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Towards an Approach to Guide End-user in
Interactive Web Services Composition

Yassine Jamoussi

Abstract—Service-oriented computing (SOC) is increasingly
gaining in importance, as it promotes the creation of value by
reusing and combining services. One of the challenges of SOC
is the ease of composition in adaptive and personalized
manner. In interactive web services composition, end-users are
given the opportunity for composing their own services and the
adaptivity is guaranteed at run-time. However, supporting
end-users to compose services, at runtime, is a difficult
undertaking. Hence, we propose an approach to guide end-
user in interactive web services composition, that combines
satisfaction notion with a meta-strategy. This approach is
supported by a tool. During the composition process, the end-
user interacts with the tool in order to meet his requirements.

Index Terms— Web services composition, Requirements,
Satisfaction, Guidance

I. INTRODUCTION

IN the last years, Service-oriented computing (SOC) is
increasingly gaining in importance, as it promotes the

creation of value by combining web services. Web
services are autonomous and loosely coupled software
components distributed over the Internet. One of the
challenges of the SOC is the ease of composition of a variety
new services, in an adaptive and personalized manner [1].
To address this problem, most of the existing approaches
adapt the composition at run-time to a given requirement [2].
Due to the complexity of the adaptation, these approaches
can only be used by professional developers, as they require
expertise in the specification of the adaptation and in the
definition of requirements [3].

However, in many contexts end-users will want to drive the
composition process, by influencing the selection of services
at run-time. In addition, end-users may not have a complete
idea of their needs, so it may be hard to explicit all the
requirements from the beginning.

Recognizing the need that the end-users should play an
active role during the composition process, interactive web
service composition has emerged [4]. It aims to enhance the
satisfaction of end-users.

Nowadays, satisfaction is an active research topic in the
marketing literature. It refers to behavioral theories to study
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the customer satisfaction [5]. In the goal oriented
requirement engineering  works, satisfaction refers to
"hardgoal" and "softgoal" satisfaction. Hardgoals are goals
where satisfaction can be established by using verification
techniques whereas softgoals cannot be satisfied in a clear-
cut sense but only satisfied when thresholds of some precise
criteria are reached [6].

In the SOC context, satisfaction could mainly be ensured
thanks to the variability concept. The variability is the
capacity of a system or an artefact to be changed,
customized or configured to cope with a specific
requirement. This variability could be defined at different
levels. For instance, at business level, accommodating a
Business Process (BP) relies on business rules and late
modelling techniques for changing BPs. At technical level,
selecting a service relies on the contractual relationship
between provider and consumer of service [7].

Most of researches on interactive composition have a limited
use of variability. They use a quite low-level variability BP
models, and the possible configurations are not explicitly
expressed with respect to business requirements [6].
Moreover these researches do not tackle the end-user’s
satisfaction, as no decision-making support is proposed for
them. While this, on the one side, simplifies the role of end-
users, on the other side, it leads to a limitation due to the fact
of the nonprofit of the high variability models defined by the
requirements engineering community.

To overcome these problems, we consider that a new model

of high variability BP should be used as a primary means for

satisfying end-users. For this reason, our work fits into

approaches that create service compositions based on goal-

oriented requirement engineering principles. Thus, we

propose a new approach that guide end-users at runtime. It

uses :

e A broker allowing end-user to interact during the
composition process.

e An evaluation of the end-user’s satisfaction during the
composition process.

e A guidance process for enhancing the satisfaction of end-
users involved in the composition process.

The remainder of the paper is organized as follows. Section
2 presents some preliminaries related to goal-oriented
requirements modelling. Section 3 is devoted to the
proposed approach. Section 4 presents a tool support for our
approach and briefly discusses its experimentation. Section 5
presents some related works. Finally, section 6 concludes
this paper and outlines future work.
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Figure 1: Business goals for purchasing a book

II. PRELIMINARIES

Our proposal consists of the satisfaction of end-users
involved in interactive web service composition. In
particular, variability arisen during the composition process
is a mean of accommodating systems to changing business
context in order to meet the end-user’s requirements. Thus,
services must be modeled in terms of business goals and not
in terms of technical statements.

We adopt the MAP meta-model to represent business goals
[9]. The main reason for using the MAP formalism is that it
permits to capture variability by focusing on the strategy to
achieve an intention and the potential alternatives to
accomplish the same intention. This explicit representation
of variability offered by MAPs is missing in other
requirement engineering formalisms [8].

A MAP is a meta-process formalism that allows designing
several processes [9]. A MAP is a labelled directed graph
with intentions as nodes and strategies as edges between
intentions. It is composed of one or more sections. A section
is a triplet <Source Intention I;, Target Intention I;, Strategy
Si7> that captures a specific manner to achieve the target
intention I; starting from the source intention I; with the
strategy S;. Each MAP has two distinct intentions Start and
Stop to respectively begin and end the navigation in the
MAP.

For instance, Figure 1 represents business goals for
purchasing a book with the MAP formalism where <Start,
Search a book, By formulating a request> represents a way
to achieve the target intention “Search a book” from the
source intention “Start” following the “By formulating a
request strategy”. A strategy is a manner to achieve an
intention. An intention is a requirement that can be achieved
by following different strategies.

Based on the business goal represented with MAP, each path
leads to a distinct composition of intentional services. This
idea is detailed in our previous work [8].
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III. THE PROPOSED APPROACH

The proposed approach supports high level goal-driven
configuration of BP. In the BP model, atomic services are
mapped to web service communities, giving more flexibility
to the web service selection step. Accordingly to choices
made at run-time, the BP is configured in accordance with a
guidance process. This approach is based on an interactive
broker supporting web service composition, satisfaction
evaluation, and enactment.

In the following, we first describe the architecture of the
broker and we present the principle of the evaluation of the
end-user’s satisfaction. Finally, we describe the principle of
guidance.

A. Architecture

The architecture of the broker is illustrated in Figure 2. It
contains databases for storing BPs, users’ data and
adaptation historic; and web services communities. As
proposed in several web service brokers [10], the
assumption behind our approach is that web service
providers feed the broker with required information and the
end-users as a service consumer will be guided on their
behalf. In our case, two provider types can use the broker:
virtual organizations, i.e. composite service providers and
single web service providers that publish their services in the
broker.

To use the broker, the provider connects and supplies a high-
variability intentional service. Service model and related
data are stored in the databases of the broker.

When an end-user is connected, he or she interacts during
the composition process (at run-time) and the broker
responses with a list of possible strategies allowing him or
her to meet his target goal. Once the end-user makes a
choice, the corresponding BP is loaded and a high-
variability executable BP is generated and deployed in the
orchestration engine.
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Figure 2. Broker’s Architecture

As shown in Figure 2, the composition process is an iterative
process. At each iteration, the BP model is explored to
discover candidate composition strategies, select services,
and execute them. Unlike classical approaches that choose
the best alternative according to the end-user profile or
preferences, the variants that satisfy the final target are
picked. A guidance process helps the end-user to make the
right decision. Once a service is executed, each end-user
satisfaction is assessed on the basis of stored information
and/or direct judgments for the service requester.

B. Evaluation of Satisfaction

Our approach support end-user’s satisfaction all over the
composition process. We elicit end-user’s satisfaction at an
early phase through softgoals that are imprecise, subjective,
idealistic and context-specific goals [11]. Taking into
account an end-user satisfaction all over the composition
process is motivated by the influence of past and current
experience on the future perceptions. This idea is clearly
expressed in the marketing research area that distinguishes
between transaction-specific satisfaction and cumulative
satisfaction [12]. While transaction-specific satisfaction may
provide specific diagnostic information about a particular
service encounter, cumulative satisfaction is concerned with
all of consumer’s previous experiences with a firm, product,
or service cumulatively [12].

Taking the state-based conceptualization of satisfaction, we
define a local satisfaction measurement relative to each step
of the composition process and a cumulative one relative to
all the achieved steps in the process. To measure the
cumulative satisfaction, we introduce the excelling concept
suggested by [11]. In [11], authors noticed that satisfying
softgoals does not cover situations in which continual
improvement of thresholds is expected. They introduced the
excelling notion to express this need. We also introduce the
concept of the satisfaction degree as a customized measure
of the satisfaction. The satisfaction degree plays the role of
the anticipation decision function.

To determine the end-user satisfaction at the discovery and
selection times, we evaluate the benefit of functional choices
from an Intentional Service model obtained from the MAP

[8].

Unlike functional strategy evaluation, which is done in a
static manner, measuring the benefit of a concrete service is
done dynamically. In this sense a decision model is
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associated to each discovery and selection step. For instance,
a book search service satisfies the user if he or she makes a
minimum effort and gives him pertinent results. However a
good book search service is a service that allows him to
customize his choices. To select a concrete service, the user
may require a high security rate for a payment service and
not wonder about the security rate of the search service. The
decision model is also a goal model described with softgoals
related to the current step.

C. Guidance process

The guidance principle is based on the driving of a vehicle
which is based on continual adaptation and anticipation in
order to accommodate to the environmental changes [13].
The composition process is achieved through steps. A meta-
strategy is proposed to offer continual adaptation and
anticipation.
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Figure 3. Steps of the composition process

1) Steps of the composition process

The steps of the composition process, as illustrated in Figure
3, are: initiate the process and generate a referent, progress
step by step until the end; correct when a gap between the
current state and the expected state is detected; end the
process.

Step 1: Initiate the process and generate a referent : This
step aims to select a referent that achieves the objective. The
referent is an optimal path extracted from the MAP. Its
selection is based on similarity metrics that measures the
distance between paths in the MAP and the target goal as
following :

o Enter the desired target goal
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e Specify the target softgoals/hardgoals by using a
formalism based on case base grammar, similar to the
formalism described in our previous work [8].

e Find all the paths that can be followed to meet the desired
goal.

e Select the path that optimizes the specified softgoals and
consider it as referent.

Step 2: Progress step by step: This step reflects the
undertaken decisions during the composition process.
Indeed, when navigating through a MAP, the user select one
strategy among different strategies. The progression leads to
a continual adaptation and requires an anticipation which is
based on actions. Each action is based on criteria.

It is worth mentioning, that the composition process cannot
be assimilated to an operational research problem that can be
solved with some known algorithms allowing to find the
optimal path. For that reason, we construct the adequate path
at runtime by making the right decision at each adaptation,
we formalized the decision process by offering to the end-
users different strategies at each action. This process, called
meta-strategy, will be detailed in section §II1.C.2.

Step 3: Correction : This step consists to build a new

referent when a deviation is observed. The gap is measured
in terms of performance and reflects the unconformity to the
expected objective result. The performance is described
thanks the degree of satisfaction.

Figure 4. progression in the MAP

Figure 4 illustrates the progression in the MAP. First, the
referent was calculated [il, i5, i3, i4]. Second, the end-user
has selected the section <il,S3,i5>. Third, the referent was

corrected [il, i5, i6, i4]. Fourth, the end-user has selected the
section <i5,S6,i6>. Finally, the end-user has selected the
section <i6,S9,i4> and the process has ended.

Step 4: Termination : This step mark the achievement of
the guidance process when the desired goal is attempted.

2) Meta-Strategy

Meta-strategy is a decision-making process that guide an
end-user to choose the appropriate decision when this latter
is requested to anticipate. The anticipation situation, which
should take into account the actual satisfaction degree, the
cumulative satisfaction value, the proposed guidance, and
anything he or she felts important to make his or her
decision.
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Hence, meta-strategy gathers behavioral patterns of end-
users that reflect different attitudes to progress in the
composition at run-time. The decision function of the
guidance is based on the satisfaction degrees and operational
semantic of the enactment. For instance, an adaptation is
qualified as bad when the satisfaction degree is
progressively decreasing.

Based on the literature review we ended up with the meta-
strategy illustrated in Fig. 5.

Figure 5 describes the meta-strategy using the MAP
formalism. Indeed, this latter allows specifying process
models in a flexible way by focusing on the various ways to
achieve intentions [9].

Meta-strategy contains a number or paths from ‘Start’ to
‘Stop’. Making a decision in any situation may lead to an
anticipation which can be undertaken with different
strategies. No path is recommended a priori. Decision is
rather based on situations encountered. To make his or her
choice, an end-user is supported by guidelines. A guideline
is a set of indications on how to achieve a goal or execute an
activity. The signature of the guideline is a couple
<situation, intention>,

Guidelines are classified into three types: simple
(executable, informal), tactic (choice, plan), and strategic.
We distinguish between 3 types of directives:

o Intention Achievement Guideline (IAG): they explain
how to achieve the selected intention and specify the
operationalizing mechanism of this intention.

o Intention Selection Guideline (ISG): they help the
progress in the Map by indicating how to pick an
intention.

o Strategy Selection Guideline (SSG): they allow progress
in the Map by helping the choice of a strategy among a
range of available strategies. To explain the usage of the
argumentation strategy, a SSG should guide the choice
between different argumentation tactics. For example,
case-based reasoning tactic is appropriate when a
similar situation in the same context is encountered.

IV. TOOL SUPPORT AND DISCUSSION

To validate our approach, we implemented a tool prototype.
We used the dynamic binding mechanism that allows
dynamic selection of concrete services. We used an expert
system to implement our adaptation meta-strategy. We
defined the generic template of the MAP and let every party
customize the definition of its adaptation situation.

We experimented our prototype with a small population of
end-users. In Figure 6, the X axis represents composition
steps, the Y axis the satisfaction degree. The solid lines
inform about average of local satisfaction degrees of
provider and requester populations. Cumulative satisfaction
is plotted in dotted lines.
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Figure 6 shows that considering cumulative satisfaction
gives clearer idea about the real state of end-users’
satisfaction. Even if the local satisfaction degrees seem to be
distant, cumulative satisfaction degrees are quite close and
converge to close values thanks to the use of our meta-
strategy. Cumulative satisfaction reflects the end-user
experience and is more expressive than simple utility
functions.
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Figure 6. Local vs cumulative satisfaction

V.RELATED WORK

Our focus was the end-user’s satisfaction through an
interactive composition process. We have proposed a
guidance-based solution that create service compositions
based on goal-oriented requirement engineering principles to
ensure satisfaction. Most relevant research efforts are
summarized next.

In [14], authors present an end-user oriented service
composition model based on quotient space theory and
service relation diagram. This model proposes a hierarchical
service  composition from coarse-grain to  fine-
grain. Although this work allows an interactive composition,
it does not deal with the end-users satisfaction according to
their goals.

In [15] authors propose a semi-automatic composition
approach of semantic web services. Similarly to our
approach, they propose a graph-based service composition
algorithm. The composition problem is then addressed as a
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discovery problem. However, that approach is mainly
targeting users with application domain knowledge, i.e.,
Domain Experts and Advanced users. Hence, authors do not
deal with the user context and preferences that can be used
on the optimization and personalization to the composition
process. Moreover, the algorithm is hardcoded in their
approach.

VI. CONCLUSION AND FUTURE WORK

We have presented an approach for enhancing end-user’s
satisfaction within web service composition. It is motivated
by the potential interest to support end-user to adapt at run-
time the composition at his requirements.

Our approach supports all composition steps and defines
methods and models to assess end-user’s satisfaction within
each step. We have contributed in the definition of
anticipation decision function by introducing locale and
cumulative satisfaction degrees and anticipation decision
making thanks to a meta-strategy.

The benefit of our approach is that end-user’s satisfaction,
especially cumulative satisfaction degree, gives an important
anticipation decision function. The meta-strategy guides
end-users, through behavioral patterns, to choose the most
appropriate decision and strategy to achieve their goals.
Another asset is that the behavioral patterns of the meta-
strategy can be updated.

In our future work, we are going to conduct an extensive
experimental study to measure the effectiveness of our
proposed approach. Also, we will focus on auto-regulation
of the meta-strategy and adding visual tools to the end-users.
In addition, as we are currently defining method fragments
that challenge both IT and business service engineering by
considering the Welke’s SOA maturity model [16], we
intend to consider more complex situations caused by the
high variability of these fragments.
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