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AHHOTAIUA

IIpenmer uccaenoBanmus. PaccMoTpena 3ajaya MapuIpyTH3ald CHCTEMbl KOHBEHEPHBIX JICHT Ha OCHOBE
MYJBTHAr€HTHOI'O IOAX0/1a. B 60.]'[])LLII/IHCTBB JAHHBIX KOHBeﬁeprIX CUCTEM Gal"a)KHbIX JIEHT B a3pOIIopTax UCIOJIb3yIOTCA
aJITOPUTMbI MapLIPyTU3aAIUH, OCHOBAHHBIE HA PyYHOM MOJEINPOBAHUH MOBEAEHNUs KOHBeilepoB. Takoit moaxoa miaoxo
Macmtabupyem. HoBbre ncenenoBanust B 00acTi MAaIlIMHHOTO 00yUEeHHUSI TPEATIAraloT PelaTh 3a4a4y MapIIpy TH3aHN
¢ MOMOIIBI0 00yueHus ¢ noxkperieaneM. Metoa. ChopMynHpoBaH MOaX0A K COBMECTHOMY OOyUCHHIO areéHTOB H
BEKTOPHEIX Ipe/icTaBieHnii rpada. B pamkax nomxona mpemtoxen anroputm QOSDNE, ncrions3yromuit arearoB DQN
1 BeKTOpHEIe mpencraBieHnss SDNE. OcHOBHBIE pe3yJIbTaThl. BrIoaHeH cpaBHUTENBHEIN aHATH3 pa3paboTaHHOTO
aJATOPUTMA C AITOPUTMAaMM MYJIBTHAareHTHOH MapuipyTu3anuu 0e3 coBMecTHOro oOyueHus. Ha ocHoBaHumM
pe3ynsraroB padotsl anroputva OSDNE crenaH BbIBOI O €ro 3PQEKTUBHOCTH Il ONTHMHU3AIMHA BPEMEHH JOCTaBKH
Y QHEPronoTpeOIeHHs B KOHBEHEPHBIX CHCTeMax. AJITOPHTM TTO3BOJIHII COKPATUTh CpelHee BpeMs 10CTaBKU Ha 6 % 1o
CPaBHEHHIO C TydInuM aHanoroM. IIpakTuyeckasi 3HaYUMOCTb. Pa3paboTaHHbINA MOIXO MOXKET OBITH HCTIOIBb30BAH
JUIS PEHIeHNUs 3334 MapIIPyTH3AIUH CO CIOXKHBIME (QYHKINSMH OLEHKH MYTH U ANHAMHYECKN MEHSIOUIMMHUCS
TOMOJIOTHAMHE TPagoB, a MPEUTOKEHHBIN aNTOPUTM — JUIS YIPABICHHS KOHBEHEPHBIMH JICHTAMHU B a3pONOPTax U B
LIEXOBBIX TPOU3BOACTBAX.
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Abstract

We focus on the problem of routing a conveyor belts system based on a multi-agent approach. Most of these airport
baggage belt conveyor systems use routing algorithms based on manual simulation of conveyor behavior. This approach
does not scale well, and new research in machine learning proposes to solve the routing problem using reinforcement
learning. To solve this problem, we propose an approach to joint learning of agents and vector representations of a graph.
Within this approach, we develop a OSDNE algorithm, which uses DQN agents and SDNE embeddings. A comparative
analysis was carried out with multi-agent routing algorithms without joint learning. The results of the OSDNE algorithm
showed its effectiveness in optimizing the delivery time and energy consumption in conveyor systems as it helped to
reduce mean delivery time by 6 %. The proposed approach can be used to solve routing problems with complex path
estimation functions and dynamically changing graph topologies, and the proposed algorithm can be used to control
conveyor belts at airports and in manufacturing workshops.
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BBenenue

B 2019 romy MupoBo# maccakuporoToK BO3AYIITHOTO
TpaHcmopTa cocTtaBui 4,5 Mipa nmaccaxuposB B rox [1].
HecMoTps Ha cymiecTBEHHOE CHMKEHUE 3TOTO MoKa3are-
Jisl, BBI3BAHHOIO AMUJEMUEH KOPOHABUPYCA, HHAYCTPHS
rpa)kIaHCKOHN aBHAIMK OBICTPO pa3BuBaeTcs. Hampumep,
YHUCJIO MEPEBE3EHHBIX MaccaxxupoB B Mapte 2022 roaa Ha
BHYTPEHHHUX percax MOXKET J1aXKe MPEBBICUTh aHATOTMYHBIH
niokasarenb B Mapre 2019 roxa [2]. 46 % Bcex noteps Oara-
Ka MIPOMCXOIUT M3-32 OMIMOOK IPH €TO TPAHCIIOPTHPOBKE,
YTO MPUBOAUT K MHOTOMUJUTHOHHBIM YOBITKAM aBHAaKOM-
MaHui exeroano [3].

Ha cerogusiiumii 7eHp B OOIBIIMHCTBE TAKUX KOHBET-
epHBIX CHCTEM Oara’xHbIX JICHT B a3PONOPTaX MCIOIB3YIOT-
Csl aITOPUTMBI MapIIPyTU3aIlMK, OCHOBAHHbBIE HA PYYHOM
MOJICIMPOBAHUM TOBEJICHUsI KOHBEHEPOB Ha OTNENbHBIX
yuactkax cetu [4]. Takoll moaxo/ miIoXo Macuradupyem,
TaK Kak JUIsl KaXKJA0W KOHKPETHON CHCTEMbl PUXOIUTCS
3aHOBO peajn30BbIBaTh airopuT™M. HoBble ucciienoBanus
B 00JIACTH MAIIMHHOTO OOYYCHHS MPEIJIATraloT PEeIlaTh 3a-
Javqy MapIIpyTH3AIAN C IIOMOIIBI0 O0YyUCHUS C MOIKPETLIe-
HueM. OCHOBHBIM ITOIXO/IOM SIBJISICTCSI MYJTBTHATCHTHBIN
[5—7], mpu KOTOPOM areHTHI, TIOMEIIEHHBIC B BEPIITUHBI HITH
TPaHCTIOPTHPYEMBIE 00BEKTHI, MPHHUMAIOT PEIICHHE O TOM,
KyJa Janee ClieayeT mepeMeniath 00bekT. Takue areHTsI
3apaHee 00y4aroTCsS CTPATeTHSIM NPUHATHS PEUICHUN B
paMkax oOyueHHs C OAKPEIICHHEM.

[TpuHIMIUANBEHBINA BOIPOC 1U3aiiHa MO00HOT0 poja
pElIeHUH — Ha KAaKOM YPOBHE XPaHUTCsI HHPOPMALIHS O
rpade. MyJabTHareHTHOCTh TPE/IIIONIAracT, YTO areHTHI UMe-

10T JIMIIb OIPaHUYEHHOE TpeJIcTaBIeHue o rpade. B anro-
putme DON-LE [8] npeanokeHo UCTIOIb30BaTh BEKTOPHBIE
NpeJICTaBJICHUs BEPILUH rpada, U, TaKuM 00pa3oM, areHThI
00y4aroTcst MPUHUMATh PELIEHHs] HA OCHOBE BBIPA0OTaHHO-
ro BEKTOPHOro npejcranieHus. Clieg0BaTelIbHO, areHThl
paboTaroT ¢ OrpaHMYCHHBIM MPEACTaBICHUEM Tpada, Ko-
TOpPOE CTPOUTCSI BHE 3aBUCUMOCTH OT PEIIAEMOH 3a/1auu.

B nacrosmei paboTe pacCMOTPEH BOIIPOC O TOM, MOXK-
HO JIM COBMECTUTb B paMKaX MAIIMHHOTO OOY4CHUS 1 MyIlb-
THAreHTHOTO MO/X0/1a 00y4eHUE CTpaTerusM MPUHSATHUS
pEIICHHIA O TPAHCIIOPTUPOBKE M MPEACTABICHUH rpadoB.

Iens paboThl — pa3paboTKa aJIropuT™Ma OO0yUYCHHUS
BCKTOPHOTI'O MPEACTABICHUA BEPUINH COBMCCTHO C MYJIBTU-
AreHTHOM CUCTEMOMH [yl PELICHHUS 3a/1a4d MapLIPyTU3aLluy
Ha KOHBEHEPHBIX JICHTAX.

3agaya MapIIPpYTU3ALMH U ee PelICHUs

3agaya TpaHCIOPTHPOBKH I'PY30B. 3a/1ady TPAHCIIOP-
THUPOBKH TPY30B (337a4y MapIIpyTHU3aHH) MOKHO OIHCAaTh
CJIE/TyIOLIMM 00pa3oM: HEOOXOIMMO COCTaBUTh TaKOM OI-
TUMAaJbHBIA MapIIPyT IPy30B U3 TOUEK UX OTIIPABIICHUS
B TOYKH IpHEMa TaKKMM 00pa3oM, 4TOObI 3aTpayeHHOE Ha
TPAHCIOPTUPOBKY BPEMsI M/MIIM CTOMMOCTD OBIJIM MHHH-
MaJIbHBIMH.

Jlnst periennst JaHHOH 33/1a9K TIPETIOKEHO MHOXKECTBO
MOAXO/I0B, HAIPUMEP, CUMILJIEKC-METOA [9] Wiu MeTon
MOCIIE0BATENLHOTO 3aMI0HEHHS MAaTPHUIIBI TUT1aHa (METOA
ceBepo-3ananHoro yria) [10]. Oxaako Hambomee > dex-
THUBHBIC METO/IbI PEIICHNS HA CETOAHSIIHUN 1€Hb 0CHOBA-
HbI Ha TeopHuH rpagos.
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K.E. Pbi6kuH, A.A. ®unbueHkoB, A.A. Azapos, A.C. 3abaluTa, A.A.LLlanbito

Cyl1ecTByIOIIHE alrOPUTMbI MapIIPy TU3ALMHY, UCIIOJTb-
3yrolye rpagoBoe MpeCTaBIeHUe, MOXKHO pa3/IeNIuTh Ha
JIBa KJlacca: JUIsl CTaTUYECKOW M TMHAMHYECKOW Mapuipy-
TH3anuy. Tak Kak paccMarprBacMas aBTOPaMH HACTOSIICH
paboThI crcTeMa KOHBEHEpOB TUHAMHUYeCKash (KOHBEHEepHI
MOTYT BBIXOJJUTh U3 CTPOSI M OCTAHABIMBATHCS ), TO OCHOB-
HOE BHUMaHHE YJCINM JHHAMUYECKHUM aJITOPUTMaM Ha
rpagax.

MOXHO BBIIETIUTH TPH OCHOBHBIX KaTETOPHHU TaKHX aJIro-
PUTMOB. JIMCTaHITMOHHO-BEKTOPHBIE aTOPUTMEI (distance-
vector) [11], Hanpumep anropuTmel B ipoTrokoiax IGRP
(Interior Gateway Routing Protocol) [12] u RIP (Routing
Information Protocol) [13], koTopble OCHOBaHBI Ha anro-
putMme bemmana—®opna [14]. Kaxprit y3en rpaga xpaHur
BEKTOP PACCTOSHUH /10 Ka)JI0T0 COCEHEro y3ua. J{jist kax-
JIOTO TIPUXOMAIIETO OOBEKTa BHICUUTHIBACTCS ONITUMAIIBHBII
cocell, Ha OCHOBE XpaHUMOTO B y3je BekTopa. B ciyuae
M3MECHEHUS JIOKAJIHOW TOIOJIOTHH (HANpHMep, B Cllydae
0OpbIBa CBS3M C OMHUM W3 Y3IJIOB), HH(OpMAIHSI 00 STOM
COOBITHH TIEPEIAeTCsI BCEM COCE/ISIM, A T€, B CBOIO OUEPETb,
MOT'YT pacIpOCTpaHUTh ee pajnee. JJaHHbII METOI XOPOLLIO
paboTaeT TOJNbKO B HEOONBIIMX CETSAX, TaK KaK MPH Mac-
ITaOMPOBAaHNK CHIILHO YBEJIMUMBACTCSI HArpy3Ka Ha CeTh
U3-32 HKHTEHCUBHOIO 0OMeHa nH(opManuenn Mex1y y3inamu.

AnropuT™mbl cocTostHus CBsi3u (link-state) [15], Takue
kak OLSR (Optimized Link State Routing Protocol) [16],
UCTIONB3YIOT anroputM Jeiketpsel [17]. B kaxaom ysie
CEeTH XPaHUTCS MaTpHIla CMEXKHOCTH BCETo rpada co cTou-
MOCTBIO ITyTel Mex1y y3inamu. [Ipu U3MEeHeHNH TOToIOT I
ceTr (0OpBIBE WITH BOCCTAHOBIICHHUH CBSI3U) MH(POPMAITHL
0 coObITHM TIepeaaeTcs cpa3y BceM ysnaM. Ha mpaxtuke,
Kak IIPaBUJIO, UCTIONB3YIOTCS CTATHUECKHUE I PEAKO 00-
HOBJIsIEMbIE TAOIHIIBI.

TpeThe ceMelicTBO 00pa30BaHO aNTOPUTMAaMHU HA OC-
HOBe 00y4YeHHs ¢ MoAKpernyieHneM [18], mepBbIM U3 KOTO-
pIx siBisuics: Q-routing [3], e kaxaas BepiinHa B rpade
HE3aBHCUMBII areHT, a cpesioi BeicTynaeT rpad. Kaxabiit
areHT XpaHuT B TOM MJM MHOM BHUjAe MH(popManuo oo
ontumanbHoM nyTu Qi(d, n;), rue | — WHIEKC areHTa,
d — BeplIMHA HAa3HAYCHUsI, N; — MHACKC COCe/ia arcHTa .
3HaueHneM Takux QyHKIuA Q OyneT ABIATHCS OLEHOYHAs
CTOMMOCTH HIEpEMEILICHNS 00BEKTA /10 IyHKTa HA3HAYCHHS
yepe3 BEpIINHY N;.

Anroput™m Q-routing 3alACHIBaeT MHPOPMAIIHIO O 3HA-
yeHnsx Q B TaONMHIIBI, OAHAKO COBPEMEHHBIE alTOPUTMEI [7,
8, 19] annpokcumupyroT GyHKIMIO Q MpH oMoIH Tiry6o-
KHUX HEMPOHHBIX ceTell. Mcnonb3yeM AaHHbIN OAXO0/, TaK
KaK OH ITOKa3bIBACT JIYUIIIHE PE3YJIBTAThI JUIsl ONTHMHU3ALIN
KOHBEHEpHBIX JIeHT [8].

Anzopumm DON-LE. ]J{ns koppeKTHOW paboOThI a-
TOpUTMa HelpoceTeBOro o0y4eHus: HeoOXoauMO Ipeood-
pa3oBarh HOMepa BepIIUH Ipada B HEKOTOPOE BEKTOPHOE
TIPE/ICTABIICHHE, B TPOTUBHOM CIIydae CETh MOXKET CIIeIIaTh
JIOXKHBIN BBIBOJ 00 YHMOPSJOYCHHOCTH BEPIINH B COOT-
BETCTBUU C HyMepamueil. B pabote [8] mus anropurma
DQON-LE ncnions30BaHbl aTOPATMBI 00yYIEHHUS BEKTOPHBIX
TIpe/ICTaBICHUH BepIIUH — Haubosee 3(h(HEKTUBHO B dKCITe-
pUMEHTaxX Tokaszan cedst anroput™ Laplacian Eigenmaps
(LE) [20]. HecmoTpst Ha MPOCTOTY peanu3anuu, Meton LE
XOpOLIO pabOTaeT B CHCTEMaX C MEHSIOIUMHUCS TOIOJIO-
THSMH.

IIpuBenem onucanue peanuzaiuu anroputMa DON-LE
[8], ucnionp3oBanHOTO B HacToOsIICH padoTe. Ha Bxox B aj-
TOPUTM TIOJIaIM I'pad 1 3aryCTHM aJITOPUTM Mpeaolyde-
HUSI areHTOB M TpaOBBIX MpescTaBieHui. [Ipenodyuenue
Ba)KHO JJIs1 Ka9€CTBEHHOM pabOThI aJITOPUTMOB O0yUCHHUS C
MIOZIKPETUICHNEM, HHAY€e CXOIUMOCTh K TOYKE ONTUMYMa BO
BPEMsI HCTIOJTHEHHS aJITOPUTMA MOXKET ITOTPeOOBATh OYEHb
Oomnpimroro yrcna uteparmii. [IpemoOyderne mpon3oiaeT Ha
(hUKCUPOBAaHHOM cTaTHYHOM Tpade. Bee areHTs mpenod-
Y4aroTCs MapauieNIbHO C BEKTOPHBIMHU MPEICTABICHUSIMH,
[IPUYEM BECa HEHPOHHBIX CETEM BCEX areHTOB U 3HAYCHHUS
BEKTOPHBIX MpeCTaBiIeHNi LE, OOHOBISIFOTCS OJIMHAKO-
Bo. [lonyueHHbIe npeao0yUCHHBIC MOJICIN COXPAHUM B
(haliuTbl ISl TOCIIEYIOIIEro MCIIOJIb30BaHUs Ha CTAIUH
WCTIOJTHEHUSL.

Jlanee 3amycTuM OCHOBHYIO 4acTh aJIFOPUTMa — CH-
MYJISIMIO paOOThl KOHBEHEPOB MO 3aJaHHOMY CIIEHAPHIO.
EcTh HECKOJIBKO THIIOB BO3MOKHBIX COOBITHH: MOCTYILIE-
HHE N HOBBIX TPY30B M3 TOUEK BXO/1A C 3a/laHHBIM BPEMEH-
HBIM MHTEPBAJIOM; TIOJIOMKA OJJHOTO MJIM HECKOJIBKHUX KOH-
BEHepOB M MX BOoCCTaHOBJICHKE. [IpuHIMI paboTH! areHTa
B OCHOBHOH 4acCTH ONHIIEM CIIEAYIOIIIM 00pa3oM.

1. B mapmpyTtu3zarop, K KOTOpOMY NPHUBS3aH areHT, MpU-
XOJHUT I'Py3.

2. Howmepa BepiIMH, COOTBETCTBYIOIIUE TEKYIIIEMY areHry,
IIYHKTY Ha3HA4YEHMs IPy3a U COCEM TEKYIEro areHra,
npeobpasyeM B BEKTOPHOE NPE/ICTAaBICHUE C TOMOIIBIO
anroputMa LE, noiydast Ha BBIXOZI€ BEKTOPHI Vj, d U n;
COOTBETCTBEHHO.

3. TlomyueHHbIe BEKTOPHI (HOPMUPYIOT MATPHUILYy pazMepa
3k x m, TIe k — pa3MepHOCTh BEKTOPHBIX IPE/ICTABIIC-
HUIA; m — 9rcIio cocenei BepmHbl. ChopMupoBaHHAS
MaTpuLa 101aeTCsl Ha BXO HEMPOHHOM CETH, Ha BBIXO-
Jie KOTOPOH TOJIy4YHM BEKTOp pazmepa m X | ¢ oLeHKa-
MU HaWIy4IINX COCeAeH A MepeHanpaBiIeHus rpysa.
C nomousio ¢yHk1mu Sofimax [21] BeiOepem Hanyy-
1IEro coceza.

4. TlomyuuBiieecs B3aUMOJEHCTBHE areHTa CO Cpeaoi
(Tpoiika: cocTosiHne—/IeiCTBHE—HArpaaa) 3aHECeM BO
BHYTPEHHIOIO ITaMsTh areHTa M BEIOEpPEM HEKOTOpOe
CilydaifHOe TOZIMHOXKECTBO MPOU3OLICIINX COOBITHH
JUIsl €TO 1000y deHMS.

5. BrimonHIM 00HOBIICHHE BECOB HEHPOHHOW CETH arcHTa,
B Ka4eCTBE HArpaJbl MepeiaiuM MpeicKa3aHHbIe 3Ha-
YEHUS] BEPOSTHOCTHU MEPEX0/Ia B COCEAHIOI0 BEPIINHY.
[TaMsTh areHTa UMEET HEKOTOPBIH (PUKCHPOBAHHBIMH
00BeM, TakKM 00pa3oM J1000ydYEeHHE MTPOBEEM TOJILKO
Ha HEJABHO MMPOU3O0IIEAIITNX COOBITHUSX.
OnHOBpEeMEHHO ¢ paboToi areHTa MPOUCXOAUT J1000y-

YEHHE CBSI3aHHOTO C HUM BEKTOPHOTO MpeacTasieHus. [1pu

N3MEHEHHH TOTIOJIOTHH rpada cOOCTBEHHBIE BEKTOPHI Ma-

TpuLbl LE HEOOXOIMMO IePeCUnTaTh 3aHOBO C TIOMOIIBIO

anroputMa DON-LE. Takum o6pa3om, 1000ydeHHE areHTa

W BEKTOPHOTO MPE/ICTABICHHS Ha 3Tale CUMYJISINN HUKaK

HE B3aUMOCBSI3aHO.

Auaroputm QSNDE

CoBMecTHOe 00yueHHe aTeHTOB U BEKTOPHOIO Mpe/-
craBjaenus. B anropurme DON-LE BEKTOpHOE NPEACTaB-
nenue rpaga oOydaeTcst OTISIBHO U HE3aBUCHMO OT 00y-
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YEHHsI areHTOB, OCYIIECTRIISIONINX MapIIPyTH3ALHUIO 110
sToMy rpady. BeiOpaHHbIIl a1roputM BEKTOPHOTO Ipel-
craBieHus: LE nondupaer oroOpakeHHE U3 MHOXKECTBA
BEpIIMH B BEKTOPHOE IPOCTPAHCTBO HA OCHOBE TEOPETHU-
KO-MH(OPMAMOHHBIX IPUHIUIIOB O€3 BIUSIHUA 3a]a4H, KO-
TOpasi pelIaeTCsl areHTaMH. ATEHTBI BBIHYK/ICHBI paboTaTh
C TaKUM TPE/ICTABICHUEM.

Chopmynupyem moaxox COBMECTHOTO 0O0YUICHNUS areH-
TOB ¥ BEKTOPHOTO MPE/ICTABICHUS, B KOTOPOM HEHPOHHBIE
CeTH, OCYILECTBIISIIONIIE BEKTOPHOE MPE/ICTABICHNE Ipa-
(OB, TOKHBI 00yUaThCS 10 OIUOKAM areHTOB, BBITTOJIHS-
IOLIMX MapLIpyTH3aLHUI0 Ha OCHOBE HCIIOJIb3yEMbIX UMHU
nipencrapiaeHuid. Takoi MoxXxo MOXKET yuecTh B BEKTOPHOM
TIPE/ICTABICHUH CIIOKHYIO HH()OPMAIIHIO U3 HEJAEKOMITO3HU-
pyeMbIX (QyHKIUH CTOMMOCTH.

Bonee dpopmansHo, mycTs I — MHOXeEcTBO rpados;
Embeddings — cemeticTBo oToOpaskeHwuii £ u3 v € V MHO-
xkectBa BepiruH rpada G, G € I' B HekoTOpOE BEKTOPHOE
MIPOCTPAHCTBO, IIEMEHTOM 3TOTO CEMEHCTBA SBIISIETCS aJITo-
putM LE. BBeem Takoke mapaMeTpudecKkoe cemeiictBo {Qg}
<@ ATMPOKCUMAIINI CTPATETHii areHTOB B MYJIBTHATEHTHOM
anroput™e Mapmpytusarmn MULTIAGENT, npuaem xax-
JIbIH BJIEMEHT ceMeCTBa Q(', IIPUHUMAET Ha BXOJl BEKTOPHOE
MPECTABICHUE COOTBETCTBYIOIIECH areHTY BEPIINHBI i.

Jus rpada G € I' m 3aganHOi Mepbl OIIMOKH allrOpHT-
Ma Mapiupytusanuy L 3aa4a 00y4eHus: areHToB Mapuipy-
TU3AIMU UMEET BH]

. i
arg min L(MULTIAGENT((Qg; (E(v))i-1.. )
{0i},0;€0
u E BeiOupaetcs He3aBUCcHUMO OT L.

BeraenuM napameTpuueckoe ceMeicTBO oToOpake-
Huit {Ey}yey. 3a0aua coemecmnozo obyuenus azenmos
U BEKMOPHO2O NPeOCMAieHs CTAaBUTCSI CIICTYIOIIM 00-
pazom:

arg {f;?}ifu LMULTIAGENT((Qg; (Ey))i1.. v)-
15s
0icO,ye¥

IMockonbky Q mpuHUMaeT pe3yabrar padoThl £ B Ka-
YeCTBE apryMEHTa, PELICHUE TaKOH 3aJadu MOXKET ObITH
HalAeHO 3a cueT BbIOOpa MoxenH (TTyOoKoi HeHpOoHHOM
cetn) st £ v pa3paboTKu alNropuT™Ma COBMECTHOTO 00Y-
yeHus1 Q u E.

Bb16op Monenn aist 00y4aeMOro BeKTOPHOIO mpes-
cTaBJIeHHUsl. BbIemiM Tpy OCHOBHBIE TPYIIIBI AJITOPUTMOB
IIPE/ICTaBICHUI BEPIINH B AMHAMHUYecKuX rpadax [22]:

1) amroputmbl MaTpuuHO#N Qaktopuzamuu: LE [20],
HOPE [23];

2) anropuTMBI Ha OCHOBE CIy9aiHOTO 00X0Ja BEPIIUH
(random walk): node2vec [24];

3) anropuTMBI TITyOOKOTO OOYYCHHS: HA OCHOBE aBTOKO-
OUPOBIIMKOB, Structural Deep Network Embedding
(SDNE) [25]; ¢ ucionb30BaHMEM PEKYPPEHTHBIX CIIOEB,
dyngraph2vec [26] u DGNN [27]; Ha ocHOBE rpad)OBbIX
HEWPOHHBIX ceTeil [28].

HecMoTpst Ha IPUMEHUMOCTB BCEX NEPEUMCIICHHBIX all-
TOPUTMOB K PELICHHIO 33/1a4K BEKTOPHOTO MPE/ICTABICHUS
BEpILIMH B KOHBEHEPHOI cUcTeME, IMEHHO alroput™ SDNE
B3SIT 32 OCHOBY JJISl peajM3aliil COBMECTHOTO OOy4eHUs
BEKTOPHBIX TPEACTABICHUI 1 areHToB. BriOop ocHOBaH

Ha HECMOCOOHOCTHU JIPYTrUX aJropuTMOB 3GHEKTHBHO 00-
MEHHUBAThCsI MH(POpPMAIHEl O COCEISIX C areHTOM Ha dTare
n000y4yeHus 0e3 CyIiecTBEeHHOH NMepecTpOnKH apXHUTeK-
TYPBI HCXOTHOTO anropuTMa. B cBoio ouepens, B 0OCHOBE
anropur™Ma SDNE nexXuT HeHpOHHAas CeTh, YTO MO3BOJIAT
ee 1000y4nTh Ha MH(OPMAINK OT areHTa C TIOMOIIIBIO TTPO-
TaJKUBaHUs rpaaneHTa. OTMETHM, 9TO HECMOTPSI Ha TO,
YTO B OCHOBE MeTOHOB ¢ LSTM Takxke NexaT HeMpOHHBIE
CeTH, UX MPUMEHEHHUE K 3aJa4e MapUIpyTU3aLUU UMEET
MaJio MPaKTHYECKOTO CMbICIA, MOCKOJIbKY U3MEHEHUS TO-
NoJIOrHH (II0JIOMKa/BOCCTAHOBJICHUE KOHBEHEPHOM JICHTHI)
MPOMCXOJMT HE CTONb YacTo. Mcrnonb3oBanue rpadoBbix
HEHPOHHBIX CEeTeil 3aTpaTHO O BPEMEHHU U HE MOAXOIUT
JUIs aJlalTUBHOW Mapuipytusanuu. [IpuBenem onucanue
anroputma SDNE.

Bynem Ha3bIBaTh BEPIIMHBI OJIM3KAMH JPYT JIPYTy OTHO-
CHUTEJIEHO METPUKH OJIM30CTH IIEPBOTO TIOPSAKA, €CIIM OHH
cMmexHble. COOTBETCTBEHHO, OJIM30CTHIO BTOPOTO MOPSIIKA
JUTS TIapbl BEPIIUH SIBISIETCS HAJTMYNE OOIINX BEPIINH B
K)XJIOM U3 JIByX MHOXKECTB MX COCEZIEH OONbIIe HEKOTO-
poro 3amaHHoro 3HaueHus. Anroput™m SDNE nipeoOpasyer
BEpUIMHBI rpad)a B HEKOTOPOE BEKTOPHOE MPOCTPAHCTBO,
COXpaHss OMU30CTh BEPIINH OTHOCUTEIIBHO METPHUK OITH30-
CTH IIEPBOTO M BTOPOTO NMOPsiAKoB. OOyueHNe HAX0XKICHHIO
OJM30CTH TIEPBOTO TOPSIIKA SBISETCS 3a1a4eii 00ydeHHs
C y4YHUTeJIeM, IIOCKOJIbKY UMeeTcsl MHpopManus o pedpax
Mexay BepmrHaMu. C Apyroil cTOpoHBI, ISl 00y4YeHHs
OIM30CTH BTOPOTO TMOPSI/IKA MPABMIIBHBIX METOK HET,
MOJIENb JI0JDKHA YMETh caMa HaXOIUTh 3aKOHOMEPHOCTH.
Taxum 00pa3oM, MOIYUNUM MOTYYHPABIIEMYIO MOJCIHb
00yJeHHS alroOpuUTMA.

ApXHUTEeKTypa HEHPOHHOI CeTH MPEACTABISIET aBTO-
KOAMPOBIIHUK C OAHUM MM HECKOJIBKMMHU BHYTPEHHUMHU
crosimu (puc. 1).

3aiaua aBTOKOUPOBIINKA — MUHUMH3UPOBATH CIIETY-
FOIIYI0 (DYHKIIUIO OIIMOKH:

Lmix = Lan + a['lst + VLreg =

n n
= YIRi—xill3 © by + o ¥ si JIEX) — E(x)| +
i=1 ij=1
1K
- IR il
2k=1

I7e Xj — BEKTOp CMEXHOCTHU BepuHHEI I; b; = 1, eciu
si; =0, mnaue b; = B> 1; 5 € G, — dnemMeHT MaTpuLpl
cMexkHOCTH G 3 E(Xj) — BEKTOPHOE TIPE/CTABICHUE IS
i-O¥ BEpIIMHBI; Ly — ¢bynkiusa L2-peryssipusannu, uc-
HOJIb3YeMOH Ul IPeAOTBpalleHHs IepeoOydeHus; o 1
v — k0o punmeHTs GYHKIMN peryispru3alyy.

AJITOPUTM COBMECTHOI0 00y4eHHSsI CeTH areHTa H
ceTH BEKTOPHOTO NpeacTaBieHus rpada. 3aguxcupyem
BeCa JEKOJAMPOBIIMKA CETU U J000YYHUM KOJUPOBILUK Ha
TEKyIIeH TOMoJIoruu rpada, IMoJIMEHNB IPAAUEHT Ha BbI-
XOJIHOM CJIO€ KOJMPOBIINKA Ha TPATUCHT, MOIYUCHHBIN
OT areHTa, Ha OCHOBE KOTOPOTO TPH MOMOIIN 00paTHOTO
cmycka o0HOBHM Beca. TakuM 0Opa3om, KOTUPOBIIUK Oy-
JeT 1000y4eH Ha aKTyaJlbHOM COCTOSTHUM CBOETO arcHTa.
ITocne pacnpocTpaHeHus TpagueHTa OOHYIUM MaMATh
BEKTOPHOT'O IPEACTABICHHS JI0 CIEAYIOLIEr0 BHI30Ba IPO-
LEIypBI.
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O0yuenue 0e3 yuuress

O0yuenne 0e3 yunress

Xi X;
o01IHe mapamMmeTpsl
OOyuenne ¢ yuyurejieM
Laplacian
E(x) Eigenmaps E(x))
o0mue napameTpsl
Xi Xj

Bepuuna i

Bepumuna j

Puc. 1. Apxurexrypa SDNE [25]
Fig. 1. SDNE architecture [25]

OmnmmeM (hopMmabHO, KaK IPOMCXOIHUT PACIIPOCTpaHe-
HUE TPaIMEHTa OT CeTH areHTa Qg K CETH BEKTOPHOTO TIPE/I-
craienust E,,. Ha mare 1000y4enns arenra Q' Bbraucinm
3nauenue Qpyukuun norepb £(Qg). C nomouiso Metona
00paTHOro pacIpoCTpaHeHUs] OMINOKYU MOIyYUM 3HAUYCHUE
rpaauenta Vg = 0L(Qy)/00. Omyckas maru nepecuera
rapaMeTpoB BO BHYTPEHHHUX CJIOSIX, BBIITUILIEM HTOTOBBII
BEKTOP TPAJUEHTOB:

[ OLoss; ]
OE,(x;)
OLoss;

d b
OE,,(x°)
OLoss;

i

| OEy(x/) |

Loss; = LQy(E (X)), Ey(x9), E,(x)),

TJ€ Xj — BEKTOP CMEXKHOCTH JUIsl TEKyIIeil BEpIIMHHI i;
x4 — BEKTOP CMEKHOCTH [IJIsl BEPIIMHbI TOYKH Ha3Haye-
HUS; in — BEKTOp JIS j-TO cOce/la TeKyIIeH BepIIMHEL.
OOHOBUM COOTBETCTBYIOIINE CTPOKH MaTPHIIBI TPaJieH-

TOB:
V] < Vxi[j] + OLoss;
Xi[/] < Vx; —_—
' " eE(x)

W3mennM mapaMeTpbl KOOUPOBIIHMKA, UCTIONIb3Yys 00par-
HOE PacHpOCTPaHEHNE IPAJUEHTa OMINOKH M BBIYUCINM
TpajlueHT:

_ aE\v(Xi)
= —a‘v .

B naHHOM ciy4yae BMeCTO 3HaYCHUs (PYHKIIMH MOTECPh
Ha BBIXOJTHOW CJIOW KOJMPOBIIHKA ITOJAAM BeKTOp 1 X k,
rae kK — pa3MepHOCTh BEKTOPHOTO TIpe/ICTaBIeHus. B pe-

Vy

3yJbTare Mocie 00paTHOrO PacpoCTPaHEHUs! I'palUeHTa
CKBO3b CKPBITBIC CJIOU IMOJIYYUM:

aEw(Vi)
Vl )

Paccunraem rpaguent o G,

OL(0p) ® OLoss; OE,(x,)
aGn,n E.A aE‘,,(X,) aX,-

VE\V(Vi) —

b

rae ® — npousseneHne Kponekepa.

ApxuTekTypa u onucanue aaropurma OSDNE. Ha
BXOJl aJITOPUTMA MTOJATNM MaTpPHUIly cMeXHOCTH Tpada G,
Gy, - Apxutekrypa OSDNE CONEPKUT apXUTEKTYPy arcH-
Ta, COBMAAONIYI0 ¢ anmroputMoM DON-LE, n apXUTEKTypy
BEKTOPHOTO MpezcTaBiaeHus rpada, coBnaarortyio ¢ SDNE
(puc. 2).

Oran npenodyuennss OSDNE MOTHOCTBIO COBNAJIACT C
npenoOyuenuemM B DON-LE.

Ha srare 1oo0y4eHus HCHOJIB3yeM aJrOpUTM COBMECT-
HOTO 00Oy4YeHUs BECOB CETEH areHTa 1 BEKTOPHOTO TIpel-
crasyienns rpada. J{ist 3Toro BBeieM BHY TPEHHIOIO ITaMSITh
BEKTOPHBIX TIPEACTABICHUN My, 4, 1€ N — YKCIIO BEpLIMH
rpada. Ha mare nooOydenus arenra Q 3amumieM B ma-
MSATH TOJIyYUBIIUICS YaCTUYHBIA IPAJANEHT IO BXOJHBIM
TIEPEMEHHBIM, KOTOPbIH nMeeT BUA (igq0> Agrags Nigrad)-
Jo6aBuM TrpaseHThbl K COOTBETCTBYIOLMM CTpOKam M, ;.
[Tpu coBepiieHNH 33AaHHOTO YUCIIA UTEPALTUI TOOOYISHHUS
areHTa, 3allyCKaeTcsl Ipoleaypa 0OpaTHOTO pacpocTpaHe-
HUS rpaguenTa no cetu SDNE.

[Ipu u3meHeHnu TONMOJIOrHH rpad)a BEKTOPHBIC MPE-
CTaBJICHMs JOOOy4aroTcs Tak e, Kak 1 B DON-LE, ojgHako
CKOPOCTB JI000YUYEHUS ICKOJJMPOBIIHMKA Oy/eT BBIIIE, YeM y
KOJIMPOBILMKA. DTO HEOOXOAMMO 110 TOH IPUYNHE, YTO Beca
KOZIMPOBIIMKA TONOJIHUTEIFHO OOHOBIISUINCH BMECTeE ¢ 00-
HOBJICHHEM BECOB CETH arcHTa, M03TOMY IS JTydIei cxXo-
JMMOCTH JICKOJUPOBIINK JI0JDKEH 1000ydaThes ObIcTpee.
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Marpuna emexuoctu Gy, , G
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1 RelLU 1
KOIePOBIIMEK || | \ 4 1
I CKPBITHIC CIION :
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X X x,-/ pacnpcI:CTpaHeHne : ReLU I
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v v v omubku Q-network 1 E pasmepa k ! 9
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E(x;) ExY) | Ex)) [ ReLU X
1 1
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Puc. 2. Apxurexrypa OSDNE.

G — rpad, nomaBaemsiii Ha Bxoa; SDNE — apXuTeKTypa ofHOTro 0Ji0Ka aBToKoaupoBIinKa (puc. 1); O-cems — apxurtekrypa areara DQN

Fig. 2. OSDNE architecture
G is input graph. SDNE is the architecture of one SDNE autoencoder block (Fig. 1).

QO-network is the architecture of an agent’s Q-network (DQN)

3KCHepHMeHT3JH)HO€ HCCJIeJ0OBaAHUE anropnTMa
OSDNE

CuMynsiMOHHAsA Cpe/a VIl TeCTUpoBaHusl. TecTu-
pPOBaHKE AITOPUTMA BBIIIOJIHAM B CUMYJIIIMOHHON cpere
DQN-routing, 9T0 MOTHBUPOBAHO PSAOM MPUYIUH. Bo-
TIEPBBIX, CPeJia TMO3BOJISIET CUMYINPOBATh pabOTy KOHBEH-
€pOB MaKCHMAaJIbHO MPUOJIMKEHHO K PEaTbHBIM yCIOBHSAM.
Bo-BTOpBIX, Cpela AaeT BO3MOKHOCTD BBITIOIIHUTH CPaB-
HEHHE B YI0OHOM BHJE C CYIICCTBYIOIINMH MOAXOIAMH K
00y4eHHIO BEKTOPHBIX MPECTABICHHUH.

IIponecc cumynsanuu paboThl KOHBEHEPHBIX CUCTEM
MIpeHa3Ha4YeH JUIsl paboThl C AMCKPETHO-COOBITUHHBIMU
MOJIEISIMU — CUCTEMOM KOHBEHEPOB ISl TPAaHCIIOPTUPOBKU
rpy3oB. [IpuopurerHas 3amaua B paboTe KOHBEiiepoB —
TIPEIOTBpAIIIEHIE CTOJIKHOBEHUH Oaraxa. [IpuHumMaromue
MapIIpyTH3aTOPbl HCXOST U3 EPBOOUEPETHOM 3a1a4H OI1-
TUMH3ALMH YHCIIa CTOIKHOBEHHH (B H€alie PAaBHOMY HYIIIO).

CuMynsnuoHHAs Cpea MO3BOJSET PacCUUTHIBATH
OCHOBHBIE METPUKHU 3()(HEKTUBHOCTH JTOCTABKH 10 KOH-
BeliepHOIl JIeHTe: BpeMsl I0CTaBKHU Ipy3a, U3MepseMoe B
CEeKyHJIaX, U 3aTPayMBaeMyl0 Ha 3TO JJIEKTPOIHEPTHIO,
M3MEPSEMYIO B YCIOBHBIX €IMHUIIAX CUMYJISIIIUOHHON CH-
creMbl. [locinenuss MeTpuka sBISETCS HEJEKOMIIO3UPY-
€MOH, MOCKOJIbKY YUUTBHIBAET 3aTparbl Ha MepeMelleHHe
KOHBEHEPHOH JIEHTHI, Ha KOTOPOH MOTYT OAHOBPEMEHHO
HaXOIUTHCS CPa3y HECKOIBKO MEPEeMEIIaeMbIX 0OBEKTOB.
Taxoke cucTeMa yUYUTBIBAET YMCIIO CTOJIKHOBEHUH Iepeme-
IIa€MBIX OOBEKTOB.

ITomecTuM areHTsl B MapLIPyTU3aTOPbl, KOTOPBIE CTOSAT
B TOYKaX COWICHEHHI KOHBEMEPOB M OTBEYAIOT 32 U3MEHE-
HUE IyTH I'py3a [0 IyHKTa Ha3HadyeHus. Mecra mapuipy-
THU3aTOPOB B KOHBEHEpE 3a/1aIlMM PACCTOSIHUEM OT Hadaja
KOHBeepa /10 TOUKH COUICHEHUs. BhImoHuM mpeodpaso-
BaHME KOHBEHEPHOW CUCTEMBI B Ipad), IPU 3TOM MapIipy-
TU3aTOPBI U IyHKTHI OTIIPABKU/TIPUEMa IPY30B SBIISIOTCS
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BeplIMHaMu Tpada, a YacTH KOHBEHEepoB — ero pedpamu.
[Tpumep Takoro rpada npeacrasieH Ha puc. 3.

Puc. 3. Ilpumep KOHBEHEPHOI CHCTEMBI U €€ MpeCTaBIcHIE B Bue rpada [7].

A n B — nauano xonsetiepa; W, X, Y, Z — TOUKH COWIICHEHNS

Fig. 3. An example of a conveyor system and its representation as a graph [7], A and B and conveyer entry points, W, X, Y, Z are
diverters

TexHuvyeckne 0coO0eHHOCTH pealHU3aALNMUU.
[IpencraBum pazpabOTaHHBIN MOAYIb TEHEPAINU TAHHBIX
it ipenooyderns monenu OSDNE, KOTOphIiA coOupaet
TAHHBIE TS ipetoOyUeHNs Ha 3adanHoM Tpade. [ernepartop
HaXOINT MHAEKCHI HEHYJIEBBIX JIEMEHTOB B MaTPHIIE CMEX-
HOCTH U BBIJJAET HA UX OCHOBE CIIMCOK I1ap COOTBETCTBYO-
MUX UM BepiuH. [lodydeHHbIe BEpIIMHBI TepeaaoTcs Ha
Bxop anroputMma OSDNE.

[lepen HauasoM cpaBHEHHs MPOU3BEJEM OTOOp T'H-
neprnapameTpoB mMoaenu QSDNE ¢ ucnonb30BaHUEM
oubnuoreku hyperopt [29]. OTOOpP BBITOIHUM Ha CTaIUK
npenodydeHust Moenn 0e3 MCIOIb30BaHNs PealbHBIX
cueHapues noseneHus. Yucno nrepanuit meroga OSDNE
mpuMeM paBHBIM 500, IPU ATOM ONTHMAIBHBIN K03(Ddu-
nuent obyuenns — 0,02. Kpome rumepmapamMeTpoB, O~
OepeM ONTUMAaJIbHOE YHCIIO CJIOEB B aBTOKOJMPOBIIHUKE.
ABTOKOAMPOBIINK MUMEET MO OJHOMY CKPBITOMY CIIOIO B
15 HEHPOHOB KAK/BIH B KOAUPOBIIHUKE U IEKOTUPOBIITHKE.
Pa3mep BBIXOIHOTO BEKTOPHOTO NpeCcTaBiIeHUs paBeH 10.
Ha srame npenoOyueHuss KOTUPOBIINK U ASKOIUPOBITUK
00yueHBI C OIMHAKOBOW CKOPOCTBIO.

Cpasnenne OSDNE c npyrumu anropurmamu. Tak
KaK IPUMEHEHUE BEKTOPHBIX MPEICTaBICHUN Hepa3phIBHO
CBSI3aHO C ONTHUMM3aLUEH pelleHns 3a1aud MapuIpyTU3a-
LUU, TO U CPABHEHHUE AIITOPUTMOB BEKTOPHOIO MPEICTaB-
JICHWUs BEPIIUH MPOU3BEJEM B KOHTEKCTE ONTUMHU3ALUN
METPHUK pabOThl CHMYJISIIMOHHONW CHCTEMBI. BhImonHum
CpPaBHEHHE MO CIEIYIOIINM METPUKAM: CPEIHEE BPEMs
JIOCTaBKH Tpy3a, CpefHee 3HepronoTpediieHne Bcel cu-
CTEMBI U YUCIIO CTOJIKHOBEHHUH CyMOK. [[y1 yMeHbIeHHs

JICTIepCHH TTpou3BezieM 1o 20 3aIycKoB Ha KaXJIOM CIie-
HapHH.

[IpoBenem cpaBHEHHE YeTHIpex anroputMos: LE [20],
node2vec [24], SDNE [25] u QSDNE. OTMeTHM, YTO BEK-
TOPHBIE MIPEICTABICHNS J000YyJaINCh TOIBKO B CIIydae a-
roput™ma OSDNE, a anroput™ LE cootBerctByeT DON-LE.

Paccmotpum niBa crieHapust 3anucu cuctemsl. [lepBbiii
creHapuii (0a30BbIi) MPEAIONaraeT ABE MOJOMKH Pa3HBIX
KOHBEHEPOB U NOCJIEAYIOLIEE UX BOCCTaHOBIIEHUE. Bo BTO-
POM crieHapuH (yCIOKHEHHOM) YBEJIMYeHa HHTEHCUBHOCTh
W3MEHEHHMs TOTOJIOTHHU Tpada: Ipu MEHbIIEM KOJINYECTBE
3arpy’kaeMoro Ha JICHTHI Oaraka, COOBITHS IIOJIOMKH U
BOCCTAHOBJICHUS] KOHBEHEPOB CTAJIN MPOUCXOIUTD Yallle.
B sTOM cuieHapum TecTHPOBAIOCH, KakK () GEKTUBHO aro-
put™M OSDNE criocoOeH mpucriocadinBaThCs K M3MECHEHH-
SIM OKPYKEHHSI TI0 CPABHEHHUIO € OCTAIBHBIMHU MTOAXOJaMH.
Pesynbrarsl paboThI aITOPUTMOB IIPEICTABICHBI B TaOIHIIE
u Ha puc. 4. IlomyueHHbIe pe3yabTaThl 10 CPETHEMY BpE-
MEHHU JOCTaBKH CTATUCTUUECKH 3HAYUMBI TIPH TTapaMeTpe
p-value, Kotopsiii pasen 1079

Ha puc. 4, a BunHo, uro anroputM OSDNE 60ibliyto
4acTh PabOThI UMEET JIyUllIne Pe3yJbTaThl, YeM peain3a-
uust LE. U3 puc. 4, b cnenyer, uro rpadpux QSDNE Benet
ce0st poBHEE, a 3HAYUT, OBICTPEE MPOUCXOIUT a/lAITaIHs
K U3MeHeHusM B rpade. HecMoTpst Ha TO, 4TO pe3ynbTaThl
HE SIBIISIIOTCS CTATUCTHYECKN 3HAYMMBIMH, OHH TIO3BOJISTIOT
roBopuTh, uto OSDNE He MeHee 3((eKTHBCH HA JAHHOM
cueHapuu, yeM metoq LE. Tem He MeHee, C YUETOM BBbI-
IIEU3JI0KEHHOT'0, €T0 MCIIOIb30BAaHNE MOXKET OBITH Ooliee
BOCTPEOOBAHO Ha peabHBIX IIPUMEPAXx.
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Tab6auya. CpaBHEHHE BPEMEHH JIOCTaBKU B 0A30BOM U YCIIOKHEHHOM CLEHAPHSIX

Table. Comparison of delivery time in basic and advanced scenarios

MuHumMansHOE MakcumanbHoe
AJITOPUTM BEKTOPHOTO Cpennee Bpemst J0CTaBKH, ¢ BpeMst IOCTABKH, C BpeMs T0CTaBKH, C Yucio
npencraBiaeHus rpada CTOJKHOBEHUI
0a30BBIi | YCIOKHEHHBIH | 0a30BBI | YCIOXKHEHHBIH | 0A30BBIA | YCIOKHEHHBIN
LE 53,49 53,04 40,56 40,46 74,64 74,73 0
node2vec 57,67 58,06 41,19 41,24 78,89 79,77 0
SDNE 59,19 59,99 41,22 41,21 79,68 80,88 0
OSDNE 50,49 52,63 39,43 41,29 75,75 76,97 0
a b
o 65 )
s s
> &
« @
< <
5 5
2 2
55
55 =
(] [
o o
2] =]
8 LE 3 LE
ﬁ node2vec § node2vec
8.45 SDNE 8.45 SDNE
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Puc. 4. Cpasuenre OSDNE ¢ IpyTHMH alrOpUTMaMy Ha 6a30BOM M YCIOKHEHHOM CIIEHAPHSX TI0 TTapaMeTpaM: BpeMsl TOCTABKU
(a, b) u sneprus (c, d)

Fig. 4. Comparison of OSDNE with other algorithms in the basic and advanced scenarios in terms of parameters: delivery time (a, b)
and energy (C, d)

OTenbHO pacCMOTPUM TpapUKA METPUKHA — YHEPTo-
norpednenus (puc. 4, ¢, d). MoxHO 3amMeTuTh, uT0 QSDNE
s dexruBHEe anroput™Ma LE M CTaHIAPTHON peann3ariiu
SDNE.

Hecmotpst Ha TO, 4TO MOJIyYeHHBIE pPE3ybTaThI 110 yC-
JIOKHEHHOMY cluieHaputo i OSDNE He mokas3anu cyle-
CTBEHHYIO Pa3HHILy B SHEPronoTpeOIeHUH C aJrOpUTMOM
node2vec, Hellb3s CKa3aTh, 4TO node2vec SBISICTCS JTy4IIAM
JUISL MCTIONIb30BaHMs. JTO JJOKA3aHO pe3yJbTaTaMM CTaTh-
CTHYECKOTO TecTa (110 sHepronoTpedienuto nodelvec He
obxomut craructuaecku OSDNE) 1 ¢ IOMOIIBIO CpaBHE-
HUS aJTOPUTMOB IO CPEHEMY BPEMEHHU JIOCTaBKH. [Ipn
9TOM AJTOPHUTM node2vec TOKa3al OAWH U3 XyAUINX pe-
3yABTATOB, TOrAa Kak OSDNE yMeHBIIHI CpeIHee BpeMs
JIOCTaBKH Ha 6 % IO CPAaBHEHUIO C JIyUIINM PE3YIbTaToM,
KOTOPBI OBIIT TOCTUTHYT aJTOpUTMOM LE.

3akaouenne

B pabote npeioxkeH moaxoa COBMECTHOTO O0yUCHUS
arcHTOB M BEKTOPHBIX MIPEACTABICHUI rpada B mapagurme
MYJIBTHATCHTHOW MapIIPyTH3aIlUd Ha OCHOBE TITYOOKO-
r0 00yUYCHUS C MOIKPETUICHUEM, W TPEJIOKCH allTOPHTM
OSDNE, peanu3yroluil 5TOT MOAXO/ JUIsl pELLEHUs 3a/1a4u
MapIIpyTH3AUU B CHCTEME KOHBEHEPHBIX JICHT.

Pesymnbrarsr paboTs! anroputMa QSDNE TO3BONNIN TO-
BOPHUTH 0 €r0 3(P(PEKTUBHOCTH TS ONTHMHU3ALIUN BPEMEHI
JIOCTaBKU ¥ DHEPTOMOTPEOICHNS B KOHBEHEPHBIX CHCTEMAX.

PazpaboTaHHbI MOIX0/] MOYKET OBITH UCITOIB30BAH JIJIS
pelieHust 3a7a4 MapIIPYTH3ALUHA CO CIOKHBIMU (DyHKITH-
SIMU OI[EHKHU MYTH U TUHAMUYECKH MEHSIOUIUMHUCS TO-
nosiorusiMu rpados. [IpemToKeHHBIH aITOPUTM MONKET
MIPUMEHSITBCS JUIsl yIPaBIeHHs] KOHBEHEPHBIMU JICHTAMH B
a’pONopTax M B LIEXOBBIX IPOU3BOJCTBAX.
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