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MOCTPOEHMWE CBA3EN MEXY OB bEKTAMM
ANsA No CO30AHMA BbICOKOYPOBHEBOIO AJITOPUTMUYECKOIO OMUCAHUA
CUCTEMbI NAPANNENBbHbIX BSAUMOAEUCTBYOLLUX NMPOLIECCOB

MporpamMmmHoe obecneyeHrne Ansi CO3aaHNs BbICOKOYPOBHEBOTO anropUTMUYECKOrO ONKUCaHMs CUCTEMbI
napanmnenbHbx B3aMMOAEACTBYHOLMX NPOLIECCOB [1] B LUMPOKOM CMbICHE SIBMISIETCS peAakToOpoM avarpamm. B
Xofe ero paspaboTki Mbl CTONMKHYNMCb C 3adadeld, KoTopasi BCTaeT neped paspaboTtumkom noboro mpo-
rpamMMHOro obecrneyeHus), NO3BONSIOLLENO CO3aBaTh U peaakTMpoBaTh 6roK-CxeMbl. ATa 3afaya — NOCTpoe-
HUe CBS3ei Mexay 06bekTamu, pasMeLLeHHbIMU NONb3oBaTeneM Ha paboyem none.

AnropuT™ NOCTPOEHNS CBA3EN Mexay 0bbekTamu Anarpammbl JOMmkeH 0bnafath creayoLMin OCHOB-
HbIMM CBOWCTBaMMY:

— obpabatbiBaTh BonbLLIOE None noucka. og nonem noucka noHMMaeTcs paboyee none, Ha KOTopoe
nonb3oBaTenb BbIHOCUT 0OBEKTbI. ANrOPUTM JOSMKEH MOAAEPXKMBATL NOCTPOEHME CBA3EN Ha BONbLUMX NONSX;

— obecneunBaTb BbICOKYHO CKOPOCTb. CBA3b AOMKHA PAcCUMTbIBATLCA M OTPUCOBLIBATLCS C Manomn
3aepXXKOM (CyOBEKTUBHO — He NpeBbILAKOLEN Y4 CEKyHAbI, TO €CTb BPEMS, KOraa nepectpamBatowuines nyTb
He BygeT MepuaTth Ha 3kpaHe).

Cpa3dy MOXHO Cka3aTb, 4T nepebopHble anropuTMbl C 3KCNOHEHLMANbHON CIOXHOCTLIO HE YAOBMETBO-
PAIOT YKa3aHHbIM Bhille TpeboBaHuaMm. B xoae uccnefoBaHns 6bino yCTaHOBMEHO, YTO NOA0BHOMY anropuT-
My TpebyeTcs CyLLeCTBEHHOE BPeMSI (Mopsiaka HECKOMbKO AECATKOB CeKyHA), 4Tobbl HATW NyTb MeXay 06b-
ekTamu Ha none pasmepom 15x15 kneTok, 4to aBnseTcs HenpuemnemoiM. CnegoBaTensHo, HE06X0ANMO nc-
Momnb30BaTh 3BPUCTUYECKUE aNrOPUTMbI, UMEIOLLME TIMHEAHYIO CIIOXHOCTb.

OcHoBHOM NpoBremMoit 3BPUCTUYECKNX anropuTMOB SBRSETCA He rapaHTUPOBaHHOe W, B GOMbLUMHCTBE
CnyyaeB, He NOAAALLEeecs aHaNMTUYECKON OLEHKe KavyeCTBO pesynbTaToB. Hanbonee 4acto MCnonb3yembl-
MW Ans NOCTPOEHUS MapLUPYTOB (a 3aayva NOCTPOEHMUs CBA3M, (DaKTUYECKH, U SBNSETCS 3agayeit NOCTPOeHUs
MapLLpyTa) anropuTMamm SBMSIOTCS XaaHbIA U BOMHOBOW anropuTMbl. OTU anropUTMbl SBRSIOTCS anropuT-
MaMMW C NNHENHOW CMOXHOCTbIO 1, COOTBETCTBEHHO, MO3BONSIOT MOCTPOMTL MapLUpYT 3a Tpebyemoe Bpems.
3T fBa anroputMa bbiny BbiOpaHbl B Ka4eCcTBE KaHAMAATOB Ha pornb 6a3oBbix Ansa paspabaTtbiBaemoro an-
roputma.

Kak Bbino ckasaHo paHee, Hamm 6bin BbiGpaH NMHENHbIN anroputM. Betan Boibop mexay AByms anro-
PUTMaMW HaXOXOEHUS NyTen — XagHbIM W BOMHOBLIM. [pn 3aMaH4YMBOM NPOCTOTE peanusauuu, XagHbn an-
ropuTM AaeT CMNLIKOM HenpeackasyeMble pesynbTatbl. [lyTb, HAWAEHHbIA TakUM anropuTMOM, He Bceraa Oy-
[eT MUHUMaNbHbIM. B OTIn4Yme OT XafHOro, BOMHOBOW anropuTM BeCerga HaxoguT MUHUManbHbIN NyTb [2].
Takum 06pa3oM, BOSTHOBOI anropuTM, Bpoge Obl, IBNSETCS PeLleHeM NOCTaBNEHHON 3a4auu.

Mocne nccnepoBaHns BOMLLIOTO KONMYECTBA PE3yNbTaToB NOCTPOEHUS CBSA3EH, NONyYaeMblX C MOMO-
LbI0 BOSTHOBOrO anroputma, Obin caenaH BbiBOZ O TOM, YTO [afieko He BCeraa NpuMeHeHne opmaribHOro
KPUTEPUS MUHUMATbHON AfMHBI CBA3M JAET MYl C TOYKM 3PEHUST BOCMIPUSTIS NONb30BATENEM pesynbTar.
Pesynbtat paboTbl anroputMa, OTPUCOBAHHBIA HA 3KpaHe, He JOMKEH Bbl3biBAaTb Y NOMb30BATENS XenaHus
YTO-TO NOANPABUTL CAMOCTOSATENBHO. T.€. NP MAHUMANbHBIX YCUNNAX AOMKHbI NOMy4aThCs XOpOoLLMe, ecTe-
CTBEHHbIE A1 BW3yarnbHOro BOCMPUATUSA pe3ynbTaTbl. B yacTHoCTH, Ans yenoBeka B psige cnyvaes, Gonee
NPEANOYTUTENBHBIM SBNSETCS NYTb C MEHBLUMM KONMYECTBOM M3rnboB. B psage cryyaes npeanoyTUTeNbHbIM
SIBNSETCA nepeceyeHne apyrix 06bEKTOB AuarpamMmbl BMECTO UX 06xoaa 1 T.4.

B utore 6bin1o cchopMynmMpoBaHo, YTO KPOME MUHUMM3ALIMN ANWHBI CBA3W anrOPUTM AOMMKEH YYUTbIBATDL
cnepytoLLme Bu3yanbHble (akTopbl:

— aJlfOPUTM [O/MKEH CTPOUTb NYTU, KaK C obxogom I'IpeI'IFITCTBMVI, TakK K C UX nepeceveHnem;,
— anroputm JomxkeH no BO3MOXHOCTU MUMHUMMN3NPOBATL KOJIMYECTBO NOBOPOTOB,

— alifopuTM AO0JDKEH MUHUMU3NPOBATL HaNoXeHne CBA3N Ha apyrine CBA3WN U nepeceyeHna ¢ apyrmmm
CBA3AMN.



MockonbKy, Mbl OCTAHOBUUCh HA BOTHOBOM anroputMe B kayectse 6a3oBoro, To Ans Toro, 4Tobbl OH
yAOBMETBOPAN 3as5BNEHHbIM BbiLle TpeboBaHNAM, N0TpeboBanach ero CyLecTBeHHas Mogudukaums.

VTak, nepsasi 3agava — 06xoa NpensTcTBMin. BONHOBOWM anroputM no ymonyaHuio obxoaut noboe npe-
NATCTBME, OTMEYEHHOE Ha KapTe. PaccmoTpuM ANns CpaBHEHUS ABa BapuaHTa MoCTPOEHMS MyTu Mexay npe-
NATCTBUEM.
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Puc. 1. BapnaHTbl 06x0a 1 nepeceyeHunst npensTcTams

OuyeBMaHO, YTO BapMaHT, NOKa3aHHbIA Ha puc. 1,a — nyTb, Nepecekatowwmuin bonbLLoe NpensTcTBIe, BOC-
NPUHUMAETCS CYLLECTBEHHO Ny4Lle, Yem nyTb, orubatowumin ero (puc. 1,6). Takum obpa3om, Ham npeacTout
peLumTb Npobremy onpeaeneHns HeobXoAMMOCTU NepeceyeHns NPENSTCTBMS.

Bropas 3agava — npefoTBpalleHne HanoxeHus casen Apyr Ha gpyra (puc. 2).lpu HanoxeHun He-
CKOIbKWX CBSI3e# ApYr Ha Apyra 3aTpyAHSEeTCs WX BU3yanbHOe BOCMPUATUE W YBENNYMBAETCS BPEMS Ha pe-
[aKTUpoBaHue cxeMbl (puc. 2,a). Ecnu B kayecTBe peLueHns NpUHUMaTh BCe paHee OTPUCOBaHHbIE CBA3M 3a
NpensaTCcTBUSA, TO HA paboyem nore B CKOPOM BPeMeHM 3aKOHYNTCS CBODBOAHOE MECTO.
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Puc. 2. BapuaHTbl ¢ HanoxeHnem cas3ei 1 663 HanoxeHns

MocreaHss 3agaya — BbIGOP MyTM C MUHWMArbHBIM KOMMYECTBOM MOBOPOTOB. Ha unnocTpaumm
(puc. 3) npeacTaBneHbl ABa BapuaHTa OTPUCOBKM NyTU. [yTb C MEHBLLMM KOMYECTBOM NOBOPOTOB (puc. 3, 6)
OKa3bIBaeTCS He MUHUMANbHbIM, XOTb 1 O4EBMAHO, YTO OH BU3yanbHO NPeanoYTUTENbHEN, YeM NyTb C 60Mb-
LLIMM KONIM4eCTBOM NMOBOPOTOB (puc. 3, ).
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Puc. 3. BapuaHTbl ¢ 60MbLWINM U MUHUMATBHBIM KONIMYECTBOM MOBOPOTOB

[MpogeMOHCTPUpYEM CyTb MOAMMDMKALIMM BONHOBOIO anropUtMa Ha npuMepe aHanorui pesepayapa C
BOAOW (4TO W Jano HasBaHWe UCXOQHOMY anroputmy). MoBeaeHne Knaccuyeckoro BOSTHOBOMO anroputma co-
OTBETCTBYET (PU3NYECKUM NpoLEeccam MWL YacThyHO. PakTuyeckn, paspaboTaHHbIn MOAUPULMPOBAHHDIN
BOSTHOBOW amnropuTM MpOCTO y4nTbiBaeT GOMblUEE KOMMYECTBO (DU3MYECKMX MpoLeccoB. [omecTm Halm
06bekTbl BoK-CxeMbl B YCMOBHbIN pe3epByap, B KOTOpbIA ByaeT BonHaMu noctynath Boaa (puc. 4,a). Wcko-
MblIiA MapLLUPYT 3TO TOT NyTb, MO KOTOPOMY BOSIHA AOCTUIHET Tpebyemoit Toukn 13 ucxogHoi. Mpeacrasum, Y10
Hal 06beKT BECKOHEYHO BbICOK (MOAEMNb KIacCUM4eckoro BOSTHOBOMO anroputma). Torga, kakum Obl He 6bin
YPOBEHb BOAbI B pe3epByape, BONHa Bcerga byget focturatb (OUHULLHONM TOYKW, ornbas obbekT. MoHn3um
BbICOTY 06beKTa ¢ 6ECKOHEYHOCTI 0 HEKOTOPOrO KOHKPETHOrO Yncna. Mpu onpeaeneHHoi BoicoTe 0bbekTa
BOJHA JOCTUTHET (OUHULLIHOM TOYKM BbICTPEe, NepPexnecTHyB Yepes Hero, Yem ornbas (puc. 4,0).
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Puc. 4. Cxema pacnpocTpaHeHusi BOJH

Beeaem B BOMHOBOW anropuTM KOS (ULMEHTbI, XapaKTepuaytoLwme ypoBHu obbekTa. Perynupys atm
KO3PPULUMEHTBI, Mbl CMOXEM OOUTLCA XOPOLLMX BU3yaribHbIX pe3ynbTaTtos. [1py 3TOM ANs pasnnyHbIX Knac-
COB 0OBEKTOB AnarpaMM MOXHO HasHa4aTb pasfnyHble KOIPdULMEHTbI BbiCOTbI, H0nee TOHKO HacTpavsas
NoBeAEHNEe anropuTMa nocTpOEHUs CBA3EN.

lMpobrema HanoXeHus CBA3EN UMEET aHamnorMyHoe pelueHne. Ecnu naHayanbHO ypoBeHb CBSA3EN CO-
OTBETCTBOBAI YPOBHIO AHA pe3epByapa, Tenepb CreayeT HasHaunTb UM HEKUA 60MbLLMIA YpOBEHB. [1pn aTOM



cnepyet OTMETUTD, YTO NepeceyeHe CBA3el (B OTIYME OT NepeceyeHmns 06bEKTOB) TO NMpUeMneMblil Bapu-
aHT ansa GonbwwrHcTBa cxem. CnefoBatenbHO, KOIUUMEHT BbICOTbI CBA3EN JOMKEH ObiTb 3HAYUTENBHO
MeHbLUE, YeM 0BBEKTOB Auarpamu.

[ins pelLeHns 3agaqn ¢ NOBOPOTaMM BBOAMM MOHSATHE «HaMpPaBneHne» Ans KNETKN U 4ONOMHUTENbHbIN
K03(h(DULIMEHT — CBOETO poAa «CTOMMOCTb NOBOPOTay. ECnu BONHa pacnpocTpaHsieTcst B HanpaBneHnu, CooT-
BETCTBYIOLLEM HarpaBfieHNI0 OYepesHON KNETKW Ha kapTe, KO3 UUMEHT He npubasnseTcs, B ob6paTHOM
cnyyae — npubaensercs. Takum 06pa3om, U3BUANCTLIN NYTb CTAHOBUTCS «AOPOXE» MPAMOrO.

lMpouecc pacnpocTpaHeHNs BOMHbI OT KIETKU-UCTOYHUKA (source_cell) BbirngauT cregytowwmm obpa-
30M. BonHa pacnpocTtpaHsieTcs B 4 HanpaBfieHWsX: Ha KNETKy BBEPX, Ha KNETKY BHW3, Ha KNETKY BIEBO W Ha
kneTky BnpaBo. O603Ha4MM ovepeaHoe HanpaeneHue kak direction, a 3HaueHue, kKOTopoe Mbl Bydem 3aHo-
CUTb B 0uepeqHyto cocepHioto kneTky cell, 0603Haumm kak value.

cell.value = source_cell.value + cell.coefficient + rotation,
roe cell.coefficient — yposeHb knetku Hag pabounm nonem, rotation — 3HaueHne noBopoTa.
3HauyeHve NoBOpOTa ONpeaenseTcs cneaytowmm obpasom:

if (source_cell.Direction != direction)

rotation = RotationCoef;

else

rotation = 0;
roe RotationCoef — koadpduumeHT «CTOMMOCTL NOBOPOTAY.

Ecnu HanpaBneHue knetkn source_cell COOTBETCTBYET HanNpaBNEHNtO, B KOTOPOM Mbl ABUraeMcs, npo-
CTaBNsi HOBblE 3HAYEHUs, TO 3HaYeHne koadduumerTa ByaeT paBHO Hynt. Ecnun xe HanpaeneHus pasnu-
yatTCcs — 3HaveHue koadduumeHTa byaeT HeHyneBbiM (puc. 5).
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Puc. 5. Beluncnenne sHaueHus KneTok kapTbl

Ecnn nonyunBLueecs 3HaueHre Bonblue TOro, YTO paHee CToAMO B KneTke cell, 3amMeHsieM cTapoe 3Ha-
YeHMe HOBbIM.

locne TOro, Kak BOIHa AOCTUTHET TOUKW Ha3HaYeHUs!, HaYMHAETCS HENOCPEACTBEHHO NOCTPOEHME NyTK
MO 3anONHEHHO BONTHON TepPUTOPMM. [pn NOCTPOEHUM NYTM HA PA3MEYEHHO KapTe Mbl ABMraeMcs Mo KapTe
OT (OMHWLLHOW TOYKM K CTApTOBOM. [poBEPSiEM KNETKM B YETbIPEX HaMpaBneHnsax oT (UHULWHONK. Beibupaem
KNeTKy C HaMeHbLUMM HEHYNEBbIM 3HAYEHNEM W ABUKEMCS B BbIOPAHHOM HanpaBneHuu.

Kak Bbibupaetcs nobas crnegyrowas knetka nyTu:

if (cell.Value == source_cell.Value - source_cell.Coefficient - source_cell.rotation)

{
cell. AddToPath();

}

3Has KneTku KapTbl, B KOTOPbIX HAXOAUTCA NyTb, HETPYAHO OTPUCOBATL €ro Ha paboyem none.

[Mocne Bcex MoAMUKaLMA COXHOCTL BOMHOBOTO anropuTMa octasnach JIMHENHOM, YTO NoaTBepXaaeT
NPaBUNbHOCTb Halero Bbibopa. MMonyyeHHble pesynbTaThbl NpaKTUYeckn He TPeBYIT OT nonb3oBaTesns BMe-
LiaTenbCTBa U KOPPEKTUPOBOK — T.€. YA0BNETBOPSIOT BU3yanbHbIM TpeBOBaHWAM, MOCTABNEHHLIM HaMV NeEpea
anropuTMoMm. TexHWKa UCNONb30BaHNS HAacTpanBaeMblX KOAPPULMEHTOB NO3BONSET rMOKO HacTpamBaTh Aen-
CTBME anroputma nog TpeboBaHns KOHKPETHOW 3agaum.
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