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a b s t r a c t
The capacitated multi-facility location problem is a complex and imprecise decision-making problem which contains both quantitative and qualitative factors. In the literature,
many objectives for optimizing many types of logistics networks are described: (i) minimization objectives such as cost, inventory, transportation time, environmental impact, ﬁnancial risk and (ii) maximization objectives such as proﬁt, customer satisfaction, and
ﬂexibility and robustness. However, only a few papers have considered quantitative and
qualitative factors together with imprecise methodologies. Unlike traditional cost-based
optimization techniques, the approach proposed here evaluates these factors together
while considering various viewpoints. Decision-makers must deal both factors together
to model complex structure of real-world applications. In this paper, a two-phase possibilistic linear programming approach and a fuzzy analytical hierarchical process approach
have been combined to optimize two objective functions (‘‘minimum cost’’ and ‘‘maximum
qualitative factors beneﬁt’’) in a four-stage (suppliers, plants, distribution centers, customers) supply chain network in the presence of vagueness. The results and ﬁndings of this
method are illustrated with a numerical example, and the advantages of this methodology
are discussed in the conclusion.
Ó 2014 Elsevier Inc. All rights reserved.

1. Introduction
Today’s global market competition and high customer expectations have forced enterprises to consider their supply
chains (SC) more carefully. Supply chain decisions are important strategic decisions which affect every member of the chain
because the various functions performed by these members are integrated with each other. Among these functions are marketing, distribution, planning, manufacturing, and purchasing.
The capacitated multi-facility location and SC network design problem is one of the most comprehensive strategic decision
problems that need to be optimized for long-term efﬁcient operation of the whole supply chain. This problem determines the
number, location, capacity, and type of the plants, warehouses, and distribution centers to be used. It also establishes distribution channels and the quantities of materials and items to consume, produce, and ship from suppliers to customers [1].
Location-allocation decisions involve substantial capital investment and result in long-term constraints on the production
and distribution of goods. These problems are complex and, like most real-world problems, depend on a number of tangible
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and intangible factors which are unique to each problem. The complexity of these systems arises from a multitude of quantitative and qualitative factors which inﬂuence location choices as well as from the intrinsic difﬁculty of making numerous
tradeoffs among those factors [5]. Over and above this complexity, global SC management is difﬁcult because multiple
sources of uncertainty and complex interrelationships at various levels between diverse entities exist in the SC, and therefore
it is very difﬁcult to determine simultaneously the supply chain conﬁguration and the SC total cost. Fast-changing transportation and facilities costs, facility capacities, and customer demands are some of the SC parameters which are difﬁcult to predict accurately because of imprecision in the environment.
Supply chain network (SCN) design problems reviewed in the literature have been examined for situations ranging from a
single product type to complex multi-product systems; the models developed range from linear deterministic models to
complex nonlinear stochastic ones. The number of objective functions also depends on the degree of complexity of the problem. Generally, these problems involve multiple and conﬂicting objectives such as cost, service level, and resource utilization. To deal with multiple objectives and to enable the decision-maker to evaluate a greater number of alternative
solutions, various numbers of supply chain levels or stages and various solution approaches and methodologies have been
used. Supply chain network design levels are determined according to the components of the supply chain network problem
being considered. In this research, papers in the literature have been categorized based on the number of SCN levels. The
criteria considered in the objective functions and the solution methods and methodologies used in the literature are also
reviewed.
Vercellis [40] presented a capacitated master production planning and capacity allocation problem for a multi-plant manufacturing system with two serial stages in each plant. The objective of the problem is to minimize the sum of the various
cost factors, namely the production cost in stages 1 and 2, inventory, lost demand, transportation, and overtime. The resulting mixed {0, 1} linear programming model is solved by means of LP-based heuristic algorithms.
Zhou and Liu [47] proposed a mathematical model and an efﬁcient solution procedure for a bi-criteria allocation problem
involving multiple warehouses with different capacities. They also considered two conﬂicting objectives, transit time and
shipping cost, with respect to the warehouse allocation problem. Their proposed solution procedure used a genetic algorithm
that is designed to ﬁnd Pareto optimal solutions for this problem in a short period of time. Romeijn et al. [32] considered a
traditional deterministic single-DC multi-retailer (SDMR) model. They tried to minimize the location and transportation
costs and the two-level inventory costs. An additional cost term that represents costs related to safety stocks or capacity
issues was also proposed. They formulated the problem as a set covering model.
Cakravastia et al. [9] aimed to develop an analytical model for the supplier selection process when designing a supply
chain network. The assumed objective of the supply chain is to minimize the level of customer dissatisfaction, which is
evaluated by two performance criteria: (i) price and (ii) delivery lead time. The overall model operates at two levels of
decision-making: the operational level and the chain level. An optimal solution in terms of the models for the two levels
can be obtained using a mixed-integer programming technique. Syam [36] extended traditional facility location models
by introducing several logistical cost components such as holding, ordering, and transportation costs in a multi-commodity,
multi-location framework. Their paper provided an integrated model and sought to minimize total physical distribution
costs by simultaneously determining optimal locations, ﬂows, shipment compositions, and shipment cycle times. Two
sophisticated heuristic methodologies, based on Lagrangean relaxation and simulated annealing respectively, were provided
and compared in an extensive computational experiment. Yan et al. [43] proposed a strategic production–distribution model
for supply chain design with consideration of bills of materials (BOM). Logical constraints were used to represent BOM and
the associated relationships among the main entities of a supply chain such as suppliers, producers, and distribution centers.
Moreover, these relationships were formulated as logical constraints in a mixed integer programming (MIP) model, thus
capturing the role of BOM in supplier selection in the strategic design of a supply chain. The total cost of the supply chain
included purchasing cost, production cost, transportation and distribution cost, and ﬁxed costs such as the ﬁxed ordering
cost, the ﬁxed cost to open and operate a producer, and the ﬁxed cost to open and operate a DC. Chen and Lee [11] proposed
a multi-product, multi-stage, and multi-period scheduling model to deal with multiple incommensurable goals for a multiechelon supply chain network with uncertain market demands and product prices. The supply chain scheduling model is
constructed as a mixed integer nonlinear programming problem to satisfy several conﬂicting objectives, including fair proﬁt
distribution among all participants, safe inventory levels, maximum customer service levels, and robustness of decisions to
uncertain product demands. For the solution, a two-phase fuzzy decision-making method was presented.
Amiri [3] developed a mixed integer programming model and presented a Lagrangean-based solution procedure for the
problem. The model minimizes total costs, including the costs to serve the demands of customers from the warehouses, the
costs of shipments from the plants to the warehouses, and the costs associated with opening and operating the warehouses
and the plants. Yilmaz and Çatay [44] addressed a strategic planning problem for a three-stage production–distribution network. The problem consisted of a single-item, multi-supplier, multi-producer, and multi-distributor production–distribution
network with deterministic demand. The objective was to minimize the costs associated with production, transportation,
and inventory as well as capacity expansion costs over a given time horizon. The problem was formulated as a 0–1 mixed
integer programming model. Efﬁcient relaxation-based heuristics were considered to obtain a good feasible solution. Tsiakis
and Papageorgiou [39] proposed a mixed integer linear programming (MILP) model to assist senior operations management
in making decisions about production allocation, production capacity per site, purchase of raw materials, and network conﬁguration, while taking into account ﬁnancial aspects (exchange rates, duties, etc.) and costs. The objective function included
ﬁxed infrastructure costs, production costs, material-handling costs at distribution centers, transportation costs, and duties.

