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Abstract 

As the available of cloud services this day provide users and 

organizations easily access and make used of their own 

resource anywhere anytime. Various services provided by 

cloud service provider benefit to users in many areas. However, 

there still has a question of how to select the right cloud 

services which suitable for organizations and companies. The 

more increasing number of services available on cloud, the 

more complex and difficult to customer in order to select the 

suitable solution for their organization or even to match their 

business’s needs. Association Rules is well-known technique 

in data mining used to find out the relation of items among 

large database. While Analytic Hierarchy Process (AHP) is one 

of technique of Multi Criteria Decision Making (MCDM) to 

weight and compare set of elements then finally select the best 

choice. In this paper, we conducted the Cloud Service Selection 

using Association Rules and AHP to evaluate the appropriate 

service based on QoS attributes. The result stated that this 

method can be efficiency used to evaluate and select the 

appropriate cloud service and can be employed to solve the 

problem of cloud service selection. As future work, we plan to 

apply AHP with other techniques to improve the performance 

of selecting service on cloud computing. 

Keywords: Cloud Service Selection, Quality of Service, Multi 

- Criteria Decision Making, AHP, Association Rules 

 

INTRODUCTION 

The used of cloud as an on-demand service provides cloud 

users easily access to resources, software, platforms and 

infrastructures from anywhere anytime via the internet. These 

various services benefit to users in many areas for example in 

the business area as the cloud is a great way to cut down the 

cost to use computing resources, complete the business 

workflow and get rid of the need for IT personnel and 

hardware. Moreover, it also leads the company to gain lower 

licensed software cost and better hardware utilization [8] [10] 

[11]. With the available of cloud services, small businesses 

gather the benefits of unnecessary to deploy and implement 

physical infrastructures [21]. Even though the cloud services 

that available presently provide organizations more 

advancement but still have a question of how the cloud services 

will fit into developers and company [25]. Each service class 

contains a number of service instances which have the same 

function but different Quality of Service (QoS), levels and 

prices [13]. The more increasing number of services available 

on cloud, the more complex and difficult to customer in order 

to select the suitable solution for their organization or even to 

match their business’s needs. Therefore, selecting the right one 

can be challenged to them. 

Multi Criteria Decision Making (MCDM) is the method that 

represents the way people thought to make decisions over the 

choices [14]. This model attempt to answer the question of what 

is the best answer [17] among the set of similar things. Analytic 

Hierarchy Process (AHP) is one of technique of MCDM to 

weight and compare set of elements then finally select the best 

choice. In this paper, we demonstrated the Cloud Service 

Selection using Association Rules with AHP. A review of the 

background of this work will be presented in section 2. In 

section 3, related work will be reviewed. Then, the 

experimental and the results of service selection will be 

discussed in section 4. Finally, in section 5 the conclusion and 

idea for future work will be stated. 

 

BACKGROUND 

The background of Cloud Service, Service Selection, Quality 

of Service (QoS), Multi – Criteria Decision Making, Analytic 

Hierarchy Process and Association Rules which involved in 

this work will be briefly described below: 

 

Cloud Service 

Cloud service known as on demand services that available over 

the internet for over decade. The cloud services provided to 

users by cloud service providers. Therefore, users can access to 

make use from a pool of resources such as applications, 

software, storages and services by using any devices for 

example mobile phone, tablet, computer laptop and desktop pc. 

Moreover, as cloud is a pay as you go service for this reason 

user can manage their used in resources as well as their budget 

to optimize the used related to their organization needs. Cloud 

services flexible designed in order to provide customer an 

easily way of management their own used, access comfortably 

from anywhere anytime via the internet and simply scale up or 
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down depend on their need. Cloud’s Essential Characteristics 

[18] are as follow:  

 On - demand self - service. The cloud users can easily 

manage their requirement [9] on computing facilities such 

as platform, application, storage and so on themselves 

through the provider’s application or web browsers. 

 Broad Network Access or Ubiquitous Network Access. 

Services on the cloud available over the internet therefore 

cloud users can easily access by connecting to network 

[19] through any client platforms for example mobile 

phone, tablet and laptop [18]. 

 Resource Pooling. The resources assigned by cloud 

service providers are pooled as a shared resource [22] and 

ready to serve multiple cloud customers using a multi -

tenant model [18] which means that more than one user 

can access to make used on same application, storage or 

memory at the same time. 

 Rapid Elasticity. Computing resources utilized by cloud 

user can be rapidly allocated and de - allocated on 

demand. [19] Users can scale up or down their used in 

service rapidly and flexibility. When resources are no 

longer needed, users can turn it back automatically into 

the resource pool [22]. 

 Measured Service. The cloud is a pay per use service, the 

cloud providers bill the used on every service based on 

the amount used from user individual, [6] consequently 

users can monitor and control their service used carefully. 

 

Common cloud service model available today are shown in 

Figure 1 

 

Figure 1: Cloud services Model 

 

Software as a Service (SaaS) known as an on-demand software, 

where cloud users can access to make use of application or 

software over the network and no need to install or run on their 

own computer which help user to reduce their money invest on 

buying license software [22]. By using SaaS, users also cut off 

the need to upgrade the version of software as it is a cloud 

provider’s responsibility. However, in order to make the 

service run efficiency, cloud provider need to do load balancing 

and software multi-tenancy [4]. 

Platform as a Service (PaaS) is a set of computing platforms 

which provide developers the developing environment such as 

programming languages, libraries and tools [18] to develop, 

deploy and integrate their tasks [22]. 

Infrastructure as a Service (IaaS) also called Hardware as a 

Service (HaaS) [4] commonly offers the processing, storage, 

network, computing resources moreover virtual machines to 

cloud users including software that allows user to monitor their 

use of the infrastructure [22]. For this reason, the users can 

extend or reduce their services and recourses depend on their 

organization’s need.  

 

Service Selection  

In cloud computing, cloud services providers play an important 

part as they provide a large pool of resources available over the 

internet to cloud users. The increasing rapidly number of 

services available on cloud, on the other hand, it significant to 

the rising number of cloud providers as well. Therefore, among 

the availability of cloud services makes the customer difficulty 

to decide whose services to use or meet their needs [14]. The 

more strategies in marketing area to persuade customers for 

example pricing, cloud processing, performance of computing 

materials, the more trouble to user for making the right decision 

to consume the service that fit to their needs.  Therefore, it is 

essential to have technique for selecting cloud services based 

on multiple criteria [27]. For this reason, service selection 

becomes an important process of selecting the best one service 

to complete cloud user’s need. 

 

Quality of Service  

As in the process of selecting the cloud service, the important 

part that leads to the answer what is the best service is ranking 

the set of candidate services. In this paper, Quality of Service 

(QoS), a set of valuable attributes that available in every single 

service, used to computing, weighting and then ranking 

services priority. Based on previous work [11] [24], the most 

top five QoS attributes used to analyzing and ranking servicer 

on cloud are as follow:  

 Response Time: a time which start from cloud user 

sending request to receiving response from the service. 

 Cost: a pay as you go pricing from using facilities on the 

cloud service. 

 Availability: an exciting of service and a measurement of 

accessibility from user to the cloud service. 

 Throughput: a service request to complete ratio in unit 

time. 

 Reliability: an ability to function cloud services according 

to the SLA which relate to the trust of work on the cloud 

and the security. Reliability also indicate as the ability to 

complete the service successfully as well [3]. 
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Multi Criteria Decision Making (MCDM) 

Multi Criteria Decision Making (MCDM) is the method that 

tries to answer the question of what is the best choice among 

the set of similar things by following the way of human being 

make decisions. People simply select thing base on their own 

preference however, in some situation making decision to 

select the most appropriate alternative or choice seems very 

complex and difficult. Selecting the appropriate cloud service 

challenges cloud user as well due to the increasing number of 

service available on the internet today. Therefore, several 

MCDM methods applied to solve the problem of selecting 

cloud service. Decision making method has been effectively 

applied for determining the weight of QoS criteria. The way to 

optimize service selection problem is to weight each QoS 

attribute based on cloud users’ preference. In this paper we used 

AHP, a pair wise comparison, is one of popular techniques to 

solve the problem of MCDM [24] with QoS attributes.  

 

Analytic Hierarchy Process (AHP) 

Analytic Hierarchy Process (AHP), developed by Thomas L. 

Saaty, is a structured technique for analyzing complex 

decisions based on mathematics and psychology [2]. Not only 

name things or count things but number also used to measure 

things. Value of the number which is a result of measurement 

cannot be changed to some other meaning number for this 

reason whenever we have to make a comparison, we absolutely 

use numbers [23]. AHP is the Pairwise comparisons method 

that provides a simple way to enter qualitative preferences [26] 

by using the Pairwise Comparison Scale, as shown in Table 1 

[12] [15] [20], which described the value of each element into 

number.  Moreover, each number which is a result from making 

comparisons is specific. It represents the relative of one 

element to another in term of priority. However, in many cases, 

users found out the relative importance of the two criteria and 

cannot make decision. Therefore, the AHP was proposed to 

handle these decision situations. 

 

Table 1: The Pairwise Comparison Scale 

Rating 

Scale 
Definition Description 

1 
Equal 

Importance 

Two criteria are of equal 

importance 

2 
Equally to 

Moderately 

Whenever a compromise is 

needed 

3 
Moderate 

Importance 

Experience strongly favors one 

criteria over another 

4 
Moderately 

to Strong 

Whenever a compromise is 

needed 

5 
Strong 

Importance 

Experience and judgment 

strongly favor one activity 

over another 

6 
Strongly to 

very strong 

Whenever a compromise is 

needed 

7 
Very strong 

Importance 

Criteria is strongly favored and 

its dominance is demonstrated 

in practice 

8 
Very strong 

to extremely 

Whenever a compromise is 

needed 

9 
Extreme 

Importance 

The evidence favoring one 

criteria over another is of 

highest possible order of 

affirmation 

 

Association Rules 

Association Rules is one of the most popular technique in data 

mining. This method is used to discover the pattern of related 

items among dataset based on how often items appear together. 

[26] The output that obtains from Association Rules leads to 

the specific set of criteria which support each other, moreover, 

is useful for selecting item based on frequency as well. Support 

and Confidence are used to measure the reliability of out from 

Association Rules. 

 

RELATED WORK 

There are some researched papers on cloud service selection 

that applied Quality of Service (QoS) with Analytic Hierarchy 

Process (AHP). This section will present a review of related 

works as follow: 

Molood Makhlughian et al [16] present Web Service Selection 

Based on Ranking of QoS which states that a set of candidate 

web services can be categorized and ranked using QoS 

attributes. The result of this study shows that the framework for 

classifying and ranking service can satisfy to a non - functional 

of customer’s requirements. 

Kumar N. and Agarwal S [12] proposed QoS based Cloud 

Service Provider Selection Framework that is a framework for 

cloud service selection tool to allow the cloud customers in 

order to select the most appropriated cloud service. Analytic 

Hierarchy Approach (AHP) for Multi Criteria QoS Decision 

Making is applied to this framework with the heuristic 

algorithm to converge in polynomial time. The results of 

studying this technique are promising. 

DeWei Peng and YouLin Ruan [7] proposed AHP-based QoS 

Evaluation Model in the Internet of Things which is a QoS 

model according to improved Analytical Hierarchy Process 

(AHP) used in the Internet of Things. The resource of this study 

state that the user’s preferences and device’s performance 
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played a important role in order to improve the reasonableness 

of the QoS evaluation model. 

Md et al [14] present Cloud Service Selection Using Multi 

Criteria Decision Analysis which describe and present an 

analysis of several Multi Criteria QoS Decision Making 

(MCDA) techniques. Also highlight several practical of 

MCDA to implement in the cloud computing service selection 

by demonstrating the cloud service selections in dissimilar 

scenarios. 

Daniel E. Asuquo and Uduak A. Umoh [5] present Analytic 

Hierarchy Process for QoS Evaluation of Mobile Data 

Networks which applied Analytic Hierarchy Process (AHP) for 

evaluating QoS in application-specific and user-centric data on 

3G mobile networks. The value of Latency, Jitter, Data loss, 

and Throughput are used as criteria. Finally, in their case study, 

the result shows that this approach can be effective in ranking 

the QoS in data applications and to determine which network 

provider is the best based on users’ perception of quality. 

Alessio Ishizaka and Ashraf Labib [1] present Analytic 

Hierarchy Process and Expert Choice: Benefits and limitations 

which reviews the used of Analytic Hierarchy Process (AHP) 

tool called ‘Expert Choice’ as well as discusses on the problem 

of AHP modeling, pair - wise comparison methodology and the 

limitation of AHP as well.  

 

EXPERIMENTAL 

For the problem of selecting cloud service, the Association 

Rules and AHP were applied. The proposed model’s steps to 

evaluate and rank the best appropriated service among the 

cloud service’s pool is shown in Figure 2. 

 

Figure 2: Proposed model’s step 

 

Step 1: In the process of preparation and cleansing, the data of 

QoS attributes which effect in cloud service selection were 

collected from 5 departments in IT company. Then all request 

from sampling group were convert into the format that 

processable by association rules.  

Step 2: Data from the first step were extracted using Weka 

3.8.1 which is a well-known data mining tool. As a result, the 

best rules with value of confidence 1.00 were found as follow: 

 

1. response time=yes 5 ==> cost=yes 5    <conf:(1)> lift:(1) 

lev:(0) [0] conv:(0) 

 2. cost=yes 5 ==> response time=yes 5    <conf:(1)> lift:(1) 

lev:(0) [0] conv:(0) 

3. security=yes 3 ==> cost=yes 3    <conf:(1)> lift:(1) lev:(0) 

[0] conv:(0) 

4. security=yes 3 ==> response time=yes 3    <conf:(1)> lift:(1) 

lev:(0) [0] conv:(0) 

 

Step 3: Building the service selection hierarchically model as 

shown in Figure 3. This top – down model consists of 3 levels 

including goal, criteria and choice. The objective as a goal is to 

find The Best Cloud with 4 criteria that we had received from 

association rules technique: “Response Time and Cost” (Q1), 

“Cost and Response Time” (Q2), “Security and Cost” (Q3) and 

finally “Security and Response Time” (Q4). We demonstrate 

the example cloud service as Cloud_A, Cloud_B and Cloud_C 

as a set of choices existing in service’s pool.  

 

 

 

Figure 3: Service Selection Hierarchically Model 

 

Step 4: Input the value for each pair of element comparison as 

displayed in Table 2 - 6. 

 

Table 2: The Pairwise Comparison of each criterian 

 Q1 Q2 Q3 Q4 

Q1 1.000 5.000 3.000 7.000 

Q2 0.200 1.000 5.000 5.000 

Q3 0.333 0.200 1.000 5.000 

Q4 0.143 0.200 0.200 1.000 

Sum 1.676 6.400 9.200 18.000 
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Table 3: The Pairwise Comparison on Q1 

 Cloud_A Cloud_B Cloud_C 

Cloud_A 1.000 5.000 0.143 

Cloud_B 0.200 1.000 3.000 

Cloud_C 7.000 0.333 1.000 

 

Table 4: The Pairwise Comparison on Q2 

 Cloud_A Cloud_B Cloud_C 

Cloud_A 1.000 4.000 5.000 

Cloud_B 0.250 1.000 6.000 

Cloud_C 0.200 0.167 1.000 

 

Table 5: The Pairwise Comparison on Q3 

 Cloud_A Cloud_B Cloud_C 

Cloud_A 1.000 0.200 0.200 

Cloud_B 5.000 1.000 6.000 

Cloud_C 5.000 0.167 1.000 

 

Table 6: The Pairwise Comparison on Q4  

 Cloud_A Cloud_B Cloud_C 

Cloud_A 1.000 3.000 5.000 

Cloud_B 0.333 1.000 5.000 

Cloud_C 0.200 0.200 1.000 

 

Step 5: The normalization on every criterion to a common scale 

ranging from 0 to 1 as shown in table 7. 

 

Table 7: The Normalization of each criterian 

 Q1 Q2 Q3 Q4 Wi 

Q1 0.597 0.781 0.326 0.389 0.523 

Q2 0.119 0.156 0.543 0.278 0.274 

Q3 0.199 0.031 0.109 0.278 0.154 

Q4 0.085 0.031 0.022 0.056 0.048 

Sum 1.000 1.000 1.000 1.000  

 

Step 6: The Criteria Preferences and the Final Rating Matrix as 

shown in Table 8. 

 

Table 8: The Final Rating Matrix 

 Q1 Q2 Q3 Q4 Weight 

Cloud_A 0.315 0.627 0.088 0.607 0.409 

Cloud_B 0.302 0.289 0.673 0.303 0.392 

Cloud_C 0.383 0.085 0.238 0.090 0.199 

 

RESULTS AND DISCUSSION 

As a result, the AHP with Association Rules can lead user to 

the finalized answer. In this experimental, Cloud_A service is 

the most appropriated cloud service to be selected as the final 

candidate. As shown in Table 9.  

 

Table 9: The Criteria Preferences 

 Cloud_A Cloud_B Cloud_C 

Q1 0.315 0.302 0.383 

Q2 0.627 0.289 0.085 

Q3 0.088 0.673 0.238 

Q4 0.607 0.303 0.090 

 

Out of the final decision making, with the use of association 

rules, the information of related and most considered by user in 

order to select the appropriated cloud service as shown in 

Figure 4. For Cloud_A, the most considerer QoS in service 

selecting is “Cost and Response Time” while “Security and 

Cost” are the most consider service by users. 

 

 

Figure 4: A result of Qos Based Cloud Services Selection 

using AHP 

 

Since AHP is a hieratically model, we noticed that the more 

number of criteria and choice is greater, the more complex of 

the pairwise comparison is. Hence, it might effect to the result 

and might not obtain the best suitable one for cloud service 

selection. By applying Association Rules to retrieve the relation 

between each QoS value before performing the AHP, the result 

stated that this method can be efficiency used to evaluate and 

finally select the appropriate cloud service and can be 

employed to solve the problem of cloud service selection. This 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 15814-15820 

© Research India Publications.  http://www.ripublication.com 

15819 

method can also benefit for user. By introducing the related 

object together before making their own decision will help user 

to optimize the most valuable service them. This technique can 

be applied with any type of cloud service model. Therefore, the 

use of association rules will help to reduce the more complex 

of AHP by grouping the related items together, the process of 

cloud service comparison is much more efficiency.  

 

CONCLUSION  

In this paper, we demonstrated the cloud service selection 

situation based on QoS attributes. To make it more efficiency, 

association rules was applied to retrieve a set of related features 

before performing the decision-making process. With Multi 

criteria Decision Making solution, the AHP technique we apply 

to weight and compare the set of QoS attribute can compute 

efficiency and finally return the best solution based on the 

comparison of user’s preference. As future work, we plan to 

apply AHP with other techniques to improve the performance 

of selecting service on cloud computing.  
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