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INTRODUCTION

Web services are Internet-based application compo-
nents published using standard interface description 
languages and universally available via uniform 
communication protocols (Singh & Huhns, 2005). 
Web services can be also considered the provision 
of services over electronic networks such as the 
Internet and wireless networks (Rust & Kannan, 
2003). Web services is a new computing paradigm 
that has drawn increasing attention in information 
technology (Deitel, et al, 2004, p.13), information 
systems, and is playing a pivotal role in service 
computing and service intelligence (Singh & Huhns, 
2005). Web services is a new business paradigm 
that is playing an important role in e-business, e-

commerce and business intelligence (Wang, et al, 
2006). The key motive for the rapid development of 
web services is the ability to discover services that 
fulfil users’ demands, negotiate service contracts 
and have the services delivered where and when 
the users request them (Tang, et al, 2007). The cur-
rent research trend is to add intelligent techniques 
to web services to facilitate discovery, invocation, 
composition, and recommendation of web services 
(Wang, et al, 2006).

Case-based reasoning (CBR) is an artificial 
intelligence technique that solves problems by rea-
soning from a case base of previously solved cases, 
either by finding an exact solution to a previously 
solved problem or by adapting one or more past 
solutions (Kolodner, 1994). The most similar set of 
cases to the current problem will be extracted from 
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the case base (Sun & Finnie, 2004). CBR as an 
intelligent technique has found many successful 
applications in e-business (Sun & Finnie, 2004) 
and web services (Lu, et al, 2007), especially in 
service retrieval, discovery, brokering, composi-
tion and recommendation of web services (Yao, 
2006). For example, Ladner et al (2008) use a 
case-based classifier for web services discovery. 
However, what is the relationship between CBR 
and web services? How can CBR be applied to 
the main activities of a web service lifecycle? 
These problems still remain open. This article 
will address the above mentioned problems by 
proposing a unified CBR approach for the main 
activities of the web service lifecycle. To this end, 
the remainder of this article is organized as fol-
lows: It first looks at web service lifecycle from a 
requester’s demand perspective. Then it proposes 
CWSR: a case-based web service reasoner. It ex-
amines the correspondence relationship between 
web services and CBR and provides a unified 
treatment for case-based web service discovery, 
composition and recommendation. It also looks at 
some future research directions. The final section 
ends the article with some concluding remarks 
and future work.

WEB SERVICE LIFECyCLE: A 
WEB SERVICE REQUESTER’S 
PERSPECTIVE

From the perspective of computer science (Press-
man, 2001), the software development lifecycle 
(SDLC) describes the life of a software product 
from its conception, to its implementation, de-
livery, use, and maintenance (Pfleeger & Atlee, 
2006). A traditional SDLC mainly consists of seven 
stages: planning, requirements analysis, systems 
design, coding, testing, delivery and maintenance. 
Based on this, a web service lifecycle (WSLC) 
consists of the start of a web service (WS) request 

(He, et al, 2004) and the end of the WS transaction 
as well as its evolutionary stages that transform 
a web service from the start of the request to the 
end of the transaction.

There have been many attempts to address 
the WSLC in the web service community. For 
example, Sheth (2003) proposes a semantic web 
process lifecycle that consists of web description, 
discovery, composition and execution or orchestra-
tion. Zhang and Jeckle (2003) propose a WSLC 
that consists of WS modelling, development, 
publishing, discovery, composition, collabora-
tion, monitoring and analytical control from a 
perspective of developers. Kwon (2003) proposes 
a WSLC consisting of four fundamental steps: 
WS identification, creation, use and maintenance. 
Narendra and Orriens (2006) consider the WSLC 
consisting of WS composition, execution, mid-
stream adaptation, and re-execution. Tsalgatidou 
and Pilioura (2002) propose a WSLC consisting 
of two different layers: a basic layer and a value-
added layer. The former contains WS creation, 
description, publishing, discovery, invocation and 
unpublishing. The latter contains the value-added 
activities of composition, security, brokering, reli-
ability, billing, monitoring, transaction handling 
and contracting. They acknowledge that some of 
these activities take place at the WS requester’s 
site, whereas others take place at the WS broker’s 
or provider’s site. However, they have not clas-
sified the proposed activities based on the WS 
requester, provider, and broker in detail.

Demand is an important factor for market and 
economy development (Jackson & McIver, 2004). 
The demand of WS requesters or customers is the 
significant force for promoting the research and 
development of web services. In what follows, 
we will examine a WSLC from a WS requester’s 
demand perspective.

As a WS requester, he (for brevity, we use he to 
represent she or he) usually searches, matches web 
services to meet his demands. For example, if he 
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pays the car registration fee to VicRoad, Australia, 
he uses Google to search and match “VicRoad” 
and its web services for car registration. After he 
discovers a web service that meets his demands, he 
can pay his registration fee online. Based on this 
consideration, we can see that WS search, match-
ing and discovery (Ladner, 2008; Tang, 2007) are 
the common demands of ordinary customers for 
web services. However, if the service requester 
cannot discover a satisfactory web service by 
himself, he has to ask an intermediary or agent for 
help with providing consultation, mediation and 
recommendation of WS to her/him. If the agent 
recommends some web services to the requester 
after consultation and mediation, the requester 
accepts one of the recommended WS after evalu-
ation, the WS consultation, mediation (Ladner, 
2008) and recommendation are completed. Oth-
erwise, the requester asks the agent to compose 
the web services to meet his demands. In this 
case, the agent will negotiate with the requester 
over the price for composing web services, be-
cause he needs WS adaptation. After a successful 
negotiation, the agent recommends the composite 
WS to the requester. If the requester accepts the 
recommended composite WS, then WS composi-

tion, adaptation, mediation and recommendation 
are successful. In practice, the requester also 
demands personalization, contracting and billing 
for commercial WS. Therefore, we can illustrate 
a demand-driven WSLC for WS requesters using 
Figure 1. This WSLC consists of many activities 
of web services such as WS search, matching, 
discovery, adaptation, use/reuse, consultation, 
personalization, composition, recommendation, 
negotiation, contracting and billing. All of these 
have drawn some attention in web services (Singh 
& Huhns, 2005). In what follows, we only review 
web service discovery, composition and recom-
mendation in some detail.

Web service (WS) discovery is a process of 
finding the most appropriate web service for a 
WS requester (Singh & Huhns, 2005). It identi-
fies a new web service and detects an update to 
a previously discovered web service (Ladner, 
2008). There have been a variety of techniques 
developed for WS discovery. For example, OWL-
S (of W3C) provides classes that describe what 
the service does, how to ask for the service, what 
happens when the service is carried out, and how 
the service can be accessed (Ladner, 2008).

Web service (WS) composition primarily 

Figure 1. A requester’s demand-driven web service lifecycle
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concerns requests of WS users that cannot be satis-
fied by any available web services (Narendra & 
Orriens, 2006). WS composition also refers to the 
process of creating personalized services from ex-
isting services by a process of dynamic discovery, 
integration and execution of those services in order 
to satisfy user requirements (Limthanmaphon & 
Zhang, 2003). WS composition is an important 
topic for service computing, because composing 
web services to meet the requirement of the WS 
requester is one of the most important issues for 
WS providers and brokers.

Web service (WS) recommendation aims to 
help WS requesters with selecting web services 
more suitable to their needs (Lorenzi & Ricci, 
2005). WS recommendation can be improved 
through optimization, analysis, forecasting, 
reasoning and simulation (Kwon, 2003). Recom-
mender systems have been studied and developed 
in e-commerce, e-business and multiagent systems 
(Lorenzi & Ricci, 2005; Sun & Finnie, 2005). Sun 
and Lau (2007) examine case based web service 
recommendation. However, how to integrate WS 
discovery, composition, and recommendation in 
a unified way is still a big issue for web services. 
This article will address this issue in later section 
in more detail.

CWSR: A CASE BASED WEB 
SERVICES REASONER

Case-based reasoning (CBR) is a reasoning para-
digm based on previous experiences or cases; that 
is, a CBR system solves new problems by adapting 
solutions that were used to successfully solve old 
problems (Ladner, 2008; Sun & Finnie, 2005). 
Ladner et al (2008) use case-based classification 
for WS discovery by applying CBR to supervised 
classification tasks. Kwon (2003) examines how to 
find the most similar WS case among cases using 
CBR. Limthanmaphon and Zhang (2003) exam-
ine composition of web services using CBR and 
present a model of web service composition. CBR 

has been successful in making recommendation 
of business activities such as in e-commerce to 
recommend different e-services with high quality 
of service (QoS) (Sun & Finnie, 2005; Wang & 
Zhang, 2007). However, how to discover, compose 
and recommend web services in a unified way 
remains open for CBR research. To address this 
issue, we first propose a case based web services 
reasoner: CWSR. The system architecture of the 
CWSR mainly consists of an interface agent, 
a global web service base (GWB), a WS base 
manager and a CBR inference engine (CBRIE), 
as shown in Figure 2. The interface agent consists 
of some kinds of natural language processing 
systems that allow the user to interact with the 
web service strategies (Sun & Lau, 2007). The 
GWB consists of all the WS cases that the system 
collects periodically and new web service cases 
discovered when the system is running. The WS 
base manager is responsible for WS case retrieval, 
reuse, revise and retention. The CBRIE consists 
of the mechanism for manipulating the WS cases 
in GWB to infer web service X based on CBR 
(where X denotes discovery, composition, recom-
mendation, etc) requested by the user. In order to 
implement the system architecture of the CWSR, 
we discuss why CBR can be applied in web ser-
vices in the next section.

Web Services vs Case 
Based Reasoning

This section provides a correspondence relation-
ship between the main activities of CBR and those 
of web services.

A case in CBR can be denoted as c = (p, q), 
where p is the structured problem description and 
q is the solution description (Sun & Finnie, 2005). 
In web services, a service case base stores the col-
lection of service cases (Limthanmaphon & Zhang, 
2003). A service case, w = (d, s), consists of the 
service description d and its service solution s as 
well as other information including functionally 
dependency among web services (Kwon, 2003). 
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The service description corresponds to the require-
ment of the service user, while the service solution 
corresponds to the answer to the requirement. In 
this way, a WS case in web services corresponds 
to a case in CBR.

When service definitions change or new pro-
viders and services are registered within the web 
services platform such as CWSR, the services 
need to be adaptive to the change in the environ-
ment with minimal user intervention, in order to 
manage and even take advantage of the frequent 
changes in the service environment (Dustdar & 
Schreiner, 2005). In other words, WS adapta-
tion is necessary for web services. In fact, case 
retrieval, reuse, revise (adaptation) and retention 
constitute the basic activities of CBR (Sun & 
Finnie, 2005). WS retrieval (search), reuse, ad-
aptation, and retention in web services can then 
correspond to the activities of CBR. Therefore, 
CBR can be used for processing WS retrieval, 
reuse, adaptation, and retention. This implies that 
CBR is naturally applicable to web services. This 
is why CBR has been successfully applied to WS 
discovery, search and matching (Ladner, 2008). It 
is significant to apply CBR to the activities of web 
services such as service discovery, composition 
and recommendation, which will be examined in 
the next section.

A UNIFIED TREATMENT OF 
CASE BASED WEB SERVICES

This section provides a unified treatment for case 
based web services in a context of the CWSR, 
based on the previously mentioned requester’s 
demand-driven WSLC.

The WS user’s demand is normalized into a 
structured service description p’. Then the CWSR 
uses its similarity metric mechanism to retrieve 
from its GWB, which consists of service cases, 
each of them is denoted as c=(p,q), where p is the 
structured service description and q is the service 
solution description. The inference engine of the 
CWSR performs similarity-based reasoning that 
can be formalized as (Finnie & Sun, 2004):

P P P P Q Q Q
Q

', ' , , '
'

» ® »
\

 (1)

where P, P’, Q, and Q’ represent fuzzy compound 
propositions, P’≈P means that P and P’ are similar. 
Q and Q’ are also similar.

The service case retrieval process from WS 
search and matching is used to discover the fol-
lowing service cases from the GWB in the CWSR 
(Finnie & Sun, 2005):

Figure 2. A general architecture of the CWSR
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C(p’)={c|c=(p,q),p≈p’}={c1,c2,…,cn}  (2)

This is the result of case based web service 
discovery, where n is a positive integer,ci, i = 1, 
2, …, n are all service cases with their demand 
description p similar to the current demand de-
scription p’. Usually, C(p’)={c1,c2,…,cn}satisfies 
the following property: for any integer i, 1≤i<n 
and ci=(pi,qi),

s(pi,p’)≥s(pi+1,p’)  (3)

where s(.) is a similarity metric, which measures 
the similarity between one service demand and 
another.

If n is small, the CWSR will directly recom-
mend the WS solutions of {c1,c2,…,cn}, {q1,q2,…
,qm}, to the WS requester through the interface 
agent. If n is very large, the CWSR will recommend 
the WS solutions of the first m cases of {c1,c2,…
,cn}; that is, {q1,q2,…,qm}, to the requester, where 
1≤m<n. This process is case-based web service 
recommendation (Sun & Lau, 2007).

After obtaining the recommended web services 
from the CWSR, the WS requester will evaluate 
them and select one of the following:

1.  Accept one of the recommended web ser-
vices, qk, and contract it, where 1≤k≤m.

2.  Adjust his demand descriptions p’ and then 
send them to the CWSR.

3.  Reject the recommended e-services and leave 
the CWSR.

It is obvious that only the first two of these 
three choices require further discussion. For the 
first choice, the deal was successfully done and 
the CWSR routinely updates the service case 
ck=(pk,qk) in the GWB. At the same time, the 
CWSR has reused the service case successfully; 
that is, CWSR completes the process of case-based 

web service use and reuse. For the second choice, 
the demand adjustment is the process of demand 
adaptation that corresponds to problem adaptation 
(Sun & Finnie, 2005). After having adjusted the 
demand, the requester submits it to the CWSR, 
which will conduct WS retrieval, recommendation 
and reuse again. This process is case-based web 
service adaptation.

If the WS adaptation is unsuccessful, the 
CWSR has to conduct case based web service 
composition. Assume that the WS requester’s 
demand is normalized into a structured service 
description and service solution description 
c=(p’,q’), and the CWSR has discovered m web 
services {c1,c2,…,cm} (where m is the least posi-
tive number) such that

p’⊆p1∪p2∪…∪pm and q’⊆q1∪q2∪…∪qm (4)

where ∪ is the union operation of the set theory. 
This is a necessary condition for case based web 
service composition. Based on (4), the composite 
web service case c=(p,q) is obtained through case 
based web service composition of the CWSR:

p=p1⊕p2⊕…⊕pm and q=q1⊗q2⊗…⊗qm (5)

where ⊕ and ⊗ are composition operations 
for web services. For example, when they are 
replaced by the ordinary (or fuzzy) union opera-
tion of set theory, the composite web service is 
the same as that discussed in DIANE (Küster, 
2007) or similar to the composite web service 
in (Kwon, 2003). When they are replaced by the 
“independence” operation taking into account 
interdependent relationships among the services, 
the composite service is similar to that discussed 
in (Limthanmaphon & Zhang, 2003). However, it 
is still a big issue for case based WS composition 
to use a more sophisticated composition opera-
tion to obtain a composite service case, although 
service composition can be either performed by 
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composing elementary or composite services 
(Dustdar & Schreiner, 2005).

After obtaining a composite service case, the 
CWSR will recommend it to the WS requester 
for acceptance. This goes to the early mentioned 
process for acceptance, adaptation or rejection.

So far, we have discussed case-based WS re-
trieval, discovery, adaptation, reuse, composition 
and recommendation in a unified way.

FUTURE RESEARCH DIRECTIONS

Applying intelligent techniques to web services 
is significant for the research and development 
of business intelligence, web services and ser-
vice computing. We have argued that CBR as an 
intelligent technology can be applied to many 
activities of web services. There are at least four 
future research directions towards the engineering 
and management of case based web services. The 
first future research direction is how to engineer 
the web service cases and automate the process 
stages of the requester’s demand-driven web 
service lifecycle based on the existing technolo-
gies of data engineering and case engineering. 
The second future research direction is how to 
manage huge, heterogeneous web service cases. 
One intelligent technology cannot be used to 
automate all activities of web services. Then, 
the third research direction is how to use hybrid 
intelligent techniques to provide an integrated 
solution to web services. The last research direc-
tion is how to develop a web based CBR system 
using the proposed architecture CWSR to improve 
the following: user satisfaction, finding more web 
services, better web services, faster web services, 
and/or more revenue for organizations that would 
offer it, or less abandoned transactions, etc. To 
this end, a case c should consist of a problem p, 
its solution s, and its outcome o: c = (p, s, o). o 
can be considered as a metric that measures the 

quality of solution to solve the problem (Bridge, 
2005).

CONCLUSION

The article looked at web service lifecycle from 
a requester’s demand perspective, proposed a 
system architecture of a case based web services 
reasoner, CWSR, examined the correspondence 
relationship between the main activities of CBR 
and those of web services, and explored a unified 
CBR treatment for the main activities of web 
services. The proposed approach will facilitate 
the development of web services, intelligent sys-
tems and business intelligence. Service oriented 
architecture (SOA) is fundamental for service 
oriented computing (SOC). Web services is an 
important application field of SOC. A WSLC 
can be considered as a logical implementation of 
SOA in web services. The CSWR architecture is 
a logical realization of the WSLC. These are key 
ideas behind the above-mentioned discussion in 
this article. In future work, we will implement a 
system prototype based on the proposed CWSR 
for e-solution of sleep deprivation, which can be 
considered as a part of web health services, and 
test the effectiveness of the above proposed ap-
proach in the context of user satisfaction, finding 
more web services, better web services, faster 
web services. We will also integrate web service 
discovery, composition and recommendation us-
ing the CWSR based on soft CBR.
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KEy TERMS AND DEFINITIONS

Case-Based Reasoning (CBR): CBR is a 
reasoning paradigm based on previous experi-
ences or cases; that is: a CBR system solves new 
problems by adapting solutions that were used 
to successfully solve old problems. Therefore, 
CBR is a kind of experience based reasoning. 
Case-based management, case-based engineer-
ing and case-based computing are more general 
paradigms than CBR.

Intelligent System: An intelligent system is a 
system that can imitate, automate some intelligent 
behaviors of human being. Expert systems and 

knowledge based systems are examples of intel-
ligent systems. Currently, intelligent systems is 
a discipline that studies intelligent behaviors and 
their implementations as well as their impacts on 
human society.

Multiagent Systems: A multiagent system is 
an intelligent system consisting of many intelligent 
agents. An intelligent agent can be considered 
as a counterpart of a human agent in intelligent 
systems. Google can be considered as an intel-
ligent search agent.

Service Oriented Computing (SOC): SOC 
is a research field about service science: service 
intelligence, service technology, service engineer-
ing, service management, and service applications. 
It is the most general form of studying service in 
computing discipline.

Web Service Architecture: A web service 
architecture is a high level description for web 
services, which is free of concrete implementation 
of a web service system but it is necessary for any 
implementation of a web service system.

Web Service Discovery: The process of 
searching, matching a machine-processable 
description of a Web service. It aims to find ap-
propriate web services to meet the requirement 
of the customers.

Web Service Lifecycle (WSLC): It consists 
of the start of a web service request, the end of 
web service transaction and its evolutionary stages 
that transform the web service from the start of 
the request to the end of transaction. Many activi-
ties are included in a WSLC such as web service 
discovery, composition, recommendation and 
management.

Web Services: General speaking, web services 
are all the services available on the Web or the 
Internet from a business perspective. The first web 
services were information sources (Schneider, 
2003). From a technological perspective, web ser-
vices are Internet-based application components 
published using standard interface description 



882

Case Based Web Services

languages and universally available via uniform 
communication protocols. Web services is an 
important application field of service intelligence 
and service-oriented computing.


