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ABSTRACT

1.

The p-median problem is often used to locate P service facilities in a geographically distributed population. Important
for the performance of such a model is the distance measure.
Distance measure can vary if the accuracy of the road network varies. The first aim in this study is to analyze how the
optimal location solutions vary, using the p-median model,
when the road network is alternated. It is hard to find an
exact optimal solution for p-median problems. Therefore,
in this study two heuristic solutions are applied, simulating
annealing and a classic heuristic. The secondary aim is to
compare the optimal location solutions using different algorithms for large p-median problem. The investigation is
conducted by the means of a case study in a rural region
with an asymmetrically distributed population, Dalecarlia.
The study shows that the use of more accurate road networks gives better solutions for optimal location, regardless
what algorithm that is used and regardless how many service facilities that is optimized for. It is also shown that the
simulated annealing algorithm not just is much faster than
the classic heuristic used here, but also in most cases gives
better location solutions.

The facility location problem is a well-study problem (Farahani et al. 2012 [8]). A lot of works have been done in
this area but most of it is not based on real road distances.
Francis et al. (2009) [9] gave an explicit summary on facility location problem. Among the 40 published articles,
about half of them are studied on real data. Almost all of
the distance measures are Euclidean distance and rectilinear
distance.
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INTRODUCTION

The work in this study is followed by Håkansson et al. (2012)
[11] who used real world data to investigate the optimal location of emergency hospitals on the road network in a rural region, Dalecarlia in Sweden, with an asymmetric distributed
population. To do so the p-median model was applied. It
was shown that the use of Euclidean distance instead of
other network based distance measures led to sub optimal
location pattern of emergency hospitals.
The road network in that study was limited to 1579 nodes.
There was no investigation done of the effects on the suggested solutions by varying the density (meaning accuracy
here) of the road network. However, differences in accuracy of the road networks could also affect the distance measures. Therefore, the primary aim of this paper is to analyze
how the optimal location solutions vary, using the p-median
model, when the road network is alternated. The investigation is conducted by the means of a case study in a rural
region, Dalecarlia.
In this study we increase the complexity of the road network
that we use to find an optimal location in. Both the road
networks we elaborate (a sparse and a dense) with are from
the Swedish digital road system: NVDB (The National Road
data Base). NVDB consists of the national roads and the
local roads/streets. The sparse road network is defined as
the national roads and contains 1579 nodes. The dense road
network is defined by adding all local roads/streets to the
national road network. This road network contains about
1.5 million nodes.
In this study we also increase the number of facilities to
opt for. To do so we not only use emergency hospitals but
also medical care centers in the region of Dalecarlia. The
maximum number of facilities to be optimal located in this
study is 34.
Several computer experiments using the p-median model

was implemented. However, the p-median problem is NPhard (Kariv and Hakimi, 1979 [14]). The complexity of the
problem depends both on the number of centers to be located and the number of demand points to opt for and the
density of the road network. Since the exact optimal solution is difficult to obtain, the two heuristic solutions used
here are compared. The experiments are conducted by a
simulated annealing algorithm and a classical heuristic algorithm. This gives a secondary aim of the study that is to
compare the optimal location solutions using different algorithms for large p-median problem.
To evaluate the effects of different road networks on the optimal location solutions we compare the results from the experiments with both algorithms in which we have alternate
both the road networks and the number of facilities that are
located. To evaluate the efficiency of the two algorithms we
compare computing time and the optimal location solutions
based on the same road networks and for the same number
of located facilities. The best solution is the one that gives
the smallest average distance for the population to travel to
the closest service facility.

2.

LITERATURE REVIEW

This p-median problem was first introduced by Hakimi (1964)
[12]. The goal is to find p service centers which minimize the
summed distances between demands and their nearest centers. This problem can be formulated as follows.
M inimize : f =

n X
n
X

Subject to :

j=1

xij = 1

Although Euclidean distance is most widely used, the network distance is more accurate. The selection of distance
measure does not only affect the optimal solution, but also
affect the computational efficiency. Usually a denser network will also take more computing time to create the distance matrix but at the same time results and distances are
more accurate and closer to reality. Peeters and Thomas
(1995) [21] examined the p-median problem for the different type of networks by changing the nature of the links.
They only found the difference in optimal solutions but not
in computational effort. Morris (1978) [19] tested the linear
programming algorithm for 600 random data sets, but the
size is small and no real network is applied. Schilling et al
(2000) [24] examined the Euclidean distance, network distance and randomly generated network distance. Their conclusion is that it is much easier for the Euclidean and path
network to obtain the optimal solution and less computational effort. However, neither did they make more comparison between the Euclidean network and the path network,
nor did they provide the effect of network of different level
of accuracy. When we are dealing with large (e.g. 1.5 million nodes), network approximation is an efficient way to
decrease the computing speed. None of the previous studies
provided any analysis of network approximation.

wi dij xij

i=1 j=1
n
X

cases with lot of demands points and a variable number of
centers, we have to use heuristics and meta-heuristic. Later
in the paper we will provide more detail about the two methods we will use: one called classical based on heuristic and
the other one which is a simulated annealing algorithm.

and

n
X

xjj = p.

j=1

f is the value of objective function. n is the number demand
locations. wi is the weight of each demand location. dij is
the distance from demand location i to the center j. xij is a
dummy variable: taking 1 if location i is allocated to center
j.
Since we modelize our problem as a p-median problem, our
objective function will be to mimize the value f which is
the sum of all distances between a person and the closest
facility. (dij is one for the closest location in our case).
By dividing this value by the total population, we get the
average distance between a person and its closest facility.
The p-median problem is NP-hard Kariv and Hakimi (1979)
[14]. The complexity depends both on the number of centers
to be located and the number of demand points. Therefore,
for large number problems, the exact optimal solution is
difficult to obtain. That why we have only a few studies
examining the exact solutions (Hakimi, 1965 [13]; Marsten,
1972 [18]; Christofides, 1982 [4]; Galvão, 1980 [10]). More
studies regarding p-median problem are heuristics and metaheuristics. See Ashayeri et al (2005) [2]; Rahman and Smith
(1991) [22]; Kuehn and Hamburger (1963) [16]; Maranzana
(1964) [17]; Crainic et al (2003) [6] and Rolland et al (1996)
[23]. One sub-class in metaheuristics is simulated annealing
method , which we will examine in this paper. See Chiyoshi
and Galvão (2000) [3]; Al-khedhairi (2008) [1] and Murray
and Church (1996) [20]. In our cases, since we target real

Therefore, the goal of this project is to handle real and
accurate data for facilities localisation. Distances will be
computed based on the real road network of different densities. The problem addressed in NP-complete (Kariv and
Hakimi (1979) [14]) and therefore reaching excellent solutions is a challenge due to the size and complexity of data,
which means both the accuracy of the optimal solution and
computing time are affected by the number of facilities to be
located and the number of possible locations. The accuracy
and computing burden are contradicted to each other such
that every algorithm aims at improving both of them. This
paper, however, deals with extremely complex data set and
it is very difficult to obtain the real optimal solution. To
investigate consequences of using a denser network for our
location problem, we will run different experiments. We will
use two different networks which differ only by their density.
Since these two networks have a complete different size, we
will use two different algorithm and we will test each algorithm on both network.

3. DATA
3.1 Road network
The road networks are provided by the NVDB (The National
Road Data Base). NVDB was formed in 1996 on behalf of
the government and now operated by Swedish Transport
Agency. NVDB is divided into national roads, local road
and streets. The national roads are owned by the national
public authorities, and the construction of them funded by a
state tax. The local roads or streets are built and owned by
private persons or companies or by local public authorities.
For comparison, experiments are executed under the sparse

network. Due to its higher number of points, this approximation made between a demand point and the closest node
is obviously less with the denser network.

3.2

Facilities and demand points

In this paper, the emergency hospitals and care centers are
considered as the facilities to be located. There are 5 hospitals in the region and there are 34 care centers. In the
experiments we will find the optimal location pattern for 5,
8, 16 and 34 facilities. We have chosen to try our simulated
annealing algorithm with 5 and 34 centers in order to check
if the simulated annealing is able to use a known current
solution as starting solution in an efficient way.
The demand for health care is the population in 2002 in
the region. The population is registered at squares by the
size of 250m × 250m. Each square is generalized to a point.
Each point is weighted by the number of people living in
each square. The population is then lives represented by
15,729 weighted points. The population data is from Statistics Sweden 2002 (www.scb.se). The total population number is 277,725. The distribution of the population is shown
in Figure 1c.

4.

ALGORITHMS AND IMPROVED ALGORITHMS

In case of a small number of facilities, an exhaustive search
can be easily used. We have extracted in the Dalarna county
the main nodes of the road network (around 1500 nodes) and
we were able in less than 30 minutes to find optimal solution
for 1 and 2 locations. The optimal solution for 3 locations
has also been computed in few hours on a regular PC. In
all cases, the location of each facility is on one the nodes
of the network. But such approach cannot be used to the
complexity of the problem when number of nodes or number
of locations is much higher.
Figure 1: Map of Dalecarlia region showing a) the
sparse road network (national roads), b) the dense
road network (national and local roads/streets), c)
and one-by-one kilometer cells where the population
exceeds 5 inhabitants.

and dense road networks. The sparse road network only consists of the national roads, which Contains 1,977 digital road
segments and 1,579 nodes. The total road length is 5,437
kilometres. The dense road network is defined by adding local roads and streets to the national roads. The dense road
network contains about 1.5 million nodes and 1,964,801 segments. The total length is 43431 kilometres. The extensions
of the road networks used in the study is shown in Figure
1a and 1b.
The denser network contains more road and therefore is
more accurate than the sparse one for two reasons. First,
a distance between two points can be shorter using it if a
or several non-national roads is shorter than using only national one. Secondly, to compute the distance between a demand point and a center, we look for the nearest node and
the distance computed is the Euclidean distance between the
demand point and this node plus the road distance via the

4.1

Classical algorithm

A number of heuristic algorithms for p-median have been
proposed (see literature review). Usually, two classes of
such heuristics are suggested (Golden et al., 1980 [5]): construction algorithms and improvement algorithms. The myopic algorithm is a construction algorithm. The neighbourhood search and the exchange are improvement algorithm.
The classical algorithm implemented in our paper consists
of both of the two classes of heuristics. The idea is that the
solution obtained by construction algorithm will not necessarily optimal; the improvement algorithms always take
less computational burden given that the solution from construction algorithm is settled (Daskin, 1995 [7]). Thus, three
parts of this algorithm are illustrated as follows.
We follow Daskin (1995) [7] to illustrate the first part–myopic
algorithm, the neighbourhood search algorithm and the exchange algorithm. The myopic algorithm tries to reach the
optimal solution by evaluating 1-median objective function
at first step. Suppose that we have found P − 1 facilities.
Keep them fixed and the Pth facility is selected from other
possible N − (P − 1) nodes such that the objective function
is minimized. The formal state is:
• Step 1: Initialize k = 0 (the count number of facilities

located) and Xk = ∅ (locations of k facilities).
• Step 2: Increment k.
• Step 3: Define d(i, XP −1 ) as the shortest distance between demand point i and thePcloset node
S is location
set XP −1 . Compute Zjk =
w
d(i,
j
Xk−1 ) for
i
i
each node j which is not in the set Xk−1 . Zjk gives
the value of the P-median objective function if we locate the kth facility at node j, given that the first k −1
facilities are in the Xk−1 .
• Step 4: Find the node j ∗ (k) that minimizes Zjk . Add
node j ∗ (k) to the set Xk−1 to get Xk .
• Step 5: If k = P then stop; otherwise go to step 2.

The second part is the neighbourhood search algorithm. It is
followed by first identifying the service area for each facility
in the P locations. That is to divide the demand point into
P areas. Within each area, 1-median is searched. If it is
improved, replace the old center by the improved one. The
service area is redefined after all P centers are searched. The
1-median search and the area redefinition are repeated until
centers do not change. This algorithm is stopped. It is
summarized by:
• Step 1: Start from any one facility which has not been
searched.
• Step 2: Identify the neighbourhoods (service area) for
the location in Step 1.
• Step 3: Search 1-median for this location and update
it if it changed.
• Step 4: If all sites are gone through then stop; otherwise go to Step 1 and search next site.

The third part is the exchange algorithm. It is a possible
way to get improvement. The idea is to identify the service
area obtained from the last step of neighbourhood search.
This could start from any one location in P with other P-1
fixed. If a better replacement can be found in its service
area, then replace this location. Algorithm is stopped when
this is done for all P facilities. It is summarized by:
• Step 1: Start from any one facility which has not been
searched and keep other (P − 1) sites fixed.

4.2

Simulated annealing

Since the localisation problem is NP-complete, the algorithm
proposed is a simulated annealing algorithm. This randomized algorithm has been chosen due to its flexibility, its easiness to implement and the quality of results in case of complex problems.
Even if data are well preprocessed, an efficient algorithm is
needed to find a good solutions. Different algorithms exist
for this kind of problem. In our case, the cost of evaluating a
solution is rather high therefore we should focus on an algorithm which tries to keep the number of evaluated solutions
low. This excludes for example algorithms such as Genetic
Algorithm and for some extend Branch and Bound. On the
other hand, we have (for 5 and 34 locations) or may have
good starting point (based on current solutions or solutions
pre-computed based on people localisation). Therefore one
good candidate is Simulated Annealing (Kirkpatrick, 1983
[15]).
The simulated annealing (SA) is a simple and well described
metaheuristic. Al-khedhairi (2008) [1] gave the general SA
heuristic procedures. SA starts with an random initial solution s and the initial temperature T0 and the temperature
counter t = 0. The next step is to improve the initial solution. The counter n = 0 is set and the operation is repeated
until n = L. A neighbourhood solution s0 is evaluated by
randomly exchanging one facility in the current solution to
the one that is not in the current solution. The difference
of the object function ∆ is evaluated. We replace s by s0 if
∆ < 0, otherwise a random variable X ∼ U (0, 1) is generated. If X < e(−∆/T ) , we still replace s by s0 . The counter
n = n + 1 is set as the replacement does not occur.
Once n reaches L, t = t + 1 is set and T is a decreasing
function of t. The overall procedures stop when the stopping
condition (tol, the tolerance of T ) is reached.
The main drawback of the SA is the sensitivity of the parameters and their strong dependence with the instance of
the problem. To overcome the difficulty of setting efficient
value for parameters like temperature, an adaptive mechanism has been used to detect frozen states and re-heat the
system in such cases.

4.3

SA parameters

In all our experiments, the initial temperature was fixed at
400 and the algorithm stops after 2000 iterations. Since for
the Euclidean and sparse network the simulated annealing
is running extremely quickly (around 2 seconds for 2000 iterations, we run for each case the SA 100 times and take the
best solution found since the SA is a randomized algorithm.

• Step 3: Make a replacement if better site is found
within the service area.

Our adaptive scheme to dynamically adjust temperature
work as follow: after 10 iteration with no improvement the
temperature is increase using the formula newtemp = temp∗
(1 + α)β where α = 2 and β = 0.5 at the start and β is increased by 0.5 each time we reheat the system. In this way,
the Simulated annealing will never be a long time in a frozen
state.

• Step 4: If all sites are gone through then stop; otherwise go to Step 1 and search next site.

The temperature is decreased at each iteration with a multiplication with a factor 0.95. For the sparse network, since

• Step 2: Identify the service area for the location in
Step 1.

Table 1: Mean distance between population and
nearest facilities for classical algorithm
sparse network
dense network
centers mean computing time mean computing time
5
21.97
10 min
20.25
6 hours
8
14.99
18 min
14.62
10 hours
16
9.51
40 min
9.70
24 hours
34
6.11
90 min
5.43
50 hours

Table 2: Mean distance between population and
nearest facilities for simulated annealing algorithm
sparse network
dense network
centers mean computing time mean computing time
5
20.40
1.5 hours
20.25
3.5 hours
5∗
20.37
1.5 hours
20.54
3.5 hours
8
14.04
1.5 hours
13.91
3.5 hours
16
8.69
1.5 hours
8.86
3 hours
34
5.50
1.5 hours
5.31
3 hours
34∗
5.38
1.5 hours
5.10
3 hours

the number of different locations of a facility is limited (1576
possible points), we consider the neighbourhood of a solution
all solutions for which one of the facility has been moved to
another point. For the dense network, due to the huge number of possible locations, we restrict the previous scheme
to move the facility no longer than 2.5 km away. All the
previous values has been chosen after different experiments.

5.

RESULTS

In Table 1 and Table 2, there are some results from the computer experiments using different road networks and different algorithms. The tables give information on the populations mean distance in the network to the closest located
facility and the computing time. The results for 5, 8, 16 and
34 facilities are shown. We also give the results for simulate
annealing when the starting configuration is the current sites
instead of random starting (5∗ and 34∗ in Table 2).
Firstly, we turn to the effect of using different road networks. In most cases a dense network gives a solution for
the objective function that is about 4.54% better. However,
depending on the number of facilities that have been located
it can be more than 11% (the case with 34 facilities). From
the table it could also be seen that the more facilities that
are to be located the larger is the difference in the objective functions between the road networks. A last conclusion
that could be drawn from the tables is that the improvement rates in the objective function, when the number of
facilities to be located increases, is higher when a denser
road network is used. For instance, the improvement when
the number of facilities increases from 5 to 34 is 73% when
the dense network is used, while it is 72% when the sparse
network is used (75% to 74% for simulated annealing).
Turning to a comparison of the results produced by the two
different algorithms, it is obvious that the use of simulating
annealing algorithm gives much shorter computing times in
general. Due to its structure, the computing time of the
simulated annealing does not increase significantly when we
increase the number of facilities. Simulating annealing also

produce solutions with lower mean distances to travel to the
closest facility regardless, network used and the number of
facilities that are located. Further, it is also obvious that the
when the simulating annealing is used together with an idea
of where to begin the optimization process from in the space
it can give better solutions compared to when the starting
point is selected randomly. Lastly, for all cases, simulation
annealing gets less improvement in the objective function
when the road networks are alternated. This indicates that
the solutions are more stable when the simulation annealing
is used.
In Figure 2 the geographical configuration of best solution
for 8 facilities are shown. When it comes to the configuration it is obvious that the use of different road network to
opt at matters. For instance in the north western part of the
county the solutions differ a lot. Another example that the
road network has importance for the configuration could be
seen in the more densely populated parts of the county. The
visual difference might not be that large, however it involves
a large part of the population in the county. Comparing Figure 2a with Figure 2b it is obvious that the use of different
algorithms can give quit different solutions. Since the differences in configurations of facilities varies more depending
on which road network that have been used when the classic
algorithm for optimization have been used, it further indicate that classical heuristic of the kind used here is not as
stable in its solutions as the simulating annealing algorithm.

6.

CONCLUSIONS AND DISCUSSIONS

This paper aims at examining the effect of road network
density when facility location problem is studied. Since the
implementation of p-median problem for dense road network
is related to a complex computing burden, we also examine
the differences in performance using different algorithms.
A first conclusion to draw from this study is that it is important to use as good road network as possible when a solution
that gives as low mean distance for a population as possible
to the closest facility is searched for. It is also important to
use as good road network as possible to opt in if the number
of facilities to opt for gets larger.
A second conclusion is that the use of simulating annealing
gives better results when it comes to optimization. The results are also more stable and it is much faster, something
needed when the complexity of the p-median problem increase.
In this study we have worked with a detailed road network
comprising a lot of nodes. However the optimization does
not take into account that the travel speed varies on roads.
An extension and future research of this study is to optimize with the shortest travel time in order to investigate
if improvements we got on the distance will also be gain
in travelling time. We have here worked with information,
such as the road network, demand points and facilities to
be located, as input to the optimization are quite detailed
making the problem complex. However, it is quite a small
geographical rural area, Dalecarlia, which has been the case
here. More case studies are needed. Further, many public
activities but also private businesses are taken place at a national level. There is a need to better evaluate the efficiency

Figure 2: Map of configurations for 8 hospitals: a) classical algorithm; b) simulated annealing algorithm.
in present situations of where these activities are taken. One
suggestion for future research is therefore to scale up the
present case study to the national level. Advances methods
(like more aggressive heuristics, distributed computing) will
be needed to keep the computing time acceptable and still
reach excellent solutions.

[5]

[6]
In this study the p-median model has been used. Implementing the p-center model would give further information
on how differences in road network effect results when different algorithms are used.

[7]
[8]
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