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Abstract - We formulate a facility location problem where the demand of any single client must be allocated to a single facility and a 
prize is obtained by allocating the demand of a client to a certain facility, i.e. a prize-based variant of the Single Source Capacitated 
Facility Location Problem. For this problem we pursue both an exact approach through Integer Linear Programming and a 
heuristic approach based on a local search algorithm. We compare both approaches by considering 500+ instances. The heuristic 
approach allows to obtain a reduction of the computational time by a factor larger than 10 in 92% of instances and 100 in 64% of 
instances. The time reduction is obtained with a small sacrifice in the value of the objective function that is achieved, smaller than 
10% in nearly 70% of cases. 
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I. INTRODUCTION 

 
Facility location problems, where a set of items have to be 

assigned to a number of facilities, represent a well known class 
of problems in operations research [8], [21], [1]. In the classical 
facility location problem, we are given a set of facilities, with 
associated opening costs, and a set of clients. The goal is to 
open a subset of facilities and to connect each client to the 
closest open facility, so that the total connection and opening 
cost is minimized. A special case is the Single Source 
Capacitated Facility Location Problem (SSCFLP), where the 
demand of any single client has to be allocated to a single 
facility and each facility has a limited capacity. Several efforts 
have been devoted to solving SSCFLP, based either on 
Lagrangean relaxation [14], [22], [4], [23], [5] or on an exact 
approach, e.g. branch-and-bound in [12], [12], [11], and branch-
and-cut in [16].  

Hereafter we study a variant of this locational decision, in 
which a prize is associated to allocating a client’s demand to a 
certain (open) facility and the objective is the maximization of 
the overall revenue obtained as the difference between the total 
allocation prize and the facility-opening costs. For such a 
problem we introduce the abbreviation PCFL. Differently from 
the standard facility location, in our variant it is feasible to 
allocate the demand of a proper subset of clients. A similar 
problem has been tackled in [15], where the facilities are 
connected through a Steiner tree, though.  

The original motivation for investigating this matter comes 
from an application related to the emergency caused by the 
earthquake that hit central Italy in the summer of 2016 (and 
until 2017), where the construction of prefabricated cottages 
was among the measures taken to support the affected 
population in the transition from emergency response to 
reconstruction. This process involved taking several decisions 
concerning, in particular, the location of cottages and their 
assignment to eligible users under budget and time constraints. 
A list of the potential locations for (groups of) cottages had to 
be considered, together with their opening cost (including 
construction and infrastructures setup) and their capacity 
(basically the amount of people that could be accommodated), 
taking into account as well the needs expressed by the affected 
population, represented by a suitable number of points (called 
clients) each indicative of a portion of the territory and 
associated to a number (demand) proportional to the amount of 
population and intensity of the suffered damages. Similar 
problems arise in many cases of emergency relief operations 
[3], [2], [24]. Fairness issues also play an important role in this 
context (as dealt with, e.g., in [7], [18]), as the level of damages 
suffered by the client and the geographical distance between the 
facility and the client have also to be considered.  

Here we explore the solution of the PCFL problem by 
adopting both an exact Integer Linear Programming (ILP) 
approach (in [19] a mixed integer programming model was 
employed for the optimal allocation of products demand to
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The asterisk in the Gap column, indicates that no gap 
computation was done, since the heuristic algorithm returned 
at least one negative objective function value.  

As to the ILP performance, in the majority of the 
instance classes (29 out of 52) at least one instance in the 
class ran out of memory.  

In Table III the average CPU times (expressed in 
seconds) required by the different algorithms are reported. In 
the table, “t.l.” indicates that no solution has been found 
within the time limit of 1 hour.  

By looking at Table III, we observe that in most 
instances the Heur-Assign is the fastest algorithm, the only 
exception being instance classes 7 and 14 (the ILP works 
quite well while both heuristics reach the time limit of one 
hour). Also, comparing the solution value of Heur-Assign 
and Mix- Assign with _ = 75%, we observe that many time 
they obtain the same values hence making Heur-Assign the 
better performing algorithm between the two.  

We can get an overall view of the performance of the 
heuristic approach by defining two relative performance 
indices: the Time Index and the Objective Function Index.  

The Time Index (TI) is defined as the ratio of the time 
required by the ILP approach to that observed with the 
heuristic approach. The higher the TI, the faster the heuristic 
approach. We expect the TI to be higher than 1 in nearly all 
cases, and we wish it to be much larger than 1.  

The Objective Function Index (OFI) is instead the ratio 
of the objective function value achieved by the heuristic 
approach and that obtained with ILP. We can simply relate it 
to the Gap index defined early, since the OFI is simply the 
complement to 1 of the Gap. For each single instance we 
always have OFI _ 1 (the values being occasionally larger 
than 1 in Table II are due to the ILP not solving some of the 
instances in the class). The closer to 1 the OFI is, the better 
the heuristic approach is. 

If we now plot the OFI vs TI for each instance class, we 
get a scatterplot that takes into account both performance 
facets. The dots (instance classes) lying closer to the origin 
represent the cases where the heuristic approach performs 
worst, while the dots located in the right upper corner 
represent the cases where the heuristic approach performs 
best. The resulting scatterplot is shown in Fig. 1. The 
reduction in the computational time obtained thanks to the 
heuristic approach can be extremely large. We achieve a 
reduction larger than one hundredfold in 64.1% of the 
instances and larger than tenfold in a striking 92.3% of the 
instances. On the other hand, the sacrifice in the 
optimization performance (i.e., the objective function value) 
is quite limited, the gap is lower than 10% in 69.2% of the 
instances and it is lower than 20% in practically all instances 
examined (with a single exception). 
 

 
Fig. 1: Performance trade-off 

 
VI. CONCLUSION 

 
The performance of the heuristic approach appear 

promising. It allows to achieve significant reductions in the 
computational time (more than one hundredfold in most 
cases) with a very limited sacrifice in optimization 
performance (the gap with respect to the ILP is lower than 
10% in most cases). In order to obtain a more complete 
analysis we aim at examining a wider set of instances and 
arriving at a better description of the trade-off between 
optimization objective and computational effort. For the 
same problem we also plan to explore alternative 
optimization approaches, in particular exact methods like 
(combinatorial) branch-and-bound that would require 
designing both suitable branching scheme and developing 
good quality lower bound (similar to what has been done in, 
e.g., [9]). Another interesting direction may consider taking 
a game theoretic approach, where agents (the facilities) 
compete to get clients, following in the step of several 
papers where combinatorial optimization problems are 
viewed in a multiple decision-maker context (see, e.g., [17], 
[20]). 
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TABLE I: HARD INSTANCE CLASSES WITH N = 30 AND M = 200. 
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                          TABLE II: RESULTS ON OBJECTIVE FUNCTION VALUE.                             TABLE III: CPU TIME COMPARISON 

      
 
 
 

 


