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Abstract

With resources such as printers, mail boxes or software avail-
able throughout the world and interconnected by fast net-
works, and with the increase in the number of mobile user-
s, service discovery and pervasive computing are becoming
important features of the network scenario. Service discov-
ery is a essential element in the full deployment of pervasive
computing. Service discovery allows devices to locate oth-
er devices or services avoiding the configuration of the ser-
vices or the installation of drivers, a feature that is particularly
important for roaming users. Roaming users are most likely
to use wireless communications which operate under several
constraints. This paper focuses on analyzing and evaluating
two of these limitations, bandwidth usage and latency, of two
approaches for dealing with service discovery: the Service
Location Protocol (SLP) and Jini. In this paper we present
the results of our bandwidth usage analysis and the results a
comparison of latency of SLP and Jini.

Keywords - PERVASIVE COMPUTING, RESOURCE DIS-
COVERY, SERVICE LOCATION PROTOCOL, JINI, BAND-
WIDTH USAGE, LATENCY COMPARISON.

1 Introduction

The growth in the number of mobile users, due in part to de-
vices such as PDAs, laptops, and cell phones which become

more affordable daily, and the availability of services such as
printers, memory, mail boxes or software in machines avail-
able world wide interconnected by fast networks, permits
users to connect with all these resources remotely on demand.
One of the main problems, in using all these resources, is the
configuration of the services by users each time they move
and for every single service they want to access. For exam-
ple, users currently need to upload drivers for each service
needed or to search for an IP address. By solving the config-
uration problem, it could be possible for roaming users, such
as businessmen or passengers in a car [6], to access all these
resources from their devices transparently. The same problem
is faced in ad hoc networks where there is no central control,
users move constantly, and there is a need of autoconfigura-
tion.

Pervasive computing or ubiquitous computing, which
roughly means computers anywhere at anytime, is a fairly re-
cent concept in computer science. Several attempts have been
made to define it. Birnbaum defined it as a computer hidden
in so called information appliances such as washing machines
and furnaces [8]. More recently Ciarletta and Dima define a
layered model for pervasive computing [11]. The aim of all
this work has been to provide a standard definition.

Pervasive computing implies the use of nomadic devices.
The communication among these devices is by nature wire-
less. Nomadic devices and wireless networks work under sev-
eral constraints, for example, limited power and bandwidth,
ad hoc networking, and small displays [20].
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Power consumption is seen in the literature as the most im-
portant problem for nomadic devices. A lot of research has
been conducted in different areas to optimize power. For ex-
ample, Chan and Tassiulas, in [9], present routing algorithms
for optimizing power, Chen et al, in [10], focus on schedul-
ing services in a low power MAC for wireless ATM networks.
In a laptop, the hard disk and LCD screen consume most of
the power while in a PDA most of the energy is consumed
by the network interface. A network interface in idle mod-
e can consume as much energy as a whole PDA [26]. Also,
as bandwidth access increases, power consumption increases,
thus reducing the battery life time.

Bandwidth is another important resource. Within a cel-
l of current cellular systems, a set of users shares the same
bandwidth and splits it among them. Because of its nature,
the cellular architecture encourages the conservation of band-
width per device in order to increase the number of users per
cell.

Latency is also an important issue in wireless networks.
The latency of a transmission depends on many factors such
as the load of the network, error correction algorithms, phys-
ical layer, and routing algorithms [13]. It is well known that
in a wireless transmission, the error rate is higher than in a
wired network, and thus the latency is much higher. While
in a wired network we can easily achieve speeds of up 100
Mbits/sec, in a wireless network it is difficult to go over 2
Mbits/sec.

This paper focuses on the bandwidth usage and latency of
two important technologies for pervasive computing. These
two issues are important for both pervasive computing and
wireless networks in general, but to the best of our knowl-
edge they have not been explored in previous publications.
Currently there are several technologies available in the mar-
ket that allow some degree of pervasiveness. They range from
frameworks to protocols and hardware based.

Some examples of frameworks are the Salutation frame-
work [12] and Home Audio/Video interoperability (HAV-
i) [24]. Some resource discovery protocols, which allow the
devices to find each other, are the Service Location Protocol
(SLP) [18], Dynamic Host Configuration Protocol (DHCP)
[15], and Berkeley Secure Service Discovery Protocol [14].
Other technologies which provide more functionality in addi-
tion to a service discovery protocol are Universal Plug-and-
Play (UPnP) [25], Bluetooth [16], and Jini [23].

Finally, there are other technologies, such as HP Jet-
Send [27] that allows devices to talk to each other but does

not provide a means of finding the resources or the MIT Inten-
tional Naming Service [3] which is a good attempt for stan-
dardizing the attributes of services. These are some examples
of different directions taken by the work in pervasive comput-
ing. Also, there are other technologies, hardware-based, that
can work with the aforementioned as a physical layer such
as Universal Serial Bus [19], FireWire (IEEE 1394) [1], and
Home Phoneline Networking Alliance (HPNA) [4].

Bettstetter and Renner, in [7], give a good but broad com-
parison of several service discovery protocols. We will focus
on specific elements, the bandwidth usage in bytes and laten-
cy, of SLP and Jini. This paper only presents our results of
a bandwidth usage analysis and latency evaluation. A detail
description of these analysis can be found in [17]. A brief
description of these technologies is presented in Section 2,
bandwidth usage comparison is presented in Section 3, and
latency evaluation is presented in Section 4. Finally, some
conclusions are given in Section 5.

2 Background

2.1 Service Location Protocol

The Service Location (SRVLOC) group, part of the Internet
Engineering Task Force (IETF), published in 1997 the SLP
Version 1 [28] and in 1999 the SLP Version 2 [18]. SLP is
the IETF standard for service discovery.

SLPv2 is a protocol for service discovery. It has the notion
of the scope, which is an unadministrative domain. For ex-
ample, a scope can be a department within a company. SLP
defines three entities:

� Service Agent (SA). Services are resources that can be
used by a device, a user, a program or another service.
Some examples are memory space, printers, and soft-
ware. In general any resource available in the network is
potentially a service.

� User Agent (UA). UAs are the clients or users of the
services

� Directory Agent (DA). The primary function of DAs is
to implement a repository of services where the clients,
UAs, can look for particular services given particular at-
tributes. SAs register their services with their attributes
with the DA in their scope.
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UAs, SAs, and DAs are members of scope. UAs and SAs
can discover the DAs in their scope by different means, such
as:

� Active discovery. SAs and UAs multicast SLP requests
asking for the local DA.

� Passive discovery. DAs multicast advertisement mes-
sages on a periodic basis announcing their presence.

� UAs and SAs can learn the location of DAs by an exter-
nal means, such as a configuration file.

UAs send a Service Request only to SAs and DAs support-
ing their scope. SLP addresses two modes of operation:

� Without DAs. UAs send Service Requests using IP mul-
ticast or broadcast. SAs, listening to a well-known port,
find a match between a requested service and the service
they offer, and reply to the UAs using unicast with their
URL.

� With DAs. UAs and SAs discover the DA by any of the
aforementioned means. Then SAs register their services
with the local DA, whereas UAs can send queries to the
DA inquiring for a service.

Figure 1 illustrates a common scenario in SLP. The opera-
tion mode is with DAs using active discovery. It is assumed
that the SA, UA, and DA are members of the same scope.
In this scenario: the SA and UA discover the DA by multi-
casting a Service Request. The Service Request message set-
s the parameter Type to service:Directory-Agent. Every DA
that listens to this message responds with a unicast message,
called DA Advertisement, that contains their URL.

Then the SA registers with the DA in its scope. The param-
eters of the Service Registration message are the URL, Type
and Attributes of the service. The SA gets back a Service Ac-
knowledgment, which is an error code. After the discovering
process, the UA can look for a particular service by sending a
Service Request to the DA specifying the Type and Predicate
over attributes of the service needed. The DA responds with
a Service Reply message, which includes a list of all the SAs’
URLs that matches the request. If there is no match, the list
is empty. Afterwards, the UA can establish communication
with the SA. The communication between SAs and UAs is
outside of the SLP architecture.
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Figure 1: SLP Operation.

2.2 Jini Technology

Jini [23] is a coordination framework written in Java and de-
veloped by Sun Microsystems. In the development of Jini,
many people from the industry and academia were involved.
However, it is important to mention the work done by David
Gelernter of Yale University and Nick Carriero who built the
Linda coordination model using Tuple Spaces [2]. The evolu-
tion of Linda led to the JavaSpaces technology that eventually
evolved into Jini.

Jini defines five key concepts: discovery, lookup, leasing,
remote events, and transactions [22]. These concepts are also
present in the SLP architecture, except the remote events and
transactions. However, these two ideas can be implemented
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on the top of SLP by other protocols or at a higher layer by
some applications.

Jini defines three different entities: Service providers,
Lookup services, and Clients. These entities are analogous
to the SAs, DAs, and UAs respectively. It also defines the
concept of group, which is analogous to the SLP scope.

Jini bases its operation on three protocols called discovery,
join, and lookup protocol [23]. The last two protocols are not
communication protocols. They only define a set of rules on
how well behaved Jini entities should join a Jini community
and how to look for a particular entity. The discovery proto-
col is used for discovering the Lookup services by the Service
providers and Clients (discoverers). It consists of three spe-
cific protocols:

� Multicast request protocol. It is analogous to the active
discovery in SLP. The lookup service listens to a well-
known port. The discoverers multicast a request and get
back a Service Registrar message.

� Announcement request protocol. It is similar to the pas-
sive discovery in SLP. The lookup service multicasts on
a periodic basis a message advertising its presence. In-
terested discoverers contact the lookup service by send-
ing a unicast request message and they get back a Service
Registrar message.

� Unicast discovery protocol. This protocol is used by the
discoverers when they know the address of the lookup
service, and is similar to the last part of the announce-
ment request protocol.

In these three protocols, the last message is always from
the lookup service to the discoverers. This message contains
the proxy of the lookup service, which is serialized according
to the Java Object Serialization specification [21]. The proxy
is an object that implements the Service Registrar interface.
This interface defines the methods needed by the discoverers
to talk to the lookup service.

One representative scenario demonstrating how Jini works
is shown in Figure 2. In the Figure, the multicast request
protocol is used and it is assumed that the three entities are
part of the same group. Note that this figure is very similar to
Figure 1 which illustrates the operation of SLP.

After discovering the lookup service, the service provider
registers its service by calling the register method on the
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Figure 2: Jini Operation.

lookup service proxy. By doing this, the service provider u-
ploads a proxy of the service. One of the parameters of the
register method is a lease period, which states how long the
service will be available. The lookup services respond with a
Service Registration object, which is more than a simple ac-
knowledgement. For example, it is possible to ask this object
whether the lease period has been granted.

Clients find services by calling the lookup method on the
lookup service proxy. The parameter of this method is a tem-
plate specifying a set of attributes desirable in the service that
is looked for. In response, the lookup service delivers the
proxy of the service requested, if it is known; otherwise the
lookup service responds with a Null value. This proxy is the
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same that was uploaded by the service provider. After a client
downloads a service proxy, it establishes communication, via
RMI, with the service provider.

3 Bandwidth Usage Analysis

This section describes a bandwidth usage analysis performed
on SLP and Jini. The analysis and the results are based on the
SLP and Jini specification and in previous work [5].

3.1 SLP Analysis

We focus on the scenario illustrated in Figure 1, which shows
a representative situation in SLP. It uses active discovery and
the presence of one DA will be assumed.

Three processes are considered: discovery, registration,
and lookup. The discovery process, executed by SAs and
UAs, is represented, in Figure 1, by two messages: the Ser-
vice Request(Type) and DA Advertisement(URL). The regis-
tration, executed by the SAs, uses the messages Service Reg-
istration(URL, Types, Attributes) and Service Acknowledge-
ment. The lookup process, executed by the UAs, uses the
messages: Service Request(Type, Predicate) and Service Re-
ply(URL).

We compute an upper bound on bandwidth usage, in bytes,
in SLP for each of the processes, and then we calculate the
overall bandwidth using that information for a full-featured
printer service implemented in C.

In the TCP/IP stack, SLP is placed over UDP. SLP mes-
sages share a common header and are encapsulated within a
UDP header, IP header, and network header, i.e. an Ethernet
header.

In the sequel, let � be the number of SAs, � be the num-
ber of UAs, �� the service registration period, and �� the
service request period.

3.1.1 Discovery Process

Since one DA is assumed to be present in the scope and active
discovery is used, the UAs and SAs broadcast a Service Re-
quest looking for a DA in their scope. For discovering DAs,
the parameter Type of the request is set to service:Directory-
Agent. According to the SLP specification, the Service Re-
quest message is always sent a constant number of times, �,
even if the agents get a response from the DA after the first

request. This is because the agents try to discover all the DAs
available in the scope. To make a fair comparison with Jini,
we will use the same constant in the Jini discovery process.
With one DA in the scope, after the first Service Request mes-
sage sent by the SAs and UAs, they get back a Service Reply
message. The remaining��� Service Request messages are
discarded by the DA.

3.1.2 Registration Process

In the presence of a single DA, over a duration of � seconds,
the amount of traffic, in bytes, generated by the registration
process amounts to the size of an encapsulated Service Regis-
tration and the size of the encapsulated Service Acknowledge-
ment message times the frequency of registration multiplied
by the number of SAs.

3.1.3 Lookup Process

This process involves two types of messages: Service Request
and Service Replys. The amount of bandwidth during � sec-
onds, leased for �� seconds, due to Service Request messages
amounts to the size of the encapsulated Service Request times
the number of renews needed, multiplied by the number of
SAs. Since the service requested is leased, there is a need to
renew the lease before it expires.

Every Service Request message is sent using unicast to the
DA and all URLs matching the required service are packed in
a single Service Reply message in a field called URL. We as-
sume that �% of the SAs available in the scope offer a match-
ing service. The amount of bandwidth therefore corresponds
to the size of an encapsulated Service Reply message, along
with the number of URLs that matches the request times the
service request frequency, due to the lease, multiplied by the
number of UAs requesting a service.

3.1.4 Results

The overall amount of bandwidth,����� , can be calculated
by adding the bandwidth usage of the discovery, registration
and lookup processes.

Figure 3 plots the usage of bandwidth if � is fixed to one
hour, �� to 15 minutes, and �� to five minutes. Percentage
� is set to 10. The other values are set according to our im-
plementation of the printer service. A printer service was im-
plemented, in C, according to the RFC 2608 [18]. A UA for
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Figure 3: Bandwidth usage of a configuration with a DA,
SAs, and UAs.

the printer and a DA were also implemented. All the agents
were deployed in 100 MBits Ethernet network. These agents
were used to obtain the values for the simulation presented in
this paper. For this situation, that can be considered represen-
tative, usage of bandwidth is more sensitive to the number of
UAs than the number of SAs.

Another example we analyzed is a simple Hello World ser-
vice. This service was implemented and analyzed in the same
way we did with the printer service, i.e. network conditions,
language, RFC specifications. The results of analyzing the
hello world service are similar to the printer service. The
bandwidth consumption is only about 1% less. This is main-
ly because SLP is only delivering URLs and there is only a
light difference, in bytes, between sending a URL of a full-
featured printer service or a simple hello world service.

In [5], an SLP architecture with a DA is compared with
one without DAs. It is shown that the architecture with a DA
consumes less bandwidth, about 50% less. This is true for
the most of the cases (a conditions showing for which cases
is true is presented in the same paper).

3.2 Jini Analysis

We will follow the same idea of the previous subsection in
the Jini bandwidth usage analysis. We refer to Figure 2 for
our analysis of calculating an upper bound of a full-featured

printer service using Jini. The lookup service used for the
analysis is the one that comes with the Jini distribution, which
is called reggie.

Jini makes use of RMI to achieve the communication a-
mong the entities. RMI uses in turn a TCP socket for com-
munication. RMI follows a simple protocol for the commu-
nication. It uses two types of messages: request and reply.
The object invoking a remote method sends a request over a
TCP connection and the remote method returns a value or an
exception over the same TCP connection.

RMI defines three different protocols for the communica-
tion: StreamProtocol, MultiplexProtocol, and SingleOpPro-
tocol. The protocol is specified in the RMI header. The
StreamProtocol only transmits the RMI requests and replies
over a TCP connection. The MultiplexProtocol allows mul-
tiple sessions over the same TCP connection. The SingleOp-
Protocol uses HTTP protocol on the top of the TCP proto-
col. It uses Post and it is intended to be used when there are
firewalls between the remote objects. The payload of the re-
quest contains the parameters of the method invoked remote-
ly. Each parameter is serialized according to the Java Serial-
ization Object specification.

The reply message has an acknowledgment in the header
and the payload contains the object, primitive data type or ex-
ception returned by the method invoked, which is serialized
according to the Java Serialization Object specification. We
will assume the use of the StreamProtocol. We do not con-
sider RMI running over another protocol such as IIOP, since
doing this clearly will lead us to higher bandwidth consump-
tion.

As in the SLP case, we consider the three processes in-
volved in the Jini operation: discovery, registration, and
lookup. Some of these processes use RMI, whereas others
use only UDP or TCP connections.

3.2.1 Discovery Process

In Figure 2, the discovery process is represented by the Mul-
ticast Request message and the Service Registrar object re-
turned. The Multicast Request message is a UDP datagram,
whereas the ServiceRegistrar object goes in a TCP communi-
cation.

The bandwidth usage in Jini due to the discovery process
by� service providers and� clients is the sum of these two
messages multiply by � and � . When the service provider
or the clients do not have the Jini classes already installed,
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they can download them from the lookup service host. This
process is done in the discovery stage.

As in SLP, the number of requests sent by the discoverers
is always constant, even if they receive a response after the
first request message sent. Jini specifies seven as the value
for this constant, �. Jini assumes that after seven requests,
the discoverers will get answers from all the lookup services
available in the group.

3.2.2 Registration Process

In Figure 2, the registration process is represented by the in-
vocation of the method register on the Service Registrar ob-
ject with the item to be registered and a lease time as param-
eters. The response is the Service Registration object. This
communication is done via RMI.

The service providers register with the lookup service for
a lease period of time �� and then the lease is renewed. The
process of renewing the lease is also done via RMI. The re-
new process does not return any value. The service provider
can call the method getExpiration() to know if the lease was
granted. We assume that the lease is always granted.

Therefore, the total amount of bandwidth consumed in the
registration process during a period of � seconds, leasing the
service for �� seconds, is defined as the size of the registra-
tion message plus the size of the renew lease message times
the number of lease renews multiplied by the number of ser-
vice providers.

3.2.3 Lookup Process

In Figure 2, the lookup process is represented by the invo-
cation of the method lookup on the Service Registrar object.
The response is the proxy of the service requested. With �
clients discovering at a ratio of ���� independent services,
the lookup process can be defined as the amount of traffic
generated by the lookup queries times the ratio of the discov-
ering multiply by the number of clients. The lookup queries
are done via RMI. The queries include a parameter that spec-
ifies the attributes and type of the service needed. The object
returned is the proxy of the service requested. If there are
many services known by the lookup service that match the
lookup request, it returns only one, which is chosen random-
ly. If there is no matching, it returns an object with a Null
value. We assume that a service is always found.
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Figure 4: Bandwidth usage of JINI without downloading
code.

3.2.4 Results

The total amount of bandwidth usage can be calculated by
adding the bandwidth usage of each process. Figure 4 plots
the usage of bandwidth of Jini based on analysis performed in
the last subsections. Variables � , � , � , ��, and �� are set
as in Subsection 3.1. The other parameters are set according
to a full-featured printer service implemented using Jini 1.1.
We deployed the printer service, client, and lookup service in
the same network and conditions as the SLP agents. The Jini
printer service has the same features of SLP printer service,
i.e. attributes. In particular, the amount of code downloaded
by the discoverers is set to �, which means that the service
providers and clients do not need to download code for run-
ning the lookup service proxy.

The Jini architecture is similar to the SLP architecture with
a DA. However, Figure 4 shows a higher use of bandwidth,
even though no code was downloaded, i.e. classes, only ob-
jects. Figure 5 plots the Jini bandwidth usage of the same
printer service when we take into account the code download-
ed. In our experiments, the size of the code was approximate-
ly 60 Kbytes.

Using Jini, it is possible to have communication between
the service providers and the clients through RMI. However
in order to make a fair comparison with SLP we did not in-
clude this process as part of our analysis since SLP does not
address the communication between SAs and UAs.
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Figure 5: Bandwidth usage of JINI downloading code.

Another example we analyzed is a simple hello world ser-
vice. The analysis shows that the bandwidth consumption of
the full-featured printer service is higher by about 14% when
there is no code to be downloaded and less than 1% when
the code to be downloaded is 60 Kbytes. This number is not
as high as could be expected mainly because the only differ-
ence between these two services is the size of their proxies.
Whereas the hello world proxy is only 43 bytes, the printer
proxy is 177 bytes long. Therefore, it can be expected that
for any kind of service, the bandwidth usage in Jini would
be similar to the one presented here with slight variations de-
pending on the size of proxies transmitted.

4 Latency comparison

For testing the latency of the SLP and Jini service discovery
protocols, a set of experiments was conducted. We tested two
different applications separately in both architectures: a hello
world service and a full-featured printer service.

For the SLP case, an SA, a printer service and a hello world
provider, a UA of both services, and a DA were implement-
ed in C. In the Jini case, the same service provider, client,
and lookup service were implemented in Java. The lookup
service utilized in our experiments was reggie. For each ex-
periment, the SA first discovers the DA and then it registers
with it. Then the UA discovers the DA and looks for the ser-
vice. In the Jini case, the same process is executed by the
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H = DP: HW in Jini
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J = RP:HW in Jini
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Figure 6: Latency comparison.

service provider, client, and lookup service.
All the experiments, a set of 20, were conducted in 100

MBit Ethernet network of Pentium III, 500 MHz, and 128
MB RAM workstations. The results of the experiments are
depicted in Figure 6.

From Figure 6, we can note clearly that Jini latency is very
sensitive to the size of the proxies transmitted. Jini’s latency
is higher depending on the size of the proxies. If the proxy
is small enough, such as the hello world proxy, then the dif-
ference with SLP is minimum. We can say that SLP latency
is lower mainly because it transmits URLs instead of prox-
ies and its relative light weightedness, i.e. fewer interactions,
smaller messages.

5 Conclusions

Service discovery protocols are key elements in the full de-
ployment of pervasive computing. Many devices in perva-
sive computing are nomadic, and therefore many of them use
wireless communication where the bandwidth is an importan-
t resource that must be used efficiently, and latency is a key
factor in the overall performance of the protocols. SLP and
Jini are two important technologies for service discovery that

8



were discussed in this paper. We present results on bandwidth
usage by SLP and Jini and their latency for a full-featured
printer service.

The Jini configuration is similar to the SLP configuration
with a DA, but Jini makes higher use of bandwidth mainly
because of the transmission of proxies across the network. It
is important to mention that Jini might need more bandwidth
when the service providers or clients need to download code
for running the proxies or the Jini classes. In this case, we
showed that the bandwidth usage is more than 10 times higher
than when there is no need of downloading code.

Although the two protocols behave differently in band-
width usage and latency if a code migration protocol is paired
with SLP, the SLP behavior would be very similar to the Ji-
ni’s. Generally, Jini is a more complicated protocol and it is
expected to have a worse timing performance compared with
SLP, but it offers many more capabilities than SLP. The selec-
tion of SLP or Jini should not be based only on the analysis p-
resented in this paper. SLP and Jini have other advantages and
disadvantages that have to be taken in consideration. For ex-
ample, SLP is simple to implement and it is very lightweight
and thus suitable for wireless communications. However, it is
only a string-based protocol and it does not address commu-
nication among the agents. Jini is flexible for implementing
any service and it is OS independent because of the JVM. Ji-
ni has as its main strength the ability to move code, although
this ability can be regarded also as a drawback since mov-
ing even a small piece of code can involve a lot of traffic in
the network. Jini has heavy requirements, and the bandwidth
usage is higher than SLP, although it is a more sophisticated
system.

Finally, two other important commercial technologies
available in the market are the Bluetooth and Universal Plug-
and-Play. The first one uses the Simple Discovery protocol
for service discovery, whereas the second one uses the Sim-
ple Service Discovery Protocol. Further work might include
these two technologies in bandwidth usage and latency anal-
ysis.
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