Chongaing Lhiversity
of Techndlogy

ATAI

Advanced Technique of
Artifical Intelligence

Improving Knowledge-aware Recommendation with Multi-

Ding Zou

level Interactive Contrastive Learning

CCIIP Laboratory, Huazhong
Property & Casualty Research (HPL)

University of Science and Technology  University of Science and Technology  University of Science and Technology
Joint Laboratory of HUST and Pingan  Joint Laboratory of HUST and Pingan  Joint Laboratory of HUST and Pingan

Property & Casualty Research (HPL)  Property & Casualty Research (HPL)
China China China
m202173662@hust.edu.cn weiw@hust.edu.cn ziyang1997@hust.edu.cn

Xian-Ling Mao Feida Zhu Rui Fang
Beijing Institute of Technology Singapore Management University Ping An Property & Casualty
China Singapore Insurance company of China, Ltd
maoxl@bit.edu.cn fdzhu@smu.edu.sg China
fangrui051@pingan.com.cn
Dangyang Chen

Ping An Property & Casualty

Insurance company of China, Ltd
China

chendangyang273@pingan.com.cn

(CIKM-2022) https://github.com/CClIPLab/KGIC

gesIs

Leibniz-Institut
fiir Sozialwissenschaften

2 yoease®’

Reported by Ke Gan




ATAI

Advanced Technique of
Arificial Intelligence

1. Introduction
2. Approach
3. Experiments

‘s‘_\\\l“gszer, %
gesis 7@y

Leibniz-Institut
fiir Sozialwissenschaften

D yoeas®

l?oa




ATAI

Advanced Technique of
Artificial Intelligence

Problem:

the GNN-based methods ignores the non-local KG facts
(neighboring areas of similar items)

the combination of sparse interactions and redundant KG
facts results in an unbalanced information utilization



@) Chongaing Lhiversity . anﬁd'T e d

of Techndlogy olol| | Atificial Intelligence

- Local  Non- |_-9C_3!I ' Non-Local graph (N)
I -~ T - ~ e — — -
! A Y # s ’ g -
S e
oig oo 000
N~ = ) =
gzl W] User o %8S exp(0)
Embeddings g r
Graph Multi-lew_zl Interaciiive Graph % fnter L L
Construct Contrastive Learning Encoding 3 exp ((_j[:_j)
tem [ & T TS (0)
- %~ ! e Embeddings g |l LN
il"/ \ I;;@Q\ (_&? : — Lintra
g%?i oY, e exp(O)
AN 8 o =S OO
Topology Local Non-Local | Local graph (L) -
U= {up,us,...,upm} Y € RMxN

= {v1,02,..., 0N} A Z{{E,-E}lﬂ € V,ee &}



ATAI
Advanced Technique of

Artificial Intelligence

_ Local/Non-local | L Local . Non-Local
: - J/ . HF___qu:ayer-'ﬁf
| CF ==~/ ¢k ~=_.  Intra-graph
A )/ / T
VA i / - unifying the CF and KG information,having a consistent
_______ « and sufficient representation learning
| =N N 4 i L_ayar—“*lif
KG/ e, gl T
i S ’”IR'\. K,-f \ {x,‘ T, J’f
| ;_‘:’ﬁ’_z-_-:—;—%_:-s;:-’ ./ =®E Inter-graph
. N . . .
B e A St Ly extract more informative KG signals

= -
I 4 [t Sy / £ il S -

> Positive pairs ¢— — —> Negative pairs |




@ ) Chongqing Lhiversity . Qv.!n‘ctleedwniqje o

/o Technology olol| | Atificial Intelligence

Local Non-Local Local
‘ = ) P |
f" Q ‘ 1 8%’1' ={e| (v,e) € A, and v € {v | yuo = 1}}, (1)
Lanest %0/ &0, = (e (v.e) € A,
B B ~ Al User g?
=11 : Embeddings\ £ ! ={(hrt)|(hrnegandhe &l i=1. L @
Graph Multl-lev?l Interactulve Graph g ' ’
Construct Contrastive Learning Encoding 3
Item o
. - - - Embeddings §" Non-Local
1 Ny -
| I O.\ , "Vp={ﬂp|HE'Usim, andyuup=1},
KGR o i ; Usim = {usim |v € {v | yuo =1} and yy,, o = 1} 3 ®)
Topology Local Non-Local Vu ={ou | u € {u| yuo = 1} and yyo, =1},

ngN ={e| (vp,€) € A, and vy € Vp}, @
SS!N = {e | (vy,e) € A, and v, € V,}.

Sty = {(h,r,:) | (h,r.t) € Gandh € Si.,_pir}:l —1,....L. (5



—

@) Chonggiing Lhiversity

7 of Technology

Non-Local

e A

Multi-level Interactive
Contrastive Learning

- - - I
~ - - ~

L

|

| i A . / i

|/ § ! '._l

i | 0-Q P

I ; \ N
: !

W,
| ™ s \ y |
| S - M. o |

Nun-Lt-acaI'

Graph
Encoding

User
Embeddings

Item
Embeddings

UOIJEpPUAWILIOIBY

T (e‘?,rf) =

ATAI
Advanced Technique of
Artificial Intelligence

m
n (e?, r;) el (6)

i=1

p (e?, r;-) — g (wa [cr (wg (e;‘lnr,-) + bﬂ)] + bl) |
exp (n (e?, rf)) (7)

o\
Liernest,, &0 (7 (el 1))




Chongqlng Lhiversity

of Technology

ATAI
Advanced Technique of
Artificial Intelligence

Non- Local graph (N)

L.'ntra
| L O )
| Yexp( ()
| £Inter
- L L
| - 10g P
| Texp(0)
| LN
| Lfntra
| - og D)
| Yexp( ()

" Local graph (L)

‘{‘:I”ff-"' '£Inter + '£Inrer

pl0) glk)
Z E(( HL uL'IlI })
_!:U =y _ng kel
Int k K’
nra ueld Ze{( EY)E! }fr)) Z E((EL?J{.'EL,LJIT))
kel k'>L
positive pair intra-graph negative pair
(( g0 glk) It ])
D w,N TuN
+ 2, —log & o 0 _p (k)
vty ENEN) g (R )
keL k'>L
positive pair intra-graph negative pair
(8)
U I
Lintra = ‘E'Inrra + ‘E'Inrm' ©)

k) (k)
— E E —lD (En:I.Etlu‘*u”'f ])
Inter veql kel ((E(m ELT;;K’T)) . Z e((E”cJ E['!c },-"T))

(11) ve k'#k

positive pair

-

T
inter-graph negative pair

(10)



Chongqlng Lhiversity

of Technology

ATAI
Advanced Technique of
Artificial Intelligence

Local Non anal

o e o e — —— —— — —— —

Multi-level Interactive
Contrastive Learning

Local Non-_L_ocaI

Graph
Encoding

User
Embeddings

Item
Embeddings

UOIJEpPUAWILIOIBY

ew =E .. IEL L IIES - IIEH N
ei =E|l.. IIE LE - IIEI N (12)
y(u, i) = ele,-.

Lppr = Z ~Ino (‘?ui - f’uj) s (13)

(1,i,7) €0

Licic = Lepr + AL(aLntra + Linter) +A2]0]15,  (14)



@) Chongging Lhiversity

7 of Technology

ATAI
Advanced Technique of
Artificial Intelligence

Book-Crossing MovieLens-1M Last.FM

Useriter " US€rs 17,860 6,036 1,872
Interaction  EMS 14,967 2,445 3,846
# interactions| 139,746 753,772 42,346
Knowledge # entities 77,903 182,011 9,366
Graph # re.latlons 25 12 60
# triplets 151,500 1,241,996 15,518
Hyper- #n 4%x1073 4x107° 4x107°
parameter # A1 1x107° 1x1077  1x107®
Settings # A2 1x 1074 1x107°  1x107*

Table 1: Statistics and hyper-parameter settings for the three
datasets. (7: learning rate, A1: constrastive loss weight, 12: L2

regularizer weight.)
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Model Book-Crossing MovieLens-1M Last.FM
AUC F1 AUC Fl1 AUC F1
BPRMF 0.6583(—11.66%)  0.6117(—6.95%) 0.8920(—3.32%) 0.7921(—6.38%) 0.7563(—10.29%)  0.7010(—7.43%)
CKE 0.6759(—=9.90%) 0.6235(—5.77%) 0.9065(—1.87%) 0.8024(—5.35%) 0.7471(—-11.21%)  0.6740(—10.13%)
RippleNet | 0.7211(-5.38%) 0.6472(-3.40%) 0.9190(—0.62%) 0.8422(-1.37%) 0.7762(—8.30%) 0.7025(—7.28%)
PER 0.6048(—17.01%)  0.5726(—10.86%) | 0.7124(-21.28%)  0.6670(—18.89%) | 0.6414(-21.78%)  0.6033(—17.20%)
KGCN 0.6841(—9.08%) 0.6313(—4.99%) 0.9090(—1.62%) 0.8366(—1.93%) 0.8027(—5.65%) 0.7086(—6.67%)
KGNN-LS | 0.6762(-9.87%) 0.6314(—4.98%) 0.9140(-1.12%) 0.8410(—1.49%) 0.8052(—5.40%) 0.7224(—5.29%)
KGAT 0.7314(—4.35%) 0.6544(—2.68%) 0.9140(—-1.12%) 0.8440(—1.19%) 0.8293(—2.99%) 0.7424(—3.29%)
CKAN 0.7420(—3.29%) 0.6671(—1.41%) 0.9082(—-1.70%) 0.8410(—1.49%) 0.8418(—1.74%) 0.7592(-1.61%)
KGIN 0.7273(—4.76%) 0.6614(—1.98%) 0.9190(—0.62%) 0.8441(—1.18%) 0.8486(—1.06%) 0.7602(—1.51%)
CG-KGR 0.7498(—2.51%) 0.6689(—1.23%) 0.9110(—1.42%) 0.8359(—2.00%) 0.8336(—2.56%) 0.7433(—3.20%)
KGIC 0.7749* 0.6812* 0.9252* 0.8559" 0.8592* 0.7753*

Table 2: The result of AUC and F1 in CTR prediction. The best results are in boldface and the second best results are underlined.
* denotes statistically significant improvement by unpaired two-sample ¢-test with p < 0.001.
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Figure 3: The result of Recall@K in top-K recommendation.
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Figure 4: Effect of ablation study.
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Table 3: Impact of model depth.
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KGIC KGICw/o contrast CG-KGR CKAN
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Figure 7: Visualization for the distribution of item embed-

dings.
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