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ABSTRACT 

 In  this article ,we propose a method to solve flow shop scheduling  problem under Neutrosophic  

triangular fuzzy number  which are further defuzzified in to crisp one  by  using score  function 

.An optimal sequence is obtained  by  using  branch and bound technique .Numerical example 

is provided to get minimum total elspsed time for the above method. 

Keywords: Neutrosophic Fuzzy Set, Triangular Fuzzy Number, Triangular Neutrosophic Fuzzy 

Number, Score Function , Neutrosophic Sequencing Problem. 

1. Introduction                     

Operations research provides a solution for decision making problem. A sequencing problem is to 

find the optimal sequence, minimum elapsed time and idle time for ‘n’ jobs with ‘m’ machine. 

Zadeh [9] developed the concept of fuzzy sets which is a best mathematical way for representing 

impreciseness or vagueness. In 1986, K. Atanassov developed the idea of Intuitionistic Fuzzy Set 

(IFS) which is characterized by the membership degree and the non-membership degree. In 

1995,The idea of Neutrosophy was introduced by smarandache, it deals with the uncertain 

information such as incomplete, indeterminate and inconsistent information which exist in real 

world,that cannot be solved with fuzzy set and intuitionistic fuzzy sets.  

To handle impreciseness Neutrosophic fuzzy set plays a vital role. A sequencing problem deduce 

the optimum sequence, total elapsed time and idle time to perform ‘n’ jobs by ‘m’ machines. 

Therefore, the concept of fuzzy job sequencing problem provides an efficient framework which 

solves real-life problems with fuzzy processing times. Thus fuzzy sequencing problem can be 

applied to the uncertainty in real environment. In this paper we proposed branch and bound 

technique to get the optimal solution and solving the job sequencing under fuzzy environment. 
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2.Preliminaries  

2.1Definition (11) 

A fuzzy set �� is defined by �� = {(x, ���(x)): x∈A}. In the pair (x, ���(x)) , the first element 

belong to the classical set A, the second element ���(x), belong to the interval [0,1] is called the 

membership function. 

2.2 Definition (1) 

An Intuitionistic fuzzy set ��� is defined by ���= {<{(x, ����(x), ����(x))>/� ∈ �}, where ����(x), 

����(x): X→ [0,1] are function such that 0≤ ����(x)+����(x)≤ 1 for all x∈X. Here ����(x) represented 

as the degree of membership and ����(x) represented as the degree of non-membership of the 

element. 

2.3 Definition (8) 

A Neutrosophic fuzzy  set ��� is defined as���={x,T�(x), I�(x),F�(x): � ∈ X} where T�(x), 

I�(x),F�(x): X→[0,1] and 0≤T�(x)+ I�(x)+F�(x) ≤3 where T�(x) is membership, I�(x) is 

inderministic function andF�(x) is non-deterministic function. 

  
2.4 Definition  

 Fuzzy number �� is a fuzzy set on the real line ℜ, must satisfy the following conditions.  

(i) ���(��) is piecewise continuous 

(ii) There exist atleast one x0∈ ℜ with ���(��) =1 

(iii) ��must be normal & convex 

2.5 Triangular Fuzzy Number 

A fuzzy number A is a triangular fuzzy number denoted by A= (a,b,c) with membership 

function µA(x) given by   µA(x) =

⎩
⎪
⎨

⎪
⎧

���

���
 , � ≤ � ≤ �

1, � = �
���

���
, � ≤ � ≤ �

0, ��ℎ������

 

3. Neutrosophic Triangular Fuzzy Number 

A Neutrosophic triangular fuzzy set ���   in U is represented by  

���  = {< �: �����(�), ��̅��(�), �����(�) >; � ∈ �} 

 �����(�), ��̅��(�), �����(�): � → �[0,1], where 
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�����(�) denote the truth membership value, �����(�)denote the indeterminacy value and �����(�) 

denote the falsity-membership value of � �� ���  and for every  � ∈ �. 

                                         Here �����(�)  = �T
���
� (x), T

���
� (x), T

���
� (x)�   

                                                   ��̅��(�) = �I
���
� (x), I

���
� (x), I

���
� (x)� 

                                                    �����(�) = �F
���
� (x), F

���
� (x), F

���
� (x)� 

4. Score Function of Neutrosophic triangular fuzzy number 

Let ��� = 〈���,��,���, ���,��,���, ���,��,���〉  be a Neutrosophic triangular fuzzy number, then 

the score function      

            �(���) =
�

��
(8 + (�� + 2�� + ��) − (�� + 2�� + ��) − (�� + 2��+��)) 

5. Algorithm for solving fuzzy sequencing problem 

Step1 

Let k be the level number in the branch tree and ∈   be the assignment in the current node of a 

branching  tree. Assume root node be 0. 

Step2 

Let �∈
�  be the assignment at level k of the branching tree and �∈  be the lower bound of the 

partial assignment upto �∈
�   such that  

�∈ = � ��,�

�,�∈�

+ � � �����,�

�∈��∈�

 

Where  ��,� is the processing time of the machine  

Step3 

To obtain the optimal sequence for the triangular fuzzy   Neutrosophicnumber by branch and 

bound algorithm  

Step 4 

To get the fuzzy total elapsed time.        
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6.��������� ������� 

Consider a triangular Neutrosophic fuzzy number to solve a flow shop scheduling problem under 

branch and bound method to calculate minimum total elapsed time.  

J Machine A Machine B Machine C Machine D 

�� (28,38,39;1,4,1;2,1,5) (29,31,33;2,7,4;1,6,3) (14,27,28;2,3,4;1,2,3) (30,34,36;3,5,8;2,4,3) 

�� (32,36,39;3,4,5;2,6,1) (12,22,23;1,5,3;2,3,5) (7,20,21;6,8,14;4,7,10) (29,31,33;2,7,4;1,6,3) 

�� (30,34,36;3,5,8;2,4,3) (8,19,20;2,5,3;1,4,2) (13,25,26;2,3,4;1,5,2) (10,12,14;3,6,2;2,4,5) 

�� (32,36,39;3,4,5;2,6,1) (10,12,14;3,6,2;2,4,5) (1,15,16;1,3,3;2,2,3) (12,22,23;1,5,3;2,3,5) 

 

Solution: 

 Converting the processing time of  above  triangular neutrosophic fuzzy number in to crisp 

number by  average high ranking method  we get the following 

           Jobs Machine A Machine B Machine C Machine D 

�� 11 8 7 9 

�� 10 5 1 8 

�� 9 4 6 2 

�� 10 2 3 5 

 

Consider the fuzzy numbers  and apply branch and bound method  

Compute the lower bound ���
�   

�∈ = � ��,�

�,�∈�

+ � � �����,�

�∈��∈�

 

                     Where   ∈ = (�, �)    � = (�, �, �) ��� � = (�, ��) 

 ��� = ��� + � � �����,�

�∈�,�,��∈�,�,�

 

                                             ���
� = 11 + (1+2+2) = 16 

                                       ���
� =10 +  (7+2+2) = 21 

                                            ���
� = 9  +  (7+1+2) = 19 

                                       ���
� = 10 +  (7++1+2) = 20 
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Further branching: Further branching is done from the terminal node which has the least lower 

bound .At this stage, the nodes  ���
� , ���

� , ���
� , ���

�  are the terminal nodes .The node ���
�  has the 

least lower bound . Hence ,further branching  is started from the node          

 

    ��
� 

                                         

                                                     

 

    

      

 ���
�    is minimum   therefore eliminate first row  and first column  further branching  is  starting 

from this node . 

                                            ��� = ��� + ��� + ∑ ∑ �����,��∈�,��∈�,�  

                                            ���
� =  11+ (5+2+3) = 21 

                                                  ���
�   =  11 + (4+1+4) = 20 

                                                  ���
�   = 11 + (2+1+2) = 16 

       Here   ���
�    is minimum and therefore eliminate  fourth row and second column 
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Here   ���
�    is minimum and therefore eliminate  fourth row and second column 

Further branching is starting from this node  

                       ��� = ��� + ��� + ��� + ∑ ∑ �����,��∈��∈�  

                        ���
� = 11 + 2 + ( 1+ 2)  = 16 

                      ���
�  = 11 + 2 + (6+8) = 27     

      Here ���
�   is minimum and eliminate second  row and third column   

Therefore remaining   ���  is in  ���. 
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We get   the sequence as      ��� − ��� − ��� − ��� 

From the lower  bounds , we can determine that the optimal sequence will be taken as  

��� − ��� − ��� − ��� 

 After   completion  of  four  jobs by the machines the minimum total elapsed time is 

                                              ��� + ��� + ��� + ���   = 16 + 16 + 16 +  2                                                      

                      Therefore minimum total elapsed  time  = 50  hrs 

 7.  Conclusion 

 In this study we get  minimum total elapsed time in fuzzy  procedure by getting optimum sequence 

in branch and bound method .We propose to implement  in future  the new method in such away  

to minimize the total  elapsed time  and  idle time of each machine. 
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