Annals of Pure and Applied Mathematics : Tor
Vol. 7, No. 1, 2014, 47-52 nnals o

|SSN: 2279-087X (P), 2279-0888(online) Pure and Applied
Published on 9 September 2014

www.researchmathsci.org Mathematics

Multi-objective Cost Varying Transportation Problem
using Fuzzy Programming

Subhrananda Goswami®, Arpita Panda® and Chandan Bikash Das®

'Department of Computer Sc. & Engineeing
Haldia Institute Of Technology, Haldia,Purba Migonee, West Bengal, India
email: subhranandausca@yahoo.co.in

2 Department of Mathematics, Sonakhali Girls's Higih&ol, Sonakhali
Paschim Midnapore, West Bengal, India
arpita201277@yahoo.co.in

*Department of Mathematics
Tamralipta Mahavidyalaya, Tamluk, Purba Midnapo24:636, West Bengal, India
cdas_hikash@yahoo.co.in

Received 4 August 2014; accepted 24 August 2014

Abstract. In this paper we represent a multi-objective tramtgtion problem whose
transportation cost is varying due to capacity bfvehicles as well as transport
quantities. The2 -vehicle multi-objective cost varying transportatiproblem is a Bi-
level Mathematical programming model. To solve thizdel, use north west corner rule
for determining initial basic feasible solution atién set up unit cost (which varies in
each iteration) for each cost matrix correspondimgach objective by proper choice of
vehicles with our proposed algorithm. Apply optiihaltest for determining optimal
solution for each objective separately. Then afpibzy programming technique to sole
this model. Numerical examples are presentedustithte the model.
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1. Introduction
Transportation problem is a special class of lingagramming problem which deals
with the distribution of single commodity from vauns sources of supply to various
destination of demand in such a manner that tla ti@nsportation cost is minimized. in
order to solve a transportation problem, the decigparameters such as availability,
requirement and the unit transportation cost oftleelel must be fixed at crisp values but
in real life applications unit transportation cosay be vary due to capacity of vehicles
which are transport the commodities from sourcesdéstinations according their
demands.

In this paper, we present th@ -vehicle multi-objective cost varying
transportation problem which is a Bi-level Matheireit programming model. To solve
this model, use north west corner rule for detemmgjrinitial basic feasible solution and
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then set up unit cost (which varies in each itergtfor each cost matrix corresponding to
each objective by proper choice of vehicles withr quoposed algorithm. Apply
optimality test for determining optimal solutiorrfeach objective separately. Then apply
fuzzy programming technique to solve this model.

2. Mathematical formulation
A multi-objective transportation problem can bdexdidn Model 1 as follows:

Modd 1
mlnzz %, =1,
i=1 j=1
subject to i)gj=a,.,i=1,...,m )(1
i=1
> % =b;, j=1,..,n )
=1

da=>h;x 200,
i=1 j=1

2.2. 2-Vehicle cost varying transportation problem
Suppose there are two types off vehidlgs/, from each source to each destination. Let

C, and C,(>C)) are the capacities(in unit) of the vehicMsandV, respectively.

R} = (RL;,R2)),r =1,...,k represent transportation cost for each €gli) ; where
R]{j,r: ,...,K are the transportation cost from sour€,i=1,...,m to the
destination Dj,j = ,n by the vehicleV,. And R2”, =1,....,k are the

transportation cost from sour@,l =1,...,m to the destlnatlorDi, j =1,...,n by the

vehicle V,. So, for eachr =1,...,k cost varying transportation problem can be
represent in the following tabulated form.

D, D, . D, stock

O, Clrl C1r21 Clrn’
m‘;.l' Rzg.l m‘;.Z' R2£2 R]‘In’ Rzin a1

O, Co Coa: Cons
RL,, R2,, | R, R2;, R, R2, | %

0, Cra Cra: Ch
RI'R2 | RI',,R2 R, R2,, | @n

Demand b b, b,

Table 1. 2-Vehicle multi-objective cost varying transportatiproblem.
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wherecii =1,...,m j=1,...,mr =1,...,K are not constants.

2.2.1. Algorithm(CVTP)

Step 1. Since unit cost is not determined (because it mggp®n quantity of
transport), so North-west corner rule (becausedé@sdnot depend on unit transportation
cost) is applicable to allocate initial B.F.S.

Step 2. After the allocatex{j by North-west corner rule, for basic cell we
determineclj (unit transportation cost from sour€ to destinationD; ) as
pl; erl +p2; R2irj

X
c = r=1,...,k (3)

, if X, %20

where pl;, p2;,i =1,...,m;j =1,...,n areinteger solution of
min p1; RY; + p2;R2}, st. x; < pl,C, + p2,C,

Step 3. For non-basic cel(i, j) possible allocation is the minimum of allocations™
row and j™ column (for possible loop). If possible allocatibe x{j , then for non-basic
cell c;,'j (unit transportation cost from sour€ to destinationD; ) as
Pl mwrl + p2; R2irj

%
c = r=1,..,k (4)

, f X 20

where pl;, p2;,i =1,...,m j =1,...,n areinteger solution of

ij?
min pl; Ry, + p2; RZ;
SL. X; = plij C,+ p2ij C,
In this manner we convert cost varying transpimaproblem to a usual transportation
problem butcij is not fixed, it may be changed (when this allmgatwill not serve

optimal value) during optimality test.
Step 4. During optimality test some basic cell changesém-basic cell and

some non-basic cell changes to basic cell, dependainning basic cell we first fix
clj,r =1,...,k by Step 2 and for non-basic we fix:lj,r =1,...,k by Step 3.
Step 5. RepeatStep 2. to Step 4. until we obtain optimal solution.
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2.2.2. Bi-level mathematical programming for 2 -vehicle multi-objective cost
varying transportation problem

The Bi-level mathematical programming f@r-vehicle multi-objective cost varying
transportation problem is formulated Model 2 as follows:

Mode 2

mlnzz X1 = 5)

i=1 j=1

where, ¢; isdetermined by following mathematical programming
R+ p2. R2.
plu Rll] p ij ij ’ |f Xij £0
%

Ci = r=1,..k

0 if x,=0
min pl; RL; + p2; R2; (6)

s.t. x; < pL,C, +p2,C,
ij .m, fobm—

Za;ij, x; 20 O, Oj

where pl;, p2;,i =1,...,m j =1,...,n areinteger solution of

2.3. Solution procedure of 2-Vehicle Multi-abjective Cost Varying Transportation
Problem(TVMOCMTP).

To solve Mode 2 first we determinaqg ,r=1,...,k for basic each celfi, j) then,
determlnedclj ,r=1,...,k for basic each celfi, j) and for non-basic cell (i,j) (by
possible allocation of loop) throughlgorithm ) with the help ofC -programming then
TVMOCMTP converted in linear programming odel 3 with varying unit cost‘,lg as
follows:

2.3.1. Linear Programming Formulation of TVMOCMTP

A TVMOCMTP can be stated iiModel 3 as follows:
Mode 3

minZ, =Zm“zn:c{jxij,r =1,...,k (7)

i=1 j=1
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m

subjectto D%, =a,i=1,...m; >x =b,, j=1,...,n;
=1

i=1
da=>b;x 200,00
i=1 j=1
The subscript o, and superscript onlj denote the™ varying unit cost.

Using a linear membership function, the crisp madal be simplified in Model 4 as
follows:
Modd 4
maxA (8)
subjectto Z +AU, -L)<U, ,r=1,..,k

dYx;=a,i=1..,m;>x =b, j=1..,n
j=1 i=1
Ya=>b;x 200, 0,120
i=1 =1
whereU, andL, are the maximum and minimum valuedf, r =1,2.....K

3. Numerical example
Consider a2 -vehicle cost varying transportation problem as

D, D, D, stock D, D, D, stock
O, 57| 46| 810| 14 O, |10,12| 11,13 12,14] 14
0, 23| 68| 79| 16 0, 8,10 6,9 5,7 16
X 3,410,112 46| 12 O, |15,18| 14,16] 4,6 12

Deman 10 15 17 Demand 10 15 17

Table3.1: Table3.2:
Using our proposedilgorithm , if we consider Table-3.1 as a single objective
2-vehicle cost varying transportation problem thetiroal solution is given by
X ={x1, = 4%, =10,X5 = 0,%, = 6,%, = 0,X,; =10,%;; = 0,%;, = 0,%;, = 7}
5 4 8 1 7 1 10 4
0111:21 Cizzﬁ’ 0113:21 021:5 G =1, Cgazﬁ’ Célzz' Cé2:7’ Cos = 7
Again using our proposedAlgorithm, if we consider Table-3.2 as a single
objective 2 -vehicle cost varying transportation problem thetiroal solution is given by
X* ={x, =5,%, = 0,%}; = 70,%;, = 45,X, =15,%;, = 0,%;, = 0,%;, = 40,x;, = 0}
_11 .12 5, 4 1 , 15 , 4

_ a1 2 _ _ 2 _
_Z'Cl?’ 4!C21_51C22_1! C23_51C31 7!%2_61%3_7

o =1, ¢
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Also Z,(x') =22, Z,(x*) =31.1, Z,(x") =48.5, Z,(x*) =36
Solve by Model 4 by Lingo-13 package. The optimal solution of the problem is
X ={x, =6.849294x,, = 7.150706x,, = 0,X,, = 3.150706X,, = 7.84929x,, = 5.0,X;, = 0,%, = 0,%;; =12}

Z, =30.67857 Z, =47.92111 X' =0.0463

4. Conclusion

In this paper we have developed two-vehicle muifeotive cost varying transportation
problem. We transfer this multi-objective cost yagytransportation problem to usual
multi-objective transportation problem by Northwestrner rule and then apply
optimality test where unit transportation cost veiom one table to another table. This
problem is more real life problem than usual tramtgiion problem.
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