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1. Introduction

In the last years, there has been a rapid growth 
of cloud computing technologies that has led to a 
massive increase in the number of Cloud Service 
Providers (CSPs) that supply of a wide range of 
cloud services. 

Cloud computing and service providing has been 
deployed, over the recent years, as a promising 
enabling technology for many domains such as 
network control / cloud control systems (see, 
for example, (Mahmoud & Hamdan, 2018; 
Xia, 2015)), decision-making (see, for example, 
(Martens & Teuteberg, 2012; Filip et al., 2017)) 
and so on.  In each case, the set of criteria and the 
associated weights are context-dependent, and, 
eventually, influence the adoption of the solution 
offered by a method.

The availability, on the market, of multiple cloud 
services with similar features, various pricing 
structures, and different Quality of Service (QoS) 
regulations make the selection of a CSP a difficult 
task for decision makers, in organizations, that are 
looking to move their business to the cloud. In 
addition, decision-makers must consider multiple 

quantitative and qualitative criteria that are often 
conflicting when making a choice. Because 
a decision maker must consider several QoS 
criteria when choosing a CSP, from a set of CSPs 
considered as a set of alternatives, this issue falls 
within the domain of the Multicriteria Making 
Decision (MCDM) (Hussain et al., 2020a). 

There are numerous researches in the literature 
related to solving the problem of CSP ranking 
and selection, through multicriteria decision 
methods. Some MCDM solutions for solving this 
problem, proposed in literature, are presented 
in the following. In (Abdel-Basset et al., 2018) 
a neutrosophic multi-criteria decision analysis 
approach is provided for estimating the CSP 
quality. In the paper (Tiwari & Kumar, 2020) 
a new framework is proposed to identify 
security and privacy requirements and select an 
appropriate CSP. The paper (Al-Faifi et al., 2019) 
proposed a method to help the organizations to 
select the appropriate CSP which can fulfil their 
requirements. A hybrid multicriteria decision 
method based on a combination of a k-means 
algorithm and the DEMATEL-ANP method was 

Studies in Informatics and Control, 30(1) 77-87, March 2021

https://doi.org/10.24846/v30i1y202107

A Multicriteria Framework for Cloud Service Providers 
Selection Based on the Matter Element Extension Method 
Constanţa Zoie RADULESCU1*, Marius RADULESCU2, Radu BONCEA1,3,  
Ionut PETRE1,4, Ionut-Eugen SANDU1,4, Mihail DUMITRACHE1,5

1 National Institute for Research and Development in Informatics - ICI Bucharest,  
8-10 Maresal Averescu Avenue, Bucharest, 01145, Romania
zoie.radulescu@ici.ro (*Corresponding author), radu.boncea@ici.ro, ionut.petre@ici.ro,  
ionut.sandu@ici.ro, mihail.dumitrache@ici.ro
2 “Gheorghe Mihoc-Caius Iacob” Institute of Mathematical Statistics and Applied Mathematics of the 
Romanian Academy, Calea 13 Septembrie, No.13, Bucharest, 050711, Romania 
mradulescu.csmro@yahoo.com
3 Politehnica University of Bucharest, Splaiul Independentei, No. 313, Bucharest, 60042, Romania
4 “Lucian Blaga” University of Sibiu, 10 Victoriei Blvd., Sibiu, 550024 Romania
5 University of Bucharest - Faculty of Letters, 5-7 Edgar Quinet Street, Bucharest, 010017, Romania

Abstract: Market availability of multiple cloud services with similar characteristics, various pricing structures, and different 
Quality of Service (QoS) criteria make the selection of a Cloud Service Provider (CSP) a difficult task for decision makers 
that want to move their business to the cloud. CSP selection is a complex multicriteria problem. Many of the QoS criteria 
that must be considered in this problem are both quantitative and qualitative criteria. This fact determines the inclusion in the 
decision process of the uncertainty due to the subjectivism of the qualitative criteria evaluation. The present paper proposes 
a new multicriteria framework based on the Matter Element Extension (MEE) method to solve the problem of ranking a 
set of CSPs and the selection of the CSP that best meets the requirements of an organization. MEE method is ideal to solve 
multicriteria problems by formalizing the decision process. It can be enhanced by combining it with weighting methods. The 
multicriteria framework based on MEE method is implemented in a case study. A sensitivity analysis is performed by varying 
the endpoints of the extended intervals for criteria. The solutions and the CSP ranks obtained are analysed. 

Keywords: Multicriteria framework, Cloud Services Providers, Matter Element Extension method, Ranking, Classic and 
extended intervals, Sensitivity analysis.



https://www.sic.ici.ro

78 Radulescu C. Z., Radulescu M., Boncea R., Petre I., Sandu I.-E., Dumitrache M.

developed to evaluate and rank a set of CSPs 
from Smart data. A new selection model, which 
was deployed on Amazon cloud platform, was 
presented in (Eisa et al., 2020). The proposed 
model was implemented as a simulation tool. The 
paper (Halabi & Bellaiche, 2018) presents a model 
that addresses to the dynamic CSPs ranking and 
selection. The problem is solved using a Linear 
Programming Model. 

In the paper (Alam et al., 2018), is developed an 
integrated decision model based on the Fuzzy 
Analytic Hierarchy Process (FAHP) and the 
Weighted Aggregated Sum-Product Assessment 
(WASPAS) methods. 

For the problem of optimal selection in multiple 
manufacturing clouds in (Yang et al., 2020) a 
quantified approach, based on the AHP and big 
data, is proposed. Three kinds of uncertainties 
(of the service market, service execution and the 
user side respectively) are considered. A novel 
customer-centric Methodology for Optimal 
Service Selection in a cloud environment is 
presented in (Hussain et al., 2020a) and a 
Fuzzy Linear Best Worst Method for cloud 
service selection is developed in (Hussain et al., 
2020b). The paper (Xu et al., 2020) combined 
an item-based recommendation program with 
the Hesitant Fuzzy Linguistic Multi-criteria 
Analysis of Preferences to analyse hesitant fuzzy 
linguistic information. 

The set of QoS criteria is considered as the most 
significant factor for the selection of an appropriate 
CSP. The CSP selection problem is a complex 
multicriteria decision problem for a new cloud 
customer. Many of the QoS criteria that must be 
considered in the problem of CSP selection are 
both quantitative and qualitative criteria. This fact 
determines the inclusion in the decision process 
of the uncertainty due to the subjectivism of the 
qualitative criteria evaluation.  

In the present paper a new multicriteria framework 
based on the Matter Element Extension (MEE) 
method is proposed to solve the problem of ranking 
a set of CSPs and the selection of the CSP that best 
meets the requirements of an organization. MEE 
method is defined as a multiple criteria decision 
method which is ideal to solve multiple criteria 
problems by formalizing the decision process. It 
can be enhanced by combining it with weighting 

methods. The main steps of the MEE method are 
presented in the following. First, the decision 
process is defined and the problem is divided into 
matter elements (objects). Then the evaluation 
criteria are selected. The set of appreciation 
degrees and the classic and extended intervals 
are defined for each criterion.  Then the degree of 
correlation for each criterion is calculated. Finally, 
the degree of integrated correlation of the matter 
elements objects is calculated by integration 
methods. The appreciation degree (which includes 
the maximum degree of integrated correlation) 
defines the degree to which the problem element 
falls within the required conditions. The 
multicriteria framework and MEE method will be 
implemented for ranking a 17 CSPs set evaluated 
according to 9 QoS criteria. A sensitivity analysis 
will also be performed by varying the endpoints 
of the extended intervals for the involved criteria. 
The solutions and the CSP ranks obtained by the 
MEE method will be analysed. 

This paper is organized as follows. In the second 
section a multicriteria framework based on MEE 
method for the CSPs selection is proposed. 
Section three is devoted to the presentation of the 
multicriteria MEE method. In the fourth section 
the multicriteria framework is implemented in a 
case study and the results are analysed. In the fifth 
section a sensitivity analysis is performed. The 
paper ends with a section dedicated to conclusions.

2. A New Multicriteria Framework 
for CSPs Selection  
Decision Process 

Purchasing cloud services requires for an 
organization to choose a CSP from a given set 
of CSPs. Therefore, the objective is to choose 
the CSP that best meets the requirements of 
the organization. From the multitude of CSPs, 
available on the market, using a recognized 
database with measured CSPs characteristics 
quality data, with or without the help of a 
cloud broker, the organization must choose a 
CSP that meets its requirements. This problem 
can be solved with the help of a multicriteria  
decision method.

To solve the objective of choosing the best CSP 
a new framework based on the MEE method 
will be proposed. Within this framework, several 
stages are established. In the first stage, the 
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input data in the MEE method are defined and 
constructed: the set of CSPs, the set of criteria, the 
set of appreciation degrees, the classical domain 
intervals, the extended domain intervals and the 
evaluation matrix. In the second stage, a weighting 
method or a combination of weighting methods is 
applied to calculate the weights of the criteria. The 
entropy method is selected for criteria weighting. 
Then the MEE method is applied and a ranking 
of CSPs is obtained. A sensitivity analysis is 
performed by modifying the classical or extended 
intervals and studying the obtained results. A 
synthetic presentation of the MEE multicriteria 
framework is illustrated in Figure 1.

2.1 Input Data 

A matter-element R is the logical unit of matter-
element theory, R=(N,C,V). N, C and V are called 
the three fundamental elements of matter-element: 
P is the matter name, C is the set of matter features 
(the set of criteria) and V is a set of values or 
intervals values. 

The input data in the MEE method are: 

1.	 Decision problem P: choosing the CSP that 
best meets the requirements, 

2.	 Criteria set: C= {c1, c2, ..., cn},

Figure 1. MEE Multicriteria framework architecture
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3.	 CSPs set: A= {A1, A2, ..., Am}, 

4.	 Appreciation degrees set: M= {m1, m2, ..., ml}.  
The set M is an ordered set. Appreciation 
grades can be numeric or alphanumeric. For 
example, m1 = “Very Good”, m2 = “Good”,  
m3 = “Medium”, m4 = “Poor”, m5 = “Very 
Poor”. Their order is descending. For 
numerical values their order is m1> m2>...> ml, 

5.	 Classic domain intervals for criteria and 
appreciation degrees,

, ; 1, 2,..., ; 1, 2,...,C
jk jk jkv a b j n k l= = =  

	- the matter element C
kP  is defined. The start 

and end values of the classical intervals are 
defined, for each criterion and each degree of 
appreciation: 
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6.	 Based on the criteria and value range of C
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3. Matter Element Extension Method

The theory of matter-element was first established 
by Cai (1983 and 1999) and has now become a 
research method applied in many fields. This 
method combines qualitative analysis with 
quantitative research while dealing with complex 
multi-criteria objective things. MEE method has 
been applied in many domains. Some recent areas 
of application of the MEE method are: suitability 
of land for agriculture (Seyedmohammadi et al., 
2019), suitability for regional biomass power 
generation development (Song et al., 2020), 
sustainability of water-energy-food (Wang et al., 
2018), shale gas industry sustainability (Wang 
& Li, 2019), evaluation of regional integrated 
energy systems (Wang et al., 2020), tunnel 
retro-reflective arch in an extra-long tunnel 
(Zhao et al., 2021), rock burst, disaster in deep 
underground engineering (Chen et al., 2019), 
cloud manufacturing (Zhu et al., 2018), wind 
farm site selection (Tan et al., 2020), enterprise 
innovation capability (Zhang & Yue, 2017).

Once the input data has been defined, the steps of 
the MEE method are:

Step 1. Criteria weights calculation. The most 
critical input to the most MCDM methods is 
the assignment of criteria weights which can be 
based on subjective, objective, or a combination 
of weighting methods. Some more often used 
weighting methods are: Entropy method (Shannon, 
1948), Simple Multi-Attribute Rating Technique 
(SMART) (Edwards, 1977), Analytical Hierarchy 
Process (AHP) (Saaty, 1977, 1980), Step-Wise 
Weight Assessment Ratio Analysis (SWARA) 
(Kersuliene et al., 2010), Weighted Aggregated 
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Sum Product Assessment (WASPAS) (Zavadskas 
et al., 2012), KEmeny Median Indicator Ranks 
Accordance (KEMIRA) (Krylovas et al., 2014), 
Best–Worst Method (BWM) (Rezaei, 2015). 
A synthesis of criteria weighting methods is 
presented in (Radulescu & Radulescu, 2018). This 
paper specifies 29 weighting methods ordered by 
the year of publication. For each method, the type 
of method is specified: objective or subjective, the 
year of publication and the author(s) of the method 
(by appropriate reference). 

The set of weights W = {w1, w2, ..., wn}, for criteria 
C={c1, c2, ..., cn} can be determined by using a 
weighting method. 

For the present framework Entropy method is 
selected for criteria weights calculation. The criteria 
set weights is: W={w1, w2, ..., wn} where 

1
1

n

j
j

w
=

=∑ .

Step 2. The distance between the values of the 
evaluation matrix X and the classical intervals for 
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Step 4. The correlation function, necessary to 
determine the degree of correlation between 
evaluations is obtained. 
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A tri-dimensional matrix R=(rijk) is obtained.

Step 5. The degree of integrated correlation of the 
evaluation scheme is thus calculated. 

The integrated correlation is: 

*
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is obtained. 

Step 6. For each CSP the level of belonging to the 
degrees of appreciation is calculated according to 
the following formula:

( )*

1
max , 1,2,...,i ikk l

y r i m
≤ ≤

= =
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Step 7. The arrays of vector ( )1 2, ,..., mY y y y=  
are ranked in decreasing order. A CSPs ranking is 
obtained according to the value and the degree of 
the appreciation obtained.

Let { } { }: 1,2,..., 1,2,...,m mσ → be a permutation 
such that ( ) ( ) ( )1 2 ... my y yσ σ σ≥ ≥ ≥ .

The best CSP is ( )1Aσ . 

4. Case Study: Ranking a CSPs Set

The decision problem P is to establish a ranking 
in a given CSPs set and the selection of the CSP 
which can fulfil the requirements.

The MEE method will be implemented for 
ranking a set of 17 CSPs evaluated according to 
9 QoS criteria. 

The CSPs data from the studied set will be 
built on the basis of data selected from a Cloud 
Armor dataset (a real-time trust feedback dataset) 
(Cloud Armor, 2015). Cloud Armor developed 
a cloud service crawler engine that collected 
cloud services available on the Web. It managed 
to identify and collect metadata for about 6,000 
real cloud services. The values of trust feedback 
of QoS criteria range from 0 (insignificant) to 5 
(significant). The present case study comprises 
trust feedback values from cloud users for 9 
criteria and 17 CSPs.

The set of cloud providers is composed of:  
AgileIT (CSP1), AmazonEC4 (CSP2), Backup 
Genie (CSP3), BlueHost (CSP4), Carbonite 
(CSP5), ComputerSolutionsEast (CSP6), Dropbox 
(CSP7), Elephant Drive (CSP8), GoGrid (CSP9), 
Google online backup (CSP10), HostGator 
(CSP11), idrive (CSP12), iPage (CSP13), JustHost 
(CSP14), Open Drive (CSP15), WebHostingHub 
(CSP16), Zip Cloud (CSP17). 
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The QoS criteria taken into account are (the set 
C): Availability (C1), Trust result (C2), Customer_
Service (C3), Technical_Support (C4), Ease_Of_
Use (C5), Price (C6), Speed (C7), Response_
Time (C8), Storage_Space (C9). The scale for 
evaluation is [0,5]. The criteria are organized on 
a single level so that there are no subcriteria.

The appreciation degrees that will be used to 
define the classical and extended domain intervals 
and the evaluation of each CSP are defined. The 
set M of the appreciation degrees contains 5 
elements and is defined as follows: M = {very 
good, good, medium, weak, very weak}.

The trust feedback of QoS criteria, from the 
built data set, is the evaluation matrix X=(xij),  
i = 1,2, ..., 17, j = 1,2, ..., 9 (Table 1).

CSPs appreciation degree for a criterion is 
obtained by checking the membership of the score 
at an interval from a given set of intervals.

The classical domain intervals for the appreciation 
degrees are then defined. Thus, for each appreciation 
degree, from the set M, and for each criterion, 
from the set C, the beginning and end values of the 
classical intervals are defined. For the starting value 
of the classical domain interval, for each criterion 
and the degree “very good”, the maximum value 

from the evaluation matrix, was considered. For the 
end value of the classical domain interval, for each 
criterion and degree “very weak”, the minimum 
value from the evaluation matrix, was considered. 
Then the classical domain intervals were divided 
equally, by degrees, for each criterion. These classic 
domain intervals, for each grade and criterion, are 
presented in Table 2. 

The extended domain intervals are defined for 
the set of criteria C. It consists of the intervals 
of all possible values for the criteria. The start 
and end values of the extended intervals for each 
criterion, in set C, are defined. These values are 
0 and 5, the interval for each criterion in C is [0; 
5]. Since the scale of CSPs evaluation is the same 
for each criterion, the normalization is not taken 
into consideration.

The criteria weights are calculated by the entropy 
method (Table 3). 

The MEE method is applied. The distances 
between the elements of the evaluation matrix X 
and the classical domain intervals for each CSP, 
for each criterion and each degree of appreciation, 
are calculated according to formula (4). The 
distances between the elements of the evaluation 
matrix X and the extended domain intervals 

Table 1. Evaluation matrix X

CSPs
Criteria

C1 C2 C3 C3 C5 C6 C7 C8 C9

CSP1 3.77 4.51 4.51 4.56 3.10 4.41 3.98 4.57 2.88

CSP2 4.00 4.00 3.19 3.00 3.10 3.00 3.98 4.08 2.88

CSP3 3.77 4.00 4.00 4.00 4.00 4.00 3.98 4.08 4.00

CSP4 2.76 3.03 3.19 2.98 2.75 3.56 3.98 4.08 2.88

CSP5 2.38 2.69 2.44 2.47 3.14 2.65 2.58 2.70 3.47

CSP6 3.77 4.83 4.83 5.00 3.10 4.33 3.98 5.00 2.88

CSP7 2.91 2.93 2.93 2.68 2.95 2.90 3.00 3.00 2.88

CSP8 3.77 2.70 2.70 2.60 2.60 2.70 3.98 4.08 2.80

CSP9 4.00 4.00 3.19 4.40 3.10 4.20 3.98 4.08 2.88

CSP10 3.77 2.25 1.75 1.50 2.00 0.75 3.98 4.08 1.50

CSP11 4.39 4.38 4.75 4.23 3.52 4.42 4.72 4.08 2.88

CSP12 4.33 2.64 2.36 2.45 2.91 1.73 4.33 4.67 2.27

CSP13 3.80 3.91 3.19 4.00 3.74 3.88 3.98 4.08 2.88

CSP14 3.59 3.39 1.00 3.35 3.52 4.02 3.98 4.00 2.88

CSP15 3.77 1.25 1.00 1.25 1.50 1.50 3.98 4.08 1.50

CSP16 4.73 4.63 4.73 4.50 3.10 4.51 4.71 4.08 2.88

CSP17 4.63 4.61 4.46 4.46 4.52 4.62 4.56 4.59 4.65

Min 2.38 1.25 1.00 1.25 1.50 0.75 2.58 2.70 1.50

Max 4.73 4.83 4.83 5.00 4.52 4.62 4.72 5.00 4.65
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for each CSP, for each criterion, are calculated, 
according to formula (5). 

The correlation function is calculated for each 
degree of appreciation, for each criterion and 
for each CSP according to equation (6). The 

correlation function calculated for the first CSP is 
presented in Table 4.

The integrated correlation degree is calculated 
according to formula (7) and the values obtained 
are presented in Table 5.

Table 2. Classic domain intervals 

Criteria
Appreciation degree

very good good medium weak very weak

C1
C2
C3
C4
C5
C6
C7
C8
C9 

[4.27 - 4.73]
[4.13 - 4.83]
[4.06 - 4.83]
[4.24 - 5.00]
[3.91 - 4.52]
[3.84 - 4.62]
[4.29 - 4.72]
[4.53 - 5.00]
[4.01 - 4.65]

[3.80 - 4.26]
[3.41 - 4.12]
[3.29 - 4.07]
[3.49 -4.25]
[3.30 -3.92]
[3.06 -3.85]
[3.86 - 4.30]
[4.07 -4.54]
[3.38 -4.02]

[3.33 - 3.79]
[2.69 - 3.40]
[2.52 - 3.30]
[2.74 - 3.50]
[2.70 - 3.31]
[2.29 - 3.07]
[3.43 - 3.87]
[3.61 - 4.08]
[2.75 - 3.39]

[2.86 - 3.32]
[1.98 - 2.68]
[1.76 - 2.53]
[1.99 - 2.75]
[2.09 - 2.71]
[1.51 - 2.30]
[3.00 - 3.44]
[3.15 - 3.62]
[2.12 - 2.76]

[2.38 - 2.85]
[1.25 - 1.97]
[1.00 - 1.77]
[1.25 - 2.00]
[1.50 - 2.10]
[0.75 - 1.52]
[2.58 - 3.01]
[2.70 - 3.16]
[1.50 - 2.13]

Table 3. The weights of criteria

Criteria 
Weights

Criteria
C1 C2 C3 C3 C5 C6 C7 C8 C9

W 0.116 0.110 0.103 0.108 0.113 0.105 0.116 0.116 0.112

Table 4. The correlation function values for CSP1

Criteria
Appreciation degree

very good good medium weak very weak
C1 -0.289 -0.0238 0.0435 -0.2679 -0.4279
C2 0.4571 -0.4432 -0.6937 -0.7888 -0.8383
C3 0.4156 -0.4731 -0.7118 -0.8016 -0.8483
C4 0.4211 -0.4133 -0.7067 -0.8044 -0.8533
C5 -0.2989 -0.0952 0.3443 -0.1703 -0.3448
C6 0.2692 -0.487 -0.6943 -0.7815 -0.8305
C7 -0.2331 0.2727 -0.0973 -0.3462 -0.4874
C8 0.0851 -0.0652 -0.5326 -0.6884 -0.7663
C9 -0.3477 -0.1908 0.2031 -0.0536 -0.2613

Table 5. The integrated correlation degree

CSPs
Appreciation degree

very good good medium weak very weak
CSP1 0.04351 -0.20423 -0.30562 -0.51520 -0.62294
CSP2 -0.28127 0.04125 0.04990 -0.28068 -0.44493
CSP3 -0.10084 0.07609 -0.26549 -0.48612 -0.60350
CSP4 -0.32084 -0.05228 0.07181 -0.19638 -0.32832
CSP5 -0.37712 -0.22004 -0.03542 -0.07487 -0.19279
CSP6 -0.09417 -0.44437 -0.42866 -0.59794 -0.68535
CSP7 -0.36943 -0.21929 0.10858 -0.05555 -0.16070
CSP8 -0.33770 -0.10793 0.06736 -0.09435 -0.32356
CSP9 -0.13767 0.01190 -0.12256 -0.39442 -0.53145
CSP10 -0.48743 -0.30219 -0.25572 -0.18527 -0.11911
CSP11 0.00504 -0.22630 -0.41779 -0.58099 -0.67638
CSP12 -0.21392 -0.23756 -0.20008 -0.10713 -0.36349
CSP13 -0.21773 0.10554 -0.11897 -0.37647 -0.51842
CSP14 -0.29353 -0.06926 -0.02403 -0.31111 -0.41009
CSP15 -0.53344 -0.35709 -0.32371 -0.30069 -0.16160
CSP16 -0.01180 -0.40472 -0.43639 -0.61029 -0.69850
CSP17 0.19867 -0.45394 -0.69183 -0.78416 -0.83372
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Table 6. MEE solution and CSPs ranks extension

CSPs Solutions Ranks CSPs Solutions Ranks

CSP1 0.0435 8 CSP10 -0.1191 16

CSP2 0.0499 7 CSP11 0.0050 10

CSP3 0.0761 4 CSP12 -0.1071 15

CSP4 0.0718 5 CSP13 0.1055 3

CSP5 -0.0354 13 CSP14 -0.0240 12

CSP6 -0.0942 14 CSP15 -0.1616 17

CSP7 0.1086 2 CSP16 -0.0118 11

CSP8 0.0674 6 CSP17 0.1987 1

CSP9 0.0119 9

Figure 2. The classical and extension domain

The maximum for each CSP is calculated 
according to formula (8), (Table 6). Then the ranks 
are obtained.

By ranking these values, the CSPs ranks are 
obtained. Thus, the best CSP is CSP17 followed 
by CSP7 and the last is CSP15. 

The case study was solved with a set of MATLAB 
scripts that implement the MEE method.

5. Sensitivity Analysis

The endpoints of the extended domain ranges 
will be varied and the MEE solutions and the 
ranks obtained for 16 cases will be analysed. The 
same input data in the MEE method as in the case 
study presented above (criteria set, CSPs set, 
set of degrees of appreciation, classical domain 
intervals, evaluations matrix, weights associated 
with criteria) will be kept.

Consider the four values d, a, b, e in Figure 2.

Figure 2 corresponds to a single criterion in the 
set C. 

For the 9 criteria a vector a = (a1, a2, ...., a9) and 
a vector b = (b1, b2, ...., b9) will be considered 
for the classical domain intervals (Table 7) and 2 
vectors of 9 equal components d = (d, d, ..., d) and 
e = (e, e, ..., e) for the extended domain intervals 
will be considered. The intervals end points [d; 
e] of the [0; 5] will be varied by decreasing the 
distance of d from a (with step 0.15) and of e 
from b (with step 0.15). An interval matrix (matrix 
whose arrays are extended domain intervals) is 
obtained (Table 8). 

For each interval matrix array, the MEE method is 
applied and the CSPs ranking is obtained (Table 9). 

There is a variation of the obtained ranks. The 
Spearman Correlation of the CSPs ranks is 
calculated (Table 10).

Note that the differences between the ranks is 
small. All the arrays of the Spearman correlation 
matrix are in the interval [0.98; 1]. This shows 
that the variation of the end points of the extended 
domain interval [d; e] has a small impact on the 
CSPs rankings.  
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Table 7. Classical domain intervals for criteria

Classical 
Domain 

Criteria
min max

C1 C2 C3 C3 C5 C6 C7 C8 C9

a 2.38 1.25 1.00 1.25 1.50 0.75 2.58 2.70 1.50 0.75 2.70

b 4.73 4.83 4.83 5.00 4.52 4.62 4.72 5.00 4.65 4.52 5.00

Table 8. Extended domain intervals 

[0;5] [0;4.85] [0;4.7] [0;4.55]

[0.15;5] [0.15;4.85] [0.15;4.7] [0.15;4.55]

[0.3;5] [0.3;4.85] [0.5;4.7] [0.3;4.55]

[0.45;5] [0.45;4.85] [0.45;4.7] [0.45;4.55]

Table 9. The MEE ranks

CSPs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CSP1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

CSP2 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

CSP3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

CSP4 5 5 6 6 5 5 6 6 5 5 6 6 5 5 6 6

CSP5 13 13 13 12 13 13 13 12 13 13 12 12 13 13 12 12

CSP6 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14

CSP7 2 2 3 3 2 2 3 3 2 2 3 3 2 2 3 3

CSP8 6 6 5 5 6 6 5 5 6 6 5 5 6 6 5 5

CSP9 9 9 10 11 9 9 10 11 9 9 10 11 9 9 10 11

CSP10 16 16 15 15 16 16 15 15 16 16 15 15 16 16 15 15

CSP11 10 10 9 9 10 10 9 9 10 10 9 9 10 10 9 9

CSP12 15 15 16 16 15 15 16 16 15 15 16 16 15 15 16 16

CSP13 3 3 2 2 3 3 2 2 3 3 2 2 3 3 2 2

CSP14 12 12 12 13 12 12 12 13 12 12 13 13 12 12 13 13

CSP15 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

CSP16 11 11 11 10 11 11 11 10 11 11 11 10 11 11 11 10

CSP17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 10. The Spearman correlation matrix

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1

0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1

0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1

0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98 1 1 0.99 0.98

0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1 0.99 0.99 1 1

0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1 0.98 0.98 1 1
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6. Conclusion

The paper proposes a new multicriteria 
framework based on the MEE method to solve 
problem of ranking of a set of CSPs and selection 
of the best CSP.

The main contributions of this research are 
described as follows: the multicriteria decision 
process is defined and formalized; a new 
framework based on MEE method is proposed; 
the multicriteria framework is applied in a case 
study for CSPs ranking and selection; a sensitivity 
analysis is presented by varying the endpoints of 
the extended domain intervals for the involved 
criteria. The solutions and the CSPs ranks 
obtained by the MEE method are analysed and the 
differences between the arrays of the Spearman 
correlation matrix are small. More precisely all 
the arrays of the Spearman correlation matrix are 
located in the interval [0.98; 1]. The set of CSPs 
in the present study and the data are selected from 

a database called “Cloud Armor”. This database 
contains real-time trust feedback data for a set of 
about 6000 CSPs.

Matlab scripts were created to solve the method. 
As far as we know, the method used in this paper 
has not been used in the context of selecting 
a CSP. Starting from this approach and its 
associated method, a software can be developed, 
with a friendly interface, to support the user / 
organization to decide on the criteria and CSPs 
they consider appropriate, the weights associated 
with the criteria, the classic and extended intervals.
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