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Query Processing for Ontology-based Relational Data Integration
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Abstract In order to resolve the problem of semantic integration of heterogeneous relational databases, based on se-
mantic Web technology, this paper focused on the query processing problem in ontology-based relational data integra-
tion. An ontology-based integration infrastructure for heterogeneous relational databases was presented. To model dif-
ferent databases’ schemas, we proposed an ontology-based data describing method. Ontology was used as the global
schema to describe the semantic of relational schemas. A query rewriting algorithm was provided, which can rewrite

SPARQL query over global schema into local queries that can be executed on heterogeneous relational databases. The
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experiment showed that the approach we proposed has nice scalability.
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(1)MetaData_Descriptor: BB “ft 4B EER”,
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B HEE PEMERE.

xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-

<rdf:RDF
syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf~
schema#”
<rdf:RDF xmlns:rdf="&rdf;"
xmlns:rdf ="&rdf ;"
xmlns:rdfs="grdfs; ">
<rdfs:Class rdf: about— &rdf ;Access Descriptor"
rdfs:label="Access DeSCrlptOr >
<rdfs:subClassOf
rdf:resource="&rdf_ ;DataSource Descriptor"/>
</rdfs:Class>
<rdfs:Class rdf: about— &rdf Concept _Mapping"
rdfs:label="Concept Mépplng >
<rdfs:subClassOf
rdf:resource="&rdf ;Semantic Mapping"/>
</rdfs:Class>
<rdfs:Class
rdf:about="&rdf DataSource Descriptor"
rdfs: label "DatdSource Descriptor™>
<rdfs:subClassOf
rdf:resource="&rdfs;Resource"/>
</rdfs:Class>
<rdfs:Class rdf:about="&rdf ;DataSource_Term"
rdfs:label= "DataSource Term">
<rdfs:subClassOf
rdf:resource="&rdfs;Resource"/>
</rdfs:Class>
<rdfs:Class rdf: about "s&rdf ;MetaData Descriptor"
rdfs:label= MetaData'Descrlptof’>
<rdfs:subClassOf
rdf:resource="&rdf ;DataSource Descriptor"/>
</rdfs:Class>
<rdfs:Class rdf: about "&rdf Property _Mapping"”
rdfs:label= Property‘Mapplng >
<rdfs:subClassOf
rdf:resource="&xdf_;Semantic_Mapping”/>
</rdfs:Class>
<rdfs:Class rdf: about— &rdf ;Relation Mapping”
rdfs:label="Relation Mapplng >
<rdfs:subClassOf
rdf:resource="&rdf_;Semantic_Mapping"/>
</rdfs:Class>
<rdfs:Class rdf: about— &rdf ;Schema DeSCrlptOr
rdfs:label="Schema Descrlptor >
<rdfs subClassOf
rdf:resource="&rdf_ ;DataSource_Descriptor"/>
</rdfs:Class>
<rdfs:Class rdf: about "&rdf_;Semantic_Mapping”
rdfs:label= Semantlc'Mapplng >
<rdfs:subClassOf
rdf:resource="&rdfs;Resource"/>
</rdfs:Class>

</rdf :RDF>

B2 BEERER AR B

(2)Schema_Descriptor: ‘&5 Bl “ B85 IR & 1 4 B4R,
IR T NATCEE , X RPREFRERHE N E RS R R

AR E AL IR IR A SR AR A AT A, DA T K 35 0

HHE B R R . Schema_Descriptor B B #4320 i, «
View_Definitin #1 Mapping Definition, H W1, View_Definitin
BHEERE T YES RN FRRE i SPARQL &
R E B FEE X, — 4 @, SPARQL 7 ] 3R B 32 &2 #%
BT BUERZRIGE 175 5 —F 1, B oF SPARQL 22 TH
B, 2R E B BT A TR E A AN, X BT E
PR REAEENEWESRM T FF. Mapping_Definition
EXTXRFZHEAPHTEGE . T /M 5L R
PRTE WS XK BMES) Z A A% e 5, S0 i %
RIEWTEEB S XL RAMAZ AR X R, vER
BRI HRRE MR,

(3) Access_Descriptor: ‘& 15 B “ 40 fa] 1 [a] 0 4% 7, 38 B 3¢
IR A a1 L K AU Fi s ifgRE .

+ 136 -

DataSource_Descriptor

MetaData_Descriptor Schema_Descriptor Access_Descriptor
Mapping_Definition

Relation_Mapping Property_Mapping

M3 BREHRA KSR ER

4 BHESHEZE

1EZ AT S E Y, I Bucket B3 . Inverse-rules B %
1 MiniCon B3kl S #RE T3 RBAL, th TR R BR fideik
ERFEE AR AN ENESEELREEN AT
HFAREWERERF . 2 XHEHNEEREHTTIEAR
75, T RDOF AR P MBEHESEDL, MR TR T4AE
HERERFZETHERAESRE, BES% T MiniCon B

BB,
4.1 BEEX

EX 1(RDF =jt4,RDF E) 4 I,B,L HFBH AR
HIARE, H3ER IRIs . ZE W E  XFAMLFHNESR. RDF

=7l : B—4 =50l

tuple(s, p,0) € (IUB) X IX (TUBUL)

K5, p Flo S BIFRASTUE RN & FRAMEE,

RDF B G R=JCHMES .

EX 2(ZnEER BAER) S VERTROERE,
SHEBER p B—A =504

tpE€(IUVY X TUVI X (TULUWV)

R gp EETMABRNESR.

T 3(SPARQL #Z#]) SPARQL # i) Q= SELECT
vars WHERE gp, HH,vars={x 22,2, }, HET QK
B A IR 6] 3 4

FEfE G5 0 B FBE 4T b, B R A 48 9 2 ¥ (Named
Query) , H 4 £ — TR H BT EHR &, JEEITLUE
5 RDF BRI EBRE , T 4 R R B A E L.

EXAHEFERE) BEFELE V=SELECT wrs
WHERE gpv. HH,vars={y,y2 v, S H T ZBHEE
BERSIR E) BY BT A S B . R T BB WM B WIRE 1 s g po R
T 25 B B, OB T BB R i X

SHFEXAELREX LNBERRAESE V={V,V,,
L Vo A EER QAMESMESF AN V hE&a ik
BFH.HZREHEERN. XIBTFTEREEAEEMNEGRE.

EX SE/PAEERIT,MCU) i) QX FHIER
WE Vi — A /Na] % B Ot B — MBI e,V gpm) 1
T K o B— AN AE AR P B R E AR AU %
QI —FA L RBMHP V P gpm B— N EAEERR, &
R QM V HEEAMZ S P — AR R E R
TG
4.2 HEHt

HHBEBRELFEETS N =4 . B4R RAE
S py Bk SE %, Mo 82 B /D T % B2 8 8 (Minimum
Connectable Unit, MCU) ; 58 345 +— 18 8 6) MCU 4
EEEREFTAARENERNES. Bk MCU AR S
M MCU HER BT B,



%1 MCUMBERE

WA BEREERX gpg MBHHEE V=_v1,v, v}

B MCU 8 M= {m ,my,+ym,}

(1) MR FZERE M=0);

@) XMFVEITHEBIER v. % gpv ERBIEREZEL, gpc
R FE R o A B IR E A A R A ST BB 4T, BT o FR M gpa
PHERTRE] gpv PERMBLE;

(3) # gpe RS  ME—NHHEBR gpm=0, )\ gpc FE
—RZILHBMA gpm F. #F gpc HEMEER M,

) RE gpm PHENTR, ETREEAR PR - PEE
B2 UMY R gom FHASHASZPREREMSHT L. EESE
@, BF gpm WR/NAREE;

(5) ¥ =3TH (@, v, gpm) L WM MCU IMABIZRE;

(6) BEFBRAQ);

() REIRZAREH MCU 4 M,

Hk2 MCUHSHEE

BWA EREER gpg I MCUKE M

Bl EANEEER

(D WMBEEISERE R=0;

(2) X MEFANFEm  me, - ome ), EH W R T EHFRAF

(@) gprmyUgpmeU---Ugpm:=gpq
&) ViZj,gpmiUgpm;=0Q

IxFF A s = iy vis gpmi ) EX W T RS ¢ EHF
gpq PHEELR « 18 ()=, 04 g (M =z, FWM () =y

(3) MBEEAEES Q =¢ (v1)¢r(v2) s da (w5

(1) ¥ AIMALGRER F;

5) BHELED);

(6) BFIZRER,

GAEYEIMBEE L, RIMNEIEFAEKMEHLHEE
BT,

i3 ETFEUNEAESER

BMACEE QFHEEIRIEE V=_vi,v, v}

Wi HWEEER

(1) PIRAGE ML R=0;

(2) ¥tk MCU 4 M=0;

G TV FRUE v, IR v SERQ X, MFATE 1
i MCU, B RImA M;

G BEE-SBIAMMCUEM, FHEEL 2. EERERE
m,
4.3 HESWH

BE—THRERES V={v. . v - EH Q=
SELECT wars WHERE gp, % lgp|l=m, B 1 MIEH% 3 &
A[LI7E BTGB SR, MBS 2 TEM MCU £9 348
WREEHNTE XTFE OO NKRMEZRE., HEHTFAERE
2 FEfvE MCU B B 20 48 55 M BUR IR IR B HERR , K ERBY
TALENERS . MA—-BREANKE n ISR,
REeHFEREHE X EEQHEERNES, BHikel B
BN ETRRS EHE.

5 LRSS

AR HAE D 2WAE Java L 6 BA LSCHL, LI FE
— & Pentium Dual 1. 79GHz, 1G i+ EHL Ei#4T. 7 EBH
ERTEBRFE LRI A, BITKWET 100 MR RERIF
REFAEE 3 VR R TIE L BIRER R e T
R RERETKENL S 10 HERE 104, BikE, &
HEEBBEENNHEEZE N O, K n ABEEEE . m

REWMHKE. I TIMTEAKENRERREMANES
BT RN, BT T F L8, SRS RP M
FEHREREMRAGTESR 10 KEBERWTIHE.

MERBHRE B R BRI B R TS T 2
KEFMEMIBENESERPITHEAEK, B 4 2ER
HEE R ENTE B R K AL E L, 3 AR 48 4 5%
A 3 MARMBIERER; MIAERFEARERENELT,
BERNENE2SBEAES B RNATHE R, B 5
R 7T 5 B PAAT U A YR R AR AL 1 L, 3 AR
Ko iFRR 3 MARKNEAKE.

1000 :
800

i 600 —A—100
400 —-80
£ 0 50
12345678910
EHKE
A4 HHESERRITHABERNKESEMELE
1000
- 800
E
= 600
®
& 400
¥ 200

S S S I X
H 5 #HWESREENITHEREBERRE TRl

ERIBHERGE 4 WHRRMEMTR—BH. HEX
HLRBEB NS AERNKERED 10, THERES
i, BT RSN A NES B RS RIIATHE, X8
FrEPARE BB FAFR R, BT SPARQL HA 84 i 7] i
T, SFREER MR A B NIESG HEAREEE A
#id 10,

BWiE AXaWT HRBIR P E TR RRENBESE
B Bt T B TR SR AR 4R AR, SR RS
TR A A IR RAR , B T — R BB EE
BT RMRAE, LI T X R HEIERIE AR R, 8
HTEFEEXNEARS, FE LR ZE L a e
17 THiE,

2 X W

[1] Halevy A,Rajaraman A, Ordille J. Data integration; the teenage
years[ C] // Proceedings of the 32nd International Conference on
Very Large Data Bases. 2006:9-16

[2] #ve, AR TH REEBEARREEI] RE¥H,
2004,15(12):1822-1836

[3] Gruber T R. A translation approach to portable ontology specifi-
cations[ ] ]. Knowledge Acquisition,1993,5(2):199-220

[4] Wache H, Vogele T, Visser U, et al. 2001, Ontology-Based Inte-

gration of Information-A Survey of Existing Approaches[ C] /
Proceedings of the IJCAI-01 Workshop on Ontologies and Infor-
mation Sharing. Seattle, USA,2001:108-117
[5] Zhu H,Madnick S. Scalable Interoperability Through the Use of
COIN Lightweight Ontology[ C] // Proceedings of the 2nd Inter-
national VLDB Workshop on Ontologies-Based Databases and
Information Systems. Seoul, Korea, 2006 : 37-50
(F4 4% 160 )

+ 137 -



guity resolution[ D]. Pennsylvania; Pennsylvania, 1998

[2] Nigam K, Laferty J,McCallum A. Using Maximum Entropy for
Text Categorization[ C] // Workshop on Machine Learning for
Information Filtering. 1999:61-67

(3] ZEEE, T8RS, BEE, %, M BRI Th A a3
U] HEBLBIFE S KR, 2005,42(1) :94-102

(4] ZEFB USASHESETHEID] L. P EAZRITE
HARBFAT, 2002

[5] Berger A L,Pietra S A D,Pietra V ] D. A Maximum Entropy
Approach to Natural Language Processing[]]. Association for
Computational Linguistics,1996,22(1):39-71

[6]1 Jelinek F, Mercer R L. Interpolated Estimation of Markov
Source Parameters from Sparse Data[ CJ // Proceedings of the
Workshop on Pattern Recognition. Practice, 1980:381-398

(7] Fwk ETFEEOIGENFAEIE B sHRHI[D). K. KiE
BT K%:,2006

[8] Zhai C,Lafferty J. A Study of Smoothing Methods for Language
Models Applied to Information Retrieval[ J]. ACM Transactions
on Information Systems,2004,22(2):179-214

[9] Gao J,Goodman J,Li M, et al. Toward a Unified Approach to
Statistical Language Modeling for Chinese[J]. ACM Transac-
tions on Asian Language Information Processing,2002,1(1):3-
33

[10] &AICfIHH. £ TR EEHETERAL] &
PR . ARSI, 2005,28(8) 1 51-55

[11] #@d, TYE. Kaz FREREPXHFARGEFHEAL]
HEHL T, 2004, BT (1), 370-372

(12] & & LIFPFIGEEBE/ 4 [ EB/OL]. http://ulp. org/,
2006

[137 Yang Xiaojun. Survey and Prospect of China’s Corpus-based
Researches[ C] // The Corpus Linguistics Conference. Lancaster
University(UK). 2003

(E#% 137 7D

{61 Dou D, LePendu P. Ontology-based Integration for Relational
Databases[ C] // Proceedings of the 2006 ACM Symposium on
Applied Computing. Dijon, France, 2006.461-466

[7] Wang Jin-peng, Lu Jian-jiang, Zhang Ya-fei, et al. Integrating
heterogeneous data source using ontology[ J]. Journal of Soft-
ware, 2009,4(8) ;843-850

[8] B#:#E.OxR.FTEE. EFXREWAL OWL & EHEH
AL, AR, 2009, 36(7) 1 153-156

[9] Laborda C P, Conrad S. Bringing Relational Data into the Se-
mantic Web using SPARQL. and Relational. OWL[ C) // Proceed-
ings of the 22nd International Conference on Data Engineering
Workshops. Atlanta, USA, 200655

[10] Erling O, Mikhailov L. Integrating Open Sources and Relational
Data with SPARQL[C7 / The 5th European Semantic Web
Symposium and Conference, Tenerife, Spain, 2008:838-842

[11] Weiske C, Auer S, Implementing SPARQIL. Support for Rela-
tional Databases and Possible Enhancements[ C_ // Proceedings

of the 1st Conference on Social Semantic Web. Leipzig, Germa-

ny, 2007 :69-80

[127] Halevy A. Answering queries using views: A survey [ J]. Very
Large Data Bases Journal, 2001,10(4),270-294

[13] Abiteboul S,Duschka O M. Complexity of answering queries u-
sing materialized views[ C7] // Proceedings of the seventeenth
ACM SIGACT-SIGMOD-SIGART symposium on Principles of
database systems. Seattle, US, 1998,254-263

[14] Beeri C,lLevy A,Rousset M C. Rewriting queries using views in
description logics[ C] / Proceedings of the Sixteenth ACM SI-
GACT-SIGMOD-SIGART Symposium on Principles of Database
Systems(PODS). Tuscon, Arizona, 1997 ;99-108

[15] Baader F, Hollander B. Kris: Knowledge representation and in-
ference system[J . SIGART Bulletin, 1991,2(3) :8-14

[16] Levy A.Rajaraman A, Ordille J. Querying heterogeneous infor-
mation sources using source descriptions{ CJ // Proceedings of
the 22th International Conference on Very Large Data Bases.
Bombay, India, 1996 :251-262

[17] Pottinger R, Halevy A. MiniCon: A Scalable Algorithm for An-
swering Queries Using Views[]). The VLDB Journal, 2001, 10
(2/3).182-198

(k3% 133 B

B 2 S B U0 P 1 5K 2R B0HE 9L 20 A 1 bR — B AR
5, BS] BHRR B R R, KRR THAXRRS
AOE—B BB R B R (BF R) P REAF7E — 2L K
FHRRBBRE,7E R, PEHMSHXET SRS, HiE
Tk BRI VR M 4R B 56 A U B R B R e B
R 5rIX

€
*
<&
=
R
+H
He
L 0 20 wn 600 800 71(1‘0 1200 140{1600 mizl:)m(zg))o
M2 BRI HER RMERE
HRF BT I RAERFRES, B EIER -

ISR ST RGBTSR T R R %
TR L R R BR T AR P VB S AR 1R R R
+ 160 -

TR A R
2 % XM

[1] Lawrence R. Early Hash Join: A configurable algorithm for the
efficient and early production of join results{ C]// VLDB. 2005,
841-852

[2] Wilschut A N, Apers E M G. Pipelining in query execution[ CJ //
Proc. of the International Conference on Databases, Parallel Ar-
chitectures and their Applications, Miami, USA, March 1990

[3] Urhan T,Franklin M J. XJoin; Getting Fast Answers from Slow
and Burst Networks[ R], CS-TR-3994. Computer Science De-
partment, University of Maryland, 1999

{4] Mokbel M F, Lu Ming, Aref W G. Hash-Merge Join; A Non-
blocking Join Algorithm for Producing Fast and Early Join Re-
sults[ C] // Proceeding of the 20th International Conference on
Data Engineering. Washington: IEEE Computer Society, 2004,
2561-263

[5] Tao Yufei, Yiu M L, Papadias D, et al. RPJ: producing fast join
results on streams through rate-based optimization[ C] // Pro-
ceedings of the 24th ACM SIGMOD International Conference on
Management of Data. New York; ACM press, 2005:371-382



