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Abstract

| studied an approach of cooperation among information service systems including terminological
systems and information retrieval systems. Thisworks consist of three studies: the cooperation among
information retrieval systems, the cooperation among terminological systems, and the cooperation
among heterogeneous information service systems. | suggested cooperative methods in these fields
and showed their effectiveness by building systems that implement them.

The amount of information on the Internet and the number of users have been increasing expo-
nentially with the World Wide Web. Various new information needs have been appearing with the
increasing users. For example, some users need information related to a certain keywords, or others
need information on a certain fields/categories, or yet others just retrieve information from a certain
Web site/page. Meanwhile, people who provide information through the Web have been increasing
too, and they need to allow their users to access their information in various ways.

In order to satisfy various end-users needs, it is necessary to build every information service system
to satisfy all the access need. But it is difficult to build the systems to satisfy various needs. Every
system has each advantage and disadvantage, the system cannot satisfy the various needs. Therefore
it is not redlistic to build one single system to satisfy all users needs. It is effective to build new
information service systems to make up for the disadvantages of existing systems. However it is
difficult to build a new system from scratch because of the cost to build it.

| tackled this problem with an approach of cooperation among information service systemsaming at
satisfying users' various needs. |mproving the cooperative capability of a system expandsits services.
In the case of the terminological systems, a user can use unfamiliar service system navigating with
his’/her familiar terminological system. In the case of the information retrieval systems, a user can
search unfamiliar systems using their familiar search client or interface.

My approach to improve the cooperative capability of a system was applied to two information
service systems: terminological systems and information retrieval systems. These two systems were
chosen for the following reasons. Both systems provide the basis for the information service systems
and play an important role in the service systems. And, both systems involve many different organiza-



tions and/or individuals in building, providing and maintaining each system. Some of both system is
not independently provided, since information services are often provided with cooperation of them.

Next, | describe details of my three main studies.

First, the cooperation among information retrieval systems was achieved by the 239.50 standard.
Z39.50 isacommunication protocol for information retrieval service. Users have aneed to use various
retrieval systems with their familiar search client. Providers of a retrieval system have a need to
allow users to search their system by providing just a single server. In order to satisfy these needs,
Z39.50 was developed as an international standard. Early in 1999, we were one of the first group that
developed aretrieval system based on Z39.50 for Japanese bibliographic data. |1 developed a Z39.50
retrieval system (Z39.50-JP) supporting for the cooperation among retrieval systems. | showed that
Z39.50-JP was suitable for practical use for large Japanese bibliographic data set. | devel oped another
Z39.50 system (Z239.50-DC) for solution of the mapping problem of the attribute set in Z39.50 that had
been pointed out and was pointed out in this study also. Z39.50-DC uses the Dublin Core Metadata
Element Set as a common schema. Z39.50-DC stores bibliographic data in a format of the Dublin
Core metadata and allows a user to search the system using the Dublin Core access points.

Second, the cooperation among terminological systems was achieved by an approach that heteroge-
neous terminological systems can be seen as acommon hierarchical structure. By using this approach,
various terminol ogical systems can be used to create cooperative systems that have the common struc-
ture, and can be utilized asinformation resources. A terminological system has a structure, particularly
a hierarchical structure, among the terms. Specifically, it includes taxonomies, thesauri, dictionaries,
Web directories, and Web sitemaps, and comprises terms and hierarchical relationships which the
terms have. The exact meaning of hierarchical relationships differs from one terminological system to
another. | unified hierarchical relationships and used the resulting relationships as a basic structure. |
developed a browsing system (MTermBrowser) for various terminological systems based on the ap-
proach of the unified relationships. A user of MTermBrowser can integrate one or more terminological
systems in arbitrary combination and browse the integrated result as a graphical representation, and
understand the hierarchical relationships among selected terms intuitively.

Third, the Web services provide ainfrastructure of cooperative software systems that communicate
messages based on XML through the WWW. My approach to cooperative heterogeneous information
service systems can be used with a infrastructure of the Web services. To achieve the cooperation
among some basic information service systems, including terminological systems and retrieval sys-
tems, is often needed rather than a stand-alone system, a framework for handling a basic system as a
sub-system of another system is needed. So, | applied the framework based on the Web servicesto the
basic information service systems: terminological systems and retrieval systems. | suggested a coop-
erative method for providing data of terminological systems through the Web services and cooperating
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terminological systems with heterogeneous information service systems including retrieval systems.
My method is aframework that allows each terminological system to be commonly accessible through
the Web services from the Internet. | developed an information service system (TermWS) that provides
data of aterminological system based on the framework. And | developed two applications that used
TermWS in cooperation with other information service systems. Since TermWS allows a user easily
access data of each terminological system in acommon way, it is possible to build various cooperative
applications using TermWS and to provide, use and reuse aterminological system more flexibly.

In this paper, | described the cooperative information service systems. | think that three concepts,
unification, cooperation and independence, are important for the cooperation among information ser-
vice systems.

First, unification of a system means that information resources can be shared by using a system
in common way. Unification of a system enables more flexible use of the system; e.g. a user can
switch easily from one system to another. In case of aretrieval system, it is necessary that the system
can communicate with others by using common protocol and structure of queries. In 239.50-JP and
Z39.50-DC, | showed that aretrieval service based on 239.50 protocol alowed auser to use the server
with any Z239.50 clients from around the world. In case of aterminological system, it is necessary that
the system have the structure of terms and relationshipsin common with the others. In MTermBrowser
and TermWS, | focused on terms and hierarchical relationships of the systems and standardized them.
As aresult, various terminological systems, which are created for various purposes, can be used in
common way.

Second, the cooperation of a system means that various different service systems can be used co-
operatively with each other. By improving cooperative capabilities of a system, it is possible to add
new capabilities to the system easily. Additionally, it is possible to provide a new service by com-
bining existing systems. In the case of Z39.50-JP and Z39.50-DC, the system can cooperate with
other systems based on Z39.50. In the case of MTermBrowser, | developed a method that cooperates
with multiple terminological systems by integrating terms and rel ationships of the systemsin arbitrary
combination. In the case of TermWS, | successfully developed applications that provide cooperation
between terminol ogical systems and various service systems based on the Web services.

Third, the independence of a system means that the system can be independently operated and man-
aged under the present distributed network environment. By providing a system independently, it is
possible to provide many service systems for various purposes because it is important for individ-
ual person or organization to create and provide effectively information from them. In the case of
Z239.50-JP and Z39.50-DC, each system isindependently provided through Z39.50 protocol under the
distributed network environment. The terminologica systems have the nature of independence due
to their purposes. So, MTermBrowser and TermWS support it. Especially in TermWS, | suggested a
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method to provide data of terminological systems under distributed network environment and devel-
oped the system based on the method.

Thus, | studied information service systems based on the cooperation of various systems aiming to
overcome disadvantages of existing systems. | believe that the cooperative approach like this study
can be applied to different systems other than retrieval system and terminological system, and an
application of the cooperative approach to the system makes more effective service and satisfies more
users' needs.
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4 N

<Topic r:id="Top/World/Japanese/ 000000 /000000 /0000000

<catid>499398</catid>

<d:Title>0000000</d:Title>

<narrow r:resource="Top/World/Japanese/ 00 0000/000000/0000000/00
gon/s

<narrow r:resource="Top/World/Japanese/ 00 0000/000000/0000000/000
gnv/s

<narrow r:resource="Top/World/Japanese/ 000000 /000000/0000000 /FTP"/>

<narrow r:resource="Top/World/Japanese/ 00 0000/000000/0000000/000
gooooooon/s

<narrow r:resource="Top/World/Japanese/ 00 0000/000000/0000000/0000
goooon/s
</Topic>
<Topic r:id="Top/World/Japanese/ 000000 /000000/0000000/000000000">

<catid>510586</catid>

<d:Title>000000000</d:Title>

<narrow r:resource="Top/World/Japanese/ 00 0000/000000/0000000/0000
00000 /odigo"/>

<narrow r:resource="Top/World/Japanese/ 00 0000/000000/0000000/0000
gooooO/aoL00000000000O0O00O"/>

<narrow r:resource="Top/World/Japanese/ 000000 /000000/0000000/0000
goooo/IcQ"/s

<narrow r:resource="Top/World/Japanese/ 000000 /000000/0000000/0000
00000 /MSN Messenger"/>
</Topic>
<Topic r:id="Top/World/Japanese/ 000000 /000000/0000000/00000000O
/0digo">

<catid>550024</catid>

<d:Title>0digo</d:Title>
</Topic>
<Topic r:id="Top/World/Japanese/ 000000 /000000/0000000/00000000O
/aoLO00000000000O0Ogrs

<catid>550027</catid>

<d:TitlesAOCL 00000000 O00O0O0O0O</d:Title>
</Topic>
<Topic r:id="Top/World/Japanese/ 000000 /000000/0000000/00000000O
/ICQ">

<catid>550138</catid>

<d:Title>ICQ</d:Title>
</Topic>
<Topic r:id="Top/World/Japanese/000000/000000/0000000/00000000O
/MSN_ Messenger">

<catid>550286</catid>

<d:Title>MSN Messenger</d:Titlex>
</Topic>
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$WORDS
$CHILDREN
$PARENTS

("510586" => ' 000000000 ");
("510586" => '550024|550027|550138|550286") ;
("510586" => '510586");
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<?xml version="1.0"?>
<wordlist>
<word id="134">
<name>0 0000 </name>
<child idref="135">00</child>
<child idref="136">00</child>
<child idref="137">0000</child>
<child idref="138">0000</child>
<parent idref="127">000 </parent>
<parent idref="128">0000 </parent>
</word>
</wordlists>

027 0000O0OOO XMLONDCO:0OOOOoGOoGoo

XMLOOOOUOOOOOOOO<word->00000000D0id00D00O00OO00OOCOOO ID
O0000<word>0000<name>0000000000000<word>000MO<parents,
<child>000000000D000O00O0DO0O0O0ODO0O0O0ODODOUOOOidref O0DDOOOO
OOooooo Iiboooood

00000 280 EDRONDCOODPO 300000000D0OODOOO0ODOODOOOODOOOO
0000000 U00ooo0OoDoogooog XMLOODOOXMLOODOOOOO 27000
OO0 XMLODOOOOOOOODODOODODOODOODOOOOO XMLOODOOO<word>000
originJ 0000000000000 0OOU0OOOOULOOULOUOODOUODODODODODb

00000 HWTMLOOOOOOODODOODO XMLOOOO HTMLOOODO XSLTOOOOOO
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<?xml version="1.0"?>

<wordlist>

<word 1d="86468" origin="http://www.ulis.ac.jp/ masao/wordlist/odp">
<name>0 000000 </name>
<child idref="288444">00</child>
<child idref="576022">0000000</child>
<child idref="576024">0000</child>
<child idref="576319">000000000</child>
<parent idref="77596">000 </parent>

</words>

<word 1d="593554" origin="http://www.ulis.ac.jp/ masao/wordlist/odp">
<name>0 000000 </name>
<child idref="593556">POV Ray</child>
<child idref="594116">Lightwave 3D</child>
<parent idref="584979">3D</parents>

</words>

<word 1d="4894" origin="http://www.ulis.ac.jp/ masao/wordlist/edr">
<name>0 000000 </name>
<child idref="92012">000000000000</child>
<child idref="92013">00000000000«</childs>

</words>

<word 1d="28589" origin="http://www.ulis.ac.jp/ masao/wordlist/ndc">
<name>0 000000 </name>
<parent idref="28583">0000000000</parent>
<parent idref="28584">0000 </parent>
<parent idref="28585">0000 </parent>
<parent idref="28586">0000 </parent>
<parent idref="28587">0000 </parent>

</words>

</wordlist>

028 0000000 XMLOODOOOOOOO:Oooooooooo

<?xml version="1.0"?>
<xsl:stylesheet xmlns:xsl="http://www.w3.0org/1999/XSL/Transform"
version="1.0">
<xsl:output method="text"/>
<xsl:template match="/">
digraph G {
<xsl:apply-templates/>

</xsl:template>
<xsl:template match="word">
"«xsl:value-of select="@id"/>"
[label="<xsl:value-of select="name"/>",style="filled",color="gray"];
<xsl:for-each select="child">
"<xsl:value-of select="@idref"/>" [label="<xsl:value-of select="."/>"];
"<xsl:value-of select="../@id"/>" -&gt; "<xsl:value-of select="@idref"/>";
</xsl:for-each>
<xsl:for-each select="parent">
"<xsl:value-of select="@idref"/>" [label="<xsl:value-of select="."/>"];
"<xsl:value-of select="@idref"/>" -&gt; "<xsl:value-of select="../@id"/>";
</xsl:for-each>
</xsl:template>
</xsl:stylesheets>
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xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" >
<env:Body>
<nl:doWordSearch xmlns:nl="urn:Term">
<term>0000</term>
</nl:doWordSearchs>
</env:Body>
</env:Envelope>
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<?xml version="1.0" encoding="utf-8" ?>
<env:Envelope xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:env="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" >
<env:Body>
<n2:doWordSearchResponse
xmlns:nl="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:n2="urn:Term"
env:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">
<return xsi:type="n2:WordSearchResult">
<exactMatchElements xsi:type="nl:Array" nl:arrayType="n2:Node[1l]">
<item>
<name xsi:type="xsd:string">0000</name>
<idref xsi:type="xsd:string">47888</idref>
</item>
</exactMatchElements>
<substrMatchElements xsi:type="nl:Array" nl:arrayType="n2:Node [44]">
<item>
<name xsi:type="xsd:string">0000000</name>
<idref xsi:type="xsd:string">30645</idref>
</item>
<item>
<name xsi:type="xsd:string">0000000</name>
<idref xsi:type="xsd:string">55142</idref>
</item>
0..00..d
<item>
<name xsi:type="xsd:string">00000000</name>
<idref xsi:type="xsd:string">95639</idref>
</item>
</substrMatchElements>
</returns
</n2:doWordSearchResponse>
</env:Body>
</env:Envelope>
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<?xml version="1.0" encoding="utf-8" ?>
<env:Envelope xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:env="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" >
<env:Body>
<n2:getWordList xmlns:nl="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:n2="urn:Term"
env:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" >
<id xsi:type="xsd:string">47888</id>
</n2:getWordList>
</env:Body>
</env:Envelope>

036 getWordLissOOOOooooooQ

<?xml version="1.0" encoding="utf-8" ?>
<env:Envelope xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:env="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" >
<env:Body>
<n2:getWordListResponse xmlns:nl="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:n2="urn:Term"
env:encodingStyle=
"http://schemas.xmlsoap.org/soap/encoding/">
<return xsi:type="nl:Array" nl:arrayType="n2:Word[1l]">
<item>
<origin xsi:type="xsd:string"></origins>
<parent xsi:type="nl:Array" nl:arrayType="n2:Node [2]">
<item>
<name xsi:type="xsd:string">000000</name>
<idref xsi:type="xsd:string">2913</idref>
</item>
<item>
<name xsi:type="xsd:string">0 0 </name>
<idref xsi:type="xsd:string">29007</idref>
</item>
</parent>
<name xsi:type="xsd:string">0 000 </name>
<child xsi:type="nl:Array" nl:arrayType="n2:Node[3]">
<item>
<name xsi:type="xsd:string">0000000</name>
<idref xsi:type="xsd:string">30645</idref>
</item>
<item>
<name xsi:type="xsd:string">0000000</name>
<idref xsi:type="xsd:string">55142</idref>
</item>
<item>
<name xsi:type="xsd:string">000000</name>
<idref xsi:type="xsd:string">95638</idref>
</item>
</child>
<id xsi:type="xsd:string">47888</id>
</item>
</return>
</n2:getWordListResponse>
</env:Body>
</env:Envelope>

0 37 getWordLissOOOoOooooooQ
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<?xml version="1.0" encoding="utf-8" ?>
<env:Envelope xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns:env="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<env:Body>
<n2:doGraphViz xmlns:nl="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:n2="urn:Graphviz"
env:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">
<dot xsi:type="nl:base64">ZGlncmFwaCBHIHsKICBncmFwaCBbcmFua2Rpcj0iVEI1XTsKICAONzg40CBb
bGFiZWw9IuaDheWgseaknOe00iJdOwogIDMwNjQlIFt sYWJ1bD015YWI5a2m
55gE500F5aCx5qSc57911107CiAgNDc40DggLT4gMzA2NDU7CiAGNTUXNDIg
W2xhYmVsPSLpgbjmip7nmoTmg4X1oLHmpJzntKIiXTsKICAONzg4OCAtPiAlL
NTEOMJjsKICASNTYzOCBbbGFiZWw9IuaWh+eMruaDheWgseaknOe0oiJdOwog
IDQ30Dg4IC0+IDk1NjM40wogIDISMTMgW2xhYmVsPSLjggLjggbjg4jjgs5£]j
g4Pjg4giXTsKICAYOTEZICO+IDQ30Dg40wogIDISMDA3IFtsYWI1bD01i5gSc
5781i1107CiAgMj kwMDcgLT4gNDc40Dg7Cn0K
</dot>
<format xsi:type="xsd:string">png</formats>
</n2:doGraphVizs>
</env:Body>
</env:Envelope>
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<?xml version="1.0" encoding="utf-8" ?>
<env:Envelope xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns:env="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<env:Body>
<n2:doGraphVizResponse xmlns:nl="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:n2="urn:Graphviz"
env:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">
<return xsi:type="nl:base64">Z3JhcGggMS4wMDAgNS4zNjEgMi43Mj IKbmOkZSAONzg4OCAgMi42NjcgMS4z
NjEgMS4yMTIgMC41MDAGS500F5aCx5gSc5781 THNvbG1 kIGVsbGl we2UgYmxh
Y2sgbGlnaHRncmV5Cm5vZGUgMzA2NDUgIDAUODA2 IDAUMZz YXIDEUN]E1IDAU
NTAwIOWFieWtpueahOaDheWgseaknOe00iBzb2xpZCBlbGxpcHN1IGISYWNr
IGxpZ2h0Z3J1eQpub2R1IDUIMTQyICAYL] Y2NyAWLjM2MSAXL] YXNSAWL] Uw
MCDpgbjmip7nmoTmg4XloLHmpJznt KIgc29saWQgzZWxsaXBzZSBibGFjayBs
aWdodGdyZXkKbm9kZSASNTY ZOCAGNC4 1NDIgMC4 zNj EgMS4 2NTcgMC4 1MDAg
S5paH54yu500F5aCx5gSc57S1iIHNvbGlkIGVsbGlwe2UgYmxhY2sgbGlnaHRn
cmV5Cm5vZGUgM] kxMyAgMi4wODMgMi4 zNjEgMS4wNjAgMC4 1MDAg44Ki44 Km
440I440X440D440ITHNVbG1kIGVsbGlwc2UgYmxhY2sgbGlnaHRncmvV5Cm5v
ZGUgMjkwMDcgIDMuMjYOIDIuMzYxIDAUODIz IDAUNTAwIOaknOe 00iBzb2xp
ZCBlbGxpcHN1IGJIsYWNrIGxpZ2h0Z3J1eQplZGdlIDQ30Dg4IDMwN]Q1IDQg
Mi42zMDYgMS4xNj cgMidwMjggMS4wMTQgMS4 2 M UgMC4 4MDYgMS4 ZMTkgMC4 2
Mzkgc29saWQgYmxhY2sKZWRNZSAONzg4OCAINTEOMiAOIDIUN] Y3 IDEUMTEX
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