% 46 % 5 2 Ak X F R (8 AR HF KR Vol.46,No.2
2025% 2 A Journal of Northeastern University ( Natural Science ) Feb. 2025

doi:10. 12068/j. issn. 1005 — 3026. 2025. 20230298

H [ X725 RDF ERE@R A RS 7%

I R, kK B, REM, K 7
(FRALR2E TFEWRE S TREBE, i07° LR 110169)

] O TR R F B #EAT R AL B, BE 22 JF g T BT 4% RDF (temporal resource description
framework) (94" JEBF T, 17 4014 it 5 25 RDF S48 104 745 2000 48 BB i i T — AN B ). R A R 2R
5 ML BT 25 RDF S0 e i 25 308 I B AR 2 — . ARSCHE T — A X WU %5 RDF (bitemporal
RDF) B B2 ) PIB Be R 51 7 ik« 88— W Be g o B 1 — 56 1 XU 25 RDF 15 s 4838015 8 i A i 4 A= )i 7
5B BeRB A R — R T R G A R AR B v E e PR BER T | T LA sRE G L R A 1A R A
7B B AR AR B A 45 2 . FE A IRCR R IR RE T R4 T 1A e S5, Bk 1 TR i A
B

x # IR WHEIANELL (RDF) s SRS RDF 5 S AV P BER B 15 A EI R 5

RESES: TP 18 XEKARERD: A XEHS: 1005-3026(2025)02-0018-10

Two-Stage Indexing Method for Bitemporal RDF Star Query

WANG Gang, ZHANG Wei, CHEN Hong-zhi, ZHANG Fu

(School of Computer Science & Engineering, Northeastern University, Shenyang 110169, China. Corresponding
author: ZHANG Fu, E-mail: zhangfu@mail.neu.edu.cn)

Abstract: In order to represent and process time information, the extended research on temporal
RDF (temporal resource description framework) model has been carried out, and how to
effectively manage temporal RDF data has gradually become an important issue. Constructing a
reasonable and effective index mechanism is one of the important ways to manage temporal RDF
data and improve query efficiency. A two-stage indexing method for bitemporal RDF star query
was proposed. First-stage indexing proposes a candidate set generation method based on
bitemporal RDF node neighborhood information, and second-stage indexing further proposes a
result set generation method based on bitmap indexing. With two-stage indexing, expensive join
operations in star queries can be avoided and query results can be obtained quickly. This paper
conducts comparative experiments in terms of query efficiency and index performance to verify
the effectiveness of the proposed method.
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Table 1 An example of bitemporal RDF data
Fik HIE i AR 1] F 5514 (A]
dep:SO rdf:type org:FullProfessor 2000-12—2010-07 2000-12
dep:SO org:teacherOf dep:Course0 2000-12—2010-07 2000-12
dep:SO org:worksFor Department0 2000-12—2010-07 2000-12
dep:S1 rdfitype org:FullProfessor 2010-09—now 2011-11
org:Lecturer

dep:LO rdfitype

2002-03—2010-06 2012-12

Prefix org=<http://example.org/uni#>
Prefix rdf=<http://www.w3.0rg/1999/02/22 —rdf-syntax—ns#>
select ?x
where {
?x rdf:type org:FullProfessor 2001.3<vt<2010.12 tt>2000.9.
?x org:worksFor <http://www.Department0.University0.edu> .

}

El1 EREGRAG
Fig. 1 An example of star query
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Fig.2 Overall structure diagram of the two-stage index
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Fig. 3 RDF graph of the data in table 1
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Table 2 RDF data forms constructed with first-stage
index

EiE EE (R/ME ERERE) BEEASEER
2 1 (2,6) [2~6]
3 1 (2,6) [2~6]
7 (3,11) [3,4,8~11]
12 (3,16) [3,13~16]
4 1 (2,6) [2~6]
7 (3,11) [3,4,8~11]
5 1 (2,6) [2~6]
6 1 (2,6) [2~6]
8 7 (3,11) [3,4,8~11]
9 7 (3,11) [3,4,8~11]
10 7 (3,11) [3,4,8~11]
11 7 (3,11) [3,4,8~11]
13 12 (3,16) [3,13~16]
14 12 (3,16) [3,13~16]
15 12 (3,16) [3,13~16]
16 12 (3,16) [3,13~16]
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S — B B G Al AR AR
}
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if(node.search (s_id)! = null) {
node.delete(s_id)
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Fig. 4 The B+ tree constructed in first-stage indexing
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Table 3 Subject predicate bitmap constructed with second-stage indexing
P
S
1 2 3 4 5 6

1 5 6 2 4 3
[2000-12— [2000-12— [2000-12—2010-07] [2000-12— [2000-12—

2010-07] 2005-09 ] 2010-07] 2010-07]
[2000-12] [2000-12] [2000-12] [2000-12] [2000-12]
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12 15 13 14 3 16
[2000-12— [2000-12—2010-07] [2000-12— [2000-12— [2000-12—
2010-07] [2000-12] 2010-07] 2010-07] 2010-07]
[2000-12] [2000-12] [2000-12] [2000-12]
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3
4 else{ /45 WA R E 5] I A L EET
BE s m
5 if (spBit[s_id][ p_id]) = =null{ //
A Y ET S BT D BE B B
Rz
6 spBit[s_id ][ p_id] =
new data(o_id, ¢,,¢,) /W) Hr ## 1
B R A TE N
7
8 else{ /NS Y77 F 158 BB E W
DA RS
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1}

12 return spBit
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5 BRI MR 5 m A — B B T A
R BEREG IR E G 71T).
B3 B B T BRI ER
i A :s id, p_id, o_id, bPlusTree, spBit//
s_id, p_id, o_id 73 5 7n Fop MM B s 64 £ 1 F
W B ID {H , bPlusTree 5 J5L 2 — B BE & 51
spBit /& i 5 B Be R 5|
i i . bPlusTree, spBit /M Bx 5 5 1) 55— By
Begg | meE B sl
1 node=bPlusTree.search(o_id) /R # T2 i
ID AL — B Bk 5 | o H B0 Y5 45
2 node.delete(s_id) //7F 17 /5 HOKs 315 ID(H
UilES
3 if(node= =null) { //UnRMBEREE Y
4 bPlusTree.delete(node)//II) Kf 7 45
— IR
§
6 spBit[s_id ][ p_id].delete(o_id) /4R i F
RIS I ID B AESE B Be R 51 o B
X A7 i AL
7  return bPlusTree, spBit
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Table 4 Bitemporal RDF datasets

Bimds WA TInAS BHE XA B
Bt 16 000 5000 2500
Hodlade 2 50 000 8 000 4000
g 3 140 000 16 000 8 000
ik 4 300 000 32 000 16 000

FEXT HLSC S 1, 25 FE AR SCAE A T $E 2 1 2
A A TR K 22 B8 32 AR TP AE Nl P i RDF
PEAT I A0 1 2R A ) R4 S5 ) B, I AN
SE L T EE XA A5 () B 55 I (A1 4 S A &R 5 1L T
SCHRL 12 148 B 3T KD R R G R4 3 35
55 W [E] 9 RDF R 51 . A I, AR SCk #5530k [12]
PEAT T X S5 . 5 UL B A2, i T oCik[12]
PR T 7 RAGE T — B A A 35 55 B ],
PR S S G o, AR A 96 2R A6 75 55 I5F ) 7 15
LT, AT X
4.2 BEMELWHHT

R T BRI PR R G A A ROR A SR
UL B A5 ST T AN [R) Bl 2 A ) ) A2
RUAE ), 76 5250 TP BT X g 2 A 1)L S VRS2 1
YHEAE R B 4 R 5 %, Bl 5 T Y StarQuery 1
G EE - S AN B (VI ER R SR & S Ru S 0]
ISR B R o, 181 6 25t T A SCHR i 1)
Wi BeZ 51 7 StarQuery 1 I [ 2r iR BEZRIN .

Prefix org=<http://example.org/uni#>
Prefix rdf=<http://www.w3.0rg/1999/02/22-rdf-syntax—ns#>
select ?x
where {
?x rdf:type org:AssociateProfessor.
?x org:worksFor <http://www.Department0.University0.edu> .
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Fig.5 The specific query content of StarQuery1

M 6 ol LAFE H B Ks £ 1) A B ok
H1 T P B Bk 5 | A A 360 9 1B 5 40l 1) 28 ek A
SV R/INAT 5 TR 1 9 B8 5 | 4 A T Y 1] 52 %
P AU ) B ARG 5N, AT B R S 1k

TE bR AT SRR L, ] 7 BE— 248 1 s E]

F R, R AR AE i 17, Hi% A i) StarQuery?2
e ZEREAT A IR A T AR A 1 8 5 T ALY
FEREER .

ATLUE Y, BB B 5| i ARG R e 4 I %)
s 4 BEAT B IR A4 77 2l . 1 2 2% (0 3 P A
A PEREI B WL N . RN, fE PR B 5
(58— B B 51 Hh 2 1 i B MO 3R 2R 1R P A AR
S A SR HEA T b B B PO 0 . AP SR 45 A A A%
PFEZ BRI E BB E S, WA M TR
— B Bem gk /Mo e 5 1 L. Rk, P B
R A P 2R i R R A i) A

0.6
I mRr B
s 0.4
£
%
:’E 0.2
0.0 1 1 1 1
Ktk 1 Ktk 2 Hlldk 3 Ktk 4
e/ S

El6 StarQueryl1 BISCIS 4R
Fig.6 The results of StarQuery1

Prefix org=<http://example.org/uni#>
Prefix dep=<http://www.Department0.University0.edu/>
Prefix org=<http://example.org/uni#>
Prefix rdf=<http://www.w3.0rg/1999/02/22-rdf-syntax—ns#>
select 7x, ?yl, ?t,.
where {
?x rdf:type org:FullProfessor ?t,.
?x org:worksFor <http://www.Department0.University0.edu> .
?x org:teachOf dep:Course0.
7x org:name 7yl .

}
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Fig.7 The specific query content of StarQuery2
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Fig. 8 The results of StarQuery2

Prefix org=<http://example.org/uni#>
Prefix rdf=<http://www.w3.0rg/1999/02/22-rdf-syntax—ns#>
select ?7x
where {
?x rdf:type org:AssociateProfessor 2014.3<vt<2018.12 tt>2020.9.
?x org:worksFor <http://www.Department0.University0.edu> .

}
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Fig.9 The specific query content of StarQuery3
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Fig. 10 The results of StarQuery3
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Fig. 11 The building time of indexes
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Fig. 12 The storage space of indexes
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