLHO, UC-
MTOJIBb3YsI OJIHO TAaKOe OrPaHMYEHHE, 3a1a9a MTOMCKa PEIIeHN MOXKET ObITh
nepedOpMyINpPOBaHa B BHJE 3aJa49l [MAPOCOYETAHUs B JIBYIOJLHOM I'Da-
de (bipartite matching) mexky mepeMeHHBIME 1 3HAYCHUSIMH, JIJIsT PeIrie-
HUsT KOTOPOIl MOT'YT OBITH HUCIIOJIB30BAHBI KJaccudecKne rpadoBble ajro-
PUTMBI, UTO MOXKET CHU3WUTL Iepedop. B obimreM, BBeleHMe II00aIbHBIX
[IEPEMEHHBIX PabOTaeT CJACAYIONNM O0pa30M: BMECTO 3aIlMCH 33Ja9d C
ITOMOIIBIO MHOTHX UCXOJHBIX OMHAPHBIX OrPAHUYEHNI, MBI OIIMCHIBAEM €€
C TIOMOIIIBIO HEDOJIBITIOTO YUC/IA IJI00ATBHBIX OTPAHUICHUI JIJIsT MHOXKECTB
[IEpEMEHHBIX. TakuM 0O6pa30M, MBI MOXKEM IIPOIIE MOIEJNPOBATEL 38Ty
C MEHBIIIUM YHCJIOM OIPAHUYEHUN, IPU ITOM MOTYT OLITH HCIIOJIb30Ba-
HbI 00Jiee COBEpIIEHHBbIE AJTOPUTMBI. THIUIHBIME [MPUMEPAME CJIYZKAT
orparudenus: «all-differents> u «<atmost», ycranapausaroriee JuMuT Ha
YUCJIO TIEPEMEHHBIX C OIPEIEIEHHBIM 3HAYCHUEM, a TaKXKe KYMYAAMUG-
Hoe OrpaHuIeHHE.

Hecmotpst Ha TO, 9TO 2406a00HbIE 0O2PAHUYEHUA STBISIOTC BaXKHBIM
acrrekToM Teopuu YO, JOCTATOYHO YETKOro MUX orpejeseHust HeT. [Jio-
H6abHOE OTpaHUYEHIE — ITO OTPAHUYEHHE HAJI IIOJIMHOYXKECTBOM IIEPEMEH-
HBIX. Y IOOATBHBIX OI'PAHUYECHHUI €CTh JBa IIPEUMYIIECTBA. Bo-TIepBbIX,
1J106aJIbHbIE OIPAHUYEHUS O0JIErYaioT 33/[a1y MOJICTUPOBAHUS TPUKJIA/I-
Hoit ipobsiembl B Bujie 3YO. Bo-BTophix, MOXKHO paszpaboTarh ajropuTm
PACIIPOCTPAHEHHUs] OTPAHMYEHUN CIIEIUAJIBHOTO BUJA, YIUTHIBAIOIIUI 0CO-
OEHHOCTU OUPAHUYEHUsI U MOITOMY HaMHOro bojiee adbdexrupnbiii. Ha-
[MOMHHUM, 9TO BBIHY2KJICHUE JyTOBOI COBMECTHMOCTH HA IPOU3BOJIBHOI
3aj1avue uMeeT BPeMeHHYIO cJoxKHOCTh O(rd’) B HAMXYyJIIEM ciydae, rje
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7 — ApHOCTb OrpaHWYeHHs, & d — pa3Mep JOMEHOB IepeMeHHbIX. B To
ke Bpems all-different-orpannvenue moxker OBITH CIEJAHO BEPITUHHO-
copmecTHbIM 3a Bpemst O(r2d) B xymmtem ciywae [311].

Krnaccuueckum mpumepom 1yiobaibHOrO orpanudenus ciaykut all-
different-orpanndenue, KOropoe OIpeIE/IsieT, YTO IIePEMEHHBIE JOJIXKHBI
6bITh monapuo passmanbiMu. all-different-orpanuvenune gacro ucrosb-
3yeTcsi Ha MPAKTHUKE W B CBSI3W C 3TUM IPEJJIATAETCSI KAK BCTPOEHHOE
OrpaHUYEeHHE BO MHOTUX OCHOBHBIX KOMMEPYECKUX M UCCJIEIOBATEIBCKUX
cucTeMax IPOrPAMMHUPOBAHUS B orpannyeHusx. HauuHast ¢ nepBbIX 1J10-
6aJbHBIX OI'PAHUYECHUI B CHCTEME ITPOrPAMMHPOBAHUS B OIDAHUYEHUSIX
CHIP |27|, nosnsee 6buM MpeJIOKEHBl ¥ BHEJPEHBI COTHH TI00aIbHBIX
orpanndennii (cm. [58]).

Jpyrumu npuMepamMu rio0abHbIX OFPAHUYEHUN SBJISIIOTCS 100a/Ib-
Hoe Kapdunaavroe orpanndenne (global cardinality constraint (gec)) [312]
u Kymyasmuenoe orpaanderne [27). IiobasbHoe Kap/MHAJIbHOE OrpaHU-
YeHHe HaJl MHOXKECTBOM IIePEMEHHBIX W 3HAUYEeHWl OIpeJe/sieT YCIOBHUE,
YTO YUCIO TEPEeMEeHHBIX, KOTOPBIM IPUCBOEHBI 3HAYEHUsI, JOJI?KHO OBITh
MEXKJTy 3a/[aHHBIMI BepXHell U HUXKHEH IPaHUIaMu, TPUIEM STU IPAHUIBI
MOTYT OBITH PA3JIMUHBI JJIsI KaXKJI0r0 3HadeHust. KyMyJsiTUBHOE orpaHu-
YeHUe HaJl MHOYKECTBOM II€PEMEHHBIX, [IPEJICTABJISIONINX BPEMEHa BbIIIOJI-
HEHUSI PA3JIMYHBIX paboT, TapaHTUpPYeT, YTO pabOThl YIOPSIOIEHBI TaK,
YTO HE TPEBBINAITCS UMEIONNECS] B HAJUIUU BeJIMIUHBI PECYPCOB, HC-
oJIb3yeMble B JII0ObIe mepuojibl BpeMeru. OrpaHnvdeHusi 000X yKa3aH-
HBIX THUIIOB OOBIYHO HUCIIOJIB3YIOTCSI IIPU COCTABJIEHUU PACIHUCAHUIA, YIIO-
psiioueHnn paboT U B KaJleHIapHOM ILJIAHHPOBAHUH.

2.2.2. Markue orpaHuYeHUsA

Ciletyer 3aMeTHUTh, YTO OI'DAHUYEHUIl ¢ KOHEUHBIMU JIOMEHAMH HEJI0-
CTATOYHO JJIsl TOYHOT'O MOJICJINPOBaHUS PeabHBIX 3aj1ad. IIpobiaema co-
CTOUT B TOM, UYTO peajbHBIE 3aJa9l OOBIYHO HE MOIYT OBITH OIMCAHBI
TOJIBKO C IOMOMIBIO KJIACCHYIECKHX OTPAHMYEHUil, KOTOPble MOIYT OBIThH
HCTHHHBI JTHOO JIOXKHBI, IIOCKOJIBKY OHU HMEIOT TaKhe XapaKTEePHCTUKH,
KaK IPeJIOYTeHHs, BePOATHOCTH, CTOMMOCTH, a TaKKe CTeIeHb HeOoIIpe-
nesenHocTn. Muorme npukiagable 3afadn YO OOBIYHO ABJIAIOTCA IIe-
peorpanndeHHbIME (overconstrained) [223|: mosp3oBaTesNb 3a1a€T CIIAII-
KOM MHOT'O OIPaHMYEHHUl, TaK UTO BCE MX OJHOBPEMEHHO YJIOBJIETBOPUTH
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HEBO3MOXKHO. B Takmx ciaydasax, BHadajle Hy?KHO BBISICHUTH, IMEIOTCS JIN
perterusi 3agaan YO BooOIIe (11 3TOr0 MOXKET MOTPeGOBATHCST MHOTO
BpeMeHn!), a 3aTeM Hy»>KHO DEIlINTb, KaKhue M3 OlDAHUYEHUil OCJIabUTh,
9TOOBI 3a/1a9a cTaJia pa3pemumoii. B ¢Bsi3u ¢ 3TuM OBLIO BBEIEHO MOHS-
THe MsITKOro orpanudenusi (soft constraint) [50]: wmsekoe oeparuuernue —
9TO OOBIYHOE OI'DAHUYEHUE ILIIOC €0 JIONOJHUTEJbHAS XapaKTePUCTHKA
(kpuTepwit), KOTOpasi MOXKeT WHTePIPETHPOBATHCSI KaK CTOUMOCTH, yPO-
BEHb BaKHOCTH, CTElleHb HeollpejiesieHHocTn U T. 1. HaxoxjeHnue perire-
ansg 3YO ¢ MATKAMHU OTPAHUYCHUSIMU HE O3HAYACT HAXOXKJCHHUE TaKO-
BOI'O, yJIOBJIETBOPSIIOIIETO BCEM OIPDAHMYEHHSAM, HO IIOJIyYeHUEe 3HAYEHUN
HEPEMEHHBIX, JIJIsI KOTOPBIX JIOCTUTAeTCd «HAWJIydIleesy 3HAUEHHUe JIJIs Bbl-
6panHoro Kkpurepus. VccieoBanus B 9T0i 06/1aCTH HAYAJIOCH C HEPAPXU-
YEeCKON CHCTEMBI TIPOIPAMMUPOBAHUsT B OrpaHnYeHusiX |79, si3blka 1mpo-
rPaMMUPOBAHUS B OTPAHUYEHISIX, B KOTOPOM KaXKJ[0€ OTpaHUIeHNEe UMeET
YPOBEHb BaXKHOCTH U perrieHne 3aa9u YO HAXOMUTCHA C yIETOM HEPAXUU
orpanmdenwuii. s dopmanuzanun 3Toif HOBOM MOJEIN U UCCJICIOBAHUS
sddexTuBHOCTH AIropuTMOB ee pemtenus B [154], [328], [160], [333] 6buu
pa3paboTaHbl HEYETKUE OTPAHMYCHUS, Y KOTOPBIX KAaXKJOMY OrpaHUYe-
HIIO TpucBoeHo 3Hadenne Mexay 0 u 1. B [235] pacemarpuBaercst KoM-
OuHaIUS MepapXuu OUPAHUYEHUN U HedeTKuX orpanudenwuii. [lepeorpa-
HUYEHHBIE 33J[a9U PENIAJNCh TakkKe B [172] ¢ ucrosb3oBaHeM HOHSTHUS
gacruaaoro YO, mpu srom B 3Y0O BBOJWIACHE METPHUKA, UTO IO3BOJIU-
JIO HAXOJIUTDH PEIeHUE, YIOBJIETBOPSIONIEE BO3MOXKHO OOJIBIIEMY YHCIIY
OorpaHuyeHuii.

Boimn mpoBeieHbl TeOpeTHIECKTE NCCIe0BAHNUST TI0 pa3paboTke HoJtee
OBIUX CXeM Jyisi MTKUX OFPaHUYEHUii, UCIOJIb3Ysl AllllapaT HOJIyKOJIel]
[68], [69], [70] (re KOpTeKy KazK/10ro OrpaHiaeHis IIOCTABJIEH B COOTBET-
CTBHUE 3JIEMEHT HOJIyKOJIbI[A), & TAKKe allllapaT ONPAHIICHI C OIeHKaMK
(valued constraint), B KOTOPOM KaxKJOMy OI'DAHIYIEHHIO IIOCTABJIECH B CO-
OTBETCTBHE JIEMEHT U3 BIIOJIHE YIIODPsI0YeHHOro MHOXKecTBa 98], [143],
[334]. st 5THX 0OIIMX CXEM MOJTY I€HbI 0000IIEHIs 1 IPON3BEIEHA a/Iall-
TaIys PacIpOCTPAHEHHs ONPAHIYEHHUI 1 METO/IOB PEIIeHus!, OOBITHO HC-
[OJIB3YEMBIX [JIsI OTPAHNIEHNIT ¢ KOHEIHBIMU JOMEHAMHE, U U3Y9IeHbI MX
CBOICTBA.
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2.2.3. IlpuBenenue 3agad YO BBICOKOTO mopsaka K GuHap-
HBIM 3agadam YO

Kaxkmoe orpanudenne BBICOKOTO MOPsIKA ¢ KOHEUHBIMHU JOMEHAMMU
MOYKHO CBECTH K MHOYKECTBY OMHADHBIX OrDaHWYEHHUI, BBEJsS JOCTATOY-
HOE KOJMYECTBO BCIIOMOTaTeJbHBIX IEpEeMEHHbIX. HeTpyaHo 3aMeTHTb,
gro orpanndenne all-different moxker 661TH pazduTO Ha OUHAPHBIE Or'Pa-
undenns — S # E, S # N u T 1.

JIBoiicTBennoe npeobpazoBanme ObLIO NepeHeceHo u3 Teopun B/l B
reoputo YO Dechter € Pearl |141]. TlepBble NONBITKE TPUBEICHUS 3a-
a1 YO BBICOKOrO MOpsijika K 9UCTO OMHApHBIM 3ajadam YO ¢ momo-
B0 BCIOMOTATEIbHBIX TIEPEMEHHBIX ObLIN BIEPBBIE MPEAIPUHATEL B XIX
Beke Jiorukom Yapuszom Cangiepcom [Tupcom (Peirce). OcroBy merona
CKPBITOTO TIpeobpasoBaHusi cocrapisier Meroy Peirce [302] mnpejcrasiie-
HUsI HEOMHAPHBIX OTHOIIEHWH € MOMOIIBIO CHCTEMBI OMHAPHBIX OTHOIIIE-
uuit. Rossi et al. [323] na ocnose merona Peirce [302] Buepsble moKazam,
9TO GUHAPHBIE OTHOIIEHUS] UMEIOT T€ YK€ BBIPA3UTE/IbHBIE BO3ZMOKHOCTH,
910 U HeOUHApPHBIE OTHOIIeHUs. COOTBETCTBYIONIME METOJIbI ObLIN BBE/IE-
ubl B reMatuky YO B pabore Dechter (1990) [134] u nopaboransr Bacchus
€ van Beek [39].

2.3. I'padbr orpanuvenmii

2.3.1. I'pad orpanmyeHwunii, ABOINCTBEHHBII rpad orpaHmye-
Huil, runeprpad orpaHuYeHuit

Crpykrypa mwim Tomosorus 3a1ad YO MOXKET ONHUCBIBATHCS C ITOMO-
IBIO Pa3JIMIHBIX I'PAdOBBIX CTPYKTYDP: (nepsuunoezo) epagda ozparue-
Hutl, eunepepada oeparuveruti, deoticmseentozo epada oeparuverud.

Ounpenenenne. [lepuunbiii epag ozparnuuenutd 3YO (V,D,C) — srto
neopuenTuposanubiii rpad G = (V, E), sepmmnsl V' KOTOPOro coorseT-
CTBYIOT TiepeMeHHbIM 3Y O, MpudeM JiBe BEPIIMHDBI COEINHSIIOTC peOGpOM
B rpade GG, ecqim COOTBETCTBYIOIIME TEPEMEHHBIE UMEIOTCS B OJHOM U
TOM K€ OrpaHWYeHnH (TO €CTh B OJIHOM M TOM K€ JIHAIa30He KaKOrO-TO
OTHOIIICHUS ).

I'pacd orpanmdenuii ompejienceH Kak Jjisi OMHAPHBIX, TaK U JjIsT HEOU-
HapHBIX orpanwdennit. OjHAKO 1T HEOHHAPHOTO CJIyYasi CTPYKTypa
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x1, D1={4, 5} > x2, D»=(3, 4, 5}
[ 4

a) > b)

x3, D3={1, 2} x4, D4={4, 5}

Puc. 6. a) I'pad orpanuuennii u b) nBoiicrennslii rpad.

OrpaHUYeHH MOXKET OBITEH 60JIee TOTHO TIepe/IaHa C OMOIIBIO 2unep2pada
o2paHuMeHUT.

Tunepepag oeparuyvernutd 3YO — sro runeprpad G p, BepIIuHBI KOTO-
pOro COOTBETCTBYIOT IepeMeHHBIM 3ajiatu YO, a runep-pebpa — orpaHu-
genusiMm C', BepHee, MOJMHOXKECTBAM IEPEMEHHBIX U3 JUAITA30HOB Or'pa-
anvenuii scope(C).

Ecnu aprocts Kaxkaoro orpanndenus B C' He 60jiee 2, To 3aa1a YO
Ha3bIBaeTcst OuHapHOi 3amaqdeit YO. ['uneprpad, coorBercrByfoItuii 6u-
Hapraoii 3YO, siByistercst 00bI9HBIM I'padoM. 'umeprpad, cOOTBETCTBYIO-
it HebuHapuoit 3YO, MoxkeT OBIThH Mpeodbpa3oBaH K OOBIYHOMY Ipady
OTPAHUYEHUI IIyTeM 3aMeHbl KaXKIoro rumneppedpa KJIMKOi, cocrosiieit
u3 BepiuH runeprpada u coepuHsomMux ux pedep [239].

B psne ciydaeB ymobHO UCTIOMB30BATE 0680UCMGEHHIY 2pagd 02pami-
wenuti?, BEPIIMHBI KOTOPOI'O COOTBETCTBYIOT JIMAIIA30HAM OIDAHUUECHHIL,
a pebpa COEIMHSIOT BEPIIUHBI IPU HAJUYIUU B HUX OOIUX IEPEMEHHBIX.
[Ipu sTOM pebpa moMedaroTCss MHOXKECTBAMU ODIUX [TEPEMEHHBIX. 3aMe-
TUM, 9TO JABONCTBEHHBIN rpad OrpaHMYeHUil TECHO CBS3aH C JIBOWCTBEH-
Hoit 3YO, B KOTOPOIi IepeMEHHBIMU (TaK HA3BIBAEMBIME C-NEPEMEHHHLMU )

2 IIpoiicTBenHbIl rpad OrpaHMYUEHHMIT 10 CYyTH COBIAIAET C pebepHblM 2padom eu-
nepepaga: pebepubim rpadom runeprpadba H = (V, E) cornacuo [4] naspiBaercs rpad
L(H) = (£,FE) MHOXeCTBO BEPUIMH KOTOPOI'O COBIAJAET C MHOXKECTBOM pebep & ru-
neprpada H, npu srom jse Bepmunbl rpada L(H) cMeKHBI TOrJ@ U TOJIBKO TOIJIA,
KOI'/Ia CMEXKHBI COOTBETCTBYomue UM pebpa runeprpada H. Takum obpasom, L(H) —
rpad nepecevenuii pedbep rumneprpaca H.
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SIBJISTIOTCSI OTPAHWYEHUST UCXOHON 3a1a4uu. OrpaHudenusl TBOWCTBEHHOM
3812491 BBIHYKJIAIOT OOIIHE IEPEMEHHBIE U3 OIPAHMYEHUN TPUHUMATE O/
HU ¥ T€ YK€ 3HAYEHUsI, TO €CTh JBOWCTBEHHbIE OrpaHndeHus ouHapabl. OT-
CIOJIa BUJIHO, UTO C ITOMOIIBIO JIBOMCTBEHHBIX 3384 YO MOXKHO JIIOOYIO
HebrHapHyo 3YO cBecTH K OMHADHON M PENUTh €€ C TOMOIIBI0 METOJIOB
pertiennst buaapHBIX YO.

2.3.2. NnayuupoBaHHbIll rpad U MHAYHMUPOBAHHAS IIMPUHA
3agaun YO

Beenem nousTust undyuuposarto2o epada u uHOYUUPOSAHHOT WUPU-
noe (induced width) 3amaan YO, BaxKHbIe JJIsl IPUMEHEHUs] CTPYKTYPHBIX
MeTos10B pertennst 3a7a4d YO. VHaynupoBaHHas IMUPUHA OIIPEIE/ISIETCSI
B TepMuHax rpada orpannyenuii 3amaau YO.

[TomyTHO BBemeM MoOHsITHE YIOpsiovYeHus rpada win 3agadu YO.

Omnpepenenne. Paccmorpum 3agaay YO (V, D, C), rue |V| = n, u coor-
sercrBytonwii rpad orpannuennii G = (V) E). Ynopadouenuem jist 3a-
naan YO u rpada G = (V, E) naswiBaercs 6uekuust b : V < {1,2,...,n},
KOTOpast COOTBETCTBYET BEpIINHAM WJIN IIEPEMEHHBIM, IIPOCMATPUBACMBIM
B opsyike (h~1(1),h71(2),...,h71(n)). Eciu aBe nepementbie coejtue-
HBI B rpade pedbpoM, WHOTIA OJIE3HO MPEJICTABUTD IIEPBYIO IIEPEMEHHYIO,
KOTOpast CTOUT PAHbIIE B YIOPSAIOYCHNN, B BUJIE «POIUTENA», & BTOPYIO —
KaK «CbIHA» MEPBOil BEPINNHBIL.

Ilepen onpenenienrieM WHIYITUPOBAHHON ITUPUHBI BBEJIEM OoJiee mpo-
CTOE TIOHATHUE WUPUHDE Tpada.

Onpepenenne. [Iycrs G = (V, E) — rpad, a h — HeKoTopoe yropsijjoue-
Hue BepmuH 3Toro rpada. [upunoti BEPIIUHBL v JJIs 9TOTO yIIOPSI0Yde-
HUs h HA3LIBACTCS YHCJIO BEPIIUH, COCAUHEHHBIX C U U IPEAIIECTBYIOMINX
eil B 9TOM ylopsijoueHnr (TO eCTh YUCJI0 pojuTesieli Bepmmubl v). [lu-
punoti epagpa 1 ynopsiioueHnsl h Ha3bIBACTCA MAKCHUMAJIbHAs MIMPUHA
BCeX BEepIINH JJId 9TOro yrnopsjaodenus. M HakoHer, wupunoti 2pagda na-
3bIBACTCS MUHUMAJbHAs IMUPUHA JJId BeeX ynopsaodennii. Hampumep,
JIepeBO UMeeT IMUPHUHY 1, a IMOJIHLI rpad ¢ 1 BepIIuHAME HMeeT IIUPHHY
n — 1. BeegeM masee cieryronye onpeIeeHus:
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Onpenenenwne. [[Tupunot 3adavu YO njs JaHHOTO YHOPSIIOYEHUs Ha-
3BIBAETCs MUPHUHA ero rpada OrpaHuYEHUil JjIsd ITOTO YIOPSAJ0UEHUd, a
mupuHa 3YO omnpejesisiercst Kak MUPUHA ee Tpada OrpaHuIeHui.

Beesiem cormacuo Dechter € Pearl [140| nonsiTe MHIyTIIMPOBAHHOIO
rpada 1Mo OTHOMIEHHIO K JAHHOMY yIIOPSIOYEHUIO.

Oupenenenne. Jnsa nannoro rpada G = (V, E) n ynopsipouenus h,
unrynupoBanneiii rpad G* = (V, E*) onpenensiercsi kak rpad ¢ MUHU-
MaJIbHBIM MHOXKeCTBOM pebep E*, takux uro E* DO E, n ecom {x,v} €
E*, {y,v} € E*, h(z) < h(v), h(y) < h(v), uz #y, 10 {z,y} € E*.

NuynupoBanublii rpad MOXKET OBITH MOCTPOEH 3a OJUH TPOXOJI, 00-
pabaTbhIBasi BEPIIUHBI UCXOIHOTO T'pada B 0OpaTHOM TOPSJIKE; TO €CThb
BHAUAJIE COEJIMHSIEM POJUTENEN TOCeIHEel BEPIITMHDBI, 3aTeM POUTEelH
MPEJITOCIe THEH BEPIIUHDBI 1 T. JT.

Onpepenenne. Hndyyuposarnas wupura w(h) rpada G = (V, E) no
OTHOIIEHUIO K YHOPSAIOYCHUIO I — 3TO MUPHUHA WHIAYIUPOBAHHOTO Ipada
(G*, h) 110 OTHOIIEHUIO K 9TOMY YIOPsiIoYeHNIo. VIHyiupoBaHHasi IIip-
Ha w* rpada — 3TO ero MUHNMAJIbLHAS WH/LyIIMPOBAHHAs IIMPUHA 110 BCEM
yrnopsigodenusmM. VHaynuposantas mmpuHa 3aga9u1 YO 10 OTHONIEHUIO
K YIOPSI0YEHNIO I — 9TO MHAYIUPOBAHHAS IUPHUHA ee rpada orpanude-
HUIi 110 OTHOIIEHUIO K 9TOMY YHOPSAI0YEHUIO, a UHLyIIMPOBAHHAS IHPUHA
zagaan YO — 3T0 MHAyIUpOBaHHAs IUpUHA ee rpada orpaHndeHuii.

CHHOHUM WH/IyIIUPOBAHHON IMUPUHB — dpesosudnas wupuna |23).
PO/ICTBEHHBIM SIBJISIETCS HOHSITHE TAKyKe JaCTUIHOro k-nepesa’. Dechter
€9 Pearl [140| nokazanum, yro nanHas 3agada YO mpu 3aJaHHOM yIOpsi-
JIOYCHUM MOXKET OBITH peIlleHa 3a BpeMs, SKCIOHCHINAJILHOE OT WHIYIIU-
POBAHHOIN MIUPUHBI 110 OTHOIIECHUIO K 3TOMY yIIOPSIIOTCHUIO.

2.3.3. XopaaabHubie Tpadbl

Brorancienve mHIyIUPOBAHHON IMMUPUHBI JIOCTATOYHO HECJIOXKHO JIJIsT
xopAaJibHbix rpados. Hamomamm, uro rpad Ha3bIBaeTCs TopoasbHbiM,
€CJIN B HEM KaXKIBbIN ITUKJI JUIMHBI 4 TMeeT XOpIy.

Muorue Tpymbie rpadOBbIe 3a1a91 JIETKO PEITaiOTC Ha XOPIAIbHBIX
rpadax. Hanpumep, HaxoxK1eHre BCeX MaKCUMAJIbHBIX KJIUK B rpade, ITo

3Yacruanoe k-mepeBo — 310 rpad, WHIYMPOBAHHAS IIMPUHA KOTOPOTO HE HPEBbI-

maer k [38].
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apisiercss NP-monoit 3amadeit Ha rpadax obImmero Buja, JIErKO IIPOU3Be-
CTH I XOPJAIbHBIX TpadoB. DTa 3aja4a (MOUCK MAKCHMATBHBIX KJIMK
B XOPJJILHBIX rpadax) ob/ierdaercs 3a CUeT UCHOIb30BAHUS IPOIIE/LY Dbl
yropsiaodenus maz-cardinality?.

Yuopsamodenue max-cardinality rpada yrnopsaoauBaeT BEPIITUHDBI, Ha-
YUHAST OT [EPBOIi, COTJIACHO CJIeJIYIONIEMY MIPABUIY: IIEpBasi BEPIINHA, BbI-
bupaercst mpousBosibHO. [locste 3TOr0, Cieyomneii BLIONpaeTCst BEPIINHA,
COeIMHEHHA C MaKCHUMAJIbLHBIM YHCJIOM YK€ VIIOPSAIOYEHHBIX BEPIITUH
u T. 1. Yrnopapodenne max-cardinality mMozkeT ObITH HCIIOJIBL30BAHO IIJIsT
pacro3HaBaHUs XOpIaabHBIX I'padoB. VIiMeHnno, rpad — XopaaabHbIHA, TO-
rja 1 TOJILKO TOrja, KOrja IpU yHopsaodeHnn max-cardinality xaxkmas
BEPIIHA BMECTE C €€ POAUTEIAMI 00padyeT KIuKy. MOoKHO TaKuM 0Opa-
30M MEePEedIUCIUTh BCe MAKCUMAJIbHbIE KJIUKH, COOTBETCTBYIONINE KayK 10
BepIuHe (3anuchbiBasi MHOYKECTBA, COCTOSIIINE U3 KAXKJION BEPIIUHBI U €e
pojuTesieli, 1 ompejeisis 3aTeM MaKCUMAJbHbI pa3Mep KJINKH). 3ame-
TUM, 9TO MMeeTcd He OoJiee n KUK, COCTOAIIMX U3 BEPIIUH U UX POJIN-
Teneii. KpoMe Toro, mpu ucmobp30BaHIN yropsagodenns max-cardinality
XOpZAJbHOro rpada, yIopsiIoUeHHBIH rpad HICHTUYEH €ro HHIYIHUPO-
BaHHOMY Tpady u, 3HAUUT, ero MUPUHA PAaBHA €r0 WHJLYIIMPOBAHHON ¥~
pune. CripaBeyiuBo

IIpennoxkenune. Eciu G* — ungyrnuposanusbiil rpad rpada G st
HEKOTOPOro yHopsijoueHusi, Torja rpad G* — Xop1aabHBbIi.

3. Metoapl noucka peineHus 3YO

3.1. OcHOBHBIE METObI PEIeHUsT

Metobr mocTpoerusi pernerus 3agadu YO MOTyT ObITh pa3sOUTHI Ha
Tpu Kiacca [329]: 1) Ilepewviti kaace codeporcum 6apuarmov, nOUCKa ¢ 603-
6PAMAMY. DTU AJTOPUTMBI CTPOST PEIIEHHE C IIOMOIILIO PaCIIUPEHUs
JaCTUYIHOT'O DpeEIleHnd HIar 3a HIaroM, HCIIOJb3Yyd Pa3/IMIHbIE 3IBPUCTU-
KU U IIpUMEHAA Ppa3yMHbBIE CTPpATEINn BO3BpaTa U3 TYIIMKOBBIX BEPIIUH.
CHmkeHne pasMepa 3aJ1a9d MM03BOJISIET YMEHbBIITUTD Pa3Mephbl IPOCTPaH-
CTBa MOUCKA. 2) AA20pUMMbL PACTIPOCPAHENUA 02PAHUEHUT, NCKITIOYa~
IOT HEKOTOPBIE 3JIEMEHTBI, He BXOJIAIIIE B PEIIEHUS, U3 TPOCTPAHCTBA T10-

4max-cardinality — MaxcHMAaJIbHOE KOJIMIECTBO SJIEMEHTOB.
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ucka. B ob1ieM, 3Tu ajqropuTMbl He UCKIIOYAIOT 6Ce JIEMEHTBI, He BXOJIs-
II[{e B PEIeHus] U, CJIeI0BATEIbHO, OHU HE CTPOSIT CAMHU I10 cebe pereHus,
a MCIOJB3YIOTCS OO0 IS TPEPOIECCUHTa 3aIaYN 10 MCIOTH30BAHUS
aJIrOpUTMa JIpyToro Tulla, UJin repeMezKaroTcCsd € ITaraMu aJI'OpuTMa JIpy-
Toro Tuila — HalIpuMep, IIOMCKa C BO3BpaTaMH — JIJIgd ITOBBIIIECHUA IIPO-
U3BOJIUTENBHOCTH ToCseanero. 3) Hakonern, cmpykmyphoie aszopummo
UCIIOJIB3YIOT WHMOPMAIUNIO O CTPYKType IMEPBUYHOIO WJIM JIBOWCTBEHHO-
ro rpacda orpanmueHnii 3agaun. VIMeroTcs pa3anaHble aJrOpPUTMbBI 3TOTO
KJIACCa, IIPU 9TOM HEKOTOPBIE MMPOU3BOJST JEKOMIIO3UIINIO MCXOIHON 3a-
maan YO Ha cjrabo CBsI3aHHBIE 10/[331a491, KOTOPhIE MOT'YT OBITH PeIeHbl
C TIOMOIIILIO METOJIOB U3 MPEIBIAYIINX JBYyX KjaccoB. Takum obpazom,
CTPYKTYPHBIE aJITOPUTMBbI MOTYT TaK2Ke€ HCIIOJIb30BaTbCA B COYE€TaHUU C
AJITOPUTMAMU JIPYTUX TUHOB. Bee ajropuTMbl n3 yKa3aHHBIX BBIIIE TPEX
KJIACCOB CUCTMEMAMUNECKY, UCCIEIYIOT TPOCTPAHCTBO PEIIeHuN. DTU ajl-
TOPUTMBI:

® KOppexmmovl, TO €CTh OHU 3aKAHIUBAIOT PabOTy C IPUCBOCHUEM 3HA-
4eHNil BCeM NepPeMeHHBIM, KOTOPOE SIBJISIETCSI PEIIeHUEM;

® NO0AMbL, TO €CTh OHM CIIOCOOHBI MCCJIEOBATH BCE MPOCTPAHCTBO I10-
HUCKa U HAWTU BCE DEIICHUI.

O6cy,ILI/IM METO/IbI ITIOMCKa C BO3BpaTaMU.

3.2. ITouck c Bozsparamu (Backtrack Search) u ero npo-
U3BOJIHbIE

3.2.1. Tlouck ¢ Bo3BpaTaMmu

Qopmysnmposka 3a1a4un YO B Buje 3a7a4 MOUCKa IO3BOJIAET PeIIaTh
3aga4n YO ¢ HOMOMIBIO &JIFOPUTMOB IIOHCKA.

[Touck B rry6umHy, B KOTOPOM KazK/Iblil pa3 BBIONPAIOTC 3HAYEHUS JJIs
OJIHOIT IIepEeMEHHOII 1 BBITIOJIHAETCA BO3BPAT, eCIH O0JIbIIe He OCTaeTCs J10-
IIyCTUMBIX 3HAYEHHI, KOTOPblE MOXKHO ObLIO OBl IIPHCBOUTH II€PEMEHHOI],
Ha3BIBACTCA NOUckom ¢ o3epamamu (backtracking)d.

epeBo npucBoeHnit 3HaueHUil NepPEMEHHBIM — 3TO JE€PEBO, B KOTO-
POM KazKjasl BEPIIHHA COOTBETCTBYET MHOXKECTBY IpucBoeHuit. Kopenn

"Hcronb3oBanue TOMCKA C BO3BPATAME JIJTsl y/IOBJIETBOPCHUA OrPAHUYCHUI GBLIO
npezyioxkeno Bitner & Reingold (1975) B [71].
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JIepeBa OTBEYAET ITYCTOMY MHOXKECTBY IpHCBoeHuil. B Kaxkj0it Bepinune
v BBIOMpAETCs IepeMeHHasi, KOTOPOH B v He ObLIO IIPUCBOGHO 3HAUECHUE.
AJIropuTMBI TIONCKA ¢ BO3BpPATAME BBIMIOJIHSAIOT TOUCK B IVIYOMHY B 9THUX
JepeBbiX IIPUCBOCHUN 3HAYCHU.

[Ipocreitmum  merogoMm  periernst  3amad YO o SIBISIETCS  METOJ,
«Generate and Test», KOTOpBIil MOPOXKTAET KarXKJ0€ BO3MOXKHOE PeIlleHre
[yTeM IMPUCBOEHUSI BCEX BO3MOYKHBIX 3HAUEHUN JIJIs KaXKJIOW IlepeMeH-
HOIl ¥ TIPOBEPSIET, YIOBJIETBOPSIET JIM 3TO PEIIEHUEe BCEM OTPAHUYEHUSIM.
B maumxysiem ciydae 9mHCIO BCEX BO3MOXKHBIX ITPOBEPEHHBIX PENTeHUit
PaBHO pa3Mepy JIeKapTOBa, IIPOM3BEJICHUsS JOMEHOB BCEX HEPEMEHHBIXD.
ITorsITHO, YTO METOJ MOJIHOTO Tepedbopa MOKET TPeOOBATH OOJIBITNX 3a-
TPaT BPEMEHHU IIPU PEIeHUN 3a/1ad.

AJITOPUTMBI TOMCKA ¢ BO3BPATAMEM — 5TO AJTOPUTMBI CHCTEMATHYE-
CKOT'0 TIoncKa Jiyist 3a71a4 YO, KOTOpbIE UCIOB3YIOT YaCTUIHbIE PEIeHNUs,
KOTOPBIE CTPOSITCS IyTEeM II00YEPETHOI0 TPUCBAMBAHUS 3HAYEHUN TIepe-
MeHHBbIM. Ecji ajroputM oOHApYyKUBAECT TYIHKOBYIO BEPINUHY, B KOTO-
POM YaCTUYHOE pEIIeHUe HEe UMEET COBMECTHOIO PACIIUPEHUS, TO BBIOOD
[IOCJIEJTHETO TIPUCBOCHUS OTMEHSIETCS U JICJAETCS TOIBITKA ITPUCBOEHUS
JIpDYTOro 3HAYEHUs. DTOT MPOIECC TMOBTOPSETCHA JI0 TEX IOp, MOKa He Oy-
JIyT MCYePIaHbl BCe BO3MOXKHOCTHU ¥ /WK He OyjieT HailjieHo perenne. Aji-
TOPUTMBI TIOUCKA C BO3BPATAMHE SIBJISIFOTCSI TIOJIHBIMUA B TOM CMBICJIE, UTO
OHU HAXO/IAT PEIeHNe, eCJIU OHO CYIIecTBYeT. Pa3invdnbie ajropuTMbl 10~
MCKa C BO3BpATAMU PA3/IMIAIOTC 110 CKOPOCTU ODHAPYKEHUS TYITUKOBBIX
BEPIINH, & TAKXKE 10 TOMY, HACKOJIBKO JIaJIeKO OHU CIIOCOOHBI JIe/IaTh BO3-
BpaT. AJICOPUTM ITOUCKA C BO3BPATAMHU XapaKTEPU3YETCS SKCIIOHEHITNA b
HOII BPEMEHHOU CJIO2KHOCTBIO, HO $BJIACTCS JIMHEUHBIM 10 UCIIOJIB3yeMOi
namsit (Mackworth, 1977) [262].

B zpononozuneckom noucke ¢ sosspamamu (chronological backtrack-
ing) 1mporiecc MoucKa paccMaTpUBAETCsl KaK IIOCTEIIEHHOE PACIITPEHIe Ya-
cruuHbIX pernennii (Bitner & Reingold, 1975) [71]. Ilopsiiok 3a1auust 3Ha-
YEHUI — 3TO MOPSIOK, B KOTOPOM ITPUCBANBAIOTCS 3HAYCHUS [I€PEMEHHBIM
BO BpeMs ToucKa. Ha ypoBHe ¢ mopsijika [MPUCBAUBAHUSA IIPOIILIbIE TIepe-
MEHHBbIE UMEIOT WHJICKCHI, MEHBIINE YeM %, IPUUEM UM YK€ ITPUCBOEHBI
3HavueHus. Byyiue mepeMeHHble UMEIOT UHJIEKCHI, DOJIBIINE YeM ¢ U UM

6E]CJ'II/I JIOMEHbI BCEX T II€PpEMEHHbIX UMEIOT pasMep d, TO 3Ta BeJINYWHA COCTaBJIA-
er d".
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elle He MPUCBOEHBI 3HavUeHns. Ha puc. 7 onumcaH aJIrOPUTM ITOUCKA C BO3-
Bpatamu. Jljsi IpOCTOTHI, 3aMCAHHBIN 3/1€Ch IICEBIOKO HE pPa3/INndaeT
CJIyvaeB, KOryla He HalJICHO PeIleHuil nin Koriga He HaeHo 00JIbiile pe-
[IeHWi, 3HAYEHUE A004CH BO3BPAIAETCsT B 000MX YKA3aHHBIX CJIydastX. AJi-
TOPUTM OIIUCAH JJIsi C/Iydasi OMHAPHDBIX OrPAHUYCHU c(xi,xj). Ucnob-
3YIOTCA CJIeIyIonue 0003HAMEHUSI:

® 7, — YHCJIO IIEPEMEHHBIX 3a/[a9U.

e Assignments | |. DToT MaccuB pasMepHOCTH 1 3allOMHHAET 3HAYE-
HUE, IPUCBOCHHOE B HACTOAIINAI MOMEHT KazK/IOH I1epeMeHHOM.

e D[ ]. i-it 37IeMeHT 9TOr0 MacCHBa PA3MEPHOCTH 7 COJEPIKUT HOCIIe-
JIOBATEJIbHOCTDb 3JIEMEHTOB JIOMEHA, COOTBETCTBYIOIIErO IIepeMeH-
HOI Z;.

Procedure BT(i)

Foreach Val In DI[i]
Assignments[i]:= Val
Consistent:=True
For h:=1 To i-1 While Consistent

Consistent:=Test(i,h)
If Consistent
If i=n
Show - Solution()
Else
BT(i+1)
Return False
End Procedure

Puc. 7. Tlouck c BozBparamu.

Oyuxiyst Test(i, j) NpUHUMAET 3HAYECHHUE UCTNUHA, €CJIU OTPAHUICHIE
c(xs, ;) yIOBIIETBOPAETCS TEKYIMMI IPUCBOCHUAMNI 3HAYCHHIT IIepeMeH-
HBIM %; 1 ;. Ecin orpannyenns c(x;, ;) ne cymecrsyet, Test( ) mpunn-
MaeT ucmura (3TO He CUUTAETCsI IPOBEPKOI orpannvenust). Kaxkiplii s/e-
MEHT JIoMeHa D; moouYepe IO PUCBAMBACTCS IEPEMEHHOM T;, PACIIupsist
PHUCBOEHKE 3HAYCHUI TIEPEMEHHBIM X1, . . ., T;j_1. LCJIM IPOBEPKa OIPaHu-
YeHUs JJIst IPeIbIIyIIeil TIepeMenHoil He MPOXOIUT, 3TO YACTHIHOE MPH-
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cBoenwe Gouibliie He pacmupsiercsi. Ecim qomen D; ncdepnas (TYIUK WA
I0JIHOE YHUYTOXKEHUE JIOMEHA), aJITOPUTM JIeJIA€T BO3BPAT JI0 YPOBHsI §— 1
C TIe/IBI0 HAXOXKJICHUSI JPYTOr0 COBMECTHOTO IPUCBOEHUS JJIsd X;—1. Kcan
2K€e TAKOBOI'O HET, JIeJIAeTCA BO3BPAT K T;_o, U T. /. TIOKA He Oy/1eT HaliieHa
[IeEPEMEHHAsT C JIPYTUM COBMECTHBIM IIPUCBOGHMEM WUJIU Oy/JeT IOKA3aHo,
aro 3YO He umeer pemtenusi. [[jist JaHHOrO COBMECTHOTO TIPUCBOEHUs (BCe
[POBEPKH OrpaHUYeHNUi ObLIM YCIEIIHbI), JeJaeTcsi PEKYPCUBHBINA BBI30B
BT(i + 1) mim, ecan He ocraeTcsi CBOOGOJHBIX IIEPEMEHHBIX, TI0JIYYEHO pe-
menne. [Tonck ¢ Bo3BpaTaMu MOXKET PaCCMaTPUBATLCA KaK 00X0JT BEPITHH
Jiepesa.

D - «MeTaHus»y 000 —

X1

4 X2

1 X3

4 X4

Puc. 8. Ilonck ¢ BosBpaTaMn Kak 00X0[I jiepesa.

Ha puc. 8 mokazano, kak IOMCK C BO3BpATaMU DPEIIAeT 3aJ1ady, OIH-
canayio Ha Ha puc. 6. Kaxmas BeTBb COOTBETCTBYEeT YACTUIHOMY IIPU-
CBOEHUIO (KOTopoe CTAHOBUTCH IIOJIHBIM, KOTJIA BETBb JIOXOJUAT 10 7Ti-i
HepeMeHHoﬁ) 1 ypPOBEHD i JI€PEBa IIPEJICTaB/ISET BbIOOPHI 3HAYEHUI, ClIe-
JaHHBIE JJIsT -1 (corﬂaCHo yHopfmoquI/Ho) nepeMennoit. Yepubie u Ge-
JIble BEPIIUHBI IIPEJACTABJIAIOT COOTBETCTBEHHO YCIICIIHbIE U HeyJa4vyHble
IPUCBOCHHUA B JIAHHON TOYKe IOWMCKa. BepmuHbl cHaOKEHbI OIMUCAHHEM
3HA4YEHUN JIOMEHOB, IPUIMCAHHBIX JTAHHON IEepeMEHHOII B paccMaTpUBa-
eMoif To4uKe IoucKa. [IyTh momcka moka3aH IMyHKTUPHON HAIpaBJIEHHOM
JIMHUEN.
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[Touck ¢ BozBpaTamu Hea(HEKTUBEH B TOM CMBIC/IE, 9TO TPeOyeT BbI-
OoJTHEHUsT OGJIBIEro YNC/IA OMEPAIUi, YeM 9TO HYKHO JIJIsT HAXOXKICHUSI
pelenus.

3.2.2. IIpobisiema meduymierocsi MOBeJIeHUs aJrOpuTMa C BO3-
BpaTaMu

Memanus (Gaschnig, 1979) [181] siBstiorcst rraBHBIM (haKTOPOM ILITO-
XOro TIOBEJICHHsI [IOMCKA C BO3BpATAMU: IIOUCK ObIBaeT Ge3ycrenieH Mo-
BTOPHO II0 TOii ke npuanxe. Hanpuwmep, mycrs ¢(x4, 2;) — ycioBue Toro,
9TO KOHKPETHOE IIPUCBOEHNE TIePEMEHHON T4 3alIpPelaeT BCe MOTEHINAb-
Hble 3HAYeHUsI [ x;. [lonck ¢ Bo3Bparamu Oe3ycIielieH Ha yPOBHE ¢ Jilst
KazKJI0ro ajeMenTa D;, npudem sTa HeyJlada HOBTODPSIETCS JUIsT KaxK0i
KOMOMHAIMU [IPUCBOEHUIT Ha [IPOMEXKYTOUYHBIX YPOBHSIX [IEPEMEeHHOi X,
e g < h < i. Meranne HabJII0AeTCA B MOIBITKE IMOUCKA C BO3BPATAMHU
pemuTh 3aja4y Ha puc. 6. Puc. 8 nokasbiBaer HOBTODSIIOIINECs HEy au-
HbI€ TIOIIBITKY [IOUCKA B CBA3HU C ycJoBueM ¢(a, x4). Meranuii cranoBuTcst
GoJIblIle TP yBEJIMYEHUN YUC/Ia [IPOMEXKYTOYHBIX IIEPEMEHHBIX (U BeJIH-
YHMH UX JOMEHOB).

3.2.3. NHTEeNIeKTyaJIbHbIN IIONCK C BO3BpaTaMu

Hrmennexmyarvhots nouck ¢ sosspamamu (intelligent backtracking)
[42], [86] — sT0 cobuparesnbHBII TEPMUH, OOBHEIUHSIIONUI AJITOPUTMbI
[OWCKa C BO3BPATAMM, TO3BOJISIIOIIIE PENIaTei0 0OHAPYKUTh, UTO KOH-
KpeTHasl TylIMKOBasl BePIIINHA JlepeBa IIPUCBOEHNs] 3HAUEHU He CBSA3aHa C
HEKOTOPBIMU IIPUCBOCHUAMMU. A NMEHHO, €CJIn TYIIMKOBas BEPIIINHa 6bIJIa.
obHapy KeHa Ha YPOBHE | U aJrOPUTM MOYKET BBISICHUTH, YTO IIPUCBOCHMUS,
cliesianble Ha ypoBHAX j € {k+1,...,l} He oTHOCATCS K 9TOi TYIIHKOBOIA
BEPINMHE, OH MOXKET TepeiiTn 06paTHoO K YPOBHIO k, TOCKOJBKY MOIBITKA
PA3JIMYHBIX PUCBOCHUN STUM MMEPEMEHHBIM TOCTOSHHO MTPUBOJMIIA OBl K
TYMUKOBOI BepIuie. TakuM 06pa3oM, BMECTO XPOHOJIOTHIECKOTO TIONCKA
¢ BO3BpaTaMu Ha YpOBHE [ — 1, 3TOT aJIrOPUTM TO3BOJISIET N30EXKATD JIMIII-
Hell paboThI, CBA3aHHON € TONBITKOW MPUCBANBAHUS PA3JIUIHBIX ITPUCBOE-
HUH TTepeMEeHHBIM Ha 3TUX YPOBHSX, M BMECTO 9TOTO TPU BO3BPATE MPIMO
MBITACTCST TIPUCBOUTE JPYTroe 3Ha4YeHue Ha 6oJiee paHHEM YpPOBHE k.
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K pasiuuHbM MeToZaM HHTEIEKTYaJbLHOIO IIOMCKa C BO3BpaTa-
MH  OTHOCATCsE  obpamnwitli neperod (backjumping), obpammwvil nepe-
x0d, ynpasasemvil wongauxmamu (conflict-directed backjumping), 06-
pammasn nposepra (backchecking), npocmasaenue obpammvir ommemox
(backmarking).

OcnoBHoit MerToy obparHoro nepexoza (backjumping) 6su1 paspabo-
Tan B paborax (Gaschnig, 1977, 1979) [180], [181]. Meroubl obparHoro
nepexoa ABJIAIOTCA OJHHMM U3 TVIAaBHBIX CPEJACTB JIJId ITPEOJ0JICHUA TEeH-
,[[eHL[HI’I IIOMCKa C BO3BpaTaMM K IIOBTOPHOMY HaXOXKJI€CHUIO O/IHUX N TEX
7K€ TYIIMKOBBIX BEPHINH. TyHI/IKOBaH BEpHIMHa BCTPEYaETCd, KOTJda Yy Tj
HE OCTAEeTCs COBMECTHBLIX 3HAYEHMIl, B 9TOM CJIydae ajrOPUTM IIOMCKa C
BO3BpaTaMi BO3BPAIAETCA B BEPIIMHY Z;_1. 1lyCTh CyllecTByeT HOBOE
3HaYEHue IJIsd Tj_1, HO HeT OrpaHUYeHM MEXIY X; U I;_1. 1yIUKOBas
BepIIuHa OYIeT B T; JJis JI0O0r0 3HAYEHMs IIePEMEHHOM x;_1, IIOKa He Oy-
JIyT UCYEPIIaHbl BCe 3HAUEHUSI TEPEMEHHON X;_1. MbI MOXKeM 00OHTH 3Ty
CUTYAIUIO IIyTeM OLpPEIeIeHIs [IEPEMEHHON — BUHOBHUIILI 38 TYIIMK U II0-
CEAYIOIKUM HEeMEIJIEHHBIM OOpPATHLIM IIEPEX0I0M K IPUCBOECHUIO 3HAYE-
HUsI TIEPEMEHHO-BUHOBHUIIBI TyIHKa (KOH(MIIMKTA), BMECTO HOBTOPHOTO
dpUKCHpOBaHUs 3HAYEHHUS XPOHOJOTMYECKU IIPEIIIeCTBYIONE mepeMeH-
woit. Oupenesenne nepeMeHHoi-BHHOBHUIIBI TYIIUKA B &JICOPUTME IIOMCKA
¢ BO3BpaTaMU OCHOBAHO HA IOHSTUU KOHPAUKMHO20 mHoMHcecmea. st
IPOCTOTHI U3JIOXKEHUs OyIeM IpPeojararb, UTO IIePpEeMEHHbIE yIIOPSI0-
deHbl caejyomum obpasom: h = {x,...,z,}.

BwmecTo Toro, 4Tobbl M0KUIATHCA TYIUKOBOW BEPIITMHEI 71-7, MeTOJT
obparHoro nepexoja Gaschnig’a [181]| sanomunaer HekoTOpyIO MHMOD-
MaIi0 B IIPOIECCE IOCTPOEHUSI 4, W HCIOJB3YET 3Ty WH(MOPMAIIIO
JJIs1 ONpeJieJieHusl IePeMEeHHO X — BUHOBHMUIIBI TYIIMKOBON BEPITHUHBI
(cM. puc. 9). AropuT™M HCIOIB3yeT METOJ IIPOCTABJIEHUsS] OTMETOK, II0-
CPEJICTBOM KOTOPOIO JIJIsT KayKJI0# IepeMeHHOI UCIOJIb3yeTCsT yKa3aTe/lb
Ha IIOCJIETHETO IPEJIIIIECTBEHHUKA, KOTOPBIM OKa3aJics HECOBMECTHBIM C
JI0ObIM U3 3HadeHuil mepemennoit. [Ipu mocrpoernn KopTexkeit d Ha psi-
MOM IlIare ajrOPUTM COXpaHseT yKasaTeab high; s KaykIoil IepeMeH-
HOIt ;. DTOT yKazareb OLpeIeiseT IOCIEeIHIOK IePEMEHHYIO, IIPOBEPEH-
HYIO Ha COBMECTHOCTH C Ij, €CJIU OBbLIO OOHAPYXKEHO, YTO OHA SIBJISETCS

771- — TYIUKOBBIN KOPTEXK, IMPEICTABJISIIONINN coO0# HabOp MPUCBOSHU 3HAYEHUN

II€pEMEHHBbIM.
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caMoii epBoit IepeMeHHO#, KOH(MIIUKTYIOIIEH cO 3HAYECHUEM B D;. Hampnu-
Mep, B cJlydae, KOTJ[a HeT CPABHUMBIX 3HAYEHUi s x; u ecau high; = 3,
9TO MOKA3BIBAET, ITO 73 — KOH(IUKTHOE MHOXKECTBO IIepeMeHHoi x;. Ec-
U @ MMEeT COBMECTHOE 3nadenue, 70 high; TpUIUCLIBaETCS 3HAYCHUE
1 — 1. AJropuTM IepexonT U3 TYIUKOBOIO JIUCTa d ;, KOTOPBI HECOBME-
CT€H C Tj41, OOPATHO K IEPEMEHHON Tp;gp
TaK KaK TYIHKOBasl Ie€pEMEHHAST — Lt ].

;1 — BUHOBHHUIIE KOH(JIMKTA,

———————— X1

4 X2

1 X3

' o
, OOpaTHBIit
.~/ mepexon

X4

- OO0patHBIi
nepexo

Puc. 9. Meroa obparHOoTro mepexosa.

IBe umen: obpammuiii neperod K IepeMeHHOH, KoTopasl, OyIydn 3a-
dukcrupoBana, HAXOJIUTCA B KOH(MDJIUKTE C TEKYIIEH IepeMeHHON, U 06pam-
MLl nepexod K BHYTPEHHUM TYITHKaM, HHTEIPUPOBAHBI B OJTHOM aJITOPUT-
Me 0OpaTHOro Iiepexoja, yupasisemoro koHdumkramu (Prosser, 1993)
[309]. Dror anropurm ncmosb3yer cxemy 06paTHOTO MEPEXO/IA, MCIOIb3YsT
nHpopManuo, cobpaHHyIo B mporecce moncka. Jist Kax ol mepemMeHnHoi
AJITOPUTM TIOJJIEPYKUBAET UH/YIIHMPOBAHHOE MHOYKECTBO OOPATHBIX Tepe-
X070B. JIjIsl TAHHOTNO TYIMKOBOIO KOPTEXkKa (i, ONPEICIAM MHOKECTBO
OOPATHBIX TIEPEXOI0B I g (mmm Jyist @ 41) KaK MHOYKECTBO II€PEMEH-
HBIX, YIACTBYIONUX B CAMOM PAHHEM MUHUMAJIHLHOM KOH(DJIMKTHOM MHO-
xectBe @ ;. OBpaTHBIH IEPexO, yIIPaBIsSeMbIil KOH(MIMKTAMI, BK/IIOYA-
€T BO MHOXKECTBO MEPEXOJIOB MEPEMEHHYI0, €CJIU €€ TeKyIlee 3HAYCHUEe
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KOHMJIMKTYET €O 3HAYEHWEM TEKyIeil IepeMeHHON, KoTopast He ObLia B
KOH(JIMKTE HU C OJHUM O0Jjiee PAHHUM IIPUCBOEHHUEM IIEPEMEHHOI.

[Tpeioxkennniii Craamanom u 3tocemanoMm (Stallman € Sussman,
1977) [355] meTonm noucka ¢ 6036paMAMU YNPABAAEMOZ0 3AGUCUMOCTILA-
MU, SIBJISIIONITUICS ODIIEN U MOIIHON (hOPMOiT HHTEIJIEKTYaIbHOTO TOUCKA
¢ BO3BpaTaMu, IPUBEJ K pa3paboTKe cucTeM ODecreueHusl UCTUHHOCTHU
(truth maintenance systems) (Doyle, 1979) [152|. CBs3b MeXK/y STHMH
JIBYMsl HallpaBJeHusiMu npoanasusuposana B (Kleer, 1989) [130]. B yka-
3aHHON paboTe [355] OblLIa TakKe MpeJIozKeHa UJIesl Pe2ucmpayul, 02pa-
nuvenus (constraint recording), B COOTBETCTBUU € KOTOPOW YACTHUIHBIC
PEe3YJIbTATHI, TIOJYIEeHHbIE B XOJIe TIONCKA, MOYKHO COXPAHATH U MOBTOPHO
HCIO0JIB30BaTh Ha MOCIEAYIOMUX dTanax 3Toro noucka. lannas uies Obi-
Ja BBesieHa (hopMasIibHO B IOUCK ¢ Bo3BpaTamu B pabore (Dechter, 1990
a) [133].

OcobeHHO TPOCTBIM METOIOM SIBJISIETCS NPOCMABACHUE 0OPATMMHBLL OM -
memorx (back-marking) (Gaschnig, 1979) [181], B KoTOpPOM JijIsi IPEIOT-
BpAIlleHNs TOBTOPHOI TPOBEPKU OIPAHIMIEHUN COXPAHIIOTCS M UCIOIb3Y-
IOTCS COBMECTHBIE W HECOBMECTHBIE TONapHble mpucBamBanus. [Ipocras-
JieHne o0paTHbIX oTMeTOK [181] — 9To ajqropuT™m THIA KIMIUPOBAHMUS,
CHUKAIONIUH 9HCJIO MPOBEPOK HA COBMECTHOCTH, HEOOXOIMMBIX JIJIs TIO-
CTPOEHNsT KarKJIOfl BEPIUHLI, HE MBITAsCh OTCEYhb YaCTh MMPOCTPAHCTBA
moncka camoro 1o cebe. CoxpaHsiss nHMOPMAIUIO O TOM, TJi€ IIPOBEPKa
HA COBMECTHOCTBH HE IIPOIILIA PaHee, MPOCTABJICHUE OOPATHBIX OTMETOK
MOXKET HCKJIIOUUTH HEOOXOJMMOCTD HM3JIAIIHE MMOBTOPATH BBIIOJIHEHHDBIE
paHee MPOBEPKMU.

OrmurieM 3TOT AATOPUTM KAK YCOBEPITIEHCTBOBAHNE HAWBHOTO AJITO-
puUTMa IIOMCKa C BOo3BpaTamu. HalloMHUM, 4TO aJIrOpUTM IIOMCKA C BO3-
BpaTaMu JIBUXKETCs JIMOO BIEpej, JuO0 Ha3al B MPOCTPAHCTBE IOUCKA.
Homyctum, uTo Tekylas IepeMeHHas — T;, & Tp — caMasl IepBas Ie-
peMeHHast (COMIACHO yTIOPSIIOYEHNIO), KOTOpasi N3MEHUIa CBOe 3HAYCHHUEe
ocJie TOCJETHETO 3axo/a B x;. lloHsiTHO, 4TO Jirobasi MpoBepKa 3Hade-
HUiT T; 110 OTHONICHUIO K IE€PEMEHHBLIM, IPEJIIECTBYIONUM ) JacT Te
JKe pe3yJIbTAThI: ecJii OHa ObLIa HEYIAYHON 10 OTHOIIEHUIO K Dojiee paH-
HUM [IPUCBOEHUSIM, TO OHA OY/eT HEYJatHA CHOBA; €CJIM OHA ObLIa yCIIel-
HOIi, TO OHa ousaThb OyJer ycrerHoi. Cre/0BaTe/IbHO, PU COXPAHEHUN
npaBuIbHOM mHMOpMaluu u3 6ojiee pAaHHUX YacTell MOUCKa, 3HAYCHUS B
JIOMEHEe TIePEMEHHO T; MOTYT OBITh JITOO HEME/JIEHHO PACIIO3HAHBI, KAK
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HECOBMECTHBIE, JIMOO €ITe TTPOBEPEHBI TOJBKO 110 OTHOIIEHUIO K IIPeJIIiie-
CTBYIOIIUM IIPHCBOCHHUAM, HaUMHAdA C Tp. IIpocTasienne obpaTHLIX OTMe-
TOK PEATN3yeT 3Ty MUJIEI0 C MOMOIIBIO UCIOJIB30BAHUS JIBYX HOBBIX Tab-
gurl. Bragasme st KaxKao# mepeMenHol x; W JIA KaXKIO0ro W3 ee 3Ha-
YeHUH @, TPOCTABICHNE 0OPATHBIX OTMETOK 3AMOMUHAET CaMYIO TIEPBYIO
IpeJIMEeCTBYIONLYI0 IEPEMEHHYIO Ty, TAKYIO, 9TO TeKyIlee JacTHIHOE IIPH-
CBamBaHUeE 71, KOHQJIMKTYET C T = Uy. DT NHMOPMAIHS COAEPIKUTCS B
tabsinie ¢ snemenramu M; . (3aMeTnn, 9To 9TO IPEAIoIAraet, ITo orpa-
HUYEHNUsI, BKJIIOYaoniue 60ee paHHue MePEeMEeHHbIe, TPOTECTUPOBAHBL 710
OrpaHuYeHnil, BKIIOUAIONMX Gosiee 1103/Hue repeMennble). Ecin x; = a,
COBMECTHO CO BCEMU paHee BBIMOJHEHHBIMI YACTUIHBIMU [TPUCBOEHUSIMU
EZ, Jj <1, T0o M;, = i. Hanmpumep, Mig2 = 4 oznadaer, 4T0O EE) OKa_3>a—
JIOCh HECOBMECTHBIM C T1g = (g IMOCJIE 33/]aHUs 3HAYEHUN 1 9TO a1, d 2,
@5 He KOHMUINKTOBAIN C T19 = as. Bropas Tabmuma ¢ s1emenTamu low;
3aIllOMUHAET CAMBI ITEPBbBI JIEMEHT, U3MEHUBIIUI 3HAYUECHUE TIOCJIE TOTO,
KaK [IEPEMEHHON T; B TOCJEIHUI pa3 ObLIO IPUCBOCHO 3HAUCHHE. DTa WH-
dopmalys BKIIOYEHA B UCIIOJb30BAHUE HA KAXKJIOM IIare MOPOXKICHUS
seprmnel. Eciu M; , Menbme low;, TO aJropuT™M 3HaeT, YTO II€peMeH-
Has, Ha KOTOPYIO yKasbiBaeT M;,, He U3MEHATACh U UTO T; = G, OyJer
HPUBOJIUTh K TYIHUKY CHOBA IIPU IIPOBEPKE C 7Mm, TaK YTO HUKAKOI
JlaJIbHEIIell POBEPKU B 9TOH BEPIIIUHE HA COBMECTHOCTb HE TPeOyeTrcs.
Ecmn M; ,, ne menbime low;, TO T; = @, COBMECTHO C a j s Beex j < lowy,
U 9TU IIPOBEPKU MOTYT OBITH IPOITYIIEHBI.

IIpocrasiienne 0OpaTHBIX OTMETOK MOXKHO KOMOMHHPOBATH C 00OpaT-
HBIM II€PEXOJIOM, yIIpaBjsieMbiM KoHMJMKTaMu; B [248] npeioxken ru-
OPUIHDLIN AJTOPUTM, KOTOPBIA IPEBOCXOAUT JiIOOOH M3 ITUX OTACTIHLHO
B3sITBIX METOJIOB (UTO MOJTBEP K 1aeTcsi (hOpMasIbHBIM JJOKA3ATEIbCTBOM ).
[Ipumenenne JTOKAJIBHOTO TOUCKA MPHU PEIIEHUN 3aJ1a9 YIOBJICTBOPCHUS
orpannvenuii 6bu10 1n0Ka3ano (Kirkpatrick et al., 1983) B [243|, rue onu-
CaH METOJT SMYJISIIIAN OTXKUTA.

9BpHCTHKA ¢ MEUHIMAaIbHBIME KoHdumkramu (minimal conflicts) 6br-
Ja Brepsble npeyiokena (Gu, 1989) B [200] u He3aBucnMo paspaborana
B [285] (Minton et al., 1992). B (Sosic & Gu, 1994) [354] 3amaua ¢ 3
000 000 depzeit 6bL1a pelieHa OBICTPEE, YEM 38 MUHYTY. DTO IPUBEJIO K
[IEPEOIEHKE XapaKTepa U PACIHPOCTPAHEHHOCTH <«JIETKUX» U «TPY/IHBIX»
sazad. B (Cheeseman et al., 1991) [104] ncciremoBaiach CI0KHOCTD 3a,184
YO, chopMupOBaHHBIX CJaydailHBIM 00pa30M, U ObLIO OOHAPYKEHO, YTO
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[OYTHU BCE TaKHUe 33Ja9l ABJISIOTCS JIMOO TPUBHAJBHO JIETKUMHU, JITOO HE
UMeroT perieHuil. « TpymaHbIe» 3K3EMILIAPHI 3384 BCTPEIAIOTCH, TOJIBKO
ecJI TTapaMeTphl TeHepaTopa 3aJa49 yCTAHABIUBAIOTCA B HEKOTOPOM Y3-
KOM JIMaIla30He, B IMpejeaX KOTOPOro JIMITbh MPUMEPHO MTOJIOBIHA 33184
ABJsieTcs paspemumoit. [ perenus 3a7ad ¢ OrpaHUYCHUSIMUA BECbMa
YCIEITHO MOXKET OBITH UCIIOIB30BAH JIOKAJIBHBIN TOUCK HA OCHOBE IBPU-
CTUKU C MUHUMGALHBMU KOHPAUKMAMU.

B pabore [88] mokazaHo, Kak MOXKeT ObITH YCOBEDIIEHCTBOBAHA ITPO-
rpaMma XpOHOJIOTUYIECKOro OUCKa ¢ BO3BparamMu Ha si3bike Prolog, st
pabOThI ¢ MHTEJIEKTYaIbHBIM [TOMCKOM C BO3BpPATAMHU.

3.2.4. 3anomuHaHue KOHQJINKTOB

B TynukoBoii BepiInHE NPUCBOECHUSI IEPEMEHHBIX I1,...,T;—1 00pa-
sytor kondumkrHoe MuOokectBo (KM) (conflict set) ¢ z;. Dra mndop-
MAIUsT UCIOJIb3YETCsT JJIst 3allOMUHAHNST OJTHOTO HJIM HECKOJIBKHX OIDa-
HUYeHni (MJIM MHOXKECTB HEIePCIeKTUBHBIX Habopos 3nadenunii (MHHS3)
(nogoods) — cm. Hmxke naparpad 3.2.5), KOTOpble IpH JalbHERIIeM Io-
HCKE He JIOIYCKAIT HECOBMECTHOCTEH, NPUBOJMAIIMX K STON TYIHMKOBOIL
Bepmune. Paccmorpum puc. 6 u JiepeBo IONCKa, IIOCTPOEHHOE HOUCKOM C
BozBpaTtamu (puc. 8). B nepsoii Tynukosoii Bepimae KM {z; =4, x5 =
3, x3 = 1} xoudumkryer ¢ 4. Sanomunanne KM mnosesno b B ciy-
Jae, ecan 3aada YO Oy/ieT HOBTOPHO DENIAThCS: TOTHO TAKOE YK€ MHO-
JKeCTBO IIPHCBOEHUI He BCTPETUTCsI BO BpeMsi 3roro noucka. Onnako, KM
BO3MOXKHO COJIEPXKUT IOJMHOXKeCTBa B KOHMJIKTE ¢ x;. MUHUMAaJIbHbIE
KM (Bruynooghe, 1985) 87| ne conepxkar nuxakux apyrux KM u orse-
JaoT 3a TeKynwil KouduKT. [Iporecc noucka BBIMIPHIBAET, €CJIM TaKue
MuHIMAaIbHBIE KM 60JIbIlle HE BCTPEIAIOTCS.

Banomunanne KOHMIIMKTOB MOYXKET PacCMaTPUBATBhCsI Kak O0ydeHue
(rimybokoe mim moBepxuoctHOE) (Dechter, 1990) [133]: mosesnas wnu-
bopmarmst, BCKpbITasi perrareseM 3ajatdi, 3alOMUHACTC JJIs JlalbHel-
IIero MCroJib3oBanus. [Urybokoe obOytenHune HaXOJUT BCe MUHUMAJIbHbBIE
KOH(MJINKTHI B TYIHKOBOW BepINNHE, PeaIN30BaHHbIE B METOJE IOUC-
Ka C Bo3BpaTaMu, ynpasisiemoro 3asucumoctsimu (Dependency Directed
Backtracking) (Stallman € Sussman, 1977 [355]) u 0OBIMHO HCIOIB3Y-
ercst B cucreMax obecriedennsi uctuHHocTH (truth-maintenance systems)
(Doyle, 1979 [152]). D10 Tpebyer 3aTpar maMsiTH: KaxKJas TYIHKOBast
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BEPIINHa IPEJICTaBJIA€T HOBYIO BOSMO2KHOCTDH rZ[O6aBJIeHI/I$I OFpaHI/I‘IeHI/IIL/'I.
B cBszu ¢ 9THUM, B ITaMATH COXPaHACTCHI OoJIbIIas JacThb IpOCTpaHCTBa
IIOHCKa.

ITosepxuocTroe 06yt4enue [133] orpanuausaer 06beM pabOThI, BBIIOJI-
HsIEeMOI B TYIIMKOBOI BepIIUHE X; C IIOMOIILIO YAAJICHUA BCeX IIPUCBOCHUN
[IEPEMEHHBIX 13 KOH(MIIMKTHOIO MHOXKECTBA, KOTOPbIe He PeJIeBAaHTHBI (TO
€CTh COBMECTHBI CO BCEMU BO3MOXKHBIME IIPUCBOEHUsIME) K Z;. ['pacdosoe
[IOBEPXHOCTHOE 00yUeHMe HCIoJb3yeT Trpad orpaHudeHunii js (Henos-
HOI1) IIPOBEPKH Ha HEPEJIEBAHTHOCTH: X HE PEJIEBAHTEH K T'j, €CJIU [epe-
MeHHBIE He CMexKHbI B rpade. B BbIIIEONICAHHOM IIpHMepe, 3TO BBIBOUT
{1 = 4,23 = 1}, ocrapiasg {rs = 3}. Dror KOHDIUKT 3amOMHUHACT-
cs ¢ ynajenueM 3HaBuennsi 3 u3 Do. JlobaBiienne HOBBIX OrpaHUYEHUIT,
OJIHAKO, 3aTPY/IHAET OUCK M3-3a yBEIMICHIs YNC/Ia IPOBEPOK OrPAHUIe-
Huil. 3anoMHeHHble KOHMIINKTB MOIYT BEChbMa BEPOSTHO OKA3aThCs I10-
Je3HBIMU B TIporiecce noncka. Dechter (1990) [133] BBoauT orpanntdenne
Ha 9HCJIO 3alIOMIHAEMbIX KOH(IMKTOB. OOy IeHre IepBOro mopsiika 3aro-
MUHAET JIAIIb Oty Hepemennyo. OOydeHne BToOporo nopsiika Jooasisier
OrpaHUIEHHs], COJEPIKAIINE JI0 JABYX EPEMEHHBIX.

Dechter (1990) [133| nponssesia cpaBHEHHE MOBEPXHOCTHOTO U IVIy6O-
KOr0 ODYy4eHHsI IMePBOr0 W BTOPOTO Iopsijika. [lJist jierkux 3ajad odyve-
HIe JaeT HeOOJBINOoi 3ddeKT, HO I OoJiee CITOXKHBIX 3a/ad HaOJIOma-
ercsa bosbmmii 3pdeKT Ha MPOU3BOAUTEILHOCTL ajropuTtMma. He Bcerma
BEPHO TO, YTO HamboJiee CUIbHas (popMa OOyUIeHUS TAaeT MAKCUMAIbHBIIHI
9 PeKT, TaK KaK B HEKOTOPBIX CJIyUasiX 3aTpaThbl MOI'YT IIPEBBINIATH BbI-

romuy.

Bitner & Reingold BriepBble NpEeJIOKUIN UCIOJB30BATH IBPUCTUKY
MRV, nazBanHyi0 UMU 9BPUCTUKON ¢ HANOOJIee OIPAHUICHHON IIepeMeH-
Hoii (most-constrained-variable). Brelaz (1979) |82] ucrosp3oBas crenen-
Hyto 9BpucTHKY (degree heuristic) mas ycrpanenusi Heonpe/e/IeHHOCTH,
Bo3HUKaIoMIell mocsie mpuMenenns 3Bpuctuku MRV. [lomyvyennsrit B utore
AJITOPUTM, HECMOTDSI Ha €ro IPOCTOTY, J0 HACTOSIIEr0 BPEMEHH OCTAET-
sl HAMJIY9ITM METOJIOM PAcKPacKW IIPOM3BOJIBHBIX I'PadoB B Kk IIBETOB.
Haralick & Elliot (1980) [203| npeiozKuiii 9BPUCTHKY ¢ HANMEHee orpa-
HUYIATEIbHBIM 3HadenneM. B crarve [248| ( Kondrak € van Beek, 1997)
IPUBE/ICH AHAJNTHIECKNT 0630p aJI'OPUTMOB IIONCKA C BO3BPATAMU.
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3.2.5. MHoxkecTBa HEEpPCHEeKTUBHBIX HAGOPOB 3HAYEHU I

Onpepenenne (Dechter, 1990) [133]. Mnoocecmeom nenepcnexmueHiz
nabopos snavenut, (MHH3) (nogood) [238] Ny nim koHMINKTHBIM MHO-
skecrBoM (conflict set) mist 3amaan YO P HasbiBaeTcsi MHOMKECTBO Ha-
60pOB 3HAYEHMIT, KOTOPbIE HE MOI'YT OBITh YaCTbI0 HUKAKOIO DPEIIeHUsI
3agaun P.

[To-npyromy, MHH3 — wacTuvHoe npucBoeHHe 3HAYEHUI ITepeMeH-
HBIM, KOTOpOe He npuBoauT K pernenuto [66]. Takum obpasom, MHH3 ne
MOXKET OBITH JIOMOJIHEHO J10 pererus 3agaqau Y O. Hampumep, roboe mpu-
CBOEHME 3HAYeHWii, Hapyllawollee orpanndenue, sipjsiercs MHH3. 3YO
HE MMEeT PEIeHUsT TOT/Ia U TOJBKO TOT/IA, KOT/IA IMIyCTOe MHOYKECTBO MPH-
ceoenntit steistercss MHH3. Muoxkectso npucsoennii A siBistercst MHH3,
ecJIi IMeeTCsT He TPOCMOTPEHHoe perienne, comepskaree A. JIioboe cymep-
muoxkectBo MHH3 siBisiercst rakake MHHS.

Nzyuerne MHH3 — crangapTHBI MeTOJ[ yCOBEPIIEHCTBOBAHUSI IO~
ucka c¢ Bossparamu (Dechter 1990) [133]|. Bamernm, aro Meros 06y varo-
mux MHH3 6b11 nepenecen B perraresn 3aa4du Buinogaumoctu SAT B
(Bayardo & Schrag 1997) [54].

B xomrekcre 3amau seimoaanmoctn SAT MHH3 coorsercTByeT Kita-
y3e (IM3bIOHKTY), NpUYeM HCIOJIb30BaHUEe OOYYEHUs! M MCHOJIb30BAHUS
GosbIoro 4mcsa Kiays Bo BpeMs moucka (Moskewicz et al. 2001) [291]
0Ka3aJI0Ch BeCbMa dPGMEKTUBHBIM IS PEIICHUST 38/1aY BBITOTHIMOCTH.
B 1o xe Bpemsi, MHH3 He mmesnn cTosib GOJIBIIIONO BJIMSIHUSI Ha pella-
Tean 3YO. Tak, 60IbIIMHCTBO KOMMepUYeCKUX perrareseii 3agad YO He
ucnosibsytor obyuenus ¢ MHHS3. TTox o6yvennem (learning), kax u Bbiiie,
3/71eCh TOHUMAETCS 3aIIOMUHAHUE TOTEHIIHAJLHO TOJIE3HON WHMOPMAIINN,
KOTOpasi CTAHOBUTCS M3BECTHOM peIaTesio 3aJla9d BO BPEMs IIPOIEcca
pemtennst [138].

AJITOpUTMBI TIOWCKa € BO3BpATAMH WMEIOT Pa3JIMNIHbIE BO3MOYKHO-
cru juis Haxoxkaenns MHH3 B mporiecce momncka, 9T0 M UCHOJIB3YETCS
npu pa3paboTKe pas3JIMuHBbIX AJrOPUTMOB IIOUCKA ¢ Bo3sparamu. B [309]
MHHS3, nazbiBaembie KOHPAUKMAMU, UCTIOIB3YIOTCS it 60JIee MOITHBIX
00paTHBIX IIEPEXO/IOB B aJIrOPUTME OOPATHOIO IePeXojia, YIIPaBJIAEMOIo
KOH(IUKTAMA.

B pa6ore [4] MHH3, nazanmble TaM uckA04aG0OUUMY 00BACHEHUAMU
(eliminating explanations), ucrnosb3yroTcst it yIpaBjieHus JIUHAMUAYIE-
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CKUM TIepeyIopsI0YeHneM BeTBel JiepeBa MOUCKa B aJrOPUTME JIMHAMU-
“ecKOoro momncka ¢ Bozsparamu. B [5] MHH3 usywalorcs B Tynukax u uc-
HOJIB3YIOTCs JIJIsl YJTy dIlIeHUs TTOCJIeIyoIero noucka. Padorsr [42], [130],
[286], [355], Takzke comeprkar mosesHble uien o ceszu Mex gy MHH3 n
OMCKOM ¢ Bo3pparamu. OTMEUYEHO, ITO 110 CYTH Jejia JIFoOoii aJropuTm
morcka ¢ Bo3BpaTamn ucrnonbzyer MHH3 msa ynpasnenns monckom, stB-
HO WJIM HESBHO.

B pabore [238] npejyioxkeno nonsirue obobmennoro MHH3, koropoe
CYIIECTBEHHO MOBLINACT PE3YJIBTATUBHOCTD MONCKA C BO3BPATAMHU.

3.2.6. InHamMudeckuii IOUCK C BO3BpaTaMu

OO6paTHbIit mepexos Ha YPOBEHD BBIMIE YAAIAET PE3YJIBTATHI IIPOJIe-
JIAHHOHM perraTesieM paboOThI 110 ONPEJIEJIEHUIO COBMECTHOT'O IIPUCBOEHUS
Ha HPEJbIYIIEM YPOBHE.

Bo MHOIEX cily4yasix ypoOBHH, ¢ KOTOPBIX JIEJIA€TCS BO3BPAT, HE UMEIOT
HUYEro obIero ¢ HECOBMECTHOCTBIO, KOTOPYIO AJITOPUTM IIBITAETCSH Pas-
peIuTh (IPUMEPOM MOXKET CJIY’KUTb MedyIleecs II0BeJIeHNe, OLUCAHHOe
BbIe). B pesysbrare, moTeHIMAIBHO MoJIe3HAsT WHMOPMAIUsS GECCMBIC-
JIEHHO BBIOPACHIBAETCS IIPU ITOMCKE PeasIbHOM PUYNHBI HECOBMECTHOCTH.

B meroze dunamuneckozo noucka ¢ eozepamamu (JIIB) (dynamic
backtracking) (Ginsberg, 1993) [188], [189] coxpaHsitoTcst ycueriHble da-
CTUYHBIE IPUCBAUBAHUS U3 TIOJIyYEHHBIX [TO3/IHEE TIOJIMHOXKECTB IIepEMEH-
woix, npudeM JIIB obxomurcs 6e3 UKCHPOBAHHOIO MOPSIIKA ITPUCBO-
€HUsl 3HAYEHUil, BMECTO 3TOro BbIOMpas IepeMEHHbIE JIJIsi IIPUCBOEHUS
suadenuil qunamudeckum obpaszom. HIIB sdpdexTuabiM 06pasoM MeHsi-
€T MOPsiJIOK ITPUCBANBAHUS 3HAYCHUI TaK, 9TO yPOBEHb, OTBETCTBEHHBII
3a HECOBMECTHOCTD, CTAHOBUTCS CAMBIM TJIyDOKHUM YPOBHEM, OCTABJIsisi HE
3aTPOHYTHIMH BCE HEPEJIEBAHTHBIE TPUCBOCHUS MTEPEMEHHBIX.

st kaxkyioro d;, € D; 1IB coxpansier MHOXKeCTBO 00'bsICHEHUH IPH-
YUH 3JIMMUHAINAN, B KOTOPOM 3allOMUHAETCSI IPUYUHA TOro, IIoYeMy d;, B
HACTOSIIIEE BPEMs UCKJIFOYEHO U3 PACCMOTPEHUSI. DTH OObICHEHUS OIIpe-
JIeJIEHBI B TEPMUHAX TEKYIIUX TPUCBOECHUN paHee PACCMOTPEHHBIM Iepe-
MeHHBIM. Korma HeoOxonM epexos, oT ; K xj,, JIIIB coxpansier Tekyee
[PUCBOGHUE T; U BCE €r0 MHOYXKECTBA OObsICHEHUI MPUYIUH SJIUMUHAIIIH,
KPOMeE TeX, KOTOpPbIe BKJIIOYAIOT X (IIPUCBOCHHE KOTOPOIO JIOJIZKHO Me-
HATHCS ).



VoB/IeTBOPEHNE OIPAHUIEHUI U TPOTPAMMUIPOBAHIE 91

Ucrnonb3oBanne MHOXKECTB OObSICHEHUN IPUYUH 3JIMMUHAIIUN AHAJIO-
ruaao MHH3, sanomunaronmx npuauabl KOHOIUKTOB. OObsICHEHUST TTPU-
YUH JIUMUHAIAA XPAHATCS JIMIIH JJIsi TEKYIUX MPUCBOEHUU JIPYTUM
[IEPEMEHHBIM; KaK TOJBKO IPUCBANBAHUE M3MEHUJIOCH, BCE OObsIICHEHWSI,
BKJIIOUAtoIne ero, nckandaorces. Utak, II1B npencrapisier coboit Kom-
IIPOMUCC MEXKJIy €eMKOCTHOUM U BPEMEHHOH CJIO2KHOCTSMU.

JIIB, omnako,nHe paboraeT BCerjia JIydile CYIECTBYIONUX aJrOpPUT-
MoB. CpasuuBasi 3ddekrusaocts IIB B cpaBHeHun ¢ apyrumu ajro-
PUTMaMU, MCIOJIb3Ysl cTaHjapTHble sBpuctuku (Baker, 1994) [42] noka-
3aj, uro IIB paboraer xyke, dem ajroputm oOpaTHOIO Mepexoja Ha
MHOXKHUTEJIh, 9KCIIOHEHITUAIBHO 3aBUCAIINI OT pa3Mepa 3agaqu. I1pobire-
Ma 3/I1eChb COCTOUT B TOM, UTO IPUCBOEHUs HepeMeHHbIX, koTopbie /II1B
HEe 0OTOPOCHUJI, 9aCTO HE UMEIOT Ha OCHOBE 9BPUCTUK IIOJITBEPKIEHNST TOTO,
9TO HallJleHa HECOBMECTHOCTD. XPaHEHUe TaKUX IIPUCBOEHUIT TTepeMeHHBIX
YXYIIIAeT Pe3yIbTaT MPUMEHEHUs] SBPUCTHK.

3.3. PacnpocTrpaHeHue orpaHuYeHUA
3.3.1. O pacupocTpaHeHuUu OrpaHUYECHUN

Cpe/i pa3IM9IHbIX BUJIOB METOJIOB JIJIsi IIPEOJIOJICHNsI TIPUCYIIeit 3a,1a-
gaMm YO TpyaHOil paspermMoCTH BbIIEISIIOTC aJTOPUTMbL PACNpPOCmpa-
nernus ozpanuvenud |35].

IIpu ynaneHun n3ObITOYHBIX 3HAYEHUI U3 JOMEHOB IIEDEMEHHBIX Da3-
Mep IPOCTPAHCTBA PEIIeHUN CHUXKAETCA. AJIrOPUTMBI yMEHBIIIEHUsT 11PO-
CTPAHCTBA PEelIeHUil HCKIIIYAIOT 3HAUeHNUsI C IIOMOIIBIO PACIIPOCTPAHEHN S
OrpaHUYeHuil, HA3BIBAEMOIO TakxKe cyorcenuem [116]. YmMenbinenune npo-
CTPAHCTBA PelIeHni 3a1a91 MOYKeT OBITh BBIIIOJIHEHO OO OJJHOKPATHO —
B BHJIE dTalla IIPEIPONECCUHTa epel APYIHM aJrOPUTMOM, JTHOO — MHO-
rOKPaTHO, IIal' 3a IIaroM, lepeMeKasch ¢ HCCIIeI0BaHuEeM IIPOCTPAHCTBA
pellleHu# ¢ IOMOIIBIO aJI'OPUTMa IIOMCKa. B IocienneM ciIydae oTCeKa-
IOTCsl OJAMHOYKECTBa IIPOCTPAHCTBA DEIIEHHIT, SKOHOM: BPeMs, KOTOpOe
aJITOPUTM IIOMCKa 3aTPaTHJI Obl Ha CHCTEMATHYECKOe HCCJIe/IOBAaHHE OT-
OpOIIEHHBIX 3JIeMEHTOB. Ecyim B pe3ysbraTe yMEHbBIIECHHS ITPOCTPAHCTBA
perennil KaKoi-1mb0 JIOMEH CTaJI IyCThIM, OTCIO/A CIEIyeT, YTO pacCMaT-
puBaeMas 3ama4a YO He nMeeT perreHui.
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Ob6beM pacmpocTpaHeHUsT OTPAHUYEHUH XapaKTepU3yeTcsl YPOBHEM
COBMECTHOCTHU 3aJIAYH, MMOITOMY 9TH AJTOPUTMDBI HABBIBAIOTCSA TAKXKE (i~
20PUMMAMY COBMECTIVHOCTIAL.

Pacnpocrpanenne orpanndenuii [48] mveer mgaBuio Tpaguimo B YO
U SIBJISIETCST OYEHDL ODIMUM TOHATHEM, KOTOPOE MOSIBJISIIOCH TION, Pa3-
HBIMHM Ha3BaHUSIMU: pejlakcanusi orpanmdenusi (constraint relaxation),
dunbrpyromue anropurmsl (filtering algorithms), cyzkarorume aaropurmb
(narrowing algorithms), BeiBoz orpanmdennii (constraint inference), aj-
roputMbl yrporrenusi (simplification algorithms) u np. Hizke 6ymyT pac-
CMOTpEHBI HanboJIee XOPOITO U3BECTHBIE U YACTO UCTOIL3YEMbIE aJITOPUT-
MbI. Pacmpocrpanenne orpanwdeHuil, MpeyIoyKeHHOe BHAYAJE JIJIsT Pa3-
MeTKHN n306paxkenuii B paborax [289|, [384], 6bu10 3aTeM pacmpocrpaneHo
U TPUCITIOCOOIEHO K PEIMIEHUI0 MHOTUX JPYTUX 33144, MOPOANB GOoJbIoe
YUCJIO aJTOPUTMOB PACIPOCTPAHEHUST OTPAHWYEHU, MPU ITOM B UHUCIIE
HanboJiee 3HAUNMBIX CJIe/lyeT OTMeTuTh paborst [136], [140], [255], [262],
[263], [265], [289].

C nmomornpio pactpocrpanerust (HHGOPMAIN) BO3ICHCTBIE MPE/IITIe-
CTBYIOIUX TMPUCBOCHUH MOXKET YMEHBITUTHL pa3Mep MPOCTPAHCTBA TIOUC-
ka. OCHOBHBIM METOJIOM 3JI€Ch SIBJISIETCS yCeUeHne JTOMeHa, KOTOPoe yila-
JISIET HEKOTOPBIE 3HAYEHUST M3 JIOMEHOB IMEPEMEHHBIX, KOTOPBIe OY/IyT pac-
CMOTpeHBI To3/THee. Kak TOJILKO MPUCBOEHUE GY/IET OCYIIECTBICHO, MO-
JKeT OBITh WCIOJB30BAH AJTOPUTM PACIPOCTPAHEHUsT OTPAHUYEHUN TSt
HAXOXKIEHUS TTOCIECTBUI MPEIIIeCTBYIONTIX TPUCBOCHUH Ha JIOMEHBI TTe-
PEMEHHBIX, TPOCMATPUBAEMBIX TIO3/THEE.

UccnemoBanust 1o pacmpoOCTPAHEHUIO OTPAHUYICHUN ¥ AJTOPHUTMAM
COBMECTHOCTH OblLiIM MHUIMUPOBaHbl B pabore Waltz [383], B koTOpOIi
ObLJI TIPEJJIOYKEH aJI'OPUTM PACIIPOCTPAHEHUs] ONPaHUYeHuii (1103/(Hee 110~
JIy4YUBIINNA Ha3BaHUEe AyTrOBOMI COBMeCTHOCTI/I) JUI4 3324 IIOJINAPAJJIbHON
JIMHEHHOH PAa3METKH JIJIsT CHCTEM KOMITbIoTepHoro BumeHusa. OH mokasail,
9TO J7IST HEKOTOPBIX MHOTOTPAHHBIX (DUTYD JOCTATOYHO MPUMEHHUTH OC-
HOBHBIE aJTOPUTMBI PaCpOCTPAHEHUsI JJIsi PeleHust 9Tux 3ajad. [Ipe-
npoueccune WA npedsapumenvhas obpabomka B 3amadax YO cozjaer
SKBUBAJIEHTHYTO, C TEM YK€ MHOYKECTBOM peIleHuit, Ho 6ojiee MpoCTyIo 3a-
nmaqy. [lonck Ha jiepeBe mociie MpempoIecCuHTa MOYXKET PENTUTD Oy IeH-
HYTO 3aJ1a4y € TOpas3/o MeHbIME 3aTpatamu. Vexomnnas 3amada YO mpe-
obpasyeTcst ceayromuM obpa3oM. BHadase JoMeHBI TePEeMEHHBIX MOTYT
PUIBTPOBATHCS TSI YAAJEHUST 9JIEMEHTOB, KOTOPhIE HE MOTYT OBITH Ha-
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CTBIO HU OJHOTO perneHus. /lajee MHOXKECTBO OIpaHMYIEHUI MOXKET ObITh
U3MEHEHO C IIeJIbI0 HEJOIYIIEHUST HECOBMECTHLIX KOMOMHAIUN ITpUCBOe-
Huil. VI3aMeHeHnsT TPOU3BOISITCS ¢ MTIOMOIIBIO PACIIPOCTPAHEHNST OTPaHUTIe-
HUI: UCIOJIB3YeTCs JIOKAJIbHAS I'PYIIIA OrPAHUICHUN JI/1s BHIBOJA UHQOP-
Mallui, KOTOopasl 3allOMUHAaeTCsl B BUJle U3MEHEHHOI'0 JIOMEeHa OrpaHuve-
HUsI WA TIEPEMEHHOM. DTO JIOKAJIbHOE U3MEHEHHE SIBJISIETCSI OCHOBOM JIJIsT
JMAJILHEATITNX BBIBOJIOB, IO9TOMY PE3YJILTAT JII000TN0 M3MEHEHUsT IOCTEIIeH-
HO pacIpoCTpaHseTcsl 110 Beeil 3ajiade.

XOoTs C IeJIBIO MPOCTOTHI U3JIOZKEHUsI [IPEJICTABICHHBIC 3/16Ch METO/IbI
OIMCAHBI JjIsd OMHAPHBIX 3aa4d YO, OHU IPUMEHUMbBI K N-apHOI 3aj1a4e
YO, ucnosib3ysi, HAlpUMeEp, JTBOHCTBEHHYIO I'PAgOBYI0 HHTEPIIPETAINIO.

PaccmorpuMm nasee monsiTue JIOKAJIBHON COBMECTHOCTH.

3.3.2. JlokaabHasg COBMECTHOCTD

Onnum n3 Hanbosiee BasKHBIX NOHATHIT B YO SABISETCS TIOHATHE JIO-
KaJIbHOI coBMecTHOCTH. JIOKaIbHast HECOBMECTHOCTh — 9TO NPUCBOEHUE
3HAYEeHUil HEKOTOPHIM IEPEMEHHDIM, YOBJIECTBOPSIONIEE COOTBETCTBYIO-
MMM OIPAHMYEHUSIM, HO KOTOPOE He MOXKET ObITh PACIIMPEHO Ha, OJIHY
uau 6ojiee TepeMEHHBIX W II03TOMY HE MOXKET OBITh YacTh0 HUKAKOTO
pertennsi. Eciu jyrst oucka pemrernst 3Y (O HUCIOIB3yeTcsi TOUCK C BO3-
BpaTaMu, TO MOJ00HAs HECOBMECTHOCTH MOYKET ObITh MPUYMHON MHOTHMX
TYNHUKOBBIX BEPIIUH U MOXKET CTATh IPUYUHON MHOIMX OECIOIE3HBIX I10-
IBITOK IOMCKA. DTO HPUBOAUT K (&) OLPEJIEJICHUIO YCJIOBHUIl, XapakTe-
PU3YIOIIUX yPOBEHb JIOKAIBbHOI coBMecTHOCTH 3ajadn YO ([167], [262],
[289]), (b) paspaborke aIropuTMOB PACIPOCTPAHEHHsI OrPAHUYEHUN —
AJITOPUTMOB, KOTOPBIE BBIHY2KJIAIOT 3TH yPOBHH K JIOKAJIBHOM COBMECTHO-
CTHU C HOMOIIBIO yJiaseHnst HecopmecTHocTelt u3 3YO ([262], [289]), u (c)
paszpaborke 3(PHEKTUBHBIX AJTOPUTMOB MTOMCKA C BO3BPATAMU JIJIST TIOWC-
ka pemenniit 3YO, MoIepKUBAIOIINX YPOBEHD JIOKAJTBHON COBMECTHOCTH
BO BpeMms moncka ([128], [179], [203]).

B ofmem, nMeeTcss KOMIPOMUCC MEXKIY 3aTpaTaMi Ha PACIIPOCTPaHE-
HIE OrpaHMYEeHUT, BBINOIHAEMOE B KazK /10l BepIINHE JIepeBa MOMCKa U Be-
JIMYUHOM ycedenus npoMeHoB. OMH n3 crocob0B yMEHbIIEHUs 3aTpaT Ha
pacrpocTpaHenne OrpaHuvIeHuii — 3TO pacCMOTpeHue 0oJjiee OrpaHmdeH-
HBIX JIOKAJILHBIX COBMECTHOCTEH, OJHUM U3 HPUMEPOB KOTOPBIX CJIYZKHT
COBMECTHOCTb TPaHUIL. [Ipe/oosKuM, 9TO JOMEHBI IIEPEMEHHBIX BEJIH-
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KU ¥ yIOPSJOYEHbI, IIPUYEM OHM MOTYT OBITH IIPEJICTABJIEHbI HHTEPBAJIA-
MH (3a/1aBaeMbIMU MUHUMAJIbHBIM U MAKCHMAJIbHBIM 3HAYEHHEM JIOMEHA).
Ucrionb3ysi COBMECTHOCTH I'PAHUI], BMECTO BBISICHEHUS TOI'O, YTO KarKJ0€
3HaYEeHUE JOMEHA UMEET IOJJIEPKKY B OIDAHUYUEHUU, BBISICHACTCSH JIUIIID
TO, UMEIOT JI MUHUMAJbHOE W MaKCHUMAJIbHOE 3HAYEHUE IOJJIEPXKKY B
OorpaHUYeHHH. XOTs COBMECTHOCTH I'DAHUIL cjiabee, YeM JIyroBasi COBMECT-
HOCTB, OHA IIOJIE3HA I apUPMETHYECKNX OIPDAHMYEHUN U IVI0OATbHBIX
OrpaHUYeHMl, TaK KaK OHA MOXKET OBITH BBIHYXKJeHA OoJiee 3pdekTun-
HO. 3a/1a9a, BKIIIOUAIONAs OMHAPHBIE OTPAHIYIEHHUSI, Ty Te-COBMECTHA, €C-
JIM KayK]iasi COBMECTHAs Iapa 3HAYCHU JNBYX IEPEMEHHBIX MOXKET ObIThH
pacmmupena 70 J000i Tperbell nepeMennoil. st HeKOTOpPBIX BUJIOB 3a-
J1ad, TOJ00HBIX TEMIOPAJLHBIM OTPAHUYCHUSM, BO3MOXKHO UMEET CMBIC/T
BBIHY2KJIeHUE O0Jjiee CUJIBHBIX YPOBHEH COBMECTHOCTU, YeM IIyTeBas COB-
MECTHOCTB [262].

3.3.3. BeprimmHHast 1 gyroBasi COBMECTHOCTb

[TpocTelmmM MeTOIOM IPEHPOIECCUHIa ABISCTCI GEPULUNHAA COG-
MECTIHOCT®, KOTOpas ylalsdeT Te 3HAYeHUs M3 JOMEHa IIePeMEeHHOI,
KOTOPBIE HECOBMECTHBLI C YHAPHLIMHU OIDAHUYCHUSIMH Ha COOTBETCTBYIO-
IIY10 TIEPEMEHHYIO: ecyin ¢(x;) — yHapHOe OrpaHMYeHue JJis BEPIIUHbI T,
TOrJIa BEJMYHMHBI, HE YJIOBJIETBODPSIONAE ¢(X;), UCKIIOYAIOTCI U3 JIOMe-
ua D;. IIpsmoit anropur™m Bepriuanoil coBmectHocTH (node-consistency
algorithm (NC)), koTopblii yja/aser u3JmIHIe 3JIeMeHTbI JIOMEHOB [epe-
MEHHBIX C IOMOIIBIO IIPOBEPKH JIOMEHOB OJHOIO 3a APYTHM, UMEET Bpe-
MeHHYI0 ca0kHOCTH O(dn), Tae d — MakCUMAaJIbHBIH pasMep JOMEHOB, a
N — YNUCJIO NMepeMeHHbIX.

Jly206a4 COBMECTVHOCTIG COCTOUT B PACCMOTPEHHHI KasKJIOH JIyTHS, Co-
OTBETCTBYIOIIE(l OMHAPHOMY OIDAHIYEHNUIO ¢(Z;, X ), U BHIIOTHEHNH Cy7Ke-
HIs JIOMeHOB. Besmaumsl, He yosieTBopstoniue ¢(&;, T;), ACKI0Ya0TCA
u3 jjomenos D; u D;.

[TpoBepKy COBMECTHOCTH JIyT MOXKHO HCIIOJIb30BATh JIUOO B KA4ECTBE
STalla IpPeJBApUTE/LHON 06paboTKM Iepel] HAadajoM IIPOIecca IIOMCKA,
b0 B KavdecTBe 3Talla PACIPOCTPAHEHUS OTPAHUYEHUS (AHAJIOMMIHO

8B mammOM cllydae TepMUH «Jyra» o003HaYaeT OpUEeHTHPOBaHHOe pebpo B rpade
OrpaHUYECHUN.
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HpeﬂBapI/ITeJIbHOﬁ HpOBepKe) IIOCJIE KazKJ/IOI'O IIpHCBaWBaHWsA BO BpeEM:d
IIOHUCKa.

ITorck KoMIIpOMECCA MKy 3aTpaTaMy Ha OOecliedeHne COBMECTHO-
CTH ¥ JJOCTHI'a€MBIMH 38 CYET 9TOrO IPEUMYIIECTBAME C TOUYKH 3PEHHSI CO-
KpallleHns: 00beMa IIOUCKa IIpUBeJ K HOBbIM ajiroputmaM. Tax, (Haralick
€ Elliot, 1980) [203| mpe yioxKuiim aJiropuTs™ IpeiBaApUTEIbHO IPOBEPKH
(forward checking), onmcanuniii B (McGregor, 1979) [273|, a (Gaschnig,
1979) [181] npe/UI0KuiI IPUMEHSITh TIOJHYO0 IPOBEPKY COBMECTHOCTH JIyT
I1ocJIe IIPUCBAMBAHUS 3HAUYCHUA KaXKJI0M IIepEeMEHHO; B JaJIbHEeHIIIeM CO-
OTBETCTBYIOIIMI ajaroputM B padore (Sabin € Freuder, 1994) [330] moury-
a1 nazsanne MAC (Maintaining Arc Consistency ). B mocsie/iueit crarbe
II0Ka3aHO, YTO IIPH peleHnn 6osiee TpyIHBIX 331a41 YO 1ojiHast IpoBepKa
COBMECTHOCTH JIyT' BIIOJIHE OKYIIAeTCH.

B pabore Mackworth € Freuder |265] 6bu10 3aMedeHO, YTO J1yroBast
COBMECTHOCTH MOXKET Pellarh JApeBoBuAHbIE 3a1adu YO.

st maHHOTO OrpaHUYEHUsI TOBOPAT, YTO 3HAUECHUE JJId IIePEeMEHHOMN
B OFPaHUYEHNN uMeeT noddepowcky (support), ecim CymiecTByrOT Takue
3HaYCHUsA JIJIdA JIPYTUX HNEPEMEHHBIX B 9TOM OI'DaHUYEHUN, IYTO 3TO Or'pa-
HUYeHue yJJ10BJIETBOPAECTCA.

OrpaHuveHne Jyro-COBMECTHO, €CJIM KaykJjioe 3HadeHHhe U3 JIOMEHOB
IIEPEMEHHBIX UMeEeT MOIJICPKKY.

st nocruzkenust j1yroBoit coBMecTHOCTH Ha arc(i,j), JJls KazKoro
d;, € D;, nmerca snemenT dj, € Dj, Takoil 4TO BBIIOJIHAETCA yCIOBHUE
JIyTOBOil coBMecTHOCTH; dj, ojep:uBaeT d;, . Bee snemenTs! jomena 6e3
HMOJIEPKKY YAAJIAIOTC. YIaJeHne 3Hadenne 6e3 moyiep:KKu Ha3bIBAeTCA
ycedeHneM (CyzKeHHeM) JIOMEHOB.

st orpanuvenuii, cojepKanux 0ojiee IBYX MEPEMEHHbBIX, JTyTrOBast
COBMECTHOCTb YaCTO HAa3bIBAETCS THUIEP-IyTOBON COBMECTHOCTHIO WJIN
00001IIeHHO# JIyToBOil coBMecTHOCTBRIO. Hampumep, mycTh JOMEHBI Iepe-
mennbix x u Yy — {0, 1,2} u paccmorpum orpannuenne x+y = 1. Boiayx-
JIEHUE JyTOBOI COBMECTHOCTH HA 9TOM OIDAHUYEHUU CY3WJIO Obl JOMEHBI
obenx nepemensbix 10 {0,1}. Beauuunbl, yjaajaeHubie u3 J0MEeHOB 0benx
[IepEMEHHDIX, JIOKAJIbHO HECOBMECTHBI — OHHU He IIPUHA/IJIeXKaT HU OJIHO-
My HaDOpy IPUCBOCHUI IIEPEMEHHBIX, YIOBJIETBOPSIONINX OTPAHUICHUIO,
U TIO3TOMY HE MOTYT OBITH YaCThIO KAKOrO-THOO pellleHusi Bceil 3aja4uu
YO. Hiist BIHY2KJIeHUsT JIyTOBON cOBMecTHOCTH B 3ajiade YO Tpebyercs
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MOBTOPHO Y/IAJISTH BEJTNYMHBI U3 JIOMEHOB, MOKa He JOCTUTHEM yCTONYM-
BOI TOYKU.

OcHoBbiBasice Ha paborax [383|, [289], Mackworth [262] BbLzenmn
TPU BUJA JIOKAJTLHOW COBMECTHOCTH: BEPIIUHHYIO, JYyTOBYIO U MYTEBYIO
coBMecTHOCTE. VM 6butn npe/yroxkensr agropurMel (AC-1, AC-2, AC-3)
JUTsT BBIHYYKJIEHUST JYTOBOI COBMECTHOCTH, & TakxKe ajroputmbl PC-1,
PC-2, PC-3 a5 BBIHYKIEHNST TyTEBOH COBMECTHOCTH. BhrancanrebHast
CJIOXKHOCTh YKa3aHHBIX aJTOPUTMOB ObLTa MCCIEI0BaHa Jajee B pabore
Mackworth & Freuder [265], npudueM Tam 2Ke ObLIO TAKXKe 3aMEYEHO, YTO
JIyTOBasi COBMECTHOCTb MOYKET PeIaTh JPeBOBUIHBIC 3aadu Y O.

AJITTOPUTMBI BBIHYKJIEHUST TYTOBOH COBMECTHOCTH WHTEHCUBHO HCCJIE-
JIOBAJINCh 1 COBEPIIEHCTBOBAINCH (CcM. [65], [262] n ccplikn Ha smTepary-
py B 91X paborax). OnTUMAaIbHbIA aJrOPUTM JIJIs TPOM3BOJIBLHOTO Orpa-
HUYEHUsT XapaKTepu3yeTcss BPEMEHHOH CJIOXKHOCTBIO B XY/IIIEM CJIydae,
pasroit O(r - d"), Tie r — apHOCTb OrpaHuyenusi, a d — pa3Mep JOMEHOB
niepeMeHHbIX [288].

[Ipocreitimum MeTOIOM JOCTHYKEHUST TIIOOATBLHOM JTyTOBOH COBMECTHO-
CTHU SIBJISIETCsT TIOBTOPEHUE TPOXOJIOB MO MPOBEPKE KaXKION JIyTH 3a/a9u
JIO TeX TIOP, MTOKa He Oy/IeT HUKAKNX W3MeHeHUH rpada orpanndenuii mo-
CJIe OYepeJIHOTO MPOXOJId. IJTOT TMOIXOJ PEATU30BAH B BUJE aJTOPUTMA
AC-1 (a3 (Machworth, 1977) |262].

Bentes 3a ncropuyeckn nepsbiM anropurMom AC-1 6bumn pazpabora-
Hbl anroput™bl AC-2, ... AC-7, KaxXJIplif U3 KOTOPBIX YIyUIIaeT XpaHe-
Hue nHdopManun 06 U3MEHEHHBIX JOMEHAX U YIPABJIEHUE UTEPAIUsMU.

Boruncinrenbias cioxkuocts ajaropurmos AC-1, AC-2, AC-3 6bI-
Ja uccsenoBana Jasee B pabore Mackworth € Freuder [265]. Bpe-
MeHHAs caoxkHocTh anropurma AC-3 cocrapiaser O(d’e), emkocTHas
cioxkuaoctb — O(e + nd), rjae e — 4Yncjio OMHAPHBIX OrpaHWYeHuii. AJ-
roputm AC-4 [287| ynyumaer AC-3 u uMeerT BPEMEHHYIO U €MKOCTHYIO
cnoxxnocrs O(d%e). pyrum yayumennem asiropurma AC-3 apiasgercs
anropurm AC-5 [369], ucnonb3yomuii ceMaHTHKY CHEIUaJIbHbIX BHJIOB
orpanndennii. Anropurm AC-7 ucnosb3yer cuMMeTprio GHHAPHBIX OTpa-
HUYCHUN.

COKHOCTH TIPOBEPKYM COBMECTHOCTH JIyT MOYKHO MPOAHAIN3UPOBATD
caepyomuM obpa3om: Jiobasi Obunapras 3ajada YO nmeer camoe 6oJIbIee
O(n?) oyr; kaxas ayra (X;, X j) MOZKET ObITh «BHECEHA B IOBECTKY JHSI»
TOJBKO d pas, TOCKOJIbKY 00/1acThb onpesenerus X; nMeeT camoe GoJibiee
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d 3HAYEHWIt, JOCTYIHBIX JJIsS YJAJIEHUs]; IPOBEPKA COBMECTHOCTH JIODOit
JIyT MOXKeT ObITh BBINOJIHEHA, 32 BPEMs O(d2), II09TOMY B HaMXYy/IIeM
cJIydae 3aTpaThl BDEMEHU COCTABJISIIOT O(n2 . d3).

3.3.4. HanpaBJjieHHas JayroBasi COBMECTHOCTD

Onpenenenne. 3agada YO sBISIETCS HANPABAEHHO-Y20-COBMECTVHOTL
110 OTHOIIIEHHUIO K YIIOPsiioveHuto h = {x1,..., %, }, TOIJIa U TOJIBKO TOIJIA,
KOIJIa KaxKJiasl epeMeHHasi T; JIyro-COBMECTHA, 110 OTHOIIEHUIO K KaXKJI0H
HepeMeHHOl 2 j, TaKoil 4To 7 < j.

[Iporenypa pacupocrpanenust orpanudennit DAC paboraer ¢ 3a-
nageit YO (V,D,C) n yuopsinouennem h = {x1,...,x,} misa 3aja-
qan YO. Ilporenypa obpabaTbiBaeT IepeMeHHbIE B OOPATHOM IOPSIJIKE
(In, R ,1:1). Jutst Kaxk ol mepeMeHHOM T OHa TMpPOBEpPsieT POJNTE e 2.
IIpu obpaborke x;, paccMaTPUBAIOTCA BCe OMHApHDbIE OrPAHUYCHUS, UH-
UJIEHTHBIE X3, Rp;, tpu k < 4, 1 Cy>KarTCsI COOTBETCTBYIOIIHE JTOMEHBI
Dj, mepeMeHHBIX T.

[Tocyie BBITTOTHEHUST 9TO IIPeBAPUTENIEHON 0OpADOTKY BBISICHSIETCSI
HallpaBJIeHHAasl JiyroBast coBMecTHOCTH [140]. D10 o3Hauaer, 4TO Jyist JI0-
6oro 3HaUeHUsT JJOMEHa IIEPEMEHHOI U JIJIst JIIOOOTO ChIHA 3TOH TIepeMeHHON
HaJieTcd 0 KpaliHeil Mepe OJHO 3Ha4YCHUE U3 JIOMEHA ChbIHa, COBMECTHOE
CO 3HAYEHNEM POJIUTEJIS.

I'nmobanmsrno coBMmectabie 3Y0 00/1a4a10T CBOMCTBOM, YTO JII0O0OE COB-
MECTHOE IIPUCBOCHUE 3HAYEHUN [TOIMHOXKECTBY IEePEMEHHBIX MOXKET ObITh
PACIINPEHO 0 COBMECTHOIO IIPUCBOCHUS 3HAYEHMIT BCeM IIepeMeHHbIM 063
[IOJIY YE€HUS] TYIIHKOB.

3.3.5. IlyTeBasi coBMeCTHOCThH

Jlnst 6unapHbIx 3aja4 YO uMeercs erne OJuH BHJ COBMECTHOCTU —
IyTeBasi COBMECTHOCTD, KoTopyto Montanari npesoxuin B [289).

Onpenenenune. bunapnas 3amada YO sBiasgercs nyme-coemecmuod
(path-consistent), eciu jiy1st J1r060r0 My TH B €e rpade orpaHuYeHuii crupa-
BeJIUBO CJIE/YIOIIee: eC/IU IIPUCBOCHUS 3HaYeHN HaYaJIbHOU U KOHCYHONI

9 llepeMeHHBIe, COEIMHEHHbIE C I, KOTOPbIE IPEIIIECTBYIOT & B yIOPSIOUeHIN.
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MEPEMEHHON TyTH COBMECTHBI, TO 9TO MOXKET OBITh PACIIUPEHO Ha, COB-
MEeCTHOe YaCTUIHOE IPUCBOCHUE 3HAYEHUI OCTABIINMCS MEPEMEHHBIX Ha
[y TH.

AHaJIOTUYHO CeMEeNCTBY AJITOPUTMOB JIyTOBOW COBMECTHOCTH, MMEET-
CsT CeMECTBO aJITOPUTMOB JIOCTUXKEHUST Ty TEBOI COBMECTHOCTH OUHAPHOMN
sajaun YO. DT aJIrOpUTMbI TaKKe TapaHTUPYIOT BEPIINHHYIO U JyTO-
ByI0 coBMecTHOCTh. Hammydmmit u3 srux ajropurmoB — PC-4, anajo-
ruunbiit AC-4, xapakTepusyercsi BpeMEeHHOH 1 eMKOCTHOM CJIOXKHOCTBIO

O(d3n?).
JIokanbHast ImyTeBast COBMECTHOCTD BBIIIOJIHSIETCS, €CJIN JJIs JAHHOTO
IlyTH JIIMHBL | 9epe3 BepUIMHbI (X1, . ..,x;), [ BceX 3Hadenuit di, € D

u dj, € D; TaKux, 9TO BBIIOJIHSIOTCS YHApHBIE OrpaHmdeHns ¢(xy),c(x;),
1 OUHAPHBIE OrpaHuyenust ¢(r1, X)), IMEETCs OCJIEIOBATEIbHOCTD 3HAYe-
uuit: do, € Do, ..., d;_1, € D;, Takas, 4To

c(x2),...,c(xi—1), c(x1,x2), c(x2,23), ..., c(x1—1, 77)

BoinosiHsitoTcst. Ha puc. 10 nokasan npumep Jyist nytu (1, T2, x3).

x1, Di={4, 5} x1, Di={4, 5}
> >
a) X2, Dy={3, 4} b) X2, Do={3, 4}
x3, Dy={2, 3} x3, Dy={2, 3}

Pazpemiennsie napst

{(4,2),(5.2), (5, 3)}
Puc. 10. 9ddexr BbHYXKI€HNS IyTEBOi coBMecTHOCTH [283].
Hawuasnbnoe cocrosinme nokasano Ha puc. 10 a. /Tobasieno nosoe orpa-

uuuenne (puc. 10 b), koropoe He pasperaer napy HpUCBOeHHH 1 = 4,
T3 = 3: JYI 9TUX IPUCBOEHUI HE CYIIECTBYET IPUCBOECHUS JJId T2, YIO-
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BJIETBOPSIIOIIEr0 OMHAPHBIM OrpaHndIeHusM ¢(T1,x2), ¢(T2,x3). Bormyx-
JIeHIe J[yTOBOW COBMECTHOCTH HE Pa3peIiaeT 9TOi napbl IPUCBOEHHUIA.

[yro6anbHast myTeBasi COBMECTHOCTD BBLIIOJIHSETCS, €CJIN JIrobast Ia-
pa IPUCBOEHNUIT 3HAYEHWIT, KOTOPbIE COBMECTHBI C IPSIMBIM OIDaHUIeHIEM
MEeXK/Ly JIByMsl IIEDEMEHHBIMHE, TaKKe COBMECTHA CO BCEMHU Iy TSIMH MEZK Ly
nByMs Bepiunamu. Ecju 1060 myTh JUIMHBL 2 B TOJHOM rpade orpa-
HUYEHUI sIBJISIETCSI [IyTe-COBMECTHBIM, TO IIyTeBasi COBMECTHOCTD BBIIIOJI-
usiercsi riobanbao (Montanari, 1974) [289].

[TyTeBasi COBMECTHOCTD BBIHYYKJIAETCS € MOMOIIBIO NM3MEHEHUST IPIMO-
0 OrpaHUYeHHs MeXKJy HAYAJILHON M KOHEYHON TOYKON IIyTH JJIs TOTO,
9TOOBI 3AIIPETUTH BCE NApbl HA3HAYEHUI, KOTOPbIE HAPYIIAIOT TpebyeMoe
yesiosue. Orpannvenust MOTYT ObITh OOGHOBJIEHBI IyTeM JOOABJICHUST HO-
BOI'O $IBHOTO OrpaHnveHus K 3ajade (cum. puc. 10).

[TepBblii asropuT™ IyTeBOii COBMECTHOCTH ObLI HPEJIOKEH B
(Montanari, 1974) [289|, upuuem oH skBHBaJsieHTeH ajaropurmy PC-1
(Mackworth, 1977) [262]. Mackworth |262] ycoseprencrBoBas 3ddek-
tusaocTb PC-1 u npeioxkun PC-2. PC-3 (Mohr & Henderson, 1986)
[287] ynyumaer apdbekruHOCTh Kak B AC-4. PC-3 He 110JIHOCTBIO KOD-
pekren. PC-4 (Han & Lee, 1988) [202] — a0 KoppekTHas Bepcusi. laib-
HefiIle yCOBEPIIEHCTBOBAHNS AJrOPUTMA 11y TeBOl COBMECTHOCTU MOTYT
6T Haiigensl B (Chmeiss € Jegou, 1996) [106]. Mohr & Henderson |287|
[PeJIIOZKIIIA OITUMAJIbHBIE AJITOPUTMBI JIJist JlyTOBOM 1 11y T€BOil COBMeCT-
HoctH, coorBercTBeHHO AC-4 u PC-4, KoTOpble ObLIM OCHOBaHBI Ha paboTe
Lauriere |258].

3.3.6. k-coBMecTHOCTH

JlyroBasi COBMECTHOCTH MOXKET TaKzKe MOHMMAThCsl Kak MH(MOPMAIlHsi
O TOM, HACKOJIBKO JIAJIEKO IaCTUTIHOE PeIlleHne MOXKET Beeryia ObITh pac-
IIUPEHO. A MMEHHO, JII000€e TACTHIHOE PEIIeHNe, COAEPIKAIIEe JIUIID OJHY
3a(bUKCHPOBAHIYIO IIEPEMEHHYIO, MOXKET ObITh DACIIHPEHO C IIOMOIIBIO
dbukcarmu o060t Ipyroit mepeMeHHON Ha COOTBETCTBYIOIIMM OOpPA30M
BBIOpAHHOM 3HadeHnu. lIpnMeHeHne TOro ke HPUHIMIA JIsS OOJIBIIEro
IHCJIa IEPEMEHHDIX IIPUBO/UT K MOHSATHIO k-COBMECTHOCTH, KOTOPOE BBEJI
Freuder [167], |168|, [169], ncciemoBasimii u ero CBs3b CO CJIIOKHOCTHIO
perttennst 3aga41 YO.
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MoKHO Omlpeie/InTh k-COBMECTHOCTh, PACCMATPHUBasT OIPAHIMYECHUS C
k nepemennbiMu (Jyisi kK = 3 — myTeBasi COBMECTHOCTb, Jyist k > 3 —
runep-ayroBast COBMGCTHOCTB) .

Onpepenenne. (k-coBmectHocTs). 3anada YO k-cosmecmma, eciu
JIF00OI COBMECTHBIN KOPTEXK 3HaUeHUil JIIoObIX k — 1 IepeMeHHBIX MOYKET
OBITH PACIIUPEH IIyTeM 3aJaHusl 3HAYEHUs JIF0OO0I OTHOM M3 OCTaBIINXCSI
EPEMEHHBIX.

Bamaaa YO cmpozo k-coemecmma TOTJA U TOJTBKO TOT/A, KOTJIA OHA
j-coBMecTHa 7151 BeexX j < k. CTporo n-coBMecTHas CETh, TJIE 7 — YUCJIO
nepeMeHHBIX 3YO, Ha3bIBaeTCs TI0OATBLHO COBMECTHOM.

JlyroBast 1 myTeBasi COBMECTHOCTh COOTBETCTBYIOT 2- M 3-COBMECTHO-
CTH.

3amerum, uTo k-coBMmectHasi 3YO He 00s13aTeJIBHO pa3permMa, 1 Ha-
060OPOT, pa3permMOCTh 3a/[a91 He BIeUeT 3a o0 COBMECTHOCTH JTIO60TO
YPOBHSI, & HE TOJIBKO 1-COBMECTHOCTb.

3.4. BuraucanTesibHas CJIO>KHOCTh U MOUCK JIETKO pa3pe-
HIMMBbIX 33/1a4 Y/JOBJIETBOPEHUS OT'PAaHUYEHUIL

Opnuoit w3 nHambosiee QyHIAMEHTATBHBIX CJIOXKHBIX podiem YO u
MPOrPaMMHUPOBAHNS B OTPAHUYEHUSAX SIBJISIETCST U3YIEHUE BBHIYUCIATE -
Hoii cioxkaocTH 3as124 YO. B [262] 6b110 nokazano, 9To Kiace Beex 3aad
YO siyisitercst NP-TpyiHBIM, Tak 9T0 BpsiJ| JIU CYIIECTBYIOT 3(hPEeKTUBHBIE
(HoJIMHOMUAJIbHBIE) AJIOPUTMbI ODIIEro Ha3HAUEHUs JIJIsl PEIeHHs] BCeX
BuJIOB 3a1a4 YO.

[Menbio MHOTHX MCCIeIOBAHNM OBbLIA MISHTH(MUKAIINSA KJIACCOB JIETKO
paspermMbix 3aa9 YO, KOTOpble MOIYT OBITh DEIIEeHbI 38 IOJIMHOMU-
asbHOEe BpeMsi (cM. 0030pbl [255], [263], [364]). ITomobHble Kiacchl 3a-
JIad OOBIMHO ONMCHIBAIOTCS JINOO JIEPEBBSIMU, JTPEBOBUJIHBIME IPadOBBIMI
crpykrypamu ( [141], [170], [326]) mmbo onpeznerentoit kombunanueii a-
rebpandecKux ornepaToposn [227].

Jlnst HekoTOpbIX Ky1acco 3aad YO ObLIO TOKA3aHO, YTO HCITOJIb30Ba-
HUE PaACIPOCTPAHEHUsT OIPaHUYEHUI TapaHTUPYeT MOUCK 0e3 BO3BPATOB
(backtrack-free search) [136]. B pesyibrare cpaBHEHHs MHOIHX METOJIOB
rpadOBOil JIEKOMIIO3UIINN TTOKA3AHO, UTO HAWIYUIITIME STBJISTIOTCST METO-
JIbI, OCHOBAHHBIE HA UCIIOJIHL30BAHUN OHATHS 2unepzpa@osots dekomMnosu-
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yuu (hypertree decomposition), paspaboTanHOro B Teopun 6a3 JaHHBIX
[195].

DopMa3aIums MOHATHS A3biKa o2paruyenuti (constraint language)'?
MOXKET JaTh UH(MOPMAIMIO, SIBJIAeTCd Jid 3aga4a YO, BhIpaKeHHasl ¢ I10-
MOIIBIO OIIPEJIEJIEHHOIO si3bIKa ODAHMYEHHid, Jierko paspentumoii [111],
[218], [226], [227], [229], [230], [231], [232].

Xors obmas 3anada YO sBistercss NP-110J1HOI, BO MHOI'MX IIPHJIO-
JKEHHSIX BO3HUKaronye 3a1adun YO MMEoT CHeNuaJbHBIA BUI, YTO MO3-
BoJIsieT paspaborarh Gosiee adderTuBHbIe aaropuTMbl ux perrerus [90],
[112], [260], [310]. 3BectHO, uTO GunapHble 3agadu YO ¢ ApeBOBUIHON
CTPYKTYpOii jierko paspemmmbl ([324], riasa 7). Toakiace obieit 3aa-
qu YO, KOTOpbIE MOTYT PEIEeHbI 3a MOJMHOMHUAILHOE BPEMSI, 8 TaKKe
PACTIO3HAH 3a TOJTUHOMHUAIBLHOE BPEMsI, HA3BIBAETCS A€2K0 PA3PEUUMDbIM
NOOKAACCOM.

CyImecTBYIOT J1Ba OCHOBHBIX HAIPaBICHUS TIOMCKA CIIEIHATBLHON
CTPYKTYpHI 38789 YO, KOTOpbIE MOTYT OBITH JIETKO Pa3pPEeITIMbIMU: BBIIE-
JICHUE CTPYKTYDHBIX CBOHCTB 3aja4 YO (OnuCchIBAEMbIX TOMOJIOTHEl Tpa-
dba orpanmnvenmit), TapaHTUPYIOMIUX JEIKYIO PA3PEIIMMOCTh HE3ABUCHMO
OT TOro, KaKWe THUIIbI OMPAHUYEHWI BKJIIOYEHbI B paccMorpenue [115],
[140|, 6o BBIIEIEHNE TUIIOB OrPAHUYECHUIT, JJOCTATOYHO OTPAHMYUTEI b
HBIX JIJIsT TAPAHTUPOBAHUSI JIETKOH pPa3pemMOCTH HE3aBUCHMO OT TOTO,
Kak onu coderatorcs [90], [161].

Braromapst ucciaenoBanusiM B 3TOH 0671aCTH OBITH BBIIETEHBI MHOTHE
KJIACChI JIETKO paspemuMbix 3a7a4 YO, OCHOBBIBAsSICh Ha CTPYKTYPHBIX
csoiictBax (cM. [324]). ITogobuble KIACCHI MOI'YT BCTPETUTLCS, B YACTHO-
CTH, B CJIydae, KOTJa UMEETCs HEKOTOpas CHeluabHas CTPYKTypa B3au-
MOCBsI3U orpaHuvenuii (ux nepecedennii). Hanbosee ecrecrBeHHBIM J1Ist
U3ydYEHUsT B3AMMOCBA3EH OrpaHUIeHuil SABISETCS anmapar ruineprpados.
Hns kiracca 3ama1 YO, y KOTOPBIX apHOCTH OIPAHUYEHHUIl OrpaHUIeHa
HEKOTOPOiT (PUKCUPOBAHHON KOHCTAHTOI (T&KI/IX, KakK OMHapHBIE 3371341
YO) 6buI0 10Ka3aHO, YTO (IIPH BBIIOJIHEHUN HEKOTOPBIX JIOIOJIHUTEI b
HBIX OIDAHMYEHUI) €JMHCTBEHHBIM KJIACCOM CTPYKTYD, FapaHTHPY OIIIM
JIETKYIO Pa3permMOCTh, sIBJISIETCA KJIACC CTPYKTYD C OTPAHUYEHHON dpe-
sosudnot wupurot [198], [209], [23].

Odspk  orpammuenmit 3YO — 9TO MHOXKECTBO OTHOIIEHHI B OrDAHHUEHUSIX

3V0 [113]
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Bropoe nampasienue mccieJoBaHUil COCTOUT B PACCMOTDEHNU 3aJad
YO ¢ 6ostee orpaHHUEHHBIME THIIAMHU OrpaHndenuil. EcrecrBenHbIM 1O
XOJIOM M3Y4Y€eHHs] THIIOB OIDAHUYEHUN sBJISIETCS MaTeMaTHIeCKas TEOPHst
OTHOIIEHUIl I COOTBETCTBYIOIINE UM ajIredphl, IPUMEHEHNEe KOTOPBIX 1103~
BOJINJIO TIOJIy YU Th XapaKTepU3alii TOro, KaKue BHJIbI OrpaHndIeHuil obec-
IIeYNBAIOT JIETKYIO Pa3pPENINMOCTh HE3ABUCHMO OT UX B3aHMOCBsA3H. MHO-
JKECTBO THUIIOB OI'DAHUYEHUIl C STHM CBOHCTBOM HA3BIBAETCSH A€2KO PA3-
PEWUMDBLM A3BIKOM O2paruderuti. B obieM OBLIO MOKA3aHO, UTO JIFODOI
JIETKO Pa3pEIINMBbIil S3bIK OIPAHHYEHHI JIOJIZKEH HUMEThb OIpe/Ie/IeHHbIE
asrebpandeckue CBOCTBa, HA3bIBaEMbIe noaumoppusmamu [225].

OyHIAMEHTAJIBLHON OTKPBITOM 1TPOOJIEMOiT B 9TO# 00JIACTH SIBJISETCS
YeTKoe OIpeJie/IeHe THUIIOB OrpaHmdeHuil B 3afadax YO, KOTOpble MO-
I'yT OBITH PEIIeHbI 3a HMOJMHOMHAJILHOE BpeMs. DTa IpobiieMa BayKHa C
TEOPETUIECKON TOYKHM 3PEHH:, TaK KaK OHA IIOMOTaeT BBIICHUTDL I'DaHH-
Iy MeXKJy JIETKOH 1 TPYAHON Pa3pelnMOCTBIO JJIs IMIPOKOrO Kpyra 3a-
JTad kombunaroproro moncka [125], [161], [225], [252]. Kpome Toro, ona
BasKHa U C NPUKJIQIHON TOYKM 3PEHMd, TaK KaK OHA IIO3BOJIAET paspa-
6aTbIBaTh A3BIKM [IPOIPAMMHPOBAHNA B OTPDAHUYEHUSAX, HCIOJIB3YIOIINe
CYILLIECTBOBaHUE PA3JIMYHBIX CEMENCTB JICNKO Pa3pelIUMbIX OIPAHUYCHUN
Jyist orcka 6ostee addexkTuBHbIX MeTosnoB pertenust [260], [310]. B ps-
ne my6smkanumit [228], [230], [227], [233] 6bu10 110KAa3aHO, YTO CIIOKHOCTD
SI3BIKOB OI'DAHUYEHNI Ha/| KOHEYHBIME JOMEHAMU MOYKET ObITH OXapaKTe-
pHU30BaHa, UCIOJb3ys ajredbpanmdeckue coiicrBa orHorreHuil. CorsacHo
[114], nepsslit sTan agrebpanvdeckoro MoIXojia K s3bIKAM OrPaHUYeHMUIl
HCIIOJIb3YEeT U3BECTHYIO UJIEI0, COCTOSINYIO B TOM, YTO K JJAHHOMY Hadaslb-
HOMY MHOYKECTBY OTHOIIEHUI OrPAHUYEHHIl MOIYT J100aBJISTHCS JIONOJI-
HHUTeJIbHbIE OIDAHUYEHUsI 0e3 U3MEHEHHs! CJIOJKHOCTH COOTBETCTBYIOIIETO
KJacca 3azad. Ha camom mese, OBLIO MOKA3aHO, UTO MOXKHO J0OABUTH
BCe OUDAHUYEHUs, IIOJIyUYeHHblEe M3 HCXO/HBIX OIDAHUYEHUil, MCHOJIb3YS
HEKOTOpBIEe IIPOCThIe IpaBmIa. BoJblIne MHOMKECTBA OTHOIIEHUH, ITOTY-
YeHHBbIE IIPU UCIIOJIb30BAHUN STUX IIPABUJ, HA3BIBAIOTCA PEJIAIHMOHHBIME
kyonamn [146], [306]. Ilepsblit sTan anarebpamdecKoro MoOJXo/a COCTOUT
B TOM, YTO JIOCTQTOYHO aHAJIM3UPOBATH CJIOXKHOCTD JINMIb JIJIsl T€X MHO-
JKECTB OTHOIIEHUH, KOTOPBIE SABJIAIOTCH PEIANNOHHBIMU KJloHaMu. Bro-
POil 3TaIl COCTOUT B TOM, YTO PEJISIMOHHBIE KJIOHBI MOTYT OBITH OIHICAHBI
C TIOMOIIBIO UX IOIMMOP(PU3MOB, ABJIAIONINXCA aIrebpandecKiIMI oIepa-
[USIMI HaJT TeM 2Ke OCHOBHBIM MHOKecTBOM [225], [227|. ITommmo Toro,
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YTO HOJUMOPGPU3MBI JIAIOT TOYHBIA U yJIOOHBII MeTOJ onucaHus 60JIb-
IIUX CEeMEHCTB OTHOILICHUY, OHU OTPAXKalOT TaKzKe OlIpeJesleHHbIe aclleK-
ThI CTPYKTYPBI OTHOIIEHUH, KOTOPbIE MOTYT OBITh MCIIOJIB30BAHBI JIJIsT CO-
3manust 3GEKTUBHBIX aJITOPUTMOB. Y Ka3aHHAsI CBA3b MEXK/LY PEJIAIINOH-
HBIMU KJIOHAMU W TIOJIUMOP(MU3IMAME UI'PAeT Cefuac KIF0UEBYIO POJIb IIPU
OIIPEIeJIEHUU MHOTHX JIETKO PA3PEITIMBbIX KJIACCOB ONPAHUYEHUI U pa3pa-
6oTKe 3PHEKTUBHBIX AJTOPUTMOB UX PEIICHUsI COOTBETCTBYIONINX 33,189
YO [96], [92], [93], [91], [126], [228]. ITosHast xapakTepu3aus BCEBO3MOXK-
HBIX JIETKO PA3PEIIUMBbIX SI3bIKOB OPaHUYIeHUil Oblja YCTAHOBJIEHA B CJle-
JIYIOIMX CJIyYdasiX: KOHCEPBATUBHBIE SI3bIKM OIPAHUYEHHI (TO eCTh sI3bIKH
OrpaHIYeHH, COJEprKAIle BCe yHapHble orpannmdenus) (94|, u sa3bKu
OrpaHuYeHuil HaJi 2-3JIeMEHTHBIM JOMeHOM [332] miu HaJi 3-371eMeHTHBIM
nomenoM |96]. Kpowme roro, 6bu1n pazpaboTanbl HOBbIe 3(DMEKTUBHbBIE aJl-
FOPUTMBI Jiyisi pereHus 3aad YO CHeruaibHOro BHJIa KaK Jjist KOHEU-
HBIX, TaK U s GeckonedHbIx jgomenos [75], [92], [94], [112], [121], [126],
[251]. TTocseauuit sran anrebpandeckoro mojXo/1a CBsI3bIBACT SI3bIK Orpa-
HUYECHUIl 1 KOHEYHBbIE YHUBEpCcaJIbHbIE aaredpbl (cM. pasjes 6.4.3 paboTe
[114]). fI3bIK KOHEYHBIX YHUBEPCAJBHBIX Aaredp MpeOCTABIISIeT MHOXKe-
CTBO OY€Hb YI0OHBIX HOBBIX CPEJICTB JIJIsi aHAJIN3a CJIO2KHOCTU OrDAaHUYe-
HUil, B TOM 4mcyie TJIyOOKMe CTPYKTYPHBIE PE3YJIbTAaThl, pa3paboTaHHbIE
JUTsT KJtacCuUKAIMN CTPYKTYPbI KoHedHbIX ajaredp [210], [274], [358].

B ciyuae, Korjia MHOXKECTBO Pa3pEIEHHBIX OTHOIIEHNT NHBAPUAHTHO
OTHOCHTEJILHO HEKOTOPOIl MAJILIEBCKOI omeparmu’ !, MoKas3hIBaeTcs, 9To
COOTBETCTBYIOINAsT 3aa41a YO MOXKeT OBITh PelieHa 3a MOJNHOMHUAIBHOE
BpeMst [2].

Opnnako muorue 3amaqu YO He 00/1a/1aI0T JIOCTATOYHO ONPAHMYIEHHO
CTPYKTYPO# HJIM UCIOJIB3YIOT HEJIOCTATOYHO OIPAHUYEHHBIH SI3bIK Orpa-
HUYEHUH, YTOOBI MOMACTh B KAKON-IMOO M3 KJIACCOB JIETKO PA3PEITUMbIX
3ay1a4. OHU MOTYT, TEM HE MEHee, UMEeTh CBOICTBa, obecrieunBaorniue 3¢h-
bEKTUBHOCTD UX PEIIEHUsI, HO 9TU CBOICTBA OTHOCATCH KaK K CTPYKTYPE,
TakK ¥ K TUIIAM OFPAHUYEHUN. DT CBONCTBA NHOTJIA HA3BIBAIOTCS] THOPH,I-
HBIMY TIPUYUHAME JIerKoil paspemumoctu [301], oru ropasmo meHee usy-
Y€HBI, YeM CBOMCTBa s3bIKA U OIMCAHHBIE BBIIE CTPYKTYypPHBIE CBOICTBA.

11MaﬂbHeBCKaﬂ olepalusi — 3TO TepHapHasd Ollepalud @, YAO0BJIETBOPAONIad
w(z,y,y) = ¢y, y,7) = 2.
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B [122] onucan HOBbIe TUOPHIHBIE JIETKO PA3PENINMbIE KJIACCHI OMHAD-
HbIX 3Y O, 06061arIIme 3a/1a9u ¢ JIPEBOBUIHOM CTPYKTYPOIL, a TaK»Ke I'i-
OpUIHBIE JIETKO Pa3PENTUMbIE KJIACChl, OCHOBAHHBIE Ha, A3bIKE. JTU HOBBIE
KJIaCChl OCHOBAHBbI Ha JIOKAJBbHBIX CBOHCTBaX VIIOPAJOYEHHBIX TPOEK IIe-
PEMEHHDBIX. HpI/I 9TOM 3a/iava OIpeJe/ICHUA YIIOPAJOICHUA IIEPEMEHHDBIX,
JIJIsi KOTOPOT'O BBIMOJHAIOTCS 3TH CBONCTBA, PEIIAETCA 38 MOJUHOMUAb-
HOE BPEMH.

4. CTpyKTypa u METOAbl JIEKOMOO3UIINN 33aJia4
YO

UccnemoBanus, Kacaronuecst CTPYKTYPBI U CJIOyKHOCTH 3a1ad YO, Ha-
vasuck ¢ paborel (Freuder, 1985) [169], riue O6buI0 MOKA3aHO, UTO HMOMCK
HA JIEPEBbsIX C COBMECTHBIME JIyTaMU MTPOUCXOIUT 0e3 KaKUX-JNHO BO3-
BpPaTOB. AHAJIOTUYHbIE PE3YJIBTATHI TPUMEHUTEIBHO K AIUKINIECKUM TH-
neprpadgam ObLIN TOJIydeHbl B 0OjgacTu Teopun 6a3 gaHubix (Beeri et
al, 1983) [55]. Co Bpemenu mybGuuKaryu 3Tux paboT JIOCTUTHYT 3HAUM-
TEJILHBIN TPOTpecC B YaCTH TOJIydeHus: 6ostee OBIMIX Pe3yIbTaToB, Kaca-
TOIIXCST CBSA3U MEXKIy CJIOYKHOCTBIO perreHust 3a1a9u YO u cTpyKTypoit
ee rpada OrpaHnIeHMUIA.

B nammoMm pasjene paccMaTpUBAIOTCST CIOCOOBI, MO3BOJISIIONINE WC-
MOJIB30BATDL JIJIsT OBICTPOTO TMOWCKA PEIIeHUH CTPYKTYpy caMoil 3ajadn,
MIPEJICTABJIEHHYTO B BHUJE rpada OrpaHnvIeHnii. BoJIbITHHCTBO OMUCAHHBIX
3/1Ch TIOJIXOMOB SIBJISIETCS OYeHD OOIUMHI U MTPUMEHUMBIMU JIJTsT PEITEHIST
JIPYTUX JUCKPETHBIX 33/a4, Kpome YO.

4.1. I'padoBbie MmeTOABI

I'pacdoBbie MeTOMBI NCTIOMBL3YIOT CTPYKTYPY rpada orpaHntdennit mpu
perennn 3agaau Y O. Huke pacemorpenst rpadoBble METOJIBI, HCIIOJIB3Y-
formue To, 9To 3a7a4da YO ¢ IpeBOBUIHBIM IpadoM OrpaHUIeHuN MOYKET
ObITh pemiena 3a JjuHeiiHoe Bpemsi (eum. (Miguel & Shen [283]), pasmen
4.4), mpuyueM JPEBOBUIHAsI CTPYKTYPa HAXOJUTCS MM CTPOMTCS U3 Tpa-
da orpanuvenuii gannoi 3ajgaan YO.

Jnst pasbuenust 3agaan YO Ha He3aBUCHMBIE TIO/I33/1a491, MOYKHO pac-
CMOTPETDH CBsI3HBIE KOMITOHEHTHI rpada orpanndenuii. Kaxxapit koMmo-
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HEHT COOTBETCTBYET oiHol moazaaade YO;. Ecin npucsanBanue S; sBIsI-
ercs pererneM YO;, To U;S; siBnsiercs pemernem U; YO, . IIpeamnonoxkum,
9T0 Kaxkast mojazagada YO, uMeer ¢ mepeMeHHbIX 13 O0IIEero KOJIuIecTBa
N IIEPEMEHHBIX, IJle ¢ — KOHCTaHTa. B TakoM ciiydae JI0JIKHO ObITb n/c
O/I33/1a, U JJIsi PEIeHus KakKJI0il m3 Hux Tpedyercs, camoe OoJibIiee,
obben paboTsr d°12. Tlosromy obmumit 06beM PaboThl N3MEPSIETCST BEJTHUN-
Hoit O(dn/c), Koropast JIMHEHHO 3aBUCAT OT N; 63 TAKON JEeKOMIIO3UIIUH
obmmuii 06beM paboTsl u3Mepsiiicst 661 BesmanHoil O(d™), KoTopasi SKCIo-
HEHIINAJIbHO 3aBUCUT OT n. IIpuBejiem GoJiee KOHKpeTHBI Ipumep u3 [12]:
JexkoMmriosunust Oysesoit 3agadu YO ¢ n = 80 Ha 4YeThIpe HE3aBUCHMBIE
nojzaadn ¢ ¢ = 20 cokpallaeT MPOoJIOJIKATEIbHOCTD ITOUCKa PEIIeHUs B
HauXyJIIIeM cjIydae OT BeJIMYUHbBI, paBHOII BpEMEHU CYIIIECTBOBaHUSI BCeit
Beenennoit, 10 BemMunHbI, MeHbITEH OfHOM ceKyHbI. [losToMy MmOHO-
CTHIO HE3ABUCUMBIE MMOI3AAYH SBJISAIOTCS OUE€Hb MPUBIEKATEHLHBIMI, HO
BCTPEYAIOTCS PEJIKO. B GOJbIMMHCTBE ClIydaeB Mmoj3a adn JIoboil 3a1a-
qn YO cBst3aHbl JpyT ¢ JApyroM. [IpocreftiiM ciiydaeM siBISIETCS TOT,
B KOTOPOM Tpad OrpaHUIeHUil SIBJISIETCST JEPEBOM: JIIOOBIE JIBE TIEPEMEH-
HbIE CB3aHBI HE OOJIBINE YeM OJHUM MyTeM. AJITOpUTM perrenust 6JI09HOM
3YO umeer cieayoIme Talbl.

e Bribparhs B KauecTBe KOPHs JIEPeBa JIIOOYIO ITEPEMEHHYIO U YIIOPS-
JIOYUTDH IIEPEMEHHBIE OT KOPHS JI0 JIUCThEB TAKUM 00pa30M, ITOOLI
POJUTEIbCKAs BEPIIMHA KaxKJ0 BEPIIUHBI B JIEpeBe HIPEIIecTBO-
BaJia 9TOI BepIiuHe B TaKOM yropsijiodeHuu. OO03HAYUTD ITH TIepe-
MEHHbBIE IO TOPSIJIKY KaK X1, ..., X,. Temepsb Kaxknas nepeMennasl,
KPOME KOpH$I, UMEET TOJIBKO OJIHY POJIUTEJILCKYIO II€PEMEHHYIO.

e B nmkJie 1o j oT n 10 2 NPUMEHATH IIPOBEPKY COBMECTHOCTH K JyTaM
(Xi, Xj), tme X; — ponuTesbCKas BepIINHA BEPITHHBI X, y/AJIsist
3HAUYEHNS U3 00JIacCTH onpeaeaeHnst ; o Mepe HeOOXOINMMOCTH.

e B muxne mo j or 1 1o n npucsamsaTh X; soboe 3HaYEHHE, COB-
MECTHO€e CO 3HaYeHNeM, IPUCBOEHHBIM X, e X; — POJUTEebCKAas
BepIIMHA BepPIIUHbI X ;.

Temepn, mocsie cozmanus 3HHEKTUBHOrO AJITOPUTMA JJIsl JICPEBLEB, CJie-
JlyeT pacCMOTPETh BOIIPOC O TOM, MOXKHO JIH KAKUM-TO OOpa30M IIPUBO-
JINTH K JIDEBOBHJIHBIM CTPYKTypam GoJiee obrrue rpadbl OrpaHuYeHni.

124 — pasmep [OMEHOB IEPEMEHHBIX.
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Cy1iecTByIOT /B4 OCHOBHBIX CIOCO0A BBIMIOJTHEHUS STOM 3a/1a91; OJINH U3
HUX OCHOBAH Ha YJAJEHUU BEPIINH, & JIPyroil — Ha CAUSHUYN BEPIITUH
IpyT ¢ ApyroMm u obpazoBanuu cytep-pepiiud. [lepsoiit momxo mpemry-
CMaTpUBAET IIPUCBAUBAHNE 3HAUECHUN HEKOTOPHIM ITEPEMEHHBIM TaK, UTO-
OBI OCTaBIIIECST TTEpEMEHHBIE 00PA30BLIBAIHI JEPEBO.

4.2. Metoa MHOXKeCTB pa3pbiBa IUKJIa

Metos MuoxkecTB paspbia nukia (cycle cutset) (Dechter, 1990) [133]
OCHOBaH Ha TOM, YTO IPUCBOCHUE 3HAUCHUs! IIEPEMEHHOI YCTPAHSET ee U3
JATLHERINEro0 pacCMOTPEHHs B 9TOil BETBHU J€PeBa MOUCKA. JTO CHIILHO
MEHsIeT CBSI3HOCTB OCTaBINEHCs: dacTu rpada orpaHnyeHuii.

Mmnoorcecmeo paspwiea yukaa rpada orpaHuIeHni — 9TO MHOKECTBO
BEPINUH, IPU UCKJIIOYEHIN KOTOPBIX (C IIOMOIIBIO (DUKCAIIN COOTBETCTBY-
IOIIHX TIEPEMEHHBIX) OCTAETCsl JIEPEBO.

X1
X2 X X2 Xo

o ———»

a) b)

X3 X4 X2 X3 X4

Puc. 11. 9ddekr duxcanun MHOXKECTBa Pa3PbIBA ITUKJIA.

Paccmorpum mpumep wa puc. 11 a. PuxkcupoBaHue 3HAUEHUST IIEpe-
MEHHOI X9 «OJIOKMpYyeT» IIyTh, IPOXO/SIIUiIl Wepe3 3Ty BEpIIUHY, TaK
YTO UMEETCsI TOJILKO OJIUH MYTh MKy JIIOOBIMHU JIBYMsT TIEPEMEHHBIMI
(Beputaamu). B pesysbrare mosyuaercs rpad orpanundenuii (puc. 11 b),
B KOTOpOM 3a(UKCUPOBAHHAsT Ceifdac MepeMeHHas To TIOBTOPSIETCS I
KaXKI0l CMeXKHOM mepeMeHHoi. Fem MHOXKeCTBO (DPUKCHPOBAHHBIX Mepe-
MEHHBIX COBITIAET C MHOXKECTBOM Pa3pbIBa, IUKJIA, TO OCTABIIAICS rpad
UMeeT JIPEBOBUJIHYIO CTPYKTYPY M COOTBETCTBYIOIIAST €My 3a1a9a MOYKET
OBITH peleHa 09eHb 3(PEPEKTUBHO. JTOT METOJ HAXOIUT JIOKAJIHHO COB-
MECTHOE TIPUCBOEHUE JIJIsT IEPEMEHHBIX N3 MHOXKECTBA pa3pbIBa IUK/IA U
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pelaer oCTaBIIyocs (JIPEBOBUIHYIO) 3aady. Ecm He HAlIEHO HU OJIHO-
IO peIeHus, TO JIOJIYKHO ObITh HAMJIEHO JIPYroe COBMECTHOE ITPUCBOEHUE
JUTsT TIEPEMEHHBIX W3 MHOXKECTBA Pa3pbiBa IUKJA U JIEJAeTCs MOIBITKA
peltenns 3aJa4u, COOTBETCTRYIOIIel ocTaBineiica dactu rpada. Haxox-
JIeHNe MUHUMAJILHONO MHOYKECTBa pa3pbiBa IUKJIa siBjsercs: NP-moHoi
samadeii. B cBssu ¢ aTuM, 1e1ecoobpa3Ho BCTPpauBATh METOJ MHOXKECTBA,
paspbiBa IUKJIa B METOJ] JIEpEBa IMIOUCKA, TaKOil, KaK IMOUCK C BO3BpaTa-
mu. B ciaydae, Korjma MHOXKECTBO 3a(UKCUPOBAHHBIX EPEMEHHBIX 00pa-
3yeT MHOYKECTBO Pa3phbiBa IUKJIA, OCTABIIASICS 9aCTh 33a9l MOYKET OBITh
owicTpo perena. [lo cpaBHEHUIO ¢ IMOMCKOM C BO3BpPaTAMU HA CJIyJaiiHO
CreHepUPOBAHHBIX 3aJ1a9aX, METOJ IIOUCKA ¢ BO3BPATAME, UCIIOJIb3YOIITHI
MHOKECTBa pas3pbiBa IMKa, B cpeaaeM Ha 20% sddekrusnee [284]. Ilo
CPABHEHMIO C HAMBHOW BepCUeil aJiropuTMa 0OPATHOTO epexoa, €ro KOM-
OUHAIS ¢ MHOYKECTBAMU pa3pbiBa IUKJIa B cpeaHeM Ha 25% sddexTus-
Hee [284].

O6mmit aaropuT™ pereHnst yKa3aHHBIM CII0COO0M ormcaH Hike [12].

e Bribparh HOIMHOXKECTBO S U3 MHOXKECTBA, [TEPEMEHHBIX 3a1aqu Y O,
Takoe, 9To rpad OrpaHUYEeHUN MTOC/Ie yIaaeHus S CTAHOBUTCS JIepe-
BoM. [lonMHOMXKECTBO S HABBIBACTCS MHOHCECTNEOM PA3PLIBG UUKAA.

e st KaxK/10ro BO3MOXKHOI'O IIPUCBAMBAHUS IE€PEMEHHBIM B S, KOTO-
pPO€ VIOBJIETBOPSIET BCEM OIPAHUYEHUSIM B S, BBIIOJIHUTDL CJIELYIO-
1iee:

— yJaJuTh U3 objacTel ONpeIeIeHnusl OCTABIINXCS TIEPEMEHHBIX
JIIOOBIC 3HAYCHNS, HECOBMECTHDLIC C JIAHHBLIM IIPUCBAMBAHICM
st S’

— ecyim ocraBiIasca 3ajada YO mMeeT pelleHne, BEPHYTb 3TO
peIlleHre BMeCTe ¢ IPUCBANBAHUEM st S.

Ecnu MHOXKECTBO pa3pbiBa IMUKJIA UMEET Pa3Mep ¢, TO obiree BpeMst pabo-
THI ajropuTMa, coctasisger O(dC- (n— c)d?). B Tom ciydae, eciu rpad 110
cBoeil popMe «oUueHb OJIM30K K JIEPEBY», TO MHOXKECTBO € OyzmeT HeOOIb-
MM, & SKOHOMUSI BPEMEHU IO CPABHEHUIO C MPSMBIM TOMCKOM C BO3-
BpaTaMU OKazyKeTcst orpoMuoii. Ho B HauXy imem cirydae KOJTUIECTBO JJ1e-
MEHTOB € MOXKeT jrocTuraTh (n — 2). XoTs 3a/a4a HOMCKA HANMEHBIIEro
MHOYKECTBa pa3pbIBa MUK siBjsieTcst NP-TpyaHoit, HO M3BECTHO HECKOJTb-
KO 3(DEKTUBHBIX AJTOPUTMOB PEINTEHUsT 9TOH 3aa4u. B 1eIoM JTaHHbIH
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AJITOPUTMUYECKHI ITOXO0/I, HOCUT HAa3BAHUE 0NpedeaeHus Yyciosut 6u00pa
MHO2HCECTNBa paspuisa yukaa (cutset conditioning).

4.3. CBa3HbIle KOMIIOHEHTHI

Beijenenne cBsisubix KomioneHToB rpada (Dechter € Pearl [140];
Freuder [168]) moxer 6bITh 10JIe3HO 1pu perernu 3a71ad YO. Touka
codjieHeHus T; B rpade orpaHnvueHnit — 9Ta Takasi BEPIINHA, YTO BCE IIy-
T ME2K/1Yy OCTaJIbHBIMU BEPIIMUHaAMMN JOJIZKHBI ITPOXO/IUTH Y€pPEe3 Hee. Pa3—
JIeJUMBIT Tpad COMEPKUT TOUKY COUJEHEHUs, a CBA3HBLIN rpad — HeT.
Casa3Hblii KOMIIOHEHT — 310 nojarpad 6e3 Touek cousnenenust. Fven [159]
IPEJIOKIIL AJITOPUTM CO CJIOKHOCTBIO O(€e) JIst HAXOXK/ICHUST BCEX CBSI3-
HBIX KOMIIOHEHTOB M TOYEK COUJICHEHUs! (3/1eCh € — YHCJIO OPAHUYEHHUIA).
[Tocste HAXOXK/IEHUST BCEX CBSI3HBIX KOMIIOHEHTOB, HEOOXO/MMO HaiiTu Bce
BO3MOKHBIE DEIIeHUs [l KaykJIoro u3 Hux. Perenne Beeii 3agaun YO
MOZKET OBITH IIOJIyYeHO € TIOMOIIBIO CKJICHBAHUS PEIICHU J1JIsi KOMIIOHEH-
TOB (C y9€TOM COBMECTHOCTH 3HAUEHUs! JIJIi TOUKH COYJICHEHHsT CMEXKHbBIX
komronenToB). Dechter € Pearl |140| mpeioxKuim ajaropuTM co CJIOXK-
HocTbio O(n - d"), UCHOAB3YIONMIT ONUCAHHBIN [OJAXOM, TJe N — 9HUCIO0
[lepeMEeHHbIX, d — pa3Mep MaKCUMAJIbHOIO JIOMEHA [IEPEMEHHBIX, & ' —
pasMep HauGOJIBIIEr0 KOMIOHEHTA.

4.4. JIpeBoBuaHasA KJAacTepU3alusd

HpesoBuynas kiacrepusarusi (tree-clustering) (Dechter € Pearl
[141]) nmpeobpasyer npon3BoIbHYO N-apHyto 331a4y YO B alUKINUeCKYO
dopMy B IIpeJCTABICHUN B BUJIE IBOHCTBEHHOTO rpada myTeM dpopMupo-
BaHUs KJACTEPOB M3 IEPEMEHHBIX, IpuYueM I'pad B3aMMOCBsI3eil nmeeT
CTPYKTYDY JiepeBa. n-apHas 3ajada YO Ha3blBaeTCs AlMKJINIECKOi (CM.
(Miguel & Shen [283])), eciiu ee nepsuanblii rpad orpamnndenuii obiagaer
CJIEAYIOIIUMU CBOMCTBaMU:

® TopdaabHOCMb: KaXKJIBI IUKJI, COJIEPXKAIINII He MeHee 4 BEpINUH,
coziepKuT Xopiay (pebpo, coemuHsioniee 2 HEMOC/EI0BATEIbHbBIE
BEPIIHMHBI TIUKJIA).

® KOHPOPMHOCTIL: KAXKJIAasd U3 MAKCUMAJbHBIX KJIUK I'pada CoOTBET-
CTBYET OJIHOMY OrpaHumveHuio B 3aja4e YO.
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Jnst mocTyKeHnsT YKA3aHHBIX CBONCTB MOYKET OBITH HCIOIB30BAH G-
eopumm mpuaneyarsyuu (Tarjan € Yannakakis [361]), ucnonbsys jsa
mara: a) Haiitu ynopsijiouenne ¢ MakcuMaJibHOf cTeneHbio (maximum
cardinality) u 6) peKypcuBHO J106aBUTH pebpa MexK Ly BepPIINHAMU, COe/IH-
HSATOIIMMU BEPIIUHDI, ¢ OOJIBIUM MOPSIKOM COTJIACHO YKA3aHHOMY yIIO-
psiiovuennto. Ha pucynkax 12 a u b (u3 (Dechter € Pearl [141])) nokaszan
epBUYHBIN rpad orpanwdennii 3ajadu YO COOTBETCTBEHHO JI0 M TOCJIE
nporecca TPUaHTYJIAINNA. Ma.KCI/IMa.HbeIMI/I KJINKaMH 9TOI'O Fpacba ABJIA-
IOTCsT KJIACTEPBI, KOTOPbIE COCTABJISIIOT OIDaHUYEHUs] MPeodPa30BaHHOI
sajgaan YO (cm. puc. 13 a).

s Is

T3 T4 T3 Tq

o x2 T T2

Puc. 12. Tloctpoenne XopHaajbHOTO MEPBUYHOTO rpada.

st mocTpoeHusT epeBa M3 3TOrO MPECTABJIEHUs] HOCTATOTHO YIa-
JINTH JianiHue pebpa u3 rpada, To ecTb Te pebpa, yJajieHne KOTOPBIX
HEe OKA3bIBAET BJIMSTHUS Ha MHOXKECTBO perenuii. B npoiictBennom rpade
Jyra n30BITOYHA, €CJIU MHOXKECTBO IIEPEMEHHBIX, KOTOPLIM OHA IIOMEeYeHa,
SABJISIETCS OOIIUM JIJIsT BCEX JyT HA OTJACJTBHOM IIYTU MEXKJYy KOHEIHBIMU
BEPITUHAMU JTyTHU.

c{xz,rq,25)

b)

Puc. 13. Tlocrpoenne jiepeBa u3 jBoficTBeHHOrO rpada.
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Ha puc. 13 b) nokazan ogun criocob OCTPOEHUsT JepeBa JIIs 3a1a9u
YO. CaoxuocTs vroii poreaypst O(n-r-d"), rie r — pazmep HanbosbIeii
MaKCUMAaJIbHOM KJIUKU.

4.5. DaUMUHAIAA TePEMEHHbIX
4.5.1. CerMeHTHas 3JIMMNHAIAA

Ceemenmmnasn srumunayus (Bucket elimination) [137], [142] — 1o cy-
TH SIBJISIETCSI AHAJIOTOM HECEPUAJIBHOIO JMHAMHUYIECKOIO IIPOrPAMMHIPOBa-
uust [64], [21], [22], auis permenus 3aga1 YO. DTOT ajiroput™ MoXKer Haii-
TH BCE BO3MOXKHBIEC DEIICHHUs 3aJadi. AJICODUTM CEIMEHTHOI S/IMMHUHA-
UM MMeEeT SKCIOHEHI[MATIbHBIC OINEHKH BPEMEHHGH M eMKOCTHON CJIOXK-
HOCTH 110 MH/IyIUPOBAHHON ImupuiHe rpada orpanndenuit. Bosbimas ap-
HOCTBH IIPOMEXKYTOUHBIX OPAHMYECHHIl, KOTOpble XPAHSATCS B [AMSTH B
BH/Ie TaOJINII, ABJISIETCS TTIABHBIM IIPEIATCTBHEM ISl IPUMEHEHUs MeTO-
Jla CErMEHTHOf! SJIMMUHANNK Ha IpakTuke. IIpu mocrarodno neGosbioi
apHOCTH OrPAHMYEHHN AJTOPUTM CErMEHTHOH SJIMMHUHAIMN JIOCTATOYHO

sddexTusen [257).

4.5.2. Metona 3eiinesis — mpoleaypa MHBA3UU

Eme oMM M3BECTHBIM JIEKOMIIO3UIIMOHHBIM AJIIOPUTMOM SIBJISIETCSI
anzopumm uneasuu 3eiinens (Seidel, 1981) [337], koropslii HaXOUT BCe
pertennst bunaproii 3ajaau YO. Meroy pasbuBaer manuyto 3ayady YO
Ha MHOXKecTBO nojzajad YO, cBsi3aHHBIX JHMHEHHBIM rpadom (myrem —
YaCTHBIM CJIy9YaeM JlepeBa).

ponemypa nnpazun'® (Seidel, 1981) [337] npemmasnadena s Ha-
XOXKJIEHUsT BCeX pernennit 3a1aqn YO U ocHOBaHA Ha MOCTIEI0BATETHHO-
ctu nogarpados Gy, ..., Gy, Ha3bIBaeMoOl unea3uel rpada orpaHudeHui
G ¢ n Bepmmnamu. Yucso Bepiua B nojrpade G; J0KHO OBITH 4, IPU-
geM (G noinker ObiTh noprpadom Giypi. @powm F; — 3T0 MHOXKECTBO
BepruH nojrpada G;, CMEKHBIX ¢ BEPITHHAMHA, He TpuHaexkammux G,
a jumHa dpouTta f; — 9T0 umciao BeprwH B F;. JlnwHa dponTa nHBa-
33U — 3TO MAKCUMyM JIJIMH ee OTJeJIbHBIX (PPOHTOB. PaccMorpum mpu-
Mep Ha puc. 6 a). VIHBa3ust MozKeT ObITH IOCTPOEHA CJIEJLYIOIIIM 00PA30M:

13I/IHBaBI/HFI — HaIlleCTBHe.
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G1 = {z1}, G = {z1,22}, G3 = {21,72,23}, G4 = {w1, 22,23, 24}.
Haiijiem pontsl, coorsercrytonme noarpadam: Fy = {z1}, Fh =
{z2}, F3 ={x2}, Fy ={ }. Bamernum, uro F,, Bcerja mycroe MHOKECTBO,
Tak Kak (7, COBIAJAET C UCXOIHBIM I'pacoM orpanudennii. st naHHOMK
WHBa3WHU AJITOPUTM 3eiijiesisi CTPOUT 2pag peweHud S, IpeICcTaBIsTioNui
MHOKECTBO PEIeHnH Ucxoauol 3amaqaun YO.

i 3 By 5 E
4 3 3 Sy
4 3 2 4
s 1
0 4
5\ 5 4\/\4
2

Puc. 14. I'pad pemtenuii majst ajgropurma 3eitieis.

Bepmuabl rpada S crpynnupoBaHbl B BUE MHOXKECTB Sy, . . . , Sy, Ta-
kux, 9ro S; (i # 0, i # n) sBJISIETCS MHOXKECTBOM KOPTEXKeil IPUCBOEH-
HBIX 3HadeHuil s dponta F;. S, u Sy comepkar 110 OJHON BEpIIUHE, Sy,
U S0, COOTBETCTBEHHO (9TO — Ha4aJso U KoHel| perenust ). HampasienHoe
pebpo u3 KopTexka u3 S; K KOPTeXKy u3 S;_1 MOMEYAeTCsl PUCBOEHUEM
3HAYEHUsI [lepeMeHHoi x; (rue x; — 1epemenHas B G;, KOTOpasi He [PH-
Ha IeKUT (G;_1). DTO MPUCBOEHHUE JIOJIZKHO YIOBJIETBOPSITH BCEM OIDAHU-
YEHUSIM, COJEPKAIUM I; U BCE TlepeMeHHble u3 (pponTa F;_1 Jijist JaHHBIX
[IPUCBOEHMIA, MPEJICTABJIEHHBIX KOHKPETHOMY KOpTexy u3 S;_1. [lyTh u3
Sp B Sg ¢ (DUKCUPOBAHUEM I; Ha 3HAYEHUSIX, COOTBETCTBYIONIUX KAZKIOMY
IpoiiIeHHOMY pebpy, COOTBETCTBYET OZHOMY pelnenuio. ['pad permenuii
zajiaun ¢ puc. 6 a) mokasan Ha puc. 14. IIpu nmocrpoenun S; Kaxkiplii
KOPTEXK IIPEbIIYIIEro MHOXKECTBa KOpTexXKell S;_ 1 paccMaTpUBaeTcs II0
ouepelu JJis BCeX BO3MOXKHBIX IIpUcBoeHuii ;. Koprex mobasisercs K S;
JIJIST KaXKIOr0 MIPUCBOEHMS [IEPEMEHHON X, KOTOPOE VIOBJIETBOPSIET BCEM
OrpaHUYeHNsIM C KOHKPETHLIM IIPUCBOEHHEM Koprexka B S;_1. Jlobapiis-
ercst pebpo, COeNUHSIONIee KaXKAblii BHOBb IOCTPOEHHBIN KOpTEXK u3 S;
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¢ KopTexkeM u3 S;_1, U IOMETUM €r0 BeJIMIMHON x;. BpemeHHAs CJ10K-
HocTh 3Toro anropurma — O(e-d/*1), tae e — umcno orpanmaenuii, d —
MaKCHMaJIbHBIN pa3mep jJoMeHa, a f — jymHa ppoHTa MHBasuM. Kax u
JUTsT IPYTUX JIEKOMIIO3UITMOHHBIX METO/0B, 3(D(PEKTUBHOCThL ajJrOPUTMA
WHBA3UN 3aBUCUT OT MAKCHMAJBLHOTO pa3mepa moazagad YO.

Takum o6pazom, 3PpPEKTUBHOCTL ITOTO AJTOPUTMA, 3aBUCUT OT Ha-
XOXKJIEHUST XOPOINeil WHBA3WMU, TO €CTh WHBA3UU € HEOOJIBINON IMHON
dponTa. K coxasieHno, BO3MOKHOCTH CYIIECTBOBAHUS XOPOIITINX UHBA3UN
JUtst JTI0OBIX Tpad 0B He rapaHTUPyeTCs — IOJIHbBI rpad ¢ n BepiinHaAMEI
UMEET WHBa3WK TOJILKO ¢ JyinHON dbponTa n — 1. JIns HeKoTopbIX 3a/1ad,
TaKUX KakK 3a/iada o0 n Qep3sdx, MAaKCUMaJbHBIN pasMep mogzagad YO
Oyaer paBeH n.

4.6. /IpeBoBuaHass JEKOMMIO3UIASA

[TousiTre mMUpUHBI JepeBa ObLIO BBEJIeHO B Teopun rpados Pobeprcon
u Ceiimyp (Robertson & Seymour, 1986) [320|. Dechter & Pearl, 1987,
1989) [140], [141], ocuoBbiBasicb Ha pabore Dpeiinepa (Freuder, 1985)
[169], mpumensuin To ke HoHsATHE (HA3BAHHOE UMHI UNIYUUPOSAHHOT Wit~
punoti) K 3agadam YO u paspaboraju MOJX0Jl, UCIOJb3YONHii dpeso-
sudnyro dexomnosuyuto (tree decomposition) rpada orpanndeHuii u co-
3JIAHUU MHOYKECTBA, CBA3AHHBIX MO/A3aMad. Kakiast moazajiada peraercs
HE3ABUCUMO, a 3aT€M UTOrOBBLIC peleHns KoMonuupyoresd. Kak u 601b-
MIAHCTBO AJITOPUTMOB, JEHCTBYIONIUX 10 IPUHITUAILY «Pa3JleIsii U BIacT-
BYil», 3TOT aJiIrOpUTM paboOTAET YCIIENTHO, €CIU MO3aa91 HE CJAUIIKOM Be-
Jkn. Jl1obas IpeBOBUIHASA JEKOMIIO3UINS JTOJIZKHA YIOBJIETBOPITEH TPEM
IPpUBEJICHHBIM HU2KE Tpe6OBaHI/IHM.

o Kaxkmass mepeMeHHas U3 MEPBOHAYAIBHON 3aa9M MOABJIAETCS 110
MeHBITIeil Mepe B OJTHOI W3 moi3a ad.

e Eciau nBe mepeMeHHBIE TTEPBOHAYAJIBHON 3aa4M CBsI3aHBI OT'PAHU-
YEHUEM, TO JIOJIZKHBI ITIOABUTHCA BMECTE (Hapsmy C 9TUM OTrpaHuye-
HI/IeM) O MEHDBIIE Mepe B OJIHON M3 MOJA3a/1a4.

e Ecim kakas-TO nmepeMeHHas IOSBJISETCS B JBYX 10J[3aJladax B Jie-
peBe, TO JIOJKHA TOSBJISTHCA B KaXKJION Tof3ajiade BOJL ITYTH,
COEIUHSIONIETO 3TH 1033 a4,
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[lepBoie nBa yCa0BHS rapaHTUPYIOT, 9TO B JEKOMIIO3UIUU OYIyT IPE/I-
CTaBJIEHBI BCE MEPEMEHHBIE U OT'PaHUYeHus. 1 peThbe yCaoBUe Ha MEPBBIi
B3IJIsIT KAYKETCS JOBOJILHO (DOPMAJILHBIM, XOTsI OHO IIPOCTO OTPAXKAET TO
orpaHuveHue, ITo Jo0as KOHKPeTHAs IepeMeHHAs JTOJ2KHA UMETh OJHO
U TO K€ 3HadeHHe B KaXKJIOW Mo/3ajiatde, B KOTOPOil TOSBISIETCS; COOJIIO-
JIGHWE TOr0 OTPAHUYEHUS TaPAHTUPYIOT CBA3M MEXKJy IO/I33adaMU B
JlepeBe.

Kaxxast mojzaiatia penaercsi HE3aBUCUMO; €CJIN KaKasi-Tn00 M3 HUX
HE UMeEeT PEIIeHUs, TO U3BECTHO, YTO BCs 3aj[ada TAKXKe He UMEET perile-
Husi. Ecim ynaercst permmTh Bee [oJ[3a/1adu, TO MOXKET OBbITh IIPE/IITPUHSITA
MOTIBITKA COCTABUTD TVIODAJILHOE pellieHue cJieryonum oopasom. [Ipex e
BCEro, KaxKjas M0J33/lada PACCMATPUBACTCH KaK <«CyIep-TiepeMeHHAas»,
00JIaCTBIO OIPEJIEJIEHUST KOTOPO SIBJISIETCS MHOXKECTBO BCEX DENIEHUi
9TOH 1o/3a/1a9n. 3aTeM peIaeTcs 3ajada ¢ OIPAHUICHUSIMU, CBSI3bIBAIO-
IUMU TOJ3AJIAYHT; JIJIsT STOTO UCIOJIb3yeTcs 3(hDEKTUBHBIN AJITOPUTM 17151
JIEPEBBEB, IPUBEJCHHDII Bbie. OTrpaHuueHus, CBSI3bIBAIOIINE 1013391,
YKa3bIBAIOT HA TO, YTO PENIECHUs [0/[331a4 JOJ?KHBI ObITH COTJIACOBAHHBI-
MM I10 UX OOIIUM IepeMeHHbIM. JI1000i1 KOHKpeTHBIN rpad orpanuvenmii
JIOIyCKaeT OOJIbITOe KOJIMIECTBO JIPEBOBUJIHBIX JTEKOMIIO3UIINI; IPU BbI-
6ope JIEKOMITO3UITNN HYKHO CTPEMUThCA K TOMY, YTOOBI 1101381291 OBLIN
KakK MOYKHO MeHbIie. [[Tupura depesa MPeBOBUIHON JEKOMIIO3UIUHN Tpada
Ha €JIMHUITY MEHbIIEe pa3Mepa HaumbOJIbIIeH MoA3aaun; MUPUHA JIePeBa
camMoro rpada ornpee/isgeTcd KaK MUHUMAJIbHAS MIUPUHA JTepeBa CPean
BCEX €ro JPEBOBUIHBIX HekoMmiiozuiuii. Kcan rpad umeer mupuny jepe-
Ba W U JIaHA COOTBETCTBYIOIIAs JIPEBOBUIHAS JTEKOMIIO3UIINS, TO COOTBET-
CTByIOMAsA 33/la9a MOYKeT GBITH perrena 3a spems O(nd®*1). 9o osna-
qaeT, 4To 3adavy YO ¢ epagamu oepanuneruli, TaparmepudyoUUMUCS
KOHewHot wWupunol depesa, Mo2ym 6vimb peuervs 3G NOAUHOMUAALHOE
epems. K coxkaneHunio, 3ajiada IMOUCKA JICKOMIIO3UIUN C MUHUMAJIHLHON
IMUPUHON JiepeBa siBiisiercst NP-TpyHOi, HO CyIIECTBYIOT 9BPUCTUIECKUE
METO/IbI, KOTOPBIE XOPOIIIO PabOTAIOT HA ITPAKTHKE.

4.7. [dpyrue MeToabl N€KOMOO3UIAN

Ommnpasics Ha paborsr (Robertson € Seymour, 1986) [320], (Dechter &
Pearl, 1987, 1989) [140], [141|, n na pe3ysabraTsl U3 00J1aCTH TeOpHU 0a3
nmanneix, Lormiob u 1p. ( Gottlob et al., 1999) [195], [196] paspaborasmn mo-
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HSITHE WUPUHbL 2unepdepesa, KOTOPOEe OCHOBAHO Ha METOJIE XapaKTepu3a-
nnn 3aa9u YO ¢ nomornpio runeprpada. OHU He TOJIBKO OKA3aIU, YTO
Jio0y10 3autady YO ¢ muprHOH rumnepiepeBa w MOXKHO PEIIUTDb 38 BPeMs
O(n**llogn), Ho n oboCHOBAMM yTBEPIKIeHNe, ITO KPUTEPHil MHPIHbI
rUIepepeBa MPEBOCXOAUT BCE PAHEE IPEJIOKEHHBIE KPUTEPUN <IITUPH-
HbI» B TOM CMBbBICJIE, 9YTO B HEKOTOPLIX CJiy4dadX IMUPpUHa TUIIEPJIEepEBa
SABJISIETCS] KOHEYHOM, TOrJ[a KaK IIUpUHA, OolpejesisieMast JIPyruMUA KpuTe-
pusiMu, — HeorpauudeHtoil. B (Pearson & Jeavons, 1997) [301] upusenen
0030p JIErKO pa3pelrMbIX KjaccoB 3ajad YO U omucaHbl KaK MEeTOIbI
CTPYKTYPHOH JIEKOMIIO3UITNN, TaK W METO/Ibl, OCHOBaHHbIE Ha CBOICTBaxX
obJjiacTeit onpeseeHNs UIN CBONCTBAX CAMUX ONPAHUICHUI.

B pa6ore [115] npejgioxken obimuii Kiaacc METOJOB CTPYKTYDHOMH Jie-
KoMIo3umuu Jiisd 3aia4d YO, Ha3BaHHBLIA ocmoposicholl dexomnoduruet:
(guarded decomposition). ITokazano, 4To MHOIHE CyIIECTBYIOIIHAE METO-
JAbl TEKOMIIO3UIIUU MOTYT XapaKTEPU30BaTbCA B TEPMHUHAX HAXOXKJICHUA
OCTOPOXKHOH JIEKOMITO3UINH, yIOBJIETBOPSIOINIEl HEKOTOPBHIM CIIeInajlb-
HBIM JJOIIOJIHUTE/IbHBIM YCJIOBUAM.

5. IIporpamMmMmupoBaHue B OorpaHNYEeHUSAX

5.1. OcHoBHBIE IOAXOABbI M COCTOSIHUE eI

IIpozpammuposarue 6 ozpanuuenusr (constraint programming) —
IpOrpaMMHasi TEXHOJIOTUs JJIst JIEKJIAPATUBHOIO ONUCAHNsT 1 3bDheKTHB-
HOIO pellieHnst 6OIbINX KOMOMHATOPHBIX 3a/ad B OOJIACTSX [JIAHUPOBa-
HUST U KAJIEHJAPHOTO IIJIAHUPOBAHMS.

Lenn nporpamvupoBanusi B orpanudenusix (cm. (Colmerauer, 1990)
[120], (Jaffar & Lassez, 1987) [220], (Van Hentenryck, 1989) [368]) cocro-
UT B pa3paboTKe s3bIKOB POIPAMMUPOBAHUS JIJIsl 33 [aHUsT ONPAHUYeHNI
u nporeayp noucka 3anad YO. Ilponenypa noncka B YO HesIBHO OIUCHI-
BaeT 00XOJ| JiepeBa MOUCKA, HEe ONKCHIBAas MPU 9TOM, KaK OOXOIUTH TO
JIEPEBO, 9TO yKe — 3ajada crpareruil moucka. OOGBIYHO JIepeBO MOUCKA
OOXOZUTCSL € MOMOIIBIO TIOUCKa B IiyOuny. Tem He MeHee, UMEIOTCS U
napyrue crparerun noucka (cum. (Harvey & Ginsberg, 1995) [206], (Korf,
1996) [249|, (Meseguer, 1997) [279|, ( Walsh, 1997) [381]), npeacrasisio-
e 6oJibInoii nuTepec. B gacTHOCTH, OBIIO MOKA3AHO, YTO MOKCK C OIPa-
HUYeHHON HecoBMecTHOCTBIO (limited discrepancy search (LDS)) u ero
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Bapualuyu JOCTUTAIOT Ha HEKOTOPLIX NPUKJIAIHBIX 3aJadaX CyIeCTBeH-
HO JIyYIIHUX Pe3yJIbTaTOB [0 CPABHEHUIO ¢ IIOMCKOM B rybuny. Biaro-
Jlapsi YCIIENTHOMY PEIEHUI0 MHOIMX NPUKIAIHBIX 3aja4 (eMm. (Harvey €
Ginsberg, 1995) [206], (Laburthe €& Caseau, 1998) [256], (Perron, 1999)
[304]), crparernu mnomcka crajm HEOTHEMJIEMON YaCTBIO SI3BIKOB IPO-
rpammupoBanusi B orpanndenusx (cum. (Laburthe & Caseau, 1998) [256],
(Perron, 1999) [304], (Schulte, 1997) [336], ( Van Hentenryck et al., 2000)
[375]). B wacrHOCTH, IporpammHas cuctema Oz BlepBble BBeJa CIIEI-
dukanuo odIUX CTpATEruil IOUCKa, KOTOPhIE MOT'YT OBITH 33/IaHbI HE3a-
BHUCHMO OT IIpotie/typbl noucka (Schulte, 1997) [335]. B pesysbrare, crpa-
TErust MOUCKA MOYKET OBbITh NMPUMEHEHa K MHOIMM IPOILELyPaM IMOUCKA
U IpOIE/ypa MOMCKA MOXKET OBbITh OCHAINEHA HECKOJbKUMU CTPATErH-
avu mioncka. [lomckossrii sa3pik SALSAY (Laburthe €& Caseau, 1998)
[256] TakzKe comepKUT psiji 3aIaHHBIX OOIIUX cTpaTeruii noucka. B pabo-
te (Perron, 1999) [304] mokasaHo, 9TO MHOrO CTpATEruil IIONCKA MOXKET
OBITH 3a/IaHO C MOMOIIBIO BCETO ABYX (DYHKIUiT: (DyHKIUKM ONEHKH, KOTO-
past CTAaBUT OIEHKY B COOTBETCTBHE KaykJOil BEepIIMHE JepeBa MOUCKa U
dbynkmmn nogBemmMBanus, KOTopas HEABHO 3a/1a€T, KaKas BEPIIUHa Oy1eT
cJaeayIoneit.

OcHOBHBIE UjIeN, JIEJKAIME B OCHOBE MPOTPAMMUPOBAHUS B OIDAHU-
YeHMsIX, UpoCThl [97]: JeKIapaTuBHOE NpeJICTaBIeHNe OIPDAHMYEHUH 3a-
JIavn, COBMEIIEHHOE ¢ OOIIMMHU METOJAME PEIIeHHs TUIA XPOHOJIOTHIE-
CKOI'0 TIOMCKa € BO3BPATAMU HJIU JIOKAJBHOIO MOMCKa. IIporpaMMuposa-
HIE B OIPAHUIEHUSIX UMEET MHOYKECTBO CHJIBHBIX CTOPOH: MOIIHBIE A3BIKH
MOJIE/IMPOBAHMSI, TTO3BOJIAIONINE TIPEJICTABUTD CJIOKHbBIE U JMHAMUYECKHIE
PUKJIQIHBIE 38/1a491; ObICTPBIE METOJIbI BBIBOJIA ODIIEro Ha3HAYEHUS TUTIA
BBIHYYKJICHUSA JyTOBOIT COBMECTHOCTH, JIJIsSI yCEUEHUST YACTH IIPOCTPAHCTBA
MOMCKa; OBICTPBIE METOJBI BBIBOJIA CIENUAJBLHOIO HA3HAYEHUS, CBA3aH-
HBIE ¢ VIODAIBHBIMU OIPAHUYEHUSIMI; THOPHIHBIE METOJIbI, COYETAIONINE
IPEUMYIIECTBA METOJ0B MPOrPAMMHUPOBAHUSA B OIPAHUYIECHUAX M IIOJXO-
JIOB MCCJI€IOBAHUSI OTI€PAIHiA; METO/IbI JIOKAJIBHOTO MOUCKA, TIO3BOJIAIONINE
OBICTPO HAXOIUTH PENeHus], OJIM3KNE K ONTHMAJIBHBIM; OOJIBLIION auamna-
30H PaCIIUPEHMi THUIIa MATKUX OIPAHUYEHHI ¥ paCIpeIeJIEHHOrO pere-
HUsl OIPAHUYEHHI, ¢ MOMOIIBIO KOTOPHIX BO3MOXKHO 6ojiee aJleKBaTHOE
MOJIE/IMPOBAHKE MTPAKTHIECKUX 3a/a4.

MSALSA: A Language for Search Algorithms.
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5.2. Jlormueckoe nmporpaMMUpPOBaHNE B OTPAHUYECHUSTAX

Ba nocieaane 10-15 et nporpaMmMupoBaHue B OrpaHndeHusx [266|
IPOIILJIO Iy Th OT HAYYHON UJIEH JI0 MOIIHON MapajurmMbl IIPOrPAMMUPOBa-
HIsI, KOTOpast BCe BOJIBbINE UCIOIb3YETCs JIJIsk MOJIEJIMPOBAHUST M PEIIEHUSsT
MHOTUX TPY/JHBIX MPAKTHYECKH BAXKHBIX 3ajad. [loj mporpaMMupoBa-
HHMeM B OorpaHnveHusix (constraint programming) HOHHMAETCsI POrpaM-
MEpoBaHUe ajaroputrMoB perienns 3agad YO [81]. IIporpammuposatue B
OIPAHUYEHUSIX CIMTACTCS B HACTOSIIIEE BPEMS OJJHUM U3 CTPATETHIECKUX
HarnpasJiennii nadopmaruku [372].

Jlormuaeckoe nporpammvuposanue B orparndenusx (JII10) (Constraint
Logic Programming (CLP)) [97| 6bu1o npeioxkeno B paborax Jaffar €
Lassez [220], Marriott & Stuckey [266], |37] kax pacumpenue Jormde-
CKOI'O TpOrpaMMupoBanust. Jlormaeckoe mporpaMMUpOBaHie — 3TO Hapa-
JIrMa IPOrpaMMUPOBaHMsi, OCHOBaHHasi Ha Jioruke [116]. Ero koncrpyk-
Thl — OyJIeBbl UMILUIHKAIUMKA (TO €CTh ¢ = P WIH P : —¢), KOMIIO3UIIHIA,
UCIIOJIb3YIOIUX OyJIeBbI OlepaIii KOHBIOHKIUA U JIN3LIOHKIUU. Jloru-
YecKoe MPOrpaMMUPOBAHNE MOXKET PACCMATPUBATBCS KaK IMPOIE Ly PHbII
SI3BIK, B KOTOPOM IIPOIELyPbl — 3TO OyJIeBbl (DYHKIMU, PE3YILTAT PAbOTHI
POrPAMMBbI BCETIA UCTNUHA WA A0HCD.

[TporpaMMupoOBaHue B OIPAHUYEHUSIX SIBJISIETCS JIEKJIAPATUBHOMN Ia-
paJIMrMoii, MO3BOJIAIONIEH BBIPA3UTH MHOIME NMPHUKJIAJHBIE 33Ja4d C 110~
MOIIBIO OMPAHUYEHUH, TO €CTh OTHOIIEHUIT MeXKIy MePEeMEHHBIMU 331~
qu. [Togo6HBIN Iy Th 3a/IaHUs 38189 MOYKET IPOU3BOJUTHCS JIJIST MHOTUX
TPAUIIUOHHBIX CPEJ TPOrPAMMUPOBAHUS, HO JIy4Ille BCErO IOJIXOJAT T
CPeJIbl, KOTOPBIE UCIOJIBL3YIOT JIEKJAPATUBHYIO MAPAIUIMY POrPAMMU-
poBaHUs, HOJOOHbIE MApaJUrMe JIOTHIeCKOro nporpaMMmupoBanus [261],
KOTOpasi TAK»Ke OCHOBAHA HA MCIIOJIb30BAHUU OTHOIIEHHUIA.

[Tporpammuposanne B orpannuenusix (Marriott € Stuckey, 1998)
[266] cocrouT m3 JABYX HEOOXOIMMBIX KOMIIOHEHTOB: DEIIaTelisi OlPaHV-
YeHUil U MalIuHBI TTIOUCKA.

Xorst panee u ObLIM paszpaboTaHbl HEKOTOPbIE A3BIKU JJIsA MOJIEP-
yKanusi orpanndennii crenumansioro suga (ThingLab [78|, Bertrand
[259], u ALICE [258]), HO He 6bLI0 HUKAKOil OOIIE JIMHIBHCTHIECKOIT
HOJJIEPKKK JIsd perenns 3a1a9 YO U pacnpocTpaneHusi OrpaHudeHuii
J0 paspaborku cxembl JIITO. Dra cxema MOXKeT paccMaTpPUBATHCA Kak
000JI0YKa, JIOTUIECKOTO TIPOrPAMMUPOBAHESA, TIOJJIEPKUBAEMasi CUCTEMOI
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OTrpaHUYEHHUIA, C TIOMOIIBIO KOTOPOW MOXKET 3allUChIBATH U PEIIATh JII0ObIE
orparudenusi. [lo sroit npuunue cxema JIIIO moxker 0603HAYATHCS KaK
JITIO(X), rie X onpejesisieT KJIacc OrpaHUIeHNil, ¢ KOTOPBIME MbI XOTHM
paboTarh.

[TonstTHO, WTO ONUCAHUE 3aJIa9K B BUJIE CHCTEMbI OTDAHUYICHUIT SIBJISI-
€TCsI JICKJIADATUBHBIM, IIPUYIEM OIUCBIBACTCS, «9ITO» JIOJIZKHO BBITOJTHATh-
cs1, HO HE YKa3bIBAETCs, «KaK» 9TO ¢JesaTh. PazpaboraHo MHOIO METOJIOB
pellleH s, TIO3BOJISIONUX (TOYHO U/ MPUOJIMKEHHO) HAXOIUTH OJIHO WJTH
HECKOJIBKO perrennii 3agaan YO. Haubojiee M3BECTHBIM SIBJISIETCS OIU-
CAHHBIN BBINIE MMOUCK C BO3BpaTaMu, KOTOPBI MOXKET B OOIeM ciiydae
0boiiTn Bce epeBO BO3MOXKHBLIX 3HAYCHUN IS HAXOXKICHUS PEIIeHMUsI,
I yCTAHOBJIEHUS (DAKTA OTCYTCTBUS PEIICHMU.

Tor dakT, 9TO CHCTEMBI YJIOBICTBOPEHUS OIPAHUICHUN U JIOTUIECKOE
nporpamMmMmupoBanue [261] — jgekapaTuBHbIe MapaUrMbl, HCIOJIb3YOIINE
OTHOIIIEHUSI ¥ IMOUCK C BO3BpATaAMU, CJe/IaJ UX WHTErPAIUIO JIETKOH U
ecrecTBeHHOI. Upe3BblYaiiHo BasKHBIM sBUJICH (pakT obbeaunenus: JITTO
¢ 00J1aCTBIO UCKYCCTBEHHOTO MHTEJIJIEKTA, HA3BIBAEMOI'O YJOBAEMBOPEHUE
oeparuyenut. JIIIO — pacmmpenne JIOrMIeCKOro MPOrpaMMUPOBaHUS, B
KOTOPOM yHUMUKAIUS MOXKET OBbITh 3aMeHEeHa WJIN JOMOJIHEHA, JIPYTUMI
BUJIAME OIDAaHUYEHHi, Olpe/IeJIeHHbIX Ha JOMeHax (06JacTsX orpe/iese-
HUs1) UCIIOJIb3yeMbIX TiepemeHHbIx. JIT1O u yjoBieTBopene orpannveHuii
UMEIOT ODIue e/, a TaKXKe HCIOJIL3YIOT KOMIIAKTHOE JIeKJIapaTHBHOE
dopmyupoBaHne KOMOMHATOPHBIX 33184 U 3(PDHEKTUBHBIE CTPATETUH T10-
HCKA.

Tak, pacupocTpanenre OrpaHUICHUN UCIIOJIb3YETC s KaK I PEITeHIST
OrpaHUYeHMI ¢ KOHETHBIMM JOMEHaMHU, TaK U B IIPOIPAMMUPOBAHUHU B
OrpaHUYEHUSX.

OO61enpuHATHIA I0X0/I K perteHuio 3aad YO coderaer J1epeBo 1ouc-
Ka C BO3BpaTaMU C PaCIpPOCTpaHEHNEeM OIPDAHUYEHU. DTO peam30BaHO B
CHUCTEMaX IIPOrPAMMUPOBAHNS B OTPAHUYCHUAX C KOHEUHBIMU JOMEHAMM,
rakux kak SICStus Prolog [99], ILOG Solver [216], u Gecode [183],
YCIEITHO MUCIIOJIb30BAHHDIX JIJIsi PEIICHUST MHOTUX MPAKTUIECKUX 3a1ad.

Korzma 3YO Berpoena B Jiorundeckoe IporpaMMUPOBAHUE, TO OI'DAHU-
YeHUE MOYKET OBITh OIPEJIEJIEHO B IPOrpAMMe KaK MHOXKECTBO (aKTOB
WA JTaKe MHOYKECTBO IPaBIUII.

Ocnosnast unest JIIIO cocrouT B pacnmpeHnn JOrH9IecKoro mporpam-
MUPOBaHUS TAK, 9TO [MOJICTAHOBKU 3aMEHSIIOTCS OTPDAHUYCHUSAME, YHUDU-
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KaIus 3aMeHsieTcst pernenneM 3a1a4qu YO, a Bce ceMaHTUIecKne CBOMCTRA
JIOTUYECKOrO IIPOrPpaMMUPOBaHusi (B OCHOBHOM, CyIIECTBOBAaHUE JIEKJIa-
PaTUBHDLIX, JEHOTAIIMOHAJIbHBIX W IIPOHEAYPaJIbHBIX CEMaHTUK U 9KBUBa-
JICHTHOCTD 9THUX TPEX O6’beKTOB) BCe€ eIlle BBLITTOJTHAIOTCA.

Jaffar €& Lassez (1987) [220] mokaszasmn, 9r0 T€OpeTHYECKHE OCHOBBI
A3BIKOB JIOTUYIECKOI'O IIPOTPaMMUPOBaHUA OCTAIOTCHA CIIpaBEIJIMBBIMUI JIJIs
si3b1K0B JIITO. Hekoropeie si3piku JIIIO 10 cux mop MCHOMB3YIOTCST CIie-

nuajmmeTamMu 1o Jiormaeckomy nporpammupoannio: PROLOG 1T u 1V,
CLP(R)'?, CHIP! CLP(BNR)!".

5.3. IIporpamMupoBaHue B OTpPaAaHUYEHUSIX C KOHEYTHBIMU
JoMeHaMU

Muorue sizpiku JIIIO 6buM co3sanbl st paboThl ¢ OrpaHUYCHUSME
¢ koneunbiMu jomeHamu. JIIIO ¢ KoHeUHBIMEU JTOMEHAMU BIIEPBBIE OBLIO
peasmzoBano B Kouile 1980-x ronos Van Hentenryck [368| B sisbike CHIP
[149]. dpyruvu npuvepamu MoryT ciayxuTh asbikn ECLiPSe!® [158],
[378] w CLP(FD)' [109].

OHUM U3 TVIABHBIX IPEUMYIIECTB UCIOJb30BAHUS CUCTEMbI OI'DAHU-
geHnii B pamrax s3bika JII1O sBisiercss KOHTPO/Ib 3a MPOIECCOM TOUC-
Ka. Vcrmosb3oBanme METOJI0B YacTHYHOrO moucka (partial search) cyrme-
CTBEHHO YJIYUIIUJIO METOJIbI MOUCKa. MeToJIbl 9acTHIHOrO MOUCKa Orpa-
HUYUBAIOT YUCIO aJbTEPHATUB, U3yYAaE€MbIX B PA3JIUNIHBIX BEPIIMUHAX JIC-
peBa nouncka. Takum 06pa3oM, OOBIYHBIN MTOUCK B TVIYOUHY C BO3BpATaMH,
ucnoJibzyembiit B JIIIO, KoTOpBIi WHOTIA MPOBEPSIET JIUIITL HEOOJIBIIY IO
JaCTDb JIEPEBa MOUCKA, MOXKET OBITh 3aMEHEH Ha JPYTHEe TIOUCKOBBIE CXEMbI
(rakue kax LDS [206] nim nouck [57]), KoTopble MOIYT paccMaTpUBATh
MHOTO PA3JIMIHBIX Iy Tel B JepeBe TONCKa. Briie, B pasiesne 2.2 omucanb!
r100ATbHDBIE OTPAHMYEHNST, TO3BOJISIONINE CHU3UTE TIepebOp MTPH PEIeHnN
sagaa YO.

Aszpiku, no06HbIe CHIP [149], nMmeroT c10kHY10 MOPMOIIOrHIO 1II0-
6asbHbIx orpanndenuii [56]. dpyrue sizbiku, takne kak SICStus Pro-

SCLP(R): Constraint Logic Programming (Reals).

16 CHIP: Constraint Handling in Prolog.

"CLP(BNR): Constraint Logic Programming (Booleans, Naturals and Reals).
BECLiPSe: Constraint Logic Programming System.

9CLP(FD): Constraint Logic Programming over Finite Domains.
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log [99], ECLiPSe [158], [378|, IF Prolog http://www.ifcomputer.de/
/Products/Prolog/home en.html, a Taxxe Oz [207], [353], [204], [292],
BKJIIOUAIOT HEKOTOPblIe U3 IVIOOAJIHBIX OrDAHUYEHUil, HCIOJIb3YEMbIX B
CHIP. Pabors! 110 UCIOJIb30BAHUIO PACIPOCTPAHEHUsI ONPAHUIEHUN ISt
rio6asibHBIX Orpannvenuii (B uacTaocTH, orpanndenus all-different) mo-
Ka3bIBAIOT IIPAKTHYECKYIO IEHHOCTb UCIIOJIb30BaHUs OIPAHUYEHUN TOr0O
Bua [313], [338]. [yiobanbibie orpaHrdeHns: ObLIM HCIOIBL30BAHbI TAKIKE
JUIsT 9acTUYHBIX 3a7ad YO, B KOTOPBIX HEKOTOPblE OIDAHUYEHUs] MOI'YT
HAPYIIATHCS [IPU HAXOXKJIEHUN perreHust [43].

Bajiavun ¢ IMHAMIYECKIMHI OIPAHUYeHUsIMI — 370 3aa4n YO, usme-
HSAIOIIECH BO BpEMEHH, C IOMOMIBIO JOOABJICHHS MU UCKJIIOYEHUS HEKO-
TOPBIX OIPaHUYCHNUI, MO0 KOMOMHAIINY STUX JBYX omneparuil. B To Bpe-
Ms KaK J00aBJIeHIe OIPAHNYCHUI 9acTO UCIOJIb3YeTCd Ha KaXKJIOM Irmare
BBIYHCJICHUH, UCKJIIOYEHNE OTPAHUYEHHI PACCMaTPUBAETCA PEJIKO, XOTS
5TO OBLTIO OBl BeChbMa IOJIE3HO JJIsi NHTEPAKTUBHBIX HJIN JTUHAMHYECKIX
CHCTEM, B TOM YHCJIe IIPU HEOOXOAUMOCTH IlepecdeTa PENIeHHs IIPU U3Me-
HeHnu ycsaosuii 3agadu YO, a TakKe MOMCKa yCTOHINBLIX pernenuii [380)].
ITo sroit mpuanne, B psijie pabOT BBEJEHO IOHSTHE WCKIIOYEHHs (HJIH
OTMEHBI) OIDAHMYCHU, U MPeIIoXKeHbl 3PDEKTHBHBIE ATTOPHTMBI JIJIST
3TOro B paMKax Kjaccmueckux a3bikoB JII1O. Hampumep, nporpammuas
cxema CLP (FD) 6buta pacmmpena Kak B IJTaHe CHHTAKCHCA, CEMAHTHKH
U BO3MOXKHOCTH OTMEHbI orpaHudenuii B [184].

5.4. Henuneilinble orpaHnYeHusi B A3bIKaX IMPOrpaMMu-
pOBaHMUs B OrPaHUYEHUAX

B03MOXKHOCTD HCIIOIB30BATH U DEIIATh HEJNHEHHbIE OrpaHNYCHIs
MMeeT BaykKHOe 3HAUEHUE BO MHOIMX 00JIACTSIX HPUJIOXKEHUH (IKOHOMUKA,
MEXaHUKa, XIMUIIECKOE IIPOU3BO/ICTBO, TEXHUICCKNE IIPIIIOKEHNUS U JIP. ).
OOBIYHO pellleHIe 33/[a9 TAKOI'O THIIA JIOCTATOYHO CJIOKHO U TPeOyeT Ipu-
BJIeUeHNUsT OOJIBIINX BBIUUC/IUTENBHBIX pecypcoB. IloMnmo Kitaccmdecknx
METO/IOB, B HACTOsIIIIee BPEMs 3J/I€Ch HCIIOJIB3YIOTCSI METO/bI NHTEPBAJIb-
Horo ananu3a [295]. Ilo 9T0it ke mpuvnHe, HHTEPBAIbHBIE OIDAHNIEHNUST
[62] ncnomb3yiorest B Takux sizpikax JIIIO, kak ECLiPSe [158], [378],
[385] m CLP(BNR), a sseiku Helios [370] 1 Numerica [371] 6buin
pa3paboTaHbl JJIs PEIIEHUs] CUCTEM HEJIMHENHBIX OrPaHUYeHUil, NCIIOJIb-
3ysl aJrOPUTMbI HHTEPBAJILHOTO aHajm3a [295].
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5.5. MoaenupoBaHue

YpesBbIuaitHO BaXKHO MMETb XOPOIIUIl SI3bIK MOJIETHPOBAHUST JIJIsT 3a-
nucu 3agad YO. B Hacrosiee Bpemst OOJIBITUHCTBO CHCTEM IIPOTPaM-
MUPOBAHUS B OI'PAHUIEHUSIX SIBJISIFOTCSI JIMOO PaCIIMPEeHneM JeKIapaTHB-
HOrO s3bIKa HporpammupoBanusi (Tuna Prolog), smbo 6ubianorekamu,
HCIOJIB3YEMBIMU COBMECTHO C OOBIYHBIMU SI3BIKAMHU IIPOI'DAMMUPOBAHUS
(rakumvu kak C/C++). Ceiiuac mMeeTcsi MHOIO HCCJICJOBAHUN 10 pas-
paboTKe S3BIKOB MOJEIMPOBAHUS OIDAHUYEHUI, KOTOpPbIE JeaaloT da3y
MojieIupoBaHusi boJtee Jierkoit u ecrecrsernoit (nmpumepsr: Helios [370],
Numerica [371] u OPL [374]). HekoTopble U3 9THX $3BIKOB HCIIOJIb3Y-
0T CPEJICTBA BU3YAJM3AIUH JIJIsI OIMMCAHUS U T€HEPUPOBAHUS ITPOIDAMM
B orpanndennsix. Hampumep, cucrema FORWARD kasieniapaoro mia-
HUpOBaHus HedreneperonHoro 3aBoja [191| wcnonb3yer cpencTBo rpa-
dbuaeckoii cnerudukanuu s CHIP [344|, npu srom momens nedre-
[IEPETOHHOTO 3aBOJIa BBOJUTCS C HOMOIIBIO I'padudeckoro narepdeiica.
CML?° — 3bIK MOJIe/IMPOBAHUS OIPAHIYEHHH, KOTOPLI GBI pa3pabo-
TaH JijIs1 00JIErIeHNsT TOCTAHOBKY M MOTU(PUKAIINNA KOMOMHATOPHBIX 3a1at
[32]: CML-cnerudukanuy 3a1a4qu mM03BOJISIIOT (GOPMYJINPOBATH OIPAHM-
YEHUsI, OTPAYKAIOIIe BhIPAYKEHUsI €CTECTBEHHOTO SI3BIKA, KOTOPhIE 3aTEM
nepeBojisitest B apdekrupabie CHIP-tiporpaMmer.

Jpyrum sizbikoMm MogzesupoBanust siejisiercst VISUAL SOLVER
[373], KoTOpBIi 1O3BOJIsIET 3a/1aTh KaK IIOCTAHOBKY 3aJlaui, TaK U 9BDH-
CTUKU, UCIOJIb3yeMble JIJIsl TIOUCKA PEIeHn.

Jpyrue mojxo/bl K MOJICJTUPOBAHUIO PEAJILHBIX 38/Iad B BHJIE 3a/1a4U1
YO ucnosp3yorT HHTEpaKTUBHBIE METOBL: peraTresib 3ajgadun YO obia-
€TCsI C TI0JIB30BATEIEM, TIPEJJIArAIONUM YACTHIHBIE PEIICHNS, U TIOJIYYaeT
JAJBHENIITYI0 HHMOPMAIMIO O 33Jlade OT YeJI0BeKa HA OCHOBAHUU OIEHKU
periareseM 3TUX YaCTUYHBIX pemienuii [173]. B uwmcse npyrux meronos
CTOUT YIOMSIHYTb METOJIbI MAIUHHOIO ODYYEHUs: IPU HUCHOJb30BAHUH
MSTKUX OIPAHUYEHU [10JIh30BaTE/Ib OIEHUBAET PEIICHUs, & CUCTEMa, U3Y-
qaer 3ajady YO [327], aro BecbMa yporaeT perenue 3a/1auu ¢ MArKUME
OTpaHUIEHUSIMH.

Jlpyroit uHTEepecHoi cxXeMOoil MOJEIUPOBAHUS SIBJISIETCS CXEMa, OCHO-
BanHast Ha abykionsHoM JITIO (Abductive Constraint Logic Programm-

20CML: Constraint Modelling Language.
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ing (ACLP) (cm. http://www.cs.ucy.ac.cy/aclp/), mocrpoentast Ha 0CHOBE

ECLiPSe [153].

5.6. OTiaagka

OpnHO# U3 pacIpocTpaHeHHBIX TPOOJIEM, BOSHUKAIOIUX Y MTOJIb30Ba-
Teseil CMCTeM IIPOrpaMMUPOBAHUS B OTPAHMYEHUSAX SIBJISAETCS WHOTIA
HenpeIcKa3yeMoe TIOBEJIeHIE MOJIC/IN C OTPAHNICHUAMIE: JTazke HeGOIbIue
U3MEHEHUsI TPOrPaMMBl MM JAHHBIX MOKET MPUBOIUTH K CYIIECTBEHHO-
My M3MEHEHUIO TPOU3BOIUTETLHOCTH TPOrPAMMBI.

B To BpeMmsi, Kax mpoOCThbIe TPUJIOKEHUsT MOTYT OBITH CO3JAHBI JOCTa~
TOYHO OBICTPO, O3HAKOMJIEHUE CO BCEMU BO3MOXKHOCTSIMU CUCTEMBI B OIDa-
HUYECHUAX MOXKeET 3aHATbH MHOI'O BPpEMEHH. OILHOI’?I U3 IIOIIBITOK pEeHICHUA
5TUX 1pobJieM siBjsieTcsi Busyasusanust jepesa moucka [100]. TIporpamm-
uble cpejcra Tuna Oz Explorer [335], mouckosoro jnepesa CHIP [345]
(0630p panunx npuioxennii CHIP npusenen B pabotre [150]), cucrema,
HeJlaBHO paspaboranHasi B pamkax cucrembl CIAO [208], koTopasi obec-
neunBaer 3D-Busyasmszaimio ¢ nomonpro VRML [352], nossossitor Ha-
MHOTO TJIy02Ke TIOHSTH IIPOIECC MOMCKA, MOCKOIBKY OHHM IPEJOCTAB/ISIOT
JIOCTATOYHYIO0 MH(OPMAIMIO IS aHAIM3a PACIPOCTPAHEHUS OIPAHUYTE-
HUI U COCTOSIHUSA JIOMEHOB IIEPEMEHHBIX B KasKJI0i BepIInHE JIEPeBa.

5.7. Msrkue orpanHndeHus

B pa6ore [109] si3pix JITIO CLP(FD), paboratomuii ¢ KOHEIHBIMU
JloMeHaMu, ObLT 0DODIIEH it PAOOTHI C OTPAHUYIEHUSIME U3 TOJIYKOJIbIIA,
B pesynbrate noayuer sspik CLP(FD,S) 2! [185], S — xaxoe-ym6o moity-
KOJIBIIO (Semiring), BeibupaeMoe Hosib3oBaTe eM. Bbibupasi KOHKpPeTHOe
[IOJIYKOJIBIIO, ITOJTh30BATE/Ib PeIlaeT HCIOJIb30BATh KOHKPETHBIN KJIACC
MSATKHX OMPAHUIEHUN: HEYETKNX, ONTUMUZUPYEMBIX, BEPOATHOCTHBIX, JIU-
60 KJIaCCHIeCKUX >KeCTKUX orpaHudenuii. /s orpanudennii ¢ oreHKaMu
[OKa HET TOJHBIX S3BIKOB IPOIPAMMUPOBAHNUS B OIPAHMYEHUAX JJISL Pa-
6OTHI ¢ HIMU, HO UMEETCSI MHOI'O METOJIOB HAXOXKJIEHUsT XOPOIINX HUYKHUX
OIEHOK JIJIsl UX ONTUMAaJIbHBIX pemtenuit (98], [143)].

2'CLP(FD,S): Semiring-based Constraint Logic Programming Language over
Finite Domains.
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5.8. SI3bikm 3ampocoB c orpanudenusvmu (Constraint
query languages)

ITockoJibKy OrpaHUYeHUs MCIOJIL3YIOT OTHOIIEHHsI (Kak 1 6a3bl JaH-
ubix (B/1)), MHOTHE HcceoBaTe M U3y Yasn B3auMocBsi3b Mexk iy JITTO u
B/I. B sroit obsracTu uccieoBanunii UMEIOTCS JBa, IVIABHBIX HAIIPAB/ICHUSI.
C o/1HOIt cTOPOHBI, pe3ysbrarTsl 13 Teopun B/1 (Hanpumep, 10 JEKOMIIO3H-
uu 1 BIBOALy (nostydenuio) nHdbopmanum) 611 0600IIeHbl U IPUMeHe-
HBI JJTs1 33129 YO, 9TO MO3BOJIIIIO pa3paboTaTh IMOJIE3HbBIE MHCTPYMEHTHI
JIUTsT TIPOBEPKU HEKOTOPBIX KJIacCOB 3a1ad YO Ha JIErKYH pasperrmMoCTh
u sdexrusHoro perenns tux 3azaq [201], [110]. C apyroit croponsi,
KJIACCHYIECKUE sA3bIKKM 00paboTKu 3ampocoB B B/l Obuin paciiupensr st
paboThI C OrpaHUYEHUSIMU, KOTOPBIE UCIOJIL3YIOTCS HE TOJILKO JIJIs yCTa-
HOBJICHUSI T[EJIOCTHOCTH NH(MOPMAITNH, HO TAKKe KaK CPEJICTBO JIJIsl IIPE/I-
cTaBjieHUs MHOXKecTBa, Koprexkeit B/l kommakTHbiM obpaszom. [leiicTBu-
TeJIbHO, KOPTeXK pessarnnonuoit BJ1 MoxkeT paccMaTpuBaTbcs KaK OCODbBIi
BU/JI OTPDAHUYEHUs], 8 UMEHHO, KOH'bIOHKITUU OI'PAHUICHUIT-PABEHCTB MEXK-
Jly aTpubyTamMu KOpTeXKa U 3HAYEHUN U3 JIAHHBIX JOMEHOB. BBejieHue HO-
BBIX JIOPWYECKUX (POPMYJI JIJIsi BBIDAXKEHUsI B3aMMOOTHOIIEHUH (TO eCThb
orpannuennit) mexty arpubyramu B/I npusomur k onpenesnenuio B/ ¢
orpannuenusivu (Constraint Databases) kak HOByIO HHTEpECHY IO 00/1aCTh
uccsietoannii [83], [237).

Orpanudenust MOryT ObITH JT00aBJIeHBI K pesisiiinoHHbIM B/l Ha pas-
HBIX ypoBHsX. Ha ypoBHE MaHHBIX OrpaHUYeHHs MOTYT BbIPaXkaTh 0000-
IIEHHDbIE KOPTEYXKHU, CIIOCOOHDbIE 33aBaTh OECKOHEUHBIE MHOXKECTBA KOP-
Texkeil. OrpaHUYeHnst MPEJICTABIISIOT CODON MOIIHBIA MEXAHU3M JIJIsT MO-
JIeJINPOBAHUS TPOCTPAHCTBEHHBIX U TEMIIOPAJIBHBIX MMOHATUH, BO3ZHUKA-
fomux B Teopun BJI, ry1e nmeercst HEOOXOIUMOCTh B KOMITAKTHOM IIPE/I-
cTaBjieHnN KOHTHHYaIbHOI nrdopmarmn [60], [199]. dist pabors ¢ orpa-
HUYEHUSIMU OBLTH PACHIUPEHBI PEJISIITUOHHOE UCIUCTICHUE U PEJISIINOHHAS
asnrebpa kiaaccudeckux B [192], [236], [237], uro npuBeso K HOBBIM Go-
Jiee BBIPA3UTEJIbHBIM si3bIKaM 00paboTKu 3arrpocoB. [10106HbI A3bIK ObLIT
HOJIy9€eH Ty TeM jiobaBiieHnst TuHelHbIX orpanndennii kK Datalog B [317].
JpyruMu npuMepaMu MOTYT CJIY>KATH OE30MacHbBI CTPATH(OUITUPOBAH-
ublii Datalog, pacemorpennbiit B [316], a Tak:ke MHTerparysi JTUHEHHBIX
orpanmdenuit ¢ BJl, onTuMuzarus 3ampocoB Jjist KOTOPBIX ObLIa UCCIIe-
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noBana B [84|. Onrnmusanust 3ampocos ObLIa TakzkKe paccMoTpena B [362]
B KOHTEKCTe JIe/lyKTHBHBIX 3a1pocoB B B/l ¢ orpannvennsimu.

5.9. Konkypupyioliue u pacipe/ieJ;iIeHHbI€ CUCTEMbI

crnonp3oBanne OrpaHn<eHuil P MOJICTHPOBAHUN [TOBEJICHHS KOH-
KYPHPYIOIIAX CUCTEM HAYAJIOCH C PA3BUTHEM IPOrPAMMUPOBAHUS B KOH-
KypPUPYIOIIUX OrpaHndeHusix (concurrent constraint programming), B Ko-
TOPOI KOHKYPUPYIOIIHE Ar€HTHI JE/ISIT MEXKY CO00i XPAHIIIUINE OrDAHN-
YeHnil, IPUIeM OHHM MOTYT JIMOO COODIATH O HAJMYNH JOIOJIHATETbHBIX
orpannuenuii (tell operation), oOMeHUBATHCS COOOIIEHUSIMU C JPYTUMHE
areHTaMM, NN CIPAIINBATE, ITO UMeeTCs Jin B Haamdnn (ask operation),
CHHXPOHU3UPOBATHCS C JAPYTHMHU areHTaMn. ZI3BIKH HPOrpaMMHUPOBAHMIST
B orpanmuenusx, Takne kaxk Oz [207], [353], [204], [292], AKL?? [205],
[224], [290], CHR?3 [175], CIAO [208] ncroib30oBamm i BHEPUIN 3Ty
MO/IeJIb, OOECIIEYNB TeM CaMbIM IPOrPAMMHYIO OCHOBY JIJIsi KOHKYPUPYIO-
X CHCTEM.

TemnopasibHOE KOHKYPEHTHOE NPOrPAMMEIPOBAHUE B OIDAHUICHUSIX
(Temporal con-current constraint programming) u HeJeTePMUHUCTCKOE
TeMIIOPAJIbHOE KOHKYPEHTHOe [IPOIrPAMMUIPOBAHUE B OlPAHMYEHHsX (non-
deterministic temporal concurrent constraint programming (NTCC)) sis-
JISTIOTCST BADUAHTAMHI IIPOIPAMMUPOBAHNS B OPAHIUYEHUSIX, PAOOTAIOIIN-
MH CO BPEMEHEM.

PacrupenusiMu 9TOif MOJIEIN SIBIISIFOTCS PACIHPEJIEIEHHBIE CHCTEMBI
[386] n cucrembr peasnbHOro Bpemenu [129].

5.10. CoBpeMeHHbIe MaKeTbl MMPOrpaMMHOro obecriede-
HUS

CHIP [149] 6611 nepsbiv sizbikom JITTO, ucnosssyromnmm pacipo-
crpanenne orpanndennit [368]. Ipyruvu npumepamu cucrem JITIO moryr
catykuTh 6ubanorekn noaaepxkku orpanndennit ILOG [216] u COSYTEC
[123|, a Tak:ke sA3BIKHM JIOTUYECKOIO MPOrPAMMUPOBAHMSI B OMPDAHUYCHI-
sax Prolog III [119], [120], Prolog IV [307], CLP(R) [222|, ECLiPSe

22 AKL: Andorra Kernel Language.
B CHR: Constraint Handling Rules.
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[158], [378], CIAO [208], CLP(FD) [109]. Ucmonb3yst 971 CHCTEMBI, MHO-
rue CJIOXKHBIE NPUKJIAJIHBIE 33/[a9i ObLIM YCIIENTHO PENIEHbI ¢ MOMOIIBIO
rexuostoruit YO. B 4mciie mpuMepoB yroMsiHEM TIPOBEPKY 3JI€KTPOHHBIX
cXeM, KaJleHJIapHOe IJIAHMPOBAHUE, PACIPE/IeIeHIe PeCyPCOB, COCTABIIE
HUe PACIUCAHWH, YIIPAB/IAIONINe CUCTeMbI, rpadbudeckne nHTEPGENRCh, a
TaK>Ke MHOYKECTBO KOMOMHATOPHBIX 3aja4 [368], [377].

CHHTAKCHC JIJTsl BBIDAYKEHUS] OTPAHMIEHNIT HAl KOHEUHBIMU JJOMEHAMI
3aBUCHUT OT sI3bIK& IPOIPAMMUPOBaHUs B orpanndenusx. Huxke npusesie-

Ha IIporpaMma Ha s3bike Prolog, pemraiomast Kjiaccu4ecKuii KpocCBOP/,
n3 riasbl 1 SEND+MORE=MONEY:

sendmore (Digits) :-

Digits = [S,E,N,D,M,0,R,Y], % Co3maHue mepeMeHHHX

Digits :: [0..9], % [loMeHH IepeMeHHBIX

S #\= 0, % Orpanudenwe: S IOJNKHO OTJIH-
% darbca oT 0

M #\= 0, % Orpauudyenue: M OOMXHO OTNH-
% daTrbca oT 0

alldifferent (Digits), % BCe IepeMeHHbE MOJIXHB IIpU-

% HEMATh pa3NIUdYHEE 3HAYCHUS
1000%S + 100%E + 10*N + D % [lpyrue orpaHuYeHus
+ 1000%M + 100%0 + 10*R + E
#= 10000%M + 10000 + 100*N + 10*E + Y,
labeling(Digits). % HadaTp momck

WuTepmperarop co31aeT MEPEeMEeHHYO JIJIsi KaxXK0i OYKBBI KPOCCBOPJIA.
CuMBOJI :: UCIONB3YeTCsT JJIsI 3aJIaHUsl JIOMEHOB STHUX ITEPEMEHHBIX, TaK
YTO OHM IPUHUMAIOT MHOXKecTBO 3Havennit {0,1,2,3,...,9}. Orpanndye-
Hust S# = 0 uw M+# = 0 o3HAYAOT, YTO TH IEPEeMeHHbIe HEe MOIYT
npunnmMarh 3HadeHue (. Ilpm oreHke HMHTEPIPETATOPOM ITUX OI'DAHU-
YeHUIl OH yMEHBIIAET JOMEHBI 3TUX JIBYX [EPEMEHHbBIX, yJ/aJjss 3Hade-
uue 0 u3 HuX. 3aTeM PacCMATPUBAECTCS U 3AIIOMUHAETCS OrPAHUYEHUE
alldifferent(Digits). ITociennee anrebpandeckoe orpaHuYeHHE BbIPasKaeT
TOT haxT, ITO MUMPHI, IPUCBOCHHBIE OYKBaM, JOJKHBI OBITH TAKUMHU,
qro0bl «SEND+MORE=MONEY» BbIIOJHAIOCh IPpU 3aMeHE KarKI0it
OYKBBI HA COOTBETCTBYIOIIYIO €if 1udpy.
[Tepeuncaum nomnyssipabie s3biku JII1O:



VoB/IeTBOpEHNE OTPAHIYEHU U IPOIPAMMIPOBAHIE 125

e B-Prolog (ua 6a3e Prolog, kommepueckwuii) http://www.probp.com

e CHIP V5 (ua 6a3e Prolog, skiouaer 6ubanorexkn C++ u C, kom-
mepuecknit) http://www.cosytec.com/production _scheduling/chip/
/optimization product chip.htm

e Ciao Prolog (na 6aze Prolog, cso6onno pacmpocrpansiemoe [10:
GPL/LGPL) http://clip.dia.fi.upm.es/Software/Ciao/

e ECLiPSe (ua 6aze Prolog, open source) http://eclipse-clp.org/
e SICStus (na 6ase Prolog, kommepueckmuii)
http: //www.sics.se/isl/sicstuswww /site/index.html
e GNU Prolog (cBoboaro pacrnpocrpansiemoe [10)
http: //www.gprolog.org/
e Oz http: //www.dmoz.org/computers/programming/languages/oz/

e YAP Prolog
http: //www.dcc.fe.up.pt/ vsc/Yap/documentation.html

e SWI Prolog — cBobomnas cucrema Prolog, comepzxamast
HECKOJIbKO OUOJIMOTEK JIJIsl PellleHus orpanndennii http: //www.swi-
prolog.org/

e Claire http: //www.claire-language.com /cgi-bin /trac.cgi

e Curry (ua 6a3ze Haskell, cBobonro pacnpocrpansiemoe)
http: //www.curry-language.org/

o HAL: [147], [145]

[TporpaMMupoOBaHie B OIPAHUYEHUSIX PEAJIN3YETCsl B UMIIEPATHBHOM
IPOrPaAMMUPOBAHUN C TTOMOIIBIO CO3/IAHNS OTIEIBLHBIX OMOImoTeK. Takm-
MU TIONY/ISIPHBIME OUOJIMOTEKAMU JIJIsi TPOrPAMMEUPOBAHUS B OPAHUIE-
HUSAX SBJISIOTCS:

Choco (6ubamoreka Java, cBoboHO pactnpocrpansiemoe 110)

http: //www.emn.fr /x-info /choco-solver /doku.php

Comet (s13p1k C-cTmiist Jjisi IPOrPAMMUPOBAHUST B ONDAHUYIECHUSIX, JIO-
KaJIbHBII TIOMCK, OCHOBAHHBIN HA OrPAHUYEHHUAX, U MATEMATHIECKOE MIPO-
IrpaMMHUPOBaHUE, CBOOOIHO PACIIPOCTPaHsIEMble UCHOTHUMbIE (Dailiibl J1Ist
akaJieMuaecknx 1esteit) http: //dynadec.com/

Disolver (6utimoreka C++-, KoMMepUIeCKHii )

Gecode (C++ library, csobomnoe I10: X11 style) http: //www.gecode.org
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ILOG CP Optimizer (C+-+, Java, 6ubmmoreku .NET libraries, kom-
MEepYeCKHit )

http: //www.ilog.com/products/cpoptimizer/

ILOG CP (6u6smoreka C+ -+, KoMMepuecKuii )

http: //www.ilog.com /products/cp/

JaCoP (6ubsmoreka Java, open source) http://jacop.osolpro.com/
JOpt (6ubamoreka Java, ceobosiHo pactpocrpansiemoe 110)
http://jopt.sourceforge.net/

Koalog Constraint Solver (6u6imoreka Java, KoMMepUeckmuii)
http: //linux.softpedia.com/get /Programming/Libraries/
/Koalog-Constraint-Solver-8073.shtml

Minion (C++ program, GPL) http://minion.sourceforge.net/
Python-constraint (6utimoreka Python, GPL)

http: //labix.org/python-constraint

Cream (6ubsmoreka Java, ceoboao pacrnpocrpansiemoe [10: LGPL)
http://bach.istc.kobe-u.ac.jp/cream/

Emma (6ubamnoreka Python, kommepueckmit)

http: //www.eveutilities.com /products/emma

3BIKK € MOAIEP2KKOil IPOrpaMMUPOBAHNS B OTPAHNMYEHUSIX

Common Lisp via Screamer (cBo6oano pacmnpocrpansiemoe 110,
KOTOpO€ IIOJJIepKUBAET IONCK ¢ BosBparamu u BosmoxkaocT CLP(R),
CHiP) http://www.cl-user.net/asp/libs/screamer

Bertrand — a3bIK JIst TOCTPOEHUsS] CHCTEM MPOTPAMMUPOBAHHS B
orpannvennsx [259].

5.11. CpaBHeHUe C APYrUMU SI3bIKAMU MOJI€JIMPOBAHUS

AutrebpanvecKkre sI3bIKU MOJIEIUPOBaHUsI, rmosiBuBIuecss B 1970-x ro-
JlaxX, WCIOJIb3yeMble JIs PEIIeHnsT 3a/1ad MaTeMaTHIeCKOr0 [POrPaMMHU-
posanus (nanpumep, GAMS (Brooke et al., 1988) [85] n MGG (Simons,
1987) [351]), 6bLIM CYIIECTBEHHBIM IIPOJIBUZKEHHIEM BIIEpe. Bo-TepBbIX,
OHM OBLIM pa3paboTaHbl JIsl YIPOIIEHNS POJIN IIOJb30BATENsI B Delle-
HIU 337129 MaTeMaTHIeCKOTO IPOrPaMMIPOBaHUst, obecrieanBast OIU3KuUii
K MaTeMaTHIeCKOil 3aIllCH CHHTAKCHC. BO-BTOPBIX, OHU MMEIOT JIeKIapa-
THUBHYIO IIPHPOJLY, OLHCHIBAs 3aJ1ady, & He TO, KaK PEIeHnust MOIyT ObITh
HaiiJIeHbl. DTO CHEMAeT HATPY3KY C [0JIb30BAaTe/Isl, U MO3BOJISET IIPOCTO
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[PUMEHSITh PA3JIMYHBIE PENIATESN JIJIsi PENIEHUus OJIHOM U TO Ke 3aja-
qn. JIpyrue mosie3Hble SI3BIKA MOJEJIMPOBAHUS OBLIM CO3JI@HBI B JIPYTUX
obnacrsix, Hatpumep, ACE (Fuchs € Schwitter, 1996) [178], — s13bIK pac-
CyXKJeHnit 0 ba3zax 3HAHUM, TOJOOHBIN AHTIUIICKOMY.

Verex sI3bIKOB MOJIE/TUPOBAHUS TIOKA3aJI, UTO HMOJO0HBIN TOIXO/ MOT
OBl OBITH ILJIOJOTBOPHBLIM Jijisd pemnenus 3ajad YO. Pamnue nonbiTku B
srom Hanpasiernd, s13blk ALICE (Lauriere, 1978) [258| nmeer muOro
ACIIEKTOB, MOIOOHBIX aJredpandecKuM si3bIKaM MOJIEJIUPOBAHMUST TOIO Bpe-
MEHH, B TOM YHCJIE IEKJAPATUBHYIO IPUPOJLY. SI3bIKU MPOrpaMMUPOBaHUST
B OIPAHMYEHUSX TTOCTEIIEHHO PACIIUPSIJIN JUANA30H THIIOB PEIIAIONINAX T1e-
pemennbix. Hanpumep, Eclipse (Gervet, 1994) [186] nomnepxusaer pe-
IIAIOIINE TIEPEMEHHBIE, 3JIEMEHThI JIOMEHOB KOTOPBIX SIBJISIIOTCS MHOYKE-
crBamu; anasoruduo F nopnepxkusaer dyuknun, ESRA noaaepkuBaer
orHomenust u ¢yukiuu, a NP-Spec nojjep:xuBaeT MHOXKeCTBa, Iepe-
CTAHOBKU, pa3bueHust u 1esibie GyHKIUNA. YCUIeHHe aOCTPAKITNY [T03BOJIS-
€T T0JIB30BaTEN0 N30eXKATh JOMOJTHUTEIbHBIX YCUJIUN TPU MOJICTHPOBa-
Huu, nepegasas 31o Bee Komnuwisitopy. ESSENCE crenait 60b1110it cka-
YOK B 9TOM HAIIpaBJICHUH, obeciieunBast 60jiee MUPOKUIL JIMana30H TUIIOB,
YeM 3TO OBLIO B MIPEIIECTBYIONIUX SI3bIKAX U, YTO YHUKAJIBHO, KOHCTPYK-
TOPBI TUIIOB, KOTOPbIE MOT'YT OBITh KAK yIOJHO BJIO2KEHHBIMHU. VIMeHHO
st pakTopsl neiaroT ESSENCE ckopee sizbikoMm crenudukaiuii, a He
[IPOCTO SI3BIKOM MOJIEJIMPOBAHMSI.

IIpu perreHun CIOXKHBIX KOMOMHATOPHBIX 3aJ/a9 OOBITHO HCIOJIL3Y-
ercst JIByXIarosas mnporeaypa. Ha mepeom miare paspabaTbiBAeTCsi KOH-
MENTyaJIbHas MOJIEIh, OIICHLIBAIONIAs, B 1€M COCTOUT 3ajada, 6e3 ommca-
HUs, KaK (PaKTHIECKH €€ Peliarh. BTopoil mar cocTouT B 0OTOOParKeHUH
KOHIIENTYAJbHON MOJe/M Ha MPOEKTHYIO MOJIE/b, KOTOpasi yyKe MOYKeT
OBITH HEIIOCPEJICTBEHHO pellleHa. B uiease, ojHa U Ta yKe KOHIIENTYA b
Hasl MOJIEJIb MOXKET OBITh IPeoOpa30BaHa B PA3JIMUHBIE TPOEKTHBIE MO-
JIeJI, TIO3BOJII TE€M CAMBIM CIIEIMAJIUCTAM 110 MOJIEJUPOBAHUIO JIETKO
«IOJKJIIOYATh U paborarh» (plug and play) ¢ pasmmasbiMu permaresis-
mu. HoBblit 1361k MojiesiupoBanust Zinc, pa3paboTaHHBI B paMKaxX 9TOM
MeToztosiorny, onucan B [268|. Zinc (Marriott et al., 2006), [267]; (de la
Banda et al., 2006) [144] — 9T0 HOBBIH S3BIK CrienUbUKAIII, HCIOIb3Y-
fomnii, Kak 1 ESSENCE, BjioKeHHbIE KOHCTPYKTOPBI THIIOB, HO, KPOME
Toro, B orimare or ESSENCE, on nMeer BO3MOXKHOCTH OIPEIE/ISIThH
upejukarel. Kpome ESSENCE u3BecTHbI JHUIIL TPU A3bIKA, IPOTPAMMU-
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poBaHUsl B OrpaHUYeHHsAX ¢ HonobHBbIME Bo3MoxkHOCTsiMI: ESRA, F un

LOCALIZER (Michel & Van Hentenryck, 2000) [281].

Jpyroit moaxom K creruduKaimm 3aa41, KOTOPBIH UCIIOIb3yeT boJiee
MOIITHBIN 1 OOIIMUit SI3BIK CIerudUKaAInil, Takol Kak Z, ObLT HCCIeI0BaH
B pabore (Renker €& Ahriz, 2004) [315], co3maBumx MHCTPYMEHTAJIbHbBIE
CpesicTBa CXeMbl Z JIJIsI TTOIEPKKH OOIMUX TT00ATbHBIX OTPAHWMYEHNN 1
HCIIOJIB30BABIIINX ITO JIJIsI TOCTPOEHHST OOIITMPHOIO KATAJIOra CIeru(uKa-
it [318]. HemocraTrok 3T0ro nojixoia cCocTouT B TOM, YTO Z SIBJISIETCS Ye-
pecayp obruM jtst 3a1ad YO, Tak KakK MO3BOJISIET CHEIM(pUKAIIT 33,14,
KOTOpbIE €CTeCTBEHHBIM obpasoMm K 3YO He cBousrcsa. K HemocTaTKam
cuerupuKaImit si3pka Z OTHOCUTCST TOPa3/10 MEHBIIAST X eCTECTBEHHOCTD
o cpaBHenuio co cruernudukanuaymu ESSENCE.

Azpik Alloy (Jackson, 2006) [219] nmosBossier n36eKaTh HEKOTOPBIX
HEJIOCTATKOB SI3bIKa 7 TyTeM OTPAHUIUBAHUSI €10 JI0 JIOTUKHU TIEPBOTO TO-
psaaka. Alloy mgaer ecrecTBeHHBIN W BBIPA3UTEIbHBIN CIIOCOD CreudUKa-
[IY 3319 B TEPMUHAX OTHOIIEHWH W ATOMOB M OTOOParKaeT ITH CITEIH-
dukaruu B 3dpdekTuBHBIE MO N BhIoHUMOCTH SAT.

6. IlpnaoxkeHusi nporpaMMIpPOBaHUs B Or'pPaHU-
yenugax u YO

[IporpaMMupoBanue B OrpaHUYEHUSX B HACTOSIIEE BPEMsI UMEET M-
pokmit Kpyr upuioxkennii. Takme kommanum, kak American Express,
BMW, Coors, Danone, eBay, France Telecom, General Electric, HP, JB
Hunt, LL Bean, Mitsubishi Chemical, Nippon Steel, Orange, Porsche,
QAD, Royal Bank of Scotland, Shell, Travelocity, US Postal Service,
Visa,Wal-Mart, Xerox, Yves Rocher, Zurich Insurance wucmnonab3yor
IPOrpaMMUPOBAHUE B OMPAHUYEHUAX JJIA ONTUMU3AIMA CBOMX OU3HEC-
nporieccosn [325].

PaccmoTpuM riaBHBIE 00JIACTH TPUJIOKEHUH, B KOTOPBIX ObLIa WC-
MOJIb30BAHA TEXHOJIOTHS TPOrPAMMUPOBAHUST B OIPAHIMYEHUSIX U OKa3a-
JJaCch KOHKYPEHTHOCITOCOOHON Kak M0 TMOKOCTH MOJIETMPOBAHUSI, TaK U
110 3 HEeKTUBHOCTU pelieHusi. B unciie 0630pHBIX paboT M0 MPUJIOZKEHU-
sIM TIPOIPAMMUPOBAHUSI B OIPAHUYEHUSIX MOXKHO yrmoMsinyTh [221], [348],

[349], [377].
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6.1. 3amauy o0 Ha3HAYEHUAX

Baaun 0 Ha3HAYEHUAX ObLIN OJHUM U3 MEPBBIX THUIIOB IPUKJIAIHBIX
3aJa4, KOTOpbIe OLLIN pelleHbl ¢ HoMoIlb TexHo oruu JIIIO. Dru 3axaqun
OOBIYHO YUYUTBHIBAIOT JBA TUIA PECYPCOB U OIPAHMYCHHH, CBI3bIBAIOIINX
UX, ¥ IBITAIOTCS MPUIIUCATEL OJMH PECYPC MEpBOro TUIIA OJHOMY PECypCy
BTOPOT'O THUIIA TaK, ITOOLI BCE OIPAHUYEHHS YIOBIETBOPSIHC.

OHUM M3 NPUMEPOM 3TOH 3ajauu O HA3HAYEHUSIX MOXKET CJIYYKUTh
3aj1a4a Pa3MeIeHusi CTOSTHOK CaMOJIETOB B a3pOIOPTY, TJe caMoJieTh (pe-
CypChI TIEPBOTO THIA) JIOJIZKHBI HMApPKOBATHCS HA JIOCTYIIHBIX CTOSTHKAX
(Bropoil THI pecypcoB) BO BpeMsi WX NpeOblBaHusi B aspornopry [107],

[108], [303], [348].

6.2. HazunaueHue nepcoHaJia

Balaun Ha3HAUEHNs IEPCOHAJIA SIBJIAIOTCS YaCTHBIM CJIydaeM 3aad O
HA3HAYEHHSX, B KOTOPBIX OJHUM THIIOM PECYPCOB SABJSIOTCA JIFOJIHU, UTO
JICJIAeT 3TU 3aJa9¥ JIOCTATOYHO CHENUAJbHBIMU JJIsi TOrO, YTOObI pac-
cMaTpuBaTh MX OTAEILHO. B caMoM jiesie, M3MeHsIoONMecs IpaBUa, pa-
6OT]:)I 1 BCEBO3MOXKHBIE IIpEAIIMCaHrdA IMOPOXKIAI0T CJIOZKHBIE OI'DaHUYe-
HUs, 3aBUCAIIME OT BpeMeHH. IIOMMMO 3TOro, I0JIL30BATebLCKHE IIpe/l-
IMOYTEeHUsA 9aCTO BEJYT K HEPEOrpaHNICHHBIM 3a/la9aM, HE UMEIOIIUM pe-
MIEHUH, YIOBIETBOPAIONINX BCeM orpaHudenusM. J[pyruMm BaKHBIM ac-
ITEKTOM SIBJISIETCST HEOOXOANMOCTh COOJIIOIeHNsT OaIaHca oObeMa paboThI
MeKAY Pa3HbIMU JIIOJAbMU, 9TO IIPUBOJIUT K TPYAHBIM 3a/avdaM OIITHUMU-
3allnn. PaSJII/ILIHbIe IIPUJIOZ2KEHUA IIPOrpaMMUPOBaHUA B OI'PDAHUYCHUAX B
obsracTi Ha3HAUYEHWs [IepCOHasa onmcanbl B paborax [102], [103] (paspa-
6orka cMeHHbIX rpadukoB Meicecrep), [118] (rpaduku paborer Ha Tese-
susiennn Opannun), [155], [246], [298].

6.3. YnopaBJsieHue ceTamu

Cucrema LOCARIM |[347] 6pi1a paspaborana xkommanueii COSY-
TEC nns France Telecom: HaunHasi ¢ apXuTeKTyPHOIO MIPOEKTa 3/IaHUS,
OHa, TIpEeJIaraeT MPOKJAJIKY KabeJsiss TeJIEKOMMYHUKAIIMOHHON CeTUu 371a-
mnst. Cucrema PLANETS (PLanning Activities on NETworkS) [124],
paspaborannas YuusepcureroMm Karanonusi (University of Catalonia) B
Bapcesone st ucaHcKoil 3/IeKTPUYECKON KOMIIAHUM, KAK WHCTPYMEHT
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[EPECTPONUKU CTPYKTYPbI SJEKTPUIECKOI CeTH, KOTOPBIil TTO3BOJISIET CTPO-
UTh KaJIeHJAPHBIN IIJIAH TEXHMYECKOI'O0 ODCJIy:KUBAHUS JIEATETHLHOCTH C
IIOMOIIBIO BBIJIEJIEHUsT YYaCTKOB CeTH 0e3 HapyIlleHusi 00C/IyKUBaHUS 110-
Tpebureeii.

B pab6ore [36] onucano ucnosbzosanue si3pika CHIP B ynpasiennn
BOjIHO cucTtemoii. [lirannpoBaHue TeIeKOMMYHUKAITMOHHOM CeTH MOOUJIb-
HOIT ¢BsA3M ObLIO ocyIecTBiIeHo ¢ nomonipio cucreMsl POPULAR [177],
sanporpamvupoBanaoil Ha ECLiPSe.

6.4. KanenjapHoe IJIAaHUPOBAHUE

Hagepnoe, naubosiee ycrennoit mpukiaaHoi 00/1aCTbIO JJjIs JIOTHIe-
CKOTO MPOTPAMMUPOBAHUSI B OTPAHUYEHUSX SIBJISIETCS KAJEHIapHOe TLTa-
uuposanue 44|, [101]. st 3a1aHHOrO MHOYKECTBa PECYPCOB C JIAHHBIMU
MOIITHOCTSIME, MHOYKECTBO BUJIOB JIEATEILHOCTH C JAHHON TPOTOIZKATE -
HOCTBIO W TIOTPEOHOCTSIMU B PECypcax, MHOYKECTBO TEMIIOPATBHBIX OTpa-
HUYEHUH MEXKy BUJAMU JEesITeTbHOCTH, 38/]ad9a «IUCTOr0» KaJIeHIapHO-
O TJTAHUPOBAHUST COCTOUT B PEIIEHNH, KOTJIa BBITIOJTHUTH KayK IyIo paboTy
TaK, YTOOBI BBITOJTHSAINCH TEMIIOPAIbHBIE OTPDAHUYICHUST M OTPAHUICHUST
O PECYPCaM.

CoBpeMeHHbIE Pe3yIbTATHI UCCICTOBAHUN 10 CIOXKHOCTH KJIACCOB 38~
mat YO MOKa3bIBAIOT, U9TO TAKHUE 3aJaYH KAJTEHIAPHOTO IIAHUPOBAHMS
Ha CAMOM Jejie JIrKO Pa3PeIIuMbl U OITOMY HMEITCsa 3D QPEKTUBHBIE
ajropuTMbl ux perenus [310].

TUNUYHBIM TPUMEPOM TPUIOKEHUS KAJECHIAPHOTO IJIAHUPOBAHMUSI,
ocunoBaunoro uHa YO, ssistercss ATLAS [346], ocyrmectsisioniuit KajeH-
JlapHOe TTAHMPOBAHNE MTPOU3BOJICTBA TepOUIMIOB Ha 3aBoae Monsanto B
AnTBepnenre.

Cucrema PLANE [59| ncronb3oBana xkommnanmeii Dassault Aviation
JUTST TIJIAHUPOBAHUST TTPOU3BOJICTBA BoeHHoro camosieta «Mirage 2000» u
camosiera «Falcons.

Cucrema MOSES [28], [350| 6buia paspaborana KoMmmaHueii
COSYTEC st mponsBouTesst IUTaHUs JJIs KUBOTHBIX B Besmkobpu-
TaHWM.

Cucrema FORWARDC [191]| npejacrasisier coboii cncremy Imoji-
nepxkku npunsitust pemennii (CITIIP) [13], peanuzosannyio na CHIP,
U WCTOJB3yeTCs Ha TpexX HedTelmeperoHHbIX 3aBojax B EBpore st pe-
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IIEeHNS 3a/1a9 KaJIeHIapHOTO TJIAHUPOBAHUS, BOSHUKAOIINUX IIPU ITPUBO3€
ceIpoit HedTH, ee 0OpabOTKE, CMEITUBAHNHT U JTOCTABKE.

Xerox ucnosb3oBa cucremy YO Juisi KaJeHIapHOTO ILIAHUPOBAHUS
pasIMIHBIX paboT Ha KOMUPOBAJbHBIX MaruHax |174].

Yupexgaroniue (preemptive) 3a7a49u KaJeHIaPHOTO IIAHUPOBAHUST —
9TO Te 3aJa4r, B KOTOPBIX pabOThI MOT'YT IPEPLIBATHCA BO Bpemenu. U
JJI TAKUX 3a7[@9 MOTYT YCIIEIIHO MPUMEHSITHCSH TEeXHOJIOTUU JIOTUIECKO-
ro nporpammupoBanust B orpanndenusix: Tak, CLAIRE Scheduler —
9TO OMOIMOTEKA TMPOrPaMM B OTPAHHMYEHUSAX, MO3BOJSIIONAA pPaboTaTh C
HOJIOOHBIMU 33/[a9aMi, B TOM YHCJIe [IPU HAJMYNM [pe/nodrenuit [296],
[297]. TTomo6uble dyukimn Boinosnasier u ILOG Scheduler [217].

Eciu cpaBHEBATE 3a/1a91 KaJIeHIAPHOTO IIJIAHUPOBAHUS 110 METOIaM
pelleHrsi, TO OHU PEINAITCs C MOMOIIbI0 UMIIEPATUBHBIX SI3bIKOB (Ha-
npumep, C/C++), necnenumaymsuposadubix s3bikoB JIIIO (mampumep,
CHIP), u cuenuajbHBIX CPeJCTB IPOIPAMMUPOBAHUSI B OIPDAHUYECHUSIX.
Pabora [41] mokazasa, aro nojxox JIITO npesocxoauT Apyrue 10 MHOTUM
mapaMeTrpaMm: BpeMsi pa3pabOTKH, BEPIIUHBI, TPOCMOTPEHHBIE B JepeBe
[IOKCKA, TI0 YUCJIy TOCTPOEHHBIX JIOMYCTUMBIX PENIeHuil, 1axKe 1o 3 dek-
TuBHOCTH. COIVIACHO 3TOMY WCCJIEIOBAHUIO, TJIABHON IPUYMHON ycrexa
s13b1K0B JIITO 1pu perternn 3TuxX 38189 COCTOUT B UCIIOJIB30BAHUU PaC-
MPOCTPAHEHUST OIPAHUIEHUI, KOTOPOE MOMOTAeT YMEHBIITUTL KAK BPEMsT
paspaboOTKM, TaK W BPEMsl BBIMOJHEHUS. BBISICHUIOCH, YTO JJisT HEKOTO-
PBIX KJIACCOB 33J1a4 KAJEHIApPHOTO TJIAHUPOBAHUST HE CYIECTBYET METO-
Jla, JIy9IIero BCEX OCTAJIbHBIX METOJIOB, a JIydllle IIPUMEHATh COYETAHUE
HECKOJIbKUX METOJIOB. B ¢BsI3M ¢ 9TUM ObLIN MpeIOXKEHbI THOPUTHBIE aJl-
TOPUTMBI, UCTIOB3yTomme Kak si3biku JIT1O, Tak n apyrue metoant. Taxk,
coueranue JII1O u nemounc/ieHHOro MPOrpaMMUPOBAHUsT OBLIIO UCIIOJIH30-
BaHO JIJTsT PEIIEHUsT 3a,/1a4 KAJEHIAPHOTO TIAHUPOBAHUS ¢ MHOTHUMHE TTO/Tb-
eMmHEKaMu [321].

OTMeTUM CJIeIyIoNIe CUCTEMBI TLTAHUPOBAHUSI.

TAP-AI [52] — akTuBHas cucTeMa IJIAHKPOBAHYS, IPETHASHATCHHAS]
JUIsi HAa3HadeHusi dSKkunaxkeil mo aBuasmausM SAS. Ona npeHasHadeHa
JIJIsT €2KEJIHEBHOTO YIIPABJICHUSI JICSITEIbHOCTHIO (OMEPAITISMI ).

OPTISERVICE |118] — nporpaMMHbIii TAKeT JiJisi HA3HAYECHUs TIeP-
COHAJIa JIJIsl BCEX 3arpaHUIHbIX Teje- u pajguoctannuii cetu RFO. On Ha-
3HAYAET KOMAH]IbI KBAJTU(PUINPOBAHHBIX KYPHATUCTOB U TEXHUIECKUX
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pabOTHHKOB 110 IlepejiadaM, YIUTbIBask OIPAHNYEHH 110 BPEMEHH H YCJIO-
BUSIM OILTIATHI.

Cucrema MOSAR (http: //www.cosytec.com/constraint _programm-
ing/cases _studies/administration.htm), paspaborannas KoOMIAHHSIME
Cisi w COSYTEC ans munaumcrepcrBa foctuimn PpaHiuy, HazHaIaeT
oxpaHHUKOB TiopeM 110 200 TioppMam PpaHIUE 10 YePeJYIOMUMCsS CMe-
HAaM.

6.5. TpancniopTHBIE ITPOOJIEMBI

Muorue TpaHCIOPTHDBIE MTPOOIEMBI OBLIN PEIIEHbI ¢ UCIOJIL30BAHUEM
TEXHOJIOTUU OTpaHUYEHU. DTU 3aJa9d JaCTO OYeHb CJIOXKHBI B CBSI3U C
ux OOJIBIIMME pa3MePaMU, YUCIY U MHOXKECTBY BHJIOB OrDaHUYCHUIA, a
TaKKe M3-3a HAJUUUs CJIOXKHBIX OTPAHUYCHUH, HAKJIA/IBIBAEMbIX HA BO3-
MOXKHBIE MapIIpyThl. KpoMe Toro, 3t 3ajadqu 9acTo TPEOYIOT PeIrieHust
[0/I38,/1a91 HA3HAYEHUsI IEPCOHAJIA, IPUYEM [IPU BBIIOJHEHUHU PsiJla CJIOXK-
HBIX ycJioBuii. PaccMOTpUM COOTBETCTBYIOIINE IIPUIIOXKEHUS.

Cucrema COBRA [350] paspabarbiBaeT aparpaMMbl pabodnx ILia-
HOB MaruHucToB moe3710B Kommannu North Western Trains B Bemmko-
OpuUTaHWH.

ITpoexr DAYSY Esprit (maker SAS-Pilot) [52] ocymecrsiser me-
peHa3HAYEHUE JIETHBIX SKUIAXKeH M0 rmojieTaM. DTa ¥XKe 3a/1a9a PeIaeTcs
€ IOMOIIBIO JIPYToii cucteMbl [164], coueratommeii METOIBI TPOrPaAMMUPO-
BaHUS B OI'DAHUYIEHUSX U UCCJICIOBAHUS OTIEPAIHil.

Cucrema, onmcanHast B [269], ucnosbsyer 6ubimorekn orpaHnveHuii
ILOG mtst pa3paboTKu 1 ONTUMUBAIME [TOE3/IHBIX OIEPATUBHBIX IIJIAHOB
JUIsl TPY30BOI YKEJIE3HO/IOPOXKHON KOMITAHUH.

st 3a1a9 miaHMpoOBaHus TpaHcnopTa (Kak W s 3a/a4 KaJeHaap-
HOIO IUIAHMPOBAHUSI), B Psijie CIIydaeB HAMIY9IIHM METOJOM OKa3aJach
KOMOHMHAIUsT HECKOJIBKUX MeTo/0B. Harpumep, YO u JIOKaJIbHBINA TOUCK
OBLTM COBMECTHO WCIIOJIb30BAHLI IIPU PEIIEHUN 329 MapIIPyTU3AIIN
TpaHCIOPTHLIX cpejcTB B [340], a B pabore [305] Takue ke 3amaun pe-
IAJTUCH C TOMOIIBIO KOMOMHAIYT MeTO/I0B YO U METOI0B MCC/Ie0BAHMS
OonepaIun.

Mapmpyrusanust Tpancnoprabix cpezacts (Vehicle Routing) — 1o
3aj1a9a MOCTPOEHUsI MAPIIPYTOB JIJIsi TPAHCIIOPTHBIX CPEJCTB JJIs Hepe-
BO30OK IPOJYKIMH [TOJIb30BATENSIM ¢ MUHUMAJIHLHONW CTOMMOCTBIO.
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6.6. CucreMbl ynmpaBJIEHUS 3JIEKTPOMEXaHUYECKUMU CH-
cTreMaMu

Texuosorust YO wucnosbsyercst st paspaborku 1O st yupasie-
HUsI 9JIEKTPOMEXAHUIECKUMU CHCTEMAME € KOHEUHBIM YHCJIOM BXOJIOB U
BBIXOJIOB M BHYTPEHHUX COCTOSTHUI.

Cucrembl yIpaBjieHusT TPEOYIOTCS JIJIsT TAKUX IPUJIOXKEHU, KaK Jud-
ThI, KOIIUPOBAJIbHBIE MAIUHBI, COOPOUHBIE JIMHUUA U 3JIEKTPOCTAHIMH. B
KadyecTBe MIPUMEPOB TAKOM ITPOrPAMMHON CHCTEMBI MOXKHO IPUBECTH CHU-
crembl Bepudukanun: SVE (system verification environment) [163], a
TaKXKe CcHCcTeMa BeprUKAIUU apaielbHbIX cucTeM [276], ucnoub3yro-
mast cetu [lerpu u nporpaMMupoBaHue B OPPAHUYEHUSIX (SI3BIK MIPOrPaM-
muposanusi 2LP).

6.7. DIEeKTpOHHbIE TAOJUIBI C OTPAHUYEHUSIMU

DJIeKTpoHHAas TabJIUIA B HACTOsIIEE BpeMsl — OJIHO U3 HamboJjiee pac-
MIPOCTPAHEHHBIX POIPAMMHBIX CPEJICTB MMOJJIEPYKKHU IPUHSITHST PEIIEHUI.
O/ tHakO, OOBIYHBIE JIEKTPOHHBIE TaOJIUIBI UMEIOT CJIEIYIONINE J[Ba Orpa-
HUYEHMsI: OHM BBIYHMCJISIIOT JIMIIb B (DUKCHPOBAHHOM HAIpPaBieHuu, (0T
BXOJIHBIX sI9€eK K sideifiKaM-pe3ysibraTaM), [IPU 9TOM Pe3yJIbTaThl MOTYT
OBITH OIpesesIeHbl TIOCTIe 3a/laHus 3HAUYEeHUl BXOMHBIX sdeek. C apyroit
CTOPOHBI, OTPAHUYEHUs] TMO3BOJISIIOT [EPEMEHHBIM BO3JIECTBOBATEL JIPYT
Ha JIpyra BO BceX Hampas/eHusx (kak B orpanudenun X <Y ), u pabo-
TaTh €CTECTBEHHBIM 00pa3oM ¢ YacTudHoil nndopmanueit Unest npumene-
uust rexuosiorun JIIIO jyist mpeoyiosiennst STUX OrpaHUYEHUN CYIIECTBYIO-
IUX JIEKTPOHHBIX TaOJIHUI ObLIA UCIIOJb30BaHA MPU CO3/AHUU HECKOJIb-
KUX [IPOI'PAMMHBIX CHCTEM.

Cucrema kparrocpounoro rianupoatust (The Short Term Planning
(STP)) mnst kommanum Renault [105] pemraer 3ajady TpaHCIOPTHPOBKH
aBTOMODOUJIElH 3aKa39YMKaM C YIeTOM MHOXKECTBa orpannyeHuit. boum pas-
paboTaHbl JIEKTPOHHBIE TAOJIUIBI HA OCHOBE OIPDAHUYCHUI JJIsd TTOMOIIT
[I0JIL30BATEJIIO B PENIEHUN 3TOi 3aja4uu. Bo BpeMs mporiecca miiaHupoBa-
HUsl, BEJIMIMHBI B 3JICKTPOHHBIX TAO/IUIAX — He TOYHBIE YUCJIA, & UHTEpP-
BaJIbl [min, max|. OrpaHuyennst TPUNUCAHBI K PA3IMIHBIM staeiikam Tab-
JINTIBI U MCIIOJIB3YIOTCS JIJIst PACIIPOCTPAHEHUS MTOC/IC/ICTBUN N3MEHEHUIH,
HAJIO?KEHHBIX 1T0JIb30BATE/IEM, KOTOPBI MOXKET JINOO BBECTH KOHKPETHOE
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3HaYeHNe B sUelKy, WM IPSIMO OFPAHUYIUTH UANA30H BO3MOXKHBIX 3HA-
YEHUl IIyTeM CyKEeHHs NHTEPBAJIa.

Jlpyrum repcrueKTUBHBIM IPUJIOZKEHUEM 3JIEKTPOHHBIX TabJIHIL C OTrpa-
HUYEHUsIMU siBJIsieTcsi (bUHAHCOBOE ILIaHupoBaHue [215]: sjeKTpoHHbIe
TaOJINIIBI TTO3BOJISIOT CHEIMAJIUCTY 110 IIJIAHUPOBAHUIO (PUHAHCOB UCIIOJIb-
30BaTh MOTeHIMAIbHble MHBecTUIMU. DUHAHCOBBIE NPHUJIOKEHUS YACTO
COJIEP?KAT HEJIMHEHHbIE OIPAHUYEHUs], KOTOPbIE MOT'YT PEIIaThCs C ITOMO-
b0 METO/IOB MHTEPBAJILHOIO anajuza. [l1anupoBanue OIOMKETOB paii-
ouHoB MOCKBBI 1 TOC/I€IYIONIUIT KOHTPOJIL 33 STUMHU OIO/KeTaMu ObLIN
OCYIIECTBJIEHBI C MOMOIIBIO SJIEKTPOHHBIX TaOJINI[ HA OCHOBE OrpaHude-

HUIi, IJle MeTOJI pellleHnst orpannyueHuii 0pu1 BcTpoeH B s13blk ECLiPSe
[342].

6.8. NInTepakTuBHOE penieHre 3a1a4

Texuomorust JITIO, B ocobeHHOCTH pacnpocTpaHeHNe OrpaHuYeHUIH,
MOKeT OBITH WCIOB30BAHA MPU OPTaHW3alliyd yUacTHs MOJTb30BaTEIs B
pazpaboTke perennii. PaKTHIECKN HA KAyKJOM IIAre MOCJeJCTBUsT KOH-
KPETHOT'O BLIOOPA SIBHO JEMOHCTPUPYIOTCS MOJTH30BATEIO ¢ TIOMOIIHIO Me-
XaHU3Ma paclpocTpaHeHusi orpanndennii. [lob30BaTelb B 9TOM CIydae
JIIHO OTKA3BIBACTCS OT HTOTO PEITEHUsT, INOO NCTIOIB3YeT PACITPOCTPAHEH-
HYI0 HWH(MOPMAIIUIO I BEIPAOOTKY CJIEIYIONIEr0 BhIOOPA UJIN pa3pernaeT
CHCTEME CIEIATh 9TOT BBIOOD aBTOMATHUYIECKU.

Hanpumep, cucremsr JITTO Takoro Tuita ObLIN HCITOIB30BAHBI JIJIST pe-
IIeHus 3a/1a4 cocTapyenns pacnucanuii B Banque Bruxelles Lambert [153]
U MeJMIMHCKOro bakysbrera YHuBepcurera uM. ['ymGoasra (Humbolt
University) [193].

Ucnonbzoanne cucrem JIIIO onmcano rakxke B paborax [26], [63],
[182], [187].

6.9. I'padbuvueckne naTEpEiichl MOJIBL3BATEIS

O1HO# U3 OOIMUPHBIX U CTAPERIITUX 00JIACTel TPUJIOKEHUS JIJIsT TEXHO-
gorun YO siBiisiercs paspaborka rpadudeckux umaTepdeiico. Poss YO
COCTOUT 3/IeCh B COXPAHEHUN IpadpUIeCKUX 00HEKTOB B MPABUILHOM OT-
HOIIIEHUH JPYT K JIPYTY 10cje OOHOBJIeHUsT IpaduIecKoro okHa, (0OBITHO
C TOMOIIBIO MBIIIKK). 3JI€Ch IeJIb — OTHOCUTEJIBHO OBICTPOE HAXOXKJIe-
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HHUE JOIYCTAMOro pemenus. KoMMepdeckas OuOIMOTEKa IPOrpaMMUPO-
BaHMA B OUPAHUYEHHAX JIJIsl IOCTPOCHUs] MHTEPAKTUBHBIX IpaddPHUeCKIX
unTepdeiicoB nosb3oBaress npejyioxkena B [80]. IIporpammuposanue B
OrpaHMYEHHAX ObLIO MCIIOIB30BAHO TIPU CO3JAHUK AJTOPUTMOB IIOCTPOE-
uust rpados [360] u npu co3maHMN CPEJICTB BU3yaJM3aIMU U aHUMAIIUH
[359]. T'pacdbuueckuit nurepdeiic, ncrnonbayomuii rexHosoruo YO, 6bLi
UCIIOJIb30BAH JJIA PENIeHUs 3a/1a9u COOPKHU B MPOMECCHOHAIBHBIX CHUCTE-
max CAD/CAM |[339]. PaspaGoran sizbik EaCL [365] juist coneiicrBus
HOJIB30BaTEIAM B 1mocTpoennn 3agad YO.

6.10. IlepeorpanmydeHHble 3aJa9U

MHuorue mpuKJIaIHbIE 38/Ia9U SIBJIAIOTCH [I€PEOrPAHUIEHHBIMU: TT0JTb-
30BaTeNIb BBOJUT HACTOJIHKO MHOI'O OI'PAHUYIECHUI, UTO CTAHOBUTCS HEBO3-
MOXKHBIM YJIOBJIETBOPUTH UX BCE OJHOBPEMEHHO. B 3TuX cilydasix Hy»KHO
BHAUAJIE TIOKA3aTh, YTO PEIeHui HeT (BBIsICHEHHE HTOTO MOYKET 3aHSThH
MHOT'O BDEMEHHN ), & 3aTeM PEIIUTh, KAKHe 13 OrPAHIICHUiT 0CTIa0uTh, 4TO-
OBI 3a/1a19a cTaja paspernmoit. JIist pertennst 9Toit BTOpOit 3a1a4u Ipe/-
JIaraeTcs IOMPOCUTH KOHEUHOT'O IOJIL30BATE IS HAWTU HEKOTOPBLIE pPele-
HUs, TAK, KAK 9TO JIEJIAeTCA B MHTEPAKTUBHOM peIlleHnn 3aa4. B pe3yiib-
Tare MOJIyYaeTCsl HepapXus OrpaHUIeHuii (IJ1e BBIIIECTOSIINE OrPAHNIe-
HUST SIBJIAIOTCsE Gostee BaxkHbIME) |79], mim B 6ostee 06IIeM cirydae HCIob-
3yIOTCs MsirKue orpanudenus [172], [154], [328], [334], [68]. TunuunbiMu
[IEPEOTPAHUICHHBIMU 3a[a9aMU SIBJIAIOTCS 3aJIa9U COCTABJICHUS PAaCIIU-
caHuil, B KOTOPBIX OIPAHUYEHUs] U3 PA3HBIX MCTOYHUKOB (HAIPpUMED, JIO-
CTYIIHOCTD ayJIuTOPUil U IpeouTeHus nperno/iasareeii). CoBpeMeHHbIe
CHUCTEMBbI COCTABJICHUA PACIIUCAHUN UCIIOJIb3YIOT KAK YKECTKUE, TAK U MsT-
KUe OI'PaHUYCHUsS JJI MOJEJUPOBAHUS W PEIIeHUs 3a/ad COCTABJICHUS
pacrmcanmii, kak B University of Siegen, Germany [53|, a apyras cucre-
Ma — COCTaBJIEHUsI paciucanuii mo nadopMaTuke B TeXHUICCKOM YHU-
Bepcurere Prropupl ucnosb3yer Jasa drana YO (HmepBblil sran — Ha3Ha-
9uTh PaKyJIBTET KypcaM, a BTOPOil — IIPUIHCATH BPEMEHHbIE HHTEPBAJIbI
Kypcam Jjieknuii) [72]. Eme ogna cucrema, pernarorasi mepeorpaHnyIeH-
HbIE 33/Ia1U C ITOMOIIbIO uepapxuieckoit cucremoii YO, UCIOIB3yeTcst B
HacTostiee BpeMsi B bosibHuIe Neuwied jyist perrenust 3aia4u KaJjeHap-
HOT'O TIAHUpPOBaHUst paboTel Mejcecrep [280).
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6.11. Ipyrue obGJjiacTu HPUJIOXKEHUI

Croxknast 3aj1a94a IPOrHO3a CTPYKTYpbl Gesika (oxHa n3 Hanbosee
BAKHBIX 38189 BBIUUCJIUTEIILHOI OMOJIOTUM) PEIIaeTcsl ¢ MOMOIIBIO TeX-
sostorun JITTO [40]. Dra 3a1a9a cOCTOUT B HAXOXKIEHUN CTPYKTYPbI Hesika
¢ MUHUMAaJIbHOI 3Heprueii. OKa3a/10Ch, 9TO UCIOJIB30BAHNE OTPAHNICHII
ITIOMOTAeT CHU3UTH O0'beM ITOMCKa, JIjIst pernenust aroir NP-mmoHoit 3amaqm.

Texnosiorust orpanHmyennii ObLIa TakyKe HCIOJIL30BaHA SONY B
HECKOJIbKUX MPUJIOKEHUX, CBA3AHHBIX ¢ My3bIKOii [299].

7. 3akJ/IroueHue

YO u nporpaMMUPOBaHUE B OIPAHUYEHUSIX — HWHTEPECHBIE W MHOT'O-
oberaroIe TeXHOJIOIHH UCKYCCTBEHHOIO WHTEJIJIEKTA, MO3BOJISIONINE B
COYETaHUU C METOJIAMU HCCJIEJIOBaHUS OIlePAIUil pellaTh CJI0XKHBIE KOM-
OUHATOPHBIC 3aJIAYH.

ABTOp HaeeTCs, UTO TAHHDIN 0630D, TOCBSIIIEHHBIH IPE3BBIYANHO WH-
TEPECHOMY U IIePCIEKTUBHOMY HallpaBJIECHUIO UCKYCCTBEHHOI'O MHTEJIJIEK-
Ta, OyJIeT UHTEPECEH U T0JIE3eH CIIEIUAINCTAM B 00JIACTH UCKYCCTBEHHOTO
WHTEJJIEKTa, UCCIIEJIOBAHNUS OllepaIlUil, JIMCKPETHOI MaTeMaTUKH, CUCTEM
HOJJIEPKKY IPUHATHUS PEIIeHUil.
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