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ABSTRACT--- This study underlines a fuzzy decision making 

method for determining weights of criteria that constitute for 

solving cloud solution problems in managing big data projects. 

The weight determination of cloud for big data projects is crucial 

since many uncertain and vagueness criteria that need to be 

considered concurrently. Furthermore, these criteria involve 

network performance, schedule and traffic management of cloud 

solutions problem. In response to these challenges, the affinity 

set applies to Fuzzy TOPSIS (FTOPSIS) method to propose time-

dependent weights of three criteria for managing big data 

projects. A major advantage of the affinity weights is that it 

incorporates performance-traffic management relationships 

between all criteria. This affinity weight with FTOPSIS method 

helps to solve the cloud solution problems. This paper also 

includes the same examples with different methods to compare 

and validate the proposed method. The proposed seven-step of 

affinity weight with FTOPSIS method finally managed to solve 

the cloud solution problem and the result was beautifully 

consistent with the other two methods. 

Index Terms — Affinity weight, big data, cloud, FTOPSIS. 

I. INTRODUCTION 

Decision making is the way that chooses between two or 

more choices. The choices can be things, action, thought and 

etc. It can be a process to a particular selection when 

surrounded by a number of factors, variables, alternatives, 

criteria, etc. [1]. One of the most well-known methods to 

select the best decision is Multi Criteria Decision Making 

(MCDM). MCDM is known as one of the appropriate 

methods to make a sensible, organize decisions [2]. The best 

decision is forming based on selection of the alternative 

towards respective attributes by experienced experts [3]. 

MCDM is useful in all situations and can be adopted in real 

life decisions. However, MCDM itself unsuitable to solve 

this complexity, due to the real world cases that involve lots 

of difficulty and ambiguity [4]. To date, several MCDM 

methods have been introduced so far. Analytic Hierarchical 

Process (AHP) [5], Data Envelopment Analysis (DEA) [6], 

[7], Analytic Network Process (ANP) [8], [9], Technique for 

Order Performance by Similarity to Ideal Solution (TOPSIS) 

[10], [11], and many more. To date, the main famous 

method among MCDM is TOPSIS.  

TOPSIS is chosen throughout this paper due to its 

consistency and simple in computation process [12]. 

Besides, famously known as an easy to understood and less 
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computational method [13]. Fuzzy TOPSIS (FTOPSIS) was 

introduced as an extension for the proposed of Fuzzy Set. 

FTOPSIS proposed by [14] is believed a better method 

compared to previous TOPSIS in term of undefined the 

ambiguous linguistic judgment. Since that, FTOPSIS has 

been used by many researchers in many fields. For example, 

in [15] proposed FTOPSIS towards the evaluation of 

sustainable acid rain control options. In [16] proposed an 

ANP with FTOPSIS to choose the optimal tourism site 

based coastal zone management. In [17] developed an 

ordered fuzzy numbers based FTOPSIS method for 

application on the manufacturer. In [18] investigated Tehran 

stock exchange using the extended FTOPSIS. Overall, 

FTOPSIS method can be applied in many areas including 

biology, environment, mathematics, financial and many 

more. Besides all these areas, computer science areas 

specifically big data is also one of the famous areas in 

FTOPSIS [19].  

Big data can be interpreted as a massive flood of exabytes 

and beyond data. Big data has the ability to gather many 

data, handle, process, envisage in a technology capability 

[20]. Manually and traditional process is difficult to handle 

huge and high amount of big data [21]. Thus, need a method 

such as MCDM to handle this data. In [22] studied on city 

logistics planning sustainability using affinity diagram, AHP 

and FTOPSIS method. In [23] integrated procurement 

management of big data analyst using fuzzy VIKOR 

technique. In [24] selected an appropriate cloud solution 

problem using the combination of FTOPSIS with an 

intuitionistic fuzzy set method. However, the previous 

studies neglected the performance, schedule, traffic 

management in a network of cloud solutions problems. 

Besides, it is sometimes can cause a complex problem since 

many uncertain and vagueness criteria that need to be 

considered concurrently. Thus, the main objective of this 

study is to initiate the FTOPSIS with affinity weight for 

managing big data projects to solve cloud solution problems. 

The new method reacts to the time and inter-dependent of 

weights from the experts’ decisions.  

The rest of this study can be traced back as; Section II 

explains on the background of Fuzzy Sets (FSs), Triangular 

Fuzzy Number (TFN), and affinity set. Section III focusses 

on the development of a new assessment model that consists  
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of FTOPSIS with affinity weight. Then, a numerical 

example calculates in Section IV with the demonstration of 

the viability and relevancy of the projected method. Section 

V shows the evaluation between the projected and existing 

example. Section VI concludes.  

II. PRELIMINARIES 

Definitions that attached to the FTOPSIS and affinity 

weight present in this section.  

A. Definition 2.1 Fuzzy Sets [25] 

Zadeh (the person who introduced Fuzzy Sets (FSs) [25] 

discussed that a FS can be interpreted as a group of objects 

that consider grades of membership. The idea of FSs are 

generalized by classical sets.  

Let H be a universe of sets, where m
A
(h)  is a 

membership function. Each element h in H is a fuzzy 

number from 0 till 1. Thus, the formula for FSs is as in (1): 

 (1) 

B. Definition 2.2 Triangular Fuzzy Number [26] 

Next, in [25] expended FSs into a triangular fuzzy 

number (TFN). TFN consists of A where A can be 

represented as A  um,l, . Thus, the membership function 

is given by 

                           h - l m- l,  l £ h £ m 

            m
A

'
h( )=     u - h u - m,  m £ h £ u  

                                               0 ,  otherwise                     (2) 

C. Definition 2.3 Affinity Sets [27] 

The meaning of affinity itself can be delineated as a 

similarity. Affinity involves a relationship, linkage between 

a group of people or elements. The full definition of affinity 

is interpreted as follows. 

Let e and A = a subject and an affinity set and I = a subset 

of the time axis  ,0 . Therefore, the function of affinity 

between e  and A is denoted as, 

   1,0: ItM e
A  (3)  

where  tMt e
A   

which  tM e
A  is the degree of affinity between the subject 

e and the affinity set A at time t. Affinity function is a fuzzy 

set between [0,1]. 

III. ASSESSMENT MODEL 

This section presents the six steps of the assessment 

model where FTOPSIS is integrated with affinity set to 

become FTOPSIS with affinity weight. The overview of the 

proposed step-by-step FTOPSIS with affinity weight steps is 

summarized as follows. 

 
Fig. 1: A framework of the proposed FTOPSIS with 

affinity weights 

 

The further explanations of the proposed seven steps of 

FTOPSIS with affinity weights are described as follows. 

A. Step 1. Linguistic Evaluation and Construct Decision 

Matrix 

Basically, linguistic scales are generated suited based on 

the decision problems. Here, cloud solution problems are 

our main target to solve. Therefore, the linguistic scales are 

scaled from Very Very Bad’ to ‘Extremely Good’ and seen 

suited with the problems. Table 1 lists all the linguistic 

evaluation based on fuzzy sets. This linguistic evaluation is 

used by all experts to classify each alternative rating based 

factors.  

Table 1: Linguistic evaluation of fuzzy sets 

Linguistic Evaluation Scale 

(VVB) Very Very Bad (0,1,2) 

(VB) Very Bad (1,2,3) 

(B) Bad (2,3,4) 

(MB) Medium Bad (3,4,5) 

(F) Fair (4,5,6) 

(MG) Medium Good (5,6,7) 

(G) Good (6,7,8) 

(VG) Very Good (7,8,9) 

(VVG) Very Very Good (8,9,10) 

(EG) Extremely Good (9,10,1) 

 

The construction of decision matrices in (4) is made using 

Table 1. 

 

        

             

 

(4) 
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where are criteria, B
1
,B

2
,…,B

m
are 

alternatives and g
ij
 is the rating of alternative.  

B. Step 2. Normalize the Linguistic Evaluation 

The normalized value { mij } is defined as     

mij = 
g

ij

g
ij

2

j=1

J

å

, .,...,1;,...,1 niJj   (5) 

C. Step 3. Construct the Weighting Using Affinity Weight 

The weights using the affinity weights are constructed as 

follows: 

w
r
ij

C t( ) : I® 0,1é
ë

ù
û  (6) 

 twt C
rij

   

where w
r
ij

e t( )  = the degree of affinity weight between the 

criteria S  and the alternative B at time t.  

Affinity function is a fuzzy set between [0,1]. Table 2 is 

needed to construct the weighting using affinity weight as in 

(6).  

Table 2: Linguistic evaluation of affinity weights 

Linguistic Evaluation Affinity Weights 

(VW) Very Weak (0,1,2) 

(W) Weak (2,3,4) 

(M) Medium (4,5,6) 

(S) Strong (6,7,8) 

(VS) Very Strong (8,9,10) 

D. Step 4. Form the Decision Matrix’s Weighted 

The pij refers to the weighted normalized value as: 

p
ij
= ijw  x m

ij
 , ,,...,1;,...,1 niJj   (7) 

where, the weight of iw  for i th criterion, and .1
1




n

i

iw  

E. Step 5. Verify the PIS Distance and NIS Distance  

*A is a positive ideal solutions. 

*A = p
1

*,...,p
n

*}={( max
j

 p
ij
| 

'Ii ),( min
j

 p
ij
|

''Ii )}, 

A is a negative ideal solutions. 

A ={ p
1

-,...,p
n

-}={( min
j

 p
ij
|

'Ii ),( max
j

 p
ij
|

''Ii )},

 (8) 

where 
'I  is referred to the positive criteria and 

''I  is 

referred to the negative  criteria. 

F. Step 6. Design of PIS Distance and NIS Distance  

Euclidean distance is used to calculate the PIS distance 

D
j

* = (p
ij
- p

i

*)2

i=1

n

å , j=1,...,J. (9) 

and Euclidean distance is used to calculate the NIS 

distance.  

D
j

- = (p
ij
- p

i

-)2

i=1

n

å , j=1,...,J.  (10) 

G. Step 7. The Final Calculations of Relative Closeness 

In (11) calculates the best of the alternative iB  with 

respect toS ,  

Q
j

* =
D

j

-

D
j

* + D
j

-
, j=1,...,J. (11) 

The most influential alternative is ranked based on (11). 

The highest value of most influential 
j
*

Q  refers as the best 

place over the alternative iB . The highest rank calls as the 

most effective alternative towards the ideal solution.  

IV. RESULTS AND DISCUSSION 

In [24] extent analysis is utilised to calculate the 

FTOPSIS with affinity weight. This example is used to rank 

among five recognize cloud solutions for big data projects. 

Three experts (D1, D2 and D3) are assigned for choosing the 

most suitable cloud solutions. Five recognize cloud 

solutions are listed as Amazon as A1, HP Cloud as A2, 

Google as A3, Rackspace as A4 and Microsoft Azure as A5 

versus three criteria: e-Governance as C1, Business 

continuity as C2 and Security as C3. The linguistic terms are 

used by three experts to evaluate the alternatives with 

respect to different attributes. These linguistic terms Table 1 

and 2 are transformed based on the proposed method to 

sequence computation steps. Thus, this section presents a 

simplified seven-step computational procedures where the 

linguistic data are computationally processed to obtain 

affinity weights of the criteria.  

A. Step 1: Linguistic Evaluation and Construct Decision 

Matrix 

Based on (4) and Table 1, the structure for evaluating the 

highest cloud solution lead to big data problems is given in 

Fig. 2 considers all the alternatives and criteria.  

 

 
Fig. 2: Hierarchical structure of cloud solution for big 

data problems 
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B. Step 2: Normalize the Linguistic Evaluation 

Based on Step 1 and Fig. 2, all values from experts are 

normalized using (5). This normalizes linguistic evaluations 

are summarized as Table 3 as follows. 

Table 3: Fuzzy decision matrix 

 B1 B2 B3 B4 B5 

S

1 

(0.6333, 

0.7333, 

0.8333) 

(0.5, 

0.6, 

0.7) 

(0.7333, 

0.8333, 

0.9333) 

(0.5667, 

0.6667, 

0.7667) 

(0.4667, 

0.5667, 

0.6667) 

S

2 

(0.5333, 

0.6333, 

0.7333) 

(0.5, 

0.6, 

0.7) 

(0.6667, 

0.7667, 

0.8667), 

(0.4333, 

0.5333, 

0.6333) 

(0.3667, 

0.4667, 

0.5667) 

S

3 

(0.6667, 

0.7667, 

0.8667) 

(0.5333, 

0.6333, 

0.7333) 

(0.6667, 

0.7667, 

0.8667) 

(0.6333, 

0.7333, 

0.8333) 

(0.5667, 

0.6667, 

0.7667) 

C. Step 3: Construct the Weighting Using Affinity Weight 

Two different hours are selected to manage the big data 

project for the weighted decision matrix, which are off-

peak-hours and peak hours. This is due to the research from 

[28], there are different type times to access the Internet. 

Some are on peak hours, some are off-peak hours. Peak 

hours are during the late evening till midnight time. During 

this time, the network operators and service providers need 

to work hard in ensuring its quality and efficiency. 

Therefore, this study focused on how the e-Governance 

(C1), Business continuity (C2), Security (C3) towards five 

market players: Amazon (A1), HP Cloud (A2), Google 

(A3), Rackspace (A4), Microsoft Azure (A5) during off-

peak hours and peak hours.  

Linguistic evaluation of affinity weights from Table 2 are 

used by three experts to evaluate values of the alternatives 

with respect to attributes towards two different hours; off-

peak hours and peak hours respectively. Let’s select C1 as 

an example to calculate the matrix for off-peak hours is 

explained as follows. 

C1: )3333.9,3333.8,3333.7(
3

IVIVI








 
 

Then, the average is (0.7333, 0.8333, 0.9333) 

Table 4: Weight for off-peak hours 

 Weight for Off-Peak Hours 

S1 (0.7333,0.8333,0.9333) 

S2 (0.6667,0.7667,0.8667) 

S3 (0.4667,0.5667,0.6667) 

 

Then, the calculation for the matrix of C1 for off-peak 

hours is explained as follows. 

C1: )10,0.9,0.8(
3

VIVIVI








 
 

Then, the average is (0.8, 0.9, 1) 

Table 5: Weight or peak-hours 

 Weight for Peak-Hours 

S1 (0.8,0.9,1) 

S2 (0.6667,0.7667,0.8667) 

S3 (0.5333,0.6333,0.7333) 

D. Step 4: Form the Decision Matrix’s Weighted 

Two decision matrix’s weighted for off-peak hours and 

peak hours are constructed based on Step 2 and 3. Thus, is 

summarized as Table 6.   

Table 6: Weighted average for off-peak hours 

 B1 B2 B3 B4 B5 

S

1 

(0.4644, 

0.6111, 

0.7778) 

(0.3667, 

0.46, 

0.6067), 

(0.5378, 

0.6944, 

0.8711) 

(0.4156, 

0.5556, 

0.7156) 

(0.3422, 

0.4722, 

0.6222) 

S

2 

(0.3556, 

0.4856, 

0.6356) 

(0.3333, 

0.46, 

0.6067) 

(0.4444, 

0.5878, 

0.7511) 

(0.2889, 

0.4089, 

0.5489) 

(0.2444, 

0.3578, 

0.4911) 

S

3 

(0.3111, 

0.4344, 

0.5778) 

(0.2489, 

0.4856, 

0.6356) 

(0.3111, 

0.4344, 

0.5778) 

(0.2956, 

0.4156, 

0.5556) 

(0.2644, 

0.3778, 

0.5111) 

Table 7: Weighted average for peak hours 

 B1 B2 B3 B4 B5 

S

1 

(0.5067, 

0.66, 

0.8333) 

(0.4, 

0.46, 

0.6067), 

(0.5867, 

0.75, 

0.9333) 

(0.4533, 

0.6, 

0.7667) 

(0.3733, 

0.51, 

0.6667) 

S

2 

(0.3556, 

0.4856, 

0.6356) 

(0.3333, 

0.46, 

0.6067) 

(0.4444, 

0.5878, 

0.7511), 

(0.2889, 

0.4089, 

0.5489) 

(0.2444, 

0.3578, 

0.4911) 

S

3 

(0.3556, 

0.4856, 

0.6356) 

(0.2844, 

0.4856, 

0.6356), 

(0.3556, 

0.4856, 

0.6356) 

(0.3378, 

0.4644, 

0.6111) 

(0.3022, 

0.4222, 

0.5622) 

E. Step 5: Verify the PIS Distance and NIS Distance 

Here, the verification for each PIS distance and the NIS 

distance are determined as: 

A+ = 1, 1,1( )  A- = 0, 0, 0( )  

F. Step 6: Design of PIS Distance and NIS Distance  

The Euclidean distance is used to calculate the distance 

for off-peak hours and peak-hours as stated in Table 8. 

Table 8: The distance off-peak hours 

 D
*
 D

-
 

B1 2.5860 2.7550 

B2 2.8450 2.5138 

B3 2.2903 3.0763 

B4 2.8338 2.4937 

B5 3.1190 2.1961 

Table 9: The distance peak hours 

 D* D- 

B1 2.4250 2.9282 

B2 2.7954 2.5400 

B3 2.1244 3.2608 

B4 2.6816 2.6554 

B5 2.9833 2.3389 
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G. Step 7: The Final Calculations of Relative Closeness 

The comparative results based on closeness coefficients 

between off-peak hours and peak hours are stated as Table 

10 as follows. 

Table 10: Closeness coefficients of the proposed method 

 Closeness 

Coefficients 

Off-Peak Hours 

Closeness  

Coefficients 

Peak Hours 

Results 

B1 0.5158 0.5470 0.5314 

B2 0.4691 0.4761 0.4725 

B3 0.5732 0.6055 0.5894 

B4 0.4681 0.4976 0.4828 

B5 0.4132 0.4395 0.4263 

 

Table 10 shows that B3 is the best cloud solution 

problems at 0.5894. The second pace is B1 at 0.5314, then 

B4 at 0.4828, B2 at 0.4725 and lastly B5 at 0.4263. This 

ranking can be summarized as B3≻B1≻B4≻B2≻B5.   

In order to validate this proposed method, we provide a 

comparative analysis study. Two different comparative 

analysis using the previous method which are FTOPSIS [14] 

and Intuitionistic with TOPSIS [24] were used to validate 

the proposed method. Thus, full results are summarized as 

Table 11.   

Table 11: Comparative analysis 

Methods Ranking Order According  

to Closeness Coefficient 

Proposed Method B3≻B1≻B4≻B2≻B5.  

Fuzzy TOPSIS [14] B3≻B1≻B2≻B4≻B5.  

Intuitionistic with TOPSIS 

[24] 

B3≻B1≻B4≻B2≻B5.  

 

Based on Table 11, we can conclude that all results are well 

coherent. The slight changes between B4 and B2 maybe due 

to the inconsistency of each step in different methods.    

V. CONCLUSION 

Performance, schedule, traffic management are three 

important parts to manage cloud solution problems for big 

data projects. This paper introduced an affinity set based 

FTOPSIS method for solving these cloud solution problems. 

Three committee experts provided weight data using the 

provided linguistic scales. Based on these three experts, it 

was found that Google is the best cloud platform compared 

to Amazon, HP Cloud, Rackspace and Microsoft Azure. 

Besides, this paper also provided a comparative analysis 

between the proposed method with two previous methods 

(FTOPSIS by [14] and Intuitionistic with TOPSIS by [24]). 

Finally, we can conclude that FTOPSIS with affinity weight 

is a practical and compatible method to solve big data 

projects problem. For future work, we aim to integrate 

affinity sets with other MCDM methods such as AHP or 

ANP and make a comparison between each of them.  
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