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AHHOTALUA

UncieHHOE peIIeHHe 3a/ad MareMaTHYecKoW (H3MKM Ha PpaclpeAeIeHHBIX BBIYMCIMTENBHBIX CHCTEMax
3a4acTyl0 TIPEIIojlaracT HCIOJIb30BAaHUE T'€OMETPHUUYECKOTo Iapaienn3Ma. B pesynbrare BO3HHMKAeT —3ajada
cOaJaHCHPOBAaHHOTO pPACHpENeNICHNs] CETKH Mexay mpoueccopamu. OHa cBoAMTCS K 3anade pazOueHus rpada Ha
JnoMmeHsl. Llenblo ucciienoBaHus AaHHOM pabOTHI SIBISETCS IapajulelibHas JEKOMITO3HLUS CEeTOK OOJBLIOro pasMmepa.
Cpeau CymiecTBYIONIMX MAaKeTOB JACKOMIIO3UINU TpadoB mapamienbHpIMu ABistoTcs Todbko PARMETIS u JOSTILE.
MCTOI[I)I, pCaJIM30BaHHLIC B JAHHBIX IMAaKETax, OCHOBBIBAIOTCA Ha HCPAPXUYCCKHUX aJITOpUTMaAX, HEJOCTATKOM KOTOPBIX
ABJISIETCST 00pa30BaHNE HEKOMITAKTHBIX JOMEHOB. 3a4acTylO0 TaKHE JOMEHBI CBSI3aHBI C OOJNBIIMM YHCIOM COCEIHHX
JIOMEHOB, YTO BeIeT K OoyipleMy o0BeMy Iepefad MaHHBIX Ha Iporeccopax, o0padaThIBaloONIMX 3TH JOMEHBI. Ha
OCHOBE IIOCJIE/IOBATEIHHOTO MHKPEMEHTHOTO alrOpUTMa JICKOMIO3UIMK TpadoB, obecrednBaromero GpopMupoBaHue
KOMITaKTHBIX JOMEHOB, W allOPHTMa pEKYPCHBHOM OWCEKIMM CO3[JaH KOMIUIGKC IIpOrpaMM MapajieIbHON
JIEKOMIIO3UIIMHU CETOK.

BBEJIEHUE

YuciieHHOE pelleHHe 3a/ad MareMaTH4ecKod (QU3MKKM Ha PpaclpeAeeHHbIX BBIYUCIUTENbHBIX CHCTEMax
3a4acTy0 MPEIoaracT UCIOIb30BAaHNE TEOMETPUIECKOTO MapajiesIn3Ma, TP KOTOPOM CEeTKa, aIpOKCHMHPYIOIast
pacdeTHyr0 00IacTh, paclpenensieTcsa MeXIy MPONeccCopaMy 110 TeOMETPUIECKOMY IIPU3HaKy. B manpHeimeM KaxabIil
npoueccop oOpabareiBaeT CBOIO YacTh ceTkH. (COaJaHCHMpPOBaHHOCTh 3arpy3KM IIPOLECCOPOB  OIpEACNSETCS
PaBHOMEPHOCTBIO pacHpeieNIeHNs] CETKU 10 IpolieccopaM M 3aTpaTaMy Ha Mepefady JaHHBIX MEKAY MPOIECCOpPaMHu.
OObeM mepenad JaHHBIX MEXIY INPOIECCOPaMU 3aBUCHUT OT 4YHCIIAa CBs3ed MEXAY AOMEHaMH (YacTsIMH CETOK),
pacrpeielleHHbIMH I10 IIPOLIECCOpaM.

3amava cOamaHCUPOBAHHOTO pa3OMEeHMs] CETKH Ha JOMEHBI CBOJUTCS K Oosee oOIieid 3ajgade pa3ouenus rpada
Ha JIOMEHbL. B 3TOM ciydae ObeTcs rpad, COOTBETCTBYIOIIMH KOMMYHHUKAIIMOHHBIM Harpys3kam ceTkd. Bompocsl
MOCTPOCHUS TaKoTo Tpad)a BHIXOAAT 32 PaMKH JaHHOW CTaTbdl M B HEll He paccMmarpuBaroTcs. CymiecTByeT HECKOIBKO
Mozeneil aekomno3unmu TpadoB [1], ommmyarommecs mocTpoeHHMeM rpada W KpUTEpUSMH COaTaHCHPOBAHHOTO
pa3buenus. B cimydae pa3OueHnst ceTok Xopomo cedst 3apeKoMEHI0Bal Hanboliee pacpocTpaHeHHBIH moaxon. B Hem
CeTKa aNnpoKCUMHUpYeTcs HeopHeHTupoBaHHbIM Tpadom G = (V, E), rne V — mHOXecTBO BepmmH, E — MHOXecTBO
pebep. U BepumHbl, 1 pedpa, nmeror Bec. ONTHMAIBHBIM CYMTACTCS pa30HWEHNe Ha IOMEHBI, IPH KOTOPOM BHIPOBHEH
CYMMapHBIi BeC BEpLIMH B JOMEHAaX U MUHHMHM3MPOBAaH CYMMapHBIH BeC pa3pe3aHHbIX pebep Mexay nomMeHamu. B
JTAaHHOM MOJIeNN CyMMAapHBIH BeC BEpIIMH B JOMEHAX OTBEYAET 3a PaBHOMEPHOCTH pa30MEeHMs CeTKH Ha JOMEHHI (a B
JMAJIbHEHIIIEM PaBHOMEPHOCTh PACIPENCICHUST MO IMPOIECCOpPaM, KOTOpble OymyT 00pabarhiBaTh 3TH JOMEHBI), a
CYMMapHBII BeC pa3pe3aHHbIX pedep — 3a KOMMYHHKalMOHHYIO HAarpy3sky Mexay mponeccopamu. Kak u3BecTHO,
JaHHas 3a/a4da JeKOMIo3unuu rpada ssisercss NP-IomHOH, mo3ToMy A/l €e pEeIIeHHs HCIOIb3YIOTCS Pa3iIHdHbIC
IBPUCTUYECKHE METOJBI: AalTOPUTMBI PEKYPCHBHBIX KOODAWHATHOM OMCEKIMM, WHEpIHaIbHOW OuceKkuny,
cnekTpanbHOi Oucekumu, anroputM Kernighan-Lin (KL) u Fiduccia-Mattheyses (FM), «kamabiity anroput™ (greedy
method), nepapxudyeckre anropuTMbl. DTH alTOPUTMBI PEaTM30BaHbl B CIEAYIONINX IaKeTaxX JEKOMIO3UIMU Tpados:
METIS, CHACO, JOSTILE u SCHOTCH. Ho napamiensHbIMU U3 HUX siBIsitOoTCs Toibko PARMETIS (nmapannensHas
Bepcus nakera METIS) u JOSTILE. B nanHoM HMcclenoBaHUU CIENaH akKIEHT Ha JEKOMIO3HUIMK OONBIINX Tpados,
KOTOpbIE HEBO3MOXXHO Pa3MECTHTh B MaMSATH OJHOIO IPOLECCcopa, CIEJOBATENIbHO, HY)KEH MMEHHO IMapajulelbHbINA
anroputM. Mertonsl maketoB PARMETIS u JOSTILE ocHOBBIBaloTCS Ha HepapxXxWUeckux anroputMmax [2, 3],
COCTOSIIINX U3 CIEAYIONINX YacTeH: MO3TaHOE OrpydieHue rpada, JeKOMITO3HIIS CaMOTO MAJICHBKOTO M3 TIOMy9IEHHBIX
rpagoB M OTOOpakeHWE pa3OMeHWs] Ha TpeblaynIe rpadbl ¢ MEPHOAMYECKUM JIOKAIGHBIM YTOYHEHHEM TPaHHIL
JoMeHOB. HeocTaTkoM Takux alnropuTMOB SIBISIETCSl 00pa3oBaHNE HEKOMITAKTHBIX JTOMEHOB. 3a4acTyi0 HEKOMITAaKTHbIC
JIOMEHBI CBsI3aHBbl C OOJBIIMM YHCIOM COCEJHHMX JOMEHOB, YTO BEJET K OoyibiieMy 0o0beMy Iepeiad JaHHBIX Ha
nporeccopax, 00padarbIBaOIINX STH JOMEHBI.

VHKpeMeHTHBIN anropuT™ JekoMnosuiiuu rpados [4] obecnieunBaer opmupoBaHUE CBA3HBIX JOMeHOB. Ha
€ro OCHOBE pPa3paboTaH MapajuleNbHbIi WHKPEMEHTHBIH alrOpUTM JEKOMIO3UIMU rpadoB. AJTOPUTM HalelleH Ha
JIEKOMITO3UIINIO OONMbIIMX TpadoB, HE MOMEMIAIOMNXCS HAa OXHOM mporeccope (mo 10"9 BepmmH), HA KOMITAKTHBIE
nmomensl. O6macTh pa3duBaeMbIX TpadoB CykeHa 10 TpadoB, HOCTPOSHHBIX Ha TPEYTONBHBIX U TETPAdAPATBHBIX CETKaX.

PazpaboTaHHbIi MapaienbHbIH HHKPEMEHTHBIH QJITOPUTM JAEKOMITO3UINH Ipad)oB OKa3ajcs YyBCTBUTEIHHBIM
K IIepBOHAYaJbHOMY pacIlpeAeIeHUI0O BEpUIMH N0 mpoueccopam. [lodToMy Juis BBEINOJHEHHWS HAYalbHOTO
pacmpeseneHts BepIIUH pa3padoTaH alrTOPUTM FE€OMETPHUUECKOM JEKOMITO3UIIMK CETOYHBIX JTAaHHBIX.

Ha ocHOBe paccMOTPEHHBIX aJrOpUTMOB CO3/IaH KOMILIEKC IIPOTPaMM IapaljIeIbHON I1EKOMITO3HUIINH CETOK.

WUHKPEMEHTHBIN AJITOPUTM JIEKOMIIO3UILIUU I'PA®OB
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Bravane BBIOTHEHHS WHKPEMEHTHOTO ajrOpHTMa ACKOMITO3WIWH TpadoB [4] Bce BEpIIMHBI CUHUTAIOTCA
CBOOOIHBIMH, TO €CThb HEpACHpPENEICHHBIMH [0 JIOMEHaM. 3areM aisl KaKAOTro [OMEHA CiIydalHbIM 00pa3zoM
BBIOMpAETCs BEpIINHA, KOTOPasi IOMEIAETCsl B 9TOT JIOMEH M CTAaHOBHUTCS €r0 MHUIMAIM3NpYoNel BepmrHon. [lanee
pa3OueHne NpPOU3BOIAMTCS IOCPEACTBOM HTEPALMOHHOIO IpoIecca, Ha KAKIOM IIare KOTOPOTO BBITOIHSIOTCS
CIeyIoINe JeHCTBUS:

1. VlHKpeMeHTHBII poCT TOMEHOB (3axBaT BepuiMH). Ha naHHOM 3Tare mpoHCXOIUT MOCTENEHHOE NMPHUCOEANHEHUE K
JIOMEHAM TIPHJIETAIONIMX K HAM CBOOOMHBIX BepliMH U Juddy3HOE mnepepacrpeneseHne BepIiMH Ha TpaHHIaxX
MCXKIY JOMCHAMU C IECJIbIO BbIpAaBHHBAHUA CYMMApPHOr'o0 BE€Ca BEPIIHMH B JOMCHAax. B KOHIIC JaHHOI'0 3Taria BCC
BEPIINHBI IOJDKHBI OBITH PACTIPENEIICHBI IO IOMEHAM.

2. JloxampHOE yTouHEeHHE qoMeHOB. Brimonasercs KL/FM anropuTm J0KansHOTO yTOYHEHUS [5].

3. IIpoBepka kadecTBa JOMEHOB. Ecinm KauecTBO J/JOMEHOB COOTBETCTBYET 33JaHHOMY, pa30OHEHHE CUHMTAaCTCs
HalJIeHHBIM, ¥ TPOUCXOANT BBIXOJ] U3 IIMKJIA, HHAYE - IEPEX0/l K CICAYIOIEMY JTaIry.

4. OcBOOOXKIEHUE YaCTH BEPIIUH IUIOXMX JIOMEHOB M MEpexoj] K IepBoMy dramy. [ImoXumMu JOMEHaMu CUHTArOTCS
JIOMEHBI, Ka4e€CTBO KOTOPBIX HE COOTBETCTBYET 3aJaHHOMY, M HX cOCeld. B IUIOXMX JOMEHax 4acTh BEpIINH
0CBOOOXIAETCS, TO €CTh BHOBb CUMTAETCSl HEPACTIPEIEICHHOM.

KauecTBo J10MEHOB ITpoBEpsieTCsl ClIeAyIOUIMM 00pa3oM. Bee BeplIMHBI, pacloNoXeHHbIEe Ha TeOMETPUYECKON
rparuie rpada ¥ Ha TPaHHUIAX MEKAY AOMEHAMH, CIMTAIOTCS NMpPHHAAICKAIMMHU |-0if 00omouke cBoero momeHa. B
Ka)XIOM JOMEHE BEPIINHAMH 2-0i1 000JIOUKH CUUTAIOTCA COCEN BEPIIMH U3 1-0i 000I0YKH JaHHOTO JOMEHA, KOTOPHIe
TaK ke TPUHAAJICKAT 3TOMY JOMEHY M He Tonaiu B 1-yio 000mouxy. OcTanbHble 000IOYKH BBIYUCIISIFOTCS] aHAIOTHYHO.
IIpoBepsieTcst CBS3HOCTH O0OJIOUEK KAXIIOTO JAOMEHAa M BBIYMCISIETCS HOMEpP HauMEHbLIEH HECBSI3HOM OOOJIOYKH B
KaXIOM JIOMEeHe. XOpOIIMMH CYMTAIOTCS T€ JOMEHBI, HOMEp HauMEHbIIEH HECBS3HOW OOOJIOYKH B KOTOPBIX OOJbIIE,
1100 paBeH, IOPOrOBOMY 3HAUCHUIO.

MAPAJUIEJIBHBIN MHKPEMEHTHBIN AJITOPUTM JEKOMITO3UIIAUA I'PA®OB

[Tpsimoe pacmapasieTMBaHUE BCEX ITAllOB MHKPEMEHTHOTO alTrOPUTMA ACKOMITO3HINH Tpad)0B HEBO3MOXKHO,
MOCKOJIBKY 3TaIlbl HHKPEMEHTHOIO POCTA U JIOKAJbHOTO YTOYHEHUS JOMEHOB IOCIEJOBaTeIbHBI 110 CBOCH Ipupose. B
HHUX TpeOyeTcsl MeproIuecKkoe 0OHOBICHHE HH(POPMALNK, KOTOPOE B MapauleIbHOM BapuaHTe MpUBEAET K OOJIbIINM
KOMMYHHKaIIMOHHBIM H37iep>kkaM. [loaToMy BeIOpaHa criemyromiast cTparerts pacnapaiuienuBanus. Kaxpii mpoueccop
ObeT cBOW OJOK BEpIIUH JOKAJIHLHO MHKPEMEHTHBIM aJITOPUTMOM JEKOMITO3MLUH IpadoB, YTO IMO3BOJSET U30eXaTh
nepenad AaHHBIX MEXIY Ipoleccopamu. HemocraTrkoM JIOKaIBHOrO pa30OHMeHHs SIBISIETCS TO, YTO TPYIMIBI HE MOTYT
pacuIMpATHCS 3a MpeJieNbl IPoleccopa, YT0 OTPAaHNYMBACT YHCIIO IPOCMATPUBAEMBIX XOPOIINX BapHaHTOB pa30OMEHUs.
B pesynprare Ha rpaHMIlaX MEXAY IPOIECCOpaMU MOTYT 00pa3oBaThCs IUIOXHME TPYIIBI JOMEHOB. [l ycTpaHeHus
3TOTO HEJOCTAaTKa B MOCIEACTBUM IUIOXHE TPYIIBI JOMEHOB MEPEPacIPEACIIOTCS MEKAY MPOIECCOPAMH TaK, YTOOBI
KaXIas Tpylna IUIOXMX JIOMEHOB OKa3ajach COOpaHHOH Ha ONHOM Ipoleccope. 3areM IPOUCXOOHUT JIOKAIbHOE
nepepa3OneHne MIOXUX IPYI JOMEHOB.

B nmanHO# Mozmenu mpenmonaraercs, YTO IIOCHE JIOKAJbHOTO pa30MeHHs HWHKPEMEHTHBIM aJITOPUTMOM
JIEKOMIIO3UIIMK TpadoB IUIOXMMH OKaXYTCS HE BCE JOMEHBI Ha MpOILECCOpax, a TONBKO HeOoJbllas MX 4acTh Ha
TpaHMIaX MEXAY MpOLEccCopaMH. OTO YTBEP)KACHHE BBINOJHIETCS, KOrJa Ha Ipolreccopax o00pa3oBbIBAaETCS
JIOCTaTOYHO OOJBIIOE KOJMYECTBO AOMEHOB. Ha IpakTHKe YHCIIO MPOIECCOPOB, HA KOTOPHIX OYyAET CUMTAaThCs 3ajaya,
3apaHee HEM3BECTHO, U BBITOJIHEE Cpa3y pa30ouTh rpad Ha OOJNBLIOE KOJTMYECTBO MUKPO-IOMEHOB, YTOObI B JajbHEiIeM
pacrpenenars 3TH JOMEHBI 110 HY)XHOMY 4YHCIy HpoleccopoB. KomndecTBO MHUKpO-IOMEHOB Ha HECKOIBKO MOPSIKOB
MEHBIIE YHUCIAa BEPIIMH, MO3TOMY MHOTOKPAaTHOE PACIpENEIeHUE MUKPO-IOMEHOB 110 HY)KHOMY YHCIY IPOLECCOPOB
ObIcTpee MHOTOKpaTHOTO pa30ueHus Bcero rpada. Takum o0pa3oM, IPEIIIoIoKEHHE O TOM, YTO KOJMYECTBO JOMEHOB
OyzeT JOCTaTOYHO BEJIMKO, SIBIISIETCS ONPaBJaHHBIM.

CylecTByeT HECKOJBKO IMOJIXOJO0B K IEPEMEIICHUI0 BEPIIMH MEXAy IoMeHaMu. VIMEHHO B HHX COCTOHUT
OCHOBHOE€ oTinuuue Mexay uepapxudeckumu anroputMamu PARMETIS u JOSTILE. B PARMETIS ucnons3syercs
BHpPTYyaJbHOE IMEpeMeIleHIe BEPIIMH MEXAY IOMEHAMH, IIPH KOTOPOM BEPIIMHBI OCTAIOTCS Ha TOM JK€ IPOIlEecCcope,
MEHsETCS TOJBKO 3HA4EHHE IO, OTBEYAOILIEro 3a JOMEH, koTopoMy mpuHamiexut sepmuHa. B JOSTILE kaxmprii
MPOIIECCOP OTBEYAET 3a OJUH AOMEH, M €CIM BEpIIMHA M3 JTOTO JOMEHA IMEPEHOCHTCA B APYroil JOMEH, TO OHA
IepenaeTcss Ha Jpyrou Mmpoueccop, OTBEYAIOIUM 3a HOBBIM 1OMEH. IlockonbKy peanbpHas mepenada BEpPIIMH MEXIY
JIOMEHAMH MpeanonaracT KOMMYHHMKAIMOHHBIE M3JEPKKH U HE MO3BOJET HCIONb30BaTh AlTOPUTM JIOKAJBHO, B
MapauIeIbHOM HHKPEMEHTHOM aJITOPUTME AEKOMITO3UINH I'padoB HCIONIB3yeTCs BUPTyaIbHas Ilepeiada BepIInH.

Kak u B mo00OM mnapaulelIbHOM alroOpuTME JIEKOMIO3WIHMK TpadoB, TPEAIONaraeTcsi, 4YTro BEpIINHBI
W3HA4YaJIbHO HEKUM 00pa3oM paclpeneieHbl MO IpoleccopaM. 3/ech BO3HHKAeT 3ajaya B 3ajade, Korga Juis
HaxXOoK/ACHHs pa3OueHHs, Hy)KHO U3Ha4albHO pa3duTh rpad. B kadecTBe HadaigpHOrO pa3dueHust oObIYHO OepyT Oonee
npocToe pa3OueHue, HalpuMep, pa3oreHne 0 HoMepaM BEpIIUH, MM FeoMeTpuuecKkoe pasduenue. OrpaHnueHHe Ha
paciupeHre JOMEHOB 3a MpeNenbl MPOLECCOPOB MO3BOJIMIO HMCKIIOYUATh CHHXPOHU3AIHUIO MEXAY IMPOLECCOPAMU.
OnHako, B pe3ynbrare HAJOKEHHWS [JAHHOTO OrPAaHMYEHWS, BO3HMKIA 3aBUCHMOCTh JIOKAJBHOTO aJropuTMa
MHKPEMEHTHOTO POCTa JOMEHOB OT HA4YaJbHOTO paclpelesieHHs BEpIIMH IO mpoueccopaMm. Eciau nmpu HadanbHOM
pacrpesielleHMd Ha IMPOLEccOop MOMaAeT MHOXKECTBO MEIKHUX TPYNN BEpPIIMH, TO IOCIE BBIIOJHEHHS allfOpUTMa
MHKPEMEHTHOTO POCTa HEKOTOPBIC T'PYNIbI BEPLIMH OKaXXyTCs HE paclpeleleHHbIMH Mo aomeHaM. [lostomy s
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MOJTy4eHHs] OTHOCHUTEIIFHO KOMITAaKTHOTO Ha4albHOTO pACIpeleNieHHss BEpIIMH MO IpoleccopaM Ieraecoo0pasHo
UCIIONB30BaTh reoMeTpuyeckoe paouenue. [lonpodHee 0 reoMeTpuuecKOM pa3OMeHNH HAMCAHO Jaliee.

[Tocne reomeTprdeckoro pa3oMeHus Ha IPOLIECCOp AOJDKEH ONacTh TAaKo 00Nl Bec BEpIINH, Kakol OyJeT B
00pa3yeMbIX Ha HEeM JIOMEHaX, YTO MO3BOJIUT CHOPMUPOBATH JJOMEHBI OJIMHAKOBOIO Beca.

OnHako reoMeTpU4ecKoe pa3OUeHue He rapaHTUpPyeT, YTO Ha IPoLieccop BOoOIIe He MONaayT MEIKHUE TPYIIIIbI
BepimH. Hanpumep, eciu rpad) onuceIBaeT CETKY, COepkKallyio B cebe OTBEpCTHS, IIPU reOMETPUIECKOM pa3OHeHun
Ha MPOLIECCOP MOXKET MONacTh OCHOBHO# OJIOK BEPIIMH C OAHOW CTOPOHBI OTBEPCTHSI M HEOOMbIIAsl TPYIINa BEPIIMH C
IOpyroii cropossl. Takum oOpa3oM, Aake IOCIE TEOMETPUYECKOW JEKOMIIO3UIMM HEOOXOAMMO IPEABapUTEIbHOE
nepepacrpeieNieHue MaJbIX OJOKOB BEPIIMH MKy IPOLECCOPaMU.

VYuuteiBasg BCEe CKa3aHHOE, MAapaUIeNIbHBIA HHKPEMEHTHBIH alrOpUTM JEKOMIIO3MIHMU TrpadoB BHIIVIAAUT
CIJIETYIONIM 00pa3oM:

1. PacnipeneneHre BepIIMH IO MHPOLECCOpPaM B COOTBETCTBHH C PE3YIbTaTaMH TI'€OMETPUYECKON IEKOMIO3ULIUH.
OO0wuii Bec BepLIMH Ha IPOLIECCOpax ONpPEAIIIeTCs KOMIMYECTBOM OyayLIUX JOMECHOB.

2. IlpucoeanHeHne MalbIX OJIOKOB BEPILIHMH K OOJBIIMM M BOCCTAHOBJICHUE MCXOJHOIO BECA BEPIIMH Ha MPOLIECCOpax.

3. Nannpmanusanus poMeHoB. [lockosbKy Ha Ipoleccope MOXKET OKa3aThCs HECKOJIbKO OONbLIMX OJOKOB BEpILHH,
CHayayia OlIeHMBAETCS BEC BEPIUMH B OJOKax, B COOTBETCTBUM C HHUM OIIPEIEISETCS, CKOJIbKO JOMEHOB OyaeT
00pa3oBaHO B KaXAOM U3 OJOKOB, a 3areM CIy4aWHbBIM 00pa3oM BEIOMpaeTcs HYXKHOE KOIHYECTBO
MHULIAAIM3HPYIOIINX BEPIINH B K&XKIOM U3 OJIOKOB.

4. JlokanpHOe pa3OueHne BEpIIMH Ha JIOMEHBI HHKPEMEHTHBIM aJITOPUTMOM JEKOMITO3HIINH IpadoB.

. IlepepacnpenerneHue mioxux rpyni foMeHoB. CO0p KaxI0i IPyIIIbl INIOXKUX JOMEHOB Ha OJJHOM IIpOLeccope.

6. JlokanpHOE nepepa3zOreHne IIOXUX TPy JOMEHOB HHKPEMEHTHBIM aJITOPUTMOM JEKOMITO3UIIMH I'padoB.

B cootBeTcTBUM € JJaHHBIM aNTOPUTMOM OBLIT CO3/IaH KOMILIEKC ITPOrpaMM, OCYIIECTBISIONINI apauleIbHYI0
WHKPEMEHTHYIO JCKOMITO3UIIUIO rpadoB.

9]

AJITOPUTM T'EOMETPUYECKOM JEKOMITO3UIIMM CETOUYHBIX TAHHBIX

OCHOBHBIM MAKETOM B CBOOOZHOM JOCTYIIE, HCHONB3yeMBIM UIS IapajUIebHONH IEKOMIIO3UIUHU Tpados,
apistercst naker PARMETIS. Jlannbiii makeT obnanaer ciaeayroliMy HE0CTaTKaMu: TIepBOe — IIpu pa3dueHnu rpada
Ha OONbIIOe YKMCIIO YacTe oOpas3yloTcs MycThle IOMEHBI, BTOPOE — NP pa3OMEeHNH Ha paBHBIE YacTH (HOPMUPYIOTCS
JIOMEHBI C KOJIMYECTBOM Y3JIOB, OTIIMYAIOIIUMCSI OT CPETHEro apu(PMEeTHYeckoro B HECKOJIbKO pa3. IlockonmbKy mocie
IIpe/IBApUTENBHON JIEKOMITO3UIIUH Ipada Ha MPOLeccope JOJHKHO OKa3aThCsl CTOJIBKO BEPIINH, CKOJIBKO BEPILIHH OyleT B
oOpa3yeMbIX Ha HEM JOMEHax (eciM CYMTaTh BECa BEPIIMH, PaBHBIMH CIUHMIIE), BTOpas IpobieMa sBIseTCS
KkputuuHOii. [ToaTomMy ObUT pa3paboTaH aJropuTM M CO3JIaH KOMIUIEKC IIPOrPaMM, OCYIIECTBISIOIIUA reOMETPUIECKYIO
JIEKOMIIO3UIIMIO TETPAdAPATBHBIX H TPEYTONBHBIX CETOK.

ANTOPUTM T€OMETPUIECKON IEKOMITO3HUIINHA OCHOBBIBAETCS HA METOJE PEKYPCHUBHON KOOPJMHATHON OMCEKIINH.
AnropuT™M paboTaeT TONBKO C KOOpAMHATaMH BEPIIMH W HE YUYUTHIBACT CBSI3M MEXKAY HHUMH, YTO JIETaeT €ro
9KOHOMUYHBIM I10 ITaMSTH.

[Tpu HavaNbHOM pacIpeieIeH!H y3JI0B Ha IPOLECCOp IOMaAaeT CTONBKO y3JI0B, CKOJIBKO OyIeT B 00pa3yeMbIX
Ha HeM JoMeHax. HauanpHOoe pacnpeneneHne MOXeET OBbITh JIIOOBIM, HAalpUMeEp, B COOTBETCTBHU C IIOPSAKOBBIMHU
HOMEpaMH Y3JI0B. 3areM Y3JIbl COPTHUPYIOTCS MO OJHOM M3 KoopauHaT. JIoKaabHO Ha KaKAOM MpOLEccope JaHHbIe
COPTUPYIOTCS MO0 COPTUPOBKOM CIUSTHUEM, JIMOO MUPAMHIAIBHOM, THOO ONTUMU3UPOBAHHON COPTUPOBKOW (rHOpUI
COPTHPOBKH CIHMSIHAEM W MHPAMUIATBHONH COpTHpOBKH) [6-8]. B kadecTBe mapamiensHOH COPTHPOBKH OBLTa B3sTa
OoutonHas copTupoBKa batuepa  [6-8]. I COpPTHPOBKM MaHHBIX HCHOIB30BANTAach OHMOIHOTEKAa IMapauIeIbHOM
coptupoBkH u3 http://lira.imamod.ru/FondProgramm/Sort/. B mporecce copTHpoBKH, a Takke MOCie Hee, YHCIIO Y3JI0B
Ha TIpOIleccopax coxpaHseTca. B pesynbrare OJOK BEpIIMH OKa3bIBAETCS ITOOMTHIM HAa JBE YacTH IO OJHOW W3
koopnuHar. Jlajmee rpynma HpOLECCOPOB JIENUTCS Ha JBE, KaXIas W3 TPYNN BHOBb MPOBOIUT MapauIEIbHYIO
COPTUPOBKY I10 OJJHOW M3 KOOpJHMHAT M JEJHUT BEpIIMHBI Ha JIBE Ipynnbl. PeKkypcuBHas mapajulesibHas COPTHPOBKA
YBEJIMYMBAET BpeMsi pabOThI allrOPUTMa, HO YIy4IlaeT KauecTBO pacipesiesieHus OJIOKOB BEPIIMH I10 MPOIIECCOpaM, B
CPaBHEHUH C OJHOKPAaTHBIM pa3lielieHHeM OOIIero OJIoKa BEpIIMH MEXIY IPOLeccopaMu MO OAHOW M3 KOOpPIMHAT.
[TockompKy KONMMYECTBO MAaMATH, HEOOXoaumMmoe Uil paboTHl NAaHHOTO alroOpuTMa, HeBennko (cerka 21078 BepmmmH
pa3buBanack Ha 40 mpoueccopax, 512 M6 Ha KaX0M), TaKOi BAPHAHT MPHEMIIEM.

Janee pa3zOueHne Ha JOMEHBI NPOM3BOAWTCS JIOKAJTHHO HA KaIoM mporeccope. OTinyne OT OOBIYHOTO
METOZIa PEKYpCHBHOW OMCEKIMM COCTOMT B ciemytomeMm. [locne kaxaoro pa3OnMeHHs NMpPOWU3BOIMTCS paszelieHHe
JTAaHHBIX 10 aHAJOTMU ¢ OOMEHHOM COPTUPOBKOI ¢ pasnencHueM Xoapy (OBICTpasi COPTUPOBKA) [6], Onarogaps yemy Ha
KQ)XIOM MIare IPOCMaTpUBAIOTCS TOJBKO Y3JbI M3 pa30uBacMoil oOnacTd. BeImonHseTcss copTHpoBKa HE BCEro
pa3OuBaeMoro OJlOKa BEpIIMH, a TOJBKO 3apaHee ONpPEICJCHHOrO WHTEpBala, B KOTOPOM HAXOIUTCS MeqHaHa.
Pa36I/ICHI/Ie IMPOU3BOAUTCA HE TOJBKO II0 KOOpAMHATE, HO U II0 FJ'[O6aJ'II)HI)IM HOMEpaM Yy3JIOB, 4YTO IIO3BOJIACT
0o0pabaTbIBaTh CHUTYyallMd HAIWYHS HECKOJIBKHX Y3JI0B C ONHUM 3HadeHWEeM KoopauHaTel. OmHako pa3dueHHe Io
HOMEpaM y3JIOB HE ABIAETCA OYCHb YIA4HBIM, IOCKOJBKY B PE3YIbTarTe IPaHHULBI MEKAY JOMEHAMH MOTYT OKa3aTbCs
n3pezaHHbpIMU. [loaToMy B Oyaymiem Ipearnojaraercsi MCHONb30BaTh OCTABIIMECS JBE KOOPIMHATHI JUii 00paboTKu
TaKUX CUTyaLuil.
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14, uucno
YTO aJTOPUTM TE€OMETPUUECKON

Bpewms pazbuenuns 6e3 ydera
, @ Ha TIOCIIEIHEeH CeTKe - Ha

Pazouenue JAHHBIM ITIaKCTOM Ha

GospIiee YHMCIIO TOMEHOB HE MMEET CMBICIA M3-3a (DOPMHUPOBAHUS MYCTHIX JOMEHOB

BBOIa-BBIBOAA — 10 cekyHn

npeaBapuTeiibHasd pPCKYpCHBHAA

>

1 C COCCAHUMHU JOMCHAMHU —

AJITOPUTMA JEKOMIO3UIINU

yTOOBI MOKA3aTh

JACKOMITO3UIIMU U CaM I10 cebe MOXKET MMPOU3BOAUTL JOBOJBbHO KaY€CTBCHHOC pa36I/I€HI/Ie 3a pa3yMHO€ BpEMH.

>

209028730 y3108B, Ha 80000 tomenoB Ha 40 mporeccopax

U3 Hux 67 cexkyHm —
KOJINYECTBO HEKOMIIAKTHEIX o0acTei — 229.

coneprkanieit

)

~14

PesynbTHpyromee pa3dueHue conepikaio JOMEHbl u3 2612 u 2613
Ta e camas cerka Obuta pa3doura maketom PARMETIS na 20000 momeHoB

BBIBOJIA)

PE3YJIBTATBI TEOMETPUYECKOU JEKOMITIO3ULINN

W CeTKH,

B pesynpTupyromem pa30HeHnN MPUCYTCTBOBAIH JIOMEHBI ¢ 9uciioM y3ioB 10932 u 2328,

Y3J10B, CPpEAHEE YUCIIO CBA3EU C COCEAHUMU NTOMECHAMU

364
Bonbiroe 4uciio JTOMEHOB HCIOJB30BANOCH JIJISI TOTO

Pesynbrarsl mapayieIbHOTO HWHKPEMEHTHOTO QJITOPHTMa JEKOMIO3MIMH TIpadoB MONYyYEHBI Ha JBYX
HeOonpummx cerkax (1074-10"5 BepmmnH) M Ha cerke 21078 BepmmH. BblumciieHns Ha TEpBBIX JABYX CeTKax

npousBommichk Ha kimacrepe CKUD MI'Y (1250 4-xsnepubix mporeccopos, 60 TFlop/s)

Brruncnenns mpomsBogmnnck Ha kiactepe MBC-100K (990 momynedr mo 2 4-xspepHbBIX mporeccopa, 95
kimactepe MBC-100K (990 monyseii o 2 4-xsimepHbIx mpoueccopa, 95 TFlop/s).
5

PE3YJIBTATBI HAPAJUVIEJIBHOI'O HMHKPEMEHTHOI'O

Ha pasbuenne terpasnpansHO
IT'PA®OB

morpeboBangack 69 cekynn (0e3 ydera BBOAA

COPTHPOBKa, 2 CEKYHIIBI — JIOKAIbHOE pa3OueHHUE
YTO OTJMYAETCS OT cpeaHero apudmerndeckoro B 4 pasza. CpejiHee YKCIIO CBsI3e

HEKOMIIAKTHBIX o0JacTei —

TFlop/s).
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Ha 50 TOMEHOB Ha 5 mporeccopax
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MuHMMaNnbHOE W MaKCHMaJIbHOE YMCIO BepHIMH B aoMmeHax — 1511 u 1519, coorBercTBeHHO. UnCno pa3pe3aHHBIX

pedep 3491.

TTOBTOPHOTO pa30HeHUs



Ha Puc. 3 mpencraBiena TerpasapaibHas ceTKa, cocroamias u3 546266 BepmuH, 3214552 Tterpa’mpos.
N300pakeHbl TONBKO BEPIIMHBI HAa TPAHUIAX CETKU M CB3M Mexay HuMu. Ha Puc. 4 oroOpaxeHn pesynbrar ee
nokayipHOro pasomenus Ha 100 momeHoB Ha 5 mporeccopax. M300paxeHbl TOMBKO BEPIIMHBI Ha TPAHMIE CETKH U
MEXIy AOMEHAMH, U CBS3M Mexny Humu. COOp IDIOXHMX TOMEHOB He MoHamoOmics. Bpems pazOmenus 28 cekyHI.
JlocTurHyTa CBA3HOCTH JI0 2-0i 000JOYKM BKIIOUYNTEIbHO. MHUHUMAaIbHOE U MaKCUMAaJIbHOE YHCIIO BEPIIUH B JIOMEHAX
— 5458 u 5467, cootBercTBeHHO. HHco pa3pe3anHbix pedep 161598.

Puc. 3. TerpasnpansHas ceTka u3 546266 BeprunH
TerpasnpansHas ceTka, cocrosmas u3 209028730 BepmmH, 1244316672 TeTpasapos, Obuta pazduta va 40000
momeHoB Ha 700 mpomeccopax. Bpems pazbuenms 2970 cexyHn (6e3 ydera BBOIa-BEIBOAa). MUHHMANBHOE H
MaKCHMaJbHOEC YHCIO BepmuH B qoMeHax — 4980 u 5356, coorBercTBeHHO. Unciio paspe3aHHBIX pedep 135863627.
Yuciio I0MEHOB, B KOTOPHIX HE JIOCTUTHYTa CBSI3HOCTH JI0 3-el 00O0JOUKM BKIIOYMTENBHO, — 10, HECBS3HBIH JOMEH
TONBKO 1.

Puc. 4. Pesynbrar JT0KanpHOTO pa3OMEeHUs TETPadIpalbHON ceTkr U3 546266 BepmnH Ha 100 moMeHOB
Ha 5 mporueccopax
Bpemsi pazouenus cerkn 21078 BepmmH J0BONBHO Ooisbinoe. OCHOBHBIE 3arpaThl WAYT Ha alrOpUTM
JIOKaJIbHOro yrouHeHus. Bpems ero BeimonHenus O((s-1)m) [5], rae s — yrcio 1oMeHOB, m — 4ncio pebep B rpade. B
paccMarpuBaeMoOM CITydae Ha KaxJJI0M MpoIleccope pacnoiaraioch okojo 3 1075 BepuuH, 57 nomeHoB. B nanpHeiiem
MPEANoNaraeTcs YyCKOPEHHE aJIropuTMa JIOKaJbHOTO YTOYHEHMS IIyTeM pa3OMeHHsl [IOMEHOB Ha TIPYMNIbBl M
MO00YEPETHOTO YTOUHEHHUS JOMEHOB B paMKaxX Ka)KIOH IPYIIIIbI.

3AKJIIOYEHUE

Pa3zpaboTan anropuT™ U CO31aH KOMIUIEKC MPOrPaMM, OCYIICCTBISIONIMNA T€OMETPUUCCKYIO JCKOMITO3UIIHIO
TETPadyIpalbHBIX M TPEYTOJBHBIX CETOK OONBIIOTO pa3Mepa. PesymprHpylomiee pa3OHCHHE TETPadIpalbHON CETKH,
comepxkanieit 2108 y3510B, COOTBETCTBYET PAaBHOMEPHOMY paclpeiesieHUIO0 BEPIIMH MO JAoMeHaM (pa3Hulla B OIUH
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y3eI), 0 CpaBHEHHIO ¢ pa3oueHuneM, norydeHHsIM naketoM PARMETIS, roe xonmudecTBo y3110B B HEKOTOPBIX JOMEHAX
OTIIMYAJIOCH B 4 pasa OT cpenHero apudmernyeckoro. CpenHee YHUCI0 CBA3EH C COCEIHUMH JOMEHAMH TAKOE XKe, KaK B
pa3ouenun makeroM PARMETIS. Uwmcno HekoMmakTHEIX obmacteit — 229 u3 80000, uro menbme 364 u3 20000,
nonydeHHbIXx PARMETIS. JlaHHble pe3ynbTarsl MO3BOJISIOT CAENATh BBIBOX, YTO CO3IAHHBIA KOMILIEKC MPOrpamMM
BBITIOJIHSIET 32 pa3yMHOE BpeMsi pa3OueHue ny4dniero kauectsa, yeM naker PARMETIS, u Mosker ObITh HCIIONTB30BaH Kak
B Ka4eCTBE CPE/ICTBA IPEIBAPUTEIILHOTO Pa30MEH s, TaK U B KA4ECTBE CAMOCTOSTEIILHOTO HaKeTa JEeKOMITO3UIINH CETOK.

Ha ocHoBe mocinenoBaTeNnbHOTO WHKPEMEHTHOTO airopuTMa JekoMrmosuiiud rpadoB [4] paspaboran
napajuleNbHblii WHKPEMEHTHBId aJrOPUTM JEKOMIIO3MLMK TrpadoB, CTaBsiluii CcBoeill 1enbio (OpMUpOBaHHE
KOMIAKTHBIX IOMEHOB TIPH JEKOMIIO3HMIIMH TPEYTONBHBIX W TETPa’ApalbHBIX CETOK Oombimoro pasmepa (mo 1079
BepmmH). Ha ero ocHoBe co3maH KOMIDIEKC MpPOrpaMM M TPOTECTHPOBAH HAa HECKOJIBKUX TPEYrONbHBIX U
TETpadIpalbHBIX CceTKaX. Kak Tmoka3anm pe3ynbTarbl, ajlropuTM HPOWU3BOAMT JOCTAaTOYHO COaaHCHPOBAHHOE
pa3OueHue: mpu pa3OMEHUH TETPadIpalbHON ceTKH, cocTosmei 3 210"8 BepmuH, Ha 40000 1OMEHOB MUHHMAIBHOE
YHCIIO BepuIMH B oMeHax — 4980, makcumanbHoe — 5356. Pa3Ouenune o0nasaer XOpOIIMM KadeCTBOM OTHOCHTENBHO
CBSI3HOCTH JIOMEHOB: TOJbKO 1 HexkommakTHbld nomeH Ha 40000 nomenoB. TakuMm 00pa3oM, CO3IaHHBIA KOMILIEKC
MpOTpaMM OCYIIECTBISAET cOalaHCHUPOBAaHHOE pa3dueHue Jydmiero kadectsa, yeMm nmaker PARMETIS, Ho moka cunbHO
MIPOUTPHIBAET EMY II0 BPEMEHH.

Pab6ora Bemonasnace npu nopaepxke PODU (rpartsr 05-01-00750-a, 08-07-00458-a, 09-01-12022-0du_m).
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