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In digital games, the map (sometimes referred to as the level) is the virtual environment that outlines the boundaries of play, aids in establishing rule systems, and supports the narrative. It also directly influences
the challenges that a player will experience and the pace of gameplay,
a property that has previously been linked to a player’s enjoyment of a
game [1]. In most industry leading games, creating maps is a lengthy
manual process conducted by highly trained teams of designers. However, for many decades procedural content generation (PCG) techniques
have posed as an alternative to provide players with a larger range of experiences than would normally be possible. In recent years, PCG has even
been proposed as a means of tailoring game content to meet the preferences and skills of a specific player, in what has been termed Experiencedriven PCG (EDPCG) [2].
This thesis contributes to the growing EDPCG research field with a focus on personalizing maps. Here, the EDPCG techniques are used within
a Search-based PCG (SBPCG) [3] framework, utilizing evolutionary algorithms to search for maps that are appropriate for an individual player.
Evolution is a common strategy in SBPCG as it provides a logical means
of evaluating map candidates and iteratively improving them over multiple generations of recombination and mutation. Furthermore, this thesis
investigates a decomposed approach to map generation, using separate
evolutionary cycles, genetic representations, and fitness evaluators for
two aspects of a map: the geometry and content layout. The geometry
of a map defines the boundaries of play and the location of static virtual
objects. Meanwhile, the content layout describes the location and quantity of interactive game assets, such as enemies and pick-ups. Both of
these components affect a player’s experience to varying degrees in different game genres but are typically related in that the content layout
must be within the geometry.

SIGEVOlution Volume 7, Issue 1

Finally, as the maps should be appropriate for an individual player, both
direct interactive evolutionary computing (IEC) and player preference
modeling are investigated as methods of collecting, interpreting, and utilizing knowledge about the player’s desires.
The thesis starts with a brief foray into evolutionary terrains. This work
was conducted as an initial study into optimizing the most common type
of base map geometry and ignoring the content layout completely. Terrains were generated by extracting uniform patches from user-provided
sample terrains, recombining them in a grid based genetic representation, and rendering a larger terrain by stitching the patches back together
again. The result was a content authoring tool that utilized IEC with both
parent selection and gene selection to expedite the terrain creation process for novice designers [4].
However, the centrepiece of the thesis is an unsupervised public experiment on an online map personalization solution. In this solution, the
geometry and content layout are linked through hierarchical optimization; first optimizing the geometry of a map and then using that as input
to the content layout optimization. The geometry is represented as a
custom made fixed n-ary tree that connects pre-made room and corridor
templates together into a constrained tree structure and is again evaluated through IEC. The density of content within each room (node) of the
geometry tree is then calculated by using the tree coordinates of each
node as input to a Compositional Pattern-Producing Network (CPPN) [5]
and translating the output as quantities of the various enemies and pickups within that room. IEC was deemed inappropriate as a fitness evaluation mechanism here because a content layout candidate could not be as
easily visualized to the player. Instead, for each player-selected geometry, roughly 200 generations of NeuroEvolution of Augmenting Topologies
(NEAT) [6] (with 50 CPPN candidates in each generation) are evaluated
through a learned per-player preference model that is based around the
paradigm of model-based and content-based recommender system (RS).
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This RS player model requires that players provide a single rating value
on how much they enjoyed a map after they play it. This rating is then
combined with extracted map features to train a Naive Bayes classifier.
That classifier then predicts the probability that a player will enjoy a map
that results from a CPPN candidate and thus CPPN-NEAT is being used to
reduce the number of RS evaluations need to provide a good recommendation. Further details of the system are presented in an initial report
that analyzes the experiences of three sample players [7].
In summary, the primary contributions of this thesis are: 1) the use of decomposed optimization to personalize the geometry and content layout
of a map in two separate, yet integrated, evolutionary processes; 2) two
geometry generation solutions, one for outdoor terrains and the other of
interior spaces, that both function by re-combining pre-made map segments and are controlled via IEC; 3) the application of CPPN-NEAT to the
map generation process, specifically for determining the density of content given a map location; 4) an initial exploration into using knowledge
from the RS field to create a player preference model to be used during the fitness evaluation of a SBPCG system; 6) an example of rigorous
statistical analysis of a personalized PCG system deployed in an unsupervised public experiment; and 5) the introduction of the learning trend
metrics, which give a clearer indication of RS performance in environments with noisy user data over traditional accuracy measurements.
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