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ABSTRACT

The organizers of the third Space Optimization Competition (SpOC)?
give a brief overview of the competition. We lay out the timeline and
discuss administrative decisions. As was common in previous edi-
tions, the competition consists of three problems. We present them
swiftly and provide their scientific background and motivation.
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1 HISTORY AND TIMELINE

The Space Optimization Competition (SpOC) was established in 2022
by the European Space Agency’s Advanced Concepts Team (ESA’s
ACT) with the goal of bridging aerospace research with the scientific
community of evolutionary algorithms. It renders problems relevant
to the space industry in an appealing futuristic setting, which allows
participants from various domains to solve these challenges with
tools familiar to them. The first edition of the competition was
themed around the design of multi-rendezvous missions to mine
the asteroid belt. Over 40 teams from 11 countries took up this
challenge and advanced tools useful for early mission planning.
In the second edition of SpOC in 2023, participants were asked to
design algorithms that help to solve three optimization problems
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needed to establish a colony in a distant galaxy. Thirty teams and
over 100 newly registered users from 11 countries developed the
details for these futuristic colony plans. Shortly after the second
edition was concluded with a workshop in September 2023, we
began the planning of the third edition. We generated a pool of
over ten possible and challenging problems, from which we selected
the three most promising ones in December. From January to March
2024 we implemented and tested these challenges and constructed
an overarching storyline. As in the previous years, the competition
is held from April to June and is concluded with a workshop at the
European Space Research and Technology Centre (ESTEC) of the
European Space Agency (ESA) in September 2024:
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2 THE STORY: ORBITAL MEGASTRUCTURES

The sci-fi story that envelops the challenges of SpOC 3 plays more
than 200 years in the future, where our descendants plan to reach
humanity’s next evolutionary leap with the construction of a gigan-
tic multi-generational starship in orbit. While a multi-generational
starship is, of course, currently just a spark of imagination, in-orbit
assembly is an active field of research [3] with applications in the
construction of large space telescopes [11] or space-based solar
power within the solaris project of the European Space Agency.

3 PROBLEM 1: TORSO DECOMPOSITIONS

The first problem of SpOC 3 is concerned with the computation of
torso decompositions [6], which in our story is linked to the organiza-
tion of the megastructure. A torso of a graph G (with vertex set V(G)
and edge set E(G)) for a set X C V(G) is a graph torso(G, X) with
V(torso(G, X)) = X that contains an edge {u, v} if and only if there
is a u-v-path in G whose internal vertices are not in X. It turned out
to be desirable for applications in optimization and verification to
have large torsos of small treewidth [1]. This bi-objective optimiza-
tion problem is equivalent to the following task: Given a graph G
with V(G) = {0,...,n — 1}, find a bijection 7: V(G) — V(G) and
anumber t € {0,...,n — 1} such that:
The Size of the Torso is Maximized: the last n — t elements
of the permutation 7 define the torso, so minimizing ¢ maxi-
mizes the size of the torso;


https://orcid.org/0000-0002-6475-5512
https://doi.org/10.1145/3638530.3664048
https://github.com/esa/SpOC3
https://doi.org/10.1145/3638530.3664048
http://crossmark.crossref.org/dialog/?doi=10.1145%2F3638530.3664048&domain=pdf&date_stamp=2024-08-01

GECCO 24 Companion, July 14-18, 2024, Melbourne, VIC, Australia

The Treewidth of the Torso is Minimized: A completion is
obtained by scanning the nodes ascending with regard to x
while completing the neighbors into cliques and orienting
all introduced edge according to . The width of the torso is
the maximum degree within the last n — ¢ elements.

The following example shows a graph G on the left, a bijection x
and the implied orientation (top right), as well as the introduced
edges in red (bottom right). The size of the torso is 4 and its width 2:
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The participants were asked to produce a Pareto-front as set of
pairs (r, t) that correspond to different torso decompositions of
varying size (n — t) and width (defined by ).

4 PROBLEM 2: INTERFEROMETRIC MISSION

The second problem is about assembling a constellation of satellites
equipped with telescopes to perform interferometric measurements.
Multiple telescopes are often used to synthetically simulate a large
aperture. In order to obtain the highest possible resolution, the
constellation needs to follow the mathematical structure of Golomb
patterns [7]. An optimal Golomb pattern consists of distinct dis-
placements (called baselines) between each telescope on the plane
normal to the observation direction. Hence, the objective is to find
each satellite’s initial position and velocity with respect to a moth-
ership such that the entire constellation forms as many distinct
baselines as possible. The participant’s solution will be evaluated
by computing the amount of unique baselines at three different
times (t € {0, 1, 2} periods of the mothership) and on three different
observation planes (XY, XZ and YZ).

5 PROBLEM 3: PROGRAMMABLE CUBES

The third problem relates to the programming of an ensemble of
reconfigurable cubes [8] to form into target structures as accurately
and fast as possible. In our story, this is linked to the construction
of a massive interstellar generation ship, which is to be constructed
in orbit. Although this scenario is a sci-fi dream, it ties into active
research on autonomous (self-)assembly of multi-robot systems
[2,9, 12] as well as large-scale space infrastructures such as habitats
and spacecraft components [4, 5, 10].

The cubes can change their position by rotating along each other,
thus allowing the ensemble to form a variety of complex structures.
Such structures are characterized by the number of cubes they are
composed of, the location of each cube in 3D space, and the type of
cubes - representing different functional components, e.g., cubes
with and without solar arrays. A cube can move along the ensemble
in two different ways, pivoting (left) and traversal (right):
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In addition, a cube can only move when it does not physically
collide with any other cube during its motion and when the ensem-
ble does not become disconnected while moving the cube. Only the
rotation axis (x, y, or z) and rotation direction (counter-clockwise
and clockwise) have to be specified in the code provided in the
challenge to initiate cube movements, as the type of movement
(pivoting or traversal) is automatically determined (see also [12]).

This challenge requires participants to provide a list of com-
mands to transform three different cube ensembles from an initial
configuration (left) into a target structure (e.g. the ISS, right):

The command lists are composed of tuples indicating the index
of the cube to be moved and the maneuver to be applied. Three
problem cases were provided in this challenge: the construction of
the ISS, the JWST, and the U.S.S. Enterprise NCC-1701.

The score of a solution is composed from two objectives. The
primary objective is to maximise the overlap of the cube ensem-
ble with the target configuration, i.e., maximise the ratio of cubes
that are in a correct location given their cube type. The secondary
objective is to minimise the number of commands used.

6 CONCLUSION AND FUTURE EDITIONS

We thank all the participants for their impressive work and vital
contributions, which have helped the SpOC community grow year
after year. We also thank GECCO for the fruitful cooperation and
hope that we can continue to build bridges between the space sector
and the evolutionary algorithms community in the future.
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