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Abstract

On the Semantic Web, the semantic attributes of information resources are expressed by using gener-
al-purpose metadata expressions. Here, we explain technology for a peer-to-peer platform for sharing
not only existing metadata, but also metadata that has been extracted from each user’sactionsin thelocal
environment of that user's personal computer. That metadata expresses the semantic relationships anong
resources and is shared according to the interests of individual users. Gathered metadata can also be

employed by other users as knowledge.

1. Introduction

The Resource Description Framework (RDF) [1]
specifies a grammar for describing the semantic
attributes of information resources that can be identi-
fied by a uniform resource identifier (URI), such as
documents on the Internet. RDF is in the process of
being standardized by the World Wide Web Consor-
tium (W3C) as a metadata description language that
employs XML (Extensible Mark-up Language) asthe
representation format. XML can represent any data
structure but does not specify its semantic signifi-
cance. The RDF syntax, on the other hand, consists of
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a set of three elements—resource, property, and
value—as shown in Fig. 1. Taking a document as an
information resource, for example, if the property
“creator” is assigned the value “Hiroyuki Sato,” then
the fact that the creator of the document is Hiroyuki
Sato can be represented unambiguously. This charac-
teristic makesit possibleto use RDF asageneral-pur-
pose metadata description language that can be
processed by machine.

In this article, we introduce knowledge sharing
platform technology for implementing knowledge
management and other such services by sharing
metadata according to this general datamodel.

2. The Semantic Web

The Semantic Web [2] is an attempt to provide a
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<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<xmins:dc="http://purl.org/dc/elements/1.1/">

<rdf:Description rdf:about="http://www.ntt.co.jp/.../docA.doc">
<dc:creator>Hiroyuki Sato</dc:creator>

</rdf:Description>
</rdf:RDF>

Fig. 1. Example of RDF syntax and representation by XML.
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system for solving complex problems by treating
Web resources from a semantic perspective based on
RDF. It involves the use of RDF to create metadata
for various information resources. Doing so makes it
possible, to take asimple example, to perform a pre-
cise search for only those documents that have been
created by “Hiroyuki Sato”, akind of search that is
not possible with conventional keyword search meth-
ods. If an ontology concerning a vocabulary of the
properties is provided together with the metadata,
then even more advanced kinds of search may be
expected. If it were possible to expressin an ontology
that “creator” and “author” have similar meanings,
then adocument that has“Hiroyuki Sato” asthevalue
of the property “author” could aso be returned by the
same search.

In addition to specifying the RDF syntax, W3C is
proceeding with standardization of the RDF Vocabu-
lary Description Language (RDF Schema), which
will dlow the definition of property vocabularies, and
Web Ontology Language (OWL), which is a specifi-
cation for using XML to describe ontologies. W3C is
thus advancing the construction of a foundation for
the next-generation Web, which will make possible
intelligent services implemented by means of auto-
matic machine processing.

3. Knowledge sharing platform

Metadata can represent the relationships among
resources as well as resource attributes such as “cre-
ator”. With RDF, both can be represented within the
same data model. Making use of that characteristic,
we propose a knowledge sharing platform that makes
it possible to automatically collect alarge volume of
RDF metadata and provide to the user various kinds
of background information concerning the content
items that are linked by the metadata. This platform
does not simply handle the metadata associated with
content on the Internet that has a URL (Uniform
Resource L ocator); the content documentsthat are on
the user’s PC are aso given unique URIs and meta-
data about those documents is accumulated in the
local environment. A mechanism for sharing that
metadata among multiple users as necessary by using
a peer-to-peer (P2P) protocol is also provided.

4. Aggregation of metadata

The question of who shall create the metadata,
which hasacost associated with it, is one of the major
problems for the Semantic Web. If services that pro-
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vide advanced search functions that employ metada-
ta become common, then each Web site might use
RDF descriptions to make its pages available for
searching. At present, however, there is no beneficia
effect to offset the cost of producing the metadata, so
most people can be expected to have a negative atti-
tude towards the creation of metadata. Therefore, for
the knowledge sharing platform, we took the
approach of extracting metadata that represents the
relationships among the content documents from
each individual user’s actions in handling the docu-
mentsin the local environment of that user’s person-
al computer. For example, when the user accesses a
certain document on the network and uses an editing
program to edit it in the local environment and then
saves the document under a different name (using the
editing program’s “Save as ..." function), an RDF
description that linksthe new and old documentswith
the property name “update” to describe the relation-
ship between the two documents is created.

5. Making use of existing resourcesand
technologies

We also believe that it is important to make effec-
tive use of existing metadata.

5.1 Utilizing file properties

The creator’s name and other such properties can be
extracted from files that have been saved from
Microsoft PowerPoint or other such software. Files
created by Adobe software have RDF metadata
embedded in them. In the knowledge sharing plat-
form, metadata can also be extracted from the infor-
mation contained in HTML META tags and treated as
an RDF metadata file that is separate from the origi-
nal file.

5.2 Utilizing a directory-type search service

A directory-type search service is being provided by
NTT-X’s goo'L. We believe the hierarchical relation-
ships among directory names (for example, the word
“J1" isunder “J-League”, etc.) can be represented as
an RDF schema. We provide away to extract directo-
ry dataas an RDF schemaand alow itsuseasasim-
ple ontology for information on the Internet.

5.3 Utilizing the concept base
Furthermore, to make use of existing technology,

*1 gooisaportal smilar to Yahoo!
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the concept base, which is a topic of research and
development at NTT Communication Science Labo-
ratories, is capable of presenting termsthat are deter-
mined to be similar in concept on the basis of lin-
guistic corporaand Japanese dictionaries and vocab-
ulary systems. Utilizing that technology in the plat-
form may make it possible to absorb semantic varia-
tions in the specification of metadata properties such
as “creator” and “author” when performing searches
for resources.

6. Semantic metadata handling method

ing to acontext bureau is caled a knowledge sharing
client. Various services can be offered to the user by
connecting multiple clients to a single context
bureau. The client acquires the information on rela-
tionships among content documents from user opera-
tions in application programs, thus generating meta-
datathat is then sent to the context bureau. There are
clients that have a function for searching context
bureaus for content-related metadata and displaying
the results.

7. Knowledge management

The knowledge sharing platform comprises context
bureaus and knowledge sharing clients, as shown in
Fig. 2.

The context bureau, an application program that
resides and operates on a personal computer, man-
ages the metadata that is generated on the computer
as each user references and edits documents. In addi-
tion to accumul ating metadata, it also uses aP2P pro-
tocol to search for metadata that has been accumulat-
ed by multiple remote context bureaus upon request
from aknowledge sharing client.

An application program that is capable of connect-

Knowledge sharing clients
Generation of

The collection of metadata for content documents
inside and outside of a company and the sharing of
that metadata as knowledge are illustrated in Fig. 2.
Making use of information that is buried within sys-
tems that are closed to individuals is an important
issue in knowledge management.

Thisfigure shows that a user who obtains a certain
application form template file from the Web site of a
related section in the company (Fig. 2, lower left)
knows that another user has applied in the past (Fig.
2, upper left) and that the file of the filled-out form
has been saved and its content can be referred to
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Fig. 2. Knowledge sharing platform architecture and operation flow.
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immediately. It also shows that a third user (Fig. 2,
lower right) has written some notes concerning the
filling out of that form. Also, information extracted
from agoo directory (Fig. 2, upper right) enablesthe
user to acquire the location of the service that has
been applied for in the directory.

8. Hyperclip: an application program for the
platform

Hyperclip [3] is atool that we have proposed as a
client application for the knowledge sharing plat-
form. It resides on the desktop of the user’s personal
computer and allows the user to ‘clip’ various kinds
of content documents in a bookmark-like manner.
This clipping is accomplished by a simple drag-and-
drop operation as the user dealswith various kinds of
local files and e-mail messages, or browses pages on
the Web. If theicon of anew content item is dragged
onto an existing clip, a dialog window prompts the
user for the relationship between the two content
items, allowing the user to select content relation-
ships that correspond to RDF properties (“is refer-
enced by”, “has new version”, “is comparable with”,
“is oppositeto”, etc.) from a pull-down menu.

An example of Hyperclip's graphical user interface
(GUI) is shown in Fig. 3. The upper part of Fig. 3
shows the situation where one user has registered
information for his or her own use. A clipping was
made of the file named “Use application template”
and then another document in a different format that
was found at the same time was clipped and the two
documents were linked with the relationship “is sim-
ilar to”. The relationship between content items is
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represented by semantic icons in the GUI. Double-
clicking on asemantic icon alows the relationship to
be edited. Double-clicking on the title of a content
item brings up the relevant application program to
open thefile for viewing.

Next, by right-clicking on the document title, the
user can search for remote metadata that other users
have generated. For example, to search for content
related to “ Use application template,” asearch can be
made with the URI of the content item as a search
key. If there are many relevant items, the scope of the
search can be narrowed by using property values. The
lower part of Fig. 3 shows adisplay of content items
that are related to the content item that serves as the
search key. We can see that a file that contains an
application form that has been filled out on the basis
of the template is registered by remote user “hiroyu-
ki” and afile of notes concerning thefilling out of the
form has been registered by “yutaka’. The degree to
which a user’s documents and profile are accessible
by others can be set by the user.

9. Application to communities

If the relationships among content items on a net-
work can be described by metadata that is indepen-
dent of the content documents, then other users that
access the metadata can add different annotations or
new relationships about the content without affecting
the original content or metadata, thus expanding the
metadata space. |f the RDF metadata maintained by
individual usersis collected and shared, it is possible
to form adynamic community that differs from BBS
(Bulletin Board System) like communication spaces,
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Fig. 3. Hyperclip screen images.
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which are provided only to usersthat access acertain
place on anetwork.

10. Conclusion

Centralized management of the huge quantity of
contradiction-containing RDF metadatathat is gener-
ated by individual users with the knowledge sharing
platform is considered to be an impossible task.
Therefore, we employed a P2P approach in which the
search scope and groups can be specified according
to need. We believe that the development of a plat-
form that dynamically collects any RDF metadata
without restriction to a particular domain, repository
management, or ontology translation anong multiple
services will contribute to the evolution of the future
Semantic Web. We further believethat, by embracing
the RDF metadata specified by the grammar as an
intermediate form for metadata conversion, thistech-
nology can be applied in the near future to the coop-
eration among multiple metadata services as well as
to services that employ RDF. If the utility value of
general-purpose metadata becomes higher than the
cost of creating it, we believe that RDF will rapidly
come into widespread use. We will continue with the
standardization of aplatform for immediately provid-
ing the optimum solution when that time comes.

References

[1]  http://www.w3.org/RDF/

[2]  httpi/hwww.w3.0rg/2001/sw/

[3] H.Sato, Y. Abe, and A. Kanai, “Hyperclip: aTool for Gathering and
Sharing Meta-Data on Users’ Activities by using Peer-to-Peer Tech-
nology” WWW2002 Workshop on Real-world RDF and Semantic

cs.rutf edl 11/

Web
final_submissions/paper12.pdf

70

Hiroyud Sato
Mermber Software Architecture Poject NTT
Information Sharing Platform Laboratories

ary o
M.S. degre from Kelo Uriversly in 1904 and
1996, respectively. In 1996, he joined NTT. In
1998, he received the outstanding paper award at
ICCESS, Hesamember of he IMormaton Fro
cessing Society of Jepan and the Human Inter-

Yutaka Abe

Member, Software Architecture Project, NTT
Informetion Shang latfor L aoretoies.

He received the B.S. and M.S. degreesin com-
puter science from Keio University, in 1999 and
2001, respectively. In 2001, he joined NTT.

VuklhlsKa(ay

or Rescah Enginess, Network Applica

o Pt Project, NTT Information Sharing
Platform Laboratories.

He received the B.S. degree in electronic-

Science and Technology, The Society of Instru-
ment and Control Engineers, and The Roboics
Society of Japan.

NTT Technical Review



