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I. INTRODUCTION 

The Transportation problem is the special type of linear 

programming problem where special mathematical 

structure of restrictions is used.  Efficient algorithms have 

been developed for solving the transportation problem 

when the cost coefficients and the supply and demand 

quantities are known exactly.  The occurrence of 

randomness and imprecision in the real world is inevitable 

owing to some unexpected situations.  There are cases that 

the cost coefficients and the supply and demand quantities 

of a transportation problem may be uncertain due to some 

uncontrollable factors. To deal quantitatively with 

imprecise information in making decisions, Bellman and 

Zadeh [8] and Zadeh [24] introduced the notion of 

fuzziness.   

Fuzzy transportation problem is a transportation problem 

whose decision parameters are fuzzy numbers.  Lai and 

Hwang [16] used tabular method for solving Fuzzy 

transportation problem by means of a crisp parametric 

programming problem. Stephen Dinagar [23] investigated 

fuzzy transportation problem with the aid of trapezoidal 

fuzzy numbers and proposed fuzzy modified distribution 

method to find the optimal solution in terms of fuzzy 

numbers.  Pandian and Natarajan [20] proposed an 

algorithm namely fuzzy zero point method for finding an 

optimal solution to a fuzzy transportation problem. 

The idea of Intuitionistic fuzzy set (IFS) introduced by 

Atanassov [2] is the generalization of Zadeh’s [24] fuzzy 

set. An IFS is characterized by membership degree as well 

as non-membership degree. The concept of Intutitionistic 

fuzzy set (Atanassov [2],[4]) can be viewed as an 

appropriate/alternative approach to define a fuzzy set in 

case where available information is not sufficient for the 

definition of an imprecise concept by means of a 

conventional fuzzy set. Since its introduction, the IFS 

theory has been studied and applied in different areas 

including decision making. [Atanassov, ([2],[3],[4],[5]), 

Atanassov and Gargor, [6], Szmidt and Kacprzyk, [22], 

Buhaesku,[9], Ban, [7], Deschrijver and Kerre [12] ]. The 

notions of intuitionistic fuzzy numbers in different context 

were studied in Burillo et al., [10], Mitchell [17], Nayagam  

et al., [18]). The concept of optimization in Intuitionistic 

fuzzy environment was given by Angelov, [1]. One of the 

important applications of linear programming is in the area 

of transportation of goods and services from several supply 

centres to several demand centres. The simplest 

transportation model was first presented by Hitchcock 

[14]. Several other extensions were successively 

developed. 

In this paper, Intuitionistic Fuzzy Transportation Problem 

with Trapezoidal Intuitionistic fuzzy numbers is 

considered.  A new method namely, Intuitionistic Fuzzy 

Cost Deviation Method is proposed to find an initial 

solution of Intuitionistic Fuzzy Transportation Problem. 

This algorithm produces an efficient initial solution in 

terms of minimum Intuitionistic fuzzy transportation cost.  

Ranking method based on characteristic values of 

membership and non –membership functions of 

Intuitionistic fuzzy number is used to rank the 

Intuitionistic Fuzzy Costs, Intuitionistic Fuzzy Capacities, 

and Intuitionistic Fuzzy Demand.  Numerical example is 

provided to illustrate the new approach. 

II. PRELIMINARIES  

In this section basic definitions are reviewed (Kaufmann 

and Gupta, [15], Atanassov [2],[4], Grzegorzewski [13], 

Nehi, [19]). 
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Definition 1:  

The characteristic function of a crisp set A ⊆ X assigns a 

value either 0 or 1 to each member in X.  This function can 

be generalized to a function   ̃ such that the value 

assigned to the element of the universal set X fall within a 

specified range i.e.   ̃: X → [0,1].   The assigned value 

indicates the membership grade of the element in the set 

A. The function   ̃ is called the membership function and 

the set 

  ̃  = { ( ,   ̃ ( )) ;    X } defined by   ̃ for each   X 

is called a fuzzy set. 

Definition 2:  

 A fuzzy set  ̃   defined on the universal set of real 

numbers R, is said to be a fuzzy number if its membership 

function has the following characteristics: 

(i)      ̃: R → [0,1] is continuous. 

(ii)    ̃( )    for all   (    -  ,   ) 

(iii)   ̃( ) is strictly increasing on ,   -and strictly 

decreasing on ,   -. 
(iv)   ̃( )    for all   ,   -  , where        . 

 

Definition 3:  

 A fuzzy number  ̃  (       )  is said to be a trapezoidal 

fuzzy number if its membership function is given by 

             ̃( )  

{
 
 

 
 

 

(   )

(   )
        

                                
(   )

(   )
        

 

Definition 4:  

An IFS  ̃ in   is given by  ̃  {(    ̃ ( )   ̃ ( )) 

     }  where the functions   ̃     ̃       →  ,   - are 

functions such that       ̃ ( )     ̃ ( )         ∀         
For each  , the numbers   ̃ ( ) and   ̃ ( ) represent the 

degree of  membership and degree of non-membership of 

the element       to the set, which is a subset of  , 

respectively. 

Definition 5:  

An IFS  ̃  {(    ̃ ( )   ̃ ( ))      } is called IF- 

normal, if there exists at least two points             such 

that    ̃ (  )       ̃ (  )   . 

  

Definition 6:  

An IFS  ̃  {(    ̃ ( )   ̃ ( ))      } of the real line is 

called IF- convex if ∀             , ∀ λ   [0,1] ,     ̃ (     
(   )  )       (   ̃ (   )    ̃ (   ) and  

  ̃ (     (   )  )       (   ̃ (   )    ̃ (   ) ).  Thus 

 ̃ is IF-convex if its membership function is fuzzy convex 

and its non membership function is fuzzy concave.  

 

Definition 7:  

An IFS  ̃  {(    ̃ ( )   ̃ ( ))      } of the real line is 

called an Intuitionistic Fuzzy Number (IFN) if  

 (a)  ̃ is IF-normal, 

 (b)  ̃ is IF-convex, 

 (c)   ̃ is upper semi continuous and   ̃ is lower semi 

continuous. 

 (d)  ̃   *          ̃ ( )   + is bounded. 

 
                    Fig 1 Intuitionistic Fuzzy Number 

 

For any IFN  ̃ there exists eight numbers 

                                      such that         
                      and four functions 

   ̃ ,   ̃,   ̃ ,   ̃ :          [0,1], called the sides of a fuzzy 

number, where   ̃ and    ̃  are nondecreasing and   ̃ and 

  ̃ are nonincreasing , such that we can describe a 

membership function    ̃  and non membership   ̃  in the 

following form 

  ̃ ( )  

{
 
 

 
 

                

  ̃( )               

                            

  ̃( )               

                     
 

 and  

  ̃ ( )   

{
 
 

 
 

                

  ̃( )               

                            

  ̃( )               

                     
 

 

Note: It is worth noting that each IF number  ̃  

{(    ̃ ( )   ̃ ( ))      } is a conjunction of two fuzzy 

numbers:  ̃   with a membership function    ̃   ( )  
  ̃ ( ) and  ̃   with a membership function   ̃  ( )    
  ̃  ( ) . It is seen that       ̃   ⊂      ̃   
 
Definition 8:  

          ̃ is a Trapezoidal Intuitionistic Fuzzy Number 

(TIFN) with parameters                     
      and denoted by 

 ̃   (                           ).  In this case, 

  ̃ ( )   

{
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                Fig. 2 Trapezoidal Intuitionistic Fuzzy Number 

 

If in a TIFN  ̃  let    =    (and hence    =   ) then it 

gives a Triangular Intuitionistic Fuzzy Number(TrIFN) 

with parameters 

          (        )         and denoted by 

 ̃  (                   ).  

 

Definition 9: 

 A TIFN  ̃    (                           ) is 

said to be non-negative TIFN  

if and only if         denoted by  ̃   . 

 

Definition 10: 

 Two TIFNs  ̃    (                           ) 

and  

 ̃  (    
      

      
      

      
      

      
      

  ) are said to be 

equal i.e.,  ̃    ̃ if only if         
          

     
    

           
           

          
          

          
    

 

III. ARITHMETIC OPERATIONS OF 

INTUITIONISTIC FUZZY NUMBERS 

The Arithmetic Operations between two Intuitionistic 

Trapezoidal Fuzzy Numbers, defined on universal set of 

real numbers R, are reviewed as in (Atanassov [2], 

Atanassov, [4], Grzegrorzewski [13], Deng-Feng Li [11], 

Nehi [19]).  

 

Let  ̃    (                           ) and  ̃  
(    

      
      

      
      

      
      

      
  ) be two TIFNs and λ be 

a real number.  The arithmetic operations are stipulated as 

follows 

 

 (i) Intuitionistic Fuzzy numbers addition(⊕) : 

 ̃ ⊕  ̃  (       
        

           
         

    

    
         

          
        

 ) 
(ii) Intuitionistic Fuzzy numbers subtraction 

subtraction(⊖) : 

 ̃ ⊖  ̃  (       
         

         
        

    

    
        

         
       

 ) 

(iii) Intuitionistic Fuzzy numbers multiplication(⊗) : 

  ̃ ⊗  ̃

 

{
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(iv) Intuitionistic Fuzzy numbers division( ) : 

  ̃  ̃  

{
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 (v) Intuitionistic Fuzzy numbers scalar multiplication: 

  ̃   {
(                                   )       

(                                   )       
 

 

IV. RANKING OF INTUITIONISTIC 

FUZZY NUMBER 

The ranking proposed by Nehi, [19] is considered here to 

order the IFNs.  

Definition 11 :  

Let  ̃  {(    ̃ ( )   ̃ ( ))      } be an IFN.  

Let   (   )   
.(   )  /

 
 be a regular reducing function 

with positive parameter k.  Then the characteristic values 

of membership and non-membership for IF number  ̃ with 

parameter k denoted by    
 ( ̃) ,   

 ( ̃) respectively, are 

defined by  

  
 ( ̃)  ∫  (   )[  ̃

  ( )    ̃
  ( ) ]  

 

 
   

,   
 ( ̃)  ∫  (   )[  ̃

  ( )    ̃
  ( ) ]  

 

 
 

Simple calculation implies that 

  
 ( ̃)  

   

 
∫    [  ̃

  ( )    ̃
  ( )  ]  
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 ( ̃)  

   

 
∫   [  ̃

  ( )    ̃
  ( ) ]    

 

 
for k  [0,∞).   

 

Various approach to the definition of the characteristic 

values of membership and non-membership of a IFN is 

dependent on the parameter k. It has an interesting 

interpretation. 

Let k =0, then   
 ( ̃)  

 

 
∫  [  ̃

  ( )    ̃
  ( ) ]  

 

 
 , 

    
 ( ̃)  

 

 
∫ [  ̃

  ( )    ̃
  ( ) ]   

 

 
 

Let k =1 , then   
 ( ̃)  ∫  [  ̃

  ( )    ̃
  ( ) ]  

 

 
 ,  

    
 ( ̃)  ∫  [  ̃

  ( )    ̃
  ( ) ]   

 

 
 

Letting k approach to ∞, it is easily shown that 

        
 ( ̃)   

 
 ̃
    

 ̃
  

 
  

     

 
 ,  

      
 ( ̃)   

 
 ̃
    

 ̃
  

 
  

     

 
  

 which are the mean values of the intervals [     ] and 

[     ] respectively.  Note that the larger the value k is, 

the less influence of the left and right functions of 

membership and non-membership, is on the characteristic 

values of the IF number. 

 

Definition 12 : 

Let  ̃  (                           ) be a TIFN 

with membership and non-membership functions as 

defined in (4).   

In this case , 

    ̃( )  
      

        
 ,   ̃( )  

      

        
  ,     ̃( )  

      

        
  and   

  ̃( )   
      

        
   

The inverses for these shape functions for any r   ,   - are  

   ̃
      (     )   ,    ̃

       (      )  , 

    ̃
      (      )(   ) , 

   ̃
       (      )(   ). 

Thus,    
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The Steps of the ranking method to order two IFNs  ̃ and 

 ̃  by comparing their characteristic values proposed by 

Nehi [19]  is as follows 

Step1:  

         For a given k, compare   
  ( ̃) and   

  ( ̃).  If they 

are equal, then go to step2.  Otherwise rank   ̃ and  ̃ 

according to the relative position of    
  ( ̃) and   

  ( ̃).   

Step2:   

        Compare   
  ( ̃) and  

  ( ̃).   If they are equal, then 

conclude that  ̃ and  ̃ are equal.   Otherwise rank   ̃ and  ̃ 

according to the relative position of     
  ( ̃) and 

   
  ( ̃). 

V. THE INTUITIONISTIC FUZZY 

TRANSPORTATION PROBLEM  

In this section, mathematical model for Intuitionistic fuzzy 

transportation problem (IFTP) is given as follows 

Consider a transportation problem with m Intuitionistic 

fuzzy origins (rows) and n Intuitionistic fuzzy destinations 

(columns).  

Let  ̃     (   
( )

      
( )

     
( )

     
( )     

( )     
( )     

( )     
( ) ) be 

the cost of transporting one unit of the product from i
th

 

Intuitionistic fuzzy origin to j
th

 Intuitionistic fuzzy 

destination.  

 

 ̃  = (  
( )

    
( )

    
( )

    
( )

    
( )

   
( )

   
( )

   
( )

) be the 

quantity of commodity available at Intuitionistic fuzzy 

origin i. 

 ̃  = (  
( )

    
( )

    
( )

    
( )

    
( )

   
( )

   
( )

   
( )

) be the 

quantity of commodity needed at Intuitionistic fuzzy 

destination j.  

 ̃     (   
( )

     
( )

     
( )

     
( )

     
( )

    
( )

    
( )

    
( )

 ) is the 

quantity transported from i
th

 Intuitionistic fuzzy origin to 

j
th

 Intuitionistic fuzzy destination. 

The IFTP can be stated in the tabular form as 

 
 

IFOi (i=1,2,…m) – Intuitionistic Fuzzy Origin, IFDj 

(j=1,2,…n) – Intuitionistic Fuzzy Destination, IFC – 

Intuitionistic Fuzzy Capacity, IFD – Intuitionistic Fuzzy 

Demand. 

Definition 13 : 

The given Intuitionistic fuzzy transportation 

problem is said to be balanced if 

∑(  
( )

    
( )

    
( )

    
( )

    
( )

   
( )

   
( )

   
( )

)

 

   

 

  ∑(  
( )

    
( )

    
( )

    
( )

    
( )

   
( )

   
( )

   
( )

)

 

   

  

(ie) if the total Intuitionistic fuzzy capacity is equal to the 

total Intuitionistic fuzzy demand. 

Definition 14 : 

Any set of Intuitionistic fuzzy allocations  

  ̃    .     
 

 
   

 

 
    

 

 
  

 

 
  

 

 
  

 

 
   /,   ,   -, 

which satisfies the row and column sum is a Intuitionistic 

fuzzy feasible solution. 

 

Definition 15 : 

 A Intuitionistic fuzzy feasible solution is a 

Intuitionistic fuzzy basic feasible solution if the number of 

allocation is at most (m+n-1) where m is the number of 

rows and n is the number of columns in a Intuitionistic 

fuzzy transportation table. 

Definition 16 : 

 Any Intuitionistic fuzzy feasible solution to a 

Intuitionistic fuzzy transportation problem containing m 

origins and n destinations is said to be Intuitionistic fuzzy 

non degenerate if it contains exactly (m+n-1) occupied 

cells. 

VI. INTUITIONISTIC FUZZY COST 

DEVIATION METHOD 

 

An approach, Intuitionistic Fuzzy Cost Deviation Method 

is proposed to find the initial basic feasible solution of 

IFTP and the steps are summarized as follows:  

  

Step 1: The Intuitionistic fuzzy cost deviation table is 

constructed for the given Intuitionistic fuzzy transportation 

problem as follows.   

 

The row and column intuitionistic fuzzy cost deviation of a 

cell for each row and each column is computed to obtain 

an ordered pair.  This ordered pair is equal to the 

intuitionistic fuzzy transportation cost of the cell minus the 

intuitionistic fuzzy minimum of the corresponding row or 

column intuitionistic fuzzy transportation cost. The 

ordered pair (θ,ϕ) is the intuitionistic fuzzy cost deviation, 

if θ is the row intuitionistic fuzzy cost deviation and ϕ is 
the column intuitionistic fuzzy cost deviation of the cell.   

Step 2: A row r which contains the maximum 

intuitionistic fuzzy row cost deviation is found. 

Step 3: A column t which contains the maximum 

intuitionistic fuzzy column cost deviation is found. 

Step 4: The minimum intuitionistic fuzzy cost deviation in 

the rth row is found, say (   )  
Step 5: The minimum intuitionistic fuzzy cost deviation in 

the th column is found, say (   )  
Step6: The corresponding cells for (   ) and (   ) are 

found say (   ) and (   ) respectively. 

Step 7: (a) If      and       , both cells (   ) and 

(   ) are selected and the maximum  possible is allocated 

to them. 

(b) (i) If      and        or        and       , if 
(   )   (   ), cell (   ) is selected, the maximum 
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possible is allocated to it.  Then, cell (   ) is selected and 

the maximum possible is allocated to it.  

(ii) If      and        or        and       , if 
(   )   (   ), cell (   ) is selected, the maximum 

possible is allocated to it.  Then, cell (   ) is selected and 

the maximum possible is allocated to it. 

(iii) If      and        or        and       , if 
(   )   (   ), any one of the cell is selected and the 

maximum possible is allocated to it.  Then, another cell is 

selected, the maximum possible is allocated to it. 

(c) If      and      , cell (   )   (   ) is selected 

and the maximum possible is allocated to it.    

Step 8: The intuitionistic fuzzy transportation table is 

refined after deleting fully used intuitionistic fuzzy supply 

points and fully received intuitionistic fuzzy demand 

points.  Incompletely used intuitionistic fuzzy supply 

points and incompletely received intuitionistic fuzzy 

demand points are modified. 

Step 9: The intuitionistic fuzzy cost deviation table is 

constructed for the reduced intuitionistic fuzzy 

transportation problem.  Then, step 2 is executed. 

Step 10 : The above process is repeated until all 

intuitionistic fuzzy supply points are fully used or all fuzzy 

demand points are received.  

Step 11 : A intuitionistic fuzzy solution is resulted for the 

problem from the allotment. 

VII. NUMERICAL EXAMPLE 

In this section the method discussed in section 6 is 

illustrated by an example(Sagaya and Henry [21]).  

 

Consider a IFTP with rows representing three Intuitionistic 

fuzzy origins IFO1 IFO2 IFO3 and columns representing 

four destinations IFD1 , IFD2, IFD3, IFD4.  

 

 
 

Since ∑     
 
    =  ∑     

 
    = (12,17,24,30,42,48,57,66,), the 

problem is a balanced IFTP and there exists a feasible 

solution to the IFTP.   

 

Intuitionistic Fuzzy Cost Deviation Method :  

 

By step 1, the intuitionistic fuzzy cost deviation table is 

constructed as follows 

 
 

 

The maximum intuitionistic fuzzy row cost deviation is 

identified, which is in cell (3,3) and the minimum 

intuitionistic fuzzy row cost is selected from the third row , 

which is to be in cell  (3,2).   

 

The maximum intuitionistic fuzzy column cost deviation is 

identified, which is in cell (2,1) and the minimum 

intuitionistic fuzzy column cost is selected from the first 

column , which is to be in cell  (1,1).  The selected cells 

are (3,2) , (1,1).  

 

By step 7, maximum possible units are allocated to cells 

(3,2) and (1,1).   

 

After the allocation is made on both the cells, it results in 

the intuitionistic fuzzy transportation table shown below: 

 
Applying step 1 to the above table, the following 

intuitionistic fuzzy cost deviation table is obtained. 

 
The maximum intuitionistic fuzzy row cost deviation is 

identified, which is in cell (3,3) and the minimum 

intuitionistic fuzzy row cost is selected from the third row , 

which is to be in cell  (3,4).  The maximum intuitionistic 

fuzzy column cost deviation is identified, which is in cell 

(2,4) and the minimum intuitionistic fuzzy column cost is 

selected from the second column , which is to be in cell  

(3,4).  The selected cell is (3,4).  
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By step 7, maximum possible units are allocated to cells 

(3,4). 

After the allocation is made on the cell, it results in the 

intuitionistic fuzzy transportation table shown below: 

 
Applying step 1to the above table, the following 

intuitionistic fuzzy cost deviation table is obtained. 

  

 
After the allocation is made on the cells, the allocation is 

completed as follows  

 

 
Initial basic feasible solution to the given IFTP is obtained 

and the Intuitionistic fuzzy transportation cost according to 

the above route is 

(2,4,5,6,10,11,14,15) ⊗ (1,2,4,5,7,8,10,12) ⊕  

 (-11,-9,-4,-2,5,8,11,14)⊗ (3,4,6,7,9,11,13,15)⊕ 

(2,3,5,6,9,10,14,16)⊗(2,3,5,7,10,12,14,15)⊕ 

(-27,-18,-11,-4,7,14,20,28)⊗ (1,4,5,7,10,12,13,15)⊕  

( 3,4,6,8,12,13,14,18)⊗ (2,3,4,5,8,9,10,11)⊕  

(-12,-6,-2,3,12,17,23,30)   ⊗ (1,3,4,6,9,10,11,14 ) 

= ( -726,-388,-127,81,412,511,669,718) 

By applying IFMDM (Sagaya and Henry [21] ), it is found 

that the current basic feasible solution is an optimum one 

and the optimal intuitionistic fuzzy transportation cost 

associated with the optimum schedule is  

( -726,-388,-127,81,412,511,669,718) 

 

VIII. CONCLUSION 

Intuitionistic Fuzzy Cost Deviation Method is proposed to 

find the initial basic feasible solution of the intuitionistic 

fuzzy transportation problem where transportation costs, 

the supply quantities and the demand quantities are 

intuitionistic trapezoidal fuzzy numbers. This method is 

easy to understand and to apply and the initial solution 

obtained is same as it is obtained by using Intuitionistic 

Fuzzy Vogel’s Approximation Method (Sagaya and 

Henry[21]) and applying IFMDM (Sagaya and Henry[21]) 

, it is found that the current basic feasible solution is an 

optimum one and so it is concluded that by applying the 

proposed method one can easily find the solution of IFTP.  
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