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Abstract

Abstract

Recommender systems is an effective means to solve the problem of
information overload in the Internet environment, which has been widely and
continuously concerned by researchers. In order to alleviate the sparse and cold
start problems existing in the traditional recommender systems, in recent years,
researchers have used the knowledge graph as auxiliary information in the
recommender systems to provide rich relationship and background knowledge
between users and items, and introduced the graph neural network to capture the
higher-order structure and semantic information among various entities and
relationships in the knowledge graph. A recommender systems method based on
knowledge graph and graph neural network is proposed, which can effectively
improve the performance and interpretability of the recommender systems.
However, there are some shortcomings in the existing recommendation methods,
which do not further excavate the user's preference information for project
attributes. As a result, the model may not be able to aggregate the more important
structural information and semantic relations in the original graph during the
training process. Secondly, in the process of client modeling, the learning of user
embedding representation is also mainly represented by the project information
that users have interacted with, and the learning mode is relatively simple, which
cannot better represent the characteristics of users' interests and preferences.

To solve the above problems, this paper proposes a knowledge graph and
graph neural network based on item attribute preference for recommender systems
(KGNN-IAP) by improving the existing algorithm. The research work includes:

(1) Mining users' preference information for project attributes. From the
perspective of project attributes, the process of user interaction is regarded as a
multi-attribute decision making problem. The user-item interaction matrix is
transformed into user-item attribute matrix, and the feature importance of tree

model is used to obtain the more important item attribute information for
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interactive decision making of user selection item.

(2) Introduce user preference information for project attributes in the process
of user modeling. From the perspective of the user's preferred project attributes,
the first order neighborhood graph of the user is constructed by using the user's
preferred background knowledge of the project attributes, and the first order
neighborhood representation of the user as the user's historical interest preference
representation and the user entity representation integrating the user's first order
neighborhood information are learned.

(3) Introduce user preference information for project attributes in the process
of project modeling. That is, in the neighborhood sampling, the user's preference
information for project attributes is used to select the attribute neighbors that are
more important to the user as far as possible for sampling, which can not only
reduce the uncertainty brought by random sampling, but also provide a direction
for model training in advance. In the neighborhood aggregation, the user historical
interest preference expression obtained in the user modeling is used to interact
with the neighbor entity after the neighborhood sampling, and the weight of the
user's preference for the sampled entity is obtained. The larger the weight is, the
more similar the current sampled entity is to the user's historical interest preference,
and the more likely the user is to be interested.

The experimental results of CTR prediction and Top-N recommendation on
three datasets MovieLens-20M, Book-Crossing and Last.FM show that:
KGNN-IAP is superior to KGCN and baseline model in AUC, F1 and recall rate
(R@N), which proves that the recommended model proposed in this paper has

certain advantages.

Keywords: Recommendation system; Knowledge map; Graph neural

network; Project attribute preference; Feature importance
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SIAAK FR L SEAA PR BB, A AR CRATE IR 328 3 Xt v SR BE Dy B ) 408 S
REAT R, D T RELRAE N R AT E . (H_EIRIX B QR IR S 5
Z RN MR, AR ERRIIRYE, BRI ™ A 08 4 R 56
EREFH P AN R 0 H B O B2 ) 45 R (5 AT UG R
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1.3 RXHEERNS KB

e T A R ] P AT TR BIOIR AR S 2 R X 1 ] A

(1) FEHEFE R LR P 0 H e i3 BB 78 TAE T, BUE
T H J& Ml S A I TSR OT VR IR 5 R 2 T H e M AE P AN [RS8 FOIRAS TR I
HEAT Ao, X W48 8 P 15 B R £ 3 — Bl R Le T H 1) ik
TR KA RIIER

(2) PR )57 5 FER P2 B 50 EAE BoREAE, 5
T REN R, BHAEMH P HERERSST, H P -T0H 28 B0 i el fhb
INf, K HME DL AR Y2 5 B H P BB IR G, TGV S IR R AE 7 IR % R ARRAE
R 3 BRI IR IR o

(3) FEARIBIR G AN ABIBRAT I 32 B2 H B P 6] 9 58 1) O - B3 A ) 416 fe
SEARNE AL SR AR M, AFAE— 8RR TE, 3 R F P 0% 8 e 1ok 2
AN (] 408 f S AR ) E B

ARSCERRE A ) AR OCHIE AL, Gl d KGON AL, i 7 —Fhie
T U P Rk I R A e e ) PRI 22 X 2 HEFE AL A (KGNN-IAP) . A
FEH Y KGNN-TIAP #6743 B 5Tk A

(D #2887 x50 H @R RS S o £ % — S 7038 78 5 B 2 i A
AU R ONTH H P A5 B, K -3 B S A B AR R R S v B
WO P OUE B . T H YA R B A e S I E TR
SRR VER A2 R USR8, 33k 1T 2% 8 A AR 2R (1) R AiF 28 ok
RO P i e s A BB I H B S S, AT DA TR I E & P
IFREN T, XROTEEES] T H B P AR RS TIEES
H ARG DL, B EREU FH P 6 I H R P w5 2, 0 i e R —
B LTI H AT 28 (1) PR SR RE S R A T RIAE

(2) fEH P @R N P50 H B PR A5 B o A SO R
T e ) A B R, R O T M PR i 2 S R SR A 8 P I
RS, 2211530 7 I — B QB ER s AE  F P R P 52 % 8 i R AIE BA A
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1 45

RE P — B ABIEE B P SR RN R R, ARECT MR A P A Bl
DiH . HPEEEE Bk IH P AR RSIE, BRGNP ES D
H 28 BN 57 5 100 H i M B RE S S 2 B DS 4

(3) T H @B AR R A X H B w5 B . Bk, 1
QAR I AR B P 0 150 H P R e 25 2R AT BRI BN P A S R
PESE R HEAT RAE,  LEIRD BENLRAE T RANE MR [FI, B REEAIH KG
B B S5 S BANE SOOC R SR FRAE T 7 B2 R (i 17 A7) ot 1) SR D 1
REIE, TOCA BN Z5da T — A7 m)s FEARIR SR A R R B A P A v SR 1)
FH P 3 52 6t TP R AIE 5 AR A S5 (0 40 J SR AT A B, 45 31 PR R
SRR B (AL E, BLCEBROR, W] HIRAE IR SEAA 5 F P I 50O R s 4B AH
Bk, FH P A AT BRI R . B A RE NS 2% D115 B AN B T H IR .

(4) ACEE o KGON BEAGE | — T 2R EE b & 00 H &
P AR 1 P PRI 22 P 28 HE A AR Y (KGNIN-TAP), B &AL =SB B 4 E G IE
T AR (A R

1.4 RHALEH

FE G 2 T 0 R PR U A0 P o 22 P 2 (R HEFE AU 7, AR S A LA R .

BRI, AEEENA TG RGRI R SR S LR
SR P R ] o 8 I % T 1 i 5 iR A T HE SR RGBT A R OB A0 1 R B 3
WIFIRIR THER RS E WM U R ARG a4 T ST RN 2,
XTI FE A BRI T B

B ERACHIR AER . AFEANG T SRS SRS
FEHEAR, GUIEHEERS . ARSI 2 0 28 R0 TR il 5 P 42 %
ZEAHZE B AR AR S HAH S BB A R B Al

B = B R AR H ) 2 T R P (%) Rl T R T 4 P ] 4 IR %
1#15ER (KGNN-IAP) [TEGEN A . AREFENG AR I KGNN-IAP
B, AFE R ERA . £F5 08 X HEFERIAY S AR HEZE DL SR AL ) 25 AR
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I E RS A R G . AT EEAG T SR 180 4R K T
AEEEL PPOTIRRR. SIS A . SEIRAS RS L8 .

BhERLL S RE. ABEIIRSCEIMPT T AT B, MaHARL
S B R SR R SR FE R AN AR S s X ARORMIE 78 TARREAT 1 e
&,
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2 MRESREAR

2.1 HEERYG

2.1.1 HERGMR

HetE R gl (5 B AN i e A i O HUE 1R B b REe S tes FH - il
BRER, WaEHPAMEL. ZREIEE TR #EHERGA R L@
RARE I TH R AT I ME SR B TN S P ST H IR &R, AR 53E 1
BRAER. H5IH P58 A5 BT HEE R pg i, AT S AT
& PG R I E e . R R G B BT

WURREITA R BISES, IR A W H BITH &, FL 2R P Ukt
WH LS 2R . Bl g HERE T, F ot HoE i i B2 B 1F 23 5 PT BAAE
NLijo 45— NTNRES U X - L, RS EEH TR 458 1 —
AU TZ A A A B I P A A LRI, L e PSS B
HERNHEAFIH , B E LT

vU; € U, Iy = arg max f (U, I;) (2-1)

2.1.2 HEERAKES

Top-N H#EF7 . midr R FMANVE 7 W ZHER RA R = KR EZAESS, K
IERUT

(1) Top-N H#ix%

—FEOR P AT T R s 8 P B AL P ) A SR S e 4 3 — A AR B
AMEACAR B 2B B T H HERF B, IR AR T 1 P S AT A SR AR AR B
THRAREIK N MR SIR, AF R 7 RAEAEA . Top-N
HEFET 12 N AE Qv = « Amazon SEIH)37 5 LA AR 2 A B P R 0 i
PR
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(2) s

A% (Click-Through Rate, CTR) TMATS—M N H T S HEFAAT S
o, S P DR SR N e R s PR AR A TR . AR AR HEE AT S
WAL A 50 H 2 BN (s WS AT CTR T ja) & —
Bt — AN K IR R, AT DA A BN A B RS AL, R DA — A
ZEHMEFRAE, FATA PAVORIZ AR AT P 523 TUH 2 BRI

(3) vEo Tt

PR3P (Rating Prediction) AF55AR#E CA I 7 7 29405 BT H
PR HAIE WPy — 2 BRIl oA 1k B - 0 A2 £ i il 45 55t H
T IDIRE, SRy, YR B0 — AN T B AR5 B vE A
i

ARHEH PIBIAAE CTR I AT Top-N HEZE N EFEATL 5 Rt AT S50 0 #7 -

2.2 AAEH

2.2.1 FRERESER

SR B Re % T8 XA R IR ISt b i SEAR AR S, LACEATTZ (B
BAAENERR R, HARR b —MRME . g riE M RRE, #E
RS R G SR S B DAERIE T AN F i A R B AR oR ok, ATy
e R T E KRR RIAM KRG B o FREE H AT 2 B T &
s, WHERGIE, RIT. BRENE . SRR, RIS,

VR I E A 22 SEAR AN 332 A SEAR IR 1 B b RSO PR AR 24, R A
W RE O EFRoRAR BRI SRS, fE LSem MBSk, RE
INTARZ MR RMES, MIREEG = {(hrt)|ht € E,7r € R} NEIF AT
A=THNES, BN =nHER LSRR S BRI R Rr. WE 2-1
Fr~, =Jt4l ( Anna Karenina,writer, Tolstoy Leo) £z~ (Z28lk « KA JEUHR)
VEE TR « FERETZR
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dbr:1875 dbr:Tolsto
F1H y Leo

dbr:Wolle
nsky

dbr:Kareni
n

2-1 XTHFE (R - R BFHREE RG]

2.2.2 FREER 42K

TR R R AR BSR4 H P el & SN — T By Ak, H
H g W PR A2 0 SCHR IS SOV i i 1T H AR % (Ttem Knowledge Graph,
IKG), PLACKEF P s, T H SeAR LUK EAT T Z TR AELE ) 25 il ok Z A8 2 1T A )
PrIE E0 IR K% (Collaborative Knowledge Graph, CKG) M0,

I H 1R B 2 I H I JE AT R) R RS I SEAA
KAMIH J@YESER, WA H PSRN, WA ¥ H -1 H 52 5K
Gk, EEETIE HHREEREAt, FEAES2  S I E KR AR R,
1M B SR A RS 5 H PRI

B 1E) e VR P i el P -0 H A2 B N TR R S T E AR B S T A
B, RS e A S T E SeAk . WH @ sk, e TP SR, BT
TUH Z AR &, AN T 5IH Z M3 R Fr o RS TP E AR
B AR AN R S R I H AR AR 2], AR BRI P IR AR R )
F2)o Bl 222 N FEFRERE R E, FTRUE W, HPSOTH Z R RS
HREZR, PR A -TH A B, T50H @ P SE AR T8 4772 2 A AN [R] 28
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RER AR, bt 7o AR g . P BHE . B sk % 3 1ok
A ICFRE T P R AR P

H

KA

1‘1: /A)EIL
Wi H e

ry: VR

r3: ‘Lﬁ;‘/&i

Ty: iR it
J& P A

2-2 thEIFIR EE R A

AN S BN AU 2 2 R T KR B AT P AR R . P
A P I s TH Je P e A S LR AR, AT R PR S > T
HHETRAN R, W RR B 22 3 P RN R R

AT H AR ERE, BRI EARERE, iRERE s TEER
FIRFIE M RIRAS 2, a0 A B R VRS BT H Z R SC R . P 50
H A IR R A AR BN AR R 40 b T B RE A DL AR I

(1D FHRERE I 1 Sk 2 18] 115 U BA B R BE N T2 R B R
R, REFZIE A 8 i, A BT 5 AR R A 1k BE I R AR A5 R ]
PRI

(2) FRERER M 1 SR 2 8] 5 R &, A T3 AR T
B, R AR Z A

ERR B AEHERE R G M RS R b i e — 28 e, lan, dnde
X RNIR BT b A2 % i S5 R 3R AT A BRI AL ASE IR B i RO 3R A2 3 2 ey
AR B P 22 b SEAR AN 5 R 2 18] = B 2 2% 1) 9% A% DAAT O il 45 RIS RAAR v 2
AR AT AT o S G b 3T 3 P AT R RS BLdE— 0 52 i 1 REAT
AR
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2.3 EHEM%E

2.3.1 EME LR

el et 22 X 2 S i Ao PR e 22 I 8 R 2 5] IR Ay B, 3R ORI e i PR 5 )
P RREAE S, R RIS 28, T, ARl AEREEEEE TS R K
FRIREIZ S BRI o — FRCHE T PRI 48 X 2% R A Y 3 S T R S PRV R AE 9 27 ST e 7
b R B o SEAR AR AE R s, B I o AR o B N — o FR B s A
AR A5 HE, o i 05— 2 B i A SE AR R R

Pl 22 ) 245 (1) 42 HH A P LB IR 2005 4, Gori SN U I$gtH 17—
TR % B A 1 S B PR e A W R R . AR A W 4% (Graph Neural
Network, GNN). Z Ji5, Scarselli 2 A*3RI Micheli 2 AM5%HZAR 0 R 1) GNN
SREVRAEAT AW e, 3 TR A R A N S AR S T s I R RS SR A AR
ANRIR, SRR B R % 1 B A AN e R AR B . 41X T kiR @, Bruna
S NShE I B T I AR D T BB A g, R R AR E
ARG A MR ITE, 20515 T B PR A A B 1 fA) L
€ SCEIGAR, T RIBHT R 1 oA B AR U K5 7k (B U7 ik e sk B3
AR, BAEERN A EAE . Thomas Kpif 55 AHOE 2017 442 H
GCN (Graph Convolutional Network), 5223 &5 & H—Fr iz elnr BLAH
T e 0 P 5 ) 5 S AR PR AR RE SR AT G e AN T e S AR 4 5 R i R, B
T R E GRS, BARZOT AR NG T, (HE &SR
MR B 2 8] 1 FE R E LB R, (M S, FE T3 0] B B G AR 7 V2 Nz 1T
A BN T BRI ) b — SCE BRI T T ik AR SO 2 2 1 R Y
PR, 1 R () B S AR R AT A BRI A 2

2.3.2 T2 E K EERER

AR B 2 2] il B M 2 P 28 0] BB B R AT SRR, ST
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225 [ 1 P26 RV R M PR B0 O 2 TRV I e e, 385 T R SR 5 40 S S A
Z I AR RAT B O SEAR (U BERT R . — Ry 3 2 1) i B B R 22
I PEREZ A LN A 58— D RIBE BRI, ST B R
W7 R BIAR R L AR 45 M A i R, SR T IR AR R 4%
(MoNet), —MFEVFAEARRK) L AR B B S AR AR R I HESE . ~F
Mo AR [ R 25 B B 22 R 2% [V 5 S oK 1T AR 22 IRHE, D i ki ) it
MoNet 7 K] 1 5E SCHIAAAR 28 TR SEAR 2 TR 5¢ R RGO — M4k &, RIS
A o A R A A PR SEAR R R SR B, PASIEAR 8] ) 58 SRR 7m N,
St — AR EE, RS B R SERAR R RS ) ) R -

(e ) = Xjo, 9D () f (2-2)
Hot, gV BB ARTRAEBMLE, Gilmer*1% A2

T AR T R A R A B G A X  ABRY IE FHAE S . Y S A% 18 1
2 2% (MPNND, HAZ O AE T 7 I SRR Z [R] SR & pR 8, B2 TSRS R 2
B SR AT AR R Oy Bl SR AT B S 05 B 2. MPNN HEZE = Za46 4>
FrBL: JHEALH# (message passing) At (readout). HoHiH BALIH B 7
WA BIR, B ek R G e E FIAE AR SEik LR fE sEk b, RE3kGH
P SEAR BB N, AR 5 R BE T ek 50 AR S A B B IRRRAE S HL AR I8 oR |,
SR B B SRR HRRAE, AT
mi*t = Yenw) Me(hy, by eu), Ayt = Up(hy, mit) (2-3)
Horbr, SR SEARvEH SRHE, hl, RN SARv IR & AR FIRHE, ey, &
TN SR J FLAR R SeAR 2 (A1 B RRAIE, 18I SR A BB M 13 B SE v E St + 1R
AR R emEt Y, G I SR R B U A3 B SR v R R IE R R . 20, SRy
BB 32 H R BO AR BN R AT 0, AR BRI, AT
y =R({h]|v € G}) (2-4)
Hrp, PRORERAR A&, RZUH R
— T MPNN HEZ A T ) [ o 20 ) 28 455 4 75 AR 4 A 55 AL Ak (1) [ 25
F RGBT AR SR S ek B, SER R A DA A3 tH R B, AT A R AS [R] R 7
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XERA B G AN ERAE DR A B RFIE . Xk, BFARFIRH TR Z MG
RS RIAN Jrvk  SCHRAOT B b th 7E 23 18] _E G AR5 /E 77 7% - PATCHY-SAN, Afii
FHs2fkrpt E 8% Weisfeiler-LehmanPOV &y SRl & SR i) O, H8 e 24
SCARGEATHEAS I DULE E (8] B 1 7 2O HE PP s B S 2 SR AR IR AR A il
e, R ARG RY LS R A JE Sk, 5l Sk — e —
AN E R NHIARISE & o PATCHY-SAN 73250} oot SEARRIAT 8 Sk 34T T4
FPAAZ, FEXTENTRIRE I AR o 2 Rl 2-3 s .

| % |
0
@ »y TE
- e " %) P O)
¢ “ ' ’ S prns
W D
Itk BRPLEA  WREARRE  SEVURE mEse || T

St — i

& 2-3 — PinERTEEERLGIERIZ

iﬁW%mT~WE%ﬁiwﬁkﬁ&&@mmm,%%%Gﬂv%ﬁ
SREEARAL B H O SEAR AR IR . HARR UL, IS O s i [ 4
BT AT AR AL, AR A JZ AR BE LR AEAS [F) b o 250 1) 40 Sk
AN R SERBR /N TR PR AT R AR, UTEXS R AR JE S e & i AT A
KA fEAERA I, GraphSAGE Wil T =AM R &N FHERE.
LSTM E&Mbib B & . GraphSAGE i il 46 1A 1 41 J& SEARESAE [7) B A%
HRA B O SEE,  FAE R O SEAR IR IE SRR ) i
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1. Sample neighborhood 2. Aggregate feature information 3. Predict graph context and label
from neighbors using aggregated information

2-4 GraphSAGE BB KRS

[ 2-4 2445] 7 {£ GraphSAGE "PZL {0 H ARk 22 I RN I R, F 3
TN HAT . R H AR AR BIRAEATREH LR, k=1 RoRfE—Fr
RRIRAFRAE T 3 DALEAR, k=2 KIRAE P& RAE 1 5 S48 Sk
DR R A AR SRS SR R H R SRR B, SRS A
R ZE R AR R A B, PR — [ AR RF RS 21 H AR SEAR R
A E s o = DR A SR RN U, S R B T H AR A 55

2.4 ETHREIEMEHEMERHEFRE

2.4.1 iR

N T FRUAR GUHERE R GoATAE I B 5 B P AR 3 B K ), 22 R SR
Tl F )z A8 AR B AR 9 2045 B S B HESE R G0 rh DL & IR R
Ho FNREEA B 2 — R RSB, BB T B MR KR A
R CLHEBRRR Ty, BEUh 7T R A [ A X 2 R HERE AR, MU
MR TE T HEFEVERE, BET AP M4 10 3 K 15 EAE 3 . O AIHERE A
HOAHERR PR A T — 2 I P RRRE M

I FH P o 22 P % 2 230 e U T b 22 SRR 06 R 2 TR ) s B S5 15
FE SR R H W5 DL T LA R

(D MANZ
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RN JZ R & B b ) s 2 o) — MIR4ER M B R oR, 153100 ) &
FONME AR, AT DUBEAT S B R AT S A S o 28 . B TN 4
L. ARG RS, FEHUH PRI H RRAER FH )12 5 1 Ay
fi (MF) B2, 4R 55 i (PMF) B3, M8 W 48 55 K R T4 ik (NNMEF)
BULESE, R LTy G 50 AR I () 5 A AT 2 (| B2 v, IR ANRR 5
SZHRF PRI 2 IR R TR, BRI (T 7T B R 2
BORGES BIE NS . DeepWalklSSH2 1 UK TR I 22 ST AR 5 N B %
NS, AR T BIES R R B E P AE R, SR TS E
VESCARF A, FIH word2vee J7iEAT LB 2, AR T BITE RS ST
AT, AbZ)E, ETREZIWATIMRANNEZHAT . K, &
BT IERAENIAR D IR, KA A E s O ME— 1D, RS P ID
AT H ID B A — N ME— R 4E [ B R R

(2) ARIHKAE

AR, RE GON EA R GURIRAG 172 N, ELEIZR RS B HE
(1 Pl 4 220 X 4 ABE 2R ISP A SR TR I 5 AN AR AN PR HE o 7 S B I rh S 8 H B
K, #UAEESEHR] GON MIZAHER A HIRAEARISER A& 8 a5y
K P S B o S R R A SR B DRR A TR A o D T R GON N g
fea, BFFEN BBt 7 ASD B S RO SRR AL S o 40 PinsageP TR T —
Tt T B WL AE (%) B VSR T, A G SEAR T R BE AL & , st THEL, I
VUV SRE S AA i B L 4, B JiE RE B BV A B R I AT TN A0 S, &0
TRAE KA B I 2R R B T RAFHIPERE » XT3 T Pinsage X408 J& SEA4 SR AE,
FastGCNPOLZ — Rl 4 & 1 B LM RFF L E ISR 0k, e it 7 —Fh
layer-wise [FSRAEHERE,  RIOHEJZE T0SUgEA7 [ 1€ B0 A DGR A, dnd 3 21
Won, ERMREAZHERT, ISR REE T RIgRT . &FRE RN
T FEERFER 772 Cluster-GCND7, g 1] FH B 58 R BLIE R BEAN B 1) SR
ZAME, BRI LA AR 1 SR R L SIS B 1 1K) A 1) 1 B AT 1 5,
FHRHIAE 1% 7 B A A0 B AT R, X7V AE K AR ) 2 7 b 7E 3
AEVEREI RN S ZE BT T W AR TSRO
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(3) SBHERE
750 TS AR BCR A T, BRI TR 22 0 QI SR & R A2 88 AR B
RSP SR BANE ORR, HAESR FEAY Aggregate 1 Combine P

oy

h9,) = AGGREGATE® ({nl™, vu € N(v)}) (2-5)
h%) = COMBINE® (nk-1, 0%y (2-6)

K HFR SR 1) 48 JE SRS SOl Fe A Aggregate BRI IR & LASRTS H
FRSEAR 4R35 & o GraphSAGEPX) Aggregate pREUIIME AT T 0¥, $2
HH Aggregate PRELTE ZEH 2 1 =A% A4 X SR BE I BE N HEPARTE
AT S, JHEH T =AM Aggregate BR%Y:

o PEIREG: SXESHRRER ORI, AT AR AR

9 « oW - MEAN((R V30 (b, vu e Nw)}) (2-7)
o WERSE: X E—BEEANTAER A N R ATIRR R, RS
HEAT P38 oAk

AGGREGATER®” = max ({o(Wpoothl +b),Vi; € N@)})  (2-8)

o LSTM %45 SRIALE STARRINT 54 H m mFR R T HIERN LSTM M
L AN

B0 Aggregate PR M HRY = wkpTD | gk — 1250 k%y

fiE RS e LU EE S w45 A #4336 2 R RS . o KCGN BT i

Aggregate PREUM LML H: vy, = Yeenw) Softmax (

exp (W, ) )
Leenw) exp Wy, ,) ’

B N A — W E IR R0 P I EEZMEAG S . BREREER 7 H CE Lo,
AT DA 1 e L e AR A S E 3 A I AR . X T TR R Rk A
KGATP BB, FEfE BAEH LB sl ANER DS nthrt) =
(Wye)Ttanh (Wye, + €,.)), X7 1 AFIAE R SR 0 SEAR AL ER, 1A EE
T AE R G I AU SEAR 2R 7)o AE3RAT H AR SR ISR (E B 5, 18/ 25
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il Combine BRECHE H bR SEAA HIME B S L ARIAE B AT 2R & LIRS H AR SR
WA 7K. Combine PR —MF] LLIEFESum (-) Mean (). Max (-)Ei#
Concat()¥lE, REZGIBTIETFT EHAT —IRAEL A, @l %ERelu ()
& Sigmoid ()EEH.
(4) T
5 R MBI TS 2 >3 43 2 B9 B P BT H B 28 RN R 38 N B TR B
BEAT T R B Dy = F(u,v]0,Y, G2

2.4.2 FT5R B A B pH 2 D 4% K HERR AR B 1) 4325

A2 R P 1 S TR A AN [ AR mT LA SRR el 0 8 o ) e e 42 ) 2% HE 275
V2243 T IO R P P P Ao 228 [0 % 4 R T ) R R PR 4 8 i )
P22 X 28 HERZ ISR, T DX P AR TR R A ST T AT LB AN A 2

(1) FEF 700 T VR P 15 3 5 ) P o 2 o) e Ao R

LT T00H 0 T i 1 e 22 0 % HE A A AR 1 AR SRR T e AE T
H R T 13z P e e i 28 06 <0 SRS BT (R AR &, LE 315 51
BRI H A E R . Wang 58 AP H ) KGCN AR I $2 40 151 H 2 8] {1
RIKJEE, FRIBUH R I H 2 18] 96 & ) f AL, AE SRR S I 4Rk 1 30T H
HIBRAN RS o SEHE— 0, SRR N PO H A 3 R R 1 1 X 5l 14 i 281 s 4]
MR KGLN, {E5IASKRARX R EZVE R FER, A 1A F 4R
iSRRI H O SEAR IR SZ IR A7 AR AN RSB R SEAREAT TG I AL . AH L
KGCN #A, KGLN @& 12K B A8 SEARRIHFAE, 7% 58 SIAS [ s P55t
R SR LS S AU, RENS SE AR S0 22 > T H IR AR TR o

EIR PR LA 1N TR R AR BRI 2 BLERAS B4 (T H R
ANZETR, B SEAR RN B 22 ST BN TR e Tien S5 NIOME HE —Ff ] AT
HIAEAZ R ZoR 2 ST PR AN BORSEAY  iZAR RY 1  5 T o6 SR AH SR 1 i
B, KRB M RIE BRSO R SR BURE T, 2R WA=
(LA R R P ) o 22 2 T H RN, AR R A — A 2 2 B LR il 5 H
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J A (A AURTR B 2 Al 3R A5 B, B Ja NI 5 R A4 52 2 1] v 2 S
PR RR, A SR R R T S 1 A A HERE PR RE .

(2) FE Tl R Jon VR L 8 i 10 o 2 ] 2% HE R 7R

LT 150 R0 P e P P o 22 I 2% HE 9 A 2R AN 75 2 I H RN R
AR, AR SR RN R IR 52 3 o Wang 45 AAE SCHRIPIA 2 i 1
KGAT #E7 PLsim #1310 77 U 1 AR B o m i< s, AR P 5 3H
(K122 B2k 22 AN H 2 18] ) J 1 Ok SR AE DRl e i 450 15 S 0B, e 52 5
2 22 ARCLE L AN F ORIR AR Z L BB % B s, LA SE AT 21 2
SR P AT E RN RS . SEik— b, Yang 25 AAESCRRIOUAR L 7 —Fhck
HEREEE M8 456 AR TS AR (HAGERee). N T M EIB &L,
PR FH P P AE 415 S, HAGERec BB BETE 1 X0 [m) SE A% 7% o 1 A1 4y
JEIE R SIWUEER R 22 S R R0 H R . Bk, e Bk R
K GON SR 1 JR B 454, & IR SCAR AR EAS 2., ZJa fE SR Hd i,
AL X R S A AL B S SRAT L P AU H R &R0, JFFR 7 —FEIRIEE
ALy I b SREI AT ok RNk S A E DAY RE Do Pl 10 S RSB a0
SR FIE R S VE VRN S AL SR AU, IR AR BL AR 10 &0 Se 4R it
i, X 1A SEAR R L AT e SEAR 2 R A F SRR . BT KGAT,
HAGERec AIH 7 KG M GCN WIIRHAT MM 1T Mgtk i, A=
WU KRR QB i S AA, il e B i PRSI0 1 AR R p ] R I . AT AR
TERFIHUHTET 5T AT DR B B8 X 73 mhv o0 SIEAR R G 408 SAR B AN [R] 5% B
AR T P R R B, SRR A T BN R, RO T
AR PR REAT T A R

(B EIRHER VA AL BEAR BTG I R 2 R SR O] 7 - 300 H B xS, B 7
BAFIRENE EARR SR RRE, JFRABIEARMBRER, RIED 12
FOREE PR AN R 5 2 . Wang S5 ANAESCRRIPIP R Y 7 KGIN A, 48
RGE R E B A R, ER IR LW P AT E %R, neE
AFER-TUE R AR, KA RS TR T K E 2Bk
AE R UAMERIR, A RO A R AT R . EOR KGIN A
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2 FHRHRIR RHR

ARFZIE AR FRERE R R S, (R BCH 7870 M AR B
B SUE R . Sha ZEANSHE T AKGE #5884, 1ZAE AT+ T —Fft i 25 Jg
AR RAE M R A 3 F 7 AU H 2 18] 5% A i) B 5 B, AR )R 5E 1
B _EREAT A4S, REIRECEA RN . mENZEER, SR E A E )5
Rl &5 & 7 EE R B R SUE BN S E S . W RUE |, £5IA
BEARAE EHERE T, T LAFR A 280 AR B i 6 A AE EAE XUE R
I E NS [RIIN TSR P AN 2 Te) (2 Pk 2R, BTN (K T 4Tk

2.4.3 KGCN

T A AR 0 KGON AP REA B4t T KGNN-IAP #2484, [A itk
KA VEAN 40 KGCN B A SN 2, N F 3 KGNN-TAP B )47 41l 44
RIS HEA

KGCN 2 5 T~ 1R P15 R B e 20 [ 2 1) LR AR vk o I R 4T R R
AN BCE AR, XK R R R AR N R RIRCEAE, X
T SEAR A AT W BAL B IRCE, BARR T EE R T

EMP (user) AU WiH CGitem) £EH/V. LR (entity) 24 E (I
H SR g el DLRITE HHiREE G (I H Sk 5¢ R 8 1 Se ikt
%), G ={(hrt)|hte€EreR}, AFAELRRNNu, KRRNELRNr, L
IR e, v OSAF R LGATERINIH . AN @) ZoRvii4s
SRS, F I, R PO SR RIAL R S Re KR, e € N(v). K
g (BHANFD HHEH T 5R RIS

W, =9@,r) (2-9)

— R, W BE T Rt H P ulE N, R R WA softmax

Tve

BAEEAT AL

) _ exp (W, )
Leenw) exp Wy, ,)

Wi = softmax(W¥

Tve v,e

(2-10)
N T RAEF SRR N S5 4, THE v 2R &, BRI AR
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FET R B A R T e 4 1 e 8 I 2 4 A R T T

IR G 5 v I ARFAE R 7]

Vs(r) = Deesw) Wit e (2-11)
E S BRI AR B R v, S [ R R O SR v (AT B SR B R T RE S AR,
TORFFREAN LRI T SRR A i HLEE @R A oL e v TR A [ 52 /N
BEMARE: ke, TARAEHTE AL 25 7E 4RI T [ i i k(S 5]
BCE)RRFE S, 152IS(v), R OLsEkvl) (BRE) 2, fidSw)R
G VRIER R ) v,y . B 2-5 4 T h=2 P2 RS2, k=2 S0JE KAt

LGP S= N T

item eY“[H] —1—-u user

") A
SeoTeY predicted probability

(a) (b)

2-5 (a) KG FIEEELAHHERTE (b) KGCN HEZR

B AT LA S o B A R (vl AT — OB ) KGN FRR

7 =R R G Aagg:
o SumBEE: MW FRIREERM, REHATIEL A

aggsum = o(W - (v + v;*(,,)) +b) (2-12)

o ConcatR&ds: EHATIEGRMEAR AT, B AN R ST P4
ag9concar = (W - concat(v, vg‘(v)) +b) (2-13)

o NeighborR&4%: HERH LT mlvaid SRR IR ) 5 4 H -
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2 FHRHRIR RHR

agGneighvor = (W - vy + b) (2-14)
PAERIRG — B SRR AR R T B R, AWk ARud A%, Bt —
BRHRAMEE - RRME RS M SR H £ " . KGCN 4 78
MovieLens-20M. Book-Crossing #1 LastFM =R Se$dis FikiT T CTR
T Top-N H#EFE, 459K KGON [HEFE MR T H e Fmsis, HE=
R &8 LRI A AR, Sum REMEARIERL, SRTI, A0
[¥] KGNN-IAP BRE R 5 & 7 At /2 Sum A4

2.5 $FEEEM TS

BT AR J7 VR AR B 20 5 DR 1) S e A T ) AR 38 J2 Sy E 4R 2 30 T
Iy N R R BRSO R RE @ I 1K) — By, RRAE EE S
T4 5 BARE B A BRI IVRAE, #8703 B AL AT 900 I 45> REAE R A X
AV, Tk, IR RHIE B B A N AR A ] R PR Bl
i PR 35 F 90 S5 AH DR (M STk . ZHANG F %8 N (1 GPPL BVE R 4R
Permutation Importance i+%. GP (Genetic Programming) [JHFAEE B, 48
T TGRS B R REE, M B B B R A A R T R v AR AR R .
gk PR R S DO T — P TRpAE B S R S A e e X 2 A58, R R BE AL AR
MR AR AIE B 0] ' ol 1 SRR R AT R B I DA, el 1 ol vl R
TR, FIR W — 2288 TIEN 2 RE RS, REARMAEE T Euil
BRI > RAE L o 5Kz & NIOOTRg 17 AR A% Jon B MR R 3 1A R SRS R, )
FH BEALAR ARABE A PR RRAE 2 S R H 1 R BR800 & (1) G SRR . 1 2 T,
AR ST AR () AR A1 B A SRAZ A FH 0 I e 1 1 i 215

AR BB — Rl BEE B 7 SR N R IRV 0 T VE 107V
BRI A T A SR B AR B R AR E A R B T IUR
B S R EAT BRI 4, A BRI, R S BB A 2 ) 1k RE
B S SRS BEAV R A A R AR M . RRIE BRI R E AR B
ANFERHEZ AR R, fE—ERE M BT DACGE TR SR B B () 1 g s Lot 2
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FET R B A R T e 4 1 e 8 I 2 4 A R T T

T8 BN RRAE N B 28 5 R B BEAR7y, A E R B AT DR s R i 2
PENUA ROPE o TZESEBRR A o, R SR AR RR AR B B mT DAFS B Mk ke SN
ARSI 2 PR S AT B R R, AT DA BT R AT XU 7 A A
% O B E R 3R

WS 5 SRR vh b SR A B 2V 1) 7 208 A AR R [ AR R 4
ETHEBERPE R, EmR. e R/RBEEE NEERME. DITEEN
LT PSR AR AR B VPG T, Ho b B R S AR N T I -

D I iE it

PSR E YN G B 2 10 S 1T R0 R R AR ) SR R I, 4 S X SRR AIE 1)
HEMHATENTE . B =P E R R, 2B — PR RRER AR e ok
B3 R4 SRR IR, PSR R I o AR A T AR IEAE 2 B, IR
DLIREEZS RIS e SRR ) 2 Do iRBRk oK B BV sy s 26 MR ARFEE
G35 R JE R RSP IME B A, 5 S A R R E A T R
B &E— PR R E A R RN FEAR N E G, THE A N RRIE T
RFEZAS I Z B S HONBR LURFAE R BLSIR, AEBROK, SRIIAFOELE 7 2 Re
AR SO FN g E AP

2) YgrjaitHE

K2Rt R 5 O R AR B A 2 S5 TR SRR B e AT 0 B, 3 A
JE R RE I AR R AR AE B . — A PRI VR AL 7, B — A
R4 Cout of bag, OOB) F#fETHHEAFMEE EZ4: . /EHET Bagging ML A R
AU, WFENLARAR (Random Forest, RF), i Boostrap(F5 i [al () BE AL IHAE)
Az SR S — MU R AR AR, IR S BT IREAS, AR A8 I FE AR B Y
IRAMEAS . T DL R AR AR HOHE Aen A Y ()72 Ak e ) I AT R AIE B R 1
W, BARRUL, J6 ISR BB A B AN 1R 47 4T 70 A%, 40 AUC,
RE REEEVEAG AR, R JE X R AN M BRI T — AN e LE, FEFrt
FCUATEAR PP TR bR, 13RIV FR AR AT S AR R, SR E RN R B
(I FE bR 2L R P B AL R AE BB Bk . B —Fh 2 HE5) B (Permutaion
Importance), HIEAZE: JBlZRFBR, R MEALHTELIE —Re ik E IR FF
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