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Abstract

Cloud is generally used as an alternative options that provide an on –
demand services to customer and to extends their requirement with
the several services published in cloud as well as without the concern
of cost and security management, especially, in the era of big data.
However, the growing number of available services causes an
increasing in the number of similar services, furthermore, the only
single service resource cannot complete the requirement from user.
Therefore, it is an important to issue the composition service. To
composite services together, the need of method to evaluate and select
the best service candidate from the service’s pool called service
selection is vital. In the process of extraction the appropriate
candidate, the Analytic Hierarchy Process (AHP), one of the most
popular techniques of the Multi - Criteria Decision Making (MCDM)
is mostly used to evaluate in multiple criteria situation. The Quality of
Service (QoS) which is a numeric value available in each service is
applied with AHP to resolve the problem of non-functional service
selection. A result of this review indicates that the QoS based service
selection with AHP can efficiency support the service evaluation and
selection process. Moreover, it can be focus on applying other
algorithms to enhance the performance of service selecting in cloud
for a future work.
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Introduction

Over the last decade, cloud has been introduced in IT industry as a technology that
provides an on - demand services and resources e.g. platform, information, software
and infrastructures. The used of cloud extends customer’s requirement with the
several services published in cloud as well as without the concern of cost and
security management. Especially, in this era of big data that in every second
numerous of data are processed and transferred over the internet. The volume of
data transferred from user via mobile used and social media for example cause big
data getting bigger at the same time it creates the variety type of data which is
difficulty to the data storage in term of data categorizing. The need of rapidity in
data transferring or velocity means that there has to be someone provides user the
greatest infrastructure and networking as well. With the implementation of
resources and web services in cloud, it numerously benefits on big data. The
increasing rapidly in the availability of web service published in cloud service
provider i.e. health, education, business and traveling, it has fulfilled the
consumers’ requests. Moreover, there are web service composition lifecycle [1] that
is similar with workflow - based for running web services selection. This includes
planning workflow - based in each situation, choosing much single web services
and combine its to web service composition to fulfill requests in each situation and
monitoring while running a program. [1] [2] However, as the problem that only
single service cannot complete requirement of customer, the need of combination
services together is essential. Among the similar - function services, how can
customer making the right decision that appropriate to their used. In addition, the
growing up of available services in cloud causes a multiple in the number of similar
- function services for different servers. These similar services are located in
different places and have distinct values in terms of the QoS parameters. [3]
Therefore, it is an essential to concern with the processing of compositing web
service. To become a composite service, the need of method to analyze and select
the best service candidate from the service’s pool called service selection is vital.
In order to extract the appropriate candidate from the group of similar services, the
Multi - Criteria Decision Making (MCDM), the operational research which
absolutely considers the multiple factor in the decision - making condition [4], and
Quality of Service (QoS) attributes are mostly used as an important part in the
process of decision making to evaluate in multiple criteria situation. In this paper,
our literature review conclude problems of service selection, the used of MCDM to
evaluate QoS, moreover, concentrate with Analytic Hierarchy Process (AHP)
method and some other hybrid techniques of AHP with SMI, VIKOR and Simple
Additive Weighting (SAW) method to solve the problem in selection the
appropriate service.
The remains of this paper are organized as follows. A review of the related works
on service selection methodology will be presented in section 2. In section 3, the
concept of web service, service selection, QoS and service composition will be
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described as it is an important context in the process of service selection. MCDM
and AHP method will be discussed in section 4. Finally, the conclusion and idea for
future work will be stated in section 5.

2

Related Work

There are some researched papers on service selection that applied Multi - Criteria
Decision Making (MCDM) and the used of Analytic Hierarchy Process (AHP) to
evaluate Quality of Service (QoS). This section will present a review of related
works as follow:
Saurabh Kumar Garga et al. [5] propose A Framework for Ranking of Cloud
Computing Services which consists of a structure and a method to evaluate and
measure the quality as well as prioritize of cloud services. This framework
generates an important impact and creates a strong competition in service selection
among cloud service providers to please their Service Level Agreement (SLA) and
also develops the method to measure the QoS attributes used in analysis by
designing metrics to every single attribute for measuring accuracy of service for
each provider. In addition, this method can encounter with the challenge of variety
dimensional units of different QoS elements by providing an approach to weight up
the relative order of cloud services for every QoS element.
Mojtaba Khezrian et al. [6] present A Hybrid Approach for Web Service Selection
by applying Analytical Hierarchy Process (AHP) with VIKOR (VIšekriterijumsko
KOmpromisno Rangiranje) algorithm to answer the problem of web service
selection. AHP is used to estimate the values of each criterion instead of collect it
directly from user. Then VIKOR is applied as a Multi Criteria Decision Making
(MCDM) to solve the problem of identifying and ranking the appropriate candidate
services. Finally, the method is verified by using four criteria of QoS and five
alternative choices of services. The result states that this technique can select the
finest and the most connected service candidate.
R. Dinesh Kumar et al. [7] propose A QoS Aware Quantitative Web Service
Selection Model which is a model that applied Analytic Hierarchy Process for web
service selection. This technique used for selecting the greatest web service instance
based on the limitation of QoS. The QoS manager will acts as a middle person
between service providers and clients to announce and search for available service
operations. The QoS factors, used in this method are response time, throughput,
reliability, availability and cost, will be determined and ordered by the AHP
technique. Then the top level of service candidate will be chosen and provided to
the requester for further used. As a result, this method can be refer to used as a Web
services managers to select instance service and in - depth to adoption research on
the web services based information system.
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Dou Wanchun et al. [8] state that in the process of selecting service from non functional properties, customers always make their own decision base on their
personal preferences to impose on a candidate service. The candidates are
frequently evaluated by a group of users who may possibly have different
preferences or priorities. For these reasons they propose A QoS - Aware Service
Evaluation Method for Co - Selecting a Shared Service which examines a service
evaluation technique to promote and share service’s evaluation to the group of
users. This method is deployed by using AHP method to convert qualitative
individual level of user’s preference and priority into numeric before evaluates
using SAW. Finally, the candidate services will comprehensively evaluate.
Kumar N. et al. [3] present QoS Base Cloud Service Provider Selection Framework,
a framework for cloud service selection by enabling the user to choose the most
appropriate cloud service provider from the cloud repository. This work uses AHP
approach to come over a multi - criteria QoS decision making which accelerates
processing of the selection. A heuristic is used as the algorithm to converge in
polynomial time. As a result, the model is simple and the results are obtained in
polynomial time and user can easily select the best option based on their
personalized needs.

3

The Proposed Method

The background of web service, service selection, Quality of Service (QoS) and
service composition which associated to this work are briefly described below:

3.1 Web Service
Web service is an application that is defined and described using XML for
individual work and can be published, located, invoked as when required on the
web and identified by a URL. [2] [9] Web services are one of evolutions and use
for information exchange between the service providers in cloud by a standard
format using XML. Web services can connect and exchange data each other even
on difference technologies or platforms. However, a limitation of using web
services is the requester sometime obtains over services that the service provider
transfer overload. The requester has to gain services that unnecessary to their used.
As shown in Fig. 1.
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Fig. 1: Web services Model [9]

Therefore, to avoid the situation, it is essential to apply a process to handle with this
problem. When there are more than one web services which match to the user’s
functional requirements available in the service’s pool, the process of selecting web
service uses some of criteria provided in the service to make a decision to choose
the best candidate service [7].

3.2

Service Selection

Service selection is an approach of choosing the best service candidate from the
service’s pool available in cloud that appropriate to the requirement from requester
or customer. Two important missions in the method of using proper services are
selecting and ordering the services in which all solution of them affected directly
on service’s description. By describing a service, three important keys which
consist of behavior, functional, and non - functional have to be considered. [10] As
the similar functional services are always offered to requester, is also allows them
to select the services which match to other criteria, this always referred to the non functional attributes. The Quality of Service (QoS) which is a valuable attribute is
used as criteria for selecting service process. [6] For this reason, in order to obtain
the appropriate non - functional service from similar service’s pool, the Multi Criteria Decision Making (MCDM) and Quality of Service (QoS) attributes are
commonly used.

3.3

Quality of Service

The Quality of Service (QoS) plays an important role to investigate and evaluate in
service selection process as it is a set of valuable attribute that available in every
single service. Each numeric attribute will be function in the process of weighing
up then ranking therefore customer can finally obtain the most suitable service for
them. Some common QoS criteria used will be defined as follow [5] [11] [12]:
• Response Time can be described as the total of time since starts until stop
of the service. As well as it can refer to the efficiency of service provider.
Obviously, response time is used to measure cloud service’s performance
and it is calculated in terms of the total time taken in responding [11].
Moreover, different type of service creates differ value of time. The less
amount of time refers to the best performance as well.
• Cost/Price can be defined as one of the important criteria for services’
consumption. It is the total of money that customer has to pay for their
used of service. The cost/price depends on the service used as well. It also
defined as an economic condition of using a service [7]. Cost is likely to
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be the most quantifiable factor, however it is significant to reveal the
cost/price in the characteristics which related to a particular business [5].
• Availability can be defined as the ability of service that available for
customer to access. Availability plays an important role as it is the
percentage of time that customer can enter to employ the service in cloud
[5]. The several time user can access to execute and make use of service
in cloud will improve the truth them to service provider.
• Throughput can be measured as the number of tasks completed per unit
of time. The number of throughput relies on various factors that directly
affect on task execution [5]. Throughput can be explained in the term of
service performance as customer can accomplish their work. Each of
service and cloud environment provide difference throughput.
• Reliability can be explained as the measure operation of a service. It
measures how reliable a service is and how a service operates without
failing for the duration of a given time and condition [7]. It is significant
to the business to offer better services to their customers, for this reason,
reliability is important attribute in selecting services [5].

3.4

Service Composition

Although a single service has the own value for its users, the service still has a
limited service function. A single service cannot complete the consumers’ requests,
but it can be improved by using various services together which provide more
powerful functions, to accomplish the requirements and to involve much work
matched to static or atomic web service [1][13]. We called “Service Composition.”
A group of services can be called as a composite service to respond to customer’s
requirements [6]. However, the service composition concept is an aggregation of
existing services available in the cloud that provide more powerful functions and
match with the users’ requirements rapidly. This will then offer a new value of
services that are coordinate to a group of web service as a unified working unit to
complete common objectives [14].
Mahboobeh [1] described the lifecycle of a typical workflow - based web service
composition (WSC) into two approaches. First, the workflow - based is similar to
the business process for running programs follow the workflow system [15] [16]
[17]. Second, it is Artificial Intelligent (AI) planning - based technique approach.
The processing of objects that have actions and constraints in each action on service
selection, execution and service maintenance process for combine a new
composition service. As shown the web service composition lifecycle in Fig. 2.
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Fig. 2: Web Service Composition Lifecycle [1]

4

Results, Analysis and Discussions

4.1 Multi – Criteria Decision Making (MCDM)
Decision – Making can be explained as the evaluation and selection of thing among
several similar choices provided. Normally people simply select thing base on their
personal preference however in some conditions making decision to find the most
suitable choice seems very difficult. For this reason, Multi – Criteria Decision
Making (MCDM) is used to consider multiple and conflicting criteria in decision making environment. Problem of MCDM commonly happens in everyday of life
for example in personal situation, a price, size, style, safety and comfortable are
considered in order to buy a house or a car. In business environment, MCDM are
more complexity and usually of large scale. [18] The MCDM consists of several
methods available to evaluate and solve the problem of decision making for
functional and non – functional criteria for example Weighted Sum Model (WSM)
which is a simplest MCDM and suitable for a single attribute selection problem,
Weighted Product Model (WPM) that considers both single and pair comparison
and Analytic Hierarchy Process (AHP) which is a pair wise comparison and
provides the solution in complicated problem. The most popular used with non –
functional factor is Analytic Hierarchy Process (AHP).

4.2 Analytic Hierarchy Process (AHP)
Service selection has been applied several techniques to solve the selection problem
in many researches. In this review, we focus on Analytic Hierarchy Process (AHP),
a pair wise comparison, which is a powerful technique to solve Multi Criteria
Decision Making (MCDM) problems as compared to optimization solutions. AHP
is one of generally used and the most accepted techniques to resolve MCDM
problem. This method can be simply to adjusted and scalable in size to work with

121

QoS Based Service Selection in Cloud

decision making problems as its hierarchical structure [19]. AHP is a structured
technique used to organize and analyze a problem of complex decision making
based on mathematics. This technique is used widely to come over a decision
making solutions for example government, business, industry, healthcare,
shipbuilding and education [3].
The structure of AHP is as follow:

Fig. 3: Structure of AHP
From Fig. 3, the structure of AHP can be explained as follow: the purpose of
analysis is assigned in the Level 0 as a topic. Level 1 consists of the multi criterion
which belongs to the goal at level 0. Level 2 is a group of an alternative option after
the criteria. The lines that link every level together show the relationship between
goal, criteria and alternative choices. In level 1, a comparison metric matches 4
criteria to the goal as pair - wise comparison. Therefore, the metric in level 1 has a
sizing of 4 by 4. Then every criterion is connected to alternative choices for a
comparison, thus 3 alternatives and 4 criteria are connected together at Lever 2 [7].
Table 1: The QoS based service selection using AHP on literature reviews
Title/Author
A QoS aware
quantitative web
service selection
model :
R. Dinesh et al.
[2011]

Problem
Web service is
increased, it difficult to
determine the
performance with the
critical factor of web
service quality.

Technique/
Approach
Used
AHP

QoS Used

Description

Future Work

6 attributes
used:
throughput,
availability,
security, cost,
response time,
and reliability.

To propose a
web service
selection
model using
AHP with QoS
constraints.

-
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A QoS - aware
service
evaluation
method for
co – selecting a
shared service :
Wanchun D. et
al. [2011]

A hybrid
approach for
web service
selection :
Mojtaba K. et al.
[2012]

A framework for
ranking of cloud
computing
services :
Saurabh K. et al.
[2013]

QoS based cloud
service provider
selection
framework :
Kumar N. et al.
[2014]

4.3

Users have different
AHP and
various priorities or
SAW
preferences for selection
web service then how to
fulfill users’
requirement.
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To improve
AHP to satisfy
priorities and
preferences for
service
selection with
numeric
weights by
SAW
technique.
To propose a
With the various services VIKOR and 4 attributes
on the web, the criteria AHP
used: response hybrid
for selection service are
time, security, approach to
not sufficient enough.
cost and
support
reliability.
selection
service with
the weights of
criteria.
The growths of cloud
Using SMI All attributes
To propose a
service and users’
framework
new
demand have become
and AHP
framework that
difficult to determine
Hierarchy
can compare
which cloud service
and rank the
provider can satisfy their
cloud service
requirements.
based on user
requirements
with QoS
attributes.

Increasing of services
AHP
and cloud service
providers, It becomes
difficult and complicate
for selecting web service
with QoS.

5 attributes
used: duration,
reputation,
successful,
execution, and
price.

5 attributes
used: cost,
response time,
throughput,
availability,
and
consistency

To propose a
framework for
cloud service
selection
model used
analytic
hierarchy with
multi criteria
QoS. And
comparing the
result with the
previous
research.

Implement this
method with
real life and
benchmark
applications.

-

Improve
ranking
algorithm in
QoS attributes
with fuzzy sets
and plan to
implement and
deploy the SMI
framework on
Amazon EC2
and Microsoft
Azure.
Apply this
model with
other MCDM
model and
implement it
on the real
world data set.

Discussion

From the literature reviews of several AHP and AHP with Hybrid techniques like
SMI, VIKOR and SAW to solve the problem of service selection approach. Mainly
problem for service selection caused by the rapidly increasing number of services
available in cloud and the amount of similar properties of service that difficult to
determine an appropriate service from cloud service provider to satisfy customer
requirements. Moreover, the various priorities and preferences of users are complex
to determine the proper service for their used as well. For this reason, the AHP
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which is one of the methods in Multi Criteria Decision Making is applied to resolve
the problem of MCDM as shown in Table 1.
The evaluations of service selection based on literature review are as follow: in
2011, the applied of AHP with QoS attributes was commonly used in many
researches to propose new framework of web service selection and to satisfy
priorities and preferences of each user. Some of technique e.g. SAW was applied
with AHP to enhance the performance of selection as a result of the work, it can be
a benchmark for other applications. In 2012, the used of AHP and VIKOR method
with QoS can efficiency support selection service. Subsequently, in 2013, the
generally used of cloud brought the new framework of AHP with all QoS attributes
in order to compare and rank the candidate service among a set of services available
in cloud. However, using all attribute had an impact on processing time therefore it
had to improve ranking algorithm. Later, in 2014, with the applying of AHP and 5
attributes together, it can propose a framework for cloud service selection model.
The most top five QoS attributes used to analyzing and ranking in those processes
are Response Time, Cost/Price, Availability, Throughput and Reliability. However,
difference QoS factors are used depends on cloud environment and context as well.
Even though there are some difference details on each work but the result of using
AHP based stated that AHP and AHP with Hybrid techniques can work efficiency
in the process of service selection and variety of QoS criteria as it can evaluate the
relative ranking and select the best candidate servicer which satisfy to complete
user requirement. Furthermore in the future work, these methods can be developed
and implemented with real life environments moreover, can be applied with other
algorithms to enhance the performance of evaluating and ranking.

5

Conclusion

This paper presents a comprehensively review the problem of non-functional
service selection among the service’s pool that available in cloud and discusses on
AHP which is one of the method in Multi Criteria Decision Making and AHP with
Hybrid techniques. We focus on process of applying the AHP, a pair wise
comparison technique, with a numeric attribute that available in each service such
as QoS. The result indicates that the QoS based service selection with AHP methods
can efficiency support the service evaluation and selection. Moreover it can
complete the difference of user’s requirement for selecting the appropriate services.
For future work, the service selection in cloud can be focus on other algorithms to
enhance the performance and function of service selecting.
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