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Guest Editorial:
Special Issue on Evolutionary
Computation for Games

HE application of evolutionary computation (EC) [1] is

widespread because the core method is very general. If you
have a way to represent candidate solutions, modify candidate
solutions and evaluate candidate solutions, then you can apply
EC. No complex formalism or theoretical framework is needed,
which makes EC easy to apply, and lowers the barrier for entry
by new researchers. This generality is particularly useful for
games, because there are many different aspects of games that
can benefit from searching for better solutions.

What is more, EC is also a powerful method with many bene-
fits over traditional optimization methods. Because evolution
is population based, multiple solutions to a problem can be
produced rather than just one. Having a population of solutions
is extremely useful in multimodal problems, multiobjective
problems, problems with nonstationary fitness landscapes, and
situations where a diversity of different solutions is desired. All
of these situations are common in games: good games typically
allow agents to solve problems in a variety of different ways
(multimodal), different players/agents may have preferences for
different objectives (multiobjective), the value of a given evolved
artifact or agent strategy may change in response to player
actions in an online game (non-stationary), and many games
focus on collecting a wide range of different novel artifacts
(diversity).

Studies exploring various aspects of games with EC are abun-
dant. There have been numerous examples of evolution applied
to the discovery of agent behavior in games, from board games,
such as Checkers [2] and Chess [3], to classic arcade games,
such as Ms. Pac-Man [4], Super Mario Bros. [5], and various
Atari games [6], all the way up to modern games including
first-person shooters [7] and car racing [8]. Evolution has also
proven effective as a form of procedural content generation
(PCG) [9], having been used to generate maps and levels [10],
artistic content [11], and weapons [12]. Evolution also blends
well with many other techniques that are relevant in the playing
and designing of games [13], [14].

Machine learning, particularly with deep neural networks, has
dominated many areas of Al research in recent years. Generative
adversarial networks and variational autoencoders provide new
ways to induce a latent space of possibilities that give rise to
novel artistic designs, and these vector spaces can be searched by
EC. In the realm of agent control, many successful evolutionary
approaches are actually a combination of evolution with some
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other techniques, such as game-tree search or neural networks.
The flexibility of evolution keeps it relevant as other techniques
continue to advance, since there will always be better ways to
parameterize some aspect of the process that drives any other
successful technique.

This Special Issue on applications of EC to games demon-
strates several ways in which evolution can push boundaries
and explore new areas of what is possible in the realm of
games research, with a focus on game-playing, automatic agent
parameter tuning, automatic game testing, and procedural con-
tent generation. A total of eight papers were accepted for this
Special Issue of IEEE TRANSACTIONS ON GAMES, each of which
underwent a rigorous process of peer review and revision before
final acceptance for publication. The papers can be organized
under the following broad topics.

1. ROLLING HORIZON EVOLUTIONARY ALGORITHM

Two papers apply variants of the rolling horizon evolutionary
algorithm (RHEA) to play games. The RHEA evolves a popula-
tion of action sequences that can be performed in a finite number
of future time steps and applies the rolling horizon strategy
widely used in optimal control. It has shown to be competitive
in playing single- and two-player games [15].

When applying RHEA to two-player games, an individual
is often evaluated by playing against a search-based or ran-
dom agent. In [Al], Tang et al. evaluate the evolved action
sequences by playing against a well-trained learning-based op-
ponent model. Their enhanced RHEA agent combined with a
policy-gradient-based opponent model won first place in the
2020 IEEE Conference on Games edition of the Fighting Game
AI Competition.'

In [A2], Bravi and Lucas compare variants of RHEA to
other approaches. Specifically, a new method of handling games
with sparse reward signals is proposed, which assigns values
to events occurring in the game. This approach differs from
and is demonstrated to be superior to heuristics and state-value
functions.

II. AGENT CONTROL

While RHEA can evolve action sequences when a forward
model is available, EC is also frequently applied to the configu-
ration of agents responding directly to the environment. In [A3],
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Dockhorn et al. optimize robust controllers for agents navigating
a variety of different environments. They propose a real-valued
encoding for parameters in a context-steering agent and search
for optimal parameters using an evolutionary algorithm. Three
fitness functions are designed to represent three different goals
of the agents, and direct the search for desired configurations.
The proposed approach is shown to be able to find robust
configuration across different scenes of the same environment.

III. PROCEDURAL-LEVEL GENERATION

Two papers deal with PCG for level creation. Use of pro-
cedurally generated levels for commercial games has a long
history, going back to the game Rogue and extending into
the present with games such as Diablo and No Man’s Sky. In
academic games research, two recent approaches to PCG that
have received much focus are Wave Function Collapse (WFC)
and generative adversarial networks (GANs). The two papers in
this Special Issue extend work in these two areas by combining
these techniques with evolution.

EC techniques can direct the search in level space and generate
levels of particular features or with particular aims. However,
they do not guarantee the feasibility or playability of generated
levels. In [A4], Bailly and Levieux generate 3-D levels with a
genetic algorithm in which WFC is used as a repair operator
to generate playable levels. This work combines WFC'’s ability
to generate playable levels with evolution’s ability to discover
better levels.

In [AS5], Schrum et al. evolve compositional pattern pro-
ducing networks (CPPNs) to generate latent vectors for pre-
trained GANSs that produce level segments that are combined
into cohesive levels for Super Mario Bros. and The Legend of
Zelda. The added benefit from CPPNs is their ability to encode
large-scale patterns that incorporate symmetry and repetition
into the global-level design. However, to encourage more low-
level variation in the levels, the indirect encoding provided by
CPPNs can transition into a direct encoding that evolves the
latent vectors individually. By evolving this representation using
the quality diversity algorithm MAP-Elites [16], a wide variety
of levels is discovered.

IV. AUTOMATED GAME DESIGN

Many aspects of the game design process can benefit from
automation via EC. Games are complex systems full of many
fine-tuned parameters that need to be balanced to suit the needs
of various players, and evolution can help in many ways.

In [A6], Rogers et al. performed a user study to assess evo-
lution’s ability to craft complexity graphs modeling in-game
economies. The paper contributes methods for defining the
complexity of a game economy in a city-building game, and
explores how human users perceive complexity in such games.

In [A7], Gong et al. showed a deep neural network that pro-
vides the fitness function for an evolutionary algorithm creating
teams for the game Romance of the Three Kingdoms: Strategy
Edition. The method could be used to test similar games before
launch, or to guide players with recommendations when creating
their own teams.

IEEE TRANSACTIONS ON GAMES, VOL. 15, NO. 1, MARCH 2023

Finally, Albaghajati and Ahmed [AS8] present a survey of
various automated testing approaches for video games. Their
analysis of the literature ends up comparing several approaches,
including those based on evolution.

V. CONCLUSION

Different families of evolutionary algorithms have been
broadly used in playing games and designing games. Papers in
this Special Issue show how EC techniques can be used (alone or
with other techniques) to play games and design games, includ-
ing procedural-level generation, game balancing, and game test-
ing. Although EC is capable of evolving better and more diverse
solutions (e.g., action sequences, content, and latent vectors),
there are still many challenges worthy of further study. Because
evolution depends on the use of a population, many evaluations
must be performed, which can be quite time consuming. In
addition, if the wrong encoding or fitness function is chosen,
even a simple problem can become practically unsolvable. De-
spite the chance for missteps, researchers are already addressing
these challenges. Evolution can easily scale to take advantage
of parallel evaluation, and surrogate fitness models can reduce
reliance on expensive evaluation functions, as done by a paper in
this very issue [A7]. Similarly, many novel solution encodings
are being applied by the EC community, such as the CPPNs used
in this issue [AS]. These examples demonstrate the bright future
that EC has, particularly in the area of games research.
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