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Abstract 

Decision making is a process to choose a compromise and optimum solution. 

During the process if conflicting opinion arise, arriving at a compromise 

solution becomes a tough task.  VIKOR is a decision making technique highly 

empowered to choose a compromise solution. In this paper, we propose a new 

model of VIKOR integrating the Pentagonal Fuzzy Numbers (PFNs) to find a 

compromise solution in conflicting situations. Further this paper uses the newly 

proposed decision making technique to arrive at the most suitable crop for 

cultivation. The application includes samples from all the 22 Blocks in 

Villupuram district, South India.     

Keywords: Pentagon Fuzzy Numbers, VIKOR, Compromise solution, 

Multicriteria optimization 

 

1. INTRODUCTION 

The process of decision making is extremely complicated when the decision making 

system involves conflicting criteria. Although many decision support systems, theories 

and decision making models are developed in order to process such complexities, 

VIKOR (VIseKriterijumska Optimizacija I Kompromisno Resenje) [12] is one such 

decision making model. It is proposed to solve the extremely complex situation to find 

a solution   which is closest to the ideal solution. VIKOR, a multi-criteria decision 

making model initially described as Multicriteria Optimization and Compromise 
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Solution [18] [21] deals with conflicting criteria. It particularly works to search for a 

compromise solution. The decision drawn at the end could be such that it satisfies all 

the decision makers involved in the process. The idea of compromise solution was 

initiated by Po-Lung Yu in the year 1973 [18].  He also introduced the concept of utopia 

point for the group agreements as well as the group disagreements of a possible 

decision. Parallel to Po-Lung Yu’s work, Milan Zeleny [21] [22] an American 

economist developed the basic concepts of compromise programming in the year 1973. 

Later in 1979 [7] [12], Serafim Opricovic along with Lucien Duckstein are  the first  to 

originally develope the theoretical ideas of Multicriteria Optimization and Compromise 

Solution with an application to River Basin Development in the year 1980 [2] . Serafim 

Opricovic used the term VIKOR for the first time in the literature in the year 1990. 

Further developments include combination of VIKOR method with several other 

decision making models. These models were reviewed by Abbas Mardani [4-6] and 

others in the year 2016. T. Pathinathan and S. Johnson Savarimuthu [12] made an 

extensive study on VIKOR developments which used fuzzy concepts and presented an 

historical overview. Experts subjective opinions had been quantified with the help of 

fuzzy concepts such as interval fuzzy sets [12], type-2 fuzzy sets [12], fuzzy numbers 

[12] triangular fuzzy number [12] and trapezoidal fuzzy number [12], intuitionistic 

fuzzy sets [12].  

T. Pathinathan and S. Johnson Savarimuthu introduced [9] [10] [11] several decision 

making techniques and elaborately studied the extension of TOPSIS with Dual Hesitant 

Fuzzy Set and Pentagonal Hesitant Fuzzy Sets on choosing a best suitable crop in 

Villupuram District,India. In this paper, a newly extended VIKOR technique where in 

the opinions collected from the Experts are transformed into Pentagonal Fuzzy 

Numbers (PFNs) and experimentally verified to an application in farming.              

This paper is organized in the following manner. The concepts of fuzzy set, fuzzy 

number, triangular fuzzy number, trapezoidal fuzzy number and pentagonal fuzzy 

number have been introduced in section Two. Section Three presents the theoretical 

analysis of newly extended decision making model VIKOR with Pentagonal Fuzzy 

Numbers (PFNs). Section Four discusses the algorithmic approach of the newly 

extended VIKOR decision making model. Section Five gives an insight on the study 

area and explains the adaptation of the problem; the linguistic description and 

experimental verification of the problem. Finally the paper is concluded in Section Six 

with the explanation on the decision arrived using extended VIKOR . 

 

2. BASIC DEFINITIONS AND NOTATIONS 

This chapter gives an account of some of the basic definitions and theoretical concepts. 

Also few formal properties that has been incorporated in the newly developed decision 

making model are discussed.  
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2.1 Definition: Fuzzy Number  

A Fuzzy number A  is a fuzzy set on the real line R, must satisfy the following 

conditions. 
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2.2 Definition: Triangular Fuzzy Number 

Triangular Fuzzy Number is defined as 1 1 1( , , )A a b c , where all a1, b1, c1 are real 

numbers and its membership function is given below. 

1

1
1 1

1 1

1
1 1

1 1

1

0

( )

( )

( )

( )

0

( )A

for x a
x a for a x b
b a
c x for b x c
c b

for x c

x





  




  
 




  

(a1,0)  (b1,0) (c1,0)

(0,1)

(0,0)
x

y

 

Figure 1: Triangular fuzzy number 

 

2.3 Definition: Trapezoidal Fuzzy Number 

A fuzzy set A = {a, b, c, d} is said to trapezoidal fuzzy number if its membership 

function is given by where a ≤ b ≤ c ≤ d 
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Figure 2: Trapezoidal fuzzy number 

 

2.4 Definition: Pentagonal Fuzzy Number 

Pentagonal Fuzzy Number is defined as 1 2 3 4 5( , , , , )A a a a a a , where all a1, a2, a3, a4 and 

a5 are real numbers and its membership function is given below. 
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Figure 3: Pentagonal Fuzzy Number 
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3. THEORETICAL PERSPECTIVE OF TRADITIONAL VIKOR 

TECHNIQUE  

In group decision making process, to resolve the group conflict, we need a compromise 

solution. A compromise solution is not easily obtainable, unless until it makes each 

decision maker happy. In the year 1973, Po-Lung Yu [18] intended the concept of 

compromise solution in choosing an alternative which resolves the group disagreement. 

Po-Lung Yu extensively described the concept of compromise solution, group regret 

and cooperative group spirit [19]. He proposed the concept of utopia point or ideal 

point, which gives the characterization “more is better”, i.e., the group satisfaction on 

particular alternative. The following two cases depict the concept of compromise 

solution; 

 

Case (i):  

Let 1 2 3, andD D D be the decision makers. Their proposed solution set comprises of 

various solutions such as 1 11 12 13 1, , ,..., nS s s s s , 2 21 22 23 2, , ,..., nS s s s s and 

3 31 32 33 3, , ,..., nS s s s s respectively. Then there exist a particular situation where some 

of the solutions equally satisfies the decision makers and some may not. The 

intersection points such as 1 2S S , 2 3S S and 1 3S S represents the solution sets 

agreed by the decision makers 1D and 2D , 2 3andD D , 1D and 3D respectively. In such 

cases the concept of “more is better” will dissolve the disagreement between the 

decision makers. Finally the compromise solution is obtained by taking the solution 

which satisfies all the three decision makers and it is given by  

1 2 3 1 2 3min ,... ,... ,...,i i iS S S s s s  
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Figure 4: Cooperative Group Utility - I 

 

Case (ii): 

Let 0S  is the solution set which is not supported by the other three decision makers. 

The diagram shown below gives the detailed illustration on obtaining a compromise 

solution.  
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Figure 5: Cooperative Group Utility – II 
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4. EXTENDED VIKOR TECHNIQUE 

All the previous decision making techniques were very much specialized in bringing 

the Experts opinion together and characterizing them with the linguistic fuzzy scale 

values. Choosing a linguistic scale value is important.  All the earlier techniques were 

having some insufficiency in adapting the linguistic scale values. Linguistic 

approximation is carried out with the help of fuzzy concepts like interval fuzzy sets, 

intuitionistic fuzzy sets, interval intuitionistic fuzzy sets and fuzzy numbers. The input 

values of the decision matrix, and all entries representing the opinion of an alternative 

over the criteria have been recorded and studied with the help of fuzzy principles. 

Through this paper, we have introduced a newly extended VIKOR decision making 

technique by integrating the colloquial statements collected from the Experts using 

Pentagonal Fuzzy Numbers (PFNs). Pentagonal Fuzzy Numbers is a new type of fuzzy 

number introduced by T. Pathinathan and K. Ponnivalavan in the year 2014 [13]. Using 

this number we examine the information given by the Experts in a more exact way and 

the opinions are observed to be 5-tuple fuzzy values. VIKOR decision making 

technique with triangular fuzzy numbers and trapezoidal fuzzy numbers are found to 

have some vagueness in integrating the data obtained through the investigation, because 

of its higher dimensionality. If the information obtained through the investigation has 

more vagueness, then the VIKOR technique with triangular and trapezoidal fuzzy 

numbers are not sufficient to arrive at a compromise solution. In order to support this 

insufficiency, we have proposed a newly extended VIKOR decision making technique 

which uses Pentagonal Fuzzy Numbers to integrate the opinions. In this way the 

decision matrix accumulates various opinions of all the decision makers into a 5-tuple 

fuzzy values. The entries of a decision matrix is given by the 5-tuple pentagonal fuzzy 

values and it is denoted by 

         
1 2 3 4 5, , , ,ij ij ij ij ij ijx x x x x x        (1) 

The above 5-tuple decision value speaks about the information of rating an alternative 

over each criterion. Thus the decision matrix has each entry of the pentagonal fuzzy 

numbers and it is given by: 

1 2

1 11 12 1

2 21 22 2

1 2

                 c m

m

m

n n nmn

c c
a x x x
a x x x

DM

x x xa

    (2) 

where 
1 2 3 4 5, , , ,ij ij ij ij ij ijx x x x x x , i = 1,2,3…n ; j = 1,2,3,…m represents the number of 

alternatives and criteria respectively with  
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Also, weight of each criterion is determined based on the opinions shared by the 

Experts and it is given by the formula: 

1 2 3 4 5, , , ,ij ij ij ij ij ijw w w w w w   (8) 

where 

11 minij ijkw w                (9) 
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Extended VIKOR Method and its Application to Farming using Pentagonal Fuzzy Numbers 6809 

5. NEWLY PROPOSED – ALGORITHM 

We propose an algorithm for newly extended VIKOR decision making technique which 

uses pentagonal 5-tuple fuzzy values and is it explained as follows: 

Step 1: Classify and characterize linguistic terms and relevant membership functions 

Step 2: Construct a decision matrix (DM),  

ij n m
DM f     (14) 

Step 3: Construct an aggregated decision matrix using equations (3-7). 

Step 4: Obtain fuzzy weights for each criterion based on their importance. 

Step 5: Construct aggregated subjective weights of each criterion using  

             equations (9-13). 

Step 6: Construct a normalized decision matrix using the following equations 

5 5
max ,  x x C Bij ij ji

    (15) 

1 1
min ,  x x C Cij ij ji

    (16) 

1 2 3 4 5

5 5 5 5 5

, , , , , 
x x x x xij ij ij ij ijf C Bij jx x x x xij ij ij ij ij

  (17) 

1 2 3 4 5

5 5 5 5 5

, , , , , 
x x x x xij ij ij ij ijf C Cij jx x x x xij ij ij ij ij

  (18) 

Step 7: Obtain a best value and worst value by using the following equations: 

maxj iji
f f      (19) 

minj iji
f f      (20) 

where jf and  jf are the best and worst values of all criterion function. 

Step 8: Calculate the values of iS and iR as follows: 

1

n
j ij

i j
j i i

f f
S w

f f
    (21) 
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max
j ij

i jj
i i

f f
R w

f f
   (22) 

where jw are the weights of criteria. 

Step 9: Calculate the values of iQ as follows: 

1  i i
j

S S R RQ v v
S S R R

 (23) 

where v  is the weight introduced for the strategy of maximum group utility, and 1- v
is the weight of the individual regret. 

min

max

min

max

ii

ii

ii

ii

S S

S S

R R

R R

 

Step 10: 

Rank the alternatives sorting by values ,S R and Q in an ascending order. In VIKOR, 

ascending order is used for ranking. The minimum value gets the maximum rank. The 

minimum value maintains the cooperative group utility in choosing a compromise 

solution [19]. 

Step 11: 

Alternative which is the best ranked by the measure Q should satisfy the following two 

conditions: 

C1.  Acceptable advantage:  

C2. Acceptable stability in decision making: 

 

6. CASE STUDY 

Study area includes all the 22 blocks of Villupuram district, South India. Through 

interviews the opinions have been collected from 142 respondents. The following table 

(1) represents the farming experience of the farmers who are cultivating maximum 

number of crops in the Villupuram district.   
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Table 1: Sample respondents and their farming experience 

 Name Age Farming Experience 

D1 R. Ezhumalai 46 
Owns 4.5 acres of agricultural land, With 25 years of 

farming experience, Sadakatti village. 

D2 N. Sivasakthi 47 
Owns 4.5 acres, with 15 years of experience, 

Kandamangalam village. 

D3 V. Vedagiri 56 
Owns 8 acres, with 20 years of farming experience, 

Marakkanam. 

D4 M. Gopal 71 
Owns 12 acres, with 50 years of farming experience, 

Sennagonam village. 

D5 P. Kuppusamy 62 
Owns 6 acres, with 50 years of farming experience, 

Olakkoor village. 

D6 P. Pakkiri 50 
Owns 7.5 acres, with 26 years of farming experience, 

Kannaarampattu village. 

D7 G. Narasingam 49 
Owns 6.75 acres, with 25 years of farming 

experience, Thirumoondicharam village. 

D8 S.Kudiyarasumani 60 
Owns 10 acres, with 40 years of farming experience, 

Mettatthur village. 

 

6.1 Adaptation of the problem 

The opinions are collected for the following alternatives based on the criterion which 

is stated as follows: 

 

6.1.1 Alternatives 

A1 – Paddy 

A2 – Sugarcane 

A3 – Urad 

A4 – Groundnut  

A5 – Tapioca 
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6.1.2 Criteria 

C1 – Profit and loss in the yield 

C2 – Seed quality 

C3 – Soil quality 

C4 – Climatic (Sunlight) condition 

C5 – Water availability 

C6 – Assistance from government agencies 

C7 – Assistance from private agencies 

C8 – Level of underground water 

C9 – Fixation price of grains 

C10 – Agriculture loan discount 

 

The criteria are classified with the help of following linguistic variable and its fuzzy 

linguistic scale values. The number of scale values differ as the Experts’ opinion were 

varied.  The following tables (2-6) shows the different types of fuzzy linguistic scale 

values and its representations: 

Table 2: Linguistic variables and related fuzzy numbers 

Linguistic variable Fuzzy number 

Not sufficient (0, 0.3333, 0.6667, 1) 

Moderately Sufficient (0, 0.0833, 0.1666, 0.2500, 0.3333) 

Sufficient (0.3333, 0.4166, 0.5, 0.5834, 0.6667) 

Highly sufficient (0.6667, 0.75, 0.8334, 0.9167, 1.0000) 

 

Table 3: Linguistic variables and related fuzzy numbers 

Linguistic variable Fuzzy number 

Less demanded (0, 0.3333, 0.6667, 1) 

Moderately demanded (0, 0.0833, 0.1666, 0.2500, 0.3333) 

Demanded (0.3333, 0.4166, 0.5, 0.5834, 0.6667) 

Highly demanded (0.6667, 0.75, 0.8334, 0.9167, 1.0000) 
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Table 4: Linguistic variables and related fuzzy numbers 

Linguistic variable Fuzzy number 

Less waived (0, 0.3333, 0.6667, 1) 

Moderately waived (0, 0.0833, 0.1666, 0.2500, 0.3333) 

Waived (0.3333, 0.4166, 0.5, 0.5834, 0.6667) 

Largely waived (0.6667, 0.75, 0.8334, 0.9167, 1.0000) 

 

Table 5: Linguistic variables and related fuzzy numbers 

Linguistic variable Fuzzy number 

Very high (0,0.25,0.5,0.75,1) 

High (0,0.0625,0.1250,0.1875,0.2500) 

Neutral (0.2500,0.3125,0.3750,0.4375,0.5000) 

Low (0.5000,0.5625,0.6250,0.6875,0.7500) 

Very low (0.7500,0.8125,0.8750,0.9375,1.0000) 

 

Table 6: Linguistic variables and related fuzzy numbers 

Linguistic variable Fuzzy number 

High profit (0.8333, 0.8750, 0.9166, 0.9583,1) 

Profit (0.6667, 0.7084, 0.75, 0.7916, 0.8333) 

Small profit (0.5, 0.5417, 0.5834, 0.6250, 0.6667) 

Neutral (0.3333, 0.3750, 0.4166, 0.4583, 0.5) 

Small loss (0.1667, 0.2083, 0.25, 0.2916, 0.3333) 

Loss (0, 0.0417, 0.0833, 0.1250, 0.1667) 

Total loss (0, 0.1667, 0.3333, 0.5, 0.6667, 0.8333) 

 

Based on the fuzzy linguistic scale values mentioned above (Tables 2-6), the collected 

opinions are categorized and integrated with the help of the pentagonal fuzzy number 

entries. The decision makers’ opinions are incorporated in the decision matrix as 

follows (Tables 7a and 7b): 
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2 103 5 6  7 8 9  1 4 

13 15 16 17 18 19 11011 12 141

23 25 26 27 28 29 2102 21 22 24

3 31 32 33 34 35 36 37 38 39 310

4 43 45 46 47 48 49 41041 42 44

5 51 52 53 54

                     c cc c c c c cc c
x x x x x x xx x xA
x x x x x x xA x x x

DM A x x x x x x x x x x
A x x x x x x xx x x
A x x x x 55 56 57 58 59 510x x x x x x

 

 

Table 7a: Pentagonal Decision Matrix 

  C1 C2 C3 C4 C5 

D1 

A1 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A2 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3      

A4 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

D2 

A1 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.6250,0.6875,0.75

00,0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A2 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3      

A4 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

D3 

A1 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A2 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A4 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5      

D4 

A1 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.6250,0.6875,0.75

00,0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A2 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.2500,0.3125,0.37

50,0.4375,0.5000] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A3 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.6250,0.6875,0.75

00,0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A4 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.6250,0.6875,0.75

00,0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A5      

D5 

A1 
[0.4166,0.4583,0.500

0,0.5417,0.5834] 

[0.3750,0.4375,0.50

00,0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

A2 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 
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A4 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5      

D6 

A1 
[0.5834,0.6250,0.666

7,0.7084,0.7500] 

[0.3750,0.4375,0.50

00,0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A2 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A4 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5      

D7 

A1 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.3750,0.4375,0.50

00,0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A2 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A4 
[0.7500,0.7916,0.833

3,0.8750,0.9166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5      

D8 

A1 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.3750,0.4375,0.50

00,0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

A2 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A3 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A4 
[0.2500,0.2916,0.333

3,0.3750,0.4166] 

[0.1875,0.2500,0.31

25,0.3750,0.4375] 

[0.1875,0.2500,0.3125,

0.3750,0.4375] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

A5      

 

Table 7b: Pentagonal Decision Matrix (Contd…) 

  C6 C7 C8 C9 C10 

D1 

A1 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3      

A4 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A5 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

D2 

A1 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3      

A4 
[0.3750,0.4375,0

.5000,0.5625,0.6

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5
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250] 000] 

A5 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.1666,0.2500,0.3333,0.

4166,0.5000] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

D3 

A1 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A4 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A5      

D4 

A1 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A4 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A5      

D5 

A1 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A4 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A5      

D6 

A1 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A4 

[0.1250,0.1875,0

.2500,0.3125,0.3

750] 

[0.1250,0.1875,0.2

500,0.3125,0.3750] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A5      

D7 A1 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.5000,0.5834,0

.6667,0.7500,0.8

334] 
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A2 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.5000,0.5834,0

.6667,0.7500,0.8

334] 

A3 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.5000,0.5834,0

.6667,0.7500,0.8

334] 

A4 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.5000,0.5834,0

.6667,0.7500,0.8

334] 

A5      

D8 

A1 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A2 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A3 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A4 

[0.3750,0.4375,0

.5000,0.5625,0.6

250] 

[0.3750,0.4375,0.5

000,0.5625,0.6250] 

[0.1666,0.2500,0.3333,0

.4166,0.5000] 

[0.5000,0.5834,0.6667,0.

7500,0.8334] 

[0.1666,0.2500,0

.3333,0.4166,0.5

000] 

A5      

 

 By using the equations 3 – 7, the aggregated decision matrix is calculated and the 

accumulated decision values for alternatives over the criteria are given as follows 

(Table 8a and 8b): 

 

Table 8a:  Aggregated decision matrix 

 C1 C2 C3 C4 C5 

A1 

[0.2500,0.54

16,0.5833,0.6

250,0.9166] 

[0.3750,0.5313,0.

5938,0.6563,0.87

50] 

[0.3750,0.5313,0.

5938,0.6563,0.87

50] 

[0.3750,0.5000,0.

5625,0.6250,0.87

50] 

[0.1250,0.3750,0.

4375,0.5000,0.87

50] 

A2 

[0.2500,0.58

33,0.6250,0.6

667,0.9166] 

[0.1875,0.3750,0.

4375,0.5000,0.75

00] 

[0.1250,0.3984,0.

4609,0.5234,0.87

50] 

[0.1250,0.3750,0.

4375,0.5000,0.87

50] 

[0.1250,0.2188,0.

2813,0.3438,0.62

50] 

A3 

[0.2500,0.65

27,0.6944,0.7

361,0.9166] 

[0.1875,0.3750,0.

4375,0.5000,0.87

50] 

[0.1250,0.3438,0.

4063,0.4688,0.87

50] 

[0.1250,0.3125,0.

3750,0.4375,0.87

50] 

[0.1250,0.2292,0.

2917,0.3542,0.62

50] 

A4 

[0.2500,0.54

16,0.5833,0.6

250,0.9166] 

[0.1875,0.4219,0.

4844,0.5469,0.87

50] 

[0.1250,0.3984,0.

4609,0.5234,0.87

50] 

[0.1250,0.3750,0.

4375,0.5000,0.87

50] 

[0.1250,0.2188,0.

2813,0.3438,0.62

50] 

A5 

[0.2500,0.54

16,0.5833,0.6

250,0.9166] 

[0.5000,0.5625,0.

6250,0.6875,0.75

00] 

[0.3750,0.5625,0.

6250,0.6875,0.87

50] 

[0.3750,0.5625,0.

6250,0.6875,0.87

50] 

[0.1250,0.1875,0.

2500,0.3125,0.37

50] 



6818  Pathinathan. T.,  Johnson Savarimuthu S. and Mike Dison E. 

Table 8b:  Aggregated decision matrix (Contd…) 

 C6 C7 C8 C9 C10 

A1 [0.1250,0.375

0,0.4375,0.50

00,0.6250] 

[0.1250,0.2813,0.

3438,0.4063,0.62

50] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

[0.1666,0.5417,0.

6250,0.7083,0.83

34] 

[0.1666,0.2917,0.

3750,0.4583,0.83

34] 

A2 [0.1250,0.375

0,0.4375,0.50

00,0.6250] 

[0.1250,0.2813,0.

3438,0.4063,0.62

50] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

[0.1666,0.5001,0.

5834,0.6667,0.83

34] 

[0.1666,0.2917,0.

3750,0.4583,0.83

34] 

A3 [0.1250,0.395

8,0.4583,0.52

08,0.6250] 

[0.1250,0.3125,0.

3750,0.4375,0.62

50] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

[0.5000,0.5834,0.

6667,0.7500,0.83

34] 

[0.1666,0.3056,0.

3889,0.4722,0.83

34] 

A4 [0.1250,0.375

0,0.4375,0.50

00,0.6250] 

[0.1250,0.2813,0.

3438,0.4063,0.62

50] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

[0.1666,0.5001,0.

5834,0.6667,0.83

34] 

[0.1666,0.2917,0.

3750,0.4583,0.83

34] 

A5 [0.1250,0.312

5,0.3750,0.43

75,0.6250] 

[0.1250,0.1875,0.

2500,0.3125,0.37

50] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

[0.1666,0.2500,0.

3333,0.4166,0.50

00] 

 

 Based on the importance of the criterion and decision makers’ opinion, the weights of 

the each criterion have been calculated and the values are tabulated as follows (Tables 

9a and 9b):  

Table 9a: Weighted decision matrix 

 D1 D2 D3 D4 

C1 [0.5834,0.6250,0.66

70,0.7084,0.7500] 

[0.2500,0.2916,0.3333,

0.3750,0.4166] 

[0.4166,0.4583,0.5000,

0.5417,0.5834] 

[0.4166,0.4583,0.5000,

0.5417,0.5834] 

C2 [0.5000,0.5625,0.62

50,0.6875,0.7500] 

[0.5000,0.5625,0.6250,

0.6875,0.7500] 

[0.5000,0.5625,0.6250,

0.6875,0.7500] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

C3 [0.6250,0.6875,0.75

00,0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

C4 [0.6250,0.6875,0.75

00,0.8125,0.8750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.6250,0.6875,0.7500,

0.8125,0.8750] 

C5 [0.1250,0.1875,0.25

00,0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.1250,0.1875,0.2500,

0.3125,0.3750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

C6 [0.1250,0.1875,0.25

00,0.3125,0.3750] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

[0.3750,0.4375,0.5000,

0.5625,0.6250] 

C7 [0.1250,0.1875,0.25 [0.1250,0.1875,0.2500, [0.1250,0.1875,0.2500, [0.1250,0.1875,0.2500,
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00,0.3125,0.3750] 0.3125,0.3750] 0.3125,0.3750] 0.3125,0.3750] 

C8 [0.1666,0.2500,0.33

33,0.4166,0.5000] 

[0.1666,0.2500,0.3333,

0.4166,0.5000] 

[0.1666,0.2500,0.3333,

0.4166,0.5000] 

[0.1666,0.2500,0.3333,

0.4166,0.5000] 

C9 [0.1666,0.2500,0.33

33,0.4166,0.5000] 

[0.3333,0.4166,0.5000,

0.5834,0.6667] 

[0.5000,0.5834,0.6667,

0.7500,0.8334] 

[0.5000,0.5834,0.6667,

0.7500,0.8334] 

C10 [0.1666,0.2500,0.33

33,0.4166,0.5000] 

[0.1666,0.2500,0.3333,

0.4166,0.5000] 

[0.1666,0.2500,0.3333,

0.4166,0.5000] 

[0.1666,0.2500,0.3333,

0.4166,0.5000] 

 

Table 9b: Weighted decision matrix (Contd…) 

 D5 D6 D7 D8 

C1 [0.5834,0.6250,0.666

7,0.7084,0.7500] 

[0.5834,0.6250,0.6667,0.7

084,0.7500] 

[0.7500,0.7916,0.8333,0.8

750,0.9166] 

[0.3750,0.4375,0.5000,0.5

625,0.6250] 

C2 [0.1875,0.2500,0.312

5,0.3750,0.4375] 

[0.1875,0.2500,0.3125,0.3

750,0.4375] 

[0.1875,0.2500,0.3125,0.3

750,0.4375] 

[0.1875,0.2500,0.3125,0.3

750,0.4375] 

C3 [0.1250,0.1875,0.250

0,0.3125,0.3750] 

[0.1875,0.2500,0.3125,0.3

750,0.4375] 

[0.1875,0.2500,0.3125,0.3

750,0.4375] 

[0.1875,0.2500,0.3125,0.3

750,0.4375] 

C4 [0.1250,0.1875,0.250

0,0.3125,0.3750] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

C5 [0.1250,0.1875,0.250

0,0.3125,0.3750] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

C6 [0.3750,0.4375,0.500

0,0.5625,0.6250] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

[0.3750,0.4375,0.5000,0.5

625,0.6250] 

[0.3750,0.4375,0.5000,0.5

625,0.6250] 

C7 [0.3750,0.4375,0.500

0,0.5625,0.6250] 

[0.1250,0.1875,0.2500,0.3

125,0.3750] 

[0.3750,0.4375,0.5000,0.5

625,0.6250] 

[0.3750,0.4375,0.5000,0.5

625,0.6250] 

C8 [0.1666,0.2500,0.333

3,0.4166,0.5000] 

[0.1666,0.2500,0.3333,0.4

166,0.5000] 

[0.1666,0.2500,0.3333,0.4

166,0.5000] 

[0.1666,0.2500,0.3333,0.4

166,0.5000] 

C9 [0.5000,0.5834,0.666

7,0.7500,0.8334] 

[0.5000,0.5834,0.6667,0.7

500,0.8334] 

[0.5000,0.5834,0.6667,0.7

500,0.8334] 

[0.5000,0.5834,0.6667,0.7

500,0.8334] 

C10 [0.1666,0.2500,0.333

3,0.4166,0.5000] 

[0.1666,0.2500,0.3333,0.4

166,0.5000] 

[0.5000,0.5834,0.6667,0.7

500,0.8334] 

[0.1666,0.2500,0.3333,0.4

166,0.5000] 

 

 The fuzzy weights of each criterion are aggregated by using the equations (9-13) and 

the aggregated subjective weights are tabulated as follows (Tables 10a and 10b): 

Table 10a: Aggregate subjective weights of each criterion 

 

Table 10b: Aggregate subjective weights of each criterion (Contd…) 

 

C1 C2 C3 C4 C5 

[0.2500, 0.5208, 0.5625, 0.6042, 0.9166] [0.1875, 0.4140, 0.4765, 0.5290, 0.7500] [0.1250, 0.3984, 0.4609, 0.5234, 0.8750] [0.1250, 0.3750, 0.4375, 0.5000, 0.8750] [0.1250, 0.2187, 0.2812, 0.3437, 0.6250] 

 

C6 C7 C8 C9 C10 

[0.1250, 0.3750, 0.4375, 0.5000, 0.6250] [0.1250, 0.2812, 0.3437, 0.4062, 0.6250] [0.1666, 0.2500, 0.3333, 0.4166, 0.5000] [0.1666, 0.5208, 0.6041, 0.6875, 0.8334] [0.1666, 0.2916, 0.3749, 0.4582, 0.8334] 
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 Normalized pentagonal decision matrix has been developed by using the equations 

(15-18) and the values are tabulated as follows (Tables 11a and 11b): 

 

Table 11a: Normalized pentagonal decision matrix 

 

Table 11b: Normalized pentagonal decision matrix (Contd…) 

 

 The normalized decision matrix has been calculated by taking average between the 5-

tuple pentagonal fuzzy values and the observed fuzzy values are tabulated as follows 

(Table 12): 

Table 12: Normalized decision matrix 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Wj 0.5708 0.4734 0.4766 0.4625 0.3188 0.4125 0.3563 0.3333 0.5625 0.4250 

A1 2.3333 3.2333 0.6929 0.6714 0.5286 0.6600 0.5700 0.6666 3.4515 2.5509 

A2 2.4332 2.4000 0.5446 0.5286 0.3643 0.6600 0.5700 0.6666 3.3014 2.5509 

A3 2.5999 2.5333 0.5071 0.4857 0.3714 0.6800 0.6000 0.6666 4.0018 2.6010 

A4 2.3332 2.6833 0.5446 0.5286 0.3643 0.6600 0.5700 0.6666 3.3014 2.5509 

A5 2.3332 3.3333 0.7143 0.7143 0.2857 0.6000 0.4000 0.6668 2.0006 2.0006 

 

6.2 Experimental Observation 

The best and worst values of each criterion are derived by using the equations 19 and 

20. The best and worst values are tabulated as follows: 

 

 C1 C2 C3 C4 C5 

Wj [0.2500, 0.5208, 0.5625, 0.6042, 0.9166] [0.1875, 0.4141, 0.4766, 0.5391, 0.7500] [0.1250, 0.3984, 0.4609, 0.5234, 0.8750] [0.1250, 0.3750, 0.4375, 0.5000, 0.8750] [0.1250, 0.2188, 0.2813, 0.3438, 0.6250] 

A1 [1.0000, 2.1665, 2.3333, 2.5001, 3.6664] [2.0000, 2.8333, 3.1667, 3.5000, 4.6667] [0.4286, 0.6071, 0.6786, 0.7500, 1.0000] [0.4286, 0.5714, 0.6429, 0.7143, 1.0000] [0.1429, 0.4286, 0.5000, 0.5714, 1.0000] 

A2 [1.0000, 2.3331, 2.4999, 2.6667, 3.6664] [1.0000, 2.0000, 2.3333, 2.6667, 4.0000] [0.1429, 0.4554, 0.5268, 0.5982, 1.0000] [0.1429, 0.4286, 0.5000, 0.5714, 1.0000] [0.1429, 0.2500, 0.3214, 0.3929, 0.7143] 

A3 [1.0000, 2.6109, 2.7777, 2.9445, 3.6664] [1.0000, 2.0000, 2.3333, 2.6667, 4.6667] [0.1429, 0.3929, 0.4643, 0.5357, 1.0000] [0.1429, 0.3571, 0.4286, 0.5000, 1.0000] [0.1429, 0.2619, 0.3333, 0.4048, 0.7143] 

A4 [1.0000, 2.1665, 2.3333, 2.5001, 3.6664] [1.0000, 2.2500, 2.5833, 2.9167, 4.6667] [0.1429, 0.4554, 0.5268, 0.5982, 1.0000] [0.1429, 0.4286, 0.5000, 0.5714, 1.0000] [0.1429, 0.2500, 0.3214, 0.3929, 0.7143] 

A5 [1.0000, 2.1664, 2.3332, 2.5000, 3.6664] [2.6667, 3.0000, 3.3333, 3.6667, 4.0000] [0.4286, 0.6429, 0.7143, 0.7857, 1.0000] [0.4286, 0.6429, 0.7143, 0.7857, 1.0000] [0.1429, 0.2143, 0.2857, 0.3571, 0.4286] 

 

 C6 C7 C8 C9 C10 

Wj [0.1250, 0.3750, 0.4375, 0.5000, 0.6250] [0.1250, 0.2813, 0.3438, 0.4063, 0.6250] [0.1666, 0.2500, 0.3333, 0.4166, 0.5000] [0.1666, 0.5209, 0.6042, 0.6875, 0.8334] [0.1666, 0.2917, 0.3750, 0.4583, 0.8334] 

A1 [0.2000, 0.6000, 0.7000, 0.8000, 1.0000] [0.2000, 0.4500, 0.5500, 0.6500, 1.0000] [0.3332, 0.5000, 0.6666, 0.8332, 1.0000] [1.0000, 3.2517, 3.7517, 4.2517, 5.0024] [1.0000, 1.7508, 2.2508, 2.7508, 5.0024] 

A2 [0.2000, 0.6000, 0.7000, 0.8000, 1.0000] [0.2000, 0.4500, 0.5500, 0.6500, 1.0000] [0.3332, 0.5000, 0.6666, 0.8332, 1.0000] [1.0000, 3.0015, 3.5015, 4.0015, 5.0024] [1.0000, 1.7508, 2.2508, 2.7508, 5.0024] 

A3 [0.2000, 0.6333, 0.7333, 0.8333, 1.0000] [0.2000, 0.5000, 0.6000, 0.7000, 1.0000] [0.3332, 0.5000, 0.6666, 0.8332, 1.0000] [3.0012, 3.5018, 4.0018, 4.5018, 5.0024] [1.0000, 1.8341, 2.3341, 2.8341, 5.0024] 

A4 [0.2000, 0.6000, 0.7000, 0.8000, 1.0000] [0.2000, 0.4500, 0.5500, 0.6500, 1.0000] [0.3332, 0.5000, 0.6666, 0.8332, 1.0000] [1.0000, 3.0015, 3.5015, 4.0015, 5.0024] [1.0000, 1.7508, 2.2508, 2.7508, 5.0024] 

A5 [0.2000, 0.5000, 0.6000, 0.7000, 1.0000] [0.2000, 0.3000, 0.4000, 0.5000, 0.6000] [0.3332, 0.5000, 0.6666, 0.8332, 1.0000] [1.0000, 1.5006, 2.0006, 2.5006, 3.0012] [1.0000, 1.5006, 2.0006, 2.5006, 3.0012] 
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Table 13: Best and worst values of each criterion 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

jf  2.5998 3.3333 0.7142 0.7142 0.5285 0.6800 0.6000 0.6668 4.0018 2.6009 

jf  2.3332 2.4000 0.5074 0.5857 0.2857 0.6000 0.4000 0.6666 2.0006 2.0006 

 

Next the value of Si and Ri is calculated as follows: 

11

(0.57082) (2.59988 2.33326)
0.570692

(2.59988 2.3332)
s  

12

(0.473438) (3.3333 3.23333)
0.050727311

(3.3333 2.4)
s  

13

(0.476563) (0.71428 0.692857)
0.049356

(0.71428 0.50743)
s  

14

(0.4625) (0.714286 0.671929)
0.085705

(0.714286 0.4857114)
s  

15

(0.31875) (0.52857 0.52857)
0

(0.52857 0.285714)
s  

16

(0.4125) (0.68 0.66)
0.103125

(0.68 0.6)
s  

17

(0.35625) (0.6 0.57)
0.0534375

(0.6 0.4)
s  

 

 

19

(0.562513) (4.0018 3.451471)
0.154690

(4.0018 2.0006)
s  

110

(0.424985) (2.60096 2.55093)
0.035845

(2.60096 2.0006)
s  

1 0.570692 0.050723 0.049256 0.085705 0 0.103125 0.0534375

0.3333 0.154690 0.035845

   1.43677

S
 

18

(0.3333) (0.6668 0.6666)
0.3333

(0.6668 0.6666)
s
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2 2.2022065S  

3 1.6095846S  

4 1.7578928S  

5 2.645818S  

1 0.570692R  

2 0.47438R  

3 0.5203116R  

4 0.3908277R  

5 0.57082R  

 

The value of each Qi is calculated as follows: 

1

(0.5) (1.43677 1.43677) (1 0.5) (0.570692 0.390827)
0.4999

(2.645818 1.43677) (0.57082 0.39087)
Q  

2 0.5888Q  

3 0.5237Q  

4 0.2121Q  

5 1.0000Q  

 

6.4. Experimental results and discussion  

Table 14: The value of 𝑆𝑖 and 𝑅𝑖 

 Si Ri Qi 

A1 1.4368 0.5706 0.4999 

A2 2.2022 0.4743 0.5888 

A3 1.6095 0.5237 0.5237 

A4 1.7578 0.3908 0.2121 

A4 2.6458 0.5708 1.0000 
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Table 15: The ranking of the alternatives by𝑆, 𝑅 and 𝑄 in ascending order 

 Ranking alternatives 

1 2 3 4 5 

S A1 A3 A4 A2 A5 

R A4 A2 A3 A1 A5 

Q A4 A1 A3 A2 A5 

 

7. Same case study using traditional VIKOR method 

In this section, the opinions collected from the sample respondents, whose farming 

experiences are mentioned in the table (1) are processed with the traditional VIKOR 

method. The decision makers’ opinions are incorporated in the decision matrix and the 

aggregated decision matrix is given as follows;  

Table 16: Aggregated Decision Matrix 

wj 0.5834 0.4531 0.4609 0.4375 0.2813 0.4375 0.3438 0.3333 0.6042 0.3750 

A1 0.5833 0.5938 0.5938 0.5625 0.4375 0.4375 0.3438 0.3333 0.6250 0.3750 

A2 0.6250 0.4375 0.4609 0.4375 0.2813 0.4375 0.3438 0.3333 0.5834 0.3750 

A3 0.6944 0.4375 0.4063 0.3750 0.2917 0.4583 0.3750 0.3333 0.6667 0.3889 

A4 0.5833 0.4844 0.4609 0.4375 0.2813 0.4375 0.3438 0.3333 0.5834 0.3750 

A5 0.5833 0.6250 0.6250 0.6250 0.2500 0.3750 0.2500 0.3333 0.3333 0.3333 

    

Then by applying traditional VIKOR technique, we have obtained the following 

results;  

Table 17: The value of 𝑆𝑖 and 𝑅𝑖 

 Si Ri Qi 

A1 1.0131 0.3333 0.0000 

A2 2.1655 0.4531 0.6941 

A3 1.9035 0.4607 0.6052 

A4 2.2738 0.5860 1.0000 

A4 2.1877 0.5834 0.9607 
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Table 18: The ranking of the alternatives by𝑆, 𝑅 and 𝑄 in ascending order 

 Ranking alternatives 

1 2 3 4 5 

S A1 A3 A2 A5 A4 

R A1 A2 A3 A5 A4 

Q A1 A3 A2 A5 A4 

 

8. COMPARISON OF BOTH RESULTS DERIVED 

On comparing the results obtained from newly extended VIKOR method and traditional 

VIKOR method, we make the following observations. The solutions obtained from the 

newly extended VIKOR technique shows remarkable variations in the ranking. 

 Table 19: Comparison of traditional and newly extended VIKOR method 

 Alternative 
Rank by Traditional 

VIKOR Method 

Rank by Newly Extended 

VIKOR Method 

A1 Paddy 1 2 

A2 Sugarcane 3 4 

A3 Urad 2 3 

A4 Groundnut 5 1 

A5 Tapioca 4 5 

 

By using newly extended VIKOR technique, the sizeable change as in the table (14) 

represents the closeness of the group cooperation over each alternative. Whereas, the 

change occurred in the table (17) by using traditional VIKOR method shows an 

extensive variations. This actually implies the small biasness that the decision makers 

experience throughout the decision process. Thus the newly extended VIKOR 

technique avoids such considerable biasness in producing a better compromise solution.                   

 

9. CONCLUSION 

The values of Si, Ri and Qi are calculated and the table (15) shows the best suitable 

solution over all such criteria. From the table (15), we conclude that the alternative 

Groundnut (A4) ranks first and the alternative Paddy (A1) ranks second and the other 
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alternatives Urad, Sugarcane and Tapioca rank the 3rd, 4th and 5th places respectively. 

The newly extended VIKOR technique shows A4 (Groundnut) is the best compromise 

crop for cultivation in Villupuram district, when compared to others. Incorporating the 

subjective opinions into the pentagonal fuzzy numbers actually reduces the vagueness 

and the results obtained give a better option than the traditional VIKOR method which 

is shown in the table (18).  
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