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ABSTRACT
The need for an efficient service management system in an
ad-hoc network is obvious. Mobile nodes – and with them
the services they provide – frequently enter and leave the
network, imposing comparatively high dynamics that have
to be considered for the design of communication protocols
on nearly any network layer. In this paper we propose an
ad-hoc service management system based on the Service Lo-
cation Protocol (SLP) that not only allows the user to dis-
cover appropriate service providers, but also keeps him in-
formed about the existence and the properties of alternative
providers. With this information the user application is able
to prepare and conduct service handovers in case of network
or device failures. Moreover, it becomes possible to change
to a more convenient provider when one becomes available.

Categories and Subject Descriptors
C.2.1 [Network Architecture and Design]: Wireless
communication—Ad-hoc Networks; C.2.2 [Network Pro-

tocols]: Applications—Service Management
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1. INTRODUCTION
Users entering an ad-hoc wireless network want to be able
to access services provided by other nodes (e.g. a wired
internet gateway, a printing service, or a document transla-
tion service) with a minimum of preliminary effort. In most
cases, ad-hoc network nodes cannot be pre-configured with
service provider information. Thus, a powerful tool that
allows a user to discover appropriate providers for desired
services is necessary. In this paper we propose an ad-hoc
service management system based on the IETF Service Lo-
cation Protocol SLP [6] that allows a user application to
efficiently and comfortably find and select service providers
that fulfill his requirements.
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The major problem with wireless ad-hoc networks is to ef-
ficiently cope with the spontaneous and dynamic behavior
of network nodes. Nodes may enter or leave the network
without premonition at any time, they may move around
changing the network topology unpredictably, and network
paths may abruptly become unavailable. This dynamic na-
ture holds profound implications for the design of network
protocols on all levels. Even though special routing and
transport protocols can hide some of the unpleasant effects
from upper protocol layers (e.g. by dynamically switching
to another network path in case of a link failure), it is vir-
tually impossible to ensure node and communication path
availability. Thus ad-hoc middleware and application sys-
tems should consider the long-term accessibility of service
providers in ad-hoc networks as very restricted.

This leads to a demand for efficient service handover mech-
anisms. The concrete realization of theses mechanisms de-
pends very much on the application protocol and is there-
fore not in the scope of this paper. However, the proposed
service management system supports seamless service hand-
overs by permanently giving the client application current
information about available service providers. This enables
the application to keep a set of possible backup providers (if
existent) and to synchronize relevant information with those
providers in order to prepare a seamless handover.

A very simple and naive approach for service discovery would
be to broadcast some kind of request with a description of
the desired service to every node in the network. Nodes that
provide a suitable service answer to this request with the
necessary access information (e.g. address and port num-
bers). If the client node repeats this procedure periodically,
it will have up-to-date service information at any time. This
approach is very robust against network failures, but it im-
poses a prohibitively amount of network traffic. A single
broadcast generates a significant amount of traffic for the
whole network [11]. Since network resources in ad-hoc wire-
less networks are comparatively sparse, a periodic request
broadcast by all service users is impractical.

Another approach that is commonly used in fixed networks
is to install a central service directory that stores all service
information. Providers register their services with this di-
rectory and users can request the desired information from
it. This approach is very efficient concerning the imposed
network load, but the directory constitutes a single point of
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failure. Especially for dynamic ad-hoc networks with the di-
rectory possibly being located at a mobile node this purely
central approach is virtually not applicable.

Therefore, a service management for ad-hoc networks has to
combine bandwidth efficiency and robustness against node
or connection failures. The SLP subsystem of our service
management uses a hybrid request procedure (cf. section
2.1) that offers a viable trade-off between those apparently
conflicting optimization goals.

For wired networks, several service discovery systems like
SLP, JINI [12], and UPnP [13] have been proposed. Tech-
nically, all those systems can be used as a basis for the mech-
anisms proposed in this paper. However, we have focused
on SLP because of its sophisticated discovery system (cf.
section 2.1) and its open and extensible design. Prior com-
parative studies ([1, 4]) endorse this decision.

The concept of service awareness [14] for ad-hoc networks
uses an anycast mechanism to retrieve the network address
of a desired service provider. A service is referenced by
a service-id and a local resolver translates this service-id
into a network address of a service provider. The provider
information is propagated together with routing information
and cached locally at the user’s node. Each node collects
information about all available service providers. This may
impose a prohibitively high network load especially in large
networks.

The rest of the paper is organized as follows. Section 2
takes a closer look at the basic functionality of SLP and
demonstrates its suitability for ad-hoc networks. Section 3
describes the concept of a novel caching mechanism we called
Pool Manager. In section 4 the impact of the management
system on the network load is analyzed. Section 5 concludes
the paper and gives an outlook for further research activities.

2. SERVICE LOCATION PROTOCOL
The Service Location Protocol SLP was designed to discover
services in enterprise local networks, but several mechanisms
and properties make it also suitable for wireless ad-hoc net-
works. SLP is an IETF proposed standard and implemen-
tations exist for nearly any operating environment.

Client applications in an SLP network are modelled as so
called User Agents (UA). A UA can state different types of
requests to obtain service information. Services are offered
by Service Agents (SA) that reply to the UA’s requests. Di-
rectory Agents (DA) are optional service information repo-
sitories where SAs register their services and UAs request
needed information. That allows a more efficient use of net-
work bandwidth as will be described in section 2.1.

SLP service providers are represented by Service URLs of
the form service:<srv-type>://<address-spec> in which
the placeholder <srv-type> stands for the type of service
and <addr-spec> stands for the information the user needs
to access the service provider. In addition to this Service
URL, service providers can be described by a set of attribute-
value pairs in an LDAPv3 compatible string encoding so
that the powerful LDAP search mechanisms [7] can be used
to filter services by attributes. Service templates are stan-

dardized text documents that specify the attributes by which
a given service type is described.

SLP offers the user three types of requests: service type
requests, service requests, and attribute requests. With a
service type request, a users can ask for a list of service
types that are momentarily available in the network. The
belonging service type reply does not contain any provider
information.

The service request is of course the most important request
type. A typical service request contains the type of the de-
sired service and optionally an attribute filter complying to
the service template of this service type. This filter defines
the properties that the service provider has to fulfill. The
receivers of this request match the service type and the at-
tribute filter against their locally registered providers. The
Service URLs of matching providers are returned to the re-
questor in a service reply message.

The third request type is the attribute request which allows
the user to obtain attribute value information about service
providers. The user can specify the attributes she is inter-
ested in or request all available attributes of the provider at
once.

Another way to retrieve attribute information is the use of
the Attribute List Extension [5]. SLP comprises an exten-
sion concept similar to the IPv6 extension header concept.
This allows custom protocol fields to be added to SLP mes-
sages. The Attribute List Extension makes use of this con-
cept to request attribute information already by the service
request so that an additional attribute request is not neces-
sary anymore. The UA simply adds a predefined Attribute
List Extension field to the service request. The SAs and
DAs that support this extension will thereupon add a list of
all attribute-value pairs as an additional field to the service
reply. This procedure reduces the number of messages and
the latency imposed by an extra attribute request.

Service registration messages are used by SAs to register the
offered services with all available DAs. These messages con-
tain the Service URL and all corresponding attribute-value
pairs. Registrations are assigned a lifetime that is specified
by the SA in the service registration message. An SA has
to re-register his services within this lifetime, otherwise the
service is deleted from the DA’s local repository. Hence, ob-
solete information about dropped out services will not stay
longer than this lifetime inside the repository. This is espe-
cially important for dynamic networks. Short re-registration
periods enhance consistency of stored information with the
real network situation, but will lead to additional network
traffic. The determination of appropriate registration peri-
ods depends on many environmental circumstances and is
subject to further research.

2.1 Hybrid discovery mechanism
Although SLP was designed for (fixed) enterprise networks,
it uses a hybrid discovery mechanism that combines the ad-
vantages of the naive approaches mentioned in section 1 and
makes it usable for dynamic and instable networks. In or-
der to avoid broadcast storm problems, SLP makes use of
administratively scoped multicast mechanisms [10]. We do
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