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A Sequential Product Recommendation Model
Integrating Time Information

XU Hong-yan,DANG Yi-ming ,FENG Yong, WANG Rong-bing
( School of Information,Liaoning University , Shenyang 110036 ,China)

Abstract.In order to solve the problem that sequence—based recommendation methods usually ignore users’ various interest tendencies
and fail to obtain users’ interest changes in short—term sequence, which leads to insufficient diversity of recommendation results, a
sequential product recommendation model integrating time information is proposed. For short—term sequence,a time gate is added into
GRU to process time information separately , and multiple self-attention mechanism is used to capture different directions of interest.
Then DeepFM is used to model long—term sequence. Finally,an adaptive gating structure is applied to integrate long—term and short—
term interests. The experiments on Taobao dataset show that compared with the mainstream collaborative filtering model, the
recommendation model based on RNN and DNN and the BINN model, the proposed model has significant advantages in terms of hit ratio
and average reciprocal ranking.

Key words; sequential recommendation ;long—short term interest ; time information ; multi—headed self-attention mechanism ;deep learning

AP 2 E AT AR IR & P Xt H 52 B

W25 T I0C I B PR A Jre ATz I £ R R AR A
PRI AT M A B ) 6 1 7 A8 AT 22 4 1)
FIORS I3 o AMPEARHEDE R GEME 0 A B S 3 A 2T
B, — B2 AL A a0 e, R R F & B4
17 2 G DR RE TR 000N P A D 4, S RE DR ey 1oz T P
WA R, ML ST 4 I3 [] 2o 4 77 03 T A 28 B9 4
A7 SRR AR P Y U (] 3 SR P T A
FRABLEE , S P SR AR T, A 40 A6 fi - 751
I E AR B R G AT HERE X e T B

%5 B #3:2022-05-04 &[5 B #:2022-09-08
ELWH . U THMHESRERE ST H (121BGLO26)

WGPy , DR M A BEAR e b 5 4t D s A Dk e 31 o £ 3
BB, H TP AR P D 24T o
HUEATERARE REAE () o 47 52 80 T DI ) 01 8 15
R ARG, S ety P A — B R i) 1A ) 28R A
b ARER T AR GEAREAA A AL T LS R 25 R Y 2 1
FIFFE R K

T S A D s AT S R A I [ S
T B A4 AR A 2 2 AN () £ Bk 3300 A
I [ SR FT0 5 3 08 P 4R A T A, (i B b 22 1Y

YEE RN ARLH(1972-) , L, B4, 3082, A0S, NS MEARHE R H R B9 s B MR & .S 55 (1973 ), 93 il #0455, CCF & Bt
(200030948 ) , N FHHE T 5 KRB H ARBSE ; vk (1979-) , 5 1t Blcdz, 50, W58 0T 5 K BAR B RIS,



. 140 - HENEARS R

5533 &

#% (Recurrent Neural Network , RNN) GE % 1R - #fs &b 38
Fea A g PR U S R B R s Iy 5 B
PRLHCAE X P P 4B i 4 04248 AR 2 1 A R A A0 %l
BhASR . Li % AP B T BINN B 4351 fifi 5 T
JHP 28 H B #2230 H i A R T LSTM | 4] )
13 R Az 2] B AR P A8 e R I8k 5 21 i A J 4
2R, YouTube* fff IR HE A £ [9 2% (DNN) X 7 A1l
T YRR 730 2 2 HAR A o) o, SR 5 X 0 i) ek ik
THI P R B AR IRA AR LR . XX Ty 24T R
JE O o3 A RS A — e BB T G2 ff 1 4 45 R R ot
PR T T (LR = 008 2 BB R I ] R 7T R 25 R AR R
AR, ] S i ER A ] AT R R S A B %
AR AL LASR TR RS 7 15 09 P PR 38 2 4 i R 1 figf T
PR T A

BT BT S IR B P D AT S e A v
AN Tr] A ) ) B8 114 2l 285 % R AR Ak, 78 I R AR
I E A L 2 T @l B 0] 45 B B e 50 s 9 4
#& # ( Sequential Product Recommendation Model
Integrating Time Information, SPRTI) . HJ¢, A T B
FH PR 4R AR AT 8 D 5247 0 e 8 A2 il g B0
X3 F P BRI AT N e ) S KR T R A R T d%
SR 1] ¥ 4G 3 PR o0 45 ¥ ( Gated Recurrent Unit,
GRU) 7" o i ACBRF [R5 S8, 42 ASAS [ AF ] 6] 3 e 11
PLHRAEA Y R, JF A 222k A TR AL (Multi -
Head Self—-attention ) "' i $i2 FH J7 A ] B9 2 0 {051 111 | 35
P9 B e I 268 R s o X P B AT S R
DeepFM [ 45 ARG 24 M s I J a1 33 i
1A Rl G P K R 3 2%k | 1 sigmoid bR £K
HEATVE A TR0, BE#E cop—N 7 yE DT 43 58 B A0 75 4 o
R T B A O TV R AR BT X L
SEH, AT AR VERAL B AR Ay o P25
BHEZ DI FEAR AR W0 T R AR AL

1 #HExX#HR
1.1 ETEIIRHEFER

T RA 0 HERER B 092X F P 5 d 4 047
B AR RSB 0 P 04 D s 4728, AR TIP3 0
ST P AR AT R, R RS B %, 7E R
B AR i 2 T SR T R Ak (MC) BB T
GIHERE . BT DR AT R BE AR R T 22 BT AT A 2
SRS IR HEATHERE . Rendle 55" 42 1 43 fif A1k
M5 IR AT JHE (FPMC ) i 7% 5 B 4 il S PR ISV TE 1Y
FVIRR Y 6 1, DA B2 = HE 32 0 1 22 . Mcauley
SR T LT S AR AU TR £ 4 g I 0 T
XFEA Y i A RN AT INACF R G ¥ T SR
A REER T EAE) B E B, dlr, P4 W 25 TR P 51

B U T A EE A RICR , T4 ) PR B o 22 )
2K m) ] S A AL 3 A T 8 OO ARLAT R 41 B BRI A
FAFALE 7] £, %) 7 SE AR A T SR S TSR AR S, 5 21 40
WA A R B SR Al & 6 B %% ( Graph
Convolution Network , GCN) |, [f]Hf F| HH P 5801 H 2
[i) Py S5 G T 32 A JE R[] B T A5 38 LA AR, 42 4 A
RS A S (X S A TR A 1 7% 1
P 24T R 7 90 v B 0 P shA w4, BRI 32343 5]
AR AR R E 3T H DT C B B R A B T A
SUESE N

1.2 ETKEHMNBHOEFEDR

FH P 2488 2 B 2 B 1] 1 22 sh 8784k, 388 ok
Ud, P 2%HR AT LAY R By 722 1) S 1 % RS S 1 K 48
MR, TEFANIEIBL N, B GER 5 Y Y R
FEBEYIRERFR P 245 rh FR e iR i iz
TP AE R BB B ) A SR 4, SEBR B P Y
KSR TORE L SCHREE T P G S
A%, 53 5l AR S 1 2 R R 6% ) R AS (] 28 80 1 FH
B AR AT P 6 PR Anfer 2 IO P Y
KA PGB T A RO RS 2B A A R
S5V SRS TR 6 11 8 kA2 0 R P e 3 %, ) s
SRR R B P R A Ak 7 b BR A b H P
RIS MR RS AE R P e 2 A U .
TAEB I ST 4P A ROR 1V 2R B TR R T
BRI 5] AT B 9 K R AE A8 T 1Y TR B b 28 I 45
Hu L %5 AR T — A 5 0 P o 22 T 445 2 1 )
B R A R A e B G R R T — ARl
FLJTHY LSTM #8871 B T Jge 30T 149 ] 332 1 ol o (8 ] P2
OFTR P (O P S R VA B Pl v 0K T i
2200 2% (RNN) HIEE T i 451 0 22 19 2% (FNN) 1) P39 i
DEASEARY 43 ) A AR P A K 0 R AT B A HE R
Ma C %74 T — B Py 77 3 4 18] 40 28 X 4% MA -
GNN, FIJ H ] it 25 19 28 b s 3 00 B 147 2288, 9K I
FHILZZ A IR 28 4 2 30T H 22 [ A9 4 015G 2% | [m] isf
R IR Zk Ve ok B0 4 2 AH G T H g BB, Qi
ST T — B R R AT N B B B A
PR 0 T AR P P S0 M R T 2 R A 32k T o
WA SCAT R T 91, R I TSR 5GP 51 40 28 75 ot 1) v
KR,

IR TER T EoR i H E AR I E X
FUOYHTAT A B TR AR (H TG VA AR G b g A5 P
e LI R ZUAZ AR i S R AL, O 220 1 P 7 T 3K
FBT S GBI 2 AR F R R, B, 20082 0
T SPRTI KEAY 5l i 240 1) GRU 5 84 il 5 T 5 g AL
AP SEAT 5 P O G 1 £ 8 2 TR 08 o 00 285 SR TR A
AP CYET R SE R R



%3

TRELHASE < Rl I V)£ B0 e 900 8 it A A 2 - 141 -

2 REEZR

FHP A AR 28 W W AR 55 ), X 300 ) BEAT 1) 2% ol
st JWSK ORGSR A EAT R R T P P AT D
G, Dy AT R A LS TR A I SR A B TR SCOfE
BB T A G — IRk ) ) 2l e AR i A
SPRTI A RUARHE FH P 04 i S 47 0 B 1, e il S HOH P
ARSI DGR R, TN P P T I00 B 20 A A7
SR, BUMHESRINIE 1 PR BARY g =80y 5 —
I AR i S i — S B RLUDRE S AT
Fe 9 % 43 O O ) B 2 0, Ol T 2 5 A T H Y

Embedding FFIE ] 1 2K 3278 23 3 | H Aol Bof 2 76
S P B AT A, B EUE 30 48R L FE GRU 4544 H Jin
NEF] ] B b B P AN TR) A Sk 2 T A B[] () g [
BEINAZ 3k HEE Z I HLHI R BUH P B 5 2 AR
(A DG T A5 35 B A S A M S N P P i D s 4y
&SRR K474, 8 DeepFM A5 R E 47 40 2 ; 45
5 SR a7 18 IS IR U N = Brd A WE 2w sk e as Dl iV
SR AR Al A 5 i P K R e i S H
BRI i T A 3 H A TE Sy, 8 topN IE 474
FE, XS R A AZ O ER T 3 BIEA TR AR

(__Multi-head Self-attention )

Time-GRU

dang (0 (D
Embedding

EliES

[

DeepFM )

B 1 SPRTI A£AY Ak 22 4

2.1 EHMBEE

FESL PR B e P AT RS b B
FH P 24580, XA R 7 2 1) AR fi S et 24
AL, A ST N AN 2 i A 248 AT
5 5 P B s 48 G, I ELIE ROk FH P A S
AR N I DS S X Y BT PR = AR BRI DTk, R4
P T 1) A 4 0 SR FHE T et F 22 i vk R TAR
WA, Bz B 4B T R A

B RNG P 22 9 45 (RNN) 7 40 B 571 1) RE 1%
5 B2 T THAY D7 b A5 76 Ak TR ) 40 ) R A ) O 4
AR | 1% SCR T 145 06 26 3.0 (GRU ) 2 45 4 301 17
M. GRU 4% A4 508 11 AT 0T, BRI 5 ad F
A1) ~ A (4) iR,

z,=0(x,U +h,_ W) (1)
rr=0(xU +h_ W) (2)
h, = tanh(x,U" + (s5,_,Or,) W") (3)
s, =(1 =2,)Os, | +2z0h, (4)

Hrfr | o R sigmoid PTG PREL, 2, WEHHIT], r, WEE
17, OFn I m S, x, &8 GRU M RIHIA , F7om
HFPAE ¢ B 2005 247 R P iR A ) &, b, R 2SR E

ZN B e KRR 2, it s, AR o I 220 184 i
GRS,

{BAEEBF SRS e p SR RNN B8 K AR
ARIE R P AT D e B R B A0 R 3 50 A I
FPHI, 2 1 AESE BRI b T B R 2 AT
Z IRV AR 35 AN [ 9 ) ) B, L 1) AT 114 28 ]
REACER T HH W] A0 3K 55 16] , 280 U e I ] 1] B i
P RGBT REC 22 A A T e | X SE i) 8] fi5 B % T
B P B Zh SPGB T TR, T X —
[, 1% 3CAE GRU FERY Hiin B 8] 1] B 7 R (7] 8]
BB 0 TRER A S R IS ) GRU REAL A
BRI T hy SR DI e 51 o ) 4 ey o ] SCIBR P,
A HEE B TS B TT M 2% AN &1 2 TR BT 1] 9
JLLL R e B BRI ST B AR A 5K (5) ~ A5
(1) P,

T =o(x,U +o(AtW) +5b) (5)
h, = tanh(x,Uh + (31_1®C®T,,,)Wh) (6)
s, =(1 =2,)Os, | +2z0h, (7)

o, Ac SR S AT 5 2 I 20 f AR 1 B, W, W
e R"H W <0, T, FR/RWFE] T, T A6 Ik 1] 18] X



. 142 - HENEARS R

5533 &

AU RN, AR, (5 ) iy SR 136 i e R B
6 o ) ] 38 A, PRI 23080/ , 33K A I I (1] 1]
BOINEE T, i HOAER A AR, IR 1] 5] B B R T, i
O/ INREL, D B B 7 S AT R 1 B R AR

X S
/
U
xt\
S ®
xt
At

Zt
P

B2 akeRfi By IR AL

—BRUL, T TE B 2255 A R SR RRE A
| 2% 2 0] 4R AL LU, (E e RV 2 7 ] —
AR W AT RE S A T R EEAS |, HL AN P A —
BRI 1] P S A IR RN R, 5 — B IRk 5] T B SO% H T
JEOGHR T X PP 2884 i A0 3R 1 ] P 4R 2 56 42
ANTEI G, ELANTR] A g 50 0 T 224 i J5E 1] 18 5 Wi 41
SERAFER, R, ZEA M AT 0 b SRS M b Al
FEARXTBERLELTC R 19 1 P 2408 R 1 25 18 P A7 O Bl
P )P A A2 A LAY , il B2 00T 1 2 TR) A7 7 14 ] B
WREA RO NI A A 255 e 51 b R MU JH P 2l R
AHSCHY P 268 . BRI ZAh  FESCBRl Y37 5, P
I H 23 BRI A ol — 28 5 i 2l A R G O Y R
X SE BERIL Tl B R A R B LA 2 R MR X B %
R A

PO T A TERE ST AL ] 98 A S R AR, TR
WP Iy o BB B I 32 4 T s O [ I e B AL
ik T R 25 SRR B s AT O R TR
AL AN [ B S8, R RS R R A B
AR I HILIR JCYE RS 224N T T BEAT3RALE, I 1305 |
AZk AR IIHLE | S b @R P 51, R AT
RER B 55 P DB AR S B il

Zk HER MR RGN Q L K | V R T
MR, 3 WA [A) BT B3k, 451 head S EAT A5
FRERAE A3 SRS R DF R J5 R T M AR e AR A e 2 K
o HEABRMAR(8) ~ AR (9) PR,

X, = Multiple(X,) = W’(head, ,head,,--- ,head,)

(8)

head, = Attention( WX, ,WiX, , W/ X)) 9)
ot S, W R R, X, = [y by, h] W
GRU BLHL () Bt , W e R™™ iy th etk A8 41ty

BB , b R EE BRI, d, = %d L A
Sk head, /% B T TE D4R, i 5 23 2 (9) RS 5,
WO WE W) e RV SR i BB IR 2 1k AR A
WHRE, A Q= WX, K = WX,V = WX, &
153 MR SR A(10)

A} = softmax( Q:."K;‘) (10)
W) RSk AT DUt A (11) T2
head, = V'A" (11)

FEXEANRIBG LR A4 2300 v B0 BIVIRE % 83 51 6F
FH PR SRR AN AR TR PRI A R T
2% (R RERE L, BT H P A 1 £ 4 DAy A i ) R ik
S 2ot D DRRIDR SR PR e Ny B O /N2
(12) ~AK(13) PR,
_ exp(h,e,)

- (12)
3 (e

ay

Paon = 2’4 akﬁk (13)
Hrp e, WP BHRARR, o, IAEIIEL, p,.. W
PRI R
2.2 KEMBEE

TER R T P AT S 3 e 90 o, D 1 2% i 2
A I ZL ) AEAR T LA T 03 0 2 680 4 7 RUOR LA
i, KIS, P A LR R E T -t 25 5
e MR, BN, SR AN P R R A At
A2 o BOE W SE K i AL AR G SR H . ik
PRI 3 HE P T 1 P i ) T R AR 2 T3 3 19 % 2 i
AT A, PRI 12 30K i s 23 08 e 9 A A T Y
KIFT 2, >R DeepFM #4471 2 AT 7 43 22 19 1< 48
PAg I

A 3 Fizs , DeepFM #1431 FM Fl Deep i
53, FM 2 AT U IR 4E R, Deep JE IR > 5 44
iE, 03X P20 ) 3 e e A [) ) D0 A 1]
1t DeepFM RN REAS 4545 1 B2 R HE AL TR A 18 1 (]
HF 2 > B Y RRIE Z M A R R

& s — ORISR P .
X BRI —— R

€U Sigmoid# % — - Embeddin;
& o R

wagre 0@ - O 00 - @ - 80 -
e ey prom
H 3 DeepFM % #
e AP KT P L i A 215 2K




553 RELHEAE 3 IRF 1) 7 5 P 500 3 A5 - 143 -
LD ) B KR ) R AT AR I DR VR EMUERT RKBIDGERANR I 2GR , WO R AR M, O 0 R 1Y A
Deep JZ A o FRERAE, p, ERZH TP I S 1] B 8

FM 2 B H 720 g B, AN OAT DUERAE 1 BRYARRAE | i
AT D3 2o B ) s SRR Y R R A AR A 2 B RRAE AS
H., Deep ZANFIHRM A ML @it JUZE &I H
M E A H F A DeepFM WA Z U A (14) ~
AR (16) iR,

Ly =< w,x >+ 214 z/: <V,V,>x -x (14)

ad =a(Wa +1b") (15)

Lo = (WMo g™ 4 " (16)
Hor, v, AL © BYTEAE ) & EMZ % 2 — B
T Bt AR o, — B i H 33 SRR AR A 2
AZH. B A % 403 embedding 7 45 SR By
XA of RHEIERAH SIS [R5 a2, 20
H B2 , 153 Deep #84r BU TN ZE R Ly o

¥ FM &5 B 45 50 Deep &6 IS5 SR 80, 2 )5
f2end sigmoid AR LR % i, 15 2 P AY I 4R R
R IMAR(17) RS

Prone = sigmoid (Lyy + Lyyy) (17)
2.3 s T

BT IR MR 2 AT B 1 P AR A Rk
MEFN I DGR RAL , 7RI PRAETE T I SRR 2 %
HBORT TP 24 B 5K A 52 e 23 Bl A [ A8 B3 TR 3R A A
AN, — BOHERE Ty 1 A Aok I ) e R R S T 5 T e
TAESXE P 248 64 T R R B2, (ELX o 7 ik 2 5 SO0 00 2%
P 52 M 20 20 DA TR 0 R AT 3 ol 9 1 285 2R 14 [
Jbk . O T A AR P A R 1] % OSGE o —
AN 38 L D45 D00 24504 K T R R AE HEA T 45 G T4
JC G, T4 2T ] ¢ T R JRI0 2 M 0 DTk
WA (18) ~ A3 (19) iR

G, = sigmoid( W'e, + Wp, =+ W3pkmg +b6) (18)

p.=(1-6,)0p,, +60Op,, (19)
Hor, e, WP BIHRATRIR , py,,, B po 23500 Y

RS Bl A 5 A FH P K 0 2 v B 5 BRI
U A R I H AT 53, PR opN IEATHERE , WA
(20) FiR

T =De; (20)
Horr e, Sy HARTI H A A 0] 52 RALE

TSCH PP B R FH A8 SURR 8 5% pR BV S L A bR
BEAT ISR 0 BEALRS B T B (SGD) 4k H An
PRECEL IS, A (21) Fis

I = _%Z[logg(;ug +log(1 —a(r,))] +

A
Shen (1)

Hrp, N R IIGERNREAL G, K e SE 4R 4245
IETREAS, o Ky sigmoid PREL, 5 T0 N Y 435 48 A A 1
HER, A R IE IS4,

3 XWRERSWH
3.1 BIRESXIELRR

R T BT i v A A e BUR4E H Y App (1)
FA P R W SEAT AR AT T X LS8 . BR A
WET—HEEP R A 50 T34 5558
icsk, P =R i Ag Bl s P ID (B H ID A2 H.2K
TR (B B4 B DU T2, Forh 38 B 28 A0 48 o5 ik i
Pk MUY RN SE . S IRET B TAEZ R 75
P4 AR 7 B AT i 58 BRI T S 8 K
W5 40 A3 H #1738 B RIS R P, XA
FHPREHRT 7 RG22 AR IR 0], 55 8 Ky
SRR A B, DR KRR L 20 B2 iE K
W D5 247 R P8 53 Ry 2 AR TR 23, b F P i
B — R 21 R AT A Z T A AT
MR g, IR 5 M4 B G5 B an 3k 1
Fi7R .

A1 BBEHEARGTEE

g P 8 i 5 #E: L H R SR SR EAEL
VRS 498 663 2 053 798 45 157 298 7011 358 6.1
A 13 237 588 306 1 170 401 13 237 9.2

AT IE AR YY) 3P 98 B Ttem - based CF,
RNN DNN F1 BINN #8 #E 47 1 X% b S 50, 185 380 4 49
mr,

(1)TItem-based CF'" . 5 F31 H (1 P [ o 85372,
T BB A 2 — AR R R A L
FEREEATHES

(2)RNN S FREA A 22 W 45 () 4 22 80k, R

RNN [ 28 X5f 515 )3 370 A 7 A

(3)DNN! 3 F IR B 1 22 46 1 YouTube 4 45
PR KA ) i 5 P 1) R R R 2 )R
R R 28 I 28 A RHERE D1 3

(4)BINN"™ . R F2E T RNN A9 J7 2 % 24 i 7 2%
SALAN AT AT A TR A T RS ] 280 A5 L

(5) SPRTI: filt A5 if ) 45 2 1) 5 47 3 i 4 A7 AR A



<144 - HEPLH AR &R 533 %
Bz SO Ry A A FERS TR Z R BRI, 76 AL B 50 Bsf 2 BB A0 T

3.2 MR

T PPAR R AR A R 1 A 4 P R HR
@ K ( HitRate ) F1°F 15|50 HE 44 MRR ( Mean Reciprocal
Rank ) X PP FE IR #E 4TI 5K, FEAE AU IR [l i) 4 77
G W H 43 BT K AT 3 VR A S A R
SRS I

HR@ K G R 45 S b Bl 1F o 4 72 1 551 H 78 51
FHT K AALHYLO], 560 W2 A R A R T AR
By H | B ER M, MRR@ K F 2 GO HETE S
BT ES TR, MRR 8 o % #3525 HE
4 W B EBOT S (8 K D #E75 JURF 14 J3 2, X PS4
PREGE SCIAT (22) ~ 230(23) FiR
nhil
N

1o 1
MRR@K = — Y,
N =

Hr, N RR iAW B 5 H | n,, AHEE SR P HERE
TEAf B RS S B, rank, FoR T H AEHERES R A HE
# ., HR@ K Fl MRR@ K (1% {E0 i K, 1% 2455700 () i 75
J e R
3.3 KWERSH

IRk B v R F 2% 2 %55 0. 001 9 Adam
AL AT OLAR , S B0 1 AR R B E A S A T
XoF AR SR X IO 348 SC v 1 RO S 50, AR A A G 52 5
SERBE B LI TER AR LB 4, fE KBUER S,
10,15 .20 FHFAT T %5 He 5256, ARl A R 2 B0Hs 45
FSEEG A5 S an 3¢ 2 A1k 3 iR, SPRTI ML AU 46 K [H] K
BT i e 22 07 18 (81 85CHE 45 16 AR X B T T AF 1Y

HR@K =

(22)

(23)

rank,

ROR
A2 BAHEEATHEE LGP ETIL
=R HR@5 HR@I10 HR@15 HR@20
Item-based CF 0.21 0.27 0.35 0.38
RNN 0.35 0.41 0.52 0.56
DNN 0.42 0.49 0.58 0.67
BINN 0.47 0.58 0. 66 0.71
SPRTI 0.53 0.64 0.74 0.76
k3 BAEEEREHEE LT BIHHEL L
Ak MRR@5 MRR@10 MRR@15 MRR@20
Ttem—based CF 0.13 0.15 0.18 0.19
RNN 0.23 0.26 0.28 0.31
DNN 0.27 0.31 0.34 0.38
BINN 0.30 0.35 0.39 0.41
SPRTI 0.34 0.39 0.42 0.46

Horp AR GER0 P[] i 98 5k Tk R P AT o e
G MERFRSCR I AN BIAE oAt 2 TR BE 2 2] (U7 1 RE A

G MHERTTL . AT 1L 581 RNN Fil DNN AR
BINN A5 # [f] ff 2 j 1 F P K 300 8 1 Y 1L, B
THAFRIRCR . LT DUE 405 P R e 2%
HRREAE X FH P 1) I 25 24 B0 AT TEORG v bt AT (o 4 45
ST INAT A P GF . HH T BINN A28 7E 42 B
IRl FH A0 2 1L 46 19 RNN 25449, % fe 2155
FAREAN [ B 220 T SRS 1 1) 28R A2 | DR b B 28 T 7
PEREAS ANPE 1 SPRTI A7

T TR P EE SR N BAT 4
ARE TR RIAT IR R B B0 B AT A A
FEE G o 2 ) 286 P A 45 4 TG 1k DX e B Bk ] P
FARIE ) 24845 Ak, T4 9 SPRTT B 7Y GE A% 4R 45 7
TRV B AT Ay 22 160 1 s ] ] o 0 e R P ) ) S 2
TR A T REAR | AT HEAR S0 o A 174 0 40 2%
FR U T I A A HERE RSO . AR T A XS
B SPRTI ALY AE N [A] K AT A iy v 558 17 2445 5
HE# F8 bR TP AR BUS T e OSSO, 1T DL 31 224 4k 72 57
TN 15 B FEarh #845 4R L SPRTI AL A1 BINN
BRI B i, IR B T 8 Hor s SR K E R
20 B PEF- S4B 5 HE 24 45 b5 [, SPRTI 5 AU 4% BINN 5
R e $2 T R8T S Aar L

£ SPRTI 51 v | 223k [ v 3 7 ML il 6 45 J6 101 PN
FHP 28R s ML . R 1T BRI R S RO
RIVERE RS2 7RV S8R AR AT 1 IE, SR A eh
R HR A3 80HE4 MRR X PN TEA 8 b, S0k
B HA SPRTI RN & 7 3k M BCR AN), Fofh 244
TR —20, LRSS RN 4 Fion, E 4 pa] I F],
FEOR I BE ) SR N, BB AE HR 1 MRR iX
PIANFE bR b (0 FR AL R BT T > 30 3 ) Sk BlokE o
4 W B PR R T B A B T R 0 S B 1 3
P, VTRESE AR BT Sk A 1) o A B 2ok /N
SECTHERE TR, HUrEXT LR P i E 2k AR
TR A TR 1R E0h 4, i BB R A I RO

0.67 0.67
——HR ----MRR

0.64 0.64

20.61 061 Z
= =
0.58 0.58
0.55 0.55
I 2 3 4 5 6 7 8
TR SR H

A4 SPRTIBEAERREZE N LAHTHER



53 3 AT HESE . A B 104 B 9 g o A A A R - 145 -

4 ZRiE
PO T — Rl I )45 B A P 57 R A A

T A R 2% @%ﬁ%‘ﬂﬁﬁ)ﬂﬂ’]zﬂ L E]
% K P ATRITS lJizlJ/\jaKIEJE’J W I R 231
PR P B INAT Ry, HEAx o s 23l A o T P B K
1728 8805 , R Rl sF 1] 1] B9 45 B /Y GRU 2 8 Fl %2
Sk A B AL B ERU PR K %R TR AR
DeepFM A AR HT P A4 I D480 ; B Je, F T A 3
1P TR A T B BhAS RS AE TR R BE 5 St
545 SR W] BAALE i v R RE S B BCHE 45 T A
TS T 5 ) A ROR TIE A T A A
A Rk

SE Lk

[1] LINDEN G, SMITH B, YORK J. Amazon. com recommen-
dations : item—to—item collaborative filtering[ J]. IEEE Inter-
net Computing,2003,7(1) :76-80.

[2] SHERSTINSKY A. Fundamentals of recurrent neural net-
work (RNN) and long short-term memory (LSTM) net-
work[ J]. Physica D: Nonlinear Phenomena,2020,404(8) :
132306.

[3] PARK Y,EOM D, SEO B, et al. Improved predictive deep
temporal neural networks with trend filtering [ C |//Proceed-
ings of the first ACM international conference on Al in fi-
nance. [ s. 1. ] ;ACM,2020;:1-8.

[4] YUY,SI X,HU C,et al. A review of recurrent neural net-
works: LSTM cells and network architectures [ J ]. Neural
Computation,2019,31(7) :1235-1270.

[5] LIZ,ZHAO H,LIU Q,et al. Learning from history and pres-
ent:next—item recommendation via discriminatively exploi-
ting user behaviors [ C ]//Proceedings of the 24th ACM
SIGKDD international conference on knowledge discovery &
data mining. London;: ACM,2018 :1734-1743.

[6] COVINGTON P, ADAMS J,SARGIN E. Deep neural net-
works for youtube recommendations| C]//Proceedings of the
10th ACM conference on recommender systems. Boston:
ACM,2016:191-198.

[7] REHMER A,KROLL A. On the vanishing and exploding
gradient problem in gated recurrent units[ J]. IFAC — Paper-
sOnLine ,2020,53(2) :1243-1248.

[8] SUBAKAN C,RAVANELLI M,CORNELL S, et al. Atten-
tion is all you need in speech separation| C|//ICASSP 2021~
2021 IEEE international conference on acoustics, speech and
signal processing (ICASSP). [s. 1. ].IEEE,2021.21-25.

[9] GUO H,TANG R, YE Y, et al. DeepFM: a factorization —
machine based neural network for CTR prediction[ C]//Pro-
ceedings of the 26th international joint conference on artifi-
cial intelligence. Melbourne ;: AAAI,2017 ;1725-1731.

[10] RENDLE S,FREUDENTHALER C,SCHMIDTTHIEME L,
et al. Factorizing personalized Markov chains for next—basket
recommendation[ C]//Proceeding of the nineteenth interna-
tional conference on world wide web. Raleigh: Association
for Computing Machinery,2010;811-820.

[11] HE R,MCAULEY ]J. Fusing similarity models with Markov
chains for sparse sequential recommendation [ C ]//2016
IEEE 16th international conference on data mining ( IC-
DM). [s.1. ].IEEE,2016:191-200.

[12] X 46, 0], XU, 4. — R T M - AT 9 e 9
PR SEmE [ 1] TR 4R ,2020,43 (1) 1123~
135.

[13] 5 S8, BRkal. T it R ARSI [T]. B
#2,2020,31(4) :1101-1112.

[14] HREF, 5 BIVE ¥ WA P OGBS R RHAE 1Ak
WEREWEE[T]. TR PRI 5 50 2022 ,45(1) :38-45.

[15] HU L,LI C,SHI C,et al. Graph neural news recommenda-
tion with long—term and short—term interest modeling[ J]. In-
formation Processing & Management, 2020,57 (2) ;102142 -
102151.

[16] ¥ Jk,# % 5R{R4E 5 MN-HDRM: KA 4B E b2
WZIRA SIS )] THREHL2A R, 2019,42(1) 116
28.

[17] MA C,MA L,ZHANG Y, et al. Memory augmented graph
neural networks for sequential recommendation [ C ]//Pro-
ceedings of the AAAI conference on artificial intelligence.
[s.1. ] :AAAT,2020.5045-5052.

[18] PI Q,ZHOU G,ZHANG Y ,et al. Search—based user interest
modeling with lifelong sequential behavior data for click —
through rate prediction[ C]//Proceedings of the 29th ACM
international conference on information & knowledge man-
agement. Virtual Event: ACM,2020 :2685-2692.

[19] RikHi, e oo, % W, 5 R IPLRIZERE S P
WEFEBERELT]. 3R B 541 ,2019,33(6) :1-11.

[20] YANG Z,ZHU L, WU Y et al. Gated channel transformation
for visual recognition [ C]//Proceedings of the IEEE/CVF
conference on computer vision and pattern recognition. [ s.
1. ] .IEEE,2020:11794-11803.

[20] FEAI, FRAT ks, XU SCIzE. 48 F 0% BREE I 25 A AR A5
9 I RS R T [T ] T S R B, 2020, 42
(3) :678-686.



	
	页 1
	页 2

	
	页 1
	页 2


