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Abstract 

As Web Services technology is growing rapidly, the need to create more complex 

business services is becoming apparent.  Web Service composition research gained 

momentum as businesses valued the possibility of automatic integration and collaboration. 

BPEL (Business Process Execution Language) is one of the prominent Web Service 

composition notations. BPEL facilitates the creation and execution of business processes 

based on Web Services. This thesis extends the BPEL approach by enabling clients to define 

their required Quality of Service (QoS), binds selected Web Services at run time and creates 

BPEL documents dynamically. This thesis introduces a new framework in which Web 

Service providers can announce the QoS and clients can search and find their required QoS. 

The framework uses a Peer-to-Peer (P2P) environment; P2P implementations create an 

overlay network that provides enhanced security. Another advantage is that P2P puts similar 

services into closed communities so that the search and discovery of services is accelerated. 
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1 Introduction  

1.1 Motivation 

Web Services technology allows interoperability between applications and provides 

flexibility to integrate businesses.  In order to support Business-to-Business or enterprise 

application integration, Web Services are required to collaborate. Web Service composition 

focuses on business process creation based on orchestration and choreography of Web 

Services. The manual composition of Web Service is time consuming and requires a 

significant amount of detailed coding dealing with heterogeneous services. As the number of 

services increase in a composite service the orchestration among the services becomes more 

problematic. The necessity and complexity of the task of service composition has resulted a 

number of companies and standardization bodies working toward a common language for 

defining automation of business process executions. 

Some have taken the semantic Web approaches such as DAML-S and some have 

taken the syntactic approach such as BPML, XLANG, WSFL and BPEL (Web Service 

composition and these languages are described in detail in section 2.7). 

However, most of Web Service composition definition languages are heavily based 

on Web Service definitions that are provided in Web Service Definition Language (WSDL) 

descriptions. 
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WSDL describes the location of the service and the operation it provides. These 

languages expect that the Web Services that take part in the composition to be stationary at 

the time of the design of the process model. 

These definition languages do not allow clients to select a Web Service dynamically 

based on the specific requirement that they have. In other words, clients cannot specify their 

functional and QoS requirements for dynamic selection of Web Services at run time. 

One motivation for this thesis is to provide users with the opportunity to specify and 

select the Web Services dynamically based on a set of functional and QoS criteria. 

In order to be able to select services at execution time, services are required to be 

searched and found based on specific criteria.  The Universal Description Discovery 

Integration (UDDI) is a complementary technology to search web services located on 

different sites on the Internet. Existing UDDI technology uses central server (operators) to 

store pointers to registered web services. However, UDDI will inherit the drawbacks 

associated with using a central system such as availability, scalability and performance. The 

other drawback that relates specifically to the UDDI functionality is that UDDI is not aware 

if the server providing the services of a registered Web Service is available and online when 

a client is trying to discover a service. 

This thesis approaches this issue by using a P2P base discovery and search of the 

Web Services rather than using a central scheduler. Instead Web Services would advertise 

their existence when they join a P2P network and are therefore available to provide services. 
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The other motivation for this thesis is to overcome the security issues that are 

imposed by using Web Services in a business process execution. Security is an important 

aspect of business collaborations. Since Web Services message exchanges occur over the 

Internet using HTTP based protocols, similar security threats can potentially exist. Using a 

P2P environment creates a virtual overlay network and creates self-organized communities. 

Several security technologies therefore can be enforced on these communities. 

1.2 Problem Statement 

This thesis focuses on the following problems: 

1.2.1 QoS in Web Service Composition  

Clients of Web Service compositions are bound to use the static Web Services that 

are defined at the time of design in a chosen Web Service Composition Language. They 

cannot select a specific Web Service dynamically at run time based on their requirement 

specifications. 

1.2.2 Web Service Composition Security  

Web Service composition enables businesses to interact and interoperate. Any 

transaction or message exchanged between businesses could potentially contain confidential 

information.  Service providers are required to take the privacy and integrity of messages 

seriously. 
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1.2.3 Web Service Search and Discovery 

UDDI is used as a standard technology for dynamic search and discovery of Web 

Services. However, UDDI uses a central system and is not aware whether a registered Web 

Service is available at the time of client search. 

 

1.3 Thesis Contributions 

We developed an end-to-end solution for executing a Web Service composition. The 

solution is a framework that integrates best of the breed technologies with newly designed 

components to achieve the goals of this thesis and to address the problems discussed above in 

a way that allows service providers to have maximum flexibility with minimum effort.  

• Integration of existing and new components to provide an end-to-end solution for 

QoS enabled web service composition within a framework. The framework is part of 

a P2P environment where an overlay virtual network is created for enforcing security 

and second, a dynamic search and discovery for Web Services can be used. Also this 

framework selects and binds services based on defined functional and QoS criteria of 

the client at run time. 

• Developing an XML based schema for clients to define their functional and QoS 

criteria and for Web Service providers to present their functional and QoS criteria.  

• Designing an enhanced search engine as a service entity in JXTA network to search 

services advertised and dynamically select and compose the services based on the 
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client’s defined criteria. The search engine would be designed to support functionality 

that the composite search XML document requires. 

• Developing a prototype incorporating the above designs and concepts. 

Here is a brief introduction to the existing technologies used and the motivation 

behind them:  

Web Service Composition Language: This thesis chooses Business Process 

Executable Language (BPEL) as the basis of the Web Service composition definition 

language. BPEL is a dominant Web Service composition language that was originally 

released by IBM and backed by various vendors, and has been proposed to OASIS as a 

technical standard in 2003. More description is provided in section 2.7.4. 

BPWS4J: The IBM Business Process Execution Language for Web Services Java 

Run Time (BPWS4J) is a platform that can execute business processes written using BPEL. 

More details are provided in section 2.7.5. 

JXTA: To achieve a P2P environment, JXTA technology is used. JXTA, developed 

by Sun Microsystems, is an open, generalized P2P platform that supports core functions of a 

P2P system.  JXTA 2, the latest release of JXTA, offers a P2P overlay network that is very 

scalable. Also JXTA provides a dynamic discovery service where Web Services can be found 

when available, in the JXTA network, thus overcoming the problems with using UDDI.  

More details are provided in section 2.5. 
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1.4 Thesis Organization 

The rest of the thesis is organized as follows:  Chapter 2 provides an overview of the related 

technologies to this thesis. This chapter starts by describing Client/Server and P2P 

technologies, JXTA, and continues with an overview of Web Services composition and 

BPEL description. Chapter 3 discusses state of the art in QoS enabled Web Services 

composition technologies and an evaluation of their use. Chapter 4 describes the thesis 

requirements and the architecture proposed to support a QoS enabled Web Service 

composition. This chapter provides an architectural view of the whole system. Chapter 5 

provides details of implementation of the Enhanced search service and the Web Service 

Composite Search XML schema. Chapter 6 walks through a prototype developed to support 

the proposal. Chapter 7 is the complete schema definition for Web Service Composite 

Search. Chapter 8 provides an analysis of the architecture, the degree of compliance with the 

requirements, the limitations and potential enhancements and additional research ideas. 
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2 Background 

This chapter provides a review of the technologies used in this thesis and includes 

descriptions of distributed computing, P2P and JXTA technologies. An overview of Web 

Services and Web Service composition definitions is also provided. Sections 2.5 and 2.7.4 

provide more details on JXTA and BPEL respectively.  

 

2.1 Distributed Computing Systems 

A distributed computing system is a collection of computing nodes that can have 

different types of hardware architectures and are interconnected by a communication 

network.   

There are various approaches to distributed computing systems, two of the most 

noteworthy ones are: 

• Client/Server Architecture 

• Peer to Peer Architecture 

 

2.2 Client/Server Architecture 

In a network where a group of nodes is communicating with each other, a more 

powerful node is assigned as the server and provides services and information to the other 

nodes considered as clients. Clients send requests to the server and receive results. Figure 1 

illustrates a Client/Server architecture view [1]. 
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This architecture has evolved from a 2-tiered architecture to a 3-tier and multi-tier 

client/servers architecture, where the software is modularized into two or more pieces and 

usually each module reside on separate hardware. Client/Server architecture provides more 

scalability and flexibility in software systems. 

 

Figure 1: Client/Server Architecture 

2.2.1 Pros and Cons of Client/Server architecture 

Pros: 

• Efficiency: Since data is only transmitted when necessary. 

• Security: More level of security can be achieved since there is central point of 

communication. 

• Flexibility: Different hardware can be used for clients; upgrades can be done more 

easily. 

Cons: 
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• Servers are not aware of the Client’s capabilities and resources. 

• Servers usually need to keep large amount of data  

• The system depends on the server reliability.  

• Network bandwidth between clients and the server affects the performance of the 

system. 

2.3 P2P Architecture 

A network architecture may be called a Peer-to-Peer (P-to-P or P2P) network, if the 

participants share a part of their own hardware resources e.g. processing power, storage 

capacity, network link capacity and printer. These shared resources are necessary to provide 

the service and content offered by the network (e.g. file sharing or shared workspaces for 

collaboration). The participants of such a network are thus resource providers (Service and 

content) as well as resource requestors [2]. 

P2P is a newer architecture for distributed computing which overcomes some of the 

problems associated with the client/server architecture. Figure 2 illustrates P2P architecture 

in section [1]. The following subsections provide a brief description of various P2P forms: 

hybrid, pure, virtual. 
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Figure 2: P2P Architecture 

2.3.1 Pure P2P 

In a pure P2P architecture communication nodes can be both the server and the client 

and have all the same capabilities. There are certain routing mechanisms that are used for 

transmission of data among nodes. 

2.3.2 Hybrid P2P 

In a hybrid environment a central entity still exists but it is different from the 

client/server architecture in the sense that nodes are sharing resources such as storage, 

computer power among themselves. Napster  (section 2.4.1) is an example of a hybrid P2P. 

2.3.3 Virtual P2P Architecture 

Currently most of P2P systems are implemented based on a virtual network that 

connects all the nodes in a non-centralized way with their own routing mechanisms. 
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2.4 P2P Applications 

In the Internet world a set of servers provide the information to the clients through the 

clients’ web browsers. The distinction in P2P computing is the access to decentralized 

resources available in a network. Each communication node can have the capabilities of both 

a client and a server. This enhances the Internet network capabilities immensely. The 

possibility of file sharing among users without interference of servers brings a dramatic 

scalability to the Internet world. Searching the Internet also takes on a new dimension in a 

P2P environment. P2P environments/applications provide lower cost and higher availability.  

Some of the challenges facing P2P architecture are in addressing schemes, routing 

and discovery mechanisms. Various applications have been implemented based on P2P 

architecture, such as Napster, Gnutella, Kazaa and Kazaa lite. Different applications might 

focus on different characteristics of P2P architecture; in the two following subsections we 

describe Napster and Gnutella examples in more details. 

2.4.1 Napster 

Napster shares primarily music files and is an example of hybrid P2P architecture 

with a centralized file location directory. Users would run desktop software that enables them 

to share files. This software actually provides a virtual P2P network. Napster is an example 

of a hybrid P2P architecture. There is a central database, which keeps an index of the files 

available in the network; when a requester queries for a specific file; the directory server 

provides the IP address of the user that has that file. The requester then downloads the file 

from that IP address directly. Although Napster once was a very popular P2P application, it 
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was forced to shut down due to copyright violations. Figure 3 illustrates [3] the Napster 

architecture overview. In Napster architecture users first connect to a central directory server 

to find the location of a specific file, then they will directly connect to that location and 

download the file from that user. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Napster Architecture 

 

2.4.2 Gnutella 

Gnutella is also a popular P2P system for sharing files. Unlike Napster, there is no 

central database involved in this architecture, but users still need to run Gnutella software in 

order to become part of the P2P network. Figure 4 illustrates the Gnutella architecture [4], 

where peers exchange files directly without a central directory service. 

User 

Directory 

Server 

User User 

User 
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Figure 4: Gnutella Architecture 

2.5 JXTA 

As part of the framework proposal for this thesis, JXTA has been selected as the 

technology for providing a P2P platform. The JXTA project is one of the leading, open-

source P2P platforms available. Sun's Project JXTA is a set of open, generalized peer-to-peer 

protocols that allow any devices on a network to connect, communicate, and collaborate with 

any other device on a network independent of their hardware type. The goal of project JXTA 

is to provide a platform that supports functionality essential for P2P computing. The term 

JXTA is taken from the word Juxtapose meaning side by side. 
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2.5.1 JXTA Benefits 

• JXTA peers create a virtual network where any peer can interact with other peers and 

resources directly, even when some of the peers and resources are behind firewalls or 

are on different network transports [5]. 

• JXTA creates an overlay network that limits the propagation of queries to a subset of 

peers rather than all peers; thus increasing scalability and performance. 

• JXTA offers the peer group concept, which defines a scope that creates a virtual 

boundary of peers where an authentication policy can be enforced upon them for 

security. 

• JXTA is platform independent and all the protocols are based on XML messaging. 

• JXTA includes a set of core services such as peer pipes for communications between 

peers and peer discovery service. 

• JXTA provides advertisements, which are XML documents that describe peers, peer 

groups, pipes and services in the network. 

This thesis will benefit from all of the above JXTA features and specifically from the 

overlay network creation and peer groups, where closed communities will be created for a set 

of Web Services for enhanced security, scalability and performance. The services will be part 

of a closed community where security technologies such as authentication can be enforced. 

The JXTA advertisements, a mechanism for Web Services to announce their services and 
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QoS information in the form of XML documents to the overlay network, will also be used 

extensively as part of this proposal.   

2.5.2 JXTA Architecture 

Figure 5 illustrates a logical view of JXTA project: 

 

 

Figure 5: JXTA Architecture View 

 

JXTA is divided in three layers: 
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Platform or Core layer: The platform layer provides the basic and essential 

functionalities of a P2P environment, such as peers, peer groups, peer IDs, discovery and 

basic security.   

Services layer: JXTA services are on top of core layer and provide additional 

functionality that can be beneficial in P2P environment such as searching, indexing, 

authentication and PKI (Public Key Infrastructure) membership.  

Application layer: The applications are written by using features in core and services 

layers. 

2.5.3 JXTA Concepts 

2.5.3.1 Peers 

Peers can be any networked device such as sensors, phones, PDAs, PCs, servers or 

super computers as long as they implement one or more of the JXTA protocols. A peer ID 

uniquely defines each peer. Peers publish their network interfaces through advertisements. 

Peers automatically discover each other and become part of a self-organized peer group. 

Peers do not require point-to-point connections between themselves; intermediary peers can 

be used to route messages for those peers separated due to physical network connections, 

firewalls, NATs (Network Address Translation) or proxies. There are three types of peers: 

edge, rendezvous and relay. 

2.5.3.2 Peer Groups 

Peer groups implement a set of peer group services. Peers, self organize into peer 

groups, where each has a peer group ID. A peer can belong to more that one peer group; by 



Thesis: Enabling QoS in Web Service Composition in a P2P Environment 17 

Chapter Two – Background 

 

 
 

Mojdeh Ghodousi 

default peers are part of the Net Peer Group. Figure 6 illustrates a peer group view of a 

JXTA network [6]. In this thesis, similar sets of Web Services will be part of the closed 

community of a peer group, with the following benefits: 

• Securing Environment: a security policy can be imposed on peer groups. This policy 

can range from a username/password authentication to a complex public key 

cryptography.  Peers can also publish encrypted content within the peer group. 

• Scoping Environment: peer groups can form a specialized domain or limit the search 

within the scope of a peer group. 

• Monitoring Environment: peer groups allow monitoring of a set of peers for a specific 

purpose. 

 

 

Figure 6: JXTA Peer Groups 
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2.5.3.3 Pipes 

Pipes are the basic transport entity between peers, and they are virtual communication 

channels that send and receive messages. JXTA requires at least one asynchronous uni-

directional pipe. The pipe end-points are referred to as input and output pipes. 

2.5.3.4 IDs 

As JXTA resources need to be uniquely identifiable, a JXTA ID is used. There are six 

types of JXTA resources: peer, peer group, pipes, contents, module classes and module 

specifications. An example of a JXTA ID is: 

 urn:jxta:uuid-59616261616162614A78746150326033F3BC76FF13C2413CBC0AB663676DA53902 

The format of a JXTA ID is URN (Unified Resource Names) [7]. There is a facility in 

JXTA that create IDs randomly. There are two reserved IDs, NULL ID and Net Peer Group 

ID. 

2.5.3.5 Advertisements 

JXTA advertisements are the means of describing resources within the JXTA network 

and are the core of the JXTA infrastructure since it is concerned with assigning 

advertisements to various resources. The data in JXTA advertisements are presented in XML 

language, which is a powerful language-independent data and meta-data presenter. XML has 

the advantage of being strongly typed based on a defined XML schema. Use of XML 

schemas prevents syntax errors in the advertisement documents. Advertisements provide 

crucial benefits in this thesis as part of the framework. Components find each other by using 
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advertisements. They are the means for publishing the services and the QoS information of 

Web Services. The search component of the framework uses JXTA discovery mechanism, 

which discovers published Web Services. Table 1 presents the common schema used in 

JXTA advertisements and the following subsections define different types of advertisements 

and their XML schemas. 

<xs:simpleType name="JXTAID"> 
 <xs:restriction base="xs:anyURI"> 
  <xs:pattern value="([uU][rR][nN]:[jJ][xX][tT][aA]:)+\-+"/> 
 </xs:restriction> 
</xs:simpleType> 
 
<xs:complexType name="serviceParam"> 
  <xs:sequence> 
    <xs:element name="MCID" type="jxta:JXTAID"/> 
    <xs:element name="Parm" type="xs:anyType"/> 
  </xs:sequence> 
</xs:complexType> 
 
<xs:complexType name="Cred"> 
  <xs:all> 
  </xs:all> 
</xs:complexType> 

Table 1: Common Schema used in JXTA Advertisement 

Table 1 defines JXTA ID as being a URI type with the pattern restriction provided. It also 

defines that ServiceParam contains two elements, MCID, which is module class ID and 

Parm element. This element defines a class ID and its parameter. 

2.5.3.5.1 Peer Advertisement  

Peer advertisement describes the peer and its resources to the peer group. Table 2 

describes the schema of a peer advertisement. As shown in the schema, the peer 

advertisement contains the peer ID (PID), the peer Group ID (GID), an optional element 
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representing the name of the peer (Name), an optional element presenting a description 

(Desc), an optional element that can go up to any number presenting the parameters of a 

service. 

<xs:element name="PA" type="jxta:PA"/> 
 <xs:complexType name="PA"> 
  <xs:sequence> 
   <xs:element name="PID" type="JXTAID"/> 
   <xs:element name="GID" type="JXTAID"/> 
   <xs:element name="Name" type="xs:string" minOccurs="0"/> 
   <xs:element name="Desc" type="xs:anyType" minOccurs="0"/> 
   <xs:element name="Svc" type="jxta:serviceParams" minOccurs="0" 
maxOccurs="unbounded"/> 
  <xs:sequence> 
</xs:complexType> 

Table 2: Peer Advertisement Schema 

2.5.3.5.2 Peer Group Advertisement  

Peer group advertisement describes the GID, group module specification (MSID), 

optional name (Name), optional description (Desc) and the optional list of service parameters 

(Svc). Table 3 describes the schema of a peer group advertisement. 

<xs:element name="PGA" type="jxta:PGA"/> 
 
<xs:complexType name="PGA"> 
  <xs:sequence> 
    <xs:element name="GID" type="jxta:JXTAID"/> 
    <xs:element name="MSID" type="jxta:JXTAID"/> 
    <xs:element name="Name" type="xs:string" minOccurs="0"/> 
    <xs:element name="Desc" type="xs:anyType" minOccurs="0"/> 
    <xs:element name="Svc" type="jxta:serviceParam" minOccurs="0" 
maxOccurs="unbounded"/> 
  </xs:sequence> 
</xs:complexType> 

Table 3: Peer Group Advertisement 
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2.5.3.5.3 Module Class Advertisement  

Module Class Advertisement documents the existence of a module class by its unique 

ID (MCID), optional name (Name) and description (Desc) can also be provided. Table 4 

describes the schema of a module class advertisement. 

<xs:element name="MCA" type="jxta:MCA"/> 
 
<xs:complexType name="MCA"> 
  <xs:sequence> 
    <xs:element name="MCID" type="jxta:JXTAID"/> 
    <xs:element name="Name" type="xs:string" minOccurs="0"/> 
    <xs:element name="Desc" type="xs:anyType" minOccurs="0"/> 
  </xs:sequence> 
</xs:complexType> 

Table 4: Module Class Advertisement 

2.5.3.5.4 Module Specification Advertisement  

The Module Specification Advertisement describes the specifications of a module and 

contains all the required information to invoke a module. A JXTA module is an abstraction 

that represents an implementation of a specific behaviour in the JXTA environment. All 

peers group services such as discovery and membership are modules. This advertisement 

specifies an ID (MSID), a version for the module (Vers), an optional name (Name), an 

optional description (Desc), an optional creator name (Crtr), an optional URI for retrieving a 

document (SURI), optional parameter (Parm), an optional reference to the pipe advertisement 

for the module, so that a pipe connection can be made to the service provided by this module 
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(ref="jxta:PipeAdvertisement), an optional proxy URI (Proxy) and an optional authenticator 

Spec ID (Auth). Table 5 describes the schema of a module specification advertisement. 

<xs:element name="MSA" type="jxta:MSA"/> 
 
<xs:complexType name="MSA"> 
  <xs:sequence> 
    <xs:element name="MSID" type="jxta:JXTAID"/> 
    <xs:element name="Vers" type="xs:string"/> 
    <xs:element name="Name" type="xs:string" minOccurs="0"/> 
    <xs:element name="Desc" type="xs:anyType" minOccurs="0"/> 
    <xs:element name="Crtr" type="xs:string" minOccurs="0"/> 
    <xs:element name="SURI" type="xs:anyURI" minOccurs="0"/> 
    <xs:element name="Parm" type="xs:anyType" minOccurs="0"/> 
    <xs:element ref="jxta:PipeAdvertisement" minOccurs="0"/> 
    <xs:element name="Proxy" type="xs:anyURI" minOccurs="0"/> 
    <xs:element name="Auth" type="jxta:JXTAID" minOccurs="0"/> 
  </xs:sequence> 
</xs:complexType> 

Table 5: Module Specification Advertisement 

2.5.3.5.5 Module Implementation Advertisement  

The module Implementation Advertisement provides the required information to 

execute the implementation being described. This advertisement can be one of the 

implementations of a module specification. It presents an ID (MSID), the environment 

required to execute this module (Comp), the fully qualified class name or the source code to 

be executed (Code), an optional package location to be downloaded (PURI), an optional 

Provider name (Prov), an optional description (Desc) and an optional parameter to be used by 

the implementation (Parm). Table 6 describes the schema for a module implementation 

advertisement. 
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<xs:element name="MIA" type="jxta:MIA"/> 
 
<xs:complexType name="MIA"> 
  <xs:sequence> 
    <xs:element name="MSID" type="jxta:JXTAID"/> 
    <xs:element name="Comp" type="xs:anyType"/> 
    <xs:element name="Code" type="xs:anyType"/> 
    <xs:element name="PURI" type="xs:anyURI" minOccurs="0"/> 
    <xs:element name="Prov" type="xs:string" minOccurs="0"/> 
    <xs:element name="Desc" type="xs:anyType" minOccurs="0"/> 
    <xs:element name="Parm" type="xs:anyType" minOccurs="0"/> 
  </xs:sequence> 
</xs:complexType> 

Table 6: Module Implementation Advertisement 

 

2.5.4 JXTA Protocols 

 JXTA platform is based on a set of open protocols; these protocols enable the peers 

to: 

• Discover each other. 

• Advertise their services and discover other peer services. 

• Communicate and dynamically route messages. 

•  Self-organize into peer groups, without the need of central management and 

regardless of their position in the network. 

The JXTA protocols are independent of programming languages and also 

independent of transport protocols. They can be implemented on top of TCP/IP, HTTP, 

Bluetooth or other transport protocols. JXTA protocols are asynchronous and are based on a 

query/response model. The following is a brief description of the six JXTA protocols, for 

detailed specification of JXTA protocols refer to [8]. 
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2.5.4.1 Peer Resolver Protocol (PRP) 

The implementation of this protocol provides a facility for peers to send a query to 

one or more peers and receive responses. It is the mechanism by which a peer can send a 

query to one or more peers, and receive a response (or multiple responses) to the query. The 

PRP implements a query/response protocol. The response message is matched to the query 

via a unique id included in the message body. Queries can be directed to the whole group or 

to specific peers within the group. 

2.5.4.2 Peer Discovery Protocol (PDP) 

The implementation of this protocol provides facilities for peers to advertise their 

resources and discover resources from other peers. Peer resources such as peer groups, peer 

pipes and service are described in XML documents and are published as advertisements. 

2.5.4.3 Peer Information Protocol (PIP) 

This protocol provides a message to retrieve the status, capabilities and other 

information from another peer.  

2.5.4.4 Peer Binding Protocol (PBP) 

This protocol provides the mechanism for peers to communicate through a virtual 

channel or pipe. The protocol binds the end points between peers and is a means for peers to 

exchange messages.  
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2.5.4.5 Endpoint Routing Protocol (ERP) 

ERP provides a set of messages to find routing information for peers. When a peer 

wants to send a message to another peer, if the route is not available in cache, it is discovered 

through route queries. The response to route queries contains the Peer ID of the destination, 

the Peer ID and the advertisement information of the router that know the route and a 

sequence of peer relays. 

2.5.4.6 Rendezvous Protocol (PVP) 

This protocol provides mechanisms to subscribe or be a subscriber to a propagation 

service. Within a peer group, a peer takes the responsibility of propagating messages among 

peers. This protocol is used by both PRP and PBP for purposes of propagation. 

2.5.5 JXTA and Security 

JXTA includes many built-in security features, which can provide a base for a secure 

application. JXTA platform provides Secure Transport Layer (TLS) as a medium for secure 

communication. TLS is based on public key technology and creates secure communications 

among pipes. TLS requires a certificate to operate; each peer generates its own certificate and 

becomes its own Certificate Authority (CA). Also a Peer ID and a password protect each peer 

from intruders [9]. 

 

2.6 Web Services 

The Stencil Group defines web services as:  



Thesis: Enabling QoS in Web Service Composition in a P2P Environment 26 

Chapter Two – Background 

 

 
 

Mojdeh Ghodousi 

“Loosely coupled, reusable software components that semantically encapsulate discrete 

functionality and are distributed and programmatically accessible over standard Internet 

protocols.” 

Basically, Web Services are services that are offered by a service provider over the Web. The 

service an be an application or business logic that is accessible through internet protocols. 

Web Service technology enables the exchange and interaction of data and function in a 

distributed computing fashion. The technology enablers for Web Services are: 

2.6.1 WSDL 

The services provided by Web Service providers describe their services in a standard XML 

document called: Web Services Definition Language (WSDL). WSDL describes the location 

of the service and the operation it provides. The focus of the WSDL document is the 

functional information of one service. QoS properties of a service are not provided in WSDL 

and the definition does not provide a facility for that. One motivation of this thesis is to give 

the Web Service providers an opportunity to publish additional QoS information on top of 

functional values. This proposed framework also provides tools to users to query for specific 

QoS.  

For a detailed definition of WSDL XML schema see [10]. The main structure of WSDL is 

presented in Table 7. The most important element of WSDL is portType. It defines the Web 

Service, the operations that can be performed and the messages that are exchanged. 

<definitions> 
<types> 
   definition of types........ 
</types> 
<message> 
   definition of a message.... 
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</message> 
<portType>    
     definition of a port....... 
</portType> 
<binding> 
   definition of a binding.... 
</binding> 
</definitions> 

Table 7: WSDL Definition Main Elements 

2.6.2 SOAP 

SOAP stands for Simple Object Access Protocol; it is an XML based protocol for accessing 

Web Services over HTTP. 

A SOAP message content is shown in Table 8. 

<?xml version="1.0"?> 
<soap:Envelope 
xmlns:soap="http://www.w3.org/2001/12/soap-envelope" 
soap:encodingStyle="http://www.w3.org/2001/12/soap-encoding"> 
<soap:Header> 
  ... 
  ... 
</soap:Header> 
<soap:Body> 
  ... 
  ... 
  <soap:Fault> 
    ... 
    ... 
  </soap:Fault> 
</soap:Body> 
</soap:Envelope> 

Table 8: SOAP Message Main Elements 

 

For full details of the SOAP definition see [11]. 

2.6.3 UDDI 

UDDI stands for Universal Description, Discovery and Integration, it is a directory that 

stores the information about all Web Services. It uses WSDL to describe interfaces to a Web 
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Service. Web Services providers need to register their services in UDDI so that the clients 

can search and find their required services. UDDI enables providers to find customers and 

collaborate with other providers. UDDI is an initiative for businesses to perform e-commerce 

transactions. 

2.7 Web Service Composition 

Web Service composition has gained much attention over the past few years as collaboration 

and integration among suppliers, partners and consumers is becoming inevitable. Enterprise 

Application Integration (EAI) and Business-to-Business  (B2B) application will greatly 

advance if they are able to dynamically provide integrated and aggregated services. Web 

Services provide some level of integration to businesses, but a business process involves 

transaction management, state tracking, fault management and other functionality. 

Some research has been done toward standardization of a language that defines the 

aggregation and composition of Web Services to fulfill a business process execution. 

This involves defining how the Web Services interact with each other, including business 

logic and execution order of the interactions (orchestration) and tracking the sequence of 

messages among different parties such as customers, partners and businesses (choreography). 

Figure 7illustrates the high level choreography of businesses and partners interacting and 

exchanging messages in order to fulfill the business process of purchasing a commodity from 

a vendor [12]: 
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Figure 7: Web Service Choreography 

Efforts towards this goal have resulted in various works, two approaches has been 

forthcoming. One is the definition of a language that defines a business process, such as 

BPML, XLANG, WSFL and BPEL where the latter is the evolution of the first three and has 

gained much attention. 

All of these languages are used to orchestrate a business process in a static way. The designer 

of business processes is required to know exactly which service provider the process is going 

to interact with. One motivation of this thesis is to provide a tool for clients to choose among 

a set of service providers that offer similar services. This selection is going to be dynamic at 

run time and based on a set of criteria that the client specifies. 

Since the focus of this thesis is the syntax-based approach, we will briefly describe BPML, 

XLANG and WSFL and more details will be provided for BPEL. 

For an overview of comparison between these methods see [13]. 
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2.7.1 BPML 

Business Process Modeling Language (BPML) is an XML based specification for modeling 

of business processes and is maintained by Business Process Management Initiative 

(http://www.bpmi.org/ ). BPML supports the abstract definition of synchronous and 

asynchronous transactions, dataflow, messaging, scheduling events, security roles and 

exceptions. 

2.7.2 XLANG 

XLANG [14] is another XML based meta-language for defining business processes. XLANG 

creates stateful business processes based on interactions between Web Services; it is an 

extension of WSDL where it provides both a model of orchestration for a service and a 

model of collaboration between orchestrations. It supports control and data flow, messaging, 

contracts between businesses. XLANG was defined by Microsoft. 

2.7.3 WSFL 

Web Services Flow Language (WSFL) [15] is a similar language to XLANG from IBM. 

WSFL supports composition and choreography of Web Services. WSFL also relies on 

WSDL documents of Web Services that it intends to choreograph to business processes. 

WSFL provides two types of composition: 

•  FlowModel: The first type allows specifying an executable business process. 

• GlobalModel: The second type allows specifying business collaborations.  
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2.7.4 BPEL 

We will describe BPEL [16] in more detail since it is used in this thesis. The reason for 

choosing BPEL is because BPEL supersedes both WFSL and XLANG. It is endorsed by 

major vendors like IBM, Microsoft, SAP and BEA and is progressing toward standardization. 

• BPEL defines a language for describing the behavior of a business process based on 

interactions between the process and its partners. 

• The interaction with each partner occurs through Web Service interfaces, and the 

structure of the relationship at the interface level is encapsulated in partner links, 

defined in section 2.7.4.2.1.  For this matter BPEL relies on other services’ WSDL 

documents. 

• The BPEL process defines how multiple service interactions with these partners are 

coordinated to achieve a business goal, as well as the state and the logic necessary for 

this coordination.  

• BPEL provides systematic mechanisms for dealing with business exceptions and 

processing faults.  

• Finally, BPEL introduces a mechanism to define how individual or composite 

activities within a process are to be compensated in cases where exceptions occur or a 

partner requests reversal.  

 

BPEL is layered on top of the following specifications: 

WSDL 1.1  http://schemas.xmlsoap.org/wsdl 
XPath 1.0  http://www.w3.org/TR/xpath 
XML Schema 1.0 http://www.w3.org/2001/XMLSchema 
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2.7.4.1 Example 

A simple example of a business process is a loan request. A customer requests a loan, and 

receives a reply whether the loan has been approved or not. In this process the Web Services 

of a financial institution are invoked and a reply is received from the Web Service. 

We will create the BPEL document for this scenario.    

• The process involves two parties, customer and loan approver. They are referred to as 

partners in the BPEL specification. 

• The process starts by receiving a message from a client, then invoking the financial 

institution's web service and replying to the client.  

• These actions are defined as <receive>, <invoke>, and <reply> activities in BPEL, 

the structure activities in BPEL define the restrictions of how to run these activities, 

for example <sequence> activity determines the order of the execution which is 

receive, invoke and reply. 

• BPEL also contains the WSDL descriptions for the web services that are going to be 

used as part of the process. 

            The three WSDL documents used here are as follows: 

o Loan Definition WSDL - A unified set of messages for financial institutions 

that describe the loan information. See Table 9 for details of loan definition 

WSDL. 

 

<definitions targetNamespace="http://tempuri.org/services/loandefinitions" 
              xmlns:tns="http://tempuri.org/services/loandefinitions" 
              xmlns:xsd="http://www.w3.org/2001/XMLSchema" 
              xmlns="http://schemas.xmlsoap.org/wsdl/"> 
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  <message name="creditInformationMessage"> 
     <part name="firstName" type="xsd:string"/> 
     <part name="name" type="xsd:string"/> 
     <part name="amount" type="xsd:integer"/> 
  </message> 
  
  <message name="loanRequestErrorMessage"> 
     <part name="errorCode" type="xsd:integer"/> 
   </message> 
 
 </definitions> 

Table 9: Loan Definition WSDL 

o Loan Approver WSDL - A financial institution that provides the loan 

approval service WSDL. It contains one operation that is <approve>, See 

Table 10 for details of the WSDL definition. 

<definitions targetNamespace="http://tempuri.org/services/loanapprover" 
                       xmlns:tns="http://tempuri.org/services/loanapprover" 
                       xmlns:xsd="http://www.w3.org/2001/XMLSchema" 
                       
xmlns:loandef="http://tempuri.org/services/loandefinitions" 
                       xmlns="http://schemas.xmlsoap.org/wsdl/"> 
 
   <import namespace="http://tempuri.org/services/loandefinitions" 
            location="http://localhost:8080/bpws-
samples/loanapproval/loandefinitions.wsdl"/> 
 
   <message name="approvalMessage"> 
     <part name="accept" type="xsd:string"/> 
   </message> 
 
   <portType name="loanApprovalPT"> 
     <operation name="approve"> 
       <input message="loandef:creditInformationMessage"/> 
       <output message="tns:approvalMessage"/> 
       <fault name="loanProcessFault" 
              message="loandef:loanRequestErrorMessage"/> 
     </operation> 
   </portType> 
    
 <binding ...> ... </binding> 
 <service name="LoanApprover">....</service> 
 </definitions> 

Table 10: Load Approver WSDL definition 

o Loan Approval WSDL - The input and output messages for the process 

itself where the portTypes to the above services are defined. It also 

describes the serviceLinkTypes that links the customer to the process and 
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the process to the loan approver. See Table 11 for details of loan approval 

WSDL definition. 

 

<definitions 
       targetNamespace="http://loans.org/wsdl/loan-approval" 
       xmlns="http://schemas.xmlsoap.org/wsdl/" 
       xmlns:slnk="http://schemas.xmlsoap.org/ws/2002/06/service-link/" 
       xmlns:xsd="http://www.w3.org/2001/XMLSchema" 
       xmlns:lns="http://loans.org/wsdl/loan-approval" 
       xmlns:apns="http://tempuri.org/services/loanapprover"> 
 
   <import namespace="http://tempuri.org/services/loanapprover" 
           location="http://localhost:8080/bpws-
samples/loanapproval/loanapprover.wsdl"/> 
   <import namespace="http://tempuri.org/services/loandefinitions" 
           location="http://localhost:8080/bpws-
samples/loanapproval/loandefinitions.wsdl"/> 
 
   <slnk:serviceLinkType name="loanApprovalLinkType"> 
     <slnk:role name="approver"> 
       <portType name="apns:loanApprovalPT"/> 
     </slnk:role> 
   </slnk:serviceLinkType> 
 
   <service name="loanapprovalServiceBP"/> 
 </definitions> 

Table 11: Loan Approval WSDL definition 

• Table 12 presents the BPEL document that creates the process with references to the 

WSDL documents. 

 <process name="loanApprovalProcess" 
       targetNamespace="http://acme.com/simpleloanprocessing" 
      xmlns="http://schemas.xmlsoap.org/ws/2002/07/business-process/" 
      xmlns:lns="http://loans.org/wsdl/loan-approval" 

      xmlns:loandef="http://tempuri.org/services/loandefinitions"  
   xmlns:apns="http://tempuri.org/services/loanapprover"> 

        <partners> 
       <partner name="customer" 
               serviceLinkType="lns:loanApproveLinkType" 
               myRole="approver"/> 
        <partner name="approver" 
               serviceLinkType="lns:loanApprovalLinkType" 
               partnerRole="approver"/> 
     </partners> 
     <containers> 
         <container name="request" 
               messageType="loandef:CreditInformationMessage"/> 
         <container name="approvalInfo" 
                 messageType="apns:approvalMessage"/> 
       </containers> 
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     <sequence> 
        <receive name="receive1" partner="customer" 
                    portType="apns:loanApprovalPT" 
                operation="approve" container="request" 
                    createInstance="yes"> 
        </receive> 
        <invoke name="invokeapprover" 
                   partner="approver" 
                   portType="apns:loanApprovalPT" 
                   operation="approve" 
                   inputContainer="request" 
                   outputContainer="approvalInfo"> 
        </invoke> 
        <reply name="reply" partner="customer" 
               portType="apns:loanApprovalPT" 
               operation="approve" container="approvalInfo"> 
        </reply> 
     </sequence> 

</process> 

Table 12: Loan process BPEL document 

 

Loan request process is an example that demonstrates how various activities can be 

combined to provide a business process. 

2.7.4.2 Definitions 

Figure 8 shows an overview of the main BPEL definitions [17]. 
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Figure 8: Overview of BPEL main definitions 

The following subsections describe the main elements of the BPEL specification, for details 

on BPEL see [16]. 

 

2.7.4.2.1 Partner Links 

The services that the business processes interact with are partner links. 

One partnerLinkType can specify more than one partner links. 

2.7.4.2.2 Partner Link Type 

A partner link type determines the role of each service in a conversational relationship. Each 

role specifies only one WSDL type. partnerLinkType is defined by the extensibility 

mechanism of WSDL 1.1 as a new definition type to be placed as an immediate child 
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element of a <wsdl:definitions> element in all cases. This allows reuse of the WSDL target 

namespace specification and its import mechanism to import portTypes. The Syntax of a 

partnerLinkType is presented in Table 13: 

<definitions name="ncname" targetNamespace="uri" 
     xmlns="http://schemas.xmlsoap.org/wsdl/" 
     xmlns:plnk="http://schemas.xmlsoap.org/ws/2003/05/partner-
link/"> 
  ... 
  <plnk:partnerLinkType name="ncname"> 
    <plnk:role name="ncname"> 
      <plnk:portType name="qname"/> 
    </plnk:role> 
    <plnk:role name="ncname">? 
      <plnk:portType name="qname"/> 
    </plnk:role> 
  </plnk:partnerLinkType> 
  ... 
</definitions> 

Table 13: PartnerLinkType Syntax in BPEL 

2.7.4.2.3 Business Partner 

The capabilities needed from a business partner are described in the partner element. partner 

definitions are not allowed to overlap. Only one partner link can appear in a partner 

definition. The Syntax of a partner is presented in Table 14: 

 

<partners> 
  <partner name="ncname">+ 
    <partnerLink name="ncname"/>+ 
  </partner> 
</partners> 

Table 14: Business Partner Syntax in BPEL 

2.7.4.2.4  Message Properties 

Message properties represent the data in the BPEL. The data is either application related or 

protocol related where protocols can be business or infrastructure type. A property definition 
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creates a globally unique name. The examples of properties are social security number, price, 

response latency and so on. The Syntax of a property is shown in Table 15: 

<wsdl:definitions name="ncname" 
   xmlns:bpws="http://schemas.xmlsoap.org/ws/2003/03/business-
process/"> 
    <bpws:property name="ncname" type="qname"/> 
    ... 

</wsdl:definitions>   

Table 15: Message Property syntax in BPEL 

 

2.7.5  BPWS4J Engine 

IBM AlphaWorks has developed the IBM Business Process Execution Language for Web 

Services Java Run Time (BPWS4J) is a platform that validates and executes the BPEL. For 

each process, the BPWS4J engine takes:  

• A BPEL document that describes the process to be executed. 

• A WSDL document (without binding information) that describes the interface that the 

process will present to clients. 

• WSDL documents that describe the Web Services that the process may or will invoke 

during its execution. 

The engine includes a tool that validates the documents against their specifications, it also 

provides an editor to better view the documents. The BPWS4J server supports the messaging 

and transactions among various service providers. 

This thesis uses BPWS4J engine to execute a BBEL document that is generated as part of the 

framework functionality. 
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2.8 Summary 

This chapter provides an overview of the technologies that are used throughout this thesis. It 

describes P2P architecture and provides more details on JXTA, which is a P2P 

implementation and has been chosen by the proposed framework in this thesis. The Web 

Services and its enabling technologies are reviewed. A brief summary of Web Service 

composition definition languages and a more detailed description of BEPL were provided. 

These technologies are going to be used in the framework proposed in this thesis and they are 

referred to in chapters 4 and 5 extensively. 
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3 State of the Art 

This chapter provides a review and analysis of the state of the art in dynamic Web 

Service composition based on QoS. An overview and analysis of QoS based dynamic Web 

Service composition is presented. It provides an analysis of several approaches towards 

solving this issue. This chapter then specifically selects 3 related works that aligns more with 

the goals of this thesis, and provides a detailed overview of them. A conclusion is drawn at 

the end that leads the thesis to the chosen architecture that is provided in the next chapter. 

3.1 QoS based Dynamic Web Service composition 

Web Service composition is the technology that enables businesses to provide 

business logic by integrating various Web Services within their organization or by 

collaborating with other organizations.  Travel planning is an example of a Web Service 

composition. It involved the integration of several Web Services such as a booking a flight, 

booking a hotel, car rental and even booking different activities within the city. Designing the 

process is the first element of creating a composite service. Web Service composition 

language definitions described in section 2.7 are aiming at facilitating the design process.  

The other advantage of developing such languages is that they make the automation of the 

process execution possible. In section 2.7 we described some of these languages: XLANG, 

BPML and BPEL. BPEL was specifically described in section 2.7.4 as it has gained wider 

attention than the others. They describe the modelling of a business process in a syntactic 

way. We introduced BPWS4J engine in section 2.7.5, which executes a BPEL based business 
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process. In fact Oracle has included a composite engine based on BPEL as part of its service 

architecture platform and several companies are building such composite engines. 

Even with the standardization of one of such languages, the design of a business 

process is a challenging and time consuming task. The composition of Web Services relies 

heavily on the WSDL description of the participating Web Services. The process designers 

have to decide which Web Service provider’s services to choose at design time. If a business 

decides to switch betweens providers, the design process has to change accordingly. 

On the other hand, service providers publish different WSDL documents. Even for 

similar functionality, but they might define different operation names or signatures. That is 

one reason the changing of a process definition language requires more effort. An agreement 

on Web Service providers with similar services to provide their WSDL document based on a 

template, greatly saves time and effort for businesses. 

Even if the same functionality and WSDL is agreed upon for similar services, 

providers follow different QoS. QoS specifies qualitative and quantitative aspects of a Web 

Service. Web Service composition designers and users will benefit significantly in their 

selection of Web Services if they know the QoS associated with a Web Service. One 

approach for providing QoS information of services has resulted in definitions of XML 

specifications that provide the details of QoS. Web Service Offerings Language (WSOL) 

[18] is one of such languages. WSOL enables formal specification of classes of service in a 

Web Service. Classes of service are referred to as service offerings of a Web Service. WSOL 

is a thorough and strongly typed language definition that allows specification of functional 
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and QoS constraints and access rights and is useful in management of Web Services. Web 

Service Level Agreement language (WSLA), is another such language [19]. These languages 

provide a static approach to service definition of a Web Service. Service providers are strictly 

dependant on the definitions of the chosen language and less flexibility is provided. Several 

research projects have resulted in more dynamic approach to this issue and that is the goal of 

this thesis as well.  A framework based on Semantic Web Service METEOR-S (Managing 

End-To-End OpeRations) is developed [20]. METEOR-S is a framework based on Semantic 

Web Service composition developed at University of Georgia. An overview METEOR-S is 

provided in section 3.3. A research has been conducted in parallel with this thesis, which 

enhances the METEOR-S framework by adding QoS characteristics to its Web Service 

discovery [21]. This research is examined in more detail in section 3.3.2. “Quality Driven 

Web Services Composition” [22], is another effort on taking QoS into account when 

selecting services. This project is based on Self_Serv [23], a P2P Web Service Orchestration 

middleware. A closer examination of this project is provided in section 3.2. 

In order to enable dynamic Web Service a search and discovery mechanism is required. 

UDDI is used as a standard technology for dynamic search and discovery of Web Services. 

However, UDDI uses a central system. As the number of members in UUDI registry 

increases like other central distributed the performance will be affected. Sitthichai 

Laoveerakul et al. [25] has outlined the flaws of the original design of UDDI as: “ 

− First, if UDDI server fails, all the registered services will be gone. 

− With only UDDI, you cannot control the flow of running multiple services 

continuously. 
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− In addition, for a normal user, registering with UDDI seems complicated and 

users need to do it manually every time they create a Web Service. 

− Finally, UDDI server does not monitor the availability of the computing 

resources, which contains the underlying Web Services. Consequently, it does 

not guarantee if the registered Web Services would be readily executable.” 

 P2P environments also allow the creation of communities. This will provide 

the opportunity of categorizing Web Services based on their services. This will facilitate the 

flexibility of dynamic Web Service selection significantly and reduces the effort of business 

process designer when it comes to changes.  Babak Esfandiari, Vladimir Tosic in defining the 

requirements of Web Service composition [26] have proposed a P2P frame work that creates 

communities based on schema definitions and describes the advantages as: “ 

− More effective search, as the schema provides structured metadata that can 

restrict the search domain to similar files. 

− More efficient and scalable search, as the central registry bottleneck can be 

eliminated in favor of a Gnutella-type query propagation.” 

Creation of communities in P2P environment also provides a scoping and monitoring 

environment and limited access among communities provide enhanced security which is 

another goal of this thesis. 

METEOR-S Web Service Discovery Infrastructure (MWSDI) [27] is a project based on 

METEOR-S. MWSDI proposes a P2P network for discovery of services as opposed to 
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previously based UDDI based discovery engine in METEOR-S. Now this research is part of 

the METEOR-S framework, which is described in section 3.3.1. 

One goal of this thesis is the integration of existing technologies with new 

components. Web Service composition definition and execution is a complex technology, 

using existing technologies allows easier adoption of clients. Documented resources on 

technologies are much more available. Improvements and contributions to the technologies 

also provide a better quality infrastructure. David Mennie [28] has proposed an infrastructure 

on dynamic composition of service components by using existing technologies as well. Also 

a thorough survey on dynamic composition is provided as part of his research. 

The JXTA platform (described in section 2.5) is one of the selected technologies in 

this proposal. The benefits of JXTA are outlined in section 2.5.1. Less effort has been done 

on combining JXTA with Web Service composition. A published paper on this subject is 

Triana, an open source problem-solving environment developed at Cardiff University that 

combines an intuitive visual interface with powerful data analysis tools. The paper proposes 

the use of Triana project for Web Services composition by using the JXTA component in 

Triana [29]. The following subsections provide more detail and analysis of some of the more 

relevant researches in this field. 

3.2 Self-Serv 

Self-Serv is a middleware infrastructure, which is based on P2P orchestration for 

Web Service composition [23]. Two main concepts used in Self-Serv for service 

compositions are the composite service and service container. A composite service can be a 
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single service or an aggregation of single services. Self-Serv adopts the concept of state 

charts in composite modelling. State charts define the business logic of a composite service. 

The flow of operation and service invocations are described as state charts. Another concept 

used in Self-Serv is service containers. Service containers are dynamic services that 

aggregate a group of services that have common operations. They are services themselves 

and can be invoked by composite services. Service containers are enablers of dynamic 

service selection in Self-Serv, since the decision of the service invocation is made at run 

time. Self-Serv has adopted a P2P environment for the service composition orchestration, a 

performance evaluation experiment has shows this will provide greater scalability. The basic 

elements that support this orchestration are the state coordinators and routing tables. A state 

coordinator is generated for each state in a state chart, it receives notifications, informs the 

service labelling when all conditions are met and notifies the coordinators when the service 

execution is complete. Routing tables provide the routing information to the service 

coordinators.  

Figure 9 [24] illustrates the layered architecture of Self-Serv. It is consists of five 

layers: Service, Conversational, Directory, Communication and User layers. Service layer 

contains a pool of services and containers. The coordination classes are assumed in this layer. 

The conversational layer enables business interactions and message exchanges by providing 

service templates. The directory layer stores the meta-data about the services and containers. 

User layer locates services by calling this layer’s operations. Communications between 

services are based on SOAP (described in section 2.6.2) messaging over the Internet. User 

layer is the infrastructure’s user interface. 
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Figure 9: An Architecture view of Self-Serv 

3.2.1 Quality Driven Web Services Composition based on Self-Serv 

Research specifically on QoS has been done based on Self-Serve project [22]. The 

focus of this research is dynamic selection of services based on various criteria (price, 

duration, reliability). It will also advocate the selection of services based on the criteria of the 

composite service itself. A quality model is introduced that service selection takes place 
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based on this model. This model takes qualities such as execution price, execution duration, 

reputation, reliability, and availability and performs aggregation functions on them to find the 

quality vector of service. Each of these attributes uses a specific algorithm for calculating the 

service’s QoS. Another model is proposed to calculate the quality of vector of a composite 

service based the composite service execution price, execution duration, reputation, 

reliability, and availability. After the calculation of all quality vectors an optimisation 

algorithm is introduced to select the optimum execution plan. This approach not only takes 

the QoS of each service into account, also takes a global approach by considering the QoS of 

service compositions hence they adopt a global planning model. 

3.2.2 Conclusions 

One main advantage of our proposal to this work is that we have adopted the 

technologies such as BPEL and JXTA that have widely been accepted in the distributed 

computing world. The complexity of Self-Serv makes it harder for users to deploy it. 

Service containers in Self-Serv provide facility for creating service communities. 

Service communities share the same operations with different QoS. We have also adopted the 

similar approach since it will bring much simplicity in composing large and dynamic 

collection of Web Services. 

The quality driven approach built all the calculations upon a limited number of QoS 

properties that are execution price, execution duration, reputation, reliability, and availability. 

This thesis proposes QoS schema that is a flexible way to define any kind and number of 

QoS, without any necessary code changes. It is possible to extend the schema to provide an 
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algorithm associated with each QoS definition. Hence the calculations can be complementary 

to our approach since the QoS properties can be of any type and value and the user can 

generically define them as name and value pairs. This can be regarded as a future work for 

enhancing the framework. 

3.3 METEOR-S 

One of the research projects focuses at the LSDIS (Large Scale Distributed 

Information Systems) lab at University of Georgia is Web Services and processes specifically 

in applying semantics in annotations, QoS, Discovery, composition and execution. Their 

work has resulted in a framework called METEOR-S (Managing End-To-End OpeRations) 

and various projects have been implemented to improve and enhance METEOR-S. The more 

relevant research to this thesis on METEOR-S is selected and examined in following 

subsections. 

3.3.1 METEOR-S Web Service Composition Framework – MWSCF 

MWSCF is a framework based on semantic descriptions of all Web related tasks, we 

may call such process as Semantic Web Processes (SWP) [30].  Figure 10 illustrates an 

architectural view of MWSCF. It is consists of four major components: Process Builder, 

Discovery Infrastructure (MWSDI), XML repositories and the Process Execution Engine. 

The process builder has a graphical user interface to design/open process templates. The 

process builder passes the template to the process generator. The discovery infrastructure of 

MWSCF was originally based on UDDI search and discovery registries. MWSDI is an 

enhanced infrastructure that utilizes P2P features for discovery of Web Services. The process 
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generator MWSDI and data in XML repositories are used to convert the template into an 

executable process. The generated executable process is then executed using a process 

execution engine. The XML repositories in the architecture are used to store ontologies, 

activity interfaces and process templates.  

Figure 10: Web Service Composition Framework MWSCF 

3.3.2 Constraint Driven Web Service Composition in METEOR-S 

This project is also one of the enhancements of METEOR-S [21]. The focus of this 

research is service selection based on optimisation. An analysis of a service selection is 

performed in three phases with using three modules: service discovery, constraint analyser 

and optimiser, Figure 11 illustrates the order of the three phases.  
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Figure 11: Three phases of Selection Process 

These modules calculate time, reliability, cost and other properties to select the best 

optimal result. The service binding takes place after the calculations and is not dynamic. 

3.3.3 Conclusions 

The major difference between METEOR-S and this thesis approach is the use of 

semantic Web as opposed to static Web Service definition language. This required 

METEOR-S to develop a process engine versus our proposal will use the BPEL composite 

engines. Since the goal of this thesis is to use existing technologies using a BPEL composite 

engine is a more suitable choice. Several companies implemented BPEL engines and Oracle 

has one as part their enterprise solution. METEOR-S as advancement of its framework has 

replaced the UDDI registry component with MWSDI, which is a P2P, based infrastructure. A 

paper is published that explains the motivation of this enhancement [27]. MWSDI paper is 

published recently and a prototype is developed almost parallel in time with this thesis. This 

will more affirm our proposal for using P2P environment as the search and discovery bases. 

The modules introduced in the constraint driven project of METEOR-S can be 

complimentary to our proposal, for example a service entity can be added to the JXTA 

network that utilizes the algorithms proposed in [21] to calculate the most optimised match. 

The optimisation is a future work to this thesis described in section 8.3.2. 
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3.4 General Conclusions  

Based on problems, goals and analysis provided in this chapter, several assumptions 

and decisions are made with regards to this thesis proposal. In this proposal we assume that 

similar Web Services are categorized in a P2P community. The services in communities 

share the same WSDL document. Therefore they have the same pragmatic interfaces, 

although their underlying implementation might be different. This approach reduces the time 

and efforts used on designing of a Web Service composition process model. The concept of 

communities in P2P networks provides major benefits [26] such as limiting the number of 

queries within a community, scoping and monitoring features and also facilitates imposing of 

enhanced security features. 

To address the problem of QoS enabled Web Service composition, a template is 

proposed and its schema is defined in chapter 5. This template is used both by Web Service 

providers and Web Service Composition clients, the first one define their functional and QoS 

information in the template, the latter provide the Web Service selection criteria by using the 

template. The template features a generic and flexible way of defining the QoS information. 

It uses name/value pair for associating a QoS property name and its value. It also needs to 

define the type of the value and the kind of comparison to be performed on it. The details of 

this design are provided in section 5.1. This approach with the above assumption reduces the 

work of the process designer considerably when a change is required in the selection process. 

Next chapter 4 proposes an architecture that takes the above decisions into 

consideration. 
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3.5 Summary 

This chapter explained the state of the art in dynamic Web Service composition. It 

provided a more in-depth view of the problem and examined several approaches and projects 

for solving this issue. Based on the analysis and examination some conclusions were drawn 

that are the basic enables of the framework proposed in this thesis. The next chapter provides 

the architecture of this framework. 
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4 Architecture 

In this chapter the detailed architecture of the Web Service Composition QoS Enabler 

Framework (WSQEF) is presented. The following section 4.1 describes the requirements of 

the design. An overview of the third party components used in this platform is provided in 

section 4.2. Then a diagram is provided to illustrate all the components in the framework and 

their interactions followed by subsections that provide detailed descriptions of the 

components section 4.3.1. The last subsection 4.3.2 provides interaction diagrams describing 

the sequence of execution. 

 

4.1 Requirement Analysis 

WSQEF is a platform with the design goal of enabling the late binding of a series of 

services that can execute a composite service based on the specified criteria for each of the 

Web Service. The following lists the requirements that WSQEF will try to fulfill: 

• Providing the service provider and client with a secure environment. 

• Ability to provide QoS in a generic way for more flexibility. 

• Ability to add service providers in a scalable way. 

• An end-to-end solution to compose two or more web services. 

• Enabling clients to select the services that best match their functional and QoS 

requirements. 

• Enabling service providers to provide their QoS information in the network. 

• Ability to find required web services with reasonable performance. 
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• Integrating the existing technologies with the new components to exploit latest 

technologies and standards. 

Figure 12 illustrates the system requirement in an abstract way. At a high level, this 

system requires creating a Dynamic Web Service composition based on the client’s 

functional and QoS criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Web Service Composition  

This thesis proposes a solution that runs in a P2P environment in order to meet some 

of the main requirements.  Enhanced security is one main reason since most of P2P 

implementations provide an overlay network where security mechanism can be enforced. 
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Also P2P provides an environment that makes service discovery and publishing more 

scalable. Figure 13 models the behavior of the system within a P2P environment in the form 

of a UML Use Case Diagram. The P2P network is the core of the system and the components 

are service entities in the network. 
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Figure 13: A Use Case Diagram of WSQEF framework 

The main actors in this system are: Web Service providers and Web Service 

Composition Client. The following subsections provide the sequence of interactions that is 

expected between components. 
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4.1.1 Web Service Providers 

The Web Service providers’ responsibilities as part of this system are: 

1. Publish Web Service they provide through the WSDL descriptions. 

2. Publish the name of QoS properties they will provide values for at run time. 

3. Provide functional and QoS Service Criteria of the Web Service it requires. 

4. Join the P2P Network and advertise their functional Web Services along with 

QoS properties with the values they guarantee. 

4.1.2 Web Service Composition Client 

The Web Service Composition Client in order to reach a Web Service Composition with its 

required QoS at run time should: 

1. Retrieve the WSDL documents. 

2. Write the process WSDL document that describes interfaces used in the required 

business process. At design time the portTypes are in the form of placeholders. They 

will be replaced by a real portType value at run time. 

3. Write the BPEL document, this BPEL document refers to the portTypes in the above 

document. 

4. Write the composite search criteria by providing the list of Web Services that are 

required to be composed, the logical operator they are going to be composed based 

upon and the QoS property values they require for each of the Web Services. 
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5. Join the P2P network, find the search and composite service and sends the composite 

search request to it. Receive the search result and replaces the portType placeholders 

with the returned values. 

6. Execute the BPEL and WSDL documents by using a composition engine. 

 

In order to achieve the above requirements the WSQEF framework integrates and 

deploys third party components and the newly created components that represent the core 

contributions of this thesis. This framework runs in a peer-to-peer environment and uses Web 

Services, XML and JXTA technologies. The input to the framework is an XML document, 

which defines the search criteria for a set of web services that are going to be composed. The 

output is the completed BPEL and WSDL documents that can be executed by the IBM 

business process BPWS4J engine. 

 

4.2 3rd party Components 

4.2.1 JXTA  

The JXTA platform described in detail in section 2.5 is proposed to be used as the 

P2P enabler technology. JXTA provides the P2P network shown in Figure 13 and provides 

the following features and functionality that fulfill some of the requirements of WSQEF 

framework.  
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• JXTA technology is a set of open protocols that allow any connected device on the 

network ranging from cell phones and wireless PDAs to PCs and servers to 

communicate and collaborate in a P2P manner [5]. 

• JXTA peers create a virtual network where any peer can interact with other peers 

and resources directly even when some of the peers and resources are behind 

firewalls and NATs or are on different network transports [5]. 

• JXTA offers the peer group concept, which defines a scope, which creates a virtual 

boundary of peers where an authentication policy can be enforced upon them for 

security. 

• JXTA is platform independent and all the protocols are based on XML messaging. 

• JXTA includes a set of core services such as peer pipes for communications 

between peers and peer discovery service. 

• JXTA provides advertisements, which are XML documents that describe peers, 

peer groups, pipes and services in the network. 

 

For detailed information on JXTA technology please refer to section 2.5. 

WSQEF uses these capabilities to meet the requirement of providing a QoS-aware 

web service composition: Using JXTA provides the web service providers with a virtual 

overlay network where communication can be achieved regardless of being behind a firewall 

or use of heterogeneous transport protocols being used. Also secured communications 

communication can be imposed based on JXTA certificates. Each web service provider will 

be a peer that belongs to a specific peer group. This way providers can be categorized based 
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on the services they provide to prevent higher traffic in the network. The service provider can 

use the advertisement capabilities of JXTA protocols to announce its services and the QoS it 

intends to provide to the users. Advertisements can be searched and discovered by using the 

JXTA discovery protocol. A service is implemented on a peer responsible for receiving 

client’s criteria and searching the web service advertisements that match the QoS criteria; the 

communication between peers will be done by JXTA pipe services.  

4.2.2 BPEL 

The framework proposes BPEL as the composition language definition (shown in 

Figure 13) that both implements executable business processes and describes non-executable 

abstract processes. For a detail description of BPEL, refer to section 2.7.4. 

The clients of WSQEF create process WSDL and BPEL documents that have the port types 

as placeholders since originally they don’t know which web service in the network matches 

their QoS requirement. 

4.2.3 BPWS4J 

The framework proposed Business Process Execution Language for Web Services 

Java Run Time (BPWS4J) as the composite engine (shown in Figure 13).  BPWS4J is a 

platform developed by IBM that takes in a BPEL document, a WSDL document (without 

binding information) that describes the interface, which the process will present to clients 

(partners in BPEL terms), and WSDL documents that describe the services that the process 

may or will invoke during its execution. From this information, the process is made available 
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as a Web Service with a SOAP interface. A WSDL file that describes the process's interface 

may be retrieved from the run-time. 

 

4.3 Web Service Composition QoS Enabler Framework (WSQEF)  

 

Figure 14 illustrates the logical view of the components and their interactions within 

the framework.  The following is a general description of the flow of information in the 

framework; a detailed description of each component is provided in the next subsections. 
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Figure 14 Logical View Of Web Service Composition QoS Enabler Framework 

 

4.3.1  WSQEF Components 

The framework execution flow involves the following components: 

4.3.1.1 XML Input Documents 

Raw BPEL:  This document describes the interfaces of the business process that 

needs to be executed in order to fulfill the client’s requirement. It will have all the 

information that the document requires for execution except the port type of the web services 

used in this business process. The port type is eventually provided by the framework based 

on the criteria specified by client in the next document. 

WSCS: This is also an XML document called Web Service Criteria Search; this 

XML document conforms to a schema that is described in detail in section 5.1 and is one of 

the contributions of the thesis.  The client specifies a list of web services the desired web 

service and the required QoS for that web service. 

WSDL: WSDL documents are standardized web service documents that are 

published by their providers. The BPEL4J engine requires the WSDL documents of each web 

service referred to in the BPEL document in order to execute the BPEL document. The 

location of the WSDL documents are provided by the Web Service Providers (WS1, WS2, 

WS3, …) as part of their advertisement in the JXTA network. This way they are not required 

to be in a central directory. 
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WSQS: This is also an XML document called Web Service QoS (WSQS); this XML 

document conforms to a schema that is described in detail in section 5.1 and is one of the 

contributions of the thesis.  The service provider specifies functional information of a Web 

Service and a list of QoS attributes of the Web Service that it guarantees.  

4.3.1.2 Web Service Composition Search (WSCS) Client 

The WSCS client connects to the JXTA network first, reads the search criteria XML 

document and sends the query to the JXTA enhanced search service. The WSCS client uses a 

JXTA bi-directional pipe to receive the result from the search service. It deciphers the 

received message that contains the port types for the specified web services with the defined 

criteria in the XML document. It then updates the Raw BPEL file and create an executable 

BPEL document. The implementation details of the component are described in section 5.4. 

 

4.3.1.3 Enhanced Search Service 

The enhanced search service is a JXTA service that receives the query XML requests 

in the form of the XML document and will search the JXTA network for the advertisements 

matching the requested criteria. It will then create an XML document that contains the 

specified service with the correct port type and sends the result back to the client pipe 

listener. The implementation details of this component are described in section 5.3. 

4.3.1.4 Peers 

Peers shown in  
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Figure 14 are the peers that are hosted by service providers and have the web service 

information and the QoS defined for that web service. The peers advertise this information 

using the advertisement mechanism provided by JXTA. The search service will find the 

matching criteria by reading these advertisements and comparing the criteria with the 

advertised message.  The details of JXTA advertisements are described in section 2.5.3.5. 

4.3.2 WSQEF Execution Flow 

The following four subsections provide the flow of execution in WSQEF: 

4.3.2.1 Web Service Providers Execution Sequence 

Figure 15 illustrates the service provider flow of execution; the following are the 

steps for advertising the service and its QoS attributes in a JXTA network. 

1- The web service provider will start the web service server by providing the 

data about the service that is offering. The information is the functional web 

service information that uniquely specifies that web service in the network 

along with a set of QoS attributes that it is capable to fulfill.  

2- The web service server joins a peer group in the JXTA P2P network. Services 

join peer groups based on being similar in functionalities they provide. In 

JXTA platform peer groups can also communicate with each other through 

gateway peers. 

3- The web service server will populate the provided data in an advertisement 

document and publishes that advertisement in the network. 

4- This will be a repetitive process for all the web service providers. 
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Figure 15: Web Service Provider Execution Sequence 

 

4.3.2.2 Enhanced Search Service Startup Execution Sequence 

Figure 16 illustrates the service provider flow of execution; the following are the 

steps for starting the enhanced search service in the JXTA network. 

1- The Operator executes the Enhanced Search Engine Server. 

2- The server joins a peer group in the JXTA P2P network.  

3- The server creates a bi-directional pipe to send and receive messages. 

4- The server creates an advertisement document for its services and sends it to 

the JXTA network, this way the clients can find the search engine when they 
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know the name of this service in advance and they can start sending requests 

to it. 
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Figure 16: Enhanced Search Service Setup Execution Sequence 

4.3.2.3 Enhanced Search Engine Execution Sequence 

 

Figure 17 illustrates the execution flow of the enhanced search engine. The following 

describes the steps for the search engine server when it receives a search request: 

1- A search request is sent to the search server from the JXTA network.  

2- The message will be sent to a message processor to decipher it and extract the 

information that is searched for. 
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3- The server then requests the search engine perform the search with the defined 

criteria. 

4- The search engine will query the JXTA network and collects all the services 

advertised. 

5- The search engine compares the results with the criteria and finds the services 

that match the criteria and returns the matching information. 

6- The server sends this information to the message processor to construct the 

response message. 

7- The response message is sent back to the requester in the JXTA network. 
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Figure 17: Enhanced Search Service Execution Sequence Diagram 

 

4.3.2.4 Web Service Composition Search (WSCS) Client Execution Sequence 

Figure 18 illustrates the execution flow of the client of the composition web service. 

The following describes the steps for the client to send a request to the P2P network to find a 

set of web services with the criteria defined by the client: 
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1- The user starts the WSC search client and provides an XML document that 

describes a set of the web services functional and QoS criteria. 

2- The client joins a peer group in JXTA network. 

3- The client creates a bi-directional pipe to send and receive messages. 

4- The client parses the search criteria provided by user. 

5- It searches for the Enhanced Search Service in the JXTA network. 

6- Sends the search request to the search service that was found. 

7- BPEL parser receives the result message. 

8- BPEL parser updates the RAW BPEL document to create an executable BPEL 

document. 
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Figure 18: WSCS Client Execution Sequence Diagram 

4.4 Summary 

The chapter starts by providing the requirements and requirement analysis.  An abstract view 

of the required system and a UML Use case diagram is presented. A framework is proposed 

which integrates existing technologies with new components to dynamically compose Web 

Services based on the functional and QoS criteria of the service components. An overview of 

the existing technologies that are deployed in the framework is presented; they are JXTA, 
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BPEL and BPWS4J. An architectural view of the proposed framework is illustrated and the 

new components that are the main contributions in this thesis are described. These 

components include the XML documents proposed to facilitate definitions of search criteria 

for clients and service providers. The main architectural components in the system are an 

enhanced search service as a service entity in the JXTA platform to perform queries, match 

criteria and returns the selected services portType information and a Web Service composite 

search client program that sends a request to the search service in order to select the right 

services dynamically based on the client’s functional and QoS criteria. The result of the 

client execution is a set of WSDL and BPEL documents required by BWPSJ, a composite 

engine that executes a Web Service composition description in the form of BPEL document. 

Chapter 5 provides more detailed design of the entire infrastructure proposed in this chapter. 

The schema definition for XML documents are outlined first, followed by detailed design of 

other components. 
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5 Implementation 

 In this chapter implementation details of the WSQEF framework are provided. A 

diagram is presented that shows an overview of the implementation details followed by 

subsections describing the components in the diagram. The main class diagrams and 

sequence diagrams of the implementation are presented in this section as well. Figure 19 

presents an implementation view of the WSQEF with regards to JXTA architecture: 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 19: WSQEF Implementation View 

JXTA Application Services 

JXTA Core 

JXTA Community and Sun Services 

Enhanced Search 

Service 

WSC Client 

WSCS 

XML 

WSQS 

XML 

Web Service  

Advertiser 
Web Service 

Advertiser 
Web Service 

Advertiser 



Thesis: Enabling QoS in Web Service Composition in a P2P Environment 73 

Chapter Five – Implementation 

 

 
 

Mojdeh Ghodousi 

 

The main components of WSQEF are: 

• WSCS (Web Service Composite Search) and WSQS (Web Service QoS) XML 

documents. These two documents are based on Composite Web Service Search 

Criteria schema, the complete design of the schema is provided in section 5.1. 

• The Web Service QoS Advertisers, they will be executed as peers in the JXTA 

network and advertise the WSQS document along with the WSDL location of the 

service they are advertising. They use “parm” element of the module specification 

advertisement that is described in section 2.5.3.5.4 to advertise their WSQS 

information. An example of WSQS is provided in Table 19. The design details of this 

component are provided in section 5.2. 

• The Enhanced Search Service, the search service will be executed as a peer in the 

JXTA network, the design details of this component are provided in section 5.3. 

• The Web Service Composition Client, the client will also join the JXTA network as a 

peer, the design details of this component are provided in section 5.4. 

These components are part of the JXTA application layer, and use the services 

provided in the JXTA community layer (discovery and advertisement) and JXTA Core layer 

(peer, peer groups and pipes).  JXTA Architecture layers are described in section 2.5.2. 

5.1 Composite Web Service Search Criteria XML Schema 

This section describes the XML schema for searching composite web services based 

on the specified QoS criteria in the JXTA environment. 
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The XML schema enables the clients to create their composite web service search in 

an XML document that conforms to this schema. The schema is designed in a way that each 

Web Service is defined with functional and QoS criteria. The functional definition is for 

finding the Web Services that provide similar functionality. The QoS criteria definition is 

designed in a flexible way by using name/value pair definition. The schema is broken down 

into 3 main sections as follows, in each section a description of the components, their types 

and tables representing schema definition and examples are provided. 

  

5.1.1 Web Service composition 

Figure 20 illustrates the main components of the schema definition. 

 It consists of the root element and a list of web service search elements, each web service 

search contains a sequence of functional criteria and a list of QoS criteria that can be 

logically combined based on AND/OR operators. The web service search elements enable 

the user to define a list of web services that are part of their composite web service process 

and meet the QoS criteria they require. Each web service element has functional and QoS 

criteria. The following subsections describe these criteria definitions in detail.  
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Figure 20: Main Component of Web Service Composite Search Schema Definition 

 

5.1.2 Functional Criteria 

Figure 21 presents the functional criteria component of a web service search; 

functional criteria will uniquely define a web service in the network. It can be either the list 

of operations of a web service or the URL of a web service. 

 

 

Figure 21: Function Criteria Definition View 

 

5.1.3 QoS criteria 

The QoS criteria component enables the clients to define a list of constraints for each 

web service that they are searching for. 

Figure 22 provides a general view of each QoS Criteria within the list of criteria, each 

QOS criteria search consists of QOS name, QOS condition and a criteria logical operator that 
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determines the AND or OR logical combination with the next criteria. Brackets are not 

supported. 

 

 

 

Figure 22: QoS Criteria Definition View 

 

Figure 23 provides a general view of the qosCondition component that defines the 

condition that a web service search is required to meet. The conditions can be based on 

number, string, date and time comparisons. In each condition, there is a value definition 

along with the comparison definition that is suitable for that value type.  

The details of the schema definitions are provided in a separate chapter 7 in order to 

more easily follow the rest of the implementation details. 
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Figure 23: QoS Condition Definition View 
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5.2 Web Service Advertiser 

Figure 24 illustrates the class diagram for the Web Service Advertiser followed by 

description of its main classes. 

PeerGroupAdvertisement
(from protocol)

JxtaWebServiceAdvertiser

main()
startJxta()
startServer()

(from jxtaserver)

$groupAdvertisement

PeerGroup

(from peergroup)

$group

DiscoveryService

(from discovery)

-discovery

 

Figure 24: Class Diagram of Web Service Advertiser 
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JxtaWebServiceAdvertiser:  This class starts a server that advertises the Web Service 

information in the JXTA community. It reads the functional and QoS information of the Web 

Service from the XML document provided by Web Service Provider.  

This class is responsible for joining the specified peer group, creating the Peer Group 

advertisement document and publishing the advertisement to the JXTA peer group by using 

the JXTA discovery service. 
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5.3 Enhanced Search Service 

Figure 25 illustrates the class diagram for the Enhanced Search Service component of the 

WSQEF framework followed by descriptions of its main classes. 

 

SearchCriteria 
(from jxtaserver) 

Constraint 
(from jxtaserver) 

SearchEngine 
(from jxtaserver) 

-searchEngine 

-constraint 

DiscoveryService 
(from discovery) 

SearchAvd 
(from jxtaserver) 

discovery 

JxtaServerPipe 
(from util) 

PeerGroup 
(from peergroup) 

EnhancedSearchService 
(from jxtaserver) 

serviceSearchCriteria 

1 searchAdvThread 

-serverPipe 

$netPeerGroup 

 

Figure 25: Enhanced Search Service Class Diagram 

 

EnhancedSearchService: This class is responsible for the following: 
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• Starting the server 

• Joining the peer group in the JXTA network 

• Listening for new requests for web service searches. 

• Processing the incoming requests and sending the request to other classes. 

• Wrapping the query result in a structured document and sending it back to the 

requester. 

SearchAdv: This class starts a thread that constantly retrieves the advertisements that 

are available in the peer group. 

JxtaServerPipe: This is a JXTA class that provides the facility to send and receive 

messages through pipes. The search requests and responses are communicated through a 

JxtaServerPipe. 

SearchCriteria: This class holds the functional and QoS criteria of one of the Web 

Services in the Web Service Composition. It is responsible for querying the JXTA network 

for services and if the functional information was matched with the advertised services, it 

will ask the SearchEngine to verify the QoS information. The QoS criteria contain a list of 

constraints that the requester needs to fulfill.  

This class also wraps all the values found for each Web Service in a JxtaSearchResult 

object and returns it to the server. 

JxtaSearchResult: This class sends a query to the JXTA network through discovery 

services and finds the services that match the functional information of a web service. 

SearchEngine: The search engine is responsible for verifying that the constraints of a 

request match the advertised QoS for a specific service. 
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It will perform a constraint-based comparison depending on the type of the QoS, the 

value and the condition that needs to be met. This class basically implements the WSCS 

XML Schema that was described in section 5.1. It will support the types and comparisons 

that are defined in the schema: 

The search engine extracts the Web Service functional and QoS information for each 

service found, and compares it to the request criteria. The comparison is performed based on 

the type defined in the criteria: number (float, integer, decimal and double), date, time or 

string. For each type a comparison mechanism is provided in the engine. 

The comparison will be performed for each of the Web Services in the Web Service 

composition and the result is composed based on the logical operator that the user has 

provided in the criteria. 

Constraint: This class keeps a QoS name, value, type and the condition that it 

requires to meet. 

5.4 Web Service Composition Search Client 

Figure 26 illustrates the class diagram for the Web Service Composition followed by 

description of its main classes. 
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Figure 26: Web Service Composition Client Class Diagram 

 

WCSCClient: This is the main class that is responsible for reading the XML search 

criteria document that the user provides, it will join the JXTA peer group, creates a bi-

directional pipe and publishes a pipe advertisement. 

 

BpelParser 

(from jxtaclient) 

ConstraintPipeListener 
(from 
jxtaclient) 
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PeerGroup 
(from 
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(from 
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(from jxtaclient) 

-listener -netPeerGroup -pipe -pipeAdv 
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ConstraintPipeListener: This class is instantiated by a WCSCClient and listens for 

messages that are sent to the client from the peers within the joined peer group in a JXTA 

network.  

BpelParser: This class parses the result of search that is received by the 

ConstraintPipeListener and updates the BPEL document with the found PortType for each 

service. 

 

5.5 Summary 

Chapter 5 provides implementation details of the thesis contributions. It starts by providing 

the design details of the Composite Web Service Search Criteria XML Schema. Main 

elements of the schema are described and model views for each of them are presented.  

Web Service Advertiser (section 5.2), Enhanced Search Service (section 5.3) and Web 

Service Composition Client (section 5.4) are described from implementation point of view, 

providing class diagrams and class descriptions. The next chapter provides a description of a 

prototype written based on the implementation. 
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6 Assessment 

This chapter presents an experiment of the concepts and designs that were described 

in previous sections. It is a prototype implementation of the WSQEF framework. JAVA, 

XML and JXTA and BPEL technologies are used throughout the implementation. In this 

section we walk through an example of a Web Service search composition in JXTA in 

WSQEF framework. The chapter describes an example scenario in section 6.1 and provides 

the necessary steps that take place for the scenario to execute a Web Service composition 

based on WSQEF architecture. 

6.1 Example Scenario 

In this example, the process of a loan request is implemented. The process begins 

with a customer requesting for a loan. The business process then sends the request to a 

financial institution and receives the result. Then it will send the request to an assessment 

company and asks for the risk associated with the loan.  

If we were going to implement this business process without using WSQEF 

framework, we would have to choose a fixed financial institution and a fixed assessment 

company in the business process that define a Web Service composition scenario. In contrast, 

in the WSQEF framework, a number of financial institutions and assessment companies can 

take part in the business process provided that they agree on a set of interfaces and the same 

service names. The framework decides at run time, which one of the service providers 

qualifies for taking part in business process execution. PortTypes determine what service to 
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bind at execution time. The framework assigns them values that are selected Web Services 

based on the customer’s criteria. The following subsections describe the steps that fulfill this 

business process execution. 

6.2 Raw BPEL Document 

A set of WSDL documents and one BPEL document are required to be written for 

this business process. At design time we assume that the WSDL documents of the financial 

institutions that provide loan services through a Web Service are available and they all 

support the same operations and messages, see Table 24 for the WSDL document of this 

Web Service example. The same applies to assessment companies; they all have the same 

interface for providing assessments on loans, see Table 25 for the WSDL document of this 

Web Service example. A WSDL document that defines the process interfaces is called the 

raw BPEL document. In this document the portTypes define the service bindings at run time. 

In WSQEF the portTypes are placeholders that will be filled during the business process 

execution. 

A BPEL is required to define the process of this Web Service composition scenario, 

see Table 26 for this BPEL document. In the Raw BPEL WSDL document (Table 16) these 

elements are highlighted, the value of portType elements are the Web Service names at this 

point. A Web Service name is a name contracted between the consumers and service 

providers, each set of Web Services that provide similar services will agree on the same 

name. 
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<definitions  
      ta r g etN a m esp a c e= " h ttp : / / l oa ns. or g / w sdl / l oa n-a p p r ov a l "  
      x m l ns= " h ttp : / / sc h em a s. x m l soa p . or g / w sdl / "  
      x m l ns: sl nk = " h ttp : / / sc h em a s. x m l soa p . or g / w s/ 2 0 0 3 / 0 3 / ser v ic e-l ink / "        
      x m l ns: x sd= " h ttp : / / w w w . w 3 . or g / 2 0 0 1 / X M L S c h em a "  
      x m l ns: l ns= " h ttp : / / l oa ns. or g / w sdl / l oa n-a p p r ov a l "  
      x m l ns: a sns= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na ssessor "  
      x m l ns: a p ns= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na p p r ov er "  
      x m l ns: l oa ndef= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa ndefinitions" >  
   
  <im p or t na m esp a c e= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na ssessor "  
          l oc a tion= " h ttp : / / l oc a l h ost: 9 0 8 0 / b p w s4 j -
sa m p l es/ l oa na p p r ov a l / l oa na ssessm ent. w sdl " / >   
  <im p or t na m esp a c e= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na p p r ov er "  
          l oc a tion= " h ttp : / / l oc a l h ost: 9 0 8 0 / b p w s4 j -sa m p l es/ l oa na p p r ov a l / l oa na p p r ov er . w sdl " / > 
  <im p or t na m esp a c e= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa ndefinitions"  
          l oc a tion= " h ttp : / / l oc a l h ost: 9 0 8 0 / b p w s4 j -sa m p l es/ l oa na p p r ov a l / l oa ndefinitions. w sdl " / > 
   
  <sl nk : ser v ic eL ink T y p e name="loanApprovalLinkType " > 
    <sl nk : r ol e na m e= " a p p r ov er " > 
      < port Type name="loan s ervic e"/ >  
    </ sl nk : r ol e>    
  </ sl nk : ser v ic eL ink T y p e> 
 
  <sl nk : ser v ic eL ink T y p e name="ris kAs s es s ment LinkType " > 
    <sl nk : r ol e na m e= " a ssessor " > 
      < port Type name="ris k assessment s ervic e"/ >  
    </ sl nk : r ol e>    
  </ sl nk : ser v ic eL ink T y p e> 
  <! -- T h e ser v ic e na m e a nd th e T N S  r ep r esent m y  ser v ic e I D  Q N a m e --> 
  <ser v ic e na m e= " l oa na p p r ov a l S er v ic eB P " / > 

Table 16 Process WSDL document 
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6.3 WSQS XML 

The WSQS document contains the functional and QoS information of the particular 

web service that the provider intends to advertise. This document conforms to the schema 

that was proposed as part of WSQEF and described in detail in section 5.1. Each provider 

determines the values of functional and QoS information it will advertise. Table 17 presents 

an example of the QoS criteria for a loan service. Table 19 XML document is an example of 

a WSQS for a loan service. 

Service name: loan service 

Name Value 

delivery http 

ServiceCharge 4 

portType apns:loanApprovalPT 

Table 17 Service name: loan service 

Table 19 presents an example of the QoS criteria for a loan assessment service. 

 

Service name: loan assessment service 

Name Value 

security encrypted 

AdminFee 150 

portType apns:loanAssessApprovalPT 

Table 18 Service name: loan assessment service  
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Table 19 Web Service QoS (WSQS) Document 

 

<?xml version="1.0" encoding="UTF-8 "?>  
<w eb S erviceC omp osit eS ea rch  xmlns: xsi="h t t p : / / w w w .w 3 .org/ 2 001/ X M L S ch ema -inst a nce" 
xsi: noN a mesp a ceS ch ema L oca t ion="C : \t h esis\S erviceS ea rch .xsd">  
<w eb S erviceS ea rch >  

<f u nct iona lC rit eria >  
<serviceN a me> loan service</ serviceN a me>  

</ f u nct iona lC rit eria >  
<q osC rit eria L ist >  

<q osC rit eria >  
<q osN a me> secu rit y </ q osN a me>  
<q osC ondit ion>  

<st ringC ondit ion>  
<st ringC omp a rison> E q u als</ st ringC omp a rison>  
<st ringV a lu e> encry p t ed </ st ringV a lu e>  

</ st ringC ondit ion>  
</ q osC ondit ion>  
<crit eria L O p era t or> A nd </ crit eria L O p era t or>  

</ q osC rit eria >  
<q osC rit eria >  

<q osN a me> serviceC h arg e</ q osN a me>  
<q osC ondit ion>  

<nu mb erC ondit ion>  
<nu mb er>  

<int egerV a lu e> 4</ int egerV a lu e>  
</ nu mb er>  

<nu mb erC omp a rison> E q u als</ nu mb erC omp a rison>  
</ nu mb erC ondit ion>  

</ q osC ondit ion>  
<crit eria L O p era t or> A nd</ crit eria L O p era t or>  

</ q osC rit eria >  
</ q osC rit eria L ist >  

</ w eb S erviceS ea rch >  
</ w eb S erviceC omp osit eS ea rch >  
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6.4 Web Service Advertisers 

Web Service advertisers are peers that host Web Services in JXTA network. They will join 

the same peer group and are part of a closed community within the P2P environment. Peer 

services that are not part of the same peer group can also be discovered through a gateway 

peer. Figure 27 illustrates the sequence diagram of a Web Service advertiser: 

 

 

Figure 27 Sequence Diagram of Web Service Advertiser 

The advertiser peer reads the WSQS XML document at start up and then joins a peer 

group. There are two peer groups that already exist, one is the Net peer group and the other is 

the world peer group, we used the Net for the example. In a real world example service 

providers that belong to the similar communities create their own group. JXTA provides an 

infrastructure to retrieve services from other groups through a gateway peer. The peer then 
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puts the QoS information along with the web service name in a pipe advertisement and 

publishes the advertisement in the peer group it belongs to by using the publish method of the 

discovery service. Web Service providers can use the Advertiser program to join the group 

and publish QoS information for the services they provide. 

To be able to advertise the information read from the WSQS, the Pipe Module Class 

and Model Spec advertisements have been used. Module Spec advertisement (described in 

section 2.5.3.5.4) has a “parm” element that can be extended and can hold an XML 

document structure. The QoS information will be assigned as name/value pairs in this 

element. This will provide a generic and flexible way to define any QoS name. Table 20 is 

the advertisement document that will be published in JXTA network for this example. We 

can setup a number of peers as Web Service advertisers from different financial and 

assessment institutions. All JXTA advertisements are XML messages. 
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<?xml version="1.0" encoding="UTF-8 "?>  
<! D O C TY P E  j xt a : M S A >  
<j xt a : M S A  xmlns: j xt a ="h t t p : / / j xt a .org">  
 <M S I D >  
 u rn: j xt a : u u id-
8 7 2 5 7 2 7 D FE F3 4 D A 7 A 6 C 0D 5 D 7 B 9 3 B 1F2 B 14 A 1C 2 A A B 7 E 6 4 FC 1A 14 9 A 8 4 C C A 15 B C C B 06  
 </ M S I D >  
 <N a me> JXTASPEC:JXTA-W EB SER V I CE-L O AN </ N a me>  
 <C rt r> s u n . c o m </ C rt r>  
 <S UR I > h t t p :/ / w w w . j x t a . o r g / W e b Se r v i c e </ S UR I >  
 <V ers> V e r s i o n  1 . 0 </ V ers>  
 < Pa r m >  
  < s e r v i c e > l o a n  s e r v i c e < / s e r v i c e >  
  < d e l i v e r y > h t t p < / d e l i v e r y >  
  < Se r v i c e Ch a r g e > 4 < / Se r v i c e Ch a r g e >  
  < p o r t Ty p e > a p n s :l o a n Ap p r o v a l PT< / p o r t Ty p e >  
 < / Pa r m >  
 </ j xt a : M S A >  
 

Table 20 Web Advertiser’s Advertisement Document 

6.5 Enhanced Search Service 

This component is another peer service that provides composite search services. Upon 

start up, it joins the peer group and listens for composite search requests by creating a JXTA 

pipe server facility. Figure 28 illustrates the sequence diagram of an enhanced search service 

when it receives a request: 
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Figure 28 Sequence Diagram of Receiving a Request by Enhanced Search Service 

 

On arrival of a request (message 1 in Figure 28 ), the message processor parses the 

message and extracts the search request information. Then it gets all the advertisements that 

were advertised by Web Service providers. By contract, the name element of those 

advertisements are all “JXTASPEC:JXTA-WEBSERVICE-LOAN” in this experiment. The 

search engine matches the service name first, if the search was successful, then a 

comprehensive comparison takes place for matching the QoS constraints. For example in the 

loan approval scenario, we assume the search request criteria is only looking for a loan 
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service that has less than $200 administration fee, the XML snippet of this criteria is (the 

complete WSCS is provided in Table 27): 

<qosCriteria> 
 <qosName>AdminFee</qosName> 
 <qosCondition> 
  <numberCondition> 
   <number> 
    <integerValue>200</integerValue> 
   </number> 
   <numberComparison>LessThan</numberComparison> 
  </numberCondition> 
 </qosCondition> 
 <criteriaLOperator>And</criteriaLOperator> 
</qosCriteria> 

 

The search engine has mechanisms to perform a constraint match based on the type of 

the constraint, the comparison element and the value. Based on the XML schema definition 

for WSCS, the QoS can be a number, string, date or time. See Figure 23 for a complete 

listing of QoS types. The engine supports each type that is defined in the WSCS schema. In 

the above example, first the search verifies the QoS property name (“AdminFee”), if found, it 

checks for the type which is an integer number, then it will perform the comparison, 

configured as “LessThan”, so it will look for the services with the same name that offer 

administration fee of less than $200. If more than one search applies, it will choose the first 

one and if none exists, the composite search will return nothing and the process will be 

stopped. 

This will be repeated for the entire search service request; the results are composed 

and put together in an XML document that will be sent back to the customer through the bi-

directional pipe. The result includes the name of the service and the portType, which is the 

binding information for that service. Table 21 is the example of the XML message that it 

returned back to the client: 
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Message : <?xml version="1.0" encoding="UTF-8 "?>  
<! D O C TY P E  services>  
<services>  
 <service>  
  <name> loan service</ name>  
  <p ort Ty p e> ap ns: loanA p p rovalP T </ p ort Ty p e>  
 </ service>  
 <service>  
  <name> loan assessm ent  service</ name>  
  <p ort Ty p e> asns: loanI nsP T </ p ort Ty p e>  
 </ service>  
</ services>  

Table 21: Returned XML Message from Search Service 

6.6 Web Service composition Client  

A Web Service composition client is a program that clients execute to send a 

composite search request to the JXTA network, the request is configured by clients in an 

XML document called Web Service Criteria Search (WSCS), which conforms to the schema 

described in section 5.1. Figure 29 illustrates a sequence diagram of a search request in the 

Web Service composition Client: 
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Figure 29 Sequence Diagram of Sending a Request by Composite Search Client 

 

The client program in the experiment connects to the search service through a pipe 

and sends the request document in XML format. Table 27 is the WSCS XML document that 

is used in the example. This document is configured in a way that it searches for the 

following web services with the QoS criteria in Table 22: 
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Service name: loan service 

Name Value 

delivery http 

ServiceCharge <5 

Service name: loan assessment service 

Name Value 

security encrypted 

AdminFee <200 

Table 22 Service name: loan service 

 

After receiving the result, it will decipher the result and if a successful match was 

found, it will extract the portTypes for each service and replaces it with the returned value. 

The received result is as shown in Table 23. The client generates this WSDL document by 

using the Raw BPEL document and replacing the portTypes, here is the WSDL process 

generated document that can be executed by BPWS4J’s engine developed by IMB 

AlphaWorks.   
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<definitions  
      ta r g etN a m esp a c e= " h ttp : / / l oa ns. or g / w sdl / l oa n-a p p r ov a l "  
      x m l ns= " h ttp : / / sc h em a s. x m l soa p . or g / w sdl / "  
      x m l ns: sl nk = " h ttp : / / sc h em a s. x m l soa p . or g / w s/ 2 0 0 3 / 0 3 / ser v ic e-l ink / "        
      x m l ns: x sd= " h ttp : / / w w w . w 3 . or g / 2 0 0 1 / X M L S c h em a "  
      x m l ns: l ns= " h ttp : / / l oa ns. or g / w sdl / l oa n-a p p r ov a l "  
      x m l ns: a sns= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na ssessor "  
      x m l ns: a p ns= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na p p r ov er "  
      x m l ns: l oa ndef= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa ndefinitions" >  
 
   
  <im p or t na m esp a c e= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na ssessor "  
          l oc a tion= " h ttp : / / l oc a l h ost: 9 0 8 0 / b p w s4 j -sa m p l es/ l oa na p p r ov a l / l oa na ssessor . w sdl " / >   
  <im p or t na m esp a c e= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa na p p r ov er "  
          l oc a tion= " h ttp : / / l oc a l h ost: 9 0 8 0 / b p w s4 j -sa m p l es/ l oa na p p r ov a l / l oa na p p r ov er . w sdl " / > 
  <im p or t na m esp a c e= " h ttp : / / tem p u r i. or g / ser v ic es/ l oa ndefinitions"  
          l oc a tion= " h ttp : / / l oc a l h ost: 9 0 8 0 / b p w s4 j -sa m p l es/ l oa na p p r ov a l / l oa ndefinitions. w sdl " / > 
   
  <sl nk : ser v ic eL ink T y p e na m e= " l oa nA p p r ov a l L ink T y p e" > 
    <sl nk : r ol e na m e= " a p p r ov er " > 
      <p or tT y p e na m e= " apns:loanApprovalPT" / > 
    </ sl nk : r ol e>    
  </ sl nk : ser v ic eL ink T y p e> 
 
  <sl nk : ser v ic eL ink T y p e na m e= " r isk A ssessm entL ink T y p e" > 
    <sl nk : r ol e na m e= " a ssessor " > 
      <p or tT y p e na m e= " asns:ri sk Asse ssm e nt PT" / > 
    </ sl nk : r ol e>    
  </ sl nk : ser v ic eL ink T y p e> 
  <! -- T h e ser v ic e na m e a nd th e T N S  r ep r esent m y  ser v ic e I D  Q N a m e --> 
  <ser v ic e na m e= " l oa na p p r ov a l S er v ic eB P " / > 
 
</ definitions> 

Table 23: The Updated WSDL Process Document 
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6.7  Summary 

This chapter implements a prototype as a proof of concept for the WSQEF framework 

proposal. The prototype includes the schema design, the extensions to JXTA advertisement 

to support QoS advertisements, an example of XML documents based on a scenario, the Web 

Service composite search client and the enhanced search service. The chapter begins with 

describing a scenario, which is from an example in BPWS4J. The XML documents are 

developed to define the functional and QoS criteria required by the customer.  The sequence 

diagrams of the components are provided and are followed by messaging that occurs between 

components at the time of execution. The end result of the document is a WSDL document 

that includes the portTypes of the services to be called during BPEL execution by BPWS4J 

composite engine. The next chapter provides the detailed definition of the XML schema for 

reference purposes. Readers may continue to chapter 8, which outlines the conclusions, 

contributions of this thesis and several potential future work, without significant loss of thesis 

comprehension. It is included here as it represents a contribution of the thesis. 
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7 Composite Web Service Search Criteria Schema 

Definition 

This chapter provides the detailed definition of Composite Web Search Criteria XML 

schema. Each particle is described by an element definition table, a type definition table is 

also provided if the particle is a complex type. The element table provides: 

• A diagram that presents the content model of that element. 

• The type of the element 

• Properties of the element such as: simple or complex type, reference 

• Annotation for the root element. 

• Source, the text view of this element in the schema. 

Each  

The type definition table provides: 

• A diagram that presents the content model of that type. 

• A list of children for the particular element type. 

• The list of elements that use this type. 

• Source, which is the text view of the type definition. 

The definition starts by defining the root element: 
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7.1 WebServiceCompositeSearch 

Element: WebServiceCompositeSearch 
webServiceCompositeSearch is the root definition for the composite web service search 

criteria. It consists of a list of web services search that are going to be composed to create a 

composite web service that meets the search criteria for each of the web service. The 

following table provides a presentation and schema definition for 

webServiceCompositeSearch. 

element webServiceCompositeSearch 
diagram 

 

type webServiceCompositeSearchType 

properties content  complex  

children webServiceSearch 

annotation documentation  Web Services Search Criteria  

source <xsd:element name=”webServiceCompositeSearch” type=”webServiceCompositeSearchType”> 
  <xsd:annotation> 
    <xsd:documentation>Web Services Search Criteria</xsd:documentation> 
  </xsd:annotation> 
</xsd:element> 

 
Type: webServiceCompositeSearchType 
 

webServiceCompositeSearch type is a 0 to unbounded choice of webServiceSearch, 

the following table provides the schema definition for this type. 

  complexType webServiceCompositeSearchType 
diagram 

 

children webServiceSearch 

used by element  webServiceCompositeSearch  
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source <xsd:complexType name=”webServiceCompositeSearchType”> 
  <xsd:choice minOccurs=”0” maxOccurs=”unbounded”> 
    <xsd:element name=”webServiceSearch” type=”webServiceSearchType”/> 
  </xsd:choice> 
</xsd:complexType> 

 

7.2 WebServiceSearch 

Element: WebServiceSearch 
webServiceSearch enables the definition of each element of a web service 

composition search criteria. It consists of two elements: 

functionalCriteria: which specifies the information that uniquely defines a web 

service. 

qosCriteriaList: which defines the specification to determine the criteria for a web 

service QoS. 
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element webServiceCompositeSearchType/webServiceSearch 
diagram 

 

type webServiceSearchType 

properties isRef  0 
content  complex  

children functionalCriteria qosCriteriaList 

source <xsd:element name=”webServiceSearch” type=”webServiceSearchType”/> 

 
 
Type: webServiceSearchType 

webServiceSearchType is a sequence of two complex elements that define the 

functionalCriteria and qosCriteriaList. 

complexType webServiceSearchType 
diagram 

 

children functionalCriteria qosCriteriaList 

used by element  webServiceCompositeSearchType/webServiceSearch  

source <xsd:complexType name=”webServiceSearchType”> 
  <xsd:sequence> 
    <xsd:element name=”functionalCriteria” type=”functionalCriteriaType”/> 
    <xsd:element name=”qosCriteriaList” type=”qosCriteriaContainerType”/> 
  </xsd:sequence> 
</xsd:complexType> 

 

7.3 functionalCriteria 

Element: functionalCriteria 
 

functionalCriteria is an element of webServiceSearch that enables the clients to 

define the functional information of the web service they are searching for. To determine this 



Thesis: Enabling QoS in Web Service Composition in a P2P Environment 104 

Chapter Seven – Composite Web Service Search Criteria Schema Definition 

 

 
 

Mojdeh Ghodousi 

web service they can either list the operations of that web service or the location of it by 

specifying the URL of that web service. 

element webServiceSearchType/functionalCriteria 
diagram 

 

type functionalCriteriaType 

properties isRef  0 
content  complex  

children operations serviceURL 

source <xsd:element name=”functionalCriteria” type=”functionalCriteriaType”/> 

 
Type: functionalCriteriatype 

functionalCriteriatype is a choice of operationContainerType complex type and  

anyURI simple type. 

The following table provides the schema definition for this type. 

complexType functionalCriteriaType 
diagram 

 

children operations serviceURL 

used by element  webServiceSearchType/functionalCriteria  

source <xsd:complexType name=”functionalCriteriaType”> 
  <xsd:choice> 
    <xsd:element name=”operations” type=”operationContainerType”/> 
    <xsd:element name=”serviceURL” type=”xsd:anyURI”/> 
  </xsd:choice> 
</xsd:complexType> 

7.4 operations 

Element: operations 
Operations element contains a list of operation elements and enables the definition of 

a list web service operations. The table below presents this element. 

element functionalCriteriaType/operations 
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diagram 

 

type operationContainerType 

properties isRef  0 
content  complex  

children operation 

source <xsd:element name=”operations” type=”operationContainerType”/> 

 
Type: operationContainerType 

operationContainerType is a choice of 0 to unbounded of operation elements.  The 

table below presents the definition of this complex type. 

complexType operationContainerType 
diagram 

 

children operation 

used by element  functionalCriteriaType/operations  

source <xsd:complexType name=”operationContainerType”> 
  <xsd:choice minOccurs=”0” maxOccurs=”unbounded”> 
    <xsd:element name=”operation” type=”xsd:string”/> 
  </xsd:choice> 
</xsd:complexType> 

 

7.5 operation 

operation is a simple type of String. 

element operationContainerType/operation 
diagram 

 

type xsd:string 

properties isRef  0 
content  simple  

source <xsd:element name=”operation” type=”xsd:string”/> 
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7.6 serviceURL 

serviceURL is a simple type of String. 

element functionalCriteriaType/serviceURL 
diagram 

 

type xsd:anyURI 

properties isRef  0 
content  simple  

source <xsd:element name=”serviceURL” type=”xsd:anyURI”/> 

 

7.7 qosCriteriaList 

Element: qosCriteriaList 
 

qosCriteriaList element enables the client to perform a search for a web service based 

on a list of QoS constraints.  

element webServiceSearchType/qosCriteriaList 
diagram 

 

type qosCriteriaContainerType 

properti
es 

isRef  0 

conte
nt  

complex 
 

children qosCriteria 

source <xsd:element name=”qosCriteriaList” type=”qosCriteriaContainerType”/> 

 
Type: qosCriteriaContainerType 
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qosCriteriaContainerType is a complex type of a choice of 0 to unbounded number of 

qosCriteria elements. The table below provides the type definition in the schema for this 

complex type. 

complexType qosCriteriaContainerType 
diagram 

 

children qosCriteria 

used by element  webServiceSearchType/qosCriteriaList  

source <xsd:complexType name=”qosCriteriaContainerType”> 
  <xsd:choice minOccurs=”0” maxOccurs=”unbounded”> 
    <xsd:element name=”qosCriteria” type=”qosCriteriaType”/> 
  </xsd:choice> 
</xsd:complexType> 

 

7.8 qosCriteria 

Element: qosCriteria 
qosCriteria element enables the specification of a QoS constraint for the web service 

search. It has three elements that together define a constraint for a search. The name of the 

quality service, the condition that is required to be met for that service and the relation of this 

service with the next constraint is defined in this element. 

element qosCriteriaContainerType/qosCriteria 
diagram 

 

type qosCriteriaType 

properties isRef  0 
content  complex  

children qosName qosCondition criteriaLOperator 

source <xsd:element name=”qosCriteria” type=”qosCriteriaType”/> 
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Type: qosCriteriaType   

qosCriteriaType is a complex type. It is a sequence of a string type, 

qosConditionType and criteriaLOperator type. The table below presents the definition of this 

type in the composite web search schema. 

complexType qosCriteriaType 
diagram 

 

children qosName qosCondition criteriaLOperator 

used by element  qosCriteriaContainerType/qosCriteria  

source <xsd:complexType name=”qosCriteriaType”> 
  <xsd:sequence> 
    <xsd:element name=”qosName” type=”xsd:string”/> 
    <xsd:element name=”qosCondition” type=”qosConditionType”/> 
    <xsd:element name=”criteriaLOperator” type=”criteriaLOperatorType”/> 
  </xsd:sequence> 
</xsd:complexType> 

 

7.9 qosName 

qosName is a simple type that enables the definition of the name of a QoS. 

element qosCriteriaType/qosName 
diagram 

 

type xsd:string 

properties isRef  0 
content  simple  

source <xsd:element name=”qosName” type=”xsd:string”/> 

 

7.10 qosCondition 

Element: qosCondition 
qosCondition  element enables the specification of the type of  QOS and the comparison that 

is required to perform on the specified QOS and the relation with the next criteria.  
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element qosCriteriaType/qosCondition 
diagram 

 

type qosConditionType 

properties isRef  0 
content  complex  

children numberCondition stringCondition timeCondition dateCondition 

source <xsd:element name=”qosCondition” type=”qosConditionType”/> 

 
Type: qosConditionType   

qosConditionType  is a complex type. It is a choice between numberCondition, 

stringCondition, timeCondition and dateCondition. The table below presents the definition of 

this type in the composite web search schema. 

complexType qosConditionType 
diagram 

 

children numberCondition stringCondition timeCondition dateCondition 

used by element  qosCriteriaType/qosCondition  

source <xsd:complexType name=”qosConditionType”> 
  <xsd:choice> 
    <xsd:element name=”numberCondition” type=”numberConditionType”/> 
    <xsd:element name=”stringCondition” type=”stringConditionType”/> 
    <xsd:element name=”timeCondition” type=”timeConditionType”/> 
    <xsd:element name=”dateCondition” type=”dateConditionType”/> 
  </xsd:choice> 
</xsd:complexType> 
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7.11 numberCondition 

Element: numberCondition 
numberCondition element determines that the QOS being search for is of date, its value will 

be defined in numberValue and the comparison condition is defined in numberComparison 

element as described in the table below. 

element qosConditionType/numberCondition 
diagram 

 

type numberConditionType 

properties isRef  0 
content  complex  

children number numberComparison 

source <xsd:element name=”numberCondition” type=”numberConditionType”/> 

 
Type: numberConditionType   
numberConditionType  is a complex type. It is a sequence of number and numberComparison 

elements. The table below presents the definition of this type in the composite web search 

schema. 

complexType numberConditionType 
diagram 

 

children number numberComparison 

used by element  qosConditionType/numberCondition  

source <xsd:complexType name=”numberConditionType”> 
  <xsd:sequence> 
    <xsd:element name=”number” type=”numberType”/> 
    <xsd:element name=”numberComparison” type=”numberComparisonType”/> 
  </xsd:sequence> 
</xsd:complexType> 
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7.12 number 

Element: number 
The number element determines the value of the quality service and can be any of floatValue, 

decValue, doubleValue, integerValue and intValue depending of the QOS. 

Element: numberConditionType/number 
diagram 

 

type numberType 

properties isRef  0 
content  complex  

children floatValue decValue doubleValue integerValue intValue 

source <xsd:element name=”number” type=”numberType”/> 

 
Type: numberType   
numberType  is a choice of  one of the simple types: float, decimal, double, integer and int. 

The following tables present the definition of these types in the schema. 

     complexType numberType 
diagram 

 

children floatValue decValue doubleValue integerValue intValue 
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used by element  numberConditionType/number  

source <xsd:complexType name=”numberType”> 
  <xsd:choice> 
    <xsd:element name=”floatValue” type=”xsd:float”/> 
    <xsd:element name=”decValue” type=”xsd:decimal”/> 
    <xsd:element name=”doubleValue” type=”xsd:double”/> 
    <xsd:element name=”integerValue” type=”xsd:integer”/> 
    <xsd:element name=”intValue” type=”xsd:int”/> 
  </xsd:choice> 
</xsd:complexType> 

 
 
element numberType/floatValue 
diagram 

 

type xsd:float 

properties isRef  0 
content  simple  

source <xsd:element name=”floatValue” type=”xsd:float”/> 

 
 
element numberType/decValue 

diagram 

 

type xsd:decimal 

properties isRef  0 
content  simple  

source <xsd:element name=”decValue” type=”xsd:decimal”/> 

 
 
element numberType/doubleValue 

diagram 

 

type xsd:double 

properties isRef  0 
content  simple  

source <xsd:element name=”doubleValue” type=”xsd:double”/> 

 
 
element numberType/integerValue 

diagram 

 

type xsd:integer 

properties isRef  0 
content  simple  

source <xsd:element name=”integerValue” type=”xsd:integer”/> 
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element numberType/intValue 
diagram 

 

type xsd:int 

properties isRef  0 
content  simple  

source <xsd:element name=”intValue” type=”xsd:int”/> 

 

7.13 numberComparison 

Element: numberComparison 
This element determines the type of the comparison that is required to be performed on the 

value provided in the number element for this QoS, the comparison along with the value 

provides the constraint that the client is looking for in a web service QOS. 

element numberConditionType/numberComparison 
diagram 

 

type numberComparisonType 

properties isRef  0 
content  simple  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  Equals 
enumeration  NotEquals 
enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals  

source <xsd:element name=”numberComparison” type=”numberComparisonType”/> 

 
Type: numberComparisonType   
numberComparisonType is an enumeration of LessThan, GreaterThan, Equals, NotEquals, 

LessThanOrEquals, and GreaterThanOrEquals. The following tables presents the definition 

of this type in the schema. 

 simpleType numberComparisonType 
type restriction of xsd:string 

used by element  numberConditionType/numberComparison  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  Equals 
enumeration  NotEquals 
enumeration  LessThanOrEquals 
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enumeration  GreaterThanOrEquals  
source <xsd:simpleType name=”numberComparisonType”> 

  <xsd:restriction base=”xsd:string”> 
    <xsd:enumeration value=”LessThan”/> 
    <xsd:enumeration value=”GreaterThan”/> 
    <xsd:enumeration value=”Equals”/> 
    <xsd:enumeration value=”NotEquals”/> 
    <xsd:enumeration value=”LessThanOrEquals”/> 
    <xsd:enumeration value=”GreaterThanOrEquals”/> 
  </xsd:restriction> 
</xsd:simpleType> 

7.14 stringCondition 

Element: stringCondition 
stringCondition element determines that the QOS being search for is of string, its value will 

be defined in stringValue and the comparison condition is defined in stringComparison 

element as described in the table below. 

element qosConditionType/stringCondition 
diagram 

 

type stringConditionType 

properties isRef  0 
content  complex  

children stringValue stringComparison 

source <xsd:element name=”stringCondition” type=”stringConditionType”/> 

 
Type: stringConditionType   
stringConditionType  is a complex type. It is a sequence of stringValue and 

stringComparison elements. The table below presents the definition of this type in the 

composite web search schema. 

 complexType stringConditionType 
diagram 

 

children stringValue stringComparison 

used by element  qosConditionType/stringCondition  
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source <xsd:complexType name=”stringConditionType”> 
  <xsd:all> 
    <xsd:element name=”stringValue” type=”xsd:string”/> 
    <xsd:element name=”stringComparison” type=”stringComparisonType”/> 
  </xsd:all> 
</xsd:complexType> 

7.15 stringValue 

    element stringConditionType/stringValue 
diagram 

 

type xsd:string 

properties isRef  0 
content  simple  

source <xsd:element name=”stringValue” type=”xsd:string”/> 

 

7.16 stringComparison 

Element: stringComparison 
This element determines the type of the comparison that is required to be performed on the 

value provided in the stringValue element for this QoS, the comparison along with the value 

provides the constraint that the client is looking for in a web service QOS. 

   element stringConditionType/stringComparison 
diagram 

 

type stringComparisonType 

properties isRef  0 
content  simple  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals 
enumeration  Equals 
enumeration  NotEquals 
enumeration  Contains 
enumeration  BeginsWith  

source <xsd:element name=”stringComparison” type=”stringComparisonType”/> 

 
Type:  stringComparisonType   
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stringComparisonType  is an enumeration of LessThan, GreaterThan, Equals, NotEquals, 

LessThanOrEquals, GreaterThanOrEquals, Contains and BeginsWith. The following tables 

present the definition of these types in the schema. 

simpleType stringComparisonType 
type restriction of xsd:string 

used by element  stringConditionType/stringComparison  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals 
enumeration  Equals 
enumeration  NotEquals 
enumeration  Contains 
enumeration  BeginsWith  

source <xsd:simpleType name=”stringComparisonType”> 
  <xsd:restriction base=”xsd:string”> 
    <xsd:enumeration value=”LessThan”/> 
    <xsd:enumeration value=”GreaterThan”/> 
    <xsd:enumeration value=”LessThanOrEquals”/> 
    <xsd:enumeration value=”GreaterThanOrEquals”/> 
    <xsd:enumeration value=”Equals”/> 
    <xsd:enumeration value=”NotEquals”/> 
    <xsd:enumeration value=”Contains”/> 
    <xsd:enumeration value=”BeginsWith”/> 
  </xsd:restriction> 
</xsd:simpleType> 

 

7.17 timeCondition 

Element: timeCondition 
timeCondition element determines that the QOS being search for is of time, its value will be 

defined in timeValue and the comparison condition is defined in timeComparison element as 

described in the table below. 

element qosConditionType/timeCondition 
diagram 

 

type timeConditionType 

properties isRef  0 
content  complex  
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children timeValue timeComparison 

source <xsd:element name=”timeCondition” type=”timeConditionType”/> 

 
Type: timeConditionType 
timeConditionType is a complex type. It is a sequence of timeValue and timeComparison 

elements. The table below presents the definition of this type in the composite web search 

schema. 

complexType timeConditionType 
diagram 

 

children timeValue timeComparison 

used by element  qosConditionType/timeCondition  

source <xsd:complexType name=”timeConditionType”> 
  <xsd:all> 
    <xsd:element name=”timeValue” type=”xsd:time”/> 
    <xsd:element name=”timeComparison” type=”timeComparisonType”/> 
  </xsd:all> 
</xsd:complexType> 

 

7.18 timeValue 

timeValue is a simple type element that defines a time value. 

element timeConditionType/timeValue 
diagram 

 

type xsd:time 

properties isRef  0 
content  simple  

source <xsd:element name=”timeValue” type=”xsd:time”/> 

 

7.19 timeComparison 

Element: timeComparison 
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This element determines the type of the comparison that is required to be performed on the 

value provided in the time element for this QoS, the comparison along with the value 

provides the constraint that the client is looking for in a web service QOS. 

 

element timeConditionType/timeComparison 
diagram 

 

type timeComparisonType 

properties isRef  0 
content  simple  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals 
enumeration  Equals 
enumeration  NotEquals  

source <xsd:element name=”timeComparison” type=”timeComparisonType”/> 

 
Type: timeComparisonType   
timeComparisonType  is an enumeration of LessThan, GreaterThan, Equals, NotEquals, 

LessThanOrEquals, and GreaterThanOrEquals. The following tables present the definition of 

these types in the schema. 

simpleType timeComparisonType 
type restriction of xsd:string 

used by element  timeConditionType/timeComparison  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals 
enumeration  Equals 
enumeration  NotEquals  

source <xsd:simpleType name=”timeComparisonType”> 
  <xsd:restriction base=”xsd:string”> 
    <xsd:enumeration value=”LessThan”/> 
    <xsd:enumeration value=”GreaterThan”/> 
    <xsd:enumeration value=”LessThanOrEquals”/> 
    <xsd:enumeration value=”GreaterThanOrEquals”/> 
    <xsd:enumeration value=”Equals”/> 
    <xsd:enumeration value=”NotEquals”/> 
  </xsd:restriction> 
</xsd:simpleType> 
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7.20 dateCondition 

Element: dateCondition 
dateCondition element determines that the QOS being search for is of date, its value will be 

defined in dateValue and the comparison condition is defined in dateComparison element as 

described in the table below. 

element qosConditionType/dateCondition 
diagram 

 

type dateConditionType 

properties isRef  0 
content  complex  

children dateValue dateComparison 

source <xsd:element name=”dateCondition” type=”dateConditionType”/> 

 
Type: dateConditionType 
 

complexType dateConditionType 
diagram 

 

children dateValue dateComparison 

used by element  qosConditionType/dateCondition  

source <xsd:complexType name=”dateConditionType”> 
  <xsd:all> 
    <xsd:element name=”dateValue” type=”xsd:date”/> 
    <xsd:element name=”dateComparison” type=”dateComparisonType”/> 
  </xsd:all> 
</xsd:complexType> 
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7.21 dateValue 

element dateConditionType/dateValue 
diagram 

 

type xsd:date 

properties isRef  0 
content  simple  

source <xsd:element name=”dateValue” type=”xsd:date”/> 

7.22 dateComparison 

Element: dateComparison 
This element determines the type of the comparison that is required to be performed on the 

value provided in the dateValue element for this QoS, the comparison along with the value 

provides the constraint that the client is looking for in a web service QOS. 

element dateConditionType/dateComparison 
diagram 

 

type dateComparisonType 

properties isRef  0 
content  simple  

facets enumeration  LessThan 
enumeration  GreaterThan 
enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals 
enumeration  Equals 
enumeration  NotEquals  

source <xsd:element name=”dateComparison” type=”dateComparisonType”/> 

 
Type: dateComparisonType   
dateComparisonType  is an enumeration of LessThan, GreaterThan, Equals, NotEquals, 

LessThanOrEquals, and GreaterThanOrEquals. The following tables present the definition of 

these types in the schema. 

simpleType dateComparisonType 
type restriction of xsd:string 

used by element  dateConditionType/dateComparison  

facets enumeration  LessThan 
enumeration  GreaterThan 
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enumeration  LessThanOrEquals 
enumeration  GreaterThanOrEquals 
enumeration  Equals 
enumeration  NotEquals  

source <xsd:simpleType name=”dateComparisonType”> 
  <xsd:restriction base=”xsd:string”> 
    <xsd:enumeration value=”LessThan”/> 
    <xsd:enumeration value=”GreaterThan”/> 
    <xsd:enumeration value=”LessThanOrEquals”/> 
    <xsd:enumeration value=”GreaterThanOrEquals”/> 
    <xsd:enumeration value=”Equals”/> 
    <xsd:enumeration value=”NotEquals”/> 
  </xsd:restriction> 
</xsd:simpleType> 

 

7.23 criteriaLOperator 

Element: criteriaLOperator 
criteriaLOperator enables the specification of an Or or And operation.  Based on this 

operator each qosCriteria is going to be combined with the next qosCriteria defined in the 

XML document. 

element qosCriteriaType/criteriaLOperator 
diagram 

 

type criteriaLOperatorType 

properties isRef  0 
content  simple  

facets enumeration  Or 
enumeration  And  

source <xsd:element name=”criteriaLOperator” type=”criteriaLOperatorType”/> 

 
Type: criteriaLOperatorType 
criteriaLOperatorType is an enumeration of Or and And. The following tables present the 

definition of these types in the schema. 

simpleType criteriaLOperatorType 
type restriction of xsd:string 

used by element  qosCriteriaType/criteriaLOperator  

facets enumeration  Or 
enumeration  And  

source <xsd:simpleType name=”criteriaLOperatorType”> 
  <xsd:restriction base=”xsd:string”> 
    <xsd:enumeration value=”Or”/> 
    <xsd:enumeration value=”And”/> 
  </xsd:restriction> 
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</xsd:simpleType> 

 

7.24  Summary 

Chapter 7 provides the detail definition of an XML schema that the WSQEF framework 

XML documents conform to. The XML documents are used by clients to define a set of Web 

Service components that they require to compose along with their functional and QoS 

requirements for each of the Web Services. The Web sevice providers also use this schema to 

create XML documents to define their service’s functional and QoS criteria.  
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8 Conclusions, Summary of Contributions  

8.1 Conclusions 

The focus of this thesis is to address a set of problems described in section 1.2. In this 

section we review the problems and outline the approaches taken to address them. 

The main problem stated in section 1.2.1 is the need to enable QoS aware dynamic 

Web Service composition. This thesis proposes a framework to solve this issue. The 

framework is the integration of existing technologies and newly designed components that 

can interoperate.  The WSQEF framework architecture is explained in detail in chapter 4.  

Figure 14 illustrates a logical view of the framework and the following subsections 

describe the components and how they interact. As one of the requirements of this thesis, the 

proposal considers the use of existing technologies where possible.  WSQEF integrates P2P 

and Web Services composition technologies, by exploiting JXTA and BPEL. The benefits of 

using JXTA are outlined in section 2.5.1. BPEL is selected as the Web Service composition 

definition language, described in section 2.7.4. WSQEF introduces a mechanism for clients 

to provide their required QoS in XML documents. Service providers as a service entity in 

JXTA platform publish their services. A search service in designed as another service entity 

in JXTA platform that has the responsibility of discovering the Web Services. The input to 

the framework is the QoS requirements defined in XML documents by clients and the output 

is the required BPEL documents that are generated based on dynamic selection. The 

BPWS4J executes the generated BPEL documents. There is no further dynamic selection 
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when the engine executes the Web Service Composition that is described in BPEL 

documents. An XML schema is developed as one of the thesis contributions to provide the 

clients to define their functional and QoS Web Service selection criteria in a generic and 

flexible way, the schema is described in detail in section 5.1 

Another problem stated in section 1.2.2 is the issue of security that arises when 

businesses need to communicate with each other through the Internet. A P2P environment 

has been selected in this framework for the security benefits it provides. The entities in this 

framework are part of an overlay network where secure communication can be enforced. 

JXTA provides some security mechanisms described in section 2.5.5 and also provides a 

base for additional security features to provide privacy, integrity and authentication. 

Using the JXTA platform brings the benefit of search and discovery of services in a 

decentralized environment addressing the problem stated in 1.2.3. JXTA also provides 

advertisement documents (described in 2.5.3.5) that enable all service entities to publish their 

information. Extensibility of advertisements is used in the proposal to enable service 

providers to publish their functional and QoS information. As the result of this thesis a 

prototype is implemented to prove the main components of the architecture are interoperable 

and the goal of the framework can be met, this experiment is discussed in chapter 6. 

8.2 Summary of Contributions 

The contributions to this thesis are as follows. A framework that integrates the 

existing technologies with newly created components that fulfil a dynamic Web Service 

composition. The selection of Web Services is based on the client’s specification of 
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functional and QoS requirements for each of the Web Services in the composition. The other 

contribution is an XML schema to enable clients to specify their Web Service search criteria 

based on functionality and QoS, the schema is provides a generic approach to define QoS 

criteria. An enhanced search service to search and select the Web Services based on the 

criteria provided by requester was designed as part of this thesis. Also prototypes are 

implemented as proof of concept for the contributions that are made above. 

8.3 Future Work 

Various future researches can be undertaken to improve the functionality of the proposed 

framework. Some possibilities are outlined here:  

8.3.1 Dynamic QoS Measurement Service 

The QoS attributes of the current framework are at user level and are based on what 

the service providers announce, a measuring service entity can be added to the framework as 

a JXTA service that constantly measures the system level QoS attributes that change 

dynamically, such as response time of the Web Service, traffic and bandwidth. The Web 

Service advertiser can use this service to periodically advertise the new values for changeable 

QoS properties. 

8.3.2 Optimised Search Service 

The Enhanced Search Service in the proposed framework, query the JXTA network 

and conducts a thorough match based on the XML search criteria provided. If the service 

provider numbers within a category increase significantly, the search service performance 
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decreases and causes a bottleneck. An optimised search mechanism can be introduced to 

filter through a set of services and perform the matching among subsets of services 

advertised in the JXTA network. We described a constraint driven project in section 3.3.2. 

The modules of optimisation in this project can be integrated with this thesis as a service 

entity in JXTA. 

8.3.3 QoS aware BPEL documents 

The result of the WSQEF framework is the BPEL documents that fulfil a Web 

Service Composition. The selection of the Web Services is performed based on the QoS 

defined by the clients and providers. The BPEL documents can be extended in order to 

include the QoS information for the Web Service Composition. This way the created 

documents can be reused if the QoS criteria are met. 

8.3.4 Management of Web Service Composition 

A management layer can be designed on top of the Web Service Composition 

framework to enable more dynamism by initiating composite searches, monitoring and fault 

handling of composite execution. For example initiating a Web Service search request if a 

Web Service is unavailable or generates error while accessing it, this provides re-

composition on the fly. Also a management layer can provide more dynamism by execution 

of the BPEL documents dynamically as soon as they are created. 
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8.3.5 Improvement of User interface 

A Graphical User Interface can facilitate XML configurations for both clients and 

Web Service providers. The components in the framework are all started as JXTA peers, the 

start-up of peers can be simplified by providing a GUI and some underlying work. 
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10  Glossary 

BPEL Business Process Execution Language 

BPML Business Process Modelling Language 

QoS Quality of Service 

NAT   Network Address Translation 

PC   Personal Computer 

PDA   Personal Digital Assistant 

SOAP   Simple Object Access Protocol 

UML Unified Modeling Language 

UDDI   Universal Description, Discovery and Integration. 

WSDL   Web Service Definition Language 

WSFL   Web Services Flow Language 

XML   eXtensible Mark-up Language 
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Appendix A –  

Here is the XML Schema for Web Service Composite Search with QoS: 

<?xml version="1.0" encoding="UTF-8"?> 
<!-- edited with XMLSPY v2004 rel. 4 U (http://www.xmlspy.com) by Mo tan (mometan) --
> 
<xsd:schema elementFormDefault="qualified" attributeFormDefault="unqualified" 
xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 
<xsd:element name="webServiceCompositeSearch" 
type="webServiceCompositeSearchType"> 
 <xsd:annotation> 
  <xsd:documentation>Web Serives Search Criteria</xsd:documentation> 
 </xsd:annotation> 
 </xsd:element> 
 <xsd:complexType name="webServiceCompositeSearchType"> 
  <xsd:choice minOccurs="0" maxOccurs="unbounded"> 
   <xsd:element name="webServiceSearch" 
type="webServiceSearchType"/> 
  </xsd:choice> 
 </xsd:complexType> 
 <xsd:complexType name="webServiceSearchType"> 
  <xsd:sequence> 
   <xsd:element name="functionalCriteria" 
type="functionalCriteriaType"/> 
   <xsd:element name="qosCriteriaList" 
type="qosCriteriaContainerType"/> 
  </xsd:sequence> 
 </xsd:complexType> 
 <xsd:complexType name="functionalCriteriaType"> 
  <xsd:choice> 
   <xsd:element name="operations" type="operationContainerType"/> 
   <xsd:element name="serviceURL" type="xsd:anyURI"/> 
  </xsd:choice> 
 </xsd:complexType> 
 <xsd:complexType name="operationContainerType"> 
  <xsd:choice minOccurs="0" maxOccurs="unbounded"> 
   <xsd:element name="operation" type="xsd:string"/> 
  </xsd:choice> 
 </xsd:complexType> 
 <xsd:complexType name="qosCriteriaContainerType"> 
  <xsd:choice minOccurs="0" maxOccurs="unbounded"> 
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   <xsd:element name="qosCriteria" type="qosCriteriaType"/> 
  </xsd:choice> 
 </xsd:complexType> 
 <xsd:complexType name="qosCriteriaType"> 
  <xsd:sequence> 
   <xsd:element name="qosName" type="xsd:string"/> 
   <xsd:element name="qosCondition" type="qosConditionType"/> 
   <xsd:element name="criteriaLOperator" 
type="criteriaLOperatorType"/> 
  </xsd:sequence> 
 </xsd:complexType> 
 <xsd:complexType name="qosConditionType"> 
  <xsd:choice> 
   <xsd:element name="numberCondition" 
type="numberConditionType"/> 
   <xsd:element name="stringCondition" type="stringConditionType"/> 
   <xsd:element name="timeCondition" type="timeConditionType"/> 
   <xsd:element name="dateCondition" type="dateConditionType"/> 
  </xsd:choice> 
 </xsd:complexType> 
 <xsd:complexType name="numberConditionType"> 
  <xsd:sequence> 
   <xsd:element name="number" type="numberType"/> 
   <xsd:element name="numberComparison" 
type="numberComparisonType"/> 
  </xsd:sequence> 
 </xsd:complexType> 
 <xsd:complexType name="numberType"> 
  <xsd:choice> 
   <xsd:element name="floatValue" type="xsd:float"/> 
   <xsd:element name="decValue" type="xsd:decimal"/> 
   <xsd:element name="doubleValue" type="xsd:double"/> 
   <xsd:element name="integerValue" type="xsd:integer"/> 
   <xsd:element name="intValue" type="xsd:int"/> 
  </xsd:choice> 
 </xsd:complexType> 
 <xsd:simpleType name="numberComparisonType"> 
  <xsd:restriction base="xsd:string"> 
   <xsd:enumeration value="LessThan"/> 
   <xsd:enumeration value="GreaterThan"/> 
   <xsd:enumeration value="Equals"/> 
   <xsd:enumeration value="NotEquals"/> 
   <xsd:enumeration value="LessThanOrEquals"/> 
   <xsd:enumeration value="GreaterThanOrEquals"/> 
  </xsd:restriction> 
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 </xsd:simpleType> 
 <xsd:complexType name="stringConditionType"> 
  <xsd:all> 
   <xsd:element name="stringValue" type="xsd:string"/> 
   <xsd:element name="stringComparison" 
type="stringComparisonType"/> 
  </xsd:all> 
 </xsd:complexType> 
 <xsd:simpleType name="criteriaLOperatorType"> 
  <xsd:restriction base="xsd:string"> 
   <xsd:enumeration value="Or"/> 
   <xsd:enumeration value="And"/> 
  </xsd:restriction> 
 </xsd:simpleType> 
 <xsd:simpleType name="stringComparisonType"> 
  <xsd:restriction base="xsd:string"> 
   <xsd:enumeration value="LessThan"/> 
   <xsd:enumeration value="GreaterThan"/> 
   <xsd:enumeration value="LessThanOrEquals"/> 
   <xsd:enumeration value="GreaterThanOrEquals"/> 
   <xsd:enumeration value="Equals"/> 
   <xsd:enumeration value="NotEquals"/> 
   <xsd:enumeration value="Contains"/> 
   <xsd:enumeration value="BeginsWith"/> 
  </xsd:restriction> 
 </xsd:simpleType> 
 <xsd:complexType name="dateConditionType"> 
  <xsd:all> 
   <xsd:element name="dateValue" type="xsd:date"/> 
   <xsd:element name="dateComparison" 
type="dateComparisonType"/> 
  </xsd:all> 
 </xsd:complexType> 
 <xsd:simpleType name="dateComparisonType"> 
  <xsd:restriction base="xsd:string"> 
   <xsd:enumeration value="LessThan"/> 
   <xsd:enumeration value="GreaterThan"/> 
   <xsd:enumeration value="LessThanOrEquals"/> 
   <xsd:enumeration value="GreaterThanOrEquals"/> 
   <xsd:enumeration value="Equals"/> 
   <xsd:enumeration value="NotEquals"/> 
  </xsd:restriction> 
 </xsd:simpleType> 
 <xsd:complexType name="timeConditionType"> 
  <xsd:all> 
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   <xsd:element name="timeValue" type="xsd:time"/> 
   <xsd:element name="timeComparison" 
type="timeComparisonType"/> 
  </xsd:all> 
 </xsd:complexType> 
 <xsd:simpleType name="timeComparisonType"> 
  <xsd:restriction base="xsd:string"> 
   <xsd:enumeration value="LessThan"/> 
   <xsd:enumeration value="GreaterThan"/> 
   <xsd:enumeration value="LessThanOrEquals"/> 
   <xsd:enumeration value="GreaterThanOrEquals"/> 
   <xsd:enumeration value="Equals"/> 
   <xsd:enumeration value="NotEquals"/> 
  </xsd:restriction> 
 </xsd:simpleType> 
</xsd:schema> 
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Appendix B –  

B.1  System Requirement 

JXTA platform is used in implementing the framework. The current Project JXTA 

J2SE platform binding requires a platform that supports the Java Run-Time Environment 

(JRE) or Software Development Kit (SDK) 1.3.1 release or later. JRE or SDK can be 

downloaded from: http://java.sun.com/j2se/downloads/index.html. JXTA libraries and demos 

can be downloaded from: http://download.jxta.org/index.html. Eclipse has been used in this 

project as the IDE to facilitate the development process, Eclipse is an open platform and can 

be downloaded from: http://www.eclipse.org/downloads/index.php 
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B.2 XML documents of the assessment 

B.2.1 Loan Approver WSDL 

Table 19 is the WSDL document for the loan approver Web Service. 

<definitions targetNamespace="http://tempuri.org/services/loanapprover" 
             x mlns:tns="http://tempuri.org/services/loanapprover" 
             x mlns:x sd="http://w w w .w 3 .org/2 0 0 1 /X M L S chema" 
             x mlns:soap="http://schemas.x mlsoap.org/w sdl/soap/" 
             x mlns:loandef="http://tempuri.org/services/loandefinitions"    
             x mlns="http://schemas.x mlsoap.org/w sdl/">  
              
  <import namespace="http://tempuri.org/services/loandefinitions"  
          location="http://localhost:8 0 8 0 /b pw s4 j -samples/loanapproval/loandefinitions.w sdl"/>  
 
  <message name="approvalM essage">  
    <part name="accept" ty pe="x sd:string"/>  
  </message>  
 
  <portT y pe name="loanA pprovalP T ">  
    <operation name="approve">  
      <input message="loandef:creditI nformationM essage"/>  
      <output message="tns:approvalM essage"/>  
      <fault name="loanP rocessF ault" 
             message="loandef:loanR eq uestE rrorM essage"/>  
    </operation>  
  </portT y pe>        
 
  <b inding name="S O A P B inding" ty pe="tns:loanA pprovalP T ">  
    <soap:b inding sty le="rpc"  
                  transport="http://schemas.x mlsoap.org/soap/http"/>  
    <operation name="approve">  
      <soap:operation soapA ction="" sty le="rpc"/>  
      <input>  
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         <soap:body use="encoded" nam espace="ur n:l oanappr ov er " 
               encodi ng S t yl e="h t t p:/ / sch em as. x m l soap. or g / soap/ encodi ng / "/ >  
       </ i nput >  
       <out put >  
         <soap:body use="encoded" nam espace="ur n:l oanappr ov er " 
                 encodi ng S t yl e="h t t p:/ / sch em as. x m l soap. or g / soap/ encodi ng / "/ >  
       </ out put >  
      </ oper at i on>  
   </ bi ndi ng >  
 
   <ser v i ce nam e="L oanA ppr ov er ">  
     <docum ent at i on> L oan A ppr ov er  S er v i ce</ docum ent at i on>  
     <por t  nam e="S O A P P or t " bi ndi ng ="t ns:S O A P B i ndi ng ">  
       <soap:addr ess l ocat i on="h t t p:/ / l ocal h ost :8 0 8 0 / bpw s4 j -sam pl es/ ser v l et / r pcr out er "/ >  
     </ por t >  
   </ ser v i ce>  
 
</ def i ni t i ons>  

Table 24: Loan Approver WSDL document 
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B.2.2 Loan Assessor WSDL 

Table 19 is the WSDL document for the assessor Web Service. 

<definitions targetNamespace="http://tempuri.org/services/loanassessor" 
             x mlns:tns="http://tempuri.org/services/loanassessor" 
             x mlns:x sd="http://w w w .w 3 .org/2 0 0 1 /X M L S chema" 
             x mlns:soap="http://schemas.x mlsoap.org/w sdl/soap/" 
             x mlns:loandef="http://tempuri.org/services/loandefinitions"    
             x mlns="http://schemas.x mlsoap.org/w sdl/">  
 
             
  <import namespace="http://tempuri.org/services/loandefinitions"  
          location="http://localhost:8 0 8 0 /b pw s4 j -samples/loanapproval/loandefinitions.w sdl"/>  
 
  <message name="risk A ssessmentM essage">  
    <part name="risk " ty pe="x sd:string"/>  
  </message>     
 
  <portT y pe name="risk A ssessmentP T ">  
    <operation name="check ">  
      <input message="loandef:creditI nformationM essage"/>  
      <output message="tns:risk A ssessmentM essage"/>  
      <fault name="loanP rocessF ault"  
             message="loandef:loanR eq uestE rrorM essage"/>  
    </operation>  
  </portT y pe>  
 
  <b inding name="S O A P B inding" ty pe="tns:risk A ssessmentP T ">  
    <soap:b inding sty le="rpc"  
                  transport="http://schemas.x mlsoap.org/soap/http"/>  
    <operation name="check ">  
      <soap:operation soapA ction="" sty le="rpc"/>  
      <input>  
         <soap:b ody  use="encoded" namespace="urn:loanassessor" 
               encodingS ty le="http://schemas.x mlsoap.org/soap/encoding/"/>  
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       </input> 
       <o utput> 
         <s o a p: b o d y  us e = " e nc o d e d "  na m e s pa c e = " ur n: l o a na s s e s s o r "  
                 e nc o d ing S ty l e = " h ttp: //s c h e m a s . x m l s o a p. o r g /s o a p/e nc o d ing /" /> 
       </o utput> 
      </o pe r a tio n> 
   </b ind ing > 
 
   <s e r v ic e  na m e = " L o a nA s s e s s o r " > 
     <d o c um e nta tio n>L o a n A s s e s s o r  S e r v ic e </d o c um e nta tio n> 
     <po r t na m e = " S O A P P o r t"  b ind ing = " tns : S O A P B ind ing " > 
       <s o a p: a d d r e s s  l o c a tio n= " h ttp: //l o c a l h o s t: 8 0 8 0 /b pw s 4 j -s a m pl e s /s e r v l e t/r pc r o ute r " /> 
     </po r t> 
   </s e r v ic e > 
 
</d e f initio ns > 

Table 25: Loan Assessor WSDL document 

B.2.3 Loan Approval BPEL 

Table 19 is the BPEL document for the loan and assessment business scenario. 

<pr o c e s s  na m e = " l o a nA ppr o v a l P r o c e s s "   
         ta r g e tN a m e s pa c e = " h ttp: //a c m e . c o m /l o a npr o c e s s ing "  
         s uppr e s s J o inF a il ur e = " y e s "  
         x m l ns = " h ttp: //s c h e m a s . x m l s o a p. o r g /w s /2 0 0 3 /0 3 /b us ine s s -pr o c e s s /"  
         x m l ns : l ns = " h ttp: //l o a ns . o r g /w s d l /l o a n-a ppr o v a l "  
         x m l ns : l o a nd e f = " h ttp: //te m pur i. o r g /s e r v ic e s /l o a nd e f initio ns "   
         x m l ns : a s ns = " h ttp: //te m pur i. o r g /s e r v ic e s /l o a na s s e s s o r "  
         x m l ns : a pns = " h ttp: //te m pur i. o r g /s e r v ic e s /l o a na ppr o v e r " > 
 
  <v a r ia b l e s > 
    <v a r ia b l e  na m e = " r e q ue s t"   
               m e s s a g e T y pe = " l o a nd e f : c r e d itI nf o r m a tio nM e s s a g e " /> 
    <v a r ia b l e  na m e = " r is k A s s e s s m e nt"   
               m e s s a g e T y pe = " a s ns : r is k A s s e s s m e ntM e s s a g e " /> 
    <v a r ia b l e  na m e = " a ppr o v a l I nf o "   
               m e s s a g e T y pe = " a pns : a ppr o v a l M e s s a g e " /> 
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    <variable name="error"  
               mes s ag eT y p e="loand ef : loanR eq u es t E rrorM es s ag e"/ >  
  </ variables >  
 
  <p art nerL ink s >  
    <p art nerL ink  name="c u s t omer"  
             p art nerL ink T y p e="lns : loanA p p rovalL ink T y p e" 
             my R ole="ap p rover"/ >  
    <p art nerL ink  name="ap p rover"  
             p art nerL ink T y p e="lns : loanA p p rovalL ink T y p e" 
             p art nerR ole="ap p rover"/ >  
    <p art nerL ink  name="as s es s or"  
             p art nerL ink T y p e="lns : ris k A s s es s ment L ink T y p e" 
             p art nerR ole="as s es s or"/ >  
  </ p art nerL ink s >  
 
  <f au lt H and lers >  
    <c at c h  f au lt N ame="lns : loanP roc es s F au lt "  
           f au lt V ariable="error">  
      <rep ly  p art nerL ink ="c u s t omer" 
             p ort T y p e="ap ns : loanA p p rovalP T "  
             op erat ion="ap p rove" 
             variable="error"  
             f au lt N ame="invalid R eq u es t "/ >  
    </ c at c h >  
  </ f au lt H and lers >  
 
  <f low >  
    <link s >  
      <link  name="rec eive-t o-as s es s "/ >  
      <link  name="rec eive-t o-ap p roval"/ >  
      <link  name="ap p roval-t o-rep ly "/ >  
      <link  name="as s es s -t o-s et M es s ag e"/ >  
      <link  name="s et M es s ag e-t o-rep ly "/ >  
      <link  name="as s es s -t o-ap p roval"/ >  
      
    </ link s >  
 
    <rec eive name="rec eive1 " p art nerL ink ="c u s t omer"  
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             portType="apns:loanApprovalPT"  
             operati on="approve" vari ab le="req u est" 
             c reateI nstanc e="yes">  
      < sou rc e li nk N am e="rec ei ve-to-assess" 
              transi ti onC ond i ti on="b pw s:g etV ari ab leD ata( ' req u est' ,  ' am ou nt' ) & lt; 1 0 0 0 0 "/ >  
      < sou rc e li nk N am e="rec ei ve-to-approval" 
              transi ti onC ond i ti on="b pw s:g etV ari ab leD ata( ' req u est' ,  ' am ou nt' ) & g t; =1 0 0 0 0 "/ >  
    < / rec ei ve>  
 
    < i nvok e nam e="i nvok eAssessor" partnerL i nk ="assessor"  
            portType="asns:ri sk Assessm entPT"  
            operati on="c h ec k " 
            i npu tV ari ab le="req u est"   
            ou tpu tV ari ab le="ri sk Assessm ent">  
      < targ et li nk N am e="rec ei ve-to-assess"/ >  
      < sou rc e li nk N am e="assess-to-setM essag e"  
              transi ti onC ond i ti on="b pw s:g etV ari ab leD ata( ' ri sk Assessm ent' ,  ' ri sk ' ) =' low ' "/ >  
      < sou rc e li nk N am e="assess-to-approval"  
              transi ti onC ond i ti on="b pw s:g etV ari ab leD ata( ' ri sk Assessm ent' ,  ' ri sk ' ) ! =' low ' "/ >  
    < / i nvok e>  
 
    < assi g n nam e="assi g n">  
      < targ et li nk N am e="assess-to-setM essag e"/ >  
      < sou rc e li nk N am e="setM essag e-to-reply"/ >  
      < c opy>  
        < f rom  ex pressi on="' yes' "/ >  
        < to vari ab le="approvalI nf o" part="ac c ept"/ >  
      < / c opy>  
    < / assi g n>  
 
    < i nvok e nam e="i nvok eapprover"  
            partnerL i nk ="approver" portType="apns:loanApprovalPT"  
            operati on="approve"  
            i npu tV ari ab le="req u est"  
            ou tpu tV ari ab le="approvalI nf o">  
      < targ et li nk N am e="rec ei ve-to-approval"/ >  
      < targ et li nk N am e="assess-to-approval"/ >  
      < sou rc e li nk N am e="approval-to-reply" / >  
    < / i nvok e>  
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    < r e p l y  n a m e = " r e p l y "  p a r t n e r L i n k = " c u s t o m e r "  p o r t T y p e = " a p n s : l o a n A p p r o v a l P T "   
           o p e r a t i o n = " a p p r o v e "  v a r i a b l e = " a p p r o v a l I n f o " >  
      < t a r g e t  l i n k N a m e = " s e t M e s s a g e -t o -r e p l y " / >  
      < t a r g e t  l i n k N a m e = " a p p r o v a l -t o -r e p l y " / >  
    < / r e p l y >  
  < / f l o w >  
< / p r o c e s s >  

Table 26: BPEL document 
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B.2.4 Web Service Composite Search Example 

Table 27 provides a complete example of a Web Service composite search request: 

<?xml version="1.0" encoding="UTF-8 "?> 
<! --S a mp le X M L  f ile genera t ed b y  X M L S P Y  v2 004  rel. 4  U ( h t t p : / / w w w .xmlsp y .com) --> 
<w eb S erviceC omp osit eS ea rch  xmlns: xsi="h t t p : / / w w w .w 3 .org/ 2 001/ X M L S ch ema -inst a nce" 
xsi: noN a mesp a ceS ch ema L oca t ion="C : \t h esis\S erviceS ea rch .xsd"> 
 <w eb S erviceS ea rch > 
  <f u nct iona lC rit eria > 
   <serviceN a me>loan service</ serviceN a me> 
  </ f u nct iona lC rit eria > 
  <q osC rit eria L ist > 
   <q osC rit eria > 
    <q osN a me>d elivery </ q osN a me> 
    <q osC ondit ion> 
     <st ringC ondit ion> 
      <st ringV a lu e>h t t p </ st ringV a lu e> 
      <st ringC omp a rison> E q u als</ st ringC omp a rison> 
     </ st ringC ondit ion> 
    </ q osC ondit ion> 
    <crit eria L O p era t or> A nd </ crit eria L O p era t or> 
   </ q osC rit eria > 
   <q osC rit eria > 
    <q osN a me>serviceC h arg e</ q osN a me> 
    <q osC ondit ion> 
     <nu mb erC ondit ion> 
      <nu mb er> 
       <int egerV a lu e>5 0 </ int egerV a lu e> 
      </ nu mb er>     
        <nu mb erC omp a rison>L essT h an</ nu mb erC omp a rison> 
     </ nu mb erC ondit ion> 
    </ q osC ondit ion> 
    <crit eria L O p era t or> A nd </ crit eria L O p era t or> 
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   < / q o s C r i t e r i a >  
  < / q o s C r i t e r i a L i s t >  
 < / w e b S e r v i c e S e a r c h >  
 < w e b S e r v i c e S e a r c h >  
  < f u n c t i o n a l C r i t e r i a >  
   < s e r v i c e N a m e > loan as s e s s m e nt < / s e r v i c e N a m e >  
  < / f u n c t i o n a l C r i t e r i a >  
  < q o s C r i t e r i a L i s t >  
   < q o s C r i t e r i a >  
    < q o s N a m e > s e c u r i t y < / q o s N a m e >  
    < q o s C o n d i t i o n >  
     < s t r i n g C o n d i t i o n >  
      < s t r i n g V a l u e > e nc r y p t e d < / s t r i n g V a l u e >  
      < s t r i n g C o m p a r i s o n > E q u als < / s t r i n g C o m p a r i s o n >  
     < / s t r i n g C o n d i t i o n >  
    < / q o s C o n d i t i o n >  
    < c r i t e r i a L O p e r a t o r > A nd < / c r i t e r i a L O p e r a t o r >  
   < / q o s C r i t e r i a >  
   < q o s C r i t e r i a >  
    < q o s N a m e > A d m i nF e e < / q o s N a m e >  
    < q o s C o n d i t i o n >  
     < n u m b e r C o n d i t i o n >  
      < n u m b e r >  
       < i n t e g e r V a l u e > 2 0 0 < / i n t e g e r V a l u e >  
      < / n u m b e r >  
     < n u m b e r C o m p a r i s o n > L e s s T h an < / n u m b e r C o m p a r i s o n >  
     < / n u m b e r C o n d i t i o n >  
    < / q o s C o n d i t i o n >  
   < / q o s C r i t e r i a >  
  < / q o s C r i t e r i a L i s t >  
 < / w e b S e r v i c e S e a r c h >  
< / w e b S e r v i c e C o m p o s i t e S e a r c h >  

Table 27: An example of WSCS 
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