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A method for solving a fuzzy transportation
problem via Robust ranking technique and ATM
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Abstract: In this paper, we introduce the method for solving fuzzy transportation
problem (FTP) using Robust’s ranking technique for the representative value of the
fuzzy number. In addition we are using allocation table method (ATM) to find an
initial basic feasible solution (IBFS) for the FTP. Moreover, this method is also good
optimal solution in the literature and illustrated with numerical examples.
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1. Introduction

The transportation problem is a special kind of optimization problem. Transportation problem aims
at finding the least total transportation cost of goods in order to satisfy demand at destinations us-
ing available supplies at the sources.

In usual, transportation problems are solved with the hypothesis that values of supplies and de-
mands and the transportation costs are specified in a precise way. In the real world, in many cases,
the decision-maker has no crisp information about the coefficients belonging to the transportation
problem. In this situation, the corresponding elements defining the problem can be formulated by
means of fuzzy set, and the fuzzy transportation problem appears in a natural way. The basic trans-
portation model was first developed by Hitchcock (1941). Dantzig (1951) applied linear programming
to solve the transportation problem. The concept of decision-making in fuzzy environment was pro-
posed by Bellman and Zadeh (1970). Several authors have carried out an examination about FTP
(Basirzadeh (2011); Chanas and Kucht (1996); Gani & Razak, (2006); Kaur and Kumar (2011); Li, Huang,
Da, & Hu, Li et al. (2008); Lin (2009); Oheigeartaigh, Oheigeartaigh (1982); Pandian and Natrajan,
(2010a); Zimmermann (1978). Chang (1981) suggested the concept of the preference function of an
alternative. Yager (1981) studied a procedure for ordering fuzzy subsets of the unit interval. Chen
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(1985) studied ranking fuzzy numbers with maximizing set and minimizing set. Dinagar and Palanivel
(2009) investigated the transportation problem in fuzzy environment. Pandian and Natarajan (2010a)
introduced a new algorithm to find a fuzzy optimal solution for fuzzy transportation problems.
Shanmugasundari and Ganesan (2013) studied a novel approach for the fuzzy optimal solution of
fuzzy transportation problems. Kaur and Kumar (2012) presented a new approach for solving fuzzy
transportation problems using generalized trapezoidal fuzzy numbers (TrFNs). Srinivas and Ganesan
(2015) obtained the optimal solution for intuitionistic fuzzy transportation problem via revised distri-
bution method. Nagarajan and Solairaju (2010) found computing improved fuzzy optimal hungarian
assignment problem with fuzzy costs under Robust ranking techniques. Ahmed, Khan, Uddin and
Ahmed (2016) introduced the allocation table method (ATM) for finding an IBFS.

In this paper, we introduce the method for solving fuzzy transportation problem (FTP) using Robust
ranking technique for the representative value of the fuzzy number. In addition, we are using ATM by
Ahmed et al. (2016) to find IBFS for the FTP and improve basic feasible solution by modified distribu-
tion method (MODIM) for find optimal solution. Moreover, the method is illustrated with numerical
examples.

The rest of this paper is organized as follows: In Section 2, deals with some definitions and opera-
tions on TrFN from literature. In Section 3, a method to find IBFS and optimal solution for FTP is dis-
cussed. In Section 4, we give examples to illustrate to finding IBFS and the optimal solution for the
FTP. Finally, Section contains the conclusion.

2. Preliminaries
In this section, we summarize some basic concepts of fuzzy set defined by Zadeh (1965), notation,
definitions, and operations of TrFN which are used throughout the paper.

2.1. The definitions and operations of fuzzy number

Definition 2.1 Zadeh (1965) Let X be a nonempty set of the universe. A fuzzy set A in X denote by
A = {X, uz(X)|x € X} where the function

uzX —[0,1]

uz(X)is the degree of membership of element x in fuzzy set A Thus, uz(x) is valued on the unit interval.
Definition 2.2 A fuzzy number Ais

(i) subset of the real line.
(i) continuous membership function.

(iii) convex, that is for any x,y € Rand 4 € [0, 1].
Hz X + (1= y) > min (uz(%), uz(y)).

(iv) normal, that is there exist at least one x € R such that p;(x) = 1.

Definition 2.3 Let A and B be any fuzzy numbers and let & € R be any real number. Then, the sum
of two fuzzy numbers and the scalar product of & and A are defined by the membership functions

Mz 5(2) = SuPvaiﬂv {Mz(V), W)},
Hez(2) = max {sip uz(v), O},

where we set sup{@} = —co
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Figure 1. ATrEN A = (I, a,b,r')

()
A

v

Definition 2.4 Dubois and Prade (1980) A TrFN A= (',a,b,r') is a special fuzzy set in R, whose

membership function is defined as follow (Figure 1):

x=-0/@=ly ifl<x<a

() = ifa<x<b
Ko = r"-x)/r'-b) ifb<x<r
0 otherwise

wherel' <a<b<r.

1

Remark 2.5 From Definition 2.4 ATFENA = (I',a,b,r)ifa=b = p then A= @, p,r")thatis A= &, p,r
is a triangular fuzzy number (TFN), which is particular case of TrFN. In a similar way, the arithmetic

operations of TFN and TrFN are defined as follows.

Definition 2.6 Let A= (},a,,b;,r)and B= (5, a,,b,,r;) be two TrFNs with & # 0 be any real number.
Then, the arithmetic operations of TrFNs are defined as follows:

A+B=( +l,a,+a,b, +b,r,+r),

-B=(;-r,a,-b,, b, —a,,r - 1),

p

(t,a,a,,b,b,,riry)  ifA>0,B>0
AB =1 (Iyry,a,b,,bia,,r1l) ifé<0,13>0
(riry,biby,0,0,, 101 ifA<0,B<0,

{,/r,, a,/by, by/ay, 1/l ifA>0,B>0
A/B=1 (/1) by/by, a,/ay, /L) ifA<0,B>0
(r;/6, by/a,, a,/b,, L /ry)  ifA<0,B<0,

EJA = &l éay, &by, erp ifE>0
@, &by, ¢ay, el ifE<0

and

At =qyr;, 1/by, 1/a, 1/l if A#0.

(2)

(3)

(4)

(5)

(6)

@)
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Definition 2.7 The A-cut set of TrFN A= (', a, b, r')is a crisp subset of R, which is defined as follow:

A, = (Xluz () = 4,

where 1 € [0, 1].

From Definition 2.7, A-cut set of any TrFN Ais Zi = [Zi, Zf] if we get crisp interval by A-cut operation
A-cut interval for TrFN A is written below.

Forall A € [0, 1], and from Equation (1)

[ r'—b
' _ =) and —2=12
a-1 r—-b

such that
A =l+@-01 and AV=r (' -b)i

therefore, we get

A, =1l+@=-D4r =" =b)3l
(8)

2.2. Robust’s ranking technique
In this section, we introduced the concept of Robust’s ranking Yager (1981) and we give the notation
of the Robust’s ranking index.

Definition 2.8 Yager (1981) Let A be a convex fuzzy number the Robust’s ranking index is defined by

1

J[Zi, AY1d4, 9)
0

RA) =

N| =

where [AL, AY]is the A-level cut of the fuzzy number A.

Since Definitions 2.4 and 2.8 and Equation (8) such that
R(A) =

(AL, AY1dA

N| =

(10)

(' +@—=1)A)+ (' — (" —b)AldA.

N| =

Ot—— h O——

In this paper, we give index R(Z) is the representative value of the fuzzy number A. And we give
index R(E,.j) is the representative value of the fuzzy cost Eu

3. Fuzzy transportation problem
The mathematical formulation of the FTP is of the following form (Table 1):

m n
Minimize iy = ZZEUXU

i=1 j=1

n
subject to inj <ea, i=12,...,m
j=1

™5

=

X;,-Zﬁi» j=12,...,n

i=

X; 20 foralli andj,
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Table 1. The fuzzy transportation table

1 2 N a;
1 iy 5% Ciy *
2 EZl EZZ EZH az
B p p B < i
f : : : Sa=%y
i=1 =1
where

E,j is the fuzzy cost of transportation one unit of the goods from ith source to the jth destination.

X; is the quantity transportation from ith source to the jth destination.

«; is the total availability of the goods at ith source.

B, is the total demand of the goods at jth destination.

Yy XL CyX; is total fuzzy transportation cost.

If Y, & = X, B, then FTPis said to be balanced.

If Y, & # X, B, then FTP s said to be unbalanced.

3.1. Algorithm to find an initial basic feasible solution (IBFS)
In this section, we use an allocation table set up to find the solution for FTP. This method is called
ATM and the algorithm is illustrated as follows:

Step-1: Establish the formulated fuzzy linear programming problem into the tabular form known
as fuzzy transportation table (FTT). The fuzzy cost of transportation to be put on the table allocation.
And we use the approximate fuzzy cost of TP by Robust’s ranking technique.

Step-2: Examine that the FTP is balanced or unbalanced, if unbalanced, make it balanced.

Step-3: Choose minimum odd cost (can be an integer/decimal/fractional number odd) from every
cost cells of FTT. If there is no odd cost in cost cells of the FTT, continue by dividing every cost cells
by 2 until get at least an odd value in cost cells.

Step-4: Form a new table which revises is to be known as allocation table by keeping the minimum
odd cost in the respective cost cell/cells as it was/were, and subtract selected minimum odd cost
only from each of the odd cost valued cells of the FTT. Now every the cell values are to be called as

allocation cell value in allocation table.

Step-5: At first start with selected minimum odd cost in allocation table in Step-4. Delete the
row(availability) or column(demand) that has been allocated to complete.

Step-6: Now specify the minimum allocation cell value and allocate minimum of availability/
demand at the place of selected allocation cell value in the allocation table. In the event of same
allocation cell values, select the allocation cell value where minimum allocation can be made. Afresh
in the event of same allocation in the allocation cell values, choose the minimum cost cell which is
corresponding to the cost cells of FTT formed in Step-1. Afresh if the allocations and the cost cells are
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equal, in such case choose the nearer cell to the minimum of demand/availability which is to be al-
located. Now Delete the row(availability) or column(demand) that has been allocated to complete.

Step-7: Repeat Step-6 as far as the demand and availability are depleted.

Step-8: Finally, from the FTT, we compute the total fuzzy transportation cost.
3.2. Modified distribution method (MODIM) for finding optimal solution
In this section, we find the best solution for FTP using a modified method of distribution. Algorithm
of MODIM is illustrated as follow:

Step-1: Find IBFS by proposed ATM.

Step-2: Compute dual variables R, and KJ for all row and column, respectively, satisfying R, + KJ = Cﬁ,
setR, =0.

Step-3: Calculate the improvement index value for unoccupied cells by the equation
E,.joij—R,.—Kj.

Step-4: Consider valued ofE,.j.
case (i) IBFS is fuzzy optimal solution, if E,.j > 0O for every unoccupied cells.
case (ii) IBFS is not fuzzy optimal solution, for at least one E,.j < 0.Go to step 5.

Step-5: Choose the unoccupied cell for the most negative value of E,.J..

Step-6: We construct the closed loop below.

At first, start the closed loop with choose the empty cell and move vertically and horizontally with
corner cells occupied and come back to choose the empty cell to complete the loop. Use sign “+” and
“=" at the corners of the closed loop, by assigning the “+” sign to the selected empty cell first.

Step-7: Look for the minimum allocation value from the cells which have “-”sign. After that, allo-
cate this value to the choose empty cell and subtract it to the other occupied cell having “=” sign and
add it to the other occupied cells having “+” sign.

Step-8: Allocation in Step-7 will result an improved basic feasible solution (BFS).

Step-9: Test the optimality condition for improved BFS. The process is complete when EU > O for
all the empty cell.

4. Numerical example

Example 4.1 Consider fuzzy transportation problem with three sources that is S, S,, S; and three
destinations D,, D,, D.. The cost of transporting one unit of the goods from ith source to the jth des-
tination given whose elements are trapezoidal fuzzy numbers, and is shown in Table 2. Find out the
minimum cost of total fuzzy transportation.

3 3
Since ) o; = 3 §, = 125, the FTP is balanced.
i=1 j=1

From Table 2, the cost of transporting one unit of the goods from ith source to the jth destination
are TrFNs. We use Robust’s ranking technique form Equation (10) for calculating the membership
function of the TrFN.
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Table 2. Data of the Example 4.1: The fuzzy transportation table

Source D, D, D, Supply (@)
S, (3,5,7, 14) (2,4,8,13) (3,5,9,15) 35
S, (2,5,8,10) (3,6,9,12) (4,7,10,16) 40
S5 (3,6,8,13) (4,8,10,15) (5,9,13,15) 50
Demond(ﬂj) 45 55 25 125

Table 3. The fuzzy transportation table after ranking

Source D, D, D, Supply
S, 7.25 6.75 8 35
S, 6.25 7.5 9.25 40
S, 7.5 9.25 105 50
Demand 45 55 25 125

Let us consider Table 2 where the element (3, 5, 7, 14) is TrFN. The A-cut of the TrFN (3, 5, 7, 14) is
(€11, o] = [3 + 24,14 — 74]. Therefore, we obtain

REC.) =RE3,5,7,14)

1
1 ~
= 2 Jﬁilz’ Cgu]dﬂ
0
1
1
=3 J(17 —54)da
0
=7.25.

Similarly, the Robust’s ranking indexes for the fuzzy costs EU are calculated as:
RE,,) = 6.75, REC,;) = 8, RE,,) = 6.25, R(,,) = 7.5, R(,;) = 9.25, R(C,,) = 7.5, R(C,,) = 9.25, R(E,;) = 10.5.
We put all R(Eij) in Table 3.

From Table 3, it is found that the FTP is balanced. Thus, move to step-3.
Step-3, minimum odd cost is 6.25 in cost cell (2,1) among all the cost cells of Table 3.

According to step-5, minimum of supply/demand is 40 that is allocation in cell (2,1). After allocat-
ing this value, it is found that the supply is satisfied. For which S, row is to be exhausted.

After step-5, only S, and S, rows are to be considered. Where 6.75 is the lowest cell value in cells
(1,1),(1,2),and (3,1). Among these three cells 5 is the lowest allocation can be made in cells (1,1) and
(3,1). In the case, we choose cell (1,1) because 7.25 is the lowest cell value in cells (1,1) and (3,1). For
which D, column is to be exhausted.

Next, consider cells (1,3) and (3,3) we found that 25 is the lowest allocation of cost cells (1,3) and
(3,3). Thus, select cell (1,3) because 8 is the lowest cell value in cells (1,3) and (3,3). For which D,

column is to be exhausted

Now complete the allocation by allocating 5 and 50, respectively, to the cell (1,2) and (3,2). All
these allocations are made according to step-6 and step-7 of the proposed algorithm.
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Table 4. By the first iteration of allocation cell, we have

Source D, D, D, Supply
S, 7.25 6.75 8 35
s, 6.25 40 7.5 9.25 40
S, 7.5 9.25 10.5 50
Demand 45 55 25 125

Source D, D, D, a;
S, 725 5 6.75 5 8 25 35
S, 6.25 40 7.5 9.25 40
S, 7.5 9.25 50 10.5 50
B 45 55 25 125

Table 6. Improved basic feasible solution

Source D, D, D, a;
S, 7.25 6.75 10 8 25 35
S, 6.25 7.5 40 9.25 40
S; 75 45 9.25 5 10.5 50
B, 45 55 25 125

After that, transfer this allocation to the FTT. The first allocation is shown in Table 4 and the final
allocation is shown in Table 5.

Therefore, IBFS is x;; =5, x;, =5, x5 = 25, X, = 40, x;, = 50.

Finally, total fuzzy transportation cost is
(5%7.25+5x%6.75+25x 8 +40x6.25 + 50 x9.25) = 982.5.

Now we apply MODIM, to compute the optimal solution. Algorithm of MODIM is shown in
Section 3.2. We will show only the results of improved basic feasible solution is shown in Table 6 and
calculation minimum fuzzy transportation cost is given below.

Hence, optimal solution is x;, =10, x,; = 25, x5, = 40, X3, =45, x;, =5 and minimum fuzzy
transportation cost is (10 x 6.75 +25x 8 + 40 x 7.5 + 45x 7.5 + 5% 9.25) = 951.25

Example 4.2 Consider fuzzy transportation problem with four sources thatis S,, S,, S;, S, and three
destinations D,, D,, D,. The cost of transportation one unit of the goods from ith source to the jth
destination given whose elements are trapezoidal fuzzy numbers and is shown in the Table 7. Find
out the minimum cost of total fuzzy transportation.

Since X!, o, = 21.3:1 B; = 120, the FTP is balanced.
From Table 7, the cost of transporting one unit of the goods from ith source to the jth source to the

jth destination are TrFNs. Therefore, we are using Robust’s ranking technique for calculating the
membership function of the TrFN.
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Table 7. Data of the Example 4.2: The fuzzy transportation table

Source D, D, D, Supply (@)
S, (2,5,8,15) (2,3,4,7) (3,7,9,15) 25
S, (3,6,9,12) (4,7,9,11) (4,8,10,13) 35
S5 (3,7,10,16) (5,6,12,16) (4, 6,8, 14) 50
S, (3,4,6,9) (4,5,7,9) (5,8,11,13) 10
Demqnd(ﬂj) 30 40 50 120

Table 8. The fuzzy transportation table after ranking

Source D, D, D, Supply (@)
S 7.5 4 8.5 25
S, 7.5 7.75 8.75 35
S, 9 9.75 8 50
S, 5.5 6.25 9.25 10
Demond(ﬂj) 30 40 50 120

The Robust’s ranking indexes for the fuzzy «costs ¢, are calculated as:

R(C,;) =75, R(C,,) = 4, R(C;3) = 8.5, R(C,,) = 7.5, R(C,,) = 7.75, R(C,3) = 8.75, R(C;,) = 9,
RE,,) = 9.75,R(,;) = 8, R(C,,) = 5.5, R(C,,) = 6.25, R(,;) = 9.25.
We put all R(C)) in Table 8.

From Table 8, it is found that the FTP is balanced. Thus, move to step-3.
Step-3, minimum odd cost is 5.5 in cost cell (4,1) among all the cost cells of Table 8.

According to step-5, minimum of supply/demand is 10 that is allocation in cell (4,1). After allocat-
ing this value, it is found that the supply is satisfied. For which S, row is to be exhausted.

After step-5, only S,,S, and S, rows are to be considered. Where 4 is the lowest cell value in the
cells (1,1), (1,2) and (2,1). Among these three cells 20 is the lowest allocation can be made in cells
(1,1) and (2,1). We choose cell (2,1), thus minimum allocation 20 is allocated in cell (2,1). For which
D, column is to be exhausted.

Next, consider cells (2,2) and (2,3), in both of these cells 15 is the minimum allocation can be
make. But in between these two cells, it is found that 7.75 is the lowest cell value in the cells (2,2)
and (2,3). Thus, minimum allocation 15 is allocated in cell (2,2). For which S, row is to be
exhausted.

After that, consider cells (1,2) and (1,3), in both of these cells 25 is the minimum allocation can be
make. But in between these two cells, it is found that the minimum cost cell appears in the cell (1, 2);
therefore, the minimum allocation 25 is allocated in cell (1, 2). For which D, column and S, row are to
be exhausted.

Now complete the allocation by allocating 50 to the cell (3,3). All these allocations are made ac-
cording to step-6 and step-7 of the proposed algorithm.

After that, transfer this allocation to the FTT. The final allocation is shown in Table 9.

Form Table 9, IBFS is x,, = 25, x,; = 20, x,, = 15, X5; = 50, x,; = 10, and the fuzzy transportation
costis(5x6.75+20x 7.5+ 15x7.75+ 50 x 8 + 10 x 5.5) = 821.25.
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Table 9. IBFS according to ATM

Source D, D, D, a;
S, 7.5 4 25 8.5 25
S, 7.5 20 7.75 15 8.75 35
S, 9 9.75 8 50 50
S, 55 10 6.25 9.25 10
B, 30 40 50 120

Table 10. Improved basic feasible solution

Source D, D, D, a;
S, 7.5 4 25 85 0 25
S, 7.5 20 7.75 15 8.75 35
S, 9 9.75 8 50 50
S, 55 10 6.25 9.25 10
B, 30 40 50 120

Now we apply MODIM, to compute the optimal solution. Algorithm of MODIM as shown in Section
3.2. We will show only the results of improved basic feasible solution shown in Table 10 and calcula-
tion minimum fuzzy transportation cost below.

Form Table 10, optimal solution is x,, = 25, x;; =0, x,; = 20, x,, = 15, x3; = 50, x,;, = 10,
and the minimum fuzzy transportation cost is
(5%x6.75+20x75+15%x7.75+50x 8 + 10 x 5.5) = 821.25.

5. Conclusion

In this paper, the ATM is used to find an IBFS. Using A-cut set and Robust’s ranking technique for the
representative value of the fuzzy number based on the both demand and availability are real num-
bers. In addition, the cost is always TrFNs. Moreover, we improve the basic feasible solution by
MODIM to find the optimal solution. This method can be used to solve TP and FTP which is TFN and

TrFN. Therefore, this method can be applied to solve the real-life transportation problem.

Funding

This project was supported by the Theoretical and
Computational Science (TaCS) Center [grant number
TaCS2560-1] under Computational and Applied Science for
Smart Innovation Research Cluster (CLASSIC), Faculty of
Science, KMUTT.

Author details

Darunee Hunwisai'?

E-mail: darunee.3790@mail kmutt.ac.th

Poom Kumam??

E-mails: poom.kum@kmutt.ac.th, poom.kumam@mail.kmutt.ac.th

ORCID ID: http://orcid.org/0000-0002-5463-4581

! Science Laboratory Building, Faculty of Science, KMUTT-Fixed
Point Theory and Applications Research Group (KMUTT-FPTA),
Theoretical and Computational Science Center (TaCS), King
Mongkut’s University of Technology Thonburi (KMUTT), 126
Pracha-Uthit Road, Bang Mod, Thrung Khru, Bangkok 10140,
Thailand.

2 Science Laboratory Building, Faculty of Science, KMUTTFixed
Point Research Laboratory, Department of Mathematics,
Room SCL 802 Fixed Point Laboratory, King Mongkut’s
University of Technology Thonburi (KMUTT), 126 Pracha-Uthit
Road, Bang Mod, Thrung Khru, Bangkok 10140, Thailand.

Citation information

Cite this article as: A method for solving a fuzzy
transportation problem via Robust ranking technique
and ATM, Darunee Hunwisai & Poom Kumam, Cogent
Mathematics (2017), 4: 1283730.

Authors’ contributions
All authors have equal contributions. All authors read and
approved final manuscript.

References

Ahmed, M. M., Khan, A. R,, Uddin, Md. S., & Ahmed, F. (2016). A
new approach to solve transportation problems. Open
Journal of Optimization, 5, 22-30.

Basirzadeh, H. (2011). An approach for solving fuzzy
transportation problem. Applied Mathematical Sciences, 5,
1549-1566.

Bellman, R. E., & Zadeh, L. A. (1970). Decision making in a fuzzy
environment. Management Science, 17, 141-164.

Chanas, S., & Kucht, D. (1996). A concept of the optimal
solution of the transportation problem with fuzzy cost
coefficients. Fuzzy Sets and Systems, 82, 299-305.

Chang, W. K. (1981). Ranking of fuzzy utilities with triangular
membership function. In International Conference on Plicy

Page 10 of 11


mailto:darunee.3790@mail.kmutt.ac.th
mailto:poom.kum@kmutt.ac.th
mailto:poom.kumam@mail.kmutt.ac.th
http://orcid.org/0000-0002-5463-4581

Hunwisai & Kumam, Cogent Mathematics (2017), 4: 1283730
http://dx.doi.org/10.1080/23311835.2017.1283730

¥ cogent--mathematics

Analysis and Informations Systems Tamkang University
(pp. 163-171). Taipei: ROC.

Chen, S. H. (1985). Ranking fuzzy numbers with maximizing
set and minimizing set. Fuzzy Sets and Systems, 17,
113-129.

Dantzig, G. B. (1951). Application of the simplex method to a
transportation problem. T. C. Koopmans (Ed.), Activity
Analysis of Production and Allocation (pp. 359-373). New
York, NY: John Wiley and Sons.

Dinagar, D. S., & Palanivel, K. (2009). The transportation
problem in fuzzy environment. International Journal of
Algorithms Computing and Mathematics, 2, 65-71.

Dubois, D., & Prade, H. (1980). Fuzzy set and systems theory
and application. New York, NY: Academic Press.

Gani, A, & Razak, K. A. (2006). Two stage fuzzy transportation
problem. Journal of Physical Sciences, 10, 63-69.

Hitchcock, F. L. (1941). The distribution of a product several
sources to numerous localities. Journal of Mathematics
and Physics, 20, 224-230.

Kaur, A, & Kumar, A. (2011). A new method for solving fuzzy
transportation problems using ranking function. Applied
Mathematical Modelling, 35, 5652-5661.

Kaur, A., & Kumar, A. (2012). A new approach for solving
fuzzy transportation problems using generalized
trapezoidal fuzzy numbers. Applied Soft Computing, 12,
1201-1213.

Li, L., Huang, Z., Da, Q., & Hu, J. (2008). A new method based
on goal programming for solving transportation problem
with fuzzy cost. In International Symposiums on
Information Processing (pp. 3-8). Moscow: The IEEE
Computer Society.

cogent--0a

You are free to:

Lin, F. T. (2009). Solving the transportation problem with fuzzy
coefficients using genetic algorithms. International
Conference on Fuzzy Systems (pp. 1468-1473). Jeju Island:
IEEE Computational Intelligence Society.

Nagarajan, R., & Solairaju, A. (2010). Computing improved
fuzzy optimal hungarian assignment problem with fuzzy
costs under Robust ranking techniques. International
Journal of Computer Applications, 6, 6-13.

Oheigeartaigh, M. (1982). A fuzzy transportation algorithm.
Fuzzy Sets and Systems, 8, 235-243.

Pandian, P, & Natarajan, G. (2010a). A new algorithm for
finding a fuzzy optimal solution for fuzzy transportation
problems. Applied Mathematical Sciences, 4, 79-90.

Pandian, P., & Natrajan, G. (2010b). An optimal more for less
solution to fuzzy transportation problem with mixed
constraints. Applied Mathematical Science, 4, 1405-1415.

Shanmugasundari, M., & Ganesan, K. (2013). A novel approach
for the fuzzy optimal solution of fuzzy transportation
problem. International Journal of Engineering Research
and Applications, 3, 1416-1421.

Srinivas, B., & Ganesan, G. (2015). Optimal solution for
intuitionistic fuzzy transportation problem via revised
distribution method. International Journal of Mathematics
Tends and Technology, 19, 150-161.

Yager, R. R. (1981). A procedure for ordering fuzzy subsets of
the unit interval. Information Science, 24, 143-161.

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8,
338-356.

Zimmermann, H. 1. (1978). Fuzzy programming and linear
programming with several objective functions. Fuzzy Sets
and Systems, 1, 45-55.

© 2017 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

@ Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.

No additional restrictions

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Mathematics (ISSN: 2331-1835) is published by Cogent OA, part of Taylor & Francis Group.
Publishing with Cogent OA ensures:

Immediate, universal access to your article on publication

High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

Download and citation statistics for your article

Rapid online publication

Input from, and dialog with, expert editors and editorial boards
Retention of full copyright of your article

Guaranteed legacy preservation of your article

Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 11 of 11



	1.  Introduction
	2.  Preliminaries
	2.1.  The definitions and operations of fuzzy number
	2.2.  Robust’s ranking technique

	3.  Fuzzy transportation problem
	3.1.  Algorithm to find an initial basic feasible solution (IBFS)
	3.2.  Modified distribution method (MODIM) for finding optimal solution

	4.  Numerical example
	5.  Conclusion
	References



