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ABSTRACT
This paper presents atwo stage cost minimizing fuzzy transportation problemin
which supplies and demands are trapezoidal fuzzy numbers. A parametric
approach is used to obtain afuzzy solution.
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1. Introduction

The transportation problem (TP) refers to a special class of linear programming
problems. In atypical problem aproduct isto be transported from m sourcesto n designations
and their capacitiesarea, a,....a_and b;,b,... b, respectively. In addition there is a penalty
C, associated with transporting unit of product from source i to destination j. This penalty
may be cost or delivery time or safety of delivery etc. A variable X, represents the unknown
guantity to be shipped from source i to destination j.

In some circumstances due to storage constraints, designations are unable to receive
the quantity in excess of their minimum demand. After consuming part of whole of thisinitial
shipment, they are prepared to receive the excess quantity in the second stage. According to
Soniaand RitaMahotra[4], in such situations the product transported to the destination has
two stages. Just enough of the product is shipped in stage-| so that the minimum requirements
of the destinations are satisfied and having done this the surplus quantities (if any) at the
sources are shipped to the destinations according to cost consideration. In both the stages
the trangportation of the product from sourcesto the destinationsis donein parallel. Theaim
is to minimize the sum of the transportation costs in the two stages.

2. Fuzzy concepts
L.A. Zadeh, advanced the fuzzy theory in 1965. The theory proposes a mathematical
technique for dealing with impreci se concepts and problemsthat have many possible solutions.
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The concept of fuzzy mathematical programming on agenerd level wasfirst proposed
by Tanaka et al (1974) in the frame work of the fuzzy decision of Bellman and Zadeh [5].
Now, we present some necessary definition [2,3].
2.1. Definition

A real fuzzy number ais afuzzy subset of the real number R with membership
function m, satisfying the following conditions.

1 m, is continuous from R to the closed interval [0, 1]
2. my, isdtrictly increasing and continuouson [a,, a,]

3. m, is strictly decreasing and continuous on [a,, a,]

where a, a,,a, and a, are rea numbers, and the fuzzy number denoted by
a =[a, a, a,, a,] iscaled fuzzy trapezoidal number.

2.2. Definition
The fuzzy number 3 =[a,, a,, a,, 3] isatrapezoidal number, denoted by

[a, &, a,,a,] its membership function m is given by Fig.1.
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Fig.1. Membership function of a fuzzy number 3
2.3. Definition
Thea-level set of thefuzzy number 3 and p isdefined astheordinary setL (@, b)

for which the degree of their membership function exceeds the level a T [0,1].

L.(a, b)={abl R"/m(a,b)? ai=12...mj=12..n}
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3. Theoretical Development

Let b, be the minimum fuzzy requirement of a homogeneous product at the
destination j and &, the fuzzy availability of the same at sourcei. The Two-stage Fuzzy Cost
Minimization Transportation Problem (FCMTP) deals with supplying the destinations their
minimum requirementsin stage-l and the quantity &, a-&, b, issupplied to the destinations
in stage-11, from the sources which have surplus quantity |eft after the completion of stage-
|. Mathematically stated, the stage-l problem is

m

in
x1's,
where the set s, is given by

_ min émax u
[c,(X)] i 518 x| (Cij (Xij))H (D)
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x;20, " (i,J) corresponding to a feasible solution X=(x;) of the stage-1 problem, the set S=

{>_( =(X; )} of feasible solutions of the stage-1l problem is given by

1'_ _élxij£§i i=12..m
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X;30, " (i,]) where a¢ is the quantity available at the i*" source on completion so the stage
—I, thatisa¢= 37, - éinj . Clearly éiai‘=éi5i - éijj .Thus the stage — |1 problem
would be mathematically formulated as :
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We aim at finding that feasible schedule X = (Xij) of the stage—-l problem

corresponding to which the optimal cost for stage-11 is such that the sum of the shipment is
the least. The Two Stage fuzzy cost minimizing Transportation problem can, therefore, be
stated as,

é ® ey

e c —\ U
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Also from a feasible solution of the problem (3) can be obtained. Further the problem (3)
can be solved by solving the following fuzzy cost minimizing Transportation problem.

e U
in 6C(x)¥= min § - 9%
xnrfms.zgc(X = min emaxgtij?(ij P (4)
x1s,8X| o
where S,, the set of feasible solutions of (3), is defined as follows
id _ .
jax¢=a i=1,2...m
s= 1"
o}

Xg¢2 0" (i.j)
where a,, and 51 , represent fuzzy parameters involved in the constraints with their
membership functions for m. acertain degree a together with the concept of a level set of

the fuzzy numbers E,.,l;j. Therefore problem Two stage FCMTP can be understood as
following non fuzzy a-genera Two stage transportation problem (a-two stage FCMTP).

TN
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ca X. = i=12..m
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Tig xij =b; j=12...... n
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Where La(a_,-,gj) are the a-levd set of the fuzzy number E,.,l;j. let x(ﬁ,,gj) denote the
congtraint set of problem and supposed to be non empty. On the basis of the a-leved sets of
the fuzzy numbers, we give the concept of a-optimal solution in the following definition.
3.1.Definition (a-optimal solution)

A point x* 1 X(CT,-,I;]-) is said to be a-optimal solution (a-Two stage FCMTP), if

and only if there does not exist another x, y T x(a, b), a, bT L, (517]) , such that ¢, X, ¢,
X;, with strict inequality holding for at least one cij where for corresponding values of
parameters (E,E ) are called a-level optimal parameters.

The problem (a-Two stage FCMTP) can be re written in the following equivaent form
(a-Two stage FCMTP)

'gxi :51- i=12...m
s=hp

_'T_ilex”:bj j=12....n
hi°£ai£Hi°h19£bj£H?
X:30 "]

1]

It should be noted that the congtraint (a, bj ] L, (E,- 5] ) has been replaced by the constraint

hio ta £ Hio and h? £ bj £ H?where heand He and he and He are lower and upper

bounds and g, b are constants.
The parametric study of the problem (a' - Two stage FCMTP) where 4’, H’ and

h7, H are assumed to be parameters rather than constants and (renamed h, H and h,H)

can be understood as follows
Let X(h,H) denotes the decision space of problem (a' = Two Stage FCMTP),
defined by

X(h,H):(xij,ai,bj)T R"™ | a, - &%, 0,
j
b;- &x;30,H-a30H-b?30,

a-h30b-h30x,30,il il J
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4. Solution Algorithm

Stepl : Construct the Problem 4

Step 2 : Determinethe points(a,a,, a,, a,) and (b,,b,, b,, b,)for the fuzzy number in the
formulation problem (Two Stage FCMTP).

Step 3 : Convert the problem (a - Two stage FCMTP) in the form of the problem
(@ — Two stage FCMTP)

Step 4 : Formulate the Problem (@' — Two stage FCMTP) in the parametric form.

Step 5 : Apply VAM to get the basic feasible solution.

Step 6 : Declaremin(C +C,) astheoptimal value of the objectivefunction of the problem.

5. An Illustrative Example
Consider the following 4 X 6 Two Stage cost Minimizing Transportation problem.

D 1 D 2 D 3 D 4 D 5 D 6 a'I
s, 2 3 5 1 4 2 (457.8)
s, 4 7 9 5 10 4 (6,7,89)
s, I 25 9 6 26 12 (5,6,7,9)
s, 8 7 9 24 10 8 (4,689)
b (1245 (4567 (3457 4567 (2345 (3456)

Consider a - level settobea = 0.75, thenweget 4.5£a £7.5,6.5£a,£85,5.5£,£7.5,
50£a,£85,15£b £45,45£b,£6.5,35£0,£6.0,45£b,£6.5 25£b,£45,35
£b £5.5.

The a-optimal parameters are

a=64a=84a=723a=7

b,=3,b,=5Db,=5b,=6,b,=4,b,=5

Stage 1
Wetakea =3,8,=4,8,=3,8,=3
b,=1,b,=2,b,=3,b,=3,b,=2,b,=2

2 3 5 1 4 2 3
4 7 9 5 10 4 4
12 25 9 6 26 12 3
8 7 9 24 10 8 3
1 2 3 3 2 2

After applying the VAM method, we get

X, =1, X, = 2,%,=1,x,=1, Xpe = 2, Xy, = 3, Xy = 3and minimum z =75
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Stage 11
Wetakea =3,8,=4,a,=4,a,=4
b,=2,b,=3,b,=2,b,=3,b,=2,b,=3

2 3 5 n 4 2 3
4 7 9 5 10 4 4
12 25 9 6 26 12 3
8 7 9 24 10 8 3
2 3 2 3 2 3

After applying the VAM method, we get

X, =L Xe=2,%,, =2,X,,=2, X, =1, X,,= 3, X,,= 1, X, = 3and minimum z = 93.

15 121 122 ? 7733 1734 ? 743 ? 746

Therefore the optimal value of the abjective function of the problem (3) is given by
Minimum (75 + 93) = 168.
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