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K.A. Bapxaaos

B crarbe u3soxkenbl pe3ysbTaThl MCCIIEI0BAHUA MHOIOYPOBHEBOH CXEMBI PEIYKIUU pa3Mep-
HOCTH B 3aJa4ax ryobanbHoit onTuMusanuu. lIpemokennasi cxema II03BOJIIET CBECTH DeEIIEHUE
MHOI'OMEPHOI 33129/ OINTHMU3AIUU K CEPUM II0J3a7]a9 MEHBbIIell pa3MePHOCTH, PElIeHre KOTOPBIX
MOXKeT OBITH BBLIIOJIHEHO mapaJsulesbHO. [Ipym sroMm i peiyKnum pa3MepHOCTH KOMOMHUPYeTCs
UCHOJIb30BaHMe KPUBLIX [leaHo u cxema BIOXKEHHOW (peKypcuBHON) omrumusaruu. s permenus
PEeAyIUPOBAHHBIX 11033184 HCIOJIB3YeTCs MapaJuIe/IbHBI aJIfOPUTM IJI00AIBHOIO IIOMCKA, IIPU-
HaJIEKAIUN KJIacCy XapaKTePUCTUUECKUX aJropuTMoB. lIpoBesieHbl BBIUMHCIUTENILHBIE IKCIEPU-
MEHTBI HA CEPUU TECTOBBLIX 3311 Pa3HON pa3MepHOCTH. Pe3ysIbTaTsl 9KCIepUMEHTOB II0Ka3bIBAIOT,
YTO IPEJIOYKEHHAs CXeMa M103BoJisieT 3(P(EeKTUBHO pacnapaJijiesIuTh IPOIECC MOUCKa U JT0OUTHCS
3HAQUYUTEJIBHOI'O yCKOPEHNU.

Knouesvie ca06a: 2000a06HAA ONMUMUIGUUA, MHO209KCIMPEMAALHYIE HYHKUUY, DeOYKUUA
PAZMEPHOCTNU, TAPAKMEPUCTNULECKUE AA20PUMMDL, NAPANICALHBLE AA20PUTMDL.

BBenenue

PaccmarpuBatorcs 3a1a49u MHOTOIKCTPEMAJIBLHON (II06AJIbHOI) ONTUMU3AIUN BUA
¢(y") = min{p(y):y € D}, (1)
D={yeR:q;<y;<b;,1<i<N}. (2)

BaxkHblii B IPUKJIAHOM OTHOIIEHUU TOAKJIACC 3a1a9 (1) XapakTepusyercs TeM, 4TO MU-
HUMU3UpyeMasi (DYHKIHs 3a/[aHa HEKOTOPBIM (IIPOrPAMMHO PEATU3yeMbIM) aJIFOPUTMOM BbI-
yncaenus 3uadennii @(y) B Toukax obsacru moumcka D. B aroMm ciydae aHaJIMTHYECKUE CIIO-
cOOBI pellieHns He MPUMEHUMbI, 8 YUCJEHHOE PEIleHre 3aJ[a9i CBOJAUTCH K ITOCTPOEHUIO OIEH-
KW TOYHOTO DPEeIeHrsl Ha OCHOBE HEKOTOPOIro Yucjia kK 3HadeHWil (PYHKIWIA 3a/1a91, BBITUCIEH-
HbIX B Toukax obsiactu D. Ilporecc Beraucienus 3uaderus (PyHKIIUU B TOUKE OyJeM Ha3BATb
UCIIbITAHUEM.

B 3aJa49ax MHOFOSKCTpeMaHBHOﬁ OIITUMU3aAIITN BO3MOXKHOCTDH ,HOCTOBepHOIL/'I OIIECHKU IJIO-
0aJIPHOIO ONTHUMYyMa MPUHIUIINAJIBLHO OCHOBAHA HA HAJUYIUU AIPUOPHON uHOpPMAIAUA O
BYHKIUHU, TIO3BOJIAIONIEH CBS3aTh BO3MOXKHBIE 3HAYEHWS MUHUMU3UPYEMON (DYHKIUU C U3-
BECTHBIMU 3HAYECHUAMU B TOYKaAX OCYINECTBJIEHHBIX IOUCKOBBIX I/ITepaLLI/IIL/'I. Becbma gacro Ta-
Kasi anpuopHas uH(opMalms o 3aja4de (1) mpecTaBisieTcsi B BUJE TIPEJINOJIOXKEHUsI, ITO Tie-
JieBas (pyHKIMS @ yHOBJEeTBOpsieT ycjopuio Jlummmuia ¢ korcranToit L. Merojgam perrenns
3a/1a9 JJAHHOTO KJIacca MOCBIeHa oOmmpHas jgureparypa (cMm. o63opsl B [1-3]). O630p mnpu-
KJIaIHBIX TIPO6JIeM I00aIbHOM ONTHMU3AIN IPUBEJEH B [4].

1 .

CraTbs pEeKOMEHIOBaHa K ITyOJMKAIMYN ITPOrPAMMHBIM KOMUTETOM MeXKIyHapOIHON CyIepKOMITBIO-
tepHOil kKoudepenrmu «Hayunbrit ceppuc B ceru VHTepHET: MHOrOOOpa3ue CynepKOMIIBIOTEPHBIX MUPOB
— 2014».
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Hcnonp3oBanne cOBpEMEHHBIX MHOT'OIPOIIECCOPHBIX BBIYUCIUTEIbHBIX CHCTEM PACITUPAET
IPaHUIBI IPUMEHEHNA METOHIOB IJIODAJIHLHON ONTUMHM3AIMK W B TO XK€ BPEMs CTABHAT 339y
3¢ heKTUBHOIO pacrapaijieuBanus mporecca moucka. OrmernM, 4To pacuapaJsiie/MBaHue
IIPOIIECCa TTOMCKa MOXKHO TPOBOJUTH B HECKOJbKUX HAIIPABJIECHHUAX. BO-IepBBIX, MOXKHO pac-
[apaJIIe/IMBATh BBIYUCECHUE IEJEBON (DYHKIMHU, BO-BTOPBIX, PEAJIUBAIUIO BBIYUCIUTETHHBIX
[IPaBUJI aJrOpuTMa, 00ECIIEUMBAIONINX BBHIOOP TOYKH IIPOBEIEHUS OYEPEIHOIO UCIIBITAHUS, M,
B-TPETbUX, MOXKHO HU3MCHUTH CXEMY aJIlOPUTMa C [EJbIO IIapaJlIeJbHOI'0 BBIIOJIHCHUS HE-
CcKOJIbKUX mchbiTanuit. OMHAKO paciapaJijie/IMBaHue BbIUYUC/ICHUS I1eJIeBOI (DYHKIIUU, OIUCHI-
BAIOIIENl ONTUMU3UPYEMbIl O0BEKT, CrennUYIHO JIjIsd KOHKPETHON perraemoit 3ajaqn. Pacma-
paJjuieuBaHue IpaBuJl aJI'OPUTMa CYIICCTBEHHO 3aBUCUT OT KOHKPETHOI'O KJjacca aJrOPUTMOB
U, KPOME TOr'0, YaCTO 3TU MPABUJIA JIOCTATOYHO MPOCTHI U PACIAPAJLIEIMBATD UX HEIEeIeco00-
pasHo. [loaToMy mHEepCHEeKTUBHBIM SIBJSETCS TPETUM TOJIXOJ, KOTOPBIH XapakTepusyercs: 3¢-
dekTUBHOCTBIO (pacnapasieuBaeTCsi UMEHHO Ta 9aCTh BBIYUCIMTEIHLHOIO MPOIECCa, B KOTO-
POM BBINOJIHSIETCST OCHOBHOW OObEM BBIYUCJICHUI) U OOIIHOCTHIO (IIPUMEHUM JIJIsl IITHPOKOTO
KJIACCA XaPAKTEPUCTUIECKUX AJITOPUTMOB MHOIO9KCTPEMAJIBLHOM ONTUMU3AIIIHT).

Tax, B pabore [5| BBeieH U nCCIE0BAH KJIACC MAPAJIIEIbHBIX XaPAKTEPUCTUICCKUX AJIrO-
PUTMOB; yCTAHOBJICHA IIPEEMCTBEHHOCTDL CBOMCTB CXOJUMOCTH IIapaJlIeJbHBIX XapaKTepPUCTU-
YEeCKMX AJITOPUTMOB II0 OTHOIIEHUIO K IIOCJIEIOBATEIbHBIM IIPOTOTHUIIAM, OIEHEHA N3OBITOY-
HOCTBb TAPAJLIEJIbHBIX XapAKTEPUCTUUIECKUX AJaropuTMoB. Cjeays 3TUM OIEeHKaM, TapaJsiie/ib-
HbIE XapaKTEPUCTUUECKUE AJTOPUTMbI SBJIAIOTCSA I(DMEKTUBHBIMEU TIPU HEOOJIBIIIOM Yucye (He
6oJiee YeThIpex) HUCHOJIb3YEMbBIX MPOIEccOpoB. Vcmomb30Banne e HeCKOJIbKUX COTEH Mapali-
JICIbHBIX BBIYMCIUTEIBHBIX 3JICMEHTOB HE JTACT YCKOPEHUd IIPOIECCa IIOUCKA B HECKOJILKO CO-
TeH pa3. llpuumna cocTouT B TOM, YTO B TOM C/Iydae HapaJsiie/IbHBIA aJropuTM OyIeT Io-
POXKJIATh 3HAYUTEBHOE YUCI0 M3OBITOYHBIX TOYEK UCIBITAHWN (110 CPABHEHUIO C MOCJIEI0BA-
TeJILHBIM TIPOTOTHUIIOM ). B janHOi pabore mccseIoBaHa HOBasi CXEMa HCIOJIb30BAHMS MAPAJI-
JISJIbHBIX XaPaKTEPUCTUIECKUX AJTOPUTMOB, MO3BOJISIONAA 000fTH JTaHHYIO MOpob/eMy wu
00eceunTh 3HAYUTEIbHOE YCKOPEHUE MIPU PEIIeHUA MHOTOMEPHBIX MHOTOKCTPEMAJbHBIX 3a-

Jiad.

1. Peanykuusi pasmepHoCTH

Jisi CHUKEHMsS CJIOKHOCTU aJIFOPUTMOB TIJIODAJIBHON OnTUMU3aIuu, (GOPMUPYIONUX I]-
deKTUBHBIE MOKPBITUS 00JIACTA IOWCKA, B MHOTOSKCTPEMAJILHOW ONTUMU3AINANA IITUPOKO HUC-
HOJIL3YIOTCA Pa3JINYHbIe CXEMbl PEAYKIUU PAa3MEPHOCTH, KOTOPBIE IO3BOJIAIOT CBECTH pellle-
HUEe MHOTOMEPHBIX OINTUMU3AIMOHHBLIX 33724 K CEeMEUCTBY 3aJa4 OJHOMEPHON ONTUMU3AIIUU.
Penykius pasmepHOCTH TIO3BOJISIET CYIIECTBEHHO CHU3UTH CJIOXKHOCTH pPa3pabaThIBAEMbBIX aJi-
TOPUTMOB TJIODAJIBHOIO TIOUCKAa. Kpome Toro, JIaHHBIN MMOJIX0JT TO3BOJISET 33/1eiCTBOBATh BECH
MMEIOIIUICS annaparT OJHOMEPHON MHOTOIKCTPEMAJILHON ONTHUMUBAIMKA JIjIsd TOCTPOEHUsT -
(PEKTUBHBIX MHOTOMEPHBIX METOJIOB IJI006AJBHOTO MTOUCKA.

WsBecTHO JiBa 0OIMIMX MeTOHa PeayKimu pasmepHocTu. OIUH U3 HUX COCTOUT B IIPUMEHE-
HUU Pa3BEPTOK EIMHUIHOTO OTPE3Ka BEIECTBEHHON ocu Ha rutepky6. Pojib Takux pasBepTok
UTPAIOT HEIPEPBIBHBIE OJTHOZHAYHBIE 0TOOparkeHusi Tuiia Kpupoil [leano, Ha3bIBaeMble Tak>XKe
KPUBBIMU, 3aIOJHSIONMMU pocTpancTBo. Vcnosib3oBanue passeprku lleano y(x), ojHO-
3HAYHO OTOOPAKAIOIIEH €JIWHUYIHBIA OTPE30K BEIECTBEHHOW OCU HA €JIWHUIHBIA TUIepKyod,
[IO3BOJISIET CBECTM MHOTOMEDHYIO 3aJlady MUHUMHU3aimu B objractu D K OJTHOMEpHOU 3ajade

MuHEME3anuu Ha orpeske [0,1]
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(") = p(y(x*)) = min{p(y(x)):x € [0,1]}. (3)

Bonpochl 4nCIeHHOro moCTpoeHus OToOparkKeHmil Tuma Kpuboil IleaHO M COOTBETCTBYIO-
mast Teoprst MOIAPOOHO paccMOTpeHs B |1, 3.

Bropoii ¢rocob peayKium pasMepHOCTH — CXEMa, BJIOXKEHHON ONTUMU3AIE, WA YK€ MHO-
roIaroBas CxeMa — OCHOBaHA Ha COOTHOIICHUN

ming(y) = min  min .. min @), 4)

y€ED a,<y1s<bia,<y,<b, ans<ynsby

KOTOPOE CBOJUT PEIICHUEe UCXOAHON MHOIOMEPHOM 3aJa4i K PEILICHUIO CeMelCTBa PEKYPCUBHO
CBSI3aHHBIX OJTHOMEPHBIX T0o/3a71a49. [Ipu 3TOM KaxK10e BBIYUCIEHUE MeIeBOi (DYHKIIUU OJTHO-
MEPHO# moJi3aiauu eCTh PelIeHrue HOBOU OAHOMEPHOM IIOA334a4l CICAYIONIEro YPOBHA PEKYP-
CHUU, 38 UCKJIOYCHUEM IIOCJIEAHErO YPOBHHA, I'J€ BBIYUCAACTCA 3HAYCHUS MCXOLHON MHOroOMep-
HO# TiesieBoit pyHKIMU. PaszmuyHbie MOAMMUKAIMT MHOTOIIATOBON CXEMbI U COOTBETCTBYIO-
1ast TEOPHsl CXOJUMOCTH TIPEJICTABJIEHBI B [3].

s permenus BOZHUKAIOMIUX OJTHOMEPHBIX 3a/Iad KaK B MEPBOM, TaK W BO BTOPOM ITOJIXO-
JIaX MOTYT OBITH KCIIOJIb30BAHBI MAPAJIIEbHBIE XaPAKTEPUCTUIECKHUE AJITOPUTMBI IJ1006aJIHHO-
ro noucka [5|. Crocob pacrapaJiesmBaHust B aJrOPUTMAaX JTAHHOIO KJIACCA OCHOBAH Ha CJle-
JIYIOIIEM COOODarKEHUU: B XapPaKTEPUCTUUECKUX AaJCOPUTME TJIODAJBHOTO TOWCKA KAayKIOMY
MIOMCKOBOMY MHTEPBAJIY COIOCTABJISAETCSI HEKOTOPOE YUCJIO (XapAKTEePUCTUKA WHTEPBAJIA), KO-
TOPOE MOZKET PAaCCMaTPUBATLCA KaK Mepa BarKHOCTHU JAaHHOT'O MHTEpPBaJa JJjId IIOCJIEAYIOIIEro
nmoucka perenusi B Hem. Cjie/lysi TaHHOMY TOHUMAHUIO, JJIsi OPTaHU3AINY aPaJIJIeIbHBIX BbI-
YUCJIEHUN TIOCJIE BBIOOpa TOYKHU BBIUUC/IEHUS 3HAYeHWs (DYHKIUU JJisi TEPBOTO IPOIECCOpa B
TOYHOM COOTBETCTBUU C IIOCIECIOBATEIBHBIM aJTOPUTMOM, JJIsI BTOPOTO IIPOIECCOpa TOYKY
OYEpeJIHON UTepalny 11eJIeCO00Pa3HO BHIOMPATH U3 CJIELYIONIEro TI0 BaXKHOCTU WHTEepBaJia (T.e.
U3 MHTEPBAJIA CO CJEYIONIEl 110 MOPSJIKY MAaKCUMAaJIbHOM XapaKTePUCTUKOI) U T. 1.

2. MHoroypoBHeBasi cxeMa peAyKIuu pa3sMepHOCTU

JlJ1st M3J107KEHHOI BBIIIIE MHOTOIIATOBOI CXEMbI IIPeIJIoyKeHo 0bobrenne (6109YHAsT MHO-
roIaroBasi CxeMa), KOTOpoe KOMOMHUPYeT HCIIOJIb30BaHUEe Da3BepToOK Tuma Kpusoil [leano u
MHOTOIITATOBOM CXEMBI C TeIbI0 3 PEKTUBHOIO PACIAPAJIJIEIUBAHNST BBIUUCJICHUIN.

PaccmoTpuM BeKTOP Yy KaK BEKTOD «arpermpoBAHHBIX» MAKPO-IIEPEMEHHbBIX

y =0,y 0 yn) = Uy, Uy, oo, Upp), (5)

rJe i-si MakpoIllepeMeHHas U; MpejcTaBjser coboil BekTop paszmepHocTu N; U3 MOCIEI0BaA-
TEJIbHO B3ATBIX KOMIIOHEHT BeKTOpa Y. C MCIOJIb30BAHUEM MAaKPO-TIEPEMEHHBIX OCHOBHOE CO-
OTHOIIIEHUE MHOTOIIArOBOil cXeMbl (4) MOXKeT OBITH IIEPEIUCAHO B BHJIE

min ¢(y) = min min ... min @(y), (6)

YED u€Djuy€D, upyEDyY

rae mogobstactu D, 1 < i < M, aBAsifOTCsI IPOEKIUAMU MCXOJIHON obJsiacTu mowcka D Ha mos-
MIPOCTPAHCTBA, COOTBETCTBYIOIINE MaKpO-TiepeMeHHbIM U;, 1 < i < M.

Dopmyisl, onpeestsionye crocod perrenus 3a1a4n (1) Ha ocHOBe coorTHOIeHust (6) mMOJ-
HOCTBIO COBIIQJIAIOT C MHOTOmAroBoii cxemoii (4). Tpebyercs: juib 3aMEHUTH UCXO/HbIE IIEpe-
mennbie y;, 1 < i < N, na makpo-tiepemennble U;, 1 < i < M. Ilpu 3T0M TPUHIUNINAIBLHBIM OT-
JITYUEM OT UCXOJIHOW CXEeMbl SBJISETCS TOT (DAKT, 9TO B OJIOYHON MHOIOIIATOBOI CXEMe BJIO-
JKEHHBIE TIOJ3aJIaYM ABJISIOTCS MHOTOMEPHBIMY, W JIJIsT UX PEIIEHUs MOYXKET OBITh MPUMEHEH
crocob peyKIMU Pa3MEPHOCTH Ha OCHOBe KpUBBIX lleano. Yuciio BEKTOPOB M KOJUYIECTBO

KOMIIOHEHT B Ka2K/JIOM BEKTODE€ ABJIAIOTCA ITapaMeTpaMn OJIOUYHON MHOIOINATOBOM CXEMbI U
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MOTYT OBITh UCIIOJIb30BAHbBI )i (POPMUPOBAHUS MOA3aJIaY C HYKHBIMU CBOHCTBAMU, U 3J1€Ch
BO3MOXKHBI JIB& JTUAMETPAJIHHO TPOTUBOMOJIOKHBIX CIyIasd.

Ecaiu M = N, To 60uHasi MHOIOIMIArOBas CXEMa WJIEHTUIHA HCXOIHON MHOI'OIIArOBOM
cxeMe; KaXKJasd U3 BJIOXKEHHBIX MMOJ3aaY SIBJISETCSI OJHOMEDPHOM.

Ecim M =1, To pemenue 3ajiadn SKBUBAJEHTHO €€ PEIIEHUIO C HMCIOJb30BAHUEM €JIMH-
cTBenHoi kpuBoit [leano, orobpazkaromeit [0,1] B D; BIOKEHHBIE MO/33 a9 OTCYTCTBYIOT.

Hac xe Oymer muTepecoBaThb NpoMexkyTouHblii BapuaHT 1 < M <« N, mpu KOTOPOM WC-
XO/HAs 3aJ1a4a OOJIBIION Pa3MEpHOCTH pa3duBaeTcs Ha 2-3 BJIOYKEHHBIE T0/[33(a9l MEHbIIIe
pa3MeprHocTu. Torja, mMpuMeHsss B MHOTOITIATOBOM CXeMe JJIsl PelleHus BJIOYKEHHBIX MOA3a1aYd
apaJule/ibHbIE XaPAKTEPUCTUIECKUE METOJbI TJIODAJIBHOM ONTUMU3AIUN, MbI IMOJIyIUM I[a-
paJIIeSIbHBIN BapraHT OJIOYHONW MHOTOIIATOBON CXEMbI C ITUPOKON CTEIEHbI0 BAPUATUBHOCTH.
Hampumep, MOXKHO BapbUpPOBATh KOJWYIECTBO IMPOIECCOPOB HA PA3IUIHBIX YPOBHAX ONTUMU-
saruu (T.e. NPU PEIIeHUH MM0J3aa9 MO PA3IMYHbIM MAKPO-IEPEMEHHBIM ), TPUMEHSITh DPa3-
JITIHBIE TTapaJljie/IbHbIe METOIbI TIONCKA Ha PA3HBIX YPOBHAX U T.II.

st onmcanus mporecca napaJsuien3Ma MHOTOIIAroBoil cxeMbl (ciemys [6]) BBemeMm Bek-
TOp CTeleHell pacnapaJuieuBanus T = (74, Ty,...,Ty), e T;, 1 < i < M, obo3HAYAET YUCTIO
napaJiieJIbHO PeIaeMbix mojzagad (i+1)-ro ypoBHSI BJIOKEHHOCTH, BOSHUKAIOIIUX B PE3YJIb-
TaTe BBIMOJHEHUS TapaJjIe/IbHBIX UTEPAINi Ha -M yPOBHE.

B obmem ciyaae Beauuwnnbbl m;, 1 < 1 < M, MOTYT 3aBUCETb OT PA3/IMYHBIX IAPAMETPOB U
MEHATHCS B MPOIECCe ONMTUMU3AINU, HO Mbl OTPAHUYUMCS CIYIaeM, KOTJIa BCEe KOMIIOHEHTBI
BEKTOpa T TOCTOSHHBI. lIprMeHeHmne mapaJiaebHbIX XapaKTEPUCTUUYECKUX AJTOPUTMOB B CO-

OTBETCTBUU C OJIOYHON MHOTOIIATOBOI CXEMOM ITO3BOJIsIET MCIOJIbL30BATh IJId pemeHuda MCXOd-

M
1= nni (7)
i=1

MapaJjuieJIbHO paboTaionux IporeccopoB. Hampumep, npu wmcnosnb3oBanun m; = 8,1 <1 < M,

HOU 33J1a4u

obIree IUCI0 MOJ3a/ad, JIJIsi KOTOPBIX BO3MOXKHO IMapaJijie/ibHOe pelieHne, OyIeT yBeInutdr-
BaTbCd Ha KaKJIOM YPOBHE B 8 pa3, 9TO IIPU MCIIOJIB30BaHHUU BCEIO TPEX MaKPOIICPEMEHHbIX
cocrapur 512. Takum 0O6pa3oM, MPEJIOKEHHBIN CIIOCOO paclapauUIeIMBAHUS TO3BOJIIET (-

d)eKTI/IBHO SaﬂeﬁCTBOBaTb COTHU U ThICAYU Y3JIOB COBPEMEHHBIX BbIYUCJIUTEJIbHBIX CUCTEM.

3. PesyabTaThl 3KCIIEpUMEHTOB

B namnom pa3zpesie mpejicTaBIEHbI PE3YJIHTATHI BBIMACIUTEIbHBIX dKCIEPUMEHTOB. 310~
JKEHHBIl BBIIIEe TAPAJJIEIbHBIH AJITOPUTM TJIOOATBLHON ONTHUMHU3AINE C HCIIOJIb30BAHUEM MHO-
TOYPOBHEBON CXEeMBbl PEIYKIMHM pasMepHocTu Obll peasm3oBan B Bujae MPI-mporpammbr na
sa3pike C++. Bce akcrmepumeHTB! OBLIN MPOBEJIEHBI HA BbIUMCIUTEIbHOM KJjacrepe HHI'Y.
@opMyIMPOBKY ¥ HA3BAHUS TECTOBBIX 3314 B3ATHI u3 |7, §].

Brauasie tpoBesiem uccienoBanne 3phHEKTUBHOCTH IMOCIEIOBATEIHLHOIO AJTOPUTMA HA
geTbipexmepHoit 3a7ade Shekel 10. B tabsi. 1 npuBesieHbl pe3ysibTaThl PeleHns TaHHON 3a1a-
YU YUCJIO BBIMOJHEHHBIX UCHbITaHuil K, Bpems perienus 1 B CeKyHJIaX, HalJIEHHOE 3HAYUEHUE
ontumyMa @°. Bo Bcex skcrmepuMeHTaxX WCIOJIB30BAIUCH TApAMeTphl Meroqa 1 = 2.8, € =
0.002 m mapamerp nocrpoenus kpusoii lleano m = 10; BapbupoBaJsioch juib yucao M u pas-

MepHOCTb N; MaKpO-TIEPEMEHHBIX U;.
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Tabauma 1

Pesynbrarsr pemenns 3agaan Shekel 10
M| N; K T o

1 |4 64 604 0.65 |-10.53
2 12,2 140 925 0.89 |-10.53
2 13,1 639 780 3.08 |-10.52
2 11,3 399 960 3.44  |-10.52
3 [1,1,2 1405 598 |8.87 |-10.52
3 |1,2,1 5863 336 |27.7 |-10.51
3 (21,1 3045 636 |14.56 |-10.52
4 [1,1,1,1 |18 748 757 |88.8 |-10.52

Jlamabie pe3yJabTaThl MOATBEPXKIAIOT, UTO HAUMEHBIEE YHUCJO ITOUCKOBBIX WCIIBITAHUI
BhIoJiHgeT Merox pu M = 1. OxHako B JaHHOM ciydae MeToji OyJeT IJIOXO paclapaJijiein-
BaThCsl (CM. OOCY2KJieHUe BbIIIe), M0ITOMY 3(hMEKTUBHOCTL pacHapaJsie/uBaHust OyJIeM HUC-
ciemoBath ipu M =2 u N; = N, = 2. Tak Kak 3HadeHne (DYHKIIUUA BBIYUCIAETCH OBICTPO, TO
BEKTOD pacrapaJiiejuBanus 7 Oyjem BoiOuparh B Buje (p—1,1), rme p — YuUCIO TPOIECCOB B
MPI-nporpamme (mocsiemoBaresibhblii 3amyck mporpammbl obozuader (0,0)). Huxke npusese-
HBI PE3YJIbTATHI PEIIeHNsT HECKOJIbKUX 3a/1a4du u3 [8]: B Tabi. 2 — BpeMs pelleHusi B CEKyH-
Jax, B Tab/I. 3 — YUCI0 BBIYUCIEHUN 3HAYEHUI onTuMu3npyeMoit pyukmuu. Takke mpusee-

HbI UCIIOJIB3YEMbIC IIapaMEeTpPbl METOJa " U & U HaIL/'I,HeHHOG 3Ha4YeHNe OIITUMyMa (p*

Tabauma 2
PesynbraTh! perierns qeThbipexMepHbIX 33024

*

Problem | r g [ 7=(0,0) | 7==(2,1) | =(4,1) |==(8,1)
Levy 1 2 10.002 [0.0003 |13.33 6.3 3.62 3.01
Neumaier 2|2 0.01 [0.005 |31.3 12.1 9.1 7.38
Neumaier 3|3.2 [0.002 [-15.998|27.5 21.2 15.54 |11.63
Rastrigin 2.5 [0.002 [0.003 |2.2 2.96 1.5 0.7
Rosenbrock|2.1 10.01 ]0.1 14.22 23.31 9.13 6.7
Shekel 5 2.5 10.002 [-10.152]0.92 0.35 0.19 0.18
Shekel 7 2.5 10.002 |-10.402]0.72 0.44 0.25 0.16
Shekel 10 |2.5 [0.002 |-10.534 |0.65 0.54 0.15 0.23

Tabauma 3

PeBy.HbTaTbI pemeHud 9eThIPEXMEPHBIX 3ada4

*

Problem | 7 | ¢ [1) 7=(0,0) | 7=(2,1) | ==(4,1) | 7=(8,1)
Levy 1 2 10.002]0.0003 |1378380|2145661 |2021384 (2349743
Neumaier 2|2 |0.01 |0.005 [3059379|4870091|6976209 (6252963
Neumaier 3|3.2(0.002|-15.998 2763317 |8636710| 11466074 10176447
Rastrigin  [2.5/0.002|0.003 [235766 |1275904|1286144 (999423
Rosenbrock|2.1]0.01 |0.1 1491435 19309296 | 7206413 |9499122
Shekel 5 2.5(0.002|-10.152]95302 |122831 |105876 |127946
Shekel 7 2.5[0.002|1-10.402| 75820 |146677 |135331 |131481
Shekel 10 [2.5]0.002|-10.534 |64604 |181132 |71182 154927
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PesynbraTsl 9KCIIEpUMEHTOB MOKA3bIBAIOT, YTO IIOCJIE/IOBATEBHBIN aJlOPUTM C HCIIOJIb-
30BaHMEM OJTHON KpuBO#l lleaHO BBIMONIHAET 3HAYUTEIHLHO MEHBINIE IONCKOBBIX HCIIBITAHUI,
YeM aJITOPATM C PEAyKIMell pa3MepHOCTH II0 MHOIOYPOBHEBOH cxeme. B cmily 3TOro B HEKO-
TOPBIX CJIydadx MOJy4YaeTcs, YTO MapaJjileSIbHbII aJrOPUTM C MCIOJB30BAHUEM BEKTOPa pac-
napaJutesiuBanus (2,1) u, coorBercrBenno, 3 MPI-tiporieccoB paboraer npuMepHO TakK Ke
(wm jazke MeJJIeHHee) 4YeM mocjeaoBareibhbiii. OHAKO yKe HCIOJIb30BAHUE BEKTOPA Pac-
napasnenuBanus (4,1) naer 3uauuTenbHOEe yckopenue. llpm 3TOM MOXKHO CKazarhb, 4TO MO
BpeMeHU pabOThl U [0 YHUC/IY BBINOJHEHHBIX MOUCKOBBIX HUCIBITAHUI MPU PEIICHUU JAHHBIX
38129 TIPEJJIOKEHHBIA aJIFOPUTM HE YCTYNAaeT JAPYTMM U3BECTHBIM MeTozaMm [8].

CrieyIolnyo cepuio 3KCIIEPUMEHTOB TpoBeJeM Ha 3ajade Rastrigin uz [8] mpu N = 10,
D={-22<y;<18,1<i<N}. TI'nobambuo-onrtumambuoe pemenne — y* = (0,...,0),
o(y*) = 0. B Tabus. 4 npuBesieHbl pe3yAbTATHI PEIICHUs JTAHHON 3ajadm: BpeMs periernsi 1 B
CeKyHJ/IaX W HaliJIEHHOEe 3HAYEHHME ONTHMyMa ¢. Bo Bcex sKCmepuMeHTaxX MCIOJIb30BAIUCH I1a-
pamerpsl MeTonma 1 = 2.3, € = 0.01, mapamerp mocrpoenus kpuoit Ileamo m = 10. Ywucmo
MAaKpO-TIEPEMEHHBIX M WX Pa3MepPHOCTb ObLiu BeiOpaubl M = 2, Ny = 6, N, = 4, T.e. pemrenue
ncxoyiHoit 10-MepHOU 3a/1a4um CBOJUMTCA K PeNIeHNI0 6-MepHOM, TpUYeM BBIYHUCJIEHHE OJTHOTO
3HAYEHN: B Hell Ioapa3yMeBaeT pelleHue BJIOXKEeHHON 4-MepHOI mojzagaudn. BapbupoBasics
BEKTOD pacClapaJlIeJIMBaHUs 7, B COOTBETCTBAN C KOTOPBIM M3MEHSJIOCh HYHCJIO IPOIECCOB B
MPI-nmporpamme ot 9 70 101 cooTBeTCTBEHHO.

Tabauma 4
PesynbraTs! permenns
JeCATAMEDPHON 3a/1a4u

*

/4 T 0]
(8,1) |15938 ]0.26
(20,1)|5 448  |0.18
(40,1)]2 911  |0.19
(70,1)|1 453 ]0.27

Bo Bcex skcmepumMeHTax YMCIO MOUCKOBBIX UCIIBITAHUN U3MEHSIJIOCh HE3HAYUUTEIbHO U CO-
9
crapwiio nopsiaka 107, OmHaKo HpH 3TOM IIPOM3OILIO 3HAYNTEIbHOE COKPAIleHHEe BPEMEHH
pellleHus 3aJIa4n 3a CUEeT YBEJIUUEHU YUCIA UCIOJTb3YEMBIX ITPOIECCOPOB.

3akJroyeHue

B nammoit pabore wucciieoBajiach MHOTOYPOBHEBasl CXe€Ma, PEIYKIIMA Pa3MEPHOCTH B 3a-
Jlagax ra00aJbHON ONTUMU3AI, KOMOMHUPYIOIIAs UCIOJIb30BaHNe KpuBbix [leano u MHOTO-
maroByio cxemy. /[ljia pelreHus peaylnupOBAHHBIX TOA33aY HCIOJb3YETCsd AJTOPUTM TJIO0-
0aJILHOIO TIOMCKA, MPWHAJJIEXKAIINNA KJIACCY XapPaKTEePUCTUUIECKUX aJITOPUTMOB. s mpesiio-
JKEHHO! MHOTOYPOBHEBOW CX€MbI PaCCMOTPEHBI BOMPOCHI ee 3(PHEKTUBHOIO HUCIOTb30BAHUS
JIJIs 337129 C PA3HBIM BPEMEHEM BBIUUCJIEHUS] ONTUMU3UPYEMON (PYHKITUH.

IIpoBenmennbl BHIYUCIUTEIbHBIE SKCIEPUMEHTHI Ha CEPUU TECTOBBIX 3aJaY pa3HOil pa3mep-
HOCTH C TIeJIbIO0 CPABHEHUS YCKOpeHUs. Pe3ybTarThl 3KCIEPUMEHTOB MOKA3BIBAIOT, UTO IPE]I-
JIO’KEHHAsI CXeMa IMO3BOJIsieT 3(PPEKTUBHO PaCapalIeuTh MPOIECC TOUCKA U JIOOUTHCH 3HA-
YUTETLHOTO ycKopenwus. 1Ipu 3ToM pa3paboTaHHBI aJI'OPUTM KAaK MUHUMYM HE YCTYIIAET, & B

HEKOTOPBIX CJIydadX U IIPEBOCXOAUT U3BECTHbIEC METOAbl aHAJIOTUIHOI'O HA3HAYCHUI.
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USE OF THE PARALLEL CHARACTERISTICAL
ALGORITHMS FOR SOLVING MULTIVARIATE
PROBLEMS OF GLOBAL OPTIMIZATION

K.A. Barkalov, N.I. Lobachevsky State University of Nizhni Novgorod (Nizhni Novgorod,
Russian Federation)

In this paper the problems of multidimensional multiextremal optimization and multilevel
scheme of dimension reduction are considered. The proposed scheme allows to reduce solution of
multidimensional problems to solution of a number of subproblems with less dimension, which can
be solved in parallel. The multilevel scheme combines the ideas of Peano-type space filling curves
and nested optimization. To solve the reduces subproblems the parallel characteristical algorithm
is used. Results of numerical experiments confirm convergence and speedup of the parallel algo-
rithm.

Keywords: global optimization, multiextremal functions, dimension reduction, characteristical
algorithms, parallel algorithms.
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