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Abstract: Although 2G systems quite adequately
cater for voice communications, the demand today
is for high-speed access to data centric applications
and multimedia. Future networks have been
designed to provide higher rates for data
transmission, but this will be complemented by
higher speed access to services via hotspots using
secondary wireless interfaces such as Bluetooth or
WLAN. With a wide range of applications that may
be developed, a growing number of short range
wireless interfaces that may be deployed, and with
mobile terminals of different capabilities, a meansto
integrate all these variables in order to facilitate
provision of services is desirable. This paper
describes an architecture involving the use of
middleware that makes software development
independent of the specific wireless platform. The
advantages of this approach are also presented.
Sample applications for use in next generation
systems wer e implemented on a testbed and features
of these have been described. The method described
is a standardised approach for service execution in
mobile systems, independent of radio interface
involved.

1. Introduction

Next generation networks are expected to feature
data and multimedia application sessions that require
transmission rates much higher than currently
achievable using the GSM interface. To complement
this drive towards the delivery of high-speed services,
hotspots have commenced to be deployed, which
feature high speed short-range [1] wireless connections.
These are aimed a high data rate applications,
primarily access to the Internet, email, and sometimes
to remote corporate data-based applications, and
ultimately to multimedia content. Several wireless
technologies exist for providing such connectivity. One
notable example is the Bluetooth [2] wireless interface,
which has a smal form factor, and lower power
consumption, and hence is targeted towards small hand
held mobile devices. Although originaly billed as a
cable replacement technology, it is aso capable of
supporting such data sessions, as well as audio. Other
wireless interfaces include the IEEE 802.11 series of
standards, HiperLAN, and InfraRed.

Short range wireless has a significant role to play in
the delivery of high speed services in next generation
mobile communications. It is evident that to develop
next generation services for more than one wireless
interface will require knowledge of the workings of the
particular target platform, and will make an application
less portable. Nevertheless, that is not a sufficient
requirement. It is necessary to be able to locate or
discover what services are on offer, and to be able to

access them, without requiring significant effort on the
part of a user. With respect to service providers, an
open framework where services can be developed and
deployed without requiring knowledge of a specific
wireless platform would be particularly useful.
Furthermore, standardised procedures for interaction
between distributed objects and an architecture that can
integrate disparate objects in order to deliver a more
useful service would be desirable. This is a role filled
by middleware in conjunction with service discovery
protocols.

In this work, Bluetooth has been selected as a
sample wireless interface in a testbed. A middleware
based architecture is described and demonstrated on the
testbed, but may well be implemented on other wireless
platforms. This serves to illustrate some aspects of next
generation networks and services. It will be a win-win
situation both for application developers (including
third party developers), hardware vendors and users
alike. Although Bluetooth has a short transmission
range, for most of the services described or expected,
this distance is adequate. [6] describes a successful
deployment of specific services over Bluetooth, but
only provided access to local services, and was for the
Bluetooth interface only. This paper in contrast
examines an architecture for deploying services over
any short range wireless platform, Bluetooth has only
been wsed as a sample for demonstration. First, an
overview of next generation servicesis given, followed
by a description of the testbed, and the proposed
architedure. A sample deployment, together with the
software is examined, and lesons therefrom are
outlined in the anclusion. It is iown that middeware
can be employed to abstrad the wireless interface
whil e integrating distributed service @mponents.

2. Overview of Services

Severa types of services can be envisioned. One
useful primary serviceis having access to the Internet,
and to email from any locdion at a reasonable data
transmission rate. Clients will prefer to access sich
high speed services via acces points at wireless
enabled information kiosks, public phone boaths ading
as access paints, and from similar hotspots in airport
terminals, train stations and banking halls —indeed
wherever people aygregate and tend to have to wait for
some other service Such situations are ided because
clients remain amost stationary for long enough to
establish a session to oltain the information required-
for the atire life cycle of a session; a complete
transadion. Hefty data or multimedia files may be
downloaded faster and more cegply during such
sesgons than over the GSM interface For others, the
desired service will be alocation-based service It may
often take the form “where am 1” and “where is the



neaest XYZ'. Yet another caegory of services
requires interacion between a dient applicaion and a
remote server/service This runs the gamut of services
to satisfy a variety of client needs comprising services
such as bodking or chedking flight times, adivating an
aarm system at a user’s home, monitoring the locaion
of a dild, or updating a @rporate database. All such
scenarios can make good use of an acces point
conveniently located, with its own power supply and
connedion to the Internet or other communicéions
network. Such services may be dassfied broadly as
infrastructure network dependent services.

At the other end of the spedrum, infrastructureless
networks can be established and some gplications can
still make use of these. The wireless network interfaces
are cgable of forming a network without the presence
of a wired access point. Chat applicaions and file
sharing schemes can make use of such pee& to ad hoc
pea networks. Users sitting in a bus on a journey for
example @n exchange information or chat by seeking
out and establi shing sessions with will ing participants.

3. Middleware Testbed Description

Middeware Tedchnology [4][8][9] isthe achitedure
and spedficaion for credaing, distributing, and
managing distributed program objeds in a network.
Distributed oljed computing extends an objed-
oriented programming system by allowing objedsto be
distributed aaoss a heterogeneous network, so that
eath of these distributed oljed components inter-
operate & a unified whole. These objeds may be
distributed on different computers throughout a
network, living within their own address gaceoutside
of an applicdion, and yet appea as though they were
locd to an application. The distributed objeds may be
components of the service or objeds to fadlitate the
management of qualitative and quantitative aspeds of
QoS. In order to make use of services available & an
access point, the service must first be locaed after a
wirelessconnedion has been established. Such adions
reguire the use of a service discovery protocol [7][10].
Furthermore, provision should exist for a user to
download a dient application if oneis not avail able for
the desired service

For this testbed, Java RMI (remote method
invocation) isthe preferred middeware platform. Jini is
employed as the service discovery protocol. Jini is
itself based on Java RMI, a veritable middeware
platform. Another reason for using Jini, in this proof of
concept deployment on the testbed, is its tight
integration with the Java programming language. It is
quite straightforward to write Jini enabled Java
applications. Furthermore, the compile once run
everywhere paradigm of Java makes it convenient for
client terminals to download a single mpy of a dient
application, which will run on their hardware. Besides,
with Java enabled mobil e devices and software drealy
on the market, it is positioned as a potential favourite
platform for applicaion development. Jini and RMI
reguire the definition of an interface(a set of functions)
between the dient and the service By separating the
service interface from the implementation, different

implementations can be provided for the same interface
to suit the dient' s cagpabiliti es. Thisis desirable in order
to provide context aware QoS. The same server side

code will run but be presented dfferently acording to

the caabiliti es of the device Jini' s red strength is the
ability to dstribute platform independent exeautable

code to the dient that requires a service It must be

emphasised however that this work is not about

mapping Java services to Bluetooth [11], but rather

abstrading the @plication from whatever wireless

interfaceis used.

4. Middleware Architecture

The middleware testbed incorporates a number of
individual components that work together to provide a
Jini service over a wireless interface (in this case
Bluetoath). The interadions are depicted in Figure 1
The @mponents are described in the subsequent
sedions. Middleware provides the isolating layer of
software that shields an applicaion from the
complexities of a heterogeneous environment at the
network layer and below.

The middieware testbed makes use of a distributed
framework that provides extensions to the Java RMI
middleware, and makes use of the Jini architecure for
service discovery. It makes extensions to it to fadlit ate
delivery of services in a uniform way, and to ad
interoperability between services, and leverage devices
in ways that they were not originally envisaged. This
functionality is provided as a Java Class. Attributes
required by al services are dso spedfied in one dass
The avantage of using a standard classis that it can be
extended to provide further attributes desired by a
service provider, but the basic dass will remain the
same. Any descendant class will till have the dass
members needed for the proper operation of
middeware. The Middeware Toodkit has being
implemented predominantly as a wlledion of Java
clases and a set of ancillary functions to enable
connedivity, and ather desirable functionality.

The achitedure proposed will alow third perty
developers to crede gplicaions independently,
without significant regard for a spedfic target wireless
interface by making wse of the middleware toadlkit.
Suppat of applicdions creaed by third party
developers is one fador that made Japan's iMODE a
success and is a desirable fedure to be supparted.
Middleware ammes between the dient applicaion and
the underlying hardware or wireless interface A
developer will not need to know the intricades of the
operation of any spedfic wireless platform, or its
protocol stack. That nevertheless does not prevent a
client application from making drea cdls to the
wirelessinterfaceif such isits design, athough such an
applicaion will be rendered less portable between
different wireless interfaces. Both types of applicaions
may co-exist on awirelessterminal.

With this architecture, client applicaions will
interad uniformly with middieware on the dient-to-
middeware interface uniformly, irrespedive of the
underlying interface On the middeware-to-wireless
API interface the implementation of middleware cdls



would be platform specific. For example, cdls to
establish a session in Bluetooth will differ from that for
wireless LAN or other wireless interface, but will have
the same API definition and achieve the same effect. In
fact, for this testbed, work began before the completion
of JSR-82 gpecification [5] for Bluetooth-Java
interaction. Accordingly, a proprietary Bluetooth-Java
interface has been defined. To make use of the JSR-82
definitions, or to replace the Bluetooth interface with
HomeRf or Wireless LAN, would simply involve
changing the implementation of the middleware-to-
wireless interface, without affecting any of the
applications previously written. Applications will
operate correctly provided they have not been written
to bypass the middleware. A bypass is not a desirable
attribute, although it is permitted for flexibility. This
does not make for portability. The role of middleware
isto effectively mask the underlying hardware from the
application developer.
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Figure 1 Middleware architecture to enable independence between
wirelessplatform and applications

The middieware todkit includes such functionality
common to al wireless platforms and to next
generation applicaions sich as methods to establish a
connedion, or to tea it down, functions to determine
what capabilities a mobile terminal has, in order to
present a service in the proper context, and procedures
to return locaion information if required. There ae
also methods to return discovered services and their
attributes or to seach attributes of services, as well as
functions to locaed neaby wireless terminals. The
toolkit also fadlitates retrieval of the dient executable
from a URL. This is just a sample of available
functionality.

5. Middleware
Components

The present work makes use of a proprietary Java-
Bluetooth APl and a middeware todlkit, above which
client applications or services sit. It demonstrates the
interadion between client and service gplications and
the middleware. Interadion between middeware axd
the wireless interface is aso demonstrated.
Furthermore, most Jini client or Jini service
applications would share a number of common
functions. This bailer plate functionality has been put
together into “wrapper” applicaions, for clients and for
services, making it faster to creae other applicaions
for the testbed. Two email clients and a service have
been creaed toill ustrate these asin Figures 2to 4.

Testbed: Softwar e

The email clients and service demonstrates certain
feaures of next generation services avail able via acess
points:

The dient is thin and is agnostic to the underlying
connedion between it and the service It will run well
on both a wired and wireless interface Becaise the
target environment would be wireless data passed
between the dient and service is kept to the minimum
possble, to give the user aresponsive experience
[3.)ini Service [_[o] x]

Service At |
Stop Service |
Status

MON1TOELOQ: =
Creating backend protocol

**! Time= 1.0603519552ZE12

Finished registration..Difference in time/s
=1.06035195522E9

Starting. ..

Lookup locator is jini://10.175.174.145

Done Join...

dtarted service -

Figure 2 Sample Email Service
[ Email Client [_[Ofx]
checkMail | compose | Pl |

Inbax

From Subject Date

le55a08

Select a nessage to display heve...

Figure 3 Graphical User Interface for Email Client

[ Character based Email Client

Figure 4 Text-based User Interface for Email Client

The Jini service however is not constrained by size.
It has al the functionality required to provide the
service. It can be a much bigger application than the
client, including all the supporting libraries. For
example, the email service on this test bed is in effect
an email client application. This requires knowledge of
how to interact with POP and SMTP servers, and how
to handle mail received generally. This functionaity is
incorporated in the program by making use of JavaMail
API, and JavaBeans Activation Framework- both
extensions to the Java 2 Platform, Standard Edition



(J2SE) [3]. The JavaMail API provides a set of abstract
classes that model a mail system. These extra libraries
are dtogether only about 600KB in this case, but for
other types of services or applications, could be much
bigger. It could be much bigger than a typicd mobile
device would handle. However, this presents no
problem becaise dl these libraries would be hosted on
an accespoint. All a dient has to be ale to dois to
know how to exchange messages with the Jini email
service using Java RMI. The dient need not know how
to contad a norma mail server, nor associated
protocols. This will be caried out on its behalf by the
Jini mail service The dient must simply display the
information returned, or pass new messages to be sent
on its behalf.

A simple interfacebetween the Jini mail service ad
client is defined, incorporating a few functions to
provide interadion between the two. It is posgble to
crede gplications for clients targeted at devices with
different cgpabiliti es, while preserving the interface
between the dient and the service The dient can thus
be atext based one or an enhanced graphicd interface
The dient implementation would depend to a large
degree on the caabiliti es of the target mobile device
Indeed, multiple implementations may be provided by
the service provider, and made available for
downloading to client terminals by an HTTP/FTP
server. A client terminal that locaes the Jini lookup
service can determine what services are available. The
user can then dedde to download an appropriate dient
application, depending on the caabilities of the
terminal. All the dients would use the same objed
interface Alternatively, using the Jini paradigm, the
user interfaces can be incorporated in the service and
the gpropriate one is downloaded to a dient at run
time, depending on its capability. This testbed
ill ustrates both a Graphicd user interfaceand charader
based clients that access the same services, but targeted
towards devices of different cgpabiliti es.

All acesspaints are started up first, followed by all
software services. The Jini Lookup service ad
suppating services are started. Next a utility
applicaion based on the middleware todkit is darted,
followed by any applicaion services that users may
want to use. Jini services look for and register with the
lookup service, so that any clients that find the lookup
service can interrogate it for a proxy of a desired
service With a proxy in hand, a dient can then interad
with the servicediredly. Onerole of middewarein this
instance is also to retrieve information about services
registered with the Jini lookup service and register it
with the Bluetooth’s native service discovery protocol
(SDP). It serves as a bridge. In principle, this could
have been another Service discovery protocol service
in which case middleware will fill the role of a
trandation and mapping service between Jini and the
other service discovery protocol. In the latter case, it
would be possble for a dient using a different service
discovery to identify and make use of a Jini service

A set of parameters have been defined, which
provide basic information on al services, and is useful
for providing context, location and quality of service
infformation. It is expeded that al applicaions

implement these properties. These parameters form one
Java dass the SDPEntries, which is registered with the
Jini lookup service & an attribute of the service On
credion of the service the service provider supplies
values for these properties. At runtime, the values can
be spedfied by a user interface These values are
retrieved during service discovery, and provide useful
infformation on the hierarchicd caegorisation of
registered services. It makes for easy browsing of
services. Information is provided on where to oltain a
downloadable dient, as well as where this accespoint
is located, thus fadlitating the presentation of location
based information. These basic dtributes are given in
Table 1 along with a brief description of what each
parameter represents. Figure 5 also illustrates a sample
implementation of this classfor the Email Service
These dtributes have atwo fold purpose. Service
providers implement this class with their applicaions,
which get registered with the look up service so that all
relevant datais sipplied to the lookup service Then the
server-side middeware can extrad this information and
padkage it for the dient side middleware, to fadlitate
spedly service discovery. If a second service discovery
protocol is in use, the server side middeware is
responsible for registering these values with it.

Fields of SDP | Description

Entries

Class- Provider defined hierarchy in relation

Hierarchy to ather services.

ServiceName | Name of the service

Service- A brief description of the service

Description

ProviderName | Name of service provider

Locdion Geographicd Locdion of this service

Category Class of QoS that charaderises this
service

Service D Unigue ID for this srvice

Lookup- IP address of Lookup Service — May

Server|P be locd, optional

AccesPointlP | IP address of access point. May be
locd, optional

ClientExecut- | Downloadable eeautable for this

ableURL service

IconURL An Icon for use by Bluetocth for this
service

Table 1 SDPEntries Class attributes

23 Service Attributes [ (O[]

Service Name [ GEMail @08 ClassiCalPublic

Class Hierarchy. IREmnIe/Eman Lookup Ser... |1 0175174145

FhEEkyDLH’mEI\EW\IhDuIEﬂyEDHﬁQ Access Poi.. [10.175.174.145

Client Execut. |http:ft1 0.175.174.145:8888/EmailS.

Description

Frovider [jvcz_gtrath and Nathan

Lacation [postcode: a1t FloarRCE jenURL  [aicon gir

Qo5Class JTextFienat ServicelD

Cancel

Figure 5 Sample Implementation of SDPEntries object by Email
Server

JiTetFieldt 2

Save |




6. Client terminal

The testbed presently demonstrates that the dient
application can be written entirely independently of the
underlying wireless interface Furthermore, being a
Javarbased applicaion, this will run on any platform
with a Java virtual machine. Certainly, consideration
would haveto be given to using what Java functionality
is available in limited versions of Jini such as the Java
2 Micro Edition (J2ME) for small mobile terminals. It
is assumed that when developing applications for such
an environment, the gpropriate substitute objeds for
what is not available in the limited versions would be
employed.

On the dient termina is also locaed a utility
application based on the middeware toolkit, that
interads with applicaions on one hand, and the
underlying wirelessinterfaceon the other (in this case
Bluetooth). This client-side middeware is responsible
for locaing other neaby wireless devices or access
points, determining what services are available to the
remote device seleded, and establishing a suitable
sesgon with the AP. The user interface of the dient
side middeware based utility makes it possbhle to
browse the services on the remote device Based on the
services avail able & thisaccess point the relevant client
application can be started. One important piece of
information returned during service discovery is the IP
address of the Jini Lookup server from which a
‘registrar’ or proxy for the desired service can be
obtained. The IP addressis useful for setting up a Jini
sesson becaiuse using the known |P address the dient
applicaion can make a unicast request to the Jini
lookup service for the desired service's proxy, in order
to be @leto contad the servicedesired. Thisclient side
middleware toolkit based utility works almost as an
extension to the operating system. It goes between the
client application and the underlying wireless interface
It is also used to download the dient applicaion from
the remote device or AP if it is unavailable locdly.
Nevertheless a dient application can bypassthe dient-
side middleware dtogether, and make use of the Java-
Bluetooth API diredly.

7. The Service

The service is written independently of the
Bluetooth interface The service only is required to
implement the SDPEntries objed with attributes, which
would be registered with the Jini lookup service This
objed describes various feaures of the service The
server-side middleware interrogates the Jini lookup
server and identifies al objeds with these dtributes,
and can make this information available to a second
service discovery protocol. In this case, the server-side
middleware makes use of a Java Bluetooth API objed
to write to the Bluetooth Service discovery protocol
database in aformat that can be read by other Bluetooth
devices (even if such Bluetooth devices had no client-
side Jini middieware available on them). The service
can be of any size ad complexity required to
acomplish the task and can be updated at any time
without modificaion to the dients, as long as the
interfacebetween it and the dient is preserved.

8. Supporting Services

A number of services, including a Jini Lookup
Server are deployed to creae the Jini framework, as
well asto provide ameansto download a dient when it
is not available locdly on the dient device These
services may run on the same host as the acces point
or on another host. There may aso be interadion
between the Jini service and ather remotely locaed
services as neal be, in order to fulfil its ervice
requirements.

9. What isdemonstrated:

¢ Clientsdeployed on a mohile terminal can be made
very thin, and can be talored to med the
cgpabiliti es of the terminal. Any clients developed
to the same service interface ca interad with the
bulky serviceto oltain the same desired results.

e Locdion independent client operation: The email
client on this testbed for example neels no
configuration changes when it establishes a
connedion with an Access Point. The only
configuration made once for al time is edfying
what the user’ s usual email settings are. On change
of network, other fadors like IP address that
usualy affed network access, no longer require
user intervention. Also any ac@ss point may be
used to accessthe service without worrying about
the new network’s configuration (as long as there
is a route from the new AP offering the mail
service to the target mail server desired). An
identicd scheme can be employed for a web
browsing service

e There is a separation between applicaion
development (client and service) and protocols for
the wirelessinterface

e The use of multiple dient user interfaces for the
same service, reflecting the mntext/capabiliti es of
the dient terminal is supparted.

e Service discovery is caried out in the Bluetooth
sphere (second service discovery protocol) and in
the Jini environment, as well as by purely RMI
based methods.

e Locdion dependent service have been
demonstrated on the testbed by extrading the
locdtion in a building or post code of the acces
point, and passng this on to a locdion service
which returns relevant maps or information for this
locdtion.

e Although this is geaed towards infrastructure
networks, a that applicaion has been deployed on
the tested. The goplication can be downloaded to a
client which ladsit, and clients can engage in peer
to peg communicaions, by making use of
middeware to determine what other clients are
within range, and if they would be willing
participants in this type of communications.

The middeware todkit has been defined as an

extensible Java dass. No user interface has been

predefined for use with the middeware todkit. The
service provider will only need to make cdls to its
member functions in order to obtain the dfed desired.



The interface will remain the same for different
wireless interfaces, but the adual implementation of
ead function can be overridden or extended to oltain
the desired effed. Thus it is possble to extend the
middleware todkit to incorporate platform spedfic
quality of service management routines.

One role of the middleware toolkit includes
retrieving information about services registered with
the Jini lookup service and registering it with a second
service discovery protocol if present. (in this case
Bluetooth's native SDP).

Middleware functionality can be extended to provide
other qualitative and quantitative QoS suppart, without
affecting the basic functionality desired. The
middleware toolkit enables an applicaion to be
oblivious of QoS management. Independence from the
underlying wireless platform is aso provided by
middleware. Applications will only fal on a new
wireless platform when they have been written to
bypass the middieware achitedure. It is recommended
that for IP based services, RMI be used for interadions
between the dient application and the service This
paper has presented a standardised methoddogy for
service eecution in mobile systems which is
independent of the radio interfaceinvolved.
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