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Abstract: Recently, self-attention-based sequential recommendation models have demonstrated remarkable effective-
ness in user behavior modeling. However, these models tend to suffer from an over-smoothing problem during deep encod-
ing. Repeated aggregation across multi layers makes high-order representations become increasingly similar, which gradual-
ly weakens personalized signals. Meanwhile, the high correlation among feature dimensions introduces redundancy and
noise propagation, which weakens the model’s ability to identify important features and consequently limits its generaliza-
tion capability. To address these challenges, this work proposes feature masking and contrastive learning integrating multi-
dimensional decorrelation in sequential recommendation (MCMD-SR), a feature masking and contrastive learning model in-
tegrating multi-dimensional decorrelation in sequential recommendation. Firstly, we design a feature masking mechanism
based on self-attention. This mechanism measures the contribution of each feature dimension with attention scores. It then

selectively masks features with low-contribution which are prone to inducing representation homogenization. In addition,
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we also introduce a logarithmic mask-rate decay strategy across layers. This strategy applies stronger perturbations in shal-
low layers to break high-similarity features locally. In deeper layers, it maintains moderate perturbations to continuously
suppress excessive aggregation. Furthermore, a contrastive learning task is constructed between the masked final-layer rep-
resentations and the original shallow-layer representations. The proposed method pulls together positive pairs from the same
sequence and pushes apart negative pairs from different sequences or feature dimensions. The proposed method reinforces
discriminative and personalized semantics. Thereby it improves the separability of the embedding space. Secondly, we pro-
pose a multi-dimensional adaptive decorrelation module. Based on the attention-masked feature matrix, Pearson correlation
coefficients (PCC) are computed from both column-wise and layer-wise perspectives. Penalty weights are adaptively as-
signed according to the correlation strength. This suppresses redundant dimensions and inter-layer dependencies. Mean-
while, it keeps the overall regularization strength controllable. This dual-view decorrelation strategy reduces feature redun-
dancy from both local (column-wise) and global (layer-wise) perspectives resulting in improving the identification of key
features. Finally, the self-attention masking mechanism, the contrastive learning module, and the multi-dimensional adap-
tive decorrelation module are jointly optimized in a multi-task learning framework. These complementary constraints stabi-
lize training and improve embedding quality as well as model generalization. Extensive experiments are conducted on 4 pub-
lic datasets, where the proposed method is compared with 11 classical and state-of-the-art sequential recommendation mod-
els. Experimental results show that MCMD-SR achieves average improvements of 2.13% and 1.67% over the strongest
baseline in terms of hit ratio (HR) and normalized discounted cumulative gain (NDCG), respectively. In addition, ablation
studies and parameter sensitivity analysis further verify the necessity of each module and their synergistic effectiveness,
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thereby further clarifying the strong generalization capability of our model.
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Figure I The framework of the sequential recommendation model
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Table 3 Comparison of the results of different combinations of correlation metrics for column-wise and layer-wise adaptive decorrelation on LastFM

IBSEE ST wiR:S

B il F by R EADG | 100 R 2 ARG e et ez Nes Neto Nezo
DCor Cos 0.0523 0.068 8 0.098 2 0.036 3 0.0415 0.048 9
DCor ED 0.048 6 0.073 4 0.101 8 0.035 8 0.043 7 0.050 8
DCor PCC 0.056 9 0.071 6 0.103 7 0.0375 0.042 1 0.050 1
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1 : HR@K Al NDCC@K 13 1 435l {1 5 A H@QK \N@K ; AR SC AT A e 1 B 1k 1 414 A SRR UKL AR ARiE , o8 T b, R R Rk 2e
X H AR Sk R T B A R A SRR R



o2 M

RS R 5 X Lo S Rl 22 4R I 250 FE AR G I e 9 A 883

X B FH LasteM #0405 42 , 1 5%, HH P A7 8 %7591
LA MR h SR B AE (YK 48.2) , BEAL 57 i
SR R 4, OB B RS G Dy (R SRR 4
] 5 5 REVICA S5 = Ak ml s Hok, Ho 410 0% sl bk
S SR H R SO RUEE & FRIE IR AFE 2 2L S
B Sy SRR G s e, TR AP R R e T K Y
G1) iy M 7 BB B B SRR AN A2 AN [R] A 6k
W B R AR E . R, 7E LastPM 08 %
PEAT X OS2 06, RE A S0 IE 22 4 3 26 1o 5 R 56 34 4
PCC T e AR IETUAR T A3 . thR 3 EH,
22 Y i 25 5k AR S #4948 FH PCC O 2 7E H@10 , H@20
NDCG@10 ,NDCG@20 ¥ b5 i ¥ AR S AR AE . AR TE
H@5 fl NDCG@S5 #8 b b AR5 Fe i, (02 5 f
B AH 2240 K 0.005 5 F10.000 2, ZZFE /N, BIKEF
22 Y i 55 A S ¥4 PCC T i MR AR fe L
HAE A S B i s R

25 LW, 24 s AR SE SR PCC O I AE
Ry A DA B Oy X R A O L e Rt A
He v [ R 1 B A AOPE B de A %

2.2.1 JEBEENETEHRRX

FE 7 FIHERE B AE AR BE v, ASTR] 4 37 1) 3
(RAVE Rt wdag 1 RS N e o S N T
A TR P 2 D 45 B I 5, AR I 4 R ) 1 A 2 s B e
B et | R[] B9 4 B2 4% T o R sk TU AR i UM
Bo BXRRAE B A 3 BE A AR 2 A BR A ik A 1]
R By T BRI 5 R A A B S o R AR BURRAIE 4
JEE ] 119 26 M AR M D¢ 22 00 408 I AT 25 U AR Ab B, SR
PCC f 1l 5 AT 75 W3 51 5 AIF (8] (9 A SCFE . 3% T PCC
PSR (1) 38 A S ML, BE IR0 I3 1 v AH SR i
TIF 4 JBE Al A5 70 2 o) 21 58 ok 57 B OS5 0 4 A
TR .

B3 P u, WK F AU AR F AL b 72 A
FHLL L, e {4 [ RRAE 2 —J& “ F AR,
iy — LR RIS F AR TR R F AL
N7 Z AR AR S A DG, & S BURRIE U AR o

UL, #E F PCC R THERAH SC M 2 BRT, o & B AH
S AR AU il o B K B A SRR 6 IR S 1 1
I D) > 458 /0N ) A S ASLERD , DT S BRARRAIE 1) 11 3 I
b, =X (9) s .

Lo . Ccov(EL.EL)
r (E*,.,E*j): _

OOk,

(9)

Horp s ELMVEL J3 0 RS R AEFE I E 26 1255 1, 56 )
AFFAEHEFE 5 cov() T 5 WU RRAE 4 B 8] g9 P 7 22,
= (10) FiR .

M

Emi e_i,.)(e;j—e_ij)
cov(E.,E!l)= "= i (10)
Horlrse,, Flel, 53 0 R R FRAEHE BRTE )2 T 4 B 0
J:,ﬁézl—‘mEI’J{E;e_i,-*ﬂ:@mﬂﬁ%’]%ﬁ@ﬁ@%ﬂ%i’%ﬁo
37 25 1T R R AE 4 B i A0 j i SR [l AR AL FR B, =
e T E AT A 1 . aEirﬂaEirﬁ%Uﬂﬂﬁﬁj?ﬁTE%ﬁ

BARdE2ZE =k (11) Fras .

M —\2
I ii
_ (11)
z(e'mf—e_’fy
O-E/_ m=1 M

3% TR AEREIE S R 58 1)Z v, 5 1 B RRAE 48 JE EL,
RS j U RRAE 2 S B 1 B B0 S Ve o 3@ ad 51 ] PCC
FRBGETE, AT AT AF RN 1)2 PR A R
PCCAHE R B (L EY)e BT IR AR SO FEAIT
ik A 500 T8 141 249 A DG A A 0 R A A F AR L A
K (12) FiR.

S r(ELELY
MED= gy

Horp F(E") R AE 40 B AE 12 P 45 RRAE 2 B 2 18] Y
PCC RECE I ¥ . A7 FRAE4E B 22 [0 A7 7 35 v A
Kot WL BT — 2 T04 . O kL Jr X ae
% T3l R v A SRR AE AR 5 M A 5 A5 AR 2 ) 1) BT i
22 AL RRIE R on o o WED VR M 555 12 FRAE
S W v B ) A S B R b, B T Sl 2 1R 4 AN TR A G
PERFAE ARSI A EE o 76 R FF SR 0 B AN A8 1) i 42
T FR AT R A O R R A A 43 TS T R A A AR
177 X AH G A (%) 4 AE 2 R B A N (AR A
A (13) s

ije{l,2,--,d} (12)

')~ VFED

> UHE")

Horr R Y RTRRIEE s L O B IEZE R
PRIt , AT A5 8 8] [ 3 W 2% 48 B AH G651 2K Loss®,
= (14) fis .
Loss‘ = if(E’}y(El) (14)

=1
2.2.2 EEBENETEHEX
38 2 4 8] [ 38 N A A AR G, wT DA ] G AR A X
FROE AR OCME AT AR, 2 A — 3B 0 e AR RRAE 1 50 B AH
K ABZ ] 7 38 B 2% 5k B A OC Z 0% T [R)J2 Uk 2 8] 1Y

(13)



884 CIN R T 2026 4F
AH SV, AN BE 78 43 I /D o 4E R A o B AH DG PE RN TT 4R 1/g(E") .
A SR ) 3 Y 2 ok R A 6 1 ok 3 [ 4 it e ilwy ’

R AE P 1 3o AR DG “

B4 F o, W T LA T HLEE 5T vwﬂwosww)w)ifkkL
TFHLSC AR BT S 0 AR R A R OED= S (UgE)
Ak, 85 R AE S, ok He 0 [ 1 5% J2 3 R 45 AE 2 — =
T /NP TS R SR A A 2 — R LB NS VB i =L
TFALECAF L FEAR G . i (1/g(E"))

S 2 aok 1 R I 00 R R 1 R 4 2 3 B =
FOCME 05 AR 56 5 1 B A J2 43 e B K PR A 5T 2R 8 (18)

B AR S A /I B R A J2 KT S /NER A AT 2 2T A
o EFNEANTE , 28] A 25 A 5C IRRIE J= B

A IR AN Z A Pk . FRIEJZ 1/ PCC R 4L
$(EYITE, =R (15) iR .
COV(le:nﬂzei?i) ]f lzl
o, 0,
COV(ellml’ , ) COV(eml ef;ll) :
¢(E’)_ 0_110_1 0.5+ O'elm frl 0.5, if 1<iL
Cov(fjr:lu'l’l‘efni) lf Z:L
o, 0,
(15)
Hdrae! eV B R AR AR LR L+ 1 J2AEREA m 4
BE i B 5 cov() IARRIEFBE 1R 1+ 1 20 Hh 7 22,
K (16) s .
M d
zz(efni_ o )(ei:l I+
cov(el,. et )= 2=t=] (16)

ﬁ¢e$wMAJﬁ AR 11 1+ 152685 G 7
VU 33 D37 2 R B AL 10 1+ 1 J2 AT A 3t
H*%&&@W;fﬁ%ﬁmﬁﬁﬁnlmﬁ@ﬁ,

X C17) R
M d )
/z;@_e)
o, = oz T
M (17)
\/WZ‘IZ( in+ll l+1)
Ot = n

X RN PRI B DR 1+ 1 2 B9 B BRI, B ik 4
JERRER B Eh M. T ERHIEZ PCC R B, AT 15 3
FRAEZE MR LR 1+ 1 J2 B9 PCC A 6 BB H(ET), ToAiTHR
i FRAE 50 BE )2 PCC AR 08l 2 Hb X AH B 19 R 41 2 117
HHPEAEST , =X (18) TR o

Xt AR SR AT AN R B AT R RO TR A
THE A 2 A2 A 5 R 8, SO 1 << L B9 B B R AE
JZ AR TR R LR 5 AR PR AT . A
7 TE TS0 O R 15, DR AT 249 73 RE A A0 7 4 4
JE SN , i G SRR AR TR R G i R b R R S B
R B ICARE RS, BOfs AH AR JZE IR S PEAL 25 0.5,
JZ 8] A 38 R AE 25 H S 2R Loss™, i (19) frR .

Loss?= iqﬁ(E’)- O(E") (19)

2.3 REWMNEHESE

AR AT 45 AR MCMD-SR. (1 % 4 5 ) 3t
2 i) i LR AR IR
2.3.1 BTN

TESR 21705, FRATT 2 T A R A HL R B
1538, 1 U OO R R AR R AT AR AR A L AR
A5 05 Ak 3 ) RO B BSARec (Beyond Self-
Attention for sequential Recommendation )" 45 78 f7 e T
J 9 A7 v Al sl A o P ) A AR
FME B0 BT SR A WACKS 12 0 R I A il A A
BSARec HEATRAE S 5 , fie 23 A HE IS5 2% Loss™

% S BN A PE AR R AE 9 3 PR T RE 0 R 2ot B2
T IR, AT R — 20 1 s M AL P S W R — 2 A
fiE A5 BXT H 2 2T s A A PR AR RRAE , 75 31045 2% Loss®™

S IR AR 2 B2 A9 47 07 1) b 22 fife i 8 1 3 I R
AS B, BT 35 A5 78 1 32 A e 0 R0 o ff 4 i
AR 1) v 2 5 FE AR OCPEATI SR AN TT 200 o v 4ERRAE (1)
o BE A O ) T SO R 25 ) B TS B 2 i ) S5 O
ZACRE T o BCPESRS 2.2 71, FRATT N R A (] 1Y 4
R OC F 8 K, 51 A —F [ 3 R 81 ] 2 3 AR G AL
il 3 B Loss®, A, Ay B 4 T i [ A1 5 E R A
TR TR  FRATTHE— 25 B R[] )2 ¢ 22 [] 1 R AR
AHOCHE Y e, AT A 38 2 9IR] 25 FE AR O, 5 3145
% Loss". #h e 15 B AL AL (Y B 451K Loss™', 1 (20)
iz

SRR, IF



RS R 5 X Lo S Rl 22 4R I 250 FE AR G I e 9 A 885

Loss™'=Loss" + 1, Loss“"+1,Loss“ +1,Loss* (20)
o s ) R LA ] B R AT 5 4, 5 A, 43 900 o 4 i1 91
[ NP RS uN ;-1 P G N i
2.3.2 HEEHE
AT 38 A E ) R R A R O X
ArXf ez ), DGR i oo B -1 1)@, HLIR G 9 ) L 2
(i) [ 32 07 2 ok R O SR, 38 BB AL AL RE T Y
Hiro Bk WAL 1,
Bkl BERBSHEEIMGSERERTERLERE
BN PR HTS,;
HirtH 70 H 5113 List;
Begin
L WA AR P 58 L 5 i AL E;
1+ R SR HLE X 2]+
2.For/in E
3. sco(el, —e! At AT 143800 WK (2)~(4)
4. If /=2 then
5. VIBRURRAE A RE b A5 A BRI e

6 If sco(e!,) <y, then
7. E'— - ERERS 5 A RR TR 1100 5(5)~(6)
8.  EndIf
9. TEWIERDER; /IK(7)
10. EndIf
11. If/ =L then
12.  Loss“E' 25 E*Z Xt He: > s g/ X (8)
13. EndIf
14. End For
15. Loss"« FRAFAE I E' (O3515%; /7L 3Cik[18)
[ ZZ YR [ 3E N J55 ARG
16. For [ in E
17, r/(ELL B REESERESE L2 R EL R EL 1Y PCC R B
HILR(9)~(11)
18.  F(E"y—FRAEAE RS 1250 AR S E A5 48; /10 K(12)
19, p(E RIS 1250 A M AR R4 /70 3R(13)
20.  Loss‘«F[a] iz B AH G i 2% i =(14)
21, JE" W—FRHFSE AR 1200 PCC R B0/ La(15)~(17)
22, O(E' W—FRHEHMERESE 12 M2 AR ET 28 /1R (18)
23.  Loss" 2 kit A B0 13(19)
24. End For
25. A EIRK LossA IR B B4 1/01L30(20)
26. Output il H 513 List
End

FEFLIE U 38 LAT R LR AR P 28 B 17 B i i A
B E 5 55 2~10 17 1A 05 159 2 5 J5 10 R AE 2
55 11~14 47 XF #8545 6 1 A7 X B 2% >0 IF 3 B X e 2F
B B ASATI AR AE D A B30 % 5 5 16~20 1731
G ] [ 38 2 2 B A O B8 [B) A 2 5 2 21~24 1711

R ) A 7 2 e A 5 2 ) R 2 5 5 25 A7 1
BRI Loss™ I B BT S 80 o 26 11 e 291 6

3 ZBREHES

R B i MCMD-SR B 78 (Y M AR SCsk 5 4 4>
25 BB 4E Beauty | Yelp . LastEM . ML-1M #1725 4 52
B9 X L 43 By, B E1 28 DL LA [R) A

(DRQ1: 52 MLy B BB RUA HL , A SCRE ALY
ey e SLEN

BT X IEIR) T, 3.4.1 1535 B X HESEH:, 43 00K AR SCAR
AIMCMD-SR 5 11 FfAH G B AR XS L . 520 45 R 3R
B, 7£ HR@5, HR@10, HR@20 . NDCG@5 ., NDCG@10
NDCG@20 i% 6 > PEA Fa br L, #5281 MCMD-SR ¥4 T
A X FEAR TR AT R JUT AR AR TR A % i o O o R
RS E AH 56 T f 4B S, BE B TH A R M RE A
etk

(2)RQ2 : B A & 5 AT AEAE T LA 2

BF XTI TR) 8, 3.4.2 15 IR CE T IH A SE 5 MR B UE
B IR ML X 2 S B B [a) A R 2 B A
5K JZE ] A GE R 25 0 BE A 56X 4 A A 1 2 AR 4 R AR 1R
IR A3 A 300 S ) e ot A R A 2 P RE A R . SR &%
SEFEHH 3K 4 P AR AR R () HEFE RO A RN R R
2 F B 42 455 8 MCMD-SR, 136 BH 35X 4 /4~ ¥ 14 15 2% it 1t
S i i) SR A AR R AE AR DG | BT — B O

(3)RQ3: TS HOHAS IR AT o 50 2

BF X IR) 8, 3.4.3 5 1R E T S ECHURE S
SRR 2 ST WK ALE B (8] 5 2 8] GE 2 ad B
FH A T 438 , & IR T AT TAEAS [m] 0% 54k 4 1 {4
UK B d5 O o A BB AN (), 340 B 1 v e i S IR
DA - b A A A AR

It 2 B 78 MCMD-SR & F PyTorch HE 28 , £ Win-
dows1064 {37 #:1E &R 4t , PyCharm 2019 Jn 2, A Py-
thon 3.9 FR5E T S8 . S L& Ol 32 GB N £F, AMD
R7 3700X 3.6 GHz CPU LA K Nvidia GeForce RTX
2080Ti GPU . AU i A 1] 2 48 B 64, Il 2t vk K
JNH 256, 27 2] FAE10.000 5,0.001,0.005 | HEHL, ep-
och 4 200, M 28017 11,2,4,6,8 g4k, Xf b2
3 AL 4, 7E 10.000 1,0.000 5,0.01,0.05, 11 |k
S, B[] R0 22 ) [ 3 B 2 ok B A OC R 401 R AR A, A,
43 IAE 10.000 1, 0.000 2,0.01,0.02, 1} F1{0.000 01,
0.000 02,0.001,0.1,0.2} Fh 48 2%, I 25 b R B R s 4
W B 1k o LA, A8 AL B8 0 Adam, $5c KB K B &
50,
3.1 HUE&E

A SCHE I 44k A 20 55 3 5 B AR 8K
R ORI BE 5 9 2 MR s 4R 43 il & Beauty
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(https://jmcauley. ucsd. edu/data/amazon/) | Yelp Chttps://
www.yelp.com/dataset ) | LastFM Chttps://grouplens. org/da-
tasets/hetrec-2011/) . ML-1M (https://grouplens. org/Datas-
ets/ movlelens/) . BN LA FEE HIRMHEA
Z A T B, REAT AU W 22 A Ak B4 T P 5 SRR
G-, AT A T 6 A A AR A [ P A g A 5L e 4
FetE R ATERER L. SEiT4i RNk 4 Pn .
R4 BREEER

Table 4 Dataset information

Hlede | M B | SR | EH | FERIE|
Beauty | 22363 | 12101 | 198502 8.9 99.93%

Yelp 30431 | 20033 | 316354 10.4 99.95%
LastFM | 1090 | 3646 | 52551 48.2 98.68%
ML-IM | 6041 | 3417 | 999611 | 1655 | 95.16%

(1) Beauty : 24 F4l ™ 5 PEIE E s 45, K A Amazon
P&k Al KRR FEZA LK
an AL P SCAR PEE PE 43 DA R ] 8045 (5 S,
I 52 S P X St 7 i 4 18 S 15

(2) Yelp: H1 Yelp B J5 2~ H & A 098 R VT B4
£ AERPEE CHP IR UL P2 HAT
o AQUEEINIE DK =€/

(3) LastFM : 4 #E 7% 7 G0 S0 30 28 L 1) & O O 0 A4
FP AT AR AR )iz W TR A HEE DR IE R H
Last.fim FHEMHESELH AT HE, S8 xTHPS
HARIE Gt/ 2R WP 22 5IF 81 .

(4)ML-1M : g 4 77 58 Ge A 50 40030 15 FH 1) 5 30
B2 — HE P EARGR R gt &
FH P ) BN S5 2 4R (R B
3.2 EMIER

FE 7 G HEFE o, i rh% (Hit Ratio, HR) A — 1k
#r i B 25 (Normalized Discounted Cumulative
Gain, NDCG ) 42 ¥ Top-K #E 17 %% 5 09 W5 A~ & 0 48
T, e [ 7 k4 77 A5 A0 A= A I K AN 30T H 2 15 E ) S
W T B R A 4

(1) HR: T2 Ty 77 51 R vh 2 & b -
HIEE R E |, BRI 8 w53, X (21) i

(21)

Horpu) PG R BRSPS P U TR I H S
FEER SR RBUE A 1, #oR“dd”, B o,
FoRAkd T,

(2)NDCG : B K [ S 3k 2L I H 75 4 77 51 % h
B HE 4, B B R I E A HE R R, e HERE HE
LRI E | LA AR T P RE S TR b i 3 55 AH OC
B2, an =k (22) iR .

1 & rel
NDCG = — x
ug‘U Y, Flog,(i+1)

Horpray, WP u B ELSE s ko E e T H 40 el J2
HEA S i 1) i A DA 438

HR 328 J 7 a5 0 A5 R0 P JE i o 25 110
B A R M NDCG WM T P4k 4 72 45 50 1 HE P 2
G P 0 SE PRl o 3 P> F8 AR B A AR, AT A
B R 5 R BT B T 5T 4 T S A A AR A B PR RE
T bR R B 5 , Ul B AR A AR TR AR I R A - R IR A
3.3 XftbEE

AR AT He T HE A A MCMD-SR 5 4 i 5 A7 i JL 2K
J7 90 HEFE BT R4 T X6 b S8 9 K A3 B, A 45 3 T A B
£ M 2% ( Convolutional Neural Network , CNN ) I 1 #£
25 W 4% (Recurrent Neural Network , RNN) 3T H 1 &
FIRL F TR L2 ) KRR AR S i | Bk T A A A
i 3zt BE ST, DA R 1 3 i A AR A X He 2 ) 1Y SR
B, LA ) B A SCREARY A L 3

XF T 5 Ao LA A, (D7E A& T CNN B RNN HJ
SR #& & tft | Caser ( Convolutional sequence embedding
recommendation model) ¥/ A [t T 1£ 45 CNN BE B 55 44
$ 4 BCRRAE  [7] s 38 86 B2 1 K 0] 1. GRU4Rec™™"
U] FH RNN &b 38 P52 B8, IF A — 8 R B L
B RNN Y5 U . Q7T A iE 3 1 L B9 SR
BRI SASRec R [l T 4% 48 36 F RNN 5 CNN 19 J7
B, e MR H R AL AT R S E L R i A

RNN/CNN., BERT4Rec (sequential recommendation with
)[40]

(22)

Bidirectional Encoder Representations from Transformer
W AE 22 3k A TE R L B BE Al L 51 AR B 17
I, LIS~ S TP B 8 32 B . OFESE T
Xt B2 ) BRRAESE SR (4 SRR DuoRec ™ 45 A4 [
“¢: ] Hl Transformer Z2A4) , DR i 30F W 7 K4 1) 5 # 4:
PR THEFERCR . FEARec (Frequency Enhanced hy-
brid Attention network for sequential Recommendation)"*’
ML AT D R 0 38 5 9 #7938, 1 T T O e ) 2 s E
1o @TEHE T WU 1 52 fift i B2 - ) SRR
FMLP-Rec (Filter-enhanced MLP is all you need for se-
quential Recommendation )"*' 5 JH e 2 5 s 2 o9 i 4 g
P AE— 8 R 1 R g o BT 6] . BSARec! ! fif
JHAT HEL I 72 3 R ) 2 v ORI AR A5 8, , LRSS L A 3
3 5 B T 2 v A SR T AR T AR A ) S 1 B, ATl
B fift T2 T8 AL T A Ao S ). ()7 S T o
P A X 1L % 2) 9 SR B AL b, CaDiRec™ |
MSDCCL'®' \FENRec "2 e 57 ) 14 56 1 ] 010 e 25 45
Bb2 o) B SRAE A

(1)4ET CNN 2 RNN f) SR 5

1 A 3 ok AR P AT R B 4 J A I e A
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RS R 5 X Lo S Rl 22 4R I 250 FE AR G I e 9 A 887

FEF A , SEBUEHT P RH ER Al £2 5 T

(DCaser: —Ffi 3£ F CNN A9 SR #5 , F Ffl CNN $2
R Py s 47 kg v i s e A, O — S 28 B

Q@ GRU4Rec: — flt 5 T [ T# 4 25 BT (Gated Re-
current Unit, GRU ) M ¥ #2485 80 5 1k | 38 i RNN i 42 1
JRRINPER PRSI RO W E TN IR R NPy 8 b =Nl
S UG R .

(2)HT A ER TP 1Y SR AR A

X HA R F 7 50 I % 48 CNN 5 RNN 78 4b 3 K i
T AR OC 2R 1 i Ry B a0 sk HE 1 9 4 S AR
ARLRE ), A T R AL R B A R A B P 9 O
LSRR A S

(3SASRec : 3 F Transformer 2244 , F FH A & J)
BLUHIAE G P B F 5047 A, R ) 1 Ak 350 B 15
M G 7 B 3R 0 1 O 0 B RE T o

@BERT4Rec : 1 UK BERT HE 42 51 A £ SR AT 55
SR HI AU W] Transformer 25 44 , I i F 4 A5 AL i 2F 17
Yk, BeZr A A AT 5 11T J5 SCAE 8., AT B8 4 Hb 27
I P Y 0 28 B

(3) FEF X L 2= 2 SORRAERG 5 % SR #5574

XA o 22 A0 AR B REAE A A5 B X b 3
SR, 5 TEHR LAY 1Y RN B8 ) FVE AR M, AT EE 4 M aE
Jof W P RN Z2 REAR 0 P AT A, DT 8 o HE A8 R

(®DuoRec : — FB %t 1 2% 2] 5 Transformer fil 25 1
SRS HY | 38 2 A4 HEAS [ A A A A0 1] ok 2 2 fget: i
FURIGH R, DA S A A X A0 M 7S Y i

(©FEARec : — Bl T REAE 3 58 A 2 7 AL
BR3P i 2 R AT O P SRR AR S 2 2 T
I RAE, M AR RE

(4) T I B R ASE 7 A o) -1 1Y) SR A28

XA T AR A AR 53 A T (el B 2 4
ol R B ) LK P 38 B 0 RR A A 4t B0 I 2
[ AbFE PO U SR W, 38 9 R AR P O - 240 7
Y 1o AR AR 43 2, [ Fsf 0 ARG 430 T A R 7S BT AR
5, DA RS i ok - T IR

@D FMLP-Rec: — ff [& =X FF 41 2= gz (Implicit Se-
quence Denoising, ISD ) i) #E 72 A 1 | 5 7638 3 5] A{H
LS o0 Sk K 5 4 9 3R R BB ), 78 43 ) A
PE A B e 51 v i R R DT B R HEE A
FRER P

@BSARec: iZ AR IA Ky [ 7 7 ML R A K GE
B, i 0T P B AR 5 R U P 8 1) AL A3 A
T AUREAE o 3 A v A U I o A BT R AR, SRR
J7 5 R T A A ST U ) R, F — 2B AR T A PR RE

(5) LT Hasm AL E L AL XT Hu2 2T Y SR LY

X T 25 G 1 s A B AR 5 0 L 2 2T #E

0B TE R R R R

@CaDiRec: —F [T SCERANAY P B Eb 2% > 45
AL AR A H 0 B A 1 &, LR T SR
PERE .

(AOMSDCCL : — Fift 5 fi 2 M 5% W& AH 245 45 0 A5 780
AR TR P T A2 B AU LS R B e T, 9T
X} Ll 2 2] 358 F TR (R X Ak

WFENRec: — 2z 3F (19 X3 He 2% >J #E 22 FENRec,
AR Z A~ B (8] 25 (47 SRy e A s 5T AR B i bR 25,
RAL GE i ks 28, A BUE VI 2R )5 BT e LR 4 < IR
MEPE” B SRR A ARG 36 H 2 ) 1 IX 43 BE
3.4 KBWERSHH

AR 3 2 A 25 A S5 56 IR A SCRE AL MCMD-SR
B3 R HAT R . AR5 3.4.1 7 WA SCRERL 5 11 Fif
AH O A AR TR 4T S0 X E , B4R 20 BT I I B AR SOpR Y
B O3, DLIRIZE RQT A [R]85 #6565 3.4.2 717, & X 4% 3¢
REHL G 4 KAGPF ST T 4 FpAR PRI A ) 347 T8 Bl e 55
P, PL IR RQ2 7655 3.4.3 45, XA AU (1 3 4 £ 5
KEESEIEA T, LRI RQ3 .

3.4.1 XFEEEEE(RQ1)

S A7 T B AR MCMD-SR 9205 | B 4% 85 780 £
4 AR [R) ) 28 8180 s 4 (Beauty | Yelp . LastFM | ML-
IM) B X . FRATSR )z [ A TOP-K $8 1
HR@K fil NDCG@K (£ 3 43 3l i 5 b H@K , N@K)
KA HERE S R, o KB 5 .10 i1 20, ELiARSE R
M5 R

& 5l E Y, AR SRR MCMD-SR 7645 Fr HR@K
5 NDCG@K I ¥ {ft T X Fe A A0 o 5] 4, A< S 455 A
MCMD-SR A %F T #5 caser 75 4 D508 4 1) HR@K 5
b LB 12 44T el v, e b ik 1 52.62% .

(1) 5%T CNN B RNN (R BIXF [1

DL HL T CNN 114 Caser 1 51 2 J5 51 4 75 45 35 1)
T 28 MURE AR HLTE 2o R VR R 4 SR 3R e A X
PO B HE 0 . {H Caser BRI 3 TR 19 A7 FR J&
Z W5 JR AR A 9 4, 2 5 SO0 KPS A2
799 4 TR R G R AR BE J) AR o AHER T Caser 15
R A S E HR@K FIl NDCG@K 38 bk | 43 il ¢ /b
PF52.62% . 71.43%

@3 F RNN Y GRU4Rec f5 B 5K #b T Caser f& 7Y
PR WM O R AR L 8 H TP AL ()
HHHT) , GRU4Rec 5 Y BB £ B K 19012 , A 8008
P& H P B AT S o6k 2 AT %R B S e . AR, R
GRU4Rec 151 1 4l $12 K HE 825 4 01 7 180 A elc ik, (H X
MR E T BE AR . T GRU4Rec 1
R, R SCAR A AE HR@K Fl NDCG@K 38 #3435l 5 /b
P2 T} 34.26% .48.44% .
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Table 5 Comparison of the results of different models
. Beauty Yelp
H@5 | H@0 | H@20 | Nes | N@l0 | Ne2 | HeS | H@l0 | He20 | Nes | Nelo | Ne20
Caser | 00130 | 0.0250 | 0.0403 | 0.0082 | 0.0121 | 0.0159 | 0.0104 | 0.0179 | 0.0317 | 0.0063 | 0.0087 | 0.0121
GRU4Rec | 0.0181 | 00292 | 0.0474 | 00113 | 0.0149 | 00195 | 0.0131 | 00240 | 0.0411 | 0.0079 | 0.0113 | 00156
SASRec | 0.0350 | 0.0563 | 0.0857 | 0.0222 | 0.0291 | 0.0364 | 0.0140 | 0.0241 | 0.0401 | 0.0092 | 0.0124 | 0.0164
BERT4Rec | 0.0451 | 0.0704 | 0.1047 | 0.0296 | 0.0377 | 0.0463 | 0.0259 | 0.0419 | 0.0699 | 0.0164 | 0.0216 | 0.0286
DuoRec | 0.0673 | 0.0945 | 0.1288 | 0.0482 | 0.0569 | 0.0655 | 0.0262 | 0.0437 | 0.0706 | 0.0163 | 0.0220 | 0.0287
FEARec | 0.0673 | 0.0937 | 0.1292 | 0.0481 | 0.0566 | 0.0656 | 0.0244 | 0.0394 | 0.0630 | 0.0155 | 0.0203 | 0.0262
FMLP-Rec | 0.0385 | 0.0598 | 0.0902 | 0.0253 | 0.0321 | 0.0397 | 0.0162 | 0.0278 | 0.0462 | 0.0099 | 0.0136 | 0.0182
BSARec 0.0710 | 0.0969 | 0.1321 | 0.0507 | 0.0590 | 0.0679 | 0.0246 | 0.0418 | 0.0692 | 0.0154 | 0.0209 | 0.027 8
CaDiRec 0.0475 | 0.0714 | 0.1012 | 0.0318 | 0.0395 | 0.0470 | 0.0222 | 0.0362 | 0.0607 | 0.0139 | 0.0184 | 0.0245
MSDCCL 0.0522 | 0.0714 | 0.0955 | 0.0378 | 0.0439 | 0.0500 | 0.0243 | 0.0418 | 0.0695 | 0.0151 | 0.0207 | 0.0277
FENRec 0.0695 | 0.0970 | 0.1318 | 0.0490 | 0.0579 | 0.0667 | 0.0274 | 0.0457 | 0.0742 | 0.0175 | 0.0234 | 0.0305
MCMD-SR | 0.0727 | 0.0987 | 0.1325 | 0.0520 | 0.0603 | 0.0688 | 0.0304 | 0.0492 | 0.0766 | 0.0183 | 0.0244 | 0.0312
Improve/% 2.39 1.75 0.30 2.56 2.20 1.33 10.95 7.66 3.23 4.57 4.27 2.30
o LastFM ML-1M
H@5 | H@I0 | He@20 | Nes | Nel0 | Ne2 | He5 | H@l0 | He20 | Nes | Nelo | Ne20
Caser | 00229 | 0.0339 | 0.0569 | 0.0159 | 0.0193 | 0.0250 | 0.1051 | 0.1685 | 0.2573 | 0.0657 | 0.0860 | 0.108 5
GRU4Rec | 0.0294 | 0.0440 | 0.0606 | 00211 | 0.0256 | 00298 | 01238 | 0.1974 | 02925 | 0.0776 | 0.1012 | 0.1253
SASRec | 0.0486 | 0.0725 | 0.0982 | 0.0368 | 0.0444 | 0.0508 | 0.1336 | 02139 | 03257 | 0.0862 | 0.1120 | 0.1400
BERT4Rec | 0.0284 | 0.0440 | 0.0771 | 0.0182 | 0.0231 | 0.0314 | 0.1452 | 02190 | 03255 | 0.0953 | 0.1191 | 0.1460
DuoRec | 0.0413 | 0.0578 | 0.0826 | 0.0289 | 0.0341 | 0.0403 | 0.1823 | 02707 | 0.3722 | 0.1229 | 0.1513 | 0.1769
FEARec | 00266 | 0.0477 | 0.0569 | 0.0195 | 0.0264 | 0.0287 | 0.1877 | 02715 | 03712 | 0.1238 | 0.1508 | 0.176 1
FMLP-Rec | 0.0275 | 00422 | 0.0532 | 00203 | 0.0249 | 00277 | 0.1354 | 02149 | 0.3293 | 0.0864 | 0.1120 | 0.1409
BSARec | 0.0486 | 0.0670 | 0.1064 | 0.0349 | 0.0406 | 0.0504 | 0.1849 | 02697 | 03795 | 0.1249 | 0.1524 | 0.1800
CaDiRec | 0.0488 | 0.0732 | 01064 | 0.0341 | 0.0422 | 0.0505 | 0.1270 | 0.2017 | 02930 | 0.0844 | 0.1085 | 0.1313
MSDCCL 0.0455 | 0.0520 | 0.0871 | 0.0288 | 0.0308 | 0.0394 | 0.1351 | 0.2095 | 0.3062 | 0.0873 | 0.1112 | 0.1356
FENRec 0.0422 | 0.0661 | 0.0945 | 0.0288 | 0.0364 | 0.0435 | 0.1899 | 0.2733 | 0.3841 | 0.1281 | 0.1550 | 0.1830
MCMD-SR | 0.0514 | 00752 | 0.1119 | 0.0374 | 0.0451 | 0.0542 | 0.1944 | 0.2823 | 03927 | 0.1299 | 0.1583 | 0.1860
Improve/% 533 2.73 5.17 1.63 1.58 6.69 2.37 3.29 2.24 141 2.13 1.64
T AR SO MCMD-SR A S5 95 0005 LU BRI, A (T LLASS, AT Sl ook 9 S LRI vh R R () HOH , fo s — A7 48 E AR SCRERUAR XS

T IR FUAE R PERR AR THS L CHLIA R ) o

BEF CNN 3 RNN (i 52 AL i ﬁxﬁﬁﬁxﬁ (ks
) Ja 1 b A A AR OC &R DL EAT SR BRI, A% R T
AT PRI S5 , i T 57 ﬁ'JEPE,_‘Wi/\%uu
[i] 9 42 Jry A OGP o A SCHR ) MCMD-SR A 2 F1) I H
TR LS, B 1E 2 ] BA XA 4 I H 3%
fiE, AT A R THERE Z A

(2) 5ET FIERIHLHI Y SRR [

(DSASRec 5 HIVE K 3 F Transformer H 1F 2= J1HL
il i SR LAY | 38 1 22 Sk i B AL 58 B F A Y
I B DG R AT A (E LA b VR 2 I 2% 1
P R BT A B R S R AR AL, 2 R A
FETERE R — D8R TE . AT SASRec B AL, AR SR

AI7E HR@K Fl NDCG@K F5 tr | 73 il e 2D 4+ 3.72%
1.63% . @BERT4Rec $ % J& — 3 T 0] [ 1 &
ML BRI B e 40 A B F SCF &, i MbSAs-
Rec BRI 5 B B0 43 A A I o SR, FH T AL )
REUE ., BERT4Rec BERIAE — @ BB Ll 1 B
WG, M T BERT4Rec B AR SCHE AL 7E HR@K FI
NDCG@K & #r 43 il Fe /D $EF+ 9.59% .9.09% .
T TR S HLE 9 SRR AL BEF I 50 B 10

ﬁi%@é%%ﬂ%éﬁﬁﬁi?xﬁ,u,,m X A 3

AL SR A B ST Y R R %E&KIEJFFJF ey =
[l o B, ANGH R A N 2 D 7 4 2 A 2ok
T IA) R, A SR A MCMID-SR RS 78 SR FH [ 9 2 0 e
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RS R 5 X Lo S Rl 22 4R I 250 FE AR G I e 9 A 889

T 455 X Ll 2 2] W) 2 figf o B 573 ()t i — 20
PETHEFEROR

(3) HHETXT L2 2] BORRAESE 38 1 SR AL HUXT LL

(DDuoRec 155 8341 7 P 11 R X5 32984, il
FH P ) 22 2488 R 22 2] 53X 2 > o HH#E T DuoRec
R | A SC R FE HR@K A NDCG@K 48 A5 b 73 i) i
DETF2.87% 4.63% .

QFEARec F| I 22 90 ff R AE 38 5 547 R 1 S As
e BR AME Gt SRR IR 1 SCH AR 5 09 ) L, AR AT
FEARec #27  A CHE A 7 HR@K Fil NDCG@K F5 x|
I Wl DR T 2.55% . 4.88%

Fe T X b2 2 B RR AR 3G 5 1% SRS A o X L2
RN AE S s R PR AL PERE . SR, RS 1R B A
W 5 AL 4, X SRR T RE 2 S BUH P 550 H A2 |
JE A A PR AR R AR 5 2% o AR SCHE HE ) MCMID-SR 45
TR SE 1 FRAE 3 5 5 6 e 2E S S A R vk, BRI
HP 550 3 28 575 AR E

(4) 53T EA G2 fif o T 1 SRAR AN L

(DFMLP-Rec B # 5] AN I 08 I | J5 5 8% 37 B 2
il LA K 5% 2 45 4 55 T B, A RUPR RN [R5 7 91 R
Z [l 2= Sk B AR AR B R BRI REAE — 2 A
JE G O )8, o — 25 R TR Y ek BE S N
WEFFVERE . MHHE T FMLP-Rec B8 | 2K CRE I /E HR@K
FINDCC@KF545 o3 il D4+ 19.25% .32.01%.

@BSARec # BN N [ 1 72 7 0L E A K38 38 0%
P, & FEGLE . X — 7], BSARec
TR 5 | A AR L oA o ] B P 48R A e I 5, A
A 50 % fift ok B2 S ) R, AH 48 T BSARec A A
A #E HR@K Fl NDCG@K 38 b b 43 5] 45 /b 45 T+
0.30% .1.33%

R T Sl A G i ok BT T Y SRS AN S R E
T R A Bk e S B B R TR R
G 3 FE A Ao B T DAL RN, 7E R AR B R
rh T BRI AR AF AR A A7 A EE S, 3 UM [ R AE
TR g, N5 REFETUAY . BT 1 B
T 22 A T HL 2 AR AR TUAR Y SR A SRR R, AR S
$& H 1) MCMD-SR A 45 A [ 1 5 Fe R AL ] A% L
2 3 ML >R 2% figk b S i 1) L, ()5 A 2 4 i A 3
I 23k BE AR JC ML, B IR 4 B b A TR A5 B, DA
PEE T AN HERE I R R M BE .

(5) 53T AL B AL X 2 2T 1 SR AN HE

DCaDiRec ##F) F T SCERANY 8RR A Bl
S —B0h R s AL, DT s S BEA LIS s A R b ] RS |
KW SO [a)L, AHAE T CaDiRec BUAY AR SCREAY 7R
HR@K FINDCG@K ¥t 43 il i/ 04T+ 2.73% .3.17%

@MSDCCL 15 7 38 33 45 7 R 2 e 3R w55 % L

2f ) HEZR A S0 0 W RS X 8 o B T, AT R
TS Y [ 65 i PR A R . AR T MSDCCL A
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10.22% .12.64% .

BFENRec B 5| AARAAE B bR%E L) E AT
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7 5 T HERS ML A R B R AE R, A A5 G i Bl
A A2 ek 2 5 5 MSDCCL R 8 AR He , fr 42 48 80 rh 5
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) FENRec #7 , B $2 45 80 0 75 51 A R {5 B, BT
TP 51 v %) S B4R S A, DTS2 30 5 v 114 4 2 A
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Beauty . Yelp . LastFM . ML-1M I 5 fix 05 A4 X Eb A% 74 AH
I, HR@K {E 5 /D 42 T+ 0.3% . 3.23% . 2.73% . 2.24% , *F-
1 & /b 3 FF 2.13%; NDCG@K 18 f /b 48 F+ 1.33% .
2.30% .1.63% . 1.41% , V-2 i D $E T+ 1.67% . WX L
250K E , MCMD-SR # BUFE Yelp 1 LastFM 4 4
PETHR K, 30 T axX 2 MR SE A R R 2 A A
RIS H PN IS, B B ASE Y ] 45 IR 3 AP A (LR A1
A% 15, 52 B0 A 1 4 72 R A B8 4 Beauty Al
ML-1M _F 46 AR, T P AE T3 2 A i 4 AR AL AC B
B AR BUATHAE A AEURR X6 55 /0, i SR AR 780 A o — o2 R B I
R AR AR LR AE A AL 36 , SC AR I AR OR . AT L,
AR SO R AR P 38 LR 3 o B AR AL A B 4R R AT
IR

Shy B8 UE AR SCIEH i A 1 RE R T A S T
FE AR H 5 & SR B AL AT FE AT ¢ A5 56 (paired
t-test) , SEH 25 FANE 6 TR .

TELRFFRIRIZE R 5 28— B 5 T AL
Bt AL A0 - XoF T A A R 4T 10 Yk M S TR SRR, IR il
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Table 6 Paired t-test results of NDCG@10 values between MCMD-SR

and each baseline on four datasets

s Beauty Yelp LastFM ML-1M
Caser 1.14x107"7 | 257107 | 1.07x107"° | 1.49x107"*
GRU4Rec 1.25x107"7 | 1.62x107"" | 7.50x107"° | 1.53x107"
SASRec 3.19x1077 | 9.50x107"" | 8.19x107 | 2.01x107"
BERT4Rec | 8.22x107'° | 8.81x10° | 1.76x10™" | 6.43x107'"°
DuoRec 5.18x1077 1.06x10° | 3.40x107"° | 5.95x107
FEARec 1.10x10°° 8.13x10™ | 5.28x107"° | 4.78x107"
FMLP-Rec | 2.13x107"7 | 1.52x107" | 6.86x107™"* | 1.24x107'°
BSARec 1.50x107° 3.61x107 | 4.06x1077 2.64x107
CaDiRec 9.08x107* | 5.85x10° | 5.17x10° | 3.54x107'°
MSDCCL 1.69x107" | 5.84x107 | 1.59x107"° | 8.30x107"
FENRec 6.61x107° 7.58x107° 1.61x10™ 3.63x107°

R H Ty 22 Fa0 , AT A BT R 56 X HR 4 43 A Y JE AR
Bk . WL, 3T NDCG@I0 Y i 35 1k o A
M, RS, FRATAR 4 10 4152 5545 2] /) NDCC@10 fH ,
I3 IS A ST 5 45 FE LAY BEA TR 1A 36 . > p-
value /N T 0.05 Bf , B MEfE 22 R B A Ge it i k.
M NDCG@10 8 b {H B9 B XF t K5 96 45 Rk B/, A S
PR A SR (S T B A e B M X R
WY B Oy i B A e HLRT SRR S R AR |
3.4.2 HELSEIE (RQ2)

B E F R T HERSAILE G b 2E 2 B ][]
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P 4 X0 7 ) e A A R RE A 52, 0 h T 4 R AR A
LAY 3 52 Ours-1 . Ours-2 . Ours-3 . Ours-4 3-8 &A1
SARSCBIRI AT X HE , DAIE B 8548 (77 72 i b M

DOurs-1 AR A 72 2 7 HEr AL A8 1, i 2
P B BEALIERS ML o AR5, B4 45 21 A B HL A A 6 e
TXF s> FFUEAT 80 [E) )2 8] 8 A 0 2 2 B AR G #
1B Bz AR RBIR A F X, FEGHIE A 3
B X BR ARG 22 HL e 80 45 i AR AL P 10 A8 Rk TR) i %
AR Z A TE ) HE A B AL A i A A4 £ 1 B [
e

@O0urs-2 FFR X} L 2E S B 1, R 51 A AR
7=, BEK A R RS AL A 5 ) S
Fo 3k BEAH DA 2 ) 1 3 0 2 sk R DG AR i AT B
GAEE S o KRR R T X b, SR AR X L
S R YA 1 s A A PEACRRAE AR [ I 25 58 HoAth,
ARG A ) B A R

B O0urs-3 A5 AN [A] H 1E W 21 BEAH A 2F , i
AT 22 18] B 0 25 5 AR G 1 L A TR A AL
RG24 DL BT B2 2 B MR AR Ak 2 2 s 1464 T T

P2 AR R T L, 32 BEPEAN S 8] [ A 6 A B
A KA A2 7 AR 51 ) R AE T A% 0 T A RE 7, [ e %5 5%
HoAts = A 1 B9 A BLAE H o

@Ours-4 AH FH 2 ] [ 38 0 25 50k BE AR SC R 24, it
A T4 (] [ 3 R 25 50 B AR G 4 | 3V TR AL
R 1 LA RS B 2 B Ay 42 2 W]V T i A7 00CR o
%A RB R F X b, REDEAG R 8] A 38 6 AL B
FHOCREARZ BIRRIETCAR I RE T | IR 25 4 FAth =4 4
B AR EAEF

7 U B 2, A A 2 — A 2 A g A A 1 1
AN ASE T A 28 A A5 A PR A5 SR A i Al S A 5 TE 5 )
W5 3 A RS R B PR R B A2 AR ALY (Ours-5
Ours-6 , Ours-7 . Ours-8 , Ours-9 , Ours-10) , 13 47 ¥
20 B RS L R RS AL P R R A 3R T
FIi7s o

F7 TEEBAGHBIER

Table 7 Component composition of the variant models

I B | Xteas | FlE AER | 2 F S
AR N s e
ALE | IR | A | R A G
Ours-1 x N N N
Ours-2 N x N N
Ours-3 N N x N
Ours-4 N N N x
Ours-5 N N x x
Ours-6 N x N x
Ours-7 J X X N
Ours-8 x N N x
Ours-9 x N x J
Ours-10 x x J v
MCMD-SR N N N N

T Beauty . Yelp . LastFM . ML-1M X 4 Ff 3 FF £ 4l
A8 B UEATIH LS50, 25 5 ) AR PR R 1 H A 2 50 E A
YKL X 4 72 PE B 09 B2 M, X Bk B¢ HR@10 A
NGCD@10 ( 3 h & # H@10 il N@10) 1E R PEM #5475
DA e P i, 3% 8 IR o
N8 T, [ T 5 T SRS ML 1 %o 1 Ak
S Fe K, 8 FH BE ML TE B ) HE A 1) A8 AR B Ours-1
7€ HR@10 Al NDCG@10 ixX 2 P F5 b5 b 8 A 406 &
T HE RS ML A4 A 5 B ) 2 aod B A DG AR
XPHEFERA R AR R, A28 [E 8 (8] [ B 25 5k B AH G
FA A 1) 28 R A7 Ours-3 763X 2 S48 b b R IR 5|
A R] [ 38 R 2 30 B AH SR8 1 A 5 X6 Bb 2% > R 1
Xof A 1 AR 5 W K, AN 5 XS B 2 T ) AR AR AR
Ours-2 753X 2 45 b5 | 26 B Wl F % be 27 29 4 1
AR AR 5 22 () 25 3 B A O R X M R RO A — i R
Wi, AN 2% L8 8] 38 7 25 3k B A 5% B 728 PR 5 Y Ours-4
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Table 8 Comparison of the results of ablation study
. Beauty Yelp

H@10 N@10 H@10 N@10 H@10 N@10 H@10 N@10

Ours-1 0.0727 0.0417 0.032 6 0.0163 0.062 4 0.036 3 0.2720 0.152 1
Ours-2 0.096 2 0.058 7 0.0377 0.0183 0.074 3 0.0423 0.273 5 0.1529
Ours-3 0.0927 0.057 0 0.039 3 0.019 8 0.067 9 0.040 6 0.2715 0.1520
Ours-4 0.098 6 0.0585 0.0414 0.020 7 0.071 6 0.043 0 0.2732 0.155 1
Ours-5 0.092 8 0.055 1 0.031 4 0.016 0 0.064 1 0.038 3 0.2622 0.148 5
Ours-6 0.0959 0.056 6 0.029 8 0.014 4 0.070 5 0.040 1 0.264 6 0.1490
Ours-7 0.090 1 0.0550 0.027 5 0.013 5 0.067 2 0.037 5 0.262 5 0.146 5
Ours-8 0.072 4 0.039 6 0.024 7 0.012 8 0.058 7 0.034 0 0.263 0 0.148 5
Ours-9 0.066 5 0.038 3 0.022 8 0.011 8 0.0550 0.0316 0.260 8 0.1457
Ours-10 0.069 6 0.039 8 0.0210 0.0103 0.061 5 0.0330 0.2629 0.146 9
MCMD-SR 0.098 7 0.060 3 0.049 2 0.024 4 0.0752 0.045 1 0.2823 0.158 3

Improve/% 0.10 2.65 15.85 15.16 1.20 4.66 3.12 2.02

T AR SCREA MCMD-SR # SE 3G KO UL IR, DT LA, AT S eode 9 S AR (R 200 vh 2 Bl A 9 2300 , FRJEE 4 HH MCMID-SR B 20 A
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Table 9  Comparison of model efficiency, deployability, and

recommendation effect on Yelp2022

Y HEPRIFE]/s | HEPLNAE/GB | HR@10 | NDCG@10
CaDiRec 5.95 0.14 0.0405 | 0.0202
DuoRec 1.20 0.12 0.0585 | 0.0297

BERT4Rec 0.86 0.12 0.0519 | 0.0260
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