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1. Introduction

The transportation model is a special class oflittear programming problem. It deals
with the situation in which a commodity is shipdeaim sources to destinations and their
capacities aray, ay, ..., a,, andbq, b,, ..., b,, respectively. The objective is to determine
the amounts shipped from each source to each dgstinthat minimizes the total
shipped cost while satisfying both the supply Isv@hd the demand requirements.

Orden [5] has extended this problem to includedhage when transshipment is
also allowed. In general, the real life problenss mnodeled with multi-objectives, which
are measured on different scales and at the samadrticonflict.

The paper organized as follows: Section 2 dealt Wit formulation of the
multi-objective transshipment problem, transit poipreemptive optimization and the
procedure of Transshipment Models with Transit poBection 4 deals with afuzzy
programming approach to solve the multi-objectrasshipment problem. In section 6
numerical examples are illustrated.

2. Prdiminaries

2.1. Formulation of the general transshipment problem

The transportation problem assumes that directesoakist from each source to each
destination. However, there are situations in whiahs may be shipped from one source
to another or to other destinations before reacttieg final destinations. This is called a
transshipment problem. The purpose of transshiprientdistinction between a source
and destination is dropped so that a transportaticmblem with m source and n

destinations gives rise to a transshipment problgth m + n source and m + n

destinations. The basic feasible solution to suphoalem will involve [(m + n) + (m +
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n)-1] or 2m + 2n - 1 basic variables and if we othé variables appearing in the (m + n)
diagonal cells, we are left with m + n - 1 basidafales.
Thus the transshipment problem may be written as:
Minimize F¥(x) = X4 YA ok
Subject to }Tlf}ﬂxij — ;.’jlf;ﬂxﬁz a;, i=1,23,...m

:Z-'l—gqt] Xij — ?:'1—3};&] le‘: b], J =m+1l,m+2,m+3,...,m+n
Wherexl-jz 0,i,j=1,2,3,....m+n A
where}i’; a; = XYL, b; then the problem is balance otherwise unbalanced.

The above formulation is a transshiprmeodel, where

F¥(x) = {F*(x),F?(x), ..., F¥(x)} is a vector of k objective functions and the suips
on the bothF¥*(x) and Ci’j- are used to identify the number of objective fiorg
(k=1,2,3,...,q). Wthout oss of generality it will kessumed in the paper tlat>
0V ib;>0Vj,Cl=0V(,j)and ¥;a; # X;b;.

The transshipment model is reduced to transpontétion as:

[ k — ym+n ym+n k
Minimize F* (x)= XiZ1" Xy i € ijxij

Subject to Z}”:*l" xij=a; +T, i=1,2,3,...,m
Z}’;*l"xij =T, i=m+1, m+2, m+3,..., m+n
?:ll—n Xij =T, j=1,2,3,...,m
YR xij = b+ T, j=m+1, m+2, m+3,..., m+n
wherex;;>0,i,j=1,2,3,....m+n,#1i,

the above mathematical model represents a starmdeshced transportation problem

with (m+n) origins and (m+n) destinations. T caniftterpreted as a buffer stock at each
origin and destination. Since we assume that armyuatrof goods can be transshipped at
each point, T should be large enough to take daa## vansshipments. It is clear that the

volume of good a transshipped at any point canxoeex the amount produced or

received and hence we take Miz1a; or XiLi b;.

2.2. Transshipment model with transit point
In this model ‘m’ origin and ‘n’ destination and’ ‘fransit points are included. In this
model the total number of origins is m+p and thaltoumber of destinations is p+n.

We now describe how the optimal solution to a tsaiment problem can be
found by solving a transportation problem. Givetramsshipment problem, we create a
balanced transportation problem by the followinggedure (assume that total supply
exceeds total demand):

Construct a transportation tableau as follows: v o the tableau will be needed
for each supply point and transshipment point, ancblumn will be needed for each
demand point and transshipment point. Each supgilyt pvill have a supply equal to its
original supply, and each demand point will havdemand equal to its original demand.
Let T = total available supply. Then each transsigipt point will have a supply equal to
(point’s original supply) + T and a demand equajfoint’s original demand) + T. This
ensures that any transshipment point that is aupgdlier will have a net outflow equal to
the point’s original supply, and, similarly, a mtmander will have a net inflow equal to
the point’s original demand. Although we don't knbew much will be shipped through
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each transshipment point, we can be sure thatotaé amount will not exceed T. This
explains why we add T to the supply and demandet &ransshipment point. By adding
the same amounts to the supply and demand, we ecttisatr the net outflow at each
transshipment point will be correct, and we alsointaén a balanced transportation
tableau.

2.3. Preemptive optimization

Preemptive optimization or lexicographic optimipati performs multi-objective
optimization by considering objectives one at aetifthe most important is optimized;
then the second most important that the first agsdts optimal value and so on.

3. A fuzzy programming approach for solving MOTrP
In 1970, Bellman and Zadec introduced three basiocepts: fuzzy goal(G) fuzzy
constraints(C)and fuzzy decision(D) and exploresl d@pplications of these concepts to
decision making under fuzziness.

Their fuzzy decision is defined as follows

D=GNC

The decision variables, supply constraints, fuzzmadnd goals and multi-objective fuzzy
budget goal are identified as follows.

3.1. Decision variables
Decision variables for the model are defined gs=l,2,..m and j=1,2,...n wherg>0
for all i].

3.2. System of supply constraints

Xij <a

s

Il
_

J

o

where 0, i=1,2,...m is the amount of goals available"atrigin.

3.3. Fuzzy demand goals

liNgE
=
vV

=1
where p>0, j=1,2,...n be the amount of goods required aj'theestination.

3.4. Fuzzy budget goal
The fuzzy budget goal as

M:

XUSB

—h IIM3

m
lZ] 1
where B is the aspiration IeveI the budget.
3.5. Aspiration level
The aspiration level criterion does not yield artimopl decision in the sense of
maximizing profit or minimizing cost. Rather itéasmeans of detailing acceptable courses

of action. Consider , for the example, the situatichere a person advertises a used car
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for sale. On receiving an offer the seller mustidiegcwithin a reasonable time span,
whether it is acceptable or not. In this respé,geller sets a price limit below which the
car will not be sold. This is the aspiration level.

3.6. Solving method
In this proposed fuzzy model, firstly we convert tmodel to a linear programming
model by using linear membership functions and méx-operator. The solution of
linear programming model gives an efficient solntidhe solution procedure is similar
to the approach used by Zimmermann.
The membership functions of the fuzzy demand gomdefined as
m

‘
1 lf inj = bj
i=1
m

Sx—b
HA].(X) =1 # lf b] <inj < b]
] i

=1
m
0if 2 x; < b;
i=1
wherebj‘, j=:2,...nis the lower tolerance limit dt fdemand goal.
The membership function corresponding to the furayget goal is defined as

g m n
1ifZZCi’j-xij =B

i=1j=1

m n
B*—Yym Y Ckx; . .
u’jjﬂ(x) = ;*1%;1 U™ if B< ZZ ckix;; <B

i=1j=1

m n
0 if ZZ Clxij = B*
\ i=1j=1

where k=,,...q and Bis the upper tolerance limit of the budget godie Tintersection
operator defines the overall decision function ‘D’

n
D= ﬂ AN AY,
j=1

The membership function of the solution set is then
Up= min {ij,u’jjﬂ} j=1,2,...n, where (j+1) membership function corresponds to the
fuzzy budget goal. And the maximizing decision

Maximin {ua, 141}
x>0

As is well known, the problem is equivalent tovénd the following L.P
MaximizeA
Subject to\< py;(x) ,j=1,2,...n

AS pgjpr ()
whered= min {u,;, p% ;1 }=min

Yy xij—bj B -XiZi X} Cijxij
bj-b; ' B*—B
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therefore, the goal-programming model of an unhl@ddntransportation problem with
budgetary constraints can be stated as follows

Maximizei

Subject to
A< py(x) J=1,2,...n
}\,S HA]'+1(x),k:1,2...q
X,xl-j =0

which is a linear programming model and can be esblby an appropriate linear
programming algorithm.

4. Numerical example
Let us consider a multi-objective unbalanced traipssent problem with the following
characteristics.

Suppliesa; =8, a, =16
Demandb, = 12, b, = 4, b; = 14
Penalties

Cl — 1 2 8] Cz _ 6 4 3

_ 1 9 8~ " I5 8 9
Supply constraints
3 3

lejSB, Zx2]S16

j=1 j=1
Fuzzy demand goal
2 2 2
:E:*%1ZS 12, :E:X%ziﬁ 4, :E:;xB < 14,
1=1 i=1 i=1

Then transit points are
Transit to Destinations {@¢ 6 4]and[8 4 3]

. 9 6
Transit to source |%4] and[7 0]
Now the Transportation Problem is
1 2 89 6 4 36
Chi=[1 9 84|C/i=|5 8 970

4 6 40 8 4 30

Here we take T=24

Fuzzy demand goal (after converting to transpanegiroblem
3 4

Z Chix;; < 84
1

j=11i=
3 4

Z Chxij < 116
j=1i=1

whereC;;'s are penalties taken from the above table. Letks the first goal’!, we get
minimum cost using preemptive optimization.
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Similarly we apply the same procedure to the gdalWe find minimum cost from these
two goals.

For the four demand points, we have = 12, b, = 4, b; = 14, b, = 24 and the lower
tolerance limitareb; = 6, b5 =2, b3 =7,b; =12

1 .
ifx11 +xy1 +x31 =12
Xpq1 + Xgg + 231 fx11 21 31

HAI(X): 12 6 if6SX11+X21+X31 <12
lfxn + X21 + X31 <6
ifx1p + x50 + %3, =4
+ Xy +
Ba, () = it s Xzz E: if 2< x93+ X2 +x3, <4
lfxlz +X22 +X32 <2
ifx13 + Xp3 +x33 =14
+ X3 +
Ba, () = az 1:23 7 T3 if 7< %13+ X33 +x33 <14
ifxq3 + X33 +x33 <7
if X4 + Xo4 + X34 = 24
+xp4 +
a, () = {22 24xi412 X34 £12 < g+ Xog + Xaq < 24
if%X14 + Xog + X34 <12
85 ~_ifz<84
1 (%) =<ﬂ1f84 <z<85
0 ifz>85
17, ifz<116
oy ={_—""2 if116<z<117
Has 117 — 116
0 ifz>=117
where
Z = Xqq + 2x15 + 8x13 + 9x14 + X231 + X9y + Bxy3 + 4xy4 + 4X31 + 6X35 + 4X33
+ 0x3,4
Z = 6x11 + 4x15 + 3x13 + 6X14 + 5x1 + 8%y, + 9xp3 + 70x54 + 8x31 + 4x3, + 3x33
+ 0x3,4
Maximize

X11 + X12 +x13 +x14 <8
Xpq + Xop +Xp3 + %24 <16
X31 + X35 + X33 + X34 < 24

A< pg, (%)
X11 + X217 + X34

A< <6
X114+ X1 +%x31— 64 =6
Similarly

X1p + Xpp + X3, — 24> 2

X1z + X3 + X33 —74=>7

X14 + Xo4 + X34, — 124 > 12

Xq11 + 2Xxq5 + 8x93 +9x14 + Xo1 + 9xy5 + 8xp3 + 4Xy, + 431 + 6X35 + 4x33 + 0x34
=84
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6x11 + 4x12 + 3x13 + 6x14 + 5x21 + 8.X'22 + 9x23 + 70.X'24_ + 8x31 + 4X32 + 3X33

+ 0x34 = 116

Output

The above example is solved by using TORA Compsitdtware Package. The Optimal
of the first objective functionis, = 8, x,; = 4.51, x,, = 3.64, x5 = 5.52,x3, =

24,1 = 1.25 and the Transportation cost is z = 85.25.

The second objective functionis; = 6.94, x5 = 1.06,x,; = 4.18,x53 = 5.59,x34 =
24,1 = 1.09 and the Transportation costis z = 117.09
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