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ABSTRACT to promote inter-operability in that they represent a shared
Ontologies provide a powerful tool for distributed agent- understanding that agents can use to express the informa-
based information systems. However, in their raw form they tion they exchange [15]. They provide a well-grounded, un-
can be difficult for users to interact with directly. Different derstandable structure for information, giving a reliable and
query architectures have used structured query languages asonsistent mechanism for communication. Therefore, agent-
an interface but these still require the users to have an experbased information management systems are designed to ma-
understanding of the underlying ontologies. nipulate information spaces expressed by ontologies, which

: . ) we callontological information spaces
By using an Open Hypermedia model as an interface to an

ontological information space, users can interact with such while the rigour and unambiguity of ontologies make them

a system using familiar browsing and navigation techniques, suitable for agent-based processing and reasoning, they can
which are translated into queries over the Underlying infor- be understood 0n|y by experts_ When the information is pre-
mation. Coupled with dynamic document generation, this al- sented to a user of the system, the raw ontologies often prove
lows Complicated querieS to be made without the user haVingtoo Comp|ex to be read”y understandable. An even more
to interact directly with the ontologies. difficult task is finding particular information in the informa-
tion space. Different query architectures [5, 4, 2] have used
structured query languages and ontologies in order to find in-
formation from multiple sources. However, they require the

Our key contribution is a notion of hypermedia links be-

tween concepts and queries within an ontological informa-

tion space. This approach is demonstrated with a Dynamic ! )

CV application built around the SOFAR agent framework and same I_evel of expertls_e from the user. AIternat|ve_Iy, keyword
searching, although simpler for the user, results in an impre-

the Fundamental Open Hypermedia Model (FOHM). In ad- ~. o .
dition to abstracting the interface, Open Hypermedia allows cise search because it ignores the inherent structure of the

alternative linkbases to be used to represent different ‘,querymformatlon space.
recipes”, providing different views and navigational experi-

Hypermedia provides users with a well-understood method-
ences to the user.

ology for interacting with information via browsing and nav-
KEYWORDS: Ontological Information Spaces, Funda- igation. Additionally,OpenHypermedia [1, 14, 30, 11, 27]
mental Open Hypermedia Model (FOHM), Agent Based is a paradigm that allows information to be customised and

Systems. adapted to the user. In this paper, we argue@ypn Hyper-
media is the right approach to solve the problem of interact-
INTRODUCTION ing with an ontological information space.

Agent-based processing is particularly well suited to the

highly dynamic nature of distributed information manage- In order to investigate the potential of the approach, we have

ment [19, 9, 18, 23]. In this context, ontologies are used overlayed a hypermedia model on top of an existing agent-
based ontological information space to provide a more in-
tuitive and natural interface to interacting with the underly-
ing information. We use hypermedia links that resolve to
queries over the information space. In this way, querying
the information space becomes a process of link following.
Documents are constructed on the fly from the knowledge
retrieved from the ontological information space. Further-
more, by using Open Hypermedia, the links, i.e. queries, can



be customised and adapted to the user. format, characterised by the entities, attributes, relationships

I _ and axioms of the domain.
Our key contributions are the following:

In philosophy, the word “ontology” denotes the science or

1. We introduce the new notion of hypermedia links associ- Study of being. Closer to our interest, the notion of “ontol-
ating ontological concepts with queries over an ontolog- ©9y” has received a lot of attention in the knowledge engi-
ical information space. During navigation, the traversal N€€ring community. One of the best known definitions is

of a link resolves to queries over the information space. 10M Gruber's [15]:An ontology is an explicit specification
of a conceptualisation.
2. We extend the Fundamental Open Hypermedia Model

(FOHM) [22] to support this form of link between con-  Pragmatically, an ontology is constituted of a vocabulary de-
cepts and queries. scribing a certain domain and a set of explicit assumptions

regarding the intended meaning of the vocabulary words. We

3. We adopt an Open Hypermedia approach by which dif- shall see some specific realisations of ontologies later in the
ferent linkbases (collections of links) represent different paper.

“query recipes”, providing different views and naviga-
tional experiences to the user. Ontologies aralesigned artifactsand it is an engineering

discipline to craft such ontologies [15]. Guarino and Giaretta
4. We have prototyped a system called gnamic CV  [16] even see ontologies as knowledge bases of a special kind
which is overlayed on an existing information space \hich can be read, sold or physically shared. An essential
managed by an agent framework. The engineering of property of ontologies is that they arsfaared understanding

this system allows us to report on the modularity, cus- of some domain that can be communicated across people and
tomisability and separation of concerns offered by our computers.

approach.
From the knowledge engineering point of view, ontologies
can be used t@nhance communicatiorend to promote

Let us note that there is a range of activities involving hyper- | L
dmter-operablllty

media and ontologies. In our approach, we are concerne

with browsing an existing information space managed by communication Enhancement:  In a specific application do-

distributed agents. We promote the use of hypermedia to main, users insist on using a normative model composed of a
drive the querying of information space through navigation. set of terms for communications. Such a specific model ex-
Other authors investigate the application of ontologies to hy- hresses a network of relationships which is regarded by the

permedia, with a view to improve the quality of navigation. gesjgners and the community as a good communication de-
[7,8,17, 28, 6, 10]. We will contrast the approaches in detail jjce.

later in the paper.

. ) ) ) i Additionally, well-defined ontologies are consistent and un-
This paper is organised as follows. First, we introduce the ambiguous. Natural language is full of ambiguity: for in-
notion of ontological information spaces, focusing on their stance, the word “orange” can be an adjective or a noun.
particular realisation in the_ SoFAR distribgted agent archi- p properly designed ontology will distinguish “orange” as a
tecture [23]. We then explain the lack of suitable solutions to ¢ojoyr from “orange” as a fruit. Furthermore, ontologies are
interacting with such information spaces and identify Open the result of a design involving several people, and therefore

Hypermedia as the paradigm that would provide us with all integrate several perspectives of a same domain.
the desired characteristics. We detail our reasons for adopt-

ing the Fundamental Open Hypermedia Model (FOHM) to Inter-Operability: Ontologies are good for promoting inter-
express the associations between concepts and queries ov@perability by enabling reuse of knowledge. Applications
the information space. We then present the Dynamic CV ap- can share information expressed in a common ontology and
plication, which illustrates our approach. Finally, we analyse they can understand and reason about it.

the system, before related research is examined and conclu'-A Based Distributed Inf on M
sions are drawn. gent-Base istributed Information Management

Distributed Information Management (DIM) is the term used
ONTOLOGICAL INFORMATION SPACES to describe the set of activities that allow users to manage
In this section we describe a notion of information spaces the entire life-cycle of information in a distributed environ-
based on ontologies and manipulated by agents performingment. The activities, also referred to BV tasks involve,
distributed information management tasks. We call ttoese =~ amongst others, document creation and publication, informa-
tological information spaces tion discovery and integrity maintenance.

The Notion of Ontology The large volume of highly dynamic information involved
An ontology can be defined simply as a conceptualisation of in DIM tasks is an ideal subject for agent-based processing.
a domain into a human understandable and machine readabl@his has been exemplified in several research projects, such



as Pattie Maes’ agents that reduce users’ overload [19] or<term name="Entity" extends="Predicate"
the numerous agents applied to the Internet or the WWW [9, abstract="yes">

18]. Our vision is that distributed information management </term>

may be regarded as the result of coordinating a multitude of

simple DIM tasks performed by agents [23]. <term name="Group" extends="Entity">

<field type="String" name="name"/>
In the context of agent-based DIM, ontologies play an essen-</term>
tial role:
The root of the hierarchy is the typeerm, which is also
1. They are the lingua-franca of agents, used to express thedbstract. Any concept or relation in a SOFAR ontology is an
contents of messages. extension ofTerm. Additionally, we introduce a notion of
Predicate thatis a kind ofTerm we can query about.
2. They are a common medium, which various information
formats can be converted to and from, typically through _io/1\ name="Predicate” extends="Term"
the use of wrapper agents. abstract="yes" >

. . <[term>
3. They represent an unambiguous shared understanding,

which participating agents have all signed up to.
A definition of a term contains a set of fields and their types.

4. They constitute a knowledge that is application indepen- Types may be any term declared in an ontology or any of
dent and can be used for multiple different purposes.  the following primitive types: Integer, Long, Object, String,
URL, Byte, Double, Character, Float, Short, Time.

Therefore, agent-based information management systems arén example of a relation between newly defined types is il-
designed to manipulate information spaces expressed via on{ystrated below, where Berson and aGroup are associ-
tologies, which we calbntological information spaces ated by arinGroup  relationship.

As an illustration of these ideas, we have designed an ontol-

ogy to characterise the set of activities taking place in our <term name="InGroup" extends="Predicate">
research laboratory. A sample excerpt of this ontology ap- ~ <field type="Person" name="person"/>
pears in Figure 1, where broad categories are events, roles, <field type="Group” name="group"/>
publications and projects. </term>

SoFAR ontologies The ontological definitions allow us to define typed data
SoFAR (Southampton Framework for Agent Research) is an stryctures, but also, they provide the foundation of a query
agent framework designed to address the problem of dis-|anguage over sets of such data structures. The benefit of
tributed information management. In this section, we explain this approach is a uniform handling of ontological terms and
how ontologies are defined in the framework; the reader in- qyeries over them. Our query language is based on pattern-
terested in other technical details about the framework is re- matching and requires addingriablesand constraintsto

ferred to [23]. ontological definitions.

In SoFAR, ontologies are organised along a hierarchy based| et us consider an instance of tierson term defined
on single inheritance. Terms of ontologies are defined by gpove.

the unique parent they extend and a (possibly empty) set of Person("Dr" ,"Luc" ,"Moreau" )
typed fields they contain. A term’s definition is expressed in
an XML syntax. For instance,Berson can be defined as
an entity composed of three fields.

If we regard this term as a query to an agdntit has the
following meaning: is &erson with title Dr, first name
Luc and family nameéMoreau known to the agenti? Any
of the fields can be replaced by a typed variable. For instance,

<term name="Person" extends="Entity"> the following term denotes all the persons with a first name
<field type="String" name="title"/> Luc.
<field type="String" name="personal"/> Person(?String ,"Luc" ,?String )
<field type="String” name="family"/> Variables are not restricted to primitive types, but can be
</term> used to denote any terms of an ontology. The following query

is expected to return all the persons with a first ndune and

It is sometimes convenient to define a term as abstract; suctfheir associated group.

a deplaration only defines a type, for which therg _cannot be InGroup(Person(?String ,"Luc" ,?String ), ?Group )
any instance. An example of an abstract ternkidity

which is extended by two terni®erson andGroup .
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Figure 1: A Sample Ontology (www.aktors.org)

Interaction with Ontological Information Spaces of relationships tends to resemble verbs, such as “HasPub-
The previous sections describe antological information lished” which does not map directly onto a “publication”
space which is a distributed ontology-based set of knowl- keyword; furthermore, a keyword search would be depen-
edge, accessible to a multitude of agents performing dis- dent on the language in which ontologies are expressed.
tributed information management tasks. While ontologies
are very suitable for agent-based processing, they are not di-
rectly suitable for interactive browsing by users.

Open hypermedia techniques constitute the right tool to
browse the ontological navigation space because they would
enable us to achieve a number of desirable characteristics:
For instance, obtaining the refereed publications that an aca-

demic has published requires non trivial queries making use 1. |ink navigation could initiate complex queries in the
of several relationships specified in an ontology similar to background.

the one of Figure 1. Composing such queries requires an in-

depth understanding of the ontology and its different entities 2. Possible queries could be suggested to users in the form
and relationships. It cannot be assumed that all users have  Of links to follow and customised according to their pro-

such knowledge. file.

Alternatively, providing a structured query language inter- 3- A separation of concerns could be achieved by separat-
face, such as SQL, would in no way solve the problem. ing the graphical interface, the process of querying, the
While agent-wrappers can convert ontologies into relational- ~ Process of link generation and the ontological informa-
database tables, building the query would also require an in-  tion space, which would make the architecture indepen-
depth knowledge of the different relations. dent of the actual application domain.

4. New queries over the information space could be ex-

A keyword search would result in an imprecise search be- ) : )
pressed without having to recompile the system.

cause it ignores the inherent structure of the information
space. Additionally, the mapping of keywords to entities or
relations may not be straightforward. Indeed, our encoding If ontologies are the right choice to express our information



space, the reader may wonder why such ontologies could notshape. This results in visual collections,Spacessuch as
provide the type of hypermedia activity we just described. lists and sets. Spatial hypertext systems are therefore ideal
The reason is as follows. Generally, ontologies are designedfor an evolving organisation of data. Examples of such sys-
to be task independent, so that they can be used in a widetems include VIKI [20] and CAOS [26].

range of applications. The requirements for browsing an ) i L ) )
information space are by far better fulfilled by hypermedia '2Xonomic Hypertext is the organisation of information ar-
techniques, which rely on their own domain conceptualisa- tifacts into Categories[24]. Where authors disagree about

tion (based on links, anchors, directionality, etc.). We feel it € categorisation, the Taxonomy can branch into different
is essential to use the right tool for every task, and our infor- PersPective$29]. Applications can allow users to navigate

mation space browsing is better handled by hypermedia. ~ the information space by moving between overlapping Cat-
egories and can also reason about the relationships that arti-

Summary facts have with one another.

Ontologies are good for agents and experts but they are not o

suitable for end-users. The paradigm of hypermedia naviga-~ Description of FOHM _ _

tion is also appropriate for navigating an information space of " FOHM we describe four first-class objects that are anal-
ontological terms. With this vision, link traversing initiates ©90US 10 the objects in the OHP data modabsociations

queries of the ontological space, whose results are formattec®'® Structures that represent relationships betzga ob-
as documents presented to the user. jects. These Data objects are wrappers for any piece of data

that lies outside of the scope of the model. They normally
In the next section, we introduce the linking model we have represent a document although one could represent any file,
adopted and in a subsequent section show how it can bestream or other item. It is exactly this feature that we shall
used to make hypermedia associations between concepts andse to make links between concepts and queries.

gueries in an ontological information space. , ) , .
Data objects are not directly placed in the Associations. In-

FOHM steadReferencebjects are used, these either point at Data
The FundamentalOpen Hypertext Model (FOHM) [22] objects in their entirety or at parts of those Data objects, for
grew out of the Open Hypermedia Protocol (OHP) devel- example the second paragraph of a text document, or the sec-
oped by the Open Hypermedia Systems Working Group ond scene of a film. They are attached to the Association ob-
(OHSWG) [12] but it expands the OHP data model to de- ject viaBindings Each Association also has a structure type
scribe a broader set of hypermedia “domains”. FOHM also and a feature space; each Binding must state its position in
makes no assumptions about the protocol it is running over that feature space, effectively stating how it is bound to the
or the systems that are using it. It is a model for describing Association’s structure.

hypertext structures that requires binding to a syntax before

it can be used. Navigational Hypertext in FOHM

Navigational Hypertext is the most common of the domains
An Overview of Hypertext Domains that can be represented in FOHM. Its notion of directed links
In its work on interoperability, the OHSWG considered the can be modeled easily by a single Association feature “direc-
requirements of several domains of hypertext. The three tion” to which Data objects are bound with either a “source”,
most frequently mentioned were Navigational, Spatial and “destination” or “bi-directional” value.
Taxonomic Hypertext. The OHP protocol was always more

concerned with Navigational Hypertext, however FOHM is DS reaspoart” i
capable of expressing all three domains. Before we can ex- (&4 foest] Bl fies o
amine FOHM it is necessary to define these domains.

Navigational Hypertext is the most traditional domain of hy-

pertext, exemplified in Open Hypermedia Systems such as

Chimera [1], DHM [14], HyperForm [30], Microcosm [11]
and the HB/SP series [27]. Authors creaieks betwee_n 1 sssodaton () Datel
parts of documents that are related. Users can then click on

those links to move between documents. Although Naviga- [ Binding [ ] pam
tional Hypertext systems can be quite sophisticated, by far
the most popular system, the World Wide Web, is also one of ~ Figure 2: FOHM Structures: Two Navigational
the simplest. Links

Spatial Hypertext systems allow users to organise their Figure 2 shows a Navigational structure described within the
information visually in a process known as “Information FOHM model, in this case two links. The firstis a link across

Triage” [21]. Relationships between nodes are expressedthree different data objects (one of which is referenced in its
by their visual characteristics such as proximity, colour or entirety), the second is a link across one area of one doc-



ument and three different areas within a second document. LINK : "CanBeQueriedBy"
Notice that Associations can share References and that Ref- [direction]
erences can share Data objects. [src] [dest] [des]

Other Domains in FOHM

As each Association object in FOHM has a structure type and \
feature space, it is possible to create many different kinds of \v/ v w/
Associations. Just as the Association maps onto Links, it

can also represent a Space, such as a List, Map or Matrix.
References would then be bound to such a structure using

appropriate features such as structural position, colour and
even shape.

Term: Query: Query:
Person HasPhone HasEmail

L . ) Figure 3: A Link from Term to Queries
The Association object can also represent the collections

within a Taxonomic hypertext. In this case the structure is
always a Set and the relationship type of the Association de-

: L i effectively changing the linkbase, the calling application can
termines whether it is a Category or Perspective. y ging gapp

serve up different sets of information and alternative naviga-

APPLYING FOHM TO ONTOLOGICAL INFORMATION ble paths through that information.

SPACES

We currently have an implementation of FOHM running THE DYNAMIC CV APPLICATION

across the SOFAR agent framework. In the framework, We have constructed a prototype application in order to test
FOHM is itself represented as an ontology which is commu- Our ideas of using hypermedia as a navigation technique over
nicated via the agent infrastructure. The ontology contains a Ontologies. Over the last two years, we have developed a set

definition for each first-class FOHM object. of agents that know about our research group’s administra-
tive facts, personnel and range of activities. As we popu-
The FOHM Server late our system with more and more agents, we are building

The FOHM Server is a utility agent developed in the SOFAR a complete agent-based distributed information management
system. It acts as a persistent storage device, storing FOHMsystem reflecting our academic environment.

structures created by other agents and serving them up again

on demand. To make storage explicit, and to separate it from\We conceived the idea of a Dynamic CV, allowing a user to

normal discourse, we defined several storage actions in addi-obtain an individual’s dynamically constructed Curriculum
tion to the basic FOHM definitions. Vitae (hence the name Dynamic CV). From this, other related

information can be accessed, such as publications, research
The FOHM Server uses these principles to store information topics, positioning in the research spectrum of the group etc.
in memory, with a simple persistence mechanism based onA typical navigation trail might start from an individual’s CV
Java serialisation that preserves the data between differenpage. Link following can take them to a list of seminars they
executions of the Server. have given, from which a video recording can be viewed,

which in turn may have been annotated with links to relevant

FOHM Links Between Terms and Queries Opapers or other cross references [13].

We showed above how navigational links can be represente
in FOHM. As well as applying navigational links to the tra-
ditional document to document scenarios, we can also apply
these links to the ontological terms themselves, linking from
a term that might be obtained from the agent cloud to a query
that would result in more information.

The Information Space

Agents exist within the SoFAR framework which provide
access to different types of information about our research
group and the people within it. We describe two of the
agents used in our applications. One agent supports a suite
Figure 3 shows a link between the ‘Person’ term and two Of ontologies which covers information from our departmen-
queries, ‘HasPhone’ and ‘HasEmail’. This link informs the tal database (ecsinfo), which lists phone numbers, email ad-
querying application that when it obtains a Person term it dress etc. for people within the department. Another agent
may receive extra, relevant information by performing these supports an ontology about publications and uses the depart-
two queries. FOHM Associations also contain a description mental publications database as its knowledge repository.

of the relationship. Thus the link in Figure 3 could have
the description ‘Contact details’, while another structure that All these agents share common ontology fragments. For ex-

links ‘Person’ with a query on ‘HasPublished’ might have ample, the Person term can be used to build a query to find in-
the description ‘Papers and other publications’. formation about a person’s email address or telephone num-

ber from the ecsinfo agent. Alternatively, it could be used to
By changing the links that are served by the FOHM Server, establish a person’s publications from the publications agent.



The architecture The conversion to HTML has transformed an annotation for
Figure 4 illustrates the architecture of the Dynamic CV ap- @ query in an embedded link containing an encoding of the
plication. The starting point of browsing is an initial query query id into a URL. When the user follows a link in the
made by the user from a WWW browser, for example, a re- document, the servlet extracts the query id, which is passed
quest for the CV of an individual. The URL query is trans- back to the Dynamic CV agent and the process starts again.
lated by a servlet attached to the Web server into a Java Re-

mote Method Invocation (RMI) request to the Dynamic Cv Linkbases ,
Agent. A number of linkbases were created in the SOFAR FOHM

link server. The FOHM associations linked terms to potential
queries over the ontologies in the system.

www
Browser For example, a link was created on the teParson to a
4o guery concerning the contact information about a person.
B The two parts of the ontology used in the query are the
HasEmail and theHasPhone predicates.
Servlet
Src Person(?String ,?String ,?String )
s 8 Destl  HasEmail(?Person ,?Email )
= £ Dest2  HasPhone(?Person ,?Phone)
2 &
[ Annotator |[4—»] In the link stored in the linkbase, ttRerson fields are vari-
Quey o Dynamic CV | Forim ables, so the system will match the link to &mtson term
Agent it comes across. Conceptually, each term in the returned in-

formation is searched for as a source anchor in the linkbase.
Any associations that exist on that term are returned and the
destinations used to build further queries.

Publication
| ECSinfo Agent

ot Because the associations in the linkbase are generic (i.e. on

the term rather than an instance of the term) they have to be
instantiated before they can be used as queries. This involves
taking the destination of the link, which is a query, and filling

in the appropriate term with the instance of the term in the
generated document.

Data
Agents

Other
Agents

A

Figure 4: The Dynamic CV architecture Using the link described above, the Annotator, on finding a
Person term, would ask for the links on that term from the
linkbase. The link returned to the Annotator would contain
theHasEmail andHasPhone predicates in it. The Annotator
would then instantiate the predicates using the value of the
Rerson term it was annotating. For example, the term

The Dynamic CV agent carries out queries to other agents
in the framework to obtain information which it can use to
construct a document on the fly. At this stage all the infor-
mation passed around between agents is expressed in SoFA

ontologies. Src’  Person("Dr' ,"Luc” ,"Moreau" )

Once the Dynamic CV agent has received the information, it would be used to instantiate the queries as:

passes it to a separate process called the Annotator. This con-

verts the ontological information to an XML representation ~ Destl’  HasEmail(Person ("Dr" ,"Luc” ,"Moreau” ),
and uses the FOHM link server to search for links on termsin ?Email ) o §
the information. Retrieved links are used to construct queries D€St2’  HasPhone(Person ("Dr* ,"Luc” ,"Moreau” ),
which are each given a unique id. These queries are inserted ?Phone)

into the XML representation as an annotation that refers to The query above would be stored in the cache and a reference

the query id and a description of its purpose. The queries areto the query would be placed in the generated XML. The
cached for later use and the annotated document passed badkaching stage serves a number of purposes, including:

to the Dynamic CV agent. S _
e Minimising the amount of data which needs to be

The annotating process complete, the generated XML is passed to the browser as only the query reference needs
passed back to the servlet via RMI. The servlet transforms  to be passed as opposed to the entire query.

the XML into an HTML document using an XSL style sheet. e Ensuring that when a link occurs in a number of places
The document is displayed for the user in a standard Web  on the generated document, the associated query is only
browser. stored in full in one place.



e Providing a mechanism for caching the results of ferentterms are retrieved. However, Spatial and Taxonomic

gueries to speed up the link following process, i.e. if mappings could also be of use.

a link is followed on a query that has already been eval- ] . ] .

uated the cache is able to return the results removing theSPatial Hypermedia could be used to organise a particular

need to query other agents in the system. view of an ontological information space visually. Queries

] _ and terms could be organised spatially in exactly the same

The generic source term of the link may have several occur- way as documents. This would result in a visual informa-
rences in the query predicates. For example: tion view that dynamically reflected any changes made to the

Supervises(?Person ,?Person ) underlying ontological information space.

Some of the information in the ontological space might be
more naturally expressed using set like structures. For ex-
dample, the people who work on a particular project comprise
a subset of the people within a group which in turn form a
subset of those people within a department. This hierarchi-
cal structure is easily reflected in a hypertext taxonomy, and
would also benefit from the alternative perspectives and nav-
The Interface igation aids that the Taxonomic domain offers.
The completed XML is sent to a servlet via RMI. The servlet
transforms the XML using an XSL stylesheet into an HTML  Summary
page. This is handled by the Servlet which avoids any needBecause the linkbase model is open, a number of different
for the browser to support either XSL or XML. The use of linkbases can be created and either used in conjunction with
XSL stylesheets allows for alternative rendering of the infor- €ach other or separately. In this way, the content of the

In this case it is not clear which of ttRerson terms is in-
stantiated by the Annotator. Alternatively, we might like to
instantiate some of the fields of the link source, as oppose
to the source itself. To overcome these problems, SOFAR on-
tologies allow us to name variables and perform substitution
in a manner very similar ta-calculus.

mation, providing a further abstraction of the interface. Dynamic CV can be prescribed by the links stored in the
linkbase. For example, a simple linkbase could be used to
73 ECS Dynamic C¥  John Doe - Microsoft Intermet IO x| generate basic contact information or a more complicated

Jgress || & - = - @D [31 fa | D GBS E linkbase to provide a full academic CV, composed of pub-
= - . :
Department of Electronics and Computer Science lications and active prOJeCtS'
About ECS | Admissions Info | Research | People | Contact ECS i i . X i
A CV query might require information from a number of dif-

Canarant ale New query: this ferent agents in the system. The use of the linkbase model al-
G ter Sci person's . . . X
[oraites nclance John Di’y publications. lows complex queries involving a number of Predicates to be
i . L . .
S I N stored as a single association, which we cajuary recipe
g%ﬂl;jfgﬂlﬂﬂ List of publications New query: other
United Kingdom Pt In addition, because links are held separately, processing can
Position Intelligence Agents Mutimedia Greup . be carried out to ensure that links are only provided where
Telephone +44 023 B0 534053 New query: other the destination query can be resolved by a currently running
Extension ups0 o b agent. The separation of links also allows metrics to be run
Locatlan Building 55, Room 4257, Highfield Campus | on the linkbase. For example, the linkbase can be analysed
Bl dece. aoton.ac Uk \ L to ensure that there are no dead ends or unreachable ontology

3] New query: other 4 fragments'

people in this room.
RELATED WORK
Figure 5: Screenshot of a Generated CV There is an important literature on query architectures, and

in particular, on ontology-based architectures able to query
Figure 5 shows the front end interface to the system with a _multiple _information sources. Infos_leu_th [5]is able to collec_t
number of pieces of information on the pages having been mformatlon from he_terogeneous_dlstnbuted databases using
augmented with links to queries within the system. The cap- dueries expressed in SQL (possibly generated from a graph-
tions are used to highlight the links and indicate the queries ical user interface), and then converted into an ontological

to the system that lie behind them. representation. Tambis [4] has a similar goal but queries are
expressed in a description logic, which is also used to express

Other Hypermedia Views of Ontological Information the ontologies of a biomedical application. SIMS [2] uses

Spaces an alternative description logic language to express queries.

As mentioned previously, FOHM is capable of modelling While our application shares similar requirements with these
several different domains of hypermedia. The Dynamic CV systems, we are the only ones to propose Open Hypermedia
application described above uses the Navigational mappingas the paradigm for browsing information: this allows us to
of FOHM to store the queries that should be made when dif- customize and prepare navigation trails for non-expert users.



Others use ontologies to “enrich” the content of documents, 2. As all user interactions are made through a hypertext in-
by providing information about their content. The benefit of terface, the user can navigate seamlessly from a docu-
using ontologies for such annotations is the inter-operability ment space to an ontological one, moving from real doc-

they provide (as a shared understanding of a domain) andthe  uments to dynamically created ones.

possibility of making inferences over them. Such enrichment
can subsequently be used to drive the navigation of docu-
ments. This idea is in fact very much the notion of “semantic

Web” defended by Tim Berners-Lee [8]. For this purpose, a 4. Open Hypermedia allows the linkbase presented to the
number of annotation languages are being investigated such  yser to change according to preference or context, sug-

3. The interface also shields the user from potentially com-
plex ontological queries to the agent system.

as RDF [25], OIL [6], DAML [10] and SHOE [28]. Two gesting different queries according to the users profile.
specific implementations of this approach are COHSE and . o . .
the ontology portal, which we now describe. 5. By using the FOHM model it is possible to support dif-
ferent paradigms of interaction by encoding terms and
Bechhofer et al's motto is very similar to ours: “Navigation gueries in the structures of different hypertext domains.

of links is currently and will remain for humans if not ma-
chines, a key mechanism for exploring space” [7]. The key
differences between the two approaches are the kind of space
and the link generation process. Their purpose is to navi-
gate a document space whereas ours is to browse an onto-
logical information space, produced and managed by DIM Although ontologies provide a powerful tool for distributed
agents. Their linking generation process is based on ontolo-agent based information systems, in their raw form they can
gies, whereas ours is manual but aimed at issuing queriesoe difficult for users to interact with directly. By using an
over ontologies. In our context, a link base is a carefully Open Hypermedia model on top of an ontological space, we
crafted set of queries (and associated terms) that present &ave shown that users can interact with such a system us-
coherent and customised view of an information space, typi- ing simple browsing and navigation techniques which are
cally generated by experts for end-users. translated onto the ontological information space behind the
scenes. Coupled with dynamic document generation, this al-
Kampaet al. [17] describe an ontology portal that helps to  |ows complicated queries to be made of agents and the in-

navigate literature archives. Ontologies specialised to the do-formation space with the results being mapped onto a simple
main of scholarship are used to suggest relevant links to thepypermedia interface.

user.

6. New queries over the information space can be added to
the system with no need for recompilation, simply by
adding new links to the linkbase.
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