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Abstract---Adapting present Web services to the mobile
environment has raised new Quality of Service (QoS)
challenges for both service provider and requester. Ira
mobile Web services (MWS) scenario, a successful semwi
invocation will depend on (1) service application (2)
condition of mobile network and (3) capabilities of mobe
device. Hence, from a client perspective, the availali} of a
service will depend on all three factors. This papepresents
an Availability Checking Model (ACM), to determine the
availability status of MWS by processing and referringto
end-to-end service QoS parameters. This model introduse
availability metrics to quantify service availability checking
points. These metrics are represented by a XML schema
and published as extension to WSDL. We also discuss
mechanisms to aggregate server-side, mobile network én
client device metrics to calculate the overall availabty
information. By knowing the end-to-end availability of a
service, mobile client may use that information to make
necessary decisions such as to proceed with invocatido
look for alternative service, to retry after predefined time or
to stop entirely. Besides, this “check before subscribe”
approach will help mobile user to save cost as it prewnt
unnecessary message transactions. For a service puef,
this will improve its overall QoS and can be useful ference
for managing Service Level Agreement (SLA).
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I.  INTRODUCTION

adoption is Asynchronous Javascript and XML (AJAX),
which allows XML communication between mobile
clients with service provider. This will lessen the
traditional bandwidth issues. Besides, it also &®b
transparent updating of information pushed to tlobile
client.

A. QoS Issues for Web Services in Mobile Environment

As the number of mobile devices consuming Web
services increases, there arises a need for Isettéions
to manage QoS for mobile Web services. Generally,
QoS management for Web services are more complex
due to constrains of mobile environment and mobile
devices. The basic constraints of mobile environraeat
limited bandwidth connection, unpredictable resgons
time and high probability of packet loss. The caaists
of mobile devices are limited computing power,
memory, screen size and battery lifetime.

In addition to these, Web services suffer from
unnecessary data overhead due to usage of SOAP/XML
to produce human readable text as well as to aehiev
interoperability. Reference [5] quantifies the agr
overhead for Web service can reach as high as 400%
compared with representing the same data in binary
format. The use of universal HTTP and TCP as the
underlying SOAP transport protocol too, contribtibe
extra overhead. In order to send a SOAP message ove

Service Oriented Architecture (SOA) enabled by WebHTTP, a TCP connection must be established through a

Services is very popular technologies nowadays. yManthree-way handshake. Once the SOAP message is sent,
Web service providers have adopted standards likéhe connection is closed through another handsgakin
SOAP, WSDL and UDDI to develop and offer whole process. The establishing and closing of connections
range of services to industries such as financialincrease the transmission cost and lead to longlerysl
telecommunication, media and entertainment. Then opeas discussed in [18].

transport feature of SOAP allows network applicatio
be independent of its underlaying network, platfand

From mobile users’ perspective, these MWS QoS
issues will pose a negative perception and wiketfthe

language. This ubiquitous advantage made Web ssrvic adoption rate, as users are often charged by data

standard an ideal candidate to host and deploycesrin
the mobile environment as well.

transmission volume rather than by connection time.
One popular approach to address this issue isrisiaer

Gebaur and Shaw [17] in their survey suggested théechniques for compact and more efficient SOAP/XML
deployment of Web service in mobile environmentl wil representation by compressing the data [16],[19k Th
contribute to the success of mobile commerce. Thigdt trade-off for these compression approaches is the
is complimented with the popularity of more powérfu performance loss due to additional CPU processing
and device-adaptive tools for developing dynamid an required. The server provider will need to comprtbss
rich user experience mobile application such as EJ2M message and resource-constrained mobile clients wil

Polish [1], JSR-172 [2] and Ajax Opera Platform [Bhe
promising technology is Sun kVM (kilo Virtual
Machine), which is a stripped down version of theal

Virtual Machine designed to have a small memorywill

footprint of 40 to 80 kilobytes only. Another tediogy

have to decompress the responses. Another appi®ach
to use UDP instead of HTTP for SOAP binding to
reduce protocol overhead [18],[20]. However, eversée
not guarantee the compressed message will
successfully reach its destination, as it still tmsravel

which will have a big impact on mobile Web servicesacross an unknown intermediary mobile network, as



shown in Figure 1. Besides, the Web service apjdica traffic, etc. which are grouped Sgrver System Metrics

on the provider network does not have a control or For a mobile user perspective, the factors whiaklicco
information about the available bandwidth betweenaffect end-to-end availability for an arbitrary \dee
mobile client and the server. over mobile network, has to be extended even furdse
service transaction will have to go through an wvim
intermediary network (wireless LAN, GPRS, 3G). This
is not so much an issue in traditional distributggtems

on wired network, as the network and other system
environment components are likely to be under obntr
of the same organization.

Application Server
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Figure 1: Client access over public network [6] the network QoS measurements taken between om clie

and some service cannot be used as a reliableaindic
of the overall mobile network performance. This will
'require the network channel characteristics to peiat

of availability measurement for every single mobile
device. The attributes such as response time datetc.
are grouped allobile Network MetricsHaving this, the
value of network data transfer rate can be deriVéis
value can be used to compute the time taken for a
response message of a certain size to reach thdemob
client. The message data size can be estimated based
The output parameters and their data types aseatkfin

In this paper we propose a MWS Availability
Checking Model (MWS-ACM), an approach to manage
measure and deliver the required QoS metrics ikile
environment, and formulate the overall availabifitatus
to mobile client. This model proposes the integraid
Availability Metricsinto WSDL, allowing a mobile client
to retrieve the overall end-to-end metrics, andanidate
them into availability information prior to invokinthe
service. The rest of the paper is outlined as ¥aito
section 2 present some background information o

availability i.ssues for mobilt=T Web sgrvice. qutiﬁn WSDL file, these data are grouped untessage Size
further details the QoS metrics used in our avditgb Metrics

che;:_ltqngt] m%d? _I_approach. Se;:tlon i tpresgtnt_s ?hur To ensure end-to-end service interoperability, the
architec urell be'l'atu ng tclompzltens uset_ Otl"?d ta'?j client system capabilities also need to be taken in
various avaiiabiiity metrics. After presenting ate consideration. Its system attributes a.Ravice Metrics

work in section 5, we finally conclude with a short or device profile such as Mobile Information Device
summary of th.e related vx{orks and our future Q0Spije (MIDP) and Connected Limited Device
research in mobile Web services. Configuration (CLDC) may be of interest if service
application has a minimum capability requiremergs s
For instance, a service provider who returns aicerv
QoS refers to a level of service that meets usevocation message with video attachment may requir
requirements. In Web services, the related terBeivice  the mobile device to have at least 320 x 240 pixdbdr
Level Agreement (SLA), which is often used to deserib screen, and 1 MB available memory. By knowing the
the contracts and relationships between the usitt@  client's Device Metrics service provider will be able to
service as to what constitutes 'satisfactory’ fiveral  perform requirements matching and, warn the mobile
quality parameters or attributes like travailability,  client if the minimum requirements are not met.
security, response timandthroughputare regarded the  |In summary, to obtain a more accurate availability
criteria for quality driven selection of web semsc[4]  status of a Web service in mobile environment, QaS
and these normally included in SLA as part of s&rvic parameters have to be considered. gé%Mponemdenotes
definition. The focus of this paper is on availdpilia  Server Component Metrichs,semdenotesServer System
QoS attribute defined as the quality aspect of hwrethe  Metrics, Ansgsize denotesMessage Size Metrics nevork
Web service is present or ready for immediate e [ denotesMobile Network Metricsand Agevice denotes
often represented as the percentage of uptimesefvice  Device Metricsthen the overall availability for a mobile

II. QOSAND AVAILABILITY

in a pre-determined period. Web serviceAywscan be defined as follows:
From a service provider's viewpoint, the service
availability is dependent on service applicatiord &ts Avws = Acomponentt Asyster Adatasize Anetword Adevice

connectivity with other components on the provider

network such as Application Server, Web Server, For instance imagine a mobile client wish to check
Database Server, etc. We collectively group thesewailability of a service which performs a calculation of
connectivity attributes asServer Component Metrics a statistical data and returns the result to tientl If
which values will determine the accessibility of time to complete is of importance to the clientrithmst
components from the service application. Theonly the service's speed of operatidBerver System
performance of service application which resides onvietrics) is relevant - but it must take into consideration
application server will be affected by the ‘healdf'the  the network latency, bandwidth and error ratolile
system server, dependent on attributes such as CPNetwork Metrics) And should it choose to display the
utilization, memory consumption, disk usage, nelwor result in graphical representation, a prior chedk o



mobile client capabilities to support graphical gaais TABLE 1
required oeViCE MetriC$ ATTRIBUTES FORAVAILABILITY METRICS

Metrics Attributes Description
Server Server_connectivity | Status response from server|
IIl.  MODELING SERVICE AVAILABILITY METRICS Component binding element,

TRUE=Status ON,

Table 1 further describes the attributes for all FALSE=No stafus.

availability metrics discussed in section 2.0. The

attributes are quantified variables whose valuds v Server CPU_usage Percentage of server CPU
used to determine the overall availability statos & | System utilization, 0 = 0% usage
mobile Web serviceAyws The values are computed by Sg;alg(zzgérlggiggz;
executing certain software functions to capture and maxgimum capacity)
measure factors affecting each availability metrics

Sequence diagram in Figure 2 shows where avatiabil Memory_usage Percentage of server memoly
metrics originate and the flow of the metrics daing gggﬁ;:”l]ssgg" 100-100%
availability checking usage scenario. Except Ktwbile usage.
NetworkMetric, all the metrics’ values are computed gt
the server-side, and subsequently transferred tbileno Network_traffic Bandwidth consumed by

network input/ output

user. This is to save the CPU and memory resource| of activities, in bits per second.

mobile device. As forMobile Network Metrics
latency_timeris used to measure the time it takes to Data_binary To determine the message
transfer the message from client to the server tiver will contain binary data, 0 =

. text only. 1=binary (or
mobile network [16]' combination of text and

binary)

Mobile Client WSDL File wﬂbgi‘% External Service . . . .
Data_size Estimation of total data size

Is Service available? ) _
oot Avalabiy etics (in KB) to be transmitted
during service invocation
> Count TTL timer > Calculate metrics _ _ _
Mobile Delay Time (in second) taken for a
Check external service status Network message to be transmitted.
3 Return Status Response_time Round-trip time (in second)
| setAvalabilly Metics b from mobile client request
N transmission to reply
send Availabilty Metrics e e el acknowledgement from
server.
> Caloulate Network Metrics Jitter Variation in delay or
i response time
> Determine Service Availabilty
Device Device_profile Information describing
characteristics and features
Figure 2: Flow Sequence of Availability Metrics. &final availability of the mobile device. This
status will be determined on the mobile client. includes the type of device,

model number, display size,
input and output methods,

IV. PUBLISHING THEAVAILABILITY METRICS etc.

To execute a Web service, a service requester has to
reference WSDL file and SOAP endpoint address. Befor
a Web service is invoked, requester needs info sisch
message data format, message exchange pattern
service provider’s network address. A WSDL desaripti
for a Web service will provide details such as itiputs,

To ensure interoperability across multiple devices,
aplgtforms, Operating Systems, versions and langyjage
we have adopted the guidelines and best practice fo
designing interoperable Web Service [9]. Howevexr th

outputs, the data types of those inputs and ouytpuis challenge remains in defining data schema to el_”ﬂ;lere
how the Web service should be invoked. Presenty, conformant of all value types data values whendtes

common practice is to have WSDL posted at arPetween a service client and service endpoint. For
accessible URL which is made available to requaster €*@mple, mobile Web services does not support Java
some out-of-band methods such as web site listingil Collection types, which means the mobile Web sewvic
attachment or printout. clients will probably fail to generate stub fileori a

Since WSDL is the de facto method to describe andVell-formed WSDL file. To address this issue, we d@dop
publish a Web service, MWS-ACM will provide the th0Se proposed rules suggested by S. Fang Ruf] by{
availability information to the mobile clients by USIng only the preferred data types for attribuidsch
extending the WSDL to support the availability metri '€ most relevant to availability measuring.
as discussed in section 3.0.



<definitions xm ns: msA="http://ww. arc. bt.conm wsdl / mnsAvailability/" ...>
<binding ...>
<operati on nane="Exanpl eRpcEnc" >
<mnsA: Mobi | eNet wor k Response_Ti me="130"/ >
<soap: operation soapAction="http://abc.com Exanpl eRpcEnc" style="rpc"/>
<i nput >
<soap: body use="encoded" nanespace="http://abc.com"
encodi ngStyl e="http://schemas. xm soap. or g/ soap/ encodi ng/ "/ >
</i nput >
<out put >
<soap: body use="encoded" nanespace=http://abc.com
encodi ngStyl e="http://schemas. xm soap. or g/ soap/ encodi ng/ "/ >

</ out put >
</ oper ati on>
</ bi ndi ng>
</ definitions>

Figure 3: WSDL extensibility element for Mobile Metrk Metrics

She also further refines other modelling designstatus measurement, calculate the metrics andnretur
considerations for mobile Web services. their values to a mobile client.

In MWS-ACM, the XML type definitions used will be
stored as a separate schema fiteysAvailability.xsdor . .
better readability as well as reusability of WSDL A Moblle.CIler?t ) o ]
documents. The schema file can be referred by any The client is responsible to initiate Web service
service provider who wishes to provide availability availability checking request. ThAvailability Status

measuring feature as part of the service. This eatobe Requestorwill initiate the service availability status
by using the WSDL <import> to import those request, which includes latency timer and deviaHiler
availability elements into the WSDL document. attributes. Device profile will be used to determihthe

On the client side, the availability metrics oberwill ~ device meets service requirements. Referring tairgig

have to be mapped to corresponding elements fereiur 2, latency_timeris used to clock the message response
calculation to support decision making, or as Servi time in a mobile network, whil#l_timer is a predefined
parameter for SLA. This is possible by defining somecounter used to set the timeout period. If message

WSDL extensibility elements that belong to a new XML "€SPonse received befott_timer expires, theService
namespace called mwsAvailability (eg: Availability Calculatorwill aggregate all computed and

http:/mww.arc.bt.com/wsdl/mwsavailabilily/ ~ These Non-computed metrics, and quantify the Web services
extensibility elements are designed to extend pafts availability status employing weighted sum mechamnis
WSDL by providing more information specific to This is to allocate more weight for certain metricsler
availability checking mechanism. They can be inctlide specific conditions. An example is for service whic

within relevant parts of the WSDL document as'®duires high CPU and memory resource, more
suggested in [10]. weighting is given tdevice Metrics as it constitutes a

Figure 3 shows an example of using a wspL Significant percentage of overall impact factor for

extensibility element callednwsA:MobileNetworkfor ~ availability.

Mobile Network Metrics Clients may use the attribute

value of Response_timeo determine if the mobile B Availability Checking Agent
network bandwidth is sufficient enough for theieds. If

it is below the required value, the client may look
another service than can provide the same fundiipna
with a faster guaranteed response time.

The Server-side Availability Calculatas responsible
for checking the status as well as connectivityveein
Web services and external resources, such as
connectivity of database, application server and we
server. The calculator will quantify all attributes
discussed in section 4.0 and produce server syatem
The architecture of the MWS-ACM typically consists component metrics.
of three main components: the mobile client, s@rvic From a WSDL file, the number of input/output
provider andAvailability Checking Agen(ACA), as  parameters and their data types can be known. These
shown in Figure 4. According to this architectuee, data will be used byMessage Data Calculatoto
service provider publishes its service descriptamd  estimate the size of message that will be sergagived
interface within a WSDL file, with an availability by service provider. The values quantifieblegsage
extension. Upon discovery of the service it wishes Data Metricy will be used together withMobile
invoke, mobile client will initiate a request toettk the  Network Metricsto obtain a more precise duration of
availability status of the Web service. This requaltbe message arrival time.
intercepted by ACA, which then initiate availalyilit The ACA is also equipped witBevice Compliance

V. AVAILABILITY CHECKING ARCHITECTURE
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Figure 4: Architecture of Mobile Web Service Avéility Checking Model

Database where records of all supported mobile deviceSOAP/XML overhead.

information based on WURFL and OMA will be There have been some significant findings related to
constantly updated. The mobile client supplieslégsice  mobile Web services performance as published by
profile (Device metrics)at the beginning of service M.Tian [15] who evaluates the performance of Web
availability checking, the Device Compatibility service performance in mobile environment and
Calculator will retrieve the device profile and perform a proposes a scheme that supports a server in tligatec
query to search for matching result from tBevice whether to compress Web service response. The
Compliance Databasé he result value could be either 1 experiment conducted also shown mobile clients with
or 0. Value of 1 indicates the mobile device megbts poor connectivity benefit from compression but
minimum requirements of the Web service, while galu compression also reduces server performance during

of 0 indicates it is not supported. high demand. Mikko L. experiment results [16] shbw t
network performance is the dominant factor in thele
VI. RELATED WORKS Web service invocation process in slow mobile nekwo

QoS issues in Web services technology, with its!N€y too found XML compression technique is well-
composite, distributed and heterogeneous natuie stiustified in mobile Web service as message size is
presents a formidable challenge to both industiad  inversely proportional to the transfer time.
academic research. Among the major industrial and AS a corollary to the above, most recent effoiystar -
academic efforts working towards the specificatiord ~ IMProve the QoS performance by applying prolific
management of QoS for Web services are the wscompression techniques to SOAP/XML data. Chistian
Agreement by Global Grid Forum [21], Web Service W- et al introduced SOAP compression approach based
Level Agreement (WSLA) developed by IBM [11], the ON differential encod.mg [19] where it transmit prihe
Web Service Offering Language (WSOL) developed adifference of an ordinary SOAP and a skeleton SOAP
Carleton University, Canada [12], SLAng developed atMessage generated from WSDL. References [19][20]
University College London, UK [13]. However these Study the use of UDP as an alternative bindingomait
efforts are mainly focussing on Web services inedir for SOAP, and discovered it reduces protocol owethe
network and do not pay much attention to constrains Significantly and gives higher troughput as comgére
mobile network. With regards to QoS issues for eobi SOAP-over-HTTP. o
Web services, present research works can be categor [N the related works quoted above, the availaboity
into two general areas: (1) Evaluation of mobile WebMWS is often only treated as one of the QoS parerset
service performance and (2) Improving QoS by reayci Our argument articulates availability as the most



significant and crucial QoS parameter prior to E&v  [7]
invocation. We see the need to further refine amgrove

its description, checking mechanism and measurement[s]
for MWS context. Its description should cover enekhd
dependencies such as on the mobile client, netanck (g
service provider; while checking mechanism for each
dependency has to look for the most accurate paoihts
measurements. By improving the availability chegkin
and measurement, thevailability metrics values

[10]
obtained will reflect the actual status of the ¢éond
dependencies, thus will contribute to the accurang [11]
precision of the overall MWS QoS.

[12]

VII. CONCLUSIONAND FUTURE WORK

This is our effort as one of the answer to the lwal]6]
which read fnnovative solutions are requested to be able
to bundle QoS properties of a service applicatidth whe
properties of the provider’'s network, the clientistwork
and the network connecting btthNVe propose MWS-
ACM to measure the end-to-end availability statliso
Web service in mobile environment. The model defines
metrics tobundlethe QoS properties of service provider, [14]
mobile network and mobile client. A server-side
componentACA functions as a service broker to invoke
processes to aggregate and measure the metricsgsval
The interface to get these values can be embedded in
the WSDL file of service application. Once the mebil
client obtains all the metrics’ values, it will dymically
formulate them into the overall availability statofsthat
particular mobile Web service. This final availatyili
status can be used either as service paramet8tfgror
as a condition to support further decision making. are
currently working on implementing a prototype based
ACM, formalizing the calculation of the metrics atite
overall availability status @ws, using weighted sum
mechanism. As part of our future work, we intend to
evaluate the performance of MWS-ACM in a real mebil
network environment.

[13]

(15]

[16]

[17]

(18]

[19]
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