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Abstract: Web services have enjoyed rapid acceptance in recent vears. The motivating factors for its wide
acceptance is the ease and cost effectiveness in application integration. The utilization of a web services based
application depends not only on meeting its functional requirements but also its non-functional requirements.
Asthe numbers of web services offering similar functionality and varying degrees of Quality of Service (QoS)
are increasing, service consumers face a dilemma in selecting the most appropriate one from the pool. To
address this 1ssue, this study proposes a model for determining a suitable web service by integrating AHP
(Analytic Hierarchy Process) and VIKOR {Vlsekriterjumskaoptimizacija I Kompromisno Resenje) methods.
Using AHP, the weights assigned to QoS criteria are computed. There after, the ranking of the web services,
according to a user preferred criteria, 1s obtained using VIKOR method. Finally, in order to demonstrate the
validity of the proposed method, data from the QWS data set are used in a service selection. The results
illustrate that Google search service performed better than other web search services under the selected QoS
requirements.
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INTRODUCTION

Alarge number of organizations have and continue to
reap the benefits of the web by making their applications
available to their customers and partners through a
combination of interactive interfaces and dynamically
generated web pages. A subsequent step in the evolution
of web technologies 1s the emergence of web services
(Asello and Giorgini, 2004). There are several definitions
of web services but most agree on stating that web
services are software entities available on the web
(through a URT), communicating through XML messages
over an internet transport protocol and whose
capabilities and modus operandi are described in
XML (Benatallah et al, 2005; Lall et al, 2012) in
comparison to its predecessor technologies i.e., CORBA,
DCOM or RMI, web services are relatively new
model for distributed computing. Web services offer a
programming model for building distributed applications
using open internet standards. Centring on open internet
standards, web services address many of the
interoperability issues associated with its predecessor
technologies. Unlike previous concepts in distributed
computing-objects or components, web services are more
modular and self-contained. It offers reusable
functionality that is contractually defined in a service
description. FEach service provides access to a
well-defined collection of functionality and the system as

a whole is designed and implemented as a set of
interactions amongst these services (Brown et al., 2002,
Lall et al, 2010).

A major requirement of web services applications is
to operate in such a way that they are functionally reliable
and deliver consistent service at a variety of levels. This
requirement does not focus only on the functional
properties of services but also on the Quality of Service
(Qo8). QoS, also known as non-functional properties
denotes the quality aspects of a web service such as
execution time, throughput, availability, reliability and
latency (Kaewbanjong and Intakosum, 2015; Lall et al.,
2010). In the context of web services, considerations of
the QoS attributes are crucial for a number of reasons:
firstly, autonomous services depend on one another for
their functioning and they need to be aware of each
other’s QoS, secondly, a service requester may decide
on the use of a particular service-depending on its
non-functional properties. Similarly, a service provider
may offer the same f{unction with a different QoS for
example, different prices for the same service but with
different levels of security considerations (Aiello and
Giorgini, 2004; Mani and Nagarajan, 2002; Lall, 2013).
Hence, this study incorporates QoS attributes in the
proposed model for web service selection.

The task of selecting a web service emanates when
there is a list of discovered web services which can fulfil
a consumer’s requirements and one of those services is to
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be chosen and returned to the service consumer. Selecting
a web service based on consumer preference is a complex
problem due to the diverse consumer requirements-one
consumer may require a service offering high
performance but with a low cost whereas another
consumer the other may require high security and high
availability (Sun et af., 2013). Therefore, choosing the
right web service does not only include the problem of
discovering services on the basis of their functionalities
but also assessing the quality aspects of those services
(Dragoni, 2009). In this study, we report on the use of
AHP and VIKOR in combination for deciding on a
particular web service. The AHP is a theory of
measurement through pairwise comparison and relies on
judgment of experts to derive priority scales (Saaty,
2008). AHP focuses on synthesizes people’s subjective
judgement by integrating qualitative and quantitative
analysis to achieve quantitative decision-making (Russo
and Camanho, 2015). The method 1s not only applicable
to situation where uncertainty and subjective information
exist butalso allows logical use of experience, insight and
intuition when analysing an issue (Zuo et al., 2008). On
the other hand, VIKOR 1s a ranking technique, employed
to evaluate the performance of all considered alternatives
and obtain a compromised solution to the selection
problem (Opricovic and Tzeng, 2004). A compromised
solution arises when a selection problems includes several
non-commensurable and conflicting criteria and has no
clear solution that satisfies all criteria simultaneously
(Chang, 2014; Athawale ef af, 2010). In VIKOR, a
compromise tanking method 1s introduced as an
applicable technique to deal with multi-criteria decision
making problems (Tzeng et al., 2002).

This study presents an evaluation approach using
AHP and VIKOR to solve the problem of conflicting
criteria or criteria with different QoS requirements in web
services based applications. The weighted valuesfor the
QoS requirements are determined by AHP based on
expert’s knowledge to capture qualitative as well as
quantitative information in the proposed model. VIKOR
is then applied on the weighted values to introduce an
aggregating function, representing the ranking of the
possible solutions. The highest ranked alternative 1s the
closest to the 1deal solution.

Literature review: As the number of published web
services increases, selecting a suitable web service that
fulfils the service consumer’s needs i1s a core and
challenging task in Service Oriented Architecture (SOA)
based applications (Purchit and Kumar, 2018).
Frequently, the only differentiating factor between
services satisfving the functional needs of a consumer
may be their QoS attributes (Aljazzaf et al., 2016). Hence,
this study places a great focus on the QoS attributes of a
web service in the selection process.
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From literature, many approaches have been
dedicated to web service selection problem (Kumar and
Zayaraz, 2011; Kumar and Kumar, 2016; Purchit and
Kumar, 2018). For instance, Kumar and Zayaraz (2011)
have focused on AHP for web services selection.
Similarly, Kumar and Kumar (2016) have proposed fuzzy
AHP approach for the selection process. In another
research, Purchit and Kumar (2018) have applied the
PROMETHEE (The Preference Ranking and
Organization METHod for Enrichment Evaluation)
method for deciding on a suitable web service. Various
other researchers such as Belouaar et al. (2017),
Maheswari and Karpagam (2015) and Zhang et al. (2011)
have applied the TOPISIS algorithms in the selection
process. In addition to the above mentioned researchers,
several other researchers have applied hybrid techniques
in addressing decision making problem semanating in
various fields. For instance, Buyukozkan and Gorener
(2015) proposed an integrated multi-criteria decision
making approach to effectively evaluate product
development partners using AHP and VIKOR. In another
instance, a multi-criteria decision modelling is proposed
for determining the most preferred bidding mark-up
competitive bidding situation (Liu and Yan, 2007). A
hybrid model to evaluate restaurant location alternatives
by applying AHP and VIKOR 1s proposed by Tzeng et al.
(2002). From the extensive literature review conducted,
no research has been reported on applying the AHP and
VIKOR hybrid method for the selection of web services
which this research focuses on. In this study, we present
the research methodology of our proposed web service
selection model.

MATERIALS AND METHODS

As evident from information presented in the section
1, the task of deciding on a particular web service is a
complex one. We first apply AHP to determine the
importance of each QoS criterion by determining their
weights. Thereafter, we apply the VIKOR method to
obtain a ranking of the Web services from the most
appropriate to the least. Details of the process are depicted
in Fig. 1.

As an initial step, a consumer is obligatory to
establish priorities for the required QoS attributes by
adjudicating them in pairs for their relative importance.
To assist in establishing the relative importance of the
QoS attributes, Saaty 1-9 preference scale (shown in
Table 1) is used (Saaty, 2008). In addition, the selection
problem 1s decomposed into structural hierarchy by
defining criteria and sub-criteria for the evaluation.
Steps 2-7 are related to AHP.

Step 2: Construct a pairwise comparison matrix

Assuming n attributes, the pairwise comparison of
attributes 1 with attribute j yields a square matrix A



— v

[ — v

/”__| v

J. Eng. Applied Sci., 15 (4): 948-955, 2020

| Web service selection (MCDM problem) |

Literature review

v

| Def ine criteria and sub-criteria for evaluation

Consumer opinion

_

| Construct pairwise comparison matrix

v

| Computer weights, normalized decision matrix |

v

| Calculate the eigen value and eigen vector |

v

| Perform consistency tests |

Consistency Ratio (CR<0.1)

H

| Obtain the evaluated criteria weight |

S

AHP based calculations

Necessary adjustments

| List of web service

Determine best f', and the worst f, |

\

| Compute S and R values for each alternative

v

| Compute the Q values for each alternative

\L VIKOR base calculations

| Rank the alternatives, sorting by S, R and Q |

Two Conditions (C1 and C2)

are satisf ied NO

<

4
Set of compromise
solutions is
| Select alternative which is best ranked by Q value (minimum) |
| Final ranking of alternative |&—

~ N

’_/

Fig. 1: Flowchart of the proposed model for web service selection

Table 1: Saaty’s pairwise comparison scale (Saaty, 1987) Attribute

Scale of preference Compare factor of i and o

1 Equally important 1 R &n

3 Marginally important 4, Ay Ay o . a,,
: 2

5 Strongly important By By By e e a,,

7 Very strongly important 3

9 Extremely important A= | e

2.4,6,8 Intermediate value between adjacent scales il

N T PR a,

where a;; denote the comparative importance of attribute
1 with respect to atiribute j. In the matrix, a;, = 1
when1=janda, =1/a, (Benitez ef al., 2011):
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Step 3: Construct normalized decision matrix:



J. Eng. Applied Sci,, 15 (4): 948-955, 2020

(D

o

i=1,23,...n,j=123 ..., n

Step 4: Construct the weighted, normalized decision
matrix:

w, = > cijini=123..,n 2)
J=1
Step 5: Calculate eigenvector and row matrix:
E = Nth rootvalue/ > Nth rootvalue 3)
Rowmatrix=">"a, xe, (4
J=1

Step 6: Calculate the maximum eigenvalue, A

.. = Rowmatrix/'E (5

Step 7: Calculating the consistency index and consistency
ratio:

AT

Cl=—e (6)
Cl
c1_E (7

where, n and RI denote the number of attributes and
randomly generated consistency index, respectively
(Saaty, 2008; Coyle, 2004). Steps 8-12 are related to
VIKOR method.

Step 8: Determine the best £~ and the worst £~ values of
all criterion functions. Assuming that ith function
represents a benefit:

(®)

N _
fi :mJaX fu fl :mjaXfij

Step 9: Compute the values 5;and R, j=1,2, ..., I by the
relations:

) ©)

= Sw (€4, )6 -
i=1

(10)

R, =" w.(E-6 ()

where, w, are the weights of criteria, expressing their
relative importance.

Step 10: Compute the values Q, j = 1, 2,..., J by the
relation:

951

_¥8,-89 (VIR -RY)

T g g R -R* (1)
S*=min 5, S =min 5,

1 1 (12)
R”‘:mj.nRJ

R™=minR,
1 ]

And v 1s introduced as weight of the strategy of “the
majority of criteria” (or “the maximum group utility™)
here v = 0.5.

Step 11: Rank the alternative, sort by the values S, R and
Q@ in a descending order. The results are three
ranking list.

Step 12: Proposed as a compromised solution, for given
criteria weights, the altemative (a") which 1s the best
ranked by the measure Q (minimum)if the following two
conditions are satisfied:

C1; “Acceptable advantage™:

Q)R @) DQ (13)
where, a” 1s the alternative with second position in the
ranking list by:

1
DQ = 14
QDQ= T~ (14

where, J 1s the number of alternatives.

C2; “Acceptable stability in decision making”:
Alternative a must also be the best ranked by S or/and R.
This compromise solution is stable within a decision
making process which could be: “*voting by majority
rule” (when v>0:5 is needed) or “*by consensus’™ v- 0:5
or “‘with veto’ (v<0:5). Here, v 1s the weight of the
decision making strategy “‘the majority of criteria’” (or
“‘the maximum group utility’"). If one of the conditions 1s
not satisfied then a set of compromise solutions is
proposed which consists of:

¢ Altematives a’ and a” if only condition C2 is not
satisfied

Alternatives a’, a”, ..., a® if condition C1 is not
satisfied and a®” is determined by the relation:

Qa™)-Q @yDG (15)
For Maximum M (the positions of these alternatives
are “‘in closeness’”). In the following study, we apply the

proposed model to a list of web services obtained {rom
the QWS dataset (Al-Masri and Mahmoud, 2008).
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RESULTS AND DISCUSSION

The QWS dataset contains 2507 web services that
exist on the web. For the purpose of testing our model,
five web services were selected from the data set. The
selection was based on the fact they all had the same
functional requirements but different values of the QoS
attributes. The QoS attributes are response time,
throughput rate, latency, availability and reliability.
Applying the AHP process to these web services, we
obtain the pairwise comparison matrix Table 2 and the
normalized comparison matrix Table 3 of the five selected
web services.

Calculation of the criteria weights using AHP: AHP
method is utilized to determine the criteria weights which
are used during the evaluation process.

The service consumer enters preferences which are
formulated to a pairwise comparison matrix using the
scale shown in Table 1. The pairwise comparison matrix
in Table 2 shows the user preference.

The pairwise comparison matrix is normalized before
the weights can be calculated. We calculated the relative
weights as shown in Table 3 by using the normalized
matrix and obtaining the average value with the help of
Eq. land 2.

Table 2: Pairwise comparison matrix

The consistency ratio of the pairwise comparison
matrix is calculated with the help of Eq. 3-7 which we
found to be 0.08 which is <0.10. Therefore, the weights of
criteria are consistent and can be used in the process of
web service selection.

Having obtained the weights of the various QoS, we
apply VIKOR method to determine the rankings of the
alternatives. The computed weights as shown in Table 4
are used as input in the ranking process.

The averages of the QoS attributes measurements as
obtained from the QWS dataset for the five web services
are presented in Table 5.

Applying Eq. 8 to data presented in Table 5, we
obtain the best £” and worst £~ values for each column.
This is shown in Table 6.

As the measurements present in the QWS dataset are
not within the same scale, we need to normalize the data.
The normalized matrix is shown in Table 7.

The normalized matrix in Table 7 1s used to calculate
the S, and R, with the help of Eq. 9 and 10. The values of
S, and R, are shown in Fig. 2.

In the next step, we calculate S™, 8", R™ and R* in
order to compute the index values Q,. These are the
maximum and minimum values in 3 and R, respectively
and are computed by applying Eq. 11 and 12. The Q,
values are shown in Table 3:

Variables Response time Throughput Latency Availability Reliability
Response time 1.00 1.00 6.00 0.20 033
Throughput 1.00 1.00 6.00 017 0.25
Latency 017 017 1.00 0.14 017
Availability 5.00 6.00 7.00 1.00 2.00
Reliability 3.00 4.00 6.00 0.50 1.00
Table 3: Normalized comparison matrix and calculated weights for five criteria

Variables Response time Throughput Latency Availability Reliability Calculated weight (%0)
Response time 0.10 0.08 0.23 0.10 0.09 11.99
Throughput 0.10 0.08 0.23 0.08 0.07 11.22
Latency 0.02 0.01 0.04 0.07 0.04 3.68
Availability 049 0.49 0.27 0.50 0.53 4570
Reliability 0.30 0.33 0.23 025 0.27 2740

Sum 1.00 1.00 1.00 1.00 1.00 100.00

Table 4: Weights based on user preference

Criteria Response time Throughput Latency Availability Reliability
Weichts 11.99 11.22 3.68 45.70 2740
Table 5: Web service attributes measurements from the QWS dataset

Variables Response time Throughput Latency Availability Reliability
Amazon search service 68.91 4.40 591 19.00 60.00
Google search service 151.33 6.90 8.66 97.00 73.00
Wolfram search service 96.67 3.90 13.67 92.00 58.00
Sts search service 191.00 1.40 8.40 100.00 73.00
Astro search service 108.67 5.20 19.67 §8.00 75.00
Table 6: Best and worst values for all criterion functions

Criteria Response time Throughput Latency Availability Reliability
fi* 68.91 140 5.91 100.00 75.00
i 191.00 6.90 19.67 19.00 58.00
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Table 7: Normalized matrix from attributes measurements found in the dataset

Variables Response time Throughput Latency Availability Reliability
Amazon search service 0.00 6.12 0.00 45.70 24.18
Google search service 8.10 11.22 0.74 1.69 322
Wolfram search service 2.73 5.10 2.08 451 2740
Sts search service 11.99 0.00 0.67 0.00 3.22
Astro search service 3.91 7.75 3.68 6.77 0.00
Table 8: Values of O, conditions which is Cl was not satisfied and
Variables : Q, then a compromised selution is proposedusing Eq. 15:
Amazon search service 1.00
Google search service 012
Wolfram search service 0.47 Q(a")-Q(a')=0.06-0.05 =0.01<DQ
Sts search service 0.06 3 1y =
Astro search service 0.05 Q@ (2 )=0.12-0.05=0.07<DQ
Q(a*)-Qa')=0.47-0.05 =0.42>DQ
80 v -~ B Google search service For an altemative to have an added advantage over
@ Wolfarm search service another, the mmimum difference between the Q values
e 471 : Asftfogzsetarfhg s;erviéi e should be DQ that 1s 0.25 in this case. It can be strongly
concluded that a particular alternative is the best one if the
;Zj 0 1] difference between the Q values of the 1st alternative and
> 2nd alternative is 0.25. The third alternative which is
0 4+ Google search service has an added advantage in the
compromised group because the difference between the Q
. values of Google search service and Astro search service
T 1

Si Ri

Variables

Fig. 2: Values of 5, and R,

O Si
o

Values

Fig. 3: Values of 5, R; and Q;
§ =76.00,8 =15.88, R=4570,R"' =7.75

The S, R, and Q, are ranked ina descending order and
displayed in Fig. 3. As a final step in the process to
determine the compromised solution, we need to establish
whether both conditions (Cl1 and C2) are satisfied
(Step 12 listed above). We apply both conditions for
Astro search service (as Q 1s minimum).

C1 is not satisfied:

DQ=1/(5-1)=0.25
0.06-0.0520.25

C2 is satisfied: Astro search service dominates the
best ranking in S, only. In this case, one of the
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is closer to DQ.
CONCLUSION

As there are several web services offering similar
functions, with different QoS parameters. The selection of
suitable web service becomes a challenging for users. To
select an appropriately among different service, users look
for QoS parameters of web services. In this study, we
present a hybrid model for web service selection using
AHP and VIKOR. Inthis study, AHP is used to determine
the weights of QoS parameters and VIKOR method is
applied to rank the web services. Finally, in order to
demonstrate how the proposed model can be applied on
web service selection, we provided an example using QoS
criteria and web services measurements from QWS data
set. The results show that Google search service
performed better than other web search services under the
selected QoS requirements, our approach can select the
most suitable service.

RECOMMENDSTIONS

For future work, we wish to compare the results as
obtained by our proposed model with other a replicated
study of our proposed model with other MCDM method
such as TOPSIS, ELECTRE and PROMETHEE.
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