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Web services are an emerging technology that provides interoperability between applications
running in different platforms. The Web services technology provide the best approach to
Service Oriented Architecture envision of component collaboration for better business re-
quirements fulfilment in large enterprise systems. The challenges in implementing Web ser-
vices consuming clients for low-resources mobile devices connected through unreliable wire-
less connections are delimited. The paper also presents a communication architecture that
moves the heavy load of XML-based messaging system from the mobile clients to an external
middleware component. The middleware component will act like a gateway that lightly com-
municates with the device in a client-server manner over a fast binary protocol and at the

same time takes the responsibility of solving the request to the Web service.
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Introduction

The current trend in the application space
is moving towards Service-Oriented Archi-
tecture (SOA) paradigm [1] which describes
a flexible set of design principles for building
interdependent and interoperable application
components that act like services by imple-
menting a specific functionality and publish-
ing a communication interface to access it.
The paradigm envisions component collabo-
ration for better fulfilment of business re-
quirements in large enterprises systems. Sys-
tems built with these principles will be more
flexible to changes in business requirements
as opposed to traditional monolithic systems
that are extremely sensitive to any change in
one of its subsystems [2].
The Web services technology [3] evolved
from the most logical approach of applying
the SOA vision to the Web space. This tech-
nology provides interoperability over the
Web between applications running on differ-
ent platforms, ensuring a standardized proto-
col for business partners to exchange infor-
mation. Being built over the eXtensible
Mark-up Language (XML) and Hypertext
Transfer Protocol (HTTP) standard proto-
cols, Web services can be easily deployed
and accessed from anywhere over the Web.
Despite the obvious benefits that Web ser-
vices technology brings to enterprise busi-

ness initiatives by ensuring easy integration
of highly interoperable and deployable ser-
vice-like components, it all comes with a
payoff. Web services consumers may suffer
from poor communication performance due
to the verbosity of XML-based messaging
system. This challenge alone needs to be se-
riously addressed as mobile application de-
velopment trends are towards taking the
benefits of consuming the plethora of avail-
able Web services [4]. While mobile devices
hardware capabilities have greatly increased
in the last years of the ongoing mobile revo-
lution, the capability of easily consuming
Web services when in motion is far from a
standard feature on most of the mobile plat-
forms due to existing performance issues and
lack of native development support on most
of the important mobile platforms.

The paper starts with a short description of
the Web services technology, the next stan-
dard way of providing interoperability be-
tween applications running on different plat-
forms. The major limitation of the SOAP-
based Web services is also explored from the
point of view of consuming them on mobile
handheld devices. The overhead of the XML
processing that the SOAP Web services rely
on does not match with the limited hardware
capabilities that mobile devices present
nowadays. Network bandwidth limitation and
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the unreliable wireless communication on
mobile devices are also decreasing the over-
all support for Web services consuming on
handheld devices. An overview of the native
support on most of mobile platforms reveals
another possible issue towards fast mobile
Web service consuming. Related work in this
area of research [16] [17] are shortly summa-
rized mainly to enforce the success of solu-
tions that introduce in the communication
scheme a middleware component that takes
the heavy load of the communication with
the Web service. Those middleware compo-
nents will act like gateways that communi-
cate lightly with the device while ensuring
the responsibility of retrieving the response
from the Web service. The proposed com-
munication architecture will emphasize in-
troducing a gateway between the mobile cli-
ent and the Web service that will take all the
burden of the heavy load XML-based com-
munication with the service. The mobile cli-
ent will instead have to sustain a lightweight
and simple client-server communication over
a fast binary protocol. The paper details the
component of the communication architec-
ture and emphasizes both on the problems
solved and the issues introduced by this ar-
chitecture.

2 Description of Web services

Web services are software components build
upon Web-based technologies including
HTTP and XML and allow standard means
of interoperability [2] over the Internet or
intranets between application running on a
large variety of hardware and platforms. Web
services act like self-contained components
that are published, located and invoked over
the Web. The key concept behind Web ser-
vices is to provide a standard platform and
operating system independent mechanism for
application communication over the Web.
The Web Service Architecture (WSA) [3]
proposed by W3 organization relies on a
number of Web standards like XML, Simple
Object Access Protocol (SOAP), Web Ser-
vice Description Language (WSDL) and
Universal Description Discovery and Inte-
gration (UDDI) that allow services to be de-

scribed, searched and integrated by any ap-
plication. Main Web services implementa-
tions fall into one of the two categories:
SOAP Web services and REpresentational
State Transfer (REST) Web services —
introduced for the first time by [5]. SOAP-
based Web services are the preferred way to
implement the SOA initiative in today's
complex and heterogeneous computing envi-
ronment. SOAP-based Web services present
greater flexibility at lower integration costs
over RESTful Web services that instead offer
great performance through lighter messaging
system [6].

There are two major limitations that SOAP-
based Web services have: performance issues
due to XML processing overhead and lack of
support for transaction in communication.
Communication with a Web service may suf-
fer poor performance over busy or unstable
networks in comparison with other traditional
approaches to distributed computing like
CORBA or DCOM, due to the verbose nature
of the XML-based messaging system that
was simply not intended for efficiency.
Moreover, extra overhead when encod-
ing/decoding XML requests/responses defi-
nitely count on the overall Web application
performance. Lack of transaction support in
the communication with the Web service
makes this kind of data exchange protocols
rather stateless as the Web service provider
and Web service consumer don’t have
knowledge of each other’s state.

As wireless network access becomes a stan-
dard feature in the nowadays mobile devices,
mobile Web services consuming challenges
are worth investigating from two points of
view: from the point of mobile hardware ca-
pabilities (both processing power and net-
work capabilities) and the point of native
support on the current mobile platforms.
Also, adapting the existing standards to the
limitations of resource-constrained mobile
devices should be considered.

3 Limitations of mobile devices

About fifteen years ago the mobile phones
had huge sizes and carrying them was an is-
sue. They were about phone calls only. To-
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day the mobile revolution brings mobile de-
vices that can easily fit in your back pocket
and feature incredible entertainment and mul-
timedia capabilities. The capabilities of mo-
bile devices are constantly increasing to sat-
isfy an even more increasingly need for
flexibility in terms of mobility and connec-
tivity. Cellular networks are expected to sus-
tain a 40 time increase of data traffic in the
next 5 years [7]. Data traffic will come from
Web browsing in general and video watching
in particular.

Sites like [8] give an up to date hardware fea-
tures comparison of existing smartphones —
the most appealing mobile devices on the
market in terms of mobility. Besides the ob-
vious advances in computational capabilities
(e.g. faster processor, greater amount of
ROM and RAM), the trend is towards pro-
viding wireless network communication ca-
pabilities and high connectivity features. The
main hardware limitations of mobile devices
that need to be addressed in the near future
are huge battery consumption - that translates
into poor battery life, low wireless network
bandwidth and wireless connection instabil-
ity. Decent levels of mobility and connec-
tivity can be achieved only with a high bat-
tery autonomy while being constantly con-
nected to a wireless access point and con-
suming a service with little or no delays.

4 Existing support on mobile platforms
This section is intended to compare the de-
velopment effort required by Web services
client implementation on most important
mobile platforms and discuss the various lev-
els of support that they provide.

Sun moved recently towards enabling Java
technology-capable mobile devices with a
standardized model to access the existing
Web Services by extending J2ME platform
with JSR (Java Specification Request) 172
[9]. The request also named J2ME Web Ser-
vices Specification (WSS) leverages the
J2ME for the standard Java Web services
platform thus allowing developers to easily
create clients for Java-enabled mobile de-
vices also. The WSS specification is part of
the Mobile Service Architecture platform de-

signed to meet the evolution of market to-
wards incorporating new technologies and
services in mobile devices [10] by providing
a standardized application environment for
all Java technology-enabled mobile devices.
Apple has made little effort in supporting
Web services consuming on its mobile
iPhone platform. The SDK does not present
native Objective-C libraries for simple crea-
tion of Web services clients and moreover,
the existing NSXML library of Cocoa
framework is rarely used when implementing
the needed XML-based messaging mecha-
nism behind. Libraries like libxml2 or
KissXML are definitely preferred when it
comes for parsing the XML bloat. Work-
arounds on iPhone platform include the us-
age of existing utility applications like
wsdl2objc [11] that generate stubs proxy
classes to access the service from the WSDL
specification. The generated classes contain
all the methods that the Web service exposes.
Nevertheless noticeable efforts have been
conducted by open source community to cre-
ate easy to use frameworks for Web services
access [12].

Google has also shown no interest in making
SOAP Web services consuming an easy task
for the Android platform developer commu-
nity. The SDK is not even bundled with tools
to generate stubs for the Web service’s inter-
face. Workarounds are more like do-it-
yourself solutions based on kSOAP 2 [13]
more flexible and complete XML parsing li-
brary as Android is indeed a Java-based plat-
form but not fully a J2ME one. The overall
feeling in the development community is that
the Android platform best fits as a deliverer
of the Google’s services in the mobile space
[14].

Consuming Web services is an easy job on
Windows Mobile as .NET Compact Frame-
work is well suited for both synchronous and
asynchronous access [15]. By simply refer-
encing a Web service, proxy classes that ex-
pose the service’s interface are generated.
This is also the case for the Windows Phone
7 platform.

Nokia provides the Serene framework (from
Symbian Series 60 platform) for easy crea-
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tion of application clients that consume Web
services. The framework relies on the J2ME
JSR 172 specification to provide full support
in creating relevant and rich web applica-
tions.

Except for the Windows and Nokia platforms
that provide a level of support that allows the
developer to concentrate on design and crea-
tivity rather than finding dirty workarounds,
developing SOAP Web services clients re-
quires a lot of extra effort mostly due to the
lack of native support. Moreover, specific
workarounds are required for specific plat-
forms making very resource consuming the
task of implementing a Web application on
all mobile platforms.

5 Related work

This section is intended to present two types
of solutions that research community has
proposed as simple adaptations to the limita-
tions of direct SOAP-based Web services
consuming from most of the mobile plat-
forms.

5.1 Migration to RESTful architectures
The Web Service architecture for mobile cli-
ents presented in [16] deals with the problem
of adapting an existing SOAP Web Services
implementation to the low resource nature of
the mobile devices by replacing two resource
consuming issues of underlying SOAP mes-
saging system: communication payload over
HTTP due to thick SOAP request enveloping
mechanism and SOAP response parsing on
mobile device side. The adopted solution re-
lies on the RESTful architecture and raises a
series of problems due to the transport neu-
tral nature of the SOAP protocol. The exist-
ing SOAP interface can be even optimized to
a RESTful architecture by clearly allocating
a distinct URL for each type of interaction.
Performance tests have been conducted with
both synchronous and asynchronous REST-
ful implementations and the results are prom-
ising in terms of HTTP payload reduction: up
to 96% payload reduction for synchronous
invocation and up to 75% in case of asyn-
chronous invocation.

5.2 Using mobile Web service agents
Another category of solutions introduces a
mobile Web service agent in the network that
acts like a gateway between the mobile de-
vice and the Web service [17]. The agent re-
ceives the input parameters from the mobile
device, invokes the required service and re-
turns the result back to the mobile device.
Results are encouraging as improved per-
formance is obtained by eliminating the
XML processing from the mobile device.
The gained performance is measured both in
little response time and lower data load.

The reason for presenting two of the existing
proposed solutions in the research area is to
enforce the belief that any feasible communi-
cation architecture for mobile devices must
include a middleware component that exists
outside the device and takes the responsibil-
ity and heavy load of XML processing
needed in communicating with the Web ser-
vice. Those middleware components will act
like gateway servers that communicate
lightly with the device (thus ensuring a small
bandwidth usage — for limited GPRS data
communication - and little chance for failure
in unreliable wireless networks) and take the
load of retrieving the response from the Web
service. This type of architecture can bring
many more opportunities towards ensuring a
more reliable communication with the Web
service. As underlined before, the wireless
communication is prone to fluctuant behav-
iour on mobile devices thus making wireless
network access prone to failure. The gateway
will most likely run on dedicated hardware
that will justify the search of solutions for
ensuring some kind of state of the communi-
cation with a Web service. Retry mechanisms
can be explored in case of connection fail-
ures.

6 Proposed solution

The proposed communication architecture in-
troduces a middleware component that acts
like a gateway between the SOAP service
and a thin client that is stripped of the heavy
load of XML processing. The gateway will in
fact be a server for the mobile client and will
take the burden of request resolution from the
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mobile client. The mobile client will have to
sustain instead a light client-server commu-
nication with the gateway based on binary
protocols like [18] (see Fig. 1). Of course
that any other lighter protocol than SOAP
can be used (like REST for instance) but bi-
nary protocols are known to roughly deliver
the same functionality as the SOAP protocol.
Binary protocols are simply not as “standard”
as XML or SOAP but they can provide the

Binary
protoco|

Mobile devices

Binary
protocol

Web service
Gateway

same level of extensibility and security at a
lower communication footprint. Moreover,
from the point of view of development sup-
port, successful protocols like [18] have out-
of-the-box clients ported for all important
programming languages and platforms. Thus,
the underlying data communication process-
ing remains as transparent as it is for the gen-
erated proxy client classes from a WSDL for

SOAP clients (see tools like [11]).
SOAP 1_3:{7'};:\P-b<jsed
Web service
INTERNET
SOAP

Fig. 1. General overview of the architecture

Introducing a middleware obviously in-
creases the overall duration of a request sent
to the Web service. This is one of the many
of issues introduced by this solution. The
performance of the system can be increased
by deploying the gateway in the same net-

work with the actual Web service. The heavy
HTTP communication from gateway to Web
service will bypass the firewall of the net-
work thus adding an extra boost in the com-
munication (see Figure 2).
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Fig. 2. Improved communication system

Figure 3 further details the components in the
system and the way they communicate. Mo-
bile devices will communicate in a client-
server fashion with the gateway based on a

Mobile Gateway
Client

Mobile Gateway Server
Web service Proxy Client

=3 B

Fig. 3. Proposed architecture for mobile access to Web services

The advantages of this architecture are:

fast binary protocol and the gateway will rely
on automatically generated proxy classes
from the WSDL of the service to relay the
requests from the  mobile client.

Mobile device

Gateway

Web service
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= lighter communication that the mobile
client has to sustain: small bandwidth
footprint and lesser processing power,

= advanced security features can be ex-
plored as the gateway middleware will
act on behalf of the mobile client,

= some sort of state can be ensured for the
communication, transparent to the mobile
client: in case any of the communications
fails (mobile device to gateway or gate-
way to Web service), the gateway can re-
tain the state of the overall communica-
tion and retry to continue when all parties
come back online,

= from the point of view of implementing
the architecture, tools can be designed to
easily and automatically create virtually
the entire gateway and mobile client
components starting from the WSDL
document - like [11] does for instance;
the backbone of the architecture can be
easily generated and tested prior to any
real scenario implementing and using this
kind of system.

The only major concern for this kind of ar-

chitecture is a possible increase in the overall

duration of a request resolution. The system

might earn some time if the XML processing

bloat is performed on the gateway but loose

because two communications lines have to be

established and maintained so prior to any

measurement of an actual implementation

there is no conclusion on this direction.

7 Conclusions and future work

Moving towards implementing Web applica-
tions that consume a large variety of Web
services is the next hype in application space
and the mobile application market is search-
ing for solutions to empower mobile devices
with Web services integration while mini-
mizing the existing performance issues. Re-
searches in the area of Web services [17]
show that there are no real magic work-
arounds that will improve the performance of
the mobile clients that try to consume a Web
service by means of faster XML parsers,
overall protocol optimization or data com-
pression. Researches like [16] and [17] vali-
date the effort of designing communication

architectures that include a middleware com-
ponent that exists outside the device and
takes the responsibility and heavy load of
XML processing needed in the communica-
tion with the Web service.

Future work will include creating a more de-
tailed picture of the existing support for Web
application development on major mobile
platforms. The main effort however will be
invested in implementing the proposed archi-
tecture for the upcoming Windows Phone
platform. This platform ensures easy creation
of clients for Web services consuming and
therefore comparisons with the implementa-
tion of the gateway-based architecture per-
formance will be very relevant. Tests will
mainly be conducted to measure bandwidth
footprint on the Windows Phone client in the
gateway-based architecture implementation.
Data will be compared against measures ob-
tained from the easy to create SOAP Web
service clients with .NET Framework. Over-
all system performance and reliability of the
two solutions will be monitored and com-
pared.
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