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ABSTRACT 
The Information Technology (IT) and Telecommunication (TelCo) sectors face enormous integration 
challenges, due to the existence of heterogeneity in respective systems. Service-oriented computing 
tackles such challenges by providing a fundamental platform that facilitates the convergence of distinct 
domains based on Web Services (WSs). With the mobility and technological advancements, service-
oriented computing has been pushed towards the mobile sector enabling P2P Mobile Web Services 
(MobWSs) provisioning. In this work, we investigate the interaction, architecture and design 
characteristics of MobWSs for P2P computing. Here, the two MobWS interaction strategies are presented 
followed by the architectural discussion, enfolding server and client side components, of a resource-
oriented MobWS framework. We follow REST design principles to propose an efficient way of 
architecting P2P MobWS systems, as an alternative to SOAP, enabling significant payload reduction and 
performance optimization in mobile servers. The detailed performance evaluation is also presented and 
compared to SOAP based on real-time measurements. By analyzing performance characteristics, we show 
that REST is a promising technique to architect P2P MobWS systems for resource-constraint mobile 
nodes. 
 
INTRODUCTION 
The convergence of IT and TelCo face enormous research challenges due the existence of heterogeneity 
in corresponding systems. Rapid advances in technical and technological aspects of these domains 
intricate the integration requirements while blurring the intersection point. Service-oriented computing 
is a middle-tier paradigm that facilitates the integration of IT and TelCo domains by providing services 
with standardized access interfaces. Within the research and industrial sectors, the reference model for 
Service Oriented Architecture (SOA) is currently the most promising and widely accepted standard for 
understanding the relationships and integration requirements of dynamic, heterogeneous and distributed 
entities in service-oriented systems (MacKenzie et al., 2006). From the technology point of view, wide 
range of competitive SOA implementations exist that helps innovate numerous service-oriented business 
cases and applications. 
 
In recent years, WSs specified by the World Wide Web Consortium (W3C)i have evolved as a highly-
regarded implementation of SOA for system integration. The Internet and mobile networks have started 
to merge based on WSs spotlighting high-valued consumer and business services, and use cases. The 
combination of mobile communication systems and WSs foresee high economical potential in terms of 
WS provisioning from a mobile node, called MobWSs. From research and technological perspective, the 
maturity process is ongoing; however several challenges must be addressed to enable integrated P2P 
MobWS systems of IT and TelCo domains. 
 
Though WSs are regarded for their interface uniformity, extensibility and neutral behavior towards 
heterogeneous systems, they do impose the transmission and processing overheads due to extensively 
large SOAP messages integrating various WS standard specifications. Research efforts have been put 
towards transitioning from a SOA to the Resource Oriented Architecture (ROA) where WSs exposed as 
resources are directly accessible over the existing Internet standards. Representational State Transfer 
(REST) is a style for designing distributed software architectures that are based on resources within the 



 

 

network and can be critically defined as an implementation of ROA. Fielding (2000) defines REST as “a 
hybrid style derived from several of the network-based architectural styles and combined with additional 
constraints that define a uniform connector interface” (p.76). Analogous to the client-server architecture, 
REST is not a standardized style for architecting networked-software; however it strongly couples and 
relies upon the existing Internet standards, such as HTTP and URL. Contrary to the dependency of WS 
on SOAP, the messaging in REST is format-independent and strictly relies upon the application 
requirements, typically being in HTML, XML or JSON document format. Originally, REST was defined 
for information and media access, but the rapidly growing research and industrial communities have 
adopted its design principles for WS interactions as well. The representations in REST are defined by the 
format of information (HTML, XML, JPEG, GIF or JSON etc.) accessed as a resource on the network 
that in response places the requesting node in some state. Each subsequent resource access transfers the 
node from one state to another consequently enabling ROA. 
 
MobWSs facilitates P2P service provisioning from resource constraint devices. The range of these 
devices is not limited and can be categorized as consumer-oriented (CO) or process-oriented (PO) mobile 
nodes. The CO mobile node, such as a smart phone or PDA, provides direct interaction of end user with 
the MobWS, whereas in a PO device the services are perceived as embedded or backend processes of 
some large and highly distributed infrastructure, such as Wireless Sensor Networks (WSN). The 
requirements of MobWSs for each type of device are derived from the application context. Limited 
configuration in terms of processing, battery and storage is the shared property of both categories of 
nodes. Therefore, provisioning MobWSs with aforesaid restricted degree of technological and resource 
freedom to perform P2P computing is a scientific challenge.  
 
The objective of this chapter is to establish a clear understanding of the concept of P2P computing based 
on MobWSs in terms of their interactions, architectural requirements and messaging frameworks. In the 
initial phase, two major MobWS interactions strategies are identified and the underlying communication 
mechanisms are derived based on the operations specified in WSDL standard. The concept of 
synchronous and asynchronous MobWSs is presented and detailed discussion on their corresponding 
relationships to the interaction strategies is established. Based on these fundamental principles, 
requirements for an integrated MobWS framework are presented with a focus on service- and resource-
centric access techniques taking into considerations, the server and client side components. The later 
phase evaluates and compares the influence on the architectural performance of MobWSs framework 
caused by each access technique. The performance evaluation is conducted based on real-time 
measurements, which are used to analyze the payload and processing optimizations.  
 
BACKGROUND 
Extensive efforts put in research and industry for merging IT and mobile TelCo domains at their cross-
section point have pioneered the emergence of service-oriented mobile computing era. With the 
increasing number of mobile devices everyday, mobile software have become a huge business industry 
providing vast technological and use case driven consumer applications. Requirements for integrating 
diverse vendor-specific and legacy mobile applications have pushed the adoption of service-oriented 
computing principles in the mobile domain. Thus, by inheriting the behavioral properties, mobile 
devices are able to provision and consume MobWSs, consequently enabling the mobile P2P service 
computing environment. 
 
The global acceptance of MobWSs as a mature platform is still in its infancy. Enabling the true potential 
of MobWSs in the current highly competitive global market faces several research challenges and 
requires recommendations for efficient solutions at various technical levels. Riva (2008) presents a 



 

 

detailed study, based on the experience of several research projects, about challenges for developing 
middleware on smart phones. The importance of resource management, lightweight communication 
protocols and asynchronous programming are also highlighted. Srirama (2008) on the other hand 
develops a Mobile Host platform for provisioning MobWSs. In this work, some use cases of Mobile 
Host platform are idientified and studies towards the technical feasibility of service delivery and 
management from Mobile Host and are conducted with the focus on Quality-of-Service (QoS), 
scalability and service discovery. In order to reduce the processing latencies within the Mobile Host, 
BinXML compression technique is adapted. Gehlen (2007) presents the concept of first ever Mobile Web 
Server and comprehensively analyzes the traffic performance characteristics of MobWS. He further 
classifies MobWS into three distinct classes, MobWS Access, MobWS Provisioning and P2P MobWS, 
and presents multiple transport protocol bindings for SOAP. Gehlen (2007) addresses the mobility issues 
in MobWS domain, and also uses, along with Srirama (2008), WS-Security specification to tackle 
security and privacy issues. Recently a technical report from Nokia Research Center in Helsinki presents 
the concept of providing HTTP access to Web Servers running on mobile devices (Wikman & Dosa, 
2006). It is further described by the same group in (Wikman et al, 2006), the technical approach of 
porting the Apache httpd to the Symbian/S60 mobile platform in order to enable Website hosting and 
access on mobile phones. 
 
This work is based on the concepts described by Gehlen (2007). Here, the focus is to introduce an 
efficient architecture of MobWS by avoiding the overheads of SOAP. One approach is to opt for REST 
design principles (Fielding, 2000) by enabling resource-centric access to services. In recent research 
(Cesare et al, 2008), REST and SOAP WSs are comprehensively compared taking into consideration 
variable design and architectural parameters. The paper recommends the use of each based on the 
requirements of underlying system. The REST design principles are evaluated to be suitable for tactical 
and ad-hoc integration over the Web. Besides, describing REST services is an issue in focus since past 
several years. A Web Application Description Language (WADL) has been specified as a recommended 
solution by Sun Microsystems (Marc, 2006). On the other hand, Toshiro et al, (2008) evaluates the issues 
of describing REST oriented services by comparing the WADL and WSDL 2.0 (Roberto et al, 2007). To 
the best of our knowledge, in this work, the first ever REST architecture for P2P MobWS provisioning 
is designed and compared to the original work relying on SOAP (Gehlen, 2007). Here, the focus is to 
architect and optimize the performance of MobWS framework by reducing message payloads and 
decreasing processing latencies of mobile servers which might be useful as we move towards ubiquitous 
and pervasive environment. 
 
MOBILE WEB SERVICE INTERACTIONS 
At a fundamental level, the MobWS interactions can be classified in two classes. Each class is defined by 
means of functional properties of a MobWS. The interaction of P2P MobWSs does not depend upon the 
underlying network infrastructure which facilitates service utilization over short- and/or long-ranged 
communication links. For instance, in a small-scale temporary network infrastructure such as Bluetooth or 
ZigBee, a mobile user could search for MobWSs provisioned by nearby peers and consume the chosen 
MobWS over a short-ranged link. On the contrary, in large-scale networks MobWSs are published as 
centralized network elements such as UDDI. In such scenarios, a mobile peer lookups the service 
interface through the WS broker and consumes MobWS over a long-ranged communication link, like 
UMTS in a cellular network. In order to establish a truly transparent relationship between the network 
infrastructure and MobWS interaction, the mandatory requirement for a service provisioning node is to 
enable the transport protocol interface that is supported by the underlying network. 
 



 

 

Most traditional service-oriented mobile applications realize the first class of MobWS interaction 
called Mobile Synchronous Interaction (MSI). Systems conforming to this class perform short-lived 
operations as a request-response process that instantly delivers the MobWS outcome to the requester. 
Whereas in more advanced systems, more complex interaction patterns are needed to efficiently qualify 
the application requirements. Therefore, the second class of interaction called “Mobile Asynchronous 
Interaction (MAI)”, defines mechanisms for P2P MobWSs by incorporating polling and callback 
techniques. In principle, the interaction of MobWSs in a P2P system is derived from the use case 
requirements. However, each of the aforementioned class has its own architectural and messaging 
requirements that support a specialized set of MobWSs. In the following sections, MSI and MAI are 
discussed in more detail in terms of MobWS. 
 
Mobile Synchronous Interaction (MSI) 
The MSI is suitable for systems performing short-lived tasks. Basically, the core mobile access 
mechanisms in World Wide Web (WWW) and the Internet are based on the MSI pattern. A standard 
Internet mobile phone browser can access any lightweight website specially designed for limited 
configuration devices. In this phenomenon, the mobile client navigates to the WWW URL (e.g. 
http://m.google.com) and fetches the resource which is interpreted by the browser in form of a web page. 
During the entire process, the mobile client is unable to access any other resource until the response 
from the service provider has arrived or HTTP timeout occurs. Due to this blocking nature of the WWW, 
vendors providing services inside the browser (web pages) for mobile consumers, critically consider the 
techniques to reduce the server-side processing overhead so that a short-lived request-response process 
can be ensured.  
 
Generally, the web pages and WSs are accessible resources hosted in the Internet or a network. Web 
pages are strictly coupled with the web browser capable of interpreting content types (e.g. HTML) and 
provide their services inside the browser environment. The behavior of a single web page may differ 
within browsers from distinct vendors. However, WSs are independent software components that can be 
integrated within a mobile application using WS proxies. Most standard mobile WS access mechanisms 
also rely upon the MSI pattern. For instance, by pressing the “Confirm Order” button in a mobile e-
commerce shopping portal, a credit card verification and authorization WS is invoked, with all the 
provided data, in order to finalize the payment process. During the credit card WS runtime, the mobile 
client cannot continue its processing until the transaction is completed and the response has arrived, hence 
remains in a blocked state. 
 
A P2P MobWS provisioning and computing system directly inherits the properties of standard WWW 
and the Internet. Thus, the MobWSs that are designed to perform short-lived P2P operations strongly 
integrate MSI as their underlying communication pattern. These MobWSs are termed as Mobile 
Synchronous Web Services (MSWs). Figure 1 depicts two mobile terminals, MT1 and MT2 
provisioning corresponding MSWs. Each terminal has a mobile application (M1 and M2), that uses local 
MobWS proxy to handle the request-response process. The figure illustrates a scenario when M1 of MT1 
initiates the request-response process in order to consume the M2-2 service provisioned by MT2. The 
MobWS proxy of M1 dispatches the request over the underlying network infrastructure and transitions to 
the blocked state. At some later time depending upon the network delay, the request arrives at M2 through 
its local proxy. Based on the requested parameters, M2 invokes the M2-2 service and waits for its 
completion. Since M2-2 is a MSW, the operation it performs is labeled as a short-lived process. Upon the 
completion of M2-2 service, the outcome is received by M2 and dispatched over the network as a 
response to M1 via the local MobWS proxy. Subsequent to some network delay, the response from M2 



 

 

becomes available to M1 after it is received by its local proxy. M1 then transitions from the blocked state 
to running state which finalizes the request-response process in P2P MSI for MSWs. 
 

 
 

Figure 1: Mobile Synchronous Web Services in P2P System 
 
MSWs are suitable for use cases demanding immediate response to a request. This is possible by ensuring 
the completion of service operation within a small time frame. Generally, MSW are widely realized in an 
RPC-oriented manner; however other techniques are also possible. 
 
Mobile Asynchronous Interaction (MAI) 
Most standard Internet protocols, such as HTTP, are designed with an unspecified presumption of 
instantaneous feedback. Therefore, opting for MSI to perform complex operations that may last for longer 
duration, this assumption contributes towards degrading application performance in terms of resource 
inefficiencies and scalability. Not all WSs based systems require synchronous execution and provide 
immediate response. Such systems are architected to manage request and response as distinct mutually 
exclusive transactions, hence cannot rely upon MSI. Providentially, by using the existing Internet 
protocol standards, a communication style, called MAI, can be derived to support systems employing 
WSs performing intricate processing that may take longer time to complete. MAI is not a straight forward 
pattern to realize. One of the requirements of P2P MAI is that the service requester and provider must be 
capable of supporting same asynchronous MobWS messaging and transport behaviors. Whereas, in an 
infrastructure where requester and provider consume services through an intermediary network proxy, 
this requirement is fulfilled by the proxy node where transformation operations are performed to conform 
to the capabilities of each party, while keeping the proxy node transparent. 
 
The standard bodies in WSs domain have not explicitly specified asynchronous operations within WS 
standards; however, the mechanisms provided in the current WS specifications form a fundamental 
platform for realizing systems based on MAI. Christensen et al. (2001) specifies four operations 
(transmission primitives) in the Web Service Description Language (WSDL) specification namely, one-
way, request-response, solicit-response and notification. The one-way (request) and notification 
(response) operations focus on systems where message delivery guarantees are not required. The request 
and response with these operations are dispatched as two separate datagram transmissions, enabling high 
level of decoupling between the service consumer and provider. On the contrary, request-response and 
solicit-response operation supports message delivery guarantee by relying upon the standard internet 



 

 

protocol such as HTTP. The request-response operation is similar to the MSI pattern where each request 
is followed by a response, whereas reversing the roles of service consumer and provider in MSI would 
lead to the solicit-response operation. 
 
MobWS performing long-lived computations while keeping the client in an unblocked state are called 
Mobile Asynchronous Web Services (MAWs). In a reliable P2P system of MAWs, MAI is employed 
as an underlying communication style by incorporating the request-response and solicit-response WSDL 
operations; however the one-way and notification operations are also possible if delivery guarantees can 
be compromised. Figure 2 depicts a P2P system of MAWs based on MAI conforming to the request-
response and solicit-response operations of WSDL standard. Contrary to the scenario in Figure 1, the 
mobile terminals MT1 and MT2 now provision MAWs. The first block of interaction illustrating the 
request-response operation resembles the scenario of MSWs; however a key difference has to be 
considered. When the service invocation request from the mobile application M1 arrives at M2, the 
MAW M2-2 is invoked. Attention has to be paid on the generation of response which in this case does not 
carry the outcome of the invoked service. The MAWs starts to function in a separate execution thread, 
whereas the response dispatched from M2 via the local proxy delivers an acknowledgement to M1 about 
the successful invocation process. During the entire request-response operation, M1 remains in a blocked 
state until the acknowledgement arrives from M2. Since the service invocation is a short-lived process, 
therefore it can be modeled using the blocking behavior at the requester. On the other hand, the invoked 
MAW performs long-lived functions independently and must not be a part of invocation process. Once 
the acknowledgement from M2 has arrived, M1 transitions from a blocked to unblocked state, hence can 
perform other necessary functions independently. 
 

 
 

Figure 2: Mobile Asynchronous Web Services in P2P System 
 
During the request-response operations, M1 must provide an End Point Reference (EPR) to M2 that can 
be used to derive the solicit-response operation in a P2P MAWs system. The EPR serves as a contact 
point of M1 that is used by M2 to deliver the service outcome or to notify about alerts and exceptions. 
The requester during the service invocation process may provide an EPR of a different mobile or fixed 
terminal, if the responses from M2 are required to be delivered to a different network node. Assuming in 
the current scenario, the response from M2 is delivered to the requesting node, the lower block in Figure 2 
illustrates the solicit-response operation in a P2P MAWs system. At some later time, the processing of 
the MAWs M2-2 is completed. The service forwards the outcome to M2 that delivers it through the local 



 

 

proxy to M1. The local proxy at MT1 receives and forwards the result to M1, which acknowledges M2 by 
sending a response message. Until the acknowledgement from M1 has arrived, the corresponding thread 
of M2 remains in a blocked state.  
 
The request-response operation corresponds to the ‘pull’ model where the client node initiates the 
communication with the server in order to perform its desired tasks. This model inherits the properties of 
a well-known polling interaction and supports decoupled client and server side implementations. On the 
contrary, solicit-response is a ‘push’ model where the serving node communicates with the client in order 
to provide service outcomes or alerts. This operation resembles the callback mechanism and inherently 
supports decoupled architectures. Both operations rely upon the synchronous flow of information with 
per-request acknowledgement behavior; however, combining both in a single system of P2P MAWs leads 
to a reliable MAI. The one-way and notification operations of WSDL support unreliable MAI that can be 
easily achieved by avoiding the acknowledgements for each transmission primitive in Figure 2. 
 
In principle, the MAI is independent of the underlying network infrastructure. The two network clouds in 
Figure 2 depict this behavior in a P2P MAWs system where MT1 and MT2 communicate over distinct 
networks based on the request-response and solicit-response operations of WSDL. 
 
ARCHITECTURES FOR MOBILE P2P WEB SERVICES 
The architecture for provisioning MobWSs in a P2P computing scenario can be derived from the 
standard internet technologies. At a conceptual level, a P2P system is seen as a highly dynamic subset of 
a distributed system where each node takes the role of client and server. Unlike traditional client-server 
paradigm, a P2P system is not centralized. Since the prime focus of WS technologies was not P2P 
mobile systems, therefore most existing specifications and standards target traditional enterprise level 
realization of service-oriented systems with a focus on application or business integration. However, 
some efforts have been put towards standardizing the minimal set of implementation constraints in 
mobile P2P systems for limited configuration devices based on WSs (Dan et al, 2009). UPnPii on the 
other hand focuses on systems like home networks by providing a set of protocols for seamless content 
sharing and communication in an ad-hoc environment over a short-range link. Currently, no effort has 
been put to specify or standardize the systems demanding MobWSs to perform time consuming tasks, 
especially within a mobile P2P system. 
 
Within the scope of our research, we have developed a framework for P2P MobWS provisioning 
environments focusing on performing short- and long-lived complex computations. The framework is 
designed to enable service-centric and resource-centric access to MobWSs, respectively based on the 
notions of SOA and ROA The traditional SOA-based architecture for short-lived MSWs by Gehlen, 
(2007) is also extended to also facilitate resource-oriented MSW provisioning based on REST design 
principles. 
 
Requirements of an Integrated Mobile Web Service Framework 
In Figure 3, the requirements of an integrated MobWSs framework are depicted as a UML conceptual 
diagram at an abstract level. The core framework entails two fundamental architectures of MobWS, 
namely asynchronous (ASYN) and synchronous (SYN). The multiplicity, 1 – 0…1, on entailment arcs 
represents the fact that at least one of the two architectures must be realized in order to obtain a MobWS 
framework. The directed association between the ASYN and SYN architectures enforces the existence of 
at least one of the two architectures at a give time. For instance, if a framework does not incorporate 
ASYN architecture (multiplicity 0), then it requires the realization of a SYN architecture (multiplicity 



 

 

1) for the framework to exist, and vice versa. The relationship {OR} allows both the architectures to 
exist simultaneously in a single framework.  
 
The ASYN and SYN architectures must aggregate at least one Messaging Framework (MF) represented 
by the multiplicity 1-1…*. The MF is composed of variety of Message Types (MTs) specific to the 
corresponding aggregating architectures. The composition multiplicity of 1-1…* between MF and MTs 
illustrates the requirement of having at least one existence of MT. The MF on the other hand can be 
derived from either SOA or ROA or both, which defines the message structures and access requirements 
of a MobWS. For instance, in case of SOA, the message structure is defined by conforming to the SOAP 
standard and the default access mechanism utilizes simple HTTP request containing the SOAP message 
as a payload. In case of ROA with REST, the MT is derived from the application requirements and may 
vary in terms of message formats or content types. The access mechanism in this case is tightly coupled 
with the HTTP and URL standards. The directed associations between the SOA and ROA illustrate the 
dependency relationship enabling the realization of at least one of the two for MF to exist. Similar to the 
ASYN and SYN architectures, the relationship {OR} allows SOA and ROA to coexist together in a single 
system. 
 

 
 

Figure 3: Requirements of an Integrated Mobile Web Services Framework in UML notation 
 
Based on the requirements presented above, an integrated MobWS framework is defined as one 
incorporating ASYN and SYN architectures, each supporting SOA and ROA based services provisioning. 



 

 

Within the scope of this chapter, only the architecture for MSW is discussed in relation to its 
corresponding MFs. 
 
Mobile Synchronous Web Services 
The MSWs, due to their instantaneous nature, simplify the design process of their underlying 
architecture. The architecture strongly relies upon the MSI discussed earlier. Gehlen (2007) presents a 
comprehensive architecture and research findings in the area of SOA based MSWs. Gehlen (2007) uses 
the SOAP standard to define the MF and presents several MSW access mechanisms over multiple 
transport protocols. Detailed performance evaluation and theoretical analysis in terms of measurements 
and analytical models for SOA based MSWs and their underlying transport protocols are also presented.  
 
Within the scope of this research, we extend the work done by Gehlen (2007) to support ROA-based 
MSWs. Here we do not discuss the MSW architecture based on SOA reference model; however we do 
present its comparison with ROA in terms of message payloads. 
 
Resource-Oriented Synchronous Messaging Framework 
The term ROA cannot be clearly defined due to its tight coupling with the requirements inherited from the 
application context. In principle, the fundamental REST design principles are used to expose MSWs 
operations as accessible resources. These services are called “RESTful MSWs (R-MSWs)”. The 
architecture of R-MSWs naturally supports the request-response transmission primitives since it is based 
on the MSI. The access mechanism of R-MSWs is defined by the HTTP and URL standards. There, 
HTTP is not only used as a transport protocol, but also conveys the actions that must be performed at the 
serving node. Each response generated by the serving node is used to transition the client into next state. 
The REST-based interaction demands a mapping of requested URL with HTTP method which together 
defines the purpose of clients’ request. On the other hand, the service provisioning node, upon receiving 
the request, must be able to understand the mapping in order to take intended actions. 
 
One of the defining benefits of REST is that it uses standard URL based mechanism to directly access 
the R-MSW and in response, the HTTP response codes can be used to understand the behavior at the 
service provider’s end. For instance, if R-MSWs is successfully invoked, the HTTP response code of 200 
(“OK”) is received by the requester, where as in case of malfunctioning, the code could be in a 3xx, 4xx 
or 5xx range, for instance 404 (“Not Found”) (Leonard & Sam, 2007). The response codes are used to 
notify the client about the success or failure during the service invocation or execution process. 
 
URL Structure for Synchronous Access 
In the architecture of R-MSWs, the underlying MF derived from the requirements of ROA, demands a 
clear definition of URL structure that must be used to access the R-MSWs resources. This requirement is 
met by defining a generic URL structure, as shown in Figure 4, which is shared by every R-MSW. Due to 
the strict dependency of REST on HTTP, binding to other transport protocols is not recommended since 
in such case, several design criterions of REST have to be compromised. The R-MSWs are instantaneous 
services that rely solely on the behavior of MSI. Thus, in order to consume such services, the requester 
must formulate an EPR, published by the service provisioning node, which conforms to the URL 
structure shown in Figure 4. The EPR of the serving node consist of an Internet Protocol (IP) address and 
the listening PORT. Since the resources of R-MSWs are directly accessed, therefore the SERIVCE 
parameter represents the name of the service that the request intends to consume. Consideration has to be 
paid on the fact that unlike SOAP request, the service name is not specified in the HTTP payload. The 
direct specification of the service name in the EPR helps in avoiding the parsing overheads of SOAP 
message and to identify the invoked service, hence the R-MSWs resource is directly exposed on the 



 

 

Internet/network. For instance, a simple R-MSWs, called “LocationService”, which provides the location 
data of a peer host in form of longitude and latitude coordinates can be directly accessed using the peer 
EPR http://rest.comnets.de:9090/LocationService. 
 

 
 

Figure 4: URL Structure for RESTful Mobile Synchronous Web Services 
 
The URL structure alone does not specify the actions that a requester intends to take on the accessed 
service. Since a MSW may provide variety of resources, as service operations, therefore it is possible for 
a peer to access a single service to perform get, update, insert or delete functions. In LocationService 
example, the service name alone in EPR does not specify the actions intended for that particular request. 
For this reason, it is required by the requesting peer to establish a mapping between the EPR and HTTP 
method for each request. 
 
Fielding et al (1999) specifies several HTTP methods, each with its pre-defined function. The most 
commonly used among these methods are GET, POST, PUT and DELETE. Within the scope of this 
work, these four methods are used to establish meaningful mappings with the URL structure for R-
MSWs to depict the action intended at the server side; however, extensions with other HTTP methods are 
easily possible to meet the requirements of additional actions on the accessed resource. Considering the 
same LocationService, mapping of the service EPR to the HTTP methods entirely changes the context of 
operations that the service performs. For example, if the EPR 
http://rest.comnets.de:9090/LocationService is mapped to the HTTP GET method, the LocationService 
only provides the geographical coordinates of the host node as a response. In a scenario where the service 
requester provides its own coordinates to inform about its location, the same EPR could be used to access 
the LocationService, but the mapping to HTTP POST method is established. The POST method is used 
whenever the requester embeds some data in HTTP payload, in this case the geographical coordinates. 
Receiving a request with HTTP POST represents an update action and the LocationService modifies its 
record with the new coordinates from its peer. The PUT method usually focuses on creating new 
infomation. In a LocationService scenario, this method can be used to perform an insert operation that 
creates a new entry in records maintained by the service. For instance, if the requester likes to provide the 
geographical coordinates of all major tourist spots that he has visited during his journey, the 
LocationServices is accessed using the same EPR mapped to the HTTP PUT method while the 
coordinates are placed in the HTTP payload. The mapping specifies to the service that the request is 
intended to insert new coordinates in the record instead of update. The same functionality can be achieved 
with the POST HTTP method; however it solely depends upon the implementation of application. 
Similarly, the EPR mapping to DELETE method signifies the removal of record from the coordinate list 
that the LocationService has maintained. 
 
Until now, the LocationService scenario has only considered the case where the service offers one 
operation of each kind, that is, get, update, insert and delete which are directly mapped to the GET, 
POST, PUT and DELETE methods of HTTP respectively. Consider a situation where the 
LocationService offer multiple resources of one kind, such as getX() methods like getElevation, 
getAddress, getCoordinates etc. In this case, the EPR http://rest.comnets.de:9090/LocationService 
mapped to HTTP GET does not convey the targeted action of the request. Thus, the URL structure in 
Figure 4 is extended with an optional parameter for specifying the target RESOURCE. With this 
extension, the requester can directly specify the target resource in the URL and map to the 



 

 

corresponding HTTP method. For example, in order to fetch the elevation of the service provisioning 
mobile node, the requester formulates an EPR http://rest.comnets.de:9090/LocationService/Elevation 
and maps it to the HTTP GET method, which clearly indicates the targeted resource; getElevation 
operation. In order to update, insert or delete the elevation, the same EPR is used with its respective 
mappings to POST, PUT and DELETE methods. 
 
Payload Optimization with REST 
In a mobile P2P communication system, the message payload size significantly influences the 
performance of a mobile application and network. Contrary to SOAP based MSWs, the REST 
approach prominently reduces the message sizes while providing the same functionality. This is 
particularly beneficial for a mobile P2P service provisioning due to the resource constraints of 
participating devices. In MF based on MSI, the freedom to specify distinct types of MTs, in terms of 
runtime operations, does not exist due to short-lived nature of MSWs. Thus, in case of R-MSWs, most of 
the information required to invoke a service is represented by the URL. However, when the URL is 
mapped to the methods like POST, PUT or DELETE, it may carry a payload necessary for the 
computation by the accessed service. Unlike REST, in a typical SOAP request, the MTs are defined 
according to the prescribed standard MF (Martin et al, 2007). Naturally, for low-band mobile networks, 
the conformance to the SOAP standard leads to performance degradation due to large payload 
transmissions. In the past, several efforts have been put to reduce the SOAP message size by 
compression techniques. Chritian & Carsten (2008) claim that a SOAP message, in a typical case, cause 
three times more networks traffics compared to conventional techniques such as Java-RMI and CORBA. 
They further explore several compression strategies and provide a detailed survey and evaluation results 
of state-of-the-art binary encoding techniques for SOAP. It has been shown that WAP Binary XML 
(WBXML) is the most effective compressor of SOAP messages. Gehlen (2007) on the other hand, shows 
an example SOAP message encoding using WBXML of BabelFish translation service. Listing 1 displays 
the SOAP message of a MSW with the length of 508 bytes that was encoded with WBXML in order to 
reduce the message size. According to Gehlen (2007), the resulting encoded SOAP message payload had 
a length on 326 bytes and achieved the reduction of 35%.  
 
<?xml version=’1.0’ encoding=’UTF-8’?>  
<SOAP-ENV:Envelope xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" 
SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" 
  xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 

<SOAP-ENV:Body> 
<ns1:BabelFish xmlns:ns1="urn:xmethodsBabelFish"> 

<translationmode xsi:type="xsd:string"> 
de_en 

</translationmode> 
<sourcedata xsi:type="xsd:string"> 

Auto 
</sourcedata> 

</ns1:BabelFish> 
</SOAP-ENV:Body> 

</SOAP-ENV:Envelope> 
 

Listing 1: SOAP message before WBXML as shown in Gehlen (2007) 
 



 

 

With the REST-based MSW access, the message payload can be further reduced, even without applying 
the WBXML encoding technique. In case of R-MSWs, the service resource is uniquely identified by the 
URL from the client. If the same BabelFish translation service, used by Gehlen (2007), is exposed as a 
directly accessible R-MSW, the message payload can be further reduced by conforming to the URL 
structure in Figure 4. For instance, if the BabelFish service is provisioned by the mobile host 
rest.babelfish.com at port 80, then the REST EPR to access the service takes the form; 
http://rest.example.com:80/BabelFish. It can be seen that the service is directly identified by the EPR; 
however the input parameters <translation mode> and <sourcedata> must be transmitted as HTTP 
payload. Due to the existence of data in HTTP payload, the service EPR can be mapped to the HTTP 
POST method. Depending upon the implementation of the BabelFish service, the combined effect of the 
URL-method mapping notifies the service provider about the requested actions. Listing 2 shows the 
resulting REST message payload with the length of 113 bytes, which is approximately 65% further 
reduced compared to the WBXML encoded SOAP message of 326 bytes. The reduction is ~78% when 
compared to the original message in Listing 1. 

 
<translationmode xsi:type="xsd:string"> 

de_en 
</translationmode> 
<sourcedata xsi:type="xsd:string"> 

Auto 
</sourcedata> 

 
Listing 2: REST message payload without compression 

 
Further reduction in data volume could be achieved by employing XML encoding techniques such as 
WBXML or compressing the data using stream compressors, e.g. GZIP (Jean-Loup, 1996), however, the 
compression and decompression overhead in resource constraint mobile nodes must be considered. 
 
Contrary to the transmission of input parameters as HTTP payload, it is also possible to directly identify 
the entire SOAP message using a single URL. For example, the BabelFish service could also be accessed 
using the ERP http://rest.example.com:80/BabelFish?tranlationmode=de_en&sourcedata=Auto. In this 
case the input requirements are provided as a query string attached to the URL. This URL can be simply 
mapped to the HTTP GET method as it does not carry any payload. Using this approach, 100% 
reduction in message payload can be achieved; however this technique is not recommended due to its 
limitation for string data only that can be transmitted as query string by extending the URL. For binary 
data, the HTTP payload cannot be avoided. 
 
REST-based Architecture for Mobile Terminals 
Gehlen (2007) originally developed the architecture for MSWs, coupled with the MSI, based on the 
SOA reference model. The MF presented in his work uses SOAP messaging constructs and 
corresponding server components are designed. Transition from the existing architecture to enable 
REST based MSW provisioning requires reengineering and design of server components. Due to the 
strict dependency of REST on HTTP, the request listening threads for various other protocols are not 
required; however, the HTTP protocol listener must be modified to differentiate between REST and 
SOAP requests.  
 
Synchronous Server Components 



 

 

The architecture proposed by Gehlen (2007) uses SOAP-RPC mechanism to consume SOAP interfaced 
MSWs. Thus, any SOAP request has to conform to a modified version of the URL structure discussed 
earlier (see Figure 4). The core difference is created by replacing the SERVICE parameter in the URL 
structure with “soaprpc” and the RESOURCE parameter does not exist at all. The soaprpc parameter is 
specific to SOAP architecture and is required to identify a SOAP RPC call. On the other hand, every 
SOAP call must carry a SOAP envelope in HTTP payload, therefore the POST HTTP method is 
specified in the protocol headers. Contrary to SOAP requests, accessing MSWs over the REST interface 
tightly conforms to the URL structure presented for RESTful synchronous access. Therefore, for any 
REST request, the parameter soaprpc is not required which eases the request type identification process 
by relying upon the structure of received URL. Based on these requirements, the HTTP protocol listener 
component is modified to identify the target architecture of the request by checking the existence of 
soaprpc parameter in the received URL. The absence of soaprpc implies a REST request. The process of 
request handling at the listener level is shared by both architectures (SOAP and REST) and is neutral 
towards any class of MobWS; MSW or MAW. In the current implementation, MobWSs can be consumed 
over variety of protocols (Gehlen, 2007); however, here we restrict our focus only on HTTP. 
 
Figure 5 illustrates the invocation process of R-MSW in server architecture of a mobile terminal. The 
flow of information and control transitions between different server components of REST architecture is 
shown. Upon arrival of client’s request REQ, the HTTP Listener component (Listener) identifies the 
request type based on the soaprpc parameter, as explained previously. Assuming the request for R-MSW, 
the Listener initiates a thread called Request Handler (ReqH) by providing REQ and request type 
identification flag, in this case, REST. The ReqH is a parent server component responsible for managing 
incoming requests in accordance to their requirements by delegating and initializing other server 
components on demand. The upgraded version of the ReqH is a shared server component of SYN and 
ASYN architectures for handling either REST or SOAP requests. Since the REQ targets the R-MSW, the 
ReqH simply delegates the control flow to REST Processor (RP) after checking the REST flag. The RP 
is a generic and major server component specially designed, as an extension to original architecture, for 
MobWSs based on REST design principles. The responsibility of RP is to extract all the information 
embedded within the REST REQ and create a read-only bean namely, REST Bean (RB). The RB is a de-
serialized version of REQ that is understandable by all the server components involved in the invocation 
process of R-MWS. Before the RB is created, the RP has to perform variety of operations such as, parsing 
the URL and understanding its structure, obtaining the HTTP Method, extracting the input data from 
HTTP Payload and check for URL faults. Assuming a no-fault scenario, the RP creates a coarse-grained 
RB that populates all the extracted information in its properties. The read-only nature of RB facilitates in 
strictly conforming to the REQ, by preventing any server component or service to accidently modify the 
contained information. The REST Bean object (RBo) of RB is returned to the ReqH by RP once it is 
created. Since the information delivered by the client in REQ is now encapsulated within the RBo, 
therefore its reference can be passed around as a single object across other server components instead of 
multiple individual objects. Upon receiving the RBo from RP, the ReqH delegates the control flow, along 
with the RBo, to Deployment Interface (DI) component which is responsible for lookup and invocation of 
the requested MobWS. Within the scope of this work, the DI in (Gehlen, 2007) is extended to support R-
MWSs in SYN and ASYN (also supporting SOAP interface) architectures. The DI uses the RBo to 
obtain the requested service name from RB. Since in DI, a list of available services along with their 
corresponding instances is maintained as a key-value mapping, therefore DI uses the R-MSW name, 
obtained from RB, in order to lookup the related MobWS object (MWSo). The MWSo is then used to 
invoke the R-MSW and RBo is provided as an argument.  



 

 

 
 

Figure 5: R-MSW Invocation Process in a Mobile Server Terminal 
 
At this phase, the invocation of R-MSW does not imply invocation of the requested service method in 
REQ. The R-MSW is responsible for evaluating the mapping between the HTTP method and the URL in 
order to identify the targeted service method from the client. For this reason, R-MSW obtains the HTTP 
method from RB through the received RBo. Upon receiving the method from RB, the service may obtain 
the target resource using RBo, if desired. Obtaining the target resource is only necessary if the R-MSW 
offers multiple methods of same kind, for e.g. many getX() methods. For services offering only one 
method of each kind, the mapped HTTP method can be used directly for target invocation. Since 
providing multiple or single kinds of methods is specific to service requirements, therefore for keeping 
the discussion generic, call to obtain target resource from RB is not shown in the figure. In the next step, 
the R-MSW must check if the client has provided some input data that should be used by the target 
resource. Since the URL mapping to HTTP GET method implies no payload in REQ, therefore the 
service only requests the input data from RB (using RBo) if and only if the HTTP method other than 
GET is mapped. In case the payload exists, the R-MSW parses the input data and subsequently the target 
service method is invoked which is directly identified by the HTTP method mapping (illustrated as case 



 

 

X). Consequently, the target R-MSW resource, upon completion, dispatches the result which is received 
by the parent server component ReqH through the DI. The ReqH forwards the result to Response Hanlder 
(ResH) component which sends the result to the client using the same connection. 
 
Synchronous Client Components 
Synchronous client components are responsible for enabling remote access to MSWs. The functionality 
of each client is derived from the Web Service Description (WSD) published by the service provider. In 
case of REST, the client strictly couples with the HTTP Transport component in order to enable access 
to R-MSW. Due to the requirements of REST design principles, a client must be able to formulate the 
URL structure, as in Figure 4, and its mapping to relevant HTTP method based on the targeted service 
resource. The payload in a REST request has its own significance. Unlike SOAP, read-only R-MSWs 
may be invoked without incorporating any payload in HTTP request. In such scenario, the invocation 
requirements are directly identified by the URL at the end of service provider. For conforming to REST 
invocation process, a mobile client provides three basic utility tools classified as URL Creator (UC), 
Method Map (MM) and Payload Creator (PC). Each of these tools is designed for constructing a request 
specifically for consuming R-MSW. 
 
Figure 6 illustrates a request construction process within a mobile client terminal for consuming R-
MSW. The R-MSW client, in the first phase, creates a REST URL by using the UC. The UC is a simple 
tool that uses the SERVICE and RESOURCE parameters to formulate a URL that conforms to Figure 4. 
The IP and PORT of service provider is obtained from the WSD. Once created, a UC object (UCo) is 
returned to the client for future use. At this phase, the client must identify the payload requirements of 
the target R-MSW by analyzing the WSD published by the service provider. For instance, using the 
WSDL standard (Christensen et al, 2001), the <message> element may define the payload 
requirements and their types using the nested <part> tag. For more REST compatible description of 
MSWs, WADL (Marc, 2006) or WSDL 2.0 W3C recommendation (Roberto et al, 2007) can be 
employed. During the request construction process, based on WSD, the client must check if the payload 
is required by the target resource. The PC tool, therefore, is only used to construct the payload on need 
basis. Here, for explanation, we assume the target resource requires an input payload to function. After 
identifying the input data requirements, the PC is used to construct the payload according to the format 
specified in the WSD. The R-MSW client provides the UCo to PC that is used to fetch the target resource 
from UC. Once the resource is obtained by the PC, using UCo, the payload is created accordingly and a 
PC object (PCo) is returned. The R-MSW client uses the UCo and PCo to identify and establish the 
mapping of URL with the corresponding HTTP method. For this reason, the client invokes the MM tool 
by providing UCo and PCo as arguments. The read-only R-MSW requiring no input data as HTTP 
payload is directly identified by the URL. In this case, a direct mapping to HTTP GET method is 
sufficient to identify the target resource. The MM, after obtaining the UCo and PCo from the R-MSW 
client, verifies by using PCo if the payload for the target resource has been constructed by the PC. The 
MM uses the returned Boolean and directly maps the HTTP GET method to the URL in case of no 
payload. Contrary to this, the existence of payload implies the mapping possibilities of POST, PUT or 
DELETE methods. In this case, the UCo is used by MM to obtain the target resource function. The 
mapping of HTTP method is a critical process that may entirely change the meaning of request. 
Therefore the target resource function is used to specify the mapping. For instance, in the 
LocationService scenario discussed earlier, the URL to consume the Elevation resource, 
http://rest.comnets.de:9090/LocationService/Elevation, can be mapped to any of the three HTTP 
methods to perform update, insert or delete operations. These functional behaviors of the targeted 
resource are derived from the application context and depend upon implementation by the developer. In 



 

 

R-MSW, it is possible that the same URL is used to access distinct target functions of the same service 
resource, such as updateElevation(), insertElevation() and deleteElevation(). Here, the Elevation in URL 
corresponds to the service resource and the mapping to HTTP method identifies its respective function, 
for e.g. POST for update, PUT for insert and DELETE for delete. In such case, the information provided 
to MM by UC must be used to identify the intended functional behavior of the resource for mapping the 
HTTP method correctly. 
 

 
 

Figure 6: R-MSW Request Construction Process in a Mobile Client Terminal 
 

After the resource function is obtained the mapping to HTTP method can be identified which is 
represented as case X in Figure 6. Consequently, the MM tool returns the identified method mapping to 
the R-MSW client. The client subsequently delegates the control flow to the Transport component by 
providing the URL from UC, HTTP payload from PC and the mapping from MM. The transport 



 

 

component is responsible for dispatching the request REQ with the received URL, after embedding 
HTTP payload and setting the mapped method in HTTP request headers. The implementation of PC and 
MM tools is derived from the application requirements; however, the UC provides generic functionality 
to construct the target URL for accessing P2P R-MWSs. 
 
PERFORMANCE EVALUATION 
In software engineering, performance evaluation is a technique to study the real world behavior of 
applications in order to facilitate design and implementation decisions. For evaluating performance, 
several criterions must be defined in order to focus on specific aspects of a system. In perspective of 
functional requirements, the evaluation considers variable sets of parameters, such as data volume, 
processing delay, load time, memory footprint, to study how fast a system react to events. The 
performance of functional properties directly influences the end user experience. On the contrary the 
performance of non-functional requirements of a system is more relevant towards the ease of 
development and deployment process. Such requirements greatly rely upon the vendor infrastructure and 
skills of engineering team due to which their evaluation becomes difficult to measure.  
 
Within the scope of this work, the performance of functional properties of the MobWS framework, 
enfolding REST and SOAP architectures, is evaluated by real time measurements. Here, the focus is to 
evaluate and compare only the SYN architecture of MobWS in terms of message payloads and 
processing latencies of the server components. The MobWS framework has been implemented for all 
mobile terminals compatible with the Java ME platform. The framework is configured to run on a 
mobile terminal emulator on a Windows Laptop connected to the fast Ethernet and measurements are 
calculated. The client, with similar configurations, is set up on the same network. The performance of 
underlying network infrastructure is out of the scope of this chapter. 
 
Evaluation of Payload Reduction 
In the first evaluation phase, a simple echoString MSW was developed that, in response, echoed the 
same string argument to the client, as received within the request. The service was deployed on the 
MobWS framework by enabling both, REST and SOAP access interfaces. Initially, the focus was to 
measure the size of request message payload requirements for service invocation with each interface. The 
initial measurements were calculated for 20 service invocation requests dispatched by the client in a 
sequence, first with SOAP and later with the REST interface. 
 



 

 

 
 

Figure 7: Request Message Payload and Processing Latencies in REST and SOAP Mobile Servers 
 
In SOAP invocation a client is required to generate and parse the SOAP envelope for each request. For 
this purpose, third party tools, kSOAP and kXML, from an open source projectiii were utilized. Besides 
constructing the SOAP XML, each request incorporated Custom Data as a string argument to the 
echoString service. In the first request, the Custom Data of 5 bytes was imbedded inside the SOAP 
envelope. For each subsequent request, the data was increased by adding 5 additional bytes. With such 
sequential increase of Custom Data, the 2nd request imbedded a string of 10 bytes, 3rd of 15 bytes, and 4th 
of 20 bytes up to the 20th request imbedding 100 bytes inside the SOAP envelope. Figure 7(A) shows the 
total payload and Custom Data sizes of first 20 requests dispatched by the client. It was observed that 
each input data, as Custom Data, required by the echoString service is significantly smaller in size than 
the imbedding SOAP XML. The overall SOAP envelope contains a constant amount of 576 bytes of 
SOAP XML, whereas the imbedded Custom Data ranges from 5 – 100 bytes in 20 requests. The 
significant difference in ratio between the two constructs of SOAP envelope increases the processing 
overhead even for very low input data requirements. During the measurements, it was observed that the 
percentage of ratio difference decreases as the Custom Data increases. For instance, for echoing 5 bytes of 



 

 

data, the SOAP XML occupies ~99% of the complete 581 bytes SOAP envelope, whereas for 100 bytes 
of Custom Data in the 20th request, ~85% of the envelope contains SOAP XML. For equal amount of 
data and SOAP XML, the occupancy percentage is 50%. Besides the measurement up to 100 bytes of 
Custom Data, the percentage of ratios difference for 1 KB and 1 MB of data was calculated to 36% and 
~0.05% respectively. Although, the overhead of SOAP XML within the envelope reduces with increasing 
amount of Custom Data, it cannot be completely avoided. 
 
On the contrary, we followed the identical measurement process of 20 requests and increasing data size 
by using the REST interface. In this case, the requirement at the client side to construct XML can be 
avoided since the echoString service is directly identified by the URL conforming to the structure in 
Figure 4. Although the Custom Data, in REST architecture, could be imbedded directly in the HTTP 
payload, 13 bytes of XML Meta tags imbedding the data were explicitly created to better represent the 
payload construct. The measurements obtained by invoking the echoString service with REST interface 
showed significant payload reduction, as shown in Figure 7(B), compared to SOAP. The 5 bytes of 
Custom Data was echoed by sending the total of 18 bytes of REST payload, achieving ~97% reduction 
compared to 581 bytes of SOAP envelope. In case the optional 13 bytes of XML Meta tags are removed, 
~ 99 % of reduction can be achieved. For 100 bytes of Custom Data, ~83% reduction was achieved 
including the 13 bytes of XML Meta tags and ~85% excluding them. Similar to SOAP measurements, the 
reduction percentage was calculated for 1 KB and 1MB of REST payload including and excluding the 
13 bytes of optional tags. The reduction of 36% and ~29% of payload was calculated for 1 KB of Custom 
Data including and excluding 13 bytes respectively. For 1 MB of data, a very negligible difference of 
0.001% between payload reductions, ~0.054% and ~0.053%, was observed with and without 13 bytes of 
Meta tags respectively. Increasing the amount of Custom Data slowly decreases the payload reduction 
percentage; however it always remains less than the SOAP envelope. Here, only the default SOAP 
message structure specified in (Martin et al, 2007) is compared to REST. Incorporating WS-* 
specifications within a SOAP envelope may further influence the payload reduction factor. 
 
In Figure 7(C), the influence of message payload on the processing performance of REST and SOAP 
mobile servers is shown for the 20 request cycle. The measurements show that the payload reduction 
with REST interface significantly decreases the processing latencies for MSW invocation. More detailed 
evaluation of the server components and their processing latencies is discussed in the following. 
 
Evaluation of Server Components 
Using the same test-bed and increasing the measurement cycle to 100 requests, the echoString service was 
invoked repeatedly. In this phase, the Custom Data was again incremented by 5 bytes in each request. 
Starting from the initial 5 bytes of data, the 100th service invocation request carried the data of 495 bytes 
in payload. For each request, the processing latency of major server components of the MobWS 
framework was calculated. 
 



 

 

 



 

 

 
Figure 8: Mean Latencies of REST and SOAP Mobile Servers and their Components over 100 Requests 

 
In the first phase, echoString service was invoked 100 times via the REST interface while increasing the 
payload by factor of 5 bytes per request. Figure 8(A) shows the measurements results obtained for 
processing latencies of REST server architecture. The mean latency was calculated to be 12.35 ms 
where as the standard deviation was 3.315 ms. In order to identify major latency causing factors, the 
measurements were calculated at the server component level for each request. Figure 8(B) presents and 
compares the processing latencies of major server components in REST architecture. It is clear from the 
measurements that significant amount of latency is caused by the ReqH component with the mean of 
10.13 ms. Based on the mean server latency in REST architecture, the ReqH consumes ~82% of the 
overall processing. In an integrated architecture, the latency of ReqH component is not just caused by 
delegating the request (see Figure 5); rather several sub-operations are performed within the component 
that is not presented here. Some of these sub-operations include transport protocol identification, 
recognizing MSW or MAW request, initiating and delegating to architecture specific components, error 
handling in payload and fault generation. The RP component causes the mean latency of 5.6 ms that 
implies 45% of overall server latency. The latency of RP component covers the delay caused by the RB 
component in Figure 5. Adding ~36% to the overall processing latency of the REST architecture, the 
mean delay of ResH component was calculated to be 4.44 ms. The factor that enables the ResH to cause 
the least processing latency is the direct imbedding of response data in HTTP payload without the need 
of XML generation and parsing compared to SOAP. Since in MSWs, the response is generated on the 
same connection as request, therefore, the URL creation latencies are also avoided. 
 
Contrary to REST, the SOAP interface proposed by Gehlen (2007) was evaluated through the same 
measurement process. After the execution of 100 request cycles for SOAP based echoString invocation, 
as shown in Figure 8(C), the overall mean delay caused by SOAP server was calculate to 26.64 ms with 
the standard deviation of 6.47 ms. Considering the mean delays of REST and SOAP servers, the 
performance of REST server was evaluated to be ~55% faster than SOAP. Using the measured standard 
deviations in Figure 8(A) and (C), the minimum processing delay caused by the SOAP server was 
calculated to be ~22% more than the maximum processing delay of REST server. The ReqH component 
of SOAP architecture alone, caused the mean latency of 12.41 ms which is ~18% higher than the 
corresponding ReqH component in REST, and ~0.5% more than the overall mean processing latency of 
the REST server. The ResH component in SOAP server showed a significant difference from the same 
component in REST by measuring the mean latency of 11.95 ms leading to ~63% of reduced 
performance. It can be observed that the RP component, due to REST specific functionality, does not 
exist in the measurement results obtained for SOAP architecture. 
 
The overall performance of REST server architecture showed promising results in comparison to 
SOAP. The measurements reflect an overall performance behavior by evaluation of an integrated 
MobWS framework focusing on MSW provisioning. Besides having additional components, such as RP 
and RB, in REST architecture, the performance is highly optimized by significant payload reduction. 
The latency of the DI component presented in Figure 5 is negligible and therefore included in the 
measurements of ReqH components of both architectures. 
 
FUTURE RESEARCH DIRECTIONS 
MobWS are not limited to smart phones. They can be hosted on any mobile node participating in 
multiple kinds of network infrastructures. One interesting use case domain of MobWS is their deployment 



 

 

in wireless networks to perform in-network computational processes (Aijaz et al, 2009). Having the 
Wireless Sensor Networks (WSNs), with spatially distributed sensor nodes, as a special case, a promising 
research area of service-centric or resource-centric WSN enabling numerous application use cases can be 
derived. The requirements of such systems demand development of complex middleware platforms 
capable of performing long-lived and collaborative computations. A detailed study by John (2008) 
highlights the hardware and software requirements for such environments. 

As a part of future research, we intend to present a MobWS framework capable of asynchronously 
exposing service to perform complex in-network long-lived operations (Aijaz et al, 2008). We study the 
aspects of asynchrony in both SOAP and REST architectures and develop a comprehensive prototype 
focusing on WSN. In future technology and research, a huge potential can be seen in integrating the 
service-oriented WSN with the IP Multimedia Subsystem (IMS), in order to gain higher valued services. 
Further, establishing a framework for Service Level Agreements (SLAs) to ensure privacy and contract-
based P2P MobWSs is a promising area of research. 

In order to obtain valuable insight about the mobility management and traffic performance issues of 
MobWSs, a study of (Gehlen, 2007) is highly recommended. 
 
CONCLUSION 
MobWSs are a promising technology for the integration of IT and TelCo domains. The requirements for 
enabling converged applications involving both the sectors have enabled service-oriented computing as 
a fundamental service delivery platform. The increasing support for mobility in technical and 
technological domain has pushed the service-oriented computing towards developing highly dynamic 
P2P mobile applications. The advancements in mobile communication and device technology, in terms 
of software and hardware, have revolutionized the focus of research and industry to investigate mobile 
service provisioning platforms and architectures. 
 
In the first phase of this work, we investigated the interaction, architecture and design characteristics of 
P2P computing based on MobWSs. Two major MobWS interactions strategies, MSI and MAI, are 
identified and the underlying communication mechanisms are derived based on the operations specified in 
WSDL standard. The concept of MSWs and MAWs is presented and detailed discussion on their 
corresponding relationships to the interaction strategies is established. On the basis of these fundamental 
principles, requirements for an integrated MobWS framework are presented with a focus on service- and 
resource-centric access techniques. 
 
In the second phase, based on the grounds established by the framework requirements, a comprehensive 
discussion about the controversies and issues for architecting service- and resource-oriented P2P MSW 
architectures is presented. The service-oriented architecture in (Gehlen, 2007) employing the SOAP 
based MF is critically analyzed. Consequently, an alternative resource-oriented MSW architecture is 
proposed based on REST design principles that avoid the overheads of SOAP oriented MF in terms of 
message payloads and processing latencies. The requirements of resource-oriented MF are presented 
and URL structure for synchronous access to MobWSs is defined. The URL structure facilitates 
uniquely identifying the target resource while optimizing the processing latencies and message payload 
in REST server architecture. It has been shown that the payload reduction with REST is significantly 
more than the encoded SOAP envelope with WBXML. In order to provide extensive insight for 
designing REST based P2P MSWs, a detailed discussion of specific synchronous server and client side 
architectural components is presented. The exhaustive insight about the functioning of each component is 
discussed in relation to the REST design principles and the defined constructed URL structure. 
 



 

 

The third phase evaluates the performance of the MobWS framework in terms of message payload and 
processing optimization achieved with REST architecture for MSWs. The performance evaluation is 
conducted by obtaining real-time measurements and comparing with the original SOAP based 
architecture in (Gehlen, 2007). The initial part of evaluation focuses on payload size requirements in 
SOAP and REST architectures based on 20 request cycles carrying the data ranging from 5 – 100 bytes. 
It has been observed that transmitting smaller amount of data in SOAP envelope produces significant 
payload overhead compared to REST. The payload reduction of ~99% and ~85 % was achieved, 
compared to SOAP, by transmitting the respective data of 5 bytes and 100 bytes over REST 
architecture. It was observed that by increasing the data in SOAP envelope, the overhead of SOAP 
XML can be reduced, however, the reduction achieved with REST is always at lead. 
 
In the next step, the evaluation of server components in terms of processing latencies is presented. The 
results show that the REST server, due to reduced message payload, performs ~55% faster than the 
original SOAP server (Gehlen, 2007). More detailed evaluations showed that the single ReqH component 
of SOAP architecture caused the mean latency of 12.41 ms which is ~0.5% more than the overall mean 
processing latency of the REST server. Furthermore, the minimum processing delay caused by the 
SOAP server was calculated to be ~22% more than the maximum processing delay of REST server. It 
was shown that besides of having additional components, such as RP and RB in REST architecture, the 
performance is highly optimized by significant payload reduction compared to SOAP. 
 
The overall performance of REST architecture showed promising results. With the experience gained 
during the development and research process, we learned that the REST based P2P MSWs framework 
eases the development and deyployment process due to the technical simplicity and optimized 
performance. Although SOAP offers wide range of globally accepted WS standard specifications, it 
produces significant overhead, especially for mobile terminals due to large message sizes and XML 
manipulation requirements. With the resource-centric nature and coupling of REST with basic internet 
standards, HTTP and URL, it has a potential to overcome the controversies and issues existing for 
SOAP. 
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