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Abstract: Introduction of Neutrosophic sets and Neutrosophic numbers paves a way to handle 

uncertainty more effectively. In this paper we propose a new approach for ranking neutrosophic 

number by using its magnitude. We develop an algorithm for the solution of neutrosophic 

assignment problems involving pentagonal neutrosophic number. The proposed method is easy to 

understand and to apply for finding solution of neutrosophic assignment problems occurring in real 

life situations. To show the proposed strategy numerical models are given and the acquired results 

are analyzed. 
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1. Introduction 

 This section gives a survey of research work carried out so far to handle uncertainity. The 

novelty of present work, motivation behind it and structure of the remaining sections were also 

provided.  

1.1: Literature survey 

Smarandache [1] introduced neutrosophic sets having three components truthiness, 

indeterminacies, and falseness. Wang et al [3] introduced a single valued neutrosophic set, which is 

a subclass of a neutrosophic set presented by Smarandache [1]. Introduction of neutrosophic 

measure, neutrosophic integral, and neutrosophic probability by Smarandache [2,4] gave notation 

and many examples for neutrosophic measure, and consequently, the neutrosophic integral and 

neutrosophic probability are also defined. Many researchers have applied the neutrosophic logic in 

various fields. 

To develop an optimization problem and its solution procedure in uncertain environment, the 

study of fuzzy number, intuitionistic fuzzy number, neutrosophic number and their ranking is 

necessary. Several researchers paid attention to fuzzy and intuitionistic fuzzy optimization methods 

by adopting various ranking techniques. But ranking of neutrosophic number is a risk task. To 

handle optimization problems having indeterminacy, ranking of  neutrosophic numbers plays a 

vital role. S.Subasri and K.Selvakumari [5] ranked triangular neutrosophic number and applied the 

same to solve travelling salesman problems. Avishek Chakraborty [6], [7] gave a new ranking 

method to rank pentagonal neutrosophic number. Chakraborty A, Mondal SP, Ahmadian A, Senu 

N, Alam S,Salahshour S in 2018 [8] formatted Different forms of triangular neutrosophic numbers, 
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and introduced de-neutrosophication techniques, and  applied in critical path analysis. 

Smarandache [9] in 2019 approached TOPSIS technique for developing supplier selection with 

group decision making under type-2 neutrosophic number. Nabeeh NA, Abdel-Basset M, 

El-Ghareeb HA, Aboelfetouh A in 2019[10] developed multi-criteria decision making approach for 

IoT-based enterprises using neutrosophic numbers. Neutrosophic functions and neutrosophic 

calculus, was defined by Florentin Smarandache [11].Neutrosophic ordinary differential equation of 

first order via neutrosophic numbers is epitomized by Sumathi IR, MohanaPriya V [12], Differential 

equations in neutrosophic environment are explored, and solution of second-order linear differential 

equation with trapezoidal neutrosophic numbers as boundary conditions is discussed by R. Sumathi 

[13].Minimal spanning tree is one of the important fact in the field of graph theory. Single valued 

neutrosophic minimal spanning tree and clustering method was solved by Ye [14] in 2014. Mandal & 

Basu [15] solved similarity measure to find spanning tree related with neutrosophic arena. Mullai 

et.al [16] formulated minimum spanning tree problem in bipolar neutrosophic number. Broumi et.al 

[17] formulated shortest path problem on single valued neutrosophic graphs. Kandasamy [18] 

developed double-valued neutrosophic sets and their application in minimum spanning tree 

problems. Broumi et.al [19] formulated neutrosophic shortest path for solving Dijkstra’s algorithm in 

graph theory. Mohamed Abdel-Basset [20] introduced bipolar neutrosophic number and applied in 

decission making problems he also proposed a model in [21] to evaluate the supply chain 

sustainability metrics based on a combination of quality function deployment and plithogenic 

aggregation operations. Assignment problems plays an important role in optimization. Many 

researchers have handled assignment problems in fuzzy and intuitionistic fuzzy environment but in 

neutrosophic environment, only few articles were published, that too involving other forms 

neutrosophic numbers. This was the first attempt to discuss assignment problems in neutrosophic 

environments involving pentagonal neutrosophic numbers. 

1.2. Motivation 

 For the past few years the ambiguous data were handled by fuzzy sets, intuitionistic fuzzy sets, 

interval valued fuzzy sets and many such structures. Recently, the introduction of neutrosophic sets 

proves to be more suited to handle vagueness than existing set theoretical structure. Fuzzy number 

can measure only uncertainty, intuitionistic and interval valued intuitionistic fuzzy number can 

measure uncertainty and vagueness not hesitation. Only neutrosophic number can measure all the 

three parameters effectively. Thus pentagonal neutrosophic number attracts more attention and 

paves path for new research. 

 1.3. Novelties 

 From its inception, a few research articles had just distributed in various journals in 

neutrosophic field. Only a countable amount of articles had dealt with pentagonal neutrosophic 

number in that other types neutrosophic number can be generalized from pentagonal neutrosophic 

number. Neutrosophic assignment problem is an area in which focus on the de-neutrosophication 

technique applied to solve neutrosophic assignment problem. 

1.4. Contribution 

 In this research article, symmetric pentagonal neutrosophic fuzzy numbers are considered. 

These numbers are converted into crisp values by means of ranking approach by magnitude. There 

are many ranking procedures which rank uncertainty and vagueness separately. Here our ranking 

procedure converts all the three parts of pentagonal neutrosophic number into crisp number. Lastly, 

the proposed ranking was applied to solve neutrosophic assignment problem. Section-1 throws an 

introduction to neutrosophic number and literature survey in the field. Section-2 gives the 

preliminaries Section-3 covers representation, definition and ranking of pentagonal neutrosophic 
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number. Section-4 provides mathematical formation of neutrosophic assignment problem, algorithm 

to solve it and numerical example illustrating the procedure. The last section gives the conclusion 

and scope of the future work. 

2. Preliminaries 

Definition 2.1: [1] Let X  be a universe set. A neutrosophic set on  A X is defined as

      A A AA T x I x F x x X , , : , where       0 1A A AT x I x F x X     , , : ,  represents the 

degree of membership, degree of indeterministic, and degree of non-membership respectively of the 

element ,x X such that      0 3A A AT x I x F x      .  

Definition 2.2: [12]   cut:   , ,  The   cut   , ,  neutrosophic set is denoted by  F   , , ,  

where 0 1      , , , and are fixed numbers, such that 3      is defined as  

              A A A A A AF T x I x F x x X T x I x F x         , , , , : , , , .  

Definition 2.3:  [12] A neutrosophic set A defined on the universal set of real numbers R is said to 

be neutrosophic number if it has the following properties. (i) A is normal if there exist 0x R , , such 

that  0 0 01 0A A AT x I x F x  ( ) , ( ) .  (ii) A is convex set for the truth function  AT x ,  i.e., 

       1 2 1 2 1 21 0 1A A AT x x T x T x x x R          min , , , , , . (iii) A is concave set for the 

indeterministic function and false fuunction    and A AI x F x , i.e., 

       1 2 1 2 1 21 0 1A A AI x x I x I x x x R          max , , , , , ,

       1 2 1 2 1 21 0 1A A AF x x F x F x x x R          max , , , , , .  

3  Ranking of pentagonal Neutrosophic number 

    This section gives the definition of symmetric pentagonal neutrosphic number and a method of 

ranking it by means of magnitude. Numerical examples were illustrated to explain the proposed 

ranking procedure.  

Definition: Symmetric Pentagonal neutrosophic number:  A is a subset of neutrosophic number 

in R with the following truth function, indeterministic function, and falsity function which is given 

by the following: 

       1 2 3 4 5 1 2 3 4 5 1 2 3 4 5A a a a a a b b b b b c c c c c p q r , , , , , , , , , , , , , , ; , , ,  where 0 1p q r    , , , .  

The accuracy membership function   0 1A x    : , , the indeterminacy membership function  

  0 1A x    : ,  and the falsity membership function   0 1A x    : ,  are defined as follows: 
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Figure 1.Representation of Symmetric Pentagonal neutrosophic number 
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Here 1 2 1 2

1 2 2 3 3 4 4 5( ) :[ , ] [0, p], ( ) :[ , ] [p,1], ( ) :[ , ] [p,1], z (x) :[a , a ] [0, ] ,L L R R
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where
1 2( ), (x)L L

A Az x z are non-decreasing left accuracy functions and
1 2( ), ( )R R

A Az x z x are non-increasing 

right accuracy functions of symmetric Pentagonal neutrosophic number. Also

1 2 1 2 1 2

1, 2 2, 3 3, 4 4, 5( ) :[ ] [ ,1], ( ) :[ ] [0,q], ( ) :[ ] [0,q], ( ) :[ ] [q,1], where  ( ), k (x)L L R R L L

A A A A A Ak x b b q k x b b k x b b k x b b k x   

are non-increasing left indeterminacy membership functions and 
1 2( ), k ( )R R

A Ak x x  are non-decreasing 

right indeterminacy membership functions of symmetric pentagonal neutrosophic number. Similarly 

the functions that occur in falsity membership function were defined as follows: 
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 The magnitude denoted by Mag(A) of a symmetric pentagonal neutrosophic number

      1 2 3 4 5 1 2 3 4 5 1 2 3 4 5A a a a a a b b b b b c c c c c p q r , , , , , , , , , , , , , , ; , , ,  is determined as follows: 

1 2 1 2 1 2 1 2 1 2

3 3

1 2

3

1
( ) ( ( ) ( ) ( ) ( ) 2 a ( ) ( ) ( ) ( ) 2 b ( ) ( )

2

( ) ( ) 2 c ) ( ) .

L L R R L L R R L L

A A A A A A A A A A

R R

A A

Mag A f f f f g g g g h h

h h t d

         

   

            

 



       

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

2 2 2
3 1 5 2 4 3

1
1 2 2 1 0 2 1

12

2 6 2 1 2 6

p a a p a a p p a q q b b q b b

q b r r c c r c c r c

               

         
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( ) ( )( ) ( )( ) ( ) ].
      
(1) 

 

where the function t(𝛼)is a weighted function and is a non-negative and increasing function on  [0,1] 

with t(0)=0,t(1)=1and  

1

0
2

1
)(  dt we choose  t(𝛼)  = 𝛼.The scalar value Mag(A) is used to rank 

Pentagonal neutrosophic number. 

 

Remark: 

When 𝑝 = 0, 𝑞 = 1, 𝑟 = 1 pentagonal neutrosophic number becomes triangular neutrosophic number. 

Then the magnitude of A defined in equation (1) will be transformed into 

2 4 3 2 4 3 2 4 3

1
( ) [( ) 10 2( ) 8 2( ) 8 ]

12
Mag A a a a b b b c c c          

 

 

 

 

3.2 Ranking Procedure 
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 Using the magnitude of symmetric pentagonal neutrosophic number defined above, the ordering 

of pentagonal neutrosophic numbers is explained in this section. 

Let       1 2 3 4 5 1 2 3 4 5 1 2 3 4 5A a a a a a b b b b b c c c c c p q r , , , , , , , , , , , , , , ; , , , and     

      1 2 3 4 5 1 2 3 4 5 1 2 3 4 5B d d d d d e e e e e i i i i i u v w , , , , , , , , , , , , , , ; , , be any two arbitrary Pentagonal 

neutrosophic numbers. Then the ranking procedure is as follows: 

Step 1: Compute Mag(A) , Mag(B),any one of the following cases prevail. 

Step 2: 

(i) If ( ) Mag(B), then A BMag A    

(ii) If ( ) Mag(B), then A BMag A    

(iii) If ( ) Mag(B), then A BMag A    

 

3.3 Numerical examples  

The ordering procedure in the previous section is illustrated by numerical examples. 

Consider the following sets of Pentagonal neutrosophic numbers. 

Set 1:A={(.5,1.5,2.5,3.5,4.5)(0.3,1.3,2.3,3.3,4.3)(1.8,2.8,3.8,4.8,5.8);0.5,0.5,0.5} 

     B={(.7,1.7,2.5,3.5,4.7)(.5,1.5,2.2,3.2,4)(1.7,2.7,3.,4.7,5.7);0.5,0.5,0.5} 

     C={(1,4,7,10,13)(0.5,3.5,6.5,9.5,12.5)(4.5,7.5,9,12,14.5);0.5,0.5,0.5} 

Set 2:A={(10,15,20,25,30)(0,3,5,7,10)(0,1,2,3,4,);0.5,0.5,0.5} 

     B={(5,10,15,20,25)(1,2,3,4,5)(1,1.5,2,2.5,3);0.5,0.5,0.5} 

     C={(10,20,30,40,50)(1,4,7,8,10)(1,1.5,2,2.5,3);0.5,0.5,0.5} 

The table.1 gives the comparison of proposed ranking of Pentagonal neutrosophic numbers with 

the existing methods. 

Author name and method Set 1 Set 2 

Proposed method  A=8.6 

B=8.4 

C=22.79 

Result:  C > A > B 

A=27 

B=20 

C=38.5 

Result:   C>A>B 

Avishek Chakraborty’s 

De-Neutrosophication 

value [6]   

A=2.86 

B=2.66 

C=7.66 

Result:  C > A = B 

A=9 

B=6.66 

C=12.70 

Result:   C>A>B 

Avishek Chakraborty’s 

accuracy function value [7]   

A= -.533 

B= -.45 

C= -2.33 

Result:  B > A >C 

A=5 

B=4 

C=8 

Result:   C>A>B 

            Table.1 Comparison table for ranking Pentagonal neutrosophic numbers 

The table 2 gives the numerical example of the De-Neutrosophication value of Triangular 

neutrosophic numbers. 
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Sl.No Triangular neutrosophic numbers proposed method of ranking 

1 A={(1,2,3)(0.5,1.5,2.5)(1.2,2.7,3.5)} 

B={(.5,1.5,2.5)(.3,1.3,2.2)(.7,1.7,2.2} 

Result 

6.083 

3.723 

A > B 

Table.2 De-Neutrosophication value Triangular neutrosophic numbers 

4.  Application of Ranking of Pentagonal Neutrosophic Number in solving Neutosphic                  

Assignment Problem  

In this section neutrosophic assignment problem with pentagonal neutrosophic numbers as 

parameters was formulated, algorithm for identifying the optimal solution to neutrosophic 

assignment problem was stated. Finally a numerical example was produced to explain the 

proposed algorithm. 

    Need for Pentagonal neutrosophic numbers 

Suppose there are n facilities and n jobs it is clear that in this case, there will be n 

assignments. Each facility or say worker can perform each job, one at a time. But there should be 

certain procedure by which assignment should be made so that the profit is maximized or the 

cost or time is minimized. But in our real life applications the times taken to complete the job 

undergo uncertainty, hesitation and vagueness. In such cases we cannot have the parameter as a 

real value. So we have to use some other representation of the parameter with which the 

uncertainty, hesitation and vagueness can be measured. The below discussion justify the need 

for selecting the cost parameter in the terms of Pentagonal neutrosophic number. 

 If the parameter is a real value - uncertainty hesitation and vagueness cannot be handled 

 If the parameter is a fuzzy value- uncertainty but hesitation and vagueness cannot be 

handled 

 If the parameter is an Intuitionistic Fuzzy value - uncertainty and hesitation can be 

handled but vagueness cannot be handled. 

 If the parameter is a Pentagonal neutrosophic value - uncertainty, hesitation and 

vagueness (i.e) all the components can be handled. 

From the above discussion, it is clear that only pentagonal neutrosophic environment 

can tackle the impreciseness, hesitation and truthiness in a membership function of an 

uncertain number, which is more reliable, logical and realistic for a decision maker. 

Pentagonal neutrosophic numbers enabled to meet the imprecise parameters as well, which 

is approvingly the advantageous for the decision makers to analyze the result in a more 

precise manner. Moreover Pentagonal neutrosophic numbers generalize other types of 

neutrosophic numbers. 

 

Pentagonal neutrosophic assignment problem may be formulated as follows: 
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Consider the assignment problem with cost function as Pentagonal neutrosophic number. 

Minimize
1 1

n n

ij ij

i j

z c x
 

 ,  subject to  

1

1 1 2 3 and, , , ,......
n

ij

i

x j n


 
1

 1 1 2 3
n

ij

j

x j n


  , , , ,...... , 1 or 0 for al where is aij ijx i j c , ,   

Pentagonal neutrosophic number and the total cost for performing all the activity is given by 

1 1

n n

ij ij

i j

c x
 

 .  

 

Fundamental Theorems of a Pentagonal neutrosophic Assignment Problem  

The solution of a Pentagonal neutrosophic assignment problem is fundamentally based on the 

following two theorems: 

Theorem 1:  

In a Pentagonal neutrosophic assignment problem, if we add or subtract an Pentagonal 

neutrosophic number to every element of any row (or column) of the Pentagonal neutrosophic 

parameter matrix [𝑐𝑖𝑗 ], then an assignment that minimizes the total Pentagonal neutrosophic 

parameter on one matrix also minimizes the total Pentagonal neutrosophic parameter on the other 

matrix.  

Minimize 
n

j

n

i

ijij xcZ  with 1, 12.... , 1, 1,2.. 0or1for every ,
n n

ij ij ij

i j

x j n x i n x i j       

then 
*

ijx also minimize 
* *

n n

ij ij

i j

Z c x  where 
* , 1,2...ij ij i jc c u v for all i j n     for all i, j=1, 

2,……n are some real valued Pentagonal neutrosophic number. 

Proof: 

11sin

)(

**









  

   





n

i

n

j

n

j

ij

n

i

ijji

n

j

n

i

ijj

n

i

n

j

n

i

n

j

ijiijij

ij

n

j

n

i

jiij

ijij

xandxcevuZ

xvxuxc

xvuc

xcZ

 

This shows that the minimization of the new objective function 𝑍∗yields the same solution as the 

minimization of original objective function Z 

Theorem 2:  

 In a pentagonal neutrosophic assignment problem with parameter function ijc  if all  0ijc

the feasible solution which ijx  satisfies ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑛
𝑗

𝑛
𝑖 = 0 is an optimal solution. 
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Proof: Since all 0 all 0.ij ijc x  The objective function

n n

ij ij

j i

Z c x cannot be negative the 

minimum possible that Z can have is 0.Therefore any feasible solution ijx obtained that satisfies 

0
n n

ij ij

j i

Z c x  will be optimal. 

 

Algorithm to solve Pentagonal neutrosophic assignment problem: 

We, now introduce a new algorithm called the Pentagonal neutrosophic Hungarian method 

for finding a Pentagonal neutrosophic optimal assignment for Pentagonal neutrosophic assignment 

problem.  

Step 1: Determine the Pentagonal neutrosophic parameter table from the given problem. 

Step 2: Convert the given Pentagonal neutrosophic assignment matrix to crisp by using the 

magnitude method. 

Step 3: Subtract the row minimum from each row entry of that row. Subtract the column minimum 

of the resulting matrix from each column entry of that column. Each column and row now has at 

least one zero. 

Step 4: In the modified assignment table obtained in step 3, search for optimal assignment as 

follows.  

Examine the rows successively until a row with a single zero is found. Assign the zero and cross off 

all other zeros in its column. Continue this for all the rows. Repeat the procedure for each column of 

reduced assignment table. If a row and / or column have two or more zeros assign arbitrary any one 

of these zeros and cross off all other zeros of that row/column. Repeat the above process successively 

until the chain of assigning or cross ends. 

Step 5: If the number of assignments is equal to n, the order of the parameter matrix, optimal 

solution is reached. If the number of assignments is less than n, parameter matrix, go to the step 6. 

Step 6: Draw the minimum number of horizontal and / or vertical lines to cover all the zeros of the 

reduced assignment matrix. This can be done by using the following:  

(i)Mark rows that do not have any assigned zero. (ii)Mark columns that have zeros in the marked 

rows. (iii)Mark rows that do have zeros in the marked columns. Repeat (ii) and (iii) of the above until 

the chain of marking is completed. Draw lines through all the unmarked rows and marked columns. 

This gives the desired minimum number of lines. 

Step 7: Develop the new revised reduced parameter matrix as follows: Find the smallest entry of the 

reduced matrix not covered by any of the lines. Subtract this entry from all the uncovered entries 

and add the same to all the entries lying at the intersection of any two lines.  

Step 8: Repeat step 5 to step 7 until optimal solution to the given assignment problem is attained. 

 

 

 

 

 

Numerical example: 

Suppose we want to assign jobs A, B, C, D to machine M1, M2, M3, and M4. Our aim is to 

find the minimum time so that the job is completed so that each machine is assigned only one job, 
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The time parameter may not be a real value since the time taken to complete a job depend on the 

facts such as (i) working condition of the machine (ii) climatic condition and so on. So we represent 

the time parameter as Pentagonal neutrosophic number. The problem can be considered as follows. 

Minimize 
4 4

j i

ijij xcZ  

Where 

 

}3.0,4.0,5.0);31,25,21,15,9)(23,19,13,9,5)(26,22,18,14,10{(=c

}4.0,3.0,7.0);27.24,21,17,13)(20,18,15,11,7)(26,24,18,15,11,6{(=c

}4.0,3.0,5.0);29,25,21,17,13)(23,20,16,11,7)(25,23,17,14,11{(=c

}4.0,6.0,6.0);31,25,16,11,6)(23,19,13,8,3)(27,21,15,9,4{(=c

}4.0,5.0,6.0);28,24,19,14,9)(23,19,13,8,4)(26,17,14,11,7{(=c

}3.0,4.0,6.0);29,25,22,18,14)(23,20,17,13,9)(26,24,18,15,11,6{(=c

}2.0,6.0,8.0);26,22,18,14,10)(21,17,13,9,5)(26,24,18,15,12{(=c

}5.0,4.0,7.0);25,22,18,14,10)(18,15,12,8,6)(20,16,13,10,7{(=c

}4.0,6.0,6.0);30,26,22,18,14)(24,21,17,12,8)(27,23,19,15,11{(=c

}3.0,4.0,5.0);35,28,23,15,12)(24,21,16,12,6)(30,25,20,14,9{(=c

}5.0,6.0,6.0);30,24,20,14,8)(22,18,12,8,4)(25,20,15,10,6{(=c

}4.0,5.0,4.0);35,28,24,18,10)(28,22,18,12,6)(32,26,20,14,8{(=c

}3.0,4.0,6.0);35,28,22,16,12)(26,22,18,12,7)(32,26,20,15,10{(=c

}4.0,3.0,4.0);30,24,15,10,5)(22,18,12,7,2)(26,20,14,8,3{(=c

}3.0,4.0,6.0);35,25,20,15,10)(25,20,14,10,6)(30,24,18,12,7{(=c

}5.0,5.0,5.0);32,25,23,16,10)(27,22,15,10,7)(30,24,19,13,8{(=c

44

43

42

41

34

33

32

31

24

23

22

21

14

13

12

11

 

Subject to 
4 4

1

1, 1, 2,3, 4. 1, 1, 2,3, 4.ij ij

j i

x i x j


     , for1or 0,  all ij jx i , .   

Pentagonal neutrosophic assignment matrix in the crisp form 

98.5199.4998.5423.45

25.4612.5455.4982.42

69.5754.580.479.60

0.6018.4252.535.56

4M

3M

2M

1M

=C

DCBA

ij

 

Applying step 3, 4 the following time parameter matrix is obtained is 

75.676.475.90

43.33.1173.60

69.1054.1109.13

82.17034.1132.14

4M

3M

2M

1M

=C

DCBA

ij

 

Applying step 5 we the following result 
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32.376.481.80

03.1173.60

26.654.1109.13

39.14034.1132.14

4M

3M

2M

1M

=C

DCBA

ij

 

Number of assignment is equal to the order of the matrix. Therefore the optimal assignment is 

3,1,2,4 MDMCMBMA   the minimum time to complete the job is 

.66.180=25.46+18.42+47+23.45 . 

5. Conclusions 

In this research article the de-Neutrosophication Pentagonal neutrosophic number into a real 

number has been introduced by means of magnitude approach. The resulted ranking has been 

applied to solve neutrosophic assignment problems. The algorithm stated in this paper is simple to 

use and applicable to solve neutrosophic assignment problems in short time. Also it produces 

accurate result. There is much scope for future work in this field. This ranking can be applied to 

solve linear, non-linear and transportation problems involving pentagonal neutrosophic number. 

Further image processing multi-criteria decision making problems can also make use of this 

ranking method for smart computation. 

Funding: “This research received no external funding” 

Acknowledgments: In this section we acknowledge the Chief Editor and reviewers for their 

valuable suggestions. 

 
Conflicts of Interest: “The authors declare no conflict of interest.” 

 

 

References 

1. Smarandache,F. Neutrosophic set - a generalization of the intuitionistic fuzzy set, Proceeding of 

International Conference on Granular Computing, IEEE, Atlanta, GA, USA, 2006.doi: 

10.1109/GRC.2006.1635754. 

2. Smarandache,F. An Introduction to Neutrosophy, Neutrosophic Logic and Neutrosophic Set, First 

International Conference on Neutrosophy, Neutrosophic Logic, Set, Probability and Statistics, 

University of New Mexico, USA, 2001.  

3. Wang,H.; Smarandache,F.; Zhang, Y.Q.; Sunderraman, R. Single valued neutrosophic sets. Multispace 

and Multistructure ,2010, Volume 4,pp. 410-413. 

4. Smarandache,F. Introduction to neutrosophic measure, neutrosophic integral, and neutrosophic 

probability”, Sitech Educational,Craiova, Columbus, USA,2013.  

5. Subasr,S.; Selvakumar,K. Solving Neutrosophic Travelling Salesman Problem in Triangular Fuzzy 

Number Using Ones Assignment Method, Eurasian Journal of Analytical Chemistry, 2018,Volume 13.pp. 

285-291. doi:10.5281/zenodo.3133798. 

6. Avishek Chakraborty,;Shreyashree Mondal,;Said Broumi. De-Neutrosophication Technique of 

Pentagonal Neutrosophic Number and Application in Minimal Spanning Tree, Neutrosophic Sets and 

Systems, 2019, Volume 29.pp. doi: 10.5281/zenodo.3514383.   

7. Avishek Chakraborty ; SaidBroumi; Prem Kumar Singh. Some properties of Pentagonal Neutrosophic 

Numbers and its Applications in Transportation Problem Environment, Neutrosophic Sets and Systems, 

2019,Volume 28.pp. doi:10.5281/zenodo.3382542. 



Neutrosophic Sets and Systems, Vol. 35, 2020 477  

 

 

K.Radhika, K.Arun Prakash, Ranking of Pentagonal Neutrosophic Numbers and itsApplications in Assignment Problem 

8. Chakraborty A,; Mondal SP, ;Ahmadian A,; Senu N, AlamS,Salahshour S. Different forms of triangular 

neutrosophic numbers, de-neutrosophication techniques, and their applications, Symmetry, 2018, 

Volume 10:327.pp. doi: 10.3390/sym10080327. 

9. Abdel-Basset ,M;Saleh ,M; Gamal ,A; Smarandache F. An approach of TOPSIS technique for 

developing supplier selection with group decision making under type-2 neutrosophic number, Appl 

Soft Computing, ,Volume 77.pp.438–452.doi: 10.1016/j.asoc.2019.01.035. 

10. Nabeeh,N.A;Abdel-Basset,M; El-Ghareeb,H.A; Aboelfetouh,A.vNeutrosophic multi- criteria decision 

making approach for IoT-based enterprises, IEEE Access, 2019, Volume 7.pp 59559–59574.doi: 

10.1109/ACCESS.2019.2908919. 

11. Florentin Smarandache. Neutrosophic precalculus and neutrosophic calculus, Sitech Educational, 

Europa Nova, Brussels, Belgium ,2015. 

12. Sumathi,IR; MohanaPriya,V. A new perspective on neutrosophic differential equation, Int J 

EngTechnol.2018,Volume.7.pp.422–425. doi: 10.14419/ijet.v7i4.10.21031. 

13. Sumathi.R. New approach on differential equation via trapezoidal neutrosophic number, Complex & 

Intelligent Systems ,2019,Volume 5.pp.417–424.doi: 10.1007/s40747-019-00117-3.  

14. Ye, J. Single valued neutrosophic minimum spanning tree and its clustering method,Journal of  

Intelligent Systems, 2014, Volume 23. pp.311–324.doi: 10.1515/jisys-2013-0075. 

15. Mandal,K; Basu, K. Improved similarity measure in neutrosophic environment and its application in 

finding minimum spanning tree, Journal of Intelligent and Fuzzy Systems, 2016,Volume 

31.pp.1721-1730.doi: 10.3233/JIFS-152082. 

16. Mullai,M.; Broumi, S; Stephen, A. Shortest path problem by minimal spanning tree algorithm using 

bipolar neutrosophic numbers, International Journal of  Mathematics Trends andTechnology, 2017, 

Volume 46.pp.80-87.doi: 10.14445/22315373/IJMTT-V46P514. 

17. Broumi,S;Bakali,A;Talea, M; Smarandache, F; Kishore Kumar, P. Shortest path problem on single 

valued neutrosophic graphs, International Symposium on Networks, Computers and 

Communications (ISNCC), IEEE, Marrakech, Morocco,2017.doi: 10.1109/ISNCC.2017.8071993. 

18. Kandasamy, I. Double-valued neutrosophic sets, their minimum spanning trees, and clustering 

algorithm. Journal of Intelligent Systems, 2016, Volume 27.pp.1-17. doi: 10.1515/jisys-2016-0088. 

19. Broumi,S;Bakali,A;Talea,M;Smarandache, F;Vladareanu, L. Applying Dijkstra algorithm for solving 

neutrosophic shortest path problem, Proceedings on the International Conference on Advanced 

Mechatronic Systems. Melbourne, Australia, 2016. 

20. Mohamed Abdel-Basset; Abduallah Gamal; Le Hoang Son.; Smarandache,F. A Bipolar Neutrosophic 

Multi Criteria Decision Making Framework for Professional Selection, Applied Sciences, 2020, Volume 

10 .pp.1-22.doi: 10.3390/app10041202. 

21. Abdel-Basset, M.; Mohamed, R.; Zaied, A. E. N. H.; Smarandache, F. A hybrid plithogenic 

decision-making approach with quality function deployment for selecting supply chain sustainability 

metrics. Symmetry, 2019,Volume 11.pp. 1-21.doi:10.3390/sym11070903. 

 

 

 

 

 
Received: Apr 10, 2020.  Accepted: July 13 2020 

 


