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Abstract

This paper concerns a dynamic multi-commodity capacitated facility location problem in supply chain, where 
different products flow throughout different layers of supply chain over a time horizon to meet customers’ demand. 
The capacity and the location of facilities need to be changed for supply chain to operate efficiently and respond 
quickly to demand changes. Relocating facilities or changing the capacity takes significant time and resource and
leads to unavailability of facilities or their full capacity. The proposed model considers this unavailability during the 
relocation of facilities or change of the capacity. Computational results are also provided.
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1. Introduction
A supply chain is a set of organizations that are involved, through upstream and downstream linkages, in the 
different processes and activities that produce value in the form of products and services in the hands of the ultimate 
customer [1].  Along a supply chain, different types of decision should be made and coordinated. These decisions 
are classified into strategic and operational levels according to the length of the time period and the importance of 
the decisions to be made. A typical strategic decision is related to physical distribution structure of the supply chain 
including locating facilities and allocating customers to them, which is called facility location problem. On 
operational level, decisions on transportation flows and inventory levels have to be made considering customer 
demands, transportation cost, inventory cost and other factors. Because of the variability of these factors during 
different time periods, facility location and capacity should be reconfigured to cope with the factor variability. This 
reconfiguration in the form of relocating facilities or changing their capacity during different time periods is known 
as dynamic facility location problem. Figure 1 depicts physical distributions of a supply chain which are 
reconfigured over two time periods. The arrows indicate the transportation channels that are available to ship 
products between different layers of the supply chain. As shown in Figure 1, a gradual relocation of facilities as well 
as capacity expansion and reduction can be taken place over the time.

The first model in dynamic facility location problem was introduced in 1968 by Ballou, in which locations of a 
single warehouse were determined over multiple time periods [2]. For decades, many researches addressing the 
dynamic facility location problem have been appeared. Melo et al [3] provided a comprehensive modeling 
framework which explicitly considered many practical aspects. Their model dealt with the multi-commodity, multi-
echelon facility location problem which gradual relocation problem as well as capacity expansion and reduction was 
considered. Hinojosa et al [4] designed a model for two-echelon dynamic facility location problem and presented a 
Lagrangean relaxation method to solve the problem. Diast et al [7] formulated a dynamic location problem with 
opening, closure and reopening of facilities and developed a primal-dual heuristic to solve the problem. Their study
has an important characteristic that distinguishes from previous works by considering the possibility of 
reconfiguring one location more than once during planning horizon. Hinojosa et al [5] considered a dynamic facility 
location problem when subcontracting and outsourcing to meet the demand was allowed. 
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Because of the complex nature of the dynamic facility location problem, most research considers some assumptions 
to simplify the problems. One of assumptions in most studies is immediate relocation and reconfiguration of facility 
capacity. Since relocating facilities or changing the capacity takes significant time and resource, which leads to 
unavailability of facilities or their full capacity. This unavailability during the relocation of facilities or change of the

Figure 1: Dynamic supply chain

capacity has a significant effect on the model and cannot be neglected. Since this unavailability from reconfiguration 
may lead to some unsatisfied demand, it imposes a shortage cost to the model. Capacity unavailability is time-
dependent and is different based on the location of facility. 

The reminder of the paper is organized as follows. Section 2 describes the dynamic multi-commodity capacitated 
facility location problem and MIP formulation is presented. Section 3 provides computational results with the 
proposed MIP model. Finally, Section 4 presents some conclusion remarks.

2. Problem description and MIP formulation
This paper deals with a multi-period one echelon multi-commodity capacitated facility location problem. The 
objective is to maximize net-profit during the planning horizon, defined as the net total revenue from sales at the 
customer location less all costs for production, transportation, and inventory, capacity reconfiguration and shortage.
The planning horizon consists of a set of time periods, T. At the beginning of the first time period there exists a set 
of locations for the plants L, where some have a set of location for existing plants L’ and others have a set of location 
of fictitious plants L”. The existing plants can be closed at the end of any time period, but once closed they cannot be 
reopened. The fictitious plants are not open at the beginning and can be opened at the beginning of any time period 
by moving the capacity from existing plants or acquiring the new capacity. It is assumed that once fictitious plants 
are opened they cannot be closed. The problem under consideration assumes the following hypotheses. 

 All parameters of the model including cost and demand are variable during the planning horizon.
 A set of locations for existing and fictitious plants is known in advance.
 A set of customers and a set of products are known beforehand.
 All plants have a certain capacity up to maximum allowed capacity at a certain time.
 Partial or total reconfiguration of capacity from existing plants is allowed.
 Expansion or reduction of existing plants is allowed.
 Moving capacity between existing plants is not allowed.
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Sets

L set of location 
L’ set of location for existing plant
L” set of location for fictitious plant
P set of product
J set of customer
T set of periods

Parameters

cost of shipping one unit of product  from plant  to customer in period

inventory cost per unit of product  in plant  at the end of period 

production cost per unit of product  in plant  in period

fixed cost of operating plant  in period

unit cost of moving capacity from plant  to the existing in period

unit cost of moving capacity from the existing plant  to selectable facility in period

unit cost of moving capacity from the existing plant  to in period

shortage cost of product  for customer   in period

Initial capacity for plant 

maximum allowed capacity at plant  in period

minimum required throughput in at plant  in period

demand of product  at plant  in period

unavailability rate for capacity at plant in period
Variables

amount of product  shipped from plant  to customer in period

amount of product  held in stock in plant  at the end of period

amount of product  produced in plant  in period

amount of capacity shifted from plant  to the existing in period 

amount of capacity shifted from existing plant  to selectable plant in period

amount of capacity shifted from existing plant  to plant in period

Figure 2: Set of the variables and parameters

Figure 2 shows the definition of sets, variables, and parameters which are necessary to define the model for the 
problem under consideration. The initial capacity of existing and fictitious plants at location l is denoted by . It is 

trivial that it is zero for fictitious plants. A location for dummy source plant, denoted by , is introduced, which 

contains the total additional capacity  for plants to obtain to meet demand during the planning horizon. The

dummy source plant is considered as an existing plant in L’ but it cannot be used to satisfy any demand. Its capacity 
can be shifted to both existing and fictitious plants. An existing plant will have its capacity expanded, relocate itself, 
and move its capacity to one or more new sites. Once a plant is expanded, it cannot be reduced or closed. A fictitious 
plant can be a new plant by receiving capacity not only from existing plant but also from the dummy source plant. A 

location for dummy sink plant, denoted by , is also introduced, which can receive all excess capacity from existing 
plants. The dummy sink plant is considered as a fictitious plant in L” but it cannot be used to satisfy any demand.

The mathematical formulation is as follow:
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Constraint (1) is the flow conservation conditions which must hold for each product, plant, and period. Constraint 
(2) determines the amount of shortage at each customer location for each product and in each period. Constraint (3) 
determines available capacity of existing plants in time period t. This constraint guarantees that only existing plants
in operation can give their capacity to fictitious plants. determines the amount of capacity that 

transferred from existing to fictitious plants until time period t and determines the amount of capacity 

that must be increased at existing plants to cope with demand, that is, the amount of capacity that existing plants 
need from the dummy source plant. Constraint (4) determines available capacity of fictitious plants in operation, 
which are received from any plant by time period t. Constraints (5-7) limit the maximum production up to imposed
capacity of each plant in each period. Inequality (5) also prevents any production from taking place in existing plants
whose capacity has been totally relocated. Inequality (6) is similar to (5) for fictitious plants. The right hand side of 
constraint determines the amount of available capacity in a fictitious plant until time period t.  is the capacity at 

time period t at fictitious plants. is the amount of the capacity that is required but not available at time 

period t by multiplying unavailability rate and the amount of capacity moved from existing plants to the fictitious 
one. Constraint (7) ensures the minimum production to be economical to operate at plants. Constraints (8, 9) ensure 
that an existing plant can either have its capacity expanded or relocated to fictitious plants, but both cannot take 
place. Constraint (10) ensures that relocated capacity from the dummy source plant to existing or fictitious plants is 
limited by . Constraint (11) guarantees that existing plants cannot be reopened once closed and fictitious plants

remain in operation until the end of the planning horizon once opened. Constraint (12) insures that existing plants
can be expanded only when they are open.

3. Computational result
The MIP formulation presented in the previous section has been modeled by ILOG OPL studio 3.5 and has been 
tested for various problems with the branch-and-bound algorithm of ILOG CPLEX 7.1. The test problems are 
designed to evidence the significant effect of the capacity unavailability in the problems. Problems of five different 
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sizes, which are described in Table 1, have been considered. The test problems include different numbers of 
customers, commodities, and plants. 

Table 1: Tested problem
# Customer # Commodities # Fictitious Plants # Existing Plants

P1 5 2 1 2
P2 10 3 2 4Test Problems
P3 15 4 3 7
P4 20 4 4 8
P5 25 5 5 9

The locations of the plants in test problems are generated randomly and uniformly distributed over the 10x10 area. 
The transportation costs have been determined proportionally to the Euclidean distance between the plants. 
Additionally, these costs increment 10% each time period but the proposed MIP formulation can consider different 
transportation modes and costs between any pair of plants. All other costs have been generated using uniform 
distributions on different space and increase 10% each time period. The customer demands have also been generated 
using uniform distributions whereas these distributions have been designed so that both increment and decrement 
can take place in any time period. Three different capacity unavailability rates for capacity moved from existing 
plants except dummy source plant are considered. Furthermore, the number of time periods T has been varied from 
3 to 5 so that altogether 15 problem type-time period pairs have been tested. Table 2 presents the amount of the 
profit, average number of establishing plants, and average shortage cost for each problems. As it is shown, the profit 
is decreased when the unavailability rate is increased. These results are very promising, since increasing the 
unavailability rate cause to miss more demands. Moreover, it can be observed that shortage cost increase with 
increasing unavailability rate, which is a quite promising fact. created

Table 2: Tested problem results
 =0.5

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5
T=3 Ob1 3.1 7.2 11.6 15.2 21.1 2.9 6.9 11.3 14.9 20.8 2.7 6.7 11.1 14.7 20.6

PL2 2.0 3.5 6.5 7.5 9.1 2.0 3.5 6.5 7.5 9.1 2.0 3.5 6.5 7.5 9.1
SC3 0.04 0.11 0.22 0.35 0.46 0.06 0.13 0.26 0.38 0.52 0.07 0.15 0.29 0.41 0.56

T=4 Ob 3.7 8.1 11.9 15.7 21.8 3.5 7.8 11.6 15.4 21.5 3.2 7.5 11.4 15.1 21.1
PL 2.5 3.8 7.1 8.1 10.5 2.5 3.8 7.1 8.1 10.3 2.5 3.8 7.1 8.1 10.3
SC 0.09 0.15 0.28 0.38 0.52 0.11 0.18 0.31 0.41 0.56 0.14 0.21 0.34 0.44 0.61

T=5 Ob 4.2 9.3 12.4 16.4 24.5 3.8 9.0 12.1 16.1 24.2 3.5 8.8 11.8 15.8 23.8
PL 2.5 4.0 7.4 8.3 10.5 2.5 4.0 7.4 8.3 10.5 2.5 4.0 7.5 8.3 10.5
SC 0.12 0.18 0.31 0.41 0.61 0.14 0.22 0.34 0.45 0.65 0.17 0.25 0.37 0.48 0.69

1: Objective function value
2: Average number of establishing plants
3: Average cost of missing demand

4. Conclusion
This paper has proposed a dynamic multi-period one-echelon multi-commodity capacitated facility location problem
in the supply chain, which includes the reconfiguration of partial or total capacity from existing plants to fictitious 
plants and the capacity expansion and reduction of existing plants by considering capacity unavailability during 
physical reconfiguration which leads to shortage. The capacity unavailability has been paid less attention in the past.
The MIP formulation considering these important aspects has been presented in Section 2 and its performance has 
been tested in Section 3. The computational results for the test problems indicate that capacity unavailability has a 
significant effect on the performance of supply chain.  The MIP formulation proposed in this paper only considers 
one-echelon supply chain and it will be extended to cope with a multi-echelon (more than one echelon) network 
structure in future research. In this case the flow constraint between each consecutive level of facilities are relaxed 
which results in a similar decomposition as for the one-echelon case. There are some assumptions which employed 
to simplify the model in this paper. It is clear that the relaxation of these assumptions will provide additional 
challenges in future research.
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