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Abstract
Web service plays an important role in implementing Service Oriented Architecture (SOA) for achieving dynamic business
process. With the increased number of web services advertised in public repository, it is becoming vital to provide an
efficient web service discovery and selection mechanism with respect to a user’s requirement. Considerable efforts have
been attained in solving this problem among them semantic based approaches show encouraging result. However, when
several semantically equivalent web service candidates are returned by matchmaking process, how to discern which one
is the most suitable one is a real challenge.

In this paper we present a framework by which provider’s context and user’s context has been explored to help understand
the real need of a user. This framework uses association rule for context modeling of provider and user from web service
composition perspective. After modeling context, a ranking service is invoked to compare web service candidates with
user’s requirement and then the best suitable potential web service will be selected.

Keywords : web service selection, ranking,, association rule

I. Introduction
The World Wide Web is evolving from a sea of information to a service oriented marketplaces and Web
Service (WS) technology is the next wave of Internet computing. Web service is one of the fastest
growing areas of information technology in recent years. Web services expose business processes over
the Internet and promise more business opportunities by providing a common protocol that can be used
by Web applications to communicate with each other over the Web 1.
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Traditionally, matchmaking algorithms 2 used in web service discovery considers only one service
as a suitable candidate satisfying a service  request while combinations or compositions of services are
not considered, there fore service registries are expected to store large numbers of services and at the
same time the best matching set of services for a given query has to be retrieved in a timely manner
Such a combination of requirements makes it difficult to employ full-fledged composition algorithms 2

during the discovery process simply because their time complexity is unacceptable for the discovery
purposes.

The remainder of this paper is structured as follows. In section II, we discuss the background of web
service selection and composition, section III is an overview of our framework, section IV describes
our algorithm with example, section V gives details about our experiment results and section VI is
concluded with the future work.

II. Background
A.Web Service

A Web service is an accessible application that other applications and humans as well, can automatically
discover and invoke. An application is a Web service if it is 3: (i) independent as much as possible from
specific platforms and computing paradigms; (ii) developed mainly for inter-organizational situations
rather than for intra-organizational situations; and (iii) easily compos able (i.e., its composition with
other Web services does not require the development of complex adapters)

Web services are, in practice, transient and stateless processes that exist only during service execution,
which is triggered by a request coming from a consumer, or client. Services are instantiated to perform
specific tasks, thus facilitating scalable, concurrent service provision.4 The design of a web service is
usually defined as a clearly articulated workflow, for the sake of reliability and quality of service.

B. Web Service Selection
The WS selection problem has been extensively studied in the past few years. Previous works have
focused on optimizing the selection of WSs for a single activity, while the most recent ones focus on the
selection of WSs in order to satisfy the QoS requirements of a workflow (or composite WS). To optimize
the selection for the entire process, Zeng et al.10 proposed computing an optimal set of WSs for each
possible execution path in the process based on a weighted combination of QoS measures. When it
comes to deciding a WS for a given activity t, the most popular execution path on which t appears is
chosen, and the WS assigned to t in that path is selected. To speed up the computation, techniques of
integer programming are employed. However, the number of possible execution paths could be huge,
especially in the presence of a loop. Besides, the failure of WSs at runtime requires the recomputation
of a set of new integer programs, which may not be feasible in practice. Yu et al.11 proposed a scheme to
optimize the end-to-end QoS for various flow structures. They used a utility function derived from the
QoS quality and formulated the optimization problem as a general flow problem. Some works concentrate
only on a single QoS measure. Menasce 13 proposed a scheme to estimate the throughput of a composite
WS from those of its constituent WSs and to use throughput as a basis for selecting WSs. Grassi and
Patella12 proposed a framework to recursively aggregate the reliability of a composite WS based on
those of its constituent WSs. Several works have been devoted to the derivation of other QoS measures,
such as response time, cost, availability, and fidelity, of a composite WS out of those of its constituent
WSs 6. All of the above-mentioned works adopt a rather simple model that views a WS as the basic unit
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for composing a composite WS. Our work adopts a different model in which every WS (composite or
component) comprises a number of operations, and the invocations of their operations may have to
follow some particular orders. In addition, our proposed approach does not need to enumerate all possible
execution paths before a process is initiated and allows partial recomputation when a candidate WS is
found to fail at runtime, potentially incurring less computation time.

C.Web Service Composition
Service Composition refers to the process of creating customized services from existing services by a
process of dynamic discovery, integration and execution of those services in a deliberate order to satisfy
user requirements 2.

Consider the task of comparing products on the web. In the absence of automated composition of
services, the user invests considerable resources visiting numerous sites, determining appropriate service
providers, entering his preferences repeatedly, integrating or aligning the different type of results coming
from different sites. We would prefer that the user enters information once and receives the expected
results from the most appropriate services with minimal additional assistance.

Service composition is required to improve the quality of E-business 9. It provides two important
benefits. First, more automation, it reduces the amount of human interaction needed to exchange or
transfer information. Second, more flexibility, the sub-services can be composed depending on the
client’s requirement. Satisfying the client is the heart of doing business or providing services.

III Frame Work
In this section, we present our adaptive framework, which not only selects the most highly linked
services when new services are needed, but also retains as much as possible the initial pre-deployed
selection of services. Our framework also has a feature that selects services among those within the
same tier.

In addition, when an execution of a selected service produces a failure in a service composition, the
framework will remove the service from the registry. After a previously failed service is recovered, the
framework computes the link analysis score of the public service registries to check how the service is
being used by other consumers. Intuitively, in the long run, only “good” services will be kept in different
tiers and available for selection by the consumer. Our framework is realized by our Algorithm.

Initially, information from public service registries is captured and recorded locally in the binding
repository, and the potential services by the consumer are kept in an N-Tier Candidate Service Module
(N- TCSM). Formally, an N-TCSM is a list of N elements, denoting N tiers. Each element is a set of
candidate services (of the same or different service types).
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To handle a user request, the Service Selection component selects a set of candidate services from
the NTCSM so that the service consumer can form its service composition.

For a service consumer who requests m services of the same kind from the N-TCSM, the algorithm
will do the following: Starting from i = 1, if k (≥ m) such services are available in N- TCSM[i], then
select m services randomly from these k services; otherwise, select the services from N-TCSM[i], and
continue to select the remaining m − k services from the subsequent NTCSM[ i+1], N-TCSM[i+2], ...
until a total of m services have been selected.

After executing a selected service e from N-TCSM[i] in a service composition, if a failure results, e
will be removed from N- TCSM[i]. Such handling is done by the Consumer Evaluation component.
Furthermore, the corresponding binding entity of e will also be removed from the binding repository.
Whenever a service e has been removed from a tier, a new service x with the highest estimated ranking
but not in the N-TCSM will be placed initially into the lowest tier of the N-TCSM. The actual tier of the
newly added service will be determined by the Ranking Criteria.

The Ranking Criteria component provides the ranking facility by applying the link analysis algorithm
to the binding repository. Candidate services in the N-TCSM will change their belonging tiers according
to the relative scores of the services computed by the link analysis algorithm. It should fully fill N-
TCSM[i] with services with the highest scores, followed by filling N-TCSM[i+1] with the remaining
services.

IV Algorithm
1. Look up the service for the current activity;  get the competitive candidate services from registry.
2. Invoke the evaluation framework to rank the   candidate services based on the composition context

which composites the services according to the user’s requirements (containing knowledge of
previously invoked services, the current candidate services and also user context).

3. Invoke the highest scoring service first. If there is  no service available, the execution has failed.
4. If an error occurs when the service is  invoked, then record this error information. Return to step 3 to

select the next best service. This step adds failure tolerance, which in a distributed setting is essential.
5. If the invocation finishes successfully, log the execution details to the context store. Move to next

activity and return to step 1.

Let us use a scenario in the TripHandling application to further illustrate the algorithm. Suppose n
candidate hotel services are bound to the workflow step HotelBooking, as shown in Figure 5(a). We can
apply the algorithm to compute their service ranking scores. Based on the scores, the Ranking Criteria
will rearrange the services in different tiers in the N-Tier Candidate Service accordingly.

Let H
0
 be the hotel booking service for the TripHandling process, while in fact, H

0
 invokes external

services to do the actual booking. Suppose service H
1
 (among compatible services H

1
, H

2
, …, H

n
 as

PRATAP
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shown in Figure 5(a)) is selected and executed. Unfortunately, this particular execution of H
1
 results in

a failure, and hence H
1
 is removed from the N-TCSM of H

0
. The link <H

0
, H

1
> shown in bold in the

figure is also removed from the SO network. Then, the algorithm selects a new hotel booking service
(say, H

7
) with a high estimated ranking to replace H

1
, as shown in Figure 5(b), and the link <H

0
, H

7
> is

added into the SO network .

A. Personalized Association Rule Generator: Association rule is one of the most important techniques
in the domain of data mining. There are two important concepts in association rule, support and
confidence.

The main idea is to utilize the association rules among different web services to identify the dependence
between the given web service and other web services. Formally, given a user u

k
, we can find a set of

neighbors of that user. Afterwards, a database containing all web service composition transactions
by those users during the specified time interval is constituted, which is called that user’s personal
composition database. We can then association rule mining algorithm, e.g. Apriori algorithm 5,6, a
most popular and widely applied association rule mining method, to get all association rules within
this database. Given any web service s∈ S , we can select a web service set S’ = {s1, s2,…, sw} that
satisfying:
support (s→ S’) > γ
confidence( s →S’) > δ

B. Ranking Mechanism: After building personal profile for each user, whenever a user is submitting a
web service query request, the personal association rules will be employed with other web services
in the composition to facilitate the final ranking process. Formally, given a set of candidate C={c1,
c2, c3,…, cm} and a set of web services S={s1, s2,…, sn}, which are web services being joined with
one of the candidates to fulfill the particular task, the ranking steps include:

1) Calculate selection weight for each candidate under circumstance of S. In this study, we only consider one-to-one
association rule. The assumption is to simplify the problem. Selection weight can be defined as:

                                
n

         Weight(Ci)  = Σ confidence(Sj→ Ci )
                            j=1,sj∈ S

2) Sort weight( i c ) and return the top N candidates.

V.  Evaluation
This section reports on the experimentation of our proposal.

A. Experiment Design: We use the TripHandling application7 to evaluate our work. It generates, in
total, 200 hotel service consumers, 1000 hotel service providers, and 100 service registries. We use
a 3-Tier Candidate Service Module in the simulation, and label the three tiers as reliable tier, available
tier, and backup tier, respectively.

We randomly select 0.5%, 1%, and 2% of 1000 hotel services and put them into the service pools of the
reliable, available, and backup tiers, respectively. After an invocation of a service, if it encounters a
failure, the service is removed from the 3-TCSM. If a service has been removed from the 3-TCSM, a
new service from the remaining service provider pool will be selected and added to the 3-TCSM
according to our framework by applying our algorithm. Since their priorities may be changed, the
candidate services in the 3-TCSM are re-divided into different tiers according to the new ranking
information.

Initially, each service consumer randomly selects a set of services to compose its required service. This
experimental setting simulates a random sample of pre-deployment information for initial service

A NOVEL SKELETON TO EXPLORE PROVIDER’S CONTEXT AND USER’S CONTEXT
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selection. The initial settings of all service consumers are listed in Table 1, in which columns L1 to
L4 individually present the number of services in each category used by all service consumers.

T A B L E 1 Initial statistics of 3-TCSM (metric M-Q).

Tier L1 L2 L3 L4

Tier-1 (Reliable) 543 544 562 551
Tier-2 (Available) 602 609 601 588 Overall
Tier-3 (Backup) 625 580 592 603 Quality
Total Count 1770 1733 1755 1742 M-Q
Failure Rate 0.01% 0.1% 1% 10% 2.77%

We choose the following two metrics as the effectiveness measures to evaluate our approach. The
overall quality of the 3-TCSM (denoted by M-Q) is defined as the average failure rate of all candidate
services in the 3-TCSM.

The average failure rate per service invocation (denoted by M-FR) is defined as the average failure rate
experienced by a consumer over a sequence of user requests for that service composition since the
first request. For instance, if 5 failures result from a service composition when fulfilling a sequence
of 100 user requests, then M-FR is 0.05. Since PageRank is highly representative, we choose it as
the link analysis algorithm F as input to our algorithm in the experiment. Referring to 8,9, we terminate
the execution of PageRank after 200 iterations. We invoke our algorithm 4096 (= 212) times, and
repeat the experiment 10 times to report the average result.

B. Data Analysis: After the simulation, the statistics of services as kept in the 3-TCSM is shown in
Table 2. The overall quality M-Q after adopting our approach is 1.92%. Compared with the M-Q
value of 2.77% for the initial setting in Table 1, the overall quality of the 3-TCSM services has
improved by 31%.

T A B L E 2 Average statistics of 3-TCSM after running simulation (metric M-Q).

Tier L1 L2 L3 L4

Tier-1 (Reliable) 1156 852 142 50
Tier-2 (Available) 614 617 629 541 Overall
Tier-3 (Backup) 625 584 596 594 Quality
Total 2393 2053 1367 1185 M-Q
Failure Rate 0.01% 0.1% 1% 10% 1.92%

We observe from Tables 1 and 2 that, using our approach, the chance of selecting a high-quality candidate
service (say, from categories L1 and L2) has increased significantly.

We sample the 4096 invocations of our algorithm at 2i steps, where i ranges from 0 to 12. The sampling
results of our approach and the random approach are plotted as two data series in Figure 6. The X-
axis indicates the number of service invocations, and the Y-axis indicates the failure rate.

PRATAP

Figure 6. Comparison with random (static) (metric M-FR)
[ -axis: no. of invocations; -axis: failure rate]. X Y
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We observe from Figure 6 that, as the number of service invocations increases to 212, the average
failure rate of executed services (M-FR), randomly selected from Tier-1, is 0.326%, while that of the
random approach is 2.84%. Thus, the average failure rate using our approach is only 11.5% of that
using the random approach.

Figure 7 shows a comparison with the random approach under the scenario of evolving service quality
for  our Experiment

B. The X-axis and Y-axis are the same as those of Figure 6. By comparing Figures 6 and 7, we observe
that our approach can work even better after the quality evolving, such as achieving a failure rate of
0.265% after 212 invocations in Figure 7 as against a failure rate of 0.326% in Figure 6. This
observation shows that our approach is promising in solving the problem of  evolving service quality.
Owing to space limitation, we have to leave other details of the experiment and analysis to future
publications.

VI Conclusion and Future work
Selecting the best suitable services to complete a complex composite service is an important research topic. We have
formulated the dynamic WS selection problem in a dynamic and failure-prone environment. We introduce a Web service
selection method combining more than two services within the same tier or a different tier.

Furthermore, in this paper the ranking mechanism only considers one-to-one association rule like si®sj. This assumption
is to simplify the problem. However, dependency also exists between more than two web services, such as (si,…sj) ®sk.

In the future, we will analyze more composition scenarios and consider completeness of the composition context.
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