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Abstract. We are living a democratization of ubiquitous environments
offering a great number of services. Different devices, having different
technical capacities access those services. Such environment requires an
effective service discovery approach. In this paper, we start with a study
of some existing service discovery approaches. Then we introduce a se-
mantic and context-aware service discovery approach. We propose to
distribute services registries in a P2P network. The registries will be
structured according to the capacities and semantics of the services. To
describe capacity and semantic of a service, we annotate its WSDL de-
scription.

Key words: Web Service discovery, Semantic and Capacity annotation,
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1 Introduction

In the service-oriented model, service discovery is generally based on a centralized
registry. Service providers begin by publishing their services descriptions in that
registry. Then, service consumers who want to use a service have to perform
some queries on that registry to find the desired service. This is usually done
using the UDDI standard [1].

This discovery method has some limitations. Indeed, it may return a great
number of services. So a human intervention is needed for service selection.
Moreover, the obtained services do not necessarily fit the service consumer needs.
This is due to the lack of expressiveness of both service descriptions and queries.
In addition, even after finding an appropriate service, there is always a risk that
it is not available at invocation especially in ubiquitous environment.

In our work, we are interested in service discovery especially in ubiquitous en-
vironments. Such kind of environments includes a lot of services offering devices,
inter-connected with different users. Usually, the different service consumers ac-
cess those services through different devices (PDA, Smartphone, etc.). So, in
addition to the above mentioned problems (insufficient service description, low
search accuracy), the problem of context1 incompatibility between a service and

1 Any information that can be used to characterize the situation of an entity. An entity
is a person, place, or object that is considered relevant to the interaction between a
user and an application, including the user and applications themselves[2].
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the user’s context arises. Therefore, context must be taken into account for ser-
vice discovery in such environment.

In this paper, we introduce our approach towards semantic and context-aware
service discovery in ubiquitous environments. For this aim, we use a structured
P2P network of registries. The registries are structured according to the capacity
and semantic domain of the published services. The remainder of this paper is
organized as follows. Section 2 describes and compares some service discovery
approaches. Section 3 introduces our approach for Web service discovery. Finally,
Section 4 concludes this paper.

2 Approaches for service discovery

Current Web service discovery approaches can be classified as centralized vs.
decentralized and syntactic vs. semantic. It is obvious that centralized and syn-
tactic approaches do not fit with nowadays pervasive environments. Distributed
and semantic approaches are more appropriate for those environments.

Distributed approaches are mainly based on P2P systems. In pService [3],
the semantic of a service is described using WSDL-S [4]. The WSDL-S most im-
portant information (e.g. service name) is hashed to a Chord network [5] and the
others to a Skip Graph [6] that accelerates and facilitates data querying while
preserving the information structure. So, the discovery process will be done in
two phases. The work presented in [7] is based on the use of registries feder-
ations. A federation is a set of cooperating and autonomous registries serving
a specified business domain. By structuring the registries network into federa-
tions, the number of queried registries in a discovery process is reduced. Semantic
annotations for WSDL are used to describe service semantics.

Also works in [8, 9, 10] structure their distributed service registries. In [10],
to semantically describe a service’s functionalities, OWL-S [11] is used. The
services are distributed according to textual description contained in their WSDL
<documentation> tag. At the service discovery, a query is first routed to the
most similar group. Then, a matching between the user’s needs and the peers in
that group is realized. To achieve this, the query is flooded to all peers in that
group. The registries structure in [8, 9] is realized according to the semantic of
the published services they contain.

In [12, 13], context-aware service discovery is used. In [13], a centralized ser-
vice discovery architecture is proposed. It uses a context-aware service registry
(i.e. enriched with context descriptions). To discover a service, two queries are
used Qusr and Qcxt. Qusr extracts services using keywords specified by a ser-
vice consumer. Those services will be transmitted to the context-aware service
registry. Qcxt is then used to choose the services matching the consumers con-
text. In [12] the authors propose a distributed architecture based on GloServ
[8] that classifies services according to their business domain and associates a
context-aware agent to each class. When an agent receives a query, it searches
the appropriate classes for it, and forwards the query to the agents of those
classes. One of those agents will then ask the user for his/her context and search
the appropriate service.



Service Discovery in Ubiquitous Environments 3

We present a comparison of the presented approaches in Fig. 1. Those service
discovery approaches are compared based on the following criteria: distribution,
context-awareness, structuring criteria, ontology language and Web service de-
scription language. We notice that approaches that structure their registries do
that according to the semantic. We propose to do it according to both semantic
and capacity. By capacity of a service we mean the context in which a service
can be used. Some works separate the semantic of a service from it WSDL de-
scription while others are putting it together by annotating the WSDL service
description. In [12, 13] we put Not specified for Web service description language
as it was not specified in those works which are interested in other aspects. For
our work, we propose to group together functional, semantic and capacity service
description by annotating its WSDL description. By semantic service description
we mean the semantically added value to its functional description.

Fig. 1. Some semantic discovery approaches

3 Toward a semantic Web service discovery approach in

structured P2P registries

The use of semantic within the service discovery process ensures a better discov-
ery thanks to more meaningful descriptions, usable by software agents. Another
interesting direction to follow in our research is registries distribution. This can
allow avoiding the ”single point of failure” of the centralized approaches. To se-
mantically describe a service, we annotate his WSDL description using SAWSDL.
This way, a service functional description and its semantic are expressed in the
same model. This way, a single information source (for functional description
and its semantic) is handled during service publication and discovery.

When distributing service registries, a P2P approach is used which is ap-
propriate to dynamic environments. Also, many existing effective P2P routing
algorithms can be adapted and adopted to the needs of Web service discovery.
Another important aspect that also must be considered during service discovery
process is context-awareness. In fact, with the emergence of pervasive computing,
service semantic is not sufficient to satisfy a service consumer. So, the capacity
of a service must be taken into account in service discovery process. Hence the
idea for our work. Our objective is to define a semantic and context-aware Web
service discovery approach in a distributed environment. In order to achieve such
a goal, we have to:

1. Propose annotations for the WSDL service description. Those annotations
should deal with functional, semantic and capacity aspects of the services.
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2. Determine how services descriptions will be distributed in a P2P registries
network.

3. Define a query language for service discovery. The queries must allow describ-
ing the user’s need in terms of semantic description and context information.

4. Propose an algorithm for matching queries and the published services de-
scriptions.

In the following sub-sections, we further explain the above four points.

3.1 Representing capacity and semantic of a service

To model the semantic and capacity of a service, we annotate it WSDL descrip-
tion. To realize this, SAWSDL can be used to semantically describe the service
functionalities. To describe the service capacity, we propose to extend SAWSDL
by adding a capacity attribute to the operations descriptions. For further de-
tail, please refer to our previous work [14]. Let’s call the obtained description
CSAWSDL standing for Capacity and Semantic Annotations for WSDL. The
CSAWSDL description contains, the semantic functional description (SD) of
the service and the capacity description (CD).

3.2 Service description distribution

In several contributions, registries and sometimes services (we mean services and
their descriptions who are deployed on the same server), are distributed as a P2P
network. Most of them tried to put services (or services descriptions) offering
similar functionalities [9, 15, 7, 10] in the same registry (or clusters). Thus, a
service discovery is done in two phases: (1) Find the appropriate services using
a semantic search for example, (2) Choose between those services the one(s)
who fit the user’s needs and context. In addition, we propose to structure the
registries according to service capacity. In fact, in pervasive environments, the
Web service access can be done through different devices, having different tech-
nical characteristics. So, grouping services having similar capacities will enhance
service discovery by limiting the search domain and targeting search queries to
the right services group.

Meanwhile, structuring registries according to their semantic domains is still
interesting. Therefore, we propose to take into account the semantic and capac-
ity aspects of services when publishing them into distributed registries (Fig.2).
When structuring registries by the capacities and semantics of their services,
discovery queries will be directly targeted to the right registries group.

Our P2P registries network is structured in the beginning according to the
capacities of the services published in the registries. Indeed, a mobile service
consumer, looking for a service, is firstly interested in services that fit his/her
context. When structuring the registries network, we obtain different registry
capacity groups. If the number of services in a capacity group is not very large,
there is no need to further structure it according to the semantic of the published
services.

Otherwise, when the number grows up, another structuring using the seman-
tic is beneficial. In fact, executing the matching algorithm on a big number of
services will be cost expensive. So, in this case, the obtained groups are also
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structured into sub-groups, according to services semantic. This structuring, ac-
cording to capacities and semantics, ensures that the matching algorithm (see
Section. 3.4) will be executed on a reasonable number of services.

Fig. 2. Service publication according to its semantic and capacity

3.3 Querying for a service

To discover a Web service, a service consumer has to represent its needs in
terms of an annotated WSDL query. We use CSAWSDL to model a user’s query
and request elements (like inputs, outputs, etc.). In addition, we annotate the
WSDL <operation> element with a context attribute that describes the name
and value of context. That’s how, we represent the user’s context in the query.

3.4 The matching algorithm

To discover a service, a matching algorithm is used. It evaluates the similarity
between a user’s query and Web service descriptions. Queries and descriptions
are both written in CSAWSDL. We use our matching algorithm introduced in
[14]. In this algorithm, the matching result between two operations is computed
from the matching of concepts of inputs, outputs, preconditions, effects, and
operations as well as the matching between user’s contexts and service capacities.

3.5 Process of service publication and discovery

Let’s take the example of a service provider going to publish its service. It starts
with creating his/her CSAWSDL service description (see Section 3.1). The group
in which the description will be published is determined by the capacity and se-
mantic similarity matchmakers. So, to publish a service description, the capacity

similarity matchmaker selects the group to which belongs the service. This is
achieved by calculating the similarity factor between the capacity description
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of the service and the different registries groups. Then, the adequate semantic
group is chosen by using the capacity similarity matchmaker (see Fig. 2). Service
discovery is done similarly to the service publication.

4 Conclusion and open issues

In this paper we proposed an approach for semantic Web service discovery based
on structured P2P registries. We describe the semantic and capacity of a service
by annotating WSDL (CSAWSDL). The structure of our registries network is
created according to the services capacities and semantics. Initially, we structure
with services capacities and if necessary, if the number of services grows up, with
semantic. Thus we ensure that the matching algorithm will be executed on a
reasonable number of services.

For future works, we envisage to determine the threshold of service in which
our matching algorithm cost is acceptable. Thus, we can know when to fur-
ther structure the registries network in order to preserve a reasonable cost for
the matching. We also intend to define a notification system that detects the
unavailable registered services to maintain the registries consistency and relia-
bility. Indeed, in ubiquitous environments, service location can change. That’s
why registries can contain a lot of descriptions for unavailable services.
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