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W ZE: BIRIEH (cross-domain recommendation, CDR) i if:% 55 1 48 B3R P 69 8 7 - B iE o AE X A% 2 4
Fak o BATECY 6930 0 4 5, AE A BB IR, L F RAFE| 732 AR50, % 4K CDR SRR P RR 698 T £ 35836 7%
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(graph convolution network, GCN) 7T L4~ #) F) 7 & 18] 49 K 3K, R G F 69 ot K, KT GON #9353 Rdg H 1245
1A EE T RN, BT R P T2 AR S 9 = L& TALH L, 5 B0 £ & 2T R E 63 5AE 50
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F S HES ) % BARIR GON, ¥ 3] 3h & 0303 FAFAE . A ARV A ) A& B 254, JF 38 33 ARk 0 P 3R 3%, 3R
PR AT P ARk, *k%%ﬁ?*ﬁ%ﬁﬁﬁﬁlﬂ . &)z, KA % B RS (multi-layer perceptron, MLP) %t | 7 -0 B R A3
A, R BTN RSy, BT 5 12 A8 A ARA A 4 LB IR B et R R I, FTIR 77 ik R &34, &£ MRR. NDCG.
HR 4847 £ 31T 3R 5 5.47%. 3.44%. 2.38%.
FEEA: SIS, B F A, B AR AR RE; HEHRAE
FEESY S TP309

s R R BB, ETE, ArfE g, EIT, (R RO E A AENLHIK 2 B IR GONBE ST, B2k, 2025, 36(9):
4327-4348. http://www jos.org.cn/1000-9825/7289.htm

H 5] F#% 3K Qian ZS, Wang YH, Yu QY, Fan FY, Fu TF. Multi-layer Recurrent GCN Cross-domain Recommendation with Pseudo-
overlap Detection Mechanism. Ruan Jian Xue Bao/Journal of Software, 2025, 36(9): 43274348 (in Chinese). http://www .jos.org.cn/
1000-9825/7289.htm

Multi-layer Recurrent GCN Cross-domain Recommendation with Pseudo-overlap Detection
Mechanism

QIAN Zhong-Sheng, WANG Ya-Hui, YU Qing-Yuan, FAN Fu-Yu, FU Ting-Feng

(School of Computer and Artificial Intelligence, Jiangxi University of Finance & Economics, Nanchang 330013, China)

Abstract: Cross-domain recommendation (CDR) alleviates the cold start problem by transferring the user-item rating patterns from a
dataset in a dense rating auxiliary domain to one in a sparse rating target domain, and has been widely studied in recent years. The
clustering methods based on single-domain recommendation adopted by most CDR algorithms fail to effectively utilize overlapping
information and sufficiently adapt to CDR, resulting in inaccurate clustering results. In CDR, graph convolution network (GCN) methods
can fully utilize the associations between nodes to improve recommendation accuracy. However, GCN-based CDR often employs static
graph learning for node embedding, ignoring the fact that user preferences may change with different recommendation scenarios, which

causes poor model performance across different recommendation tasks and ineffective mitigation of data sparsity. To this end, a multi-layer
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recurrent GCN CDR model based on a pseudo-overlap detection mechanism is proposed. Firstly, by fully leveraging overlapping data
based on the community clustering algorithm Louvain, a pseudo-overlap detection mechanism is designed to mine user trust relationships
and similar user communities, thereby enhancing the adaptability and accuracy of clustering algorithms in CDR. Secondly, a multi-layer
recurrent GCN consisting of an embedding learning module and a graph learning module is proposed to learn dynamic domain-shared
features, domain-specific features, and dynamic graph structures. By conducting iterative enhancement of the two modules, the latest user
preferences are obtained to alleviate data sparsity. Finally, a multi-layer perceptron (MLP) is employed to model user-item interactions and
obtain predicted ratings. Comparative results with 12 related models across four groups of data domains demonstrate the effectiveness of
the proposed method, with average improvements of 5.47%, 3.44%, and 2.38% in MRR, NDCG, and HR metrics respectively.

Key words: cross-domain recommendation; pseudo-overlap detection mechanism; graph convolution network (GCN); community clustering;

recommender system

HEFE R4 (recommender system, RS) Ff 28 A BUAR & MK & AU T H Fhag B8 F P vl BB IECS B I H FR e 4
FAF . SR, 75 K 22 05 B B 3% 5t A2 TR SR A 53 1) R, X AR 9 R 0T o0 7 AR B 18 43R0, R 357
J/IH B 5] A R BRI RFREE R BT LI FE B 1) R, — L8 5T 13 [ U (collaborative filtering, CF) 4
T I TN RS S FAR U, MEH B2 4 ) ATk b SR S S, FH T s B b4 ) 2 1 R, BN 3
HEZE (cross-domain recommendation, CDR) J77%.

CDR J5 V383 51 N4 B sk 7] 45 R0 G2 A2 Hh 4 )3 2 il ), 2 ST OR Rl dsk 2z 1) f) 38 FH P /350 T AE R AR,
) I & B ok (A 36 A5 B N e B IR B AR IR 22, — LB 25 e S AN Fl P I R T AR, R AR
JiE (UEERAE R 45 . TCI 4% ) 2% SIS PR IR 0L ) A6 338 pR 4. SR T, IX A8 7 vE AR R A P AR %, BLR S 2
PEIE B2 b, FO@E VG NZBAT R 5 52 HARAMA R sz mal, 5 0= AR R0 B AR 27 %) FH . AR B
[ 3ok 3 EARL TR JORRABL T P e 3 B (R RRAE 3 2 T S R 2 S A A B R . (B % CDR $idis &= (1 3% i,
AR P B AN v A M I G B S B, Y e e AR DU /00 H HEAT SRR, 5 B R AR AR 1 F P /T H A,
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AL ER R AR (R B A4 R, TRl 36T SR 2500 CDR AR [ 7] FH P 58 42 BB 3 5t AR A5 343 FH P
B W ol AT ok, 845 SRR, Ao B R 2 B2 . DAYRISRT B AR o Sl B s A S, Mk
P uy, uy, uy AE AR 22 A0 [R50 B A2 BT AE 55 G0k 1 52 BAS BB, WIEAE uy, uy, uy BAFAALR) H5Y
Wlt, B4 uy TEBFESIR IS EAF BN T wy, us WEEH —EWSHMNE. MEMA S HBHET, i, A7 »
TEBEESIRT A TAEE, M us TR TR BAS R, WA EZ R uy BUBCNIERE uy, us IR, X FE G
TGV R R R T B 0 AT R, AL BN R VAT SR DRI HE R S E R, NS
fiE 5 ST T A Y SRR A IR

Rk, Bl Be ST R4 P B SR I 5 (0 SRS 10 B v B A HE 7 10 R g g B HLAERf 1 S e R

TEFSIRERE , — e Gl B 1) CDR J5 ik AR 4 M - H A2 B, R agidid — k40 s 22 BLAE B2 2
PP RAE. 3RBE S B, AIFIH 4 M %% (graph neural network, GNN)®FH(E BHRELAE 17, A ET S ] — Bk
A8 B AE IS, 1T A A e [ A A Al e e 1) 2 B AT 15 8, AR T = o IR N RHIE I B oC . 2RTH, I R 23
GNN 7792 32 BT sURFEAS BRI H, AR RS 1807 5 b, 1 AUA0 AT RE B = W S HRARRAIE. Dt v 5 3801 IR NI
HER Y, B TN G P AR ZRAE AN T SRR A AT S I LR, 04T 5 A4 25t 2 ) B 31 i A P, 25 RS 1R [l
A E X P AE B bR 8 17 B A AR 5, — LSe35 T KB 4% 7577 (graph convolution network, GCN)
ff) CDR AR 3 B ok 2 >) 3k 24 RIS A 5 EORIRBUR B 1 B8 40 a5 it A 0L 643 GON i, 75 B@ i
T A A -1 H T AR IEN GON BIWIdR N, (B35 b, B 17 RN 0952 2], [ 5 (1 B A g i 72 2 2w
NGk EIRP =SS RN

BRI, 7E5E T GCN [F) CDR A5 v B8 78 B4 45 44 HA1 P B 5 19 s RN TR 2 S 2R A, R4 a1y R ARpAiE 1 B
PEANBCHE R F 28, T G AR A i 1 .

BT BRI T 00 0], AR SCHE H— PR O 3 B A E AL B 2 )20 GON B5 #1858 PO-CDRec, 3=
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(1) fE A I -3 H 22 HAR A b, $F 0 BEIaeds h i P a5, QIR MR et Ak R BE Y, S
Dy E A ENLH, MO S AR X AR AL, 780 FIRTEB(E SR B A A FEE B2 I8t =E S, i3k
PR PEARR R, MR IS H AR — AR 7 W 45, 38 o 3R SIS SR 0o B o 75 0 7 78, AT i e R 2
25 JRAETR VAN vy I L

(2) 73 ) N B IBORTIER B 35k 4 H A, SR 77 A i N 2 ST RN ) 2 SRR (1) 22 2 A 0 GON B33, JF A Oy
L E AL A A5 PR el A AOURELI:, 7 20 2 [ 0 o o 2 >93RI A 5 B AR = b O 8 385 RN,
S ST BT R A, 3 e B R 2R, AT 2 gt e s ] 7.

(3) EIE MLP X 77 -0 H A2 B, 45 20 T A2 HRER, 7 4 4156 T CDR $ddg L s Bl s 45 3R R 9,
PO-CDRec f£ MRR+ NDCG VS HR 3X 3 PP bR LA FrieTt. seab, e 4T 7 s se o #r, Bl 7 PO-
CDRec R (K14 2.
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Wang 25 A U510 Yokt B 22 0 2 B T 5 3 AR A0 HERE, FE4R AP At 28 hEHES NSCR J7ik, il & M I o o8
FE B[R] AR B AR A5 B ) AU 3] F P -0 H 22 B, 4R 1 NSCR R BEFE 4 FIFH GNN ARSI -5 S,
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TR AT S5 g RV P 4 7 . RV DAL SR A — s R Py B B8 o R e 2% RS AN R 38 L. Cao % N P2 —
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TS w BT AAUE P35, SR T OADLEERE RS W, BIIC 5 380RH BL BERE R, e e s UL RE R
5 H AR AR FERE L. R AR ABLRERE R W R AL R RE B, WA N 2 JRIRIA GON 1% ki N 2% ST B A A
A Dy EEFE NI AR E B 2 .

l—

¥l H g , T
M\ & L E il H B : ~
e AN AR RN
| | i T o all ||\ | | ® | am| | E
e [ A Ja M =it [ it \ i
iR I X n =N %FE = =4 4]414 j % H )—l
X 5 2 4 R H B X . H
ﬁﬁ‘ i S A E 4 iy H ;I:;gg o . ﬁ VAR 1u o
MR & o o At Indolinek s >
; By b ¥ H | | ® i -/ FE i
N % - f# e N o X
N A & & 45 % = b 3R i He = 73
i | [ il Bl i a| (@t o | MR
N #: il . ] s X H \_/
X a = : I
v ! J‘
> STy S AR

K2 pydE &R e LR

22 ETZEMRIF GCN HRIFIRE

5 35k B P UK 2 B2 Y S O RRAE,, WO B S AT UM N O HERA 1, 5 S AN PP - R AL S 3
TR BAPE 2 JZ 085 GON 2 S BEHI i iN, B3 7 s R AT I 5 ST, For, 45 i AR e
SN Z R SR AN JZ, 5300 A P 5 S i ) 36 NP SR A2 RN B TR P T E
ANMENRIN, 7521 A1 100 H f 4

FE55 2.1 R E B NS BIEA 7 S0 AL RS, #5922 R IE3A GON 17 s AR
FIATaR . BRI GON 7355 5 SR FUARISORIE £ 35017 RN, S8 AR B {5 8, A5 20 100 H 4
SE MBI BN, JERIR T e TR B P S WA H A N 22183 GCN ElQnlE 3 fis.

HRN S F N A AT B R B A R AR, DA S T 0 e A AR P A AT 2 ) 2 1 RN LR IR PR
M2 = GCN, Al Xt o7 2] 2 T ABIR A I s\, ERIARRY BE, B AP (B0 H ) 35 s e 9 RF e 1A 2 X0
(B X?), VI BZER 5 B TEH AR LB 35 s AT I A 5K (7) B

X6 = (D, W, D, XPFY)
..o ™
{X}"*” =w(D;*W,D;* X" F")

Horpr, x® FX© 3RS KRB SRR, o RoR 8GR, W, 1w, 251300 3 E K
TUH AHRAERE, W= W'+ 1 (1 N SRR, D, A1 D R TEH 15 BB, RS AU A I R K AR & 15
RELL FO R FD 325 k JRIORP S 350H B AR

HRABEBRAG RN 7 T RN B 5 R N, AR SR SR HORT OB R, K AN T —
JEAT AR B U, 22 UCGEACERAE. R, R STREPOCRE TP« 300 H 2R3l IR A 22 [ IS AR 0158
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ZE 8], BRI -0 H A, 2731 75 K 22 38 (8) Jors.
kD) _ (< AU X Py X >

= |x(f+1) % F1| |x§k+l) x in

(®)

a

ui

Horh, "0 FRIREE (kH1) BRI - E AREF, o() & sigmoid BEL, ¥ MAEIA—WTE (0, 1) XIAIK, Fy FI F,
FE AT YNGR R RS, <->2o [ B AR AT

[

[ ,,,,,,,,,,,,,,,,,, a{) aT

S x®_xe  HEAE o - & ] ,

| L ) s olll® 2

7 Ok | X

X —.\\ Ealk n=ee
a ;o

i \ 1:’_1" e} O Z’i zT

- |e——erml - A |8 S peee

I [ =

I 5 b O

I X ! O L

o O~ 0 i-el 8] |le]

! IS ks AR 31 =

’[:::::Z:::::::::::::::Z:::::@ﬂ;f}

K3 ZJZEH GCN K&

2fa N B 4 BUERET, A3 (8) FTR R I HEPE £ it TR 25, [FIA 25 -4 Wi 3 48 1 O 25 25 280 s LA, A
THEI R R PN A48 B A B G, T T R ARSI 4R, WAE AR s, IR RS8O R I & WA 2. B2
BH#IE T GCN, FXH5 21 -T0 B A i 6 FE g A7 7 s At AL 3.

VF 2 B R R 5 A A B 3o 5 o R FH I BY A (magnitude pruning, MaP) J79% Y, {H MaP il &1 5 {5 2, 2
W 4 Je &8 R FHASL R ) PR DR BB 2 b, FRABLEE A8 /N 0 00 B At P e 2 BSOS B M R 1 B DR JBK It il JE, AT B
& N AV, T AEACARE B B s AE N B E, YE IR FE R BN A TR, AN AE R A 45 R AN I T % TR
X RETE B IS5 b — %0 P 1R A [ R 2% 2 P o 0 ) 1.

SR 76 4 MR FE KA, 8 gk RE BT R T BE S B0 M RE T B, R VISR RE b, A S A T L 8 B AR )
JHEAN R 58 1 30 T, DLRE RS bR X SR A5 R AR 4 R (AR Ak, [RII, Sh P B A o S v TR PR R
Z, I ORAE— R0 (0 B R SE IS A G 3, W B A S, AR — R0 I BT R LA W BRI, AR T LR
o J5 SR X R R 3K BRI B S0 R BB AT A R, ShAS BUE A A (9). (10) k.

0,i(k) = ad®™" + (1 - a)8,,(k - 1) 9)
® _ { aiﬁ)’ az(j;) > 0,(k)

; 10
u 0, a¥ <8,k (10)

a

FHorr, 0,k RBNESBME, o NRUESEL, Yo F7 L EE T Al s iR .

BEVH u AT H R E, BENZE N R R, 20 K P RAERE, RE A &L, 1
AR (1) i,

a,=a®|...la® ... ]| a® 1)

Ho, || RN ERAE, o R u B & Z WM FE, =0, 1,2,..., K, a, AHF u BRI E.

HRAE FR AT, A S B EE 96 EF GON BRI w ML i N 0T 5 a0, S N YR H ARl (s B3R
B I BRI B PRI IR & 0 /ol RIREAS 2T H 7 3L iR N ) B AR I & a0, of fal .

TEPATIDE A Sk Ve 5 B SRR M I AT HR R, v A& A P w ISR 2 N R B S 4 RN i, AT A
FSEEEER > SHU0 T 1 A 4 B0 A R S A AR AL AR 8 25, 27 (UH i RIS H AR 4L A 4R 1 1)
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B2, 2 WHRREITEAER), HatE A= (12) P
{zﬁ = a-(thaf + thai)@af + [1 —O'(thauo + thai)] od

(12)

Zr = O'(th?af + thaf) 0a’+ [1 - O'(thauo + Vt:az)] od
Foerh, vi0, vis | Vil 3 Sl 1145 O IS A R AT R A A R
2.3 REFNEIE

FE5 2.2 AU P 5 IUH AL A RAE [ B, 9 SE At 2 S P 5 00 H 2R0R 2 18 A2 HL, AR A MLP
B P -T00 H A2 E AR, DLRISCA ], A= (13)s (14) Fis.

z
D = OGOl T |+ D
¢ ( [ E ] )

13)

‘p(L) — w(L)(G(L)SD(L*I) + h(L))

55 = fe™) (14)
Ho, o FORG kR AR (1SESL), GY AL 4515 kTIN5 R R B, () 253 k RS
BRL M) T o© WA S 55, T
RS T 5 U0 57, 44 ph ) R 7 v 3. 0P 0 28 8 0 HLB 0 5 S 0B FR GO B 2 S0k, U O 8
S 2 HLARBRE KRR JE RS, 0\ 2 R ER GO LA A2 T FR 4L 15 SRS, 5 2 P ML 2 310
F O3 4, B 1 r.

Bk 1 AR OhE B A E LRI 2 )2 0838 GON BT 2.

S VS ELBR BRI 8 USIUT, G R 4 15, SRR BRI A SRR RYRT,
Wit H XA C, BIERRE O, TR H bR BRI A 4 MES 9,0 (D §5. /7).

Begin

1. C « {{u}},Yu € U; /| WG o — AR X

2.3 e Nwauecnvee I ALK ¢ WA

3. fo" — wa,u ecUvec; MRS ¢ W5 SAIED KR E R
[ Ay B ) TE LI */

4.For uc U /[ KB u It X

5. ForveUnvecnv+unw, #0

tot
E \ E s w,
VEC _

80.=f ;
Z Wiy Zi’” W,
vec _ , v e U
2m 2m?
I E u BN SRS Ay e X ¢ = A2 pi e fE 1 25, Wk (5)
7. End For

8. IfmaxAQ,_. then // ¥4 u T N3 HIRMG B BEH B 1 25 4L X &
DY EDF IR WD I LI
SDYLYDMIDIES WS

11. ¢« cU{u}, c < c—{u};
12. EndIf
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13. End For
14. For ¢ € C // Bgi#E X I 1T B YL

Zi"_[zz"’)i

15.

Q=0+ 2m 2m
16. C «C U{c};

17. End For

18. Print C’ and Q; // %y i #t X SE A He

19. For u € ¢ // EAFAALBEEFEFE, LA (6)

20. Forvecnv+u

21. W, = Wi +,6’Zkgc Wi + Wi, (k £ uNv) N (W N Wy);

22.  End For

23. End For

/* Z JE2EI GCN HEH */

24. For u e U,i € I// 5305 FH /B0 H 19 m 5 AH B4R & 55

25, X% = (D WD 2 XOF®); /R IR, WA (7)
SHXPWATIXE > g o G, AR ()

|x£k+1)>< F1||x§k+l)>< F,|
27, k) = al" + (1 - )0k 1) /| BUESIS T, WA (9)

28.  If a¥ <6,,(k) then // X i B BEAT B BTAL, WA (10)

26. a*V=¢

ui

29. a =0;
30. EndIf
31. End For

32, x =X |2 XKD BETEE KRN, AT (1)

33.2 = (VOx2+ V3xX5) ox? +[1 — o (VOx2 + VEX5) |0 x°;

34. 2 = (VOx2+ VIxT)ox0 + [1 — o (VOx0 + VIXT) | oxT;

I7AE IR E AR S 2 A AFAE, WA (12)

/% RS R TRIASR */

35. g = @D(GPGED + B, 5 = f(@™); 1 FAFIRIN H bR TN 82, AR (13). (14)
36. Output $,,; // fiy H IS/ BRI 2 T 1350 i 26

End

FESE 1 b, 55 123 AT 2 Oh E B R e LBk, Jlad O 358 1 e Lk FH P SR A5 B X AR R JEE, JF LA
UL HT R AR DL BERE RS, 5 24-34 1T R 2 JRIAH GON B, Hrh 58 24-32 17F| M 2 J23h & GON SR1GIURFA A3
AT RN, 5 32-34 17381 4 AN 1R BT IR G A5 BIREON B ARSI P T H AL SR & 5 35-36
T AR TRINAL LR, A5 ] MLP 73 2 AR 7 1) e 28 0 0 B 4570 B
PRI H FIgid53 2k oR O 58 SO TN 73 AN SE A5 23 (152 30065, i~ 2K (15) B,
L = =D tupeun V1085 + (137 log(1-52)).
L0 == D earn (010850 + (130 log(1-57))
Horp, S /yT REHBIH T -BUH R E, QF RSB HAE, Q 2 MR A2 BAR H BEH LR 1 — 52 B
S, LABT I A
DRt — 2D B PSR A L B, FRATTRE AT S P 32 B8 2k R BUM 4G &5, 75 BB A AL O S B 2k s 8,

15)
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3 (16) FiR.
L=A4Ls + Ly + 4]10|]3 (16)
HERIEAIN (16) H, 25 52 38 Ea SR AR B M — B0l 8, ASCE I TR 4, R A, “PERIR O H bRk
PIREAS, AP HIRE AT . L an, 25 B BRI 2008 SE AR, T AT 35 8 ORI Ay, DS N B AR 5 o S0 2k 5
M. Ay T AR E AL IR, @ R7x P28 S, T 35 3 (R A 1 A I LA BTG (- AR 405

3 SRR ST

3.1 [ERERE

] WA AR TR FR A 2kt R LA 34, AR SC i R 4 B E 2 Amazon (1 4 S ECIE BT SR A Sk s b 5 A, £
[ T 3 A

RQI: H& ML BB AR SRR L, A SO (] £ 52 2503 ey 2

EE Xt vl f, 56 3.4.1 TR E T XSRS, il ARSI S PO-CDRec 5 12 FbH SGRERLVES Lh. sRiG 45 3%
B, £ MRR, NDCG, HR X 3 NN Fr L, #7 PO-CDRec #1E T HAt 0 ELAERY. ] 0, B S0 BYLE BEAk /0 %6
RENTTH VE4 5 A IR KL, Bedbiaf F P e fmi JE 3R A 1 ae.

RQ2: A SCHERY RIS [F) K4 X AR 15 B P14 e s 10 Qo] 2 2 3576 A2 AE R0 B2

EFXFUb I, 75 3.4.2 TTRE T AL, iRIE N E S ENH. 22N GON X MR 3 ARk
R, A3 BT A S AE) fef o AR HE A 1 B RS2 SO0 45 AR B, IX 3 PR () HEFE SR BITE AR R FE 155 T i
5 PO-CDRec, 1t WX PG PEEA# & CDR [ I B A —ERCR.

RQ3: #8 2 £ ] 5 A SCBLRL PR RE?

EEXFUR IO, fE5E 3.4.3 TR E T S HEUS LI, =R B IRIR R E S A E R o0, BIEAE
AR it B b A AL B e AR IS A BB FTANIRL, JF 208 1 i e 0 S DA, DU B8 A AR AL A L.
3.2 BURESITNIERR
3.2.1 HEsE

AR SCARHE 22 45 CDR HBF 7118 35 1) 5 S5 0 42 AN TLAL 2 1 B SR A4 CDR 3755, 75 KRS A JL 7 T b B 42 B3k
1T5L56. 1% Amazon CRIE http://jmcauley.ucsd.edu/data/amazon/) U 3E4E H 24 ANAAHRZ I H B2 Rk, &H0 38
SES. DEHAESNHEREY S5, AR SCRPGE 2 B 38 5 4 4HIRIk- B #538, 3772 : Music-Movie. Phone-Elec.
Cloth-Sport. Game-Video. & T HFr3H 110 B #EE 45 RAZLEIRH FIH 7 GRS P, BOPE S0 Ak 2 A,
A S ERAE I A DT 10 M ERIIE R T S AN EPH P, A P -T00E feis IR 2 o) B RE M
. R BEALIE L) 20% ¥ 8 B 75 7% 8 3 3047 IR AN 50 E, s i - FTUIZR. BAR(E Bk 2
FizR, FoH, VISREEX — 51 B 22 7 A B ek o s SR T A B I SR ik P - 100 H 22 B3

*2 HBRESGIHER

Hprig P Ti H UEES HEH ) AR
Music 50 841 43 858 674 233 15081 1893
Movie 87 875 38 643 1127 424 1885
Phone 27519 9 481 148 271 16 337 2049
Elec 107 984 40 460 821 301 2042
Cloth 41 829 17 943 187 880 7857 990
Sport 27328 12 655 163 291 981
Gfime 25025 12319 155036 1737 226
Video 19 457 8751 156 091 217

322 PHiEAR
NESEELE! PO-CDRec I MERE R A BT b, LU F B P35 {81407k (mean reciprocal rank, MRR). J3—
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PR Bt 2 (normalize discounted cumulative gain, NDCG). it % (hit rate, HR) iX 3 MNP Fa AR HE e BE
ATVEA
1) SPIEIEORE. & R HERA A T B BBk B394, PR BRI a i, EIEEEC 0, A (17) Fios.

1< 1
MRR = — 17
n ; rank, an

b n BRI PR, rank, B8 u AN P HES.
2) H— b ¥ H Bt a5, B RN HERIERE I H 1T 23K R o B E AT, HOTiieR, 2 sk, n A st
(18) Fi7i.
NDCG= ) izi (18)
Z Y, i log, (i+1)
Hort, Uy R P IREE, Y, KomH P FSEE, ¢, RKonT B i fSEHEESIR P IALE.
3) iR e SR R HEE IR, B P R SR I B A S R R S R, A (19) .

HR = é Zl hit(i) (19)

Horr, s AFEARSL, ATEEON P TR SRIUNECE . Ait) T RRE i ADNTUE 2 G ES AR MR E F1E T, 5
2, MEAE A 1; 0K o.
3.3 XfEbiEsY

PO-CDRec J& T CDR S yamk, #et H 5 & d ). Jeit i) CDR 7T L. 5 AR PO-CDRec 1
SHEG I 12 FiRERL LS 3 AN S AE R B R O A B S HE FE AL 7 BRI HE R AL vfr ) CMILPO 77 40080 1 4 g Ao
T TCCFP M B ik ff) 5 20 S0 7 P A0 A AR v, 5 AR SO () Oy 5 2% s ML — 52 B &R NGO 3 T
GCN 2 132 7 v, SASCBA 2 2 M3 GON B — 2 Motk 78 B e B2 o, EMCDR™ 1
STARPOS A BE I h i 4 Ml R SSCDR. CDAMLE', HCCDR. FPPDM i@ it #5545k 45 43 ) o) 58 2807 2
HEAT A [ 7 1 ) 533k, 55 A SOABRL ) Oy =B 2 40 sE ML) EL A AR U, b SSCDR 7E EMCDR 27t F ¥ J; PPGNE,
PRCDR™, GLOUP*3 5132 F GON 2 ] 5 e 25 v AN IR £ FE B R N 80K, 5 A SO i) 22 2083 GCN # bk
G MK,

BHERE: PN TR 22 B G N, R LR T A R T CF 52

1) CML 7t FE % 3 SOAR R 24 5] PRI B R, %8 /2% ) BRI A L2 SRS B P Ron 5 B E )
PEES/NT MR HLIH

2) TCCF 5| N3 3% R 00 K-Means BIEIRA T, FHAI FA B AIA O¢ R B 2 M 7 AT 9 (B [ 52 X

3) NGCF A& —Ff L () i B 22 X 4 2 ST P R0 H s 7, B HER: 3 2 GON LR ZR - s A 8]
MR ERE .

ST S Sl R AR T 3 30 S A B SIS R B P - T E 3R, T TR LR 2 s S R 2R A Y

1) EMCDR S5 1 A8 8 30 H P44k CDR [HEEHELE, HoR A 3 AR TIN5 7 1%, 456 CML. TCCF
1 NGCF, 4 5#74:1 EMCDR (¥ F P -Ti H %7, # 4 EMCDR(CML). EMCDR(TCCF) Al EMCDR(NGCF).

2) STAR il 7 —ANgwAd s FAhS5 48, I MB35 N — > 2 [ Bt Do 288 A% i e L.

3) SSCDR %} EMCDR #AT#H J&, Jeifiid CML 7kl gh3koR, BRI R A& RS H 2 B 4rd
ST R AL

4) CDAML $ H — B R (9 77 72, 78 SE AR K SRR 48 5 4 JR L = S By aa b, s ol b sy > 7%
580576 6 14 P i e CASSGE H bR AT P HE 2.

5) HCCDR K FH R (1 779 R R FUAR FH P IR ARABLR 7, e AT 454 MARABLR 7 o 27 30 31 1) 4 ) R AiE
A B ARRAE DASRER = (A PR AL (i £ 326 R 5

iF

X
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6) FPPDM il i JRi i 20 {12 A 5 AU VP 2 A5 SR 2 20 i P /30 B A 4341 J , R 42 R B 2R A SRS Sl 2
FA P RE.

7) PPGN il i 3L = PR N Z AN S GCN %2 2J B P -T B £ oR, H R H 5T EMCDR W73, B1EM
o FH P Y8 a8 s HER.

8) PRCDR #il—4~3% R &K1/ GON, il
I B A ML, SEDUNE B AR

IEPRER AR P 18] 10 2 Bk 57 A 2, SREIUSIE = RS RE 5 AL, IF 45 15

9) GLOU iz Fil —Fi [ M B 73 S48, AR A [R) AUk FH ™ fi 4 22 5769 7 234, IR A GON X 58 LI A )

FRBHAT 2], I IMER R,
34 TWRESHR

X T B AR 2 S S B R AR RE, B4E: SAYEZ F Oy 128, HEER/ANA 1024, X T B A h iy

SERBHL, BAVER R 462

BRI P, BEAR, X T T EMCDR AR B, AR5 EMCDR gt il (4 7]

MLP %28y, %F AR PO-CDRec, 2 31 FAE{0.01, 0.001, 0.001 } 45 H %, GCN ML ZH#E (0, 1,2, 3, 4}
BRSO Adam TERAMRALES, TS T IR, OREE T SCIR A (R AR AL 4% X A 2, A SR ig

AT 5 K, FRAER RS ik FE e
Mg A 3 FhEa

g
S 8] R A SRR (A R B LRSS . e, X siegs: (W

5340 ) BARSCERLE 12 B

L) ORI AR AT X B, DR ORAIE SO0 1 24 T2k, Xof b S0 45 e B 2% A58 2R vl o 5 45 A 5 BB A B B R 2

ELfl, 8 B ASCRE RS e 55, DRI RQ1; TSRS (W5R

3.4.2 79) A A TR I AR A AE R B HERE I RE B v

BT AT 5 R, DAJEL 2 RQ2; SRS 5286 (W28 3.4.3 1) 407 5 55 2 MO Bk 07 T O B0, (8 T 5
R ZH AL, PARIZ RQ3.
3.4.1 BT ELATHT (RQL)

3R 6 BT AR PO-CDRec 5 12 Fili it LA RYAE 4
HR@N 53645 A8, sEIe PR T NN 5 5 10 B RIRCR. 8T LAk, T 2R 1X 43 B sl 700 R s I 73

23 Music-Movie 35k FA5 BE b ¢

AT W 3 MTN4ESR MRR, NDCG@N,

Music-domain recommendation

Movie-domain recommendation

R NDCG HR NDCG HR
MRR MRR
@5 @10 @5 @10 @ @10 @ @10

CML 4.1940.09 3.50£0.11 4.53+0.14 5.50£0.17 8.70+0.27 3.89+0.04 2.91+0.04 3.95£0.03 4.62+0.05 7.87+0.11
TCCF 4.78+0.05 3.67+0.08 4.51£0.20 5.72+£0.11 8.82+0.09 4.68+0.12 3.34£0.07 4.6240.13 5.59+0.03 9.10+0.10
NGCF 4.04+0.04 3.18+£0.06 4.15£0.09 5.03£0.08 8.86+0.10 4.08+£0.08 3.02+0.06 4.53+0.10 5.24+0.10 9.92+0.16
EMCDR(CML) 3.80+£0.01 3.06+£0.01 3.97+0.02 4.78+0.01 7.62+0.04 4.73+0.05 3.68+0.05 4.97+0.06 5.81+£0.08 9.82+0.10
EMCDR(TCCF) 4.41+0.10 3.71+0.18 4.65£0.11 5.41+0.19 8.79+0.18 5.56+0.03 4.31+0.09 5.79+0.08 6.50+0.14 10.10+0.12
EMCDR(NGCF) 4.36+0.08 3.63+0.04 4.70+0.08 5.61£0.09 8.95+0.12 5.49+0.12 4.55+0.08 6.06+0.14 7.25+0.14 11.89+0.10
STAR 3.9140.12 3.1240.12 4.07£0.13 4.78+0.15 7.7120.20 3.91+0.18 2.73£0.18 4.00+0.23 4.62+0.25 8.60+0.04
SSCDR  1.95£0.01 1.36£0.01 2.15£0.02 2.1540.02 3.59+0.04 2.74+0.01 1.99£0.01 2.72+0.01 3.19£0.03 5.470.03
CDAML  4.99+0.02 3.74+0.04 6.25£0.16 6.79£0.09 10.07£0.03 6.14+0.16 5.01£0.06 6.1240.11 8.19£0.17 13.26+0.06
HCCDR  5.49+0.13 4.1620.12 6.4740.06 6.650.17 10.14+0.06 6.25£0.10 5.27+0.04 6.24+0.08 8.06+0.13 14.09+0.11
FPPDM  6.75%0.13 5.58+0.07 7.6240.03 9.11£0.23 13.26£0.12 6.47+0.09 5.20£0.04 6.81£0.05 8.82+0.12 14.26+0.01
PPGN 4.18+0.04 3.39+0.06 4.55+0.07 5.32+0.11 8.91£0.16 4.31+0.03 3.19+0.02 4.65£0.04 5.44+0.07 10.00£0.10
PRCDR  4.96+0.12 3.87£0.03 6.13£0.05 6.84+0.18 9.48£0.13 5.97+£0.05 4.72+0.08 6.25£0.15 8.02£0.20 13.07£0.12
GLOU 6.25+0.17 5.95+0.19 7.46£0.12 9.27+0.06 14.86£0.11 6.59+0.02 5.24+0.05 7.1140.10 8.84+0.15 14.78+0.12
PO-CDRec  7.13£0.04 6.2140.03 7.91£0.01 9.3140.06 14.98+0.13 6.64+0.26 5.81£0.07 7.41£0.13 9.02+0.16 14.89+0.04

3K 6 N T TR BLBTE S B R, P, A SCBEZY PO-CDRec 7E4UH 4 Amazon HI 443K Music-
Movie. Phone-Elec. Cloth-Sport ik F| &, 7EHHE K Game-Video H AR I R 4. 45 H 5B AT
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4340 AR 2025 % 36 A% 9
% 4  Phone-Elec a3 HEFERI T M B2 LA
Phone-domain recommendation Elec-domain recommendation
T NDCG HR NDCG HR
MRR MRR
@5 @10 @5 @10 @5 @10 @5 @10
CML 5.83+0.10 5.14+0.11 6.41+£0.13 7.62+0.13 11.56+0.23 6.24+0.13 5.54+0.17 6.85+0.12 8.34+0.23 12.44+0.10
TCCF 6.97+0.15 6.47+0.12 7.51£0.09 9.06+0.13 11.98+0.19 6.64+0.16 6.37+0.10 7.71+£0.13 8.96+0.24 13.97+0.26
NGCF 6.48+0.04 5.82+0.08 7.47£0.12 9.11+£0.19 13.62+0.20 8.04+0.07 7.41+0.08 9.09+0.11 11.01+0.17 16.24+0.21
EMCDR(CML) 5.69+0.01 5.06+0.03 6.32+0.02 7.96+0.04 11.89+0.05 7.28+0.01 6.61+0.01 8.17+0.01 9.93+0.02 14.75+0.03
EMCDR(TCCF) 6.46+0.05 5.86+0.04 7.37+0.06 8.95+0.07 13.76+0.03 8.33+0.01 7.85+0.08 9.35+0.02 11.22+0.01 16.54+0.06
EMCDR(NGCF) 6.93+£0.04 6.35+0.02 7.73+0.03 9.54+0.03 13.84+0.07 8.77+0.02 8.10+0.02 9.78+0.02 11.76+0.03 17.01+0.03
STAR 4.96+0.22 4.22+0.20 5.41+0.21 6.48+0.23 10.22+0.22 6.67+0.30 5.86+0.32 7.42+0.34 8.92+0.41 13.76+0.47
SSCDR 3.33£0.01 2.63+0.01 3.33+0.01 3.97+0.02 6.14+0.03 4.94+0.01 4.21+0.01 5.50+0.01 6.28+0.02 10.34+0.03
CDAML 7.41+£0.02 7.16+0.11 8.05+£0.12 10.52+0.01 14.19£0.16 9.34+0.08 9.02+0.21 10.42+0.03 12.67+0.03 18.01+=0.06
HCCDR 7.49+0.15 7.57+0.04 8.36+£0.20 11.02+0.05 14.77+0.08 9.75+0.13 9.63+£0.10 10.48+0.23 12.80+0.06 18.43+0.10
FPPDM 7.47£0.11 8.12+0.04 9.27+0.13 11.38+0.02 16.59+0.05 10.42+0.17 9.66+0.04 10.87+0.14 13.06+0.12 19.78+0.05
PPGN 6.51+0.09 6.04+0.08 7.39+£0.16 9.49+0.16 13.60+0.23 8.07+0.03 7.39+0.06 9.16+0.05 10.87+0.10 16.38+0.13
I’'RCDR 7.05+0.09 6.98+0.13 7.86+0.08 10.13+0.12 14.17+0.10 8.95+0.13 8.84+0.09 10.05+0.04 12.12+0.05 17.95+0.09
GLOU 7.84+0.07 8.06+0.15 9.14+0.15 11.80+0.15 17.67+0.17 11.02+0.17 10.14+0.23 11.38+0.09 14.54+0.15 20.21+0.12
PO-CDRec  8.08+0.05 8.21+0.17 9.32+0.25 12.46+0.11 17.90+0.04 11.28+0.08 10.21£0.18 11.63+0.15 14.67+0.03 20.43+0.16
# 5 Cloth-Sport 4 sk HEFE AT M R LA
Cloth-domain recommendation Sport-domain recommendation
TR NDCG HR NDCG HR
MRR MRR
@5 @10 @5 @10 @5 @10 @5 @10
CML 3.73+0.16 3.19+0.19 3.92+0.14 4.69+0.21 6.97+0.11 3.26+0.14 2.65+0.15 3.29+0.16 3.82+0.17 5.82+0.20
TCCF 3.18+0.05 2.36+0.06 3.35+0.10 3.99+0.16 6.79+0.14 3.31+0.11 2.59+0.14 3.16+£0.09 3.74+0.22 5.89+0.25
NGCF 3.24+0.08 2.50+0.08 3.48+0.13 4.02+0.12 7.07+0.30 3.42+0.06 2.75+0.04 3.63+0.07 4.43+0.10 7.22+0.11
EMCDR(CML) 2.70+0.02 1.96+0.01 2.72+0.01 3.04+0.02 5.42+0.06 2.91+0.02 2.18+0.03 2.99+0.04 3.46+0.02 6.02+0.06
EMCDR(TCCF) 4.36+0.03 3.94+0.05 4.56+0.07 5.48+0.05 7.36+0.13 3.63+0.07 2.72+0.08 3.71+0.04 4.56+0.07 7.48+0.13
EMCDR(NGCF) 4.89+0.06 4.08+0.06 5.17+0.08 5.55+0.10 7.91£0.15 4.07+0.09 3.24+0.10 4.03+0.12 4.94+0.15 7.41+0.16
STAR 3.89+0.13 3.33+0.11 4.15+0.16 5.20+0.17 7.76+£0.27 3.00+0.16 2.30+0.18 3.19+0.18 3.73+0.22 6.49+0.22
SSCDR 2.96+0.01 2.27+0.01 3.06+£0.04 3.64+0.03 6.12+0.05 3.46+0.01 2.66+0.01 3.75+0.02 4.18+0.02 7.27+0.02
CDAML 4.43+0.11 3.98+0.13 4.59+0.08 7.21+0.05 7.21+0.05 3.26+0.03 2.73+0.03 3.72+0.02 4.39+0.03 7.51+0.02
HCCDR 5.56+0.07 4.76+0.05 4.98+0.07 7.72+0.16 7.53+0.11 3.68+0.10 2.84+0.14 4.02+0.12 4.86+0.23 7.87+0.22
FPPDM 6.14+0.13 5.27+0.02 5.13+0.10 7.56+0.17 7.23+0.08 4.64+0.16 3.28+0.02 4.69+0.08 7.84+0.20 11.18+0.06
PPGN 3.34+0.09 2.58+0.10 3.57+0.04 4.05+0.16 7.10+0.12 3.30+0.10 2.54+0.08 3.58+0.11 4.52+0.10 7.36+0.20
I’'RCDR 4.83+0.10 4.28+0.08 5.03+0.12 5.77+0.06 8.11+0.16 3.68+0.03 3.14+0.03 3.84+0.04 4.60+0.06 7.18+0.12
GLOU 6.19+0.12 5.55+0.23 5.81+0.28 8.30+0.19 11.19+0.29 4.594+0.12 4.89+0.10 5.62+0.09 7.90+0.14 11.04+0.20
PO-CDRec  6.28+0.05 5.64+0.12 5.84+0.17 8.61+0.12 11.89+0.27 5.18+0.18 5.06+0.13 5.87+0.07 8.03+0.21 11.42+0.28
#* 6 Game-Video I -FHEFER T 14 RE LU
Game-domain recommendation Video-domain recommendation
i NDCG HR NDCG HR
MRR MRR
@5 @10 @5 @10 @5 @10 @5 @10
CML 1.70+£0.08 1.10+£0.08 1.44+0.09 1.74+0.09 2.82+0.18 1.46+0.14 0.71+0.10 1.30+£0.08 1.25+0.13 3.07+0.10
TCCF 2.42+0.14 1.57+£0.03 1.97£0.15 1.77+£0.24 3.72+0.24 2.68+0.21 1.86+0.22 2.65+0.24 2.85+0.21 4.58+0.19
NGCF 2.94+0.07 2.07+0.02 2.73+0.09 3.14+0.16 5.14+0.22 3.72+0.05 2.86+0.03 3.87+0.10 4.25+0.18 7.41+0.18
EMCDR(CML) 2.124+0.01 1.35+0.03 1.82+0.04 2.17+0.07 3.62+0.09 3.15+0.01 2.57+0.01 3.23+£0.02 4.25+0.04 6.34+0.05
EMCDR(TCCF) 2.42+0.11 1.594+0.14 2.34+0.08 2.56+0.30 4.63+0.13 4.15+0.06 3.36+0.04 4.29+0.05 4.87+0.10 7.95+0.32
EMCDR(NGCF) 2.47+0.18 1.86+0.15 2.44+0.14 3.26+£0.20 5.07+0.17 3.98+0.01 3.21+0.02 4.29+0.02 5.09+0.08 8.43+0.04
STAR 2.17£0.09 1.61+0.04 2.17£0.16 2.53+0.12 4.27+0.40 2.62+0.10 1.87+0.01 2.62+0.11 3.00+0.14 5.30+0.18
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# 6 Game-Video FHE I TR M BE LU S (48)

Game-domain recommendation Video-domain recommendation

i 7h NDCG HR NDCG HR
B MRR MRR

@ @10 @s @10 @s @10 @3 @10
SSCDR  1.98£0.03 1.27+0.01 1.59£0.03 1.96+0.03 3.48£0.06 2.55£0.03 1.86£0.02 2.61+0.02 3.14+0.06 5.51+0.08
CDAML  2.78+0.04 1.83+0.02 2.88£0.06 3.53+0.05 5.84+0.13 3.73£0.04 2.61£0.05 3.79+0.06 4.20+0.01 7.46+0.13
HCCDR  3.1240.12 2.17+£0.14 2.78+0.16 3.45:0.31 5.60+0.21 3.79+0.09 2.95+0.12 3.93+0.14 4.39+0.17 7.48+0.32
FPPDM  4.43£0.15 3.23+0.10 3.68£0.06 5.47+0.04 7.16£0.02 3.95+0.14 3.36£0.03 4.57£0.16 5.69£0.08 9.35+0.05
PPGN  2.7740.06 1.90+0.09 2.84+0.10 3.07+0.14 5.98+£0.32 3.90+0.11 3.04+0.07 4.06+0.16 4.53+0.09 7.68+0.32
PRCDR  2.5240.05 1.97+0.02 2.58£0.07 3.40£0.05 5.36+0.09 3.97+0.07 3.15£0.07 4.41+0.08 4.95£0.05 8.85+0.11
GLOU  4.5240.16 3.71£0.11 4.58+0.13 544+£021 8.61£0.30 4.75+0.13 4.65£0.01 5.49+0.14 7.41+021 12.11£0.23
PO-CDRec 4.87+0.12 3.87+0.07 4.9240.04 5.61£0.09 9.17£0.01 5.024£0.15 4.68£0.02 5.68+£0.16 7.52+0.24 12.18%0.13

34.1.1 5P R LY

Xf LA TCCF Al NGCF 45 5l 2 55 T Bieidh B 28 7 v 0 R 420 T 45 1Y) SRSl P2 A 80, Mk B E V2 7 T A T
CML. #t0, #£3£ 6 #' Game-Video /) CDR 375 ~, TCCF AL ] MRR { . CML #A 53T 37.64%. IXIE 5L
TR A0 R A R LA R s F P B BRI B SRR A S B — e B B

TE2 R 5 T, NGCF A RERS AL T TCCF. %40, 7E38 5 H Cloth-Sport #J CDR 35 T, NGCF &AL
NDCG@5+ HR@5 {H . TCCF B EL 43 BISE 3R TE 5.7% F 8.17%. X 3¢ WITE B4 b, {8 GON 3K =46 Js
5 R T SOt F P R SR M RE AR T 7 A B R

AREET 3 AN B BRI HEREAR A BEIRHESY EMCDR W] 58 47 Hu3&E e T 5 e 283 3, HSEIe O S B & 1)
Beidt. B4, fE3% 4+ Phone-Elec [¥) CDR 35 F, EMCDR(CML). EMCDR(TCCF). EMCDR(NGCF) [¥] HR@10
TE AR T HO S B3 8 CML. TCCF. NGCF 73 5l P34 9.23%. 14.24%. 3.06%. iX 32 B Jy 1L 5 F i
TIER T R ZE e, ME DLV A B P B4 B A

R 3-3K 6 ML 45 LR, X Ee vk BARTE — e FE R A %, (H I T sl oy sUHEATHERE, LR Kz (kB
FIASE, AR AEE AN R AR (AT 45, [RIAF H3 A9 25 36 IE AR SO AR H tof 3R 28857 LA B GON B St Fri A R
3.4.1.2 SEEHEFESAN L

HH LT %6 B ) B 4 R CMIL. TCCF 1 NGCF i &, T EMCDR HE %2 1) 5 38 4 77 #5 %! EMCDR
(CML). EMCDR(TCCF) 1 EMCDR(NGCF) MERETE 5 . IX IR iE | B 4AE 42 EMCDR fEZZ #7453l inl il b B
H—E R 471k, 13 3-% 6 W %1, EMCDR(TCCF) 1 EMCDR(NGCF) 7 i 4 ¥4 38 h £ I ¥ = T EMCDR
(CML). 0, 7€ Game 5 4% -, EMCDR(TCCF) f1 EMCDR(NGCF) f] MRR & tt. EMCDR(CML) 435l #2 =
12.40%-  14.17%. 3 3R W2 500 1) 58 S B0 R P 4 28 ) 245 S % ] 265 e e 3 7 i 2.

F 4 F1& 6 1) Phone H¥itk. Game Hdinisk 45 b, EMCDR KI5kt R AR, EEER BN N e
AT 7 (1 BB HE TR AR O 2, FL AR A Phone SRR B[ MRR {EF35 R B 1.07%, 1% 3 BH 3] B (14 B8 S M SR 2 LA
IR P I P ROR I B T OC R

Xof LAY STAR 1 PPGN AR T B T 8T 5, M RERAT W AR T, J& R Rk 28 vA N 2 T3 B A%k
W E PR, R H B A B oh P A R e LR R,

ot et R £ ¥ RE 77, SSCDR 25 [ -1 H £ Bk AR 15 5 LA 5 EMCDR(CML) ) iR £ i 20 1. 3% 3
# 6 1R T4 5 1 Cloth-Sport #3841, SSCDR 7 HAth £ 45 45k 1 48 47 & 11 3 34 A 1 EMCDR(CML), HH 7R
Music ##E15+H, SSCDR #%4[¥] MRR & tt EMCDR(CML) # 74 P& 48.68%. iX /& [K >y SSCDR S #14A 4L i Tl 45
FRBNBUR.

CDAML, HCCDR. FPPDM R Fi 52 U5 ik A A = SERIRHAIE, #5704 14 Be 7E 2 1% 0 F v T %I FH EMCDR
HESR [ FE LB R Hf £ 3K 5 " Cloth-Sport [ CDR %5 N, CDAML. HCCDR. FPPDM [¥] NDCG@5 fH Lt
EMCDR(TCCF) B 53 532 TF 0.69% 10.73%- 15.2%, X R WIFE CDR 7 K28 74 3.
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PRCDR 5 GLOU #5235 T GON UBS I 1R 8, 53T EMCDR HEZE (1 56 2R A R L, 3% P AMBEZE 1 BB 34
53— 52 gk, e 3 H Music-Movie f) CDR 3% F, PRCDR # [f) NDCG@S5 fE t. EMCDR(NGCF) 7
PR TE 4.9%, 1 GLOU AL ) NDCG@S5 {8 Et EMCDR(NGCF) BERLF- B3R T 26.09%. GLOU 74 5256 25 AR
F IPRCDR. CDAML. HCCDR. FPPDM A% 7E 5} LA o e B B £, B2 Y GLOU U ZE {8 ] GON ##2
HUHT PR AE BT S AR R T 22 0 P 44, X R BT R 2K 0775 5 GON AHEE & = T AT 1.

F 33K 6 MSIn gl R W], 6T ol i R IS5 iR B A 42 X 45 SRS 7 CDR H NS — 8 3R 5 ik B gi Al
AR 2, Frigiis PO-CDRec BUdk R ISHVEIRINE S & T F 2 A A @ik AN R R, (F IR R34,

25 E 0T, MBS T Z BT CDR A%, A 4R PO-CDRec 7E A RS AT 145 h SR T R . 5
X LEAR Y i R B Y GLOU #RAYAH LY, 7E Music-Movie. Phone-Elec. Cloth-Sport fil Game-Video X 4 ZH ¥4k
W b, AT PO-CDRec Y MRR 15 /DR T 6.55%, 2.65%, 6.41%, 6.29%; NDCG@N 15 /D IR T 4.85%, 1.26%,
2.39%, 2.38%; HR@N {H &P HEF 0.77%, 1.19%, 2.61%, 2.25%.

MK EE 45 Sl F, A8 CRE R PO-CDRec #E Music-Movie. Phone-Elec $#8 38, &1 () £ 1 5 45 . 4% F Cloth-
Sport 55 Game-Video X #4551k, #1754 ) HR@N fH1E Music-Movie F#E 3k 41 43 A & D 2T 9.27% F1 28.51%,
T #E Phone-Elec 18 Hh 73 il i > 42T 38.69% F1 44.29%.

KA PO-CDRec 7 Music-Movie 5 Phone-Elec %3k E32 I AR IR KL T, IXBALIE S H I ES
PP 5 B %, fRE N M S o, — 7 1), B8 PO-CDRec HF (08 B85 M E LRI BGE ] 7 35 F 5.8/ Budk it
X EREE, TG T RBEER 4, R AU R RS Z 25 P R R 53— U7, 2 2783 GCN Skl
B 5 A [F) A0S 1 R SR, i s B 2 sy SRR 1O F P e SR, R SO RS = % A P
B A 0, B MBS R EAE R EZ N, B GE £ 2 BRI GON @B . I SC R, MK
YR B 2 A ALHI IR 3. T L, A SCBEAY PO-CDRec 7EEURER K. ERAN X HEIRRZNE AN £S5
A BIFRIRIL.

3.4.2  HRERSEER ST (RQ2)

SREGE B B A E L2 EAE IR GON 3 15 N AA) {5 B Sk A R M RE R i), 0 E T 3 Al AR R4 A, 4331
72 Ours-1. Ours-2 1 Ours-3, ¥ EA15 A& A PO-CDRec #EATXEG. Hody, AR A Ours-1 AN FH N B S H) 8
Ml 2 21630 GCN, 33T Louvain 5057 7% W EE 52, HAH AL 48 GON 22 3) 349 sURHAE, £ ZEI0IE A M 1)
FEIE L 2R Ours-2 AR A £ 28 8 4 @ AL 0 95 380F P 3R 258, T2 X 45 AN B4R 4808 P Louvain 45095 5 A0
R P B, 38T 2 E 06 3F GCN 3R P mir, £ 290 E 2 R IEEF GCN M-3RI R i 1 2501 AR A
A Ours-3 M H £ JZIHFF GCN, T ik [ 78 Pl 45 1 2% 211 fURFAE, A28 BN RIS R T s o0 &R, EE O =
B I S WL P 0o s Sl A TR AR I R . S A R IR S I a0 36 7 s,

T BT A IR 1

AR AR o 2 B ) e AL Z JZEIFGCN
Ours-1 X X
Ours-2 X N
Ours-3 N X

PO-CDRec \ y

7 Amazon HH5 A Ik 4 A HHE AT R SE 5, 439042 : Music-Movie. Phone-Elec. Cloth-Sport. Game-
Video, 5 J& FI A AT (1) B 1) 2% Bor iE AL TS 1 {10 ot HE 2 M Re 2 i, X L8 MRR. NDCG@10. HR@10 1EN7E
rfabs. SERRAE AN 8 Frw, Hoh, JfE T ELER, FIR N RIZ R R AR RS h R IR AL (M A, | s —FI4a A
SCRERYAHXS T3 — f AR AT (1 P B X LU AR VL.

TRAE R 8, SR SEI /Ml T - Oy 25 8 e ML RS R 1 RE LMK, 4% Ge i IS S SR 2R U VETE MRR,
NDCG@10, HR@10 3% 3 M5 b K2 IS5 A an Oy 258 40 e WL D7 vk, [ B 454 GON 2% 2) 35 sURHIEAE X 3 A
fabr LRI W2 BIEH GCN J7ik; £ By 8 & K € HLHI B 2 B GON BN R S50 — 2 45
A ASCBRI AR b, AR R 22, R4 A4,
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3.42.1 B ZEIEIR GON A% > F PR AF S A R IR 5 4K

fE4i 35+ GCN [) CDR FUVEAESRI R B AR A, AR R F [ e 1) B SR P - T 1 Rk R, i
TN 7200 AN [F) 3 )5 1 00 R (A8 Ak A SC AR R F S I 4 4 23 1) 2 21 38 3L 245 B AR 15 B LISREC S Y 1 1%
AT RURON, T B R B R 2R, BRI . R 8 WA H, 5B Ours-1 AL, 228 A Ours-2
MR ERRTHEOR. Bln, 78 MRR $845 b, PRI 15.34%, AR 3R TF 27.73%. bl %0, #F GCN #J CDR
S ANOGER S5 M HAE BB A A, WA R T R S s AT R 2, AT SR P s R s, A R TR
R LR

* 8 HAMBIRIEA R LR AR H

" N BEAR f . ,
it pRIEELD Oursl Ousa w3 Yo, PEREXT ELIB L (%)

MRR 4.30 5.95 691 7.13 13.09

Music NDCG@10 4.60 6.59 1.32 7.91 17.46

HR@10 9.23 13.30 14.06 14.98 16.14

MRR 433 5.57 6.47 6.64 12.56

Movie NDCG@10 4.80 6.18 7.08 7.41 14.45

HR@10 10.07 14.23 14.21 14.89 14.43

MRR 6.70 6.31 8.10 8.08 12.48

Phone NDCG@10 7.88 7.22 9.00 9.32 13.43

HR@10 14.25 17.12 14.15 17.90 14.36

MRR 8.22 9.54 10.31 11.28 18.60

Elec NDCG@10 9.44 10.96 11.56 11.63 10.60

HR@10 16.58 18.50 19.89 20.43 12.64

MRR 3.56 431 5.72 6.28 18.92

Cloth NDCG@10 3.98 4.78 5.77 5.84 11.20

HR@10 7.54 9.97 11.26 11.89 15.30

MRR 3.68 4.16 4.97 5.18 14.05

Sport NDCG@10 4.02 4.52 5.67 5.87 13.41

HR@10 7.87 9.17 11.36 11.42 10.53

MRR 2.99 3.72 4.51 4.87 17.40

Game NDCG@10 2.78 3.98 4.12 4.92 116.26

HR@10 5.60 7.64 8.06 9.17 112.10

MRR 3.79 4.54 4.69 5.02 16.57

Video NDCG@10 393 4.65 5.28 5.68 17.04

HR@10 7.48 10.26 11.32 12.18 17.06

3.422 FETOESHENSIR GBS R HEIEERE IR R K

B A AHE R TR R R A I B B AR R, i e eSS K 2 8 FIIE T Spsl e 1) SRR B0k, Tovdas /R
FHEB(F B2 AL Z N, I NG SR 2 ) SR AL T ki (0 SR 5 . (Rt TR 20 P B S 3 sext
RAE AT OO, Xk, BT PO-CDRec Wil thE &ML, BEREM LR, B3R 8 vl H H, 5B
A Ours-1 FHEE, ABMABEAY Ours-3 7EMERE L3R FFUAE. Lhln, 78 HR $845 L, T34 F+ 25.93%, ALK 17 34.35%.
B AT 40, SR P £ B & ) SE ML e ROt ) ) 22 B0 B AR FEAN R AT A A2 24 T 7 0 R, e SR I 2 ST 4R (3L o o
W R A5 T, b 1T 3 R v A
3.4.23  PRAE EEC A AT A HEFEME AR 21 R

5 A AR ARBA Ours-1. Ours-2. Ours-3 AL, AL PO-CDRec RN 2 F £ 5 & H 5 ML 5 2 E 63
GCN X P AN A, FAVPAN 8 7 78 5 B dkoh i 76 4@ 7+, MRR. NDCG@10. HR@10 43 P52 T 4.84%,
5.48%, 5.32%. F AT %0, IX AR AR ELRC & T PO-CDRec A5 74 21U R A B AL

R W AT A, B 3 B e ML DA K 2 2 U6 FR GON R PR B PR e iR B — e fEH, = H 45 4m
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A RO SRR AE MRR. NDCG@10. HR@10 $845 _E IR,
343 ZHBUKFESHT (RQ3)

X BT PAN S R T S50 e, BIAL AR VR P AN & B P S B, A M e AT TEAS RIS 4 b A 20 vk
aj=A2
3431 fEREIRE

BATR BALIRIRIE NS HK, Kel0, 1,2, 3,4}, 24 K=0 I}, BIGRIEMER, 2 25 GON BLHGR 16 U
AL HET (Bayesian personalized ranking, BPR). A~ [Fl4& 4% 2 1 SLEG 45 R an & 4 fior.

19 28
24
———e— o
£ 14 -, g
E . B s —
4 4
0 1 2 3 4 0 1 2 3 4
FERRIREE TERRIRE
(a) HEIBIRPE X Music—Movie FI540 (b) fEFHIREXT Phone—Elec {54
16 16
14 B — 14
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B GLOU. 5 4t, Hist L szt 45 B rT 4, A SO A PO-CDRec T RE R Z T AR
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