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Abstract: With the richness of common database resources, distributed users in wide areas hope to transparently

access and use these data resources on demand. DS_Grid (database grid) is an SOA (service-oriented architecture)

based database grid system for data sharing in multiple application domains. DS_Grid adopts a P2P (peer-to-peer)

Multi-Chord (MultiChord) architecture to realize the distributed storage, query processing and dynamic data
integration of data resources. According to the text similarity, the data resources are registered to the corresponding

domains to realize rapidly discovering data resources. The domain ontology knowledge and reasoning rules are used

to support the semantics based intelligent query. A multi-root and multi-peer maintenance based data resources
replica management mechanism is applied to improve the reliability of the system. A keyword filter based

distributed data integration strategy is adopted to reduce the communication cost. A distributed clustering technique
is used to summarize the huge data information. The experiments demonstrate the feasibility and effectiveness of

the key techniques of DS_Grid.

Key words: database grid; P2P (peer-to-peer); data integration; resource discovery; query processing, replica

management

.DS_Grid(database grid) SOA (service-oriented architecture)
P2P(peer-to-peer)  Chord(MultiChord) ,
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[34]

[5]

(global grid forum, GGF) DAIS(database access and integration service)
[6-9] [10-12]

[6]

; ( )
OGSA-DAI(open grid services architecture-data access and integration) , ,
, P2pP )
——DS _Grid(database grid), , ,
P2P ( )
1
, ¢ DAIS
. OGSA-DAI" OGSA-WebDB(OGSA Web database)®, OGSA-DQP(OGSA distributed
query processing)l® . MyGrid*¥ polar*™ GDIS(grid data integration system)*?, POQSEC(parallel

object query system for expensive computations)!*¥, CoDIMS-G(configurable data integration middieware for the
grid)!* PALADIN(pattern-based approach to large-scale dynamic information integration)!* DartGrid*®!, SDG

(scientific data grid)*”? .OGSA-DAI , XML :
OGSA-WebDB OGSA-DAI Web :OGSA-DQP OGSA-DAI,
;Polar* , OGSA ,
;CoDIMSG , ;MyGrid e _science
, , OGSA-DAI OGSA-DQP
:GDIS OGSA-DQPOGSA-DAI Globus Toolkit 3! , XML
.POQSEC , : SQL :
sQL :PALADIN .DartGrid
) , ;SDG
, JDBC ,
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MultiChord

2 DS Grid .3 DS Grid P2P . 4
5 . 6 .7
8 9
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2 DS Grid
.DS Grid
,DS Grid : ,
Grid ; ; P2P : , ;
P2P J , , ;
; ) .DS Grid
1
User layer Data portal Nodes management
|Query processing| Execution schedul er | Data summary | —
Service layer |C00rd| nation and management|
| Data integration| Resource discovery | Replicas management|
Knowledge layer Metadata registry Domain ontology
Fabric layer P2P (MultiChord)
OGSA-DAI
Resource layer — — —\
B E @
Fig.1 DS_Grid architecture
1 DS Grid
OGSA-DAI Grid , (metadata registry)
Grid ; JXTA (juxtapose) MultiChord ; Shunsaku XML Manager
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(query processing): : : ;
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(resource discovery):
(execution scheduler):
(data integration):

(replicas management):

(data summary): ) )
(data portal): )
3 MultiChord
P2pP . DS Grid . P2P
Chord (291 k Y , Chord
, Chord ) Chord ——MultiChord. MultiChord,
, hop ,
MultiChord : , ; )
. 2 . MultiChord 20 ,
5 , Chord 2 Chord
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00101, 00011¢ — | Finger table| 7y -
01101 11041 (3 / o010l |00101/00101 14
0
103 e " o011 00101/00101
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01...
MultiChord 10...
—-—-—» Find path in the big ring
— Find path in asmall ring
Fig.2 Structure sketch map of MultiChord
2 MultiChord
N K 2 S , Chord
hop Sxlogy,N,  MultiChord hop log,N+Sxlog,(N/2Y). N . S>(logaN/k)
, MultiChord Chord.
DS Grid , Hash
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(domain ontology)

, DO={(D;,DD,),(D,,DD,),...,(Dn,DDy)}, ,DO
[20]
I ? SO=(C,RA/),
“:IPublicaIio o ‘R
— ea A Publish/Published-by ' ’
Inverse A ;T :
Same as
Name
|Writer|<--->| Author .
E Mail —> (same_as) (isa)
Binary RO geowegg colfgepts (inverse) (transitive) (symmetry).
Semantic relation between concepts
Fig.3 Publication domain ontology , ,
3 Publication ,
42 XML
XML XML ,
(1) XML : ;
2 , XML
XML ;
3 , XML , XML
R:p—>u/q:v, R ,u .q  XPath P
(u) , URI. u , P ; P . u
, R : i 4 Sourcel, ( 3
) 5
' R1:Book—>doc(sourcel)/book:vl
Book (@title) R2:title->v1/@title:v2
R3:written_by, Authour—>v1/Authour:v3
Author (@name) R4:name->v3/name:v4
R5:published_by, Publisher—>v1/publisher:v5
Publisher (@name) R6:publisher_name->v5/name:v6
Fig.4 XML data source Source 1 Fig.5 Mapping of global schemato Source 1
4 XML Source 1 5 Source 1
4.3
. 3 ,Author
Writer JWriter Author .Book,Article Publication , Publication
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C={cy,C,...};
2 c : : :
3 c R={rura,...};
4 R :
®) 4 , :
(6) , .
XML , Xpath
5
.DS Grid
' Peer ; ,
Grid
51
1. (editSim(a,b))i2Y. ,
editSm(a,b) =1-— (@D @
max{|al,|b[}
,a,b ;max{ |al,|bl} a,b .
2. (EleVecSim(Vy,V,)) 2. V1V, ,
EleVecSm(V,,V,) = D WV, 1) x WV, S) x editSim(t, ) 2
(t,s)eClose(oj V;.V7)
,Close(a1,V1,Vo)={(a,b)|Fac ViATbe VoneditSm(a,b)> o} ,w(V,r) r \% W(V,r)=
log(tf, , +1)- Iog[dfl+1] NIV r Vv ,N df, r
3. (CMsm(Svp)) S P 18:{511521"'15’1}1P:{ pliva“'vpm}xS S
i P P j , m;=EleVecSm(s,p;), EleVecSm(s,p;)<oi, EleVecSm(s,p;)=0,
my . .. My
CMSm(s, p) =
My o e My,
4. (omsm(SP)). ,
3, hi i 0 Vi ] 0 )
1 n m m n
Omam(S, P):E( m,-/h +22mj/vj] €)
i=1 j=1 j=li=1
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5.2
(service provider, SP) , SP
(S) : , (service requester, SR)
SR . SR SP
5 :
1. . DR D, . D,={Di|EleVecSm(DD;,DR)=
max{ EleVecSim(DD;,DR),...,EleVecSm(DD,,DR)} } ,D; DR , DR
2. (CMESP)).  SO={S.S,.....S S={s1.
S2-Snbs S S j ; SP={spy, Pz, Pt SO P j
/(0is, 01a) , CMY(SP) CMS(SP)={ S|editSm(S,SP)>=cisA omsm(S,SP)>=a1a} -
3. SP (MS(SP)).  oi=0(S,SP)=EleVecSm(S,SP) Wi+ ousm(S,SP) W2,
CMS(SP) , Ok k i k SP
MS(SP), MY(SP)={ §i|S eCMS(SP)AS=§iA Gi>= A Gji= GIA Gji>=Gjj 1y} -
4. MS(SP) .
5. sP (0s(SP),0a(SP)).
(04(SP), 5a(SP))={ (min(EleVecS M(S, SP)), min(omsm(S, SP)))IS,§ eM(SP)} , (05(SP), 0a(SP)) SP
, 4 :
1. SR={sry,8r5,...,5m} Dr( ).
2. 0=S,S....S} Dr
(EleVecSm(S,SR)) (omsm(S,SP)).
3. (CMS-Set(SR))1 22,
CMS Set(SR)={ RM(S),RM(S)......RM(S))},
RM(S)={ SPi|(os(SP;)+EleVecS m(S,SR))/2>=0.5A(04(SP;)+ omsim(S, SR))/2>=0.5} .
4, (RMS(SR)).RM(SR)={ RM(S)NRM(S))...nRM(S)} .
6 (filter based distributed data integration, FDDI)
[23], ,
.FDDI ‘(1) . XML
(2)
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Fig.6 Distributed cluster analyzing process
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9.1 MultiChord Chord
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, Grid , P2P MultiChord ;
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