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Abstract: This paper presents an explanation of the multi-objective transportation problem (MOTP) via Fuzzy programming
algorithm and the goods is to be transported from origin to destination. The time and cost of transportation from origin i to
destination j were recorded. Here we have considered MOTP with intuitionistic fuzzy numbers and completed the problem
in both ways. Therefore, the optimal compromise solution will remain same both the exponential and linear membership
function. For the solution the membership functions are used for such a problem. LINDO statistical software was used in the

present facts analysis and is completed in two stages.
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1 Introduction

There are various practical applications of Transportation
Problem which may be treated as special type of Linear
programming problem.TP is one of the powerful frame wor

k which ensures efficient movement and timely availability
of the raw material. It is applicable in various real life human
activity and is one of the best optimization method. At early
it was observed that for determining the optimal shipping

pattern, it is called transportation problem. So it deals with
transportation of different types of goods from each of
morigins i =1,2,3,..mto any of n destinations j =
1,2,3,..n. One must determine the amount X;j to be
transported from all the origini = 1,2,3,..mto all the
destinations j =1,2,3,..n in such a way that the
minimization of total cost . Every transportation problem is
not single objective which are characterised by multi-
objective function are considered here. A different type of
linear programming problem were constraints are of
equality type and all the objectives are conflicting with each
other, are called MOTP. The multi-objective fuzzy linear
programming technique, were the objectives are fuzzy in
nature. The fuzzy linear programming technique for the
multi-objective transportation problem gives an optimal
compromise solution.

Diaz [1, 2] worked for finding the solution of multi-
objective transportation problem by developed an algorithm.
Isermann [3] also developed an algorithm for identifying all
the non-dominated solution, for a linear multi-objective

transportation problem. Ringuest and Rinks [4] developed
two interactive algorithms for solving multi-objective
transportation problem. Zimmermann [5] first applied
suitable membership functions to solve linear programming
problem  with several objective functions. He
showed that solutions obtained by fuzzy linear programmin

g are always efficient. Bit et al. [6] applied the fuzzy progra
mming technique with linear membership function to solve
the multi-objective transportation problem. Hitchcock [7]
studied and modelled simple transportation problem in shape
of standard linear programming problem. In beginning of
decision making parameters of MOTP are assumed to be
fixed in values. But due many unsure situations like road
conditions, traffic conditions, variation in diesel charges and
many others. And a few different unpredicted elements like
weather  circumstance. Therefore, due to those
reason conventional models are not valid. Zadeh [8]
delivered the concept of fuzzy sets for dealing uncertainty.
Later Bellman and Zadeh [9] used it for decision making of
actual life issues. Verma et al. [10] carried out fuzzy
programming approach to solve MOTP through a few non-
linear membership functions. Das et al.
[11] proposed solution techniques for the solution of MOT

P with interval cost, source and destinations parameters. Li
and Lai [12] have presented a fuzzy compromise programm
ing approach to multi objective transportation problem. Wa

hed [13] initiated the optimal compromise solution of MOT
P and obtained solution is tested by using degree of
closeness of the compromise solution to the ideal solution
using family of distances. Leberling [14] used a special-
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kind nonlinear membership function for the vector
maximum linear programming problem. He confirmed that
the solution obtained by using fuzzy linear programming
with this form of nonlinear membership function are always
efficient. Dhingra and H. Moskowitz [15] defined other
forms of the non-linear (exponential, quadratic and
logarithmic) membership functions and carried out them to
an optimal design problem. Verma, Biswal and Biswas [16]
used the fuzzy programming technique with a few non-linear
(hyperbolic and exponential) membership functions to solve
a multi-objective transportation problem are always
efficient. Recently. Recently, Antony et al [17] proposed
method for the solution of transportation problem using
triangular intuitionistic fuzzy numbers. Fuzzy programming
technique used by Lone et. al [18] in willow wicker
cultivation and Intuitionistic Fuzzy programming techniques
was further discussed by several authors. Yeola and Jahav
[19] proposed a method for solving MOTP by using fuzzy
linear membership functions for different costs and the
method is parallel to New Row Maxima Method. Boualam
et al. [20] worked on field of maximum power point tracking
methods for PV sydtem by using fuzzy logic controller. Usha
Rani and Depak [21] study about the optimal agriculture
production planning through land allocation by using
FMOLP. Nemat Allah et al [22] they studied facility
location problem with point and area destinations is a
special kind of location problems. they also proved three
fuzzy theorems which showed that the objective function is
separable, convex and piece wise continuous. Further work
has been done in the field of IFTP of type 2 by Singh and
Yadav [23]. Kumar and Hussain [24] developed a method
for real transportation based on intuitionistic fuzzy
programming problem based on ranking method.

2 Mathematical Models

In this section, we use fuzzy programming technique to
solve MOTP taking a membership and exponential function
.A variable x; represents the quantity to be transported
from origin 0;to destination D;.A multi objective transporta
tion problem may be stated mathematically

Maximize
m n
Z, = Zi Z.i ¢y Xy k=12,.K. M
Subject to
27 Xij = a;,i=123..m, )
YMx; =b,j=123..n ®)
xij =0, foralli,j

Where the subscript on Z; and superscript Ci'j-, denoted the
K" penalties.

Criterion: We assume that

a; >0 foralli,b; >0, forallj,C;j>0,foralliandj.

Yi"a; =X b; (Equilibrium condition)

We treat equilibrium condition as iff condition for the
existence of a feasible solution to the balanced condition lin
ear transportation problem. A transportation problem has
exactly mn variables and m + n constraints.

3 Fuzzy Algorithm to Solve Multi-Objective
Transportation Problem

Step 1: Construct the Fuzzy transportation problem.

Step 2: Solve multi-objective transportation problem k
times taking one objective at a time derive corresponding
values for every objective at each solution and we make
payoff matrix as follows:

zZ  Z, .. @ Z

Xz, z, . Z.x

X,\Z,, Z, .. 7

Xk ZKI ZKZ ZKK
where, X, X2, X2, X e Xx

are the isolated optimal solutions of the K different transpot
ation problems for K different objective function Z;; =

Z; xH, (i=12,..k and j=1,2,..k)be the ith row
and jth column element of the pay-off matrix.

Step 3: From step 2, set upper and lower bounds for each
objective for degree of acceptance and degree of rejection
corresponding to the set of solution.

For membership functions: Upper and Lower bound for
membership function.

UL = Max(Z(X,))

Ly =Min (Zxy(X,)), 0<r<K
where the upper bound Uy and the lower bound for Lf for
the K" objective function Z,,
k=12, ..k, UI’(‘ is the highest acceptable level of
achievement for objective k, Ly is the aspired level of
achievement for objective kand

d , = Ut — L) the degradation allowance for objective k.

Step 4. Consider the membership function as following
linear functions: -

1, L= Z, (X)

wlZ (X0} =< 1 —(”'l:_dﬂ, 1Y < Z,(X) < U
k
0, Zu(X) > U
dy = Uy — L. )

Step 5. We find crisp model by using a LMF for the initial
fuzzy model
If we use a LMF, the crisp model can be simplified as
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Minimize @

Such that
Z(X) — ad, <L,
Yix;=a, i=123.m,
Xix;;=b;, j=123.n

xij 20, foralliand a =0

Above linear programming problem can be solved by using
LONDO/TORA statistical software.

Step 6. Solve the crisp model by an appropriate

mathematical programming algorithm.
Minimize &

Cilj-xi]' - a(dk) < Ll]i ] k= 1:2’ o K >

Subject to
zz}xu.:: a;, i=123..m,
Yrx;=bj,  j=123 e

xij =0, foralli,j
We use another membership function such as Hyperbolic
Tangent function can be formulated as
Minimize @
Ug+Lg
2

s . .
where 1), = > where S is no. of constraints.
k—tk

az= %+%tanh{ + 7 Y1,

Z?xij = ai i= 1,2,3..m,
Z:nxl] = b], ] = 1,2,377, (5)
xij 20, foralliand a =0

Step 7. An intuitionistic fuzzy optimization for MOLP
problem with such an Exponential membership function for
the kth objective function is defined as

1, Ly = Zip (X)

e MNze-nt) p
1elZ (X} = 4 R < Z (X)) < U,

e
0, Z(X)=U!
d = Uy — L, (6)
Where, k = 1,2,3, ... ... k.
4 Data Analysis

This section shall discuss how fuzzy programming
technique to solve MOTP using the algorithm. Study the
total cost of transportation and time. The data for cost and
time of supply of product from source to destination are
written in the form of equations.

Maximize Z, = 1X,;1 + 2Xy5 + 7Xy3 7X14 + Xo1 +

9X,, + 3X,3 +4X,, + 8X3, +9X3, + 4X33 + 6X5,

Maximize Z, = 4 X, + 4Xy, + 3X,5 + 5X,; + 8%,
+9X,5 + 10X, + 6Xa1 + 2Xs5  + 5Xas + 1X5,

Such that

X1+ X5 + X5+ X1, =18

Xoy +Xpp + X5 + X5, =19

X + X35 + X33 + X5, =17

X1+ X +X5, =11

X + X5+ X5, =3

Xz + Xy3 + X553 =14

Xis + X5 + X5, =16

X;;=20, i=123andj=123.

The optimal compromise solution of the problem is

represented as

X'={X;3=14, X1y =4,X,, =3, X2, =6,X3; =
11 and X3, = 6 } and rest all x;j are zeros.

Z,(X,) =301

The optimal solution of the problem is given by
X?={X11=5X1;=3,X3=3,X4=16,X3; =

6,X33 =11, } and rest all x;; are zeros.

Z,(X,) =310

Similarly Z;(X,) = 176 and Z,(X,) = 214.
Pay -off table is

Z1 Z2
X1 301 214
X2 176 310

From this we get Uf = 301, Ué‘ = 310, L’ll =
176, and L*ZL:214

The membership functions is given by
1, 176 = Z; (X)
L (301 —Z,(X))

iy
0, Z,(X)>301

iz, (X} = ,176 < Z,(X) < 301

dkl =125

1, 214> 7, (X)
310 + Z,(X)
Ay
0, Z,(X) =310
dkz =96

HaAZ(X)} =14 1 , 214 < Z,(X) < 310

We find an equivalent crisp model
Minimize a

Z(X)—125a <176
Z,(X)—96a <214

Solve the crisp model

© 2022 NSP
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1Xy, 42Xy + 7Xy5 + 7X14 + Xo1 + 9X,55 + 3Xo5 +
4X,, + 8Xsy + 9Xay + 4Xas + 6X5, —125a < 176

4 X, + 44Xy, + 3Xy5 + 4Xy, + 5X,0 + 8Xy, + 9Xps +
10X, + 6Xs1 + 2X5, + 5X55 + 1X5, —96a < 214

X1+ X, + X3+ X, =18
X1+ Xpy + X3 +X,, =19
X31+ X3y + X33+ X3, =17
X1 +X + X3, =11
Xip+Xp +X3,=3

X3+ X3+ X33 =14

Xig +Xo4 + X5, =16

The optimal compromise solution of the problem by using
LINDO Software is represented as

{X,, = 1.098,X;5 =3.90,X;, =13,
X1 =11,X,3 =8,X5, =190, X35 = 12,

X34 =3
and rest all X;; are zeros. }
Z1 =238.496 Z5=261.82
a =0.50

If we use another membership function, then an equivalent
crisp model for the fuzzy model can be further formulated
as

Minimize &

Ug+Ly
2

az= % + %tanh{ + Z Y1,

7
where Ty = ﬁ
k—Lk

Which further implies that
T Z, — tanh! 2a — 1) < %rk
Minimize W

7
= (Xyy + 2Xy5 + TXyz + TX14 + Xo1 + 9K + 3Xp5 +
477

X4 + 8X31 + 9Xaz + 4Xy3 + 6X34) —W < ()

(4 Xy + 4X15 + 3Xy5 + 4X14 + 5Xp1 + 8Ky + 9Xp3 +

10X,4 + 6X31 + 2X35 + 5Xa3 + 1X34) —w < = (5

X1+ X, + X5+ X, =18

Xog + X0y + Xp5+ X5, =19

Xog + X5+ Xo3 + X3, =17

X1+ X +X5, =11

X2+ Xy + X3, =3

Xz + X5 + X553 =14

Xig+ X4 + X5, =16

Solving above problem the optimal solution is given by
{X1, = 1.098,X,5 =3.90,X,, =13,X,; =11, X,

=8,X;3,=190,X;5=12,X;, =3
and rest all X;; are zeros. }

Z1 =238.496 Z5=261.82

a = 0.64, Where w =tanh! 2a — 1) and

w=0.29
1, 176 > Z; (X)
1(2,-176
ui{z, (X)}= *5[ i ] 176 < Z,(X) <301
e
0, Z,(X) =301
dk = 125

1, 214> Z; (X)
1(2,-214

1s{Z,(X)}= B 214 < Z,(X) <310
e :

. Z,(X) =310
dk =96

(=}

If we
use the exponential membership functions, an equivalent
crisp model can be formulated as
Minimize &

Subject to

1( z,-176
2\ q,

The problem is solved by LINDO

1(z,-214
2\ 4,
a<le and a<Le

{X;, = 1.098,X,5 =3.90,X,, =13,
X1 =11,X,3, =8,X3, =190,X55; =12,
X34 =3
and rest all X;; are zeros. }
a = 0.60

5 Conclusions

In this paper 3- types of functions are used to solve
intuitionistic Fuzzy Multi-objective transportation Problem.
Problem is completed in 3-steps, in first step which gives
optimal compromise solution of the problem. If we use the
second type of membership function the crisp model become
linear. We use different exponential membership function
again the optimal compromise solution does not change
significantly. The method is very clear and easy to handle
real life transportation problems because in some cases due
to limited storage capacity, minimum quantity received by
the destinations. In this Situation, a single shipment is not
possible. Therefore, items are shipped to destinations from
the origins into different stages. Initially, the minimum
quantity may be shipped from origins to the destinations. The
said method is based on intuitionistic fuzzy sets. Therefore,
it will be easy to handle in real transportation problems.
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