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Abstract Collaborative filtering is a recommendation method to predict the missing ratings from target users to
target items based on the historical rating data of users similar to target users or items similar to target items.
Collaborative filtering is simple and usual, but its performance will degrade seriously when the target data is
very sparse. Cross-domain recommendation with the help of auxiliary data associated across domains with target
data is an effective way to solve this problem. Most existing cross-domain recommendation models suppose that
different domains share a rating pattern completely, which ignores domain-specific rating patterns and may
result in degradations of the recommendation performance. In addition, many models transfer cross-domain
information based on a single bridge, the positive transfer of which is insufficient. In particular, as far as we
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know, no model has utilized the shared rated pattern of items for cross-domain recommendation under the
premise of considering domain-specific rated patterns. Existing cross-domain recommendation models ignore
that the shared rating patterns may have different focuses on users and items, and always only utilize the rating
pattern of users. In fact, the rating pattern of users focuses on the interest pattern of users, however, the rated
pattern of items focuses on the popularity pattern of items. Therefore, we propose a novel triple-bridge transfer
(TRBT) learning model for cross-domain recommendation. Firstly we extract latent factor and shared rating
pattern of users as well as latent factor and shared rated pattern of items by collective factorizations on rating
matrices, while considering domain-specific patterns and imposing similarity constraints on latent factors; Then
we construct adjacency graphs utilizing clustering information contained in latent factors; Finally we predict the
missing ratings jointly by user-side and item-side triple-bridge transfer learning based on shared pattern, latent
factors and adjacency graphs. During the triple-bridge transfer, the interactive information between users and
items is transferred based on the shared patterns, the feature information of users and items is transferred based
on the latent factors, and the adjacency information of users and items is transferred based on the adjacency
graphs. We highlight the different focuses of the shared pattern on users and items and utilize the shared rated
patterns of items for the first time. Our proposed TRBT model increases the positive transfer and meanwhile
reduces the negative transfer. Furthermore, TRBT model not only can transfer useful cross-domain information
of three different types, but also can choose transfer bridges and adjust transfer weights of different bridges
flexibly according to the specific situation. Although TRBT model may seems a bit complex, the core algorithms
of it can be solved by iterations with a small number and converge with a fast speed, so it can be applied to
cross-domain recommendation under the environment of massive data in theory. We adopt both mean absolute
error (MAE) and root mean square error (RMSE), which are two popular evaluation metrics for collaborative
filtering recommendation models at present, to evaluate the predicting accuracy for missing ratings of different
recommendation models. Extensive experiments on three public real world datasets demonstrate that the
recommendation accuracy of TRBT model outperforms several state-of-the-art recommendation models.
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U U J szym3T+@¢%+%gu
Z0 (U[B,BNT)V[B,BT +4,U +,LU
(18)
B 1 B A SE HT R

AU, ARV

T RV[B,BT +2Z0 (U[B,BNT)V[B,BT +

(Z0 RYU[B, BT+ AV, + % LV

V «V \/ —r .
(zO U[B,BNV ")) U[B,B]+ AV +x LV
(19)

U™z RV +4,8)

B(—BD\/ -
U'™(z0o [UBV, )V, +U™(Z0 [UBV,])V, + 3,B
(20)

B'e—BT}J U™ (Z0 Ry .
UT(Z0 [UBV, )V, +UT(Z[ [UBV, ]V,
(21)

TR, (EHES B AIB (U L FE

ALV =V V{1,

HAvi =v(,1:D,), V] =V((D,+1):L)
ZHEERIITI AR, FET R 18 - 21

WUEAREHU , v, BB, FfERX (17)

() H AR BRI H O, K B TR, IS 240, WSk

w, |AEU , v, BRIB HMESHEHAU, , V.,

B, B, , 4R/=U.[B,, B N, NHFImHTI

DVE 73 FE R o

5.3.2 T H i) = JohriE s>l

R, F1 R &AL I B MBI -, &
1% BRFE — 30 0 H #P o8t It s—3)
T H PR AT T B AR L 000 H #
s SY , WIERT U AV, , SFHEEW, FIw, i3k
IT=TerE R >, BAsm A B
JWﬂwofﬂZD(R_U[“le”ﬁ+AJWJ_UHh

2 IV Vol +4, 1 =SY [ + 7,6y + G, (22)
i3 A | 7 R AN R, SESEAO F BT AR, 46
B 1 25 RARKS R, B IO H BB Gy
G, . U AV 158 SRR (D5 70, 7y, A0 A
R B, 9 IEMIAC S, PR B3 1 A R k40,
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=

5780 A7) MR, RATRMTT
FEl (22), 153 HFFRE O, ISk ERF A& U
Vo, LA RE, aEhdlu, s V. 1 R, A
R =U, [, 1,V > T H i 0 000 53R R

5.3.3 BRRTE T
4 R” RN AR R BTS00 F R, )
R® =wRP + (1-wW)R]» we[0,1] (23)
X w LG R E, TR B ST OIS L
AR S ST I LB w xS R® AT AR

6 HHESTH

N T TP AL A L, TRBT B 73 51
SR T 10 7 P A AN H e P A
Forb R P PP R 21 P R S, T H
PP RN T 0 H (SR SRR AR T X
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PP R R IE R T AR A,
ROw/b T IR, M H, TRBT ARV T =0, A
IRET R Z P RBL A S S, E TR YE BRI
RGPS 7 LSO I A E
TRBT LAY [ A% 0 SR 5505 el 1 A PR AR AX
PUERS, AP SR 5. 1 F 5. 3 34 RS
B IPEER RIS — Nt . 78 TRBT A, I [H]
FRA EE S R =APER, BARUR:
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PR 2 A B e 1 B 1 N =R S £~ A |
O(KCM2+LCN2);

3) I =TT RS A% ST VT 2 T £ B 1]
HIENO((KM +K L, + L N))

Zr bl 45, TRBT 5181 & (1) i A 2 4% 2
O(((M +M K, +K_L, +(N+N)L)t+K.M* +L.N?) .
K, AL, 23 5l A R 38 A8 DR B AN O H 8 A8 R 1
FEREM 515, TRBT A5 AY 8 ik 55 23 i H bR vE
FE R BEATRELE, (75 K AL 2 BIFEEE M FTN ZER
M, BRI K <<M, L, << N o ARFE R0 R
R BT SR AR SR AR ALRE () 1) B R 4RO K BR L,
BN ZERRNRE. HHh, BAERFHEHH
= ICHRIE S 5 ) AN A8 R b 25 AR IR AR B AT
PLHATACEE ., [RUtES E TRBT FIAY a3 & 2 KR
B 1) 5 U

NIIFRATRT TRBT ALAY 55— EEAH I (1) S A5 Y
HEAT EAR RS EL A #T -

6.1 TRBT #5BIFE%T GMTF #EU%0 CBT[16] 4% 8!

GMTF 28 B B — 4l ik AT Py [F) 3k B HE R, 4
H bR 208 JE 5 F B I T i HE TR M R K R B
CBT AU TRBT A7 38 ok 5 M4 i e H A Bk
PEIRG B A 8. CBT AR TP B AT iE#S
20, ABBEA RS AL E MR, 2
W T AT R PP 022 5, AT RE S EUE E M UL
. JF H 22 T PP RO P A E A [
#H, B R AR FVE S B . TRBT A4
102 [E AU B R [FIS, e ) SR B L = g P
PRI B P8, R T = o AT
FeiE3], M CBT A, R ESUSIERELH
AER.

6.2 TRBT #RBIFEXT TWBT 1R E!

BAVEZIIBTER THRE, AR84: E i DL
43 T I AE BAE RS = AN 7SR AT TRBT 45574 i
TWBT R EAT X . BRI BT in T

® TWBT 7Y B 5% 4l O 20 S0 B HEAT = S0 00 i
FEHEHGEAEIR T TRBT AL H bR 20 R B Al
5 B VP 23 H R AT SR o R IR SR HUE 7R R
MG, AUE L % R AT A A s>
LR, XA R P BT AU 23 . ARG
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W& AE R 75 B bR vF 20 55 B 18 78 R 7 5 A
L ELEE AR, DRI 5 A P R A AT 1 P DL
VRS AE BRI .

® TWBT #EAIIKET P T4l 7y H P s H 2
5] FRIARBUBE $5 5 0 8] 1, FEAis AU A
SFTALE B P, TWBT BB Jg: Wi
AR PAEFIN A P 1) P Ba L&,
M 2XPRASFH AL, AHUEE IR A 1 BN
PN R AL, ARBUEEN 0. [FIEE, TWBT
A 5 LI Z (B RARABLEE o 15 P IR/ NHE LA
e, PIIRSSEH 7SI H 2 R AERLIE
RARAUER, P /NG SEH P SIH Z A A
L6 R, 17 H TRBT REAGH A A P
I H A —ANG B PR e ME, BH
78 2% FE B FH P B H 2 8] BE B o A AN Y
5o FAMTE R B0 H 1) P A48 A ik
FRLLIE B, TWBT A7 75 44y i AR 42 1 L )ik [ia]

ZPE N O(K MP+LN®) . 1fif TRBT BEAIfEAE &
Iyl R CL e P O H T T RS,
A — /N 28 (R B P B0 H T R A 2 A L
. IR T 1, TRBT A2 7@t
WHE P EIFET P a4k fte Mk &,
FLrp ARSI FH P 8 H E Bl B R A R K
MR, 1 H A P e H R R E RO s T
PEIHEER T, T RZAHME T AT
FERUX S T AAE B IR AIE 408216 . TRBT #EAUTE
FoidE A B R OE R B R EA
O(KM?+LN?), 4£F TWBT A7, [K A b
TWBT A7, TRBT 15574 e T J7 (i H 5 A 8oty
R EE I

®  TRBTHLAYLL TWBT A AY % | —FhfE BB
LRI PR AR E I H B i, e
POl TR S E = B S A O - O Wi
SURAE BT, FimitEEZARAER.
i H, PR RN 00 H gl i e Ik
BEREMEE, WERE, ME T ARSI H
JAUEI H 2 [ 1) E B P AR, TRBT A4 m] i
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FREE: —FHI T 15 GUIHEAF RS 7 ST B 9

Lity EIRES TR A4S, XS TWBT #2244, TRBT
H5 R e M B PP 0 R R SR R 5 H AR PR R B
FHACUEL SE HERA AT AE DR 15 fESE 7 (8 HLSE A Rt
EARERIA ;B AR, AR I T B
P A s TS BB IR, MU AEERS
E2AMER, mHAEH ROE M T M 5 H AN
EEEE.
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7.1 RS
FATEE T = F B s Al B kAT S
CARE R

® \MovieLens1OM®: 3% 10000054 ANFE4y, H
71567 N P %F 10681 # BTV Sy, ¥4 BA
ARG E, AN S B

® Amazon®: 15 548552 ANAN[RIZKAN A S i TG Ek
WAV EE, HP i 393561 AEAHM
19828 H LR, PR AN 1 21 5 Yl N 1840

® Book—Crossing®: A% 1149780 MiF4y, Hi
278858 /N % 271379 A B Fk AT VES, Y B4
M1 B 10 YN R

7.2 XfEERBY
TERERL MR 4, FATE L MNEER _EXF TRBT

PR 55 CBT, GMTF, TWBT S5 R HEAT T 6 LL Ay #T, 1)

BT TRBT BMRH, TFHIFRAILREERS TRBT YL

CBT, GMTF, TWBT S5 A4 34T 5256050 Ll

® CBT BEAU[16]: —Fhouidh it s Amsk b [ ik Jre A
A, Ak (] 58 A = AP, IER]
FRRZ IR B ARFE IR L Z P850, 4R
Ja ST A A AT B AR (5 Rl

® GMTF EAI[17]: —FpdtF o —430dsk i B 1E 0
AP R AR, 2SR 401 3R A4

®  TWBT ARAY[18]: —FhIL T-yE:E K FAH LU
BEATIE R 5 ) (MBS AU P [ A Y, 723
4.2 FArEA A,

® TRBT Fi7AY: FRATHEH HIHiAY

7. 3 7N ERR

Iyt iR % MAE (mean absolute error) A1)
TIHRiIRZE RMSE (root mean square error) sepaff
i PG B [Fl i SR HEEE R RE ) FE bR, b RMSE
X KRR ZE LU, T MAE X /MR ZE IR B EL

@ www. grouplens. org/node/73/
@ http://snap. stanford. edu/data/amazon-meta. html
® http://www2. informatik. uni- freiburg. de/

cziegler/BX/

UK. CBT, GMTF, TWBT 2RISR MAE $5 ok
RMSE $R bR APl V70 T AR 1, DRI FRATIE S 6
HOR B AR PG 25 AR (OHETERG S, MAE AN
RMSE F5E S5 A
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MAE::EET?—T—— (24)
E
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E

ZH T, | RoRlRP o AR, ¢ RN ESLVPA),
r* Rl i Y R RS B0 r B TOME . Bl
] MAE 2%, RMSE {3 T8 = IHEERS JE

7.4 BEEERSWHER

% C AR PE D HiRE, 4 1(C) £ C MELE
B, B C H MW TEC FRTE WAL,
1(C) /MR C BB . 4 C(, 0y, 0 J,) R
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C(i,:i,,)) &~ C 1y i, B i, 17 41 Bl 1) + 505 B
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BTAIAE Amazon FIREFIERE 2000 AN 4T
2000 HEHLEZAN 2000 A B VP FdE, AP
AR BE A 25 MFSy, HATRA 4D
A RA, Hodb RA(2,1: 2000) i3k FH % L HOPE 47
WEEREN 2. 03%; R*(:,2001: 4000) ik I /5ot & 45
ISy, ZEEERE N 1. 75%. £ MovieLens10M Z(3E &
HgEdE 2000 AN FH 76 2000 H#5 HLES IOVE A0 s, H:
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BE SN 13. 6%, £F Book—Crossing fE£E ik
#2000 4 H X 2000 A VR B, AR
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BN 31.2%. N T ABITHILERAGEE, A
X RA, REFIRY PG — AT IH— 14k, Ml
53 FROBERFF— 3o

BAMET RAWE BAREDHEFE R, JRBENLIE
HUR A 80%f3E T iIlZk, 1A RY, R 20%H
PRI, A RY o FEUIZRAERE RO HHEEHLI%
EUAS A S SR B B T, IR, , Hdp A
R ISP 505708 5, 10, 15 Al 20,
XN R EEBEEE I(R, ) 739 0. 25%, 0. 5%, 0. 75%,
1% XFFAFNR) FHING, FAVEEXRBENLERE
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h=t=k=r=a A=r=4=n=0.8
i 6, 3R RAIR (M EABE, 0,75 R AR, )
GUHEA. M0 Mo, RAKN 0 K, 4
6 . SV B
Tog HOMOFRN OB, fw= .
B AR, ARSI EE AT E, 4

Y __A 5
A 6,+0.01’ A 92+0.01°%*%Mﬁ15)\u1£/

BRI G A R A, B A, RE, RATEET
£ {0.01,0.1,1,10,10Q 4= ) A% HE R A, A A, H
{8, 5 JE B i 145 R AT L. AR S B AY H,
K, AL, 7030l 973 i R Ja 49 3 i F P BRI H 58
KRN FE—EVEHN, K, BLL B8R, MAE F1
RMSE /)y, (HIEFRATISAER 704, e 138 n 2
—ER/AN, FAEA MAE DL A RMSE ASFEA B AR
b, MR RRA S E . FRATIE SRR 15 31
FEMERIATRT, BT ERA, F—iE:
K, =50, L, =85. #4ME TRBT fifdrpr, L]/
P S I H K% D, < (0,85] » FLE I H B
Pt SY M P SR8 %0H, € (0,50] - FIHIFRATTVE
AR REANF VAP ESE 0, THERE O, Al
GRS RE I(R,) R IHETEREFE .

BATE T RA (1 L VE 2 R 44 H b
P AERE R, AT RSN R HER

4 R =R"(1:1000,1: 2000) ,

R, = R*(1001: 2000,1: 2000) ,
R, = R*(1:1000,2001: 4000) ,

K9 =0,=1. 7F TRBT A, HUD, =49,
H, =31, AFEMALEAFE I(R,) NI MAE 415 1 Fr
7> RMSE WIER 2 FioR:

W=

7 1 MR MAE (6, =6, =1)
I(R,) | CBT GMTF | TWBT | TRBT
0. 25% | 0. 9024 0. 7435
0.5% | 0.8578 0. 7051
0.75% | 0.8141 0. 6813
1% 0.7917 0. 6682

1. 0296
0. 9543
0. 9095
0.8774

0. 8520
0. 8016
0. 7625
0. 7386

R 2HEEHEFRRISE(G, =6, =1)
I(R,) | CBT GMTF | TWBT | TRBT
0.25% | 1.1876 1.0107
0.5% | 1.0921 0. 9543
0. 75% | 1. 0240 0. 8967
1% 0. 9469 0. 8454

1. 3352
1. 1564
1. 0652
0. 9874

1. 1356
1. 0463
0.9735
0. 9153

4 R =R"(1:1600,1: 2000) , R, =R" (1:1600,) ,
R, = R"(401:2000,2001: 4000) , It 6, =0.75,
0,=0.136, B D, =43, H_ =20, REBAEAF
I(R,) T MAE &1 3 flrzR, RMSE 415 4 FiR:

F< 3 EARHETFY MAE (6, = 0.75, 6, =0.136)
I(R;) | CBT | GMTF | TWBT | TRBT
0.25% | 0.9786 0. 8143
0.5% | 0.9115 0. 7829
0.75% | 0.8753 0. 7514
1% 0. 8569 0. 7296

1.0137 | 0.9658
0.9236
0. 8815

0. 8687

0. 9468

0.9024
0. 8832

2 4 EBELHEFERY RMSE (0, = 0.75, 6, =0.136)
I(R,) | CBT | GMTF | TWBT | TRBT
0.25% | 1.2032 1.1835 | 1. 0621
0.5% | 1.1146 1.0987 | 1.0137
0.75% | 1.0298 1.0493 | 0.9536
1% 0. 9635 0.9781 | 0.8942

1. 3241
1. 1602
1. 0539
0. 9806

4 R=R"(1:1250,1: 2000) , R, =R" (1:1250,:) ,
R, = R*(751:2000,2001:4000) , ItHf 6 =0.4,
0,=0.136, LD, =34, H_=18, AFEEMEA[F
I(R;) FHIMAE 15 5 7, RMSE 41 6 Jii7s:

% 5 ELEHEERY MAE (6, = 0.4, 6, =0.136)
I(R;) | CBT | GMTF | TWBT | TRBT

0.25% | 0.9930
0.5% | 0.9348
0.75% | 0.9006
1% 0. 8921

1.0273
0. 9552
0. 9044
0. 8836

1. 0157
0. 9691
0. 9315
0.9172

0.8319
0.7916
0.7713
0. 7358

6 ERELHEFEAY RMSE (6, = 0.4, 6, =0.136)
I(R;) | CBT | GMTF | TWBT | TRBT
0.25% | 1.2673 1. 1054
0.5% | 1.1209 1. 0316
0. 75% | 1.0455 0. 9846
1% 0. 9763 0. 9379

1. 3296
1. 1537
1. 0604
0.9731

1. 2608
1. 1325
1.0728
1.0141

FATHFET R b i B F PR 2 B i 3 H AP
SIFERE R, BEAT S U B HERE
4 R =R"(1:1000,2001: 4000) ,
R, = R*(1001: 2000, 2001: 4000) ,
R, =R"(1:1000,1:2000) , IkHf 6 =6,=1,
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FREE: —FHI T 15 GUIHEAF RS 7 ST B 11

WD, =51, H, =34, REBMIEAFEIR) TH
MAE 1% 7 ff7~, RMSE 113 8 i

R 7 EIBHEFRIMAE (=6, =1)
I(R,) | CBT | GMTF | TWBT | TRBT
0.25% | 0.8743
0.5% | 0.8201
0. 75% | 0.7997
1% 0. 7531

1. 0472
0. 9638

0. 8205
0. 7813

0. 7026
0. 6764
0. 6621
0. 6359

0.9224 | 0. 7582

0.8873 | 0.7204

%8 EIBIEEE RUSE (6, = 6, - 1)
I(R;) | CBT GMTF | TWBT TRBT
0.25% | 1. 1355 0.9418
0. 5% 1.0274 0.8762
0.75% | 0.9843 0. 8512
1% 0.8916 0.8129

1.2879 | 1.0622

1. 1187
1. 0276
0. 9557

0. 9654
0. 9256
0. 8743

4 R=R"(1:1200,2001: 4000) ,
R, =R®(1:1200,:)) , R, =R"(801:2000,1:2000), it

i 6=
3

FEARLAER ] I(R, ) N MAE W1 9 Fiz, RMSE 03
10 fros:

) 02:0.3127 E:XDC:337 HC:26’ Z_\‘Ia

% 9 ERHEFRY MAE (6, :%, 6, =0.312)

I(R;) CBT GMTF TWBT TRBT
0.25% | 0.9671 0. 8204
0.5% | 0.9006 0.7812
0.75% | 0.8842 0. 7627
1% 0. 8635 0. 7283

1.0395
0. 9607
0. 9231
0. 8862

0. 9862
0.9315
0. 9006
0. 8891

7 10 B3 #EFEHY RMSE (6, = % 6, =0.312)

I(R;) CBT GMTF TWBT TRBT
0.25% | 1.1902 1. 0385
0.5% | 1.0571 0. 9633
0.75% | 0.9788 0.9012
1% 0. 9237 0. 8565

1. 2803
1. 1354
1. 0249
0. 9502

1. 1867
1. 0942
1. 0064
0. 9441

4 R =R"(1:1000,2001: 2500) ,
R, =R"(1001:2000,1:500) , R,HXH R®, XH R, 5
RAHAHFE, HE5RPWHPLEBIHSAES.
i 6=6,=0, B D, =15, H_ =10, AEFEMLE
ANFE (R, ) T MAE 413 11 ffizn, RMSE Wigk 12 fir

Y

% 11 EHHAE MAE (6, =6, = 0)
I(R;) CBT GMTF TWBT TRBT

0.25% | 0.9734 | 1.0641 | 1.0453 | 0.9375
0.5% | 0.9387 | 0.9925 | 0.9976 | 0.9089
0.75% | 0.9189 | 0.9618 | 0.9764 | 0.8906
1% 0.9023 | 0.9352 | 0.9531 | 0.8737

% 12 EPHEER RMSE (0, =6, =0)
I(R;) | CBT | GMTF | TWBT | TRBT
0.25% | 1.2495
0.5% | 1.1239
0. 75% | 1.0489
1% 1.0193

1. 2961
1. 1454
1. 0528
1. 0247

1. 2756
1. 1656
1. 0945
1. 0631

1.1953
1. 0882
1. 0246
1. 0034

F1-12 PSR ER: AERET MAE $545,
it J& RMSE #6845, 5 CBT. GMTF. TWBT Z#AUAHEL,
TRBT B (R 4H K 2 AE S A% O R #0 S s
AR AL, BR TN SO, TRBT LAY 5 1
R EZ AT KRS, XA
I ZAR /N e ZEE5 SRR, FHXF CBT. GMTF. TWBT
AL, TRBT AR 7Y AR E A R A vk b [0 3 i€ b H A
Bs M e ), ELAEEE AR B S L AR
I ENEE .

TNHBEATR 1-12 Fpseie s BT HERA
AT, MRS, JET SRR GMTE BLAY X}
H AR ECH (1) % FE R e sk, L MAE A1 RMSE JLT- 42
A KT H e, %45 R R, F 5B EE 7] o
36 H bR B0 PR 1] A, TWBT A5 P slami H
(1) EE B P A fURR, 4 & B FRAIKAS, L MAE 11 RMSE
PG R EE, ERBIAT GNTF BRI,
TRBT #AYF1 CBT AAYNSH S FEEABUKR, ANFET
TWBT B2, ‘AT A T e fsoe L iRk A7 iE
o). M EIOH e ESR, TWBT ALY
MAE I RMSE Lt CBT A BE /)N s 4 P 8t H i S
PERRIN, CBT #E7Y ) MAE A1 RMSE Eb TWBT A% 7 58
/Ins TRBT AR AR SR 185 L 755 = Jo i I BRI #
KEE, 7E&FhIEEL T H MAE F0 RMSE S f/h. 4%
R, R 11-12 fox, HHPEIH 2 EES
iF, TRBT R R4S 21 B R AR T H e AR MAE A1
RMSE 455K . JRT, BUist RGN ZRm BRI 2 S
0. 25%E LT, TWBT FE24f#) MAE I RMSE /T GMTF
B FEHE SRR B2 S IS TE R, TWBT A2
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LI H e EEN, RIS BS540
G EMN R E R AEE 2 N IEE R H2
M P I E SRR, EERRHEERES
AT BEMELLHERR IR, K5 BT, kiR
PP & B T 1A FISME BT R R E, w153
BH/INR) MAE AT RMSE.

B R RBATHE— PRV DA H (AR 465 TRBT
BRI HESERE L (I REA o BATVE FHER 1 X0 B 1) 556044
e, Hdrg=0,=1, JopIH R TR H 1
BRVESy, 42, =w=1, A4 =0, it D, K&k
X HEAERE 2 (B2 s i BRAROR A R, T R+ (1) 2k
W, A2, =w=0, A =1, #FitH, KL
FEREE R 1(R,) YW E N 0.5, HESHA
ET UM ES .

k&% D, 1724k, TRBT #5244 MAE 1 RMSE 433
i 2 FE 3 o, FRATTIRN N S0 e A A A [
SHKE T I MAE AT RMSE

0.95F TRBT | A
——TWBT
0.9t CBT |
—&—GMTF

MAE

0.85F

0.8r

0.75

0.7

0 £0 2‘0 :;0 4‘0 5;0 (;O 7‘0 8‘0 90
Dc
Kl 2 MAE B D, 7484k (6, =0, =1)

TRBT

1.25 T T T T T T n
—e—TWBT

CBT
12p —&— GMTF ||

1.15f

11f

RMSE

1.05f

0.95
0

£0 2‘0 :;0 4‘0 5;0 (;O 7‘0 8‘0 90
Dc
3 RMSE B D, 117254k, (6, =6, =1)

& H_ 17816, TRBT #2741 f¥) MAE 1 RMSE 4331
Wik 4 FE 5 s, FRATIE I 8 I e A AR A [H]
ZH 15 B T 1 MAE 1 RMSE.

0.95-

09r

MAE

TRBT
—o-TWBT
CBT
—— GMTF
5 16 £5 26 2‘5 3‘0 :;5 4‘0 45 50
Hc
&l 4 MAE B H, &4k (6, =6, =1)

0.8r
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0.7
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12F 4
—=—GMTF

1.15f

11y

RMSE

1.05F
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/NERIES L, TRBT A7 f#) MAE 11 RMSE Bt Hg #6730 B
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Background
In this paper, we research cross-domain collaborative

filtering recommendation, which is a hot and challenging
problem in recommendation systems for the past few years.
Collaborative filtering is a simple and usual recommendation
method, but its performance will degrade seriously when the
target data is very sparse. Cross-domain recommendation with
the help of auxiliary data associated across domains with target
data is an effective way to solve this problem. Transfer learning
is a popular method which can be used for cross-domain
recommendation. However, there are still some shortages in
existing transfer learning models for cross-domain
recommendation:

. They conduct transfer learning based on the rating pattern,
and usually assume that relevant domains share a rating
pattern completely, which ignores the differences of
rating patterns across domains and may lead to serious
negative transfer.

. They ignore that the shared rating pattern may have
different focuses on users and items. And they always

only utilize users’ rating pattern which focuses on the

interest pattern of users, but have not utilized items’ rated

pattern which focuses on the popularity pattern of items.

. They conduct transfer learning only based on a single
bridge such as latent factors or rating pattern, which may
not generate sufficient positive transfer.

In order to solve aforementioned problems, we propose a
new triple-bridge transfer learning model for cross-domain
collaborative filtering recommendation. Our proposed model
reduces negative transfer effectively, as well as increases
positive transfer significantly. Our main contributions are as
follows:

. Based on the similarity constraints between latent factors,
we extract latent factor and shared rating pattern of users
as well as latent factor and shared rated pattern of items
from auxiliary domains via collective factorizations on
rating matrices. By considering domain-specific patterns,
our model reduces the negative transfer efficiently.

. We consider the different focuses of the shared pattern on
users and items for the first time. Based on the shared
rating pattern of users and the shared rated patterns of
items, we transfer the interest pattern of users and the
popularity pattern of items separately.

. We extract the cluster information from latent factors of
users and items separately to construct adjacency graphs
of users and items. The user-side triple-bridge transfer
learning is conducted based on the shared rating pattern
of users, latent factors and adjacency graphs. And the
item-side triple-bridge transfer learning is conducted
based on the shared rated pattern of items, latent factors
and adjacency graphs. We predict the missing ratings of
objective rating matrix jointly by the user-side and
item-side triple-bridge transfer learning, which increases
positive transfer significantly.
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