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Eoidwiia—FrarrroyolitEs Ly, a—¥ra
VT Y OAWEZE DFMIZE DO WTEE I NS GEIX
22 i CikR3B) . UGCIZHET 57 —Xty h2AHWVT,
Kang 5 1% CPRec 7* state-of-the-art Fik% k[0 % HEfE
WETHDZLERLE (3.

CPRec DERAMIIRENZE DD, CPRec Tlda—
YOMPBEZHE R PIVERAWEERZ PUDEIZZD—Y
DATRY MLESIGT SND 720, ETIVOFRME
WIZRITZBE WO MEERH B, 722 21X CPRec iZE W
THEUMEENZ ML aeE>a—1%, FUAIEERY
MLVEROZ &i1Zh%. UL UBEIRTIE, HEEL
UTHEBLTWB = ADHEEED, AlEE L L THHELL
LTW3 EIEBRS 2. CPRec AMFRED MRE s O #EMIX
23 HITH L BRS.

AKFETIX, CPRec O OMEE MR T 720
ABCPRec (adaptively bridging CPRec) & \5 Fik%
ZET 5. ABCPRec TH, A —HIZ DD ML,
TROLLHELE L LTORENIHNIET 227 bLe, Al
fEZH & UTDBZRENIRIET H2RZ ML EFED. 72720
CPRec & IXERAR D, EFILOZMEE2EHD L7728, —
DONRZ MUETTRIZ M SIdEREI NS, 22—
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7 MVESUTEIZIME 53005 CPRec & 1ZEAD,
ABCPRec TI3HEH & L TOERE L AEE & LT
HOFLEEIZIE U T, —D2DRZ FILASE G AT
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—RIZAFHINTWAS ZHEEO UGC T —X kY %
W72 2HISEER % 47\, ABCPRec DHEENREE A CPRec
EEHEUIRFEOWERE IV EmNI 2R U &
D BARIIZIZBA T D &R U7z : (1) CPRec 25 2
TR MVEBRWCETLVORPME2EHDS5Z L DEH
M, (2) —9HEE - BlfELza v T UV IicEDOnWT
FHRING, 2—VOHEEHL LToOXKE L AIfEE L L
TOEB ORI IL U THEISHNIZHINZINZ 2 Z & D
A HE.
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AETIZE T, UGCH#iEIZH T 5 state-of-the-art T
£ T»H% CPRec [3] Dz T 5. IRWWT CPRec DR
BRIZENERIRT 572D DIREFIRIZD
WTHARS.
2.1 REDEH
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{ulueldN|ZS|>0}). UGC 2> Web ¥ —E' X T
i, BToavFrYiEa—VFitkoTAWEI NS 720
—DOUEDI VT UV ERELZ—Y (AEE) D%
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CPRec I3HE L L 3> T Y OMME (7S, ~:) IZhZ
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RER2: witkoTCAMWEI NV T VY RFH 21—
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TV, ve & vk BELT R RETHS.
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F17—K1vy bOKEEHER.

Flickr Reddit
=Y (U 99,060 52,654
74T L (|Z)) 557,286 | 336,743
T AT LHER (C,1TH) 11,256,457 | 1,786,032
HEHEDOHEE (IC|/|U]) 99.83% 99.60%
RlfEE DEIG (1P|/|U)) 40.82% 87.24%
HEEFAWEEDEIG (ICNP|/|U|) 40.65% 86.85%

31 F—%tvh
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¥%. B4lECha & [6] L& > TABIRTWS,
2006 4E & 2007 FEICEINZT —X 2y b EE
MUz, AEBRTIE (Bv—72] 23 2558H%
aAVTF VY DOHE L ART. Flickr TIEAGHEIX
— ANDZ—=HIZLDEIEIHhTWS.
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INEZETOALY Re, ZhoicEEasn4
TOIAAYIREENTWVWS., KERTIZAL Y
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FEZEORDODOSNBETINNTA—RDIEEMEE ED
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FHR 10 RGO =L, HE - 10 A K
DAVFUVERWZ, £1IZT—Xt v b OMKEHER
ZRY. RILHDELHIL, HEEDHGIZ=DDT—X
ty bTIRIERILEUETH 5. — 5T, AEEDEILE S
K OB HHAIESE DEIA X Flickr T—X &y D HH
Reddit 7— Xy b XD HBEVWE WS RHELH 5.
3.2 L®FE

Kang & [3] LAk, ARBRTIEIUTOR-Z 71
VREE WS,

2https://www.reddit.com/comments/6607 32
SUGC %> Web ¥ —E A LT, 2—FFHLDY - v -
Ry b T — 2 A AHET B & 1XIE 57\ 2eb, SBPR [7] %0

e PopRec : ZOFEIFNA—=YV F T4 XX NTWiHEN
FETHY, 3V TV EALEDEHWVIEIZZ > *
VIEE. AVFUYDOANREREDAVT UV R
WU —HHET 5.
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FIFIZHIWT, 2a—HFoarvFrVizxd 5iFas
ERAIZEL D RD B,

‘/T\u1:a+/8u+/61+<y13771> (9)
Vista [8] : ZOFHETIE, F2—FIFIvs & ¢y D
TODEERY MV ERD. T 3R KD ERE
na.

Tui = Vg, Yi) + (u, p;)- (10)

DED, ZOFETEEEEwvLIYT Y i DI
MaERDBERE, HEEH u AIEE p; DMMEZEHRE
TEBT, [FHTDuDRT MULDRER S,

Factorization Machines (FMs) [9] : ZDFIET
i, HEE - AEE - 2V T VY OREFHEERE
95, ZIROZHEEMZEDI W, a—-Foar s
YT BRI TEZ 5N 5.
Bui = a+Bu+Bit By + v, yi) + (v, vp

u’ Pi

)+(vivp, )
(11)

PAEDOR=ZF 14 VFETIE, X7 MVENZHRIITESE
L, REBRTIIUFOEEKRFESHWS.

e CPRec [3]: ZOFEIX UGC #EEEIZ B 1T 5 state-of-
the-art FIETH 5. FHEOFMIE 2.2 Hi TR 7=,

NBCPRec : ZOFETIE vg & vE ORIZHITZ
BT, DFED, a—HFOIV T UVITHT B4
AFA 3Tk vkdon, HHEHKIIA512E0 5
Z 5N 5. NBCPRec iE no-bridging CPRec % &k
T5.

FxDRETFFEIZEHLCE, g2z 712k k
% FiE%E ABCPRec?!, X8 i1zk ks Fik%
ABCPRec™? ¥ %7,
3.3 FHEEIE
FI—=PIZOWT, IF 2 b —=2v 7T =%, N
F—=varvir—& FANT—=RDEDIIHNTE. FD
7zbiz, A=V uHBELzar Ty Ohins, N
F—vavyF—x (V,) EFANF—% (T,) & 147
DI VRLTERUZ., BRIWRDo7HEI YTV

A—HYRALDOY =¥ v VBRI ED K FRIZIRFE L UTHWR
V. REEBRTIX, UGC OfEERE2NET 572010, 2—F0_D
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£2 RZMLORTE K OfE% 20, 50, 80 & L7z& D AUC DS R, PopRec, BPR, Vista, FMs, CPRec,
NBCPRec, ABCPRec™* * DHFE#% (o= 0.01)

EENENT, L, x, x b, O, MIZEDRT.

Dataset | K | PopRec | BPR | Vista | FMs | CPRec | NBCPRec ABCPRec™ ABCPRec™?
20 | 0.6737 | 0.8698 | 0.8436 | 0.8764 | 0.8563 | 0.8839 tixxéh | 0.8861 fisxde | 0.8900 fisxded>

Flickr | 50 | 0.6737 | 0.8772 | 0.8435 | 0.8822 | 0.8664 | 0.8937 tfsxéh | 0.8949 fisxde | 0.8992 fixxd>d
80 | 0.6737 | 0.8777 | 0.8394 | 0.8810 | 0.8712 | 0.8955 fisxde | 0.8988 ffsxde | 0.9028 Tisxdl>
20 | 0.6392 | 0.8713 | 0.8829 | 0.8960 | 0.9138 | 0.9209 tiskde | 0.9296 Tk | 0.9340 tsxd>d

Reddit | 50 | 0.6392 | 0.8721 | 0.8918 | 0.8999 | 0.9201 | 0.9302 tfsxéh | 0.9346 t1+xh> | 0.9391 fixxd>d
80 | 0.6392 | 0.8709 | 0.8946 | 0.9001 | 0.9211 | 0.9322 tisxée | 0.9376 T1+xh(> | 0.9408 tisrde>M

VIFEThL—=v 7 5F—% (R,) & UTHAL.
DEEEEZLI—VFIZOVWT5EHEDIRL, 54D L —
=V N F=vay - FAMDT—XOMEMERL
7. 3AFITIE, INS5HOVEEEEERET L. F
LT % LR T 2B O N2 D728, 540 b
L—=v 7 - NYF—vayv - FAMDF—XOMIZE
TOFECTHALUEDORMBH L. 3T Y OHEFERE
IFIRATEINS AUC (Area Under the ROC Curve)
12 & D ETiid 5.

1 1
AUC = — S —
ul 2 .|

-
—

> 6@ > Fuy). (12)

(4,5)€Du

D, ={(,§) | i€ TuNj EI\LI} THY, 6(2) ¥ 2
WEHOLE 1, DL E0DMELD. WINDFIET
%, Adam optimizer [10] Z i\ 7z Tensorflow [11] 12 &
DETNDNTA=REEH U, ERMEHD N A /S —
X5 A —Z DAl {0.0001, 0.001, 0.01, 0.1, 1} Dt
S5N)F—Ya YT —X%&HWT AUC OB S ol

HHOEERLUZ., ZHERIT001 & L7
3.4 ®BR

£ 212, NI MVOWRITLE K Dffiz 20, 50, 80 &
L7z EDZRFIEOREE T 2 —F —OREDFER & 3
2R, v & vk ORI Z 727\ NBCPRec T
HoThH, WTFNDOF—Xtw b TH CPRec ZHEIZ
EEZEETH 7. ZOFERDS, CPRec /5 I TR
7 MV ERL ZEIZUGC DHERE2WET S5 2T
FHTHDZENEZ, NN RQLIZHT BEZE &4
%. %72, ABCPRec!"! ¥ ABCPRec™™ 13412, CPRec
& NBCPRec & D H#EEREIMENT WS, Lz -T
RQ2IZH T BEFIZRDEE Y TH S : CPRec D & S
IZ OO E AR EIZRIG D1 720, NBCPRec D & 512
ZOoDKREE IR DT R, B LDE, WIS
I ve L VP XD 5 N EHTH 5.
WFNDTF— Xty FTH, £TD K T ABCPRec™
78 ABCPRec™ % E[AloTW3 Z ¥ H 5, RQ3 T
AEZIIROEDITHS  A—FDOHELEL L TOMNE
CRMEE L L TCOMBEOHELE 2GR T 21, 21—
PREWEL - v T U VIZEREH TG 2 D AR

% 3 sim(u) DIA.

a1 S
Flickr  Reddit | Flickr  Reddit
sim(u) =0 | 62.70% | 13.77% | 62.87% | 14.17%
0 < sim(u) <0.1 | 36.46% | 47.34% | 2.93% | 0.82%
0.1 <sim(u) <02 | 0.54% | 10.68% | 4.92% | 1.79%
0.2 < sim(u) <03 | 0.08% | 6.54% | 5.25% | 2.67%
0.3 < sim(u) <04 | 0.02% | 4.39% | 4.78% | 2.97%
0.4 < sim(u) <05 | 0.01% | 2.93% | 4.53% | 2.76%
0.5 < sim(u) < 0.6 0.0% | 2.93% | 4.711% | 5.56%
0.6 < sim(u) <0.7 0.0% 2.2% | 4.07% | 6.21%
0.7 < sim(u) < 0.8 0.0% 1.63% | 3.21% | 6.79%
0.8 < sim(u) < 0.9 0.0% | 1.33% | 2.02% | 9.68%
0.9 < sim(u) <1.0 | 017% | 6.25% | 0.72% | 46.59%

FRTHS. 81 X0 B2 DHPERTWY
LDWEFNT 5720, SRFTHES N ZHUE DM
DPHELZITRET. WINDT—XEy hTH, vg
& vP OFICHIN Z Rz 2w —, 20 sim(u) =0
DA—FOEEIZHEEHTIZIEA L THo7/2. KO D
I—HIZEL T, K1 TIRED O —F D KED
0 < sim(u) <0.1IZAMHLTWS. ZHITH L TR
2 TlE, Flickr T 0 < sim(u) < 1.0 OHEIFHIZ b 5 F2
ERmER AL THE D, Reddit TIEKEDD—Y
72309 < sim(u) < LOKAHLTWS. 2D, K
B2 Tl ve & vP ORI X Y iRWHERIASEYIZ 2 5
N, TNPHEREOUE OB s EZOND.
ZORWTIMAT, US & UP ThFNIZEENE1—H
DAVT VIS DAL T 22 H AT
DEIfTFoT. USTHDBHEWE - A—HFDRTIZD
W, MADI—YAH@EICHE L3V T Y BEK
ATz, ZOEPIKEVIFY, lia—VOHEEa T Y
2N B ADBELELREN & 2RSS, Z DML
EETOI=FDOU I L TITo7z. 51T, UPIZD
WCTHFARROMIEZ U7z, X 212 Reddit (2815 1—
YRTOEEDONi%RT. U OGS, 2a—FRT
D>3L, BLE¥HDOI-—FR7FHEOaI VTV E
LLHEBELTWERR o7, UP DG, HEoa v TV
VEEEHE L TWA - RY (1 —FDar



Web AU TUDC IV REAVASHLAVHESTF

50%
40%
30%
20%
10%

0%

| = ut
I I [ L |
0 1 2 3

4 5 6 7 8 9 10 >10

2 Reddit T—ZXt v MIBIFE2—HFRT7DEEDS

fi (xWh: ZAoa—Fizk-sTHmicEgEshiza
VTV DR .
T VY DI ADFEBE BN E N2 L 2 BEK T 5) O
HHFUS XD BHEIZEL, 14.06%5 DL —F T hi L
WOaAYTF Y E ILEALEHEEL TW-. FEEROMH
& Flickr T — Xt v hTH RSN, LEDKER»S,

C

ZEENSZI—FIXHE IV T VY DIFAIZEL T
y%[é# WOIZXH LT, UP IZEEND I—HIZHE
AVTFUYDHFABPYUT NS ZEDDNE. DD,
UP TR R & TR 2 O DS & 0 (ZHEME O @il
EMABZENTE, K1 %2 EE2FERE -7z,
12, PopRec ZR\W22FiED AUC OH#RE %X 3
IZRT. WIhOTF—& &2y b TH, ABCPRec? 134T
DEKIZBWTHREEWEETH>7-. T DOFEE I Flickr
?—&tvbeﬁ%O@t%lmwu?—atyb
TKM60 D& ZITIFIF ERITELZ. FMs ik ve &
vP ONCHIFZFRTT, POHEEHL I YT VY OM
B X, HEELAEEDHMEZERB LTS 20D
ST NBCPRec ¥ ELLTWS. LA L, NBCPRec D
WEIXHEIZFMs 2 EH -7, ZOZeh s, UGC H#E
BIZBWTIiE, avysFry alfegofmrE (X 11 do
(Vi VE)) BHEBURWADVNRNTHL L F A5, 3.1
HiT 7z X 512, Flickr T—& %ty MIAWEEDES
B L OHEEFRBEEDHAMED. TDOXIBRT—X
v FTlL, CPRec DIEIERN—AF 1 VFiE (BPR
BLOFMs) &0 bEho7z. THIZRHLT, Fr D

FEEFIVITVWTNOTF—Xty hTHHRHENIBET
HY, TOZLIFEBEETINVOHEBEEERLTWS
4 F&H

K%Ti I—-HOMEH L L TORELAIELE - L
OxEE=ZRL, FOHLEIZIN U THEIGHIZ =D
xd%ﬁﬁﬁiéUGCﬁ%?&%%%bt.%ﬁ@
FERIIREFEOEMAEZRLTED, FIZHERSRD
I—YPRAMELZa VT UV EHE LA —FHEEIZ

HEHUTHMEZHBETATENEGHTH 7. 540D
FHete LT, 2—HFD DD EDOBLLE % EE 4 5 B

12, TDI—YWRHEEBICBIEL-a VT Y DHAR
(172 ) T FANT—& (ZI7RE) 2FHTSE &

EE S

[%*BPR +Vista X FMs © CPRec 4 NBCPRec # ABCPRecl - ABCPRec™]
Flickr Reddit

0.905
0.895 A
0.925

0.885 o o o
S
0.905

WP
10 20 30 40 50 60 70 80 90 100

IZIE U7z AUC DR (x

0.945

oo 0o

0.875

0.865 oo
0.885
0.855

'y
0.865
10 20 30 40 50 60 70 80 90 100

M3 RZMVOWTE K O
i K, y#li: AUC) .

0.845

Wo 7ZIRRAE Z 65, fllicd, ZADT—FDAIME
FHL UTOEMEIZESNT, 2—YFHOAIEE R b

WZHIRIZINZ 27D & 52, H-wfNEzmzx -+
EOWES FEL TV,

S
AEFZED—ERIZ JSPS BHfAEE (17K12688) & L U JST
ACCEL (JPMJAC1602) D% %17 7-.

SE R
M. Cha, H. Kwak, P. Rodriguez, Y.-Y. Ahn and
S. Moon: “I tube, you tube, everybody tubes: an-
alyzing the world’s largest user generated content
video system”, IMC, pp. 1-14 (2007).
A. Wilson, H. Murphy and J. C. Fierro: “Hospi-
tality and travel: The nature and implications of
user-generated content”, Cornell Hospitality Quar-
terly, 53, 3, pp. 220-228 (2012).
W. C. Kang and J. McAuley: “Learning consumer
and producer embeddings for user-generated content
recommendation”, RecSys, pp. 407-411 (2018).
J. Bobadilla, F. Ortega, A. Hernando and
A. GutiéRrez: “Recommender systems survey”,
Knowledge-Based Systems, 46, pp. 109-132 (2013).
S. Rendle, C. Freudenthaler, Z. Gantner and
L. Schmidt-Thieme: “BPR: Bayesian personalized
ranking from implicit feedback”, UAI, pp. 452—-461
(2009).
M. Cha, A. Mislove and K. P. Gummadi: “A
measurement-driven analysis of information propa-
gation in the flickr social network”, WWW, pp. 721—
730 (2009).
T. Zhao, J. McAuley and I. King: “Leveraging so-
cial connections to improve personalized ranking for
collaborative filtering”, CIKM, pp. 261-270 (2014).
R. He, C. Fang, Z. Wang and J. McAuley: “Vista:
A visually, socially, and temporally-aware model
for artistic recommendation”, RecSys, pp. 309-316

(2016).

[9] S. Rendle: “Factorization machines”, ICDM, pp.
995-1000 (2010).

[10] D. P. Kingma and J. Ba: “Adam: A method for

stochastic optimization”, ICLR (2015).

M. Abadi, P. Barham, J. Chen, Z. Chen, A. Davis,
J. Dean, M. Devin, S. Ghemawat, G. Irving, M. Is-
ard, M. Kudlur, J. Levenberg, R. Monga, S. Moore,
D. G. Murray, B. Steiner, P. Tucker, V. Vasudevan,
P. Warden, M. Wicke, Y. Yu and X. Zheng: “Ten-
sorflow: A system for large-scale machine learning”,
OSDI, pp. 265-283 (2016).

[11]



