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Abstract. Ontology-based web portal generation and management is
an active �eld of research and development. Recently , many systems
have been developed. However, many of them lack the integration of
web services which may provide more dynamic information and richer
functionalities. In this paper, we describe SPortS, an OWL-DL based
portal generation system that integrates semantic web servicesinto gen-
erated portals at the presentation level, the data level and the function
level. We present the portal generation process,the query decomposition
and the servicerecommendation algorithms through which semantic web
servicesare integrated tigh tly into the generated portal.

1 In tro duction

Becauseof its clear advantages over conventional methods[1], ontology-based
web portal generation and management has becomean active �eld of research
and development. SEAL[2] providesa generalframework for developingsemantic
portals. Numerous tools such as KA ON portal[3], ODESeW[4], OntoWeaver[5],
and OntoWebber[6] have beendeveloped to help design,generateand maintain
ontology-basedweb portals. However, thesesystemslack the integration of web
serviceswhich may provide more dynamic information and richer functionalities.
The integration of web servicescan bring the following bene�ts:

{ Integrating information providing servicesmay provide broader and more
up-to-date information that servesas an important extensionto the domain
knowledge.

{ Integrating world changing servicesmay transform the current portal that is
mostly limited to organizing and presenting domain knowledge to one that
can also help user act basedon contextual knowledge.

{ Exposing the portal itself as web servicesmakes it possible for other pro-
grams and agents on the Semantic Web to visit the portal.

Motiv ated by the above considerations,we have developed SPortS { a proto-
type ontology-driv ensystemthat automatically generatesservice-integrated web
portals basedon declarative speci�cations. The major featuresof the systemare
the following:



{ Basedon the common OWL-DL[7] formalism, semantic web services[8]and
domain knowledge are processedand presented uniformly in our system.
Hence,web servicesare treated as �rst-class citizens.

{ By decomposing complex queriesuntil they can be answeredusing available
web servicesand domain resources,we uni�ed the two information sources.
The result is that, besidesdomain resources,the information providing ser-
vicescan also transparently feedinformation to the portal. The information
servesas an important extension to the domain knowledge.

{ Through capturing recently visited concepts to form a semantic context,
SPortS can dynamically recommendworld changing servicesthat the users
may be interested in under the current context. In this way, not only the
portal's functionalities are greatly enriched by these servicesbut also the
portal's contextual knowledgeis exploited to help usersact in the portal.

{ SPortS usesOWL-DL as the underlying knowledge representation formal-
ism. Compared with RDFS, OWL-DL is more expressive in describing the
constraints on and relationships amongontologies.Meanwhile, unlike OWL-
FULL, OWL-DL is decidable and computationally complete with support
from many existing DL reasoners(e.g. FaCT[9] and Racer[10]).

The rest of the paper is organized as follows. Section 2 gives an overview
of the SPortS system. Section 3 discussesthe web portal generation and the
web service presentation process.Section 4 shows how to decomposecomplex
queriesto integrate information providing services.In section 5, we describe the
recommendationprocessof world changing servicesand �nally we concludethe
paper in section 7.

2 Overview of the SPortS System

In the design of the SPortS architecture(Fig.1), the main objective is to
integrate web servicesat the presentation level, the data level, and the function
level. Among them, the data level integration plays a central role of driving the
integration on the other two levels. In SPortS, data is stored in four knowledge
baseswhich are all basedon the OWL-DL formalism.

Domain Kno wledge Base storesthe domain classes,properties, and individ-
uals. It servesas the primary knowledgesourcefor the portal.

Service Kno wledge Base storesOWL-S1 descriptions of all available seman-
tic web services.Through this knowledgebase,SPortS can retrieve services'
speci�cations to render or invoke them.

Site Kno wledge Base contains the site ontology usedto model the portal at
a conceptual level and stores the declarative speci�cation of the portal as
the instance of the site ontology.

1 http://www.daml.org/services/o wl-s/1 .0/



Fig. 1. SPortS architecture

Meta Kno wledge Base is designedto enableus to directly manipulate classes
and properties in other knowledge basesas individuals. This capability is
necessaryin a semantic portal system becauseof the need to show and
processboth classesand individuals at the sametime.

Basedon the common OWL-DL[7] formalism, the four knowledgebasesare
grouped into a virtual knowledge basewith a uni�ed ontology. Queries issued
to the virtual knowledgebasecan be expressedin the uni�ed ontology without
caring how knowledgefrom di�eren t knowledgebasesand servicesis composed
to answer them. This task is actually accomplishedby the Query Decomposition
Engine. In this way, knowledgefrom di�eren t knowledgebasesand even services
are integrated and can be accessedtransparently .

The portal creation processconsistsof two phases,the designphaseand the
generation phase. The major task of the design phase is to prepare the four
knowledgebases.The domain knowledgeengineerbuilds the domain knowledge
baseand then the default site knowledge baseis automatically generatedfrom
it. After that, the portal designerdesignsthe content, layout and navigational
structure of the portal by customizing the default site knowledge base using
the customization tool. At the same time, the service integration engineer is
responsible for populating the service knowledge base with available semantic
web services.

During the generationphase,the Output Generator runs asa daemon.Upon
receivinga URL, it dynamically constructsa webpage.This construction process
achievespresentation level integration, which will be described in Section3. The
data presented in the webpageis retrievedvia the Query Decomposition Engine.
The query decomposition processis discussedin Section 4. Decomposedqueries



that can be answeredby a single knowledgebasesare ultimately processedwith
the help of the inferenceengine.

When a user browsesweb pages in the portal, the Recommendation Ser-
vice intelligently analyzescontext knowledge and recommendsworld changing
servicesthat the user may be interested in. The recommendedservice can be
presented in the portal for invocation, which achievesfunction level integration.
Section 3.2 and Section 5 will give more details about this process.

3 Portal Generation and Service Presentation

3.1 Site On tology and Portal Generation

Fig. 2. Overview of the Site Ontology

The site ontology is designedto model web portals at a conceptual level. As
shown in Fig.2, the site ontology includes the following core classes:container,
classbinding, layout, presentation and navigation rule.

In SPortS, the content of a web page is grouped into a tree of containers.
Atomic containers are mainly used to present the concrete information, while
composite containers group and layout the contents. In this paper, we use our
lab's internal portal, Apex-Lab-Portal, as an example. Fig.3 shows a web page
of the portal and the tree structure of its container.

The content of an atomic container is speci�ed as the result of a query over
the virtual knowledgebase.Currently , queriescan only be expressedin the form
of OWL-DL classdescriptions. Hence,the content of an atomic container is the
set of all individuals of the query class.This limitation is further discussedin
section 4.1. For example, in Fig.3, the BannerContainer represents its content
using the following classdescription:

f Project, Graduate, UpcomingConference,Documentg (1)



Fig. 3. A web page of the Ap ex-Lab-Portal example

It is an OWL-DL enumerated class in the meta knowledge base. Note that
Project, Graduate, etc. are individuals in the meta knowledge base, while in
the domain knowledge base they are classes.As another example, the index
container use the following classdescription:

9 focusedBy:f apexLabguConferenceu9 hasDeadline: (9 laterThan:f todayg) (2)

This is actually a classin the virtual knowledgebasebecausethe apexLab indi-
vidual only exists in the domain knowledgebase,while the laterThan property
only exists in the capability descriptions in the serviceknowledgebase.The two
exampleclassesasquerieswill be answeredby the Query Decomposition Engine
and we can seethat the atomic container can easily compose its content with
information from the virtual knowledgebaseregardlesshow and from where the
information is obtained, even from the invocation of web services.Section 4 has
more details for this example.

To further customizewhat properties of and how the individuals in an atomic
container are displayed, class bindings are attached to containers. Every class
binding has a bound class,a layout, and a presentation. When an individual i
in an atomic container O is to be presented, i must usea classbinding B whose
bound classC satis�es i 2 C and B must be attached to O or O's ancestors.For
example, in Fig.3, the classbinding of the IndexContainer determinesthat only
the namesof the conferencesare displayed. In contrast, in the DetailContainer,
the names,date, place, etc. of the conferenceare displayed using the following
DetailConfView classbinding:



ClassBinding: DetailConfView
Bound Class: Conference
Properties: Logo, Name, Date, Place, Submission Date,

Noti�cation Date, Final Date, Host
Layout: Vertical
Presentation: Default

In the above example,the Vertical layout arrangesthe properties to display, and
the valuesof theseproperties are presented recursively until a presentation can
fully handle them. A presentation is actually a pieceof program that completely
handles the rendering of the matched individual. In this way, using a service
presentation, SPortS can also render semantic web servicesbecausethey are
described in OWL-DL in the virtual knowledge base. We further discuss this
issuein Section 3.2.

To model the navigational structure of the portal, the classnavigation rule
is de�ned in the site ontology. Recall that a web page is modelled as a tree of
containers. The navigation from one pageto another is thus modelled as a tree
transformation that replacesa subtree with another one. The transformation is
triggered when an item on a web pageis clicked. A navigation rule bound to an
appropriate container is then activated to actually transform the web page.

A navigation rule consistsof a content condition, a structural condition, the
subtree to replace, and a template for generating a new subtree. In SPortS,
all clickable items are individuals in the virtual knowledge base. The content
condition is met if the clicked individual is an instance of a virtual knowledge
baseclassde�ned in the content condition. The structural condition is met if the
clicked individual is presented in a container de�ned in the structural condition.
For instance, the following navigation rule is bound to the RootContainer:

Content Condition: Conference
Structural Condition: IndexContainer
Subtree to Replace: DetailContainer
New Subtree: DetailContainer( f clickedIndividualg)

When the user clicks any conferencein the IndexContainer, e.g. ECAI, the con-
ferenceis then presented in the DetailContainer, as shown in Fig.3. Since the
content condition is actually a classde�ned in the virtual knowledgebase,web
servicescan also be used to activate navigation rules just like other kinds of
individuals. An example is given in Section 3.2.

3.2 Presen tation of Semantic W eb Services

Basedon the common OWL-DL formalism, semantic web servicesand domain
knowledge are processedand presented uniformly in our system. In this sub-
section, we show in detail how web servicesare presented in exactly the same
manner using the mechanism mentioned above.

In Fig.3, there is a RecommendationContainer that lists dynamically rec-
ommendedworld changing web services.The OWL-DL classdescription of its



content is RecommendedService,whoseindividuals are retrieved by the Query
Decomposition Engine (ref. Section 4) via the Recommendation Service (ref.
Section 5). When the "Borro w proceedingsfrom library" servicelink is clicked,
the following navigation rule bound to the RootContainer is activated:

Content Condition: RecommendedService
Structural Condition: AccessoryContainer
Subtree to Replace: DetailContainer
New Subtree: DetailContainer( f clickedIndividualg)

The DetailContainer is then replaced to show the details of the clicked service.
Fig.4 illustrates the result page. The DetailContainer is attached with a class

Fig. 4. Detailed View of the Borrow-Proceeding Service

binding for semantic web servicesshown below:

ClassBinding: DetailServiceInputView
Bound Class: Service
Properties: NULL
Layout: NULL
Presentation: ServiceInputPresentaion

Since the Borrow-Proceedingservice is an instance of the Service class, it is
covered by this classbinding and is shown using the ServiceInputPresentation.
Becausethe service is fully handled by the presentation, there is no need to
specify the Properties and Layout for this classbinding.

Portal users then can input service parameters by �lling the form in the
DetailContainer. When the form is submitted, SPortS automatically invokesthe
Borrow-Proceedingserviceaccording to its OWL-S's WSDL grounding. Finally,
the e�ect of this invocation is againshown in the DetailContainer asan individual
of the \E�ect" class.



4 Query Decomp osition on Virtual Kno wledge Base

The primary motivation for designing the Query Decomposition Engine is to
provide a uni�ed query mechanism for the virtual knowledge base in order to
achieve data level integration. The engine enablesusers to issuequeries in the
uni�ed ontology without worrying about which knowledge baseor information
providing serviceactually answers the query. Furthermore, the engine not only
decomposesthe queriesbut alsocombinesquery results from di�eren t knowledge
basesor information providing servicesto answer the original complex query.
Through this method, potentially broader and moreup-to-date information from
servicescan be integrated into the portal and presented to the users.

4.1 Problem De�nition

Queries sent to the Query Decomposition Engine are expressedas OWL-DL
classdescriptions using the uni�ed ontology in the virtual knowledgebase.We
admit that this is actually a simpli�cation of the problem. More complex query
expressionsare actually possible.[11] proposeda formal description logic query
language and its algorithm for the Semantic Web. Although our compromise
constrains the capability to expressqueries to someextent, we �nd in practice
that most of the queriesin semantic portals can still be expressed.Besides,most
current DL reasoningenginesprovidessupport for answering this typeof queries.
Precisely, the query is an OWL-DL class expressionC, and the answer set of
the query is f i j 
 j= C(i )g where 
 is the entire virtual knowledgebase.In DL
terms, the problem is thus an ABox retrieval problem .

We roughly divide the information sourcesin the virtual knowledge base
into two kinds. One is those information sourceswhosequery capability can be
declaratively speci�ed. For example, most information providing servicesare of
this kind. The query capability can be described by a set of input classdescrip-
tions I and an output classdescription O. Each input classdescription I 2 I
describesthe parameter type/classof an input i . Given all inputs of a service,O
describes the output of the serviceas a classof individuals. Both I and O can
be expressedin OWL-S pro�les. A concreteexample of I and O is given in the
next subsection.

The other kind of sources,however, havevery powerful query capabilities that
can not be expressedusing a singleclassexpression.The domain knowledgebase
is such an example. Backed by a DL inferenceengine, it can retrieve instances
for any class in its ontology. Nonetheless,given a query class, we require this
kind of sourcesbe able to tell whether the query can be answeredindependently
by themselves.

Given a query class expressionand the information sourcesin the virtual
knowledgebase,the SPortS Query Decomposition Engine should make the most
of the available sourcesto answer the query. For example, it is possible that a
query can not be answered alone either by the domain knowledge baseor the
information providing services.In this case,the Query Decomposition Engine
should do its best to combine them for answering the query. Recall that in our



Apex-Lab-Portal example the query classof the IndexContainer (as formulated
in Section3.1 formula 2) can only be answeredby combining Domain knowledge
baseand information providing services.

4.2 Query Decomp osition Algorithm

Queriesand capabilities of information providing servicesare expressedasOWL-
DL classdescriptions. Therefore, in theory, the query decomposition algorithm
needsto �nd a semantically-equivalent logic combination of several OWL-DL
classdescriptionsfor a givenOWL-DL query class.To perfectly solvethe problem
of query decomposition is very di�cult if not impossible.Currently in SPortS,
we attack the problem via a syntactical approach.

Any OWL-DL classdescription can be parsed into a syntax tree. According
to the OWL-DL abstract syntax de�nition in [7], the tree has 6 basic elements
shown in Fig. 5. In our running Apex-Lab-Portal example (Fig.3), in order to

Fig. 5. OWL-DL Syntax Tree Elements

show a list of upcoming conferencesfocusedby our lab in the IndexContainer,
the query classas formulated in Section 3.1 formula 2 is

9 focusedBy:f apexLabguConferenceu9 hasDeadline: (9 laterThan:f todayg) (3)

Its syntax tree is shown in Fig.6. The conferencesmust satisfy two requirements.
Firstly , they must be focusedby the Apex lab. This can be expressedas

9 focusedBy:f apexLabg u Conference (4)

which can be answered by the domain knowledge base. Secondly, the paper
submissiondeadline must be later than "to day". In fact, the paper submission
deadlineof a conferenceis not �xed becauseit may changefrom year to year and



even in one year it may still be postponed. In our Apex-Lab-Portal example, a
semantic webserviceis built that periodically crawls the conferences'websitesto
collect the paper submissiondeadlinesof conferences.It then has the capability
to return a list of conferenceswhosepaper submissiondeadlinesare later than an
input date. The input classdescription of the service'scapability is I = f Dateg.
The output classdescription O is

Conferenceu 9 hasDeadline: (9 laterThan:f input g) (5)

where input 2 Date. The syntax tree of O is shown in Fig.7.

Fig. 6. Syntax Tree of Query
Fig. 7. Syntax Tree of Service Output

It is clear that the classexpression(3) can not be answered alone either by
the classexpression(4) or (5). Yet the intersection of the latter two is exactly
the answer. This is also re
ected on the query's syntax tree (Fig.6). The left
two subtreescan be answered by the domain knowledgebaseand the right two
subtreescan be answered by the service. Thus all the subtreesare covered by
at least one information sourceand the entire query can be answered.This idea
can be seenas a horizontal decomposition. Note that in Fig.5, only intersection
and union syntax tree has more than one sub-trees, therefore this idea is used
to decomposeintersection and union queries.On the other hand, we also need
a vertical decomposition method, i.e. query result of a sub-tree may be usedas
input to feedanother service.

The query decomposition algorithm works recursively on the query syntax
tree by repetitiv ely doing horizontal and vertical decomposition until the entire
query can be answered. If there are more than oneway to decomposethe query,
currently we assumethat any of them is acceptable.Before presenting the de-
tails of the algorithm, we �rst givede�nitions for the \matc h" and \semi-match".

Matc h: match(Q; S) is an orderedbinary relation. A query (sub)tree Q matches
a syntax (sub)tree S of a service'soutput classdescription if oneof the following
conditions is met.



{ S is an atomic classwith a ClassID and Q is an equivalent classof S.
{ S is f s0; s1; : : : ; sn � 1g, Q is f q0; q1; : : : ; qn � 1g, there is a one-to-onemapping

betweensi and qj that satis�es:
� if si is an input, then qj is an instance of the input classdescription of

si

� if si is not an input, then si is equivalent to qj .
{ both S and Q are cardinalit y restriction classesand they have exactly the

sameclassdescription.
{ S is 8Rs :Cs , Q is 8Rq:Cq, Rs is an equivalent property of Rq, and

match(Cq; Cs).
{ S is 9Rs :Cs , Q is 9Rq:Cq, Rs is an equivalent property of Rq, and

match(Cq; Cs).
{ S is Si 2S Si , Q is Q j 2Q Qj (S; Q are the set of operandsin S, Q, respec-

tiv ely) , and 9f : S ! 2Q that satis�es:
� 8Si 2 S match( Q j 2 f (Si ) Qj ; Si )
�

S
Si 2S f (Si ) = Q

{ S is
F

Si 2S Si , Q is
F

Q j 2Q Qj (S; Q are the set of operandsin S, Q, respec-

tiv ely) , and 9f : S ! 2Q that satis�es:
� 8Si 2 S match(

F
Q j 2 f (Si ) Qj ; Si )

�
S

Si 2S f (Si ) = Q
{ S is : s, and Q is : q, match(q; s).
{ S is an serviceinput, Q is an instanceof the input classdescription of S (note

that this instancecheck may be performed in the meta knowledgebase),and
Q can be further decomposedand answered.

Semi-Matc h: semimatch(Q; S) is an orderedbinary relation. A query (sub)tree
Q semi-matchesa syntax tree S of a service'soutput classdescription if one of
the following conditions is met.

{ S is i Si , Q is j Qj , and 8Si 9 Qj match(Qj ; Si ).
{ S is

F
i Si , Q is

F
j Qj , and 8Si 9 Qj match(Qj ; Si ).

The following is the query decomposition algorithm.

0 QueryResult decompose(Subtree Q) f
1 if (domainKB.canAnswer(Q)) return domainKB.answer(Q);
2 for each service S do
3 if (match(Q,S)) return S.invoke();
4 if (Q.isIntersectionOrUnion())
5 QueryResult R = NULL;
6 mark all operands of Q unmatched;
7 for each operand O of Q do
8 if (decompose(O)!=NULL)
9 R = doIntersectionOrUnion(R,decompo se(O));
10 mark O matched;
11 repeat
12 for each Service S do



13 if (semimatch(Q,S))
14 R = doIntersectionOrUnion(R, S.invoke());
15 mark all the operands used in S matched;
16 until all operands matched or no more operands can be matched
17 if all operand matched return R;
18 return NULL;
19 g

Line 4 to 17 in the above algorithm is doing a horizontal decomposition us-
ing semi-match judgements in line 13. The judgements actually depend on the
order of servicesin the for loop of line 12. For example, though at �rst one
service may not be semi-matched, using the output of another semi-matched
serviceas its input may enable it to be semi-matched. However, this order can
not be determined aheadof time. Hence,line 11 to 16 repeatsuntil a �x point is
reached. In this algorithm, line 3, 8, 13 recursively calls match, semi-match and
decomposefunctions and may lead to vertical decompositions.

4.3 Discussion

The above query decomposition method leavessomeopen problems. First, de-
scribing query and servicecapabilities using OWL-DL classdescriptions is not
enough.Work on DL query languagessuch as[11] may provide solutions for this.

Second,becauseof our syntactical approach, the current algorithm can not
decomposesomequeriesthat can actually be decomposedat the semantic level.
For example,A \ B can not be answered using A [ B in the current algorithm.

Third, there may be more than oneway to decomposethe query and give the
answer and it is possiblethat di�eren t servicesgive di�eren t information about
the samething. How the decomposition enginechoosesthe best oneaccordingto
the reputation and other attributes of the servicesis thus a problem. Research
on trust and reputation on the Semantic Web may help solve this problem. In
addition, the engineitself may learn from past experienceto chooseone.

Finally, even if the query can not be answered accurately, giving a close
subset or superset of the query result may also be very helpful for the user.
In SPortS, both syntax structure and DL inferenceengine can provide help on
judging sub-classrelation. We are now working on utilizing them to improve the
current algorithm.

5 Recommendation of World Changing Services

In web portals, especially E-Commerce portals, world changing servicesmay
play a pivotal role becausethey can perform real world (business)transactions.
Many current semantic portals are limited to only presenting domain knowledge.
Adding world changing serviceswill greatly enrich the portal's functionalit y and
help useract basedon contextual knowledge.However, simply listing all available
world changing serviceson the portal is far from an appropriate integration



method. Usersmay beoverloadedwith lots of irrelevant or uninteresting services.
SPortS solves the problem by listing only those servicesthat are contextually
relevant. The function is provided by another information providing service {
RecommendationService.

Intuitiv ely, the semantic context that determines which service is relevant
includes the concepts/classesthat the user recently visits. For instance, in our
running Apex-Lab-Portal example, when the user clicks a conferencelink to
show its details, he/she is probably interested in those services that involve
related concepts,such as conferences,papers, proceedings,etc at that moment.
Borrow-Proceedingis such a service.However, with time, the usermay gradually
shift his/her focus to other conceptsin the portal during his/her visit and the
list of relevant servicesshould changeaccordingly. We simulate this processby
assigningtemperatures to conceptsthat re
ect their degreesof user attention.
\Hotter" concepts receive more user visits and attention and the temperature
will be dropped if the conceptsare not visited by usersfor a while.

In SPortS, the semantic context is constructed based on an un-directional
graph G = (V; E) where V is the set of all the classesin the uni�ed ontol-
ogy of the virtual knowledgebaseand the edgesin E are the semantic relations
betweenclasses.The graph can be obtained by converting the OWL-DL descrip-
tions of the virtual knowledgebaseinto an RDF graph. Currently in SPortS, we
obtain the graph using a special algorithm that analyzesthe OWL-DL classde-
scriptions. For each vertex c 2 V , a temperature t(c) is assignedand for each
edger 2 E a thermal conduction factor d(r ) is assigned.All t(c) are initialized
to 0 and d(r ) are initialized according to the semantic types of r . For a path
p consisting of edgesr 0; r1; : : : rn in the graph, its thermal conduction factor
d(p) =

Q n
i =0 d(r i ). To measurethe mutual in
uences between any pair of ver-

tices c1 and c2, we de�ne the maximum thermal conduction factor betweenthem
as md(c1; c2) = maxf d(p) j p connectsc1 and c2g and we de�ne md(c;c) = 1 for
any c. Whenever a user visits someconceptsby browsing a web page, the fol-
lowing procedureis usedto update the temperatures of concepts:

0 void update temperature () f
1 let C be the set of the currently visited concepts;
2 let G = (V; E ) be the entire graph;
3 for each v 2 V , t(v) = � � t (v); // � is a cooling coefficient.
4 for each c 2 C do
5 for each v 2 V do
6 t(v) = t(v) + � � md(c;v); // � is the temperature increment.
7 for all v 2 V normalize t(v) into the range of 0..1;
8 g

The semantic context then consists of all the concepts and their current
temperatures. Based on this context, the relevance value of a semantic web
services is calculated as

rel(s) =
t(c0) + t(c1) + : : : + t(cn � 1)

n



where ci is the concept in the OWL-S description of s. The servicesare then
ranked according to the relevance values rel(s) and recommendedto the user.
In addition to the dynamic recommendation,SPortS alsosupports static recom-
mendation that always recommendsspeci�c servicesfor certain concepts.System
administrators can utilize this feature to enforcebusinesspolicieson servicerec-
ommendation.

6 Related Work

Recently , a great variety of technologies and systemshave been developed to
achieve the goal of automatic semantic web portal generation.Similar to SPortS,
they useontologies to model a data-intensive web site at a conceptual level. As
a result, the portal designercan focus on the conceptual structure of the target
portal and domain knowledge,independently of its realization.

SEAL[2] proposed a generic architecture for developing, constructing and
maintaining semantic portals, and extended the semantic modules to include
a large diversity of intelligent means for accessingthe web site, like semantic
ranking, machine accessing,etc.

ODESeW[4] is an ontology-basedapplication designedon the top of
WebODE[12] ontology engineering platform that automatically generatesand
managesa knowledgeportal. It provides functions for content provision, content
visualization, and content search and querying. It also provides an easy-to-use
tool suite for the administration of the generatedknowledgeportals.

The OntoWebber[6] is a tool that wasusedto build the Semantic Web Com-
munit y Portal as part of the OntoAgents project. It takes the sourcesfrom
ontologies in RDF or semi-structured data like HTML with corresponding data
translators.

I IPS[13]is another ontology basedportal generatingsystem.Similar to SPortS,
It de�nes a site ontology to model the navigational structure and the compo-
sitional structure of a data-intensive web site on the basis of pre-existing site
modelling approaches.It provides explicit mapping mechanisms,which make it
possibleto generatequickly site implementations from the conceptualmodel. On-
toWeaver[5] extends I IPS by proposing and intro ducing a customization frame-
work into the ontology-basedweb modelling approach to the design and main-
tenanceof web applications.

The fundamental di�erence between the SPortS approach and previous ap-
proaches is that SPortS tightly integrates semantic web services,both infor-
mation providing servicesand world changing services,into generatedportals.
Meanwhile, unlike all the previous approaches,SPortS adopts the OWL-DL as
the underlying knowledgerepresentation language.

7 Conclusion and Future Work

In this paper, we have presented SPortS, an OWL-DL[7] based semantic por-
tal system that integrates semantic web servicesinto generatedportals at the



presentation level, the data level, and the function level. At the presentation
level, semantic web servicescan be uniformly presented as �rst class citizens
with domain knowledge.At the data level, knowledgefrom information provid-
ing servicescan be retrieved and composedtogether with domain knowledgeto
answer complex queries. In this way, potentially broader and more up-to-date
information from servicescan be synthesized. At the function level, the rec-
ommendation of world changing servicesgreatly enrichesthe generatedportal's
functionalit y and canhelp usersact in the portal basedon contextual knowledge.

Currently , the SPortS protot ype system is limited in the following aspects.
At the presentation level, the generatedportal is only in HTML, which makesit
di�cult for the portal itself to be exposedassemantic web services.At the data
level, due to the lack of an appropriate OWL query languageand the di�culties
in decomposing queries,we cannot fully utilize the information to answer more
querieswith better results. At the function level, the portal personalizationis not
yet designedin the current protot ype.For example,the semantic context usedby
the service recommendation does not include any personalization information.
Our future work will be focusedon theseaspects.
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