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OG6’eKTOM JOCJIIPKEHHST € TPOIeC IMiABUIIEHHST e(DEeKTUBHOCTI HAJaHHS KOJIEKTHBHUX
PeKOMeHaniil A8 rpyn KOPUCTYBAYiB ¥ peKOMEHTAIliMHIX CHCTeMAaX HA OCHOBI MAITHHHOTO
HaB4YaHHS 3 migkpimrenasM. OcHOBHA mpobseMa, sIKy PO3IVISIJAIOTH y JOCJIXKEHHi, —
MOJINIIeHHsT TOYHOCTI peKOMeHJANiil I Ipyn KOPUCTYBadiB, iHTepecH SKHX MOXKYTb
Bigpizusaruca abo xoudiikryBaru mixk coboro. [is i1 Bupimenns 3aIponoHOBAHO MOJEIb
KOJIEKTUBHOI PEKOMEHJAIIRHOI CHCTEeMH, 0 BUKOPUCTOBYE MAIIMHHE HABYAHHS 3 MiAKPim-
JIGHHSIM 1 MexaHi3M ypaxyBaHHs BIUIEBY KOXKHOIO OKPEMOIrO KOPDHCTyBada Ha (OpMyBaH-
Hsl MOAAHHS iHTepeciB rpymm. Bukopucrano apxirekrypry Momesns “ImTerparop-AxTop-
Kputuk”, peaynizoBany Ha OCHOBi aJITOPUTMY IJTUOMHHOTO IPAJi€HTa JeTepMiHOBAHOI CTpa-
Terii, MO ga€ 3MOXKY e(deKTHUBHO MOJIEJIIOBATH IOC/iJOBHUN TPOIEC NPUHHATTS pilleHb i
MaKCHMi3yBaTu JOBIOCTPOKOBY BHHAropoay mia dac (opMyBaHHS pekoMeHmamiit. Pop-
MyBaHHsI PEKOMEHaliil BiOyBa€ThCs HAa OCHOBI iCTOPUYHUX B3AEMO/Ii# KOPHCTYBAad4iB 3
eJIleMEHTaMH Ta OCOOJIMBOCTSMHU IOBEJIHKH I'pynu. EKcnepuMeHTaJIbHE JOCIiTKEHHS IPO-
BEJIEHO 3 BUKOpHCTaHHsiM Habopy ganux Movielens, a must oninroBaHHsi edeKTHUBHOCTI
cuctemu BukopucTaHo merpuku Recall@k ta NDCG@k. Orpumani pesyiabraTu CBigIaTh
Npo TOTEHIIWHY edEeKTUBHICTh 3aIPOIOHOBAHOI MOJENi 1 3aJa4 KOJEKTUBHUX PEKO-
MeHarniif, OCKiJIbKKM BOHA Ja€ 3MOrYy BPAXOBYBATH IHAWBIIyasabHI BIOZOOAHHS yIACHHKIB
TPYIH Ta MOJIHIITYBATH y3TOKEHICTh ChOPMOBAHUX peKoMeHmali. IIpakTuyune 3HaUEeHHS
OTPUMAHUX PE3YJIbTATIB IOJISITAE y MOXKJIMBOCTI 3aCTOCYBAHHS 3aIPOIOHOBAHOIO IIiIXOMy
y AMHAMIYHAX OHJIAWH-CEPEeJIOBUIIAX, 30KPEMA y CHCTEMAaX eJIeKTPOHHOI KOMepIii, Mesia-
mrardopMax, COmiaJbHIX MEPEXKaxX i HOBUHHUX PECypCax.

Karowosi caosa: pekoMeHganiina cucreMa, rpynoBi pekoMeHganii, MaluHHe HABYAHHS 3
migkpimienasM, Monens Axrop-Kpurnk.

1. Bcrym

Y cyuacuomy nudpoBoMy CBiTi iHTEpHET CTAB HEBiJ €MHOIO YACTHHOIO HOBCIK/IEHHO-
ro x)urts joauan. CTpiMKuil pO3BUTOK COIATBHUX MEpPeXK, €JIeKTPOHHOI KOMEpIIil Ta
MYJIBTUMEIRHUX CEPBiCiB MPU3BIB 10 3HAYHOTO 30iIBIIIEHHS 00CATIB 1OCTYIHOI iHdOpMa-
1ii Ta KOHTEHTY. ¥ TaKMX yMOBaX BUHWKAE 1MpobiieMa iHdopMaIiiHoro mepeBanTaXKeHHs,
KOJII KOPUCTYBa4Y€Bi CTA€ CKJIAJHO CAMOCTIiHO 3HANTH pejeBaHTHHI KOHTEHT CepeJl
BeIUKOI KiTbKOCTI mocTymHux Bapiantis. s momonamus miel mpobiemMu 4acTo 3acTOCO-
BYIOTh PEKOMEHIAIiitHi cucTeMn, gKi 31aTH aHAII3yBaTH iCTOPUYHY MOBEIIHKY KOPHUCTY-
BadYiB Ta ixHi BIOIOOAHHS i TPOMOHYBATH PEJIEBAHTHI 00’ €KTHU, HATIPUKJIA, METIAKOHTEHT,
MY3WYHI KOMITO3UIlii, HOBUHU, TOBAPHW TOINO. BWKOPUCTAHHS TAaKUX CUCTEM [IA€ 3MOTY
CYTTEBO CKOPOTHUTH YaC TOIIyKy HeoOXimHol indopmariii, 30ibmuTr 10Xi , KOMIAHIH i
MiJIBUIIATU AKICTh KOPUCTYBAIIBKOT'O JIOCBiLY.

Boaunouac nepcriekTuBHUM HAIIPAMOM JIOCJII/I2KEHb € 3aCTOCYBAHHS MAIIMHHOI'O HAB-
YaHHs 3 MIKpimeHasM [1], ke 1ae 3Mory posriasgaTy nporec GopMyBaHHsST pEKOMEHIa-
TIi#l IK TOCJITOBHICTh TPUUHATTS PIIIeHb Y JUHAMIYHOMY CEPEJOBUII. ¥ ITHOMY BUTAIKY
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CUCTEMA, MOYKE TOCTYTIOBO IANTYBATUCS [0 3MiH yI0I00aHb KOPUCTYBAYiB, BDAXOBYBATH
JOBTOCTPOKOBI HACTIIKA PEKOMEHIAIIN Ta ONTUMI3yBaTH 3a/Iy9eHICTh KOPUCTYBAUiB.

VY psizi NpaKTUIHUX 3aCTOCYBaHb PEKOMeHallil noBuHHI (hOPMYBATUCT HE JJI OKPe-
MOTO KOPWCTYBada, & MJisg rpynu kopucrtyBadiB. OmgHak icHyoui meroan mobOyaoBu
rpynoBux pekoMmenzaiiii taki sk MoSAN [2], AGREE [3] ta GroupIM [4] xapakre-
pusyioThcs OGararbma BukJaukaMmu. llo-mepime, CKJIaIHO BPAaxXOBYBaTH AWHAMIUHI 3MiHK
BIIOIO0AHD KOPHUCTYBAYiB, OCKIILKH IHTEPECH JIOAEHl MOKYTH IIBHIKO 3MIHIOBATHCS 3
oM dacy. Ilo-apyre, OiabmicTsh iCHYIOYIX MOAEE OMTUMI3YIOTh JIUIITE KOPOTKOCTPO-
KOBY BHHAIOPO/IY, irHOPYIOYUN JOBrOCTPOKOBHI BILIUB pekoMenariii. Ilo-Ttpere, cygachi
TPYTIOBI peKOMeHJaIiiiHi cucTeMu 3a3Budail OPMYyIOTh PEKOMEHIAIlIT HA OCHOBI OTHOTO
CTATUIHOTO MPOMIII0 TPYIHU Ta HE BPAXOBYIOTH B3AE€MO3B I3KM MiXK PI3HUMU €JIEMEHTAMHU
KOHTEHTY, IO MOKe MPU3BOJUTHU JO0 OJHOMAHITHOCTI peromenmariii. Tomy momiabHO
BPAXOBYBATHU ICTOPUYHICTH B3AaEMOJIHl JIJIs MiJIBUIIEHHsS] PI3HOMAHITHOCTI 3aIlIPOIIOHOBA-
HUX €JIEMEHTiB.

s mooTaHHs 3a3HAYEHNX 00OMEXKEHb y POOOTI 3aMPOIIOHOBAHO KOJIEKTUBHY DPEKO-
MEHJAIIHY cCHCTeMy Ha OCHOBI MAIIIMHHOTO HABYAHHS 3 M IKPITLIEHHIM. 3aIpOIOHOBAHA
MOJI€JIb MICTHTBH CEPEJIOBHUINE 3 OJHUM AareHTOM, KWl Peasii3oBaHuii 3a IOMOMOTOI0
MOIIAPEHO] apXiTeKTYpHOI MoOzeni, a #oro omrumisaris BifgOyBa€TbCA 3a HOMOMOIOIO
TPai€HTa TIUOOKOI JeTEepMiHOBAHOI CTpaTeril.

IIpakTrane 3HAYEHHS JOCTIIKEHD y Il Tamy3i MOJSIra€ B MOMKJIMBOCTI ITiIBHIIEH-
HA e(eKTUBHOCTI cydacHUX iH(OpMAIHUX cepBiciB, 30KpemMa maaTdopM ITOTOKOBOIO
MeJIia [ CHiJIbHOrO meperyday (piabMiB i cepiaiB, cucTeM €JIEKTPOHHOI KOMEPIIil /1Jist
ciMmeiiHnX ab0 KOJEKTUBHUX TOKYIOK, TYPUCTHIHUX CEPBICIB /Jis MJIAHYBAHHS MOJI0PO-
JKefl TPymom 0cCi0, a TaKOXK COMiaJhbHHX Mepexk 1 mudpoBux miaTrdopMm, € KOHTEHT
CIIOYKUBAETHCS a00 OOMPAETHCST KOMEKTUBHO. BHUKOpHCTAHHSA OLMBII TOCKOHATAX MOJE-
Jiefi TPyINoBUX PEKOMEHJAIN JIa€ 3MOry MOJIMNIIUTY PEJIEBAHTHICTb 3aIlIPOIIOHOBAHOTO
KOHTEHTY, HiBUINMUTH 33/I0BOIEHICTD KOPUCTYBAYIB 1 CIIPUSITH 3POCTAHHIO e(peKTUBHOCTL
mugpoBux cepriciB. TTomibHi miaxXOAM TAKOX € KOPUCHUMH B iH(OpMAaIiHNX crcTemMax,
y SKUX JaHi PO OKPEMOro KOPUCTYBada € OOMEeKeHWMHU ab0 HEMOBHUMHU. Y TaKUX
BUMAJKAX MOYKJIMBUM DIIIEHHAM € BU3HAUYEHHS TPYMH KOPUCTYBAUIB 31 CXOKWUMH BITO-
J00aHHSIMHI Ta (POPMYBAHHS PEKOMEHIAIIH HA OCHOBI KOJIEKTUBHHUX 1HTEPECIB TIi€l rpymm.

2. AHAJII3 JIITEPATYPHUX JAHUX I POPMVYJIKOBAHHA ITPOBJIEMU

¥V [2] 3anpornoroBano momesns MoSAN (Medley of Sub-Attention Networks) nns 3anaqi
TPYHOBUX PEKOMEHIAIN, y sAKiil (popMyBaHHS pEKOMEHIAIil 0a3yeThCs HA, BpaxyBaHHI
B3aEMOJiil MiK yJaCHHKAMH TPYIN 3a JOMOMOIOI0 MeXaHi3My yBaru. Pesynabrarm moc-
JIJIKeHHs CBL4aTh, 110 TAKWI Ii/IXiJ Ja€ 3MOI'Yy MiJIBUIIATU AKICTb PEKOMeHJAIii i
BU3HAYATH BiJHOCHWII BIINB OKPEMWX KOPHUCTyBadiB y rpymi. Bommowac mHemosmikom
MOJIEJTi € Te, IO HE BPAXOBYE YACOBY AMHAMIKY rpymoBuX ymomobanb. OauH i3 MOXKINBUX
HAMpAMIB TOJINITIEHHS € TOETHAHHS IIHhOTO MiAXOAY 3 METOJAMH, IO JAI0Th 3MOTY
MOJIEJTIOBATH TOCJIiAOBHY 3MiHY iHTEpPEeciB TPYIH 3 YaCOM.

VY [3] 3amponororano monent AGREE (Attentive Group Recommendation) nisi rpy-
TMOBUX DEKOMEHJAIll, y dKiif rpymoBe moganHs (hOPMYETHCS 33 TOMOMOIOI MEXaHI3MY
yBard 3 ypaxyBaHHAIM B3a€MOJil MizK KOPHCTyBadaMu, TpynaMu Ta eJeMenTamu. 1Ipoze-
MOHCTPOBAHO, IO TAKUH IIi/IXi/ JIa€ 3MOTY MiIBUIIATHA SKICTh PEKOMEH/IAINHN 1 JuHaMi4HO
BU3HAYATH BHECOK OKPEMHX YYACHUKIB IPYIH 3a/I€:KHO Bia emeMenta. Bomamodac obme-
JKEHHSIM MOJEJi € HEIOCTATHE BPAXYBAHHS YaCOBOI IWHAMIKH TPYMOBUX yIOIO00AHB i
TIOCJTiIOBHOTO XapaKTepy B3aE€MOJIl 3 PEKOMEHIAIIHOI cucTemMor. OnuH i3 MOKJIUBUX
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HAMPSIMIB YIOCKOHAJIEHHS — BUKOPUCTAHHS METO/IIB MAITMHHOTO HABYAHHS 3 TIiIKPITIeH-
HAM, sIKi JTAI0Th 3MOT'Yy MOJEIOBATH JTOBIOCTPOKOBU €(heKT PEKOMEHIAITii.

Y [4] 3ampomonoBano momens GroupIM (Group Information Mazximization) nis
dopMyBaHHS PEKOMEHIAIIHN emi30IuIHIM rpyaM 3 0OMEKEeHOI0 iICTOPIE0 CHiTbHIX B3a€-
Moziii. 3’sicoBaHO, 110 BUKOPUCTAHHHA MakCchMisamil B3aeMHOl iHdopMmaril Ta aJainrus-
HOTO BPaXyBaHHS iHINBIIYAJTHHUX YIOZ00AHE JA€ 3MOTY 3MEHIIUTH BILJIUB PO3PIIZKEHOCTI
JAHWX 1 TIBWINUTH AKIiCTH peKoMeHmamiii. BomHouac oOMeXXKeHHSM MOIeNi € sBHe
HEBPAXyBaHHs 4YacOBOI JMHAMIKM TPYHOBHX YyIOZ00AaHb 1 3aJjie’KHICTH BiJ HaJsamTy-
BaHHS peryispusariifanx napamerpiB. OIHUM 13 MOXKJIUBUX HANPAMIB TOJINIIEHHS
€ BUKOPHUCTAHHS METOJIB MAIIMHHOIO HABYAHHA 3 IMiJAKPIIJIEHHSIM, $Ki Jal0Th 3MOrY
MOJIETTIOBATH PEKOMEHJAIIHTI TTPOTIeC y ANHAMITHOMY CEPEeTIOBHUIII.

VY [5] sampononosaro momens DRGR (Deep Reinforcement Learning based Group
Recommender), y sakiii 3amady IpyIoOBUX peKOMeHIAIii (opMasii30BaHO K IIPOIEC
npuitHATTS pinens MapkoBa Ta PO3B’sA3aHO 3a JOMOMOrOI0 METO/IIB MAIIMHHOIO HABYAH-
HA 3 migkpimaeHtasaM. [IpomeMoHCTPOBAHO, IO TAaKWil IMiIXia Ma€ 3MOIY BPaxXxOBYBaTH
JUHAMIKY 3MiHH BIIOJ00AHb 1 JOBrOCTPOKOBH e(hpeKT peKOMEH A, a TAKOXK 3a0e31edye
Kkparmi pe3yabraru mopiBasgHO 3 GroupIM. BogHouac 0OMeKeHHIMU MOIEI € CITPOIIEHA
apxiTekTypa i 3aJeKHICTh Bia crocody dhopMmyBaHHs HaBYaIFHOTO HAOOpPY mauux. OauH
13 MOXKJIMBUX HAIPSAMIB YIOCKOHAJIEHHSI — BUKOPUCTAHHS CTIMKIIIUX MiJIXOMIIB A0 MiAro-
TOBKH JIAHUX 1 PO3MIMPEHHS apXiTeKTYPH MOJIEJI JIjisi TOYHIIIOr0 BPaxXyBaHHs I'PYIOBUX
yIIOM00aHb.

Omxke, aHAJII3 JIiTEPATYPHUX JIKEPEJT MATBEPIKYE, M0 CYUIACH] MiIXOIN IO TPYITOBUX
PEeKOMEeHIAIil MPONIIIN MIJIAX Bil TPOCTUX CTATUIHUX METOIB O0’€THAHHS JAHUX IO
Mogzesleit, AKi BpAaxXOBYIOTH BILUIMB OKPEMHX YYAaCHHKIB TDYHH, B3a€MOJil MiK HEMHI
Ta BHKOPUCTOBYIOTH MAINWHHE HABYAHHSA 3 MiAKPIMJIeHHAM. BomHOYAC 3aIUINA0THCHA
BIJIKPUTUMU IIUTAHHS OJIHOYACHOI'O BPpaXyBaHHs JUHAMIKHM IPYIOBUX PillleHb, PO3PiKe-
HOCTI JIaHMX, 1HUBIlyaJbHUX 1CTOPIN KOPUCTYBAUIB 1 JJOBIOCTPOKOBOI'O BILJIMBY PEKOMEH-
gamiii. Bcee 1e mae mizncTaBW CTBEPKYBATH, IO JOMIIBHO TTPOBOIUTHU JTOCIIiTKEHHS,
MPUCBSYEHE PO3POOIN MOIENl [jisi TPYMOBUX DEKOMEHAIli#l i3 BUKOPUCTAHHSM MAITHH-
HOTO HABYAHHS 3 MMJAKPIIIEHHSIM, 3/IATHOTO AJanTyBaTHCS JI0 3MiH CEpeIOBUINA Ta
BITO/I00AHD KOPUCTYBATIB.

3. META TA BAJIAYI JOCJIIIKEHHS

Mera mociimkeHHS — pPO3pOOJIEHHST PEKOMEHIAINNHOI CUCTEeMHU i TeHepyBaHHs
TPYIOBUX PEKOMEH/IAIl HA OCHOBI MAITMHHOIO HABYAHHS 3 MiJKPIMJIEHHSIM, K& 3a0e3-
mevdye BpaxXyBaHHS JWHAMIKHA 3MiHU BMOA00AHb KOPUCTYBAYiB, iHAWBIMyaJbHIX OCOOIH-
BOCTEHl <IeHIB IPYIH Ta JOBMOCTPOKOBOrO edekTy pexkomenmariit. e macts 3mory mia-
BUIIMUTH TOYHICTb, aJAITUBHICTD 1 PEJIEBAHTHICTH I'PYIOBUX PEKOMEHJAIIN y Cy4acHUX
indopmariitanx cucremax. OUiKyBaHUM PE3YIHTATOM € MOOYIOBA TA €KCIIEPUMEHTATHHA
TiepeBipKa MOesi, TPUAATHOI Jjis BUKOPHCTAHHS B PEKOMEHIAIIHUX CHCTeMaX, Je
pimeHHs TPUHMAaIOTh He OKpeMi KOPHUCTYBadi, a TPymNa KOPUCTYBadiB.

JImst mocsirHeHHS MeTu CpOpMyTbOBaHI Taki 3adadi:

® BUKOHATHU IOMEPE/IHE OMPAIIOBAHHS JTaHUX JJIs TMi/ITOTOBKH X 10 BUKOPHUCTAHHS B
MOJIEJTi, OMICATH MeXaHi3M (GOPMYBAHHS IPYII KOPUCTYBAUIB i CTPYKTYPY B3aEMO/Iii
MiXK Tpyliamu, KOPUCTyBadaMu § €JIeMEeHTaMd, & TAKOXK OTPUMATH CTATHUCTUIHI
XapPaAKTEPUCTUKU CPOPMOBAHOTO HADOPY TAHUX;

® PO3POOUTH MOIE/Ih MAIIMHHOIO HABYAHHS 3 MiIKPIMJIEHHSM Ha OCHOBI apXiTeKTypu
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AxTop-KpuTnk 3 BUKOPUCTAHHSIM ONTHUMI3aTOpa TpaieTa JeTepMiHOBAHOI CTpaTe-
rii Ta MeTOAWM BEKTOPHOTO TOJAHHS TPYI, IXHBOI B3AaEMOIIl 3 eJeMeHTaMU Ta,
MeXaHi3MU BpaxyBaHHs BILIMBY KOKHOTO KOPHCTyBada Ha TPYILY;

® IIPOBECTH HABYAHHS TA TECTYBAHHS 3aIIPOIIOHOBAHOI CHCTEMHU Yy CePeIOBUIIL 3
BUKOPHUCTAHHSM €KCIIEPUMEHTAILHOr0 HAbOPY JAHUX;

® TIOPiBHATH e(EKTUBHICTH 3aMPOMOHOBAHOI MOIE i 3 0A30BUM MMiIXOIOM, 3aCTOCY-
BaBIIH BiJITIOBiTHI METPUKU.

4. MATEPIA/IA TA METOAU JOC/IIIXKEHHS

O06’ekTOM IOCHTIIKEHHST € TIPOIEC (POPMYBAHHS TPYTIOBUX PEKOMEHIAIH § PEKOMEH-
JAIHAIX CHCTeMaX Ha OCHOBI MAIIMHHOIO HABYAHH 3 miakpimmenasaM. OcHOBHA rimores3a
JOCTIJI2KEHHS - TIPUITYIIIEHHsI, 1110 3aCTOCYBAHHS MOJIEJI IPYIIOBUX PEKOMEH1allii, peaizo-
BaHOI Ha OCHOBI apxiTekTypu AKTOp-KpUTHK 3 BUKOPUCTAHHIM HEPOMEpEXKEeBUX [10/IaHb
CTaHy I'PYI 1 BaXKJIMBOCTI KOKHOI'O OKPEMOI'O KOPHCTYBA4a, JTOINOMOXKE Ii[BUIIUTH TOY-
HICTh Ta aJaNTHUBHICTH PEKOMEHIAIIH /T TPy KOpucTyBadiB. Ile qocsaraeTnhes 3aBasaKn
YPaxyBaHHIO IMHAMIKY 3MiHU BIIOJI00AHb, IHAMBIAYaTbHUX 0COOJINBOCTEH YIACHUKIB IPY-
1 Ta IXHBOTO CHiJIBHOTO BIJIUBY HA KOJIEKTUBHE DINIEHHS.

IIpwuitasaTo mpumymeHHs, moO BIOAOOAHHA KOPUCTYBAYiB i TPy MOXKYTH OyTH a/eK-
BaTHO BifloOpazkeHi y OaraToBUMipHOMY MPOCTOPi, a icTopwdHI B3aeMOil 3 eeMeHTaMu
CUCTEMU € PEMPE3EHTATUBHUMU It (DOPMYBAHHS TOMAJBINAX PEKOMEeHTaIii. J101aTkoBO
BUCYBAETHCS TPUIYINEHHS, 0 HANHOBIII B3a€MO/Iil KOPUCTYBAUIB i3 CUCTEMOIO € OiIbI
indopmaruBHUME /1715 (POPMYBAHHS PEKOMEH AT, HiXK JTaBHII, OCKIJIbKY BOHY TTOBHIIIIE
BiZ0OpakaOTh aKTyaJ bHUN CTAH iHTEPECiB OKPEeMHWX yYaCHUKIB i rpynu B mijiomy. ¥
Me€2KaX JIOCJIiPKeHHsI BAKOPUCTAHO CIIPOIIEHHs!, 3T1/IHO 3 SKUM B3a€MO/Iid Py 3 eJIeMeH-
TaMU CHCTEMU TOJAETHCS y BUTJISII €IWHOTO YHCJIOBOTO BEKTOPA, IO (DOPMYETHCS 3
ypaxyBaHHSM BEKTOPHHUX 300pakeHb 00’€KTIB, XapaKTEPUCTUK UJIEHIB IPyIU Ta iCTOpil
B3aEMOJIiH.

Ins ananisy edpeKTUBHOCTI MOjesi BUKOPUCTAHO JBI OocHOBHI Mmerpuku: RecallQk
ta NDCGQFk [6]. Merpuka Recall@k BinoGpaxae 3marHicTs cucremu 3Hajitu Bl
PEeJIEBaHTHI eJIeMEHTHU Cepell TOT-k 3aMpPONOHOBAHUX 1 331a€ThCs (DOPMYIIOK0

k .
Recallak — 2i=1"¢10)

Telcount

(1)

Merpuka NDCG@k (mopmasnizosaunit Discounted Cumulative Gain) o1iHIOE SKiCTH
DAHXKYBAHHS PEKOMEH/IOBAHHUX €/IEMEHTIB, HAJAI0YU IepeBary HPAaBUIbHO BU3HAYEHHM
€JIEMEHTaM, PO3TALIOBAHKM Ha BUIHUX IIO3HIIAX, I O0UHCIIOETHCH K

& rel(i)
271 Tog G+ 1) )
Emin(T'elcount;k) # .

i=1 log,(i+ 1)

NDCGQE =

Y dopmynax (1)—(2) rel(i) = 1, sKimo i-Ta peKOMeHJalisd € pejieBaHTHOIO, 1 el (i) = 0
— imaxime, a relcoynt — 3araabHa KiMbKICTh PEIeBAHTHUX €JIEMEHTIB s TPYIIH.

Bukopucranua 3a3HAIEHHX METPHUK A€ 3MOTY IIPOBECTH KOMILIEKCHE OITiHIOBAHHS
SIKOCT1 peKOMeHIaIinHol Bubipku. 3okpema, Recall @k Bimobpaskae 4acTKy peleBaHTHUX
€JIEMEHTIB, siKi OyJIi BUSBJIEHI CHCTEMOIO, IO A€ 3MOTY OIIHUTH MMOBHOTY OXOTLJIEHHS
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peneBanTHOrO BMicTy. Merpuka N DCGQE BpaxoBye He JIHIie HASBHICTD PEJIEBAHTHIX
€JIEMEHTIB y PEKOMEHIAIIAHOMY CIHUCKY, a # MOPAA0K X PO3TAIlyBaHHS, IO A€ 3MOTY
OIIHUTH SIKICTh PAHKYBAHHS DPEKOMEHJIOBAHUX O0’€KTiB. 3Hadenns merpuk RecallQk
ta NDCGQFk manexars mo imrepsary [0,1], me Glibmmi 3HAYEHHS BiATOBIIAIOTH BUTITIH
AKOCTi pekoMeniauiii. MakcuMaiibHe 3HadeHHs 000X Merpuk gopishtoe 1. s RecallQk
1Ie O3HAYAE, IO BCi PEJIEBAHTHI €JIeMEHTH TIOTPAIUIIN 0 TIEPINUX K 3aITPOTOHOBAHUX,, TOTI
gk niaag NDCGQk 3uadennss 1 BiANmoBifae ieaJbHOMY BIOPSIKYBAHHIO PEJIEBAHTHUX
€JIEMEHTIB ¥ PEKOMEHIOBAHOMY CITUCKY.

ExcnepumenTtanpHa 9acTHHA POOOTH CTBOPEHA y BUTJISAII KOHCOJHHOI allliKalii, po3-
pobuenol MoBoro nporpamysanug Python sepcii 3.12 (CIITA). Monesi napuanus 3 miz-
KpimmenusaM, pyHKIH] HABYAHHS Ta BaJiIaIlil peasi30BaHO 3 BUKOPUCTAHHAM Oi61i0TeKn
PyTorch. Jlns remepariii BeKTOpHUX MOAAHDb OO’€KTIB i OOYHMCICHHS OIIHOYHUX METPUK
OyJI0 BHKOPHUCTAHO MOJATKOBI mporpamui 6ibmiorexu, 3okpema scikit-learn Bepcii 1.8.0
Ta SciPy Bepcii 1.17.1. s moOyI0oBU CepemoBUINA B3A€MO/Iii 3aCTOCOBAHO MAKET gymm-
nasium Bepcii 1.2.3. Amnpobario Ta BaJiTali0 3ampPONOHOBAHOIO TiAXOLY BUKOHAHO
Ha MMEPCOHAIHLHOMY KOMII'IOTEP] 3 BUKOPUCTAHHSM alapaTHOrO MPUCKOPEHHS rpadidyaumM
IIPOIIECOPOM.

Anaparna Koudirypalis JI0C/IIHUIBLKOIO CEPEeIOBUINA OXOILTIOBAIA BOChMUIEPHUI
nporuecop Intel Core i7-9700K, 32 I'B oneparusnoi nam’sti DDR4 ta rpadiunuit aganrep
NVIDIA GeForce GTX 1650 i3 4 I'b Bimeonam’siti GDDR5. Ik ocHoBHY omepariiiiny
cucremy Bukopuctano Ubuntu 24.04. VYci o04Yuc/roBabHI €KCIEPUMEHTH MTPOBOIUIN
JIOKAJIbHO, 0e3 3a/IyYeHHsS XMapPHUX 00YUCIIOBAJIBHUX PECYPCIB.

5. PE3VIBTATU AOCJIAKEHHSA KOJEKTHBHOI PEKOMEH/IALIIN-
HOI CUCTEMU

5.1. EKCHEPUMEHTAJILHUIT HABIP JAHUX I IOIO HIAIOTOBKA

st ominku eheKTUBHOCTI 3aCTOCYBAHHS KOJEKTHBHOTO HABYAHHS 3 TTiIKPITIEHHSIM
y CEpeOBHUIIi, K€ MAKCHMAJIbHO HAOJMKEHE T0 PeahbHUX PEKOMEHIAIIWHUX CHCTEM,
BuKoOpucTaHo Habip garnx MovieLens [7]. Ieit nabip micrurs iHdopmario npo peifTuH-
TOBi OIIHKH 3a II'ITHOATBHOIO IMKAJOI Ta iH(OPMAIN0 TPO XPOHOJIOTIIHHUN MOPSIOK,
3aUIeHi KOPUCTYBAYaMy OJHONMEHHOrO cepBicy pekomenmarii ¢dinpmis. Habip mammx
3arajbHOIOCTYIIHUI 1 MOxke OyTu 3aBanrarkenuii 3 odiniitnoro cepsicy. ¥ npaii BHKO-
PUCTAaHO aKTyaIbHUI BUMYCK HAOOPY CTAHOM Ha TpaBeHb 2024 pOKy, 10 MiCTUTH OJIU3HKO
32 M/IH OIiHOK, OTpuMaHux Bix mouas 200 TuC. KOPUCTYBadiB [1Jisi MpuOIu3HO 88 THC.
dinpmiB. XodUa CMOYATKY 3aBAHTAXKYETHCA MOBHUM HADIp JaHUX, /I eKCIIEPHMEHTIB i3
ubOro (popmyerncs surne 1000 rpyn KopucryBadis.

BazxsimBum eranom miaroroBku JaHuX € (pOpMyBaHHS B3AEMO3B’ I3KiB MiK KOPHCTYBa-
wamu, enementamu 1a rpynavu. Hexait U = {uy, uz, ..., ujy } — MHOKHHA KOpHCTYBadiB,
G = {91,92,--.,9)¢/} — vmoxuna rpyn, a T = {iy,da,...,47|} — MHOXKWHA eJeMEHTIB
(o6’ekTiB pekomenpamil), Bimmosimuo. TyT w; MO3HAYAE OKPEMOro KOPHUCTYBada, €
i = 1,2,...,U|; g; — nosnauae okpemy rpyiy KopucryBadis, e j = 1,2,...,[G];
a i, — OKpeMHuil eleMeHT, skuii OyB OIliHeHHi ab0 MoxKe OyTH PEKOMEHIOBAHWM, e
k=1,2,...,]Z|. Ha puc.1 300pazkeH0 CTPYKTYPY B3a€MO3B A3KiB MK KOPHCTYBadaMH
Ta €JIEMEHTAMH, 8 TAKOXK IMAXi /g (POPMYyBaHHS I'PYIl HA OCHOBI IUX [TAHUX.

IIponec 6asyerbcs HA TOMYy, IO BUIAAKOBO (POPMYIOTHCS TPYIH, KOXKHA 3 SKHX
CKIAIAEThCs 3 2—4 xopuctyBadiB. [ljist KOKHOI chOPMOBAHOT TPYIH BUKOHYETHCS TIOOY-
JI0Ba, TPYMOBUX OIHOK (iIbMIB HA OCHOBI iHIWBIAyaJbHUX OIMIHOK 11 yJacHWKIB. AKIIO



Pomanrox B., Hemowresun 0., Cmunor M.
182 ISSN 2078-5097. Bicu. JIbsis. yu-ty. Cep. npuksa. marem. ta ind. 2026. Bun. 36

KOXKEH UJIeH TPy TMOCTABUB MEBHOMY (iIbMy OIIHKY B [iana3oni Bim 4 1m0 5 Gajis
BKJIIOYHO, TO BBAYKAETHC, IO 1eil (biibM MO3UTUBHO OIIHEHUH TPYIOI0, a WOTr0 TPYIoBa
ominka — 1. Ko BCci yJacHHKH Tpynu OMiHWIH (BiAbM, aje TPHHARMHI MOJOBHHA 3
OITIHOK MeHIIa 3a 4 0ann, TO BBAXKAETHCH, IO IPyIla HETaTWBHO OIiHWIa (BiAbM 1 1ei
dbinem orpumye onieky 0. Hexait G = {uj,uz,...,Un} — Irpyma KOpUCTyBadiB, mue
2 < m < 4, ar(u,i) — oniuka, mocrasiena kopucrysadem u binbmy i. Tomi rpymnosy
omiaky R¢ (i) MOXKHA BUBHAYUTH TaK:

1, saxmo Vu € G: r(u,i) € [4,5],

Ra(i) =140, saxkmo [{ue€G:r(u,i) <4} >0.5-]G|,

<, B IHIIMX BUIIAIKAX.

B3aemopii kopucTyBauiB 3 eleMeHTaMHu

us 5 A U2 5 us Uy 5 7 Us % Ug
4 @ 5 @\ 2 5
il‘ iz‘ i3 ig i
1 1 1 1
-\ N
| | moThodo - |
I ‘ I | I
1 91 |U1| Uz uz { 192 |(Uz| Us| | | g3 |Us| Us| |
| | |

B3aemopii rpyn 3 eieMeHTaMu

Puc. 1. Cxema dopMyBaHHs rpyn Ta B3a€MO/iil KOPUCTYBAYIB 1 rpyIl 3 ejleMeHTaMu

B ycix immmx Bumagkax, 30KpemMa KOJIU €JIEMEHT OyB OI[iHEeHWI MEHIN HiXK MTOJIOBU-
HOIO YYaCHUWKIB TpPYNH, TPYNOBAa OIIHKA BBAXKAETHCA BIACYTHBOIO, a TaKi eJeMeHTH
PO3IJIAIAIOTH K HEraTUBHUM JTOCBiJ IPYIIOBOI B3aEMO/IiI, Jie KLIbKICTh TAKUX €JI€MEHTIB
obmexyerbes 100. s 3abe3nederts J0CTaTHBOI KiTbKOCTI B3a€MOINl y 11OMAIBIIOMY
aHaIi3i 10 BUOIPKY BKJIIOYAIOTHCS JIUIIE Ti TPYIH, IJIs SKUX C(DOPMOBAHO IOHAWMEHIIE
10 rpymoBux orminok. To6TO yMOBa IOCTATHBOI KLIBKOCTI B3AEMOil JjIsd TPYIH Ma€
surasm: |{i €I : Rg(i) € {0,1}}] > 10. KinpkicTs y9acHuKIB y Tpymax y MeKax
Big 2 m0 4 ocib, a takoxk miniManabHuil mopir y 10 rpymoBux omiHOK Oysiv Bu3HAYEH] 3
ypaxyBaHHSIM OCOOIUBOCTEH HAOOPY mauuX. Ilomasnbimne 30iablIeHHs KITBKOCTI yIaCHUKIB
y rpymi abo miaBuineHHS MiHIMAJIbHOrO HOPOr'y OIIHOK IPHU3Besao O JI0 CyTTEBOrO 3MEH-
MMeHHS KiJTBKOCTi TomycTuMuX rpym. lle mosicHIOEThCS THM, IO B MeXKaX HAIBHUX JAHUX
IMOBIPHICTH 3HAXOYKEHHS OIIBINOI KIJIBKOCTI KOPUCTYBAYIB 31 CHIIBHUMHU TO3UTHBHUMHA
B3aEMO/IISIMU IIOA0 OJHAKOBUX €JIEMEHTIB 3HAYHO HUXKYA.

BiamosigHo 10 Bu3HAYEHMX MpaBWj, y MACYMKY (opMmyeTbcs HAbIp JaHUX, IO
mictuth 1000 rpyn. deranbwing craructudsi gaHi 118 chOPpMOBAHOT BUOIDKY HABEIEHO
B Tabm. 1. Bapro 3a3maunTH, 10 3HAYEHHS B KOJOHKAX, AKi BimoOparkaioTh KiIbKICThH
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KOPUCTYBAYiB Ta 00’€KTIB B3AEMO/IIT, BiAMOBIHAIOTh KiIBKOCT] YHIKAJIHHIUX KOPUCTYBAYIB
1 yHIKaJIbHUX €JIEMEHTIB y MeXKaX KOXKHOI OKPEMOi TPYIIH.

Tabauuys 1
Crarucruka copMOBAHOTO HAOOPY I'PYI
K-cth. | Kectn. | K-ctb. | K-ctb. | C€pP. K-CTb.

Poswmip | rpyn | Kopuct. | 06’°eKTiB | OIliHOK OILIHOK % mnozwurt. | % merar.

2 811 1622 1979 23878 29.44 53.4 46.6

3 164 492 936 4379 26.70 56.9 43.1

4 25 100 388 732 29.28 51.0 49.0
Yeporo 1000 2214 2093 28989 28.99 53.8 46.2

Ha npomy erami cdopmoBanuii Habip JaHWx Oy/I0 TOMIIEHO HA TPHU MiIMHOKUHH,
BiITIOBIAHO 70 JABHOCTI B3aE€MOIIT, 110 /1aJ10 3MOTY 30eperTi XPOHOJIOTIYHY OCIiJOBHICTD
3MIiHM KOPHCTYBaIbKHUX i FPYHOBHX yHnomobanb. 3okpeMa, 70 % B3aeMomiit 6y0 BUKOPHC-
TaHO i HapyaHHsa Mozeni, a pemry 30 % — mag TecryBanHs Ta Basdigamnii. Posmomin
BUKOHYBAJIH Y XPOHOJIOTIIHOMY MOPSAKY: B3AEMO/IIl IOIEPEeIHbO BIOPSAIKOBYBAIH 34
YaCcoOM OCTAHHBOI B3aEMOIIT, TCAs YOro po30MBAJINA HA, TIMHOKWHA Ha OCHOBI BiIMOBiI-
HUX BiICOTKOBUX 3HadYeHb. Taxkwii miaxin 3abe3medye mepeBipky MOIENi HA HOBIIIWX
B3a€EMO/IisIX MOPIBHIHO 3 THMH, 1[0 BUKOPUCTOBYBAJIUCS 111/ 9ac 11 HABYAHHs, i HAOIUKY€
YMOBH €KCIIEPUMEHTY 10 PeasbHOTO CIEeHAPiI0 PYHKITIOHYBAHHS PEKOMEHIAIHHOI CUC-
TeMH, Yy MeKax KOl HOBiIm B3aeMoii MaloTh BHUIMY iH(GOPMATHUBHICTDL MOPIBHIHO 3i
CTapilmMmu.

5.2. PO3POBKA MO/EJII I'PYIIOBOI'O MAIIMHHOI'O HABYAHHSA 3
NIAKPIIIJIEHHAM

Y MexKax IIbOTO JOCiIKEeHHS PEKOMEHTAIIIHY CUCTEMY PO3TJISTHYTO 9K G2eHma, TKIi
B3AEMO/II€ 31 CEPEIOBUIIEM, PEKOMEHIYI0UU 00’ €KTHU s MaKcuMizanil BuHAropoau (1us.
puc. 2).

3a Takoro miAXOMy 3aJady CPYNOBHX PEKOMEHIAIiNl JONIiIbHO (hopMAaTi3yBaTh K
npoyec nputnsmmas piwens Mapkosa (Markov Decision Process, MDP) [8]. Taxa
dopmaitizariis 1a€ 3MOr'y OIACATH B3aE€MOJIII0 PEKOMEHIAIIITHOI CHCTEMU 3 TPYIIOI0 KOPHC-
TYBadYiB y BUTJISIIL TTOCTIIOBHOCTI CTaHiB, Mi#t i BuHAropoa. ®opmaibHO MpoTec MpuitHe-
TTa pimenb MapkoBa 3a1a€ThCs KopTexkeM 3 maru ejnementis (S, A, P, R,v), ne S —
npocrip cranis; A — MEOXKUHA J1iii; P — IMOBipHICTD epexo/iB Mix cranaMu; R — byHKITA
BHUHATOPOM; & 7Y — KOEIIIEHT 3HMKKH.

Hexait U, G Ta 7 no3Hava0Th MHOKUHYM KOPUCTYBA4iB, TPYI Ta €I€MEHTIB, BiIMOBII-
uwo. Ilpomec npuitasarrs pimens MapkoBa 300pakeHO CXeMATHIHO HA PUC. 2. Y IHOMY
nojanni cran S € S onucy€e HOTOYHHMU CTAH Pyl B MOMEHT 4acy t. Y it mpar
CTaH MOJAETLCA y BUMIAAL S; = [g,hy], me g € G — inenrudikye rpymy, a hy — icTopist
neperyiaaiB abo B3aemomiit rpymu. ['pyna g moxke OyTu BimoOparkeHa HA MHOXKWHY

il ywacmukiB, T0OTO g = {uy,u2,...}, Ui, u2,... € U. Icropis B3aemomiii rpynm
NOMAEThCs K hy = [i1,02,...,iN]|, i1,%2,...,iN € L, mei1,12,...,iN —O00’€KTH, 3 IKUMHI
rpyna B3aemoxisna pamime. dia a; = [it1,%2,...,4k] € A — ne cuucok 06’exris,

PEKOMEHIOBAHUX TPYIi PEKOMEHIAIIIHOK cucremMoro, me K — KiabKicTh 00’€KTiB y
pekomenparnitnoMmy crnucky. llicas BukomanHs mil a; y cTaHi S; peKOMEeHIalliiiHa cucTeMa,
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AreHt
——————»
CraH S Bunaropopa ¢ Hist a;
st = [g, he) i € {0,1} at = [i, 90, ., Gtk
Tt+1
——
3 CepepoBuiie —
i‘ St+1
' | |
I |
EnemenTn Kopucryaui I'pynu KopucTyBadis Icropis B3aemopiit
11,92,y iy € T UL, U,y ... €U g={w,u,..} hi = [i1,42, ..., in]

Puc. 2. Ilponec npuitaarTa pimens MapkoBa O1a KOJEKTHUBHAX PEeKOMEHIAITIN

orpumye BuHAropony 7 € {0, 1}, AKa BU3HAYAETHCS PEAKIIIEI0 TPYTH HA PEKOMEH TOBAHMIH
00’ekT. KMo 3ampornoHoBaHUit 00’€KT OYy/I0 MO3UTHUBHO OIIHEHO TPYIMO0, TO 7 = 1,
imakme r; = 0. Taxke ¢dopmymoBaHHs A€ 3MOrYy IHTEPIPETYBATH BHHATOPOLY SAK
IHAUKATOp PEJIEBAHTHOCTI PEKOMEH1aIlil /1 rpynu. IMOBIpHICTD Hepexoay BU3HATAETHCS
K p(Si+1 | St, at), 1 3810BONBHSAE 6aacmuUBicms Mapkosa, BIATOBITHO 10 AKOT HACTYTHUH
CTaH 3aJIEZKUTD JTUITIE BiJl MOTOYHOTO CTAHY Ta BUKOHAHOI /Iii. Y KOHTEKCTI peKOMEeHTaITiii-
HOI CUCTEMH I BEJIMYUHA XapPaKTePU3Y€E 3MiHY CTaHY CEpEeJOBUINA B 9aCi MCIA B3aEMOIIT
rpynu 3 pekoMengosanuM 06’e¢krom. Ilapamerp 7y € [0,1] BusHagae mipy BpaxyBaHHs
MaibyTHBOI BUHAIOPO/IM IIiJ1 YA€ HPURHATTS HOTOYHUX pittens. 111o GmK4yum € 3Ha4eH-
Hs Y 10 1, TO GiIBITOI MiPOIO MOIEH OPIEHTYETHCS HA, JOBIOCTPOKOBHUIT €(heKT PEKOMEH-
JTariii.

SanponoHoBana cucreMa MOOyI0BAHA HA OCHOBI OJHOATEHTHOrO MiJXOMy, y MexkKax
SIKOTO B CEPEIOBUIII (DYHKITIOHYE JIUIIIE OJUH ATEHT, 1[0 HABYAETHCS HA B3AEMOIIl 3 yciMa
rpynaMu i OKpeMuMu KOpHUCTyBadamu. Take opmymaioBaHHS Ha€ 3MOry (hbOpMyBaTH
€IMHY CTPATEril0 peKOMeHAIliil 6e3 pO3MOIiIy MPOIeCy MPUIAHATTS PIleHb MiXK KijIb-
KOMa areHTaMu. ¥ MeXKaX MOJIEJIi PeKOMEHJAIlil MOXKYTh T€HEePyBAaTUCS SK [ TPYIu
KODHCTYBAYiB 3arajoM, TaK i /i OKPEMOrO KOPUCTYBada, AKHUIl y IIbOMY BUIAJIKY
PO3IIIAIA€ThCA K ydacHuk rpymnu. Lle 3abesmneuye yuidbikoBany cxemy HOJAHHS BXiTHUX
JAHUX, HABYAHHS Ta GOpPMyBaHHS pekoMmenmariii. Bommouac izel 1momo mobymoBu apxi-
TEKTYyPHU areHTa, CIOCO0y MOMAHHS CTAHY Ta BPAXyBAHHS IPYIOBUX YIIOI00AaHB I'DYHTY-
I0ThCs Ha MIX0/aX, 3anponoHoBanux y [3, 5, 9, 10]. 3okpema, ineio mo6y10Bu TpynoBoro
CepeIOBHUINA, & TAKO2K MEXAHI3MU BPAaXyBaHHS BIUIMBY OKPEMOIO KOPHUCTYBada HA TPYILY
3a103u4eHo 3 upaup [5] i [3], Biauosinno. ApxirekrypHi pilieHHs ijis HABYAHHS MOJEseit
1 anropuT™M HaBYAHHSA, aJANTOBAHUN 3 ypaXyBaHHSAM TPYTOBOI 3aJadi peKOMEHJIAIlii,
IPYHTYIOTBCS Ha MiZAXOZAX, 3aIPOIOHOBAHUX y mparax [9] i [10].

s mobymoBu areHTa y 3ampolOHOBAHINT CHCTEMI BHKOPHCTAHO APXITEKTYpPy, SKa
moeanye nBi Helipouni Mepexki Axmop 1 Kpumuk Ta JOJATKOBY MEpEXKY IJis TOTAHHS
CcTaHy, Ka HAa3WBAEThCA Inmezpamop. Taka CTpyKTypa Ja€ 3MOTY BPaXOBYBATH MOTOYHI
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f dim(s;) = n(N +1)
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(£,n) (#,n) e en n [ ReLU 1

at
2

n[ TanH ]n

K, 2n] 2n ReLU | n

-«
|K,n] OuiHioBa4 |n [N.n][ Flatten ]n

K [ Embedding J,n) N [ Embedding ), n]

concat(st, ar)

_ | | p
embeddings g = {u1,uz, ..., ux’} hy = [i1,12, ..., iN] St

OuinoBau Iuterparop AxTop Kputuk

Puc. 3. ApxiTekTypa 3aIpOIOHOBAHOI KOJIEKTUBHOI PEKOMEHIAINHOT cucTeMu

BIOJ0DAHHS TPYNH Ta iCTOPi0 i1 B3aeMOoil 3 ejeMeHTaMu B MpOIeci (hOpMyBaHHS PEKO-
MeHJamil. ApxiTekTypy 3a3HadeHuX Mepexk 300paykeHo Ha puc. 3. JIiBopyd 300pazkeHo
Mepexy [nmezpamop ta migMonysib Ouintosan, siki GOPMYIOTH y3araJbHEHE MPeICcTaB-
JIEHHd I'pylu Ta icTopii 11 B3aeMOil 3 ejleMeHTaMu, y LEHTPaJIbHIA 4acTUHI — Mepexy
Axmop, npusnadeny njist GOPMYBAHHS PEKOMEHIALII, 8 TPaBOPYY — Mepexky Kpumux, 1o
BUKOHYE OIIIHIOBaHHS iif akTopa. Ha puc. 3 KibKICTh BXiTHUX 03HAK IS IOBHO3B’ I3HIX
mapiB ab0 KOMIIOHEHTIB apXiTeKTypH 300pazkKeHO 3/iBa, TOMI SIK KiJbKiCTh BHUXIiTHHX

O3HaK CIIpaBa.

Mepexa Iarerparop (momaHHsI cTaHy) LDUIIMAE HA BXij IPylly KOPUCTYBadiB
g = {uy,us,...,ux} Ta icropioo B3aemoziii i€l rpynu 3 enementamu hy = [i1, g, ..., iN]
i bopMye BeKTOpHE MOMAHHS CTAHY S¢. Y MEXKAX MEPEXKi KOPHUCTYBAYi Ta €JIeMEHTH
icTopil 0OpOOIAIOTHCS OKPEMO 33 JOMOMOrO0 ABOX ImapiB Embedding njs remepyBan-
HA BEeKTOpHOro mojanHd. Ha mepmomy erami KokeH KopucTyBad u; € ¢ TepeT-
BOPIOETHCH HA BEeKTOpP O3HaK ¢ikcoBanol po3mipaocti m. VY mincymky ¢opmyerbes
MaTPHIT KOPUCTYBAIILKUX O3HAK Po3MipHOCTI K X n, y gKiit KOKEH PAJIOK BilMOBigae
OKpeMoMy y4acHuKYy rpynu. OTpuMana MaTpUIlss HAIXOAUTH 10 MiaMomyis OuiHteas.
Ha Bimminy Bim miaxo/is, /e /1jisi KOXKHOTO KOPUCTYBAYUa 00YUCIIOETHCSA OKPEMa, CKAJIIPHA,
Bara, y 3allpPOIOHOBaHIf apXiTeKTypi BUKOPHCTOBYETHCS MexXaHi3Mm camoysazu (mulli-
head self-attention), sxuii Jae 3MOry KOKHOMY KOPUCTYBALLKOMY HOJAHHIO BPAXOBYBATH
indopmarito mpo BCix iHmux wieniB rpynu. BHacaizok mboro popmMyeTbesi OHOBJIEHA,
MaTPHUIlsT KOPUCTYBAIBKUX TOJAHB Ti€l camol po3mipHOCTI K X M, y dKiii KOXKE€H BEKTOD
yKe MICTUTh KOHTEKCTHY iH(OpPMAIii0 TPO B3aEMO3B’SI3KM MiXK yIACHUKAMY TDYIIH.
Jani mouaTkoBi Ta OHOBJIEH] MOJAHHSA 00 €THYIOTHCS, YTBOPIOIOYH MATPHUITIO PO3MIPHOCTI
K X 2n, gaxa momaeTbca Ha JiHIHWEA IIap i3 curMoigaabHO0 akTupamieo. Ileit 670k
dopmye KoedinienTn KepyBaHHda po3MipHOCcTi K X n, M0 BUBHAYAOTD, y AKiil mpormopitii
JJIST KOKHOTO KOPHUCTYBadYa, BAPTO MOEIHATH MOYATKOBE Ta OHOBJIEHE MOmaHHs. llicis
IIPOTO BUKOHYETHCS KEPOBAHE 3JIMTTS O3HAK, & OTPUMAaHI KOPHCTYBAIbKI MOMAHHS yCe-
PEIHIOITHCH 33 BCiMa ydacHHKaMu rpymu. Tak OPMYEThCS €IuWHE TPYMOBE TOJAHHS
eg € R™. Ictopia B3aemomil rpymm 3 emeMeHTaMu 0OpoOAAeThCA OKpemo. Jma mboro
BUKOPHUCTOBYIOTH OCTaHHI N ejeMeHTiB B3a€MO/Iil, KOXKEH 3 SKHX TAaKOXK IIPOXOIHUTDH
4qepe3 Baacuuii Embedding-map. Tomy dhopmyeThes bararoBUMipHe MOJAHHS PO3MIPHOCTI
N xn. Hami 3acrocoByerncs map Flatten, skuit BAKOHYE TIepeTBOPEHHS OAraTOBUMiPHOTO
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MaCWUBY O3HAK B OJINH JOBTUil OJHOBUMIpDHUII BEKTOp. Pe3yabTaToM IhOTO eTamy €
BekTop e € RV, Ilincymosanmii cTalm rpymu B MOMEHT 9acy t (hOPMYeThCs TIIAXOM
KOHKAaTeHallll BeKTOpa IPYIOBOrO IIOJAHHs Ta BEKTOPa icTopil B3aemoiil: s; = concat(eg,
epn). Orke, pesymbrarom pobotu [Hmezpamopa € y3araJbHEeHe BEKTOPHE MOJAHHIM CTAHY
s, € RPN gxe 04HO9ACHO BPAXOBY€ IPYIOBY MOBEIIHKY KOPHCTYBA4iB i mocinoBHiCTH
TXHIX TIOTIepeIHIX B3aEMOIii 3 eJeMeHTaMu.

Mepexa AKTOp, Ky MOXKHA, iHTEPIIPETYBATH SIK MEPEKY TMOBEIIHKOBOI CTpaTeril,
MpUiMaE Ha BXiJ, CTaH TPyNu S;, CHOPMOBAHWI MEPEXKeIO MONaHHsS CTaHy. Jljisi KOKHOT
TPyIHU BEKTOpP CTAHY IOCJiIOBHO OOPOOJISETHCS KiJTbKOMa MOBHO3B S3HUMH IApAMU 3
dyukuiero akrupauii ReLU (Rectified Linear Unit), mo Jae 3MOry MOZENl BUSIBJISATH
KO?KHOI'O TAKOI'0 IIaPy 3aCTOCOBYEThCs Mexani3m Dropout, npusnadeHuil /s 3MEHIIEHHA
PU3WKY TIepeHaBYaHHS Ta IMiIBUIIEHHS y3araJbHIOBAILHOI 3maTHOCTI Mogeni. Ha 3aBep-
MAJIHHOMY eTarli 00pOOKY BUXiJ MPOMIKHUX IMAPiB HAJAXOIUTH 10 MOBHO3B S3HOTO MIAPY
3 rinepOOTiYHOI0 TAHTEeHCHOIO (PYHKINE akTuBalii. Pe3ymbraroMm poboTu HeHpoMeperki
€ HabimkeHa i G, KA PO3IVISTAETHCS K BEKTODP i3 N O3HAK, IO 33/Aa€ IMOIAHHS
IIOTOYHMUX I'PYNOBHUX YIOHA00AHDb I BUKOPUCTOBYETHCH [IJIs PAHKYBaHHs eneMenTiB. Pop-
MyBaHHS PEKOMEHAIliil BiAOyBaEThCS MIISXOM OOUYMCIEHHS OIHOK PEJIEeBAHTHOCTI JIJIst
BCIX €JIeMeHTIB HAOOPY JAHUX HA OCHOBI MOPIBHAHHS BEKTOPA il G4 3 IXHIMU BEKTOPHUMHA
nogaraaMu. llicas mhOro eeMeHTH BIOPAIKOBYIOTHCS, BIAMOBIIHO O OTPUMAHUX
OITIHOK, & TPYIIi MPOMOHYETHCSI CIIUCOK i3 TOM-k eIeMeHTiB, siKi MafOTh HAWBHUII 3HATECHHS.

Mepexy Kputuk, ska po3risgacTbCs siKk MepexKa OIHIOBaHHS, [MOJAHO y MPaBiit
vyactuui puc.3. Ii npusmauenms nomsrae B ampokcumarnii (GyHKIi BEHHArOpomH i
Q(8¢,a¢), MO 3aI€2KUTD BiJl HOTOYHOIO CTaHy TPYLH S Ta Ml ¢y, cOPMOBAHOI MEPEKETO
Axmop. Ha Binminy Bim mepexi Axmop, sika reHepye HabIMKEHe MOTAHHS PEKOMEHIAIII,
Mepeka Kpumuk OIIHIOE OUiKyBaHY KOPUCTD IH€T il 3 MOy MaitlbyTHROI BUHATOPO/IN.
Ha Bxim mepexi Kpumuk MOZAIOTHCS BEKTOP CTAHY TPYIH S¢, CPOPMOBAHUN MEPEKEI0
TIOJAHHS CTaHy, & TaKOXK /i G;, 3T€HepoBaHa akTopoMm. Ha ocHOBI KOHKaTeHAaIii Ta
aHaJli3y WX BXIJHUX JAHUX MepexKa ODUMCIIoE (J-3HAadYeHHs, 300paxKeHe CKaJSPHOI0
BEJIMYWHOIO, KA XAPAKTEPU3YE SKICTh BUOPAHOI Jil B 3aJaHOMYy CTaHi. Y KOHTEKCTI
TPYNOBUX PEKOMEHIAIN Il 3HAYEHHS BifoOparkae, HACKIIbKHA CHOPMOBAHA DPEKOMEH-
JAIlist Y3rOKYEThCS 3 IPYNOBUME BIOJO0AHHSIMHU T, CIIPUSAE MAKCHMI3aIii O9iKyBaHOI
punaropoau. Oriaku, orpuMani BiJ Mepexi Kpumuk, BAKOPUCTOBYIOTH Mij 9aC OHOB-
JIGHHsI IIapaMeTpiB Mepexki Axmop njis HOJiIIeHH: saKocTi ¢hOpPMOBAHOI HADJIMAKEHOL
pekomenranii. OrKe, IpoHEC HABYAHHS CIPAMOBAHUN HA BUOID TakuX Jiif, /Ui sSIKUX
orpumane 3uadentsa GyHKIT Q(St, a;) MaKCUMAJIbHE.

5.3. I[IPOUEAYPA HABYAHHS

Hapuammsa 3amporoHoBaHOl MOIETI 171 3a1a9i TPYIOBUX PEKOMEHIAINN BiI0YBAETHCS
3 BUKOPUCTAHHSIM aJIlOPUTMY 2padienma zaubunnoi demepminosanoi cmpamezii (DDPG)
[11]. BacrocyBanHs LBOrO HIAXOAY JA€ 3MOI'Y LIOEAHATU LEPEBArM MAIIMHHOIO HABYAHHS
3 MAKPITJIEHHAM 1 TIHOMHHUX HEUPOHHUX MEpEeXK JJIsi TIOOYIOBY AJTANTUBHOI PEKOMEH-
JaliiiHol cucTeMu, OpPieHTOBAHOI HAa Y3TOMXKEHHS BIOAO0OAHb yCiX yYaCHWKIB TDYIIH.
Ha BigMiny Bia KJIACHYHUX MAXOMIB /IO PEKOMEHIAIl, y AKUX DPIMIeHHS MPUIMAEThC
/IS OKPEMOTO KOPHCTYBA4a, y I[bOMY BHIIQJKy areHT HABYAETHCH (DOPMYBATH TaKi
peKomeHngariii, mo MaKCHMi3yIOTh JOBMOCTPOKOBY KOPHCHICTH st rpymu 3arajom. lle
O3HAYaE, IO T Yac HABYAHHS BPAXOBYIOTHCA HeE JIWIIE TMOTOYHI TIepeBaru TPyTH, a, i
icTopis momepenHix B3aeMOiil Ta OuikyBaHWit eheKT MANOYTHIX PEKOMEHIAITIMN.
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Agnropurm DDPG nepeabadae oqHodYacHe HABYAHHS IBOX MPYI HEHPOMEPEK — OCHOB-
HuX Mepex Axmop i Kpumuk, a TakoX BUKOPHMCTAHHS BiINOBIIHUX IIJIbOBUX MEPEK
Axmop Ta Kpumusx, mio 3abe3nedyiors crabinbHicTs Hapdanusa. OQcHOBHA Mepexka AKTOp
TIO3HAYAETHCA K Tp(St), me § — BexTop i1 mapamerpis, a ocHOBHA Mepexa Kpurnk — ax
Qs(st, ar), napamerpuzosana BeKTOpoM ¢. Bianosinuo, uinbosl mepexi no3HadanTHCs
K g (8¢) — nimboBuit Axmop ta Qg (s¢, ar) — ninvouit Kpumuxk. Peanizariio amropurmy
azanToBano 3 mpani [10], ane Jist BUMaAKY KOJIEKTHBHUX PEKOMEHIAIiii.

YV KOHTEKCTi TPYMOBUX PEKOMEHIAIN i a; HE IHTEPIPETYEThCT K Oe3mocepeaHiit
BUOID OIHOTO €/IEMEHTA, & PO3IVIANAETHCS SK HEMEPEPBHE BEKTOPHE MOJAHHS MMOTOY-
HOI peKoMeHJamiifHoi crparerii. Ha #ioro mizcraBi 0O0YMCIIOIOTH OIHKU PeIeBAHTHOCTL
€JIeMeHTIB 3 BHKOPHCTAHHSAM KOCHHYCA MOMIOHOCTI, IMiCAsT 90r0 (POPMYETHCS CIHCOK
pekomenaniit st rpynu.  OTpumanuil pe3ysibraT BUKOPUCTOBYIOTH Jijisi OOYUCJICHHS
BUHATOPOM T4, KA XapaKTEPU3ye STKiCTh C(OOPMOBAHOTO CIMIUCKY PEKOMEHIAIH 3 TOTJIs-
J1y TPYIIOBOI 33JI0BOJIEHOCTI, Y3TOIXKEHOCT] iHTepeciB yyacHUKIB rpynu abo iHmroi obpaHol
TLTHOBOI METPUKH.

s minBunienast cTabiabHOCTI HaBYAHHS BUKOPUCTOBYEThcs Oydep mocsimy D, y
AKOMY 30epiraloThCs epexoay BULIALy (S¢, Gt,Tt, St4+1). Lliz 9ac OHOBJIEHHS mapamMerpiB
Mepexi Kpumuk MiHIMI3yeThCS cepeTHROKBAIPATHIHA MOXUOKA MiK mepen0adeHnM 3Ha-
qeHHsAM Q-PyHKUIl Ta UiIb0BUM 3HAYEHHSAM, OOYMCIEHUM 33 PIBHAHHAM DBesivana

LcritiC(¢) = E(St,at,’f’t,St+1)ND [(Q¢(St’ at) - yt)2 ; (3)

Jie IIb0BE 3HAUEHHS Y; BU3HAYAETBHCS K Y = T + YQq (St+1, T (Se41)). Y dbopmysni
(3) r¢ nosuavae murreBy Bunaropony, v € (0, 1] — koedimienT 3HUKKHT, a MaTeMaTUYIHE
cnoaiBanus E o0uncioeThes 3a BUbOIpKOIO nepexo/is i3 Oydepa mocsigy D. Bukopucran-
HSI [[LTbOBUX Mepex Ty Ta (J¢/ Jae 3MOry 3MEHIINTH HeCTAOIIbHICTh HABUAHHS, OCKLIbKI
I1JIbOB1 3HAYEHHSI OHOBJIIOIOTHCS TIOCTYIIOBO, a HE 3MIHIOIOTHCH PI3KO Ha KOXKHIi iTepariil.

OnoBnienns mapameTpiB Mepexki Axmop BinOyBaeThCsi HA OCHOBI OIIHOK, OTPUMAHUX
Bix Mepexi Kpumux. MeToro € OCBOEHHS TaKOI CTpaTerii, sika [/ KOKHOTO CTAHY TPYIIN
reHepye il 3 MAKCUMAaJIbHO MOKIUBAM 3HadeHHaM Gy Q(s¢, ar). Y mexkax DDPG
TPAIIEHT MIJILOBOI (DYHKIMT JIJIst Mepexki Axmop ampOKCUMY€EThCS TPAIiEHTOM

V0 (0) ~ Eainp [VaQuls1, ) - Vomo(si)]

a=mg (st
Ha mpakruni e Bigmosizae minimizamii ¢ysaknii Brpar Mepexi Axmop, Ky MOXKHA
MOJIATH Y BUTJISIL

Lactor(e) = _EstND [Qd)(sta 779(575))] .

Orxke, Mepexka Axmop HaBdaeThcst GOpPMyBaTH Taki Jil, sKi, 3a OMIHKOI MepexKi
Kpumux Ha#OLIbIN MOMIBHI /IS MOTOYHOIO CTAHy IPYNH Ta 3a0e3MevUyioTh MaKCHMi-
3aIifo OYiKyBaHOI CYyKYyIHOI BHHArOpPOAHM. ¥ IbOMY BHUIAJKY IMAXiA [Jig OOYUCICHHS
HEBITOMUX BWHATOPOJ Ty JJId €JeMEHTIB, 3 AKUMH KOPHUCTYBAY PAHIIIe HE B3aEMOJIiB,
Oymo 3amo3m4eHo 3 [5].

ITapameTpu miIBOBUX MEpPEXK TAKOK OHOBJIIOIOTHCS 33 MEXAHI3MOM M’SIKOTO OHOBJIEH-
He, MO Ja€ 3MOTYy YHUKHYTH PI3KUAX 3MiH IiJIbOBUX 3HAYEHb

0 0+ (1-70, ¢ T1o+(1-T7)¢, (4)

zge 7 € (0,1) — manuii KoedilieHT OHOBJICHHS.
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711 BEKTOPHOTO TIOJTAHHST OKPEMWX TPYT, KOPUCTYBAUIB Ta iCTOpiil B3a€MOJil BUKO-
pUCTaHO BEKTOPHU po3MipHOCTi n = 64. 3a3HadeHa pO3MipHICTH JTOCTATHS IS PEIPE3eH-
Tamil BaXKJIUBUX BJACTHUBOCTEH BiAMOBiAHHUX 00’€KTiB, BOAHOYAC 30epirarodu OOUHUCITIO-
Ba/bHY €(PeKTHBHICTb MOJIE/ Ta 3a0e3Medyi0vn MIBU/IIIE HABIAHHA HEHPOHHOI Mepexi,
OPiBHAHO 3 GilIbIINMU 3HAYEHHAMEU PO3MipHOCTI, 30Kpema 128, 256 abo 512. g icropii
B3aemomiii 6epyThest octanni k' = 10 B3aemomiit kKopuerysadis i3 cucremoro. [Tapamerp 7
y dopmyi (4) susmaueno 7 = 1-1073. KoedimienT 3umxku Bu3Hageno Ha pisni v = 0.95.

OmruMmizariis BCiX TphOX Mepex — nofanus crany, Axmop i Kpumux — BinOyBaerbes 3
BUKOpHUCTaHHSM onTuMizaropa Ranger, o noeanye nepesaru aaropurmis Rectified Adam
(RAdam) i Lookahead niist 3abe3neyents crabiapuimol ra wsu ol 36izkHocti B upoueci
HaBdaHHA. JIJd BCiX TPHOX ONTUMI3aTOPIB MIBUIAKICTH HaBYAHHS BU3HAYEHO HA PiBHI
1-1073, a xoedinient peryaapusanii — na pisni 1-107°%. 3 meTo10 3HMMKeHHa fiMOBipHOCT
nepeHaByaHHs B Mogesi (3riHo 3 puc. 3) TaKOXK BUKOPUCTOBYETHC MexaHizm Dropout 3
imosipuicrio 0.1, akuii nependayae unaakose sukaodenns 10 % oxkpeMux HefpoHis 1
qac Hap4yanud. Hapuanns mozesi BiaOyBasioch nporsarom 70 emox, OCKiJIbKY IOJAJIbIIe
301/IbITIEHHST KIJTHKOCTI €M0X HE MPUBOIUJIO JI0 CYTTEBOTO TMOJIMINEHHST 3HAYEHb METPUK,
o obumcoBasmcs koxkHi 10 emox. OTke, MpoIeaypa HABIYAHHS TOJISITAE B ITEPATUBHO-
My 4YepryBaHHI TPbOX OCHOBHHX eTarmiB: (opMyBaHHs il JJjid MOTOYHOTO CTAHY TPYIIH,
OIIHIOBAHHS SKOCTi i€l mil mepexeo Kpumuk Ta KOPUTYBAHHS MapaMeTpiB Mepexk
Axmop i Kpumux Ha OCHOBI HakomudeHoro gocsiny. Taka cxema Jae 3MOry IHOCTYIIOBO
HaOIMIKATH CTPATETII0 PEKOMEHIAIIIN 10 OMTUMAJIBHOI Ta (JOPMYBATH CITUCKY €JIEMEHTIB,
SAKi HAWO1IBIIO MiPOIO BiMOBIZAIOTH TPYIOBUM YIIOZODAHHSIM.

5.4. OLIHKA METPUK

IlopiBHa/IbHIE aHAMI3 3aIPOMOHOBAHOIO ITiIXOMY JOIIJIBHO MPOBOIUTH 3 MOJEJLIIO,
TIOZIAHOM0 B [5], OCKIIBKYM OOW/IBA MiIXOMN BHKOPHUCTOBYIOTH MAIITMHHE HABYAHHS 3 MAKPIM-
JIeHHAM Ta, apXiTekTypy Inmezpamop—Axmop—Kpumux. Takuit Bubip 6a30B0i MOl 1a€
3MOT'y KOPEKTHO 3icTaBuTu epeKTHBHICTH 3AMPOIOHOBAHOI apXiTEKTypu 3 OJU3bKUM 3a
KOHIIETIIIEI0 MiX0A0M, 0 HAJEXKUTH /10 TOTO CAMOrO KJACy 3a/ad.

st oniHIOBaHHS SKOCTI peKoMeHJalliil Bukopucrano merpuku Recall@k va NDCG Q.
3a3HavueHi MeTpuKu OOYMCIIIOBAIN I PEKOMEHIAIi HA PiBHI OKPEMOTO KOPHUCTYBa-
Ya Ta AjId PEKOMEHJAIN Ha pIiBHI TPYNH, IO A€ 3MOTY OIHUTU MOJETb 3 TMOTJISITY
TOYHOCTI JOOOPY €IeMEeHTIB [IJ1s iHAUBIAyaTbHOTO KOPUCTYBAYa Ta 3 MOy 11 3[aTHOCTI
dopMmyBaTH y3roIzKeHI PEKOMEHIAII] /71 TPYIH 3arajaioM.

st popMyBaHHS CMUCKIB PEKOMEHIAINiH i TPOBEIeHHST TTOPIBHSILHOTO aHAJI3Y PO3-
rnsganu 3uadennus k € {5,10,15,20} mnga xigpkocTi pesynabryiounmx HaOopis. Bubip
TaKUX 3HAYEHb 3yMOBJIEHUU THUM, 1[0 BOHU BiANOBIIAIOTH HAWODIIBIN MOMAPEHAM DPO3Mi-
pPaM CHUCKIB pEKOMEHJAIliil 1 JafoTh 3MOrY OIHUTH SKICTh MOJIENI JJisi HEeBEJIUKUX 1
J7s Olapmnx HAOOpiB pedynbrari. Takwmit miaxia 3abe3nedye MOPiBHAHHS MOmesaeil 3
MOIJISy PEIEBAHTHOCTI PEKOMEHIAIIHN, OCKITbKHU BigoOparkae 3MiHy SIKOCTI PEKOMEH/1a-
1Iiif, 3aJI€3KHO BiJI KiJIbKOCTI €JIEMEHTIB, 3aIIPONOHOBAHNX KOPUCTYBAYEBI a00 TPYITi.

VY rabi. 2 HaBeIEHO 3HAYEHHS BUKOPHCTAHUX METPHK I MoJeni [5] Ta 3ampomnoHo-
BAHOTO Tiaxomy. ¥Yci 3HAaYeHHS HaJEXKarTh 10 iHTepBasty Big 0 mo 1, mpuwdomy 6inbiri
3HAYEHHs BiIOBIZAIOTH JIMMIii pejeBaHTHOCTI pekoMenparmiii. Hadikpami pe3ymabrari
BUIJIEHO YKUPHUM MIPUGTOM. 33 OTPUMAHUMHU PE3YJIBTATAMU, 3AMPOMOHOBAHA MOIEH
JEeMOHCTPYE BUIly e(DEKTUBHICTD JJIs iHAWBIAyaJIbHUX T JIJI TPYIOBAX PEKOMEHIAITIIA.
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Tabsuys 2

PesynbraTn mopiBHAHHS MOeNnel Ha PiBHI KOPUCTYBAYIB i rpyII

k Mogemns Kopucrysaui I'pynnm
Recall@ak NDCG@k | Recall@k NDCG@Qk

5 DRGR 0.0868 0.0543 0.1253 0.0780
5 | 3ampon. mozens | 0.1435 0.0907 0.2318 0.1444
10 DRGR 0.1469 0.0735 0.1871 0.0978
10 | Bampom. momens | 0.2138 0.1126 0.3193 0.1717
15 DRGR 0.2008 0.0878 0.2483 0.1140
15 | Bampomn. momens | 0.2587 0.1245 0.3812 0.1884
20 DRGR 0.2502 0.0994 0.2826 0.1221
20 | 3ampom. momens | 0.3042 0.1355 0.4253 0.1978

6. OBrOBOPEHHSI PE3YJIBTATIB JOC/ILIKEHHSI KOJTEKTUBHOT
PEKOMEHJAIIMHOT CUCTEMU

PesynbraTu mpoBeieHOro 10CIIiIKEHHS [1€MOHCTPYIOTH JIOIIBHICTD BUKOPUCTAHHS
MAIIIMHHOI'O HABYAHHA 3 MiAKPiIIeHHAM y 3ajadi rpymoBux pekomengariii. Ilepesaru
3aIPOTIOHOBAHOTO Ti/IXOIY 3YMOBJIEHI TUM, IO MOJIE/Ib BPAXOBYE HE JIUIIIE TIOTOYHUI CTaH
rpynu, a i icTOpilo momepeaHiX B3aEMOil, IO ma€ 3MOry (GOpMyBATH PEKOMEHAIl 3
yPaxyBaHHSAM JUHAMIKYM IPYIOBUX yHOA00aHb. Jl0AaTKOBOIO TIEpeBaro € BUKOPUCTAHHS
apxirekrypu Inmezpamop—Axmop—Kpumugx, y Mexax skoi mepexka Axmop reHepye
peKoMeHmaIiiny crparerifo, a Mmepexka Kpumuk omiHio€ i1 AKiCTb 3 MOIJIALy OYiKyBaHOI
BuHAropoau. Taxwuil miaxin 3abe3mnedye Opi€HTAINI0 HE JIWIE HA, MUTTEBY PEJIEBAHTHICTH,
a i Ha JOBTOCTPOKOBY KOPUCHICTb PEKOMEHIAIN JJIsT TPYTU 3arajioM.

3a pesyJsibraTamu MOPiBHAHHS, HABEJIEHUMU B TabJ1. 2, 0OpaHa apxiTekTypa 3abe3ieqaye
JIMTT pe3yabTaTH Ha PiBHI OKPEMOTo KOpHWCTyBada Ta Ha piBHi Tpymu. Ilepemara
3aMpPOMOHOBAHOT MOJIEJI TPOCTEXKYEThCST 38 OCHOBHUMHU METpUKaMu, 30kpema RecallQk
ta NDCGQEk, nna posrisayTux 3Hadenb k. lle cBiguuTh mpo Te, IO 3alpOITOHOBAHA
CHCTEeMAa He JIAIe TOYHIIIe BUABJIISIE PEIEBAHTHI €IEMeHTH, a i (POPMYy€ AKICHIIIEe PaHXKY-
Banag. OrpuMani pe3yIbraTu MiATBEPIKYIOTH e(DEKTUBHICTH 3AIPOIOHOBAHOIO I XOTY,
30KpeMa BUKOPUCTAHHS OKPEMOI MEPEKi MOJAaHHs CTaHy, MEXaHI3My BPpaXyBaHHS BILJIUBY
YYaCHUKIB TPYMIH Ta icTOPii B3aeMOiil.

IMopiBusiHO 3 MOmE/IIO 2], 3aLPOLOHOBAHA CUCTEMA JEMOHCTPYE Jinui pesy/braru
3aBISIKU OLJIBIN MOBHOMY BPaXyBAHHIO TOCIIOBHOIO XapakKTepy PEKOMEHIAIIHHOTO mMpo-
necy. fkimo y [2] ocHOBHMIT akIeHT 3pO0JIEHO HA MOJIEIOBAHHI B3a€MO/IT MiXK yJacHUKa-
MU TPYTIH Ta BU3HAYEHH] IXHHOIO BHECKY Y (DOPMYBAaHHS TPYIIOBOTO MOJAHHS, TO B MEKAX
3aIPOMOHOBAHOIO MiIXOMY A0JATKOBO ONTHMI3YEThCS CTPATEris BUOOPY PEKOMEH Al
3 ypaxyBaHHsM JIOBIOCTPOKOBOI BuHaropomu. Came 1e Ja€ 3MOry HiBUIIMTH SKICTb
PEeKOMEeHIAIll y CUTyaIlisIX, KOJIU IPYIOBi BIOIOOAHHS 3MIHIOIOTHCS B 9aci a00 3aJIekaTh
BiJI TOTIEpeIHRO PEKOMEHIOBAHUX €JIeMEHTIB.

IMopiBusuno 3 npaueio [3], sika 30cepezkena Ha arperauii IHauBiAyasbHUX y0100aHb
y MeKaX CTATUYHOTO IPYITOBOTO TIOIAHHS, 3aTPOTTOHOBAHA MOJIETh BPAXOBYE TTOCTITOBHMIH
xapakTep dopMmyBaHHsd pekoMengamiii. lle mae 3mory moB’si3yBATH KOXKHY HACTYITHY



Pomanrox B., Hemowresun 0., Cmunor M.
190 ISSN 2078-5097. Bicu. JIbsis. yu-ty. Cep. npuksa. marem. ta ind. 2026. Bun. 36

PEKOMEH A"y 0 3 MOTOYHUM CTAHOM TPYMHU Ta iCTOPi€io i1 momepeanHix B3aEMO/Tii,
10 TAKOXK 3a0e3medye JIMry aJIanTaliio 10 3MiH iHTepeciB y gaci.

IMopiBusuo 3 Mozesuno [4], 3anpononoBanuii migxig TakoXK MaE MepeBaru, OCKUIbKY
TIOETHYE MOOYIOBY y3araJbHEHOrO IPYIIOBOIO MOIAHHS 31 CTPATEri€I0 MOC/Ii JOBHOI OIITHMi-
3armil pekomenganiii. Ha Bigminy Bia miaxomis, y sIKMX TOJIOBHA yBara 30CEpe/zKEHa, Ha,
mo0OYyIOBi TPYIIOBOTO TMOMAHHS 400 MOIENMIOBAHHI CIIJIBHUX O3HAK YYACHUKIB, 3AMPOIOHO-
BaHa apXiTEeKTypa 0e31M0cepeIHhO HABIAETHCS OOUPATH [Iil, 0 MAKCUMI3YIOTh OUiKyBaHY
KopucHicTh pekomernpariiit. Ile mae 3mory He suie Jiinire BPaXoByBaTH CTPYKTYPY TPYIIH,
a i maBUITyBaTH Y3TrOAKEHICTD MizK C(DOPMOBAHUM CIIMCKOM PEKOMEHIAIT i TOTOIHIMHI
IPYIIOBEMU IOTPEOAMH.

Haii6inb1 moka3oBuM € MOPIBHSAHHS 3 Tparero [5], OCKLIbKKM 06MIBa MiIXOAN IPYHTY-
FOThCS Ha, BAKOPUCTAHHI MAITMHHOTO HABYAHHS 3 MiIKPITJIEHHAM Ta apxiTekTypu Axmop—
Kpumugx. Tlomnpu cmifbHy KOHIENTYaTbHY OCHOBY, 3aIIPOIOHOBAHA CHCTEMA 3a0e3Tedye
BuIri pe3yabraru. lle Moxke OyTH 3yMOBJIEHO BIOCKOHATEHOIO MIPOIEAYPOI0 (POPMYBAHHS
CTaHy I'PYIH, 32CTOCYBAHHAM MEXaHI3My YBAru /Jisl OIIHIOBAHHS BHECKY OKPEMUX KOPHC-
TyBadiB, a TAKOXK SBHUM YPaxXyBaHHAM iCTOpii HETATUBHUX B3aEMOMINl ¥ BEKTOPHOMY
TO/IAHHI CTaHy 3aMiCTh BUMAJIKOBO OOpDAHWX JAHWX. ¥ CYKYIHOCTI 1€ CTBOPIOE OibIi
indopMaTUBHUN OMUC MOTOYHOI CHUTYyallil, Ha OCHOBI sAKOro Mmepexka Axmop dopmye
TOYHIII peKoMeHmamiHi aii, a Mmepexka Kpumux edpeKTUBHIIIE OMIHIOE TXHIO AKIiCTh.

OrpuMani pe3ybrary JA0Th HiACTABA CTBEP/KYBATH, [0 3aIPOIOHOBAHA MOJIEID €
TMEPCIEKTUBHUM HAPSIMOM TTOOYIOBH iHTEIEKTYAJBHIX CUCTEM TPYITOBUX PEKOMEHIAITINA.

7. BUCHOBKU

Y paMkax mocimKeHHs Oy70 BHKOHAHO IOMEpPemHio OOpOOKY MAHWX [Jid iX IMiAro-
TOBKY JI0 BUKOPUCTAHHS B MOJIEJi, OMUCAHO MEXaHi3M (hOPMYBAHHS Py KOPUCTYBAUIB i
CTPYKTYPY B3aEMOIi#l MizK IpymaMu, KOPUCTYBAYaAMHU Ta €JIEMEHTAMU, & TAKOK OTPUMAHO
CTATUCTUYHI XapaAKTEPUCTUKY CHOPMOBAHOTO HADOPY JAHWX.

Pospobieno Momenb MAIIMHHOTO HABYAHHS 3 IMAKPIIIEHHAM I 33a9i TPYIOBUX
pexkoMeHnaniii Ha ocHoOBi apxirekrypu Axmop—-Kpumuk 3 BUKOPHCTAHHSM aJIrOPUTMY
TPaJi€HTa JeTEePMiHOBAHOI cTpaTerii. Y MerKaxX 3amporoHOBAHOTO MiIXOMY Peali30BaHO
mMepexy Inmezpamop, migmonynb Ouintosay, Mepexky Axmop i mepexxy Kpumuk, a TaKOXK
moOyI0BAHO BEKTOPHE MMOJAHHS TI'PYI, KOPUCTYBAdiB Ta iCTOpil B3aeMOmiil i MexaHizm
yBaru Jjis BPaxXyBaHHS BHECKY KOXKHOI'O YIaCHUKA y (POPMyBaHHS IPYIIOBOIO MOJTAHHS.

3alpoIoHOBaHy MOZEJb OyJI0 HABYEHO Ta IIPOTECTOBAHO Y CEPEIOBHUIL, 1100y I0BAHOMY
Ha OCHOBiI CTBOPEHOI'0 €KCIEPUMEHTAIHHOrO HAOOPY JaHUX. Y TPOIECi HABYAHHSI BUKO-
PHMCTAHO ITIJIbOBI MEpesKi Ta MeXaHi3M M’ SIKOr0 OHOBJIGHHSI MMapaMeTpiB, 10 3a0e3MednIo
crabinpHiCTh onTUMizalii. Pe3ysnbpraru TecTyBaHHS MiaTBEPAMIN 3AATHICTD MOIE (HDOp-
MYBaTH PeJIeBAHTHI PEKOMEHJIAII] JIJIT KOPUCTYBAYiB i JIJI TPYI 3arajoM.

IIpoBeneno mopiBHAIbHEMI aHAM3 €PEKTUBHOCTI HATPEHOBAHOI MOme i 3 0a30BUMHI
migxomamu 33 merpukamu Recall@k ta NDCGQk. 3a pe3ynbraramMu €KCIEPUMEHTAIb-
HOTO JTOCJI/I?KEHHS BUSBJIEHO, 1[0 3aIPOIMTOHOBAHUIN Miaxia 3a0e3medye BUII MOKA3HUKA
AKOCT1 PEKOMEHTAITIA.

TlepcekTiBY TOAANBIMNX AOC/TIIXKEHD OB’ sI3aHi 3 BUBYEHHSM iHIINX CIOCODIB ¢dop-
MYBAaHHS TPYII, MiIX0IiB 10 00’€THAHHSA iHAUBIIyaIbHAX YIOA00AHb, & TAKOK aJbTepHa-
TUBHUX METOJIIB yPAaXyBaHHS BILINBY OKPEMHUX KOPHUCTYBAUIB HA TPYMOBE PIllI€HHS.
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The object of the study is the process of improving the effectiveness of generating
group recommendations for user groups in recommendation systems based on reinforce-
ment learning. The main problem addressed in this study is improving the accuracy of
recommendations for groups of users whose interests may differ or conflict with one an-
other. To solve this problem, a group recommender system model is proposed that employs
reinforcement learning and a mechanism for taking into account the influence of each in-
dividual user on the formation of the group interest representation. The study uses an
Integrator-Actor-Critic architectural model implemented on the basis of the Deep Deter-
ministic Policy Gradient algorithm, which makes it possible to effectively model the se-
quential decision-making process and maximize long-term reward during recommendation
generation. Recommendations are generated on the basis of users’ historical interactions
with items and the characteristics of group behavior. The experimental study was con-
ducted using the MovieLens dataset, and the system performance was evaluated using the
Recall@k and NDCG@k metrics. The obtained results indicate the potential effectiveness
of the proposed model for group recommendation tasks, as it makes it possible to take into
account the individual preferences of group members and improve the consistency of the
generated recommendations. The practical significance of the obtained results lies in the
possibility of applying the proposed approach in dynamic online environments, in particu-
lar in e-commerce systems, media platforms, social networks, and news resources.

Key words: recommender system, group recommendations, reinforcement learning, Actor—
Critic model.



