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Abstract—Pervasive computing is a new paradigm with a goal to
provide computing and communication services all the time and
everywhere. In this paper, a service emergence model for the
implementation of pervasive computing applications is presented. In
this model, ad hoc or composite services are represented by an
organization or group of autonomous agents. Agents establish
relationships based on affinities. Affinity corresponds to the
adequacy with which two services could bind to create a composed
service or to point out a similar service. These affinities are adjusted
or reinforced by user satisfaction regarding the provided service and
dynamic network condition changes. Simulations of this proposed
service emergence model with NS2 are also presented.

Index Terms—Pervasive computing, mobile ad hoc network,
service discovery and composition, affinity networks, reinforcement
learning.

I. INTRODUCTION

The recent evolution of networks connectivity from wired
connection to wireless to mobile access together with their
crossing has engendered their widespread use with new
network-computing challenges. Networks infrastructure are
not only continuously growing but their usage is also
changing and they are now considered to be the foundation of
other new technologies. Since the idea of telematics that was
first conceived by Nora, Simon, Minc and Alain in [2] (via
[3]) as the "increasing interconnection between computers and
telecommunications which blend pictures, sounds and
memories and transform the pattern of our culture", new kinds
of network-computing paradigm, enabled today by the rapid
evolution of communication infrastructures have become
possible. Ubiquitous Computing (UC) is an emergent
paradigm that deals with providing globally available services
in a network by giving users the ability to access services
anytime and irrespective to their location. Proposed originally
by Mark Weiser in [4], Ubiquitous Computing vision is
presented as the opposite of the virtual reality viewpoint
"computer in the world” instead of “world in computer”.
Pervasive Computing (PC), often considered as the same as
ubiquitous computing in the literature, is another concept that
can be distinguished from ubiquitous computing in terms of
environment conditions. New paradigms that are more
appropriate to Ubiquitous and Pervasive environments are

presented in [5] as alternatives to the traditional Client/server
paradigm. The issue in UC is to provide a mobile device an
access to available services in an existing network all the time
and everywhere while the main issue in PC is to provide
emergent services constructed on the fly by mobiles that
interact by ad hoc connections [5]. More precisely, different
mobile devises could be connected together by mobile ad hoc
networks and they could be available for a limited time. We
do not assume that these devices (PDA, mobile phone, etc)
have a connection to a fixed network infrastructure. These
devices could be heterogeneous and would provide multiples
services. Devices can communicate each other in their vicinity
to compose their services. Service composition refers to the
mechanisms of composing simple services in order to
provides complex services. A service is defined as a software
component, which accepts appropriate inputs and produces an
output. In service composition, several important issues need
to be addressed:1) service discovery that permit to know how
to locate the constituent services [13,14]. When the user
submits its request, eventually with QoS requirements, a
service discovery system will process it according to the
network status at that instant and finding more than one
suitable service, and in order to satisfy the QoS constraints.; 2)
service coordination is a processes that permit to link services
together to form a composite service after discover them; 3)
Service maintenance is a mechanism that detect the service
leaving the network and find an alternative service to continue
the composite service.

In this work, we address the service discovery and
composition in pervasive computing especially when the
services are mobile and connected in ad hoc mode. Within this
framework, a satisfaction-driven clustering approach inspired
by the immune system concept for adaptive service discovery
and composition in dynamic and mobile ad hoc networks is
presented, as an instance of a propitient system [25]. The
immune system has a set of organizing principles such as
scalability, adaptability and availability that are useful for
developing a networking model in highly dynamic and
instable setting [5,13,14].

The rest of the paper is organized as follows. In section 2,
we present a related work. Section 3 presents the proposed
approach. Section 4 presents the results of the simulation.
Conclusion is given in section 5.



II. RELATED WORK

Recent work on the service composition issue can be found
in [1]. Service composition protocols proposed so far
concentrate in combining different available existing services.
All protocols such as eFlow system [7] are based on a
centralized broker which manages the service composition
process [3, 4]. The drawback is that if a huge number of users
attempt to access variety and increasing number of services
distributed over the network, the broker becomes quickly a
bottleneck. In mobile ad hoc network where the devises are
connected together by ad hoc networks, we cannot assume the
presence of centralized and fixed broker [1].

Itao and al. in [6] have defined a platform called Ja-Net for
service emergence in large-scale network. A service is
implemented by a collection of distributed agents, called
cyber-entities. Ja-Net achieves built-in capabilities to
create/emerge  services adaptively according to user
preferences. In this work, we intend to extend Ja-Net approach
in the context of mobile ad hoc networks. More precisely, a
composed service emergence is based on both the user
satisfaction and on the dynamic network condition changes
due to ad hoc interactions.

Service discovery is the process of locating which services
are available to take part in a service composition. A useful
taxonomy of service discovery approach is defined in [14].
Generally, we can classify service discovery into categories:
structured and unstructured architectures.  Structured
architectures can be classified also in indexation-based
architectures and hashing-based architectures. In indexation-
based architectures, typical resource discovery architectures
[15,18], such as Jini [22] and SLP [16] or m-SLP [19],
consists of three entities: service providers that create and
publish services, services brokers that maintain a repository of
published services to support their discovery, and services
requesters that search the service broker’s repositories.
Repositories have traditionally a hierarchical architecture
consisting of multiple repositories that synchronize
periodically [8]. In a pervasive environment, indexation-based
architectures cannot meet the requirements of both scalability
and adaptability simultaneously. The way in which they have
typically been constructed is often very inflexible due to the
risk of bottlenecks and the difficulty of repositories updating.

Hashing-based architectures [10] like Chord [9] are
proposed primly to file-sharing and use Distributed Hash
Tables (DHTSs) to assign responsibility for each file to specific
nodes. This structure permits to implement a direct search
algorithm to efficiently locate files. Hashing-based
architecture use overlay network (i.e., DHT) between nodes
that are generally hard to maintain. In particular, nodes
join/leave operations could incur huge overheads [11]. In
contrast, unstructured architectures (Gnutella [12]) allow the
node to enter and leave the systems without overheads. In
unstructured systems, the most typical localization method is
flooding, where the request is broadcast to all neighbors
within a certain radius with TTL mechanism (TTL for Time
To Live) [10]. More precisely, in order to find a file on the

network, search queries were flooded to peer nodes. Each
query had an attached time to live to control the number of
hops that a query can be propagated. Each node that passed a
query to its peer would decrement the TTL. When the TTL
reached 0, the query was no longer forwarded. However, it is
not possible to guarantee the success or failure of a query. To
overcome this disadvantages, the mechanism of dynamic TTL
or expanding ring is proposed in [11]. Principe of expanding
ring is as follows: a peer starts a flood with small TTL, and
waits to see if the search is successful. According to [10, 11],
expanding ring guaranties that if the file is presents in the
network it will be found compared with regular flooding with
a fixed TTL. However, expanding ring mechanism solves the
TTL selection problem, but does not address the message
duplication issue inherent in flooding that can generate large
loads on the network [10, 11]. Random walk-based search
mechanism, is a well-known technique that can avoid this
problem. Using one walker, it cuts down the message
overhead significantly. However, it increase delay of
successful searches [10, 11]. To decrease the delay, a
requesting peer sends k query messages, and each query
message takes its own random walk. However, it is difficult to
determine the number of walks and when this number is big
enough, the message traffic increases significantly [10]. The
replication mechanisms, such as cache some objects in the
reverse path of queries, are proposed in [10] in order to reduce
the lookup length and decrease the message traffic. However,
in dynamic and distributed setting, it is difficult to maintaining
the coherence of duplicated objects.

Other service discovery in pervasive environment, such as
DEAPspace [21], UPnP [23] and Konark [17], are proposed
and are based on unstructured architectures [20]. In these
service discovery systems, service provider does not distribute
their service descriptions onto other nodes in the network, but
leave them stored on their own device. This leads to a reactive
service trading: service requests have to be forwarded to all
members of the network where they are compared with the
stored descriptions. However, these broadcasting mechanisms
are not suited for pervasive environment, either, due to their
heavy consumption of bandwidth and energy, which are not
unlimitedly available on mobile devices [20].

In this paper, self-organizing technique based of affinity
relationships establishment is shown to be the appropriate
approach to provide scalable and adaptive service discovery
and composition in pervasive environment.

III. AGENT-BASED APPROACH

In the proposed approach, to address scalability, nodes can
establish relationships between them based on their affinity.
To address adaptability issue, affinity relationships between
nodes are dynamic; the affinity values can be adjusted at run-
time to cope with changes in the environment. To achieve this,
we consider the following operations :

e Joining operation: permits for an node to find the
“appropriate” node to interact with.

® Leaving operation: permits for
autonomously their relationships.

an node to drop



e Learning operation: permits to nodes to adapts to dynamic
environment conditions through the emergent behavior and
affinity relationships to other nodes.

These operations represent an essential and challenging
issues in self-organizing nodes that operate in dynamic and
open environments. In this proposed approach, these
operations permit to carry out the proposed service
composition approach that consists of two phases: building
and leaving affinity networks and network affinities
adjustments. These two phases of the service composition
approach will be described in the next section.

A. Building and leaving affinity networks

To build affinity networks, nodes establish affinity
relationships between them based on their provided services.
Service can be an elementary service or a composite service.
The elementary service is a component that can be interfaced
by a web service and is invoked in a composition process. A
composite service denotes the list of elementary services
requested by the user requests. Each service is represented by
an agent Sagent. Sagent establishes a relationship which each
other in order to construct the affinity network between them.
The affinity network is not an entity; it refers to the composite
service. Affinity corresponds to the adequacy which two
services to bind. In other words, affinity is a value that
corresponds to the adequacy with which two services are
similar or complementary. Adequacy could be implemented
based on keywords or objects in common describing a
capabilities provided by services.

To determine this affinity, services can be expressively
described by a language description in order to obtain
effective matches between their capabilities. We can use any
particular language description to describe services and permit
to Sagents to compare different services descriptions and to
decide how are similar or complementary. For example,
services could be interfaced by web services. Web services are
applications that permit to describe software components; in
particular they define identification and accessing methods
that enable the use of these components (i.e., the elementary
services). An example of a more sophisticated service
description that can be used is WSDL (Web Services
Description Language) [24]. For example, a service is
described by the following information: identifier, identifier of
provider, resource requirement for its execution [24]. More
precisely, similar to description presented in [24], there are
four main parts to describe a service: 1) the attributes, 2) the
Capsule, 3) Constraints and requirements, and 4) Set of
relevant semantic keywords. Attributes include the
characteristic of the service such as operations that can be
invoked and their respective input and output parameters. The
capsule gives information about the service localization, the
invocation protocol and the port number. The constraints and
requirements give information about the required resources
needed to execute the service. The semantic keywords are
used by a discovery affinity algorithm for matching relevant
keywords to each nearby Sagents.

To establish an affinity network, let consider that D(S;) is
a description of the service offered by an Sagent S; that want
to create an affinity relationship with a nearby Sagents S .
Let us consider also a function MATCH(D(S;),D(S;)) that

return an affinity measure m; which indicates if the service

description of S; matches with the service description of the

agent §;. For example, m; can be calculated as the ratio of

i

keywords that are in common between S; and S;. If this
affinity value is above a certain threshold o, agent S, creates
an affinity relationship with the agent S; and §; creates an

affinity relationship with S; . Initially, m; and m; could be

set to an equivalent value. Moreover, a reinforcement learning
mechanism is used to allow dynamic changes of the affinity
values according to user requests. An affinity relationship

between S; and § J is considered valid if m;20 , otherwise, it
is discarded and could be removed from the affinity

relationship set of S; (resp. §;) if my<o (resp. m;<o ).

B. Network affinities adjustments

The affinity mi between a Sagent S; and a Sagent S is a

real variable that is adjusted or reinforced based on two level
of satisfaction. We refer to the first level by a local
satisfaction level and it is described by services offered by
neighboring Sagents and resources needed to run services (i.e.
computing context). The second level is a global satisfaction
described by the user satisfaction (i.e. user context) with
respect to end composite service provided. More precisely, let

uf (resp. u}) denotes the local satisfaction value of the agent
S; (resp. ;) according to its potential cooperation with a
neighboring agent S (resp. §; ). If the S; is satisfied then

uf is set to 1 and 0 otherwise. Moreover, the agent adjusts the

affinity of relationships using the following equation:
Amii(t+1)=t(uf.uj—g(my(1)))

where 7 is a positive value between 0 and 1. The value of

affinity is mapped to a value between 0 and 1 by using the

logistic equation g(mij)=l/l+e_m’7 . Within this equation, the

affinity value my; increases quickly when it is near 0 and

satisfaction is equal to 1. Also, the affinity value m;

decreases quickly when the satisfaction is equal to 0. When a
user is satisfied with a global provided service, the value of a

global satisfaction denoted by u® is set to 1 (positive
satisfaction) otherwise the value of satisfaction is set to 0

(negative satisfaction). This satisfaction is forwarded then to
the agents that it interacts with to provide a global composite



service according to the following equation:
Ami(t)y=t(u® =g (my(1)))

IV. SIMULATION RESULTS

The proposed discovery and composition approach is
evaluated by a simulator implemented with NS2 [26]. A
network of 100 nodes is generated randomly. Each node
provides one service of ten kinds of elementary services that is
described by a single of keyword. The simulation abstracts
any considerations about networking issues such as bandwidth
constraints and time processing. Figure 1 shows the average
number of time to discover and compose a service in the case
of resource discovery and composition with and without
creation of affinity networks. This result shows that without
creation of affinity relationships, each node has no knowledge
of services provided by other nodes. Consequently, service
discovery and composition performs poorly. In contrast, with
creation of affinity relationship, at the beginning of the
simulation, there are no relationships, and service discovery
and composition performs poorly. As more simulator time
elapses, nodes create many affinity relationships and adjust
them leading to improve performance in service discovery and
composition.
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Fig. 1. Average number of time (r) to service discovery and
composition with and without creation of affinity relationships
during simulation time (t).

V. CONCLUSION

In this paper, a decentralized approach for service discovery
and composition for pervasive environment is presented. In
this approach, the mechanism of establishing affinity
relationships is very simple. Other mechanisms can be
introduced to increase the rate at which the nodes acquire the
relationships that meet the desired and required services.
Current work will address the formal specification issue of the
proposed approach, the integration of context-awareness
parameters in the equations described above together with
additional simulations with ns2.
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