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1. INTRODUCTION
Geometric crossover [1] is a representation-independent

operator defined over the distance of the search space. In-
formally, geometric crossover requires the offspring to lie
between parents. So far we have focused on the study of
geometric crossover for combinatorial spaces and have left
to the intuition the case of continuous space. In this paper
we start to study the geometric crossovers for continuous
spaces. A natural starting point are Minkowski distances
that are simple generalizations of the Euclidean distance.
Geometric crossovers based on Minkowski distances have an
inherent bias toward the center of the space. This bias could
be potentially harmful for the search. We then study geo-
metric crossovers for glued versions of these spaces for which
the bias disappears.

2. GEOMETRIC CROSSOVERS
Geometric crossover depends on the metric of given space.

Although Euclidean distance is ordinarily used for R
n, there

exist many other metrics for R
n. We study geometric crossover

for real vector space under more general and abstract met-
ric, Minkowski distance. The metric dp(x, y) is defined as
‖x− y‖p on R

n, where ‖ · ‖p is p-norm. Using these metrics,
the metric segment between two points x and y on R

n under
the metric dp induced by p-norm is defined as follows:
[x; y]dp

= {z ∈ R
n : ‖x − z‖p + ‖z − y‖p = ‖x − y‖p}.

Figure 1 shows an example of metric segments for the cases
that p = 1, 2 and ∞. Geometric crossover takes offspring
that lie in the metric segments. We design new geometric
crossovers using the metric segments induced by p-norms by
choosing offspring that lie in the segments.

Although new crossovers are theoretically meaningful, if
they cannot be implemented efficiently, they are useless. We
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Figure 1: Metric segments induced by p-norms
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Figure 2: Glued space on R
2

considered 1-norm, 2-norm and ∞-norm, and devised prac-
tical methods to implement geometric crossovers induced by
the norms. However, it is omitted due to space constraints.

In general, solution space of real-coded problems has the
range. Let the solution space X be {x ∈ R

n : li ≤ xi <

ui for each i} where l = (l1, l2, . . . , ln) is a lower bound and
u = (u1, u2, . . . , un) is an upper bound. If we apply geomet-
ric crossover on this bounded domain, offspring have bias

toward the center of the space. We propose a novel method
to eliminate this bias. It is gluing the boundaries by identi-
fying ui to li for each i. Figure 2 shows this glued space for
R

2 case. Its explicit methodology and theoritical results are
not presented here due to space limit.

In future work we want to implement the new crossovers
presented in this paper and test them on problems for which
we expect them to perform well from the study of their fit-
ness landscapes.
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