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Chapter 1  Facility Location Decision in Logistics Management

The Council of Logistics management defined logistics management as the

activities of movement of point of origin point of

consumption in effective way in regards to demand.

The most popular area in logistics is Supply Chain Management (SCM)

which is defined as the process of planning, implementing and controlling

all activities involved such as material or product movement, storage of

materials, work-in-process inventory and finished product from supplier to

end customer (Simchi-Levi et al., 2008). Moreover, supply chain is also

defined as the integration and coordination of key business processes

from suppliers to end-users through the channel of distribution by adding

value in regard to provide products or service to customers (Lambert and

Stock, 2001). The two main business processes are material management

and physical distribution management. Physical distribution management

is defined as the tasks of ensuring that the goods and service produced by

organisation are transported from the place of production to the point of

consumption (Carter et al., 2005). In practice, physical distribution

management covers all the activities related to providing a better service to

customers include order processing, inventory handling, storage policy

(facility decisions), transportation and returned product handling

(Bowersox and Gloss, 1996). As part of physical distribution component,

facility decisions play an important role in supply chain system. There are

three planning levels in Supply chain management which are distinguished

based on the time horizon such as strategic, tactical and operational

(Simchi-Levi et al., 2004, Vidal and Goetschalckx, 1997). The strategic

planning level concerns with long term planning decisions in regards to

configure the networks include the number, location and capacity of
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facilities, and manufacturing plants as well as the material flows through

the distribution channels (Owen and Daskin, 1998, Melo et al., 2009). The

tactical planning level in supply chain management deals with medium

term planning decisions such as distribution of products and quantity of

purchasing (lot sizing) (Santoso et al., 2005, Owen and Daskin, 1998).

These statements prove that there is a clear link between facility location

problem and the strategic and tactical supply chain management. In other

words, facility location decisions and also other logistics components such

as inventory and transportation decisions play a critical role in designing

an efficient supply chain management.  

In logistics and supply chain management perspectives, facility location

issues should be included in supply chain decision making. There are three

factors such as facility location factors, supply chain uncertainty and

manufacturing practice that could impact on supply chain competitiveness

(Bhatnagar and Sohal, 2005). Facility location factors as infrastructure,

costs and market effect significantly on the supply chain performance.

Infrastructure is one of variables involved in their research to determine the

location variables. It includes the availability of land, roads for transport

and telecommucations. Meanwhile, supply chain uncertainty refers to

supply and demand uncertainty. The average time of supply deliveries and

the accuracy (supply fulfilment rate) are the factors of supply chain

uncertainty which should be considered in improving supply chain

performance. and the inventory and  the infrastructures included in the  

Inventory and transportation decision are the most crucial properties of

facility location decisions in regard to optimize a supply chain (Shen et al., 

2003, Bhatnagar and Sohal, 2005). The first research used inventory and

lead time (transportation) of six measures to measure supply chain
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competitiveness. Inventory includes defect rate, stock outs and fill rate

(service level). The second research have developed a model of location-

allocation problem by integrating inventory and transportation decisions

and found that their integration impacts on location decisions. Moreover,

some aspects in logistics as facility location decisions which is linked to

inventory and transportation decisions are the important drivers to the

success of supply chain competitiveness (Min and Zhou, 2002). These

aspects are locations, inventory levels and the number of distribution

echelons. Location is the first aspect which is related to inventory and

transportation decisions concerned with the locations where facilities are

developed. The decision to choose sites may impact on the customer

responsiveness in term of delivery time and responsive order fulfilment.

The later aspect is inventory level which is determined as the optimal

quantity of product needed to be stored in facilities. The decisions to stock

in the right quantity in the right time could reduce stock out and lost sale.  

The number of echelon (distribution structures) also play significant role in

facility location decisions in regards to improve customer competitiveness. 

The longer echelon considered in the model, the more responsive the

supply chain.  

In logistics system trade-offs, there are three main logistics components

which play the important rule inter-dependently and impact significantly to

supply chain performance (Sirisoponsilp, 1989) and (Bhatnagar and Sohal, 

2005). They are facility location decisions, inventory and transportation

decisions. Figure 1 shows the trade-offs between location-allocation

decisions and inventory-transportation decisions which consists of logistics

factors and its connection to supply chain performance. The factors

involved in facility location decisions such as number and location of
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facilities, customer/market and infrastructure need to be considered as well

as the variables involved in inventory and transportation decisions. The

importance of infrastructures in selecting competitive location was

discussed (Egger and Falkinger, 2006). They investigated the effects of

public infrastructure expenditures to fixed costs and found that the increase

of infrastructure investment in a location would reduce fixed in that

location. Customers are the most important factor to be considered in

selecting facility location in regard to minimize inventory and

transportation costs. A location model considering the market captures

based on the weight of waiting time and the percentage of customer

captures (Marianov et al., 2008). In their study, they revealed that a good

facility should be chosen to provide the largest customers captures and the

least travel and waiting time to customers.  

Figure 1 Trade-offs between location-allocation, transportation and
inventory and supply chain performance (Bhatnagar and Sohal, 2005)

In term of achieving a better supply chain performance, the joint

consideration of location-allocation decisions and inventory and

transportation decisions is a necessity.  In the supply chain planning
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matrix, facility location decision is linked with distribution planning and

transportation decisions (Fleischmann et al., 2003).  It means that

designing a comprehensive facility location decisions covering both

distribution planning (involving inventory) and transportation decisions

impact on the supply chain performance. Further study showed how the

comprehensive scenario study to determine facility locations by

considering supply chain factors is important (Feng et al., 2010). In this

research, an interesting investigation how a joint location-allocation model

was developed by integrating production (bio-refineries) and distribution

(forest product) supply chain network in the model impacts on the

decisions of determining biomass cost reduction and supply chain

optimisation.  

Prior research in location-allocation decisions in the perspective of supply

chain (Hinojosa et al., 2008) dealing with inventory decisions and

outsourcing aspects in a facility location problem in a supply chain

network. A two echelons and multi products which are integrated with

inventory and outsourcing decisions is developed into capacitated facility

location problem. The integrative design of their research involved other

aspect of logistics such as inventory and found a better insight for supply

chain context. A location-allocation framework by integrated inventory as

well as transportation into two echelon supply chain network model has

been also proposed (Romeijn et al., 2007). Moreover, the integration

includes inventory and operation costs are formulated into set covering

problem and applied in the supply chain network with 10 20 distribution

centres and 10 70 retailers. The other research study the integration  

between of strategic and tactical supply chain levels into location-

allocation decisions by involving inventory and transportation (Ma and
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Davidrajuh, 2005). Their approached model proposed the optimum

configuration of supply chain system in term of determining the location

numbers of wholesalers and retailers, assignment from wholesalers to

retailers with minimum inventory and transportation costs.  

Inventory Model

In logistics and supply chain activities, inventory policy plays a significant

rule in term of the potential saving by maintaining and controlling it

effectively, however ignoring inventory policy will impact on the potential

lost. Generally, inventory policy has the aim to minimize the cost of

inventory in a certain service levels. Thus, the synchronisation between

cost minimization and service maximisation (service level) is the point of

modelling inventory model (Tersine, 1994). The correlation between

service level which is represented by confidence level and the number of

shortages with different demand fluctuations has been investigated (Thiel

et al., 2010).  They claimed that in the fluctuated demand environment

where additional demand during the delivery time is allowed, the cost of

shortages increased when standard deviation (service level attached) of

demand increase. Other research regarding the importance to control

inventory has been investigated (Kumar, 2005). This research investigated

the impact of internal control procedures for inventory to total system costs

and found that the improvement of inventory control led to decrease total

costs as cycle and penalty costs.  The research used EDI (Electronic Data

Interchange) network as a control media for information exchange between

suppliers and buyers in replenishing inventory to help spare part companies

to reduce inventory costs.  
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In location-allocation problem, not many researchers have discussed the

effects of inventory decisions to locational problem. Originally, location-

allocation problem is treated by transportation decisions, instead of

inventory decisions. Eppen (1979) presented a model of multi locations

used two types of inventory systems: centralisation and decentralization

system. The result of his model showed that total system costs involved in

the model in centralised inventory was lower than in decentralized

inventory system.  Further works in a multi locations problem used the

types of inventory systems have been done (Chen and Lin, 1989) and (Lin

et al., 2001). by adopting

different demand distribution from normal demand distribution which was

used by Eppen to probability demand distribution. The extended research

about inventory system in multi locations problem has been investigated

(Lin et al., 2001). employed total profits

in multi locations problem for decentralized and centralized inventory

system. Moreover, in term of supply chain complexity, Melo et. al (2009)

stated that because of the recent supply chain complexity, the inclusion of

planning decisions into location-allocation problem such as inventory and

transportation are important to do. In relation to location-allocation

problem, managing inventory consists of two important points. The first is

to determine the number and locations of distribution centre or warehouses

as stocking points. The second is to determine and maintain the inventory

level in that stocking point. The following sections are the basic inventory

models. 
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Economic Order Quantity (EOQ)

The Economic Order Quantity (EOQ) deal with the trade-offs between

inventory holding cost and ordering cost in determining the ordering

quantity. The goal of this model is to choose the economic quantity of

orders that could minimize the total cost.  The functions of those two costs

are intersected to find the Q* that known as the economic order quantity

(Nahmias, 2005).  Minimized total costs are derived from the two main

cost components involved in developing EOQ model; they are the cost of

holding inventory, shortage and ordering cost (Wu et. al 2010). 

Notation:

G (Q) = Average annual cost related to Q size

Q = order quantity per replenishment

K = fixed order cost

h = inventory holding cost per unit time

D = demand rate per unit time

c = order cost per unit

The average yearly cost is  

Dc
Q

h
Q

D
KQG .

2
..)(         

In that notation, the average annual cost, G (Q) is independent to quantity

ordered or Q therefore the notation c could be eliminated from the formula

(Schwarz, 2008). Automatically the G (Q) is as followed:

2
..)(
Q

h
Q

D
KQG        
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By deriving the G (Q) with the objective into zero the notation become as

followed:

h

DK
Q

..2
*         

  

The inventory cost per year or G (Q) when Q is substituted by Q*:

hDKQG ...2*)(        

  

The relation between order sizes and setup costs or order processing costs

which embedded in EOQ formula has been found that an interest charge

increased in an increased order size, however it decreased setup costs

(Harris, 1990). Later research in EOQ considering some changes and

modification of assumptions embedded in EOQ model. For instance,

relaxing lead time assumption that there is no order lead time allowed in

EOQ (Nahmias, 2005). Rather than placing orders in advanced to

anticipate order lead time, he proposed to increase the stocks as on-hand

inventory (defined as reorder point-R). The extension of the EOQ model

has also been done based on demand (Wongmongkolrit and Rassameethes, 

2011) in which the modification of EOQ model is developed by adding

constraint of discrete demand. The other study about the extension of the

EOQ model has been investigated based on the annual damage costs (Chyr

et al., 1990). 

Lot Size Reorder Point or (Q, R) model

The Economic Order Quantity (EOQ) model is developed for known

demand and immediate replenishment time, while Lot Size Reorder Point

Model or (Q, R) model is applied to anticipate uncertainty demand and
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replenishment time (Nahmias, 2005). So basically, (Q, R) model is about

checking inventory continuously. (Q, R) model is based on two strategies:

fixed order quantity and fixed order point Wu (2010). In (Q, R) model, the

objective is to determine the economic quantity of order (Q) when the level

of inventory in storage facility reaches in the R level. The order (Q) is

received by stocking points in certain lead time that might cause stock out. 

Therefore providing safety stock is required in this model to cover the

shortage and stock out in the storage facility. Prior studies about (Q, R)

model has been discussed originally by Das (1976), as the extension of

Hadley-Within model, who modelled the (Q, R) model for Gamma

distribution. In this model, lead time demand is assumed as Gamma lead

time demand which mean of Gamma distribution is used as mean of lead

time demand. The evaluation of inventory system used (Q, R) model has

also been explored (Nordmann and Altiok, 1998). In their (Q, R) model, 

backordering is allowed in the system and demand and order lead time are

assumed as Poisson and exponential distribution, respectively. Figure 2

shows how the inventory level changes over the time under (Q, R) model. 

Figure 2 Trade-offs between inventory level and time under (Q,R) model
(Ballau, 1992)

Q
RIn
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Consider that demand occurs randomly and inventory is monitored

continuously, when inventory level drops or goes below r then order size

(Q) is placed. The period since the order placed and the order is received is

The problem is to determine the value of Q and r in a minimized total fixed

cost, holding inventory costs and stock out costs.   

(Q, R) model requires order quantity (Q) and reorder level (r) as their

properties. The Q variable is determined to balance the order costs and

inventory holding costs, while r variable is determined to against stock out.  

In regard to against stock out, (Q, R) model tries to determine how much

stock out and what the desired service level should maintained.  

the optimum stock out

probability that can be obtained from standard normal distribution table Z, 

the Safety Stock (SS) can be formulated as follows (Axsater, 1996):

2
LZSS           

Where, L
2 is standard deviation demand during lead time.

Then the reorder level can be notated as:

LDr SS          

Where, DL is the demand during lead time.

In regard to determine the Q to minimize the total costs associated with

inventory holding costs and ordering costs. The order quantity might be

adopted from EOQ (Axsater, 1996) which is found in equation 2.1) and

also it could be derived by combination of EOQ and safety stock model

(Hopp and Spearman, 1996) as follow:
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)(
2

),( rn
Q

D
bSS

Q
hA

Q

D
rQG              

Where,

D  = annual demand (in units)

Q = economic order quantity (in units)

A = ordering cost

SS  = safety stock

B  = cost of shortage

h = inventory carrying cost

n(r)  = the expected number of backorders (in units) that will be

          placed during cycle.

Recent research about (Q, R) model has been extended by embedding this

inventory model with other aspects. For example, a (Q, R) model which is

based on RFID information collection (Wu et al., 2010). The research

-

(Q, R) model cannot cover. In term of the types of facilities used to store

the stocks, a model of (Q, R) by considering two warehousing types: rented

or owned warehouses has been investigated (Hariga, 2009). The

assumptions used in this model are almost the same with in the traditional

continuous inventory review; however capacity constraint was added in the

model by providing warehouses when the orders are larger than the current

warehouse capacity. 



13

Transportation Model

Transportation in location problem plays an important rule determining

facility location in term of physical movement of material or finished

products through the supply chain from the point of production to the end

customers. These following factors might influence facility location

decisions (Daskin et al., 2003). They are weather, labour, regulation and

transportation costs.  Other study about the significant influence of

transportation factors in order to make decisions in selecting facility

location has been investigated by Escalante & Maier-Speredelozzi (2008).

They found that transportation matters such as modes and distances and

location decisions should be considered simultaneously. In this case study,

for more accurate decisions in selecting facility location, the first is to

confirm about the level of network where transportation costs are involved

with. The inclusion of transportation costs in an integrated model of

facility location will provide a comprehensive results in supply chain

system (Daskin, 2008, Shen and Qi, 2007). A sensitivity analysis about the

implication of transportation cost factor in their location-allocation model

has been found that by varying the factor, facility selection decisions and

customers assignments are impacted significantly (Shen and Qi, 2007).

Moreover, competitive transportation strategy will impact to customer

service level in regard to deliver the products and service to customers.

Another research investigates the trade-offs between distance

(transportation policy) and service level (demand coverage) has been

examined (Nozick and Turnquist, 2001a, Daskin, 2008). In their study, it is

revealed that by locating different number of sites for distribution centres
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with a maximum distance has increased a covered demand in significant

number. 

In general, there are two variables involved in transportation decisions

such as delivery costs (Melkote and Daskin, 2001a, Bhaskaran and

Turnquist, 1990, Sirisoponsilp, 1989) and quantity shipped (Van Roy,

1989, Shen et al., 2003). Traditionally, the costs of transportation from

warehouse to customers have a linear function to the quantity shipped and

the distance travelled. The transportation cost can be formulated as

follows:

Transportation cost =
Ii

Yijdiji ..     

Where;

µi = mean annual demand at retailer i, for each i I;

dij = cost per unit to transfer from central filling station j to filling

station I, for each i I and j I;

Yij = 1, if retailer I is served by a distribution centre j and 0 otherwise. 

Recently, the need of integrating supply chain components such as

procurement, production, transportation and inventory management is

important for overall supply chain and logistics system (Sahin and Süral, 

2007, Asfari et al., 2010, Ya Peng, 2011). Thus, transportation as one of

the supply chain components contributes in optimizing the decisions

regarding the simultaneous integration with other SC components to

determine a global optimum.  
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Chapter 2 Facility Location problem

Facility location model has been progressing significantly since the

publication of the seminal work which analysed the single-facility location

problem to minimise total distance of travel from facilities to customers

(Webber, 1909). In this article, the formulation of an industrial location

model is considering transportation costs and labour costs. The later crucial

research form Toregas, et. al. (1971) that analysed facility location

numbers for emergency facilities based on specified distance as integer

programming model using p-median problem.  Traditionally, facility

location problem is concerned with siting facility in a given space.

Nowadays along with the developing of science, facility location problems

became a branch of optimisation science which requires a systematic

classification scheme or taxonomy to encompass the whole subject   of

location models (Tafazzoli and Mozafari, 2009). In dealing with facility

location problem, there are four elements should be taken into account as

customers, facilities, space and customers (ReVelle and Eiselt, 2005,

ReVelle et al., 2008). Therefore, the classification of facility location is

classified based on the objective in optimizing the decisions to locate

facilities in order to minimise the variable costs and maximise the

assignment for customers.  Figure 3 shows how the location taxonomy

based on discrete and continuous model which is classified based on the

space where facilities are located. How the space that represents the

distance between facilities and assigned customers is measured can classify

facility location model. Particular metric such as Euclidian and

Metropolitan metric are commonly used to measure the distance in

continuous problem, while time and distance measurement along the

network are used in discrete location problems (ReVelle et al., 1970,
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Drezner and Drezner, 1997). Moreover, the classification for both can also

be based on how the sites are located (ReVelle and Eiselt, 2005). In

continuous location problem, candidate sites can be located anywhere on

the plane while in discrete location problem, candidates can be only

located in eligible sites on network. The classic model in continuous

location problem was developed (Webber 1990) which located a single

facility to serve m demands. The objective of this model was to locate a

single facility to minimize total distance.

The extended model of continuous location problem is developed

(Drezner, T & Drezner 1997; Matisziw, CT & Murray, T, A. 2009;

Matisziw, T & Murray, A 2009). The first research tried to use continuous

facility location to replace discrete facility location by representing

continuous demand as discrete demand points. Then the inaccuracy of this

replacement was investigated.  The second research attempted to address

continuous space representation in planning for maximal coverage

distributed demand. In their model, they  allowed demand and

candidate facility location to exist everywhere within a region. 

In location problem, distance between facilities plays significant role in

determining potential locations. Facility location model which involves

distance in selecting facilities always seek the distance among facilities in

regard to find a minimum costs of locating facilities.  The distance of two

facility locations is defined as the length of the shortest path of those

facilities (Stanimirovic and Ciric, 2011). In some facility location problem

as P-Median and P-Dispersion, the coordinate of facility locations

(distances) between facilities are become main parameters.  In term of

distance metrics, there some metrics used to measure distances between
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two facility points (Drezner and Hamacher, 2004, Drezner and

Wesolowsky, 1999).  For example, rectilinear method was used to measure

distance between two facility locations (Krivulin, 2011, Kon, 2007) and

Euclidian or straight-line distance metric (Hale and Moberg, 2003,

Melachrinoudis and Xanthopulos, 2003, ReVelle et al., 2008).   Recently

Geographical Information System is mostly used to measure distance

between 2 facility locations (Li et al., 2009, Mahmud and Indriasari, 2009). 

Figure 3 Location-allocation model taxonomy (Daskin (2008)

Most of facility location studies are approached by discrete model which

represents finite potential facilities and demand (Church, 1999). This is

due to the availability of data and model complexity reasons. The

Covering base Model Median-base model
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Fixed Charge
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transport cost
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p sites
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Obj: Minimise coverage
dist needed to cover all
demands with P sites
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simplification of the components of facility location is mostly done by

assuming them into discrete value. For instance demand location and

potential facilities are assumed as a finite variable so that it can be solved

optimally by discrete location problem. In facts, this approach is

reasonable to apply as the location of cameras in certain environment that

should be located in entry points or the location of serene should be located

in an audible place.  Prior research in continuous location problem

(Plastria, 2002) discussed the l-centre problem as an approach continuous

location problem, p-centre problem in continuous space location problem

(Okabe and Suzuki, 1997, Davoodi et al., 2011, Wei et al., 2006) and

medial axis approach to maximize a facility coverage in a continuous

location problem (Matisziw and Murray, 2009). 

  

Discrete Model

Based on the discrete category, facility locations are assumed to be located

in certain location points within the demand area to minimise locational

costs.  Daskin (2008) classified discrete location model into covering base

model, median base model and dispersion model. This classification is

based on the objectives to be achieved by the models. For instance,

Location Set Covering Problem (LSCP) has the objective to minimize the

number of facilities which cover all customer demands, while the purpose

of Maximal Covering Location Problem (MCLP) is to maximize the

number of customers demand with limitation of p sites. P-Median Problem

(PMP) which utilizes mixed-integer programming (MIP) has the objective

to minimize distance between facility and customer demand. Moreover,

Fixed Charge problem has the objective to minimise total costs of locating

facilities considering the operation or construction costs for opened
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facilities. The basic formulation for discrete facility location can be seen as

follows:

Set Covering Problem (SCP)

The set covering problem (SCP) is a fundamental facility location problem

which is formally defined to cover the m-row x and n-column with 0-1

values as a binary integer program (Lan et al., 2007). In term of covering

the rows of this m x n column, a subset procedure is done based on the

column at minimal costs. In practice, this facility location model is also

used to solve crew scheduling problem (Caprara et al., 1999, Ceria et al., 

1998), health care facility problem ( , Shen et al., 2003)

and retailer-distribution centre problems (Huang et al., 2009, Heung-Suk,

2004).  The basic formulation of location problem has been developed

(Toregas and ReVelle, 1972) as a Set Covering Problem is shown as

follows:

Objective: Min
Jj

Xj       

  

Subject to: 1). 
Nij

Xj 1 Ii     

  2). 1,0Xj Jj     

Where,

I = the set of demand nodes

J = the set of candidate location

Ni = the set of all candidate sites which can cover demand node i

Xj = 1 if we locate at candidate site j and 0 otherwise

Ni = where r is the coverage distance
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Recent facility location research using set covering problem has been

extended (Ceria et al., 1998). They modelled a large scale set covering

problem for scheduling railways crews. The model was formulated as set

covering problem to minimize total cost of crew assignment to all train

trips. The other set covering research was examined (Shen et al., 2003).

The nonlinear integer programming in set-covering model was applied to

determine the location of distribution centres and the assignment of

customers to the distribution centres with ignoring the inventory in non-

distribution centre candidates and considering risk-pooling. 

In term solution procedures, numerous research studies SCP to solve the

problem. A procedures known as Branch and Bound algorithm is

developed to solve SCP problem (Egon and Carrera, 1996, Fisher and

Kedia, 1990, Arogundade et al., 2005, Jun et al., 2006). In fact that there is

randomness of the system, researchers have developed heuristics

procedures to solve facility location problem. Some heuristics procedures

in SCP have been developed such as Genetic Algorithm (Beasley and Chu, 

1996, Aickelin and Dowsland, 2004, Solar et al., 2002), simulated

annealing (Jacobs and Brusco, 1995, Xindu et al., 2010) and Lagrangean

Relaxation (Caprara et al., 1999, Ceria et al., 1998, Beasley and Chu, 1996,

Shen et al., 2003).

Maximal Covering Location Problem

The Maximal Covering Location Problem (MCLP) was first presented by

Church, RL & ReVelle (1974). This facility location model focus on

seeking the maximum demand area can be covered by limited number of
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facilities. In MCLP, the covered demand area is represented by service

distance or travel time. MCLP is formally formulated as follows:

Objective: Max
Ii

Zjh.       

  

Subject to: 1). 
Nij

ZiXj 0   Ii     

2).
Jj

pXj   Jj     

3). 1,0Xj Jj    

4). 1,0Zi Ii    

   

Where;

hi = demand at node i

p = the number of facilities to be located

Xj = 1 if candidate located at node j

  = 0 otherwise

Zi = 1 if demand I covered by location j

  = 0 otherwise

The significant difference between the two models is in the objective

function where in the set covering problem, the number of facilities will be

minimize in the condition of every single demand have to be covered at

least by one facility. Meanwhile, in the maximal covering problem, the

point of locating facilities is to maximise the number of coverage demand

by selecting p facility candidates and allows some nodes to be uncovered

(Daskin, 2008). Moreover, in MCLP, the known p facilities is located to

maximize service for all demands, while in SCLP, the number of facility is
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part of solutions. Given these considerations, MCLP and SCLP are

coverage location problem which considers time or distance to cover all

demands. Therefore, they are appropriate to solve facility location

problems for emergency facility location problems as fire and police

stations and hospital location problems. 

MCLP research recently focuses on road accessibility and the road network

to achieve better results in accurac

some related research tried to combine Geographic Information System

(GIS) in MCLP. A maximal service area problem has been developed with

GIS capabilities to generate travel time zones as service area in

determining fire stations (Mahmud and Indriasari, 2009). In term of spatial

demand scale, point, line or polygon, GIS gives no special error on spatial

representation when applied in MCLP (Kim and Murray, 2008, Tong and

Murray, 2009).  They proposed a facility location model for maximizing

the coverage of service area (MCLP) with line and polygon demand.  

P-Median Problem

The other discrete location model is p-median model or called Weber

problem has the objective to minimise the average distance between p-

facility locations and the demand points. P-median problem was firstly

developed by Hakimi (1964) who developed location model to find

medians  on graph to determine a median point on the network which

minimizes the sum of distance be

As discrete model, he proved that the optimal solution was achieved in the

Since p-median has been driven by distance, fixed cost for locating a
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potential facility is not involved in the model (Reese, 2006). The

formulation for p-median is formally as follows:

Objective: Max
Ii

Zihi.       

  

Constraint to: 1).
Jj

pXj       

2). Z -
Nij

Xj 0 Ii    

3). 1,0Xj   Jj    

4). 1,0Zi   Ii   

    

Where, the constraint 1) assigns each demand point, while constraint 2)

limit assignment to select the facilities, constraint 3) states p facilities are

to be located, constraint 4) represents the binary integer model valued 0 or

1 for of the decision variables (facility location candidates). A wide

application of P-Median on private and public sectors has been discussed

(Rahman and Smith, 2000, Murray and Gerrard, 1997, Ruslin and Ghani, 

2006). In private sector, Murray & Gerrard (1997) modelled P-Median

problem to determine p facility locations for buying coffee centres with a

regional constraint. They added a constraint to subject the customer zone to

be sited at least one facility. In the public sectors, P-Median is widely used

to solve the health care problems (Rahman and Smith, 2000, Gu et al., 

2010, Hosseinia and Jabal Amelia, 2011). The wide range of P-median

uses in health care system is done in the developing countries where there

are very limited numbers of health care facilities in serving patients in

certain areas. Therefore, rather than adding facilities to maximize the
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coverage, minimizing the average distance between patients to P health

care facilities     is the most reasonable.

Fixed Charge Problem

The next model is Fixed Charge model which is the other discrete location

problem has the objective to minimize total fixed cost of selecting facility

candidate and also the variable cost. Fixed charged problem which is

considering unit shipment cost between each potential facility to demand

locations is originally formulated by Hirsch and Dantzig (1954). Costs in

this model arise due to there is a set of demand point need to be served by

a set of location candidates. Prior research used this model to solve

location problem (Sule, 1981, Nozick and Turnquist, 2001b, Nozick and

Turnquist, 1998, Daskin, 2008). The Fixed Charge model can be

formulated as follows:

Objective: Min           

Subject to:

1). 1ijY i          

2). jij XY ji,         

3). )1,0(jX j         

4). )1,0(ijY ji,        

  

Where,

fj = fixed cost of locating a facility at candidate j

j i j
ijijijj YdDcXf ..
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c = cost per unit distance per unit product demand

Di = demand at location I 

dij = the distance from demand location i to candidate site j

Xj = 1 if a facility is located at candidate j, and

= 0 otherwise

Yij = 1 if demand at i is served by a facility at candidate site j, and

= 0 otherwise

Sule (1981) made a useful example to solve simple fixed charge problem, 

presented in cost matrix. His cost-saving matrixes were used to solve

uncapacitated facility location problem with one time cost (fixed cost)

problem to determine the facility location and assignment of demands. A

fixed charged location-allocation model considers transportation costs have

been developed by Turnquist and Nozick (1998 & 2001). In their model, 

inventory was not integrated explicitly in the model, but it was represented

by the number of opened distribution centres. In term of costs involved in

sitting facility location, more facilities are installed means that there will be

a lower costs of transportation because the distance between facilities and

customers is getting closer, however the fixed facility costs tend to be

higher. Thus, fixed charged problem could find the optimum balance

between transportation costs and fixed cost for opening facility (Daskin et

al., 2003). 

Researches in facility location problem are numerous in term of discrete

models. Table 1 shows prior facility location-allocation studies which are

classified into set covering, maximal covering, P-Median and fixed charge

problem. 
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Table 1 Discrete facility location research

Author(s) Set
Covering  

Maximal
Covering  

P-
Median

Fixed
Charge

P-center
problem

Single
echelon

Multi
echelon

Church &

ReVelle (1974)

Sule (Sule,

1981)

Hanjoul  &

Peeters (1987)  

Suzuki (1996)

Serra &

Marianov(2001)

Shen et. al 

(2003)

Murray (1997)

Daskin (2008)  

Bautista &

Pereira(2006)

Jia, et.al. (2007)

Daskin (2008)

Avithatur

(2005)

Shen (2006)

Souririajan

(2007)

Researches in facility location-allocation problem are numerous in term of

discrete models specifically in fixed charge problem.  Nozick and

Turnquist (1998) modelled the fixed charge problem into location-

allocation model where one time cost for locating facilities together with

transportation cost are included in the model. In their model, the inventory
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costs for in the opened facilities are approached by the determining the

relationships between the numbers of facilities which were open and the

required inventory should be provided. In their research, the relationship

between the number of opened facilities and the stocks required by them

are modelled in a formulation and is used to determine the number of the

required facilities. Moreover, Nozick and Turnquist (2001a) extended his

fixed charge location-allocation model   by looking at the impact of their

prior approach (Nozick and Turnquist, 1998) in formulating a linear

relationship between inventory cost and the number of opened facilities in

order to cover demands. The relationship shows that the more facilities are

opened in increased customer demands, the more safety stocks should be

stored in facilities.  It means that the fixed costs of operating more facilities

impacted linearly on the costs of safety stocks in increased demands.  

The other location-allocation research considering fixed charge model have 

done by Sule (1981) and Nozick & Turnquist (1998). The first researcher

developed a procedures how to solve the location-allocation problem when

a fixed cost of one-time instalment of opened facility is involved in the

model. In his model, the small sample data formed into matrixes was used

to figure out how the fixed cost is embedded in the transportation cost

matrixes and how to solve it. Moreover, the second researchers developed

the location-allocation model in fixed charge problem and considered the

service level by added a constraint of demand coverage to find total

optimum cost. His idea was total minimum cost might produce a low

customer responsiveness and total maximum coverage might produce an

expensive cost, so that the objective in his model is to minimize total costs

while an additional constraint added in his model is a specified minimum

service level in minimum coverage (distance). In summary, those fixed-
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charge location-allocation researches discussed the fixed cost of opened

facility and transportation cost (distance) in their models; however they did

not include the inventory cost model explicitly in the model.  

The further fixed charge location-allocation study has been done by Nozick

and Turnquist (2001a) and Nozick and Turnquist (2001b) with inventory

model involved implicitly in the location-allocation model. In their first

study, service levels which were represented by demand coverage were

considered to locate facility. It was found that the level of demand

coverage is influenced by the number of opened facilities. It means that

there is a relationship between the costs for opening facilities and the level

of demand coverage. The second study, fixed charge location-allocation

model was applied in multi-echelon distribution network.  In the study of

the single tier location decisions were determined to decide the optimum

location of distribution centres which are located between plants and retail

outlets in a minimized total costs.
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Chapter 3 Location-Allocation in Multi Echelon Distribution Network

Location-allocation model by coordinating multi echelon distribution

system has the aim to coordinate the inventory and transportation decision

along the distribution channels from the supply origin (plant) to the end of

distribution (retailers or customers). Traditionally, solving the location-

allocation problem is used to solve the simple network structure of

distribution system. Most prior researches in location- allocation problem

are in single level system (Sahin and Süral, 2007). Melo et al  (2009)

reviewed that almost 80% of location-allocation problem articles refer to

single facility type. Avittathur et al (2005) developed a model for

determining distribution centres considering the Central Sales Tax (CST).

In his single level location-allocation model, the distribution centres are

determined in some states to satisfy retailer demand. Considering

transportation and inventory costs, the model is developed as a mixed

integer programming with the objective of minimizing the total cost. Other

researches model location allocation problem in term of the single layer of

distribution network such as Marin and Pelegrin (1998), Shen (2006),

Sourirajan et al. (2007). Marin and Pelegrin (1998) modelled a location-

allocation problem for the extension of simple plant location problem.

They developed a location-allocation model of a plant customer layer to

determine the potential plant sites to assign customers considering the

primary and secondary products. Sourirajan et. al (2007) modelled a DC

retailers location-allocation layer to determine the locations of DC to

minimize total costs. In their model, fixed cost and safety stock costs are

involved in the model and considered service levels.  
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Currently, research consider location-allocation problem which were

applied in multi echelon distribution system which has complexity in

multiple distribution levels.  (Barahona and Jensen, 1998) modelled

location allocation at distribution network of three levels which have

different service level in each level. The mathematical model involved

both inventory and transportation costs and added the constraint of service

requirement in his linear programming. Barros et al. (1998) designed a

facility location model for recycling sand in two level problems. In his

model, both regional depot and treatment facility are considered in term of

fixed and transportation costs to be modelled into a mixed integer linear

programming problem. Moreover, Romeijn et al. (2007) studied a two-

echelon supply chain distribution network in which a supply of product is

shipped from supplier to distribution centres, then distributed to retailers. 

His two-echelon location-allocation model represents as a set covering

model by integrating transportation and inventory decisions. The policy of

single source distribution centre in serving retailers is used to minimize the

location and transportation costs as well as inventory costs. 

Table 2 The application of facility location problem

Author(s) Healthcare

system

Production-

distribution

system

Public

facilities

system

Waste

management

system

Rahman & Smith (2000)  

Sahin & Sural (2002)  

Doerner et. al (2007)

Pirkul & Jayaraman

(2003)
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Nozick & Turnquist

(2001)

Hinojasa et. al (2008)

Hossenia & Amelia

(2011)

Mahmud & Indriasari

(2009)

Romeijn et. al (2007)

Bautista & Pereira

(2006)

Farahani et. al (2010)

Pati et. al (2008)

In a multi echelon distribution system, providing product or service to end-

customers generally consist of more than two (k 2) facility types which is 

called k-hierarchical system. In practice, the situation where the facilities

types to provide products/service and the flow of products/service are

varies and need to be stated explicitly. However, the researches that study

this field are not very intensive. For example, in healthcare system, the

hierarchy system in term of the types of facility in providing the health

services and the flow of services in each health entities are discussed by

Fendall (1963), Schultz (1970), Okabe et al (1997), Rahman and Smith

(2000) in developing countries. The system consists of health centres,

hospitals and medical centres in which each of them provide a different

service availability. The patient who requires a specialized health service

in addition to the service available in hospital could be served by medical

centre. Hospitals provide more health service than are available at health

centres. Medical centres which have more health equipment for all cases
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may be referred for patients from hospitals or health centres. Similarly, in

distribution system which consists of three type facilities such as the

factories where the products are manufactured, depots where the products

are stored and retailers where the products are sold to customers. In that

system, due to depots have more service in term availability and capacity, 

customers may be referred to be served by depots directly in term of lack

of service (stock out) in retailers.  Both systems are similar in term of the

number of the different type of facilities although it may be different flow

of products/services in providing products/service.  

Narulla (1984) specified the k-hierarchical location-allocation problem

base on facility hierarchy. On k-facility hierarchy system in term of the

relationship among the type of facilities can be categorized into two types:

successively inclusive and successively exclusive facility hierarchy

(Narulla, 1984).  The facility hierarchy will be successively inclusive if

type m facilities (m = 1, 2, . .. ..., m

(Schultz, 1970). It means, in the three level of facility types, facility type 3

offers services of order 3, 2 and 1; facility type 2 offers services of order 2

and 1; and facility type 1 offers service of order 1 only. The example

systems in such hierarchy are health care systems discussed by Rahman

and Smith (2000) and higher education system discussed by Moore and

ReVelle (1982). In a successively exclusive facility hierarchy, facility type

in m levels offers the same services of orders to all location. The

production-distribution system discussed by Van Roy (1989), Jayaraman

(1996), Hinojosa et al. (2008) are the example system of this such

hierarchy. The other example of such a hierarchy is waste-disposal systems

which are discussed by Barros et al. (1998)  
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In hierarchical facility location-allocation problem, Mixed Integer

Programming (MIP) models can be derived base on flow-based and

assignment-based (path) formulation. In flow-based formulation, demand

flows from one lower/higher level to the next lower/higher level based on

the flows of network. In assignment-based (path), the demand allocation to

each level of facility based on the assignment problems (Sahin and Süral, 

2007).  Moreover, in term of minisum hierarchical system in which p-

median and fixed charge problem are the two location-allocation models

included in this system, the allocation is represented a variable which is in

network flow models and flows from one level of the hierarchy to another.

However, in assignment-based (path) formulation, the allocation is

represented as assigning demand to a set of facilities is from each level.  

In flow-based hierarchical facility location-allocation problem, Sahin and

Süral (2007) believed that the flow pattern has an important impact in

modelling location problem. Thus, two flow patterns: single-flow and

multi-flow systems are considered as shown in Figure 4.

Figure 4 Flow-based facility location hierarchy

In single-flow system, the flow starts from demand point to level 1 facility

and ends at level 2 facility. In multi-flow system, demand from level 1 and

level 2 can be assigned by a level 2 facility. For capacitated facility

Demand Point Level 1 Facility Level 2 Facility
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problem, part of demand level 1 is served by a level 2 facility and the rest

is served by a level 2 facility while for incapacitated facility problem, 

demand level 1 could be served by a facility level 1 or 2 and demand at

level 2 could be served by a level 2 facility directly or via level 1 facility.  

Integrated Inventory and Transportation decisions into Location-

Allocation Problem  

Location-allocation modelling has the objective to determine the number

of facility location and also the location geographically located as well as

assigning the allocation of product/service to demand point through the

network of distribution between the activated facilities to downstream

facilities (Randhawa and West, 1995). Recently, the issues in location

problem in multi-level distribution systems which involve other aspects are

increasing significantly. Site location is not the only consideration to locate

facility but also involving other logistics aspects such as inventory and

transportation decisions. The integration is made to approach the realistic

systems and get an integrative solution rather than solving it separately. 

Prior research discussed the interdependence between location and

inventory and transportation decisions as recommended by Sirisoponsilp

(1989) that location analysis should explicitly represent both inventory and

transportation decisions.  

As shown in Figure 1, facility location decision impact inventory decisions

in the following ways. The increase number of facilities will decrease the

number of safety stocks at each facility, however the number of safety

stocks in the systems will also increase. Prior research about the effects of

location facility on inventory decisions as discussed by Nozick and
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Turnquist (1998), Nozick and Turnquist (2001b). They proved that when

the number of distribution centres increased, the number of safety stocks

increase in a linear function. Moreover, Max Shen et al. (2003); Max Shen

and Qi  (2007) discussed about the high related between location problem

and inventory decisions in a nonlinear integer program and found that the

relationship between location problem and inventory decisions is nonlinear

in which when the inventory costs goes up, the number of facility opened

goes down.  

Inventory decisions affect transportation decision regarding the safety

stocks on transportation mode and the size of shipment that related to the

lot sizing model as discussed in the previous sections. The safety stocks

and the size of shipment in which to provide a given service level will

effect transportation decisions in choosing carriage and the transport

routing with shorter lead times. The research by Max Shen and Qi (2007)

and Javid and Azad (2009) investigated the impacts of transportation

decisions in term of routing problems and found that the increase of the

weight factor of inventory cost will increase the weight factor of

transportation cost. 

Transportation decisions in distance travelled (transportation cost), size

and frequency of shipment as shown in Figure 1 will affect the location

decision in term of the facility establishment cost (Sirisoponsilp, 1989).

Melkote and Daskin (2001b) made an interesting investigation about the

trade-off between transportation cost and investment budget. The

transportation cost decreased as the investment budget increases,

meanwhile the facility expenditure increase linearly to the budget. The

other research by Max Shen and Qi (2007) found the linear relationship
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between transportation cost and location decisions. They revealed that the

increase of number of facility will increase transportation costs.   

In modelling perspective, location-allocation problem and the relationship

among the three aspects can be explained from formulation as follows:

Objective:  Min. Total Location-Allocation Costs =

Subject to:

Source Capacity        

Only one DC-one customer      

Only selected DC candidate can only assign customer  

Integrality         

Where;

The objective function (1) has the aim to minimize the total weighted costs

sum of the following components:

Fixed cost of locating facility candidate

Transhipment cost from plant to the selected DC

The expected working inventory costs in selected DC

Constraint (2) states there is capacity limitation when allocating product to

customers in the selected DC. Constraint (3) represent that a customer can

be only served by a selected DC and the next constraint (4) states only DC
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candidates can only supply customers. The last constraint (5) is a formal

form as integer standard of the decision. 

Nozick and Turnquist (2001) formulate the integration between location

facility problem and transportation into fixed charge model. The

formulation is shown as follow:

Min
j ij

ijijijj YdhXf        

Subject to

1ijY i          

jij XY ji,          

)1,0(jX j          

)1,0(ijY ji,          

Where, the first term of the objective formulation represents fixed cost and

second term represents transportation cost. In his model, inventory cost is

represented by a linear function which can be embedded directly into fixed

charge location model. Because the constant safety stock required for each

addition of facility, the gradient from the linear function becomes part of jf

.

Capacitated Facility Location-Allocation Problems

Capacitated facility location-allocation problem assumes that facilities

have a limited capacity in serving demand while uncapacitated facility

location-allocation has an assumption that there is an infinite capacity to

serve demand. In uncapacitated location-allocation problem, in regard to
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serve demand, the facilities operate below their capacity for example fire

station and police station in a rural area. However, most application in the

real world apply capacitated facility location-allocation problem such as in

health care, telecommunication and production plant distribution system.

Mendel (1998) developed location-allocation model for Emergency

Medical Services (EMS) which involved a limited number of Basic Life

Support (BLS) units and Advance Life Support (ALS) units his model

constraint.   The other EMS model has developed by Charnes and Storbeck

(1980). They modelled an EMS location-allocation model in goal

programming program by considering the availability (capacity) of BLS

and ALS ambulances.  In production and distribution system, research

about capacitated location-allocation problem has been studied based on

industry perspective in which facility/warehouse capacity in serving

demand is limited (Melkote and Daskin, 2001a, Schultmann et al., 2003,

Miranda and Garrido, 2004).

Capacitated and uncapacitated location-allocation problems have been

discussed intensively in term of solution methods such as branch and

bound (Efroymson and Ray, 1966, Khumawala, 1972, Akinc and

Khumawala, 1977, Sule, 1981) and heuristics (Kuehn and Hamburger,

1963, Sule, 1981). The use of branch and bound to find optimal solution in

location problem was firstly introduced by Efroymson and Ray (1966).

The algorithm of branch and bound in his mixed integer facility location

model is given as follows. Firstly, the problem is solved as a linear

0. If all value

solved. However, if there are some values of yk are fractional then they are
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fixed into 0 and 1 then the new models of linear program are solved to

produce Z1 and Z2, respectively. So that the values of

);,min( 21 ZZZ

is the new lower bound for the next iteration of solution. The iterative

proce

less or equal to other terminal nodes. Moreover, Khumuwala (1972)

extended the Efroyms

focusing on branching rules. In his model, branching decision rules such as

y and demand rules were evaluated to gain the optimal solution.  

The other plant location solution method is used to produce a good optimal

solution is heuristics method (Kuehn and Hamburger, 1963, Sule, 1981). 

Kuehn and Hamburger (1963) developed a heuristics program to locate

warehouses with considering transportation and fixed costs in his

capacitated model. He divided the heuristics program in producing the

optimal solution into two main frames. The first main frame is the main

program, which locating warehouse candidates at a time until no more

warehouses added with decreasing total cost. The second main frame is an

evaluation, which attempts to evaluate the impacts of profit by adding or

dropping selected candidates from one to another. Sule (1981) developed a

simple procedures for uncapacitated facility location-allocation problem

where the heuristics method is applied to solve 30 x 30 x 5 problem. The

basic algorithm of heuristics method in his procedure is when locating

facility one at a time; we should locate them in the locations that give us a

maximum benefit (profit) or minimum costs. If the additional facilities are

available, they should be located in the locations where contribute the

maximum saving. If each additional facility does not give a better solution
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so the process is terminated. The result shows that heuristics is effective to

solve a big dimension of problems in computationally.

The other method for location-allocation problem is linear program

relaxation by implementing the simplex method. The successful

implementation on location problem using linear programming has been

demonstrated by Schrage (1975) and Schrage (1978). In his P-median

problem with fixed cost inclusive into the model, variable upper bound

follows the simplex iterations as row pivoting and performing pivots. The

effectiveness of linear programming based method basically depends on

the gap between the value of LP relaxation model and the value of integer

programming model (Magnanti and Wong, 1984). They believed that in

some linear programs (LP) are derived from integer program. The type of

Linear Programming constraint such as:  

kj xx

They said that jx a variable upper bound of kx . Let the total number of

constraint in a linear programming model is M and the first m are explicit

constraints so the last M m are variable upper bound. Then the above

variable upper bound constraint can be written into linear function by

adding a slack variable. Let sx is a slack variable, so the variable upper

bound constraint can be written as:

Row 0: ksj xxxv   

The revised simplex method is used to complete the rest of the procedures. 

   

The uses of linear programming in fixed charge location-allocation

problem are numerous. It was noted that fixed charge location problem is



41

soluble by integer linear programming. The example studies of fixed

charge location problem in linear programming have been conducted (Scot,

1970, Kowalski and Lev, 2007).  The first research investigated the use of

linear programming in fixed charge location problem and believed that

since the formulation of fixed charge location problem has the same

structure as standard linear programming, so that the solution can be found

by using simplex type linear problem.   The second research found that the

uncapacitated fixed charge location problem can be solved using standard

linear programming.  

Capacitated location-allocation problem in multi-echelon has been done by

Jayaraman (1996). Their model used a Mixed Integer Programming for

integration between production and distribution in multi echelons to

determine the plant and warehouse locations. A MIP model was developed

to minimize the sum of fixed costs for opened plants and warehouses and

transportation costs from plants to warehouse and to customers. Heuristics

procedure was used to solve the model and gave a stable computationally

solution. Detail of prior research discussed the application of facility

location model into some problems as inventory, procurement, production

and transportation are shown in Table 3. 

Table 3 Facility Location problem and its applications

Author(s) Capacity Inventory Procure-
ment

Production Transporta-
tion

Aghezzaf (2005)  

Avittatur et. al (2005)    

Daskin et. al (2002)    

Nozick & Turnquist

(2001)
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Author(s) Capacity Inventory Procure-
ment

Production Transporta-
tion

Pirkul & Jayaraman

(1998)  

  

Shen & Qi (2007)    

Teo & Shu (2004)   

Shen et. al (2006)      

Schultmann et. al 

(2003)

    

Lowe et. al (2002)  

Hinojasa et. al 

(2008)

  

Romeijn et. al (2007)   

Ma & Davidrajuh

(2005)

      

A multi echelon location-allocation model considering production and

transportation was developed by Canel and Kumulawa (2001). They

formulated a Mixed Integer Programming model for un-capacitated

International Facilities Location (IFL) problem for multi periods and

solved their model using Branch and Bound procedure. The objective of

their model is to determine the production facilities, production quantities

and the assignments to the customers for the maximization of profit. Canel

& Khumulawa (1995)  previously developed a mixed integer programming

approach for IFL problem considering the market price differences and tax

rates in their model. The costs involved include investment, shortage and

inventory costs to determine which countries to locate the production

facilities and the assignments to customers. Using LINDO as a problem

solving, the capacitated IFL was solved efficiently. Other location-

allocation research considering multi commodities problem and formulated
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as a mixed integer programming has been done by Geoffrion and Graves

(1974). His capacitated MIP model considered the location of distribution

centres, capacities and the flow patterns of transportation for each

Decomposition

(BD) to get an effective computationally solution.  
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Chapter 4 Summary

The chapters of this book has reviewed about previous location-allocation

modelling literature. The first review was about the components involved

in the location-allocation problem. Inventory and transportation modelling

in relation to location-allocation problem has been reviewed. Then the

classification of facility location problems have been reviewed based on

structural categories and the objectives want to be achieved have been

presented in this book.

The reviews were then focused on the discrete location problem especially

on fixed charge location problem.  In order to response the current issues

regarding the complexity of supply chain management, in the next section

of chapter two reviewed the relationship between some components of

supply chain management as inventory and transportation with facility

location problem. This chapter has shown that there were trade-offs

between location-allocation, transportation and inventory decisions on

supply chain performance. This leds to consider reviewing the integration

of inventory and transportation literatures, such as safety stock, service

level, lot sizing and transportation distance.  

This book has also reviewed the relevant previous works in location-

allocation modelling as part of supply chain management. Based on the

literature review, facility location-allocation modelling was heavily

depended on the forms of the supply chain and flows of demand services. 

Therefore, previous research in capacitated and uncapacitated location-

allocation problem and single and multi-echelon distribution system were

reviewed in detail. In addition, a review of location-allocation modelling in
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a hierarchical system was essential to be examined in term of the flows of

served demands. In the last section of this book has also reviewed prior

literature regarding problem solving in location-allocation problem. The

solution methods, problem solvers and software used in this thesis have

been presented.  



46

References

AHMADI JAVID, A. & AZAD, N. 2009. Incorporating location, routing

and inventory decisions in supply chain network design. 

Transportation Research Part E: Logistics and Transportation

Review, 46, 582-597. 

AICKELIN, U. & DOWSLAND, K. A. 2004. An indirect genetic

algorithm for a nurse-scheduling problem. Comput. Oper. Res., 31,

761-778. 

AKINC, U. & KHUMAWALA, B. M. 1977. Efficient Branch and Bound

Algorithm for the Capacitated Warehouse Location Problem. 

MANAGEMENT SCIENCE, 23, 585-594. 

AROGUNDADE, O. T., AKINWALE, A. T., ADEKOYA, A. F. & AWE

OLUDARE, G. 2005. A 0-1 Model for fire and emergency service

facility location selection: a case study in Nigeria. Journal of

Theoretical and Applied Information Technology, 9, 50-59.

ASFARI, H., AMIN-NAYERI, M. & ARDESTANIJAAFARI, A. 

Optimizing inventory decisions in facility location within

distribution network design.  International MultiConfernce of

Engineers and Computer Scientists, 17-19 March 2010 2010

Hongkong. 

AVITTATHUR, B., SHAH, J. & GUPTA, O. K. 2005. Distribution centre

location modelling for differential sales tax structure. European

Journal of Operational Research, 162, 191-205. 

AXSATER, S. 1996. Using the deterministic EOQ formula in stochastic

inventory control. Management Science, 42, 830-834. 

BALLAU, R. H. 1992. Business Logistics Management, Enlewood Cliffs, 

NJ. 



47

BARAHONA, F. & JENSEN, D. 1998. Plant location with minimum

inventory. Mathematical Programming, 83, 101-111. 

BARROS, A. I., DEKKER, R. & SCHOLTEN, V. 1998. A two-level

network for recycling sand: A case study. European Journal of

Operational Research, 110, 199-214. 

BAUTISTA, J. & PEREIRA, J. 2006. Modeling the problem of locating

collection areas for urban waste management. An application to the

metropolitan area of Barcelona. Omega, 34, 617-629. 

BEASLEY, J. E. & CHU, P. C. 1996. A genetic algorithm for the set

covering problem. European Journal of Operational Research, 94,

392-404. 

BHASKARAN, S. & TURNQUIST, M. A. 1990. Multiobjective

transportation considerations in multiple facility location. 

Transportation Research Part A: General, 24, 139-148. 

BHATNAGAR, R. & SOHAL, A. S. 2005. Supply chain competitiveness:

measuring the impact of location factors, uncertainty and

manufacturing practices. Technovation, 25, 443-456. 

BOWERSOX, J. D. & GLOSS, J. D. 1996. Logistics Management: The

Integrated Supply Chain Process, McGrawHill.

CANEL, C. & KHUMAWALA, B. M. 2001. International facilities

location: a heuristic procedure for the dynamic uncapacitated

problem. International Journal of Production Research, 39, 3975-

4000. 

CANEL, C. & KHUMAWALA, M. B. 1995. A mixed-integer

programming approach for the international facilities location

problem. International Journal of Operations & Production

Management, Vol. 16, 49-68.



48

CAPRARA, A., FISCHETTI, M. & TOTH, P. 1999. A Heuristic Method

for the Set Covering Problem. Operations Research, 47, 730-743. 

CARTER, R., PRICE, P. & EMMETT, S. 2005. Stores and Distribution

Management, Great Britain, Liverpool Business Publishing. 

CERIA, S., NOBILI, P. & SASSANO, A. 1998. A Lagrangian-based

heuristic for large-scale set covering problems. Mathematical

Programming, 81, 215-228. 

CHARNES, A. & STORBECK, J. 1980. A goal programming model for

the siting of multilevel EMS systems. Socio-Economic Planning

Sciences, 14, 155-161. 

CHEN, M.-S. & LIN, C.-T. 1989. Effects of Centralization on Expected

Costs in a Multi-Location Newsboy Problem. The Journal of the

Operational Research Society, 40, 597-602. 

CHURCH 1999. Location modeling and GIS. In: LONGLEY, M. P., 

GOODCHILD, D., MAGUIRE, D. & RHIND, D. (eds.)

Geographical information systems (second ed.). New York: John

Wiley. 

CHURCH, R. L. & REVELLE, C. 1974. The maximal covering location

problem. Papers of the Regional Science Association, 32 101-118. 

CHYR, F., MING LIN, T. & HO, C. 1990. An extension of the EOQ

production model based on damage costs. Emerald Backfiles, 71-76. 

DAS, C. 1976. Approximate Solution to the (Q, r) Inventory Model for

Gamma Lead Time Demand. Management Science, 22, 1043-1047. 

DASKIN, M. S. 2008. What you should know about location modeling.

Naval Research Logistics, 55, 283-294. 

DASKIN, M. S., SNYDER, V. L. & BERGER, T. R. 2003. Facility

Location in Supply Chain Design. National Science Foundation. 



49

DAVOODI, M., MOHADES, A. & REZAEI, J. 2011. Solving the

constrained p-center problem using heuristic algorithms. Applied

Soft Computing, 11, 3321-3328. 

DREZNER, T. & DREZNER, Z. 1997. Replacing continuous demand with

discrete demand in a competitive location model. Naval Research

Logistics (NRL), 44, 81-95. 

DREZNER, Z. & HAMACHER, W. H. 2004. Facility Location:

Applications and Theory. Berlin: Springer-Verlag. 

DREZNER, Z. & WESOLOWSKY, G. O. 1999. Allocation of discrete

demand with changing costs. Computers & Operations Research,

26, 1335-1349. 

EFROYMSON, M. A. & RAY, T. L. 1966. A Branch-Bound Algorithm

for Plant Location. Operations Research, 14, 361-368. 

EGGER, H. & FALKINGER, J. 2006. The role of public infrastructure and

subsidies for firm location and international outsourcing. European

Economic Review, 50, 1993-2015. 

EGON, B. & CARRERA, M. C. 1996. A Dynamic Subgradient-Based

Branch-And-Bound Procedure for Set Covering. Operations

Research, 44, 875-890. 

EPPEN, G. D. 1979. Effects of Centralization on Expected Costs in a

Multi-Location Newsboy Problem. Management Science, 25, 498-

501. 

ESCALANTE, R. & MAIER-SPEREDELOZZI, V. Selecting facility

locations and transportation for multinational corportaion supply

chains. In: FOWLER, J. & MASON, S., eds. The 2008 Industrial

Engineering Research Conference, 2008. 1629-1634. 

FENDALL, N. R. E. 1963. Planning health services in developing

countries. Public Health Report, 78, 977-988. 



50

FENG, Y., D'AMOURS, S., LEBEL, L. & NAURELFATH, M. 2010. 

Integrated bio-refinery and forest products supply chain network

design using mathematical programming approach. In: CIRRELT

(ed.). Quebec, Canada.

FISHER, M. L. & KEDIA, P. 1990. Optimal Solution of Set

Covering/Partitioning Problems Using Dual Heuristics. Management

Science, 36, 674-688. 

FLEISCHMANN, B., MYER, H. & WAGNER, M. 2003. Advanced

Planning. In: STADTLER, H. & KILGER, C. (eds.) Supply Chain

Management and Advanced Planning: Concepts, Models, Software,

and Case Studies. Springer.

GU, W., WANG, X. & MCGREGOR, S. 2010. Optimization of preventive

health care facility locations. International Journal of Health

Geographics, 9, 17. 

HAKIMI, S. 1964. Optimum locations of switching centres and the

absolute centres and medians of a graph. Operation Research, 12

450-459. 

HALE, T. S. & MOBERG, C. R. 2003. Location Science Research: A

Review. Annals of Operations Research, 123, 21-35. 

HANJOUL, P. & PEETERS, D. 1987. A facility location problem with

clients' preference orderings. Regional Science and Urban

Economics, 17, 451-473. 

HARIGA, M. A continuous review (Q, r) model with owned and rented

storage facilities.  Computers & Industrial Engineering, 2009. CIE

2009. International Conference on, 6-9 July 2009 2009. 1297-1301. 

HARRIS, F. W. 1990. How Many Parts to Make at Once. Operations

Research, 38, 947-950. 



51

HEUNG-SUK, H. 2004. A stochastic set-covering location model for both

ameliorating and deteriorating items. Computers &amp; Industrial

Engineering, 46, 313-319. 

HINOJOSA, Y., KALCSICS, J., NICKEL, S., PUERTO, J. & VELTEN, 

S. 2008. Dynamic supply chain design with inventory. Computers &

Operations Research, 35, 373-391. 

HOPP, W. & SPEARMAN, M. L. 1996. Factory Physics: Foundations of

Manufacturing Management, Chicago, IL, irwin. 

HOSSEINIA, M. & JABAL AMELIA, M. 2011. A bi-objective model for

emergency services location-allocation problem with maximum

distance constraint. Management Science Letters, 1, 115-126. 

HUANG, S., BATTA, R. & NAGI, R. 2009. Simultaneous siting and

sizing of distribution centers on a plane. Annals of Operations

Research, 167, 157-170. 

JACOBS, L. & BRUSCO, M. 1995. Note: A local search heuristic for

large set ceovering problems. Naval research Logistics, 42, 1129-

1140. 

JAYARAMAN, P., H 1996. Production, transportation and distribution

planning in a multi-commodity three echelon system. 

Transportation Science 30, 291-302. 

JIA, H., ORDÓÑEZ, F. & DESSOUKY, M. M. 2007. Solution approaches

for facility location of medical supplies for large-scale emergencies.

Computers & Industrial Engineering, 52, 257-276. 

JUN, W., MEI, L. & DUAN, L. A Total Unimodularity Based Branch-and-

Bound Method for Integer Programming.  Circuits and Systems, 

2006. APCCAS 2006. IEEE Asia Pacific Conference on, 4-7 Dec.

2006 2006. 642-645. 



52

KHUMAWALA, B. M. 1972. An Efficient Branch and Bound Algorithm

for the Warehouse Location Problem. Management Science, 18,

B718-B731. 

KIM, K. & MURRAY, A. T. 2008. Enhanching spatial representation in

primary and secondary coverage location modeling. Journal of

Regional Science, 48, 745-768. 

KON, M. 2007. Quasiefficient solutions of multicriteria location problems

with rectiliner norm R3. Journal of the Operations Research Society

of Japan, 50, 263-274. 

KOWALSKI, K. & LEV, B. 2007. New approach to fixed charges

problems (FCP). International Journal of Management Science and

Engineering Management, 2, 75-80. 

KRIVULIN, N. Algebraic solution to a constrained rectilinear minimax

location problem on the plane. Multimedia Technology (ICMT),

2011 International Conference on, 26-28 July 2011 2011. 6216-

6220. 

KUEHN, A. A. & HAMBURGER, M. J. 1963. A Heuristic Program for

Locating Warehouses. Management Science, 9, 643-666. 

KUMAR, S. 2005. Inventory Miscount and Lead Time Variability

Effects and Control Mechanisms

Parts Management Models and Applications. Springer US.

LAMBERT, D., M & STOCK, J. R. 2001. Strategic Logistics

Management, McGraw Hill  

LAN, G., DEPUY, G. W. & WHITEHOUSE, G. E. 2007. An effective and

simple heuristic for the set covering problem. European Journal of

Operational Research, 176, 1387-1403. 

LI, X., HE, J. & LIU, X. 2009. Intelligent GIS for solving

high dimensional site selection problems using ant colony



53

optimization techniques. International Journal of Geographical

Information Science, 23, 399-416. 

LIN, C. T., CHEN, C. B. & HSIEH, H. J. 2001. Effects of Centralization

on Expected Profits in a Multi-Location Newsboy Problem. The

Journal of the Operational Research Society, 52, 839-841. 

MA, H. & DAVIDRAJUH, R. 2005. An iterative approach for distribution

chain design in agile virtual environment. Industrial Management

and Data Systems, 105, 299-323. 

MAGNANTI, T. L. & WONG, R. T. 1984. Network design and

transportation planning: models and algorthms. Transportation

Science, 18, 1-55. 

MAHMUD, A. & INDRIASARI, V. 2009. Facility location models

development to maximize total service area. Theoritical and

Empirical Researches in Urban Management, 4, 87-100. 

MANDELL, M. B. 1998. Covering models for two-tiered emergency

medical services systems. Location Science, 6, 355-368. 

MARIANOV, V., RÍOS, M. & ICAZA, M. J. 2008. Facility location for

market capture when users rank facilities by shorter travel and

waiting times. European Journal of Operational Research, 191, 32-

44.

MARIANOV, V. & SERRA, D. 2001. Hierarchical location-allocation

models for congested systems. European Journal of Operational

Research, 135, 195-208. 

MARIN, A. & PELEGRIN, B. 1998. The return plant location problem:

Modelling and resolution. European Journal of Operational

Research, 104, 375-392. 



54

MATISZIW, T. C. & MURRAY, A. T. 2009. Siting a facility in

continuous space to maximize coverage of a region. Socio-Economic

Planning Sciences, 43, 131-139. 

MAX SHEN, Z.-J. & QI, L. 2007. Incorporating inventory and routing

costs in strategic location models. European Journal of Operational

Research, 179, 372-389. 

MELACHRINOUDIS, E. & XANTHOPULOS, Z. 2003. Semi-obnoxious

single facility location in Euclidean space. Computers &amp;

Operations Research, 30, 2191-2209. 

MELKOTE, S. & DASKIN, M. S. 2001a. Capacitated facility

location/network design problems. European Journal of Operational

Research, 129, 481-495. 

MELKOTE, S. & DASKIN, M. S. 2001b. An integrated model of facility

location and transportation network design. Transportation Research

Part A: Policy and Practice, 35, 515-538. 

MELO, M. T., NICKEL, S. & SALDANHA-DA-GAMA, F. 2009. Facility

location and supply chain management - A review. European

Journal of Operational Research, 196, 401-412. 

MIN, H. & ZHOU, G. 2002. Supply chain modeling: past, present and

future. Computers & Industrial Engineering, 43, 231-249. 

MIRANDA, P. A. & GARRIDO, R. A. 2004. Incorporating inventory

control decisions into a strategic distribution network design model

with stochastic demand. Transportation Research Part E: Logistics

and Transportation Review, 40, 183-207. 

MOORE, G. & REVELLE, C. S. 1982. The hierarchical service location

problem. Management Science, 28, 775-780. 



55

MURRAY, A. T. & GERRARD, R. A. 1997. Capacitated service and

regional constraints in location-allocation modeling. Location

Science, 5, 103-118. 

NAHMIAS, S. 2005. Production and Operations Analysis, Chicago, IL, 

Irwin. 

NARULLA, S. C. 1984. Hierarchical location-allocation problems: a

classification scheme. European Journal of Operational Research,

15, 93-99. 

NORDMANN, L. & ALTIOK, T. Analysis of inventory systems with

(r,Q)-policies and backordering.  Systems, Man, and Cybernetics, 

1998. 1998 IEEE International Conference on, 11-14 Oct 1998

1998. 3100-3105 vol.4. 

NOZICK, L. K. & TURNQUIST, M. A. 1998. Integrating inventory

impacts into a fixed-charge model for locating distribution centers.

Transportation Research Part E: Logistics and Transportation

Review, 34, 173-186. 

NOZICK, L. K. & TURNQUIST, M. A. 2001a. Inventory, transportation, 

service quality and the location of distribution centers. European

Journal of Operational Research, 129, 362-371. 

NOZICK, L. K. & TURNQUIST, M. A. 2001b. A two-echelon inventory

allocation and distribution center location analysis. Transportation

Research Part E: Logistics and Transportation Review, 37, 425-441. 

OKABE, A., OKUNUKI, K.-I. & SUZUKI, T. 1997. A computational

method for optimizing the hierarchy and spatial configuration of

successively inclusive facilities on a continuous plane. Location

Science, 5, 255-268. 



56

OKABE, A. & SUZUKI, A. 1997. Locational optimization problems

solved through Voronoi diagrams. European Journal of Operational

Research 98, 445-456. 

OWEN, S. H. & DASKIN, M. S. 1998. Strategic facility location: A

review. European Journal of Operational Research, 111, 423-447. 

PLASTRIA, F. 2002. Continuous covering location problem. In:

DREZNER, Z. (ed.) Facility Location: Applications and Theory.

New York: Springer.

RAHMAN, S. & SMITH, D. K. 2000. Use of location-allocation models in

health service development planning in developing nations. 

European Journal of Operational Research, 123, 437-452. 

RANDHAWA, U. S. & WEST, M. T. 1995. An integrated approach to

facility location problem. Computer and Industrial Engineering, 22,

261-265. 

REESE, J. 2006. Solution methods for the p-median problem: An

annotated bibliography. Netw., 48, 125-142. 

REVELLE, C., MARKS, D. & LIEBMAN, J. 1970. An analysis of private

and public sector location models. Management Science, 16, 692. 

REVELLE, C. S. & EISELT, H. A. 2005. Location analysis: A synthesis

and survey. European Journal of Operational Research, 165, 1-19.

REVELLE, C. S., EISELT, H. A. & DASKIN, M. S. 2008. A bibliography

for some fundamental problem categories in discrete location

science. European Journal of Operational Research, 184, 817-848. 

ROMEIJN, H. E., SHU, J. & TEO, C.-P. 2007. Designing two-echelon

supply networks. European Journal of Operational Research, 178,

449-462. 

RUSLIN, M. N. & GHANI, A. N. 2006. An application of p-Median

problem with uncertainty in demand in Emergency medical services. 



57

SAHIN, G. & SÜRAL, H. 2007. A review of hierarchical facility location

models. Computers & Operations Research, 34, 2310-2331. 

regionalization of Turkish Red Crescent blood services. Computers

&amp; Operations Research, 34, 692-704. 

SANTOSO, T., AHMED, S., GOETSCHALCKX, M. & SHAPIRO, A. 

2005. A stochastic programming approach for supply chain network

design under uncertainty. European Journal of Operational

Research, 167, 96-115. 

SCHRAGE, L. 1975. Implicit representation of variable upper bounds in

linear programming Mathematical Programming Studies Volume 4,

118-132. 

SCHRAGE, L. 1978. Implicit representation of generalized variable upper

bounds in linear programming. Mathematical Programming, 14, 11-

20.

SCHULTMANN, F., ENGELS, B. & RENTZ, O. 2003. Closed-Loop

Supply Chains for Spent Batteries. Interfaces, 33, 57-71.

SCHULTZ, G. P. 1970. The logic of health care facility planning. Socio-

Economic Planning Sciences, 4, 383-393. 

SCHWARZ, L. B. 2008. The Economic Order-Quantity (EOQ) Model.

Purdue University. 

SCOT, J. A. 1970. Location-Allocation systems: a review. Geographical

Analysis, 2, 95-118. 

SHEN, Z. J. 2006. A profit-maximizing supply chain network design

model with demand choice flexibility. Operations Research Letters,

34, 673-682. 

SHEN, Z. J., COULLARD, C. & DASKIN, M. S. 2003. Joint location-

inventory model. Transportation Science, 37, 40-55. 



58

SHEN, Z. J. & QI, L. 2007. Incorporating inventory and routing costs in

strategic location models. European Journal of Operational

Research, 179, 372-389. 

SIMCHI-LEVI, D., KAMINSKY, P. & SIMCHI-LEVI, E. 2004.

Managing the Supply Chain: The Definitive Guide for the Business

Professional, New York, McGraw-Hill. 

SIMCHI-LEVI, D., KAMINSKY, P. & SIMCHI-LEVI, E. 2008.

Designing and Managing the Supply Chain: Concepts, Strategies, 

and Cases, New York, McGraw-Hill. 

SIRISOPONSILP, S. 1989. Warehouse location under multiple

transportation options. Doctor of Philosopy Dissertation, University

of Maryland. 

SOLAR, M., PARADA, V. & URRUTIA, R. 2002. A parallel genetic

algorithm to solve the set-covering problem. Computers &

Operations Research, 29, 1221-1235. 

SOURIRAJAN, K., OZSEN, L. & UZSOY, R. 2007. A single product

network design model with lead time and safety stock

considerations. IIE Transactions, 39, 411-424. 

STANIMIROVIC, P. S. & CIRIC, M. 2011. Single-facility Weber location

problem based on the lift metric. Optimization and Control. Cornel

University Library. 

SULE, D. R. 1981. Simple methods for uncapacitated facility

location/allocation problems. Journal of Operations Management, 1,

215-223. 

SUZUKI, A. & DREZNER, Z. 1996. The p-centre location problem in an

area. Location Science, 4, 69-82. 

TAFAZZOLI, S. & MOZAFARI, M. 2009. Classification of Location

Models and Location Softwares



59

Facility Location. In: ZANJIRANI FARAHANI, R. & HEKMATFAR, M.

(eds.). Physica-Verlag HD. 

TERSINE, R. J. 1994. Principles of Inventory and Materials Management,

Elsevier Science Publishing. 

THIEL, D., HOVELAQUE, V. & THI LE HOA, V. 2010. Impact of

inventory inaccuracy on service-level quality in (Q,R) continuous-

review lost-sales inventory models. International Journal of

Production Economics, 123, 301-311. 

TONG, D. & MURRAY, A. T. 2009. Maximising coverage of spatial

demand for service*. Papers in Regional Science, 88, 85-97. 

TOREGAS, C. & REVELLE, C. 1972. Optimal location under time of

distance constraints. Paper of Regional Science Associaton, 28, 131-

143. 

TOREGAS, C., SWAIN, R., REVELLE, C. & BERGMAN, L. 1971. The

location of emergency service facilities. Operation Research, 19,

1363-1373. 

VAN ROY, T. 1989. Multi-level production and distribution planning with

transportation fleet optimization. Management Science, 35, 1443-

14453. 

VIDAL, C. J. & GOETSCHALCKX, M. 1997. Strategic production-

distribution models: A critical review with emphasis on global

supply chain models. European Journal of Operational Research,

98, 1-18. 

WEBBER, A. 1909. Uber den standort der industrien, tubingen

(translated by CJ, Friedrich as Theory of the location of industries),

Chicago, IL, University of Chicago Press. 



60

WEI, H., MURRAY, A. T. & XIAO, N. 2006. Solving the continuous

space p-centre problem: planning application issues. IMA Journal of

Management Mathematics, 17, 413-425. 

WONGMONGKOLRIT, S. & RASSAMEETHES, B. The modification of

EOQ model under the spare parts discrete demand: a case study of

slow moving items.  WCECS, 2011 San Fransisco. 

WU, L., SHAO, P. & CHEN, Y. The application research of compound

(Q,R) model embedded with RFID sensitive data acquisition in

cigarette retail inventory management.  International Conference of

Logistics Engineering and Management 2010. ASCE, 1658-1668. 

XINDU, C., XIN, C. & XINHUI, Z. Crew scheduling models in airline

disruption management.  Industrial Engineering and Engineering

Management (IE&EM), 2010 IEEE 17Th International Conference

on, 29-31 Oct. 2010 2010. 1032-1037. 

YA PENG, Z. 2011. Multi-node distribution centre location model under

manufacturing and remanufacturing system. Applied Mechanics and

Materials, 39, 140-145. 





Buy your books fast and straightforward online - at one of world’s 

fastest growing online book stores! Environmentally sound due to 

Print-on-Demand technologies.

Buy your books online at

www.get-morebooks.com

Kaufen Sie Ihre Bücher schnell und unkompliziert online – auf einer 

der am schnellsten wachsenden Buchhandelsplattformen weltweit!

Dank Print-On-Demand umwelt- und ressourcenschonend produzi-

ert.

Bücher schneller online kaufen

www.morebooks.de
VDM Verlagsservicegesellschaft mbH

Heinrich-Böcking-Str. 6-8 Telefon: +49 681 3720 174 info@vdm-vsg.de
D - 66121 Saarbrücken Telefax: +49 681 3720 1749 www.vdm-vsg.de




