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ABSTRACT
Minimization of total transportation cost is a common problem in a supply chain management system. It is
considered as a single objective function of a supply chain management system. But, in a practical situation, it is
not always possible for considering only one objective function. It is far comfortable with two or more relevant
objective functions according to the situation in a supply chain management system. In this paper, we consider a
multi-objective supply chain management system where our objectives are to minimize the total transportation
cost and to reduce the deteriorating items while traveling from source to the destination. We determine how
much amount of the item will be transported from one area to another and how much amount of the item will be
deteriorated during transportation. The non-linear optimization technique is applied as a method of solution to
our problem. Finally, the model is verified with a numerical example.
Keywords: Transportation cost, Supply chain management system, Deteriorating item, Source, Destination.
1. INTRODUCTION
A supply chain is a dynamic system where products are distributed from manufacturing plants to the demand markets
in between with different stages. Effective and efficient movement of products from manufacturing plant to the demand
market at the lowest transportation cost leads to the benefits of a business. In such a situation manager makes a
distribution plan to optimize the transportation cost for the entire supply chain management system to make a
competitor of the highly competitive business environment. Some literatures are surveyed for developing our model
which is discussed below:
A theoretical approach of a multi-objective linear programming model in a transportation problem is discussed in [10].
Supply chain plays one of the key roles for the better improvement of businesses is discussed in [4].
A suitable activity-based cost-saving model in an entire supply chain management system is developed in [1]. In this
paper, the decision-maker has the authority to make the right decision to reduce the entire cost by an attractive
costsaving business plan.
A case study of the electronic industry is briefly discussed in [6] where the total cost is minimized for an entire supply
chain management system for improvement of the business performance.
The performance of the supply chain depends on the effective and balanced distribution of the products from the
manufacturer to the customer. Uninterrupted flow of the products from the manufacturing plant to the demand market
can improve the performance of a business in the supply chain environment.
Unit transportation cost is directly proportional to the shipment quantity of a supply chain management system is
discussed in [7].
The best strategy of distributing the product from the manufacturing house to the distribution center and from the
distribution center to the demand market is discussed in [5]. In this paper, a heuristic approach based on Lagrangian
relaxation is applied as a method of solution.
A hybrid genetic algorithm for a production problem in an entire supply chain management system is developed in [8].
A multi-objective transportation problem in a supply chain environment is developed in [9].
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A combination of transportation and scheduling problems for multiple sources and multiple destinations for a supply
chain management system is developed in [3]. Lagrangian decomposition algorithm is applied as a method of solution
of this model.

A multi-objective model with minimization cost and maximization of customer satisfaction is developed in [2]. In this
paper, the model is assigned from the plants to the warehouse and from the warehouse to the customer.

In this paper, we develop a multi-objective production-distribution problem in supply chain environment. Here, we
consider multiple manufacturing plants, multiple distributors and multiple demand markets. The objectives of this
model are: (i) to minimize the total transportation cost and (ii) to minimize the deteriorating items during
transportation from source to the destination of the supply chain environment. The non-linear optimization technique is
applied as a method of solution to our problem. Finally, the model is verified with a numerical example.

2. PROBLEM STATEMENT
The problem is considered for a production-distribution problem in a supply chain environment. The supply chain
consists of multiple plants, multiple distributors and multiple demand markets. The products are produced in the plants
then these are transported to the distributors and then to the demand markets. The demands of the products occur from
the demand markets. It is assumed that the products are produced in the plants according to the customer demands and
meet customer satisfaction at the highest level. The mathematical formulation of this problem consists of a set of plants
(i=1,2) , set of distributors (j=1,2) and demand markets (k=1,2).
Assumptions:
The following assumptions are considered for our problem:

(a) Number of manufacturing plants and their capacities are known.

(b) Number of distributors and the capacity of the distributors are known.

(c) Demand meets completely according to the customer needs.

(d) Shortages are not allowed.

(e) Vehicle capacity for the produced products in plants for transporting to the distributors and the vehicle capacity

for the distributed products in distributors for transporting to the demand markets are known.
(f) Lead is considered as zero.

3.MODEL FORMULATION

We consider our problem as multi-objective production-distribution problem where the objective is to minimize the
total transportation cost from the manufacturing plants to the demand markets through the distributors and to minimize
the deteriorating items during transportation from source to destination. The non-linear optimization technique is
applied in our model as a method of solution. Finally, the model is verified with a numerical example.

Notations:

Set of mdex:

i1=set of plants_ i = I

j=set of distribution centers, j = |
k=set of demand markets, k = K

1;; =Distance between mamufacturing plant i and distribution center

o) =Unit transportation cost between manufacturing plant 1 and distributors j
. =Distance between distributors j and demand market k

C, , =Unit transportation cost between distributors j and demand market k
d, =Maximum capacity of the demand market k

a, = Capacity at manufacturing plant 1

b, = Capacity at distributor j
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Decision variables.

X, = Quantity transported from manufacturing plant to distributor j

Y = Quantity transported from distribution center j to demand market k

d,;; =Quantity of deteriorating items during transportation between manufacturing plant 1 to distributor
dz_,u.- =Quantity of deteriorating items during transportation between distributor j to demand markets k
©,, = Number of trip for transportation from manufacturing plants to distributors

v, =Number of trip for transportation from distributors to demand markets

Objectives:

2 2
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Constraints:
(I) Capacity constraint of the plants: It implies that the quantities which are produced in the manufacturing plants for
transporting to the distributors cannot be more than the current capacity at the manufacturing plant.

i_ x.%Xa (for 1=1.2)
(I1) Capacity constraint of the distributors: It implies that the quantities which are distributed to the demand markets
from the distributors cannot be more than capacity of the distributors.

> Y5 b, (for j=1,2)

k=1

(111) Demand market constraint: It implies that the total demand of the demand markets. Quantities received from
various distributors are equal to the maximum capacity of the demand market.

> Wy = d_(fork=12

.'i-l
(IV) Non-negative constraint: Quantity transported from the manufacturing plants to the distributors and from the
distributors to the demand markets must be non-negative and should be integers.

XYy 20 (V1,jand k)

4. RESULTS AND DISCUSSION

The non-linear optimization technique is applied to our problem. LINGO software is applied as a method of solution
and the results are shown in the following tables:
Input parameters:

tn=5; t11o=10; t1,=8; 1120=12;

t211=15; 1212=10; t201=18; 122:=20;
C111_:120.'. C112:14D: C121:100; C'lJl:I_}iO:_
c211=120; €212=140; c221=100; c220=130;
Vep—20; v —10;

a;=>50; a,=80:

b1=?0; bj=90;

d,=15; d,=10;

Results:
Table-1:

X11 X1z Xn Kz Y11 Y2 21 Yoz Ty

e
o4 18 T8 11 17 15 o8 14 12 19
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Table-2:
Di11 D12 | Din Di2a D311 D22 | D2 D222 Zy Z 5
1z 4 13 8] 4 1 2 o 26150 | 36

We obtain the minimum transportation cost of Rs. 26,150 and the minimum deteriorating items are 36 during
transportation. The number of trips is required for the shipment of products from manufacturing plants to the
distributors is 19 and from the distributors to the demand markets is 12.

5.MANAGERIAL IMPLICATION

A successful supply chain involves lower transportation costs, shorter lead time, minimum delivery time and better
customer satisfaction. In this paper, we develop a mathematical model of the production-distribution problem of supply
chain management system. The objective of this model is to minimize the total transportation cost satisfying the supply
and demand constraints and to minimize the deteriorating items during transportation for the entire supply chain
environment.

The present study highlights the minimum transportation cost and minimum deteriorating items during transportation
from manufacturing plants to the distributors and from the distributors to the demand markets. The implementation of
this study is the cost-saving decision for the business manager and its impact falls on an effective improvement of any
business organization.

6. CONCLUSION

In this paper, a production distribution transportation problem is considered. The demand is considered in deterministic
nature but in real-life situation it is not always possible. We can extend our demand in an uncertain environment in
future.

The model is considered only for two objective functions but some other objective functions like maximization of
customer satisfaction level, minimization of delivery time during transportation etc. can also be associated with our
problem in future. Demand market constraint and the capacity constraints of plants and distributors are considered as
the certain constraints of our problem but we can include some more constraints like total budgetary constraints in the
supply chain, binary constraints of opening plants for production etc. in our model. In this paper, the non-linear
optimization technique is applied as a method of solution of our problem but some other advanced heuristic-based
methodology can be applied for our model as a future aspects.
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