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Abstract: In order to solve the problem of how to collaborate with foreign agents and ontologies, a restricted

clustering integration approach is proposed. It differs from the traditional approaches in which web ontology

language (OWL) is extended by adding some new collaborative interfaces (i.e., agent-link and ontology-link)

to it instead of owl: import. Syntaxes of the interface for foreign ontologies and foreign agents, respectively,

and a meta-method of clustering integrated collaboration are discussed. The approach focuses on taking

advantage of OWL itself to solve the collaborative problems, and it is feasible to track the contexts of new-

added knowledge concerning ontological collaboration.
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A large knowledge engineering application usually
requires the development of many different ontologies
to process their respective businesses, and many agents
being correlated with the application need to communi-
cate with these ontologies in order to fulfill their tasks.
During the last decade, multi-agent systems have rap-
idly been growing, and they are now used in industrial
contexts. The knowledge representation field and onto-
logical application are also gaining momentum with the
semantic web supported by the W3C. An ontology,
that can be used to describe more complicated semantic
structure than that of general data, is usually used to
construct the systematic skeleton in a knowledge-based
system, and it is suitable for describing heterogeneous
and distributed information resources. Both the agent,
as an entity with faith, goal and behavioral functions,
and the ontology are unattached formalisms. The sec-
ond generation web ontology language standard
OWL!" has no satisfactory solution to how agents col-
laborate with an ontology acting as a knowledge base
formalism. It only provides an interface structure
“owl: import” that allows an ontology to import other
entities, where there are no restrictions and filters by
means of using a reference URI.

In fact, their communication with each other is a
collaborative process, which should be restricted, and
not open completely. Usually, the environment chan-
ges unceasingly and the semantics and the structural
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style contained in the knowledge must also change un-
ceasingly. Therefore, the ontology must not only be
updated in time along with the changes in domain
knowledge, but it also must adjust its cooperation un-
ceasingly with others to aid in its evaluation in order to
express the semantics context. Hence, there exists a
crucial issue on how to integrate the collaboration be-
tween an ontology and much unattached formalism,
whether the inferences among these entities are deter-
mined or not. But the standard OWL does not have a
better solution. An interface “owl: import” is obviously
insufficient and it is to solve the problem for heteroge-
neous entities.

In this paper, we propose a restricted ontological
collaborative method with agents and other ontologies.
It differs from the traditional approaches, in which
OWL is extended by adding some new collaborative
interfaces (i.e., agent-link and ontology-link) instead
of using “owl: import” and so on. In order to achieve
this kind of collaboration in an effective way, the ex-
tensive application of the semantic web is necessary.
Considering that OWL-Full goes beyond the scope of
the abstract description logic (ADL) which is the basis
of OWL, our work is restricted to the area of OWL-Li-
te or OWL-DL. Three aspects of the approach are dis-
cussed: syntax of the interface for agents and foreign
ontologies, respectively, and the meta-method of clus-
tering integration while an ontology is collaborating
with foreign agents and ontologies.

1 Related Work

For the collaboration among ontologies, much
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work has been done recently. It mainly includes three
classes. First, the mutual operation is carried out by
the mapping method between the distributed ontolo-
gies. Because each ontology is an independent formal-
ism, the mapping relation is bridged between two unat-
tached formalisms'*?!, between the two individuals,
and between the concepts that belong to two different
formalisms:
C.CC, C2C, a—b,
— —

where C,, C_]. are classes; a;, b_]. are individuals in the
ontologies O;, O;, respectively. This kind of mapping
supports the interoperation between two ontologies
which is a solution from OWL-DDL based on OWL.
Secondly, using function-restricted agents forms a
mapping between two ontologies'*. In general, this
solution defines some agents such as the mapping agent
(MA), the interface agent (IA), the similarity agent
(SA), the ontology agent (OA), the query agent
(QA). The OA answers for the relative tasks with the
ontology, which is driven by different resources, can
operate directly over the structure of an ontology and
its mapping files, then the IA makes the certain appli-
cation domain, after the relative information provided
by OA and SA is obtained, MA begins to work, final-
ly SA captures the understandable knowledge by quer-
ying. Thirdly, the method of e-connections" builds a
linked relationship among ontological individuals over
corresponding no-intersectional domains, in which the
ADL frame is used to integrate different formalisms. It
suggests that the ontology should be the vertex in the
direct graph, the link should be the direct edge, and
they compose the complex network graph.

There exist some shortcomings that cannot be ig-
nored in the mainstreams above. The expressive ability
in the third class is much stronger than that in the first
one based on OWL-DDL, but it is easy to lead unde-
cidable state. And the greater costs of communication
in the second one make it not worth employing exten-
sively. And because the technology contained in the
way of e-connections causes complicated connections,
it is difficult to build complicated multi-field practical
modeling.

For the ontological collaboration with agents,
much research has also been done recently. They are
mainly divided into two classes. The first, the interop-
eration standard of intelligent physical agents recom-
mended by the FIPA organization'”, which uses a so-
called OKBC (open knowledge base connectivity) as a
complete open and no restricted knowledge base, sup-
ports the heterogeneous agents to communicate with
each other, and achieves the ontological cooperation
with agents in the sight of its semantic or functional

sense based on ACL(agent communication language by
FIPA). Zhang et al.'” presented a method that holds
the two characters above to construct ontology using
FIPA ACL. As for the second, people usually imple-
ment this kind of collaboration with DAML + OIL'®
technology. DAML (Darpa agent markup language) "’
is based on the RDF; OIL(ontology interface layer) is
called ontology interface language. They unify the
frame system based on RDF(s) and many methods
based on description logics to support the collabora-
tion. There is also a combination of the two methods
above to transform the ontology in order to carry out
the cooperation''”’.

The two methods above need to construct a shared
intelligent interface between two entities. Because of
heterogeneous formalisms, there is an obvious short-
coming. On the one hand, the ontology is so com-
pletely shared from the point of the agent that all oper-
ations on it will not be restricted. On the other hand,
ontology utilizes only the interface “owl: import” to
import foreign information from agents without filte-
ring and restriction, so the expression becomes unde-
cidable easily. In addition, there also exist great costs
of communication. Therefore, it is difficult for all the
above methods to be applied broadly.

We will take advantage of g-connections, OWL-
DDL to resolve this difficult problem by adding a col-
laborative interface between an ontology and agents,
between an ontology and foreign ontologies, i.e., a-
gent-link and ontology-link. All our work will be con-
fined inside the OWL-DL domain. Recently, OWL-
DL has become the basis of ontological development.
In order to implement this kind of collaboration in an
effective way, it is necessary for the extensive applica-
tion of the semantic web to extend the standard from
the OWL itself.

2 Restricted Method of Collaboration

On the semantic web, a large-scale domainal ap-
plication of ontologies usually needs to communicate
( ontologies,
agents). In the course of ontological (also called up-

with many relative foreign entities

per-ontology) collaboration, in order to reach the sha-
ring and reusing of knowledge when entities express
their domain knowledge, keeping their semantics iden-
tical is required for these entities. This kind of collabo-
ration should follow three basic semantic principles:
(D Mutual semantic relationship. If there is a mu-
tual semantic relationship between two entities, this
kind of relationship must be the semantic intersection
of the two domains. Otherwise, a clash must appear.
Then, it is a primary issue to eliminate the clash.
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(2 Semantic completeness. If the semantic ele-
ment from a foreign entity accords with an application
demand for upper-ontology, it must be complete.

(3 Semantic structure consistency. The semantic
structure of upper-ontology and foreign entities should
set up an abstract data structure which can be matched
automatically.

On the basis of the above principles, we can con-
struct an ontological collaboration model with foreign
entities (see Fig. 1). It can be divided into five main
components:

(D Registration ~ All the foreign entities coopera-
ting with this upper-ontology should be registered in
the ontology, FEnumeratedAgentClass and Enumerate-
dOtologyClass need to be defined in the extension of
OWL.

@ Domain partition The ontology should pro-
vide unified data structure to every kind of foreign en-
tity, so it is easy to realize division of field, and every

Registration

Domain partition

Classification

class has a unified clusterID as a chain beginning of a-
gent-link and ontology-link for all registered entities.

@ Classification  The upper-ontology should
classify foreign entities by utilizing AgentClass and
OntologyClass. All entities carrying on mutual opera-
tions over the same semantic data structure belong to
the same clustering (or class).

(4) Modality Foreign entities’ active state should
be written down, and their modality sign should ex-
press that the ontology can arouse the cooperation un-
der a ready state, and offer a kind of mechanism for
triggering a foreign entity.

(5 Restriction  One integrated chain, not only
defines the subdomain to offer an operable field to the
other side, but also defines its own range. In addition,
a foreign entity should be also identified. This kind of
restriction tracks the context of the newly increased
knowledge of the ontology.

2\

The same semantic typed

foreign ontologies

The same semantic typed

foreign ontologies

n The same semantic typed

Modality

Restriction

Ontology

N clusters foreign ontologies m clsusters agents

foreign ontologies

voreordde 1asn)

The same semantic typed
foreign agents

The same semantic typed
foreign agents

Fig.1 A restricted ontological collaborative method with foreign entities

In the next section, we will extend the standard
OWL on the basis of the above model, and add foreign
ontological or agent collaborative interface into OWL.
Hence, according to the relative properties of subdo-
mains, we can construct an ontological layered integra-
tive structure for collaboration.

3 Extend OWL: Integrating Collaboration

OWL, which acts as the second generation web
ontology language recommended by W3C, is based
on description logic. Considering OWL-Full goes be-
yond the scope of the ADL, our work is restricted to
the area of OWL-Lite or OWL-DL. OWL only re-
serves one interface “owl: import”. An ontology can
be channeled into a foreign ontology or other entities.
This import by using a URI reference is a kind of
“ways of affirming totally” that lacks some restraints

to fulfill the filter.

With the changing environment, ontologies de-
velop dynamically, therefore, not only do their
knowledge and semantic structures update constantly,
but also the collaboration between the ontology and
other entities must be adjusted constantly. Consider-
ing the factor of security, an ontology, as a knowl-
edge base, should not offer a total and open operation
mode for all foreign entities. So it is necessary to add
an interface definition inside the OWL frame to
achieve a restricted ontological collaboration with for-
eign entities.

3.1 Ontological interface for foreign ontologies

We will define the ontological interface in the
OWL frame so as to make an ontology able to collab-
orate with a foreign ontology ( called the former up-
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per-ontology). Because, for every ontology, its ap-
plication contexts, its collaborative domains and se-
mantics may be different from others, the upper-on-
tology needs to be able to track context as well as pro-
vide restricted shared knowledge in order to help dy-
namic evolvement. When we define the interface, we
should not only consider that some meta data struc-
tures should be reserved, but also consider that some
restrained conditions that are attached to the interface.
By means of the expanded expression method of BNF
(EBNF) (brace {} shows that item can appear arbi-
trary times; square bracket [] represents that this item
can appear less than or equal one time, ended sign
needs to add quotation marks of adding, and no ended
sign needs not to add quotation marks) . First, we add
axioms into OWL as follows:

Axiom: : = “Cluster ( ” clusterID [ deprecate] { an-
notation } { “domain( ’Description*) " }*“) ”
= “ Ontology-Link ( ontology-linkID
[ deprecate ] { annotation } [ “inverseOf ( ” ontology-
linkID*) ] {*“domain ( ” Description*“)”} {“range (”
Description®) ” } { “datastruct( ” Description*‘) ” } { “For-
eignOntology ( ” { ontologyClassID } | { ontologyID }
7}
where “domain” acts as a description of a category of
the ontological cluster. After adding the first axiom,
a clusterID can be produced for the ontology. The
second axiom can create many links inside the ontolo-
gy for foreign ontologies, its domain, its range and
linked ontological group. The ontologies group may
be a set of many ontological individuals, or abstract
classes set over an ontological group. So a link be-
tween an ontology and an ontological group constructs
a clustering integration restricted by an upper-ontolo-
gy. Next, we will define the restricted component for
ontology-linkID and clusterID.

Restriction: : = “Restriction ( ” clusterID | ontolo-
gy-LinkID { clusterRestrictionComponent | ontology-

i1

Axiom: :

linkRestrictionComponent } )

Cluster-linkRestrictionComponent: : = “allValue-
From(’Description)” | “someValuesFrom(’ Descrip-
tion“)”

Ontology-LinkID: : = “Ontology-LinkID ( ”* { On-
tologyClass} | { EnumeratedOntologyClass} | [ ontol-
ogylID] {directive}*)”

Directive: : = “annotation ( ”” ontologyPropertylD
ontologyID *“)” | “annotation ( ” annotationPropertylD
URIreference “)” | “annotation ( ” annotationProperty-
ID dataLiteral “)” | “annotation( ”annotationProperty-
ID individual “)” | axiom | facts

Value: : = “value(” Ontology-LinkID | individu-
allD )~

We can obtain the corresponding right for every
link by cluster-linkRestrictionComponent, and prepare
weight value for parting application field, so as to
customize syntax cluster from the point of semantic.
In succession, we will resolve the problem of onto-
logical classification. OntologyClass is an abstract
from ontological group or ontological classes. There-
fore, all the individuals of every class under ontology-
ClassID can form an enumerable set. Now, we define
it as follows:

axiom:: = “OntologyClass ( ” ontologyClassID
[ deprecated ] modality { annotation } {“domain ( ” De-
scription®) ” } “datastruct(”Description®) ) ”

Modality: : = “active” | “inactive”

ontologyPropertyID: : = URIreference

OntologyClass helps to construct enumerable sets

for some foreign ontologies which want to communi-
cate the ontology. In the meanwhile, the ontological
state “active” signs itself a kind of enable operation.
Furthermore, we can define an enumerable foreign
ontological class or individual set as follows:

axiom: : = “EnumeratedOntologyClass(” ontolo-
gyClassID [ deprecated ] { annotation } { individualID }
€y

These class or set under the management of an
ontology link to cluster. Certainly, they are required
to have no intersection between two clusters. We will
define another axiom as follows:

axiom: : = “disjoinOntologyClass ( ” { descrip-
tion} “)” | “EquivalentOntologyClass ( ” {descrip-
tion}*)” | “SubClassoOntologyClass ( ” { description }
“y»

Hence, it is easy to partition the whole applica-

tion field into subdomains. Thereinto, description can
be defined as follows:

Description: : = “ontologyClassID” |: “restric-
tion” | “unionOf(” {description} “)” | “ intersection-
Of(” {description} “)” \ “complementOf(” descrip-
tion “)” | {ontologyID} “)”

Restriction: : = “Restriction ( ” Ontology-Link
{ontologyRestrictionComponent }*)

ontologyRestrictionComponent: : = * allValue-

From(’Description*) ”
tion“)”

Thus, these extensions of OWL resolve the hard
problem on how to integrate an ontological collabora-

“someValuesFrom ( ” Descrip-

tion with foreign ontologies from the point of syntax.
3.2 Ontological interface for agents

First, we add an axiom into OWL for agents as
follows:

Axiom: : = “Agent-Link ( ” agent-linkID[ “depre-
cate”] {“annotation”} {“domain ( ” Description “)”}
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{“datastruct(” Description““) ” } { “range ( ” Description
“)Y”} {“ForeignAgent ( ” {agentClassID} {agentID }
DASION

Here, “domain” is the field of definition of this
ontological interface, and it limits the field where this
interface can be employed. The range described is the
field where foreign agent can operate. The purpose of
defining datastruct is to provide a semantic data struc-
ture for a foreign agent, and the datastruct should be
consistent with range, and every entity agent should
have its own and only one identification agentID.
Certainly, an entity agent should also observe corre-
sponding development standards. At the same time,
agentClassID expresses the affiliated type of every
chain which includes corresponding agentIDs inside.
An agent-linkID, here regarded as a bridge between
the ontology and one or more agents, has dispelled
the wide gap.

Axiom: : = “AgentClass (“agentClassID” [ “dep-
recated” ] modality { “annotation” } { “domain( “Descrip-
tion”) }datastruct( “Description”))”’

Modality: : =*“active” | “inactive”

agentPropertyID: : = URIreference

“AgentClass” can help all agents which want to
operate with the ontology to register, and it also
makes the same semantic datastruct agents to be a
cluster. At the same time, agent’s active state should
be written down, and the modality sign expresses that
the ontology can arouse the cooperation under ready
state and offers a kind of mechanism of triggering a-
gent.

Next, in the extension of OWL, an enumerable
agent class can be defined further.

Axiom: : = “EnumeratedAgentClass(” agentClas-
sID[ “deprecated”] { annotation } {individualID } *)

When an ontology collaborates with agents, Enu-
meratedAgentClass defined above can form many
clusters managed by the ontology. As to these defined
clusters, they cannot cross with each other, that is to
say, there is not any common individual agent in any
two clusters. For OWL DL, an ontology should be
allowed to manage these clustered agents by means of
the layered way. We add further the following defini-
tions.

Axiom: : = “disjointAgentClass ( ” { description }
“)” | “EquivalentAgentClass ( ” { description} “)”
“SubClassofAgentClass(” { description } )

This kind of extension helps to achieve layered
management in a larger application field. The descrip-
tion of the axiom above can be defined as follows.

Description: : = “agentClassID” | “restriction” |
“unionOf ( 7 {description}“)” | “intersectionOf ( ”

{description} “)” | “complementOf ( ” description
“)” | {agentID} )"

Restriction: : = “Restriction(” Agent-Link {agent-
RestrictionComponent } ‘) ”

agentRestrictionComponent: : = “allValueFrom(”
Description®) ” | “someValuesFrom(”Description®) ”’

From the point of view of a semantic compo-
nent, the extension of OWL, which is constructed in
this section, has solved the restricted collaborative
problem between the ontology and the agents.
3.3 Meta method of clustering integration

In a larger-scale application field, it is necessary
that an ontology collaborate with foreign ontologies
and agents. The purpose of building an ontology only
serves to share and reuse knowledge, but the ontology
should not be open without restriction. According to
our restricted ontological collaboration method with
agents and foreign ontologies in the third section, af-

ter corresponding registration first, a foreign entity
can begin to interoperate with the shared ontology
(upper-ontology) . If this kind of method is combined
with our extension of OWL, we will obtain a meta
method which integrates an ontological collaboration
with agents and foreign ontologies to realize the clus-
tered and layered management. It appears as a four-
layer tree structure, see Fig.?2.

Fig.2 Ontological layered clustering integration of col-
laboration with foreign entities

The first layer of the meta method is the set of
cluster head ClusterID, every set of agents’ classes or
foreign ontological classes below the ClusterID form
the second layer, the third lists sets of enumerable
classes under every class, and the bottom is just each
individual entities. According to the characteristic of
the meta collaborative method, it is a layered and
clustered integrative system.

The environment changes constantly. Informa-
tion of the field itself, and the configuration and se-
mantics of knowledge that are contained in agents and
foreign ontologies are also changing constantly. The
interface that is added above is completely limited to
the scope of OWL-DL and, therefore, this kind of
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meta method that proposed in this paper, has solved
how to integrate dynamic collaboration under the
frame of OWL. Additionally, a very important char-
acteristic is that the search algorithm concerning the
tree may be used when we track the context of new-
added knowledge.

4 Conclusion

An ontological collaboration with foreign ontolo-
gies and foreign agents is a dynamic process. In this
paper, we propose a meta method of clustering inte-
gration while an ontology is collaborating with foreign
agents and ontologies. It differs from the traditional
approaches in the direction: OWL is extended by
adding some new collaborative interfaces (i. e.,
agent-link and ontology-link) instead of “owl: import”
that allows an ontology to import another entities,
where there is no restriction and filter. Our work fo-
cuses on taking advantage of OWL itself to solve the
collaborative problem, and this method is feasible for
tracking contexts of new-added knowledge about on-
tological collaboration. This paper is only a part of
our current work, and there are many difficult prob-
lems regarding interoperation to be studied further.
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