acility [Location ()ptimizer

A tool for solving location problems.

Classification: 1| P | (+,—) | (d, i) | Eff-vector

1. Problem formulation

The single-facility multiobjective location problem consists in minimizing the
distances between a new facility z € R? and all given facilities

a' == (al,dl), --- ,a™ = (a[™,a") € R?
m

simultaneously. In addition to the attraction points a',...,a™, we now
consider msy repulsion points

bl = (b%abé)a >bm2 = (bTQ,b;nQ) € RQ,

(i.e., undesirable facilities, such as polluting factories or nuclear plants) and
we want to maximize the distance from the new location point x to each of
the points b!, ..., 0™ simultaneously. Note that simultaneous minimization
is understood in the sense of multiobjective optimization. Such problems are

called

“Single facility multi-objective location problems
with attraction and repulsion in the plane”



in the literature of location theory. We measure the distances between the
new facility and the given attraction facilities using the well-known Man-
hattan metric (also called rectangular metric or [; metric), which is defined
by
doo(z,a’) := max{|z; — ai|, |2 — a5}
for all z := (21, 22) € R? and all a' := (a},d}), i = 1,...,my. Moreover, let
the functions
Ly s [y RE = R

represent gauge functions, i.e., we have
pi(x =) :=inf{A>0|z—V € B,}

forall j =1,...,my and all x € R?, where B, is a polytope with 0 € int B,
(in this case is p; a polyhedral gauge) or a unit ball of a [, norm.

Now we are able to define our location problem through:

doo(,at)
doc(,a™) — v-min
—p(z —b') veR?
—Hmg (I - bmg)

Note that we search for Edgeworth-Pareto efficient solutions in the above-
defined non-convex vector-valued location problem.

Summarizing, in our problem
L] P|(+, =) | (dso, p5) | Eff-vector

we search for one new facility (position 1: 1) in the plane (position 2: P), the
given facilities are attraction points or repulsion points (position 3: (4, —))
and we consider a vector problem with regard to the solution concept of
Edgeworth-Pareto efficiency (position 5: Eff-vector), where we measure the
distances between the new facility and the attraction points using the Man-
hattan metric and the distances between the new facility and the repulsion
points using specific gauge functions y;, j = 1,...,my (position 4: (duo, 1))
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2. Algorithm information and implementation

The corresponding algorithm included in the current version of the Software
FLO solves the above-defined location problem and computes Edgeworth-
Pareto efficient solutions using the following solution strategy (decomposition
approach proposed by Alzorba, Giinther and Popovici, 2015):

1°. Compute the set of all efficient solutions Eff(R? | g) of the problem

doo(x,at)
g(x) = . — v-min .
doo(,a™)) "
2°. The decision maker has to select some negative weights wy, ..., wy,
depending on the significance of the repulsion of the undesirable facil-

ities.

3°. Solve the scalar restricted location problem

m2
h(z) := ij cpi(r — o) = min
j=1

ccEf(R2|g)

4°. Tt holds that we have

2% € argmin h(z) C Eff(R* | f) NEf(R? | g).
z€Ef(R2|g)

Note that the current version of the Software FLO does not compute the
whole set of Edgeworth-Pareto efficient solutions of the original underlying
location problem. The Software computes solutions depending on the selec-
tion of the negative weights wy, ..., w,, (e.g. significance of the repulsion
of the undesirable facilities). More information about the model and the al-
gorithm can be found in the paper by Alzorba, Giinther and Popovici (2015).

The algorithm was implemented in FLO by Christian Giinther. Software
FLO has been able to solve the underlying location problem since program
version 1.0.0, which was released on 22/04/2015.
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