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User Embedding Transformation on Cross-domain Preference Ranking for
Recommender Systems

Abstract

With the development of online service platforms such as e-commerce
and video streaming services, the major service providers’ demand for re-
lated technologies such as ”accurately extracting user preferences” has also
increased quarter by quarter. Among them, the recommendation system is
the core technology of this kind of method. Therefore, how to propose so-
lutions that meet specific needs in changing real problems has also become
the main direction of related research in recent years. In this research, we are
particularly concerned about the ”cross-domain problem” in the recommen-
dation system. The main reason for the cross-domain problem is the scarcity
of data caused by different domains and specific circumstances, such as rec-
ommending source/target items in the system, and so on. Due to its difficulty
and inevitable practical application, it has always been challenging in recom-
mender systems research.

In this thesis, we propose a cross-domain preference ranking method
(CPR) based on user conversion, which allows users to simultaneously ex-
tract information from items in the source domain and the target domain, and
based on this, perform representation learning and transform it into a rep-
resentation vector of their preferences. Through this conversion form, CPR
effectively uses the information in the source domain and directly updates the
relevant representations of users and items in the target domain, thereby ef-
fectively improving the recommendation results of the target domain. In the
experiments, to effectively prove the ability of the CPR method, we tested
with the CPR method on six different industrial-level data and conducted
it in a differentiated condition setting (all target domains, cold-start users,
shared users). The test also uses advanced cross-domain and single-domain
recommendation algorithms as a benchmark for comparison. Finally, the ex-
perimental results show that CPR successfully improved the overall recom-
mendation performance of the target domain and achieved quite good results
for specific cold-start users.

Keywords: Recommendation System, Recommender System, Machine
Learning, Cross Domain Recommendation, Cold-start
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®W≤õ≤ÔÑ|T�¯Ç˚PFŸ�qÛ2AIs�†;ç�dÜì∫⌘Ñ

�;Ù†ø)K��(—t Covid-19Ñ´≈Ü✏≥≠Kõ�_∫⌘⌘´◊P6Ñ
Â8�;�–õÜË⌃ˇ„πH�&6ÜM@* ÑFm_⇤⇥6��1º¯‹

«ôÑxœ⇣⌥xã⇣w�®W�(“cÑ9ä⌥ùÙ↵¶Ñ–G��(⇧�

�ŸÅBÑ0˚�⌥↵∫�↵¶_≈�–ÿ⇢

ãÇ( YouTube�SpotifyIqÛ2As-��(⇧ø�˝ç�◆0´6✏
�Ñ®¶⇧Æ@ˇ≥��æ⌘˝BÙ↵∫��Ù&�vv↵≈“Ñ®¶Pú��

/œ—tôKÔ±Ñ§Àfl‘-�≥qùgi⌃›‚�↵∫îH‹uWIó˙Ñ

M�π’�_cbËWB„Ñp€��⌘˙º�(⇧Ù±'�Ù√⌃dbÑyÍ

2L®¶⇥

↵∫�®¶˚q (Personalized Preference Recommendation System)ø/‡d´
-�˙Ü„zd^OL⇥÷6�∫®¶�v,ÍÙ•—�.«⌦N˛˚q�Ó⇡

()(�(⇧NÄÑL∫�ãÇfi ⇠⌅�F¡O}II�Ü®∑vg√±'Ñ

O}åyÍ�û�⇣,v*ÜÑ⌅⇧¸∑L∫⌥�(≈¡⇥(⌥⌦Çı�,�

Kå�!÷/˚PFŸ�xM„Jï>�qÛ2A�⇢�/�"õÂw�ûÛ©

⌃�´BL∫II�˝Ô⌥vË˝OL�⌅∫�↵®¶OL�&)(B↵⌅⇧↵

∫�®¶ÄS2L„z⇥

ÓM;ÅÑ↵∫�®¶ÄS�'⌅Ô⌃∫Ç↵ ^⇢

(1)T�N˛ (Collaborative Filtering)

(2)gπ®¶ (Content-based Recommendation)

(3)˜�✏®¶ (Hybrid Recommendation)
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T�N˛Ñ8√�(º�↵~�(“c/NÄL∫^<Ñ�(⇧�⇥v®¶
˚q˝Â�(⇧↵∫O}Ñp��⌥�(⇧⌃∫��Ñ§∆�ø˝G-�§∆g

Ñ�(⇧⇤(–.↵¶q´^<Ñú}�®¶�§∆gÑ�(⇧@q�ú�Ñi

¡�‚≈⇤⇤®¶��§∆�(⇧úaÑF¡�ÜóÙ∫æñ H⇥åT�N˛

¯Õ�gπ®¶GÂi¡Í´ÑyÍ˙|�‘Çûi¡o:(≤ŸÑ�œ�áW

«⌦�Hash TagIUΩ÷yµ�&f�®¶gπyµ^<Ñi¡⇥ãÇ¸i≤Ÿ
8®�f�(⇧¯�\⇧Ñ¯M��/w ¯�⇡då‹uWÑF¡II�˝Ô

Âñ∫gπ®¶Ñ�.…(⇥�˜�✏®¶G/⌥⌦i.π’q��(�Â�

|6i∂Kw�T0Ù}Ñ⇣ú�/—tÜ1⇢v‹ËÑÕÅpLK�⇥

6��÷™·Ô˝Ù⇢0)(¯Ç↵∫;’�⌅�åF¡yµI⌅⇧«⌦�

/ÓM↵∫�®¶˚qÑnA�F(˛Ê�LÑOLK-�◊Pºl‘⇣,�K

óBì�Â �(⇧Ñ∫x�Gåvú}ÑBBä’�ÇU H0ûA‹Ñx⁄

K-��ò˙ ˘<Ñ«⌦&)(�‚≈/*Üv⌥Âm…(Ñ�'⌘0⇥d

��®W∫⌘�±¡⌦‹ËÑ–G�Â PflK�,«ô›wèƒ (GDPR)Ñ⇢
N�ÇU(�(↵∫«ôÑ≈¡K↵�ªX%�&2b*Üm √∫Î)(�_

/¯v<ó‹ËÑ�∞⇥

wBìœ�Èc⌃„ (Matrix Factorization)�Ù/T�N˛π’-Ñ⇡ˇ�)
(⌘œzì-ÑgM!Ï�(⇧±'O} (Implicit Preference)Ñ\’÷6!Æ�
Hú{˙GÑ}⇥Ç BPR [24]ø/d^π’∆'⇣ÑÕÅW\��F–˙ÜÂ�
'åW0��Ù•�íè2L*�Ñ\’�Ù✏N�2†°# (Negative Sampling)
ÑÇı�dÜ˝ÙÎ�0*��B!ã�Ñ˝–G!ãÑ⇧˙' (robustness)⇥

Ò¶x“ (Deep Learning)û 2015t [28](qœ⌦T0 SoTA (State of The Art)
Kå�≈�0´…(º„z��⇠flÑ⌅.OL�&(—~tó01⇢⌃÷v

/��I�v\∫˝x—<h (Function Approximator)Ñ*¿˝õ�(®¶˚q
⌦Ñ…(_ãÀró‹Ë⇥ [5]Â^ì≤Ô⇣,�(⇧åqGKìÑ‹o'�&
(º YouTubesÑ®¶˚q��óœM�(⇧G´ ↵∫�&�BÙ∞ÑqÛ
⇧Æ⇥

�^ì≤Ô (Graph Neural Networks)�—_/®¶˚qπ’-ÕÅÑ�/⇥
'Ë⌃Ñ^ì≤Ô!ã�‹ËÑ/«ôKìÑ~U�Bè‹¬�F�^ì≤Ô{

✏N⌥OL�⌅∫� (Graph)��º¿fiKìÑ”8PÀ2Lx“åÕ\�å®¶
˚qÑOLö© pÚ�ÂKô⇥Ç NGCF [36], LightGCN [10]ø/d^π’Ñ
||⇧⇥
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1.2 vÓÑ

(˛Ê�LÑ⌅⇧…(-�Ë⇠fl®¶/Âm⇢®¶˚qB8�Åb�ÑOLK

�⇥ÂqÛ2As∫ã�Â˚q2A∫;ÅFm!✏Ñl¯�ÂÛÅË≥˚ñ

á⇠fl�û-ãÀ6∆¯‹«ô&˙À®¶!ã�⇤±ªu'⇣,åBì�M

�®¶PúØö!’ì�(⇧ˇ✏⇥dB�Â˝  H;(˚q2A«⌦\∫ê

fl (Source Domain)�(Â9ÑÓ⇡fl (Target Domain)s˚ñáÑ®¶!ã�GÔ
ÂT0‘≈Õ\˚ñá¯‹x⁄Ù}ÑPú⇥ds∫Ë⇠fl®¶(Âm⇢…(K

ÓÑåÕÅ'⇥

�(⌦@– Ñ≈É-�Ë⇠fl®¶ÑÓÑ�;Å(º)(�(⇧(êfl

Ñ;’�⌅�r÷v±'↵∫O} (implicit personal preference)� ì÷⌘s�(
Ó⇡fl‡«ô�⌘lº∑_’ (cold start)Ñ≈¡↵�_˝ó0‰∫ˇ✏Ñ®¶⇣
ú⇥6��◊Pº!ã⌥‹¶�KóHá�«ô'✏ vO}I‡ �—tÜ

Ë⇠fl®¶Ñv;¯�;Å›�êfl⌥Ó⇡flÑq��(⇧ (shared user)�s
)(êfl⌥Ó⇡flKì«⌦Ñí’�‹E/9Ñ(Ó⇡fl⌦Úìh˛⇢ÔÑ®¶!
ã⇥

,á&�SóÍë⇡õvÑ˘<�6��(Êõ⌦Ñ…(-�)(Ë⇠fl

®¶Kó’9Ñ∑_’�(⇧/i¡�FÙ&�˛Ê�B�_‡∑_’OL,´
¯�„Ñ‡ �Ù „zÑ≈Åå˘<⇥

ú⌦@�,vÑÓ⇡(º-��Ë⇠fl®¶Kó’�Â9Ñ®¶!ã

›�(êfl �ö;’�⌅�F(Ó⇡fllº∑_’K�(⇧Ñ®¶h˛⇥d

��≥qÑË⇠fl®¶ó’⇢Jlºiéµ✏�s⌃%◆Ù�(⇧/i¡(ê
fl/Ó⇡flÑ„h⌘œ (embedding)�ç✏NÊ�hÀÑ!ã�◆Ù�↵ûêfl 
⌅ (mappping)ÛÓ⇡flÑ˝x⇥6�⇥1ºd^π’!’�B⇤œêfl⌥Ó⇡fl
Ñ≈¡�&’Køtv„h⌘œ�‡d�÷6(yöÑ≈¡↵ H�F�ºD†

«⌦ (side information)�:Ñ∑_’OLÑ9Ñ P⇥ Qºd�Ô0Ô (end to
end)Ñó’M/¯bK↵Ù�⌃Ñx«⇥

,á–˙Ü�↵˙º0EZ� (neighbor aggregation)Ñ↵∫�O}íè (per-
sonalize preference ranking)ÑÔ0Ôó’�✏N�BZ��(⇧(êfl⌥Ó⇡
flÑ0E«⌦��!ã�B⇤œêfl⌥Ó⇡flÑ≈¡2L®¶�&Ó9}â0K

¿fiÑ„h⌘œ�ç)(T�N˛ (Collaborative Filtering)Ñ'Í�⌥⇡õ⌦oE
⌅Û∑_’Ñ�(⇧�Â‹Ev(Ó⇡fl¯��:Ñ«⌦⇥

d��(‘⇤˙ñÑË⌃�∫Ü˝Ù H0‘⇤⌅⇧Ë⇠fl®¶ó’Ñh

˛�⌘⌘⌥⌃⇣ .��≈É2L‘⇤�&˙º DÂm⇢«ô∆Ü¿fl!ã

(��≈É↵ÑPúÓp�d��_�2ÓM;AÑÆfl (single domain)®¶!
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� 1.1: k-hop0EZ�

ã��,á–˙KË⇠fl®¶ó’�˝(π’-��!ãh˛å◆Ù/⇣,Há
Ñ¢,⌦Ùw™�õ�&ìååv⇧Z∫√⇤⇥

,vÑ;Å¢{(º:

• (®¶OL-�∑_’OL1ºv«⌦Ñ�:��Ù/¯�„ÑË⌃�F
(Êõ…(Ñ≈É{»B8˙˛⇥�,á–˙KË⇠fl®¶ó’�˝ ✏

N�(v÷⇠flK;’�⌅�‹Ev:OÑD†«⌦�˝(�ö↵¶⌦„z

∑_’OLÑ|�⇥

• –˙Ü�↵Ô0ÔÑ⌘œh:x“’�˝ �B⇤œêfl⌥Ó⇡flK≈¡�
&’KøtŸπbK⌘œh:��F(�(⌦ÙwH'�˝  Ù}Ñ®

¶h˛⇥

• dÜ‘⇤&⌃êNÄKË⇠fl®¶ó’(��«ô∆⌦Ñh˛åÓp�⌘
⌘_�2ÜÓM�H2ÑÆ⇠fl®¶ó’\∫˙ñ�àï‘⇤⌅⇧Ë⇠fl

®¶ó’(π’-��!ãh˛å◆Ù/⇣,HáÑ*£�Ôõååv
⇧√⇤⇥

• )(˙ºΩ#åpeØ¶↵MÑÊ˛��F˝ HsL�!ã*�ÑN↵�
_˝'E–ÿ!ãÑÔÙU'��v(Âm⇢Ñ«ô⌦_˝ HÊ˛Ë⇠fl

®¶⇥
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,å‡

¯‹á{¢�

2.1 h:’x“

_hx“˚ŸÑh˛à'↵¶÷zºvx⁄�yµÑh:π✏�rh:’�}

˙ºv…(4flx«⇥ Qºd�ÓM1⇢_hx“ó’ÑÊõ…(�GWÕ

º«ôMU⌃ÑA↵��/x⁄I€π✏Ñ-��Â"��≥Â/� H_hx

“N↵�Ñx⁄h:⇥÷6⇡^ÑyµÂ↵_/U⌃˛ÊOL-ÕÅÑ�∞�F

d.π’�F�Å'œ∫õ«ê�_Å˙Ü≥q_hx“ó’Ñ8√:w⇢!

’ûx⁄-–÷åDTw$%'Ñ«⌦⇥yµÂ↵/�.f�Â∫^ÑHWÂX

ÂL‹⇡^1fiÑπ✏�_(1⇢OL⌦U˛˙Ü HÑ⇣ú�6��∫Ü_h

x“Ñi('��,' v…(ƒ��v⇧Ù��_hx“ó’Ñ˝MNv

�∫∫yµÂ↵ÑùÙ'��ó⌘⌘˝ÙÎ�øw0ã|∞Ñ…(�&�⌘⌘Ñ

_hx“˝ Ù}0⌃„⇡↵�LÂ vÃåÑ„À'‡ ⇥

�,h:’x“Ñ¯‹v�v;ÅÓÑ(º✏N_hx“ó’�Âó0

wô («⌦Ñx⁄h:��óÀ˙⌃^�fix¯‹!ãB�˝…1dx⁄h

:�ó0Ù}Ñ↵8˚Ÿh˛⇥Â_á!ã∫ã��↵}Ñh:⇢8˝û8eÑ

yµ-˜÷v[(„À‡ �&ÂK0�våW⌃H�d��(˜L„c✏x“

B�}Ñyµh:_˝ Ù•\∫v!ãÑ8e�(⇥

Â^⌘œ∫ã�word2vec [20] [19]✏N⌥⇣,Æ^KìÑq˛ (Co-Occurrence)
\∫˚Ÿ�◆Ùh#•^ì≤Ô (Fully-Connected Neural Network) ⌥Æ^⌘œû
h±Ëº (One-Hot Encoding)”.⇣wôÆ^yµÑN≠⌘œ�(xtìÑ⌅⇧
Í6û�U⌃˚Ÿ-�÷ó¯v}Ñ⇣ú⇥�(�h:’x“(Graph Embedding)
Ñv-�_ 1⇢v⇧◊v_|⇢DeepWalk [21]⌥� (Graph)-Ñ⌅⇧¿fi
(Node)ñ∫Æ^U⌃�Â®_Jp (Random Walk)Ñπ✏�⌥ÔNÑ¿fiÀ˙∫
2⌫�!Ï˙áW-ÂPÑ#K�çÂ word2vec- skip-gramÑπ✏x“⌅¿fi

5
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Ñ„h⌘œ�� Node2Vec [8]G(®_JpÑb✏⌦†Â9o�óÂÙæ∫0x
“⌅¿fiÑ„h⌘œ⇥LINE [30]GÊ‚Jë�dÜ;( word2vec|⁄I'Ñ†
°# (Negative Sampling)K��Ù�2åé¯<¶ (Second-Order Proximity)ÑÇ
ı�⇤œ¿fi\∫Í⌘ (Ego) 0E (Neighbor)BÑ'ÍÓp�(®¶˚qIO
L⌦�÷ó*pÑ⇣ú⇥

2.2 ®¶˚q

®¶˚qNÄ´ñ∫«⌦¢" (Information Retrieval) Ñ�/�)(Âb ! á,
(Query! Document)Ñ∂À�ˆ8∫ãÇ�(⇧«⌦!®¶i¡Ñ≈¡��
#‡∫(˛Ê…(-�⌧↵Ñ` (Pool) ⇤'���#°(÷fiåÕíèÑ∂À
(Retrieve and Rerank)�HÂ⇤óí¶ (Coarse-grained)� HáÑπ’�û@ á
,/i¡-˙À�⇤✏Ñ⇡x`�çÂí¶⇤0 (fine-grained) FHá¯�NÑπ
’��v2LÕ∞íè⇥

—tÜÑ®¶˚qó’⇢J`˙ºT�N˛ (Collaborative Filtering) [26]Ñ
Çı�✏N⌃ê�(⇧/i¡Kìú}/◊ú}¯<'�Ü��(⇧2L®¶⇥�
BPR [24]G/v-ÕÅÑÃ↵ë�dÜˆåKM)(Èc⌃„ [27]ÑÇı�_
(�(⇧/i¡Ñh:’x“-��2Ü†°#ÑÇı� H0)(Ü®¶˚q
-±'fiK (Implicit Feebback)Ñ'Í�d��Ù)(®_Ø¶↵M’ (Stochastic
Gradient Decent) [2]Ü–ÿh:’x“ÑHá� H˙ÀÜåå'Ë⌃®¶˚q
vÑt‘∂À⇥

�—Ñ®¶˚qv(π’⌦�;Å✏N�2Ò¶x“åv¯‹⇠flÑÇ

ı���(⇧/i¡Ñh:’x“Ñt‘A↵2L92�Ç NCF [11]1/✏N)
(h#•^ì≤Ô (Fully-Connected Network)�Èc⌃„Ñ∂À2L!Ï�&Â
¯�Ù⌥‹Ñ!ã�÷ó⇤ü�Èc⌃„Ù}Ñ⇣ú�� NGCF [36]G/(v⌦
⌥å⌃� (Bipartite Graph)PÀrL2v^ì≤ÔPÀ-�F,ÍÕ/T�N˛å
BPRÑä‘⇥GraphSAGE [9], PinSAGE [38]G�2�^ì≤ÔÑÇı�⌥å⌃�
-Ñœ↵¿fiåv0Eq�2Lh:’x“�&Â0EΩ#h (Neighbor Sampler)
Ü–ÿt↵!ã(Âm«ô∆⌦ÑÔÙU' (Scalability)⇥

� £Ñ/�—�itÑvGãÀ�⇡õ⌥üÀA↵⌥‹�ÑK’�2L

ÜÒ;ÑÕ�⇢ BPRÑ\⇧ Stephen Rendle(v÷á [25]-ÍëÜ NCF [11]Â
^ì≤Ô!ÏÈc⌃„Ñ≈Å'�&Â⌃÷ [1]åÊWI�Üü�ÑÈc⌃„P
À�(0©ÑÖ√x (Hyper Parameters)øtNå�⇤ NCF [11]Ñh˛Ù}��
NGCF [36]Ñü⇠äÙ/–˙ LightGCN [10]�™�Ü( NGCFÑ˙�⌦�*ª
1⇢�≈ÅÑ!ãPÀ (Ç„h⌘œKMÑh#•d�Â ^ì≤Ô⇢Jw Ñ
^⁄'d)�⌥˝÷óÙ}Ñh˛�&'E–ÿ◆ÙHá⇥
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�(vÑ⇢#'⌦�‹E�(⇧/i¡ÑCx⁄ (Metadata)G/—tÕÅÑ
�/�Ç KGAT [35]✏N�2ÂX�\ (Knowledge Graph)PÀ�ìi¡(�P
ÀÑÿé«⌦ (Higher-Order Information)˝ ´…(Ûh:’x“ÑN↵K-�G
/⌥⌅⇧⇢!K (Multi-Modal)«⌦Le2�(⇧/i¡Ñh:’x“N↵K-�
ìv"�Ñ„h⌘œ (User/Item Embedding)˝ ⇧+⇡õ�Ë«⌦�ÂT0Ù}
Ñ®¶⇣ú⇥

2.2.1 ∑_’®¶

∑_’®¶ (Cold-Start Recommendation)OLfl≥q®¶˚qOL�'ÑÓp(
º�1º�,®¶ó’G�(�(⇧!i¡Ñ§í‹¬∫˙�2L®¶�‡d
⇡^«ôÑåt'å¡Í�Ù•⇤qˇPúÑ}fi��∑_’®¶ø/Åf�(

d.«⌦�≥Ñ≈¡↵Ü�÷⇥Â˚q®¶∫ã��∞Ñ(62L®¶��/⌥

∞Ñ˚q†e®¶⇧Æ�˝lº�.∑_’OL⇥

«ô‹E/�.Ù•� HÑπ’�‘Ç˚q2Al¯ Netflix ›�∞;ä
Ñ(6�˝⇤��÷⌘Hx˙�õÍÒú�Ñ˚q�ç✏NHL®¶�õ±ÄÑ

qá\¡�Ü≈�˙Àw�(⇧Ñú}*”⇥÷6⌦lºvÂ�ÑZ’�

F¶ û⇡.π✏�QÑv⇥Ç DropoutNet [34]ø/⌥�(⇧åi¡Ñgπ
yµ (Content Feature) Â^ì≤Ô2L”.åI€�ç�–õ�(⇧/i¡�(
Dropout�⌥É⌘Ñ«⌦±œ&2L®¶Ñ↵8˚Ÿ�ì!ãwôû P«⌦-�
ÍL‹≥&÷ó}Ñ®¶PúÑ˝õ�å Netflix�(π’ÑÃåè/ pÚ�Â
Kô⇥

˙ºgπÑ®¶_ÔÂ(Â„z∑_’OL⇥bfl�(⇧Ñú}åÍ´ i

¡Ñ⌅⇧yµ ‹�_ÔÂ)(ŸπÑgπ«⌦ÂT0�:OÑ§í‹¬Ñ‹

E⇥6��bflgπyµ(®¶˚q-�lº¯�ì•Ñ«ô��Ç§í‹¬£

ºÙ•�‡dv⇧⇢J⇤⌥gπ«⌦å PÑ�(⇧!i¡§í‹¬˜�K
(�Ç [33]⇥

2.2.2 Ë⇠fl®¶

Ë⇠fl®¶å�,®¶OL�'ÑÓ%(º��,®¶OL-�*@⌃@⇥�«

⌦Üê��⇢8⌥@ «⌦Ù•˜�2L!ã◆Ùå®¶⇥��Ë⇠fl®¶�

��⇢8⇤⌥«⌦ùvÜê⌃∫«⌦¯�PÃÑêfl�Â �Å2L«⌦‹E�

&;Å¿flv⌦h˛ÑÓ⇡fl⇥‡d�'Ë⌃ÑË⇠fl®¶¯‹v�øWÕ(

ÇU H˜÷êfl«⌦�&⌥v(Ó⇡fl⌦2L)(⇥

7
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CMF [29]-–˙Ñ∆‘ÈcI€ (Collective Matrix Factorization)/Ë⇠fl®
¶-ÕÅÑπ’K�⇥É✏N◆Ù�⁄'I€Ü⌥êflåÓ⇡fl-q�Ñ�(

⇧/i¡h:’2LI€�û�⌥«⌦ûêflI€ÛÓ⇡fl�ÂT⇣Ë⇠fl®¶Ñ
ÓÑ⇥� EMCDR [18]G⌥v CMF–˙Ñ⁄'I€Â⇢d�Âh (MLP)2Lˇ
„�ÂT0Ù}ÑHú⇥

Bi-TGCF [17]GÂ�^ì≤ÔT�N˛ (NGCF)∫˙��˙À HÑ�yµ
˜÷!D�&P�§ˇ✏Ñx“Ve�*A◆ÙêflåÓ⇡flÑh:’�û�ì

!ãå·ÜÍêflåÓ⇡flÑ��«⌦⇥

Ê�.2LË⇠fl®¶ÑZ’�G/✏N�2M�Ñ«⌦�Ç�œ�áWÑ

Cx⁄ (metadata)�û�r÷Ó⇡fl-:O;’�⌅Ñ�(⇧/i¡Ñ«⌦⇥⇡^
π’;Å✏N!ã-��÷ó˙º�(⇧/i¡Cx⁄ÑyµKå�Âêfl⇤PÃ
Ñ;’�⌅∫˙�2Lh:’x“�&⌥vPú…(ÑÓ⇡fl�û�9Ñv«⌦

�⌘ÑOL⇥

2.3 Ò¶x“

Ò¶x“ (Deep Learning)�^˙Í [16]�C/rá M\⇧t�Ü—tì^ì≤
ÔÑv�&˙ºv®W�bU⌃h (Graphics Processing Unit, GPU)Ñ|U��
˝Ù Há0˙Àw⇤ÂÄÙÒdÑ^ì≤Ô [22]@}��v⌃÷˙�(º�
˙º⇢(—<ö⌃ (Universal Approximation Theorem)�˚✏Ï¶ÑidÂ⌦^ì
≤Ô�ÔÂÏ�˚✏#å˝x (‚c˝xGÔÂ(rI�N↵-´<—) [13]⇥
>å�wM^ì≤Ô�Convolutional Neural Network, CNN [28] [23] (�œ⇠
fl'>pi��◆0 WÜüHÑ SoTA [3]�^x^ì≤Ô (Recurrent Neural
Network, RNN) [12]�Ë✏õ!ã (Attentional Model) [31]G/—tÍ6û�U⌃
Ñ;A�Transformer [31], BERT [6]Ñ˙˛Ù/�„#qˇÜ⌦i↵⇠flÑ<
@�⌥⇣◆Ù!ã (Pre-Trained Model)Ñ…(®0Ü�↵∞Ñÿ¶⇥

2.3.1 �^ì≤Ô

�^ì≤Ô (Graph Neural Networks)Ñ˙��(º;(Ü⌦o≥^ (Message Pass-
ing) [7]Ñ∂À�ì!ã(x“⌅↵¿fiÑyµB�˝ �B⇤n0r¿fi0E
Ñ¯‹«⌦�&⌥¿fiKìÑ`—‹¬�_✏N^ì≤ÔÑ⌃d (Hierarchical)
PÀ H0@⌃�&Le(⌅¿fiÑyµœ⇥��wM≤Ô(Graph Convolutional
Network, GCN) [14]G/(⌦o≥^!ãÑ˙�⌦�⌥�⌦⌅¿fiÑ‹¬�ñ∫
�.˝œ≥^ÑN↵�&f�⌥wM^ì≤Ô (CNN)ÑPÀ�Â@⇥��ÖÀI
I€� (Graph Fourier Transform)Ñb✏�…((⇡õ¿fiÑh:’x“⌦⇥

8
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÷6 GCN˙ÀÜ�^ì≤ÔÑ⌃÷˙��FvA⌥Ñxxb✏⌥('«ô
∆⌦ÔÙU'�ÿÑ!ã�_ìååÑv⇧(v⌦ZÜ¯⇢92�GraphSAGE
[9] ( GCN ü,ÑsGZ�∂ÀK⌦�Ê�–˙Ü#•Z��LSTM [12] Z�
II�&–˙Ü0EΩ# (Neighbor Sampling)ÑÇı�'E–ÿÜ�^ì≤Ô!
ãÑHáåÙU'⇥Ê�πb� [37] G/⌥�^ì≤ÔÑ∂À�⌅∫0EZ�
(Neighbor Aggregation)å�P� (Graph Combination)i'!J�∫ååÑv–
õÜ!�Ñxxh:�d��÷⌘_–˙�#2I��™��^ì≤ÔhT˝õ

Ñ⌦P�⇢åWL-Test (Weisfeiler-Lehman Test)¯v�_™�ÇúÅT0r⌦P�
�^ì≤Ô(0EZ�å�P�éµ�vx(ÑKóP (Operator)�G�Åˇ≥Æ
⌅˝x (Injective function)Ñ'Í⇥⇡# õ�!TÑPúåvI�N↵�∫Kå
�^ì≤Ô¯‹Ñ⌃÷v�–õÜà}Ñ˙���v–˙Ñ��À≤Ô (Graph
Isomorphism Network)÷6�˝™�*¿�F(�⌃^ (Graph Classification)Â�
Ñ⇠fl�Õ�í ◊0*⇢Ñ‹Ë⇥

9
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, ‡

vπ’

3.1 OLö©

3.1.1 &_™�

⇡œ⌫˙⌘⌘åå(,á-�(Ñxx&_⇥

&_ ö©

G ö©�(⇧åi¡Kì‹¬Ñ!⌘�

V ö©�(⇧åi¡Kì‹¬Ñ!⌘�-Ñfi∆

E ö©�(⇧åi¡Kì‹¬Ñ!⌘�-Ñä∆

U �(⇧Ñ∆�

I i¡Ñ∆�

E �(⇧åi¡„h⌘œÑ∆�

S êfl

T Ó⇡fl

U
S êfl⌦Ñ�(⇧

U
T Ó⇡fl⌦Ñ�(⇧

I
S êfl⌦Ñi¡

I
T Ó⇡fl⌦Ñi¡

eu �(⇧ uÑ„h⌘œ

ei i¡ iÑ„h⌘œ

e
agg
u �(⇧ uÑìN0EZ�åÑ„h⌘œ

< eu, ei > �(⇧ uåi¡ i„h⌘œÑgM

h 3.1: ,÷á-�(Ñ&_⌫h

10
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3.1.2 ®¶˚q

⇤n�↵w �(⇧∆ U åi¡∆ I Ñ≈¡�⌘⌘Ô⌥v-�(⇧åi¡Ñí’

‹¬�Â�5!⌘Ñå⌃� G = (V,E)2Lh:⇢

� 3.1: !⌘Ñå⌃�

v-�

V = U [ I, 8(u, i) 2 E, u 2 U, i 2 I

�®¶ó’ÑÓÑ�(ºx“�↵yäÑ⌘œ∆ E 2 R(kUk+kIk)⇥d��ó�

º˚✏ v 2 V�GX(�↵⌘œh: ev 2 Rd��v®¶˚ŸÑh˛�'�⇥

3.1.3 Ë⇠fl®¶

(,á-�⌘⌘⌥⇤n(i↵��⇠fl↵Ê˛®¶˚qÑ≈¡⇢êfl S/⌘⌘w
ô⇤⇢«⌦Ñ⇠fl�¡ E⌃Ñ�(⇧$i¡#P�‘Ç\∫�ìÛ⇥2Al¯
∫ã�Û⇥®¶øÔÂñ∫rl¯Ñêfl�/l¯¯�⇣üÑ⇥4/4fl⇥�Ó⇡
fl TG/«⌦¯��:Ñ⇠fl�¡ Ë⌃ÑÑ�(⇧$i¡#P�F�≥Â⁄d
À˙˙�W¯� HÑ®¶˚q�‘Ç�⌦rÛ⇥2Al¯���F¡ˆ.Ô

˝1/÷⌘|U-ÑÓ⇡fl⇥v-�⌘⌘⌥êflåÓ⇡flÑi¡∆Â I
S å I

T h

:��É⌘Ñ�(⇧∆GÂ U
S , UT ⌃%„h⇥⇡^ÑË⇠fl®¶π’�⇢J˙

À(��ÑG-⌦�&⁄dã|˙y'��Ñó’⇥�,á‹ËÑÕfi(º�

˝�˝(êflåÓ⇡flÑ�(⇧X(�ö§∆Ñ≈¡↵�ûêfl˛ Ñ�(⇧$
i¡#P-�˜÷˙±œÑyµ/«⌦�ç⌥v…(0Ó⇡flÑ®¶⌦⇥s°(
U

S \ U
T 6= ;ÑG-⇥

û⇡#ÑG-˙|�⌘⌘ÔÂó0êflåÓ⇡flo∆Ñ�(⇧∆U = U
S[UT

åi¡∆ I = I
S [ I

T�Â iflKìq⇢Ñ�(⇧ U
share = U

S \ U
T åÓ⇡fl⌦

11
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Ñ∑_’�(⇧ U
cold = U

S \ UT��,áÑ�BÓÑø/✏Nh:’x“�ó0

�D }Ñ⌘œh: E = R(kUk+kIk⇥d)�ÂT0↵⌫ÓÑ⇢

• Ó⇡fl⌦�}Ñ®¶˚Ÿh˛⇥

• ›�∑_’(cold-start)�sêfl⌦*˙˛Ñ�(⇧�_˝w0«⌦‹E�–
G®¶˚Ÿh˛Ñ\(⇥

3.2 ùIØ↵∫�®¶íè

(↵∫�®¶íèÑπ’-�ùIØ↵∫�®¶íè(Bayesian Personalized Rank-
ing, BPR) [24]�!ë/v-�ìx HÑZ’K�⇥v8√Çı(º�(fö˚
��(⇧ uÑ≈¡�®_Ω÷vc†bÑi¡#,i, j (dUÑc†b✏⌥⌥�(
⇧ uÑ#P⌥&)�✏N�'�Ó⇡˝x < eu, ei > � < eu, ej >��ó�(⇧ uÑ
„h⌘œ eu⌥cbi¡#, iÑ„h⌘œ eií¯`—��v⌥†bi¡#, j Ñ

„h⌘œ ej í¯…`⇥ BPRπ’Ñ8√˘<(º�✏N�2†b#, j 2L†

°# (negative sampling)�ì®¶!ãdÜ˝¿fl�(⇧Ñú}Ñi¡,´�_˝
ó0�(⇧�¯��úa�Ñi¡¯‹«⌦⇥✏N�2⇡#±'Ñíè«⌦�!

ã⌥˝Ù H0K(�(⇧$i¡#P-Ñ±'fiK (implicit feedback)�ÂT0
Ù}Ñ®¶⇣ú⇥

3.3 ⌦o≥^!ã⌥0EZ�

⌦o≥^ÑÇı1 [7]–˙�✏N^Ù0⌥˚✏¿fi n⌥v0E¿fiKyµ⌘œ

2LZ��Âó0r¿fiÑZ�⌘œh:��vdN↵ÊL k !Kå�rZ�⌘

œø⇤⇧+ü¿fi n  nÑ k-hop0EÑyµ'Í v�PÀ�û�T0Ù}Ñ
↵8˚ŸHú⇥

v-�Z�π’Ô⌃∫sGZ� (Average Aggregation) [14],#•Z� [9]�
�/Â^ì≤Ô!ã (LSTM, Attention, ...) 2LZ� [9], [32]IIπ’�Ôñyµ
b✏ ↵8˚ŸI2LÓ9⇥

⌦o≥^!ã(®¶ó’Ñ✏©(º�✏Nì¯0¿fiKìÑ⌘œ2L«

⌦ÑP��dÜ˝ ì¯0¿fiÑ„h⌘œ�(ÿ≠¶Ñ⌘œzì-˝ Ù`—

K��(2LÇùIØ↵∫�íè (BPR)B�å�,ÆΩ#&*���¿fiÑ
Z’¯‘�ìN⌦o≥^Z�Ñ!ã1º(*�N↵-�œ↵¿fiÑ„h⌘œG

⌥¯0¿fi ‹�⌥�!*��§¿fi�Ù˝  HT0T�N˛ (Collaborative

12
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� 3.2: ⌦o≥^!ã

Filtering)ÑHú�1º⌦o≥^Ñéd� (hierarchical)PÀ�˝ ì!ã›�
��›‚Ñ¿fi�fà'✏�IÑ⌦Õ�û�⌥@ ¿fib⇣K�PÀ (Graph
Structure)�e⇤n�b⇣�Ù0˚Ñ!ã⇥

d���º°(ùIØ↵∫�íè (BPR)IÂgM (Dot-Product)Z∫Ó⇡˝
x (Objective Function)Ñ®¶ó’���⌦o≥^/0EZ�ÑN↵,´ø˝�
ö↵¶–Gv®¶˚Ÿh˛⇥⌘⌘(ö⌃ 3.3.1�v2L™�⇢

Theorem 3.3.1. fö��(⇧ u v n↵¯0i¡ {i1, i2, ..., in}��vh:⌘œ∫
eu å {ei1 , ei2 , ..., ein}� eu, ei1 , ei2 , ..., ein 2 Rd⇥(v⌘œw¶G˙öÑ≈¡�‘

Ç˙ö∫ 1)�Â��(⇧Kh:⌘œ eu2LsGZ��Gv⌥¯0i¡h:⌘œ

KgM=å�⇤'ºIºZ�KM�s⇢

nX

k=1

< e
agg
u , eik >�

nX

k=1

< eu, eik >

v

e
agg
u =

1

n+ 1
(eu +

nX

k=1

eik)

Proof. ⇤n
Pn

k=1 < e, eik >, e 2 Rd, kek = 1Ñu'<⇥

nX

k=1

< e, eik >=< e,

nX

k=1

eik >

1º ew¶˙ö kei1k = kei2k = ... = keink = 1

=) e =
1

n

nX

k=1

eik (3.1)

13
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=)
nX

k=1

<
1

n

nX

k=1

eik , eik >�
nX

k=1

< e, eik > 8e 2 Rd (3.2)

fö euå eik�G euKsGZ�Pú e
agg
u ⇤ˇ≥

nX

k=1

< e
agg
u , eik > =

nX

k=1

<
1

n+ 1
(eu +

nX

k=1

eik), eik >

=
1

n+ 1

nX

k=1

< eu, eik > +
nX

k=1

<
1

n+ 1
(

nX

k=1

eik), eik >

� 1

n+ 1

nX

k=1

< eu, eik > +
nX

k=1

<
n

n+ 1
(

nX

k=1

eu), eik > (by 3.2)

=
nX

k=1

< eu, eik >

(3.3)

Ev k 2 1, 2, ..., n

< e
agg
u , eik >�< eu, eik > (3.4)

÷6⌦ö⌃ÑG-�/˙À(⌘œw¶˙öÑ≈¡�F1º⌘œÑ⇡ñ�

(Normalization)(_hx“!ã-lºB8�(ÑÄÁ�E2L⇡#ÑG-…_
(�⌃Ñƒ�Kg⇥

3.4 UET-CPR

,á-@–˙Ñ UET-CPRπ’�⌥)(Ë⇠fl®¶Ñ'Í��BÕ\ÜÍêfl
åÓ⇡flÑyµ�Âó0˝�B⇤œ��⇠fl«⌦Ñ�(⇧h:⌘œ�&P�0

EZ�Ñπ’� H÷ó��⇠flì�∂ÀÑ«⌦��å)( BPR\∫Ó⇡˝
x�⌥�(⇧åvú�Ñi¡(⌘œzì⌦…—�&…`vå¯��ú�i¡K

›‚⇥

3.4.1 ˙º�(⇧⌘œI€ÑË⇠fl0EZ�

(M�↵✏¿-�⌘⌘™�Ü⌦o≥^!ãå0EZ�ÑÄS�;ÅÓ⇡(ºì

⌅¿fi˝ •6v0EÑ«⌦�&✏N⌦o≥^!ãéd�Ñ-��ì�PÀ¯

‹Ñyµ˝ ´⇤n⇥d��›�ùIØ↵∫�íèIÂgM∫Ó⇡˝xÑ®¶

ó’�≈✏NÆÑsGZ��ø˝ H–ÿv�Bh˛⇥

14
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� 3.3: UET-CPRÑ!ã

�(Ë⇠fl®¶-�⌘⌘�!ãÑ;Å�B(º�v˝  HûêflåÓ⇡

fl˜÷≈ÅÑ«⌦�&⌥vfiKfååÑÓ⇡fl®¶⇥‡d�⌘⌘–˙Ü˙º�

(⇧⌘œI€ÑË⇠fl0EZ�PÀ�ÜÊ˛⌦Ñ�B⇢

e
agg
u = eu +

1

kNS
u k

X

iS2NS
u

eiS +
1

kNT
u k

X

iT2NT
u

eiT , 8u 2 U (3.5)

v-�

i 2 N
S
u if i 2 I

S
, (u, i) 2 E

i 2 N
T
u if i 2 I

T
, (u, i) 2 E

⇡#-�Ñ}U(º�✏NGI0ì�(⇧Ñ„h⌘œ�›�êflåÓ⇡

flq�2LsGZ��⌥˝ ìÜÍêflåÓ⇡flÑ«⌦2LP��&í¯q

ˇ�û�T0Ë⇠fl®¶ÑHú⇥d��(ååÑ*�N↵-�1º�(⇧⌘œ

Ñb⇣⌥êflåÓ⇡flÑi¡⌘œ ‹�(�v2L®_Ø¶↵M’ (Stochastic
Gradient Decent, SGD)*�Ñ�B�_˝ �B*�v¯0ÑêflåÓ⇡flÑi
¡⌘œ⇥

⌘⌘⇤(ååÑ✏¿-�d2Ls0�÷⇥

3.4.2 !ã⌥Ê˛π’™�

UET-CPRπ’Kxxh:✏Ç↵⇢

15
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föi5å⌃� G
S = (V S

, E
S), GT = (V T

, E
T )„hêflåÓ⇡fl-��(

⇧åi¡KìÑ‹o'�ˇ≥⇢

V
S = U

S [ I
S
, 8(u, i) 2 E

S
, u 2 U

S
, i 2 I

S

å

V
T = U

T [ I
T
, 8(u, i) 2 E,

T
u 2 U

T
, i 2 I

T



U
S \ U

T 6= ;

��ºvh:⌘œ∆

E = R(kUk+kIk⇥d)(U = U
S [ U

T
, I = I

S [ I
T )

G

8u 2 U, i 2 I, 9eu, ei 2 E

>å�›�@ Ñ�(⇧h:⌘œ2LË⇠fl0EZ��s⇢

e
agg
u = eu +

1

kNS
u k

X

iS2NS
u

eiS +
1

kNT
u k

X

iT2NT
u

eiT , 8u 2 U (3.6)

v-�

i 2 N
S
u if i 2 I

S
, (u, i) 2 E

i 2 N
T
u if i 2 I

T
, (u, i) 2 E

&ÂZ�åÑ�(⇧⌘œ�åü,Ñi¡⌘œ�(Ó⇡fl�ó BPRKÓ⇡˝
x&�'�K⇢

Maximize OBPR =
X

u2UT

X

i2NT
u

X

j2IT \NT
u

ln �(< e
agg
u , ei > � < e

agg
u , ej >) (3.7)

˙º⌦π’ Ó⇡˝x�(fö�(⇧ u 2 U
T  vc/Õbi¡#,

i, j 2 I
T Ñ≈¡↵�1º (3.9)�;ÅÑ*�Ó⇡  ⇢

1. �'� < eu, (ei � ej) >

16
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2. �'� < eiSu , (ei � ej) >, i
S
u 2 N

S
u

3. �'� < eiTu , (ei � ej) >, i
T
u 2 N

T
u

ÔÂñ∫�B� eu, eiSu , ei
T
u
�B2LùIØ↵∫�®¶íèÑ*�⇥

�(!ãÊõ◆ÙÑN↵-�⇤n0�óHáåÔÙU'Ñ‡ �(◆ÙN

↵-�⌘⌘)(^<º Cluster-GCN [4]-Ñ-ö�ÂΩ#π✏ÜU⌃ eiS å eiT

ÑsG<h:�s(œ!◆Ù1�-�›�œ↵�(⇧�G⌅ûêflåÓ⇡fl-

Ω#˙�↵i¡ iS, iT�&Âdii¡Ñ„h⌘œ eiS å eiT \∫⌦sG<�s

ÂΩ#π✏hTsGÑÇı⇢

e
agg
u = eu +

1

2
(eiS + eiT ), 8u 2 U (3.8)

F(Êõ2L®¶B�⌘⌘ e
agg
u Ñ�óGù6�( (3.9)⇥

<ó�–Ñ/�1º⌘⌘;Å�Ó⇡flÑi¡O}2L˙!�‡d�,v

(Ê˛⌦�2LÜ ↵ÕÅÑ-öøt⇢

• (*�N↵-�Í›��Ó⇡fl�Ñ�(⇧2LΩ#⇥

• �ºÍåÓ⇡fl-i¡ §í‹¬Ñ�(⇧ ut�sêfl⌦*˙˛Ñ�(⇧�

ÂvÍ´Ñ„h⌘œ eut åv(Ó⇡fl⌦Ñ¯0i¡⌘œ {eiT |iT 2 N
T
u }2

L0EZ��s e
agg
ut

= eut +
1

kNT
u k

P
iT2NT

u
eiT⇥

• ›�∑_’ (cold-start)�(⇧�sÓ⇡fl⌦*˙˛Ñ�(⇧uc�Âv(êfl

⌦Ñ¯0i¡⌘œKsG< 1
kNS

u k
P

iS2NS
u
eiS \∫v0EZ�åÑ„h⌘œ

e
agg
uc
⇥

⌘⌘⌥›�⌦-öÑ�⌃'2L�÷⇥

ñH/≈�Ó⇡fl2LΩ#ÑË⌃⇥⇡#ZÑü‡(º�1º⌘⌘;Å‹√

Ñ/!ã(Ó⇡flÑh˛�‡d*�Ñ�aÂÓ⇡flÑ�(⇧åi¡�Â åÓ

⇡fl�(⇧(êflÑ¯0i¡∫;�ÔÂó0‘⇤}ÑPú⇥�≈˙˛(êfl⌦

Ñ�(⇧åi¡(⇡↵≈¡↵Ü™�M��É⌘Ñ„h⌘œZ*�oó:O✏

©�_Ô˝⇤ìÉ⌘⇣∫^<‹⌦Ñ“r�⇡fi_ÔÂ(ååÑÊWPú-�|

˛^<Ñ≈¡⇥

��ºÍåÓ⇡fl-i¡ §í‹¬Ñ�(⇧ u
0�1ºN

S
u0 = ;�⌘⌘!’÷

óv(êfl⌦Ñ«⌦�E!Æ0ÂÓ⇡fl⌦Ñ¯0i¡∫;�…r/¯��⌃Ñ

Z’⇥

17
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Algorithm 1 UET-CPR

1: Result: E 2 R(kUk+kIk)⇥d

2: Randomly assign a d-dimension vector eu, ei to each u 2 U, i 2 I;
3: Define the number of negative samples as n;
4: for u 2 U

T do
5: sample i

S 2 N
S
u ;

6: sample i
T 2 N

T
u ;

7: e
agg
u = eu +

1
2(eiS + eiT )

8: sample i
T
u 2 N

T
u ;

9: for k  1 to n do
10: sample j

T
k 2 I

T \NT
u ;

11: Maximize < e
agg
u , eiTu > � < e

agg
u , ejTk

>

12: end for
13: end for

Ê�πb��º∑_’�(⇧ (Cold Start Users)�s u 2 U
S \ U

T ‡d

eu = 0, NT
i = ;�⌘⌘(®⌃éµ�⇤Ù•ì e

agg
u = 1

kNS
u k

P
iT2NS

u
eiS�(ºåi¡

h:⌘œ�ógM�Âró®¶Pú⇥⇡#ZÑÓÑ(º�÷6⌘⌘!’÷ór

�(⇧(êfl⌦Ñ«⌦�F1º⌥v¯0Ñi¡Ô˝(Ó⇡fl�(⇧Ñ*�N↵

-��u´*�0�E)(⇡õi¡Ü„hr∑_’�(⇧Ñ„h⌘œ�⌥˝ 

˙ÀwÉåÓ⇡flÑ#P�_&�0EZ�ÑÇı⇥

⌦ó’-�åMbÑ!ãX� ��Ñ0π(º�(�(⇧ÑË⇠fl

0EZ�Ë⌃�⌘⌘)(i⇧ÑsG<Üß6�BÑ⌘œw¶��MvÎ!P6

0ûw��@⇥Ñ�†°#x�nÑ-��_/—�®¶¯‹ó’8(Ñ\’

K��ÔÂ✏Nøt nÑ'✏�Üøt&–G!ã(��«ô∆⌦Ñh˛�lº

�⌃ÑÖ√x-öƒ�⇥

3.5 UET-CPRÑ®¶π’

(ìNÂ (3.7)∫Ó⇡˝✏Ñ*�Kå�⌘⌘ÔÂó0�D›�êflåÓ⇡fl@ 
�(⇧/i¡Ñ„h⌘œ E 2 R(kUk+ kIk)⇥ d�&Âd∫˙�2L®¶⇥

⌘⌘ñH�Ó⇡fl�(⇧Ñ„h⌘œ2LË⇠fl0EZ�⇥

e
agg
u = eu +

1

kNS
u k

X

iS2NS
u

eiS +
1

kNT
u k

X

iT2NT
u

eiT , 8u 2 U (3.9)

v-�

18
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i 2 N
S
u if i 2 I

S
, (u, i) 2 E

i 2 N
T
u if i 2 I

T
, (u, i) 2 E

(⇡œå (3.9)/�ÙÑ)

Kå�›�@ Ñ�Ó⇡fl��(⇧å22L®¶Ñi¡�ÂgMπ✏0�

�(⇧ u�i¡ iÑO} ŷUET-CPR(u, i):

ŷUET-CPR(u, i) =< e
agg
u , ei >

3.6 UET-CPRÑ*�

∫Ü™� UET-CPRπ’-�Ñ�⌃'�⌘⌘⌥ÊõUãv(ùIØ↵∫�®¶í
èÑ*�N↵�&‘⇤vå≥qÑùIØ↵∫�®¶íè*�KìÑÓp⇥

3.6.1 *�ùIØ↵∫�®¶íè

fö�(⇧ u�  uÑ0Ei¡ iå†°#i¡ j⇥(�,®¶˚qÑ-ö-�⌘

⌘Ñ*�Ó⇡/Åì!ã(›��(⇧ u2L®¶B�‘w†°#i¡ j�Ùæ

⌘º®¶i¡ i⇥⌘⌘ÔÂ( p(i�uj|✓)Ü„h!ã(√x∆∫ ✓Ñ≈¡↵�!ã

‘w j�Ùæ⌘º®¶ if uÑ_á�&f�~0˝⌥É�'�Ñ√x∆ ✓⇥

�(*�ùIØ↵∫�®¶íèB�⌘⌘�,⇤( x̂uij(✓)„h–↵˚✏ÑÊ

x˝x�(Âh:v⇤œÜ�(⇧ u�i¡ iå†°#i¡ jKìÑ‹¬�&Âd

Ü0�ååÑ_á<(∫Üπøwã�x̂uij(✓)Kå⌥�eÎ\ x̂uij )⇥˛(G�,
°(gMÑb✏ÜÀ˙˝x x̂uij(✓)⇢

p(i�uj|✓) = �(x̂uij(✓))

= �(< eu, ei > � < eu, ej >)

= �(< eu, ei � ej >)

(3.10)

v- eu, ei, ej ∫!ãx“0Ñ u, i, j ⌅ÍÑ„h⌘œ� �„hÑ/ sigmoid˝
x⇢

�(t) =
1

1 + e�t
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⇡œ�( sigmoid˝xÑ⌃1(º�1ºv<flc}=( (0, 1)�ÔÂÙ•Â

⇡↵8˙<„h⌘⌘ÛÅÑ�!ã‘w j�Ùæ⌘º®¶ if uÑ_á�⇥

‡d�()(Ø¶↵M’ (gradient decent)*�!ã√x ✓B�ÔÂ⌥vÙ∞

N↵Î⇣⇢

✓  ✓ + ↵(
e
�x̂uij

1 + e�x̂uij
· @

@✓
x̂uij)

v- ↵/x“á�ß6!ãÙ∞Ñew�&ÔÂ®��Ñ*�ó’2L’

Køt⇥

⌥gMb✏„e&UãÑq⇤œ⇡#⇢

✓ + ↵(
e
�x̂uij

1 + e�x̂uij
· @

@✓
x̂uij) = ✓ + ↵[�(� < eu, ei � ej >) · @

@✓
x̂uij] (3.11)

v- @
@✓ x̂uij Ñ<� u, i, j ⇤ ��Ñ≈¡⇢

@

@✓
x̂uij =

8
>>><

>>>:

(ei � ej) if ✓ = eu

eu, if ✓ = ei

�eu, if ✓ = ej

0 otherwise.

(3.12)

û⌦Ñ (3.11)å (3.12)-�⌘⌘ÔÂó0~↵‹º°(ùIØ↵∫�®¶
íèÑ*�ÑÕÅP÷⇢

• �(⇧ uÑ„h⌘œ eu (⌘œzì-�⇤`—¯0i¡ iÑ„h⌘œ ei�

&`‚†°#i¡ j Ñ„h⌘œ ej⇥

• ei⇤`— eu�� ej ⇤`‚ eu⇥

• ⇡↵`—å`‚Ñew�dÜ1å u, i, j !‹Ñx“á ↵ÜzöK��_⇤

å eu, ei, ej ÑgM< ‹⇥Çú euå eiä`—��/euå ej ä`�„h⇡

!Ω#å�ÅÑ!ãøt&�'�⇡↵ew1⇤.✏�¯Õ0�Çú eu å

ei ä`��/eu å ej ä`—�„h⇡!Ω#å�ÅÑ!ãøt1‘⇤⇢�

ew1⇤û'⇥

÷6⇡õP÷(NªÑv-Úì´åt�÷�F1º⇡↵N↵�⌘⌘åå

¢� UET-CPRÑ-��⌃'¯vÕÅ�‡d˙ºè/Í=å÷áåt'Ñ„E�
ù6(⇡œÕ∞s&!Æ®�⇥
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3.6.2 UET-CPR!ã-�Ñ�⌃'

fö�(⇧ u�  uÑ0Ei¡ iå†°#i¡ j �Â �(⇧ uÑêfl¯0i

¡ i
S
u åÓ⇡fl¯0i¡ i

T
u⇥

⌘⌘(M�↵✏¿-– �9⁄ (3.10)�ùIØ↵∫�®¶ÑÓÑ�/Å�
'�⇢

�(< eu, ei � ej >)

�˙º (3.9)å (3.8)�UET-CPR(◆Ù-G/f��'�⇢

�(< eu +
1

2
(eiS + eiT ), ei � ej >)

⇢N⌘⌘( 3.6.1Ñ®�⌥!ÆÑÆM⌃#ñá�⌘⌘ÔÂ�◆ó0 3.4.2–
 Ñ*�Ó⇡�&( UET-CPRÑ-ö↵ˆ8 3.6.1ÑP÷⇢

• �(⇧ uÂ �(⇧ uÑêfl¯0i¡ i
S
u åÓ⇡fl¯0i¡ i

T
u Ñ„h⌘œ

eu, eiSu , ei
T
u
(⌘œzì-�⇤`—¯0i¡ iÑ„h⌘œ ei�&`‚†°#

i¡ j Ñ„h⌘œ ej⇥

• ei⇤`— eu, eiSu , ei
T
u
�� ej ⇤`‚ eu, eiSu , ei

T
u
⇥

• ⇡↵`—å`‚Ñew�dÜ1å u, i
S
u , i

T
u , i, j !‹Ñx“á ↵ ÜzöK

��_⇤å eu, eiSu , ei
T
u
, ei, ej ÑgM< ‹⇥Çú eu, eiSu , ei

T
u
å eiä`—��

/ eu, eiSu , ei
T
u
å ej ä`�„h⇡!Ω#å�ÅÑ!ãøt&�'�⇡↵e

w1⇤.✏�¯Õ0�Çú eu, eiSu , ei
T
u
å ei ä`��/ eu, eiSu , ei

T
u
å ej ä`

—�„h⇡!Ω#å�ÅÑ!ãøt1‘⇤⇢�ew1⇤û'⇥

˙º⌦P÷�⌘⌘|˛( UET-CPRfl≥qùIØ↵∫�®¶íè(Ë⇠fl
®¶⌦Ñ*�Óp(º�û�(⇧ uÑ“¶���⌘⌘M�*�ÜÉ(êflåÓ

⇡fl¯0i¡ i
S
u , i

T
u Ñ„h⌘œ��1¯0i¡ iå†°#i¡ j Ñ“¶Ü™�⌘

⌘M�⌥v⌥ uÑv÷0E i
S
u , i

T
u Ñ‹¬�e⇤œ�&�eÜêflÑ«⌦\∫‹

E⇥
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,€‡

ÊWPú⌥�÷

(,‡¿-�⌘⌘⌥œ↵«ô∆˙º .��ÑU0Ó⇡��⌘⌘–˙Ñ CPRπ
’2LWI:

• ®¶!ã�t↵Ó⇡fl⌦Ñ�(⇧Ñ!ãh˛⇥

• ®¶!ã›�Ó⇡fl⌦∑_’�(⇧ (Cold-Start User)Ñh˛⇥

• ®¶!ã›�Ó⇡flåêfl⌦q�Ñ�(⇧ (Shared User)Ñh˛⇥

⇡õÊWÑÓÑ(º�U0Â CPRπ’��(&Õ\êfl«⌦�0ï/&�
Ó⇡flÑ®¶Pú"�cbqˇ�d��✏N⌃%U0�(⇧-�'Í��Ñ⌅

↵§‘�⌥˝ ì⌘⌘Ùs00⌃„ CPR˝ �Ë⇠fl®¶2L9ÑÑË⌃⇥

⌘⌘⌥( .��Ñ«ô∆⌦WI⌘⌘Ñ!ã�&ÂÆ⇠fl®¶ (Single
Domain Recommendation)åË⇠fl®¶ (Cross-Domain Recommendation)-Ñx⇧
H2ó’�å⌘⌘–˙Ñ CPR2L‘⇤⇥

4.1 ÊW-ö

4.1.1 !ã‘⇤�a

∫Ü˝ ó0Ù HÑPú�&WI-�Ë⇠fl®¶π’Ñ≈Å'�dÜåNÄ

ÑË⇠fl®¶π’Ç CMF [29], EMCDR [18]I2L‘⇤K��_›�˛ H2
�NÄìxÑÆ⇠fl®¶π’�Ç LightGCN [10]�BPR [24]2L‘⇤⇥
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Â↵⌥⌘⌘x(\∫‘⇤˙ñÑ!ã�⌃⇣Æ⇠flåË⇠fli.®¶ó’

2L™�⇢

Æ⇠fl®¶ó’⇢

• BPR [24]⇢⇡/®¶⇠fl˙��å´I� HÑ!ã�)(Èc⌃„
(Matrix Factorization)ÑÇı�Õ\�(⇧$i¡Ñ§í‹¬�†⌦†°#
(Negative Sampling)Ü)(«ô-Ñ±'fiK (Implicit Feedback)⇥

• LightGCN [10]⇢( NGCF [36] Ñ˙�⌦2L9ÑÑ!ã�˚dÜüÀ
NGCF-Ñh#•^ì≤Ô (Fully-Connected Neural Network)å^⁄'d�
&�#ÂwM�^ì≤Ô (GCN)Õ\ÿé0E«⌦�÷óÙ}ÑH˝åP
ú⇥

Ë⇠fl®¶ó’⇢

• CMF [29]⇢∆‘�Èc⌃„ (Collective Matrix Factorization)/�.Â‹¬b
✏2LË⇠fl®¶Ñπ’��⇡·Ñ‹¬⌥âÑ/�(⇧$i¡Ñ§í‹
¬⇥

• EMCDR [18]⇢˙ºh:⌘œå ⌅ÑË⇠fl®¶ (Embedding and Mapping
framework for Cross-Domain Recommendation, EMCDR)/�.˙ºh:⌘œ
Ñπ’⇥ÉÂÈc⌃„ [15]å BPR [24]◆ÙÑ�(⇧åi¡Ñh:⌘œ∫
˙��M�◆Ù�↵ ⌅˝x (Mapping Function)⌥êflÑ«⌦ ⌅0Ó⇡
fl⌦�v-⇡↵ ⌅˝xÔÂ/⁄' ⌅ (Linear Mapping)�/⇢d�Âh
(Multi-Layer Processon, MLP)⇥

• Bi-TGCF [17]⇢)(Ÿ⌘≥8�ÑT�N˛≤aÜ2LË⇠fl®¶(Cross
Domain Recommendation via Bi-directional Transfer Graph Collaborative Filtering
Networks, Bi-TGCF)/Â NGCF [36]Ñ∂À∫˙��HÂ^ì≤Ô2Lêfl
åÓ⇡flv-K�Ñh:’x“�ç�B◆Ùi⇧Ñ⌘œh:�û�T0Ë

⇠fl®¶ÑHú⇥

4.1.2 «ô∆

,v∫Ü˝ WI CPR ˝ (˛ÊÑ≈¡↵2LË⇠fl®¶�x«Üm↵
Âm⇢«ô∆2L‘⇤⇥v-�û¨\Ñ¯M/qñ/�˛å‡ˆ/E∂ (Amazon-
Books/Movies and TV/Clothing, Shoes and Jewelry/Home and Kitchen)∫lã«ô∆
1 2��˚ñ (TV)åñ⌦ (VOD)∫^lãÑ«ô∆⇥

1https://jmcauley.ucsd.edu/data/amazon/
2https://reurl.cc/Q6pdZp
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v-�x«dm↵«ô∆Ñ⌃1(º�Ë⇠fl®¶Ñ«ô∆1º�Å�Bi

↵⇠flÑåt®¶«ô��,��&�π◆÷ó�‡d⌘⌘ñHå�\‡F÷ó

Ü TV-VOD«ô∆\∫˙�⇥•W�›�v÷ÑË⇠fl«ô∆�⌘⌘)(Üû¨
\U÷«ô∆ (Amazon Review Dataset)⇥r«ô∆1û¨\Ñ�(⇧›���F
¡ÑU÷åU⌃@D⇣�&ù⁄F¡'Í⌃∫��⇠fl�⌘⌘|˛⇡#Ñ-öå

Ë⇠fl®¶�����‡døû-¿xÜgπÿ¶¯‹ÑiDq€↵«ô∆�D

⇣⌘⌘2L‘⇤ÑÊi↵Ë⇠fl®¶«ô∆⇥

⌘⌘⌥viiM��⌃%\∫êflåÓ⇡fl2L®¶�&t⌃vq�⌫hÇ

↵⇢

TV-VOD CSJ-HK MT-B
Source: TV Target: VOD Source: CS Target: CJK Source: MT Target: B

#User 22,967 24,915 850,444 564,157 118,061 1,095,159
% of shared user 96.06 88.58 26.04 39.25 34.84 3.75
#Item 781,241 21,814 265,224 152,149 45,060 494,737
Interactions 18,277,659 5,346,812 3,970,542 2,453,346 497,408 6,396,932
Density 0.1018% 0.9837% 0.0017% 0.0028% 0.0093% 0.0011%

h 4.1: «ô∆q�x⁄

4.1.3 ÊW-ö⌥π’™�

,v;ÅÓÑ(º)(–˙ÑË⇠fl®¶ó’ (UET-CPR)�BÕ\êflåÓ
⇡flÑ«⌦�2�T0‹E∑_’�(⇧NÄ:OÑÓ⇡fl«⌦�2�9Ñv�

B®¶⇣ú⇥‡d(ÊW-�≈�I� UET-CPR˝T0↵⌫i↵ùˆ⇥

• UET-CPR˝✏N)(êflÑ«⌦��Ó⇡fl:OÑ«⌦2L‹E�û�T
0‘�,Æ⇠fl®¶ó’Ù}Ñ⇣ú⇥

• UET-CPR1ºv!ãÑ-��˝‘�,ÑË⇠fl®¶ó’HúÙ}�
�‘º‹EÜêfl«⌦ÑÆ⇠fl®¶ó’�_˝ T0�I⇢ÛÙ}ÑP

ú⇥

∫Ü˝ ⌥⌦,åfi-– Ñ��‹EÜêfl«⌦ÑÆ⇠fl®¶ó’�

2L‘⇤�⌘⌘⌥M– Ñi↵Æ⇠fló’ (BPR, LightGCN) ⌃⇣i.-
ö�v�∫≈–õÓ⇡fl«⌦�&Âd2L˙�å®¶Ñ�,-ö�Â ⌥Ó⇡

flåêflÑ«⌦¯í2•�b⇣�5'�Kå�›�Ó⇡fl2L®¶Ñyä-

ö⇥v-�°(,å.-öÑÆ⇠fl®¶ó’�⌥(π’�1åπÂ�+�;
⇠⇥
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d��∫Ü˝�Pú2LÙ0˚Ñ¿fl�⌘⌘⌥�(⇧ùgv(êflåÓ⇡

fl˙˛Ñ≈¡⌃∫ ↵§‘�&›�!ã(⇡ ↵�(⇧§‘⌦Ñh˛2LU

0⇢

• Ó⇡fl�(⇧

• ∑_’�(⇧

• q��(⇧

v-�Ó⇡fl�(⇧⌥Ñ/@ (Ó⇡fl«ô⌦˙˛NÑ�(⇧�∑_’

�(⇧G/(êfl⌦˙˛�F*(Ó⇡fl⌦˙˛Ñ�(⇧�E1∫∑_’ (cold-
start)�(⇧⇥�q��(⇧G/(êflåÓ⇡flG˙˛NÑ�(⇧⇥<ó�–Ñ
/�∫Ü˝ ÊõU0∑_’�(⇧(Ó⇡flÑh˛�⌘⌘⇡œ@�(Ñ∑_’

�(⇧�/ûq��(⇧-x÷�&*dâv(Ó⇡fl⌦Ñ;’�⌅Ñ�(⇧�

�!ã(!’↵0vÓ⇡fl«⌦Ñ≈¡↵2L◆Ùå®¶�_˝2L¯‹ÑP

úU0⇥

4.2 vOL™�

,vÛ…1⌦ÑÊW-��ÜfiT↵⌫ÑvOL⇢

• (⇤œ@ Ó⇡fl�(⇧Ñ≈¡↵��º�,ÑÆ⇠fl®¶ó’����
BfàêflåÓ⇡fl«⌦�˝�˝‘ÆfàÓ⇡fl«⌦�T0Ù}Ñ⇣

ú��⌘⌘Ñ UET-CPR»/‡∫¿º‡ ˝‘�,ÑÆ⇠fl®¶ó’Z
ÑÙ}�

• (Ë⇠flÑó’K-�É⌘»⌅Í‡∫¿º#��Ñ‡ ���ÙÜv!
ã�Bh˛ÑÓp�

• ∑_’�(⇧Ñ-ö⇤ ⇣¿ºOL�»ÔÂ✏N¿º#Ñ-�Ü„zb�

4.3 ÊWPú

4.3.1 Ó⇡fl⌦Ñ�(⇧

⌘⌘(⇡œU0!ã›�Ó⇡fl⌦@ �(⇧Ñ®¶h˛ (ã 4.2)⇥
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TV-VOD CSJ-HK MT-B
Recall@10 NDCG@10 Recall@10 NDCG@10 Recall@10 NDCG@10

BPR 0.9230 0.8329 0.2717 0.1718 0.5951 0.4680
BPR+ 0.9060 0.7386 0.3045 0.1895 0.5986 0.4794
LightGCN 0.7328 0.6617 0.3480 0.2240 0.6202 0.4888
LightGCN+ 0.7050 0.5363 0.3685 0.2317 0.6228 0.4923
CMF 0.4425 0.3340 0.2095 0.0950 0.3042 0.2367
EMCDR 0.2085 0.1504 0.2612 0.1555 0.4412 0.3202
Bi-TGCF - - 0.2978 0.1773 0.5976 0.4411
UET-CPR 0.9470 0.8406 0.3300 0.2100 0.6339 0.4974

h 4.2: !ã(Ó⇡flÑt‘h˛

ñH<óË✏Ñ/�&�/@ ÑÆ⇠fl®¶ó’�˝⇤(�2êfl«⌦

å�–GvË⇠fl®¶Ñh˛ (Ç BPR [24]�LightGCN [10] Ñh˛( TV-VOD
«ô∆G õ1MN)�™��2êfl«⌦/&�t‘®¶h˛ @k©�Ñ�Å
↵!ã'Í�ö⇥�œ LightGCN [10]K^�20EZ�Ñ®¶ó’�G˝ 
 �ö↵¶Ñ–G⇥⌥vå UET-CPR�Â  BPRI!ãÑh˛¯⇤�ÔÂó0
Ñ/�0EZ�ÔÂZ∫�.–G®¶!ãh˛ÑÄÁ�e��ºË⇠fl®¶_

 �öÑHú�Få UET-CPR¯‘�o: UET-CPR-��õ›�Ë⇠fl®¶O
L,´Ñ!ã-��ù6/–G�BPúÑ8√‡ ⇥

�1Ë⇠fló’���CMF [29]å EMCDR [18]÷6∫Ë⇠fl®¶v
-ÕÅÑó’�(⇡ ↵Âm⇢«ô∆Ñh˛{�s�⇢Û�Ç BPRIìxÑ
Æ⇠fl®¶ó’�ü‡(º�CMFå EMCDRG�/Ô0Ô�End-to-End Ñ
®¶!ã��/✏N◆Ù}ÑêflåÓ⇡flh:’ (ÇÂ BPR◆Ù)�M�◆Ù�
↵ÈcI€˝xÜT0Ë⇠fl®¶ÑPú�Í6�π◆å�,Ô0ÔÑ®¶ó

’¯‘�d��( CMFå EMCDRÑÈcI€˝x-�;Å1/�(êflåÓ
⇡fl-�q��(⇧Ñ«⌦Ü2L◆Ù��(�è' (Sparsity)⇤ÿÑÂm⇢«
ô-�q��(⇧≈`Üu✏ÑË⌃�‡d�(⇡^π’ÑPú�_Í6�⇤*

}⇥

¯Õ0�Bi-TGCF [17]1º§í&q�◆ÙêflåÓ⇡flÑh:’�û�✏
N⇡#Ô0ÔÑ!ã-��T0Ù}Ñ⇣ú⇥6��1ºv!ãPÀ¯v⌥‹A

c�‡d!’⇣ü0( HBìåzìg◆Ù�'Ñ TV-VOD«ô∆�/v;Å
Ñ:fi⇥

ú⌦@�UET-CPR✏N�(⇧h:’I€Ñπ✏�⇣ü�eÜ0EZ�Ñ
Çı�_ìêflåÓ⇡flÑ«⌦2L�⇣�/v(Ó⇡flt‘h˛›Nv⇠Æ⇠

fl®¶ó’Ñü‡⇥d��1º˝  H0˙ÀwÔ�ÔÑ◆Ù!ã�&)(

MÑ«⌦�⇣K’��B◆ÙêflåÓ⇡flÑh:’�/v⇤v÷Ë⇠fl!ã

Ù*¿Ñü‡⇥
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4.3.2 Ó⇡fl⌦Ñ∑_’�(⇧

⌘⌘(⇡œU0!ã›�Ó⇡fl⌦Ñ∑_’�(⇧Ñ®¶h˛⇥

TV-VOD CSJ-HK MT-B
Recall@10 NDCG@10 Recall@10 NDCG@10 Recall@10 NDCG@10

BPR - - - - - -
BPR+ 0.7040 0.5763 0.1990 0.1224 0.3491 0.2587
LightGCN - - - - - -
LightGCN+ 0.6680 0.4778 0.2650 0.1650 0.3836 0.2844
CMF 0.0525 0.0270 0.0000 0.0000 0.0001 0.0000
EMCDR 0.3870 0.2465 0.2385 0.1328 0.0461 0.0219
Bi-TGCF - - 0.2170 0.1318 0.3473 0.2447
UET-CPR 0.7325 0.6556 0.2363 0.1492 0.4016 0.3010

h 4.3: !ã(Ó⇡fl⌦∑_’�(⇧Ñh˛

ÇM@�⇡œÑ∑_’�(⇧/⌥≈ (Ó⇡fl⌦ ;’�⌅Ñ�(⇧�

⌘⌘f�¿flv(Ó⇡fl⌦Ñh˛⇥<ó�–Ñ/�1º≈–õÓ⇡fl«⌦Ñ

BPR [24]å LightGCN [10]!’�⇣⇡^�(⇧Ñ„h⌘œ�E�⇤ vt‘h
˛⇥

�1º∑_’�(⇧‡∫:OÓ⇡fl«⌦�@Â�Âv÷(Ó⇡fl⌦;çÑ

�(⇧π◆®¶⇥F1º⇡/1⇢Âm⇢®¶˚qB8G0Ñ≈¡�¢���!

ã(⇡^-ö↵Ñh˛Ópåü‡�_/Ë⇠fl®¶v-ÕÅÑ�∞⇥

ñH�›�Æ⇠fl®¶π’��(Üÿé«⌦ (high-order)«⌦Ñ [10]⌃x
⇢x↵M�π’¯�ÆÑ BPR [24]Õ� à�/Ñh˛⇥⇡/‡∫êfl«⌦÷
6�Ë⇠fl®¶¯vÕÅ�F›�Ó⇡flÑ®¶���vÊ/�BnW‹E«

⌦å‹⌦Ñ“r��Å9NU⌃��1º(MÑÓ⇡fl®¶-� E≥ÑÓ⇡

fl«⌦�ÉÑ‹⌦⇣⌃⌥⇤´�À�‡d�⇤À⇣*'qˇ�F(∑_’®¶Ñ

-ö-�1ºÓ⇡fl«⌦:O�êfl«ônÜNºÕÅÑ“r�‡dv‹⌦Ñ

'Íø´>'�û��ÙÜ�(ÿé«⌦Ñ!ã�‡∫�(ÜN⇢‹⌦��Pú

"�†bÑqˇ⇥

,v–˙Ñ UET-CPRG✏N◆ÙB≈Ω#Ó⇡fl�(⇧ÑÄÁ� H0
›�Ó⇡fl�(⇧å⌥v¯‹ÑêflåÓ⇡fli¡�2Lh:’x“�ìêflÑ

i¡_˝E⌃ó0Ó⇡flÑ«⌦�ç(⇡õêfli¡Ü�⇣∑_’�(⇧Ñh:

’�û��MÜ86N⇢‹⌦Ñ≈¡�T0Ù}Ñ⇣ú⇥

<óË✏Ñ/�1º CMF≈˙º�Ó⇡flåêflÑq⇢�(⇧2LÈcI
€�çÂdPú�v÷�(⇧/i¡2L®M�‡dvh˛à'↵¶◊0q⇢�(
⇧Th‘�(⇧Ñ‘ãqˇ⇥6��(⌘⌘Ñ∑_’-ö-�´¿fl®¶h˛Ñ
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∑_’�(⇧�G/í Ó⇡fl;’�⌅Ñ�û��v(∑_’-ö-�h˛˙

GÑN⇥

�� EMCDR���1ºv ó0�ö↵¶Ñ«⌦�û�ìvh˛'Ë⌃*
º CMF�Fù⌦◊Pº^Ô0Ô (Non-End-to-End)Ñ!ã-���vHú�Â�
,ÑÔ0ÔÆ⇠fl®¶ó’⇥

4.3.3 Ó⇡flåêfl⌦Ñq��(⇧

⌘⌘(⇡œU0!ã›�Ó⇡fl⌦åêflÑq��(⇧Ñ®¶h˛⇥

TV-VOD CSJ-HK MT-B
Recall@10 NDCG@10 Recall@10 NDCG@10 Recall@10 NDCG@10

BPR 0.7145 0.6459 0.1972 0.1239 0.3662 0.2748
BPR+ 0.6835 0.5487 0.1957 0.1204 0.3537 0.2596
LightGCN 0.7612 0.6615 0.2255 0.1440 0.3761 0.2800
LightGCN+ 0.7664 0.5681 0.2727 0.1682 0.3790 0.2767
CMF 0.4305 0.3336 0.2620 0.1199 0.2117 0.1307
EMCDR 0.1395 0.0726 0.1705 0.0965 0.0473 0.0213
Bi-TGCF - - 0.2225 0.1394 0.3476 0.2435
UET-CPR 0.7241 0.6383 0.2356 0.1513 0.4089 0.3108

h 4.4: !ã(Ó⇡flåêfl⌦q��(⇧Ñh˛

ÔÂ|˛(q��(⇧`⇢xÑ TV-VODå CSJ-HK«ô∆-�!ãì&í
 *oWÑÓp⇥6��›�q��(⇧¯��⌘ÑMT-B«ô∆�UET-CPRÑ
Hú/�}Ñ�™�⌘⌘–˙Ñ!ãÑ7⇧�(º H0ûí ÕäÑÓ⇡flå

êfl«⌦-�–÷«⌦õåå�(⇥

4.4 ‹º UET-CPR!ã⌥v÷!ã(��«ô∆⌦h
˛ÓpÑ�÷

û⌦ .��ÑÊW-�⌘⌘ÔÂ|˛ifi⇢

• ( TV-VODå MT-B«ô∆⌦�,v–˙Ñ UET-CPR�ÔÂ(Ó⇡flt
‘�Â ∑_’i↵-ö-�ó0‘v÷!ãÙ}Ñ®¶Pú⇥

• 6��›� CSJ-HK «ô∆�Â êflåÓ⇡flÑq��(⇧Ñ-ö↵�
UET-CPRÑh˛1oóí £ºiö⇥

⌘⌘⌥›���ååÑ�÷�˝ „T⌦i↵OL⇥
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4.4.1 ��«ô∆�PúÑqˇ

ûHMÑ⌅⇧x⁄-�⌘⌘ÔÂ|˛Ñ/�(��«ô∆Ñ≈¡↵�vÊ&!’

ûÊW-ó0*�ÙÑP÷�⌘⌘⌥vx‡º«ô∆ÑÓp��∫Ü¢�⇡õ

Óp�⇡œ⌥)( 4.1�«ô∆Ñœq��Ht⌃ D«ô∆Ñ⌅⇧'Í⇥v
-��<óË✏Ñ/�q��(⇧Ñ‘ã�Â êfl�Ó⇡flÑ∆¶ (Density)Ó
p⇥

• TV-VOD⇢=‘∆¶‘v÷i↵«ô ÿ⌦1⇢�q��(⇧T‘uÿ⇥

• CSJ-HK⇢q��(⇧T‘�ÿ�Ó⇡fl∆¶ÿºêfl�v-êfl∆¶¯
vN⇥

• MT-B⇢q��(⇧T‘N�êfl∆¶ÿºÓ⇡fl⇥

Â↵⌃µ1⌦«ô∆'Í�›�⇤ ëOÑË⌃2L�÷⇥

4.4.2 TV-VOD«ô∆

ñH�1Ó⇡flh˛2L�÷Ñq�ÔÂ|˛÷6 LightGCN [10]\∫vM®¶
⇠fl�ÕÅH2Ñπ’K��v( TV-VOD «ô∆Ñh˛/`�Ç BPR [24]
Ñ⇥⇡œ®,ü‡/‡∫ LightGCN ¯⇤º BPR π’��(ÜM�Ñÿéyµ
(high-order features)�Â÷ó⇤`Ñ‚-√¿fi⇤`Ñyµ�⇡↵ÄÁ(¯��è
Ñ®¶OL⌦¯v (�˝ H‹E-√¿fi:OÑ«⌦⇥6��›�Çd∆∆

Ñ TV-VOD «ô∆�&�ùº⇡õ⇤`ÑyµÜ2L«⌦‹E��v�B¯�
⇤N�‡d LightGCN÷fiÑÿéyµ�‘w«⌦�Ô˝Ù•—jr (noise)Ñ“
r⇥�⇡#Ñ'Í��#Õ ( BPR+�LightGCN+IM�⇤nêfl«⌦ÑÊW
-ö�vÊ&�ÇÍ÷Ó⇡fl«ôÑHúÜó}⇥

4.4.3 CSJ-HK«ô∆

•W��º CSJ-HK«ô∆�1ºvÓ⇡flÑ∆¶ÿºêfl�Ô™�vÊ�º'
Ë⌃!ã���«⌦Üê‘wêfl�Ó⇡fl⌥TÙ'Ñ‘Õ�‡∫q��(⇧

T‘⇤ÿ�vÊ‘wË⇠fl®¶OL�Ù•—Æ⇠fl®¶Ñ≈¡⇥‡dÔÂó0

Ñ/� LightGCN [10](^<Æ⇠fl®¶Ñ-ö↵�/@ π’-�*¿Ñ⇥
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4.4.4 MT-B«ô∆

1ºêfl⇤Ó⇡fl∆∆�q��(⇧T‘⇤N�⇥‡∫Ó⇡fl¯��èÑ„

E�0�Åûêfl2L«⌦‹E�‡∫q��(⇧T‘⇤N�¯�Ñ�∑_’

�(⇧1TÜ'⇢x⇥�⌦–0ÑOL�M/˛Ê≈¡↵�Ë⇠fl®¶üÖ„

zÑOL⇥�(⇡#Ñ-ö-ÔÂ|˛�,v–˙Ñ UET-CPRπ’G˝ó0�
}ÑPú�™�,á–˙Ñ�(⇧h:’I€ÄS�›�Êõ⌦ÑË⇠fl®¶O

L�˝ –õÊÍ HÑ„zπH⇥

4.4.5 ✏P

⌦›�«ô∆Ñ™�å�÷�ÔÂ=P∫Â↵ fi⇢

• vÓ⇡fl«⌦¯�E≥B�≈É⌥Ù•—Æ⇠fl®¶��� LightGCN T
*⇥

• v=‘∆¶≥ ÿB��0EZ��ÿé«⌦Iπ’Ñ�(1ÅÙ†9N�
ÂM6∆N⇢jr⇥

• ⌃ÛÑË⇠fl®¶«ô∆�…x«êfl∆¶ÿºÓ⇡fl�q��(⇧`‘
N⇧⇥

4.5 ↵H¢� -Â TV-VOD«ô∆∫ã

TV-VOD «ô∆ÂÂ,0@Ñ˚ñ¿ÓåqG\∫Ë⇠fl®¶-ÑêflåÓ⇡
fl�,v⌥Âv∑_’�(⇧Ñ¯‹;’�⌅�2L↵H¢��&™�(∑_

’≈É-�UET-CPR⇤v÷π’Ù*¿Ñ⌃1⇥

x« TV-VODZ↵H¢�Ñü‡(º�v⇠Ñ CSJ-HKå MT-B«ô∆�‡
∫û¨\⌥v�(⇧åi¡2L H‹JÑ„E�⇤„ÑüÛüÀÑ«ôb✏�

E!’ÂSri¡ü,/U.F¡�M⇤x«ÜCx⁄ (metadata) ⇤∫åtÑ
TV-VOD«ô∆2Lv⇥

v-�\∫‘⇤˙ñ�,v¿xÜ( TV-VOD «ô∆-�∑_’≈Éh
˛⇤}Ñ BPR [24]å LightGCN [10]i.π’2L‘⇤⇥⇡i.π’dÜ( TV-
VOD«ô∆-h˛�∫*¿�i↵π’,´_⌃%„hÜ�ìxÑ®¶ó’�
å�vM�}Ñ�,®¶ó’��¯·˝✏N↵⌫Ñ↵H¢� å UET-CPRÑ
‘⇤�tb™�iπ’Ñ*‚å�≥⇥
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⌘⌘ñH®_xöÜ–�(⇧�&⌫˙v¿↵�⌅-�∫#⇤ÿÑ Ë⇢

• Âá -¡´

• ’k -�u¢ÔW

• ’k -<≈K⇤

û⌦xÑ~Ë\¡-�ÔÂ|˛r�(⇧úaÑæ⌘•— 1)±ÄÂá 2)⌘
t⌘’k⇥�(⇧¿↵Ü⇢∆�u¢ÔW’k�™�v�¯ë^\¡ÑO}⇥

� UET-CPRÑ®¶⇧ÆM �G/⇢

• ’k -�u¢ÔWá4H

• Âá -Ãë∫§ïN!

• Âá -�Wá4H

û⌦Ñ®¶⇧ÆÜ↵�s�&í �eáWI�Ë«⌦�UET-CPRù⌦à
}0UI0Ü⌦�u¢ÔW↵⇡�↵‹u\¡�®¶Ñv÷\¡_˝/⌥¯ë

Hˆ¯‹Ñ±ÄÂá⇥™�s�(∑_’Ñ≈É-�UET-CPRù6˝à}0)(
êfl«⌦�x“�(⇧Ñú}⇥

� BPRå LightGCNÑ®¶⇧ÆM �G⌃%/⇢

• ’k -�u¢ÔWá4H

• ’k -Ô�ÁNˆ

• ’k -{^

å

• ˚q -·wTOÚ

• ’k -p�LÖ˝TS+

• ’k -˚ãá4H

û⌦iD®¶⇧ÆÔÂ|˛�÷6 BPRå LightGCNGUI0Ü⌘t⌘’
kÑÕÅyµ�F0vv®¶Ñ\¡�{⇤|˛ õ�*�⌃Ñ0π⇥‘Ç BPR
®¶ÑÔ�ÁNˆ�år�(⇧Â8¿fi\¡Ñtaƒ�&�¯1�� LightGCN
G/®¶Ü'œ’k�{�*â ¯ë'Í�_�åÂá^%¯‹⇥™�v®¶

HúÊÍ⌦&�Ç UET-CPRæñ⇥
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,î‡

P÷

,vÛ�÷ÑOL/�(Ë⇠fl®¶OLK-�˝&✏N�2êfl«ô�‹E

Ó⇡fl:OÑ«⌦�û�–Gt‘®¶ÑPú�&9Ñ∑_’�(⇧ÑOL⇥

,vÑ;Å¢{(º⇢

1. –˙Ü�↵˙º�(⇧h:’I€ÑË⇠fl®¶ó’⇥

• ⇢N⌥Ó⇡flåêflÑ«⌦2LP��û�(Ó⇡fl®¶-�(ÜÍ
êflÑ«⌦⇥

• )(Ω#π✏Ñ-��f��⌘êfl«⌦∫Ó⇡fl®¶Ñ◆ÙN↵
-�6Ü‹⌦ÑÔ˝⇥

• &Â⌃÷åÊWI��v¯⇤Nª≥qÑË⇠fló’Ù∫ H⇥

2. ¢���'ÍÑ®¶ó’�(⌅✏Ë⇠fl®¶Ñ≈É-Ñh˛Ópåü‡

• ›�≥qË⇠fl®¶ó’åvM;AË⇠fl®¶ó’Ñ‘⇤�|
˛Ô0ÔÑ-�ù6/–Gh˛ÑÕÅPÀ�û�™�Ü≥qË⇠fl

®¶ó’(Âm⇢«ô h˛�sÑü‡⇥

• ∫Ü™��2êfl«⌦åË⇠fl∂À-�ÑÕÅ'�,v_�eÜ
i↵Æ⇠fl®¶-h˛�}å�ÕÅÑπ’2L‘⇤�I�Ü('Ë

⌃≈¡↵� UET-CPR�2êfl«⌦& H)(ÑZ’�h˛˝⇤Æ⇠
fl®¶ó’Ù∫*¿⇥

• ›���π’(��«ô∆h˛ÑÓp�™�Ü(Ë⇠fl®¶«ô∆
-� ⇣h˛ÓpÑ‡ ⇢

– «ô∆=‘Ñ∆¶

– êflåÓ⇡fl∆¶ÑÓp↵¶
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– q��(⇧TêflåÓ⇡fl«ôÑ‘ã

• �∑_’≈É-Ñ�(⇧2LÜ↵H¢��™�Ü UET-CPR(�(ê
fl«⌦å�˝ÇU9Ñ�BÑ®¶Pú⇥

�\∫ååvÑπ⌘�GÔÂÄÂ↵i↵π⌘|U⇢

• P�Ù}ÑÆ⇠fl®¶ó’�û�ó0Ù⇧ÊÑ!ãh˛�&ÙÒe0¢
v⌅⇧!ã-�ÑÄÁåÁ��˝ ÇU09ä!ã(��≈É↵Ñ®¶h

˛

• ›�êflåÓ⇡flÑ«⌦ç��†⌦Ô◆Ù⌦Õ�û�Ù0˚0œË⇠fl
®¶OL�(��«ô∆⌦÷óÙ�ÙÑPú⇥
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