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Abstract 

An optimisation hotspot and a common headache for entrepreneurs everywhere is the transportation issue (TP). Saving money on 

transportation is the main objective when it comes to getting materials from where they are to where they need to go. The literature 

shows that many methods have been established with just one objective in mind, even if TPs aren't always made with two objectives in 

mind. Addressing transportation challenges while juggling many goals is a typical undertaking. An innovative geometric approach to 

solving multi-criteria TP and a fresh take on the Ant Colony Optimisation algorithm (ACO) for solving multi-objective TP in a fuzzy 

setting are both highlighted in this work. Several fields have found practical applications for fuzzy numbers, such as optimisation and 

operations research. For quite some time, the ACO Algorithm has been known as an alternate approach to optimisation issues. This 

research aims to improve the ACO algorithm for solving the Multi-Objective TP model and to provide a novel method for organising 

fuzzy numbers. According to the objective values, our technique, which is called Geometric Mean Ant Colony Optimisation Algorithm 

(GMACOA), is superior to other methods. To show how the approach compares to other methods that are currently in use, numerical 

examples are given. 

Key Words: Multicriteria distribution problem, Ant Colony Optimization algorithm, Geometric mean, Fuzzy environment. 

Introduction 
In addition, TP is one of the most important distribution problems 

in Operations Research (OR). OR has numerous uses in engineer- 

ing, business, and government systems. Daily, it is also employed 

to solve problems in the manufacturing and service industries. The 

TP is a well-known optimization problem in OR that takes a single 

objective function into account; nevertheless, in real-world appli- 

cations, two or more criteria are more important than any single 

criterion. When delivering a homogeneous product from a source 

to a destination, the decision-maker takes numerous aspects into 

account, including transportation costs, a fixed price for an open 

route, product delivery time, deterioration rate of commodities, 

and so on. 

 

The TP treats many objective functions at the same time to accom- 

modate the criteria [1]. Proposed the transportation problem orig- 

inally, while Koopmans (1949) studied it in detail in the Optimal 

Utilization of Transportation System. On the other side, created 

efficient methods for discovering solutions, and Charnels, devised 

the stepping stone method. Furthermore, numerous researchers are 

working on this topic. In this paper, we look at various methods for 

solving a balanced and unbalanced transportation problem using 

fuzzy numbers and the ant colony algorithm [2, 3]. 

 

Fuzzy set theory has been used in a variety of domains, including 

OR, management science, and control theory. In real-world sce- 

narios, supply, demand, and unit transportation costs are all uncer- 

tain [4]. Used fuzzy programming approaches to handle multi-ob- 

jective linear programming issues. Several strategies for solving 

transportation problems in fuzzy environments are proposed in the 

literature, such as the concept of fuzzy set, which was introduced 

by in 1965. Bellman and discussed the concept of decision-making 

in a fuzzy environment [5, 6]. 

 
Many writers have researched fuzzy linear programming problem 

approaches since this pioneering work, including who demonstrat- 

ed that solutions produced by fuzzy linear programming are al- 

ways efficient, and among others. A fuzzy transportation problem 

is one in which the decision parameters are fuzzy integers. Chanas 

et al. studied various TP situations with interval and fuzzy parame- 
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ters [7, 8]. The goal of the fuzzy transportation problem is to move 

some products from various sources to various destinations while 

incurring the least amount of fuzzy transportation costs and satis- 

fying the fuzzy supply and demand requirements. 

 

Presented a fuzzy compromised programming strategy for MOTP 

[9]. By giving weights to objectives, the decision maker’s prefer- 

ences are taken into account. Introduced a preference-based fuzzy 

GPA for solving a MOTP with fuzzy coefficients. They explain the 

fuzzy goal’s membership function. This method converts mem- 

bership functions into membership goals. The Euclidean distance 

function is utilized to provide the suitable preference structure of 

goals. K.B. Provided a review of the various techniques employed 

in MOTP. This document compiles all possible work on MOTP 

and provides an overview of several methodologies such as goal 

programming, fuzzy techniques, and evolutionary algorithms. 

Proposed a novel way to determine a fair MOTP solution. It is 

suggested in this strategy to create a sum of objectives. Patel et 

al (2018) proposed a new row maxima approach to solve MOTP. 

M. offered a product method to solve MOTP by utilizing a fuzzy 

membership function. Suggested a straightforward method for de- 

termining the optimal linear MOTP compromise solution. To solve 

in Fuzzy Environments to identify the optimal solution. 

 
Preliminaries 

In this section, some basic definitions of fuzzy numbers are pre- 

sented. The Fuzzy set theory was first formulated by [24]. The 

following definitions of the fuzzy numbers and some operations 

on it may be useful [25]. 

 

Definition 

A fuzzy set is a pair (X,μ
A 

) X is a set and μ
A
: X→[0,1]. For all x 

∈ X, μ
A 
(X) is called the membership fuction of x. If μ

A 
(X)=1 , we 

say that x is Fully Included in (X,μ
A 
), and if μ

A 
(X)=0, we say that 

x is Not Included in (X,μ
A 

). If there exists some x ∈ X such that 

μ
A 

(X)=1 , we say that (X,μ
A 
) is Normal. Otherwise, we say that 

(X,μ
A 

) is Subnormal. 

Definition Triangular fuzzy number 

A triangular fuzzy number (TFN)A ̃=(a
1
,a

2
,a

3 
)is FN with mem- 

bership function 

 − 𝑥 ل
0, ƒ𝑜𝑟 𝑥 < 𝑎1 

1
 

MOTP, proposed the Matrix maxima approach with a Pareto op- (  ) 
I
𝑎  −  , ƒ𝑜𝑟 𝑎1  ≤ 𝑥 ≤ 𝑎2I 

timality criterion. Used fuzzy programming to find the best com- 𝜇𝐴 𝑥 

promise solution to a multi-objective transportation problem. Used 

= 
𝑎2 − 

1 

, ƒ𝑜𝑟 𝑎2≤ 𝑥 ≤ 𝑎 ❵ 

the solving Multi-objective Transportation Problem by row max- 

ima method. Proposed the Geometric Mean Method for Solving 

Multi-Objective Transportation Problems in Fuzzy Environments 

[10-18]. 

Furthermore, how ants can find the shortest paths between food 

sources and their colony. These ideas are based on ant behavior 

in the wild. This concept was created using the probabilistic tech- 

nique known as finding good pathways via graphs. This is known 

as the Ant Colony Algorithm (ACA), and it was first presented 

by while traveling in this manner, the ants deposit a chemical 

compound known as a pheromone, which aids in communication 

among themselves. When finding the quickest path between food 

sources and their nest, they look for areas with high pheromone 

concentrations [19]. 

 

I𝑎3 − 𝑎1 
3
I 

𝗅 0, ƒ𝑜𝑟 𝑥 ≥ 𝑎3 𝖩 

The α-cut of the TFN given by, 

A
α
=[a

1
+(a

2
+a

1 
)α,a

3
+(a

2
-a

3 
)α]∈(0, 1].Where a

1
,a

2 
and a

3 
be real 

numbers with a
1
≤a

2
≤a

3
. 

Definition Geometric mean 

The geometric mean is a mean or average that reveals the cen- 

ter tendency or typical value of a set of numbers by multiplying 

their values together (as opposed to the arithmetic mean which 

uses their sum) [26, 27]. In general, the geometric mean is defined 

as the nth root of the product of n numbers, i.e., for a given set of 

numbers, the geometric mean is the nth root of the product of n 

numbers x
1
,x

2
,…..x

n
, the geometric mean is defined as 

 
Because ants can detect pheromones and choose the most advan- 
tageous way. Dorigo, brought the concept of the ant system into 

𝑛 
1

 

 

 
𝑛      

the literature. The ant algorithm with elitist ants was proposed by. 

Following that, many writers researched ACA, including the max- 

min ant system, the ant algorithm with additional reinforcement, 

and the best-worst ant system, among others. Many optimization 

issues, including transportation challenges, have been solved using 

ant colony techniques [20-23]. 

 

In this research, we examine Geometric Mean Combined and nu- 

merous adaptations of the ant colony algorithm utilizing Ant Col- 

ony Algorithm to Solve Multi-Objective Transportation Problems 

(𝖦 𝑥i)𝑛 = √𝑥1𝑥2𝑥3 … . 𝑥𝑛 

i=1 

 
Mathematical Model of Modified Ant Colony Algorithm 

(1991) 

Here the new path based on the probability from place i to place j 

for the k-th ant as Shown in Equation (1) 
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ij i=1 

ij 𝑡 = 1 ; i ant visits the j   city 

 

Subject to 

Ω𝜃 U 
𝜑

 ∑𝑛 X̃ij   ≤ 𝑎i For i = 1,2,3, … . , 𝑚 

𝑃ij 

ij 

∑𝑘Ω
𝜃

i 

ij 

Ui𝑘   
𝜑

 

(1) j=1 

𝑚 
i=1 
X̃ij ≤ 𝑏j 

 

For j = 1,2,3, … . , 𝑛 

 
Where,Ω

ij 
and ℧

ij 
are the values of pheromone trail level of the 

move, and some heuristic information, which correspond to the 

link (i,j). θ And φ are both parameters used to control the impor- 

X̃ij   ≥ 0  For i = 1,2,3, … . , 𝑚 and  j = 1,2,3, … . , 𝑛 

Here, all a
i 
and b

j 
are assumed to be positive, and a

i 
are normally 

called supplies and b
j 
are called demands, as shown in below ta- 

tance of the pheromone trail and heuristic information during com- ble. The fuzzy cost ĉ are all non-negative.If∑m a = ∑i n b j=1  j 

ponent selection. For our scenario we assumed Ω =1 and φ=1/3 in 

the transition rule, 

, it is a balanced transportation problem .If this condition is not 

met, a dummy origin or destination is generally introduced to 

make the problem balanced. 
(∏3

 
1 

𝑎ij)3 

𝑃 ( ) j=1 

∑3 (∏3    
ij)3 

i=1 j=1 

th th Proposed Method 
In this section, a proposed method, Improved Ant Colony Algo- 

(2) rithm, for finding an optimal solution. Following are the steps for 

solving Fuzzy Transportation Problem. 

 

 
 

With 

0 ; Otherwise  
Algorithm 

Step 1: Construct the fuzzy transportation the cost table from the 

given problem 

a
ij
; is cost between node i and node j. 

P
ij 

(t); Probability to branch from node i to node . 

Pheromone Update Rule. 

After all ants complete their tours, the local update rule of the 

pheromone trails is applied for each route according to (3), 

Step 2: Examine the TP to see if it is balanced, and if not, make 

it so. 

Step 3: Convert fuzzy cost values in the Transportation cost table 

to crisp cost values by utilizing Geometric Mean. 

Step 4: The probability table is then computed using the Modified 

ACO algorithm.. 

Step 5: Starting with the X
ij
=min(a

i
,b

j
) (unbalanced) or starting 

𝑚 µ  with the X =max(a ,b ) (balanced) probability table to make the 

Ωij(𝑡 + 1) = (1 − 𝜌)Ωij (𝑡) + ∑𝑘=1 ∆
£𝑘 (3) 

 
ij i     j 

first allocation. 

After that, apply the global pheromone update rule in which the 

amount of pheromone is added to the best route which has the 

lowest cost. 

 
Here, Yk is the distance of the best route. µ Is simply a parameter to 

adjust the amount of pheromone deposited, typically it would be 

set to 1. We sum µ/£k for every solution which used component (i, 

j), then that value becomes the amount of pheromone to be depos- 

ited on component (i, j). In our case , 

Step 6: Assign, Step 5 at the place of the minimum probability cell 

Step 7: If the demand in the column (or supply in the row) is satis- 

fied, delete that column (or row), then proceed to the next minimal 

value in the demand and supply. 

Step 8: Repeat this process until all supply and demand are satis- 

fied, then proceed to Step – 10. 

Otherwise, proceed to Step 6. 

Step 9: Stop and compute the first viable solution. 

 
Illustration Example 

Example 1 

We take a distribution problem in which a single homogeneous 

item is to be distributed from three stores (A, B, C) to four different 

Where Ω
ij 

(t) is the maximum number of Demands or Supplies 
and 0<ρ≤1. 

 
Mathematical Formulation 
The mathematical formulation of the FTP is as follows. 

warehouses (P, Q, and R, S). Cost, time and distance for each unit 

transported is given in the table. Find the minimum time, cost and 

distance. 

Minimize  ̃ = ∑𝑚 
𝑛 
j=0 

𝑐î jX̃ij 

∑ 

Ωij(𝑡 + 1) = (1 − 𝜌)Ωij (𝑡) 

i=0 ∑ 

= 
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Table 1: Cost 
 

Supply 

Demand 

P Q R S Supply 

A 21 16 15 13 11 

B 17 18 24 23 13 

C 32 27 18 41 19 

Demand 6 10 12 15 43 

 

Table 2: Time 
 

Supply 

Demand 

P Q R S Supply 

A 1 2 1 4 11 

B 3 3 2 1 13 

C 4 2 5 9 19 

Demand 6 10 12 15 43 

 

Table 3 :Distance 
 

Supply 

Demand 

P Q R S Supply 

A 11 13 17 14 11 

B 16 18 14 10 13 

C 21 24 13 10 19 

Demand 6 10 12 15 43 

 

Table 4: Step 3 
 

Supply 

Demand 

P Q R S Supply 

A 6.13 7.46 6.34 8.99 11 

B 9.34 9.90 8.75 6.13 13 

C 13.90 10.90 10.53 15.45 19 

Demand 6 10 12 15 43 

 

Table 5: Step 4 

Table 6: Steps 5 & 6and 1st allocation 
 

Supply 

Demand 

P Q R S Supply 

A .053 .065 .055 .078 11 

B .082 .086 .076 .053 13 

C .122 .095 .092*12 .135 19*7 

 6 10 12*0 15 43 

 

Table 7: Steps 6 & 7 and 2nd allocation 
 

Supply 

Demand 

P Q R S Supply 

A .053 .065 .055 .078 11 

B .082 .086 .076 .053 13 

C .122 .095*7 .092*12 .135 19*7*0 

 6 10*3 12*0 15 43 

 

Table 8: Steps 6 & 7and 3rd allocation 
 

Supply 

Demand 

P Q R S Supply 

A .053 .065*3 .055 .078 11*8 

B .082 .086 .076 .053 13 

C .122 .095*7 .092*12 .135 19*7*0 

 6 10*3*0 12*0 15 43 

 

Table 9: Steps 6, 7, 8 and 3rd allocation 
 

Supply 

Demand 

P Q R S Supply 

A .053*6 .065*3 .055 .078 11*8*2 

B .082 .086 .076 .053 13 

C .122 .095*7 .092*12 .135 19*7*0 

 6*0 10*3*0 12*0 15 43 

 

Table 9: Steps 6, 7, 8 and 3rd allocation 
 

  

Supply 

Demand 

P Q R S Supply 

A .053*6 .065*3 .055 .078 11*8*2 

B .082 .086 .076 .053 13 

C .122 .095*7 .092*12 .135 19*7*0 

 6*0 10*3*0 12*0 15 43 

 

Supply 

Demand 

P Q R S Supply 

A .053 .065 .055 .078 11 

B .082 .086 .076 .053 13 

C .122 .095 .092 .135 19 

Demand 6 10 12 15 43 
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Table 10: Steps 6, 7, 8 and 3rd allocation 

Supply 

Demand 

P Q R S Supply 

A .053*6 .065*3 .055 .078*2 11*8*2*0 

B .082 .086 .076 .053 13 

C .122 .095*7 .092*12 .135 19*7*0 

 6*0 10*3*0 12*0 15*13 43 

 

Table 11: Step 9 

 

 

 

 

 

 

 
 

The solution is given as: x =6 ,x 

 

 

 

 
 
=3,x =2 ,x =13,x =7 , x =12 

 

Figure 1: Compares the results of the New Row Maxima tech- 

nique, the Product Approach, the Geometric Mean method, GMA- 

COA, and the optimal method (LINGO). 

 
According to the simulation findings (Fig. 1 and Table 12), the 

11 12 13 24 32 33 proposed strategy outperforms the geometric mean method. 
Following are the values of objectives: Minimum Cost = 904 units, 

Minimum Time = 107 units, 

Minimum distance = 587 units (1 iteration) 

 
Table 12: Comparison between different methods 

 

Method Minimum 

cost 

Minimum 

time 

Minimum 

Distance 

New row 

Maxima 

method [9] 

938 117 457 

Product Ap- 

proach [10] 

938 132 552 

Geometric 

mean method 

904 107 587 

GMACOA 904 107 587 

LINGO 796 89 527 

 

The findings of the comparisons in Table 12 are depicted using bar 

graphs, as shown in Fig. 1. 

Example 2(Khilendra,2020) 

Now we take one more example with following characteristics: 

 
Table 13: Cost 

 

Supply 

Demand 

P Q R S Supply 

A 6 4 1 5 14 

B 8 9 2 7 16 

C 4 3 6 2 5 

Demand 6 10 15 4  

 

Table 14: Time 
 

Supply 

Demand 

P Q R S Supply 

A 13 11 15 20 14 

B 17 14 12 13 16 

C 18 18 15 12 5 

Demand 6 10 15 4  

 

Table 15: Distance 
 

Supply 

Demand 

P Q R S Supply 

A 6 3 5 4 14 

B 5 9 2 7 16 

C 5 7 8 6 5 

Demand 6 10 15 4  

Example 1 

1000 

900 

800 
700 

600 

500 

400 
300 

200 

100 
0 

938 938 904 904 

796 

587 587 
552 

457 
527 

117 132 107 107 89 

New row Product Approach    Geometric meamnethod  GMACOA    LINGO 
 

Minimum Minimum Minimum 

Supply 

Demand 

P Q R S Supply 

A .053*6 .065*3 .055 .078*2 11*8*2*0 

B .082 .086 .076 .053*13 13*0 

C .122 .095*7 .092*12 .135 19*7*0 

 6*0 10*3*0 12*0 15*13*0 43 
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Example 2 

500 
450 

400 

350 

300 

250 

200 

150 

100 

50 

0 

461 
425 425 425 424 

122 130 114 128 114 118 114 118   114 106 

New row Product Approach     Geometric meamnethod  GMACOA    LINGO 
 

Minimum Minimum Minimum 

 

Table 16: Step 3 
 

Supply 

Demand 

P Q R S Supply 

A 7.76 5.09 4.21 7.36 14 

B 8.79 10.42 3.63 8.60 16 

C 7.11 7.23 8.96 5.24 5 

Demand 6 10 15 4  

 

Table 17: Step 4 
 

Supply 

Demand 

P Q R S Supply 

A .091 .060 .049 .087 14 

B .104 .123 .043 .101 16 

C .084 .085 .106 .062 5 

Demand 6 10 15 4  

 

Table 18: Step 5 and 1st allocation 
 

Supply 

Demand 

P Q R S Supply 

A .091 .060 .049 .087 14 

B .104 .123 .043*15 .101 16*1 

C .084 .085 .106 .062 5 

Demand 6 10 15*0 4  

 

Table 19: Steps 5, 6, 7 and 1st allocation 
 

Supply 

Demand 

P Q R S Supply 

A .091 .060*10 .049 .087 14*4 

B .104 .123 .043*15 .101 16*1 

C .084 .085 .106 .062 5 

Demand 6 10*0 15*0 4  

 

Table 20: Steps 5-8 and other allocations 

Table 21: Comparison between different methods 
 

Method Minimum 

cost 

Minimum 

time 

Minimum 

Distance 

New row 

Maxima 

method [9] 

122 461 130 

Product Ap- 

proach [10] 

114 425 128 

Geometric 

mean method 

114 425 118 

GMACOA 114 425 118 

LINGO 114 424 106 

 

Table 21’s comparison data are also depicted using bar graphs and 

the results Fig. 2. 

 

Figure 2: Shows a comparison of the outcomes given by the New 

Row Maxima approach, the Product Approach, the Geometric 

Mean method, GMACOA, and the optimal method. 

 

The proposed technique uses the geometric mean method, accord- 

ing to the simulation results (Fig. 2 and Table 21). 

 
Example 3 

Table 22: Example 
 

x D
1

 D
2

 D
3

 Supply 

S
1
 (1,2,3) (4,7,10) (10,14,18) 5 

S
2
 (2,3,4) (2,3.4) (0,1,2) 8 

S
3
 (1,5,9) (3,4,5) (4,7,10) 7 

S
4
 (0,1,2) (5,6,7) (1,2,3) 15 

Demand 7 9 18  

Supply 

Demand 

P Q R S Supply 

A .091*4 .060*10 .049 .087 14*4*0 

B .104*1 .123 .043*15 .101 16*1 

C .084*1 .085 .106 .062*4 5*1 

Demand 6*5*1*0 10*0 15*0 4*0  
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Example 3 

149 

93 
84 79 75 75 75 

 

Table 22: Step 2 
 

x D
1

 D
2

 D
3

 Dummy Supply 

S
1

 (1,2,3) (4,7,10) (10,14,18) 0 5 

S
2

 (2,3,4) (2,3.4) (0,1,2) 0 8 

S
3

 (1,5,9) (3,4,5) (4,7,10) 0 7 

S
4

 (0,1,2) (5,6,7) (1,2,3) 0 15 

Demand 7 9 18 1  

 

Table 23: Step 3 
 

x D
1

 D
2

 D
3

 Dummy Supply 

S
1

 1.81 6.54 13.61 0 5 

S
2

 2.88 2.88 0 0 8 

S
3

 3.55 3.91 6.54 0 7 

S
4

 0 5.94 1.81 0 15 

Demand 7 9 18 1  

 

Table 23: Step 4 

Table 24: Step 6 and 1st allocation 
 

x D
1

 D
2

 D
3

 Dummy Supply 

S
1

 .036*4 .132 .275 0*1 5*4*0 

S
2

 .058 .058 0 0 8 

S
3

 .071 .079 .132 0 7 

S
4

 0*3 .120 .036*12 0 15*12*0 

Demand 7*3*0 9 18 1  

 

Table 25: Other steps and other allocations 
 

x D
1

 D
2

 D
3

 Dummy Supply 

S
1

 .036*4 .132 .275 0*1 5*4*0 

S
2

 .058 .058*2 0*6 0 8*2*0 

S
3

 .071 .079*7 .132 0 7*0 

S
4

 0*3 .120 .036*12 0 15*12*0 

Demand 7*3*0 9*7*0 18 1  

 
The solution is given as: x

11
=4 , x

22
=2,x

23
=6 , x

32
=7,x

41
=3 , x

43
=12 

Following are the values of objectives: 4(1,2,3)+2(2,3,4)+6(0,1,2) 

+7(3,4,5)+3(0,1,2)+12(1,2,3)=(41,75,109)=75 

 

 

 

 

 

 

Table 24: Initial Solutions Obtained by all Procedures 

 

Method VAM SVAM GVAM BVAM RVAM ASM ZSM IZPM GMA- 

COA 

Optimal 

Example 

3 

82 99 80 84 93 149 79 75 75 75 

The comparison data from Table 24 are also represented using bar 

graphs and the form Fig. 3. 

 

 

 
160    
140   

120  99 

100 82  80 

80  
60 

40 

20 

0 

 

 

 
Figure3: A comparison of the results obtained by VAM,SVAM,G- 

VAM,BVAM,RVAM,ASM,ZSM,IZPM,GMACOA,AND Optimal 

According to the simulation results (Fig. 3 and Table 24), the sug- 

gested strategy employs the IZPM method, and other ways outper- 

form our GMACOA. In addition, the shortest number of iterations 

resulted in the best solution. 

 
Conclusion 

This serious cosmos cannot exist without the TP. The primary goal 

of standard TPs is to lessen the expense of transporting a product 

from its point of origin to its final destination. Some significant 

challenges need the simultaneous examination and optimisation of 

many goals. These kind of issues are called multi-objective 

problems. This study tackles a multi-objective fuzzy transportation 

issue in fuzzy settings by combining the Ant Colony Algorithm with 

the geometric mean technique, rather than relying on traditional 

methodologies. The suggested algorithm offers the most 

performance when compared with other existing methods. 

Therefore, the 

x D
1

 D
2

 D
3

 Dummy Supply 

S
1

 .036 .132 .275 0 5 

S
2

 .058 .058 0 0 8 

S
3

 .071 .079 .132 0 7 

S
4

 0 .120 .036 0 15 

Demand 7 9 18 1  
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The number of iterations needed to get the optimal solution 

decreases as the IFS increases [28, 33].It is a really simple 

procedure. In contrast, this research presents a fresh other 

approach—a tweaked ant colony optimisation algorithm—that 

offers a perfect answer to the various TP kinds. 

 

References 

1. Hitchcock, F. L. (1941). The distribution of a product from 

several sources to numerous localities. Journal of mathemat- 

ics and physics, 20(1-4), 224-230. 

2. DANTZm, G. B. (1963). Linear programming and extensions. 

Princeton t963 (in this reference especially p. 201--202 for 

chap. 4 of the present article. 

3. Zimmermann, H. J. (1978). Fuzzy programming and linear 

programming with several objective functions. Fuzzy sets and 

systems, 1(1), 45-55. 

4. Zadeh, L. A. (1965). Fuzzy sets. In Fuzzy sets, fuzzy logic, 

and fuzzy systems: selected papers by Lotfi A Zadeh (pp. 394- 

432). 

5. Bellman, R. E., & Zadeh, L. A. (1970). Decision-making in a 

fuzzy environment. Management science, 17(4), B-141. 

6. Fang, S. C., Hu, C. F., Wang, H. F., & Wu, S. Y. (1999). Linear 

programming with fuzzy coefficients in constraints. Comput- 

ers & Mathematics with Applications, 37(10), 63-76. 

7. Li, L., & Lai, K. K. (2000). A fuzzy approach to the mul- 

tiobjective transportation problem. Computers & Operations 

Research, 27(1), 43-57. 

8. K.B. Jagtap and S.V. Kawale. (2017). Multi-objective Trans- 

portation Problem with different optimization techniques: An 

overview, Research gate. 

9. Pandian, P. (2012). A simple approach for finding a fair solu- 

tion to multiobjective programming problems. Bulletin of 

Mathematical Sciences & Applications, 1, 25-30. 

10. Maulik Mukesh bhai Patel., and Dr. Achyut C. Patel. (2018). 

solving Multi-objective Transportation Problem by row max- 

ima method. Research Review international journal of multi- 

disciplinary ,vol 3,issue 1. 

11. Kaur, A., & Kumar, A. (2011). A new method for solving 

fuzzy transportation problems using ranking function. Ap- 

plied mathematical modelling, 35(12), 5652-5661. 

12. Dorigo, M., Maniezzo, V., & Colorni, A. (1996). Ant system: 

optimization by a colony of cooperating agents. IEEE Trans- 

actions on Systems, Man, and Cybernetics, Part B (Cybernet- 

ics), 26(1), 29-41. 

13. Colorni, A., Dorigo, M., & Maniezzo, V. (1991, December). 

Distributed optimization by ant colonies. In Proceedings of 

the first European conference on artificial life (Vol. 142, pp. 

134-142). 

14. Kaur, L., Rakshit, M., & Singh, S. (2018). A new approach to 

solve Multi-objective Transportation Problem. Applications 

and Applied Mathematics: An International Journal (AAM), 

13(1), 10. 

15. Arsham, H., & Kahn, A. B. (1989). A simplex-type algo- 

rithm for general transportation problems: an alternative to 

stepping-stone. Journal of the Operational Research Society, 

40(6), 581-590. 

16. Charnes, A., & Cooper, W. W. (1954). The stepping stone 

method of explaining linear programming calculations in 

transportation problems. Management science, 1(1), 49-69. 

17. Chen, S. H., & Hsieh, C. H. (1999, January). Graded mean 

representation of generalized fuzzy numbers. PROCEEDING 

OF CONFERENCE ON FUZZY THEORY AND ITS APPLI- 

CATIONS. 

18. Chen, S. M., & Chen, J. H. (2009). Fuzzy risk analysis based 

on ranking generalized fuzzy numbers with different heights 

and different spreads. Expert systems with applications, 36(3), 

6833-6842. 

19. Dong, G., & Guo, W. W. (2010, June). A cooperative ant col- 

ony system and genetic algorithm for TSPs. In International 

Conference in Swarm Intelligence (pp. 597-604). Springer, 

Berlin, Heidelberg. 

20. Dorigo, M., & Di Caro, G. (1999, July). Ant colony opti- 

mization: a new meta-heuristic. In Proceedings of the 1999 

congress on evolutionary computation-CEC99 (Cat. No. 

99TH8406) (Vol. 2, pp. 1470-1477). IEEE. 

21. Dorigo, M., Di Caro, G., & Gambardella, L. M. (1999). Ant 

algorithms for discrete optimization. Artificial life, 5(2), 137- 

172. 

22. Dorigo, M., & Stützle, T. (2001). An experimental study of the 

simple ant colony optimization algorithm. In 2001 WSES In- 

ternational Conference on Evolutionary Computation (EC’01) 

(pp. 253-258). 

23. Dorigo, M., & Stutzle, T. (2004). Ant Colony Optimization. 

MIT Press, Cambridge, MA. 

24. Dorigo, M., & Gambardella, L. M. (1997). Ant colony sys- 

tem: a cooperative learning approach to the traveling sales- 

man problem. IEEE Transactions on evolutionary computa- 

tion, 1(1), 53-66. 

25. Edward Samuel,and M. Venkatachalapathy. (2013). Izpm for 

unbalances fuzzy transportation problems.International Jour- 

nal of Pure and Applied Mathematics,Volume 86 No. 4 2013, 

689-700. 

26. Ekanayake, E. M. U. S. B., Perera, S. P. C., Daundasekara, W. 

B., & Juman, Z. A. M. S. A Modified Ant Colony Optimiza- 

tion Algorithm for Solving a Transportation Problem. 

27. E. M. U. S. B. Ekanayake, S. P. C. Perera, W. B. Daundaseka- 

ra and Z. A. M. S. Juman. An Effective Alternative New Ap- 

proach in Solving Transportation Problems. American Journal 

of Electrical and Computer Engineering. Special Issue: Arti- 

ficial Intelligence in Electrical Power & Energy. Vol. 5, No. 

1, 2021, pp. 1-8. 

28. Kaufman, A., & Gupta, M. M. (1991). Introduction to fuzzy 

arithmetic. New York: Van Nostrand Reinhold Company. 

29. Salim, K., & Setyawan, I. R. (2020). Determining Factors of 

Banking Performance in Indonesia. Determining Factors of 

Banking Performance in Indonesia. 

https://onlinelibrary.wiley.com/doi/10.1002/sapm1941201224
https://onlinelibrary.wiley.com/doi/10.1002/sapm1941201224
https://onlinelibrary.wiley.com/doi/10.1002/sapm1941201224
https://www.rand.org/pubs/reports/R366.html
https://www.rand.org/pubs/reports/R366.html
https://www.rand.org/pubs/reports/R366.html
https://www.sciencedirect.com/science/article/abs/pii/0165011478900313
https://www.sciencedirect.com/science/article/abs/pii/0165011478900313
https://www.sciencedirect.com/science/article/abs/pii/0165011478900313
https://ntrs.nasa.gov/api/citations/19700017250/downloads/19700017250.pdf
https://ntrs.nasa.gov/api/citations/19700017250/downloads/19700017250.pdf
https://www.researchgate.net/profile/Kin-Keung-Lai/publication/220473073_A_Fuzzy_Approach_to_the_Multiobjective_Transportation_Problem/links/5c404884458515a4c72bf2ea/A-Fuzzy-Approach-to-the-Multiobjective-Transportation-Problem.pdf
https://www.researchgate.net/profile/Kin-Keung-Lai/publication/220473073_A_Fuzzy_Approach_to_the_Multiobjective_Transportation_Problem/links/5c404884458515a4c72bf2ea/A-Fuzzy-Approach-to-the-Multiobjective-Transportation-Problem.pdf
https://www.researchgate.net/profile/Kin-Keung-Lai/publication/220473073_A_Fuzzy_Approach_to_the_Multiobjective_Transportation_Problem/links/5c404884458515a4c72bf2ea/A-Fuzzy-Approach-to-the-Multiobjective-Transportation-Problem.pdf
https://www.researchgate.net/publication/319135981_Multi-Objective_Transportation_Problems_with_Different_Optimization_Techniques_An_Overview
https://www.researchgate.net/publication/319135981_Multi-Objective_Transportation_Problems_with_Different_Optimization_Techniques_An_Overview
https://www.researchgate.net/publication/319135981_Multi-Objective_Transportation_Problems_with_Different_Optimization_Techniques_An_Overview
https://d1wqtxts1xzle7.cloudfront.net/34310386/A__Simple_Approach_for_Finding_a_Fair_Solution_to_Multiobjective_Programming_Problems-with-cover-page-v2.pdf?Expires=1661406285&Signature=MDVFYxcNYqBH7y1avDc1Ms4EQDhG1TkkssKIxDX8PHC1faVIHes32MlR-xw9w7QdT0WGxLvf8ZS6miwAF~RsuPKd3oCK6w0w379ek3atzvyRwATP6hD~JGdm4dHuS-lYjEZKqkLJUOT3pj3Qkxnq47MdI58NsMv-MlG2Vmpx7jOEBvpKw3Wu4NVDEi2GVQxG0xzfQR1o7RW-rv3-znjR5vvS4ZJg3Nc7b~hMmMi1B1z24-8J47GpauDcQ-25H-6bq6GasGCeYTTlzO9CVfnRCYkMEIuSvXWjKtqhqFROE8qRPfUzmuxFUxDeQgk0J15bVp~tXAJahF8AZXVojyHfGA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/34310386/A__Simple_Approach_for_Finding_a_Fair_Solution_to_Multiobjective_Programming_Problems-with-cover-page-v2.pdf?Expires=1661406285&Signature=MDVFYxcNYqBH7y1avDc1Ms4EQDhG1TkkssKIxDX8PHC1faVIHes32MlR-xw9w7QdT0WGxLvf8ZS6miwAF~RsuPKd3oCK6w0w379ek3atzvyRwATP6hD~JGdm4dHuS-lYjEZKqkLJUOT3pj3Qkxnq47MdI58NsMv-MlG2Vmpx7jOEBvpKw3Wu4NVDEi2GVQxG0xzfQR1o7RW-rv3-znjR5vvS4ZJg3Nc7b~hMmMi1B1z24-8J47GpauDcQ-25H-6bq6GasGCeYTTlzO9CVfnRCYkMEIuSvXWjKtqhqFROE8qRPfUzmuxFUxDeQgk0J15bVp~tXAJahF8AZXVojyHfGA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/34310386/A__Simple_Approach_for_Finding_a_Fair_Solution_to_Multiobjective_Programming_Problems-with-cover-page-v2.pdf?Expires=1661406285&Signature=MDVFYxcNYqBH7y1avDc1Ms4EQDhG1TkkssKIxDX8PHC1faVIHes32MlR-xw9w7QdT0WGxLvf8ZS6miwAF~RsuPKd3oCK6w0w379ek3atzvyRwATP6hD~JGdm4dHuS-lYjEZKqkLJUOT3pj3Qkxnq47MdI58NsMv-MlG2Vmpx7jOEBvpKw3Wu4NVDEi2GVQxG0xzfQR1o7RW-rv3-znjR5vvS4ZJg3Nc7b~hMmMi1B1z24-8J47GpauDcQ-25H-6bq6GasGCeYTTlzO9CVfnRCYkMEIuSvXWjKtqhqFROE8qRPfUzmuxFUxDeQgk0J15bVp~tXAJahF8AZXVojyHfGA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://studylib.net/doc/25583043/solution-of-multi-objective-transportation-problem
https://studylib.net/doc/25583043/solution-of-multi-objective-transportation-problem
https://studylib.net/doc/25583043/solution-of-multi-objective-transportation-problem
https://studylib.net/doc/25583043/solution-of-multi-objective-transportation-problem
https://www.sciencedirect.com/science/article/pii/S0307904X11003064
https://www.sciencedirect.com/science/article/pii/S0307904X11003064
https://www.sciencedirect.com/science/article/pii/S0307904X11003064
http://users.dimi.uniud.it/~antonio.dangelo/Robotica/2018/helper/10.1.1.26.1865.pdf
http://users.dimi.uniud.it/~antonio.dangelo/Robotica/2018/helper/10.1.1.26.1865.pdf
http://users.dimi.uniud.it/~antonio.dangelo/Robotica/2018/helper/10.1.1.26.1865.pdf
http://users.dimi.uniud.it/~antonio.dangelo/Robotica/2018/helper/10.1.1.26.1865.pdf
https://www-public.imtbs-tsp.eu/~gibson/Teaching/Teaching-ReadingMaterial/ColorniDorigoManiezzo91.pdf
https://www-public.imtbs-tsp.eu/~gibson/Teaching/Teaching-ReadingMaterial/ColorniDorigoManiezzo91.pdf
https://www-public.imtbs-tsp.eu/~gibson/Teaching/Teaching-ReadingMaterial/ColorniDorigoManiezzo91.pdf
https://www-public.imtbs-tsp.eu/~gibson/Teaching/Teaching-ReadingMaterial/ColorniDorigoManiezzo91.pdf
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://d1wqtxts1xzle7.cloudfront.net/33348831/SteppingStone-with-cover-page-v2.pdf?Expires=1661249760&Signature=bZqbciwa7yfOVMuLyxTRdy-dOLhpWMRA1TmJdzx0PHtrLCELMVSgQVWB0wCY-f~~pd4zrPTHWf0y1g~om7m2ZsZJ2B3o~WGMpvksR4Hs~trK8RgauY0w4Op85YFOt5JeaLfWVuBDq~WOpwHp5FT84~Hfnv8aY4F~Sk44MMIfbM4et-92fhV~D9W7hMD1DFEwQihGoevvm3bCbtmlsjcQYigdK-bFqU8FdMcgICMwQNyQqbx2P-tCVYLaByiGhDA-p6~~qVe2TL0WP~4r3U56J2fIY8IxB1DW8uNt8V3YqO18NBTY5Jl8cE3jmjnjrYi1Q5pp0ITgBTrYQnJT-i1zcA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/33348831/SteppingStone-with-cover-page-v2.pdf?Expires=1661249760&Signature=bZqbciwa7yfOVMuLyxTRdy-dOLhpWMRA1TmJdzx0PHtrLCELMVSgQVWB0wCY-f~~pd4zrPTHWf0y1g~om7m2ZsZJ2B3o~WGMpvksR4Hs~trK8RgauY0w4Op85YFOt5JeaLfWVuBDq~WOpwHp5FT84~Hfnv8aY4F~Sk44MMIfbM4et-92fhV~D9W7hMD1DFEwQihGoevvm3bCbtmlsjcQYigdK-bFqU8FdMcgICMwQNyQqbx2P-tCVYLaByiGhDA-p6~~qVe2TL0WP~4r3U56J2fIY8IxB1DW8uNt8V3YqO18NBTY5Jl8cE3jmjnjrYi1Q5pp0ITgBTrYQnJT-i1zcA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/33348831/SteppingStone-with-cover-page-v2.pdf?Expires=1661249760&Signature=bZqbciwa7yfOVMuLyxTRdy-dOLhpWMRA1TmJdzx0PHtrLCELMVSgQVWB0wCY-f~~pd4zrPTHWf0y1g~om7m2ZsZJ2B3o~WGMpvksR4Hs~trK8RgauY0w4Op85YFOt5JeaLfWVuBDq~WOpwHp5FT84~Hfnv8aY4F~Sk44MMIfbM4et-92fhV~D9W7hMD1DFEwQihGoevvm3bCbtmlsjcQYigdK-bFqU8FdMcgICMwQNyQqbx2P-tCVYLaByiGhDA-p6~~qVe2TL0WP~4r3U56J2fIY8IxB1DW8uNt8V3YqO18NBTY5Jl8cE3jmjnjrYi1Q5pp0ITgBTrYQnJT-i1zcA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/33348831/SteppingStone-with-cover-page-v2.pdf?Expires=1661249760&Signature=bZqbciwa7yfOVMuLyxTRdy-dOLhpWMRA1TmJdzx0PHtrLCELMVSgQVWB0wCY-f~~pd4zrPTHWf0y1g~om7m2ZsZJ2B3o~WGMpvksR4Hs~trK8RgauY0w4Op85YFOt5JeaLfWVuBDq~WOpwHp5FT84~Hfnv8aY4F~Sk44MMIfbM4et-92fhV~D9W7hMD1DFEwQihGoevvm3bCbtmlsjcQYigdK-bFqU8FdMcgICMwQNyQqbx2P-tCVYLaByiGhDA-p6~~qVe2TL0WP~4r3U56J2fIY8IxB1DW8uNt8V3YqO18NBTY5Jl8cE3jmjnjrYi1Q5pp0ITgBTrYQnJT-i1zcA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.jstor.org/stable/2627075
https://www.jstor.org/stable/2627075
https://www.jstor.org/stable/2627075
file:///C:/Users/admin/Downloads/105.pdf
file:///C:/Users/admin/Downloads/105.pdf
file:///C:/Users/admin/Downloads/105.pdf
file:///C:/Users/admin/Downloads/105.pdf
http://yeh.nutn.edu.tw/ncku/Fuzzy/Ranking%20and%20Ordering/Fuzzy%20risk%20analysis%20based%20on%20ranking%20generalized%20fuzzy%20numbers%20with%20different%20heights%20and%20different%20spreads.pdf
http://yeh.nutn.edu.tw/ncku/Fuzzy/Ranking%20and%20Ordering/Fuzzy%20risk%20analysis%20based%20on%20ranking%20generalized%20fuzzy%20numbers%20with%20different%20heights%20and%20different%20spreads.pdf
http://yeh.nutn.edu.tw/ncku/Fuzzy/Ranking%20and%20Ordering/Fuzzy%20risk%20analysis%20based%20on%20ranking%20generalized%20fuzzy%20numbers%20with%20different%20heights%20and%20different%20spreads.pdf
http://yeh.nutn.edu.tw/ncku/Fuzzy/Ranking%20and%20Ordering/Fuzzy%20risk%20analysis%20based%20on%20ranking%20generalized%20fuzzy%20numbers%20with%20different%20heights%20and%20different%20spreads.pdf
https://link.springer.com/chapter/10.1007/978-3-642-13495-1_73
https://link.springer.com/chapter/10.1007/978-3-642-13495-1_73
https://link.springer.com/chapter/10.1007/978-3-642-13495-1_73
https://link.springer.com/chapter/10.1007/978-3-642-13495-1_73
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.7911&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.7911&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.7911&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.7911&rep=rep1&type=pdf
https://www.cs.ubc.ca/~hutter/EARG.shtml/earg/papers04-05/artificial_life.pdf
https://www.cs.ubc.ca/~hutter/EARG.shtml/earg/papers04-05/artificial_life.pdf
https://www.cs.ubc.ca/~hutter/EARG.shtml/earg/papers04-05/artificial_life.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.595.382&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.595.382&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.595.382&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.595.382&rep=rep1&type=pdf
https://en.wikipedia.org/wiki/Ant_colony_optimization_algorithms
https://en.wikipedia.org/wiki/Ant_colony_optimization_algorithms
https://people.idsia.ch/~luca/abstracts/papers/acs-ec97.pdf
https://people.idsia.ch/~luca/abstracts/papers/acs-ec97.pdf
https://people.idsia.ch/~luca/abstracts/papers/acs-ec97.pdf
https://people.idsia.ch/~luca/abstracts/papers/acs-ec97.pdf
https://www.researchgate.net/publication/274462872_IZPM_for_unbalanced_fuzzy_transportation_problems
https://www.researchgate.net/publication/274462872_IZPM_for_unbalanced_fuzzy_transportation_problems
https://www.researchgate.net/publication/274462872_IZPM_for_unbalanced_fuzzy_transportation_problems
https://www.researchgate.net/publication/274462872_IZPM_for_unbalanced_fuzzy_transportation_problems
https://journaljamcs.com/index.php/JAMCS/article/view/30284
https://journaljamcs.com/index.php/JAMCS/article/view/30284
https://journaljamcs.com/index.php/JAMCS/article/view/30284
https://www.researchgate.net/profile/Uthpala-Ekanayake-2/publication/343653541_A_Modified_Ant_Colony_Optimization_Algorithm_for_Solving_a_Transportation_Problem/links/6180be8eeef53e51e119dd46/A-Modified-Ant-Colony-Optimization-Algorithm-for-Solving-a-Transportation-Problem.pdf
https://www.researchgate.net/profile/Uthpala-Ekanayake-2/publication/343653541_A_Modified_Ant_Colony_Optimization_Algorithm_for_Solving_a_Transportation_Problem/links/6180be8eeef53e51e119dd46/A-Modified-Ant-Colony-Optimization-Algorithm-for-Solving-a-Transportation-Problem.pdf
https://www.researchgate.net/profile/Uthpala-Ekanayake-2/publication/343653541_A_Modified_Ant_Colony_Optimization_Algorithm_for_Solving_a_Transportation_Problem/links/6180be8eeef53e51e119dd46/A-Modified-Ant-Colony-Optimization-Algorithm-for-Solving-a-Transportation-Problem.pdf
https://www.researchgate.net/profile/Uthpala-Ekanayake-2/publication/343653541_A_Modified_Ant_Colony_Optimization_Algorithm_for_Solving_a_Transportation_Problem/links/6180be8eeef53e51e119dd46/A-Modified-Ant-Colony-Optimization-Algorithm-for-Solving-a-Transportation-Problem.pdf
https://www.researchgate.net/profile/Uthpala-Ekanayake-2/publication/343653541_A_Modified_Ant_Colony_Optimization_Algorithm_for_Solving_a_Transportation_Problem/links/6180be8eeef53e51e119dd46/A-Modified-Ant-Colony-Optimization-Algorithm-for-Solving-a-Transportation-Problem.pdf
https://www.researchgate.net/profile/Uthpala-Ekanayake-2/publication/343653541_A_Modified_Ant_Colony_Optimization_Algorithm_for_Solving_a_Transportation_Problem/links/6180be8eeef53e51e119dd46/A-Modified-Ant-Colony-Optimization-Algorithm-for-Solving-a-Transportation-Problem.pdf
https://www.semanticscholar.org/paper/Introduction-to-fuzzy-arithmetic-%3A-theory-and-Kaufmann-Gupta/cb24a2145ad597ee1a5a7ad30b1f44720915beda
https://www.semanticscholar.org/paper/Introduction-to-fuzzy-arithmetic-%3A-theory-and-Kaufmann-Gupta/cb24a2145ad597ee1a5a7ad30b1f44720915beda
http://repository.untar.ac.id/13218/1/buktipenelitian_10103011_3A202304.pdf
http://repository.untar.ac.id/13218/1/buktipenelitian_10103011_3A202304.pdf
http://repository.untar.ac.id/13218/1/buktipenelitian_10103011_3A202304.pdf


ISSN 2347–3657 

Volume 7, Issue 3, 2019 

 

87 

 
 

 

30. Kaur, L., Rakshit, M., & Singh, S. (2019). A new approach to 

solve Multi-objective Transportation Problem. Applications 

and Applied Mathematics: An International Journal (AAM), 

13(1), 10. 

31. Shan-Huo Chen. (1999). Graded mean integration representa- 

tion of generalized fuzzy numbers, J. Chinese Fuzzy Systems 

Association 5(2) , 1-7. 

32. Pramanik, S., & Roy, T. K. (2008). Multiobjective transporta- 

tion model with fuzzy parameters: priority based fuzzy goal 

programming approach. Journal of Transportation Systems 

Engineering and Information Technology, 8(3), 40-48. 

33. Abd El-Wahed, W. F. (2001). A multi-objective transportation 

problem under fuzziness. Fuzzy sets and systems, 117(1), 27- 

33. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://digitalcommons.pvamu.edu/cgi/viewcontent.cgi?article=1621&context=aam
https://www.researchgate.net/publication/239281343_Some_Properties_of_Graded_Mean_Integration_Representation_of_LR_Type_Fuzzy_Numbers
https://www.researchgate.net/publication/239281343_Some_Properties_of_Graded_Mean_Integration_Representation_of_LR_Type_Fuzzy_Numbers
https://www.researchgate.net/publication/239281343_Some_Properties_of_Graded_Mean_Integration_Representation_of_LR_Type_Fuzzy_Numbers
http://www.irantahgig.ir/wp-content/uploads/40079.pdf
http://www.irantahgig.ir/wp-content/uploads/40079.pdf
http://www.irantahgig.ir/wp-content/uploads/40079.pdf
http://www.irantahgig.ir/wp-content/uploads/40079.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0165011498001559
https://www.sciencedirect.com/science/article/abs/pii/S0165011498001559
https://www.sciencedirect.com/science/article/abs/pii/S0165011498001559

