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Abstract

In this paper, we present our current work
and approach on service discovery and
composition and their applications in two
domains: e-learning and distributed objects.
We show how the use of ontology, knowledge
representation techniques, help us to achieve
our goal and open new perspectives for end
users and also service providers.
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1 Introduction and Context

Service discovery has always been a major
concern for distributed systems. Name ser-
vices and their variations appear in most of
the middleware and distributed platforms.
For example, a trader plays a major role in
distributed systems since it enables to link
clients to servers. It is an advanced directory
service which allows services to be discovered
at run-time via an attribute based (or yellow
page) style of search. And this service is
even more critical in systems where services
(or resources) are in large number, are made
available any time and may disappear.

We showed in [1] [2] that the service de-

scription plays a central role and that it was
necessary to take into account various levels
of description in order to retrieve the service
and to access it. Once a service is properly
described, it can then be indexed and users
(either human or software) can look for it,
and then access it. We developed a trader and
integrated it as an OMG CORBA component
in the ORBACUS platform and then as a JMS
component.

Once a service or object is found, the user
must also determine how to access it or invoke
its methods. This constitutes the second
stage of our work. For consistency reason,
we considered the interface and behavior of
the service (or object) as part of the descrip-
tion. Therefore, the search facilities return
information on how a service can be invoked
and accessed. This extra level of description
shows powerful results since a user (human or
software) can then call any service, which is
described. This constitutes the initial stage for
service composition and we proposed several
models for combining services.

When we associated, service description,
service directories and search facilities, and
service composition, we achieved a powerful
combination and reached an interesting goal.
In the first section of this paper, we shall
present the underlying models we have se-



lected. In the second section, we shall describe
the various levels we proposed for describing
a service: a set of attributes and properties, but
also an interface and behavior description that
can be used when accessing the service. In
the third section we present the search facili-
ties we propose and the underlying model for
composing services when a search is unsuc-
cessful. In the forth section, we present the
applications of our approach in two different
domains. The conclusion will raise issues and
present our future work.

2 Ontologies and knowledge
representation

Many definitions of ontologies have been
proposed and there is a growing interest
for knowledge management. We indicate a
definition given by Gruber [3]: “An ontology
is a formal, explicit specification of a shared
conceptualization of a domain of interest”.
The term is borrowed from philosophy,
where an ontology is a systematic account of
existence.

The role of an ontology in the knowledge

engineering process is to facilitate the con-
struction of a domain model. It provides a vo-
cabulary of terms and relations with which to
model the domain.
In our approach, we have used ontologies as
a means to express a domain model and also
a consistent service description. Initially, our
concern was the development of a trading ser-
vice. For this purpose, it was necessary to de-
scribe services and objects so that users can
find them. The underlying use of ontologies
helped us to explicit the vocabularies used and
also develop a generic architecture: the do-
main ontology which is specific to the appli-
cation is considered as a parameter.

We can represent an ontology by a graph
whose nodes are concepts and whose arcs rep-

resent relationships or associations between
the concepts. Among the most important
of these relationships is inheritance, which
is powerful abstraction for sharing properties
among classes while preserving their differ-
ences [4]. Each subclass inherits the features
of its superclass, adding other features to its
own. Inheritance is transitive across an arbi-
trary number of levels. When we query in-
formation from a concept S in an ontology
and this information is not available, the in-
heritance relation allows us to navigate in the
graph representing this ontology and to query
information from the concepts that inherit S.
The result of this recursive search is therefore
the closest to the starting point.

Inheritance plays a central role in our con-
text since it makes it possible to add flexibility
in a search operation. When navigating in the
ontology through its inheritance relationships,
we can present to the user ways to make
his/her request more selective (when the
results of the search operation are numerous)
or less selective (i.e.; to relax some of his/her
constraints when the search returns no result).

We have used OntoBroker as the tool to
manage ontologies: it provides a query inter-
face for formulating queries and an inference
engine to derive new facts. OntoBroker pro-
vides also storage facilities which make it us-
able in our context.

In order to index and store the service char-
acteristics (properties) by concepts. Each con-
cept is composed of a set of attributes. Clients
can discover a service by querying their char-
acteristics from the ontology by using a logic
language like Frame-Logic [5].

The main issue is therefore to design prop-
erly the ontology concepts and relationships
and to take into account its future usage by
various kinds of users. We shall present parts
of the ontologies in the last section of the doc-
ument.



3 Describing a service

In this section, we present a metadata model to
describe a service. We build an ontology [6]
which is constituted of concepts to index and
store the service properties. Service descrip-
tion (and indexing) is central and the model
should be designed with care with the help of
end users.

3.1 Static Propertiesof a Service

Many different approaches for describing,
managing and providing services have been
developed over the years [7], [8], [9]. Nev-
ertheless, a clear understanding and consensus
about what constitutes a service has not been
reached. We have used DAML-S as starting
point to identify a set of characteristics of a
services (provider, pricing, payment, quality
of service, type of service, etc.) which can be
useful in different contexts.

3.2 Dynamic Properties of a Ser-
vice

The behavioral description of a service is crit-
ical since it provides the information enabling
a client to use the service and to understand
how its service invocation needs to be per-
formed. This includes, for example, the cor-
rect sequences in which the operations of the
service need to be invoked. The description
of the service behavior is complementary to
the description of its static properties: Once a
client discovers a service by querying its static
properties, it can query its behavior as a func-
tion or a relation between inputs and outputs
and which sequence of operations to be in-
voked to get an output from a given input.
SDL [10] has been designed to specify and
to describe the functional behavior of telecom-
munication systems. It describes a process be-
havior by an automaton which can then be ex-
ploited to validate the specification. There-

fore, based on SDL [10] and Interface Au-
tomata [11], we describe the service behav-
ior via a finite state machine (*an automaton”)
that models the allowed operation sequences.
Invocation of the service must satisfy these se-
quences. For example, a seller may require
a buyer to log in before ordering something.
Thus, we can describe valid sequences of op-
eration invocation. The interactions between
the service operations occur through message
exchanges. These messages are the inputs and
the outputs of the operations. We can describe
the automaton representing the service behav-
ior as: a black box which is a relation between
its inputs and its outputs (external behavior)
and as a white box which indicates the allowed
interactions between the service operations to
provide outputs from given inputs (internal be-
havior).

The automaton describing the service be-
havior is composed of a set of states and tran-
sitions between the states. Each service op-
eration is defined by a state. For a current
state, the successor state belongs to the set of
its matching states: i.e., the output of the cur-
rent state can be connected to the input of its
next. Therefore, a transition connects a state
to one of its valid next state. An interaction
between operations can be performed only if
it is defined in the automaton.

3.3 Description of a Service Inter-
face

As each service has an interface, we define a
concept that describes the service interface.
This concept is considered as an attribute of a
service. It contains the descriptions of all the
operations, the exceptions, the attributes, the
type definitions and the constant definitions
of the service. As the number of these latter
attributes vary, we define each of them with
a list. For example, each element of the
operations list contains a list of parameters,
specific attributes (type of return, number of



parameters, and so on) and a reference to the
next element of the list (recursive). Thus,
the Operation concept is composed of the
following attributes:

Operation[ name =>> STRING;
nbr_parameters=>> INTEGER;
parameter =>> Parameter;
return_type =>> STRING;
operation =>> Operation ].

Each element of the parameters list includes
a name, a type (integer, string, etc), a position
and a mode that indicates the direction in
which the parameter is being passed during a
dynamic invocation (input ’in’, output ’out’,
input/output “inout’) and a reference to the
next element of the list.

Parameter[ name =>> STRING;
type =>> STRING;
position =>> INTEGER,
mode =>> STRING;
parameter =>> Parameter ].

This interface description is very similar to
WSDL and IDL of CORBA and this guaran-
tees compatibility with existing models.. For
CORBA, the interface repository can be used
to invoke dynamically a service, for example
by using the DIl (Dynamic Invocation Inter-
face) of CORBA. This interface allows clients
to build dynamically operation requests for
any interface that has been stored in the
interface repository and invoke any operation
of this interface at run-time. By using this
interface, clients are not restricted to use the
services that were defined at the time the
client was compiled. The interface description
that we have defined allows clients to get the
necessary information to invoke dynamically
a service.

34 Synthesis on the Metadata
Model Proposed

By defining the above concepts, a client can
query a service based on its static properties,
its behavior as a function that provides out-
puts from inputs (Behavior concept) and the
correct order of the operations to be performed
to provide an output from an input (Automa-
ton Concept) and its interface which permits
the service to be invoked dynamically. When
combining the description of the static, the dy-
namic (behavior) properties and the interface
of a service, the indexing/search of a service
can be addressed completely. The combining
of these three levels of service description and
the use of a dynamic invocation of services op-
erations, we can compose services at run-time
to create novel services which provide novel
functionalities.

4 Browsing and accessing a
service

Services and objects are stored and indexed
in ontologies ; the domain models are also
described in ontologies and can be accessed.
Services and objects can therefore be searched
with a query written in the F-logic language.
The search engine will return the matching
service offers to the client, which, in turn, can
invoke the service once its interface or behav-
ior is obtained, tune the request in order to ex-
tend it if no match exists, or scope it if the re-
sults of the request are too numerous.

Our main contribution is the association of
knowledge representation, distributed systems
(with web services and distributed objects),
and user needs. The approach we developed
present 3 major benefits:

e A multi dimensional level request. The
search query can reference one or several
of the description levels (static descrip-
tion, interface and behavior descriptions).



The query engine goes beyond the well
known trading service since it can pro-
vide also information on how to invoke
the service. The use of the interface au-
tomaton makes it possible to query the
behavior in a rather simple way.

e Service composition is made available.
We have a service description which is
based on interface automata and combi-
nation of automata is a well known do-
main. Our approach for service composi-
tion is also simple and relies on the con-
nexion of corresponding flows. This ini-
tial work should be continued in order to
integrate other description models (e.g.;
WSFL).

e Towards automatic search and compo-
sition. The tools we have developed tar-
get a human use and also a software agent
usage. The benefits of discovering and
composing for software agents are very
high: services can be combined and the
resulting services can also be described
easily. Their behavior is the combina-
tion of the interface automata and parts
of their properties can be extracted from
its components.

5 Applications

The final paper will present 2 application do-
mains where our approach has been used. The
first one relates to distributed objects in a dy-
namic system. We indicate how our approach
has been used to develop a flexible trader
which can connect clients and servers in a dis-
tributed system.

The second application we have is within
a EU sponsored project devoted to e-learning:
Kaleidoscope which integrates the activities of
around 60 research teams. Our main objective
is to make available a set of services and doc-

uments that are to be shared within the com-
munity of researchers.

For both applications, we have proposed
a complete metadata model which includes
specific properties, interface and behavior de-
scriptions.

6 Conclusion and perspec-
tives

In this paper, we have presented our approach
for indexing, searching and composing web
services and distributed objects. We have
combined an integrated approach where 3 dis-
tinct description levels provide information on
the service (with static properties similar to
DAML-S, for distributed objects), interface
and behavior.

The user, either human or software, can
combine the 3 levels in order to tune his/her
request and the underlying nature of the ar-
chitecture (which rely on ontologies) makes it
possible to extend the request or to reduce its
scope in a flexible way.

The approach has been applied to two do-
mains: to distributed objects and to e-learning
services. We believe that our approach can
be adapted to other contexts since ontologies
are parameters of our tools. The user should
then provide a specific domain ontology to
deal with a new context.

We have identified 3 possible future direc-
tions of our work:

e The definition and implementation of
various facilitators and mediators. The
trader is only one of the communication
service which can ease the interactions
between a client and a server. Additional
facilities can be made available in our
context and yet provide powerful tools
for the users.

e The second extension consists in extend-
ing the description in order to integrate



WSFL for the behavior description. We
also believe that the transition from inter-
face automata is limited.

The third perspective relates to the defini-
tion of a user model and a description of
the environment. For example, the user
model would provide valuable informa-
tion on the user and carry implicit values
when searching the service repositories.
We believe, that our architecture can be
extended to deal with these 2 additional
description levels.
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