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Abstract- In this paper, the fixed charge solid transportation problem under uncertainty is investigated. 

Nowadays finding an efficient solution for transportation problem is one of the main issues for organizations 

and industries. According to the real world, in this paper, it is assumed that the products are transported with 

fixed charge solid transportation problem. Besides, the fuzzy values are used conferring to the value of the 

parameter in the real world. In this paper, we focus on solution of fixed charge solid transportation problem 

transportation problem by Grey Situation Decision (GSD) making theory with membership function. 
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1. Introduction to Solid transportation problem with fixed charge 

       It is well-known that the transportation problem (TP) plays an important role in logistics and supply chain 

management for reducing cost and improving the service quality. In the traditional transportation problem, there 

are two kinds of constraints taken into consideration, i.e., source constraint and destination constraint. For the 

TP, various algorithms have been investigated by many researchers such as [1]- [4]. But in real life, we have to 

deal with other constraints besides source constraint and destination constraint, such as transportation mode 

constraint. Then, as an extension of the traditional TP, the solid transportation problem (STP) was introduced by 

[5]. Even since then, the STP has been received much attention and many models have been investigated. For 

example, Bhatia [6] presented an algorithm for a solid transportation problem wherein the objective function is 

indefinite quadratic. Reference [7] provided a method based on the principle of zero point method ([8]) to find 

an optimal solution of the STP. Reference [9] studied a capacitated two-stage time minimization transportation 

problem. Another important extension of the traditional TP is the fixed charge transportation problem, which 

was initialized by Reference [10]. Up to now, it has been studied by many researchers such as [12] and so on. In 

classical models and algorithms, the parameters of the models are supposed to be crisp values. Reference [13] 

investigated a bicriteria solid transportation problem with stochastic parameters and constructed three models 

for the problem. References [14, 15] investigated fixed charge transportation problem in the uncertain 

environment. Reference [16] proposed an expected constrained programming model for STP in the uncertain 

environment. Reference [17] investigated a transportation problem under conditions of emergency scheduling. 

Recently, Reference [18] studied a transportation problem with uncertain costs and random supplies. Reference 

[19] applied type-2 uncertain optimization methods for solving the fixed charge solid transportation problem.  

          The traditional transportation problem (TP) is a well-known optimization problem in operational research, 

in which two kinds of constraints are taken into consideration, i.e., source constraint and destination constraint. 

But in the real system, we always deal with other constraints besides of source constraint and destination 

constraints, such as product type constraint or transportation mode constraint. For such case, the traditional TP 

turns into the solid transportation problem (STP). As a generalization of traditional TP, the STP was introduced 

by [20] in 1962. In recent years, the STP received much attention and many models and algorithms under both 

crisp environment and uncertain environment have been investigated. For example, Reference [21] presented the 

fuzzy programming model for a multi-objective STP, Reference [22] studied two kinds of uncertain STP, that is, 

the supplies, demands and conveyance capacities are interval numbers and fuzzy numbers, respectively. 

Reference [23] designed an evolutionary algorithm based parametric approach to solving fuzzy STP. In addition, 

Reference [24] designed a neural network approach for multi-criteria STP, also, they presented an improved 

genetic algorithm to solve multi-objective STP with fuzzy numbers in [25]. 

          It is easy to see from the literature that the research of STP under fuzzy environment is very popular in 

recent years. One of the reasons is due to the development of the fuzzy set theory so that the ability to deal with 

fuzziness is improved. As we know, the fuzzy set theory was introduced by [26] to deal with fuzziness. Up to 

now, the fuzzy set theory has been applied to broad fields. With respect to fuzzy programming, [29] presented 
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three kinds of ways to construct models in the fuzzy environment, that is, expected value model, chance-

constrained programming model, and dependent-chance programming model. 
 

 

2. Mathematical formulation of fixed charge Solid transportation problem 
           In this section, we shall introduce some knowledge of fixed charge STP. Suppose that there are 

m sources, n   destinations, and l  conveyances. The goal of the STP is to make a transport plan so that the total 

transportation cost is minimized. There are two types of costs will be taken into consideration, which is the 

direct cost and the fixed charge. The direct cost is the cost with respect to per unit transportation amount. The 

fixed charge will be paid when the transportation activity between a source and a destination by a conveyance 

occurs. In order to construct the mathematical model for the fixed charge STP, some notations and assumptions 

are listed in Table -1. 

      In order to model the above mentioned fixed charge STP, the following notations are employed: 

 

Table-1: List of notations and assumptions 

 1, 2 , .,i m    The index for sources 

 1, 2 , .,j n    The index for destinations 

 1, 2 , .,k l    The index for conveyances 

i
a  The amount of products in source  which can be transported to destinations 

j
b  The minimal demand of products in destination   

k
c  The transportation capacity of conveyance   

i jk
d  The direct cost of unit transportation amount from source  to destination j by 

conveyance  

 
i jk

e  The fixed charge with respect to transportation activity from source  to destination j 

by conveyance  

 
i j k

x  The quantity transported from source i to destination  by conveyance  

 
1; 0

0 ; o th e rw is e

i jk

i jk

x
y


 


  

 

       Where 1, 2, .,i m   ; 1, 2, .,j n   ; 1, 2, .,k l    respectively. This implies that, if the transportation 

activity is assigned from source  to destination  by conveyance , then the corresponding fixed charge will 

occur. Then the total cost, as well as the objective function, is
 

      
1 1 1
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m n l

ijk ijk ijk ijk

i j k

f x y d x e y

  

     

where  x   and y   denote the vectors consisting of 
i j k

x  and ,
i jk

y
 

1, 2, .,i m   ; 1, 2, .,j n   ; 1, 2, .,k l  , respectively. Therefore, the fixed charge STP can be described by 

the model as follows: 
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                The first constraint requires that the total amount transported from source i   is no more than 
i

a  ; the 

second constraint requires that the total amount transported from m   sources should satisfy the demand of 

destination j   and the third constraint is a capacity constraint. The above model assumes , , , ,
i j k ijk ijk

a b c d e  are all 

constants. But in the real world, the transportation plan is always made in advance, thus it is impossible for us to 

know these values precisely. If there is enough historical data of the information about them, we can regard 

them as random variables. However, when we are lack of historical data or historical data is invalid because of 

unexpected events have occurred. We usually have some domain experts to evaluate the belief degree that each 

event will occur. This expert data is just the subject of the uncertainty theory.
 

           For the fixed charge STP discussed in the uncertain environment, we assume that , , ,  an d  
i j k ijk ijk

a b c d e  are 

all uncertain variables, and rewrite them as     a n d, ,  ,
i j k i jk ijk

a b c   respectively. Also, assume that all the uncertain 

variables are independent. Then the fixed charge STP becomes uncertain fixed charge STP, denoted by UCSTP. 

We will see that the uncertainty theory offers a useful tool to deal with UCSTP.
 

 

3. Grey situation decision-making theory and Fuzzy Programming Technique based approach to 

find the solution to the fixed charge solid Transportation problem:  

           Consider some notations to define the variables and the sets in multi-objective transportation problem. 

           Let 
1 2
, , .......{ },

m
O O O O be the set of m-origins having

i
a    1,  2 , ....,i m  units of supply respectively. 

Let 
1 2

{ , , ..... },
n

D D D D be the set of n-destinations with ( 1, 2 , ...., )
j

b j n  units of requirement respectively. 

Let
1 2
, E , .......{ E }, E

l
E   be the set of l  -conveyances having 

k
e    1,  2 , .... ,k l units of supply respectively.  


        There is a penalty 
i jk

p associated with transporting a unit of product from th
i  source to destination with k 

conveyance. This penalty may be cost or delivery time or safety of delivery etc. A variable 
i j k

x represents the 

unknown quantity to be shipped from th
i source to th

j  destination with k conveyance. The problem is to 

determine the transportation schedule when multiple objectives exist.  

        Grey situation decision-making theory is used to minimize or maximize the total transportation penalty 

according to the problem which satisfying supply and demand conditions. Consider the set of m-origins 

1 2
, , .......{ },

m
O O O O  as the set of events, the set of n destinations 

1 2
{ , , ..... },

n
D D D D as the set of 

countermeasure,
 1 2

, E , .......{ E }, E
l

E   as the set of conveyance the penalty 
i jk

p  as the situation set denotes by 

{ , ) /( , E }E, ,
ijk kj ki i j

P p O D O D EO D    

          First of all, confirm the decision-making goals (objectives) and seek the corresponding effect measure 

matrix ( )t
U .   

( t) ( t) ( t)

1 1 1 1 1 2 1

(t) ( t) ( t)

( t) ( t) 2 1 1 2 1 2 2

(t) ( t) ( t)

1 1 1 2

. . . . . .

. . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .

n l

n l

i jk

m m m n l

u u u

u u u
U u

u u u

 

 

   
   

 
  

 

         Where   

( t)
 w h e re  m in ( , )

fo r  i 1, 2 , .. . . . , m , j= 1 ,2 ,.. . . . ,n  a n d   

 is  f ix e d  c o

 1,  2 , .. .

s

. ,

t

i jk

i jk i jk i jk i j i j

i j

i jk

f
u C c m a b

m

k l

f

   

   

         Here, the data of decision-making goals for transporting a product is the effective value
( )t

i jk
u  of situation 

i jk
p P with the objective t=  1,  2, ...., s . 
 

        Now, find the upper effect measure and lower effect measure by the formula: 
 

 Upper effect measure 

 
( ) ( ) ( )

m ax m ax m ax
t t t

ijk ijk ijk
i j k

r u u  

 Lower effect measure 

 
( )

( ) ( )
m in m in m in

t
t t

i jk ijk ijk
i j k

r u u  

        And achieve the consistent matrix of effect measure (r)
R  by using upper effect measure or lower effect 

measure as  
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( ) ( ) ( )

1 1 1 1 1 2 1

( ) ( ) ( )

( t ) ( ) 2 1 1 2 1 2 2

( ) ( ) ( )

1 1 1 2

. . . . . .

. . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .

t t t

n l

t t t

t n l

i jk

t t t

m m m n l

r r r

r r r
R r

r r r

 

 

   
   

 
  

 

         Subtract each data of comprehensive matrix R of effect measure from 1 to convert combine maximization 

objective in minimization form and then find solutions of this grey theory based multi-objective problem from 

the comprehensive matrix ( )t

i jk
r of effect measure and by using given supply, demand, and conveyance as like 

LPP problem.


          In fuzzy programming technique, we first find the lower bound as 
k

L   and the upper bound as 
k

U  for the 

th
k objective function ,  1, 2 , ,

k
Z k K  where

k
U  is the highest acceptable level of achievement for 

objective k ,
k

L  the aspired level of achievement for objective k  and     
k k k

d U L the degradation allowance 

for objective k  . When the aspiration levels for each of the objective have been specified, a fuzzy model is 

formed and then the fuzzy model is converted into a crisp model. Here, in this developed approach we first 

utilized Grey situation decision-making theory is utilized to Find the lower effect measure ( t )

i jk
r

 
and upper effect 

measure ( t )

i jk
r and accomplish the consistent matrix of effect measure ( t) ( t)

[ ]
i jk

R r  for each objective k. These 

matrices of each objective are utilized as a cost matrix of each objective in fuzzy programming technique and 

solution are obtained. So here Grey situation decision-making theory is utilized for normalization of data. 
 

 

 3.1 Algorithm for finding the solution of fixed charge solid transportation problem using MGSD 

theory:
 

Input: Effect measure matrix      

 
1 2(t)

, , .., ;
s

U U mU U n      

Output: Solution of fixed charge solid transportation problem  

begin 

Read: Example 

while example = fixed charge solid transportation problem do 

for k=1 to s do 

enter effect measure matrix 
 t

U    

end 

-| Find the lower effect measure ( t )

i jk
r and upper effect measure ( t )

i jk
r and accomplish the 

The consistent matrix of effect measure ( t) ( t)
[ ]

i jk
R r . 

for k=1 to s do 

 
(t) (t) (t)

m in m in  m in
ijk ijk ijk

i j k

r u u  

 
(t) (t) (t)

m ax m ax  m ax
ijk ijk ijk

i j k

r u u  

( ) ( ) ( )

1 1 1 1 1 2 1

( ) ( ) ( )

( t ) ( ) 2 1 1 2 1 2 2

( ) ( ) ( )

1 1 1 2

. . . . . .

. . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .

t t t

n l

t t t

t n l

i jk

t t t

m m m n l

r r r

r r r
R r

r r r

 

 

   
   

 
  

 

end 

-| Subtract each data of comprehensive matrix R of effect measure from 1 to convert combine maximization 

objective in minimization form. 

-| Find solutions for multi-objective transportation problem from the comprehensive matrix [ ]
i jk

R r  of effect 

measure using modified distribution method in LINGO package. 

-| Find pay off matrix by using each objective solution.  

-| Define linear as well as hyperbolic membership function using payoff matrix. 

-| Developed single objective optimization problem using fuzzy linear membership Function and hyperbolic 

function. 

-| Solve above developed model and find the compromise solution. 
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4. Numerical illustrations 

4.1 Numerical illustration-1: 

         To illustrate the efficiency of the proposed method we consider the following numerical example, consider 

the following fixed charge solid transportation problem [30]: 

         Suppose that there are four coal mines to supply the coal for six cities, and two kinds of conveyances are 

available to be selected i.e., train and cargo ship. Now, the decision maker should make a transportation plan for 

the next month such that the transportation cost minimized. In the following experiments, the notations 
  , a n d    

i j k
a b c are employed to denote the supply capacities, demands, and transportation capacities, respectively.  

        Assume that all uncertain variables are independent zigzag uncertain variables, which are listed as 

follows:
 
           1 2 3 4

~ 1 5 , 3 3, 3 9 , ~ 1 8 , 3 2 , 3 8 , ~ 1 7 , 3 2 , 3 5 , ~ 2 0 , 3 4 , 3 6a a a aZ Z Z Z   

                 1 2 3 4 5 6
~ 1 0 ,1 3,1 5 , ~ 1 2 ,1 5 ,1 7 , ~ 8 ,1 2 ,1 4 , ~ 1 1,1 3,1 6 , ~ 1 3,1 5 ,1 8 , ~ 9 ,1 3,1 6b b b b b bZ Z Z Z Z Z  

     1 2
~ 5 0 , 5 6 , 6 0 , ~ 5 8 , 6 5 , 7 0c cZ Z  

        In addition, we also assume that the direct costs 
i j k

 and fixed charges
i j k

  are independent zigzag uncertain 

variables, which are listed in Tables 2–5, respectively. 

Table- 2: The Direct costs by train 1
( )

i j
  

M in e s C itie s


  1 2 3 4 5 6 

1 (8,11,12) (6,7,10) (10,12,15) (8,10,13) (9,11,15) (7,9,12) 

2 (6,7,10) (7,10,12) (8,12,14) (5,9,12) (10,12,15) (8,10,13) 

3 (5,8,12) (8,10,13) (6,8,12) (9,10,13) (7,10,12) (8,10,13) 

4 (10,12,13) (7,9,13) (7,9,12) (5,8,10) (12,13,15) (10,12,13) 

 

Table-3:  The fixed charges by train 1
( )

i j


 
M in e s C itie s



  1 2 3 4 5 6 

1 (4,6,9) (5,6,8) (4,6,9) (3,5,8) (4,6,9) (3,5,6) 

2 (4,6,7) (2,5,6) (4,5,7) (3,4,6) (3,6,7) (3,5,6) 

3 (3,4,6) (3,5,6) (3,4,6) (5,7,8) (4,6,7) (3,4,6) 

4 (4,6,9) (2,5,6) (2,3,5) (3,4,7) (3,6,8) (5,6,9) 

 

Table: 4: The Direct costs by ship 2
( )

i j


 
M in e s C itie s



  1 2 3 4 5 6 

1 (10,15,17) (10,12,15) (8,10,13) (10,13,18) (12,14,17) (9,12,14) 

2 (8,10,13) (9,13,16) (9,13,15) (10,14,16) (13,16,18) (12,15,16) 

3 (10,12,15) (11,14,15) (10,14,17) (7,8,10) (12,13,15) (9,10,12) 

4 (8,10,13) (9,12,14) (12,15,17) (10,12,16) (10,15,18) (8,10,13) 

 

Table-5: The fixed charges by ship 1
( )

i j


 
M in e s C itie s



  1 2 3 4 5 6 

1 (5,7,8) (3,6,8) (5,6,8) (5,7,8) (6,8,9) (5,7,10) 

2 (2,5,6) (4,7,8) (4,6,9) (3,6,8) (5,8,10) (4,8,10) 

3 (3,6,8) (4,7,8) (2,6,9) (2,3,5) (6,8,11) (4,7,9) 

4 (2,5,7) (5,7,8) (5,7,8) (4,7,9) (4,8,10) (2,5,7) 

 

Solution: 

Step-1: Using the formula
i jk

i jk i jk

i j

f
C c

m
   for lower, middle and upper values. 

 For lower values
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(1 )

8 .4 1 0 .5 6 .4 1 6 7 1 0 .2 5 1 0 .5 8 .6 2 5 8 .2 7 2 7 1 0 .4 5 4 5 9 .3 0 7 7 1 2 .4 6 1 5 7 .3 3 3 3 9 .5 5 5 6

6 .4 8 .2 7 .1 6 6 7 9 .3 3 3 3 8 .5 9 .5 5 .2 7 2 7 1 0 .2 7 2 7 1 0 .2 3 0 8 1 3 .3 8 4 6 8 .3 3 3 3 1 2 .4 4 4 4

5 .3 1 0 .3 8 .2 5 1 1 .3 3 3 3 6 .3 7 5 1 0 .2 5 9 .4 5 4 5 7 .1 8 1 8 7 .3 0 7 7 1 2 .4 6 1 5 8 .3 3 3 3 9 .4 4 4 4

1

U 

0 .4 8 .2 7 .1 6 6 7 9 .4 1 6 7 7 .2 5 1 2 .6 2 5 5 .2 7 2 7 1 0 .3 6 3 6 1 2 .2 3 0 8 1 0 .3 0 7 7 1 0 .5 5 5 6 8 .2 2 2 2

 

 

 

 

 

 

For middle values


 

( 2 )
7 .4 6 1 5 1 0 .3 8 4 6 1 0 .3 3 3 3 1 3 .4 6 6 7 1 2 .

1 1 .4 6 1 5 1 5 .5 3 8 5 7 .4 0 0 0 1 2 .4 0 0 0 1

4 1 6 7 1 3 .5 9 .3 0 7 7 1 4 .4 6 1 5 1 2 .4 1 6 .

2 .5 0 0 0 1 0 .5 0 0 0 1 0 .3 8 4 6 1 3 .5 3 8 5

5 3 3 3 1 0 .3 8 4 6 1 5 .6 1 5 4

8 .3 0 7 7 1 2 .

1

4

1 .

6

4 0

1 5

0 0 1 4

1 0 .3

.5 3 3 3 9 .3

3 3 3 1 4 .4 6

8 4 6 1

6 7 8 .

2 .5 3 8

3 3 3 .5

5

3 1 4
U 

1 0 .5 3 8 5 8 .2 3 0 8 1 0 .4 1 3 .5 3 3 3 1 0 .3 0 7 7 1 0 .5 3 8 5

1 2 .4 6 1 5 1 0 .3 8 4 6 9 .3 3 3 3 1 2 .4 6 6 7 9 .2 5 1 5 .5 8 3 3 8 .3 0 7 7 1 2 .5 3 8 5 1 3 .4 1 5 .5 3 3 3 1 2 .4 6 1 5 1 0 .3 8 4 6

 

 

 

 

 

 

For upper values
 

( 3 )

1 2 .6 1 7 .5 3 3 3 1 0 .4 7 0 6 1 5 .4 7 0 6 1 5 .6 4 2 9 1 5 .3 7 1 4 1 3 .5 1 8 .5 1 5 .5 1 7 .5 1 2 .3 7 5 0 1 4 .6 2 5

1 0 .4 6 6 7 1 3 .4 1 2 .3 5 2 9 1 6 .4 7 0 6 1 4 .5 1 5 .6 4 2 9 1 2 .3 7 5 1 6 .5 1 5 .3 8 8 9 1 8 .5 5 5 6 1 3 .3 7 5 1 6 .6 2 5

1 2 .4 1 5 .3 3 3 3 1 3 .3 5 2 9 1 5 .4 0 6 1 2 .4 2 8 6 1 7 .6 4 2 9 1 3 .5 1 0 .3 1 2 5 1 2 .3 8 8
U 

9 1 5 .6 1 1 1 1 3 .3 7 5 1 2 .5 6 2 5

1 3 .6 1 3 .4 6 6 7 1 3 .3 5 2 9 1 4 .4 7 0 6 1 2 .3 5 7 1 1 7 .5 7 1 4 1 0 .4 3 7 5 1 6 .5 6 2 5 1 5 .4 4 4 4 1 8 .5 5 5 6 1 3 .5 6 2 5 1 3 .4 3 7 5

 

 

 

 

 

 

 

 Step-2: Select the minimum number from
i jk

c ;    e lem en t  o f    su p p ly ,
i jk

c i  d em an d ,  co n veyan cej k , row-wise and 

take the ratio of minimum number and 
i jk

c for all objective and select the minimum number from
i jk

c  

column wise and take the ratio of minimum number and 
i jk

c for all objective. 

         For transporting a product, time and cost are less than its the batter, so use lower effect measure. So the 

lower effect measure for first data 
 1 1 1

(1 ) 1 1 1

1 1 1

1 1 1

m in m in m in
5 .3

8 .4

u

r
u

   

         Similarly, obtain lower effect measure for each data. Therefore the consistent matrices of effect measure 

are given below and subtract each data from 1 to convert combine maximization objective in minimization form, 

therefore, we have; 

For lower values 
 

(1 )

0 .3 6 9 0 0 .3 8 8 9 0 0 .3 7 4 0 0 .3 9 2 9 0 .2 5 6 0 0 .3 6 2 6 0 .3 8 6 2 0 .3 1 0 6 0 .4 8 5 1 0 .1 2 5 0 0 .3 2 8 5

0 .1 7 6 1 0 .3 5 7 0 0 .2 6 4 3 0 .4 3 5 1 0 .3 7 9 7 0 .4 4 5 0 0 0 .4 8 6 7 0 .4 8 4 6 0 .6 0 6 1 0 .3 6 7 3 0 .5 7 6 3

0 0 .4 8 5 4 0 .3 5 7 6 0 .5 3 2 4 0 .1 6 8 6 0 .4 8 2 9 0 .4 4 2 3 0 .2 6 2 0 0 .2 7 4 7 0 .5 7 4 7 0 .3 6 4 0
R 

0 .4 3 8 8

0 .4 9 3 0 0 .3 5 7 0 0 .2 6 4 3 0 .4 4 0 1 0 .2 7 2 7 0 .5 8 2 4 0 0 .4 9 1 2 0 .5 6 8 9 0 .4 8 8 5 0 .5 0 0 5 0 .3 5 8 7

 

 

 

 

 

 

Similarly, for middle values 

( 2 )

0 .3 5 4 4 0 .5 2 3 8 0 0 .4 0 3 2 0 .4 0 8 0 0 .2 9 5 2 0 .2 8 7 4 0 .4 5 3 4 0 .3 5 0 9 0 .4 9 0 8 0 .2 1 1 5 0 .4 0 9 8

0 0 .2 8 1 5 0 .2 8 3 9 0 .4 4 5 9 0 .3 0 9 1 0 .4 4 7 3 0 .1 9 8 4 0 .4 8 4 0 0 .3 9 8 3 0 .5 4 8 7 0 .2 8 1 5 0 .5 2 2 2

0 .1 0 1 9 0 .3 3 9 5 0 .2 8 3 9 0 .4 3 1 1 0 .0 1 2 3 0 .4 3 2 4 0 .2 1 9 0 0 0 .2 0 8 6 0 .3 9 1 8 0 .2 0 1 5
R 

0 .2 1 9 0

0 .4 9 3 0 0 .3 5 7 0 0 .2 6 4 3 0 .4 4 0 1 0 .2 7 2 7 0 .5 8 2 4 0 0 .4 9 1 2 0 .5 6 8 9 0 .4 8 8 5 0 .5 0 0 5 0 .3 5 8 7

 

 

 

 

 

 

Similarly, for upper values 

( 3 )

0 .1 6 9 3 0 .4 0 2 8 0 0 .3 2 3 2 0 .3 3 0 6 0 .2 2 8 5 0 .2 2 6 9 0 .4 4 2 6 0 .3 2 4 5 0 .4 0 1 7 0 .1 5 3 9 0 .2 8 4 1

0 0 .2 1 8 9 0 .1 5 2 7 0 .3 6 4 5 0 .2 7 8 2 0 .3 3 0 9 0 .1 5 6 6 0 .3 7 5 0 0 .3 1 9 9 0 .4 3 5 9 0 .2 1 7 4 0 .3 7 0 4

0 .1 6 8 3 0 .3 3 6 1 0 .2 2 7 7 0 .3 3 3 4 0 .1 7 0 3 0 .4 1 5 5 0 .2 3 6 1 0 0 .1 6 7 6 0 .3 3 9 4 0 .2 2 9 0
R 

0 .1 7 9 1

0 .2 3 2 5 0 .2 2 4 9 0 .2 1 8 3 0 .2 7 8 7 0 .1 5 5 3 0 .4 0 6 0 0 0 .3 7 7 4 0 .3 2 4 2 0 .4 3 7 5 0 .2 3 0 4 0 .2 2 3 3

 

 

 

 

 

 

 

Step-3: Find solutions for fixed charge solid transportation problem from the consistent matrix of effect measure 

using the simplex method. And we have 
 

     

     

     

1 3

2 2 2

1 1

1 3

3 3 3

31

1

2

2

2

1 9 .4 7 0 8 2 3 .2 3 9 7 2 1 .4 1 5 5

P ay-o ff m a trix 2 6 .1 8 3 1 3 .5 6 4 7 1 4 .9 6 0 9

2 4 .3 8 5 1 1 3 .8 4 8 4 1 2 .2 3 8 1

Z X Z X Z X

Z X Z X Z X

Z X Z X Z X

 
  
   
  
    

 

 

Applying fuzzy linear membership function, we get the solution of this model is  

 1 2 3
0 .6549527    &    668 .8022544, 876 .6911763, 1 151 .075837Z Z Z    

 
Applying fuzzy hyperbolic membership function, we get the solution of this model is 
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 (Where, 
1 2 3

1  )a a a    

 1 2 3
0 .8 6 5 2 3 0 7 2 9   &    6 6 8 .8 0 2 2 5 4 4, 8 7 6 .6 9 1 1 7 6 3, 1 1 5 1 .0 7 5 8 3 7Z Z Z       

4.1.1 Comparison of fixed charge solid transportation problem of Grey situation decision-making theory 

approach with other approaches 
 

Table-6 indicates the grey situation decision-making theory approach can be provided an alternative approach to 

find the solution of numerical illustration-1. 

 

Table-6: Comparison of results obtained by using different approaches for numerical illustration-1 

by Grey situation decision-making theory 

approach
 

Other approach [30] 

1 2 3
668 .8022544, 876 .6911763, 1151 .075837Z Z Z     730.31Z   

 

4.2 Numerical illustration-2: 

          Consider the following fixed charge solid transportation problem. As we know, coal is a kind of crucial 

energy source in the development of economy and society. Accordingly, how to transport the coal from mines to 

the different areas economically is also an important issue in the coal transportation. For the convenience of 

description, we summarize the problem as follows. Suppose that there are four coal mines to supply the coal for 

four cities. During the process of transportation, two kinds of conveyances are available to be selected, i.e., train 

and cargo ship. Now, the task for the decision-maker is to make the transportation plan for the next month. At 

the beginning of this task, the decision maker needs to obtain the basic data, such as supply capacity, demand, 

transportation capacity, transportation cost of unit product, and so on. In fact, since the transportation plan is 

made in advance, we generally cannot get these data exactly. For this condition, the usual way is to obtain the 

fuzzy data by means of experience evaluation or expert advice. In this example, the notations   , a n d    
i j k

a b e   are 

employed to denote the supply capacity, demand, and transportation capacity, respectively. And the 

corresponding fuzzy data are listed as follows [31]: 
           1 2 3 4

1 5 , 2 8 , 2 9 , 3 1 , 6 , 2 0 , 2 3, 2 5 , 2 2 , 3 4 , 3 6 , 3 8 , 1 8 , 3 0 , 3 2 , 3 4a a a a      

           1 2 3 4
2 0 , 2 3, 2 6 , 2 7 1 9 , 21 2 ,1 3,1 4 ,1 1, 2 3,5 , , , ,2 4 2 5 , 2 7 , 2 9 , 3 1b b b b     

     1 2
3 9 , 4 5 , 5 0 , 5 5 , 6 0 , 6 5 , 7 0 , 7 5e e   

         For the same reason, we cannot obtain the transportation cost of unit amount accurately in advance, and 

we also treat it as a fuzzy variable by experience or expert advice. For this example, the transportation cost of a 

unit amount is listed in Tables- 6 and 7. 

          In the real situation, before the transportation activity occurs, we always spend some money in checking 

and repairing the conveyances. In addition, the depreciation of conveyance should also be considered. These 

two kinds of costs may be treated as the fixed charge, which may be also treated as fuzzy variables. For the 

convenience of computing, we suppose that the fixed charge 0 .5
ijk ijk

  . 

         For this solid transportation problem, if the decision maker prefers treating the uncertain constraints as 

chance constraints, we may construct chance-constrained programming model for the problem.  

 

Table-7: The direct costs by train 
1

( )
i j


 

M in e s C itie s


  1 2 3 4 

1 (3,5,8,10) (7,8,9,10) (15,17,19,20) (13,15,17,19) 

2 (5,7,8,9) (6,9,10,12) (3,4,6,7) (16,20,23,25) 

3 (5,8,9,10) (13,15,17,19) (3,6,8,9) (7,8,11,13) 

4 (18,19,21,24) (9,12,13,15) (7,10,11,14) (9,10,13,15) 

 

Table-8: The direct costs by ship 
2

( )
i j


 

M in e s C itie s


  1 2 3 4 

1 (7,9,12,13)) (5,9,10,12) (9,12,13,15) (20,25,26,28) 

2 (10,12,14,15) (12,14,16,18) (11,17,18,20) (3,5,8,10) 

3 (8,10,12,14) (20,23,25,27) (23,25,27,29) (6,8,10,12) 

4 (6,8,9,10) (26,28,30,32) (30,32,33,35) (30,32,38,40) 
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Solution: 

(1) Using the formula 
i jk

i jk i jk

i j

f
C c

m
   for lower, middle and upper values. 

For lower values 

(1 )

3 .1 2 5 7 .2 9 1 7 7 .1 7 5 0 5 .1 2 5 1 5 .3 9 4 7 9 .2 3 6 8 1 3 .2 6 2 0 .4

5 .2 0 8 3 1 0 .4 1 6 7 6 .1 8 7 5 1 2 .3 7 5 0 3 .0 9 7 8 1 1 .3 4 3 8 1 6 .5 3 .0 9 3 8

5 .2 0 8 3 8 .3 3 3 3 1 3 .3 2 5 0 2 0 .5 3 .0 7 8 9 2 3 .6 0 5 3 7 .1 4 6 .1 2

1 8 .7 5 6 .2 5 9 .2 2 5 2 6 .6 5 7 .1 8 4 2 3 0 .7 8 9 5 9 .1 8 3 0 .6

U

 

 

 
 

 

 

 

 For middle 1 values 

( 2 )

5 .1 9 2 3 9 .3 4 6 2 8 .1 7 3 9 9 .1 9 5 7 1 7 .4 0 4 8 1 2 .2 8 5 7 1 5 .2 7 7 8 2 5 .4 6 3

7 .2 6 9 2 1 2 .4 6 1 5 9 .2 2 5 1 4 .3 5 4 .1 1 7 .4 2 5 2 0 .5 5 .1 2 5

8 .3 0 7 7 1 0 .3 8 4 6 1 5 .3 2 6 1 2 3 .5 6 .1 4 2 9 2 5 .5 9 5 2 8 .1 4 8 1 8 .1 4 8 1

1 9 .7 3 0 8 8 .3 0 7 7 1 2 .2 6 0 9 2 8 .6 0 8 7 1 0 .2 3 8 1 3 2 .7 6 1 9 1 0 .1 8 5 2 3 2 .5 9 2

U 

6

 

 

 

 

 

 

 

For middle 2 values 

( 3 )

8 .3 0 7 7 1 2 .4 6 1 5 9 .1 9 5 7 1 0 .2 1 7 4 1 9 .4 5 2 4 1 3 .3 0 9 5 1 7 .3 1 4 8 2 6 .4 8 1 5

8 .3 0 7 7 1 4 .5 3 8 5 1 0 .2 1 7 4 1 6 .3 4 7 8 6 .1 4 2 9 1 8 .4 2 8 6 2 3 .5 8 .1 7 3 9

9 .3 4 6 2 1 2 .4 6 1 5 1 7 .3 6 9 6 2 5 .5 4 3 5 8 .1 9 0 5 2 7 .6 4 2 9 1 1 .2 3 0 7 1 0 .1 8 5 2

2 1 .8 0 7 7 9 .3 4 6 2 1 3 .2 8 2 6 3 0 .6 5 2 2 1 1 .2 6 1 9 3 3 .

U 

7 8 5 7 1 3 .2 4 0 7 3 8 .7 0 3 7

 

 

 

 

 

 
 For upper values 

( 4 )

1 0 .3 3 3 3 1 3 .4 3 3 3 1 0 .1 8 5 2 1 2 .2 2 2 2 2 0 .4 1 6 7 1 5 .3 1 2 5 1 9 .3 0 6 5 2 8 .4 5 1 6

9 .3 1 5 .5 1 2 .2 4 1 8 .3 6 7 .1 4 5 8 2 0 .4 1 6 7 2 5 .5 1 0 .2

1 0 .3 3 3 3 1 4 .4 6 6 7 1 9 .3 5 1 9 2 7 .5 9 .1 8 7 5 2 9 .6 0 4 2 1 3 .2 0 9 7 1 2 .1 9 3 5

2 4 .8 1 0 .3 3 3 3 1 5 .2 7 7 8 3 2 .5 9 2 6 1 4 .2 9 1 7 3 5 .7 2 9 2 1 5 .2 4 1 9 4 0 .

U 

6 4 5 2

 

 

 

 

 

 

 

 

(2) Select the minimum number from 
i jk

c  row wise and take the ratio of minimum number and 
i jk

c  for all 

objective and Select the minimum number from 
i jk

c  column wise and take the ratio of minimum 

number and 
i jk

c  for all objectives. 

          For transporting a product, time and cost are less than its the batter, so use lower effect measure. So the 

lower effect measure for first data 
 1 1 1

(1 ) 1 1 1

1 1 1

1 1 1

m in m in m in
3 .1 2 5

3 .1 2 5

u

r
u

   

 

 Similarly, obtain lower effect measure for each data. Therefore the consistent matrices of effect measure 

are given below and subtract each data from 1 to convert combine maximization objective in minimization 

form, therefore, we have, 

 

For lower values 
 

       (1 )

0 .5 7 1 4 0 .5 6 4 5 0 .3 9 0 2 0 .6 6 1 7 0 .7 6 4 3 0 .8 4 8 3

0 .4 0 6 0 0 .7 0 3 0 0 .5 0 0 0 0 .7 5 0 0 0 .0 0 6 1 0 .7 2 7 3 0 .8 1 2 5 0 .0 0 0 0

0 .4 0 8 8 0 .6 3 0 5 0 .7 6 8 9 0 .8 4 9 8 0 .8 6 9 6 0 .5 6 8 8 0 .4 9 6 9

0 .8 3 3

0 0 .8

0

0 0 .7 9 7 0 0 .3 13 0 .3 2 9 3 0 .8 0 7 7 0 .5 7 1 4 0 .82 8 99 9

R

 

 

 
 

 

 

 

For middle_1 values 

   ( 2 )

0 0 .4 4 4 4 0 .3 6 4 8 0 .4 3 5 4 0 .7 6 4 4 0 .5 7 7 4 0 .6 6 0 1 0 .7 9 8 7

0 .4 3 6 0 0 .6 7 1 0 0 .5 5 5 6 0 .7 1 4 3 0 0 .7 6 4 7 0 .8 0 .2

0 .3 7 5 0 0 .4 0 8 5 0 .5 9 9 2 0 .7 3 8 6 0 .3 3 2 6 0 .7 6 0 .2 4 6 1 0 .3 7 1 0

0 .7 3 6 8 0 0 .3 3 3 3 0 .7 0 9 6 0 .5 9 9 5 0 .7 4 6 4 0 .2 0 .8 4 2 8

R

 

 

 
 

 

 

 

For middle_2 values 
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   ( 3 )

0 0 .3 3 3 3 0 .0 9 6 6 0 .1 8 6 9 0 .6 8 4 2 0 .3 7 5 8 0 .5 2 0 2 0 .6 9 1 3

0 .2 6 0 6 0 .5 7 7 5 0 .3 9 8 8 0 .6 2 4 2 0 0 .6 6 6 7 0 .7 3 8 6 0 .2 4 8 5

0 .1 2 3 7 0 .3 4 2 7 0 .5 2 8 5 0 .6 7 9 4 0 .2 5 0 .7 0 3 7 0 .2 6 8 9 0 .1 9 7 5

0 .6 1 9 0 0 .3 0 7 7 0 .6 9 5 1 0 .4 5 4 5 0 .7 2 3 4 0 .2 9 4 1 0 .7 8 8 8

R

 

 

 
 

 

 

 

 

Similarly, for upper values 

( 4 )

0 .2 4 1 8 0 0 .1 6 6 7 0 .6 5 0 .3 3 4 8 0 .4 7 2 4 0 .6 4 2 0

0 .5 3 9 0 0 .4 1 6 2 0 .6 1 0 8 0 0 .6 5 0 .7 1 9 8 0 .2 9 9 4

0

0 .1 0 0 0

0 .2 3 1 6

0 .1 1 0 9 0 .2 4 6 5

0 .6 2 5 0

.3 6 4 9 0 .5 2 5 2 0 .6 6 5 9 0 .2 2 2 2 0 .6 8 9 7 0 .3 0 4 5

0 0 .3 3 3 3 0 .6 8 3 0 0 .5 0 .7 1 0 8 0 .3 2 2 0 0 .7 4 9 0

R

 

 

 
 

 

 

  

(3) Find solutions for fixed charge solid transportation problem from the consistent matrix of effect 

measure using the simplex method and we have,
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1

1 1 1

2 3 4

2 2 2 2

1 2 3 4

3 3 3 3

1 2 3 4

4 4 4 4

1 2 3 4

1

1 3 .1 3 7 1 2 3 .6 3 7 5 2 0 .8 8 0 4 2 3 .4 3 5 3

2 1 .5 7 7 0 5 2 0 .3 3 2 3 1 5 .7 0 6 8 8 1 9 .0 2 0 9
P a y-o ff  m a tr ix    

2 6 .6 1 9 5 2 3 .1 2 4 6 1 3 .0 4 3 4 1 4 .7 9 2

3 0 .3 4 8 2 4 .9 9 3 6 1 4 .

Z X Z X Z X Z X

Z X Z X Z X Z X

Z X Z X Z X Z X

Z X Z X Z X Z X

 

 

 

  
 

 

 
 

2 5 8 4 1 4 .6 6 7 5

 

 

 

 

 

 

 

        Applying fuzzy linear membership function, we get the solution of this model is  

 1 2 3 4
0 .6175727    &    490 .59103, 704 .1253, 867 .18 13, 1021 .3589Z Z Z Z     

 
        Applying fuzzy hyperbolic membership function, we get the solution of this model is  

        (Where, 
1 2 3 3

1  )a a a a     

 1 2 3 4
0 .803904   &    490 .59103, 704 .1253, 867 .1813 , 1021 .3589Z Z Z Z        

 

4.2.1 Comparison of fixed charge solid transportation problem of Grey situation decision-making theory 

approach with other approaches
 

        Table-9 indicates the grey situation decision-making theory approach can provide an alternative approach 

to find the solution of numerical illustration-2. 

Table-9: Comparison of results obtained by using different approaches for numerical illustration-2 

by Grey situation decision-making theory approach
 Other approaches [31]
 

1 2 3 4
490 .59103, 704 .1253, 867 .1813, 1021 .3589Z Z Z Z      1080Z   

 

Conclusion:  
         In this paper, linear membership function & hyperbolic membership function are used to solve fixed 

charge solid transportation problem using grey situation decision-making theory. Using GSD theory fixed 

charge solid transportation problem converted into simple transportation problem. And it can be solved by the 

different standard method to get an optimal solution. It provides an alternative optimal solution of fixed charge 

solid transportation problem.
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