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DB4Trans: In-Database Model Training Engine for Knowledge Graph Embedding
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Abstract  With the proliferation and application of artificial intelligence technologies, the application
of knowledge graphs has a rapid growth. Knowledge graphs, consisting of entities and their
relations, have been used to store structured knowledge information and have been successfully
applied to many real-world applications. In recent years, the knowledge graph embedding technology
embeds entities and relationships in the knowledge graph into a continuous vector space, which
simplifies the graph manipulation while retaining the inherent structure of the knowledge graph
and helps to accomplish downstream tasks such as graph completion and link prediction. With the
increasing popularity of knowledge-based artificial intelligence, the data scale of knowledge
graphs is increasing dramatically. However, most of the works on knowledge graph embedding
focus on the results of model training, ignore the scalability for data size and show poor performance

when processing large-scale knowledge graphs. Although these methods can achieve the desired
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results on small benchmark datasets, they ignore the scalability for data size and they cannot
directly handle large-scale knowledge graph data in memory-constrained environments. Several
research works have proposed frameworks for training knowledge graph embedding models in the
distributed environment. Nevertheless, these works separate the data storage and the model training
process from each other. Several recent types of research have applied database technology to the
optimization of machine learning algorithms and provided various tools for in-database machine
learning. By effectively combining the knowledge graph embedding models with the advantages of
databases in data management, the training accuracy and efficiency of knowledge graph embedding
can be guaranteed while providing better scalability to support the training of large-scale knowledge
graph data. To this end, this paper proposes DB4Trans, an in-database model training engine
for knowledge graph embedding, which focuses on the storage of training data and models in the
database and the computation and iterative training in the memory to design the technical solution.
DB4Trans innovatively utilizes the database to store the training data and iteratively train the
model in memory, using the data exchange method between disk and memory to support the
training of large-scale knowledge graph data, achieving the integration of data storage and
computation. Firstly, we design a data storage scheme for training knowledge graph embedding
models, encoding entities and relationships, and establishing an index structure to achieve fast
access and update of intermediate results during model training; secondly, the workflow of model
training is supported by the database, based on the designed storage and indexing scheme to
improve the speed of reading and writing data in the process of model training to ensure the
efficiency of model training, and propose the scheme of data batch exchange between database and
memory to support the training and storage of large-scale data; finally, extensive experiments
were conducted on various datasets to compare the time of model training and prediction, the
accuracy of model training, the storage time and space efficiency, and to verify the scalability of
the method. The experimental results show that the proposed method can support the training
process of large-scale knowledge graphs within the database by exchanging data between the
memory and the database without affecting the model training efficiency and accuracy.
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8 hid,rid.tid<-getID(h,r,t);

9 D.insert(hid .rid .tid) ;
/KN LY id B B B 2 D

10. FOR e€ E DO
11. e.val <uni form(k) ;
/XS A SR A HEAT 9 IR AR
12. FOR r&R DO
13. r.val <—uni form(k) ;
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TR SO AT R 3 77 A A5 A 8 I [] T 5 077 25 (8]
T8 T 552 o A5 5 )11 24 ) Ak 6.
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1L B BIL A 48k 1451 1) Sk 52 A w8 S 7™ A BB A
WAF R REAT A — Al 6 B2 R B SR TT R ARG F AR pR KK
AT B AT BB 1 Y 25 I K SRS R I ik A
L ST 500 A v DT 2 B X8 ORI R T I 3 i
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1. LOOP
2 FOR e€ E DO
3 eval /| eval || 5
4. FOR r&R DO
5 roval/ | roval | 5
6

T,<sample(T,b);
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8. FOR (sid,tid,oid) € T, DO FIE 1. Xﬁ?—ﬁ‘éﬁﬁiﬂ‘]%ﬂiﬁ@% Gv{%ﬁﬁ

9. (sid’ s tid s0id" Y <sample(S' (sid . tid ,0id)) ;
[/ RAEIE A B =0

10. T,<T.U{((sid tid,o0id) . (sid stid s0id ) }
11.  F,<F,U{(sid ,tid,oid)};
12.  Toumg e, £vawe Pa.ew—cr, .2up or 7, 110 (B3
//Ty.getVal (E)ARAF = T4 2R S i it A(E
13, Fou<7g gip.£vane P3£810 8y 110 08 7. 110y CED) 5
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16. E.updateVal(E,.);
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AIEFN I BE R B 2 iR A7 i AE 1Y B 37, & IEAE AR
W) Chot) BTG R AREARNY f, Cho o) BT/
A4 25 R B Loss /A X — 3 B 5 TransE A
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E A9 = 0 2H 2 il A7 A e b s e g R 26 AR il A
i I 12 1) 1E 4 = o4 3= h BE ML IOy size
() TE A5, I3 2o 5 D A8E AR A W] Y i A B B ] =G
HPAT ALY GR. i 5 IR R — B 6 B T B
TR AN W7 R 8 R TR S A5 43 R ST I S AR R G R
AR AE. DBATrans BA7 o228 AR 1 I 25 0 7

EIE 2. ift DBATrans 17 BRI 2509 &2 A%
JEh OClnl | batch| = |size|), Horp n o S AR
B [ barch | 248 16 B AR AU X = 0 4 HEAT R A
IUREL s | size | B UCHBURE 19 = J0 4 194> %K.

WL, DB4Trans 7£ n 88 %05 . 15 31 25 5%
P v ) S AN O 2R e AL Y1 25 AR Y B T 5
FE o =R A (1) SR BRI R il B2, 22 AT n
kG (2 BAR R AP XN ZRE IS AT barch IR
KA 5 (3) B YR AL BT AR LY 1E 7 = ST 4 B = hy
size, MAEIX L =IO P B — DR RIOC R 1Y id H
FEGENL R G| B AT B RO A I 476
R I E] & 25 B R OCD). PG . DB4 Trans 4 14
BRI 228 OCln |« [batch| « |sizel). JEEE.
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BEHE TN A HEBA . O T 50 UE DB4 Trans Xf T Ab 2
R RS R A 1 3 P M O 00 4G X T B8 SR A
IR A RO 5 e RO 230 B (3) 75 AN ) JEAR A9 %1
#E4E (D1 ~D5) F . DB4Trans X 845 k47 17 i 19 =5
(] 55 5 FE T A 4 R AE I 25 i i) ) O

KB2E e it 7 & TransE 87 75 A ) 4% Fft 2k
TR R R R ik AR B R S B, 6 T HOHE 4R
D1~D4 B B 43 135 A A7 G 2047 U0 5. 52 50 31
O3 85 AR P 59 JE . DBA Trans ¢ B8 42 1Y i %k
WA T 58 5 B0 PR 5 DN A () 4 A o A 4 5
2 AERUE PR b 2 A7 B B9 A A O TE A R R AT
TransE SR YISk, T HDRE X SE 56 07 89047 R A
24 FE X P A B A4 92 0 45 2R JE AT 0 #r
5.2.1  BEARVYI SR P00 4 RE

i T ik DBATrans gE47 15 511 25 70 F5000 79 55
L AE D1~D4 A /D B R 5 ik, i
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U g s (]
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PEAT B ALY 2R B i [E] o] L5 R KB2E 35 21 AH 3 i 3%
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F/INFAEICE 1 b B B L PR R T ik 2R R 4 S
AWAEIG AT G AR Z 4L 78 F KB2E H #2265k
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IRIER] T DBATrans GBS 7E AN 52 Wi 2005 19 Hi 42 F 3¢
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T EIRTHE X TAE SR KB2E B8, Jo ik
ELHEE R B R GE AT N, PRI o 5 0 HE i A S A 4
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Background

Knowledge graphs, the important cornerstone of artificial
intelligence, can represent the entities and relationships between
them in the real world through graphs. Knowledge graphs
provide a structural representation of data through triples.
However, as the native representation form of knowledge
graphs, triples can complicate the manipulation of knowledge
graphs and the execution of downstream tasks, which will
affect the computational performance. To tackle this issue,
some knowledge graph embedding techniques are proposed to
map the entities and relationships to a continuous vector
space. some of which are semantic-aware, facilitating the
manipulations on knowledge graphs.

Nevertheless, most of the existing researches focus on
the effectiveness of the algorithms and neglect the efficiency
of the algorithms. The existing methods often lack scalability
and efficiency when dealing with large-scale data. Some
distributed frameworks are proposed based on distributed
computing technologies such as Spark or PyTorch, aiming at
training knowledge graph embedding models in a distributed
environment, However, these works are separated from each
other for data storage and model training, and cannot simul-
taneously satisfy the requirement of efficient data storage,
query processing, and computation.

In recent years, database technologies have been widely
used in research to accelerate Al algorithms and optimize Al
models. On the one hand, database technologies can be applied

to efficiently manage large-scale data and train models.

which is a decisive factor in wide applications of Al, and on
the other hand, Al technology is also more often applied to
enhance the quality of service and reliability assurance of
databases.

This paper presents an in-database training engine for
knowledge graph embedding models, DB4Trans (database for
translation-based models). Based on the idea of “integration
of storage and computation”, we take a classical knowledge
graph embedding model, TransE, as an example, and use
the relational database to complete the training and storage of
the knowledge graph embedding model. Database technologies
are utilized to accelerate the workflow of model training and
improve the efficiency of I/O during the model training
process based on the designed storage and indexing scheme.
A data batch exchange approach between database and memory
is proposed to support the training and storage of large-scale
data. Extensive experiments were conducted on datasets
usually used for verifying the effectiveness of knowledge graph
embedding models. The experimental results validate the
effectiveness and efficiency of the proposed method.
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