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Abstract: Metadata is data about data. It is considered an ideal and a very useful solution
in describing/managing resources on the Internet. Especially, in the digital library field, metadata
plays an important role for integrating digital resources and offering information service. However,
from users standpoint, information service offered nowadays by any digital library is unable to
satisfy their diversified needs, such as, knowledge information, individualization information,
reusable and sharable information. A metadata model based on a new concept is required.

As an extension of our previous research issue, we proposed the concept of Structured Digital
Object (SDO is an abbreviation). SDOs are used for reorganizing/restructuring existing digital
resources, because SDO set is structured data about data, this paper call it metadata. Using the
metadata model based-concept of SDO, restructure various existing resources in existing digital
libraries, form the so-called "Global Digital Library ". The Global Digital Library can adopt Web
Services for information services. It can solve not only interoperability problems among
heterogeneous resources, heterogeneous systems and operating systems, but also can meet
individual user need to different granularities information. We also used Topic Maps to associate
SDOs with information resources that can be located in existing digital libraries or the global
digital library. Furthermore, because all the metadata is described by XML, achieve reusing,
sharing information.

In the paper, we give some demonstrations to approve the points described above.

Keywords: Structured Digital Object(SDO), Metadata Model, Global Digital Library, Web
Services, Topic Maps.

1 Introduction[1,2,3]

Metadata can be defined literally as "data about data," but the term is normally
understood to mean structured data about digital resources. It provides the underlying
foundation upon wihch digital resources management systems rely to provide precise
access to relevant resources. Metadata required to describe the highly heterogeneous,
multimedia objects on the Internet is infinitely more complex than simple metadata for
resource discovery of textual docments throught a library database. In digital resources,
there exists a wide variety of metadata formats, through relatively simple formats like
the Dublin Core Metadata Element Set (DCMES) and the more detailed Text Encoding
Initiative (TEI) and MARC, to highly specific formats like the FGDC (The Federal
Geographic Data Committee). Among these, the one of the most widely known
international metadata standard is the Dublin Core, an initiative that has a deliberate
focus on simple resource discovery.

Most current discussions of metadata in the library and information communities have
centered on issues of resource description and discovery. Creation and use of metadata
is likely to become an important part of all the digital libraries.

However, some of the major disadvantages of metadata were unreliability, subjectivity,
and lack of interoperability with respect to syntax, semantics, vocabularies, languages,
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and underlying models. Consequently, there are many researchers currently
investigating strategies to overcome different aspects of these limitations in an effort to
provide more efficeent means of organizing resources in digital libraries.

The goal of this article is to propose a metadata model based on the concept of
Structured Digital Object (SDO)that is expected to improve ability to access to relevant
resources in digital libraries regardless of the domain or format. Using the metadata
model based-concept of SDO, restructure various existing resources in existing digital
libraries, form the "Global Digital Library ". The Global Digital Library is a portal. It
can satisfy users for precise search, meet individual user need to different granularities
information. It can also provide Web Services for information services, and the function
of Topic Maps to associate SDOs with information resources. By the system functions,
we can solve interoperability problems, and achieve reusing, sharing information.

2 The Key Relevant Research Areas
In this section, we have identified waht we consider to be some the key metadata
research areas, both now and over the next few years. For each of the research areas, we
give a brief description of the work being undertaken and some key citations.
® Semantic Web: “The Semantic Web is an extension of the current Web in which
information is given well-defined meaning, better enabling computers and peple to
work in cooperation” (Berner-Lee, Hendler, &Lassila, 2001). There are two main
building blocks for the semantic Web :
€ Formal Languages-RDF, DAML+OIL, and OWL (Web Ontology
Language), which is being developed by the Web Ontology Working
Group of the W3C.
€ Ontologies-communities will use the formal language to define both
domian-specific ontologies and top-level ontologies to enable relationships
betwenn ontologies to be determined for cross-domain searching,
exchange, and information.
® Web Services (W3C Web Services Activity, 2003) are a relatively new concept,
expected to evolve rapidly over the next few years. They could be the first major
practical manifestation of Semantic Web-based thinking. Detailed-definition vary,
but Web services will enalbe the building of software applications without having
to know who the users are, where they are, or anything else about them. In the next
few years, Web services may be develped that can be understood and used
automatically by the computing devices of users and of public libraries. External
Application Services Providers (ASPs) may also provide such services. Web
services are based on open, Internet standards. The core standards and protocols for
Web services are being developed and are expected to be finalized by 2003. They
include (in addition to XML)
€ Web Services Description Language (WSDL)(WSDL,2003), which
enables a common description of Web Services;
€ Universal Description, Discovery, and Integration (UDDI)(OASIS,2003)
registries, which expose information about a business of other entity and
its technical interfaces.
€ Simple Object Access Protocol (SOAP)/XML Protocol(W3C XML
Protocol Working Group, 2003),Which enables structured message
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exchange between computer programs

® Metadata Harvesting: The Open Archives Initiative (OAI) provides a protocol for
data providers to make their metadata and content accessible-enabling value-added
search and retrieval services to be built on top of harvested metadata.

® Automatic metadata exraction: technologies to enable the automatic classification
and segmentationof digital resources. In particular, automatic image processing,
speech recognition, and video-segmentation tools will enable content-based
querying and retrieval of audiovisual content.

® Search engines:
B Smarter agent-based search engines;

Federated search engines;

Multimedia searh engines;

Multilingual search engines;

New searh interfaces-search interfaces that present results graphically;

Automatic/dynamic aggregation and generation of search results into

hypermedia presentation.

® Topic Maps (Topic Maps, 2000) is a new ISO standard for system describing
knowledge structure and associating them with information resources. Topic Maps
create a “virtual map”above the resoreces, leaving them unchanged.

® Annotation Systems The motivation behind annotation systems is related to the
issue of metadata trust and authentication-users can attach their own metadata,
views, opinions, and recommendations to particular resources or documents on the
Web, which can be read and shared with others. The basic philosophy is that we are
more likely to value and trust the opinions of people we respect than metadata of
unknown origin.

® Metadata schemas for resource description such as Dublin Core, IMS (Internet
Global Learning Consortium) and LOM (IEEE Learning Object Metadata) and
domian specific markup languages such as MatML (Materials Markup Language),
MathML (Mathematical Markup Language) or CML (Chemical Markup Language)
have evolved dramatically during the last five years, Much of this development,
however, has been a parallel evolution. There is often no clear indication of whether
or how resource level metadata should be integrated most effectively with domain-
specific content markup or with structural markup meant to describe the internal
architecture of resources.

Each of the key metadata research areas mentioned above alone cannot describe the
rich, granular, associative and recombinant digital objects potentially contained in
digital libraries. Therefore, powerful mechanisms for content and structure description
of digital libraries are required.

3 A Metadata Model Based on the Concept of Structured Digital Object
(SDO)[4]

In our study, “Metadata is a set of structured digital objects about resources in digital

libraries.” We use the definition throughout this paper.

To be faced with a great number of existing digital libraries and not to be able to precise
Information Architecture is the discipline dealing with the modern version of this

3

This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format,
BY as long as you give appropriate credit to the original author(s) and cite the source. https;//doi_org/1®_231@6/dcmi.9521®7822



#DCPAPERS

problem: how to organize existing digital libraries so that users actually can find what
they are looking for? Now metadata is creating as another information architecture.
Metadata is the foundation of all information retrieval. It is generally assumed when
organizing information that it consists of discrete objects. We use the term object here
for the entities being organized. In computer science metadata typically means schema
information, administrative information, and so on. However, in content management
and information architecture, metadata generally means "information about objects",
that is, information about a document, an image, a reusable content module, and so on.
Since it is the management of content we are primarily concerned with here, we gave
the definition, “metadata is a set of structured digital objects about resources in digital
libraries.”

Our study on Structured Digital Object was started from 2002. In the earliest stage of
development [5], to satisfy researchers’ high-precision search needs, we proposed the
concept of the “Computer-processable Digital Object (CPDO is an abbreviation)” as
retrieval target , and introduced hierarchy structure to describe granularity of CPDOs.
Granularity refers to how finely you chop your metadata. For example, in the standard
for encoding the full text of books using the Text Encoding Initiative (TEI) schema, a
book author may be recorded as <docAuthor> ISHIZUKA, Hidehiro</docAuthor>.
That’s all well and good, if you never need to know which string of text comprises the
author’s last name and which the first. Because we chop metadata into elementary
(atomic) units, different granularity of scientific information can be described/expressed
by combining CPDOs. It makes it possible to meet all the researchers’ needs for
different granularity by combining CPDOs. Meanwhile we gave some concrete
examples to illustrate how transform existing different resources into CPDOs, and
reasoned that it is improved precision to transform existing resources in digital library
into structured information based on CPDOs.

In the second-stage [6], concerning implementation, we reified the concept of CPDO and
proposed the concept of “Computer-Processable Structure Digital Object based on
XML(CPSDO/XML is an abbreviation)”, which is composed of elementary units of
information, and designed an information retrieval system based on CPSDO/XML for Web
resources, and developed a prototype using Merck Index data.

As an extension of our previous study, In this paper, we proposed a metadata model
based on the concept of Structured Digital Object (SDO is an abbreviation). The
Metadata set of SDOs is resource level metadata. Using the metadata model based-
concept of SDO, restructure various existing resources in digital libraries, form the
"Global Digital Library ". It is a portal, and can satisfy users’ high-precision search. Via
the Global Digital Library, you can use Web Services for information services. Up until
now, to express relationships among SDOs, we adopted hyperlink. For improvement, in
this paper, we introduced Topic Maps, and found it is effective, because it is a network
structure metadata and help us to navigate cross the Global Digital Library and existing
resources in digital libraries.

4  Architecture of the Prototype/Design for a Global Digital Library based on
SDO Metadata
Basically, there is no one-size-fits-all architecture that could address all problems in the
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digital library field. Our proposed architecture focuses on granular, associative, reuse
digital object and Web Services and Topic Maps technologies.

The architecture comprises two parts as depicted in Figure 1: Creating Metadata and
accessing/replying. Details are shown in Figture 2 and Figure 3.
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Figure 4 shows “granularity of the existing Merck Index data”, and Figure 5 shows
“granularity of the Global Digital Library Based-SDO Hierarchy Structure”. Compare
the two parts of “Sources and References”, because Figure 5 is organized by atomic
granularity, it can meet high-precision search. Figure 6-8 demonstrate the Global
Digital Library services based Web Services, and Figure 9-10 for reifying relation
between SDOs by Introducing Topic Maps. Figure 11 is the XML Topic resource of
Figrue 9.
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Merck Index

[THE MERCK INDEX Monograph Number:2317

[Chemical Properties

|Chemiral Properiies, THE MERCE INDEX Monograph Number: Ciprofloxacin

|Chemical Properiies, CAS REGISTRY NUMBER:$5721-33-1

|Chn1nll‘mperllm, CHEMIC AL NAME: 1- Cyelopropyl-6-flue ro-1,4-dihydro-4-ox0-T-(1-piperaz inyl)-3-guinolinecarboxylic acid;
IS‘J‘NONYMSHMmIe names anlior irademarks (capitalized) of fiile compound):

IMOLECUL&R FORMULA: C1THISFNIO3

MOLECULAR WEIGHT: 33134

EMOLECUIAB COMPOSITION:CEL62 %, H 5.48 %, F 5.73%,I 1L68%, O 14.49%.

Q?me.mm.

TURE REFEREN CES:Fluorinated guinolone antibacterial Prepn: K. Grohe ei al, DE 3142654 eidem. US4GT0444(1983, 1287 hoth to Bayer AG);
|K. Grohe, H. Heitzer,Ann.1987,29. Antibarterial spectrum invitro: B.Watt, F.V.Brown, J.Antimicroh. Chemother.17,605(1986); C.M.Bassey et al ihid 623,
C determn in hiological fluids: W.Gau et al, Lig. Chromatog8,485(1985). Pharmacoldnetics: G.Hoffleen et al, Antimicrob. Az, Chemather. 27,375

1585). Climical trials: C.A Ramirez et al.,ihid. 28,12001985); B.E. Scully et al, Lancet 1L819(1286) Symposia on antihacterial spectrum and clindeal wse:
ﬁ; J. Med 82, Suppl. 44, 1-404 (1987); J. Antindicreh, Chemother.26, Suppl. F.3-193(1990). Review of clinical safety and efficary in children: R Kubin,
i 21,413.421(1003)
PATmORhHHDN.DE?Iﬂ!Ed US46T0444
PATENTINFORMATION, Paient Number:DE 3142854;US4570444
Physical Property Information:Dec 255-257'C
Theraneutic catesary (Tn humans: THERAP CAT: Antihacterial

Fig. 4 Granularity of the existing Merck Index data
|MOLECUI.AR FORMULA: C1TH18FN3 03

|MDLECUIAR WEIGHT: 331.34

|MOLECUIAR COMPOSITION: Cal.62%,H 5.48%,F 5. 7344, 12.68%,0 14.49%,
Sources AND References :

hemical Information :

Generic Mame :Fluorinated quinolone antibacterial

|Suhje:t,Pr|:pn:

|RE'ERENCE:IC Grohe et al, DE 3142854;

|R_EF'ERENCE:eiﬂ.em US4670444(1983, 1987 both to Bayer AG);
|RII'EREI'ICE:IC Grohe, H. Heitzer, Ann. 19§7,29,

|Dﬂmr1n.ﬁimuﬁ.nn i

'Subject, Antibacterial spectrum in vitro:

|R.EI'ERENCE:B.W:ﬁ, F.V.Brown, J. Antimicrob. Chemother.17,605¢19846);
|R.EI'ERENCE:C.MBUI¢_T et al.,ibid.623.

|Suhje:t,I-IFLC determn in biological fluids:

|R_EI'ERENCE:W. Gau et al,Lig. Chromatog.8,485(1985).
|Suhje:t,P1umu:n]:ineﬁn:

|R_EI'ERENCE:G.anﬂmn et al, Antimirrob. Ag, Chemother. 27,375(1985),
Subject, Clincal trials:

|R_EF'ERENCE:C.A. Ramirez et al,, ibid. 28,128(1985);

|R_EFERENCE:B.F. Scully et al, Lancet 1,819¢1986) .

|Suhjer.t, Symposia on antibacterial spectrum and clinical use:
|R_EI'ERENCE:Am. J. Med. 82, Suppl 44, 1-404 (1987);

Fig. 5 Granularity of the Global Digital Library Based-SDO Hierarchy Structure

This article is licensed under a Creative Commons Attribution 4.0 International License,
OPEN a ACCESS which permits use, sharing, adaptation, distribution and reproduction in any medium or format,
[ as long as you give appropriate credit to the original author(s) and cite the source. https://doi.org/1 0.23106/dcmi.952107822



#DCPAPERS

The following operations are supported. For a formal definition, please review the

» MerckIndex

This web service is using http://tempuri.org/ as its default
namespace.

Recommendation: Change the default namespace before the XML
Web service is made public.

Each XML Web service needs a unique namespace in order for client applications to distinguish it
from other services on the Web, http://ftempuri.org/ is available for XML Web services that are

Fig. 6 Web Services for Merck Index

MerckIndex
Test

To test the operation using the HTTP POST protocol, click the 'Tnvoke' button,

Inwvake

SOAP

The following is a sample SOAP request and response. The placeholders shown need to be
replaced with actual values,

POST /MyFirstWebServicel/Servicel. asmx HTITE/1.1
Host: localhost

Content-Type: text/uml; charset=utf-3
Content-Length: length

BOAPActicon: "http://tempuri.org/MerckIndexn”

Fig. 7 Invoking Merck Incdex

<?uml version="1.0" encoding="utf-8" 7=
<string xmins="http://tempuri.org/"=MerckIndex!</string=

Fig. 8 Invoked Result

Describing Expressing Relationships
among SDOs by Topic Maps

FPatents
Journals

etc.

Fig. 9 Describing/Expressing SDOs Relationships by Topic Maps
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<7aml version="1.0" encoding="utf-8" 7=

- <Patent
smins:xsi="http:f fveww w3 .org /2001 fXMLSchema
-instance":

zPatentee=K.Grohe et al.</Patentes:
<PatentHumber=DE 312854 /Patenthumber:
</Patent=

Fig. 10 Resources Discovery by Topic Maps

<?xml version="1.0" encoding="UTF-8"?>
<?xml-stylesheet type="text/xsl" href="TopicMapsExample.xsl"?>
<topicMap xmlns:xlink="http://www.w3.org/1999/xlink">
<topic>
<baseName>
<baseNameString>Ciprofloxacin</baseNameString>
</baseName>
<occurrence>
<instanceOf>
<topicRef xlink:href="TopicMapsPatentsOccurrence.xml"/>
</instanceOf>
<resourceData>Patents</resourceData>
</occurrence>
<occurrence>
<instanceOf>
<topicRef xlink:href="TopicMapsJournalsOccurrence.xml"/>
</instanceOf>
<resourceData>Jurnals</resourceData>
</occurrence>
</topic>

5 Conclusion and Prospect

Metadata means many different things to many different people, and its effectiveness
depends on implementation resolving key issues, including: granular (high-precise
search), associative, reuse digital object and adaption for Web Services and Topic
Maps.

This paper provides a method for naming, identifying, and/or invoking digital objects in
a system of the global digital library that provides great flexibility and is will suited to
other field , such as E-learning. It allow the possibility of locating digital objects to use
Topic Maps . It also admit value-added convertions that various users may use to their
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own advantage.
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