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ABSTRACT The evolution of Service-Oriented Computing (SOC) provides more efficient software develop-
ment methods for building and engineering new value-added service-based applications. SOC is a computing
paradigm that relies on Web services as fundamental elements. Research and technical advancements in
Web services composition have been considered as an effective opportunity to develop new service-based
applications satisfying complex requirements rapidly and efficiently. In this paper, we present a novel
approach enhancing the composition of semantic Web services. The novelty of our approach, as compared
to others reported in the literature, rests on: i) mapping user’s/organization’s requirements with Business
Process Modeling Notation (BPMN) and semantic descriptions using ontologies, ii) considering functional
requirements and also different types of non-functional requirements, such as quality of service (QoS),
quality of experience (QoE), and quality of business (QoBiz), iii) using Formal Concept Analysis (FCA)
technique to select the optimal set of Web services, iv) considering composability levels between sequential
Web services using Relational Concept Analysis (RCA) technique to decrease the required adaptation efforts,
and finally, v) validating the obtained service-based applications by performing an analytical technique,
which is the monitoring. The approach experimented on an extended version of the OWLS-TC dataset, which
includes more than 10830 Web services descriptions from various domains. The obtained results demonstrate
that our approach allows to successfully and effectively compose Web services satisfying different types of
user’s functional and non-functional requirements.

INDEX TERMS Web services composition, requirements, semantic Web services, QoS, QoE, QoBiz, FCA,

RCA.

I. INTRODUCTION

The widespread use of the Web and the development of
network technologies is the next step in the evolutionary
implementation chain of distributed applications that led to
the emergence of the Web service paradigm. Web services
have emerged as a new technology that, through interop-
erability opportunities it offers, ranks now as a focal point
of multiple technological actors from various fields such as
e-commerce, e-learning, e-government, or other fields. The
W3C defines Web services as software components with one
or more transactions ranging from simple to complex. These
components are published, discovered, and invoked across
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the Web through the use of the Internet as communication
infrastructure and XML as data format [1].

The emergence of the Web service paradigm marked a
significant evolution in the history of the Internet, which
was intended to act as a vector for data exchange. With
Web services, the Internet became a platform for self-
describing, easily integrated, and loosely-coupled software
components [2], [3]. Web services have come to alleviate the
problems encountered by enterprises in terms of interoper-
ability, and this by implementing Service Oriented Architec-
ture (SOA) [4], which is based on a set of open standards.
The standardization process involves three layers of the nec-
essary infrastructure of SOA: the communication protocol,
the description specification, and finally, the publication and
location specification.
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FIGURE 1. Travel agency service-based application.

One of the essential advantages of the Web service
paradigm is reuse. Web services, as presented, are conceptu-
ally limited to relatively simple features that are modeled by a
collection of operations. However, it is necessary to build new
applications by composing services to meet more complex
requirements [5], [6]. The ultimate trend of this new approach
is to leverage Web service components for the applications’
integration. The integration is what we call the composition or
aggregation of Web services. When composing Web services
composition, there are some challenging issues related to the
discovery and selection of appropriate Web services that sat-
isfy both functional and non-functional user’s/organization’s
requirements.

Figure 1 depicts a scenario of a travel agency application
that can be implemented by the Web services composition
process.

A composition process is triggered by a user request that is
made up of three operations: booking a flight ticket, making
a hotel reservation, and renting a car. To implement this
scenario, we will find many composition solutions as there
are many Web services functionally performing each of the
required operations. A random composition choice of the
available Web services will probably return the following
composition solution: C1={WS1.1, WS2.1, WS3.1}, where
C represents a Web services composition, and WS represents
a Web service. If we applied an appropriate selection method
on the available Web services by considering not only func-
tional requirements but also different types of non-functional
parameters specified by the user, such as response time,
cost, availability, service reputation, or other parameters,
we would get more efficient and user-satisfying composition
solution. The most appropriate composition solution would
be C2={WS1.2, WS2.3, WS3.1}, in which we have low
response time and costs and high service reputation compar-
atively to C1.

Another issue related to services composition is that the
standardized languages used to describe Web services inter-
face (i.e., WSDL [8] and OWL-S [7]) would not provide
the requester with the quality information expected from
the service. Indeed, its sole role is to define the syntactic
(i.e., what does the service look like) and semantic informa-
tion (i.e., what does it mean). However, quality of service
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(i.e., how well does it perform) of atomic and composite Web
services still needs to be addressed.

Furthermore, composability levels between selected ser-
vices is another crucial issue that should be taken into consid-
eration, since composing two services having a low level of
composability requires additional efforts for the adaptations.
In the first composition C1, we might find that we need an
additional adaptation that permits the output of one service to
be linked as an input to another.

The Web services composition process is complicated and
complex to implement; thus, we need an effective discov-
ery and selection approach to enhance the composition of
Web services by considering different types of non-functional
requirements. Up to our knowledge, existing works related to
this problem are mainly focusing on proposing approaches
that meet only functional requirements and a single type of
non-functional requirements that are related to the quality of
service (QoS) properties [9].

This work seeks to address the following questions related
to Web services composition issues:

1) What model would be used to identify and specify the

user’s/organization’s requirements?

2) What technique would be used to enable the effec-
tive discovery and selection of Web services satisfying
user’s requirements?

3) How to consider composability levels between com-
posed Web services to decrease the required adapta-
tions?

To answer the previous research questions, we aim in
this paper to propose a novel approach of Web services
composition, which allows the discovery, selection, and
composition of appropriate Web services according to the
user’s/organization’s functional and non-functional require-
ments. The main contributions of the proposed approach are:

1) Modeling user’s/organization’s functional and non-
functional requirements using an ontological descrip-
tion and BPMN [23];

2) Discovering appropriate atomic Web services that
match user’s/organization’s functional requirements by
applying a two-filters-based matching algorithm;

3) Considering different types of non-functional require-
ments related to QoS [9], QoE [10], and QoBiz [11]
properties;

4) Selecting the optimal Web services and suggesting sub-
stitutes by applying Formal Concept Analysis (FCA)
technique [12];

5) Focusing on composability levels between composed
services to minimize as much as possible the required
adaption efforts by performing Relational Concept
Analysis (RCA) technique [13];

6) Monitoring the obtained service-based applications to
validate the user’s satisfaction.

This paper is organized as follows: Section 2 reviews the
related works, Section 3 describes the proposed approach,
Section 4 focuses on the experimentations, and Section 5 con-
cludes and outlines future works.
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Il. RELEVANT WORKS RELATED TO
REQUIREMENTS-DRIVEN WEB SERVICES COMPOSITION
Web services can be composed together to build an
effective, rapid, and economic enterprise’s applications
that perform new complex functionalities satisfying the
user’s/organization’s requirements more efficiently. Nowa-
days, different requirements-driven Web services composi-
tion approaches are proposed with diverse characteristics and
orientations. In this section, we are going to review some of
these approaches to understand their main capabilities and
limitations.

In [14], a dynamic Web Services composition plat-
form (StarWSCoP) is proposed to support Quality of Ser-
vice (QoS) metrics. The authors suggest an extension of the
WSDL to handle QoS, such as cost, time, and reliability.
Also, an ontology-based semantic layer is added at the UDDI
registry used for Web services discovery and selection with
filtration based on the user’s QoS requirements.

In [15], [16], a requirement-oriented approach was pro-
posed starting with modeling user’s requirements using a
meta-process formalism (i.e., MAP) that is used to model the
required services to be composed in a single graph and then
specifying them using an Intentional Service Model (ISM).
Next, to discover compatible services, a service engine, which
is Service-Finder, was used to search for operational (i.e.,
functional) services. These services are filtered using FCA
to select the best ones.

Reference [17] proposed an approach based on a clas-
sification technique based on RCA in order to consider
various functional and non-functional requirements. The
proposed approach allows users to specify their requirements
by entering a set of keywords for discovering Web services
and alternatives that match the user’s request. Also, ser-
vices were filtered and classified using multiple checkers,
such as the compatibility checker, composability evaluator,
and RCA classifier to generate lattices to be interpreted in
order to select the optimal Web services for the required
composition.

In [18], the authors define two new Web services represen-
tation algorithms in order to facilitate access to Web services
at the discovery phase. The first one is called Rules-Based
Text Tagging (RBTT), which is based on semantic tagging
and is used to cleanse the WSDL files from unnecessary
information to keep only the important ones. The second
algorithm is called Symbolic Reputation (SR) and is used
for Web services recommendations. SR returns information
about service relationships with other services, which helps
in finding alternative services. Moreover, the author sug-
gests computing the QoS score along with reputation scores
to return appropriate services to the requester. The service
reputation score is feedback given by other users who have
utilized the same requested service before.

Reference [19] presented a methodology called
(r-SODM), which is a service composition model that
supports both functional and non-functional requirements
in the services-based software development process. The

59328

7-SODM is an extension of Service-Oriented Development
Method (SOD-M), which relies on Model-Driven Devel-
opment (MDD), which depends basically on models for
structuring software applications at different points of view.
The author defined new meta-models at the Platform Inde-
pendent Model-Level (PIM). The proposed models aim
to enhance the design and implementation processes of
the services-based software by considering non-functional
requirements.

In terms of Web services discovery and ranking tech-
niques, [20] proposed a QoS-based method for discovering
and ranking Web services by using Relevancy Function Value
(RVF), allowing to compute a value relative to six QoS
parameters that are response time, throughput time, availabil-
ity, accessibility, interoperability, and cost. The main goal of
this work was to build a Web services repository that could
be searched by service requesters by specifying their required
QoS parameters. The repository will also use RVF to re-rank
available services.

Reference [21] focuses on the dynamic composition of
Web services, taking into account users’ requirements, espe-
cially non-functional requirements. In this work, a new
QoS-based framework proposed allowing to elaborate Web
services composition solutions using planning graph and
Harmony Search (HS) algorithm. The proposed solutions
provided functional composite services that satisfy QoS by
maintaining the user’s global QoS constraints. The search
process for relevant Web services is done using a planning
graph technique that returns all probable solutions using
the HS algorithm and then ranking the results based on the
user’s requirements. A semantic matching score proposed and
computed to handle the interoperability issues between Web
services.

Table 1 presents a comparison between the works as men-
tioned above. The comparison is conducted upon five main
criteria, which are: 1) the semantic modeling of requirements,
2) the consideration of non-functional requirements, 3) the
identification of alternative Web services, 4) the considera-
tion of Web services composability levels, and finally, 5) the
consideration of user’s satisfaction.

In light of the above analysis, in our work, we aim to satisfy
all mentioned criteria by proposing a novel approach, which
performs the development of new and value-added service-
based applications based on user’s/organization’s functional
and non-functional requirements. Functional requirements
will be modeled semantically using an ontological descrip-
tion and graphical meta-model notation. Different types of
non-functional requirements are specified in terms of QoS,
QoE, and QoBiz properties in order to ensure user satis-
faction. The selection of the most appropriate services and
suggesting their potential substitutes (i.e., satisfying both
functional and no-functional requirements and requiring less
adaptation efforts) is achieved by applying formal and math-
ematical techniques. The validation of the user’s satisfac-
tion is ensured by monitoring the obtained service-based
applications.
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TABLE 1. Comparison between relevant related works.
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FIGURE 2. Overview of the proposed approach.

IlIl. PROPOSED APPROACH
Our approach is a process, which is divided into four succes-
sive phases 1-4, as it is shown in Figure 2.

- Phase (1). Modeling of user’s/organization’s require-
ments: it is performed using a semantic ontological
description and a graphical meta-model. Modeling user’s
requirements semantically permits us to address the func-
tional and the non-functional requirements properly, and thus
improve the composition process;

- Phase (2). Discovering appropriate Web services: it is
ensured by applying a two-filters-based algorithm. This algo-
rithm consists of computing the semantic similarity between
the Web service semantic description files and the seman-
tic description file of the user’s/organization’s requirements
elaborated in phase 1;

- Phase (3). Selecting the optimal high-quality Web ser-
vices: it is performed automatically by applying FCA and
RCA;

- Phase (4). Executing the obtained composition: it is per-
formed using an orchestration engine.

A. PHASE 1: MODELING USER’s REQUIREMENTS
In this phase, a composition scenario is modeled using the
Business Process Model and Notation (BPMN) [23]. BPMN
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is a well-recognized graphical meta-model used to represent
a graph/map for the flow of business processes [24]. BPMN
has several notational elements. An activity node represents
a Web service. A 1ink represents different possible flows
and is chosen based on the result of the evaluation of a
condition related to a specific activity. A gateway rep-
resents decision points that represent workflow conditions.
A sequenceflow represents a link from a gateway node
to an activity node. A pool represents the combina-
tion of a composition of flowobject (s), gateway (s),
and sequenceflow (s). A messageflow describes the
exchange of messages between pools. A pool may have an
activity flowobject that can be represented by another
pool. Each pool represents a workflow, and a business
process is associated with a set of pools [35]. The BPMN
specifications play a crucial role in offering a mapping that
exists between the graphics of the notation as well as the
fundamental constructs of execution languages. In our con-
text, BPMN is considered an easy-to-comprehend abstract
representation of the user’s functional requirements. Besides,
several environments (e.g., Eclipse IDE) adopt this notation
and offer the possibility to convert it automatically into stan-
dardized languages (i.e., BPEL), allowing the coordination
(i.e., orchestration and choreography) of composing services.
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FIGURE 4. UFO fragment showing non-functional requirements and related concepts.

Nevertheless, the BPMN modeled scenario for Web ser-
vices composition is restricted to specify only functional
requirements. Thus, in order to provide more semantic infor-
mation on both the functional and non-functional user’s
requirements, every requirement, which is specified in the
composition scenario, is described semantically using an
ontology. In [25], the authors use the Unified Foundational
Ontology (UFO) in the analysis of the ontological require-
ments in requirements engineering. Reference [25] provides
substantial information on the ontological interpretation of
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non-functional requirements using UFO, whereby it displays
core elements such as the entity, the quality value, situation,
concrete individual and abstract individual, or other elements.

The diagrammatic representation, shown in Figure 3,
explains the interrelationship and effectiveness of the ele-
ments as mentioned earlier.

In [25], non-functional requirements are placed side by
side with other related concepts to establish how suitable
each element in developing ontological based non-functional
requirements is, as exemplified in Figure 4.
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What interests us, in our work, is the fragment contoured
by the red dotted line. Since the UFO ontology presented
in [25] has already been validated, we can take the ben-
efits of using a fragment of this ontology in describing
non-functional requirements semantically. However, instead
of specifying only the “Quality Value” for each Quality,
we modified it to include two data properties: ‘‘Preference”
and “Priority”’. The former property expresses the required
level related to a specific quality property (i.e., very high,
high, medium, low, and very low), and the latter prop-
erty defines the degree of importance accorded by the user
to a specific required quality property (i.e., a value from
1to5).

Besides, concerning non-functional requirements, we pro-
pose to consider three types of properties: QoS, QoE, and
QoBiz properties. QoS refers to the properties providing
the service requester with quality information describing the
Web service behavior such as availability, security, reliability,
response time, robustness, scalability, or other behaviors [9].
In this work, we consider the following QoS properties, which
are:

- The availability: it is the capability of a Web service to
be executed and used [29].

- The response time: it is the amount of time taken to send
a service request and receive its response [29].

QoE properties are related to the user’s overall perception
regarding specific Web service functionality or toward the
Web service provider [10]. In this work, the reputation is con-
sidered as a QoE property. The reputation refers to the service
trustworthiness, and it is measured from the ranking done
by requesters. Finally, QoBiz properties concern financial
aspects related to service utilization [11]. Cost is the price per
transaction, which is considered as a QoBiz property in our
work. It represents the amount of money needed to perform
the required operation.

B. PHASE 2: DISCOVERY PHASE

In this phase, to discover Web services that match the user’s
functional requirements, which are semantically specified in
the previous phase, we propose a two-filters-based algorithm.
In the first filter, this algorithm computes the semantic sim-
ilarities between keywords extracted from the requirements’
descriptions and the available Web services’ names. In the
second filter, it computes the similarities between the same
keywords and the semantic descriptions of Web services
collected after passing the first filter. Web services’ descrip-
tions with highest scores of similarity (i.e., equal or greater
than an empirical threshold) are retained. The proposed algo-
rithm is based on WordNet [26]. WordNet is an accessible
large lexical database for the English language, including
three syntactical groups of words: one for nouns, one for
verbs, and the last one is for adjectives and adverbs. Word-
Net consists in identifying a hierarchy of concepts, called
synsets, which are sets of terms grouped in terms of different
types of semantic relationships (i.e., synonymy, antonymy,
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Algorithm 1 Two-Filters-Based Semantic Discovery

Input: u_keywords: user’s keywords, serv_file_names: list
of services’ file names, serv_file: list of services’ files, th:
threshold

Output: Filter2List: list of functional matched services

1. FilterlList, Filter2List: list of services’ file names
2. Arrayl: array of double

3. sim, avg_sim: double

/% First filter process */

4. for all f _name in serv_file_names

5 for all u_keys in u_keywords

6. sim=WuPalmer (f _name, u_keys)

7 if sim > th then

8. FilterlList.add(f _name)

9 end if

10. end for
11. end for

/% The second filter process */
12.  for all f_name in FilterlList

13 cpt_names =readFile(f _name)
14. for all u_keys in u_keywords
15. for all cpt in cpt_names
16. sim=WuPalmer (u_keys, cpt)
17. Arrayl.add(sim)

18. end for

19. end for

20. avg_sim=average(Array1)

21. if avg_sim > th then

22. Filter2List.add(f _name)

23. end if

24. end for

hyponymy, meronymy, and holonymy) [27]. For synonymy
relationship, several methods for calculating semantic simi-
larity between words in WordNet exist. Among these meth-
ods, we cite the edge-based methods, which are widely used
and which consists of measuring the path between words
belonging to different nodes in the hierarchy. For these meth-
ods, the shorter the path is, the more similar the words are.
WuPalmer algorithm [28] is among the most popular algo-
rithms implementing an edge-based method for calculating
semantic similarities between words. This algorithm is used
in the two filters of our discovery algorithm, and it consists of
defining the similarity of two concepts based on the common
concepts. It calculates the path between these concepts using
Equation 1:
im (C1, C2 2% N3 1

sim(CL, C2) = N 1 2+ V3 M
where C3 is the least common super concept of C/ and
C2. NI is the number of nodes on the path from CI to
C3. N2 is the number of nodes on the path from C2
to C3. N3 is the number of nodes on the path from C3 to
root.
Our two-filters-based discovery is depicted in Algorithm 1.
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C. PHASE 3: SELECTION PHASE
The set of Web services, which are obtained from the discov-
ery phase, are only satisfying user’s functional requirements.
Therefore, in this phase, we are looking for the optimal set of
Web services that satisfy both functional and non-functional
requirements. To automate the selection of optimal Web ser-
vices, we propose to use the FCA and its extension, RCA.
FCA is a data examination method that aids in managing
various categories of data using a set of data exploration and
knowledge attainment procedures [12]. FCA is based on the
Galois lattice theory. This theory allows to group individuals
who share common properties. The groups of individuals and
properties that are mutually corresponding are called formal
concepts. These concepts are organized in a hierarchy, called
concept lattice, according to a partial ordering, which is based
on an inclusion relationship between groups of individuals
and properties. A formal concept consists of two parts: the
extension that contains individuals and the intension that
contains the properties shared by the individuals. In FCA,
data are represented in a Boolean array with two dimensions,
called formal context, which defines an incidence relation-
ship between the finite sets of individuals and properties.
A formal context is formally described as a triplet K =
(0, A, I) where:

- O is the set of individuals;

- A is the set of properties;

- I is a binary incidence relation between elements of O
and elements of A.I Cp xA indicates for each individ-
ual the properties associated with it.

A context can be represented graphically by an array. The size
of this array is |O| x |A|. Concepts of a context are naturally
ordered by a relation of super/sub-concepts. The set of all
formal concepts extracted from the context K, ordered by
the relation of super-concept (or sub-concept), is denoted by
L = (CK, < K) and is called a concept lattice.

For our service selection problem, we define a context K
where individuals are the relevant services obtained after the
discovery phase, and properties are QoS, QoE, and QoBiz
values. The incidence relation is binary: a service is charac-
terized by the value of QoS/QoE/QoBiz. By applying FCA
on K, we want to identify relevant services that offer the best
compromise of QoS, QoE, and QoBiz properties.

We choose to use FCA because it allows us to select and
compose Web services dynamically. Indeed, in response to
different QoS, QoE, and QoBiz properties, FCA does not
provide a single service with optimal quality values, yet
a collection of services will be provided. These services
share common properties of QoS, QoE, and QoBiz, and thus
are alternative candidates that can be interchanged dynami-
cally to overcome problems of breakdowns or unavailability
encountered during the service composition.

A service composition may be seen as a sequence of two
or more atomic Web services. So, the execution of each
of these services depends on the execution of the service
that precedes it. To offer a more efficient approach and this
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by decreasing the required adaptation efforts needed for the
composition, in this work, we will consider two levels of
services’ composability as follow:

- Fully-Composable Web services (FCWS): this level is
necessary when the type and number of outputs of
the source service are identical to the type and num-
ber of inputs of the target service in the composition.
In this case, the two services are fully composable, and
they do not need any adaptations to fulfill the required
composition;

- Adaptable-Composable Web services (ACWS): this
level is necessary when outputs of the source service are
different from the inputs of the destination service, either
in their types or number. In this case, the two services
are called adaptable-composable services, and they need
adaptations to fulfill the required composition.

To classify discovered Web services according to their com-
posability levels, we propose to use RCA. RCA is an exten-
sion of the FCA, enabling the extraction of formal concepts
from sets of individuals described by properties and relations
between individuals. Contrary to the FCA, RCA operates on
a set of contexts. This set of contexts is called a family of
relational contexts (RCF). Contexts which compose an RCF
are categorized into two types:

- Formal contexts: same as the contexts of the FCA, which
link individuals to properties.

- Relational contexts: contexts that connect individuals
of a formal context to individuals of another formal
context.

The concepts, which are formed, are called relational con-
cepts because they contain intensions referring to other con-
cepts. Formally, an RCF is a pair (K, R) where:

- K is a set of formal contexts Ki = (01, Ai, Ii);

- R is a set of binary relations vk C Oi x Oj, where Oi

and Oj are sets of individuals of formal contexts Ki and
Kj that are called respectively domain and co-domain
of rk.
RCF contexts are treated by classical derivation algorithms
of the conceptual structures of FCA. Thus, from an RCF,
we obtain a set of lattices, one per each context, called Rela-
tional Lattice Family (RLF).

The selection of composite services is carried by con-
sidering relational families per pair of services that run
sequentially. Each family contains two formal contexts:
services x Q0S/QoE/QoBiz and many relational contexts:
services x services, one for each level of the services’ compos-
ability. The obtained RLF allows identifying concepts con-
taining composite services that require minimum adaptations
and offer maximum QoS, QoE, and QoBiz.

D. PHASE 4: EXECUTION PHASE

In the last phase, the selected services forming the optimal
service-based application are coordinated and executed using
an execution engine that can host and run composite services.
The standardized language for Web services coordination and
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FIGURE 5. BPMN map of the proposed service-based application.

execution is the Web Services Business Process Execution
Language (WS-BPEL) [22].

IV. EXPERIMENTATIONS

We used the OWLS-TC! dataset, which consists of more than
10830 semantic Web services described in OWL-S specifica-
tion, to conduct our experimentations. Web services in this
dataset are described using the two versions of OWL-S: ver-
sion 1.0 and version 1.1. We chose services described using
the most recent OWL-S version, which is 1.1, to perform
our experimentations. The OWLS files in this dataset are
also enhanced by 48 ontology domains described by OWL
files. These ontologies are classified into several classes:
communication, economy, travel, food, education, geogra-
phy, medical, weapon, and simulation.

To take into consideration services’ non-functional prop-
erties, we enriched OWL-S files with seven parameters:
availability, response time, throughput, friendliness, success
rate, reputation, and cost. As suggested in [30], cost val-
ues were between $0 and $30, response time values were
between Oms and 300ms, and the other parameter values were
between 70% and 100%. Besides, we manually applied a
pre-treatment on file names of this Web service by separating
the attached words with an underscore.

A. EXPERIMENTAL SCENARIO

In order to understand the working mechanism of the
proposed approach, experimentations were conducted on
the entertainment-planning scenario illustrated in Figure 5,
which depicts a BPMN map of a service-based application
modeled in terms of user’s functional requirements. In this
scenario, first of all, the user searches for a city where he
can practice a specific entertainment activity, say golf. Then,
this user consults the weather information of the chosen city.
If the weather is sunny during the selected dates, he/she can

1 http://projects.semwebcentral.org/projects/owls-tc/
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FIGURE 6. Requirements’ ontology: main concepts.

choose to book a hotel room or rent a car to go to the chosen
city. Otherwise, if the weather will be rainy, the user cancels
his trip and stays at home. In this case, he/she will choose
between two other different activities; either watch a movie
or order delivery from a restaurant. Every single task in this
map represents the user’s functional requirements that should
be fulfilled by specific Web service. The BPMN map was
modeled using the Eclipse BPMN2 Modeler.”

The proposed requirement ontological description devel-
oped using protégé (version 5.5), as it is shown in Fig-
ure 6. A Web service is modeled as a goal to fulfill. This
goal is divided into a set of functional requirements plus a
set of non-functional requirements. Functional requirements
are expressed in terms of required functions described by
keywords used to specify activities in the BPMN map. For
non-functional requirements, QoS, QoE, and QoBiz proper-
ties are specified in terms of user’s preferences and priorities,
as it is illustrated in Figure 7.

For the entertainment-planning scenario, Figure 8 presents
the semantic description of the “Weather_WS” goal. This
goal has as function “Get_Weather_Forecast™. This goal has
four ““quality” instances, which are: availability, response
time, cost, and reputation. For the ‘“Weather_ WS” goal,
the user needs very high availability and reputation with a
priority that is equal to ‘2’ and ‘1’, respectively. Besides,
he/she needs services with very low response time and low

2https://WWW.eclipSe.org/bpmn2-m0deler/
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FIGURE 8. Semantic description of the “Activity_WS" goal.

cost. He assigned a priority that is equal to ‘1’ for both
response time and cost qualities. All the remaining goals are
described in the same way.

B. EXPERIMENTAL RESULTS

To discover Web services satisfying the specified goals in
the entertainment-planning scenario, the two-filters-based
algorithm is performed on the OWLS-TC dataset. For the
empirical similarity threshold, we considered 0.8 as in [33].
The first level filter returns the following results summarized
in Table 2.

The second filter retains only the sets of services detailed
in Table 3.

To validate the obtained results from the discovery phase,
we manually check each returned service if it best satisfies
the user’s functional requirements. For this, we transpose
our work in the field of information retrieval, and we use
the precision and recall measures [32]. Precision assesses
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TABLE 2. Results obtained after performing the 1st filter of the discovery
algorithm by considering the entertainment-planning scenario.

Goal Keywords #matching Web services
obtained after performing
filter 1

Activity WS Activity, City 11

Weather WS Weather, 39

Forecast

Car_WS Car, Rent 36

Hotel_WS Hotel, booking 26

Film_WS Film 11

Food_WS Food, Delivery 41

the number of true and relevant services identified among the
returned set of services, recall assesses the number of returned
services among the existing relevant services, though. These
measures were calculated according to Equation 2 and Equa-
tion 3, respectively:

[True relevant services} N{Returned services}|

Precision= -
[{Returned services}|
2
[{True relevant services}N{Returned services}|
Recall= ;
|{True relevant services}|
3)

Table 3 also provides validation of these results in terms of
precision, recall, and response time of the two-filters-based
algorithm. As it is shown in Table 3, the proposed two-filters-
based algorithm delivers excellent results in terms of preci-
sion (97.44%), recall (98.52%), and response time (3870ms).
For the same scenario, our approach in [16] provides 91.22%
of precision and 87.42% of recall. The resulted sets from
the discovery phase are considered as the most relevant Web
services satisfying the user’s functional requirements. These
sets are used to perform the selection phase in order to retain
only Web services that satisfy also specified QoS, QoE, and
QoBiz preferences and priorities. Web services’ QoS, QoE,
and QoBiz (i.e., availability, response time, reputation, and
cost) values are normalized. The values fall within a range
that is [0,1] to execute the selection phase by min-max nor-
malization method specified by Equation 4:
’ x — min(x)

= “
max (x) — min(x)

where x’ is the new normalized value, min(x) is the minimum

value in the list of the considered quality values, and max(x)

is the maximum.

Normalizing quality values will allow categorizing them
into seven qualitative ordinal values and this by applying
the seven-point Likert technique [31]. These ordinal scales
are: “Very Low”, “Low”, “Somewhat Low”, “Medium”,
“Somewhat High”, “High”, and “Very High”. The catego-
rization of quality values is detailed in Table 4.

For our service selection problem, we define a context
K for each goal, where individuals are the relevant services
obtained after the discovery phase, and properties are QoS,
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TABLE 3. Results obtained after performing the 2nd filter of the discovery algorithm by considering the entertainment-planning scenario.

Goal Keywords #matching Web Precision  Recall Response
services (%) (%) Time (ms)
retained after
performing filter 2

Activity WS Activity, 5 100 100 2545

City
Weather WS | Weather, 3 100 100 2097
Forecast

Car_WS Car, Rent 16 93.75 100 6733

Hotel WS Hotel, 11 100 91.16 4989

booking

Film_WS Film 3 100 100 1988

Food_WS Food, 11 90.9 100 4866

Delivery
Average 97.44 98.52 3870

TABLE 4. Likert ordinal scales and corresponding value ranges.

Ordinal Very Low SomeWhat Medium SomeWhat High Very
scale Low (L) Low ™) High (H)  High
(VL) (SWL) (SWH) (VH)
Values 0- 0.15- 0.30-0.44 0.45- 0.60-0.74 0.75-  0.90-
range 0.14 029 0.59 0.89 1

QoE, QoBiz qualitative ordinal values. K of the ‘“Activity
WS” goal of our entertainment-planning scenario is illus-
trated in Table 5. As specified in the semantic description of
the “Activity WS” goal, the user assigns two as a priority
for the availability of services that should fulfill this goal
(see Figure 2). So, we define for each availability ordinal
value two sub-values in order to express the specified priority.
Besides, for the positive quality properties (i.e., availability
and reputation), any object that has a relationship with one of
their ordinal values will have a relationship with all ordinal
values that come before. For instance, if a (SWL) avail-
ability/reputation was checked, then all the previous ordinal
values (i.e., (L) and (VL)) will also be checked. However,
for the negative quality properties (i.e., response time and
cost), any object that has a relationship with one of their
ordinal values will have a relationship with all ordinal values
that come after. For instance, if a (SWL) response time/cost
was checked, then all the following ordinal values (i.e., (M),
(SWH), (H), and (VH)) will also be checked.

The previous context K was built using Galicia tool
(Galois Lattice Interactive Constructor).? Galicia is one of
the open platforms developed for lattice manipulation that
allows creating, visualizing, and storing concept lattices.
Figure 9 shows our context K developed by Galicia.

Figure 10 illustrates the reduced labeling of the concept lat-
tice derived from the previous context K. This lattice allows
us to find optimal services for the “Activity_ WS” goal.
From this lattice, we conclude that the optimal Web service
is “Act4” (i.e., the extent of concept/node 6). This service

3http://www.iro.umontre:al.ca/fvgalicia/
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FIGURE 10. The lattice for the activity binary context.

completely satisfies the user’s non-functional requirements
with L_RT, H_A, SWL_C, and VH_R.

Back to our entertainment-planning scenario illus-
trated in Figure 5, to treat the composability problem
related to sequential goals, namely “Activity_Ws” and
“Weather_WS”, we apply RCA. The considered rela-
tional family context is named RLF and contains two
formal contexts: ActivityServicesx QoS/QoE/QoBiz and
WeatherServices x QoS/QoE/QoBiz, and two relational con-
texts: ActivityServices x WeatherServices, one for each com-
posability level (i.e., FC and AC). Figurell presents the two
relational-contexts for both cases: FC and AC Web services.
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TABLE 5. The binary context k linking activity services to QoS, QoE and QoBiz qualitative ordinal values.

ol a =l |
> > ~ = 2 2 2 = fer
= S 223 5 | El 22 B I B )
I I I e B B B e e I T | ey I - J9 | g 2 |28 g |%
S E| 2 2 8 8l E| &l £ 5| 2 2 B Bl & E| 8 B £ Fa z ) o gl 5| B _| 2
Binary incidence | 2| Z| £ 2 ol Io R =1 ot ot =1 [ I 92 gl 2| 8 %] 2| 2| B 3 | E Zl 2 2| =| E|E| 5 &
(Activit S {1 1 R O R e I = B L I
Services*QoS, KR REIRE A g | 2| 2 Bl £ 3] & g gl 2 % T & o ElES 2l 3| & S H HE z é e
QoEandQoBiz) | = | =| Z| §| E| 2| E| 5| E| 2| <| 2| B H & E| 2| 5| ¢ & 2| Z| 2| g| 2| & E| 2| 2| & 5| 2| 2 2
R I N R B B B B B I I I I B B B2 B I I = 2B =1 ] =t <1 = el T =1 e B
320O_‘NEE_NA,_‘uﬂ?/?,Z,OFEFEE,gB@ovmg;%@uvwg
.ﬁN:‘/d<ﬂ<:(\\]/<I<552%lHdM:M‘VEVSUEU\éU\“h‘MEM‘é;
j‘i':‘2§§<l<w§§:ﬂ|%‘\m':'i‘z§°‘I§E\m‘z‘5§UI§U|:‘§§§“|§°‘|:‘
S I B Y A I A 1 It I IR B -1 S I I Y A B4 B -1 = I B A B A -1 = I I A R A -
Actl factivity beach | x [ X [ X [ X [ X [ X | X | X | X | X | X | X [ X [ X X | x X | X | X | X | X |X|[xX|[X|[X]|X]|X]|X
Act2 aC"Vl;i,lafaMI X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Act3 ctivityﬁdestin X | X | X|X X X | X | X[ X |X|X[X][|X
ation
Actd factivity city | X | X [ X | X [ X | X [ X | X | X | X | X | X | X [Xx|X[xX|Xx|[XxX|X|X|X X[ x| x[x|x|[x|x[x|x|x|x]|Xx
Act5 aCtiVitY7natiO X X X X X X X X X X X X
nal_park
TABLE 6. Final selection results for the entertainment-planning scenario.
File Edit Rules Generation Database P g
Activity | Weather [ (FC) [ (AC) | Goal Selected Services
A B c D Activity WS | Act4
[FCy v w2 w3 Weather WS | W3
i$ )U( )U( >D'i Car_WS$S C5,C6,C8, and C15
Act3 ] 0 x Hotel_ WS H9
Acta 0 0 W Film_WS Fi3
Acts X X [§] Food_WS Fo2 and Fo6
File Edit Rules Generation Database
Activity | Weather | (FC) [ (AC) )
. 5 = = To validate the proposed approach and to help the user to
BTy WA w2 TE) choose the optimal service in case the selection phase returns
23{; )U" )U( )U( more than one service (e.g., returned services for “Car_WS”’
Acta x x 0 and “Food_WS” goals), a monitoring technique is used.
e - 2 = Monitoring experiments are conducted using WildCAT [34],

FIGURE 11. Fully-composable and adaptable-composable relational
contexts.

The generated lattices, illustrated in Figure 12, denote that
Act4 is the optimal Web service that satisfies “Activity WS”
goal. This service has an FC level with services in the extent
of concept c4. This concept contains the optimal Web service
satisfying the “Weather_ WS’ goal, which is W3.

Finally, for the remaining goals related to the entertain-
ment-planning scenario, optimal Web services are selected
by applying only FCA, since these services are executed in
parallel; thus, no composability problems need to be handled.
Table 6 summarizes the set of optimal Web services obtained
after the selection phase for the entertainment-planning
scenario.

This set will be used to execute the composition process
implementing the entertainment-planning scenario automati-
cally. BPEL orchestration code of this scenario is generated
automatically by the BPMN2BPEL* plugin embedded in
Eclipse IDE.

4https:// sourceforge.net/p/bpmn2bpel/wiki/Home/
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which is a generic framework allowing the development and
supervision of context-aware software applications. Wild-
CAT defines monitoring models as oriented tree structures.
A monitoring model is composed of resources as nodes
and attributes as leaves. Resources allow the structuring
of the monitoring model. Attributes represent WildCAT
Sensors.

In this work, we perform monitoring experiments to mea-
sure services’ availability and response time, and this by
using the following metrics specified by Equation 5 and

Equation 6, respectively:
[Downtime + Uptime

Tresp — Treq

Uptime

Availability (%) ] *100  (5)

(6)

Response time (ms) =
Uptime and Downtime represent the service uptime and
downtime, respectively. Treq and Tresp represent the time.
The former represents the time when the first byte of the
user’s request is sent, and the latter represents the time when
the last byte of the response of the service is received,
respectively.
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FIGURE 13. Monitoring results for services satisfying “Car_WS" and
“Food_WS" goals.

To evaluate the availability and the response time of the
returned services for the “Car_WS” and “Food_WS” goals,
a set of experiments are conducted, and the average values are
considered. For these two goals, the user gives the priority for
services having the lowest response time. Figure 13 illustrates
the monitoring results.

As it is shown in Figure 13, C15 is the optimal service
fulfilling the “Car_WS” goal, whereas Fo6 is the optimal one
for the “Food_WS” goal since it has the lowest response time
value.

V. CONCLUSION
In this paper, we presented a novel requirement-driven
approach that ensures the discovery, the selection, and
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the execution of optimal semantic Web services satisfying
user’s functional and non-functional requirements specified
in terms of QoS, QoE, and QoBiz properties. This approach
is built upon four phases: i) modeling user’s/organization’s
functional and non-functional requirements using an ontolog-
ical description and BPMN notation, ii) discovering appropri-
ate Web services that match user’s/organization’s functional
requirements by applying a two-filters-based algorithm,
iii) selecting the optimal Web services fulfilling both speci-
fied functional and non-functional requirements and requir-
ing minimum efforts of adaptations by applying FCA and
RCA techniques, and finally, iv) executing the selected ser-
vices, which form the optimal composition solution. This
proposed approach experimented using an extended ver-
sion of the OWLS-TC dataset, which includes more than
10830 semantic Web services descriptions. The experimen-
tal results demonstrate that our approach allows extracting
the optimal composition satisfying the user’s/organization’s
requirements with high accuracy (the average recall is
98.52%) and efficiency (the average precision is 97.44%).
As future works, we plan to perform more experiments with
large and complex datasets of microservices collected from
different clouds. Moreover, we aim to enhance Web services
compositions with automated fault diagnosis features for
robust operation, and this feature could be accomplished by
performing model-based and codebook techniques.
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