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Abstract 
Cloud Service Selection is still one of the critical decisions that have the highest impact on any association. 
Making a decision scrutinizing them with estimation is always a complicated task. This paper implemented 
a three-step process in service selection: Cloud Service Scrutinization, Assessment, and Selection 
Framework (CSESF) using K Nearest Neighbor – cosine metrics. In this method, all the decision-maker's 
requirements are initially identified and listed. All the parameters and service providers are listed. An 
algorithm for scrutinizing is developed. Weights are calculated for preferences given by the decision-
makers. KNN with cosine metrics works on choosing the service with the smallest for the positive best 
solution and harmful for the far solution. The results show that CSESF is robust, practical, and suitable 
for choosing the service.  

Keywords: Cloud Service Selection, KNN Cosine Metrics 

 

1. Introduction: 

The solution to store the data, in coming generation is Cloud. The core concept of the Cloud is Virtualization. 
This enables to share interconnect and manage the computers in a distributed network. For decision-makers, one 
of the biggest challenges is to provide dynamic services to the user based on their requirements. Over the internet, 
identifying the accurate and effective service has become a most significant challenge. This leads to attract both 
the industry and academia. Many studies were conducted to educate users to make wise decisions.  
Most of the studies try to solve problems of two types. 1. Developing the standard interface to develop a solution 
to this problem, a platform that helps users choose the displayed services. 2. One the basis of decision-making 
methods is selecting suitable cloud services. This paper focuses on cloud service selection.  
We found exciting details in the literature about the MCDM methods used for service selection. The AHP is the 
most commonly used MCDM method than any other method. The use of assessment methods and targeted cloud 
service layers, where most of the selection techniques are applied to all platforms and different methodologies are 
focused on individual cloud service layers. Based on their use in standard service selection, the QoS parameters 
considered for service evaluation are exhibited. We thought the top five QoS parameters for service evaluation, 
except for security parameters.  
If the number of alternative services and their QOS criteria are finite, it is better to evaluate these services 
concerning QoS by the MCDM methods. The Analytical Hierarchy Process (AHP) is a common MCDM method 
for solving the problem of cloud service selection (Saaty, 1990). The summary of Mcdm methods used to solve 
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the problem of cloud service selection. The AHP subdivides a complex service selection problem into a 
hierarchical structure comprising criteria and alternatives. The criteria weights are generated from the hierarchical 
system by developing a pairwise comparison matrix. 
In order to differentiate whether the measurement of the cloud is used, one must first reflect on the service that 
uses it and deliberate on what compensation the cloud consumes. There are three categories of stakeholders: 
providers of cloud services, cloud users and end users Cloud providers provide cloud customers with cloud 
facilities. These cloud facilities are part of the utility computing phase, i.e. the cloud providers use the pay-as-
you-go model of these facilities. Using these services, cloud users advance their innovation and bring the invention 
to the final users. 
This paper organized in the following way, Section 2. Contains the related work by other researchers, Section 3 
provide the detail information about the proposed work and algorithms implemented. The results and discussion 
of the cloud service selection are listed in Section 4 and Concluded in Section 5.  

 

2. Related Work: 

An AHP-based cloud service ranking model was suggested by Garg et al. (2011), in which cloud services are 
assessed and ranked according to key performance indicators (KPIs). In the first step, the hierarchy structure is 
built on the basis of candidate services and their parameters for QoS. Local weights are extracted in the second 
step by performing the pairwise comparison. The software as a service framework has been proposed to select a 
specific service type (i.e. IaaS, PaaS, and SaaS) (Godse and Mulik, 2009) to select application services by 
assessing the alternatives and requirements according to the AHP model. Chen et al. (2011) mapped the AHP 
model to assess the product services of sales force automation by creating the three level hierarchies that constitute 
alternative software services and their sub-criteria criteria. Weights of local and global parameters are built on the 
basis of user expectations and the opinion of the subject matter expert. In order to evaluate and rank both IaaS and 
SaaS services. 
Karim et al. (2013) developed a layered architecture. The AHP model weighs the parameters for determining 
alternative cloud services on the basis of consumer requirements. By matching user QoS and composite service 
QoS, the model is successful at evaluating the composition of IaaS and SaaS services.To choose and rank cloud 
infrastructure services, Menzel et al. (2013) developed a multi comparison approach for cloud computing (MC2)2. 
In order to analyze a service's QoS in terms of advantages, expense, risk and opportunities, the analytical 
networking method (ANP) is adopted. 
A cloud genius has been developed by Menzal and Ranjan (2012) as a multi-criteria decision support framework 
that helps migrate current web services to the cloud platform. For the benefit of different advantages from both 
the service provider and the customer side, most web services are migrated to the cloud. 
A mathematical model for multi-sourcing schemes was devised by Martens and Teuteberg (2012) to choose cloud 
services on the basis of cost and risk factors. The AHP helps to understand the risk factors in the approaches to 
Selection. In AHP, it is not certain to evaluate criteria weights by conducting pairwise comparison. Within the 
interval [0, 1], the fuzzy methodology is used to represent user preferences and the opinion of the subject expert. 
The membership functions and rules are defined according to the criteria in order to choose the preference that 
suits real world situations. The (Ashtiani et al., 2009) proposed a fuzzy AHP in order to determine criteria weights 
to meet user preferences in the defined fuzzy interval. 
Chen and Lin (2009) proposed a flexible decision support system to express the subjective user preferences for 
each criterion. The subjective preferences are converted into the form of the numerical preference matrix, and 
then the matrix is assessed to rank the alternative services as per the analytical hierarchy process. 
Another popular MCDM method to resolving cloud service selection problem is the TOPSIS (Technique for Order 
Preference by Similarity to an Ideal Solution) (Lo et al., 2010). By constructing triangular fuzzy numbers, they 
derived criterion weights for alternative services. A numerical example illustrates the proposed method. 
In order to test alternative services to satisfy customer needs, Cheng et al. (2011) integrated a service-oriented 
architecture with fuzzy TOPSIS. The system addresses dynamic changes and converts uncertain user preferences 
into appropriate preferences. The hybrid model proposed achieves better user satisfaction results and overall 
computational efficiency. 
The outranking methods in which the service rank is associated with every alternative in a pair-wise comparison. 
In managing more alternatives and QoS parameters, the outranking methods are good. ELECTRE (Elimination 
and Choice Expressing Reliability) is adopted by applying concordance and dis-concordance indices to construct 
a partial ranking structure of alternative services. 
By applying an overarching method called ELECTRE, Silas et al. (2012) solves a cloud service selection problem. 
The level of credibility is created by the customer's requirement and the service provider's information; the degree 
of credibility is the composition of agreement and disagreement of every criterion. 
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Service selection is carried out by optimizing or minimizing one or more constraint parameters by applying 
optimization techniques. Chang et al. (2012) suggested a model for choosing cloud storage from a range of storage 
services available. The proposed model is based on dynamic programming and the formulation of cost and 
objective function measurements. The limitations for choosing cloud storage are data durability, and customer 
preferences should be within the budget. Considering the maximum durability and the minimum number of 
failures, storage services are chosen. 

3. Proposed Framework 

The proposed CSESF for Requirement analysis, scrutinization, estimation and Selection using cosine metric KNN. 

3.1. Requirement Analysis: 

The assumptions made in this research are, end user or organization or entity that are in of cloud service, must 
have intermediate level expertise in opting the parameters of the service given. This is a phase where, conclusions 
or requirements of services is given on the basis of team meetings, slight research on the applications they want 
to deploy or use on the cloud. For examining the requirements identified aids as the base. 

3.2. Scrutinization: 

In this phase of CSESF, from a pool of cloud services suitable services are selected for further processing. Previous 
step of analysis supports this phase. The decision makers in the organization must be very careful while listing 
the requirements. The conjunctive screening is one of the appropriate ways of selecting the services. This approach 
does not select the services that meet the minimum criteria. In this phase, a set of apt services will be provided. 
i.e., 𝑎𝑆  𝑠𝑟 , 𝑠𝑟 , 𝑠𝑟 , … 𝑠𝑟  
 

Algorithm: Scrutinization (CSESF) 
Inputs: Services: nSR, Requirements: kR 
Output: Apt Services: aS 
1. i  |kR| 
2. for j = 1: n do 

result = checkCompatibility (nSR[j], kR[j]) 
if result = True then 

available = checkAvailability(nSR[j]) 
if available = false then 

Add nSR[j] to aS 
3. end if 
4. end if 
5. end for 
6. return aS; 

 

3.3. Estimation: 

On the basis of the criteria, weights are calculated for preferences given by the decision makers. Here, by 
considering multiple criteria the below algorithm is developed. This helps to take a decision in its early stage and 
identify it best and worst cases.  
Step1. Limit the Decision Measures:  
Step2. Define the best and worst cases. Best refers to the most valuable and work refers to less prominent criteria. 
Step3. Design accord on best and worst cases. When multiple decision finalizers are there, step 3 activates where, 
detailed analysis, consolidation of information as the requirements, then according the best and worst cases. 
Step 4. Gaining best case preferences.  
Step 5. Find Aggregate of best cases vector 
 

 𝑻𝑨𝑩 𝒕𝒂𝑩𝟏, 𝒕𝒂𝑩𝟐, 𝒕𝒂𝑩𝟑, … . 𝒕𝒂𝑩𝒏 (1) 
 
Step 6. Obtaining the worst-case vector  
 

 𝑨𝒘 𝒂𝒘𝟏, 𝒂𝒘𝟐, 𝒂𝒘𝟑, … . 𝒂𝒘𝒏 (2) 
 
Step 7. Calculating the Total Worst Vector 
 

 𝑻𝑨𝒘 𝒕𝒂𝒘𝟏, 𝒕𝒂𝒘𝟐, 𝒕𝒂𝒘𝟑, … . 𝒕𝒂𝒘𝒏  (3) 
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Step 8. Total optimal updated weights. In this last stage, update weights are calculated that minimizes the 
differences for all the values, 𝑎𝑔𝑤 𝑎𝑎 ∗ 𝑎𝑔𝑤 , 𝑎𝑔𝑤 , 𝑎𝑎  ∗  𝑎𝑔  where total weight is indicated by 
agw. 
 

 𝐦𝐢𝐧 𝐦𝐚𝐱 𝒂𝒈𝒘𝑩 𝒂𝒂𝑩𝒋 ∗ 𝒂𝒈𝒘𝒋 , 𝒂𝒈𝒘𝒋, 𝒂𝒂𝒋𝒘 ∗ 𝒂𝒈𝒘  (4) 
 
 

Algorithm: Evaluation (CSESF) 
Inputs: aS // calculation set of priorities 
Output: u_w // calculated  weights 
1. num = |TA| // no. of Task Assigners 
2. tM  allocate a set of task measures 
3. bM  define the best measure 
4. wC  derive the worst measure 
5. for ta = 1:n do // for each ta 

AB[i]  determine the vector 
Aw[i]  determine the ow vector 
totalB += AB[i] 
totalW += Aw[j] 

6. end for 
7. TAB = total_mean(totalB) 
8. TAw = total_mean(totalW) 
9. d  |dc| 
10. for j = 1:d do 
11. U_w  AGW (TAB,TAW) 
12. end for 
13. return u_w 

 

3.4. Selection: 

By implementing KNN with cosine metrics, it works on choosing the service with smallest from the positive 
best solution and negative for the far solutions. It has few steps involved.  

1. Developing a matrix as follows: 

 
𝒓𝒊𝒋  

𝒙𝒊𝒋

∑ 𝒙𝒊𝒋
𝟐𝒏

𝒊 𝟏

𝒇𝒐𝒓 𝒊 𝟏, . . 𝒎, 𝒋 𝟏, … 𝒏 

 

(5) 

 
2. Weighted Matrix 

 
𝑽𝒊𝒋 𝑾𝒊𝒋𝒓𝒊𝒋 

 
(6) 

 
3. Defining the desirable and undesirable model solutions (S+ and S-) as follows: 

 
 𝑨  𝐦𝐚𝐱 𝑽𝒊𝒋 | 𝒋 𝝐 𝑱 , 𝐦𝐢𝐧 𝑽𝒊𝒋 | 𝒋 𝝐 𝑱 ` 𝒊 𝟏, 𝟐, … . 𝒎  (7) 
   
 𝑨  𝐦𝐢𝐧 𝑽𝒊𝒋 | 𝒋 𝝐 𝑱 , 𝐦𝐚𝐱 𝑽𝒊𝒋 | 𝒋 𝝐 𝑱 ` 𝒊 𝟏, 𝟐, … . 𝒎  (8) 

 
 

4. When we get more than one solution, then calculate the individual measures, with the distance formula 
for KNN 

 𝑷𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝑺𝒓𝒊 𝑽𝒊𝒋 𝑽𝒋
𝟐

𝒏

𝒋 𝟏

𝟏/𝟐

, 𝒊 𝟏, 𝟐, 𝟑, . . 𝒎 

 

(9) 

   

e-ISSN : 0976-5166 
p-ISSN : 2231-3850 Sudheer Shetty et al. / Indian Journal of Computer Science and Engineering (IJCSE)

DOI : 10.21817/indjcse/2022/v13i3/221303050 Vol. 13 No. 3 May-Jun 2022 724



 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝑺𝒓𝒊 𝑽𝒊𝒋 𝑽𝒋
𝟐

𝒏

𝒋 𝟏

𝟏/𝟐

, 𝒊 𝟏, 𝟐, 𝟑, . . 𝒎 (10) 

 
 
5. Most relative services are calculated for every ideal solution  

 

 
𝑹𝒍𝒊

∗ 𝑺𝒓𝒊

𝑺𝒓𝒊
, 𝟎 𝑹𝒍𝒊

∗ 𝟏 

 
(11) 

3.5. KNN with Cosine Metrics: 

Machine Learning based algorithms gained its prominence in pattern recognition and data field. In our proposed 
model we developed KNN in the cloud environment for selecting the cloud service from various providers. 
By considering the different parameters that are opted by the user, from the list of cloud service providers, the 
proposed system selects the suitable service providers. Different functions that provided to the end user.  

 Displaying the list of CSP’s and their services.  

 Displaying priorities for the parameter of services provided by the cloud. 

 Allowing the user to select the services and parameters for each service selected. 

 Displaying the best CSP to user based on services and parameters selected by the user. 

Service provider is selected by using the cosine similarity of the nearest neighbour algorithm. Imagining that the 
user have prior understanding towards the cloud computing and knowledge about the services, a user interface is 
developed to select the various parameters and different kinds of services.  
The different services mentioned are: storage, servers, network, cloud SQL, RDS, VMWARE hosting, DNS, APP 
Engine, Files, Data flow. The parameters for these services are, Reliability, cost, QoS, Scalability, Security, 
Availability, Performance, Sustainability, Interoperability.  
 
Proposed Algorithm: Service Selection using KNN 
 

Algorithm: Service Selection using NN 
Input: User selects the services and parameters 
Output: Returns the best CSP for each service 
1. Begin 
2. for C each CSP 

select the CSP which contain all the service which are given by user 
if(selected_services == services in CSP ) 
Select the CSP 

3. end 
4. end for 
5. for each selected_csp 

Calculate the final array  
Final_array=User_request-CSP_ranking 

6. end for 
7. for each selected_csp 

Calculate cosine distance and cosine similarity 
Cosine_distance=1-(|final_array||User_request|)/(√ 𝒇𝒊𝒏𝒂𝒍_𝒂𝒓𝒓𝒂𝒚)2+√ 𝒖𝒔𝒆𝒓_𝒓𝒆𝒒𝒖𝒆𝒔𝒕 2 
Cosine_similarity=1-cosine_distance 

8. end for 
9. for each cosine_similarity 

Select the maximum cosine_similarity 
if(max_cos_similarity <cosine_similarity) 

max_cos_similarity =cosine_similarity 
end for 

10. return<max_cos_similarity> 
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Generally, distance metrics helps to identify the pattern in order to take a decision. Distance metrics in KNN 
assists to improve the performance of classification. Distance functions, calculates the distance between two 
elements of a set. This function may vary for variant metrics. One of the most used distance formulae is Euclidean. 

 𝒅 𝒙, 𝒚 𝒙𝒊 𝒚𝒊
𝟐

𝒏

𝒊 𝟏

 (12) 

Cosine Distance metric is assistances to find similarities. The degree of similarity between two vectors are 
measured. The services and parameters selected by the user and parameters and services provided by service 
provider are collected as metrics. Cosine metric used when the orientation is measured but not the magnitude of 
the vectors. This is derived by dot product of vectors.  

 

 𝒂. 𝒃 |𝒂| 𝒃 𝐜𝐨𝐬 𝜽 (13) 

   

 𝐜𝐨𝐬 𝜽
𝒂. 𝒃

|�⃗�| 𝒃
 (14) 

  
To find the similarities, the angles that are helpful are cos 0 1, cos 90 0, and cos 180  1. The cosine 
value 1 for the similar vectors and 0 for the vectors that are slightly similar can be called as orthogonal vectors 
and -1 for the vectors that are in opposite direction.  

Basically, this is a set similarity problem, this problem worsens when the parameter and services required are 
more. By using Cosine and KNN, the similarity between two sets can be determined better. Equation (2) and (3) 
helps to calculate the distance of the observations in multi-dimensional space. Generally, a multi-dimensional 
space is represented using a vector. Where each parameter/ service represents a dimension and each observation 
is characterized as a point in this space. 

4. Results and Discussions: 

In this session, we present the details our outcomes of all the three phases. The parameters considered in the 
Selection of appropriate cloud service. The cloud selection requirements of any individual or organization must 
be identified as a sample is given below. 

The different services mentioned are: storage, servers, network, cloud SQL, RDS, VMWARE hosting, DNS, APP 
Engine, Files, Data flow. The parameters for these services are, Reliability, cost, QoS, Scalability, Security, 
Availability, Performance, Sustainability, Interoperability. Services and Parameters are mentioned in the table 1. 
The standards recognized are Performance of CPU, DISK, and Memory, Quantity, Cost is another factor mostly 
considered when it is reliable and availability. On the basis of cloud scrutinization, the most suitable is mentioned 
as Y and not suitable is mentioned as N in the Table 2. On the basis of weights calculation from algorithm 2 the 
comparison of five decision and values generated/ assigned to the parameters mentioned in Table 3. Ranking of 
the service providers  

 
Services Symbol Parameters Symbol 

Storage S1 Reliability P1 
Servers S2 Cost P2 
Network S3 QoS P3 
Cloud SQL S4 Scalability P4 
RDS S5 Security P5 
VMWARE Hosting S6 Availability P6 
DNS S7 Performance P7 
APP Engine S8 Sustainability P8 
Files Server S9 Interoperability  P9 

 
Table 1.  Different Parameters and Services listed 
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Services 1 2 3 4 5 6 7 8 9 10 
S1 Y Y N Y Y Y Y Y Y Y 
S2 Y N Y N Y N Y Y Y Y 
S3 Y Y N Y Y N Y Y N Y 
S4 Y N Y N Y Y N Y Y Y 
S5 Y Y N Y N Y N Y N Y 
S6 Y Y Y Y Y N Y Y Y Y 
S7 N N N Y Y Y N N Y Y 
S8 N Y Y N Y Y Y N Y Y 
S9 Y N N N N Y Y Y Y N 

Y – Most compatible, N – Not compatible 
Table 2.  Services scrutinization at phase I 

 
Decision P1 P2 P3 P4 P5 P6 P7 P8 P9 

1 1 9 3 2 2 3 3 3 3 
2 1 9 3 3 3 4 2 3 3 
3 1 9 2 3 4 2 2 4 3 
4 1 9 3 3 4 3 3 2 3 
5 1 9 2 3 3 3 2 3 3 

𝑻𝑨𝑩 1 9 2.6 2.8 3.2 3 4 2.4 3 

 
Table 3.  Comparison of Criteria with worst and best 

 

Test Case Input Test description Output 

1 
Services and their parameters are 

unselected. 
No services and their parameters are selected. Appropriate error message. 

2 
Services are unselected and parameters 

are selected. 

If the user does not select the service and 

selects the parameters of that service. 
Appropriate error message. 

3 
Services and their parameters are 

selected 

If the user selects the services and their 

parameters 

Display the best CSP for 

that service. 

 
Table 4.  Testing for services and their parameters 

 

 
 

Fig 1. List of CSP’s and their services 
 

Here the sample list of cloud service providers and their services that we are using as data to apply in our algorithm. 
10 cloud service providers - Joy net, Amazon, Go Grid, Rackspace, Google, Century Link, HP, Nephoscale, 
Windows Azure, and Nine Fold. The services provided by one cloud might not be available in other clouds.  
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Fig. 2. Priorities for the parameter of services provided by the cloud 

Here we are providing arbitrarily priorities for the different parameters of the services provided by the cloud. This 
is done so that we are able to match whatever parameters selected by the user with that of the priorities for the 
parameter provided by the cloud. This helps to match the parameters and suggest the CSP that user can opt for 
each service that he has selected. In this project we have taken a total of nine parameters for each service selected.  
 

 
 

Fig 3. Warning message when parameters are selected without selecting service 

 
If the user does not select the service and tries to select the parameters then appropriate warning message will be 
displayed saying that the user has to select the services in order to prioritize the parameters. Because the software 
will not run properly if the user intentionally does this. Therefore the user has to select the particular service in 
order to select their respective parameters in the row. 
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Fig 4. Services and parameters selected by the user 

 
Here user selects various kinds of services that he needs and parameters for each service. There are two options 
for each service he can select or unselect the service from the pop-up menu. If the user unselects the service then 
he cannot select the parameters for that service. If by mistake he does that then the software will put a warning 
message saying that he should select the service to select their parameters. Each parameter is provided with options 
which user can select based on their requirements 
 

 
 

Fig 5. Best CSP selected for each service based on user requirements 

 
Here the best CSP’s for each service is displayed for the user. User can opt for the CSP if he wants. In the above 
example the user has selected three services that is storage, server, network and by applying NNA and based on 
the parameters selected for these services the algorithm tries to suggest the best CSP for each service. 

5. Conclusion: 

In this paper, we focus on the Cloud Service Selection by developing a three step process. By considering the 
parameters as the user requirements a robust system is developed to choose the service provided by different 
service providers. The proposed framework CSESF has four steps Requirement analysis, scrutinization, 
estimation and Selection using cosine metric KNN. The parameters for the services are, Reliability, cost, QoS, 
Scalability, Security, Availability, Performance, Sustainability, Interoperability. In each step, as per the 
requirements, whole process filters the selection of service provider. Scrutiniations eliminates the services that 
fulfill minimum criteria. Weights are calculated in the Estimation phase that helped to take a decision in the earlier 
stage. KNN with cosine metrics selects the cloud service from filtered providers. 
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