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Cloud computing is one of the leading technology in IT and computer science domain. Business IT infrastruc-
tures are equipping themselves with modern regime of clouds. In the presence of several opportunities, selec-
tion criteria decision becomes vital when there is no supporting information available. Global clouds also need 
evaluation and assessment from its users that what they think about and how new ones could make their selec-
tion as per their needs. Recommended systems were built to propose best services using customer’s feedback, 
applying quality of service parameters, assigning scores, trust worthiness and clustering in different forms and 
models. These techniques did not record and use interrelationships between the services that is true impact 
of service utilization. In the proposed approach, service association factor calculates value of interrelations 
among services used by the end user. An intelligent leaning based recommendation system is developed for 
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assisting users to select services on their respective preferences. The evaluation of this technique, based on 
leading service providers, makes evident the excellent performance of the approach on all types of cloud models 
tested.
KEYWORDS: Service Selection, Recommendation Systems, Service Association Factor, Interrelationships.

1. Introduction
Cloud Computing (CC) is a recent advance in Com-
puter Science, permitting its users the power of pro-
cessing, information stockpiling, infrastructure mod-
eling, platforms, and assets services on pay-per-use 
philosophy like electricity, gas, water consumption. 
CC aims to give secure, versatile, robust, feasible, 
and fault tolerant services through web-based appli-
cations [6, 18]. CC is on-demand remote access to a 
shared pool of configurable computing services [7]. It 
provides scalable resources from the well-maintained 
pool of virtual resources meeting user-defined system 
requirements and adopts utility type charging system 
[15]. CC is a fast growing computing platform which 
emphasizes on how consumers, proprietors, service 
providers, and government bodies store, process, and 
utilize their information and computations [11]. CC is 
a type of rental business, applications, processes, and 
infrastructures [16]. CC provides customers a pay-as-
you-go all the time, and the provision of such service is 
becoming famous due to it is on-demand services [25].
CC is growing in popularity due to its fundamental 
characteristics of remoteness, security, rent-base, 
and dynamicity [10]. According to the National Insti-
tute of Standards and Technology (NIST), three mod-
els exist of CC: 
1 Software as a service (SaaS) is a massive pool of 

built-in applications, e.g., GMAIL, Salesforce, 
Workday, Concur, WebEx, Ms. Office 365, Box, Do-
cuSign, and Dropbox.

2 Platform as Service (PaaS) is a facility for the de-
velopment of new applications for the end-user 
like Force.com, Google App Engine, CloudBees, 
Mendix, Redhat, Acquia, and SQL Azure.

3 Infrastructure as a Service (IaaS) is the utilization 
of virtual resources, for instance, AWS, Cisco Me-
taboard, Google Compute Engine, and Windows 
Azure.

Various cloud service providers in the market are 
Google storage (Google Drive), a software application 
(Google Apps on Play store), and in a platform (Goo-

gle Apps Engine) [6]. Similarly, Microsoft providing 
Azure, Intune, Cloud Platform, while Amazon deals 
with EC2 and AWS, and many others discussed in 
[28]. The prominent vendors are Google, Microsoft, 
Flexiscale.com, salesforce.com, Rackspace, Amazon, 
and RightScale [7, 19].
The rapid growth of services has created a challenge 
in service selection for customers [8] and have gen-
erated a decision-making problem. SMICloud [6] 
provides a framework and a mechanism to index the 
cloud providers based on customer’s needs. Cloud 
services are ranking based on quality parameters 
providing an index. The customers use them to com-
pare cloud services according to their desired quality 
requirements, but parameters and services are not 
dependent on each other. Similarly, a Green Cloud 
[9] is a simulator that provides adequate informa-
tion regarding the energy consumption of data center 
components (network hubs, servers, and other devic-
es). This technique misses essential quality parame-
ters, like security, speed, and performance. Another 
iCanCloud company predicts the trade-off between 
cost and performance of the application’s pool on par-
ticular hardware [17]. It is hypervisor, customizable, 
user-friendly, and provides POSIX-based API. It is 
basically hardware dependent and does not support 
other hardware and quality parameters. Simulation 
Paradigm, Simulation Program for Elastic Cloud 
Infrastructures (SPECI) permits pre-information 
component scaling and performance attributes of 
concerning data centers [22]. SPECI works in two 
forms: a) Datacenter layout and topology to provide 
operations on observed data centers and facilitate to 
add monitoring points. b) A measuring and execution 
of experiments, as desired. The simulation does not 
recognize relationships among services.
This study resolves the issue of ranking made on 
feedback that may be biased and leading to mislead-
ing for new entrants. Also, the service recommen-
dation based on service’s interrelationships shows 
actual trust of the past customers. Besides, this learn-
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ing-based approach allows dynamically to check the 
quality based parameter during the evaluation pro-
cess to render the state of the art service recommen-
dation.
The organization of the paper is as follows: Section 2 
presents issues arisen in cloud service selection and 
motivation for this study. Section 3 explores different 
cloud service selection policies, while Section 4 de-
fines the problem using the Service Association Fac-
tor (SAF). Section 5 presents the framework for the 
process recommendation, and Section 6 discusses the 
obtained results. Finally, Section 7 draws conclusions 
and future research work.

2. Cloud Services Issues and 
Motivation
CC is a newly emerging field of IT and growing at high 
speed. Recently, globalized services are available in a 
geo-distributed manner with minimum cost and high 
availability [20]. Issues in this domain are broadly 
categorized into three forms:  
CC Standardization is the first issue related to sur-
vival. The customers start losing their trust on the 
vendors and commitment to cloud services. New cus-
tomers hesitate to implement or shift their legacy ap-
plications into cloud’s planet. Shortly, CC could suffer 
its effectiveness and market due to unavailability of 
standards especially in security and interoperability 
[6, 16].
Selection and Recommendation is the second issue. 
Signing online Service Level Agreement (SLA) is al-
ways at risk before knowing the cloud services and 
its vendors [1]. There is no measurement or mecha-
nism tool available for evaluation of performance and 
reliability of cloud services. Due to the fast-growing 
cloud services, it is difficult to know which vendor has 
a reputation to trust in the particular quality of ser-
vice (QoS) provided [6].
Independence and the interrelationship between ser-
vices and users is the third issue. The user can block 
itself into the single provider’s regime when it is sup-
posed to use packaged services. On the other hand, 
the vendors are not able to have their service per-
formance and utilization information in the market. 
If so then, they could revise their service packages, 

features, proper marketing strategies. Also, there are 
no cloud customer relationship Standard Operating 
Procedures (SOP’s). 
Some of the other issues are Service Level Agreements 
(SLA) and its evaluation, access controls, resource man-
agement, security, QoS, scalability, unclear user’s re-
quirements, economics, energy management [2, 15, 16]. 
The purpose of this study is to explore the potential 
solutions for each issue above mentioned and to pre-
cise limitations. The primary focus is to explore oc-
curred interrelationships between services and lay 
down a new paradigm for service selection by users 
based on their dreamed outcomes using associations 
amongst.

3. Related Work
Internet provides cloud selection’s information, but a 
typical user is unable to get and grasps it in short time. 
Some recommender systems have been developed for 
assistance and support based on users’ needs and ex-
pectations and presented in [21]. The recommend-
er chooses one option among the pool. The recom-
mender systems can be collaborative, content-based, 
knowledge-based, and hybrid [5, 13, 28]. Current up-
coming business systems require and demand seam-
less coordination among various business processes 
and online applications over the Internet.
The business intelligence (BI) inclusion for any busi-
ness application becomes crucial. So, by meeting the 
end user needs and expectations, delivery of the ef-
ficient, and quality based application is a significant 
challenge for dynamic applications and traffic on the 
Internet [26, 27]. 
A cloud service selection policy to meet these con-
cerns is a performance factor that is an agent-based 
approach to recommends cloud services on user’s 
feedback against quality parameters [5]. The compa-
ny value, defined in this approach, could not be mate-
rialized, and it should be independent of the vendor’s 
perspectives. Historical data is another approach [7] 
utilized over text-based analysis due to synonyms 
polysemy problems and applied collaborating filter-
ing on user’s interactions. The primary focus is the 
users’ IDs and their operational data, but the evalua-
tion does not take into account the performance and 
other quality parameters.
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The algorithm defined in [12, 14] works on QoS con-
straints like response time, cost-effectiveness, and 
delays. This algorithm does not include the users’ 
interaction. The two approaches described are a) the 
combinatorial multi-choice knapsack; b) the Directed 
Acyclic Graph (DAG) constrained shortest path find-
ing technique.
The broker system [24] generates Cloud Service 
Provider Index (CSP-Index) using its properties and 
focus remains on company provided properties and 
its services. Similarly Trust Evaluation Metric [1] is 
fuzzy logic-based approach for the evaluation of the 
service provider’s trustworthiness and provides the 
degree of trust. In this approach relationship among 
the services is missing and degree of trust’s value may 
vary from user to user. 
The QoS historical based technique [8] ranks the ser-
vices according to user’s criteria in different time slots 
and may lead to worst rankings if the user has select-
ed wrong time slots. A cloud recommender system 
mentioned in [19], grouped the user’s feedback using 
K-mean technique and ranks the services into different 
clusters based on quality parameters. Fixed number of 
clusters may lead to confrontation of rankings. Table 1 
shows some of the vital cloud service selection policies. 

Table 1 
Cloud Service Selection Approaches

Name Description

SMI Cloud [6]
Ranking (prioritize) the services on 
measurement index based on quality 
parameters.

Cooperative 
Relationship 
[29].

Based on the historical usage and the 
recommendation of service. It calculates 
the relationship with each other on QoS 
similarities.

Financial based 
metrics [10]

The evaluation and measures of financial 
metrics like Cost-Benefit Analysis 
(CBA), Return on Investment (ROI), and 
Total Cost Ownership (TCO)). The are 
18 key performance indicators (KPI) of 
Cloud Computing (CC).

Cloud 
workflow 
systems based 
constraints [15]

The user can also define the constraint 
conditions of function attributes. The 
Service Selection Algorithm based on 
Constraints (SSAC) for cloud workflow 
system makes the service choice by 
matching processes between services 
demands and their characteristics.

Feedback and historical data may lead to inconsis-
tent information regarding QoS because the survey 
forms are defined to get their interest but may not 
capture real usage of the service. One user may be 
impressed with the interface and other with Mean 
Time to Failure (MTTF) only. Without a careful ad-
ministration of QoS, critical business applications 
may suffer impending execution debasements and 
results in practical disappointments and financial 
disasters. 
Online resources provide rich information about 
services, but a typical user can be  unable to find pre-
cise information on an urgent basis [3]. [28] catego-
rizes many recommended systems, based on users’ 
requirements and expectations, employed for specif-
ic scenarios where more than one option exist. Busi-
ness intelligence (E-business applications) becomes 
crucial to know the end user requirements. Due to 
the dynamicity and impulsive form of business ap-
plications and the data load on the Internet, the pro-
vision of quality is a significant challenge [14, 20]. 
SMICloud [16] provides a framework and a mech-
anism to index the cloud providers on customer’s 
needs and ranks services based on quality param-
eters. SMICloud identifies service measurement 
indexes which are essential for cloud evaluation. 
Customers use them to compare services on their 
desired quality requirements. However, these pa-
rameters and services are not dependent on each 
other.
Cloud services system applied for on-demand vehi-
cles management [4] fulfills the request of users. The 
software components are monitoring of workflow 
systems, resource management, and high availabili-
ty. The best service is the result of the evaluation and 
assessment of all cloud services analyzed. 
Simulation Program for Elastic Cloud Infrastruc-
tures (SPECI) [24] allows previous information 
component scaling and parameters of performance 
for data centers. The recommendation uses these 
metrics, but post-evaluation of features does not 
exist.
Cloud service selection using agents in [14] through 
the recommendation system uses the feedback from 
users with the help of structured graphical user in-
terface and also utilizes their past experiences. The 
multi-agent system applied K-mean clustering for 
its evaluation and assessment and is useful for SaaS, 
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IaaS, and PaaS models. The system also utilizes trust 
parameters for enhancing its recommendation list 
of services to its esteemed clients.
Performance factor is an agent-based cloud service 
selection approach which, recommends services on 
user’s feedback on different quality attributes [5]. 
The constant company value is useful to compare the 
feedback results. The value should not be imposing 
from the vendor’s perspective. A similar approach 
[15] uses historical data over text-based analysis and 
applies collaborating filtering on user’s interactions. 
The primary focus is on ID’s of users and their oper-
ational data, but it lacks proper assessment of quality 
attributes. The algorithm defined in [14, 20] works on 
QoS constraints with response time and cost-effec-
tiveness. These predefined clusters are based on the 
quality parameters that represent the performance. 
Fixation may lead to biases in the ranking of services. 
The broker system generates CSP-Index using the 
properties and focus remains on company provide 
properties and their services [29].
Performance base ranking model suggested by Sahar 
[20] for selecting SaaS applications. It applies rela-
tive service ranking vector and SMICloud toolkit and 
uses performance base quality parameters to assess 
the feedback gathered in tabular form. It produces 
service ranks for selecting best services. However, 
it is not covering other importance QoS parameters 
during its assessment.
Inter-trust relationship model permits the vendor to 
borrow further resources from external service pro-
viders using cloud federation framework and serves 
the client as a single point of resources [12].
Several, already proposed algorithms are unable to 
find a proper service selection on user requirements 
using associations hidden in the services utilization. 
To overcome this issue, the study of several applied 
algorithms and heuristics shows that until now, there 
no exists one that can recommend the best service 
according to users’ requirements. Besides, these solu-
tions do not include associations or interrelations 
among services. The approach proposed here takes 
into account the association among services included 
in the package used by customers. Besides, the pro-
posed technique will be indeed helpful to QoS brokers 
for making effective online decisions and will also in-
crease their market.

4. Problem Formulation Using 
Service Association Factor (SAF)
The Service Association Factor (SAF) finds the as-
sociations/interrelations among the services. SAF is 
a degree or frequency of occurrences of services ap-
peared together in a package provided by the vendor 
and utilized by the customer.
The formulation of the problem takes into account 
various possible issues by analyzing quality param-
eters associated with particular questions regarding 
their internal/external service structure. Each ser-
vice consists of a set of characteristics of quality at-
tributes.
Cloud Service Provider (CSP): company makes dif-
ferent available cloud services grouped into a single 
unit and served to customers as a package. These 
services can be SaaS, PaaS, IaaS. As per Microsoft 
Azure, CSP is a third-party company offering IaaS, 
PaaS or SaaS, as a homeowner as pay per usage units. 
Google, Amazon, and Microsoft are major service 
providers in the market. CSPs defines a set of ser-
vices: C = {C1, C2… Cp}
Services ‘S’: is a facility/feature which is offered by a 
CSP via the internet. The service might be available 
on-demand and may be controlled/managed by its 
provider. The approach assume that the services are 
of different types: IaaS, SaaS, PaaS or DBaaS, and are 
possible to use and economically feasible to the gen-
eral users. Formally the set of services: S = {S1, S2… Sm}
User ‘U’: is an entity that utilizes the services of CSP 
under the selected package. The set of ‘n’ users is U = 
{U1, U2… Un}
Package ‘P’: is a group of services treated as a single 
unit which can be IaaS, SaaS, PaaS, and DBaaS. Main-
ly two types of packages exist.
Package defined by the Company [Pc]: CSP selects 
related services and groups them as a single unit. A 
single vendor provides and controls Pc. 
User-defined package [Pu]: defines the selected ser-
vices according to the user’s needs. Pu comes from 
different providers, and a third party vendor or agent 
controls them.
Figure 1 shows the process of packages formation. 
There are three vendors of packages and three us-
er-defined packages, along with their three services 
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Figure 1
Clarification of users’ & Vendors’ Packages
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each. The user package has service from any of the 
vendors as this package reflects its perspectives. 
There is a discrete limit on the number of services 
available under any package.
Service Association Factor SAF ‘a’: The association 
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included in a package or a module type. Also, it rep-
resents the users’ trust in the service. The calculation 
of the association adds all appearances of services 
Si & Sk included in the available packages. The SAF 
value is irrespective of packages’ type being on use 
by customers. Figure 2 shows a service Si used along 
with Sk service, and it counts to unit ‘1’ (Equation (1)). 
This process applies to all packages where both ser-
vices occurred together. Mathematically, it can be de-
scribed as follows:
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P = {P1, P2… Pn}  

Every package is by definition  

 Pi  ϵ Pui  V Pci,    (2) 

where Pi is ith  Package, Pui is ith user defined 
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for finding the association factor ‘A’ between the 
services as follows:  
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Recommendation Process: There are two 
approaches to start with the recommendation 
process. In the first approach, no prior 
knowledge is available and is called base process. 
In the second, knowledge is available and 
recommendation is made on the maximum value 
of association factor of available services. 

Base Process: When there is no knowledge 
available to the system and no service(s) or 
package(s) recommended in the past. In this 
scenario, the system has no service 
recommendation record. So;  

Si= Nil  and  A= {0 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = ɸ ] .  (4) 

This process occurred when the system runs first 
time, and no service is recommended because 
there no prior knowledge is available. In this 
scenario, the user selects the service or package 
by its own depending on its  
choice/desire/experience. Hence no suggestion 
will be provided. 

Knowledge Process: Past information is 
available in the repository and recommendation 
of service / package is made on the available 
knowledge, and Si exists. The choice for next 
service Sk will be made on the highest value of 
the Association Ak. The above mentioned 
process can be defined in the matrix form as:  

A= { max(𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖)    𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = {𝑆𝑆𝑆𝑆1, 𝑆𝑆𝑆𝑆2 … 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖}.    (5) 

The repository RA of all the association factors 
among two consecutive service Si & Sj is 
described by the following matrix.  

   𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴  �

𝑎𝑎𝑎𝑎11 𝑎𝑎𝑎𝑎12 … 𝑎𝑎𝑎𝑎1𝑗𝑗𝑗𝑗
𝑎𝑎𝑎𝑎21...

𝑎𝑎𝑎𝑎22...
… 𝑎𝑎𝑎𝑎2𝑗𝑗𝑗𝑗...

𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖1 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖2 … 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗
�.  (6) 

where aij represents the value of association 
factor of service Si with Sk. 

For recommendation, an array La of maximum 
SAF values is generated as follows:  

La = {a1, a2…an},   (7) 

where an represents the recommended services 
with maximum SAF values and n is total number 
of recommended services. As a final step, to 
provide quality base service from user’s 
perspectives, a Quality_Checker function is 
applied. A list of user’s quality parameter Qu 
from defined array of quality parameters Q = 
{Q1, Q2…Qm}. The Quality_Checker function is 
defined as:  

LR = ∀𝑖𝑖𝑖𝑖∀𝑘𝑘𝑘𝑘Quality_Checker(𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 ,𝑄𝑄𝑄𝑄𝑘𝑘𝑘𝑘),         (8) 

where Quality_Checker is the quality filtration 
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where aij represents the value of association factor of 
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where Quality_Checker is the quality filtration func-
tion, i is total number of services in La to be evaluated 
and k is the total number of quality parameters select-
ed by the user.
The Quality_Checker function deduces all those ser-
vices which are not fulfilling the user’s quality and 
offers the best services. The SAF methodology also 
allows to recommend a complete package having best 
services on user’s desires. It is defined by the follow-
ing triplet: 

(PR, SR, AR), (9)

where PR  is the package ‘R’ to be recommended, SR is 
a list of Service and AR is the association factor of ‘SR’ 
with all other services S1,S2…Sn.
Further, recommendation of a particular service is 
also described in Figure 3. Where after choosing ser-
vice, all the associated services are ordered ascend-
ingly with respective SAF values. So, if database of 
all services, their associations and relevant packag-
es is maintained then applying the above mentioned 
process, one can find its best services of his / her own 
choice.This technique allows learning the past behav-
ior of user which package(s) or service(s) he has used. 
When a new user wants to use this system, with the 
help of association factor, it proceeds towards best 
available services in the market. In Figure 3, user 
starts with one service say S1, and after selection of 
this service, the system recommends those services 

Figure 3
Process of recommendation using SaF

which have association value with S1, in ascending or-
der. On top, services are listed with higher association 
value and help in choosing best service accordingly.

5. Cloud Service Recommendation 
Using SAF
The designed, developed and tested system offers 
registration to both customers and service providers. 
The registered users can set their criteria for select-
ing desired services. 
Constraints are available in the form of Quality_of 
Service (QoS) parameters: performance, price, time 
frame, Availability, MTTF, MTTR, and some required 
resources The repository contains only the evaluated 
services that satisfy the constraints defined by the 
user. In the second step, all services which are going 
to propose or recommend have the respectively as-
sociated factor. At the end of the process, the system 
displays services ranked by the association factor in 
increasing order and recommends them accordingly. 
The components of the system are as follow:

5.1. Registration
It is the process by which different CSPs register 
themselves with the object for advertising their busi-
nesses and enhance their interaction within the dig-
ital globe. On the other hand, users can also register 
to the system to find out best services available and 
to seek required services as well. Through this por-
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tal, the user can contact best service providers in the 
market.  It has two main components.

a CSP Registration: Each Cloud Service Provider 
registers into the system.  The information of a reg-
istered service includes functionality, QoS param-
eters, the price per usage, availability constraints 
if any, and standards. This information becomes 
public.

b User Registration: By this component, customers 
register into the system to have information about 
CSPs and services: functionalities, the process of 
adoption, and to select services accordingly.

5.2. Evaluation and Assessment  

The evaluation of services takes into account the dif-
ferent quality parameters and standards requested by 

Figure 4
Cloud Service Selection System 

users. The parameters come from either side of the 
solution, but the client side provides real and accurate 
results of users’ experience and feedback [23]. The 
quality parameters are performance, reliability, fault 
tolerance, interoperability, among others. The as-
sessment follows the proposed paradigm. The system 
mainly focuses on the client side (user experience 
and requirements). The system provides recommen-
dations after drawing the ranking of the best available 
cloud service based on user requirements.

5.3. Association Generation
The goal of the analysis of user services’ history is to 
find hidden relationships. Each new creation or selec-
tion of a package, either by provider or user, implies 
the computation and registration of SAF to maintain 
the repository updated. The system preserves a re-
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Figure 5
Database Structure of Proposed System 

pository to hold the SAF values between cloud ser-
vices occurred together. The two types of packages: 
User and Vendor (as defined in the previous section) 
have the same SAF due to the service occurs in either 
package used by the end user.

5.4. Recommendations

The system holds the repository of services, associ-
ation factors, and QoS attributes. The users can con-
sult them along-with their feedback and customary 
history. It also contains ‘Cloud Package’s Repository’. 
On the request of a seeker, the system calculates the 
SAF for all related services and test them. This pro-
cess is known as QoS_check, as shown in Figure 4. 
The system displays a recommended ranked list of 
services based on SAF criteria.

5.5. Implementation of Repositories

The database or repository is an essential component 
of the system to maintain pratcial informationl. The 

system has a database layer for storing its ongoing 
information in the proper form. The Database as a 
service (DBaaS) available on the Microsoft Azure 
platform achieves this goal, and all its services are be-
ing on use under registered login provided by the uni-
versity (student login). The Azure platform created 
on online service of the ‘CSSA’ database (on the link 
rabbani.database.windows.net). The central database 
contains sub-databases used to maintain and control 
the information being on use in the system defined as 
follows (see Figure 5): 
Cloud Service Provider’s Database ‘CSPDb’
CSPDb contains a list of CSPs along with their work 
description and services to the public. CSPDb in-
cludes: ‘Name’, Unique ‘Identification Number’, CSP 
description, and ‘active-status’ shows whether the 
provider is live or disconnected.
Cloud Service Database ‘SDb’
SDb contains complete detail of different services 
provided by different CSPs. Whenever a new service 
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appears into the system, SDb retains it. It has the 
‘Name’ of the service as Google Drive; the ‘Descrip-
tion’ has complete service information so that a new 
user could well inform the features and functionality 
attached; ‘IsStandardize’ depicts whether or not the 
service follows some standard; ‘ServiceStatus’ has 
the availability status.
Customer / User’s Database ‘UDb’
Udb holds the data of all customers of respective ser-
vices and service provider on the Internet community 
along with their respective information like contact 
and service information and nature of the job. Udb 
shows which user is using which service.
Package’s Database ‘PDb’
Pdb is a very important database of the system that 
holds services used together and formed into a single 
object known as a package. Pdb contains ‘Name’ of 
the package and a list of services in the form of ‘ser-
viceList’ to store all information services packed as a 
single object.
Association Factor’s Database ‘AFDb’
AFDb contains the associations between the services 
available in the repository. It has two services’ named 
as ‘ServiceI’ & ‘ServiceJ’ to whom the association is 
computing. ‘AFValue’ holds the value of the associa-
tion factor among these services. The ‘AFid’ records 
the relation for identification. 
Quality of Service Attribute’s Database ‘QDb’
Qdb contains the QoS parameters, essential to com-
putes assessment and evaluation of services. They 
play an essential role in the service recommenda-
tion process. It has ‘QId’ as an identification number, 
‘QName’ serves as the name of the quality attribute 
and similarly ‘QStatus’ record the activeness of the 
attribute for future correspondence. 
Assessment’s Database ‘AssessmentDb’
AssessmentDb carries the information regarding 
service assessment and evaluation on different qual-
ity parameters required by users. ‘QId’ denotes the 
quality attribute, whereas ‘Sid’ depicts the service on 
which evaluation takes place.
Feedback Database ‘FeedbackDb’
The FeedbackDb repository records information 
about the user feedback on the service provider or 
user-defined package and its services as well. It con-
tains ‘Sid’ for service, ‘UId’ of the User, and ‘Packaged’ 
for the package. 

5.6. Algorithm 
The primary objective of the system is to recommend 
services based on the required user package. The 
Make_User_Package procedure computes the asso-
ciation factor SAF of services package and the user it-
self. The following pseudo-code describes the process 
for making a new package: 

1. Procedure Make_User_Package ()
2.  Service S1, S2 … Sk

3.  Package P1, P2 … Pk

4.  Select Service s
5.  Select Package p
6. Flag IsEnd ¬ False
7. p.Add(s)
8. While (Not(IsEnd))
9.   Association a[] ¬ Calculate_Association(s)
10.  Sort(a)
11.  s ¬ User_Choice(a) // select the user’s choice
12. p.Add(s)
13.      if (choiceEnds) IsEnd ¬ True
14. return p  // having all services based on     
   users’ choices   
15. End

The procedure defines Services at line 2; Packages at 
line 3; The selection of first service s is at line 4; and 
similarly, a selected blank package ‘p’ at line 5; a Bool-
ean flag ‘IsEnd’ initialized with False at line 6 deter-
mines when the user has found the desired service. 
The first selected service ‘s’ initializes the package ‘p’ 
at line 7. The system generates associations w.r.t ‘s’ 
through the ‘Calculate_Association(s)’ function and 
stores them in the array Association ‘a[ ]’ at line 9. the 
Sort function of these associations ‘a ‘ are at line 10 
and presented to the user for its selection at line 11.  
Once the user made its choice, the selected service 
becomes part of the package at line 12. This process 
continues until the user terminates the selection. 
Finally, the full ‘p’ package returned to the user of its 
choice is at line 14.

5.7. Experimentation of SAF Method 
The method finds the association among the services 
and tracks the trends of users’ service usage in the 
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past. This association represents the relevancy be-
tween two services (Si, Sj). It represents the occur-
rence of services used together in the contract/pack-
age (from service provider). 
It shows the occurrence of services (Si, Sj… SK), of the 
packages: P1, P2 … PN, suppose that there are three 
packages:
P1 = S1, S5, S7, S13       P2 = S5, S7, S15, S22        P3 = S1, S5, S10, S15

Table 2 
Determination of Association among Services

Services S1 S5 S7 S10 S13 S15 S22

S1 --- 2 1 1 1 1 0

S5 2 --- 2 1 1 2 1

S7 1 2 --- 0 1 1 1

S10 1 1 0 --- 0 1 0

S13 1 1 0 0 --- 0 0

S15 1 2 1 1 0 --- 1

S22 0 1 1 0 0 1 ---

Given package Pi, the cell (Si, Sj) includes all mutual 
occurrence of Si with other Sj (see Table 2). This pro-
cess repeats for all ‘i’ from 1 to the maximum number 
of available services, in the present case 22. For in-
stance, the association between services S5 and S7 is 
two because they occurred twice, represented in the 
cell (2, 3) of Table 2. Similarly, S5 and S15 is also two in 
cell (2, 6) where cell (x, y) represents as ‘x’ is the row 
number and ‘y’ is column number.

6. Experimental Results and 
Discussions
The experimentation processes the different CSP in-
formation; it recovers the user feedback regarding CSP 
vendors, as well as the utilization and working of their 
services. Table 3 presents the average values obtained 
in this study and shows the complete analysis of Google, 
Microsoft & Amazon, along with the selected services. 
Three approaches have been selected as mentioned, 
in cloud vendors and their services respectively on 
20-user data set. Table 4 shows the obtained results. 
The first two techniques are dependent on user feed-

back. In [19] defines a fixed number of clusters and 
K-mean clustering evaluates the feedback. The pro-
duced recommendation results are in the form of 
rankings of cloud service vendors, whereas, in perfor-
mance factor [18] approach, there is a company value 
as a fixed element. The calculation uses user feedback 
and ranking accordingly. The service association fac-
tor ‘SAF’ is independent of all defined values to cal-
culate the frequency of service utilization by the end 
users. Table 4 shows the obtained results, which draw 
the following conclusions:
 _ On average, the Google cloud service provider is 

best among the other two approaches.
 _ Amazon is the worst case according to the standard 

deviation on three factors of different providers.
 _ SAF is most consistent among different vendors 

with the least standard deviation. 
 _ Inconsistency found on service feedback because 

it does not represent a real picture of service 
utilization (user may provide feedback on his/
her own choice). On the other side, SAF shows an 
accurate assessment of service utilization because 
the calculation takes into account the services 
utilized by the customer, so SAF produces more 
precise and accurate results.

Table 3 
Cloud Service Vendors with Services

Methods Google Amazon

Google Search Bing Amazon Cloud Search

Google Drive SkyDrive Simpe Storage Service

Gmail SendGrid Email Amazon SES

Chrome OS Windows Azure Elastic Compute Cloud

Table 4 
Comparison of Rankings

Methods Google Microsoft Amazon

k-Mean Clustering 
[19] 2.75 3 1

Performance Factor 
[18] 4.35 2 0.3875

Service Association 
Factor (SAF) 4.2 3.6 3.6
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Figure 6 (a)
Comparison of techniques with 5-Users’ Dataset
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The analysis includes three datasets: a group of 5-us-
ers, 10-users, and 20-users, to see the effectiveness 
of SAF on the user-defined packages. The used tech-
niques are feedback (Performance Factor/K-Mean 
Clustering), SAF with vendor’s package, and SAF 
with user-defined package. The graphs depicted in Fig-
ure 6 (a, b, c) show the results.
The feedback technique remains at the lower level, 
while SAF recommendation using defined vendor’s 
package works far better. Furthermore, the results are 
more efficient than the rest of both approaches when 

the association factor includes the user-defined pack-
ages. SAF remains consistently at the higher end, and 
recommendations are more effective and efficient.

7. Conclusion
Cloud service selection takes a new dimension for 
itnerent users to filter out the best services according 
to their needs. The present approach solves this is-
sue by introducing Service Association Factor (SAF) 
to calculate the occurrence of services appeared to-
gether within a package. SAF is independent of any 
fixation of firm parameters. The developed learning 
system assesses and evaluates the available services 
on quality parameters and customer criteria demand. 
The results show an excellent performance of the sys-
tem and techniques applied. The applied techniques 
have limitations in terms of sole type of services, 
quality, defined values, and bondage of a single service 
provider. 
Future work will include more QoS parameters and 
also enhance the approach to the vendors’ side, for in-
stance, how a vendor can increase the perspectives of 
the market.
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