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Abstract. Nowadays, due to the huge volume of information available on the
web, the need for personalization is more than necessary. Choosing the right
information for each user is as important as the way this information is presented
to him or her. Currently, user-triggered recommendation requests for web ser-
vices are implemented as an automatic recommendation based on parametric
computation. This work reports on a specialized user interface for business
processes, where writing code entails invocation of business process informa-
tion. The paper presents the user interface design for Personalized Web Service
Selection in Business Process scenario execution and the user evaluation by
business process engineers.

Keywords: User interface ! Personalization ! Web services ! Adaptation !
Business processes ! WS-BPEL

1 Introduction

Nowadays, web services (WSs) are typically offered by multiple providers and hence
under different quality of service (QoS) parameters, such as availability, cost, response
time and so forth [1]. In this context, it is extremely useful for users to be able to
specify the QoS criteria that a WS should fulfill and accordingly the software designed
to model business processes should select only WSs that meet the QoS criteria set by
users. In this direction, WS-BPEL is the typical language that allows for building high-
level business processes through orchestrating individual WSs. Contemporary research
allows users not only to select which processes they believe that better support their
needs, but also to ask for a WS recommendation, specifying their desirable QoS criteria
[2–5].

For example, in a summer holiday planning business process, the user may request
a specific luxury hotel service and a specific car rental service and may then ask for a
recommendation concerning the airline ticket. The user may also specify that the price
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of the flight must be relatively “low” or at least “medium”, while at the same time the
invoked WS’s reliability must be “high”. Many research works exist that support the
aforementioned operation [6–9], however all of them invoke the WS which they
compute that it better covers the user’s need, rather than return a list of the recom-
mended WSs to the user, and let him decide which one he really wants to invoke. As a
result, in many cases, the invoked WS is not the one that a user would select on his own
and, hence, from a personalization point of view, the WS-BPEL scenario execution
adaptation typically fails.

In this work, we present a user interface (UI) for personalized WS selection in WS-
BPEL scenarios, which accommodates the QoS criteria set by the users. The main
objective is to create a UI that can efficiently present the recommended WSs to WS-
BPEL users, so they can decide which WS better fulfills their needs and finally invoke
the selected one.

The rest of the paper is structured as follows: Sect. 2 overviews related work, while
Sect. 3 presents the necessary foundations for our work, from the area of business
processes and WSs, for self-containment purposes. Section 4 discusses the UI design,
rationale and the paper experiment, while Sect. 5 presents the results of the user
evaluation. Finally, Sect. 6 concludes the paper and outlines the future work.

2 Related Work

Since the information systems in the contemporary WWW are very frequently
nowadays implemented by composing WSs offered by individual providers, the
adaptation process of WS scenarios is a research field that has attracted significant
research efforts over the last years [10–13].

Chen et al. [14] present a QoS-aware WS composition method by multi-objective
optimization to assist users make variable decisions. The problem of QoS-aware WS
composition is formulated to a multi-objective optimization model where the individual
optimization objective is either QoS performance or risk, in order to solve the afore-
mentioned model, an efficient multi-objective evolutionary algorithm is developed.
Rodriguez-Mier et al. [15] present a theoretical analysis of graph-based service com-
position utilizing its dependency with WS discovery. Their work defines a composition
framework integrating fine-grained I/O service discovery that enables graph-based
composition generation. The composition includes the semantically relevant set of
services for input-output requests. Their proposed framework also presents an optimal
composition search algorithm for extracting the optimal composition from the graph by
minimizing the number and the size of WSs, as well as several graph optimizations for
improved system scalability. In order to model WSs with uncertain effects, Wang et al.
[16] propose an approach that introduces branch structures into composite solutions to
cope with uncertainty in the service composition process. Liu et al. [17] present a WS
composition method based on QoS dynamic prediction and global QoS constraints
decomposition. Their approach includes 2 phases. The first phase happens before
service composition, by decomposing global QoS constraints into local ones, thereby
transforming the WS dynamic composition problem to a local optimization one. The
second phase happens at runtime, using predicted QoS values to select the optimal WS
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for the current abstract service. Margaris et al. [4] perform a horizontal QoS-based
adaptation, supporting both the parallel and sequential execution structures within the
WS-BPEL scenario, while Margaris et al. [18] present an associated execution
framework and employ collaborative filtering (CF) techniques to direct the adaptation.
However, this approach uses very limited QoS-based criteria (optionally specifying
lower and upper bounds for each QoS attribute), hence running the risk of inferior
overall QoS of the formulated solutions when compared to the possibly attainable
optimal composition QoS, especially for the cases where CF has to address known
issues such as gray sheep and cold start. Margaris et al. [7] present a CF-based algo-
rithm which also takes into account the WSs’ QoS parameters, in order to personalize
the business processes execution to the users’ preferences. Furthermore, they introduce
an offline clustering technique for supporting the scalable and efficient execution of the
presented algorithm under the presence of large volumes of data in the WS repository.
Cardellini et al. [19] present a software platform supporting QoS-driven adaptation of
WS-oriented systems, named MOSES, which integrates within a unified framework
different adaptation mechanism, achieving a greater flexibility in facing various oper-
ating environments and the possibly conflicting QoS requirements of several concur-
rent users.

Although all the aforementioned works successfully address the WS adaptation
problem, they also complete the adaptation process, by invoking the WS that they have
found that better satisfies the WS-BPEL designer rather than only recommend one or
more WSs to the WS-BPEL designer and let him select the WS he prefers the most, as
all the modern general purpose RSs do [20–26].

The complexity of the enterprise solutions that interconnect with several services,
locally or in the cloud, affect the performance of systems and users [27–30]. To
effectively implement business processes, graphical notation can be useful, especially
when used for process driven WS-BPEL design [31]. Haihong et al. [32] propose an
asynchronous, process-driven mechanism for easier combination of web services. Jose
et al. [33] extend the process driven approach using ontologies to describe the relevant
aspects and the user interface to display the type of match to the business process WS.
Another approach is the use of static call graphs to contain the semantic knowledge,
which is then used for the generation of WS-BPEL test cases that support the sub-
processes between WS-BPEL files [34].

The aforementioned approaches to user interface design, try to automate the WS
selection matching processes. However, none of those works attempt to simplify the
user interaction. The necessity for involvement of the user in more complex tasks, casts
a burden to the WS-BPEL designer, resulting in reduced usability of the programming
environment. This is similar to complexity-induced cognitive load that is usually
present in complex user interfaces [35, 36], multi-source information processing
[37, 38] and multimodal interaction [39–42].

In this work, we approach the WS-BPEL design through a user centric view,
catering to the preference and selection of WS candidates by the designer. The WS-
BPEL designer may have preference and selection criteria that differ per business
process and that may apply to ones that are matched to the same parameters.
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The motivation is to examine how the WS-BPEL designers make selections from
multiple choice and define how the user interface could support the interaction.

3 Prerequisites

The following subsections include a summarize concepts and underpinnings from the
domains of WS QoS attributes and WS substitution relationships that are used in our
work, for conciseness purposes.

3.1 Web Services QoS Attributes

WS QoS attributes describe measurements of the overall performance of a WS [43, 44].
For conciseness purposes and without loss of generality, in this paper we will consider
only the attributes cost (c), response time (rt) and reliability (rel), adopting their def-
initions from Comerio et al. [45].

In the context of a WS-BPEL scenario execution, a user may want to define
constraints (i.e. upper and lower bounds) on the QoS delivered by each WS executed in
the context of a specific invocation.

More specifically, for each WS wsx included in a WS-BPEL scenario, the user may
provide the following two vectors:

• MINx minrt;x;minc;x;minrel;x
! "

and
• MAXx maxrt;x;maxc;x;maxrel;x

! "
.

where the MAXx vector includes the upper bounds of the QoS attributes for the WS
implementation that will be selected to realize the functionality of sx (e.g. booking an
airticket) and the MINx vector includes the respective lower bounds.

Additionally, the user provides a weight vector W rtw; cw; relwð Þ, indicating the
importance of each attribute in the context of the particular invocation of the WS-BPEL
scenario, which is multiplied by the value of the corresponding QoS attribute, and these
products are then aggregated in order to produce the WS-BPEL scenario’s overall
score. It has to be mentioned that, in contrary to the upper and lower bound vectors,
which are applied to each WS invocation, the weight vector is applied to the whole
WS-BPEL scenario (the whole composition).

As far as attribute values are concerned, clearly different attributes may have dif-
ferent measurement units (e.g. milliseconds, Euros and kilograms), hence in order to
have meaningful results from combining all the attribute values of a WS-BPEL, we
consider that all attributes are normalized in the range [0, 10], through the application
of a standard normalization formula [46]:

norm vð Þ ¼ 10 % v&min vð Þ
max vð Þ &min vð Þ

ð1Þ

where v is the value to be normalized, while max(v) and min(v) are the maximum
and minimum values of the corresponding attribute in the database extension. Fur-
thermore, we consider that larger attribute values correspond to higher QoS levels: for
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attributes where the inverse holds (such as latency and price), the following transfor-
mation must be done (altering the normalization formula):

norm vð Þ ¼ 10 % 1& v&min vð Þ
max vð Þ &min vð Þ

# $
ð2Þ

This approach is typically followed for the handling of QoS attribute values in the
context of WS selection and composition [4, 11, 47, 48].

An example of the repository form is shown in Table 1, containing three indicative
WSs.

It has to be noted that our framework is also able to handle (a) sequential and
parallel (concurrent invocations) structures, (b) service selection affinity and (c) ex-
ception resolution in WS-BPEL scenarios. For more details on the aforementioned
concepts, the interested reader is referred to [4].

3.2 Substitution Relationship Representation

When a WS-BPEL scenario is adopted to match the QoS designations provided by the
user, the execution adaptation process selects WS service implementations to realize
functionalities that appear in the context of the WS-BPEL scenario. Therefore, the
adaptation software needs to be able to test whether within a particular execution, a WS
service implementation A can realize some requested functionality B. In this work, in
order to address this issue, we use the WS matchmaking relationships [49], where any
WS that either (i) provides the same functionality as F or (ii) provides a more specific
functionality than F. For more information on matchmaking relationships, the inter-
ested reader is referred to [18, 49].

An example of a WS taxonomy is depicted in Fig. 1, concerning an airline ticket
booking service. In this figure, the orange shaded rectangles (upper level) represent
(sub-)categories, while the white shaded rectangles representing WS implementations.
The line between two rectangles denotes that the higher-level node includes the lower-
level one in a superclass-subclass relation.

Table 1. Example of repository contents.

Service Response time Cost Reliability
S1 6 6 6
S2 8 8 4
S3 2 2 2
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Each node corresponding to a WS implementation stores information regarding its
QoS attributes values in the WS repository. An excerpt of this repository is depicted in
Fig. 2.

Fig. 1. Hierarchy of WSs (sub-)categories and implementations for the airline ticket booking
service.

Fig. 2. Excerpt of the WS taxonomy repository.
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3.3 WS-BPEL Scenario and Dataset Example

To exemplify the proposed approach, we will use the case of adapting the invocation of
a simple WS-BPEL scenario (for simplicity only one sequential construct is used). This
scenario describes a business process of booking a summer holiday vacation package
(modeled as a WS-BPEL scenario, termed as SHVP), which includes the functionalities
of (i) asking a recommendation for an airline ticket, (ii) booking a specific luxury hotel
room (explicitly defined by the user) and (iii) renting a car (also explicitly defined by
the user). Figure 3 depicts the pseudocode of the aforementioned WS-BPEL scenario.

In Fig. 3, the WEIGHTS entity corresponds to the weight vector that indicates the
importance of each attribute in the context of the particular adaptation (as defined in
Subsect. 3.1). Then, each construct follows, either indicating an invocation to a specific
WS (term INV) or asking for a WS recommendation (term REC). In the latter case, the
user must enter the full path to the WS (sub-)category in the repository (see Fig. 1),
where the WS to be recommended must belong (in our example, the user is interested
in booking a Low Cost Air Ticket), along with the lower and upper bounds for the QoS
attributes follow (the ‘-’ symbol is used when a user does not want to set an
upper/lower bound for a specific attribute).

4 Experiment

The user interface design was evaluated by 9 WS-BPEL designers, each with more than
3 years of experience in BPEL design using various commercial or in-house software
development platforms. The mean age of the participants was 34 years old, 7 male and
2 female. The participants took part in the study using a custom BPEL design IDE
designed to provide the facilitators the choice to adjust the number of items to display
as well as alternative visualization elements for standard BPEL.

Fig. 3. Pseudocode of business process execution request example
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The participants were asked to create simple BPEL code (consisting only of WS
invocations) using the pseudocode supported by the user interface. They were pre-
sented with visual elements for WS candidates and parameter fine-tuning options. Each
participant was asked to design two randomly assigned business processes, out of the
five in total that were available as scenarios, that included at least two explicitly user-
defined functionalities.

The participants were asked to complete the BPEL design and report on their user
experience. Before the study, they had the opportunity to engage in BPEL design using
the standard interface and parameterization options albeit without the recommendation
options.

Figure 4 depicts the user that typed a REC command and the parameters of his
choice. The interface, once the line feed was pressed, triggered the recommendation
algorithm and calculated the functionalities that satisfied the user criteria. The func-
tionalities are shown on the right panel. The right panel is showing the line number, the
REC information and the list of functionalities, ordered (descending) based on their
total calculated score. Therefore, the first airline has a total score of 6.7, the second has
a total score of 6.6 and so on.

Fig. 4. BPEL design environment that supports recommendation of multiple functionality
options and user selection.
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The user decided that the most fulfilling functionality was the second one in the
ordered list since it has a higher reliability score. Based on his personal preference for
the higher reliability score, the user selected the second choice and the code was auto
filled with that information, changing the REC to INV with the selected value (Fig. 5).
The former REC is shown in green, allowing the user to click to re-select, if required.
The right panel now shows the user current choice. The re-selection can be triggered
from either the code or the right panel.

5 Evaluation

The participants were asked to design two business processes and report their rationale
to the facilitators using the think-aloud method. It was the method of choice based on
previous experience with professional developers and IDE environments. From the
objective metrics, 83% of the times the users selected a functionality, their choice was
not the first presented functionality (WS). That WS would have been automatically
invoked in traditional approaches, requiring additional human effort and time to repair
(and in most cases the result is irreversible). This shows that the proposed approach fills
a gap in the core functionality of WS-BPEL design user interfaces and builds toward
better user experience.

After the end of the session, the participants were asked to fill in a usability
questionnaire and then invited to discuss suggestions for improvement. Figure 6 shows
that the users reported very high acceptance and relatively high satisfaction. Regarding
the latter, the follow up discussion was focused on the next steps of the user interface
development and additional functionalities.

Fig. 5. BPEL design environment depicting recommendation and user selection for a WS-BPEL
scenario.
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Most of the users reported that they would use this IDE in its current state for their
WS-BPEL design. All users mentioned that they would definitely use the user interface
if additional functionality for BPEL overview is available. The overview was defined
as a visual summary of their choices and the capability to edit and fine tune specific
choices for overall targets, such as maximum cost.

6 Conclusion and Future Work

This paper presented a specialized UI for WS-BPEL designers that allows personalized
recommendation and selection of business process functionalities based on user gen-
erated criteria. The proposed design allows WS-BPEL designers to ask for recom-
mendations and select functionalities out of ordered lists, based on the total or
particular scores, per user choice. Allowing the users to have the final selection choice,
mitigates the issues caused by automatic system selection that leads to adaptation
failure, as shown in the experimental study. The user empowerment is further
strengthened from the capability to edit back the selections at will, via the UI.

The UI and the recommendation-selection process were evaluated by WS-BPEL
designers. The majority of the participants made selections that were not the highest
scoring (based on the total score) in the ordered list. This reinforces the identified
requirements and needs that user personalization is reflected in the user-entered
parameters. Additionally, it clearly shows that scores are perceived by the users dif-
ferently and so does their importance in the user selection.

Fig. 6. BPEL design environment usability evaluation overview.
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The future work has been identified during the user evaluation. The users suggested
that the same recommendation-selection capability be expanded on the business pro-
cess level, providing an overview of the selections and the functionality to edit indi-
vidual selections to achieve global scores, such as maximum reliability or minimized
costs.
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