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Abstract

In this paper, we employ the RDF technology to
build a semantic web portal. The portal is divided
into content layer and program layer. The contents
of the portal are represented in RDF according to
the schema de¯ned in ontologies. The program layer
consists of application and indexing programs. The
application programs includes conceptual search, di-
rectory navigation, forum service and personalization
service. The indexing programs consist of ontology
editor, RDF parser, and content extraction program.
The separation of content and program makes it easy
to reuse of program for di®erent domains. At present
we take library as the domain of this research. Our
next step is to reuse the program layer by replacing
content of another domain.

1 Introduction

HTML is the main technology used to create the con-
tent of web sites. It is a good document standard for
presentation and web navigation. It, however, suf-
fers greatly from being di±cult to access and main-
tain the content. XML [1] separates structure and
presentation in document and it improves to some
extent the problems of HTML. However, the XML
structure, either in DTD [1] or Schema [2], can only
represent the compositional relationship between the
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higher and lower level elements, which is not su±-
cient as a representation of semantic content in docu-
ment. RDF [3], a data model in directed label graph,
enhances the shortcomings of XML by allowing user
expressing the property values of subjects. An RDF
document thus can be viewed as collection of subject-
predicate-object statements. An RDF schema is a
class of RDF having a speci¯c vocabulary for nodes
and edge labels. RDF Schema (RDFS)[4], a special
schema, provides facilities for user to de¯ne class,
subclasses, property, etc., which is used as the basis
for ontology development. DAML [5], adding practi-
cal considerations, is an extension of RDFS and be-
comes the most important ontology language. Based
on the common knowledge of ontology, the seman-
tic content of RDF ¯les created by di®erent parties
can then be shared, processed, integrated, and reused
by machines. The Semantic Web is a vision towards
this [13]. In this paper, we attempt to develop a web
portal using the ontology technology.

The essential idea is that all the information in
the portal, either newly created or imported from
sources in other format, is represented in RDF ac-
cording to ontologies obtaining from web site. Then
we develop a number of portal services, including con-
ceptual search and directory service based on domain
conceptual hierarchy, agent-based personal services
like news ¯ltering and event noti¯cation, and forum
service. We choose library domain as the target of
the design and implementation of the web portal.

This research is carried out in two parts. First is



the preparation of semantic content for the portal.
The sources of content are mainly from (1) the an-
notation of documents in various formats like HTML
and PDF, (2) importing data from SQL database, (3)
user's pro¯les, and (4) discussion data in forum. We
therefore need the following ontologies as the schema
of the above semantic content: publications (sub-
classi¯ed as book, magazine, and journal), author,
user's pro¯le, time, news, events, and forum. We did
not construct the ontologies from scratch; instead we
collected from ontology library, such as DAML on-
tology library, and made necessary modi¯cations for
our purpose. For the task of annotating document,
we employed OilEd as the annotation tool. The task
of importing data from SQL database, mainly for li-
brary online catalogue, is concerned with getting data
in database tables and stored in RDF according to the
schema of publication ontology. The sources of items
3 and 4 listed above are obtained when subscribing in
the portal and posting in a forum of special interest.
We provide graphical user interface for user's conve-
nience to enter the above data, which is then stored
in RDF. The second part is concerned with the de-
sign and implementation of application services for
accessing the web portal. In this paper, we provide
user with conceptual search, directory service, new
¯ltering, event noti¯cation and forum service.

In Section 2 we give a brief review of the back-
ground of the research. In Sections 3 and 4, we de-
scribe the design and implementation of the web por-
tal. Finally, we make conclusions and describe future
work.

2 Relevant Background

RDF

The Resource Description Framework (RDF) is a gen-
eral framework for the description of Internet resource
such as a Web site and its content. An RDF descrip-
tion (such descriptions are often referred to as meta-
data, or "data about data") can include the authors
of the resource, date of creation or updating, the or-
ganization of the pages on a site (the site map), infor-
mation that describes content in terms of audience or

Table 1: Web Pages was created by Richard and a
number "123456"
Object Attribute Value

http://www.w3.org/ creator #pages
#pages name Richard
#pages number 123456

content rating, keywords for search engine data col-
lection, subject categories, and so forth. The RDF
will make it possible for everyone to share Web site
and other descriptions more easily and for software
developers to build products that can use the meta-
data to provide better search engines and directories,
to act as intelligent agents, and to give Web users
more control of what they're viewing.

RDF's basic data model is simple: besides re-
sources, it contains properties and statements. A
property is a speci¯c aspect, characteristic, attribute,
or relation that describes a resource. A statement
consists of a speci¯c resource with a named property
plus that property's value for that resource. This
value can be another resource or a literal value: free
text, basically. Altogether, an RDF description is a
list of triples: an object (a resource), an attribute
(a property), and a value (a resource or free text).
For example, Table 1 shows the three triples neces-
sary to state that a speci¯c web page was created
with a name "Richard" and a number "123456." You
can easily depict an RDF model as a directed labeled
graph. To do this, you draw an oval for every resource
and an arrow for every property, and you represent
literal values as boxes with values. Figure ~Three-
triples shows such a graph for the triples in Table 1.
These example notations reveal that RDF is ignorant
about syntax; it only provides a model for represent-
ing metadata.

Ontology

Ontologies are explicit formal speci¯cation of the
terms in the domain and relations among them [15].
They are used to de¯ne common concepts, properties,
relationships, and constraints for people to share un-
derstanding in a domain. Ontologies range from very
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Figure 1: The diagram for the triples in Table 1

general terms that form the foundation for knowledge
representation in all domains, to terms that are re-
stricted to speci¯c knowledge domains [16]. In recent
years the development of ontologies has been moving
from the ¯eld of Arti¯cial-Intelligence laboratories to
the knowledge management [22] and the Web Ser-
vices integration [18]. In meta-ontology level, many
standards are introduced, such as KIF[19], RDFS[4],
DAML+OIL[20]. Methodologies of ontologies engi-
neering are also available in many researches [21].

Web Portals

A web portal is a web site that collects information
for group of users having common interests [14]. A
web portal provides interfaces for user to locate inter-
ested information in the portal according to the di-
rectory structure, personal interest, topic, etc. Users
of common interests can build their own community
to submit and share information.

To help locating information, index of information
is provided either by member of group under some
topic or tagged by the content provider. The in-
dices become the metadata to identify the topic of
the content. However, the subject-based indexing is
su±cient to satisfy the request by members of the
community portal. Thus it is necessary to index the
content of web portal with deeper semantic informa-
tion in order to make the services e®ective. To make
web portal meaningful, web portal can de¯ne ontolo-
gies for the community. The ontologies provide ex-
pressive schema for describing content of portal. In-
ference based on the schema can be used to improve
the access of portal content.

Forum

Publication Time

Person

Author User

Book

Magazine

Journal Event

News

Figure 2: The Relationships among ontologies

3 System Design

We refer to the knowledge processes describe in [22]
to formulate the following steps to build the portal.

1. Importing ontologies: Build or choose ontolo-
gies as the schema of metadata.

2. Annotation: Annotate the content of portal ac-
cording to the ontologies.

3. Indexing: Create indices for the metadata ob-
tained in the preceding step.

4. Use: The indexed metadata is ready to be used
by the application programs.

5. Maintenance: The process loops back to the
import step if new ontologies are created.

In the following we describe each step in turn and
then conclude with a system diagram.

Importing ontologies

This step is concerned with preparing ontologies to be
used as the schema for the description of portal con-
tent. In this paper, we decide to select appropriate
ontologies for our purposes instead of creating new
ones. The source of ontologies is mainly from DAML
Ontology Library [23]. Since our current domain is li-
brary, we built ontologies for describing publications,
person, forum, time, news and events. The publi-
cation ontology is further sub-categorized as book,
magazine and journal; the person ontology has two
sub-ontologies, author and user. The relationships
among the ontologies are summarized as shown in
Figure 2.
The ontologies are imported in an annotation tool,

here Ontoedit [24], as the schema to be used in An-
notation Step when creating metadata.



Annotation

The Annotation Step is to annotate the portal con-
tents with metadata. We use Ontoedit as the anno-
tation tool to create metadata. As mentioned in the
previous step, we have imported the ontologies into
Ontoedit, which results in a class hierarchy. The por-
tal contents need to be annotated are (1) documents
in various formats like HTML and PDF, (2)data from
SQL database, (3) user's pro¯les, and (4) discussion
data in forum. The ¯rst type of documents include
news and events. For each document of this type,
we create an instance of either news or event class.
The annotator then ¯lls in the value of each property
of the new instance as shown in the user interface
of the annotation tool. After ¯nishing the task, we
then export and save the instance as an RDF ¯le.
Book, journal and magazine information belongs to
the second type of content. Since the information is
stored in tables, we therefore extract data from the
tables and store them in an RDF ¯le of the corre-
sponding schema using SAX APIs in Java [25]. The
third type of metadata describes the personal infor-
mation, including the interested subjects, schedule,
and contact information. A pro¯le is created for a
person when subscribing the portal. User enters the
personal information through a form-based interface.
After submitting, the information is stored in an RDF
¯le according to the schema of user pro¯le. The last
type of content is created in a way similar to the
third type. The portal site provides a form-based
interface for user to post their opinions. The ¯elds
in the form are arranged according to the schema of
the forum ontology. The data collected from the in-
terface is therefore stored in an RDF ¯le using the
forum schema.

Indexing

The task of Indexing step is to parse the RDF ¯les
collected in the Annotation Step and then store in a
relational database 1. We use an RDF parser, SiR-
PAC [26], to convert RDF ¯les into the corresponding
triple statements. We create a table to store the re-

1We choose relational database because of its e±ciency and
reliability.

sulting triples. For each ontology we create a table
closely related to the schema of the ontology. Each
triple is store as a record in the triple table, and the
data in the triple is stored in the record of the corre-
sponding table.

Use

This step is concerned with providing services for user
to access the content of portal. In this paper, we pro-
vide user with conceptual search, directory service,
new ¯ltering, event noti¯cation and forum service.
Both the conceptual search and directory services are
built based on the conceptual hierarchies in the on-
tologies. The conceptual search interface provides
user with specifying query as the target class along
with the attribute-value pairs as the constraints of
the class. The search engine then searches the RDF
instances that satisfy the conditions and return the
result to user. The directory service interface lists
the top classes found in ontologies, so that user can
click on the interest class to expand the detailed con-
tent and list the associated instances. User can then
choose instances of interest. The portal provides the
following agent-based personal services: new ¯ltering,
event noti¯cation, and book reservation. News ¯lter-
ing and event noti¯cation services notify user by email
or Short-Message-System with selects news of interest
and new events. Finally, the forum service provides
places for users to exchange opinions for speci¯c top-
ics. It is a GUI that allows user to enter data for each
¯eld without knowing the class hierarchy behind the
interface. The resulting data collected from the in-
terface is stored in RDF. We then use the conceptual
search and directory service described previously to
help user access the content. Furthermore, the forum
service provides personal services such as subject-
based article ¯ltering by combining user's pro¯le and
the forum RDF.

After the prototype is built, we collect comment
from user to improve the functions of the portal.
When enhancing or modifying the service applica-
tions, the ontolgies may need to be modi¯ed or new
ones are created. We then loop back to the ¯rst step.
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Figure 3: Conceptual architecture of the web portal

Conceptual architecture

The steps described previously is summarized as a
two-layer conceptual architecture as shown in Fig-
ure~architecture. The content layer corresponds to
the importing and annotations steps described pre-
viously, while the program layer corresponds to the
indexing and use steps.

4 Implementation

We follow the procedure described previously to build
a library web portal by using the content of Tatung
University Library. The system architecture is shown
in Figure ~system-architecture). The application pro-
grams, including conceptual search, directory navi-
gation, forum service, news ¯ltering and event no-
ti¯cation, and login program are implemented using
HTML and JSP technology. The web server consists
of two programs Microsoft IIS and Apach Tomcat to
serve the interaction between user and system. At
present, the interactions are made through HTTP
and email. We are trying to extend the way of inter-
action using mobile devices, for example, WAP and
SMS. In addition to the application programs we also
have implemented the programs of the content layer
as shown in the lower part of the system architecture.
We use OntoEdit as the annotation tool, imported
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Figure 4: System Architecture of the library web por-
tal

with three ontologies, event, news and time, to cre-
ate metadata for the event and news documents cre-
ated in the library site. The converter and indexing
programs are implemented using Java with SAX and
SiRPAC. The result of indexing is stored in a SQL
database that is used as the knowledge base of the
application programs. There are existing programs
for library services, for example, booking service, ex-
piration noti¯cation, that are integrated into the web
site using SOAP.

Portal site demo

When a new user enters the site, she is asked to input
personal information, including contact information,
schedule and subjects of interest. After successfully
login the site, user is presented with a list of services
provided by the application programs. User can select
the services of interest. The service of event noti¯-
cation, news ¯ltering and forum service will present
personalized information, as shown in Figure 5, for
user according to the information in the pro¯le.



Figure 5: The personalized page

5 Conclusion and Future Work

In this paper, we describe the design of a semantic
web portal. We have implemented a prototype of li-
brary web portal. It achieves most of the primitive
functions described previously. This research is a pi-
lot study of our ontology-based application of digital
archive project. Its mission is building a web por-
tal using the ontology technology, so that we can see
how it works, the strong and weak points of ontology-
based services. Comparing with conventional web
portals, we can make better use of the semantic con-
tent in the RDF document to build new higher-level
services instead of creating new HTML document and
building database to account for new applications.

In this research we employed relational database
technology to build the knowledge base for the use of
application programs that were implemented using
Java technology. Due to the lack of inference capa-
bility supported by both technologies, it is di±cult
to add inference rules when developing the service
programs. In another paper [?], we have developed a
RDF triple store using relational database technology
and Prolog. Prolog is a rule-based language, which
supports rich inference capability. The inference ca-
pability can be used to complement the weak point
of this research. Our next step is extending our ex-
perience obtained from this experiment to the ¯eld of
digital museums.
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