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Mang tich chap dd thi (GCN - Graph Convolution Network)

Mang tich chip db thi, 13 mot cach tiép cAn méi cho mé hinh hoc ban gidm sat
dua trén dit liéu cé ciu triic dd thi. Phuong phap chinh dua trén céc loai mang
No-ron tich chip thuc thi truc tiép trén do thi.
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Gi6i thidu

D& thi tri thic (KG - Knowledge Graph)

D6 thi tri thirc 13 phuong phap s6 hoé va tai ciu tric céc tri thiic cia nhan loai
du6i dang dd thi bao gdm cac niit va cac canh tuong (ing véi cac thuc thé va cac
quan hé giita cac thuc thé.
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Gi6i thidu

Han ché clia GCN va KG

M3c dit GCN 13 mét phuong phap méi gidi quyét dugc nhiéu bai toan sat thuc té,
nhung cac phuong phap hién tai vin cé mdt sé nhuoc diém:

® Chi hoc nhiing node dua trén diéu kién clia mot s6 canh cb dinh

® Cac canh cha db thi phai 13 cidc quan hé dong nhét.
Bén canh d6, KG ciing c6 mét sé diém yéu:

® Khoéng tan dung dudc viéc lan truyén niém tin ca tich chap db thi trong qua

trinh hoc, ma chi hoc dua trén ham muc tiéu cta bd ba thuc thé - quan hé -
thuc thé.

e Khéng sif dung ciu tric db thi trong viéc 1am tron khong gian nhing clia
thuc thé va quan hé.
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Két hop KG va GCN, mot phuong phap kha thi?

Ké&t hop ca thé manh clia GCN va KG dé hoc cho c3 thuc thé va cdc mbi quan
hé, liu cé hiéu qud hay khong? Cé nhung chua téi uu & viéc nhiing cic mdi quan
hé cho qua trinh huan luyén. Trong dé tai ndy, ching ta s& cai tién:

* Sit dung mot framework KE-GCN méi c6 thé cap nhat ca viéc nhiing thuc
thé va mdi quan hé bing phép toan tich chap dd thi két hop cac ky thuit
nhing tri thic khac nhau.

e Cung cip mét s6 khia canh d3c biét, uu va nhugc diém cha phuong phap dé
xuat.

® Thi nghiém trén bd dit liéu chuin va quan sat su vuot trdi hon cic phuong
phap co sé khac lién quan.
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Cac cong trinh lién quan

Cong trinh lién quan dua trén mang nd ron
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Cac cong trinh lién quan

Cong trinh lién quan dua trén nhing tri thic

Phuong phap tinh tién khodng cach
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Hinh 3: Translation-Distance: TransH

Hinh 2: Translation-Distance: TransE
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Cac cong trinh lién quan

Cong trinh lién quan dua trén nhing tri thic

Phuong phap dua trén phép xoay
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Hinh 4: Rotational model: RotatE
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Cac cong trinh lién quan

Cong trinh lién quan dua trén nhing tri thic

Phuong phap dua trén khép ngit nghia (tich trong)

sum

product

Hinh 5: Semantic matching: DistMult Hinh 6: DistMult Geometric Perspective
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Cac cong trinh lién quan

Cong trinh lién quan dua trén nhing tri thic
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Hinh 7: CNN-based: ConvE model
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Kién thic nén tang

Nh3c lai: Node Embeddings

Y tudng cbt 18i: Nhiing nhitng niit trong dd thi vao khéng gian nhing d-chidu sao
cho nhitng nit tuong dong trong dd thi dudc nhing gan nhau

f(input graph) = 2D node embeddings (1)

Van d& Lam thé nao dé hoc duoc ham f
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Kién thic nén tang

Nh3c lai: Node Embeddings

Muc tiéu: Dinh nghia dugc ham similarity(u,v) ~ e, e,

Input network d-dimensional embedding
space
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Kién thic nén tang

Nh3c lai: Shallow Encoding

embedding vector for a
embedding speciflc node
matrix o — N

\

7 =

_ Dimension/size
(" of embeddings

,,/‘

~
one column per node

encode(v) =e, =Z-v (2)
trong dé:
o Z ¢ R¥™IVI: mét ma trén ma mdi cot |3 node embedding (ta can hoc/ téi uu)

e v € IVl indicator vector
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Kién thic nén tang

Thé hién dd thj tri thirc

Thé hién dd thi tri thic
e Cac canh trong dd thi tri thirc dugc thé hién nhu b ba (h,r,t). Trong dd thi
tri thitc dong, cac canh dudc thé hién (h,r,t,7)
Y tudng cbt IGi
° M6 hirgh héa nhitng thuc thé va quan hé trong khong gian nhing. Lam thé
nao dé mo6 hinh h6a? Ham m3 héa?
® Cho truéc mot bd ba ding (h,r,t), nhiing cta (h,r) phai nén "gan"véi
nhing ctia t. Thé n3o 13 "gan"? Ham tuong dong?
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Kién thic nén tang

Hoc thé hién tri thiic

Nhiing thanh phan chinh cta hoc thé hién

e Khéng gian thé hién: point-wise; complex vector space; Gaussian distribution;
manifolds; groups.

® Ham tinh diém: distance-based; similarity-based.

® Chién lugc phat sinh m3u am: Uniform, Bernoulli; Adversarial,
Self-Adversarial.

® | oss function: Margin-based loss; Logistic-based loss; Binary cross-entropy
loss.
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Kién thic nén tang

Graph Neural Networks

Lan cin cda nat dinh nghia mét d6 thi tinh toan. Thong tin dudc lan truyén
(propagate) va bién ddi (transform) trén toan db thi. Mé hinh hoc cach lan truyén
thong tin trén toan dd thi dé tinh toan d3c trung niit.

'y -
TARGET NODE .“' —

® <«

AW
°
® Gg0® g0

INPUT GRAPH

Hinh 8: M& hinh téng quat GNN
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Kién thic nén tang

Graph Convolution Networks
Y tudng chinh: Phat sinh nhitng node embedding dua trén local network

neighborhoods.

TARGET NODE

INPUT GRAPH

Element-wise mean pooling +
Linear + ReLU non-linearity

Hinh 9: M5 hinh téng quat GCN
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Kién thic nén tang
Framework for Knowledge Graphs

D& ap dung cidc mé hinh GNN cho dif liéu dd thi tri thirc, cic mé hinh duoc xay
dung trén khung hoc encoder-decoder, trong dé cac moé hinh GNN déng vai tro
nhu encoder va cdc mé hinh KGE déng vai tro |3 decoder.

Decoder:
KGE model

A 4

Y

Input network Encoder Edge Loss

Hinh 10: Khung hoc dé 4p dung GNN cho dif liéu d thj tri thirc.
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Kién thiic nén tang
Phat biéu bai toan

Bai toan Entity Alignment
® Dau vao (Input): D3 thi tri thic Gy = {&1, Ry, F1}, Fi = (h,r,t) va
g2 = {52,7?,2,]'—2}, .7:1 = (h,’l“, t)
® Dau ra (Output):A = {(e1,e2) € & x & €1 = e2}
Bai toan Knowledge Graph Entity Classification
* Diu vao (Input): DS thi tri thitc G = {£, R, F}, v6i nhiing thuc thé e
* Diu ra (output): Luat phan I6p cac thuc thé trong dd thi.
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Céc phuong phap dé xuat

Tai dinh nghia Vanilla GCN
Dua trén y tudng clia viéc nhiing da 1&p cho cac nit trong do thi theo céng thiic
Eq.3 va Eq.4.

m, = > b, (3)

ueN (v)

byt = o (W (my™ + b)) (4)

Trong dé:
* h! 13 vector nhiing ctia thuc thé v tai 16p thir [.
. mé“ 13 vector biéu dién cho théng tin tdng hop tir cac lang giéng cia thuc
thé v & I6p thit 1.
® N (v) |2 tap hop cac lang giéng c6 lién két truc tiép véi nat thir v.

e W! |3 ma tran tham s6 cGia mé hinh.
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Céc phuong phap dé xuat

Téi dinh nghia Vanilla GCN (Tiép)

Bang cach ap dung ham tinh diém f dé do ludng tinh hop ly cua cic quan hé.
Quan hé chua xuat hién sé& c6 diém thip hon cac quan hé c6 s3n.
Ham tinh diém: f(h,, h,) = hh,. Ngoai ra, Co ché tinh toan méi dugc dinh

nghia nhu sau:

df(hi,hl)  O(Suenw f(hl, b))
l }: w) v
ueN (v)
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Céc phuong phap dé xuat

Kién tric ctia khung hoc dé xuat

Ham tinh diém:
f(hy,,h,,h,) —R
Co ché tinh toan biéu dién nit dugc phat trién 1én tir Eq.5 nhu bén duéi:

af (hlahlvhl) af t(hlahl7hl)
mi}.ﬂ,_l _ Z Wﬁq m 5hl T v + Z Wi ou aqill T (]
(u,r)EN;n (v) v (u,r)ENout (v) v
(6)
hij_l = Uent(mi;—i_l + Wéhlu) (7)
Trong dé:
® Nin(v) = {(u,v)|u = v} 1 tap hop céc lang giéng c6 lién két trong véi thuc
thé v.
® Nout(v) = {(u,v)|u <~ v} 13 tap hop cac lang giéng cé lién két ngoai véi
thuc thé v.
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Céc phuong phap dé xuat

Kién trdc cta khung hoc dé xuat (Tiép)

Cép nhat nhing quan hé:

Of-(h!, hl h!
mffH — Z ( ahl ) (8)
(u,v)EN () T
h ™ = 6, (W) (m/ ™" + hl)) (9)

Trong dé:
* N, = {(u,v)|u < v} 12 danh sach céc thuc thé lang giéng c6 mbi quan hé
véi 7.
® 0.¢(-) la ham kich hoat.
® Jf/0h dugc tinh théng qua Auto Differentiation (AD).
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Céc phuong phap dé xuat

Kién trdc cta khung hoc dé xuat (Tiép)

Cau hinh ham 15i:
® Phan loai thuc thé: cross-entropy.
° KG; Alignment: sir dung khoang cach giira cac vector nhiing cla 2 thuc
thé t6i cac db thi tri thirc khac.
Céac ciu hinh khac:
® fin = fout = fr and W = WL,
® Sir dung hé s6 a & cong thirc Eq.7 and Eq.9 .Thay thé, m!™! bing
am{ /(| Nin (0)] + [Now (v)]) va mi™ bang amf /N (r)].
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Céc phuong phap dé xuat

Qué trinh lan truyén thong tin ctia KE-GCN

L6} (93'7‘1; 91) L6 (93.7"1» 6’1)
6 661

K\/ A /‘ f(ewns, 6’4) fXar /‘ f(ews, 34):

flevryex) Flenrer)

Hinh 11: Qué trinh lan truyén théng tin cia KE-GCN
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K&t qua thuc nghiém

Cac tap dir liéu thuc nghiém

Tap dit liéu Thuc thé Quan hé B ba
DBP i1 ex Chinese 66,469 2,830 153,929
English 98,125 2,317 237,674

DBPa_px Japanese 65,744 2,043 164,373
English 95,680 2,096 233,319

DBPpp_px French 66,858 1,379 192,191

English 105,889 2,209 278,590

Bang 1: Tém tit s6 liéu cha tap dif liéu cho bai toan lién két dd thi tri thirc.
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K&t qua thuc nghiém

Céc tap dit liéu thuc nghiém (Tiép)

Tap dir lidu AM WN FB15K
Thuc thé 1,666,764 40,551 14,904
Quan hé 133 18 1,341

B6 ba 5,088,321 145,966 579,654
D3 gan nhan 1,000 31,943 13,445
Sé 16p 11 24 50

Bang 2: Tém t5t sb lidu clia cac tap dif liéu cho bai toan phan loai thuc thé.
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K&t qua thuc nghiém

Cau hinh ham 15i

Bai toan lién ké&t do thi tri thic, ham 16i dugc dinh nghia nhu sau:

L= Z Z H(u,v,u',v") (10)

(u,v)eS (u’,v’)eSEu,U)

H(u,0,0',0') = [||hy =yl + 5 = [[hy = hy 1]+ (11)

Trong dé:

[z]+ = max{0,z}

S(u) 12 tap hop cic thuc thé am.

® ~v =3 13 siéu tham s bién.

Hé s6 phan tach méi lién két duong 13 5.
S = {(u,v)} 12 tap lién két thuc thé huin luyén, trong d6 u I3 thuc thé trong
KG1 va v a thuc thé trong KGs.
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K&t qua thuc nghiém

Cau hinh ham 16i (Tiép)

Trong bai toan phan loai thuc thé, ham 15i dugc dinh nghia dua trén 2 tac vu
khic nhau. O bai todn phan loai da 16p (multi-class classification):

C
L=-Y > Y,InV, (12)

ueYr c=1
O bai toan phan loai da nhan (multi-label classification):

C
L==Y Y YynVy+ (1 - Yye)n(l — Yyc) (13)
ue)y, c=1
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K&t qua thuc nghiém
i bl

D6 do xép hang trung binh: 13 gia tri trung binh cla th{t hang cic du doan
gilta tat cad cac ing vién.

* MR € [1,£&].

® Gia tri MR cang nhé thi hiéu sudt md hinh cang t6t.

e Cong thirc tinh nhu Eq.14:

- 2 (14)

qeQ

Trong d6: |Q| 13 sb lugng clha cic bd ba trong tip danh gid va ¢ 1a xép hang
cla ting bd ba.
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K&t qua thuc nghiém
Céac do6 do Il

D6 do xép hang tuong hd trung binh: 13 gia tri trung binh cla cac xép hang
tuong hd clia két qua cho mot miu truy van Q.

e Nh3m khic phuc diém yéu clia d6 do MR.

e MRR € [0, 1].

® Gi4 tri cang I16n thi hiéu sudt moé hinh cang tét.

e Cong thirc tinh MRR nhu sau:

MRR = — ! (15)
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Két qua thuc nghiém
Céac do do Il

D6 do Hits@k: |3 xac suit x&p hang ctia nhitng b ba ma nhdé hon hodc bang k
véi k thusng 13 1, 3, 10.

e Hits@k € [0, 1].

® Gi4 tri cang I6n, hiéu sudt md hinh cang t6t.

® (Cong thirc tinh Hits@k theo Eq.16:

lgeQ:q <k

Hits@Qk =
Q|

(16)
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K&t qua thuc nghiém
Cac d6 do IV

Df) do Precision@k: |3 su tinh todn s& nhan dugc du doan ding chinh xac trong
tong s6 cac nhan va k cé nghia 13 chiing ta chi xét trong top-k cac nhin hang
dau.

® Precision@k € [0, 1].

® Gi4 tri cang cao, hiéu sudt mo hinh cang tbt.

® Cong thirc tinh Precision@k nhu bén duéi:

s6 nhan lién quan trong top k cic nhan

NDCG@k = ; (17)
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K&t qua thuc nghiém

Céc d6 do V

D6 do NDCG@k: 13 moét dd do cai tién clia d6 do DCG ma ma do ludng chat
lugng xé&p hang clia cac nhan md hinh du doan ra dugc.

e NDCG@k € [0, 1].

® Gia tri cang cao, hiéu sudt md hinh cang t6t.

e Tinh NDCG®k theo cong thirc Eq.18:

DCG
NGCGOk = — -7 (18)
Trong dé:

e DCG=3%1", % 3 thit tu cla nhin ban dau clia mét thuc thé.

* iDCG la thir tu I tudng clia nh3n thir i cha thuc thé dé.
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Két qua thuc nghiém

Cau hinh thuc nghiém |

Hai bai toan thuc nghiém chinh bao gém:
e Lién két dd thi (Lién két thuc thé va lién két quan hé).
® Phan loai thuc thé.
Thuc nghiém trén GPU NVIDIA RTX 2080Ti va chay 5 1an véi cac seed ngiu

nhién.
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K&t qua thuc nghiém

Khdi tao trong sb

T6i uu héa trong s6 ngiu nhién cha cic d3c trung dau vao theo phan phdi chuin
cdt ngdn (truncated normal distribution).

Gia slr c6 mét bién ngiu nhién X € (a, b) (-oo < a < b < o) c6 mdt phan phdi
chusn véi trung binh 13 1 va phuong sai 13 02. Ham mat d6 xac xuit ciia né cho
a < x < b dugc tinh nhu sau:

1 P(54)
f(ac;,u,a,a, b) = - — = — (19)
T D(HH) — B(H)
Trong do:
® Ham mat d6 xac suat phan phdi chuin: ¢(z) = \/%exp(—g)

 Ham phan phéi tich liy: ®(z) = (1 +erf(s
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K&t qua thuc nghiém

Cac siéu tham sbé clia moé hinh

Bang 3 tém tat cac sidu tham sb t6t nhat cia mé hinh KE-GCN.

Bang 3: Bang tém t5t cac siéu tham s6 clia mo hinh KE-GCN.

task dim model Ir alpha beta layer epochs seed negs gamma
Entity Alignment 200 QuatE 0.01 0.3 0.3 2 20.000 12.306 5 3.0
Relation Alignment 200 TransE 0.01 0.3 0.3 2 20.000 12.306 5 3.0

Entity Classification 32  TransE 0.01 0.3 0.3 2 1.000 12.306 5 3.0
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K&t qua thuc nghiém

Két qua trén bai toan lién két thuc thé

Bang 4: Ké&t qua clia KE-GCN trén nhiém vu lién két thuc thé do thi tri thirc trén tap dif
liéu DBP15K.

Models DB_PZH—EN . DB.PJA—FII\‘ . DB.PF‘R—EN .
MRR Hits@1 Hits@10 MRR Hits@1 Hits@10 MRR Hits@1 Hits@10
MTransE [2] 0.364 30.8 61.4 0.349 27.9 57.5 0.335 24.4 55.6
IPTransE [15] 0.516 40.6 73.5 0.474 36.7 69.3 0.451 333 68.5
JAPE [6] 0.490 41.2 74.5 0.476 36.3 68.5 0.430 324 66.7
AlignE [7] 0.581 472 79.2 0.563 448 78.9 0.599 48.1 82.4
GCN-Align [11] 0.549 41.3 74.4 0.546 39.9 74.5 0.532 37.3 74.5
MuGCN [1] 0.611 49.4 84.4 0.621 50.1 85.7 0.621 495 87.0
AliNet [8] 0.628 53.9 82.6 0.645 54.9 83.1 0.657 55.2 85.2
R-GCN [4] 0.564 46.3 73.4 0.571 47.1 75.4 0.570 46.9 75.8
W-GCN [5] 0.553 43.6 73.8 0.554 41.2 747 0.541 39.8 74.4
VR-GCN [12] 0.501 38.0 73.3 0.470 35.2 72.2 0.495 36.1 75.1
KBGAT [3] 0.582 48.0 77.3 0.582 47.6 o 0.593 47.4 80.9
CompGCN [10] 0.605 49.4 81.2 0.614 50.4 82.2 0.625 50.5 85.0
CompGCNi 0.628 52.8 81.1 0.629 52.8 81.5 0.641 52.6 85.4
KE-GCN 0.664 56.2 84.2 0.670 57.0 85.2 0.683 57.2 88.5

Trong d6 CompGCN dugc danh diu véi 1 chi ra su két hgp véi cic toan tir thanh phan trong RotatE [9]
va QuatE [14] trong khi d6 CompGCN gbc chi cé 3 toan ti 13 trlr, nhan va tuong quan vong-tron.
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K&t qua thuc nghiém

So sanh CompGCN véi KE-GCN

Bang 5: So sanh CompGCN véi KE-GCN két hgp véi TransE va QuatE trén tap dif liéu
DBPzu_gN.

Models MRR Hits@1 Hits@10
CompGCN (TransE) 0.605 + 0.003 494 +04 81.2+03
KE-GCN (TransE)  0.648 + 0.003 54.3 + 0.3 83.4 + 0.3
CompGCN (QuatE) 0.628 + 0.003 528+ 0.3 81.1 +0.4
KE-GCN (QuatE)  0.664 + 0.004 56.2 + 0.4 84.2 + 0.4
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K&t qua thuc nghiém

K&t qua lién két thuc thé clia KE-GCN trén DBPyzy_px

Bang 6: K&t qua lién két thuc thé cia KE-GCN trén tap dif liéu DBPyy_gn ma két hop
v6i cac phuong phap nhiing d thi tri thirc khac nhau.

KE-GCN (X) MRR Hits@1 Hits@10
X =Transe  0.648 £ 0.003 543 +03 834+03
X = TransH 0.650 + 0.003 543 +04 84.4+0.3
X = DistMult  0.621 £ 0.003 52.0+ 04 80.3+0.4
X =TransD  0.635 +0.003 53.1+03 827+04
X = RotatE  0.653 £ 0.004 549+ 04 83.8+0.4
X =QuatE 0.664 +0.004 56.2 +-0.4 842+04
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K&t qua thuc nghiém

K&t qua lién két thuc thé clia KE-GCN trén DBPys_gn

Bang 7: K&t qua lién két thuc thé cia KE-GCN trén tap dif liéu DBPjs_gn ma két hop
v6i cac phuong phap nhiing db thi tri thirc khac nhau.

KE-GCN (X) MRR Hits@1 Hits@10
X = TransE  0.652 + 0.003 548 =03 843 +03
X = TransH  0.654 + 0.003 54.6 + 0.4 85.5+ 0.3
X = DistMult  0.622 + 0.004 51.7 + 0.5 81.2 + 0.3
X = TransD  0.652 + 0.001 545 + 0.2 85.4 + 0.2
X = RotatE  0.659 + 0.002 557 £ 0.2 85.0 + 0.3
X = QuatE  0.670 + 0.001 57.0 + 0.2 852 +03
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K&t qua thuc nghiém

Két qua lién két thuc thé clia KE-GCN trén DBPpr_gx

Bang 8: K&t qua lién két thuc thé cia KE-GCN trén tap dif liéu DBPpr_gx ma két hop
v6i cac phuong phap nhiing db thi tri thirc khac nhau.

KE-GCN (X) MRR Hits@1 Hits@10
X = TransE  0.669 + 0.002 559 £ 02 875+ 02
X = TransH 0673 +£0.002 561 +02 87.7 +0.2
X = DistMult  0.640 + 0.002 52.4 +0.2 84.7 +0.2
X = TransD  0.660 + 0.002 542 +0.2 87.6 + 0.1
X = RotatE  0.673 + 0.002 56.0 + 0.3 882 + 0.2
X = QuatE  0.683 + 0.002 57.2 + 0.3 88.5 + 0.2
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K&t qua thuc nghiém

Két qua lién két quan hé trén cac tap dit lieu DBP15K

Bang 9: K&t qua lién ké&t quan hé ctia KE-GCN va cic mé hinh khac trén cac tap dif lidu
DBP15K ma trong d6 cac mé hinh déu dugc k&t hgp véi cling TransE.

Models DBPZH—EN DBPJA_EN DBPFR—EN
VR-GCN  0.352 £ 0.006  0.335 + 0.008 0.280 £+ 0.017
KBGAT 0.341 £0.010 0.330 £ 0.013  0.274 + 0.022
CompGCN  0.366 £ 0.007  0.347 £ 0.009 0.284 + 0.015
KE-GCN  0.514 + 0.006 0.466 = 0.011 0.412 + 0.021
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K&t qua thuc nghiém

Trung binh va d6 léch chuan clia d6 chinh xac phan loai

Bang 10: Trung binh va d6 l&ch chudn clia d chinh xac phan loai cia KE-GCN va céc
mo hinh khac trén hai tap dit lieu AM va WN cho nhiém vu phan loai da I6p.

Models AM WN
GCN 86.2 +14 534+0.2
R-GCN 89.3 55.1 £ 0.6

W-GCN 902+ 09 542+05
KBGAT 86.7 1.7 537+11
CompGCN 90.6 £0.2 559 =+0.4
KE-GCN 91.2 + 0.2 57.8+0.5
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K&t qua thuc nghiém

Trung binh va dd léch chuin cta P@1, P@5 va NDCG@5

Bang 11: Trung binh va d6 l&ch chuan clia Precision@1, Precision@5 va NDCGQ@5 trén tap
dir liéu FB15K cho nhiém vu phan loai da nhan.

Models P@1 P®@5 NDCG®5
GCN 86.1 203 69.0+03 827 +0.2
R-GCN 917+ 06 73.0+£04 895 =+0.6
W-GCN 912+ 06 728+03 88.6+05
KBGAT 905+07 724+£08 875+0.8
CompGCN 925 +0.1 740+03 90.1+0.2
KE-GCN 943 +0.2 74.7+0.2 91.6 +£0.2
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K&t qua thuc nghiém

D6 chinh xac phan loai thuc thé cda KE-GCN

Bang 12: D4 chinh xac phan loai thuc thé clia KE-GCN két hop véi cac phuong phap
nhidng db thi tri thirc khac nhau trén 2 tap di liéu AM va WN.

KE-GCN (X) AM WN

X =Transe 91.2 +0.2 57.8 +0.5
X=TransH 905 +03 574 +03
X = DistMult 895+ 04 564 +0.1
X =TransD 90.1 0.2 57.1 £0.2
X =RotatE  90.6 = 04 56.6 0.3
X = QuatE 91.0 04 569 +0.3
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K&t qua thuc nghiém

Két qua phan loai thuc thé cia KE-GCN

Bang 13: K&t qua phan loai thuc thé ctia KE-GCN két hop véi cac phuong phap nhing dd
thi tri thirc khac nhau trén tap dit lieu FB15K.

KE-GCN (X) Po1 P©@5 NDCG@5
X=TransE 943 +02 74.7+0.2 91.6 0.2
X=TransH 943 +03 746+02 91.6+0.2
X =DistMult 9424+ 01 7244+04 89.9+0.3
X="TransD 9394+04 745+02 91.3+0.2
X =RotatE 938+ 04 737+02 905=£0.2
X=QuatE 94.9+04 742+03 91.6+0.2
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Két luan
Két luan

® Trong bai bdo ndy, tac gid dé xudt ra KE-GCN ma tin dung cic phuong
phap nhiing dd thi tri thitc trudc day két hop vao GCNs dé md hinh héa dd
thi da quan hé va st dung toéan ti tich chap dd thi dé cap nhat cac biéu dién
thuc thé va quan hé cling ldc.

® Thoéng qua céc thi nghiém cho 2 nhiém vu lién két db thi tri thirc va phan loai
thuc thé, KE-GCN d3 cho thiy su hiéu qua phuong phap dé xuit cla minh.

© Vé cong viéc tuong lai, tac gia dé& xuat thay thé cdc md hinh d3 két hop bang
cac md hinh khéc va né ciing nén dugc can nhic dé sitr dung KE-GCN trén
céc siéu db thj tri thirc.
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