TOPIC @& 97

AR AR ElS Rl SRR B
2 F8 5 vz

1,2 3 4 1 1 2,4
1 WHERZA T BB S5 RSB, Wi Btdd 310007;
2. Pl B - LR 2RI AR DS i R Ry, WL AT 3111215
3. WL SRR, Witl Bl 310007; 4. i B E AL, Wil Bisd 311121

=
+
PKGM
X
TP183 A doi: 10.11959/j.issn.2096-0271.2021028

Large scale pre-trained knowledge graph
model and e-commerce application

CHEN Huajun'?, ZHANG Wen®, WONG Chi-Man*, YE Gangiang', WEN Bo', ZHANG Wei**
1. College of Computer Science and Technology, Zhejiang University, Hangzhou 310007, China

2. Alibaba-Zhejiang University Joint Research Institute of Frontier Technologies, Hangzhou 311121, China
3. School of Software Technology, Zhejiang University, Hangzhou 310007, China

4. Alibaba Group, Hangzhou 311121, China

Abstract

In recent years, knowledge graph has been widely applied to organize data in a uniform way and enhance many tasks
that require knowledge. For example, it has been widely used in the field of e-commerce. However, such knowledge
services usually include tedious data selection and model design for knowledge infusion, which might bring
inappropriate results. Thus, to solve this problem, the method of first pre-training then providing knowledge

vector service was put forward, and a pre-trained knowledge graph model (PKGM) was proposed for our billion-

2021028-1



98

BIG DATA RESEARCH A#ifE

scale e-commerce product knowledge graph, providing item knowledge services in a uniform way for embedding-

based models without accessing triple data in the knowledge graph. PKGM was tested in three knowledge-related tasks

including item classification, same item identification, and recommendation. Experimental results show PKGM successfully

improves the performance of each task.
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=ICH A S TG =eH BT
55 F TG B 55, B B R AR AR =0T
ZHAW A TEREAR , [R] i ok ML e S pk B
TR R A AR B AR T AN =0T
A, IFHX E=eHE N AREA, Y% H
PR 243 28855, BIAIWT iZ =0 H 2 7 iE
o N TRH—18MAMZI0H, T4
TUFRARE L BN S = H TR R
&, 1B = H s BAE SIS G R
R 25 A A AE IR o TOI 2R B B N 1 2
=JGZH, T i H AR RN [A] R T =0T
2H & IER IR 2 AR . B 6T R, 45
—AERR=T0AL (hrt), FEIEW =
TCHIE G BTN SO AR S K B AT
W NFNR B S ST s i R, 5 75
FIREH R &,

O 2R B s £ B AT g R £ 2
R HTAEIGEIRLE, XA R
SEHRERE R B IR GG R, A
TERBIEFE B IS5 BN, BER TR
FH T 81243 I BooksCor pus! L 7
25/ BIT I Wikipedia %3 4 E
FTAUZR, SRIG PR R/INASFE A (B4R
LUZABHUINBERT, , RIS M4 2 5L
MBERT, , . /58 73 AIAE 167 5K 5 4b B1
EA5T (tensor processing unit, TPU) _EiJl|
HTART 561,

T 50 B B PE SR M DA i
T8 15 22 ANAS ] T T 1 50 2R i 4 1 2
A, ILAFB15k®, WN18, YAGO!!
&, R ETEN& A &G E %
Freebase™FfIWordNet" & #xE DL H 22
G — A ER AL . R A ER R
HR R SRR 5 ZR B S DAAS TR (19 SCAS A 2H
2R 7 A, AR M B i AN R A
LZMBER, AT, EHEBZEE TH
T8 07 R 2 (R A I — A R R AR
FR B T R B E A R A A LS
IR WordNet# 4 68 (@& 74



TOPIC @&

107

Transformer

REaEas

Transformer Transformer

[TAI]

3
&

\
@/'@’@+O"
G000
®-0Co0r-O

-

®-000rC E
©CoO+Oz
©oO+O

-GoO+OH
©0O-O~
,@%{}

©
e
&

O~o
OO
e

O
&

F
=
It
i
P
-

182

)
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Be6 mHTMIIGERENREE

Wil B | AT A R 3] S 1 A R 3]
T, BRI S T EL AL s AE S
5, S S2AS TR 1R B E e S
22 o T HAth 0 9 G A Y S AR B
K FALAE S 2 A A pl i, AT AR
AT 1B L5 FE LU AT Y 5k SR A R S
NSO M Nl 151 )7 - (e Y SN N RS 1)
HERERE |, AT LA E R 5 5 o R
MM E MRS =T, AU A 7S]
T i IR E R S5 A (S R BT AR E
R, BA10L™T s 0 v oAl
{CHAN I =TT, AT LA 2R & s
T oK, FEHBEASFE T A 55 AR ol i 4%
HIFI A R A7 o

(2) T B

TEGE I B, AL ) N\t 25 4 2

A EL R A 55 FR A 4 SR AR 1 A 7 2,
[F] IR 2 S AR B 4 e B 2 b kAT
TR Zk, 55 1S B G %R e 55 75K
A AR B, a7 7R

G, SEAARN 55 55 1 H bR o2& 78 L
ﬁ?%EP%ﬁ%JZKﬁL%ﬁI—A%%d‘Z%‘%
A T A i N PO R0 R R 3 5 B 4 o o TR
j%%ﬁ%mﬁ’ﬂ%ﬁi, Fedn v SCiE SO
A S AR (B e 1), SE R 1)« (B o, e G )
(0, R) &5, eIk 2 A Rl & S AN F Y
SCEEAIR o AR ISR TS b, R
(1% N R 1 =T 2H (b, r, ) 28 2 Sk 2 5
PRI (h), BPHBR T8 R riX—T0CER, FIT
BRI, gE—20 2k, X PSR
A F WA AT E & SRS (e, e,) o
FERZ L, AL A oo th e B o iR
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PR A SR 2 75 O 55 1R 1 25 BB A, EL Rk
E7 (c) IR

ARSI T T 55, TR B
ASLARFTIEHIZER, XA RAEET A
A N R OE A S R N IS R [ NES N
)RR SRS ARY, AN & R A RS
W)« (FRSCTES)FACT 40 M, 76k LA ) 5 2 4k
HIUXS o RUT IR SRR FEAE S5, Sefik
R FHNAT: 55 Hh A ASE R oy N\ b A8 Sl — A
AT, T A AT 43 A2 A T I A S AR S TR
FRIEMAIPE 4 B, W7 (b) Fiz.

5 NAZKEHIRES

TE M 37 IR L AR 1 S RS 1
B R S S PRKGMBEFT Pl 25, T
WERSE AT, LA RE S A KK
WSS AT R AR UE, AL HE R & 45
2| [AIFRRT AT T B A S DU i £ s
JIR 45 B hl BT 55, 3 A FE T DR 1R
VT 5 58 A SR P — BUN L PAE 55, A0 7
SRR SR A D TR R K R R E R
PRl A= gl 553X BLEE JS AT B s
[ 5K T o R 5% T M AR 3T 5 R SL
g, o AL =T A IR S5 M B AR IE A
PKGM-T, HAREE AR S5 1A &= bR iC N

PKGM-R, PB4 s B e L bric
PKGM-all,

5.1 ETFHIREERINERIRERD%E

{CZ R S B AR A AR T R I 2
HRZR, B b s 2R AE R L RS
—TUE W HEEP S, HER SRS
S PRI i 43 28 31 288 H RO B 28 51 o T
MRS T LR AR, Bt
WHE B HER A 2B RIBER, BT
L7 T e S B I DA  VA S BN A
HAFS510, BT HETE T IO B AE S
ARG AT S5 EHUS TR RUR , 1K Bk
BERT/ENENERI , B8 (a) @R T A fE
BIUBERT, E8 (b) 7R T PKGMEE 3 )
BERTAI, X BLR M T NP A A T 5
TR SR AR S IR 55 10 77 =K

A T B E R R S 37 5 o B
1 293/ HIFNIX L2 NI R , A2 Bl IE
FEARFNRREAA 1 EHRE SR, BR&2,
NY B G MR R 25 SO I R RS )|
AN R, AR I R 2k
AR (R ) BREIFELOONEAT, JEIl
B RE AR EL R 10T 55 18
R s IR R A il 2R AN RIS A45]
DN 3F RS dataset—20, dataset—50

2

A

[ BB

Bapih ]

TN N W W W S N

) (

L N N WY W

[ R

I e ) rrow )

OO ® ® O O

(a) =Judlsrk (b) Ffk R AT (c) AR F
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[Bas][ £ ][ £ [ £ ]

o) ()3
[

Tok M

mbR

|
Bt WSO O A AR B2 300 ml

_G_G‘Lr‘ r
o) (o) - (e (5] - [52]

/

T AR PKGMJIR %

(a) Herfpgisd

\% T

/

(b) PKGM Y kAl

Midataset=100, 43 AIFRRE MR HA20,
508 F 100 LB EL AR 4R - FR2HH
#Train, #Testfl#Devsr#lF~NH=JC4M
FRIYIZREE | MR ARG IELR

TSGR, SRATIZ3E S HBUBERT,,
FEFR SO F BUR L E Il 2 e o B
R Ho & 122 Transformer, 12
#4713k (attention head) FIR/INR 7681
Rl 4E R, BT BERTHLTY, 8% A\ X4
Fy BRI S I A R 73 SR AF[CLST, HoAE
e S5 — AR RN WA B iR Al TR
TNEEE T IXA N A ) X HUK R
MNP AR E R R128, A& —A[CLS14r
KK NI 2THRE A, 2 G
J S JE AN AN, A e ) ) 0 B
HIE 12745751

FETHIREREI A3 2R S5 )
A LMSEPKGMEE SR FIRIBER T s
BBy K EERBIBER T4 A 741
[ I I 2 kA ) B 85 48 kA 0% 2R 2 1)
He 0 i 55 1) 1 P A1 R e A = o6 20 2 A B
1 55 [0 & 1), AR IE #EAT 0 B B i
Yk KM, FOR N\ Fe 41 i Js kA

K]

DR ERER

®?2 BRYEEBHHESE

Hnik #Category #Train #Test

#Dev

Hm A~ 1293 169 039 36 225

36 223

] i B e A kA = on A A AR e R 45 R
FEANH RS, B NBERT oy p» 1T HRH
KA R Z AT A IR 55 [n] R P B, 5 0l
BERT,, ., o

TEYN A=A/ (batch size) H32,
2:3]% (learning rate) N2e 1S K&
T, XPKGMIYIIZE T 34481k (epoch) , H
HR ok B TR B 01 25 A IR 55 1) A T o
AAER, T BER TE Y XS E A
g RO, AR BIE2BE
S5 ELG S IR IR R T Bl 421y
FMIERTZE (accuracy, AC) FHRTAAS T
EaEHIt@k, HPTHIt@kRRIEr A
AT X, 0 B S LI LA R 2 B TR BT R
i 0 ) TSR Py 51 HR HE A BT AN 1 E
to, HokfIdE1 . 3F110IX 3Bt 156 H .

INRITTLAF B, 1E 7000 5 =5 0
Hit@kte¥r b, BT EIIR R S5 [A] 4 A
BIBERT . FE X 3/ ff £ AR T
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®3 BROEESHER

HAnak i) Hit@l Hit@3 Hit@l0 AC
dataset-100 BERT 71.03% 84.91% 92.47% 71.52%
BERT oy 71.26% 85.76% 93.07% 72.14%
BERT, . x 71.55% 85.43% 92.86% 72.26%
BERT,, ., ., 71.64% 85.90% 93.17% 72.19%
dataset-50 BERT 60.98% 78.99% 89.21% 59.06%
BERT, .+ 61.47% 79.04% 90.08% 62.74%
BERT, ., . 61.52% 80.09% 90.39% 62.98%
BERT, oy . 61.54% 79.89% 90.36% 62.71%
dataset-20  BERT 30.26% 46.97% 68.12% 28.90%
BERT, o 30.65% 47.80% 67.40% 29.62%
BERT, oy x  31.47% 50.69% 69.07% 30.63%
BERT 32.09% 50.19% 70.07% 30.91%

PKGM-all

2021028-14

R BER T, HARN, —J7 T8, FIH
AT PRI SS R IIBERT L AR HAE
Hit@1¥8hs AR s B—J7m,
fEHit@3 . Hit@ 0B M Eaf Zix 3 br
[, BERT o o FIBERT,\, JX PSR
ARG HCR, 1 H e T — ek 24
TE G BRI AL S8R o XAHIER T AR
1 31| A R 42 (LA 2 1 B IR 55 1]
FIARE, HHHE AR R AR R
A L =oe A A T SR
LIRFE—EFEE I, BERT,(, JEAN
DEHMEBERT o B IR, 4T
BT AR A B 22 R i R AL [ B A
TEREAT B A 2R MBSl IX AR AT BE
RN FER o 2155 1, HRse = e
JIK 55 e 2 1) et R SCAS e A L R B
MM =JCH AR SS [ & J7 41 0 B, i 4
FEETRIR b, SURFP AR S LA =5 4
TR E S E AN E,

5.2 ETHENAEEIZEE R @ m
5%

BT L B B F 7 T R A R
123, T S T B ARk, Horh—

AP R A2 4 o B TE R LA
B R AL TE AR, BRE R R
AR R A TS, HEEEREIAR E
FERAE, ARLE -6 ERIHAE A F R IDY
TS, S ) R i — e SN [l — AN
fho FoAn AR AR B A 1 B R
A A E T 35 B B Al To o< )
i TR SO R] A B el R AT
B biE BAEIFEEN . TR
A DGR = i, AR A EC
ME—FIID, e, 5 B4k th, 256 GBZ A
M35 FH AR Z, BB &
52, FUIGX LER RAE R A AN
IR FAT T fi, AEL AT (i P B 65 AT P
AREMF , AT R 305 o Faill oy i
B AT Ao AR [l — 7 i A 250 B B L B LR
S HEN SRR EEL, filn, H AR sE
—H%M, 256 GBARE fMEM ST
HL, FEH R MEf N BRI F5oR S, REfS
WoRITA & TZ iR, AT TT
fH IR B IS M E G55 55,
BB, PR E S /NT R A,
I DA it D o SR L 2R i B A0 4L
P A E I i T ERL

TE PR R SRR AN, 5 [ 3K R ik
R AR A S LSS, HLEPREH]
W 26 5 PRI FS ft 25o [FL KR it o A (S
BAAREER TR, 3XAME55 0] % W T [F] AgiR
A, FERR R AR LT BER TR T
i R L1 AN R AT R " NP 9 = 7 1
S RAESS, BARINTT SR AL S5,
9 (a) s MAEPKGM 5 IBER T
R, A ] 1 SR A1 I T 3 5 N
A [SEPFREZFA-E1Z B o B 6 & HIAE
BWIRSSs i 7 3], anE9 (b) s,

AT ity TR P 3 i B A 2R A A2
(category—1) . k& /fifh (category—2)
FJLEEME (category—3) iIX3M AN =TT

HELEE, VENRINONFH LS LI K a4k
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ﬁf\% PR

BERT

>4 2 4> s I ufy
[ [
. . [ [ I I
\ T AR AT T A 2R BRI / \ T PKGMfi &5 BA2EIAE PKGMARSS
(a) Bkl (b) PKGM B
B9 AmNTHESER

FAEAREPEHE L TAREAR, 54
TR A HR L R T 25 PR R P R
DT 3K PO A A A R SR AR A, RS TR R TN
AT R 5, TR A8 O 73 1T i 350 X
FFo B AL B TE SRR T A FE AR & 4% IR
7:1.5: 1.5/ 43 EL R 2R e # Train )
A # Test-CHIUELE#Dev-C, HT I
LR AN R R A AR AR I &, (EE AT
D FT A FOUE 1 dr R Hit@k, 52
R B FA S TERE A B SR T HE R,
DR A Z FH R A I S # Test—R AT GG R SR
#Dev—-R, ELIRILFEA,

FALTHE5. 1 IR i 43 28855, [A]
SRR N FHAE S5 BER TAE Jy B A 1Y,
I Hig NS U5 Ry o 2R 55, H2
FEHT ANEAG E WA AN o B A\ ZOHE
PR it PRI B S AR N T 8 B ZH
FEREAFP HI 88— A A0 & A [CLS xR
&, MRS AN SEPIARZE, I
FHZELT 285175 19 77 ¥ 0 — A T PR A
KR, REERTHMNFEFSHHIt@K
g5, FE3 AR [, BERT (. /52
FHit@3FAHIt@10F5 AR &R G T~ F 5 1
BERT, JtHffcategory—2flicategory—3
XA E IR BT A e AR B A B i
SR S SN SIS S | EZN ST O]

mn R FEAE 55 B R, I HE T B0 i
R eI category-11IHIt@1F5 xR
b, FERIBERTEE LT BERT L 5
B, ARATRE A KON % 2 A ) BUR SR .
AT LA, RS B FR SR A1 R o 5
FE55 A B, T %0 VR 1 Y1 ZAss 1Y
PR RS FRe R T R
[, PO 745 & TR i 1) | 2 Ase 2l
7 AR BT A IR S5 [l FE AN TRl H A T =
SEARRSFAE S5 BT HER =, BARULR6,

x4 BERIFTESHHESE

P et #Train  #Test—C #Dev-C # Test—-R #Dev-R
category—1// 4 731 1014 1013 513 497
category—2/4> 2 424 520 519 268 278
category—3/1> 3968 852 850 417 440

R5 ARNTHESH Hit@k ISIrEITHESR

i te fei A Hit@l Hit@3 Hit@10
category—1 BERT 65.06% 76.06%  86.68%
BERT . 0an 64.75% 77.50%  87.43%
category—2 BERT 65.86% 78.07% 87.59%
BERT, 1 66.13% 78.19%  87.96%
category—=3 BERT 49.64% 66.18%  82.37%
BERT 50.60% 67.14% 83.45%

PKGM-all

2021028-15
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®6 BENFTESNERRERER

XF P RO it ) 28 ELA R R T A, Hrp

e category-1 category-2 catesory=3 [ K 43 AR I 6 PR £ K A LR ZE
BERT BS.94%  B93I1%  86.94% PR 25 1, T2 S5 L2 0 P R 2
BERT 0 SOTESosgk ETas BRI ST A T 10 (a)
BERT,,,, 89.09% 89.60% 87.88% J T R NCE. EI10 (b) T
BERT,, . ., 89.15% 90.08% 88.13% PR GMASHE N C R . 55 L 5 i g 264~
R ) SR B PR AL R R AR 55 19 77 =20,
A8 MV 5 T S0 SR H R A A B £
O LMRH BHEH, BERT, 4 % FUEIIK, SRR T RS E
BRI N E IR L LA A s, B3 PRANS, HrpdEp T2~ P (#Users) 1
PEFF T S T 55 O TR0 A8 STZAEW (#ltems) , AR A4 T T
RS HALSE (#Interactions) o EHRAEP{FIIE
53 BEFMREETIGNERREE o oCREAIOR AT
TAT i 9 7 A2 PR 4 RSN E A R R BT BB R T AL, SEe H R
S T AT R EE Y 2, DR R HE “leave one out” FEATHEERCRIEA . X
FA L — T AT 55 AR 0 7 o R TR ESE, BMHEEI—RNIEE
FP A8 H Y TS5 #E T 520, SEIe Hh TERM LR, Fop VBNl 24 . RS
FH P FRS A8 ELE s AR R i A 1l T, FEALORAELO O/ AW 2] [ SRR AR,
TEAERIAE H., 32X TR R B 42 T (T 55 X 28 G AR ] B IE A 3 IR AR AR R AT
KM YA JE (neural collaborative HEFy, L iX R 7 G 2wk dr
filtering, NCF) S¥E0TE Ny FE AL FHR@AAJT— M BT 4iNDCC @k,
UMy f# (generalized matrix HRFHAE R AL FE bR, FH A BUE JEFE &
factorization, GMF) 2 Z E R H AL {1,3,5,10,30}, X T HE—ML -, 4351
(multi-layer perceptron, MLP) EfEM THEIX PR PEA FERR , I 5K H E AR B
A% (?
Ne?MFE NeuMFJ2
Pi% Y%
GMF)Z e GMF)Z Ll
MF E,, MLP Euwr MF E,,, MLP E‘wm MF E,, MLP Emr Eien MLP Emm Seram
T
ofoliToTol -] [ofoTiToTo[ -] [ooTiToTol ] [oTolifolol-J [ & J [ & J-- L[5 |
e i dh e L1 PKGI{/[BE%
(a) FEUERiR] (b) PKGMH4BR 7]
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P B ENE S e b TE bR

R P LR — N EREARZE B
VEREUESE, DRI B (R 0B 24,
XTI SRR A R 2, B I AR ik
ANHAEFER NS FEZ ERAPLEH, AP
R ANFHR A A 2 FE 18 5 32, b T8k
WERE BRI AR B A Y, 37> Bl = 1 4
FEARIR A 32 ., 1618 Fof A1 H Y s AR
Hi N\ SRR RHE, S22 RAVLUE
FHIRANFAR i N BEITHE%, IFH T
FE RS R 2N 2 R FIALE I PR
TR AN T L2 IE ML AR 5T, 255 2250
HePEEN0.001, 2723]321% #5750.000 1, Fuil
EAERE 16, T s A RS 8 4k
e AT R, 43 B2 T SRR BE 4 2
[ N2 2R AN LE i o AESCge T,
KB SR R4, RIS EEANIEREACSR
A SAREAR . DT BN A AT AL, Bk
TS TR S G SRR TR 441 SR T ARV 2 M
ENERE RSN BUR) g i IS

IR MR 45 R MRS, FANCE .y s
PRI ZE i [R]i JEAR Ze R AT B
FHRERE I 2 = e A IR 55 1A
HIJNIR B BEAS T, ATNCE o, F1 A
Z MR PR R RO T R R A IRk
SRR SRR, HNCE (. PR IR
(R [F] e AR AL R R & T DA B AR
JIR 55 Tl R SR B i A R

INRBHT LUE Hi: 15k, AT Ak At
BRI, FTA WA BE s B RUAE BT A RN
fEbn EXARTR  MTNCF,, (o, M5
BKA, BAEHR@ATE AR b M BE e A B~

®7 AREFESHES

Hhs

il

#ltems #Users #Interactions

R HEEAE 55 37 847 29 015 443 425

T T70.37%, MAENDCG@Afebr_FH 3
LEAR ARSI T T70.002 30 AT NCE, 0 0
K, ‘BAEHR@AFEPR T A7
2T 7 3.66%, THENDCG@ATE 5 I H HL 2k
BTS2 T 70.034 30 W FNCF,
R S5, & AEHR @A b b B Sk 2 iy
SEHETE T 3.47%, TAENDCG@Aig#r L
PO B AA I SPH41 71 70,032 4. $ETHIE,
RUERR T I 25 R R H Y 5B T GR A5 7 4K
PGP =10 28 BLANRE 4 BT H 5
AME L, TR TH T R IR 55 (an v i 4
TS5 RO

HIK, NCF o JEI R R ZAL T
NCF oy M A0SR, 350 BA 031 A Y
PEAE A RARHAE A0 B SO TR BRI AR
AIEFAT S5, NCF,, ., JEH LA AE
FHECTNCE o, A AR (R [ R AR 22 5 i
HH, XA ATREZ A2 P R 28 5.
B, JE OGS B L R ST A

6 &%iE

B FIR TG R, RS Rl A5 TR
JERE TR B AT 55 T sl e R R AR A 1%
a7 = — R R R 5 RS
T ERT RS R 3 T39I 2 R FRL e 7
IR0 S, i = e 4R 5¢ AR 1%

*8 MnEEESHXHNER

il HR@! HR@3 HR@5 HR@10 HR@30 NDCG@! NDCG@3 NDCG@5 NDCG@10 NDCG@30
NCF 27.94% 44.26% 52.16% 62.88% 81.26% 0.2794 0.3744 04069 04415  0.4853
NCF,.., . 27.96% 44.83% 52.43% 63.51% 81.62% 02796 03778 04091 04449 04880
NCF 31.01% 47.99% 56.10% 66.98% 84.73% 0.3101 04091 0.4424 04777 0.520 0

PKGM-R

NCF 30.76% 47.92% 55.60% 66.84%

PKGM~-all

84.71%  0.3076  0.407 9 0.439 5 0.475 8 0.518 5
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T, PKGM# Y B A 7 (] 2 23 [0 9 &
SR AR E R IR S5 I RE T, BB B
FITR BN E R G E DAR R I A 55 R 3
FaL il P I PN RN g N
PE AL, 3Fh IS AL A AR S T I 45 58
R T PKGMAE Y G A% 12 /570X L8551
PTERE . FEARSKRI LIEH, A K PKGMAEL
B B 2 1 NI RS, R RN A
I 55 e R LAt A% 356 7 vk
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