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A Study on the Improvement of NGCF Model by Introducing
Attention Mechanism and Single Layer Reinforcement Method

SHUTING CHEN'!
MASAKI KITAZAWA !

SATOSHI TAKAHASHI 2
ATSUSHI YOSHIKAWA *!

Abstract: Neural Graph Collaborative Filtering (NGCF) model has been widely used in recommendation systems in recent years.
In this study, we pointed out that each node of users and items should have different importance distributions according to its own
connection status, and it is not appropriate for each layer of embedding to have the same weight in the NGCF model, which we
call the stacking problem. To solve this stacking problem, we proposed two improvements: the introduction of an attention
mechanism and single-layer reinforcement. the introduction of an attention mechanism is a method that automatically learns the
combination of weights between layers of nodes, and single-layer reinforcement is a method that augments each layer of the model
in turn by only one layer and leaves the other layers unchanged. This study was conducted on two datasets. We conducted
comparative experiments on two datasets and showed that the proposed method can improve the recommendation accuracy. We

verified that the proposed method helped to solve the stacking problem.

Keywords: Recommendation system, Graph neural network, Collaborative filtering, Attention network

1. IXC®IT

1.1 HEETR

THEHIER ORRIZEB N T, B AT MIEREZ 2%
T o7-0icimd CTHEREREEZRZL, Z<DFTA
VY —ERATIRSBEHENTHS. BAMLHEES 2T L0
gL b0F, =Y —0REDA L E T ar (FHMm
7V I E) ITHESNTTA T AICKT L~ —D
EETT )T ETHY, ZREBHT A ZY
> 27" (Collaborative Filtering, CF) & L CEIH LTV 5[1,2].
CF FEOHEDONRT XA LE, 2=V —L T AT LORER
BIRMHBEERZE LT, 2= =74 T LDERH (B4 :
TRy T4 UT) BRETLHILETHD. 1T
(Matrix Factorization, MF) [34[I2\F SN2 1o~
A NE Y T FRETIE, BIENRFHERONY FLvE v
=P =T A T LERIHL, 2=V =T A7 L5HEF

SR RFBE N TEnRe At Jef
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DOWIEZERNCHEE T D, T LT, TATLLta—F—DA
YETG v a vk, WEOEIENRRY SV ONFEE LT
ETIULTDHHEDTHD. ZNETHOMF RXR—ADT S
—FTlE, 2—=F =L, T AT DAL E T a T T
WCAFET BIAER 2 BB A2 B L T, Z0% o5
T, 2—W—DA U H TV a VERE P —RBICE
DICHAIAT Z & C, HEJRREIUETE L EBDIo
72[4,5]. Zh b otk#EE, #EY AT AW —Y—
DI VR TRANR—EET LT DI EOFRERLT
W5, oL, BiRoHEETLTIE, L FhRy 73
N—DRFBROHFE R E BRI TV,

THETIE, /— FE#RE PReY—2HRICHATE S
GNN (Graph Neural Networks, GNN) i3 H ST
5[6]. GNN L, 22— =L T AT LDA XTI a |l
B2 EHREREGL, 2=V —L T4 T 20HEDIARKE

3 LT
Kitazawa Tech
4 FRUTEERYE R TR
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EREETLENTEDLLD,GNNEL ALY RUAT A
RS 25BN T =Ll TWn5. Lo Hlfgires
ND 1D Wang LBRRELTm=a2—TF V7T TR~ «
V% J > (Neural Graph Collaborative Filtering, NGCF) 73
HD[T]. Zhik, 77 78BABF Yy 8U— 2 (Graph
Convolutional Networks, GCN) & #EpE % 2 7 |2 L, Y
PREREH/B VD, 2= =T AT LDA L HT T
YITIT7D% ) — R, BEOESYUT 47 AER N
IDZ#AJ1E LTWABEITTHA[S].

NGCF 7 VR REI NI, HRENT 0t 2A0UEE
ERBERE ROV IAZRE VD 25D FIETET VER
BT 27D OMEA L < T T&72[8,9,10,11]. Zi#LbH
DET VAL, FHREN T 1t A DSECH B 22 T D H
DAL Z LITED, WIFnd > E<HiET 2L 1T oTz.
LvL, Wb KR DAL E AT 5 72243
DILDIAT e Hefoe T D BRIC, R EEE 42 KB L TR,
INHOMRTIE, £/ — NBEROENEMTOEREE )
FaelHL-boLRoTnND., RIFETIE, ZORMEE
gt &S,

1.2 FEEEE

AEFEICK T D THEEREE) 1%, &/ — FOE&7Z
WDIAIAIL, FEHARENE LWELTELGDE, /
— R LIC R HE TR R D EEENR KR STV
WwWZeThs.
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User-Item Interaction Graph

High-order Connectivity for u;

B 1 H e 2 EERIREE T Ou,

B 11Tix, 2 2OERL28H TV ATD /) — Ny, &R
LTCWA. EoulE, £ETIRIER CHOBEE ) — K&k
STWD. —J, AoulE, JE1 LE2 Tige A CHEE
J = R&EFo>TWRWR, JB3 TIEEL D/ — FIE#REF
STWLZ NS, 2FD, HFOowlct>sTD3EH
DEEENEOWIZE > TOEREELVEV. 2T, &
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J— RN A ORI K > TR D EEE 54 2o
NRETHY, NGCF T/ TIEEE DM DAL U H A
EROZ LIREYI TRV EE XN,

KJ& GNN 0%/ — i, /—REHEELZFOKEY7X
AN—%EL/— Koty FERViAT. ZO®y M
Receptive Field (RF) & FES[12]. BEDOHEE 7 LT Y X AT
%, BFEOBHICEERZRA L WD D, §XTo )
— RO RF BEESNTCLED. ZOKIRTT 7 OBk
TlX, BR5%E7 44—V O T T/ — FEFEOBLRZEN
FBEIBMR A ET LT D FBMICRIT S, 2T LY, RF
DY A ZP/NE N OICEIRRHE A2 o lciE A T& 72
Mo, RE OV A ANRRKENWTZOIZIREIC B bz
J A AREANSNTRETRERNP KDY T 5. &
LOHEL, MIMEOEV ) — FREE Uil Tl
W

BT, BEAOFEEICED GON O EICET 57
HLEEANATOIL TV D, Song HIE, BEAZEIR L7=H L
Graph Attention JEZHH L TW5. ZhiE, HDH/—F0D
RN LT, ZOBAROELE 42 ~~7 THET
HZLITRY, B DAL EM LT Attention fREA IV
LTCHHLDOTHH[8]. Song B, &/ — FOEEABOKFER
OEBEBE L, BEAROMBEBERNENRENC G 2 5%
BEWRIELTZD, BEOELOSMIZE L TR, L
ML, TNHOFEE, TOEPECLI»»DLT, J—
K226 ORI O A DR ITEE L TRV [13].

1.3 HEEB

ARFFETlE, NGCF EF LD ) — ROZBOELEAEH
952 & T, NGCF OffifgHfEE MR L, REMIZEIY B
WHEBMEEER G5 Z L 2 HME 9 5. NGCF £7 /LTI,
K8 O DIAR & PIHIRDIA RN E LV EAR THAE SN,
BRI OIAREELND, 2=V =L T AT LDA
BT ar T 7L ) — ROEMERIRI R 5 7
W, AR TIEE /) — FOERIRIICE S CEMoESE
ErRXB4dHZ LT, ETNVOHERELN EFIEH 2L
MNTEDHEEZRD.

NGCF EF7 Vv DiFEHEL LT, Attention HEAkDE A L
Hifgigfbd 2 SOFEERET L. REFIE 1 TliX, NGCF
ET /U Attention &2 E AL, &/ — RO 5 EHIA
HJBIZxHINT A EHEELREE BT 2 Z & 2 FEB
T 5. BEFE2I1L, WOEEALAEET, ETLVOEEE
JEFNCHIR S5 2 L TH D, HEE DS EDORE 2L
THZEEMHEL, ETNVOEMIEET L7, B
BT 2R ER BT A LD TH S,

AWFFETIE, BBEENTVWE 2007 =4y b &ffio
TEBRETY, BREFIEORIEZFTMT 5.
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2. BRFIET— Attention HEEDE A

RRFHE 1 T, GAMLP IZt > M12]%4 T, NGCF &
T /UIZ  Attention #§#% %238 A L, Attention ##% 0% H #BhHUIZ
HAZEID Y CTHRBELZIEH L, BEREORR 2R A2 D5 .

BEFENOT X7 7 F ¥ 2R 27T, ZOT—F
T 7 F ¥ L NGCF TT V& _X— 2|2, FEOMDIARIE
W ELEOITDH X 91T, Attention Network JEZ M2 7= %
DTHD. WERETIVICE 4 2O A T—0H5. (1)
Embedding J& : =— ¥ —Z > Ry T 4 7 LT AT LT
Ry T T ERRE LML 5. (2)Embedding {5H)E ¢
BROBEREREZEAL TRy T 4 VA UBET .
(3)Attention Network J& : K J@D /) — Kb D A &5 T,
KIST DR ELEZH DTS, @OTE: SEhrbox
YRy TF T EEEL, AEL 22—V —LT AT LD
RTYDFHA AT 2T 5, KETREETFTNLOK LA
Y =2 R TR L, EEICHEABEERET -2 P L—=r
T OBREITHOWTHIT 5.

@
/ \ Prediction
en, [a]a]as]Jar]  [a]a]as] [a] e
k k
w; wj
e,E’fZ ! Y >ei(].3)
Lk N ¥ | | «
. L]
2 2 ;
), wi ) Wi ne Embedding
" u Attention ij Propagation
2 ] Network |.
1 1
wi wj
|
Ly A
w? w)
(] .
eI(L(:) |d1 I d2|d3 I o |ds Q1 |q2 IQQ | | Qs ei(j ) Embedding
User Item

2 Attention Fi#f % A L 7= NGCF €7 /L

2.1 Embedding}%

ET —%T 7 F ¥ ® Embedding & T, =—W—u(T
AT hi)e, BOIALY A Xedl LTEHDIALZLRT FL
ey € R4e; ERH TR L, = —V—unildirdre, & T A
T NI DA e & HF] L TRYIOEDIALER 52 (K
D. ZhiE, RIA=FTH e Ry T 4T DN
Tl T—TE LTHEEL WD EEZLND. 2T
I —P—DETHY, miITA T LOHTH 5.

E = [eul‘...’eun,eil’...'eim] €))

IDZURyTF 4TI, EFROLa R K —
E7/L[14,15,16] & NGCF IZfE\Vy, 2 —F—x2 Ry T ¢ v
TETAT LTy T 7 ORENREE S L TR
T Ry —- = FCRE{LEN 5. MF X NCF (Neural
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Collaborative Filtering) [15]D & o 7 fafifi7z L a A v & —
ETNTHE, 2=V —LTATAHID O XyT 47
i, PRI T72ERTH-0ICAN L — 2 —EHEH XD
N5, #WAYIZ, NGCF 7 L—AhU—2 Tlf, a—H#—L
TATLIDA BT varylT7 B EkEE5 2 & T,
TURYTF 4T EESE S, BIREE R R DAL
WIEAT D720, L0 BWHEEEPERERS S B A (7).

2.2 Embedding {=H}/8

Embedding =8 Ti%, NGCF &5 /L & 6 Uik Al
o C, W, IEEEN, FERIGTEL S W BT
WiAHEFTH (R 2). LightGCN[9]TIE, GCN 2>5 3% 1Tk
TR & R L & D 2 D DOFEEL A NGCF D
HHIHEICHE L TWARNZ &R L. EbIZ, 202D
OBIEZID BRW-Z 2T, HELXKIEIZm EXE7-. L
ML, AFROESIIEMHRATIZR WO T, HiRo7z9
(2, &8k LC NGCF & [F UEBIHEHIRANIHE > T\ 5.

E® = LeakyReLU ((,c +DECDW, O + LEU—l)@EU—l)wz(”) 2

Z 2T, EO e RO 3 1] O IATBIR O %I D
NHa2—YF—LT7 A7 LORFTHD. EOZ, gIid 2 >
UV TICBITHELE LTRESND. Thbb,
eV =e,e” =e b D, UINEHITHIEET. LiF2—
= TAT LT TTDITTITVT U ATHERL, RO K
zER LD 3).
11

L =DZADZ 3)

Z 2T, AITEEBATAI, DITRHAREITIN AR L, tEH
DX FABEHD, =N | & 720, JE A EZRL,; = 1/,/IN[IN;|
L%,

2.3 Attention Network J&

Attention Network OAE 1%, ARMOREAFEEA =X
LHZHEELTWD., NIMhERD & &, B LEEE
TIRNTERLDOTIIARL, BEIDE T THREDTS 72T
EHBEL, BEALOYBERMASH L. fMEICE XX, TV
DEBREREL AT TLILE2HWE L, EAHO
BHDHIRT A= BB B THMAMALDZ L THDH[17]. A
F—=Z7NT ) — RICHEIGE LT 7 7FEHE Y R— 135
72®IZ, Zhang 5%, GAMLP (Graph Attention Multi-Layer
Perceptron) & FE[EAL5 3 -2 RF Attention % Rf2OHT L1
MLP (Multi-Layer Perceptron) % #2% L7-[12].

FE 1 TiX GAMLP @ Attention #f§D—>TH 25 JK
Attention Z X L, NGCF OOf&JE M & figik4 5 (il A <
X550 LTEbOTHD. 3 1%, Attention Network &
OREREZ TR LTS, 24D Attention Network Ti, {m#f
EOKBEDOT R yT 7% Attention K hU—27|Z
AL, E1EPBE | BETOZ Ry T 4 v T EET
B, FERRIBAH L TRy b ERRL. FLT, T
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ya 520 @
e S 6 /// e:(f,))g | O
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3 Attention Network D fI#H A

NRTCOBOT LRy T (7 L BT b V&R & (2
L, M E#ZITH 2 L THUELRZRD D (X4,5).

A; = tanh [(egj) e i ef{f)) W, + B] (4)
w! = tanh [(e 1 ) W, ] ()

b —= 7 %% 5 9 BIZ, Attention [ZFE5 < %%‘ﬁ‘
T, #—4 v b — KiZk o> T LY HHZR T BEk
ERAZHEMAT DL D170 D, Attention % v ]“7*7 X,
K — FOREEBREZ LV RV DIZTDHZENTED.
24 THIE

THETIE, L EE2ERLEE, FE0MDIALE
Attention Network J& CH¥ L7 B EDOEA L HAE DY,

2 ®@ﬁ®§ﬁ{@ el el T4 T BBk

@%ﬁ{m <ﬂm bNd. FnHEESHL, 2—
P b T A T BORHIDDIAT KD B3 6),
ei=el I-lel, ei=ell-lel  (6)

BB, =7y NT AT JTET B — P — DL %
HET HOONEEITIET.
i) =e;"ef 7

2.5 HRBEHK

BET—XT7 7 F v ORKBEKIL, <7 T & D Bayesian
Personalized Ranking 82:[16]% FiE{b T 5D TH Y, #
B 27 A TR R ENTWS[17,18]. i, Blgs
Niza—F—74 7 LAOMEER L, BESL TRV
— =T A T LOMEANEH OB O RIER 2 ZET 5
LOTHhD. BERMICIE, 2—F—0rEE L0 KL T
WHRBRENTA v 2T 0 v a i, BllshToning
YEGIvarI0bEnTRIERFID Y THNLRET
HDHELTWD., HIBEEE, UTOXIICHET 5.
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Loss = —9u) + A1 013 (8)

—lno(}?ui
(w,i,))EO0

ZIZT, 0={Wwi)|wi) ER, (W) ER I ITXT LD
FET— X, RYUIBH SN AEER, ROEBHI ST
RWHAEER, s/ 4 FE%, 0=

&{prphﬂ}@?Eﬂﬁﬁﬁ&fm%?wﬂif—&,

IF == 4 T 4 T ETZOD L2 EA koM
S & HET 5.

3. BEFEN-

3 7T—F%77F %

Attention Network OHEMEZR T — %7 7 F ¢ L 1Tt BRIIZ,
AWFFRIT LD o TN TRRINR T e —F Th 2 HER
{EFREERE L.

Prediction @ Yui
A

(K) e (K)
1 5@ 2; 1
(‘) e(‘) ey, . e éfl) @

Amplification A Amplification A f
factor factor
Amplification
. . i
o) (il eE0) Ey'qjtm (R «® B BLE e

L V=L

= .
-\ VAAI= _ u

© . . i .
Cu 1=1 1=2 I=K 1=K 1=2 l=1 | 91(,)
Embedding Embedding Propagation Embedding

X 4 |EFHE2O0T7—XT77F¥. ZOKTIEE/—FK
(2% LT 2 8 H OMOIARITHIFERZ T THERT 2 L
ERLTWND.

BRI TR, HDEEZRIRL, thofgoHhiAxL
ZTOEFIL, BRLEEEZMILT 2 Z & THEBMEOM E
ERDODDHEWVHIHLDTHD. ZOFETIE, &/ — K@
TEICB R A ELEROZLIERTADOTIERL, BE
K T D NGCF TFT/VEEE BT, FoErikxb EikE
DEW»Eim LT\ D, AR T, RbBERED &N
BEwmlbT AT, EFADOKELSM ETXALEXT
W5, FIT, BEFNADOEE NG A =L 2L, i
B UTMCT LD, ETNVOEBEIEFRIC 1@
ML, oOBEERLARNE Il ZOFETIE
WL OO [EEMEIR Rz ITN, g 0T ~Toh /) — F
DHDIALZIRILT . KEORI LI %ISR SRR
RRERINT D, ZOTFEOT X7 7 F v 2K 4 1R

BEETT VI 4 2OV A Y —2HS. (1) Embedding
J&, (2) Embedding =#ifE, (3) Amplification &, (4) Tl
EThb. BEFHE2 DS 5, Embedding J&, Embedding 5
W, TREITIREFEL LEkTHDH. £ T, AET
IEHTITBAINT 5 Amplification JEIZ DWW T DR T 5.
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3.2 Amplification =]

Amplification J§ TIL, [tk D& ELDIALE D 5 BT f&
HoOEZBLEE L TRIRL, ZTORBOL) — RO
ARITHIERzZRET 5. T LT, REOHKELZEFED
HUWEDIAR E T 5. FORE, fofgndiA I Hl
LWk ozt 5 (F9,10).

6 = 2,60 = 76 ©

gl =el eV =l (e {12, KL= f)  (10)
ZIT, LIFIFEHOE, KIEoREERT. BmILHR)E
FIZFEECTRETD, FORPMAIX(12, -, K} TEIRT 5. 1

&R 2 13{1.5,2.0,2.5, 3.0} CHIEL SN 5.

4. EBR

4.1 F—FE» b
RETEOBFIMEZFMNT 5720, 2 2O F~v—7
T —4 % v N TEBREIT . Gowalla[a] & Movielens 100K[b]
ThH2. 2022507 =%y MI—RIZABRENTEY,
RAAL Y, AR, AR=REOETHRHZ->TND., 2D
20ODT—Hty NOFEHERER LICELDD.

#1 7=ty FOREHEHR

FR 1L, $ToO/ — FRFE TI@EOfFREL S0 &
o, BRDEHAHZIETIIRRDELEFD. E R 21T,
&/ — R THME ORI 2 EBELZ R, WEROES
1%, Attention Network Zf# > CTHE 4 5. Zhid, %HRxIC
= RPN L T FrtEREEFZD.
4.3.1 Ek 1

TA_TO /) — FRFE CHBDEMBEASM LR O5E
D EBRFER &3 2 |27~ 7. Movielens & Gowalla D7 — %
Ty MZBWT, FxORETIHBET VL, TOET
EREE L THEINTWD Z 305, Attention
N7 —2 T, K@D ) — ROELRZFEH SETHRNNR
BB EOBELEBEICEATLHZ2 LT, §TIZHD
BREOCKENALOLILD.

*® 2 OER1OR

Datasets #Users #ltems #Interations Density

Movielens 943 1,682 100,000 0.06305

Gowalla 29,858 40,981 1,027,370 0.00084
42 EBBRE

4.2.1 FHAMFEAE

AHFIETITT R CTOEBRITEBW T, g & LT Wang
5 NGCF &5 [7% 5. NGCF &7 /L & 4 5 7-
DIZ, FERMFTE & ERRIC, IRl Tn % 2 DOFHiifE
FE, recall@Q & ndeg@Q ZHH L72[8]. EHLOFETY
PERMFTE & [FIERIZ Q=20 &FXELTZ. TA My hOL=
— W —DFEHA N v ERWETD.
422 RT A —HBTE

5 L% Tensorflow TEEEL T\ 5. DALY A XX
FTRTOETNT 64 ILEESNTND. Ny FH A X%
1024 ICEE L, Adam 477 ¢~ A W CTET IV F i T
L. NANR=NFA—=FZOWTIE, 2BR%E
{0.0001,0.0005,0.001,0.005} , L2 1E Al {k % % %
{1075,107%,--,10%, 102} CFFEL, Fm vy 77T U hbFEE
{0.0,0.1,-+-,08}0HF 57 Y » R —F EfToTNEH, X

BT, MREET—Z D recall@20 73 50 [E1ERE L CTHIII L 7220

AT RINAE T 5 & ) RIS IEERIK 21T > TV 5.

4.3 BEFEI
BEFIE1OERTIL, 2003 F VA TEREIT-7-.

a) http://snap.stanford.edu/data/loc-gowalla.html

(©2022 Information Processing Society of Japan

Movielens Gowalla
e recall ndcg recall ndcg
NGCF 0.04873 0.10052 0.15567 | 0.22371
KHREF IV 0.05013 0.10189 0.15636 0.22780
%Improve 2.87% 1.36% 0.44% 1.83%
4.3.2 2R 2

% 7 — R34 T E o B e 5 EAE R oY A O LB
RERIIRT. ATO@Y, ®RET Vi Movielens 7
— Xty NCRAARMREREL, VAT LAOMEDRE
FHTWD. Lo L, Gowalla 7 —% & v hTIE, ZO%E
IZFEIUT ER B TIEAR W,

#£ 3 FEBr2 OfER

Movielens Gowalla
ESL recall ndcg recall ndcg
NGCF 0.04873 0.10052 0.15567 0.22371
WwEET L 0.05149 0.10168 0.15363 0.21819
%Improve 5.67% 1.16% -1.31% -2.47%
433 B4

Ehr 1 EER2 TE, /— RBEBCTRRDIERERFD
Z L MNTE D Attention HEEZEATH Z L T, HEET AT
LOMREE HOREN ELSED M TEDL I EEMRAEL
7=. F7=, FEB 2 T Gowalla "¥IfF L= EE2E&E LN
STEFHKRE LT, FICTHOOHERNPBEEESNS.

F—IZ, Gowalla [FIHFICKE T —Fy N THDHT-
W, FEBRTIXFEE KA, TF/LORKRSIEFIC
TN LR oz, BIfiCili~72 X 912, NGCF ({28
DS L EITE AR, BT o v 2 Y v TR
WA 5.2 TUW5H[9]. Attention Network OB LY, TD

b) https:/grouplens.org/datasets/movielens/100k/
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ETNANELIHEMECRY, N —=V T RREECRD.
LMo T, BERUENRLONRD S To—RIX, T7—4
vy FAKROY A ARKE N, TLERBIIRNZ R
TV TIEL Attention HEIES ) FLHERE L 2o T2 &
EZTWD.

FUL, /= FORBEOMOIARITZINERIE/NT A —
AR MV THDID, DAL Z T DRI Z D
WIABLDELRZJIET 5 &, 8 BN RHABRIZ 72 5 A6
HERH L. TORKE, EWHDIAALRE L EY2EA LS
BT, ETVOEIENMETLTLEY EBX TN 5.
FDH, L OEEFEICHEETLZET AT, TV

ORERBEZRZ P2 ICFHSEL LI T0nEDTHS.

ARG A~ — A2, Attention B Z RN L —= 274
L2280, SEBHLIZWEETSHS.
4.4 RBFHEN
4.4.1 MEBELLES

RETFIE 2 ORBRTIE, #EH22[1.5,2.0,2.5,3.0]0)AT
RELT-. FLT, BARZ2z0MEDH 2T, #WEEK N2,
3, 4 THDHIODETNTHAIZEREZITH. HEET LD
EBRC, 1 BHOLIAICHE RIS E LTRIRL, 3770bb,
b A EfOME[12, .., KIOIETRE L. K&, £
TNOEBOBLFEREZHE L, @b L7\ NGCF €7 /v
DRAEME L, RRWEREGD. K 41L, HIEEz =
LSO EICKEERILLIEROE LD THD. £ 51T,
HWIEREz =2005 8 I8 ELRLLIEHEROELDTH
L. ®6IL, HWIREz = 250850/ RELDOTHD. £
7%, HiEREz =3.0058/RELDTHD.

* 4 MRz = L5OLEITHE 2 HEHEMR Lok

4.4.2 E52

F 4 OFEFRERICL Y, WEEz = 15085, WFOT
—H¥y MIBWTET VOB M AT - 7%, e
PR E RUGER R M5 . FFIZ Movielens 13X, #JEHK =
3OEE, 1 BOBLT 1227% D EEZER L TND.
IHIZ, FIEOMEBRNRLASNT, $XTOET
NETF—=Hty MIBWTRKOMILEIRZER L TN 5.
ZLC, fOMPHEIIVUTHEZ DITE, 2NV RAA VM)
Rl s,

5 OFEFFERICLY, WiEEz = 200845, WFOT
— Xty MZBWTHHMEEEICRE RUWENLAOND.
Gowalla T —4%t v FClX, z=15& kL, FHHfEZED
M EREEAICRRRE L o TS, F7, H1BEOM
IR BA LN 572 z2=150FE R L ITERLY, z=
200 FEBRTIZ 2 BHOMILIREN RN THS.

F® 6 DEBRAERICL Y, HIEREz = 25085, Movielens
T =%y MIFHEEREICRE RUER A 5%, Gowalla
F—Hty MIK=2LK =30 LWENRL SN DM
K=40OBIZHWEN R SN, £ 1L T, Movielens 57— %
T M, HEERz = 2.5 [CBWCOESMMRER i, &
LEETHD.

R T OEBRFERICLY, HIEFREZz = 3.0085, Movielens
F—H oy MIFHEEIRICEEREREERAOND.
Gowalla T—# ¥ v b TlIe&EINT, T AMEREIL
KIEIZIK TN L7z, Gowalla 7 —# & > MZ & 5T, ZOHEiE
K, EFLORER ESEAHWEBZTNWE. F—
Zty MCEk-T, #YRHEROfMEILE U TidRana
ENRDLND.

#* 5 HERz = 2005524 & BEHE TR L 72f R

Movielens Gowalla Movielens Gowalla

K=2 recall ndcg recall ndcg K=2 recall ndcg recall ndcg
NGCF 0.04807 0.09665 0.15515 | 0.21447 NGCF 0.04807 0.09665 0.15515 | 0.21447
sRALE =1 0.05065 0.10075 | 0.15918 | 0.22997 sRALE =1 0.05149 0.10264 | 0.16367 | 0.23325
SRALIE =2 0.05039 0.09912 | 0.15906 | 0.22825 SRALIE =2 0.05829 0.10733 | 0.16074 | 0.23082
%Improve(max) 5.37% 4.24% 2.60% 7.23% %Improve(max) 21.26% 11.05% 5.49% 8.76%

K=3 recall ndcg recall ndcg K=3 recall ndcg recall ndcg
L =1 0.05471 0.10354 0.16046 | 0.23122 b =1 0.05068 0.09774 0.16447 | 0.23404
g =2 0.05381 0.10819 0.15912 | 0.22809 g =2 0.04851 0.09612 0.16197 | 0.23024
mALfE =3 0.04666 0.09787 0.15692 | 0.22537 b E =3 0.04802 0.09398 0.15752 | 0.22867
%Improve(max) 12.27% 7.6% 3.08% 3.36% %Improve(max) 4.00% -2.77% 5.65% 4.62%
K=4 recall ndcg recall ndcg K=4 recall ndcg recall ndcg
b =1 0.05160 0.10154 0.15917 | 0.22846 b =1 0.05101 0.10822 0.15809 | 0.21920
g =2 0.05151 0.09833 0.15587 | 0.22438 g =2 0.05420 0.10412 0.16077 | 0.22675
mALfE =3 0.04903 0.09609 0.15626 | 0.22619 b E =3 0.05253 0.09669 0.15520 | 0.22076
g =4 0.04775 0.09508 0.15512 | 0.22465 b E =4 0.05318 0.10372 0.15414 | 0.21860
%Improve(max) 2.42% 1.09% 3.02% 2.08% %Improve(max) 7.58% 7.74% 4.05% 1.31%
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* 6 HERz = 250588 2 HEHER L 7ok

7 MRz = 3.0058 08 2 HEHER Lo

Movielens Gowalla Movielens Gowalla

K=2 recall ndcg recall ndcg K=2 recall ndcg recall ndcg
NGCF 0.04807 0.09665 0.15515 | 0.21447 NGCF 0.04807 0.09665 0.15515 | 0.21447
sRALE =1 0.05481 0.11234 | 0.15417 | 0.20676 JRALSE =1 0.04416 0.09774 | 0.14656 | 0.18068
g =2 0.05196 0.09524 0.16398 | 0.23205 AL =2 0.05626 0.11170 0.13423 | 0.16660
%Improve(max) 14.02% 16.23% 5.69% 8.20% %Improve(max) 17.04% 15.57% -5.54% -15.76%

K=3 recall ndcg recall ndcg K=3 recall ndcg recall ndcg
b =1 0.05143 0.10833 0.14921 0.19267 b =1 0.04989 0.09935 0.14377 | 0.17664
g =2 0.05370 0.10080 0.16326 | 0.22501 g =2 0.05356 0.09905 0.13610 | 0.17066
mALfE =3 0.05090 0.09556 0.15392 | 0.21528 g =3 0.05305 0.10469 0.12935 | 0.16332
%Improve(max) 10.20% 7.77% 4.88% 0.58% %Improve(max) 9.91% 4.15% -7.64% -21.04%

K=4 recall ndcg recall ndcg K=4 recall ndcg recall ndcg
L =1 0.05596 0.11288 0.14399 | 0.18187 b =1 0.05163 0.09908 0.13921 0.17091
g =2 0.05076 0.09960 0.15144 | 0.20434 g =2 0.05286 0.10316 0.13375 | 0.16469
sRALJE £=3 0.05771 0.10796 | 0.15045 | 0.20571 ALk =3 0.05303 0.10631 | 0.12929 | 0.16121
g =4 0.05246 0.10028 0.15003 | 0.20748 b E =4 0.05025 0.09527 0.13049 | 0.16902
%Improve(max) 14.55% 12.37% -1.99% -7.30% %Improve(max) 5.26% 5.83% -9.90% -23.64%
5. BbOIC DY ANERZE LTz, TiUE, Attention Network % T/
— ROEREAOMAEDEEFE T 2 WA & 5. FE8R

51 £&9

AWFFETIEL, NGCF EF MIFIE L TV A HEEME A 1
Lz, LT, ZOMBEMEL RS 572012, Attention
BEREOEA L BERLE VWD 2 DORETIEEIRE L.
FEBRM) B, Attention HHE A3 A9 % FiEIX Movielens 7 —
Ay MZBWTNGCF 70 X0 bk 5.67%DHEEE
EZM EXHE, Gowalla 7—% & v MIBWTIHEIZM
L& ro. NEVWT—F Ty FTIRRMEDR, K
ERT =4ty FTIXETIVOFENE I 5720, H
FOIENBRNEZZOND. BEILO TEIZERNDS,
Movielens 5 —# & > MMZEBWT NGCF €5V L0 bk
21.26%DIEMN TR EN, Gowalla T —HF ¥ v MIBWTIX
K 8.76%DUEN AL, £ LT, BWEHALEE
HWRT 52 LT, ETLOHEE —KUTEHD LILAFERIC
otz Ei, HERAIEELTHEAR DD LI LD
otz FELL< RS L, Movielens 7—# & v MMZEBW
THEIEERz = [1.5,2.0,2.5, 3.0 O#iH Tl HEE (L2 9 £<
FEEE L7=. Gowalla 77— X & v MIRWTHIESR 2 28 2.5 LA
kichen L, HEMLN) EHELRNoTZ. Zhbi
L0 F—4ty ML o THMMEIBROMBNR RS Z &
HibnoT-.

PbkaFElbé, RMIEOEREEIILLTO@EY TH
D.

(1) NGCF &7 /MBI gL 1 L, EA0AM0
EWZE s TETLVOMRENEELZ T LI &R LT,
(2) FEJBRMEMRR:D 7= 912 NGCF &7 /LT Attention HéA#
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OFER, HEBMERERH LT 285608 HDH L ER LT
(3) FEEMERR O DD E 5 1 2OFELE LT, HEH
WMAERE L. ZhiE, 1EoA@bds hL—=2 7 F
BT, BRIIMETHS. EROMBRIL, ZoFET S
DT —H&y hTENEIIRK21.26% & 8.76% D& R I
BELNTZ.
52 S%OBE
ARFHLET =2y FTIER RN R > TV, 2
NET — X O A AREE OB L Z T D OIHERT 24
ERHDH. B LLIE, AEIEA L7 Attention FRE 13X IHRIZ
HLREREL 2, FHOMLE Y T 5 LFERFC, WM
NCHEEEZHEZTVW5DH &V FIEOBESOFREED H
5. E T, BEm L TRIIA EOER TIIZ R E H L7,
EZETHRIETEDNE, SORDIHAEBELIMNETHS.
EBIT, Fa—P =T AT LOXTOELSHE, &
M OEAL G OMB SO LR 2MMENH . E7-
WAz BBV, e D5 — 2 v b OFFHERICIE
DT, NAN=NFGA—=FDF a—="27 DAL R
WL ELAROREEEZD LMY BTV ETHD.
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