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ABSTRACT  
As Mick Jagger said “You can’t always get what you want but if 
you try sometimes you might find you get what you need.” This is 
an attitude that seems to prevail in the provision of web services. 
The provision of quality of service is seen as a compromise 
between the customer requirements and the ability of the service 
providers and the underlying network. However many of the 
quality of service requirements of the customers are being 
ignored. This work outlines the importance of the customer 
requirements and provides a brief description of a proposed 
method of applying QoS requirements to Composite Web 
Services. 

1. INTRODUCTION 
Quality of service is a term that has been adapted to refer to the 
measure of the performance of a system in the provision of a 
given service. Often the measure of performance is represented in 
figures such as throughput, response time, up-time. These 
measurements are particularly useful in analyzing the functional 
aspects of any given system. However, in this work we contend 
that an equal emphasis should be placed on the non-functional 
aspects of quality required by the service requestor. 

For example, the commonly held acceptable response time for 
web requests is given at one second. However, this figure has 
been evaluated based on the downloading of pages of information. 
The rapid evolution of the internet from an information 
disseminator to that of a service provider requires the revision of 
this figure. The use of the internet for purchasing products or 
services frequently requires the use of credit card information for 
payment of such items. This has been shown to make the client to 
become less patient in waiting for response. This may be due to 
the wariness of clients to submit financial information across the 
internet. A study in 2001 [1] showed that more than eighty 
percent of online customers are afraid of credit card fraud. Thus, 
while security may be included as part of a clients quality of 
service requirements, it may be found that the less experienced 
client will place a very high weighting on such a requirement. 

People do not trust computers to make decisions on their behalf.. 
Artificial intelligence is an obvious solution to this problem, but 
the level of complexity involved in even the simplest scenario 
results in significant processing overhead. One of the major goals 
is in the application of QoS is in lessening of the overall time 
taken to process the request. Wohlstadter, et al. in their work [2] 
propose a decision making system with a layered feature 
composition loosely based on the WS-Policy standard and yet it is 
already out of date with current standards and technologies. 
Developing a future proof system is not an easy task. 

2. QOS DEFINED. 
There are many definitions of quality of service available. Taking 
a typical example, IBM have defined quality of service for web 
services as including the following items [3]: 

·  Availability. The service is in a ready state. 
·  Accessibility. The ability to service a request. 
·  Integrity. The entire transaction may be completed or rolled 

back. 
·  Performance. Generally measured in throughput and latency. 
·  Reliability. The ability to maintain the service and its related 

quality. 
·  Regulatory. Refers to the compliance with standards. 
·  Security. The level of security varies greatly with the 

application type. 
Each of the elements in the IBM definition caters for a quality 
service. Nevertheless, it can be seen from this example that while 
the functional requirements of a customer are catered for, the non-
functional requirements are not considered. The non-functional 
requirements may be as simple as the addition of importance 
weightings to the above listed requirements or they may be 
domain specific requirements. 

User perception plays a significant role in the choice of service. 
Consider an everyday example. Given the choice between 
purchasing at a large supermarket and a local shop, many 
customers will chose the local shop as it is nearby, or due to the 
rapport built up with the local shop over time. The selection of a 
web service must allow for such factors. Consider now a web 
service example. When shopping for books online you discover 
that FastBooks can deliver required purchases faster than 
Amazon. However, the customer will choose Amazon as they 
‘know’ the company and ‘trust’ their credit card information with 
Amazon. 

We propose that the selection of service providers include the 
ability of the clients to append additional information regarding 
the required quality of service and the level of adherence 
(hardness) of these criteria. 

3. CURRENT STANDARDS 
Due to speed of evolution of web services, standards surrounding 
them are also evolving at high speed. Put simply, there is no 
single standard concerning the provision of quality of service in 
web services. Rather, there is a stack of protocols concerning 
various aspects of quality requirements. For example: 

·  SOAP, WSDL, UDDI and in a more encompassing way 
WS-I are all  concerned with ensuring interoperability. 



·  WS-CDL for choreography of WS’s. 
·  BPEL4WS, WS-Management and WS-Reliability. 
·  JAXTX and WS-CAF for transaction management 
·  XML encryption, P3P are concerned with security in web 

services. 
More information on these standards may be found in [4&5]. 
These serve as an example of the very large repository of 
standards surrounding quality of service. While each standard 
covers different aspects or cover aspects from a different angle, 
there is a clear need for conformity in standards. The current de-
facto standards for web services are also numerous but due to the 
level of acceptance, provide a degree of conformity between 
WS’s. A popular architecture for the support of web services is 
now briefly outlined. 

4. SOA 
Due to the requirement of speed in service provision there is a 
need to automate the intricate operations of quality of service 
provision. The use of artificial intelligence, agents and well 
structured standards and architectures are working towards this 
goal. Starting at the architecture as a baseline for such operations 
SOA is briefly outlined. SOA is the service oriented architecture. 
While SOA is not strictly a standard, but is in fact an architecture, 
its importance to web services and their management is 
undeniable. In a study by the Aberdeen Group [6] 90% of survey 
respondents have either already employed SOA or will have 
begun planning, design or programming of SOA by the end of 
2006. This provides an indicator of its popularity with 61% of all 
respondents employing/about to employ SOA for the support of 
Web Services. 

Mark Hapner [7] describes SOA as having five core functions, 
namely: 

1. Service Composition. 
2. Service Control. 
3. Runtime infrastructure. 
4. Service Delivery. 
5. Service Access. 

Each of these aspects is important to this project. In order to 
provide an enhanced QoS to clients it is proposed that this system 
disassemble CWS into their constituent elements for processing. 
Each element of the CWS is then assessed for the ability to 
process within all given requirements. Functional requirements 
are considered in conjunction with non-functional requirements in 
this systems decision during the matching client’s requests to 
service providers services. The proposed system is designed to run 
across the SOA architecture. 

5. WORKFLOW MANGAGEMENT 
The management of work flows for web services is another long 
held method of ensuring quality of services. However workflow 
systems often fail to take into account the unpredictable and 
dynamic nature of web services particularly due to run-time 
environmental factors.  While Cardoso et al. in their work [8] 
provide a good predictive QoS model which they contend is 
suitable for WS’s, it is clearly that the constantly changing 
environment over which the WS run would prove unsuitable for 
this method.  WSFL, BPEL4WS and ebXML have proven the 

most popular workflow standards. However it is worth noting that 
these some standards are not interoperable, such as WSDL and 
ebXML [9]. Nevertheless, workflow forms an important element 
of the management of Web Services and the relevant current 
standards will be applied as much as is feasible to the final 
developed system. Managing the workflow, notwithstanding all 
the current standards, is becoming increasingly complex due to 
the dynamic and rapidly changing environment over which the 
services are run. One possible aid to the development of such 
applications is generative programming. 

6. GENERATIVE PROGRAMMING IN WS 
The use of generative programming for the development of 
components is undoubtedly a valuable tool in automating code 
and reducing the time spent developing standard systems. Tools 
for generative programming allow the programmer a level of 
abstraction taking care of issues such as [10]: 

·  Data dependencies, 
·  Component sequencing, 
·  Component communications, etc. 

The enhancement of distributed applications through the addition 
of aspects combined with generative programming has been 
discussed in [11]. The use of generative programming has also 
been discussed in [12] as a mechanism to develop 
communications between modules as a method of resolving flash 
crowds within web service applications. Further, in [13] it is 
proposed that generative programming be applied to apply new 
behaviours to Business Process Execution Language (BPEL) 
based web services applications. Thus it is clear that generative 
programming has much to offer distributed web service 
applications. Indeed, this work may be further enhanced through 
the development of a generative programming application to adapt 
the proposed system to take into account updates in the standards 
governing web services. That is, the web service application may 
continuously carry out introspection to test its efficiency with 
generatively programmed modules generated to update the system 
to perform more efficiently under the latest knowledge gained. . 

7. QUALITY REAPPLIED 
The previous sections concerned our understanding of QoS, the 
current standards/technologies for supporting QoS, research into 
the use of generative programming within web services and how 
these may be applied to ensure the development of standardized 
components for web services. It is our opinion that each of these 
standards while developed for a specific purpose, lack the 
flexibility to implement clients requirements in anything other 
than a pedantic manner. We propose to intensify the importance 
of individual clients needs through the development of a new 
method of selection of web services based on client criteria. 

Consider the example in Figure 1. The client makes a web service 
request to a mediator. The mediator checks the requests for its 
functional requirements. From this test it finds that two service 
providers can service the request. The mediator then checks the 
non functional user requirements. This may reveal that the client 
requires previous transaction history with a service provider (SP) 
thereby eliminating SP1 as they are ‘unknown’ to the client. It 
may be found that both SP’s can service the functional and non 
functional requirements in which case the current rating of the 



service provider along with the environment history may be 
applied. For example, it may be found that the network 
connection to SP2 has proved unreliable in the past two hours in 
which case SP1 may be favoured. 

Figure 1 Mediator Decision Making. 

 

You will have noted that we applied the test for functional 
requirements prior to the non-functional requirements. This has 
been applied to ensure that a minimal functional requirement is 
held before narrowing down with the non-functional 
requirements. That is, the customer is often unaware functional 
requirements unless there has been a disruption in the system. If 
the functional requirements cannot be supported it is deemed 
unlikely that the non-functional requirements will be supported. 
This should hold true for a significantly large portion of the 
clients thus reducing the time spent matching requests. 

In order to apply the customer requirements we must first define 
the requirements in a form that can be searched for and compared 
against when determining a match. To do this we must measure 
the performance of service providers and the network over which 
they run. This is carried out from a number of aspects to ensure a 
fair reflection of the service provider’s ability. First, a service 
provider will indicate on registration the expected time taken to 
service a request. In addition a monitoring tool will be applied to 
monitor the servicing of requests from the initial request to the 
final receipt of service. A rating mechanism will also be applied 
based on previous valid customer ratings. The customers will be 
validated to ensure that service providers cannot bias the system. 

7.1 Measuring Performance 
The monitoring tool will be required to measure the performance 
of the service provider in servicing a request. Work has been 
carried out on the measurement of the performance of the Internet. 
Most notably work has concentrated on the performance of the 
Internet as a means of data dissemination through web pages.  
IBM have indicated a number of ways to improve web service 
quality in [14], however the speed at which the technology is 
evolving means that even these basic steps need to be revised. 
Recent work on characterizing end-to-end performance of the 
internet [15] has proposed a methodology that they contend will 

aid the provision of QoS to clients over oscillating network 
quality. This approach may prove beneficial to our proposed 
system. 

7.2 Rating 
Many web service systems currently available across the internet 
offer a mechanism for rating of service providers. This rating can 
then be utilized as an additional criteria in the selection of web 
services. This should enhance the quality of service achieved by 
the service requestor. These systems are currently employed by 
Amazon, for example in its provision of second-hand book sales, 
and in E-Bay through sales of an extensive range of products. A 
system of recommendation of service providers has been put 
forward in [16] where service agents recommend service 
providers to other agents. In this system the service agent has a 
rating which is utilized to evaluate the service provider. Again this 
system relies on the evaluator providing an accurate evaluation of 
the system. This is a subjective procedure and may not necessarily 
reflect the true situation.  Nevertheless, over time a more accurate 
representation will be found. Thus, in the early stages where for 
example less than fifty users have given ratings, a poor rating by 
two or more users may skew the overall value. It is expected 
nonetheless that the number of users of web services will be large 
thereby quickly negating this anomalous effect. 

7.3 QoS Requirements Definition 
In order for the matching of client requests and service providers 
service abilities a method of assertion of QoS aspects is necessary. 
The proposed mechanisms include a level of stringency in the 
application of client criteria, and the definition of a service 
agreement. The service agreement is a contract agreed by the 
client and service provider prior to commencement of service 
provision. Support for the negotiations of the contract is provided 
by the client including support for transparency in the 
advancement of CWSs through separation into its constituent 
elements. The definition of QoS requirements is in the form of a 
tuple: (V, Vas,Vtp, Vval, Vw). 

V = variable name  
V tp,  =  variable association 
V tp,  =  variable types 
Vval,  =  variable types 
Vw . =  variable weighting 

It is necessary to ensure that variables named in the client request 
match variables named in the service provider’s web service 
description, thus annotations to describe the association of the 
variable are included in the definition. The importance of such 
annotations is reinforced by the recent development of SAWSDL 
[17]. 

7.4 Service Level Agreement 
The agreement between a service provider regarding its ability to 
service a request at the desired QoS level and the client is 
formalized in a service level agreement (SLA). The contract 
encompasses many aspects of the QoS requirements including the 
lifetime of the contract, penalties for non-adherence and the 
defined QoS requirements. In composite web services, an SLA is 
defined for each element of the CWS, with another overriding 
SLA encompassing the CWS in its entirety. In this system it is 



also proposed to divide CWSs into their constituent elements for 
processing. Thus the intermediary, mediator, may send individual 
elements of the CWS request to a number of service providers to 
acquire a faster / more efficient service provision. The Service 
Level Description (SLD) described in [18] is suitable for use in 
this system. The SLA Server template includes information such 
as:  

·  Service name, 
·  Service description 
·  Server name 
·  Cost 
·  Service time 
·  Average delivery delay 
·  Security features 
·  Optional additional specifications. 

The customer template is similar to that of the server template. 
Each of the client’s criteria contain additional parameters 
indicating if the requirement is a hard or soft criterion, and to 
what extent the allowable deviation for each service a SLA must 
be created. Likewise for each customer request an SLA is created. 
The Vw parameter can be utilized to define the hardness of the 
criterion specified. The Vw parameter may be restricted to a range 
such as a scale of one to ten. 

An alternative approach outlined in [19] describes the application 
of the Open Service Gateway Initiative (OSGI) to the 
development of Web Services. However, this standard has not 
been industry accepted and to date seems to remain the concern of 
academia. Originally OSGI was developed to apply QoS 
mechanisms to bandwidth intensive applications and its general 
applicability to WS’s is interesting, however this again concerns 
itself with more functional aspects of QoS provision. 

7.4.1 Monitoring Agent 
As previously mentioned it is envisioned that a separate 
monitoring agent to assess the service providers ability to meet the 
SLA. This agent would collect information from the service 
provider, the network and possibly the client in the form of a 
satisfaction rating. This agent could be queried by other agents if 
required and would store the required information in an XML-like 
form in order to conform to the SLAs.  

7.4.2 WSLA 
The Web Service Level Agreement (WSLA) language 
specification [20] offers a mechanism to create a messaging 
procedure for this system. The WSLA consists of a description of 
the participants in the transaction, parameters describing the 
agreement and the requirements of both parties. The language 
covers the runtime management of the system, the creation of the 
agreement, etc. The language assumes the application between an 
individual service provider, possibly an agent and a client. 
However, it is clear that the WSLA could be applied with little 
modification to a multiple service provider system. Likewise, it is 
also clear that minor modifications would enable a system where 
service requests may be segregated for service.  

8. SIMULATIONS 
A number of simulations were carried out to test the feasibility of 
the system. The simulations varied in duration, system load and 

network properties.  The simulations carried out concentrated on 
the division of the requests into its constituent elements and the 
impact of such over the system. 

 

Figure 2 Entity Count by State - Time Weighted. 

In the simulations carried out two identical composite service 
requests were created. The HolidayInOne request was processed 
as a single unit. The Holiday request was divided into its 
constituent elements for processing. From this most basic of 
graph, Figure 2, it can be seen that more of the ‘Holiday’ requests 
are processed than the non-separated ‘HolidayInOne’ requests. 
Due to space constraints further discussion of the simulations will 
be reserved for later work. 

9. DISCUSSION 
It is interesting to note that entering the quoted terms “customer 
requirements in web services” and “web service customer 
requirements” yields no results. Surely this shows that not enough 
weighting is applied to the importance of this topic.  Work carried 
out to date on the enhancement of quality of service stems from 
academia and has not yet truly been taken aboard by software 
companies. Further, QoS considerations of companies have 
centered on the ability to service more customers. 

The system proposed will enhance the quality of service received 
and perceived by the client. A basic outline of the proposed 
system is presented in [21 & 22]. This work outlines the current 
offerings with respect to quality of service provision. Work as to 
the potential gains afford through the use of generative 
programming in the adaptation of the system to dramatic network 
changes has yet to be carried out. The work also provides an 
overview of the need to consider non-functional aspects of QoS 
along with functional requirements in the matching of client’s 
requests to available services. In particular this work has provided 
an outline of some of the methods being applied to the system to 
ensure QoS is correctly adhered to. The definition of the QoS 
requirements is considered paramount to the system. Further the 
additional of the level of hardness of the requirements adds a 
unique aspect to this work. Further work on the provision of QoS 
in CWS is ongoing, perhaps in the near future we will get more 
than just what we need. 
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