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CUCTEMA /I OIPEJAEJIEHUSI OITUMAJIBHBIX IIAPAMETPOB
OBBEKTA M CHOCOB EE PABOTBI

OITMCAHUE U30BPETEHUA
OBJIACTh TEXHHKH, K KOTOPOM OTHOCHUTCS U30BPETEHHE

TexHuueckoe peleHne OTHOCUTCS K o0ynacTh TexHoyoruil oOpaboTku naHHBIX. bonee
KOHKPETHO, M300pETeHHEe OTHOCHUTCS K CHCTEME JJISl ONpPEAENICHHs ONTUMAIBHBIX MapaMeTpPOB

o0BekTa U crocody €€ padoThl.
YPOBEHb TEXHUKH

Psn mpakTHuecknx 3amad MO HACTPOHKE TEXHUYECKHX OOBEKTOB MPEAIoaraet
coolmeHne OOBeKTYy KOHEYHOrO KOJIMYECTBA 3alpOCOB, COAEPIKALINX 3HAUEHUs MapaMeTpOB
00beKTa, MPUEM pe3yJbTaTa padOThl CHCTEMBI M HAXOXKACHHE HanOOJee ONTUMAIBHOTO PEKUMa
(YHKLMOHUPOBAHUS TEXHHUYECKOrOo OOBEKTa, ONPENessieMOr0 COOTBETCTBYIOIIMM HabOpoM
3HaYeHUH mapameTpoB oObekTa. [l omnpeneneHus Takoro pekuma HCHOJIb3YIOTCS METOIB,
BKJIIOYAIOLTHNE B ce0sl ONTUMH3ALMIO (PYHKIMU THNA «YEPHBIN SAIIMK», B KOTOPOH MEePEeMEHHbIM
COOTBETCTBYIOT IapaMeTpbl TEXHUYECKOro OOBEKTa, a 3Ha4eHHe (QYHKIUH XapakTepH3yeT
(YHKLMOHUPOBAHUE TEXHUYECKOTO OOBEKTa. 3aaaueil B JAHHOM CJIy4ae SIBJISIETCS HaXOKIACHUE
3HAYEHHs] MEPEMEHHBbIX (PYHKLUHU, COOTBETCTBYIOIIMX 3HAUEHHSIM MapaMeTpoB OOBEKTa, MpH

KOTOPBIX 3HaUYeHue QyHKIUHU OyneT Haubosiee MPearnoOUYTUTETHHBIM.

H3BecTHbIe cHUCTEMBI MO0 00PabOTKE MAHHBIX Il MOMSIHYTBIX LeJiel BKIIFOYAIOT B ceOs
HOCHUTENb JNaHHBIX 00 oObekTe, OJOK ompeneneHus: 3Ha4eHUH (YHKIHUH, OJIOK MPeIIOKEeHUs

3HaYeHUH EPEMEHHBIX (TapaMeTpoB) U OJIOK ONTUMHU3ALIIHL.

Hocurens maHHBIX 00 OOBEKTE BBINOJHEH C BO3MOKHOCTBIO OOECIIEYEHHST BBIXOIHBIX
OaHHBIX 00 0OBEKTE Ha OCHOBE 33aJJaHHBIX 3HAYEHUN BXOJHBIX MapameTpoB. biiok ompeneneHus
3HauYeHUN (YHKIHH BBITIOJIHEH C BO3MOXKHOCTBIO ONpENeNieHUs 3HadeHWs (PYHKUUM Ha
OCHOBaHUU 3HAUEHUH MEPEeMEHHbBIX, 3aJaHHBIX OJIOKOM MPENJIOKEHUS] 3HAYCHUN TePEeMEHHBIX.
biiok cpaBHEHUs BBIMOJIHEH C BO3MOXKHOCTBIO CPABHEHHSI ONPEASIEHHBIX 3HAYCHUH (PYHKIIUHU U

HAXOKAEGHUS HauOolee ONTUMAJIbHBIX M3 CpPAaBHUBAEMbIX 3HaueHWH (QyHkiuu. biok
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NpeJIOKEeHHsT 3HAYEeHWH [apaMeTpoB BBIMOJHEH C BO3MOXKHOCTBIO 3aJaHUsl BXOIHBIX
napameTpoB (HaOOPOB MEPEMEHHBIX) U MepeNavd MX HOCHUTEN0 AaHHBIX 00 oObekTe u OJOKy
ornpeneseHus 3Ha4eHuil GyHkuuu. baok nmpeanoxeHus: 3HAYSHUI MapaMeTpoB TAKXKe Mepenaér
3HAQUEHMs 3aJaBa€MbIX [ApaMeTpOB OJIOKYy ONTHUMM3ALMU. bBJIOK CpaBHEHHs BBINOJIHEH C
BO3MOJKHOCTBIO BBIOOpa Hamboyiee NpPEANOYTUTENbHbIX 3HAYEHUI MapaMeTpoOB Ha OCHOBE
COOTBETCTBYIOIIMX UM 3HaueHUH QyHKuuH. B kadecTBe OJIOKOB 3/1€Ch BHICTYNAIOT 3JIEKTPOHHO-
BBIYHCIIMTEIbHbIE MAIIHMHBI, BBIIOJIHEHHBIE C BO3MOYKHOCTBIO OCYILECTBIIATH COOTBETCTBYIOLINE
(GyHKIMH, AT 3TOrO OHU COAEPIKAT MAILIMHOUCIIONHSEMbIE WHCTPYKLUH, KOTOpPbIe MPU HX
BBIMIOJIHEHUH 3aCTaBJISIIOT KAXKIYI0 M3 3JIEKTPOHHO-BBIYMCIUTENbHBIX MAIIUH BBITOJIHSTD

COOTBETCTBYIOLIYIO 3aauy.

O¢ddexTuBHOCTH PabOTHI JAHHOH CHCTEMBI 3aBHCHUT OT METOJA, C MOMOIIBK) KOTOPOTO
OJIOK TpeUIOKEeHHs] 3HAYeHUN TapaMeTpoB BbIOMpaeT HAOOpPBI 3HAYEHHWN MMAapamMeTpOB,
SABJIAIOIIHUECA KaHAWAATAMWU Ha OINTHMYyM. OTO BIWSET Kak Ha CKOPOCTb HaXOXICHUSA
ONTUMAJIbHBIX MapaME€TpPOB MOACIIN (KOJ'II/ILIGCTBO HeO6XOI[I/IMI:>IX I/ITepaLII/IfI U BBIYUCJIINTECJIBHAA
CJIO’)KHOCTB), TaK M HA TOYHOCTh MX OmpeneneHus. B naHHoM onmcanun OyayT paccMaTpUBaThCS
TOJIBKO 663r’paI[I/IeHTHbIe ME€TO[bI, TaK KaK I'PaAUCHTHBIC MCTOAblI HC MOTYT NPUMECHATHCSA IJIA
OUCKpeTHbIX (QyHKOui. M3BeCTHO MHOXKECTBO O€3rPaAMEHTHBIX METOAOB ONTHMHU3ALINY,
pelarmux qaHHyo 3ana4dy. Cpeau Hauboree NonyJsIpHBIX M 3apEKOMEHAOBABIINX ce0s1 MOXKHO
BBIACJINTE METOAbI 6e3FpaHHeHTHOﬁ I[I/ICerTHOfI OIITUMU3AIIUH, BXOAAIIHNEC B 6I/I6J'[I/IOTeKy
nevergrad. CucremMbl M CIMOCOOBI, HUCMOJB3YIOIIHE HEKOTOPbIE M3 3THUX METOIOB, SIBIISIOTCS

aHAJIOTAMH PACKPBITOrO U300pETEeHHS.

Meron OnePlusOne (manmee — OPO wmm One+One). Meron OPO peanuzoBaH B
nporpaMmMHOM mnpoxaykte nevergrad [https://github.com/facebookresearch/nevergrad, Bpems
obpamenust 13.09.2023] u ocHOBaH Ha MPOCTOM CTOXACTUYECKOM TOAXOAE C MCIOIb30BAHUEM
Ha Ka)KJOM LIare CIy4ailHOro M3MEHEHUs TeKyLIero Kannuaara (Habopa 3Hau€HUi mapamMeTpoB)
Ha ONTHMYM, TPU 3TOM B CPEOHEM HAa KaKAOM INare H3MEHSETCS TOJbKO OAWH HHIEKC

MHOTOMEpPHOTO MYJIbTH-UH/IEKCa (HaOOpa 3HAYEHNIT MHOTOMEPHOW IUCKPETHON NMEPEMEHHON).

Meton Particle Swarm Optimization (manee — PSO), n3BecTHBI NEPBOHAYAIBHO W3
nyOomukanuu [Kennedy, J. and Eberhart, R., 1995, November. Particle swarm optimization. In
Proceedings of ICNN'95-international conference on neural networks (Ne 4, ctp. 1942-1948).
IEEE.]. B ocHOBe 3TOro Merona JEKUT HAes KOHTPOJMPYEMOro TepeMelneHus Hadopa
KaH/IUJATOB Ha ONTHMYM (pOsi 4acTull) 1o obmactu onpexnenenus ¢yHkuun. Ha xaxaom mare

pa6OTbI aJIroputMa CMEIICHUE KaKmol U3 4acTHIl B POo€ onpeacisieTCa €€ CKOPOCThbIO, KOTOpast
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BBIUUCIIAETCS C Y4YETOM DPAaCCTOSHUS YacTHULbl OT TEKYIIero HaNAEHHOIO JIyYlIero peLieHUs
JAHHOM YaCTHULIEH U BCEM POEM B COBOKYIHOCTH. JIaHHBIN METOJ ABJISIETCS] SBPUCTUYECKUM, NTPU
3TOM B KauecTBe 00OCHOBaHHS ero 3((EeKTUBHOCTH OOBIMHO MOJIAralT JOCTUTaeMbIi B METOJE
yIa4yHbII OanaHC MEXIy MCCIEeNOBAaTENbCKUM U SKCILTyaTallMOHHBIM IOBeieHHeM (exploration-

exploitation dilemma).

Meron Noisy Bandit (manmee — NB). Merogq NB ocHOBaH Ha mpocTOM NOAXOAE,
CBSI3aHHOM C OLIEHKOI BepXHel JOBEpPUTENbHON I'pPaHULIbI U pealin30BaH B Mpoaykre nevergrad

[https://github.com/facebookresearch/nevergrad, Bpemst oOpamenus 13.09.2023].

Meron Simultaneous Perturbation Stochastic Approximation (nanee — SPSA) n3BecteH
u3 nyonukaruu [Spall, J.C., 1992. Multivariate stochastic approximation using a simultaneous
perturbation gradient approximation. IEEE transactions on automatic control, 37(3), ctp. 332-
341.]. B ocaoBe merona SPSA nexur kiaccuueckas GpopMyna rpaHEHTHOTO CITyCKa, TPU 3TOM
Il MPUONTMKEHHOTO BBIUUCIIEHUS TPaJUueHTa LeNeBOH (YHKIMHM Ha KaXOOM mare padoTsl
ANTOPUTMA TPUMEHSIETCS JIMLIb OHO MAOIMOJHHUTEIBHOE BBIYHCICHHUE LEeNeBOH (YHKIUH B
Cly4aliHO CMELIEHHOW Ha HEOOJBbIIYI0 BEJIMYHHY TOYKE OTHOCHTENIbHO TeKyiueu. JlaHHBIHI
METOJl OKa3bIBAETCS 3HAYUTENBbHO OoJiee SKOHOMHBIM I10 YHCIY 3alpOCOB K ONTUMHU3UPYEMOM
(yHKUMH, Ye€M MHOTHE IPyTHe IOAXObI, HCIOJNB3VIOIINE KOHEYHbIE PA3HOCTH I OLIEHKU
rpagueHta (B 3TOM Cllydae KOJUYECTBO TPeOyEeMbIX IOMOJHUTENbHBIX BBIYMCICHUN LEJIeBON

(YHKIIMM COBIAZAeT C €€ Pa3MEPHOCTHIO).

Meron Portfolio, ocHoBanHbIl Ha kKoMOMHau Meronos Covariance Matrix Adaptation
Evolution Strategy (nanee — CMA-ES) u Differential Evolution (nanee — DE). B ocHoBe MeTona
CMA-ES, npemnoxkenHoro B nyonukamuu [Hansen, N. and Ostermeier, A., 2001. Completely
derandomized self-adaptation in evolution strategies. Evolutionary computation, 9(2), ctp.159-
195], nexut cemMruMpoBaHHE (CEMIUTUPOBAHUE 3€Ch — 3TO CIy4aiiHbI OTOOpP KaHaMWOaTa C
BEPOSITHOCTBIO, ONPEAEIsIeMOl TeKYIIMM PaclpeielieHneM BepOSITHOCTEH) Habopa KaHIUAATOB
Ha ONTHMyM W3 HOPMAaJbHOTO DPACHpPEIENICHHs] C IMOCIEAYIOIIUM OOHOBIEHHEM MapaMeTpPOB
pacripeneneHust (CpeaHEro 3HAYEHUS U MATPULIbI KOBApHUALMH) HA OCHOBE BBIYMCICHHBIX MJIS
KaH/IUJATOB 3HAYEHUH 1eNeBOd (PYHKIMU, TIPU 3TOM CpelHee 3HAUYEHUE W 3JIEMEHThl MaTPHIIbI
KOBapUAallUd M3MEHSIOTCS TakK, 4YTOOBI BEPOSTHOCTh CEMIUTMPOBAHUS TEKYINETrO JIYYIIEro
pewmenust noBeicuiack. Meron DE, mpennoskenusni B myOmukanuu [Storn, R. and Price, K.,
1997. Differential evolution—a simple and efficient heuristic for global optimization over
continuous spaces. Journal of global optimization, 11, pp.341-359], ocHOBaH Ha 3BpUCTUYECKON

SBONIIOLIMHM HaOOpa KaHAMIATOB HAa ONTUMYM (romyJssinus areHToB). Ha kakmom mare paGoThl
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aJNTOPUTMA JIJIsl K&KAOTO M3 areHTOB CIy4aiHbIM 00pa3oM OTOMpaeTcst TpH APYTUX TPU areHTa, u
C YYETOM PACHOJOXKEHHUS 3THX TPEX areHTOB B obyacTu onpeneneHus QyHKIUH GOpMHPYETCs
HOBBIM KaHAMJAT N0 omnpeneneHHol Gopmyie. Eciu HOBBIN KaHAUAAT COOTBETCTBYET JIyULIEMY
3HAYEHUIO LIeNIeBOH (YHKIMM, YeM pacCMaTPUBAEMbIH areHT, TO HOBBIM KaHIWUIAT 3aMEHSET B

MonyJAIruU pacCMaTpuBa€cMOro arc¢Hra.

Merton Portfolio mo cBoeil cTpykType CXOX C METOJAOM, MPUMEHSEMbIM B PAaCKPBITOM
u300peTeHn, W B XOAE OKCIEPUMEHTOB TOKazan cebs Haumbonee sddexkTuBHO 13
NPEACTaBJICHHBIX AHAIOTOB. B DTOW CBA3M CHCTEMBI U CIOCOOBI, HCIIOJB3YIOIIUE METO

Portfolio, OpuTH MPUHSTHI B KauecTBE OMMKANIIIET0 aHAJIOTa PACKPBITOrO U300pETEHMSI.

Henocratkom kax Mmeroma Portfolio, Tak u Apyrux ymnomMsHYTBIX METOAOB SIBJISETCS
HEOCTATOYHAsT TOYHOCTb OINpPENEeNeHUs] NaHHBIX 00 OOBeKTe Ha ITUPOKOM Kpyre 3aaad.
CpaBHeHHe TOYHOCTH pPabOTBHI AHAJIOrOB U IPEJIOKEHHOW CHCTeMBl U crmocoba Oynmer

IPEICTABJICHO HIKE.
PACKPBITHE U30BPETEHUA

3amada, CTOsBIIAs Tepen pa3padOTUMKaAMHM PACKPBITOrO H300pETeHHs, 3aKJIF0Yajach B
NOBBIIIEHNH TOYHOCTH OIpPENENICHHs MPEANOYTHTEIbHbIX 3HAYEHUH MmapameTpoB (HACTPOHKH)

TEXHUYECKOTO O0BEKTA.

B nepBom acriekre n300peTeHus MOCTABJIEHHAs 3a/1a4da ObUIa pelleHa MyTEM CO3JaHus
CHCTEMBI OTpeNeNIeHHs] ONTUMAIIBHBIX [TAPaMETPOB TEXHUYECKOro 00BeKTa, (PYHKIIMOHHPOBAHHE
KOTOPOTO MOXKET ObITh OmperneneHo (yHKIMeH OT Habopa 3aJaHHOTO KOJUYECTBA JUCKPETHBIX
NePEeMEHHbIX B M3BECTHOM MHOKECTBE, MPH O5TOM OJKCTPEeMyM (YHKIHH XapaKTepusyer
OnTHMAaJIbHOE (YHKLIHOHHPOBaHHE 00bekTa. [Ipu 3TOM CHCTeMa BBIMOJHEHA C BO3MOKHOCTHIO
3aaHusl KOJMYECTBA TMpearaeMbix HAaOOpOB 3HAYEHHUIl MEPEMEHHBIX, 3aJaHUsl KOJMYECTBA
oTOnpaeMbIXx HaOOPOB 3HAUYEHUH NMEPEMEHHBIX, MPHYEM KOJMYECTBO NpEAsiaraeMbIx HaOOpOB
3HAYEHHI MEPEMEHHBIX MEHbIIEe KOJIUYeCTBA BO3MOXKHBIX HAOOPOB 3HAYEHUH TMEPEMEHHBIX U
Oosbllle KOJMYECTBa OTOMpPaeMbIX HAOOPOB 3HAUCHHI MMEPEMEHHBIX, a TAKXKe C BO3MOKHOCTSIMU
3aaHus] KPUTEPHsl OCTAHOBA, 3aAaHusl PYHKLUH OKUAAHUS HA ONTUMYM CJIy4ailHbIM 00pa3oM B
dopme pasiokeHHs TEH30PHOTO IM0e3a B BHUAE TPEXMEPHBIX MACCHBOB B KOJIUYECTBE,
COOTBETCTBYIOIEM KOJHYECTBY JUCKPETHBIX MEPEMEHHBIX, MPUYEM MapaMeTpaMu pas3jiosKeHHs

TCH3O0PHOTO MOE3a ABJIAOTCA 3JICMEHTbBI TpéXMeprIX MaCCHUBOB.

ITpu 3TOM cucTeMa BKIIFOYAET B ce0sl
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HOCHUTENb (PYHKIIUM OKUAAHUS Ha ONTUMYM (PYHKLNH, BBIIIOJHEHHBIH C BO3MOKHOCTBIO
XpaHeHHUs1 (PYHKIUN OXXHIOAHHS Ha ONTUMYM B (pOpMe pas3siosKeHHUs] TEH30PHOIO Ioe3Ja B BUE
TPEXMEPHBIX MAacCUBOB B  KOJIMYECTBE, COOTBETCTBYIOLIEM KOJHUYECTBY JUCKPETHBIX
NEPEMEHHBIX, NMPUYEM NapaMeTpaMH pa3JIOKEeHHs TEH30PHOIO MOe3[a SIBJIAIOTCS 3JIEMEHTHI

TPpEXMEPHBIX MACCHUBOB;

070K mpenioxkeHns: HabOPOB 3HAYEHUH MEPEMEHHBIX, BBIIIOJHEHHBIH C BO3MOXHOCTBIO
710 BBITIOJTHEHUSI 3aJaHHOTO KPUTEPHs] OCTAHOBAa UTEPATUBHO MperJiaraTh 3alaHHOE KOJHYECTBO
npeayaraeMbix HaOOpOB 3HAYEHHMH TMEPEMEHHBIX CIy4alHbIM O0pa3oM C BEPOSTHOCTHIO,
NPOTNIOPLIMOHATIBPHON COOTBETCTBYIOIIUM 3HAYSHHSIM (DYHKIIMH OKHJIAHUS HA ONTHMYM, a TaK¥Ke
C BO3MOXXHOCTBIO MOCJIEIOBATENBHON NIepeauu MpearaéMbix HaOOpOB 3HAUSHNH MePEeMEHHbBIX

Ha OJIOK orpenesneHus 3SHaYeHUH (PYHKLINY,

Onok ompeneneHus 3HaAYSHUH (PYHKIMU, BBITOJHEHHBIH C BO3MOJKHOCTBIO OIPENEICHUS
3HaYeHUH (YHKUMU [JIs1 TPEUIOKEHHBIX HAaOOPOB 3HAYEHUIH MEPEMEHHBbIX, a TaKkKe C
BO3MOYKHOCTBIO TNE€Peayil ONpeAeNEéHHbIX 3HAaUeHNH (QYHKINM A KQKIOTO U3 MPEIOKEHHBIX

HaOOpOB 3HAYEHUH TIEPEMEHHBIX OJIOKY CPaBHEHUS 3HAUCHUH (PyHKINH,

OJIOK CpaBHEHUs], BBIMOJHEHHBIH C BO3MOXHOCTBIO OTOOpa M3 MpeasiaraeMblx HaOOPOB
3HAQYEHUI MEePEeMEHHBIX 3aJaHHOTO KOJMYeCTBa OTOMpaeMbIXx HAOOPOB 3HAYEHHUI MEPEMEHHBIX,
OT KOTOpBIX 3HaueHHe (PYHKLUH HauOoyee ONTHUMAJIbHO, & TAKXKe C BO3MOXHOCTBIO INEpefavu
HaHHBIX 00 OTOOpaHHBIX HabOpax 3HAYEHUH MEPEeMEHHBbIX OJIOKY YTOYHEHHUs (QYHKLUH

OKUJIAHUS,

ONOK yTOUHEHHs (YHKIHMU OXHIAHHS, BBIMOJHEHHbIH C BO3MOKHOCTBEO YTOYHEHHS
napamMeTpoB  PAa3jOKEHUsT TEH30PHOrO moe3fa (PYHKUMHM OXUAAHUS Ha ONTHMYM C
UCTIOJIb30BAHHEM METO/a TPAAMEHTHOrO MOoAbEMA TaKuM 00pa3oM, YTOObI 3HaYeHHs (PYHKLUU

OXWIOaHUA Ha OITUMYM IJIA OTO6paHHbIX 3HAUEHUH NEPEMEHHDBIX TOBBICUITUCH.

Bo BTOpOM acrekTe HAacTOSIIEro M300peTeHHs TOCTaBJIeHHAs 3ajada Obula peleHa 3a
CUéT CO3JaHUsI KOMITBIOTEPHO-PEATH3YEMOro Crocoda onpeaeneHnss ONTUMAIBHBIX I1apaMeTPOB
TEXHUYECKOTro 00bekTa, (PYHKIIMOHUPOBAHHE KOTOPOrO MOXKET OBbITh OmpeneieHo (GpyHKIuer ot
3aJaHHOTO KOJIMYECTBA IUCKPETHBIX IEPEMEHHBIX, MPHUHUMAIOIIUX 3HAYEHHS B H3BECTHOM

MHOXKECTBEC, BKIIIOYANOIICTIO B cebst OTalbl, HA KOTOPbIX

obecnieunBaeTcsi PyHKIHs OT HabOpa 3aJaHHOTO KOJMYECTBA TUCKPETHBIX MEePEMEHHBIX,

NPpUHUMAKOMKUX 3HAYCHUSA B U3BECTHOM MHOXECCTBE, KOTOpas XapaKTCpU3YET HAAaHHBIE O
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($yHKLUNOHUPOBaHUE OOBEKTA,

CIIy4alHbIM 00pa3zoM 3a1aéTcst PyHKLUSA OKUAAHUS Ha ONTHMYM B (OpMe pa3iioKeHUs
TEH30PHOI'O I0e3a B BHIE TPEXMEPHBIX MACCHBOB B KOJHYECTBE, COOTBETCTBYIOIIEM
KOJINYECTBY JAUCKPETHBIX MEPEMEHHBIX, IPUUEM MapaMeTpamMH Pas3jIoKeHUs] TEH30PHOTO Moe3/a

ABJIAKOTCA 5JICMCHTDI TpéXMeprIX MaCCHBOB;

3a0aéTCs KOJNUYECTBO MpEeAsiaraeMbIX HAOOPOB 3HAUEHHH MEPEMEHHBIX M KOJIUYECTBO
oTOMpaeMbIXx HaOOPOB 3HAYEHUH NMEPEMEHHBIX, MPHYEM KOJMYECTBO NpEAsiaraeMbix HaOOpOB
3HAYEHUH TMEPEMEHHBIX MEHbBINE KOJIMYECTBA BO3MOXKHBIX HAOOPOB 3HAYEHHH MEPEMEHHBIX U

OosblIe KOJIUYeCTBA OTOMPaeMbIX HAOOPOB 3HAUEHHH NEPEMEHHBIX;
3a1a€TCs1 KPUTEPHUI OCTAHOBA;

AO BBIINOJHEHHUSA 3aJaHHOI0O KpPUTEPHUA OCTAHOBA HTCPATHBHO BBIMOJIHACTCA JSTall

YTOYHEHUA (I)YHKI_II/II/I OXUJaHHs Ha OIITUMYM,

OMNpPEACIIAIOTCA  ONTUMAJBHBIC 3HAUCHUA TMEPEMCHHBIX W COOTBETCTBYHOIIUE UM

napamMeTpbl TEXHHYECKOTO OOBEKTa;

Ipru 3TOM J3Tall YTOUHCHUA OXHWAAaHWUA Ha OINTUMYM BKIIHOHACT B cels CJICOYHOIIUEC

NENCTBUSI

CIy4aliHbIM 00pa3oM C BEPOSTHOCTBIO, MPONOPLUOHAIBHONH COOTBETCTBYIOIINM
3HAQUeHMsIM (QYHKIMM OXHMJAHMA HA ONTHMYM, IIPEAJaraercss 3aaHHOe KOJIMYECTBO

npeiaraeMbix HaOOPOB 3HAYECHHI MTEPEMEHHBIX

OMPENENSIOTCS  3HaueHus (QyHKIMM [T TPemIO’KEHHBIX HAOOpPOB  3HAYEHUU

NEPEMEHHBIX;

Ha OCHOBE OMNpeNeNéHHBIX 3HAYCHWH (PYHKUMHM U3 MPEAIOKEHHBIX HAOOPOB 3HAYECHUU
NEePEeMEHHBIX OTOUPAETCS 3aIaHHOE KOJIMYECTBO OTOMPAEMBIX 3HAYEHHUH MePEMEHHBIX, 3HAYCHHUSI

(YHKLINH OT KOTOPBIX HAHOOJIEEe ONTUMAIIBHBL,

nmapameTpbl Pa3IoKEHUs TEH30pHOro moe3fa (YHKIMH OXHUIAAHUA HAa ONTHMYM
YTOUHSIIOTCSL C MCIIOJB30BAHMEM METOJAa TPAJAMEHTHOrO MOIbEMA TaKUM 00pa3oM, YTOOBI
3Ha4eHUs1 (YHKIMH OKUIAHUS Ha ONTUMYM Uil OTOOPaHHBIX HAOOPOB 3HAYEHUN NMEPEMEHHBIX

IMOBBICUIIUCH.
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TexHuueckuil pe3ynbTaT, JOCTHraeMbIi PACKPBITHIM H300pETeHHEM, 3aKJII0YaeTCs B

INOBBIIICHWH TOYHOCTHU HaCTpOﬁKH TEXHHUYECKOI0 OOBEKTA.

Jlanee B HACTOSIIEM ONMMCAHUH PACKPBITOE TEXHUYECKOE pelieHne Oyaer onrcaHo Oonee
J€TANbHO CO CCBUIKOM Ha KOHKPETHbIE BAapHAHTHI OCYIIECTBJIEHUS M IpujaraeMble (QUrypbl

YepTexKeH.
KPATKOE OITMCAHUE YEPTEXXEM
@ur. 1 — pyHKIMOHATBHASI CXE€Ma CUCTEMbI B COOTBETCTBHUHU C PACKPBITHIM H300PETEHHEM.
@ur.2 — obmmast 6;10k-cxema crocoda B COOTBETCTBHH C PACKPBITHIM H300peTEeHUEM.
@ur.3 — 650K-cXeMa UTepaluy YTOUHEHHS (PYHKLIUU OKUIAHUS HA OTITUMYM.

@dur.4 — OTHOCHUTENbHAs OIMOKA ONTUMH3ALMHU NMPUMEHHUTENbHO K P-14 meromy mpwu
pa3nuuHbIX KoiudecTBax K mpennmaraempix HaOOpPOB 3HAYEHHH MEPEMEHHBIX M KOJMYECTBAX K
otOMpaeMbIXx HaOOPOB 3HAYEHUIH NEPEMEHHBIX. 3e€JIEHasl JIMHUS C KBaapaTamMu — rpaduk mpu
K=50. Cunsss muams co 3pésmamu — rpaduk mpu K=100. OpanxeBas nuHHs ¢ pomOaMu —
rpadux npu K=150. Canarosas nmuuus ¢ kpyramu — rpadux npu K=200. ®@uonerosas muHUs €

NSATUYTONBHUKAMH - Tpaduk nmpu K=250.

dur.5 — pe3ynbTaThl CpPaBHEHUs PACKPBITOrO H300peTeHHss C  aHaJoram,

UCTIONB3YIOIUMHE APYyTrHe Oe3rpaAneHTHbIE METObI ONTHMHU3ALINY.
BAPUAHTBI OCYIIECTBJIEHMWA U30BPETEHHM A

PackppiToe M300peTeHne OTHOCUTCSI K CUCTEME U KOMITBIOTEPHO-PEaTH3yeMOMY CIIOCOOy
IUIL OTIPENIEJICHUS] ONTHUMAJIbHBIX TAapaMeTPOB TEXHMYECKOro OOBeKTa, (DYHKIIMOHUPOBAHHE
KOTOPOTO MOXKET OBITh OXapaKTEePH30BAaHO (PYHKIHMEH OT 3aJaHHOTO KOJIMYECTBA TUCKPETHBIX
nepeMeHHbIX. K TakuM 0ObekTaM MOKeT ObITh OTHECEHO ODOPYIOBaHHE M TEXHOJOTHYECKHE
KOMILIEKCBI, PYHKLIIHMOHUPOBAHHE KOTOPBIX OMPEAEINAETCS HEKOTOPBIM MHOKECTBOM MapaMeTPOB
HAacTpoeK (mepeMeHHble (YHKLUWH, XapakTepusyrolueld (PyHKUHOHMPOBAHUE TEXHUYECKOTO
00BEKTa), a MPEANOYTUTENbHBIA XapakTep WM Pe3yJbTaT (PYyHKIHMOHUPOBAHHS TEXHUYECKOTO
00BEKTa COOTBETCTBYET HEKOTOPOMY IMPEANOYTHTEIBHOMY 3HAueHHI0 (QYHKIHH OOBEKTa.
PackpreIThlii cr1ocOO MOKET HMCHOJIB30BATHCS, HANPUMEpP, IJIsI OOyUEHHsI aBTOMATH3UPOBAHHBIX
POOOTOTEXHUYECKUX CHUCTEM, HAXOXKIEHHS ONTHMAJbHBIX NapaMeTPOB JIA3€PHBIX YCTAaHOBOK,

nondopa nmapamMeTpoB PYHKIMOHUPOBAHUS XUMUUECKUX PEAKTOPOB.
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3amaya HAXOXKIAEHUs] SKCTpeMyMma (PYyHKIHH MOXKET CBOAWTHCS K HAXOKIACHHIO Habopa
3HAYEHUN MEePEMEHHBIX X;pin, VIS KOTOPBIX 3HaueHue QyHkumu f(X) sBJISETCS MHHHMAaJbHBIM

(MM ONTUMANIbHBIM):

Lonin = minf(x)
i

B HacrosimeM ONHMCaHUM ISl NMPOCTOTHI HCIONB3YIOTCS TEPMUHBI «MUHUMHU3ALMSA W
ONTUMH3ALMS, OTHAKO JUISI CHIEHAINCTa B 00JACTH TEXHUKH OYEBHJIHO, UYTO LIEJIEBOEC 3HAYCHUE
(GyHKUMH MOXeT ObITh JHOOBIM (MHHUMAJIBHBIM MJIM MAaKCUMAJIbHbIM) B 3aBUCHMOCTH OT

XapakTepa 3aJavn.

IIpu 3TOM X COCTOUT U3 U3BECTHOIO YKcaa d nepeMeHHbIX

x = [ni1,n,...,ng

2

Kaxaas n; IpUHUMACT 3HAUYCHUA U3 U3BECTHOTO MHOXKCCTBA. I[J'Ii[ MMPOCTOTHI MOKHO

HpeI[CTaBI/ITb, YTO 3TO MHOKECTBO HaTypa.]'IbeIX YUCCII.
ni € {1,2,...,N;}

OpnHako, B APYyrux BapUaHTaX OCYLIECTBJICHUS 3TO MHOKECTBO MOXET OBITh JIFOOBIM
apyrum. IIpu 5TOM KOIMUE€CTBO BO3MOKHBIX TUCKPETHBIX 3HAUEHUHN Ka)KAOW U3 MEPEMEHHBIX N;

u3BecTHO: Ny, Ny, ..., Nj.

KommnbroTepHO-peanusyembiii crmocod B COOTBETCTBHU C PACKPBITBIM H300pETeHHEM
BKJIIOUaeT B cebs 3Tam, Ha kotopoMm obecrneunBaetcs (100) ¢pyHKIMS OT 3aJaHHOTO KOJIUYECTBA
IMCKPETHBIX TEPEMEHHBIX B HM3BECTHOM MHO)KECTBE 3HAYEHHUH MepeMeHHbIX. [lpu 3ToM
3HAYEHHsI MEPEMEHHBIX XapaKTePH3YIOT 3HAYEHHs MapaMeTpOB OOBEKTa, 3Ha4eHHe (YHKLUH
XapaKkTepu3yeT NaHHbIE O MPOLecce U pe3yibraTe (YHKIIMOHHPOBAHUS OOBEKTA, a IKCTPEMYyM
$yHKUMH XapakTepu3yeT HauOoyiee MNPennouTHTEIbHOe (QYHKUHOHHpOBaHHE oObekTa. B
OONIBIIMHCTBE BapUAHTOB OCYLIECTBJICHHsS H300peTeHus: Takas (YHKLUs He 3aJaHa B SIBHOW
aHATMTUYEeCKON (opme, a o0ecrieunBaeTcsl B BHE MPOLIECCa U pe3ysibTaTa (PyHKIHOHUPOBAHUS
TEXHHYECKOr0 O0BEKTa, OMpeneNsieMbIX MPHUMEHSEeMbIMH K TEXHHYECKOMY OOBEKTy HabOpOB

3HaYeHUH NapamMeTpoB (COOTBETCTBYIOIINUX MEPEMEHHBIM).

Tak, ¢pyskums f(X) ot 3amaHHOrO KosuecTBa d JUCKPETHBIX MEPEMEHHBIX
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x=[ng, ngy ..., nd],
KOTOpre MOFyT HpI/IHI/IMaTb 3HAQUYCHUA 13 U3BECCTHOI'O MHOJKECTBA
n; € {1,2,... ,Ni},
MOKET ObITh MPEICTABIEHA B BUJIE HESIBHO 331aHHOTO d-MEPHOTO TEH30pa:

cy E RNl X NaX...XNg

Y[ni, na, ..., ng] = f(a:)

B HaCTOALIEM OMUCAHUU ITOA TCH30POM CJICAYET MOHUMATb MHOT'OMEPHYIO Ta6m/1uy U1

MHOTOMEPHBIN MAaCCUB.

B HEKOTOpBIX BapWaHTax OCYLIECTBICHHA (PYHKUHOHUPOBAHHE OOBEKTa MOXKET
XapakTepu3oBaThCs (YHKIHMEH OT MEepeMEeHHBIX, He SIBIAIOLINXCS IUCKPETHbBIMU. B Takmx
BapuaHTax ocymectsieHus stan odecnedeHus: (100) ¢yHKOMM OT 3aJaHHOTO KOJIMYECTBA
IVCKPETHBIX TIEPEMEHHBIX BKJIIOYaeT B Ce0s BBINOJHEHHE AUCKpeTH3auuu QyHKuuu. B
NPEANOYTUTENIbHOM BapUaHTe OCyluecTBiIeHus usoOpereHus obOecneuenune (100) ¢ynkumm
OCYIIECTBJISIETCSl 110 MeEpEe BBIMOJHEHHUs Croco0a MyTEM ONpefeNieHus €€ 3HaueHud Juisd
npenaraeMbix HaOOpOB 3Ha4YeHUil mepeMeHHbIX. IIpu 3TOM naHHBIA crocod mpeamosaraer
olpeneseHNe 3HAaYeHWH (YHKLUMM TOJBKO JUII YacTH BO3MOXHBIX 3HaYeHHH HaOOpoB

NEPEMEHHBIX.

B cooTBeTCTBUM C PacKpBITBIM HM300peTeHHeM crocod BKJOYaeT B ceOst JTam, Ha
koTopoMm 3anaércs (200) GyHKIMs OKMOAHUS HA ONTUMYM B (OpME PaA3NIOKEHUS TEH30PHOTO
noe3ga B BUIAE TPEXMEPHBIX MACCUBOB B KOJHYECTBE, COOTBETCTBYIOIIEM KOJUYECTBY
TUCKPETHBIX TEPEMEHHBIX, MPUUEM IMapaMeTpaMu Pa3JIOKEHHUS TEH30PHOTO TOe31a SIBIISIFOTCS
3JIeMEeHTHI TpéxMepHbIX MaccuBOB (Tensor-Train Decomposition, Oseledets 1., STAM Journal on

Scientific Computing, (2011), 2295-2317, 33(5), 10.1137/090752286).

I'oBoputcs, uto d-MepHbIi TEH30p

gb e RNl)(NzX...XNd
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3a1aH B (OpME pa3JIOKEHUS TE30PHOro Moe3da, KOr[a ero SJeMEHTbI MPEeNCTaBJICHBI

cnenyromei GopMyJIoi:

Ri R» Rg_1
@[nl,nz, e ,nd] = Z Z e Z @1[1, nl,rl] %2[7‘1,“2,7"2] N ‘5d[:rd_1,nd, 1]
r1=1rs=1 rg—1=1
I'ne (nq, ny, ..., ng) — 370 MyabTuuHgekc (n;=1,2,..., N; nnst i = 1,2,...d), uenbie uucna

Ry, R4, ..., Ry, ¢ ycnoBueM, uto Ry=R,; = 1, uMeHyroTCsa paHramu TeH3opHoro noe3aa (umu TT-

paHr), a TpPEXMEpPHBIEC TEH30PbI
G, € REi—1xNixRi (j =1 2 .. d)
MUMEHYIOTCS SIAPAaMU TEH30PHOTO TT0e3/1a.

Paznoxenne TenzopHoro noesna (vin TT-pasnoxkeHne) MO3BOSET MPEACTABUTD TEH30D
WIM JUCKPETHU3UPOBAHHYID MHOTOMEPHYIO (YHKIHIO B KOMIIAKTHOW M HarJISAOHON

MajonapaMeTpudeckor (opme, KOTOpas JHHEHHAa Mo pasMepHOCTH d, T.e. UMeeT MeHee

d- max;—q ,d(N@RzQ) ~d- N : R2

iz napametpos, rie N u R — 310 sddexTusHbIii
("cpennuii") pasmep moasl 1 TT-panr coorserctBeHHO. [lox pasmepoM MObI 31€Ch TOHUMAETCS

KOJINYECTBO BO3MOYKHBIX 3HAYCHUIN NTEPEMEHHOM.

B xopme BBIMOSHEHHS MPEAJIOKEHHOTO METOJa OLIEHUBAETCS BEPOSTHOCTb HAXOXKACHHUS
ontuMyMa (YHKLMU MPH 3HAUYEHUSIX NMEPEMEHHbBIX, COOTBETCTBYIOIIUX 3JIEMEHTAM TEH30pa. JDTO
BBITOJIHSETCS MyTEM HTepaTuBHOrO yrouneHus (500) pyHKUMU OXUOaHWA HA ONTHMYM B BHIE
TEH30pHOrO moe3na, (opmMa KOTOPOro COOTBEeTCTBYyeT (dopMme 3amaHus  (QyHKLMH,
XapaKTepU3ymIlel JaHHble O (PYHKIMOHUPOBaHUU OObekTa. WHBIMU ciioBaMu, (yHKUUS

OXXUIOaHUA Ha ONITUMYM 3a0a€TCsl B BUAE TEH30PHOI'O 1oe3aa Buaa

9.’)0 e RN]_ XN2X...XNd

B HEKOTOpPBIX BapHaHTaX OCYIIECTBJICHHS M300PETEHHsI MapaMeTpbl TEH30PHOTO IMOe3/1a
($yHKUMN OXXMOAHHUA HA ONITHMYM MOTYT 3a7aBaThCsl TAK, YTOObI 3HAUCHUs] (DYHKIIMH OKUAAHUS
HAa ONTHMYM JUI BCEX HaOOPOB 3HAYEHUH MapamMeTpoB ObLIM PaBHOBEPOSTHBIMH, CIy4alHBIMU
wi uHBIM oOpazoM. C y4€TOM TOro, YTO CHOCOO MOJKET BBINOJHATBHCS MHOTOKPATHO MJIS
KaXXJIOM KOHKPETHOH 3a7auu, MPEANOYTUTENbHO 3a/1aBaTh (PYHKLUIO OXHIAHHMS HAa ONTHMYM

CﬂyqaﬁHblM 06pa30M; OTO MO3BOJIUT HAXOAUTH ONITUMAJIbHBIC MTAPaMETPhI pa3HbIMU NIYTAMU, YTO

10
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MOBBIIIAET BEPOSITHOCTh KOPPEKTHOro HaxokaeHus. llpu sToM, Kak cieayer U3 CylecTBa
3Ha4eHUH (PYHKIMM OXXHIAHHS HAa ONTHMYyM (3HaU€HHE BEPOSITHOCTH), €€ 3JIEMEHTBhl HE MOTYT
ObITh OoTpunarenbHbIMU.  [{na  pyHKIMOHMpOBaHMS crmocoba He TpeOyeTcst BBINOJHATH
HOPMHPOBKY 3JIEMEHTOB (YHKIMM OXHIAHWS Ha ONTHUMYyM (IIPUBEIEHHE BEPOATHOCTEH K

3HAYEHUSIM, KOTOPbIE€ B CYMME COCTAaBJISIIOT 1).

Utobsl 3amaTh HeoTpuuarenbHblii TT-TeH30p 3amanHOM pasmepHoctu N, Ny, ..., Ny ¢

MOCTOSIHHBIM ~ PAaHroM  TeH30pHOro moe3ga R, gocrarouno co3mate d  TT-smep

rgl’ G2,..., 64 (TPEXMEpPHBIX TEH30POB) CO CIYYAWHBIMU 3JIEMEHTAMH H3 PAaBHOMEPHOTO

pacnpenenenusi Ha uatepsaie (0, 1).

Crocob B COOTBETCTBHU C PACKPBITHIM H300pPETEHUEM TaK»Ke BKJIFOUAET B ceOs JTar, Ha
kotopoM 3anaérca (300) kommyectBo K mpennmaraempix HaOOpPOB 3HAYEHUH NEPEMEHHBIX MU
KOMM4ecTBO K orOmpaembix HaOOpOB 3HA4YeHMH TNEepeMeHHbIX. [IpuuéM KOIMYeCTBO
npeasaraéMbix HaOOpPOB 3HAYEHHWH IMEPEMEHHBIX MEHbIIE KOJHMYECTBa BO3MOXKHBIX HAOOpOB
3HAYEHUH TEPEMEHHBIX U OOJIbIe KOJMYECTBA OTOMPAeMbIX HAOOPOB 3HAYEHHUH MEPEMEHHBIX.
KonkperHele 3HaueHuss kojmuectBa K mpemmaraeMbix HaOOpPOB 3HAYEHUH MEPEMEHHBIX H
konndecTBa k otOupaeMbx HAOOPOB 3HAYEHMN MEPEMEHHBIX MOTYT BBIOMPATbCS IS KaKOOH
KOHKPETHOH 3a7auu. B Xone uChbITaHUi pacKpbhITOro Metoaa ObUIM HUCCIIeNOBaHbl 3HadeHHsT K
ot 50 no 250 u 3HaueHus k ot 5 no 25, kak 3TO NPEACTaBIEHO IJs peuleHus 3aaauu P-14 Ha
¢ur.4. CpaBHEHHE OTHOCUTEIBHOH OIMIMOKH BBINOJHEHHsS crocoda MOKa3ano HeOOJbIIYIO
pasHuny B 3((eKTUBHOCTH Ha JAHHOM JAWANAa30HE, IMOSTOMY HCIBITAHWUS MPOBOAMINCH TPH
K=100 u k=10. B unbIX 3a1a4ax NpeANOYTUTEIbHBIMU MOTYT OBITh HHBIE 3HAUEHUS] KOJUYECTBA
K npennaraempix HaOOpOB 3HA4eHUI MEPEMEHHbIX M KojuuecTBa k oTOMpaeMbix HaOOpOB
3HAYEHUH TEePEMEHHbIX. B HEKOTOPBIX BapHAaHTaX OCYIIECTBJICHUS H300pETeHHs 3HAYCHUS
xonmdecTBa K mpemyaraempix HaOOpPOB 3HAYEHUI MEPEMEHHBIX U KOJNUYECTBA K OTOMpaeMbIx
HaOOpOB 3HAUEHHH NMEPEMEHHBIX MOXKET 1O Mepe BBIMOJIHEHHs criocoba n3MeHsThest. Hanpumep,
yepe3 HEKOTOPOe KOJIMYECTBO BBIMOJIHEHHBIX HMTEPALlUil YTOYHEHUS (PYHKLUHUU OXHUIAHHUS Ha
ontuMyM KosmuecTBo K mpemmaraeMbix HaOOpOB 3HAUEHUI MEPEMEHHBIX H/HIIH KOJUYECTBO kK
otOnpaeMbIx HaOOPOB 3HAYCHHUH MEPEMEHHBIX MOTYT OBITh YMeHbIIeHbl. BriOop kommuectsa K
npeiaraeMbIX HAOOPOB 3HAYSHHIA MAPaAMETPOB M KOJTMYECTBA K oTOMpaeMbIx HAOOPOB 3HAYCHHUI
apaMeTPOB MOXKET OCYINECTBIIATHCS CHUCTEMON M3 MPENBAPUTENBHO 33JaHHOTO AMANa30Ha HIIN
OBITH TpEBAPUTENHHO YKa3aH ONEepPaTopoM, aJIMHHHCTPATOPOM HIIU IOJIb30BATENEM CHCTEMBI.
3nauenus K moryt cocraBnats ot 50 1o 250, mpeanoyTuTeNbHble 3HAaY€HUs K MOTYT COCTaBIIsATh

oT 5 nmo 25.

11
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Crmoco0 B COOTBETCTBUHM C PACKPBITBIM HM300peTeHHEM BKIIFOYaeT B ce0sl JTam, Ha
koTopom 3anaércs (400) kpurepuii octaHosa. Kpurepuii ocranoBa HEOOXOANM 1Tt 00€CTIEUSHHST
KOHEYHOCTH BBINONHEeHUs1 urepanuii yrouHeHus (500) (yHKIUM OXHIAHUS HA ONTHUMYM.
Kputepuii ocraHoBa MOXeT BKIOYaTh B Ce€0s MAaKCHMAJIbHOE KOJHWYECTBO BBINOJHIEMbIX
UTepalif, CXOAMMOCTb MeToAa (HampuMep, KOraa mpeqjaraeMble HaOOpbl 3HAYEHHH
HepeMEHHbIX MTOBTOPSIIOTCS B TEUEHHE HECKOJbKHMX uTepaunit stana (500) yrouneHus GyHKIHH
OKHJIAHUsI HAa ONITUMYyM), a TaKxKe IPyrue YCJIOBUS M MX KOMOMHAUWU. B Xone ucnbiTaHus AJist
JaHHOTO croco0a M JJIsi aHAJIOTrOB ObLI 3alaH KPUTEPUH OCTaHOBA B BUAE MAKCHMAJIbHOTO

KOJIMYECTBA BBIMOJHsIEMbIX urepanuii — 10 000.

Crmoco0 B COOTBETCTBUHM C PACKPBITBIM HM300peTEHHEM BKJIFOYaeT B cedsl JTam, Ha
KOTOPOM 10 BBINOJHEHUS 33JaHHOTO KPHUTEPHs OCTAHOBA WTEPATHUBHO BBIMOJIHSAETCS 3Tall
yrounenus (500) ¢pyHKIMHM OkugaHus Ha onTUMyM. DTan yrouneHus (500) GyHKIMH OXUgaHus
Ha ONTHUMYyM IMPEACTABISET COOOH MOCIEeNOBATENBHOCTh LMKJINYHO BBITMOJHAEMBIX IIIAroB,
BKJIFOUAIOIINX B ce0s MO MeHbIIEH Mepe IIard, Ha KOTOPBIX CIy4aiHbIM 00pa3oMm c
BEPOSITHOCTBIO, TPOIOPILHOHAIBHOW COOTBETCTBYIOIIMM 3HAYEHHMsIM (PYHKLMU OKUAAHUS Ha
ontumyw™m, npemnaraercs (501) 3aganHoe kommdecTBo K mpennaraeMblx HaOOpOB 3HAYCHHI
nepeMeHHbIX; omnpenesnsitoress (502) 3HavueHus QyHKUMM s npemiokeHHBIX K Habopos
3HAYeHUH NEePEMEHHBIX, Ha OCHOBE BBIYHCICHHBIX 3HAUY€HUN (YHKIUH U3 NPEAJIOKEHHbIX
HaOOpoOB 3HaueHud mnepeMeHHbIXx orOupaercs (503) 3amanHoe kommuecTBO k OTOHMpaembIx
3HaYeHUH MEePEeMEHHBIX, 3Ha4eHUs (PYHKLUU OT KOTOPBIX HauOoJiee ONTHMAJIbHBI, IapamMeTphbl
pas3NOKEHUs] TEH30PHOrO mnoe3na (yHKUMU OXHMAAHWUS Ha onTuMyM yrounsitorcs (504) B
NPEANOYTUTEIBHOM BapHaHTE OCYIIECTBICHUS W300pETeHUs C MHCIOJIb30BAHUEM METOAA
IPaUEHTHOTO MOABEMA TAKUM 00pa30M, 4TOObI 3HaYeHUsT (PYHKIMH OKUAAHUS HA ONTUMYM TSI
O0TOOpaHHBIX HAOOPOB 3HAUEHHI MEPEMEHHBIX MOBBICHINCH. BMmecTe ¢ Tem, mpu NpUMEHEHUH
METO/ia TPATUEHTHOrO MOABEMA B CUJIy OCOOCHHOCTEH METOJa TaKKe MOBBIIIAOTCS 3HAYCHUS
(YHKUMH OXHMIOAHWS HAa ONTHMYM Uil HAaOOpOB 3HAYEHHMH NEPEMEHHBIX, OJIM3KHX K

OTOOpPaHHBIM.

Crioco0 B COOTBETCTBUHM C PACKPBITBIM H300peTEHHEM BKJIFOYaeT B cedsl 3Tam, Ha
KoTopoM ompepesirores  (600)  onTuUManbHBIE 3HAYEHHWs] TEPEMEHHBbIX (YHKIHH U
COOTBETCTBYIOIIME MM MapaMeTpbl TEXHHUYECKOro oObekra. Habopbl 3HaueHuit mapamMeTpos
TEXHUYECKOT0 OOBEKTa COOTBETCTBYIOT HaOOpaM 3HAUEHHsH NMEPEeMEHHBIX, a ONTHUMAJIbHBbIE
napameTpsl 00bEKTa COOTBETCTBYIOT HAOOPY 3HAUEHUH NEPEMEHHBIX, IIPH KOTOPBIX TOCTUTAETCS
onTuManpHOe 3HaueHne pyHKuuu. Criocod B HEKOTOPBIX BAPUAHTAX OCYLIECTBICHUS BKIIOYAET

B ce0s dTal ONpPECaAC/ICHUS ONITUMYMd, B XOA€ KOTOPOro OMNPEACIISICTCA HanboJjiee ONTHUMAIbHOE
12
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3HaYeHne (YHKIMU. B HEKOTOpBIX BapuaHTax OCYLIECTBIEHMs 3Tall ONPEAETICHUs ONTHMyMa
MOXET BBINOJIHATBCS IOCHe 3aBepiueHust stana ytouHeHus (500) QyHkumu oxupmaHus Ha
ONTUMYM H BKJIIOUATh B ceOs1 onperesneHue 3HaueHus! pyHKLIUN Ha OCHOBAaHMH HAbOpa 3HAYEeHUH
NEPEMEHHBIX, COOTBETCTBYIOLIETO MAaKCUMAJIbHOMY 3HAU€HUIO (YHKIUH OXXHUIAHUS Ha
ontuMyM. B npyrux BapuaHTax OCYLIECTBJIEHHsSI JTall OINPENENIEeHUs ONTHMyMa MOKET
BBIMIOJIHATBCA B Xome dTama ytouHeHus (500) ¢yHKUMM OXMIOAHWS HA ONTUMYyM HyTEM
¢dukcupoBaHus HanOojee ONTHUMAJBHBIX 3HAUEHMH U3 ONpPENeNEHHBIX Ha IIare ONpeneseHHs

(502) 3Havenuii GyHKIUU IJIs1 IPEIIONKEHHBIX HAOOPOB 3HAYEHUM TTEPEMEHHBIX.

B coorBercTBHM € packphIThIM u300pereHueM stan yrouneHus: (500) oxupmanus Ha
ONTUMYM BKJIOYaeT B ce0s Imar, Ha KOTOPOM CiydaliHbIM 00pa3oM C BEPOSTHOCTHIO,
NPOTIOPLIMOHATBHON COOTBETCTBYIOIIMM 3HAUEHUSM (PYHKUUM OXUAAHUS HA ONTHUMYM,

npennaraercs (501) 3ananHoe konndecTBo K HaOOpOB 3HAYEHUI TTEPEMEHHBIX.

Po: L ={x1,22,...,TK}

IIpennoxxenne (501) 3amamnoro xkonmuectBa K HaOOpoB 3HaueHHMH NEPEMEHHBIX
Clly4aiiHbIM 00pa3oM € BEPOSTHOCTBIO, MPOMOPLUOHAIBHONH COOTBETCTBYIOIIUM 3HAYEHHSM
(I)YHKI_II/II/I OXXUJaHHsd Ha OINTHUMYM, B MIPCANOYTUTCIIBHOM BapUaHTEC OCYLICCTBJICHUSA
n300peTeHnst BKIIIOYAET B Ce0si MpOoIenypy CeMIUTUPOBAHUS U3 TeH30pa B (hOpMaTe TEH30PHOTO

noesna. Tak, 4ToObl CreHepupoOBaTh MYJBTH-UHAEKC X (WM HaOOp 3HAYeHUH MEPEMEHHBIX) C

BEPOSTHOCTBIO, MPONOPLIOHAIBHON COOTBETCTBYIOLIEMY 3HAYSHUIO p= 95[38] TT-Tenzopa

P mowxer BuiTh HCMONB30BAH MOJXOJ, MU3BECTHbI M3 HcTouHMKa [Sergey Dolgov et al.
“Approximation and sampling of multivariate probability distributions in the tensor train
decomposition”. In: Statistics and Computing 30 (2020), ctp. 603—625.]. DTOT MOAXOI OCHOBAH
Ha TMOCJIEOBATEIbHOM BBIYMCICHUN OJHOMEPHBIX YCJIOBHBIX IJIOTHOCTEH BEPOSITHOCTH C
s ¢exTuBHBIM uHTErpupoBaHueM B TT-popmare. Ilpm >TOM anxropuT™M JOMycKaeT
AUCKPETHU3aLMIO B Cly4yae M3HA4YajJbHO HEHOPMHUPOBAHHOIO TEH30pa, MO3TOMY HaM HE HYJKHO

BBIYUCISITH KOA(PPHUIMEHT HOPMATH3aLUH.

B coorBercTBUM € packpeITBIM u300pereHueM sTan yrouneHus (500) oxupmanus Ha
ONTUMYM BKJIFOYaeT B ceOsi mar, Ha kotopom omnpenerstorcs (502) 3HadeHus: GyHKIUAU TSI

MPeUIOKEHHBIX HA0OPOB 3HAYCHUHN MTEPEMEHHBIX.
y1 =H(x1), y2 = f(mz), oy = (k)
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NEePEeMEHHbIX B MPEANOYTUTEIPHOM BapPHAHTE OCYIIECTBJICHHUS H300pPETEHHsI BBIMOJIHSIETCS HE
NyTéM aHAJIUTHYECKOTO BBIYMCICHHUS STHX 3HAYEHUH, a MyTEM BBINOJHEHUS K TEXHUYECKOMY
00BEKTY 3ampoca, COAEpIKALIero COOTBETCTBYIOIIME HAOOpPbl 3HAYEHHH IE€PEeMEHHBIX, U
OlpeneseHus] XapakTepa (QYHKIMOHMPOBAHMS TEXHUUECKOro oObekTa. Tak, Hampumep,
onpenenenue (502) 3HaueHUH (QYHKLUMN IS MPEJIOKEHHBIX HAOOPOB 3HAYEHUI IEePEeMEHHbBIX
MOKET BKJIFOYaTh B ceOsl yCTAHOBKY 3HAYEHHUI MapaMeTpOB TEXHUYECKOTrO 0OBbEKTa Ha yPOBHE,
COOTBETCTBYIOIIEM HA0Opy 3HAUEHHWH MEpPEeMEHHbIX, a IO Pe3yabTary (QYHKIHOHUPOBAHHUS

00BEKTa NPU YCTAHOBJICHHBIX MTAPAMETPaX ONpeAessieTcs 3Ha4eHne (PyHKLIUH.

B coorBercTBUM ¢ packpeITbiM H300pereHreM stanm  yrouHeHus (500) ¢yHkumm
OKHJIAaHUSI HA ONTHMYM BKJIFOYAET B ce0sl Iar, Ha KOTOPOM Ha OCHOBE ONPENeIEHHbIX 3HAYCHUH
(YHKUMH W3 TPEASIOKEHHbIX HAa0OPOB 3HAYEHMH mepeMeHHBbIX otOmpaercs (503) 3amaHHOE
KOJINYECTBO OTOMpPAEMbIX 3HAYCHHH MEPEMEHHBIX, 3HaUeHUs] QYHKIHH OT KOTOPBIX Hambosee
onTUManbHbl. WHOEKCHl TAaKMX 3HAYEHHH MEPEMEHHBIX MOXKHO NPEACTaBUTH CIEIYIOLINM

obpazom:
S = {81182)' .. 7Sk}'

B pasnuuHBIX BapMaHTax OCYINECTBJIEHHS H300peTeHuss Hauboyee ONTHMAalIbHBIE
napameTpbl TEXHUYECKOro OOBEKTa MOTYT XapaKTepU30BaTbCS MUHUMYMOM HJIM MAaKCUMyMOM

(onTuMyMOM) (PYHKLIUH, XapaKTepU3YIOIIeH TOBeIeHHsI JAHHOTO OOBEKTa.

B cootBercTBUM ¢ packphIThIM u300pereHueM stan yrouHeHus: (500) oxupmanust Ha
ONTUMYM BKJIOYaeT B ceOs IIar, Ha KOTOPOM MapaMeTphbl Pa3JIOKEHHs] TEH30PHOrO Moe3na
(YHKUMU OXUAAHUS HA ONTHMYM YTOYHSIIOTCS C HCIOJB30BAHMEM METONA T'PAJUEHTHOTO
nonbéma (Ruder, S. (2016). An overview of gradient descent optimization algorithms. arXiv
preprint arXiv:1609.04747) takum o6pa3om, 4TOOBI 3HaAYCHHUS (PYHKLIUU OKUIAHUS HA ONITUMYM
s oTOOpaHHBIX HAOOPOB 3HAYEHUH NEPEMEHHBIX MOBBICHIIUCh. JTO JOCTHraeTCs MyTEM

MPUMEHEHUST HECKOJIbKHX IIIarOB IPaIuEHTHOrO MOIAbEMA K CIEAYIOIEeMY (PYHKIIHOHATY

k
Lo({Zsy) Togr --r T, }) = Y log (Py[zs,])
=1

2

rne L0 —s10 cymMma Jiorapu(pMoOB 3HAUE€HHI TeH30pa (PYHKIIMU OKHIAHUS HA ONTUMYM B
otoOpaHHbIX k HaOopax mepeMeHHBbIX.
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3Ha4yeHHue Iara TPajUeHTHOrO MoabéMa o (MM cKopocTu oOydeHust — learning rate)
MOXET OIpPENENsTbCS B 3aBUCHMOCTH OT OCOOEHHOCTEH KOHKPETHOM 3aladdl U  MOKET
coctaBiaTh, Hampumep, or 0,0001 no 0,1. Ilpu 3TOM rpaaMeHTHBI NOABEM B HEKOTOPBIX
CJIy4astX MOXKET BBIMOJHATHCS HA BEJIMYMHY HECKOJbKUX IIAroB, YTO HE BBIXOAMT 32 PaMKHU

PaCKPBITOrO N300peTeHUs.

B HEKOTOpBIX BapHaHTax OCYLIECTBJIEHHS H300PETEHUs] YTOYHEHHE OXHUAAHUS Ha
ONTUMYM MOKET BBIMOJHATECS MyTEM CIOXKEHHsT (YHKIUM OXUAAHUS HAa ONTUMYM C
BCIIOMOTATEIbHBIM TEH30pOM, KOTOPBIM, HMes aHaJIOTWYHYI0 pPa3MEpPHOCTb, pPaBe€H BO BCEX
MHJEKCax HYJIO, KPOM€ WHIEKCOB KaHAWAAaTa Ha ONTUMYM, OXHUIAHUE [Jsi KOTOPOro
HEOOXOMUMO TMOBBICUTH. J[JI1 MHIEKCOB KaHOWAATa HA ONTHUMYM, OKHAAHUE MJIsi KOTOPOTo
HEOOXOIUMO TOBBICUTH, 3HAUEHHE TEH30pa MOXKET OBITh paBHO HekoTtopomy delta, KOTOpBIH
oTpefeNseT ar YTOUHEeHUsl O)KUIAHUs Ha ONTUMYM. B HEKOTOpPBIX BapuaHTax OCYLIECTBJICHMUS
3HA4YEeHUs] TEH30pa B COCEAHMX (TI0 OTHOLICHHIO K MHAEKCAM KaHIUAaTa Ha ONTUMYM, 3HAYCHHE
IUIE OKUAAHUS HA ONTHMYM JJIsI KOTOPOTO HEOOXOJMMO MOBBICHTH) MHIEKCAX MOJKET TaKKe
cnazath ot delta no Hyns. Onepanusi CIOKEHUS MOXKET BbIIOJHATHCSA MYyTEM IO3JIEMEHTHOTO
cnoxkennst B TT-popmare. [lpu cinoxkeHMH paHT TEH30pa MOBBIIAETCS, TOITOMY IOCIE 3TOTrO
HEoOXoauMO BBINOJTHUTE onepannto okpyrieHust (Tensor-Train Decomposition, Oseledets 1.,
SIAM Journal on Scientific Computing, (2011), 2295-2317, 33(5), 10.1137/090752286), uToObI

CHU3UTD paHT 1O UCXOAHOI'O 3HAYCHMUS.

Crocob B COOTBETCTBHHU C PACKPBITBIM N300PETEHNEM MOKET BBIITOJIHSITHCS C MTOMOLIBIO
cucteMbl | ompeneneHHs ~— ONTUMAJbHBIX  IIAPAMETPOB  TEXHUUYECKOTO  OOBEKTa,
(YHKLMOHUPOBAHUE KOTOPOro MOXKeT ObITh ompeneneHo (yHKIUed oT Habopa 3aJaHHOTO
KOJINYECTBA TUCKPETHBIX MEPEMEHHBIX B H3BECTHOM MHOXKECTBE, ITPH 3TOM 3KCTPEMyM (PYHKLUU
XapaKkTepu3yeT ONTHMaIbHOE (PYHKLIUOHHPOBaHUE 00bekTa. IIpu 3TOM cuCTeMa B COOTBETCTBHU
C PacKpBITBIM HM300peTeHHEM BBIMOJIHEHA ¢ BO3MOXKHOCTBIO 3amanus (300) xommuectBa K
npeasiaraeMblx Ha0OpPOB 3HAYEHHWH MEPEeMEHHBbIX M KonudecTBa K orOmpaeMbx HaOOpOB
3HAYEHUH TMEPEMEHHBIX, MPUYEM KOJIUYECTBO MpPEIJIaraéMblX HaOOPOB 3HAUEHHH MEPEMEHHBIX
MEHbIIIe KOJHYECTBA BO3MOJKHBIX HAOOpOB 3HAYEHHWH MEPEMEHHBIX W OOJbIIE KONUYECTBA
oTOnpaeMbIXx HaOOPOB 3HAYEHUH MEPEMEHHBIX. TaKKe CHCTeMa BBIOJHEHA C BO3MOXKHOCTSIMH
3amanus (400) kpurepust octaHosa, 3aaanus (200) QyHKIMM OKUAAHUS HA ONTHMYM CITy4aiHBIM
o0pazom B Gopme pasioKeHHUst TEH30OPHOTO MM0e3/1a B BUE TPEXMEPHBIX MaccHBOB. Kpome Toro,
CHCTEMa BBINIOJHEHA C BO3MOXKHOCTBIO onpenenerus (600) onTuManbHbIX 3HAU€HUH MapaMeTpoB
TEXHUYECKOro OOBEKTa Ha OCHOBAaHMM HaOOpa 3HaYEHMH NMEePEMEHHBIX, 3HaUeHHue QYHKIUH MPU

KOTOPOM I10 Pe3yJIbTaTaM BBIMOJIHEHUsI PACKPBITOrO CI1oco0a, ONpeesIeHO Kak ONTUMAIIBHOE.
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Cucrema 1 B COOTBETCTBUHM C HACTOSIIUM HM300pPETEHHEM TAaKXKe BKIIOYAET B CeOs
Hocutenb (10) GyHKIMU OXHIAHUS HA ONTUMYM (PYHKLMH, BBITOJHEHHBIH C BO3MOXXHOCTBIO
XpaHeHHusd (PYHKIUN OXHMIOAHHs Ha ONTUMYM B (pOpMe pas3siosKeHHUs] TEH30PHOIO Ioe3Ja B BUJE
TPEXMEPHBIX MAacCUBOB B  KOJMYECTBE, COOTBETCTBYIOLIEM KOJHUYECTBY JUCKPETHBIX
NEPEMEHHBIX, NMPUYEM NapaMeTpaMH Ppa3JIOKEHHs TEH30PHOIO MOe3[a SBJIAIOTCS 3JIEMEHTHI
TPEXMEPHBIX MAaCCHBOB. B kadecTBe HOCHTENs (DYHKLUUH OXHMIAAHUS HA ONTHMYM MOJXKET OBITH
UCIIOJIb30BAHO JIFO0OOE MOCTOSHHOE MIJIM ONEepPAaTHBHOE 3allOMUHAoLee ycTpoicTBo. Ilpu sTom
O6mok (50) yTouHeHMsT (QYHKUMU OXHMIOAHHSA HA ONTUMYM MOXET OBbITb BBIIOJHEH C
BO3MOXKHOCTBIO BBITIOJIHEHUS dTana 3aganus (200) cinyuaiiHbiM 00pa3oM GYHKIHMU OKUAAHUS HA

ONTUMYM B BHIE B (POpMe pasyioKeHHsI TEH30PHOTO 103714 B BUE TPEXMEPHBIX MACCHBOB.

Cucrema 1 B COOTBETCTBUU C HACTOSIIINM H300pPETEHHEM TaKXKe BKJIFOYAET B cedsi OJIOK
(20) mpemnokeHus: HaAOOPOB 3HAYEHMH IEPEMEHHBIX BBITOJHEHHBII C BO3MOXKHOCTBIO 10
BBITTOJIHEHHSI 33JaHHOTO KPUTEPUS OCTAHOBA HMTEPATHUBHO MpelaraTbh 3aJaHHOE KOJIHYECTBO
npeasaraeMbpix HaOOpOB 3HAYEHMH TNEPEMEHHBIX CIy4alHbIM O0pa3oM C BEPOSTHOCTHIO,
NPOTIOPLIMOHATBHON COOTBETCTBYIOIIUM 3HAUEHHSIM (DYHKIIMH OKHIAHUS HA ONTHMYM, & TaKXKe
C BO3MOXKHOCTBIO TTOCJIEIOBATEIBHON Nepeadn npeniaraeMbix HaOOpOB 3HAUEHUH ePEMEHHBIX
Ha Onok ompeneneHust 3HaueHwd ¢QyHkouu. Ilpu stom s oOecrieueHHs BO3MOKHOCTH
BBITTOJIHEHUS (PYHKLIMHU MPEIUIOKeHUs] HAaOOpOB 3HaUeHUl nepeMeHHbIX 00K (20) mpeasioskeHust
HaOOpOB 3HAUEHUI NMEPEMEHHBIX BBIIIOJHEH C BO3MOXHOCTBIO MOJYYEHUs 3HAUEHUH (QyHKLUU
OXHIaHus Ha onTuMyM ¢ Hocurtess (10) pyHkimu oxxunanus Ha ontumyMm. st atoro 6mok (20)
npeniokeHnss HaOOpOB 3HAYEHUH IEPEMEHHBIX MOXKET OBITh COEJUHEH C BO3MOXKHOCTBIO
nojiydeHus: faHHbeix oT Hocutens (10) Gynkuumn oxunanus Ha ontumyM. B kadectse Oioka (20)
MOXeT ObIThb HCIOJIb30BAaHA MO MEHbINEH Mepe OIHA AJIEKTPOHHO-BBIYUCIUTENbHAS MAalluHA
o0Iero Ha3HauYeHHsI, KOTOpas COAEPIKUT MAIIWHOUCIIONHSIEMbIE MHCTPYKIHH, KOTOpbIE MPHU
BBIMTOJIHEHUH UX 3aCTABJISIIOT YIIOMSIHYTYIO 3JIEKTPOHHO-BBIYUCIUTEIbHYIO MAIIUHY BBIIOJHATh
NpeIokeHne HaOOpOB 3HAYEHUH MEpeMEeHHbIX U HampaBieHue ux Ojoky (30) ompeneneHus
3HaYeHUH (YHKIMH B COOTBETCTBUH C PACKpPbITBIM u3o0perermem. [Ipum stom Omok (20)
NPEANIOKeHHsT Ha0OpPOB 3HAYEHHH IEPEMEHHBIX MOXKET OBITh COENMHEH C BO3MOYKHOCTBIO
nepefayn AaHHBIX IO TNPOBOJHOMY W/MiM OecrpOoBOIHOMY KaHaly cCBsisu ¢ Onokom (30)

orpeneNeHus 3HaYeHHUsT QYHKIMH.

Cucrema 1 B COOTBETCTBUHU C PACKPBITBIM H300pPETEHHEM TaKXKe BKJIFOYAET B ceOsi OJIOK
(30) ompenenenust 3HaYeHWH (DYHKIUH, BBITOJIHEHHBIH C BO3MOXHOCTBIO OIPENeICHHS
3HauUeHUN (QYHKOUU [JIs1 TOPEIIOKSHHBIX HAa0OPOB 3HAYEHWM TMEPEeMEHHBIX, a TaKXke C

BO3MOXKHOCTBIO IE€pE€aavu OHpeI[eJ'IéHHbIX 3HAYEHUH (I)YHKLII/II/I AJIsL KAXKAOTO M3 MPEATIOXKEHHbBIX
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HaOOpOB 3HaueHWH nepeMeHHbIX OJOoKy (40)cpaBHeHus 3HaueHMH (yHKUUH. [l 3TOro OH
MOKET OBITh BBITIOJIHEH C BO3MOXHOCTBIO mpuéma HaOopoB 3HaueHui QyHKIuu ot Onoka (20)
npeIoKeHnsT HaOOpOB 3HAaUeHUH (YHKIUH, a Takke coenuHéH ¢ Oyiokom (40) cpaBHEHHs C

BO3MOXKHOCTBIO ITepeiaun NaHHbIX Ha 0ok (40) cpaBHEHMS.

[Ipeamonaraercsi, 4To CcUcTeMa | B COOTBETCTBUU C PACKPBITBIM H300peTEeHHEM B
pabouem COCTOSIHUU CBsi3aHa ¢ HEKOTOpbIM HocuTeneM (90) ¢pynkiun obvekra. Takoit HOCUTENb
(90) ¢pyHKuMU 00BEKTa B HEKOTOPBIX BaAPHUAHTAX OCYIIECTBIIEHUS MOKET BKJKOYATh B ce0sl cam
TEXHUYECKHH OOBEKT, HACTPOIKAa KOTOPOTrO SIBJIETCS LEJIBI0 HMCIOJNB30BaHMS M300peTeHus. B
STUX BapHaHTax ocyuiectsieHus: 0ok (30) onpenenenus 3HaYeHUNH (YHKIIMH MOKET BKJIFOYATH
B ceOsl U3MEPUTENIbHBIE YCTPOICTBA, MO3BOJIIIOLINE ONPEACITUTh XapakTep (PyHKLIHOHHUPOBAHUS
TEXHUYECKOTO OOBEKTa, OMPEeNeISIIOINN 3HaueHHe (YHKIHMM, WA 3JEMEHThl YIPaBICHHS,
NO3BOJLIIOINME  33/aTh HAOOp MapaMeTpoB TEXHHYECKOrOo OOBEKTa, COOTBETCTBYIOIINX
npeasaraeMbiM Ha0OpaM 3HAa4eHUH NepeMeHHbIX. Kpome Toro, ONOK oOmpeneneHus MOKET
BKJIFOYAaTh B Ce0sl BBIYHCIUTEIBHOE YCTPOWCTBO VIPABICHHUS, KOTOPOE BBIMOJHEHO C
BO3MOKHOCTBIO OIpEIeNIeH!s] 3HAaueHUs (YHKIMM HAa OCHOBAHHMM IIOJYYEHHBIX IaHHBIX O
(YHKLIMOHUPOBAHUHN TEXHUYECKOTO OOBEKTa, a TAKKe C BO3MOXKHOCTBIO 3a/laHUs MapaMeTPOB

TEXHUYECKOr0 00BbEKTa HA OCHOBAHHH npeaiara€MbIx Ha60pOB 3HAYCHUMN NEPEMCHHBIX.

B unbIX Bapmantax ocyuiectieHus HocureneMm (90) ¢yHkuuu oObekTa MOXKET ObITh
HEKO€ BBIUUCJIUTEIBHOE YCTPONCTBO, KOTOPOE BBIMOJIHEHO € BO3MOKHOCTBIO BBIUUCIICHMUS
3Ha4YeHMsT (YHKIMM OT HaOOpa 3HAYEHUH MEepPEeMEeHHBIX, ONpenessomei (pyHKIMOHUPOBAHUE
TEXHHYECKOro OOBEeKTa B 3aBUCHMOCTH OT 3Ha4eHUH Habopa MapamMeTpoB TEXHHYECKOIO

oOBexTa.

B coorBercTBUU C 3asBJIEHHBIM H300peTeHHeM cuctema | Takske comepxut 0ok (40)
CPaBHEHHMs, BBITOJHEHHbIH C BO3MOXKHOCTBIO OTOOpa M3 mpemiaraeMbix K HaOOpoB 3Ha4YeHUH
NEPEMEHHBbIX 3aJaHHOTO KosmdecTBa k oTOMpaeMbIx HAOOpOB 3HAUEHWH NEPEMEHHBIX, OT
KOTOpPBbIX 3HaueHHEe (PYHKIMH HauOoJiee ONTHMAJbHO, a TAKXKE C BO3MOXKHOCTBIO MeEpenayvu
IaHHbIX 00 OTOOpaHHBIX HaOOpax 3HaueHWi mnepeMeHHbIX OJOKy (50) yTouHEeHHs (QyHKUUU
oxkunanust. biok (40) cBsi3aH ¢ BO3MOXKHOCTBIO mpuéma ot Osoka (30) onpeneneHus: 3HaYSHUI
¢byHkuMM 3HaYeHNH QyHKIMU OT npeanokeHHbx K HabopoB 3HaueHni nepemeHHbIX. biok (40)
MOXET BKJIFOYaTh B ceOs MO MEHbIIEH Mepe OAHY SJEKTPOHHYIO BBIYHCIUTEIBHYIO MAIIUHY,
KOTOpasi COIEPKUT MAlLIMHOUCIIONHAEMbIE HHCTPYKLMH, KOTOPbIE MO3BOJISIOT U3 ONpPEAENEHHbBIX
3HaueHUH (QyHKIOMM u3 npenioxkeHHbIXx K 3HaueHnit mepemMeHHbIX OTOMpaTh K Hambonee

ONTUMAaNbHBIX 3HaueHuil ¢yHkimu. Kpome toro, Omokx (40) cpaBHEHHsI BBIOJHEH C
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BO3MOXKHOCTBIO TIepenavyd JaHHBIX O Habopax 3HAYEHWH NEePEeMEHHBIX, COOTBETCTBYIOIINX
oroOpanHbIM k 3HaueHusM QyHkipH O0noky (50) yrounenus QyHkumu oxupganus. Jins sToro
6nok (40) cpaBHEHHsSI MOXET ObITh COEIUHEH C BO3MOXKHOCTBIO IEpeladyM YKa3aHHBIX JAHHBIX

6soky (50) yrouHeHus: GyHKIMN OKUAAHUS.

B cooTBercTBUM C PacKphITBIM H300peTeHneM cucrema 1 Brimodaer B cedst 6sok (50)
YyTOUHEHUs] (PYHKUMU OXXKUAAHUS, BBINOJIHEHHBIH C BO3MOXKHOCTBIO YTOYHEHHUS NapaMeTpOB
Pa3JIOKEHHs] TEH30PHOTO moe3aa (PYHKIMKM OXHUIAHHUS Ha ONTUMYM C UCIOJBb30BAHHUEM METONA
IPaJMEHTHOTO MOABEMA TAKUM 00pa30M, YTOObI 3HAYeHUsT (PYHKIIMH OKMAAHUS HA ONITUMYM TSI
O0TOOpaHHBIX 3HAYEHUN NEPEMEHHBIX MOBBICUINCH. [ o0ecniedeHns yka3aHHOH BO3MOXKHOCTH
onok (50) yrouHenust PyHKIMM OKUIAHUS HA ONTUMYM MOXKET BKJIFOYATh B Ce0sl 1O MEHbIIEH
Mepe OJHY 3JIEKTPOHHO-BBIUNUCIUTENbHYIO MAIINHY, BBINOJIHEHHYIO C BO3MOXKHOCTBIO NpHEMA
IaHHBIX O HaOopax 3HAYEHWH IEPEMEHHBIX, COOTBETCTBYIOIIUX OTOOpPaHHBIM K 3HA4YEHUSIM
¢byskuu ot Onoka (40) cpaBHEHHs, C BO3MOJKHOCTBEO YTEHHsS WM 3amUCH HH(POpMAIUU Ha
Hocutenb (10) pyHKUMM OKMOaHUSA Ha ONTHUMYM; a TaK)Ke CONEPIKAIIyI0 MAIIWHOHUCIIONHIEMbIE
UHCTPYKLUH, KOTOPbIE NMPU MX BBIMOJIHEHUH HA 3JIEKTPOHHO-BBIYUCIUTEIBHON MalinHe OJoKa
(50) yrouHeHus (YHKIMHM OXHIAHHUS Ha ONTHUMYM 3aCTaBIIIOT €€ YTOYHATH IapameTpbl
Pa3JIO’KEHHs TEH30PHOTO oe3/1a GYHKIMY O’KUAAHUS Ha ONTHMYM, COAEpIKaleiicst Ha HOCUTENe
(10) pyHKuMU OXMAAHHUA HA ONTHMYM, C HCIOJb30BAHHEM METOJA TI'PAJAMEHTHOrO MOABbEMA
TakuM 00pa30M, 4TOObI 3HaUEHUs! PYHKIMU OXKUIAHUSA Ha ONTHUMYM JAJIs1 OTOOPaHHBIX 3HAYEHUN

MEPEMCHHBIX IMOBBICUIIUCD.

B Hacrosmem onmcaHMM TOA OJOKAMH MOJKET IIOAPAa3yMeBAaThCsl KaK OTHEJbHbIC
BBIYMCJIUTEIbHBIE MAIIWHBL, TaK W WX TIpynnbl. B OTAenbHBIX BapuaHTax OCYIIECTBIICHUS
(DYHKLMH HECKONBKHX OJIOKOB MOTYT BBIMOJHSTBCS ONHOM BBIYHUCIUTENLHOW MAIIWHOW WU

rpynnofz'l BBIYUCJIHUTECIJIbHBIX MAlllH.

Jnst cpaBHeHHs 3(()EKTUBHOCTH PACKPBITOrO CHOCO0a ¢ M3BECTHBIMU aHAJOTaMH, BCE
OHM ObUTH pa3BEPHYTHl Ha BbMUCHUTENbHOW MammHe MacBook Pro 167 (Ilpomeccop — 6
snepHbii Intel Core 17 2,6 I'T'w; I'paduka: AMD Radeon PRO 5300M 4 I'6, Intel UHD Graphics
630, 1536 M6; mamsate 16 6 2667 MHz DDR4) B BuIe HUCHOJNHSEMBIX CKPHUITOB Ha SI3BIKE
Python, u kaxaplii U3 HUX MPOTECTUPOBAH HA PEIIEHUH 33/a4 pa3jM4yHbIX THUIOB (Bcero 20
TUNOB). PeménHble 3aauu OTHOCHIINCH K CIEAYIOIUM 4 TpynmaM B 3aBUCHMOCTH OT THUIIOB

byHKUMH, onpenensromuX (yHKIHOHUPOBAHHE TEXHUIECKOTO 00O BEKTA:

1. Anamutnueckue ¢QyHkuun MHorux nepemeHHbX (ANALYTIC FUNCTIONS),
IMCKPETU3UPOBAHHbIE HAa PABHOMEPHOW ceTKe (paccMaTpuBaeTcsi cCiiydail pasMepHOCTH 7 U
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10

15

20

25

yucna y3noB cetku 16): Ackley, Alpine, Exponential, Griewank, Michalewicz, Piston, Qing,

Rastrigin, Schaffer, Schwefel. To ects Bcero 10 3agau nannoro tuna: P-1 — P-10.

2. KBanparuunas OunapHas ontummsanus Oe3 orpanundenuit (QUBO, paccmaTtpuaercs
ciydail pasmepHoctd 50): 3ajava MaKCUMAJIbHOIO pa3pe3aHusi ciydaiiHoro rpada, 3agada o
MHMHHUMAaJbHOM HOKPBITUH BEpUIMH rpada, KBagpaTHYHAs 3a7a4a O PIOK3aKe, 3a/a4a O PIOK3aKe.

To ects Bcero 4 3amauu manHoro tuna: P-11 — P-14.

3. 3amaua ontumanbHoro OuHapHOoro koHTposist (CONTROL) nns oOBIKHOBEHHOTO
miuddepernmanbHOro ypaBHeHus (paccMaTpuBaroTcs ciydan pasmeprocreit 25, 50 u 100). To

€CTb BCEro 3 3amadyy JAaHHOrO TUIIA.

4. 3anaga ONTUMAJILHOTO OMHApHOTO KOHTPOJIS c OTrpaHHYEHUSIMU
(CONTROL+CONSTR.) ISt OOBIKHOBEHHOT'O i depeHIHaTBEHOTO ypaBHEHMUSI

(paccmatpuBaroTes ciaydan pasmepHoctedt 25, 50 u 100). To ecth Bcero 3 3aga4n JaHHOTO THUIIA.

Pesynbrar pemieHus 3amad CpaBHHUBAEMBIMH CIIOCOOAMM TpENCTaBiieH B Tabiume Ha
¢urype 5. Packpreiteiii ciocod ob6o3naueH kak PROTES (Probabilistic Optimization with Tensor
Sampling). )KupHbIM mpudTOM BBIIETIEHBI JyYIINe PE3yJIbTaThl pEIeHNs KaKaon u3 3anad. s
BCeX paccMOTpeHHbIX 20 3amauy Oromker orpanuumBancs senuunHoi 10000 3ampocoB k
HOCUTENII0 ONTUMHU3UpyeMOH (B JaHHOM ciydyae — MUHUMHU3UpyeMOil) ¢QyHKuuuH u
NPOM3BOWIIOCH OKPYIJIEHHE pe3yJibTaTa ONTUMU3ALMH 10 TEPBOro 3HaKa IOCINe 3amsTOH, Mpu
5TOM MpeIOKeHHbIN MeTon B 19 ciyuasx u3z 20 nokaszan jnyqimuii pesynstar. B To ke Bpems
meron OnePlusOne nan myqmuii pe3ynsrar B 5 ciydasx, Mmeron Particle Swarm Optimization — B
7 cnyuasix, merong NoisyBandit — B 0 cnydaeB, merox Simultaneous Perturbation Stochastic
Approximation — B 4 ciy4asix, meroa Portfolio — B 11 caywasx. [[Ipum.: ny4dmmii pesyapTart
(coBmamaroImii) MOTYT JAaBaTh cCpa3y HECKOJbKO MeronoB]. Takum o00pazoMm, pacKpbITOe

peueHne uMeeT OOJNIBIIYIO TOYHOCTh, YeM U3BECTHBIE.

Hacrosimee TexHu4yeckoe pemenne OblIo moapoOHO OMHMCAHO CO CChUIKOW HAa OTIENIbHBIE
BApPHAHTBI €r0 OCYINECTBJICHHS, OTHAKO OYEBUAHO, YTO OHO MOKET OBITh OCYIIECTBIIEHO B
pa3JMYHBIX BAapUAHTAX, HE BBIXOAS 3a pAMKHU 3asBJIEHHOTO OOBEMAa TPABOBOI OXpPAaHBI,

onpexaensieMoro Gpopmyioi u300peTeHus.
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dopmyJia uzodpereHust

1. Cucrema ompeneneHus ONTUMAJbHBIX MaPaMETPOB TEXHHYECKOTO OOBEKTa,
(yHKUMOHMPOBAaHHE KOTOPOro MOXeT ObIThb ompeneneHo ¢(yHkiueidr ot Habopa
3aJAHHOTO KOJIMYECTBA JUCKPETHBIX MEPEMEHHBIX B U3BECTHOM MHOJKECTBE, IPH 3TOM
SKCTPEeMyM (YHKIMH XapaKTepU3yeT ONTUMAIbHOE (PYHKIMOHUPOBAHUE OOBEKTA;

BBIMOJIHEHHAs: C BO3MO)KHOCTBIO 3aJaHHUSI KOJMYECTBA MpeiaraeMbix HaOOpOB
3HAQYEHUI NEepPeMEHHbIX, 3aJaHusl KOJMYeCTBa OTOMpaeMbIX HAOOPOB 3HAYCHUIT
NEepPEeMEHHbIX, NMPUYEM KOJIMYECTBO MpeJiaraeMblx HAaOOpPOB 3HAUEHHMH NMEePEeMEHHbIX
MEHbIlIE KOJIUYEeCTBA BO3MOJKHBIX HAa0OpOB 3HAYEHHH TMEPEMEHHbIX U OOJbliIe
KOJIMYECTBA OTOMPAaeMbIX HAOOPOB 3HAYEHUI MEPEMEHHBIX, a TAK)KE C BO3MOXKHOCTSIMH
3aJaHusl KPUTEPUsl OCTAHOBA, 33JaHUs (PYHKLUH OXXHIAHUS HA ONTUMYM CIIy4aiHBIM
oOpazom B (opMe pa3iioKEHUs] TEH30PHOTO TMOe37a B BUAE TPEXMEPHBIX MACCHBOB B
KOJIMYECTBE, COOTBETCTBYIOIEM KOJMYECTBY IHCKPETHBIX IE€PEMEHHBIX, NPUYEM
napaMeTpamMy pas3JIOKeHHsT TEH30PHOTO IOe3Na SIBISIOTCS 3JIEMEHTBl TPEXMEPHBIX
MAaCCHBOB;

BKJIIOYAKOINast B ceOs

HOCHTENb (PYHKIMM OXXKUAAHHUSI Ha ONTHMYM, BBITIOJHEHHbIH C BO3MOKHOCTBHIO
XpaHeHust QYHKLUHHU OKHIAHUS HA ONTUMYM B (pOpMe pas3siosKeHHs TEH30PHOTO Moe3/1a
B BHIE TPEXMEPHBIX MACCHBOB B KOJUYECTBE, COOTBETCTBYIOLIEM KOJIUYECTBY
IMCKPETHBIX TEePEMEHHbIX, MPUUYEM MapaMeTpamMH Pa3jIOKEHHUs TEH30PHOIo Moe3/a
SIBJISIFOTCS 3JIEMEHTBI TPEXMEPHBIX MaCCHBOB,;

Onok mpemnokeHuss HAOOPOB 3HAYEHUN TMEPEMEHHBIX, BBITIOJHEHHBIH C
BO3MOJKHOCTBIO IO BBIMIOJHEHHS] 3aJaHHOTO KPHUTEPUS OCTAHOBA HTEPATHBHO
npeniarath 3aJaHHOE KOJHMYECTBO TMpejiaraeMbiXx HaOOPOB 3HAYCHHI MEePEeMEHHBIX
Cly4aiiHbIM 00pa3oM C BEPOSITHOCTBIO, MPOMOPLMOHATIBHON COOTBETCTBYIOLIUM
3HauYeHUssM (QYHKUMH OXHAAHUS HAa ONTUMYM, a TaKKe C BO3MOXKHOCTHIO
MOCJIEIOBATENIbHOM Mepeiavu MpeaiaraeMbix HaOOPOB 3HAYEHHIT MePEeMEHHbIX Ha OJIOK
OTpeneNieHus 3HaUeHNH (PyHKINY,

OOk ompeneneHuss 3HauY€HHH (YHKLUH, BBIMOJHEHHBIH C BO3MOXKHOCTBIO
OmpeneseHus] 3HAYeHW (YHKLUUH sl [PeJIOKeHHbIX HAOOpOB  3HAYCHUM
NepPeMEHHBIX, a TAK)KE C BO3MOKHOCTBIO Mepeiavyn OMpeaesi€HHbIX 3HAUeHHH (QyHKIUN
IUIsl KaKAOTO M3 MPEAJIOKEHHBIX HAOOpPOB 3HAUEHHMH MEepPeMEHHbIX OJIOKY CpaBHEHUS

3HaYeHUH (PYHKLHUY,



OJIOK CpaBHEHHMs, BBINIOJHEHHBIH C BO3MOXXHOCTBIO OTOOpa M3 TMpeasiaraeMbIX
HaOOpOB 3HAUYEHUI NEPEMEHHBIX 3aJaHHOTO KOJHYeCTBa OTOHMpaeMblx HaOOpOB
3HaYeHUH TEePEMEHHBIX, OT KOTOPBIX 3HaueHHe (PyHKIuH Hamboyee ONTHMAJbHO, a
TAKXK€ C BO3MOXKHOCTBIO TMepefadyd MaHHbIX 00 OTOOpaHHBIX HaOOpax 3HAYEHHH
NePEMEHHBIX OJIOKY YTOUHEHUs] (PYHKLIUN OXKUIAHUS,

Onok yrouHeHMs (YHKIMHA OXHIOAHWSA, BBINOJIHEHHBIH C BO3MOXKHOCTBIO
YTOUYHEHUs] TapaMeTPOB pPAa3JIOKEHUS] TEH30PHOTO moe3na (PYHKLIUH OXHUIAHHUS Ha
ONTUMYM TaKMM OOpa3oM, YTOObI 3HaueHWs] (PYHKLUUH OXHUIAAHWUS HA ONTHUMYM IS

OTO6paHHI:>IX 3HAYCHUHN NEPEMECHHBIX ITOBBICUJIUCH.

2. CucremMa 1o NyHKTY 1, oTan4yaomasicsi TeM, 4To
OIpesieNieHre ONTHMYMa BKJIFOUaeT B ce0sl onpeneeHne Hanooiee ONTHMAaIbHOTO
3HA4YeHUs] (PYHKIMM W3 BBIUUCICHHBIX B XOJ€ YTOYHEHUS (YHKLUMHM OXHUAAHUS Ha

ONTHUMYM.

3. Cucrema o MyHKTY 1, OT/IMYAOIIASICA TEM, YTO
OTpenesieHue ONTUMyMa BKJIFOYAeT B celsi ompesenieHre 3HauYeHHs] PyHKLUU 1O
HaOOpy 3HAYEHHI NEPEeMEHHBbIX, COOTBETCTBYIOLIEMY HaubOoiee ONTHUMAJIbHOMY

3HAYCHUIO q)YHKLII/II/I OXHIOaHUA Ha OTITUMYM.

4. Cucrema 1o nyHKTy 1, oTan4yawmasicst TemM, 4T0
OJIOK yTOYHEHUs] (PYHKUIUU OKUAAHHS, BBIIOJHEH C BO3MOXKHOCTBIO YTOYHEHHS
napaMeTpPoOB PA3JIOKEHHsT TEH30PHOTO Moe3a (PyHKUUU OXKUAAHUS Ha ONTHMyM C

HCIIOJIB30BAHUEM METOAA I'PAAUEHTHOI'O noanéma.

5. KomnbproTepHO-peatn3yeMblii Crioco0 OMpeieeHns] ONTUMANIbHBIX apaMeTPOB
TEXHUYECKOr0 O0BeKTa, (PYHKUMOHHPOBAHHE KOTOPOTO MOKET OBITh OIpenesieHO
¢$yHKUMEH OT 3aJaHHOTO KOJHMYECTBA JUCKPETHBIX TMEPEMEHHBIX, MPUHUMAOIINX
3HAYEeHUSI B U3BECTHOM MHOJKECTBE, BKJIFOYAIOINUI B ce0st 3TaIbl, HA KOTOPBIX

obecrieunBaercss (yHKOHMS OT Ha0opa 3aJaHHOTO KOJUYECTBA JTUCKPETHBIX
NEPEMEHHBbIX, MPUHUMAIOIIUX 3HAUYEHUs] B M3BECTHOM MHOXECTBE, KOTOpas
XapakTepusyeT HaHHble O (YHKIMOHMPOBAHUH OOBEKTa, NPU 3TOM JKCTPEMYM
(YHKLNHU XapaKTepu3yeT ONTUMAIIbHOE (PYHKIIMOHUPOBaHHE O0OBEKTA;

ciydaiiHbiM 0Opa3oM 3amaércs (QyHKUMsS OXHOAHMS HAa ONTHMyM B (opme

Pa3JIOKCHUA TCH3O0PHOrO mnoe€3ga B BHAC TpéXMeprIX MaCCUBOB B KOJIMYCCTBEC,



COOTBETCTBYIOILIIEM KOJHYECTBY MAMCKPETHBIX IEPEMEHHBIX, NPUUEM IapaMeTpaMu
Pa3JIOKEHHs] TEH30PHOTO TOE3/1a SBJIIOTCS 3JIEMEHTBI TPEXMEPHBIX MACCHBOB;

3aMaéTCs  KONMYECTBO TNpeAsiaraeMbIXx HAaOOPOB 3HAYEHUH MEPEMEHHBIX U
KOJINYECTBO OTOMpaeMbIXx HA0OPOB 3HAYEHWH NEPEMEHHBIX, MPHYEM KOJIHYECTBO
npeasiaraéMblx Ha0OpPOB 3HAYEHMH MNEPEMEHHBIX MEHbIIE KOJIUYECTBA BO3MOXKHBIX
HaOOpOB 3HAUEHWH TMEPEeMEHHbIX W Oonblle KOJIM4YecTBa OTOMpPaeMbIX HaOOPOB
3HAYECHUH EPEMEHHBIX

3a1aéTCs KPUTEPHI OCTaHOBA;

710 BBITIOJIHEHUS 3aJaHHOTO KPUTEPHUSI OCTAHOBA MTEPATHUBHO BBINOJHIETCS STl
yYTOUHEHUs PYHKIUHN OXKUIAAHNUS HA ONTUMYM;

ONpENeNATCS  ONTUMajbHble  HAOOpPBl  3HAUEHHH  NEPEMEHHbIX |
COOTBETCTBYIOIIME UM ITapaMeTPbl TEXHUYECKOTO O0BEKTa;

IIPU 3TOM STall YTOUHEHHsI OJKUIAHHS Ha ONTUMYM BKJIIOYAET B celsl CleayroIue
JEeUCTBUS

ClTy4aiiHbIM 00pa3oM C BEPOSTHOCTBIO, MPOMOPLUOHANBHONH COOTBETCTBYIOIINM
3HAQUYEHMsIM (YHKLIUH OKHIAHWUS HAa ONTHMYM, MpeNjiaraercs 3aJaHHOE KOJIUYECTBO
npensaraeMbix HaOOPOB 3HAUEHUH TTEPEMEHHBIX;

OIIPEnessIIOTCS 3HaueHus] (DYHKUMHU JUI TPEUIOKEHHBIX HAOOpOB 3HAYEHUH
NIEPEMEHHBIX;

Ha OCHOBE OIpPENENEHHBIX 3HAUEHUH (QYHKIUU U3 MPEIJIOKEHHBIX HaOOPOB
3HAYEHUN TEPEMEHHBIX OTOMpAeTCsl 3aJaHHOE KOJMYECTBO OTOMpPAEMbIX 3HAYCHUH
NIEPEMEHHBIX, 3HaUeHHsI (PYHKIIMH OT KOTOPBIX HAHOOJIee ONTUMAJIbHBI,

napameTpbl PassIOKEHHUs] TEH30PHOTO Moe3na (PYHKUHMU OKHJIAHUS Ha ONTUMYM
YTOYHSIIOTCSI TAaKUM 00pa3oM, 4TOObI 3HaUeHHs] (PYHKLUUU OKUAAHUS HA ONTUMYM JUIs

0TOOpaHHBIX HAOOPOB 3HAYEHUI MMEPEMEHHBIX MTOBBICUITUCH.

6. Cnioco0 mo MyHKTy 5, OTJHMYAIOLIHIICA TeM, YTO BKJIOYAaeT B ceds 3rTar
OTpezieIeHHs] ONITUMYMA,

NpUYEéM OMpeAeNieHre ONTHMyMa BKJIOUaeT B ceOs ompeneneHne HauOosee
ONTHMAJIbHOTO 3HA4YeHUs (PYHKLUHHM U3 BBIYMCICHHBIX B XOJA€ YTOYHEHUs (DYyHKLUU

OXUJaHUS Ha OTITUMYM.

7. Cnoco® mo MyHKTy S, OTJMYAILIHIICA TeM, YTO BKJIIOYAaeT B ceds 3Tarm

ONpeaeIeHUs] ONTUMYMa,



NpUYEM ONpEIeNICHHe ONTHMyMa BKJIIOYAaeT B ce0sl OmpeneyeHue 3HAYeHUs
¢yHkuMHu 1o HaOOpy 3HAUYEHUI NMEPEMEHHBIX, COOTBETCTBYIOIEMY MAaKCHMAaJIbHOMY

3HA4YCHUIO q)YHKLII/II/I OXXHJOaHUA Ha ONITUMYM.

8. Crioco0 mo MyHKTY 5, OTJIMYAIOLIHIICA T€M, YTO
napaMeTpbl Pa3JIOKEHHs] TEH30PHOTO rmoe3na (PYHKIUH OXHUAAHUS HA ONTHMYyM

YTOYHAIOTCA C UCTIOJB30BAHUEM METOA IPAAUCHTHOTO noabEma.



{90) Hocutent
GyHKUMKN obbekTa

'

CUCTEMA JJIA OITPEAEJIEHMA OIITUMAJIBHBIX
ITAPAMETPOB OFBEKTA U CITIOCOB EE PABOTBI

o

{30) Bnok
onpeaeneHus
SHaUEHIH
hyHKLMK
{50) Brox
{40} Bnok YTOMHEHWUA {10) Hocurens
cpasHeHus chyHKLMK DyHrLmY
OXMABHIR
OHMLAHNH

Qur.1

(100) ObecneunBaeTCa OYHKUNA AMCKDETHBIX
NePeMEHHBIX, KOTOPAS XapakTepusyer
LaHHbBIE O (BYHKLUOHUPOBAaHNY TEXHNYECKOIo
obbexTa

(200) CnyvariHsivM oBpasom 3anaéres
DYHKUUS OXUOAHUS HA ONTMMYM B BUE B
hopMme PasNoKEHNs TEHIOPHOTO Noe3na B
BUae TREXMEPHLIX MacCHBOB

A

(300) 3apaérca konuiecTso K npegnaraembix
HaBOPOB 3HAYEHUI NEPEMEHHBIX 1
konuniecTso k oTbupaemeix Habopos
3HaYEHUIA NePemMeHHbIX

l

(400) 3apaéTca kpuTepuit ocTaHoBa

l

(500) J0 BbINONHEHWS 3a0aHHOTO KPUTEPKUS
OCTaHOBA UTEPATUEHO YTOUHAETCA (DYHKUMA
OXUAGHUA Ha ONTUMYM

!

(600) OnpensnaeTcs onTnMansHsle
napameTpbl TeXHU4ecKoro obbLexTa

dDur.2

(20) Bnox
NPeANoKeHUs
HabBopos
3HAYEHWHA
nepemeHHbIX
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CUCTEMA JJIA OITPEAEJIEHMA OIITUMAJIBHBIX
ITAPAMETPOB OFBEKTA U CITIOCOB EE PABOTBI

(501) Mpepnaraercs K HaBopos aHaueHui
nepemenHeix. Criy4anteiM obpasom ¢
BEPOSITHOCTBIO, MPONOPLUMOHANEBHON
3HAYEHUAM DYHKLMW OKUOAHKUS HA ONTUMYM.

h

(502) Onpepensitores K aHaveHwn dyHkuMn
0N NpeanoxeHHbix K Habopos aHaveHni
nepemMeHHbIX

(503) U3 K onpenenéHHbix aHaveHnn
BeIBupaeTcs k onTuManbHeiX 3HaYeHn
chyHKUMM

|

(504) MapamMeTpbl PA3NOKEHUA TEH30PHOTO
noesna MyHKUUM OXUAHNS Ha ONTUMYM
YTOuHAOTCS Takum obpagom, 4ToBbi
3HAYEHUA YHKLMA OKNABHUA HA ONTUMYM
ans otobpanHbix K Habopos 3HaqeHu

NepeMeHHbBIX NOBbLICHMINCE

dur.3

TT-rank (R)=3
—a- Batch size (K) = 50

—+~— Batch size (K) = 100
Batch size (K) = 150
Batch size (K) = 200

—e— Batch size (K) = 250 "~
y 7

5 10 15 20 25
Top candidates (k)

dur.4
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CUCTEMA JJIA OITPEAEJIEHMA OIITUMAJIBHBIX
ITAPAMETPOB OFBEKTA U CITIOCOB EE PABOTBI

PROTES ONE+ONE PSO Noisy BaANDIT SPSA PORTFOLIO

P-01 1.3£4+01 1.3+01 1.3e+01 2.1e+01 1.3e401 1.3e+01

P-02 6.5e+00 6.96+00 6.86+00 1.SE+01 7.5e+00 6.8E+00

P-03 -9.4E-01 -9.48-01 -9.4E-01 -3.58-01 -9.4e-01 -9.4£-01

P-04 1.3+ 00 1.3E+00 1.38+00 6.38+400 1.3e+00 1.3e+00

ANALYTIC P-05 -3.7TE+00 S2.6E+00  -3.0E+00 -1.8E+00  -1.2B+00 -3.76+00
FUNCTIONS P-06 1.2e-01 1.2E-01 1.2E-01 1.3E-01 4.2E-01 1.2e-01
P-07 6.2E+06 6.3E+06 L78+07 2.28+10 3.1E+408 6.2E+06

P-08 6.06+01 6.0E+01 6.0E+01 1.2E+02 1.0E+02 6.0£+01

P-09 2.76+00 3.0E+00 2.76+00 2.9e+00 3.4E+00 2.76+00

P-10 -8.7E+02 -6, 1E+02 -6.98+02 7.08+02 2.6E+03 -8.56+02

P-11 -3.6E£+02 ~3.26+02 =3 4E+02 -3.284+02 -3.3E+02 -3.6E402

QUBO P-12 -5.9E+03 -5.6E+03 -5.96+03 -5.3E+03 -5.9£+03 -5.98403
P-13 -3.1E+00 O 0E+00 1. 58401 288402 -2.96+00 -3 .0E+00

P-14 -3.15+03 -2.66+03 -3, 0E+03 -2, TE+03 -3.06+03 -3.08+03

P-15 6.7E-03 5.4E-03 8.9E-03 3.1E-02 8.7e-02 7.3E-03

CONTROL P-16 1.48-02 1.76-02 1.7e-02 5.3E-02 5.2E-02 1.48-02
P-17 3.08-02 4 .8BE-02 3.68-02 7.78-02 5.3g-02 3.7e-02

P-18 1.4g-02 3.4g-02 6.2E-02 2.86-01 6.45-02 2.1e-02

f{ogi::;f:‘ P-19 6.46-02 FaIL Faip FalL FalL FalL
P-20 1.58-01 FalL FaiL FaiL FAIL FalL

dur.5
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OTYET O TATEHTHOM INOUCKE
(crates 15(3) EAIIK u npasuiio 42 [lareHTHOM HHCTPYKITUH K

HoMmep eBpaszuiickoif 3asBKH:

FAIIK) 202393213
A. KITACCUOUKAITMA TIPEJIMETA U30BPETEHMSA:
MIIK: CIIK:
GO6F 17/16 (2006.01) GO6F 17/16
GO6N 3/08 (2023.01) GOO6N 3/08
G060 10/063 (2023.01) G06Q 10/063

b. OBJIACTD ITOMCKA:

GOGF 5/00, 7/00, G06Q 10/00-10/067, AO1D 41/00-41/127, F23G 5/00-5/027, E21B 44/00, 47/00-47/12

Espacenet, EAPATIS, Google, Reaxys

SHCKTpoHHaH Gaza JAHHDBIX, UCITIOJIB30BaBIIAACA IIPU ITOUCKE (HaSBaHI/IC Gazpl U, €CIIM BO3MOXKHO, UCIIOJIb3Y €MbBIC IIOMCKOBLIC TCpMI/IHBI)

B. JOKYMEHTEI, CUMTAIOINUECSH PEJIEBAHTHBIMM

XUMUYECKOM [TPOMBIIUIEHHOCTI) 30.0

WCCIENOBATEJLCKII U ITIPOEK THBIM MHCTUTYT OCHOBHOM

[Kareropus* CCBITKY Ha JIOKYMEHTHI ¢ YKa3aHueM, TJe 5TO BO3MOKHO, PEleBaHTHBIX YacTel OtHocutcs K IyHKTY No
X [RU 2643250 C2 (KJIAAC 3EJIbBCTOAPEHJIE SPHTEMAIIIMHEH I'MBX) 31.01.2018, 1-4
pedepart, ¢.7, ctpoku 13-29, c. 8, cTpoka 34 - ¢. 9, ctpoka 2, c. 10, crpoxu 13-30,
¢uryper 1-4
A RU 132868 Ul (I'OPAYEB MI'OPL BUTAJIBEBUY) 27.09.2013 1-4
A BY 10963 C1 (PECIIYBJIMKAHCKOE KOHCTPYKTOPCKOE YHUTAPHOE 1-4
TIPEAITPHATHE "T'CKB 110 3EPHOYBOPOYHOU 11 KOPMOYBOPOUHOM
TEXHUKE") 30.04.2008
A RU 2722525 C1 (PEJIATUBHUTH CIIOMC, MHK.) 01.06.2020 1-4
A SU 1624708 Al (JIEHHMHI PA JICKMIA TOCYJIAPCTBEHHBIN HA YYHO- 1-4

1.1991

I:I TTIOCJIEAYIOIUE TOKYMEHTHI YKa3aHbI B ITPO JOJKEHUN rpa(bm

* Oco0ble KATETOPUH CCBUIOYHBIX JIOKYMEHTOB:

«A» - TOKYMEHT, OLPE/ICIISIONIU OOIHH YPOBSHb TEXHUKH

«D» - TOKyMeHT, NIpHUBeACHHBIN B eBpa3uiickoil 3asBke

«E» - Gosiee paHHUI TOKYMEHT, HO ONMyOJIMKOBAHHBIN Ha ATy HOJAUH
€Bpa3HicKOH 3asiBKU WM IIOCHIe Hee

«O» - TOKYMEHT, OTHOCSIIIUHCS K YCTHOMY PaCKpPBITHIO, SKCIIOHUPOBAHHIO)
H T

"P" - TOKyMEHT, OIyGIUKOBAHHBIN JIO JIAThI HOJIAUH €BPA3HICKON 3a5BKH,
HO TOCJIC JaThl HCTIPANIUBACMOTO MpUopuTeTa”

«T» - Goslee MO3AHUN JOKYMEHT, OIyOIHKOBAHHBIN MOC)Ie JaThl IPHOPUTETA H NIPH-
BeJIeHHBIH JUIS1 HOHUMAHHUS H300pSTeHHSI

|« X» - JOKYMEHT, HMeIoIUH HanGosiee GIM3K0e OTHOMEHHE K IIpeIMeTy IIOHcKa,
MOPOYAN[HH HOBU3HY HIIH H300peTaTeNIbCKUH YPOBEHb, B3SITHIH B OTASILHOCTH

«Y» - TOKYMeHT, UMeIoIUH HanGosiee GIM3K0e OTHOMCHHE K IIpeIMeTy IIOHUcKa,

MOpOYaI[UH H300peTaTeNLCKHH YpOBeHb B COUCTAHHH ¢ JPYTUMH JOKyMEHTAMH

TOH JKe KaTerOpHHU

«&» - TOKYMEHT, SIBIAIOMHNCS TaTeHTOM-aHaJIOTOM

«L» - JOKYMeHT, IpHBeJCHHBIN B JPYTHUX MeJLIX

JlaTa npoBeieHUs TIATEHTHOTO TIONCKA: 19 mrons 2024 (19.06.2024)
: Hopssony pognacas
TR RN
pepmegeerr1PT1998581100
YIIOTHOMOYEHHOE JTUTIO; ntasis CH=leepkHeE L.
HavanbHuk YImpaBIeHus SKCIIEPTH3EL vt 01 04 2024-01.04.2025 | CE. Asepkuen
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