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ABSTRACT: Different services have different values for
their different properties (functional and non-functional).
Moreover, consumers have different preferences for these
properties. Since these preferences may be incomplete/
vague/imprecise, this inevitably can in turn cause
selection of a non-optimal service for the consumer which
may not have the desired value for these properties for
the consumer. Therefore optimal web service selection
based on the consumer’s preferences is a challenging
task. In this paper, a new service selection model is
proposed which considers consumer preferences for
different service properties as well as the actual values of
its properties. Services are evaluated and priority weights
are computed separately for functional and non-functional
properties using modified Fuzzy Extended Analytic
Hierarchy Process (FEAHP) and Weighted Sum Method
(WSM) respectively. Real time data is used to conduct
experiments.
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1. Introduction

Service Oriented Architecture (SOA) is becoming a
widespread solution for realizing distributed applications
such as e-business and enterprise systems via web
services. Web services in SOA are autonomous entities
which are published, located, and accessed through
messages encoded as per the XML-based standards (Erl,
2005; Erl, 2008;). Service providers describe their services
using Web Service Description Language (WSDL) and
publish them in a central repository. Service consumers
invoke these services (Erl, 2015).

A service has certain functional aspects and certain non-
functional aspects. The functional properties of a service
are derived from its functional aspects which are the overall
number of functionalities (operations) that it provides and
how many times it has been invoked by the consumers.
These properties are based on its WSDL document. The
non-functional properties capture the non-functional
aspects (QoS) of services (Choi & Kim, 2008; Gebhart,
2013; Senivongse et al., 2010). There are various non-
functional properties (QoS) of services such as throughput,
latency, response time, reliability, availability etc (Balfagih,
2009; Kim & Lee, 2005; Kim et al., 2010). A consumer
has certain preferences for each of these properties for a
service. Therefore, in this paper, following aspects are
collectively considered while proposing the service
selection model.
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1) A service has certain values for each of its property
(functional and non-functional).

2) A consumer has certain preferences for each of these
properties.

First, consider functional properties of services. A
consumer search for a service having functionality for e.g.,
‘weather prediction’. There may be many services which
provides this functionality but varies in the spectrum of
overall provided functionalities. These services are known
as alternate services. For example, some service predicts
weather ‘by city’ and ‘for a particular date’, some service
predicts weather ‘by city and  for a particular whole week
and some service predicts weather ‘by city’ and ‘gives
related warnings’. Among these alternate web services,
there are some which offer a wide spectrum of
functionalities and some offers less. Furthermore, within
these, there are some services which are frequently used
and some are not. In this way, with respect to the values
of these functional properties, services have relative
priorities over each other. A consumer may have different
preferences for both of these functional properties i.e. there
may be a consumer who does not want bulky service but
most frequently used service.

Now, consider non-functional properties of services. A
consumer requests for a service which fulfills the desired
non- functional properties. Some services have low values
for some property and some have high. In this way, for
non-functional properties also each service has a relative
priority over another. Essentially, consumers have
incomplete and imprecise preferences for different non-
functional properties and therefore, it becomes hard to
quantify these preferences especially the importance of
preferences. Such vague preferences may lead to
selection of a non-optimal service as it may lead to
selection of a service with non-desired values for its
different properties. Therefore, it becomes inevitable to
consider both actual values of properties and consumer‘s
preferences.

From the aforementioned, optimal service selection is a
complex decision problem. Hence in this context, fuzzy
logic is used to provide a solution for this multi-criteria
selection problem. Fuzzy set theory is used in handling
the approximation and uncertainty in making decisions
which bears a resemblance to human reasoning (Dijkman
et al., 1983; Zadeh, 1997; Zimmermann, 2011). In the
existing research for the web service selection, fuzzy
approaches have been used (Chao et al. 2005; Huang et
al., 2005; Lin et al., 2005; Tran & Tsuji, 2008; Wang et
al., 2006; Xiong & Fan, 2007). Existing approaches lack
the study of consumer‘s preferences which are uncertain
for properties with respect to other properties. This
uncertainty in turn can impact the determination of ranks
of services for the consumer, for example, when a
consumer is not certain that whether a property A is of
more priority for her/him than property B. To overcome
the limitations of the existing research, the proposed model

uses fuzzy extended AHP. This method has various
processes such as decomposition, pairwise comparisons,
priority weights generation and ranking processes
(Chang,1996; Chen et al., 1982; Saaty, 1980). It handles
multiple criteria with relative ease and is easier to
understand as it does not involve cumbersome arithmetic.
In the method, the expert‘s knowledge for the preferences
is used in the selection process, but in this paper, this is
replaced by the priority of the services based on their
actual values for each property.

There are research works which have integrated both
functional and non-functional requirements in a software
development process using Fuzzy AHP methodology
(Dabbagh & Lee, 2014; Dabbagh et al., 2016; Khan, 2016;
Mansoor et al., 2015). In this paper, the proposed model
also considers both functional as well as non-functional
properties of services while selecting a service for the
consumer. In the model, a consumer while making a
service request provides the required functionality, fuzzy
preferences (such as weakly more important, strongly
more important, equally important etc.) for non-functional
properties and linguistic preferences (such low, medium
etc.) for the functional properties.

The research contributions of the paper for service selection
are as follows:

1) Fuzzy priority weights computation of services based
on their actual values of the functional properties and
consumer‘s preferences for these properties. Weighted
Sum Method is used to compute priority weights of the
service for both of these aspects.

2) Fuzzy priority weights computation of services based
on their actual values of non-functional properties and
consumer‘s preferences for these properties: Fuzzy
extended AHP is used for both of these aspects.

3) Functional & Non-functional aware fuzzy ranking of
services: Aggregation of both functional and non-functional
priority weights is done to provide the optimal service for
the consumer.

The research intends not to miss (due to the vague
preferences) an optimal service which may be best suited
service for the consumer. In this way, the proposed model
assists in service selection to bring essential benefits for
the service consumers.

The remainder of the paper is organized as follows. The
basic terminologies are discussed in Section 2. The
proposed model is introduced in Section 3. Experiments
and Results are explained in Section 4 to illustrate the
proposed model. Section 5 examines the sensitivity
analysis of the proposed model. Finally, the paper is
concluded in Section 6.

2. Definitions

Definition 1: (Pedrycz & Gomide, 1998) A fuzzy set F is
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defined as a set of ordered pairs in the form {(p, μF ∼p: x ε
∪, μF ∼p ε [0,1]. The value μF ∼p is known as the membership
degree of p in set F. It is the degree to which the set
member p possess the characteristic property of F. This
means that the membership degree of p in F increase as
the value of μF ∼p is nearer to 1.

Definition 2: (Kauffman & Gupta, 1985) A fuzzy number
is expressed as a fuzzy set which defines a fuzzy interval
containing real numbers  from the interval [0,1]. A fuzzy
number F ∼ has functional value μF ∼p = 1 at precisely single
element from a given set of elements. Fuzzy numbers
are suitable for modeling uncertainty in different kinds of
applications.

Definition 3: (Fuller, 1997) A Triangular Fuzzy Number
(TFN) is a special case of fuzzy number which is defined
as F ∼ = (f1, f2, f3). It has membership function μF ∼

        0       if p ≤ f1
      p − f1

Figure 1. Proposed Model

f2 − f1

f3 − p
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μF ∼p = (1)

point (f2, 1) as the vertex. Therefore, the real numbers  f1, f2,
f3 together defines the triangular fuzzy number and is
denoted as (f1, f2, f3).

Definition 4: (Fishburn, 1967) Weighted Sum Method
(WSM) is a multi-criteria decision making method to
evaluate a number of alternatives for different decision
criteria. The weighted sum of Ai alternative is represented
as

where wj denotes the relative weight of importance of the
criterion Cj and aij is the performance value of alternative
Ai. Each alternative is evaluated in terms of criterion Cj.

Definition 5: (Fan, M & Zhang, 2002) A Fuzzy comparison
matrix aims to express the consumer‘s preferences in
the form of a pairwise comparison matrix resulting among
different alternatives. The members of the matrix are
triangular fuzzy numbers. The matrix allows the decision
makers to give fuzzy preferences instead of precise
preferences for a pairwise comparison among various
alternatives. It is represented as

n
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 , f2  , f3  ) is the triangular fuzzy number
representing the fuzzy relative consumer‘s preference for
alternatives Ai and Aj.

ij ijijwhere f1, f2, f3 are given numbers. The membership function
of a triangular fuzzy number is represented graphically as
a triangle in which [f1, f3] forms base of the triangle and the

∑    wjaij   for i = 1,2,...m (2)
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3. Proposed Model

A service consumer sends the request for a required
functionality along with preferences for the functional and
non-functional properties via a user interface. Services
are stored in the service repository as per their functionality
(basic). For example, weather prediction and zipcode
search services are stored in separate groups. However,
there may be more than one service which predicts
weather or finds zipcode with different functional and non-
functional properties. WSDL documents of the services
are stored along with their functional and non-functional
properties in the service repository. The service repository
is searched for the required functionality. The services
which match the required functionality are termed as
alternate services. The values of non-functional properties
of each alternate service relative to each other are
converted to triangular fuzzy numbers. The Fuzzy
Extended AHP (FEAHP Module) uses these numbers and
the consumers  preferences for non-functional properties
and computes their corresponding priority weights. The
output from this module is all the alternate services with
their priority weights with respect to the non-functional
properties. The linguistic consumer‘s preferences of
functional properties are converted to crisp fuzzy values.
These are used together with the values of functional
properties of each alternate service in the Weighted Sum
Model (WS Module). The output from this module is all
the alternate services with their priority weights with
respect to the functional properties. Finally, priority weights
for both properties are aggregated to select the optimal
service for the service consumer. The proposed model is

depicted in Figure 1.

Fuzzy AHP methods are systematic approaches to the
alternative selection by using the concepts of hierarchi-
cal structure analysis and fuzzy set theory. The hierar-
chical structure for the goal to select optimal service has
different levels which include alternate services and the
properties (Functional and Non- functional) are shown in
Figure 2.

The non-functional properties of the alternate services are
handled using Fuzzy extended AHP (FEAHP) method
while functional properties are handled using Weighted
Sum Method (WSM).

a) First, non-functional properties are discussed which
uses Fuzzy set theory to help the decision makers to
make interval judgments than fixed value judgments which
they usually find more confident to give. The linguistic
consumers  preferences of each non-functional property
are converted into triangular fuzzy numbers. This will
provide the importance of each non-functional property.
These are represented in triangular fuzzy scale as
presented in Table 1. After converting preferences and
actual values of non- functional properties to TFNs, a fuzzy
comparison matrix M is constructed where mij = aij, bij, cij is
the relative importance of ith non-functional property over
jth non-functional property in pair wise comparison and
aij, bij, cij are the least bound, middle bound and highest
bound values respectively. Fuzzy extended AHP (FEAHP)
method is performed on these fuzzy comparison matrices
(Chang, 1996; Pal, 2007; Saaty, 1980).

Figure 2. The hierarchical structure
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Linguistic Scale Triangular Fuzzy Scale Triangular Fuzzy Reciprocal Scale

Equally important (1/2, 1, 3/2) (2/3, 1, 2)

Weakly more important (1, 3/2, 2) (1/2, 2/3, 1)

Strongly more important (3/2, 2, 5/2) (2/5, 1/2, 2/3)

Very strongly more important (2, 5/2, 3) (1/3, 2/5, 1/2)

Absolutely more important (5/2, 3, 7/2) (2/7, 1/3, 2/5)

Table 1. Triangular Fuzzy Scale for Consumer’s Preferences for Non-Functional Properties

Relative Difference Scale (Pd) Triangular Fuzzy Scale Triangular Fuzzy Reciprocal Scale

          < 0 % (1/2, 1, 3/2) (2/3, 1, 2)

25%> PD > 0% (1, 3/2, 2) (1/2, 2/3, 1)

50%> PD > 25% (3/2, 2, 5/2) (2/5, 1/2, 2/3)

75%> PD > 50% (2, 5/2, 3) (1/3, 2/5, 1/2)

         >75% (5/2, 3, 7/2) (2/7, 1/3, 2/5)

Consumer Preferences Priority Weights

Low .1

Medium .3

High .6

Table 2. Triangular Fuzzy Scale for actual values of Non-Functional Properties

To decide on the relative importance of each non-functional
property for their actual values, the relative difference
percentage between values of each alternate service is
computed. This is expressed as a ratio so as to maintain
the consistency ratio used in the FEAHP method.

Relative Difference Percentage (v1, v2) =

where f (v1, v2) =

For example, if for non-functional property (Response
Time), an alternate service has a normalized value .5 and
another alternate service has a normalized value.7 then
the Relative Difference Percentage is 33%. The
Percentage Difference scale is used to convert the
percentage difference to triangular fuzzy numbers. These
are shown in Table 2.

FEAP method considers the extent to which an object

Table 3. Priority weights for the Functional Properties

f (v1, v2)
⎪Δ⎪ (4)

v1+v2

2

can satisfy the goal. In this method the  extent  is quantified
using triangular fuzzy number. The normalized weight
vectors of all the fuzzy comparison matrices are
aggregated to obtain priority weights of the alternate
services as per their non-functional properties.

b) Now, functional properties are discussed. In this paper,
Weighted Sum Method (WSM) is used to deal these
properties. The consumer‘s preferences and the actual
values of each functional property are considered to
compute priority weights of the alternate services. The
consumer‘s preferences for each property provided by the
user interface are assigned priority weights as per their
relative importance. The priority weights are so given that
the total sum is 1. These are listed in Table 3.

Priority weights of each service are computed using above
weights.

c) Now when priority weights of each alternate service are
computed for both functional and non-functional properties,



162              Journal of Digital Information Management   Volume   16    Number   4     August   2018

both of these are aggregated. The service with the highest
priority weight is the optimal service for the consumer.

4. Experiments and Analysis

This section describes the system development
environment, performed experiments and results.

4.1 System Development
This system is built on an Intel(R) Core(TM) i7-3770
CPU@3.40GHz processor, 64-bit operating system and
6 GB Memory. The User Interface is built in MATLAB
R2015a (64-Bit). The service functionality is searched via
a WSDL Parser which is developed using Eclipse 4.6.0
(Neon). SQL Server is used to store and manage all the
information about services such as their description, non-
functional properties and functional properties. Figure 3
shows the User Interface which takes the consumer inputs
for the preferences for each property.

4.2 Experiments
To perform the experiments, real time data (Al-Masri,
2007) is used which comprises of 2307 services. It consists
of QoS data for each service with nine QoS parameters:
Response Time, Availability, Throughput, Successability,
Reliability, Compliance, Best Practices, Latency and

Documentation. These QoS parameters are used for the
non-functional properties in the proposed model. For the
functional properties, the number of overall functionalities
is extracted from the WSDL files of the services using
WSDL4j Parser and number of invocations of each service
is generated randomly using Java code in Eclipse.

4.3 Results
The model is demonstrated for a service request for the
required functionality  forecastWeather  along with
preferences for different properties by the service
consumer. There are four alternate services present in
the service repository which match this required
functionality: ndfdXML (outputs Minimum and Maximum
Temperature, wind speed, weather warnings, rain, snow
prediction etc), globalweather (outputs Temperature and
Humidity in the weather report), usweather (provides
Temperature in Http and in SOAP) and WeatherStation
Service (provides Temperature only). Following the model
methodology, following tables are generated.

Firstly, the Fuzzy Comparison Matrices are constructed
for the Non-Functional properties. Table 4 shows the
Fuzzy Comparison Matrix for the consumer preferences
for the Non-Functional properties.

Figure 3. User Interface of the Proposed Model
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QoS
Parameters

Response
Time

Availability

Throughput

Successa
bility

Reliability

Compliance

Best
Practices

Latency

Documentati
on

Response
Time

[1 1 1]

[2/5 1/2
2/3]

[1/3 2/5
1/2]

[2/3 1
2]

[1/2
2/3 1]

[2/7 1/3
2/5]

[2/7 1/3
2/5]

[1/2
2/3 1]

[1/2
2/3 1]

Avail
ability

[3/2 2
5/2]

[1 1 1]

[2/3 1
2]

[1/2
2/3 1]

[1/2
2/3 1]

[1/2
2/3 1]

[2/7 1/3
2/5]

[1/3
2/5 1/2]

[1/2
2/3 1]

Through
put

[2 5/2 3]

[1/2 1
3/2]

[1 1 1]

[1/2
2/3 1]

[1/2
2/3 1]

[2/3 1
2]

[2/3 1
2]

[1/2
2/3 1]

[2/5
1/2 2/3]

Success
ability

[1/2 1
3/2]

[1 3/2 2]

[1 3/2 2]

[1 1 1]

[2/7 1/3
2/5]

[2/5 1/2
2/3]

[2/7 1/3
2/5]

[2/5 1/2
2/3]

[2/7 1/3
2/5]

Reliability

[1 3/2 2]

[1 3/2
2]

[1 3/2
2]

[5/2 3
7/2]

[1 1 1]

[2/5 1/2
2/3]

[2/7 1/3
2/5]

[2/5
1/2 2/3]

[2/7 1/3
2/5]

Com
pliance

[5/2 3
7/2]

[1 3/2
2]

[1/2 1
3/2]

[3/2 2
5/2]

[3/2 2
5/2]

[1 1 1]

[2/5 1/2
2/3]

[1/2
2/3 1]

[2/5 1/2
2/3]

Best
Practices

[5/2 3 7/2]

[5/2 3
7/2]

[1/2 1
3/2]

[5/2 3
7/2]

[5/2 3
7/2]

[3/2 2
5/2]

[1 1 1]

[2/5
1/2 2/3]

[1/3
2/5 1/2]

Latency

[1 3/2 2]

[2 5/2
3]

[1 3/2
2]

[3/2 2
5/2]

[3/2 2
5/2]

[1 3/2
2]

[3/2 2
5/2]

[1 1 1]

[2/7 1/3
2/5]

Docu-
mentation

[1 3/2 2]

[1 3/2
2]

[3/2 2
5/2]

[5/2 3
7/2]

[5/2 3
7/2]

[3/2 2
5/2]

[2 5/2
3]

[5/2 3
7/2]

[1 1 1]

Table 4. Fuzzy Comparison Matrix for Consumer Preferences for the Non-Functional Properties

Then, the fuzzy comparison matrices are constructed for
the actual values of each non-functional property by using

Relative Difference Percentage Computation mentioned
in Eq. (4). These are shown in the tables from Table 5-13.

Table 5. Fuzzy Comparison Matrix for Response Time Non-Functional Property

Availability              ndfdX ML globalweather usweat her WeatherStationS ervice

ndfdXML            (1,1,1) (1/2, 1, 3/2) (1/2,1,3/ 2) (1/2, 1, 3/2)

globalweather            (2/3,1,2) (1, 1, 1) (1/2,1 3/2) (1/2, 1, 3/2)

usweather            (2/3,1,2) (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2)

WeatherStationService     (2/3,1,2) (2/3, 1, 2) (2/3, 1,2) (1, 1, 1)

Response Time           ndfdXML globalweather usweather WeatherStationService

ndfdXML          (1, 1, 1) (5/2, 3, 7/2) (1, 3/2, 2) (5/2, 3, 7/2)

globalweather          (2/7,1/3,2/5) (1, 1, 1) (1/2, 1, 3/2) (1, 3/2, 2)

usweather          (1/2, 2/3, 1) (2/3, 1, 2) (1, 1, 1) (5/2, 3, 7/2)

WeatherStationService     (2/7,1/3, 2/5) (2/3, 1, 2) (2/7,1/3, 2/5) (1, 1, 1)

Table 6. Fuzzy Comparison Matrix for Availability Non-Functional Property
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Throughput             ndfdXML globalweather usweather WeatherStationService

ndfdXML            (1, 1, 1) (1/2, 1, 3/2) (1/2, 1, 3/2) (1/2, 1, 3/2)

globalweather            (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2) (1/2, 1, 3/2)

usweather            (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2)

WeatherStationService     (2/3, 1, 2) (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1)

Table 7. Fuzzy Comparison Matrix for Throughput Non-Functional Property

Successability            ndfdXML globalweather usweather WeatherStationService

ndfdXML           (1, 1, 1) (1/2, 1, 3/2) (1/2, 1, 3/2) (1/2, 1, 3/2)

globalweather           (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2) (1/2, 1, 3/2)

usweather           (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2)

WeatherStationService    (2/3, 1, 2) (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1)

Table 8. Fuzzy Comparison Matrix for Successability Non-Functional Property

Reliability               ndfdXML globalweather usweather WeatherStationService

ndfdXML             (1, 1, 1) (1/2, 1, 3/2) (1/2,1,3/2) (1/2, 1, 3/2)

globalweather             (2/3, 1, 2) (1, 1, 1) (1/2,1,3/2) (1/2, 1, 3/2)

usweather             (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2)

WeatherStationService     (2/3, 1, 2) (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1)

Table 9. Fuzzy Comparison Matrix for Reliability Non-Functional Property

Compliance                      ndfdXML globalweather usweath er WeatherStationService

ndfdXML                    (1, 1, 1) (1, 3/2, 2) (1, 3/2, 2) (1/2, 1, 3/2)

globalweath er                    (1/2, 2/3, 1) (1, 1, 1) (1/2, 1, 3/2) (1/2, 1, 3/2)

usweather                    (1/2, 2/3, 1) (2/3, 1, 2) (1, 1, 1) (1/2, 1, 3/2)

WeatherStati onService     (2/3, 1, 2) (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1)

Table 10. Fuzzy Comparison Matrix for Compliance Non-Functional Property

Best Practices ndfdXML globalweather usweather WeatherStationService

ndfdXML (1, 1, 1) (1/2, 1, 3/2) (1/2, 1, /2) (1/2, 1, 3/2)

globalweather (2/3, 1, 2) (1, 1, 1) (1/2, 1, /2) (1, 3/2, 2)

usweather (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1) (1, 3/2, 2)

WeatherStationService (2/3, 1, 2) (1/2, 2/3, 1) (1/2, 2/3,1) (1, 1, 1)

Table 11. Fuzzy Comparison Matrix for Best Practices Non-Functional Property
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Latency          ndfdXML globalweather usweather WeatherStationService

ndfdXML         (1, 1, 1) (1/2, 1, 3/2) (5/2, 3, 7/2) (1/2, 1, 3/2)

globalweather         (2/3, 1, 2) (1, 1, 1) (5/2, 3, 7/2) (5/2, 3, 7/2)

usweather         (2/7, 1/3, 2/5) (2/7, 1/3, 2/5) (1, 1, 1) (1/2, 1, 3/2)

WeatherStationService   (2/3, 1, 2) (2/7, 1/3, 2/5) (2/3, 1, 2) (1, 1, 1)

Table 12. Fuzzy Comparison Matrix for Latency Non-Functional Property

Documentation              ndfdXML globalweather usweather WeatherStationService

ndfdXML            (1, 1, 1) (1, 3/2, 2) (1, 3/2, 2) (5/2, 3, 7/2)

globalweather            (1/2, 2/3, 1) (1, 1, 1) (1, 3/2, 2) (5/2, 3, 7/2)

usweather            (1/2, 2/3, 1) (1/2, 2/3, 1) (1, 1, 1) (5/2, 3, 7/2)

WeatherStationService       (2/7, 1/3, 2/5) (2/7, 1/3, 2/5) (2/7, 1/3, 2/5) (1, 1, 1)

Table 13. Fuzzy Comparison Matrix for Documentation Non-Functional Property

Response
Time

Avail
ability

Through
put

ReliabilitySuccess
ability

Com
pliance

Best
Practices

Latency Docu-
mentation

Alternate
services

ndfdXML

global
weather

usweather

Weather
Station
Service

Service
Priority
Weight

0.207

0.593

0.067

0.340

 -. 001

0.16
69

0.25

0.25

0.25

0.25

0.123
8

0.267

0.230

0.250

0.251

0.198
7

0.25

0.25

0.25

0.25

0.15
46

0.25

0.25

0.25

0.25

0.09
32

0.28

0.22

0.23

0.25

0.061
1

0.263

0.263

0.263

0.210
8

0.04
64

0.31

- 0.28

0.59

0.377

-0.0
517

0.52

0.44

0.349

-0.317

  0.3165

  0.1734

0.2785

0.2314

Table 14. Priority Weights of Alternate services for Non-Functional Properties

The normalized weight vectors of the above matrices are
computed after applying FEAHP method steps mentioned
in Section 4. The normalized weight vectors for the

Table 4 are [0.2070 0.1669  0.1238  0.1987  0.1546
0.0932   0.0611   0.0464   -0.0517]

Table 5 are [0.5933 0.0679  0.3407  -0.0019]

Table 6 are [0.2500 0.2500  0.2500  0.2500]

Table 7 are [0.2675 0.2302  0.2504  0.2519]

Table 8 are [0.2500 0.2500  0.2500  0.2500]

Table 9 are [0.2500 0.2500  0.2500  0.2500]

Table 10 are [0.2893  0.2244  0.2312  0.2550]

Table 11 are [0.2631  0.2631  0.2631  0.2108]

Table 12 are [0.3171  -0.2854  0.5909  0.3773]

Table 13 are [0.5254  0.4434   0.3492   -0.3179]

Now, above calculate weight vectors are aggregated to
compute Priority Weight of each alternate service for non-
functional properties. Table 14 shows resultant priority
weights.

Now, service priority weights are computed using WSM
method for the functional properties. The results are shown
in Table 15.



166              Journal of Digital Information Management   Volume   16    Number   4     August   2018

Functional Properties Preferences No of offered functionalities         No of invocations     Service Priority Weight

Weights 0.4 0.6

Alternate services

usweather                        0.136363636                   0.142857143              0.14025974

globalweather                                                    0.272727273                  0.142857143                       0.194805195

ndfdXMLweather                                                               0.545454545           0.285714286 0.38961039

WeatherStationService                                                    0.045454545                  0.428571429                       0.275324675

Table 15. Priority Weights of Alternate services for Functional Properties

Alternate services ndfdXML globalweather usweather WeatherStationService

Integrated priority weights 0.623061536 0.326673963 0.390899452 0.459352028

Table 16. Integrated priority weights of Alternate services

Response
Time

0.207

0.2

0.195

0.19

0.185

0.18

0.175

0.17

0.165

0.16

0.155

Avail
ability

0.1669

0.161

0.153

0.188

0.19

0.161

0.177

0.28

0.199

0.178

0.189

Through
put

0.1238

0.13

0.1365

0.1382

0.156

0.144

0.134

0.0548

0.136

0.133

0.132

Success
ability

0.1987

0.181

0.179

0.18

0.179

0.211

0.205

0.1912

0.189

0.158

0.199

Reli-
ability

0.1546

0.1628

0.176

0.169

0.18

0.149

0.169

0.159

0.169

0.166

0.165

Comp
liance

0.0932

0.0966

0.0845

0.0778

0.0666

0.088

0.099

0.089

0.078

0.1

0.086

Best
Practices

0.0611

0.077

0.087

0.078

0.0654

0.056

0.069

0.045

0.077

0.108

0.078

Latency

0.0464

0.045

0.056

0.067

0.045

0.056

0.049

0.056

0.053

0.077

0.051

Docum
entation

-0.0517

-0.0534

-0.067

-0.088

-0.067

-0.045

-0.077

-0.045

-0.066

-0.08

-0.055

ndfd
XML

0.31
6568
0.31
4053
0.30
9099
0.30
1985
0.30
4282
0.30
9871
0.29
9299
0.30
4772
0.29
8479
0.29
5735
0.29
8198

global
weather

0.173427

0.175121

0.167824

0.164561

0.167824

0.166234

0.171162

0.165633

0.182366

0.174665

0.178866

uswe
ather

0.278
562
0.277
428
0.279
736
0.274
22
0.279
736
0.273
22
0.294
53
0.280
04
0.276
46
0.279
65
0.279
736

WeatherSta-
tionService

0.23143

0.233386

0.243329

0.246423

0.263497

0.262886

0.257443

0.244456

0.243766

0.25767

0.26456

            Consumer’s preferences for Non-Functional Properties                Priority Weights for Alternate services

Table 17. Sensitivity Analysis of the Proposed Model

Now, both priority weights (functional and non-functional
properties) are integrated to get the aggregated priority
weights of the all the alternate services. The results are
shown in Table 16.

The optimal service is the one with the highest priority

weight in Table 16. The service ndfdXML has the highest
priority weight among all.

5. Sensitivity Analysis

Sensitivity analysis is performed for the proposed model
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to check the impact of fuzziness on the solution provided
by the proposed model. The level of imprecision in the
consumer‘s preferences for the non-functional properties
is way more than for the functional properties. Therefore,
the impact of this fuzziness in consumer‘s preferences
on the optimal service selection is analyzed for non-
functional properties. Table 17 contains the priority weights
of alternate services for different priority weights of all the
non-functional properties. It is shown from the priority
weights for consumer‘s preferences of non-functional
properties in Table 4 that Response Time is the most
preferred non-functional property. Thus, this non-functional
property is chosen to study the impact of fuzziness in
consumer‘s preferences on the service selection. The
fuzziness in the preferences for Response Time is varied
at constant intervals. Consumer‘s preferences of other
non-functional properties also vary such that their sum is
1 to maintain the consistency.

Table 17 shows that service ndfdXML is selected even
when fuzziness vary in the consumer‘s preferences. This
shows that the proposed model has handled the fuzziness
in the consumer‘s preferences efficiently.

To summarize, contribution of the paper are as follows.

a) Weighted Sum Method is used to prioritize alternate
services as per their functional properties and on the basis
of consumer‘s preferences. This would result in functional
aware fuzzy ranking of alternate services for the consumer.

b) Fuzzy extended AHP method is used prioritize alternate
services as per their non-functional properties and on the
basis of consumer‘s preferences. This would result in non-
functional aware fuzzy ranking of alternate services.

c) The fuzzy ranking of each alternate service based on
functional as well as on non-functional properties is finally
combined to select the optimal service which best suits
the requirements of the consumer.

6. Conclusion

There are different services which provide same basic
functionality but have different values for their functional
and non-functional properties. When a service is requested
by the service consumer, the preferences may be
incomplete/vague/imprecise for these properties. Therefore
with regards to these concerns, to select a service which
is optimal for the consumer becomes difficult. The
proposed model handled both the concerns in its service
selection process. Modified Fuzzy Extended Analytic
Hierarchy Process (FEAHP) and Weighted Sum Method
(WSM) are used in the proposed model. Real time data
of web services is used to demonstrate the model. A
sensitivity analysis is done for determining the impact of
fuzziness for the importance levels of the preferences on
the service selection. The model is found to be effective
to select the optimal service for the consumers
preferences.

References

[1] Al-Masri, E., Mahmoud, Q. H. (2007). Qos-based
discovery and ranking of web services. In: Computer
Communications and Networks, 2007. ICCCN 2007.
Proceedings of 16th International Conference on (p. 529-
534). IEEE. (August).

[2] Balfagih, Z., Hassan, M. F. (2009). Quality model for
web services from multi-stakeholders’ perspective In:
Information Management and Engineering, ICIME’09.
International Conference, 287-291.

[3] Chang, D. Y. (1996). Applications of the extent analysis
method on fuzzy AHP. European Journal of Operational
Research, 95 (3) 649-655.

[4] Chao, K. M., Younas, M., Lo, C. C., Tan, T. H. (2005).
Fuzzy matchmaking for web services. In: Advanced
Information Networking and Applications, 2005. AINA
2005. 19th International Conference on (2, p. 721-726).
IEEE. (March)

[5] Chen, S. J., Hwang, C. L., Hwang, E. P. (1992). Fuzzy
multiple attribute decision making,  In: Lecture Notes in
Economics and Mathematical Systems, 375, Springer,
Berlin, Germany.

[6] Choi, S. W., Kim, S. D. (2008). A quality model for
evaluating reusability of services in soa. In 2008 10th IEEE
Conference on E-Commerce Technology and the Fifth IEEE
Conference on Enterprise Computing, E-Commerce and
E-Services.  293-298

[7] Dabbagh, M., Lee, S. P. (2014). An approach for
integrating the prioritization of functional and nonfunctional
requirements. The Scientific World Journal.

[8] Dabbagh, M., Lee, S. P., Parizi, R. M. (2016).
Functional and non-functional requirements prioritization:
empirical evaluation of IPA, AHP-based, and HAM-based
approaches. Soft Computing, 20 (11) 4497-4520. Dijkman,
J. G., Haeringen, H., Van., Lange, S. J., De. (1983). Fuzzy
Numbers, Journal of Mathematical Analysis and
Applications 92 (2) 301-341.

[9] Erl, T. (2005). Service-oriented architecture:
concepts, technology and design. Pearson Education
India.

[10] Erl, T. (2008). SOA design patterns. Pearson
Education.

[11] Erl, T. (2008). Soa: principles of service design (Vol.
1). Upper Saddle River: Prentice Hall.

[12] Fan, Z. P., Ma, J., Zhang, Q. (2002). An approach to
multiple attribute decision making based on fuzzy
preference information on alternatives,  Fuzzy Sets and
Systems, 131 (1) 101–106.

[13] Fishburn, P. C. (1967). Additive Utilities with
Incomplete Product Set: Applications to Priorities and
Assignments. Operations Research Society of America
(ORSA). Baltimore, U.S.A.



168              Journal of Digital Information Management   Volume   16    Number   4     August   2018

[14] Fullér, R. (1991). On product-sum of triangular fuzzy
numbers. Fuzzy Sets and Systems, 41 (1) 83-87. Gebhart,
M. (2013). Measuring Design Quality of Service-Oriented
Architectures Based on Web Services, In: The Eighth
International Conference on Software Engineering Ad-
vances.

[15] Huang, C. L., Chao, K. M., Lo, C. C. (2005). A
moderated fuzzy matchmaking for web services. In:
Computer and Information Technology, 2005. CIT 2005.
The Fifth International Conference on (p. 1116-1122). IEEE.
(September).

[16] Kauffman, A., Gupta, M. M. (1985). Introduction to
Fuzzy Arithmetic Theory and Applications. Van Nostrand
Reinhold. New York.

[17] Khan, S. U. R., Lee, S. P., Dabbagh, M., Tahir, M.,
Khan, M., Arif, M. (2016). RePizer: a framework for
prioritization of software requirements. Frontiers of
Information Technology & Electronic Engineering, 17, 750-
765.

[18] Kim, E., Lee, Y. (2005). Quality Model for Web
Services v2. 0, Committee Draft, OASIS. (September).

[19] Kim, E., Lee, Y., Kim, Y., Park, H., Kim, J., Moon,
B.,  Yun, J. (2010). OASIS Web services quality factors.
Lin, M., Xie, J., Guo, H., Wang, H. (2005, March). Solving
QoS-driven web service dynamic composition as fuzzy
constraint satisfaction. In e-Technology, e-Commerce and
e-Service, 2005. EEE’05. Proceedings. The 2005 IEEE
International Conference on (p. 9-14). IEEE.

[20] Mansoor, A., Streitferdt, D., Füßl, F. F. (2015). Fuzzy
Based Evaluation of Software Quality Using Quality
Models and Goal Models. International Journal of Advanced
Computer Science & Applications, 1 (6) 265-273. Pal, M.

(2007). Triangular fuzzy matrices. Iranian Journal of Fuzzy
Systems, 4 (1) 75-87.

[21] Pedrycz, W., Gomide, F. (1998). An Introduction to
Fuzzy Sets: Analysis and Design (The MIT Press,
Massachusets)

[22] Saaty, T. L. (1980). The Analytic Hierarchy Process,
McGraw-Hill, New York.

[23] Senivongse, T., Phacharintanakul, N., Ngamnitiporn,
C., Tangtrongchit, M. (2010). A capability granularity
analysis on web service invocations. In: Proceedings of
the world congress on Engineering and computer science
1. 20-22

[24] Tran, V. X., Tsuji, H. (2008). (October) QoS based
ranking for web services: Fuzzy approaches. In: Next
Generation Web Services Practices, 2008. NWESP’08.
4th International Conference on (p. 77-82). IEEE.

[25] Wang, P., Chao, K. M., Lo, C. C., Huang, C. L., Li, Y.
(2006). A fuzzy model for selection of QoS- aware web
services. In: e-Business Engineering, 2006. ICEBE’06.
IEEE International Conference on (p. 585- 593). IEEE.
(October).

[26] Xiong, P., Fan, Y. (2007). Qos-aware web service
selection by a synthetic weight. In: Fuzzy Systems and
Knowledge Discovery, 2007. FSKD 2007. Fourth
International Conference on (3, p. 632-637). IEEE.

[27] Zadeh, L. A. (1997). Toward a theory of fuzzy
information granulation and its centrality in human
reasoning and fuzzy logic. Fuzzy sets and systems, 90(2),
111-127. (August)

[28] Zimmermann, H. J. (2011). Fuzzy set theory—and
its applications. Springer Science & Business Media.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


