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Temporal RDF Modeling Based on Relational Database

HAN Xiao,ZHANG Zhe-qing and YAN Li

College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China

Abstract With the increase of temporal data,the concept of temporal knowledge graph is popularized,and how to represent tem-
poral knowledge graph efficiently has become an important research direction. Although resource description framework(RDF) is
widely used in traditional knowledge graph modeling,it can only represent static semantics and lacks the ability to represent tem-
poral knowledge graph. Therefore,several temporal RDF models have been proposed for temporal knowledge graph,but all these
models simply attach temporal information to the predicate of RDF or the whole triple,and lack the accurate positioning of the
object to which the temporal information belongs. In order to better represent temporal knowledge graph. firstly.this paper pro-
poses a new temporal RDF representation model called tRDF, which attaches temporal information to the object or predicate ac-
cording to the type of object. Secondly,by combining the concept of temporal database, this paper presents a tRDF data storage
method based on the relational database,PostgreSQL. Finally. the proposed tRDF data storage method is verified from two as-
pects , the time of storing and the size of space. Experimental results show that the proposed scheme can effectively represent tem-
poral knowledge graph.

Keywords RDF,Temporal expansion. Temporal RDF., Temporal knowledge graph, Temporal database
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‘ Hungarian actor, film director‘

@ I 1885-05-18
description
birthDate

birthplace

deathPlace

22-rdf-syntax-ns#type

deathDate.

givenName

1930-6-26

surname

Garas name

Literal .
—

O Resource

K1 4 Af5E RDF B

Fig. 1 RDF graph of personal information
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Hungarian actor. film director

[1907-03-15.1926-04-13)

1885-5-18
22-rdf-syntax-ns#type
el 20.06.9
[1885-05-18.1930-06-26) birthDate
Male birthplace
[1885-05-18.1930-06-26)

description

[1885-05-18.1885-05-18)

) [1885-05-18.1885-05-18)
N . 1930-6-26
. [1930-06-26.1930-06-26)

5-05- 930-06-2
[1885-05-18.1930-06-26) deathPlace

surname [1930-06-26.1930-06-26)

name i

[1885-05-18.1930-06-26)

E Literal
o Resource

Marton Garas

[1885-05-18.1930-06-26)

B2 A AfFE (RDF E
Fig. 2 tRDF graph of personal information
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Table 1 Namespace
ID(PK) Prefix
1 http://dbpedia. org/resource

fir 423 18 Feth 4 ID M Prefix KR T4 4% = 7T
AT 4 IRI. M T (RDF 346 b 7778 Kt HE & 19 IRI.Hf
IRI 53 HEMEIESEARFTE a0, aasnR
Eat FEEID R FER GEIERMEIER, M IRI Fi#
F| Prefix ¥,

*2 FiEE
Table 2 Subjects
ID(PK) NS_ID(FK) Resource
1 1 Fiatau_Penitala_Teo

FiEFh EH# ID.AME NS_ID 1 Resource 30 41 i,
TAEf# (RDF = o4l i) FIEH 4> JF @ F 48 1D 575 Bl &A1
KB, NS_ID FI1E g 41 s 52805 5 05 7 4 AE iy 44 25 i) =
B ID W51 . Resource N EM T A4 i 00 £ 1 .

*£3 HIER
Table 3 Predicates

ID(PK) NS_ID(FK) Property PTs PTe

22-rdf-syntax-

1 2 1965-11-07  1996-10-21

ns# type

WiER M T8 ID.AME NS_ID, Property PTs Fl PTe
G B A7 (RDF = J0 40 09 38 3 38 43, JF i o =4 1D
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sz ID BT, Property PIAEAE T 845 1 4% 19 18
W, YRR, PTs F1 PTe Sy it 6] [6] B 69 JF 4 i 1]
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4 EIBER
Table 4  Objects
ID(PK) NS_ID(FK) Object OTs OTs
1 3 Person

TRIER W EE ID. SNV NS_ID.Object \OTs F1 OTe %))
4L, 724 (RDF =0 M2 im3 4y @ d 2% ID 5
P RAHSCIE . NS_ID B4 g 41 #5281 T %) 5 15 Wi 4 AE A
s WFR P ID W51, YEIEE TR, g% 8 NS_ID
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NG HA ]

F o GEUIE
Table 5 Statements
ID(PK)  Sid(FK)  Pid(FK)  Oid(FK)
1 1 1 1

A ID AN Sid AN Pid AN Oid 411K
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Pid F1 Oid 5| E 15 I IEMEE RS T a5k,
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Fig. 3 Database schema graph

3.2.2 BRHMLN 5

FT 302, 1 W R IH A BHE PE AL, AR 45t T (RDF 4K
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JCAA Y EIE HIE R E ROV ETE N AR £iE ES.
AAET R IE T EP AN ET 20 B i EO I [HAF B Ts A
Te » 9K Jo F 45 B 1) B8 A7 A KT R 14 26 , B0 A7 i B0 Gn T

W1 RTINS MR Prefixc 5, FiE,
M2 R T T A, AR R A 4% S I R S5 MR B Prefix f
Whas,

F 2 I 1 A5 2 0 A 4% 5 A R T TS 1D XS
N B AN TR B E 1 ES 434l A FiE R B NS_ID Fl Re-
source HIH o BEASC SN 09 1D 1F Ry =895 R 51H .

O 3 LI 175 3 09 a4 S TR P TSR 1D X
NE BN A T2 B EP 4 i A BIE B R NS _ID A
Property 51, 52185 A IR BB 45 B Ts F1 Te #hi A
FIEERN PTs M PTe 1, A4 84S0 &% 09 ID 1E R
TR YIRLIH,

O 4 FE LI 175 3 09 a4 S TR P TSR 1D A X
LA T 28 0 5B EO 43 4 A B E iR R NS _ID
Object B, MEE J 7 0H m ifF B [R5 B Ts il Te 3 A
FEIEFRM OTs M OTe Flrh, AL X WY ID 1F 2 F 4
ARG

PO 5 AL 3 AR 4 ¥ Kt Al fF B R AERT . SQL
2011 43 B SRR oo I [|] B % 454 64T E 5 G OF B 3 VI A
B,

I 6 FEHEI 2 KLIN 3 HIAR DN 4 3% 919 44 (RDF =
JLLL R TR B EMEIEMN ID A B HE RN Sid . Pid
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BRI sk 1 R .
®i% 1 tRDFToPostgreSQL 7% 5 ¥
Hi A tRDF =JG4H nt
ffiy Y : PostgreSQL H i B 5
/* B HT = I0 ne, SRRETE OGRIB AR </
1.  subject<—nt. getSubject(). toString()
2. predicate<nt. getPredicate(). toString()
3. objectN<—nt, getObject()
4. object<-objectN toString()
/o VLBER IR0, IR R B AR B 45 L > /

predicatel <—predicate. substring(0, predicate. indexOf(“[?)) ;

ol

6. T=<predicate. substring ( predicate. indexOf (“[[”) + 1, predicate.
lengthO—1);
7.  ts<T. substring(0, T. indexOf(*,”));
8. te<T. substring(T. indexOf(*,”) +1,T. length()) ;
[ LAER R4 BT S8 0 R R A RAE S 2 L R R
o/
9. S<—subject. split(“/”);
10.  easyS<S[S. length—1];
11.  regexS<—*/”+easyS;
12.  namespaceS<subject. substring(0,subject. indexOf(regexS)) ;
/o A AR MU LA AR </
/A i 44 25 18] 3R PORAEAE T 800 3%, I H AR A I IR 8] X )i
1D * /
13. if(isNotExistN(namespaceS) ) then
14.  String sqllnsertNamespace<—“INSERT INTO namespace ( pre-
fix) VALUES(?);”;
/o M FBER DI R IH AT 1D LR TS 215+ /
5. if(isNotExistS(S_ID, easyS)) then
16.  String sqllnsertsubject <= “INSERT INTO subject (ns_id, re-
source) VALUES(?,7);7;
/> T} TR 1 2 A B I IR T I S AE B+ /
17. if (isNotExistP(P_ID, easyP, ts,te)) then

—_
521

18.  String sqllnsertproperty <=" “NSERT INTO property (ns_id,
property,pts,pts) VALUES(?7,7,7,7);7;

19. if (isNotExistO(O_ID, easyO)) then

20.  String sqllnsertobject<—“INSERT INTO object (ns_id, object)
VALUES(?7,7)3:”;
[ MR TR =4l AL i A (RDF =041/ £,
IR IR FIER CEIHRAE R R PR ID * /

21. if(isNotExistStm(Sid, Pid,Oid)) then

22.  String sqllnsertstatement<—“INSERT INTO statement(sid, pid,
0id) VALUES(7,7,7);7;

/¢ BEEL I R AE 1 LR R
4 KEIHE

R T Y6 UE TR Oy s R AT R ST G 36 F JDK3 RRAR 1Y
Eclipse -6 #1 12. 3 A9 PostgreSQL JF % , 778 B A Intel
(R) Core(TM) i5-4210H 2. 9 GHz Ab 3 #% .8. 00 GB RAM #l
Windows 10 #ER KM RS 58 M.
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RDF $offn 4 W ZEAR IR 55 3 795 45 M Ao A B 0 HC kA7 9 2 L
MR BB (RDF #4848 . 985 K 97 JR 5 B9 «(RDF £ 48 %l 43
7 (A LA LIS BIFE AR 6] R/ «RDF s 4 1 3l 07 v
PERERI AR, 2 6 FI i T B BR AR AR AR N A,

Table 6 Experimental datasets

Dataset Number of tRDF triples Sizeof dataset /MB
Datasetl 102606 13.7
Dataset2 1145487 153
Dataset3 5332453 712
Dataset4 10310048 1372
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Fig. 4 Time of storage
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