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Figure 3. Step 2 of the Algorithm for facility i.
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UFL&CAP. Let E denote the maximum acceptable gap between the lower and upper 
bounds. Due to the separability of both the original objective function and its underesti
mate let 

E = L E;, z* = L ZU;, z1 = L z!;. (15) 
iE/ iE/ iEI 

In a heuristic implementation, no new pseudo-facilities associated with facility i will be 
generated at Step 2 of the algorithm: if(z�; - z1;)/ z�;:;; E;. 

6. COMPUTATIONAL RESULTS

The algorithm devised for solving the UFL&CAP was programmed in Standard FOR
TRAN and tested on a number of problems generated on the basis of the UFLPs drawn 
from the literature. The current implementation contains the DUALOC code ofErlenkot
ter [ 6] for solving the UFLPs formulated during the operation of the algorithm. The com
putational experiments comprise two parts: First we investigated the average computa
tional performance of the algorithm on Sun Microsystems. Then we used an IBM RISC/ 
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partially served by none of the remaining m-1 facilities. Thus, there are actually 2 m-t 
remainder values that a facility can serve. Hence the following can be stated: 

PROPOSITION 1: In the CFL&CAP the acquired capacity at a facility can take at 
most(2 m-t + 1 ) n + 1 distinct values. 

PROOF: For each of then markets, a facility will either be a remainder-server provid
ing one of the 2 m-t remainder values or not serve the market. Alternatively, the facility will 
be a partial-server for one of the markets, and hence its size will be CAP; . The former 
implies the first term whereas the latter implies the second term in the expression that 
constitutes an upper bound on the cardinality of the set of alternative sizes for a 
facility. D 

Let p denote the number of alternative partial-servers for a market given that one of the 
facilities is qualified as a remainder-server, and t equal 1 if there are capacity constraints 0 
otherwise. The following theorem enables the perception of the UFL&CAP as a special 
case of the CFL&CAP in terms of the set ofalternative sizes for a facility: 

THEOREM 2: In the facility location and capacity acquisition problem, the acquired 
capacity at each facility can take at most ( 2P + l ) n + t distinct values. 

PROOF: Observe that t = 0 implies p = 0 and t = l implies p = m - l. D 

Note that however, Proposition 1 provides a weak upper bound on the cardinality of the 
set of alternative sizes in the CFL&CAP. To show this, let it, denote the actual number of 
alternative sizes for a facility i.e., in the UFL&CAP it, = 2 n. 

PROPOSITION 2: In the CFL&CAP, 

(17) 

PROOF: Let Rj( S) denote the remainder of the demand of market j being partially 
served by the facilities in the set S. If facility i serves Rj( S) and R1 ,(S') such thatj 1= j' then 
Sn S' = 4> where 4> denotes the empty set. This is because if facility i' ES, that is i' is a 
partial-server of marketj, then i' E'S'. Thus the strict inequality holds. D 

It is possible to provide closed form expressions for it, in the CFL&CAP when n is small. 
Let p = m - 1, for n = 2, p � l, 

(18)
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the seminal work ofEfroymson and Ray [ 4]. Despite abundance of the academic literature 
however, the papers describing real life applications of analytical approaches for locational 
decisions are not that many. In our view, this is primarily due to the strategic and complex 
nature of locational decisions, and hence the limitations of the available models in incor
porating all of the relevant factors. Thus, the present model is in need of two major exten
sions to enhance its capability in assisting the strategic decision-making process. First, the 
model should be generalized for also dealing with the facility relocation and capacity ex
pansion decisions via incorporation of the dynamic nature of the cost and demand pa
rameters. No need to say however, the arising dynamic model will be much more difficult 
to handle in terms of its computational complexity compared to the static model provided 
in this paper. Second, the model should be generalized for dealing with multiple com
modities which will enable simultaneous optimization of the plant location and sizing de
cisions. Note that however, there would normally be a set of alternative technologies for 
producing each family of commodities. Thus, such an extension constitutes a primary step 
in improving the model to also provide the optimal technology selection decisions. The 
more general model should be able to provide the optimal location of the plants, including 
their facility configuration ( implying their product-mix) as well as the amount of capacity 
acquired in terms of each technology at each open plant. The authors' current research 
focuses on the incorporation of the technology selection decisions in the model presented 
in this paper. 
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