Optim Lett (2012) 6:1737-1751
DOI 10.1007/s11590-011-0367-2

ORIGINAL PAPER

Mehar’s method to find exact fuzzy optimal solution
of unbalanced fully fuzzy multi-objective transportation
problems

Anila Gupta - Amit Kumar . Amarpreet Kaur

Received: 9 February 2011 / Accepted: 2 July 2011 / Published online: 20 July 2011
© Springer-Verlag 2011

Abstract To the best of our knowledge, till now there is no method described in
literature to find exact fuzzy optimal solution of balanced as well as unbalanced fully
fuzzy multi-objective transportation problems. In this paper, a new method named as
Mehar’s method, is proposed to find the exact fuzzy optimal solution of fully fuzzy
multi-objective transportation problems (FFMOTP). The advantages of the Mehar’s
method over existing methods are also discussed. To show the advantages of the pro-
posed method over existing methods, some FFMOTP, which cannot be solved by using
any of the existing methods, are solved by using the proposed method and the results
obtained are discussed. To illustrate the applicability of the Mehar’s method, a real
life problem is solved.

Keywords Multi-objective linear programming - Trapezoidal fuzzy number - JMD
type trapezoidal fuzzy number - Fully fuzzy multi-objective transportation problem

1 Introduction

It is quite challenging to find better ways to create and deliver goods to customers
in today’s highly competitive market. How and when to send the products, to the
customers in quantities they desire, in a cost-effective manner becomes more and
more demanding. Transportation models provide a powerful framework to meet this
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requirement. These ensure the efficient movement and timely availability of raw mate-
rials and finished goods. The basic transportation problem was originally developed
by Hitchcock [8].

In classical form, the transportation problem minimizes the cost of transporting a
product which is available at some sources and is required at various destinations.
However, in most real world problems, the complexity of the social and economic
environment requires the explicit consideration of objective functions other than cost.
For example, the objectives may be minimization of total cost, total time, total deteri-
oration of goods during transportation. These objectives are frequently in conflict with
each other, are measured in different scales and are difficult to combine in one overall
utility function. Several researchers [2,5,6,9, 12] have proposed different methods for
solving linear multi-objective transportation problems.

In conventional multi-objective transportation problems it is assumed that decision
maker is sure about the precise values of co-efficients of the objective functions, avail-
ability and demand of the product. In real world applications, all the parameters of
the transportation problems may not be known precisely due to uncontrollable factors.
For example transportation time will be uncertain with the change of weather, trans-
portation ways and condition of transportation ways. This type of imprecise data is not
always well represented by random variable selected from a probability distribution.
Fuzzy numbers introduced by Zadeh [15] may represent this data. So, fuzzy deci-
sion making method is needed here. Bellman and Zadeh [3] first introduced the fuzzy
sets theory into multi-criteria analysis for effectively dealing with the imprecision,
vagueness and subjectiveness of the human decision making. Since then, significant
advances have been made in developing numerous methodologies and their applica-
tions to various decision problems [13,14,16,18].

Several authors [1,4,7,11] have proposed different methods for solving fuzzy multi-
objective transportation problems by representing the co-efficients of the objective
functions, availability, demand as fuzzy numbers and the decision variables as real
numbers.

To the best of our knowledge, till now there is no method described in literature to
find exact fuzzy optimal solution of balanced as well as unbalanced fully fuzzy multi-
objective transportation problems (FFMOTP). In this paper, a new method named as
Mehar’s method, is proposed to find the exact fuzzy optimal solution of FFMOTP.
The advantages of the Mehar’s method over existing methods are also discussed. To
show the advantages of the proposed method over existing methods, some FFMOTP,
which cannot be solved by using any of the existing methods, are solved by using the
proposed method and the results obtained are discussed. To illustrate the applicability
of the Mehar’s method, a real life problem is solved.

This paper is organized as follows: In Sect. 2, basic definitions and arithmetic oper-
ations are presented. In Sect. 3, formulation of FFMOTP is presented. In Sect. 4, the
limitations of the existing methods are pointed out. In Sect. 5, a new method, named
as Mehar’s method is proposed to find exact fuzzy optimal solution of FFMOTP. In
Sect. 6, the advantages of the Mehar’s method over existing methods are discussed
and illustrated by two examples. To show application of Mehar’s method, a real life
problem is solved in Sect. 7. The conclusions are discussed in Sect. 8.
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2 Preliminaries

Kumar and Kaur [10] proposed JM D representation of trapezoidal fuzzy numbers
and pointed out that it is better to use J M D representation instead of existing repre-
sentation of trapezoidal fuzzy numbers. In this section, basic definitions and arithmetic
operations of J M D type trapezoidal fuzzy number are presented [10].

2.1 Basic definitions

In this section, some basic definitions are presented.

Definition 1 Let (m, n, o, §) be a trapezoidal fuzzy number then its J M D represen-
tationis (x, «, y, B)yuyp wherex =m—a,a =a >0,y =n—-m>0,8=4>0.

Definition 2 A trapezoidal fuzzy number A = (x,a,y, B)sup is said to be zero
trapezoidal fuzzy number if and only if x =0, =0,y =0, 8 = 0.

Definition 3 A trapezoidal fuzzy number A= (x, o, ¥, B)smp is said to be non-
negative trapezoidal fuzzy number if and only if x > 0.

Definition 4 Two trapezoidal fuzzy numbers A = (x1, o1, ¥1, B1)smp and B =
(x2, a2, ¥2, B2) M p are said to be equal, i.e., A = Bifand only if x; = x2, 0] = ap,
Y1 =72, P1 = pa.

Definition 5 A ranking function is a function i : F(R) — R, where F(R) is a set
of J M D type trapezoidal fuzzy numbers, defined on set of real numbers, which maps
each fuzzy number into a real number.

Let (x,«, v, B)jmp be a trapezoidal fuzzy number then N((x, @, ¥, B)ymp) =
4x+3a+2y+p
R Sl

2.2 Arithmetic operations of J M D type trapezoidal fuzzy numbers

In this section, addition and multiplication operations of J M D type trapezoidal fuzzy
numberg are presented [10]. B

Let Ay = (x1, o1, y1, B1)ymp and Ay = (x2, a2, ¥2, B2)ymp be two JM D type
trapezoidal fuzzy numbers, then

(i) A1 @Ay = (v +x2, 01 + a2, 1+ v2. Bi + B2)ymp
(i) A1 ® Ay~ (x,a, %, Blymp

where,

x = minimum{xyx2, x; (X2 + a2 + 2 + B2), (x1 + a1 +y1 + Br)x2, (x1 + a1 + 1
+ B (x2 + a2 + 2 + B2)}

a = minimum{(x; + a1)(x2 + a2), (x1 + a)(x2 + a2 + ¥2), (x1 + a1 + Y1) (x2
+az), (x1tar+yD)tax+y)}—x

y = maximum{(x; + a1)(x2 + @2), (x; + o) (x2 + a2 + y2), (x1 + a1 + y1)(x2
+a), (1 +or+yD)2+ar+ ) —x —a

B = maximum{x;xz, x1 (X2 + a2 + ¥2 + B2), (x1 + a1 +y1 + B)x2, (x1 + o1 + 1
+h)ta+y+p)—x—a—y
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3 Fuzzy linear programming formulation of FFMOTP

Several authors [1,4,7,11] have proposed different methods for solving fuzzy multi-
objective transportation problems by representing the co-efficients of the objective
functions, availability, demand as fuzzy numbers and decision variables as real num-
bers. But in real life situations, decision variables may also be fuzzy in nature.

The balanced FFMOTP where all the parameters are represented by fuzzy numbers
may be formulated as follows:

Minimize » > & ®%;, k=12....K

subject to z

p
with Z~i = ZEJ (P1)

X;j is a non-negative JMD type trapezoidal fuzzy number
where,

p = total number of sources,

g = total number of destinations,

a; = (x;, a4, ¥i, Bi)smp : the fuzzy availability of the product at ith source,

Bj = (x'}, a}, yj/., ﬂ})]MD : the fuzzy demand of the product at jth destination,

&

Cij = (xlkj, afj, yi];, ,Bikj) JMp : the penalty criteria for kth objective function,

Xij = (xij, %j,vij, Bij)smp : the fuzzy quantity of the product that should be
transported from ith source to jth destination (or fuzzy decision variable)
in order to minimize K objective fuctions,

Z?:] a; = total fuzzy availability of the product,

(;:1 b; = total fuzzy demand of the product,
f’:l ?:1 Z’ij ® X;jj = fuzzy value of kth objective function.

Remark 1 1637 @ = 3%, b; then the FFMOTP is said to be balanced, otherwise

it is called unbalanced.

3.1 Fuzzy optimal solution of FFMOTP

The fuzzy optimal solution of (Py) is a set of J M D type trapezoidal fuzzy numbers
{x;;} which satisfies the following characteristics:

(i) X;; is a non-negative J M D type trapezoidal fuzzy number.
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Table 1 Fuzzy penalties for 1st objective function

Destination— Source| Dy D> D3 Dy

S1 0,05,05 1.5 ;yp (0, 1.1,3)yyp &3, L, Dyyp G, 1.2, Djyp
AY) 0,05,05, 1.5 yyp (7.L1L.3)yup (1L 1L2,Dyjup (2.1,2,Djmp
S3 6,1,1,3)ypp 7, L 1L3)yyp @, L2, 0)yyp 4 1,1,3)up

Table 2 Fuzzy penalties for 2nd objective function

Destination— Source| Dj D> D3 Dy

S1 2,12, Dymp  (1,1,3,3)ymp (1,12, Dyyp (1,1,1,3)jmD

AY) G LL3Yyyup O LL)yup T, L1L3)yup &1L 1,3)mp

S3 @ L1L,3)up O, L1L,3)5up G.1,1L,3);up (0,1,0.25,0.50) D

(i1) Zl;:lfij =a;,i=12,...,pand Zlezij :Z;j, j=12,...,q.
(iii)  If there exist any other set of non-negative J M D type trapezoidal fuzzy num-
y g yp p zy
bers {X;;} such that 23:1 X;=a,i=12,... pand >r, X;=bj j=

1,2,...,q.
then
p 9 14
MDD T ew|=nDD e, Vk=1,2,...,K
i=1 j=1 i=1 j=I

4 Limitations of the existing methods

In this section, the limitations of existing methods are pointed out.

1. Existing methods [1,4,7,11] can be applied for solving those fuzzy multi-objective
transportation problems where decision variables are represented by real numbers
and all other parameters are represented by fuzzy numbers. However, none of the
existing methods can be used for solving such FFMOTP where all the parame-
ters are represented by fuzzy numbers, e.g., the FFMOTP, chosen in Examples 4.1
and 4.2.

Example 4.1 A company has three sources S, Sz, S3 and four destinations D1, D>,
D3, D4. The fuzzy penalties for supplying a unit quantity of the product from
ith source to jth destination for Ist and 2nd objectives are given in Tables 1
and 2 respectively. The fuzzy availability of the product at sources Sy, Sz, S3
are (6,1,2,2);mp, (16,1,2,4);yp and (14,2,1,4);p respectively and the
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Table 3 Fuzzy penalties for 1st objective function

Destination— Source| Dy D> D3 Dy

S1 0,05,05, 1.5 yup 0, 1,1,3)ymp 43,1, Dymup 5, 1,2,Djmp
AY) 0,05,05, 1.5 yyp (7.L1L.3)yup (1L 1L2,Dyjup (2.1,2,Djmp
$3 6,1,1,3)yMD (7,1,,3)yup 2,1,2,Dyyp & 1, 1,3) D
Table 4 Fuzzy penalties for 2nd objective function

Destination— Source| Dj D D3 Dy

N 2, L2, Dypup L,L33)yup (LL2,Dyyp (1,1, 1,3)5mp

S G L1L3)yymup O, 1L1L3)myp T L1.3)ymup @ 1L1,3)mup

S3 @ 1L, 1L,3)up O, 1L,1,3)5up GB.1,1,3);mp  (0,1,0.25,0.50) 70D

fuzzy demand of the product at destinations Dp, Dy, D3, D4 are (9,1, 1,3)jupD,
1,1, 1,3)5mp, (12,1, 1,3)yp and (14, 1,2, 1)y p respectively. The company
wants to determine the fuzzy quantities of the product to be transported from each
source to various destinations in order to minimize each objective function.

Example 4.2 A company has three sources Sy, Sz, S3 and four destinations Dy, D,
D3, D4. Thefuzzy penalties for supplying a unit quantity of the product from i th source
to jth destination for 1st and 2nd objectives are given in Tables 3 and 4 respectively.
The fuzzy availability of the product at sources Sy, S», S3 are (6, 1, 1,3)yup, (17,1,
1,3);mp and (14,2, 1,4)pmp respectively and the fuzzy demand of the product
atdestinations Dy, Dy, D3, Dgare (9,1, 1,3)ymp, (1,1, 1,3)jpup, (12,1, 1,3)yup
and (14, 1, 1, 3) y i p respectively. The company wants to determine the fuzzy quanti-
ties of the product to be transported from each source to various destinations in order
to minimize each objective function.

5 Mehar’s method

In this section, to overcome the limitations of existing methods discussed in Sect. 4,
a new method, named as Mehar’s method, is proposed to find the exact fuzzy optimal
solution of FFMOTP occurring in real life situations by representing all the parameters
as JM D type trapezoidal fuzzy numbers. The steps of the proposed method are as
follows:

Step 1 Find the total fuzzy availability le _, a; and the total fuzzy demand Z(jf-zl Ej.
Let >0 @ = (x,o, ¥, B)ymp and Z‘;Zl Ej = (y, A, 8, w)ymp- Examine
that the problem is balanced or not, i.e., >,/ @ = > 7_, bjor P G #
Z}’-:l bj.

Case (i) If the problem is balanced, i.e., >/ a; = Z?:l Zj, then Go
to Step 2.
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Case (ii) If Zl 1a, #= Z‘]I.: 1 b ; then convert the unbalanced problem

S a#EX b; into balanced problem "7, @; =>" b,
m = porp+1landn = g or g + 1 by using the existing
method [10].

Step 2 The balanced FFMOTP, obtained from Step 1, may be formulated as follows:

Minimize ZZCU®)€”, k=1,2,...,K
i=1 j=1

subjectto Zfij:ai, i=12,....mim=porp+1,
)Cij:gj, j:l,z,...,n;n:qorq+1’

with P = j

X;;j is a non-negative J M D type trapezoidal fuzzy number.

where,

~k k k k pk - e 1 R . = Iy

Cl/ (x”, l/ y”s IBU)JMD s ap = (-xlvalv ylv ﬂl)fMD > bj - (xj’aj’
VJ ,3 )IMD 3 xl} = (x;j, ajj, Vlj Bij)imp

Step 3 Now our objective is to find ¥;; such that

Minimize 9{(222{‘, ®%j), k=1,2,....K

i=1 j=1

n
subject to Zfij =q;, i=1,2,...,m,

Jj=1
m
Z-’flj - ] = 1’27 7”7
i=1
m n
with > @ = > b;
i=1 j=1

X;j is anon- negative JMD type trapezoidal fuzzy number.

Step4 Let > /" 121 lcl] ® Xjj = (xo,ao, VO ﬂO)JMD, then the fuzzy multi-
objective linear programming problem (FMOLPP), obtained in Step 3, may
be written as:

Minimize R((x§, of, v&, B mp), k=1,2,....K
n n n n

subject to | D" xij, > aij, > vij» > _Bij = (Xi, @i, ¥i, B ymbs
j=1 =1 j=1 j=1 IMD
i=1,2, ,m,
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m m m m
(Z Xijs 2. Cijs D Vi D ﬂij) = (), o), vi Bumb,
IMD

i=1 i=1 i=1 i=1
= 1,2,

Wlth Z(xlvalv yl’ﬂl)JMD - Z(xjaa]9 y]’ﬂ )JMD
i=1 =1

(xij, @ij, Vij» Bij) s mp is anon-negative J M D type trapezoidal fuzzy number.
Step 5 The FMOLPP, obtained in Step 4, is converted into following crisp multi-

objective linear programming problem:

Minimize § (4x§ + 3o +2y§ + BS) . k=1,2,....K

subject to

le]—x,,l—l 2,...,m

M:

l-j:oz,-, i=1,2,...,m

~.
I

M= ||
M=

vij=vi.i=12,...,m Bij=pBi,i=12,....m

~.
I
~.
I

T
Mz

!/ ] / .
xij=xj,J=1,2,...,n a,-j=aj,1=1,2,...,n

S
—_
I
_

l

™=

Zyij=y;, j=1,2,...,l’l
i=1

Xij, %ij, Vij, Bij =0 V i, j.

Bij =B j=12....n

—_

Step 6 Solve the crisp multi-objective linear programming problem obtained in Step
5 by using any classical multi-objective linear programming approach.

Step 7 Find the fuzzy optimal solution X;; by putting the values of x;;, «;;, ¥ij, Bij
inXx;; = (xij, ij, Vij» Bij)MD-

Step 8 Find the fuzzy optimal value of each objective function by putting the values
of Xjj in 270, 277, ¢ & @ Xij.

6 Advantages of proposed method over existing methods

In this section, the advantages of the proposed method over existing methods are
discussed.

(1) Existing methods [1,4,7,11] can be applied for solving those fuzzy multi-
objective transportation problems where decision variables are represented by
real numbers and all other parameters are represented by fuzzy numbers. How-
ever, in real life situations, there may exist fuzzy multi-objective transportation
problems where all the parameters are represented by fuzzy numbers and none
of the existing methods can be used for solving such FFMOTP wherein all the
parameters are represented by fuzzy numbers. The main advantage of the proposed
method over existing methods is that it can be used for solving such FFMOTP.

(i1) The existing methods may be used for solving balanced fuzzy multi-objective
transportation problems. However, these cannot be used for solving unbalanced
fuzzy multi-objective transportation problems. On the other hand, the proposed
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Mehar’s method to find exact fuzzy optimal solution 1745

method can be used for solving balanced as well as unbalanced fuzzy multi-
objective transportation problems.

To show the advantage of proposed method over existing methods [1,4,7,11],
FFMOTPs chosen in Examples 4.1 and 4.2 which cannot be solved by using any
of the existing methods [1,4,7,11] are solved by using Mehar’s method.

6.1 Fuzzy optimal solution of 1st FFMOTP

The fuzzy optimal solution of FFMOTP, chosen in Example 4.1, by using Mehar’s
method is as follows:

Step 1

Step 2

Step 3

Total fuzzy availability = (36,4, 5, 10);p and total fuzzy demand =
(36,4,5,10)ymp- Since total fuzzy availability = total fuzzy demand, so
it is a balanced fuzzy transportation problem.

Assuming X;; = (x;j, &}, ij, Bij) smp- Then, the balanced FFMOTP, cho-
sen in Example 4.1, may be formulated into the following FMOLPP:
Minimize ((0,0.5,0.5,1.5);p ® X11 & (0,1, 1,3)ymup @ X120 & 4,3,
L Dyjup ®X3® (5,1,2, Dyup @ X14 ® (0,0.5,0.5,1.5) jmp @ X21 ®
(7, 1,1,3)ymup @ X0 @ (1, 1,2, Dyyup @ X23 & (2, 1,2, 1) jup ® X24 @
6,1,1,3)yup ® %31 ® (7,1, 1,3)ymup @ X2 @ (2, 1,2, ) ymup ® X33 @
4, 1,1,3)ymp ® X34)

Minimize ((2, 1,2, Dyup®x11 ® (1, 1,3,3)yup @x120 (1, 1,2, ) yup ®
3@ (1L, 1L, 1,3)ymup ®X14® 3,1, 1,3)jup ® X21 © (6,1, 1,3)yup ®
0@, 1,1,3)yup®@%230®8, 1, 1,3) yup®@x24@ (4, 1, 1,3) yup ®x31 @
0,1, 1,3)yup®x32®(3, 1, 1,3)yup ®x33® (0, 1, 0.25, 0.50) y s p @ X34)

subject to

X1 ®X2®X13® X4 =(6,1,2,2)yup

X21 @ X220 @ X23 @ X24 = (16, 1,2, H)ymp

X31 @ X32 @ X33 @ X34 = (14,2, 1, H)up
X11 @ X21 @ x31 =, 1,1,3)mp
Y12 @ X2 @ X352 = (1, 1, 1,3)mp
X13 @ X23 @ X33 = (12,1, 1, 3)ymp
X14 ® X4 © X34 = (14, 1,2, Dyup

X11, X12, X13, X14, X21, X22, X23, X24, X31, X32, X33, X34 are non-negative J M D
type trapezoidal fuzzy numbers.

Using Step 3 to Step 5 of the proposed method, the FMOLPP obtained in
Step 2, may be converted into the following crisp multi-objective linear
programming problem:
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Minimize%(élx“ +4aq1 +3.5y11 +2.5811 + 8x12 + 812 + Ty12 + 5812
+28x13 + 24a13 + 17y13 + 9813 + 28x14 + 2314 + 17y14 + 9B14+4x21
4401 +3.5214+2.5B21 +36x20 +29a00 + 2120+ 12820 + 12x23 + 11ans
+ 923 + 5823 + 16x24 + 14024 + 1124 + 6824 + 32x31 + 26231 +19y31
+ 11831 + 36x32 + 29030 +21y30 4+ 128304+ 16x33 + 1433+ 11933 4+6033
+ 24x34 + 20034 + 15y34 + 9B34)

|
Mlmmlzez(l6x11+l4a11 + 111146811 + 16x12+ 15012 + 13y12+8812

+12x 134+ 11013+ 9y 1345813+ 12x 14+ 1l 14+9y14 + 6814 +20x21 + 17z
+13y21+8B21 + 32x22 + 26022 +19y22 + 11822 + 36x23+29a23+21y23
+12B23+40x24 +320024+23 24+ 13 B24 +24x314+20031+15y31+ 9831 +8x32
+8a32+7y32+5832+20x33+ 17033+ 1333 + 8833 + 4x34 + daza + 3yza
+1.75B34)

subject to

X11 + X2 +x13 +x14 = 6,
Yiut+vie+yiz+tyua=2
X21 + X22 + Xx23 + x24 = 16,
V21t voo + ves + v =2,
X31 + X320 + X33 + x34 = 14,
itretysntyu=1,

ajp +ap +a3tag =1,
Bi1+ B2+ Bz + Bia =2,
a1 +an + a3 +oanq =1,
Bo1 + B+ Boz + Poa =4,
3] + a3 + a3z + a3z =2,
B31 + B2 + B3z + P =4,

X1 +x21 +x31 =9,
i+ +y =1,
X2 +x0 +x3 =1,
Yo+yn+yn=1,

xX13 + x23 +x33 = 12,

Y13 +y23 +y33 =1,

X14 + X24 + X34 = 14,

Via + o4 + 34 =2,

aj) +az +az =1,
Bi1 + P21 + P31 =3,
ap +oaxn +azp =1,
Pro+ P+ pP2=3

a3 +ax+az =1,

B13 + B3 + B33 =3,

ais + o+ a3 =1,

Bia+ Poa+ Ba =1

Step 4

X11, @11, Vi1, Bi1, X12, 12, Y12, B12, X13, @13, V13, B13, X14, X14, V14, P14,
X21, 021, V21, P21, X22, 022, V22, B22, X23, 023, V23, B23, X24, 024, V24, Bo4,
X31, 31, V31, B31, X32, 32, ¥32, B32, X33, @33, V33, B33, X34, 034, V34, B34

> 0.

Using fuzzy programming technique [17] the optimal solution of the crisp
multi-objective linear programming problem, obtained in Step 3, is:

x11 = 4.001157, 011 = 0,11 = 0,811 =0, x12 = Lapz = Ly = 1,
Bz = 2,x13 = 0998843, 13 = 0,713 = 0, B13 = 0, x14 = 0,14 = 0,
yia = 1,14 =0,x21 = 4998843, a1 = 1,21 = 1,821 = 3,x0 = 0,

@ Springer



Mehar’s method to find exact fuzzy optimal solution 1747

an =0,y =0,80 =0,x3 = 11.001157, 023 = 0, y23 = 1, Bo3 = 1,
x4 =0,a24 =0,y24 =0, P24 =0,x31 =0,031 =0,y31 =0, 831 =0,
x30=0,0320=0,y30=0,802=1,x33 =0,a33 = 1,33 = 0, B33 = 2,
xe=14a34=1,y3a=1,834a =1

Step 5 Putting the values of Xij, Uij, Vij and /Sl‘j in fij = (x,'j, Uijs Vijs ﬁl‘j)jMD,
the fuzzy optimal solution is X;; = (4.001157,0,0,0);mp,X12 = (1,1,
1,2)ymp,x13 = (0.998843,0,0,0);up,X14 = (0,0,1,0);up, X231 =
(4.998843,1,1,3)ymp,x22=(0,0, 0, 0)jmp, X23=(11.001157,0, 1, 1) mp,
%24=1(0,0,0,0)y1p,X31 = (0,0,0,0)ymp, x32 = (0,0,0, )ypp, X33 =
0,1,0,2)yup. X34 = (14,1, 1, Dyyp.

Step 6 Putting the values Offll, 3512, 3513, 3514, fm, fzz, 3Cv23, f24, 36'31 N 3532, f33, 3534 in
((0,0.5,0.5, 1.5 ymup @ x11 @ (0,1, 1,3)ypp @ X12 ® (4,3, 1, Dyup ®
x13@(5, 1,2, Dymp®x14©(0,0.5,0.5, 1.5) yyp @21 ®(7, 1, 1,3) yup ®
0@ (1, 1,2, Dyup®x23 @2, 1,2, ) yup ®@X24® (6,1, 1,3) jyp %31 D
(7.1, 1,3)ymp ®Xx32® (2, 1,2, Dyup ® X33 ® (4,1, 1, 3)ymp ® X34) and
in(2, 1,2, Dyup®@x11 @©1,1,3,3)yup ®@X12® (1, 1,2, Djup ®X13
(L1, 1,3)ymp ®X14® (3.1, 1,3)yup @ X21 © (6,1, 1,3)yup @ X220 @
7,5, 1,3);up @323 @ (8,1, 1,3);up ®X24 @ 4, 1,1,3)yyp ® X31 @
0,1,1,3);up®x30®3,1,1,3) ;up ®X33D (0, 1,0.25,0.50) sy p ® X34)
the fuzzy optimal values of first and second objective are: (70.996529,
42.997686, 68.001157, 144);j;yp and (102.005785, 47, 61, 159.75) s D
respectively.

6.2 Fuzzy optimal solution of 2nd FFMOTP

The exact fuzzy optimal solution of FFMOTP chosen in Example 4.2, may be obtained
by using Mehar’s method as follows:

Total fuzzy availability = (37, 4, 3, 10) jpp and total fuzzy demand = (36, 4, 4,
12) ymp- Since total fuzzy availability # total fuzzy demand, so it is an unbalanced
fuzzy transportation problem. Now as described in the existing method [10], the unbal-
anced fuzzy transportation problem can be converted into a balanced fuzzy transporta-
tion problem, by introducing a dummy source with fuzzy availability (0,0, 1, 2) jymp
and a dummy destination with fuzzy demand (1, 0,0, 0);5p so that total fuzzy
availability = total fuzzy demand i.e., (37,4,3,10);yp @ (0,0,1,2)jyp =
(36,4,4,12)jup & (1,0, 0,0) 7 s p. Assume the fuzzy penalities (Ef‘j) from dummy
source to all destinations and from all sources to dummy destination as zero JM D
type trapezoidal fuzzy numbers for all objectives i.e., 81‘1 = Ejfz = 2‘1‘3 = EL = 511‘5 =
by =0hs =0t =(0,0,0,0)ymp Vk=1,2.

Using Steps 2 to 8 of the proposed method, the fuzzy optimal solution of this
balanced FMOLPP is 511 = (4.550552, O, 0, O)JMD, 512 = (l, 1, l, 3)JMD, ;13 =
(0.449448,0,0,0) jmp, X14 = (0,0,0,0);mp.X15 = (0,0,0,0)5p,X21 =
(4.449448, 1, 1,3) jmp, x22=1(0,0,0,0) yprp, X23 =(11.550552, 0,0, 0) sy p, X24 =
0,0,0,0)ymp,x25=(1,0,0,0)ymp, x31 =(0,0,0,0)ypp, X320=1(0,0,0,0) ymp,
X33 = (0,1,0, Dymp, X3¢ = (14,1,1,3)yup, X35 = (0,0,0,0)5mp, Xs1 =
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Table 5 Comparison of results obtained by using existing methods and Mehar’s method

Example Existing methods [1,4,7,11] Mehar’s method

4.1 Not applicable Fuzzy optimal value of 1st objective is =
(70.996529, 42.997686, 68.001157, 144) y p1 p
Fuzzy optimal value of 2nd objective is =
(102.005785, 47,61, 159.75) ;D

4.2 Not applicable Fuzzy optimal value of 1st objective is =
(69.348344, 41.898896, 56.550552, 142) y ;1 p
Fuzzy optimal value of 2nd objective is =
(104.75276, 47, 49, 140.25) y i D

(0,0,0,0)y4p, X220 =(0,0,0,0)ymp, ¥43=(0,0,1,2) yprp, X44=1(0,0,0,0) sy p,
X45 = (0,0,0,0) 5 p and the fuzzy optimal values of first and second objective are
(69.348344, 41.898896, 56.550552, 142) ;i p and (104.75276, 47, 49, 140.25) jmp
respectively.

6.3 Result and discussion

To compare the existing methods [1,4,7,11] and the Mehar’s method, the results of
FFMOTP chosen in Examples 4.1 and 4.2 obtained by using the existing methods and
the Mehar’s method are shown in Table 5.

On the basis of results, shown in Table 5, it can be easily seen that FFMOTP, cho-
sen in Examples 4.1 and 4.2, cannot be solved by any of existing methods while same
problems can be solved by using the Mehar’s method.

7 Application of Mehar’s method

To show the application of the Mehar’s method, the data is collected from a trader
supplying apples to various markets of the country. The best varieties of the apples are
grown in the orchards of the Himalayan region in North of India. The trader collects
the apples from orchards at Kinnaur in Himachal Pradesh and Almora in Uttar Pradesh
and supplies these in the markets of Chandigarh and Delhi. The approximate trans-
portation cost (in dollars) per ton, approximate quantity of deterioration of apples (in
kilograms) per ton, approximate availability of the apples (in tons) and approximate
demand of the apples (in tons) are shown in Tables 6 and 7. The trader desires to min-
imize the total fuzzy transportation cost and the total fuzzy quantity of deterioration
of apples.

7.1 Results

On solving the FFMOTP shown in Tables 6 and 7 by using the Mehar’s method,
the obtained fuzzy optimal solution, minimum total fuzzy transportation cost and
minimum total fuzzy quantity of deterioration of applesis x1; = (13.095, 1,3, 7) yup,
X12=1(36.905,0,0,0) s p, X21 = (14.905,0,0,0) yprp, X220 = (26.095, 1, 1, 3) sy,
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Table 6 Transportation cost (in dollars) per ton

Destination— Source|, Chandigarh Delhi Availability (in tons)
Kinnaur (Himachal Pradesh) 78,1, 1,3)ymubp (295,1,4,95mD 50, 1,3, ymbD
Almora (Uttar Pradesh) (257,2, L, Y 5muD (137,3, L, Dyup (41,1, 1,3) 5D
Demand (in tons) 28, 1,3, ymD 63,1,1,3) 5D

Table 7 Deterioration of apples (in kg) per ton

Destination— Sources. Chandigarh Delhi Availability (in tons)
Kinnaur (Himachal Pradesh) @25, 1,1,3) 5D (7,2, 1,4 5mp (50, 1,3, ymp
Almora (Uttar Pradesh) 14, 1,3, ymp (23,1,1,3) 5D (41,1, 1,3) 5D
Demand (in tons) (28,1,3, N ymp (63,1,1,3) 5D

(20623.485, 477.095, 884.715,2178.145) yj;yp and (1763.615, 177.905, 228.81,
681.525) 7 p, respectively.

7.2 Physical interpretation of the results

The minimum total fuzzy transportation cost can be physically interpreted as follows:

(1) The least amount of total transportation cost is 20,623.485 dollars.

(2) The usual possible amount of total transportation cost lies between 21,100.58 and
21,985.295 dollars.

(3) The greatest amount of total transportation cost is 24,163.44 dollars.

i.e., the cost will be always >20,623.485 dollars and <24,163.44 dollars and maxi-
mum chances are that the cost will lie between 21,100.58 and 21,985.295 dollars. The
variation in cost with respect to chances are shown in Fig. 1.

The minimum total fuzzy quantity of deterioration of apples can be physically
interpreted as follows:

(1) The least amount of total quantity of deterioration of apples is 1,763.615 kgs.

(2) The usual possible amount of total quantity of deterioration of apples lies between
1941.52 and 2,170.33 kgs.

(3) The greatest amount of total quantity of deterioration of apples is 2,851.855 kgs.

The variation in total quantity of deterioration of apples with respect to chances are
shown in Fig. 2.

8 Conclusions

In this paper, the limitations of the existing methods for solving fuzzy multi-objective
transportation problems are pointed out and to overcome the limitations of the existing
methods, a new method named as Mehar’s method is proposed for solving FEMOTP.
To show the advantages of the proposed method over existing methods, some FFMOTP
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Fig. 1 Membership function of fuzzy number representing the minimum total transportation cost
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Fig. 2 Membership function of fuzzy number representing the minimum total quantity of deterioration of
apples

are solved by using the existing methods and proposed method and the obtained results
are compared. Also a FFMOTP occurring in real life situations is solved by using the
proposed method.
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