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Abstract: This paper deals with the large scale transshipment problem in Fuzzy Environment. Here we
determine the efficient solutions for the large scale Fuzzy transshipment problem. Vogel’s approximation
method (VAM) is a technique for finding the good initial feasible solution to allocation problem. Here Vogel’s
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l. Introduction
The transportation model is a special class of the linear programming problem. It deals with the situation in
which a commodity is shipped from sources to destinations and their capacities are a; 8, ...,an and by b, ...,b,
respectively. The objective is to determine the amount shipped from each source to each destination that
minimizes the total shipped cost while satisfying both the supply limits and the demand requirements.
Orden [6] has extended transportation problem to include the case when transshipment is also allowed. A
transportation problem allows only shipment that go directly from a supply point to a demand point. In much
situation shipment are allowed between supply point or between demand point. Sometimes there may also be
point through which goods can be transshipment on their journey from a supply point to a demand point.
Shipping problem with any or all of these characteristics are transshipment problems. Fortunately, the optimal
solution to a transshipment problem can be found by solving a transportation problem. In what follows we
define a supply point to be a point that can send goods to another point but cannot receive goods from any other
point. Similarly, a demand point is a point that can be receive goods from other points but cannot send goods to
any other point. A transshipment point is a point that can both receive goods from other points and send goods
to other points. Garg.R. et al [3] studied the concept of time minimization in transshipment problem.
The concept of Fuzzy set was first introduced and investigated by zadeh [8] and Fuzzy number and arithmetic’s
operations with these numbers introduced by Bellman [9] & zadeh [8] and Kaufmann in [5]. In [2,10] Nagoor
Gani et al. solved transportation problem using fuzzy number.
In this paper ranking of fuzzy trapezoidal number used by Yager’s[14] ranking method to transform fuzzy
transshipment problem to crisp one. The Vogel’s approximation method is used to find out the initial basic
feasible solution in crisp form. Further, we applied modify procedure to get the optimal solution in crisp form.
2. Preliminaries
2.1 Fuzzy set: A Fuzzy A is defined by A ={ (X, Ha(X)): X€A, Ma(X)€[0,1]}. In the pair (X,ua(X)),the first
elements x belongs to the classical set A, the second element pa(x),belongs to the interval[0,1], called
membership function. o

2.2 Fuzzy number: A fuzzy set A on R must possess at least the following three properties to qualify as a fuzzy
number,
i. A must be anormal fuzzy set;
ii. «A must be closed interval for every a €[0,1];
iii.  the support of 4, ®*A,must be bounded.
2.3. Trapezoidal Fuzzy Number: A fuzzy number A 'is a trapezoidal fuzzy number by 4 = (a,, a,, a; a,) are
the membership function pz;(X)is givenbelow
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0, otherwise.

pa(X) =

2.4. Function Principal operation of trapezoidal fuzzy number:
The following are the operations that can be performed on rectangular fuzzy number;
Let A= (a;,a5,8384) and (by,b,bsby) then,
i Addition: A+§=(a1+bl,a2+b2,a3+b3,a4+b4)
ii. Subtraction: A-B= (al' b 1,ad0- bz, dg- b 3,dq- b4)
iii. Multiplication: A*E = (min(alblvalbg,agbl,agbg, a4b4,a1b4,a4b1), az,bz,
max(a;h; 203,830,303 404 2104,84b1))
25.x —level set:
The o —level set of the fuzzy number @ and b is defined as the ordinary set L, (4,b)for which their degree of
their membership function exceed the level a€[0,1].
L,(a,b)={abe R™| uz(a;, b)) = a,i = 1,2,...,m,j = 1,2,...n}
2.6. General Transshipment Problem: A transportation problem in which available commodity frequently
moves from one sources to another sources are destination before reaching its actual destination is called
transshipment problem such a problem cannot be solved as such by the usual transportation algorithm but slight
modification is required before applying it to the transshipment problem following are the chief characteristics
of the transshipment problems.
a) The numbers of source and destination in the transportation problem are m and n respectively. In
transshipment study, however we have m+n sources and destination.
b) IfS; denotes the i" sources and D, denotes the j™ destination then the commodity can moves along the route
Si .Di_Dj, Si_Di_Dj, Si_Di_ Si_Dj or in various in other ways. Clearly, transportation cost from S;
to S;jis zero and the transportation cost from S; to S; or S; to D; do not have the symmetrical i in general S;
LSi#Si.Si.
c) In sjolving the transshipment problem we first find the optimum solution to the transportation problem, and
then proceed in the same fashion as in solving the transportation problem.
d) The basic feasible solution 2m+2n-1 basic variable if we omit the variable appearing in the m+n diagonal
cells, we are left with m+n-1 basic variables.
2.7. Formulation of the fuzzy transshipment problem [4]:
The fuzzy transshipment problem assume that direct route exist from the each sources to each destination.
However there are situation in which units may be shipped from one of the sources to other or to other
destination before reaching their final destination. This is called a fuzzy transshipment problem. The purpose of
the fuzzy transshipment problem with the distinction between a sources and destination is dropped so that the
transportation problem with m sources and n destination gives rise to transshipment problem with m+n sources
m+n destination. The basic feasible solution to which the problem will involve [(m+n)+(m+n)-1] or 2m+2n-1
basic variables and if we omit the variable appearing in the (m+n) diagonal cells, we are left with m+n-1 basic
variables.
Thus fuzzy transshipment problem may be written as:
Minimize Z:Zi:1m+nzj:lyj¢im+n C~ijfij
Subject to ijlvj#imm fij-Zj=1J¢im+n fij :CNli' i=1,2,3,......,
Zj:“#imm fij'Zj:l,j#imm fij :l;j'j:m+l,m+2,m+3,m+ ........ m+n
where %;; 20,i,j=1,2,3...... m+n, j#l and Ziﬂ,mc’ij :ZJ—:L’“ :EJ-, then the problem is balanced otherwise unbalanced.
The above formulation is a fuzzy transshipment model, the transshipment model reduced to transportation form
as:
Minimize Z:zi:1m+n zj:l‘j#imm Eijfij
SUbjECt to Zj:1m+n fij -a;+T, i=1,2,3,...... ,m

Yo% =T,  |=mtl,m2,m+3,mt........ m+n
Zizl,mmfij = T, _l = 1,2,3, ...... m
Yo" %= by T, j=m+1,m+2,m+3,......m+n

Where fij =0, |,j =123...... m+n ,J?fl

The above mathematical model represents standard transportation problem with (m+n) origin and m+n
destination T can be interpreted as a buffer stock at each origin and destination since we assume that any amount
goods can be transshipped at each point, T should be large enough to take care of all transshipment. It is clear
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that volume of goods transshipped at any point cannot exist the amount produced or received and hence we take

T e G

m oz
i=1 b

3. Algorithm [11,

or 0. 0: D, D.
0. (0,0,0,0) (2,5,18,18) (2,3,6.6) (1,4,7,7) (8,12,46,46)
0. (1,1,10,10) (0,0,0,0) (3,4,8,8) (%,6,9,9) (13,18,3838)
D. (4,6,10,10) (3,4,18,18) (0,0,0,0) (2,3,6,6) (7,10,28,28)
D: (1,4,7,7) (6,6,21,21) %,6,9,9) (0,0,0,0) (7,10,28,28)
(7,10,28,28) (7,10,28,28) (11,16,38,38) | (10,14,46,46)

12]:

The transshipment table in fuzzy environment is look like fuzzy transportation table. Now we can
solve the fuzzy transshipment problem using fuzzy Vogel’s approximation method.
This proposed method in algorithm form for finding the optimal basic feasible solution in symmetry
trapezoidal fuzzy environment and step by step procedure as follows:

1. First transform the transshipment problem into standard transportation problem.
2. Calculate Yager’s ranking index for each cell of transportation table.
3. Replace symmetric trapezoidal number by their respective ranking indices.
4. Solve the resulting transportation problem by using existing Vogel’s method to find the optimal
solution.
The all step by step procedure is explained in next section of numerical example.
Numerical = =
example: Here D. D-
we consider the .
transshipment O (2,3,6,6) (1,4,7,7) (1,2,18,18)
problem  with
two origins and O (3,4,8,8) (5,6,9,9) (6,8,10,10)
two destinations
(4,6,10,10) (3:4,18,18) (7,10,28,28)
Convert the given fuzzy problem into a crisp value problem by using the measure
D, D. 0. 0.
D, 0,0,0,0 2.3,6,6) O. ©,0,0,0 ©,5,18,19)
D. (5,6,9,9) 0,0,0,0) o} (1,1,10,10) ©,0,0,0)
Y (a1,82,83,84) = 0/70.5(a01, Auz, Aey)dX
da1= (@2-A1) o+ A1
dop= (A3-d2) o+ A2
Aay=(@4-a3) a+ A4
0. 0:
D. (4,6,10,10) (3,4,18,18)
D: (1,4,7,7) (6,6,21,21)
Y(2,5,18,18) = oI* 0.5(3as2, 13ws, 18)da = 0.5¢/'(164+25)dax
= 0.5[8+25]
=33(0.5) =16.5
Similarly, we get the following:
Y(2,3,6,6)=6.5;, Y(1,477) =75
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Y(1,1,10,10) =8.25;  Y(3,4,8,8) =8.75
Y(5,6,99) =11, Y(4,6,10,10) = 13.5
Y(3,4,18,18) = 16.25; Y(6,6,21,21) = 20.25
Y(7,10,28,28) = 27.75; Y(11,16,38,38) = 39.25
Y(10,14,46,46) = 44; Y(8,12,46,46) = 42.5
Y (13,18,38,38) = 40.75;

[ 0. D. D.
0. 0 16.5 6.5 7.5 425
0; 8.25 0 8.75 11 40.75
D, 13.5 16.25 0 6.5 27.75
D 7.5 20.25 11 0 27.75
27.75 27.75 39.25 44
Using Vogel’s approximation method we obtain the initial solution as
61 62 51 52
0 27.75(0) 7.5(14.25) 42.5
0: 27.75(0) 8.75(11.5) 11(1.5) 40.75
D: 27.75(0) 27.75
D: 27.75(0) 27.75
27.75 27.75 39.25 44
And the solution in the form of symmetric trapezoidal fuzzy numbers
61 62 51 52
0. (7,10,28,28) (1,47,7) (8,12,46,46)
0. (7,10,28,28) 1,21,1) (5,6,9,9) (13,18,38,38)
D. (7,10,28,28) (7,10,28,28)
D: (7,10,28,28) (7,10,28,28)
(7,10,28,28) (7,10,28,28) (11,16,38,38) (10,14,46,46)
Number of fuzzy numbers transported from origin to destinations.
0,to D, is (1,4,7,7)
62 to Ijz is (1,2,1,1)
And their corresponding fuzzy cost are
61 to 51 is (2,3,6,6)
0,to D, is (3,4,8,8)
62 to 52 is (5,6,9,9)
The Initial basic feasible solution is
Minimum cost  =7.5(14.25) + 8.75(11.5) + 11(1.5)
=106.88 + 100.63 + 16.5
=224.01
Hence the crisp initial solution of fuzzy transportation problem is 224.01.
Optimal solution by modified procedure (MODI METHOD):
61 52 51 52
0, 27.75 14.25
0
7.5
0, 27.75 115 15
0 8.75 11
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D 27.75
0
D, 27.75
0
For occupied cells, ¢;; — v
And Unoccupied cells:
Opportunity cost =z;; — ¢;;
Zij — Ci]' = ul-+ U] _Cij
61 62 51 52
0, 27.75 14.25
16.5 6.5
0
7.5
0, 27.75 11.5 15
8.25
0 8.75 11
D, 27.75
135 16.25 6.5
0
D, 27.75
7.5 20.25 11
0

Here all z;; — ¢;;= 0, the solution obtained is optimum.
Hence optimum transshipment cost = 224.01

Conclusion:

In this paper, the fuzzy transshipment problem has been converted into a crisp general

transportation problem using Yager’s ranking index. The cost at the origins and destinations are all symmetric
trapezoidal fuzzy numbers and the solution to the problem is given both as a fuzzy number and also as a ranked
fuzzy number. From MODI method we get the optimum solution.
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