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Abstract

Original Article

In this paper, we develop a multi-objective programming approach for a reliable
supply chain design. Decisions include locating a number of facilities among a
finite set of potential sites and allocating task assignment between facilities and
customers to maximize profit. Demands, supplies, processing, transportation,
storage and capacity expansion costs are all considered as the objective function.
To develop the model, one additional objective function is added into the supply
chain design problem. So, our multi-objective model includes (i) the minimization
of the sum of current investment costs and the expected future processing,
transportation, storage and capacity expansion costs, (ii) the maximization of the
responsive level of the model for customers. Finally, we use the goal attainment
technique to obtain the Pareto-optimal solutions that can be used for decision-
making.
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INTRODUCTION

The problem of supply chain network design involves
tactical decisions, which refers to the supply chain
configuration. As the infrastructure in supply chain
management, it has long-lasting effects on tactical and
operational decisions of the company.

In the long-term it is very likely that any components
of a system face with failure and may be impaired.
However, in the classical design of the facility location
models, this point has been generally arisen less attention.
In fact, in most papers it is presumed that the systems will
always work correctly. And facilities are located in a way
that never seems to suffer any failure. However, in the real
world, facilities are subject to failure. For example, bad
weather, human error, war and other situations can cause
our facilities to be broken. This requires shows the
development of more efficient placement models that

SIMIE

it
Mot

take into account the possibility of damage to facilities. It
is noteworthy that the few article that have taken the
damage of the facility location as granted, have very
simple models that are seems far from the reality.

On the other hand, it is worth mentioning that in
today's competitive world, while taking into account the
decisions and costs associated with the establishment of
integrated inventory and transportation facilities in the
distribution chain design, can dramatically reduce costs
and increase customer satisfaction. The costs of each of
these three key elements (the facilities, inventory and
handling) are convertible into another.

For example, there is a relationship between the costs
of facilities and transportation costs. That way, no matter
how much distribution centers and naturally higher
deployment costs are; the transportation costs among
distribution centers and customers are becoming less.
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Similarly, inventory costs and their deployments are
associated with one other. Thus, taking into account the
integration costs of these three elements in a model of
effective agents can bring out significant benefits. But it
should be noted that, in literature of distribution chains,
commonly the facility location decisions (which are
strategic in nature) and inventory decisions (which are
tactical decisions) are considered separately and apart.
This is because the relationship between tactical and
strategic elements in the distribution chain optimization
model will be ignored. Given that, it is only recently that
researchers have considered the integrate models and
inventory location models placement, development of
these models are very important.

The first objective function of our proposed model is
the minimization of the sum of the costs, and the other
one is the maximization of the responsive level of the
customers. Since the expected total cost, and the
responsive level are in conflict with each other, it is
proposed to set up a multi-objective design problem
whose solution will be a set of Pareto-optimal possible
design alternatives representing the trade-off among
different objectives rather than a unique solution. To the
best of our knowledge, only e-constraint method [12] and
fuzzy optimization [11] have been used to solve multi-
objective SC design models. We use the goal attainment
technique; see [10] for details, to solve the resulting multi-
objective problem.

Literature survey

Researchers have made significant progress on facility
location and allocation problems with respect to problem
representations and solutions. Revelle and Laporte [8]
reviewed literature regarding location problems, and
described formal statements of the problems with
different objectives, with multiple products and machines,
and with spatial interactions.

Laporte, et al [6] considered a class of capacitated
facility location problems in which customer demands are
stochastic. The problem was formulated as a stochastic
integer linear program, with binary variables in the first
stage and continuous variables in the second stage.
Albareda-Sambola et al. [7] addressed different modeling
aspects of the capacity- and distance-constrained plant
location problem. They presented a tabu search algorithm
for optimal or near-optimal solutions. Amiri [5] addressed
the distribution network design problem in a supply chain
system that involves location production plants and
distribution warehouses, and determining the best
strategy for distributing the product from the plant to the
warehouses and from warehouses to customers.

He presented an efficient heuristic solution procedure
to select the optimum number, locations and capacities of
plants and warehouses to open so that all customer
demand is satisfied at minimum total costs of warehouses
and plants. Snyder and Daskin [2] introduce several
models, based on classical facility location problem, in
which facilities may fail with a given probability. They
minimize weighted sum of two objectives, one of with is a
classical objective (ignoring distributions) and the other of
which is the expected cost after accounting for
distribution.

Customers are assigned to several facilities, one of
which is the primary facility that serves it under normal
circumstances, one of which serves it if the primary fails,
and so on. Berman, et al [1] consider structural properties
of a model that is less computationally tractable than
Snyder and Daskin’s but more general. They assume that
customers do not know in advance which facilities are
operational and must travel from facility to facility in
search of a working site.

Reliable facility location models are related to
network reliability theory (Shier [3] and Shooman [4]),
which attempts to calculate or maximize the probability
that a network remains connected after random link
failures. It is also related to literature on facility location
with congestion, in which facility are sometimes
unavailable due to excess demand (rather than to facility
disruptions).

Problem Definition

Since strategic decisions had lasted for a considerable
time and facilities that are now deployed is expected to be
used for a long period of time, and also due to the high
investments associated with these decisions, the
appropriate configuration of supply chain network is
important. The main purpose of model in this chapter is
strategic decisions (to determine the location of facilities)
and tactical decisions (the rate of material flow between
network components). Here, the local factories,
distribution centers, volume flow among the facilities, the
primary allocation, distribution centers and customer
support are determined. Facilities were also constructed
with limited capacity and the capacity for constructed
facilities is considered as a variable.

Overview of the model is focused on minimizing the
costs. That these costs include fixed costs of the facility,
costs of transport between network components,
shipping fees and the costs of keeping orders. It is also
looks for the exact location of each facility through the
facility potential destinations and the optimal flow rate
between network-components are defines in the manner
that will minimizes the cost of transport among them all.
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Network discussed in this section, is a fabric forward
logistics network. Every customer will satisfy all their
demands from a single distribution center. In this issue
two types of distribution centers will be addressed; the
facilities in the first set never fail, while all of the facilities
in the second set fail independently with the same
probability, q. The first set is called unbroken, while the

second is called broken. That in comparison, the
establishment cost of the latter is higher. Since the
distribution centers are ||l the
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