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Database Web service:

- a Web service interface with operations to access
a backend database

- returns results following a given export schema

Export schema:
— a subset of the backend database schema visible to the clients

Internet

Database Web Service
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e Our goal:

- match export schemas with a global schema of
geographical database Web services using
a small set of typical instances

Internet

Database B Web Service
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e An instance-based schema matching technique
using domain-specific query probing, applied to Web databases

A Web database is composed of a query interface and
a backend database

- Interface schema: what can be queried

— Result schema: what is shown to users

e Using:
- a global schema (GS) for Web databases of the same domain
- a set of global instances

Wang, J., Wen, J. Lochovsky, F.H. and Ma, W. (2004). Instance-based schema matching for web databases by
@/ domain-specific query probing, In Proceedings of 30th Intl. Conference on Very Large Data Bases, pp. 408-419.
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Web Database (Interface Schema)

Refine Search |

Your Search :

In this department

Global instances Tite:
|Har'r},.f Faotter |
X XXXX XXXX "_’“"H"D”
XXXX XX XXXX XXXX XXXX | |
T —
\ Format:
XXXX XXXXXXX XXXX XK= Eis
Ay b,
XXXX XXXXXXX XXXX XXXX XXXX ISBN:

Result Page (Result Schema)

J K Rowling

Harry Potter and the Order of the Phoenix
o
Jan 2003 | Scholastic Incoroorated

b Coinpare all prices

J. K. Rowling’s Hanry Potter
Hardcower
Maow 2001 | Scholastic, Incorporated

b Conpare all prices

Harry Potter and the Order of the Phoenix - by J. K. Rowling

Compact Disc
Jun 2003 | Randorm House

} Compare all prices

domain-specific query probing, In Proceedings of 30th Intl. Conference on Very Large Data Bases, pp. 408-419.
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e How to match database Web services export schemas?

— Using the schema matching process:

Global Schema +
Global Instances

Web Service B

mmmmmmmmm

Local database

Occurrence
Matrix
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o (Captures the essential characteristics of a gazetteer
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e Based on the ISO 19112:2003, a model for geographic information

E-R Model of the proposed Geographical Global Schema

-

Geolnstance
PK |idinstance +
GeoType
:;aime PK |idType
FK1 :Ddr']l'jrpe > name .
FK2 | adminid description
FK3 | adminld2 FK1 | parentType

ISO/TC211 (2003). ISO 19112:2003 Geographic information — Spatial referencing by geographic
identifiers. International Standard 19112. Technical report of Technical Committee ISO/TC 211.
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o A set of 36 objects representing famous geographic places
* Collected from Geonames.org Web service
e Stored in a local database, following the global schema

Global Instances Fragment

idinstance name lat lon idType | adminkl1 | adminkl2
175 salapagos |slands (0.0 H0.5 4 /3

a2 Alps 46 416BERY 10.0 15 165

149 Atlantic Ocean 10.0 -25.0 5

=l Miagara Falls 43083416155 [-79.0bEZ7052 |21 123

1B Fao de Aclcar -2 9472 -43.1561 14 101

34 MWississippl River | 291510582 -0H 2533542 = 109
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In our experiments we use the following gazetteers available
through Web Services:

- Geonames.org
http://www.geonames.org

— Alexandria Digital Library (ADL) Gazetteer
http://www.alexandria.ucsb.edu/gazetteer

J
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http://www.geonames.org
http://www.alexandria.ucsb.edu/gazetteer
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XML response fragment of ADL Gazetteer

e Export Schemas R

- <gazetteer-service xmins="http://www.alexandria.ucsb.edu/gazetteer"
xmins:gml="http:/ /www.opengis.net/gml" xmins:xlink="http:/ /www.w3.org/1999 /xlink"
xmins:xsi="http:/ /www.w3.0org/2001/XMLSchema-instance"
xsi:schemalLocation="http:/ /www.alexandria.ucsb.edu/gazetteer
http:/ /www.alexandria.ucsb.edu/gazetteer/protocol/gazetteer-service.xsd" version="1.2">

- <guery-response:
- «<standard-reports=
- <gazetteer-standard-report>
<identifier-adlgaz-1-1410143-3a</identifier=
<place-status=current</place- status=
<display-name>Amazon River - Brazil </display-name>
- “names:>
<name primary="true" status="current"=Amazon River</name=>
<name primary="false" status="current">Solimoens </name>
<name primary="false" status="current"=Salimoes River</name=
<name primary="false" status="current">Orellana</name=
<name primary="false" status="current"-Maranon, Rio</name:
<name primary="false" status="current' =Amazonas, Rio</name=
<name primary="false" status="current'>Amazonas, Rio el</name:>
<name primary="false" status="current">Solimoes, Rio</names:>
<fnames
- <bounding-box>
- <gml:coordz

XML response fragment of Geonames.org <gml:X>-49.0</gml: X=

<gml:¥Y>-0.1667</gml:Y =
K <?xml version="1.0" encoding="UTF-8" ?=>

</gml:coord>
- <gml:coord>
- <geonames style="FULL">
<totalResultsCount>1</totalResultsCount >

<gml:X>-49.0</gml:X>
<gml:¥>-0.1667 </gml:¥v >
<fgml:coord>

- <geoname:> . </bounding-box>
<name>Amazon River</name> - <footprints>
<lat>-0.1666667 </lat> - «<footprint primary="true">
<Ing>-49.0</Ing> - <gml:Pointz

<geonameld>3407729 </gecnameld>
<countryCode >BR</countryCodax
<countryName>=Brazil </countryName>

- =gml:coord=
<gml:X>-49.0</gml:X>
<gml:Y >-0.1667 </gml:Y >

<fcl=H</fcl> </gml:coord>
<fcode =>8TM </fcode > =/gml:Point:>
<fclName =stream, lake, ...</fclName> </footprint:
<fcodeName=stream</fcodeName = </footprints=

- =classes>

<population /=

<alternateMames=Orellana,Rio Amazonas,Rio Maranon,Rio Solimoes, Rio
Solimdes,Rio el Amazonas,Rio Amazonas,Rio Marafién,Rio el
Amazonas,Salimoes River,Solimoens</alternateNames>

<elevation />

<adminCode1=00</adminCodel>

<adminMamel /=

<adminCode? /=

<adminMame2 />

<timezone dstOffset="-3.0" gmtOffset="-3.0">America/Belem</timezone=

</geonamex
</geonames:=

<class thesaurus="ADL Feature Type Thesaurus" primary="true">streams</class>

<class thesaurus="NIMA Feature Designation” primary="false">STM (stream)</class>
=fclasses>
<relationships>

<relationship relation="part of" target-name="UTM grid GE28" />

<relationship relation="part of" target-name="J0OG Sheet Number SA22-0" /=

<relationship relation="part of" target-name="Brazil" target-identifier="adlgaz-1-19-19" /=
<frelationships >

</gazetteer-standard-report>
</standard-reports>

</guery-response>

<fgazetteer-services
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36 global instances submitted as queries
— 459 registries returned from ADL Gazetteer

— 703 registries returned from Geonames.org

Ex:

— “"Mount Everest” submitted to Geonames.org

geonameld lat Ing name cg‘;::? feode
1283416 | 279833 896.9533 | Mount Everest MP b T
1004850 | -28.15 2916667 | Mount Everest LA b T
A28 | 33787353 | -93.3804 | Mount Everest Church LIS CH
47334114 | 2994326 | -90.0904 | Mount Everest Baptist Church L= CcH
4241122 1 2994104 | -50.089 Second Mount Everest Baptist Church | US CcH
4694788 | J2.70374 | 967881 | Greater Mount Everest Baptist Church | Uz CcH
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Occurrences matrices:

(a) Geonames.org Export Schema x Global Schema
(b) ADL Gazetteer Export Schema x Global Schema
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Global Schema:
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Iss idInstance
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Given an occurrence matrix:
“an attribute of the export schema matches

an attribute of the global schema iff the
normalized value is greater than 0.2"

J
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Global Schema:

4 )
Iss idInstance
Ngs name
AGS lat
Ogs lon
Tes idType
Algs adminidl
A2.s adminld2

\_ J

Tos Alos Algs

{as Mas Ans CUgs Tos  Algs Ados
geongmeld 0 0 g 0 0 0 0
g | O 0 188 |27% 15 0 0 0
an | 0 o] 12 269 138% 1) o] 0 Tes Nes Azs Jos
name | 0 551 |78% 0 U 0 0 0 igeniiier | 0 0 0 0 0
souniryCoce | 0 0 0 0 0 0 0| piacestatus | 0 0 100% 00
countryiame | 0 0 0 0 i 0 0 name | 0 | 459 0 0 0
faf | O 0 0 0 0 0 0 displayName | 0 352 |77%0 ) 29% ()
feade | 0 0 0 0 0 o] 0 fooforingx | 0 1) 14 134 o]
feivame | 0 0 0 0 0 0 0 footorinty | 0 0 54 I 12 0
feodename | 0 0 0 0 0 0 0 class | 0 0 Us00p U 0
popuiation | 0 0 0 0 0 0 0 thesaurus | 0 0 0 0
alferraiehame | 0 156 |22% 0O 0 0 o] 0 names | U 435 |95%4d) 0 0
elevaiion | 0 i] 0 0 0 0 0 relationskips | 0 24 0 0 0
adminCooed | 0 0 ] ] ] ] 0
adminCooe? | 0 0 0 0 1] 0 (b)
adminiName? | [ a 0 ] 0 ] ]
adminiNamez | i 0 0 0 0 0
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Occurrences of the value of the attribute name (N;g) as adminNamel and adminName2 from Geonames.org

geonameld lat Ing name counmtryCode fcode adminName1 adminMame2?
2524810 | 37745 15.0 Mount Etna T MT Sicily
2523118 | 374 14.0 Sicily T IS0 Sicily
2523118 | 3775 14 .25 Sicily T ADMIT || Sicily
BS174850 | 36.891587 | 15.07487 | Moto Sicily B&E [T HTL Siciky Frovincia di Siracusa
B489618 | 37.87824 | 14.84822 | BAE Holiday in Sicily T HTL Sicily Frovincia di Catania
B491053 | A7 4816 150834 | Le Dune Sicily Haotel [T HTL Siciky Frovincia di Catania
B4BR041 | 3681382 | 15.03598 | Dancing Flamingo Sicily Country Resort [T HTL Siciky Frovincia di Siracusa
B4B9363 | 38.03131 | 14.023556 | B & B Ma & Mi Cefalu Palermo Sicily Italy | 1T HTL Siciky Frovincia di Palermo
2393171 | -89683583 | -374543 | Paode Agdcar EFR ADMZ | Pao de Agdcar | Pao de Acdcar
D—- (e i v =L 0 T 0

adminCode? | 0 0 0 (b)

adminiamet | o 0 0 0

adminiNamez | ] 0 0
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The design of the global schema influences the matching process

The selection of the global instances influences the performance
of the instance-based matching approach
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» The design of the global schema influences the matching process

e The selection of the global instances influences the performance
of the instance-based matching approach
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1) some attributes of the export schemas have no direct

correspondence with any of the attributes of the global schema

fes Nes Age Ogg Tes  Algs Ades
geonameid | ¢ 0 0 0 !
s | 0 0 183 15 0 0 0
on | 0 0 12 269 0 0 0
name | 0 551 0 0 0o 0 0
couniryCoge 0 0 0 0 i 0 0
couniryilame | 0 0 0 0 g 0 0
fep L 0 a g 0 i 1 0
feode | 0 0 0 0 0 0 0
fcidame | O ] o 0 0 ) 0
feodename | O 1] 0 0 0 0 0
i : i . o 0 0 (Global Schema: |
aernatelame | 0 156 0 0 0 0 0 Iss  idInstance
elevation | 0 0 0 0 Co Nes name
adminCode? | 0 0 0 0 E & 0 Ags lat
admincodez | o 0 0 0 e ia Ogs lon
adminiame? | o 2 0 0 0 0 0 Tgs idType
adminiame2 | 1 0 0 0 0 0 Algs adminidl
A25s adminld2

Occurrence Matrix: Geonames.org Export Schema x Global Schema . J/
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2) be careful with the temporal aspects of the global schema
attributes, because they could be useless in this context

Ex: supposes that the global instance set holds data from 2007, but a
specific Web service provides data from 1970. In this case, the values
of attribute population, say, would never re-occur on the returned
data.

| 1980 . 2000 ..
¢ 1990 ¢ 2010
1970 2007



The design of the global schema influences the matching process

The selection of the global instances influences the performance
of the instance-based matching approach
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1) they are representative of the overall application domain

Ex: the global instance set must cover, as much as possible,
the variety of types of geographic features, and
it must contain “famous” places (w.r.t. the region considered)
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2) global instances have attribute values that do not match with too
many attribute values of an export schema.

Ex: If we have “United States” as a global instance, it could reoccur as:

- countryName on Geonames instances
- displayName on ADL Gazetteer instances

U S.A Geonames Instances Fragment
geonameld name lat Ing countryMName ‘I fcode
5128722 |Niagara Falls 43.083416155 |[-79.06627052 |United States ‘bVF

4333587 |Mississippi River  |29.1510582 -89.2533842  |United States ‘ISTM

//‘

Global instances

ADL Gazetteer Instances Fragment

adlid name displayName footprintX | footprinty class

adlgaz-1-6463903-80 |Alps Swiss Alp - Fayette County - Texas - United States [-96.9092 |29.7822 |populated places
adlgaz-1-6840132-1a |Mount Etna [Etna, Mount - Lyon County - Nevada - United States |-119.1436 |38.6972 |mountains
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3) data quality is essential

— errors in attribute values (or in its interpretation)
may create false matchings

Ex: "Niagara Falls" occurred 81 times as alternateNames
in Geonames.org

Global instances

geonamekl lat Ing name counttyllame  |admmnlamed | feode altemnmateHames
BE01773 [43.0942 |-79.0851 |Glengate Hotel Canada Ontaria HTL [Miagara Falls
BABE151 (43.0835 |-79.0828 [Hiltan Miagara Falls Canada Ontaria HTL [Miagara Falls
BABE074 |45.05848 |-79.0556 [Holiday Inn at the Falls United States |Mew York |HTL [Miagara Falls
B455425 |45.0895 |-79.0818 |Howard Johnson Hotel By The Falls [Canada Ontaria HTL [Miagara Falls
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e a semantic approach, using instances, for matching export
schemas of geographical database available through Web
services

e experiments using two real Web gazetteers services

e important issues that must be considered when designing
the global schema and selecting the global instance set

—
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Future work:
Improve the instance-based schema matching process

Improve the re-occurrence detection method

Execute a validation step to formally define a threshold
to the ratio between reoccurrence values

Investigate the automatic generation of the global schema

J
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Future Work

- Prototype a Web databases services mediator as a proof of
concept

-

Server with
Database A Web Service

Al xML

_ Internet
Client

Server with
Database Web Service
MEDIATOR

Server with
Database B Web Service
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